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ABST
PAL  .Iadd.A cryogenic freezer for freezing products comprising an elongated
      horizontal tunnel, a conveyor extending therethrough, a liquid cryogenic
      spray at the outlet end of the conveyor, a plurality of substantially
      closed gas recirculating flow paths in series relationship along the
      length of the tunnel and individual fans in each recirculating flow path
      for causing gas contact with product being conveyed through the tunnel.
      .Iaddend.
BSUM
PAR  The present invention relates to methods and apparatus for freezing
      articles with cryogenic liquids and, more particularly, the present
      invention relates to an improved spray-type tunnel freezer specifically
      designed for ultra-fast freezing of food products.
PAR  It is well known in the prior art that cryogenic liquids such as liquid
      carbon dioxide, liquid nitrogen, liquid air, and other refrigerants having
      normal boiling points substantially below minus 50.degree. F. can be
      utilized to freeze foods which cannot be satisfactorily frozen by
      so-called "mechanical" refrigeration systems employing relatively high
      boiling point refrigerants such as brine, ammonia, Freon, and the like.
      For example, foods having high water contents such as tomatoes and citrus
      fruits cannot be satisfactorily frozen with mechanical systems due to the
      fact that the relatively slow freezing rates produce ice crystal growth
      which ruptures the delicate cell walls and results in collapse of the
      fruit upon thawing. With cryogenic liquids, however, freezing rates can be
      obtained which are so fast that high water content products can be frozen
      in substantially amorphous form whereby little or no collapse occurs upon
      thawing. In addition, cryogenic freezing systems produce substantially
      less dehydration and they require substantially less capital investment
      per unit of freezing capacity. Also, they are less subject to mechanical
      breakdowns since cryogenic freezers do not require complex compressors,
      condensers, or evaporators.
PAR  It is also known in the prior art that the rate of heat transfer between a
      solid product and a boiling liquid refrigerant is greater than that
      between the product and a gaseous refrigerant. Thus, it is generally
      preferable to have direct contact between the cryogenic liquid and the
      product in order to achieve maximum effectiveness of the latent heat of
      the refrigerant. Furthermore, it has been found that spray contact is
      superior to immersion for most food products due to the fact that
      immersion in a cryogenic liquid produces a gaseous film or envelope about
      the product which acts as a barrier against further contact of the liquid
      with product. With a relatively high velocity spray, however, the droplets
      of liquid continuously penetrate the gaseous film and thereby produce
      higher rates of heat transfer.
PAR  In addition to maximizing the heat transfer rates between the cryogenic
      liquid and the product, it is obvious that the sensible heat in the
      extremely cold gas resulting from vaporization of the cryogenic liquid
      should be efficiently transferred to the product before the gas is wasted
      in any type of open system; an open system being one wherein the
      refrigerant gas is not recirculated in a closed loop to a reliquefier for
      repeated use. However, various attempts to transfer the sensible heat of
      the cold gas to the product have had relatively low thermal efficiencies
      due to a number of factors. For example, some designs have relied upon
      laminar flow of the cold gas in heat exchange with the product, however,
      laminar flow produces relatively low rates of heat transfer such that
      exceedingly long tunnels and contact times are required. Other designs
      have utilized a plurality of axial flow fans spaced along the length of
      the tunnel in an effort to produce high velocity turbulent flow of the
      cold gas perpendicularly against the product. While the latter designs
      have substantially increased thermal efficiencies, the use of axial flow
      fans requires tunnels of larger cross section which results in increased
      heat leak. In addition, the total number of pounds of gas in the plurality
      of toroidal flow patterns becomes quite large with the result that
      significant amounts of horsepower are required to circulate the gas.
      Hence, significant amounts of undesirable heat are added to the system.
      Even more importantly, the regions of high velocity gas flow are quite
      localized with the result that the product is nonuniformly cooled. That
      is, product on the center of the conveyor belt is cooled and frozen to a
      lower temperature than the product near the edges of the belt which, in
      extreme cases, is not frozen at all. In addition, these designs have
      permitted relatively large amounts of cold gas to exit from the product
      outlet end of the tunnel while permitting warm, moist ambient air to enter
      the tunnel. Obviously, this warm air substantially decreases the thermal
      efficiency of the freezer and it also causes frost to form in the tunnel
      and particularly on the fans or blowers so that frequent shutdown for
      defrosting is required.
PAR  Therefore, it is a principal object of the present invention to provide a
      cryogenic freezer having substantially increased thermal efficiency.
PAR  It is another object of the present invention to provide a cryogenic
      freezer having a hihg velocity turbulent flow of cold gas in contact with
      the product while avoiding the disadvantages of the prior art freezers.
PAR  It is a further object of the present invention to provide a cryogenic
      freezer having improved means for preventing the loss of cold gas and the
      entrance of ambient air through the product outlet end of the tunnel.
DRWD
PAR  The above objects, as well as others relating to the details of
      construction and operation will be more fully apparent from the following
      description taken with the accompanying drawings in which:
PAR  FIG. 1A is a side elevational view showing the product inlet end of the
      freezer in cross section;
PAR  FIG. 1B is a side elevational view showing the product outlet end of the
      freezer in cross section;
PAR  FIG. 2 is a top sectional view of the midportion of the tunnel taken along
      the plane indicated by view line 2--2 on FIG. 1A;
PAR  FIG. 3 is a sectional view of the inlet end of the tunnel taken along the
      plane indicated by view line 3--3 on FIG. 1A; and
PAR  FIG. 4 is a sectional view of the tunnel taken along the plane indicated by
      view line 4--4 on FIG. 1B.
DETD
PAR  Referring first to FIGS. 1A and 1B, the freezer is generally in the form of
      an elongated tunnel 10 mounted upon a supporting frame 12 of any
      convenient height. As shown more clearly in FIGS. 3 and 4, tunnel 10 is
      generally of rectangular cross section formed by a lower, U-shaped section
      14 and a plurality of upper, U-shaped sections 16, 18 and 20. Each of the
      sections is preferably composed of inner and outer sheetmetal walls 22 and
      24 enclosing suitable thermal insulation 26 which, for example, may be
      expanded polyurethane or polystyrene. Since the freezer is primarily
      designed for freezing food products for human consumption, walls 22 and 24
      are composed of stainless steel in order to meet state and federal health
      codes, however, other materials such as aluminum or fiberglass may be
      employed where food products are not involved. In order to minimize heat
      leak through the joints between the sections, suitable seals such as
      sponge rubber gaskets 28 are provided in all of the joints.
PAR  The product to be frozen is moved through the tunnel from left to right as
      viewed in FIGS. 1A and 1B by an open mesh stainless steel conveyor belt 30
      the left end of which turns about an idler roller 32. The upper reach of
      the conveyor rides over the upper surface of a series of inverted U-shaped
      supports 34 (see FIG. 4) which are removable to facilitate periodic
      cleaning of the tunnel. After passing through almost the entire length of
      the tunnel, the edges of the upper reach of the conveyor pass under
      low-friction guides 36 and the upper reach then rises over a support plate
      38 carrying a thermocouple 39. At the right end of the tunnel, the
      conveyor turns about a drive roller 40 which is driven by a
      belt-and-pulley assembly 41 from a speed reducer 42 coupled to a variable
      speed electric motor 44. After passing around drive roller 40, the lower
      reach of the conveyor rides over the interior horizontal surface 46 of
      lower section 14 and then passes over an idler roller 48 before turning
      around end roller 32.
PAR  As shown in FIGS. 1A and 3, rollers 48 and 32 are supported by shafts 48'
      and 32' suitably journalled in the vertical side walls of an open top
      trough 50. As will be more fully explained hereinafter, trough 50
      functions as a collector for collecting the refrigerant gas which is
      exhausted from the product inlet end of the tunnel after passing in heat
      exchange with the product. In order to exhaust the gas from the collector
      50, an outlet pipe 51 connects the bottom of the collector with the inlet
      of a suction blower 52 which forces the gas through discharge conduit 54
      to a remote point at which the gas may be vented to atmosphere.
PAR  Referring now to FIG. 1B, section 20 contains a spray header 56 having a
      plurality of nozzles 58 which spray slightly overlapping areas of the
      conveyor with a cryogenic liquid such as, for example, liquid nitrogen.
      Immediately below the nozzles, the bottom of section 14 is slightly
      recessed so as to form a sump 60 for collecting excess liquid which is
      then returned through pipe 62 to the pump (not shown) which supplies the
      liquid to header 56.
PAR  In order to efficiently utilize the sensible heat of the refrigerant gas
      which is formed by the vaporization of the cryogenic liquid upon contact
      with the product in the spray chamber, the present invention provides a
      pair of high velocity gas recirculation zones formed by the provision of
      longitudinally extending partitions 64a and 64b which divide the tunnel
      into lower, gas-food contact passages 66a, 66b and upper, gas
      recirculation passages 68a, 68b. As most clearly shown in FIG. 4,
      partitions 64a and 64b are longitudinally positioned by pins 70 secured to
      the side walls of the lower section while the edges of the partitions are
      removably clamped between the edges of the upper and lower sections. Thus,
      the partitions may be readily removed to facilitate periodic cleaning of
      the tunnel.
PAR  At the end of partition 64b immediately adjacent the spray chamber, a flow
      reversing passage is formed by a vane 72b and a 180.degree. deflector 74b
      which are preferably secured to the inner walls of upper section 18. At
      the opposite end of the tunnel, a second flow reversing passage is formed
      at the end of partition 64a by a vane 72a and a 90.degree. deflector 74b.
      In addition, it will be noted that a pivoted control blade 76 is provided
      for varying the flow pattern of the gas at the product inlet end of the
      tunnel and, as shown in FIG. 3, the position of the blade may be varied by
      a controller 77 connected to the blade shaft by suitable linkage 79.
PAR  As further shown in FIGS. 1A and 1B, the high velocity flow of the
      refrigerant gas through the recirculation zones is achieved by a pair of
      blowers 78a and 78b having noncurved, radial blades 79 which are
      substantially unaffected by frost build-up. The blowers and their
      respective discharge ducts 80a and 80b are preferably secured to an
      insulated cover 82 the sides of which rest upon the sides of lower section
      14 whereby the entire fan assembly is fully removable. As most clearly
      shown in FIG. 2, the blowers include respective drive shafts 84a and 84b
      extending through the side wall of cover 82 and the shafts carry
      respective pulleys 86a and 86b which are driven by belts 88a and 88b from
      drive motors 90a and 90b. For reasons which will be explained
      subsequently, fan 78a must be driven at a higher speed than fan 78b and
      this may be achieved by different speed motors 90a and 90b, or by the use
      of different size pulleys as shown in FIG. 2. Lastly, it will be noted
      that a vertical partition 92 is positioned between the blowers such that
      the lower edge of the partition terminates in the plane of horizontal
      partitions 64a and 64b.
PAR  In the operation of the freezer, the product to be frozen is bedded on the
      upper reach of conveyor 30 at the extreme left end of the freezer and the
      product then passes through chambers 66a and 66b of the two recirculation
      zones in series. Thereafter, the product passes beneath nozzles 58 which
      spray the product with a cryogenic liquid which, for purposes of this
      description, will be assumed to be liquid nitrogen (LIN) at a temperature
      of minus 320.degree. F. After leaving the spray zone, the product travels
      upwardly over plate 38 to a level which is above that of the horizontal
      portion of the conveyor and the product then slides down a plate 94
      secured to end wall 96 to the next station in the processing line which,
      for example, may be a packaging machine.
PAR  When the product exits from the freezer, the product may be either
      core-frozen or only crust-frozen depending upon the selected speed of the
      conveyor. In any event, the contact of the liquid nitrogen with the
      relatively warm product results in varorization of the liquid as the
      latent heat of the liquid is transferred to the product. As a result, a
      certain amount of extremely cold gaseous nitrogen (N.sub.2) is generated
      in the spray chamber and, for a given set of constant operating
      parameters, the amount of gas generated will remain substantially
      constant. Thus, the speeds of fans 78a and 78b may be set so that the
      generated gas, represented by arrow A, will be added to the high velocity
      flow of recirculated gas represented by arrow B. Of course, some of the
      gas generated in the spray zone will flow toward the product exit end of
      the tunnel. However, because this extremely cold gas has a density which
      is approximately twice that of the warm ambient air, the cold gas acts
      like a liquid in that it seeks the lowest possible level. Thus, the level
      of the gas in the outlet end of the tunnel can be controlled by the
      setting of the fan speeds such that the hydrostatic head of the dense gas
      prevents it from spilling over the top of elevated end wall 96 while
      maintaining a level in reservoir 98 above that of chamber 66b. In this
      manner, the cold dense gas forms a fluid seal at the product outlet end of
      the tunnel which prevents the warm ambient air from entering the tunnel.
PAR  Referring back to the gas flow represented by arrows A and B, the combined
      gas stream flows in countercurrent heat exchange with the product through
      chamber 66b toward the inlet of blower 78b. However, blower 78b operates
      at constant volume and is unable to handle the sum of its own recirculated
      discharge, represented by arrow B, plus the newly generated gas,
      represented by arrow A. Thus, an amount of gas equal to the newly
      generated gas flows under partition 92 into the inlet of blower 78a as
      represented by arrow C. This is made possible by the greater capacity of
      blower 78a which is due to the higher operating speed of this blower. At
      the same time, recirculated gas from chamber 66a, represented by arrow D,
      is also drawn into the inlet of blower 78a and the sum of the two gas
      streams is discharged through passage 68a toward the reversing passage
      formed by deflector 74a and vane 72a. At this point, control blade 76 is
      set such that the gas stream from passage 68a splits into a first
      component, represented by arrow D, which returns to the blower in
      concurrent heat exchange with the product and an exhaust stream
      represented by arrow E. Of course, the amount of the exhaust stream
      represented by arrow E is substantially equal to the make-up flow
      represented by arrow C which, as previously stated, is equal to the newly
      generated gas represented by arrow A. The exhaust stream, represented by
      arrow E, flows out of the food inlet end of the tunnel into collector 50
      from which blower 52 forces the gas through exhaust duct 54 to a remote
      point of venting to atmosphere. However, if a cryogenic liquid such as
      liquid air is employed and there is no further use for the exhaust gas,
      blower 52 and duct 54 may be eliminated since their only function is to
      prevent a buildup of nonlife-supporting gas such as nitrogen in the
      vicinity of the tunnel.
PAR  From the foregoing description of one embodiment of the invention, it will
      be apparent that extremely high rates of heat transfer are made possible
      due to the fact that high velocity turbulent flows may be achieved in
      chambers 66a and 66b. In addition, the flow rate of the refrigerant gas
      through chambers 66a and 66b is substantially constant across the width of
      the conveyor belt due to the fact that the pressure drop through the
      reversing passages acts as a highly efficient diffuser and smooths out the
      velocity profile of the gas. Thus, all of the product across the width of
      the belt is uniformly precooled and frozen to the same degree.
PAR  A further advantage of the present invention resides in the precise control
      of the gas flow which is accomplished by varying the setting of control
      blade 76. That is, the amount of gas which is exhausted (arrow E) can be
      increased by moving the blade in the clockwise direction from the
      illustrated position or decreased by moving the blade in the
      counterclockwise direction. However, since the rate at which gas is
      generated in the spray chamber is fixed for constant operating conditions,
      a decrease in the amount of gas exhausted at the product inlet end of the
      tunnel results in a buildup of the gas level in reservoir 98 and,
      conversely, an increase in the amount of gas exhausted at the inlet end
      lowers the level of the gas in the reservoir. Thus, the present invention
      utilizes a thermocouple 39 to detect the gas level in the reservoir and
      the thermocouple transmits a signal to controller 77 to adjust the
      position of blade 76 so as to maintain a predetermined level of gas in the
      reservoir which is sufficient to maintain an effective fluid seal at the
      tunnel outlet. As a result, ambient air is prevented from entering the
      outlet end of the tunnel and the cold refrigerant gas is prevented from
      leaving the tunnel without first passing in heat exchange with the
      product.
PAR  Although it will be readily apparent that the above disclosed freezer may
      be designed to operate with widely varying flow rates and temperature
      profiles, the following data is given as an illustrative example of one
      practical embodiment of the invention. A prototype freezer 22 feet long
      having a belt width of 16 inches has been found to operate in a very
      successful manner when recirculation fans 78a and 78b are operated at 521
      c.f.m. and 468 c.f.m., respectively. Under these conditions, the gas flow
      through chambers 66a and 66b has been found to be highly turbulent but not
      of sufficient velocity to produce the substantial dehydration of the
      product as compared to conventional "blast" freezers. During these tests,
      the temperature of the refrigerant gas at the point of mixing of flow
      streams A and B was in the order of minus 95.degree. F. while the
      temperature at the suction of fan 78b was in the order of minus 73.degree.
      F. At the same time, the temperature of the refrigerant gas at vane 72a in
      the order of minus 5.degree.  F. while the suction of fan 78a was in the
      order of plus 3.degree. F. Thus, the recirculation zone adjacent the spray
      chamber operated with a temperature gradient of 22.degree. F. while the
      zone adjacent the product inlet operated with a temperature gradient of
      8.degree. F. As a result, product was subfrozen to minus 25.degree. F. in
      less than five minutes.
PAR  From the foregoing description, it will be readily appreciated that
      numerous modifications will become apparent to those skilled in the art.
      For example, it is obvious that any number of recirculation zones may be
      employed and that the blowers may be positioned so as to recirculate the
      gas in the same directions in each of the zones instead of in the mutually
      opposite directions as shown in the illustrated embodiment. Therefore, it
      is to be understood that the foregoing description is intended to be
      illustrative rather than exhaustive of the invention and that the latter
      is not to be limited other than as expressly set forth in the following
      claims including all patentable equivalents thereof.
CLMS
STM   What is claimed is:
NUM  1.
PAR  1. A method for ultra-fast freezing of products with a cryogenic
      refrigerant including the steps of:
PA1  (a) continuously moving said product to be frozen through an insulated
      tunnel along a predetermined path;
PA1  (b) continuously contacting said product with a cryogenic liquid in said
      tunnel to freeze the product while vaporizing the cryogenic liquid to form
      a cold gas;
PA1  (c) continuously collecting said cold gas resulting from said vaporization
      in a portion of said tunnel;
PA1  (d) continuously recirculating the major portion of said collected gas
      through a substantially closed path at least one-half of which closed path
      is parallel to and coincident with said predetermined path along a
      substantial extent thereof;
PA1  (e) continuously adding cold gas resulting from newly vaporized cryogenic
      liquid to said recirculation path;
PA1  (f) continuously removing some of said recirculated gas from said closed
      path in an amount which is substantially equal to the amount of cold gas
      continuously added to said recirculation path;
PA1  (g) maintaining the velocity of said recirculated gas in said closed path
      sufficient to cause turbulent flow of the gas in contact with said food
      product;
PA1  (h) collecting a minor portion of said cold gas in a reservoir immediately
      adjacent the outlet of said tunnel;
PA1  (i) detecting the level of said cold gas in said reservoir; and
PA1  (j) regulating the amount of recirculated gas which is removed from said
      substantially closed path as a function of said detected level.
NUM  2.
PAR  2. The method as claimed in claim 1 wherein the step of continuously
      contacting said product with a cryogenic liquid comprises the step of
      spraying said product with liquid nitrogen.
NUM  3.
PAR  3. A cryogenic freezer for ultra-fast freezing of products comprising:
      insulated wall means forming an elongated tunnel, conveyor means having at
      least one reach extending through the interior of said tunnel for
      conveying a food product through said tunnel, means positioned in said
      tunnel for contacting said food product with a cryogenic liquid whereby
      said product is frozen and substantially all of said liquid is vaporized
      to form a refrigerant gas, first and second partition means extending
      through different portions of said tunnel parallel to and in series along
      the length of said conveyor, said first and second partition means
      dividing said tunnel into respective first and second pairs of gas-product
      contact passages and gas return passages, the passages of each pair being
      in communication with each other at the ends of the respective partition
      means so as to form individual first and second recirculation paths
      located in series along said conveyor reach between the tunnel and said
      means for contacting the product with liquid, first passage means for
      continuously conducting newly generated refrigerant gas into said first
      recirculation path, second passage means for conducting some of the
      recirculated gas from said first path into said second path, third passage
      means for conducting some of the recirculated gas from said second path,
      and blower means for recirculating refrigerant gas through each of said
      substantially closed paths at a velocity sufficient to produce turbulent
      flow of the refrigerant gas in contact with the product on said conveyor
      reach.
NUM  4.
PAR  4. The freezer as claimed in claim 3, wherein said blower means comprise
      first and second blowers respectively positioned in said first and second
      paths and wherein said second blower has a greater capacity in terms of
      cubic feet of gas moved per unit time than said first blower whereby a
      portion of said gas is drawn from said first path into said second path.
NUM  5.
PAR  5. A freezer for ultrafast freezing of products with a cryogenic
      refrigerant comprising: insulated wall means forming an elongated tunnel,
      conveyor means having at least one reach extending through the interior of
      said tunnel for conveying a product through said tunnel, means positioned
      in said tunnel for contacting said product with cryogenic liquid whereby
      said product is frozen and substantially all of said liquid is vaporized
      to form a refrigerant gas, means in said tunnel forming a gas-product
      contact chamber, first passage means for conducting refrigerant gas into
      said chamber, second passage means for removing refrigerant gas from said
      chamber, flow control means in said second passage means for controlling
      the amount of refrigerant gas removed from said contact chamber, means
      forming a reservoir of refrigerant gas adjacent the product outlet end of
      said tunnel, means for detecting the level of refrigerant gas in said
      reservoir and producing a signal indicative of said level, and means
      actuated by said signal for regulating said flow control means.
NUM  6.
PAR  6. The freezer as claimed in claim 5 wherein said gas-product contact
      chamber includes partition means extending through a substantial portion
      of said tunnel parallel to the direction of movement of said conveyor
      reach to form a recirculation path, and blower means for recirculating
      refrigerant gas through said path at a velocity sufficient to produce
      turbulent flow of the gas in contact with the product.
NUM  7.
PAR  7. A cryogenic freezer for ultra-fast freezing of products comprising:
      insulated wall means forming an elongated tunnel, conveyor means having at
      least one reach extending through the interior of said tunnel for
      conveying a food product through said tunnel, means positioned in said
      tunnel for contacting said food product with a cryogenic liquid whereby
      said product is frozen and substantially all of said liquid is vaporized
      to form a refrigerant gas, partition means extending through a substantial
      portion of said tunnel parallel to the direction of movement of said
      conveyor reach dividing said tunnel into a gas-product contact passage
      surrounding said conveyor reach and a gas return passage, said contact and
      return passages being in communication with each other at the ends of said
      partition means to form a substantially closed recirculation path wholly
      within said insulation wall means, first passage means for continuously
      conducting newly generated refrigerant gas into said recirculation path
      zone, second passage means for continuously removing recirculated gas from
      said recirculation path, and blower means for recirculating said gas
      through said recirculation path at a velocity sufficient to produce
      turbulent flow of the refrigerant gas in contact with the product on said
      conveyor reach, said recirculation path being positioned between the
      tunnel inlet and said means for contacting the product with liquid, said
      blower means being positioned inside said insulated wall means forming
      said tunnel, said blower having an inlet in direct communication with one
      of said passages and an outlet in direct communication with the other of
      said passages whereby said gas is recirculated through said path and
      blower means wholly within the confines of said insulated wall means
      forming said tunnel.
NUM  8.
PAR  8. The freezer as claimed in claim 7 wherein said blower comprises a
      centrifugal blower having flat, non-curved, radially extending blades for
      minimizing the effect of frost accumulation on said blades. .[.9. A
      cryogenic freezer for ultra-fast freezing of products with a cryogenic
      liquid comprising:
PA1  (a) insulated wall means forming an elongated, horizontally extending
      tunnel having an inlet and an outlet;
PA1  (b) conveyor means having at least one reach extending through the interior
      of said tunnel for conveying a product to be frozen through said tunnel
      from said inlet to said outlet;
PA1  (c) means forming a liquid-product contact zone in said tunnel, said means
      including conduit means for introducing a cryogenic liquid refrigerant
      into said tunnel in contact with said product on said conveyor for
      freezing said product and vaporizing said liquid to form a refrigerant
      gas;
PA1  (d) passage means forming a plurality of distinct, substantially closed,
      recirculation paths for independently recirculating said refrigerant gas
      in each of said paths, said recirculation paths being adjacent each other
      in series along the length of said conveyor for successfully contacting
      the product on the conveyor with the gas recirculating in each path, all
      of said recirculation paths being positioned between said tunnel inlet and
      said liquid-product contact zone;
PA1  (e) passage means for conducting newly generated refrigerant gas from said
      liquid-product contact zone into the recirculation path adjacent thereto;
PA1  (f) passage means for conducting portions of the refrigerant gas from each
      recirculation path to the next recirculation path closer to said tunnel
      inlet such that the average temperature of the gas in each path increases
      in the direction of the tunnel inlet;
PA1  (g) passage means for exhausting a portion of the refrigerant gas from the
      recirculation path closest to said tunnel inlet; and
PA1  (h) gas flow producing means for recirculating the refrigerant gas in each
      of said recirculation paths at a velocity sufficient to produce turbulent
PAR   flow of the refrigerant gas in contact with the product..]. .[.10.  The
      cryogenic freezer as claimed in claim 9 wherein the gas flow producing
      means for each recirculation path have unequal flow capacities for
      producing flow of portions of refrigerant gas from one recirculation path
      to the next in the direction toward the tunnel inlet..]. .[.11. The
      cryogenic freezer as claimed in claim 9 further including means forming a
      reservoir of cold, dense refrigerant gas adjacent said tunnel outlet for
      producing a fluid seal against entrance of ambient air into the tunnel and
      against the exit of refrigerant gas through said tunnel outlet..]. .[.12.
      The cryogenic freezer as claimed in claim 9 wherein the flow of
      refrigerant gas in at least two of said plurality of recirculation paths
      is parallel to the direction of product movement along a substantial
      portion of said conveyor reach..]. .[.13. The cryogenic freezer as claimed
      in claim 12 including means for increasing and decreasing the volume of
      refrigerant gas flowing through said exhaust passage means, and means for
      sensing an operating condition of the freezer remote from said exhaust
      passage whereby said volume of exhausted gas is adjusted in accordance
      therewith..]. .Iadd. 14. A cryogenic freezer for ultra-fast freezing of
      products with a cryogenic liquid comprising:
PA1  (a) insulated wall means forming an elongated, horizontally extending
      tunnel having an inlet and an outlet;
PA1  (b) conveyor means having at least one reach extending through the interior
      of said tunnel for conveying a product to be frozen through said tunnel
      from said inlet to said outlet;
PA1  (c) means forming a liquid-product contact zone in said tunnel, said means
      including conduit means for introducing a cryogenic liquid refrigerant
      into said tunnel in contact with said product on said conveyor for
      freezing said product and vaporizing said liquid to form a refrigerant
      gas;
PA1  (d) passage means forming a plurality of distinct, substantially closed,
      recirculation paths for independently recirculating said refrigerant gas
      in each of said paths, said recirculation paths being adjacent each other
      in series along the length of said conveyor for successfully contacting
      the product on the conveyor with the gas recirculating in each path, all
      of said recirculation paths being positioned between said tunnel inlet and
      said liquid-product contact zone;
PA1  (e) passage means for conducting newly generated refrigerant gas from said
      liquid-product contact zone into the recirculation path adjacent thereto;
PA1  (f) passage means for conducting portions of the refrigerant gas from each
      recirculation path to the next recirculation path closer to said tunnel
      inlet such that the average temperature of the gas in each path increases
      in the direction of the tunnel inlet;
PA1  (g) passage means for exhausting a portion of the refrigerant gas from the
      recirculation path closest to said tunnel inlet; and
PA1  (h) gas flow producing means for recirculating the refrigerant gas in each
      of said recirculation paths at a velocity sufficient to produce turbulent
      flow of the refrigerant gas in contact with the product, said gas flow
      producing means for each recirculation path having unequal flow capacities
      for producing flow of portions of refrigerant gas from one recirculation
      path to the next in the direction toward the tunnel inlet. .Iaddend.
PAR   .Iadd. 15.  The cryogenic freezer as claimed in claim 14 wherein the flow
      of refrigerant gas in contact with the product in at least two of said
      plurality of recirculation paths is parallel to the direction of product
      movement along a substantial portion of said conveyor reach.
      .Iaddend..Iadd. 16. The cryogenic freezer as claimed in claim 15 including
      means for increasing and decreasing the volume of refrigerant gas flowing
      through said exhaust passage means, and means for sensing an operating
      condition of the freezer remote from said exhaust passage whereby said
      volume of exhausted gas is adjusted in accordance therewith. .Iaddend.
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PAL  1. A hypodermic needle support structure comprising in combination .[.;.].
      .Iadd.: .Iaddend.a plastic main support member having .Iadd.an inner end,
      and an outer end portion terminating in an outer end; .Iaddend.a passage
      extending longitudinally .[.therethrough which provides.]. .Iadd.through
      said support member to provide .Iaddend.access to the interior of said
      support member from either end thereof.Iadd.; said longitudinally
      extending passage including a smaller diameter portion adjacent said outer
      end and a larger diameter portion adjacent to said smaller diameter
      portion; means defining a shoulder between said smaller diameter portion
      and said larger diameter portion; .[.with said support member having at
      the outer end.]. .Iadd.; said outer end portion of said support member
      including .Iaddend. a rigid support section.[.,.].; a generally tubular
      metal eyelet member .Iadd.; a hypodermic needle cannula; said eyelet
      member being .Iaddend.disposed in fluid-sealing engagement with said
      support section and forming a fixed fluid-sealing engagement with .[.a.].
      .Iadd.said .Iaddend.hypodermic needle cannula, said eyelet member having
      .[.at the inner end thereof a.]. .Iadd.an inner end disposed within said
      smaller diameter portion of said support member and an outer end extending
      axially through said outer end of said support member; a radially
      outwardly extending skirt section on said inner end of said eyelet member;
      said skirt section having an outer diameter which is larger than the
      diameter of said smaller diameter portion of said longitudinally extending
      passage in said support member and which is in fluid-sealing engagement
      with said shoulder between said smaller and larger diameter portions of
      said longitudinally extending passage; said .Iaddend.skirt section
      .[.with.]. .Iadd.having .Iaddend.a diameter larger than the outer diameter
      of said hypodermic needle cannula and .[.with.]. said skirt section
      forming said fluid-sealing engagement with said support section, and said
      eyelet member having extending axially from the outer end of said skirt
      section a tubular stem section which extends longitudinally beyond the end
      of said support section, and said stem section forming said fixed
      fluid-sealing engagement with said hypodermic needle cannula at a point
      spaced axially beyond said outer end of said support section .Iadd.the
      diameter of said stem section of said eyelet member being smaller,
      throughout its entire length, than the smallest diameter portion of said
      longitudinally extending passage, whereby said eyelet member may be
      inserted through said inner end of said support member and said stem
      section may pass through said outer end of said support member until said
      skirt section engages said shoulder between said smaller and larger
      portions of said longitudinally extending passage in said support
      member..Iaddend.
BSUM
PAR  The present invention relates generally to a method and means of supporting
      a cannula in a preformed member and more particularly to an improved
      method and means of securing a metal hypodermic needle cannula in a
      preformed plastic hub member or other cannula supporting structure adapted
      for medicinal use.
PAR  In attempting to secure a metal cannula in a preformed non-metallic cannula
      supporting structure, such as a molded plastic hypodermic needle hub or
      syringe structure wherein the cannula engaging portion of the non-metallic
      structure cannot be compressed or deformed into permanent locking
      engagement about the said metal cannula without melting the plastic to
      sealably hold the cannula against both axial and rotary movement,
      considerable difficulty has been encountered in providing suitable means
      for mounting a metal cannula in a non-metallic cannula supporting
      structure. It has also been a problem to find a satisfactory means for
      securing a sharp pointed cannula in a cannula supporting structure which
      is suitable for use with high-speed automatic assembly mechanism and yet
      does not cause damage to the point of the cannula and which is also
      sufficiently economical to be employed for producing a disposable or
      single use hypodermic needle or a like article of manufacture.
PAR  Among the various means heretofore suggested for fixedly and sealably
      supporting a metal cannula in a non-metallic cannula supporting member,
      such as a molded plastic hub, have been to roughen an outer surface
      portion of the cannula or forming a protuberance on an outer surface
      portion of the cannula which the plastic engages when the hub section is
      molded about an end of the cannula. More recently, it has been suggested
      that a recess or passage be cut in the wall of the cannula to provide a
      key which locks the plastic hub section to the cannula. It will be evident
      that the necessity of working a surface portion of each of the cannulae as
      required in the foregoing suggested means in addition to providing a
      pointed end thereon requires additional handling of the cannulae which is
      expensive and tends to increase losses due to damaging the fragile point
      of the cannulae. It is also inherent in each of the foregoing methods of
      securing a cannula in a plastic hub section that the cannulae pass through
      a molding apparatus in order to form the plastic hub section about the
      cannula. The likelihood of damaging the cannula, particularly a sharply
      pointed cannula, is greatly increased during the handling incidental to
      passage of a cannula through the molding apparatus. Thus, it would be
      desirable to avoid having to mold the hub about the cannula.
PAR  It is therefore an object of the present invention to provide an improved
      and more economical means of mounting a cannula in a preformed cannula
      supporting member.
PAR  It is also an object of the present invention to provide an improved and
      more economical means of securely mounting a cannula in a preformed
      cannula supporting member without providing a rough surface portion, a
      recess, or a protuberance on an outer surface portion of the cannula.
PAR  It is still a further object of the present invention to provide a fast,
      economical, and dependable means and method of mounting a sharpened
      hypodermic needle cannula in a preformed hypodermic needle support member
      which minimizes damaging said sharpened end of the cannula.
PAR  It is a still further ojbect of the present invention to provide an
      improved means and method of mounting hypodermic metal hyprodermic needle
      cannula in a preformed plastic hub section which avoids the necessity of
      melting the plastic or using a cement in order to join the hub to the
      cannula.
PAR  It is also an object of the present invention to provide an improved means
      and method of securing a metal hypodermic needle cannula in a preformed
      plastic hub or cannula retaining member which makes practical and
      economically feasible the assembly of a sharpened cannula in said
      preformed hub or cannula retaining member.
DRWD
PAR  The manner and means by which the foregoing objects of the present
      invention are achieved will be apparent from the detailed description and
      claims to follow when read in conjunction with the accompanying drawing
      wherein;
PAR  FIG. 1 is a side elevational view partially in vertical section showing a
      hypodermic needle hub assembly embodying the present invention.
PAR  FIG. 2 is a sectional view along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a composite schematic elevational view of the parts of the hub
      assembly of FIG. 1 in various stages of assembly.
PAR  FIG. 4 is a side elevational view partially in vertical section showing a
      modified form of the present invention.
DETD
PAR  As illustrated in FIGS. 1 and 2 of the drawing, a hypodermic needle cannula
      hub assembly 10 adapted for detachably mounting on a threaded discharge
      outlet of a hypodermic needle syringe is comprised of a hypodermic needle
      cannula 11 securely and sealably mounted in a preformed hypodermic needle
      cannula hub or support member 12 having a tubular eyelet member or section
      13 fixedly mounted in the said support member 12 with said eyelet member
      13 fixedly and sealably engaging a peripheral portion of the cannula 11 at
      a point spaced from at least one end thereof.
PAR  The cannula supporting member 12, preferably molded of polypropylene
      plastic or the like, is comprised of a main body section 14 which has
      means for fixedly retaining a cannula 11 associated therewith and has an
      axially extending rigid wall section 16 adapted for detachably engaging a
      hypodermic syringe outlet. The support member 12 has an axial passage 17
      which extends longitudinally through the end walls of said body section
      14. The distal portion 18 of the axial passage 17 preferably has a
      diameter slightly larger than the outer diameter of a male discharge
      outlet of a syringe on which the assembly 10 is adapted to be mounted.
      Also, a plurality of longitudinally extending deformable splines 19 are
      preferably formed on the inner surface of the skirt section 16 to
      facilitate mounting the assembly 10 on a threaded discharge outlet. When
      the assembly 10 is to be used with a hyprodermic syringe having a Luer
      tapered discharge outlet, however, a Luer taper can be provided on the
      skirt section 16.
PAR  The support member 12 can, if desired, also have formed on the outer
      surface of the wall section 16 a plurality of longitudinally extending
      deformable splines 25 for engaging internal threads on a discharge outlet
      of a hypodermic syringe. Also, if desired, the outer surface of the main
      body section 14 can be provided with one or more radially extending
      projections 26 to serve as gripping means to facilitate mounting the
      assembly 10 on an outlet of a syringe or the like. The lower outer surface
      15 of the body section 14 can, if desired, have a cylindrical form which
      is adapted to sealably support a protective sheath for enclosing the end
      portion of the cannula 11 extending beyond the hub or support member 12.
PAR  The intermediate portion 20 of the axial passage 17 which extending through
      the main body section 14 preferably has a diameter less than the portion
      13 of the passage in the adjacent wall section 16. In the preferred form
      of the support member 12, the intermediate portion 20 of the axial passage
      17 is provided with an axial reduced diameter end wall passage 21 which
      extends through the end wall 22 of the main body section 14 to provide a
      tapered shoulder section 23 within the body section 14.
PAR  The tubular eyelet member 13 which is adapted to be fixedly and sealably
      mounted in the support member 12 is formed preferably of a cylindrical
      metal body portion 27 and a preferably cylindrical metal extension stem
      section 28 with a tubular axial passage 29 extending the length thereof.
      The end of the body portion 27 opposite the stem section 28 is preferably
      provided with an outwardly extending flange 30 which is adapted to engage
      the shoulder section 23 of the main body section 14. In the preferred form
      of the eyelet member 13 the cylindrical body portion 27 has an outer
      diameter which is normally slightly larger than the inner diameter of the
      passage 21 in the body section 14 so that the eyelet member 13 can be
      fixedly and sealably engaged in the body section 14 when the cylindrical
      body portion 27 is forcibly seated in the passage 21 with the flange 30
      engaging the shoulder section 23. The cylindrical body portion 27
      preferably has a length about equal to the length of the stem section 28.
PAR  The extension stem section 28 in the preferred form has an outer diameter
      slightly smaller than the body portion 27 with the axial passage 29
      extending therethrough of a diameter which is only slightly greater than
      the outer diameter of the cannula 11, whereby the cannula 11 can be
      readily inserted therein but requires only a slight reduction of the inner
      diameter of the axial passage 29 in order for the stem section 28 to
      sealably and fixedly engage the cannula 11. The proximal end of the
      passage 29 is provided with a slightly lead-in radius 34 to facilitate
      insertion of the cannula 11 into the end of the eyelet section 13.
PAR  The eyelet member 13 is preferably drawn on a conventional eyelet machine,
      the details of which are well known and form no part of the present
      invention. The eyelet member 13 is also preferably drawn from flat sheet
      metal stock which is relatively malleable and which is preferably softer
      than the metal of the stainless steel cannula tube mounted in the stem
      section. By way of example but not as a limitation, the metal stock can be
      the standard types designated as 1100 and 3003 aluminum sheet metal stock
      material. These materials formerly have been known as 2S and 3S aluminum.
      Type 1100 is sometimes called commerically pure aluminum while type 3003
      has similar properties but a higher tensile strength since it is alloyed
      with about 1.2% manganese. Stock materials such as these are not
      satisfactory as a screw machine stock since they are difficult to machine
      at a high rate of speed by reason of the fact that they tend to load the
      tool and tear during the machine operation. However, these stock materials
      are highly satisfactory for drawing and are considerably less expensive
      than the conventional aluminum screw machine stock material. Also, this
      screw machine stock material is ordinarily type 2011T3 (formerly type
      11ST3) aluminum stock and contains about 5.5% copper, 0.5% lead and 0.5%
      bismuth which render this material more corrosive than the types 1100 and
      3003.
PAR  In the eyelet drawing operation no slivers of metal are formed which might
      become lodged within the eyelet member 13. Furthermore, the drawing
      operation produces an eyelet having highly accurate tolerances and always
      insures that the passage 29 is precisely located so that when the cannula
      11 is brought by mechanical means into position for assembly with the
      support member 12, the cannula 11 can be inserted into the passage 29 by
      high speed automatic machining without damaging the cannula.
PAR  As a result of the metal drawing operation the eyelet member 13 will be
      cold-worked to produce a finer grained metal which is harder than the
      original stock material. Thus, when the stem 28 of the eyelet member 13 is
      crimped upon the inserted cannula 11, the hardened stem 28 provides a firm
      frictional grip on the cannula 11 and prevents it from becoming loosened
      from its mounted position within the passage 29. The eyelet member 13 can,
      of course, be formed by a screw machine operation. When the eyelet 13 is
      formed on a screw machine, however, there is no work hardening of the stem
      28 with the result that the grip on the cannula is not as great as the
      grip when the eyelet 13 is drawn.
PAR  In combining the parts to form the complete hub assembly 10 in accordance
      with the preferred mode of operation, the hub section 12 is mounted in a
      suitable support means and the eyelet member 13 is inserted into the axial
      passage 17 through the distal portion 18 (see FIG. 3) and forcibly seated
      in the passage 21 with the flange 30 in engagement with the shoulder 23 of
      the main body section 14 wherein the eyelet member 13 is securely and
      sealably held by frictional engagement. If desired, the eyelet 13 can be
      spun into position in the passage 17 rather than by forcing the eyelet
      into position. Since the plastic of the body section 14 contiguous with
      the eyetet melts during the spinning operation and hardens about the
      eyelet 13, a good sealing engagement is formed without danger of splitting
      the body section. Either of the foregoing assembly operations can be
      performed by automatic mechanism which continually feeds and assembles the
      respective parts.
PAR  It is also within the scope of the present invention, of course, to provide
      the hub section 12 with the eyelet section 13 sealably and fixedly
      disposed therein by molding the hub section 12 about the eyelet section 13
      with the stem section 28 extending axially beyond the end of the body
      section 14. In the latter mode, the separate assembly step of inserting
      the eyelet section 13 into the body section 14 can be eliminated without
      in any way interfering with the utility of the structure and the resultant
      assembly can be used in the same manner to accomplish all the objects of
      the present invention.
PAR  Thereafter the hub section 12 with an eyelet member 13 fixedly mounted or
      disposed therein while held in the foregoing support means or at a
      subsequent assembly station (in the event the hub section 12 with eyelet
      section 13 mounted therein is not immediately assembled with a cannula) is
      combined with a pointed cannula 11 by inserting said cannual 11 into the
      proximal end of the passage 29 at 34. The distal end of the cannula 11
      can, if desired, extend past the distal end of the eyelet member 13. After
      the cannula 11 has been inserted into the eyelet member 13, a crimping
      pressure is applied to the outer surface of the stem 28 preferably by a
      plurality of oppositely disposed die members pressing radially inwardly
      sufficiently to deform the metal of the stem 28 inwardly into locking
      sealing engagement with the cannula 11. Generally visible longitudinally
      extending ridges 36 are formed in the surface of the stem 28. By this
      method the metal in the stem 28 is forced radially inwardly into firm
      pressure engagement with the cannula 11 over a portion of the length
      thereof disposed in the pssage 21, so that the inner surface of the stem
      28 frictionally and sealably engages the cannula 11 without, however,
      deforming the cannula 11 or altering the inner diameter of the cannula 11.
PAR  In the modified form of the invention shown in FIG. 4, a hypodermic needle
      cannula 40 is fixedly mounted in the discharge outlet 41 of a molded
      plastic hypodermic syringe 42 in a manner similar to that shown in FIGS. 1
      and 2. Thus, the hypodermic syringe 42 having an elongated rigid
      cylindrical barrel section 43, preferably adapted to having a piston
      member 44 slidably and sealably disposed therein, is provided with a
      reduced diameter discharge end section 46. The end section 46 has an axial
      passage 47 extending therethrough which is coaxial with the barrel section
      43. The passage 47 is formed of a relatively small diameter end portion 48
      and a larger diameter intermediate portion 49 spaced inwardly therefrom
      with a shoulder portion 50 formed therebetween. A metal eyelet member or
      section 55 is adapted to be fixedly and sealably disposed in the end
      portion 48 of the axaial passage 47.
PAR  The metal eyelet member 55, like the eyelet member 13, is preferably formed
      of a cylindrical metal body portion 56 and has a generally cylindrical
      metal stem section 57 which is adapted to extend axially beyond the
      discharge end section 46. An axial passage 58 extends the length of said
      eyelet member 55. In the preferred form the body portion 56 is provided
      with an outwardly extending flange 59 at its distal end. The eyelet member
      55 is preferably inserted through the open end of the syringe barrel 43,
      and the metal body portion 56 is pressed into frictional sealing
      engagement with the discharge end section 46 within the end portion 48 of
      the passage 47. The stem section 57 projects outwardly beyond the end of
      the axial passage 47 when the eyelet member is fixedly and sealably
      mounted in the discharge end section 46 of the hypodermic syringe 42. If
      desired, the eyelet member can be molded in the end section 46 of the
      syringe 42 at the time the syringe is molded with the stem section 57
      extending beyond the end section 46. As in the form of the invention shown
      in FIGS. 1 and 2, a pointed cannula is fixedly and sealably mounted in the
      stem section 57 by inserting the hypodermic cannula 40 into the axial
      passage 47 of the eyelet member 55 and a radially inwardly compression
      force applied to the outer surface of the stem section 57 to deform the
      stem section sufficiently to form a sealable locking engagement between
      the stem section 57 and the cannula 40.
PAR  It will be understood that the preformed hypodermic needle supporting
      structures specifically disclosed herein have been shown as molded from a
      thermoplastic material, such as polypropylene plastic, but is should be
      clearly understood that any suitable plastic material can be used for
      molding a hypodermic needle hub, a hypodermic syringe body, or the like
      structure which requires the mouting therein of a hypodermic needle.
      Suitable plastic materials include polyethylene, methylacrylate and
      polyamide plastics. And, while the preformed hypodermic needle structures
      are preferably molded, it is, of course, possible to form the support
      structures in any other way desired, such as on a screw machine or the
      like. Nor is the present invention limited to having the preformed needle
      support structure made of a synthetic or natural plastic material, as the
      preformed units can be made of a special metal alloys, ceramic materials,
      or the like.
PAR  By forming the eyelet section of a suitable metal, it will be apparent to
      one skilled in the art that an eyelet member can be sealably and fixedly
      mounted or disposed in any of the foregoing preformed needle support
      structures, and also that by the application of suitable pressure on the
      stem section, the eyelet member can be brought into sealable locking
      engagement with a cannula inserted therein.
PAR  It will also be apparent from the foregoing disclosure that the present
      invention results not only in a substantial saving in the cost of the
      stock material but also a saving due to the fact that the output of a
      plastic hub molding apparatus and an eyelet drawing machine together can
      produce in a given period of time about four to six times the number of
      metal hubs which can be produced by a screw machine. Consequently, with
      the high output obtained from the preferred plastic molding and metal
      eyelet forming machines and the reduced cost of the stock material
      required, the overall reduction in cost of the composite plastic-metal
      eyelet hub assembly is as much as half that of the conventional metal hub
      manufactured on screw machines. Also, since the more economical composite
      hub assembly above described can be used in precisely the same manner as a
      conventional metal hub be insertion therein of a pointed conventional
      hyprodermic needle cannula followed by crimping of the metal stem section
      about the cannula, it will be evident that it is possible to produce high
      quality hypodermic needle and hub assemblies or the like structures having
      a cannula fixedly held therein by a secure metal-to-metal engagement at a
      substantially reduced cost.
PAR  In compliance with the requirements of the patent statutes I have herein
      shown and described a preferred embodiment of the invention. It is,
      however, to be understood that the invention is not limited to the precise
      construction herein shown, the same being merely illustrative of the
      principles of the invention.
CLMS
STM  What we claim as new and desired to be secured by Letters Patent is set
      forth in the attached claims:
NUM  1.
PAR  1. A hypodermic needle support structure comprising in
      combination.[.;.]..Iadd.: .Iaddend.a plastic main support member having
      .Iadd.an inner end, and an outer end portion terminating in an outer end;
      .Iaddend.a passage extending longitudinally .Iadd.through said support
      member to provide .Iaddend..[.therethrough which provides.]. access to the
      interior of said support member from either end thereof .Iadd.; said
      longitudinally extending passage including a smaller diameter portion
      adjacent said outer end and a larger diameter portion adjacent to said
      smaller diameter portion; means defining a shoulder between said smaller
      diameter portion and said larger diameter portion; .Iaddend..[.with said
      support member having at the outer end.]. .Iadd.; said outer end portion
      of said support member including .Iaddend.a rigid support section.[.,.]. ;
      a generally tubular metal eyelet member .Iadd.; a hypodermic needle
      cannula; said eyelet member being .Iaddend.disposed in fluid-sealing
      engagement with said support section and forming a fixed fluid-sealing
      engagement with .[.a.]. .Iadd.said .Iaddend.hypodermic needle cannula,
      said eyelet member having .[.at the inner end thereof.].  .Iadd.an inner
      end disposed within said smaller diameter portion of said support member
      and an outer end extending axially through sid outer end of said support
      member; a radially outwardly extending skirt section on said inner end of
      said eyelet member; said skirt section having an outer diameter which is
      larger than the diameter of said smaller diameter portion of said
      longitudinally extending passage in said support member and which is in
      fluid-sealing engagement with said shoulder between said smaller and
      larger diameter portions of said longitudinally extending passage; said
      .Iaddend.skirt section .[.with.]. .Iadd.having .Iaddend.a diameter larger
      than the outer diameter of said hypodermic needle cannula and .[.with.].
      said skirt section forming said fluid-sealing engagement with said support
      section, and said eyelet member having extending axially from the outer
      end of said skirt section a tubular stem section which extends
      longitudinally beyond the end of said support section, and said stem
      section forming said fixed fluid-sealing engagement with said hypodermic
      needle cannula at a point spaced axially beyond said outer end of said
      support section .Iadd.the diameter of said stem section of said eyelet
      member being smaller, throughout its entire length, than the smallest
      diameter portion of said longitudinally extending passage, whereby said
      eyelet member may be inserted through said inner end of said support
      member and said stem section may pass through said outer end of said
      support member until said skirt section engages said shoulder between said
      smaller and larger portions of said longitudinally extending passage in
      said support member.Iaddend..  .[.2. A hypodermic needle support structure
      comprising in combination; a plastic main hypodermic needle hub member
      having a passage extending longitudinally therethrough which provides
      access to the interior of said hub member from either end thereof with
      said hub member having at the outer end a rigid support section, a
      generally tubular metal eyelet member disposed in fluid-sealing engagement
      with said support section and forming a fixed fluid-sealing engagement
      with a hypodermic needle cannula, said eyelet member having at the inner
      end thereof a skirt section with a diameter larger than the outer diameter
      of said hypodermic needle cannula and with said skirt section disposed
      within said rigid support section and forming said fluid-sealing fixed
      engagement with said support section, and said eyelet member having
      extending axially from the outer end of said skirt section a reduced
      diameter tubular stem section which extends longitudinally beyond the end
      of said support section, and said stem section forming said fixed
      fluid-sealing engagement with said hypodermic needle cannula at a point
PAR   spaced axially beyond said outer end of said support section..]. 3. A
      hypodermic needle support structure comprising in
      combination.[.;.]..Iadd.: .Iaddend.a plastic main hypodermic syringe
      barrel member having .Iadd.an inner end, and an outer end portion
      terminating in an outer end; .Iaddend.a passage extending longitudinally
      .Iadd.through said barrel member to provide .Iaddend. .[.therethrough
      which provides.]. access to the interior of said barrel member from either
      end thereof .Iadd.; said longitudinally extending passage including a
      smaller diameter portion adjacent said outer end and a larger diameter
      portion adjacent to said smaller diameter portion; means defining a
      shoulder between said smaller diameter portion and said larger diameter
      portion; .Iaddend. .[.with said syringe barrel member having at the outer
      end.]. .Iadd.said outer end portion of said barrel member including
      .Iaddend.a rigid support section, a generally tubular metal eyelet member
      .Iadd.; a hypodermic needle cannula; said eyelet member being
      .Iaddend.disposed in fluid-sealing engagement with said support section
      and forming .[.a.]. .Iadd.said .Iaddend.fixed fluid-sealing engagement
      with a hypodermic needle cannula, said eyelet member having .Iadd. an
      inner end disposed within said smaller diameter portion of said barrel
      member and an outer end extending axially through said outer end of said
      barrel member; a radially outwardly extending skirt section on said inner
      end of said eyelet member; said skirt section having an outer diameter
      which is larger than the diameter of said smaller diameter portion of said
      longitudinally extending passage in said barrel member and which is in
      fluid-sealing engagement with said shoulder between said smaller and
      larger diameter portions of said longitudinally extending passage; said
      .Iaddend. .[.at the inner end thereof a.]. skirt section .[.with.].
      .Iadd.having .Iaddend.a diameter larger than the outer diameter of said
      hypodermic needle cannula and with said skirt section disposed within said
      rigid support section and forming said fluid-sealing engagement with said
      support section, and said eyelet member having extending axially from the
      outer end of said skirt section a reduced diameter tubular stem section
      which extends longitudinally beyond the end of said support section, and
      said stem section forming said fixed fluid-sealing engagement with said
      hypodermic needle cannula at a point spaced longitudinally beyond said
      outer end of said support section .Iadd.the diameter of said stem section
      of said eyelet member being smaller, throughout its entire length, than
      the smallest diameter portion of said longitudinally extending passage,
      whereby said eyelet member may be inserted through said inner end of said
      barrel member and said stem section may pass through said outer end of
      said barrel member until said skirt section engages said shoulder between
      said smaller and larger portions of said longitudinally extending passage
      in said barrel member.Iaddend.. .Iadd. 4. A hypodermic needle support
      structure comprising in combination: a plastic main support member having
      an internal peripheral wall defining an axial passage extending
      longitudinally therethrough which provides access to the interior of said
      support member from either end thereof with said support member having at
      the outer end a rigid support section, said axial passage including a
      first passage section and a second passage section axially separated from
      one another by means of an annular shoulder on said peripheral wall of
      said passage; said first passage section being disposed within said rigid
      support section and being smaller in diameter than said second passage
      section; a generally tubular metal eyelet member disposed in fluid-sealing
      engagement with said support section and forming a fixed fluid-sealing
      engagement with a hypodermic needle cannula, said eyelet member having at
      the inner end thereof a skirt section with a diameter larger than the
      outer diameter of said hypodermic needle cannula and with said skirt
      section having an outer diameter which is larger than the diameter of said
      first passage section, said skirt section being forcibly seated against
      said annular shoulder on said peripheral wall of said passage to form said
      fluid-sealing engagement with said support section of said main support,
      and said eyelet member having extending axially from the outer end of said
      skirt section a tubular stem section which extends longitudinally beyond
      the end of said support section of said main support member, and said stem
      section forming said fixed fluid-sealing engagement with said hypodermic
      needle cannula at a point spaced axially beyond said outer end of said
      main support section; the diameter of said tubular stem section of said
      eyelet member being smaller, throughout its entire length, and the
      smallest diameter of said longitudinally extending passage, whereby said
      eyelet member may be inserted through said inner end of said support
      member and said stem section may pass through said outer end of said
      support member until said skirt section engages said annular shoulder
      between said first and second passage sections. .Iaddend. .Iadd. 5. A
      hypodermic needle support structure comprising in combination: a plastic
      main support member having a passage extending longitudinally therethrough
      which provides access to the interior of said support member from either
      end thereof, said passage including a first passage section and a second
      passage section separated from one another by an annular shoulder, said
      support member having at its outer end a rigid support section, a
      generally tubular metal eyelet member disposed in fluid-sealing engagement
      with said support section and forming a fixed fluid-sealing engagement
      with a hypodermic needle cannula, said eyelet member having at the inner
      end thereof a radially outwardly extending skirt section, said skirt
      section having an outer diameter larger than the inner diameter of said
      first passage section in said support member and smaller than said second
      passage section in said support member, said skirt section sealingly
      engaging said annular shoulder and thereby forming said fluid-sealing
      engagement with said support section, and said eyelet member having
      extending axially from the outer end of said skirt section a tubular stem
      section which extends longitudinally beyond the end of said support
      section, and said stem section forming said fixed fluid-sealing engagement
      with said hypodermic needle cannula at a point spaced axially beyond said
      outer end of said support section the diameter of said tubular stem
      section of said eyelet member being smaller, throughout its entire length,
      and the smallest diameter of said longitudinally extending passage,
      whereby said eyelet member may be inserted through said inner end of said
      support member and said stem section may pass through said outer end of
      said support member until said skirt section engages said annular shoulder
      between said first and second passage sections. .Iaddend.
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ABST
PAL  The invention relates to an internal seal for rotary piston combustion
      engines of the trochoid type in which a housing consisting of two end
      pieces and a multiarcuate shell contains a polygonal piston rotatably
      mounted on an eccentric. At least one sealing ring conconcentric with the
      piston axis of rotation is disposed in a recess of the piston in each of
      its two end faces. The ring is pressed by spring means against the
      adjoining end piece and is sealingly and slidably engaged therewith to
      prevent passage of coolant or lubricant into the working chambers. The
      seal between the sealing ring and a wall of the recess in the end face of
      the piston is effected by an elastic ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An internal seal has been proposed in which a ring of L-shaped cross
      section is sealed against the recess in the face of the piston by means of
      an O-ring of elastomer material, seated under prestressed condition
      between the axial leg of the ring entering into the recess in the face of
      the piston and the radial inner wall of the recess.
PAR  It has now been found that an O-ring of that type, owing to insufficient
      long-term heat resistance of the elastomeric material does not serve its
      purpose over long periods of time. The O-ring loses its elasticity and
      eventually fails to seal.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing disadvantage is avoided in accordance with the present
      invention, by replacing the O-ring with a ring of C-shaped cross section
      and of spring metal material. The ring is slit to provide a section open
      in a horizontal direction and thereby providing spring properties in a
      radial direction. This ring of C-shaped cross section retains its
      elasticity even at operating temperatures and provides a dependable seal
      between the L-shaped ring and the wall of the recess in the piston. in
      order to improve its slidability and compensate for minor tolerances and
      irregularities of the engaged surfaces, the ring of C-shaped cross section
      may be provided with a friction reducing coating as, for example, Teflon.
PAR  The entire seal assembly is brought into sealing contact axially against
      the inner face of the adjoining end piece by means of a corrugated spring
      ring lying on the bottom of the recess. The corrugated spring ring thus
      bears on the slit side of the ring of C-shaped cross section and holds it
      in contact with the radial flange of the L-shaped ring. In addition, it
      may bear on the end of the axial flange of the L-shaped ring.
PAR  Again, in another possible arrangement, the axial flange of the L-shaped
      ring is moved radially inward in mirror image arrangement, so that the
      C-shaped ring is moved out between said flange and the radially outer wall
      of the recess in the face of the piston. The recess in the face of the
      piston may in particular be an annular groove matching the cross section
      of the internal seal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows a cross section of the internal seal as arranged in an annular
      groove in the face of the piston; and
PAR  FIG. 2 shows a cross section of the internal seal as arranged
      mirror-imagewise in a recess in the face of the piston.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, between the end piece 1 and piston 2 of a rotary piston
      combustion engine of the trochoid type, an internal seal is provided to
      seal off the gap 3 between the two parts. The seal consists essentially of
      an L-shaped ring 4 whose leg 5 extending radially inward is slightly
      beveled at 6 to form a sealing edge 7 which slidably seals with the inner
      face 8 of the end piece 1.
PAR  The axial leg 9 extends into an annular groove 10 in the face 11 of the
      piston 2. Disposed between the inner sides of the two flanges 5 and 9, the
      side wall 12 of the annular groove 10 and a corrugated spring ring 14 on
      the bottom 13 of the groove 10, is a ring 15. This ring is C-shaped in
      cross section and is fabricated of spring metal material. This ring 15 is
      provided with a slit 16 to impart to the ring spring properties in a
      radial direction. The ring 15 is prestressed to thereby make sealing
      contact on its axial surfaces 17 and 18 with the inner surface of flange 9
      and with the radial inner wall 12 of the groove 10, respectively. In order
      to minimize friction at these points of contact and to compensate for
      minor tolerances and irregularities, the C-shaped ring is provided with a
      heat resistant, friction-reducing coating 20, which may be Teflon. The
      corrugated spring ring bearing on the bottom 13 of the groove 10 exerts
      its force on the opposed open side of the C-shaped ring 15. This force is
      transmitted to the radial flange 5 of the L-shaped ring 4 and thus brings
      the sealing edge 7 into contact with the inner face 8 of the end piece 1.
PAR  In FIG. 2, the L-shaped ring 4' is arranged in a recess 21 in the face 11
      of piston 2. The axial flange 9' of this ring 4' is shifted radially
      inward so that the two flanges 5' and 9' form an open angle. The C-shaped
      ring 15 is arranged in this angle as a seal between the inner surface of
      flange 9' and the lateral surface 22 of the recess 21. The corrugated
      spring ring 14 acts on the end 23 of flange 9' and thus causes the sealing
      edge 24 to make tight contact with the inner face 8 of end piece 1.
PAR  In another possible arrangement the ring 4 may be so designed that its
      conformation does not enable it to hold the C-shaped ring 15 in the recess
      21 in the face 11 of piston 2. In that case, suitable retaining means,
      such as safety rings for example, may be provided either on the side wall
      of recess 21 touched by ring 15 or on ring 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. An internal seal for rotary piston combustion engines of the trochoid
      type having a housing of two end pieces and a multi-arcuate shell in which
      a polygonal piston is rotatably mounted on an eccentric, the piston having
      at least one sealing ring concentric with its axis of rotation in a recess
      on each of its two end faces the sealing ring being pressed by spring
      means against the adjoining end piece and sealingly slidable thereon, said
      sealing ring having .[.a.]. .Iadd.an inner .Iaddend.surface parallel to
      .Iadd.and spaced from .Iaddend.a wall of said recess and means for
      establishing a seal between said .Iadd.inner surface of said
      .Iaddend.sealing ring and said wall the improvement which comprises as the
      means for establishing said seal; a spring metal ring, C-shaped in
      cross-section, interposed .Iadd.in the space .Iaddend.between said
      .Iadd.inner .Iaddend.surface and said wall and abutting each of said
      .Iadd.inner .Iaddend.surface and said wall along continuous lines of
      contact, said C-shaped ring .[.forcing.]. .Iadd.sealing the space between
      .Iaddend.said sealing ring .Iadd.inner .Iaddend.surface .[.against.].
      .Iadd.and .Iaddend.said recess wall.
NUM  2.
PAR  2. An internal seal according to claim 1, wherein the C-shaped ring
      .[.15.]. is provided on its outer surface with a friction reducing, heat
      resistant coating compensating for equalizing minor tolerances and
      irregularities. .[.
NUM  3.
PAR  3.  An internal seal according to claim 1 wherein the C-shaped ring is
      arranged between the outer surface of the sealing ring and the adjacent
      wall of the recess with means being provided for holding the C-shaped ring
      in position..].
NUM  4.
PAR  4. An internal seal according to claim 1, wherein the sealing ring has an
      L-shaped cross section defined by the axial flange and the radial flange
      forming an angle open radially inward by the C-shaped ring being arranged
      with the angle.
NUM  5.
PAR  5. An internal seal according to claim 1 wherein the sealing ring has
      flanges forming an angle open radially outwardly in which the C-shaped
      ring is arranged.
NUM  6.
PAR  6. An internal seal according to claim 1 wherein the spring means is a
      corrugated spring ring, bearing on one side against the bottom of the
      recess and on the other side by way of the C-shaped ring against the
      sealing ring to press the sealing ring against the associated end piece.
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ABST
PAL  A reactive, stable dispersion can be prepared by the in situ polymerization
      of an ethylenically unsaturated monomer in an appropriate reactive medium
      such as a polyol. The in situ polymerization produces a dispersed polymer
      containing reactive radicals. The stable dispersion can be employed in any
      of a number of reactions, e.g., polyurethane-forming reactions, to
      introduce into the resultant product, as an integral part thereof, both
      the polyol and dispersed polymer.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 155,467,
      filed Nov. 28, 1961, now abandoned, and of application Ser. No. 256,531,
      filed Feb. 6, 1963, now U.S. Patent No. 3,304,273.
BSUM
PAR  This invention relates to novel methods of preparing polyurethanes, to
      reactive solutions therefor and to products produced by such methods.
PAR  Polyurethanes constitute a broad class of polymeric materials having a wide
      range of physical characteristics. The polymers are produced through the
      interaction of a polyfunctional isocyanate with a polyfunctional chemical
      compound having an active hydrogen in its structure such as a polyester,
      polyesteramide or polyether or mixtures of two or more of such materials.
      This component used in preparing the polyurethane is generally termed by
      the art the "active-hydrogen-containing material" and is generally liquid
      or a solid capable of being melted at a relatively low temperature. The
      materials conventionally used contain hydroxyl groups as the radical
      having the active hydrogen and thus are generally termed "polyol." The
      preparation of such materials is shown, for example, in U.S. 2,888,409 and
      in the patents referred to therein. In addition, other hydroxyl-capped
      polymers useful as the polyol in preparing polyurethane resins include
      polyformals as described for example in U.S. 3,055,871 to Heffler et al.;
      the hydroxyl-terminated lactone polyesters described in U.S. 3,051,687 to
      Young et al.: the alkylene oxide adducts of the allyl alcohol styrene
      polymers as described in U.S. 2,965,615 to Tass, et cetera. For reasons of
      commercial availability and cost, it is conventional to use polyethers
      having hydroxyl-terminated chains in the preparation of polyurethane foams
      and either such polyethers or hydroxyl-terminated polyesters in preparing
      vulcanizable gum, adhesives, films, et cetera. The polyurethane end
      products are generally cross-linked to some extent by including with the
      polyol (which is generally difunctional) a small amount of a
      polyfunctional cross-linking agent.
PAR  Despite the variety of physical and chemical properties obtainable by
      proper selection of the polyisocyanate and the polyol, as well as the
      conditions under which the reaction is carried out, there are definite
      limitations in selecting components for desirable properties in the
      resulting resin. One of the most significant of such limitations arises
      from the fact that the polyol is generally of relatively low molecular
      weight arising from the fact that it must be sufficiently liquid to permit
      mixing and reaction with the polyfunctional polyisocyanate in producing
      the final polyurethane resin. Further, the use of higher molecular weight
      components is attended by a variety of other difficulties including
      handling and compounding problems, the use of inert solvents and the
      problems attendant thereon as solvent removal, shrinkage, et cetera.
PAR  A great deal of art has grown up reflecting the extensive efforts made to
      incorporate higher molecular weight resinous material in polyurethane
      formulations. Such efforts range from mere mechanical mixtures as
      described, for example, in U.S. 3,049,505 to Grabowski, to such other
      means as the addition of a polymer latex as described in U.S. 2,993,013 to
      Wolfe, wherein an aqueous elastomer latex is added as one component to an
      isocyanate-terminated polyurethane so that the water phase of the latex
      reacts with the free isocyanate groups and at the same time the elastomer
      of the latex is incorporated into the resulting polyurethane.
PAR  Another means shown by the art is in U.S. 2,693,838 to Simon et al.,
      wherein a small amount of the desired polymer is dissolved in a large
      excess of the polyfunctional isocyanate. Where the polymer is inert to the
      isocyanate, it is merely mechanically incorporated into the resulting
      polyurethane while, where a reaction occurs, the reactive radicals in the
      polymer itself may enter into a reaction with the polyisocyanate before it
      can be compounded with additional ingredients.
PAR  Still another means shown by the art is in U.S. 3,008,917 to Park et al.,
      wherein an unsaturated liquid monomer such as styrene is added to a
      polyester-isocyanate adduct which itself contains vinyl unsaturation (as
      by utilizing a polyester prepared from maleic anhydride or similar
      unsaturated acid). The resulting mixture is then copolymerized through the
      unsaturated linkages.
PAR  Yet another method is shown in U.S. 2,882,260 to Bartl et al. In this
      process an isocyanate is attached to an ethylenically unsaturated
      compound, the isocyanate group is then blocked to render it non-reactive
      and the resulting compound is copolymerized as with styrene or a similar
      monomer in aqueous emulsion or similar process and the resulting polymeric
      product is dried and then heated to unblock the isocyanate groups and
      cause cross-linkage.
PAR  Despite the variety and ingenuity displayed by such art, polyurethanes
      still remain greatly limited in practical methods for the inclusion of
      higher molecular weight polymers therein.
PAR  Accordingly, it is a primary purpose of the present invention to present
      novel methods of forming polyurethanes which employ high molecular weight
      film-forming polymers in the polyurethane reaction.
PAR  Another object of the invention is to incorporate high molecular weight
      film-forming polymers as one of the reactants in forming polyurethanes
      whereby the film-forming polymers are chemically incorporated in the
      resulting polyurethane.
PAR  A further object of the invention is to incorporate high molecular weight
      film-forming polymers in polyurethane resins without complicated or
      cumbersome processing techniques.
PAR  It is another principal object of the present invention to provide a novel
      method of forming polyurethanes utilizing high molecular weight
      film-forming polymers as one of the components in the polyurethane
      reaction.
PAR  It is still a further object of the present invention to produce
      film-forming polymers having radicals reactive with the isocyanate radical
      in a solvent medium also having radicals reactive with said isocyanato
      radical.
PAR  Another object of the present invention is to provide a process for the
      production of polyurethanes which is carried out with liquid reactants,
      including a polyfunctional isocyanate and a high molecular weight
      film-forming polymer in a medium reactive with the isocyanato radical,
      which involves a minimum of handling and compounding problems, and which
      results in negligible shrinkage of the polyurethane reaction product.
PAR  Another object of the present invention is to provide novel and improved
      polyurethanes resulting from the novel processes of the instant
      application.
PAR  These and other objects and advantages of the present invention will become
      more apparent upon reference to the following detailed description and
      appended claims.
DETD
PAR  In essence, the invention of the instant application comprises a method for
      preparing reactive compositions comprising the steps of
PAR  (a) Dispersing a minor amount of ethylenically unsaturated monomer in a
      major amount of a solvent medium, said solvent medium consisting
      essentially of at least one normally liquid polyol essentially free from
      ethylenic unsaturation and having a molecular weight of at least about 500
      and a hydroxyl number in the range of about 30 to about 600, and
PAR  (b) Polymerizing said monomer in said solvent by free radical addition
      polymerization to a substantially linear polymer having a molecular weight
      of at least 5,000 to provide a liquid, stable dispersion of polymer-polyol
      having a viscosity of less than 40,000 cps. at 10% polymer concentration.
PAR  The reactive compositions of the present invention have two essential
      components: a high molecular weight film-forming polymer having radicals
      reactive with isocyanato radicals and a reactive solvent which is a
      solvent or dispersing medium for said polymer and which contains radicals
      reactive with isocyanato radicals. This will be more fully explained
      hereinafter. Upon addition of the polyisocyanate to the reactive
      compositions of the invention, the film-forming polymer and the reactive
      solvent both enter into a chemical reaction with the isocyanato groups and
      are chemically and integrally bound in the resulting polyurethane.
PAR  In accordance with the present invention, the reactive radical-containing
      polymers are formed in situ in the reactive solvent by adding monomers or
      low molecular weight oligomers to the olvent and effecting polymerization
      therein. Such polymers can be formed from ethylenically unsaturated
      monomers containing at least one polymerizable &gt;C.dbd.C&lt; group. The
      reactive solvent must, of course, be compatible in each instance with the
      system involved. It is only necessary that the film-forming polymer so
      produced be reactive with isocyanato groups and form a stable solution or
      dispersion in the reactive solvent.
PAR  The preferred reactive radical (i.e. reactive with the isocyanato group) is
      an active hydrogen [the term "active hydrogen" refers to hydrogen atoms,
      which, because of their position in the molecule display activity
      according to the Zerewitinoff test as described by Wohler in the Journal
      of the American Chemical Society, vol. 49, page 3181 (1927)]. Illustrative
      of some of the reactive radicals containing active hydrogen are --COOH,
      --OH, --NH.sub.2, .dbd.NH, --CONH.sub.2, substituted ammonias such as
      quaternary ammonium, mercapto compounds, et cetera.
PAR  Compounds containing the .dbd.N group, such as N-vinyl pyrrolidone,
      methacrylonitrile, dimethylaminomethyl methacrylate and vinyl pyridine, do
      not give a positive Zerewitinoff test but they do polymerize in reactive
      solvents to produce reactive compositions containing the film-forming
      polymers in the reactive solvent, said compositions containing
      film-forming polymer having a minor amount of reactive radicals introduced
      into the polymer during the polymerization reaction from the
      polymerization medium. This probably occurs, by chain transfer with graft
      or block formation. These reactive compositions are useful in the
      production of polyurethanes having outstanding properties.
PAR  As previously indicated, the reactive compositions of this invention are
      produced by the in situ polymerization of a polymerizable ethylenically
      unsaturated monomer in a reactive solvent medium. During this
      polymerization a minor amount of graft or block polymer is inherently
      produced. Thus, regardless of whether or not the ethylenically unsaturated
      monomer itself contains radicals reactive with the isocyanato group, the
      reactive compositions produced always contain film-forming polymer having
      radicals reactive with the isocyanato group. Among ethylenically
      unsautrated monomers which do not have a radical reactive with the
      isocyanato group are styrene, methyl methacrylate and vinyl acetate;
      however, all of these produce, after polymerization, reactive compositions
      that contain film-forming polymer having a minor amount of reactive
      radicals introduced from the polymerization medium and the reactive
      compositions react with the isocyanato group.
PAR  The reactive compositions are produced by polymerizing the monomers in the
      selected reactive solvent at a temperature of from about 40.degree. C. to
      150.degree. C. in the presence of a catalytically effective amount of a
      conventional free radical catalyst known to be suitable for the
      polymerization of ethylenically unsaturated monomers. The concentration of
      the catalyst can vary from about 0.001 to about 5 percent, preferably from
      about 0.2 to about 0.5 percent; however, any effective catalytic amount is
      satisfactory. Illustrative catalysts are the well-known free radical type
      of vinyl polymerization catalysts, for example, the peroxides,
      persulfates, perborates, percarbonates, azo compounds, etc., including
      hydrogen peroxide, dibenzoyl peroxide, acetyl peroxide, benzoyl
      hydroperoxide, t-butyl hydroperoxide, di-t-butyl peroxide, lauroyl
      peroxide, butyryl peroxide, diisopropylbenzene hydroperoxide, cumene
      hydroperoxide, paramenthane hydroperoxide, diacetyl peroxide,
      di-alpha-cumyl peroxide, dipropyl peroxide, diisopropyl peroxide,
      isopropyl-t-butyl peroxide, butyl-t-butyl peroxide, dilauroyl peroxide,
      difuroyl peroxide, ditriphenylmethyl peroxide,
      bis(p-methoxybenzoyl)peroxide, p-monomethoxybenzoyl peroxide, rubrene
      peroxide, ascaridol, t-butyl peroxybenzoate, diethyl peroxyterephthalate,
      propyl hydroperoxide, isopropyl hydroperoxide, n-butyl hydroperoxide,
      t-butyl hydroperoxide, cyclohexyl hydroperoxide, trans-Decalin
      hydroperoxide, alpha-methylbenzyl hydroperoxide, alpha-methyl-alpha-ethyl
      benzyl hydroperoxide, Tetralin hydroperoxide, triphenylmethyl
      hydroperoxide, diphenylmethyl hydroperoxide, alpha,alpha'-azo-2-methyl
      butyronitrile, alpha,alpha'-2-methyl heptonitrile, 1,1'-azo-1-cyclohexane
      carbonitrile, dimethyl alpha,alpha'-azo-isobutyrate,
      4,4'-azo-4-cyanopentanoic acid, azobisisobutyronitrile, persuccinic acid,
      diisopropyl peroxy dicarbonate, and the like; a mixture of catalysts may
      also be used.
PAR  The polymerization can also be carried out with an inert organic solvent
      present. Illustrative thereof are toluene, benzene, acetonitrile, ethyl
      acetate, hexane, heptane, dicyclohexane, dioxane, acetone.
      N,N-dimethylformamide, N,N-dimethylacetamide, and the like, including
      those known in the art as being suitable solvents for the polymerization
      of vinyl monomers. The only requirement in the selection of the inert
      solvent and the reactive solvent is that they do not interfere with the
      monomer's polymerization reaction. When an inert organic solvent is used,
      it is preferably removed by conventional means.
PAR  The monomers useful in the process of this invention are the polymerizable
      monomers characterized by the presence therein of at least one
      polymerizable ethylenic unsaturated group of the type C.dbd.C. The
      monomers can be used singly or in combination to produce
      homopolymer/reactive solvent or copolymer/reactive solvent reactive
      compositions.
PAR  These monomers are well known in the art and include the hydrocarbon
      monomers such as butadiene, isoprene, 1,4-pentadiene, 1,6-hexadiene,
      1,7-octadiene, styrene, alpha - methylstyrene, methylstyrene,
      2,4-dimethylstyrene, ethylstyrene, isopropylstyrene, butylstyrene,
      phenylstyrene, cyclohexylstyrene, benzylstyrene, and the like, substituted
      styrenes such as chlorostyrene, 2,5-dichlorostyrene, bromostyrene,
      fluorostyrene, trifluoromethylstyrene, iodostyrene, cyanostyrene,
      nitrostyrene. N,N-dimethylaminostyrene, acetoxystyrene, methyl
      4-vinylbenzoate, phenoxystyrene, p-vinyl diphenyl sulfide, p-vinylphenyl
      phenyl oxide, and the like; the acrylic and substituted acrylic monomers
      such as acrylic acid, methacrylic acid, methylacrylate, 2-hydroxyethyl
      acrylate, 2-hydroxyethyl methacrylate, methyl methacrylate, cyclohexyl
      methacrylate, benzyl methacrylate, isopropyl methacrylate, octyl
      methacrylate, methacrylonitrile, methyl alpha-chloroacrylate, ethyl
      alpha-ethoxyacrylate, methyl alpha-acetaminoacrylate, butyl acrylate,
      2-ethylhexyl acrylate, phenyl acrylate, phenyl methacrylate,
      alpha-chloroacrylonitrile, N,N - dimethylacrylamide, N,N -
      dibenzylacrylamide, N-butylacrylamide, methacrylyl formamide, and the
      like; the vinyl esters, vinyl ethers, vinyl ketones, etc. such as vinyl
      acetate, vinyl chloroacetate, vinyl alcohol, vinyl butyrate, isopropenyl
      acetate, vinyl formate, vinyl acrylate, vinyl methacrylate, vinyl methoxy
      acetate, vinyl benzoate, vinyl iodide, vinyl toluene, vinyl naphthalene,
      vinyl bromide, vinyl fluoride, vinylidene bromide,
      1-chloro-1-fluoroethylene, vinylidene fluoride, vinyl methyl ether, vinyl
      ethyl ether, vinyl propyl ethers, vinyl butyl ethers, vinyl 2-ethylhexyl
      ether, vinyl phenyl ether, vinyl 2-methoxyethyl ether, methoxybutadiene,
      vinyl 2-butoxyethyl ether, 3,4-dihydro-1,2-pyran, 2-butoxy-2'-vinyloxy
      diethyl ether, vinyl 2-ethylmercaptoethyl ether, vinyl methyl ketone,
      vinyl ethyl ketone, vinyl phenyl ketone, vinyl ethyl sulfide, vinyl ethyl
      sulfone, N-methyl-N-vinyl acetamide, N-vinylpyrrolidone, vinyl imidazole,
      divinyl sulfide, divinyl sulfoxide, divinyl sulfone, sodium vinyl
      sulfonate, methyl vinyl sulfonate, N-vinyl pyrrole, and the like; dimethyl
      fumarate, dimethyl maleate, maleic acid, crotonic acid, fumaric acid,
      itaconic acid, monomethyl itaconate, t-butylaminoethyl methacrylate,
      dimethylaminoethyl methacrylate, glycidyl acrylate, allyl alcohol, glycol
      monoesters of itaconic acid, dichlorobutadiene, vinyl pyridine, and the
      like. Any of the known polymerizable monomers can be used and the
      compounds listed above are illustrative and not restrictive of the
      monomers suitable for use in this invention. Any of the known chain
      transfer agents can be present if desired.
PAR  When the polymerization is carried out in the polyol, and the like reactive
      radical-containing medium, it has been found that interaction occurs to
      some degree between the solvent and the polymer chain being formed whereby
      a graft or block copolymer is inherently produced wherein the solvent
      molecule provides reactive radicals to the block or graft copolymer. It is
      known in the art that free radical producing inhibitors or catalysts are
      used for carrying out the polymerization reaction. These produce active
      sites initiating the formation of block or graft polymers which are
      probably formed by chain transfer mechanisms in vinyl addition
      polymerization. In this manner polymers inherently containing reactive
      groups are prepared from ethylenically unsaturated monomers which contain
      no reactive groups, provided that the polymers are prepared by
      polymerization in a solvent containing reactive groups, such as active
      hydrogen. The reactive solvent used in the polymerization can also act as
      a chain transfer agent and enter into the polymer chain. By the method of
      this invention, therefore, reactive radicals can be introduced into
      polymer chains by proper selection of the reactive solvent used as the
      medium for the polymerization. These polymers can then be used for the
      production of polyurethanes with outstanding properties.
PAR  The distribution of reactive radicals in the film-forming polymers is, of
      course, not limited to terminal positions. On the contrary, such radicals
      may be at various positions throughout the entire polymer chain. It is
      generally advantageous, however, to use as one of the monomers a material
      which itself contains a reactive hydrogen group, thus allowing a much
      wider range of frequency of reactive radicals.
PAR  The type of nitrogen bond formed in the reaction of the polyisocyanate and
      the film-forming polymer will vary depending on the chemical nature of the
      reactive composition. The chemistry of formation and significance of the
      type of bonding are known in the art.
PAR  If the polymer contains certain types of nitrogen radicals, such as amino
      or amido radicals, it will also act as a catalyst for the polyurethane
      formation. Where the reactive radical is carboxyl, it may be desirable to
      modify the structure of the film-forming polymer for certain purposes.
      More specifically, it is well known that the reaction product of the
      --COOH and --N.dbd.C.dbd.O radicals is an amide plus CO.sub.2. This
      reaction is desirable for foam production but is frequently undesirable
      when porosity in the finished product is to be avoided. It is a feature of
      the present invention to avoid porous production formations in such a
      situation by reacting a salt-forming nitrogen derivative with the
      carboxyls of the film-forming polymer so as to change the reaction
      mechanism of the components. (See, for example, applicant's co-pending
      application Ser. No. 117,488, filed May 12, 1961.) For example, a primary
      or secondary amine may be introduced, which will result in the formation
      of a urea linkage with the --N.dbd.C.dbd.O radical. Similarly, amino
      alcohols may be introduced, in which case the hydroxyl group will react
      with the --N.dbd.C.dbd. O to form urethane linkages. In these cases, a
      non-porous film or mass can be obtained with the substituted --COOH
      radical. The --COOH radical can also be reacted with a polyamine
      containing at least two free primary amino groups. The available primary
      amino groups may then be reacted with phosgene to form isocyanato groups
      so that the material thus obtained would be an isocyanato-containing
      prepolymer.
PAR  The combining weight of the polymer (with respect to the polyisocyanate
      with which it is to be reacted) will play a significant part in the
      properties of the polyurethane reaction product since the frequency of the
      reactive radicals will determine the location and also the number of bonds
      formed in the reaction between the polymers and the polyisocyanate. More
      specifically, in order to obtain the most highly useful product following
      the isocyanate reaction, the reactive film-forming polymer should contain
      a minimum number of reactive radicals such that the combining weight of
      the polymer is not too high, viz., preferably below 4000. Although in
      certain cases higher combining weights also give good products, generally
      speaking, the higher the combining weight, the softer, more elastic the
      reaction product; the lower the combining weight, the more rigid the
      reaction product will be, using the same major components in the product.
PAR  The optimum combining weight for a given reactive polymer (to produce an
      end product having the most desirable properties) may be determined by
      simple experimentation. The combining weight of a given polymer reflects
      both the particular monomers used in the formation of the polymer as well
      as the mol ratios of such monomers. Since at least some of the groups of
      the polymer or copolymer which are reactive with the isocyanato group are
      those present in the molecule of the reactive solvent in the polymer, the
      number of bonds formed in the reaction between the polymer and the
      polyisocyanate cannot be easily predicted in advance. However, the optimum
      concentration for any particular property can be determined by normal
      routine experimentation.
PAR  The film-forming polymers are present as dispersions or solutions in a
      reactive solvent and the reactive solutions or dispersions formed from
      said polymers are often dilutable with a reactive solvent. Where the
      solution or dispersion is not dilutable, the polymer should be prepared in
      the solvent at the concentration desired for the ultimate use so that
      dilution is unnecessary.
PAR  The molecular weight of the film-forming polymers of the present invention
      will necessarily vary within reasonably wide limits depending upon the
      particular polymer formed. The molecular weight is only a tough indication
      of whether a polymer is a film-former. The film-forming ability of a
      polymer is determined primarily by its cohesive energy. Conventionally a
      polymer is considered to be a film-forming polymer when the cohesion in
      the polymer itself is great enough to produce a film above the "glass"
      temperature, i.e., above the second order transition temperature. In
      general, the film-forming polymers used have a molecular weight above
      5000, best properties being obtained with film-forming polymers having
      molecular weights of 10,000 or greater. The upper molecular weight limit
      is one selected for practical considerations; the reactive compositions
      are preferably those which are free flowing at the temperature at which
      reaction with the polyisocyanate is carried out, i.e., the composition
      should have a viscosity at that temperature of less than about 40,000 cps.
      If the reactive polymer has sufficient reactive radicals to cross-link
      adequately with the isocyanate, the restriction that the polymer be
      film-forming may be somewhat relaxed.
PAR  As is evident from the list of monomers which may be used to form the
      film-forming polymers of the present invention, film-forming polymers
      having either aromatic or aliphatic nucleii (or both) may be employed. The
      choice of the particular nucleus is dependent upon the final properties
      desired in the polyurethane. For example, film-forming polymers having
      predominantly aromatic nucleii will tend to produce stiffer products;
      those with predominantly aliphatic nucleii will tend to produce softer
      products. In general, the physical properties of the polymer will reflect
      in the polyurethanes.
PAR  The second essential component of the reactive composition of the present
      invention is a reactive solvent. The "reactive solvent" used herein is the
      "active-hydrogen-containing material" known in the art and conventionally
      used in preparing polyurethane resins.
PAR  The reactive solvent must be selected to meet several diverse requirements:
PAR  (1) It must act as a solvent or dispersing medium for the film-forming
      polymer.
PAR  (2) It must not be so reactive with the film-forming polymer as to reduce
      substantially the reactive radical content of either the solvent or the
      polymer or to form a gel or a hard infusible resin which would interfere
      or even prevent the reaction with the polyisocyanate.
PAR  (3) It should form stable solutions or dispersions with the film-forming
      polymer which are preferably dilutable without the formation of
      undesirable precipitates with the components used to form the polyurethane
      polymer.
PAR  (4) It must be a liquid, at least at the temperature used for the reaction
      with the polyisocyanate.
PAR  (5) It must have at least two radicals which are reactive with the
      --N.dbd.C.dbd.O of the polyisocyanates so as to form a polymeric reaction
      product with the polyisocyanate.
PAR  The preferred reactive solvents are the polyols having properties described
      above. The polyols suitable for production of the reactive compositions
      can be a hydroxyl-terminated polyester, a polyhydroxyalkane, a polyphenol,
      a polyoxyalkylene polyol, or the like, having a molecular weight of about
      500 and the corresponding mercapto derivatives. Among the polyols which
      can be employed are one or more polyols from the following classes of
      compositions; minor amounts of polyhydroxyalkanes can be present:
PA0  (a) Hydroxyl-terminated polyesters;
PA0  (b) Alkylene oxide of polyhydroxyalkanes;
PA0  (c) Trialkanolamines and alkylene oxide adducts thereof;
PA0  (d) Alcohols derived from mono- and polyamines by addition of alkylene
      oxides;
PA0  (e) Non-reducing sugars and sugar derivatives and alkylene oxide adducts
      thereof;
PA0  (f) Alkylene oxide adducts of aromatic amine/phenol/aldehyde condensation
      products;
PA0  (g) Alkylene oxide adducts of phosphorus and polyphosphorus acids;
PA0  (h) Polyphenols and alkylene oxide adducts thereof;
PA0  (i) Polytetramethylene glycols, and the like.
PAR  Illustrative hydroxyl-terminated polyesters are those which are prepared by
      polymerizing a lactone in the presence of an active hydrogen-containing
      starter as disclosed in U.S. Pat. No. 2,914,556.
PAR  Illustrative alkylene oxide adducts of polyhydroxyalkanes include among
      others, those adducts of ethylene glycol, propylene glycol,
      1,3-dihydroxypropane, 1,3-dihydroxybutane, 1,4-dihydroxybutane, 1,4-,
      1,5-, and 1,6-dihydroxyhexane, 1,2-, 1,3-, 1,4-, 1,6-, and
      1,8-dihydroxyoctane, 1,10-dihydroxydecane, glycerol,
      1,2,4-trihydroxybutane, 1,2,6-trihydroxyhexane, 1,1,1-trimethylolethane,
      1,1,1-trimethlolpropane, pentaerythritol, xylitol, arabitol, sorbitol,
      mannitol, and the like, having a molecular weight of at least 500:
      preferably the adducts of ethylene oxide, propylene oxide, epoxybutane, or
      mixtures thereof.
PAR  Two particularly preferred clasees of alkylene oxide adducts of
      polyhydroxyalkanes are the ethylene oxide, propylene oxide, butylene
      oxide, or mixtures thereof, adducts of dihydroxyalkanes and of
      trihydroxyalkanes.
PAR  The preferred class of alkylene oxide adducts of dihydroxyalkanes
      contemplated are the polyoxyalkylene glycols, such as the alkylene oxide
      adducts of diethylene glycol, triethylene glycol, tetraethylene glycol,
      dipropylene glycol, tripropylene glycol, tetrapropylene glycol, dibutylene
      glycol, as well as the high molecular weight polyoxyethylene glycols, high
      molecular weight polyoxypropylene glycols, mixed ethylene-propylene
      glycols, mixed polyoxyethylene-polyoxypropylene glycols, and the like.
PAR  Further examples of suitable polyesters and polyethers for use as the
      polyol of the present invention are described in U.S. Patents 2,814,606;
      2,801,990; 2,801,618; 2,777,831; 2,606,162 and 2,432,148. The patents also
      teach the method of preparing such polyols. .Iadd.Said U.S. Pat. 2,801,990
      describes polyesters and polyesteramides at columns 8 and 9 having
      hydroxyl numbers from 30 or 40 to 100 or 140. .Iaddend.
PAR  Another useful class of polyols which can be employed are the
      trialkanolamines which, by reaction with alkalene oxides, form adducts of
      suitable molecular weight, and the alkylene oxide adducts thereof.
      Illustrative of the lower molecular weight trialkanolamines includes
      triethanolamine, triisopropanolamine, and tributanaolamine. The alkylene
      oxide adducts which can be employed are preferably those wherein the
      oxyalkylene moieties thereof have from 2 to 4 carbon atoms.
PAR  Another useful class of polyols which can be employed are the alkylene
      oxide adducts of mono- and polyamines.
PAR  The mono- and polyamines are preferably reacted with alkylene oxides which
      have 2 to 4 carbon atoms, for example, ethylene oxide, 1,2-epoxypropane,
      the epoxybutanes, and mixtures thereof. Mono- and polyamines suitable for
      reaction with alkylene oxides include, among others, methylamine,
      ethylamine, isopropylamine, butylamine, benzylamine, aniline, the
      toluidines, naphthylamines, ethylenediamine, diethylenetriamine,
      triethylenetetramine, 1,3-butanediamine, 1,3-propanediamine,
      1,4-butanediamine, 1,2-, 1,3-, 1,4-, 1,5-, and 1,6-hexanediamine,
      phenylenediamines, toluenediamine, naphthalenediamines, and the like.
      Among the compounds of the above groups which are of particular interest
      are, among others, N,N,N',N'-tetrakis(2-hydroxyethyl)ethylenediamine,
      N,N,N',N'-tetrakis(2-hydroxypropyl)ethylenediamine,
      N,N,N',N",N'"-pentakis(2-hydroxypropyl)diethylenetriamine,
      phenyldiisopropanolamine and higher alkylene oxide adducts of aniline, and
      the like. Others which deserve particular mention are the alkylene oxide
      adducts of aniline or substituted aniline/formaldehyde condensation
      products.
PAR  A further class of polyols which can be employed are the non-reducing
      sugars, the non-reducing sugar derivatives, and more preferably, the
      alkylene oxide adducts thereof wherein the alkylene oxides have from 2 to
      4 carbon atoms. Among the non reducing sugar and sugar derivatives
      contemplated are sucrose, alkyl glycosides such as methyl glucoside, ethyl
      glucoside, and the like, glycol glycosides such as ethylene glycol
      glucoside, propylene glycol glucoside, glycerol glucoside,
      1,2,6-hexanetriol glucoside, and the like.
PAR  A still further useful class of alcohols are the polyphenols, and
      preferably the alkylene oxide adducts thereof wherein the alkylene oxides
      have from 2 to 4 carbon atoms. Among the polyphenols which are
      contemplated are found, for example, bisphenol A, bishphenol F,
      condensation products of phenol and formaldehyde, more particularly the
      novolac resins, condensation products of various phenolic compounds and
      acrolein, the simplest members of this class being the
      1,1,3-tris(hydroxyphenyl)propanes, condensation products of various
      phenolic compounds and glyoxal, glutaraldehyde, and other dialdehydes, the
      simplest members of this class being the
      1,1,2,2-tetrakis(hydroxyphenyl)ethanes, and the like.
PAR  Another desirable class of polyols are the alkylene oxide adducts,
      preferably the ethylene oxide, 1,2-epoxypropane, epoxybutane, and mixtures
      thereof, adducts of aromatic amine/phenol/aldehyde condensation products.
      The condensation products are prepared by condensing an aromatic amine,
      for instance aniline, toluidine, or the like, a phenol such as phenol,
      cresol, or the like and an aldehyde, preferably formaldehyde, at elevated
      temperatures in the range of, for example, from 60.degree. C. to
      180.degree. C. The condensation product is then recovered and reacted with
      alkylene oxide, using a basic catalyst (e.g., potassium hydroxide) if
      desired, to produce the polyols. The propylene oxide and mixed
      propylene-ethylene oxide adducts of aniline/phenol/formaldehyde
      condensation products deserve particular mention.
PAR  The alkylene oxide adducts of phosphorus and polyphosphorus acids are
      another useful class of polyols. Ethylene oxide, 1,2-epoxypropane, the
      epoxybutanes, 3-chloro-1,2-epoxypropane, and the like are preferred
      alkylene oxides. Phosphoric acid, phosphorus acid, the polyphosphoric
      acids such as tripolyphosphoric acid, the polymethaphorphoric acids, and
      the like are desirable for use in this connection.
PAR  Another useful class of polyols are the polytetramethylene glycols, which
      are prepared by polymerizing tetrahydrofuran in the presence of an acidic
      catalyst.
PAR  The polyols employed can have hydroxyl numbers which vary over a wide
      range. In general, the hydroxyl numbers of the polyols employed in the
      invention can range from about 20, and lower, to about 1000, and higher,
      preferably, from about 30 to about 600, and more preferably, from about 35
      to about 450. The hydroxyl number is defined as the number of milligrams
      of potassium hydroxide required for the complete hydrolysis of the fully
      acetylated derivative prepared from 1 gram of polyol. The hydroxyl number
      can also be defined by the equation:
      ##EQU1##
      where OH=hydroxyl number of the polyol
PA0  f=functionality, that is, average number of hydroxyl groups per molecule of
      polyol
PA0  M.w.=molecular weight of the polyol.
PAL  The exact polyol employed depends upon the end use of the polyurethane
      product to be produced. For example, in the case of foamed reaction
      products, the molecular weight of the hydroxyl number is selected properly
      to result in flexible, semiflexible, or rigid foams. The above polyols
      preferably possess a hydroxy number of from about 200 to about 1000 when
      employed in rigid foam formulations, from about 50 to about 150 for
      semiflexible foams, and from about 40 to about 70 or more when employed in
      flexible foam formulations. Such limits are not intended to be
      restrictive, but are merely illustrative of the large number of possible
      combinations of the above polyol coreactants.
PAR  The reactive composition (comprising the film-forming polymer in the
      reactive solvent) contains from 5 to 50 percent by weight of the polymer
      therein; a preferable concentration is about 20 to 50 percent by weight.
      Solutions having in excess of 50 percent by weight of the film-forming
      polymer are ordinarily too viscous for practical purposes.
PAR  The isocyanates used to form the polyurethanes of the present invention
      must be polyfunctional. Examples of such polyisocyanates are the tolylene
      diisocyanates, hexamethylene diisocyanates, diphenylmethane diisocyanates,
      naphthalene diisocyanates, triphenylmethane triisocyanates, phenylene
      diisocyanates, bitalylene diisocyanates, dianisidine diisocyanate,
      dimethyldiphenylmethane diisocyanates, triisocyanatodiphenyl ethers, et
      cetera, such as meta-toluene diisocyanate, 4,4'-diphenyl diisocyanate,
      4,4'-diphenylene methane diisocyanate, 1,5-naphthalene diisocyanate,
      4,4'-diphenyl ether diisocyanate, p-phenylene diisocyanate, ethylene
      diisocyanate, trimethylene diisocyanate, cyclohexylene diisocyanate,
      2-chloropropane diisocyanate, tetrachlorophenylene diisocyanate-1,4,
      durylene diisocyanate, xylylene diisocyanates,
      3,10-diisocyanatotricyclo[5.2.1.0.sup.-.sup.6 ]decane, et cetera. A more
      complete list of polyisocyanates is set forth by Siefken in Annalen, 562,
      pp. 122-135 (1949).
PAR  The polyisocyanates react both with the film-forming polymer and the
      reactive solvent so that the polyurethanes formed using the reactive
      solutions of the instant invention incorporate both of these materials
      into the chemical structure of the polyurethane. Thus the resulting
      polyurethanes constitute a novel group of polymers having substantially
      different properties than could be obtained by a mere mechanical mixture.
      The new film-forming polymers have significantly different properties from
      the polymer formed by the same monomer or monomers polymerized under
      conditions such that the reactive solvent molecules are not incorporated
      into the polymer chain. In the polyurethane formation, the new reactive
      composition containing the film-forming polymer has significantly
      different properties compared with other systems in which the preformed
      polymers have been dispersed in a reactive solvent. The reaction rate for
      polyurethane formation is similar for the radicals of solvent molecules
      attached to the polymer and for the solvent itself. A more uniform
      polyurethane is thus formed. The polyurethanes produced using such
      reactive solutions contain bonds formed by the reaction of the
      polyisocyanate and the separate reactive groups of the film-forming
      polymer and the reactive solvent, and direct chemical bonds between the
      polymer and the solvent. Thus, such polyurethanes comprise a variety of
      chemical bonds with consequent effect on the physical and chemical
      properties of the polyurethanes.
PAR  The reactive compositions produced are stable dispersions. However, in the
      majority of cases, stable dispersions could not be obtained when preformed
      polymer produced from the same monomer by conventional processes was mixed
      with the same reactive solvent.
PAR  The reactive compositions of the present invention may be used in place of
      the polyols of the prior art in any of the processes used in preparing
      polyurethanes. Thus, the compositions may be used in the prepolymer
      process, the quasi-prepolymer process or the one-shot process. The
      polyurethanes may be further reacted with epoxy resins, cured with sulfur,
      peroxides or other curing agents, or otherwise reacted or modified as
      known to those skilled in the art. In using the one-shot process, as
      described for example in U.S. 2,866,774 to Price, it is desirable to use a
      silicone oil emulsifier as described in United States 2,834,748 and
      2,917,480.
PAR  To form the polymethanes of the present invention, an excess of the
      polyisocyanate is generally employed. In general, the ratio between the
      --N=C=O radicals and the other reactive radicals in the reactant mass
      (including those in the film-forming polymer, the polyol and the other
      non-isocyanate reactants, if any) is from about 1:1 to 5:1 and, in
      exceptional cases, up to 6:1.
PAR  As aforestated, the viscosity of the reactive composition (comprising the
      film-forming polymer and the polyol in the ratio desired) generally should
      be less than about 40,000 cps. under conditions of use. Generally
      speaking, the viscosity of the reactive composition should be such that
      the solution is dilutable upon simple mixing with additional quantities of
      polyfunctional liquid reactants used. The viscosity of the reactive
      composition should also be low enough to permit easy mixing of the
      isocyanates with the reactive solution. The term "composition" as used
      herein in the specification and claims includes both optically clear or
      turbid solutions or dispersions of solvated film-forming polymer in which
      there is a marked viscosity increase or wherein the polymer does not
      separate from solution on storage or during conventional handling.
PAR  In carrying out the process of the present invention, the reactive
      composition is first prepared and then mixed with the polyisocyanate and
      any other reactants desired. For example, it may be desired to vary the
      quantity of reactive, non-isocyanate radicals in the reactant mass by
      adding other active hydrogen-containing compounds.
PAR  Because of the great many variables involved in the process of the present
      invention, i.e., the desired properties of the finished product, the
      combining weight of the reactants, the type of bonding, the solubility
      requirements (including the possibility that certain materials will cause
      an undesirable precipitate to form in the reactive solution), the
      selection of particular film-forming polymers, solvents and other
      additives to be employed in the reaction must, in good part, be done on an
      experimental basis. The complete flexibility of the instant process,
      however, makes possible the easy adjustment of the reactant mass to
      conform it to one having desired characteristics.
PAR  This invention is further illustrated by the following examples without,
      however, being restricted thereto. All parts are by weight, unless
      otherwise specified. Unless otherwise stated in the examples, the
      polymerization reactions were carried out in a three-necked flask equipped
      with an agitator, a reflux condenser, a thermometer, the three-necked
      flask being connected to a nitrogen cylinder. Prior to the addition of the
      catalyst, the contents of the flask were purged with nitrogen for 30
      minutes and heated. After completion of the reaction, toluol was added and
      the traces of water remaining in the flask were removed by azeotropic
      distillation. The reaction was carried out to an unreacted monomer content
      of 5 percent maximum.
PAC  Example 1
PAR  The flask was charged with 220 g. styrene of 99% purity inhibited with
      0.02% of 5-butylcatechol. 125 g. 2-ethylhexyl acrylate of 99% purity
      inhibited with 0.05% hydroquinone and 400 g. of Pluracol P2010 (a
      polypropylene ether diol terminated with two hydroxy radicals, having a
      molecular weight of 2000 and combining weight of 1000 and made by the
      Wyandotte Chemical Co.). After raising the temperature of the flask to
      70.degree. C., 11/2 g. of azobisisobutyronitrile catalyst were added. The
      polymerization reaction was then carried out at 130.degree. C. for 3
      hours.
PAR  The result of the reaction was a viscous solution having 1.3% unreacted
      styrene and 21/2% of ethylhexyl acrylate. The combining weight of the
      solution was 1800. The solution could not be diluted with other polyols
      but could be diluted with aromatic and chlorinated hydrocarbons.
PAC  Example 2
PAR  The product of Example 1 was used to form a cellular polyurethane product
      with tolylene diisocyanate having a composition of 80% 2,4- and 20% 2,6
      substitution and having an equivalent weight of 87. The conventional ratio
      between the --N=C=O radicals and the other reactive radicals (such as
      hydroxyl and carboxyl) was adjusted to 2,8. Hereinafter NCO/X will be used
      to express this ratio. X being the sum of the equivalents of all the
      non-cyanato reactive radicals. The amount of water was calculated to give
      a low density foam.
PAR  The product of Example 1 could only be used without dilution; otherwise
      solidification took place. To 50 grams of the compound of Example 1, 1/2
      gram of a surface-active silicone oil was added as a foam stabilizer and
      to this mixture 1 gram water and 1/2 gram N-ethyl morpholine was added,
      the latter serving as a catalyst. Seven grams of the diisocyanate were
      then added to this mixture, resulting in the formation of a very viscous
      material whose volume expanded only slightly and which slowly set to a
      solid. After 24 hours at 70.degree. C., with the formula used, the
      material had little strength and appeared to be inferior to other peoducts
      obtained according to the present invention. This may be due to the
      insufficiency of the quantity of catalyst used.
PAC  Example 3
PAR  The process of Example 1 was repeated using 55 gm. styrene, 31 gm.
      2-ethylhexyl acrylate and 300 gm. Pluracol P2010. The polymer content of
      the solution was 22%, which is about half the polymer content of the
      solution in Example 1. The reactive solution of Example 3 was dilutable
      with further additions of Pluracol P2010 without solidification or other
      adverse effect.
PAC  Example 4
PAR  To 100 gm. of the reactive solution of Example 3 are added 0.25 gm. tin
      octoate, 2.0 gm. surface active silicone oil, 0.2 gm. N-methyl morpholine,
      0.1 gm. N,N,N',N'-tetramethyl butanediamine, 3.5 gm. water and 35 gm.
      tolylene diisocyanate. An excellent polyurethane foam was obtained having
      a density of 2.4 lbs./c. ft. and a compression set (ASTM) of 40%.
PAC  Example 5
PAR  The flask was charged with 220 gm. styrene, 125 gm. 2-ethylhexyl acrylate,
      32 gm. glacial acrylic acid and 500 gm. of Pluracol P2010 (the
      polypropylene ether diol used in Example 1). The polymerization was
      carried out under the same conditions used in Example 1, again utilizing
      11/2 gm. of azobisisobutyronitrile as a catalyst.
PAR  The resulting polymer solution had 1.3% unreacted styrene, 2% ethylhexyl
      acrylate and 0.7% acrylic acid. The combining weight for the carboxyl
      radical was determined by titration of the alcoholic solution with 2 N
      KOH. The figure determined for the solution was 2950 which, if calculated
      for the polymer content, was 1200. The combining weight for all the
      reactive radicals in the solution (carboxyls and hydroxyls) was 1060. The
      polymer content of the solution was 41%. This solution could be diluted
      without difficulty with polyhydric alcohols and was compatible with the
      polyisocyanates.
PAC  Example 6
PAR  25 grams of the reaction product of Example 5 and 25 grams of a
      polyoxypropylene triol derived from trimethylol propane and having a
      molecular weight of 2600, a hydroxyl number of 63 (mg. KOH/gm.), a
      viscosity of 440 cps. at 25.degree. and a combining weight of 890, were
      mixed together. A uniform solution with a viscosity of 11,000 cps. was
      obtained.
PAR  As in Example 2, 1/2 gram silicon oil, 1.2 grams water and 0.5 gram N-ethyl
      morpholine were mixed into the liquid and 121/2 grams of diisocyanate
      added. The mixture was poured into a mold of 880 ml. capacity which was
      filled in 6 minutes with the foam penetrated by the chemical reaction. The
      reaction product solidified in 20 minutes. After a 24-hour cure at
      70.degree. C., the product showed little shrinkage, uniform small cells
      and low tensile strength.
PAC  Example 7
PAR  The reaction was carried out under the conditions and procedure of Example
      1, the charge of the flask being:
TBL                            Gm.                                             
     ______________________________________                                    
     Styrene                     220                                           
     Ethylhexyl acrylate         125                                           
     Glacial acrylic acid        128                                           
     Pluracol P2010 (the polypropylene ether diol of                           
      Example 1)                 600                                           
     Azobisisobutyronitrile      3                                             
     ______________________________________                                    
PAL  Unreacted monomers were: styrene, 1%; ethylhexyl acrylate, 2.1%; acrylic
      acid, 1%. The carboxyl equivalent weight for the solution was 790 and for
      the polymer itself 325. The combining weight of the solution (for the
      isocyanato radical) was 520. The viscous solution was compatible with
      polyols, polyethers and other reactive additives known to be useful for
      making polyurethanes.
PAC  Example 8
PAR  25 grams of the reaction product of Example 7, 25 grams of the triol in
      Example 6 and 1/2 gram of the silicone oil were mixed together. The
      solution obtained had a viscosity of 15,000 cps. 1.8 grams water and .5
      gram N-ethyl morpholine were mixed with this solution, after which 181/2
      grams of the diisocyanate were added. A foam slowly formed in a mold of
      1200 ml. capacity which was finally filled to the top by the foam. The
      foam solidified to a resistant solid in 25 minutes. After 24 hour curing
      at 70.degree. C., an excellent cellular material with very high
      load-bearing capacity, excellent texture and good strength was obtained.
      This material was far superior to the control in the next example.
PAC  Example 9
PAR  Conventional polyols were used in this experiment while maintaining the
      NCO/X ratio at 2.8 and using the same water and isocyanate ratio as before
      25 grams of Pluracol P2010, 25 grams of the triol previously used and 1/2
      gram of silicone oil were mixed together. A solution of low viscosity of
      480 cps. was obtained to which 1.45 grams water and 1/2gram of N-ethyl
      morpholine were added and, subsequently, 13.5 grams of the diisocyanate.
      The liquid mixture was poured into a mold of 800 ml. capacity. On foaming,
      a considerable part of the CO.sub.2 gas escaped and only half of the 800
      ml. capacity of the mold was filled with the foam. To obtain a somewhat
      resilient product, the foam had to be cured for one week at 70.degree. C.
      The product had a very coarse cell structure.
PAC  Example 10
PAR  A copolymer was prepared using methyl methacrylate as one of the reactive
      monomers, as follows:
TBL                        Gm.                                                 
     ______________________________________                                    
     Methyl methacrylate     300                                               
     2-ethylhexyl acrylate   100                                               
     Acrylic acid             60                                               
     Pluracol P2010          500                                               
     ______________________________________                                    
PAR  As a catalyst, 2 gm. azobisobutyronitrile and 1 gm. benzoyl peroxide were
      used. A viscous solution resulted, which could be used in the same manner
      as the products in Examples 5 and 7. This solution had a combining weight
      of 1200 and gave a foam of better quality than the styrene terpolymer in
      Example 5.
PAR  In this example, all the ingredients used in the polymerization were of an
      aliphatic nature.
PAC  Example 11
PAR  A copolymer was prepared using a hydroxy comonomer. Such a polymer in
      reactive with the isocyanate radical, forming methane linkages. Such a
      reaction does not produce a gas and the reaction product with the
      isocyanate is suitable for making continuous films or nonporous castings.
PAR  For carrying out the polymerization, the reaction flask was charged with:
TBL                            Gm.                                             
     ______________________________________                                    
     Styrene                     220                                           
     2-ethylhexyl acrylate (whose molecular and com-                           
     bining weight was 130: 97.6% purity)                                      
                                 124.5                                         
     Hydroxyethyl methacrylate   64                                            
     Pluracol TP440 (a triol of a molecular weight of                          
      400 and combining weight of 133)                                         
                                 400                                           
     ______________________________________                                    
PAR  The reaction product was a viscous solution with a combining weight for the
      hydroxyl of 230.
PAC  Example 12
PAR  The same formula was used as in Example 11 except that Pluracol P2010 was
      used in lieu of Pluracol TP440. Again, a viscous solution was obtained,
      with a combining weight of 880.
PAC  Example 13
PAR  The following ingredients were mixed for the polymerization reaction:
TBL                          Gm.                                               
     ______________________________________                                    
     Methyl methacrylate       300                                             
     2-ethylhexyl acrylate     100                                             
     Hydroxyethyl methacrylate  25                                             
     Pluracol P1010.sup.1      500                                             
     Azobisisobutyronitrite     3                                              
     ______________________________________                                    
      .sup.1 A diol with a molecular weight of 950, a combining weight of 475, 
      viscosity of 75 eps. and corresponding to the formula of the other       
      polypropylene glycols.                                                   
PAR  The end product was a very viscous solution with a combining weight for the
      OH radical of 725 and having 2% unreacted acrylic esters.
PAR  While the solution was very viscous, it could be diluted with such polyols
      as those conventionally used for polyurethane reactions.
PAC  Example 14
PAR  To make a cellular compound, the product of Example 12 was reacted with an
      isocyanate while using a tin octoate catalyst which was primarily active
      in catalyzing the reaction between the isocyanate and hydroxyl. The NCO/OH
      ratio was 4.
PAR  25 grams of the solution from Example 12 was mixed with 25 grams of a triol
      with a molecular weight of 4000 (Pluracol TP4040 of the Wyandotte Chemical
      Company). A solution with a viscosity of 15,000 cps. was obtained which
      could be easily processed, 0.5 gram silicon oil emulsifier
      (polysiloxane-polyoxyalkylene block copolymer having an average molecular
      weight of about 7000) was mixed in to improve the foam stability. 15.5
      grams tolylene diisocyanate (sold as Hylene TM by E. I. du Pont de Nemours
      & Co., Inc., and which is a mixed isomer consisting of 80% 2,4- and 20%
      2,6-substituted product) was added thereafter. This addition reduced the
      viscosity of the material to 3000 cps. and allowed easy mixing with the
      rest of the compounding ingredients needed for the formation of the
      cellular product, as follows:
TBL                         Gm.                                                
     ______________________________________                                    
     Tin octoate              0.2                                              
     Water                    1.4                                              
     N-ethyl morpholine       0.5                                              
     ______________________________________                                    
PAR  A foam was produced which, after being cured for 30 minutes at 80.degree.
      C., was fully solidified and could be removed from the mold. The density
      was 2 lbs. per cubic foot, cells small and uniform (about 0.5 mm.
      diameter), compression deflection (RMA) at 25% compression after 5 days'
      aging was 36 lbs. The latter figure was much higher than that of a foam
      made by substituting for the polymer solution in the above formula and a
      diol (Pluracol P2020 of the Wyandotte Chemical Company) which had a
      similar density and only 15 lbs. RMA compression deflection at 25%
      compression.
PAC  Example 15
PAR  The film properties of the reaction product of Example 12 were studied as
      follows: 25 grams of the polymer solution of Example 12 and 25 grams of
      Pluracol TP4040 were compounded with 4.5 grams tolylene disocyanate (used
      as before), which combination gave an NCO/OH ratio of 1.1. This solution
      remained liquid for 24 hours, after which it began to gel. A film was cast
      and allowed to set at 60.degree. C. for 3 days while exposed to moisture
      in the air. The 0.5 mm. film which was obtained had a tensile strength of
      3500 lbs./sq. inch and an elongation of 80%.
PAC  Example 16
PAR  Using 25 grams of Pluracol TP4040, 25 grams of Pluracol P2020 and 4.5 grams
      tolylene diisocyanate, a solution was obtained which remained unchanged in
      a closed container for over one week. A film was cast as previously done,
      which film only set after 5 days. After 7 days exposure to air, the film
      had a tensile strength of 800 lbs./sq. inch and an elongation of 20%. It
      was much softer and rubbery than the product containing the polymer
      compound of Example 12.
PAC  Examples 17-31
PAR  The following polymer solutions are usable in connection with the instant
      invention. In each case the film-forming polymer contains radicals
      reactive with the cyanato radicals. The polymerization catalyst used in
      these reactions was 0.25% azobisisobutyronitrile calculated on the
      monomers.
TBL  __________________________________________________________________________
     Example                                                                   
          Monomers         Quantity                                            
                                 Solvent                   Quantity            
     No.                   (grams)                         (grams)             
     __________________________________________________________________________
     17   Vinyl acetate    300   Pluracol P2010            900                 
          2-ethylhexyl acrylate                                                
                            60                                                 
          Acrylic acid      60                                                 
     18   Itaconic acid (H.sub.2 SO.sub.4, 0.2 gram)                           
                           100   Pluracol P1010 (a polypropylene glycol of     
                                 1,000                     200                 
                                 molecular weight and 500 combining weight).   
     19   Styrene          130   Pluracol P410 (a polypropylene glycol of      
                                                           230                 
          Itaconic acid     52   molecular weight and 200 combining weight).   
     20   Styrene          220   Pluracol P2010            500                 
          2-ethylhexyl acrylate                                                
                           124                                                 
          Itaconic acid     62                                                 
     21   Styrene          100     do                      210                 
          Di-n-butyl itaconate                                                 
                            52                                                 
          Itaconic acid     48                                                 
     22   Butyl acrylate   220     do                      300                 
          Acrylic acid      72                                                 
     23   Butyl amino-ethyl methacrylate                                       
                           124     do                      400                 
     24   Methyl methacrylate                                                  
                           300     do                      500                 
          2-ethylhexyl acrylate                                                
                           100                                                 
          Hydroxyethyl methacrylate                                            
                            64                                                 
     25   Styrene          260   Pluracol P410             500                 
          Methacrylic acid 148                                                 
     26   Styrene          260   Pluracol P2010            500                 
          Acrylic acid     148                                                 
     27   Styrene          260   Pluracol P1010            500                 
          Acrylic acid     148                                                 
     28   Styrene          260   Pluracol P410             500                 
          Acrylic acid     148                                                 
     29   Vinyl acetate    450   PPG 2025 (a polypropylene glycol with an      
                                                           500                 
          2-ethylhexyl acrylate                                                
                            25    equivalent of 36 mg. KOH/gm. and an average  
          Hydroxypropyl methacrylate                                           
                            25    mol. wt. of 2,000).                          
     30   Styrene          110   LG 56 (a polyoxypropylene triol with an       
                                                           210                 
          2-ethylhexyl acrylate                                                
                           62     equivalent of 56.5 mg. KOH/gm. and an        
          Hydroxypropyl methacrylate                                           
                            16    average mol. wt. of 3,000).                  
     31   Vinyl propionate 570   LG 56                     610                 
          Hydroxypropyl methacrylate                                           
                            30                                                 
     __________________________________________________________________________
PAC  Example 32
PAR  In this example, as in Examples 1-3, the film-forming polymer was made from
      monomers which did not have an active hydrogen in the ethylenically
      unsaturated monomers themselves. The polymerization was carried out under
      the conditions and procedures of Example 1, the charge of the flask being:
TBL                         Gm.                                                
     ______________________________________                                    
     Vinyl acetate            700                                              
     2-ethylhexyl acrylate    27                                               
     LG 56                    800                                              
     Azobisisobutyronitrile   0.75                                             
     ______________________________________                                    
PAL  After the polymerization was completed and the flask cooled, a viscous
      solution was formed which could be further diluted with the I G 56. The
      solution had a hydroxyl equivalent of 24.5 mg. KOH/gm. and a free vinyl
      acetate content or 0.1%. No free acrylic ester could be detected. The
      polymer content of the solution was 47.5%. The viscosity of the solution
      after dilution with an equal amount of IG 56 was 4000 cps.
PAR  A sample of the solution was treated with petroleum ether which
      precipitated the polymer from the polyol solution. The precipitate was
      separated by filtration and then extracted in a Soxhlet extractor using
      additional petroleum ether. The polymer was then dissolved from the filter
      paper with acetone and after evaporating the acetone was weighed. The
      precipitated polymer so obtained constituted 51.3% of the weight of the
      polymer solution. Based on the monomer content of the solution of 47.5%,
      this indicated that 7.8% of the polymer was due to the molecules of the
      polyol attached to the polymer chains. The calculated equivalent weight of
      the polymer was then about 14,000. The reduced viscosity calculated from
      measurement in a 2.5% solution was 0.28.
PAR  To determine the reactivity of the solution with an isocyanate, the
      following ingredients were reacted:
TBL                            Gm.                                             
     ______________________________________                                    
     Polymer solution (no dilution)                                            
                               100                                             
     Silicone oil emulsifier   2                                               
     Tetramethyl butane diamine                                                
                               0.1                                             
     Water                     3.5                                             
     Tolylene diisocyanate     40.7                                            
     ______________________________________                                    
PAL  A cellular product was obtained as before. After aging for 48 hours at room
      temperature, the cellular product was shredded and then extracted with
      acetone in a Soxhlet extractor. The acetone extract was 3.9% by weight of
      the weight of the original cellular product, indicating that the polymer
      contained active hydrogen radicals which had chemically reacted with the
      isocyanate. When the same monomers were polymerized in a volatile solvent,
      then dispersed in the I G 56 and the resulting polymer solution in the I G
      56 made up into a cellular product using the same formula as above and
      extracted with acetone, it was found that 90% of the polymer in the
      cellular product was removed by the acetone extraction.
PAR  A cellular product was made as in Example 2 using the following
      ingredients:
TBL                          Gm.                                               
     ______________________________________                                    
     Polymer solution          50                                              
     LG 56                     50                                              
     Silicone oil emulsifier   2                                               
     Tetramethyl butane diamine                                                
                               0.1                                             
     Tin octoate               0.36                                            
     Water                     3.5                                             
     Tolylene diisocyanate     41.8                                            
     ______________________________________                                    
PAL  All of the ingredients, except the diisocyanate were first mixed and then
      the diisocyanate mixed in over a period of about 30 seconds. In about 10
      minutes the product had set to a solid mass. After aging for 3 days at
      room temperature it was tested, using as the control a product prepared
      using the same formula, but containing 100 gm. of the pure LG 56 and with
      44.5 gm. of the diisocyanate (the larger amount of the diisocyanate was
      needed to compensate for the higher hydroxyl equivalent of the pure LG
      56). The results are tabulated as follows:
TBL                       Example                                              
                                 Control                                       
                          32                                                   
     ______________________________________                                    
     Density (lbs./c.ft.)   1.90     1.82                                      
     Indentation load (lbs./sq.ft.):                                           
      Compression 25%       1.2      0.76                                      
      Compression 65%       2.5      1.4                                       
      Compression 90%       l8.8     8.5                                       
     Compression set (90% compression),                                        
     percent                8.7      9.2                                       
     Acetone Solubility, percent                                               
                            4.8      2.8                                       
     ______________________________________                                    
PAL  These results indicate that the film-forming polymer contained reactive
      hydrogen radicals by reason of the chemical attachment of the polyol
      molecules with the result that the film-forming polymer was combined
      chemically with the polyisocyanate, thereby giving a polyurethane product
      of improved properties.
PAC  Examples 33-36
PAR  Following the same procedure as in Example 32, the following polymer
      solutions were prepared which were useful for the same purpose as those
      set forth above:
TBL                 Ex. Nos.                                                   
                    33    34      35      36                                   
     ______________________________________                                    
     Ingredients Parts by Weight:                                              
      Vinyl acetate   162     171     173   175                                
      2-ethylhexyl acrylate                                                    
                       18      9       7    4.5                                
      Pluracol P2010  200     200     200   200                                
     ______________________________________                                    
PAR  In some instances, if the polymerization process is modified so that the
      monomers are added to a polyol in a single batch and then polymerization
      initiated, the resulting polymer precipitates from the polyol when formed.
      However, by adding the monomers incrementally, a stable, uniform
      dispersion is produced. In contrast of this, in the polymerization of
      other monomers, such as vinyl acetate and 2-ethylhexyl acrylate, the
      reverse is true. Thus, in this latter monomer system, incremental addition
      of the monomers as polymerization proceeds results in a copolymer which
      separates from the polyol on cooling, while adding the monomers in a
      single batch to the polyol and then carrying out the polymerization
      results in a uniform solution of the copolymer in the polyol.
PAC  Examples 37-41
PAR  The following polymer solutions are usable in connection with the instant
      invention. The polymerization catalyst used in these reactions was 0.25%
      azobisisobutyronitrile calculated on the monomers.
TBL  __________________________________________________________________________
                        Quantity,   Quantity,                                  
     Example                                                                   
          Monomer       parts Solvent                                          
                                    parts                                      
     __________________________________________________________________________
     37   Styrene       53    PPG 2025                                         
                                    156                                        
          2-ethylhexyl acrylate                                                
                        30                                                     
          Acrylamide    17                                                     
     38   Styrene       52    PPG 425*                                         
                                     92                                        
          2-ethylhexyl acrylate                                                
                        20                                                     
          t-Butylamino methacrylate                                            
                        19                                                     
     39   Vinyl propionate                                                     
                        100   PPG 2025                                         
                                    127                                        
     40   Vinyl butyrate                                                       
                        100   PPG 2025                                         
                                    100                                        
     41   Butyl acrylate                                                       
                        75    PPG 2025                                         
                                    100                                        
          Acrylic acid  25                                                     
     __________________________________________________________________________
      *A polypropylene glycol having a hydroxyl number of 265 and a molecular  
      weight of about 400.                                                     
PAR  In the above solutions the vinyl butyrate solution had a significantly
      higher viscosity than the vinyl propionate solution. The solution of
      Example 38 is also noteworthy in that the solution produced by the
      polymerization gelled somewhat; howver, it was easily dilutable with
      further additions of the polyol.
PAC  Examples 42-45
PAR  Reactive solutions were prepared as described in Examples 37 through 41,
      using in Example 42 a monomer mixture of 96 parts vinyl acetate to 4 parts
      2-ethylhexyl acrylate; in Example 43 vinyl propionate; in Example 44 vinyl
      butyrate and in Example 45 vinyl 2-ethylhexoate. In each case the polyol
      used as the solvent for the polymerization was LG 56. A cellular
      polyurethane foam was then prepared from these reactive solutions using
      the procedures shown in Example 32. The resulting foams were then cut up
      into small pieces and extracted to constant weight in a Soxhlet extractor
      using acetone. A polyurethane was prepared from LG 56 without any polymer
      present and subjected to the same extraction to serve as a control. The
      results are set forth in the following table:
TBL           Total                                                            
              Polymer                                                          
              Content  Amount             Chemically                           
              of Poly- extracted  Chemically                                   
                                          bound                                
              urethane (weight    bound   polymer                              
              (weight  percent of polymer (corrected                           
     Example  percent) sample)    (percent)                                    
                                          percent)                             
     ______________________________________                                    
     42       32.5     3.9        87      95                                   
              24.3     2.7        88.5     99.9                                
     43       33.2     10.3       68.6    77                                   
              25       4.7        81.5    91                                   
     44       25       3.4        86      96                                   
     45       25       3          88      98                                   
     Control           2.4                                                     
     ______________________________________                                    
PAR  Each of the polymers in these examples was prepared from monomers which do
      not contain an active hydrogen group which would be reactive with the
      isocyanato group. Thus these examples clearly show that some of the polyol
      has been chemically attached to the polymer with the result that a
      significant reaction occurs between the isocyanato group and the
      film-forming polymer in the polyol.
PAR  When the same procedure as in Example 32 is used to separate the polymer
      from the polyol, again an increase in weight of the recovered polymer was
      found indicating that some of the molecules of the polyol were attached to
      the polymer. Thus the polymers and copolymers produced by the solution
      polymerization of ethylenically unsaturated monomers in a polyol solution
      have significantly altered properties from those that would be obtained if
      the polymerization were carried out in a completely inert solvent. At the
      same time the degree of reactivity is such that the polymerization of the
      monomers is not interfered with and proceeds to completion without gelling
      or other adverse effect.
PAC  Example 46
PAR  An ester was prepared by heating azelaic acid and ethylene glycol in a
      ratio of 1 mol of acid to 2 mols of glycol and removing the water of
      condensation to yield a polyester having an acid number of 44 and a
      hydroxyl number of 244. Utilizing the polyester so formed as the solvent
      for preparing the reactive solution of the invention, 100 gm. of vinyl
      butyrate were added to 210 gm. of the polyester. The solution was heated
      under a nitrogen blanket to about 80.degree. C. at which point it started
      to show substantial reflux. The catalyst was then added, in this case 0.5
      gm. of azobisobutyronitrile. Upon completion of the polymerization there
      was obtained a clear solution having 0.46% unreacted monomer and
      possessing a hydroxyl equivalent of 172 which could be used in preparing a
      rigid cellular polyurethane product.
PAC  Example 47
PAR  A polyester was prepared as in Example 46 using 2 mols of azelaic acid and
      3 mols of ethylene glycol. The resulting polyester had a relatively high
      viscosity, an acid number of 11 and a hydroxy number of 48. To 200 gm. of
      the polyester there were added 150 gm. of vinyl butyrate and the monomer
      was polymerized as in EXample 49, excepting that a higher concentration of
      catalyst was employed, in this case 1.5 gm. of the azobisisobutyronitrile.
      Again a clear viscous solution was obtained which was suitable for making
      a cellular polyurethane product.
PAC  Example 48
PAR  In a stainless steel autoclave equipped with a stirrer and temperature
      control means, a reactive composition of polyisoprene in LG 56 triol was
      produced using 1600 parts of LG 56 triol, 20 parts of dibenzoyl peroxide
      in 118 parts of acetone and 400 parts of isoprene. The reaction period was
      about 27 hours, at about 80.degree. C. to 90.degree. C. After vacuum
      distillation, the reactive composition was gray-white in color, had a
      viscosity of 1,000 cps. at 25.degree. C., an average hydroxyl number of
      about 44.8 and a 20% polyisoprene content.
PAR  Foams were produced from this reactive composition using the following
      recipes:
     Run                      A   B   C                                        
     __________________________________________________________________________
     Reactive Composition     100 75  25                                       
     Polyol (LG 56)           0   25  75                                       
     Emulsifier (A polysiloxane-polyoxyalkalene block                          
      copolymer having a total average molecular weight                        
      of about 7,000)         2   2   2                                        
     Water                    3.5 3.5 3.5                                      
     TMBDA (N,N,N',N'-tetramethyl-1,3-                                         
      butanediamine)          0.1 0.1 0.1                                      
     Stannous octoate         0.3 0.3 0.3                                      
     Tolylene diisocyanate    42.7                                             
                                  43.2                                         
                                      44.2                                     
     Their characteristics were:                                               
       Rise time (sec.)       150 138 102                                      
       Tensile (p.s.i.)       14.6                                             
                                  14.9                                         
                                      14.9                                     
       Elongation (percent)   145 160 140                                      
       Density (lbs./ft..sup.3)                                                
                              1.78                                             
                                  1.78                                         
                                      1.68                                     
       Indentation load deflection (p.s.i.):                                   
        25%                   0.85                                             
                                  0.69                                         
                                      0.75                                     
        65%                   1.7 1.5 1.6                                      
        90%                   9.7 8.2 8.0                                      
       Yield point                                                             
        Deflection (percent)  4.2 5.2 4.2                                      
       Load (p.s.i.)          0.73                                             
                                  0.57                                         
                                      0.63                                     
     __________________________________________________________________________
PAC  Example 49
PAR  In a manner similar to that described in Example 48, a reactive composition
      of polyisoprene in LG 56 triol was produced using 1800 parts of LG 56
      triol, 20 parts of dibenzoyl peroxide and 200 parts of isoprene. The
      reaction period was about 20 hours at about 85.degree. C. to 90.degree. C.
      After vacuum distillation the polyisoprene/polyol was slightly hazy, had a
      viscosity of 760 cps. at 25.degree. C., an average hydroxy number of about
      46.3 and a 10 percent polyisoprene content.
PAR  Foams were produced from this reactive composition using the following
      recipes:
     Run               A        B        C                                     
     ______________________________________                                    
     Reactive Composition                                                      
                       100      75       25                                    
     Polyol (LG 56)    0        25       75                                    
     Emulsifier        2        2        2                                     
     Water             3.5      3.5      3.5                                   
     TMBDA             0.1      0.1      0.1                                   
     Stannous octoate  0.3      0.3      0.3                                   
     Tolylene diisocyanate                                                     
                       43.0     43.4     44.2                                  
     Their characteristics were:                                               
      Rise time (sec.) 138      137      100                                   
      Tensile (p.s.i.) 21.4     13.6     15.5                                  
      Elongation (percent)                                                     
                       130      124      138                                   
      Density (lbs./ft..sup.3)                                                 
                       1.80     1.63     1.60                                  
      Indentation load deflection                                              
     (p.s.i.):                                                                 
       25%             0.84     0.72     0.74                                  
       65%             1.7      1.4      1.5                                   
       90%             9.4      7.0      7.3                                   
      Yield point:                                                             
       Deflection (percent)                                                    
                       4.7      4.3      4.1                                   
       Load (p.s.i.)   0.71     0.59     0.62                                  
     ______________________________________                                    
PAC  Example 50
PAR  In a manner similar to that described in Example 48, a reactive composition
      of poly(butadiene/styrene) in LG 56 triol was produced using 1800 parts of
      LG 56 triol, 150 parts of butadiene, 50 parts of styrene, and 20 parts of
      dibenzoyl peroxide in 222 parts of benzene. The reaction period was about
      10.5 hours at about 87.degree. C. After vacuum distillation the
      copolymer/polyol composition was hazy and dull white in color and had an
      average hydroxyl number of about 61.5.
PAR  Foams were produced from this reactive composition using the following
      recipes:
TBL  Run               A        B        C                                     
     ______________________________________                                    
     Reactive composition                                                      
                       100      50       25                                    
     Polyol (LG 56)    0        50       75                                    
     Emulsifier        2        2        2                                     
     Water             3.5      3.5      3.5                                   
     TMBDA             0.1      0.1      0.1                                   
     Stannous octoate  0.3      0.3      0.3                                   
     Tolylene diisocyanate                                                     
                       45.5     45.1     44.9                                  
     Their characteristics were:                                               
      Rise time (sec.) 143      105      92                                    
      Tensile (p.s.i.) 21.4     19.1     18.9                                  
      Elongation (percent)                                                     
                       193      209      204                                   
      Density (lbs./ft..sup.3)                                                 
                       1.85     1.67     1.69                                  
      Indentation load deflection                                              
     (p.s.i.):                                                                 
       25%             0.73     0.69     0.63                                  
       65%             1.5      1.3      1.2                                   
       90%             8.8      6.1      6.4                                   
      Yield point:                                                             
       Deflection (percent)                                                    
                       3.6      4.5      3.9                                   
       Load (p.s.i.)   0.60     0.60     0.57                                  
     ______________________________________                                    
PAC  Example 51
PAR  In a manner similar to that described in Example 48, a reactive composition
      of poly(butadiene/styrene) in LG 56 triol was produced using 1800 parts of
      LG 56 triol, 150 parts of butadiene, 50 parts of styrene, and 20 parts of
      dibenzoyl peroxide. The reaction period was about 10 hours at 80.degree.
      C. to about 89.degree. C. After vacuum distillation the copolymer/polyol
      composition was hazy white, had an average hydroxyl number of about 48.1,
      2.5% polymerized styrene, and 7.5% polymerized butadiene.
PAR  Foams were produced from this reactive composition using the following
      recipes:
TBL  Run                   A       B       C                                   
     ______________________________________                                    
     Reactive composition  100     75      25                                  
     Polyol (LG 56)        0       25      75                                  
     Emulsifier            2       2       2                                   
     Water                 3.5     3.5     3.5                                 
     TMBDA                 0.1     0.1     0.1                                 
     Stannous octoate      0.3     0.3     0.3                                 
     Tolylene diisocyanate 43.3    43.7    44.3                                
     Their characteristics were:                                               
      Rise time (sec.)     120     115     83                                  
      Tensile (p.s.i.)     15.2    19.6    14.6                                
      Elongation (percent) 171     185     178                                 
      Density (lbs./ft..sup.3)                                                 
                           1.68    1.50    1.67                                
      Indentation load deflection (p.s.i.):                                    
       25%                 0.85    0.80    0.78                                
       65%                 1.6     1.5     1.5                                 
       90%                 8.3     7.0     8.3                                 
      Yield point:                                                             
       Deflection (percent)                                                    
                           50      38      11                                  
       Load (p.s.i.)       0.85    0.78    0.68                                
     ______________________________________                                    
PAR  As was noted previously, polymeric amino compounds, particularly tertiary
      amines, will serve as catalysts for the polyurethane formation and no
      further catalyst components are necessary. This may be illustrated by the
      following example.
PAC  Example 52
PAR  In the manner described previously, 150 grams of
      dimethylaminoethylacrylate, 100 grams of a trifunctional polyol, and 1
      gram of azobisisobutyronitrile catalyst were mixed in a three-neck flask
      as described previously. The trifunctional polyol had been prepared by the
      addition of propylene oxide to glycerol and had an average molecular
      weight of 3,000 and an OH equivalence of 56 mg. KOH per gm. the
      dimethylaminoethylacrylate was freed from inhibitor by passing it through
      columns packed with charcoal and absorbant silica gel. The flask contents
      were heated under a nitrogen blanket and agitated for 9 hours at
      80.degree. C. A clear yellowish liquid resulted which had an unrecated
      monomer content of 21/2% and a viscosity of 1100 cps. at 25.degree. C.
      This reactive composition formed a stable emulsion when mixed with water
      and could be diluted without difficulty with other polyols and with
      components necessary for urethane formation. To produce a cellular plastic
      20 gm. of the reactive composition were mixed with 80 gm. of the same
      polyol used in the preparation of the reactive composition. 2 parts of a
      silicone surface-active agent, and 0.5 gm. of tin octoate and 2.9 gm. of
      water. To this mixture were added 37 gm. of tolylene diisocyanate. The
      resulting cellular foam had a foam rise time of 40 seconds and solidified
      within 80 seconds after mixing with the isocyanate. Surface tacking
      disappeared after 2 minutes; after 30 minutes the foam had set to a
      coherent strong plastic with negligible shrinkage. When heated for 30
      minutes at 80.degree. C. a strong elastic product was obtained which had
      excellent properties and no amine odor.
PAR  When the polymer formed in the polyol or other reactive solvent is a
      nitrogen derivative which has catalytic activity in the polyurethane
      reaction as exemplified above and as described previously, the requirement
      that the polymer be a film-former may be relaxed since the main function
      of the polymer is that of a catalyst. this last example clearly
      demonstrates that tertiary amines can be replaced by catalytically active
      polymers which are nitrogen derivatives to produce good polyurethane
      products. Since the nitrogen-containing polymer is of low volatility as
      compared to the usual amine catalysts, the urethane products have
      substantially no odor.
PAR  In addition to the various previously mentioned advantages of the instant
      process and improved products, still additional advantages result from the
      practice of the present invention. For example, the use of a reactive
      solvent rather than a mere diluent makes unnecessary its removal from the
      finished product and avoids the shrinkage which invariably attends such
      removal.
PAR  A further advantage lies in the use of the solutions of the present
      invention to increase the viscosity of the composite mixture used for the
      production of the polyurethanes, which improves the flow properties of the
      liquids for most of the applications. When making cellular expanded type
      products, the high viscosity of the mixture will prevent premature escape
      of gases from the foam cells and a fine-textured product can be produced.
      Such premature escape of gases frequently causes difficulties in a
      "one-shot" process. As a result, the prior art limitation to the use of
      polyesters, polyethers and other prepolymers of high viscosity for the
      polyurethane reaction is removed. The film-forming polymers act as
      "bodying" agents in the reactive solutions so that the so-called
      "one-shot" process can be used more effectively.
PAR  Still another advantage of the process of the present invention is the
      improvement in the load-bearing characteristics of foam products as well
      as the tensile strength and stability of the foam cells. When nonporous
      films are made, their hardness, flexibility, abrasion resistance, tensile
      strength, elongation, rebound and, in general, all of their physical
      properties can be favorably altered by using the process of the present
      invention. Thus, film-forming polymers may be easily combined chemically
      into the polyurethane to produce a new class of polymers having properties
      more valuable than either material alone. Plasticizers for the polymer
      compounds can be used. Other modifiers can be used such as polymers having
      reactive radicals, but not reactive with the NCO radical. In this latter
      case, the remaining reactive sites, such as double bond and unreacted
      carboxyls, can be used as additional cross-linking sites.
PAR  Where it is desired to increase the number of reactive groups on the
      polymer chain formed in the reactive solvent, and where it is desired to
      introduce a species of reactive group into the polymer so formed which is
      different from the reactive groups present on the polymer and in the
      reactive solvent, monomers with the desired reactive groups can be further
      grafted to the polymer backbone; thus a reactive composition can be
      produced containing a polymer having a number of different species of
      reactive groups even though the reactive solvent and the polymer formed in
      the reactive solvent were initially free from such groups. Thus the
      reactive groups may be altered and/or new groups may be introduced into
      the polymer, for example, by hydrolyzing the polymer (as hydrolyzing
      polyvinyl acetate to introduce hydroxyls), by grafting (as in grafting
      acrylic acid, et cetera, on a polymerized diene, as described in U.S.
      2,859,201), by oxidation (as shown, for example, in U.S. 2,762,790), et
      cetera. See also U.S. 2,837,496.
PAR  The extreme versatile nature of the process of the instant invention makes
      possible the production of products having a wide variety of
      characteristics, and can effectively be used for forming not only cellular
      polyurethane products, but films, coatings, cast or molded articles, et
      cetera. As is well known, cellular polyurethane products may be obtained
      by inducing the polyurethane products may be obtained by inducing the
      polyurethane reaction in the presence of a gas-producing agent or "blowing
      agent" such as water, fluorohydrocarbons, et cetera.
PAR  The term "polyurethane," when used in the specification and claims, is to
      be broadly construed to embrace the polymeric reaction product of
      isocynates with compounds containing radicals reactive with the --N=C=O
      radicals of said isocyanates. What is claimed is:
CLMS
NUM  1.
PAR  1.  A method for preparing reactive compositions convertible to elastic
      polyurethane products .[.by.]. comprising the steps of
PA1  (a) dispersing a minor amount of ethylenically unsaturated monomer in a
      major amount of a solvent medium, said solvent medium consisting
      essentially of at least one normally liquid polyol essentially free from
      ethylenic unsaturation and having a molecular weight of at least about
      2,000 and a hydroxyl number in the range of about 30 to about .[.140.].
      .Iadd.600, said hydroxyl number being appropriate to provide an elastic
      polyurethane, .Iaddend.and
PA1  (b) polymerizing said monomer in said solvent by free radical addition
      polymerization to a substantially linear polymer having a molecular weight
      of at least 5,000 to provide a liquid, stable dispersion of polymerpolyol
      having a viscosity of less than 40,000 cps at 10% polymer concentration.
PAL  said .Iadd.substantially linear .Iaddend.polymer being film-forming and
      .Iadd.having radicals reactive with isocyanate radicals, .Iaddend.said
      reactive composition being convertible to an elastic polyurethane product
      upon reaction with an organic polyisocyanate.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said ethylenically
      unsaturated monomer is free of reactive radicals containing active
      hydrogen atoms.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said monomer and said polyol
      are selected to provide a polymer in said polymer-polyol mixture
      containing radicals selected from the group consisting of --COOH, --OH,
      --SH and organic nitrogen-containing radicals in which all of the nitrogen
      bonds are satisfied by bonds with at least one member selected from the
      group consisting of carbon and hydrogen.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said monomer is a single
      species of ethylenically unsaturated monomer.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said reactive composition is
      produced by the in situ polymerization of a plurality of ethylenically
      unsaturated monomers in said solvent medium.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein said ethylenically
      unsaturated monomer contains an organic nitrogen-containing radical in
      which all of the nitrogen bonds are satisfied by bonds with at least one
      member selected from the group consisting of carbon and hydrogen.
NUM  7.
PAR  7. A method as defined in claim 1 wherein said ethylenically unsaturated
      monomer is selected from the group consisting of acrylic acid, methacrylic
      acid, crotonic acid, itaconic acid, 2-hydroxyethyl methacrylate,
      hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxypropyl methacrylate,
      t-butylaminoethyl methacrylate, dimethylaminoethyl methacrylate, glycidyl
      acrylate, diglycol esters of itaconic acid, glycol monoesters of itaconic
      acid, methyl monoester of itaconic acid, allyl alcohol, maleic acid,
      fumaric acid, acrylamide and substituted acrylamide.
NUM  8.
PAR  8. A method as defined in claim 1 wherein said film-forming polymer is a
      copolymer resulting from the polymerization of at least two ethylenically
      unsaturated monomers at least one of which contains at least one radical
      reactive with the --N=C=O radical of an isocyanate.
NUM  9.
PAR  9. A method as defined in claim 8 wherein said ethylenically unsaturated
      monomer which contains at least one radical reactive with the --N=C=O
      radical of an isocyanate is selected from the group consisting of acrylic
      acid, methacrylic acid, crotonic acid, itaconic acid, 2-hydroxyethyl
      methacrylate, hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxypropyl
      methacrylate, t-butylaminoethyl methacrylate, dimethylaminoethyl
      methacrylate, glycidyl acrylate, diglycol esters of itaconic acid, glycol
      monoesters of itaconic acid, methyl monoester of itaconic acid, allyl
      alcohol, maleic acid, fumaric acid, acrylamide and substituted acrylamide.
NUM  10.
PAR  10. A reactive composition comprising the product of the in situ
      polymerization of an ethylenically unsaturated monomer in a reactive
      solvent having a plurality of radicals reactive with isocyanato radicals
      produced in accordance with the method of claim 1.
NUM  11.
PAR  11. A reactive composition as defined in claim 10 wherein said
      ethylenically unsaturated monomer is free of reactive radicals containing
      active hydrogen atoms.
NUM  12.
PAR  12. A reactive composition as defined in claim 10 wherein the polymeric
      product contains radicals selected from the group consisting of --COOH,
      --OH, NH.sub.2, =NH, --SH, and CONH.sub.2.
NUM  13.
PAR  13. A reactive composition as defined in claim 10 wherein said monomer is a
      single species of ethylenically unsaturated monomer.
NUM  14.
PAR  14. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of a plurality of ethylenically unsaturated monomers
      in said solvent.
NUM  15.
PAR  15. A reactive composition as defined in claim 10 wherein said monomer
      contains a radical reactive with isocyanato radicals.
NUM  16.
PAR  16. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of styrene in said solvent.
NUM  17.
PAR  17. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of styrene and acrylic ester in said solvent.
NUM  18.
PAR  18. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of a lower alkyl methacrylate in said solvent.
NUM  19.
PAR  19. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of a lower alkyl acrylate in said solvent.
NUM  20.
PAR  20. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of a vinyl ester in said solvent.
NUM  21.
PAR  21. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of a vinyl ester and an acrylic ester in said solvent.
NUM  22.
PAR  22. A reactive composition in accordance with claim 10 produced by the in
      situ polymerization of a polymerizable tertiary amine in said solvent.
NUM  23.
PAR  23. A composition in accordance with claim 10 comprising the in situ
      polymerizate of a polymerizable ethylenically unsaturated monomer in a
      polyether polyol. .Iadd. 24. A reactive composition as defined in claim 10
      in which the polymer concentration in the composition (A) is from about
      20% to about 50% by weight of said composition. .Iaddend. .Iadd.25. A
      reactive composition as defined in claim 10 in which the polyol is a
      polyoxypropylene polyol..Iaddend. .Iadd.26. A reactive composition as
      defined in claim 10 in which the polyol is a polyoxypropylene
      glycol..Iaddend. .Iadd.27. A reactive composition as defined in claim 10
      in which the polyol is a polyoxypropylene triol..Iaddend. .Iadd.28. A
      reactive composition as defined in claim 10 in which the polymer has a
      molecular weight of at least 10,000..Iaddend. .Iadd.29. A reactive
      composition as defined in claim 10 in which the polymerization of the
      ethylenically unsaturated monomer in the polyol is carried out in the
      presence of azobisbutyronitrile as a catalyst..Iaddend..Iadd. 30. A
      reactive composition convertible to an elastic polyurethane product having
      improved load bearing properties by reaction with an organic
      polyisocyanate, said reactive composition being produced by a method
      comprising the steps of
PA1  (a) dispersing a minor amount of ethylenically unsaturated monomer in a
      major amount of a solvent medium, said solvent medium consisting
      essentially of at least one normally liquid polyoxypropylene polyol
      essentially free from ethylenic unsaturation and having a molecular weight
      of at least about 2,000 and a hydroxyl number in the range of about 30 to
      about 600, said hydroxyl number being appropriate to provide an elastic
      polyurethane, and
PA1  (b) polymerizing said monomer in said solvent by free radical addition
      polymerization to a substantially linear polymer having a molecular weight
      of at least 10,000 to provide a liquid, stable dispersion of polymer
      polyol having a viscosity of less than 40,000 cps at 10% polymer
      concentration,
PAL  said substantially linear polymer being film-forming and having radicals
      reactive with isocyanate radicals, said reactive composition having a
      combining weight in the range providing an elastic polyurethane product
      upon reaction with an organic polyisocyanate. .Iaddend. .Iadd.31. A
      composition as claimed in claim 30 in which the polymerization of the
      ethylenically unsaturated monomer in the polyol is carried out in the
      presence of azobisisobutyronitrile as a catalyst..Iaddend..Iadd. 32. A
      composition as claimed in claim 30 in which the polymer concentration in
      the composition is from about 20% to about 50% by weight of said mixture.
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ABST
PAL  An improper or undesired second ground connection on the load side of the
      neutral conductor of an electrical supply system is detected by coupling
      an oscillator to the neutral conductor and to least one other conductor of
      the supply system in a balanced mode. In the absence of said improper or
      undesired second ground, oscillator signals cancel on the two conductors.
      When said second ground is present, oscillator current flows therethrough
      and the impedance change in the grounded neutral conductor is reflected
      back to the oscillator tank circuit to change the output signal of the
      oscillator. Change in output signal is detected and actuates circuit
      breaker to disconnect the supply system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years many proposals have been offered to protect humans and
      property which inadvertently come into contact with a current conducting
      line of an electrical supply system, or which unexpectedly are subject to
      high voltage and thus shock and damage because of some fault occurring in
      the supply system. Devices known as Ground Fault Current Interrupters
      (GFCI) are known for use in electrical supply systems as means for
      attempting to provide the desired safety to humans, machinery and other
      property. Many of these devices employ a differential transformer whose
      primary windings are the current carrying lines of the supply system and
      whose secondary winding is connected to fault detection circuitry. In the
      absence of a fault or hazard on the lines of the system the current
      flowing toward the load is equal to the current returning back to the
      source. The equal currents in the primary windings of the transformer
      induce equal and opposing magnetic flux fields in the transformer core and
      no signal is coupled to the secondary winding. When a fault occurs in the
      system, such as a human becoming inadvertently connected from a current
      carrying line to ground, currents in the primary windings of the
      transformer no longer are equal and a resultant flux is established in the
      transformer core. This flux induces a signal in the secondary winding
      which initiates operation of a circuit breaker to open the lines of the
      system.
PAR  Ground Fault Current Interrupters of the type described above are effective
      to provide protection against many but not all types of faults that may
      occur. One type of fault that may not be detected by the described type of
      GFCI is one in which the neutral line of the supply system is
      intentionally or inadvertently grounded on the load side of the GFCI. The
      intentional grounding may occur because an electrician, appliance
      installer, or home owner violated an electrical code, most of which
      prohibit such a ground connection. In this situation, if grounded human
      comes into contact with the "hot" line of the supply system on the load
      side of the GFCI, current will flow through his body to ground. However,
      this current will not necessarily flow exclusively through ground to the
      ground connection on the neutral line that is at the source of current, it
      being assumed that the neutral conductor always is grounded at the source
      as is standard practice. It may happen that a portion of the current that
      flows through the human to ground will flow to the second improper or
      inadvertent ground on the load side and return to the source through the
      neutral conductor which is one primary winding of the GFCI transformer. In
      this situation the unbalance of currents in the primary windings of the
      GFCI may not be of sufficient magnitude to activate the fault detection
      circuitry of the GFCI. Consequently, the human may suffer injurious or
      fatal shock.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a circuit for detecting when the neutral line of
      an electrical supply system is grounded on the road side of a conventional
      type GFCI. According to this invention, a high frequency oscillator is
      coupled to both lines, or conductors, of a two line supply system, for
      example, in a balanced mode. The coupling is accomplished by winding the
      coil of the tank circuit of the oscillator as the primary winding on a
      transformer core, and the two lines of the supply system are coupled to
      the core as secondary windings. Because the oscillator signal is coupled
      to the two secondary windings in a balanced mode, i.e., the oscillator
      signal is in bucking or series opposed relationship on the two line
      conductors, no oscillator signal will be present on the two lines in the
      absence of a fault on the load side of the core and in the absence of an
      improper or inadvertent ground on the neutral line on the load side of the
      core. If, however, the neutral conductor is improperly grounded on the
      load side, oscillator current will flow through the neutral conductor to
      the improper ground connection. This condition represents an impedance
      change in the coupled secondary circuit of the transformer and this
      impedance change is reflected back to the primary circuit of the
      transformer to change the effective impedance of the tank circuit of the
      oscillator. The oscillator is so constructed and arranged that the change
      in effective impedance of the tank circuit produces a significant change
      in the magnitude of the oscillator output signal. A detection circuit
      which is directly coupled to the oscillator is activated by the change in
      oscillator output signal and actuates a circuit breaker to disconnect the
      lines from the source of supply. Thus, even though no actual fault may
      exist and the system might otherwise be operable because a conventional
      GFCI device would not be tripped, the circuit of the present invention
      will trip a circuit breaker.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing is a circuit diagram illustrating the grounded
      neutral detector circuit of this invention, and further showing it in
      cooperative relationship with a ground fault current interrupter that
      detects more conventional types of faults.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The present invention will be described in connection with a two wire
      single phase electrical supply system. It is to be understood that this is
      but one example of a supply system in which the invention may be used, and
      that other types of systems may be protected by the circuit of this
      invention.
PAR  A source 10 is connected to lines, or conductors, 11 and 12 and supplies
      current at 120 volts and 60 Hertz, for example, to the lines. Source 10 is
      grounded as illustrated so that line 11 is the "hot" line and line 12 is
      the ground or neutral line. Circuit breaker contact means 15 is interposed
      in line 11 and is connected to a linkage 16 that is actuated by a solenoid
      17. The entire circuit breaker assembly is of known type which is manually
      settable to the closed condition illustrated, and which operates in
      response to energization of solenoid 17 to open contact means 15 to
      disconnect source 10 from lines 11 and 12. Desirably, the circuit breaker
      is the commonly employed type that has an over-the-center toggle reset
      mechanism 18 which cannot close the circuit breaker contacts so long as
      solenoid 17 remains energized. Solenoid 17 is connected to the output of a
      bridge rectifier circuit 20 whose input is connected across lines 11 and
      12. Under normal and proper conditions, solenoid 17 is not sufficiently
      energized to actuate the circuit breaker because its conduction path with
      bridge rectifier 20 includes the SCR switching device 21 which normally in
      nonconducting.
PAR  The supply system load 25 is connected at the right ends of lines 11 and
      12. Electrical wiring codes do not permit neutral conductor 12 to be
      grounded at the load side thereof. However, as previously mentioned, the
      neutral conductor 12 may be intentionally or inadvertently grounded on the
      load side, as illustrated by the broken line ground symbol 26.
PAR  The potentially hazardous second ground 26 on neutral conductor 12 is
      detected by circuitry of this invention which includes an oscillator
      circuit 30 which is illustrated to be of the Colpitts type. The oscillator
      is comprised of transistor Q.sub.1 and a tank circuit including winding 32
      and capacitors 33 and 34 connected between the collector and the power
      supply of transistor Q.sub.1. The emitter electrode of transistor Q.sub.1
      is connected to the junction between capacitors 33 and 34. Resistors
      R.sub.1 -R.sub.4 are biasing resistors. Winding 32, which is the inductive
      element of the tank circuit of oscillator 30, is wound as the primary
      winding on a transformer toroidal core 37 and lines 11 and 12 thread
      through core 37 and are in relatively tight magnetic coupling relationship
      therewith to comprise secondary windings on the transformer core 37. The
      windings are arranged on core 37 so that primary winding 32 excites the
      secondary lines 11 and 12 in a balanced mode. That is, oscillator signal
      voltages are induced onto secondary lines 11 and 12 in bucking or series
      opposed relationship. Therefore, in the absence of a second ground
      connection 26 on neutral conductor 12, no oscillator signal will in fact
      be present on lines 11 and 12 because of the balanced mode coupling.
      Although the frequency of oscillation of oscillator 30 is not critical, in
      a successfully operating circuit I have employed an oscillator frequency
      of 20 kilo Hertz.
PAR  With the conditions existing as just described, i.e., neutral conductor 12
      is not grounded on the load side of core 37, oscillator 30 will oscillate
      at a given frequency and with a given magnitude of output signal. The
      oscillator signal is coupled through isolating resistor R.sub.5 and
      charges a peak detector comprised of diode 41, capacitor 42, and resistor
      43. Capacitor 42 and resistor 43 comprise a relatively long time constant
      circuit coupled to the gate electrode of unijunction transistor Q.sub.2.
      The d.c. bias on the gate electrode of unijunction transistor Q.sub.2 is
      provided by the peak detector, and a minimum value of bias voltage is
      provided by a voltage divider formed by resistors 44 and 45 connected
      between the positive and negative d.c. voltage sources. The anode
      electrode of unijunction transistor Q.sub.2 is coupled to a voltage
      divider formed by resistors 46 and 48 which are coupled across the d.c.
      voltage source. Resistor 48 and capacitor 49 comprise a time constant
      circuit which will be discussed below. The parameter values of circuit
      elements associated with unijunction transistor Q.sub.2 are chosen so that
      it normally is nonconducting when oscillator 30 is producing its normal
      output signal of a first magnitude in the absence of ground connection 26
      on neutral conductor 12.
PAR  The cathode electrode of unijunction transistor Q.sub.2 is connected to the
      gate electrode of SCR 21 which is non-conducting when unijunction
      transistor Q.sub.2 is non-conducting. As previously discussed, solenoid 17
      will not actuate the circuit breaker linkage 16 to open line 11 under
      these conditions.
PAR  Considering now the characteristics and operation of the oscillator circuit
      of this invention when a second ground connection 26 occurs on the load
      side of transformer core 37, the impedances of the secondary lines 11 and
      12 no longer are equal and oscillator current now will flow in line 12 to
      ground through ground connection 26. This current flow in the secondary
      circuit on core 37 changes the magnetic flux flowing in the core, thus
      changing the loading on the tank circuit of oscillator 30. Another way of
      looking at the situation is the following. Ground connection 26 which is
      to be detected is a low impedance in the secondary circuit of the
      transformer formed by core 37, and this low impedance is reflected back to
      the primary of the transformer in parallel with the tank circuit formed by
      winding 32 and capacitors 33 and 34. The parameter values of winding 32
      and capacitors 33 and 34 are chosen so that at the 20 kilo Hertz frequency
      of oscillation the tank circuit normally represents a high impedance.
      However, the low secondary impedance reflected back in parallel with the
      primary of the tank circuit results in an effective tank circuit impedance
      that is appreciably lower in magnitude than its normal impedance in the
      absence of ground connection 26. Oscillator 30 is so constructed and
      arranged that tank circuit impedance is the dominant portion of the
      oscillator circuit in determining the magnitude of the oscillator output
      signal. That is, the amplitude of the oscillator output signal is a direct
      function of the impedance of the tank circuit portion of the oscillator
      circuit. It therefore may be said that the magnitude of the output signal
      of oscillator 30 is tank circuit dependent. Consequently, when the
      impedance of grounded neutral line 12 reflects back into the tank circuit
      to appreciably reduce the effective tank circuit impedance, the magnitude
      of the oscillator output signal decreases correspondingly to a second
      value. The change in magnitude of the oscillator signal is chosen to be
      sufficiently great so as to be readily detectable by relatively simple
      circuitry. This change in magnitude of the output signal of oscillator 30
      desirably is accomplished without any significant change in the frequency
      of oscillation.
PAR  In a satisfactorily operating embodiment of the invention, the tank circuit
      had a normal impedance of approximately 3,100 ohms in the absence of a
      ground connection 26, and a 4 ohm impedance of grounded neutral line 12
      reflected back into the primary circuit as an impedance of approximately
      1,600 ohms. This arrangement provided an easily detectable change in the
      oscillator signal and afforded reliable operation. It is to be understood
      that this is but one specific example and that other parameter values and
      other circuit configurations may be utilized to detect a change in the
      magnitude of the oscillator signal.
PAR  In achieving the desired operating characteristics of oscillator 30, a
      design goal should be that the tank circuit impedance in the absence of
      ground connection 26 should be equal to or greater than the impedance of
      the remaining portion of the oscillator circuit and load when looking
      externally of the tank circuit at the feedback point at the emitter
      electrode of transistor Q.sub.2. Another way of expressing the same
      relationship is that at the collector electrode of transistor Q.sub.2, the
      normal impedance to ground of the tank circuit should be equal to or
      greater than the impedance of the remaining portion of the oscillator and
      the load taken at the feedback point.
PAR  In considering the tank circuit of oscillator 30, the characteristics of
      transformer core 37 also must be considered. A suitable toroidal core that
      has been used was made from a ferrite material that had a relatively high
      permeability in the range of 3,000 and a Q value in excess of 30 at 20
      kilohertz. The core had an outer diameter of 0.5 inch, an inner diameter
      of 0.283 inch, a thickness of 0.350 inch and is obtainable from Arnold
      Engineering Company, Marengo, Illinois as catalog number AK-30-D05012.
PAR  Specific components and to be parameter values for circuit elements which
      have been found to satisfactory for oscillator 30 are listed below:
PAR  Transistor Q.sub.1 --  2N930
PAR  Resistors R.sub.1 and R.sub.3 --  33 kilohms
PAR  Resistor R.sub.2 --  22 kilohms
PAR  Resistor R.sub.4 --  1.8 kilohms
PAR  Capacitors 33 and 34 -- 0.15 microfarads
PAR  Winding 32 -- 1 millihenry (20 turns -- No. 30 wire)
PAR  Continuing with the discussion of the circuit operation in the presence of
      ground connection 26 on neutral conductor 12, the oscillator output signal
      of decreased magnitude is coupled through isolating resistor R.sub.5 to
      the peak detector circuit formed by diode 41 and capacitor 42. The voltage
      level at the output of the peak detector circuit will drop to a
      correspondingly reduced magnitude, thereby lowering the bias voltage on
      the gate electrode of unijunction transistor Q.sub.2. The parameter values
      of the circuit elements associated with unijunction transistor Q.sub.2 are
      chosen so that its gate electrode voltage now is below its anode electrode
      voltage and unijunction transistor Q.sub.2 conducts repetitively, as will
      be explained in more detail below. The gate electrode of SCR 21 is
      connected through conducting unijunction transistor Q.sub.2 to the time
      constant circuit comprised of resistor 46 and parallel connected resistor
      48 and capacitor 49. With a positive potential applied to its gate
      electrode, SCR 21 is biased into conduction, thereby completing the
      current path in the output circuit of bridge rectifier 20 and energizing
      solenoid 17. Energization of solenoid 17 actuates mechanical linkage 16
      and trips circuit breaker contacts 15 to open line 11.
PAR  Unijunction transistor Q.sub.2 in combination with resistor 46 and parallel
      connected resistor 48 and capacitor 49 connected to its anode electrode
      comprise a relaxation oscillator which produces repetitive pulsing or
      conduction of unijunction transistor Q.sub.2. The connection of the gate
      electrode of unijunction transistor Q.sub.2 to the voltage divider formed
      by resistors 44 and 45 assures that a minimum operative bias voltage will
      be maintained on the gate electrode of Q.sub.2 when the output signal of
      oscillator 30 is at its second, or lower, magnitude. This feature of
      providing a relaxation oscillator for repetitively triggering SCR 21
      assures that the SCR will conduct when the output signal of oscillator 30
      is at its second magnitude. If, for example, only a single pulse from
      unijunction transistor Q.sub.2 were coupled to the gate electrode of SCR
      21, the 60 Hertz source voltage might be at or near zero voltage at that
      particular instant and the anode voltage of SCR 21 might not be
      sufficiently high to allow it to conduct. The repetitive triggering of SCR
      21 assures that SCR 21 will be rendered conductive. Of course, the pulse
      repetition frequence of the relaxation oscillator that includes
      unijunction transistor Q.sub.2 should be a large multiple of the frequency
      of source 10 so that SCR 21 will be triggered into conduction without any
      significant time delay. The circuit operation just described will be the
      same if a d.c. voltage source is connected to lines 11 and 12 instead of
      an a.c. source 10. This is true because the grounded neutral detection
      circuit operates only in response to the oscillator signal and not in
      response to the voltage or current on lines 11 and 12 supplied by the
      system source 10. In fact, it is desirable that the tank circuit of
      oscillator 30 be effectively isolated from and not "see" the 60 Hertz
      current and voltage on lines 11 and 12. The reason for this is that for
      most reliable operation of the grounded neutral detector circuit of this
      invention the operation of oscillator 30 should not be influenced or
      affected by any change that may occur in system load 25. As one practical
      example, the desired isolation of oscillator 30 from the 60 Hertz current
      on lines 11 and 12 may be achieved by the use of a material for
      transformer core 37 which exhibits a very low magnetic permeability and is
      substantially nonmagnetic at the 60 Hertz frequency, but which exhibits a
      high magnetic permeability and possesses significant magnetic properties
      at the higher frequencies of oscillator 30. The specific ferrite material
      mentioned above for core 37 possesses the desired properties. Other
      suitable materials are commercially available.
PAR  The grounded neutral detector circuit described above is an independently
      operating circuit which is separate and distinct from a more conventional
      Ground Fault Current Interrupter (GFCI) circuit, but it may be packaged
      with and share some portions of its circuitry with a GFCI circuit. As an
      example, in the attached drawing, a second toroidal core 51 is the core of
      a conventional differential transformer of the type well known in the art
      for detecting differential 60 Hertz current flow in lines 11 and 12 which
      comprise primary windings threaded through the core. The material from
      which core 51 is made is different from the material from which core 37 is
      made. Core 51 exhibits a high permeability and significant magnetic
      properties at the 60 Hertz frequency of source 10 but not at the higher 20
      kilohertz frequency of oscillator 30.
PAR  A multiturn secondary winding 53 is wound on core 51 and its two leads are
      coupled through resistors R.sub.6 and R.sub.7 to an operational amplifier
      55.
PAR  The operation of the portion of the GFCL circuit thus far described is well
      understood by those skilled in the art and will not be explained except to
      note that in the absence of an unbalance of 60 Hertz current flow in lines
      11 and 12, amplifier 55 will produce no output signal. When an unbalance
      of 60 Hertz current flow does occur in lines 11 and 12 amplifier 55
      produces a corresponding 60 Hertz output signal.
PAR  On each positive half cycle of the output signal from amplifier 55, Zener
      diode 58 breaks down and the signal is coupled through current limiting
      resistor 59 to the base electrode of normally nonconducting transistor
      Q.sub.3 to cause that transistor to conduct. The conduction of transistor
      Q.sub.3 effectively shunts the d.c. biasing network for the base electrode
      of transistor Q.sub.3 and causes oscillator 30 to abruptly cease
      oscillation. This then causes the voltage level to fall in the peak
      detector formed by diode 41 and capacitor 42, thereby activating the
      relaxation oscillator that includes unijunction transistor Q.sub.2 in the
      same manner as described above in the description of the operation of the
      grounded neutral detector circuit. SCR 21 then will be rendered conductive
      and solenoid 17 will be energized to cause circuit breaker contacts 15 to
      be opened.
PAR  On each negative half cycle of the 60 Hertz output signal from amplifier
      55, diode 60 will conduct and will couple the negative signal to the anode
      of diode 41, thereby placing diode 41 in a blocking condition with respect
      to the output signal from the now oscillating oscillator 30. Capacitor 42
      of the peak detector discharges through resistor 43 and the relaxation
      oscillator that includes unijunctions transistor Q.sub.2 is actuated and
      SCR 21 is rendered conducting. As previously explained, circuit breaker
      contacts 15 are opened when SCR 21 conducts.
PAR  Capacitor 63 which is connected in shunt with resistors R.sub.2 and R.sub.3
      in the base electrode bias circuit of oscillator transistor Q.sub.1 is a
      filter capacitor for the 20 kilohertz oscillator signal to assure that no
      unwanted oscillator signal which might incidentally get coupled to and
      through amplifier 55 will coupled to the base electrode to undesirably
      affect the operation of oscillator 30.
PAR  To avoid unintentional triggering of unijunction transistor Q.sub.2 from
      transients, as might occur when the d.c. power supply is turned on, the
      time constant circuit comprised of parallel connected resistor 48 and
      capacitor 49 serves as a smoother circuit to minimize transients on the
      anode electrode of the unijunction transistor. The time constant circuit
      comprised of parallel connected capacitor 42 and resistor 43 serve a
      similar function in the gate electrode circuit of Q.sub.2 to prevent
      triggering thereof except in response to a change in output signal level
      of oscillator 30 which results from a fault.
PAR  The operation of oscillator 30 and its associated circuitry has been
      discussed in relation to an undesired second ground connection on neutral
      conductor 12 since this is a potentially hazardous condition to be guarded
      against. It will be understood that the operation of oscillator 30 will be
      similar to that described above in the presence of a ground on the "hot"
      conductor 11 since the secondary circuit on transformer core 37 will not
      represent a balanced circuit to the oscillator signal in that situation.
PAR  The grounded neutral detector circuit of this invention is compact and
      easily packaged in a small housing or case. This results in part from the
      choice of a relatively high frequency of operation of oscillator 30.
      Further, the circuit of this invention is reliable in operation and does
      not adversely affect the 60 Hertz supply system, nor is it adversely
      affected thereby. That is, because of the balanced coupling of the
      oscillator to the supply system lines, no oscillator signal will couple to
      loads of a properly operating system and loads cannot be adversely
      affected by the oscillator signal. Conversely, due to the balanced
      coupling arrangement, changes in the supply system load and extraneous
      signals or noise on the supply system line which are in the frequency
      range of the oscillator will not couple back to the oscillator when the
      supply system is functioning properly. Consequently, the circuit performs
      as described independently of loading conditions.
PAR  While the above discussion describes a preferred circuit embodiment of the
      present invention, it is to be understood that this is but an example of
      means for carrying out the invention and that other circuit embodiments
      may be used in the practice of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fault protection circuit for use in an electrical supply system at a
      location therein between a current source and an electrical load, wherein
      said supply system has a plurality of conductors including a neutral
      conductor that is electrically grounded on the source side of said
      protection circuit, said protection circuit being operable to detect an
      undesired second electrical ground that is present on one of the
      conductors on the load side of said protection circuit, said circuit
      comprising
PA1  an oscillator circuit for providing an oscillator signal at a frequency
      different from the frequency of the supply system current,
PA1  said oscillator circuit having a portion thereof whose impedance is
      dominant in determining a characteristic of the output signal of said
      oscillator,
PA1  means coupling said oscillator circuit to conductors of said supply system
      for coupling said oscillator signal to the coupled conductors in a
      balanced mode so that substantially no oscillator current flows in the
      conductors in the absence of an undesired second ground connection on the
      load side of one of the conductors and for reflecting back to the
      oscillator circuit the impedance to ground of at least one of the
      conductors when said undesired second ground connection is present
      thereon,
PA1  the normal impedance of said dominant portion of the oscillator circuit in
      the absence of the second ground connection being proportioned relative to
      said impedance reflected back to the oscillator circuit when said second
      ground connection is present to cause an appreciable difference in the
      equivalent impedance of said dominant portion of the oscillator circuit,
      thereby to cause a detectable difference in said characteristic of the
      output signal of the oscillator,
PA1  said means for coupling the oscillator circuit to the conductors being
      substantially non-responsive to supply system current, and
PA1  means coupled to the oscillator circuit for detecting the difference in
      said characteristic of the oscillator output signal and for providing a
      fault signal in response thereto,
PA1  said last named means being coupled to the oscillator circuit by means
      other than the supply system conductors or the means that couples the
      oscillator circuit to the conductors.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein
PA1  the means coupling said oscillator circuit to said supply system conductors
      includes
PA1  a transformer core made of a material that exhibits substantial magnetic
      properties to said oscillator signal but is substantially nonmagnetic to
      said supply system current.
NUM  3.
PAR  3. The fault protection circuit claimed in claim 1 and further including,
PA1  current interrupter means operable in response to said fault signal for
      interrupting the flow of supply system current on the supply system
      conductors.
NUM  4.
PAR  4. The faul protection circuit claimed in claim 3 and further including
PA1  ground fault sensing means coupled to said neutral conductor and to at
      least one other conductor of the electrical supply system for detecting an
      undesired unbalance of supply system current flow in said conductors and
      operating in response thereto to produce a ground fault signal, and
PA1  means operable in response to said ground fault signal for operating said
      supply current interrupter means.
NUM  5.
PAR  5. The combination claimed in claim 4 wherein said ground fault sensing
      means includes a second transformer core made of a material that exhibits
      substantial magnetic properties to the supply system current but exhibits
      substantially nonmagnetic properties to the oscillator signal.
NUM  6.
PAR  6. An electrical fault protection circuit for use in an electrical supply
      system at a location therein between a system current source and an
      electrical load, wherein said supply system has a neutral conductor that
      is electrically grounded on the source side of said protection circuit,
      said protection circuit being operable to detect an undesired second
      electrical ground connection that is present on one of the conductors on
      the load side of said protection circuit, said circuit comprising
PA1  an oscillator for providing an output signal at a frequency different from
      the frequency of the current from said source,
PA1  said oscillator including a tank circuit and having its circuit elements
      proportioned and arranged so that the impedance of the tank circuit is
      dominant in determining the magnitude of the oscillator output signal,
PA1  a transformer core effective to couple said oscillator output signal but
      ineffective to couple signals at the frequency of the supply system,
PA1  a primary winding on said core for coupling the tank circuit to the core,
PA1  said neutral conductor and at least said one conductor of the supply system
      being magnetically coupled to said core as secondary windings in a manner
      to be excited in a balanced mode by the oscillator signal on said primary
      winding and in a manner to reflect back to the tank circuit the impedance
      to ground of one of said conductors when said undesired second ground
      connection is present thereon, thereby to cause the effective impedance of
      the tank circuit to have first and second values and the oscillator signal
      to have first and second magnitudes, respectively, when the second ground
      connection is absent and present,
PA1  fault signal producing means coupled to said oscillator by means other than
      said core or the conductors of said supply system for producing a fault
      signal when the oscillator signal is at said second magnitude.
NUM  7.
PAR  7. A ground fault protection circuit for use in an electrical supply system
      at a location therein between a system current source and an electrical
      load, wherein said supply system has a neutral conductor that is
      electrically grounded on the source side of said protection circuit, said
      protection circuit being operable to detect an improper or undesired
      second electrical ground connection that is present on one of the
      conductors on the load side of said protection circuit, said circuit
      comprising
PA1  an oscillator for providing an oscillator signal at a frequency different
      from the frequency of the current from said source,
PA1  said oscillator including a tank circuit and having its circuit elements
      proportioned and arranged so that the impedance of the tank circuit is
      dominant in determining the magnitude of the oscillator signal,
PA1  a transformer core effective to couple said oscillator signal but
      ineffective to couple signals at the frequency of the supply system,
PA1  a primary winding on said core for coupling the tank circuit thereto,
PA1  said neutral conductor and at least said one conductor of the supply system
      being magnetically coupled to said core as secondary windings in a manner
      to be excited in a balanced mode by the oscillator signal on said primary
      winding,
PA1  the impedance of the tank circuit in the absence of said second ground
      connection being greater in magnitude than the reflected impedance to
      ground of a conductor having a second ground connection thereon which is
      to be detected, whereby the magnitude of the oscillator signal changes by
      a detectable amount when said second ground connection is absent and when
      it is present, and
PA1  means coupled to said oscillator circuit by means other than said core or
      supply system conductors for detecting a change of given magnitude of said
      oscillator signal.
NUM  8.
PAR  8. A fault protection circuit for use in an electrical supply system at a
      location therein between a current source and an electrical load, wherein
      said supply system has a plurality of conductors including a neutral
      conductor that is electrically grounded on the source side of said
      protection circuit, said protection circuit being operable to detect an
      undesired second electrical ground that is present on one of the
      conductors on the load side of said protection circuit, said circuit
      comprising
PA1  an oscillator circuit for providing an oscillator signal that is different
      in frequency from said supply system current,
PA1  said oscillator circuit having a portion thereof whose impedance is
      dominant in determining a characteristic of the output signal of said
      oscillator,
PA1  means coupling said oscillator circuit to conductors of said supply system
      for coupling said oscillator signal to the coupled conductors in a
      balanced mode so that substantially no oscillator current flows in the
      conductors in the absence of an undesired second ground connection on the
      load side of one of the conductors and for reflecting back to said
      dominant portion of the oscillator circuit the impedance to ground of said
      one conductor when the second ground connection is present thereon,
      thereby to cause a detectable difference in said characteristic of the
      output signal of the oscillator when the second ground connection is
      present,
PA1  first fault signal producing means coupled to said oscillator circuit by
      means excluding said conductors of the supply system and excluding the
      means for coupling the oscillator circuit to said conductors for producing
      a first fault signal when the oscillator signal has the characteristic
      associated with said second ground connection being present,
PA1  ground fault protection means for detecting an undesired unbalance of
      supply system current flow in said conductors of the supply system,
PA1  said ground fault detector means being substantially nonresponsive to an
      unbalance of oscillator signal currents on the conductors of the supply
      system, and the means coupling the oscillator signal to conductors of the
      supply system being substantially nonresponsive to an unbalance of supply
      system current in said conductors,
PA1  means operable in response to said first fault signal and operable in
      response to a detected unbalance of supply system current flow by the
      ground fault detector means for interrupting supply system current flow on
      the supply system conductors.
NUM  9.
PAR  9. The combination claimed in claim 1 wherein said characteristic of the
      oscillator output signal which changes by a detectable difference is the
      magnitude of said output signal.
NUM  10.
PAR  10. The combination claimed in claim 9 wherein
PA1  said oscillator circuit is constructed and arranged so that the frequency
      of its output signal remains substantially fixed when the magnitude of the
      output signal changes. .Iadd. 11. The fault protection circuit claimed in
      claim 1 wherein the magnitude of the oscillator signal changes upon the
      occurrence of said undesired second ground connection and wherein said
      means for providing a fault signal includes
PA1  a semiconductor device having at least first and second electrodes and
      operable between conducting and nonconducting states,
PA1  means for establishing a voltage bias of given magnitude on said first
      electrode of said device,
PA1  peak detector means coupled to the second electrode of said device,
PA1  means including first diode means for coupling said oscillator circuit to
      said peak detector means,
PA1  said first diode means being connected to prevent discharge therethrough of
      said peak detector means,
PA1  said peak detector having a given discharge time constant in a path other
      than through said first diode means,
PA1  the characteristics and parameters of said bias means, said peak detector
      means and said semiconductor device being so proportioned that the voltage
      on said second electrode in the absence of said undesired second ground
      connection maintains said device in one of its states, but transfers the
      device to its other state in the presence of an undesired ground on said
PAR   neutral conductor. .Iaddend. .Iadd. 12.  The combination claimed in claim
      11 and further including,
PA1  a time constant circuit coupled to said first electrode of the
      semiconductor device. .Iaddend. .Iadd. 13. The combination claimed in
      claim 12 wherein said time constant circuit and said semiconductor device
      comprise a relaxation oscillator having a repetition frequency to assure
      repetitive transfer of states of the semiconductor device during the
      occurrence of a half cycle of the source current. .Iaddend. .Iadd. 14. The
      combination claimed in claim 13 wherein said peak detector means is a time
      constant circuit having a charging time constant that is longer than the
      time constant circuit coupled to said first electrode. .Iaddend. .Iadd.
      15. The fault protection circuit claimed in claim 11 and including
PA1  ground fault protection means for detecting an undesired unbalance of
      supply system current flow in the conductors of the supply system,
PA1  a second diode having one terminal coupled to the output of said ground
      fault protection means and its other terminal connected to a junction
      between said oscillator circuit and said first diode,
PA1  like poles of said diodes being coupled to said junction,
PA1  said second diode operating in response to an output signal of said ground
      fault protection means to block conduction from said oscillator circuit to
      said peak detector means, whereby the magnitude of voltage in said
      detection circuit changes to transfer the semiconductor device to its
      other state. .Iaddend. .Iadd. 16. The combination claimed in claim 8
      wherein said means operable in response to said first fault signal and in
      response to a detected unbalance of supply system current comprises,
PA1  a time constant detection circuit for providing a d.c. voltage, said
      detection circuit having a given discharge rate in the absence of an input
      signal thereto,
PA1  means including a first diode for coupling said oscillator circuit to said
      detection circuit for maintaining a d.c. voltage of a first magnitude in
      said detection circuit in the absence of a fault in said system,
PA1  said first diode being connected to prevent discharge therethrough of said
      time constant detection circuit,
PA1  a second diode coupled between said ground fault protection means and a
      junction between said first diode and oscillator circuit,
PA1  said two diode means having like terminals connected to said junction,
      whereby conduction of said second diode diverts current from said first
      diode and detection circuit and the voltage in said time constant
      detection circuit will change to a second d.c. magnitude,
PA1  said second diode conducting in response to the ground fault protection
      means sensing an undesired unbalance of supply system current flow,
PA1  a semiconductor device having at least two terminals and operable between
      conducting and nonconducting states,
PA1  means for coupling the first terminal of the semiconductor device to said
      detection circuit,
PA1  means for coupling a voltage source to the second terminal of the
      semiconductor device, the magnitude of the voltage provided by said
      voltage source being proportioned relative to the characteristics and
      parameters of said device to maintain the device in one of its conduction
      states when the voltage in said detection circuit is at said first
      magnitude and to transfer said device to its other state when the voltage
      magnitude in said detection circuit is at said second magnitude. .Iaddend.
PAR   .Iadd. 17.  The combination claimed in claim 16 wherein said time constant
      detection circuit is comprised of parallel connected resistor and
      capacitor having parameter values proportioned to smooth transient signals
      and prevent undesired triggering of the semiconductor device. .Iaddend.
      .Iadd. 18. The combination claimed in claim 17 wherein said ground fault
      protection means includes an operational amplifier,
PA1  said second diode having one terminal connected to the output of said
      operational amplifier. .Iaddend. .Iadd. 19. The combination claimed in
      claim 18 and further including
PA1  means coupled to the second terminal of the semiconductor device for
      causing repetitive changes of state of the semiconductor device when the
      voltage of the detection circuit changes to said second magnitude.
      .Iaddend. .Iadd. 20. A fault protection circuit for use in an electrical
      supply system to disconnect one or more conductors of the system from the
      system source in the event of a fault in the system, said circuit
      comprising
PA1  fault sensing means coupled to the conductors between the system source and
      load for producing an electrical signal in response to a fault condition
      in the system,
PA1  a time constant detection circuit for providing a d.c. voltage, said
      detection circuit having a given discharge rate in the absence of an input
      signal thereto,
PA1  voltage means for maintaining a d.c. voltage of a first magnitude in said
      detection circuit in the absence of a fault in said system,
PA1  first diode means coupled between said voltage means and said detection
      circuit and connected to prevent discharge of the time constant detector
      circuit therethrough,
PA1  second diode means having one terminal coupled to said fault sensing means
      and its other terminal coupled between said voltage means and said first
      diode means,
PA1  said second diode means being rendered conductive by said electrical signal
      from the fault sensing means,
PA1  said second diode means being connected with a polarity to block current
      flow through said first diode means upon occurrence of said electrical
      signal from the fault sensing means, whereby the voltage magnitude in said
      time constant detection circuit will change to a second magnitude,
PA1  a semiconductor device having at least two terminals and operable between
      conducting and nonconducting states,
PA1  means for coupling the first terminal of the semiconductor device to said
      detection circuit,
PA1  means for coupling a voltage source to the second terminal of the
      semiconductor device, the magnitude of the voltage of said voltage source
      being proportioned with respect to the characteristics and parameters of
      the semiconductor device to maintain said device in one of its states when
      the voltage in said detection circuit is at said first magnitude and to
      transfer said device to its other state when the voltage magnitude in said
      detection circuit is at said second magnitude, and
PA1  means coupled to said semiconductor device for interrupting supply system
      current on said conductors in response to said semiconductor device
PAR   transferring to said other state. .Iaddend. .Iadd. 21.  The combination
      claimed in claim 20 wherein said fault sensing means includes
PA1  an operational amplifier,
PA1  said second diode being coupled to the output of said operational amplifier
      and being rendered conductive by the operational amplifier upon the
      sensing of a fault. .Iaddend. .Iadd. 22. The combination claimed in claim
      21 wherein said first and second diodes are connected to conduct current
      to said detection circuit and to said operational amplifier, respectively.
      .Iaddend. .Iadd. 23. The combination claimed in claim 20 and further
      including,
PA1  a second time constant circuit coupled to said second terminal of the
      semiconductor device,
PA1  said second time constant circuit and said semiconductor device comprising
      a relaxation oscillator to repetitively change the conduction state of the
      device upon occurrence of a fault. .Iaddend.
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ABST
PAL  For increased comfort and durability of appearance, each leg of a pair of
      trousers is provided with a plurality of ribbed creases extending
      generally longitudinally along its periphery.
BSUM
PAR  The present invention relates to trousers.
PAR  It is known that a pair of trousers comprises four flat side-pieces of a
      special out joined together by stitching. Each trouser leg is formed by
      parts of two of these side-pieces, which parts are joined together by side
      stitching and each of which has a longitudinal crease, one of these
      creases being disposed at the front of the leg and the other at the back.
      As a result, when the pair of trousers is not being worn, the legs may be
      flattened.
PAR  However, these known trousers have disadvantages. Their flat legs are not,
      in fact, specially made to assume the tubular shape necessary to surround
      the legs of persons wearing trousers. Therefore, when it is desirable for
      such trousers to be comfortable it is necessary to make the legs
      excessively wide. In this case the legs become deformed, lose their shape
      and their appearance is not impeccable when they have been worn. If the
      legs are made narrower they are less comfortable and the creases at the
      front and back always have a tendency to open and disappear which also has
      a detrimental effect on appearance.
PAR  It is an object of the present invention to provide a solution to these
      disadvantages. The invention relates to a pair of trousers which are very
      comfortable for the person wearing them and retain their appearance well.
PAR  The present invention provides a pair of trousers, each leg of which has a
      plurality of ribbed creases extending generally longitudinally along its
      periphery.
PAR  As a result of their relative rigidity, the ribbed creases tend to impart
      tubular shaping to each trouser leg especially when, as will very often be
      found desirable, each leg has at least three ribbed creases.
PAR  The ribbed creases may be formed, for example, by stitching flat a fold of
      fabric. The ribbed creases may follow sinuous, curved or other paths about
      their general longitudinal direction, but are preferably rectilinear.
PAR  The number and arrangement of the ribbed creases may be selected so as to
      give the legs of the trousers any desired cross-section, in particular
      rectangular, square, rhomboid or triangular cross-sections, or a
      cross-section of a rectangle with its corners cut-off. It is also possible
      to make trouser legs having longitudinal inwardly recessed pleats over the
      most part of their length, defined by said ribbed creases.
DRWD
PAR  Several forms of trousers in accordance with the invention will now be
      described, by way of example, with reference to the accompanying drawings,
      in which:
PAR  FIGS. 1, 4, 6, 8, 10 and 12 show perspective views of different forms of
      trousers.
PAR  FIG. 2 shows one side-piece for use in making the trousers of FIG. 1; and
PAR  FIGS. 3, 5, 7, 9, 11 and 13 are cross-sections of legs of the trousers
      shown in FIGS. 1, 4, 6, 8, 10 and 12, respectively.
DETD
PAR  FIG. 1 shows a pair of trousers 1 in which each leg 2 and 3 is formed by
      two side-pieces 2a and 2b, 3a and 3b (see FIG. 3) joined together along
      two lines of stitching at the sides 4 and 5. Towards the front each leg
      has two ribbed creases 6 and 7 (or 8 and 9) parallel to, and approximately
      symmetrically disposed in relation to, the median vertical plane
      orthogonal to the plane passing through the seams 4 and 5 in each leg,
      i.e. approximately symmetric in relation to the vertical median plane
      mentioned above.
PAR  The ribbed creases 6 to 13 are such that their ridges are on the outside of
      the trouser legs. The result is that each leg 2, 3 has a rectangular
      cross-section (see FIG. 3) and is provided, at front and back, with facets
      14 and 15 defined respectively between the ribbed creases 6 and 7, 8 and
      9, 10 and 11, and 12 and 13. Such a pair of trousers therefore allows
      great freedom of movement whilst at the same time being of a width which
      is little different from that of trousers made as previously proposed.
PAR  FIG. 2 shows a solid-line representation of a side-piece, corresponding to
      the piece 3b, for making a known pair of trousers and the broken line
      shows the side-piece 3b of the trousers according to the invention as
      illustrated in FIGS. 1 and 3. It can be seen that, to obtain a pair of
      trousers according to the invention of the same width as a known pair of
      trousers, it is sufficient that, at least in the lower section, the sum of
      the lateral increases in the width of the side-piece 3b are approximately
      equal to the distance separating the ribbed creases 8 and 9.
PAR  The pair of trousers 16 shown in FIG. 4 is similar to the trousers 1,
      except that the legs 17 and 18 comprise four ribbed creases 19 to 22
      defining tubes with an approximately square cross-section. (see FIG. 5).
PAR  The trousers 23 shown in FIG. 6 are such that each leg 24 and 25 comprises
      a median ribbed crease 26 at the front and two parallel ribbed creases 27
      and 28 at the back. The ribbed creases 26, 27 and 28 have
      externally-projecting ridges and they form legs 24 and 25 of a triangular
      cross-section (see FIG. 7). It would, of course, be possible for the
      trousers 23 to comprise instead two parallel ribbed creases at the front
      and a median ribbed crease at the back.
PAR  FIG. 8 shows a pair of trousers 29, each of the legs 30 and 31 of which
      comprises ribbed creases 32 and 35 with external ridges giving them a
      rectangular cross-section as in the trousers in FIG. 1. However, in the
      front and back facets defined respectively between the ribbed creases 32
      and 33 on the one hand and 34 and 35 on the other hand, are provided
      median ribbed creases 36 and 37 with internally-projecting ridges. Two
      inwardly recessed pleats 38 and 39 are thereby obtained.
PAR  Although FIGS. 8 and 9 show a pair of trousers with recessed pleats it is
      obvious that the invention is also applicable in the case where the said
      inwardly recessed pleats project outwardly. In this case the ridges of the
      ribbed creases 36 and 37 would be on the outside of the legs 30 and 31.
PAR  The trousers 40 shown in FIG. 10 are such that each of the legs 41 and 42
      comprise four ribbed creases 43 to 46. The ribbed creases 43 and 44 are
      located on the median plane, one at the front of the leg and the other at
      the back, whilst the ribbed creases 45 and 46 are disposed laterally and
      coincide with the seam where the two side-pieces forming the said legs are
      stitched together. The legs of the trousers 40 therefore have a
      cross-section in the form of a diamond. (see FIG. 11).
PAR  FIG. 12 shows a pair of trousers 47 each leg 48, 49 of which comprises
      ribbed creases 50 to 53, with external ridges, giving them a rectangular
      cross-section as in the trousers of FIG. 1. However, in each of the front
      and back facets, defined respectively between the ribbed creases 50 and 51
      on the one hand, 52 and 53 on the other hand, there are provided two
      ribbed creases 54, 55 and 56, 57 with externally-projecting ridges. Each
      leg 48 or 49 therefore has a rectangular cross-section with cut-off
      corners, as shown in FIG. 13.
PAR  It will of course be appreciated that modifications may be made in the
      means of production which have just been described, notably by
      substituting equivalent technical means, without going beyond the scope of
      the present invention, which is limited only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pair of trousers comprising a pair of legs, each leg formed of only
      two side-pieces joined together along a line of stitching at the inseam
      and the outseam areas, each leg having at least three ribbed creases
      extending generally longitudinally along its periphery and comprising
      longitudinally extending ridges, and each leg having at least one inwardly
      recessed pleat extending generally longitudinally along the trouser leg
      and located between two adjacent ribbed creases.
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ABST
PAL  A central flow prosthetic cardiac valve for disposition in the heart and
      the aorta for controlling the pulsatile flow of blood into and from the
      heart, having a plurality of valve flaps for positive opening and closing
      of the valve during pulsatile flow of the blood.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is prosthetic cardiac valves.
PAR  Various types of prosthetic cardiac valves have been developed in recent
      years, most of which are believed to be described in "The Journal of
      Cardiovascular Surgery," Volume 63, No. 1, January, 1972, pages 131-142
      and in "Journal of the Association for the Advancement of Medical
      Instrumentation," Volume 5, No. 4, July-August 1971, pages 210-217.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a new and improved prosthetic cardiac
      valve having a plurality of pivotally mounted valve flaps for positive
      opening and closing thereof during pulsatile flow of blood.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the cardiac valve of this invention, shown
      in the closed position in the aorta;
PAR  FIG. 2 is a view similar to FIG. 1, but showing the valve in the open
      position;
PAR  FIG. 3 is a plan view, partly in section, of the valve of the present
      invention in a closed position;
PAR  FIG. 4 is a sectional view of the present invention, showing the valve flap
      in a closed position, taken along the lines 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view of the valve flap taken along the lines 5--5 of
      FIG. 4;
PAR  FIG. 6 is the sectional view of the valve flap taken along the lines 6--6
      of FIg. 4; and,
PAR  FIG. 7 is a sectional view similar to FIG. 4, but showing the valve flap of
      the present invention in an open position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the letter V designates generally the cardiac valve of
      this invention which is adapted to be disposed in the heart or in the
      aorta 10, for replacing the mitral valve, tricuspid valve, or aortic
      valve, respectively, as will be more evident hereinafter. The valve V is
      surgically mounted in the aorta 10 by sutures 12, or by any other surgical
      means as is well known in the art. The cardiac valve V includes an annular
      valve support S and a plurality of valve flaps F which are adapted to move
      from a closed position (FIG. 1) to an open positon (FIG. 2) for movements
      in response to the pulsatile flow of blood from the heart so that the
      cardiac valve V performs the function of the natural cardiac valve which
      is replaced by the cardiac valve V.
PAR  Considering the invention in more detail, the cardiac valve V includes an
      annular valve support S having an exterior portion 14 to preferably
      provide a ring of attaching material such as terephthalate polyester sold
      under the trademark "DACRON" for securing the annular valve support S to
      the aorta 10. The surgeon sutures the exterior portion 14 to one of the
      aortic, mitral, or tricuspid rings with sutures 12, or other suitable
      surgical means.
PAR  The annular valve support S further includes an interior portion made up of
      a plurality of segments 16 preferably formed of stainless steel or other
      suitable noncorrosive materials. Each segment 16 includes a male guide 16a
      (FIG. 3) and a corresponding female guide 16b for positioning
      interengaging segments adjacent to one another. An opening 18 is formed
      substantially parallel and adjacent to the female guide 16b for bolt 19 to
      threadedly engage an adjacent threaded portion 16c formed in segment 16
      adjacent to the male guide 16a.
PAR  Each segment 16 has a central portion 16d forming an opening 20 in the
      cardiac valve V. The opening 20 may be of any polygonal configuration, but
      as illustrated, is in a pentagonal configuration having adjacent central
      portions 16d adjoining one another about the perimeter of the pentagonal
      opening 20, having corners 16e formed substantially central thereof each
      segment 16. As best shown in FIG. 3, flap mounts 22 are formed with the
      segments 16 at the corners 16e. Each of the flap mounts 22 is preferably
      of a general "Y" configuration having a portion 22a formed with the
      segment 16 at the corner 16e and two outwardly extending portions 22b, 22c
      which will be more fully discussed hereinbelow.
PAR  Valve flaps F are disposed about the opening 20 in the annular valve
      support S. Preferably, the valve flaps F are made of a condensed carbon
      marketed under the trademark of "PYROLITE". As distinguished from the tear
      drop-shaped valves of the prior art, the cardiac valve V of the present
      invention is generally of a flat configuration. As best seen in FIG. 3,
      the valve flaps F include flap bodies 24, 26, 28, 30, and 32 as equally
      disposed within the circumference of the annular valve support S about the
      perimeter of the opening 20. In the preferred embodiment, all valve flaps
      F are preferably substantially identical to one another. For the purposes
      of explanation, the hereinbelow disclosure is directed to valve flap body
      28, while it is appreciated that the disclosure also applies to all flap
      bodies 24, 26, 30, 32.
PAR  Each of the valve flaps F is preferably of a generally triangular
      configuration. Flap body 28 (FIG. 3) has a triangular configuration having
      a base 28a and sides 28b, 28c forming the legs of the triangle, extending
      inwardly from the base 28a and narrowing to a pointed, narrow end 28d at
      the intersection of legs 28b, 28c, with the pointed, narrow end 28d being
      centrally disposed in the opening 20 of the annular valve support S.
PAR  As best shown in FIGS. 4 through 7, the valve flap F, while of a generally
      flat configuration as compared to prior art tear dropped-shaped valves,
      has a contoured surface as discussed hereinbelow. FIG. 4 shows the contour
      of flap body 28 from an elevational perspective. A longitudinal curved
      surface 28e parallels generally the height of the triangular configuration
      as viewed from the base 28a. The longitudinal curved surface 28e includes
      substantially parallel upper and lower curved surfaces 28f, 28g
      respectively wherein lower surface 28g has a substantially convex portion
      28h adjacent the narrow end 28d and continuously formed into a
      substantially concave portion 28i adjacent the base portion 28a. In
      similar fashion, upper surface 28f has a concave portion 28j substantially
      paralleling the contour of portion 28h, the concave portion 28j
      continuously formed into a substantially convex portion 28k which
      substantially parallels the contour of concave portion 28i.
PAR  As best shown in FIG. 5, the valve flap F has a transverse cross sectional
      portion 281 as looking from the pointed, narrow end 28d towards the base
      28a of the flap body 28. The transverse cross sectional portion 281 has a
      convex surface 28m and an opposing concave surface 28n adjacent to the
      pointed, narrow end 28d, the surfaces 28m, 28n gradually diminishing in
      curvature from the narrow, pointed end 28d to substantially flat surfaces
      28m', 28n' (FIG. 6) adjacent to the base 28a of the valve body 28 (FIG.
      6).
PAR  The valve flap F is adapted to be pivotally mounted to the annular valve
      support S. As best shown in FIGS. 4 and 7, the valve body 28 is pivotally
      mounted to the annular valve support S by the flap mounts 22 mounted with
      segments 16. The valve body 28 has appropriately drilled openings (not
      numbered) such that outwardly extending portions 22b, 22c of the flap
      mounts 22 may be approriately inserted therein, allowing proper pivotal
      action therebetween. It should be noted that no single flap mount 22
      mounts any one individual flap body 24, 26, 28, 30, 32 for pivotal
      movement thereof, but that an outwardly extending portion 22b of one flap
      mount 22 is used in conjunction with the outwardly extending portion 22c
      of another flap mount 22 such that each valve flap F is mounted by
      portions of two flap mounts 22. The flap mounts 22 mounted in segments 16
      extend downwardly to support the valve flaps F below the segments 16 (FIG.
      4, 7).
PAR  As noted above, the hinged portion of the valve flap F is formed adjacent
      to the base 28a of flap body 28 and is pivotally mounted to the annular
      valve support S by the flap mounts 22 mounted in segments 16. Segments 16
      have central portion 16d which serves as a limiting means to limit the
      extent of opening of the valve flaps F during positive pressure flow of
      the blood while furthermore restricting the extent of closure of the flaps
      F during negative pressure flow of the blood. A curved sealing surface 28o
      is formed adjacent to the hinged portion of the valve flap F for sealably
      joining the valve flap F to the limiting means formed with central portion
      16d of segment 16 to allow pivotal movement of the valve flaps F with
      respect to the limiting means while remaining in sealable engagement
      therebetween. More particularly, the limiting means includes surfaces 16f,
      16g (FIG. 4, 7) formed with central portion 16d and to be used in
      conjunction with sealing surface 28o having portions 28p, 28q, 28r, 28s.
      As shown in FIG. 4, flap surface 28s of the valve flap F is in sealable,
      flat engagement with surface 16g of the limiting means. Surface 28s is
      formed adjacent rounded corner 28r adjoining indented portion 28q having a
      stop portion 28p such that the valve flap F may rotate from a closed
      position of FIG. 4 to an open position wherein (FIG. 7) the valve flap F
      remains sealably engaged with the limiting means 16f, 16g as the flap
      rotates to and from a open and closed position. As shown in FIG. 7, when
      the valve flap F is in an open position, portion 16f of the limiting means
      engages the indented portion 28q of the sealing surface 28o, with surfaces
      16f and 28q being similarly formed to properly engage one another when the
      valve is in an open position.
PAR  In the assembly of the cardiac valve V of the present invention, the valve
      flaps F are appropriately positioned on the flap mounts 22 while the
      segments 16 are loosely held in an interengaging position. Thereafter
      bolts 19 threadly affix the segments 16 into a unitary structural unit
      wherein the valve flaps F are pivotally mounted therewith. Exterior
      portion 14 is thereafter bonded or suitably affixed in any other manner to
      the assembled segments 16.
PAR  In the use or operation of the cardiac valve V of the present invention,
      the annular valve support S is affixed to the aorta, mitral, or tricuspid
      rings by sutures 12 affixing the exterior portion 14 to the aorta 10. In
      response to positive pulsatile flow of blood through the aorta 10, the
      cardiac valve V as shown in the closed position in FIG. 1, pivotally opens
      to that position pictured in FIG. 2. Conversely, in response to reverse
      pulsatile pressure of flow of blood, the cardiac valve V assumes a closed
      position as shown in FIG. 1. The particular contoured shape of the valve
      flap F as described hereinabove helps promote proper opening and closing
      of the cardiac valve V of the present invention. Furthermore, rounded
      surface 28t (FIG. 7) helps prevent turbulence in the blood flow during
      positive pulsatile pressure thereof.
PAR  Alternatively, instead of having the valve V formed with substantially
      identical flaps F, they may have modified different configurations. A
      single flap F or any number of flaps F hinged for opening and closing in
      accordance with the teachings of this invention could be provided.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A prosthetic cardiac valve adapted to be disposed in the aortic, mitral,
      or tricuspid rings, comprising:
PA1  an annular valve support having an exterior portion adapted to be attached
      to the aortic, mitral, or tricuspid rings and an interior portion forming
      an opening;
PA1  a plurality of adjacent valve flaps, each of said flaps being pivotally
      mounted to said annular valve support in circumferential disposition about
      said interior portion of said valve support to close said opening by
      engagement between said adjacent valve flaps and said valve support,
      wherein said valve flaps move from a closed position to an open position
      during positive pulsatile flow of blood through said opening in said
      interior portion of said valve support;
PA1  each of said valve flaps has a contoured surface area of a substantially
      triangular configuration with a hinged portion at the base of said
      substantially triangular configuration and a narrow end at the apex of
      said substantially triangular configuration, said hinged portion being
      pivotally mounted with said interior portion of said valve support and
      said narrow end extending into said opening formed in said valve support
      such that said valve flaps adjacent to one another effectively close said
      opening when said flaps are in said closed position; and,
PA1  each of said flaps includes a curved sealing surface formed adjacent said
      hinged portion of said flap cooperating with means on said valve support
      for sealably joining said flap to said valve support to allow pivotal
      movement of said flap with respect to said valve support while remaining
      in sealable engagement therebetween in the open or closed position.
NUM  2.
PAR  2. The structure of claim 1, wherein said contoured surface of each of said
      flaps includes:
PA1  a transverse cross-sectional portion transverse to the height and parallel
      to the base of said substantially triangular configuration at said narrow
      end of said flap having a substantially convex surface facing positive
      pulsatile pressure flow of blood and an opposing substantially concave
      surface facing the reverse pulsatile pressure of flow of blood to cause
      said flap to open under positive pressure of blood and to close under
      negative pressure of blood, said convex surface and said concave surface
      gradually diminishing in curvature from said narrow end to a substantially
      flat surface at said hinged portion of said flap for proper pivotal action
      thereof.
NUM  3.
PAR  3. The structure of claim 1, wherein said contoured surface of each of said
      flaps further includes:
PA1  a longitudinal curved surface paralleling the height of said generally
      triangular configuration, said longitudinal curved surface facing the
      positive pulsatile flow of blood having a substantially convex
      configuration adjacent said narrow end and continuously formed into
      substantially concave configuration adjacent said hinged portion for
      positive opening of said flaps during such pulsatile flow.
NUM  4.
PAR  4. The structure of claim 1, wherein each of said flaps further includes:
PA1  limiting means integrally formed with said interior portion of said valve
      support adjacent said curved sealing surface adjacent said hinged portion
      of each of said flaps to limit the extent of opening of said flaps during
      positive pressure flow of blood and to restrict the extent of closure of
      said flaps during negative pressure flow of blood.
NUM  5.
PAR  5. The structure of claim 4, further including:
PA1  pivotal mounting means integrally formed with said limiting means for
      pivotally mounting said hinged portion of each of said flaps to said
      interior portion of said valve support.
NUM  6.
PAR  6. The structure of claim 5, wherein:
PA1  each of said flaps is pivotally mounted adjacent to and below said limiting
      means by said pivotal mounting means.
NUM  7.
PAR  7. The structure of claim 6, wherein said pivotal mounting means includes:
PA1  a plurality of unitary flap mounts, each of said mounts capable of
      pivotally mounting one end of the base of each of said triangularly shaped
      flaps adjacent to one another, each of said mounts being generally of a
      "Y" configuration.
NUM  8.
PAR  8. The structure of claim 1, wherein said annular valve support includes:
PA1  a plurality of individual circumferential interengaging segments, each of
      said segments being mounted adjacent to one another, said segments
      providing for said pivotal mounting of said flaps with said valve support.
NUM  9.
PAR  9. The structure of claim 1, wherein:
PA1  said valve flaps are disposed substantially equally about the circumference
      of said opening of said valve support in substantially a pentagonal
      configuration.
NUM  10.
PAR  10. In a prosthetic cardiac valve adapted to be disposed within the aortic,
      mitral, or tricuspid rings, having an annular valve support forming an
      opening and at least one valve flap pivotally disposed about the annular
      valve support to close said opening, the improvement residing in the valve
      flap which comprises:
PA1  a generally flat body of a generally triangular configuration having a base
      pivotally mounted on the valve support at a hinged portion thereof and an
      end opposite said base and adapted to close the opening in the annular
      valve support when in the closed position and to pivot to open the same;
      and,
PA1  a curved sealing surface formed adjacent said hinged portion of said flap
      body cooperating with means on said valve support for sealably joining
      said flap body with the valve support while the valve is in an open or a
      closed position.
NUM  11.
PAR  11. The valve flap of claim 10, further including:
PA1  pivot means at each end of said base for pivotally mounting said flap body
      to the annular valve support.
NUM  12.
PAR  12. The valve flap of claim 10, wherein said generally flat flap body
      includes a contoured surface having:
PA1  a transverse cross-sectional portion transverse to the height and parallel
      to the base of said substantially triangular configuration at said narrow
      end of said flap having a substantially convex surface facing positive
      pulsatile pressure flow of blood and an opposing substantially concave
      surface facing the reverse pulsatile pressure of flow of blood to cause
      said flap to open under positive pressure of blood and to close under
      negative pressure of blood, said convex surface and said concave surface
      gradually diminishing in curvature from said narrow end to a substantially
      flat surface at said hinged portion of said flap for proper pivotal action
      thereof.
NUM  13.
PAR  13. The valve flap of claim 10, further including:
PA1  a longitudinal curved surface paralleling the height of said generally
      triangular configuration, said longitudinal curved surface facing the
      positive pulsatile flow of blood having a substantially convex
      configuration adjacent said narrow end and continuously formed into
      substantially concave configuration adjacent said hinged portion for
      positive opening of said flaps during such pulsatile flow.
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ABST
PAL  A prosthesis for replacement of a damaged joint or load-bearing structure
      in an animal or human body comprises a shaped structural member, a
      relatively thick or cushioning coating of a physiologically inert
      elastomer over the surfaces of the structural member in load-bearing
      relationship with the skeletal structure of the body, and an open-pore,
      tissue-ingrowth-receptive fabric coating the elastomer, all elements being
      firmly bonded to each other. In many embodiments, a stem of the prosthesis
      comprising the above elements is adapted to be inserted into a bone
      cavity, and is eventually affixed firmly thereto by fibrous tissue and
      bony ingrowth. Stability of the stem portion is enhanced by buttresses
      integral with the base of the stem.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 162,936, filed July 15,
      1971, now abandoned, which was a continuation-in-part of application Ser.
      No. 60,804, filed Aug. 4, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The repair of load-carrying skeletal members such as fractured bones,
      damaged or diseased joints, amputations, resections for malignancy or
      disease, and painful, malformed or otherwise mechanically affected
      skeletal components have hitherto been treated by the surgical techniques
      discussed below.
PAR  One most natural type of repair is autologous bone graft. Its use, however,
      exhibits at least one obvious, major deterrent, namely that of
      necessitating the complication of opening a second surgical site or bony
      sacrifice to provide the graft material. In addition, this type of repair
      requires special skill and improvisation on the part of the surgeon in
      fashioning the repair at the operating table within the time alloted for
      the surgery.
PAR  Various types of rigid and semi-rigid structurally splinted or stemmed
      devices have been used as bone replacement or as reinforcements or
      attachments to skeletal structure with varying degrees of success.
      Generally their use is initially very beneficial but over a period of
      years and months their efficacy often deteriorates because of loosening of
      the body attachment. It is believed that this effect results from high
      localized pressure loads imposed upon the bone by the hard-surfaced
      prosthetic material which tends to pinch off fine blood vessels and crush
      adjacent tissue, producing resorption of bone and necrotic degeneration in
      the affected zone. This effect is often noted only after the patient has
      been partially rehabilitated and attempts to put the affected limb or
      member into normal vigorous use.
PAR  At the forefront of current practice in this art are several techniques
      generally recognized as significant advancements in improving the
      biological compatibility of the prosthesis-to-bone interface and they are
      discussed below.
PAR  A. Bone cement.
PAR  This refers to an embedment system in which the metal stem of a prosthesis
      is cemented into intimate contact with porous hollow bone structure. A
      major advantage of this system is more uniform distribution of mechanical
      loads, elimination of relative motion between prosthesis and bone, and the
      achievement of much lower load per unit area (psi loading) than in devices
      of the earlier art, such lower loading more closely approaching the normal
      bone loading of undamaged natural skeletal structure. Problems associated
      with this technique include toxicity of the cement, necrosis of the
      adjacent bony layer due to heat of polymerization, incomplete filling of
      the cavity in the bone, and absence of resiliency.
PAR  B. Porous ceramic devices and porous ceramic coated metal stems.
PAR  This type of construction allows for a thin layer of tissue ingrowth into
      the pores and results in a very satisfactory type of biological interface
      where the brittle ceramics can be tolerated. Initial ingrowth of the
      patient's tissue into the prosthesis is, of necessity, fibrous and does
      not tend to develop calcium-rich bone until months or years
      postoperatively. Such ingrowth can be encouraged in the porous ceramic
      device by carefully controlled sandblasting to induce surface roughness
      while avoiding deep porosity with weakening of the ceramic structure.
      Since the tissue penetration is minimal, the joint strength is dependent
      on shear strength and resistance to cleavage in the thin fibrous
      attachment zone. Failure in either mode is usually complete and results in
      failure of the device. In addition, a shock mitigating resilient layer is
      absent.
PAR  C. Velour fiber coated metal stems.
PAR  The open literature reports over two years of animal testing involving
      partial limb replacement in amputations in which metal implants were
      velour-covered over a limited area at the distal end to obtain skin
      closure through tissue ingrowth. These tests did not make use of either
      full fabric jacketing or resilient cushioning. Therefore, the life of such
      implant does not usually exceed, and is often less than, six months. It is
      to be expected in such implants that even if it were fully fabric jacketed
      but without resiliency, in the longer term, the problems of rigid
      metal-to-bone interfacing would again be encountered after true bony
      fixation was obtained.
PAR  The above disadvantages are overcome and other advantages are also obtained
      by the present invention as will become apparent from the description
      below. This invention provides a strong, reinforced prosthesis which has a
      resilient, cushioning coating structure enclosing the reinforcement means,
      and a fibrous overlayer to encourage ingrowth of the patient's tissue and
      firm bonding of the prosthesis to the desired elements of the patient's or
      host structure. Thus, the device of this invention avoids the rigid or
      abrasive metal-to-bone facing, the brittleness of ceramic surfaces, has
      been observed to insert readily with minimal infection occurrences, and
      has exhibited good longevity in use in a patient. In addition, bonding of
      the components to each other is so efficiently and firmly effected in the
      present invention as to provide a reliable, load-bearing, high-strength
      transfer of loading from the reinforcing means across the elastomer jacket
      to the host bone.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns a prosthesis for the replacement of a
      damaged joint in an animal skeletal structure, particularly in a human
      skeletal structure; and more particularly it concerns a prosthesis
      comprising a shaped rigid core piece surrounded by an elastomeric,
      physiologically inert, cushioning body, and an outermost layer of a tissue
      ingrowth-receptive compatible open-pore fabric.
PAR  The shaped core reinforces the body to provide a load-bearing structure.
      When metal is employed as the core, it should be strong, lightweight, and
      resistant to attack by body fluids, such as titanium. Nonmetal cores may
      be rigid plastic.
PAR  A metal core may be shaped as by machining into the desired basic shape of
      the prosthesis to be made and then coated with the elastomer at least in
      the load-bearing areas to provide a resilient cushioned surface over the
      rigid core. In order to secure firm adhesion of the elastomer to the core,
      the surface of the core can be provided with gross holes or perforations
      for interlocking with the elastomer. Fibrous reinforcement for the
      elastomer, as will be later described, can be passed through holes in the
      rigid base to preferentially align with the stress axis of the primary
      load. Alternatively, the surface of the rigid core can be porous or
      chemically treated or etched, or it can be sandblasted, to promote
      adhesion of the elastomer or increase the effective surface of the core;
      or gross convolutions or irregularities can be provided on the rigid core
      surface to promote interlocking with the elastomer. Any desired
      combination of such treatment methods can be employed.
PAR  There are many devices in which the present invention can be used and the
      core can be shaped to conform to the desired use. Illustrative of these
      uses are the following devices made according to this invention, but
      without limiting the invention to such devices:
PAR  a. Stemmed hip joints.
PAR  b. Stemmed joints for knees, elbows, fingers, or toes.
PAR  c. Bone plates for use as replacements of articulating surfaces such as the
      knee (patella and tibial plateau) etc.
PAR  d. Bone plates and intramedullary nails or rods used for splinting fracures
      or performing joint arthrodesis.
PAR  e. Bone plates used for bone bridging as in major resections of the
      mandible in the case of trauma or cancer surgery.
PAR  f. Ceramic-coated metal-stemmed or metal-reinforced prostheses having a
      porous irregular ceramic surface for tissue ingrowth.
PAR  g. Devices utilizing ceramic, carbon, graphite and other rigid biologically
      inert prosthetic materials.
PAR  h. Devices using homograft and heterograft rigid bony transplant material
      prepared from human or animal donors.
PAR  i. Devices utilizing twisted metal strands or polymeric materials such as
      Dacron, nylon, Teflon (tetrafluoroethylene), polyethylene and the like
      hitherto used as thin bearing surfaces for joint lining as in the knee or
      hip, or as stiffening members in skeletal prostheses.
PAR  j. Implantable prosthetic teeth.
PAR  k. Calvarium replacement.
PAR  The core, base, or structural element may be metal, suitably titanium, but
      other inert materials such as disclosed above are also useful. In one form
      of the device the core is at least partially covered with, or embedded
      centrally in, a relatively thick coating body, or jacket of an elastomer,
      e.g. of silicone rubber (preferably medical grade), or other
      physiologically inert material. Preferably the elastomer is reinforced
      interiorly in addition to the core with inert fibrous material such as
      Dacron (polyethylene terephthalate), in a manner similar to that in which
      other load-bearing rubber or elastomer products, e.g. automobile tires,
      are reinforced to help them carry load, to restrict elongation, or to
      modify the stiffness of such products to match a given requirement. The
      fibers are suitably incorporated during the forming of the elastomer
      product or component by incorporating one or a plurality of layers of such
      fiber; or, less desirably, by random dispersal of such fibers through the
      elastomer mass. The layering procedure is preferred, and where the
      elastomer coating is applied to a metal or rigid material core having
      holes or apertures therein for affixation of the elastomer coating, some
      of the partially embedded fibers can, if desired, be passed through such
      holes to assist reinforcement. Preferably, the fibrous layer or fabric
      encapsulates and is attached to the metal reinforcing element where
      possible by suturing, by adhesive, or by prime coating or any combination
      thereof, and the whole is then co-molded with the elastomer, and with
      provision of a fabric-free layer of elastomer at the outer surface. An
      alternative technique can be used to incorporate the outer tissue-ingrowth
      fabric into the outer surface in a monolithic molding. The elastomeric
      body, layer, or coating is relatively thick, i.e. as thick as will be
      accommodated by the host site, to provide long-term cushioning of the
      bearing relationship between the host skeletal structure and the
      prosthesis, and, in some forms of the invention to share with the core the
      actual load bearing. Thickness of such coating in a femoral head
      prosthesis, for example, can be about 0.01 inch to 0.5 inch.
PAR  A layer of open-pore cloth fabric which is receptive to tissue ingrowth is
      disposed over the elastomer, i.e. at the surface thereof remote from the
      core, and is affixed thereto. Such a fabric can be velour, mesh, woven
      pile or the like, to invite tissue and bony ingrowth. One advantageous
      method of affixing the fabric to the elastomer is to coat the face of the
      fabric to be joined to such elastomer, e.g. by spraying, painting,
      dipping, or other desired method, with raw unvulcanized elastomer,
      especially silicone rubber, to partially impregnate the fabric. Sufficient
      depth of mesh or fiber surface is maintained free of the rubber to
      encourage the ingrowth mentioned above. About one-half of the depth of
      mesh or fiber surface is preferably maintained free of rubber. The
      impregnated fabric is then fitted over the prosthesis and smoothly affixed
      thereto by vulcanizing the elastomer impregnant, at a suitable temperature
      well known for the particular elastomer. When non-vulcanizing elastomers
      are employed, they are just heated beyond their melt temperature and then
      cooled. It will be understood that vulcanizing catalysts can be
      incorporated in the elastomer, if desired. Also, if desired, a
      water-or-solvent-soluble inert coating material, such as
      carboxymethylcellulose, methylcellulose, ethylcellulose, or mucilage can
      be first applied to the exterior face of the open-pore fabric by spraying
      or spreading of a thick solution of the barrier material to protect the
      pores of pile to the desired depth and keep them free of the rubber and is
      then dried, after which the fabric is subjected to the rubber-impregnation
      treatment. After impregnation molding and vulcanization are completed, the
      device is washed with water to remove remaining water-soluble coating from
      the exposed fibers.
PAR  Alternatively, an adhesive compatible with bony tissues as well as with the
      materials used in the construction of the prosthesis may be used to affix
      the tissue-ingrowth fabric. A further alternative, affixing the fabric and
      core to the elastomer by rubber impregnation as described above, the
      fabric, after application over the elastomer, can be sutured at its
      meshing edges or margins and at appropriate stress points, the sutures
      also extending into the elastomer. In special instances, the suture may
      pass through or around the internal stiffening members.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The device or article of the present invention and some modes of carrying
      out the invention will also be illustrated by the annexed drawings,
      wherein:
PAR  FIG. 1 is a side elevational view of a femoral head prosthesis.
PAR  FIG. 2 is an elevational view of the device of FIG. 1 taken 90.degree. to
      the right or, so-to-speak, a rear elevation.
PAR  FIG. 3 is a cross-sectional view of the stem of the device of FIG. 1, taken
      on line 3--3, exaggerated as to the reinforced elastomer coating.
PAR  FIG. 3a is another view like FIG. 3 but showing suturing of the fibrous
      layers and coating and only partially sectional, for clarity.
PAR  FIG. 4 is a top perspective view of an acetabulum prosthesis.
PAR  FIG. 5 is a top view, cut away in layers and showing in detail the
      structure of the reinforced elastomer, of the device of FIG. 4.
PAR  FIG. 6 is a cross-sectional view of the device of FIG. 4, taken on line
      6--6.
PAR  FIG. 6a is a similar cross-sectional view of the metal cup of FIG. 6 alone.
PAR  FIG. 7 is a sectional view of an artificial hip joint showing placement of
      the prostheses of FIGS. 1 to 6, when in use, the host skeletal structure
      being shown in phantom.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention will be described as to several embodiments illustrated in
      the accompanying drawings, like numerals being used to designate like
      parts.
PAR  In one embodiment of this invention, a femoral head prosthesis 10 as shown
      in FIGS. 1 through 3a comprises a femur head 15 having a neck 11 and base
      or shoulder 12, all formed of a suitable rigid plastic or metal,
      advantageously, in this embodiment, of titanium. Affixed to shoulder 12 or
      integral therewith is metal stem 13 which is of elongated conical shape,
      tapering to a small end 14 remote from shoulder 12 and being of sufficient
      length to extend a substantial distance into the medullary canal of a
      femur to be treated. Stem 13 is coated with a relatively thick layer 16 of
      silicone rubber, usually of about one-eighth inch in thickness, which
      completely coats all surfaces of stem 13 and extends beyond end 14
      thereof, being also of elongated conical or tapering shape. Elastomer
      coating 16 is reinforced with a plurality of layers 18 of fiber, suitably
      Dacron fiber. Stem 13 is provided with an aperture 17 and in casting
      coating 16 onto stem 13 in some variants a portion of the fiber layers may
      be passed through aperture 17 to improve bonding and anchoring of coating
      16 to stem 13. Advantageously, stem 13 is also fixed in place by sutures
      20 which pass through at least several fibrous layers 18, around stem 13
      and through aperture 17, as shown in FIG. 7 especially. Disposed on the
      surface of coating 16 is a layer 19 of open pore Dacron velour partially
      impregnated with and having an underlayer of elastomer 21 bonding the
      velour to the elastomer surface, the velour remaining open at its outer
      surface. However, FIG. 3a shows an alternative method of procedure wherein
      a layer of mesh fabric 22 is affixed to coating 16 by sutures 20 which
      pass through layer 22 and coating 16, passing also around one or more of
      reinforcing layers 18 so that sutures 20 are securely anchored and in turn
      firmly hold and affix mesh layer 22.
PAR  FIGS. 4 through 6 illustrate an acetabulum prosthesis 25, which comprises a
      titanium metal reinforcing cup 26 of hemispherical shape and having an
      angular flange 27 at its base. A bearing surface 29 of suitable hard,
      physiologically inert polymeric material, advantageously of Teflon
      (tetrafluoroethylene), polyethylene, polypropylene, or the like is affixed
      to inner or concave face 30 of cup 26 by means of medical rubber cement,
      or retained by other suitable means. Disposed on convex face 31 of cup 26
      is relatively thick elastomer coating or cushion 32 contoured to face 31
      and extending over and supported by flange 27. A plurality of apertures 33
      are provided in cup 26 in this embodiment to key coating 32 to cup 26 and
      assist in affixing it firmly thereto. A plurality of layers 35 of Dacron
      fibers are disposed within coating 32 as reinforcing elements. In order to
      affix coating 32 to face 31 it will be understood that alternatively or in
      addition to apertures 33, face 31 can be chemically primed; or can be
      sandblasted to provide greater surface area, or both. Disposed at the
      exterior face 36 of coating 32 is velour layer 37, affixed to coating 32
      by an elastomer underlayer 38 as in FIGS. 1-3.
PAR  FIG. 7 shows the placement and coaction of femoral head prosthesis 10 and
      acetabulum prosthesis 25, the stem of prosthesis 10 being inserted in the
      medullary canal of a femur and shoulder 12 being supported on the shoulder
      thereof, while prosthesis 25 is placed in a corresponding cup-shaped
      depression in the outer surface of a hipbone (bones being shown in
      phantom). A metal band 60 is secured around the member 29 in a recess 61.
      Temporary means for retention of the prostheses in the cavities during the
      period of initial ingrowth may be used as necessary. Pins 62 through the
      flange 27 and pins 63 through the flange 64 may serve this function.
PAR  In making the prosthesis of this invention, the device is suitably molded
      to the desired shape, depending upon the joint to which it is to be
      applied such as elbow, hip, knee, finger, toe, or other, especially the
      load-bearing sites or those likely to be under high stress in an animal or
      human body. The reinforcing fabric layer or multiple layers are in place
      in the mold, along with the plastic or metal reinforcing member
      pre-treated as indicated above if desired, and the mold is filled with the
      elastomer, advantageously a silicone rubber, and solidified to form the
      desired shaped base prosthesis. Other physiologically compatible
      elastomers can be used instead of the silicone rubber. The size of each
      prosthesis is tailored to the body into which it is to be inserted.
PAR  The tissue ingrowth-receptive, open pore fabric is suitably thereafter
      applied to the formed base prosthesis. As mentioned above, this is
      advantageously done by partially impregnating the fabric, i.e. at its
      inner surface and partially through the open pores or fibers, sufficient
      openings remaining to effect firm bonding by ingrowth of tissue or bony
      structure. Such impregnation may be done by any of several alternative
      techniques:
PAR  1. Pressure impregnation.
PAR  Raw unvulcanized rubber is hydraulically pressed into pile fabric between
      matched mold faces. This is optimally done at room temperature in fabrics
      of 1/2 to 1 millimeter thickness at contact pressures from 100 to 500 psi
      for periods of 5 to 15 minutes under pressure. Minimum delay is exercised
      in accomplishing forming and vulcanizing in order to minimize migration of
      silicone by wicking action into the tissue interface zone of the cloth.
PAR  2. Dispersion coating.
PAR  Improved wetting of cloth fibers and improved bond strength approximating
      the full strength of silicone rubber is obtained by dissolving raw
      silicone rubber with a suitable fugitive solvent (chloroform) so that it
      may be spread into intimate contact with the pile fabric, filling fine
      interstices to create an improved bonding surface.
PAR  3. Medical adhesives.
PAR  Commercially prepared silicone rubber adhesives which are specially
      compounded to cure in closed wounds or open air by hydrolizing with
      available moisture may be spread on pile fabric to achieve a bond between
      cloth and prosthesis. Generally, however, these adhesives are of low
      strength due to their particular chemistry and can be used only in limited
      circumstances.
PAR  4. Suturing.
PAR  Surface interfacing cloth may be directly attached to the prosthesis with
      sutures (Dacron) without use of any rubbery bonding material. Sutures are
      placed along joining margins and in appropriate stress points. Sutures
      need not be tight, allowing for a finite amount of freedom to invite
      deeper invasion by ingrowth tissue. Sutures may be arranged in "X" pattern
      to encircle metal reinforcement or to provide limited flexibility by
      flexure of the "X" pattern similar to accordion motion.
PAR  5. Preferred attachment techniques are combinations of items 1, 2, and 4,
      but with a safety factor added in the form of a soluble inert coating
      which may first be applied to the physiological interface of the cloth to
      inhibit undesirable impregnation of the fibers with silicones which
      inhibit tissue attachment. (A typical inert coating is carboxy ethyl
      cellulose.) This coating material may be used in either of two ways;
PAR  1. Optimally, it is coated on the fabric and laid directly into the female
      cavities of the prosthesis mold enabling a monolithic one-step operation.
PAR  2. The coating may be first applied to fabric, dried, then hydraulically
      impregnated or dispersion coated with silicone rubber, then applied to a
      pre-formed prosthesis.
PAR  Surgical insertion of the prosthesis is accomplished with conventional
      techniques.
PAR  The above specific description and drawings have been given for purposes of
      illustration only and modifications and variations can be made therein
      without departing from the spirit and scope of the appended claims. Where
      "rubber," "rubbery elastomer" or "elastomer" are mentioned herein, it will
      be understood that medical grade material is meant; and an especially
      useful material is available in commerce after the trademark "Silastic"
      (Dow Corning Co.).
CLMS
STM  Having now described the invention, what is claimed is:
NUM  1.
PAR  1. A hip prosthesis for repairing a damaged hip joint in an animal skeletal
      structure, comprising in combination:
PA1  I. an acetabulum prosthesis having
PA2  a. a hemispherical metal cup having an exterior annular flange at its base,
      a concave surface and a convex surface,
PA2  b. a relatively thick cushioning layer of an elastomer disposed over and
      covering said convex face and said flange,
PA2  c. an open pore, physiologically inert coating of fabric disposed over and
      covering said elastomer, and adapted to receive host tissue ingrowth,
PA2  d. said cup, said elastomer and said coating all being firmly bonded to
      each other, and
PA1  Ii. a femoral head prosthesis having a ball at one end, said ball fitting
      in said cup.
NUM  2.
PAR  2. The prosthesis of claim 1 wherein the concave surface of the metal cup
      has affixed to it a polymeric surface adapted to receive and coact with
      said femoral head.
NUM  3.
PAR  3. The prosthesis of claim 2 wherein said polymeric surface's annular
      flange lies beyond the arc of the hemisphere and has an annular exterior
      recess, and a metal band in said recess retaining said ball in said cup.
NUM  4.
PAR  4. The prosthesis of claim 3 wherein said metal cup has a radial flange
      extending around said cup, for securing pins for temporary anchoring to
      bone structure.
NUM  5.
PAR  5. A hip prosthesis for repairing a damaged hip joint in an animal skeletal
      structure, comprising in combination:
PA1  I. an acetabulum prosthesis having
PA2  a. a hemispherical metal cup having an exterior annular flange at its base,
      a concave surface and a convex surface,
PA2  b. a relatively thick cushioning layer of an elastomer disposed over and
      covering said convex face and said flange,
PA2  c. an open pore, physiologically inert coating of fabric disposed over and
      covering said elastomer, and adapted to receive host tissue ingrowth, and
PA2  d. said cup, said elastomer and said coating all being firmly bonded to
      each other, and
PA1  Ii. a femoral head prosthesis having a ball at one end, said ball fitting
      in said cup, said femoral head prosthesis comprising
PA2  a. a stem adapted to be inserted into a medullary canal of a bone of said
      structure,
PA2  b. a reinforcing core extending into said stem,
PA2  c. a cushioning coating of elastomer over said core, secured to and at
      least partially enclosing the same, and
PA2  d. a surface covering of open-pore material secured to said elastomer and
      adapted to receive host tissue ingrowth.
NUM  6.
PAR  6. A femoral head prosthesis, including in combination:
PA1  a. a rigid ball member,
PA1  b. a rigid stem core member extending from said ball member and integral
      therewith,
PA1  c. a cushioning coating of elastomer secured to and at least partially
      enclosing said stem core member, and
PA1  d. a surface layer of fibrous material capable of receiving tissue ingrowth
      secured to at least a portion of said elastomer.
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PAL  A swimming pool which has a plastic liner sheet having an inner surface
      directed toward the interior of the pool to define the interior thereof
      and an outer surface directed away from the interior of the pool. A
      plastic backing structure which is rigid engages the outer surface of the
      liner sheet so as to form a backing for the latter. The plastic backing
      structure takes the form of a plurality of units situated one next to the
      other along the periphery of the pool with each of these units being
      composed of a series of extrusions situated one next to the other. Each of
      the extrusions is hollow and has front and rear parallel walls
      interconnected by strips which are situated one above the other between
      these walls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to swimming pools.
PAR  In particular, the present invention relates to components which may be
      assembled together to form at least part of a swimming pool.
PAR  It is conventional at the present time to construct swimming pools in such
      a way that a plastic sheet, such as a vinyl sheet, defines the interior of
      the pool. It is conventional to support such a sheet at its lower region
      directly on the ground at a part of the ground which has been hollowed out
      for this purpose, the hollowed out part of the ground being initially
      lined with mason sand, for example, so as to have a relatively smooth
      surface on which the plastic sheet rests at its lower region. The upper
      vertically extending part of the plastic sheet, however, must be a
      supported by a suitable backing structure, and for this purpose it is
      conventional to use metal backing sheets which are suitably anchored and
      which are provided at their upper regions which a structure to which the
      top of the vinyl sheet can be connected.
PAR  Conventional structures of this latter type have several disadvantages.
      Thus, while the plastic sheet presents no particular problem since it can
      be readily folded into a compact unit for shipping purposes and can easily
      be unfoled and spread out at the site of the pool, the other structure of
      the pool does not have these conveniences and advantages. For example the
      metal backing sheets must be fabricated in the form of large flat sections
      which are very heavy and difficult to transport and handle during setting
      up of the pool. Furthermore, it is difficult to connect the top edge of
      the plastic sheet to the metal backing elements in a fluid-tight manner.
      The result is that water will sometimes flow from the pool to a location
      between the plastic sheet and the metal backing, creating in this way a
      faulty pool. The access of water to the rear or outer surface of the
      plastic sheet must be avoided, and it is not always possible to prevent
      the water from having access to the outer surface of the plastic sheet
      with conventional constructions.
PAR  Furthermore, inconveniences and problems are encountered with respect to
      circulation of the pool water for filtering purposes. Constructions of the
      above type composed of a plastic sheet and a metal backing therefor do not
      lend themselves to use of an overflow gutter. Therefore it is customary
      with such constructions to provide an opening in the side of the pool for
      attachment of a skimmer installation through which water can flow out of
      the pool to be filtered before being returned to the pool. The attachment
      of such a skimmer installation itself creates problems because of the
      complexity of such installations and the inconvenience in connection with
      the attachment thereof to the metal pool wall.
PAR  A further problem encountered with conventional pool constructions of the
      above type resides in the fact that the variety of pool configurations is
      limited. Thus, the metal backing sheets are relatively thick sheets of
      steel which do not lend themselves to curving to the desired extent, so
      that as a result such backing sheets remain straight, necessitating pools
      of polygonal configuration composed of straight sections which are
      angularly adjoined one to the next. While such steel backing sheets are
      flexible to some extent, it is only with extreme difficulty that it is
      possible to curve these sheets to the desired extent in order to obtain
      curved pools. As a result pools of this general type of necessity have
      relatively sharp corners which are not always desirable.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide
      swimming pool components which can be assembled to form a pool of
      practically any desired configuration while at the same time avoiding the
      drawbacks referred to above.
PAR  More specifically, it is an object of the present invention to provide a
      swimming pool with a sheet backing structure composed of a plastic
      material so that a relatively light-weight backing structure which can be
      easily shipped is achieved.
PAR  Furthermore, it is an object of the present invention to provide a backing
      structure of the above type which can be broken down into small light
      units which can be easily shipped in a compact manner to any desired
      location, with these units being fabricated easily and inexpensively and
      being easily handled both for shipping purposes and for setting up the
      pool.
PAR  Furthermore it is an object of the present invention to provide a pool
      construction which will reliably prevent any water from reaching the outer
      surface of the plastic sheet.
PAR  In addition it is an object of the present invention to provide a pool
      construction of the above type which can conveniently be associated with a
      gutter assembly into which the pool water can overflow so that the
      inconveniences in connection with skimmer installations can be avoided.
PAR  Also it is an object of the present invention to provide a pool
      construction which lends itselt to use tieh a concrete deck.
PAR  In addition it is an object of the present invention to provide a pool
      construction where practically all of the components, except for the
      plastic sheet and some anchoring elements, can conveniently and
      inexpensively be manufactured from plastic extrusions, so that the pool
      can be assembled of light-weight inexpensive parts.
PAR  Furthermore, it is an object of the present invention to provide swimming
      pool components which can easily be fabricated in curved configurations
      enabling swimming pools of any desired curvature and configuration to be
      manufactured inexpensively.
PAR  According to the invention the swimming pool includes an inner plastic
      liner sheet having an inner surface directed toward and defining the
      interior of the pool and an outer surface directed away from the interior
      of the pool. A plastic backing means which is rigid engages the outer
      surface of the sheet so as to form a backing for the latter.
PAR  The plastic backing means includes a plurality of units situated one next
      to the other along the periphery of the pool. Each of these units is made
      up of a series of elongated extrusions situated one next to the other.
      Each of these extrusions has an inner vertical wall engaging the outer
      surface of the liner sheet and an outer vertical wall which is parallel to
      and spaced from the inner wall, each extrusion having a plurality of
      strips situated between and integrally joined with the inner and outer
      walls. In this way although each hollow extrusion is of a relatively light
      weight nevertheless it is provided with the required strength and
      rigidity, and at the same time these extrusions can be manufactured at
      relatively low cost.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a top plan view of one possible embodiment of a pool according to
      the invention, FIG. 1 showing the pool without the gutter and outer deck
      which surrounds the pool;
PAR  FIG. 2 is a schematic vertical section taken along line 2--2 of FIG. 1 in
      the direction of the arrows illustrating how the backing means are
      anchored and braced;
PAR  FIG. 3 is a fragmentary perspective partly exploded view of part of a unit
      of a backing means and the anchoring structure of FIG. 2 as well as the
      structure for connecting a pair of units of the backing means one to the
      next;
PAR  FIG. 4 is a fragmentary perspective exploded view of a pair of backing
      units forming a corner of a pool with a connector means shown between
      these units;
PAR  FIG. 5 is a fragmentary perspective illustration of a pool having a
      configuration different from that of FIG. 1;
PAR  FIG. 6 is a fragmentary vertical sectional view taken along line 6--6 of
      FIG. 5 in the direction of the arrows and showing at a scale which is
      considerably enlarged as compared to FIG. 5 the manner in which various
      components of the invention are assembled and supported on the ground as
      well as connected with a surrounding concrete deck;
PAR  FIG. 7 is a fragmentary sectional plan view taken along line 7--7 of FIG. 6
      in the direction of the arrows ans showing how a pair of successive units
      of the backing means are joined to each other as well as illustrating how
      the bracing an anchoring is constructed;
PAR  FIG. 8 is a fragmentary sectional plan view of a corner of the pool of the
      invention, FIG. 8 illustrating how the parts shown in FIG. 4 cooperate;
PAR  FIG. 9 is a top plan view of a further possible configuration of a pool
      according to the invention;
PAR  FIG. 10 is a fragmentary perspective illustration of a cover means for a
      gutter as well as part of a connecting means for the top of the plastic
      sheet;
PAR  FIG. 11 is a fragmentary perspective illustration of an extrusion forming a
      gutter and the remainder of the sheet-connecting means which cooperates
      with part of the structure of FIG. 10;
PAR  FIG. 12 is a fragmentary perspective illustration of one of the extrusions
      of a unit of a backing means, with part of the next-lower extrusion shown
      in phantom lines;
PAR  FIG. 13 is a fragmentary perspective illustration of a concrete retainer
      means capable of being assembled with the upper outer portion of the
      gutter extrusion of FIG. 11;
PAR  FIG. 14 ia a fragmentary sectional plan view of a corner connector means
      different from those illustrated in FIGS. 4 and 8;
PAR  FIG. 15 is a fragmentary top plan view of a corner of the finished pool
      illustrating the miter connection which may be utilized.
PAR  FIG. 16 is a view similar to FIG. 2 showing further anchoring structure;
PAR  FIG. 17 is a sectional elevation fragmentarily illustrating another
      embodiment of a structure for connecting backing extrusions one to the
      next;
PAR  FIG. 18 is a fragmentary elevation illustrating part of a structure
      utilized during erection of the pool to maintain the units of the backing
      means at proper elevations;
PAR  FIG. 19 is a fragmentary sectional elevation showing a connecting structure
      as illustrated in FIG. 17 utilized in connection with a concrete retainer
      as well as illustrating another type of structure for connecting the liner
      sheet to the backing means;
PAR  FIG. 20 is a perspective fragmentary elevation showing another embodiment
      of a backing means according to the invention;
PAR  FIG. 21 is a fragmentary perspective illustration of a concrete retaining
      and liner sheet holding structure used with the embodiment of FIG. 20; and
PAR  FIG. 22 is a fragmentary perspective illustration of a structure used in
      the assembly of FIG. 20 at the lower part thereof.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, there is schematically illustrated
      therein one possible pool construction in accordance with the invention
      with the parts shown in FIGS. 1 and 2 at a necessarily reduced scale. The
      details of the components of FIGS. 1 and 2 are described in greater detail
      below and shown in greater detail in other figures. Furthermore, for the
      sake of simplicity FIGS. 1 and 2 only show that part of the pool which
      includes the plastic liner sheet, the backing means for the lining sheet,
      and the anchoring means.
PAR  Thus, referring to FIG. 1, there is illustrated therein in a top plan view
      the interior of the pool, this interior being defined by the inner surface
      20 of a plastic liner sheet 22 made of any suitable plastic such as a
      suitable vinyl. This plastic liner sheet lines the entire interior of the
      pool and is adapted to be substantially filled with water. The shallow end
      of the pool is shown at the right portion of FIG. 1 which extends from the
      right end of the pool, as viewed in FIG. 1, up to the line 24. From the
      line 24 toward the left, as viewed in FIG. 1, the pool becomes gradually
      deeper until it reaches the deepest portion 26, and from this deepest
      portion the sides of the pool are inclined outwardly and upwardly as
      illustrated.
PAR  In order to construct such a pool the ground is hollowed out all around the
      pool in the manner illustrated in FIG. 2. Thus, the outer periphery of the
      hollowed out part of the ground is provided with a horizontal surrounding
      ledge 28 and then at the inner periphery of the ledge 28 the ground is
      further hollowed out, as shown at 30 in FIG. 2 in order to provide the
      deeper part of the pool shown to the left of the line 24 in FIG. 1. In
      order to provide a proper supporting surface for the plastic liner sheet
      22 the ground is spooned out with mason sand 32 as indicated fragmentarily
      in FIG. 2. The ledge 28 will have a configuration conforming to the outer
      peripheral configuration of the pool, an all along the inner edge of the
      ledge 28 is located the backing means 34 of the present invention. This
      backing means 34 backs the outer vertical surface portion of the sheet 28
      at the location where the sheet 28 extends upwardly beyond the elevation
      of the ledge 28. Downwardly beyond this elevation the sheet is fully
      supported by the mason sand 32 in order to provide the deeper portion of
      the pool shown to the left of the line 24 in FIG. 1. Thus, the sheet 22 is
      shown schematically in FIG. 2 extending upwardly from the deeper part of
      the pool along the inner surface of the backing means 34 and slightly
      overlapping the upper part of the backing means.
PAR  The backing means 34 includes a series of units 36 situated one next to the
      other along the periphery of the pool and joined by connector means 38
      schematically illustrated in FIG. 1. The several connector means 38 are
      shown at the straight sides of the pool, and additional unillustrated
      connector means are located at the corners of the pool as described below
      in connection with FIGS. 4 and 8. Each connector means 38 is fixed with an
      anchoring means 40 which includes a stiff metal sheet structure 42 and an
      anchoring stake 44 shown schematically in FIG. 2. After the pool has been
      set up in the manner shown schematically in FIGS. 1 and 2, the earth will
      be filled in around the anchoring means 40 and up to the outer surface of
      the backing means 34, and then on the ground there will be situated a
      suitable concrete deck, for example, as described in greater detail below.
PAR  One of the units 36 of the backing means 34 is fragmentarily illustrated in
      FIG. 3, while a pair of the units 36 situated as a corner of the pool are
      fragmentarily illustrated in FIG. 4. The successive units 36 are
      interconnected by the connector means 38 which is shown more clearly in
      FIG. 3, with a corner connector means 46 being shown in FIG. 4. Each of
      the units 36 is made up of a series of elongated extrusions 48 situated
      one above the other at each unit 36 and connected one to the next in a
      manner described in greater detail below. Referring to FIG. 12, the
      details of each extrusion 48 are illustrated therein. Thus each extrusion
      48 has an inner wall 50 which extends vertically and a parallel vertical
      outer wall 52 which is spaced from the inner wall 50. This inner wall 50
      engages the outer surface of the plastic liner sheet 22, while the inner
      surface of the latter of course defines the interior of the pool which
      receives the water. The parallel walls 50 and 52 of the plastic extrusion
      48 are interconnected by a series of horizontal strips 54 situated one
      above the other between the walls 50 and 52 and extending perpendicularly
      to these walls, these strips 54 being extruded simultaneously with the
      walls 50 and 52 so as to be integral therewith.
PAR  Beneath the lowest strip 54 the walls 50 and 52 terminate in a pair of
      inwardly directed flanges 56 which are spaced from each other as
      illustrated at the lower part of FIG. 12. The uppermost one of the series
      of parallel horizontal strips 54 forms an upper end strip 58 of the
      extrusion 48. This upper end strip 58 is integrally extruded with a
      connecting means 60 which forms a springy connecting means to interconnect
      each extrusion 48 with the next higher extrusion. The springy connecting
      means 60 includes a pair of vertical ribs 62 which extend upwardly from
      and are integrally extruded with the upper end strip 58. The springy
      connecting means 60 further includes a pair of outwardly directed flanges
      64 which are integral with the ribs 62 and project horizontally outwardly
      from the space between the ribs 62. Thus the flanges 64 define with the
      upper end strip 58 a pair of grooves 66. The outer edges of the horizontal
      flanges 64 are integrally formed with a pair of upwardly and inwardly
      curved tongues 68. Thus, this entire structure of the extrusion 48 is
      extruded in one piece of a suitable plastic through a suitable extrusion
      die, and from the die a structure as shown fragmentarily in solid lines in
      FIG. 12 continuously issues to be cut in suitable lengths. Thus, these
      lengths will correspond to the distance between the successive connector
      means 38. Solely by way of example, the extrusions 48 may each have a
      total height on the order of seven or eight inches, and the extrusion
      issuing from the extruder may be cut into lengths of six feet, for
      example. However it is to be understood that the extrusions may have any
      desired length while the height of the extrusions can also vary
      considerably.
PAR  Extrusions as described above, while being of an extremely light weight are
      nevertheless very strong and rigid as a result of the horizontal strips 54
      which extend between the inner and outer walls 50 and 52. Because these
      extrusions are cut into the desired lengths and are of a relatively small
      height, they can easily be packed so that shipping can be carried out in
      an extremely convenient manner. At the site of the pool, the series of
      extrusions 48 which will form a single unit 36 will be assembled together
      simply by snapping one extrusion 48 onto the next lower extrusion. Thus,
      the inwardly directed flanges 56 at the lower end of one extrusion 48 will
      be pressed downwardly against the upper convexly curved surfaces of the
      springy tongues 68 to deflect the latter inwardly toward each other into
      the space between the flanges 56. As soon as the lower edges of the
      tongues 68 move upwardly beyond the inner edges of the flanges 56, these
      tongues snap out so that the flanges 56 of one extrusion become reliably
      situated in the grooves 66 of the next lower extrusion. Through this
      construction it is possible without the use of any tools to quickly
      assemble the desired number of extrusions together in order to form a unit
      36. FIG. 12 shows in phantom lines part of an extrusion 48 which is
      situated below the extrusion 48 which is fragmentarily shown in solid
      lines in FIG. 12.
PAR  At the site the several extrusions 48 of each unit 36 are assembled
      together, and of course these extrusions 48 are of equal lengths so that
      the ends of the extrusions of a given unit 36 of the backing meand 34 will
      all be lined up with each other. The several units 36 are mounted in an
      erect position at the region of the inner edge of the ledge 28. The
      successive units 36 are held together by the plurality of connector means
      38. Thus, referring to FIGS. 3 and 7, each connector means 38 has a pair
      of channels 70 which respectively receive the ends of adjoining units 36
      with a snug fit. Each channel 70 has a pair of opposed side walls defining
      between themselves the space which receives an end region of a unit 36,
      and transverse surfaces 72 extend between the inner surfaces of these side
      walls of each channel 70. The units 36 are introduced into the channels
      all the way up to the transverse surfaces 72. In the example of a
      connector means 38 which is illustrated in FIGS. 3 and 7, the pair of
      channels 70 are interconnected by a common wall 74 the opposed surfaces of
      which form the pair of inner surfaces 72 of the pair of channels 70 shown
      in FIG. 7. The height of each unit 36 can be somewhat greater than the
      length or height of each connector means 38 so that the uppermost
      extrusion 48 of each unit 36 will extend somewhat higher than each
      connector means 38, and if desired these uppermost extrusions 48 can be
      made slightly longer than the others and provided with shoulders the
      length of which is equal to half the thickness of the common wall 74, wo
      that at the place where the upper extrusions 48 project upwardly beyond
      the connector means 38, the upper extrusions of a pair of adjoining units
      will butt against each other. The lower flanges of the lowermost extrusion
      48 can directly engage the ledge 28.
PAR  Each connector means 38 is provided with an outwardly directed integral
      flange 76 situated in the same plane as and forming a continuation of the
      common wall 74. This flange 76 extends throughout the entire height or
      length of each connector means 38. The connector means 38 are also in the
      form of plastic extrusions. Thus suitable plastic material is extruded
      through a suitably shaped die so as to form an extrusion which is cut into
      the required lengths for forming the several connector means 38.
PAR  The flange 76 is punched through so as to be formed with a series of
      elongated openings 78, and these openings 78 may be formed either before
      or after the extruded material is cut into the lengths which form the
      plurality of connector means 38.
PAR  The anchoring means 40 is connected to each connector means 38 at the
      flange 76 thereof. This anchoring means 40 includes the relatively strong
      metal sheet 42 shown in FIG. 2 and illustrated in greater detail in FIG.
      3. This sheet which may be made of steel, for example, has an upper
      inclined edge provided with a flange 80, and at its outer edge it has a
      flange 82 which in effect forms an angle iron integral with the sheet 42
      so as to define therewith an elongated channel capable of receiving the
      vertically extending stake 44 which is itself in the form of an angle
      iron. This stake is of course provided with a lower pointed end so that it
      can readily penetrate into the ground. The lower end of the sheet 42 has a
      horizontal flange 84 which may rest on a suitable supporting plate
      structure if desired, although it may also rest directly on the ground at
      the ledge 28. The upper inclined flange 80 is cut at one end so that the
      flange 76 of the connector means 38 can be located directly next to the
      sheet 42, and this sheet is formed with openings which will become aligned
      with the elongated openings 78 so tht bolt-and-nut assemblies 86 can be
      passed through the openings of the sheet 42 and through the openings 78 in
      order to fix the anchoring means 40 to each connector means 38.
      Thereafter, the stake 44 is driven down through the channel which is
      formed by the angle iron 82, and the flanges 80 and 84 are suitably cut so
      as to enable the stake 44 to move downwardly across the outer ends of
      these flanges. One wall of the angle iron 44 may have one or more openings
      to be aligned with one or more openings formed in the sheet 42, as
      schematically shown in FIG. 3, so that suitable bolts may also pass
      through the anchoring structure at this location. In this way each
      connector means 38 is reliably anchored to the ground and the backing
      means 34 is held in a fixed position.
PAR  The pair of units 36 which join each other at each corner of the pool are
      connected together by a connector means 46 in the same way as described
      above in connection with FIGS. 3 and 7, except that in this case the pair
      of units 36 are perpendicular to each other. Thus, for this purpose each
      corner connector means 46 has a pair of channels 88 which are at right
      angles to each other and which are defined by a pair of channel walls
      defining the spaces which receive the ends of the units 36 as indicated in
      FIGS. 4 and 8. The opposed walls of each channel 88 are interconnected at
      their inner surfaces by transverse inner surfaces 90 against which the
      ends of the adjoining units 36 are placed. However, in this case the inner
      surfaces 90 form parts of a pair of separate walls 92 which are integral
      and perpendicular to each other. Moreover, the outer walls of the channels
      88 have extensions which intersect to form a corner 94, so that in this
      way the corner connector means 46 has a hollow tubular section 96.
      Moreover, the inner walls of the channels 88 are interconnected by a
      fillet wall 98. In this way a smooth transition is provided for the liner
      sheet 22 at the region where it extends between a pair of vertical wall
      portions of the pool, as indicated most clearly in FIG. 8. It is to be
      noted that FIG. 7 also shows how the liner sheets 22 engages the inner
      surface of the connector means 38 and the adjoining inner surfaces of the
      units 36.
PAR  It is to be noted that the corner connector means 46 is also made of
      plastic and is in the form of an extrusion. Thus, the extruded material
      which issues to form a corner connector means 46 is cut into suitable
      lengths so as to form a corner connecting means 46 having the height which
      is illustrated, for example, in FIG. 4.
PAR  Referring to FIG. 14, there is illustrated a corner connector means 100
      which is identical with the corner connector means 46 described aove and
      shown in FIGS. 4 and 8, except that the corner connector means 100 has
      integrally extruded with the remainder of its structure an outwardly
      extending flange 102 which corresponds to the flange 76 of the connector
      means 38 and which can be joined in the same way with an anchoring means
      40. However, depending upon the conditions encountered at a given
      location, it may be preferred to use connector means 46 without the
      anchoring structure. In this connection reference is made to FIG. 5 which
      shows a finished pool 104 which has all of the features described above
      except that this pool 104 has a jog 106 providing the pool with an
      inwardly directed corner 108 in addition to the outwardly directed
      remaining corners 110. At any of the corners 110 it is possible to select
      between the connector means 46 or the connector means 100. However, at an
      inside corner 108 as shown in FIG. 5 a connector means 46 must be used
      since the flange 102 of FIG. 14 cannot be accommodated at an inwardly
      facing corner 108.
PAR  One of the advantages achieved with the structure of the present invention
      resides in the fact that there is practically no limitation on the
      configuration of the pool. Thus, it happens that FIGS. 1 and 5 show pools
      made up exclusively of straight elongated portions which join each other
      at right-angle corners. However, the corners, if they are present, can
      have any desired angle, requiring only connector means as shown, for
      example, in FIG. 8, with the pair of channels at an angle with respect to
      each other which is different from a right angle. For this purpose the
      extrusion die is suitably formed so as to situate the pair of channels
      which receive the units 36 at the desired angle with respect to each
      other.
PAR  Furthermore, it is equally possible to provide pools of any desired
      curvature, as illustrated in FIG. 9. Thus it will be noted from FIG. 9
      that the illustrated pool has a substantially kidney-bean configuration.
      The pool 112 of FIG. 9 is made up of a series of suitably curved units 114
      each of which is constructed as described above with respect to the units
      36, this curved pool of FIG. 9 being provided with suitable steps 116 at
      its shallow end. Also the ground is hollowed out beneath the elevation of
      the backing units 114 so as to have an inclined portion 116 extending
      downwardly from the outer pointed end 118 to the deepest region 120 which
      is of substantially semicircular configuration. From the regions 116 and
      120 the sides below the level of the backing means units 114 gradually
      slope outwardly and upwardly, and the several units 114 are vertically
      arranged as described above with respect to the units 36.
PAR  The several units 114 are interconnected by a plurality of connector means
      38 precisely as described above, although at the corners situated at the
      entrance to the stairs 116 connectors 46 or 100 may be used. The curved
      units 114 are formed of a series of extrusions similar to the extrusions
      48 and situated one above the next and connected together with a springy
      connecting means 60 as described above in connection with FIG. 12. The
      desired curvature of the several extrusions is achieved very easily and
      economically precisely because plastic extrusions are utilized. Thus, as
      an extrusion having the configuration of the extrusion 48 of FIG. 12
      issues from the extruder die, this extrusion is sufficiently plastic to be
      placed against a suitable curved surface in a curved condition while the
      plastic of the extrusion sets so as to become rigid. Thus, advantage is
      taken of the fact that the plastic extrusion as it issues from the die is
      still sufficiently plastic to be curved in any desired manner very
      readily, and as the extrusion issues from the die a selected length
      thereof is placed against a suitable form which has the desired curvature,
      so that in this way when the extrusion material becomes rigid it will have
      a curvature as illustrated in FIG. 9 for any of the units 114. Thus, these
      curved rigid units are then assembled precisely in the manner described
      above with respect to FIGS. 3 and 12, to provide a pool as shown in FIG.
      9, for example.
PAR  Irrespective of the particular configuration of the pool, it will have an
      upper structure as illustrated in FIG. 6. Referring to FIG. 6 it will be
      seen that all along the upper periphery of the pool there is a gutter
      formed by extrusion sections 122 having the illustrated channel-shaped
      configuration and joined one to the next as by butting against each other.
      The configuration of these channel-shaped extrusion sections 122 which
      form the overflow gutter 124 is shown most clearly in FIG. 11. Thus, as
      may be seen from FIG. 11, the channel-shaped gutter extrusion 122 has a
      bottom wall 126 and a pair of outwardly and upwardly inclined walls 128
      and 130 which extend upwardly and outwardly from the inner and outer edges
      of the bottom wall 126.
PAR  The upper edge of the wall 128 is integrally extruded with an inwardly
      extending wall portion 132 which in turn is integrally extruded with a
      sheet-connecting means 134.
PAR  The sheet-connecting means 134 includes a vertical wall 136 extending
      perpendicularly across the wall 132 and extending parallel to an inner
      vertical wall 138. These walls 136 and 138 terminate at their lower edges
      in inwardly directed flanges 140 which are snapped into the springy
      connecting means 60 of the uppermost extrusion of each unit of the backing
      means, as shown most clearly in FIG. 6. Thus, the flanges 140 cooperate
      with the springy connecting means 60 in precisely the same way that the
      flanges 56 cooperate with the springy means of the next lower extrusion,
      as described above in connection with FIG. 12.
PAR  The upper region of the inner wall 138 of the sheet-connecting means 134 is
      in the form of an elongated hollow triangular extrusion portion 142
      forming an upper wall part 144 and an inclined wall 146 extending between
      the wall portion 144 and the vertical wall 138. The inner wall 136 of the
      sheet-connecting means 134 has an inwardly extending upper wall portion
      148 which is integral with an inclined wall portion 150 which is parallel
      to the inclined wall portion 146, these walls 146 and 150 being
      interconnected by a wall portion 152 which is integral with the wall
      portions 146 and 150 and which defines therewith a groove extending
      downwardly from the top wall of the connecting means 134, this top wall
      being formed by the portions 144 and 148. Thus, the sheet-connecting means
      134 is in the form of a one-piece extrusion which is extruded integrally
      with the channel extrusion 122 which forms the gutter 124, and this
      connecting means 134 has the groove 154 which is inclined downwardly and
      inwardly toward the interior of the pool, as is apparent particularly from
      FIG. 6.
PAR  All of the above extrusions which are used to form the various components
      of the pool can be manufactured from any desired plastic such as polyvinyl
      chloride. This plastic will for the most part be rigid in the finished
      components. However, in accordance with a particular feature of the
      invention the walls 146 and 150 are extruded in a known way, with the
      remainder of the extrusion shown in FIG. 11, in such a way that these
      walls 146 and 150 have extruded therewith longitudinally extending beads
      156 which although extruded integrally with the remainder of the extrusion
      simultaneously therewith are nevertheless of a softer material which
      remains resilient and yieldable. Such extrusions which have a material
      which in part is rigid and in part is soft and elastic are known. Thus as
      one of the features of the invention the extrusion which forms the
      connecting means 134 and the gutter channel 122 also has the elastic beads
      156 as an integral part thereof. Thus a number of these beads will be
      located at each side of the groove 154.
PAR  The overflow gutter 124 is covered by sections of a plastic cover means 158
      which also may be extruded. The cover means 158 is shown most clearly in
      FIG. 10. In this case also the extruded material is cut into suitable
      lengths which are situated one next to each other over the gutter 122 so
      as to cover the latter. The extruded material is however punched through
      with a number of openings 160 so that the overflow water can fall through
      these openings 160 into the gutter 124 filling the latter as shown in FIG.
      6, while at the same time larger articles such as leaves, twigs, and the
      like, will be prevented by the openings 160 from entering into the gutter
      124. This gutter 124 communicates with an unillustrated pipe system
      through which the water from the gutter is conveyed through a filter
      before being returned to the pool, a suitable pump being provided for this
      purpose.
PAR  The cover means 150 thus has the top wall portion 162 which is formed with
      the openings 160. This top wall portion 162 is integrally joined at its
      outer edge to an inwardly and downwardly inclined wall 164 which has the
      same inclination as the wall 130 and which rests against the wall 130 as
      illustrated in FIG. 6.
PAR  At its inner edge region the extrusion 158 is formed with a cover portion
      166 which covers the upper part of the connecting means 134 and which
      cooperates therewith to form part of the structure for connecting the
      upper edge region of the plastic liner sheet 22 to the sheet-connecting
      means 134. For this purpose the front region 166 is in the form of a
      downwardly directed channel which is seated on and snugly fits against the
      upper part of the conneting means 134 which extends above the wall 132.
      Thus, the portion 166 has inner and outer walls 168 and 170 which form a
      channel between which the upper end of the connecting means 134 is
      received. Also, between these walls 168 and 170 the cover means 158 has an
      integral inwardly and downwardly inclined tongue 172 which extends into
      the groove 154 in the manner shown most clearly in FIG. 6. Thus, the
      extrusion 158 will be extruded in one piece so as to have the
      configuration shown in FIG. 10 and will be cut into suitable lengths which
      can be placed one next to the other along the periphery of the pool. Of
      course, in this case also where the pool is curved as shown in FIG. 9 the
      extrusions 158 will be suitably curved by being placed against suitable
      forms while they are still of sufficient pliability upon issuing from the
      extruder.
PAR  As is shown most clearly in FIG. 6, the liner sheet 22 has an upper edge
      region 174 in the form of a bead which is thicker than the remainder of
      the liner sheet 22. When the components of the pool are assembled, the
      sheet 22 is placed against the backing means 34, and in a known manner a
      suitable vacuum pipe can be applied between the sheet 22 and the backing
      means to extract any residual air which may remain so that the liner sheet
      will snugly rest against the inner surface of the backing means. The upper
      thicker edge 174 of the liner sheet 172 is introduced into the groove 154
      all around the periphery of the pool, and then the cover means 158 is
      assembled with the remaining structure as illustrated in FIG. 6. The
      thickness of the tongue 172 is such that together with the thickness of
      the edge 174 of the sheet 22, the total thickness of these parts 172 and
      174 is greater than the distance between the beads 156 at opposite sides
      of the groove 154. As a result after the thicker edge 174 of the sheet 22
      is placed in the groove 154 and the tongue 172 is then introduced, the
      edge 174 is pressed against the left beads 156 of FIG. 6, while the tongue
      172 is pressed against the right beads 156 of FIG. 6, these beads becoming
      deformed and compressed so that with this construction a tight connection
      of the sheets 22 is achieved. The tightness is achieved not only by reason
      of the fact that the sheet 22 snugly rests against the backing means going
      around the upper edge of the connecting means 134 and down into the groove
      154, with the sheet being held in this manner by the front channel portion
      166 of the cover means 158, but in addition an extremely effective
      tightness is achieved by the compression of the beads 156. As a result
      with this construction even though the water in the pool continuously
      overflows into the gutter 124 in the manner described above, it is
      impossible for any water to gain access to a location situated between the
      sheet 22 and the backing means 34, so that the possibility of any water
      becoming situated behind the sheet 22 with all of the problems resulting
      therefrom is reliably prevented.
PAR  As has been indicated above, it is possible in a very convenient manner to
      provide any of the pools of the invention with a concrete deck. Thus, once
      the structure as described above is assembled the earth which has been
      removed will be filled in around the structure so that an arrangement as
      shown in FIG. 6 will be achieved. In fact as the water is introduced and
      the level thereof rises up in the pool the earth is filled in so as to
      always be during initial setting up of the pool at least as high as the
      level of the water in the pool. When the earth has been filled in
      approximately to the height of the top ends of the flanges 76 of the
      plurality of connector means 38, the earth-filling or packing operations
      are terminated and concrete is then poured to achieve a construction as
      shown in FIG. 6.
PAR  For this purpose the extrusion channel 122 which forms the gutter 124 is
      extruded integrally with an outer horizontally extending flange 176 which
      in turn is integrally extruded with a downwardly extending outer wall or
      flange 178 terminating in an inwardly directed lower flange 180, so that
      in this way the gutter channel 122 will become reliably and solidly
      embedded in the concrete 182 when the latter solidifies after pouring. The
      top outer wall 176 of the single extrusion shown in FIG. 11 is integrally
      extruded with a springy connecting means 184 which may be identical with
      the springy connecting means 60 described above and shown in FIG. 12. This
      springy connecting means 184 serves to connect to the outer portion of the
      gutter channel 122 a concrete retainer extrusion 188 shown must clearly in
      FIG. 13. The concrete retainer means 188 has an inner wall 190 which has a
      lower vertical portion and an upper portion which curves inwardly and then
      outwardly to form the upper horizontal wall portion 192 which terminates
      in the downwardly and inwardly directed flange 194. As is shown most
      clearly in FIG. 6, the upper wall portion 192 is inclined downwardly and
      outwardly away from the pool. This wall 190 is extruded integrally with a
      rearwardly extending wall portion 196 which in turn is extruded integrally
      with a downwardly extending wall portion 198. The walls 190 and 198
      terminate at their lower edges in a pair of inwardly directed flanges 200
      adapted to snap over the springy tongues of the springy connector means
      186 in precisely the manner described above in connection with the flanges
      56 and the springy connector means 60. In this way the concrete retainer
      means 188 can be readily assembled with the outer upper portion of the
      gutter estrusion in the manner shown most clearly in FIG. 6.
PAR  With the parts thus assembled and with suitable supports such as blocks or
      the like situated at given intervals beneath the gutter extrusion 122 so
      as to temporarily support the latter at the required elevation, the
      concrete 182 is poured so as to assume the configuration shown in FIG. 6,
      and the upper surface 200 which forms the concrete deck is inclined
      downwardly and outwardly to form a continuation of the upper surface of
      the wall 192 of the concrete retainer means 188. In this way the concrete
      deck will be pitched properly so as to cause any water or rain which falls
      on the deck surface 200 to flow outwardly away from the pool. The wall 192
      is the region where an individual will stand preparatory to jumping into
      the pool, for example. Of course any diving board can be mounted adjacent
      the pool of the deep end thereof.
PAR  As may be seen from FIG. 15, when the parts are assembled, the components
      such as the cover extrusions 158, the concrete retainer extrusions 188,
      and the gutter extrusions 122 are suitably mitered so as to butt against
      each other at the corners in the manner illustrated in FIG. 15. Prior to
      pouring of the concrete suitable tape may be placed across the mitered
      connections to hold them together in sealed relation while the concrete
      sets, and thereafter this tape may be removed if desired.
PAR  In order to maintain the several units of the backing means prefectly
      stationary, so as to reliably prevent any buckling due to loads on the
      backing means, additional anchoring structure can be provided as shown in
      FIGS. 1 and 16. Thus, as is shown in FIG. 16, the lower edge of a unit of
      the backing means is received in an upwardly directed U-shaped channel 210
      of an additional backing unit 212 which has a wall 214 integral with and
      forming an extension of the wall which extends between the upwardly
      directed parts of the U-shaped channel 210. Several of these additional
      anchoring units 212 can be arranged around the pool substantially
      centrally of each backing unit, as shown in FIG. 1, although additional
      components 212 may be utilized as desired. With the lower ends of the
      units of the backing means situated in the channels 210 of the additional
      anchoring devices 212, suitable anchoring pins, stakes, or the like 216
      are driven into the ground as shown in FIG. 16, and thus each of the
      backing units 36 may be additionally secured to the ground in a highly
      reliable manner by the additional anchoring means 212.
PAR  Furthermore, it is not essential to utilize the springy tongues in the
      connecting means for connecting the several extrusions described above one
      to the next. Thus as may be seen from FIG. 17, where a pair of the
      extrusions 48 are fragmentarily illustrated, it is clear that these
      extrusions are each provided at their lower ends with the elongated
      inwardly directed flanges 56, as described above. However, the upper end
      strip 58 of each extrusion 48 does not carry the curved springy tongues.
      Each upper end strip 58 is, however, formed with the vertical ribs 62 and
      the outwardly directed flanges 64 which extend therefrom as described
      above.
PAR  Thus, with this construction the connecting means between the pair of
      extrusions 48 shown in FIG. 17 includes only what amounts to a
      tongue-and-groove connection in that the lower ends of the extrusions are
      provided with the inwardly directed flanges 56 forming the tongues while
      the L-shaped parts 62, 64 define grooves with the upper end strip 58
      receiving the tongues 56. With this construction it is a simple matter to
      slide one of the extrusions 48 longitudinally with respect to the other so
      that the tongues 56 will be received in the grooves defined by the
      L-shaped portions 62, 64 with the upper end strip 58. If desired, however,
      the tongues 56 may be covered with a suitable silicone material or the
      like which will greatly reduce the friction of the sliding contact when
      the tongues are introduced into these grooves.
PAR  The above-described structure of the invention lends itself to an extremely
      precise assembly in a highly simple and highly effective manner. Thuus,
      referring to FIG. 18, there are illustrated therein a pair of adjoining
      backing units 36 interconnected by a connecting means 38 as described
      above. Assuming that the right unit 36 of FIG. 18 is set and that the left
      unit 36 of FIG. 18 is to be properly positioned, then the operator will
      raise the left unit 36 of FIG. 18 until it has the proper elevation with
      respect to the right unit 36 of FIG. 18, where the top edges thereof are
      at precisely the same elevations. This raising can be done with a suitable
      crowbar, or the like, with one worker raising or lowering the left unit 36
      while another worker checks on the elevation thereof through a suitable
      sight well known in civil engineering operations. Precisely when the left
      unit of FIG. 18 has the proper elevation, a worker will drive through a
      flange of the connector means 38 and into the left unit 36 a screw, pin,
      or the like 220, as shown in FIG 18, and through this simple quick and
      highly convenient expedient it is possible to retain each unit 36 at
      precisely the required elevation during the assembly of the pool.
PAR  As was pointed out above in connection with FIG. 17, the particular
      tongue-and-groove type of connecting means illustrated therein can be used
      as a connecting means between any of the extruded components which require
      connection one to the next. Thus FIG. 19 shows an embodiment where the
      concrete retainer 222 is identical with an above-described concrete
      retainer except for differences noted below, this concrete retainer 222
      having at its lower end the inwardly directed tongues 226 which are
      received in grooves formed by the L-shaped portions 62, 64 described above
      in connection with FIG. 17. Thus with the embodiment of FIG. 19 the
      concrete retainer 222 can be directly connected to the upper unit 48 of a
      backing means 36, without utilizing a gutter as described above. Of course
      with an arrangement of this type it will be necessary to utilize a skimmer
      opening.
PAR  With an arrangement as shown in FIG. 19, the liner sheet 22 will have its
      thicker, beaded edge simply received in a groove formed by a L-shaped part
      224 which is extruded integrally with the concrete retainer 222. Thus the
      part 224 has a horizontal leg and a vertical leg extending therefrom, and
      these legs define with the inner surface of the concrete retainer 222 a
      groove to receive the upper edge of the liner sheet 22 as illustrated in
      FIG. 19. Through this simple construction it is possible to reliably mount
      the liner sheet 22 with a backing means and concrete retainer structure as
      shown in FIG. 19, providing in this way an exceedingly simple inexpensive
      pool construction.
PAR  Thus, as may be seen from FIG. 19, the plastic backing means which engages
      the outer surface of the liner sheet 22 has operatively connected to an
      upper region thereof the concrete-retaining means 222 which forms an
      extension of the plastic backing means and which is hollow so as to be
      capable of receiving concrete, as illustrated, this concrete-retaining
      means curving from the plastic backing means first inwardly and upwardly
      and then rearwardly and slightly downwardly so as to form a coping
      configuration, as illustrated in FIG. 19, extending upwardly and inwardly
      from the inner surface of the plastic backing means which engages the
      outer surface of the liner sheet 22. The structure 224 forms integrally
      with the concrete-retaining means 222 a grooved wall structure for
      receiving the upper edge of the liner sheet.
PAR  Furthermore, it is not essential to arrange the extrusions 48 of the
      backing means 36 so that they extend horizontally. Thus, referring to FIG.
      20 it will be seen that it is also possible in accordance with the
      invention to arrange the extrusions 48 vertically. Thus, in FIG. 20 the
      several extrusions 48 are identical with those described above and are
      connected one to the next in precisely the same way. However, these
      extrusions are set up vertically rather than horizontally. The several
      units 36' made up in this case of vertically arranged units 48 are
      connected one to the next in precisely the manner described above by way
      of a series of connector means, one of the connector means 38 being shown
      in FIG. 20, and this connector means is anchored in precisely the manner
      described above.
PAR  However, in order to accommodate the vertically arranged extrusions 48 of
      each unit 36', the lower ends of the extrusions 48 are received in an
      upwardly directed channel 230 defined between a pair of spaced parallel
      vertical walls 232 and by a horizontal wall 234 which has an extension 236
      extending outwardly away from the interior of the pool, as illustrated in
      FIG. 20. The details of this structure are shown at an enlarged scale in
      FIG. 22. Thus, the structure shown in FIG. 22 is identical with the
      additional anchoring means 212 described above in connection with FIGS. 1
      and 16, except that in the case of FIGS. 20 and 22 the channel structure
      and rearwardly extending wall 236 extends along the entire length of each
      unit 36', this structure shown in FIG. 22 being itself in the form of a
      suitable extrusion cut to the required length. The wall 236 is securely
      anchored by way of a plurality of stakes 238 driven through the wall 236
      into the ground. In this way the bottom ends of the vertically extending
      extrusions 48 of each backing unit 36' are securely anchored.
PAR  The top ends of the extrusions 48 of each backing unit 36' are connected
      with a concrete retainer means 240, shown fragmentarily in FIG. 21 and
      providing an assembly similar to that shown in FIG. 19. Thus, the concrete
      retaining means 240 of FIG. 21 is identical with that of FIG. 19 except
      that the horizontal wall portion 242 covers and is located next to the top
      open ends of the vertically arranged extrusions 48. This wall 242 is
      extruded integrally with an inner wall 244 and an outer wall 246 which is
      longer than the wall 244 as illustrated. These walls 244 and 246 together
      with the wall 242 define a channel which receives the top ends of the
      extrusions 48. In order to enhance the security of the connection, the
      inner surfaces of the walls 244 and 246 are formed with grooves and ribs
      248, by suitably constructing the extrusion die, so that a secure tight
      connection will be achieved by reason of this construction.
PAR  The wall 244 which overlaps the front surfaces of the extrusions 48 which
      are directed inwardly toward the interior of the pool is integrally formed
      with a L-shaped extension 250 similar to the L-shaped extension 224 of
      FIG. 19 and serving in exactly the same way to receive the top edge of the
      liner sheet 22.
PAR  Thus, with this construction it is possible to provide in a simple
      economical manner as described above in connection with FIG. 19 a pool
      construction where the several extrusions 48 of each unit of the backing
      means extend vertically rather than horizontally.
PAR  It is therefore apparent that with the above-described structure of the
      invention it is possible to manufacture complete swimming pools almost
      entirely of extruded components which can be readily assembled without the
      use of tools in a highly convenient manner. The only parts which are not
      in the form of plastic extrusions are the components of the anchoring
      means 40 as described above and shown in FIGS. 2 and 3. In this way it is
      possible to keep the cost of the pool relatively low and in addition the
      extruded components are of a light weight and can be easily shipped to any
      desired location at low cost. The labor requirements at the site are
      considerably reduced as compared to the labor required with conventional
      pools. Also, the time required for setting up a pool according to the
      invention is far less than that required with conventional pools.
PAR  It will be noted that with the above described embodiments of the
      invention, the units of the backing means are all of a hollow
      construction. As a result air spaces are maintained in the backing
      structure situated behind the liner sheet. These air spaces form a highly
      effective thermal insulation so that the temperature of the water in the
      pool is maintained more uniform than would be the case if these insulating
      air spaces were not provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a swimming pool, a plastic liner sheet having an inner surface
      defining the interior of the pool and an outer surface directed away from
      the interior of the pool, substantially rigid plastic backing means
      engaging said sheet at the outer surface thereof and forming a backing for
      said sheet, and concrete-retaining means operatively connected with an
      upper region of said plastic backing means and being composed of a plastic
      sheet material which extends from said upper region of said plastic
      backing means first upwardly and inwardly and then rearwardly and
      outwardly where said concrete-retaining means has an upper wall which is
      inclined slightly downwardly as well as rearwardly with said
      concrete-retaining means forming a hollow space capable of receiving
      concrete, and said concrete-retaining means having at the region where it
      extends upwardly and inwardly from said plastic backing means a wall
      structure integral with the concrete-retaining means and defining a groove
      for receiving an upper edge region of said plastic liner sheet.
NUM  2.
PAR  2. The combination of claim 1 and wherein said plastic backing means
      includes a plurality of units arranged one next to the other along the
      periphery of the pool.
NUM  3.
PAR  3. The combination of claim 2 and wherein said units are straight.
NUM  4.
PAR  4. The combination of claim 2 and wherein at least some of said units are
      curved so that the pool has a configuration which is at least partially
      curved.
NUM  5.
PAR  5. The combination of claim 2 and wherein each of said units includes a
      plurality of extrusions situated one above the other and connected one to
      the next.
NUM  6.
PAR  6. The combination of claim 5 and wherein each extrusion is hollow and has
      an inner wall engaging said outer surface of said liner sheet and an outer
      wall spaced from and parallel to said inner wall, and each extrusion
      including a plurality of connecting strips situated one above the other
      between said inner and outer walls and being integral therewith.
NUM  7.
PAR  7. The combination of claim 6 and wherein said strips are parallel to each
      other and perpendicular with respect to said inner and outer walls.
NUM  8.
PAR  8. In a swimming pool, a plastic liner sheet having an inner surface
      defining the interior of the pool and an outer surface directed away from
      the interior of the pool, and substantially rigid plastic backing means
      engaging said sheet at the outer surface thereof and forming a backing for
      said sheet, said plastic backing means including a plurality of units
      arranged one next to the other along the periphery of the pool, each of
      said units including a plurality of extrusions situated one above the
      other and connected one to the next, each extrusion being hollow and
      having an inner wall engaging said outer surface of said liner sheet and
      an outer wall spaced from and parallel to said inner wall, and each
      extrusion including a plurality of connecting strips situated one above
      the other between said inner and outer walls and being integral therewith,
      said inner and outer walls of each extrusion terminating at their lower
      ends in inwardly directed flanges which are spaced from each other, one of
      said strips forming an upper end strip of each extrusion and extending
      between and being connected to upper edges of said inner and outer walls
      of each extrusion, and said upper end strip of each extrusion having an
      upper surface fixed with a springy connecting means for connecting each
      extrusion of each unit to the inwardly directed flanges of the next upper
      extrusion.
NUM  9.
PAR  9. The combination of claim 8 and wherein said springy connecting means of
      each extrusion includes a pair of springy tongues extending along and
      being integral with each of the upper end strips, said pair of springy
      tongues having a pair of lower ribs extending vertically from each upper
      end strip, a pair of horizontally extending outwardly directed portions
      extending away from each other respectively from said ribs and defining
      with the upper surface of each upper end strip a groove for receiving a
      flange of the next higher extrusion, and a pair of upwardly and inwardly
      curved free portions extending toward each other from outer edges of said
      outwardly directed portions and having upwardly directed convex surfaces
      enabling the inwardly directed flanges of one extrusion to be pressed
      around said tongues with the latter yielding until said flanges snap into
      said grooves.
NUM  10.
PAR  10. The combination of claim 2 and wherein a plurality of connector means
      are respectively situated between and connected with each pair of
      successive units for connecting said units one to the next.
NUM  11.
PAR  11. The combination of claim 10 and wherein each of said connector means
      includes a pair of channels respectively receiving end regions of a pair
      of successive units.
NUM  12.
PAR  12. The combination of claim 11 and wherein each channel includes a pair of
      parallel walls between which an end region of a unit is located and an
      inner transverse surface extending between said parallel walls and
      directed toward and located next to an end of a unit.
NUM  13.
PAR  13. The combination of claim 12 and wherein said channels are oppositely
      directed and have between themselves a common wall having oppositely
      directed surfaces which form said inner surfaces of said channels.
NUM  14.
PAR  14. The combination of claim 12 and wherein said channels are at right
      angles to each other with said connector means forming a corner of the
      pool, and said inner surfaces forming part of a pair of transverse channel
      walls which are perpendicular to each other.
NUM  15.
PAR  15. The combination of claim 14 and wherein said corner connector means
      includes extensions of outer channel walls which intersect each other and
      form a hollow tubular part of said corner connector means, and the latter
      having an inner fillet wall extending between inner channel walls of the
      corner connector unit.
NUM  16.
PAR  16. The combination of claim 15 and wherein a reinforcing flange extends
      outwardly away from the intersection between the extensions of said outer
      walls.
NUM  17.
PAR  17. The combination of claim 11 and wherein each connector means has a
      vertically extending outwardly directed flange situated between said
      channels, and anchoring means operatively connected with said flange for
      anchoring said connector means.
NUM  18.
PAR  18. The combination of claim 2 and wherein each unit has an upper end
      carrying an upper connecting means for connecting an upper edge region of
      the liner sheet fluidtightly to each unit.
NUM  19.
PAR  19. The combination of claim 18 and wherein each upper connecting means of
      each unit includes a hollow upper extrusion having an inner wall engaging
      the outer surface of said liner sheet and an outer wall directed away from
      said sheet, said extrusion having an upper wall extending between said
      inner and outer walls and defining between said inner and outer walls a
      longitudinal groove for receiving an edge region of the liner sheet with
      the latter extending from said groove forwardly along said upper wall
      between said groove and inner wall of said extrusion and then downwardly
      along said inner wall, said upper connecting means including a cover
      seated on said upper extrusion and having a tongue extending into said
      groove and wedged against said edge region of said liner sheet for holding
      the latter in said groove.
NUM  20.
PAR  20. In a swimming pool, a plastic liner sheet having an inner surface
      defining the interior of the pool and an outer surface directed away from
      the interior of the pool, and substantially rigid plastic backing means
      engaging said sheet at the outer surface thereof and forming a backing for
      said sheet, said plastic backing means including a plurality of units
      arranged one next to the other along the periphery of the pool, each unit
      having an upper end carrying an upper connecting means for connecting an
      upper edge region of the liner sheet fluid-tightly to each unit, each
      upper connecting means of each unit including a hollow upper extrusion
      having an inner wall engaging the outer surface of said liner sheet and an
      outer wall directed away from said sheet, said extrusion having an upper
      wall extending between said inner and outer walls and defining between
      said inner and outer walls a longitudinal groove for receiving an edge
      region of the liner sheet with the latter extending from said groove
      forwardly along said upper wall between said groove and inner wall of said
      extrusion and then downwardly along said inner wall, said upper connecting
      means including a cover seated on said upper extrusion and having a tongue
      extending into said groove and wedged against said edge region of said
      liner sheet for holding the latter in said groove, said upper extrusion
      having at said groove a pair of opposed wall portions having inwardly
      directed side surfaces provided with beads of yieldable compressible
      plastic soften than the remainder of the upper extrusion, said sheet
      having a relatively thick edge region received in said groove and said
      tongue pressing against the beads at one side surface of said groove and
      pressing said edge region against the beads at the other side surface of
      said groove for deforming and compressing said beads to provide the
      fluid-tight connection which prevents water of the pool from becoming
      located between said sheet and backing means.
NUM  21.
PAR  21. The combination of claim 20 and wherein said groove is inclined from
      the top wall of said extrusion inwardly and downwardly towand the interior
      of the pool.
NUM  22.
PAR  22. In a swimming pool, a plastic liner sheet having an inner surface
      defining the interior of the pool and an outer surface directed away from
      the interior of the pool, and substantially rigid plastic backing means
      engaging said sheet at the outer surface thereof and forming a backing for
      said sheet, said plastic backing means including a plurality of units
      arranged one next to the other along the periphery of the pool, each unit
      having an upper end carrying a connecting means for connecting an upper
      edge region of the liner sheet fluidtightly to each unit, said connecting
      means forming part of an extrusion which includes a gutter situated
      outwardly of and being integral with said connecting means and into which
      water from the pool can overflow.
NUM  23.
PAR  23. The combination of claim 22 and wherein said gutter has an outer upper
      region distant from said connecting means, and a concrete-retaining means
      connected with and extending upwardly from said outer upper region of said
      gutter.
NUM  24.
PAR  24. The combination of claim 23 and wherein said concrete-retaining means
      is itself in the form of a plastic extrusion having a bottom end
      terminating in a pair of inwardly directed spaced flanges, said outer
      upper region of said gutter having a pair of springy tongues for
      releasably receiving and extending around said flanges to connect said
      concrete-retaining means to said gutter.
NUM  25.
PAR  25. The combination of claim 22 and wherein a cover means is situated over
      and covers said gutter, said cover means having a front downwardly
      directed channel portion in which said connecting means is received, said
      channel portion overlapping an upper region of said liner sheet, and said
      cover means having a wall extending over said gutter and formed with
      openings through which water may flow through said wall into said gutter,
      said cover means terminating at an outer edge in a downwardly directed
      flange which engages an inner surface of the gutter.
NUM  26.
PAR  26. In a swimming pool, a plastic liner sheet having an inner surface
      defining the interior of the pool and an outer surface directed away from
      the interior of the pool, and substantially rigid plastic backing means
      engaging said sheet at the outer surface thereof and forming a backing for
      said sheet, said plastic backing means including a plurality of units
      arranged one next to the other along the periphery of the pool, a
      plurality of channel units being situated between and receiving said units
      of said backing means for interconnecting the latter units, each unit of
      said backing means having an upper end region carrying a connecting means
      for connecting an upper edge region of the liner sheet fluid-tightly to
      each unit of said backing means, said connecting means being integral with
      a gutter surrounding and situated outwardly of all of said units and a
      concrete retainer unit connected with said gutter at an outer upper region
      thereof, and all of said units as well as said gutter and connecting means
      being made of plastic extrusions.
NUM  27.
PAR  27. The combination of claim 26 and wherein a cover means is situated over
      and covers said gutter and is itself made also of a plastic extrusion.
NUM  28.
PAR  28. The combination of claim 2 and wherein each of said units includes a
      plurality of extrusions situated one beside the other and connected one to
      the next.
NUM  29.
PAR  29. The combination of claim 28 and wherein each extrusion is hollow and
      has an inner wall engaging said outer surface of said liner sheet and an
      outer wall spaced from and parallel to said inner wall, and each extrusion
      including a plurality of connecting strips situated one beside the other
      between said inner and outer walls and being integral therewith.
NUM  30.
PAR  30. The combination of claim 2 and wherein each of said units includes a
      plurality of hollow extrusions situated one next to the other and a
      connecting means connecting the successive extrusions to each other, said
      connecting means including L-shaped strips defining grooves with one end
      of each extrusion and inwardly extending tongues carried by the adjoining
      extrusion to be received in said grooves.
NUM  31.
PAR  31. The combination of claim 2 and wherein an anchoring means cooperates
      with each of said units for anchoring the same.
NUM  32.
PAR  32. The combination of claim 5 and wherein said anchoring means includes an
      upwardly directed channel receiving a lower edge of each unit and a wall
      extending outwardly from and integrally formed with said channel and
      engaging the ground so that the latter wall can be anchored directly to
      the ground.
NUM  33.
PAR  33. The combination of claim 10 and wherein a pin extends through a wall of
      a connector means and into a unit engaging the same for determining the
      elevation of said unit.
NUM  34.
PAR  34. The combination of claim 2 and wherein a concrete-retaining means is
      operatively connected with an upper region of each of said units for
      retaining a concrete deck surrounding the pool.
NUM  35.
PAR  35. In a swimming pool, a plastic liner sheet having an inner surface
      defining the interior of the pool and an outer surface directed away from
      the interior of the pool, and substantially rigid plastic backing means
      engaging said sheet at the outer surface thereof and forming a backing for
      said sheet, said plastic backing means including a plurality of units
      arranged one next to the other along the periphery of the pool, a
      concrete-retaining means being operatively connected with an upper region
      of each of said units for retaining a concrete deck surrounding the pool,
      said concrete retaining means having an inner wall provided with an inner
      surface directed toward the interior of the pool, and an extension of
      L-shaped cross section integrally formed with the latter wall and defining
      with said wall an upwardly directed groove for receiving a top edge of the
      liner sheet.
NUM  36.
PAR  36. The combination of claim 35 and wherein said concrete retaining means
      defines a downwardly directed channel receiving an upper edge region of
      each unit.
NUM  37.
PAR  37. The combination of claim 36 and wherein said channel includes at inner
      surface regions thereof elongated ribs for increasing the frictional
      connection and tightness between the concrete retaining means and each
      unit.
NUM  38.
PAR  38. The combination of claim 35 and wherein the concrete retaining means
      has a lower end forming part of a connector means for releasably
      connecting the concrete retaining means with an upper end of each unit.
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ABST
PAL  Cross-contamination of the patients using the same bathtub in a health-care
      institution is precluded by lining the tub, before it is filled with
      water, with a disposable sheet of biologically-clean, flexible plastic
      film, thereby establishing a physical barrier to prevent any contact (and
      consequently a transmission path for bacteria) between the bathtub and
      patient and between the tub and water. Openings are made along the liner's
      edges in order to hang the liner onto a series of hooks affixed to the
      three walls surrounding the tub, the hooks being appropriately shaped so
      that they can be used by the installer to pierce or puncture the liner to
      make the openings. The liner is merely draped over the front of the tub.
      Installation is expedited and made easier by providing a series of
      markers, such as printed rings, along the edges of the liner to designate
      the areas that should be pierced to achieve proper positioning and
      centering of the liner within the bathtub.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Since many of the patients in a health-care institution, such as a hospital
      or a nursing home, may have open wounds or may be highly susceptible or
      vulnerable to infection-causing bacteria, it is imperative that the
      bathtubs in those institutions be thoroughly cleaned and sterilized each
      time they are used so that the patients will not become infected.
      Unfortunately, complete sterilization of bathtubs is a time-consuming
      task. All of the surfaces of the tub that the patient may contact, or that
      may be in contact with the water, must be brush cleaned. Soaking in a
      germ-killing solution is not enough.
PAR  The present invention provides a low-cost contamination prevention system
      which obviates the need to sterilize a bathtub each time it is used. With
      the uniquely constructed and easily installed system of the invention, it
      is impossible for any bacteria to be transferred from a bathtub to a
      patient, even though the bathtub is not sterilized. By the same token,
      there is also no way for bacteria to be conveyed from that patient to the
      bathtub.
PAC  SUMMARY OF THE INVENTION
PAR  The contamination prevention system of the invention is to be installed in
      conjunction with a bathtub in a bathroom of a health-care institution to
      prevent the various patients that use the bathtub from cross-infecting
      each other, where the two ends and the back of the bathtub are built into
      the bathroom walls. The system comprises a series of hooks affixed to the
      three bathroom walls, surrounding the bathtub, at predetermined
      spaced-apart locations. A disposable, flexible, flimsy, water-tight,
      non-toxic, slip-resistant, biologically-clean, rectangular-shaped liner,
      made of transparent plastic film, is provided for lining the entire inside
      of the bathtub, before it is filled with water, to establish a barrier to
      block the transmission of bacteria between the water and bathtub to
      preclude cross-infections between patients. The peripheral edge portions
      of the liner adjacent to the bathroom walls have a series of openings at
      predetermined spaced-apart areas to facilitate hanging of the liner from
      the hooks, the openings being made by using the hooks to pierce the liner.
      The edge portion adjacent to the front of the bathtub is draped thereover.
      A series of spaced-apart markers are provided on the liner, each of which
      markers corresponds to a respective assigned one of the hooks, to
      designate the predetermined areas where the liner should be pierced, to
      make the openings, and hung onto the hooks, thereby aiding the installer
      in expediting the proper positioning and centering of the liner within the
      bathtub.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further advantages and features thereof, may best be understood, however,
      by reference to the following description in conjunction with the
      accompanying drawings in which like reference numbers identify like
      elements, and in which:
PAR  FIG. 1 is a perspective view of a built-in bathtub having installed therein
      a contamination prevention system constructed in accordance with the
      invention;
PAR  FIG. 2 is a sectional view taken along the plane of section line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a plan view of a portion of the contamination prevention system;
      specifically, it discloses the plastic film liner and the markers thereon;
      and,
PAR  FIGS. 4, 5, 6 and 7 are various views of the liner of FIG. 3 and illustrate
      the manner in which it is folded before installation in the bathtub shown
      in FIG. 1.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The principal element of the contamination prevention system is the liner
      10 which preferably takes the form of a disposable, flexible, flimsy,
      water-tight, non-toxic, slip-resistant, biologically-clean,
      rectangular-shaped sheet of transparent polyethylene plastic. It should
      have a thickness of less than 4 mils or 0.004 inches. Excellent results
      have been achieved with a specific thickness of 1.75 mils. Furthermore,
      plastic film liner 10 should not contain any leachables. In other words,
      there should be no ingredients that will bleed or dissolve into water.
PAR  Liner 10 is, of course, placed inside of bathtub 12 before the tub is
      filled with water 14. Since the liner is flimsy, and consequently cannot
      support itself, and since the bathtub is usually built into three walls,
      as is the case illustrated in FIGS. 1 and 2 by walls 16, 17 and 18,
      provision must be made to hold or support the edges of the liner adjacent
      to those walls so that the liner extends well over the top of the tub
      where it meets walls 16, 17 and 18. The edge portion of liner 10 adjacent
      to the front of the bathtub is merely draped thereover. In this way, a
      patient using the tub will be completely isolated from the bathtub
      surfaces so that no bacteria can be transferred from those surfaces to the
      patient or vice versa.
PAR  In accordance with a feature of the invention, liner 10 is hung to the
      walls by means of a series of hooks 21, preferably made of plastic, that
      are affixed or attached, such as by cementing, to the walls at
      predetermined spaced-apart locations. To hang the liner from hooks 21, the
      installer uses the hooks themselves to pierce or puncture the liner to
      provide the necessary openings to hang onto the hooks. As best seen in
      FIG. 2, plastic hooks 21 are sufficiently pointed to facilitate piercing
      of liner 10, but yet are sufficiently blunt and are appropriately shaped
      so that a patient in the bathtub cannot be injured if he accidently falls
      against the hooks.
PAR  Fast installation is made possible by providing a series of spaced-apart
      markers, preferably in the form of printed rings 23 (see FIG. 3), along
      the peripheral edge portions of liner 10. When the liner is properly
      centered and positioned in bathtub 12, each of the markers 23 on the three
      edges adjacent to the bathroom walls will line up with a respective
      assigned one of hooks 21. With this arrangement, markers 23 will designate
      the predetermined areas where the liner should be pierced, to make the
      openings, and hung onto the hooks, thereby aiding the installer. Of
      course, markers 23 are printed on all four edge portion so that the liner
      may be installed in either one of two ways. This provides an additional
      degree of convenience.
PAR  The installer is also assisted in centering the liner by means of markers
      25 printed on the liner to indicate the center line running the length of
      the liner. When liner 10 is placed in the bathtub, the center line
      designated by markers 25 is aligned with the middle of the bathtub. The
      edges of the liner will therefore be appropriately positioned with respect
      to hooks 21.
PAR  Another feature of the invention resides in the manner in which the liner
      is folded, before installation, so that it may be unfolded in the bathtub
      by the installer without ever touching the liner's surface that contacts
      the water, thereby precluding contamination of that surface by the
      installer in order that it will remain biologically clean during
      installation. The folding technique is shown by FIGS. 3-7. All of the
      dashed construction lines in those figures illustrate fold lines, namely
      the lines along which the liner is folded. Of course, the thickness of
      liner 10 is exagerated in FIGS. 3-7 to illustrate the folding technique
      more clearly. Starting from the completely unfolded position as shown in
      FIG. 3, each half of liner 10 is folded accordion style in the manner
      shown in FIGS. 4 and 5, the latter figure being an end view of the liner
      after both halves are folded as shown in FIG. 4. It will be noted that at
      this stage there will be a center slit running the length of the liner and
      through which the center line markers 25 will be visible. From the FIG. 5
      position, the liner is then folded as shown in FIG. 6 and then as shown in
      FIG. 7.
PAR  In installing the liner in the bathtub, the installer lays the completely
      folded liner (FIG. 7) in the tub and unfolds it to the position shown in
      FIG. 6, in the meantime making certain that the center slit and the center
      line markings 25 are lined up with the middle of the bathtub. The liner is
      then unfolded by grasping the exposed edges adjacent to the center slit
      and extending the liner to the completely unfolded position shown in FIG.
      1. The areas designated by ring-shaped markers 23 are then punctured, to
      make the necessary openings, by forcing those areas over hooks 21. Note
      that during the entire unfolding process, the installer never has to touch
      the inside surface of the liner.
PAR  With the liner properly installed, the tub is then filled with water and a
      patient may now take a bath. The liner provides an excellent barrier to
      block the transmission of bacteria so there is no way for bacteria to
      travel from the bathtub to the patient or vice versa. Hence,
      cross-infections between the various patients using the bathtub are
      precluded. At the conclusion of the bath, the water in the tub is drained
      by puncturing the liner in the vicinity of the drain 28. The liner is then
      disposed of since it will now be contaminated with bacteria from the
      patient.
PAR  The invention provides, therefore, a unique and easily installed
      contamination prevention system for ensuring that absolutely no bacteria
      will be transferred to a patient when he uses a bathtub in a health-care
      institution.
PAR  While a particular embodiment of the invention has been shown and
      described, modifications may be made, and it is intended in the appended
      claims to cover all such modifications as may fall within the true spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A contamination prevention system to be installed in conjunction with a
      bathtub in a bathroom of a health-care institution to prevent the various
      patients that use the bathtub from cross-infecting each other, where the
      two ends and the back of the bathtub are built into the bathroom walls,
      comprising:
PA1  a series of hooks affixed to the three bathroom walls, surrounding the
      bathtub, at predetermined spaced-apart locations;
PA1  a disposable, flexible, flimsy, water-tight, non-toxic, slip-resistant,
      biologically-clean, rectangular-shaped liner, made of transparent plastic
      film, for lining the entire inside of the bathtub, before it is filled
      with water, to provide a barrier to block the transmission of bacteria
      between the water and bathtub to preclude cross-infections between
      patients,
PA1  the peripheral edge portions of said liner adjacent to the bathroom walls
      having a series of openings at predetermined spaced-apart areas to
      facilitate hanging of said liner from said hooks, said openings being made
      by using said hooks to pierce said liner, and the peripheral edge portion
      adjacent to the front of the bathtub being draped thereover;
PA1  and a series of spaced-apart markers on said liner, each of which
      corresponds to a respective assigned one of said hooks, to designate the
      predetermined areas where said liner should be pierced, to make said
      openings, and hung onto said hooks, thereby aiding the installer in
      expediting the proper positioning and centering of said liner within the
      bathtub.
NUM  2.
PAR  2. A contamination prevention system according to claim 1 in which said
      markers are small rings printed on said liner.
NUM  3.
PAR  3. A contamination prevention system according to claim 1 in which the
      center line running the length of said liner is aligned with the middle of
      the bathtub, and in which that center line is marked to facilitate easier
      positioning of said liner within the bathtub.
NUM  4.
PAR  4. A contamination prevention system according to claim 1 in which said
      liner contains no leachables.
NUM  5.
PAR  5. A contamination prevention system according to claim 1 in which said
      liner is made of polyethylene, having a thickness of less than 4 mils.
NUM  6.
PAR  6. A contamination prevention system according to claim 1 in which said
      liner is folded, before installation, in such a way that it may be
      unfolded in the bathtub by the installer without ever touching the liner's
      surface that contacts the water, thereby precluding contamination of that
      surface by the installer in order that it will remain biologically clean
      during installation.
NUM  7.
PAR  7. A contamination prevention system according to claim 1 in which said
      hooks are sufficiently pointed to facilitate piercing of said liner, but
      are sufficiently blunt and are appropriately shaped so that the patient
      cannot be injured if he accidentally falls against said hooks.
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ABST
PAL  Ventilator apparatus to remove foul air and objectionable odors from a
      toilet comprising a vent duct manifold molded into the rear portion of the
      toilet bowl rim and communicating with a laterally extending coupling. The
      coupling communicates with a vent stack of the sewer in order to vent the
      manifold. The vent stack communicates with a blower which draws foul air
      out of the toilet bowl and discharges the air to atmosphere. The intake
      opening of the vent duct is positioned to prevent entry of water thereinto
      by a lip extending downwardly on the front edge of the vent duct.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Several types of odor removing devices have been devised heretofore to
      remove foul air from the bathroom. However, ventilation devices heretofore
      devised have not been molded into the rear portion of a toilet bowl to
      prevent entry of water and foreign material into the intake opening
      thereinto. Thus, foreign matter may collect in the cracks and slots formed
      in a device attached to the toilet making the devices difficult to clean
      and unsanitary.
PAR  Some devices heretofore devised contain switches within the seat which
      makes them potentially dangerous because of the possibility that the
      occupant of the toilet could be electrocuted.
PAR  The devices heretofore devised for ventilation of toilet bowls have
      comprised attachments which are not durable because of the many parts
      which corrode and oxidize due to the presence of water and other fluids.
      In addition, attachments to the toilet bowl are not practical for
      installation after construction of the building because ventilator ducts
      must be installed in unaccessible areas.
PAC  SUMMARY OF INVENTION
PAR  I have devised a ventilation system for removing odors from the toilet in
      which an intake opening is integrally molded into the toilet bowl and
      positioned to prevent entry of liquid thereinto. The intake opening is
      formed in a manifold which has a downwardly extending lip to facilitate
      cleaning and to prevent entry of liquid into the ventilation system making
      the vent sanitary and easily cleaned.
PAR  A ventilation passage communicating with the manifold of the toilet is
      connected by an adjustable coupling to the existing vent stack of the
      sewer system or to a separate vent pipe, to provide an exhaust conduit and
      simplify installation.
PAR  A squirrel cage exhaust fan is mounted adjacent the upper end of the vent
      stack to draw the foul air from the toilet bowl, making operation quiet
      and the fan easy to maintain because of the accessibility of the fan.
PAR  A primary object of the invention is to provide a method of removing foul
      odors directly from the toilet, thus preventing entry to the bathroom.
PAR  Another object of the invention is to provide a safe, efficient method of
      removing odors directly from the source without subjecting people using
      the device to the dangers of electrical shock.
PAR  A further object of the invention is to clean the air quickly of odors by
      drawing foul air from the point of inception.
PAR  Other and further objects of the invention will become apparent upon
      referring to the detailed description hereinafter following, and to the
      drawings annexed hereto.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  Drawings of a preferred embodiment of the invention are annexted hereto so
      that the invention may be better and more fully understood, in which:
PAR  FIG. 1 is a fragmentary cross-sectional view of the ventilation system
      diagrammatically illustrating the exhaust fan and switch;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a partial fragmentary view of a modified form.
PAR  Numeral references are employed to designate like parts throughout the
      various figures of the drawing.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A vent 4, as illustrated in FIG. 1 of the drawing, is molded into the rear
      portion of the toilet 5 and communicates with air passage 6. Coupling 8
      connects air passage 6 with the existing vent stack 10 of the sewer system
      (not shown) which allows the foul air in toilet 5 to be drawn upward
      through the vent stack 10 by an exhaust fan 12 secured to the upper end
      10a of vent stack 10. The foul air is then exhausted into the surrounding
      atmosphere exteriorly of the building.
PAR  Toilet 5 has a bowl 18 having a water inlet passage 14 formed in rim 18 a
      with a plurality of aperatures 14 a spaced throughout for guiding fresh
      water into the toilet bowl 18 to push water L out of the bottom of the
      bowl 18. The water L is held in the bowl 18 by the upwardly extending
      protrusion 20 in water passage 22. When additional water enters bowl 18
      from water passages 14 and 16 the water L in bowl 18 is pushed outward
      over protrusion 20.
PAR  A vacuum is created by the water L falling over protrusion 20 which draws
      the remaining water L from the bowl 18 thus cleaning the toilet 5 of all
      foreign matter. The water L then passes into the existing sewer system.
PAR  The toilet 5 has a flanged base 28 formed on the bottom thereof and is
      secured by anchor bolts 30 to the floor 32.
PAR  The vent 4 is formed in the upper rear portion of toilet 5. Vent 4
      comprises an intake passage 34 having one end communicating with the
      interior of the toilet bowl 18 and the other end communicating with
      manifold 36, as illustrated in FIGS. 1 and 2. Manifold 36 is a hollow
      passage communicating with air passage 6 which extends vertically down the
      rear wall 37 of the toilet bowl 18. In the preferred embodiment the
      manifold 36 forms a semi-circular passage between intake 34 and air
      passage 6. At the bottom of passage 6 an opening 38 is formed through rear
      wall 37 communicating with the coupling 8. The intake passage 34 has a lip
      39 formed in the front portion to prevent liquid and foreign matter from
      entering the vent 4 thus making vent 4 easy to clean and keep sanitary.
      Vent 4 has a highly polished and glazed surfaces to facilitate cleaning.
PAR  Coupling 8 comprises a hollow tubular member 40 having a first end 40a
      extending into opening 38 and a second end 40b having external threads
      secured to internally threaded sleeve 42. Tubular extension 40 has an
      annular shoulder 44 rigidly secured thereto. O-ring 46 is secured between
      the outer surface of rear wall 37 of toilet 5 and the annular shoulder 44
      for forming a seal about passage 38. Sleeve 42 has a second end 42b
      internally threaded to accept externally threaded tubular member 48 having
      a saddle flange 50 secured to end 48a thereof which extends into passage
      52 formed in the vent stack 10. O-ring seal 54 is urged into sealing
      engagement with stack 10 when coupling 8 is installed. Sleeve 42 has left
      and right hand threads so that as sleeve 42 is turned, tubular member 40
      and tubular member 48 move inwardly and outwardly together. When
      installing coupling 8, sleeve 42 is turned, extending tubular members 40
      and 48 outwardly from the center thereof sealing about opening 38 and
      passage 52 by O-ring seals 46 and 54.
PAR  Sleeve 42 has a shoulder 56 formed on the interior thereof to limit
      movement of flapper valve 58. Flapper valve 58 is pivotally secured to the
      interior of sleeve 42 such that it is closed under normal conditions and
      when a vacuum is formed by exhaust fan 12 flapper valve 58 will open
      toward the stack 10 permitting a vacuum to be drawn on vent 4 and the
      interior of bowl 18. Flapper valve 58 prevents leakage of sewer gas back
      into the toilet 5 through vent 4 when there is no vacuum within vent stack
      10.
PAR  Vent stack 10 is connected to a T-coupling 26 by elbow coupling 60 and
      extends through floor joist 62 and bottom plate 64 of the building
      structure. Vent stack 10 extends upwardly through wall 66 and passes into
      the attic through ceiling joist 68 and through rafters 70 to the top of
      roof 71. The vent stack 10, as illustrated in the preferred embodiment,
      acts as an exhaust conduit for the ventilation system 4; however, it
      should be appreciated that a separate exhaust conduit may be installed.
PAR  Exhaust fan 12 is mounted on upper end 10a of vent stack 10 by screws 72.
      Exhaust fan 12 comprises a housing 74 with louvers 76 formed therein to
      prevent rain from entering housing 74 and to allow the exhaust gases to
      exit from housing 74. Motor 80 is secured to a squirrel cage fan 78 by
      shaft 82. When motor 80 is energized a vacuum is drawn through vent stack
      10 by the exhaust fan 12 and air from vent stack 10 is forced out of
      louvers 76.
PAR  Electrical conductors 84 and 86 connect motor 80 to a time delay opening
      switch 88 which is connected to a power source of 110 volts by means of
      conductor 90.
PAR  Time delay opening switch 88 is located adjacent the toilet 5 such that the
      occupant may turn the switch fan 12 on and adjust the number of minutes
      the fan will run by turning knob 92. The time delay opening switch 88 will
      then open the circuit to motor 80 after a predetermined number of minutes.
PAR  Operation of the hereinbefore described invention is as follows:
PAR  Installation may be achieved by cutting a small hole 96 in wall 66 near
      floor 32 allowing access to vent stack 10. Passage 52 is then cut into
      vent stack 10 allowing coupling 8 to be installed thereto. Toilet 5 is
      then secured to floor 32 in the proper position by anchor bolts 30.
      Coupling 8 having tubular members 40 and 48 extending into passages 38 and
      52 respectively is then extended by turning sleeve 42 so as to extend
      tubular members 40 and 48 outwardly from the center thereof until a seal
      is made around passages 38 and 52.
PAR  As access panel 98 is secured by screws 100 to wall 66 over hole 96.
PAR  The exhaust fan 12 is then secured to the upper end 10a of vent stack 10
      and wired to an appropriate position adjacent the toilet 5.
PAR  When it is desired to remove odors from toilet 5, motor 80 is energized by
      turning knob 92 of time delay opening switch 88 to the on position.
      Exhaust fan 12 forms a vacuum in vent stack 10 opening flapper valve 58
      and creating a vacuum in air passage 6 and vent 4. Odors are then vacuumed
      through intake 34, through manifold 36, and into air passage 6. The odors
      then pass through vent stack 10, through exhaust fan 12, and are exhausted
      through louvers 76 into the atmosphere.
PAR  A modified form of the vent 4' is illustrated in FIG. 4 of the drawings.
      The manifold 36' extends above the bowl rim 18 of toilet 5 having
      protrusion 20' formed above the rim 18 such that the lower wall 36a' of
      manifold 36' is above the rim 18 so that water cannot enter the vent 4'.
      Air passage 6' communicates between manifold 36' and passage 38'. A
      conduit 102 extends into passage 38' and communicates with fan 12 to drawn
      the foul air from the toilet 5.
PAR  It should be readily apparent that the apparatus herein described
      accomplishes the objects of the invention hereinbefore discussed.
PAR  It should be appreciated that other and further embodiments of the
      invention may be devised without departing from the basic concept thereof.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. Ventilating apparatus comprising a toilet bowl having a manifold formed
      in the upper rear portion thereof, such that a first end communicates with
      the inner portion of said toilet bowl and the other end communicates with
      the exterior rear wall of said toilet bowl; a lip formed above and
      adjacent the first end of the manifold; a vent stack; coupling means to
      connect said manifold to the vent stack; a flapper valve element pivotally
      secured to the interior wall of the coupling means, said flapper valve
      element being movable toward the vent stack by air pressure; a shoulder to
      limit the movement of said flapper in a direction away from said vent
      stack; an exhaust fan secured to the upper end of said stack; a time delay
      opening switch; conductor means to connect said switch to the exhaust fan;
      a power source connectable to said switch.
NUM  2.
PAR  2. The combination called for in claim 1 wherein the exhaust fan comprises
      a housing having louvers formed in the sides thereof secured to said vent
      stack; an electric motor having a rotatable shaft thereon, said shaft
      extending into said housing; and a fan secured to said shaft inside of
      said housing.
NUM  3.
PAR  3. Ventilating apparatus comprising a toilet bowl having a manifold formed
      in the upper rear portion thereof, such that a first end communicates with
      the inner portion of said toilet bowl and the other end communicates with
      the exterior rear wall of said toilet bowl; a lip formed above and
      adjacent the first end of the manifold; a vent stack; coupling means to
      connect said manifold to the vent stack; an exhaust fan secured to the
      upper end of said stack; a time delay opening switch; conductor means to
      connect said switch to the exhaust fan; a power source connectable to said
      switch, wherein said coupling means comprises: a sleeve; a first hollow
      tubular member having one end communicating with said manifold and the
      other end threadedly secured to said sleeve; a second hollow tubular
      member having one end threadedly secured to said sleeve and the other end
      communicating with the vent stack, such that when the sleeve is turned in
      a first direction the first and second hollow tubular members move
      outwardly from the center of the sleeve and when turned in a second
      direction move inwardly toward the center of the sleeve; an annular
      shoulder formed about the first hollow tubular member; a flange formed
      about the second hollow tubular member; and seal means secured to each end
      of said tubular members.
NUM  4.
PAR  4. The combination called for in claim 3 wherein the seal means comprises a
      first O-ring positioned about the first hollow tubular member between the
      manifold and the annular shoulder; and a second O-ring positioned about
      the second hollow tubular member between the flange and vent stack.
NUM  5.
PAR  5. The combination called for in claim 3 with the addition of: a time delay
      opening switch and conductor means to connect said switch to the exhaust
      fan.
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ABST
PAL  A cup-like shield formed of resiliently flexible material is mounted on one
      end of an elongated adjustable rod. The shield is positionable about the
      inlet of an overflow passage in a lavatory bowl and locked into sealed
      relation with the bowl by means of the adjustable rod engaging, through a
      cushioned second end, the opposite wall of the bowl. The shield opens
      upwardly for the introduction of liquid and laterally for discharge of the
      liquid into the passage inlet.
BSUM
PAR  The invention herein is generally concerned with plumbing apparatus, and
      more specifically relates to a unique device for enabling the simplified
      cleaning of the overflow passage or passageway in a lavatory bowl.
PAR  More specifically, the device of the invention provides a cup-like receiver
      or funnel about the inlet of an overflow passage so as to enable the
      pouring of a cleaning solution, disinfectant or the like into the upper
      end of the overflow tube. In connection therewith, an elongated plug is
      provided for insertion into the drain hole of the bowl in a manner so as
      to seal the discharge end of the overflow passage for a trapping of the
      cleaning solution or the like therein for such time as is deemed necessary
      so as to clean and disinfect the passage.
PAR  Such a device will enable the homeowner to maintain the overflow passage
      free of filth, bacteria and the like in a simple yet highly effective
      manner utilizing easily manipulated and substantially trouble free
      components.
PAR  Basically, the assembly consists of an elastomeric cup-like shield which
      engages about the inlet of an overflow passage and is retained in position
      by means of an elongated adjustable rod. When so positioned, liquid can be
      easily poured through the open top of the shield for lateral discharge
      into the overflow inlet. The liquid is retained for the necessary period
      of time within the overflow passage by an appropriate plug inserted within
      the bowl drain.
PAR  The inventor is aware of the following prior art U.S. Pat. Nos. which are
      not deemed anticipatory of the invention:
TBL  216,006 issued May 27, 1879                                               
                      239,667 issued April 5, 1881                             
     299,476 issued May 27, 1884                                               
                      321,973 issued July 14, 1888                             
     302,253 issued July 22, 1884                                              
                      379,973 issued March 27, 1888                            
     302,269 issued July 27, 1884                                              
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of constructon and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a perspective view of the liquid directing device of the
      invention; and
PAR  FIG. 2 is a cross-sectional detail through a lavatory bowl with the
      assembly of the present invention installed therein and liquid being
      introduced to the overflow passage.
DETD
PAR  Referring now more specifically to the drawings, the assembly for cleaning
      the overflow passage in a lavatory bowl consists of two basic components,
      the liquid introducing device 10 and the elongated drain received plug 12.
PAR  The device 10 includes a cup-like shield or funneling element 14 formed of
      an appropriate water resistant flexibly resilient or elastomeric material.
      The shield 14 is basically in the shape of half a cup, including a
      vertical arcuate wall 16, a rounded bottom 18, a semi-circular top edge 20
      and a U-shaped vertical front edge 22.
PAR  The shield 14 also includes a solid rearwardly directed rear portion 24
      which is telescoped over and frictionally affixed to the forward end of an
      elongated longitudinally adjustable rod 26. While the rod 26 can be
      longitudinally adjusted in any of several appropriate manners, in the
      illustrated example, the rod 26 includes a hollow portion 28 which
      receives an externally threaded portion 30 therein for adjustment
      therealong. An appropriate adjusting nut 32 is threaded on portion 30 for
      abutment against the end 33 thereof so as to exert an outward pressure on
      the portions 28 and 30 to fix the rod 26 in position. The second or remote
      end of the adjustable rod 26 mounts an appropriate elastomeric cushion 34
      so as to provide a non-slip cushioned engagement with the lavatory bowl
      herein designated by reference numeral 36.
PAR  In use, the vertical edge 22 of the shield 14 is placed against the front
      wall of the lavatory 36 so as to engage the wall both to the opposite
      sides and below the inlet 38 of the overflow passage or passageway 40. The
      rod 26 is then appropriately extended to engage the cushion 34 against the
      rear wall of the lavatory 36 with such force being exerted as to deform
      the cup-like shield 14 in intimate contact with the lavatory wall about
      the inlet 38. The arcuate upper edge 20 of the shield forms a liquid
      receiving opening for the introduction of appropriate cleaning solutions,
      disinfectants or the like, as suggested in FIG. 2, which liquid discharges
      laterally into the overflow passage 40.
PAR  The elongated plug 12 is of particular significance in that the plug is of
      a size and configuration so as to seal the discharge end 42 of the
      overflow passage 40 for a retention of the liquid therein a length of time
      sufficient so as to achieve the desired results. Subsequent to the
      cleaning procedure, the plug 12 is removed, allowing the liquid to drain
      from the overflow passage, the rod 26 contracted and the unit or component
      10 removed.
PAR  There has thus been described a simple although highly unique means for
      effectively cleaning the overflow passage of a lavatory bowl or the like.
      The entire assembly can be both easily mounted and removed and can be
      simply and effectively utilized by the homeowner in the performance of
      what is normally a difficult job.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An assembly for cleaning the overflow passage in a lavatory bowl
      comprising a liquid directing cup-like shield and means for fixing said
      shield about the inlet to the overflow passage adjacent the upper edge of
      a lavatory bowl, said shield including an upwardly opening liquid
      receiving portion and a laterally directed liquid discharging portion for
      lateral discharge of liquid into an overflow passage inlet.
NUM  2.
PAR  2. The assembly of claim 1 wherein said shield includes a forward generally
      U-shaped edge engageable about the overflow inlet to the opposite sides
      and below the inlet and defining the discharge portion.
NUM  3.
PAR  3. The assembly of claim 2 wherein said shield is of an elastomeric
      material flexibly deformable to closely conform to the bowl about the
      inlet.
NUM  4.
PAR  4. The assembly of claim 3 including separate plug means for closing the
      lower discharge end of an overflow passage.
NUM  5.
PAR  5. The assembly of claim 4 wherein the means for fixing the shield about
      the inlet comprises an elongated adjustable rod, said shield being mounted
      on one end of the rod with the rod projecting therefrom for engagement
      with the opposite portion of a lavatory bowl.
NUM  6.
PAR  6. The assembly of claim 5 including a cushioning member on the second end
      of said rod.
NUM  7.
PAR  7. The assembly of claim 1 wherein said upwardly opening liquid receiving
      portion is defined by a generally horizontally disposed upper edge on said
      shield, said liquid discharging portion being defined by a generally
      vertically disposed side edge engaged with the surface of the bowl in at
      least partial enclosed relation to the overflow passage inlet, adjustable
      means extending from said shield and engaging the lavatory bowl in opposed
      relation to the overflow passage inlet to retain the shield in place, and
      a stopper for the lavatory drain opening and the overflow passage outlet
      to enable liquid to be poured into the open upper end of the shield and
      laterally discharged into the overflow passage and retained therein by the
      stopper until removed.
NUM  8.
PAR  8. In combination with a lavatory bowl having a bottom drain opening and an
      overflow passage extending from an inlet adjacent the top inner edge of
      the bowl to an outlet in the drain opening, a plug for selectively closing
      the outlet, and a liquid funneling element for introducing liquid into the
      inlet, said funneling element comprising a hollow member having an open
      top lateral opening in communication with the inlet for discharging liquid
      into the inlet and filling the overflow passage.
NUM  9.
PAR  9. The combination of claim 8 wherein said hollow member includes a
      laterally extending retaining member in opposed relation to the lateral
      opening and extending transversely of the bowl with the remote end
      engaging the bowl and retaining the hollow member in contact with the
      inner surface of the bowl.
NUM  10.
PAR  10. The combination of claim 9 wherein said hollow member is constructed of
      resilient material, said lateral opening being defined by a generally
      vertically disposed free edge on the hollow member retained in sealing
      contact with the interior surface of the bowl and maintaining liquid
      communication between the hollow member and the inlet, said retaining
      member being longitudinally adjustable and provided with a resilient pad
      on the end thereof remote from the resilient hollow member.
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ABST
PAL  A patient-lifting stretcher comprises a movable flexible frame formed of
      two closed longitudinal slideways between which there are movably mounted
      two parallel support sheets staggered with respect to each other which
      have one end in common provided with a reversing roller and two separate
      ends each having a reversing roller. Over these rollers and sheets there
      slide two cloths whose common end is connected to a fixed point and whose
      other ends, after passing over the rollers, are each firmly connected with
      a separate fixed point so that when the stretcher is displaced, one of the
      cloths moves under the body of the patient while the other, below this
      one, moves over the mattress or other surface which has until then
      directly sustained the body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a patient-lifter intended more
      particularly for the easy jolt-free handling of severely ill or injured
      patients.
PAR  The handling of severely ill or injured patients is still unfortunately
      effected manually in many cases by means of the arms of the stretcher
      bearers or nurses and by means of stretchers.
PAR  More and more the task of nursing is being entrusted to female personnel,
      both in hospitals and clinics. It follows from this that there is a very
      great need for systems and devices which assure said handling with a
      minimum amount of effort.
PAR  Certain embodiments have been devised. All of them present substantial
      difficulties in use, which difficulties for all practical purposes fully
      eliminate the attraction of the device as well as the benefit of the
      services which it might render.
PAR  For the reasons set forth above, these devices are disregarded in favor of
      the conventional methods of lifting which require additional personnel.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to do away with these drawbacks and
      it proposes a handling apparatus for patients who are ill or injured or
      handicapped, and in particular a patient-lifter which is characterized by
      the fact that it comprises a movable, flexible framework formed of two
      closed longitudinal slideways between which there are movably mounted two
      parallel support sheets staggered with respect to each other and having
      one end in common which is provided with a reversing roller and two
      distinct ends, each having a reversing roller and by the fact that on
      these rollers and sheets there slide two cloths whose common end is
      connected to a fixed point while the other ends thereof, after passage
      over the rollers, are each secured to a fixed point. The arrangement is
      such that when the stretcher is displaced one of the cloths moves under
      the body of the patient while the other, below this one moves over the
      mattress or other surface which until then has provided substantially
      direct support for the body.
PAR  The apparatus in accordance with the invention has numerous advantages:
PAR  IT DOES CONSIDERABLE SERVICE AND PERMITS THE HANDLING OF PATIENTS WITHOUT
      THE EXERTION OF ANY MANUAL EFFORT;
PAR  ITS HANDLING MOVEMENTS AND MORE PARTICULARLY THE PLACING OF THE CLOTH UNDER
      THE PATIENT ARE EFFECTED WITH THE GREATEST GENTLENESS, RESULTING IN USE
      WHICH IS MORE PARTICULARLY SUITABLE FOR PATIENTS WHO ARE SERIOUSLY ILL,
      HAVE HAD HIGHWAY ACCIDENTS, ETC.;
PAR  ITS PRICE IS MODERATE;
PAR  ITS WEIGHT, IN THE "ALUMINUM" VERSION ENABLES IT TO BE USED BY EVERYONE;
PAR  IF THE APPARATUS IS MOUNTED ON AN ELEVATOR AND THE ASSEMBLY MOTORIZED, A
      SINGLE PERSON CAN HANDLE THE PATIENT OR HE CAN EVEN HANDLE HIMSELF.
PAR  Other advantages will result from the use of this apparatus in hospital
      surroundings and numerous ones have already been contemplated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood by reference to the following
      description and the accompanying drawing in which
PAR  FIG. 1 is a side elevation of apparatus according to the invention;
PAR  FIGS. 2a, 2b and 2c are schematic views illustrating the passage of the
      cloth below the patient in such apparatus
PAR  FIG. 3 is a schematic side view of the apparatus with the patient in
      position; and
PAR  FIG. 4 is a schematic sectional view, taken along lines 4-4 in FIG. 3 of
      the top final part showing the position of the roller in the slideways.
DETD
PAR  Let us first of all refer to FIGS. 1, 3 and 4.
PAR  The patient-lifting device in accordance with the invention is composed of
      a movable, flexible framework formed of two closed longitudinal slideways
      1 and 2, each having in side view a contour similar to the plan view of a
      racetrack and, both being arranged parallel to each other on opposite
      sides of the patient. These slideways are connected together by cross
      members 3 and 4, one of which is substantially, although schematically,
      shown in FIG. 4 and both of which may interconnect upper parts 1',2' of
      slideways 1,2 as shown in FIGS. 1, 3 and 4. Grasping members or lifting
      heads can engage in the cross members. The assembly forms a litter.
PAR  Each slideway has in cross section the shape of a U lying on its side and
      almost closed, as can be noted from FIG. 4.
PAR  Each slideway has an outer track, shown in FIG. 4 as the upper track 5, and
      an inner track, shown in FIG. 4 as the lower track 6. Rollers 7 move on
      these tracks and particularly, as shown in FIG. 4, the rollers roll on
      extension members 7A which extend toward one another from the free ends of
      the arms of the U-shaped cross-section of the slideway. These rollers are
      borne by a common shaft 8. It passes through and is thereby secured to a
      side edge of a first support sheet 9 at one place and of a second support
      sheet 10 at another place slightly staggered from the first, this
      occurring at regular intervals. When disposed on the lower parts 1", 2" of
      the slideways for supporting a patient, as shown in FIGS. 2a, 2b, 2c and
      3, th first support sheet 9 is the upper one and the second, 10, is the
      lower one. They will be so identified hereinafter.
PAR  Let us refer furthermore to FIGS. 2a, 2 b and 2 c.
PAR  The two sheets are parallel and connected together at one of their ends by
      a common end piece 11 bearing a reversing roller 12 which also serves as
      tensioning roller. At the other ends the said sheets bear a roller 13 and
      14 respectively. The lower roller 14 is staggered backward with respect to
      the upper roller by a distance equal to the stagger between the sheets at
      the level of passage of a shaft such as 8.
PAR  The support sheets 9 and 10 are preferably made of synthetic materials with
      slippery faces such as the materials known under the names of nylon and
      teflon. They are each covered on both faces by a cloth, namely the upper
      cloth 15 covers both faces of sheet 9 and the lower cloth 16 covers both
      faces of sheet 10, the terms "upper" and "lower" referring again to the
      locations of these elements as shown in FIG. 2c; also see FIG. 4. Two ends
      of these cloths are common and connected to a fixed point 17. The two
      cloths extend longitudinally beyond their respective support sheets, as
      shown in FIGS. 2a, 2b and 2c. As also shown, both of them pass in
      superimposed condition from point 17 over the reversing roller 12; they
      continue, still superimposed, below the upper sheet 9; and then move apart
      towards the two rollers 13 and 14 respectively each of which serves as
      guide directing the respective cloth 15, 16 towards a fixed upper point 18
      and a fixed lower point 19.
PAR  As shown in FIGS. 1 and 4 the support sheets 9 and 10 and the cloths 15 and
      16 are laterally stretched between the two slideways 1 and 2. As indicated
      by FIGS. 1, 2a 2b and 2c the end points 17, 18, 19 of cloths 15, 16 are
      secured to framework 1 to 4.
PAR  The assembly 7 to 16 described above, which constitutes the stretcher, is
      pulled longitudinally, underneath the patient by means of two pull chains
      20 and 21 actuated by a winch 22 and concealed within the profiles of the
      longitudinal members 1, 2. On the curve placed on the path of the
      stretcher there is provided a guide 23 to impart to the stretcher a curved
      path which its tensioning would transform into a chord.
PAR  The operation of the assembly is as follows:
PAR  The litter is comprising the flexable framework 1, 2, 3, 4 is placed above
      a patient 24, the stretcher 1 to 16 then occupying the upper portion of
      the slide-ways 1, 2. This putting in place may be effected manually or
      mechanically by means of a lift truck. By acting on the winch 22, the
      stretcher moves until then has substantially directly supported and one of
      the cloths 15 moves below the body of the patient while the other 16 moves
      over the means which until then has substantially directly supported the
      body, for instance a mattress 25, so that the relative displacement of the
      cloths with respect to the body and its support is zero.
PAR  The front parts of the stretcher, that is to say the rollers 13 an 14,
      impress a slight depression in the mattress equal to the thickness of the
      stretcher so that the sliding of the stretcher is imperceptible to the
      patient.
PAR  At the end of the path, the stretcher is below the patient and supports
      him, primarily by cloth 15. Together with framework 1-4 and stretcher 7 to
      16 he can then be transported easily, either manually or by means of a
      lift and a carriage.
PAR  The reverse movement makes it possible to deposit the patient on another
      support under the same conditions.
PAR  Although the invention has been described with respect to a specific
      embodiment it is clear that it is in no way limited hereto and that
      various changes in form, materials and combinations can be made therein
      without thereby going beyond the scope or spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for supporting and transferring a patient, comprising:
PA1  a framework comprising a pair of closed slideway tracks, said tracks being
      laterally spaced apart and being disposed in parallel generally vertical
      planes for positioning the tracks in stationary condition on sides of a
      flat support surface for a patient, the tracks having upper and lower,
      normally horizontal track portions and having a terminal track portion
      interconnecting ends of the horizontal track portions; and
PA1  flexible stretcher means disposed to be guided by said track portions for
      positioning the flexible stretcher means, along said lower track portion,
      between the support surface and the patient to transfer the patient onto
      and from the flexible stretcher means.
NUM  2.
PAR  2. Apparatus according to claim 1, in which the framework includes cross
      members interconnecting said upper track portions.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein each track has a generally
      U-shaped cross-sectional configuration the arms of which face laterally,
      each track including members extending toward one another from said arms;
      and the flexible stretcher means including roller means comprising pairs
      of horizontal rollers rolling respectively on said members, and a common
      vertical shaft supported by the rollers of each pair to support edge
      portions of the flexible stretcher means.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said flexible stretcher means
      comprises; a first support sheet having an edge portion supported by one
      of said shafts; and a second support sheet generally coextensive with the
      first and having an edge portion supported by another of said shafts.
NUM  5.
PAR  5. Apparatus according to claim 4, in which said flexible stretcher means
      includes sheets of cloth, overlying opposite surfaces of each support
      sheet and longitudinally extending beyond the same.
NUM  6.
PAR  6. Apparatus according to claim 5 in which said support sheets are
      interconnected at one of their ends; the roller means including
      cloth-reversing roller means supported by the interconnected ends and two
      additional roller means, each supported by said edge portion of one of
      said sheets and one being staggered with respect to the other, and said
      sheets of cloth having longitudinal ends secured to said framework.
NUM  7.
PAR  7. Apparatus according to claim 5, in which said support sheets have
      slippery surfaces.
NUM  8.
PAR  8. Apparatus according to claim 1, including a pair of pull chains, one on
      each slideway track, for moving end portions of the flexible stretcher
      means along the tracks; and a winch on the framework, disposed to move the
      chains for the moving of the end portions of the flexible stretcher means.
NUM  9.
PAR  9. Apparatus according to claim 1, in which said terminal track portion is
      curved and is disposed to guide the flexible stretcher means in a
      correspondingly curved path.
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ABST
PAL  A generally rectangular frame for supporting the springs in a box spring
      assembly consisting of horizontal side and end rails, a plurality of
      transversely spaced cross rails supported on and extending between the
      side rails, and a center rail supported on and extending between the end
      rails and interlocked with the mid portions of the cross rails so as to
      support the cross rails intermediate their ends. The cross rails and the
      center rail are longitudinally arched to provide a mattress foundation
      which is convexly arched in two directions when viewed from above.
      Telescoping bracket supports are provided for mounting the ends of the
      center rail on the wood end rails so as to eliminate the necessity for
      slotting the end rails and uniquely shaped tabs are struck out of the
      cross rails to enable easy interlocking of the center rail with the cross
      rails during assembly of the frame. The cross rails are shaped so that
      they have narrow strips of metal at their ends to enable use of a
      conventional stapling tool for attaching the cross rail ends to the wood
      side rails.
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application discloses a box spring frame of the same general
      type as the frames disclosed in copending applications Ser. No. 886,468
      filed Dec. 19, 1969 (U.S. Pat. No. 3,680,157) and Ser. No. 56,933 filed
      July 21, 1970  (U.S. Pat. No. 3,665,529), owned by the assignee of this
      application.
PAC  BACKGROUND OF THE INVENTION
PAR  Box spring assemblies conventionally consist of a rectangular wooden frame
      having side rails, end rails and slats secured to the side rails and
      springs mounted on and extending upwardly from the wood frame. The wood is
      non-uniform, has reliability deficiencies and is becoming increasingly
      expensive but the introduction of steel or other suitable metals into such
      a product has heretofore been impractical from the standpoints of weight
      and economy. The principal object of the present invention, therefore, is
      to incorporate metal cross rails and a center rail into a box spring frame
      so as to replace the conventional wood slats with structural members which
      improve the quality, reliability and uniformity of the frame and, in
      addition, provide the box spring assembly with a highly desirable convex
      surface curvature which is important in all mattress foundations.
PAC  SUMMARY OF THE INVENTION
PAR  The box spring frame construction of this invention comprises substantially
      horizontal side and end rails formed of wood, a plurality of channel shape
      metal cross rails which are supported on and extend between the side
      rails, and a center rail which is supported at its ends on the end rails
      and is interlocked intermediate its ends with central portions of the
      cross rails so as to provide support for the cross rails intermediate
      their ends. The cross rails are prestressed so that they are
      longitudinally arched and pairs of downwardly extending tabs are struck
      out of the center portions of the cross rails. The center rail is
      similarly prestressed so that it is longitudinally arched and the center
      rail is assembled in a supporting relation with the cross rails by
      interlocking the center rail with the tabs on the undersides of the cross
      rails. The tabs that are struck out of the cross rails have downwardly
      inclined tail portions bent from the cross rails and free head portions
      which are of a progressively decreasing width in a direction extending
      away from the tail portions so that the head portions present minimum
      interference with the center rail during assembly. Telescoping brackets
      are arranged in a supporting relation with the ends of the center rail and
      are secured to the end rails to enable mounting of the center rail on the
      end rails without slotting the end rails. To further facilitate mounting
      of the cross rails on the side rails, the cross rails are provided with
      narrow strips of material at their ends to enable stapling of the cross
      rails to the side rails with a conventional stapling tool.
PAR  The longitudinally arched shapes of the cross rails and the center rail
      provides a base for a spring assembly of uniform thickness which has a top
      deck that is convexly curved in two directions when viewed from above. As
      a result, the deck provides a mattress foundation which imparts this
      identical convexly arched configuration to the top surface of a mattress
      supported on the spring deck, a characteristic which is acknowledged to be
      highly desirable in quality bedding. Past box spring assemblies have
      required layers of cotton to achieve this desirable arched configuration.
      In addition, the frame of this invention has improved strength
      characteristics by virtue of the cooperative action of the cross rails and
      the center rail so that potential sag of the frame during use is
      substantially eliminated.
DRWD
PAR  Further objects, features and advantages of this invention will become
      apparent from a consideration of the following description, the appended
      claims, and the accompanying drawing in which:
PAR  FIG. 1 is a top view of a box spring assembly provided with the improved
      frame construction of this invention, with some parts removed for purposes
      of clarity;
PAR  FIG. 2 is a longitudinal sectional view of the frame construction of this
      invention with some parts removed for the purpose of clarity;
PAR  FIG. 3 is a transverse sectional view of the frame construction of this
      invention with some parts removed for the purpose of clarity;
PAR  FIG. 4 is a fragmentary top view of a portion of the frame construction of
      this invention showing the mounting of the center rail on an end rail;
PAR  FIG. 5 is a fragmentary top view of another portion of the frame
      construction of this invention showing the mounting of one end of a cross
      rail on a side rail;
PAR  FIG. 6 is a fragmentary top view of a portion of a cross rail in the frame
      construction of this invention showing one of the tabs in the cross rail;
PAR  FIG. 7 is a longitudinal sectional view of the structure shown in FIG. 6;
      and
PAR  FIG. 8 is an enlarged sectional view of a portion of the frame construction
      of this invention as seen from substantially the line 8--8 in FIG. 4.
DETD
PAR  With reference to the drawing, the improved frame of this invention,
      indicated generally at 10, is illustrated in FIG. 1 in assembly relation
      with a spring assembly 12, the details of which are shown in the
      aforementioned copending application Ser. No. 886,468 so as to form a box
      spring 14 that can function as a mattress foundation. The frame 10, which
      is generally rectangular and is disposed in a horizontal plane in use,
      includes the usual end rails 16 and side rails 18 which are connected
      together. In the illustrated form of the invention, the rails 16 and 18
      are formed of wood but it is within the purview of this invention to form
      these rails of metal or the like. Cross rails 20 arranged in a
      transversely spaced relation are supported at their ends on the side rails
      18. As shown in FIG. 2, each cross rail 20 is formed of metal, preferably
      high strength steel in light gauge and is substantially U-shape in
      transverse section having a base section 22 and upstanding leg sections
      24. For strength purposes, the base section 22 is formed with linear
      embossments 26 each of which is of a generally inverted U-shape. Also for
      strength purposes, the upper end of each leg section is provided with an
      outwardly extending rolled over flange 28. The embossments 26 and flanges
      28 cooperate to stiffen the cross rail 20 and enhance its ability to
      resist bending loads. The frame 12 also includes a center rail 30 which,
      as shown in FIG. 3, is of generally V-shape having upwardly diverging legs
      31 which terminate in outwardly extending flanges 32 at their upper ends.
      The center rail 30 is also formed of metal, preferably high strength steel
      in light gauge, so that the legs 31 can be forced toward each other, but
      the legs will resiliently spring back away from each other to the
      positions shown in FIGS. 3 and 8 when the force is removed.
PAR  As shown in FIG. 3, each cross rail 20 is prestressed so that it is
      longitudinally arched to locate the center portion 34 of the rail above
      the end portions 36. Similarly, as shown in FIG. 2, the center rail 30 is
      prestressed so that it is longitudinally arched to locate its center
      portion 38 above its end portions 40.
PAR  The center rail 30 is interlocked with and arranged in a supporting
      relation with the center portions 34 of the cross rails 20. This
      interlocking is achieved by striking tabs 42 (FIGS. 3, 6 and 7) out of the
      base sections 22 of the cross rails 20 and arranging the tabs 42 in facing
      pairs. Each tab 42 includes an elongated tail portion 44 which is
      integrally connected to the base section 22 by bends 46. The tail portion
      44 is also transversely bent during the striking process so that it is
      somewhat concave in shape when viewed from above. Each tab 42 also
      includes a head portion 48 which is integral with the tail portion 44 but
      free of the base section 22 so that it terminates in a curved edge 50.
PAR  As shown in FIG. 6, the edge 50 is shaped so that the head portion 48 is of
      a progressively decreasing width in a direction extending away from the
      tail portion 44. The center rail 30 is assembled with each pair of tabs 42
      in each cross rail 20 by forcing the upwardly extending legs 31 of the
      tail 30 toward each other so as to reduce the spacing between the flanges
      32 so that the flanges 32 can be moved into positions between the tab head
      portions 50, following which the legs 31 are released so that they spring
      apart and urge the flanges 32 into positions in which they are confined
      between the tab head portions 50 and the cross rail base sections 22. By
      virtue of the shape of the head portions 50, the tabs 42 present a minimum
      of interference with the center rail 30 during manipulation of the rail 30
      to interlock it with the cross rails 20. For a more detailed disclosure of
      the manipulation of the center rail 30 to interlock it with the cross
      rails 20, reference is made to applicant's aforementioned copending
      application Ser. No. 56,933.
PAR  The ends of the center rail 30 are mounted on the end rails 16 by means of
      brackets 52 which are telescoped over the ends of the center rail 30 and
      attached by staples 54 (FIG. 4) to the end rails 16. Each bracket 52
      consists of a metal body 56 having a top wall 58 which is return bent
      downwardly upon itself at its transverse edges 60 so as to form edge
      flanges 62 which are disposed below and extend under the top wall 58. The
      body 58 has a telescoping portion 64 at one end in which the flanges 62
      are spaced below the top wall 58 a distance sufficient to accommodate the
      flanges 32 on the center rail 30, as shown in FIG. 8. In the telescoping
      portion 64 of the body 56, the top wall 58 has a center depressed portion
      66 which extends downwardly between the flanges 32 to a position in
      substantial alignment with the flanges 32. The portion 66 thus functions
      to preclude accidental release of the flanges 32 from their confined
      positions between the top wall 58 and the flanges 62. The body 56 also
      includes a mounting portion 68 in which the flanges 62 are flattened
      against the top wall 58 and supported on the top side of an end rail 16.
      The staples 54 function to firmly retain the mounting portion 68 against
      the rail top surface without requiring any slotting of the rail 16. Thus,
      in the assembly of the frame 10, the brackets 52 are initially telescoped
      over the ends of the center rail 30 and then secured by the staples 54 to
      the end rails 16 so that the center rail 20 is substantially midway
      between the frame side rails 18.
PAR  The cross rails 20 are interlocked with the center rail 30 and are secured
      at their ends to the side rails 18 by staples 70, as shown in FIG. 5. To
      facilitate installation of the staples 70, each cross rail 20 has its base
      section 22 provided with a notch 72 and a slot 74 at each end 36 of the
      cross rail 20. The notch 72 and slot 74 cooperate to provide a narrow
      strip of metal 76 which can readily be straddled by the staples 70 to
      thereby permit the use of a conventional stapling tool to secure the ends
      36 of the cross rails 20 to the side rails 18. Accordingly, by virtue of
      the provision of the mounting brackets 52 on the center rail 30 and the
      narrow strips 76 at the ends of the cross rail 20, the metal components of
      the frame 10, namely, the cross rails 20 and the center rail 30, are
      readily secured by conventional staples to the wood components 16 and 18
      of the frame 10.
PAR  The spring assembly 12 consists of a plurality of springs 78 arranged so
      that the assembly 12 is of substantially uniform height and many of the
      springs in the assembly 12 are mounted on the cross rails 20. For this
      purpose, the cross rails 20 are slotted, as described in detail in
      copending application Ser. No. 886,468, and the cross rails can function
      as an assembly jig for the positioning of these springs thus assuring
      accurate locating and mounting of the springs. The spring assembly 12
      includes a top spring surface or deck 80 the general contour of which is
      indicated in broken lines in FIGS. 2 and 3. By virtue of the longitudinal
      arching of the center rail 30 and the cross rails 20, the deck 80, on
      which the bedding mattress is placed, is convexly arched in two
      directions, namely, directions longitudinally of the rails 20 and 30, when
      viewed from above. As a result, a mattress supported on the deck 80 will
      have its top surface of a similar configuration. This convexly arched
      configuration is intimately associated in the public mind with quality
      bedding. Furthermore, the longitudinal arching of the rails 20 and 30 in
      the frame 10 provides the frame 10 with increased resistance to normal
      loads precluding sagging of the mattress foundation during use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A box spring assembly comprising a frame having substantially horizontal
      side and end rails and a plurality of transversely spaced cross rails
      supported on and extending between said side rails, each of said cross
      rails being pre-stressed so that it is longitudinally arched and being
      secured at the ends thereof to said side rails, the longitudinal arch in a
      cross rail providing for a location of the center portion thereof above
      the ends thereof, and a center rail extending transversely of said cross
      rails and secured at the ends thereof to said end rails, said center rail
      being connected intermediate the ends thereof to said cross rails and
      being pre-stressed so that it is longitudinally arched and has the center
      portions thereof disposed above the ends thereof, a plurality of springs
      forming a spring assembly of substantially uniform height and having a top
      deck, and means on said cross rails providing for the support of at least
      some of said springs thereon in predetermined fixed positions so that the
      top deck is convexly arched in two directions when viewed from above as a
      result of said arching of said cross rails and said center rail, said
      cross rails being generally U-shaped in transverse section and each having
      a base section and upright leg sections, said base sections being formed
      with downwardly extending tabs arranged in pairs and aligned with said
      center rail, and said center rail being interlocked with and arranged
      between the tabs in each pair.
NUM  2.
PAR  2. A generally rectangular frame for a box spring assembly, said frame
      comprising side and end rails and a plurality of transversely spaced cross
      rails supported on and extending between said side rails, each of said
      cross rails being of channel shape in cross section and having a generally
      horizontal base section and upright leg sections, a center rail extending
      transversely of said cross rails and secured at the ends thereof to said
      end rails, said center rail being of generally V-shape in cross section
      and having generally horizontal flanges at the upper ends thereof
      extending outwardly in opposite directions, tabs struck out of at least
      some of said cross rail base sections, said tabs being arranged in pairs
      inclined downwardly toward each other and spaced apart longitudinally of
      said cross rails, each of said tabs having a downwardly bent tail portion
      integral with said base section and a head portion integral with said tail
      portion and inclined downwardly therefrom at a position below said base
      section, said head section terminating in an outwardly curved free edge,
      and said center rail being stressed so that said flanges thereof are urged
      outwardly into retained engagement between pairs of said tabs, said
      flanges being positioned between the head portions in a pair of tabs and
      the base section from which said tabs are struck.
NUM  3.
PAR  3. A box spring frame according to claim 2 wherein each of said tab head
      portions has the free edge thereof curved so that said head portion is of
      a progressively decreasing width in a direction extending away from the
      tail portion integral with said head portion.
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ABST
PAL  A body positioner and the like is formed from a block of polyurethane foam
      having resilient characteristics capable of deformation and of permitting
      the passage of air and having an unsymmetrical pentagonal cross-section
      and having a length substantially greater than its width so that the block
      may be rotated on its major surfaces to provide for a variety of
      adjustable continuous positioning support surfaces along a major portion
      of the body of a patient while lying upon an operating table or examining
      table.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many instances, it is necessary to position a patient lying laterally
      upon an operating or examining table in an angular position relative to
      the table instead of a strictly supine position.
PAR  Heretofore, arrangements including a plurality of foam positioner blocks
      have been used as in U.S. Pat. No. 3,604,023. However, this arrangement
      provides only for a normal vertical side position on the table and not for
      rotating the patient's lateral body position to different angular
      positions relative to the table.
PAR  In many instances, as where the patient is under sedation, the use of a
      plurality of smaller spaced foam blocks would not result in stability of
      the patient on the table.
PAR  Foam support cushions have also been used in various shapes and sizes to
      support a person's body while in a strictly supine or reclined position
      as, for example, U.S. Pat. No. 3,333,286. These cushions differ from
      positioner of the present invention in that they would not present a
      substantial support for a patient's entire lateral body length while lying
      in a side-rotated position, nor would they have the adjustability afforded
      by positioners of the present invention for a patient while in a
      side-rotated position.
PAR  Accordingly, it is an important object of the present invention to provide
      a versatile body positioner block which has a plurality of major support
      surfaces to adjustably position the body of the patient while lying
      laterally on an operating or examining table.
PAR  Another important object of the invention is to provide a body positioner
      block which will create a substantial lateral support for the patient on
      the table to provide stability for the patient's position.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a body positioner for a patient lying upon an
      operating or diagnostic examining table may be formed from a single
      elongated resilient, deformable polyurethane foam block of unsymmetrical
      pentagonal cross-section having three major surfaces and two minor
      surfaces to provide for adjusting and stably supporting a patient lying
      laterally in a variety of angular body positions relative to the table.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawing
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a front perspective view showing the positioning of the patient's
      body with a body positioner constructed in accordance with the invention
      in a first position,
PAR  FIG. 2 is an end elevation showing the patient's body with a body
      positioner in a first position,
PAR  FIG. 3 is an end elevation showing the patient's body with a body position
      in a third position, and
PAR  FIG. 4 is a front perspective view showing the patient's body with a body
      positioner in a fourth position.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawing illustrates a body positioner and the like for variably
      adjusting the position of and supporting a patient lying laterally upon an
      operating or examining table.
PAR  The body positioner of this invention includes an elongated block, broadly
      designated at 10, constructed of resilient deformable polyurethane foam.
      The foam block has the advantage of being inexpensive and suitable for one
      patient use.
PAR  The body positioner is formed from a solid rectangular foam block which is
      first cut or sawed into a triangular block having opposed 45.degree.
      angles. The edges at the apex of the 45.degree. angles become feathered as
      a result of inherent irregularities of the material and the sawing
      operation. These edges present an unsightly appearance and tend to peel
      away in small bits and pieces and such a block has proved to be
      impractical. Therefore, the triangular block is then advantageously shaped
      by cutting or sawing off triangular edge portions of different widths.
      Removing these edges by forming smooth planar minor surfaces of different
      widths has the advantage of giving the block a finished appearance as well
      as the important advantage of providing versatility to the body positioner
      as it is used on the operating or examining table by the nurse to provide
      a variety of patient body positions relative to the table.
PAR  The elongated block is preferably unsymmetrical pentagonal cross-section
      having major planar surfaces A, B and C and minor planar surfaces D and E.
      The major surfaces A and B are at right angles to each other and are
      opposite a 45.degree.  major surface C which is joined to the major
      surfaces A and B by opposed minor surfaces D and E. As shown in FIG. 2,
      minor surface E has a greater width and perimeter than the minor surface D
      which results in all five surfaces of the block being of different widths
      and provides the patient and the body positioning block with a variety of
      adjustable positions relative to each other and the table as will be more
      fully described.
PAR  In use, the body positioner block can be based on any one of the three
      major surfaces A, B or C for varying the position of a patient's body on
      the remaining major surfaces. In FIGS. 1 and 2, the block is based on
      major surface B providing support for substantially all of the patient's
      body 11 on major surface C and a rather small void space 12 defined by the
      patient's body, minor surface D and the table 13. This placement of the
      block also provides for a wide base surface against the table with a
      resulting increase in stability. In FIG. 3, the block is based on major
      surface A providing for less base surface and support surface for the
      patient on major surface C than shown in the position of FIGS. 1 and 2 but
      for a greater void space 14 for the increased circulation of air and
      patient comfort. On base A the block also provides a higher support for a
      more variable angular positioning of the patient's body 11 against the
      block 10 and the table 13. In FIG. 4, the block is based on major surface
      C which provides for positioning and support of the patient's body 11 on
      either one of the major surfaces A or B. With the patient supported by
      major surface A, a maximum void space will be provided. In this position,
      the block can rotate about an edge 15 to provide the greatest variable
      angular positioning of the patient's body 11 relative to the table. With
      the patient supported by the major surface B, the maximum surface support
      will be provided by the block which will also enhance the stability of the
      patient on the table while providing a lesser void space. Also in this
      position, the block can be rotatably positioned to provide for additional
      variety to the side-rotated position of the patient's body.
PAR  The length of the body positioner necessarily must be greater that its
      width for stability and would preferably extend at least from the
      shoulders to below the waist of the patient. If desired, the reclined
      patient may be positioned vertically on the side by utilizing a vertical
      major surface A or B alone or in conjunction with a comparable surface of
      another support block. With the surface C on the table, either of the
      surfaces A or B may be utilized to support the patient.
PAR  It can thus be seen that the body positioner of the present invention can
      be used on an operating table or examining table to provide a plurality of
      support surfaces to adjustably and variably position the body of the
      patient lying laterally on the table.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A body positioner for providing lateral support for the body of a
      patient lying upon an operating table, diagnostic examining table, and the
      like comprising:
PA1  A. an elongated flexible block structure of resilient deformable
      polyurethane foam material having an unsymmetrical pentagonal
      cross-section;
PA1  B. a first major planar surface carried by said block;
PA1  C. a second major planar surface at right angles to said first major
      surface;
PA1  D. a third major planar surface opposite said first and second major
      surfaces;
PA1  E. a first minor planar surface joining said third major surface with said
      first major surface;
PA1  F. a second minor planar surface joining said third major surface with said
      second major surface;
PA1  G. the said structure having a length greater than its width for supporting
      a substantial portion of the patient's lateral body length extending from
      about the shoulders to below the waist for increased stability; and
PA1  H. one of said minor surfaces having a width greater than the width of the
      other minor surface;
PA1  whereby the structure may be variably based on any one of said major
      surfaces on the table to provide a variety of lateral body support
      surfaces for adjustably and stably supporting a patient's body in a
      variety of lateral body positions to obtain a desired patient body
      position on the table.
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ABST
PAL  Liquid-containing pulp material, especially sulphate pulp containing black
      liquor, is deposited as a mat on a moving filter and subjected to
      displacement washing with a liquid such as clean water supplied to one
      side of the pulp mat and displacing the black liquor, which emerges in
      substantially undiluted form from the opposite side of the mat. The filter
      is a screen moving over a supporting floor, said floor and screen together
      forming a "resistance floor" providing a substantial flow resistance to
      the liquid. A layer of displacement or washing liquid (e.g., water) is
      maintained over the pulp mat covering the surface thereof. This layer may
      have a depth or height of e.g. 10 to 100 cm, thus protecting the surface
      of the mat against the effect of supply means for displacement liquid and
      providing a pressure on the upper side of the pulp mat assisting in
      overcoming the flow resistance of the pulp and the floor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for continuous displacement
      washing of liquid-containing pulp materials, wherein the pulp is deposited
      on a moving filter, displacement liquid is supplied to the pulp and a
      difference in pressure is maintained across the pulp to replace the liquid
      therein with displacement liquid and recover substantially undiluted
      liquid from the pulp.
PAR  The method according to the invention may be used on various pulps such as
      fibrous pulp in the wood-pulp industry, pulps of granular particles such
      as mash in breweries, pulps of comminuted crushed sugar cane, etc. The
      invention is not dependent upon the formation of a pulp cake such as in
      the washing of pulps in the wood-pulp industry, but the pulp must be
      deposited in such a way that a reasonably uniform pulp distribution is
      obtained. The invention is especially developed for recovering liquor from
      sulphate pulp and will be described below on the basis of this use.
PAR  For recovering black liquor from sulphate pulp there are used batteries of
      diffusers, continuous diffusers in which the displacement liquid must
      traverse a distance of approximately 30 cm through the pulp, and
      continuous filters on which the pulp is deposited in mats of 2 cm or more.
      Washing liquid is supplied to the surface of the pulp and shall penetrate
      the pulp at a rate that should be as uniform as possible over the entire
      surface of the pulp in order that the liquid initially emerging from the
      opposite side of the pulp through the filter shall be as undiluted as
      possible. However, it is difficult to deposit the pulp on the filter in
      such a manner that the pulp will not afford a locally reduced flow
      resistance. In places having a reduced flow resistance the washing liquid
      will flow much faster through the pulp than in the remaining places,
      resulting in an undesired dilution of the black liquor recovered from the
      pulp. No layer of liquid is maintained over the pulp, probably because the
      washing liquid is not to flow laterally to places where the flow
      resistance is least, but is to act through the entire pulp. Instead,
      nozzles spaced as uniformly as possible over the surface of the pulp are
      used, which nozzles sprinkle water onto the surface. However, such a
      sprinkling through nozzles can never provide an entirely uniform water
      supply. The supply will always be greater locally. Also this fact leads to
      a dilution of the displaced liquid.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a method for continuous
      displacement washing of pulp such as sulphate pulp, in which the above
      disadvantages are substantially reduced, thereby permitting a higher
      recovery rate and/or lower installation and operational costs than in
      previously used methods and apparatus for continuous displacement washing.
PAR  The method according to the invention is characterized by moving a filter
      web or screen over a supporting floor, said floor and screen together
      providing a substantial flow resistance compared with the average flow
      resistance through the pulp mat, and maintaining a layer of displacement
      liquid over the pulp mat covering the surface thereof. The term
      "resistance floor" as used in the claims and the specification is intended
      to mean a structure which may be either the filter web, the support floor
      or a combination of both, in which resistance floor a back pressure is
      developed which provides the desired increased resistance to the flow of
      displaced liquids through the pulp mat and yet permits the desired
      displacement rate.
PAR  Whereas in previous diffusers and displacement filters screens or filter
      webs not providing any substantial flow resistance are used, the present
      invention prescribes the use of a filter which may be termed a resistance
      floor. The desired resistance may be obtained by means of a supporting
      floor over which the filter web or screen is passed. Such an additional
      resistance will prevent any "short-circuiting" through cracks in the pulp
      providing a resistance through the pulp of approximately zero. Thus, if
      the resistance floor provides a resistance of for instance 0.5 times the
      average resistance through the pulp, the influence of such a crack will
      immediately be reduced and correspond to the presence of a local reduction
      in the resistance of 67%. The obtained resistance essentially reduces the
      passage of liquid through the crack. If the resistance floor provides a
      resistance of for instance 4 times the average resistance through the
      pulp, which is no way the upper limit of the resistance which may be used
      in the resistance floor, a crack will correspond to a local reduction in
      the resistance of 17%. Smaller variations in the resistance than
      corresponding to a complete short-circuiting through the pulp will be
      correspondingly reduced by the resistance floor. At the same time the
      displacement liquid (washing liquid) is according to the invention
      supplied uniformly and gently, since the liquid layer will permit
      equalizing of the liquid supply and protect the pulp against direct
      influence from the supply nozzles. Preferably, the liquid layer is
      sufficiently deep to place the upper side of the pulp under pressure. The
      liquid layer may for instance be 10 to 100 cm deep. The higher the liquid
      layer, the coarser, simpler and cheaper may be the liquid supply means
      without adverse effects on the pulp. Thus, it may become completely
      unnecessary to use nozzles.
PAR  In order that the hydrostatic pressure at the bottom of the liquid layer
      shall not induce an undesired liquid flow in the horizontal direction
      through the pulp, the hydrostatic pressure in the pulp, especially
      upstream of the pulp mat, at the level of the upper side of the pulp mat
      may equal the horizontal pressure at the bottom of the liquid layer.
      Simultaneously, this hydrostatic pressure provides an over-pressure in the
      system which is desired when a relatively high resistance is maintained
      through the filter by using a resistance floor. This is because it is not
      always practical to provide the desired difference in pressure across the
      filter merely by means of an underpressure below the resistance floor,
      since this may entail i.e. unnecessary costs or disturbing gas development
      phenomena.
PAR  However, under certain conditions such an over-pressure is unnecessary, and
      the liquid layer may then have a thickness of merely some millimeter,
      which admittedly requires nozzles to obtain a uniform water supply.
PAR  In any case, the total liquid column in the pulp mat and the superjacent
      liquid layer should exert an hydrostatic pressure which together with a
      suitable under-pressure below the resistance floor is appropriate for
      surmounting the flow resistance at the desired displacement rate.
PAR  The desired hydrostatic pressure in the pulp and the liquid layer may
      preferably be obtained by providing a generally horizontal
      liquid-penetrable partition floor between the liquid layer and the pulp
      mat, said partition floor forming the bottom of a compartment for
      displacement liquid and being positioned within a vat, and forming the
      pulp on a screen while passing said screen into the vat.
PAR  In the method according to the invention a better separation of liquid
      phases having different levels of concentration is obtained due to a
      relatively more uniform flow resistance and a more gentle supply of
      displacement liquid. Thus, over a large portion of the resistance floor
      there is obtained substantially undiluted (100%) cooking liquor.
      Thereupon, the liquid emerging through the filter will be more and more
      diluted. Whereas the liquid may be passed direct to the sewer when the
      concentration goes below a certain level, the liquid emerging from a
      transitional length of the screen where dilution of the pulp begins may be
      recirculated for use as displacement liquid for initial displacement in
      the first part of the filter.
PAR  The apparatus used to perform the method of the invention is characterized
      by a moving screen supported by a floor, said screen and floor together
      providing a substantial flow resistance compared with the normal flow
      resistance across a pulp mat formed on the screen, and means for
      maintaining a layer of displacement liquid over the pulp mat covering the
      surface thereof.
PAR  The means for maintaining a layer of liquid over the pulp mat consists of a
      compartment having a generally horizontal liquid-penetrable partition
      floor. The partition floor is preferably positioned within a vat, and an
      endless screen may be arranged to be passed down into the vat from a
      position outside the vat, below the partition floor, up from the vat and
      back to the starting point. An inlet chest for pulp may be formed between
      the portion of the screen moving down into the vat and a wall of the
      compartment for displacement liquid. The filling level in the inlet chest
      may be adjusted to maintain the desired hydrostatic pressure in the pulp
      at the level of the partition floor.
PAR  I.e., due to variations in the properties of the pulp the displacement rate
      may vary, which would entail that the position of the abovementioned
      transitional length where dilution of the displaced liquid begins, may
      vary. However, the speed of the screen may advantageously be adjustable in
      response to the concentration at a certain position of the screen in order
      to maintain as constant as possible the concentration at this position and
      consequently the position of the transitional length. Alternatively, the
      transitional length may be divided into sections and the liquid from these
      sections conducted in such a manner that the concentration of the liquid
      determines where it is to be directed.
DRWD
PAR  Additional features of the invention and especially the apparatus for
      carrying out the method will appear in more detail from the following
      description, reference being had to the drawing, which highly
      diagrammatically illustrates the principles of the apparatus according to
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing there is shown a vat 1, the floor 2 of which is designed as
      a resistance floor, for instance having a structure which will be
      discussed in more detail later. A continuous screen 3 of comparatively
      close weave is adapted to move down into the vat 1 over the resistance
      floor 2 and up from the vat at the opposite end. Within the vat 1 there is
      provided a compartment 4 for displacement liquid 5. The first part of the
      compartment 4 may be divided into several sections 7, 8 and 9 by means of
      partitions 6 extending transversely of the direction of movement of the
      screen. Between the portion 10 of the screen moving down into the vat 1 at
      one end thereof and a wall 11 of the compartment 4 for displacement liquid
      5 there is formed an inlet chest 12 to which pulp 13 is supplied from a
      pulp buffer which is not shown. The pulp, which especially may be sulphate
      pulp containing black liquor, is formed in the inlet chest to a pulp mat
      14 on the portion of the screen 3 moving over the resistance floor 2. The
      pulp mat 14 will fill the space between the screen 3 and the floor 15 of
      the compartment 4 for displacement liquid. This floor 15 is
      liquid-penetrable and may for instance be perforated. It should consist of
      a material affording a relatively low friction against the pulp 14 so that
      the movement thereof together with the screen 3 is not obstructed.
      Alternatively, an endless, liquid-penetrable (for instance perforated)
      belt 16 moving with the pulp as indicated by a dash-and-dot line in the
      drawing may slide below the partition floor. Such a belt may also replace
      the partition floor, suitable guide walls being then provided within the
      vat 1. If no moving belt 16 is provided, a short conveyor belt 17 may be
      provided at the outlet end to press clean pulp against the screen 3 and
      convey it up from the vat 1.
PAR  In order that the screen 3 may be guided in the desired direction within
      the vat 1 it may preferably be stiffened in the transverse direction while
      being readily pliable in the longitudinal direction. Thereby, it becomes
      possible to manage with a guiding of the screen along the side walls of
      the vat. An undesired tensioning of the screen 3 within the vat 1 may also
      be avoided by operating and controlling relatively to each other both a
      guide roller 18 and a guide roller 19 for the screen 3 at the inlet to the
      vat 1 and the outlet therefrom, respectively.
PAR  The resistance floor 2 may be subjected to an under-pressure at the
      under-side, which under-pressure together with the hydrostatic pressure at
      the screen 3 provides the required difference in pressure for overcoming
      the flow resistance through the pulp mat 14 and the resistance floor 2. In
      the embodiment illustrated the resistance floor 2 is divided
      longitudinally into sections a to m, which in turn may be divided
      transversely into sections. Each section consist of an upper sieve portion
      20 having a relatively small resistance and one or more subjacent nozzles
      21 determining the flow resistance through the section. The volume of each
      section between the sieve portion 20 and the nozzle 21 should preferably
      be as small as possible, especially in a transitional length formed by the
      sections j, k and l and discussed in more detail later, such a small dead
      volume reducing the slowness of the system when continuously controlled in
      order to obtain a stable operation as far as possible. Other designs of
      the resistance floor is possible. For instance, the desired resistance may
      be obtained merely by a screen of close weave having a desired uniformly
      distributed resistance, and in that case an extensive division of the
      resistance floor into sections as illustrated in the drawing is not
      required.
PAR  The sections a and b form a preconditioning zone for adjustment of the
      concentration. A relatively large outlet 31 in the end wall 30 at the
      inlet end may also serve for preconditioning. The sections a to i are
      shown in the drawing to be connected to a common conduit 22 for
      concentrated cooking liquor which is discharged for further working. Also
      the sections j, k and l have been shown as connected to the conduit 22 for
      concentrate, but it has also been indicated in dotted lines that liquid
      emerging from these sections may be recirculated to the sections 7, 8 and
      9 in order to be reused as displacement liquid for initial displacement in
      the first part of the filter. The operation of the apparatus according to
      the invention may be adjusted for instance by controlling the speed of the
      screen 3 in such a manner that the concentration of the liquid emerging
      from the resistance floor sections a to i is about 100%, whereas liquid
      having a decreasing concentration emerges from the sections j, k and l,
      for instance 99-95% from section j, 95-90% from section k and 90-85% from
      section 1. Section m defines an afterwashing zone in which the
      concentration may be so low that the liquid may be passed direct to the
      sewer through a conduit 23. Alternatively, liquid from these sections may
      be used for other purposes in the factory. The apparatus may also be
      operated with a constant speed of the screen, and the discharge of liquid
      from the sections j to m may be controlled in response to the
      concentration of the liquid. In some systems it is also conceivable that
      it is desired to take care of the liquid even down to a concentration of
      for instance 30%. It will be understood that this is fully possible by a
      suitable division of the resistance floor and control of the liquid flows.
      Thus, the invention is not restricted to the recovery of undiluted liquid.
PAR  The endless running screen 3 may conveniently be reconditioned outside the
      vat 1 on its way back to the inlet end, for instance by flushing with
      water as indicated at 24 and drying with air as indicated at 25.
PAR  Means for placing the resistance floor 2 under sub-pressure, pumps for
      recirculating liquid and various control equipment have not been
      illustrated in the very diagrammatic drawing of the apparatus according to
      the invention.
PAR  The method and the apparatus according to the invention will provide better
      results than the methods and devices presently used for continuously
      washing sulphate pulp. For a set capacity the apparatus according to the
      invention will have a substantially lower initial cost than previously
      known apparatus. It will also be cheaper in operation.
PAR  With a displacement rate of 5 cm/min (a relatively low displacement rate
      for sulphate pulp) and an effective filter surface of 60 m.sup.2, 180
      m.sup.3 liquor per hour may be recovered, corresponding to approximately
      20 ton wood-pulp per hour if the pulp has a concentration of 10%. This
      illustrates that the capacity necessary for practical use of the filter
      may readily be achieved. With a thickness of 30 cm of the pulp mat 14 and
      an effective filter length of about 10 m the screen 3 will have to be
      advanced at a rate of about 1.7 m/min, a very moderate rate which should
      not entail problems.
PAR  Whereas the average resistance through the pulp mat 14 at ordinary
      displacement rates may for instance lie in the order of 10-40 cm H.sub.2 O
      (both lower and higher resistances may occur) a resistance floor 2 having
      a flow resistance of about 100-160 cm H.sub.2 O at the same rate may
      easily be used, since the height of the displacement liquid 5 may for
      instance be about 100 cm and the under-pressure below the resistance floor
      2 may for instance be of approximately the same order, i.e., corresponding
      to a water pressure of about 100 cm.
PAR  In the preceding description a short reference has been made to a
      controlled recirculation of displaced liquid, a control of the speed of
      the screen 3, that the resistance floor may have various designs and that
      the liquid-penetrable floor 15 may move together with the pulp 14 in order
      not to afford an excessive frictional resistance against the pulp. It will
      be understood that the apparatus which has been diagrammatically shown in
      the drawing may be further modified in a number of other ways and be
      provided with a number of further details. I.e., care should be taken that
      the pulp is fed to the inlet chest 12 in such a manner that a controlled
      formation of the pulp on the screen 3 is obtained and a varying
      hydrostatic pressure is avoided.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for the continuous washing of liquid-containing pulp material
      with a displacement liquid, comprising traversing a filter along a
      predetermined path, supporting said filter throughout a substantial
      portion of said path upon a support floor, continuously depositing a mat
      of liquid-containing pulp material upon said filter for movement
      therewith, separately supplying displacement liquid to the upper surface
      of said mat of pulp material and maintaining a predetermined head of said
      displacement liquid thereon, said head of displacement liquid being
      sufficient to overcome the resistance to the flow of liquids through said
      mat offered by the average flow resistance of the mat and the additional
      resistance to flow offered by a resistance floor which includes at least
      one of said filter and support floor, whereby the liquids in said pulp
      material are continuously displaced by said displacement liquid, and
      recovering the displaced pulp liquids substantially undiluted by said
      displacement liquid.
NUM  2.
PAR  2. A method according to claim 1, wherein said pulp material is fed to an
      inlet chamber positioned upstream of said filter and is accumulated
      therein to such level that the hydrostatic pressure at the level of the
      upper surface of said mat is substantially equal to the hydrostatic
      pressure of the displacement liquid at said surface of the mat.
NUM  3.
PAR  3. A method according to claim 1, wherein said resistance floor is said
      support floor, said support floor being liquid-permeable, said displaced
      pulp liquids being urged through said resistance floor for recovery at a
      plurality of locations therealong, regulating the rate of advance of said
      filter to recover displaced pulp liquids from said locations at
      predetermined concentrations.
NUM  4.
PAR  4. A method according to claim 3, wherein the liquids recovered from
      selected ones of said locations are recycled for use as displacement
      liquids.
NUM  5.
PAR  5. A method according to claim 4, wherein said pulp material is fed to an
      inlet chamber positioned upstream of said filter and is accumulated
      therein to such level that the hydrostatic pressure at the level of the
      upper surface of said mat is substantially equal to the hydrostatic
      pressure of the displacement liquid at said surface of the mat.
NUM  6.
PAR  6. A method according to claim 3, wherein said pulp material is fed to an
      inlet chamber positioned upstream of said filter and is accumulated
      therein to such level that the hydrostatic pressure at the level of the
      upper surface of said mat is substantially equal to the hydrostatic
      pressure of the displacement liquid at said surface of the mat.
NUM  7.
PAR  7. A method according to claim 1, wherein said mat of liquid-containing
      pulp material is deposited upon a screen filter for movement thereupon.
NUM  8.
PAR  8. A method according to claim 1, wherein said liquid-containing pulp
      material comprises sulphate pulp containing black liquor.
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ABST
PAL  A swimmer's glove having a hand portion with hollow tubular fingers
      extending therefrom in a normal position for swimming and webs between the
      fingers. The joints joining the fingers to the hand portion and the joints
      in the fingers are constructed so that they will bend only in the closing
      direction of the hand. The hand and fingers of the swimmer are thereby
      reinforced against bending in the opening direction of the hand when force
      is exerted on the glove from the side toward the closing direction of the
      hand as the swimmer moves the glove through water while swimming, and the
      glove can be bent when the hand of the swimmer is closed.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  This invention relates to a webbed swimming glove, and more particularly to
      such a glove which has finger and thumb enclosing tubular portions joined
      by webs, which tubular portions are capable of bending in the closing
      direction of the hand and fingers yet which are substantially rigid
      against bending past a predetermined position in the direction of the
      opening of the hand and fingers.
PAR  It is well known that a swimmer can increase the pressure of his hands on
      the water and thereby swim faster if he can wear some sort of glove on his
      hand which increases the area of the water contacted when his hand moves
      through the water. It is also well known that the best way to hold the
      hand when it is acting against the water to move the swimmer forward is to
      cup the hand.
PAR  It is, of course, possible to provide the swimmer with a hand attached
      paddle which is rigid and properly shaped such as disclosed in U.S. Pat.
      No. 3,328,812. Gloves, on the other hand, will flex so that the swimmer's
      hands can be used to grasp objects without removing the gloves.
PAR  Many prior art gloves have been developed in an attempt to increase the
      speed of a swimmer, but none of them have been entirely satisfactory. Most
      of them are simply a form of a conventional glove made of an appropriate
      flexible water impervious material with some sort of webbing between the
      fingers. One such glove is disclosed in U.S. Pat. No. 286,106. The fingers
      of the glove have even been extended in an effort to increase the area of
      the webbing which acts on the water during the hand movement through the
      water, as disclosed in U.S. Pat. No. 2,078,133, and reinforcing rods have
      been added to help support the webbing, as in U.S. Pat. Nos. 1,275,005,
      1,712,655 and 1,777,050.
PAR  Some prior art gloves such as disclosed in Canadian Pat. No. 556,165,
      Italian Pat. No. 638,470 and French Pat. No. 1,248,039 have hinged joints
      but fail to provide a means to keep the hinged joints from buckling.
PAR  There are many drawbacks to the prior art gloves, some of which are the
      fact that they do not provide effective additional support to enable the
      hand to withstand the increased forces on it due to the presence of the
      web, that they cannot be adapted to cover the entire hand and that they do
      not make any provision for helping the swimmer cup his hand and keep it
      from buckling for the most efficient action on the water. The muscles of
      the hand and wrist are not sufficiently strong to stand up under the
      forces of a web significantly larger than the size of the hand moving
      through the water at the rate a swimmer can move his hand through the
      water, or in any event they will tire very quickly under the effect of
      such forces. It is even more difficult for a swimmer to keep his hand
      properly cupped when the forces of the water are exerted on a webbed glove
      as it is moved through the water. Even if he is able to cup his hand
      during the first few strokes with a prior art glove, his hand and wrist
      muscles will quickly tire and he will be unable to maintain the cup shape
      and keep the fingers from buckling.
PAC  OBJECTS AND BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a webbed swimming glove
      of which not only provides added support for the swimmer's hand, but also
      supports the hand in a cup shape, yet which can be flexed so that the
      swimmer can grasp objects while the glove is still on his hand.
PAR  It is a further object of the present invention to provide such a glove
      which has an area considerably larger than the hand, yet which provides
      sufficient support to the hand so that it can be forced through the water
      without bending the fingers or the wrist back.
PAR  It is a further object of the invention to provide a swimmer's glove having
      an improved wrist closure means.
PAR  It is yet a still further object of the invention to provide such a glove
      which has appropriate reinforcing yet which is light in weight and easy to
      get on and off.
PAR  These objects are achieved by a swimmer's glove according to the present
      invention which has a hand portion and a plurality of tubular fingers
      extending from the hand portion in a normal position for swimming. Joints
      join the fingers to the hand portion and there is at least one joint along
      each of the fingers, preferably the first joint, outwardly of the hand
      portion. The fingers have at least one joint enlargement along each of the
      fingers outwardly of the joints. Flexible webs are provided between
      adjacent fingers. Each joint is constructed so that it will bend only in
      the closing direction of the hand and will block bending in a direction
      opposite the closing direction of the hand. The hand and fingers of the
      swimmer are reinforced against bending in the opening direction of the
      hand when force is exerted on the glove from the side toward the closing
      direction of the hand as the swimmer moves the glove through water while
      swimming, and the glove can be bent when the hand of the swimmer is
      closed. The wrist portion may be provided with a closure means which
      assists in keeping the fingers rigid.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  The invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view of the back of a swimmer's glove according to the
      invention;
PAR  FIG. 2a is a side elevation of the glove of FIG. 1 as viewed from the right
      side of FIG. 1 and with the glove in the cupped or swimming position;
PAR  FIG. 2b is a view similar to FIG. 2a with the glove in the position with
      the hand closed more than in the cupped or swimming position;
PAR  FIG. 3a is a section taken along line 4--4 of FIG. 1;
PAR  FIG. 3b is a section taken along line 3--3 of FIG. 1;
PAR  FIG. 3c is a section taken along line 2--2 of FIG. 1;
PAR  FIG. 4a is a section taken along line 4--4 of FIG. 1 is an elipsoidal
      configuration;
PAR  FIG. 4b is a section taken along line 3--3 of FIG. 1 in an elipsoidal
      configuration;
PAR  FIG. 4c is a sectional taken along line 2--2 of FIG. 1 in an ellipsoidal
      configuration;
PAR  FIG. 5a is a section taken along line 4--4 of FIG. 1 in a rectangular
      configuration;
PAR  FIG. 5b is a section taken along line 3--3 of FIG. 1 in a rectangular
      configuration;
PAR  FIG. 5c is a section taken along line 2--2 of FIG. 1 in a rectangular
      configuration;
PAR  FIG. 6 is a plan view of the back of another form of swimmer's glove
      according to this invention;
PAR  FIG. 7 is a side elevation of the glove of FIG. 6 as viewed from the right
      side of FIG. 6 with the glove in the swimming position;
PAR  FIG. 8 is a plan view partly in section, of the palm side of the glove of
      FIG. 6;
PAR  FIG. 8a is a section taken along line 4--4 of FIG. 7;
PAR  FIG. 8b is a section taken along line 3--3 of FIG. 7;
PAR  FIG. 8c is a section taken along line 2--2 of FIG. 7;
PAR  FIG. 9 is a plan view of the back of a further form of a swimmer's glove
      according to this invention;
PAR  FIG. 10 is a side elevation of the glove of FIG. 9 as viewed from the right
      side of FIG. 9;
PAR  FIGS. 11 and 11a are a plan views of the back of still further forms of a
      swimmer's glove of this invention having V-shaped slits;
PAR  FIG. 12 is a plan view of the back of a yet still further form of a
      swimmer's glove according to this invention;
PAR  FIG. 13a is a side view of the glove of FIG. 12 as viewed from the right
      side of FIG. 12;
PAR  FIG. 13b is a side view of the glove of FIG. 12 in the grasping position;
PAR  FIG. 14 is a plan view of the back of another form of a swimmer's glove
      according to this invention;
PAR  FIG. 14a is a section taken along line 5--5 of FIG. 14;
PAR  FIG. 15 is a plan view of a modified swimmer's glove as shown in FIG. 1;
PAR  FIG. 15a is a side view of the glove of FIG. 15;
PAR  FIG. 16 is a plan view of the back side of a swimmer's glove according to
      FIG. 1 having modified slits;
PAR  FIG. 17 is a plan view of the back side of a swimmer's glove according to
      FIG. 1 having another form of slit.
PAR  In the following description, when reference is made to "fingers", this
      will generally be understood to include the thumb, unless it is specified
      otherwise. Also, the references to "upper" and "lower" are with respect to
      the glove in the position in the drawing, and correspond to the back of
      the glove and the palm of the glove, respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE FIGURES
PAR  Referring first to FIGS. 1, 2a and 2b, there is shown a swimmer's glove
      having hand portion made up of a palm portion 11 and a back portion 12 of
      resilient material, such as molded rubber or plastic, preferably
      integrally joined or connected along at least the side edges between the
      little finger and the wrist, between the thumb and the forefinger, and
      between the thumb and the wrist. The palm 11 is relatively thin,
      nonstretchable and flexible, while the back 12 should be thick and is
      preferably rigid. Preferably, the portion of material directly below the
      joints and directly beneath the palm 11 has greater flexibility than the
      other parts of the glove.
PAR  Extending from the hand portions are a plurality of fingers shown in FIG. 1
      as the thumb 13, the index finger 14, middle finger 15, ring finger 16 and
      little finger 17. Each of these fingers is a partially hollow generally
      tubular element, i.e. it is hollow along the portion closest to the palm,
      and is a solid cylindrical element toward the tip thereof. It is also of
      resilient material, such as molded rubber or plastic, and is joined to the
      hand portion by a joint and has at least one joint therealong, and
      outwardly of the joints from the hand portion a plurality of joint
      enlargements. The joints are designated by the number for the finger plus
      a subscript j and a number, while the enlargements are designated by the
      number for the finger plus a subscript e and a number. Thus, the joint
      between the hand portion and the index finger 14 is designated 14.sub.j1,
      while the joint at the first joint of the index finger is designated
      14.sub.j2, the first enlargement on the index finger is designated
      14.sub.e1, etc. The joints and enlargements may be of elipsoidally,
      rectangularly or spherically shaped portion preferably having a
      cylindrical bore through the interior and are joined by elongated tubular
      portions generally similar to the shape of the bones and knuckles and
      joints of the bullfrog Rana grylio. The cross-sectional shape of the
      tubular portions between the joints and enlargements may have a dimension
      d.sub.2 in the direction of the thickness of the glove the same as or
      greater than the dimension d.sub.1 in the direction of the plane of the
      glove, while the interior thereof is preferably generally cylindrical.
      When d.sub.2 is greater, this gives greater rigidity to the fingers
      against forces perpendicular to the plane of the glove. In addition, it is
      preferable that reinforcing means be provided in the material of the lower
      portions of the fingers and extending along the entire length of the
      fingers. These reinforcing means will tend to be put under tension when
      the fingers are bent backwards, thus resisting such bending.
PAR  Also, clamps may be used along the fingers either between the joints and/or
      at the joints. The clamps may be located on the outside of the finger
      material or incorporated therein. The use of clamps along the finger
      portions are useful to prevent the reinforcing means from pulling out of
      the glove.
PAR  Between each two adjacent fingers is a web 18 of flexible material, such as
      rubber or plastic, which is preferably connected or integrally formed with
      the fingers and a web portion 19 formed between the outside edge of the
      finger 17 and hand portion.
PAR  Each of the joints has a lower portion which is integral or connecting with
      the portions on either side of it and is flexible but non-stretchable.
      Thus, the lower portion of the joints 17.sub.j1, shown in elevation in
      FIGS. 2a and 2b, is integral or connected with the palm portion 11 on one
      side of it and the first tubular portion of the little finger 17 on the
      other side of it, while the lower portion of the joint 17.sub.j2 is
      integral or connected with the first tubular portion of the little finger
      17. The upper portion of each joint has a slit therein, the slits being
      given the number of the joint with the prefix s. Thus, the slit in the
      upper part of joint 17.sub.j1 is s17.sub.j1. In the embodiment of FIGS. 1,
      2a and 2b, the slits in the first joints of the fingers are preferably all
      straight. The slits in fingers 14-17 are generally perpendicular to the
      plane of the glove, while the corresponding slit in the joint in the thumb
      13 is at an angle .alpha. about 60.degree. to the length of the thumb
      being angled with the end closer to the wrist being closer to the hand
      portion 10. The slits at the joints between the fingers and the hands are
      preferably perpendicular to the plane of the glove. Thus the slit in the
      joint 13.sub.j1 between the thumb 13 and the hand portion 10 is a slit
      extending from the point between the thumb and the index finger to a point
      between the thumb and the wrist. There is a slit s14.sub.j1 in the joint
      14.sub.j1 between the hand portion and the index finger 14 and a slit
      s16.sub.j1 in the joint 16.sub.j1 between the hand portion and the ring
      finger 16. There are slits in the joints 15.sub. j1 and 17.sub.j1 between
      the middle finger 15 and the little finger 17 and a slit s13.sub.j1 in the
      thumb joint.
PAR  It will thus be seen that with the joints in the position in which the
      slits are closed, as in FIG. 2a, (the joints are shown slightly open for
      clarity -- in practice they will be fully closed when the glove is in this
      position) the joints become rigid with respect to forces from the
      direction of the palm portion, and the fingers cannot be bent back in the
      direction opposing their normal cupped swimming position. On the other
      hand, as seen in FIG. 2b, lower portions of the joints can be bent when
      the fingers are bent toward the closed position of the hand, while the
      slits in the upper parts of the joints will open, thus allowing the wearer
      of the glove to close his hand in order to grasp objects or perform other
      operations. In other words, the joints are movable from a normal cupped
      position of the hand only in the direction of closing of the hand. When
      the glove is on the hand of a swimmer, therefore, the force exerted
      against the hand is resisted by the natural strength of the hand which is
      greatly reinforced by the structure of the glove, including the joints and
      the cross-sectional shape of the fingers together with the reinforcing in
      the hand portion of the glove, so that the swimmer can exert great force
      on the water. Since the position of the fingers when the joints become
      rigid against such forces is the desired cupped position, the swimmer's
      hand is kept in the most efficient swimming position during movement
      through the water. On the other hand, when the swimmer desires to close
      his hand for any reason, such as to grasp an object, the joints of the
      glove and the flexible non-stretchable lower portion bend easily.
PAR  As seen in FIGS. 4a-4c and 5a-5c, the finger portions of the glove may also
      take an elipsoidal or rectangular configuration with cylindrical holes for
      the wearer's fingers slowly decreasing in size toward the tips of the
      fingers.
PAR  In FIGS. 1, 2a and 2b one type of fastening means is shown, having a piece
      of easily releasable material such as the material sold under the
      trademark "Velcro", comprising a piece of Velcro material 50, on one wrist
      flap 53 which is engagable with another piece of complementary material
      50a on the other wrist flap 54, or vice versa, to secure the wrist portion
      of the glove around the wrist of the wearer. However, it is understood
      that any conventional type of wrist fastening means may be used.
PAR  FIGS. 6-8 show another form of the swimmer's glove according to this
      invention using reinforcing means.
PAR  There is shown a swimmer's glove similar to that of FIG. 1 having hand
      portion 110 made up of a palm portion 111 and a back portion 112 of
      resilient material, preferably integrally joined or connected along at
      least the side edges between the little finger and the wrist, between the
      thumb and the forefinger, and between the thumb and the wrist. The palm
      111 is relatively thin, nonstretchable and flexible, while the back 112 is
      preferably rigid.
PAR  Extending from the hand portions 110 are a plurality of fingers shown in
      FIG. 6 as the thumb 113, the index finger 114, middle finger 115, ring
      finger 116 and little finger 117. Each of these fingers is a partially
      hollow generally tubular element also of resilient material and is joined
      to the hand portion by a joint and has at least one joint therealong, and
      outwardly of the joints from the hand portion a plurality of joint
      enlargements similar to FIG. 1. Also, closure means comprising beaded
      members 150, 150a on one wrist flap 153 are engageable between raised
      portions 152 on the other flap 154. The joints and enlargements are
      generally spherically shaped portions preferably having a cylindrical bore
      through the interior and are jointed by elongated tubular portions. The
      glove is provided with reinforcing means 151 (visible only in FIGS. 7 and
      8) in the material of the lower portions of the fingers and extending
      along the entire length of the fingers and a substantial portion of the
      palm. These wires will tend to be put under tension when the fingers are
      bent backwards, thus resisting such bending. The reinforcing means 151 may
      consist of nonstretchable strands of wires, nylon, plastic cord, string,
      and the like.
PAR  Along the glove are clamp means of generally rigid and nonflexible material
      to which the reinforcing means are attached. The clamp means keep the
      reinforcing means from pulling out of the glove. As shown in FIGS. 6-8, on
      finger 117 are clamps 160a,  b, c, d; and on thumb 113 are clamps 164a, b,
      c, d. Additionally, other clamps such as clamp 164 may be used.
PAR  Although there is shown clamp means on the fingers as being between the
      joints, it is understood that the clamps may be so constructed so as to be
      placed over the joints or slits.
PAR  As seen in FIG. 7, there are clamp means 160c and 160d on each side of slit
      s117.sub.j2. On one side of slit s117.sub.j1 is a clamp 164 which extends
      toward the rear of the glove.
PAR  Although at the tips of the fingers are shown clamps over the entire tip
      portion, a clamp similar to the other finger clamps may be used.
PAR  As shown in FIG. 8 the reinforcing means 151 of the thumb portion is
      connected with the closure means 150 and 150a by reinforcing means 151a so
      as not only to strengthen the attachment of the closure means 150 and 150a
      but also to allow for more tightening of the overall structure of the
      reinforcing means.
PAR  In FIGS. 8a, b, c, the reinforcing means 151 is shown as being incorporated
      in the glove material and the clamp means 160c is partially in the glove
      material. However, the clamp means may be entirely within the glove
      material. Alternatively the reinforcing means can be on the palm surface
      of the glove material and the clamp means entirely outside of the glove
      material.
PAR  Additionally, the finger portions may have an elipsoidal or rectangular
      configuration the same as is shown for the embodiments of FIGS. 4a, b, c,
      and 5a, b, c.
PAR  In the embodiment of FIGS. 9 and 10, there is shown a closure means 250,
      250a, one of which is an easily releasable material sold under the
      trademark "Velcro" and the other a complementary material similar to the
      closure means of FIGS. 1, 2a, and 2b. A web 219 along finger 217 is also
      provided.
PAR  As shown in FIG. 10, the slits in the glove are curved and have a
      protective cover 220 to prevent the entrance of foreign matter. The cover
      220 may entirely cover the slit as shown over slit s217.sub.j2 or
      partially when completely open as shown over slit s217.sub.j1. The covers
      may take any shape desired such as curved, V-shaped, rectangular, etc.
PAR  Because the knuckle joints between the fingers and the hand are larger than
      the other joints, some modification of the joints of the glove of the
      present invention between the fingers and the hand portion to improve the
      action of the glove at this point may be desirable. These joints may be
      modified to curve the slit slightly and place it substantially in a plane
      which is tilted rearwardly, i.e. toward the hand portion, from a position
      perpendicular to the axis of the fingers. This makes the slits, which are
      curved, appear substantially straight, because they extend along the
      periphery surface of the spherical joint, although as seen from FIG. 10,
      the curvature of the plane of the slit is really rather slight. This form
      of joint increases the area of the joint which is opened by the slit
      slightly, thereby giving somewhat freer movement to the fingers when the
      glove is in the open position. When in the closed position, the type of
      slit has no bearing on the mobility of the fingers.
PAR  FIGS. 11 and 11a illustrate further embodiments of the glove of this
      invention which contain a "Velcro" closure means 350, 350a on the wrist
      flaps 353, 354. The web 318 between the finger portions 313, 314, 315, 316
      and 317 are provided therebetween with a modified web 318 which is shorter
      and curved inwardly toward the wrist so as to decrease the pressure on the
      fingers during swimming and to provide more finger space for grasping
      objects.
PAR  There is also provided on the glove of FIG. 11 V-shaped slits the portions
      of which are straight and with the apexes toward the hand portion as seen
      on finger 317 as s317.sub.j2 and s317.sub.j1. However, it is understood
      that although only V-shaped slits are shown in FIG. 11, the slits may be
      varied throughout the glove. FIG. 11a shows V-shaped slits the portions of
      which are curved.
PAR  FIGS. 12, 13a and 13b show a glove similar to that illustrated in FIG. 1
      however, the above has been modified by providing a double slit s17.sub.j1
      and s17.sub.j2, as shown in FIG. 13b, on each of the finger sections
      between the joints .sub.j1 and .sub.j2. It is seen in FIG. 13b that the
      slits s17.sub.j1 and s17.sub.j2 are perpendicular to the axis of the
      finger portions and then run along the finger portion to the center of the
      joints. The slits thus permit the finger postions to open as shown in FIG.
      13b.
PAR  The type of joint between the fingers and the hand portion which may be
      used with the glove of FIG. 1 and which gives still greater freedom is
      shown in FIGS. 14 and 14a. The joint comprises a socket holder 30
      integrally formed with the back 12 of the glove, and having a recess 31 at
      the front thereof with a shape to receive a socket member 32. A slot 33 is
      provided in the rear position of the socket holder 30 and an aperture 34
      joins the slot 33 and the recess 31. The socket member 32 has a hollow
      socket 35 on the front end having an external shape to fit snugly in the
      recess 31, and extending rearwardly from the socket 35 is an extension 36
      which is slidable in the aperture 34. On the rear end of the extension 36
      is a stop 37 which is slidable in the slot 33, but which is too big to
      pass through the aperture 34. The first tubular portion 39 of the finger
      has a ball 38 on the end toward the hand portion which is rotatably fitted
      into the socket 35. The sides of the upper portion of the first tubular
      position 39 are cut away as at 40 down to a line 41 just slightly above
      the lower interior of the finger.
PAR  When the fingers are bent in the direction of closing the hand, the ball 38
      will pull the socket 35 as the tubular finger portion 39 is pulled
      forwardly, thus pulling the extension 36 through the aperture 34. If
      desired, extension 36 can be made sufficiently short so that the stop 37
      abuts the forward end of the slot 33 at the fully bent position of the
      joint. This joint structure is in the nature of a positive action
      articulated joint, in that the amount of joint movement is positively
      limited. It will be appreciated that the parts of the joint cannot be
      moved from the positions shown in the drawings in the direction of opening
      of the hand, since the socket 35 is seated in the recess 31, and the ball
      38 is in the socket 35. The joint will therefore resist forces on the hand
      tending to bend the hand in the opening direction.
PAR  A joint such as is provided at the knuckles of the finger portions of the
      glove can also be provided at the wrist portion of the glove to provide
      reinforcement of the wrist of the swimmer against the pressure of the
      water as the hand, wrist and arm move through the water. Such a joint is
      shown in FIGS. 15 and 15a. There is provided a slit sw.sub.j1 on the wrist
      joint enlargement w.sub.j1.
PAR  Another form of easily attachable and releasable fastening means are
      provided for the wrist portion of the glove. Several forms of such means
      are shown in the various figures, and are more or less conventional, being
      shown only for the purposes of illustrating practical embodiments of such
      means. The features common to all of them are ease of fastening and
      unfastening. In FIGS. 14 and 14a the fastening means shown is a snap
      having a female portion 61 on one wrist flap 60 which can be engaged with
      a male portion 62 on the other wrist flap.
PAR  In FIG. 15, a web portion 19 is provided on finger 17 which extends to the
      wrist portion. There is also a web portion 19a on the thumb 13 which also
      extends to the wrist portion.
PAR  The glove of FIG. 16 is another embodiment of the glove of FIG. 1 wherein
      all the slits are in a sawtoothed configuration. All the slits are
      perpendicular to the plane of the glove.
PAR  FIG. 17 shows another form of the glove of FIG. 1 wherein the slits are of
      a rounded off sawtooth configuration.
PAR  In each of the gloves illustrated the rigid upper portions may be made of
      the same or different material and may be made integral with one another
      or joined by any conventional means. It is understood that if the upper
      and lower portions are of the same material, the upper portion can be made
      rigid by increasing the thickness.
PAR  The lower or palm portion may be of any suitable flexible, non-stretchable
      material which can be joined with the upper portion. The lower portion can
      be either of rubber, plastic, canvas material or the like. Preferably, the
      lower portion is of a material which can be easily manufactured with the
      reinforcing means therethrough as previously shown.
PAR  It is further understood that although the fingers of the glove have been
      singularly shown as being spherical, elipsoidal or rectangular, any
      combination of shapes may be used.
PAR  Also, the type and angle of the slits may be varied and any combination may
      be used depending upon the specific requirements of the wearer and of the
      type and thickness of materials used in the manufacture of the glove. The
      mobility of the fingers in the grasping position is not dependent upon the
      shape of the slit. However, a curved slit has been found to provide
      greater mobility of the fingers in an open position.
PAR  The web portions of the glove of this invention may be of the same or
      different material than the other glove members. The web portion is
      preferably either attached to the fingers halfway between the upper and
      lower portions of the glove or on the lower portion only. The degree of
      flexibility of the web portions is based on the requirements of the wearer
      and may vary by the degree of thickness of the web at different areas.
PAR  While molded rubber or plastic has been mentioned as a material of which
      the glove according to the invention can be made, and while this is
      preferred material, other materials such as fabric reinforced rubber,
      plastic, fabric reinforced plastic, and the like can also be used.
PAR  It will be further appreciated that the size of the glove can be decreased
      or increased by removing or adding enlargements and finger portions to the
      fingers, and increasing or decreasing the size of the webs between the
      fingers. The relative size and number of enlargements shown are preferred,
      but for some special purposes, different numbers, shapes and sizes may be
      desirable. It will be further appreciated that while only a right-hand
      glove has been shown, if a pair is desired, a left hand glove can be made
      in a mirror image to the glove as shown and described.
PAR  It is thought that the invention and its advantages will be understood from
      the foregoing description, and it is apparent that various changes may be
      made in the form, construction and arrangement of the parts without
      departing from the spirit and scope of the invention or sacrificing its
      material advantages, the form hereinbefore described and illustrated in
      the drawings being merely a preferred embodiment thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A swimmer's glove comprising a hand portion having a palm portion of
      flexible-non-stretchable material and a back portion, a plurality of
      partially hollow generally tubular fingers extending from said hand
      portion in a normal position, joints joining said fingers to said hand
      portion, one of said fingers being a thumb, at least one joint along each
      of said fingers other than said thumb outwardly of said hand portion, at
      least one joint enlargement along each of said fingers other than said
      thumb outwardly of said and along said thumb outwardly of said joint
      between said thumb and said hand portion, and flexible webs between
      adjacent fingers, each joint having a lower portion on the palm side of
      the glove which is connected with the portions of the glove on either side
      thereof and having an upper portion projecting at least to the backside of
      the glove and including means for permitting bending of the joint in the
      closing direction of the hand and whereby the hand and fingers of the
      swimmer are reinforced against bending in the opening direction of the
      hand when force is exerted on the glove from the side toward the closing
      direction of the hand as the swimmer moves the glove through the water
      while swimming, and the glove can be bent easily around the lower portions
      of the joints when the hand of the swimmer is closed.
NUM  2.
PAR  2. A swimmer's glove comprising a hand portion having a palm portion of
      flexible, nonstretchable material and a back portion, a plurality of
      partially hollow generally tubular fingers extending from said hand
      portion in a normal position, joints joining said fingers to said hand
      portion, at least one joint along each of said fingers outwardly of said
      hand portion, at least one joint enlargement along each of said fingers at
      said joint along said finger, and flexible webs between adjacent fingers,
      each joint having a lower portion on the palm side of the glove which is
      connected with the portions of the glove on either side thereof for
      forming a flexible, non-stretchable hinge, and having an upper portion
      projecting at least to the back, side of the glove and including means for
      permitting bending of the joint in the closing direction of the hand and
      for reinforcing the hand and fingers of the swimmer against bending in the
      opening direction of the hand when force is exerted on the glove from the
      side toward the closing direction of the hand as the swimmer moves the
      glove through the water while swimming, and the glove can be bent easily
      around the lower portion of the joints when the hand of the swimmer is
      closed.
NUM  3.
PAR  3. A swimmer's glove as claimed in claim 2 in which the hollow tubular
      fingers have finger portions extending between the joints and enlargements
      which have a cross-sectional dimension in a direction of the thickness of
      the glove which is greater than the cross-sectional dimension in the plane
      of the glove.
NUM  4.
PAR  4. A swimmer's glove as claimed in claim 2 in which said normal position is
      a position in which the fingers are curved in the direction of the closing
      of the hand to form a cup.
NUM  5.
PAR  5. A swimmer's glove as claimed in claim 2 in which said joints are
      generally spherical joints, and the means in said upper portion comprise a
      slit.
NUM  6.
PAR  6. A swimmer's glove as claimed in claim 5 in which said joints in said
      fingers have straight slits transverse to the length of said fingers.
NUM  7.
PAR  7. A swimmer's glove as claimed in claim 6 in which one of said fingers is
      a thumb, and said thumb has at least one joint therein adjacent the joint
      between the thumb and the hand portion, said slit being at an angle to the
      length of the thumb with the end of the slit closer to the wrist of the
      swimmer being closer to the hand portion.
NUM  8.
PAR  8. A swimmer's glove as claimed in claim 7 in which the joints between the
      fingers and the hand portion have straight slits generally transverse to
      the length of the fingers.
NUM  9.
PAR  9. A swimmer's glove as claimed in claim 2 in which the joints between the
      fingers and the hand portion have slits with portions at angles to each
      other.
NUM  10.
PAR  10. A swimmer's glove as claimed in claim 9 in which the slits are V-shaped
      with the portions of the slits being straight.
NUM  11.
PAR  11. A swimmer's glove as claimed in claim 9 in which the slits are V-shaped
      with the portions of the slits being curved.
NUM  12.
PAR  12. A swimmer's glove as claimed in claim 9 in which the slits are
      sawtoothed slits.
NUM  13.
PAR  13. A swimmer's glove as claimed in claim 9 in which the slits are rounded
      off sawtoothed slits.
NUM  14.
PAR  14. A swimmer's glove as claimed in claim 2 in which the joints are
      generally elipsoidal joints.
NUM  15.
PAR  15. A swimmer's glove as claimed in claim 2 in which the joints are
      generally rectangular joints.
NUM  16.
PAR  16. A swimmer's glove as claimed in claim 2 in which the joints between the
      fingers and the hand portion are curved slits.
NUM  17.
PAR  17. A swimmer's glove as claimed in claim 2 in which said joints each have
      a cover portion thereon extending over the slit toward the hand portion so
      as to prevent entrance of foreign matter.
NUM  18.
PAR  18. A swimmer's glove as claimed in claim 2 in which said joints are
      generally spherical joints, and the means in said upper portion of the
      joints between the fingers and the hand portion comprise a socket holder
      on one of the fingers and hand portion, said socket holder having a recess
      at the end thereof toward the other of said fingers and hand portion, said
      socket holder having a slot in the part remote from the recess and having
      an aperture between the recess and the slot, a socket member having a
      hollow socket on one end thereof having an external shape fitting in said
      recess and having an extension extending from said socket member through
      said aperture into said slot and having a stop on the end of said
      extension larger than said aperture, and a ball on the other of said
      fingers and hand portion rotatably held in said hollow socket.
NUM  19.
PAR  19. A swimmer's glove as claimed in claim 2 wherein said palm portion
      includes flexible reinforcing means to reinforce the fingers during
      swimming.
NUM  20.
PAR  20. A swimmer's glove as claimed in claim 19 wherein said reinforcing means
      is incorporated in the palm portion and extends throughout the fingers and
      palm portion.
NUM  21.
PAR  21. A swimmer's glove as claimed in claim 19 in which said reinforcing
      means are strands of flexible material.
NUM  22.
PAR  22. A swimmer's glove as claimed in claim 19 including clamp means to keep
      the reinforcing means from pulling out of the glove.
NUM  23.
PAR  23. A swimmer's glove as claimed in claim 22 in which said clamp means are
      attached to the reinforcing means and incorporated in the back portion.
NUM  24.
PAR  24. A swimmer's glove as claimed in claim 23 in which said clamp means is
      between the joints.
NUM  25.
PAR  25. A swimmer's glove as claimed in claim 2 wherein each joint has a pair
      of adjacent slits, each slit having a portion perpendicular to the axis of
      the finger and a portion extending along the finger, the portions of the
      slits extending along the finger extending from the inner ends of the
      perpendicular portions and away from each other.
NUM  26.
PAR  26. A swimmer's glove as claimed in claim 2 further comprising a web
      portion extending along the outside of the finger at one side of the glove
      and a wrist portion to which said palm portion and said back portion are
      attached and to which said web portion is joined.
NUM  27.
PAR  27. A swimmer's glove as claimed in claim 2 further comprising a web
      portion extending along the outside of the fingers on each side of the
      glove and a wrist portion to which said palm portion and said back portion
      are attached and to which said web portions are joined.
NUM  28.
PAR  28. A swimmer's glove as claimed in claim 2 further comprising a wrist
      portion to which said palm portion and said back portion are attached and
      further including wrist closure means.
NUM  29.
PAR  29. A swimmer's glove as claimed in claim 28 wherein said wrist portion has
      a pair of wrist flaps and said closure means comprises a beaded member on
      one wrist flap and a cooperating raised portion on the other wrist flap.
NUM  30.
PAR  30. A swimmer's glove as claimed in claim 29 including reinforcing means
      cooperating with said closure means.
NUM  31.
PAR  31. The swimmer's glove as claimed in claim 2 further comprising a wrist
      portion to which said palm portion and said back portion are attached and
      extending over the wrist so as to support the wrist, said wrist portion
      having an enlargement over the wrist with a slit therein and wrist closure
      means.
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ABST
PAL  A knockout mechanism for a high-speed automatic cold heading machine having
      first and second eccentric shafts. A driving link is mounted on the first
      eccentric shaft by an antifriction bearing. A rocker arm is pivotally
      connected to the driving link at a location spaced from the connection of
      the link to the first shaft. The rocker arm is connected to the second
      shaft so that the rocker arm continuously oscillates. Knockout means
      including an ejecting rod are actuated by the rocker arm to eject a blank
      from a die of the machine. The stroke of the rocker arm is adjusted by
      adjusting the second eccentric shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a knockout mechanism for a high-speed
      automatic cold heading machine and more particularly to a knockout
      mechanism of a heading machine for bolts whose body and head are
      substantially different in size and of somewhat complex forms. The heading
      macnine herein referred to is capable of forming rivets, tubular rivets,
      socket-head screws, hexagon-head screws, wood screws and bolts thereof,
      machine screws, automobile bolts, tapping screws and screws having cross
      recess style round-heads, counter sunk heads, oval heads, square heads and
      the like.
PAR  A conventional knockout mechanism for heading machines generally used in
      the art is shown in FIG. 1. A rocker arm 2 is pivotedly connected to a pin
      21 and moves with the pin 21 as the fulcrum. The lower end of the arm 2 is
      fixed with rollers 22 which are impacted by a cam 31 driven by a rotating
      shaft 3. An ejecting rod 1 is correspondingly impacted by an adjusting
      bolt 5 fixed at the upper end of said rocker arm 2 to eject the finished
      blank 4 out of the dies 6.
PAR  The construction mentioned above is complex in structure, especially since
      the rollers 22 of the rocker arm 2 are impacted once for every revolution
      of the cam 31 on the rotating shaft 3 to move the rocker arm 2 for
      accomplishing the knockout operation. Thus, it has been found that the
      impacting forces or shock load are always applied to some specific
      portions of the parts for the ejecting operation, whereupon the parts wear
      readily. Errors will then easily occur and the timing for performing wire
      feeding and cutting operations, and upsetting and knockout operations
      cannot easily and accurately be coordinated during the sequence of
      operations. Thus, it is impossible to obtain a hign-speed and very stable
      heading operation.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is an improvement to overcome
      the defects mentioned above and to provide a knockout mechanism, wherein,
      a rocker arm is pivoted on an adjustable eccentric pin as its fulcrum and
      is capable of oscillating motion. The lower end of the said rocker arm is
      connected with a pin to one end of an oscillating crank which is firmly
      mounted to a driving eccentric shaft by means of at least one antifriction
      bearing at its other end. An adjustable bolt is furnished at the top end
      of the said rocker arm, as mentioned above. Thus, with the abovementioned
      knockout mechanism, the knockout operation will be accomplished smoothly
      and accurately, and no concentrated load will exist to produce local
      wearing of parts. A precise coordination of timing between successive wire
      feeding, cutting, upsetting and knockout processing, results in a
      high-speed and very stable heading operation.
PAR  A further object of the present invention is to provide a knockout
      mechanism with little or simplified construction, of no malfunctions, of
      long life and of high product quality to be used in high-speed automatic
      cold heading machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and features of the present invention will become more
      apparent when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 shows a cross-sectional front view of a knockout mechanism in prior
      art partially in section;
PAR  FIG. 2 shows a plan view partially in cross-section of the high-speed,
      automatic heading machine of which the knockout mechanism of the present
      invention is used;
PAR  FIG. 3 depicts a side cross-sectional view taken along line 3--3 of FIG. 2,
      showing a knockout mechanism of the present invention; and
PAR  FIG. 4 depicts a side cross-sectional view similar to FIG. 2, and taken
      along a plane of the cold heading machine which includes the coupling
      shaft.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the figures the primary source of motive force is the main eccentric
      shaft 20 driven by a V-belt pulley 13 which is driven by a V-belt pulley
      11 on a motor 10 by way of the V-belt 12. A bevel gear 21 and a spur gear
      22 are keyed on the main eccentric shaft 20. A main slide-block-connecting
      rod 31 for a reciprocating block 30 is pivotally connected to the shaft
      20. The spur gear 22 on the main eccentric shaft 20 is engaged with a spur
      gear 231 fixed on a rotating short shaft 23 below the shaft 20 (see FIG.
      4), so that the spur gear 231 coupled with a bevel gear 232 as one unit
      rotates simultaneously therewith. One end of the coupling shaft 24 having
      a bevel gear 241 is engaged with the bevel gear 232. On the other end of
      the coupling shaft 24 is fixed a bevel gear 242 engaged with the bevel
      gear 82 which drives a knockout eccentric shaft 81 on which a knockout
      connecting member 83 is mounted by means of an antifriction bearing to the
      knockout eccentric shaft 81. The knockout connecting member 83 is further
      connected to a rocker arm 80 which is slipped over the eccentric shaft 84
      which uses the shaft 84 as a fulcrum for oscillating motion (see FIG. 3),
      results in a simplified construction and an extremely high-speed and
      accurate operation. When the rotary die head 60 is revolving one pitch
      between two dies through a ratchet 601 and a pawl 602, an adjusting ram
      bolt 85 of the knockout mechanism impacts an ejecting rod 711 of the
      rotary die head 60 to eject the finished blank, and the length of the
      stroke is freely adjusted by those eccentric shafts.
PAR  As best seen in FIG. 3, one end of the knockout connecting rod on driving
      link 83 is mounted on the eccentric shaft 81 by a bearing and the other
      end of the link 83 is pivotally connected to the lower end of the rocker
      arm 80 so that when the eccentric shaft 81 is powered by a driving
      mechanism, the rocker arm 80 will be actuated to oscillate continuously.
      Moreover, the stroke of the rocker arm 80 can be freely adjusted by the
      eccentric shaft 84.
CLMS
STM  I claim:
NUM  1.
PAR  1. A knockout mechanism for a high-speed automatic heading machine
      comprising:
PA1  a first eccentric shaft adapted to be driven by a source of power;
PA1  a second eccentric shaft;
PA1  a driving link mounted by bearing means on said first eccentric shaft;
PA1  a rocker arm pivotally connected to said driving link at a location spaced
      from a connection between said driving link and said first eccentric
      shaft, said rocker arm also being connected to said second eccentric shaft
      so that when said first eccentric shaft is driven, said rocker arm
      continuously oscillates; and
PA1  knockout means secured to said rocker arm for ejecting a blank from a die
      of the heading machine.
NUM  2.
PAR  2. The knockout mechanism of claim 1 wherein the length of the stroke of
      the rocker arm is adjusted by adjusting said second eccentric shaft.
NUM  3.
PAR  3. The knockout mechanism of claim 1 wherein said knockout means includes
      an ejecting rod for ejecting said blank from said die and an adjustable
      ram bolt secured to said rocker arm for contacting said ejecting rod.
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ABST
PAL  The method of manufacturing a threaded nut having a case containing a
      separately formed essentially helical coil structure which forms an
      internal thread and is fusion bonded to the case, preferably by electron
      beam welding. The coil structure desirably has a locking portion which is
      substantially free of direct attachment to the adjacent portion of the
      case, with this locking portion and the surrounding portion of the case
      both being deformed to a condition requiring radially outward displacement
      thereof upon threaded engagement with a mating screw, to thereby attain a
      very effective self-locking action preventing unscrewing of the nut.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of my copending application Ser. No.
      338,290 filed Mar. 5, 1973, now abandoned, which was a
      continuation-in-part of my copending applications Ser. No. 121,817 filed
      Mar. 8, 1971, now abandoned and Ser. No. 229,996 filed Feb. 28, 1972, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved methods and apparatus for manufacturing
      threaded nuts of a type utilizing a wiredrawn helical coil structure for
      forming a thread.
PAR  In my prior U.S. Pat. Nos. 3,272,250 and 3,283,350, and in certain other
      prior patents, I have disclosed a type of nut in which the thread proper
      is formed separately from and is contained within an outer case or body
      structure of the nut. More particularly, the thread is formed as an
      essentially helical resilient coil structure, desirably made from a wire
      drawn to a proper cross sectional configuration to present at its radially
      inner side a suitable thread profile for engaging a coacting screw.
      Preferably, at least a portion of the coil structure is rigidly bonded to
      the outer case to form an integrated assembly having adequate strength to
      properly withstand all of the forces which may be encountered in use. Such
      a nut may be given a self-locking action by deforming a portion of the
      coil structure to a condition in which it has an interference fit with the
      coacting screw, and must be forced by the screw to a changed condition
      upon threaded interengagement of the two parts.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to improvements in the manufacture of nuts of
      the above discussed type, for increasing their strength and load carrying
      capacity, vastly improving the self-locking action which may be attained
      in such a nut, and by virtue of these factors enabling employment of nuts
      of much smaller size and lower weight for a particular use than has
      heretofore been possible. With regard to the increase in strength of the
      nut, this is attained largely by a unique manufacturing process by which a
      fusion bond is formed between the outer case and coil structure without
      substantially reducing the strength of the nut by the heat of fusion
      bonding. For this purpose, the coil structure is first cold worked to a
      proper thread shaped and work hardened condition, and is then fusion
      bonded to the outer case in a manner avoiding destruction of its work
      hardened condition. More specifically, during the bonding process only the
      radially outer portion of the coil structure is heated, to form a bond to
      the case, while the radially inner portion of the coil structure which
      forms the actual thread profile is maintained at a lower temperature not
      high enough to destroy its cold worked condition.
PAR  Preferably, this localized heating of only the radially outer portion of
      the coil structure is attained by use of a high energy heating beam, such
      as an electron beam or laser beam, which is so aimed and controlled as to
      avoid excessive heating of the radially inner portion of the coil
      structure. In the optimum arrangement, the beam is directed axially along
      the periphery of the coil structure, to form an effective and preferably
      essentially annular weld between the outer edge of the coil structure and
      the radially inner surface of the case. This beam may also at the same
      time be so aimed as to bond directly together the radially outer portions
      of successive turns of the coil structure, so that the coils and case are
      very positively and permanently integrated for use together as a high
      strength rigid nut. At one end of the coil structure, the case may carry
      or form a shoulder against which the end turn of the coil structure may
      bear in load transmitting relation. The welding beam may be directed
      through this end shoulder and to the location between the periphery of the
      coil structure and the inner wall of the case. In one arrangement, the
      shoulder is formed on a separate end plate, which may itself be welded or
      otherwise secured to the case, while in another form of the invention the
      end shoulder is formed integrally with the outer case.
PAR  Certain additional features of the invention relate to a preferred way of
      attaining an optimum self-locking action in a nut of the above discussed
      general type. To maximize the self-locking effect, the coil structure and
      case may be so constructed as to require forced deformation of both the
      locking portion of the coil structure and the surrounding portion of the
      outer case when the nut is connected to an associated screw. The outer
      case may be essentially rigid but at the same time very slightly
      resiliently deformable, so that the great strength of the case is added to
      the resilience of the coil structure itself in resisting deformation of
      the coil structure and maximizing the self-locking action attainable from
      a very small portion of the coil structure, preferably a single turn
      thereof. Also, because the forces exerted against the locking portion of
      the coil structure are in this way transmitted directly to the outer case
      of the device, this locking portion of the coil structure can function as
      an axial load bearing portion of the nut, rather than, as in most
      conventional lock nuts, serving only the self-locking purpose, to thus
      minimize the number of turns required for sustaining a particular axial
      load.
PAR  The self-locking configuration of the coil structure and outer case may be
      produced by locally deforming radially inwardly a portion of the case and
      contained coil structure after they have been assembled together. For best
      results, the case and an end turn of the coil structure are deformed
      radially inwardly at two diametrically opposite locations, to assume a
      slightly oval rather than precisely circular shape. After such
      deformation, the entire unit may be heat treated to harden both the case
      and contained coil structure in such deformed condition.
PAR  Additional features of the invention relate to a preferred method and
      apparatus for holding the coil structure, case, and end plate if used, in
      tightly assembled relation during the welding operation which secures
      these parts together.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features and objects of the invention will be better
      understood from the following detailed description of the typical
      embodiments illustrated in the accompanying drawings in which:
PAR  FIG. 1 is an axial section through a lock nut constructed in accordance
      with the invention;
PAR  FIG. 2 is a plan view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a diagrammatic representation of the manner of formation of the
      inner coil structure of the device;
PAR  FIG. 4 is an exploded perspective view of a clamping tool for holding the
      parts of the device in assembled relation during an electron beam welding
      operation;
PAR  FIG. 5 shows the tool of FIG. 4 during the actual welding step;
PAR  FIG. 6 is a plan view corresponding to FIG. 2, and representing the manner
      in which an axially outer portion of the nut is deformed to self-locking
      configuration;
PAR  FIG. 7 is a section taken on line 7--7 of FIG. 6;
PAR  FIG. 8 is a view similar to FIG. 1, but showing a variational form of nut
      formed in accordance with the invention;
PAR  FIG. 9 is a section on line 9--9 of FIG. 8;
PAR  FIG. 10 is a view similar to FIG. 9 but showing another form of nut
      embodying the invention;
PAR  FIG. 11 is an axial section similar to FIG. 1 but showing another
      variational nut formed in accordance with the invention;
PAR  FIG. 12 is a perspective view of the FIG. 11 unit;
PAR  FIG. 13 is a plan view taken on line 13-- 13 of FIG. 11;
PAR  FIG. 14 illustrates a welding process which may be utilized in forming lock
      nuts according to the invention; and
PAR  FIG. 15 is a sectional view similar to FIG. 11 of another variational nut
      formed in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, I have shown at 10 a lock nut constructed in
      accordance with the invention and which is adapted to be connected onto a
      screw represented fragmentarily at 11. In use, the lower end of the nut 10
      is its axially inner end, and is adapted to be tightened against a work
      piece 111, to take the axial load forces from the work piece.
PAR  The nut includes an outer generally annular case 12 containing an
      essentially helical coil structure 13 forming the thread for engagement
      with screw 11. In the preferred arrangement as shown in the figures, coil
      structure 13 is a single continuous helical element, though it is
      contemplated that in some instances devices utilizing some of the features
      of the invention may employ a coil structure formed of a series of
      separate thread elements. At its axially inner side, the nut has an end
      plate 14 which transmits the axial load forces to the work piece.
PAR  The outer case 12 of the nut has a radially inner surface 15 which as
      initially formed is a straight cylindrical surface centered about axis 16
      of the nut. At opposite ends of this cylindrical surface 15, the case or
      body 12 has two transverse end faces 17 and 18 which are directly
      perpendicular to axis 16. The radially outer surface 19 of case 12 is
      shaped for engagement by a wrench or other tool, and preferably has the
      hexagonal transverse sectional configuration illustrated in FIG. 2. The
      case is formed of a metal to which the inner coil structure 13 can be
      fusion bonded, and which is rigid and very strong in order to effectively
      take a large portion of the expansive hoop stress exerted radially
      outwardly against the nut by the screw when the two are tightened
      together. The metal of the case is very slightly deformable upon
      imposition of localized radially outward forces against its side wall, and
      in the completed nut is resilient to strongly resist such deformation and
      return by its own resilience to a predetermined normal condition after
      release of the distorting forces. For very high quality aircraft type
      nuts, the case may be formed of stainless steel or titanium, and be
      ultimately heat treated to give it the proper hardness, strength and
      resilience. A martensitic stainless steel is ideal for the purpose, such
      as 17-4PH stainless, which is a martensitic copper bearing material
      adapted to be heat treated to a hardened condition by elevation to a
      temperature of 900.degree. Fahrenheit for one hour followed by slow air
      cooling (no quenching). Such heat treating does not distort the case, and
      is not at a temperature high enough to adversely affect the cold worked
      `C` condition of the contained coil structure 13.
PAR  FIG. 3 shows diagrammatically the manner in which coil structure 13 may be
      formed from a metal wire 20, which may initially be of conventional
      circular cross section. This wire will normally be cold worked to some
      extent by the initial wire drawing of the wire to that circular cross
      sectional shape, and is then further work hardened by shaping it to the
      form of a thread. As represented in FIG. 3, the circular wire 20 may be
      pulled or otherwise forced through a forming machine 21, containing
      appropriate dies for exerting forces transversely against the wire in a
      manner giving to the wire at the exit side of unit 21 a thread shaped
      cross section, as indicated at 22 in FIG. 3. The wire is then forced
      against a forming die 23 or other unit shaped to deflect the wire along a
      helical coiling path, to form the wire into a coil as illustrated in FIG.
      1. Successive coils may typically have 51/4 turns, as shown, and may be
      cut off by an appropriate cutter as represented at 24 in FIG. 3. The cold
      working operation of FIG. 3 is of course performed before heat treatment
      of the wire, and while the wire is adapted to be relatively easily
      deformed.
PAR  With reference again to FIG. 1, the cross section which is given to the
      wire by the forming apparatus of FIG. 3 forms (except at the upper
      extremity 60 of the coil--see FIG. 2) a radially outer cylindrical surface
      25 of the coil centered about axis 16 and having a diameter corresponding
      to the diameter of internal surface 15 of case 12. At its radially inner
      side, the cross section of the thread forms a thread profile at 26, having
      two converging surfaces 27 defined opposite side faces of the thread, and
      having a flat 28 at the inner extremity of the thread. From the location
      29 radially outwardly to the diameter of outer surface 25, each turn of
      the coil element 13 has axially inner and outer opposite side surfaces 30
      and 31, which are preferably parallel to one another and extend directly
      radially outwardly. The structure 13 is coiled or wound tightly so that
      these surfaces 30 and 31 on successive turns of the coil are in direct
      abutting contact with one another.
PAR  The upper extremity 60 of the coil has essentially the same cross section
      as the rest of the coil except that the extremity 60 is deformed slightly
      radially outwardly with respect to axis 16, desirably extending
      tangentially rather than circularly from the location 61 of FIG. 2 to end
      surface 61' which may extend directly radially with respect to the axis. A
      recess or notch 161 formed in case 12 at the location of coil extremity 60
      extends radially outwardly beyond the diameter of surface 15 and
      downwardly beneath the plane of upper surface 18 and is shaped
      tangentially to receive and conform to the extremity 60 of the coil and
      provide a shoulder 160 against which end face 61' abuts circularly.
PAR  Coil structure 13 may be formed of a suitable metal such as steel having
      sufficient strength to take the various forces imposed on the coil in use,
      and preferably being resilient and slightly deformable in the final
      condition of the metal of this coil. The material of the coil should be of
      a character adapted to be hardened by cold working, and to then be further
      hardened by heat treating but at a temperature which is not high enough to
      destroy the cold worked condition. Thus, the coil may ultimately be in the
      `CH` condition, hardened by both cold working and heat treatment. The coil
      is of a character adapted to be fusion bonded at its radially outer side
      to case 12, preferably by electron beam welding. A metal which is found
      highly effective for the purpose is 17-7PH stainless steel, which is
      semi-austenitic until cold worked to condition C, but which is rendered
      martensitic by 60% or more cold working (as occurs during the shaping and
      coiling process of FIG. 3). The same heat treatment previously described
      for the martensitic case may then be employed for simultaneously hardening
      the coil by heat treatment.
PAR  Base plate 14, which may be formed of the same material as outer case 12,
      has an annular radially extending flange 32, which is received against the
      under or axially inner surface 17 of the case, and transmits forces
      thereto. The radially inner portion of end plate 14 projects upwardly or
      axially outwardly into the lower portion of the case at 33, to form a
      preferably helical one turn ramp or shoulder surface 34 against which the
      undersurface 30 of the lowermost turn of coil structure 13 bears
      downwardly or axially inwardly. At the opposite ends of the single turn of
      ramp surface 34, plate 14 has an axially extending shoulder 35 against
      which the end surface 36 of the lowermost turn of coil 13 abuts
      circularly, to transmit rotary load forces between the coil and the end
      plate. At its radially outer side, the portion 33 of end plate 14 has a
      cylindrical surface 37 which is a tight fit within internal cylindrical
      surface 15 of the case, while at its radiaaly inner side the flange forms
      a cylindrical surface 38 of a diameter at least as great as the major
      diameter of the internal thread formed at 26. The undersurface 39 of end
      plate 14 should be flat and disposed directly transversely of axis 16
      through its entire radial extent between the diameter of surface 38 and
      the periphery of plate 14, to properly contact a work piece, and also to
      avoid deflection of the later-to-be-discussed welding beam by any
      irregularities on surface 39. The radially inner surface of plate 14 may
      if desired be shaped to itself form an additional turn of thread, as a
      continuation of thread surfaces 27 and 28, but this feature is not shown
      in the drawing.
PAR  FIGS. 4 and 5 show in exploded and assembled conditions respectively a tool
      40 which may be employed for holding the three parts 12, 13, and 14
      together in assembled relation during an electron beam welding operation.
      This tool includes upper and lower transverse clamping plates 41 and 42,
      which are adapted to be clamped axially together by appropriate means
      typically represented as a series of evenly circularly spaced screws 43
      extending through apertures in the lower plate 42 and connecting into
      threaded openings 44 in the upper plate. A mandrel 45 of highly heat
      conductive material has an upper reduced diameter shaft portion 46 adapted
      to extend through and be closely confined within a correspondingly
      dimensioned opening 47 formed in top plate 41 of the tool. At its lower
      end, mandrel 45 has an enlarged diameter externally threaded portion 48,
      dimensioned in correspondence with the thread on screw 11 which is to
      ultimately mate with the nut 10. The coil structure 13 formed in the
      equipment of FIG. 3 is screwed onto the outer threaded surface of portion
      48 of the mandrel, with the advancement of the coil onto the mandrel being
      limited by engagement of the upper end of the coil with a stop shoulder
      formed at 49 at the top of the mandrel thread. When screwed onto the
      mandrel, coil 13 is in its cold worked and non-heat-treated condition,
      with the entire coil of precisely uniform diameter through its entire
      axial length except at the location of the slightly outwardly turned
      extremity 60.
PAR  The coil 13 thus carried on mandrel 45 is inserted into bore 15 of case 12,
      with that case in its non-heat-treated condition, and with bore 15 in a
      precisely straight cylindrical condition to closely receive and engage the
      outer surface 25 of the coil. End plate 14 is placed in the lower end of
      the case as shown in FIGS. 1 and 5, and the mandrel and end plate are then
      turned to bring the upper end surface 61' of the coil into abutting
      engagement with shoulder 160 on the case and to then bring shoulder 35 of
      plate 14 into engagement with the lower end 36 of the coil. The circular
      peripheral portion of plate 14 fits within a shallow recess 50 formed in
      the bottom clamping plate 42, and abuts downwardly against a narrow
      annular shoulder 51 in that bottom clamping plate, to be tightened
      upwardly by plate 42. The plate 42 contains a relatively large opening
      defined by an edge 52, of a diameter substantially greater than the
      diameter of bore 15 in case 12, so that plate 42 does not interfere with
      the aiming of an electron beam upwardly through plate 14 at the diameter
      of bore 15.
PAR  The three parts 12, 13 and 14 are clamped together by plates 41 and 42 in
      the conditon illustrated in FIG. 5, in which an annular spacer washer 53
      is clamped tightly between top plate 41 and an upwardly facing annular
      shoulder 54 formed on mandrel 45, to clamp the mandrel tightly downwardly
      toward bottom plate 42, and in this way hold the lowermost turn of coil 13
      tightly against base plate 14. Radially outwardly of the washer 53, there
      is provided a generally annular washer type spring 55, which transmits
      yielding force from upper clamping plate 41 to the upper surface 18 of nut
      case 12, to simultaneously urge that case 12 downwardly and tightly
      against the radially outer portion of end plate 14 of the nut. Thus, the
      tool 40 of FIGS. 4 and 5 holds both the coil 13 and case 12 tightly
      against end plate 14 to assure formation of an optimum weld, and to
      prevent unwanted spatter of the welding material. As will be apparent,
      other types of equipment may be provided for thus clamping the parts
      together, or this clamping process may be effected primarily manually.
PAR  The threaded portion of the mandrel holds the coil 13 very precisely in a
      proper orientation and position during the subsequent welding operation,
      acts to prevent movement of any weld spatter from one side of the nut to
      the other during the welding operation, and in addition functions as a
      highly heat conductive heat sink acting to conduct the welding heat
      rapidly away from the thread area. Preferably, the mandrel is formed of an
      appropriate metal, desirably having a heat conductivity greater than that
      of the coil itself. Copper, aluminum or a suitable steel are satisfactory
      for the purpose. The mandrel preferably terminates in essentially the
      transverse plane in which elements 12 and 14 join, so that cross-spatter
      will adhere to the end face of the mandrel and not to its threads, thus
      permitting removal after welding.
PAR  With the parts of the device clamped together in the condition illustrated
      in FIG. 5, a high energy beam, preferably an electron beam, is directed
      from an electron gun 56 axially along the inner surface of bore 15 in the
      case, and therefore along the outer surface 25 of coil 13, to locally heat
      the radially inner portion of the case and the radially outer portion of
      the coil to welding temperature, and thereby weld the coil rigidly to the
      case. The beam is directed upwardly parallel to axis 16 and first through
      plate 14 in order to arrive at the desired location between the case and
      coil. This beam has a narrow upwardly tapering conical shape, as indicated
      at 57 in FIG. 1, and continues vertically or axially far enough to weld a
      predetermined first series of turns of coil 13 (preferably the bottom four
      and one-fourth turns) to the case, while leaving a predetermined uppermost
      portion of the coil (preferably an uppermost single 360.degree. turn 13' )
      substantially unwelded to the case. Thus, the electron beam terminates at
      the location 57'  in FIG. 1. The electron beam is sufficiently wide
      radially with respect to axis 16 to extend radially inwardly a short
      distance beyond the diameter of bore 15 of the case, and thus to weld the
      radially outermost portions of the surfaces 30 and 31 of each turn of the
      coil 13 to the abutting surfaces 30 and 31 of the adjacent turn, through
      the first four and one-fourth turns of the coil, so that those first four
      and one-fourth turns are welded directly together as well as to the case.
      The beam preferably does not weld the top turn to the next successive turn
      or to the case. The electron beam does of course weld base plate 14 to
      case 12 and to the radially outer portion of undersurface 30 of the
      lowermost turn of coil 13. During the welding operation, the nut is turned
      about its axis 16 relative to electron gun 56, as by means of a rotary
      chuck 146 gripping shank 46 of mandrel 45 (or conversely the nut may be
      held stationary and the beam be rotated), so that the electron beam forms
      a circularly continuous weld between the discussed portions of the case
      and coil, and between adjacent ones of the bottom 4 1/4 turns of the coil,
      and between the end plate 14 and both the case and coil. As the nut is
      turned, the intensity of the electron beam may be gradually and
      progressively varied, so that the uppermost point 57' of the beam and weld
      area advances helically in correspondence with the advancement of the
      upper edge of the last turn which is to be welded, to attain the desired
      result of welding in place the lowermost four and one-fourth turns without
      welding the upper turn.
PAR  The electron beam energy is sufficiently localized to raise the temperature
      of the radially outer portion of coil structure 13 to welding temperature,
      say for example to about 2750 degrees Fahrenheit or above, while avoiding
      elevation of the temperature of the radially inner thread profile portion
      26 of the coil (preferably at least about the inner one-half of the coil
      13, inwardly beyond the line designated 58 in FIG. 1) high enough to
      adversely affect or destroy the cold worked condition (condition C) of the
      coil metal. When the metal of coil 13 is 17-7 PH stainless steel, as
      discussed, the radially inner thread profile portion 26 of coil 13, and
      preferably at least about the inner one-half of the radial extent of the
      coil 13, should be kept well under the normal annealing temperature of
      1750.degree. Fahrenheit (preferably under 950.degree. Fahrenheit) during
      the fusion bonding process. The heat sink effect of mandrel 48 in rapidly
      conducting heat away from the inner portion of the coil assists in
      maintaining its desired low temperature.
PAR  With the welding operation completed, the welded nut is removed from tool
      40 of FIGS. 4 and 5, and the upper unwelded portion of the nut is then
      slightly deformed in a manner giving the case and upper turn of the coil
      13 a self-locking configuration. This deformation may be effected by
      positioning the upper portion of the nut body between two forging dies 59
      as seen in FIG. 6, and then pressing those dies together far enough to
      deform two diametrically opposite portions of the case slightly radially
      inwardly. The dies 59 preferably deform the case inwardly at the locations
      of two of the points 260 of the externally hexagonal outer surface of the
      nut case. The upper end surface 61' of the coil may be located directly
      radially opposite one of these points which is deformed. The notches 63 in
      the two dies 59 are shaped to correspond substantially to the 120.degree.
      corner configuration of the hexagonal shape, and as seen in FIG. 7, the
      walls of these notches may flare slightly outwardly with respect to axis
      16 as they advance downwardly, to enable deformation of only the upper
      portion of the case in the manner indicated in FIG. 1. Dies 59 deform the
      case and the upper turn of the coil 13 radially inwardly just far enough
      to provide an effective self-locking action with respect to screw 11. As
      an example, in a 1/4-16 size nut, the coil may be deformed radially
      inwardly about 15 thousandths of an inch (in diameter), as represented by
      the broken lines 63' in FIG. 2. This compression of the nut in one
      diametrical direction causes slight expansion of the nut in a plane 64 at
      right angles to the direction of application of force by dies 59, to thus
      slightly flare out the corresponding flats 62 (typically about 15
      thousandths of an inch in diameter) from the initial planar condition
      shown in broken lines at 62' in FIGS. 2 and 6 to the slightly curving full
      line condition of those figures, and to correspondingly slightly expand
      the upper turn 13' of coil 13 in that plane 64, as represented at 65 in
      FIG. 6. In effect, the uppermost turn and the engaged portion of the case
      are given a slightly oval or slightly elliptical shape. The bulge at 62
      may be limited by engagement with a pair of rigid blocks 162 shaped and
      located to prevent bulging beyond a point at which a conventional
      hexagonal wrench can still fit over and actuate the nut. After the bulging
      at flats 62 is thus limited by engagement with blocks 162, the dies 59 may
      be pressed together slightly more, with resultant slight outward bulging
      of the nut case and coil at the locations designated 262 in FIG. 2
      (between the locations of the dies 59 and blocks 162), and with the
      bulging at these locations also being kept small enough to avoid
      interference with proper engagement with a hexagonal wrench. No attempt
      has been made to show the bulging at locations 262 in the figures.
PAR  After the upper portion of the case and the contained upper turn of coil 13
      have been deformed in this way to elliptical condition, the entire nut is
      heat treated at a temperature high enough to convert the metal of the
      case, coil and end plate to hardened condition, that is, condition H,
      without destroying the condition C of the coil. Thus, in spite of the
      welding and heat treating operations, the thread element 13 in the
      ultimate nut is, except at its welded periphery, in condition CH, that is,
      it is hardened by both cold working and heat treatment. If the case and
      end plate are formed of martensitic 17-4PH stainless steel as previously
      discussed, and the coil is formed of initially semi-austenitic 17-7PH
      stainless steel, all of these parts, except for the welded periphery of
      the coil, will in the completed nut be in heat hardened martensitic
      condition.
PAR  In using the nut of FIG. 1, its lower portion is first screwed onto the
      externally threaded fastener 11, and can move onto that fastener freely
      until the upper end of screw 11 reaches the top turn 13 of the coil, at
      which time the screw thread just force turn 13' radially outwardly to a
      slightly expanded condition at the inwardly deformed locations in order to
      enable advancement of the screw entirely through the nut. The turn 13'
      cannot itself expand without simultaneously forcing the engaged portions
      of the case wall radially outwardly toward the broken line positions of
      FIG. 1. Thus, the resilience of both the outer case 12 and turn 13' of
      coil 13 provide together a very effective self-locking action with respect
      to the screw. As the inwardly deformed portions of the case and turn are
      forced radially outwardly, the outwardly bowed or expanded portions in
      plane 64 of FIG. 6 are pulled radially inwardly to also add to the
      self-locking effect. When the screw is removed from the nut, the
      resilience of the parts 12 and 13 returns their upper portions to the
      slightly deformed condition, so that the self-locking action will repeat
      reliably and consistently through many uses of the device. Further, the
      fact that the upper turn of the coil structure is not directly welded to
      the case enables that turn and the engaged portion of the case to function
      essentially as two separate but coacting springs in resisting the radially
      outward deflection, with those two springs having a greater combined
      flexibility than if they were welded together to in effect form a single
      spring of increased radial thickness. This will be apparent from the
      consideration of the basic spring formula:
EQU  d.varies.L.sup.3/ t.sup.3
PAL  where
PAR  d is the amount of deflection of a leaf spring or beam spring
PA1  L is the length of the spring, and
PA1  t is the thickness of the spring
PAL  Since from this formula, the deflection of the spring is inversely
      proportional to the cube of the thickness for a given load, a much greater
      useful range of radial deflectibility of the coil and case is attained by
      leaving them unwelded at the self-locking location.
PAR  It is also noted that when the nut is in engagement with the screw, the
      radially abutting contact of the upper turn of coil 13 with case 12
      enables that turn and the contacted portion of the case to take a
      substantial percentage of the axial load forces applied to the threads. In
      fact, since the upper turn of a nut is never required to take as great a
      load as the other turns, the upper turn in this device can take enough
      axial load to serve the full function normally required of a turn at that
      location, even though it is unwelded to the case. The overall axial length
      of the nut, and the number of turns required in the nut, can therefore be
      substantially less than in all conventional self-locking nuts now on the
      market.
PAR  The circularly abutting engagement of upper end surface 61' of the coil
      with shoulder 160 prevents extremity 60 of the coil from advancing in a
      counterclockwise direction in FIG. 2, and thus prevents the unwelded end
      turn from wrapping more tightly on the screw as the latter is advanced
      into the nut. Stated differently, this `wraparound` effect is prevented by
      so retaining or confining the coil at opposite ends of the unwelded turn
      or portion as to prevent relative movement of those ends in a direction to
      circularly elongate the end turn and thus radially constrict it. One end
      of the unwelded turn is fixed by welding while the other is blocked
      against circularly elongating movement by shoulder 160. The locking action
      attained is thus accurately predeterminable by the elliptical deformation
      of the end turn and is not affected by any wraparound effect on the end
      turn.
PAR  It is contemplated that, if desired, the base plate 14 of the FIG. 1 device
      may be prewelded to case 12 before insertion of the coil 13 into the case
      and subsequent welding of the coil to the case. It is also contemplated
      that the case may be forged, machined or cast to a shape in which, as
      illustrated in the variational FIGS. 8 and 9 arrangement, the lower
      portion of the case 12a itself forms the helical ramp or shoulder surface
      34a and shoulder 35a corresponding to surface 34 and shoulder 35 of FIG.
      1, for engagement by the lowermost turn of coil structure 13a. In this
      way, end plate 14 of the FIG. 1 device may be eliminated. In either the
      FIG. 1 or FIG. 8 arrangement, however, it is highly desirable that the
      initial point of contact of the welding beam with the nut assembly be at a
      flat surface disposed directly transversely of the axis of the beam (e.g.
      surface 39 in FIG. 1) to avoid any tendency for lateral deflection of the
      beam such as would occur if the undersurface of element 14 in FIG. 1 were
      irregular, or if plate 14 were omitted and the beam was forced to strike
      the nut at the location of an abrupt shoulder formed at the juncture of
      the case and coil. Any such lateral deflection of the beam can adversely
      affect the extent to which some of the upper ones of the bottom four turns
      of the coil are welded in place, since slight lateral displacement of the
      upper end of the very narrow beam can cause it to miss completely the
      proper welding location between the coil and case.
PAR  The variational arrangement of FIGS. 8 and 9 is also illustrated as
      utilizing a different structure than that of FIGS. 1 to 7 for blocking
      circular movement of the upper extremity of coil 13a. Specifically, in
      FIGS. 8 and 9, the upper extremity of coil 13a is not turned outwardly in
      the manner of portion 60 of the first form of the invention, nor is there
      a notch or recess corresponding to notch 161 of FIG. 2, but instead the
      material of case 12a is upset slightly to form a radially inwardly
      projecting shoulder 113 which abuts against end surface 61'a of the coil
      to serve the function of shoulder 160 in FIG. 2. The shoulder 113 may be
      formed by striking downwardly against the upper surface of case 12a with
      an appropriately shaped upsetting tool at the location 112 of FIGS. 8 and
      9. The inner surface 15a of case 12a has the same shape as corresponding
      surface 15 of FIGS. 1 to 7, except at the location of shoulder 113. The
      case and coil are deformed to the previously discussed oval shape at the
      location of the upper unwelded turn of the coil, to attain a self-locking
      action corresponding to that of the first form of the invention.
PAR  FIG. 10 is a view similar to FIG. 9 but showing still another arrangement
      in which the extremity 60b of coil 13b is restrained against circular
      movement relative to the case by welding that extremity directly to the
      case through a very short angle adjacent end surface 61b of the coil. The
      short weld between the radially outer surface of the extremity 60b of the
      coil and the inner surface 15b of the case is represented diagrammatically
      at 114 in FIG. 10, and may if desired be simply a spot weld, short arc
      weld, or the like. In any event, care is taken in making the weld 114 to
      avoid raising any portion of coil 13b other than its extremity 60b to a
      temperature high enough to destroy the previously discussed CH condition
      of the remainder of the coil. As in the other forms of the invention, the
      unwelded end turn of the coil is effectively restrained against circular
      elongation (in this case by welding at both ends of the turn) to avoid any
      tendency for attainment of a wraparound effect in the locking turn.
PAR  The form of nut shown in FIGS. 11 through 13 includes a coil 13c which may
      be constructed and installed the same as coil 13 of FIG. 1 except that the
      axially inner end of the coil in FIGS. 11 to 13 is ground off in a
      directly transverse plane 70 to form an annular shoulder 71 which is
      perpendicular to axis 16c of the nut, and bears against an annular
      directly transverse shoulder 72 formed in the inner portion of case 12c in
      lieu of the helical ramp shoulder 34 of FIG. 1. The coil 13c is electron
      beam welded into case 12c by the same type of essentially annular weld
      provided in the FIG. 1 arrangement, leaving the upper locking turn 13'c of
      the coil free of direct welded attachment to the case, and with this upper
      turn and the case being deformed to essentially oval configuration in the
      manner discussed in connection with FIG. 2. The self-locking action is
      thus the same as in the first form of the invention.
PAR  The outer case 12c of the FIGS. 11 to 13 form of the invention may also
      differ somewhat from the case 12 of FIG. 1, in that only the upper portion
      of the case is given an externally hexagonal configuration, by provision
      of flats 73 from the upper face of the nut to a location 74, downwardly
      beyond which the case has an externally cylindrical outer surface at 75,
      typically with a slightly increased diameter short washer-like outer
      surface 76 being provded at the bottom of the nut. This short cylindrical
      surface 76 may desirably have an axial or vertical extent corresponding
      substantially to the vertical height h of an inner cylindrical surface 78
      extending from bottom transverse end face 79 of the nut to the previously
      discussed upwardly facing annular coil engaging shoulder 72. The corners
      80 of the upper hexagonal portion of the nut may be at a diameter
      corresponding to that of cylindrical surface 75 of the lower portion of
      the nut, with the flats 73 extending inwardly to diameters considerably
      smaller than that of surface 75, as seen clearly in FIG. 11. Thus, the
      upper portion of the nut allows for easy turning of the nut by a
      conventional wrench, while the lower portion of the nut case has a greater
      minimum radial thickness than the upper hexagonal portion, and thus has a
      much greater strength and resistance to expansion under load.
PAR  FIG. 14 shows the manner in which a number of the nuts of FIGS. 11 and 12
      may be welded within an electron beam welding unit, in which there may be
      provided a horizontal plate 80 of highly heat conductive metal, such as
      aluminum, to function as a heat sink. This plate 80 may contain a large
      number of accurately dimensioned and located cylindrical upwardly facing
      recesses 81, dimensioned to closely receive and accurately locate the
      lower ends of as many mandrels 82 corresponding structurally to mandrel 45
      of FIGS. 4 and 5. These mandrels are also highly heat conductive,
      typically being formed of copper, aluminum, or the like, and are inverted
      as illustrated in FIG. 14 to have their threaded ends 83 projecting
      upwardly, with coils 13c carried about these threaded ends and received
      within a number of the nut cases 12c. The coils may first be screwed onto
      their respective mandrels 82, and then inserted into cases 12c into tight
      engagement with end shoulders 72, after which the entire assemblies
      82-12c-13c are inserted into plate 80 in the inverted positions of FIG.
      14, with the plate then being placed within an electron beam welding unit
      in which the welding head 85 directs an electron beam 85 downwardly along
      a path corresponding to that illustrated at 57 in FIG. 1, to form the
      desired weld between the case and the radially outer portions of the coil,
      as well as between successive turns of the coil. During the welding of a
      particular one of the nuts in FIG. 14, the electron beam emitting head 85
      is rotated about the axis of that nut to form the desired annular weld, or
      alternatively the nut and its mandrel may be turned relative to a
      non-rotating welding head. After the first nut has been welded, the head
      84 automatically indexes to a position for welding the next successive nut
      in the same manner, etc., until all of the nuts have been welded. The heat
      of welding is conducted rapidly away from the radially inner portions of
      the coils through the mandrels 82 and plate 80, to thus prevent
      overheating of the radially inner portions of the coils, as has been
      discussed in connection with the other forms of the invention, to thereby
      maintain the work hardened condition of those inner portions of the coils
      in spite of the heating required at the peripheries of the coils for
      effecting the welding operations.
PAR  FIG. 15 is a view similar to FIG. 11, and shows another form of nut formed
      in accordance with the invention, which nut may be considered as identical
      with that of FIG. 11 except that the lower portion of case 12d does not
      project downwardly beyond the bottom transverse planar surface 71d of coil
      13d, but rather is cut off in the same transverse plane 70d as is the
      coil. Thus the lower end of the coil is exposed at 71d for direct contact
      with the work, along with the aligned corresponding surface 171d of the
      case. The coil is welded into the case by axial electron beam welding from
      a welding head or gun 56d, which annularly welds the coil to the case from
      its lower end up to the top turn, with that upper turn being left free of
      direct welded attachment to the case, and being deformed to a self-locking
      configuration, along with a corresponding top portion of the case, as in
      FIG. 1.
PAR  In all of the above discussed forms of the invention, an additional
      advantage attained resides in the inherent capacity of the disclosed
      structures to automatically distribute axial loads evenly between the
      different threads of the nut. In conventional standard nuts, there is a
      tendency for the lowermost thread of the nut to take much more of the
      axial load in use than do the other turns, with the load on successive
      turns decreasing progressively to the top of the nut. In the present
      arrangements, however, the capacity of the individual turns of the coiled
      element to flex slightly (and resiliently) relative to one another in an
      axial direction enables the turns to automatically assume relative
      positions in which the axial loads on the different turns are balanced.
      The capacity for such relative flexure results from the fact that adjacent
      turns are welded to one another only at their radially outer extremities,
      (in the weld region designated 57 in FIG. 1), and inwardly of that
      location (desirably through at least about two-thirds of their radial
      extent, and for best results at least about three-fourths of that extent)
      are left free of direct bonded attachment to one another. Also, since the
      inner portion of each turn is in its very hard CH condition, as previously
      discussed, the various turns are capable of taking together a maximum
      amount of axial load even though slightly relatively deformable.
PAR  Some of the structural features and manufacturing processes described
      herein, such as the welding processes, may be utilized in non-locking
      nuts.
PAR  While certain specific embodiments of the present invention have been
      disclosed as typical, the invention is of course not limited to these
      particular forms, but rather is applicable broadly to all such variations
      as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of forming a composite nut that includes positioning within a
      case a separately formed helical coil structure which is formed of metal
      in work-hardened condition and has a radially inner portion shaped to form
      an internal thread and a radially outer portion with an outer surface
      proximate the case; directing a high energy beam generally axially along
      the inner surface of said case and along said outer surface of the coil
      structure in a relation forming a fusion bond between said case and said
      radially outer portion of said coil structure; locally heating said
      radially outer portion of the coil structure by said high energy beam,
      during formation of said fusion bond, to a temperature locally adversely
      affecting the work-hardened condition of said radially outer portion;
      maintaining said internal thread formed by said inner portion of the coil
      structure in threaded engagement with an external thread on a highly heat
      conductive heat sink mandrel during said heating; and conducting heat away
      from said inner portion of the coil structure through the engaged threads
      of said heat sink mandrel during said heating and at a rate maintaining
      said inner portion of the coil structure at a temperature substantially
      lower than said radially outer portion, and low enough to prevent
      destruction of its thread shaped configuration, and to prevent as great an
      adverse effect if any on the work-hardened condition of said inner portion
      as on said outer portion, and thereby maintain said inner portion and the
      thread formed thereby substantially harder than said outer portion.
NUM  2.
PAR  2. The method as recited in claim 1, including fusion bonding radially
      outer portions of adjacent turns of said coil structure directly to one
      another by said localized heating but without heating of radially inner
      portions of adjacent turns to a temperature high enough to bond them
      together or destroy the work-hardened condition thereof.
NUM  3.
PAR  3. The method as recited in claim 1, including removing said heat sink
      mandrel from threaded engagement with said internal thread formed by the
      inner portion of said coil structure after formation of said fusion bond.
NUM  4.
PAR  4. The method as recited in claim 1, including relatively rotating said
      mandrel and coil structure in a relation screwing said heat sink mandrel
      into engagement with said internal thread formed by said coil structure
      prior to formation of said fusion bond, and screwing said mandrel out of
      threaded engagement with said internal thread after formation of the
      fusion bond.
NUM  5.
PAR  5. The method as recited in claim 1, in which said high energy beam is an
      electron welding beam directed axially along the periphery of said coil
      structure and along said inner surface of said case while relatively
      rotating said beam and said case and coil structure to form an essentially
      annular fusion bond between the case and coil structure.
NUM  6.
PAR  6. The method as recited in claim 1, in which said high energy beam is an
      electron welding beam directed axially along the periphery of said coil
      structure and along said inner surface of said case while relatively
      rotating said beam and said case and coil structure to form an essentially
      annular fusion bond between the case and coil structure, said method
      including maintaining said beam wide enough in a direction radially of the
      case and coil structure to fuse the metal of the coil structure a short
      distance radially inwardly from said inner surface of the case and thereby
      weld the radially outer portions but not radially inner portions of
      successive turns of the coil structure directly to one another, while
      conducting heat away through said heat sink mandrel rapidly enough to
      avoid heating of the radially inner portion of the coil structure to a
      temperature high enough to destroy its work-hardened condition.
NUM  7.
PAR  7. The method as recited in claim 6, including heat treating of the entire
      case and coil structure after formation of said fusion bond and at a
      temperature high enough to further harden the metal of the coil structure
      but not high enough to destroy said work-hardened condition of the
      radially inner portion of the coil structure.
NUM  8.
PAR  8. The method as recited in claim 1, including heat treating the entire
      case and coil structure after formation of said fusion bond and at a
      temperature high enough to further harden the metal of the coil structure
      but not high enough to destroy said work-hardened condition of the
      radially inner portion of the coil structure.
NUM  9.
PAR  9. The method as recited in claim 1, including shaping a portion of said
      coil structure to a deformed condition in which it is engageable in
      self-locking relation with a coacting screw connected into the nut.
NUM  10.
PAR  10. The method as recited in claim 1, including shaping a portion of said
      coil structure to a deformed condition in which it is engageable in
      self-locking relation with a coacting screw conneccted into the nut, and
      controlling said high energy beam to leave essentially unbonded direcctly
      to the radially adjacent portion of the case at least part of said portion
      of the coil structure which is deformed to self-locking condition.
NUM  11.
PAR  11. The method as recited in claim 1, including shaping a portion of said
      coil structure to a deformed condition in which it is engageable in
      self-locking relation with a coacting screw connected into the nut,
      controlling said high energy beam to leave essentially unbonded directly
      to the radially adjacent portion of the case at least part of said portion
      of the coil structure which is deformed to self-locking condition, and
      fixing said unbonded part of the coil structure at its opposite ends
      against relative movement of said ends circularly in a direction to
      circularly elongate and thus radially constrict the locking portion.
NUM  12.
PAR  12. The method as recited in claim 1, including shaping a portion of said
      coil structure to a deformed condition in which it is engageable in
      self-locking relation with a coacting screw connected into the nut,
      controlling said high energy beam to leave essentially unbonded directly
      to the radially adjacent portion of the case at least part of said portion
      of the coil structure which is deformed to self-locking condition, with
      said fusion bond fixing one end of said unbonded part of the coil
      structure to the case, said method including fixing the opposite end of
      said unbonded part of the coil structure against movement circularly
      relative to the case in a direction to circularly elongate and thus
      radially constrict said unbonded part.
NUM  13.
PAR  13. The method as recited in claim 1, including shaping a portion of said
      coil structure to a deformed condition in which it is engageable in
      self-locking relation with a coating screw connected into the nut,
      controlling said high energy beam to leave essentially unbonded directly
      to the radially adjacent portion of the case at least part of said portion
      of the coil structure which is deformed to self-locking condition, with
      said fusion bond fixing one end of said unbonded part of the coil
      structure to the case, said method including providing a shoulder on said
      case engageable with a shoulder on said coil structure acting to fix the
      second end of said unbonded part of the coil structure against movement
      circularly relative to the case and relative to said bonded first end in a
      direction to circularly elongate said unbonded part and thus radially
      constrict it.
NUM  14.
PAR  14. The method as recited in claim 1, including shaping a portion of said
      coil structure to a deformed condition in which it is engageable in
      self-locking relation with a coacting screw connected into the nut,
      controlling said high energy beam to leave essentially unbonded directly
      to the radially adjacent portion of the case at least part of said portion
      of the coil structure which is deformed to self-locking condition, with
      said fusion bond fixing one end of said unbonded part of the coil
      structure to the case, said method including bonding said coil structure
      to the case at the opposite end of said unbonded part of the coil
      structure to fix said unbonded part against circular elongation.
NUM  15.
PAR  15. The method as recited in claim 1, including providing at an end of said
      case a shoulder which is received axially opposite an end of the coil
      structure, and directing said high energy beam essentially axially through
      said shoulder and then along the periphery of said coil structure.
NUM  16.
PAR  16. The method as recited in claim 1, including aiming said high energy
      beam essentially axially along the periphery of said coil structure and
      along a path such that the beam in first entering the material of said nut
      first strikes a surface which is essentially smooth and disposed
      essentially transversely of the axis of said coil structure.
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PAL  Slippers of heat-sealable synthetic polymeric sheeting comprise a sole
      member and an upper member joined thereto by a heat-seal joint, the upper
      member having a progressively wider portion of said sheeting relative to
      the sole member, as measured across the slipper, whereby a permanent
      foot-receiving pocket is provided to facilitate donning the slipper
      without requiring the use of the hands. Method and apparatus for making
      such slippers comprise steps or means for joining separate bands of the
      material by heat-sealing the bands to each other on profiles corresponding
      to the sole and upper members, while simultaneously providing extra width
      in the upper member to create the foot receiving pocket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to slippers having improved resistance to tearing
      which are formed from foamed synthetic polymeric or elastomeric sheeting.
      More particularly, the invention relates to a scuff type slipper which
      exhibits improved tear resistance at the rearmost point where its upper
      member is joined to its sole member. An improved method and an apparatus
      for making such a scuff slipper also comprise a part of this invention.
PAR  In the past, there has been a need for strong, sanitary and inexpensive
      footwear and for efficient methods and apparatus for manufacturing such
      articles. To a substantial extent, U.S. Pat. No. 3,238,079 has met this
      need by disclosing a slipper which is held on the wearer's foot by
      internal elastic tension in the slipper material. These slippers show a
      surprising degree of resistance to tearing of the material. Similarly,
      U.S. Pat. No. 3,793,746 discloses somewhat different types of slippers of
      the heel gripping and scuff types, which were developed with a view toward
      minimizing tearing at the rearmost location where the upper member of the
      slipper is joined to the lower member. Although slippers made in
      accordance with this latter patent exhibit improved tear resistance
      relative to prior art devices, it has been found that lateral tearing may
      occur at the location mentioned, especially in the larger sizes. Since
      such slippers are frequently used by institutions where their low price
      may be outweighed by a high failure rate, a need exists to develop such
      slippers which will exhibit satisfactory resistance to tearing in all
      sizes.
PAR  In addition, the above slipper types usually require the use of one or both
      hands of the wearer to don the slipper. In the instance of the slippers of
      U.S. Pat. No. 3,238,079, the use of the hands is required since the foot
      opening in the upper member of the slipper must be stretched somewhat to
      permit the foot to enter. The slippers of U.S. Pat. No. 3,793,746 require
      the use of the hands to slip the toe of the foot into the rather small
      foot-receiving pocket and to slip the heel of the foot into the
      heel-gripping portion. Even where no heel-gripping portion is provided,
      the use of the hands is required due to the rather small foot-receiving
      pocket. The slipper material adds to these difficulties since it is not at
      all slippery, but rather tends to resist sliding motion of the foot into
      the slipper. These characteristics have the desirable effect of tending to
      retain the slipper on the wearer's foot; however, for persons who for some
      reason are unable to reach their feet or may do so only with considerable
      discomfort, these prior art slippers are not entirely satisfactory. Thus,
      a need exists for simple, inexpensive, sanitary slippers having a design
      which permits the slipper to be donned without the use of the hands and to
      be worn without undue premature failure of the slipper material.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide a slipper which is inexpensive,
      sanitary and easy to manufacture, yet has good resistance to tearing of
      the slipper material.
PAR  A further object of the invention is to provide a slipper which may be
      easily donned without requiring the use of the hands.
PAR  Another object of the invention is to provide a simple apparatus for
      automated manufacture of such slippers.
PAR  Still another object of the invention is to provide a process for
      manufacturing such slippers.
PAR  These objects of the invention are intended to be only exemplary, thus,
      other improved characteristics and advantages inherently achieved by the
      invention may occur to those skilled in the art; however, the scope of the
      invention is to be limited only by the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  The above-described and other objects are met by the disclosed invention,
      which provides a unique slipper comprising a sole member having heel,
      instep and toe portions and an upper member having instep and toe covering
      portions. As measured across the width of the sole and upper members, a
      progressively greater length of sheeting is provided in the upper member
      from its toe to its instep covering portion that in the sole member from
      its toe to its instep. The sole and upper members are joined by a
      heat-sealed seam extending around the periphery of the instep and toe
      portions of the sole and upper members to define a foot-receiving pocket.
PAR  The apparatus according to the invention includes means for dispensing a
      first band of synthetic polymeric sheeting material with a width greater
      than a desired length or size of the slipper sole and means for dispensing
      a second band of synthetic polymeric sheeting material with a second width
      narrower than the first width but greater than a desired length of the
      upper portion of the slipper. These bands of material are fed between
      first and second heat-sealing dies which have essentially congruent
      perimetral die face configurations shaped are required for the heel,
      instep and toe portions of the slipper. Located between the first and
      second heat-sealing dies is a means for providing, as measured across the
      width of the heat-sealing dies, a progressively greater length of the
      second band of material from the toe portion to the instep portion of one
      of the heat-sealing dies than of the first band of material from the toe
      portion to the instep portion of the other of the heat-sealing dies, when
      the dies are brought together. Means are also provided for bringing the
      first and second heat-sealing dies together to cause heat-sealing between
      the bands of synthetic polymeric sheeting material. The apparatus accoding
      to the invention may also include means for removing a completed slipper
      from the device after the heat-sealing dies have opened.
PAR  In the method according to the invention, first and second bands of
      material as previously described are drawn into superposed paths of
      movement and stopped between first and second heat-sealing dies which have
      desired perimetral die face configurations for the heel, instep and toe
      portions of the slipper according to the invention. As measured in the
      direction of movement of the bands of material across the die faces (i.e.,
      across the width of the sole and upper members), a progressively greater
      length of material is provided in one of the bands from the toe portion to
      the instep portion of one of the die faces than in the other band of
      material from the toe portion to the instep portion of the other die face.
      Then the first and second bands are heat-sealed to each other at their toe
      and instep portions, by closing the heat-sealing dies.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of a scuff slipper of a type known in the
      prior art.
PAR  FIG. 2 shows a side elevation view of the slipper shown in FIG. 1.
PAR  FIG. 3 shows a perspective view of a scuff slipper according to the present
      invention.
PAR  FIG. 4 shows a side elevation of the scuff slipper according to the
      invention.
PAR  FIG. 5 shows a schematic view, partially in vertical section, of the
      apparatus according to the invention.
PAR  FIG. 6 shows a section view taken along line 6--6 of FIG. 5, indicating the
      elements of the heat-sealing die press according to the invention.
PAR  FIG. 7 shows a schematic view, partially in section, of the same components
      of the invention shown in FIG. 5, wherein the heat-sealing die press has
      been closed to form a slipper according to the invention.
PAR  FIG. 8 shows a view taken along line 8--8 of FIG. 7, partially broken away
      to show the cooperation of the interior elements of the heat-sealing die
      press according to the invention.
PAR  FIG. 9 shows an enlarged view of the contact area between the upper and
      lower die faces of the heat-sealing die press, indicating the geometry of
      the heat-sealing die faces and the effect they have on the synthetic
      polymeric sheeting material as the heat seal is formed.
PAR  FIG. 10A shows a view taken along the same line as FIG. 6; however, in this
      instance a completed slipper is shown disposed on the interior sole plate
      of the heat-sealing die press according to the invention.
PAR  FIG. 10B shows a view taken along line 10--10 of FIG. 7, indicating the
      function of the eject gate and scrap material depressor.
PAR  FIG. 11 shows a view taken along line 11--11 of FIG. 6, indicating the
      cooperation between the sole plate and heat-sealing dies to permit ease of
      removable of a completed slipper.
PAR  FIG. 12 shows a schematic plan view of the apparatus according to the
      invention, indicating one possible arrangement of outfeed rollers for the
      bands of synthetic polymeric material.
PAR  FIG. 13 shows a schematic plan view similar to that of FIG. 12 indicating
      the shift of the upper band of synthetic polymeric material which may
      occur due to the formation of an instep engaging arch in the slipper
      according to the invention.
PAR  FIG. 14 shows a plan view of the preferred arrangement for the outfeed
      rollers according to the invention which correct the displacement of the
      upper band of material indicated in FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There follows a detailed description of the preferred embodiments of the
      invention, reference being had to the drawings in which like reference
      numerals identify like elements of structure in each of the several
      Figures.
PAR  FIGS. 1 and 2 show perspective and side elevation views of a scuff slippepr
      of a type known in the prior art. See, for example, U.S. Pat. No.
      3,793,746. This slipper 10 comprises a sole 12 having a heel portion 14,
      an instep portion 16 and a toe portion 18. An essentially flat upper 20 is
      attached to sole 12 and includes an instep avoiding cusp 22 which provides
      an angle alpha between the upper 20 and the sole 12 at the point where the
      uppepr is joined to the sole. A rather shallow foot-receiving pocket 24 is
      formed between sole 12 and upper 20 when heat-sealed seam 26 is made, as
      indicated. As discussed in U.S. Pat. No. 3,793,746, the instep avoiding
      cusp and the acute angle alpha between the cusp and the sole were intended
      to prevent tearing of the synthetic polymeric material at the rearmost
      point where the upper 20 is joined to the sole 12. Cusp 22 ensures that
      the upper 20 will not be stretched over the relatively high instep of the
      wearer's foot, and angle alpha provides an excess of material between the
      forward edge of cusp 22 of the rearmost point of attachment of upper 20 to
      sole 12. Thus, stresses in the rearmost portion of the joint between the
      upper 20 and the sole 12 are reduced by this prior art design.
      Nonetheless, it has been found that tearing still occurs at this location,
      particularly in the larger sizes of the slippers. It is thought that this
      tearing is due to the shallow pocket 24, which requires that upper 20
      stretch considerably just to accomodate the toe of the wearer's foot.
      Moreover, the shallow pocket 24 requires in most instances that the wearer
      use his hands to don the slipper. Manufacture of this slipper is
      complicated by the need to center cusp 22 precisely on sole 12 after
      previously cutting the cust in the upper.
PAR  FIGS. 3 and 4 show perspective and side elevation views of a scuff slipper
      according to the present invention. Slipper 32 comprises a sole 34 having
      a heel portion 36, an instep portion 38 and toe portion 40. An upper 42 is
      joined to sole 34 to provide a foot-receiving pocket 44 having an instep
      gripping arch 46 along the rear edge thereof. Upper 42 is joined to lower
      32 by a heat-sealed seam 48, as inciated. Additional material is required
      for instep gripping arch 46 of foot-receiving pocket 44. As measured
      across the width of sole 34 and upper 42, a progressively greater length
      of synthetic polymeric sheeting material is provided from the toe to the
      instep covering portion of upper 42 than in sole 34 from toe portion 40 to
      instep portion 38. This ensures that while sole 34 remains essentially
      flat in the completed sliper, upper 42 rises gradually from the toe to
      form the instep gripping arch 46. The provision of the extra sheeting
      material at the location of instep gripping arch 42 provides additional
      stretchiness at this location, thereby distributing the loads caused by
      the wearer's donning and walking in the slipper. The instep gripping arch
      46 is thereby minimized, which results in improved resistance to tearing
      at this location and longer slipper life.
PAR  Although no limitation of the scope of the invention is intended, in one
      version of the slipper according to the invention wherein sole 34 had a
      length of approximately 12 inches, instep gripping arch 46 was formed
      approximately half way along sole 34 at which point sole 34 had a width of
      approximately 4 1/2 inches and upper 42 had a total width of approximately
      6 inches. The additional material provided sufficient stretchiness in the
      area in which the slipper engages the wearer's instep to prevent tearing
      at points 50 and permit easy donning of the slipper; however, the fit at
      instep gripping arch 46 was sufficiently snug to prevent the slipper from
      easily falling off the wearer's foot.
PAR  As used in this specification, synthetic polymeric sheeting material refers
      to any material resembling synthetic rubber in its properties. That is,
      the material is flexible, stretchy and preferably is cellular or spongy
      through its thickness. Commonly available polyurethane foams are useful in
      the invention, such as those made by "blowing" a polyester resin with the
      aid of a diisocyanate compound. Other compounds such as vinyl may also be
      used. One skilled in the art will realize that multiple ply bands of such
      materials may also be used without departing from the spirit of the
      invention, such as an outer polyurethane foam layer having an inner,
      synthetic fiber cloth bonded thereto.
PAR  FIG. 5 shows a schematic view, partially in elevational section, of a
      slipper manufacturing apparatus according to the invention. A roll 60 of
      synthetic polymeric sheeting material having a width greater than the
      desired length of a slipper sole 34 dispenses a first band 61 of the
      material which is fed through drive rollers 62. A roll 64 of synthetic
      polymeric sheeting material having a width narrower than that of roll 60
      but greater than a desired length of upper 42 dispenses a second band of
      material 65 which is fed through drive rollers 66. Drive rollers 66
      usually are operated at from 5 to 15% higher speed than drive rollers 62,
      with a preferred difference being approximately 8%. The higher speed on
      rollers 66 is preferred to assist in providing the additional material in
      upper 42, as previously discussed. Alternatively, the additional material
      could be provided by stopping band 65 later than band 61 or allowing more
      waste material between slippers in band 61 while running both at the same
      speeds. Band 65 is then fed between feed tensioning fingers 68a and 68b
      and band 61 is fed beneath tensioning finger 68b. Tensioning fingers 68a
      and 68b are attached to connecting rod 70 which is reciprocated via
      hydraulic or pneumatic actuator 72.
PAR  Although two separate rolls 60 and 64 of material are shown in FIG. 5, it
      should be understood that a single roll of material could be used which
      has been folded upon itself to provide band widths corresponding to bands
      61 and 65. Techniques for such folding are known in the art as shown in
      U.S. Pat. No. 3,523,378. In this instance, as will become apparent from
      the ensuing discussion of the operation of the apparatus according to the
      invention, it would be necessary to split the folded band ahead of the
      drive rollers 62 and 66 to permit the differential driving speeds
      discussed above.
PAR  After passing feed tensioning fingers 68a and 68b, bands 61 and 65 are
      drawn in superposed relationship into slipper forming and heat sealing die
      press 74. Band 61 passes over lower, stationary die 76 which comprises an
      upstanding perimetral die face 78 spaced from and surrounding a
      heat-insulating central core 80 of asbestos or a similar material. Core 80
      prevents over heating of the central portions of sole 34 during
      manufacture, thereby reducing any tendency to weaken the sole material due
      to partial melting. Die face 78 is heated by induction heaters (not
      shown), as is known in the art, and has a perimetral configuration
      corresponding to sole 34. Band 65 passes over sole plate 82 which is
      suspended for movement relative to upper, movable heat sealing die 84.
      Heat sealing die 84 comprises a hollow central portion 86 into which sole
      plate 82 retracts when the dies are closed. Legs 88 having flanged heads
      89 support sole plate 82 within hollow central portion 86 via bores in
      upper wall 90 of heat sealing die 84. A downwardly projecting perimetral
      die face 92 is arranged for making contact with die face 78 when the dies
      are closed. Die face 92 is likewise heated by induction heaters or the
      like (not shown), and has a perimetral configuration essentially congruent
      to that of die face 78.
PAR  Surrounding heat sealing die 84 is shearing cutter assembly 94 which
      comprises an upper wall or base 96 from which depend side walls 98, having
      hardened cutting inserts 100 at their lower ends which conform to the
      shape of the perimetral configuration of die faces 78 and 92. Shearing
      cutter 94 functions to separate completed slippers from bands 61 and 65.
      Legs 102 having flanged heads 103 are mounted in bores in base 96 and
      attached at their lower ends to upper heat sealing die 84. Springs 104
      bias upper heat sealing die 84 away from base 96. Springs 94 are chosen to
      provide sufficient compressive force to press die faces 78 and 92 together
      sufficiently closely to promote the formation of heat-sealed seam 48 of
      the slipper. An actuating shaft 106 is attached to the upper surface of
      base 96, through which pressure is applied to close the heat sealing dies,
      thereby forming the slipper according to the invention, and separate the
      slipper from scrap material which continues through the machine.
PAR  A bore 108 in upper wall 90 of heat sealing die 84 receives roller support
      shaft 110 which includes at its lower end arch forming rollers 112 and
      113. See also FIG. 6. A spring 114 cooperates with a flange 116 formed
      integrally with support shaft 110 and with the underside of base 96 to
      bias rollers 112 and 113 resiliently downward below the edge of die face
      92 when the die press is open, as shown.
PAR  Upper band 65 is then twisted to pass between upward extending, laterally
      adjustable guide fingers 118a and 118b and then through upwardly extending
      outfeed rollers 120. Simultaneously, lower band 61 is passed through
      outfeed rollers 122. Outfeed rollers 120 and 122 are operated at from 5 to
      20 percent greater speed than infeed rollers 62 and 66, with approximately
      8% being preferred. This speed differential stretches bands 61 and 65
      continuously, thereby minimizing crimping and buckling of the bands as
      they move through the apparatus. As is known by those in the art,
      polyurethane foam material deveops a substantial amount of friction with
      surfaces over which it is drawn, which is overcome to some extent by this
      differential speed.
PAR  A synchronizing mechanism 124, of mechanical or other type, programs the
      sequence of operations of infeed rollers 62 and 66, feed tensioning
      fingers 68, heat sealing die press 74 and outfeed rollers 120 and 122.
      These objectives may easily be attained through the use of electric rotary
      switch timer clocks or electronic sequence timers, hydraulic and/or
      pneumatic pumps, solenoid valves, limit switches and related control
      apparatus with which those skilled in the art are familiar. Thus the
      synchronizing mechanism 124 has been shown only schematically. The
      sequence of operation controlled by mechanism 124 will be discussed
      subsequently. Guide fingers 118a and 118b are manually adjustable by the
      machine operator, as will be discussed.
PAR  FIG. 6 shows a view taken along line 6--6 of FIG. 5, indicating the
      cooperation of the various elements of heat-sealing die press 74. The
      lower portion 140 of roller support shaft 110 and bore 108 have oval or
      oblong cross sections to prevent rotation of shaft 110 but permit its
      reciprocation as the die press closes and opens. Rollers 112 and 113 are
      journaled in plain bearings at the lower end of shaft 110.
PAR  Sole plate 82 comprises a flat base plate 142 conforming generally to the
      shape of sole 34 of slipper 32. See also the discussion of FIG. 11. The
      peripheral edge of sole plate 82 is spaced from the interior edges of die
      faces 78 and 92 by a distance "D" equal to approximately 2 thicknesses of
      the material comprising bands 61 and 65. This clearance is necessary to
      prevent the heat-sealing dies from abrading and partially fusing or
      locally sealing surfaces of bands 61 and 65 as heat sealing die press 74
      is closed, thereby ensuring that heat sealing occurs only in the desired
      region of seam 48 shown in FIGS. 3 and 4.
PAR  The forward end of sole plate 82 includes a rounded, toe forming portion
      144, corresponding in location to the toe-forming portions of die faces 78
      and 92. Located just behind toe forming portion 144 is a rounded recess
      146 (indicated in phantom) which extends essentially tranversely to the
      direction in which bands 61 and 65 are drawn through the heat-sealing die
      press, toward the rear of base plate 142, corresponding in location to the
      instep portions of die faces 78 and 92. In other words, recess 146 extends
      essentially along the longitudinal axis of base plate 142. The recess has
      a concave forward wall 148 (shown in phantom) which slopes rearwardly
      toward base plate 142, from toe forming portion 144. Concave forward wall
      148 and roller 112 are similarly shaped, as indicated. An infeed side wall
      150 (See FIG. 11) and an outfeed side wall 152 define the lateral
      boundaries of recess 146. Located on the upper edge of outfeed side wall
      152 is outfeed roller 154 which comprises a cylindrical section 156 and a
      tapered section 158 which fares smoothly into the rounded toe forming
      portion 144. Roller 154 is journaled in plane bearings for rotation along
      an axis essentially parallel to recess 146. As will be subsequently
      discussed, cooperation between rollers 112 and 113, recess 146 and roller
      154 provides, as measured across the die faces in the direction of
      movement of bands 61 and 65, a progressively greater length of band 65
      from the toe to the instep portion of upper heat-sealing die face 92, than
      of band 61 from the toe to the instep portion of lower heat-sealing die
      face 78. This progressively greater amount of band 65 provides a large
      foot-receiving pocket 44 and instep-gripping arch 46, as shown in FIG. 3.
      All surfaces of sole plate 82 should be smoothly finished to minimize
      snagging of the material during operation.
PAR  One of support legs 88 includes a central air flow conduit 160 which
      delivers air under pressure to slipper removal jets 162 located in the
      rounded toe forming portion 144 and to slipper removal jets 164 located in
      the bottom surface of base plate 142. In operation, a small volume of air
      is continuously directed through air flow conduit 160 to provide cooling
      of sole plate 82 and thereby minimize undesirable fusing or searing of
      material bands 61 and 65, except in the areas pressed between die faces 78
      and 92. As will be subsequently discussed, the flow rate of air through
      conduit 160 is increased briefly after the slipper has been formed and
      heat-sealing die press 74 has opened, whereby each newly formed slipper is
      ejected from sole plate 82 by the resulting increased air flow.
PAR  As inciated in FIG. 6, the left hand edges of bands 61 and 65 are
      essentially aligned as bands 61 and 65 are drawn over sole plate 82. The
      left hand ends also extend outside of heat-sealing die faces 78 and 92.
      The right hand end of band 65 extends to a location just to the rear of
      roller 54 and forms instep gripping arch 46 in a completed slipper. The
      right hand edge of band 61 extends beyond heat-sealing die faces 78 and 92
      at the rear of sole plate 82. The left hand edges of both hands and the
      right hand edge of band 61 thus form continuous strips of scrap material
      which are withdrawn from the machine. See also FIGS. 12 to 14. Spring 166
      is mounted to the under surface of upper wall 90 and serves to bias sole
      plate 82 into contact with lower band 61 when the die press closes and to
      force sole plate 82 to drop to its illustrated position below upper heat
      sealing die 84 when the die press opens.
PAR  Located on the rounded, toe forming portion 144 of sole plate 82 is
      flattened anvil surface 168 which is situated directly below a design
      impressing die 170 located on the under surface of upper wall 90 of
      heat-sealing die 84, as indicated. Anvil surface 168 and design impressing
      die 170 are located so that when heat-sealing die press 74 closes, die 170
      will contact material band 65 and press it against anvil 168, thereby
      imprinting upon the toe portion of each completed sliper an ornamental
      design chosen by the manufacturer or customer.
PAR  Heat-sealing die faces 78 and 92 are essentially congruent in perimetral
      configuration. Each has a perimetral shape corresponding approximately to
      the outline of sole 34 of slipper 32, as indicated in FIGS. 3 and 4. Since
      no heat sealing is to be effected in heel portion 36 and a portion of
      instep portion 38 of sole 34, depending die face 92 is relieved in this
      area as indicated in greatly enlarged scale at 174. A relief of 0.010 to
      0.015 inch is sufficient. Relief 174 provides an expanded clearance
      between heat-sealing die faces 78 and 92 in the instep and heel portions
      of sole 34, thereby minimizing fusing of the edges in this location while
      still providing a slight sear of the material, which provides an improved
      edge appearance and is thought to contribute somewhat to strength. The
      softening of the material also permits shear cutter 94 to cut each
      completed slipper more easily from the surrounding scrap material. A small
      unrelieved section 176 is retained at the back of the heel portion of
      heat-sealing die face 92, to prevent rocking of the dies relative to one
      another when the die press closes.
PAR  FIGS. 7 and 8 illustrate the configuration of the slipper forming apparatus
      according to the invention after the die press 74 has closed and shearing
      cutter 94 has begun to descend to shear the completed slipper from the
      surrounding scrap material. At the beginning of an operating cycle of the
      machine, feed fingers 68a and 68b are raised by actuator 72 to the
      elevated position shown in FIG. 5. Infeed rollers 62 and 66 and outfeed
      rollers 120 and 122 then draw a length of bands 61 and 65 into
      heat-sealing die press 74, following which the feed of bands 61 and 65 is
      terminated and feed fingers 68a and 68b are lowered to the position shown
      in FIG. 7. The lowering of feed fingers 68a and 68b stretches band 65 down
      over the infeed side of sole plate 82 and stretches band 61 down over the
      edge of heat-sealing die face 78. The upper heat-sealing die 84 is then
      lowered in response to force applied to actuating shaft 106. As upper
      heat-sealing die 84 moves downward band 65 relaxes on the infeed side
      before rollers 112 and 113 contact it 65 in the area adjacent its right
      hand edge and press it into recess 146. As band 65 is pressed into recess
      146 the slack on the infeed side and a portion of band 65 on the outfeed
      side of heat sealing die press 74 are drawn into recess 146 over infeed
      wall 150 and roller 154. Roller 154 faciliates drawing a portion of band
      65 from the outfeed side back into recess 146 without undesirable
      stretching of the band material at the outfeed side. Approximately
      one-third of the material pressed into recess 146 comes from the infeed
      side and two-thirds from the outfeed side. It is important that rollers
      112 and 113 extend below the upper heat-sealing die face 92, as shown, so
      that band 65 will be contacted and pressed into recess 146 before the
      heat-sealing die faces 78 and 92 are sufficiently close to inhibit the
      movement of material band 65 into recess 146.
PAR  The heat-sealing die faces 78 and 92 are then brought into virtual contact,
      which fuses the material of bands 61 and 65 caught between the die faces
      to form heat-sealed seam 48 shown in FIGS. 3 and 4. The dies remain closed
      for a short period, usually only a fraction of a second, sufficient to
      cause the material compressed therebetween to reach a state of coalescence
      or incipient melting, where upon the portions of bands 61 and 65
      compressed between die faces 78 and 92 blend together to form a permanent
      heat-sealed seam 48. Simultaneously, anvil surface 168 and design
      impressing die 170 cooperate as indicated in FIG. 8 to impress a design on
      the toe of the slipper. It is preferred that shearing cutter 94 descend
      past the location of die faces 78 and 92 just as seam 48 is being formed,
      since the softening of the material at that time facilitates shearing.
      Nonetheless, it may be desirable in some instances to shear the material
      before seam 48 is completely formed, say, to accelerate the process of
      manufacture. Such a variation is within the scope of this invention. After
      heat-sealed seam 48 has been formed and shearing cutter 94 has removed the
      slipper from the surrounding scrap, die press 74 opens and a completed
      slipper 32 is ready for ejection from sole plate 82.
PAR  FIG. 9 shows an enlarged view of the geometry of heat sealing die faces 78
      and 92 at the time when the heat-sealing die press 74 has been closed to
      form the seam 48. Each of the heat-sealing dies comprises a wall member of
      a thickness T which is chamfered on its inner surface at angles beta and
      gamma to produce die faces 78 and 92, which are of a width t. In one
      embodiment of the invention, dimension T is approximately one-quarter
      inch; t, one-eigth inch; and angles beta and gamma 45.degree. each. As
      indicated, the upper surface of heat insulating core 80 of lower
      heat-sealing die 76 is located below heat-sealing die face 78 by an amount
      R. The amount of relief provided at R is determined by the amount of
      compression of band 65 which it is desired to obtain between anvil surface
      168 and design impressing die 170 when heat-sealing die press 74 is close.
      In practice, this relief has been as much as 0.050 inches while still
      providing adequate impression of a desired design on the toe of the
      completed slipper.
PAR  FIG. 9 also illustrates the orientation of bands 61 and 65 at the time the
      heat-sealed seam is formed. Within heat sealing die press 74, band 61 is
      pressed against heat insulating core 80 by the lower surface of sole plate
      82 and band 65 is pulled over the upper surface of sole plate 82 and into
      recess 146. It has been found desirable in some instances to replace
      chamfer gamma by a circular radius to minimize abrasion of band 65 as
      heat-sealing die press 74 closes. To further minimize abrasion at this
      location, the inner surface 84a may be coated with high lubricity material
      such as Teflon.
PAR  Before or after the heat-sealed seam 48 has been formed, hardened cutting
      inserts 100 of shearing cutter 94 are forced downward along the outside of
      upper heat-sealing die 84 to shear the completed slipper from the
      remaining scrap portion of bands 61 and 65. After the scrap portions of
      bands 61 and 65 have been sheared from the completed slipper, the upper
      heat-sealing die 84 rises to the position shown in FIG. 10A. Instep
      gripping arch 46 springs upward from recess 146, thereby freeing the
      completed slipper for easy removal from sole plate 82. As the upper
      heat-sealing die rises, the scrap portions of bands 61 and 65 are
      depressed by eject gate 210 as shown in FIG. 10B, which simultaneously
      actuates an increased flow of air to conduits 160, causing the completed
      slipper 32 to be accelerated from the toe end of sole plate 82 for further
      handling. As eject gate 201 rises from its lowered position, feed fingers
      68a and 68b rise and, when upper heat-sealing die 84 reaches the top of
      its stroke, feed rollers 62 and 66 are started again to repeat the cycle
      for the following slipper.
PAR  FIG. 11 shows a view taken along line 11--11 of FIG. 6 which indicates the
      unique design of sole plate 82. Recess 146 may be seen clearly in this
      view, including concave forward wall 148, infeed side wall 150 and outfeed
      side wall 152. The mounting of roller 154 is also shown. FIG. 11 shows the
      shape of sole plate 82 when resting upon insulating core 80 of lower
      heat-sealing die 76. Sole plate 82 is shaped similarly to sole 34 of
      slipper 32. To faciliate ejection of a completed slipper from the sole
      plate under the action of air jets 162 and 164, sole plate 82 comrises
      straight side edges 190 which extend from approximately the instep
      location of sole plate 82 to rounded toe forming portion 144. The
      provision of straight edges 190 ensures that sole plate 82 will not
      interfere the movement of the completed slipper from the sole plate as air
      jets 162 and 164 are actuated.
PAR  FIG. 12 shows a schematic plan view of a slipper manufacturing apparatus
      according to the invention. As indicated, bands 61 and 65 are fed from
      rolls of material 60 and 64 through infeed rollers 62 and 66 and pass feed
      tensioning fingers 68a and 68b into heat-sealing die press 74, wherein the
      complete slippers 32 are formed, heat-sealed and ejected. As bands 61 and
      65 enter die press 64, their lower edges, as viewed in FIG. 12, are
      substantially aligned and pass between the toe forming portions of
      heat-sealing dies of 78 and 92. The upper edge of band 65 passes over the
      instep portion of the heat-sealing dies and sole plate 82 and the upper
      edge of band 61 passes over the heel forming portion of the heat-sealing
      dies. Thus, on the outfeed side of the machine, band 61 is seen to include
      a series of openings 61a caused by the removal of slipper soles 34 within
      die press 74. Likewise, band 65 includes U-shaped notches 65a along the
      upper edge thereof which correspond in shape to uppers 42 removed
      therefrom by heat-sealing die press 74. FIG. 12 illustrates the preferred
      location of outfeed rollers 122 for band 61 and a possible location of
      outfeed rollers 120a for band 65. The illustrated location of outfeed
      rollers 120a is not preferred for reasons to be discussed with regard to
      FIG. 13.
PAR  FIG. 13 illustrates the position which band 65 tends to assume if outfeed
      rollers 120a are used as shown in FIG. 12. The lateral skewing of band 65
      results from the effect of drawing a portion along only one edge of band
      65 into recess 146 of sole plate 82, under the influence of rollers 112
      and 113. Reference should be made to FIGS. 6 and 8 at this time. As
      rollers 112 and 113 descend into recess 146 and thereby draw a portion of
      band 65 back into recess 146 over roller 154, the tendency is for upper
      band 65 to shift in the manner shown in FIG. 13. This is because the force
      applied by rollers 112 and 113 tends to draw material along only one edge
      of band 65 back into recess 146. If the apparatus were operated in the
      configuration shown in FIG. 12, the skewing of band 65 would cause the
      instep gripping arch 46 of slipper 32 to extend diagonally across the
      width of sole 34 as shown in FIG. 13 rather than straight across the width
      of sole 34 as indicated in FIG. 12, or parallel to the direction of
      movement of the bands 61 and 65 through die press 74. While slippers
      having such diagonally oriented instep gripping arches 46 are still
      suitable for wear and exhibit the resistance to tearing achieved by the
      invention, the appearance of the resulting product is obviously variable
      and less satisfactory than in the case where the arch is straight across
      sole 34.
PAR  To correct this condition and ensure that the instep gripping arch 46 will
      be properly oriented across the sole of slipper 32, a revised outfeed
      arrangement has been developed for band 65, as shown in FIGS. 5, 7 and 14.
      As indicated, the scrap portion of band 65 is drawn from heat sealing die
      press 74 and threaded between spaced guide fingers 118a and 118b which
      extend upwardly from the plane of travel or drawing direction of band 65
      as it moves through die press 64. FIGS. 118A and 118B are spaced laterally
      from the lower edge of band 65, as viewed in FIG. 14, and are mounted upon
      adjustable bracket 119 which may be moved laterally of band 61 and of the
      initial path of band 65 as it exists die press 74. From this point, band
      65 is fed through outfeed rollers 120, oriented similarly to fingers 118A
      and 118B. A guide wall 121 ensures separation of the scrap portion of band
      61 and the scrap portion of band 65. In operation, the position of guide
      fingers 118A and 118B is adjusted to counteract the tendency of rollers
      112 and 113 to skew band 65 relative to band 61, thereby ensuring that
      instep gripping arch 46 is properly oriented relative to sole 34 of
      slipper 32. Fingers 118A and 118B may also be used to adjust for shifts in
      the lateral position of band 65 as it enters die press 74.
CLMS
STM  Having described our invention in sufficient detail to enable one of
      ordinary skill in the art to make and use it, we claim:
NUM  1.
PAR  1. Apparatus for making slippers of heat-sealable synthetic polymeric
      sheeting material, said slippers having a sole with heel, instep and toe
      portions and an upper with toe and instep covering portions, comprising:
PA1  means for dispensing a first band of said material of a first width greater
      than a desired length of said slipper sole;
PA1  means for dispensing a second band of said material of a second width
      narrower than said first width but greater than a desired length of said
      upper;
PA1  a first heat-seaing die having a first perimetral die face configuration at
      least for said toe portion of said sole;
PA1  a second heat-sealing die, disposed opposite said first heat-sealing die,
      having a second perimetral die face configuration for at least for said
      toe and instep covering portions of said upper, said first and second
      perimetral die faces being essentially congruent in shape at least around
      said instep and toe portions;
PA1  means for drawing said first and second bands of material between said
      first and second heat-sealing dies in a first direction essentially
      transverse to the length of said perimetral die face configurations, in a
      position to be contacted simultaneously by by said perimetral die face
      configurations when said first and second dies are brought together;
PA1  means operatively associated with said first and second dies for providing,
      as measured across said die faces in said drawing direction, a
      progressively greater length of said second band from the toe portion to
      the instep portion of said second heat-sealing die face than of said first
      band from the toe portion to the instep portion of said first heat-sealing
      die face, when said dies are brought together; and
PA1  means for bringing said first and second dies together to cause
      heat-sealing between said first and second bands along at least a portion
      of said die faces.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said means for providing a
      greater length of said second band comprises:
PA1  a sole plate movably mounted between said first and second heat-sealing
      dies, said sole plate having a recess essentially transverse to said
      drawing direction on the surface thereof adjacent said second heat-sealing
      die, said first band of material being drawn between said sole plate and
      said first heat-sealing die and said second band of material being drawn
      between said sole plate and said second heat-sealing die; and
PA1  roller means resiliently mounted to said second heat-sealing die and adaped
      to press a portion of one edge of said second band of material into said
      recess as said first and second die means are brought together, whereby
      said progressively greater length is provided.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, further comprising means located on
      the infeed side of said heat-sealing dies for tensioning said bands of
      material before said heat-sealing dies are brought together, and wherein
      said sole plate comprises roller means located on the outfeed side of said
      recess for facilitating movement of said second band of material into said
      recess from said outfeed side.
NUM  4.
PAR  4. An apparatus as claimed in claim 2, wherein said drawing means comprises
      means located on the outfeed side of said heat-sealing dies for adjustably
      biasing said second band of material laterally of said first band, whereby
      said one edge of said second band remains essentially parallel to said
      drawing direction when said roller presses said portion of said one edge
      into said recess.
NUM  5.
PAR  5. An apparatus as claimed in claim 2, further comprising means for opening
      said first and second heat-sealing dies; means for separating a completed
      slipper from said first and second bands; and means operatively associated
      with said sole plate for removing a completed slipper from said sole plate
      when said dies have opened.
NUM  6.
PAR  6. An apparatus as claimed in claim 2, wherein said first heat-sealing die
      comprises a central, heat-insulating portion and a peripheral,
      heat-conducting die face.
NUM  7.
PAR  7. An apparatus as claimed in claim 2, wherein said sole plate comprises a
      base plate with a rounded, toe forming portion rising from one end thereof
      and corresponding in location to the toe portions of said first and second
      dies, and a recess extending rearwardly of said toe portion and
      corresponding in location to the instep portions of said first and second
      dies.
NUM  8.
PAR  8. An apparatus as claimed in claim 7, wherein said recess comprises a
      concave forward wall sloping from said toe forming portion toward said
      base plate and infeed and outfeed side walls extending rearwardly, said
      outfeed side wall comprising a roller tapered toward said toe forming
      portion for facilitating movement of said second band of material into
      said recess from said outfeed side.
NUM  9.
PAR  9. An apparatus as claimed in claim 2, wherein said second heat-sealing die
      is also essentially congruent with the heel portion of said first heat
      sealing die, one of said die faces being relieved to provide increased
      clearance in said heel portion relative to said instep and toe portions,
      whereby excessive fusing of the edges of said sole is avoided in said heel
      portion.
NUM  10.
PAR  10. An apparatus as claimed in claim 9, wherein said one of said die faces
      includes an unrelieved section at the back of said heel portion, to
      prevent rocking at said dies due to said relieved portion.
NUM  11.
PAR  11. An apparatus as claimed in claim 2, wherein said sole plate includes a
      flattened anvil surface thereon located adjacent said recess, said second
      heat-sealing die including a design-impressing die so located as to press
      said second band into contact with said anvil surface, whereby a design
      may be impressed on the upper of said slipper.
NUM  12.
PAR  12. An apparatus as claimed in claim 4, wherein said adjustable biasing
      means comprises spaced guide fingers for receiving said second band on the
      output side of said heat-sealing dies, said fingers extending on one side
      of a plane defined by said second band as it traverses said heat-sealing
      dies; and means for moving said guide fingers essentially transversely to
      said drawing direction.
NUM  13.
PAR  13. An apparatus as claimed in claim 5, wherein said means for removing a
      completed slipper comprises air jets located in sole plate for
      accelerating a completed slipper from said sole plate when said dies have
      opened and means for depressing scrap portions of said bands of material
      to permit said completed slipper to be accelerated away from said sole
      plate.
NUM  14.
PAR  14. An apparatus as claimed in claim 8, wherein said resiliently mounted
      roller is tapered at one end to conform to said concave forward wall.
NUM  15.
PAR  15. An apparatus as claimed in claim 5, wherein said sole plate comprises
      essentially straight side edges to facilitate removal of a completed
      slipper therefrom.
PATN
WKU  039382117
SRC  5
APN  5277434
APT  1
ART  353
APD  19741127
TTL  Fluid lasting of shoes and similar operations
ISD  19760217
NCL  10
ECL  10
EXP  Lawson; Patrick D.
NDR  2
NFG  5
INVT
NAM  Armstrong; Albert Warner
STR  3136 Perry Ave.
CTY  Bronx
STA  NY
ZIP  10467
CLAS
OCL   12145
XCL   12  1R
EDF  2
ICL  A43D 2100
FSC   12
FSS  1 W;8.1;145;1 R;4.2
UREF
PNO  1895941
ISD  19330100
NAM  Ritchey
OCL   12  1F
UREF
PNO  3348249
ISD  19671000
NAM  Markevitch
OCL   12  1R
UREF
PNO  3512197
ISD  19700500
NAM  Carr
OCL   12  1W
LREP
FR2  O'Brien; Clarence A.
FR2  Jacobson; Harvey B.
ABST
PAL  Apparatus for lasting of shoes has an elastic and flexible pad disposable
      in a cavity provided in a suitable housing. A portion of the pad is
      relieved for conforming to the configuration of a shoe last suspended in
      the housing cavity. Proper relieving of the pad permits same to stretch
      nonuniformly to conform to the irregular configuration of the last when a
      substantially uniform fluid pressure is applied to the pad, and this
      conforming of the pad to the last forces an upper arranged between the pad
      and last to be wiped over edges of the last and into contact with an
      insole disposed on the last for facilitating the securing of the upper to
      the insole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the making, or lasting, of shoes, and
      particularly to method and apparatus for the fluid lasting of shoes and
      the performance of similar operations.
PAR  2. Description of the Prior Art
PAR  Lasting is the making of a shoe. All preliminary operations--for example,
      cutting, stitching or sewing, and the like--are staffed by less skilled
      operators and scheduled according to the productive capacity of the
      lasting operation. Further, all subsequent operations--for example, sole
      and heel spotting, inspection, packing and shipping, and the like--are
      dependent upon the lasters. Here, as well, the quality of the labor is
      less skilled and less expensive.
PAR  Many of the lower quality or special shoes, such as rubbers, tennis shoes,
      and the like, are lasted, or formed, by extrusion. But, this method is not
      suitable to the fabrication of medium and high quality shoes.
      Consequently, most of the latter mentioned shoes are still lasted
      primarily by hand. Machines have been developed that will last the toe
      and/or heel of the shoe, but not the entire shoe. These machines have been
      helpful in providing uniform quality to partial lasting and provide
      physical power for partially lasting some materials that cannot be readily
      managed by hand. In addition, there is a machine, generally referred to as
      the "Kamborian", that can completely last a shoe in one operation, but the
      high degree of skill required by the operator renders qualified labor in
      short supply and prohibitively expensive. In addition, this known machine
      cannot handle materials that are either too soft or too stiff.
PAR  Early in this century, it was recognized that a need existed for
      better--that is, faster and less expensive--ways to last a shoe. Any
      solution, naturally, would minimize the physical effort and operator skill
      required. While the solutions that were formulated tended to minimize the
      physical effort required, the resulting splitting of the operation into
      several parts to reduce the skill necessary to do the job only succeeded
      in increasing costs and, in many cases, created a safety hazard for the
      operator.
PAR  While it was recognized early that it would be desirable to accomplish the
      lasting operation by use of fluid pressure which would wipe an upper to an
      insole, attempts to construct devices to last shoes in such a manner
      proved impractical because of inability to properly control the wiping
      action of an elastic sheet and the like, acting under fluid pressure. By
      "to wipe" is meant the operation wherein the peripheral portions of an
      upper are folded over and secured to an insole, with the upper being, of
      course, the material that encloses the foot within a shoe. Thus, early
      attempts to achieve a fluid lasting of shoes, such as shown in, for
      example, U.S. Pat. Nos. 761,356, issued May 31, 1904 to W. H. Burritt, and
      1,261,959, issued Apr. 9, 1918 to R. Reid, leave the wiping of the upper
      to the insole as a subsequent manual operation.
PAR  U.S. Pat. No. 3,422,475, issued Jan. 21, 1969 to H. H. Hart, discloses a
      lasting arrangement wherein the last is rammed into an elastomeric sheet
      which supports the upper. In particular, this patent states in column 4,
      lines 69 through 75, and column 5, lines 1 and 2, that the expansion of an
      elastomeric sheet about the last, while possible, is undesirable because
      of inability to control the wiping action of the elastomeric sheet on the
      last. Thus, the latter mentioned approach is generally not in use,
      although the advantages of such a technique are widely known in the art.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide improved apparatus for
      permitting the fluid lasting of shoes in a safe, efficient, and
      inexpensive manner.
PAR  It is another object of the present invention to provide an improved
      elastic pad capable of conforming to the configuration of a shoe last
      while wiping an upper about the last.
PAR  It is still another object of the present invention to provide a housing
      for use in the fluid lasting of shoes which is capable of withstanding the
      high pressures employed in such operations.
PAR  It is yet another object of the present invention to provide an improved
      process for the lasting of shoes by the use of fluid pressure.
PAR  These and other objects are achieved according to the present invention by
      providing a flexible and elastic pad having a relieved portion which
      conforms to the configuration of an associated shoe last. By "relieved
      portion" is meant that the pad, which is generally fabricated from a sheet
      of elastomeric material, of varying thicknesses in certain portions
      thereof in order to vary the stretch which will occur in certain portions
      of the pad when the pad is subjected to a substantially uniform fluid
      pressure.
PAR  The relieved pad according to the present invention is advantageously
      removably arranged in the manner of a diaphragm in the cavity of a housing
      for dividing the cavity into a pair of chambers. Preferably, the housing
      is a drum having upper and lower parts, with each of the parts being
      provided with one of the chambers into which the housing cavity is divided
      by the pad. The pad is advantageously removably secured between the upper
      and lower parts at an interface between these parts. The drum is, for
      reasons of safety, a pressure vessel, with the upper and lower parts
      releasably locked together in a known manner, and with the upper part
      being provided with a cover arranged for permitting selective access to
      the chamber associated with the upper part.
PAR  A last pin is advantageously arranged extending into the drum upper part
      chamber for removably suspending a shoe last in the aforementioned
      chamber. Further, a last holder is preferably mounted on the cover
      associated with the drum upper part and is arranged extending into the
      upper part chamber at, for example, right angles to the last pin for
      engaging the last and preventing same from movement toward the cover
      during a lasting operation.
PAR  Once a portion of the elastic and flexible pad according to the present
      invention is relieved in a suitable manner for permitting certain portions
      of the pad to stretch more than other portions, and the pad and a
      corresponding last are arranged in the housing adjacent one another, an
      insole may be attached to the last in a conventional manner, such as by
      the use of a tack, and the like. Next, an upper of a shoe being lasted may
      be arranged in the housing cavity between the last and the pad, with an
      end of the upper being attached to the last, and an equal fluid pressure
      applied to the pad for causing the pad to surround the last and wipe the
      upper over the edges of the last adjacent the insole for facilitating
      securing of the upper to the insole. In this manner, a shoe may be lasted
      in a single operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, exploded, perspective view showing fluid lasting
      apparatus according to the present invention with the housing thereof in
      an open mode.
PAR  FIG. 2 is a horizontal sectional view taken generally through the joining
      plane of the housing parts as seen in FIG. 1.
PAR  FIG. 3 is a fragmentary, sectional view taken generally along the line 3--3
      of FIG. 2.
PAR  FIG. 4 is a fragmentary, sectional view taken generally along the line 4--4
      of FIG. 3.
PAR  FIG. 5 is a fragmentary, sectional view similar to FIG. 4, but showing a
      different stage in a lasting operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIGS. 1 and 2 of the drawings, apparatus
      for lasting of a shoe by fluid pressure includes a housing 10 provided
      with a cavity 12. An elastic and flexible pad 14 is arranged in cavity 12
      in the manner of a diaphragm, with a portion 16 of pad 14 being relieved
      for conforming to the configuration of a conventional shoe last 18
      disposed in housing cavity 12 together with the pad 14. The latter, due to
      the aforementioned relieved portion 16, is capable of stretching
      non-uniformly to conform to the irregular configuration of last 18 when
      fluid pressure is applied to pad 14.
PAR  Housing 10 is advantageously the illustrated drum having an upper part 20
      and a lower part 22, with each part provided with a chamber 24 and 26,
      respectively, partially forming housing cavity 12. Chamber 26 may be seen
      in, for example, FIG. 3 of the drawings. Each part 20, 22 is
      advantageously provided with an associated flange 28 and 30, respectively,
      between which is removably secured pad 14. Advantageously, flanges 28, 30
      may be selectively locked together, and pad 14 retained between them, by
      means of conventional bolts (not shown) and associated nuts (not shown),
      with the bolts passing through sleeved or grommeted holes (not shown)
      provided both in pad 14 and the flanges 28, 30.
PAR  A cover 32 is advantageously formed in the upper portion of part 20, and
      arranged for permitting selective access to chamber 24 associated with
      part 20. Cover 32, which may be provided with a handle 34 for facilitating
      manipulation of the cover, is preferably selectively attached to the lower
      portion of part 20 by a conventional quick-lock seal (not shown) which is
      opened and closed manually with the lasting of each shoe. Of course, both
      the locking arrangement for securing flanges 28 and 30 and the quick-lock
      seal for retaining cover 32 on the lower portion of part 20, as well as
      the walls of the parts 20 and 22 themselves, must be capable of
      withstanding the pressures encountered during the fluid lasting, and as
      required by various statutes and regulations, in order to provide a
      sufficient safety factor to assure compliance of the invention with
      federal and state safety laws, regulations, and codes. This also applies
      to the pedestal 36 on which lower part 22 is supported, and effectively
      forms an extension thereof. This pedestal 36 functions to not only support
      housing 10, but also provides a plenum chamber for passage of fluid
      against pad 14.
PAR  To facilitate manipulation of upper part 20 relative to lower part 22,
      upper part 20 may be hinged to lower part 22 as by a conventional hinge 37
      suitable for the purpose.
PAR  A last pin 38, which is advantageously in the form of a metal rod 3/8 to
      1/2 inch in diameter, is mountable in a cooperating recess 40 (FIG. 3)
      provided in the side wall of the lower portion of upper part 20. While
      FIGS. 1 and 2 of the drawings show pin 38 separated from the side wall of
      the lower portion of upper part 20, this was done only for reasons of
      clarifying these figures. It is to be understood that during normal
      operation of the lasting apparatus according to the present invention, pin
      38 is anchored in the wall defining upper chamber 24 of the drum. Further,
      last 18 is provided with a standard lasting pinhole in which the free, or
      outward, end of pin 38 is received. In some instances, it may be advisable
      to provide at the outermost tip of pin 38 a lock key 42 for securing last
      18 against upward force of pad 14. This precaution, however, is advisable
      only in special cases, because a preferably spring-loaded last holder 44
      is attached to cover 32 and arranged extending into chamber 24 for
      engaging last 18 and preventing last 18 from movement toward cover 32
      during a lasting operation.
PAR  Pad 14 is relieved by being of unequal thickness. That is, pad 14 is
      thinned to conform to the configuration of last 18, so that when fluid
      pressure is applied to lower chamber 26 pad 14 will stretch non-uniformly
      to conform to the irregular configuration of last 18. The relieved portion
      16 of pad 14 is only thin relative to, for example, the outer reaches of
      pad 14. The relieved portion 16 is, by design, thick enough for strength
      and durability, however. The outer section or portion of pad 14, also by
      design, is thicker so as to stretch evenly and to act as a carrier for the
      relieved portion 16 which stretches unevenly according to the
      configuration of the last. In this manner, pad 14 will stretch unequally
      when subjected to an equal pressure in chamber 26 and conform to last 18
      for wiping an upper 46 over last 18.
PAR  The configuration of relieved portion 16 is directly proportional to the
      amount of stretch required. The broken line A--A in FIG. 2 of the drawings
      represents the line of resistance to stretch when pad 14 rises under
      pressure from below and lifts upper 46 up and over last 18 and secures it
      to innersole 48. The heel and the ball of the foot, as represented by last
      18 in FIG. 2, form the straight line of resistance A--A to wrapping or
      wiping the upper 46 over last 18. The relieved portion 16 of pad 14
      opposite the shank, or narrow part of the foot, must be extended to
      approximately twice the distance as that required around the ball and heel
      of the foot so that the shank area can be covered by upper 46. In short,
      given equal pressure on an elastic pad 14, greater or unequal stretch can
      be obtained by thinning the pad where the additional stretch is desired.
      It is this principle that makes the present invention unique above all
      others and permits the complete lasting of a shoe in a single operation by
      fluid means; something that preceding inventions have failed to do.
PAC  OPERATION
PAR  At the beginning of a lasting cycle, pad 14, having been previously
      relieved in a suitable manner, is put in place securely anchored between
      parts 20 and 22 of housing 10. Cover 32 is opened, and a shoe upper 46,
      previously closed, or sewn, at the back seam thereof, is dropped over last
      pin 38 and spread out evenly in the relieved portion 16 of pad 14.
PAR  A last 18, with a latex, or similar tacky adhesive, cemented insole 48
      attached, commonly by means of tack 50, matching upper 46 already in
      place, is positioned on last pin 38 in the conventional manner. Upper 46
      is lifted from a resting position and the seam of the heel is hand
      spotted, or placed in its proper position, on the center of the heel of
      last 18 at the proper lasting allowance. The latter is the amount of upper
      portion, determined by the pattern, that is pulled over last 18 and
      secured to innersole 48; and is usually one half an inch. This positioning
      is illustrated in FIG. 3 of the drawings. Cover 32 is then closed and the
      holder 44 positions itself on innersole 48 over last 18, and holds both
      the innersole and last in place.
PAR  A valve (not shown) is now opened, admitting a fluid, either a gas or
      liquid, under pressure into the lower chamber 26 of housing 10. As the
      pressure increases, pad 14 lifts to surround last 18, carrying the upper
      46 with it. As the upper 46 is folded, or wiped, over the edges of last
      18, it is secured to innersole 48 by means of the latex, or equivalent,
      adhesive. FIG. 4 shows, in schematic form, the arrangement of the various
      elements just before pressure is applied to pad 14, while FIG. 5 is the
      same view after pressure is applied to the pad. The fluid pressure is
      advantageously vertical, as indicated by the flow arrows in FIG. 5.
PAR  After a predetermined time interval, the pressure in chamber 26 is released
      and pad 14 returns to its rest, or FIG. 4, position. During the forming,
      or lasting, operation, the fluid, usually air, in the upper chamber 24 is
      pumped out in a manner not illustrated, creating a partial vacuum in
      chamber 24 so as not to restrict the free and natural flow of the relieved
      portion 16 of pad 14 to the position shown in FIG. 5 wherein the portion
      16 substantially conforms to the configuration of last 18. Pressure escape
      valves (not shown) are also included in the sides and rear of upper part
      20 to dampen the explosive effects of occasional rupturing of pad 14 and
      to protect a machine operator (not shown).
PAR  As can be appreciated from the above description and from the drawings,
      fluid lasting apparatus according to the present invention provides:
PA1  1. A safe and reliable method for the complete lasting of shoes in one
      operation by mechanical means. No prior devices have succeeded in
      accomplishing this desirable operation.
PA1  2. More uniform quality in lasting. Machine operations are always more
      uniform than manual operations.
PA1  3. Lower cost. Fluid lasting is the fastest method known.
PA1  4. Simplicity of operation. An operator can be trained in, for example, 15
      minutes. The physical strength and high skill factors, commonly
      encountered, are thus eliminated.
PA1  5. versatility. Any formable material can be used with the "relieved" pad
      technique according to the present invention.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. Apparatus for lasting of a shoe, comprising, in combination:
PA1  a. a housing provided with a cavity; and
PA1  b. an elastic and flexible pad arranged in the cavity, a portion of the pad
      associated with the shank area of the last being relieved for conforming
      to the configuration of a shoe last arrangeable in the housing cavity, the
      pad stretching non-uniformly to conform to the irregular configuration of
      the last, including the shank area, when fluid pressure is applied to the
      pad.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein the housing is a drum having
      upper and lower parts, each of the parts provided with a chamber partially
      forming the housing cavity, the pad being removably secured between the
      parts, the drum being a pressure vessel, with the upper part being
      provided with a cover arranged for permitting selective access to the
      chamber associated with the upper part.
NUM  3.
PAR  3. A structure as defined in claim 2, wherein a pin is arranged extending
      into the drum upper part chamber for removably suspending the last in the
      upper part chamber, and a last holder mounted on the cover and arranged
      extending into the upper part chamber for engaging the last and preventing
      the last from movement toward the cover during a lasting operation.
NUM  4.
PAR  4. A structure as defined in claim 3, wherein the pad is relieved by being
      of unequal thickness, the thickness being varied for permitting the pad to
      stretch unequally when subjected to an equal pressure and conform to the
      last for wiping an upper over the last.
NUM  5.
PAR  5. A structure as defined in claim 4, further including the last in
      combination with the housing and pad, the last removably mounted on the
      pin and arranged engaging the last holder.
NUM  6.
PAR  6. A structure as defined in claim 1, wherein the pad is relieved by being
      of unequal thickness, the thickness being varied for permitting the pad to
      stretch unequally when subjected to an equal pressure and conform to the
      last for wiping an upper over the last.
NUM  7.
PAR  7. A structure as defined in claim 6, further including the last in
      combination with the housing and pad.
NUM  8.
PAR  8. A structure as defined in claim 1, further including the last in
      combination with the housing and pad.
NUM  9.
PAR  9. An elastic and flexible pad for use in the fluid lasting of shoes in a
      sealed housing, the pad comprising a relieved portion corresponding to the
      shank of a foot for conforming to the configuration of the shank area of a
      last disposed in the housing cavity, the pad stretching non-uniformly to
      conform to the irregular configuration of the last, including the shank
      area, when fluid pressure is applied to the pad, the pad being relieved by
      being of unequal thickness, the thickness being varied for permitting the
      pad to stretch unequally when subjected to an equal pressure and conform
      to the last.
NUM  10.
PAR  10. A method for lasting shoes, comprising the steps of:
PA1  a. relieving a portion of an elastic and flexible pad for permitting
      certain portions of the pad to stretch more than other portions;
PA1  b. placing a last adjacent the pad, with the shank area of the last
      associated with the relieved portion of the pad;
PA1  c. attaching an insole to the last;
PA1  d. arranging an upper of a shoe between the last and the pad;
PA1  e. applying an equal pressure to the pad and causing the pad to surround
      the last and wipe the upper over edges of the last and into contact with
      the insole; and
PA1  f. securing the upper to the insole while the upper is being wiped over the
      edges of the last.
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ABST
PAL  A scrubbing machine that includes an articulated vehicle having a power
      unit and a trailer unit coupled thereto, said trailer unit having cleaning
      and dirty solution tanks thereon, a squeegee assembly on the power unit
      having a central liquid take-up tube and a second take-up tube at one end
      portion thereof, controls operated by turning the vehicle in the
      appropriate direction for switching the application of vacuum from the
      central tube to the second tube, a scrubber head unit and an assembly for
      mounting and carrying the scrubber unit on the vehicle and raising and
      lowering the scrubber unit including an articulated joint to permit
      limited pivotal movement of the scrubber head about a generally vertical
      axis and an axis perpendicular thereto.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divisional application of our application, Ser. No.
      255,612, filed May 22, 1972, now U.S. Pat. No. 3,824,645.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to self-propelled power driven scrubbing
      machines.
PAR  In co-pending Application Ser. No. 72,275, filed Sept. 15, 1970, now U.S.
      Pat. No. 3,702,488 there is disclosed a scrubbing machine that includes a
      mobile vehicle which mounts a scrubber head unit. In order to provide a
      vehicle of even greater maneuverability, better liquid pick up when
      turning in one direction and other advantages, this invention has been
      made.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a self-propelled scrubbing machine that
      includes an articulated vehicle. The vehicle has a power unit and a
      trailer unit, a scrubber unit being mounted on the power unit by an
      articulated joint. A squeegee assembly is mounted on the power unit and
      liquid collection devices cooperate with said assembly to remove liquid
      from the surface being cleaned at selected spaced locations relative the
      assembly, depending on whether the vehicle is being turned or is traveling
      straight ahead.
PAR  One of the objects of this invention is to provide a new and novel
      articulated vehicle for maintaining surfaces such as floors. With
      reference to the above object, it is another object to provide a squeegee
      assembly on the vehicle and liquid collection devices adjacent the central
      and a transverse end portion of the squeegee that are selectively
      controlled by the turning of the vehicle to pick up liquid from adjacent
      the central portion and alternately adjacent the end portion.
PAR  An additional object of this invention is to provide a new and novel manner
      of mounting a unit having a rotary surface maintenance tool thereon, on a
      vehicle for pivotal movement about axes that are at right angles to one
      another. In furtherance of the last mentioned object, it is another object
      of this invention to mount said unit on the vehicle for movement between a
      normal surface maintenance position and an elevated position.
PAR  Another object of this invention is to provide in a scrubbing unit having a
      rotary brush and a debris hopper for collecting liquid raised by said
      brush, new and novel deflectors for directing liquid raised by the brush
      into the hopper. In furtherance of the last mentioned object, it is
      another object of this invention to provide new and novel structure for
      selectively withdrawing liquid from the hopper and alternately permitting
      liquid in the hopper being recycled to the surface.
PAR  A still further object of this invention is to provide on a vehicle that
      mounts a surface maintenance unit having a transverse rotary scrubbin
      brush, new and novel structure for selectively retaining said unit in a
      position on the vehicle for windrowing liquid on the surface over which
      the vehicle moves and alternatingly retaining the brush substantially
      perpendicular to the direction of movement of said unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a right side view of the apparatus of this invention;
PAR  FIG. 2 is a fragmentary, vertical view of frame portions of the trailer and
      power units, the structure for pivotally connecting the trailer and power
      units and the power and scrubber head units respectively, and the squeegee
      assembly which is shown in a liquid collection position in solid lines and
      an elevated condition in dotted lines, portions of said view being broken
      away and other portions being shown in cross section;
PAR  FIG. 3 is an enlarged vertical cross-sectional view of the scrubber head
      unit, said unit being shown in a scrubbing position in solid lines and in
      an elevated condition in dotted lines;
PAR  FIG. 4 is a fragmentary transverse cross-sectional view generally taken
      along the line and in the direction of the arrows 4--4 of FIG. 3 to
      illustrate the deflector members of the scrubbing head unit;
PAR  FIG. 5 is a fragmentary, vertical cross-sectional view generally taken
      along the line and in the direction of the arrows 5--5 of FIG. 4 to show
      the mounting of the debris hopper, the debris hopper being shown in a
      normal scrubbing position in solid lines, and in a dumping position in
      dotted lines;
PAR  FIG. 6 is an enlarged perspective view of the structure for connecting the
      scrubber head unit to the power unit;
PAR  FIG. 7 is a fragmentary bottom view of the power unit and the adjacent
      portions of the trailer unit and scrubber head unit;
PAR  FIG. 8 is an enlarged view of the suction manifold and the structure for
      operating said manifold between its positions, said view showing the
      manifold in a position for supplying suction to the right side vacuum
      pickup in solid lines and to the center vacuum pickup in dotted lines;
PAR  FIG. 9 is a fragmentary longitudinal cross-sectional view of the center
      vacuum pickup and the squeegee assembly;
PAR  FIG. 10 is a fragmentary perspective view of the left hand end portion of
      the debris hopper and the vacuumized liquid pickup for withdrawing liquid
      from said hopper;
PAR  FIG. 11 is simplified schematic showing part of the hydraulic circuitry and
      components of the apparatus of this invention.
DETD
PAR  Referring now in particular to FIG. 1, the apparatus of this invention
      includes a scrubber head unit, generally designated 13 that is mounted on
      an articulated vehicle having a power unit, generally designated 11, and a
      trailer unit generally designated 12. The scrubber head unit, power unit
      and trailer unit have main frames 16, 15, and 14 respectively, the trailer
      unit frame mounting a pair of ground engaging wheels 17 with one on either
      side thereof. Also the trailer unit frame includes a top clean water or
      cleaning solution tank 18, a bottom dirty scrubbing solution tank 19, and
      a plenum chamber member 20 opening to the top of tank 19 for applying a
      vacuum thereto whereby dirty scrubbing liquid is drawn through tube 23
      into tank 19. Tube 23 is fluidly connected to a flexible line 24 that
      extends forwardly of the trailer unit. A vacuum is applied to the plenum
      chamber through passageway 25 which in turn is connected to the flexible
      conduit 27 extending between units 11, 12 and connected to the inlet of a
      suction blower 26 mounted on the power unit frame. A valve (not  shown)
      may be provided in passageway 25 that when opened places the interior of
      passageway 25 in fluid communication with the atmosphere whereby no vacuum
      is applied to the plenum chamber even though the suction blower is
      running.
PAR  For towingly connecting the trailer unit to the power unit, there is
      provided a towing assembly, generally designated 30 that includes a
      tranversely centerly located tow member 31 bolted to the main frame of the
      trailer unit to extend forwardly thereof, (see FIG. 2). One end of the
      tubular housing 32 is bolted to the front end of tow member 31 to extend
      forwardly thereof, the housing mounting spaced bearings 33 which mount a
      shaft 34 in a fixed axial position relative the housing for pivotal
      movement about a longitudinal, horizontal axis. The shaft 34 extends
      forwardly of the housing 32 to have the forward end thereof mount a second
      shaft 35 in a fixed position relative thereto with the central axis of
      shaft 35 perpendicular to the pivotal axis of the shaft 34 and shaft 35
      extending outwardly of either side of shaft 34. Bearings 36 are mounted on
      the opposite end portions of shaft 35 to mount the shaft 35 for pivotal
      movement about a vertical axis in the rearward end of a clevised bracket
      37 which is joined to the power unit frame 15 to extend rearwardly
      thereof.
PAR  For steering the power unit, the radially inner ends of radial arms 43 are
      joined to the forward end of the shaft 34 on the opposite sides of shaft
      35 to extend horizontally outwardly thereof (see FIGS. 7 and 8), piston
      rods 44 of piston cylinder combinatons 44, 45 being pivotally connected at
      46 to the outer ends of arms 43. The cylinders 45 are pivotally connected
      at 47 to brackets 48 that are transversely spaced with one on either side
      of a center longitudinal vertical plane through the power unit. A steering
      wheel 54 on the power unit is connected to a valve 51 for operating the
      valve to apply fluid under pressure to the appropriate one of the lines 50
      that are fluidly connectecd to the cylinders 45 for retracting one piston
      rod and extending the other piston rod (also see FIGS. 1 and 11). Valve 51
      has a neutral position that no fluid under pressure is applied to either
      of cylinders 45 or fluid is permitted to escape therefrom. As a result, as
      the power unit is being driven, it can be turned in the appropriate
      direction. Mounted on the power unit frame on either side thereof is a
      drive wheel 52 which may be driven by a hydraulic motor 53. In turning on
      level surfaces, the power unit may pivot relative the trailer unit about
      the pivot axis of shaft 35, for example while turning, while if the units
      are moving over surfaces of various transverse inclinations the power unit
      and trailer unit may also pivot relative one another about the pivot axis
      of shaft 34.
PAR  In order to mount the scrubber head unit on the power unit to extend
      generally forwardly thereof, there is provided a mounting assembly,
      generally designated 56 (see FIGS. 1, 2, 3 and 6). The mounting assembly
      includes a generally trapezoidal  bracket 57 that has one base edge
      pivotally connected to the central portion of the main frame 15 by a pivot
      member 58 for pivotal movement about its horizontal transverse axis. The
      opposite base of the bracket mounts a pair of generally vertically spaced
      pivot brackets 59 which in turn pivotally mount a pivot shaft 60 that has
      a pivot axis that is perpendicual to the axis of pivot 58. The rear end of
      an axially elongated shaft 62 is fixedly mounted on the intermediate
      portion of shaft 60 to have the central axis of shaft 62 extend
      perpendicular to the central axis of the shaft 60. A tubular housing 63 is
      rotatably mounted on the forward end portion of shaft 62 in a fixed axial
      position relative thereto, the housing 63 having a bracket 61 welded
      thereto. The bracket and tubular member 63 extend into a box shape housing
      73 that is enclosed other than for a rear opening, and is formed by a rear
      upper central portion of the scrubber unit frame, the bracket 61 being
      bolted to the bottom wall of housing 73 whereby the scrubber unit frame,
      for the most part, extends downwardly and forwardly of the tubular housing
      63.
PAR  A control rod 64 has one pivotally connected at 65 to an intermediate
      portion of bracket 57 and an opposite end portion extending through an
      enlarged aperture 47 of frame portion 15a of the power unit frame, a nut
      68 being threaded on rod 64 for adjustably limiting the downward movement
      of the rod relative frame portion and thereby the lowered position of the
      scrubber frame. Through the forementioned structure, the general lowermost
      elevation of the scrubbing unit can be controlled.
PAR  In order to move the scrubber head unit from the lowered solid line
      scrubbing position of FIG. 3 to the elevated dotted line travel position
      thereof (or a higher elevation), there is provided a piston cylinder
      combination 69, 70 that includes a piston rod 69 pivotally connected at 71
      to the bracket 57 and a cylinder 70 that is pivotally connected at 72 to a
      frame portion 15b of the power unit frame 15. By applying fluid under
      pressure to the appropriate end of the cylinder, the scrubber head unit
      may be pivoted about the pivotal axis of pivot member 58.
PAR  In order to selectively resiliently retain the scrubber unit frame in a
      datum condition that the transverse brushes mounted thereon have their
      axes of rotation generally parallel to the surface that the power unit is
      on and parallel to the axes of rotation of the power unit wheels, one
      transverse side of bracket 57 pivotally mounts one end of a coil spring 66
      which has an opposite end pivotally connected to a turnbuckle 67. The
      opposite end of the turnbuckle is pivotally connected to the transversely
      adjacent, upper rear corner portion 13a of the scrubber unit frame.
      Likewise, a second coil spring 66 and a second turnbuckle 67 connects the
      opposite transverse side of bracket 57 to the other upper rear corner
      portion of the frame 13a.
PAR  By adjusting the effective lengths of the turnbuckle, with the scrubber
      unit in an elevated condition, the scrubber frame will be resiliently
      retained in a position that the axes of rotation of the brushes are
      parallel to the pivot axis of pivot 58 and perpendicular to the pivot axis
      of pivot 60. However, if it is desired to windrow the liquid on the
      surface, one turnbuckle may be loosened and the other tightened whereby
      one rear corner of the frame 13 will be resiliently retained substantially
      closer to the power unit frame than the transversely opposite corner, i.e.
      the axes of rotation of the brushes inclined in a generally horizontal
      plane from extending perpendicular to the direction of travel of the power
      unit.
PAR  By providing the above structure for mounting the scrubber unit on the
      power unit, the scrubber unit is free to pivot about the axis of pivot 58
      to retain the brushes in engagement with a surface when, for example, the
      brushes engage an upwardly inclined ramp surface prior to the power unit
      wheels moving onto the ramp surface. Further if the scrubber unit is moved
      over a surface that is transversely inclined prior to the power unit
      wheels engaging said surface, the scrubber unit can pivot about the axis
      of pivot 62 to maintain the brushes in contact with such a surface
      throughout the axial length of the brushes. Additionally, if one front
      corner portion of the scrubber unit should abut against an obstruction,
      the scrubber unit is free to pivot a limited amount about the axis of
      pivot 60. Rubber bumpers (not shown) are provided on the rear portion of
      the scrubber frame that are normally substantially spaced frm the power
      unit frame but are abuttable thereagainst to limit the pivotal movement of
      the scrubber unit about th axis of pivot 60.
PAR  Not previously mentioned is that bracket 61 is connected to the scrubber
      unit at a location that the scrubber unit will tend to pivot about the
      axis of pivot 62 to a position the axis of rotation of the brushes are
      paarallel to the horizontal.
PAR  For purposes of describing the scrubber unit frame 13, it will be
      considered to be in the solid line scrubbing position of FIG. 3, the frame
      13 including side walls 75, an upwardly and forwardly inclined rear wall
      77 having the housing 73 welded thereto, a generally vertically extending
      rear wall 78 joined to the lower edge of wall 77, a downwardly and
      forwardly inclined rear wall 80 joined to the lower edge of wall 78 to be
      in partially underlying relationship to a rear portion of brush 81 and a
      top wall 120, 122, 120 that is welded to housing 73 and joined the members
      75-77 to in cooperation therewith and housing 73 form a downwardly opening
      enclosure member.
PAR  The front ends of radial arms 82 respectively mount an idler plug (not
      shown) and a hydraulic motor 91 (FIG. 11), the idler plug and motor 91
      mounting the rear tubular brush 81 for rotation about a transverse axis
      with the upper portion of the brush being within the enclosure member, and
      the rear walls 78, 80 extending downwardly in back of the brush a
      substantial distance below the upper half of the brush as indicated in
      FIG. 3.
PAR  The opposite ends of the arms 82 are keyed to a transverse shaft 83 which
      in turn is mounted for pivotal movement by brackets 84 secured to rear
      wall 78 to extend rearwardly thereof. In this connection it is to be noted
      that each vertical edge of the rear walls 78, 80 are located transversely
      inwardly of the adjacent edge of the upper portion of inclined rear wall
      77 to which the side walls are secured. One end of a bar 94 is welded to
      rod 83 while the opposite end of the bar is pivotally connected at 86 to a
      clevis bracket 85 which in turn has one end of a rod 87 pivotally
      connected thereto in an axially fixed position. The intermediate portion
      of the rod 87 is threadingly extended through a pivot member 88 that is
      mounted by a clevis bracket 89, a handle 90 being secured to rod 87 for
      adjustably threading rod 87 in pivot member 88 to provide an adjustment
      for brush wear. Bracket 89 is welded to a rod 74 which in turn is
      pivotally mounted by brackets 93 secured to the scrubber unit frame. A
      lever 92 has one end connected to rod 74 for pivotal movement about an
      axis perpendicular to that of rod 74 for pivoting the rod. Lever 92 has an
      intermediate portion extending up through a notched plate 55 (the notches
      not being illustrated) for releasably retaining the lever and thereby the
      brush 81 in various select positions that include (1) a free float
      condition, (2) a position exerting downward pressure on the brush when the
      scrubber unit is in the solid line scrubbing condition, and (3) an
      elevated condition off the surface even when the scrubber unit is in the
      scrubbing position. Plate 55 is mounted on frame 13.
PAR  A downwardly opening, generally U-shaped channel 95 extends between the
      frame side walls 75 and is secured thereto intermediate brush 99 and wall
      76, said channel in turn mounting bearing members 96 which in turn
      pivotally mount a transverse shaft 97 wtihin the channel. Each end portin
      of shaft 97 has one end of a brush mounting arm 98 keyed thereto, the
      opposite ends mounting an idler plug 100 and a hydraulic motor 102 that
      mount the respective end of the tubular brush 99 that is of a
      substantially smaller diameter than brush 81. The axis of rotation of
      brush 99 is parallel to that of brush 81, brushes 81, 99 in scrubbing
      positions having closely adjacent outer peripheral portions. The arms 98
      extend through narrow slots formed in the rear wall of the channel 95 to
      permit limited free floating movement of the brush 99, a stop (98b) being
      mounted by the channel to abut against projection 98a secured to one of
      the arms 98 for limiting the pivotal movement of the arms 98 in a
      direction of arrow 101 about the axis of shaft 97 while the top of the
      channel limits pivotal movement in the opposite direction.
PAR  Located longitudinally between the front brush 99 and the front wall 76 is
      a debris hopper generally designated 105. The debris hooper has a rear
      wall 106 that in the scrubbing unit normal scrubbing position extends
      first downwardly and slightly rearwardly, thence along an intermediate
      portion that extends predominately rearwardly in overhanging relationship
      to the channel 95 and thence vertically downwardly along the front wall of
      the channel. Further, the debris hopper has a bottom wall 108 and a front
      wall 107 that is a substantial distance rearwardly of frame front wall 76.
      The front wall 107 extends to a substantially higher elevation than the
      rear wall 106. The hopper also includes a side wall 110 closely adjacent
      the right scrubber unit side wall 75, and at the other transverse end
      includes a lower side wall portion 109. A short distance transversely more
      closely adjacent side wall 110 than side wall portion 109 there is
      provided a side wall portion 111 that extends downwardly to a slighly
      lower elevation than the top edge of side wall portion 109 and upwardly to
      the same elevation as the top of side wall 110, the front and rear walls
      intermediate wall portions 110, 111 extending to the same elevation as
      wall portion 109. A metal vacuum pickup tube 113 is mounted within the
      enclosure formed by the scrubbing unit frame in a fixed condition to
      extend downwardly into the debris hopper transversely between side wall
      portions 109, 111 and closely adjacent wall 108. As a result of the debris
      hopper being of the afrementioned construction, the hopper may pivot from
      the solid line position of FIG. 5 to the dotted line position thereof
      without the tube 113 being moved, the debris hopper being provided with
      transverse pivot members 114 that are attached to the side wall portion
      109 and side wall 110 closely adjacent the front wall of channel 95 and
      closely adjacent the juncture front wall 106 and bottom wall 108, and are
      mounted by the frame side walls 75. A screen 117 is provided in the debris
      hopper and extends from the side wall portion 111 to the bottom wall and
      between walls 106, 107, the one ends of the brushes being longitudinally
      aligned or transversely inwardly of wall portion 111.
PAR  A transverse row of apertures 118 are provided in the hopper rear wall 106
      at a substantially higher elevation than the bottom wall 108 and a lower
      elevation than the top of wall portion 109 to permit drainage of liquid
      from the hopper interior to fall onto the surface to be cleaned in front
      of brush 99. The apertures are at a substantially higher elevation than
      the inlet of tube 113.
PAR  A bracket 125 is mounted by the front wall 76 to have a latch bolt 126
      slidably extending through appropriate apertures in said bracket and the
      front wall between a position with one end in underlying relationship to a
      bracket 127 mounted on the front wall of the hopper and a retracted
      position to releasably retain the hopper in the solid line position of
      FIG. 5. A spring 128 is mounted on bolt 126 to resiliently retain the bolt
      in its extended position. The center of gravity of the hopper is forwardly
      of pivots 114, and upon retracting bolt 126, the hopper pivots in the
      direction of arrow 103 to an emptying position extending below the
      scrubber unit frame and opening forwardly to facilitate cleaning.
PAR  A baffle 115 is mounted by side wall 110 and side wall portion 111 for
      pivotal movement between a position extending above and forwardly of the
      upper terminal edge of wall 106 in overhanging relationship to the upper
      forward part of brush 99 and a generally vertically extending position,
      and can be adjustably spaced from the brush 99 in a given pivotal
      position. The baffle is biased toward a brush overhanging position by a
      spring (not shown) to a given pivot position limited by a stop (not
      shown), but is free to pivot toward the general vertical condition in the
      event brush 99 pivots upwardly.
PAR  The baffle aids in deflecting material raised by the brushes into the
      hopper when the baffle and hopper are in the solid line positions of FIG.
      5.
PAR  A baffle 116 extends between side walls 75 in overhanging relationship to
      the rear portion of brush 81, and is inclined rearwardly and predominately
      upwardly to aid in deflecting material raised by the brushes toward the
      debris hopper. Screws 104 are extended through slots in the frame side
      walls 75 to retain the baffle in selected adjusted positions.
PAR  The top wall of the scrubber frame includes a pair of transversely spaced,
      longitudinally elongated deflectors 120 that are generally V-shaped in
      transverse cross section (see FIGS. 3 and 4). When the scrubber head unit
      is in normal scrubbing position, the deflectors 120 are inclined
      downwardly and predominently forwardly from a location in part in
      overhanging relationship to the rear brush 81 to terminate at a depending
      flange 121 that is in an overhanging relationship to the front part of the
      debris hopper whereby drops of water running down and forwardly along the
      surface of the deflectors will be directed downwardly into the hopper by
      the flange. Further, since the depending apex portions 120a of the
      deflectors are parallel to one another, extend longitudinally and are
      spaced a substantial distance inwardly of the outer ends of the brushes,
      most of any liquid on the deflectors that drips off the deflectors
      rearwardly of the hopper will drip off the apex positions intermediate the
      ends of the brushes. A planar panel 122 has opposite longitudinal edges
      joined to the adjacent terminal edges of deflectors 120, extends in a
      plane parallel to apex edges 120a, and extends from housing 73 to flange
      121. Cover portions 79 are removably mounted on the top wall 120, 122,
      120.
PAR  A transverse liquid distributor 123 is mounted by frame 13 between the
      debris hopper and the frame front wall 76 to direct scrubbing liquid
      downwardly through the bottom opening of the enclosure member. A pipe 124
      is fluidly connected to distributor 123 and is connected to a flexible
      conduit 129 which extends between a wall portion 120 and cover portion 79,
      thence through the power unit and to the trailer unit and is fluidly
      connected to the lower end of cleaning solution tank 18 to permit a liquid
      gravity flow from the tank to the distributor. A shut off valve (not
      shown) is provided in line 129 to control the flow of liquid through said
      line.
PAR  Referring to FIG. 3, on each transverse side of the scrubber head unit
      transversely outwardly of the brushes there is provided a squeegee
      mounting bar 131 that is bolted to the adjacent arm 82, parallel linkage
      members 133 being pivotally connected to the bar 131 and to the side
      squeegee 134. A chain (not shown) may be connected between the squeegee
      and the bar 131 for retaining the squeegee 134 in an adjusted spaced
      relationship to the bar. The squeegees 134 are of lengths to extend from
      forwardly of brush 99 to rearwardly of brush 81.
PAR  Referring now to FIGS. 1, 2, 7 and 9, a squeegee assembly, generally
      designated 140, is mounted on the power unit forwardly of the power unit
      wheels 52, a pair of links 141 being pivotally connected at 142 to
      transversely spaced apart end portions of the squeegee assembly and having
      rearward ends pivotally connected at 143 to brackets 148 that are fixedly
      attached to the main frame 15. Each link 141 has its rearward end portion
      extending between the parallel vertical legs of the respective bracket 148
      in overlying relationship to a transverse rod 149 that is slidably mounted
      in the upwardly and rearwardly inclined slots 150 formed in said legs. An
      adjustment rod 154 has one end attached to each rod 149 and an opposite
      end slidably extended through a bracket 155 on the frame. An adjusting
      knob 161 and lock nut 162 are threaded on each rod 154 to abut against
      bracket 155 for retaining rods 154, 149 in select adjusted positions. By
      varying the adjustment of rods 154, the lowermost elevation of the
      squeegee assembly end portions may be controlled. A piston cylinder
      combination 144, 145 includes a piston rod 144 that is pivotally connected
      at 146 to the central part of the squeegee assembly rearwardly of pivots
      142 and a cylinder 145 that is pivotally connected at 147 to a bracket
      181. Bracket 181 is dependingly mounted by a bolt 182 to move vertically
      therewith, the bolt being extended through an enlarged aperture in bracket
      181 and threadingly extended through a bracket 183 that is welded to the
      frame 15. An adjustment knob 184 and a jam nut are provided on the bolt.
      Through members 181-184, the height of the cylinder 145 and thereby the
      lowermost position of the central portion of the squeegee assembly may be
      adjusted. Upon applying fluid under pressure to the lower end of the
      cylinder 145, the squeegee assembly is moved from the downward solid line
      position liquid collecting position of FIG. 2 to the dotted line travel
      position of said figure; and upon applying fluid under pressure to the
      upper end of said cylinder, the squeegee assembly is moved to its downward
      position.
PAR  The squeegee assembly includes a frame 151 that dependingly mounts a
      squeegee 152 that extends transversely outwardly of each side of the power
      unit frame. The squeegee may be made of rubber or suitable flexible
      elastomeric material.
PAR  As may be noted from FIG. 7, the squeegee assembly includes portions 140b,
      140d that are joined together at center portion 140c and extend outwardly
      of on either side of portion 140c in forwardly and predominately outwardly
      directions. Joined to the outer ends of portions 140b, 140d are end
      portions 140a,  140e respectively which extend outwardly and predominately
      forwardly; portions 140a, 140e being located transverse outwardly and
      extending slightly forwardly of the rear portions of the adjacent
      squeegees 134, 134.
PAR  A liquid pickup tube 156 extends downwardly through the frame 151 in front
      of squeegee 152 adjacent portion 140c, and terminates at a slightly higher
      elevaton than squeegee 152. A flexible conduit 157 has one end connected
      to the upper end of tube 156 and an opposite end that opens through port
      158 into the interior of the housing 159 of the vacuum control valve
      generally designated 160. A second port 163 of the housing that is
      diammetrically opposed from port 158 is fluidly connected by a conduit 164
      to the liquid pickup member 165 which extends through the squeegee frame
      adjacent the juncture of squeegee portions 140b, 140a and forwardly of
      portion 140b. A third port 166 which opens to the housing angularly
      between ports 158, 163, is fluidly connected by a line 167 to a port of a
      control valve 168 which has a second port to which the conduit 24 is
      connected. A third port of valve 168 is fluidly connected by a flexible
      conduit 170 to the pickup tube 113, conduit 170 extending through the
      appropriate aperture in the cover of the scrubbing unit housing and
      between the cover and one of top wall portions 120 such as indicated in
      FIGS. 4 and 5. Valve 168 is of a construction to selectively permit the
      application of vacuum from line 24 to both of lines 167, 170 or to line
      167 only.
PAR  One end of an arm 172 is fixedly attached to the pivot member 35 while the
      opposite end of the arm pivotally mounts one end of the rod 173. The
      opposite end of the rod is pivotally mounted by an arm 174 that is keyed
      to a shaft 176. The shaft 176 extends into the valve housing 159 and has a
      valve member 175 mounted thereon to reotate therewith for blocking fluid
      communication between various ports 158, 163, 166 as will be more fully
      set forth hereinafter.
PAR  As may be in part noted from FIG. 7, when the apparatus of this invention
      is in a straight ahead travelling scrubbing condition, the sides at the
      trailer and power unit are generally longitudinally aligned while the left
      hand squeegee 134 of the scrubber head unit extends transversely outwardly
      of the left side of the frame by a dimension X (see FIG. 7) and the right
      hand squeegee extends transversely outwardly relative the right side of
      the power unit by a dimension Y. As may be noted the dimension Y is many
      times greater than the dimension X. Further, the steering wheel 54 and the
      operator's seat 179 are provided on the right hand side of the power unit.
      As a result, the operator is situated in a position to observe the right
      hand side of the scrubber unit which is desirable when scrubbing closely
      adjacent a wall on the right hand side, and at the same time the power
      unit is further offset from the wall than the right hand side of the
      scrubber unit. In order to aid in preventing the scrubber head unit from
      scraping against a vertical wall on the right side, a plastic or rubber
      wheel 180 is mounted on the right front corner portion of the scrubber
      unit to extend further outwardly than the scrubber unit frame and the
      right hand squeegee to be abuttable against the vertical wall while at the
      same time permitting the right hand squeegee 134 being located closely
      adjacent the vertical wall.
PAR  Since the hydraulic components and circuitry of the present invention may
      be very similar to that disclosed in co-pending Application Ser. No.
      72,275, filed Sept. 15, 1970, with reference to FIG. 9 thereof, other than
      this invention includes the additon of a reversing valve for the brush
      motors and hydraulic components for controlling the steering of the
      vehicle, only a very abbreviated description thereof will be made in this
      application. Thus with reference to FIG. 11, a commercially available
      variable displacement piston type pump 185 driven by engine 186 pumps oil
      through the power unit wheel motors 53 in a closed circuit. A suitable
      hydraulic makeup circuit 187 takes care of leakage losses and the like in
      the closed circuit. The pump 185 is an overcenter pump that may provide
      reverse flow through motors to control the direction of rotation of the
      motors and the speed of rotation as well as providing a stop position.
PAR  Engine 186 drives the suction blower 26 and also drives a hydraulic pump
      188 that is provided for the various auxiliary components. A line 189
      fluidly connects the pump 188 to reservoir 190, a pressure line 191 being
      connected to the pump pressure port and a return line 192 being connected
      to reservoir. A valve 198 is connected between lines 191, 192 for
      controlling the application of fluid under pressure to the cylinder 70 for
      selectively raising, lowering and retaining the scrubber unit in its
      maximum elevated position, its lowered scrubbing position and positions
      therebetween. Further, a valve 199 is connected across line 191, 192 for
      controlling the applicaton of fluid under pressure to cylinder 145 for
      raising and lowering the squeegee assembly. Also connected across lines
      191, 192 is a valve 200 for selectively applying no fluid under pressure
      to brush motors 91, 102; or to rotate said motors to turn in the direction
      of arrows 182, 183 respectively; or to rotate said motors in the direction
      opposite arrows 182, 183 respectively. The valve 51 is connected across
      lines 191, 192 to control the operation of the steering piston cylinder
      combination as previously indicated. Advantageously, line 191 may be two
      different lines connected to different pressure ports and the various
      valves connected to the appropriate one of the two lines, and additional
      check valves, pressure relief valves and bypass valves may be provided in
      the circuit illustrated.
PAR  In using the apparatus of this invention with brush 81 being substantially
      larger in diameter than brush 99 and brushes 81, 99 rotating in opposing
      directions with the portions contacting the surface rotating toward one
      another (in direction of the arrows 182, 183 respectively), most of the
      debris raised by the brushes will go over the small brush 99 and be
      directed into the debris hopper 105. In this connection the generally
      forward and downward sloping of the deflectors 120 aid in directing debris
      into the hopper 105.
PAR  Assuming that scrubbing liquid tank is fluidly connected to the distributor
      123 for dispensing scrubbing liquid onto the surface being cleaned ahead
      of the brushes, or if liquid already is present on said surface, the
      rotation of the brushes in the direction of arrows 182, 183 will cause the
      liquid and other debris on the surface to rise with a substantial part of
      the raised liquid moving directly into the debris hopper. Also some of the
      raised liquid will impinge upon the deflectors 120 and the panel
      therebetween, and will run along the deflectors and panel therebetween,
      and will run along the deflectors and panel to the flange 121 to drain
      down into the debris hopper. In the event no vacuum is being applied to
      tube 113, the liquid level in the pan will raise to the level of the
      apertures 118 and thence drain out through the apertures to fall back onto
      the surface being scrubbed at a location ahead of the scrubbing brushes.
      In such an event, part of the scrubbing liquid would be recycled. However,
      if the valve 168 is in a position for applying a vacuum through line 170
      to tube 113, thence scrubbing liquid is drawn from the hopper through tube
      113, conduit 170, valve 168 and conduit 24 to be collected in tank 19.
PAR  To be mentioned is that with the brushes being driven in the direction of
      arrows 182, 183, the ebrushes maintain a pool of liquid therebetween which
      provides for a better scrubbing action as contrasted where the brushes
      rotate in the same direction with merely a film of liquid therebetween.
      Advantageously the brushes may have a herringbone arrangement of bristles
      that, with the brushes rotating, direct the scrubbing liquid toward a
      transverse central location between the brushes to aid in minimizing the
      amount of liquid that otherwise may pass through the narrow space between
      the ends of the brushes and the adjacent side squeegee.
PAR  If it is desired to use the apparatus for a surface soaking operation, the
      direction of rotation of the brush motors is reversed to drive the brshes
      81, 99 in the direction opposite arrows 182, 183 respectively and the
      squeegee assembly is left in its elevated position. As a result the
      brushes raise very little liquid from the surface but do agitate the
      liquid on the surface. Thereafter the apparatus may go over the surface
      again with the brushes rotating in the direction of the arrows 182, 183 to
      pick up most of the dirty liquid and debris; and the squeegee assembly may
      be lowered to squeegee up liquid not collected in the debris hopper.
PAR  When the power unit is travelling straight forwardly with reference to the
      trailer unit, the linkages 172-174 retain the valve member 175 in a
      position that port 163 is blocked, but the ports 158, 166 are in fluid
      communication with one another through the housing 159. As a result, the
      vacuum in conduit 24 is applied through conduit 167 to the squeegee pickup
      tube 156.
PAR  When the power unit is turned through a substantial angle to the left with
      reference to the straight forward direction of a trailer unit, for example
      angle W of portion 140d relative a transverse direction which may be about
      20.degree., the power unit in pivoting relative shaft 35 and the arm 172
      bolted thereto results in the valve member 175 being rotated in the
      housing 159 to a position to block port 158 and place port 163 in fluid
      communication with port 166. As a result, no vacuum is applied at the
      takeup tube 156 but a vacuum is applied at the takeup inlet 165. The
      advantage of shifting the vacuum from tube 156 to tube 165 is that in
      turning in a left hand direction the squeegee assembly moves relative to
      the puddle of liquid on the surface so that most of the liquid is closer
      to takeup 165 than tube 156. Thus, applying the vacuum at 165 collects
      liquid at the location where the bulk is located and collects liquid that
      might otherwise escape at the side of the apparatus of this invention. To
      be mentioned, with the apparatus described, it is assumed that most of the
      turns will be in a left hand direction. However, in the event that most of
      the turns were in a right hand direction, then the takeup 165 could be
      provided adjacent the juncture of the squeegees assembly portions 140d,
      140e and the linkages 172-174 changed so that the vacuum would be applied
      at the left hand corner portion of the squeegee when a right hand turn
      were being made; or the control valve 160 may be modified, a liquid pickup
      tube mounted adjacent the juncture of portions 140d, 140e and connected to
      the control valve to pick up liquid at adjacent portions 140d, 140e when
      the power unit is turned in the right hand direction and pick up liquid
      through member 165 when turned in a left hand direction.
PAR  As previously indicated, by appropriately tightening one turnbuckle and
      loosening the other turnbuckle, the scrubber unit can be used for
      windrowing liquid. Also under some scrubbing conditions a better scrubbing
      action can be obtained by having the scrubber unit inclined relative the
      power unit as set forth for windrowing liquid. In this connection it is to
      be noted that at this time the axes of rotation of the brushes would be
      inclined at a substantial arcuate angle to a transverse direction.
PAR  Also to be mentioned is that the apparatus of this invention may be used
      for a sweeping operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having ground engaging wheels, a frame having a
      downwardly opening enclosure, means mounting the frame on the vehicle, a
      power driven rotary maintenance tool, first means for rotatably mounting
      the tool on the frame to extend within the enclosure, a receptacle within
      the enclosure to recieve material raised by said tool, said frame having a
      deflector in overhanging relationship to said tool and receptacle that
      slopes downwardly toward the receptacle for directing liquid raised by the
      tool and collecting on the deflector surface to roll along the surface and
      drip into said receptacle, means for mounting the receptacle on the frame
      for movement between a liquid collecting position and a liquid dumping
      position to empty liquid in direction away from the vehicle and means on
      the frame for releasably retaining the receptacle in the liqud collecting
      position, said receptacle having a center of gravity located to constantly
      urge the receptacle to move to its dumping posiition.
NUM  2.
PAR  2. The apparatus of claim 1 further characterized in that the means for
      mounting the receptacle on the frame comprises means mounting the
      receptacle on the frame for pivotal movement between a liquid collecting
      position and a liquid dumping position.
NUM  3.
PAR  3. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having ground engaging wheels and a normal direction
      of forward movement, a housing providing a downwardly opening enclosure,
      means for mounting the housing on the vehicle, a power driven brush
      mounted within the housing to rotate about a transverse axis, means to
      apply a scrubbing solution on the surface forwardly of the brush, a liquid
      collecting receptacle, means for mounting the receptacle on the housing
      within the enclosure in a position to receive liquid raised by the brush
      and for movement relative the housing between a liquid collecting position
      and a liquid dumping position to dump liquid away from the vehicle, and
      means for releasable retaining the receptacle in a liquid collecting
      position, the means for mounting the receptacle comprising means mounting
      the receptacle on the housing for pivotal movement about a transverse axis
      between the liquid collecting position and the liquid dumping position.
NUM  4.
PAR  4. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having ground engaging wheels and a normal forward
      direction of motion, a frame having a downwardly openign enclosure, means
      mounting the frame on the vehicle, a power driven rotary maintenance tool,
      first means for rotatably mounting the tool on the frame to extend within
      the enclosure, a receptacle within the enclosure to receive material
      raised by said tool, said frame having a deflector in overhanging
      relationship to said tool and receptacle that slopes downwardly toward the
      receptacle for directing liquid raised by the tool and collecting on the
      deflector surface to roll along the surface and drip into said receptacle,
      means for mounting the recepatacle on the frame for movement between a
      liquid collecting position and a liquid dumping position to empty liquid
      in a direction away from the vehicle and means on the frame for releasably
      retaining the receptacle in the liquid collecting position, the means for
      mounting the receptacle on the frame comprising means mounting the
      receptacle on the frame for pivotal movement between a liquid collecting
      position and a liquid dumping position in which the receptacle extends to
      a lower elevation than the frame, the pivotal mounting means mounting the
      receptacle forwardly of the tool and for pivotal movement about an axis
      transverse to said forward direction, and said receptacle having a center
      of gravity forwardly of the transverse axis.
NUM  5.
PAR  5. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having ground engaging wheels and a dirty liquid
      collection tank, a frame having a downwardly opening enclosure, said frame
      including a housing forming the downwardly opening enclosure, means
      mounting the frame on the vehicle, a power driven rotary maintenance first
      tool, first means for rotatably mounting the first tool on the frame to
      extend within the enclosure, a receptacle within the enclosure to receive
      material raised by said first tool, said frame having a deflector in
      overhanging relationship to said first tool and receptacle that slopes
      downwardly toward the receptacle for directing liquid raised by the first
      tool and collecting on the deflector surface to roll along the surface and
      drip into said receptacle, means for mounting the receptacle on the frame
      for movement between a liquid collecting position and a liquid dumping
      position to empty liquid in a direction away from the vehicle, means on
      the frame for releasably retaining the receptacle in the liquid collecting
      position, a second tool rotatably mounted by the frame to extend within
      the enclosure, and between the first tool and the ground engaging wheels,
      said deflector extending in overhanging relationship to the second tool, a
      baffle mounted by the housing in at least partial overhanging relationship
      to the tool and inclined upwardly in a direction toward the receptacle to
      aid in directing material toward the receptacle, the receptacle having a
      rear wall and a front wall that extends to a substantially higher
      elevation than the rear wall when the receptacle is in its first position,
      means connected to the tank for withdrawing liquid from said receptacle
      and transferring the liquid to said tank, the last mentioned means
      including a liquid takeup tube fixedly mounted on the frame, and extending
      downwardly into the receptacle when the receptacle is in a liquid
      collecting position.
NUM  6.
PAR  6. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having ground engaging wheels and a normal direction
      of forward movement, a housing providing a downwardly opening enclosure,
      means for mounting the housing on the vehicle to extend forwardly thereof,
      a power driven brush mounted within the housing to rotate about a
      transverse axis, means to apply a scrubbing solution on the surface
      forwardly of the brush, a liquid collecting receptacle, means for mounting
      the receptacle on the housing within the enclosure in a position to
      receive liquid raised by the brush and for movemnet relative the housing
      between a liquid collecting position and a liquid dumping position to dump
      liquid forwardly relative the vehicle, and means for releasably retaining
      the receptacle in a liquid collecting position, the means for mounting the
      receptacle comprising means mounting the receptacle forwardly of the brush
      for pivotal movement about a transverse axis, and the receptacle having a
      center of gravity forwardly of said axis.
NUM  7.
PAR  7. A maintenance machine for surfaces such as a floor or the like
      comprising a vehicle having ground engaging wheels and a normal direction
      of forward movement, a housing providing a downwardly opening enclosure,
      means for mounting the housing on the vehicle to extend forwardly thereof,
      a power driven brush mounted within the housing to rotate about the
      transverse axis, means to apply a scrubbing solution on the surface
      forwardly of the brush, a liquid collecting receptacle, means for mounting
      the receptacle on the housing within the enclosure in a position to
      receive liquid raised by the brush and for movement relative the housing
      between a liquid collecting position and a liquid dumping positioin to
      dump liquid forwardly relative the vehicle, and means for releasably
      retaining the receptacle in a liquid collecting position, the receptacle
      having a center of gravity located to constantly urge the receptacle to
      move to its dumping position.
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ABST
PAL  A device for washing and drying reusable scorecards utilizing a tank having
      an inlet aperture and an outlet aperture. A means is also included for
      conveying the scorecard edgewise through the tank and through a scrubbing
      station and a drying station. The scrubbing station is submerged in a
      cleaning fluid contained in the tank whereby fluid is supplied to the
      scorecard during the scrubbing operation. A means for drying the scorecard
      is located at the drying station which comprises a pair of revolving
      wringer rollers operable to remove the cleaning fluid from the scorecard.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a washing device for sheets of
      material and, more particularly, to a device for washing and drying
      reusable transparent scorecards such as are used for recording bowling
      scores and the like.
PAR  2. Description of the Prior Art
PAR  Numerous complicated devices and machines for cleaning and drying sheets of
      various materials are generally known in the art. However, a simple and
      inexpensive device for quickly and easily removing grease pencil markings
      and the like from preprinted transparent plastic scorecards at convenient
      locations in the bowling alley have not heretofore been deemed to be
      commercially feasible. Such transparent scorecards are generally utilized
      in conjunction with a light projector in order to display a number of
      bowling game scores on a large screen as the game progresses. At the
      present time, after a game is completed such marks are manually removed by
      means of a cloth and solvent which has proven to be a messy and time
      consuming task for the bowler.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a device for washing and drying such scorecards
      quickly and easily by means of conveying the used scorecard edgewise
      through a tank which includes a scrubbing station submerged in a cleaning
      fluid and drying station which is operable to remove the residual cleaning
      fluid from the scorecard before it exits from the device. The present
      invention is simple in its operation and construction and relatively
      inexpensive to manufacture, thereby rendering it a practical and efficient
      alternative to the hand cleaning of such scorecards by the bowler.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view in section of an embodiment of a scorecard
      washing device constructed in accordance with the present invention;
PAR  FIG. 2 is a top sectional view of the scorecard washing device taken along
      line 2--2 of FIG. 1; and
PAR  FIG. 3 is a top view of a transparent scorecard which may be utilized with
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, there is illustrated an embodiment of a
      scorecard washing device, indicated generally at 10, constructed in
      accordance with the present invention. The scorecard washing device 10
      includes a tank 12 having a horizontal inlet aperture 14 located at one
      end and a horizontal outlet aperture 16 located at the other end.
PAR  A pair of revolving feeder rollers 20 are located at inlet aperture 14 for
      receiving a scorecard 80 as it is fed edgewise into the inlet aperture and
      propelling it downward through guides 30 to scrubbing station 40.
PAR  As is best illustrated in FIG. 3, scorecard 80 may typically comprise a
      large rectangular sheet of transparent material, such as plastic or
      acetate, which is preprinted with indelible markings 82 which generally
      provide spaces for identification of the bowler, handicap, frame number
      and scores. As the game progresses, the scores are entered on the
      scorecard by the scorekeeper with a grease pencil and light is projected
      through the transparent scorecard which in turn projects the markings
      entered on the scorecard on a large overhead screen.
PAR  Guides 30 are parallel flat rigid pieces of material held into place by
      interior braces 32. The scorecard passes between the guides as it moves
      from station to station. The purpose of the guides is to positively guide
      the scorecard as it passes through the device and to prevent bending of it
      during the washing and drying operations.
PAR  Scrubbing station 40 is submerged in a cleaning fluid 90 contained in said
      tank 12 so that the fluid is supplied to the scorecard during the
      scrubbing operation. Such cleaning fluid may be water or a special solvent
      to help dissolve the grease pencil markings during the scrubbing
      operation.
PAR  Scrubbing station 40 includes multiple revolving cylindrical brushes 42
      which are positioned above and below the scorecard as it passes through
      the scrubbing station and are in contact at all times with it. In this
      manner both sides of the scorecard are washed simultaneously with equal
      pressures being applied thereto. As is shown in FIG. 1, the brushes
      positioned above the scorecard revolve in a counterclockwise direction and
      those positioned below the scorecard revolve in a clockwise direction,
      thereby propelling the scorecard to the drying station 50 through guides
      34 which are similar to guides 30.
PAR  Drying station 50 comprises a pair of revolving wringer rollers 52 operable
      to remove fluid from the scorecard by squeezing it therebetween and propel
      it out of the washing device through outlet aperture 16.
PAR  The compressive pressure of feeder rollers 20 and wringer rollers 52 upon
      the scorecard is adjustable by means of screw tightening means 60. In
      general, the lower roller is held in a fixed position and the pressure of
      the upper roller upon it is adjustable by turning thumbscrew 62 which in
      turn adjusts the vertical position of the upper roller.
PAR  As is best illustrated by FIG. 2, feeder rollers 20, brushes 42 and wringer
      rollers 52 are mechanically rotated by a chain and sprocket arrangement
      driven by electrical motor 70. Chain 72 passes over a sprocket 73 on the
      drive shaft of the motor to a sprocket 74 attached to the axel of one of
      the brushes 42, over sprocket 75 attached to the axel of one of the feeder
      rollers 20 and then back over sprocket 76 attached to the axel of one of
      the wringer rollers 52. The speed of the rollers and brushes with respect
      to each other are determined by selection of differing sprocket sizes. It
      is to be noted that a belt and pulley arrangement could also be utilized
      for this purpose. The upper and lower rollers and brushes are caused to be
      rotated in opposite directions by means of simple complementary gear
      arrangements between corresponding pairs that are commonly known in the
      machinery industry.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecesary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for washing and drying scorecards comprising;
PA1  a tank having an inlet aperture and an outlet aperture;
PA1  means for conveying a scorecard edgewise through said tank, said conveying
      means including in part a pair of revolving feeder rollers located at said
      inlet aperture which receive and pull said scorecard into said tank and
      propel it through a guide means downward into a cleaning fluid disposed in
      said tank;
PA1  a scrubbing station submerged in the cleaning fluid contained in said tank
      whereby said fluid is supplied to the scorecard during the scrubbing
      operation, said scrubbing station including multiple revolving cylindrical
      brushes positioned above and below said scorecard to receive it from said
      feeder rollers and to propel it as it passes through said scrubbing
      station, said brushes being disposed in a vertically staggered arrangement
      which causes the scorecard to undulate as it passes through the brushes
      and whereby both sides of said scorecard are washed simultaneously, said
      brushes positioned above said scorecard revolving in a direction opposite
      to said brushes positioned below said scorecard and propelling said
      scorecard through said scrubbing station to a second guide means and
      through said second guide means to a drying station;
PA1  means for drying said scorecard at said drying station comprising a pair of
      revolving wringer rollers operable to remove said fluid from said
      scorecard and pull it from said scrubbing station and propel it through
      said outlet aperture;
PA1  means for adjusting the compressive tension of said feeder rollers and said
      wringer rollers upon said scorecard as it passes between said pairs of
      rollers; and
PA1  means for simultaneously revolving said feeder rollers, cylindrical brushes
      and wringer rollers whereby said scorecard is continuously conveyed
      through the machine throughout the washing and drying operation.
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ABST
PAL  A rinsing system for steel strip after acid pickling comprises a plurality
      of consecutive adjacent rinse compartments, each of which contains a bath
      of rinse solution which is sprayed onto the strip as it passes through the
      compartment. Fresh water is added to the last compartment and a volume of
      solution equivalent to the added fresh water is continuously transferred
      from each compartment to an adjacent compartment. A concentrated waste
      rinse effluent is removed from the first compartment.
BSUM
PAR  This invention relates to a cascade rinsing system and method for
      continuously rinsing steel strip after a pickling operation.
PAR  During the continuous treatment of steel strip in a steel plant, it is
      conventional to subject the strip to a pickling operation in which an acid
      bath is used to remove surface contaminants, such as rust and other
      foreign substances. On emerging from the pickling operation, the surface
      of the steel strip is covered with an adherent film of the acid bath used
      in the pickling operation. This liquid film, containing dissolved iron
      salts and residual acid, must be removed before continued processing of
      the strip can proceed.
PAR  The conventional method for removal of the film of acid solution from the
      strip involves passing the strip through a rinse system consisting of two
      tanks. In the first tank, the strip is sprayed with hot or cold water for
      removal of a portion of the adhering acid solution. After leaving the
      first tank, the strip enters the second tank, in which it is immersed or
      dunked in a pool of water which dilutes the adhering liquid film on the
      strip sufficiently to reduce the concentrations of iron salts and acid
      therein to an acceptably low level. In order to achieve the necessary
      dilution, however, it is required that the second or dunk tank must
      contain a volume of water which is very large in relation to the volume of
      liquid adhering to the metal strip entering the bath. In addition to the
      cost of the fresh water which is used in this system, the disposal of the
      large volume of discolored and acid-contaminated rinsing solution presents
      a serious problem.
PAR  These problems are overcome by the present invention, which employs a
      cascade system for rinsing the pickled strip. The system of the invention
      comprises a plurality of separate consecutive compartments, each of which
      contains a bath of rinse solution which is pumped from the compartment and
      sprayed onto the strip as it passes through the compartment over a bath of
      rinse solution contained therein. The solution is immediately wrung off
      the strip into the compartment from which it came, by a suitable wringing
      system. Fresh water is added continuously to the last compartment in the
      direction of strip travel and a volume of solution equivalent to the added
      fresh water is continuously transferred from each compartment to the
      immediately upstream (relative to strip travel) compartment, thereby
      maintaining a constant volume in each of the compartments.
PAR  As a result of the cascade effect of the fresh water addition, each
      compartment contains less dissolved iron salts and residual acid than the
      adjacent upstream compartment. The dissolved iron and acid contents of the
      bath in the first compartment (i.e., the compartment into which the strip
      first enters the cascade system) become quite concentrated, whereas the
      concentration of iron and acid in the last compartment, where the fresh
      water is added, stays at an acceptably low level.
PAR  The system of the invention allows the strip to be flushed in each
      compartment with large amounts of rinse solution for effective rinsing,
      but results in the production of only small volumes of waste effluent,
      which although containing high acid and iron salt concentrations, can be
      readily disposed of. In addition, the net consumption of fresh water is
      very low, thus effecting a significant economy in the cost of the rinsing
      operation.
DRWD
PAR  The invention will be better understood from the following detailed
      description thereof, taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a side sectional view of a typical embodiment of the invention;
PAR  FIG. 2 is an enlarged view in partial section of a portion of the system of
      FIG. 1; and
PAR  FIG. 3 is a view along the line 3-3 of FIG. 2.
DETD
PAR  As shown in FIG. 1, in a typical embodiment the invention comprises a rinse
      tank 10 which is separated by vertical partitions 11-15 into a plurality
      of adjacent rinse compartments 16-21. The tank is provided with a cover 22
      which is also equipped with vertical partitions 23-27 corresponding to
      partitions 11-15. The partitions in the rinse tank 10 and the
      corresponding partitions in the cover 22 (e.g., 11 and 23) define slits
      (e.g., 28) through which the strip 29 to be rinsed passes.
PAR  Strip 29, leaving a pickling operation (not shown), enters the rinse tank
      at the left side of FIG. 1 and is transported through the tank by means of
      idler roll 31 and driven rolls 32.
PAR  Each compartment, e.g., 16, is water tight and contains a bath, e.g., 33,
      of rinse solution. Since in operation of the rinsing system, the rinse
      solutions become contaminated with acid, the material used to form the
      tank and the partitions, or at least the surfaces thereof, is suitably one
      which is resistant to the action of acid. Each partition in the tank,
      e.g., 11, is provided with a weir 34, typically a hole of appropriate
      size, at an elevation which increases from the first (15) to the last (11)
      partition within the rinse tank. Accordingly, any excess which temporarily
      accumulates within any compartment flows rapidly through the weir to the
      adjacent compartment.
PAR  Each of compartments 16-21 is provided with a pump 36 which draws the rinse
      solution contained within the compartment through an intake 37 and
      supplies it to a spray system consisting of two spray heads 38 and 39
      (FIG. 2), one located above and one located below the strip 29 passing
      therethrough. Spray heads 38 and 39 are directed against the surfaces of
      the strip and discharge the rinse solution with sufficient force to
      dislodge the liquid film adhering to the strip as it enters the
      compartment and to replace it with a film having the same composition as
      the rinse solution within the associated compartment. Before leaving a
      compartment, strip 29 passes through undriven wringer rolls 41 which
      remove as much as possible of the adhering liquid film and cause it to
      drop into the compartment below.
PAR  The last compartment 16 in the direction of strip travel, i.e., at the
      right end of FIG. 1, is provided with an additional spray system similar
      to that contained within each of the other compartments. This spray
      system, comprising spray heads 42 and 43, is fed with fresh water through
      line 44 which further reduces the concentration of contaminants in the
      liquid film adhering to the surfaces of the strip to the desired level. On
      leaving the rinse tank 10, strip 29 is passed to further processing steps
      in accordance with conventional practice.
PAR  It will be seen that the addition of fresh water tends to cause the level
      of solution in compartment 16 to rise until it starts overflowing through
      its associated weir 34 into adjoining compartment 17, thus causing the
      level within that compartment to tend to rise, until it overflows through
      its weir into the adjoining compartment, and so on. Accordingly, there is
      produced a continuous net transfer of solution from compartment 16 to
      compartment 21 in a direction opposite to that of strip travel. In
      compartment 21, an overflow take-off 46 removes the excess solution from
      the compartment and transfers it through line 47 to a suitable waste
      disposal system.
PAR  During operation of the system, with a constant strip speed and a fixed
      fresh water addition rate, the concentration of contaminants (i.e.,
      dissolved iron salts and residual acid) in each compartment will tend to
      reach an equilibrium value which depends in part on the total number of
      compartments. Although the necessary rate of fresh water addition can
      generally be decreased as the number of compartments increases, for most
      practical purposes we have found that a maximum of eight compartments will
      generally produce good rinsing results and that at least about four such
      compartments will be necessary for satisfactory rinsing. Further, in order
      to achieve effective rinsing within each compartment and to insure that
      the solution in each compartment is adequately mixed it is desirable that
      the rinsing solution contained within each compartment be recirculated by
      means of the pump through the spray heads in the associated compartment at
      a relatively rapid rate. The rinsing action of the spray system in each
      compartment is both a blasting and a dilution process. Sufficient wash
      volume is necessary to dilute the solution carried in on the strip and the
      pressure of the spray should be high enough to break the film of solution
      on the strip. It will be found generally satisfactory if the recirculating
      pumps 36 have a capacity sufficient to recirculate the contents of the
      compartment every three to eight minutes. Thus, for example, a
      recirculation pump having a capacity of 200 gallons per minute will be
      found satisfactory for a compartment containing about 600-l,600 gallons.
      The relatively high recirculation capacity of the pumps will also insure
      that the contents of the tank remain thoroughly mixed so that the spray
      which is applied to the incoming strip is representative of the main body
      of the rinse solution contained within the compartment.
PAR  As previously noted, the necessary quantity of fresh water added to the
      last compartment is dependent to a certain extent on the number of
      compartments within the system. Using the preferred number of compartments
      of four to eight, it will be found generally satisfactory if the ratio of
      recirculation, i.e., the rate at which wash water is sprayed on the strip
      in each compartment, to the throughput, i.e., the rate of addition of
      fresh water, and assuming no losses in the system, the rate at which
      solution is transferred between compartments through the weirs, is within
      the range of about 3 to 20, the lower value being useful in a four tank
      system and the upper ratio being satisfactory for an eight tank system.
      For a preferred embodiment in which the system comprises six tanks, the
      recirculation/throughput rate is suitably 8 to 10.
PAR  In order to achieve the advantages of the system, it is necessary to
      restrict as much as possible the transfer of solution from one compartment
      to another, except directly through the weirs. This result is achieved by
      using rolls which are designed and sized so as to achieve a maximum
      removal of adherent water from the strip leaving one compartment before it
      enters the adjoining compartment. In addition, in order to prevent
      transfer of the spray within one compartment to the adjoining compartment
      the slit, e.g., 28, formed by the vertical partitions, e.g., 11 and 28
      should be as narrow as possible.
PAR  Since the solutions contained within the several compartments are acidic,
      it is desirable to prevent leakage of the rinsing solutions, in order to
      avoid maintenance problems in the vicinity of the rinsing system. In order
      to minimize such leakage in the vicinity of the roll neck openings in the
      sides of the rinse tank, an area where such leakage is particularly likely
      to occur, there can be used the baffle system shown in FIG. 3. As shown,
      the system comprises a pair of staggered slingers 51, i.e., circular
      plates of acid-resistant material, which are fastened on the roll necks
      52. The slingers serve to intercept the passage of spray tending to leave
      the side of the rinse tank. The baffle system also uses a flexible curtain
      53 which is slitted and provided with suitable openings for the roll
      necks. As a further barrier there can also be used a sliding splash box
      cover 54 provided with openings through which the roll necks pass, the
      ends of which are contained within bearings 55 supported in roll stands
      56.
PAR  As an example of the efficiency of the rinsing system of the invention in
      reducing the quantity of rinse water which must be used, and accordingly
      the quantity of waste acid effluent which must be disposed of, there will
      be described a typical installation made in accordance with the invention.
      The installation was used in a conjunction with a continuous strip
      pickling line treating a strip 60 inches wide traveling at the rate of
      about 800 feet per minute. Using a conventional two tank dunk system, it
      was necessary to use about 500 gallons per minute of fresh water in order
      to reduce the dissolved iron content in the dunk tank, and hence the
      concentration in the rinse water adhering to the strip leaving the tank,
      to an acceptible range of about 20-50 ppm of iron.
PAR  The conventional dunk and rinse system was replaced in accordance with the
      invention with a six-compartment rinsing system, each compartment
      containing about 650 gallons and provided with recirculation pumps having
      a pumping capacity of 200 gallons per minute, at a spray pressure of about
      50 psi. With the system as described, it was possible to reduce the waste
      rinse water effluent to 25 gallons per minute, a 95% reduction, while
      maintaining the same rinsing efficiency. Not only was there a substantial
      savings achieved through the use of much less water, but more
      significantly, the much smaller volume of waste effluent, which although
      considerably more concentrated than that of the previous treatment, could
      be readily disposed of, as by injection in a deep well or by
      neutralization with lime. Further, since the waste effluent was relatively
      concentrated in chloride content, it could be fed to a acid regeneration
      plant for regeneration of the spent acid.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cascade rinsing system for rinsing a continuously moving steel strip
      following a pickling operation or the like, said system comprising;
PA1  a plurality of rinse compartments arranged consecutively in the direction
      of travel of said strip, each compartment being adapted to contain a bath
      of aqueous rinse solution;
PA1  spray means located above the bath in each compartment for spraying the
      surfaces of strip passing therethrough;
PA1  means for continuously supplying rinse solution from the bath contained in
      each compartment to the spray means associated with said compartment for
      use in spraying said strip;
PA1  wringing means in each compartment for removing excess rinse solution from
      the surfaces of the strip after it has been sprayed;
PA1  means for continuously adding fresh wash water to the last of said
      compartments in the direction of strip travel;
PA1  means for continuously conveying rinse solution from each compartment to
      the adjacent compartment in the upstream direction of strip travel; and
PA1  means for removing waste rinse effluent from the first of said
      compartments.
NUM  2.
PAR  2. The system of claim 1 wherein each said compartment is provided with
      means for maintaining a constant bath volume therein.
NUM  3.
PAR  3. The system of claim 2 wherein adjacent compartments are contiguous and
      said constant-volume maintaining means comprises an overflow weir located
      between adjacent compartments.
NUM  4.
PAR  4. The system of claim 3 in which said weirs are located at elevations
      which increase from the first to the last of said compartments, whereby a
      flow of rinse solution from one compartment to an adjacent compartment
      occurs under the influence of gravity.
NUM  5.
PAR  5. The system of claim 1 wherein said fresh water supply means includes a
      second spray means in said last compartment for spraying said strip after
      it has been sprayed with the bath contained therein.
NUM  6.
PAR  6. The system of claim 1 wherein said wringing means comprises wringer
      rolls.
NUM  7.
PAR  7. The system of claim 1 which contains about 4 to 8 compartments.
NUM  8.
PAR  8. The system of claim 1 which is additionally provided with baffle means
      along the path of travel of said strip between adjacent compartments for
      impeding the transfer of rinse spray between adjacent compartments.
NUM  9.
PAR  9. A cascade rinsing system for rinsing continuously moving steel strip
      following a pickling operation or the like, said system comprising:
PA1  a plurality of contiguous rinse compartments arranged consecutively in the
      direction of travel of said strip, adjacent compartments being separated
      by a common wall, each compartment being adapted to contain a bath of
      aqueous rinse solution;
PA1  spray means located above the bath in each compartment for spraying both
      sides of strip passing therethrough;
PA1  means for continuously conveying a supply of rinse solution from the bath
      contained in each compartment to the spray means associated with said
      compartment for use in spraying said strip;
PA1  wringing means in each compartment for removing excess rinse solution from
      the surfaces of the strip after it has been sprayed;
PA1  baffle means between adjacent compartments for impeding the transfer of
      rinsing solution spray therebetween;
PA1  fresh water supply means located in the last compartment including spray
      means for spraying the strip passing therethrough with fresh water after
      it has been sprayed with the rinse solution in said compartment;
PA1  weir means located in each of said common walls for maintaining a constant
      bath level in the associated compartment, the elevations of said weirs
      increasing from the first to the last of said compartments, whereby a flow
      of rinse solution corresponding to the fresh water addition occurs from
      the last to the first of said compartments under the influence of gravity;
      and
PA1  means for removing waste rinse effluent from the first of said
      compartments.
NUM  10.
PAR  10. The system of claim 9 which includes about 4 to 8 compartments.
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ABST
PAL  Apparatus for simultaneously cleaning and skiving reinforced hose including
      vacuum means for removing particulate matter from the interior of the
      hose. Rotating cutter means are provided for skiving an exterior covering
      layer from said hose. The hose is mounted in longitudinally moveable
      clamping means and fed into the longitudinally fixed rotary cutters and
      vacuuming means.
PARN
PAR  This is a division of Serial No. 378,718 filed July 12, 1973, now U.S. Pat.
      No. 3,820,421.
BSUM
PAC    CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application relates to and presents an improvement over the invention
      disclosed in U.S. Pat. application Ser. No. 209,628, filed on Dec. 20,
      1971 by Christian A. Rassi and Lionel P. Dick, of common assignment
      herewith and entitled APPARATUS FOR SKIVING REINFORCED HYDRAULIC HOSE.
PAC  BACKGROUND OF THE INVENTION
PAR  In application Ser. No. 209,628, a machine is described which is capable of
      removing the outer resilient covering from a reinforced hose. The machine
      is portable and includes means for axially or longitudinally moving a
      rotating cutting head along a portion of the fixed reinforced hose during
      the skiving operation. The disclosed machine does not include means for
      cleaning the end portion of the skived hose or for removing particulate
      debris attendant to pre-cutting from the inner diameter thereof.
PAR  In the past, separate operations were required to prepare a reinforced hose
      for receipt of a coupling member or the like. First, a saw-cutting
      operation was performed to produce a hose segment of the proper length
      with a squared-off end portion. Next, a skiving operation was carried out
      to strip away the outer covering of the reinforced hose to produce a
      proper outer diameter for adoption of the fitting to the hose. Finally, a
      wash tank operation was performed to clean out the inside of the hose and
      to remove any particulate matter, such as rubber or metal shavings or
      powder, which deposited in the hose during the cutting operation.
PAR  It is an object of this invention to provide a machine which can skive the
      outer resilient covering from a piece of reinforced hose while
      simultaneously cleaning the end portion and inside diameter thereof.
PAR  It is a further object of this invention to provide a hose skiving machine
      having a vacuum means capable of eliminating a separate wash operation by
      drawing out particulate matter from the interior of the hose during the
      skiving operation.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description and claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the skiving and cleaning machine of the
      present invention illustrating the hose clamping means, the rotary cutting
      assembly, the fixed mandrel, the means for longitudinally moving the hose
      clamping means, and the automatic clamp release means;
PAR  FIG. 2 is a cut-away elevation view, similar to FIG. 1, showing an
      alternate means for longitudinally moving the hose clamping means;
PAR  FIG. 3 is an end view of a portion of the present invention taken along the
      line III--III in FIG. 1, showing the means for hose clamping for
      longitudinal movement thereof;
PAR  FIG. 4 is a view similar to FIG. 3 but taken along the line IV--IV of FIG.
      2, showing an alternate means for longitudinally adjusting the clamping
      means;
PAR  FIG. 5 is an elevation view of the hollow hose receiving mandrel of the
      present invention;
PAR  FIG. 6 is a partial section view of the hollow mandrel its connection to
      the vacuum means of the present invention; and
PAR  FIG. 7 is an enlarged partial view of the hollow mandrel shown receiving an
      end portion of reinforced hose to be skived.
PAC  SUMMARY OF THE INVENTION
PAR  The instant skiving and cleaning machine quickly and accurately skives the
      outer resilient covering from a reinforced hose to accomodate a hose
      coupling or other end fitting. Simultaneously with the skiving operation
      the inside diameter of the skived hose is vacuum cleaned by means of a
      hollow mandrel vacuum device over which the portion to be skived is
      fitted. The reinforced hose is clamped by automatic means moveable with a
      longitudinally moveable clamping fixture integrated with the apparatus.
      After the combined skiving and cleaning operation has been completed, the
      longitudinally moveable clamping fixture is moved away from the
      longitudinally fixed rotating cutters and the hose is automatically
      released from the clamping means for removal from the machine.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1 in the drawings, a portable support table 112 for
      mounting the various elements of the apparatus is shown. A bearing block
      37 rotatably supports a drive shaft 44 for a rotary cutting assembly shown
      generally at 42. The cutting assembly is fixedly mounted upon the support
      table 112 by means of a support member 110 and base 32. An air operated
      drive motor 18 is provided and is mounted to an under portion of the table
      112. The drive motor is drivingly connected to the drive shaft 44 by means
      of a belt 116 and pulleys 114 and 118. Drive shaft 44 is rotatably
      supported at one end portion thereof within a sleeve 122 which sleeve is
      secured to a steady rest 120 rigidly mounted upon the base 32. The sleeve
      122 is closed by means of threaded cap 124 which has a centrally located
      nipple 126 for connection with a suction conduit 128, the function of
      which will be more fully explained hereinafter. A clear view of the
      arrangement is provided in FIG. 6. The conduit 128 leads to a reservoir
      129 for a vacuum means 130 which may be of conventional design or may be a
      part of an integrated shop vacuuming system.
PAR  The hose clamping means or fixture is shown generally at 165. It consists
      of an air operated clamping mechanism 166 for holding the reinforced hose
      to be skived, shown in phantom in 15. The clamping mechanism 166 is
      attached to a base plate 150 which is in turn mounted upon a pair of
      spaced-apart bearing blocks 136 which are longitudinally moveable along
      the axis of the machine upon a pair of guide rods 36 which rods are
      supported upon the table 112 by means of clamps 132. The clamping fixture
      165 is manually moveable along the rods 36 by means of the application of
      force to a U-shaped handle 168, shown clearly in FIG. 3.
PAR  The clamping means is actuated by means connected with a low pressure air
      source as might be commonly employed in a shop, shown generally at 170.
      Such air is commonly filtered and regulated at 7 and supplied to a conduit
      14 from whence it passes to branch conduits 172, 174, and 176. These
      branch conduits communicate respectively with a manual shut-off valve 16,
      a shut-off valve 178, and a cam-operated four-way air control valve 180.
      Conduits 182 and 184 lead from the valve 180 to air fittings 186 and
      supply air to the cylinder 208 in the clamping mechanism 166 to actuate
      the jaw 204.
PAR  With particular reference to FIG. 3, it will be noted that the guide rods
      36 support the bearing blocks 136 and render support for the base plate
      150 upon which is mounted the clamping fixture 165, as previously
      described. Adjustment bolts 200, one of which is shown, are provided for
      vertical positioning of the hose 15 relative to the mandrel 78. Such
      adjustment bolts are threaded into the base plate 150 and moveable
      therewith. The hose 15 when clamped, is held firmly between the jaws 202
      and 204. Jaw 202 is adjusted by means of bolt 206 and jaw 204 moves in
      response to the actuation of air cylinder 208 toward and away from jaw
      202.
PAR  The air cylinder 208 is held retracted when bearing block 136 is positioned
      in contact with a proximity switch or actuator 188 since this switch
      causes the valve 180 to supply air to the rod end of the cylinder via the
      conduit 184. At such time, the head end of the air cylinder is vented to
      atmosphere by the conduit 182 and an exhaust port (not shown) in the valve
      180. Movement of the bearing blocks 136 rightwardly away from the brackets
      132 (in FIG. 1) permits the proximity switch 188 to reposition the valve
      180 so as to reverse the operation of the cylinder 208 and cause the hose
      to be clamped. With the hose clamped, the head-end of the air cylinder is
      air supplied by conduit 182 and the rod end thereof is exhausted via the
      conduit 184 and appropriate valving.
PAR  In an alternate arrangement shown in FIG. 2 the apparatus is essentially
      the same as that shown and described with reference to FIG. 1 except for
      the means for longitudinally moving the clamping fixture 165. With
      particular reference to FIGS. 2 and 4, a rack 134 is located beneath the
      base plate 150 and between the spaced bearing blocks 136. A pinion gear
      140 is fixed upon a shaft 144 which extends transversally through the
      support table 112 beneath an upper surface thereof. The pinion engages the
      rack 134 for longitudinal movement thereof together with the clamping
      fixture upon movement of an operating lever 146.
PAR  The modified translating means shown in FIGS. 2 and 4 operates in
      essentially the same fashion as the means shown in FIGS. 1 and 3 except
      that translation occurs under the indirect influence of the rack and
      pinion through the lever 146 as opposed to under the direct influence of
      the handle 168. It should be noted that the shaft 144 extends laterally
      through sub-surface bracket means 210 and 212 which are fixed to the table
      112. The pinion gear 140 and gear hub 142 reside between the laterally
      spaced brackets 212 and pinion 140 extends radially through an opening in
      the table surface for engagement with the rack 134.
PAR  FIG. 5 presents an enlarged view of the hose pilot means 70 taken along the
      curved line V--V of FIG. 1. It will be noted that the mandrel 78 has an
      opening 156 which leads to a tapered recess 158 and inter-communicates
      with a bore 160. A dowel hole 164 (clearly shown in FIG. 6) is provided
      for locating the pilot means 70 upon a base member 48.
PAR  FIG. 6 shows the pilot means adapted for connection to the vacuum means.
      The drive shaft 44 has a bore 162 therethrough which communicates with the
      bore 160 in the mandrel 78. The sleeve 122 is lined with bearing material
      154 which allows facile rotation of the drive shaft therein.
PAR  FIG. 7 illustrates the inter-communication of an operatively disposed piece
      of reinforced hose 15 and the hollow mandrel 78. The figure also
      illustrates the location of particulate matter within the hose and the
      manner in which the vacuum means can evacuate such matter from the inner
      portion of the hose.
PAC  OPERATION
PAR  In use, the valves 16 and 178 are manually conditioned to actuate the motor
      18 and to power the vacuum means 130. The motor 18 drives the rotary
      cutting assembly shown generally at 42. The details of the cutting
      assembly, per se, are described in the aforementioned U.S. application
      Ser. No. 209,628.
PAR  In FIG. 1, the clamping fixture 165 is disposed in the position occupied
      during insertion of a hose 15 and prior to the skiving and cleaning
      operation. In this position, one of the bearing blocks 136 is in actuating
      contact with the proximity switch 188 and the valve 180 is positioned such
      that air is supplied to the clamping mechanism 166 to hold the jaws 202
      and 204 apart.
PAR  After the operator has inserted the hose 15 in the fixture and properly
      placed the guide bolt 200, he then extends the fixture longitudinally a
      predetermined amount towards the mandrel 78 by exerting a rightwardly
      directed force upon the handle 168. This movement causes the bearing
      blocks 136 to move upon the guide rods 36 and to disengage the proximity
      switch 188. This causes an automatic shift of the valve 180 to actuate the
      clamping mechanism 166 to firmly grip the hose 15.
PAR  Continued rightward movement of the fixture 165 causes the inside diameter
      of the hose 15 to contact and slip over the mandrel 78 (See FIG. 7) and to
      enter the rotating cutting means 42 wherein the cutter assembly 54, 56
      would skive a predetermined length of external rubber sheathing from the
      hose. Concurrently with the skiving process, a vacuum produced by the
      vacuum means 130 and transmitted to the mandrel 78 removes any rubber or
      metal particles which might have lodged therein during the saw-cutting
      operation. The disposition of such particles is clearly shown in FIG. 7.
      When the end portion of the reinforced hose 15 comes into contact with a
      stop means on the mandrel 78, the skiving and cleaning operation is
      complete. At this point, the operator urges the handle 168 (or lever 146)
      leftwardly until one of the bearing blocks 136 again comes into contact
      with the proximity switch 188 to cause the valve 180 to shift to a
      position which unclamps the mechanism 166 for release of the hose 15. The
      apparatus is then automatically conditioned to receive an unskived hose
      section for another operation.
PAR  In view of the foregoing, it should be apparent that the present invention
      provides a vastly improved and efficient combination skiving and cleaning
      machine for preparing reinforced hose. The instant apparatus effectively
      eliminates a time consuming manufacturing step. The savings in terms of
      time and expense resultant from such elimination are apparent.
PAR  While the invention has been described with particular reference to the
      preferred embodiments, it is apparent that variations and modifications
      are possible within the spirit of the inventive concepts. For instance,
      while the present apparatus has been described as utilizing shop air as a
      source of power, electrical or hydraulic means could obviously be employed
      to operate the elements 18, 130 and 166. It is also possible to combine
      various sources of power to actuate the various functional elements of the
      apparatus. No limitation with respect to such limitations and
      modifications is intended, except by the purview of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for cleaning the inner portion of a reinforced hose
      comprising; hollow mandrel means for receiving and supporting said hose
      during cleaning, clamping means for clamping said hose to be cleaned in a
      fixed position with respect to said clamping means, travel means for
      supporting said clamping means and for selectively moving said clamping
      means and said hose longitudinally toward said hollow mandrel means, a
      source of vacuum, communication means for communicating said source with
      said hollow mandrel means and opening means for communicating the interior
      of said hollow mandrel means with said inner portion of said reinforced
      hose for vacuum cleaning thereof, said clamping means including gripping
      means for holding said hose fixed in said clamping means while said
      clamping means moves longitudinally toward said mandrel means and while
      said hose is received upon said mandrel means, said gripping means
      comprising opposed movable members having irregular gripping surfaces for
      engaging said hose, motor means for actuating at least one of said movable
      members towards the other of said movable members.
NUM  2.
PAR  2. The invention of claim 1 wherein table means are provided for supporting
      said clamping means and wherein said clamping means are slidably mounted
      upon said table means for sliding longitudinal movement toward and away
      from said mandrel means and wherein said travel means include manual
      actuator means for transmitting manually applied force to said clamping
      means for movement thereof.
NUM  3.
PAR  3. The invention of claim 2 wherein said actuator means include a U-shaped
      hand bar attached directly to a portion of said clamping means for
      movement therewith.
NUM  4.
PAR  4. A machine for cleaning the inner portion of a reinforced hose
      comprising; hollow mandrel means for receiving and supporting said hose
      during cleaning, clamping means for clamping said hose to be cleaned in a
      fixed position with respect to said clamping means, travel means for
      supporting said clamping means and for selectively moving said clamping
      means and said hose longitudinally toward said hollow mandrel means, a
      source of vacuum, communication means for communicating said source with
      said hollow mandrel means and opening means for communicating the interior
      of said hollow mandrel means with said inner portion of said reinforced
      hose for vacuum cleaning thereof, table means being provided for
      supporting said clamping means and said clamping means being slidably
      mounted upon said travel means for sliding longitudinal movement toward
      and away from said mandrel means and wherein said travel means include
      manual actuator means for transmitting manually applied force to said
      clamping means for movement thereof, said actuator means including a rack
      mounted upon said clamping means for movement therewith and a pinion gear
      rotatably mounted within a portion of said table means for engaging said
      rack and imparting motion thereto and lever and shaft means connected to
      said pinion gear for selective rotation thereof.
NUM  5.
PAR  5. A machine for cleaning the inner portion of a reinforced hose
      comprising; hollow mandrel means for receiving and supporting said hose
      during cleaning, clamping means for clamping said hose to be cleaned in a
      fixed position with respect to said clamping means, travel means for
      supporting said clamping means and for selectively moving said clamping
      means and said hose longitudinally toward said hollow mandrel means, a
      source of vacuum, communication means for communicating said source with
      said hollow mandrel means and opening means for communicating the interior
      of said hollow mandrel means with said inner portion of said reinforced
      hose for vacuum cleaning thereof, said clamping means including gripping
      means for holding said hose fixed in said clamping means while said
      clamping means moves longitudinally toward said mandrel means and while
      said hose is received upon said mandrel means, clamping motor means are
      provided for actuating said gripping means and said gripping means include
      at least one jaw member movable into and out of gripping engagement with
      said hose, said jaw member being responsive to the selective actuation of
      clamping motor means.
NUM  6.
PAR  6. The invention of claim 5 wherein said clamping motor means include a
      piston connected to said jaw member, said clamping means being
      longitudinally movable between first and second spaced-apart extreme
      positions, said first position being occupied when said hose is placed
      within said clamping means and said second position being approached when
      said hose is being cleaned, said clamping motor means further including
      proximity switching means engagable by said clamping means when said
      clamping means is disposed in said first position for causing said piston
      to move said jaw member out of gripping engagement with said hose.
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ABST
PAL  An improved mounting structure for movably mounting the handle of a power
      driven vacuum cleaner including spring biasing structure urging the handle
      to a central neutral position and permitting the user of the vacuum
      cleaner to effect selective forward and rearward movement of the vacuum
      cleaner by suitable manipulation of the handle against the action of the
      spring biasing structure. The spring biasing structure is defined by a
      cartridge which is mounted in a tubular portion of the handle. Improved
      bearing structures are provided for providing facilitated longitudinal
      reciprocation of the handle for facilitated control of the forward and
      reverse operation of the vacuum cleaner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners and in particular to means for
      movably mounting the handle of a power driven vacuum cleaner for
      facilitated control of the movement of the vacuum cleaner by suitable
      manipulation of the handle.
PAR  2. Description of the Prior Art
PAR  In Thomas E. Hetland U.S. Pat. No. 3,857,076 for an Upright Vacuum Cleaner
      Drive Motor Control, an improved means for controlling the movement of a
      self-propelled vacuum cleaner is disclosed. Said patent is owned by the
      assignee hereof. The handle mounting means of the present invention
      comprises a further improvement in the means for mounting the handle of
      such a self-propelled vacuum cleaner.
PAR  As pointed out in said patent, the prior art shows the use of propelling
      means in devices such as automobiles, lawnmowers, golf bag carriers, and
      golf carts, wherein the propelling means comprise self-contained motor
      driven power means. The art further shows the use of push-pull
      longitudinally movable controls as in electrical switches, dental
      instruments, lawnmowers, golf carts, etc. It is further known to provide
      in vacuum cleaners, motor driven suction fans and motor driven agitators.
PAR  In said patent, the reversible drive of the vacuum cleaner is controlled by
      longitudinal movement of the handle which extends into the bag housing to
      carry internally thereof a cam which is selectively engageable with a pair
      of switches for controlling the operation of the drive motor. The handle
      carries a central spring actuating means for coaction with a pair of coil
      springs associated with the cam means to bias the handle to a central
      neutral position.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved means for movably mounting
      the handle of such a power driven vacuum cleaner for improved control of
      the movement thereof.
PAR  More specifically, the present invention comprehends an improved handle
      mounting means wherein bearing means are provided on the bag housing for
      providing facilitated reciprocal movement of the handle relative to the
      housing. The handle is biased to a central neutral position by means of a
      biasing assembly comprising a cartridge installed in a tubular end of the
      handle and carrying a pair of biasing springs.
PAR  Stop means are secured to the bag housing and extend into the cartridge for
      selectively deflecting the springs as a result of manipulation of the
      handle whereby suitable selective movement of the vacuum cleaner is
      effected. Upon release of the handle by the operator, the spring means of
      the cartridge return the handle to the neutral position.
PAR  The cartridge assembly comprises a molded plastic means permitting
      facilitated assembly of the springs relative to the stop means and
      permitting facilitated installation in the tubular end of the handle.
PAR  The bearing means may comprise ball bearing means and effectively provide a
      smooth facilitated movement of the handle as a result of manipulation
      thereof by the operator.
PAR  The handle assembly is extremely simple and economical of construction and
      may be readily assembled in the vacuum cleaner. As the cartridge
      effectively controls the deflection of the springs in effecting biasing of
      the handle to the neutral position, uniformity in the biasing means is
      provided. To compensate for the weight of the handle, the springs may have
      a differential compression as controlled by the dimensions of the
      cartridge.
PAR  The bearings may be provided with metal bearing holders mounted in a
      synthetic plastic portion of the bag housing for improved long life and
      maintained low friction movement of the handle. The cartridge may comprise
      a molded synthetic plastic cartridge for improved uniformity in the
      biasing action.
PAR  Thus, the present invention comprises an improved handle biasing means in a
      power driven vacuum cleaner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a perspective view of a vacuum cleaner having a handle biasing
      means embodying the invention;
PAR  FIG. 2 is a fragmentary rear elevation thereof;
PAR  FIG. 3 is a longitudinal section taken substantially along the line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a transverse longitudinal section taken substantially along the
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a horizontal section taken substantially along the line 5--5 of
      FIG. 3; and
PAR  FIG. 6 is a horizontal section taken substantially along the line 6--6 of
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      vacuum cleaner generally designated 10 is shown to comprise a power driven
      vacuum cleaner having a bag housing 11 and motor driven wheeled means
      generally designated 12 for reversibly moving the vacuum cleaner over a
      surface to be cleaned. Operation of the reversible driving means is
      effected by suitable manipulation of a handle generally designated 13 as
      by a user's hand H, as shown in FIG. 1, moving the handle fowardly or
      rearwardly in a manner similar to that effected in the manipulation of a
      conventional nonpower driven vacuum cleaner. It is desirable in such power
      driven vacuum cleaners to provide the driving action with effectively
      minimum force by the user so that the vacuum cleaner is substantially
      instantaneously responsive to the manipulation of the handle. The present
      invention comprehends an improved means for mounting the handle 13 in the
      vacuum cleaner which provides such improved facilitated control of the
      handle movement.
PAR  In the illustrated embodiment, the handle is movably mounted to the bag
      housing 11 in a rearwardly vertically extending channel 14 in the rear
      wall 15 thereof. Handle 13 includes a distal manipulation portion 16, a
      connecting portion 17, and a lower carrier portion 18. Carrier portion 18
      is movably received in channel 14 for vertical reciprocal displacement, as
      illustrated in FIG. 2. Carrier portion 18 comprises a tubular portion in
      which is received a cartridge generally designated 19 provided with a pair
      of springs 20 and 21 for biasing the handle to a central neutral position
      as shown in FIGS. 4 and 5.
PAR  Cartridge 19 comprises a molded synthetic plastic element 22 defining a
      pair of reaction surfaces 23 and 24 spaced outwardly from central stop
      means generally designated 25. As best seen in FIGS. 3 and 5, stop means
      25 comprises a screw 26 carried by the rear wall 15 of the bag housing and
      projecting outwardly through the tubular carrier portion 18 of the handle
      and cartridge 19 mounted therein. A tubular spacer 28 is provided on the
      screw 26. A retaining plate 29 is secured to the bag housing by suitable
      screws 30. Suitable weld nuts 32 are provided on plate 29 for receiving
      screws 26 and 30. Spring inserts 27 are positioned inside the turns of
      springs 20 and 21 at their ends adjacent stop means 25. The spring inserts
      27 facilitate assembly of the cartridge 19 and also serve to keep springs
      20 and 21 in proper location during operation. The spring inserts include
      a tubular portion 27' dimensioned to fit inside the coils of springs 20
      and 21 and a flange portion 27" overlying the ends of the respective
      springs.
PAR  Springs 20 and 21 herein comprise coil springs extending between the stop
      means 25 and opposite spaced reaction surfaces 23 and 24 to provide the
      desired biasing of the handle to the central neutral position. Surface 23
      is defined by a wall portion 33 of the cartridge element 22 and surface 24
      is defined by a wall portion 34 of the cartridge element 22, which wall
      portions are accurately located relative to the mid-portion 35 of the
      cartridge element 22, as illustrated in FIG. 4. The cartridge element is
      fixedly secured to the tubular carrier portion by suitable securing means,
      such as rivet 36. The cartridge element may be provided with a further end
      wall portion 37 limiting the insertion of the element into the tubular
      carrier portion 18 of the handle, as illustrated in FIG. 4, for accurately
      positioning the cartridge relative to the handle in the assembled
      relationship of the hanlde mounting structure.
PAR  As shown in FIG. 2, a second retaining plate 38 may be secured to the bag
      housing by suitable screws 39 adjacent the upper end 40 of the bag housing
      for cooperating with retaining plate 29 in retaining the handle carrier
      portion 18 within the channel 14. Facilitated reciprocal displacement of
      the handle is provided herein by suitable bearing means generally
      designated 41, herein comprising ball bearings 42, received in suitable
      metal bearing holders 43 disposed in suitable recesses 44 at spaced
      positions along the longitudinal extent of the channel 14. As best seen in
      FIG. 6, each bearing holder 43 is received in a side wall 45 of the
      channel 14 with the ball bearing 42 projecting outwardly therefrom into a
      longitudinal groove 46 in the side walls 47 of the carrier portion 18.
      Bearings 41 provide a low friction mounting of the handle to the bag
      housing which permits movement of the handle with minimum force by the
      user so as to provide highly sensitive control of the vacuum cleaner
      movement thereby effectively minimizing fatigue and facilitating the
      vacuum cleaner operation.
PAR  Upon displacement of the handle from the central neutral position, the
      corresponding movement of cartridge 19 causes a compression of one of the
      springs 20 and 21 and a relaxation of the other of the springs depending
      on the direction of manipulation of the holder. More specifically, one of
      the springs is compressed between the reaction surface associated
      therewith and the stop means 25 as the central wall portion 35 moves away
      from the inner end of the spring. At the same time, stop means 25 moves
      away from the inner end of the opposite spring permitting that spring to
      remain compressed between the wall means 35 and its associated reaction
      surface without any biasing effect at that time. Thus, in manipulating the
      handle, the user selectively compresses one or the other of the biasing
      springs which, upon release of the handle, immediately restores the handle
      to the central neutral position. The restoration of the handle is
      facilitated by the low friction mounting of the hanlde in the bag housing
      channel afforded by the ball bearing mounting means. Resultingly,
      fingertip manipulation of the handle may be utilized in effecting the
      controlled movment of the vacuum cleaner to provide an improved
      facilitated cleaning operation.
PAR  As the cartridge element 22 may be molded, high accuracy in the spacing of
      the walls 33, 34 and 35 is provided for improved production efficieny and
      economy. The handle mounting means is readily assembled and may be readily
      disassembled for facilitated servicing as desired.
PAR  In the illustrated embodiment, the spacing of wall 33 from wall 35 is less
      than the spacing of wall 34 from wall 35 to provide a differential biasing
      effect relative to the springs 20 and 21 which are resultingly
      differentially compressed so as to provide different preloading thereof.
      Thus, spring 20 is preloaded to a greater extent than spring 21 to
      accommodate the weight of the handle in providing a disposition of the
      handle in the desired central neutral position.
PAR  The retaining plates 29 and 38 serve to retain the handle carrier portion
      18 against displacement outwardly from the channel 14 and, thus,
      effectively, permit handle carrier portion 18 to, in turn, retain the
      bearing means 41 in the side walls 45 so that, in effect, the retaining
      plates serve both to retain the handle in movable association with the bag
      housing and the bearing means in mounted association therewith.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a power driven vacuum cleaner having a bag housing, selectively
      operable means for reversibly driving the vacuum cleaner, and a
      manipulating handle, an improved mounting structure for movably mounting
      the handle for controlling the selectively operable means, said mounting
      structure comprising:
PA1  bearing means movably supporting said handle on said bag housing for
      reciprocable movement of the handle from and to a central neutral
      position; and
PA1  a biasing assembly for biasing said handle to said neutral position
      including stop means fixedly retained to said bag housing, means movable
      with said handle defining a pair of reaction surfaces spaced oppositely
      from said stop means, a first selectively deflectible spring extending
      between said stop means and one of said reaction surfaces, and a second
      selectively deflectible spring extending between said stop means and the
      other of said reaction surfaces, said springs cooperatively urging said
      handle to said central neutral position.
NUM  2.
PAR  2. The vacuum cleaner handle mounting structure of claim 1 wherein said
      biasing assembly includes a cartridge attached to said handle and defining
      said reaction surfaces and spring means.
NUM  3.
PAR  3. The vacuum cleaner handle mounting structure of claim 1 wherein said
      handle is tubular and said biasing assembly includes a cartridge mounted
      in and attached to said tubular handle and defining said reaction surfaces
      and spring means.
NUM  4.
PAR  4. The vacuum cleaner handle mounting structure of claim 1 wherein said
      bearing means comprises ball bearing means carried by said bag housing.
NUM  5.
PAR  5. The vacuum cleaner handle mounting structure of claim 1 wherein said bag
      housing defines a channel receiving said handle for longitudinal
      reciprocal movement therein.
NUM  6.
PAR  6. The vacuum cleaner handle mounting structure of claim 1 wherein said bag
      housing defines a channel receiving said handle for longitudinal
      reciprocal movement therein and said bearing means comprises ball bearing
      means carried by said bag housing, and further including retaining means
      retaining said handle in said channel and removably maintaining said
      bearing means mounted to said bag assembly.
NUM  7.
PAR  7. The vacuum cleaner handle mounting structure of claim 1 wherein said
      springs are compressible and said reaction surfaces are disposed to
      provide a compression of said first spring different from that of said
      second spring when said handle is in said neutral position.
NUM  8.
PAR  8. In a power driven vacuum cleaner having a bag housing, selectively
      operable means for reversibly driving the vacuum cleaner, and a
      manipulating handle, an improved mounting structure for movably mounting
      the handle for controlling the selectively operable means, said mounting
      structure comprising:
PA1  means movably supporting said handle on said bag housing for reciprocable
      movement of the handle from and to a central neutral position;
PA1  stop means fixedly retained to said bag housing; and
PA1  a cartridge comprising a mounting element carried by said handle and
      defining a pair of reaction surfaces spaced oppositely from said stop
      means, a first spring disposed within said mounting element selectively
      compressible between said stop means and the other of said reaction
      surfaces, said springs cooperatively urging said handle to said central
      neutral position.
NUM  9.
PAR  9. The vacuum cleaner handle mounting structure of claim 8 wherein said
      handle defines a tubular portion and said cartridge is received in said
      tubular portion.
NUM  10.
PAR  10. The vacuum cleaner handle mounting structure of claim 8 wherein said
      handle defines a tubular portion and said cartridge is received in said
      tubular portion, said stop means extending from said bag housing through
      said tubular portion into said cartridge.
NUM  11.
PAR  11. The vacuum cleaner handle mounting structure of claim 8 wherein said
      mounting element comprises a molded plastic element, and said reaction
      surfaces comprise wall means integrally molded in said element.
NUM  12.
PAR  12. The vacuum cleaner handle mounting structure of claim 8 wherein said
      handle defines a tubular portion and said cartridge is received in said
      tubular portion, said mounting structure further including securing means
      fixedly securing said cartridge to said handle portion.
NUM  13.
PAR  13. In a power driven vacuum cleaner having a bag housing, selectively
      operable means for reversibly driving the vacuum cleaner, and a
      manipulating handle, an improved mounting structure for movably mounting
      the handle to the bag housing for controlling the selectively operable
      means, said mounting structure comprising:
PA1  means on said handle defining a tubular carrier portion;
PA1  ball bearing means movably supporting said carrier portion on said bag
      housing for reciprocable movement of the handle from and to a central
      neutral position;
PA1  stop means fixedly retained to said bag housing; and
PA1  a cartridge defining means for biasing said carrier to said neutral
      position, said cartridge including means movable with said carrier portion
      defining a pair of reaction wall means spaced oppositely from said stop
      means, a first selectively deflectible coil spring extending between said
      stop means and one of said reaction wall means, and a second selectively
      deflectible coil spring extending between said stop means and the other of
      said reaction wall means, said springs cooperatively urging said carrier
      and handle to said central neutral position.
NUM  14.
PAR  14. The vacuum cleaner handle mounting structure of claim 13 wherein said
      reaction wall means are disposed to provide a compression of said first
      spring different from that of said second spring when said handle is in
      said neutral position.
NUM  15.
PAR  15. The vacuum cleaner handle mounting structure of claim 13 wherein said
      springs comprise selectively compressible coil springs.
NUM  16.
PAR  16. The vacuum cleaner handle mounting structure of claim 13 wherein said
      stop means further defines means for retaining the handle carrier portion
      in mounted association with the bag housing.
NUM  17.
PAR  17. The vacuum cleaner handle mounting structure of claim 13 wherein said
      cartridge is fixedly secured to said handle carrier portion.
NUM  18.
PAR  18. The vacuum cleaner handle mounting structure of claim 13 including
      spring insert means for the stop means end of said first and second
      springs including a tubular portion positioned inside the coils of said
      springs and a circular flange overlying the stop means end of said first
      and second springs.
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ABST
PAL  The specification discloses a surface cleaning apparatus having an air
      blast pickup head in which the suction in the exhaust chamber can be
      increased by the operator during operation of the apparatus to facilitate
      the ingestion of larger objects of debris and litter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to surface cleaning apparatus, and
      particularly to such apparatus employing air assist or air blast pickup
      heads.
PAR  Air assist pickup heads deliver air under pressure to an exhaust chamber.
      The air under pressure sweeping over the surface being cleaned tends to
      loosen debris which is then exhausted through an exhaust line joined to
      the exhaust chamber. A sweeper having a pickup head of this type is
      disclosed in U.S. Pat. No. 3,512,206, issued to Mr. B. W. Young on May 19,
      1970. The exhaust chamber is enclosed on all sides so that it is somewhat
      sealed with respect to the atmosphere. The front wall of the exhaust
      chamber is sealed by means of a flexible flap which allows debris and the
      like to pass thereunder and into the exhaust chamber.
PAR  This type of pickup head is quite effective as a result of the employment
      of a blast of air to loosen dirt on the surface to be cleaned. In order to
      keep dust and the like to a minimum, it is fairly important that the
      exhaust chamber be relatively well sealed with respect to the atmosphere.
      Thus, dust and debris kicked up by the air blast are exhausted from the
      exhaust chamber without escaping to any great extent to the air.
      Typically, some air is drawn in from the atmosphere from the side walls
      and front flap of the exhaust chamber as a result of the fact that a small
      bleed-off is inherent in the flow circuit. Some of the air which is drawn
      out of the exhaust chamber by the blower is exhausted to the atmosphere,
      as a result of a small amount of unavoidable leakage, rather than being
      returned to the air delivery plenum chamber with the bulk of the air.
      Typically, such bleed-off amounts to about 1% of the air being circulated
      and is probably never more than 5 to 10%. In some systems, a bleed-off
      port is purposely provided for bleeding off these small amounts of air.
PAR  One drawback to such a system is that the pickup head does not readily
      ingest larger articles of debris and the like. The front flap of exhaust
      chamber is flexible so that theoretically large items of debris and litter
      can be drawn thereunder. As a practical matter, however, such ingestion
      poses a mettlesome and heretofore unsolved problem.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, a vent and a closure means therefor are provided
      in the air delivery circuit which delivers air under pressure to the
      surface being cleaned. The closure means is operably connected to an
      actuating means which is positioned so as to be accessible to the operator
      of the apparatus. The vent itself is sufficiently large that a substantial
      volume of air under pressure can be exhausted therethrough. When the
      operator approaches a large article of debris, he activates the actuating
      lever, thereby causing a substantial volume of air to be vented to the
      atmosphere rather than to be delivered into the exhaust chamber of the
      pickup head. As a result, the relative vacuum within the exhaust chamber
      is increased substantially and sharply so that larger articles of debris
      and litter are more readily sucked thereinto and exhausted through the
      exhaust circuit.
PAR  Preferably, the front flap on the exhaust chamber is also operably
      connected to the actuating means so that when the actuating means is
      actuated by the operator, the front flap is pivoted upwardly to some
      extent. Thus, the front flap is mechanically pivoted upwardly as well as
      being drawn upwardly by the sudden increase in vacuum within the exhaust
      chamber so that the pickup of large items of litter and debris is still
      more readily effected.
PAR  These and other objects, advantages and features of the present invention
      will be more fully understood and appreciated by reference to the written
      specification and appended drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the pickup head for the surface cleaning apparatus
      of the present invention;
PAR  FIG. 2 is a cross-sectional view of the pickup head taken along plane
      II--II of FIG. 1 with the flow surface for the air being shown
      schematically and with only a representative portion of the frame of the
      surface cleaning apparatus being shown;
PAR  FIG. 3 is a cross-sectional view taken along plane II--II of FIG. 1 but
      with the actuator means in its open position so as to open the vent at the
      rear of the air delivery plenum and so as to partially lift the front flap
      at the front of the exhaust chamber;
PAR  FIG. 4 is a rear elevational view of the pickup head; and
PAR  FIG. 5 is a cross-sectional view of the pickup head taken generally along
      plane V--V of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the preferred embodiment, the surface cleaning apparatus of the present
      invention includes an air assist Pickup head 1 which is in flow
      communication with a blower 30 through an air delivery line 20 and through
      an air exhaust line 50 (air delivery line 20, blower 30 and exhaust line
      50 being shown schematically in FIG. 2). Pickup head 1 includes an air
      delivery plenum chamber 10 to which air under pressure first enters the
      pickup head. From there it is blasted through an air blast nozzle 14 into
      the pickup head exhaust chamber 40. From thence it is exhausted through
      exhaust line 50. The vent holes 61 of a plenum vent assembly 60 (FIGS. 2
      and 4) can be opened by actuating an actuator linkage 70 so that a
      substantial volume of air in air delivery plenum 10 is exhausted through
      vent holes 61, thereby creating a greater vacuum within exhaust chamber 40
      and causing a greater volume of air to be drawn in under the primary front
      flap 44 and the secondary front flap 45 at the front of exhaust chamber
      40. (Compare FIGS. 2 and 3).
PAR  Pickup head 10 itself includes a sheet of metal bent into a front wall 6, a
      sloping top wall 2, a generally horizontal top wall 3 and a rear wall 4
      (FIGS. 1 through 5). The ends of pickup head 1 are closed off by a pair of
      spaced end walls 5 (see particularly FIGS. 1 and 4). The end walls 5 are
      also constructed of metal and are secured to the front, top and rear wall
      defining sheet of metal by welding or the like.
PAR  The interior of pickup head 1 is divided into an air delivery plenum
      chamber 10 and an exhaust chamber 40 by means of a sheet metal partition
      11 which is welded at its front near the front of top sloping wall 2. From
      its point of connection to wall 2, partition 11 slopes rearwardly and
      downwardly and is rolled over along its back edge to define a guide foil
      12 (FIGS. 2, 3 and 5). There is an opening through top horizontal wall 3
      into air delivery plenum 10, and this opening is fitted with a suitable
      air delivery port 15 to which an air delivery line 20 can be connected
      (FIGS. 1, 2 and 3). Joined to the bottom edge of rear wall 4 is a
      downwardly and slightly forwardly sloping air guide flange 13 which
      terminates at a point spaced a short distance from air guide foil 12. The
      space between air guide flange 13 and air guide foil 12 comprises a long
      nozzle 14 between air delivery plenum chamber 10 and exhaust chamber 40
      and extending from one end wall 5 to the other. Air which enters air
      delivery plenum chamber 10 under pressure through port 15 is blasted
      forwardly and downwardly through nozzle 14 and into the rear of exhaust
      chamber 40. A small bracket 16 is welded to each end wall 5 of pickup head
      1 for the purpose of supporting air guide flange 13 at its ends so as to
      insure an appropriate angle for delivering the blast of air downwardly and
      forwardly along the rear of exhaust chamber 40.
PAR  Exhaust chamber 40 is exhausted by blower 30 through an exhaust port 41
      (FIGS. 1, 4 and 5). Exhaust port 41 is a sheet metal cylinder which is
      fitted through an opening in top horizontal wall 3 and which extends
      downwardly through air delivery plenum chamber 10, through an aperture in
      the top of partition 11 and into exhaust plenum 40 at one end thereof. Air
      delivery port 15 is located at the opposite end of pickup head 1 so that
      air not only sweeps into exhaust chamber 40 along its rear edge, but also
      tends to sweep from one end thereof toward the other, i.e. towards exhaust
      port 41 (FIG. 1). An exhaust line 50 is connected to exhaust port 41 and
      empties into a debris plenum 100. Debris plenum 100 is connected by a flow
      passage 50a to the exhaust generating side of blower 30.
PAR  Exhaust chamber 40 is generally sealed with respect to the atmosphere by
      means of a set of three rear sealing flaps 42 and by a pair of front
      flaps, specifically primary front flap 44 and secondary front flap 45
      (FIGS. 2, 3 and 5). The rear flaps 42 are made of fairly thin rubber or
      the like and two of them are connected to the bottom of rear wall 4 along
      with air guide flange 13. The third flap 42 is mounted on a projecting
      rear ledge wall 7 which is welded to rear wall 4 and which projects
      generally outwardly horizontally from rear wall 4.
PAR  Primary front flap 44 is a fairly heavy flap made of rubber or the like and
      it is mounted to a pivot axle 46 which is mounted at its ends in suitable
      bearings, the bearings in turn being mounted in apertures in the end walls
      5. Secondary front flap 45 is lighter in weight than primary front flap 44
      and it is secured directly to forward wall 6. The heavier flap 44 provides
      the primary seal along the front of exhaust chamber 40 whereas the
      secondary lighter flap 45 is intended more for insurance. The ends of
      exhaust chamber 40 are sealed off not only by end walls 5, but also by a
      pair of shoes 43, one being mounted against each end wall 5 (FIGS. 1-5).
      The shoes 43 are made of wood, nylon, teflon or a material such as
      carborundum. These shoes 43 actually engage the surface to be cleaned to
      generally seal off the ends of exhaust chamber 40.
PAR  In stating that exhaust chamber 40 is generally sealed with respect to the
      atmosphere, it is by no means intended to imply that any type of perfect
      seal is formed. Indeed, air is continually allowed to leak under front
      flaps 44 and 45, and in fact under all of the walls of exhaust chamber 40,
      in order to insure a slight flow of air from the exterior to the interior
      of exhaust chamber 40 and thereby minimize dust pollution. Absent such a
      slight flow of air into exhaust chamber 40, dust and the like might
      actually be blown out from under the walls of exhaust chamber 40. This
      slight leaking of air into exhaust chamber 40 from the atmosphere is
      created by an inherent air bleed-off, shown schematically by arrow 21, on
      air delivery line 20 (FIG. 2). This bleed-off is of about 1% of the air
      being circulated.
PAR  With the exception of the slight bleed-off 21, the air flow system in this
      apparatus is generally closed and continuous. Thus, air is fed from blower
      30 into air delivery plenum chamber 10 and from thence into exhaust
      chamber 40 from whence it is exhausted through exhaust port 41 (not shown
      in FIG. 2), through exhaust line 50 and back to blower 30.
PAR  Plenum vent 60 is located on the rear wall 4 of air delivery plenum chamber
      10 (FIGS. 2, 3 and 4). A plurality of elongated holes 61 are located in
      rear wall 4. These holes 61 are sufficiently large that when opened, a
      substantial amount of air is vented from air delivery chamber 10 directly
      to the atmosphere. This amounts preferably to about 25% of the air being
      circulated in the system. Vents 61 are normally closed, however, by a
      closure door 62. Door 62 is a piece of sheet metal which is secured by
      welding or the like to a pivot axle 63. Axle 63 is pivotally mounted in a
      pair of mounting brackets 64, one being located at each end of pickup head
      1, each of the brackets 64 being bolted to one of the end walls 5.
      Elongated bolt holes are provided in brackets 64 to facilitate adjustment
      of closure door 62 with respect to its vent holes 61.
PAR  Pivot axle 63 of closure 62 is in turn operably connected to actuating
      linkage 70. Actuator linkage 70 includes a handle 71 which is pivotally
      mounted in a pivot mounting bracket 72 to the frame 80 of the surface
      cleaning apparatus (FIGS. 2 and 3). A front tie rod 73 is pivotally
      connected to the end of handle 71 at a point which is located below pivot
      mounting bracket 72. Tie rod 73 is in turn connected to a front flap
      actuating lever 74. The connection is a pivotal one and is made by bending
      the front tie rod 73 over at its end, passing it through a hole in the
      flap actuating lever 74 and securing it by means of a lock washer or other
      conventional means. Flap lever 74 is itself securely fastened to the front
      flap pivot mounting axle 46. Thus, when flap lever 74 is rotated from its
      upright position to a forwardly sloping position (compare FIGS. 2 and 3),
      pivot axle 46 is rotated and front flap 44 tends to be pivoted upwardly.
PAR  A rear tie rod 75 is also pivotally connected to front flap lever 74 and
      extends rearwardly where, at its opposite end, it is pivotally connected
      to a closure actuating lever 76. Closure actuating lever 76 is bent
      inwardly from its point of connection with rear tie rod 75 and is then
      bent downwardly and is rigidly connected at its other end to the pivot
      axle 63 of closure door 62 (FIG. 4). When an operator pulls handle 71
      rearwardly, he pulls flap lever 74 forwardly and he pulls closure door
      lever 76 forwardly, thereby tending to pivot heavy primary flap 44
      upwardly and rearwardly and thereby opening closure door 62 of vent 60. A
      spring means 10 is mounted at one end to frame 80 and at its other end to
      lever 71 in order to normally bias lever 71 to a forward position as shown
      in FIG. 2.
PAR  The frame 80 on which pickup head 1 and actuating lever 71 are mounted may
      be the frame of any of a number of different types of movable carts or
      vehicles. Thus, pickup head 1 could be incorporated into a walk behind
      type of sweeper, it could be incorporated into a ride-on sweeper or it
      could be incorporated into a large truck. Pickup head 1 is mounted to the
      frame 80 of the particular vehicle by means of chains or the like
      extending between frame 80 and a pair of spaced mounting links 90 (FIG.
      1).
PAC  OPERATION
PAR  In operation, closure door 62 of the plenum vent apparatus 60 would
      normally be closed. Thus, air from blower 30 would normally be blasted
      throughport 15 into air delivery plenum 10 and from thence through nozzle
      14 into the rear of exhaust chamber 40 (FIG. 2). The path of this air is
      indicated by heavy dark arrows in FIG. 2. A very small arrow represents
      the 1% or so air bleed-off 21 in order to graphically illustrate the fact
      that the amount of air bled off is extremely minor compared to the overall
      flow generated by blower 30. FIG. 2 also shows that bleed-off 21 results
      in a small amount of air being drawn in under primary front flap 44 and
      secondary front flap 45. This minor flow of air is indicated by very
      small, fine arrows of FIG. 2. All of the air which so enters exhaust
      chamber 40 is then evacuated outwardly through exhaust port 41 (not shown
      in FIGS. 2 and 3) and is from thence returned to blower 30 through exhaust
      line 50.
PAR  As the operator of the surface cleaning apparatus approaches a large item
      of litter such as a paper cup or a popcorn box, he pulls handle 71
      rearwardly. This opens vent holes 61 at the rear of air delivery plenum
      chamber 10. Also, it pivots primary front flap 44 upwardly to some extent.
      The opening of the vent holes 61 allows a substantial voluem of air to
      escape from air delivery chamber 10 into the atmosphere (FIG. 3). This
      escape of a substantial volume of air is indicated by the path of the very
      heavy dark arrows in FIG. 3. Since some air still passes through nozzle 14
      into exhaust chamber 40, a series of small arrows are shown in FIG. 3
      passing through nozzle 14 and into exhaust chamber 40. However since a
      very substantial amount of air escapes through the vents 61, about 25% of
      the air being circulated, a rather substantial vacuum with respect to the
      atmosphere is suddenly built up within exhaust chamber 40. This causes a
      great deal of air to be drawn in under the front flaps 44 and 45. This
      sudden rush of air not only facilitates further lifting of heavy primary
      front flap 44, it also causes secondary front flap 45 to be lifted
      upwardly and it carries the item of debris or litter, such as cup or
      popcorn box, underneath flaps 44 and 45 and into exhaust chamber 40. Then,
      such items of debris and litter are readily drawn up through exhaust line
      50 to a suitable debris chamber 100 which is located in the flow circuit
      of exhaust line 50.
PAR  Once such items have been ingested, the operator releases lever 71 so that
      it returns to the position shown in FIG. 2. The vent holes 61 of plenum
      vent assembly 60 are again closed and primary front flap 44 and secondary
      front flap 45 again assume their positions as shown in FIG. 2.
PAR  This assembly greatly improves the utility of air assist pick-up heads
      since it provides the dust loosening advantages of such pick-up heads and
      still makes possible the ingestion of larger items of litter and debris.
      Of course, it will be understood that various changes and alterations can
      be made in the preferred embodiment without departing from the spirit and
      broader aspects of the invention as defined in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A surface cleaning apparatus comprising: a pickup head defining an
      exhaust chamber; an air delivery flow circuit operably connected to said
      exhaust chamber for delivering air under pressure to said exhaust chamber;
      an air exhaust circuit operably connected to said exhaust chamber for
      exhausting air therefrom; a vent on said air delivery circuit for venting
      said air delivery circuit to the atmosphere, said vent being located
      outside of said exhaust chamber and on the upstream air flow side thereof;
      said vent being sufficiently large to vent a substantial portion of air
      under pressure to the atmosphere; closure means on said vent; actuating
      means operably connected to said closure means and being conveniently
      located on said apparatus for actuation by an operator operating said
      surface cleaning apparatus whereby as said pickup head approaches large
      items of debris, the operator can open said vent by actuating said
      actuating means, to create a greater negative pressure in said exhaust
      chamber with respect to the atmosphere whereby the ingestion of large
      items of debris and litter is facilitated.
NUM  2.
PAR  2. The apparatus of claim 1 in which said exhaust chamber includes sealing
      means extending generally to the surface being cleaned for generally
      sealing said exhaust chamber with respect to the atmosphere; said sealing
      means including a front flap, pivotally mounted along the front of said
      exhaust chamber; said actuating means being operably connected to said
      front flap whereby the actuation of said actuating means by the operator
      also tends to raise said front flap.
NUM  3.
PAR  3. The apparatus of claim 2 in which said front flap comprises a relatively
      heavy primary flap; said sealing means further including a secondary flap
      which is lighter than said primary flap and which is mounted at the front
      of said exhaust chamber in front of said primary flap.
NUM  4.
PAR  4. The apparatus of claim 2 in which said pickup head also defines an air
      delivery plenum chamber, said air delivery plenum chamber comprising a
      part of said air delivery flow circuit; said pickup head including a wall
      defining said air delivery plenum chamber and closing said air delivery
      plenum chamber to the atmosphere; said vent means comprising at least one
      aperture in said wall.
NUM  5.
PAR  5. The apparatus of claim 4 in which said closure means comprises a door
      pivotally mounted on an axle adjacent said vent means; a lever rigidly
      connected to said axle; said actuating means including a handle pivotally
      mounted on said surface cleaning apparatus and linkage means joining said
      handle to said closure lever; said front flap being mounted on an axle
      which is pivotally mounted in said pickup head; a front flap actuating
      lever being rigidly connected to said front flap pivot axle; said front
      flap actuating lever being operably connected to said linkage means.
NUM  6.
PAR  6. The apparatus of claim 1 in which said pickup head also defines an air
      delivery plenum chamber, said air delivery plenum chamber comprising a
      part of said air delivery flow circuit; said pickup head including a wall
      defining said air delivery plenum chamber and closing said air delivery
      plenum chamber to the atmosphere; said vent means comprising at least one
      aperture in said wall.
NUM  7.
PAR  7. The apparatus of claim 1 in which said closure means comprises a door
      rigidly mounted on a pivot axle; a closure actuating lever being rigidly
      connected to said pivot axle; said actuating means including a handle
      pivotally mounted to said surface cleaning apparatus and a linkage
      operably connected to said handle and operably connected to said closure
      actuating lever whereby the operation of said handle opens said door of
      said closure means.
NUM  8.
PAR  8. The apparatus of claim 1 in which said vent is sufficiently large to
      vent approximately 25% of the air which would otherwise be delivered to
      said exhaust chamber.
NUM  9.
PAR  9. The apparatus of claim 8 in which said exhaust chamber includes sealing
      means extending generally to the surface being cleaned for generally
      sealing said exhaust chamber with respect to the atmosphere; said sealing
      means including a front flap, pivotally mounted along the front of said
      exhaust chamber; said actuating means being operably connected to said
      front flap whereby the actuation of said actuating means by the operator
      also tends to raise said front flap.
NUM  10.
PAR  10. The apparatus of claim 1 in which said exhaust chamber includes sealing
      means extending generally to the surface being cleaned for generally
      sealing said exhaust chamber with respect to the atmosphere; said sealing
      means including a front flap, pivotally mounted along the front of said
      exhaust chamber; said actuating means being operably connected to said
      front flap whereby the actuation of said actuating means by the operator
      also tends to raise said front flap.
NUM  11.
PAR  11. A surface cleaning apparatus comprising a pickup head; said pickup head
      including an air delivery plenum chamber and a separate exhaust chamber,
      said air delivery chamber being in flow communication with said exhaust
      chamber through an air blast nozzle means; blower means for generating a
      vacuum on one side thereof and for generating air under pressure on the
      other side thereof; an air delivery line operably connected to said blower
      means on said pressure generating side thereof and operably connected to
      said air delivery plenum chamber of said pickup head; an exhaust flow line
      operably connected to said exhaust chamber of said pickup head and
      operably connected to said blower means on said suction generating side
      thereof; a debris collecting chamber being operably connected to said
      exhaust line between said exhaust chamber and said blower means; vent
      means in said air delivery plenum chamber for venting said air delivery
      plenum chamber to the atmosphere; said vent means being sufficiently large
      to vent a substantial portion of air under pressure to the atmosphere;
      closure means on said vent means for normally closing said vent means;
      actuating means operably connected to said closure means and being
      conveniently located for actuation by an operator operating said surface
      cleaning apparatus whereby when said pickup head approaches a large
      debris, the operator can open said vent means by actuating said actuating
      means and thereby opening said closure on said vent means, thereby
      creating a greater negative pressure in said suction chamber of said
      pickup head.
NUM  12.
PAR  12. The apparatus of claim 11 in which said pickup head includes sealing
      means extending generally to the surface being cleaned whereby said pickup
      head is generally sealed with respect to the atmosphere.
NUM  13.
PAR  13. The apparatus of claim 12 in which said sealing means includes a front
      flap pivotally mounted to said pickup head; said actuating means being
      operably connected to said front flap whereby when the operator opens said
      closure means on said vent, he simultaneously pivots said front flap
      upwardly towards an open position, thereby facilitating the ingestion of
      large articles of debris and litter underneath said front flap into said
      exhaust chamber of said pickup head.
NUM  14.
PAR  14. The apparatus of claim 13 comprising: said vent means being
      sufficiently large to vent a substantial portion of air under pressure to
      the atmosphere whereby a substantial decrease is experienced in the
      relative pressure in said exhaust chamber.
NUM  15.
PAR  15. The apparatus of claim 14 in which said vent is sufficiently large to
      vent approximately 25% of the air which would otherwise be delivered to
      said exhaust chamber.
NUM  16.
PAR  16. The apparatus of claim 11 comprising: said vent means being
      sufficiently large to vent a substantial portion of air under pressure to
      the atmosphere whereby a substantial decrease is experienced in the
      relative pressure in said exhaust chamber.
NUM  17.
PAR  17. The apparatus of claim 16 in which said vent is sufficiently large to
      vent approximately 25% of the air which would otherwise be delivered to
      said exhaust chamber.
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ABST
PAL  A telescoping cleaning tool adapted to remove debris and the like from a
      poorly accessible surface. The tool includes telescoping inner and outer
      tubes wherein one end of one of the tubes is adapted to receive air under
      pressure, as from an air nozzle, and the opposite end of the other tube is
      provided with a sharpened edge for scraping debris and the like from a
      surface. An orifice is provided adjacent the sharpened edge for directing
      the air under pressure against such debris. The one tube is preferably
      provided with a handle near its air-receiving end so that an operator may
      grasp the handle with the fingers and press the air-receiving end into an
      air nozzle held in the palm of the hand, thereby permitting the tool to be
      used with one hand only. Upon application of air pressure, the tube
      bearing the sharpened edge is caused to extend axially outwardly of the
      other tube, and the air under pressure is directed through the orifice in
      the end of the extended tube so as to blow away debris from a surface as
      the same is loosened by scraping with the sharpened edge. Means are
      provided to prevent the member having the sharpened edge from completely
      escaping, when extended, from the other member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to cleaning tools in general and more
      particularly to cleaning tools adapted for the removal of debris from
      relatively inaccessible areas.
PAR  The timing adjustment scales of automobile engines, particularly those of
      American manufacture, are often difficult for a mechanic to view. Such
      timing scales often are located between the engine and radiator, and a
      considerable distance below the upper surface of the engine, and they
      become easily coated with dust, oil, and other debris. The cleaning of
      such scales and the like in automobiles has long been a distasteful and
      time-consuming chore, since it entails reaching down into the bowels of
      the engine with a rag, ineffectually scraping at dirt with a pointed stick
      or the like, etc.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, the telescoping cleaning tool of the invention comprises
      telescoping inner and outer tubes in coaxial, longitudinal sliding
      engagement with one another. One of the tubes has an end adapted to
      receive air under pressure, as from an air nozzle, and the other tube has
      a sharpened, debris-scraping end which is remote from the air-receiving
      end of the first-mentioned tube. The air-receiving end of the one tube
      communicates with an orifice in the sharpened end of the other tube to
      direct air under pressure against debris and the like. The tool includes
      means preventing complete disengagement of the inner and outer tubes, and
      further includes means responsive to the flow of air under pressure into
      one tube to cause the other tube to telescopically extend therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevational view of a cleaning tool of the invention in
      its extended position and showing an air hose and nozzle above the
      air-receiving end of the tube and a scribe holder below the tool;
PAR  FIG. 2a is a side view of the cleaning tool of FIG. 1 shown in retracted
      position, FIG. 2b is a broken away, side view of a tool of the invention
      with a different scribe holder attached, and FIG. 2c is a cross-sectional
      view taken along line c--c of FIG. 2b;
PAR  FIGS. 3 and 4 are perspective views, partially broken away, exemplifying
      timing gears which may be cleaned with the tool of the present invention;
PAR  FIGS. 5a, 5b, and 5c are top, side and front views, respectively, of the
      sharpened end of a tool of the invention, shown partially broken away;
PAR  FIG. 6 is a top view of the tool shown in FIGS. 1 and 2;
PAR  FIG. 7 is a partially broken away, cross-sectional view of a tool of the
      invention, taken along lines 7--7 of FIG. 1;
PAR  FIG. 8 is a cross-sectional view taken along line 8--8 of FIG. 7;
PAR  FIG. 9 is a view in partial cross section and partially broken away taken
      along lines 9--9 of FIG. 2;
PAR  FIGS. 10 and 11 are top and side views, respectively, of a scribe-holder
      attachment shown mounted on the sharpened end of a tool of the invention;
      and
PAR  FIG. 12 is an end view of the scribe-holder attachment shown in FIGS. 10
      and 11.
DETD
PAR  Referring now to FIG. 1, the cleaning tool 10 includes inner and outer
      telescoping tubes 12 and 14, which preferably are circular in cross
      section and substantially uniform in diameter, respectively, throughout
      their lengths. The upper end of the outer tube 14 has been split for a
      short distance, as shown at 16 in FIG. 1, and the split edges have been
      turned outwardly to form handles 18. Welded to the upper end of the outer
      tube 14 is tubular connector 20, as best shown in FIG. 9. Fillet welds 22
      extend circumferentially of the connector 20 so as to render the joint
      between it and the end of outer tube 14 airtight. The connector 20
      terminates in an end 24 adapted to receive air under pressure from air
      nozzle 26. Nozzle 26 may be of the type known to the art and commonly
      employed in automobile service stations throughout the United States. This
      nozzle incorporates a valve having a tapered valve stem 28 (shown in
      dotted lines in FIG. 1) which becomes centered in the end 24 of connector
      20 and which, when depressed, permits air to flow into the connector. The
      nozzle 26 may be held in the palm of the hand, and the fingers of the hand
      may grasp the handle 18 to force the connector end 24 against the valve
      stem 28 to open the nozzle valve end, permitting air under pressure to
      enter the connector. The amount of air may thus be continuously adjusted
      by means of the pressure exerted by the palm of the hand against the
      nozzle 26. An outwardly extending flange 30 which may be welded to the
      outer surface of connector 20 is adapted to contact the lower surface 32
      of the air nozzle to maintain proper orientation between the connector 20
      and nozzle 26 and also to prevent the end of the connector from
      penetrating too deeply into the nozzle.
PAR  The inner tube 12 has proximal and distal ends with respect to the
      air-receiving end of the outer tube 14, as shown respectively in FIG. 9
      and FIGS. 1, 2, 5a, 5b and 5c, and as designated 42 and 44, respectively.
      Proximal end 42 preferably terminates in a flat end, the walls thereof
      providing an end surface 46 which is normal to and at least partially in
      line with the flow of air through the outer tube 14 so that air pressure
      in the outer tube pushes the inner tube 12 in a downward direction until
      it reaches its maximum extension as shown in FIG. 1. The distal end 44 of
      tube 12 terminates in a sharpened and straight chisel edge 50 (FIGS. 5a,
      5b and 5c) which is substantially normal to the direction of air flow
      through the tubes 12 and 14. Adjacent the chisel edge 50 in the distal end
      44 is a restricted orifice 52 which preferably is of greater width in a
      direction parallel to the chisel edge 50 than in a direction normal
      thereto, as shown best in FIG. 5c.  The chisel-edged, orificed end 44 can
      be readily produced by first making a transverse crimp or crease in inner
      tube 12, and then grinding away the excess material to form a flat surface
      54 at the end of this tube which is at an angle of, for example,
      60.degree. to the longitudinal axis of the tube and parallel to the
      preexisting transverse crimp line. This method of manufacture not only
      provides the distal end 44 with a sharp, straight chisel edge 50, but also
      reduces the internal cross-sectional area of the tube 12 at the point of
      orifice 52, as shown in FIG. 5b. In addition, this method of manufacture
      tends to widen the distal end 44 of the inner tube 12 to provide a
      suitably wide cleaning area, and provides the orifice 52 with a greater
      dimension parallel to the chisel edge than perpendicular thereto, as shown
      in FIGS. 5a and 5c.
PAR  Positioned intermediate the proximal and distal ends of the inner tube 12
      are one or more bushings such as circumferential springs 60 (FIGS. 7, 8
      and 9). Each bushing may be made of a single piece of material, such as
      spring steel, and may comprise a band 62 which snugly fits the outer
      surface of inner tube 12 and extends circumferentially thereof, the band
      being attached to the tube by one or more spot welds 64. Each band has a
      plurality of spring strips 68 extending therefrom in a direction
      substantially parallel to the direction of air flow, and each strip is
      sinuously configured as shown in FIG. 7 as to alternately contact the
      juxtaposed walls of the outer and inner tubes 14 and 12. Additional spot
      welds 70 and 72 (FIG. 9) may be employed to attach strips to the outer
      walls of the inner tube 12 at points of contact therebetween to hold the
      strips in their sinuous configuration. The bushings such as spring 60
      serve to hinder somewhat the axial movement of one tube within the other,
      and serve also to maintain the tubes in substantial axial alignment when
      the apparatus is in the extended position.
PAR  The lower end 74 of the outer tube 14 may be turned in slightly by crimping
      or the like, as shown in FIG. 7, so that the opening bounded by the
      periphery of the turned-in walls is just large enough to permit the inner
      tube 12 to slide therethrough, but small enough to prevent the passage of
      the band 62 therethrough. The band 62, in combination with the turned-in
      lower end 74 of the outer tube 14, prevents the inner tube from completely
      escaping from the outer tube and thus limits the length to which the
      cleaning tool may be extended. The turned-in walls at the lower end 74 of
      the outer tube also tend to remove adhered grease and other debris from
      the surface of the inner tube 12 when the inner tube is retracted after
      use, thus reducing to a minimum the amount of debris which is permitted to
      enter the space between the tubes 12 and 14.
PAR  A hollow, longitudinal scribe holder 80 (FIGS. 10 11 and 12) is provided
      with one end 82 adapted to be attached to the sharpened end 44 of tube 12,
      the other end 84 thereof being adapted to rigidly receive a scribing
      instrument such as a piece of chalk 86. The scribe holder may be formed of
      a single piece of springy material, such as spring steel which may be
      rolled into a substantially tubular structure with the edges 88 and 90
      thereof overlapping, as shown in FIG. 12. The overlapping edges preferably
      are flattened somewhat so as to more closely approximate the flattened
      outer surface of the sharpened end 44 of tube 12. The spring nature of the
      spring steel or other material employed in the scribe holder permits edges
      88 and 90 to uncoil slightly for slipping over the widened sharpened end
      44 of the inner tube. In similar fashion, the overlapping edges 88 and 90
      at the other end of the scribe holder permits these edges to uncoil
      slightly against spring pressure for the insertion in that end of a piece
      of chalk 86, or other scribing material. The scribe holder is provided
      with an aperture 92 intermediate the ends 82 and 84 thereof to permit air
      under pressure issuing from orifice 52 to escape harmlessly to the side
      rather than bear on the scribing material 86. In a preferred embodiment,
      the aperture 92 is provided by making a U-shaped cut through the walls of
      the scribe holder at a point intermediate its length with the legs of the
      "U" pointing toward the end 82 of the scribe holder. The wall material
      included within the legs of the "U" may then be bent inwardly, as shown
      best in FIG. 11, to provide a wall against which the sharpened edge 50 of
      the inner tube 12 may bear during a scribing operation and which deflects
      air issuing from the orifice 52 away from the chalk 86. Further, the walls
      of the scribe holder adjacent the bent-down wall 94 may be punched
      inwardly, as shown at 96 to provide internally extending projections which
      further bear upon the sharpened end 44 of inner tube 12 to prevent this
      tube from advancing forward to block the aperture 92. bent
PAR  FIGS. 2b and c depict a scribe holder which is slidably but removably
      mounted along the length of the inner tube 12 so that it may be pushed
      downwardly along the tube 12 to afford contact between the scribe and a
      timing scale to be marked. This scribe holder includes a pair of parallel,
      thin-walled tubes 13 and 15 of springy metal or plastic, each split
      lengthwise and spread into a C-shaped cross-sectional configuration, as
      shown most clearly in FIG. 2c. The split, longitudinal edges of the tube
      13 are spread apart a sufficient distance so that the split edges may
      contact the surface of the inner tube 12 and the tubes may be forced
      together, the split edges of the tube 13 thus being forced further apart
      to pass diametrically over the tube 12 and to then return slightly due to
      the springy nature of the tube 13, capturing the tube 12 as shown best in
      FIG. 2c. In similar fashion, a scribe such as chalk marker 15.1 is
      captured by the other split tube 15, although the chalk may be merely
      inserted from the lower end 15.1 of the split tube 15 if desired.
      Diametrically opposite their split ends, the tubes 13 and 15 are welded
      together by welds 17 along their entire mutual length or at spots along
      their mutual length affording a rigid, non-twisting union between the
      split tubes, the tube 15 extending a short distance below the tube 13. In
      use, the split tube 13 is retained on the inner tube 12 as the latter is
      used to remove debris from a timing scale, as will be more fully described
      below, and then the split tube is pushed slidingly downward along the
      inner tube until the chalk 86 extends beyond the end 50 of the inner tube,
      whereupon a chalk mark may be scribed on the timing scale.
PAR  FIGS. 3 and 4 respectively depict types of timing devices found in present
      day automobiles of American manufacture. FIG. 3 depicts a timing pulley
      100 and a stationary scale 102 whereas, in FIG. 2, the scale 104 is
      affixed to and rotates with the pulley 106, and includes a stationary
      pointer 108. The markings "ATC" and "BTC" refer to "after top center" and
      "before top center", and the numbers associated therewith relate to the
      differential between the instant of firing of a spark plug and the instant
      that a piston reaches its top-most position within a cylinder of an
      automobile engine. By the use of a strobe light, a mechanic can determine
      which of the scale markings line up with the pointer at the instant a
      given spark plug is fired, and can then adjust the "timing" accordingly.
      It is manifest that, in order to properly perform this job, a mechanic
      must be able to clearly view the scales 102 and 104 of various timing
      mechanisms.
PAR  To remove debris from the scales 102 and 104, an operator will place an air
      hose nozzle such as that depicted at 26 in FIG. 1 in the palm of his hand,
      and with the fingers of that hand he will grasp the outwardly extending
      handle 18 to cause the end 24 of the connector 20 to enter the nozzle. By
      applying a squeezing pressure with the hand, the operator causes air under
      pressure to be forced into the end 24 of the connector and thence to flow
      into outer tube 14. The air pressure causes the inner tube 20 to extend
      outwardly of the outer tube 14 until the band 62 contacts the inwardly
      turned lower wall 74 of the outer tube. Of course the mechanic will guide
      the extended end of the tubes with his other hand. Air maintains the tubes
      in fully extended position so that the mechanic may exert a considerable
      mechanical force through the extended tube to the end 50 in scraping away
      debris. The air from air nozzle 22 passes from the outer tube 14 into the
      inner tube 12 and exits through orifice 52. Air itself will remove a
      substantial portion of the dirt and debris. The sharpened end 50 of the
      extended inner tube 12 is employed by the operator to dislodge the
      remaining grease, oil, dust, and other debris from the surface of the
      scales 102 and 104, and this debris is further removed and blown away by
      the jet of air issuing from orifice 52. In actual practice, it has been
      found that timing scales of the type depicted in FIGS. 3 and 4 may be thus
      suitably cleared of debris in a matter of seconds. The amount of air
      jetting forth from orifice 52 is easily controlled by the amount of hand
      pressure exerted by the operator on the air nozzle 26. Air flow may thus
      be started or stopped at will. After completion of the cleaning operation,
      the scribe holder may be connected to the sharpened end of the apparatus
      so as to permit the mechanic to place a reference chalk mark on the timing
      scale. The spring strips 68 ordinarily will apply sufficient frictional
      pressure between the inner and outer tubes so that extension of the
      apparatus is maintained during the marking operation without air flow
      through the tubes. When the cleaning and marking operations are completed,
      the operator merely collapses the tubes 12 and 14 together as shown in
      FIG. 2.
PAR  While I have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations and modifications
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Telescoping cleaning tool adapted to remove debris and the like from
      timing adjustment scales of an automobile, comprising:
PA1  telescoping, hollow, inner and outer tubes in axial sliding engagement with
      one another, one tube having an end adapted to receive air under pressure,
      and the other tube having an end remote from the air-receiving end of said
      one tube, said remote end terminating in an end transversely crimped and
      machined at an angle to the tube axis and parallel to the crimp to provide
      both a sharp, straight, chisel edge transverse of the longitudinal axis of
      the tubes and an elongated end orifice closely adjacent the chisel edge
      and which has a cross-section area less than that of said other tube, the
      orifice having a greater dimension parallel to the chisel edge than
      perpendicular thereto and communicating with said air-receiving end to
      direct air under pressure against debris;
PA1  said other tube providing means responsive to the flow of air under
      pressure into said one tube to cause said other tube to telescopically
      extend therefrom; and
PA1  means preventing complete disengagement of said inner and outer tubes.
NUM  2.
PAR  2. The cleaning tool according to claim 1 wherein said sharpened end is on
      said inner tube and wherein the other end of the inner tube has sufficient
      surface area normal to the direction of air flow as to cause said inner
      tube to slidably extend outwardly from the outer tube upon application of
      air under pressure to the air-receiving end of the outer tube.
NUM  3.
PAR  3. The cleaning tool according to claim 1 wherein said inner and outer
      tubes are respectively substantially uniform in cross section, with the
      proviso that the cross-sectional area available for air flow at said
      orifice is smaller than the cross-sectional area available for air flow
      intermediate the ends of said inner tube.
NUM  4.
PAR  4. The cleaning tool according to claim 1 wherein said means preventing
      disengagement of the tubes comprises a bushing positioned between said
      inner and outer tubes and affixed to the inner tube and adapted to retain
      said tubes in substantially axial alignment when said inner tube is
      extended from said outer tube.
NUM  5.
PAR  5. The cleaning tool according to claim 4 wherein said bushing comprises a
      band attached circumferentially to the outer surface of the inner tube and
      having a plurality of spring strips extending therefrom along said outer
      surface in substantial alignment with the direction of air flow, each
      spring strip alternately contacting facing surfaces of said inner and
      outer tubes.
NUM  6.
PAR  6. The cleaning tool according to claim 1 wherein said air-receiving end is
      adapted to receive a pressure-actuatable nozzle of an air line and wherein
      said outer tube includes a handle projecting laterally outwardly therefrom
      adjacent said air-receiving end, whereby with one hand an operator may
      grasp said handle with the fingers and pressurally apply with the palm the
      air nozzle to said air-receiving end.
NUM  7.
PAR  7. The cleaning tool according to claim 1 including a hollow, longitudinal
      scribe holder attachable to said sharpened end, said scribe holder having
      a spring-loaded end for rigid attachment to said sharpened end, an
      opposite, open end adapted to rigidly receive a scribing instrument, and
      an aperture intermediate its ends to permit air under pressure from said
      orifice to escape therethrough.
NUM  8.
PAR  8. The cleaning tool according to claim 1 including a scribe holder
      comprising a pair of parallel tubes each having a lengthwise split and
      having spaced, split longitudinal edges, the split tubes being rigidly
      joined together in parallel orientation, one split tube being slidably but
      firmly mounted to the tube with the sharpened end and the other tube
      having a scribe projecting from its lower end, whereby the scribe holder
      may be pushed slidingly downward on the tube to which it is joined until
      the scribe extends beyond the sharpened end of the tool.
NUM  9.
PAR  9. A telescoping cleaning tool adapted to remove debris from timing
      adjustment scales of an automobile and comprising:
PA1  a. an outer tube having open ends of which one is adapted to receive air
      under pressure from a pressure-actuatable nozzle;
PA1  b. an inner tube fitted within said outer tube in sliding engagement
      therewith, said inner tube having proximal and distal ends with respect to
      the air-receiving end of the outer tube, said proximal end terminating in
      an end surface at least partially in the path of the flow of air under
      pressure through said outer tube, and said distal end terminating in an
      end transversely crimped and machined at an angle to the tube axis and
      parallel to the crimp to provide both a debris-scraping chisel edge which
      is substantially normal to the direction of air flow through said tubes
      and an elongated orifice therein closely adjacent and aligned with said
      chisel edge and adapted to direct said air under pressure against debris
      adjacent the edge;
PA1  c. A band rigidly attached circumferentially to the outer surface of said
      inner tube and having a plurality of spring strips extending therefrom
      substantially parallel to the direction of air flow, each spring strip
      being sinuously curved so as to alternately contact juxtaposed walls of
      the inner and outer tubes to restrain movement tending to displace the
      coaxial alignment therebetween;
PAL  the end of said outer tube opposite said air-receiving end being turned
      inwardly about its periphery to an extent just sufficient to restrain
      passage to said band therethrough, said outer tube further having a handle
      extending laterally outwardly adjacent the air-receiving end thereof and
      adapted to be held by the fingers of one hand as the palm of that hand
      urges a pressure-actuated air nozzle into engagement with said
      air-receiving end.
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ABST
PAL  A hinge mounting device, particularly for furniture door hinges, includes a
      hinge casing and a hinge arm interconnected by links pivotally mounted on
      the hinge casing and the hinge arm by means of pivot pins. The hinge arm
      is slidable into and fixable onto a mounting plate that is securable to a
      furniture element, for example a side wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  The present invention relates to a hinge mounting device, particularly for
      a furniture door, and including a mounting plate securable to a furniture
      element and a hinge arm with links mounted on the mounting plate.
PAR  2. Description of the Prior Art
PAR  Heretofore hinge arms have been secured either directly to a mounting plate
      by means of counteracting fixing screws, or were fixed onto a slide piece
      that slidably fitted into guides of the mounting plate and that was then
      secured to the mounting plate, e.g., also by a fixing screw.
PAR  These hinge mounting devices have the advantage that the mounting plate may
      be screwed onto the furniture element without the necessity of the other
      furniture element, in most cases the door, being held.
PAR  Later when the door is mounted, the hinge arm which is connected to the
      hinge casing, the latter being fitted into a respective bore of the door,
      is secured to the mounting plate.
PAR  Still however, the mounting and fixing of the hinge arm on the mounting
      plate while carrying the door requires considerable skill, and in many
      cases two people to achieve.
PAR  Another requirement of such hinge mounting devices is that the hinge
      mounting device allow an adjustment of the hinge and the door when the
      hinge arm is already mounted on the mounting plate. The necessity of
      adjustment possibilities in the direction of the depth of the furniture
      and of the amount of the gap between the door and adjacent furniture panel
      are due to inaccuracies that may occur while drilling the bores for the
      hinge casing or for the screws that hold the mounting plate.
PAC  SUMMARY OF THE INVENTION
PAR  With the above discussion in mind, the present invention provides a hinge
      mounting device, particularly for furniture doors, including a mounting
      plate that is fixable on a furniture element and a hinge arm mountable and
      securable on the mounting plate, the hinge arm carrying links that are
      connected to a hinge casing or the like. The hinge arm, near the front end
      thereof, is mounted on a slide piece that is insertable into guides of the
      mounting plate. The hinge arm, at the rear end thereof, is directly
      mounted and secured onto the mounting plate.
PAR  The hinge arm may have an arresting lip or projection that engages in a
      holding slot in the mounting plate, the arresting lip being integral with
      the hinge arm and being bendable in order to permit an adjustment of the
      hinge in the direction of the depth of the furniture.
PAR  The mounting plate may have an abutment for contact by an adjustment tool
      to be used in the manner of a fulcrum by action of a tool extending
      through a corresponding opening in the hinge arm.
PAR  To facilitate the mounting of the hinge arm on the mounting plate, there
      may be provided a spring tongue on at least one side of the holding slot
      and constituting an edge or rim of the holding slot.
PAR  The tongue may be an integral part of the mounting plate, the mounting
      plate being made of plastic.
PAR  The mounting plate may have two symmetrical holding slots, so that while
      fixing the mounting plate to the furniture element there is no need to
      take care which side of the mounting plate extends forwardly.
PAR  The slide piece may be in the form of a sheet metal clamp.
PAR  To provide a rigid assembly the slide piece may have guide surfaces for
      guiding corresponding surfaces of the hinge arm.
PAR  To prevent tilting and jamming of the slide piece during the insertion
      thereof into the guides of the mounting plate, the hinge arm may have
      lateral clearances in which the slide piece is held.
PAR  It is advantageous that the mounting plate be made of a plastics material,
      while the hinge arm and other parts be made of metal, so that a hinge
      mounting assembly of high capacity strength at a low price is obtained.
PAR  It is an object of the present invention to provide a hinge mounting device
      which is simple in construction and function and which can be produced at
      low costs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described in detail hereinafter with reference to the
      attached drawings, although the invention is not intended to be restricted
      to the specific embodiments shown:
PAR  FIG. 1 is a longitudinal section through a hinge mounting device according
      to the invention;
PAR  FIG. 2 is a longitudinal section through a variation of the hinge mounting
      device according to the invention;
PAR  FIG. 3 is a section along the line III--III of FIG. 2;
PAR  FIG. 4 is a plan view of the hinge mounting device according to FIG. 2;
PAR  FIG. 5 is an exploded perspective view of a hinge mounting device according
      to the invention;
PAR  FIG. 6 is a perspective view of a modified slidepiece;
PAR  FIG. 7 is a perspective view showing the connection of a furniture door
      with a furniture side-wall effected by a hinge with a hinge mounting
      device according to the invention;
PAR  FIG. 8 is an exploded perspective view of a further embodiment of a hinge
      mounting device according to the invention; and
PAR  FIG. 9 is a section in the area of the slide piece of a hinge mounting
      device according to FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As it can be seen from the drawings, the hinge mounting device of the
      invention consists mainly of a mounting plate 1, a hinge arm 2 and a slide
      piece 3.
PAR  The hinge arm 2 is connected with the hinge casing 5 by links 8 pivotally
      secured by pivot pins 4.
PAR  As it can be seen from FIG. 7 the hinge arm 2 is fixed onto the furniture
      side wall 6 by means of the mounting plate 1, while the hinge casing 5 is
      inserted into the furniture door 7.
PAR  The mounting plate 1 has opposite lateral guides or recesses 9 into which
      opposite lateral rims or projections 10 of the slide piece 3, as well as
      the opposite lateral rims or projections 11 of the hinge-arm 2, can be
      inserted.
PAR  Thus, the hinge arm 2 is first directly anchored onto the mounting plate 1,
      while a second anchoring thereof is effected by means of the slide piece
      3.
PAR  This arrangement permits an adjustment in the direction of the depth of the
      furniture, as well as in the direction of the door gap, although the hinge
      mounting device is of extremely simple construction.
PAR  For example, pedestals 13 on opposite sides of the slide piece 3 project
      into corresponding clearances or slots 12 in opposite sides of the hinge
      arm 2, thus providing a fixed guiding of the slide piece 3 in the hinge
      arm 2, which prevents the slide piece 3 from being twisted during
      adjustment of the hinge arm 2 in the direction of the depth of the piece
      of furniture.
PAR  It should be mentioned that only the ends of the mounting plate 1 are
      provided with guides 9. Thus the hinge arm 2 need not be inserted into the
      mounting plate 1 from the front thereof and over the whole length of the
      mounting plate 1, but rather it may be positioned onto the mounting plate
      and anchored thereon by a short movement into the guides 9.
PAR  This embodiment makes it possible for plural hinge arms 2 to be inserted
      one after the other into their respective mounting plates 1 when the door
      is being assembled, as tilting of the hinge arm 2 and the mounting plate 1
      is virtually impossible.
PAR  After the hinge arm 2 has been adjusted in the direction of the depth of
      the furniture it is fixedly positioned by means of the mounting screw 14
      which abuts against the mounting plate 1.
PAR  Thereafter, the adjustment of hinge arm 2 in the direction of the gap
      between wall 6 and door 7 may be carried out by turning the adjustment
      screw 15 which fits into a thread in the slide piece 3 and is riveted or
      otherwise attached to the hinge arm 2. That is, rotation of screw 15 will
      move hinge arm 2 toward or away from slide piece 3, and thus also
      furniture side wall 6.
PAR  In a further embodiment of the hinge mounting device according to the
      invention, the mounting plate 1 has one or preferably two, as shown in the
      embodiment according to FIG. 2, holding slots 16 into which fit an
      arresting lip or projection 17 of hinge arm 2 after the hinge arm 2 has
      been mounted on plate 1.
PAR  In order to facilitate insertion of the arresting projection 17, which is
      as can be seen from FIG. 2 integral with the hinge arm 2, each holding
      slot 16 has adjacent thereto at least one spring tongue 18 which may be
      depressed downwardly.
PAR  Also in this embodiment, the hinge arm 2 can be positioned on the mounting
      plate 1 and moved longitudinally thereof to slide projections 11 into the
      guides 9, whereby the hinge arm 2 is fixed on the mounting plate when the
      arresting projection 17 snaps into or comes to rest in the particular
      holding slot 16.
PAR  The position of the hinge arm 2 may then be adjusted in the direction of
      the depth of the furniture by means of a tool, for example such as a screw
      driver 19, extending through the opening 20 in the hinge arm 2 and
      contacting the abutment 21 of the mounting plate 1 as a fulcrum for moving
      arm 2 to the right or left as viewed in FIG. 2.
PAR  The arresting projection 17 and tongue 18 are bendable so that by means of
      the screw driver the hinge arm may be longitudinally displaced and
      repositioned.
PAR  The adjustment of the size of the gap between door 7 and side wall 6 is
      obtained by means of the adjustment screw 15, as discussed above.
PAR  To render the hinge mounting device extremely rigid the sides of the slide
      piece 3 may be formed to constitute guide planes 22 for contact with the
      interior side surfaces of the hinge arm 2.
PAR  FIG. 6 shows an embodiment of the slide piece 3 which is particularly
      inexpensive to manufacture, the slide piece 3 consisting of a U-shaped
      clamp stamped out of, e.g., sheet metal.
PAR  It is to be noted that the rims or projections 11 of the hinge arm 2 and
      the rims or projections 10 of the slide piece 3 are directed laterally
      outwardly. This greatly facilitates stamping and forming of the hinge arm
      2 and the slide piece 3.
PAR  In the embodiment shown in FIGS. 8 and 9, the slide piece 3 consists of a
      circular shim member 23 with an axial stud 23' extending perpendicularly
      therefrom. The axial stud 23' is threaded at least on its outer end, which
      thread when the hinge mounting device is assembled fits into a threaded
      bore 24 in the hinge arm 2.
PAR  By turning the slide piece 3, and specifically the stud 23' thereof, by
      means of a screw driver engaging in the slot 25, the gap between the door
      7 and the side wall 6 can be adjusted.
PAR  Various modifications may be made to the specific structural arrangements
      described above without departing from the scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A hinge mounting device, particularly for use with furniture doors, said
      device comprising:
PA1  a mounting plate attachable to a wall of a piece of furniture to extend in
      a depthwise direction thereof;
PA1  a slide piece slidably attached to said mounting plate to slide in said
      depthwise direction; and
PA1  a hinge arm having thereon means for connection to a door of said piece of
      furniture, said hinge arm having a first end and a second end with respect
      to said depthwise direction, said first end being fixed to said slide
      piece, and said second end being slidably attached to said mounting plate
      to slide in said depthwise direction.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said first end of said hinge arm
      is the forward end thereof and said second end of said hinge arm is the
      rearward end thereof, as viewed in said depthwise direction.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said mounting plate has therein
      first laterally spaced recesses extending in said depthwise direction, and
      second laterally spaced recesses extending in said depthwise direction.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein said second end of said hinge
      arm has laterally spaced projections extending in said depthwise
      direction, said projections being slidably received in said second
      recesses of said mounting plate.
NUM  5.
PAR  5. A device as claimed in claim 4, wherein said slide piece has laterally
      spaced projections extending in said depthwise direction, said projections
      of said slide piece being slidably received in said first recesses of said
      mounting plate.
NUM  6.
PAR  6. A device as claimed in claim 4, wherein said slide piece comprises a
      circular shim member, opposite peripheral edges of said shim member being
      received in said first recesses of said mounting plate.
NUM  7.
PAR  7. A device as claimed in claim 4, wherein said first and second recesses
      face inwardly of said mounting plate, and said projections of said hinge
      arm extend outwardly therefrom.
NUM  8.
PAR  8. A device as claimed in claim 1, further comprising means for fixing the
      position of said hinge arm with respect to said mounting plate in said
      depthwise direction.
NUM  9.
PAR  9. A device as claimed in claim 8, wherein said fixing means comprises a
      mounting screw threaded through said hinge arm at said second end thereof
      and abutting said mounting plate.
NUM  10.
PAR  10. A device as claimed in claim 8, wherein said fixing means comprises at
      least one laterally extending holding slot formed in said mounting plate,
      and a lateral arresting lip integral with said hinge arm and extending
      therefrom toward said mounting plate and received in said holding slot.
NUM  11.
PAR  11. A device as claimed in claim 10, further comprising a flexible spring
      tongue element adjacent each said holding slot and forming an edge
      thereof.
NUM  12.
PAR  12. A device as claimed in claim 10, wherein said at least one holding slot
      comprises two holding slots spaced in said depthwise direction.
NUM  13.
PAR  13. A device as claimed in claim 10, wherein said lip is flexible in said
      depthwise direction.
NUM  14.
PAR  14. A device as claimed in claim 13, further comprising an abutment on said
      mounting plate, and an adjacent opening in said hinge arm, a tool being
      insertable through said opening to abut said abutment as a fulcrum and
      urgable against said hinge arm to move the same in said depthwise
      direction.
NUM  15.
PAR  15. A device as claimed in claim 1, further comprising means for adjusting
      the spacing between said mounting plate and said hinge arm.
NUM  16.
PAR  16. A device as claimed in claim 15, wherein said adjusting means comprises
      an adjustment screw rotatably fixed to said hinge arm and extending
      therethrough, and said adjustment screw being adjustably threaded into
      said slide piece.
NUM  17.
PAR  17. A device as claimed in claim 15, wherein said slide piece comprises a
      circular shim member, and said adjusting means comprises a threaded stud
      extending from said shim member, said threaded stud being adjustably
      threadably received in said hinge arm and extending therethrough.
NUM  18.
PAR  18. A device as claimed in claim 17, wherein said stud has on the end
      thereof remote from said shim member an adjustment tool receiving means.
NUM  19.
PAR  19. A device as claimed in claim 1, wherein said slide piece comprises a
      U-shaped sheet metal clamp.
NUM  20.
PAR  20. A device as claimed in claim 1, wherein said slide piece has opposite
      lateral planar surfaces contacting corresponding interior surfaces of said
      hinge arm.
NUM  21.
PAR  21. A device as formed in claim 1, wherein said hinge arm has opposite
      lateral sides each having therein a clearance, said slide piece being
      received in said clearances.
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ABST
PAL  Inflation gas pressure interior of a flexible tubing, such as a food
      casing, advancing continuously through multiple processing zones, is
      controlled variably from zone to zone by coacting metering rolls and gas
      pumping nip rolls arranged on the tubing travel locus.
BSUM
PAR  This invention relates to the production of sausage casings and more
      particularly to an improved method and apparatus for processing a
      just-fabricated continuous length of extruded tubing, either edible or
      inedible, which is to be used as a casing in sausage product
      manufacturing.
PAR  The production of sausage products such as frankfurters and the like has
      historically involved the use of animal intestines as sausage casing
      material. Edible natural casings obtained from animal intestines have many
      obvious disadvantages in the present day high speed, highly automated
      sausage manufacturing techniques, the more salient disadvantages being
      that they vary in size, in physical integrity, and in facile
      comestibility, and are rather difficult to clean and prepare by mechanical
      means for human consumption.
PAR  A significant departure from the use of natural animal intestine casing
      occurred in the sausage making industry with the development of so-called
      skinless frankfurters which involve the use of synthetic casing materials.
      The synthetic casing materials used to make skinless frankfurters are
      inedible and are therefore slit and peeled from the finished sausage
      product and discarded before product final packaging. Typically, cellulose
      frankfurter casings for use in skinless frankfurter production are
      manufactured in continuous tubular lengths starting with an extrusion
      step. The continuously extruded tubing length is inflated, directed
      through a series of chemical and physical treatments, is dried, flattened,
      and rolled up on reels for transport to a shirring station. At the
      shirring station, the tubing is dereeled, reinflated, shirred, and
      compressed on a shirring machine to obtain relatively rigid tubular
      elements known in the industry and supplied to sausage makers as shirred
      casing sticks.
PAR  In the sausage manufacturing process, the sticks are successively manually
      or automatically fitted, one at a time, over a stuffing horn which feeds
      or stuffs meat emulsion into the casing. As the casing fills with the meat
      emulsion, it deshirrs and extends longitudinally to the original casing
      length. During the stuffing step, pre-selected lengths of filled casing
      may be tied off, twisted, or otherwise circumferentially diminished to
      form sausage links. The continuous stuffed lengths in link form are then
      further processed by cooking, smoking, curing and the like steps,
      depending on the requirements of the product being made. The casing is
      removed and discarded prior to final packaging of the sausage product.
PAR  Certain sausage products, however, are still the more advantageously made
      with a casing which is not discarded and which is edible. Highly
      satisfactory edible sausage casings produced from protein sources such as
      reconstituted animal collagen have been developed. A suitable thin-walled
      casing is obtained by extruding a collagen mass into the form of a
      continuous tubing which is then passed through one or more chemical
      treatment baths, drying steps, and similar treatments. The thus prepared
      collagen tubing casing is dried, shirred into casing sticks, severed into
      pre-selected lengths, packaged, and delivered to the sausage makers in
      much the same way as the cellulose casing sticks. The collagen casings are
      tender, readily cookable, and edible with the sausage stuffing emulsion
      material. The shirred casing or stick, comprising as it may a length of up
      to 50 meters or more of 0.0254 millimeter wall thickness material, such as
      cellulose, with a tubular diameter most usually in the order of 26
      millimeters shirred and compressed to a length of about 50 centimeters,
      is, it will be readily appreciated, a relatively fragile structure. Since
      the feeding of sticks on to the horn of the stuffing machine is most
      frequently an automatic operation involving the positioning of each stick
      in turn on the stuffing horn from a supply hopper, any structural
      irregularity in the stick can cause a malfunction with consequent shutdown
      and loss of production time on the stuffing machine.
PAR  One of the most critical factors in making the sticks is the precision of
      the shirring operation. Careful and precise shirring steps are therefore
      of critical moment in the manufacture of the non-edible casing sticks, but
      are of even greater criticality in the manufacture of the more fragile
      edible collagen sticks.
PAR  In order to accomplish proper and effective shirring and to permit the
      shirring elements of the shirring machine to grip the advancing tubing and
      form pleats therein, the tubing is inflated to a condition where the
      tubing wall attains a suitable degree of rigidity and stiffness. Inflating
      a tubing from a hollow shirring mandrel is well known in the art of making
      cellulose casing. The equivalent process at this step of production of
      collagen tubing is, however, a much more delicate operation. Due to the
      fact that the freshly made collagen tubing is fragile, weak, and porous,
      and is not readily collapsible to a flat condition without the peril of
      damage, the extrusion, chemical treatment, sizing, drying, and shirring
      operations are customarily and advantageously performed in one continuous
      process. The tubing inflation gas, air for example, may, as in the case of
      cellulose tubing manufacture, be supplied to the tubing from a hollow
      shirring mandrel used in the process, but the pressure of the inflation
      air must be maintained very low. Thus, the production of edible collagen
      sausage casings presents the problem of the need for a relatively low
      pressure inflation gas throughout most of the production steps while, at
      the same time, the requirement of a relatively higher inflation gas
      pressure for the shirring operation which is involved in the final
      production steps. At the time of shirring the collagen casing it is dry,
      has a much higher degree of mechanical strength and physical integrity
      than it had in the course of its progress as a fragile, weak, wet, and
      porous tubing through the process steps preceding shirring, and a
      relatively higher casing inflation pressure may therefore be safely used.
PAR  Here it should be noted, that while the method and apparatus of the present
      invention was initially developed for use in collagen casing production,
      it is within the consideration of the inventors that this invention is
      equally and as advantageously applicable to other types of tubing,
      cellulose for instance, where, for one reason or another, it is necessary
      to use relatively low pressure inflation in one or another of the
      production phases and a relatively high inflation pressure in another
      phase.
PAR  A wet extruded collagen tubing is usually inflated to a low gas pressure of
      up to about 1 to 2 inches water column. While this pressure is
      satisfactory for the sizing and the drying steps, it is inadequate for
      shirring. Tubing shirred at such a low pressure, particularly collagen
      tubing, cannot be made to attain that degree of wall rigidity and
      stiffness necessary to effect properly firm contact with the shirring
      elements and the resulting sticks produced are limp, non-uniform, and
      non-coherent, a highly unsatisfactory product.
PAR  In the production of collagen tubing, the inflation pressure for the tubing
      in the drying zone is usually no greater than about 1 inch water column,
      while the inflation pressure for the tubing in the shirring zone may be as
      high as up to about 135 inches water column. The pressure differential may
      be within the range of from about 135:1 to about 20:1 with a preferred
      range of from about 80:1 to about 40:1. The inflation pressure, however,
      depends on the speed of the continuously advancing tubing. For example, at
      a tubing speed of 15 feet per minute, if the tubing inflation pressure in
      the drying zone is, for example, about 1 inch water column, the pressure
      in the shirring zone may be 80 inches water column, i.e., a pressure
      differential of 80:1. If the casing speed is doubled to 30 feet per
      minute, the inflation pressure will preferably be about 2 inches water
      column in the drying zone, while it may remain at 80 inches water column
      in the zone of shirring, a pressure differential of 40:1.
PAR  The problem may thus be succinctly stated as a need to selectably control
      and regulate casing inflation gas pressures to obtain discrete requisite
      pressures in different zones of the casing production process. In order to
      simplify the discussion, the description will refer mainly to collagen
      tubing.
PAR  With this then being the state of the art, the present invention was
      conceived and developed to provide a selectably controllable inflation gas
      system which will maintain a desired pressure differential between two
      adjacent zones in flexible tubing as the tubing moves continuously
      unidirectionally from one of the zones to the other.
PAR  The invention more specifically provides a system for inter-zone regulation
      of flexible food casing inflation gas pressure requiring only a single
      inflation gas source and feed point.
PAR  A further feature and advantage of the invention is its provision of a
      tubing production zone pressure regulating system which is adaptable to
      maintain an inflation gas pressure differential between two adjacent zones
      irrespective of which of the zones includes the gas supply input.
PAR  Another and important feature of the invention is that it permits the
      continuous high speed production techniques hitherto practically workable
      only in conventional cellulose casing production to be readily adapted to
      the continuous in-line production of the more fragile and difficult to
      handle casings, particularly collagen casings.
PAR  Still another important and more specific attribute of the invention is
      that it obviates the inflation pressure problems attending collagen casing
      production by providing for low inflation pressures throughout most of the
      production steps and high inflation for the shirring operation.
DRWD
PAR  These and other features and advantages of the invention will be the more
      readily understood and appreciated from the ensuing more detailed
      description and from the drawings, wherein:
PAR  FIG. 1 is a schematic drawing of part of a food casing production machinery
      system, showing apparatus according to the present invention installed
      between a low pressure drying zone and a high pressure shirring zone,
PAR  FIG. 2 is a schematic drawing of part of a food casing production machinery
      system showing apparatus according to the present invention installed
      between a low pressure wet treatment zone and a relatively higher pressure
      drying zone;
PAR  FIG. 3 is a side elevation of an apparatus arrangement similar to that
      shown schematically in FIG. 1, showing details of apparatus according to
      the invention;
PAR  FIG. 4 is a detailed view of apparatus according to the invention
      illustrating a high nip pressure operating condition;
PAR  FIG. 5 shows the apparatus of FIG. 4 in a low nip pressure operating
      condition;
PAR  FIG. 6 is a detailed view of an alternative embodiment of apparatus
      according to the invention illustrating a high nip pressure operating
      condition; and
PAR  FIG. 7 shows the apparatus of FIG. 6 in a low nip pressure operating
      condition.
DETD
PAR  In general, the present invention comprehends, in a system for the
      production of flexible film tubing which system includes means for
      continuously introducing an inflation gas into the interior of the tubing
      and means for continuously unidirectionally advancing the tubing from a
      first zone to a second zone, apparatus to maintain a preselected inflation
      gas pressure differential between the first zone and the second zone
      comprising, in combination:
PAR  A pair of nip rolls disposed in selectably adjustable tube flattening
      nipping contact on the continuously advancing tubing, at least one of the
      rolls of said pair having a circumferential surface provided with
      alternate lands and grooves extending transversely on the width of its
      circumferential surface, and means to continuously selectably vary the
      contact pressure exerted on the advancing tubing by said pair of nip
      rolls, whereby a continuous succession of selectably variable volume
      inflation gas accumulation chambers is formed, one chamber at a time, in
      the advancing tubing in said grooves and the successive inflation gas
      quantities in said accumulation chambers are passed from one of said zones
      to the other.
PAR  More specifically, a typical apparatus combination according to the
      invention comprises a pair of nip rolls consisting of a first roll and
      second roll disposed in tube flattening nipping contact on the
      continuously advancing tubing, said first roll having a smooth
      transversely flat resilient circumferential surface, said second roll
      having a circumferential surface provided with alternate lands and grooves
      extending transversely across the width of its circumferential surface,
      means to continuously selectably vary the contact pressure exerted on the
      advancing tubing by said pair of nip rolls, and rotational drive means
      operably connected to one of said rolls, whereby a continuous succession
      of selectably variable volume inflation gas accumulation chambers is
      formed, one chamber at a time, in the advancing tubing in the grooves of
      the second roll coacting in nipping relationship with the first roll, and
      the successive inflation gas quantities in said accumulation chambers are
      passed from one of said zones to the other.
PAR  FIG. 1 shows a portion of a collagen casing production apparatus comprising
      a dryer 11, a pressure regulating station 13, a metering roll assembly 15,
      and a shirring station 17. A casing 19, in process, advances from left to
      right in FIG. 1, leaving the dryer 11 at a low inflation gas pressure,
      passing through the pressure regulating station 13 into a zone of high
      inflation gas pressure, and then passing through the metering roll
      assembly 15 to the shirring station 17, where a shirring head 27 of
      conventional construction shirrs the casing 19 on a shirring mandrel 21
      into the pleated or shirred condition shown immediately to the right of
      the shirring station in drawing FIG. 1. Inflation gas, usually air, at a
      high pressure required for the shirring operation, is supplied to the
      shirring mandrel 21 by means of periodically applied C clamp type inflator
      blocks 23 connected to an air supply source 25. Between sequential
      introductions of inflation air into the mandrel 21, the inflator blocks 23
      retract clear of the mandrel 21 surface to permit the shirred casing 19 to
      pass on along the mandrel for severing, compacting, and removal as
      discrete sticks.
PAR  The primary function of the metering roll assembly 15 is to feed the casing
      at controllable speed into the shirring head 27. The metering rolls thus
      effect relatively high firm nip pressures and tend to completely tightly
      flatten the advancing casing. Since this complete nipping action would
      otherwise effectively prevent the inflation air eminating from the tip 29
      of the shirring mandrel 21, one of the metering rolls is provided with a
      continuous circumferential recess or groove 59 which permits expansion
      thereinto of the flattened nipped casing forming a passage to accommodate
      air flow through the metering roll assembly 15. The metering roll assembly
      may also be advantageously adapted to shift selectably to a non-grooved
      mode of nip operation wherein the casing is sealed off completely against
      air flow. This enables seal-off of the low inflation pressure zone to
      allow for start-ups, repairs to the shirring apparatus, and other
      maintenance procedures.
PAR  In FIG. 3 of the drawings, the pressure regulating station 13 nip roll pair
      consists of a first roll 31 having a smooth transversely flat
      circumferential surface 33 and a second roll 35 having a circumferential
      surface provided with alternate lands 37 and grooves 39 extending
      transversely across the width of the circumferential surface of said
      second roll. The first roll 31 is a drive roll and is driven rotatably
      counterclockwise as shown by any suitable variable speed power source. The
      second roll 35 is an idler roll which is urged into coacting pressurized
      nip relationship on the casing 19 against the first roll 31 by
      controllable pneumatic pressure means 41, 43, 45 and a conventional
      mechanical linkage 47. With further reference to FIG. 3, the metering roll
      assembly 15 consists of a smooth surfaced drive roll 49 and an idler roll
      51 urged into coacting pressurized nip relationship on the casing 19
      against the drive roll 49 by controllable pneumatic pressure means 53, 55
      and a conventional mechanical linkage 57. A circumferential groove 59 is
      provided on the peripheral circumferential surface of the idler roll 51 to
      define an air passage in the nipped casing and thus permit equalization of
      the shirring zone inflation pressure across the metering roll assembly 15.
PAR  Inflation air supplied to the mandrel 21 is fed continuously into the
      casing at mandrel tip 29 and inflates the casing up to the desired
      shirring pressure in a zone bounded on one end by the shirring head 27 and
      on the other by the pressure regulating station 13. To what extent the
      inflation pressure in the zone to the left of pressure regulating station
      13 is maintained lower than the inflation pressure in the shirring zone is
      determined, for any preselected linear rate of speed of casing advance, by
      the nip pressure obtaining between the pressure regulating station first
      and second rolls 31, 35.
PAR  FIGS. 4 and 5 of the drawings illustrate the operating mode of apparatus
      according to the invention. In FIG. 4, a casing 19 in process is shown
      passing from a zone of low inflation pressure at the left of the drawing,
      through coacting pressure regulating nip rolls 31, 35 to a zone of high
      inflation pressure at the right of the drawing. The nip pressure for the
      condition shown is high and the engagement of the lands 37 of roll 35
      against the casing 19 and the surface 33 of roll 31 is such that the
      casing is pinched closed or nipped across its flattened width at each line
      of contact between a land 37 and the surface 33. This forms an entrapment
      or gas accumulation chamber 61 in the casing between these contact lines,
      bounded top and bottom respectively by the wall of a groove 39 and the
      surface 33 of roll 31. Each discrete volume of inflation gas so trapped is
      at the pressure obtaining in the low pressure zone to the left of the
      drawing. As the pressure regulating rolls rotate, roll 35 counterclockwise
      and roll 31 clockwise, these discrete volumes or quantities of gas in each
      sequentially formed accumulation chamber 61 are forceably passed or pumped
      into the zone of high inflation pressure to the right of the drawing. For
      any maintained nip pressure between the rolls, the pumping rate and the
      gas pressure differential attained between the zones is directly
      proportional to the speed of advance of the casing 19.
PAR  FIG. 5 illustrates the effect of operating the apparatus at a low nip
      pressure with very light or no engagement of the lands 37 of roll 35
      against the casing and surface 33 of roll 31. With any condition of less
      than full nip, the accumulation chamber 61 between the lands will be less
      than tightly fully closed and the inflation gas will tend to bleed down
      from the high pressure zone into the low pressure zone in counterflow to
      the pumping action tending to move accumulated volumes or quantities of
      air in the opposite direction. In the low nip pressure mode as in the high
      nip pressure mode, the pressure differential attained between the zones
      for any maintained nip pressure is directly proportional to the speed of
      casing advance.
PAR  FIGS. 6 and 7 illustrate an alternative embodiment of apparatus according
      to the invention wherein both of the pressure regulating nip rolls are
      provided with lands and grooves. In FIG. 4, the smooth surfaced roll 31 is
      replaced by a roll 35a having a circumferential surface provided with
      lands 37a and grooves 39a. The rolls 35 and 35a are synchronized by any
      suitable conventional means to rotate cooperatively to effect precise land
      37 to land 37a contact. In all other respects the operation is as
      described in respect of FIGS. 4 and 5, above. The accumulation chambers
      formed with this arrangement each have double or more the volume of the
      chambers formed with the apparatus arrangement of FIGS. 4 and 5. FIG. 6
      shows a high nip pressure mode of operation and FIG. 7 shows a low nip
      pressure mode.
PAR  It is advantageous to make the surface of one of the rolls 31 35, or 35
      35a, or whatever, resilient and the surface of its coacting roll hard.
      This permits good positive nip action and good accumulation chamber
      definition, and lessens the risk of cutting or marring the casing. The
      exact configuration and geometry of the lands and grooves, as well as roll
      size, can be varied to meet requirements specific to the material in
      process, desired pumping rates, process speed and other relevant
      parameters.
PAR  In a typical embodiment for collagen casing production a roll 31 is a 4
      inch diameter, 31/4 inch wide aluminum cylinder surfaced on its center
      peripheral circumference with polyurethane film to provide resiliency, and
      a roll 35 is of any suitable metal, machine finished and polished, with an
      overall land surface diameter of slightly more than 4 inches, a width of
      4-1/8 inches, 25 lands each 0.064 inch transverse to the roll width, and
      26 grooves each 0.437 inch transverse to the roll width formed on a 0.338
      inch radius. The materials and construction of the rolls, like the roll
      dimensions and geometry, can be selected according to use requirements.
PAR  Nip pressure is also a function of required operating parameters. For food
      casing production applications, a pressure availability of 60 to 80 psig
      on a 2 inch bore cylinder is sufficient. The magnitude of the pressurized
      nip of the pressure regulating roll assembly normally varies between 8 and
      40 psig on a 2 inch bore cylinder. This variation is experienced because
      casing production operating conditions vary from blend to blend of casing
      starting material, a circumstance affecting size control.
PAR  In the foregoing description reference is made to drive means operably
      connected to one of the rolls of the pressure regulating roll pair. While
      drive means may be advantageously included or even be essential in certain
      applications of this invention, there are many applications where driving
      force need not be imparted to either of the rolls, rotational movement
      being imparted by the advancing casing or tubing itself which may in turn
      receive its advancing impetus from a drive roll arrangement, a set of
      metering rolls for instance, elsewhere on the process line.
PAR  It is important to note that the invention works equally well with either a
      high pressure inflation gas fed to the high pressure zone or a low
      pressure inflation gas fed to the low pressure zone of zones to be
      controlled. It is also possible, in pumping up, at adequate nip pressures
      and casing advance speeds, from a low pressure zone to a high pressure
      zone fed by a high pressure inflation gas source, to attain in the high
      pressure zone an inflation pressure higher than that of the supply source.
PAR  FIG. 2 of the drawings shows apparatus according to the invention installed
      between a low pressure wet treatment zone and a relatively higher pressure
      drying zone in a casing production system. Inflation gas pressure is
      increased for the drying step to obtain proper sizing of the casing. In
      the arrangement shown, a wet, slack casing or tubing 119 is pulled through
      a pressure regulating station 113 by a metering roll assembly 115 and
      advanced to the dryer 111. Inflation gas, air for instance, for such an
      arrangement may be supplied to the low pressure zone at or near the casing
      extrusion head in the case of cellulose casing production, or, in the case
      of collagen casing production, to the high pressure zone from a shirring
      mandrel tip at the end of the line.
PAR  Numerous alternative apparatus embodiments and modes of practicing the
      invention, but well within the spirit thereof, will undoubtedly, in the
      light of the disclosure, occur to persons conversant with the art. It is
      therefore intended that the description herein be taken as illustrative
      only, and not construed in any limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for the production of flexible film tubing which system
      includes means for continuously introducing an inflation gas into the
      interior of the tubing and means for continuously unidirectionally
      advancing the tubing from a first zone to a second zone, apparatus to
      maintain a preselected inflation gas pressure differential between the
      first zone and the second zone comprising, in combination:
PA1  A pair of nip rolls disposed in selectably adjustable tube flattening
      nipping contact on the continuously advancing tubing, at least one of the
      rolls of said pair having a circumferential surface provided with
      alternate lands and grooves extending transversely on the width of its
      circumferential surface, and means to continuously selectably vary the
      contact pressure exerted on the advancing tubing by said pair of nip
      rolls, whereby a continuous succession of selectably variable volume
      inflation gas accumulation chambers is formed, one chamber at a time, in
      the advancing tubing in said grooves and the successive inflation gas
      quantities in said accumulation chambers are passed from one of said zones
      to the other.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said pair of nip rolls consists
      of a first roll having a smooth transversely flat circumferential surface
      and a second roll having a circumferential surface provided with alternate
      lands and grooves extending transversely on the width of its
      circumferential surface.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said pair of nip rolls consists
      of two rolls, each having a circumferential surface provided with
      alternate lands and grooves extending transversely on the width of its
      circumferential surface.
NUM  4.
PAR  4. Apparatus according to claim 3 in combination with synchronizing means
      between the two rolls arranged to effect land to land interroll contact
      during roll rotation.
NUM  5.
PAR  5. Apparatus according to claim 1 in combination with rotational drive
      means operably connected to one of said rolls.
NUM  6.
PAR  6. Apparatus according to claim 2 wherein the smooth transversely flat
      circumferential surface of said first roll is a resilient surface.
NUM  7.
PAR  7. Apparatus according to claim 3 wherein the lands surfaces on at least
      one of said rolls are resilient surfaces.
NUM  8.
PAR  8. In a system for the production of flexible film tubing which system
      includes means for continuously introducing an inflation gas into the
      interior of the tubing and means for continuously unidirectionally
      advancing the tubing from a first zone to a second zone, apparatus to
      maintain a preselected inflation gas pressure differential between the
      first zone and the second zone comprising, in combination:
PA1  A pair of nip rolls consisting of a first roll and second roll disposed in
      tube flattening nipping contact on the continuously advancing tubing,
PA1  said first roll having a smooth transversely flat resilient circumferential
      surface,
PA1  said second roll having a circumferential surface provided with alternate
      lands and grooves extending transversely across the width of its
      circumferential surface, means to continuously selectably vary the contact
      pressure exerted on the advancing tubing by said pair of nip rolls, and
PA1  rotational drive means operably connected to one of said rolls,
PA1  whereby a continuous succession of selectably variable volume inflation gas
      accumulation chambers is formed, one chamber at a time,
PA1  in the advancing tubing in the grooves of the second roll coacting in
      nipping relationship with the first roll, and the successive inflation gas
      quantities in said accumulation chambers are passed from one of said zones
      to the other.
NUM  9.
PAR  9. A method for maintaining a preselected inflation gas pressure
      differential in a flexible tubing continuously advancing from a first zone
      at a first pressure into a second zone at a second pressure, comprising
      the steps of:
PA1  inflating said tubing with a supply of inflation gas to one of said zones;
PA1  forming a continual series of accumulation chambers sequentially, one at a
      time, in the advancing tubing by flattening the tubing at two spacedly
      adjacent lines of pressurized nip contact extending transversely across
      the tubing to accumulate successive quantities of inflation gas in said
      chambers;
PA1  regulating the volume in each of said accumulation chambers by adjustment
      of the nip contact pressure;
PA1  advancing said continual series of accumulation chambers formed in the
      advancing tubing into the second zone; and
PA1  simultaneously sequentially releasing the pressurized nip contact across
      the tubing,
PA1  whereby inflation gas in one of said zones passes to the other of said
      zones through said continually formed accumulation chambers.
NUM  10.
PAR  10. A method according to claim 9 wherein said first zone is a low pressure
      zone, said second zone is a high pressure zone, the tubing advances
      continuously from the first zone into the second zone, and the inflation
      gas is supplied to said second zone.
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PAL  Apparatus for forming a tubular non-woven web comprising filament supply
      means and filament forwarding means, between which there is no cumulative
      angular motion, and a filament collector comprising a number of continuous
      belts arranged to form a vertical channel, onto the inside wall of which
      the forwarding means project filaments to form a non-woven web. There are
      at least two filament forwarding means. The continuous belts are
      synchronously driven to carry the non-woven web away from the filament
      forwarding means.
PARN
PAR  This is a continuation-in-part application of application Ser. No. 73,888
      filed Sept. 21, 1970, now U.S. Pat. No. 3,763,521.
BSUM
PAR  The invention relates to apparatus for manufacture of non-woven fabrics
      comprising continuous synthetic filaments. More particularly, the
      invention relates to apparatus of forming non-woven materials by
      deposition of continuous filaments on a collecting surface.
PAR  In the past, non-woven structures comprising continuous filaments have been
      made by the deposition of the filaments on to an advancing collector
      surface. Many variations on basic manufacturing technique have been
      disclosed, such as for example, depositing a curtain of filaments upon an
      advancing conveyor, forwarding filaments by means of stationary forwarding
      devices onto an advancing collector or forwarding filaments by means of
      forwarding devices arranged to reciprocatably traverse perpendicularly to
      the direction of advance of the collector surface. The collector surface
      has comprised a flat conveyor, a rotating drum or a flat rotating disc,
      and the purpose of the surface is to remove the filaments as they are laid
      into a non-woven structure from the laydown zone.
PAR  A major criterion in the success of a particular method of forming the
      non-woven sheet is the uniformity of the product, as measured for example
      by the weight per unit area. When a single stationary, forwarding or
      depositing means is employed a uniform non-woven product is quite readily
      achieved, but the provision of a plurality of forwarding or depositing
      means, and/or reciprocating motion of a single forwarding means, as has
      been frequently proposed, requires much more complicated arrangements in
      order to ensure a uniform product. A particular disadvantage of those
      methods of manufacture of continuous filament non-woven webs employing a
      multiplicity of forwarding means and/or reciprocating means was that the
      edges of the non-woven structure were of a different weight per unit area
      to the main body of the structure. In order to overcome this
      non-uniformity it proved necessary to trim away the edges of the product
      so that only the central, uniform portions remained. The cost of
      manufacturing edge portions which are subsequently trimmed off and wasted
      is obviously undesirable and clearly a need exists for a method, or
      apparatus, for manufacture at high throughputs of a non-woven web of
      uniform weight per unit area even at its edges without trimming.
PAR  It is an object of the invention to provide novel apparatus for the
      manufacture of non-woven webs. Another object of the invention is to
      provide an apparatus for the manufacture of a uniform continuous filament
      non-woven webs using a multiplicity of filament forwarding devices. Other
      objects of the invention will become apparent during the detailed
      description which follows.
PAR  Accordingly, the invention provides apparatus for making a non-woven web
      comprising filament supply means, two or more filament forwarding means
      and a filament collector, said collector comprising a plurality of
      vertically arranged continuous belts which are arranged side-by-side so as
      to define a vertical channel, the inner wall of which provides a
      collection surface for said filaments, the exit passage at least of said
      forwarding means being inclined at an angle to the axis of the channel,
      and means causing preferably uniform relative angular motion between said
      forwarding means and said channel such that the mean distance between said
      forwarding means and the surface of said channel remains substantially
      constant while ensuring that the overall relative angular motion between
      filament supply means and the inlets at least of the filament forwarding
      means is at least substantially zero, so that said filaments are projected
      on to said collection surface to form a non-woven web, and means causing
      said belts to be driven in continuous synchronous manner to convey said
      non-woven web away from said filament forwarding means.
PAR  The invention proposes relative angular motion between the forwarding means
      and the channel. Thus both forwarding means and filament collector may
      rotate or preferably either one or the other may be stationary. If the
      filament collector is rotated, it then becomes necessary to rotate
      associated apparatus for winding up the web about the axis of the filament
      collector at the same angular velocity as the collector in order to avoid
      twisting of the web, and engineering, maintenance and doffing
      complications are thereby encountered. Therefore, in a highly preferred
      embodiment of the invention the collector surface member is not rotated
      and the filament forwarding means is moved so that the direction of
      spraying proceeds at a preferably constant angular velocity. However, in
      the latter case it is necessary, in order to prevent interference between
      and twisting of, the threadlines between the supply means and the
      forwarding devices that there is no accumulative relative rotational
      motion between the supply means and the inlet ends of the forwarding
      devices. The means in which this requirement may be met in practice are
      set forth in greater detail hereinafter.
PAR  The production of a tubular non-woven web has valuable advantages over
      known techniques of producing continuous filament webs in which continuous
      filaments are deposited on a flat collecting surface by means of a
      filament forwarding device which is traversed to and fro above the
      collecting surface. Amongst these advantages mention may be made of the
      compactness of the apparatus compared with conventional machinery for
      manufacturing a non-woven web of comparative width, which renders the
      apparatus extremely valuable in production where frequently floor space is
      at a premium. The production of a tubular non-woven web by the apparatus
      of the invention further provides a means of attaining higher
      productivity, since high traverse speeds are obtainable because there is
      no sudden change in velocity of the filament forwarding means and
      furthermore the web produced may be made completely uniform across its
      width whereas webs made by conventional traversing forwarding devices
      depositing filaments on a horizontal collecting surface have edges having
      a different weight.
PAR  The means for collecting the web will usually comprise means whereby the
      tubular web may be wound up on a roller in an orderly manner although
      alternative collecting means such as piddling the web into a collecting
      can are not excluded.
PAR  The web may be collected as a "lay-flat" doubled web. Alternatively, if a
      web having a large width is desired, the tubular web produced by the
      process of the invention may be slit once along its length. Slitting may
      be performed by conventional means such as cutting, shearing or by thermal
      means.
PAR  The web may be subsequently treated in known manner to produce a non-woven
      product. For example the web may be impregnated with an adhesive and
      heated to bond the fibres together, or the web may contain composite
      filaments, having a component which may be rendered adhesive under
      conditions which leave the other component(s) substantially unaffected,
      per unit area to the remainder of the web, because of the finite time
      taken to effect reversal of direction of traverse of the forwarding
      devices.
PAR  The tubular or slit-tubular web produced may be readily bonded by methods
      available from the art. Thus the web may be impregnated with an adhesive
      binder which may be applied as a solid, a liquid or a solution with such
      further treatment as may be necessary so as to effect bonding. In a
      preferred embodiment the web comprises bicomponent filaments, one
      component of which occupies at least a proportion of the periphery of the
      filament and may be rendered adhesive under conditions which leave the
      other component substantially unaffected, thereby forming bonds between
      contiguous filaments.
PAR  The hollow tubular member is composed of a plurality of vertically arranged
      continuous belts which abut or overlap at their edges. The belts may be
      driven in synchronous manner so that the internal wall formed thereby
      descends at a speed determined by the throughput of the filament advancing
      means and the desired weight of product. The belts or sheets may be
      impervious or foraminous, as desired, to which the filaments adhere. We
      believe that the filaments become charged with static electricity during
      their passage through the forwarding means and as a consequence adhere to
      the collection surface, and are carried away from the filament forwarding
      means thereby, yet are not adhered thereto so firmly that the non-woven
      web is sensibly damaged as it is pulled off the belts at the base of the
      collector.
PAR  The filamentary material forming the web will generally be found to adhere
      to the walls of the collection surface by means of static charge, but if
      necessary suction may be applied from the remote side of the collection
      surface in order to increase adherence. Should the static charge be so
      great as to cause such adherence between filaments and the collection
      surface that the web is damaged by the haul-off tension, the charge, and
      consequently the adherence, may conveniently be reduced by injecting steam
      or moisture. Injection may be performed by a nozzle associated with the
      forwarding means.
PAR  The belts may be formed from any flexible material, such as rubbers, which
      may or may not be reinforced by textile scrims, or may be a flexible
      foraminous material such as a woven metal mesh. The exhausts of the
      forwarding means are inclined at an angle to the axis so that filaments
      are caused to impinge upon the hollow collecting cylinder.
PAR  A substantially constant weight per unit area along the web will be
      obtained if the distance the web is withdrawn per revolution of the
      forwarding means is small compared with the width of the band deposited by
      the forwarding means. For example, it is frequently found that the spray
      distribution is substantially Gaussian in which case the maximum advance
      of the web per revolution of the forwarding means, in order to ensure a
      substantially uniform product, is equal to the half peak width of the
      distribution. A substantially uniform web will be produced if the ejectors
      are symmetrically disposed around the vertical axis of the collecting
      cylinder, and the condition discussed above is complied with. Quality of
      the web may be improved if, for a given throughput of filaments through
      the forwarding means and given product weight, a high relative velocity
      between forwarding means and collecting surface together with a low web
      withdrawal speed are employed.
PAR  It is of course necessary to avoid any twisting together and interference
      between the individual threadlines feeding the several forwarding means.
      This can be achieved by keeping the forwarding means and filament supply
      stationary and arranging for the collection surface and associated wind-up
      apparatus to rotate in tandem. However, as stated above, we prefer where
      possible that collection surface is stationary. Another possibility is
      that filament supply means and forwarding means are both rotated with the
      same angular velocity. The third, highly preferred alternative is to
      maintain filament supply means and collecting surface stationary, and to
      cause the direction in which the exit of the forwarding means points to
      proceed at uniform angular velocity whilst ensuring little relative
      movement, and no accummulated relative movement between supply means and
      the inlet end of the forwarding means. In order to avoid interference
      between threadline paths after forwarding, all exits of the filament
      forwarding means should point in substantially the same direction. This
      may be achieved by mounting the plurality of forwarding means on a tilted
      non-rotatable plate and arranging for the plane of tilt to proceed at
      uniform angular velocity, which is a modification of the so-called "Swash
      Plate" member. The motion of the tilted plate is analogous to the
      precession of the axis of a spinning body around an axis of rotation and
      for convenience the motion will be referred to as a precession.
      Alternatively, several ejectors may be mounted on a fixed horizontal plate
      symmetrically above the axis of the channel and having exit orifices
      inclined at an angle to that axis.
PAR  When the diameter of the collecting channel is large it may not prove
      possible to arrange the threadline forwarding means to be centrally
      aligned above the collector, since the distance that the filaments must
      travel from forwarding means to impinge upon the collector is undesirably
      large. In such cases, one rotatable swash plate carrying a plurality of
      ejectors may be mounted conveniently near to the collector surface on an
      arm, extending from a centrally mounted rotatable shaft.
DRWD
PAR  The invention is now described further with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic perspective representation of one form of the
      apparatus according to the invention,
PAR  FIG. 2 is a plan view of part of the apparatus shown in FIG. 1, showing a
      drive mechanism for the endless belts comprising the filament collector,
PAR  FIG. 3 is a section through a preferred yarn forwarding device, comprising
      two ejectors mounted on a rotatable swash plate, forming part of the
      apparatus of the invention and FIGS. 4, 5, 6, 7 show perspective views of
      a swash plate device similar to that illustrated in FIG. 3 but having four
      ejectors, in various attitudes.
PAR  FIG. 8 is a section through an alternative forwarding device forming part
      of the apparatus of the invention.
DETD
PAR  Referring to FIGS. 1 and 2, continuous filaments 10 of a synthetic polymer
      are passed from spinnerets 12 integrally connected to spinning units 14,
      to pneumatic forwarding devices 16. The exit nozzles 18 of forwarding
      devices 16 are parellel at all times and inclined so as to project
      continuous filaments 10 without interference between the two masses of
      projected filaments 10 onto the internal wall l20 of collecting surface
      22, illustrated as six endless belts 100 hexagonally arranged when viewed
      in a vertical plane. Endless belts 100 are arranged to pass over top rolls
      102 and bottom rolls 104 which are individually axially mounted on
      supports 106, which are themselves fixed to a rigid structure (not shown).
      Supports 106 are arranged so that each belt 100 abuts with its neighbours
      to define a hexagonal vertical channel 108. Rolls 102 and 104 have bevel
      gears 110 axially mounted at each end and outside supports 106, said bevel
      gears 110 being in meshing engagement at their inner sides (see FIG. 2).
      Bevel gears 110 are also meshed with bevel driving pinion 112 whereby the
      belts 100 may be driven by shafts 114, which are rotated so that belts 100
      pass downwardly on the inside of the hexagonal passage that they define.
      Only one shaft 114 is shown: it will be readily appreciated that a
      plurality of shafts 114 may be employed, with mechanical, electrical
      hydraulic or electronic means (not shown) to ensure synchronous operation.
      The edge of each belt 100 may be appropriately chamfered so as to improve
      its abutment with its neighbouring belts 100.
PAR  Forwarding devices 16 are situated on opposite sides of, and close to the
      axis of collector 22 and are arranged to rotate at constant angular
      velocity. A web 24 of continuous filaments is built up on the internal
      surface 20 of collector 22. Cylindrical web 25 is passed on exiting from
      collector 22 around curved roll 26 which serves to lay-flat the tubular
      web 25 to form a doubled web 28. If desired web 25 be slit along a length
      by slitting means (not shown) and opened by guide rolls (not shown) to
      form a single web, which would then proceed via roll 26 to occupy the
      position of web 28. Reference numeral 30 indicates schematically further
      treatment of web 28 whereby the filaments thereof are bonded together and
      web 28 is finally collected on roll 32 and may be interleaved by tissue
      paper 34 supplied from roll 36 if desired.
PAR  FIG. 3 illustrates a convenient form of pneumatic forwarding device 16, by
      which a plurality of individual bundles of continuous filaments 10 can be
      supplied to a forwarding device to increase throughput. For convenience,
      two threadlines are illustrated, and their relative positions are
      indicated by the suffixes N, S, being two cardinal points of a compass.
      Thus, threadlines 10.sub.N, 10.sub.S, are passed to the pneumatic
      forwarding device which comprises air ejectors 38.sub.N, 38.sub.S, mounted
      perpendicularly to inclined swash plate 40.
PAR  Swash plate 40 is supported by vertical rigid hollow shaft 42 bent at its
      lower end and fixed thereat to ball race 44 embedded in plate 40. The
      vertical portion of shaft 42 is aligned with the axis of the collector
      (not shown in FIG. 3) and is rotatably driven by means of a chain or belt
      (not shown) running in contact with pulley or sprocket 43. Internally
      situated of shaft 42 is pneumatic supply tube 46 whereby ejectors
      38.sub.N, 38.sub.S, are powered. Tube 46 is rigidly mounted to frame 48
      and contains flexible portion 50.
PAR  In operation, shaft 42 is rotated, thereby causing the plane of tilt of
      plate 40 to precess whilst stationary flexible supply tube 46 prevents
      plate 40 from rotating. By this means, ejectors 38.sub.N, 38.sub.S are
      held substantially in the same position relative to threadlines 10.sub.N,
      10.sub.S, whilst the direction in which threadlines 10.sub.N, 10.sub.S
      are propelled by ejectors 38.sub.N, 38.sub.S precesses.
PAR  FIGS. 4, 5, 6, 7 illustrate in perspective four successive attitudes of
      swash plate 40 carrying four ejectors 38.sub.N, 38.sub.S, 38.sub.E,
      38.sub.W in the course of one revolution.
PAR  FIG. 8 shows a second yarn forwarding device. Stationary plate 54 supports
      a number of air ejectors (two only shown). The ejectors comprise a
      non-rotating portion 56 and a rotatable portion 58, the two portions being
      linked at bearing 60. Rotatable portions 58 comprise a first section 59
      coaxial with fixed portion 56 and a second portion 61 set at an angle to
      portion 59. First sections 59 of rotatable portions 58 are adapted to
      engage with a driving belt or chain (not shown): the portion engaging the
      driving means is indicated by reference numeral 65. The axes of second
      portions 61 preferably remain parallel and for this reason positive
      engagement between driving means and rotatable portions 58 is preferred,
      such as that afforded by a toothed wheel and a chain or ribbed belt.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for making a non-woven web comprising filament supply means,
      two or more filament forwarding means and a filament collector, said
      collector comprising a plurality of vertically arranged continuous belts
      which are arranged side-by-side so as to define a vertical channel, the
      inner wall of which provides a collection surface for said filaments, the
      exit passage at least of said forwarding means being inclined at an angle
      to the axis of the channel, and means causing preferably uniform relative
      angular motion between said forwarding means and said channel such that
      the mean distance between said forwarding means and the surface of said
      channel remains substantially constant while ensuring that the overall
      relative angular motion between filament supply means and the inlets at
      least of the filament forwarding means is at least substantially zero,
      said forwarding means including a plurality of air injectors mounted upon
      a tilted non-rotatable plate and means for causing the plane of the tilt
      of said plate to proceed at a uniform angular velocity, so that said
      filaments are projected on to said collection surface to form a non-woven
      web, and means causing said belts to be driven in continuous synchronous
      manner to convey said non-woven web away from said filament forwarding
      means.
NUM  2.
PAR  2. Apparatus for making a non-woven web according to claim 1 wherein said
      belts comprise a flexible rubber material.
NUM  3.
PAR  3. Apparatus for making a non-woven web as claimed in claim 1 wherein said
      belts are a foraminous flexible material.
NUM  4.
PAR  4. Apparatus for making a non-woven web comprising filament supply means,
      two or more filament forwarding means and a filament collector, said
      collector comprising a plurality of vertically arranged continuous belts
      which are arranged side-by-side so as to define a vertical channel, the
      inner wall of which provides a collection surface for said filaments, the
      exit passage at least of said forwarding means being inclined at an angle
      to the axis of channel, and means causing preferably uniform relative
      angular motion between said forwarding means and said channel such that
      the mean distance between said forwarding means and the surface of said
      channel remains substantially constant while ensuring that the overall
      relative angular motion between filament supply means and the inlets at
      least of the filament forwarding means is at least substantially zero,
      said forwarding means comprising a plurality of air ejectors mounted
      symmetrically about the axis of the channel on a stationary plate which is
      substantially co-axial with the channel, said air ejectors comprising a
      stationary inlet means and a rotatable outlet means, said outlet means
      being inclined at an angle to the axes of the channel and the axes of all
      said outlet means being substantially parallel, so that said filaments are
      projected on to said collection surface to form a non-woven web, and means
      causing said belts to be driven in continuous synchronous manner to convey
      said non-woven web away from said filament forwarding means.
NUM  5.
PAR  5. Apparatus for making a non-woven web according to claim 4 wherein said
      belts comprise a flexible rubber material.
NUM  6.
PAR  6. Apparatus for making a non-woven web as claimed in claim 4 wherein said
      belts are a foraminous flexible material.
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ABST
PAL  A tracking device is illustrated wherein a rotatable guide is moved in a
      path approximating the path of the trumpet or other coiler sliver guide
      means responsive to suitable gearing and wherein the rotatable guide has a
      scalloped surface over which the sliver is fed for minimizing contact
      between the sliver and the rotatable guide and producing positive rotation
      of the rotatable guide by the sliver, avoiding sliding friction
      therebetween.
BSUM
PAR  This invention relates to a tracking device for use with a planetary
      coiler, employing a rotatable guide for minimizing variations in tension
      exerted upon the sliver which tend to cause thick and thin places therein.
      By passing the sliver over a rotatable guide, friction is avoided and
      since the rotatable guide is itself moved together with the trumpet,
      variations in tension are further avoided. Moreover, the rotatable guide
      is provided with the scalloped surface over which the sliver is fed,
      minimizing contact and facilitating a positive drive therebetween in order
      to avoid sliding friction as tends to attenuate the sliver due to the
      unevenness inherent in such frictional engagement.
PAC  BACKGROUND OF THE INVENTION
PAR  Planetary coilers of the type illustrated in U.S. Pat. No. 3,355,775, are
      customarily provided with fixed guides such as eyelets or yokes through
      and over which sliver is fed to the trumpet of the coiler head and thence
      to the coiler calender rolls for delivery in a predetermined pattern into
      a sliver can. It has been found that a buildup often occurs on the eyelets
      and the like and that there are irregular variations in tension produced
      in the sliver due to the irregular nature of the frictional contact
      between the sliver and the eyelet. If the fiber is cotton, a sticky
      substance known as honeydew collects on the eyelets, and if the fiber is
      synthetic, a gummy finish buildup accumulates causing the fibers to hang
      up due to uneven friction interfering with the free flow of fibers over
      the guides. Moreover, static electricity is often generated by the contact
      between the sliver and such guide members disorienting the carded fibers.
PAR  Accordingly, it is an important object of the present invention to
      eleminate the point of frictional drag between the sliver and the eyelets
      and the like with a wheel or rotatable guiding element.
PAR  It has been further discovered that due to the variation in distance
      between the constantly moving trumpet and the fixed eyelet and the like,
      that tension variations occur as a result. These variations in tension
      would, of course, reflect in the sliver and subsequently produce yarn in
      the form of thick and thin places. It is another important object of the
      invention, therefore, to provide a tracking mechanism permitting the
      rotatable guide member to follow fairly closely the arcuate path of the
      trumpet as occurs in connection with a planetary coiler.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a rotatable guide or roll member may be provided for
      use with a planetary coiler for guiding the sliver thereover so as to
      minimize frictional contact and at the same time track and closely follow
      the arcuate movement of the trumpet of the planetary coiler as it moves
      about the coiler head. The rotatable guide is provided with a scalloped
      surface minimizing contact between the sliver and the guide but affording
      a positive drive to avoid frictional engagement thereof by the sliver. The
      tracking motion is accomplished by suitable gearing including sun and
      planetary gears for maintaining an arm which carries the rotatable guide
      facing in the same direction while being translated in an arcuate path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawings
      forming a part thereof, wherein an example of the invention is shown and
      wherein; wherein:
PAR  FIG. 1 is a schematic, perspective view illustrating a tracking sliver
      guiding device constructed in accordance with the present invention
      operably positioned upon a planetary coiler.
PAR  FIG. 2 is an enlarged longitudinal sectional elevation taken on the line
      2--2 in FIG. 1,
PAR  FIG. 3 is a top plan view further illustrating the sliver guide and
      tracking mechanism therefor constructed in accordance with the present
      invention, and
PAR  FIG. 4 is a schematic, perspective diagram of the gearing and linkage
      mechanism constituting a tracking mechanism constructed in accordance with
      the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawings illustrate a tracking device for delivering sliver to a
      planetary coiler, having coiler sliver guide means movable in a
      predetermined arcuate path responsive to drive means, for delivering
      sliver in a predetermined pattern for collection in a sliver can. The
      tracking device includes a rotatable guide A over which the sliver is fed
      for delivery to the sliver guide means. A vertical standard B is driven
      for rotation by the drive means. A horizontal offset arm C is carried
      adjacent a top of the standard. Means D are provided for mounting the
      rotatable element A on the arm C for rotation on a horizontal axis in
      substantial alignment with the sliver and above and in substantial
      alignment with the sliver guide means. Gear means E are driven by the
      vertical standard B moving the means D mounting the rotatable guide in a
      path following the arcuate path of the coiler sliver guide means. Thus,
      substantially even tension is exerted at all times on said sliver,
      avoiding attenuation thereof as would cause thin places in the sliver
      since the sliver is fed over a rotatable guide avoiding friction, and
      since the rotatable guide itself is moved with the coiler sliver guide
      means.
PAR  The invention is described in connection with a planetary coiler of the
      type illustrated in U.S. Pat. No. 3,355,775, the disclosure of which is
      incorporated herein and made a part hereof by reference. While the
      invention is thus described in connection with a coiler of a specific
      design which has a stationary can, it is to be understood that the
      tracking and guiding device hereof may be utilized in connection with
      coilers of other types and designs wherein the devices hereof are
      applicable.
PAR  A coiler head broadly designated at 10 is carried by a suitable vertical
      support 11 which carries suitable means for driving the ring or planetary
      gear 12 in a customary manner (not shown). The gear 12 is carried in a
      lower housing or support member 13 which forms a base of the coiler head.
      An upper support member 14 is carried adjacent the top of the base support
      member 13 and is driven for rotation in the direction of the arrows in
      FIG. 1 and 3. A second upper support member 15 is carried thereby and has
      a coiler sliver guide means in the form of a trumpet 16 carried therein.
      The trumpet moves with the support 15 in the direction of the arrow and is
      carried above the driven coiler calender rolls 17 and 18 which move
      together with the first and second upper supports 14 and 15 for delivering
      a sliver S (FIG. 1) to the sliver can 19. The vertical support 11 carries
      a housing 20 adjacent the top thereof and a sheave 21 is carried for
      rotation on a fixed stub shaft 22 adjacent the housing 20. The sliver S is
      illustrated in FIG. 1 as being delivered from a pair of calender rolls 23
      and 24 of a carding machine.
PAR  The sliver is pulled over the sheave 21, guided over a rotatable guide A,
      and thence to a trumpet 16 and between the calender rolls 17 and 18. The
      rotatable guide or roll A is illustrated in the form of a sheave
      constructed preferably of plastic and molded in a single piece. The sheave
      or rotatable guide A has a pair of spaced flange members 25 and 27 bridged
      by a scalloped surface 27 over which the sliver S is fed. The scalloped
      surface 27 has spaced valleys or base portions 27a which carry triangular
      toothed-like projections 27b therebetween. The rotatable guide A has a
      cylindrical opening 28 therein for reception of a stub shaft 29 carried at
      right angles to a substantially horizontal rod 30. If desired, the sheave
      21 may also be provided with a scalloped surface over which the sliver may
      pass.
PAR  A vertical standard B is carried in a vertical housing portion 20a of the
      housing 20. A suitable gear train carried in a lower portion 20b of the
      housing 20 is driven from the intermediate gear 12 (FIG. 4). A suitable
      compound gear 31 is journaled for rotation in the housing 20 upon a
      suitable stub shaft 32. The lower gear mechanism 31a of the compound gear
      31 is driven by the external teeth of the gear 12. The upper portion 31b
      of the compound gear 31 drives a second compound gear 33 by engaging a
      lower gear portion 33a thereof. The compound gear 33 is carried for
      rotation upon the shaft 34 which depends from an upper portion of the
      lower housing 20b. The upper gear portion 33b of the compound gear 33
      drives a gear 35 fixedly carried by the lower portion of the vertical
      standard or shaft B. A sun gear 36 is fixed upon the vertical housing
      portion 20a and a flanged thrust bearing 37 supports the vertical standard
      B for rotation therein. A suitable bearing 38 is provided adjacent the
      lower portion of the vertical housing 20a also supporting the vertical
      standard B for rotation therein.
PAR  The arm C is horizontally carried and offset from the standard B and is
      fixedly carried thereon as by the collar 39. The arm C has a stub shaft 40
      depending therefrom for carrying gear means E for moving the mounting
      means D in an arcuate path but maintaining the means D facing always
      substantially in the same direction. The stub shaft 40 supports a
      planetary gear 41 which drives a planetary gear 42. The planetary gear 42
      is carried by a shaft 43 which is carried in a bearing 44 adjacent the
      free end of the arm C. The means D mounting the rotatable element include
      a collar portion 45 fixed as by set screws 46 to the shaft 43. The means D
      adjacent the other end include a fitting 47 which carries the rod 30 fixed
      therein by means of set screws 48 passing therethrough.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tracking device for delivering sliver to a planetary coiler, having
      drive means, and coiler sliver guide means movable in a predetermined
      arcuate path responsive to said drive means, for delivering sliver in a
      predetermined pattern for collection in a sliver can comprising:
PA1  a rotatable guide over which said sliver is fed for delivery to said coiler
      sliver guide means;
PA1  a vertical standard driven for rotation by said drive means;
PA1  a horizontal offset arm carried adjacent a top of said standard;
PA1  means mounting said rotatable guide on said arm for rotation on a
      horizontal axis in substantial alignment with said sliver and above and in
      substantial alignment with said coiler sliver guide means; and
PA1  gear means driven by said vertical standard moving said means mounting said
      rotatable guide in a path approximating the arcuate path of said coiler
      sliver guide means;
PA1  whereby substantially even tension is exerted at all times on said sliver
      avoiding attenuation thereof causing thin places in the sliver.
NUM  2.
PAR  2. The structure set forth in claim 1, wherein said gear means includes a
      fixed sun gear and a pair of planetary gears carried by said arm, one of
      said planetary gears being fixed with respect to said means mounting said
      rotatable guide.
NUM  3.
PAR  3. A tracking device for delivering sliver to a planetary coiler, having
      trumpet and the like movable by a planetary gear in a predetermined
      arcuate path for delivering sliver in a predetermiined pattern for
      collection in a sliver can comprising:
PA1  a guide over which said sliver is fed for delivery to said trumpet;
PA1  a vertical standard driven for rotation by said planetary gear;
PA1  an offset arm carried adjacent a top of said standard;
PA1  means mounting said guide on said arm in substantial alignment with said
      sliver and above and in substantial alignment with said trumpet; and
PA1  gear means driven by said vertical standard moving said means mounting said
      guide in a path approximating the arcuate path of said trumpet;
PA1  whereby substantially even tension is exerted at all times on said sliver
      avoiding attenuation thereof causing thin places in the sliver.
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PAL  An apparatus for maintaining sliver thickness uniform whereby the web from
      a carding machine is gathered by a trumpet and passed between a grooved
      driven roller and a sensor roller riding in the groove so that the
      movements of the sensor roller vary as a function of sliver density. The
      sensor roller is mechanically connected to a magnetic core so that
      movement of the sensor roller varies the coupling between a primary
      transformer winding and a pair of secondary windings. The voltages induced
      in the secondary windings are applied, after a delay, to a first
      differential amplifier whose output in turn is connected to a second
      differential amplifier which is periodically rendered operative by a pulse
      generator and to which is also connected a potentiometer for adjusting
      desired density. The output of the second amplifier is connected to a pair
      of relay coils, one responsive to positive excursions and the other to
      negative. Each relay controls a switch connecting a power source to a
      motor coil for rotating the motor which in turn controls a variable speed
      drive for controlling, for example, the feed roll of a conventional card.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART AND SUMMARY OF THE INVENTION
PAR  The invention relates to an apparatus for maintaining uniform density of
      sliver strands produced by textile machines such as cards and the like.
PAR  One step in the processing of textile fibers such as cotton, wool,
      synthetic fibers, or any other type of textile fibers involves forming
      these small fibers into a long interlocked chain known in the art as a
      sliver. This function is usually accomplished by a machine termed a card,
      but other textile processing equipment such as draw frames and pin
      drafters also produce slivers. These slivers are conventionally coiled or
      otherwise stored for further processing into textile yarn or thread which
      can be then woven or otherwise manipulated into textile material.
PAR  It is important that the density or thickness of the sliver be maintained
      substantially uniform. In the absence of monitoring of this thickness or
      density, there is a tendency for the sliver density to drift away from a
      desired value which produces a product which is unsatisfactory for further
      processing. In view of the speed of operation of modern carding machines,
      it is virtually impossible for visual observation or periodic manual
      testing to satisfactorily maintain a desired density.
PAR  Thickness regulating device, commonly known by the term "auto-levelers,"
      are well known in the textile art and have been successfully employed for
      many years. For example, an auto-leveler manufactured by Crosrol includes
      a first roller having a groove in the outer peripheral surface thereof in
      which a second roller rides. Strands produced by a carding machine, after
      being formed into a sliver, continuingly pass between the two rollers so
      that the movements of the roller riding in the groove vary as a function
      of the thickness and density of the sliver. These movements are detected
      to produce an electrical signal which is integrated and compared
      electrically with a desired value to control the relative speeds of the
      doffer and feed rolls of the card machine which in turn controls the
      sliver density.
PAR  British Pat. No. 930,873 describes another textile processing system of
      this type in which the sliver moves between two rollers with the movement
      of a second roller on top of the sliver being detected to vary the
      relative speeds of doffer and feed rolls. In the British patent, a magnet
      core is mechanically connected to the upper roller and disposed between a
      primary transformer winding and a pair of secondary windings so that the
      relative position of the core determines the voltages which appear at the
      two secondary windings. These secondary windings are in turn used to
      control a variable speed device which is applied to the feed element of
      the card machine.
PAR  My copending application, Ser. No. 543,808 filed Dec. 20, 1974 as a
      continuation of my copending application, Ser. No. 411,841 filed Nov. 1,
      1973, now abandoned, describes an auto leveler of this general type in
      which the thickness of the sliver is detected sonically or ultrasonically
      to produce an electrical signal which controls a variable speed device
      coupled to the feed roll.
PAR  A further application by Cecil S. Wise, Ser. No. 475,312, filed May 31,
      1974, describes a similar system which includes circuitry which is
      periodically actuated to adjust the density and which is kept inoperative
      between adjustments to avoid oscillation of sliver density.
PAR  The present invention relates to an improved apparatus of this type. As
      described in detail below, the thickness and density of a sliver
      continuously passing between a rotating grooved roller and a sensor roller
      riding on the sliver is detected by movement of a magnet core coupled for
      movement with the upper roller and which is disposed for alternating the
      coupling between primary and secondary coils of a transformer. Preferably,
      the transformer includes first and second secondary coils so that the
      amplitudes of the respective output voltages of these coils are directly
      related to the position of the core and accordingly the thickness of the
      sliver. The signals produced by the two secondary coils are delayed in
      time by a simple integration circuit to avoid changes in density resulting
      from detecting a minor irregularity in the sliver and applied to a first
      differential amplifier which produces an output voltage which varies as a
      function of the difference between the two input signals.
PAR  This outpupt voltage is in turn applied to a second differential amplifier
      which is periodically rendered operative by a pulse generator for a short
      period. The other input to the second amplifier is used to adjust the
      desired sliver thickness. When the second amplifier is activated, an
      amplified signal is applied to a pair of relays, one responsive to
      positive excursions of the waveform and other responsive to negative
      excursions. Each of these relays operates a controlled switch which, when
      the relay is activated, completes a current path through a coil of a
      conventional control device which operates an armature to control a
      variable speed device connected to one of the two rollers which control
      the thickness of the sliver, for example, the feed roll on a conventional
      card.
PAR  Many other objects and purposes of the invention will be clear from the
      following detailed description of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic diagrammatic view of one embodiment of the
      invention of this application.
PAR  FIG. 2 shows an explodeed view of the sensor which produces the electrical
      signals for varying the sliver thickness and density.
PAR  FIG. 3 shows a cut-away view of the assembled structure of FIG. 2 along the
      lines 3--3.
PAR  FIG. 4 shows a detailed electrical schematic of the error detection and
      drive circuitry of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to FIG. 1 which illustrates a schematic view of the
      unique invention of this application. It should be appreciated that while
      FIG. 1 schematically illustrates the invention in combination with a
      conventional card, the invention finds utility in conjunction with
      operation of any type of textile processing equipment that produces
      slivers.
PAR  The carding machine 10 may be of any suitable type provided with the usual
      feed roll 12, lickerin 14, large fiber paralleling cylinder 16, and a
      conventional doffer roll 18. As is well known, roll 18 doffs cylinder 16
      to remove therefrom a fine web of parallel strands. These parallel strands
      are brought together as a web 20 by a trumpet 22 which is directly
      connected to sensor 26 which is illustrated in detail in FIGS. 2 and 3.
      The slivers which are gathered by trumpet 22 are pulled therethrough and
      then through sensor 26 which includes, as described below, cooperating
      tongue and groove type rollers. Thereafter, the sliver is coiled in the
      usual manner by coiler 28.
PAR  As is also conventional, an electrical motor 30 drives cylinder 16,
      lickerin 14, doffer 18 and one of the rolls of sensor 26. The feed roller,
      however, is driven through a variable speed drive 32 to which there is
      connected an electrical motor 34. This variable speed device 32 is
      preferably of the type which combines infinitely variable speed control
      with positive power transmission, e.g., the "PIV" type supplied by the
      Link-Belt Enclosed Drive Division of the FMC Corporation, such as shown in
      book 3074078(2), especially the electrically controlled models thereof
      shown and described on pages 46 and 47 of the book. These latter variable
      speed drives therefore include motor 34 of FIG. 1.
PAR  As indicated above, the sliver 24 passes through sensor 26 which responds
      to the cross-section of the sliver and accordingly to its thickness and
      density to cause the operation of the error detection and drive circuitry
      36 which is described in detail below in FIG. 4. Circuitry 36 operates to
      adjust the motor 34 when the sliver thickness varies from the acceptable
      range. More particularly, operation of circuitry 36 produces an electrical
      signal which is connected to motor 34 to cause it to rotate in a forward
      or reverse direction and consequentially to vary the speed of the variable
      speed drive 32 in a known manner. Varying the speed of drive 32 in turn
      causes feed roll 12 to increase or decrease its speed relative to doffer
      roll 18 as well as the other components driven by motor 30. This results
      in a variation of the sliver cross section to return it to an acceptable
      level.
PAR  Reference is now made to FIGS. 2 and 3 which illustrate in detail the
      components of sensor 26. As mentioned briefly above, these components
      include a grooved roller 40 which is driven by motor 34 via axle 41.
      Roller 40 as well as the other components, are mounted within a housing
      which is formed of housing portions 42, 44 and 46. Housing portion 46
      includes conventional control devices 50 which operate the electrical
      circuitry illustrated in FIG. 4 described in detail below.
PAR  A further grooved roller 52 is likewise mounted for undriven rotation in
      groove 48 of roller 40. Roller 52 is mounted for rotation about shaft 54
      in a bearing member 56 which is pivotally connected by shaft 58 to housing
      portion 42. A spring 60 urges rotation of bearing member 56 and roller 52
      about shaft 58 so as to urge roller 52 into engagement with groove 48 of
      roller 40.
PAR  A transducer 70 is rigidly mounted to the floor of housing portion 42 by a
      bracket 72 and includes therein a plurality of transformer windings 74 as
      discussed further below in conjunction with the description of the FIG. 4.
      Shaft 78 extends upwardly from transducer 70 and includes adjacent the
      coils 74 a magnetic core element 80 which, as it is moved vertically,
      changes the coupling between the respective transformer coils 74 and the
      relative amplitudes of the outputs from those coils as discussed below.
      Spring 84 engages a collar 86 of shaft 78 urging that shaft upward. The
      top of shaft 78 engages a lever arm 90 which as can be best seen in FIG. 2
      is directly connected to the bearing member 56 so that as the grooved
      roller 52 moves upward and downward with changes in the thickness of a
      sliver, arm 90 is likewise shifted to vary the vertical position of shafts
      78 and core 80 so that coupling between the coil 74 is likewise varied.
      Since lever arm 90 extends away from the pivot point of bearing member 56
      and is further from that point than roller 52, the movement of that roller
      is mechanically amplified by lever arm 90.
PAR  The web 20 is gathered by conventional trumpet 22 which guides the sliver
      between rolls 40 and 52 which are continuously rotated as described above.
PAR  Reference is now made to FIG. 4 which illustrates in detail the error
      detection and drive circuitry 36 for maintaining the sliver density or
      thickness uniform. As the core 80 is moved vertically by shaft 78, the
      coupling between coils 74, which are comprised of primary coil 100 and a
      pair of secondary coils 102 and 104, is varied. A suitable alternating
      current signal is applied to primary coil 100 so that similar voltages are
      induced in coils 102 and 104 with the amplitude of the induced voltage
      being a function of the position of core 80. Accordingly, as the core is
      shifted vertically in response to the variations in the thickness of the
      sliver, the relative amplitudes of the signals produced at coils 102 and
      104 is similarly varied. Since the circuitry responds only to difference,
      drifting of input voltages has little, if any effect.
PAR  The voltage induced at coil 102 is rectified by diode 106 and integrated by
      the RC circuit comprising resistor 110 and capacitor 114. This voltage is
      in turn applied as one input to differential amplifier 112 via resistor
      116. Similarly, the voltage induced at coil 104 is integrated by the
      circuit including resistor 120 and capacitor 122 and rectified by diode
      124 before being applied to the other input to first differential
      amplifier 112 via resistor 126. The integration introduces a short time
      delay which ensures that a minor irregularity will not cause the system to
      try to adjust an error which does not exist. Conventional differential
      amplifier 112 produces an output signal which varies as a function of the
      difference in amplitude between the two input signals which is in turn
      directly a function of the position of core 80.
PAR  The output of differential amplifier 112 is applied as one input to a
      second differential amplifier 130 via resistor 132 and potentiometer 134.
      The position of the potentiometer can be adjusted to vary the sensitivity
      of the system. The voltage applied as the input to amplifier 130 is
      relatively linear and accordingly the D.C. meter 150 which is connected to
      potentiometer 134 via resistor 152 provides an indication of the density
      adjustment which is being made.
PAR  Amplifier 130 is connected via a relay contact to an output relay switching
      system composed of relay coils 161 and 162, contacts 163 and 169 and triac
      switches 180 and 182.
PAR  Contact 205 is activated periodically by a conventional pulse generator 160
      which produces a short pulse at periodic intervals, for example, a pulse
      of 0.3 seconds duration, each 22 seconds to relay coil 158 and shunt diode
      156. The pulse separation is related to the speed of operation of the card
      and the distance between sensor 26 and the feed rolls. It can be easily
      ascertained for any particular situation.
PAR  Each pulse actuates contact 205 and causes the output of amplifier 130 to
      be applied to relay coil 161 or 162 through diodes 166 or 168 dependent
      upon the polarity of the amplifier 130 output.
PAR  During the interval between pulses produced by generator 160 the amplifier
      is disconnected by contact 205 from output relays 161 and 162.
PAR  Accordingly, the thickness of the sliver is continuously monitored and
      periodically corrected. The time between corrections or samples allows the
      previous correction to be tested before an additional correction is made.
      Without the sampling or correction interval the sliver would tend to
      oscillate above and below a desired density at a rate determined by the
      overall time constant of the system. Because the leveling action is of a
      long term nature, many small corrections will prevent the sliver from
      overshooting the desired density, while the card and feed system maintain
      the short term variations.
PAR  When the amplifier 130 has a positive output (in excess of 9 volts), relay
      coil 161 is actuated (etc.).
PAR  Similarly, when the output of amplifier 130 has a negative value (in excess
      of 9 volts) etc.
PAR  The output of amplifier 130 is applied to conventional relays 161 and 162
      via resistor 164 and diodes 166 and 168. When the amplifier 130 has a
      positive output, relay coil 161 is actuated as current flows through coil
      161 via diode 166. Similarly, when the output of amplifier 130 has a
      negative value, current flows through negative relay coil 162 via diode
      168. Core 80 is preferably positioned and amplifiers 112 and 130 adjusted
      so that when amplifier 130 produces a positive output, the thickness of
      the sliver needs to be adjusted from a desired value in one direction
      whereas when a negative output is produced it needs to be adjusted in the
      other direction. Change in a desired value is manually done by varying
      potentiometer 170 which provides the second input to differential
      amplifier 130.
PAR  Relay coils 161 and 162 respectively control switches 163 and 169 which are
      connected to triacs 180 and 182 respectively via resistors 184. Triac 180
      when activated permits current to flow through coil 188 to armature 190 of
      motor 34 as described briefly above in conjunction with FIG. 1. Motor 190
      when actuated mechanically shifts the position of variable speed drive 32
      in order to adjust the relative speeds of the doffer roller and feed roll
      and accordingly the thickness and density of the sliver. An A.C. power
      source 200 is directly connected to armature 190 for supplying electrical
      power to that armature. Similarly, when a triac 182 is conductive, current
      flows through coil 202 causing the armature to rotate in the opposite
      direction and the thickness of the sliver to be adjusted accordingly.
PAR  Many changes and modifications in the above-described embodiment of the
      invention can, of course, be carried out without departing from the scope
      thereof and accordingly that scope is intended to be limited only by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for maintaining the density of sliver strands substantially
      uniform comprising:
PA1  sensor means having a pair of sensor members mounted for continuously
      passing therebetween a sliver so that one of the members moves as a
      function of sliver density,
PA1  core means coupled to said one member for movement therewith,
PA1  transformer means having a primary coil and first and second secondary
      coils coupled by said core means so that the amplitude of the output
      voltages by said secondary coils varies as a function of the position of
      said core means,
PA1  differential amplifier means connected to said transformer means for
      producing a signal which varies as a function of the difference in
      amplitude between the voltages at said secondary coils,
PA1  pulse generator means for producing a series of activating pulses,
PA1  further amplifier means connected to said pulse generator means and said
      differential amplifier means for producing an amplified output only when
      the pulse generator is producing an activating pulse, and
PA1  means connected to said further amplifier means for causing the sliver
      thickness to vary as a function of said amplified output.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said sensor means includes a first
      roller having a groove disposed about its periphery, means for mounting
      said first roller for rotation, a second roller, means for mounting said
      second roller for rotation while riding in said groove, and for movement
      toward and away from said first roller, a lever arm connected to said
      second roller for movement therewith toward said first roller, shaft means
      mounting said core means for movement therewith and engaging said lever
      arm, and means for mounting said coils about said core means.
NUM  3.
PAR  3. An apparatus as in claim 2 wherein said sensor means includes a housing
      and said second roller mounting means includes a bearing member, means for
      pivotally mounting said bearing member about a first axis, means for
      pivotally mounting said second roller about a second axis displaced from
      said first axis, and spring means engaged between said bearing member and
      said housing for urging pivoting of said bearing member toward said first
      roller and wherein said lever arm extends outward, away from said first
      axis.
NUM  4.
PAR  4. An apparatus as in claim 1 further including rectifying means serially
      connected to each of said secondary coils and integrating means serially
      connected to each of said secondary coils.
NUM  5.
PAR  5. An apparatus as in claim 1 further including a DC meter connected to the
      output of said differential amplifier means.
NUM  6.
PAR  6. An apparatus as in claim 1 wherein said causing means includes first
      relay means and serially connected diode means connected to the output of
      said further amplifying means for activating said first relay means when
      the output is positive, second relay means and serially connected diode
      means connected to the output of said further amplifying means for
      activating said second relay means when the output is negative, first
      switch means operated by one of said relay means for closing when that
      relay means is acitvated, a first motor winding coil for rotating a motor
      in a first direction, first electronic switching means activated when said
      first switch is closed to complete a current path through said first motor
      winding coil, a second motor winding coil for rotating a motor in a second
      direction, second electronic switching means activated when said second
      switch is closed to complete a current path through said second motor
      winding coil, a pair of sliver rollers operating at different speeds to
      produce said sliver, and means for controlling the rotation speed of at
      least one said sliver rollers connected to said motor to vary the rotation
      speed as a function of the motor position.
NUM  7.
PAR  7. An apparatus as in claim 6 wherein said electronic switching means each
      includes a triac.
NUM  8.
PAR  8. An apparatus as in claim 1 further including a card.
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ABST
PAL  A device for use in the manufacture of buttoned upholstery includes a loop
      of thread or the like and a bar having a notch which is capable of
      receiving and nipping a part of the thread of the loop. The bar and thread
      are passed through an eyelet of an ornamental button and a half-hitch knot
      is formed. The bar is passed through the article and when turned at right
      angles to the loop forms an anchorage on the surface of the article
      opposite the surface receiving the button.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to devices for use in the manufacture of articles of
      upholstery, for example chairs and mattresses.
PAR  2. Description of the Prior Art
PAR  Customarily upholstery of cushions or other stuffed articles is effected
      with the air of pre-formed loops and buttons. In general an ornamental
      button is covered with material of the main covering of the article and
      this button has a closed eyelet to which there is attached a preformed
      loop by a knot termed a "half-hitch". Then, by means of an appropriate
      machine, after compression of the article, a length of the loop sufficient
      to reach the other side of the object being upholstered is passed through
      the article and securing at the opposite side can be effected by means of
      buttons having open eyelets. The disadvantages of such a method are
      varied. First of all the attachment of the loop to the ornamental button
      is a delicate operation, which is time-consuming and costly because the
      loop is a flexible article and cannot readily be grasped and is difficult
      to manipulate. Moreover, by this upholstery method, it is necessary to
      effect manually the buttoning of the other side during a time in which the
      machine is inoperative which increases the duration of the operations and
      hence renders them costly.
PAR  Another upholstery device has been proposed which consists in using two
      rods interconnected by a band and which is made to pass by means of
      appropriate needles, from one of the rods to the other side of the object
      to be upholstered. The other rod is initially equipped with an ornamental
      button. The first rod thus situated constitutes the securing button which
      is positioned automatically. The disadvantages of this device reside in
      the use of a band connecting the two rods. In fact, the former is of such
      a thickness that there is risk of damaging the article to be upholstered
      during the upholstery process. Moreover, the band is constantly urged,
      because of its tension, to resume its initial size which gives rise to the
      risk, in time, of notching the opening through which it is passed and this
      may give rise in time to the detachment of the opposing button.
PAR  Finally, the construction of the device including the ribbon and the rods
      is complicated and costly.
PAR  An object of the invention is to overcome all these disadvantages by a
      simple device which is easy to put into operation.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a device for use in
      the production of an upholstered article, said device comprising means
      defining a loop having a length less than the uncompressed thickness of
      the article to be upholstered, and a bar having means engaging and nipping
      the loop, said means including a notch extending in a direction normal to
      the length dimension of the bar, said loop being arranged to be secured to
      a button which will be incorporated on the operative face of the article.
PAR  Preferably, the bar referred to extends from the loop perpendicularly
      thereto and opposite to the aforementioned knot.
PAR  In a first embodiment of the invention, the bar is made of a length of wire
      having at its middle portion a notch and of which the curved end portions
      are folded onto the middle portion in such a manner as to lie opposite the
      notch and to provide means for nipping the aforesaid loop.
PAR  In the second embodiment of the invention, the bar is of plastics material
      and is provided with a V-groove.
PAR  In a modification of this embodiment the aforesaid groove comprises along
      the length of its defining wall at least one lug for retaining the thread.
PAR  In a third embodiment, the bar is provided with an inclined slot, opening
      at one of its ends into a cylindrical aperture which forms a seat for the
      thread of the loop and has at its other end a chamfer to aid the
      introduction of the thread into the slot.
PAR  Advantageously, one of the buttons of the device, termed the ornamental
      button, has a closed eyelet and the smallest dimension of the bar is less
      than the diameter of this eyelet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view of the device in accordance with the invention;
PAR  FIG. 2 is a representation of the first embodiment of a bar forming part of
      the device of FIG. 1;
PAR  FIG. 3 is a representation of a second embodiment of the bar;
PAR  FIGS. 4 and 5 are views of modifications of the embodiment of FIG. 3;
PAR  FIG. 6 is a representation of a third embodment of the bar;
PAR  FIG. 7 is a view illustrating the assembly of different parts of a device
      in accordance with the invention; and
PAR  FIG. 8 is an elevational view, in section showing the fastening device of
      the invention mounted in an upholstered article.
DETD
PAR  Referring first of all to FIG. 1, the device includes a pre-formed loop 1
      on which is mounted, opposite a knot 2, a bar 3 provided with a notch 4
      for the passage of and for nipping the thread of the loop 1. The loop 1 is
      generally secured, at the side of the knot 2 to a button termed an
      "ornamental button" (not shown in FIG. 1).
PAR  FIG. 2 shows an embodiment of the bar 3. This is made from a length of wire
      provided at its centre with a notch 4 and end portions 5 and 6 are curved
      and are folded inwardly to lie opposite the notch 4. The parts thus form
      an arrangement for nipping the thread of the loop 1 situated in the notch
      4 and indicated by the circle 7.
PAR  The bar 3 shown in FIG. 3 is made by moulding a plastics material and is
      provided with a notch 8 of V form of which the walls 8a and 8b ensure the
      nipping of the thread of the loop 1 which can be introduced into it by a
      small force.
PAR  In FIG. 4, the notch 8 of the bar 3 is provided at its opening with
      retaining lugs 8c for the wire which is to be introduced. These lugs,
      which are flexible, are moulded at the same time as the bar.
PAR  FIG. 5 shows a modification of FIG. 4 having a notch 9 which is provided
      with a plurality of lugs or teeth such as 10 which ensure the retention of
      the nipping of the thread of the loop 1.
PAR  Finally, the bar of FIG. 6 has a slot 10 opening out into a generally
      cylindrical aperture 11 for receiving the thread of the loop 1. The entry
      to the slot 10 is offset with respect to the aperture 11 and is provided
      with a chamfer 12 assisting the introduction of the loop. This off-set
      arrangement ensures the retention of the loop 1, the nipping of the thread
      being effected as a result of the diameter of the apertures being slightly
      smaller than that of the thread.
PAR  FIG. 7 illustrates the connection of a loop 1 provided with its bar 3 and
      an ornamental button 13 having a closed eyelet 14. The bar 3 is introduced
      into the eyelet 14, the transverse dimension of the former being less than
      that of the eyelet, then the bar is passed from the eyelet into the
      remainder of the loop. By this means a "halfhitch" knot has been produced
      which secures the loop 1 to the ornamental button 13.
PAR  It is to be noted in all the Figures that the base or bottom of the groove
      accommodates the thread of the loop, situated at the median plane of the
      bar. The advantage of this location resides in the fact that after
      mechanically placing the bar in position through an article being
      upholstered, the bar has a tendency to turn and correctly engage the
      article, whilst the latter then takes up its initial position and places
      the loop in tension. The risk of incorrect location of the bar is thus
      reduced, that is to say the opening of the notch turns against the object
      being upholstered, and thus the risk of release of the loop.
PAR  Referring to FIG. 8, it is seen that an upholstering device constructed in
      accordance with the present invention is inserted in an upholstered
      article 15 by introducing the bar 3 through the front face 15a of the
      article 15, by means of a needle or other known inserting device, in the
      direction of the arrow A. The bar 3 is inserted perpendicularly to face
      15a through article 15, as indicated in dotted lines in the drawing. Once
      the bar 3 passes out of the rear face 15b of article 15, the bar is
      positioned perpendicularly to loop 1 and parallel to face 15b to secure
      the ornamental button 15 in place and hold the article 15 compressed.
PAR  The advantages of such device are several kinds. First of all the
      positioning of a pre-formed loop in a bar in accordance with the invention
      is simple and can readily be mechanized. The fact that the bar 3 is
      secured on the loop 1 enables the construction and indeed the sale of the
      assembly of loop and bar independently of the ornamental button. Thus, at
      the assembly stage of the ornamental button with the loop 1 equipped with
      its bar, the latter plays the roll of a threading means enabling the
      formation of a half-hitch knot, from which follows an advantageous gain in
      the upholstering operation.
PAR  Such device also enables the use of an upholstery machine known in itself,
      in which the needles of the latter can facilitate location of the bar for
      taking it to the opposite side of the stuffed article.
PAR  After removal of the needle, the bar is held by the surface of the article
      and the upholstery button is held in its final place without the necessity
      for an opposing button. This enables a higher upholstery rate and a
      shorter immoblisation of the machine for each operation. On the other
      hand, the thread of the loop being of very small transverse dimensions,
      cannot damage the stuffing of the article during stitching although it
      runs externally of the needle. This advantage is preserved, moreover by
      the presence of the knot of the loop close to the eyelet of the ornamental
      button, which position is acquired by placing the bar opposite it and by
      the method of construction of the half-hitch knot. Thus, the thread passes
      through the article to be upholstered gives rise to no unevenness.
PAR  Finally, the two strands of the loop at the region of the bar are separated
      only by the thickness of the bar and cannot in any event enlarge the
      perforation through the article thus upholstered during the passage of the
      needle which is of a dimension larger than this spacing. There is thus no
      risk of the loss of the bar in the stuffing.
PAR  The invention is applicable in the chair and mattress industry.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for use in the production of an upholstered article for
      securing a button having an eyelet thereon to the face of the article,
      said device comprising
PA1  flexible means defining a loop having a length less than the uncompressed
      thickness of the article to be upholstered, and
PA1  a thin elongated flat and relatively straight bar adapted to be inserted
      through the eyelet of the button; said bar including means for engaging
      and nipping the loop and for maintaining the bar in a relatively fixed
      position on the loop, said means including a notch extending in a
      direction normal to the length dimension of the bar,
PA1  said loop being secured to the eyelet of the button which will be
      incorporated on the operative face of the article.
NUM  2.
PAR  2. A device according to claim 1, wherein the bar comprises a length of
      wire with the notch formed centrally thereof and end portions of the bar
      bend back over and terminating opposite the notch whereby to form parts of
      the engaging and nipping means for restricting movement of the loop with
      respect to the bar.
NUM  3.
PAR  3. A device according to claim 1, wherein the bar is formed of a moulded
      plastic material and the notch is of V shape.
NUM  4.
PAR  4. A device according to claim 3, wherein the means for engaging and
      nipping the loop includes at least one loop-retaining lug formed on the
      walls of the V notch.
NUM  5.
PAR  5. A device according to claim 1, wherein the notch is formed as a slot
      inclined to the length of the bar having a circular aperture at its inner
      end and a chamfered outer end to facilitate introduction of the loop, the
      aperture constituting a location for the loop.
NUM  6.
PAR  6. A device according to claim 1, wherein the bottom of the notch is
      disposed on the opposite side of the median plane of the bar to the
      opening of the notch.
NUM  7.
PAR  7. A device according to claim 1, wherein the loop is preformed from a
      length of thread having free ends which are connected by a knot; and said
      bar extends perpendicularly to the loop and is located along the loop
      opposite to the knot, whereby the knot is located adjacent and below the
      button when the loop is inserted in position through the upholstered
      article.
NUM  8.
PAR  8. A device according to claim 7, wherein said button is an ornamental
      button and comprises a closed eyelet, the smallest dimension of the bar
      being less than the diameter of the eyelet, whereby said bar can be
      inserted through said eyelet to secure said loop thereto in a half hitch
      knot.
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ABST
PAL  Textile strands are compressively crimped by propelling them lengthwise, as
      by a fluid jet, into a rotating cylindrical chamber having a foraminous
      surface. Rotation of the chamber aids in collection and temporary
      retention of the crimped strand until it is withdrawn therefrom at the
      leading edge of the strand accumulation after about half a revolution. The
      crimped strand is withdrawn between an edge of the chamber and an adjacent
      solid surface rotating therewith, as by conical rolls.
PARN
PAR  This is a continuation of my copending application Ser. No. 376,567 filed
      July 5, 1973 and since abandoned, which was a continuation-in-part of my
      copending application, Ser. No. 176,029 filed Aug. 30, 1971 and now U.S.
      Pat. No. 3,781,951.
BSUM
PAR  This invention relates to the compressive crimping of textile strands, as
      by propelling such a strand lengthwise into buckling contact against a
      flat or smooth surface and accumulating it in resulting crimped
      configuration on an adjacent foraminous strand-supporting surface.
PAR  In conventional techniques for compressive crimping of textile strands,
      such a strand to be crimped usually is forced lengthwise into one end of a
      tubular enclosure by feed rolls, although sometimes by fluid transport, to
      buckle as it then comes into contact with an accumulation of the same
      strand previously forced thereinto, after which the crimped strand is
      withdrawn from the leading edge of the strand accumulation by being wound
      up out of the opposite end of the enclosure. Such technique suffers from
      throughput limitations, and the parts of the strand that slide along the
      enclosure wall often exhibit different physical characteristics, such as a
      noticeable dyeability differential, as compared with the rest of the
      crimped strand. It is also known to propel strands against a foraminous
      barrier or screen to compress them longitudinally, but such impact is
      deleterious to strand components, being conducive to breaking thereof.
      Also, openings in such screens or barriers tend to snag fine filaments or
      fibrils and to fill up with fibrous and particulate matter. Another
      difficulty is that the crimped strand tends to self-adhere and thereby to
      exhibit an expressively uniform or in-phase crimp configuration within the
      strand and also to acquire slubs as adjacent bights of strand co-adhere at
      occasional intervals.
PAR  A primary object of the present invention is enhanced uniformity of
      treatment in compressive crimping of textile strands.
PAR  Another object is compressive crimping of textile strands so as to reduce
      physical degradation thereof attributable to propulsion, impact, or other
      handling.
PAR  A further object is high-speed compressive crimping of textile strands
      applicable to strands comprising relatively narrow ribbons, strips, or
      tapes, whether prefibrillated or not, as well as to strands comprising one
      or more filaments.
DRWD
PAR  Other objects of the invention, together with means for attaining the
      various objects, will be apparent from the following description and the
      accompanying diagrams.
PAR  FIG. 1 is a front elevation, partly diagrammatic, of apparatus to which the
      present invention is applicable.
PAR  FIG. 2 is a plan view through an apparatus component of FIG. 1 (with strand
      therein);
PAR  FIG. 3 is a fragmentary sectional elevation of the same apparatus
      component, taken at line III--III on the last preceding view;
PAR  FIG. 4 is a side sectional elevation of the same apparatus component, taken
      at line IV--IV on FIG. 1;
PAR  FIG. 5 is a bottom perspective view of an apparatus component useful as a
      dephaser and slub deterrent;
PAR  FIG. 6 is a sectional elevation through part of the component of FIG. 5 in
      operating juxtaposition to the apparatus of preceding views;
PAR  FIG. 7 is an end elevation of auxiliary apparatus components in operating
      position; and
PAR  FIG. 8 is a plan view of the apparatus of FIG. 7.
PAR  In general, the objects of the present invention are accomplished, in
      lengthwise compressive crimping treatment of textile strands to impart a
      crimped configuration thereto, by propelling a crimpable textile strand,
      as by a propulsion fluid, continuously into a rotating cylindrical chamber
      and thereby forming it into crimped configuration, accumulating the
      crimped strand temporarily therein, and continuously removing crimped
      strand therefrom at the leading edge of the so supported accumulation
      between an edge of the chamber and an adjacent solid surface rotating
      therewith. The preferred embodiment of the latter means is a ring-shaped
      device flanged to fit in place into a central opening in an end of the
      chamber.
PAR  Before an account of the present invention, shown particularly in
      subsequent views, it is helpful to consider a type of apparatus with which
      the invention is especially useful. An embodiment of such apparatus
      appears in FIGS. 1 to 4.
DETD
PAR  FIG. 1 shows, partly in elevation and partly schematically, a frame
      supporting various apparatus components and with strand 11 being treated
      thereby. The strand is withdrawn from package 12 thereof on a support at
      one end of the frame. The strand passes in sequence through guide 13,
      around idler roll 14, and through the successive nips of metering rolls
      17, 17' and 18, 18'. Rolls 17 and 18 are driven by belts 7 and 8 from
      pulleys (not shown) on shaft 9 of a motor 10. From the final roll nip the
      strand passes via guide 19 to a branch inlet of jet 20. The jet is
      supplied through a main inlet with propulsion fluid, as by pump 5, by way
      of interconnecting rigid and flexible lines designated generally as 6 and
      provided with pressure gauge 4. Fluid enters the main inlet tube and
      propels strand 11 from the branch inlet tube through the junction of the
      inlet tubes and out the outlet end. As shown in more detail in subsequent
      views, the exiting strand impinges forcibly against the flat lower surface
      of shallow cylindrical chamber 30, which is open centrally at the top and
      which has a foraminous cylindrical surface.
PAR  FIGS. 2 and 4 show cylindrical chamber 30 enlarged in scale as compared
      with FIG. 1 and in plan (partly cut away) and sectional elevation,
      respectively, and FIG. 3 shows a sectional detail thereof. Supported for
      rotation on vertical shaft 31, the cylindrical means comprises a shallow
      cylinder having flat impervious bottom wall 32 affixed to the shaft,
      cylindrical screen 33 joining the peripheral edge of the bottom wall and
      the peripheral edge of top wall 34, which has central opening 35 therein.
      The outlet tube of jet 20 extends into the shallow cylinder through the
      central opening in the top wall and terminates under the edge of that top
      wall and about midway of the cylinder depth at a substantial angle (here
      about 45.degree.) to the flat lower wall and at an equivalent distance
      from screen 33, which forms the cylindrical wall. Crimped strand
      accumulation 11' (so designated to distinguish it from original strand 11)
      lies against the screen and between the adjoining portions of the top and
      bottom walls where it accumulates by reason of centrifugal force imparted
      to it by forcible crimping contact with the lower wall of the rotating
      cylinder.
PAR  As shown in FIG. 1, cylindrical chamber 30 is rotated by shaft 31 by bevel
      gearing 39 (only fragmentarily indicated) driven through belt 37 from a
      suitable drive pulley. Crimped strand 11" (so designated to distinguish it
      from accumulation 11' thereof in the rotating cylindrical chamber as well
      as from the original strand) is withdrawn through central opening 35 in
      the top wall and passes about guide 41 and through stabilization chamber
      40, which has entrance and exit openings to accommodate it. From the
      stabilization chamber it proceeds through guide 42, over windup roll 43,
      which may be slotted appropriately to traverse the strand, and onto
      package 44 carried on swing arm 45. The swing arm is biased from an
      alternative (shown in phantom) oblique position, useful for package
      removal, against stop 46 by weight 47 suspended on cable 48 passing over
      pulley 49 and secured to the top of the swing arm. The windup roll is
      driven by belt 3 from a similar drive pulley (not shown).
PAR  Operation of the underlying apparatus just described and illustrated is
      readily understood. The strand is withdrawn from the package or other
      suitable source by the metering rolls and forwarded thereby to the fluid
      jet. Suitable propulsion fluid, such as air compressed from the
      atmosphere, propels the strand through the jet and against the flat
      impervious lower surface of the rotating cylindrical chamber, the fluid
      dissipating principally through the apertures in the adjacent screen. The
      forcible impact of the strand so propelled causes it to buckle into
      crimped configuration. The crimped strand accumulation lies against the
      concave interior surface of the rotating screen, where it is retained, at
      least in part by centrifugal force, in the channel formed by the flat top
      and bottom walls and the cylindrical screen.
PAR  Inasmuch as the jet is fixed in position and the screen is rotating
      continuously, the accumulating crimped strand does not pile up on itself
      but progresses along the screen counter to the direction of rotation. The
      locus of impact of the strand is always near the trailing edge of such
      accumulation, while the leading edge thereof is something over a half
      circle away, where crimped strand is withdrawn from the accumulation
      thereof. The windup roll withdraws the crimped strand out from under the
      overhanging top wall of the cylindrical chamber, the locus of withdrawal
      being determined by the ratio of withdrawal to rotational speed and the
      ratio of withdrawal speed to the speed at which the untreated strand is
      metered into the crimping zone, as well as by the crimping characteristics
      of the strand material and also the fluid pressure and the flow rate and
      volume.
PAR  The various speed ratios normally are maintained fixed, as suggested by the
      drive belts shown on a common drive pulley, but suitable provision for
      adjusting such ratios as may be desirable is readily available in the form
      of continuously variable drive linkages as well as stepwise variable pairs
      of pulleys, etc. Of course, the speed at which the strand issues from the
      outlet end of the jet is considerably greater than the rotational speed of
      the cylindrical chamber at the locus of impact of the issuing strand
      against the impervious flat lower wall thereof, such as at least twice and
      preferably several times as great. The crimping itself reduces the
      effective overall length of the strand by a minor fraction in the range of
      at least about one tenth but less than five tenths, usually between two
      and three tenths. The windup speed is accordingly less than the supply (or
      propulsion) speed. The residual excess of supply speed over screen speed
      causes the strand to accumulate in the illustrated serpentine folds along
      the screen.
PAR  FIG. 5 shows, in perspective, apparatus useful with the foregoing apparatus
      according to this invention. Tension ring 51 has flat annular portion 52
      and depending cylindrical flange 53 along the inner edge thereof bounding
      central opening 54. The maximum radial dimension of the flat annular
      portion approximates that of top wall 34 of the cylindrical chamber, while
      the minimum radial dimension of that portion and of the depending flange
      is somewhat less than that of wall 34, whereupon the ring is adapted to
      rest upon that wall with the ring flange depending into central opening 35
      in the top wall of cylindrical chamber 30 as shown in the next view.
PAR  FIG. 6 shows, in fragmentary sectional elevation, tension ring 51 in
      operating juxtaposition to cylindrical chamber 30 as just described.
      Crimped strand 11" is withdrawn over the inner edge of top wall 34, as
      previously shown, but now it passes in contact with the upper surface of
      that wall and with the lower surface of annular portion 52 of the tension
      ring resting thereon. This aids in dephasing adjacent filaments in a given
      bight or length of the strand and also assists in reduction or removal of
      slubs or tangled portions of the strand, thereby assuring its presentation
      in orderly fashion to the withdrawal or windup means. No attempt is made
      in this view or succeeding views to depict the crimped configuration of
      the strand being withdrawn, which does not become fully apparent until it
      is released from the tension of withdrawal or winding.
PAR  The tensioning means already described and illustrated is not the only
      device that will meet the requirements of this invention for slub
      elimination, but it is preferred for simplicity and effectiveness of
      construction and operation. In any event such a device rotates with the
      cylindrical chamber, lies closely adjacent to the open end wall thereof
      and is biased thereagainst--preferably by its own weight. Such device is
      readily removable therefrom to facilitate string-up and any necessary
      adjustment, cleaning, or maintenance.
PAR  FIG. 7 shows in elevation, and FIG. 8 in plan, auxiliary withdrawal means
      comprising pair of tapered rolls 61, 71 carried on their respective axles
      62, 72 by suitable auxiliary frame means (not shown). Roll 61, preferably
      made of steel or similar metal, is driven by appropriate drive means (also
      not shown) at desired withdrawal speed. Roll 71, preferably made of rubber
      or resilient plastic composition, is undriven. As shown, the rolls are
      contiguous, with their corresponding sizes of ends mutually adjacent, and
      are oriented on axes in a plane substantially parallel to top wall 34 of
      the cylindrical means.
PAR  As shown more clearly in FIG. 8, the axis of driven roll 61 is
      substantially parallel to a tangent to the wall at its nearest approach
      thereto. The roll taper opposes the direction of rotation so that crimped
      strand is withdrawn at a rapid rate over the larger roll surface thereof
      upon displacement of the leading edge of the strand accumulation in that
      direction. It will be apparent that, contrariwise, if the leading edge is
      not carried so far in the direction of rotation, the crimped strand is
      withdrawn at a lower rate over the smaller roll surface, thereby
      stabilizing the location of the leading edge.
PAR  When used with the further windup apparatus shown in FIG. 1, these tapered
      rolls would precede guide 41 or (if such guide is not used) the next
      succeeding element in the windup path.
PAR  It will be understood that the strand to be treated, although perhaps most
      likely uncrimped, may have been crimped previously by any suitable method,
      whereupon the present treatment would superimpose a second crimp upon the
      first. For example, the strand may have been crimped previously by a twist
      (or false-twist) method and then be compressively crimped hereby, as
      suggested with illustration and description together with a conventional
      compressive or stuffer-crimping operation in my U.S. Pat. No. 2,972,798.
PAR  If of drawable composition, the strand often will have been drawn quite
      some time before being crimped. However, a drawing step may be performed
      immediately before crimping, as suggested with illustration and
      description of a conventional compressive or stuffer-crimping operation in
      my U.S. Pat. No. 3,462,814, which lists many drawable strand compositions
      suited to a draw-crimping operation. The strand may even be taken directly
      from extrusion to drawing and crimping, as suggested with illustration and
      description of a conventional stuffer-crimping operation in my U.S. Pat.
      No. 3,499,953. Draw-crimping according to the present invention is readily
      accomplished by driving the second set of metering rolls (18, 18') at a
      sufficiently higher surface speed than the first set (17, 17'), as in a
      ratio of 4:1, for example.
PAR  Thermoplastic textile strands usually may be drawn or crimped (or both)
      more readily by heating thereof before or at the time of assuming drawn or
      crimped configuration, as indicated in my aforementioned patents. When
      draw-crimped the strand preferably is not allowed to cool intermediately
      but is maintained at temperature conducive to crimping. Preheating to
      reach a desired strand-treating temperature is readily accomplished. The
      propulsion fluid used in the jet may be hot air or steam, for example, so
      as to heat the strand passing therethrough.
PAR  Stabilization of the strand in its acquired configuration, as in the
      mentioned chamber, also customarily involves heat and may involve hot
      rolls, radiant heating, or treatment with hot fluid (which may be supplied
      from the same source as the propulsion fluid, if desired), moist or dry,
      and may involve tension application. See, for example, the heat-relaxation
      disclosed in my U.S. Pat. No. 3,221,385, and as augmented by a cooling
      aftertreatment in my U.S. Pat. No. 3,561,082. Selection of suitable
      heating means, whether for pretreatment or posttreatment (or both), is
      well within the ability of persons ordinarily skilled in the art, and no
      such heating means is illustrated or further described here.
PAR  The present invention is adapted to operation at high speeds, such as
      upwards of a thousand yards per minute. Such speeds are more readily
      attainable than in conventional stuffer-box types of compressive crimping
      because of the readier entry and exit of the strand from the open-sided
      channel-shaped chamber disclosed here than possible in the more complete
      enclosure customarily employed. The resulting crimp level is very even,
      and no undesirable crimp diminution occurs during windup, which is readily
      accomplished at relatively low tension.
PAR  Although a specific embodiment of the invention has been illustrated and
      described, certain modifications have been suggested hereinabove.
      Additional modifications, such as addition, combination, or subdivision of
      parts or steps, or substitution of equivalents, may be made while
      retaining all or some of the advantages and benefits of the invention,
      which itself is defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Strand-crimping apparatus comprising a cylindrical strand-receiving
      chamber within which the strand undergoes sufficiently forcible lengthwise
      impact against a wall thereof to buckle it into crimped configuration,
      including a foraminous cylindrical wall and a pair of relatively flat
      walls parallel to one another and perpendicular to and flanking the
      foraminous cylindrical wall, one of the walls having a central opening
      therethrough, means for propelling a strand to be crimped into and means
      for withdrawing it crimped from the chamber through the opening, means for
      rotating the chamber about the axis thereof, and including also separable
      ring-shaped means adjacent the flat outside of the wall having the central
      opening therein and adapted to receive crimped strand therebetween in
      crimp-dephasing rubbing contact therewith upon withdrawal thereof from the
      chamber, wherein the strand-propelling means and strand-withdrawal means
      are adapted to forward the strand at relatively fast and slow rates,
      respectively, whereby the strand piles up temporarily in crimped form
      therebetween inside the chamber.
NUM  2.
PAR  2. Strand-crimping apparatus according to claim 1, wherein the ring-shaped
      means is gravity-biased against the flat outside of the wall.
NUM  3.
PAR  3. Strand-crimping apparatus according to claim 1, including means for
      centering the ring-shaped means relative to the central opening.
NUM  4.
PAR  4. Strand-crimping apparatus comprising a cylindrical strand-receiving
      chamber within which the strand undergoes sufficiently forcible lengthwise
      impact against a wall thereof to buckle it into crimped configuration,
      including a foraminous cylindrical wall and a pair of relatively flat
      walls parallel to one another and perpendicular to and flanking the
      foraminous cylindrical wall, one of the walls having a central opening
      therethrough, means for propelling a strand to be crimped into and means
      for withdrawing it crimped from the chamber through the opening, means for
      rotating the chamber about the axis thereof, and including also separable
      ring-shaped means adjacent the flat outside of the wall having the central
      opening therein and adapted to receive crimped strand therebetween in
      crimpdephasing rubbing contact therewith upon withdrawal thereof from the
      chamber, the strand--propelling means and strand-withdrawal means being
      adapted to forward the strand at relatively fast and slow rates,
      respectively, whereby the strand piles up temporarily in crimped form
      therebetween inside the chamber, wherein the ring-shaped means comprises a
      flat ring having a circular flange along the inner edge thereof within the
      central opening, the radius of the ring-shaped means being less than the
      radius of the adjacent flat wall of the chamber, and the ring-shaped means
      rests on that wall of it own weight.
NUM  5.
PAR  5. Strand-crimping apparatus according to claim 4, wherein the axis is
      substantially vertical.
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ABST
PAL  Apparatus and method for stuffer box crimping yarn is disclosed in which
      continuous filament drawn yarn having a thermoplastic component and
      varying in denier along its length is treated in the same crimping area
      and where that portion of the yarn of higher denier is texturized to a
      lesser extent than that portion of the yarn of lower denier. The apparatus
      for carrying out the method provides a crimp site and a very short plug
      guiding area which establishes the lateral width of the plug. A pair of
      pressure shoes are oppositely disposed on either side of the plug of
      crimped yarn as it leaves the guiding area. The shoes are spaced apart at
      a slightly greater distance than the width of the guiding area to provide
      voids along the plug sides thereby reducing if not eliminating back
      pressure in the plug due to lateral plug contact above the guiding area
      and are pivoted adjacent the guiding area, and apply a uniform pressure on
      opposite sides of the plug downstream of the guiding area where they
      converge against the plug. Means for relaxing the plug of yarn fore and
      aft of its axis are provided intermediate the crimping site and the
      downstream ends of the pressure shoes. A gathering area downstream of the
      pressure ends of the shoes is designed to have little or no effect upon
      the yarn entering and leaving it, and in this respect, it provides further
      means for yarn plug relaxation.
BSUM
PAC  HISTORY OF THE INVENTION
PAR  Previous attempts to produce uniform crimp in yarn having a thermoplastic
      component by the stuffing box method have evolved from the concept of
      creating a relatively uniform back pressure in the "crimping chamber" and
      to this end prior art apparatus have provided relatively long crimper
      boxes providing frictional back pressure along the sides thereof due to
      build up of a relatively long plug of yarn.
PAR  Other prior art apparatus have provided back pressure elements in and/or at
      the end of a crimping chamber and which, together with plug-chamber
      friction, maintain a relatively constant back pressure in the plug of
      yarn.
PAR  It is theorized, however, that the mass of the yarn plug affects the yarn
      end as it enters the crimping site, and it constantly changes throughout
      such prior art crimping operations, resulting in undesirable variations
      (those which vary directly with yarn denier) in yarn crimp level along the
      length of the yarn, including of course such variations along the lengths
      of yarn ends taken off different packages, as discussed below. This is, it
      is thought, because the prior art methods do not take into consideration
      the fact that even the best undrawn yarn stock may vary, within each yarn
      package and from package to package, in denier along its length and in
      draw-texturing machines in which yarn is drawn and immediately crimped on
      the run, additional variations in denier along the length of the yarn due
      to drawing operations may aggravate the problem and cannot be selectively
      eliminated.
PAC  THE INVENTION
PAR  The present invention is based upon the theory which contemplates
      maintaining relatively constant the mass of the plug of crimped yarn in
      the crimping area and immediately downstream thereof, so that the
      characteristics of the trailing end of the plug of yarn at the point of
      crimp impact remains the same to thereby crimp the yarn to a higher and
      lesser degree as its denier decreases and increases, respectively.
PAR  In the present preferred embodiment of the invention, it is concluded that
      the yarn is crimped immediately upon impact with the trailing end of the
      plug of yarn in the crimping head. A very short plug forming and guiding
      area, comprised of a pair of laterally opposed walls, is provided
      immediately following the crimp site to extablish the lateral width of the
      plug. It has been found that once the lateral width of the plug is
      established by the width of the guiding area, the integrity of the plug
      width can be held constant without the need for side wall contact by the
      provision of pressure on the plug downstream of the guiding area. This
      pressure is provided by a pair of laterally disposed shoes which in the
      embodiment to be described are at least twice the length of the crimping
      and guiding area. These pressure shoes are pivoted at their upstream ends
      adjacent the crimping-guiding area, such that their inner surfaces at
      their pivotal supports are slightly farther apart than are the walls of
      the guiding area, thus providing voids along the plug sides to reduce, if
      not eliminate lateral plug-wall back pressure above the guiding area, such
      that the downstream portions of the shoes may apply a uniform pressure to
      the opposite sides of the plug of yarn only downstream of the guiding
      area. This construction provides a mechanism which together with the plug
      of yarn, it is believed, is highly sensitive to changes in the mass of the
      plug resulting from denier change along the length of the yarn as it is
      fed to the crimping site. The plug is permitted to travel past the ends of
      the shoes which are at uniform pressure upon the sides of the plug at, it
      is believed, varying speeds of travel which compensate for denier changes
      to retain the mass of the plug in the crimping, guiding and shoe or
      sensing areas relatively constant without any lateral plug-wall friction
      except in the short guiding area.
PAR  As noted, it has been found that the integrity of the plug, across the
      width thereof, is relatively stable throughout its length from the
      trailing end or point of crimp to the pressure ends of the shoes, that is,
      in the planes normal to the axis of the crimper feed rolls, but that this
      does not necessarily hold true as concerns the fore and aft dimension of
      the plug. Thus, the invention provides for slight fore and aft plug
      relaxation as it travels through the sensing zone so that any pressures
      which the plug exerts on the fore and aft walls and vice versa will have
      minimal effect in planes normal to the width of the plug.
PAR  Provision is also made for gathering the yarn as it leaves the sensing area
      and in such a way that the plug is relatively unaffected by side wall or
      back pressure. In this respect, the sides of the gathering chamber in the
      preferred embodiment diverge upwardingly in the fore-aft direction so that
      relaxation of the plug in that direction is not sudden.
DRWD
PAR  The invention will be better understood with reference to the following
      description taken in conjunction with the drawings, in which:
PAR  FIG. 1 is a front elevational view, partially broken away, of a crimping
      head of this invention;
PAR  FIG. 2 is a rear elevational view of the crimping head of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIGS. 1 and 4;
PAR  FIG. 4 is a sectional view taken along 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged front elevational view of the crimping and sensing
      zones of the crimper head of the previous figures with the front plate
      removed and showing the pressure shoes in a position between open and
      closed;
PAR  FIG. 6 is a view similar to that of FIG. 5 showing the pressure shoes in
      the fully open position;
PAR  FIG. 7 is an exaggerated disgramatic view of yarn being crimped in a head
      incorporating the invention; and
PAR  FIG. 8 is an exaggerated diagramatic view similar to FIG. 7.
DETD
PAR  The figures disclose crimping apparatus which generally provides a pair of
      feed rolls R which feed at least a single end of yarn (not shown in FIGS.
      1-6) to a crimping site 10 which the invention contemplates as being
      immediately past the nip of feed rolls R. The crimp site is followed by a
      plug guiding area 11 of short length, generally square in cross section
      and defined by side walls 11 and the lower portions of front and rear
      plates 12 and 13 (see FIG. 3). The guide area is followed by the sensing
      area 15, the front and rear walls of which are defined by stuffer box
      cover 12 and stuffer box back plate 13 which are indented as at 12' and
      13' to permit expansion of the plug of yarn in the fore and aft direction
      as it travels through the plug sensing area 15.
PAR  Pressure shoes 16 are pivoted at their lower ends adjacent the crimping
      area at the upper portion of the guiding area 11 at pivot connections 20
      which are journaled in back plate 13 and which may be relatively immovable
      with respect thereto. The upper ends of the shoes 16 are pivotally
      connected as at 25 to links 26 which in turn are pivotally connected as at
      27 to piston rod 28 via vertically sliding block 30 to which the end of
      the piston rod 28 is threadedly engaged as at 31.
PAR  Slide block 30 is retained in its sliding path by lateral walls 35 and the
      rearward face of U-shaped upper back plate 40 which also provides
      apertured platform 41 supporting air pressure cylinder 42 retained in its
      supported position via nuts 43 and 44 juxtaposed against upper and lower
      surface of the platform 41 and threadedly retaining rod guide 45.
PAR  Pressure from cylinder 42 is supplied by conventional means, not shown, and
      in the embodiment shown acts through the piston, not shown, through rod 28
      and links 26 to pivot the upper ends of shoes 16 toward one another
      against the plug of yarn downstream from the crimping site and guiding
      area just before it enters the gathering area 50. An intermediate position
      of the shoes, between "open"  and "closed" , is shown in FIG. 5, while the
      open or threading up position is shown in FIG. 6. Diagramatic views FIGS.
      7 and 8, as will be discussed, show the shoes in their operative position,
      albeit exaggerated. Thus, the inner surfaces of the shoes 16 are spaced
      outwardly of the walls 11 of the guiding area except when in the operative
      position at which time only the tips of the shoes contact the plug sides.
PAR  After the plug passes the upper ends of the shoes it is received in
      gathering area 50, which in this instance is designed to have little or no
      effect upon the yarn. In this last respect, back plate 40 and front plate
      60 provide upwardly diverging rearward and forward walls 40' and 60' as
      best seen in FIGS. 3 and 4. There is little or no side-to-side wall-plug
      friction in the gathering zone 50 as side walls 61, 62 thereof formed in
      back plate 40 are spaced apart a greater distance than walls 11 of the
      guiding area which have coacted with the plug of yarn to determine the
      lateral width of the plug which, as has been noted, tends to remain
      constant. However, provision is made for some lateral expansion which
      might occur in the sensing area in the voids between the plug sides and
      the inner surfaces of the shoes.
PAR  Intermediate the ends of gathering zone 50 oppositely facing openings 65
      may be provided for sensing the leading end of the yarn plug via, for
      instance, photo cells, not shown, which may be mounted in seats 66
      machined in the sides of back plate 40 and which may be operatively
      associated via circuitry to vary the speed of yarn take-up mechanisms as
      has been described in the prior art. Thus, the crimping head described may
      be fitted to existing machinery which provides variable yarn take-up
      controlled by such means as photo cells. Alternatively or in conjunction
      with such means, switch 70, operated by spade 71 pivotably supported at 72
      may be used to shut off take-up mechanisms in the event downstream
      controls fail, or may itself be used to vary take-up speed, as the leading
      end of the plug contacts and lifts the end of spade 71 overlying the
      gathering area 50.
PAR  As noted, sensing area 15 is designed to assure there is little or no back
      pressure within the yarn plug because of wall-plug friction fore and aft
      of the plug axis. Back pressure due to lateral plug-wall friction is
      eliminated or at least minimized or greatly reduced because of the
      inherent lateral integrity of the plug as it forms at the crimp site and
      guiding area, the relative short length of guide walls 11, and the
      application of pressure to the plug only at the sides of the plug at the
      downstream ends of the shoes. In this respect, as previously discussed,
      the inner surface of shoes 16 when in the vertical position (FIG. 5) are
      spaced farther apart than are walls 11 of the guiding area. Further, the
      shoes are controlled so that the application of a range of pressure is
      such as will retain the lateral integrity of the plug, thus, it is
      theorized, retaining plug mass at the crimp site and in the guiding and
      sensing areas as the denier of the yarn along its length changes.
PAR  As shown in the diagramatic views of FIGS. 7 and 8, yarn Y' of a relatively
      low denier is crimped in apparatus according to the invention. As the yarn
      plug forms in the crimping and guiding areas, it is crimped to a
      relatively high crimp level as at CL.sub.1. As the denier changes along
      the length of the yarn to become higher as at Y2 in FIG. 8, the crimp
      level becomes lower as at CL.sub.2. The pressure of shoes 16 against the
      sides of the plug remains constant and as the integrity of the side of the
      plug remains relatively constant, it is theorized that the mass of the
      plug and thus its impact characteristics at the crimping area remain the
      same resulting in the variation in crimp level, just discussed.
PAR  Experimentation with apparatus as disclosed herein establishes that at
      relatively high pressures (applied to the downstream ends of the shoes via
      cylinder 42) there is an inverse relationship between crimps per inch and
      denier. For example, ends of undrawn yarn which would result in drawn yarn
      of 2720 denier, 2100 denier, 1500 denier and 760 denier, respectively,
      were drawn and immediately fed on the run into the crimping head disclosed
      herein in which the downstream ends of the shoes were under 25 p.s.i.
      cylinder pressure (resulting in about 8 p.s.i. pressure in the sensing
      area). The crimp level of resulting respective yarn ends were 18.4 c.p.i.,
      20.1 c.p.i., 23 c.p.i. and 27.8 c.p.i. This trend indicated, because, it
      is theorized, of the sensitivity of the apparatus to change in the mass of
      the yarn plug, that the end product in any given instance would be more
      uniform. As drawn denier increased, the textured denier decreased. The
      opposite relationship between c.p.i. and denier results from prior art
      apparatus which attempt to impede the travel of the plug to create a
      uniform back pressure in the plug regardless of plug mass.
PAR  At relatively lower pressures the same relationship between c.p.i. and
      denier held true, but to a lesser extent. For example, undrawn yarn ends
      resulting in drawn yarn of 2500, 1840, 1280 and 720 denier, respectively,
      drawn and fed on the run to the disclosed head, coacting with the ends of
      the shoes under 15 p.s.i. cylinder pressure, resulted in crimp levels of
      14.0, 13.6 14.5 and 16.7 c.p.i., respectively.
PAR  Importantly, the above noted variations in crimps per square inch in the
      textured yarn (between 18.4 and 27.8, and between 14.0 and 16.7) are less
      than experienced when processing any single yarn end in some prior art
      commercial stuffer box crimpers; the denier variation in undrawn yarn,
      along the length of available stock being .+-. 5%, whereas in the above
      noted experiments the denier varied from 500 denier to 2,000 from yarn end
      to yarn end.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A crimping head; including means for feeding a yarn end therein and for
      forming a plug of yarn therefrom, said head comprising a crimp site and
      plug guiding area of relatively short length defined in part by opposing
      surface means spaced apart a predetermined distance for contacting
      opposite sides of the plug for substantially establishing the lateral
      width of the plug and for guiding the plug downstream, pressure means
      mounted laterally outwardly of and extending downstream of the downstream
      end of said guiding area on either side thereof, means for moving the
      downstream ends of said pressure means inwardly for applying a uniform
      pressure on opposite sides of the plug adjacent said downstream ends only
      whereby back pressure in the plug due to lateral plug-surface friction
      between said guiding area and said downstream end of said pressure means
      is minimized or greatly reduced.
NUM  2.
PAR  2. The crimping head of claim 1, including front and rear opposing surface
      means extending downstream between said guiding area and said downstream
      end of said pressure means and providing recessed means for relaxing the
      plug fore and aft between said guiding area and said downstream end of
      said pressure means, whereby back pressure due to plug-surface friction
      therebetween is minimized or greatly reduced.
NUM  3.
PAR  3. The crimping head of claim 1 including a plug gathering area immediately
      downstream of said pressure means said gathering area comprising opposed
      surfaces diverging in the downstream direction of plug travel and
      constituting means for minimizing or greatly reducing back pressure in the
      plug due to plug-surface friction.
NUM  4.
PAR  4. The crimping head of claim 3, in which said opposing surfaces of said
      gathering area are disposed fore and aft of the direction of plug travel.
NUM  5.
PAR  5. The crimping head of claim 1, including a plug gathering area
      immediately downstream of said pressure means, said gathering area
      comprising opposed surfaces disposed outwardly of the direction of plug
      travel a distance greater than that of opposing surface means of said
      guiding area.
NUM  6.
PAR  6. The crimping head of claim 1, wherein the distance between said
      downstream end of said pressure means and the downstream end of said
      guiding area is at least two times the length of said guiding area.
NUM  7.
PAR  7. The crimping head of claim 1, wherein said opposing surface means of
      said guiding area comprise a pair of flat surfaces disposed for contacting
      the sides of the plug and a second pair of flat surfaces further defining
      said guiding area are provided for disposition fore and aft of the plug.
NUM  8.
PAR  8. The crimping head of claim 1 wherein said pressure means comprises a
      pair of laterally inwardly facing flat surfaces connected with said means
      for moving the same from and to operative and inoperative positions, said
      moving means including means for mounting said pressure laterally
      outwardly of said opposing surfaces of said guiding area and for moving
      only the downstream ends of said laterally inwardly facing flat surfaces
      into pressure applying contact with the plug.
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ABST
PAL  A method of producing a novel deeply creped fabric by using partially
      bulked yarn. Gyratory (or torque-imparted) partially bulked yarn obtained
      from a known twisting - heat setting - untwisting process is additionally
      twisted, or said process is conducted on the pre-twisted yarn to give
      extra twists to the non-bulked portions, so as to make conspicuous the
      difference between the bulked and non-bulked portions, and a fabric is
      woven or knit by using such yarn and is subjected to a creping treatment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of producing a deeply creped woven or
      knitted fabric using partially bulked yarn.
PAR  Heretofore, for making a creped or crimped fabric with thermoplastic
      synthetic fibers, it has been the common practice to impart hard twist to
      the material yarn and make use of the resultantly produced torsional
      torque characteristic, or to use the already crimped yarn to utilize the
      stretchability and the torque that such yarn has. Crimped yarn is usually
      obtained from the steps of twisting, heat setting and untwisting by using,
      in most cases, a false twisting machine or an Italian type twisting frame,
      and such crimped yarn is used either in the form as is or by imparting
      extra twists to the yarn to utilize the torque that consequently develops.
PAR  The present invention features use of the yarn which is prepared by a novel
      method so as to obtain a novel fabric having an improved shape of the
      crimps. In the method of the present invention there is a novel partially
      bulked yarn obtained by imparting extra twist to the crimped yarn prepared
      from a common process of twisting, heat setting and untwisting, or by
      conducting said process on the pre-twisted material yarn.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention has for its object to obtain a woven or knit fabric
      having an excellent creping effect that could never be obtained with
      conventional methods. According to the present invention, the partially
      bulked yarn prepared from a twisting - heat setting - untwisting process
      is further worked so that the difference between the bulked and non-bulked
      portions become more conspicuous and so that greater retractability is
      provided in the yarn, and weaving or knitting is carried out using such
      yarn to obtain the improved fabric described.
PAR  In order to make the difference between the bulked and non-bulked portions
      conspicuous and to make the yarn retractable, a suitable number of twists
      is given to said bulked yarn. According to the method of the present
      invention, there are produced not only the fine crimps or crepes by
      crimping but also deep crimps due to the distortion that is produced in
      the texture, so that there is obtained a fabric having an intricate and
      large creping effect which is unobtainable with the prior art techniques.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIGS. 1 to 3 are schematic drawings showing means for producing the change
      of tension between the grey yarns;
PAR  FIG. 4 is a perspective view showing a part of a conventional partially
      bulked yarn;
PAR  FIG. 5 is a perspective view showing a part of a partially bulked yarn of
      the present invention;
PAR  FIG. 6 is a diagram showing twisting of a partially bulked yarn and the
      change of condition of the bulked portion;
PAR  FIG. 7 is a diagrammatic view of a plain weave grey fabric obtained by
      using as weft the partially bulked yarn of the present invention;
PAR  FIg. 8 is an enlarged view of a part of the grey fabric shown in FIG. 7;
PAR  FIG. 9 is a fragmentary enlarged view of the fabric of FIG. 7, said fabric
      having been subjected to an after-treatment to shrink the bulky crimped
      portions of said partially bulked yarn;
PAR  FIG. 10 shows a plain weave texture obtained by using the partially crimped
      yarn of the present invention;
PAR  FIG. 11 is an enlarged view of one wale of the grey fabric shown in FIG. 7;
      and
PAR  FIG. 12 is a view similar to FIG. 11, showing the condition of the wale
      which has undergone an after-treatment.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The partially bulked yarn of the present invention is manufactured in the
      following way.
PAR  Referring to FIG. 1, two pieces of grey yarn 1 and 1' are supplied to the
      same twisting spindle 2 of a false twister and subjected to a series of
      processes where said two pieces of yarn in a doubled state are further
      twisted, heat set and untwisted. In the course of these processes, there
      is provided between the yarn feeding section and the twisting spindle a
      suitable means for intermittently producing a change in the tension
      between the two pieces of yarn. After passing the point 6, the respective
      yarns are given different feeding conditions. In FIGS. 1 to 3, reference
      numeral 3 denotes a heater, 4 the doubling point, and 5, 5' the fixed
      guides.
PAR  In the process of FIG. 1, two grey yarns 1 and 1' are under the same
      tension and undergo the usual false twisting in a paralleled state, but in
      the processes of FIGS. 2 and 3, the point 6 is moved to the left or to the
      right as shown, by means of a mechanism not shown, so that a difference in
      the tension is produced between the two yarns 1 and 1'. In the case of
      FIG. 2, the tension of the yarn 1 becomes smaller than that of the yarn 1'
      and, under this condition, twisting is practiced by the false twisting
      spindle, so that sufficient twist is given to the yarn with the smaller
      tension while only insufficient twist is given to the yarn 1' having
      greater tension. As a result, sufficient crimping is given to the yarn 1
      while yarn 1' is insufficiently crimped. In the case of FIG. 3, the
      situation is reversed. That is, the tension of yarn 1 becomes greater than
      that of yarn 1', and therefore the performance is just the contrary to the
      case of FIG. 2. As the processes of FIGS. 1, 2 and 3 are practiced
      alternately with the advancement of the yarns and the movement of the
      point 6, there is obtained a partially bulked yarn.
PAR  When two pieces of grey yarns with different tensions are supplied to the
      twisting spindle, sufficient twisting is imparted to the yarn with the
      smaller tension but insufficient twist is given to the yarn with the
      greater tension, so that the former yarn undergoes sufficient crimping and
      is bulked as shown by 7 in FIG. 4, while the latter yarn receives little
      crimping work and remains substantially unbulked as shown by 8 in FIG. 4.
      As these operations are conducted intermittently, there is formed a
      partially bulked yarn with alternate bulked and non-bulked portions.
PAR  The partial bulked yarn having alternately arranged bulked and non-bulked
      portions is generally poorer in retractability and crimping torque than a
      usual crimped yarn prepared from a normal twisting - heat setting -
      untwisting process and crimped evenly throughout its length.
PAR  According to the method of the present invention, the partially bulked yarn
      obtained in the above-described way is further worked so as to further
      distinguish the bulked and non-bulked portions from each other and to
      provide greater retractability, and weaving or knitting is carried out
      using such yarn to produce a woven or knit fabric having a complicated and
      a large creping effect that can not be obtained with conventional methods.
      In order to make the bulked and non-bulked portions distinguish from each
      other and to give strong retractability to the yarns, a suitable number of
      twists are imparted to said partial bulked yarn. Such twisting may be made
      before practicing the partial bulking work (pre-twisting) and after
      completing such work (post-twisting), and the direction of twist may be
      either clockwise or counterclockwise.
PAR  The term "partially bulked yarn" applies to a crimped yarn prepared from a
      common twisting - heat setting - untwisting process and having a gyratory
      characteristic (torque) along its full length. It is characterized by its
      specific structure where the bulked and non-bulked portions appear
      alternately, and each bulked portion is given sufficient crimping work so
      that each filament is thoroughly and finely crimped, while each non-bulked
      portion undergoes insufficient crimping work so that each filament therein
      is only roughly crimped and there is little difference between it and the
      non-worked filament. In this portion, therefore, there still exits the
      twist which has been given to the filaments prior to the partial bulking
      work, and hence if extra twisting is accomplished separately such extra
      twisting, even if slight in degree, will be concentrated in the non-bulked
      portion of the partially bulked yarn which is in an easily twistable
      state, while the bulked portion receives hardly any extra twist. As a
      consequence, the yarn assumes a general configuration such as that shown
      in FIG. 5, that is, the non-bulked portion 8 is further bundled owing to
      the concentration of the twist imparted and the difference of bulk height
      between the bulked portion 7' 7 and the non-bulked portion 8' becomes even
      more conspicuous.
PAR  Further, since the torsional torque derived from the concentrated twisting
      in the non-bulked portion is balanced, such torque works on the bulked
      portion and is added to the crimping torque which the bulked portion has
      inherently, so as to produce a synergistic effect. The resultant yarn has,
      therefore, a very high retractability. If a fabric is woven or knit using
      such yarn, the latter produces structural distorsion in the fabric so as
      to produce a prominent creping effect.
PAR  In the above-said twisting operation, the proportion of the bulked portions
      to the non-bulked portions in the partially bulked yarn can be varied by
      changing the degree of twisting. This is diagrammatically illustrated in
      FIG. 6, where numeral 9 indicates the proportion of the bulked portion 7
      to the non-bulked portion 8 when the number of twists is zero, and
      numerals 10 and 11 represent such proportions as observed when the number
      of twists is gradually increased. It will be seen that the length of the
      non-bulked portion 8 is gradually elongated, as indicated by 8', and 8" as
      the number of twists increases. The apparent twist number in the portion 8
      is also increased. Also, the apparent diameter ratio signifying the
      difference of bulk height between the bulked portion 7 and the non-bulked
      portion 8 is naturally changed and enlarged proportionally to the number
      of twists.
PAR  Table 1 below shows the results of actual measurements conducted on said
      portions.
TBL                                    Table 1                                 
     __________________________________________________________________________
           number                                                              
               length of                                                       
                       length of                                               
                             apparent                                          
                                     apparent                                  
     material                                                                  
           of  bulked                                                          
                     : non-bulked                                              
                             diameter ratio                                    
                                     number of                                 
           twists                                                              
               portion portion                                                 
                             between bulked                                    
                                     twist in                                  
                             and non-bulked                                    
                                     non-bulked                                
                             portion portion                                   
     __________________________________________________________________________
     polyester                                                                 
           t/m                       t/m                                       
     75d-36f                                                                   
            70 88.9  : 11.1  1.7     630.6                                     
     75d-36f                                                                   
           100 85.2  : 14.8  2.1     675.7                                     
     75d-36f                                                                   
           160 81.3  : 18.7  2.2     855.6                                     
     nylon                                                                     
     40d-17f                                                                   
            70 85.3  : 14.7  1.4     476.2                                     
     40d-17f                                                                   
           100 82.7  : 17.3  1.6     578.0                                     
     40d-17f                                                                   
           160 74.8  : 25.2  1.62    634.9                                     
     40d-17f                                                                   
           300 85.1  : 34.9  1.5     859.6                                     
     __________________________________________________________________________
PAR  The above results indicate that it is undesirable to excessively increase
      the number of twists. That is, if the number of twists is increased more
      than required the length of the bulked portion is shortened, allowing the
      twist to extend to the bulked portion to reduce its bulkiness, thereby
      resulting in a lessened partial bulking effect. Evaluation of the fabrics
      produced from the partially bulked yarn according to the present invention
      showed that the number of twists should be not more than 500 twist/meter
      (t/m). If twisting occurs at a greater frequency, the feeling of the
      texture is worsened, the creping effect is reduced and the texture surface
      is flattened. Therefore, the number of twist should usually be within the
      range of from 50 to 500 t/m, and for best results of feeling and creping
      effect, it should be around 150 t/m.
PAR  Thus, in the yarn of the present invention, since the twist is concentrated
      locally in the non-bulked portions of the yarn, even slight twisting
      produces extremely high creping effect which cannot be obtained with
      conventional methods unless hard twisting is carried out the rate of 2,000
      to 3,000 t/m.
PAR  Hereinafter is described the principle for producing crimps in the
      manufacture of a fabric by using the partially bulked yarn of the present
      invention. FIG. 7 shows a plain weave fabric woven by using as weft the
      novel yarn having the alternate bulked and non-bulked portions. In the
      grey fabric fragmentally shown in FIG. 8, if weaving is carried out so
      that each bulked portion 8 of the yarn intersects three pieces of warp and
      each non-bulked portion of the yarn intersects two pieces of warp, then
      the bulky crimped portion is shrunk by a suitable after-treatment, and the
      warp yarns 14, 15 and 16 are drawn up by the weft 12 while the warp yarns
      16, 17 and 18 are drawn up by the weft 13 as shown in FIG. 9. As a result,
      distorsion occurs in the textural structure, producing a rugged surface
      and a creped texture. In the case when the woven texture is plain and the
      bulked yarn is used for weft, no effective creping occurs unless the
      length of one unit of the bulked and non-bulked portions spans at least
      more than two textures. Generally, too high a warp density produces
      diminished crimps and fine ruggedness, while too small a warp density
      develops large crimps and rough ruggedness. Also, the size of the crimps
      varies proportionally to the length of one unit of the bulked and
      non-bulked portions.
PAR  A practical application of the method of the present invention in a knitted
      fabric is shown in FIG. 10. Shown in the figure is a plain stitch fabric
      knitted by using the novel yarn having the alternate bulked and non-bulked
      portions. In the case where every bulked portion 7 form a loop, as shown
      in an enlarged view of FIG. 11, such bulked portion 7, upon undergoing an
      after-treatment, shrinks and its loop becomes smaller than that of the
      non-bulked portion, as indicated by 7' in FIG. 12. As a result, the loops
      in the texture become non-uniform, producing distortion in the textural
      structure and ruggedness on the surface. It is to be noted that an
      unsatisfactory creping performance is obtained unless the length of one
      unit of the bulked and non-bulked portions is long enough to allow
      formation of at least one loop of the wale. The size of the crimps formed
      can be optionally determined by suitably selecting the length of one unit
      of the bulked and non-bulked portions of the partially bulked yarn,
      textural density, and needle gauge. If the novel partially bulked yarn of
      the present invention is used in a fabric, even if it is of a most simple
      texture such as an interlock fabric or grey sheeting, there is obtained a
      rugged and complex surface which is just like a crepe fabric.
PAR  In order to obtain satisfactory results in application of the present
      invention to either knitted or woven fabrics, the length of one unit of
      the bulked and non-bulked portions of the yarn (in the case of FIg. 7, the
      length of bulked portion 7 + non-bulked portion 8) should be within the
      range of about 10 to 70 mm.
PAR  In actual fabrication of a woven or knitted fabric, it was found that if
      the length of one bulked portion 7 + adjoining non-bulked portion 8 is
      less than 10 mm, the formed crimps are too small and flat and the obtained
      product is commercially of substantially the same level as the
      conventional ones. On the other hand, if said length is greater than 70
      mm, the resultant crimps are unduly enlarged and the texture surface is
      roughed, producing a commercially undesirable article.
PAC  EXAMPLE 1
PAR  A plain weave fabric was woven at grey fabric density of 188 pieces of warp
      per inch and 88 pieces of weft per inch, by using 50 denier-24 polyester
      filaments for warp and partially bulked yarn comprising 100 denier-48
      polyester filaments for weft. The length of one unit of the bulked and
      non-bulked portions (length of 7 + 8 in FIG. 7) of the partially bulked
      yarn was 25 mm, and the number of twist was 150 t/m. This fabric was
      creped in a relax work by treating said fabric in boiling water at a
      temperature of 90.degree. to 95.degree.C while giving impact, and the thus
      treated fabric was then refined, tentered and finished. There was
      consequently obtained a novel fabric texture having elegant and fine
      crimps with a crepe-de-Chine touch and deeper than those in the
      conventional products. The fabric density after the relax work was 220
      pieces/inch for warp and 108 pieces/inch for weft, and the shrinking
      percentage was 19% for warp and 15% for weft.
PAC  EXAMPLE 2
PAR  A plain weave fabric was woven at the grey fabric density of 188 pieces of
      warp per inch and 80 pieces of weft per inch, by using the same yarn as in
      Example 1 for warp and the partially bulked yarn comprising 150 denier-48
      polyester filaments for weft. The length of one unit of bulked and
      non-bulked portions of said partially bulked yarn was 35 mm, and the
      number of twists was 150 t/m. This fabric was finished by using the same
      after-treatment as in Example 1, obtaining a creped fabric having large
      and deep crimps with rough touch, that could never be obtained with the
      conventional thermoplastic synthetic fibers.
PAR  The density after the relax work was 226 pieces/inch of warp and 101
      pieces/inch of weft, and the shrinkage percentage was 21% for warp and 17%
      for weft.
PAC  EXAMPLE 3
PAR  An interlock fabric was knit with a 30-inch bore and a 20-guage tubular
      knitting machine by using the partially bulked yarn comprising 150
      denier-30 polyester filaments. The length of one unit of bulked and
      non-bulked portions of said yarn was 30 mm, and the number of twists was
      100 t/m. This fabric was subjected to a relax work in a refining step, and
      then tentered, finished and set.
PA1  Grey fabric width: 141 cm
PA1  Relax width: 112.3 cm
PA1  Finish width: 130 cm
PA1  Shrinkage after the relax work: 20.5%
PAL  There was resultantly obtained a knit fabric having a simple interlock
      texture and an intricate rugged surface configuration with an
      aventurine-like touch.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a deeply creped fabric comprising imparting an
      increased number of twists to a partly bulked yarn prepared from a
      twisting, heat-setting, untwisting process whereby the partly bulked yarn
      has bulked portions and non-bulked portions arranged alternately along the
      length of the yarn wherein the number of twists are increased mostly in
      the non-bulked portions of the yarn thereby making the difference between
      the bulked and non-bulked portions conspicuous and providing increased
      retractability for the yarn and manufacturing a fabric from the yarn with
      the additional twists and subjecting the fabric to a creping treatment.
NUM  2.
PAR  2. The method as set forth in claim 1 whereby 50 to 500 additional twists
      per meter are applied to the partially bulked yarn.
NUM  3.
PAR  3. The method as set forth in claim 1 wherein approximately 150 additional
      twists per meter are applied to the partly bulked yarn.
NUM  4.
PAR  4. The method as set forth in claim 1 wherein the bulked yarn having the
      additional twists is used for both the warp and weft of the fabric and the
      fabric is woven.
NUM  5.
PAR  5. The method as set forth in claim 1 wherein the bulked yarn having the
      additional twists is used for only the weft of the fabric.
NUM  6.
PAR  6. The method as set forth in claim 1 wherein the length of one unit of the
      partially bulked yarn having the additional twists including one bulked
      and one unbulked portion is approximately 10 to 70 mm.
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ABST
PAL  A method of making an electrical terminal in a metal capacitor housing. The
      terminal includes a metal disc on which a metal pin is eccentrically
      formed. By means of the pin, a part of an insulating foil inserted between
      the terminal and the housing is pressed through a hole in the housing,
      after which the pin is riveted. The foil is removed from the end of the
      pin, whereby a capacitor electrode can be welded to the pin.
BSUM
PAR  The invention relates to a method of providing a metal, electrical terminal
      in an end face of a cylindrical metal capacitor housing, containing a
      capacitor body with at least two electrodes, one of the electrodes being
      electrically connected to the capacitor housing, while the other electrode
      is electrically connected to the terminal which is electrically insulated
      from the capacitor housing.
PAR  According to a known method of the kind set forth, the terminals are
      provided in an electrically insulating disc which is fixed in the
      capacitor housing by making a circumferential groove in the capacitor
      housing underneath the disc and by peening over the edge of the capacitor
      housing. The sealing of the capacitor thus obtained is not particularly
      good, even though sealing is important notably for electrolytic
      capacitors. Because the terminal in a capacitor housing which is to be
      unilaterally connected are all provided in the disc, a terminal will have
      to be made for each electrode of the capacitor body. Consequently, when a
      number of terminals are to be provided, the disc is mechanically weakened,
      while the positioning of the terminals in the disc also imposes problems,
      notably in the case of capacitors having comparatively small end faces.
PAR  The invention has for its object to eliminate these drawbacks.
PAR  To this end, the invention is characterized in that the end face is made of
      metal and is at least partly covered by an electrically insulating foil,
      part of which is pushed through an opening in the end face by means of a
      pin, after which the foil is removed from the end of the passage pin, also
      pressed through the opening, which end faces the capacitor body, the
      electrode being subsequently connected to the terminal.
DRWD
PAR  The invention will be described in detail hereinafter with reference to a
      drawing which shows a preferred embodiment according to the invention.
PAR  FIG. 1 shows a longitudinal sectional view of the constituent parts of a
      capacitor according to the invention.
PAR  FIG. 2 is a longitudinal sectional view of the assembled capacitor shown in
      FIG. 1.
DETD
PAR  The capacitor shown in the FIGS. 1 and 2 comprises a unilaterally open
      circle-cylindrical capacitor housing 1 of, for example, aluminium, which
      is closed by an aluminium cover 3. A capacitor wrap 5 is provided about an
      aluminium pin 4 which is integral with the cover 3. A hole 7 is centrally
      provided in the bottom 6, a teflon foil 9 being pressed through the hole
      by means of a metal pin 11 of a terminal 13. The foil 19 electrically
      insulates the terminal 13 from the capacitor housing 1. The terminal 13 is
      preferably connected to the bottom 6 by rivetting pin 11. Very good
      sealing is thus obtained. Proper sealing is also obtained by fixing the
      pin 11 in the bottom 6 by way of a press fit. The foil 9 is removed from
      the end of the pin 11 which faces the cover side of the capacitor 1, for
      example, by grinding, after which an electrode of the capacitor wrap 5,
      meanwhile fitted in the capacitor housing 1, is electrically connected to
      the bared end of the pin 11 by using the pin 4 and the terminal 13 as a
      welding electrode. Subsequently, the second electrode is welded, via a
      metal strip which is electrically connected thereto, between the lid 3 and
      the housing 1, simultaneously with the welding down of the cover 3 on the
      housing 1.
PAR  It is alternatively possible to connect the second electrode electrically
      to the pin 4. The additional metal strip, required for electrically
      connecting the second electrode to the housing 1, can then be dispensed
      with.
PAR  In a further embodiment according to the invention the terminal is provided
      in a hole of the loose cover, rather than in the end face which forms part
      of the capacitor housing and the terminal is electrically insulated from
      the cover in the described manner. In this embodiment the capacitor wrap
      is fixed in the capacitor housing in known manner, one electrode being
      welded to the terminal in the cover of the housing, the other electrode
      being welded between the cover and the capacitor housing, simultaneously
      with the welding of the cover in the capacitor housing. If desired, the
      terminal can already be provided in a metal band, wherefrom the cover is
      punched at a later stage. It is also possible to shape the foil in a
      matrix comprising a pin-shaped die and a heated or non-heated die cushion.
PAR  A rubber or teflon foil is preferably used for the foil. Generally, any
      electrically insulating foil which can be properly deep-drawn can be used.
      It is alternatively possible to cause the foil to be torn when it is
      pressed through the hole by the pin, by weakening the foil, prior to
      fitting, at the location where the end of the pin contacts the foil. The
      operation of removing the foil from the end of the pin is eliminated by
      the tearing of the foil.
PAR  When the pin is eccentrically formed on the terminal, a capacitor can be
      manufactured in one mechanical operation, which capacitor has either the
      two connections eccentrically connected to one end face of the capacitor
      or one connection centrically connected to the two end faces of the
      capacitor.
PAR  The method according to the invention can be very advantageously used in
      capacitors having comparatively small surface areas, such as electrolytic
      or non-electrolytic wrap and folding capacitors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of providing a metal, electrical terminal in an end face of a
      cylindrical metal capacitor housing, containing a capacitor body with at
      least two electrodes, one of the electrodes being electrically connected
      to the capacitor housing, the other electrode being electrically connected
      to the terminal electrically insulated from the capacitor housing,
      comprising the steps of
PA1  providing a capacitor housing end face made of metal and at least partly
      covered by an electrically insulating foil;
PA1  pushing a portion of said foil through an opening in said end face by means
      of a pin, thereby providing said terminal through and insulated from said
      end face;
PA1  removing said foil from the end of the pin pressed through said opening;
      and
PA1  connecting one of said electrodes to said terminal.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said terminal includes a disc
      having a pin eccentrically formed thereon.
NUM  3.
PAR  3. A method as claimed in claim 1 further comprising the step of riveting
      said terminal in the capacitor housing.
NUM  4.
PAR  4. A method as claimed in claim 1, further comprising the step of inserting
      a teflon foil between said terminal and said capacitor housing.
NUM  5.
PAR  5. A method as claimed in claim 1 further comprising the step of inserting
      a rubber foil between said terminal and said capacitor housing.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein said foil is weakened at the area
      where the foil covers the tip of said pin.
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ABST
PAL  A parting tool for cutting off stock lengths on a lathe or screw machine
      which supports the cutting blade in tension, thus enabling the use of a
      narrow cut-off blade that can cut larger diameter stock than conventional
      cut-off tools. The cutting blade is mounted in slots of the two arms of a
      Y-shaped holder, with the cutting edge located between the holder arms.
      The blade is anchored to the holder by a support pin that engages an open
      slot in the rear blade edge, and by cammed pins in the holder arms,
      locking in the front edge of the blade.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a parting tool for cutting off stock lengths on a lathe,
      screw machine or cut-off machine which supports the cutting blade in
      tension, thus enabling the use of a narrow cut-off blade that can cut
      larger diameter stock with less waste of material.
PAR  The cutting blade is mounted in slots of the two arms of a Y-shaped holder,
      with the cutting edge centrally located between the holder arms.
PAR  The blade is anchored to the holder by support pins that engage an open
      slot in the rear blade edge, and by cammed pins in the holder arms which
      lock in the front edge of the blade.
PAR  Since the cutting blade is supported in tension, it may be formed of
      narrower stock than conventional cut-off tools that are conventionally
      sheer or compression mounted to their holders, thus forming a narrower and
      more economical cut of stock. The increased strength of the blade, due to
      the tension mounting, coupled with the narrow width of cut, enables the
      screw machine to take a deeper cut on each turn of the stock than with
      conventional tools and to cut larger diameter stock. The suspension of the
      cutting blade reduces the deflections associated with conventional blades
      and mountings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the parting tool of the invention; and
PA1  Fig. 2 is a side view of the parting tool and stock to be cut.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      illustrate the parting tool 10 which is formed of a holder 11 and an
      attached blade 15.
PAR  Holder 11 is shaped with a conventional shaped shank 12 for fitting into a
      screw machine tool holder (not shown), with shank 12 joined to two spaced
      apart arms 14A and 14B.
PAR  Cut-off blade 15 is mounted to the two arms 14A and 14B so that blade 15 is
      maintained in tension. Blade 15 may be fitted with a brazed carbide
      cutting insert 16, a shaped clearance opening 26 about the cutting insert
      16 as required. A stiffener 17 extends behind the cutting insert 16 to
      back against a flat edge 18 of a dovetail slot cut into the holder 11.
PAR  Each end 18 and 19 of the blade 15 is anchored securely to an arm 14B and
      14A respectively of the holder 11 fitting into a slot 28 cut in the arms
      14B and 14A. The rear edge 31 of the blade 15 is fitted with grooves 20,
      one of which is engaged by a pin 21 fitting through a hole in the upper
      holder arm 14B so as to locate the cutting edge 16 at the center line of
      the stock 41 and provide a tension anchor when the point 33 of the cutting
      edge 16 of the blade is engaged in cutting a length of stock 41. The blade
      15 is also anchored in each arm 14A and 14B by a camming screw 22 mounted
      in each arm that bears against the forward edge 38 of the blade 15 and
      forces the back edge 39 of the stiffener 17 into engagement with the edge
      18 of the slot in the holder 11.
PAR  Since the cutting point 33 of the blade is supported in tension from pin 21
      anchored in upper arm 14B, the blade 15 may be thinner than conventional
      sheer or compression supported blades and may cut to the center of larger
      diameter stock than conventional cut-off tools.
PAR  Holder 12 may be fitted with a shank shaped for mounting in a multiple
      quick change tool post.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A screw machine cut-off tool in which the cutting point of the tool
      blade is supported in tension, comprising
PA1  a removable tool blade, formed with two arm sections joined to a stiffener
      section,
PA1  a blade holder formed with a shank joined to two separated arm members,
      with fastening means to frictionally mount each arm member of the blade
      holder to an arm section of the blade,
PA1  said tool blade fitted with a cutting point located between the two arm
      sections of the blade with the stiffener section extending from the rear
      portion of the blade opposite the cutting point on the forward end of the
      blade,
PA1  said blade holder and said blade fitted with adjustable mating means to
      positively engage a first arm member of the blade holder with a first arm
      section of the blade, with the second arm member of the blade holder being
      frictionally engaged to the second arm section of the blade,
PA1  said first arm section of the blade being oriented with respect to the
      cutting point of the blade in the same direction as the relative direction
      the cutting point moves toward work to be cut so that the engaged positive
      said mating means applies a tension force to said first arm section of the
      blade in use,
PA1  said blade holder fitted with bearing means to slidably support the end of
      the stiffener section of the blade.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the mating means for
      engagement of the first arm member of the blade holder and the first arm
      section of the blade comprises a plurality of grooves on an edge of the
      blade, with a pin fitted in the blade holder of a size to fit in one of
      the grooves of the blade, so that the blade may be alternately located in
      one of a plurality of positions with regard to the blade holder.
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ABST
PAL  A rectangular shaped cutting tool having an upwardly, forwardly and
      sidewise opening V-shaped recess formed in one side face, with the edges
      of the V being uniformly sloped to form an acute angle with the inner wall
      of the recess, and a replaceable triangular shaped cutting insert formed
      of a hard, brittle metal, having its edges bevelled to correspond to the
      slope of said edges, vertically positioned in the recess and jammed
      downwardly and against the recess inner wall by both an upper releasable
      clamp and by cutting forces upon the exposed cutting corner of the insert.
      The uniform slope of the recess edges and its three openings permit the
      interchangeable use of inserts which are inaccurate or slightly variable
      in thickness and edge length. The improvement wherein the insert edges are
      bevelled from its opposite faces to define a cental raised ridge along its
      edges, rather than from one side, to allow the insert to be used in either
      left or right hand insert holders interchaneably.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, tool holders of the present type have either been right hand or
      left hand with the requirement that the corresponding insert be of the
      same hand for use with the particular holder. This necessitated using
      separate left and right hand insert designs on certain applications where
      the inserts would be of identical cutting design except for the necessity
      of left and right hand design to properly fit the corresponding holder. In
      the earlier U.S. Pat. No. 3,436,799, there is shown a holder of left hand
      design and used therewith a corresponding insert of left hand design. That
      patent relates to a means for securing a throw-away type cutting insert
      within a tool holder.
PAR  In groove cutting tools, a cutting insert having a plurality of identical
      cutting edges is commonly employed. These throw-away cutting inserts are
      generally mounted in a tool holder assembly which provides the support and
      feeding and guiding means for the cutter itself. Under conditions of
      constant production use and resulting cutting edge wear, these cutting
      inserts must be frequently removed from the tool holder, to either bring a
      fresh cutting edge of the multi-edged insert into position or to replace
      the entire insert with a new one when all of the cutting edges have been
      used.
PAR  In the foregoing patent, there is shown a tool holder of a left hand
      design. Due to the flat taper of the insert edges, it was necessary to use
      a left hand design insert. For a tool holder of right hand design, it was
      necessary to use an insert of right hand design. This required making
      inserts of left and right hand designs to fit the corresponding right and
      left hand holders.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide in conjunction with
      such holders, whether right or left hand, a universal insert whose side
      edges are so constructed as to permit such insert to be either right hand
      or left hand and, thus, be useable within either a right hand holder or a
      left hand holder.
PAR  It is, therefore, an object of the invention to provide such universal type
      of right and left hand insert for holders of the type described as to
      greatly reduce costs in maintaining an adequate supply of inserts capable
      of use in either type of holder, whether right hand or left hand.
PAR  These and other objects will be seen from the following specification and
      claims in conjunction with the appended drawing:
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a front perspective view of the front portion of the tool holder
      assembly.
PAR  FIG. 2 is a front elevational view of the tool holder of FIG. 1.
PAR  FIG. 3 is a fragmentary top sectional view taken in the direction of arrows
      3--3 of FIG. 2.
PAR  FIG. 4 is a side elevational view of the present insert.
PAR  FIGS. 5, 6 and 7 are respectively side views taken in the direction of
      arrows 5--5, 6--6, 7--7 respectively of FIG. 4.
PAR  FIG. 8 is a section taken in the direction of arrows 8--8 of FIG. 4.
PAR  FIG. 9 is a perspective view of the insert.
PAR  FIG. 10 is a front perspective view of the opposite side of the tool holder
      of FIG. 1, with insert and clamp removed.
PAR  It will be understood that the above drawing illustrates merely a preferred
      embodiment of the invention, and that other embodiments are contemplated
      within the scope of the claims hereafter set forth.
DETD
PAC  THE PRIOR ART AS SET FORTH IN U.S. PAT. NO. 3,436,799
PAR  Referring now to FIGS. 1-3 and 9 of the drawing, the invention generally
      comprises a tool holder 10 having a removable cutting inset 12 secured
      within the insert-receiving recess 14. Insert 12 is secured in place by
      means of top clamp 16 and screw 18 which is received by threaded hole 20
      in tool holder 10.
PAR  The triangular cutting insert is illustrated in greater detail in FIGS.
      5-9. It comprises inner and outer faces 22,24, respective, and three
      identical sides 26. This configuration provides three cutting edges 28.
      The various other illustrated bevelled faces of the cutting insert do not
      form a part of this invention.
PAR  Referring now to the details of the tool holder, itself, tool holder 10
      comprises a front face 30, left side face 32, and top face 34. Front face
      30 has a forwardly projecting portion 36.
PAR  Insert-receiving recess 14 comprises a side wall 38 parallel to side face
      32 and rear and front shoulders 40 and 42, respectively. Shoulders 40,42
      are undercut at a slight angle, preferably about 11 degrees.
PAR  A slot 44 is formed in tool holder top face 34 to receive a leg 46 of top
      clamp 16. A clamping face 48 is provided on the underside of top clamp 16,
      and is inclined at an angle slightly greater than that of the side walls
      26 of the cutting insert.
PAR  To change cutting edges, the insert is released by removing screw 18 and
      top clamp 16. This permits insert 12 to be lifted upwardly out of recess
      14 and rotated 120.degree. to bring a new cutting edge into position. The
      insert is then dropped back into place within the recess and the clamp 16
      and 18 is reassembled to secure it in place.
PAR  The undercut shoulders 40 and 42 prevent lateral movement of the insert,
      and thereby permit the insert to be removed only when lifted upwardly out
      of the recess. Since the cutting force produced by the engagement of a
      workpiece by the cutting insert is directed downwardly, the forward
      projection 36 of tool holder 10 and the shape of recess 14 resist all
      deflection of the insert in this direction.
PAR  Since any lateral deflection of the cutting insert is prevented by side
      face 32 of the tool holder or the undercut shoulders 40 and 42, and since
      the downward resultant cutting force is completely resisted by forward
      projection 36 of the tool holder and the shape of recess 14, under normal
      conditions no further clamping means is necessary to retain insert 12 in
      the tool holder. However, since tool bit chattering is occasionally
      encountered under some circumstances, it becomes desirable to provide a
      means for resisting any upward force on the cutting insert. It is for this
      purpose that top clamp 16 is provided. The underface 48 of clamp 16 is
      preferablly inclined at slightly more than eleven degrees, so that it not
      only exerts a downward force on the cutting insert, but will also provide
      additional resistance to any lateral force toward the left as viewed in
      FIGG 2, as do the undercut shoulders 40 and 42.
PAR  Thus, the tool holder provides a simple yet positive means for retaining in
      place a throw-away type cutting insert. The shape of the insert-receiving
      recess itself provides all of the clamping force necessary to resist
      normally encountered cutting forces.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The primary difference of the present invention as distinguished from the
      disclosure in U.S. Pat. No. 3,436,799, is the form of the cutting edges of
      the insert. Whereas, in the earlier Patent, and as defined, the three
      edges of the insert were substantially flat and bevelled towards one face
      of the insert only. This required that the insert must be of the same
      hand, such as left hand, as shown in the Patent, corresponding to the left
      hand holder of that Patent.
PAR  In order to provide a universal insert which may be adapted for either
      right or left hand holders, the present improvement contemplates the
      formation of the side edges of the insert, such as shown in FIGS. 5
      through 9. Here, instead of a flat surface or edge for the insert along
      three sides, there are provided for each side along its length the opposed
      pair of tapered sides which are bevelled outwardly from opposite faces of
      the insert as at 50 and terminate in the elevated elongated ridge 52 which
      extends substantially throughout the length of each of the respective side
      edges.
PAR  By this construction, and as illustrated in FIGS. 1 and 3, wherein the
      holder is a left hand holder, the present insert may be positioned within
      the holder recess 14 from either side since it is a universal insert and
      is adapted for either right or left hand holders.
PAR  As shown in FIG. 3, a substantial and material portion of the insert
      throughout the width of its corresponding side edge 50 registers with a
      corresponding substantial portion of the inner walls 40 and 42 which
      define the undercut recess 14.
PAR  In the present construction, the undercut holding portion 48 of the clamp
      16 overlies said outer bevelled portion 50 so as to retainingly engage the
      same as particularly shown in FIGS. 1 and 2.
PAR  The present invention is an important improvement for the reasons above set
      forth in providing a universal insert. In the illustrative embodiment, the
      angle of the taper of the opposed converging edges 50, FIG. 5, is
      approximately eleven degrees, for illustration. This eleven-degree locking
      angle is ground from both sides of the insert instead of from only one
      side as in the prior art. The primary purpose of this feature is to allow
      the insert to be used on either left or right hand insert holders
      interchangably. This negates the necessity of using separate left and
      right hand insert designs where the inserts are otherwise of identical
      cutting design except for size.
PAR  Thus, the necessity of selecting a right or left hand design insert is
      obviated at a great reduction in expense. Accordingly, the present insert
      is universal in a sense that it is neither right nor left hand, but both
      in design and, accordingly, may be adapted for either a right or left hand
      holder.
PAR  Having described my invention, reference should now be had to the following
      claim.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a cutting tool having a horizontally elongated, rectangular in
      cross-section tool holder having a front face, a vertical side face, and
      an upper face;
PA1  an upwardly opening V-shaped recess cut into said side face and forming a
      flat, vertical recess wall parallel to, but spaced inwardly of the plane
      of said side face, with one leg of the V extending upwardly and forwardly
      of the tool holder and terminating at said front face considerably below
      said upper face so that the recess is open forwardly as well as upwardly
      and sidewise, and with the other leg of the V extending upwardly and
      rearwardly of the tool holder and terminating at said upper face;
PA1  the edges defining said legs each being flat and uniformly sloped inwardly
      to form in cross-section a continuous, uniform acute angle inside the
      recess between the flat recess wall and said edges so that the recess
      gradually widens from the tool holder vertical side face towards the
      recess wall;
PA1  a replaceable cutting tool insert formed of a flat, substantially
      equilateral triangular shaped plate of hard, brittle metal, each of whose
      corners forms a cutting tip;
PA1  the improvement wherein the three edges of the insert are tapered and
      bevelled outwardly at an acute angle from its opposite faces and terminate
      in a central elongated ridge along each side, said angle corresponding to
      the shape of the edges defining said legs; whereby said insert is adapted
      for selective use in right and left hand tool holders;
PA1  said edges defining said recess legs being approximately as wide as the
      thickness of the insert and the two legs intersecting an at angle
      substantially equal to the angles of intersections between the edges of
      the cutting tool insert;
PA1  said insert being vertically arranged within the recess with said one of
      its faces in full face to face contact with said recess wall and with the
      one tapered sides of two of its edges in full face to face contact with
      the full length of the two edges defining said legs for a portion of the
      depth of said recess and with one corner thereof being exposed and
      extending forwardly of the tool holder front face;
PA1  a downwardly opening releasable clamp member secured to said upper face and
      having a narrow clamping edge forming a narrow line contact with the outer
      tapered upper one edge of the insert, wherein said insert is jammed
      downwardly and towards and against the recess wall by the clamp and the
      cooperating sloped and bevelled edges and cutting forces applied to said
      exposed corner;
PA1  and whereby said insert may be released and rotated to successively expose
      each corner as the corners wear out and may be replaced with a new insert
      of approximately the same thickness and edge lengths, so that inaccuracies
      and slight variations of size of the inserts are accommodated by the
      inserts extending a variable distance outwardly or inwardly of the side,
      upper and forward openings of the recess.
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ABST
PAL  A center cutting indexable insert end mill which can be used for axial
      plunging in solid material or side cutting. The center cutting insert
      having corner radii is positioned with the axial center line of the tool
      shank intersecting the inner corner radius. A single square insert with
      side clearance angle having the cutting face located in a radial plane
      provides alternate active cutting edges for axial and/or radial feed;
      alternatively a second diametrically oppositely located identical insert
      located radially outward of the center cutting insert performs side and
      outermost axial cutting functions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Indexable inserts made with hard wear resistant material such as cemented
      tungsten carbide cannot be successfully provided with sharp square corners
      located on the axially centerline of a center cutting end mill since high
      pressure chip loading at the center with zero or near zero cutting speed
      results in immediate corner breakage; likewise, if the radial cutting edge
      extends over center so that the sharp cutting corner is moving backwards,
      the backward drag on the sharp corner results in immediate corner
      breakdown. Accordingly, indexable insert end mills have generally been
      confined in use to counterboring operations or to side cutting where the
      center corner problem is not critical or is entirely absent.
PAR  The most pertinent known prior art is as follows:
PAR  U.S. Pat. Nos. 3,125,799, 3,540,323, 3,158,922.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  I have found by providing the conventional corner radius on a square
      positive rake tungsten carbide indexable insert and carefully locating the
      insert pocket in an end mill flute with zero degree radial rake, zero
      degree axial rake and zero degree lead angle, and with the inactive center
      cutting edge positioned slightly over center so that the axial center line
      intersects the corner radius, preferably in the range of the outer
      two-third of such radius, the cutting stress at and near such intersection
      of zero cutting speed is of a low order insufficient to damage the
      radiused cutting corner. The slight conical projection left at the center
      of a plunging cut of limited depth may be of no consequence or else may be
      readily removed by a simple secondary operation.
PAR  A single square indexable insert end mill cutter may be adapted for use in
      both plunging and side cutting; or by employing a second diametrically
      opposite identical insert spaced radially outward from the center cutting
      insert a range of exact standard diameters may be achieved with standard
      sized inserts by merely locating the radially outer pocket in
      appropriately stepped positions.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a single insert center end and side cutting end
      mill in accordance with the present invention;
PAR  FIG. 2 is a side elevation of the end mill illustrated in FIG. 1;
PAR  FIG. 3 is a plan view of a double insert end mill in accordance with the
      present invention;
PAR  FIG. 4 is a side elevation of the end mill illustrated in FIG. 3;
PAR  FIG. 5 is a end elevation of such double insert end mill; and
PAR  FIG. 6 is an enlarged fragmentary view illustrating a pocket in an end mill
      with a square positive rake insert installed therein in accordance with
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1 and 2, an end mill 10 having a cylindrical shank
      11 is provided with a fluted end 12 having a pocket with bottom 13 and
      side 14 and 15 locating surfaces for an indexable square insert 16 with
      side clearance angles (sometimes referred to in the art as positive rake
      inserts) having conventional radiused corners 17. The insert is held in
      the pocket by a conically tapered Allen head socket screw 18 positioned to
      engage a conically countersunk central hole in the insert and upon
      tightening to urge the insert against the bottom seat and angularly
      against both sidewalls 14 and 15 of the pocket. The adjacent inactive
      cutting edges of the insert extend slightly above the side locating walls
      14 and 15 which terminate at the bottom of an arcuate extensive chip
      clearance wall 19 cut into the annular head 12 which is also relieved by a
      pair of angular planar cuts 20 and 21.
PAR  The inactive cutting edge 22 engaging the wall 15 of the pocket extends
      slightly over center beyond the axially centerline 23 of the end mill
      which, as more completely described hereafter in connection with FIG. 6,
      intersects the radiused corner 17 of the insert so that upon axially
      feeding of the end mill into a solid piece of stock the radially extending
      cutting edge 24 of the insert will cut a cylindrical hole having a planar
      end wall with corner radius corresponding to the insert and a slightly
      central conical projection corresponding to the radiused portion of the
      corner of the insert on the cutting side of the axial center line.
PAR  With reference to FIGS. 3, 4 and 5 illustrating the double insert version
      of the end mill 30, the cylindrical shank 31 is relieved slightly at 32 to
      accommodate a somewhat smaller insert 33 than illustrated in FIG. 1 which
      in other respects is located in a similar pocket having bottom and side
      locating walls adapted to position the insert for center cutting as in the
      case of the FIG. 1 embodiment. In this case the second indexable insert
      cutter 34 like the center cutting insert 33 has its cutting face located
      in a radial plane common to both inserts; but the second insert 34 is
      located at a radially outwardly displaced position relative to the insert
      33 and the centerline of the end mill so that the radially outermost
      cutting edge 35 extends outside of the cylindrical head 36 and establishes
      the effective diameter of any axial plunging cut as well as the active
      cutting edge for any lateral side cut. The respective end cutting edges 37
      and 38 are in alignment and equally active in the overlapping region
      during axial feed with the center portion cut solely by insert 33 and the
      outer circumferential extremity cut solely by insert 34. As best shown in
      FIG. 5 the radially offset location of the outermost insert 34 permits a
      chip clearance gash cut 39 associated with the insert 33 and 40 associated
      with the insert 34 to be provided without destroying an intermediate
      central web 41 which interconnects and strengthens the rigidity of the end
      mill.
PAR  Referring to FIG. 6 showing an enlarged view of a square "positive rake"
      insert 42 having radiused corners 43 with inactive sides 44 and 45 seated
      respectively against radially extending and axially extending pocket walls
      46 and 47 in the end 48 of an end mill urged into corner location
      engagement by the clamping screw 50 extending through the insert and
      conical countersunk surface 52 engaged by the conical head of the clamping
      screw. A critical relationship exists between the location of the center
      cutting corner 43 and axial center line 53 which provides a key feature of
      the invention. The axially extending inactive cutting edge 45 is
      preferably located slightly over center relative to the axis 53 as shown
      in order to assure clean center cutting with only a slight uncut center
      conical projection at the bottom of any blind axial cut corresponding to
      the radiused portion 54 on the cutting side of the corner 43, such
      projection extending from the planar radial surface generated by the
      active cutting edge 55. Such small projection terminating in a point at
      the intersection of the axis 53 with the corner 43 provides insufficient
      edge loading on the insert to damage the corner and no resistance to the
      backward moving over center portion of the corner 43 which is in a
      clearance area of the axial cut. It is important that the axis 53
      intersect the radiused corner 43 at a point radially inside of its
      tangency with the linear cutting edge 55, preferably within a radial range
      extending two-thirds of the corner radiused dimension from the inactive
      cutting edge 45  so that at least one-third of the radial dimension of the
      corner 43 lies on the cutting side 54 of the axis 53. The other limit of
      insert positioning, favors at least a slight over center location, i.e.,
      in the order of 0.010 inch in the case of a normal range of corner radii
      in the order of 1/64 to 1/32 inch of an inch which provides satisfactory
      cutting operation with a feed rate in the order of 0.003 to 0.010 inch per
      revolution.
PAR  In the case of a single insert end mill such as illustrated in FIGS. 1 and
      2, the edge 56 provides a second active cutting edge for side cutting so
      that the same tool is capable of plunging axially into solid material to
      any depth within the insert size followed by lateral side cut; or
      conversely to make a side cut within the depth of the insert followed by
      plunging cut to any additional depth.
PAR  Where a second insert is employed, as in the embodiment of FIGS. 3, 4 and
      5, its radially outwardly displaced location will determine the diameter
      of the hole for axial plunging cuts and its radially outer edge
      corresponding to 56 will provide the active cutting edge for lateral side
      cuts. The only limitation for the extent of radial displacement of the
      second insert relative to the center cutting insert is that the end
      cutting edges 55 must overlap at the corner radii in order to provide a
      continuous planar end surface cut. Thus a range of cutting diameters may
      be readily provided employing two equal standard size inserts by providing
      a series of progressively increased radially outward pocket locations for
      the second insert.
PAR  While the preferred embodiments illustrated in the drawings show the
      inserts with zero degrees radial rake, zero degrees axial rake and zero
      degrees lead angle, it is possible to provide a pocket for the inner
      cutter inserts providing a positive or negative axial rake as for
      particularly soft or particularly tough materials; respectively, and
      likewise to provide the outer cutter with a positive or negative radial
      rake for like purposes; however, the employment of a positive rake insert
      with zero radial rake, axial rake and lead angle covers the broadest
      middle range of cutting requirements and is preferred for a standard line
      of end mills capable of side and end cutting to the center.
PAR  In order to insure a smooth clean "wiped" end surface in the case of a side
      cut made with double inserts, the radially outermost insert is preferably
      located 0.001 to 0.003 inch axially ahead of the inner so as to avoid any
      center ridge which might result from a tolerance error in attempting to
      locate both edges in the same radial plane. I claim:
CLMS
NUM  1.
PAR  1.  An indexable insert center cutting end mill comprising;
PA1  a shank,
PA1  a pocket at one end of said shank formed for locating an indexable,
      polygonal insert,
PA1  said pocket having wall means for locating said insert with a cutting edge
      extending radially, with an inactive radially innermost edge and with the
      axis of said end mill intersecting an intermediate briding corner joining
      said edges.
NUM  2.
PAR  2. An end mill as set forth in claim 1 wherein said intersection occurs
      within the range of two-thirds of said corner measured radially from said
      inactive edge.
NUM  3.
PAR  3. An end mill as set forth in claim 2 wherein said corner is arcuate.
NUM  4.
PAR  4. An end mill as set forth in claim 3 wherein said arcuate corner is
      formed with a substantially constant radius arcuate tangent relative to
      said respective edges.
NUM  5.
PAR  5. An end mill as set forth in claim 1 wherein said pocket is adapted for a
      square insert with side clearance angle.
NUM  6.
PAR  6. An end mill as set forth in claim 5 adapted for lateral side cutting
      with the radially outermost cutting edge of said insert.
NUM  7.
PAR  7. An end mill as set forth in claim 1 including a second pocket for a
      second indexable polygonal insert located radially outward and overlapping
      relative to said first named insert.
NUM  8.
PAR  8. An end mill as set forth in claim 1 including conically headed screw
      means adapted to secure a conically countersunk centrally apertured insert
      in said pocket.
NUM  9.
PAR  9. An end mill as set forth in claim 8 including a chip clearance relief
      extending axially rearwardly from said pocket and including an arcuate
      surface terminating at the outer perimeter of said end mill.
NUM  10.
PAR  10. An end mill as set forth in claim 9 including a second pocket for a
      second diametrically opposed insert located radially outward relative to
      said first named insert, said second pocket having a relief clearance
      associated therewith similar to that for said first named pocket, and a
      solid web intermediate and extending substantially to the end extremities
      of said pockets.
NUM  11.
PAR  11. An end mill as set forth in claim 1 adapted for locating an insert with
      zero degrees radial rake, zero degrees axial rake, and zero degrees lead
      angle.
NUM  12.
PAR  12. An end mill as set forth in claim 4 wherein said corner radius is in
      the range of one sixty-fourth to one thirty-second of an inch.
NUM  13.
PAR  13. An end mill as set forth in claim 12 wherein said radially innermost
      edge is in the order of 0.010 inch over center relative to the axis of
      said end mill.
NUM  14.
PAR  14. An end mill as set forth in claim 1 including a square insert with a
      central conically countersunk aperture engaged by a conical headed screw
      installed therein.
NUM  15.
PAR  15. An end mill as set forth in claim 7 including two identical square
      inserts each with a central conically countersunk aperture engaged by a
      conical headed screw installed therein.
NUM  16.
PAR  16. An end mill as set forth in claim 7 wherein said radially outward
      insert is located axially slightly ahead of the inner insert to provide a
      clearly wiped surface in making lateral side cuts.
NUM  17.
PAR  17. An end mill as set forth in claim 7 wherein said radially outward
      insert is located axially in the order of 0.001 to 0.003 inch ahead of the
      inner insert to provide a clearly wiped surface in making lateral side
      cuts.
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ABST
PAL  Method of manufacturing a catalyst type exhaust gas purifier utilizing a
      divisible vessel to hold an integrated catalyst, while a packing is
      inserted at the junction between the divisible parts. The space between
      the vessel and the catalyst is filled with a castable refractory material,
      which is then solidified, after which the packing is removed and then the
      parts of the vessel are drawn together at said junction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An exhaust gas purifier utilizing a catalyst is one of the conventional
      means for eliminating carbon monoxide, unburnt hydrocarbons and nitrogen
      oxides which are said to be the most harmful gases contained in the
      emissions of internal combustion engines.
PAR  Among the exhaust gas purifiers of this catalyst type, the most common one
      holds layers of catalyst pellets, i.e., pellets carrying a metallic
      catalyst enclosed in a metal casing. The exhaust gas, as it passes through
      such layers of catalyst pellets, is rendered harmless by chemical
      reaction.
PAR  Another type of exhaust gas purifier uses an integrated catalyst, as
      illustrated by U.S. Pat. Nos. 3,441,381 and 3,441,382. In this type both
      ends are open and the purifier holds a metallic catalyst carried by a
      ceramic carrier with a plurality of internal passages for exhaust gas.
PAR  Exhaust gas purifiers of the last-mentioned integrated catalyst type are
      superior to those of the pellet catalyst type in that the catalyst does
      not deteriorate as a consequence of abrasion during vibration and the
      catalyst vessel itself is simplified in structure.
PAR  When the integrated catalyst is installed within a cylindrical vessel,
      however, a space is usually left between the inner wall of the cylindrical
      vessel and the outer wall of the integrated catalyst under high
      temperature on account of the wide difference between the rate of thermal
      expansion of the metallic vessel and that of the integrated catalyst,
      which is ceramic. Since this space is quite wide, a violent impact occurs
      between the vessel and the catalyst due to vibrations transmitted from the
      engine, unless cushioning means is provided between the vessel and the
      catalyst; and this results in destruction of the integrated catalyst.
PAR  To prevent this, according to U.S. Pat. No. 3,441,381, the space between
      the inner wall of the vessel and the outer wall of the integrated catalyst
      is filled with metal textile, which serves as a cushioning means; and
      according to U.S. Pat. No. 3,441,382, the integrated catalyst is held in
      position by springs with ceramic heat insulation provided between them.
PAR  In the case of the above-mentioned metal textile, this textile would make
      an effective cushioning material if its elasticity were not lost at high
      temperatures in practical service; but when installed on an automobile
      with wide variations of load, it is exposed to a temperature of several
      hundred .degree.C under high load engine operation. At such high
      temperatures it loses its elasticity and ceases to be effective for
      cushioning. Consequently the catalyst is often broken.
PAR  When springs are used to hold the catalyst in position, the construction is
      complicated and the manufacture is not easy, resulting in a high cost of
      manufacture. It is also possible to mount the integrated catalyst in the
      vessel by shrink-fitting; but this method is not advisable, because it
      requires high precision in the external dimensions of catalyst and the
      internal dimensions of vessel, resulting in a poor yield and a very high
      cost.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a method of
      manufacturing a catalyst type exhaust gas purifier which is free from the
      drawbacks of conventional devices and can reliably hold the integrated
      catalyst in position even at high temperatures in practical service.
      Basically the method of the present invention comprises the steps of
      charging a fluid castable refractory into the space between the inner wall
      of vessel and the outer wall of integrated catalyst; drying and firing
      said refractory; and then tightening the vessel, thereby to hold the
      catalyst in a shrink-fit state. This method increases the durability of
      the catalyst greatly because, even at high temperatures no gap is likely
      to develop between the catalyst and the vessel and the catalyst can be
      held in position. Moreover, said castable refractory, if appropriately
      selected, can remain stable even under gas temperatures exceeding
      1000.degree.C; and its high heat insulating ability will improve the heat
      insulating performance of the catalyst type exhaust gas purifier.
PAR  Other objects of the present invention will become apparent from the
      following description of a preferred embodiment of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section view of an exhaust gas purifier according
      to the present invention;
PAR  FIG. 2 is a section view taken along the line II--  II of FIG. 1; and
PAR  FIG. 3 shows the layout of an exhaust gas purifier according to the present
      invention, mounted on an automobile.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As illustrated in FIGS. 1 and 2, a vessel divisible into parts 1 and 2 is
      used. FIrst, the integrated catalyst 5 is fitted to the centering plate 4,
      which is then fixed to the part 2 of said vessel. Packing 3 is provided at
      the junction between parts 1 and 2 of the vessel and these parts are
      connected together by a bolt 12 and a nut 13. Thereafter through the
      charging hole 7, a castable refractory material is introduced under
      pressure and vibration. The charged refractory material is cured, if
      necessary; and then fired after drying. Removal of the packing 3 after
      firing leaves a gap so that by further tightening of the bolt 12, the
      integrated catalyst 5 and its holder 6 are tightly fitted together,
      thereby completing the purifier.
PAR  Referring now to FIG. 3, this shows a jig 9 for fitting the purifier to the
      exhaust pipe, together with flanges 10 and 11 with which the parts 1, 2 of
      the vessel are fitted together. The diameter of the centering plate 4 is
      equal to the diameter of the vessel when the parts 1, 2 are put together
      after removal of the packing 3.
PAR  It is one of the features in the present invention that, in assembling the
      vessel by putting together the divisible parts, a packing is inserted at
      the junction. Therefore the packing must have an appropriate thickness. As
      the packing which is to be removed after firing of the refractory
      material, a material like metal which is not eliminated by burning may be
      used; but it is more efficient, if a material which is eliminated in the
      process of firing is employed.
PAR  As the integrated catalyst, either an alumina carrier or a cordierite
      carrier of honeycomb structure may be used for the present invention.
PAR  As the castable refractory material, castable alumina or castable fused
      quartz is suitable, but it goes without saying that these are not the only
      materials which may be used.
PAR  The castable refractory material, which is elastic to some extent, will be
      able to increase the vibration resistance remarkably without damaging the
      integrated catalyst even when it is tightened, if according to the present
      invention, an appropriate shrink-fit allowance is provided.
PAR  In the catalyst converter according to the present invention, even if the
      rate of thermal expansion is nearly the same between the honeycomb
      catalyst and the castable refractory and that of the vessel is higher than
      those of catalyst and refractory, slight tightening will suffice to
      eliminate any gap between the refractory and the vessel when the
      refractory is uniformly provided and the vibration resistance will be
      improved, because the temperature distribution is usually such that for
      700.degree. - 900.degree.C in the honeycomb catalyst, the castable
      refractory layer is at 700.degree. - 300.degree.C and the vessel is at
      300.degree. - 200.degree.C.
PAR  Now some representative embodiments of the present invention will be
      illustrated.
PAC  EXAMPLE 1
PAR  As carrier for the integrated catalyst, a mixture of fused quartz powder
      less than 1 mm in particle size (92.5% SiO.sub.2, 0.2% Al.sub.2 O.sub.3,
      0.2% Fe.sub.2 O.sub.3, balance K.sub.2 O, M.sub.g O) and 33% alumina
      cement less than 200 mesh (80% Al.sub.2 O.sub.3, 0.2% Fe.sub.2 O.sub.3,
      19.5% CaO, 0.1% SiO.sub.2, balance impurities) was adopted. 22 parts of
      water were added to 100 parts of this fused quartz castable powder,
      yielding a paste. The paste was charged into the hole 7 under pressure and
      vibration; cured at the room temperature for 15 hours; dried for one hour;
      and then fired at 700.degree.C for one hour. After firing, the integrated
      catalyst and its holder were shrink-fitted together by tightening the
      bolt, thereby completing the purifier.
PAR  The inner diameter of the vessel was 98 mm. A sheet of paper 0.5 mm thick
      was used for packing. The catalyst was a honeycomb of platinum carried by
      cordierite with an outer diameter of 84 mm.
PAR  In the following examples, unless otherwise specified, the same vessel and
      the same catalyst were used.
PAR  The catalyst type exhaust gas purifiers thus obtained were placed on the
      vibrating table of a vibration testing machine and submitted to 50 hours
      each of endurance testing under vertical and horizontal vibrations whereby
      it was exposed to vibrations having a frequency of 90 Hz and an
      acceleration of 45G, while the catalyst was heated at 900.degree.C for 10
      minutes by a gas burner and then forcibly air-cooled to 70.degree. -
      100.degree.C in 10 minutes, this cycle of heating and cooling being
      repeated. The results showed nothing wrong with the purifier.
PA0  Reference 1
PA1  A catalyst type exhaust gas purifier was manufactured without the packing 3
      used in Example 1. In the same way as in Example 1, this purifier was
      submitted to vibration having a frequency of 90 Hz and an acceleration of
      45G. Under vertical vibration it broke in 14 minutes, and under horizontal
      vibration in 30 seconds.
PAC  EXAMPLE 2
PAR  As the carrier of the integrated catalyst, a mixture of alumina powder of
      less than 1.5 mm in particle size (98% Al.sub.2 O.sub.3, 1% SiO.sub.2,
      0.2% Fe.sub.2 O.sub.3, balance Na.sub.2 O, M.sub.g O) and alumina cement
      of less than 200 mesh (77% Al.sub.2 O.sub.3, 21% CaO, 0.4% SiO.sub.2, 0.5%
      Fe.sub.2 O.sub.3, balance impurities) with ratio of 1l alumina to 600g
      cement was employed. 14 parts of water were added to 100 parts of this
      alumina castable parts, yielding a paste. The paste was charged through
      the hole 7 under pressure and vibration; cured for five hours at the room
      temperature; dried at 100.degree.C for one hour; and then fired at
      700.degree.C for one hour. In this case the packing 3 was a sheet of paper
      1.0 mm thick. After firing, the integrated catalyst 5 and its holder 6
      were shrink-fit together by tightening the bolt to complete the purifier.
PAR  In the same way as in Example 1, the purifier was submitted to 50 hours
      each of horizontal and vertical vibrations (frequency 90 Hz, acceleration
      45G) and nothing wrong was noted with it after the test.
PA0  Reference 2
PA1  In the test under vibrations (frequency 90 Hz, acceleration 45G), a
      purifier manufactured without the use of paper packing as in Example 2
      broke in 10 seconds under horizontal vibration and in 12 minutes under
      vertical vibration.
PAC  EXAMPLE 3
PAR  As the carrier for the integrated catalyst, a mixture containing 30% foamed
      perlite less than 1 mm in size and 70% of a 50% aqueous solution of
      monoaluminum phosphate was employed. This mixture was charged into the
      hole 7 under vibration and pressure; dried at 250.degree.C for 30 minutes;
      and then fired at 700.degree.C for 30 minutes. After firing, the
      integrated catalyst 5 and its holder 6 were shrink-fit together by
      tightening the bolt to complete the purifier. The packing 3 was a piece of
      nylon film 1 mm thick.
PAR  The resulting purifier was subjected to 50 hours each of horizontal and
      vertical vibrations (frequency 90 Hz, acceleration 45G), without any
      substantial deterioration.
PA0  Reference 3
PA1  In vibration tests (frequency 90 Hz, acceleration 45G) a purifier with the
      integrated catalyst was held without use of the packing of Example 3,
      broke in 5 minutes under horizontal vibration and in 32 minutes under
      vertical vibration.
PAC  EXAMPLE 4
PAR  The purifier manufactured according to the present invention was mounted as
      shown in FIG. 3 on an automobile, which was then run for 30,000 Km as an
      endurance test, but no damage to the catalyst occurred. As illustrated in
      FIG. 3, reference numeral 14 indicates the engine, 15 the manifold, 16 the
      exhaust pipe, 17 the sub-muffler, 18 the purifier according to the present
      invention and 19 the main muffler. The purifier is one described in
      Example 1.
PAC  EXAMPLE 5
PAR  Instead of paper packing as in Example 1, stainless steel packing 0.5 mm
      thick was employed. After firing, the stainless steel packing was removed
      and the bolt was tightened to complete the purifier.
PAR  The anti-vibration characteristics of the purifier thus manufactured were
      the same as in Example 1.
PAR  The advantages of the exhaust gas purifier manufactured according to the
      present invention are as follows.
PAR  Since the integrated catalyst 5 and the vessel are shrink-fit together with
      the holder 6 in between, no gap develops between the vessel and the
      catalyst, even under vibration at high temperatures and accordingly the
      catalyst is not broken. The holder serves at the same time as a heat
      insulator. The outer dimensions of the integrated catalyst need not be so
      precise, because the catalyst is not directly heat-shrunk into the vessel;
      and the material of the holder is less expensive and more resistant to
      high temperature than metal textile.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of manufacturing a catalyst type exhaust gas purifier, which
      method comprises the steps of:
PA1  placing one side of the catalyst near the inner surface of one part of a
      divisible vessel;
PA1  positioning the other part of said divisible vessel near the opposite side
      of said catalyst while inserting packing means between said parts which
      keeps said parts separated;
PA1  said catalyst being smaller than said vessel so that a space is also left
      between said vessel and catalyst;
PA1  charging a castable refractory into the space between said vessel and
      catalyst;
PA1  solidifying and firing the refractory; and
PA1  removing said packing and tightening the two parts of said vessel to
      compress said refractory, which has some elasticity, against said
      catalyst.
NUM  2.
PAR  2. Method of manufacturing a catalyst type exhaust gas purifier as claimed
      in claim 1, wherein the packing is made of a material which is removed by
      the firing process.
NUM  3.
PAR  3. Method of manufacturing a catalyst type exhaust gas purifier as claimed
      in claim 1, wherein the packing is made of a material which remains after
      the firing process and is then removed.
NUM  4.
PAR  4. Method of manufacturing a catalyst type exhaust gas purifier as claimed
      in claim 1, wherein the catalyst is mounted on a centering plate within
      the vessel.
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ABST
PAL  An improved header construction for a heat transfer apparatus of the type
      utilizing a plurality of concentric, longitudinally extending tubes
      including an inner tube, an intermediate tube and an outer tube with the
      intermediate tube extending beyond the outer tube and the inner tube
      extending beyond the intermediate tube. The header includes sealing
      members for the intermediate and outer tubes. Each sealing member is butt
      welded at one end to its associated tube. The other end of the sealing
      members defines a radially inwardly directed sanitary radius which is
      welded to an outwardly directed sanitary radius formed in a band which, in
      turn, is welded to the next innermost tube section. The method of
      assembling a header in accordance with the above is also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to heat exchange devices and more
      particularly to a header structure for use with a multiple tube heat
      transfer or heat exchange apparatus.
PAR  In my U.S. Pat. No. 3,651,551, I provide a method of assembling a heat
      transfer apparatus utilizing a header structure that requires flanges,
      gaskets, nuts, bolts and a multitude of machine and fitted parts in order
      to complete a working unit. Although the finished and assembled header
      structure functions satisfactorily, it is a relatively costly item to
      produce. The primary object of the design disclosed in my above referenced
      patent was to provide a header structure that could be readily
      disassembled for inspection and cleaning when used in a sanitary operation
      such as in the conveying of milk or milk products.
PAR  In the past few years, sanitarians have recognized that a properly designed
      and completely constructed tubular heat exchanger can be cleaned and
      sanitized in the assembled condition thus eliminating the need to
      disassemble the component parts for manual washing and to dispense with
      the requirement that the interior surfaces of the heat exchanger be
      available for inspection. It has been established that an all welded
      tubular heat exchanger can be efficiently and effectively cleaned by
      circulating, washing and sanitizing solutions through the interior areas
      at fairly high velocities (7 ft. per second and up). This system, known as
      a CIP or "cleaned in place" system, is widely accepted in the milk
      processing industry as being highly superior to the former method of
      disassembly and hand or manual washing of processing equipment parts.
PAR  There are certain critical features that must be incorporated into the
      design of a tubular heat exchanger in order to provide a unit of
      processing equipment that will be considered suitable for cleaning in
      place. These features, set forth in the 3-A SANITARY STANDARDS FOR TUBULAR
      HEAT EXCHANGERS FOR MILK AND MILK PRODUCTS formulated jointly by the
      International Association of Milk, Food and Environmental Sanitarians, the
      United States Public Health Service and the Dairy Industry Committee
      include the following:
PA0  1. Self-draining of the product channel or channels.
PA0  2. Elimination of pockets and dead ends in the product flow channels.
PA0  3. Maintenance of a uniform area throughout the products flow channel in
      order to maintain a uniform velocity of the cleaning solution through this
      area during the cleaning cycle.
PA0  4. All interior angles of 135.degree. or less, within the product flow
      area, must have a sanitary radius.
PAR  The term "sanitary radius" as defined in the 3-A Standards is a radius of
      at least 1/32 inch for circular cross-sectional tubing and 150  inch on
      all non-circular cross-sectional tubing.
PAR  The heat exchanger set forth in my previously described patent provides the
      first three of the requirements set forth above. A principal object of the
      present invention is to provide an improved header structure for a heat
      exchange device such as that described in my previous patent which further
      incorporates the fourth 3-A Sanitary Standards requirement so as to
      provide a heat exchange apparatus which fully complies with the
      requirements for a clean in place system.
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by providing an improved header for
      a heat transfer apparatus of the type utilizing a plurality of
      longitudinally extending concentric tubes including an inner tube, an
      intermediate tube and an outer tube with one end of the intermediate tube
      extending longitudinally beyond the outer tube and the corresponding end
      of the inner tube extending longitudinally beyond the end of the
      intermediate tube. The header includes sealing members for the
      intermediate and outer tubes. Each sealing member is butt welded at one
      end of its associated tube. The other end of the sealing members defines
      an inwardly directed sanitary radius which is welded to an outwardly
      directed sanitary radius formed in a band which, in turn, is welded to the
      next innermost tube section. The method of assembling a header in
      accordance with the above is also provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational sectional view of the header of a heat
      exchange apparatus in accordance with the present invention; and,
PAR  FIG. 2 is a fragmentary enlarged side elevational sectional view of a
      portion of the header arrangement.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In my previously issued U.S. Pat. No. 3,651,551, there is disclosed in
      FIGS. 1, 2 and 3 a heat transfer apparatus of the type comprising a
      plurality of radially spaced apart concentrically mounted elongated
      tubular elements. The present invention relates to a similar exchange
      device and more particularly to the header structure for such a device.
      Referring to FIG. 1, the present heat exchange device 10 is shown
      comprising a plurality of concentric, longitudinally extending tubular
      elements including inner tube 12, intermediate tube 14 and outer tube 16.
      In most operations, the intermediate tube 14 contains the product to be
      heated and the inner and outer tubes contain the heat transfer medium.
      There are, however, a number of installations that require a regenerative
      type of heat exchanger which utilizes all of the flow channels for the
      passage of the product. Thus, all of the components of all three channels
      and the header structure must meet sanitary requirements for food handling
      equipment. Accordingly, the entire structure is formed of a corrosion
      resistant metal such as stainless steel of the AISI 300 series or
      corresponding ACI types.
PAR  The outer tube 16 terminates at a first end 18. The intermediate tube 14
      extends beyond the end 18 of outer tube 16 and terminates at an end 20.
      Similarly, the inner tube 12 extends beyond the end 20 of the intermediate
      tube and terminates at an end 22.
PAR  In accordance with the present invention, the channel 24 defined between
      the intermediate and outer tube is sealed at end 18 by a sealing member
      26. The sealing member 26 comprises an elongated section of tubing having
      a first end 28, the diameter of which is equal to the diameter of the
      outer tube 16, an opposite end 30 terminating in a sanitary radius 32, and
      an intermediate section 34 wherein the diameter of the tube increases
      gradually over an extended length. The sealing member end 28 is butt
      welded to the end 18 of outer tube 16. Similarly, the free end 36 of
      sanitary radius 32 is butt welded to a band 38 which, in turn, is welded
      to the intermediate tube 14 as shown in FIG. 2.
PAR  Band 38 comprises an arcuate member in section which extends upwardly from
      the outer surface of intermediate tube 14 along a sanitary radius 40. The
      band is carefully welded to the intermediate tube in a manner such that,
      after grinding and polishing, the welded material on the outside of
      channel 24 blends with and continues the sanitary radius as shown in FIG.
      2.
PAR  In a similar manner, sealing member 44 seals the end of channel 46 defined
      between inner tube 12 and intermediate tube 14. The construction and the
      manner of joining sealing member 14 in position is identical with that
      just described for sealing member 26. Accordingly, sealing member 44
      includes a first end 48 butt welded to the free end 20 of intermediate
      tube 14. The opposite end 50 of sealing member 44 terminates in a plateau
      which ends in a sanitary radius 52 having a free end 54 butt welded to a
      band 56 identical in construction with that depicted in FIG. 2.
PAR  A suitable fixture 58 for connection of the present heat exchanger with
      auxiliary equipment is butt welded to the free end 22 of inner tube 12.
      Similarly, Fixtures 60 and 62 are welded to the plateaus defined by the
      ends 50 and 30 respectively of sealing members 44 and 26.
PAR  The heat transfer apparatus of the present invention is assembled by first
      fitting concentric tubes 12, 14 and 16 so that end 22 extends beyond end
      20 which, in turn, extends beyond end 18 as depicted. The method of
      joining the tubes is disclosed in my previous patent. After the tubes are
      assembled, band 38 is welded about the periphery of the intermediate tube.
      The welded material 42 directed toward the channel is then carefully
      ground, polished and cleaned to blend with the sanitary radius of band 38.
      Thereafter, sealing member 26 is positioned in place and end 28 of the
      sealing member is butt welded to end 18 of the outer tube 16. End 36 of
      the sealing member is then butt welded to the free end of band 38. Fixture
      62 may be prewelded to sealing member 26 or else welded in position in
      situ.
PAR  A similar procedure is then followed with respect to sealing member 44.
      That is, band 56 is welded into position after which the internal surfaces
      of the weld are carefully cleaned and polished so as to form a smooth
      sanitary radius. End 48 of member 44 is then butt welded to the first end
      20 of intermediate member 14 and the opposite end 54 of member 44 is then
      butt welded to the free end of band 56.
PAR  In order to assemble the sealing members 26 and 44, it is critical that the
      minimum inside diameters of these pieces be slightly greater than the
      maximum outside diameters of bands 38 and 56 respectively. That is, the
      diameter A1 must be less than the diameter B1 and the diameter A2 must be
      less than B2. This allows member 26 to slide over member 38 for assembly
      and member 44 to slide over member 56.
PAR  Thus, in accordance with the above, a heat exchange device in accordance
      with the present invention is provided.
CLMS
STM  Having thus described my invention, what is claimed is:
NUM  1.
PAR  1. The method of assembling a header for a heat transfer apparatus having a
      plurality of longitudinally extending, concentrically mounted heat
      transfer tubes including an outer tube having a first end, an intermediate
      tube having a first end extending longitudinally beyond said outer tube
      first end and an inner tube having a first end extending longitudinally
      beyond said intermediate tube first end, said method comprising the steps
      of:
PA1  a. welding a band member about said intermediate tube, said band member
      extending radially outwardly along a sanitary radius from said
      intermediate tube to a free end;
PA1  b. cleaning and polishing the band so as to form a smooth continuation of
      the sanitary radius blending into the intermediate tube;
PA1  c. forming an outer tube sealing member comprising a section of tubing of
      increasing diameter having a first end with a diameter equal to the
      diameter of said outermost tube and a second end defined by a radially
      inwardly directed sanitary radius;
PA1  d. butt welding the first end of said outer tube sealing member to said
      outer tube first end;
PA1  e. butt welding the second end of said sealing member to said band member
      free end.
NUM  2.
PAR  2. The method in accordance with claim 1 comprising the further steps of:
PA1  a. welding a second band member about said inner tube, said second band
      member extending radially outwardly along a sanitary radius from said
      inner tube to a free end;
PA1  b. cleaning and polishing the band so as to form a smooth continuation of
      the sanitary radius blending into the inner tube;
PA1  c. forming an intermediate tube sealing member comprising a section of
      increasing diameter having a first end with a diameter equal to the
      diameter of the intermediate tube and a second end defined by a radially
      inwardly directed sanitary radius;
PA1  d. butt welding the first end of the intermediate tube sealing member to
      the intermediate tube first end; and,
PA1  e. butt welding the second end of the intermediate tube sealing member to
      the second band member free end.
NUM  3.
PAR  3. The method in accordance with claim 1 wherein the outer tube sealing
      member is formed with an access opening.
NUM  4.
PAR  4. The method in accordance with claim 2 wherein the intermediate tube
      sealing member is formed with an access opening.
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ABST
PAL  An apparatus for joining the free end of a first pipe to a coupling collar
      secured to the end of a second pipe includes a longitudinally extending
      member adapted to engage the coupling collar while supported by the second
      pipe, and a flexibly extending member secured to the lateral member. With
      the pipe ends adjacent, the flexibly extending member is wrapped spirally
      about the first pipe and secured thereto. A lever member adapted to engage
      the flexibly extending member is then placed on the longitudinally
      extending member, and operated to tension and pull the flexibly extending
      member, which draws the end of the first pipe into the coupling while also
      rotating the first pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is common practice in the construction industry to employ plastic or PVC
      pipe for use in plumbing and electrical distribution. The pipe is provided
      in long-length sections, one end of each section provided with a coupling
      collar dimensioned to receive the free end of a similar section.
      Typically, sections of pipe are joined by first placing a free end of one
      section adjacent to a coupling end of another, and then coating the free
      end with epoxy adhesive, PVC resin, or the like. The two sections are
      joined by inserting the free end into the coupling end while rotating the
      section with the free end to spread the adhesive uniformly within the
      joint thus formed. This procedure insures that a leakproof, permanent seal
      will be created by the adhesive.
PAR  A problem often encountered when employing this procedure with sections of
      pipe that are long and unwieldy, or that have been previously filled with
      electrical conductors or the like, is that the pipes can be joined
      translationally, but rotation of one to effect a good adhesive seal is
      quite difficult. Thus several persons may be required to join plastic pipe
      sections correctly. Lacking sufficient personnel or specialized tools to
      rotate the pipe during fitting, the attempt to form a good pipe joint may
      be abandoned to expediency.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is generally directed toward an apparatus and method
      for joining pipe sections correctly with an ease and efficiency heretofore
      unknown. It includes a lateral member adapted to translationally engage
      the coupling collar while supported on the pipe section bearing the
      coupling collar, and a flexibly extending member secured to the lateral
      member. The lateral member includes a track for engaging and supporting a
      lever member which is adapted to engage the flexibly extending member and
      tension and pull the latter.
PAR  The apparatus is employed by first abutting the free end and coupling end
      to be joined, applying the adhesive, and placing the lateral member on the
      pipe section having the coupling collar and in engagement therewith. The
      flexibly extending member is then wrapped about the other pipe section and
      secured with a slip knot or other suitable means. The flexibly extending
      member is engaged by the lever member and tensioned therewith, drawing the
      free end into the coupling collar while also causing rotation of the
      section having the free end. Thus the two pipe sections may be joined in
      the correct manner with ease and speed.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a perspective view of a portion of the present invention.
PAR  FIG. 2 is a perspective view of the present invention in use.
PAR  FIG. 3 is a vertical elevation of the present invention, showing the
      engagement of the lever member and the flexibly extending member.
PAR  FIG. 4 is a vertical elevation similar to FIG. 3, showing the action of the
      lever member and the results thereof.
PAR  FIG. 5 is a detailed view of two pipe sections joined by the present
      invention.
PAR  FIG. 6 is a fragmentary vertical cross-section of the lateral member
      disposed on a pipe section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the accompanying Figures, the present invention is
      designed to join together pipe sections such as sections 11 and 12.
      section 11 has a free end 13 which is received in a coupling collar 14
      secured to or formed integrally with section 12. These pipe sections are
      best joined by applying suitable adhesive, resin or other sealing compound
      to the free end 13, and inserting the end 13 into the coupling collar 14
      while rotating the section 11. The rotation is important in that it causes
      the sealing compound to flow evenly in the pipe joint and form a
      leak-proof seal. The present invention joins the pipe sections
      translationally while imparting the desired rotation to section 11.
      Although these procedures are commonly used in fitting plastic or PVC
      pipe, the invention is not limited to such use.
PAR  The invention includes a member 16 which is positioned axially or
      longitudinally along pipe section 12, and which is provided with a concave
      curvature which adapts it to be supported by a pipe section. The amount of
      curvature is not critical, and may be presumed to be shallow enough to
      accommodate pipes of differing diameter. The member is provided with a
      flanged end 17 which is adapted to abut the edge 18 of the collar 14.
PAR  Centrally disposed on the member 16 and joined thereto is an eye 19 to
      which a flexibly extending member 21 is secured. The member 21 may
      comprise a length of rope, as shown in the Figures, or a strap or tape of
      sufficient tensile strength. A track 22 extends from the eye 19 to the end
      23 of the member, comprising a rectangular bar adapted to receive a lever
      member 24. The lever member may constitute a pipe bender, a tool
      well-known in the art. Such a pipe bender generally comprises an arcuate
      channel member 26 which engages the track 22 and which includes a hook 27
      at one end thereof, and a handle member 28 secured medially thereto. The
      track may include a second, smaller, longitudinally extending bar 29
      secured atop track 22, producing a compound track, as shown in FIG. 6,
      which will accommodate pipe benders of varying channel size.
PAR  To employ the present invention to best advantage, the following steps are
      taken. First, the pipe sections 11 and 12 are brought together with the
      ends 13 and 14 adjacent and the sections aligned. The free end 13 is then
      coated with an appropriate sealing compound, such as epoxy resin. The
      member 16 is then placed on the pipe section 12, with the flanged end 17
      abutting the edge 18. The flexibly extending member 21 is wrapped spirally
      about section 11 as shown in FIG. 2 at 20, and secured with a slip knot
      such as a half-hitch.
PAR  With the member 16 held in place by the foot of the worker, the lever
      member 24 is placed on the track 22, and the flexibly extending member 21
      is secured through the hook 27. The lever member is then manually moved as
      shown by the arrow 31 in FIG. 4, tensioning and pulling the extending
      member 21. The force thus exerted between the section 11 and the coupling
      collar 17 draws the section 11 into the coupling collar. The sprial wrap
      of the extending member 21 at the same time imparts a rotational motion to
      the pipe section 11, providing the desired rotation during fitting which
      spreads the adhesive uniformly in the coupling to form a good seal. The
      joined pipes are depicted in FIG. 5.
PAR  To facilitate use of the apparatus, the free end of the flexibly extending
      member may be provided with a self-fastener to obviate the need for a slip
      knot. Such self-fasteners may comprise a strip of hook and pile material,
      or snaps, but are not limited to such material. Furthermore, the member 16
      may be provided with a strap adapted to be wrapped about the pipe section
      12 and fastened to itself to releasably secure the member 16 to the pipe
      section.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for rotating a first pipe section while translating the
      first pipe section into the coupling end of a second pipe section,
      comprising:
PA1  a first member adapted to be supported on the second pipe section and
      extending longitudinally along the same,
PA1  a second member extending flexibly from said first member and releasably
      secured in convoluted form to said first pipe section, and
PA1  lever means for tensioning and pulling said second member toward said first
      member, said first member including a longitudinally extending track for
      supporting and guiding said lever means, said lever means including an
      element for releasably engaging an end portion of said second member
      whereby movement of said lever effects rotation of said first pipe section
      and axial movement thereof towards and into said coupling end of said
      second pipe section.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said first member includes a flange at
      one end thereof for engaging the coupling end of the second pipe section.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said first member includes an eye
      extending therefrom, and said second member comprises a length of rope
      secured to said eye.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said first member has an arcuate
      concave cross-sectional configuration for engaging the pipe section.
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ABST
PAL  A helical coil comprising a plurality of turns of bar stock is mounted on
      an expanding mandrel which is operated by a hydraulic cylinder or the like
      to expand the internal circumference of the coil against the resilient
      resistance thereof. A severing device is then employed to form a cut
      across the turns of the coil so as to sever each turn as a separate ring
      having a gap therein corresponding in width to the thickness of the
      severing device. The expanding mandrel is then released so as to allow the
      rings to spring back to their original circumference. In this way, the gap
      in each ring is closed. Each ring may then be flattened to remove the
      helical pitch so that the ring will be in a single plane with the severed
      ends of the ring aligned. The severed ends may be welded or otherwise
      joined. The disclosed machine preferably employs a rotary abrasive disc
      for forming the cut across the turns of the coil. The width of the cut
      corresponds to the thickness of the abrasive disc. The amount by which the
      coil is expanded preferably corresponds to the thickness of the abrasive
      disc so as to compensate for the width of the cut produced by the abrasive
      disc. The continuing abrasive action of the sides of the disc, as the cut
      progresses across the turns of the coil, prevents the disc from being
      pinched by the turns of the coil.
PARN
PAR  This application is a division of the applicant's copending application,
      Ser. No. 341,304, filed Mar. 14, 1973, now U.S. Pat. No. 3,878,654, the
      priority of which is claimed for this application.
BSUM
PAR  This invention relates to a method and machine for forming rings by
      severing them from a helical coil.
PAR  The invention is particularly applicable to the production of angle rings,
      which are widely used to provide end flanges on pipes or other conduits.
      Such angle rings are L-shaped in cross section. However, the present
      invention may be employed to produce rings of any desired cross section,
      such as channel rings, or rings which are rectangular in cross section,
      for example.
PAR  One object of the present invention is to provide a new and improved method
      and machine for producing rings by severing them from a helical coil,
      comprising a plurality of turns formed from bar stock having the desired
      cross section.
PAR  A further object is to provide a new and improved method and machine for
      producing rings in such a manner that the gap produced by the cutting
      wheel or other tool, employed to sever the rings from the coil, is
      automatically closed after the rings have been severed.
PAR  Another object is to provide such a new and improved method and machine
      whereby the desired size of the rings can be closely controlled.
PAR  Thus, in accordance with the present invention, the rings are preferably
      severed from a helical coil comprising a plurality of turns formed from
      bar stock having the desired cross section. The internal circumference of
      the coil is preferably equal to or slightly less than the desired internal
      circumference of the rings.
PAR  The coil is preferably expanded by exerting force thereon against its own
      resilient resistance. In this way, the internal circumference of the coil
      is increased by a predetermined increment, which is preferably within the
      elastic limit of the metal employed in the coil. The coil may be expanded
      by mounting it around an expanding mandrel adapted to be actuated by a
      fluid power cylinder or some other power means.
PAR  A cut is then made across the turns of the expanded coil to sever each turn
      as a separate ring with a gap therein corresponding in width to the width
      of the cut. The force employed to expand the coil is then relaxed so as to
      allow return movement of each ring to its original circumference. In this
      way, the gap in the ring is automatically closed. The amount by which the
      coil is expanded is controlled so as to compensate for the width of the
      cut so that the gap in each ring will be closed when the ring springs back
      to its original circumference.
PAR  The rings may be severed by feeding a cutting member across the turns of
      the coil at one point along the circumference thereof. The cutting member
      preferably takes the form of a rotary abrasive disc or wheel having a
      thickness corresponding to the desired width of the cut.
PAR  As the cutting operation progresses, the abrasive sides of the disc prevent
      the disc from being pinched by the turns of the coil. Thus, the abrasive
      disc is able to complete the cut across the turns of the coil without
      being stalled or slowed down excessively by the pinching action which
      tends to be produced by the severed portions of the turns due to the
      stress produced in the turns by the initial expansion of the coil.
PAR  After the rings have been severed from the coil, the expanding mandrel is
      preferably actuated so as to reduce its diameter. In this way, the rings
      are released.
PAR  Each ring has a helical pitch which may be removed by flattening the ring
      so that it lies in a single plane, with the severed ends of the ring in
      alignment. The severed ends may then be welded or otherwise joined to
      complete the ring.
DRWD
PAR  Further objects, advantages and features of the present invention will
      appear from the following description, taken with the accompanying
      drawings, in which:
PAR  FIG. 1 is a side elevational view of a machine to be described as an
      illustrative embodiment of the present invention.
PAR  FIG. 2 is a front elevation of the machine.
PAR  FIG. 3 is an enlarged side elevation showing a helical coil from which
      rings are to be severed.
PAR  FIG. 4 is a front elevation showing one of the severed rings.
PAR  FIG. 5 is a plan view showing one of the severed rings and taken generally
      as indicated by the line 5--5 in FIG. 4.
PAR  FIG. 6 is a side elevation of the ring of FIG. 4.
PAR  FIG. 7 is a fragmentary enlarged section taken perpendicular to the axis of
      the coil and showing the manner in which the rings are severed.
PAR  FIG. 8 is a fragmentary enlarged section taken generally parallel to the
      axis of the coil and showing the severing operation.
DETD
PAR  As just indicated, FIG. 1 illustrates a machine 10 for producing rings 12
      by severing them from a helical coil 14 comprising a plurality of turns 16
      of bar stock of the desired cross section. In this case, the coil 14 is
      wound from angle bar stock which is L-shaped in cross section so that
      angle rings will be produced by the machine 10.
PAR  It will be seen from FIGS. 4-6 that each angle ring 12 comprises a
      generally cylindrical flange 18 and an end flange 20 projecting outwardly
      from one end of the cylindrical flange 18. Angle rings are widely used to
      provide end flanges on pipes, ducts or other conduits. For such use, the
      cylindrical flange 18 is generally slipped around the pipe and is welded
      or otherwise secured to the pipe. The outwardly projecting flange 20 may
      then by employed to connect the pipe to another pipe, or to a flat plate
      or wall. It will be understood that the angle rings 12 may be made of
      steel or any other suitable material.
PAR  The helical coil 14 is preferably formed with an internal circumference
      which is equal to or slightly less than the desired internal circumference
      of the finished rings 12. Before the rings 12 are severed, the coil 14
      preferably expanded to a greater circumference against the resilient
      resistance of the coil. The expansion of the coil increases its internal
      circumference by a predetermined increment sufficient to compensate for
      the width of the cut to be taken across the turns of the coil in severing
      each turn as a separate ring. Thus, when the expansion of the turns is
      released, each ring springs back to its original circumference so as to
      close the gap which was formed in the ring by the severing operation. It
      is then an easy matter to flatten the ring so as to remove its helical
      pitch. The severed ends of the ring are thus moved into alignment. To
      complete the ring, the severed ends are welded or otherwise joined.
PAR  For use in expanding the helical coil 14, the illustrated machine 10
      comprises an expanding mandrel 22 for receiving and supporting the coil.
      The mandrel 22 also has the effect of solidly clamping the coil 14 so that
      it will be immobilized while the rings are being severed from the coil.
PAR  It will be understood that the expanding mandrel 22 may be of any known or
      suitable construction. As shown, the mandrel 22 comprises a plurality of
      segments 24 adapted to be expanded outwardly by one or more internal
      wedges 26. The force to expand the mandrel 22 is preferably provided by
      power means, such as the illustrated hydraulic cylinder 28. Other types of
      fluid power devices may be employed, if desired.
PAR  The expanding mandrel 22 is calibrated and adjusted to expand the helical
      coil 14 to a predetermined internal circumference which is larger than the
      original circumference by a predetermined increment. Such increment is
      chosen to compensate for the width of the cut to be taken through the
      turns of the coil 14.
PAR  To produce such cut so as to sever the turns of the coil 14 as separate
      rings, the illustrated machine 10 comprises severing means 30 utilizing a
      cutting member 32 preferably in the form of a rotary cutoff disc or wheel.
      While the disc 32 may take the form of a saw, it is preferred to employ an
      abrasive cutoff disc or wheel, as illustrated in FIGS. 1, 7 and 8. The
      abrasive disc 32 has an abrasive periphery 34, and also abrasive side
      surfaces 36 and 38.
PAR  As the severing operation progresses, the abrasive side surfaces 36 and 38
      remove sufficient stock from the turns 16 to prevent the turns from
      pinching the cutoff disc 32. Such pinching tends to occur because the coil
      14 is under considerable stress due to the initial expansion of the coil
      by the expanding mandrel 22. It will be understood that the expansion of
      the coil 14 produces internal compressive stresses in the outer portions
      of the turns 16. These compressive stresses tend to produce pinching
      forces as represented by the force arrows 40 in FIG. 7. However, the
      abrasive side surfaces 36 and 38 of the cutoff disc 32 continuously remove
      sufficient stock from the turns 16 to prevent the cutoff disc from binding
      during the severing operation.
PAR  In severing the turns 16, the cutoff disc 32 is fed so as to produce a cut
      42 across all of the turns 16. Such cut preferably extends parallel to the
      axis of the coil 14. A slot 44 is preferably formed in the mandrel 22 to
      provide clearance for the cutoff disc 32.
PAR  To provide for the feeding movement of the cutoff member 32, the
      illustrated severing means 30 preferably comprises a carriage 46, which is
      slidable along guide means 48. To operate the carriage 46, the machine 10
      is preferably provided with power means, such as the illustrated fluid
      power cylinder 50.
PAR  The cutoff wheel 32 is preferably brought into engagement with the coil 14
      during the advancing movement of the carriage 46, but is moved
      transversely away from the coil 14 during the return movement of the
      carriage 46. For this purpose, a movable subcarriage 52 is preferably
      mounted on the main carriage 46. As shown, the subcarriage 52 is swingable
      about pivots 54 mounted on the main carriage 46. In this way, the cutoff
      disc 32 can be swung downwardly so as to engage the coil 14 during the
      advancing movement of the carriage 46. The subcarriage 52 can then be
      swung upwardly so as to raise the cutoff disc 32 away from the coil 14
      during the return movement of the carriage 46. The swingable subcarriage
      52 is preferably operated by power means, such as the illustrated fluid
      power cylinder 56 mounted on the main carriage 46.
PAR  The cutoff disc 32 is preferably rotatably mounted on the swingable
      subcarriage 52 and is adapted to be driven by power means, such as the
      illustrated motor 58 also mounted on the subcarriage 52. A suitable drive
      60 is provided between the motor 58 and the cutoff disc 32. Such drive 60
      may utilize a belt 62 extending around pulleys 64 and 66 on the shaft 68
      of the cutoff disc 32 and the shaft 70 of the motor 58.
PAR  In operation, the helical coil 14 is slipped around the expanding mandrel
      22, which is then actuated by the hydraulic cylinder 28 to increase the
      internal circumference of the coil to a predetermined circumference. The
      motor 58 is energized so as to rotate the cutoff disc 32. With the
      swingable subcarriage 52 in its lowered position, the fluid power cylinder
      50 is actuated so as to advance the slidable carriage 46. In this way, the
      cutoff disc 32 is fed across the turns 16 of the coil 14 so as to form a
      cut of predetermined width corresponding to the thickness of the disc 32.
      The turns 16 of the coil 14 are thus severed as separate rings. Each ring
      has a gap therein corresponding to the width of the cut.
PAR  When the cut has been completed, the fluid power cylinder 56 is actuated so
      as to raise the swingable subcarriage 52. The cylinder 50 is then actuated
      so as to return the slidable carriage 46. When the swingable subcarriage
      52 is raised, the cutoff disc 32 does not engage the coil 14.
PAR  To release the severed rings 12, the hydraulic cylinder 28 is operated so
      as to relax the expanding force exerted by the mandrel 22. The rings 12
      are then returned to their original circumference by virtue of their own
      resilience. The gap in each ring is closed by this return movement of the
      ring.
PAR  The released rings 12 may readily be removed from the mandrel 22 when it
      has been reduced to its original size. The rings 12 have the appearance
      illustrated in FIGS. 4-6. Thus, each ring 12 has a helical pitch. Each
      ring 12 has two severed end surfaces 72 and 74. To remove the helical
      pitch, the rings 12 are flattened or straightened so that the surfaces 72
      and 74 are in alignment. The severed ends of the rings may then be welded
      or otherwise joined together to complete the rings.
PAR  The amount of initial expansion of the coil 14 is regulated so as to
      compensate for the thickness of the cut produced by the cutoff disc 32.
      Thus, when the expanding force is released, the severed rings spring back
      so that there is no gap in any of the rings. When the rings are
      straightened, the severed ends of the rings will be in abutment ready to
      be welded or otherwise joined together.
PAR  Various other modifications, alternative constructions and equivalents may
      be employed as will be evident to those skilled in the art.
PAR  For example, the rotary cutoff disc or wheel 32 may be of any known or
      suitable construction, such as the type utilizing abrasive material
      mounted to a metal disc. The cutoff wheel may also be of the non-metallic
      type utilizing resin-bonded abrasive material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming rings of a predetermined internal circumference,
      comprising the steps of
PA1  coiling resilient bar stock into a resilient helical coil having a
      plurality of turns with an internal circumference corresponding generally
      to said predetermined circumference,
PA1  forcibly expanding said coil against the resilient resistance thereof to an
      enlarged internal circumference exceeding said predetermined circumference
      by a predetermined increment,
PA1  forming a cut across and through the turns of said coil at one point around
      the circumference thereof to sever each turn as a separate ring with a gap
      therein equal in width to the width of said cut,
PA1  said cut being formed with a substantial width which is equal to said
      predetermined increment,
PA1  relaxing the expansion of said rings to allow return movement thereof by
      their own resilience to said predetermined internal circumference,
PA1  said gap in each ring being closed by such return movement thereof,
PA1  removing the helical pitch of each ring by flattening it into a single
      plane and thereby bringing the severed ends of said ring into alignment,
PA1  and welding said severed ends of each ring together.
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ABST
PAL  A brushing apparatus for carpets and the like has a housing one side of
      which faces a surface to be brushed and is provided with a plurality of
      wall portions connected with one another by weakened hinge-like zones so
      that these wall portions are produced in flat condition and can then be
      displaced relative to one another to a condition in which they define a
      trough. A brush extends along the trough and, when rotated in response to
      movement of the brushing apparatus over the surface, picks up dirt and
      deposits it in the trough.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a divisional application of my copending application Ser. No.
      302,590 filed Oct. 31, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a brushing apparatus, and more
      particularly to a brushing apparatus for carpets and the like.
PAR  Brushing apparatus of this type here in question, that is so-called
      "sweepers", is already known. Such devices have housings from the
      underside of which one or more rotary brushes extend so that they will
      contact the carpet as the sweeper is moved over the same, to pick up dirt
      from the carpet. Of course, the dirt must be deposited somewhere once it
      has been picked up; consequently, the known sweepers have in their housing
      one or more troughs or receptacles into which the dirt is deposited by the
      rotating brushes.
PAR  The difficulty with these prior-art devices is that the receptacles are
      formed of one piece with the housing so that the housing as produced
      already has the dirt-collecting troughs formed on it and located in the
      position which they are to assume in the finished device. To produce a
      housing of this type is, however, relatively difficult, especially if it
      is made of synthetic material, because this requires complicated molds.
      This is particularly true if the configuration of the troughs is desired
      to be such that they can afford optimum dirt-collecting and storage
      possibilities due to their shape.
PAR  Evidently, the more complicated the molds required for the production of
      the housing, the more expensive they will be and, in the final analysis,
      the more expensive the housing will be. Aside from this, however, there is
      the further disadvantage that the more complicated the housing, the
      greater will be the rate of rejections of finished housings, due to the
      occurrence of faults in the housing during production thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to avoid these
      disadvantages.
PAR  More particularly, it is an object of the present invention to provide a
      brushing apparatus of the type under discussion, in which these
      disadvantages are avoided.
PAR  Still more particularly, it is an object of the present invention to
      provide such a brushing apparatus which has a housing in which the
      portions constituting the dirt-collecting trough or troughs can be
      produced in an inexpensive manner with the simplest molds and with the
      largest possible elimination of fault developments.
PAR  In keeping with these objects, and others which will become apparent
      hereafter, one feature of the invention resides in a brushing apparatus,
      particularly for carpets and the like, which includes a combination of a
      housing having a side facing a surface to be brushed and provided with a
      plurality of wall portions which are connected by flexible wall zones so
      as to be displaceable from an initially flat condition to an operative
      condition in which the wall portions constitute the bottom wall and at
      least one of the transverse and longitudinal walls of a dirt-collecting
      trough. Retaining portions are provided for retaining the wall portions in
      operative condition, and at least one brush is journalled in the housing
      laterally adjacent the trough and projecting in part from the side facing
      the surface to be brushed, for contact with this surface.
PAR  So constructed, the brushing apparatus according to the present invention,
      and especially the housing thereof, can be produced very inexpensively and
      very simply, and the wall portions can be readily moved from their
      initially flat position to their operative position in which they define
      the trough. Moreover, especially the fact that the wall portion which, in
      the operative condition, will be the longitudinal wall portion of the
      trough which extends along the brush roller, is formed in flat condition
      with the other wall portions, constitutes a significant advantage, because
      this greatly reduces the difficulties of producing these wall portions and
      of the molds required for such production, especially in view of the fact
      that this particular longitudinal wall portion must be inclined at an
      angle to the bottom wall portion of the trough in order to provide for
      optimum dirt-introducing results.
PAR  It is particularly advantageous if the flexible wall zones are so-called
      integral hinges, that is portions of the material from which the wall
      portions themselves are produced, which have a substantially lesser
      thickness than the wall portions and can readily flex. In the region of
      these wall zones there will be provided the retaining portions in the form
      of noses or other abutments, which engage one another when the wall
      portions have been displaced to operative condition. Thus, the displacing
      to operative condition can be effected without special tools and an
      automatic relative location of the various wall portions in the desired
      final position will be obtained, because the positions will have been
      reached when the respective noses abut one another.
PAR  It is already known to arrange such dirt-collecting troughs pivotable
      between a dirt-collecting and a dirt-discharging position. This can be
      accomplished in the construction according to the present invention also,
      for which purpose the trough can be journalled on a shaft located in the
      housing, and the longitudinal trough wall which extends along the brush
      roller can advantageously extend with a portion of it behind the shaft so
      as to be held in position by the same. Thus, even if the thickness of this
      wall is relatively small, it is nevertheless very stable in its operating
      condition because it is supported by engagement with the shaft over its
      entire length. The height of this particular wall portion is
      advantageously accommodated to the distance between the pivot axis defined
      by the shaft and the wall zone connecting this particular longitudinal
      wall with the bottom wall portion. The edge of the longitudinal wall may
      be provided with a recess in which the shaft may in part be accommodated.
PAR  The transverse walls are provided at their free edges preferably with
      groove-like recesses for the legs of a biasing spring which serves to
      maintain the pivotably arranged wall portions in their normal position,
      without further preventing pivoting to dirt-discharging position. By
      having the legs of the springs engaged in the recesses, the transverse
      walls can be retained by the springs after they have been moved to the
      operative condition in which they form the trough with the longitudinal
      walls and the bottom wall. Advantageously the bottom of the respective
      recess is of substantially saddle-shaped configuration, and the legs in
      any pivotable position of the trough will always be properly located in
      the recess and prevent the transverse walls from moving out of their
      position. This particular configuration of the saddle-shaped bottom of the
      recess also assures that a reversal of the direction of the bias exerted
      on the bottom wall by the spring will take place as the trough is pivoted
      from the dirt-collecting to the dirt-discharging position, so that the
      bottom wall will be properly biased in any position of the trough. To
      prevent a weakening of the transverse wall it is advantageous to form the
      recesses in thickened portions of the transverse walls in which at the
      same time the journals for mounting on the shaft are formed.
PAR  The transverse walls may also be provided in the region of the pivot axis
      with sleeve-like projections which extend into recesses provided in the
      housing itself, whereby an advantageous increase of the journalling
      portion is achieved, and whereby further support especially in the end
      position of the pivoting movement is obtained.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a bottom-plan view of a brushing apparatus according to the
      present invention;
PAR  FIG. 2 is a section taken on line II--II of FIG. 1;
PAR  FIG. 3 is a perspective view of one embodiment in accordance with the
      invention;
PAR  FIG. 4 is a view similar to FIG. 3 but of a different embodiment of the
      present invention; and
PAR  FIG. 5 illustrates an embodiment in a perspective view, showing the
      embodiment in operative position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Discussing firstly the embodiments illustrated in FIGS. 1 and 2, it will be
      seen that FIG. 1 is a bottom-plan view of a brushing apparatus or sweeper
      in accordance with the present invention, such as is used for cleaning
      carpets, rugs, floors and the like. The housing of the apparatus is
      designated with reference numeral 10 and journalled in this housing is a
      brush roller 11 which can be mounted in fixed journals or in journals
      which can be raised and lowered with respect to the lower open side of the
      housing 10. ASsociated with the brush roller 11 are cup-shaped auxiliary
      brushes 12 whose purpose it is to pick up dirt from the lateral region of
      the apparatus and to convey it inwardly into the range of pick up of the
      brush roller 11. Of course, the brushes 12 could be omitted.
PAR  Dirt picked up by the brush roller 11, which is driven in known manner by
      wheels 13 which are also journalled in the housing 10, is deposited in a
      trough-like dirt-collecting space of the housing. Transmittal of the
      movement from the wheels 13 to the brush roller 11 to drive the same, can
      be either direct or indirect via interposed elements; it does not form a
      part of the present invention. The auxiliary brushes 12 are also driven by
      additional wheels 14, and of course the configuration of the apparatus can
      be different from what has been illustrated without departing from the
      inventive concept which will now be discussed.
PAR  The drawing shows clearly, especially in FIG. 1, that in the region at
      opposite sides of the brush roller 11 the lower side of the housing 10 is
      closed by bottom units 15 and 16 between which the brush roller extends
      out of the housing 10. These units 15 and 16 extend transversely of the
      apparatus between the journal regions 17 of the brush roller 11 and of the
      wheels 13, and the unit 15 is slightly cinched towards the front side of
      the housing, leaving space for the brushes 12 and the wheels 14.
PAR  FIG. 2 shows that the units 15 and 16 have transverse walls 18 at the inner
      side of the housing and in addition have a longitudinal wall 19 which
      extends along the brush roller 11. Thus, the units 15 and 16 constitute
      troughs into which the dirt picked up by the brush roller 11 can be
      deposited, depending upon the direction of rotation of the brush roller
      either into the unit 15 or into the unit 16.
PAR  When the units are in the position shown in FIGS. 1 and 2, dirt picked up
      by the brush roller 11 is flung over the longitudinal walls 19 into the
      respective receptacle, and of course the provision of the two units 15 and
      16 at opposite sides of the brush roller 11 is intended to assure
      dirt-pick up and deposition, irrespective of the direction in which the
      brushing apparatus is moved over the surface.
PAR  Each of the units 15 and 16 is journalled on an axle 20 which in the
      illustrated embodiment also carries the pairs of wheels 13. The axles 20
      are mounted in wall portions of the housing 10, and by having the units 15
      and 16 mounted on the axles 20 the units can be pivoted from the
      dirt-receiving position illustrated to a dirt-discharging position in
      which dirt can be removed from them. FIG. 2 shows that the units 15 and 16
      engage the front or rear side of the housing, respectively, with portions
      of the units in such a manner that the outwardly extending portions 21
      constitute engaging portions which permit their displacement from
      dirt-receiving to dirt-discharging position, and vice versa. Springs 22
      are provided which engage the transverse walls 18 of the units 15 and 16,
      biasing the same towards the dirt-receiving position illustrated in FIG.
      2. The springs 22 engage housing portions; in the illustrated embodiment,
      a carrier 23 of the main brush roller 11. The legs of the springs each
      contact the transverse walls of the units 15 and 16.
PAR  The latter units are produced of one piece each, being made in the
      illustrated embodiment of synthetic plastic material. They may have
      starting configurations such as is shown in FIGS. 3 and 4, that is they
      may be produced in the configurations shown in FIGS. 3 and 4. The
      longitudinal wall portion 19 and/or the transverse wall portion 18 are
      located in a common plane, or at least substantially in a common plane,
      being connected by flexible wall zones 24 and 25. In FIG. 3 the
      longitudinal wall portion 19 and the transverse wall portions 18 are
      produced in this manner, whereas in FIG. 4 only the longitudinal wall
      portion 19 is produced in this manner whereas the transverse wall portions
      18 are formed in their final position, that is extending partly from the
      bottom wall portion. Either configuration makes it possible to produce the
      units 15 and 16 with very simple molds and very inexpensively.
PAR  The zones 24 and 25 which separate the bottom wall portion from the
      longitudinal wall portion 19 and/or the transverse wall portions, 18
      connecting it with the same, are constructed as integral hinges, that is
      as zones having a reduced thickness and being thus flexible enough to
      permit a displacement of the various wall portions relative to one another
      to the operative position without breaking or cracking. This final
      position is illustrated in FIG. 5. To maintain the wall portions in their
      final desired relative position, they are provided with retaining portions
      which are formed on them during production, and in the illustrated
      embodiment the longitudinal wall portion 19 is so configurated that when
      in erected condition it will be high enough to extend behind the pivot
      axis 20 so that it cannot fold back again. The height of the wall portion
      19 is so coordinated with the distance of the associated zone 24 from the
      pivot axis or axle 20 that it will engage the latter when in erected
      condition. In particular, the wall portion 19 is provided with a
      longitudinal recess 19' configurated so as to at least in part receive the
      axle 20. The junction between the elastically yieldable zone 24 and the
      associated wall portions connected by it are provided with retaining
      portions or bevels 26 which abut one another in the position of FIG. 5.
PAR  The transverse wall portions 18 may also be formed as in FIG. 4 or, if they
      are formed as in FIG. 3, they may be maintained in their erected position
      by the springs 22. For this purpose they are then provided with
      groove-like recesses 27 into which legs of the springs 22 engage to
      stabilize the position of the transverse wall portions 18. To avoid
      weakening of the wall portions 18 in the region of the recesses 27 they
      are provided with an area 18' of greater thickness in which also outwardly
      extending sleeve-like projections 28 may be formed which extend into
      journal recesses of the housing 10.
PAR  The recesses 27 for the springs 22 are advantageously provided with a
      saddle-shaped bottom 29 to assure for an evenly tight engagement of the
      spring legs both in the dirt-receiving position and in the
      dirt-discharging position of the units 15 and 16. In conjunction with the
      arrangement of the location of the recesses 27 above the axle 20, this
      particular configuration of the bottom still has the additional advantage
      of biasing the units 15 and 16 in their pivoting plane, in such a manner
      that during pivoting from the dirt-receiving to the dirt-discharging
      position or back to the same, a reversal will occur in the biasing
      direction, whereby the units 15 and 16 will be maintained in the
      respective end position (discharging or receiving) by the springs 22.
PAR  Evidently, various changes may be made from the illustrated embodiments
      without departing from the invention. The brushes 12 could be omitted, the
      outline of the various components could be changed, additional brushes 11
      could be provided, a single one of the units 15 and 16 could be provided,
      and other modifications could be made without departing from the
      invention.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in a
      brushing apparatus, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a method of making a brushing apparatus for carpets and the like, the
      steps of producing a dirt-collecting trough having at least an elongated
      bottom wall, a longitudinal wall, transverse walls and an open top, said
      producing step including initially forming at least said bottom wall and
      said longitudinal wall in a flat condition in a common plane and with a
      flexible wall zone interconnecting the same, and displacing at least said
      longitudinal wall about said wall zone so that a marginal portion of said
      longitudinal wall which is parallel to and distant from said wall zone is
      spaced from said common plane; pivotally mounting said trough on an axle
      supported in a housing having an open side facing toward a surface to be
      brushed so that said open top faces oppositely of said open side, engaging
      said marginal portion of said longitudinal wall permanently with said axle
      to form a partial bearing for pivoting movement of said longitudinal wall
      about said axle and to retain said longitudinal wall against movement into
      the plane of said bottom wall; and installing at least one brush roller in
      said housing laterally adjacent said trough and projecting in part from
      said open side of said housing.
NUM  2.
PAR  2. In a method as defined in claim 1, said walls having abutments; and
      wherein the step of displacing comprises moving said walls until said
      abutments engage one another.
NUM  3.
PAR  3. In a method as defined in claim 1, wherein the step of producing
      comprises making said trough from synthetic plastic material.
NUM  4.
PAR  4. In a method as defined in claim 1, wherein the step of producing
      comprises molding said trough.
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ABST
PAL  A yieldably resilient, tubular bellows is fastened to a metal cylinder by
      first inserting an axial end portion of the bellows in a more rigid
      clamping ring whose internal cross section is greater than the cross
      section of the cylinder, but not substantially greater than that of the
      outer cross section of the bellows, then axially juxtaposing the bellows
      and the cylinder, and exerting axial pressure in opposite directions on
      the ring and the cylinder while preventing the bellows from moving out of
      the ring until an axially terminal portion of the cylinder enters the bore
      of the bellows, smaller in cross section than the cylinder, and is axially
      coextensive with the ring, whereby the bellows is radially compressed
      between the ring and the cylinder.
BSUM
PAR  This invention relates to the fastening of a resilient tubular body to a
      more rigid cylindrical body, and particularly to the fastening of a
      tubular body to a cylinder inserted in the bore of the tubular body by a
      clamping ring axially coextensive with respective axial portions of the
      tubular body and of the cylinder.
PAR  The invention will be described hereinbelow with reference to the fastening
      of a bellows of elastomeric material on a cylindrical metal part of a
      telescopic shock absorber of the type more fully described and illustrated
      in the commonly owned Vers U.S. Pat. No. 3,744,123.
PAR  It has been shown in the earlier patent that a tubular bellows may be
      secured to an inserted metal cylinder by enveloping the bellows with a
      clamping ring, and thereafter deforming the ring until it presses the
      bellows against the inserted cylinder. The force required for deforming
      the ring is relatively great, and substantial skill is required on the
      part of an operator if unintentional deformation of the metallic cylinder
      is to be avoided, as is necessary for proper functioning of a cylinder in
      a shock absorber.
PAR  It is an object of this invention to provide a method of securing a
      yieldably resilient tubular body to a cylindrical body more rigid than the
      tubular body which requires less skill without hazard of deformation of
      the cylindrical body.
PAR  With this object and others in view, as will hereinafter become apparent,
      the invention is more specifically concerned with the securing of a
      yieldably resilient first body to a second, cylindrical body, wherein the
      bodies have respective axes and the first body is formed with an axial
      bore of smaller cross section in the relaxed condition of the first body
      than the cross section of the second body. The first body is inserted in a
      more rigid clamping ring whose internal cross section is greater than the
      cross section of the cylindrical body, but not substantially greater than
      the outer cross section of the tubular body. The two bodies then are
      axially juxtaposed, and axial pressure is exerted in opposite respective
      directions on the ring and the cylindrical body while the tubular body is
      prevented from moving out of the ring, until an axially terminal portion
      of the cylindrical body enters the bore of the tubular body and is axially
      coextensive with the ring, whereby the tubular body is radially compressed
      between the ring and the cylindrical body.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated as the same becomes better
      understood by reference to the following description of a preferred
      embodiment when considered in connection with the appended drawing in
      which:
PAR  FIG. 1 shows the elements to be secured to each other by the method of the
      invention in fragmentary axial section at an intermediate stage of the
      securing operation; and
PAR  FIG. 2 illustrates the elements of FIG. 1 in the fully secured condition.
DETD
PAR  Referring first to FIG. 1, there is shown only as much of the cylinder 1 of
      a telescopic, automotive shock absorber as is needed for an understanding
      of the invention, only the axial wall of the cylinder 1 being shown in
      order not to crowd the drawing. The annular outer edge 2 at the axial end
      of the cylinder 1 is beveled conically so that the cylinder wall tapers
      toward its end. In the position shown in FIG. 1, the conical outer face of
      the cylinder 1 engages the inner wall of a rubber bellows 5 whose
      illustrated portion is a hollow cylinder of uniform outer and inner cross
      section in the relaxed condition of FIG. 1.
PAR  In an operation preceding the condition illustrated in FIG. 1, the bellows
      5 was axially inserted in a metal ring 3 of hollow cylindrical shape whose
      inner diameter is approximately equal to the outer diameter of the bellows
      5 in the relaxed condition of the latter and greater than the external
      diameter of the cylinder 1 which in turn is greater than the diameter of
      the cylindrical bore in the bellows 5. Prior to insertion of the bellows
      5, the inner cylindrical surface of the ring 3 was roughened, as by
      sandblasting, and coated with a liquid adhesive composition so that the
      ring 3 was axially secured on the bellows 5 in the condition of FIG. 1 in
      which the axially terminal portion of the bellows 5 projects beyond the
      ring 3 toward the juxtaposed cylinder 1.
PAR  Pressure then was exerted in opposite axial directions on the ring 3 and
      the cylinder 1, as indicated respectively by arrows 6, 7. The beveled
      leading edge 2 of the cylinder 1 first entered the bore of the bellows 5,
      thereby expanding the orifice of the bellows and clamping the bellows wall
      between the leading edge 2 and the adjacent inner edge of the ring 3. In
      combination with the roughening of the inner ring surface and the adhesive
      bond between the radially engaged annular surfaces of the ring 3 and the
      bellows 5, the clamping action of the beveled edge 2 prevented the bellows
      5 from slipping out of the ring 3 while the cylinder 1 entered the bore of
      the bellows 5 until ultimately the condition of FIG. 2 was reached in
      which the cylinder 1 projects beyond the ring 3 inward of the bellows 5.
      Further to avoid all relative axial movement of the ring 3 and the bellows
      5, axial force was exerted on the latter as indicated by an arrow 8.
PAR  When the bellows 5 is assembled with the cylinder, as is shown in FIG. 2,
      the ring 3 is axially coextensive with respective parts of the bellows 5
      and of the cylinder 1. A portion of the bellows is compressed between the
      ring 3 and the cylinder 1, and the bellows material resiliently displaced
      by compression forms beads along the axially spaced radial surfaces of the
      ring 3.
PAR  The energy expended in forcing the cylinder 1 into the bore of the bellows
      5 is partly stored in the deformed bellows material and partly converted
      to heat. It may be provided by the hands of an operator pressing the ring
      3 and the cylinder 1 toward each other. Alternatively, the cylinder 1 may
      be placed upright on a fixed support, such as a workbench, so that both
      hands of the operator are available for exerting pressure on the ring 3
      (arrow 6) and exerting an axial force on the bellows 5 (arrow 8). It is
      usually more convenient to employ a press having one apertured platen
      dimensioned for passage of the bellows 5, but abuttingly engaging the face
      4 of the ring which is directed away from the axially juxtaposed cylinder
      1, while the other press platen is brought to bear on the axial end of the
      cylinder 1 omitted from the drawing.
PAR  Neither the ring 3 nor the cylinder 1 is deformed during the
      afore-described operation, and the forces axially applied need only be
      sufficient to cause the required deformation of the elastomeric bellows
      material. The beveled edge 2 of the cylinder 1 prevents damage to the
      bellows 5 during the assembly operation and thereafter during normal use
      of the assembled apparatus. At least some of the effect of the beveled
      edge 2 may alternatively be achieved by providing the orifice of the
      bellows 5 with a beveled inner edge.
PAR  It is preferred to maintain an initially selected axial position of the
      ring 3 on the bellows 5 during subsequent introduction of the cylinder 1
      by a combination of factors enumerated above. However, depending on the
      dimensional relationship of the ring 3, the bellows 5, and the cylinder 1,
      on the elastic modulus of the bellows material, and other process
      variables, the several steps enumerated above for preventing movement of
      the bellows 5 out of the ring 3 during introduction of the cylinder 1 may
      be relied upon individually or in combinations not including all the
      features jointly applied in the illustrative example of the invention.
      Thus, the direct frictional engagement of the sand-blasted inner ring face
      with the outer surface of the bellows may suffice.
PAR  It should be understood, therefore, that the foregoing disclosure relates
      only to a preferred embodiment of the invention, and that it is intended
      to cover all changes and modifications of the example of the invention
      herein chosen for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the invention set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of securing a yieldably resilient first body to a second
      cylindrical body more rigid than said first body, said bodies having
      respective axes, and said first body being formed with an axial bore
      therethrough of smaller cross section in the relaxed condition of said
      first body than the cross section of said second body, which method
      comprises:
PA1  a. inserting said first body in a clamping ring more rigid than said first
      body;
PA2  1. the internal cross section of said ring being greater than said cross
      section of said second body, but not substantially greater than the outer
      cross section of said first body,
PA2  2. said first body being inserted into said ring until an axially terminal
      portion of said first body projects beyond said ring,
PA2  3. said portion of said first body being formed with an orifice of said
      bore, and said second body entering said orifice under said exerted axial
      pressure;
PA1  b. axially juxtaposing said bodies; and
PA1  c. exerting axial pressure in opposite respective directions on said ring
      and on said second body while preventing said first body from moving out
      of said ring, until an axially terminal portion of said second body enters
      said bore and is axially coextensive with said ring, whereby a portion of
      said first body is radially compressed between said ring and said second
      body.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said axially terminal portion
      of said second body has a beveled leading edge first engaging said first
      body during said entering.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein said axial pressure is exerted
      on a radial face of said ring directed away from said second body while
      said bodies are axially juxtaposed.
NUM  4.
PAR  4. A method as set forth in claim 3, wherein said first body is prevented
      from moving out of said ring during said exerting of axial pressure by
      frictional engagement between said first body and said ring.
NUM  5.
PAR  5. A method as set forth in claim 3, wherein said first body is prevented
      from moving out of said ring until said portion of said second body enters
      said bore by exerting axial force on said first body in a direction toward
      said second body.
NUM  6.
PAR  6. A method as set forth in claim 3, wherein said first body is prevented
      from moving out of said ring during said exerting of axial pressure by
      adhesively fastening said ring to said first body prior to said exerting.
NUM  7.
PAR  7. A method as set forth in claim 1, wherein said projecting axially
      terminal portion of said first body is prevented from moving inward of
      said ring during said exerting of axial pressure.
NUM  8.
PAR  8. A method as set forth in claim 7, wherein said axial pressure is exerted
      until said axially terminal portion of said second body projects from said
      bore in an axial direction away from the axially terminal portion of said
      first body, whereby respective annular parts of said first body are
      coextensive with respective parts of said second body and axially offset
      from said ring in respective opposite axial directions, and the outer
      diameter of said annular parts is greater than the outer diameter of said
      compressed portion.
NUM  9.
PAR  9. A method as set forth in claim 8, wherein said annular parts and said
      compressed portion, when in the relaxed condition, have outer faces of the
      same cross section and inner faces of the same cross section.
NUM  10.
PAR  10. A method as set forth in claim 9, wherein said outer and inner faces
      are cylindrical.
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ABST
PAL  A modular truck body comprises a pair of upstanding side modules each
      having an L-shaped cross section, a bottom module having its outer edges
      secured to inner edges of the side modules and an upstanding front module
      secured between the side modules and having its lower edge secured to the
      bottom module. The modules are aligned and pre-assembled at a
      manufacturing plant and then disassembled for shipping purposes. At a
      customer's job site or the like the modules are re-assembled and secured
      together for installation on the frame of a truck.
PARN
PAR  This is a division, of Ser. No. 472,709, filed May 23, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The ever increasing size of on and off-highway trucks has given rise to
      shipping problems; namely, various regulations which dictate the maximum
      size of a truck and components thereof which may be shipped on commercial
      carriers. Therefore, truck bodies and the like are normally broken-down
      into their component parts to comply with such regulations and to also
      substantially decrease composite shipping volumes and shipping costs. In
      conventional practice, the truck body is normally completed at a
      manufacturing facility by securing the various plates and beam members
      thereof together by standard welding processes.
PAR  The completed truck body is then cut into several sections at the various
      welds for shipping purposes. The re-assembly and fabrication of the
      component parts at a customer's job site requires complex fixtures and
      methods for applying high quality welds over the welded joints which have
      been severed previously. In addition to the laborious and time-consuming
      nature of such a procedure, the resulting welds are sometimes found
      defective to thus impair the structural integrity of the completed truck
      body.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to overcome the above, briefly described
      problems by providing an economical and non-complex modular truck body
      which exhibits a high degree of structural integrity and a method of
      making the same expecitiously. The truck body comprises a pair of
      upstanding and laterally spaced side modules of L-shaped cross section, a
      bottom module having its outer ends secured to inner ends of the side
      modules and an upstanding front module secured between the side modules
      and having its lower end secured to the bottom module. The modules are
      pre-assembled at a manufacturing facility and temporarily attached
      together. The modules are then disassembled and shipped to a job site
      whereat alignment means, employed during the pre-assembly operation, are
      utilized to precisely attach the modules together for final assembly
      purposes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of an off-highway truck employing the
      modular truck body of this invention thereon;
PAR  FIG. 2 is an exploded, side elevational view of the truck body;
PAR  FIG. 3 is an isometric view of the truck body, showing it in an inverted
      position during pre-assembly thereof;
PAR  FIG. 4 is a front elevational view of the FIG. 3 truck body;
PAR  FIG. 5 is an enlarged sectional view of a front portion of the truck body,
      taken in the direction of arrows V--V in FIG. 3;
PAR  FIG. 6 is an enlarged sectional view, taken in the direction of arrows
      VI--VI in FIG. 3; and
PAR  FIG. 7 is an enlarged sectional view of a front portion of the completed
      truck body of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 discloses an off-highway truck 10 comprising an operator's station
      or cab 11, a main frame 12 and a plurality of roadwheels 13 rotatably
      mounted on the frame in a conventional manner. A modular truck body 14 of
      this invention is pivotally mounted at its rearward end on the frame by a
      pair of laterally spaced pivot means 15 (one shown). A pair of
      double-acting hydraulic cylinders 16 (one shown) are pivotally
      interconnected between the frame and the truck body to selectively tilt
      the truck body rearwardly about pivot means 15 for dumping purposes.
PAR  Referring to FIG. 2, the truck body essentially comprises a pair of
      laterally spaced side modules 17, a generally horizontal floor module 18
      and an upstanding front module 19. In addition, a canopy module 20 is
      preferably secured on a forward end of the truck body to overlie and
      protect operator's station 11 (FIG. 1). As will be hereinafter more fully
      described, the FIG. 2 truck body is adapted to undergo a pre-assembly
      operation at a manufacturing facility and subsequent disassembly and
      shipment to a customer's job site whereat the final assembly thereof is
      effected.
PAR  Referring to FIGS. 3-6, such pre-assembly is is preferably conducted when
      the truck body is inverted. The prefabricated modules are positioned as
      shown in FIG. 3 by suitably arranged jigs and fixtures. Each side module
      has an L-shaped cross section to comprise a generally vertical side plate
      or section 21 and a generally horizontal bottom plate or section 22
      terminating at an inner end 23 thereof (FIG. 5).
PAR  Each side module terminates at its upper end at an elongated rail 24
      secured at one side to an upper edge of plate 21 and at its other side to
      one leg of an L-shaped bracing plate 25. A plurality of longitudinally
      spaced L-shaped ribs 26, having a decreasingly shorter vertical height
      towards a rearward end of the truck body, are secured to side and bottom
      plates 21 and 22 and beneath bracing plate 25. The inner ends of the ribs
      have a U-shaped recess 27 formed thereon and outwardly from end 23 for
      purposes hereinafter explained.
PAR  As shown in FIGS. 2 and 6, a flange 28 is formed at the inner, forward end
      of plate 22 to overlap a plate 29 of floor module 18. The floor module
      further comprises a pair of parallel beams 30 and a plurality of
      longitudinally spaced and transversely disposed beams 31 of U-shaped cross
      section, all secured on plate 29. Beams 31 are interrupted by beams 30 and
      are each aligned with an end of a respective pair of ribs 26.
PAR  Referring to FIG. 5, the inner end of each beam 31 has a U-shaped recess 32
      formed thereon. The recess substantially conforms to the shape of recess
      27 and is longitudinally aligned therewith. In addition, recess 32
      terminates short of an outer end 33 of bottom plate 29.
PAR  Referring to FIGS. 4 and 7, prefabricated front module 19 comprises an
      inclined plate 34 having an upper rail 35 secured thereon. A laterally
      extending intermediate rail 36 is also secured thereon along with a
      plurality of vertically disposed bracing beams 37 of U-shaped cross
      section. The front module further comprises a pair of laterally spaced and
      inclined box-like support structures 38 secured between plate 34, rail 36
      and a respective beam 37.
PAR  Canopy module 20 (FIGS. 2 and 7) comprises a pair of overlapping main
      plates 39 and 40 having a plurality of transversely disposed beams 41
      secured in underlying relationship thereon. A plurality of beams 42 are
      secured to beams 41 in transverse relationship therewith. A pair of
      laterally spaced L-shaped plates 43 are secured to the outer edges of a
      conforming outer wall 44 to provide a box-like sidewall at the forward,
      upper end of each side of the truck body.
PAC  PRE-ASSEMBLY OPERATION
PAR  FIG. 3 illustrates the truck body after it has undergone a pre-assembly
      operation, prior to disassembly and shipping thereof to a customer's job
      site. In particular, the side, bottom and front modules are pre-aligned at
      a manufacturing facility to facilitate expeditious final assembly thereof
      at such job site.
PAR  Suitable jigs and fixtures are employed to retain the modules in their FIG.
      3 position wherein they may be tack welded together, as indicated by tack
      welds 45, for example. A plurality of combined alignment and releasable
      fastening means 46 are employed between adjacent pairs of modules to
      assure precise attachment of the modules together. Such means may comprise
      a pair of first and second L-shaped brackets 47 (FIG. 5) having their
      lower legs welded or otherwise suitably secured to plates 22 and 29,
      respectively, subsequent to the application of tack welds 45.
PAR  The upstanding legs of the brackets will thus abut each other in
      back-to-back relationship to align respective apertures 48 thereof. Each
      pair of aligned apertures are adapted to receive a fastener 49, such as a
      releasable nut and bolt. After the side, bottom and front modules have
      been attached together by fastening means 46, such fastening means, along
      with tack welds 45, are released and the truck body is disassembled into
      its modular units.
PAC  FINAL ASSEMBLY OPERATION
PAR  Upon such disassembly, the truck body is shipped to a customer's job site
      or the like, along with canopy module 20, four tie rod assemblies 50 and
      other miscellaneous hardware. At such job site, the modules are again
      positioned as shown in FIG. 3 and fastening means 46 are re-installed to
      fix the side, bottom and front modules in their precise positions.
      Simultaneously therewith, tie rod assemblies 50 are connected between side
      plates 21 of the side modules to further rigidify the assembled truck body
      during the subsequent welding operation.
PAR  Referring to FIG. 5, each end of each tie rod assembly has a threaded
      extension 51 secured thereon which extends through an opening 52, formed
      through a respective side plate, and receives a nut 53 thereon. An outer
      face 54 of the tie rod will abut an inner surface of the side plate to
      precisely set the predesigned distance between the inner surfaces of the
      side plates. Welds W, shown in dotted lines in FIGS. 5 and 6, are then
      applied between the seams defined between the outer ends of the bottom
      plate and the inner ends of the side plates.
PAR  As previously suggested in reference to FIGS. 2 and 6, the seam at a
      forward end of a truck body includes an overlapping of the adjacent ends
      of plates 22 and 29 at flange 28 to increase the structural integrity
      thereat. The ends of U-shaped connecting members 55 and 56 are each locked
      mechanically in like-shaped recesses 27 and 32 (FIGS. 5 and 6) and welded
      to straddled rib 26 and beam 31. Members 56 each have a pair of cut-outs
      57 (one shown in FIG. 6) formed on lower edges thereof to accommodate
      raised flange portion 28 of bottom plate 22.
PAR  The front module is then welded in place in a manner similar to that
      described above. The integrated side, bottom and front modules are then
      inverted and the canopy module is suitably welded in place. The completed
      truck body is then mounted and attached on frame 12 by pivot means 15
      (FIG. 1) and cylinders 16 are pivotally interconnected therebetween.
PAR  Although fastening means 46 preferably remain secured to the truck body
      during installation thereof on frame 12 of the truck (FIG. 1), tie rod
      assemblies 50 are preferably removed therefrom. Such removal may be
      accomplished by first removing nuts 53 from the ends of each tie rod
      assembly and by then cutting the tie rod assembly in half. Openings 52 may
      be suitably plugged subsequent to such removal, as indicated by the
      non-appearance of such openings in FIG. 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for making a truck body comprising the steps of
PA1  prefabricating a plurality of individual truck body modules,
PA1  pre-assembling said modules together and retaining them in pre-aligned
      relationship relative to each other,
PA1  securing combined alignment and releasable fastening means adjacent to
      edges of each respective pair of said modules,
PA1  releasably attaching each respective pair of modules together by said
      combined alignment and releasable fastening means to form a truck body,
PA1  releasing all of said fastening means to disassemble said truck body into
      said modules,
PA1  shipping said modules to a remote location,
PA1  re-assembling said modules together into said pre-aligned relationship,
PA1  again attaching each respective pair of modules together by said combined
      alignment and releasable fastening means to re-form said truck body, and
PA1  welding said modules together to form a structurally integrated truck body.
NUM  2.
PAR  2. The method of claim 1 further comprising the step of mounting said
      integrated truck body on a frame of a vehicle subsequent to said welding
      step.
NUM  3.
PAR  3. The method of claim 1 further comprising the step of tack welding said
      modules together prior to said securing step and subsequent to said
      pre-assembling step.
NUM  4.
PAR  4. The method of claim 1 wherein said pre-assembling step comprises the
      step of inverting said modules.
NUM  5.
PAR  5. The method of claim 1 further comprising the step of rigidifying said
      truck body by connecting a plurality of tie rods between said side modules
      subsequent to said shipping step.
NUM  6.
PAR  6. The method of claim 1 further comprising the step of securing a canopy
      module on a forward end of said integrated truck body subsequent to said
      shipping step.
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ABST
PAL  A method and apparatus for forming a self-flanging nut construction
      utilizing a tubular body having a laterally extending flange at one end
      and an opening therethrough, said opening having a first portion and a
      second portion of differing cross sectional areas, the first portion being
      formed with a thread and the second portion defining a riveting flange. A
      plurality of circumferentially spaced serrations are provided on the
      periphery of said body adjacent said flange. When the nut is placed
      adjacent a sheet metal body having an opening therein with the opening in
      alignment with the opening in the nut and the nut is forced against said
      plate, the metal surrounding said opening in said plate is first deformed
      axially of the opening to form a tubular portion and thereafter the
      riveting flange is deformed laterally outwardly over the end of the
      tubular portion formed on said plate.
PARN
PAR  This application is a continuation-in-part of my prior application Ser. No.
      360,147, filed May 14, 1973, now abandoned.
BSUM
PAR  This invention relates to a self-flanging nut and joint construction and to
      a method and apparatus for making such a joint.
PAC  BACKGROUND OF THE INVENTION
PAR  In automotive use and the like, it is common to provide weld nuts and
      pierce nuts for attachment to sheet metal parts to provide a means for
      fastening bolts, screws and the like.
PAR  Among the objects of the invention are to provide a nut, joint and method
      and apparatus for making the joint, wherein high strength is obtained with
      minimum metal wherein excellent torque characteristics are provided,
      wherein the nut is readily located and properly positioned with respect to
      the metal part and wherein the same nut can be utilized for different
      gauge metal parts.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, the self-flanging nut construction
      utilizes a tubular body having a laterally extending flange at one end and
      an opening therethrough, said opening having a first portion and a second
      portion of differing cross sectional areas, the first portion being formed
      with a thread and the second portion defining a riveting flange. A
      plurality of circumferentially spaced serrations are provided on the
      periphery of said body adjacent said flange. When the nut is placed
      adjacent a sheet metal body having an opening therein with the opening in
      alignment with the opening in the nut and the nut is forced against said
      plate, the metal surrounding said opening in said plate is first deformed
      axially of the opening to form a tubular portion and thereafter the
      riveting flange is deformed laterally outwardly over the end of the
      tubular portion formed on said plate.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a part sectional elevational view of an apparatus embodying the
      invention.
PAR  FIG. 2 is a view similar to FIG. 1 showing the parts in a different
      operative position.
PAR  FIG. 3 is a view similar to FIG. 2 showing the parts in a further operative
      position.
PAR  FIG. 4 is a view similar to FIG. 3 showing the parts in a further operative
      position.
PAR  FIG. 5 is a view similar to FIG. 4 showing the parts in a further operative
      position.
PAR  FIG. 6 is a part sectional elevational view of a nut embodying the
      invention.
PAR  FIG. 7 is a bottom end view of the same.
PAR  FIG. 8 is a top end view of the same in a joint construction.
PAR  FIG. 9 is a part sectional elevational view of a modified form of nut
      embodying the invention.
PAR  FIG. 10 is a bottom end view of the same.
PAR  FIG. 11 is a top end view of the same in a joint construction.
PAR  FIG. 12 is an enlarged sectional view of a portion of the apparatus shown
      in FIG. 1.
PAR  FIG. 13 is an enlarged sectional view of a portion of the apparatus shown
      in FIG. 2.
PAR  FIG. 14 is an enlarged sectional view of a portion of the apparatus shown
      in FIG. 3.
PAR  FIG. 15 is an enlarged sectional view of a portion of the apparatus shown
      in FIG. 4.
PAR  FIG. 16 is an elevational view of a joint embodying the invention.
DETD
PAC  DESCRIPTION
PAR  Referring to FIGS. 6-8, the nut 10 embodying the invention comprises a
      tubular cylindrical body 11 having a hexagonal flange 12 extending
      radially outwardly at one end and an opening therethrough with a first
      threaded portion 13 and a second unthreaded portion 14 having a greater
      diameter than portion 13a to define a riveting flange portion 15. A
      plurality of circumferentially spaced serrations 16 are provided on the
      periphery of the cylindrical body 11 adjacent the flange 12, each
      serration being generally U-shaped in cross section and having a beveled
      lower end 17. The area of juncture of the periphery of the body 11 and the
      end of the flange portion 15 is rounded as at 18. The opening 14b and the
      free end of the flange 15 form a sharp edge as at 19. The ends or corners
      of the flange 12 are flattened as at 20.
PAR  As shown in FIG. 7, the minimum cross sectional dimension across the flats
      of the flange 12 is slightly greater than the corresponding distance
      across the serrations 16 and the maximum dimension across the corners of
      the flange 12 is just slightly greater than the corresponding diameter
      across the serrations 16. The nut shown in FIGS. 6-8 is intended to be
      used in connection with a flat sheet metal plate 21 having an opening 22
      therein.
PAR  In the form of nut shown in FIGS. 9-11, the flange 12a is circular and the
      serrations 16a are dimensioned and spaced to form a polygonal
      configuration to facilitate grasping the nut for threading and similar
      operations.
PAR  Referring to FIG. 1, the apparatus for forming the joint comprises a base
      30 having a flat bottom surface 31 and uprights 32 on which a first platen
      33 is mounted in stationary position. A second platen 34 is mounted on
      rods 35 so that it is movable toward and away from the first platen 33.
      Second platen 34 supports a force applying tool 35 that has a flat surface
      36 and an axial opening 37. A first plate 38 is supported on the first
      platen 33 and guided by guide pins 39. Springs 40 yieldingly urge the
      plate 38 upwardly away from the platen 33 to provide a space S1.
PAR  A first die element 41 is mounted on the first plate 38 and includes a
      cylindrical opening 42 which extends entirely through the die element 41
      and a surface 43 at the upper end that is at a right angle to the wall of
      the opening 42 (FIG. 12). The upper end of opening 42 is recessed as at
      42a (FIG. 13).
PAR  A second die element 44 extends upwardly through opening 42 and has the
      same diameter as the opening 42 in the intermediate portion thereof. At
      its lower end the die element 44 is enlarged as at 45 while at the upper
      end it is formed with a locating pin 46 of reduced diameter. An annular
      recess 47 is provided at the area of juncture of the lower end of the pin
      46 and the intermediate portion of the die element 44 (FIG. 13). The
      annular recess preferably includes an inclined frusto-conical portion 48
      and an arcuate portion 49.
PAR  A second plate 50 is mounted on the undersurface of the platen and is
      guided by guide pins 51. Springs 52 interposed between the heads of the
      guide pins 51 and the plate 50 yieldingly urge the plate 50 toward the
      platen 33.
PAR  A force transmitting member or shaft 53 is provided on the second plate 50
      in alignment with the second die element 44. A spring 54 is interposed
      between the lower end of the die element 44 and the bottom of a recess 55
      in second plate 50 and yieldingly urges the second die element 44 upwardly
      away from the upper end of the force transmitting member 53 so that there
      is a space S2 therebetween.
PAR  In operation, as shown in FIGS. 1 and 12, a metal sheet or plate 21 having
      an opening 22 therein is placed over the pin 46 and a nut 10 is placed
      over the pin 45 with its lower end engaging the sheet. Platen 34 is then
      lowered in one continuous movement.
PAR  Initially, as shown in FIGS. 2 and 13, the lower end of the nut 10 engages
      the portion of the sheet surrounding the pin 46 and interposed between the
      opening and the upper end of the die element 41 to deform the sheet and
      define a tubular portion which has its periphery spaced from the wall of
      the opening 42.
PAR  Continued movement of the platen 34 initially brings the die element 44
      into engagement with the force transmitting member 53 thereby taking up
      the space S2, as shown in FIG. 2.
PAR  Continued movement of the platen 34 completes the formation of the tubular
      portion and brings the lower end of the nut into engagement with the
      annular recess 47 (FIG. 14) and brings the lower end of the force
      transmitting member 53 into engagement with the surface 31 of the base 30
      as shown in FIG. 3. This carries the lower or second plate 50 away from
      the platen 33 to define a space S3 against the action of the spring 52.
PAR  Continued movement of the platen 34 causes the nut to move axially and
      deforms the lower end of the nut against the lower end of the tubular
      portion while bringing the upper end of the nut into flush relationship
      with the top surface of the plate. As shown in FIGS. 4 and 15, in the
      final movement of the platen, the surface 36 of the force applying tool 35
      engages the upper surface of the plate, clamping the plate between the
      surface 36 and the surface 43, as well as applying a force to the upper
      end of the nut.
PAR  Finally when the platen 34 is retracted, the force of springs 52 pushes
      tool 42 upwardly to eject the nut and plate.
PAR  The resultant joint comprises the flat portion of plate 21 and an integral
      tubular portion 33 connected to the flat portion of the plate by an
      intermediate annular section 55 of substantially constant curvature and
      uniform cross section spaced from the periphery of the flange 12 except at
      the corners 20. The lower edges of the corners 20 are impressed and cut
      into or deform parts of an upper portion 56 and serrations 16 are
      impressed and cut into or deform spaced parts of an intermediate portion
      57.
PAR  The resultant joint provides a strong high torque connection between the
      nut and the plate. As shown in FIG. 8, the corners 20 only slightly indent
      the metal plate and as shown in FIGS. 6 and 7, the serrations indent the
      metal plates only sufficiently to provide adequate torque.
PAR  It has been found that a construction such as that shown and described
      provides a strength which has not heretofore been possible. Thus in a
      90.degree. force test wherein a force is applied axially upwardly as shown
      in FIG. 6, the following test results were noted:
PAR  Compressive Load applied to 5/16 inch Allen Screw through joint nut at
      45.degree. from end adjacent tubular portion 33 -- bending without failure
      at 1200 pounds. Compressive Load applied axially to 5/16 inch Allen Screw
      from end adjacent end of tubular portion 33 -- deflection of 0/16 inches
      at load of 4500 pounds. Compressive Load applied to 5/16 inch Allen Screw
      from end opposite tubular portion 33 --500 pounds with no movement
      detected. Repeated torquing of 35 foot pounds on nut of 5/16 inch Allen
      Screw without movement.
PAR  In the modified form of the invention shown in FIG. 9, the flange 12' is
      cylindrical rather than hexagonal. In this form, there are no corners on
      the flange so that the entire periphery is spaced from the upper surface
      of the plate and the lower edge does not indent the plate as in the other
      form of nut.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of forming a nut joint which comprises
PA1  positioning a sheet metal plate having an opening therein over a locating
      pin,
PA1  positioning a nut over said pin,
PA1  said nut comprising a tubular body with a peripheral flange at one end and
      an opening extending through said body,
PA1  said opening having a first portion which is threaded and a second portion
      of greater diameter defining a riveting flange at the other end of said
      body,
PA1  said body having a plurality of circumferentially spaced serrations
      extending axially from said flange on the periphery thereof adjacent said
      flange,
PA1  said riveting flange engaging said plate when said nut is positioned on
      said pin,
PA1  applying an axial force to said nut to cause only said body of said nut to
      bend the area of the plate surrounding the opening in the plate and
      thereby define a tubular portion on the plate without substantially
      changing the cross sectional thickness of the plate,
PA1  continuing the application of force until the serrations become embedded in
      the tubular portion and the end of the nut having the flange thereon is
      substantially flush with the remainder of the plate,
PA1  and thereafter applying an oppositely directed axial force to the riveting
      flange portion of said nut to deform said portion radially outwardly into
      engagement with the end of the tubular portion that has been formed in the
      plate.
NUM  2.
PAR  2. The method set forth in claim 1 including controlling the bending of the
      plate and the movement of said nut such that the plate and tubular portion
      are connected by an intermediate uniformly curved section joining the
      plate and tubular portion comprising a first annular portion surrounding
      and spaced from the periphery of the nut, a second annular portion
      surrounding the lower edges of the flange of the nut into which said edges
      are impressed, and a third annular portion surrounding the serrations into
      which the serrations are impressed.
NUM  3.
PAR  3. The method of forming a nut joint which comprises
PA1  supporting a sheet metal plate having an opening therein on one surface
      thereof about an annular portion surrounding the opening, while leaving
      the portion between the annular portion and the opening unsupported, said
      opening being positioned over a locating pin,
PA1  positioning a nut over said pin on the opposite surface adjacent said
      opening,
PA1  said nut comprising a tubular body with a peripheral flange at one end and
      an opening extending through said body,
PA1  said opening having a first portion which is threaded and a second portion
      of greater diameter defining a riveting flange at the other end of said
      body,
PA1  said body having a plurality of circumferentially spaced serrations
      extending axially from said flange on the periphery thereof adjacent said
      flange,
PA1  the outer diameter of said tubular body being spaced radially inwardly from
      said supporting area of said plate,
PA1  said riveting flange engaging said plate when said nut is positioned on
      said pin,
PA1  applying an axial force to said nut to cause only said body of said nut to
      bend the area of the plate surrounding the opening in the plate and
      thereby define a tubular portion on the plate without substantially
      changing the cross sectional thickness of the plate,
PA1  continuing the application of force until the serrations become embedded in
      the tubular portion and the end of the nut having the flange thereon is
      substantially flush with the remainder of the plate,
PA1  and thereafter applying an oppositely directed axial force to the riveting
      flange portion of said nut to deform said portion radially outwardly into
      engagement with the end of the tubular portion that has been formed in the
      plate.
NUM  4.
PAR  4. The method set forth in claim 3 including the step of leaving the
      portion of the tubular portion intermediate the end and the remainder of
      the plate unconfined during the application of the axial force.
NUM  5.
PAR  5. The method of forming a nut joint which comprises
PA1  supporting a sheet metal plate having an opening therein on one surface
      thereof about an annular portion surrounding the opening, while leaving
      the portion between the annular portion and the opening unsupported, said
      opening being positioned over a locating pin,
PA1  positioning a nut over said pin on the opposite surface adjacent said
      opening,
PA1  said nut comprising a tubular body with a peripheral flange at one end and
      an opening extending through said body,
PA1  said opening having a first portion which is threaded and a second portion
      of greater diameter defining a riveting flange at the other end of said
      body,
PA1  said body having a plurality of circumferentially spaced serrations
      extending axially from said flange on the periphery thereof adjacent said
      flange,
PA1  the outer diameter of said tubular body being spaced radially inwardly from
      said supporting area of said plate,
PA1  said riveting flange engaging said plate when said nut is positioned on
      said pin,
PA1  applying a continuous axial force to said nut to cause only said body of
      said nut to bend the area of the plate surrounding the opening in the
      plate and thereby define a tubular portion on the plate without
      substantially changing the cross sectional thickness of the plate,
PA1  continuing the application of force until the serrations become embedded in
      the tubular portion and the end of the nut having the flange thereon is
      substantially flush with the remainder of the plate,
PA1  and thereafter applying an oppositely directed axial force and guiding said
      riveting flange portion of said nut radially outwardly to deform said
      portion radially outwardly into engagement with the end of the tubular
      portion that has been formed in the plate.
NUM  6.
PAR  6. The method of forming a nut joint which comprises
PA1  positioning a sheet metal plate having an opening therein over a locating
      pin,
PA1  positioning a nut over said pin,
PA1  said nut comprising a tubular body with a peripheral flange at one end and
      an opening extending through said body,
PA1  said opening having a first portion which is threaded and a second portion
      of greater diameter defining a riveting flange at the other end of said
      body,
PA1  said riveting flange engaging said plate when said nut is positioned on
      said pin,
PA1  applying an axial force to said nut to cause only said body of said nut to
      bend the area of the plate surrounding the opening in the plate and
      thereby define a tubular portion on the plate without substantially
      changing the cross sectional thickness of the plate,
PA1  continuing the application of force until the end of the nut having the
      flange thereon is substantially flush with the remainder of the plate,
PA1  and thereafter applying an oppositely directed axial force to the riveting
      flange portion of said nut to deform said portion radially outwardly into
      engagement with the end of the tubular portion that has been formed in the
      plate.
NUM  7.
PAR  7. The method of forming a nut joint which comprises
PA1  supporting a sheet metal plate having an opening therein on one surface
      thereof about an annular portion surrounding the opening, while leaving
      the portion between the annular portion and the opening unsupported, said
      opening being positioned over a locating pin,
PA1  positioning a nut over said pin on the opposite surface adjacent said
      opening,
PA1  said nut comprising a tubular body with a peripheral flange at one end and
      an opening extending through said body,
PA1  said opening having a first portion which is threaded and a second portion
      of greater diameter defining a riveting flange at the other end of said
      body,
PA1  the outer diameter of said tubular body being spaced radially inwardly from
      said supporting area of said plate,
PA1  said riveting flange engaging said plate when said nut is positioned on
      said pin,
PA1  applying an axial force to said nut to cause only said body of said nut to
      bend the area of the plate surrounding the opening in the plate and
      thereby define a tubular portion on the plate without substantially
      changing the cross sectional thickness of the plate,
PA1  continuing the application of force until the serrations become embedded in
      the tubular portion and the end of the nut having the flange thereon is
      substantially flush with the remainder of the plate,
PA1  and thereafter applying an oppositely directed axial force to the riveting
      flange portion of said nut to deform said portion radially outwardly into
      engagement with the end of the tubular portion that has been formed in the
      plate.
NUM  8.
PAR  8. The method of forming a nut joint which comprises
PA1  supporting a sheet metal plate having an opening therein on one surface
      thereof about an annular portion surrounding the opening, while leaving
      the portion between the annular portion and the opening unsupported, said
      opening being positioned over a locating pin,
PA1  positioning a nut over said pin on the opposite surface adjacent said
      opening,
PA1  said nut comprising a tubular body with a peripheral flange at one end and
      an opening extending through said body,
PA1  said opening having a first portion which is threaded and a second portion
      of greater diameter defining a riveting flange at the other end of said
      body,
PA1  the outer diameter of said tubular body being spaced radially inwardly from
      said supporting area of said plate,
PA1  said riveting flange engaging said plate when said nut is positioned on
      said pin,
PA1  applying a continuous axial force to said nut to cause only said body of
      said nut to bend the area of the plate surrounding the opening in the
      plate and thereby define a tubular portion on the plate without
      substantially changing the cross sectional thickness of the plate,
PA1  continuing the application of force until the end of the nut having the
      flange thereon is substantially flush with the remainder of the plate,
PA1  and thereafter applying an oppositely directed axial force and guiding said
      riveting flange portion of said nut radially outwardly to deform said
      portion radially outwardly into engagement with the end of the tubular
      portion that has been formed in the plate.
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ABST
PAL  The plumbing assembly includes a tube having a free edge portion at which
      at least one inverted T-shaped projection is formed. The projection is
      located with its cross bar extending parallel to the free edge of the tube
      and the stem thereof extending from the cross bar towards the free edge
      and terminating at a point spaced therefrom. An annular ring formed with a
      threaded outer peripheral surface and a relatively smooth inner surface
      has at least one recess formed in its inner surface for receiving the stem
      portion of the T-shaped projection, thereby to prevent relative rotation
      between the tube and the ring.
PARN
PAR  This is a division, of application Ser. No. 409,153, filed Oct. 24, 1973,
      now abandoned.
BSUM
PAR  The present invention relates to pipe connections and more particularly to
      a plumbing assembly or connection.
PAR  A typical plumbing assembly at the end of a tube or pipe for use in
      connecting the pipe to another pipe or plumbing element consists of an
      annular threaded ring secured to the free end of a pipe. This ring has a
      smooth inner surface which tightly engages the outer periphery of its
      associated pipe and is secured to that pipe or tube by soldering or the
      like. One problem with such assembly however, is that the solder joint is
      a weak point in the connection and may not be permanently leak proof.
PAR  The majority of all threaded rings used in plumbing elements particularly
      on tubular brass piping, are made of a slightly leaded alloy so that they
      can be turned from heavywall brass tubing on automatic screw machines.
      Generally a length of threads is formed rapidly on the screw machine
      because only a simple outside diameter thread is formed; then the threaded
      tube is cut into lengths of about 1/4 inch to form the rings which are
      secured to the pipes. However, these threaded rings have become
      excessively expensive to produce in recent years because of the
      substantial increase in the price of copper used to form the brass tubes
      of which the rings are made.
PAR  In one previously proposed plumbing connection, the threaded rings are
      attached to the thin walled brass tubing by expanding the tubing, e.g.
      with a punch, so that the outside diameter of the tubing engages the
      inside diameter of the threaded ring. This assembly is then fluxed and
      soldered to hold the ring in place and prevent it from rotating on its
      axis when a mating nut is assembled to the threaded ring to form a
      connection. The nut is usually tightened with a plumber's wrench to form a
      watertight seal in conjunction with the use of a rubber gasket positioned
      on top of the threaded ring. Since the plumber can typically produce up to
      50 or 60 foot pounds of torque when tightening such connections, if the
      threaded ring is not properly soldered or locked into position, the
      connection between the ring and the tube can be broken as the torque
      increased during tightening, with the result that the joint will not be
      properly tightened. Moreover, once the threaded ring becomes loose on the
      tube, it becomes nearly impossible to remove the nut from the ring.
PAR  In order to lessen the expense of using a brass threaded ring on tubular
      brass plumbing parts, it has been proposed that such rings be replaced by
      zinc die cast threaded rings. However, the use of zinc die cast threaded
      rings is limited because the zinc ring must in turn be heavily copper
      plated prior to its assembly to the brass tube in order for the ring to be
      chrome or nickel plated, as is preferred in the plumbing field. If the
      zinc ring is not copper plated prior to chrome or nickel plating of the
      assembly it will be attacked by the plating solutions and turn black,
      thereby producing an aesthetically unacceptable plumbing connection.
      Moreover, the decomposition of the zinc in the plating solutions will
      cause contamination of those solutions.
PAR  Still further, zinc rings are generally very brittle and when they are
      swagged into position on the tubing any oversized variance of the wall
      thickness in the tube will cause the ring to be expanded beyond its normal
      limits and thereby break the ring, rendering the entire assembly scrap.
      Finally the supply of zinc is rapidly increasing so that the price of zinc
      threaded rings is approaching the price of brass threaded rings, thereby
      reducing any advantage zinc rings had over brass rings from the aspect of
      economy.
PAR  Accordingly, it is an object of the present invention to produce a plumbing
      assembly which is economical to manufacture and yet is durable in use.
PAR  Yet another object of the present invention is to produce a plumbing
      assembly which eliminates the use of soldered joints and yet provides a
      permanent rigid connection between a threaded ring and a tubing.
PAR  Another object of the present invention is to provide a plumbing assembly
      in which a plastic thread ring is permanently mounted on and secured to a
      brass plumbing tube or pipe.
PAR  In accordance with one aspect of the present invention a plumbing assembly
      is provided in which a threaded ring is rigidly secured to the end of a
      metal plumbing tube or pipe, without the use of solder. The connection
      provides a mechanical lock in which projections formed or punched in the
      end of the tube are received and engaged in recesses formed in the inner
      surface of the threaded ring. The projections are in the form of inverted
      T's with the cross bar of the T's extending parallel to the free edge of
      the tube and the stems of the T extending upwardly from the cross bar to a
      point spaced a predetermined distance from the free edge of the tube. The
      cross bar of the T prevents axial movement of the ring downwardly beyond
      the projection while the stem of the T-shaped projection prevents rotation
      of the ring with respect to the tube. After the ring is mounted on the
      tube, the free edge of the tube is flared over a portion of the ring so as
      to prevent movement of the ring axially over the free edge of the tube. In
      this manner, a permanent mechanical lock is provided between the ring and
      the tube.
PAR  The lock formed by the present invention avoids the problems of soldered
      joints as provided in previously proposed arrangements, and is strong
      enough to withstand the normal torque applied to a tube by a plumber
      making a connection. Moreover, because the connection between the ring and
      the tube is a mechanical connection requiring no soldering, a plastic
      threaded ring can be used in lieu of the metal rings previously proposed.
      This substantially reduces the cost of producing the plumbing connection
      since, of course, plastic is substantially less expensive than either
      brass or zinc. Moreover, the plastic is easier to handle and plate as
      compared to zinc and has substantial hoop tension or strength so that it
      will not break when the tube is swagged or expanded to firmly lock the
      same within the ring.
DRWD
PAR  The above and other objects, features and advantages of this invention,
      will be apparent in the following detailed description of an illustrative
      embodiment thereof which is to be read in connection with the accompanying
      drawings wherein:
PAR  FIG. 1 is a perspective view of a plumbing connector formed in accordance
      with one embodiment of the present invention;
PAR  FIG. 2 is a sectional view of the plumbing connector taken along lines 2--2
      of FIG. 1;
PAR  FIG. 3 is a sectional view, similar to FIG. 2, of a prior art plumbing
      connection;
PAR  FIG. 4 is an elevational view of a tube or pipe used in the plumbing
      connection of the present invention prior to the placement of a threaded
      ring thereon;
PAR  FIG. 5A is a plan view of a threaded ring formed in accordance with the
      present invention;
PAR  FIG. 5B is a sectional view taken along lines 5B--5B of FIG. 5A;
PAR  FIGS. 6A and 6B are schematic sectional views of an initial swagging or
      punching operation performed on a tube to be used in forming the plumbing
      connection of the present invention;
PAR  FIG. 7 is an enlarged sectional view of the punch used to form the
      projections in the plumbing tube of the connector, before the punch is
      made;
PAR  FIG. 8 is a view similar to FIG. 7 showing the punch expanded and forming
      the projections in the tube;
PAR  FIG. 9 is a sectional view of a projection formed by the punch of FIGS. 7
      and 8, and taken along line 9--9 of FIG. 4;
PAR  FIG. 10 is a sectional view of the cross bar of the projection taken along
      lines 10--10 of FIG. 4; and
PAR  FIG. 11 is a schematic elevational view of a punch used to swag and flare
      the plumbing tube after the ring is mounted thereon.
DETD
PAR  Referring now to the drawing in detail and initially to FIG. 1 thereof, it
      will be seen that a plumbing assembly 10 constructed in accordance with
      the present invention includes a tube or pipe 12 having an annular
      threaded ring 14 mounted thereon. The pipe 12 is preferably formed of
      metal, e.g. chrome plated brass, and has a plurality of inverted T-shaped
      projections 16 formed therein, as described hereinafter, to mechanically
      lock ring 14 against rotation. Ring 14 is preferably formed of a plastic
      material such as a dense polyethylene or the like. In any case, the ring
      has a nut 18 of conventional construction threadedly secured thereto,
      which nut is used to secure assembly 10 to another tube or pipe.
PAR  As seen more clearly in FIG. 2, projections 16 are formed as punched
      embossments or dimples in the periphery of tube 12. The T-shaped
      projections include a cross bar section 20 which extends generally
      parallel to the free edge 21 of the tube 12 and a stem portion 22 which
      extends parallel to the axis of the tube and towards the free end 21, but
      which terminates at a predetermined distance from that free edge.
PAR  Ring 14 has a recess 24 formed along its inner surface 26 which snugly
      receives the stem portion 22 of the projection 16 thereby locking the ring
      against rotation with respect to tube 12. Also, the lower surface 28 of
      ring 14 engages the edge or surface 30 of cross bar 20, and prevents
      movement of the ring downwardly along the tube beyond the cross bar. The
      ring is then locked against axial movement (in the opposite direction) by
      producing the flared portion 32 of tube 12 adjacent its free edge 21.
PAR  To complete the plumbing connection (see FIG. 2) a gasket 34 of rubber,
      plastic or the like is positioned over the flared portion 32 of pipe 12
      and the nut 18 then is threaded onto ring 14. Nut 18 permits a connection
      to be made between pipe 12 and a connecting pipe 36, shown in phantom
      lines in FIG. 2, which pipe can be either clamped in place by a flare 38
      on its end, as illustrated in FIG. 2, or which can be threadedly engaged
      with the threads 40 of the nut in a conventional manner.
PAR  Preferably, tube 12 has two or four projections 16 formed therein, as
      described hereinafter. However, it is contemplated that one, three or more
      projections can be used as desired, depending upon the strength to be
      obtained in the connection and the size of the tube 12 being used.
PAR  The plumbing assembly of the present invention has numerous advantages over
      the prior art, such as shown in FIG. 3, since it eliminates the solder
      connection typically provided between a thread ring and the metal tube.
      For example, as shown in the prior art plumbing assembly of FIG. 3, the
      tube or pipe 12' has a metal threaded ring 14' secured thereto, which ring
      has a smooth inner surface 26' that is soldered to the outer surface of
      tube 12'. This solder connection, as mentioned above, is a weak point in
      the assembly and often breaks when the nut 18' is engaged therewith by the
      torque force applied by the plumber. When this occurs the assembly is
      destroyed and it becomes almost impossible to remove the nut from the
      rotatable ring. In addition the solder connection is not always entirely
      waterproof, so that even where a washer 34' or the like is used liquid
      flowing through the plumbing connection can pass beneath the washer and
      through the joint between the ring and pipe, causing a severe leak.
      Moreover, the construction of the prior art assembly of FIG. 3 requires
      that threaded ring 14' be formed of a metallic material which can be
      soldered to pipe 12'. By the present invention on the other hand, a
      plastic threaded ring can be used which is approximately one fifth the
      cost of the brass ring used in the prior art. Moreover, as a result of the
      mechanical connection, the manufacturer will save excessive costs of
      solder, flux, gas and labor which are used in the soldering process.
PAR  The use of the plumbing assembly of the present invention, including the
      plastic ring 14, is also highly advantageous over the previously proposed
      prior art structures using zinc rings since with the plastic ring there is
      no need to plate the ring, and even if it is plated with chrome or the
      like, the plastic is impervious to plating solutions so that the problems
      of plating zinc rings are avoided. Moreover, since the plastic itself is
      elastic in nature, it avoids the splitting and fracturing problems of zinc
      rings which heretofore caused the production of considerable scrap in the
      manufacturing process. Still further, the use of a plastic ring, made
      possible by the mechanical connection in the plumbing assembly of the
      present invention between the ring and the tube, eliminates the
      possibility of galvanic action which often occurs when brass threaded
      rings 14 and zinc nuts 18 are used, as in the prior art. Such galvanic
      action in the prior art often creates oxides over a long period of time
      which eventually fuses the parts together so that the entire assembly is
      difficult to open and often causes a requirement for replacement.
PAR  In manufacturing the plumbing assembly of the present invention a length of
      metal pipe or tube 12 having a diameter slightly less than the inside of
      the diameter of the threaded ring to which it is to be secured, is cut to
      the desired length with a square edge 21. The tube is initially swagged or
      expanded in book dies with a punch 42, as seen in FIGS. 6A and 6B, in the
      conventional manner in order to slightly expand the end 44 of the tube to
      approximately the internal diameter of the thread ring to which it is to
      be connected. The punch 42 can be "stopped off" as at 46, in the
      conventional manner, to insure that a square punch is made at the end of
      the tube without effecting the function of the tube or its general
      appearance.
PAR  After the tube 12 is swagged in this manner (as seen in FIG. 6B) the
      projections 16 are formed in the upper end 44 thereof. This is
      accomplished by the use of a punch 50, shown in FIGS. 7 and 8. Punch 50
      includes an outer annular one piece collar 52 having a plurality of
      vertically extending recesses 54 formed at the lower end 56 of its inner
      surface 57. These recesses correspond to, and are used in the punch to
      form, the stem portions 22 of the projections 16. Punch 50 also includes
      an inner rigid and relatively stationary insert member 58 which has an
      outer diameter that is substantially equal to the inner diameter of the
      swagged tube 12. The insert member 58 cooperates with an annular groove 60
      formed on the inner surface 57 of collar 56 to define a channel 64 which
      receives the free edge 21 of tube 12, as seen in FIG. 7. Finally, punch 50
      includes a punch member 66, which is biased into a first or upper position
      by a spring 68, as seen in FIG. 7. The punch is operatively connected to a
      hydraulic ram or the like which is adapted to urge the same downwardly
      during the punching operation as described hereinafter.
PAR  The lower end portion 70 of punch 66 has a tapered generally conically
      shaped configuration which is adapted to engage the ends 72 of a plurality
      of punch members 74. Punch members 74 constitute individual bars slidably
      mounted within radially extending slots 75 in insert 58. The free ends 76
      of the punches 74 have an inverted T-shaped configuration, as seen in
      dotted lines in FIGS. 7 and 8, which correspond substantially to the
      configuration of the projections 16 to be formed in tube 12. Thus, the
      stem portion 78 of the punch end 76 is adapted to extend into recess 54 in
      collar 52 so as to form the stem portion of the projection when the punch
      66 is moved downwardly.
PAR  Thus, for example as seen in FIG. 8, when punch 66 is urged downwardly upon
      actuation of its driving member the conically shaped end portion thereof
      engages the ends 72 of punch members 74, causing the punch members to move
      radially outwardly into engagement with the walls of tube 12. The force of
      the punch 66 causes punch members 74 to expand the wall of tube 12
      adjacent the punch ends 76 in a manner conforming to the inverted T-shaped
      configuration of the punch. The outward stroke of the members 74, and the
      size of the projection formed thereby are limited by the recess 54 in
      collar 52.
PAR  In order to prevent inadvertent removal of the punch members 74 from insert
      56, each punch member is provided with an elongated slot 80, formed at its
      lower end, as seen in FIGS. 7 and 8 in which the end of a bolt 82 is
      adapted to be received. The bolts 82 prevent members 74 from being
      slidably removed from slots 75 in insert 58, and also serve to limit the
      radial projection of the punch member 74. In addition, it is contemplated
      that punch 66 and punch members 74 can be magnetized, so that when the
      punch member 66 is withdrawn, punch members 74 automatically withdraw into
      the insert member 58, thereby freeing the ends 76 of punch members 74 from
      the projections which they have formed. After the punching operation is
      completed in this manner tube 12 is conveniently removed from the punch
      simply by axially moving the tube or the entire punch assembly away from
      the tube.
PAR  In accordance with a feature of the present invention, a one-piece annular
      collar 52 can be used with punch 50 rather than the multiple piece collars
      used in typical tube punching operations. The annular collar is stronger
      than the multiple piece collars, is less expensive to manufacture, and
      requires less handling during the manufacturing process. The use of the
      one-piece annular collar is permitted by the present invention because the
      projections are formed with only the axially extending end portions of the
      inverted T--s located within the collar, thereby permitting tube 12 to be
      removed axially from the punch member without interference from the collar
      or the punch.
PAR  In accordance with yet another feature of the present invention, the
      provision of the recesses 54 in the collar 52 insure that the sides of the
      stem portion of the projection are relatively square with respect to the
      surface of the tube. For example, as seen in FIG. 9, the stem portion 22
      of the projection 16 has side portions 82 which extend at substantially
      right angles to the peripheral surface 84 of tube 12. In this manner a
      positive locking engagement is provided between the projection and the
      square recesses 24 formed in the annular rings 14. The edges 82 are formed
      square in this manner because they are formed within the square recess 54
      in the annular collar 52. As a result of this configuration, no camming
      action can take place between the stem 22 and the ring 14 during rotation
      or turning of the nut 18 in the assembly operation, thereby insuring a
      positive lock between the tube and annular ring.
PAR  Similarly, the upper edge 86 of the cross bar portion 20 of projection 16
      also is relatively square to the surface 84 of tube 12, i.e. it extends
      generally perpendicularly thereto, since it is formed against the bottom
      edge 88 of collar 52. It is important that this edge also be square since
      it cooperates with the lower surface 28 of ring 14 to prevent the ring
      from moving axially downwardly along the tube 12. On the other hand, the
      opposite side of the cross bar 16, i.e. the side which is located away
      from the free edge of the tube and away from the edge 88 of the collar 52,
      does not have as square a surface portion since it is not formed against
      any edge portion of the collar.
PAR  After the projections 16 are formed in tube 12, the threaded ring 14 is
      placed thereon. As previously described, the ring 14 is an annular member
      having a threaded outer surface and a relatively smooth inner surface
      having recesses 24 formed therein which are adapted to receive the stem
      portions of the projection 16. The inside diameter of the smooth surface
      of ring 14 is slightly larger than the diameter of the swagged end 44 of
      tube 12, so that the ring can be readily easily mounted thereon with the
      stem portions of the projection 16 received within the recesses 24 of the
      ring to lock the ring against rotation with respect to the tube.
PAR  After ring 14 is mounted on tube 12 in this manner the tube is further
      swagged so as to expand its diameter to be substantially equal to that of
      the ring whereby the tube fits snugly against the inside diameter of the
      threaded ring. This is achieved by the provision of an additional punch or
      swaging member 90, as seen in FIG. 11 having a small diameter lead in
      portion 92 and a larger diameter portion 94 which swages the upper end
      portion 44 of tube 12, to increase its diameter. In addition, the upper
      edge portion 96 of the swage portion 94 of the punch is outwardly flared,
      as seen in FIG. 11, so that at the completion of the swaging stroke the
      top free edge 21 of tube 12 is outwardly flared and turned over the top
      edge 98 of ring 14, as seen most clearly in FIG. 2. In this manner the
      thread ring 14 is confined between the flared portion of the tube and the
      cross bar of the projection 16 so that axial movement of the ring along
      the tube in either direction is prevented. Because the tube is flared in
      this manner, in the formation of projections 16 by punch 50 the
      projections are formed with the upper end portion 100 of the stems 22
      thereof spaced a predetermined distance below the free edge 21 of the
      tube. This spacing leaves sufficient tubing above the projection to permit
      the flaring operation to be performed. It is noted that the flare formed
      by the punch 90 must be sufficient to cover a portion of the top of the
      thread ring but it must not go beyond the minor diameter of the rings of
      the threads otherwise a problem would result in mating the threaded ring
      with the nut 18. Moreover, flaring the smooth upper end of the tube, i.e.
      the portion of the tube above the ends of the projection 16, provides a
      relatively smooth surface for cooperation with the gasket 34, thereby
      providing a much better liquid tight seal. This seal, in fact, is
      substantially better than the solder seal shown in FIG. 3, since no liquid
      can pass through the flared portion of the tube and between the ring and
      the tube, as occurs in the prior art connector assemblies wherein improper
      soldering can cause spaces of openings to occur between the tube and the
      thread ring.
PAR  Accordingly, it is seen that a relatively simply manufactured plumbing
      connector assembly is provided in which either a metal or a plastic thread
      ring can be permanently secured to the end of a metal tubing, and secured
      against axial or rotational movement with respect to the tube, while
      simultaneusly forming an improved watertight seal.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to that precise embodiment
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a tube having at least one free edge portion formed
      at one end thereof, said tube having at least one T-shaped projection
      formed thereon adjacent said free edge, said projection being located with
      the cross bar thereof extending generally parallel to said free edge and
      the stem thereof extending from said cross bar towards said free edge and
      terminating at an end spaced from said free edge; and an annular ring
      having a threaded outer peripheral surface and an inner surface which
      mates with the outer surface of said tube at said one end, said ring
      having a recess formed therein for snugly receiving the stem portion of
      said projection, thereby to prevent relative rotation between said tube
      and said ring; said method comprising the steps of punching said T-shaped
      projections into said tube by inserting an expandable punch axially into
      said tube, surrounding said free end portion of the tube with an annular
      collar having at least one recess therein complementary to the stem
      portion of the projection; expanding said punch to stamp said projection
      in the tube removing said tube from said punch and collar and sliding said
      ring over said tube, with the recesses in the ring receiving the stem of
      said projection, and seating said ring in engagement with the cross bar of
      said projection.
NUM  2.
PAR  2. The method as defined in claim 1 including the step of expanding the
      free end of said tube to a diameter substantially equal to the inner
      diameter of said ring, after said ring is placed on said tube, and
      outwardly flaring said free end portion of the tube over a portion of said
      ring.
NUM  3.
PAR  3. The method as defined in claim 2 including the step of initially
      expanding said one end of said tube prior to said punching step.
NUM  4.
PAR  4. The method as defined in claim 3 wherein said punch has at least one
      T-shaped punch member therein and said step of inserting said punch in
      said tube comprises the step of inserting the punch to a level at which
      the stem of the T-shaped punch member will enter the recess in said collar
      when the punch is expanded and the cross bar portion of the punch will be
      located at a level below the end of said collar but adjacent thereto,
      whereby the sides of the stem portion of said projections and the sides of
      the cross bars of said projections facing said free edge extend
      substantially perpendicularly outward from the outer surface of said tube.
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ABST
PAL  The disclosed junction field-effect transistor (FET) has a precisely
      controlled gate configuration which enables either high power operation or
      high frequency operation or both. The FET is manufactured by steps
      including the growing of a first epitaxial layer having a predetermined
      crystallographic orientation on a substrate to form a drain. Next, a first
      anisotropic etch of the epitaxial layer provides "U"-shaped grooves with
      flat bottoms, therein through which a gate is diffused having internal
      side walls of uniform depth that define the source-to-drain channel. A
      second epitaxial layer is then grown on the surface of the first epitaxial
      layer and of the gate to provide a source. A second anisotropic etch
      exposes a portion of the gate, which also forms an etch stop, to
      facilitate electrical contact thereto. Current flowing through the channel
      is controlled in response to an input signal applied between the gate and
      source which adjusts the thickness of a depletion region extending into
      the channel.
PARN
PAR  This is a division, of application Ser. No. 301,575, filed Oct. 24, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Because the electrical characteristics of field-effect transistors (FETS)
      are in some respect superior to those of vacuum tubes and bipolar
      transistors, FETs are being employed in increasing numbers in electronic
      equipment. More particularly, Fets have high input and output impedances,
      more nearly linear transfer functions, low noise generation and desirable
      temperature characteristics. As a result, FETs are now widely utilized in
      low power applications such as communication receiver RF amplifiers,
      oscillators and mixers.
PAR  Lateral channel FETs have limitations which restrict their utilization in
      high frequency and high power applications. For instance, these FETs often
      have diffused gate structures which run parallel to the lateral
      source-to-drain channels thereof to provide undesirably long channels.
      Since this gate and the lateral source-to-drain channel are separated by a
      depletion region, parasitic capacitances and resistances are provided
      between the gate, source and drain. These parasitic capacitances and
      resistances may attenuate the high frequency gain of even small signal
      devices.
PAR  Moreover, as the size of a lateral FET device is increased to accommodate
      higher power levels, the cost increases more rapidly than for a bipolar
      transistor having similar capability. This is because the topographical
      gate configurations of a lateral FET requires about five times as much
      chip area as a bipolar transistor handling the same power level. Thus, the
      cost of lateral power FET is significantly higher than the cost of a
      comparable bipolar transistor. As a result, even interdigitated lateral
      FETs are not often employed for amplifying VHF radio frequency signals
      having power levels of a watt and above because of cost and neutralization
      problems.
PAR  Partly because of the above problems with lateral channel FETs, vertical
      channel FET structures are being investigated for utilization in high
      frequency, high power applications since their structures may inherently
      have shorter channel-lengths and thus less parasitic capacitance and
      resistance than lateral channel structures. But prior art versions of
      vertical channel FETs also present problems, two techniques have been
      employed for shaping the gate and thus the source-to-drain channel
      structures in such devices. One technique involves a standard diffusion of
      the gate and the other technique employs a nonpreferential or isotropic
      etch to form recesses through which the gate is diffused. In either case,
      these prior art methods result in gates having undesirable curved surfaces
      defining curved source-to-drain channels extending therebetween. Also,
      such prior art gates sometimes have graded impurity concentrations and
      surfaces with imprecisely controlled shapes and spacial relationships.
      Consequently, the depletion region unpredictably extends across the
      source-to-drain channel between some portions of the gate and not at
      others. As a result, these prior art FETs have transfer characteristics
      which are more analogous to those of a triode vacuum tube rather than to
      the more desired characteristics of a pentode vacuum tube. Furthermore,
      because these prior art processes do not result in precise control of
      either the gate or source-to-drain structures, greater control of mask
      dimensions and materials may be employed thereby increasing the chip size
      above what it could be if precise channel shaping was utilized. This
      inefficient use of the die area results in a low number of devices yielded
      per wafer and increased expense as compared to processes forming bipolar
      transistors. Also, diffusions used to contact buried prior art gate
      structures and to isolate individual devices cause out-diffusion of
      shallow gate structures thereby undesirably increasing the gate length and
      distorting the gate configuration. Hence, the characteristics of these
      prior art, vertical channel FETs have been neither satisfactory nor
      predictable enough to justify large scale production.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  One object of this invention is to provide an improved structure and method
      of manufacture for a junction FET.
PAR  Another object is to provide an inexpensive and reliable method of
      manufacture and a FET structure which is suitable for being used in high
      frequency applications.
PAR  A further object is to provide a method of manufacture and structure for a
      vertical channel, junction FET which is suitable for use in high power
      applications.
PAR  A still further object of this invention is to provide a FET structure
      which makes efficient use of die area.
PAR  An additional object of this invention is to provide a vertical channel,
      junction FET structure which has a minimal amount of parasitic resistance
      and capacitance associated therewith and more predictable characteristics
      than prior art vertical channel FETs having the same drain saturation
      current specification.
PAR  A still additional object is to provide a structure or process of making
      buried gate FET structure wherein the gate configuration is not distorted
      by either the gate contacting or isolation steps.
PAR  In brief, the invention relates to a method or process of manufacture and a
      structure for a vertical channel junction FET. The process includes the
      steps of growing an epitaxial layer of a first conductivity type with a
      [110] crystallographic orientation. Next, a selected pattern is provided
      by photolighographic techniques in a silicon dioxide layer which covers
      one surface of the epitaxial layer. An anisotropic etch then provides
      interconnected grooves having rectangular horizontal cross-sections and
      flat bottomed U-shaped vertical cross-sections which extend part way into
      the epitaxial layer. Each of the grooves has substantially vertical
      exposed side surfaces which face each other and an exposed bottom surface.
      A shaping etch is next performed to round out the inside corners of the
      grooves. Then a heavily doped gate of the second conductivity type is
      provided by a shallow diffusion, accompanied by a steam retardant, through
      the exposed side and bottom surfaces of the grooves. The anisotropic and
      groove shaping etches and the steam retardant result in a plurality of
      interconnected gate portions each having a substantially U-shaped vertical
      cross-section and a ladder-like, horizontal top section. The vertical side
      walls of the gate define the source-to-drain channel. After the silicon
      dioxide pattern is removed, a second epitaxial layer of the first
      conductivity type also having the [110] crystallographic orientation is
      grown in the grooves and on the channel surface of the first epitaxial
      layer which was previously covered by the silicon dioxide mask. Electrical
      contact to the gate along with isolation is facilitated by forming another
      etch mask which registers with selected portions of the now buried gate
      structure. This mask controls a second anisotropic etch which cuts through
      the second epitaxial layer until it reaches the gate structure which
      provides an automatic etch stop. The precisely controlled gate
      configuration results in a junction FET having a controlled vertical
      channel. The resulting FET has predictable electrical characteristics and
      requires a minimum chip area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged cross-sectional view of the starting material for the
      FET of the invention;
PAR  FIG. 2 is a top view illustrating a pattern in the silicon dioxide layer of
      FIG. 1 which provides an etch mask;
PAR  FIG. 3 is a cross-section taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 shows the vertical, cross-sectional shape of grooves provided by a
      first anisotropic etch controlled by the etch mask of FIGS. 2 and 3;
PAR  FIG. 5 is a cross-sectional view of a portion of a gate portion diffused
      into one of the grooves of FIG. 4;
PAR  FIG. 6 shows the shape of one of the grooves of FIG. 4 after a groove
      shaping etch;
PAR  FIG. 7 is a cross-sectional view of the gate structure diffused through
      grooves each having the shape shown in FIG. 6;
PAR  FIG. 8 is a plan view of the structure of FIG. 7;
PAR  FIG. 9 is a cross-section taken along lines 9--9 of the structure of FIG. 8
      after the silicon dioxide mask has been removed therefrom;
PAR  FIG. 10 illustrates a second epitaxial layer, having a selected
      crystallographic orientation, formed on the structure of FIG. 9 and
      including contact layer;
PAR  FIG. 11 illustrates a silicon dioxide surface layer on the structure of
      FIG. 10;
PAR  FIG. 12 is a top view of the structure of FIG. 11 showing a second etch
      mask provided by the silicon dioxide surface layer;
PAR  FIG. 13 is a cross-section along lines 13--13 of the structure of FIG. 12
      which shows the registration between the second etch pattern and the
      buried gate structure;
PAR  FIG. 14 illustrates the results of an anisotropic isolation and gate
      exposing etch of the structure of FIG. 13;
PAR  FIG. 15 illustrates a layer of silicon dioxide formed on the surfaces of
      the structure of FIG. 14 which were exposed by the second anisotropic
      etch;
PAR  FIG. 16 is a cross-sectional view illustrating the source and gate metal;
      and
PAR  FIG. 17 is a plan view of the device of FIG. 16 illustrating the gate and
      source metal patterns.
DETD
PAC  DETAILED DESCRIPTION
PAR  The process of manufacture and structure of one embodiment of a vertical
      channel, junction FET made in accordance with the invention is described
      below. FIG. 1 illustrates the cross-section of a segment of wafer 10 of a
      suitable starting material. More specifically, substrate 12 is provided by
      slicing along a [110] plane and polishing in a known manner a single
      crystal ingot which was previously heavily doped with donor impurities. N+
      substrate 12 may be on the order of 14 mils thick and have a low
      resistivity from between 0.0009 to 0.005 ohm-centimeters (ohm-cm).
      Epitaxial layer 14 has the same [110] crystallographic orientation as the
      substrate because the crystals thereof are oriented by the [110] surface
      of substrate 12 on which they are formed. The thickness of N-layer 14 may
      be on the order of three microns and its resistivity may be between 0.3
      and 0.5 ohm-cm.
PAR  Next, a thin layer 16 of silicon dioxide is deposited or grown on top
      surface 18 of epitaxial layer 14. As illustrated in FIG. 2 and 3, an etch
      mask is formed in silicon dioxide layer 16 by using known
      photolithographic techniques such that the longer sides of rectangles 19,
      shown in the top view of FIG. 2, are aligned with a [111] plane. The mask
      outlines gate conductor and contact support region 17. A first anisotropic
      or preferential etch is performed by exposing the top surface of wafer 10
      to a potassium hydroxide (KOH) based solution. Since this etchant removes
      semiconductor material in a direction perpendicular to [110] planes about
      50 times as fast as in the direction perpendicular to [111] planes, the
      material beneath the exposed [110] plane is selectively removed.
PAR  Hence, juxta-positioned grooves 20 are provided, which have flat bottomed
      U-shaped vertical cross-sections as shown in FIG. 4 and rectangular
      horizontal cross-sections. Grooves 20 extend through areas of surface 18
      not covered by silicon dioxide 16 and into epitaxial layer 14 in a
      direction perpendicular to the [110] planes thereof. Bottom surfaces 24 of
      grooves 20 are located from one to two microns beneath upper surface 18 of
      epitaxial layer 14. Also, grooves 20 have generally rectangular bottom and
      side rectilinear surface configurations.
PAR  Groove side surfaces 22, which are aligned with the [111] planes and
      perpendicular to the [110] planes, tend to be nearly vertical because of
      the aforementioned property of the KOH etch whereas side surfaces 23,
      which are not aligned with the [111] planes, tend to be somewhat sloped.
      The sloped side surfaces do not adversely affect the electrical
      characteristics of the FET because the controlling depletion will extend
      between vertical side surfaces 22 rather than between sloped side surfaces
      23. Moreover, there is virtually no undercut immediately beneath the
      boundary where surface 18 of epitaxial layer 14 joins silicon dioxide
      layer 16. Vertical side surfaces 22 facilitate the formation of a
      substantially vertical gate and source-to-drain channel structures or
      regions having rectilinear sides which are substantially parallel to each
      other and which result in an operable high frequency FET. The
      rectangularly shaped top configuration of the grooves results in a device
      having a long gate width per area of chip to provide an inexpensive, high
      power FET.
PAR  FIG. 5 shows an undesirable rounded diffusion pattern 25 which results if a
      gate diffusion is performed through vertical sides surfaces 22 and
      horizontal bottom surface 24 of one of grooves 20. The rounded
      configuration of gate diffusion 25 would result in a source-to-drain
      channel 26 having an uneven cross-section thereby causing the resulting
      FET to exhibit "soft" pinch-off along with other undesirable
      characteristics. Diffused region 25 extends deep into epitaxial material
      14 along surface 18, as shown in FIG. 5, because silicon dioxide 16
      accelerates diffusant atoms introduced in proximity thereto. Moreover, the
      diffused region extends less through the sharp inside corners 27 where
      side surfaces 22 join bottom surface 24 than through the flat surfaces
      presented by the rest of the groove.
PAR  To avoid rounded diffusion 25, a groove shaping etch is performed before
      the gate is diffused and a retardant is applied along with the gate
      diffusion. The groove shaping etchant, which may be comprised of sulphur
      hexafluoride gas, (SF.sub.6) removes material from the flat surfaces of
      the groove to round otherwise sharp inside corners 27 and where the side
      surfaces join each other, to provide rounded corners 28 of FIG. 6 and 8.
      Rounded corners 28 enable the diffusant to penetrate deeper at these
      corners than if they were not rounded. Moreover, steam is applied
      simultaneously with the diffusant and forms an oxide on the exposed flat
      surfaces of grooves 20 to act as a diffusion retardant through the corner
      surfaces. The oxide tends to even out the depth of penetration of the
      diffusant into the exposed surfaces of the epitaxial material.
PAR  Hence, as the exposed surfaces of grooves 20 are subjected to shallow P+
      boron gate diffusion, which penetrates into the sides and bottoms of
      grooves 20, but which does not penetrate through surfaces masked by
      silicon dioxide layer 16, junctions or boundaries 31 of integral gate
      portions having buried bottom and side surfaces are thereby created as
      shown in FIG. 7. Gate 29 is comprised of a juxta-positioned integral
      segments forming generally U-shaped vertical cross-sections, each of which
      is comprised of vertical side segments joined by an integral flat bottom
      segment. Gate 29 has a ladder-like top horizontal configuration having a
      continuous periphery, as illustrated in FIG. 8. Adjacent vertical side
      segments of gate 29 are substantially parallel and result in
      source-to-drain channel portions 26 having defined shapes and short
      lengths which reduce parasitic capacitances and resistances and to result
      in a FET having high gain at high frequencies, predictable characteristics
      and sharp pinch-off. For instance, channel lengths as short as 1.5 microns
      can be obtained by the process of the invention as compared to 4.5 microns
      for prior art lateral junction FET devices.
PAR  The gate diffusion concentration is greatest at the outside of surfaces 22
      and 24 of the side and bottom segments and decreases as the diffused
      region extends farther into epitaxial layer 14. The surface concentration
      bordering the channel is uniform rather than graded. The depth of the gate
      diffusion, which also forms gate conductor and contact support 33, is on
      the order of from 0.5 to 1 micron and its resistivity is as low as
      possible, i.e., on the order of 6 to 7 ohms per square, so that the top
      surface thereof can function as an etch stop in the manner disclosed by
      patent application entitled "Etch Stop for KOH Anisotropic Etch," Ser. No.
      171,455, filed Aug. 13, 1971 and assigned to the assignee of the subject
      application. The resistivity of the gate is also made low to reduce gate
      resistance which enables high frequency response.
PAR  FIG. 8 is a top view of the structure of FIG. 7 looking down upon the
      surface of silicon dioxide layer 16. Rectangles 30 of FIG. 8 indicate the
      top shape of grooves 20 which are surrounded by P+ gate 29. Rectangles 32,
      which are included in rectangles 19 of FIG. 2, indicate the top shape of
      the vertical source-to-drain channel portions 26 which are covered by
      silicon dioxide layer 16 and which extend through, are surrounded by and
      form a junction with gate boundary 31. Rectangles 30 and 32 have
      approximately equal dimensions which vary with the characteristics of the
      FET but may have lengths on the order of from 2 to 4 mils and widths on
      the order of 0.1 mil. Although two source-to-drain channel portions 26
      have been illustrated in the drawing, a greater or lesser number of such
      portions may be provided to meet particular electrical specifications. The
      ladder-like top configuration of gate 29 increases the gate width per area
      of chip to thereby increase the power handling capability per unit area as
      compared to prior art lateral channel FETs. By using the top configuration
      of FIG. 8 a power FET having a given rating can be provided within about
      the same area as a comparable bipolar. With the dimensions given each FET
      may have a gate width of about 2 to 4 mils. FIG. 9 is a cross-sectional
      view which corresponds to the top view of FIG. 8 but with silicon dioxide
      layer 16 removed.
PAR  As illustrated in FIG. 10, after silicon dioxide layer 16 is removed,
      another N-type epitaxial layer 34 is grown on all upper surfaces of
      epitaxial layer 14 and on the exposed surfaces of gate 29. Epitaxial layer
      34, which also is of the [110] crystallographic orientation because it is
      grown on layer 14 which is of the [110] orientation, fills grooves 20 and
      joins with the top surface 18 of source-to-drain channel portions 26 to
      form a source which is an integral extension thereof. Dips 36 in top
      surface 38 of epitaxial layer 34 are not as deep as grooves 20 because
      epitaxial layer 34 grows faster in this case on the [110] plane and
      grooves 20 tend to trap more of the silicon particles forming layer 34 per
      unit of surface than to planar top surfaces 18. N-type epitaxial layer 34
      may have a resistivity, e.g., between 0.1 and 0.3 ohm-cm, within the range
      necessary to sustain voltages greater than the required gate-to-source
      breakdown voltage. Top layer 40 of epitaxial layer 34, which has a top
      surface 41, is formed by increasing the amount of dopant introduced into
      the semiconductor material while this layer is epitaxially growing to form
      an N+ contact surface for making an ohmic contact with aluminum
      metallization that is subsequently applied. Contact layer 40 may have a
      thickness on the order of 0.5 microns and epitaxial layer 34 may have a
      thickness on the order ob 3 microns.
PAR  Then, layer 42 of silicon dioxide, which may have a thickness on the order
      of about 3,000 angstroms, is deposited or grown on top surface 41 of
      contact layer 40, as illustrated in FIG. 11. An isolation-etch pattern 44
      is formed by selectively removing silicon dioxide layer 42 using known
      photolithographic techniques to expose underlying area 43 of top surface
      41, as shown in the plan view of FIG. 12. Exposed area 43 registers with
      the periphery of gate structure 29 as indicated in FIG. 13 and with gate
      conductor and contact supporting structure 33.
PAR  Next, the exposed portions of epitaxial layer 34 are subjected to a second
      anisotropic etch which may also utilize a KOH base soltuion. As a result,
      an isolation opening 50, shown in cross-section by FIG. 14, completely
      surrounds source structure 51 located above gate 29 and exposes gate
      conductor and contact supporting structure 33 thereby preventing
      peripheral material 52 from shorting-out the device. Again, because second
      epitaxial layer 34 has a [110] crystallographic orientation, the exposed
      portion thereof is removed in a direction perpendiciular to surface 41 at
      a rate which is about 50 times greater than that of material perpendicular
      to the [111] planes. Hence, the side walls 53 of opening 50 are
      substantially perpendicular to the plane of top surface 41 of second
      epitaxial layer 34. Furthermore, the top surface concentration of the P+
      boron gate diffusion substantially attenuates the rate at which material
      is removed by the second anisotropic isolation-etch to automatically
      terminate isolation opening 50. Therefore, the time of exposure of the
      semiconductor material to and the conditions of the second anisotropic
      etch need not be controlled as critically as would be the case if the P+
      gate and gate conductor and contact supporting structure 33 were not used
      as an automatic etch stop. Hence, the isolation etch removes leakage paths
      and exposes gate conductor and contact supporting structure 33 without
      requiring high temperature processes, such as diffusions, which could
      cause the shallow peripheries of gate 29 to out-diffuse, thereby
      disturbing the parallel relationship of the side wall surfaces thereof.
      Such disturbance could either impair the electrical characteristics of the
      device or require a larger chip. A silicon dioxide passivation layer 60 is
      then grown over all exposed side and bottom surfaces of isolation opening
      50, as illustrated by FIG. 15, and over gate conductor and contact support
      33.
PAR  Known photolighographic techniques are employed to convert the silicon
      dioxide layer 60 into source and gate metallization masks. Then a layer of
      metal is applied to the surface of wafer 10 and patterned to provide a
      source contact 62 and gate conductor 64 and contact 65. Vertical
      cross-sections of the metal conductors are illustrated in FIG. 16 and the
      top view thereof are shown in FIG. 17. After electrical test and back
      lapping, a drain contact is formed by depositing a gold layer on the
      bottom surface of substrate 12 in a known manner. Next, the wafer is
      scribed and the individual semiconductor die are separated and included in
      a protective housing.
PAR  Generally, in fabricating semiconductor devices capable of handling high
      power electrical signals, the tendency is to merely increase the size of
      the structures utilized in low power devices. However, as has been
      previously pointed out, the structures of prior art lateral FETs are not
      suitable for merely being enlarged to thereby provide a power FET because
      of the associated cost due to the large size of the resulting chips as
      compared to chips for bipolar transistors having similar power ratings.
      Moreover, prior art FETs have not been satisfactory for use in
      high-frequency applications because of the unpredictability of their
      characteristics due to curved drain-to-source channels bounded by curved,
      graded gate structures and because of the large parasitic capacitances and
      resistances associated therewith. Furthermore, buried gates of some of the
      prior art devices have been contacted by high temperature diffusions which
      tend to cause the gates thereof to out-diffuse thereby further increasing
      the required size and parasitic signal losses.
PAR  The process of the invention provides an improved structure for a vertical
      channel, junction FET operable at either high power or high frequencies or
      both, and which is inexpensive and reliable. As shown in FIGS. 7 and 8,
      the first anisotropic etch and the groove shaping techniques result in a
      gate structure 29 having substantially vertical side walls which define
      drain-to-source channel portions 26 having precisely controlled
      configurations and short channel lengths. The flat bottomed, U-shaped
      vertical cross-section of the gate and the rectangular vertical
      cross-sections of the source-to-drain channels result in a FET device with
      predictable characteristics and sharp pinch-off. More particularly, the
      depletion regions extends across the uniform cross-section of the channel
      portions in a predictable and controllable manner. Moreover, the
      capacitances and resistances associated with the structure are reduced to
      a minimum because the gate length of each device is minimized.
      Furthermore, the utilization of the gate itself as an etch stop for an
      isolation and gate exposing etch rather than isolation and gate contacting
      diffusions allows the shallow gate diffusion to retain its shape thereby
      further decreasing the amount of die area required by each device and
      lowering of the gate resistance. Also, the ladder-like gate configuration
      provides a long gate-width per unit of chip area, thus facilitating a high
      power handling capability as compared to prior art, lateral FETs.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of field-effect device comprising:
PA1  providing a first layer of semiconductor material of a first conductivity
      type having a selected crystallographic orientation with respect to a
      first surface thereof;
PA1  selectively etching said first surface of said semiconductor material with
      an anisotropic etchant to remove some of said semiconductor material
      virtually only in a direction perpendicular to said first surface to
      thereby provide a plurality of juxta-positioned grooves having U-shaped
      cross sections in said semiconductor material, each of said grooves having
      an exposed bottom surface and exposed side surfaces;
PA1  diffusing an impurity of the second conductivity type into said bottom and
      side surfaces of each of said grooves a predetermined distance to provide
      a plurality of integral juxta-positioned gate portions of the second
      conductivity type having bottom and side surfaces, the resulting region of
      said semiconductor material between said side surfaces of adjacent ones of
      said gate portions providing a channel;
PA1  growing a second layer of semiconductor material of the first conductivity
      type in said grooves and on said first surface of said first layer of
      semiconductor material, said second layer being integral with said
      channel; and
PA1  depositing and patterning conductive material to provide separate
      electrical connections to said gate and to portions of said first and
      second semiconductor materials to form gate, drain and source contact
      areas.
NUM  2.
PAR  2. The method of claim 1 wherein said second layer of semiconductor
      material is of said selected crystallographic orientation and further
      including the step of selectively etching through said second layer of
      semiconductor material to expose some of said gate diffusion to facilitate
      the making of electrical contact to said gate.
NUM  3.
PAR  3. The method of claim 2 wherein said gate has a continuous periphery and
      said step of selectively etching through said second layer of
      semiconductor material also exposes said periphery to provide an isolation
      opening.
NUM  4.
PAR  4. The method of claim 3 wherein said gate is formed by a P+ diffusion and
      said anisotropic etch through said second layer of semiconductor material
      utilizes a potassium hydroxide based solution, and said P+  gate provides
      an etch stop for said anisotropic etch through said second layer of
      semiconductor material.
NUM  5.
PAR  5. The method of claim 1 further including the step of rounding the corners
      where said surfaces of each of said grooves come together, said rounding
      being performed before said step of diffusing said gate, said rounding
      facilitating the formation of gate portions having U-shaped cross-sections
      formed by rectilinear, diffused side walls that are substantially of equal
      thickness.
NUM  6.
PAR  6. The method of claim 5 wherein said rounding is performed by an etch step
      employing an etchant comprised of sulphar hexafluoride gas.
NUM  7.
PAR  7. The method of claim 1 wherein said step of diffusing a plurality of
      integral gate portions is accompanied by a step of selectively retarding
      the diffusion through said exposed surfaces of said grooves to facilitate
      the formation of gate portions having U-shaped cross-sections with
      rectilinear side surfaces that are substantially parallel to each other.
NUM  8.
PAR  8. The method of claim 7 wherein said selective retarding of the diffusion
      is accomplished by applying steam along with the gate diffusant to said
      exposed surfaces of said grooves.
NUM  9.
PAR  9. A method of making a vertical channel, field effect transistor
      comprising:
PA1  providing a first layer of heavily doped semiconductor substrate material
      of a first conductivity type and having a selected crystallographic
      orientation with respect to a first surface and also having a second
      surface;
PA1  epitaxially growing a second layer of semiconductor material having said
      first conductivity type and said selected crystallographic orientation on
      said first surface of said first layer, said second layer having a third
      surface which is parallel to said first surface of said first layer;
PA1  selectively etching said third surface of said second layer with an
      anisotropic etch which removes virtually only semiconductor material in a
      direction perpendicular to the plane of said third surface to thereby
      provide a plurality of grooves each having a U-shaped cross-section in
      said second layer, each of said grooves having side surfaces extending in
      a direction substantially perpendicular to said third surface and which
      are joined together by a bottom surface which is substantially
      perpendicular to said side surfaces and which forms sharp corners
      therewith;
PA1  rounding said sharp corners of said grooves;
PA1  diffusing a plurality of interconnected gate portions of the second
      conductivity type into said side and bottom surfaces of each of said
      grooves while simultaneously, selectively retarding diffusion into said
      surfaces to thereby form gate portions having substantially U-shaped
      vertical cross-sections; said gate portions defining channel portions
      having rectangular vertical cross-sections extending in directions
      perpendicular to said third surface of said second layer;
PA1  epitaxially growing a third layer of semiconductor material of said first
      conductivity type in said grooves and on the unetched portions of said
      third surface of said second layer, said third layer having said selected
      crystallographic orientation and a fourth surface; and
PA1  providing conductive connections to each of said gate and said second
      surface of said substrate and to said fourth surface of said third layer
      of semiconductor material to respectively form gate, drain and source
      contact areas.
NUM  10.
PAR  10. The method of claim 9 wherein said step of providing a conductive
      connection to said gate includes anisotropically etching through said
      fourth surface provided by said third layer to virtually remove
      semiconductor material only in a direction perpendicular to said fourth
      surface to thereby provide an opening extending through said third layer
      of semiconductor material, said opening terminating on a gate portion.
NUM  11.
PAR  11. The method of claim 10 wherein said gate portion provides an etch stop
      for said anisotropic etch of said third layer.
NUM  12.
PAR  12. The method of claim 10 wherein said anisotropic etches are performed by
      utilizing potassium hydroxide based solution and said selected
      crystallographic orientation is [110].
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ABST
PAL  A layer of unoxidized metal is provided on surfaces of the device in such
      manner as to possess an oriented microstructure capable of causing
      sympathetic alignment of the liquid crystal molecules. The metal layer is
      thereafter heated in the presence of oxygen, preferably in a device
      envelope sealing process, to oxidize the metal layer. The metal oxide
      layer is stable, in that it retains the molecular aligning characteristic,
      and is more transparent than the metal layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid crystal devices, and particularly to
      liquid crystal devices of the type having surface aligned liquid crystal
      molecules.
PAR  One type of recently developed liquid crystal device, see U.S. Pat. No.
      3,731,986, issued May 8, 1973 to Fergason (the disclosure thereof being
      incorporated herein), employs what is known as a "twisted" nematic liquid
      crystal material. Such devices comprise two closely spaced apart
      substrates sandwiching a thin film of liquid crystal material
      therebetween. The inner surfaces of the substrates are treated, as by
      directional rubbing, to influence and cause alignment of the liquid
      crystal molecules immediately adjacent to the substrates. In the "twisted"
      type device, the inner surfaces are so oriented with respect to one
      another that while adjacent molecules of the liquid crystal material are
      generally aligned with one another, the direction of the axis of alignment
      of the molecules gradually rotates or "twists" through some angle, e.g.,
      90.degree., from one substrate to the other. This angular rotation or
      "twist" of the axis of alignment of the molecules causes a corresponding
      angular rotation of the plane of polarization of linearly polarized light
      directed through the liquid crystal film. Moreover, by selectively
      applying an electric field through different portions of the film, these
      portions are "untwisted", with the result that the polarized light passing
      therethrough is not rotated. Removal of the electric field allows the
      liquid crystal material to return to its twisted state.
PAR  As noted, to obtain the desired alignment of the liquid crystal molecules
      at the substrate surfaces, it is necessary to "influence" or direct the
      alignment of the molecules at the substrates. This is done by treating the
      inside surfaces of the substrates to provide thereon some sort of
      "grained" microstructure having a definite axis of orientation along which
      the liquid crystal molecules align themselves. By arranging the
      microstructure orientation of the two substrates at a preselected angle
      with respect to one another, the proper twist through the liquid crystal
      film is obtained. In other types of devices, such as the "guest-host" type
      described in U.S. Pat. No. 3,551,026, issued on Dec. 29, 1970, the
      substrate surface orientations are disposed parallel to one another, and
      no twist is induced through the liquid crystal material.
PAR  One means to provide such an oriented microstructure on the substrate
      surfaces is the use of a process described in an article by John L.
      Janning, entitled "Thin Film Surface Orientation for Liquid Crystals",
      Applied Physics Letters, Vol. 21, No. 4, 15 August, 1972, at page 173, the
      disclosure of said article being incorporated herein. In this process,
      certain inorganic materials such as aluminum, gold, and silicon monoxide,
      are vacuum deposited to a thickness of 100A or less onto the substrates
      using a vapor deposition angle of approximately 5.degree. to the plane of
      the surfaces to be coated, such process being referred to as "slant
      evaporation".
PAR  While the process described in the article is operative, it is found that
      certain disadvantages are presented when the process is used as described.
      For example, the metals disclosed in the article, even when deposited at
      very small thicknesses, are not transparent, or at least not significantly
      transparent, and are thus of limited utility in liquid crystal devices of
      the "transmissive"  type, i.e., devices in which it is intended that light
      pass entirely therethrough with as little attenuation of brightness as
      possible. While silicon monoxide is transparent, experiments have shown
      that it is somewhat difficult to uniformly and reproducibly deposit such
      layers in a simple and inexpensive manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows a liquid crystal device, in cross-section, fabricated in
      accordance with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to the drawing, a liquid crystal device 8 is shown
      comprising a pair of substrates 10 and 12, a film 14 of a liquid crystal
      material therebetween, and a bead 16 of fused glass hermetically sealing
      the liquid crystal material between the two substrates. The spacing
      between the substrates 10 and 12 is in the order of 1/2 mil (about 13
      micrometers), the spacing being controlled either by the use of spacer
      members (not shown) between the substrates or by the glass bead 16 itself.
      Each of the inside surfaces 18 and 20 of the two substrates 10 and 12,
      respectively, is provided with an electrode 22 comprising a thin coating
      of a conductive material, e.g., tin oxide, an extension 23 thereof
      extending along the substrate surface to outside the bead 16 where
      electrical connection means, not shown, can be made thereto. Generally,
      while not shown herein, one or both of the electrodes 22 is patterned,
      i.e., partially removed to expose the underlying substrate surface, in the
      form of some image to be displayed.
PAR  The device 8 utilizes the twisted mode of liquid crystal material
      operation. To this end, each inside surface 18 and 20 of the two
      substrates 10 and 12 is treated to provide thereon an oriented
      microstructure which can align molecules of the liquid crystal. By
      "oriented microstructure" is meant to include microscopic grooves, ridges,
      scratches, peaks and valleys, and the like, which are generally parallel
      to one another and which are capable of causing sympathetic alignment of
      the liquid crystal molecules.
PAR  In accordance with this invention, such substrate oriented microstructures
      comprise a thin layer 24 of a metal oxide, such as aluminum oxide,
      covering the electrodes 22 on the substrates 10 and 12 and the portions of
      inside surfaces 18 and 20 of the substrates otherwise exposed through the
      electrodes. The metal oxide layer is provided by depositing a layer of the
      unoxidized metal itself, e.g., aluminum for an eventual layer 24 of
      aluminum oxide, substantially in accordance with the process described in
      the aforecited article by Janning; and the metal layer is thereafter
      heated in the presence of oxygen to convert the metal layer to the metal
      oxide.
PAR  While not known for sure, it is believed that the metal coating process
      results in a large number of tiny, parallel ridges of the deposited metal
      being formed on the substrate surfaces, the word "layer" being used to
      designate the deposited material, whether it is continuous from ridge to
      ridge or not. These parallel ridges provide an oriented microstructure
      along which the liquid crystal molecules align themselves. After being
      oxidized to the metal oxide layer 24, the layer 24 apparently retains the
      oriented microstructure provided in the deposited metal layer. In any
      event, the oxidized layer possesses the ability to cause sympathetic
      alignment therewith of the liquid crystal molecules.
PAR  Additionally, the metal oxide layer 24 is more transparent than the metal
      itself. In general, most metal oxides up to thicknesses of 300 A are
      transparent to light, such thicknesses being less than the wavelength of
      light in the visible spectrum.
PAR  In general, any of a number of metals which can be vacuum deposited and
      which form physically stable and transparent (when in the hundreds of
      Angstroms thickness range) oxide layers can be used in the practice of
      this invention. Examples of suitable metals are zinc, nickel, chromium,
      tin, lead, titanium, and preferably, for special ease of deposition,
      aluminum.
PAR  The fabrication of the device 8 is as follows. Starting with the two
      substrates 10 and 12 each having an electrode 22 and an electrode
      extension 24 thereon, provided by known means, a bead of glass frit is
      deposited along the edges of one of the substrates, as by silk screening.
      Then, using a vacuum vapor deposition at "glancing angles", i.e., a "slant
      evaporation" process such as described by Janning, the two substrates are
      coated on the inside surfaces thereof with a layer of metal.
PAR  It is noted that, while the Janning article describes the provision of
      various layers having thicknesses less than 100 A, it is found that
      deposited layers of metal having a somewhat higher thickness, e.g., at
      least up to 200 A, can be used. Also, while Janning describes the use of
      small vapor deposition angles, e.g., in the order of 5.degree., it is
      found that somewhat larger deposition angles, e.g., up to 45.degree., can
      be used.
PAR  The two substrates are then properly oriented with respect to one another,
      both with respect to alignment of the two electrodes 22 and angular
      displacement of the directions of orientation of the metal layers on the
      two substrates. Also, the two substrates are contacted with one another
      along the glass frit bead and, while applying compressive pressure to hold
      the substrates together, the assembly is heated in air to a temperature,
      dependent upon the glass frit used and generally in the range of
      380.degree.C to 540.degree.C, to soften the bead and fusion seal the
      substrates together. The fused joint hermetically seals together the two
      substrates, a space, however, being provided therebetween to receive the
      liquid crystal material.
PAR  Additionally, the heating of the assembly, in the presence of oxygen,
      serves to convert the metal layer to the oxide. In the case of a deposited
      layer of aluminum, for example, the oxidizing process increases the
      thickness of the aluminum layer in the ratio of 1.5 to 1.0.
PAR  Thereafter, using a process such as that described in U.S. Pat. No.
      3,701,368, issued to H. Stern on Oct. 31, 1972, the liquid crystal
      material is introduced into the space between the substrates, and the
      filling ports hermetically sealed off.
PAR  By virtue of the angular displacement of the microstructures on the inside
      surfaces of the two substrates, a corresponding angular rotation of the
      axis of alignment of the molecules of the liquid crystal material, i.e.,
      the "twist effect", is automatically obtained. In the usual case, the
      substrate microstructures are oriented at an angle of 90.degree. with
      respect to one another, a twist of 90.degree. thus being produced through
      the liquid crystal material.
PAR  As known, the "twist effect" can be induced in any number of known liquid
      crystal materials possessing positive dielectric anisotropy. Examples of
      such materials are provided in the aforecited patent to Fergason and in an
      article by Schadt and Helfrich, page 127 of Applied Physics Letters, Vol.
      18, Feb. 15, 1971.
PAR  In general, a major advantage of the instant invention is that it greatly
      simplifies the fabrication of devices having oriented microstructures
      which are highly transparent to light. Thus, it is somewhat easier to
      vacuum deposit metals such as those listed herein, but which are opaque,
      than to deposit such oxides as silicon monoxide which are transparent.
      Moreover, in devices of the type which are hermetically sealed using a
      heating process performed in air, the step of oxidizing the deposited
      metal layer can be done as part of the sealing step, thus introducing no
      extra steps or expenses in the practice of this invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A method of fabricating a liquid crystal cell comprising:
PA1  vacuum depositing a layer of unoxidized metal on a surface of said cell in
      such manner to provide an oriented structure thereon along which the
      molecules of a liquid crystal material sympathetically align and,
PA1  heating said metal layer in the presence of oxygen to convert said metal to
      a layer of metal oxide retaining said oriented structure and which is more
      transparent than said metal layer.
NUM  2.
PAR  2. The method of claim 1 in which said metal is selected from the group
      consisting of zinc, nickel, chromium, tin, lead, titanium, and aluminum.
NUM  3.
PAR  3. The method of claim 1 in which said metal is aluminum.
NUM  4.
PAR  4. A method of fabricating a liquid crystal device comprising:
PA1  providing on each of two spaced apart surfaces of a device enclosure an
      electrode,
PA1  slant evaporating on each of said electrodes a layer of unoxidized metal
      providing an oriented microstructure on said electrodes along which the
      molecules of a liquid crystal material sympathetically align,
PA1  hermetically sealing together portions of said enclosure with a fused joint
      formed in the presence of oxygen and at a temperature sufficiently high to
      oxidize said metal layer to a layer of metal oxide having a higher light
      transparency than said metal layer and which retains said oriented
      microstructure, and
PA1  introducing a liquid crystal material into said enclosure between said
      electrodes.
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PAL  Schottky barrier diode semiconductor structure having a semiconductor body
      formed essentially of silicon and having a surface with an active device
      formed in the semiconductor body having collector, base and emitter
      regions and with at least two metals on said surface combining with the
      silicon to form an alloy of at least two metals and silicon which is in
      contact with the collector, base and emitter regions and also extends
      beyond the base region to form a Schottky barrier diode having a barrier
      height which is determined by the composition of the alloy.
PAL  In the method, the alloy of at least the two metals in combination with the
      silicon is adjusted to modify the barrier height of the Schottky barrier
      diode so that a barrier height can be chosen ranging from between 0.64 and
      0.835.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of Ser. No. 334,022, now U.S. Pat. No.
      3,855,612, which is a continuation-in-part of application Ser. No.
      214,590, filed Jan. 3, 1972, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to the formation of Schottky barrier diodes and in
      particular the formation of such Schottky barrier diodes by the use of a
      platinel silicide.
PAR  2. Description of Prior Art
PAR  In integrated circuits used for certain applications as, for example,
      primarily logic circuit applications, Schottky barrier diodes are used in
      conjunction with the base-collector junction in order to keep the
      transistor from going deeply into saturation during operation. Previously
      this has been accomplished by using gold diffusion and other approaches to
      decrease the carrier lifetime. Such Schottky barrier diodes improve the
      recovery time of a device and thus improve the speed of the integrated
      circuit. Schottky barrier diodes have been formed using an aluminum
      silicide. However, because of the Schottky barrier height, it has been
      difficult to provide a plurality of such devices which can be placed in
      operation all at the same time as, for example, in a large integrated
      circuit. There is, therefore, a need for a new and improved Schottky
      barrier diode.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The semiconductor structure consists of a semiconductor body formed
      essentially of silicon and having a planar surface. An alloy of platinel
      silicide is formed on said surface on predetermined areas thereof. A layer
      of insulating material is disposed on the surface and contact means
      carried by said layer of insulating material extends through said surface
      and makes contact with said alloy of platinel silicide in said
      predetermined areas.
PAR  In the method for fabricating the semiconductor structure, a semiconductor
      body is provided which is formed essentially of silicon which has a planar
      surface. A layer of insulating material is formed on the surface and
      openings are formed in the layer of insulating material extending to said
      surface. A mixture of platinum and nickel is deposited into the openings.
      The semiconductor body is heated to form an alloy between the silicon and
      the platinum and nickel to form a ternary compound. The unreacted platinum
      and nickel in the field is removed. Contacts are formed which are carried
      by the layer of insulating material and which extend through the openings
      in the layer of insulating material to make contact with said ternary
      compound in said predetermined areas.
PAR  In general, it is an object of the present invention to provide a structure
      and method which provides a Schottky barrier diode.
PAR  Another object of the invention is to provide a structure and method of the
      above character which has a low Schottky barrier height and also a low
      contact resistance.
PAR  Another object of the invention is to provide a structure and method in
      which it is possible to obtain substantially the same barrier height as
      with an aluminum system.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which it is possible to adjust the barrier height
      between a predetermined range of 0.64 and 0.835.
PAR  Another object of the invention is to provide a structure and method of the
      above character which makes it possible to tailor the barrier height to
      the circuit design.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which at least two metals are utilized in combination
      with silicon to form a ternary compound.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which a ternary compound is formed.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the ternary compound is metallurgically
      compatible with both aluminum and gold interconnection systems.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the ternary compound is formed without going into
      a liquid phase.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the ternary compound is formed at a temperature
      of approximately 350.degree.C.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the Schottky diode has an optimum barrier height
      value with an optimum size.
PAR  Another object of the invention is to provide a structure and method of the
      above character in which the Schottky barrier diode can be utilized with a
      transistor to provide a Baker clamped transistor.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiment is set forth in
      detail in conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of an RF sputtering system used in
      conjunction with the present method for fabricating a structure of the
      present invention.
PAR  FIG. 2 is a plan view showing the way in which a target is formed for use
      in the apparatus shown in FIG. 1.
PAR  FIGS. 3-8 are cross-sectional views of a semiconductor structure showing
      the steps utilized for fabricating a semi-conductor structure of the
      present invention.
PAR  FIG. 9 is a circuit diagram showing the manner in which the Schottky
      barrier diode formed in FIG. 8 serves to provide a "Baker-clamped"
      transistor.
PAR  FIG. 10 is a graph showing Schottky barrier height as a function of
      platinum concentration in platinel silicide.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a bi-directional RF sputtering system which can be
      utilized for evaporating or sputtering the materials which are utilized in
      conjunction with the present invention. Thus, as shown in FIG. 1, a
      housing 11 is provided with a chamber 12 adapted to be evacuated to
      provide the desired vacuum within the chamber. A substrate holder 13 is
      rotatably mounted in the chamber 12 and, if desired, is adapted to be
      rotated by means (not shown). RF power is supplied to the substrate holder
      13 from a source 14 in the form of an RF power oscillator oscillating at a
      suitable frequency such as 13.56 mHz. The substrate holder 13 is adapted
      to carry a plurality of substrates 16 positioned on the upper surface of
      the substrate holder and facing a target 17 mounted within the chamber 12.
      The target 17 is connected to the other side of the RF power supply 14. A
      pair of dark shields 18 are provided in the chamber and serve a function
      well known to those skilled in the art. A shutter 19 is rotatably mounted
      upon a spindle 21 which has a hand wheel 22 provided thereon so that the
      shutter 19 can be moved between two positions, one in which it is out of
      the way so that the target is exposed to the substrate holder, and another
      position in which the shutter 19 is disposed between the target 17 and the
      substrate holder 13.
PAR  A plan view of the target 17 is shown in FIG. 2. The target is formed of
      the materials which it is desired to evaporate to form the ternary
      compound utilized in connection with the present invention. Thus, the
      target 17 can be formed of two of the materials of the compound such as
      bulk nickel having an impurity of 99.9% with strips 26 of platinum formed
      thereon having an impurity of 99.99%. As hereinafter explained, the area
      covered by the platinum strips is precisely chosen so that there is a
      predetermined ratio between the exposed area of the nickel and the exposed
      area of the platinum.
PAR  The substrate 16 upon which the two materials are to be evaporated or
      sputtered in the apparatus shown in FIG. 1 can be of any suitable type.
      However, in connection with the present invention, it is desirable that
      the semiconductor structure be formed of a semiconductor body 31 formed
      essentially of silicon. A buried layer (not shown) can be provided if
      desired. As shown in FIG. 3, this semiconductor body can be provided with
      a suitable impurity such as a P-type impurity. An epitaxial layer 32 is
      formed on the body 31 and also has a certain impurity therein such as an
      N-type impurity. The epitaxial layer 32 is provided with a planar upper
      surface 33 which is covered by a layer of suitable insulating material
      such as silicon dioxide.
PAR  Thereafter, by conventional techniques well known to those skilled in the
      art, the desired active and passive devices are formed in the epitaxial
      layer 32. Thus, as shown in FIG. 4, there can be provided an active device
      in the form of a transistor by forming a P-type region 36 in the layer 32
      which is defined by a dish-shaped P-N junction 37 extending to the
      surface. Similarly, there is provided an N-type region 38 which has been
      diffused into the P-type region 36 and is defined by a dish-shaped P-N
      junction 39 also extending to the surface 33. At the same time, an N+
      region 41 is formed in the layer 22 to make contact to the collector
      region of the active device.
PAR  After the necessary diffusions have been carried out, the oxide layer 34 is
      preferably stripped and a new oxide layer 43 is grown on the surface 33
      and by the use of conventional photolithographic techniques, openings 44,
      46 and 47 are formed in the insulating layer 43 to expose predetermined
      areas of the surface. Thus, it can be seen that the openings 44 expose the
      collector contact regions 41; the openings 46 expose the emitter regions
      38; and the openings 47 expose the base regions 39 and also are used for
      making the Schottky diodes as hereinafter described.
PAR  After the openings 44, 46 and 47 have been formed, the semiconductor
      structure which is shown in FIG. 3 is cleaned in the apparatus shown in
      FIG. 1 utilizing RF induced argon ion bombardment at 0.55 watts per sq.
      cm. for a period of approximately 3 minutes. During this time
      approximately 150 Angstroms of silicon are removed while only
      approximately 60 Angstroms of silicon dioxide from the layer 43 are
      removed. This cleaning operation is carried out to ensure that there is no
      possible contamination on the surface of the silicon in the openings 44,
      46 and 47.
PAR  As soon as the cleaning operation has been completed, the shutter 19 is
      moved into a position between the substrate holder and the target to
      protect the substrate 16 from the initial sputtering from the target.
PAR  The semiconductor structures of the type shown in FIG. 4 are positioned on
      the substrate holder 13 as shown in FIG. 1 with the openings 44, 46 and 47
      facing the target.
PAR  After the shutter 19 has been moved into position between the substrate
      holder and the target, the target is cleaned to remove any oxidized or
      chemically contaminated portions of the target itself. The target itself
      is cleaned at a power density of 1.5 watts per sq. cm. for approximately 5
      minutes. Approximately 1500 Angstroms of material is removed from the
      target during this operation.
PAR  As soon as the cleaning operation has been completed, the shutter 19 is
      moved to an out-of-the-way position and material is deposited from the
      target over the entire surface of each of the substrates carried by the
      substrate holder to form a layer 51 on each of the substrates which
      overlies the surface of the same layer 43 and also extends into the
      openings 44, 46 and 47 to make contact with predetermined areas of the
      surface 33. The layer 51 can have a thickness ranging from 500 to 1000
      Angstroms. However, a thickness of approximately 750 Angstroms is
      preferable to satisfy the chemical reaction hereinafter described.
PAR  As explained previously, the target 17 is formed of two materials so that
      an alloy of the two materials is formed having a predetermined proportion
      of the two materials. It has been found that in connection with the
      present invention it is desirable to provide an alloy of nickel and
      platinum in which the alloy is from approximately 75% to 90% nickel with
      the remainder being platinum. The preferred percentage has been found to
      be approximately 88% nickel and 12% platinum. To obtain the desired
      ratios, platinum strips 26 are resistance welded to the nickel target so
      that the platinum strips 26 represent approximately 12% of the area and
      the remainder of the target which is formed of nickel represents
      approximately 88% of the area. Since both materials have almost identical
      deposition rates when bombarded with RF activated ions of argon, the alloy
      which is formed of platinum and nickel and called platinel has the same
      ratio as the ratios of the areas which are exposed to the RF activated
      ions.
PAR  After the RF sputtering operation has been completed, the substrates are
      removed from the RF sputtering apparatus shown in FIG. 1 and are placed in
      a vacuum alloy furnace which is then pumped down to a vacuum which is less
      than 5.times.10.sup..sup.-6 Torr. The substrate is then heated to a
      temperature which is 350.degree.C and above to possibly as high as
      900.degree.C with the preferable temperature being approximately
      450.degree.C. When a temperature of 450.degree.C is utilized, the
      temperature is maintained for approximately 2 minutes. A solid-solid
      reaction takes place when all the available platinel is consumed or, in
      other words, reacts with the silicon in the windows or openings 44, 46 and
      47 to form a ternary compound which can be identified as a platinel
      silicide alloy. In this reaction, it is important that the reaction not
      pass through a liquid phase but that it all take place in the solid phase.
      In connection with this alloying operation, it is desirable to keep the
      temperature as low as possible because this has the least effect upon the
      active and passive devices which may be formed in the substrate and also
      because it simplifies cooling of the substrates.
PAR  Although it has been stated that the alloying operation should be carried
      out in a separate alloying furnace, it should be appreciated that if
      desired, the alloying operation can also be carried out in the RF
      sputtering apparatus shown in FIG. 1 even though greater difficulty may be
      encountered in cooling the substrates after the alloying operation has
      been completed.
PAR  The platinel combines with the silicon to form the ternary alloy regions 52
      as shown in FIG. 6. It has been found that this reaction is almost
      instantaneous and for this reason only a very small amount of time is
      required for the reaction at a very low temperature. It is believed that
      this is possible because there is involved a solid-solid interfacial
      reaction between metals representing atomically clean surfaces or, in
      other words, in which the interfaces are not contaminated.
PAR  During the alloying operation, it is found that the alloy of nickel and
      platinum or, in other words, the platinel combines with approximately
      equal amounts of silicon so that the ternary alloy has a composition which
      is approximately 50% silicon and 271/2 to 45% nickel, with the balance
      being platinum. Thus, when the platinel is formed of 88% nickel and 12%
      platinum, the ternary alloy will have 50% silicon, 44% nickel and 6%
      platinum. It also has been found that the depth to which the ternary alloy
      is formed is determined by the depth of the original layer 51. Thus, if
      the layer 51 is deposited to a depth of 1000 Angstroms, the silicon will
      be reacted with the platinel to a depth of approximately 1000 Angstroms.
PAR  After the ternary alloy 52 has been formed, the platinel is removed from
      the field or, in other words, in any area in which the platinel was not in
      direct contact with silicon. This is accomplished by the use of a suitable
      material such as sulphuric acid consisting of three volumes of H.sub.2
      O.sub.2 with 7 volumes of H.sub.2 SO.sub.4. The platinel silicide is inert
      to this solution and is not affected by it.
PAR  After the undesired platinel has been removed as shown in FIG. 7, a
      suitable metal such as gold or aluminum is evaporated over the insulating
      layer 43 and into the openings 44, 46 and 47. Thereafter, the undesired
      portions of the metal are removed by suitable photolithographic techniques
      so that there remains contact means in the form of leads 56, 57 and 58
      which extend into the windows or openings 44, 46 and 47 and make contact
      with the ternary alloy regions 52 overlying the collector contact, emitter
      contact and base contact areas as shown in FIG. 8. As will also be noted
      from FIG. 8, the platinel silicide region 52 contacting the base region 39
      also extends to the right of the base region and makes contact with the
      epitaxial layer 32 and thus effectively shorts the base to the collector
      of the active device as shown in FIG. 8 which can be identified as a
      transistor T through what can be termed the Schottky barrier diode D. The
      Schottky barrier diode is formed by the portion of the alloy 52 to the
      right of the base region 36. The Schottky barrier diode operates in a
      manner well known to those skilled in the art to continuously bleed off
      the majority carriers which are electrons so that the collector is not
      permitted to saturate.
PAR  A schematic representation of the effect of the Schottky barrier diode is
      shown in FIG. 9 in which the Schottky barrier diode serves to provide a
      Baker-clamped transistor which will not operate far into saturation
      thereby enhancing circuit speeds and noise characteristics for the device.
PAR  It has been found that the use of the platinel silicide is very desirable
      in the present semiconductor structure because an optimum barrier height
      value ranging from between 0.68 to 0.75 and preferably 0.7 electron volts
      is provided. At the same time that this optimum barrier height value is
      being obtained, it is possible to optimize the size of the Schottky
      barrier diode so that it can be relatively small while still having the
      desired thermal stability.
PAR  By way of example, the present invention was used to replace the
      all-aluminum metallurgy previously incorporated in the Signetics 7400S
      series of integrated circuits. This device used Baker-clamped transistors
      and thus avoids the problems of gold diffusion. It has been found that
      improved yields can be obtained using the platinel silicide. Typical
      parameters of platinel silicide Schottky barrier diode transistors are as
      follows:
PAC  Internal Overlay Schottky Barrier Transistor
PA0  Beta at 100 .mu.A is 80
PA0  Voltage offset at 1 .mu.A is 335 mV
PA0  Voltage, base to collector at 1 .mu.A is 350 mV
PAC  Output Guard Ring Schottky Barrier Transistor
PA0  Voltage Offset at 1 .mu.A is 300 mV
PA0  Voltage, base to collector at 1 .mu.A is 320 mV
PAR  A Schottky barrier height of 0.70 electron volts is consistent with
      integrated circuit design rules for Baker-clamped transistors using
      Schottky barrier diodes. In addition, the contact resistance of the
      platinel silicide to P-type silicon having an impurity concentration of
      10.sup.19 at cm.sup..sup.-3 is low. These physical qualities make the
      platinel silicide superior to the non-alloy silicides for circuit
      applications as can be seen from the table set forth below:
TBL              Rc.sup.IN 10.sup.19 at                                        
                               DB IN 10.sup.17 at                              
     Metal Silicide                                                            
                 cm.sup.-.sup.3 SiP                                            
                               cm.sup.-.sup.3 Si.sub.n &lt;100&gt;                   
     ______________________________________                                    
     Platinel    10.sup.-.sup.2 .OMEGA.                                        
                               0.70 .rho.V                                     
     Platinum    10.sup.-.sup.2 .OMEGA.                                        
                               0.80 .rho.V                                     
     Nickel      10 .OMEGA.     .67 .rho.V                                     
     Aluminum    5.times.10.sup.-.sup.3 .OMEGA.                                
                                .73 .rho.V                                     
     Rhodium      1 .OMEGA.    0.70 .rho.V                                     
     ______________________________________                                    
PAR  As can be seen from the table, platinum forms an unusually excellent ohmic
      contact to silicon. However, its Schottky barrier height when formed as
      platinum silicide, is unusually high, being approximately 0.835 electron
      volts in less than 10.sup.18 atoms per cm.sup.3 in N-type silicon. Nickel,
      on the other hand, when reacted with silicon has quite a low Schottky
      barrier height, approximately .64 electron volts in the N-type silicon but
      its contact resistance to other doped silicon, particularly P-type, is
      very, very high. Platinel, when combined with silicon to provide the
      platinel silicide, provides the desired low contact resistance and the
      optimum Schottky barrier height.
PAR  In the embodiment of the invention shown in FIG. 8, the low contact
      resistance to P-type silicon is particularly significant with respect to
      the base which is doped with a P-type impurity. It also would be
      particularly important for diffused resistors (not shown) which also would
      be doped with P-type impurities. It can be readily appreciated that if the
      contact resistance was high, the V.sub.be saturation levels of the
      transistor would be too high for normal device operation and, in addition,
      the values of the resistors would be changed so that the device would not
      operate as intended and possibly would not operate at all. Thus, the use
      of the platinel silicide provides the desired low contact resistance while
      at the same time providing a Schottky barrier height within certain limits
      to provide normal clamping operations.
PAR  The platinel silicide produced by the present invention should be suitable
      for use in practically all integrated circuits and even in discrete
      devices. In addition, it also could be used as a replacement for the
      platinum silicide in the classical beam lead metallurgy structure giving
      the advantage that it does have a low Schottky barrier height which can be
      used in circuitry where this is of importance.
PAR  The platinel silicide does not differ intrinisically in electrical aspects
      from aluminum but is advantageous principally because it is easy to
      fabricate semiconductor structures using the same while obtaining a very
      high yield even where there are large numbers of junctions in the device.
      One of the principal reasons it is possible to obtain a higher yield is
      that it is much easier to sputter the platinum and nickel than it is
      aluminum.
PAR  Because of the characteristics of the platinel silicide, it will operate
      very effectively with either gold or aluminum bonding systems.
PAR  It has been found that when the platinel is reacted with silicon having a
      &lt;100&gt; orientation with respect to the surface plane of the silicon
      semiconductor body, the resultant alloy is inert to sodium hydroxide and
      potassium hydroxide so that the platinel silicide can be utilized as a
      very effective anisotropic etch mask. Anisotropic etchants such as
      potassium hydroxide are utilized in conjunction with certain buffers or
      sodium hydroxide itself to etch the silicon.
PAR  In conjunction with the foregoing, the principal purpose was to provide a
      platinel silicide which would make it possible to obtain the same barrier
      height as could be obtained with a conventional aluminum system which is
      0.70 electron volts in &lt;111&gt; silicon. It now has been found that this 0.70
      electron volt figure may not be optimum for the best possible electronic
      design for integrated circuits. In order to achieve the optimum electronic
      design for an integrated circuit, it has been found that it is
      particularly desirable to be able to adjust the barrier height between
      0.64 and 0.835 electron volts. In the platinel silicide system, it has
      been found that an optimized barrier height is 0.75 electron volts which
      is particularly advantageous in the design of certain integrated circuits.
PAR  In carrying out this work, a graph was developed as shown in FIG. 10 which
      shows the relationship of platinel silicide Schottky barrier height as a
      function of the platinum concentration for a guard ring diode with V.sub.f
      measured at 10.mu.A in &lt;111&gt; oriented silicon. As can be seen from FIG.
      10, a 100% nickel silicide has a barrier height of 0.65 electron volts
      which is at the left-hand side of the graph in FIG. 10. By adding platinum
      to the composition, it can be seen that the barrier height increases until
      it reaches 0.835 electron volts at 100% platinum. The curve in the graph
      shows that there is a very rapid change as platinum is added to the
      composition of the range from zero to 10% platinum and that from 10%
      platinum to 100% platinum, there is approximately a straight line
      relationship. From the graph, it can be seen that by utilization of the
      present invention, a selected barrier height can be chosen ranging from
      0.64 to 0.835 electron volts depending upon the composition.
PAR  This is a very important feature because it makes it possible for the
      circuit designer to optimize the geometrical requirements and the
      electrical requirements of the integrated circuit and then tailoring the
      barrier height to fit these requirements. Since this is possible, it is
      possible to reduce the size of the clamping device very significantly as,
      for example, by a factor of 2 or 3, by virtue of the lowering of the
      barrier height while still maintaining a usable series resistance.
PAR  Although the disclosure herein is primarily directed to the use of nickel
      and platinum, it should be appreciated that any two metals can be utilized
      which will combine with silicon to make it possible to adjust the barrier
      height. In addition, it should be appreciated that it should be possible
      to utilize more than two metals as, for example, 3 or 4 metals to obtain
      similar features.
PAR  It is apparent from the foregoing that there has been provided a new and
      improved semiconductor structure in which platinel silicide is utilized as
      a Schottky barrier diode and method for making the same in which optimum
      Schottky barrier heights are obtained with good contact resistance. With
      the method, it is possible to obtain very high yield even in complicated
      circuits. In addition, it is possible to adjust the barrier height between
      0.64 and 0.835 electron volts to permit a circuit designer to optimize the
      electrical and geometrical requirements of the circuit and then tailoring
      the barrier height to meet these requirements.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for fabricating a Schottky barrier diode semiconductor
      structure, providing a semiconductor body formed essentially of silicon
      having a surface, forming an active semiconductor device in said
      semiconductor body having collector, base and emitter regions extending to
      said surface, forming an insulative coating on said surface with openings
      exposing portions of said regions, one of said openings extending from the
      base region to the collector region, forming a ternary alloy of
      approximately 50% silicon, 371/2% to 45% nickel and 5% to 121/2% platinum
      in said openings in ohmic contact with the emitter, base and collector
      regions and in rectifying contact with the collector region in said one
      opening, whereby a Schottky barrier diode is formed in said one opening,
      and adjusting the relative amounts of nickel and platinum in said alloy to
      provide a predetermined barrier height in the range of approximately 0.64
      to 0.835 electron volts.
NUM  2.
PAR  2. A method as in claim 1 wherein the relative amounts of nickel and
      platinum are adjusted so that the ternary alloy contains 371/2% nickel and
      121/2% platinum to provide a barrier height of approximately 0.75 electron
      volts.
NUM  3.
PAR  3. A method as in claim 1 wherein the formation of said ternary alloy is by
      use of a solid-solid reaction.
NUM  4.
PAR  4. A method as in claim 3 wherein said solid-solid reaction is carried out
      ranging in temperatures from 350.degree. to approximately 900.degree.C.
NUM  5.
PAR  5. A method as in claim 3 wherein said solid-solid reaction is carried out
      in a temperature of approximately 450.degree.C.
NUM  6.
PAR  6. In a method for fabricating a Schottky barrier diode semiconductor
      structure, the steps of: providing a semiconductor body formed essentially
      of silicon having a surface, forming an active semiconductor device in
      said semiconductor body having emitter, base and collector regions
      extending to said surface, forming a coating on such surface comprised of
      at least two metals including nickel and platinum which combine with the
      silicon to form at least a ternary alloy which is in ohmic contact with
      the emitter, base and collector regions and is also in rectifying contact
      with the collector region to form a Schottky barrier diode, and adjusting
      the ratio of nickel and platinum so that the platinum forms 25% and the
      nickel 75% of the two-metal coating to provide a barrier height of
      approximately 0.75 electron volts.
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ABST
PAL  A method of producing continuous lengths of coilable corrugated wave guide
      of rectangular cross-section which comprises forming a smooth-wall metal
      tube with a uniform wall thickness along the entire length and around the
      entire periphery, and transversely corrugating the walls of the tube along
      crest and root lines that form a substantially constant perimeter length
      around any cross-section of the corrugated tube taken perpendicular to the
      axis of the tube at any point along the length of the tube. In one
      embodiment, the corrugations of intersecting walls are offset at their
      intersection so that the crests of the corrugations of each wall meet the
      roots of the corrugations of the adjacent wall at each corner, with zigzag
      crests along the corners providing rigidity. In another embodiment, the
      corrugations are aligned with each other in each pair of intersecting
      sidewalls with the walls of one corrugation in each intersecting pair
      being folded outwardly alongside the walls of the other corrugation in
      that pair beginning at the line of intersection of that pair of
      corrugations. The smooth-wall metal tube is preferably formed from an
      elongated flat strip of metal having the longitudinal edges thereof joined
      to each other, and having a wall thickness of from 0.01 inch to 0.05 inch.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending applications:
PAR  Ser. No. 315,101, filed Dec. 14, 1972, entitled "Corrugated Waveguide," now
      abandoned, which is a continuation of my now abandoned application Ser.
      No. 235,161, filed Mar. 16, 1972, entitled "Corrugated Waveguide."  Ser.
      No. 238,458, filed Mar. 27, 1972, now abandoned, entitlted "Corrugated
      Conduit."
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to high-frequency waveguide, and more specifically
      to corrugated waveguide of the type made in long lengths by a continuous
      process and capable of being stored and handled on reels, and bent in
      installation, in the same general manner as cable.
PAR  As has long been known, a waveguide of rectangular cross-section provides
      the most satisfactory electrical performance in most common waveguide
      uses, and the vast bulk of the rigid smooth-wall waveguide employed in
      microwave transmission systems is of this shape. Such waveguide, however,
      has severe disadvantages of both cost and utility as compared to flexible
      waveguide which can be manufactured and used in the same general manner as
      cable, as is relatively impractical where microwave transmission over
      substantial distances is involved. Flexible waveguide is accordingly in
      fairly wide use for such purposes but has, prior to the present invention,
      involved substantial compromise of performance.
PAR  The most satisfactory flexible waveguide for such purposes known prior to
      the present invention is corrugated elliptical waveguide (this
      description, as used in the art, referring to any generally elliptical or
      oval shape). Such waveguide is commercially fabricated by a continuous
      process wherein a smooth-wall tube is formed from strip and thereafter
      corrugated and shaped. The elliptical shape has long been used despite
      drawbacks which are well-known to make a rectangular shape more desirable.
      As one obvious example, since the terminal equipment which is linked by a
      long waveguide length normally incorporates rectangular waveguide,
      transition fittings and the like must normally be employed at the ends of
      the elliptical guide. In addition, of course, the usable bandwidth of any
      overall system is limited to the bandwidth of the elliptical guide, which
      is necessarily more restricted than that of a comparable rectangular
      guide. Accordingly, numerous efforts have been made in the prior art to
      devise a guide generally similar to elliptical corrugated guide, but of a
      more closely rectangular shape. Prior to the present invention, no
      construction for such a guide has been devised which was found
      sufficiently satisfactory to be widely used, although the need has at all
      times been recognized both by users and producers of flexible waveguide,
      and flexible rectangular guide made by relatively expensive processes has
      been provided for use in specialized applications.
PAR  The present invention flows from experimental and theoretical study of the
      fabrication difficulties heretofore encountered in making a fully
      practical corrugated rectangular waveguide by a continuous process, which
      have till now been apparently found prohibitive despite the relative
      simplicity of such manufacture of coaxial cable and elliptical waveguide,
      and the repeated efforts to employ such processes in manufacture of guide
      generally like that of U.S. Pat. No. 2,556,187 and similar prior art. The
      observations thus made have been employed to devise a relatively small
      structural modification which not only solves the fabrication problems but
      is also experimentally found to produce electrical performance superior to
      guide of much more expensive constructions.
PAR  Elliptical corrugated waveguide is normally fabricated by corrugating a
      round tube formed from strip and then deforming the tube to elliptical
      shape.
PAR  In the case of elliptical guide, as in the case of coaxial cable, the
      corrugations serve an extremely important function in addition to
      providing flexibility, this being the rigidizing of the cross-sectional
      shape against easy deformation so that relatively thin walls may be
      employed, the depth of the corrugations being large compared to the wall
      thickness but small compared to the guide dimensions. In principle, it
      would appear that a round corrugated tube may be deformed to rectangular
      shape rather than elliptical shape. It is found, however, that any attempt
      to make reasonably sharp corners in this manner results in substantially
      entire loss of mechanical strength due to local crushing and distortion of
      the corrugations at the corners. At least equal difficulty is encountered
      in attempting to form similar corrugations after, rather than before, a
      generally rectangular shape is established; it is found virtually
      impossible to produce such corrugations which are of any strength at the
      corners, even with fairly generous corner rounding and consequent
      reduction of useful bandwidth.
PAR  Another problem in the formation of corrugated waveguide (of any
      cross-sectional configuration) from continuous smooth-wall tubing is the
      production of excessive metal thickness in certain portions of the guide.
      Because the continuous tube normally has a constant wall thickness around
      its circumference and along its entire length before it is corrugated, any
      variations effected in the cross-sectional perimeter of the tube by the
      corrugating operation result in stretching of the metal with consequent
      reductions in the metal thickness in the stretched areas. This thinning of
      the metal in the stretched areas requires that the metal in the other
      areas of the corrugated tube, and throughout the entire starting tube,
      have a thickness greater than would otherwise be required because it is
      not feasible to prefabricate the tube with a variable wall thickness to
      provide just the amount of metal required in each increment of the final
      corrugated product. This excessive metal thickness in the unstretched
      areas of the corrugated tube is especially objectionable in the
      fabrication of waveguide because the well known "skin effect" phenomenon
      in high frequency transmission permits the use of extremely thin metal, so
      that any excessive metal thickness necessitated by the fabricating
      technique results in an undesirable increase in the cost of the waveguide
      beyond that required for the desired technical performance of the product.
PAR  It is, therefore, a primary object of the invention to provide an improved
      corrugated waveguide and a method of manufacturing the same in continuous
      lengths which avoid excessive metal thicknesses and which also avoid local
      crushing and distortion of the corrugations at the corners of intersecting
      side walls of the waveguide.
PAR  More specific objects of the invention are to provide such an improved
      waveguide and method of manufacturing the same which minimize the cost of
      the waveguide by minimizing the amount of metal required, and which
      provide considerable mechanical strength around the entire periphery of
      the waveguide including the corner regions of intersecting side walls.
PAR  Another important object of the invention is to provide an improved
      corrugated waveguide and manufacturing method of the foregoing type which
      also provide desirable electrical characteristics for high frequency
      transmission. Thus, a related object of one aspect of the invention is to
      provide a practical method of manufacturing continuous lengths of flexible
      rectangular waveguide having substantial mechanical strength.
PAR  It is a further object of the invention to provide such an improved
      corrugated waveguide and manufacturing method which provide improved
      mechanical characteristics such as ease of bending, a low minimum bending
      radius, and high crush strength.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description and the accompanying drawings, in which:
PAR  FIG. 1 is a view in elevation, partially broken away in section, of a
      waveguide of the invention, together with schematically illustrated
      terminal equipment linked by the waveguide;
PAR  FIG. 2 is a perspective view of a portion of the guide of FIG. 1;
PAR  FIG. 3 is a sectional view along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view along the line 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged view of a portion of FIG. 2, showing the external
      corner construction and exaggerating the sharpness of corrugation bends
      for clarity of illustration;
PAR  FIG. 6 is a top plan view of a modified waveguide of the invention;
PAR  FIG. 7 is a side view of the waveguide of FIG. 6;
PAR  FIG. 8 is a schematic diagram of a corrugation element illustrating two
      intersecting corrugated segments and the corner at that intersection used
      in a modified embodiment of the corrugated waveguide according to this
      invention;
PAR  FIG. 9 is a schematic diagram of a portion of a waveguide including two
      intersecting smooth surfaces which are about to have a corrugation formed
      in them according to this invention and showing two tools which may be
      used to make the corrugation;
PAR  FIG. 10 is an illustration similar to FIG. 9 showing the two corrugations
      and the folded corner partially formed;
PAR  FIG. 11 is an illustration similar to that shown in FIGS. 9 and 10 with the
      two intersecting corrugations and the corner fully formed;
PAR  FIG. 12 is an elevational view of a portion of a corrugated waveguide
      according to this invention;
PAR  FIG. 13 is a sectional view of a portion of the device shown in FIG. 12
      taken along line 13--13;
PAR  FIG. 14 is a sectional view of a portion of the device of FIG. 12 taken
      along line 14--14;
PAR  FIG. 15 is a sectional view of a portion of the device of FIG. 12 taken
      along line 15--15;
PAR  FIG. 16 is a sectional view of a portion of the device of FIG. 12 taken
      along line 16--16;
PAR  FIG. 17 is an axonometric diagrammatic view of a rectangular corrugated
      waveguide made from a smooth rectangular tube according to this invention;
PAR  FIG. 18 is an axonometric diagram showing a portion of a corrugated
      waveguide according to this invention made with corrugations of an
      alternative cross-sectional shape;
PAR  FIG. 19 is an axonometric diagram showing a portion of a corrugated
      waveguide according to this invention made with corrugations of another
      alternative cross-sectional shape;
PAR  FIG. 20 is an axonometric diagram showing a portion of a corrugated
      waveguide according to this invention made with corrugations having yet
      another alternative cross-sectional shape;
PAR  FIG. 21 is an axonometric diagram showing a portion of a corrugated
      waveguide according to this invention made with corrugations of still
      another alternative cross-sectional shape; and
PAR  FIGS. 21 (A) through (D) show a number of closed structures which may be
      made according to this invention.
DETD
PAR  The present invention stems in part from the discovery that the foregoing
      problems can be overcome to a large extent by the use of particular types
      of corrugation patterns in the fabrication of continuous lengths of
      corrugated waveguide from continuous smooth and thin-walled tubing. Thus,
      an important aspect of the present invention is the use of a corrugating
      pattern that provides a constant cross-sectional perimeter along the
      entire length of the corrugated tube. Corrugation patterns of the type
      used in this invention have been included in the great variety of
      corrugation patterns used heretofore in a variety of products, including
      not only waveguides but also bellows, conduits, etc., but these particular
      corrugation patterns have never been used in the corrugation of continuous
      smooth and thin-walled tubing. Nor has it ever been recognized that the
      use of these particular corrugation patterns would provide the significant
      advantages described herein when used to fabricate continuous lengths of
      waveguide by corrugating continuous smooth and thin-walled metal tubing.
      For examples of the manner in which these corrugation patterns have been
      used heretofore, see U.S. Pat. Nos. 2,603,120 (Rosenheim), and 1,944,128
      (Heigh) and British Pat. No. 739,488.
PAR  Turning now to the drawings, FIG. 1 shows in schematic fashion a microwave
      waveguide link 10 (normally having bends, etc., omitted from the drawing)
      between equipment installations 12 and 14, such as antenna and
      transmitter, conventional except for the shape and construction of the
      waveguide 16. The flexible rectangular guide 16 is shown as terminating in
      flange connectors 18, but other forms of connectors may of course be used.
      As shown in FIG. 1, the guide 16 is enclosed in a suitable plastic sheath
      20, omitted from other portions of the drawing. As better seen in FIGS. 2
      through 5, the guide 16 has transverse corrugations on all four sides,
      i.e., the top 22, bottom 24, and side walls 26 and 28.
PAR  In accordance with one important aspect of this invention, the waveguide 16
      is formed by corrugating a smooth-wall metal tube to form corrugations of
      intersecting walls of the tube which are offset at their intersection so
      that the crests of the corrugations of one of the intersecting walls meet
      the roots of the corrugations of the other wall, the wallintersection
      shape of the longitudinally unobstructed interior being a sharp angle and
      the exterior including a zigzag crest connecting the ends of the
      corrugation crests of the intersecting walls. Thus, in the illustrative
      embodiment of FIGS. 1 - 5 the corrugations of the long walls 22 and 24 are
      in longitudinal register with each other, but are offset or staggered from
      the corrugations of the short walls 26 and 28, also in register with each
      other, by a distance corresponding to half the corrugation spacing, so
      that the roots or troughs 30 of the corrugations of the long walls meet at
      the corners with the crests or peaks 32 of the corrugations of the short
      walls and, by the same token, the crests 34 of the long walls meet at the
      corners with the roots or troughs 36 of the short walls.
PAR  The advantages obtained by the staggering or offsetting of the corrugations
      at the corners, as compared with unitary corrugated rectangular tubes
      having corrugations which are continuous at the corners, may be in part
      understood by study of FIGS. 3 and 4, showing the change of cross section
      with half a corrugation spacing along the length of the guide. By
      comparing FIG. 3 and FIG. 4 it will be seen that with the equal
      corrugation depths employed, the long sides in the latter cross section
      are shorter by two corrugation depths, while the short sides are longer by
      two corrugation depths. Stated otherwise, the perimeter of the
      cross-sectional shape is the same at both places. Where, on the other
      hand, corrugations perpendicular to the length are sought to be made
      without staggering, the perimeter of the rectangle varies by four times
      the corrugation depth with each half-cycle of the corrugated structure.
PAR  By the simple modification of staggering or offsetting the corrugations of
      one pair of walls with respect to those of the other pair of walls, the
      greatest difficulties of fabrication are essentially eliminated, as will
      be seen from comparison of the stressing and stretching of the metal
      required in one type of corrugation with that required in the other. Known
      practical corrugation methods for such general purposes apply inward
      bending and stretching forces to the metal. With the non-staggered
      transverse corrugation, such a corrugation operation is required to
      stretch the metal of the corrugation root to move it inwardly while at the
      same time producing a diminished perimeter around the corrugation root.
      Stated otherwise, the metal of the roots must be stretched in the
      direction longitudinal of the tube and contracted in the direction
      transverse of the tube. No practical way of shaping the corrugations in
      this manner at the corners of a rectangular tube has been found. Not only
      does the required perimeter alteration make it extremely difficult, or
      impossible, to avoid crushed and distorted corrugation-root corners, but
      in addition the required stretching of the metal for substantial
      corrugation depth in a rectangular tube is found virtually impossible with
      any reasonably practical corrugation process. Such difficulties are
      avoided by the staggered-corrugation construction.
PAR  With the corrugation crests staggered, further, each crest 32 and 34 is
      shorter in the transverse plane than the longitudinally adjacent roots or
      valleys 36 or 30. The metal of the tube along the corner forms a zigzag
      continuous crest 38 connecting the ends of the crests of the adjacent
      sides and extending in a generally diagonal plane intersecting the
      orthogonal planes of the adjacent sides, as most clearly seen in FIG. 5.
      This Figure shows sharply-angled corrugation roots and crests and
      sharply-angled corner crests 38 for aid in visualization; the crests at 38
      actually formed, like the wall corrugations, are of course of the more or
      less sinusoidal or rounded shape familiar in corrugated tubing of this
      general type and seen in FIGS. 1 and 2. The corner thus formed is
      reinforced by the zigzag corrugation crests and strongly resists
      deformation of the external bevelled-corner rectangular shape,
      particularly by compression forces exerted on opposite external faces,
      against which elliptical guide is relatively weak.
PAR  Despite the external shape just described, the longitudinally unobstructed
      interior has a rectangular shape with very sharp right-angle corners. In
      itself, the internal configuration visually seen is not necessarily
      determinative of electrical transmission properties. Corrugated elliptical
      or circular tubing as widely used in waveguide and coaxial cable, although
      having propagating characteristics closely similar to smooth-wall tubing
      of the same shape, is known to have an effective dimension somewhat larger
      than the visually unobstructed passage, i.e., the internal dimension
      formed by the corrugation roots, but smaller than the internal dimension
      at the corrugation crests; that is to say, with the corrugations
      heretofore known for such purposes, the effective internal dimensions are
      intermediate between root dimensions and crest dimensions. The theoretical
      reasons for the relatively small effects of corrugations on propagation
      have, so far as is known, not been fully developed, but have been thought
      to flow from the substantially complete constancy of internal shape
      characterizing the forms of corrugation heretofore used in such tubing. In
      the present construction, the dimensional ratio of the rectangle of the
      section of FIG. 3 is somewhat different than that of FIG. 4, which might
      be expected to result in reflections and the like impairing propagation.
      It has nevertheless been found on trial that the offsetting of the
      corrugations of the intersecting walls of the present invention does not
      produce field perturbation effects materially altering the transmission
      characteristics as regards propagated field patterns, operating frequency,
      or bandwidth, the staggered-corrugation guide having substantially the
      same characteristics in these respects as a sharp-cornered smooth-wall
      guide of the intermediate (between root and crest) dimensions, to which it
      may be coupled with relatively negligible mismatch at the interface.
PAR  As in the case of other known flexible corrugated high-frequency tubing,
      the attenuation factor is slightly higher than in a smooth-wall guide, the
      transmission losses varying somewhat with corrugation depth, which is
      accordingly kept small relative to guide dimensions.
PAR  The metal, thickness, corrugation depth and similar parameters desirably
      employed in the invention are broadly similar to those heretofore employed
      in elliptical waveguide, selection being based on the same general
      considerations of mechanical stability and flexibility, electrical
      performance, and cost. The most desirable materials are copper and
      aluminum of a thickness of from 0.01 inch to 0.05 inch. It will be noted
      that the illustrated 45.degree. angle of the plane of the zigzag crest
      corners 38 is produced by equality of the corrugation depth on all sides,
      this angle being somewhat changed where corrugation depths are unequal;
      also inequality of corrugation depths introduces slight changes in
      perimeter with each half-cycle of the corrugated structure, thus making
      fabrication somewhat less simple. The gross relative dimensions of the
      rectangular structure are of course selected in accordance with
      conventional waveguide practice, with the width approximately twice the
      height.
PAR  The high-frequency transmission characteristics of a rectangular guide of
      the invention, coupled with mechanical ruggedness, make the invention
      advantageous for many uses for which elliptical waveguide is wholly
      unsuited, as well as for replacing elliptical waveguide in the long-length
      applications for which the latter has till now been the only practical
      construction. For example, the substantial duplication of performance of,
      and close direct impedance-match with, smooth-wall rigid rectangular
      waveguide make it feasible to use short lengths of the present waveguide
      in place of specially-fabricated bends, twist sections and the like which
      continue to be used as inserts in smooth-wall rectangular-guide systems
      despite their much higher cost than elliptical waveguide. Indeed the
      present flexible guide is suitable for entire substitution for rigid
      waveguide in all but the most exacting applications.
PAR  An exemplary variant form of the invention in its broader aspects is
      illustrated in FIGS. 6 and 7, showing the top and side of a guide
      generally similar to that already described but having corrugations,
      which, although generally transverse, are not wholly perpendicular to the
      length of the guide, having an angular pitch of the type produced by a
      corrugating tool moved in a transverse plane while the tubing is
      simultaneously fed longitudinally. The modified guide 40 has a top wall 42
      and side wall 44, each corrugated in this fashion, the corrugation crests
      46 and roots 48 in the top 42 being offset or staggered at the corners
      with respect to the crests 50 and roots 52 in the side wall 44. The
      angular relation of the corrugations to the axis of the guide is in each
      case such that the corrugation "advances" by one corrugation-spacing
      across the wall. To obtain the desired relationship at the corners, the
      pitch or slope angle of those of the corrugations of the side 44 is larger
      than the pitch or slope angle of thse of the top 42. The corners are of
      the same configuration as in FIG. 5. The walls opposite those illustrated
      may have either the same or opposite corrugation pitch angles. If so
      desired, pitched or slanted corrugations on one pair of walls may be
      employed with fully transverse corrugations on the other pair of walls to
      produce the offsetting or staggering at the corners.
PAR  Adaptations of known manufacturing methods to production of the illustrated
      structure will be obvious to those skilled in the art. Most desirably the
      process of manufacture is of the continuous type wherein a tube is formed
      from strip, longitudinally welded, shaped to approximately rectangularity
      and thereupon corrugated, with the force exerted in corrugation aiding in
      deforming the tube to its final rectangular shape. Any of a variety of
      known corrugating tools and machinery may be employed, the task of making
      corrugations of suitable depth being greatly simplified by the relatively
      small amount of stretching of metal which is necessary. Wholly transverse
      corrugations may be formed, if so desired, by merely passing the tube
      through opposed pairs of large gear-like corrugating wheels. No separate
      operation is required for forming the zigzag crests at the corners, the
      metal at this point automatically assuming such a shape upon formation of
      the staggered corrugations of the adjacent sides. Wholly transverse or
      perpendicular corrugations may of course also be formed by employment of a
      tool progressing across the wall, but in such event it is necessary either
      to intermittently stop the progression of the tube or to complicate the
      corrugating mechanism by also advancing the point of contact of the
      corrugating tool longitudinally of the tube while the tube continuously
      progresses.
PAR  In accordance with another specific aspect of the invention, a
      constant-perimeter waveguide is formed by corrugating a smooth-wall tube
      so that the corrugations in each pair of intersecting tube walls are
      aligned with each other, rather than being staggered, but with the walls
      of one corrugation in each intersecting pair of corrugations being folded
      outwardly alongside the walls of the other corrugation in that pair
      beginning at the line of intersection of that pair of corrugations. Thus,
      in FIG. 8 there is shown one pair of intersecting corrugations 60
      including two segments 62 and 64 which intersect at corner 66 at an angle
      a. Segment 62 has a root or a first section 68 at a first level and two
      crests or second sections 70 and 72 at a second level spaced from the
      first level of section 68. Similarly segment 64 has a first section 74 at
      a first level and two second sections 76, 78 at a second level spaced from
      the level of first section 74. Webs 80 and 82 interconnect second sections
      70 and 72, respectively, with first section 68 on segments 62; and webs 84
      and 86 interconnect second sections 76 and 78, respectively, with first
      section 74 on segment 64. Ends 88 and 90 of second sections 70 and 72
      intersect with ends 92 and 94 of second sections 76 and 78 to form a
      portion of corner 66. First section 74 of segment 64 is foreshortened so
      that its end 96 may receive first section 68 whose end 98 extends beyond
      first section 74 of segment 64. The amount of foreshortening is dependent
      both on the angle of intersection, a, and on the distance between the
      first and second level -- i.e. the depth of each corrugated segment.
PAR  The folded geometry of corner 66 may be better understood with reference to
      FIGS. 9, 10, and 11 which show the method of forming corner 66. In FIG. 9
      there are shown two smooth sides 100 and 102 of a waveguide intersecting
      at an angle a at edge 104. The area between point 88, 92 and point 90, 94
      is to be made into a pair of corrugations intersecting at a folded corner
      by means of tools 106, and 108, shown in phantom, whose working heads are
      shaped to the desired cross-sectional form of the finished corrugations.
      Tool 106 extends completely over to edge 104 at point 98 whereas tool 108
      ends short of edge 104 at point 96 which is a corrugation depth distant
      from point 98. In FIG. 10 as tools 106 and 108 have been moved to their
      mid-way position, point 88, 92 and point 90, 94 have come closer together
      to supply the material which has been depressed into the grooves being
      formed by the forward motion of tools 106 and 108. Finally in FIG. 11 the
      two corrugation segments 62 and 64 have been formed with a corner 66. The
      line defined by points 96 and 98 in FIG. 9 is parallel to the plane of
      side 102. However, in the finished corrugation, FIG. 11; the line defined
      by the point 96 and 98 has been rotated 90.degree. by the folding action
      performed by the tools 106 and 108 and is now parallel to the plane of
      side 100. First section 74 of segment 64 has been foreshortened by an
      amount equal to the distance between point 96 and point 98 and the two
      triangular pieces removed from webs 84 and 86, i.e., the triangular piece
      110 defined by point 96, point 98, and point 88, 92 and the triangular
      piece 112 defined by point 96, point 98 and point 90, 94 have been folded
      back along the bottom of webs 80 and 82. This folded form for corner 66
      not only makes a geometrically neat construction but it also reinforces
      corner 66 by means of the double thickness of material provided by the two
      triangular pieces 110 and 112. Reinforced corner 66 increases the strength
      of the corrugated element in a transverse direction, i.e., against forces
      exerted on the sides 100, or 102. The depth of the corrugation of segment
      62 is the same as the depth of corrugation of segment 64. The entire
      corrugation may be formed by the material contributed by the movement
      towards one another of the point 88, 92 and point 90, 94 and thus no
      distortion or thinning of the webs occurs at any point in the
      corrugations. However, if it is desired to make corrugations intersect
      which do not have the same depth of corrugation, e.g., if segment 64 were
      deeper than segment 62, this would be accommodated by stretching of the
      segment 64 to the extent of the difference in depth. The present
      invention, however, minimizes the stretching required to form such
      intersections and hence minimizes thinning of material. However, absent
      such differences in depth, corrugations 62 and 64 and corner 66 may be
      made without using the elasticity or plasticity of the material of sides
      100 and 102, and a uniform wall thickness may be maintained throughout the
      entire corrugated structure.
PAR  A side elevational view of side 102 after three additional segments 64',
      64", and 64'" have been formed in it is shown in FIG. 12, wherein point 96
      and first section 68 are hidden behind point 98 and section 70 is hidden
      behind point 88, 92 and section 72 is hidden behind point 90, 94.
PAR  The technique whereby the intersection of corrugation segments 62 and 64 is
      effected by the folding without distortion may be seen with reference to
      the sectional diagrams in FIGS. 13, 14, 15 and 16, where it will be
      observed that the distance from point 120 to point 88, 92 to point 122 in
      FIG. 13 is equal to the distance from point 124 to point 126 to point 128
      to point 130 in FIG. 14 is equal to the distance from point 132 to point
      134 to point 136 to point 138 in FIG. 15 is equal to the distance from
      point 140 to point 142 to point 144 to point 146 in FIG. 16. Corrugations
      formed in this manner fold and unfold rather than stretching or deforming
      in response to extending or retracting of the waveguide. Also, since the
      corrugations may be formed without any thinning or distortion of the
      original workpiece, the resulting corrugated waveguide has the same
      thickness throughout as the original uncorrugated workpiece.
PAR  The corrugated waveguide of this invention may be formed with two or more
      sides. For example, there may be four such corrugated sides, each side
      having a plurality of corrugations and each such side intersecting with
      two other sides at a plurality of corners to form a rectangular waveguide
      150, FIG. 17. Corrugated waveguide 150 includes four sides, 100, 102, 100'
      and 102' and four groups of corrugated segments 62, 62', 62", 62'" and 64,
      64',64", 64'", and 62a, 62a', 62a", 62a'", and 64a, 64a', 64a", and 64a'",
      respectively. In FIG. 17 segments 64, 64', 64", 64'" and segments 64a,
      64a', 64a", 64a'" are foreshortened at each end while segments 62, 62',
      62", 62'" and segments 62a, 62a', 62a", 62a'" are foreshortened at neither
      end, but this is not a limitation of the invention: for example, each
      segment may be foreshortened at one end and not the other to form a corner
      at its intersection with the end of the corresponding segment. The neat,
      geometric construction of waveguide 150 enables its dimensions, both inner
      and outer, to be formed with predictable accuracy which is of considerable
      advantage in waveguides. In addition, any corrugation depth, pitch, and
      ratio of depth to pitch may be provided by using the formable corner of
      this invention, enabling the design of corrugated waveguides with any
      desired bending characteristics. Moreover, the substantially uniform wall
      thickness of the corrugated element provides an improved bending life over
      corrugated structures made by other techniques.
PAR  Thus far the only corrugations shown to illustrate the invention have had a
      generally triangular or V-shaped cross-section, but this is not a
      limitation of the invention. In FIG. 18, where like parts have been given
      like numbers, waveguide 152 is shown with second section 70 of FIG. 8
      severed to form two second sections 70' and 70" interconnected by a web
      154 and second sections 72 of FIG. 8 severed to form two second sections
      72' and 72" interconnected by a web 156. Thus in waveguide 152 alternate
      portions still have triangular or V-shaped cross-sections while those in
      between have a flat or rectangular cross-section. In FIG. 18 it is the
      root which retains the triangular cross-section while the crests assume
      the flat cross-section. However, in FIG. 19 the converse is true where
      first section 68 has been severed creating two sections 68' and 68"
      interconnected by a web 160 such that in waveguide 158, FIG. 19, the roots
      are flat bottomed while the crests have a triangular or inverted V-shaped
      cross-section. Finally in FIG. 20 it is shown that none of the
      corrugations need have triangular or V-shaped cross-section: in FIG. 20
      each of them has a rectangular or approximately rectangular cross-section
      with sloping sides.
PAR  In each of the illustrations of FIGS. 18, 19 and 20 all of the
      foreshortened corrugation segments are contained on one part which
      intersects with another part which contains a corresponding number of
      corrugation segments none of which is foreshortened, but this is not a
      limitation of the invention. In FIG. 21 two corrugated sides 170 and 172
      intersect forming a plurality of corners 174, 176, 178, 180 such that at
      corners 174 and 178 the foreshortened segments 182 and 186, respectively,
      are on side 170 whereas at corners 176 and 180 the foreshortened segments
      184 and 188, respectively, are on side 172.
PAR  Although the invention is of greatest utility in connection with coilable
      long-length rectangular waveguide, in its broader aspects it may be
      utilized in waveguide of other cross-sectional shapes having intersecting
      walls, particularly the various shapes heretofore proposed to procure
      greater useful bandwidth than can be obtained with elliptical guide. The
      corrugation patterns described may of course be employed to produce sharp
      internal angles other than a right angle, while at the same time producing
      a strong external corner or wall-intersection. For example, in FIG. 21
      (A), (B), (C), and (D) there are shown a few of the many different shapes
      of waveguides which may be made according to this invention. None of the
      structures according to this invention is limited to the use of strictly
      straight segments as curved segments may be desirable, and are suitably
      interconnected at their points of intersection by a corner according to
      this invention. In FIG. 21 (A) is shown a waveguide 230 which includes two
      sets of curved segments 232 and 234 which intersect at two sets of corners
      236 and 238; each of the segments in set 232 and each of the segments in
      set 234 is foreshortened at one end. In FIG. 21 (B) waveguide 240 of
      triangular cross-section includes three sets 242, 244 and 246 of straight
      segments which intersect in corners 248, 250 and 252. Each of the segments
      in each of set 242, 244 and 246 is foreshortened at one end only. A
      rectangular waveguide 254, FIG. 21 (C) includes four sets of segments 256,
      258, 260 and 262. Each of the segments in sets 258 and 262 is
      foreshortened at each of its ends whereas none of the segments in sets 256
      and 260 is foreshortened at either of its ends. In the final illustrative
      example, FIG. 21 (D), waveguide 264 has a polygonal cross-section
      including eight sets of segments 266, 268, 270, 272, 274, 276, 278 and
      280. Each of the segments in each of those sets is foreshortened at one
      end only.
PAR  In each of the figures the corners shown have sharp edges but this is not a
      necessary limitation of the invention. For example, if it is desired the
      corner structure may be made less severe and sharp such as when such
      sharpness would severely weaken the material. Such a rounded corner may be
      constructed by providing space between the triangular areas 110, 112 and
      webs 80, 82 which are in contact in FIG. 11. This rounding may be
      illustrated in FIG. 15 by simply providing a space between the section
      part extending between points 132 and 134 and the section part extending
      between points 134 and 136.
PAR  In addition, it is not necessary to use a starting tube which has sharp
      edges such as illustrated in FIG. 17 to make the corrugated waveguide
      according to this invention, as it can be made using tubes having rounded
      edges or no clearly defined edges. Indeed, it is generally preferred to
      start with a tube having a circular cross-section.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of producing continuous lengths of coilable corrugated
      waveguide of a rectangular cross-sectional shape having intersecting
      walls, said method comprising the steps of forming a smooth-wall tube of
      electrically conductive metal with approximately the desired
      cross-sectional shape and with a substantially uniform wall thickness
      along the entire length and around the entire periphery thereof, and
      transversely corrugating the intersecting walls of said tube along crest
      and root lines that form a substantially constant perimeter length around
      any cross-section of the corrugated tube taken perpendicular to the axis
      of the tube at any point along the length of the tube, the depth of the
      corrugations being substantially smaller than the internal dimensions of
      the tube and substantially equal on all sides of the tube.
NUM  2.
PAR  2. The method of claim 1 wherein said corrugating step forms corrugations
      of intersecting walls which are offset at their intersection so that the
      crests of the corrugations of one of the intersecting walls meet the roots
      of the corrugations of the other wall and with the depth of the
      corrugations being substantially smaller than the internal dimensions of
      said tube, the wall-intersection shape of the longitudinally unobstructed
      interior being a sharp angle and the exterior including a zigzag crest
      connecting the ends of the corrugation crests of the intersecting walls.
NUM  3.
PAR  3. The method of claim 2 wherein said rectangular waveguide has a width
      approximately twice its height.
NUM  4.
PAR  4. The method of claim 1 wherein said smooth-wall tube is formed from an
      elongated flat strip of metal, having the longitudinal edges thereof
      joined to each other.
NUM  5.
PAR  5. The method of claim 1 wherein said metal tube has a wall thickness of
      from 0.01 inch to 0.05 inch.
NUM  6.
PAR  6. The method of claim 1 wherein said corrugating step forms corrugations
      aligned with each other in each pair of intersecting side walls, the walls
      of one corrugation in each intersecting pair of corrugations being folded
      outwardly alongside the walls of the other corrugation in that pair
      beginning at the line of intersection of that pair of corrugations.
NUM  7.
PAR  7. The method of claim 6 wherein the crests and roots of the corrugations
      are all substantially V-shaped in cross-section.
NUM  8.
PAR  8. The method of claim 6 wherein the roots of the corrugations are
      substantially V-shaped in cross-section and the crests of the corrugations
      are substantially flat on the tops thereof.
NUM  9.
PAR  9. The method of claim 6 wherein the crests of the corrugations are
      substantially V-shaped in cross-section and the roots are substantially
      flat in the bottoms thereof.
NUM  10.
PAR  10. The method of claim 6 wherein the crests of the corrugations are
      substantially flat on the tops thereof and the roots are substantially
      flat in the bottoms thereof.
NUM  11.
PAR  11. The method of claim 6 wherein alternate intersecting pairs of
      corrugations have the walls of the corrugations in a first side wall
      folded outwardly alongside the walls of the corrugations in a second side
      wall, and the intervening pairs of corrugations have the walls of the
      corrugations in said second side wall folded outwardly alongside the walls
      of the corrugations in said first side wall.
NUM  12.
PAR  12. The method of claim 1 wherein said corrugating step forms at least
      first and second sets of corners, each corrugated side wall forming a
      plurality of first sections and plurality of second sections spaced from
      said first sections,
PA1  the ends of said second sections of first side wall being joined with the
      ends of said second sections of a second side wall to form a portion of
      the corners,
PA1  another portion of each corner being formed by a first section of one of
      said sides foreshortened by a predetermined amount dependent on the angle
      of intersection and the depth of the corrugations in said side walls,
PA1  the end of said foreshortened first section intersecting one of the said
      first sections of the other side wall at a distance from the end of that
      section,
PA1  the portion of said foreshortened section removed from the extent of that
      section being folded back double along the corresponding first section of
      the other side wall from the end of that other first section back to the
      place where the end of the foreshortened section intersects that
      corresponding first section of the other side wall.
NUM  13.
PAR  13. The method of claim 12 in which each of the foreshortened first
      sections occur as the said first sections on the same one of said sides.
NUM  14.
PAR  14. The method of claim 12 in which some of said foreshortened first
      sections are on one of said sides and some are on the other.
NUM  15.
PAR  15. The method of claim 12 in which there are at least three sets of
      corners and each of said sections is straight.
NUM  16.
PAR  16. The method of claim 12 in which each of said sections is interconnected
      by a web to adjacent sections.
NUM  17.
PAR  17. The method of claim 16 in which each of said webs and sections are of
      approximately uniform thickness.
NUM  18.
PAR  18. The method of claim 12 in which all of said first sections of a said
      side are at a first level and all of said second sections are at a second
      level.
NUM  19.
PAR  19. The method of claim 18 in which the distance between the first level of
      said first sections and said second level of said second sections in each
      side is the same as the distance between said first level of said first
      sections and said second level of said second sections in every other
      side.
NUM  20.
PAR  20. A method of producing continuous lengths of coilable corrugated
      waveguide of rectangular cross-sectional shape, said method comprising the
      steps of:
PA1  a. forming a continuous flat strip of electrically conductive metal into a
      smooth-wall metal tube with approximately a rectangular cross-sectional
      shape, and with the longitudinal edges of the strip joined to each other,
      said strip having a thickness of from 0.01 inch to 0.05 inch,
PA1  b. and transversely corrugating said tube to form corrugations of adjacent
      intersecting walls which are offset at their intersection so that the
      crests of the corrugations of one of the intersecting walls meet the roots
      of the corrugations of the other wall and with the depth of the
      corrugations being substantially smaller than the internal dimensions of
      said tube and substantially equal on all sides of the tube, the
      wall-intersection shape of the longitudinally unobstructed interior being
      a sharp angle and the exterior including a zigzag crest connecting the
      ends of the corrugation crests of the intersecting walls.
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ABST
PAL  An applicator is provided for inserting a terminal in a hole in a circuit
      board comprising terminal insertion tooling, having an elongated insertion
      blade and a pair of preloaded spring fingers, and an anvil including a
      retractable locating and gauging pin surrounded by an actuator collar. A
      hole in a circuit board is positioned on the locator pin and the circuit
      board depressed against the actuator collar. The locating pin is
      retracted. A ram extends the terminal insertion tooling. The preloaded
      spring fingers hold the terminal in alignment with a hole in the circuit
      board and the tool inserts the terminal into the hole. The insertion tool
      is then retracted and the retractable locating pin is extended to permit
      positioning of another circuit board hole on the locating pin and
      subsequent insertion of another terminal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The invention relates to applicators for inserting terminals into holes in
      a circuit board.
PAR  Description of the Prior Art
PAR  Applicators for mounting terminals on circuit boards using an extendable
      ram are disclosed in U.S. Pat. No. 3,307,224; U.S. Pat. No. 3,538,581;
      U.S. Pat. No. 3,571,924 and U.S. Pat. No. 3,605,237; wherein the terminals
      are carried on a strip and are fed to a cutoff or work position. A
      terminal applicator including an elongated pivotal feed arm is described
      in U.S. Pat. No. 3,797,091, wherein a spring back locating pin is
      positioned in a circuit board hole to assure accurate location of the hole
      on the axis of an extendable ram.
PAR  The terminal applicator of the present invention is distinguished from the
      above patents and the prior art by the retractable locating and gauging
      pin and surrounding actuator collar, and the terminal insertion tooling
      having preloaded spring fingers against the elongated insertion blade.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an applicator is provided for inserting
      a terminal in a hole in a circuit board, comprising a frame including a
      base, an anvil mounted on the base, terminal insertion means mounted on
      the frame above the anvil, feed means mounted on the frame to one side of
      the terminal insertion means, and an extendable ram mounted on the frame
      for driving the terminal insertion means.
PAR  Preferably, the anvil includes a retractable locating pin surrounded by an
      actuator collar, wherein when a hole in a circuit board is positioned on
      the locator pin and the circuit board depressed against the surrounding
      actuator collar, the ram extends the terminal insertion means and the
      locating pin is retracted for insertion of the terminal into the circuit
      board hole.
PAR  Preferably, the applicator of the present invention comprises terminal
      insertion means including a pair of elongated, preloaded, tapered, spring
      fingers on either side of an elongated insertion blade connected to the
      extendable ram.
PAR  Preferably, control means is provided for sequentially actuating the ram
      and rapidly retracting the locating pin prior to insertion of a terminal
      into the hole in the circuit board, and to delay extending the locating
      pin after the ram and terminal insertion means are retracted until the
      circuit board hole and inserted terminal is clear of the locating pin and
      actuator collar.
PAR  The terminal applicator of the present invention provides for accurately
      and reliably locating a hole in a circuit board in axial alignment with
      the terminal insertion means. The locating pin pilots the hole for
      receiving a terminal and the surrounding collar actuates control means
      which extends the terminal insertion means and rapidly retracts the
      locating pin. This results in improved efficiency for semi-automatic
      operation where an operator manually locates a circuit board hole for
      receiving a terminal. Also, it provides for completely automatic
      operation, wherein the circuit board holes may be located on the pin by
      automatic means, e.g. numerical controls. Additionally, the precise
      alignment of the circuit board hole with the terminal insertion means
      provides for accurate insertion of the terminals and minimizes damage to
      the interior surfaces of the hole in the circuit board.
PAR  The applicator of the present invention is particularly useful for applying
      circuit board sockets of the type described in U.S. Pat. No. 3,681,738, in
      which, the inner legs of a M-shaped spring contact are confined within a
      socket body with the connecting bight portion therebetween adjacent the
      closed end of the body and the outer legs of the spring contact extending
      along the exterior of the socket body. The spring fingers which are
      preloaded against the insertion blade provide a significant technical
      advantage by securely gripping the circuit socket and positively retaining
      it in the proper orientation for insertion into a circuit board hole
      during severing of the terminal from a carrier strip and extension of the
      tooling. The fingers constrain the portions of the spring contact along
      the exterior of the socket body for insertion in the circuit board hole,
      and prevent the free ends of the spring from being engaged by the
      perimeter of the hole.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a preferred embodiment of the terminal applicator
      of the present invention.
PAR  FIG. 2 is a side view of the terminal applicator of FIG. 1.
PAR  FIG. 3 is a front view in detail of the terminal insertion means and feed
      means of the applicator of FIG. 1.
PAR  FIG. 3 (a) is a sectional view in detail of a drag shoe and carrier strip
      feed path of the terminal applicator taken along line 3a--3a of FIG. 1.
PAR  FIG. 4 is a sectional view in detail of the terminal insertion means taken
      along line 4--4 of FIG. 3.
PAR  FIG. 5 is a sectional view of the anvil of the terminal applicator taken
      along line 5--5 of FIG. 1.
PAR  FIG. 6 is a top view of the anvil of FIG. 5.
PAR  FIG. 7 is a side view in detail of the insertion tooling assembly of the
      terminal applicator.
PAR  FIG. 8 is a front view along line 8--8 of the tooling assembly of FIG. 7.
PAR  FIG. 9 is a sectional view of the tooling assembly along line 9--9 of FIG.
      3.
PAR  FIG. 10 illustrates the insertion tooling positioning a terminal in a hole
      in a circuit board.
PAR  FIG. 11 illustrates the insertion of the terminal in the hole in the
      circuit board.
PAR  FIG. 12 illustrates an electrical schematic of the applicator of FIG. 1.
PAR  FIG. 13 illustrates a pneumatic schematic of the applicator of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  A preferred embodiment of the invention is described below with reference
      to the attached figures wherein the same numerals are used throughout for
      illustrating the same elements.
PAR  The terminal applicator of the present invention comprises a C-frame 10
      including a base 12 and an upper frame arm 14. An anvil assembly 16
      including a locating pin and actuator assembly 18 is mounted on the base
      12 of the C-frame 10. A head assembly 20 including terminal insertion
      tooling 22 and feed means 24 is mounted on the frame arm 14 of the frame
      10 above anvil 16. An extendable arm assembly 26 is mounted on arm 14 of
      the frame 10 and connected to the head assembly 20. A feed reel mounting
      assembly 28 is mounted on arm 14 of the frame 10.
PAR  The general operation of the terminal applicator may be readily understood
      with reference to FIGS. 1, 2, 10 and 11 in the attached drawings. A hole H
      in a circuit board B is positioned on the locating pin and actuator
      assembly 18 of the anvil assembly 16. Depression of the actuator assembly
      18 actuates the control means which rapidly retracts the locating pin into
      the anvil assembly 16 and extends the ram assembly 26 connected to head
      assembly 20. The ram assembly 26 drives the insertion tooling downward.
      The insertion tooling 22 grasp terminal T, severs the terminal from the
      carrier strip S, and pilots and inserts the terminal T in hole H in the
      circuit board B. The ram assembly 26 and the insertion tooling 20 are
      retracted. The locating pin assembly 18 is extended. The board B is
      repositioned to place another hole H over the pin and actuator assembly
      18. The board is depressed against the actuator and the cycle described
      above is repeated to insert another terminal T into another hole H in the
      circuit board B.
PAR  With particular reference to FIG. 5, anvil assembly block 30 is mounted on
      base 12 of the frame 10. The block 30 has upper and lower recesses 31 and
      32 for mounting locator pin and actuator assembly 18 and air cylinder 34.
      Piston rod 38 connects piston 36 of air cylinder 34 to the locating pin
      holder 42. Pin 40 is mounted in the holder 42. A bushing 44 is mounted in
      upper recess 31 for guiding the pin holder 42. The actuator collar 46 is
      connected to a flange 48 which connects collar 46 to sleeve 50. Sleeve 50
      is slidably mounted over bushing 44. A spring 52 is disposed around sleeve
      50 between the flange 48 and the bottom of recess 31. The spring 52 biases
      the flange towards cover plate 54 mounted on block 30. Radial ribs 56 on
      flange 48 provide a space between the flange 50 and the bottom of the
      cover plate 54. The space prevents any debris from altering the height of
      the collar 46. The actuator collar 46 extends through a hole 55 in the
      cover plate 54 and surrounds the locating pin 40. Pin 40 extends up beyond
      the collar 46. A switch 56 is mounted on bracket 59 on the underside of
      cover plate 54. A switch push button 57 is positioned below flange 48 for
      engagement by flange 48 when the actuator collar 46 is depressed.
PAR  With particular reference to FIGS. 1, 2, 3 and 4, a ram air cylinder 60 is
      mounted on bracket 62 on block 63 on upper frame member 14 of frame 10.
      Nut 64 secures the cylinder 60 in bracket 62. Ram 68 mounted on piston rod
      66 of air cylinder 60 is connected to a push block 100 in the head
      assembly 20. An actuator rod 70 is connected to the air piston 61 on the
      retraction side of air cylinder 60. A bushing 72 is provided on top of air
      cylinder 60 for guiding the actuator rod 70. Tooling down limit switch 80
      is mounted on bracket 84 connected to arm member 14 of frame 10. A cap 74
      is mounted on the end of rod 70 for engaging the roller 81 on switch arm
      82. A pressure switch 86 is mounted on bracket 85 connected to bracket 84
      and is pneumatically connected to the extension side of air cylinder 60.
PAR  A feed reel bracket 90 extends from the side of frame 14. Reel shaft 92 is
      mounted on the bracket 90 for holding a reel of terminals. A bouncer plate
      94 is mounted on bracket 90 and guides a strip S of terminals T to the
      head assembly 20.
PAR  The head assembly 20 includes push block 100 connected to ram 68 on piston
      rod 66 of air cylinder 60. The push block 100 is slidably mounted in
      groove 101 in guide member 104 mounted on back plate 106. A slot 102
      extends from groove 101 to the front of guide member 104. Back plate 106
      is mounted on bracket 108 mounted on arm member 14 of frame 10.
PAR  Feed means 24 includes a feed arm 112 pivotally mounted on a pivot pin 114
      on back plate 106. A spring 116 is connected between feed arm 112 and the
      ram guide member 104. A feed arm guide 118 is mounted on the back plate
      106. A spring biased feed pawl 122 is mounted on shaft 119. Spring 120 on
      shaft 119 biases the feed pawl and is retained on the shaft by spring
      retainer block 123. A strip guide plate 126 is connected to back plate
      106. Groove 128 in guide plate 126 receives a strip S of terminals T, and
      provides a path for feeding the terminals T to an insertion station. A
      feed guide plate 127 is mounted on the bottom of guide plate 126. A spring
      biased drag shoe 132 is mounted on shaft 133 mounted in block 130 on guide
      plate 126. Spring 134 is provided on shaft 133 and retained by spring
      retainer block 136. Knurled ends 138 are provided on shafts 119 and 133. A
      box cam 140 having cam slot 142 is mounted to the push block 100. An
      eccentric shaft 144 on the feed arm 112 is disposed in cam slot 142. Nut
      146 locks the rotated position of eccentric shaft 144 in cam slot 142 on
      feed arm 112.
PAR  With particular reference to FIGS. 7, 8, 9, 10 and 11, the insertion
      tooling assembly 22 includes mount 150, an elongated shear blade 152 and a
      pair of tapered, spring fingers 154 and 156. Each spring finger 154, 156
      is preloaded against the shear blade 152. The shear blade 152 has a base
      158 with a pair of spaced cross members 160 and 162. Shaft 164 extends
      from the base 158 of the shear blade 152 between fingers 154, 156. A
      widened section 166 is provided on the free end 168 of shaft 164 of shear
      blade 152. The face of section 166 has a groove 170 spaced inwardly from
      the cutting edge 172. The shear blade 152 is fixedly connected to push
      block 100 by cross member 160 which is received by slots 174 in the block
      100. Mount 150 is connected to the block 100 through the cross member 162
      of the shear blade 152 which is received in slots 175 of mount 150. Slots
      175 are wider than cross member 156. Spring 176 in recess 178 of the mount
      150 and recess 179 of the push block 100 biases the mount 150 away from
      the block 100. Tabs 180, 181 in mount 150 engage slots 182, 183 in the
      bases 184, 185 of each finger and fixedly mount fingers 154 and 156 to the
      mount 150. The spring fingers are overloaded, and in the absence of
      preloading against the shear blade shaft 164 of widened section 166 of
      shear blade 152, the fingers 154, 156 engage each other when mounted in
      mount 150. The ends 192, 194 of each of the fingers 154, 156 include
      longitudinal recesses 186, 187 and, respectively, cam surfaces 188, 190
      spaced inward from each end 192, 194 for engagement by the widened section
      166 of shear blade 152 and spreading the fingers 154, 156 during insertion
      of the terminal. Lateral rectangular recess 196, 198 are provided on each
      end 192, 194 of each finger 154, 156 to provide for receiving the
      terminals T and securing them on four sides. The mount 150 has a tongue
      member 200 which is slidably received in slot 102 of guide member 104. An
      adjustable stop member 202 may be provided in tongue 200 for engaging the
      end of slot 102 and adjusting the extension stroke of mount 150, insertion
      member 152, and fingers 154 and 156.
PAR  A shear plate 210 is mounted beneath cutting edge 172 of shear blade 166 on
      strip guide plate 126.
PAR  A scrap tube 212 is mounted in holder 214 mounted on base 10. A locator
      light 216 is mounted on bracket 218 connected to frame 14.
PAR  The detailed operation of the apparatus of the invention can be readily
      understood with reference to the drawings, particularly the electrical and
      pneumatic schematics of FIGS. 12 and 13, and the description which
      follows.
PAR  A strip S of terminals T is supplied from reel R mounted on shaft 92. Strip
      S is guided around the bouncer plate 94 and threaded through groove 128 of
      the strip guide plate 126. The carrier strip S with the terminals T
      attached thereto is threaded under drag shoe 132, feed pawl 122 and into
      the scrap tube 212.
PAR  A circuit board B having a hole H for receiving a terminal T is manually
      positioned over anvil assembly 16. The hole H is placed over the locator
      pin 40. The board is depressed against collar 46. The collar 46 is moved
      downward, and flange 48 engages push button 57 of switch 56 switching form
      C contacts 236-1 and 236-2 connected to the input of multi-vibrator 232.
      An output signal from the multi-vibrator 232 energizes solenoid 242.
      Solenoid 242 shifts four-way air pilot valve 240 to connect the regulated
      air source 220 to the extension side of ram air cylinder 60, and vent the
      retraction side of cylinder 60. Actuator rod 70 connected to the air
      piston 61 of air cylinder 60 engages the actuator cap 74 with roller 81 on
      switch arm 82 of limit switch 80. The normally open contact 224-1 of limit
      switch 80 is closed energizing relay 228. Normally open contact 228-1 of
      relay 228 energizes solenoid 235 which switches four-way air pilot valve
      238 to connect the regulated air source 220 to the retraction side of air
      cylinder 34 and vent the extension side of air cylinder 34. The locating
      pin 40 is rapidly retracted by air cylinder 34 in a race with the push
      block 100 which is driven downward by ram air cylinder 60. The push block
      100 drives the insertion tool assembly 22 and the box cam member 140
      downward. Preloaded, spring fingers 154 and 156 snap over the spring on
      either side of the terminal T. The cutting edge 172 of the shear blade 152
      engages the section of the carrier strip S connected to the terminal T
      against the shear plate 210 severing the terminal T from the carrier strip
      S. The terminal retainer spring fingers 154 and 156 hold terminal T in
      alignment with the hole H in the circuit board B. When air cylinder 60 is
      fully extended the terminal T is positioned into the hole H after the pin
      40 has been retracted. The spring loaded amount 150 and fingers 154 and
      156 are stopped when stop member 202 engages the end of slot 104.
PAR  The slot 168 in the face of shear blade 152 receives the springs on the
      terminal T and the face of the blade engages the rim of the terminal to
      avoid damage to the springs. The insertion member 152 which is fixedly
      connected to the push block 100 extends the widened section 166 of shear
      blade 152 and engages against cam surfaces 188, 190 to spread spring
      fingers 154 and 156 and seat the terminal T into the hole H.
PAR  Pressure switch 86 connected to air cylinder 60 is closed when the ram is
      fully extended and the shear blade 152 has inserted the terminal T in hole
      H. The shaft 144 disposed in cam slot 142 of the box cam 140 pivots the
      feed arm 112 drawing the feed pawl 122 back along the carrier strip S and
      engages a subsequent pilot hole in the carrier strip S.
PAR  Pressure switch 86 closes normally open contact 246-1 and energizes
      solenoid 243. Solenoid 243 shifts four-way air pilot valve 240 to connect
      the regulated air source 220 to the retraction side and vent the extension
      side of air cylinder 60. Ram air cylinder 60 retracts the push block 100
      and the tooling 22 and box cam 140. Cam slot 142 advances feed arm 112 and
      feed pawl 122 feeds another terminal T to the insertion station in axial
      alignment with the insertion tooling 22. Cap 74 on actuator rod 70
      connected to air piston 61 of air cylinder 60 disengages switch arm 82 of
      limit switch 80 opening normally open contact 224-1 and deenergizing relay
      228. Timer 230 which is started by switching normally open contact 228-3
      of relay 228 delays extension of locator pin 40 until contact 230-1 closes
      and through contact 228-2 energizes solenoid 234. Solenoid 234 shifts
      four-way air pilot valve 238 to connect the air source 220 to the
      extension side of air cylinder 34 and vent the retraction side of the air
      cylinder 34. The timer 230 is adjusted by potentiometer 230-2 to provide a
      sufficient time lapse, between the retraction of tooling 22 and the
      extension of the locator pin 40, to enable an operator to lift the board
      clear of the anvil assembly 16.
PAR  Flow control valves 252 are provided in the air lines on the extension side
      and retraction side of air cylinder 60 and the retraction side of air
      cylinder 34. A dump valve 254 is provided in the air line to the extension
      side of air cylinder 34 to provide rapid exhaust of the air from the
      retraction side and insure the locator pin is retracted more rapidly than
      the extension of the insertion tooling.
PAR  The terminal applicator of the present invention can be readily adapted for
      inserting various sizes and shaped electrical terminals into holes in a
      circuit board. While the above-descriptioned and attached drawings
      illustrate a preferred embodiment of the applicator of the invention, it
      is apparent that other embodiments and modifications are equivalent and
      will be apparent to one skilled in the art; therefore the invention is not
      to be limited except by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for applying a terminal into a hole in a circuit board,
      comprising;
PA1  a frame,
PA1  an anvil mounted on said frame for receiving a circuit board, said anvil
      including a retractable pin for locating a hole in a circuit board and an
      actuator member adjacent said pin for engagement by the circuit board when
      the hole is located on said pin,
PA1  means mounted on said frame for inserting the terminal into a hole in the
      circuit board, said means including an elongated insertion member and
      tapered spring terminal holding fingers preloaded against each side of
      said member for gripping and positioning a terminal in axial alignment
      with the hole in the circuit board and said pin,
PA1  means for extending toward said anvil said means for inserting the terminal
      into the hole in the circuit board,
PA1  means for retracting said locating pin, and
PA1  control means actuatable by moving the circuit board against said actuator
      member adjacent said pin for retracting said pin from the hole in the
      circuit board and for extending said means for inserting the terminal into
      the hole in the circuit board.
NUM  2.
PAR  2. An apparatus, as recited in claim 1, wherein said control means retracts
      said locating pin more rapidly than the means for inserting the terminal
      is extended.
NUM  3.
PAR  3. An apparatus, as recited in claim 1, wherein said control means delays
      extension of said retractable pin a period of time for removal of the
      circuit board from the anvil.
NUM  4.
PAR  4. An apparatus, as recited in claim 1, wherein said insertion member
      includes a widened shear blade on a free end thereof for spreading said
      preloaded spring fingers during insertion of the terminal into the hole.
NUM  5.
PAR  5. An apparatus, as recited in claim 1, wherein said actuator member
      comprises a collar surrounding said locator pin.
NUM  6.
PAR  6. An apparatus for applying a terminal into a hole in a circuit board,
      comprising:
PA1  a frame,
PA1  an anvil mounted on said frame for receiving a circuit board, said anvil
      including a retractable pin for locating a hole in a circuit board and an
      actuator member adjacent said pin for engagement by the circuit board when
      the circuit board is located on said pin,
PA1  means mounted on said frame for inserting a terminal into a hole in a
      circuit board in axial alignment with said pin,
PA1  means for extending said means for inserting the terminal in the hole in
      the circuit board toward said anvil,
PA1  means for retracting said pin, and
PA1  control means actuatable by moving the circuit board against said actuator
      member adjacent said pin for retracting said pin from the hole in said
      circuit board more rapidly than extending said means for inserting said
      terminal and positioning a terminal into the hole in the circuit board.
NUM  7.
PAR  7. An apparatus, as recited in claim 6, wherein said control means delays
      extension of said retractable pin a period of time for removal of the
      circuit board from the anvil.
NUM  8.
PAR  8. An apparatus, as recited in claim 6, wherein said actuator member
      comprises a collar surrounding said locator pin.
NUM  9.
PAR  9. An apparatus, as recited in claim 6, wherein said anvil additionally
      comprises a plate having an opening therein for said pin and said actuator
      member, and said actuator member is connected to a flange which is spring
      loaded against the underside of said plate.
NUM  10.
PAR  10. An apparatus, as recited in claim 9, additionally comprising means for
      providing a space between said flange and the underside of said plate for
      permitting egress of debris from between said flange and said underside of
      said plate.
NUM  11.
PAR  11. An apparatus, as recited in claim 10, wherein said means for providing
      a space comprises a plurality of radial ribs on said flange.
NUM  12.
PAR  12. An appratus for applying a terminal in a hole in a circuit board,
      comprising;
PA1  a frame,
PA1  means mounted on said frame for receiving a circuit board,
PA1  means mounted on said frame for inserting a terminal in a hole in the
      circuit board including an elongated insertion member and a pair of
      tapered, spring fingers, each finger on the side of and preloaded against
      said member for holding and positioning a terminal in axial alignment with
      one hole in the circuit board, and
PA1  means for extending said means for inserting the terminal in the hole in
      the circuit board.
NUM  13.
PAR  13. An apparatus, as recited in claim 12 additionally comprising means for
      feeding a plurality of terminals attached to a carrier strip to an
      insertion station in axial alignment with said means for inserting the
      terminal in a hole in the circuit board.
NUM  14.
PAR  14. An apparatus, as recited in claim 12, wherein said insertion member
      includes a widened shear blade on the free end thereof for spreading the
      preloaded spring fingers duing insertion of the terminal into the hole.
NUM  15.
PAR  15. An apparatus, as recited in claim 14, wherein each of said spring
      fingers includes a longitudinal recess having a cam surface, and said
      widened shear blade engages said cam surface to spread said fingers for
      insertion of the terminal in the circuit board.
NUM  16.
PAR  16. An apparatus, as recited in claim 9, wherein said elongated insertion
      member is fixedly connected to said means for extending said means for
      inserting the terminal and said fingers are slidably mounted to said means
      for inserting the terminal, and said insertion member is extendable
      between said spring fingers.
NUM  17.
PAR  17. An apparatus, as recited in claim 16, wherein said slidably mounted
      spring fingers are spring loaded against said means for extending said
      means for inserting the terminal.
NUM  18.
PAR  18. A method for positioning a hole in a circuit board for receiving a
      terminal, comprising the steps of
PA1  positioning the hole in the circuit board over a locating pin,
PA1  depressing the circuit board against an actuator member adjacent the
      locating pin,
PA1  retracting the locating pin from the hole in the circuit board to vacate
      the hole,
PA1  inserting a terminal into the vacated hole in the circuit board.
NUM  19.
PAR  19. A method, as recited in claim 18, additionally comprising the steps of
PA1  lifting the circuit board clear of the actuator member, and
PA1  extending the locating pin for positioning another hole in the circuit
      board over said locating pin.
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ABST
PAL  An apparatus for use in attaching multi-conductor flat cable to an
      electrical connector having conductor receiving portions facing in
      opposite directions is disclosed. The apparatus employs a movable ram
      which moves through multiple strokes to perform all of the necessary
      steps. A movable connector holder is utilized so that cables may be
      attached to opposite faces of the connector by using only a single movable
      ram.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to the attachment of electrical conductors to
      multi-contact electrical connectors. An apparatus is presented which
      enables all of the steps necessary for such attachment to be accomplished
      by the movement of punching and inserting means into and out of a central
      work zone.
PAR  2. Description of Prior Art
PAR  U.S. Pat. applications Ser. Nos. 368,387 and 413,092 disclose a method of
      making an electrical connection between a multi-contact connector and a
      multi-conductor flat cable. These applications both show a connector
      scheme composed of three elements; a multi-contact electrical connector, a
      multi-conductor flat cable, and a series of stuffer pins. The apparatus
      disclosed and claimed herein is a tool which is capable of forming a
      complete assembly composed of these three elements. The subject apparatus
      employs opposed punching and insertion means together with an intermediate
      connector holding means. Only one set of punching and insertion means are
      movable. A movable connector holding means is employed so that the other
      set of cooperating punching means and inserting means may remain
      stationary. U.S. application Ser. No. 479,380 now U.S. Pat. No. 3,886,641
      discloses a tool having one movable insertion means and a movable
      intermediate connector holding means. That application, however, does not
      disclose a tool having a multiplicity of cooperating elements present with
      the instant invention. The presence of the three component elements
      necessitates a structure allowing access from several directions to a
      central working zone where all of the operations are accomplished. The
      instant invention permits such access.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention employs a movable ram means, a fixed base means and an
      intermediate movable connector holding means all dispersed around a
      central working zone. The base has a movable die and a fixed insertion
      punch. A flat cable, a stuffer strip and a multi-contact electrical
      connector may be brought together in this working zone, where all of the
      required operations may be performed by actuation of a single movable ram
      means. Flat cable may be prepared for attachment and attached to the
      connector by multiple strokes of a single movable ram.
PAR  It is an object of this invention to supply a single tool to perform all
      the necessary steps to attach an electrical connector to the end of a flat
      cable. It is a further object of this invention to provide a tool which
      can attach flat cables on opposite surfaces of a connector in one
      operation. Another object of this invention is to attach three separate
      elements; a stuffer pin strip, a flat cable and an electrical connector in
      one operation without the need of previously joining the stuffer pin strip
      to the flat cable. One other object of this invention is to furnish a tool
      which can prepare the flat cable for attachment to the connector as well
      as perform the actual attachment, all through essentially the same action.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a half section of the insertion apparatus.
PAR  FIG. 2 shows the three elements of the final cable-connector assembly. FIG.
      2 has been sub-divided into FIGS. 2A, 2B, and 2C, each sub-division
      showing a separate element.
PAR  FIG. 3 shows a close-up of the aligned stuffer pins, the flat cable, and
      the conductor-receiving slots employed with the connector discussed
      herein.
PAR  FIG. 4 shows a connector with two flat cables attached to oppositely facing
      rows of contact terminals.
PAR  FIG. 5 is a section showing a connector mounted in the connector holding
      means and the relative position of the movable die means.
PAR  FIG. 6 is a view similar to FIG. 5 but showing the position of the two
      insertion means and the connector upon full travel of a movable ram.
PAR  FIG. 7 is a plan view showing the connector holder, the fixed insertion
      means, and the movable die.
PAR  FIG. 8 is a fragmentary perspective view showing the action of the movable
      punch means and the die means which are used to remove insulation between
      adjacent conductors.
PAR  FIG. 9 shows the action of the insertion means with a prepared flat cable
      and a stuffer pin strip interposed between each insertion means and the
      adjacent row of contact terminals in the connector.
PAR  FIG. 10 shows the details of the clamshell jaws used to position the
      connector.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 2 shows the three elements which are joined together when a
      multi-contact electrical connector such as that shown is attached to the
      end of a flat cable. FIG. 2 has been sub-divided into FIGS. 2A, 2B, and 2C
      to simplify discussion of the separate elements.
PAR  The instant invention is directed to an apparatus for the achievement of
      improved electrical connections between the flat ribbon-like conductors 76
      of a flat cable 2 to the terminals of a connector described below. As
      shown in FIG. 2B, the flat conductors are contained in a web 78 of
      suitable insulating material such as Mylar polyethyleneterephthalate in
      parallel spaced apart relationship.
PAR  The connector 4 (FIGS. 2 and 4) comprises a housing 6 having a central body
      portion 7, a mating side 8, and a rearward side 10. Contact receiving
      cavities 12 extend leftwardly from the rearward side to the mating side
      and open onto the surfaces 14, 14' of a rib 13 which projects centrally
      from the body portion. As will be apparent from FIG. 2, the connector is
      substantially symmetrical about its horizontal center line and the same
      reference numerals, differentiated by prime marks, are used for the
      corresponding structural elements on the upper and lower sides of this
      center line. In the interest of brevity, only the upper portion of the
      connector is described in detail.
PAR  A hood 16 projects forwardly from body portion 7 in surrounding
      relationship to the rib 13, this hood being adapted to surround a
      complementary connector part when mated therewith.
PAR  The individual contact terminals 18 which are contained in the cavities 12
      have a central shank portion 20, a contact arm of reduced width 22 which
      extends from the shank, and a pair of spaced apart plate sections 24, 26
      on the rearward end of the shank. The plate sections are joined to each
      other at their upper ends by parallel straps 28 between which a conductor
      is moved into slots 30, 32 in the plate sections when the conductor is to
      be electrically connected to the terminal. These plate sections and the
      associated slots constitute the conductor receiving portion of this
      particular terminal.
PAR  A rib 34 projects from the rearward side of the housing and has a surface
      36 on which the shank portions 20 of the terminals are supported.
      Vertically extending barrier plates 38 extend upwardly from the surface 36
      and function to isolate the individual terminals each from the other. At
      their righthand ends, as viewed in FIG. 2, the dimensions of these barrier
      plates are such that their edges are beyond the plate sections 24, 26 and
      straps 28. The barriers are of reduced height adjacent to the body portion
      of the housing as shown at 40 and merge with a rearwardly facing surface
      42 which extends normally of the surface 36. Surface 42 merges with a
      ledge 44 which is parallel to surface 36 and this ledge in turn merges
      with another rearwardly facing surface 46 of the intermediate body portion
      7 of the housing.
PAR  When the conductors 76 are to be connected to the conductor receiving
      portions of the terminals 18, holes 80 are punched in the cable between
      adjacent conductors and the end portion of the cable is located adjacent
      to the rearwardly facing surface 46 of the housing with the individual
      conductors in alignment with the slots of the terminals as shown in FIG.
      3. A section of stuffer pin strip 86 is located relatively above the cable
      with stuffer pins 88 in alignment with the individual conductors. This
      stuffer pin strip (FIG. 2A) carries a plurality of spaced apart flat
      stuffer pins 88 having centrally enlarged portions 90. The pins have
      enlarged ends 92 which are bonded to spaced-apart parallel carrier strips
      94 of suitable plastic as described below.
PAR  When the electrical connections between the conductors and the terminals
      are formed, the stuffer pin strip and the conductors of the cable are
      simply moved downwardly as viewed in FIG. 3 and into the inner portions of
      the slots 30, 32. The edges of the slots penetrate the insulation on the
      under sides of the conductors and establish electrical contact therewith
      and the conductors become wrapped around the pins so that the pins
      maintain the conductors in contact with the edges of the slots.
PAR  Referring now to FIG. 2A, the stuffer pin strip can be manufactured by
      simply punching openings in a thin strip of sheet metal to form two
      metallic carrier strips 96 with the stuffer pins 88 integral with, and
      extending between, these carrier strips ladder-rung fashion. Pilot holes
      as shown are ordinarily punched in the carrier strips at the time of
      manufacture. The plastic carrier strips 94 are then bonded to the enlarged
      portions 92 of the stuffer pins 88 and the metallic carrier strips can
      then be removed by shearing the enlarged portions of the pins from these
      metallic carrier strips. The plastic carrier strips 94 are advantageously
      of Mylar (polyethyleneterephthalate) and are provided with a thin film
      (about 1 mil) of adhesive comprising a co-polymer of ethylene and acrylic
      acid. The enlarged portions of the stuffer pins can then be heat bonded to
      the carrier strips and the stuffer pins will thus be accurately positioned
      on the plastic carrier strips 94.
PAR  FIG. 1 is a half section view of a tool which may be used to attach flat
      cables to a multi-contact connector such as that shown in FIG. 2C. The
      tool 100 comprises a fixed base 102 with a rectangular central opening
      104. Base insertion means 108 is mounted in opening 104 and attached to
      the mutually adjacent support block 106. Base insertion means 108 thus
      extends through the opening 104 with the tool head 109 projecting above
      the upper surface of base 102. Tool head 109 is generally rectangular with
      three upwardly projecting ribs extending along the length of the tool
      head. The outer insertion ribs 112 and 112' both extend continuously along
      the length of the tool head. The center insertion rib 110 consists of a
      number of teeth equally spaced along the length of the tool head. The
      details of lower tool head 109 can also be seen in FIG. 9 which clearly
      shows a number of separate teeth 110.
PAR  A laterally extending rail 120 is located on the upper surface of the base
      102 immediately adjacent to central opening 104. Rail 120 extends beyond
      the rearward side of base 102 as shown in FIG. 1. A die 114 is mounted on
      slide 118 which is in turn mounted on rail 120. This die and slide
      assembly can then be moved along lateral rail 120 from the position shown
      in FIG. 1 to a position beside tool head 109. Die 114 has a number of
      side-by-side holes or slots 115 extending along its length. FIG. 1 does
      not show all of the details of the die and slide assembly. These details
      of the die are also shown in FIG. 8 which additionally shows a flat cable
      properly positioned with respect to the die. Die 114 is mounted on a
      support block 116. This places the die surface in elevated position with
      respect to tool head 109.
PAR  Connector holding means 122 is located above the upper surface of the base
      102 and on the side of central opening 104 across from the die 114.
      Connector holding means 122 extends along the length of tool head 109.
      Upper and lower clamshell jaws 124, 124' are located immediately adjacent
      to the tool head 109 and are of substantially the same length. These jaws
      are located on one end of support housing 134 and are rotatable due to the
      camming action described below. A movable piston 130 is located within
      support housing 134. Each clamshell jaw has a curved surface 128, the
      inner portions of which rest against upper and lower piston arms 132,
      132'. The upper portion of jaw 124, near the points of curvature 128,
      rests against the top wall 136 of housing 134. A similar situation exists
      with respect to lower jaw 124'. The jaws 124, 124' are thus slidably in
      contact with the piston arm and appropriate surfaces on the support
      housing. Movement of piston 130 to the right in FIG. 1 will cause jaws 124
      and 124' to rotate towards each other into a closed position. Piston 130
      can be moved to the right by rotating actuating lever 150. Rotation of
      lever 150 results in a rightward movement of shaft 144 due to the action
      of stationary camming surface 146 and rotatable camming surface 148. This
      camming action causes piston head 130 to move against the action of
      helical spring 140 located between the piston head 130 and rear housing
      wall 142.
PAR  Connector holding means 122 is mounted on a spring 151 shown in FIGS. 5 and
      6. This spring normally holds the connector holder a short distance above
      fixed base 102. The connector holder 122 can however be moved downward
      against the action of this spring. A support guide rod 152 is shown at the
      back side of connector holder 122 in FIG. 1. A substantially identical
      guide rod 152' would be located on the opposite side as can be seen from
      FIG. 7. These guide rods are located in guide channels 154. Movement of
      connector holder 122 is restricted by the channels to rectilinear motion
      parallel to the axes of these guide rods.
PAR  Ram means 155 is located above connector holder 122 as shown in FIG. 1.
      This ram means can be mounted on any suitable support and is movable
      towards and away from fixed base 102. Ram punching means 156 and ram
      insertion means 163 are both fixed to ram frame 160 in side-by-side
      relationship. Punching means 156 has a number of side-by-side teeth 158
      along its lower surface. These teeth 158 are spaced apart so as to be
      capable of mating with holes 115 in die 114 upon downward travel of ram
      155. Ram insertion means 163 has a tool head 165 which is substantially
      identical to the base tool head 109. Ram insertion means 155 and base
      insertion means 108 are located in the same plane but remain slightly
      spaced apart even upon full downward travel of ram 155.
PAR  FIG. 1 shows only half of the tool 100 but the complete tool is essentially
      symmetrical about the section shown. FIG. 7 shows a plan view of the tool
      when viewed along section 7. As mentioned earlier, the two guide rods 152,
      152' are shown. The upper clamshell jaw 124 is also shown. A partial view
      of a connector 4 contained within jaws 124, 124' is also shown. The right
      side of this connector has been broken away to reveal the lower tool head
      109. It can be seen that the teeth 110 are in alignment with the conductor
      receiving portions formed by slots 30 and 32 in connector 4. Die 114 has
      been positioned next to the lower insertion means 108 and the slots or
      holes 115 can be clearly seen.
PAR  The movable die 114, the base insertion means 108, the connector holding
      means 122, and the ram means 155 are positioned so that a working zone 170
      is formed at the center of the structure. Access to this central work zone
      is possible from a number of directions. With this apparatus such access
      is established along three orthogonal axes. A first orthogonal axis X
      extends from the work zone 170 past the base insertion means 108 as shown
      in FIG. 1. A flat cable 2 enters the work zone with the conductors
      extending in the direction of the first orthogonal axis X. The flat cable
      can either be placed in the die where holes 80 are punched preparatory to
      attachment to a connector as shown in FIG. 8 or two cables can be placed
      on opposite sides of a connector 4 between insertion means 108 and 164 as
      shown in FIG. 9. In both cases the flat cable extends in the direction of
      first orthogonal axis X throughout the operation. A second orthogonal axis
      Y extends from the work zone in the direction of movable ram means 155.
      Ram means 155 moves along this second orthogonal axis Y to perform both
      the hole punching and cable insertion operations necessary for the
      attachment of the flat cables to a connector. The connector holder 122,
      constrained by guide rods 152 and 152', moves only in the direction of the
      Y axis against the action of spring 151. The connector holder 122 is
      pushed downward by the movement of ram means 155 until the connector
      holder bottoms and cables can be inserted into oppositely facing
      conductor-receiving portions. The oppositely facing rows of
      conductor-receiving portions on connector 4 extend in the direction of a
      third orthogonal axis Z. The longitudinal extension of the punch and
      insertion means is therefore in the direction of axis Z. Stuffer strip 86,
      the third element of the final assembly, enters the work zone along the
      direction of third orthogonal axis Z as shown in FIG. 10.
PAR  The insulation between individual conductors 76 in flat cable 2 shown in
      FIG. 2B can be removed to form rectangular holes 80 by utilizing the ram
      punch means 156 in conjunction with die 114. FIG. 8 is a schematic clearly
      demonstrating this operation. Flat cable 2 has been positioned above the
      die 114. A portion of the cable has been cut away to reveal the die. Upon
      downward travel of the ram means 155 along the Y axis, the teeth 158
      extend through the holes or slots 115 and remove the insulation in an
      appropriately aligned cable. After this step, movable die 114 may be
      shifted to the position shown in FIG. 1 where it will not interfere with
      subsequent operations. The flat cable can now extend past the initial
      location of the punching means to the insertion station on the other side
      of work zone 170. It should be noted that holes must be punched in two
      cables for each insertion operation on a double sided connector such as
      that with which this apparatus is to be used.
PAR  A connector 4 is held in position by grasping jaws 124, 124' which, as
      discussed previously, may be rotated by a camming action caused by
      movement of piston 130. Upon movement of the piston 130 to the right in
      FIG. 1, the jaws begin to close and finally occupy the position shown in
      FIG. 6. FIG. 6 shows a connector 4 positioned between the jaws with the
      rearward surface 10 of the connector positioned between upper and lower
      insertion means 164 and 108 respectively.
PAR  FIG. 10 shows the details of the clamshell jaws 124 and 124' used for
      holding a connector 4. Upper jaw 124 is positioned against the connector
      as it would normally be. Lower jaw 124' is shown displaced from its normal
      position to reveal the details of the inner surface. Jaws 124 and 124' are
      essentially mirror images and the features discussed with respect to one
      apply to the other. Back wall 172 (similar to wall 172' on jaw 124')
      extending the length of jaw 124 is shown positioned against connector
      rearward surface 46.
PAR  Arms 174 and 176 are located on the ends of the jaw back wall. Together
      with the back wall, these extensions serve to secure the connector 4 on
      three sides leaving the rows of conductor receiving portions accessible.
      Arms 174 and 174' on jaws 124 and 124' respectively consist of generally
      rectangular blocks extending from corresponding ends of the jaw. A gap 178
      partially separates arm 174 from back wall 172 as shown. A rectangular
      portion 180 of reduced height extends from gap 178 to relatively narrow
      upright member 182. A cutout 184 then extends from member 182 to the outer
      end 186 of arm 174. Arm 174' is substantially identical. The flat cable 2
      shown in FIG. 10 has been punched so as to leave notches 81 on either end
      as shown. The gap 178 and member 182 are spaced apart so that notch 81
      fits securely therearound. Cable 2 can thus be easily positioned with
      respect to the conductor receiving portions of connector 4.
PAR  Arms 176 and 176' located on the other ends of jaws 124 and 124'
      respectively are quite similar to arms 174 and 174'. They have equivalent
      means for engagement of a notch 81 on the other side of the cable 2. The
      outer surface 188 of arms 176 and 176' is slightly recessed, unlike that
      on arms 174 and 174'. This recess serves as a platform over which stuffer
      strip 86 may be fed into proper alignment with cable holes 80 and the
      conductor receiving portions of connector 4. The inner edge 190 of surface
      188 then serves as a cutting edge and a continuous stuffer strip 86 is
      severed when the appropriate insertion means moves past this cutting edge.
PAR  The tool heads on the respective insertion means are constructed so that
      each individual conductor in the flat cable 2 can be forced into a slot 30
      or 32 on the connector. This apparatus performs this function with only
      one movable ram. Normally, two oppositely moving insertion means must be
      moved into proximity resulting in the application of insertion forces upon
      oppositely facing terminals. Here, however, the movable ram means 155
      moves downward until upper tool head 165 comes in contact with the
      connector. At that point, further movement of the ram means causes the
      entire connector to be moved downward against the action of the spring.
      Upon full travel of the ram means 155, the connector holder and the
      connector are brought to a position where each tool head can perform the
      required operation. In this manner the lower insertion means can remain
      stationary throughout the operation.
PAR  The conductors in two flat cables may be attached to rows of
      conductor-receiving portions on the opposite faces of a multi-contact
      connector by using the described apparatus to perform the following
      operations. First the cooperating die and movable punch means are used to
      punch holes between conductors at a point adjacent to one end of a flat
      cable. This requires two strokes of the ram, one for each cable. The die
      can then be moved away from the working zone. A multi-contact connector is
      then placed with the conductor-receiving portions positioned in the
      working zone. The ends of both flat cables are then extended past the
      locations of the punching operation and placed in alignment with the
      oppositely facing conductor-receiving portions. A strip containing
      side-by-side stuffer pins is then fed into the working zone and into
      alignment with the individual conductor and the individual
      conductor-receiving portions. It should be noted that each multi-conductor
      cable has been positioned between a row of conductor-receiving portions
      and a strip of stuffer pins. At this point a third stroke of the ram
      performs the final insertion. As the ram moves toward the fixed base
      during this third stroke, the movable insertion means exerts a force upon
      the connector. This force is exerted along the adjacent row of
      conductor-receiving portions. This force acts to move the connector and
      connector holder toward the fixed base and against the operation of the
      intermediate spring. Eventually the other row of conductor-receiving
      portions comes into contact with the lower fixed insertion means. The
      oppositely facing rows of conductor-receiving portions are then
      constrained by the two insertion means and the cable and the stuffer pins
      can then be simultaneously forced into the appropriate conductor-receiving
      portions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for inserting individual conductors in a multi-conductor flat
      cable into the conductor-receiving portions of electrical contact
      terminals which are contained in a multi-contact electrical connector,
      said conductor-receiving portions being arranged in rows on oppositely
      facing surfaces of said connector, said apparatus comprising:
PA1  a work zone located at the intersection of first, second, and third
      orthogonal axes, said work zone being oriented so that said conductors may
      extend into said work zone in the direction of said first orthogonal axis,
PA1  a fixed base, said base having die means and base insertion means which may
      be utilized alternatively for punching holes in said cable and inserting
      the perforated cables into said conductor-receiving portions,
PA1  ram means movable along said second orthogonal axis towards and away from
      said fixed base, said ram means having ram punch means and ram insertion
      means, said ram insertion means being in permanent alignment with said
      base insertion means,
PA1  connector holding means for holding said connector with said rows extending
      along said third orthogonal axis and with said rows in alignment with said
      ram insertion means and said base insertion means whereby
PAL  holes may be punched between said individual conductors in said flat cable
      by the combined action of said ram punch means and said die means and then
      said multiconductor flat cables may be aligned with said
      conductor-receiving portions and attached to said connector by the
      combined action of said ram insertion means and said fixed base insertion
      means, each of said operations being performed in a working zone located
      at the intersection of said first, second and third orthogonal axes.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein said connector holding
      means is located between said ram means and said fixed base, said
      connector holding means being held in spaced-apart relationship from said
      fixed base by the action of spring means located therebetween.
NUM  3.
PAR  3. An apparatus as set forth in claim 2 wherein said connector holding
      means consists of clamshell jaws.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said jaws having cable
      locating means for use in aligning said conductors with said
      conductor-receiving portions, said cable locating means comprising means
      for engaging notches on opposite sides of said cable.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 wherein said connector holding
      means having locating means for positioning a strip of stuffer pins with
      each individual pin in alignment with one of said conductors and the
      corresponding aligned conductor-receiving portion.
NUM  6.
PAR  6. An apparatus as set forth in claim 5 wherein said each of said clamshell
      jaws has a cutting edge for severing a continuous strip of stuffer pins
      upon passage of an edge on said insertion means past said cutting edge.
NUM  7.
PAR  7. An apparatus as set forth in claim 6 wherein said die means are movable.
NUM  8.
PAR  8. A method for attaching the individual conductors in two multi-conductor
      flat cables to the conductor-receiving portions of a multi-contact
      connector, said conductor-receiving portions consisting of slots in
      contact terminals which are aligned in first and second oppositely facing
      rows, said method comprising the steps of:
PA1  punching holes between the conductors in two flat cables at a location
      adjacent to one end of said cables so that a portion of the insulation is
      removed,
PA1  positioning said connector in a movable connector holding means,
PA1  aligning said conductors in each of said flat cables with said slots in
      said first and second oppositely facing rows,
PA1  aligning stuffer pins with said conductors and with said corresponding
      slots, said stuffer pins being held by a continuous carrier strip,
PA1  locating cutting edges on each side of said connector between said cables
      and said strips, said cutting edges being parallel to said conductors and
      positioned to one side of each of said cables with said continuous strip
      extending across said cutting edges,
PA1  moving a ram containing movable insertion means towards fixed insertion
      means, said cables, said stuffer pins and said connector being located
      therebetween, so that said movable insertion means exerts a force on said
      first row adjacent to said movable insertion means which moves said
      connector so that said second row abuts said fixed insertion means,
PA1  exerting an additional force on said movable insertion means so that each
      insertion means moves past the adjacent cutting edge severing said
      continuous strips and then forcing said conductors and stuffer pins into
      the aligned slots, whereby
PAL  electrical contact is established between said slots and said conductors
      and said stuffer pins insure continued contact therebetween.
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ABST
PAL  A shaving implement includes a grip portion, a transversely extending
      support portion at one end of the grip portion, a connection between the
      grip portion and the support portion which permits movement of the support
      portion relative to the grip portion during the course of a shaving stroke
      in a dynamic mode of shaving action, and structure for restricting the
      movement of the support portion relative to the grip portion, the movement
      restricting structure including a control portion movable between a first
      position which affords significant movement restriction and a second
      position which affords less movement restriction.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates to wet shaving systems and more particularly to a
      shaving implement of the type that has a grip portion and a head portion
      that carries one or more blade elements.
PAR  At the present time the majority of shavers employ a shaving implement that
      has a grip portion and carries one or more blade elements that extend
      generally transversely to the grip portion. Shaving implements of this
      type include a variety of configurations, for example, a system in which a
      single or double edge blade is inserted into a holder by the user; a
      system employing a cartridge which holds a length of band blade, the user
      advancing successive lengths of the band for shaving; and a system in
      which a blade unit has a blade element permanently secured to a guard
      structure. In such shaving implements, the blade element and cooperating
      leading and following skin engaging surfaces define a set of shaving
      geometry relationships.
PAR  Continuing efforts are being made to improve the shaving characteristics of
      such implements and/or to accommodate individual preferences. A factor in
      shaving efficiency and effectiveness is the orientation of the active
      components of the shaving system relative to the skin surface being
      shaved. That surface frequently has undulations or is a relatively
      inaccessible or awkward area to reach and the shaving action is reduced in
      efficiency because the relationship of the active elements to the skin
      surface being shaved significantly departs from the optimum value.
PAR  It has been proposed to improve the shaving action by providing a shaving
      implement in which the active portions of the shaving system are movable
      relative to the grip portion of the implement and conformable or
      responsive to the surface of the skin being shaved and it is an object of
      this invention to provide a novel and improved shaving implement which
      allows a dynamic mode of shaving action.
PAR  Another object of the invention is to provide a novel and improved shaving
      implement which incorporates this dynamic shaving action feature and that
      is relatively easy and economical to manufacture and is sturdy and
      reliable in use.
PAR  Still another object of the invention is to provide a novel and improved
      shaving implement which incorporates controlable restriction of the
      movement of the support relative to the grip portion.
PAR  Another object of the invention is to provide a novel and improved shaving
      implement that provides a balanced, sturdy, shaving system that provides
      increased shaving efficiency and effectiveness.
PAR  In accordance with the invention there is provided a shaving implement that
      includes a grip portion and a transversely extending blade support portion
      at one end of the grip portion. This support structure may have one or
      more blade elements and cooperating skin engaging structures permanently
      secured to it, or may be arranged to receive a replaceable blade or blade
      unit, for example an element of plastic material which has a blade element
      permanently secured to provide a fixed geometrical relationship between a
      guard surface and the cutting edge of the blade element, and the blade
      element or elements may be of the strip type movable relative to the guard
      elements. The support structure is connected to the grip portion by a
      joint that permits movement of the support structure relative to the grip
      portion as a function of dynamic shaving action. Controllable movement
      restricting structure enables the movement of the support relative to the
      grip to be modified.
PAR  In preferred embodiments the joint structure constrains movement of the
      support structure relative to the grip portion about an axis of rotation
      located in the immediate vicinity of the cutting edge or edges and
      extending parallel thereto. In particular embodiments this movement
      defining structure includes juxtaposed, spaced, inner and outer, arcuate
      bearing segments, each bearing segment being less than 180.degree. in
      angular extent, and a cooperating hollow shaft segment also of less than
      180.degree. in angular extent, the inner and outer surfaces of which are
      received in bearing engagement between the juxtaposed bearing segments,
      the bearing structure defining a predetermined path of low frictional
      resistance over the allowed range of movement. Restoring structure housed
      within the bearing structure tends to maintain the support and grip in
      normal or neutral relation but yields easily to rotational forces imposed
      during a shaving stroke. In particular embodiments the restoring structure
      includes a pair of elongated leaf spring members, the biasing forces of
      which are equal and opposed when the support portion-grip portion relation
      is in its normal or neutral position. The biasing force imposed by one of
      the spring elements as the system moves from its normal or neutral
      position is of low magnitude so that dynamic action is maximized. The
      restoring structure may be arranged to impose a restoring force of
      increasing magnitude as the system departs from its neutral or normal
      condition. Positive stop structure may be employed to limit the permitted
      departure from the neutral position.
PAR  The movement restricting system in particular arrangements may include a
      latch structure for locking the support in its neutral position, and in a
      particular embodiment this latch structure includes an actuator member
      mounted on the grip portion for moving a latch member between a retracted
      position spaced from the support portion and an advanced position in which
      latch portions are inserted into recesses in the support portion to
      provide positive positioning of the support portion relative to the grip
      portion. The actuator member is manually operable between two stable
      positions and tends to be maintained in either of those positions by a
      spring member housed within the grip portion. In another embodiment the
      movement restricting system includes a control member movable to vary the
      moment arm of a biasing spring and hence to vary the imposed degree of
      movement restriction. In both such embodiments the bearing structure is
      compact and sturdy with restoring and control elements located between
      axially spaced bearing elements in an arrangement which accommodates
      different types of blade units and which provides convenient and efficient
      shaving.
PAR  The invention provides a sturdy and reliable shaving implement that is
      economical to manufacture and facilitates a dynamic mode of shaving action
      in which the active portions of the shaving system tend to conform to the
      skin surface during the shaving stroke.
DRWD
PAR  Other objects, features and advantages will be seen as the following
      description of particular embodiments progresses, in conjunction with the
      drawings, in which:
PAR  FIG. 1 is a perspective view of a shaving implement in accordance with the
      invention;
PAR  FIG. 2 is a perspective exploded view of components of the shaving
      implement shown in FIG. 1;
PAR  FIG. 3 is a side elevational view with parts broken away of the shaving
      implement shown in FIG. 1;
PAR  FIGS. 4-6 are sectional views taken along the lines 4--4, 5--5 and 6--6,
      respectively, of FIG. 3;
PAR  FIG. 7 is a sectional view similar to FIG. 3 showing the implement in
      latched or rigid condition;
PAR  FIGS. 8 and 9 are sectional views similar to FIG. 3 showing the position of
      the system in two positions of maximum rotation;
PAR  FIG. 10 is a sectional side view of a second embodiment of a shaving
      implement in accordance with the invention;
PAR  FIG. 11 is a sectional view taken along the line 11--11 of FIG. 10;
PAR  FIG. 12 is a perspective view of components of the shaving implement shown
      in FIG. 10; and
PAR  FIG. 13 is a sectional view similar to FIG. 10 showing the relation of
      components of the system in shifted positions.
DETD
PAC  DESCRIPTION OF PARTICULAR EMBODIMENTS
PAR  The shaving system shown in FIG. 1 includes a handle component 10 and a
      blade unit component 12. The handle component includes an elongated grip
      portion 14 that is of generally square cross-sectional configuration with
      a slight taper along its axial length. At the upper end of the grip
      portion is a transversely extending support portion 16 and disposed
      between grip portion 14 and support portion 16 is a connector portion 18
      that includes cooperating interengaged arcuate bearing elements 20, 22
      that permit movement of support portion 16 relative to grip portion 14
      along an axis 24 that is spaced beyond support portion 16 and extends
      parallel thereto.
PAR  Support portion 16 has outwardly directed flange or rail portions 26 which
      receive grooves 28 in the base of blade unit 12 to secure that blade unit
      to the support portion in manner similar to the razor handle coupling
      arrangement shown in Perry U.S. Pat. No. 3,768,162. A variety of types of
      blade units may be secured to the handle component, including for example
      the several types of blade units shown in the above-mentioned Perry
      patent.
PAR  Additional details of a first embodiment of the handle component may be
      seen with reference to the exploded view in FIG. 2. That handle component
      includes a grip portion 30 molded of high impact polystyrene that includes
      spaced side wall portions 32 which define recess 34. An elongated
      upstanding projection 36 is provided in recess 34 and a series of stop
      surfaces 38 are provided between projection 36 and each adjacent side wall
      32. A second projection 42 is provided in recess 34 adjacent its upper end
      and a rectangular boss 40 is located between projections 36 and 42. Formed
      in each side wall above projection 42 is a socket structure 44 and an
      aligning structure 46. Each structure 46 has parallel front and rear walls
      48, 50 and grooves or slots 52 and 54 extend through it. Above structure
      46, the side walls 32 flare outwardly as indicated at 56 to arcuate end
      surfaces 58.
PAR  Lever component 60 of molded plastic is adapted to be mounted within recess
      34. Lever 60 includes a handle portion 62 which projects radially from
      body 64 and is adapted to pass through opening 66 in grip 30; stub shafts
      68 which project from either side of body 62 and are adapted to be
      received in sockets 44; and further radial projections 70 and 72.
PAR  A second component housed within grip portion 30 is a phosphor bronze latch
      spring 80 that includes a base portion 82 in which an aperture 84 is
      formed that has inwardly projecting teeth 86 that are sized to bite into
      boss 40 so that the spring strip 80 may be firmly secured on that boss; a
      narrow elongated spring portion 88 that has an offset 90; and a curved tip
      portion 92.
PAR  A third component is a lock member 100 that includes a body portion 102
      with parallel edges 104 and an aperture 106. At the forward end of body
      102 are two upstanding spaced apart arms 108 and each arm has a forwardly
      extending latch portion 110.
PAR  A fourth component is a phosphor bronze biasing spring 120 which includes a
      base 122; four securing tabs 124 that project laterally from the base; two
      locating tabs 126 that project forwardly from the sides of base 122; and
      two longer spring tabs 128 that project forwardly from the top and bottom
      edges of base 122, spring tabs 128 being about 1/2 inch in length and
      about three times as long as locating tabs 126.
PAR  Support member 16 is molded of high impact polystyrene and includes
      integral rails 26 that extend the four-centimeter transverse length of the
      support member and a coupling portion 130 about one centimeter in length.
      Formed in each side wall of coupling portion 130 is an arcuate bearing
      element 22 in the form of groove 131 which has a radius of about one cm.
      and a width of about one mm. and a length of about one centimeter. Groove
      131 defines juxtaposed inner and outer arcuate bearing surfaces 132, 133
      and a base surface 135. Formed in the base of coupling portion 130 are a
      main recess 134 of rectangular configuration that receives the ends of
      spring tabs 128; a latch recess 136 on either side of the main recess 134;
      and two stop projections 138, each positioned outwardly of a latch recess
      136.
PAR  Back member 150 is formed of one millimeter gauge brass stock and includes
      two elongated side flanges 152 connected together by a back portion 154.
      The upper end 156 of back portion 154 is bent forwardly and the upper ends
      of side flanges 152 flare outwardly at 158. Formed in each flared portion
      158 is a recess that has parallel side walls 160, and a projecting tab 162
      forward of the recess. At the upper end of each flared portion is formed a
      cooperating bearing element 20 in the form of an arcuate flange portion or
      hollow shaft segment 164, the inner and outer surfaces 166, 168 of which
      are adapted to be received in bearing exgagement with outer and inner
      bearing segments 132, 133 of the grooves 132 of support member 16 and end
      surfaces 169 of which thrust bearing engagement with base surfaces 135 of
      grooves 132.
PAR  In assembly, grip 30 and support member 16 are positioned in a fixture, so
      both parts are located as they would be on the final assembly (unlocked
      and in neutral position -- FIG. 6). The remaining parts are installed from
      the back of the grip. Lock member 100 is inserted into grip 30 with edge
      portions 104 disposed in grooves 54 as indicated in FIG. 4. Lever 60 is
      then inserted in recess 44 of handle with projection 70 inverted in slot
      106 of lock member 102. Spring tabs 126 are slid onto grooves 52 until
      tabs 124 seat against wall 50 of projection 46; and the base of spring 80
      is then pressed onto boss 40 and held firmly by serrations 86. The last
      member to be assembled is the back 150 which is assembled by engaging
      lower portion of bearing flange tongues 164 with the upper portions of
      cooperating bearing grooves 132. Member 150 is then swung downwards about
      the bearing axis 24, further engaging the bearing surfaces until tabs 162
      seat in recesses 168 immediately forward of surfaces 148 and side flanges
      152 bottom out against stops 138 on either side of projection 36. In this
      position as indicated in FIG. 3, lateral tabs 124 of spring 120 are
      secured against the rear surface of boss 46 by recess walls 160; depending
      tabs 162 are seated in grip recesses 168; the forward ends of spring tabs
      128 are fully inserted in recess 134 and flexed toward one another as
      indicated in FIGS. 3 and 5; and spring 80 is flexed, by engagement of its
      upper end 92 with the inner surface of back 150, into firm engagement with
      latch projection 72. FIG. 6 shows, in section, the interengagement of
      arcuate bearing flanges shows, in section, the interengagement of arcuate
      bearing segments 132, 133 and shaft segment surfaces 166, 168; and thrust
      bearing surfaces 135, 169.
PAR  The assembled razor is shown with a replaceable blade unit 12 in position
      on rails 26 in FIG. 3. In that position it will be noted that pivot axis
      24 as defined by the cooperation of back member flanges 164 and support
      member grooves 132 is slightly above but immediately adjacent the cutting
      edge of trailing blade member 174 of the attached blade unit 120.
PAR  In a first stable position as shown in FIG. 3 projections 110 of lock
      member 100 are retracted from recesses 136. Depressing handle 62 of
      actuator 60 slides lock member 100 forward. Projection 72 is snapped past
      spring projection 90 into a second stable position and lock projections
      110 are inserted into latch recesses 136, as shown in FIG. 7. In this
      position the support member 16 is fixed in position relative to grip 10
      and the shaving implement may be used in conventional manner, there being
      a rigid interconnection between the grip and the support member so that
      the blade elements 172, 174 and cooperating guard and cap structure 170,
      176 are positioned in fixed relation to the grip.
PAR  The shaving implement may be used in flexible mode merely by rotating the
      actuator handle 62 upward to its other stable position (FIG. 3),
      withdrawing the latch projection 110 and permitting stable arcuate
      movement of support member 16 relative to grip 10 about axis 24 as defined
      by engaged bearing surfaces 20, 22. Spring tabs 128 provide a light
      biasing force to position the support member 16 into the normal or neutral
      position, those tabs being both slightly flexed inwardly towards one
      another in this position in a balanced configuration so that each provides
      a restoring force on the support member.
PAR  With the shaving implement in this flexible mode configuration, the active
      elements of the shaving system, e.g. the blades 172, 174 and cooperating
      leading and following guard surfaces 170, 176, are permitted to align
      themselves as a unit with the configuration of the skin surface being
      shaved, so that the shaving system dynamically follows the contour of the
      skin surface during a shaving stroke independently of the position of the
      razor grip. Thus the implement permits a dynamic conformity of the active
      shaving elements to that skin surface and promotes increased shaving
      effectiveness and efficiency. In this embodiment, the shaving plane 178
      (defined by surfaces 170, 176) is allowed to swing in either direction
      relative to grip 14 through an angle of about 15.degree. between the
      position indicated in FIG. 3 by planes 178A and 178B, the engagement of
      projections 138 with back surface 180 providing a limit in one direction,
      as shown in FIG. 8 (plane 178A); and projections 138 in engagement with
      grip surface 180 providing a limit on motion in the other direction, as
      shown in FIG. 9 (plane 178B). As the shaving plane 178 departs from the
      neutral position, one of the spring tabs 128 is further stressed and
      imposes a restoring force that returns the blade unit 12 to its normal
      position upon release of the angular force imposed by the shaving
      operation.
PAR  Thus, in this embodiment there is provided a shaving implement which may be
      used in a fixed (standard) or a dynamic mode in accordance with the
      shaver's preference. In the dynamic mode of operation the active shaving
      elements move relative to the grip about a pivot axis. The pivot axis is
      defined by a compact shell bearing structure that houses restoring spring
      structure, and that pivot axis is located immediately adjacent but
      preferably in or slightly above shaving plane 178. Smooth relative
      movement is provided over the range of movement and the restoring spring
      structure continuously imposes a light restoring force that tends to
      return the shaving unit to its normal relationship relative to the grip.
PAR  Details of a second embodiment may be seen with reference to FIGS. 10 and
      11. That embodiment includes a grip portion 30' in which an actuator lever
      60' is journalled. Back component 150'  secures strip spring 80' in
      position with projection 90' urged against lever projection 72' which has
      a series of latch recesses 200, 202 and 204. A similar support portion 16'
      is secured to arcuate bearing flanges 164' of the back member 150'.
      Support portion 16' has similar coupling flange portions 26' that are
      adapted to engage coupling grooves of a suitable blade unit.
PAR  Formed integrally with support portion 16' are resilient spring webs 210,
      212 which extend rearwardly between the bearing elements 20', 22'. Housed
      within the grip at the upper end thereof is a flexing control member 220
      that is guided for reciprocation by side wall projections 46' toward and
      away from support portion 16' within grip 30'. Member 220, as indicated in
      FIG. 12, is of generally rectangular configuration and has a passage
      extending through it from front to rear. Upper and lower control surfaces
      222, 224 are formed at the forward end of the passage. Recesses 226 in the
      side walls of member 220 receive lever projections 70'. The upper end 92'
      of spring 80' engages the lower surface 228 of the control member passage
      and biases member 220 down against upper surface 230 of the grip.
      Rotational movement of the lever 60' in the counterclockwise direction in
      FIG. 10 moves control member 220 forward along webs 210, 212 towards
      support member 16'.
PAR  In this embodiment, spring webs 210, 212 engage control surfaces 222, 224
      and are flexed inwardly towards one another so that each web provides a
      low magnitude restoring force on the support member 16' in the normal or
      neutral position shown in FIG. 10. During a shaving stroke, the shell
      bearing structure allows the active elements in the shaving system to
      align themselves as a unit with the configuration of the skin surface
      being shaved, independently of the position of the razor grip, as in the
      embodiment shown in FIGS. 1-9. The allowed rotation of shaving surfaces
      about axis 24' in either direction is limited by stop projections 138'. As
      the support portion is arcuately displaced, as indicated in FIG. 13, one
      of the spring webs (e.g. 212) is further stressed and imposes increased
      restoring force which tends to return the support portion 16' to its
      normal position upon release of the angular force imposed by the shaving
      operation.
PAR  A range of resistances to the dynamic action is obtained by adjustment of
      lever 60'. Thus, as lever 60' is rotated in the clockwise direction,
      control member 220 is slid towards support portion 16', as indicated in
      FIG. 13, shortening the effective length of the spring webs 210, 212, and
      increasing the resistance to angular motion, making the shaving implement
      a stiffer device while retaining advantages of the dynamic motion of the
      system. Web 212 as it is bent contacts web 210 and thus resistance to
      further angular motion is provided by web 210 as well as augmented
      resistance due to the shorter moment arm of web 212 as indicated in dashed
      lines in FIG. 13. It will be apparent that the control member 220 could be
      employed to lock the system in a forward position, as well as providing a
      range of restriction values to the movement of support portion 16'.
PAR  While the illustrated shaving implement embodiments employ a replaceable
      blade unit having tandem blade elements, it will be apparent that the
      invention may be utilized in a variety of other wet shaving implement
      configurations including configurations in which the blade elements are
      not replaceable and the entire shaving implement is discardable, and
      configurations in which only the blade elements are replaceable. Further,
      various mechanisms may be employed for providing differing amounts of
      movement restriction, including arrangements in which frictional
      resistance is varied; as well as other motion control arrangements, other
      biasing structure arrangements, and other grip-support coupling
      arrangements in particular embodiments. Therefore it is not intended that
      the invention be limited to the disclosed embodiments or to details
      thereof and departures may be made therefrom within the spirit and scope
      of the invention as defined in the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A shaving implement comprising a grip portion,
PA1  a transversely extending support portion at one end of said grip portion,
      said support portion defining a blade edge position, a connection between
      said grip portion and said support portion mounting said support portion
      for angular rotational movement relative to said grip portion during the
      course of a shaving stroke in a dynamic mode of shaving action about an
      axis extending transversely of said support portion parallel to and
      adjacent to said blade edge position, said connection including structure
      in said transversely extending support portion defining said axis at a
      point spaced further from said grip portion than portions of said
      transversely extending support portion,
PA1  and structure for restricting the movement of said support portion relative
      to said grip portion, said movement restricting structure including a
      control portion movable between a first position which affords significant
      restriction of angular rotational movement and a second position which
      affords less restriction of angular rotational movement.
NUM  2.
PAR  2. The implement as claimed in claim 1 wherein said connection between said
      support portion and said grip portion includes a tongue and groove
      coupling at each end of said transversely extending support portion.
NUM  3.
PAR  3. The implement as claimed in claim 1 wherein said control portion is
      supported on said grip portion for reciprocable movement towards and away
      from said support portion along a path perpendicular to said axis.
NUM  4.
PAR  4. The implement as claimed in claim 1 and further including restoring
      structure for generating a force when said support portion is offset from
      a position of neutral orientation relative to said grip portion tending to
      move said support portion towards said position of neutral orientation.
NUM  5.
PAR  5. The implement as claimed in claim 1 and further including biasing
      structure tending to maintain said support portion in preferred
      orientation relative to said grip portion.
NUM  6.
PAR  6. The implement as claimed in claim 5 wherein said biasing structure
      includes a leaf spring portion extending between grip portion and said
      support portion, and further including stop structure for limiting the
      relative movement of said support portion relative to said grip portion.
NUM  7.
PAR  7. A shaving implement comprising a grip portion,
PA1  a transversely extending support portion at one end of said grip portion, a
      connection between said grip portion and said support portion which
      permits movement of said support portion relative to said grip portion
      during the course of a shaving stroke in a dynamic mode of shaving action,
      two leaf spring members providing two opposed restoring forces tending to
      maintain said support portion in preferred orientation relative to said
      grip portion where said restoring forces are balanced,
PA1  and structure for restricting the movement of said support portion relative
      to said grip portion, said movement restricting structure including a
      control portion movable between a first position which affords significant
      movement restriction and a second position which affords less movement
      restriction.
NUM  8.
PAR  8. The implement as claimed in claim 1 wherein said movement restricting
      structure includes an actuator member carried by said grip portion and
      said control portion is responsive to said actuator member and movable
      between a first position and a second position further from said support
      portion.
NUM  9.
PAR  9. The implement as claimed in claim 8 wherein said actuator member is
      mounted for rotational movement and further including a cooperating spring
      member for stably maintaining said actuator member in either said first
      position or said second position.
NUM  10.
PAR  10. A shaving implement comprising a grip portion,
PA1  a transversely extending support portion at one end of said grip portion,
      said support portion defining a blade edge position, a connection between
      said grip portion and said support portion mounting said support portion
      for angular rotational movement relative to said grip portion about an
      axis extending transversely of said support portion parallel to and
      immediately adjacent to said blade edge position during the course of a
      shaving stroke in a dynamic mode of shaving action,
PA1  and structure for restricting the movement of said support portion relative
      to said grip portion, said movement restricting structure including an
      actuator member carried by said grip portion and a control portion
      responsive to said actuator member and movable between a first position
      which affords significant restriction of angular rotational movement and a
      second position which affords less restriction of angular rotational
      movement, said control portion in said first position being inserted into
      a recess in said support portion for locking said support portion relative
      to said grip portion.
NUM  11.
PAR  11. The implement as claimed in claim 1 and further including restoring
      structure for generating a force when said support portion is offset from
      a position of neutral orientation relative to said grip portion tending to
      move said support portion towards said position of neutral orientation and
      wherein said control portion cooperates with said restoring structure to
      provide different restoring forces in said first and second positions.
NUM  12.
PAR  12. A shaving implement comprising a grip portion,
PA1  a transversely extending support portion at one end of said grip portion, a
      connection between said grip portion and said support portion which
      permits movement of said support portion relative to said grip portion
      during the course of a shaving stroke in a dynamic mode of shaving action,
      said connection including juxtaposed, spaced, inner and outer, arcuate
      bearing segments, each said bearing segment being less than 180.degree. in
      angular extent, and a cooperating hollow shaft segment also of less than
      180.degree. in angular extent, the inner and outer surfaces of said hollow
      shaft segment being received in bearing engagement with said inner and
      outer bearing segments, said interengaged bearing segments and shaft
      segment defining an axis of rotation of said support portion located
      immediately adjacent the active elements of the shaving system and
      extending parallel to the cutting edge of the shaving implement
PA1  and structure for restricting the movement of said support portion relative
      to said grip portion, said movement restricting structure including a
      control portion movable between a first position which affords significant
      movement restriction and a second position which affords less movement
      restriction.
NUM  13.
PAR  13. The implement as claimed in claim 1 wherein said control portion in
      said first position locks said support portion relative to said grip
      portion.
NUM  14.
PAR  14. The implement as claimed in claim 1 and further including restoring
      structure for generating a force when said support portion is offset from
      a position of neutral orientation relative to said grip portion tending to
      move said support portion towards said position of neutral orientation,
      said restoring structure including an elongated member extending between
      said grip and support portions, and said control portion being movable
      along a path generally parallel to said elongated member.
NUM  15.
PAR  15. The implement as claimed in claim 14 wherein said restoring structure
      includes biasing structure tending to maintain said support portion in
      preferred orientation relative to said grip portion.
NUM  16.
PAR  16. The implement as claimed in claim 15 wherein said biasing structure
      includes two leaf spring members for providing two opposed restoring
      forces tending to maintain said support portion in a normal position where
      said restoring forces are balanced.
NUM  17.
PAR  17. A shaving implement comprising a grip portion,
PA1  a transversely extending support portion at one end of said grip portion,
      said support portion defining a blade edge position, a connection between
      said grip portion and said support portion mounting said support portion
      for angular rotational movement relative to said grip portion about an
      axis extending transversely of said support portion parallel to and
      immediately adjacent to said blade edge position during the course of a
      shaving stroke in a dynamic mode of shaving action, restoring structure
      for generating a force when said support portion is offset from a position
      of neutral orientation relative to said grip portion tending to move said
      support portion towards said position of neutral orientation, said
      restoring structure including two elongated spring members for providing
      two opposed restoring forces tending to maintain said support portion in a
      normal position where said restoring forces are balanced, said elongated
      spring members extending between said grip and support portions,
PA1  and structure for restricting the movement of said support portion relative
      to said grip portion, said movement restricting structure including a
      control portion movable along a path generally parallel to said elongated
      members between a first position which affords significant restriction of
      angular rotational movement and a second position which affords less
      restriction of angular rotational movement, an actuator member carried by
      said grip portion and mounted for rotational movement, a cooperating
      spring member for stably maintaining said actuator in a selected position,
      said control portion being responsive to said actuator member and said
      second position being spaced further from said support portion than said
      first position.
NUM  18.
PAR  18. The implement as claimed in claim 17 wherein said connection includes
      coupling elements of arcuate configuration, so that at least about one
      quarter of the total length of said support portion projects outwardly of
      the bearing elements, the axes of the arcs of said coupling elements being
      coincident and located in the immediate vicinity of the active elements of
      the shaving system and extending parallel to the cutting edge of the
      shaving system.
NUM  19.
PAR  19. The implement as claimed in claim 18 wherein said support portion
      includes coupling structure for detachably mounting a blade unit.
NUM  20.
PAR  20. The implement as claimed in claim 17 wherein said connection includes
      juxtaposed, spaced, inner and outer, arcuate bearing segments, each said
      bearing segment being less than 180.degree. in angular extent, and a
      cooperating hollow shaft segment also of less than 180.degree. in angular
      extent, the inner and outer surfaces of said hollow shaft segment being
      received in bearing engagement with said inner and outer bearing segments,
      said interengaged bearing segments and shaft segment defining an axis of
      rotation of said support portion located immediately adjacent the active
      elements of the shaving system and extending parallel to the cutting edge
      of the shaving system.
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ABST
PAL  An improved stripping tool for stripping the outside cover layer from a
      cable having a plastic or synthetic cover layer in which a guide shoe for
      insertion between the cable and the outer layer and a knife surface
      adjacent thereto are mounted to a elongated member which during cutting
      lies parallel to the cable with an articulated handle being fastened to
      said elongated member and containing two sectored gear wheels for engaging
      the cover surface and moving the knife blade along the cable lengthwise.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cables in general and more particularly to an
      improved stripping tool for cables having a plastic or synthetic covering
      layer.
PAR  Cables of this nature such as electrical cables must in some instances have
      their outer covering layer of insulation stripped off. A typical type tool
      used in the prior art for this purpose is in the form of tongs and works
      on the principal of a can opener. At the top of the tool a knife that
      slides along a shoe inserted between the interior of the cable and the
      covering of the cable is provided. Advancement of the knife for the
      cutting operation is accomplished through the use of transporting wheels
      formed as gear wheels. The tool is driven by an attached wrench which is
      turned by hand. The tongs permit the knife to be held in the cable as the
      transporting wheels are pressed against the outside of the cable cover.
      Although this type of tool operates fairly well it has a serious drawback;
      both hands are required to operate the device and as a result the cable
      itself can not be firmly held. The cable is held only by the clamping
      action of the tongs on the cable covering. What this means is that thin or
      weak cables can not be held with the desired accuracy or can not be held
      at all during cutting operations and as a result damage such as cutting of
      the conductors in the cable, can result. In other words this prior art
      device becomes more and more difficult to use as the cable size decreases
      unless a special overlayer or underlayer is made for the cable. This
      problem in the prior art apparatus results primarily from the inability to
      support the cable when repositioning the knife cutting surface. That is to
      say, that the gear sectors are capable in a only limited travel. Where
      stripping beyond the travel which can be obtained with one gear rotation
      using the handle is necessary, problems can occur during repositioning
      which result in cutting of the conductors.
PAR  In view of these difficulties with the prior art device it is the object of
      the present invention to provide a device of this nature which permits
      also holding the cable during the cutting operation and thereby permits
      the cutting tool to be used for accurately stripping cables of a lesser
      diameter than was heretofore possible.
PAC  SUMMARY OF THE INVENTION
PAR  The arrangement of the present invention overcomes this problem. The
      present invention permits manipulation of the tool while at the same time
      holding the cable firmly so that it may be used for cables of all diameter
      ranges and so that it is possible to readjust the knife when making more
      than one cut. This is achieved in accordance with the present invention
      with a tool having two parts which are articulated together. The first
      part is made in an elongated rail shape and has at its end a stationary
      knife and a guide shoe adjacent thereto. The second part includes two half
      gear wheels through whose rotation the cable is caused to move with
      respect to the first part to result in cutting or stripping of the cable
      covering. The gear sectors are attached to a lever for that purpose. The
      lever is supported in the rail like member in a slot disposed at an angle
      relative to the point of engagement of the knife. The rail which is placed
      against the side of the cable permits firmly holding both the tool and the
      cable as they are pressed against each other using one hand while
      operating the lever to perform cutting with the other hand. As cutting
      occurs the rail slides downward along the side of the cable while at the
      same time the knife cuts into the cable covering. When repositioning the
      handle to cut further, the cable is still firmly grasped along with the
      rail of the tool preventing any damage to the conductors inside. Thus the
      tool of the present invention permits at the same time holding and guiding
      the cable and holding the tool which is cutting the cable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the tool of the present invention.
PAR  FIG. 2 is a plan view of the tool of FIG. 1.
PAR  FIG. 3 is a section through the tool of FIG. 1 illustrating a further
      feature of the present invention in the form of a folding jack knife.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tool of the present invention as illustrated on FIG. 1 is made up of
      two basic elements. The first of these is a rail 1 against whose face 7 a
      cable such as the cable 24 shown in dot-dash lines may rest. It is in the
      form of an elongated flat piece of iron having at its top a widen part
      forming a head 2. On the head is attached, using two appropriate screws 3,
      a cutting knife 4 with its cutting edge 5 projecting from the face 7 of
      the rail 1. In front of the cutting edge 5 is a guide shoe 6. The spacing
      of the shoe and knife from the face 7 of the rail 1 can be adjusted by
      loosening the screws 3 which pass through elongated holes 8 formed in the
      knife 4. The second main part of the tool of the present invention is the
      handle 9. It is fastened to the head 2 of the rail 1 using a bolt 25
      passing through an elongated slot 10 in the head 2. As shown, the slot is
      at an angle to the face 7. The lever 9 is supported for rotation about the
      bolt 25 and for lateral movement in the slot 10. As a result it is
      adjustable both rotationally and along an angle relative to the point
      where the knife 4 is engaged.
PAR  As shown on FIG. 2 the lever 9 preferably has at its end two arms 11 and
      12, one being on each side of the rail 1. Interposed between the rail 1
      and the arms 11 and 12 are gear wheels 13 and 14. These will be rigidly
      fastened to the arms 11 and 12 by any conventional means such as welding,
      sodering, screwing etc. In accordance with a preferred form of the
      invention the knife 4 is set into a slot 15 formed in the head 2 of the
      rail 1.
PAR  A further feature of the invention is a jack knife 16 which is supported at
      the bottom of the rail 1 in such a manner that it can be opened out from
      the rail 1. As shown on FIG. 3 it is of an angular cross-section and in
      its folded state, shown in solid lines on FIG. 1, rests with a leg 17
      against the side 18 of the rail 1 i.e., the face of the rail opposite the
      face 7 which is applied against the cable 24. The jack knife 16 is used to
      cut off strips of the cable which have been stripped longitudinally by the
      knife 4. The cutting edge 19 of the knife 16 is designed so that the
      angular backside is always turned toward the interior of the cable during
      a cutting operation so that the strips covering the cable are always cut
      from the inside toward the outside preventing any damage to conductors.
      Prior to the tool of the present invention the usual practice has been to
      cut the covering from the outside toward the inside. This however produces
      a danger of damaging very thin and fine wires through the cutting
      operation. As shown on FIG. 3 the jack knife 16 is fastened to the rail 1
      through the use of a screw or the like 21 and is under the pressure of a
      spring 20. In addition a pin 21 is provided which will engage in a hole 23
      in the application rail when the jack knife is extended. In its fully
      extended position it will then act as an extension of the rail 1. In
      dotted lines it is shown in a partially opened position.
PAR  In operation, the cable 24 which is to be stripped is placed against the
      rail 1 in the manner shown on FIG. 1. The cable 24 and the rail 1 are held
      with one hand. The knife 4 which is placed at the open end of the cable in
      the manner shown is then used to cut the cable by moving the lever and the
      gears 13 and 14 therewith downward in the slot until in contact with the
      cable cover after which the handle is rotated to move the cable with
      respect to the rail 1. If a single rotation of the lever 9 does not result
      in a cut or sufficient length the lever is pulled backward in the slot 10
      and rotated upward after which it is again caused to engage the covering
      and rotated again. As many pivotings of this nature as are required to get
      the proper length of cut are made. Throughout the manipulation of the
      lever to obtain a number of cuts along the same line the cable is
      adequately supported against the rail 1 by the operator holding both
      tobether. Depending on the size of the cable a plurality of longitudinal
      cuts of this nature will be made at a differend positions to expose strips
      of covering. These strips are then cut off using the jack knife 16 with
      cutting done from the inside out to prevent any damage to wires in the
      cable.
PAR  Thus, an improved cutting tool for stripping cables having a covering made
      of a synthetic plastic material has been shown. Although a specific
      embodiment has been illustrated and described, it will be obvious to those
      skilled in the art that various modifications may be made without
      departing from the spirit of the invention which is intended to be limited
      solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a stripping tool for cutting the covering of a cable covered with a
      layer of synthetic material comprising two articulated parts one of which
      includes a stationary knife and the other which is a handle having at one
      end a gear wheel non-rotatably fixed thereon and divided in half and with
      the halves disposed on each side of the handle, the other part being
      mounted to the one part so that the gear wheels can be rotated by the
      handle to effect relative motion between the cable and the knife, the
      knife being introduced between the interior of the cable and the cable
      covering and including a guide shoe which guides the knife as it cuts into
      the cable covering, the improvement comprising:
PA1  a. the one part made in the form of an elongated rail to one side of which
      the cable can be applied, said rail having an enlarged head at one end;
PA1  b. said knife and shoe arrangement projecting from said one side of said
      elongated rail at said head;
PA1  c. an elongated angled slot formed in said head; and
PA1  d. shaft means passing through the center of the gear halves and said
      angled slot whereby said gear wheels will be supported for rotation by
      said handle about the axis of said shaft and wherein said axis can be
      moved linearly at an angle opposite the point of an engagement of said
      knife.
NUM  2.
PAR  2. The tool according to claim 1 wherein said handle is divided into two
      arms at the end coupled to said gear wheel halves and wherein said gear
      wheels are supported in said angled slot by means of a bolt passing
      through both of said arms and said slot with the gear wheel halves
      interposed on each side of said rail between said rail and one of said
      arms.
NUM  3.
PAR  3. A tool according to claim 1 wherein said knife is attached to said head
      by means permitting adjustment of the amount of projection of said knife
      blade from said rail.
NUM  4.
PAR  4. A tool according to claim 3 wherein said means of attachement comprise
      screws and wherein said knife contains elongated holes through which said
      screws pass.
NUM  5.
PAR  5. The tool according to claim 1 and further including a jack knife
      attached to the lower end of said rail.
NUM  6.
PAR  6. A cutting tool according to claim 5 wherein said jack knife has a right
      angle cross-section and in a closed position rests with its angled portion
      against the side of said rail opposite that which contacts the cable.
NUM  7.
PAR  7. A cutting tool according to claim 6 wherein said knife can be rotated to
      a position wherein it forms elongation of said rail and further including
      a pin in said knife and a hole in said application rail for engaging said
      pin to hold said knife in an open position.
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ABST
PAL  A powered device is disclosed herein for removing soil, weeds or the like
      from the immediate area beneath a sprinkler head which includes a central
      shaft having a forward end engageable with the sprinkler head as a guide
      and a U-shaped member fixed on the shaft so as to rotate therewith. Each
      leg of the U-shaped member extends downwardly to clear the peripherial
      edge of the circular sprinkler head. A cutting blade is angularly secured
      to each end or leg of the U-shaped member so that a forward portion
      thereof extends underneath the sprinkler head and so that a rearward
      portion extends outwardly in a diverging relationship to the sprinkler
      head. Power drive is releasably coupled to the shaft for rotation of the
      cutting blades about the sprinkler head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to debris and earth devices and more particularly to
      a novel cleaning device for effecting the removal of earth, weeds, plant
      root systems, etc. from a predetermined area beneath and surrounding an
      installed sprinkler head.
PAR  2. Brief Description of the Prior Art
PAR  It is conventional practice in planted areas, such as lawns, to provide a
      sprinkling system incorporating a plurality of sprinkler heads which are
      usually embedded in the earth. In order for the sprinkler to properly
      spray or disperse water in its intended pattern, earth, soil, foreign
      matter and other debris must be removed from the area of the sprinkler
      head so that it will not interfere with the dispersal pattern of the
      water. Undesirable growth expands to cover the sprinkler head and
      eventually interferes with the water sprinkling distribution. Many of the
      undesirable weed and plant growth include elaborate and complex root
      systems. Other growth incorporate roots of tough and string fiberous
      texture that are difficult to sever or remove from the surrounding earth.
      Because of these weed characteristics and others, difficulties have been
      encountered when employing conventional gardening implements that result
      in continuous growth of the weed or else these implements result in
      greatly enlarged holes caused by the removal of earth in which the weed
      growth is embedded. Furthermore, numerous chemical preparations have been
      employed for deterring, removing or destroying a variety of undesirable
      weed and plant growth that appear in sprinkler head surrounding areas.
      However, chemical preparations do not result in the removal of earth,
      foreign matter or the like which serve as a growing medium for weeds and
      plants.
PAR  Therefore, a long standing need has been present to provide a novel clean
      implement for not only destroying weed and plant growth in the immediate
      surrounding area of the sprinkler head but results in the removal of
      earth, debris and other foreign matter that may interfere with the water
      distribution pattern of the sprinkler head.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the above difficulties and problems are obviated by the
      present invention which provides a rotatable shaft incorporating a
      U-shaped member carrying a bladed cutting element on the end of each leg
      of the member that engages and pulverizes the weed growth, soil and earth
      bed for the growth and any other debris or matter in the immediate
      vicinity of the sprinkling head. The extreme end of the shaft serves as a
      guide by engaging the center of the sprinkling head so that the cutting
      blades radiate outwardly to rotate about the peripheral edge of the
      sprinkler head while downwardly extending portions of the cutting blades
      project in a converging manner toward the central axis of the sprinkling
      head to loosen earth and sever root systems beneath the sprinkling head.
      The cutting element may be forceably urged into the earth to any desired
      depths sufficient to destroy the weed system consistent with the
      engagement of the end of the shaft with the sprinkling head. For rotating
      the shaft and the cutting elements, a feature of the invention resides in
      the employment of a hand held electric motor power unit which is
      detachably coupled to the end of the rotating shaft opposite to its end
      engageable with the sprinkling head. By employing power rotation of the
      shaft, the cutting blades or cutting elements may be readily driven
      through relatively tough and stringy root fibers.
PAR  Therefore, it is among the primary objects of the present invention to
      provide a novel cleaning device incorporating a rotatable shaft carrying a
      pair of cutting elements which are adapted to be forceably urged into
      cutting communication with weed growth surrounding a sprinkler head so as
      to grind and pulverize the growth including its root system.
PAR  Another object of the present invention is to provide a novel cleaning and
      grinding device which provides a rotatable cutting element which may be
      moved by power means around the surrounding area of a sprinkler head and
      beneath the sprinkler head for a short distance to effect the
      pulverization of weed growth and to effect earth removable.
PAR  Still another object of the present invention is to provide a novel
      cleaning device for cleaning the immediate area surrounding and beneath a
      sprinkler head having a rotatable cutting blade adapted to be inserted in
      the ground about the sprinkler head and which includes a stabilizing or
      guiding means carried on the device for supporting the device against the
      sprinkler head.
PAR  Yet another object of the present invention is to provide a novel sprinkler
      head cleaning device which incorporates a powered rotatable cutting
      element adapted to be inserted into the ground surrounding the sprinkler
      head and further including outwardly extending cutting blades on opposite
      sides thereof for severing the earth and soil under the sprinkler head as
      well as the root system so that weeds and other plant growth are destroyed
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the novel sprinkler head cleaning device
      incorporating the present invention;
PAR  FIG. 2 is a side elevational view of the cleaning device shown in FIG. 1;
PAR  FIG. 3 is a top plan view of the device as taken in the direction of arrows
      3--3 of FIG. 2; and
PAR  FIG. 4 is an enlarged fragmentary view of a cutting member employed in the
      device of FIG. 2 and taken in the direction of arrows 4--4 thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the novel cleaning device or apparatus of the present
      invention as indicated in the general direction of arrow 10 and is shown
      in a typical application for cleaning the area surrounding and beneath a
      conventional sprinkling device. The device includes a water supply pipe 11
      on the end of which is preferably attached a sprinkler head indicated by
      numeral 12. The sprinkler head includes a circular flange 13 having a
      diameter greater than the pipe 11 so that a substantial area exists
      beneath the flange in which dirt, debris and weed growth must be removed.
      The sprinkler head 12 also includes a nut 14 having a central opening
      therein for exposing the nozzle for the sprinkler. It is this nozzle that
      generally becomes clogged after dirt, weed growth or the like has
      progressed over and around the flange 13.
PAR  The device 10 of the present invention includes a rotatable shaft 15 having
      a selected end thereof which engages with the hole or at least the center
      of the nut 14 as a guide and stabilizing means. Fixedly attached to the
      shaft 15, there is provided a U-shape member 16 having downwardly pending
      legs 17 and 18 which are arranged 180.degree. from each other and
      outwardly extend immediately beyond the periphery of the flange 13.
      Secured to the respective ends of the legs 17 and 18, there is provided a
      pair of cutting elements or members 20 and 21 which are angularly disposed
      with respect to each other and include cutting edges 22 and 23 associated
      with the blades 20 and 21 respectively. Cutting edges 22 and 23 are on
      opposite sides of the cutting member 20 and 21 so that as the shaft 15 and
      member 16 are rotated, the cutting edges will face the area intended to be
      cut. The end of shaft 15 is adapted to be detachably connected with a
      chuck 24 mounted on the end of a drive shaft (not shown) suitably driven
      by an electrical motor unit mounted within a hand grip casing 25. The
      power motor unit held by housing 25 as well as the drive shaft and chuck
      24 may take the form of any suitable or conventional hand actuated power
      source.
PAR  Referring now in detail to FIG. 2, it can be seen that the cutting blades
      20 and 21 are angularly disposed with respect to each other so as to
      diverge outwardly from the water supply pipe 11. The respective blades are
      attached to the end of the U-shape member 16 by suitable means such as
      welds 26 and 27.
PAR  It is also to be noted from the illustration in FIG. 2 that each of the
      blade members 20 and 21 includes a lower portion 30 and 31 respectively
      which extend downward from the end of the U-shaped member 16 towards the
      water supply pipe 11. By this construction, any dirt, weeds, plant growth
      or the like is pulverized and may readily be removed from under the
      sprinkler head 12. Furthermore, an upper portion of these blades as
      identified by numerals 32 and 33 are coextensive with the lower portions
      30 and 31 and project outwardly and upwardly above the surrounding ground
      level. It is the customary practice to install sprinkler heads so that the
      flange 13 is either lower or at the same level with the surface of the
      surrounding ground. By providing the upper portion which extend above the
      ground surface, additional cutting areas is assured for severing leafy
      plants or growth that might otherwise interfere with distribution of the
      water from the sprinkler head. In general, the cutting members 20 and 21
      outwardly diverge from the water pipe 11.
PAR  Referring now in general to FIG. 3, it can be seen that the shaft 15 is
      aligned with respect to the nut 14 so that the device pin is stablized and
      centered so that the cutting members 20 and 21 as well as U-shaped member
      16 will rotate about the flange 13 with the shaft 16 at the center of
      rotation. It can also be seen that the cutting edges 22 and 23 are on
      opposite sides of the respective cutting blades 20 and 21 so that the
      cutting edges face in the direction of device rotation. In FIG. 4, a
      sectional view of the blade 21 is shown on which the cutting edge 23 is
      formed.
PAR  In actual operation, the upper end of shaft 15 is introduced to chuck 24 of
      a conventional hand drill motor 25. Next, the opposite end of shaft 15 is
      placed against the nut 14, or in some instances within a small hole
      provided in the center of the nut, and the lower portion 30 and 31 of the
      cutting member 20 and 21 are positioned around the side and below the
      flange 13 of the sprinkler head. Power is then introduced to the motor and
      shaft 15 will rotate in a clockwise direction whereby cutting edges 22 and
      23 will pulverize any plants, root systems, dirt or the like that is in
      the vicinity of the sprinkler head and the end of water supply pipe 11.
      Once the cutting has taken place and pulverizing of the area complete, the
      tool may be removed and, if desired, the pulverized or ground up dirt and
      plant growth can be removed.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a water sprinkler head having a circular flange
      supported on a water supply pipe, a cleaning device comprising:
PA1  a shaft;
PA1  a U-shaped member secured to said shaft mid-way between the opposite ends
      of said shaft and having a pair of parallel legs downwardly depending from
      the opposite ends of a cross bar and said legs terminating below the
      underside of said flange;
PA1  a pair of cutting blades secured to the respective terminating ends of said
      U-shaped member legs in an angularly upwardly diverging direction;
PA1  stabilizing means for supporting and aligning said cutting blades with
      respect to said flange whereby said blades travel in a circular path above
      and beneath said flange;
PA1  each of said cutting blades having a lower portion extending angularly
      downward with respect to said water supply pipe under said circular flange
      and having an upper portion extending upwardly in coextensive relationship
      with said lower portion;
PA1  said cutting blades having opposing ends terminating in close proximity to
      the external surface of said water supply pipe; and
PA1  power means detachably coupled to a selected end of said shaft for
      imparting powered rotational force thereto.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein each of said cutting blades
      includes an upper portion extending upwardly in a diverging manner from
      said water supply pipe and further extending over the surface of the
      surrounding ground.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein said shaft includes an end
      opposite to its end engaged with said power means for guiding and bearing
      said opposite end against the center of said sprinkler head.
NUM  4.
PAR  4. The invention as defined in claim 3 including cutting edges provided on
      each of said cutting blades and said cutting edges facing in the direction
      of rotation of said shaft.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein the ends of said U-shaped
      member are joined to said pair of cutting blades at a location below said
      flange when said shaft is engaged against the center of said sprinkler
      head.
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PAL  A disposable blade unit comprises two sets of cutting edges and a thin,
      transversely flexible web connecting the two sets of cutting edges. Each
      set of cutting edges includes a leading cutting edge and a following
      cutting edge, the cutting edges being permanently secured together in
      fixed geometrical relation. Each set of cutting edges also includes a
      support surface adapted to be received on the platform of a safety razor
      frame. The leading edge of each set is disposed below the plane of the
      support surface and the following edge of each set is disposed above the
      plane of that support surface.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates to shaving systems and more particularly to improved
      disposable blade units of the tandem edge type.
PAR  It is known that a tandem cutting edge shaving system can provide superior
      shaving characteristics. Such a shaving system includes at least two
      cutting edges disposed parallel to one another in spaced relation to
      provide leading and following cutting edges so that both cutting edges are
      successively active with respect to the hair elements being cut during a
      single shaving stroke.
PAR  The relationships of components of a tandem edge blade unit are
      conveniently discussed in terms of certain parameters defined as follows.
      The blade tangent angle (BTA) of an edge is the angle between the plane
      bisecting the two planes or facets defining the edge and the plane through
      the edge and the skin engaging surface next forward of the edge. The
      portion of the bisecting plane external to the material of the edge and
      the portion of the tangent plane forward of the edge are conventionally
      used in defining the angle so that a blade tangent angle less than
      90.degree. is obtained in any practical shaving geometry. The span (S) of
      an edge is the distance from the edge to the next forward skin engaging
      surface measured in the plane through the edge and tangent to the next
      forward skin engaging surface. The exposure (E) of an edge is the distance
      of the edge from a plane defined by the next forward and the next rearward
      skin engaging surfaces. The exposure may be positive or negative and is
      reckoned positive when the edge lies in the skinward side of the doubly
      tangent plane. In a tandem edge blade unit having, for example, two edges,
      the leading edge itself is considered to be the skin engaging surface next
      forward of the following edge, so that its position will in part determine
      the blade tangent angle and the exposure of the following edge. Further,
      the following edge itself is considered to be the next rearward skin
      engaging surface of the leading edge, so that its position will in part
      determine the exposure of the leading edge.
PAR  It will therefore be readily appreciated that the several geometric
      parameters discussed above are interrelated, and in devising a tandem edge
      blade unit it is necessary to consider the interrelationship in order to
      advantageously combine the optimum values of the several parameters. It
      has been found advantageous in a tandem edge shaving system to establish a
      span in the range of 0.03 inch to 0.08 inch; an exposure of each cutting
      edge in a range of -0.002 inch to +0.004 inch; and a blade tangent angle
      in the range 20.degree. to 32.degree., each blade tangent angle preferably
      being in the range of about 22.degree.-28.degree..
PAR  It has been proposed to provide such a tandem acting cutting edge shaving
      system with a disposable blade unit that is inserted into a conventional
      safety razor frame designed to receive conventional disposable double edge
      blades. However, providing a commercially acceptable, replaceable, tandem
      edge blade unit for use with a conventional double edge razor frame
      involves a number of problems. These problems relate primarily to the
      facts that the guard and cap structures, together with the blade between
      them, define the shaving geometry (blade tangent angle (BTA), span and
      exposure) of the shaving system and the guard and cap structures of such
      conventional razor frames cannot be changed, except for certain spacing
      adjustments in adjustable razors. A particular problem arises in
      connection with razor frames of the type in which the cap structure is
      constrained to movement solely in substantially vertical direction toward
      and away from the platform. As the cap and guard structures must be spaced
      further apart to accommodate a blade unit of the tandem edge type, this
      increased spacing tends to result in an increased blade tangent angle
      configuration rather than the reduced blade tangent angle configuration
      that is a characteristic of the geometry of the preferred tandem edge
      shaving system. Proposed disposable blade units for tandem acting cutting
      edge shaving systems have generally positioned the leading edge of the
      blade unit at substantially the same point and the same plane in a
      conventional single edge system with the additional components offset
      upwardly in stack relation. Examples of such systems are disclosed in
      copending applications Ser. No. 381,768; Ser. No. 287,513 now Pat. No.
      3,833,340; and Ser. No. 287,335 now Pat. No. 3,861,040.
PAR  It is an object of this invention to provide a novel and improved blade
      unit of the tandem edge type for use with conventional razor frames.
PAR  Another object of the invention is to provide a novel and improved blade
      unit having a cutting edge geometry that cooperates with the cap and guard
      portions of a conventional double edge razor frame to establish particular
      geometric relationships within acceptable ranges.
PAR  Another object of the invention is to provide a novel and improved blade
      unit whose design is such as to allow simple and economic manufacture.
PAR  In accordance with the invention there is provided a disposable blade unit
      comprising a set of cutting edges that includes a leading cutting edge and
      a following cutting edge. The cutting edges are permanently secured
      together in fixed geometrical relation. The set of cutting edges also
      includes a planar support surface. The leadng edge of the set is disposed
      below the plane of the support surface and the following edge of the set
      is disposed above the plane of that support surface.
PAR  A variety of blade combinations and edge geometries may be employed in
      blade units in accordance with the invention including, for example a
      spacer strip of plastic or metal may be used. The blade components are
      permanently secured by any suitable means as by welding or water-resistant
      adhesive. While the blade units of the present invention are illustrated
      and described as being for use in conventional razor frames of the double
      edge type it will be appreciated that aspects of the invention are
      applicable to and suitable for use in conventional razor frames of the
      single edge type.
PAR  In a particular embodiment, the disposable blade unit comprises a thin,
      transversely flexible base blade which is apertured along its longitudinal
      center line and has its two longitudinal edges sharpened to cutting edges.
      A pair of supplemental blades, each having a length substantially equal to
      that of the base blade, a width of less than half that of the base blade
      and one longitudinal sharpened edge, are permanently affixed to the base
      blade with each supplemental cutting edge positioned parallel to and
      outwardly of the adjacent cutting edge of the base blade. Each
      supplemental blade provides a planar blade unit support surface and its
      cutting edge is offset below the plane of that support surface. It will be
      apparent that the supplemental blades could be positioned with their
      cutting edges inwardly of the edges of the base blade in a modified blade
      unit.
PAR  The bisector of the facets defining each cutting edge preferably is
      disposed at a downwardly inclined angle of at least 1.degree. to the plane
      of the support surface. In the particular embodiment, the base blade is
      narrower than a conventional double edged blade and each edge bisector is
      inclined downwardly about 7.degree. towards its adjacent supplemental
      blade; and the two supplemental blades are positioned so that their edges
      are spaced apart a distance greater than that of a conventional blade.
      Each supplemental blade has a longitudinal bend that shifts its cutting
      edge downwardly and inclines its bisector downwardly at an angle of about
      5.degree., the bisector of the edge facets being parallel to the blade
      body in the absence of the bend. The blade unit provides a shaving
      geometry in a conventional razor with the distance (span) between the
      tandem edges in the range of 0.03 to 0.08 inch and a blade tangent angle
      of the following edge at a value in the range of 20.degree. to 32.degree..
      Preferably, the blade tangent angle of each edge is in the range of
      22.degree.-28.degree.; and the exposure of each edge is in the range of
      -0.002 to +0.003 inch.
PAR  The resulting blade unit when inserted in a conventional razor frame in
      which the cap movement relative to the platform is constrained to the
      vertical direction provides a desirable shaving geometry that accommodates
      the increased spacing between the cap and guard due to the increased
      thickness of the blade unit with the leading edge positioned below the
      normal position of the single edge blade in the razor and the following
      edge positioned above that normal blade position so that blade tangent
      angles smaller than the blade tangent angle with a conventional blade are
      obtained. The invention provides a disposable, tandem edge blade unit for
      incorporation in a conventional razor frame of the general character
      described above and gives highly satisfactory shaving results.
DRWD
PAR  Other objects, features and advantages of the invention will be seen as the
      following description of a particular embodiment progresses, in
      conjunction with the drawing, in which:
PAR  FIG. 1 is a transverse sectional diagrammatic view of a typical
      commercially available safety razor frame designed for use with
      conventional double edge razor blades, fitted with a tandem edge blade
      unit in accordance with the invention;
PAR  FIG. 2 is an exploded perspective view of components of a blade unit in
      accordance with the invention;
PAR  FIG. 3 is a bottom plan view of the assembled blade unit;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged view showing details of a set of sharpened edges of
      the blade unit; and
PAR  FIG. 6 is an enlarged view showing the blade unit geometry in a
      conventional razor frame.
DETD
PAC  DESCRIPTION OF PARTICULAR EMBODIMENT
PAR  The safety razor frame 10 shown in FIG. 1 is of a commercially available
      type designed for use with conventional double edge disposable blades
      having a single cutting edge formed in each of the two longitudinal edges
      of the blade. The razor includes a base or platform 12 on which the blade
      rests, a cap 14 that is movable vertically down toward the platform 12 for
      clamping the blade against the platform, and a handle 16. Razor frames of
      this type has a longitudinally extending guard 18 on either side of the
      platform and the leading edge 20 of the cap 14 defines a cooperating
      surface that contributes to the definition of shaving geometry. A plural
      edge blade unit 30 according to the invention is clamped between the
      platform 12 and cap 14.
PAR  Additional details of the improved disposable blade unit 30 are shown in
      FIGS. 2-4. That blade unit comprises a flexible steel base blade 32 that
      has an aperture 34 of conventional design extending longitudinally along
      its center with a flexible web 48 at either end of aperture 34. A
      sharpened shaving edge 36 is formed at either longitudinal edge. The blade
      is about 0.004 inch in thickness and about 0.85 inch in width. Secured to
      base blade 30 on either side of longitudinal aperture 34 are two identical
      supplemental steel blade members 40, each of which is in the form of a
      plate about 1.5 inch long, about 0.3 inch wide, and about 0.01 inch thick.
      Each blade 40 has a sharpened edge 42. A series of webs 44 each about 0.06
      inch long and spaced apart about 0.12 inch extend along the transverse
      length of the blade about 0.05 inch from edge 42 and the edge portion is
      bent downwardly relative to the plane of the main body of the blade 40
      along axis 70 that extends through webs 44. The base blade 32 and
      supplemental blades 40 are permanently affixed to each other as by spot
      welds 46 to form plural edge blade unit 30 that has parallel edges 42
      spaced about 0.9 inch apart and flexible central webs 48.
PAR  Details of the sharpened edges and their relationship to one another may be
      seen with reference to FIG. 5. The body of base blade 32 has parallel
      planar faces 50, 52 and each sharpened edge 36 is positioned
      asymmetrically with respect to faces 50 and 52, edge 36 being closer to
      face 52. Edge 36 is defined by facets 54, 56 of such configuration such
      that the bisector 58 of the edge 36 is disposed at an angle of about
      7.degree. to the plane of the blade as defined by faces 50 and 52.
PAR  Sharpened edge 42 of each supplemental blade 40 is also formed
      asymmetrically with respect to the body of the blade, that edge being
      defined by facets 60, 62. In the blade forming process a flat plate having
      planar faces 64, 66 is punched to form the series of webs 44. Edge 42 is
      then formed so that the bisector 68 is parallel to faces 64, 66 with edge
      42 offset about 0.003 inch from the median plane between faces 64 and 66
      so that it is about 0.002 inch from face 66. After edge 42 is formed, the
      blade is bent along the longitudinal line generally indicated at 70 that
      extends through the webs 44 to further offset the blade edge 42 from the
      median plane, that bend in this embodiment being at an angle of about
      5.degree. to position edge 42 about 0.007 inch beneath the plane 72 in
      which face 66 lies. If desirable, the bend may be formed in the blade
      prior to one or more of the sharpening steps. The blades are then bonded,
      as by welding to provide the edge relationship shown in FIG. 5. In that
      relationship, edge 42 is about 0.007 inch below plane 72 and edge 36 is
      about 0.01 inch above plane 72.
PAR  An enlarged view of the shaving geometry that is achieved with the blade
      unit of FIGS. 2-5 positioned in a conventional razor frame is indicated in
      FIG. 6. Blade unit 30 is clamped by vertical motion of cap 14 towards
      platform 12 so that planar support faces 66 are firmly seated on platform
      12. The geometry of a typical razor frame for conventional double edge
      blades (the blade edge being located at point 74) provides a blade tangent
      angle (BTA.sub.c) of about 291/2.degree., an exposure (E.sub.c) of about
      0.004 inch, and a span (S.sub.c) of about 0.06 inch. It will be seen that
      in accommodating blade unit 30, cap edge 20 is offset about 0.01 inch
      above its location 20' with a conventional double edge blade. The leading
      edge 42 of blade unit 30 is positioned forwardly of and below point 74 and
      the trailing edge 36 is disposed above and rearwardly of point 74. A
      system of the type shown in FIG. 6 provides a blade tangent angle
      (BTA.sub.1) for edge 42 of 25.degree.-28.degree.  and a blade tangent
      angle (BTA.sub.2) for edge 36 of 22.degree.-25.degree.; an exposure
      (E.sub.1) for edge 42 of about 0.0015 inch, and about zero (0.000 inch)
      exposure (E.sub.2) for edge 36; and a span (S.sub.1) for edge 42 of about
      0.06 inch, and a span (S.sub.2) for edge 36 of about 0.035 inch.
PAR  This plural edge blade unit as received into a double edge razor frame of
      conventional commercial type provides excellent shaving results.
PAR  While a particular embodiment of the invention has been shown and
      described, modifications thereof will be apparent to those skilled in the
      art and therefore it is not intended that the invention be limited to the
      disclosed embodiment or to details thereof and departures may be made
      therefrom within the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disposable blade unit for a safety razor comprising a thin,
      transversely flexible base blade which is apertured along its longitudinal
      center line and has two parallel, longitudinal edges that are sharpened to
      cutting edges, the overall width of the blade between its cutting edges
      being from 0.8 to 1.0 inch,
PA1  a pair of supplemental blades, each said supplemental blade having a planar
      body portion permanently secured in contact with a planar portion of said
      base blade, each supplemental blade having a length substantially equal to
      that of said base blade and a width less than half that of said base
      blade, each said supplemental blade having a longitudinal edge that is
      sharpened to a cutting edge positioned parallel to and offset from the
      adjacent longitudinal edge of said base blade, the edge of each said
      supplemental blade and the adjacent edge of said base blade defining a set
      of tandem blade edges, the cutting edges of each said set being spaced
      apart a distance in the range of 0.03 to 0.08 inch, and
PA1  lower surfaces of said blade unit defining planar support surfaces, one
      planar support surface being associated with each set of tandem blade
      edges, one sharpened edge of each set of tandem blade edges being disposed
      below its associated planar support surface and the other sharpened edge
      of each set of tandem blade edges being disposed above its associated
      planar support surface, the blade tangent angle of each said other edge
      being in the range of 22.degree.-28.degree., and the bisector of the angle
      between the facet surfaces that defines each sharpened edge being disposed
      at a downwardly inclined angle of at least 1.degree. to its associated
      planar support surface.
NUM  2.
PAR  2. The blade unit as claimed in claim 1 wherein each said one edge is
      disposed 0.004 to 0.012 inch below the plane of its associated support
      surface, each said other edge is disposed 0.004 to 0.012 inch above its
      associated planar support surface, and each said bisector is disposed at a
      downwardly inclined angle in the range of 4.degree.-8.degree. to its
      associated planar support surface.
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ABST
PAL  A saber or jig saw is provided with a detachable hollow foot plate having a
      removable hollow transparent shield. The shield and plate collect saw dust
      and particles (produced during operation of the saw) for subsequent
      disposal. The plate can be adjusted to permit bevel cuts. The shield
      permits the user to closely observe the cutting action of the saw when in
      use and to guide the saw accordingly, thus minimizing the chances of eye
      injury which could otherwise result if the shield were not used.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed toward saws, for example jig saws or saber saws,
      which employ a vertically reciprocating elongated vertical cutting blade.
      Such saws produce and scatter large amounts of saw dust and particles when
      in use whereby subsequent extensive clean up operations are required. In
      addition, it is difficult for the user to observe the pattern of cut and
      guide the saw accordingly because of the accumulation of dust and
      particles on the work.
PAR  This invention provides a removable hollow foot plate with a demountable
      front disposed hollow transparent shield. The shield and foot plate, when
      secured in place on a saw of the type described, collect the dust and
      particles for subsequent disposal whereby a majority of clean up
      operations are essentially eliminated. The shield and foot plate further
      cooperate in such manner that the dust and particles do not accumulate
      around the blade and the user can easily observe the pattern of cut and
      guide the saw as desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective exploded view of the invention;
PAR  FIG. 2 is a side view of a transparent shield;
PAR  FIG. 3 is a partially exploded end view of the back plate;
PAR  FIG. 4 is an assembled side view of the invention;
PAR  FIG. 5 is an exploded perspective view of a securing assembly for the bar
      section of a rip guide; and
PAR  FIG. 6 is a perspective exploded view of certain modified parts used in the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 - 6, rounded top section 11 of hollow foot plate
      42 has spaced openings 14 and 15 on the top portion which engage spaced
      brackets 12 and 13 on the bottom surface 10 of housing 40 of the saw
      whereby the plate 42 is held removably in engagement with the housing. The
      back 44 of the housing has a threaded hole 18 exposed through opening 17
      in back plate 46 of plate 42. Threaded key 19 engages hole 18 to lock the
      plate 42 in any angular position with respect to the housing which will
      permit bevel cuts up to 45.degree. to be made.
PAR  Clear hollow plastic shield 46 is removably disposed in mouth 20 of plate
      42 and fits snugly. Shield 46 can have tabs 21 and 22 engagable with holes
      38 and 39 in the top surface of plate 42 to provide a more secure fit.
PAR  The shank 25 and blade 48 of the saw extend through a top elongated opening
      26 and a bottom circular opening 27 in the shield. The plastic shield
      should be essentially the same thickness as plate 42 and should be
      somewhat flexible. Opening 27 has a peripheral lip of ridge 37 which is
      more flexible than the remainder of the shield. The lip drops slightly
      below the bottom surface of the plate 42 to enable the weight of the saw
      to provide enough pressure to squeeze the level of lip 37 even with the
      bottom surface of plate 42, thus providing a tight seal. The lip is of
      highly polished flexible smooth plastic to minimize friction.
PAR  Plate 16 has opening 33 removably closed by filter cap 34 which has small
      perforations 35 and is made of transparent plastic. Flexible tabs 36 on
      each side of cap 34 enable the cap to be easily installed and removed
      whereby accumulated waste material can be disposed of.
PAR  Securing assembly 30 for receiving the bar section of a rip guide receives
      the bar section of the guide and receives lock screw 31 to hold the
      section in plate. Openings 23 on opposite sides of the foot plate are used
      for receiving the guide section of the rip guide. Plugs can fit removably
      into these openings when the guide is not used.
PAR  Front end 32 of the bottom surface 10 of housing 40 is lower than the
      remaining portion to equalize the levels of the front end and remaining
      bottom surface when the foot plate is attached and avoids a gap when the
      shield is inserted.
PAR  If a space 50 is formed between plate 16 and the remainder of plate 42, a
      thin flat perforated plastic strip can be slid removably therebetween
      eliminating the use of cap 34.
PAR  In use, the air channeled from the fan in the upper housing to the cutting
      area through the openings in the bottom section of the upper housing and
      on the top section of the shield will pull in sawdust and perticles and
      force same to the rear of the plate 42. The perforations 35 provide proper
      air flow.
PAR  Since these particles are moved out of the shield, the user of the saw can
      closely observe the cutting action and can guide the saw accordingly.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a saw having a vertically reciprocating vertically
      elongated cutting blade and a housing with an exposed bottom surface and a
      rear surface with a threaded hole:
PA1  a hollow foot plate having a front opening, spaced openings in its top
      surface, a horizontal bottom surface and a back having an opening;
PA1  bracket means on said bottom surface of the housing detachably engaging
      said openings in the top surface of the foot plate whereby said back
      opening overlies said threaded hole;
PA1  a threaded key extending through said back opening into the threaded hole
      to lock the foot plate in place; and
PA1  a hollow transparent plastic shield sealed except for aligned top and
      bottom openings accommodating said blade and a rear opening detachably
      engagable with the front opening of said foot plate.
NUM  2.
PAR  2. The combination of claim 1 wherein said spaced openings in the top
      surface of the foot plate are elongated to allow the foot plate to be
      rotated for bevel cuts up to 45.degree. before the foot plate is locked in
      position by the key.
NUM  3.
PAR  3. The combination of claim 2 wherein the bottom hole of the shield has a
      circular lip extending below the bottom surface of the shield and formed
      of yieldable material which slides over other surfaces with little
      friction.
NUM  4.
PAR  4. The combination of claim 3 wherein the shield and foot plate have
      cooperating detachable engagement means.
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ABST
PAL  A relator for use in mounting complementary maxillary and mandibular dental
      casts in desired occluded arrangement within a pair of shell-like bases
      includes a locator having edges, each with a profile configuration
      complementary to a predetermined profile configuration on a complementary
      shell-like base, and a platform between the edges, the edges being spaced
      from one another a distance corresponding to the location of the
      shell-like bases when the bases are engaged with the edges of the locator
      and the dental casts are resting upon the platform in the desired occluded
      arrangement.
BSUM
PAR  The present invention relates generally to mounting dental casts and
      pertains, more specifically, to apparatus for mounting complementary
      maxillary and mandibular dental casts for display in desired occluded
      arrangement.
PAR  The making and preparation of dental models is a necessary part of dental
      and orthodontic procedure where a practitioner wishes to display to a
      patient the appearance of treated teeth before and after treatment.
PAR  In order to facilitate the mounting of dental casts for such models,
      preformed bases have been developed which enable dental casts to be
      mounted properly and in appropriate occlusal alignment with the respective
      bases in less time and with less difficulty than that encountered with
      previous equipment and procedures which required difficult, tedious,
      expensive and time-consuming molding and finishing operations. However,
      the use of such preformed bases in making models requires that auxiliary
      apparatus, in the form of a positioner and a relator, be used to assist in
      mounting and properly aligning the dental casts relative to the preformed
      bases. These preformed bases, the positioner and the relator are
      illustrated in U.S. Pat. No. 3,043,009.
PAR  In my earlier co-pending patent application, Ser. No. 415,422, filed Nov.
      13, 1973, now U.S. Pat. No. 3,882,602 I described apparatus and method in
      which the model making procedure was further simplified and shortened by
      eliminating entirely the requirement for auxiliary apparatus in the form
      of the earlier positioner and relator in attaining the desired result. The
      apparatus described in my earlier application included a pair of
      complementary preformed bases having a construction different from the
      preformed bases of U.S. Pat. No. 3,043,009.
PAR  I now find that many preformed bases constructed in accordance with U.S.
      Pat. No. 3,043,009 are already in the field and that it would be
      advantageous if at least some of the procedures set forth in my earlier
      U.S. Pat. No. 3,882,602 could be applied to model making utilizing the
      preformed bases of patent number 3,043,009, but eliminating at least some
      of the auxiliary apparatus disclosed in that patent, along with some of
      the more time-consuming steps of the procedure.
PAR  It is therefore an object of the invention to provide apparatus which
      enables complementary maxillary and mandibular dental casts to be mounted
      in already available preformed bases for display in proper occluded
      arrangement, without requiring all of the special auxiliary apparatus and
      all of the procedural steps required heretofore with such preformed bases.
PAR  Another object of the invention is to provide a relator which enables
      already available preformed bases, or bases constructed in a similar
      manner, to be employed in the preparation of dental models utilizing a
      simplified procedure and less auxiliary apparatus than required
      heretofore.
PAR  Still another object of the invention is to provide a locator member which
      adapts a currently available relator for enabling already available
      preformed bases, or bases constructed in a similar manner, to be used in
      dental model making employing a simplified procedure which eliminates the
      need for a positioner.
PAR  A further object of the invention is to provide apparatus which enables a
      simplified, efficient and shorter method for the mounting of complementary
      dental casts in preformed bases.
PAR  A still further object of the invention is to provide apparatus of the type
      described which is relatively simple in construction and inexpensive to
      manufacture, while being easily used by the practitioner.
PAR  The above objects, as well as still further objects and advantages, are
      attained by the invention which may be described briefly as a relator for
      use in mounting complementary maxillary and mandibular dental casts in
      desired occluded arrangement within a pair of shell-like bases, each base
      having a bottom, side walls, an anterior wall and a posterior wall all
      integral with the bottom and extending therefrom to establish a cavity,
      the posterior wall having an external planar surface, an opposite internal
      surface and a peripheral edge surface between the external and internal
      surfaces, the peripheral edge surfaces each having a predetermined profile
      configuration, the relator comprising a base plate, a planar surface on
      the base plate, the planar surface extending longitudinally between
      opposite ends and laterally between opposite sides, locator means on the
      base plate raised from the planar surface, the locator means including a
      first altitudinal edge adjacent one of the opposite ends and a second
      altitudinal edge adjacent the other of the opposite ends, the first
      altitudinal edge having a profile configuration at least portions of which
      are complementary to the predetermined profile configuration of the
      peripheral edge surface of one of the bases, the second altitudinal edge
      having a profile configuration at least portions of which are
      complementary to the predetermined profile configuration of the peripheral
      edge surface of the other of the bases, the altitudinal edges being spaced
      apart from one another longitudinally a distance corresponding to the
      location of the shell-like bases when the peripheral edge surfaces of the
      bases are engaged with the corresponding altitudinal edges of the locator
      means and the dental casts are in the desired occluded arrangement.
DRWD
PAR  The invention will be more fully understood, while still further objects
      and advantages thereof will become apparent, by reference to the following
      detailed description of preferred embodiments of the invention illustrated
      in the accompanying drawing, in which:
PAR  FIG. 1 is a top plan view of a relator constructed in accordance with the
      invention, with the addition of preformed bases illustrated in phantom;
PAR  FIG. 2 is a longitudinal cross-sectional view taken along line 2--2 of FIG.
      1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevational view of the relator with preformed bases
      illustrated in phantom;
PAR  FIG. 5 is an end elevational view of the relator as illustrated in FIG. 4;
PAR  FIG. 6 is an enlarged side elevational view showing the relator in use,
      with complementary dental casts and preformed bases, the bases being
      illustrated in cross-section;
PAR  FIG. 7 is an enlarged perspective view of the relator in use, with
      complementary dental casts and preformed bases;
PAR  FIG. 8 is a top plan view of a locator member constructed in accordance
      with the invention and in place in an already available relator,
      illustrated in phantom;
PAR  FIG. 9 is a longitudinal cross-sectional view taken along line 9--9 of FIG.
      8;
PAR  FIG. 10 is a side elevational view of the locator member in place in an
      already available relator, illustrated in phantom;
PAR  FIG. 11 is a cross-sectional view taken along line 11--11 of FIG. 8; and
PAR  FIG. 12 is an end elevational view of the locator member in place in the
      phantom relator.
DETD
PAR  Referring now to the drawing, and especially to FIGS. 1 through 5 thereof,
      apparatus constructed in accordance with the invention is illustrated in
      the form of relator 10 which is seen to have a base plate 12 with
      depending feet 14 for supporting the base plate upon a counter top, a
      table top or the like.
PAR  Base plate 12 has an upper, planar surface 16 extending longitudinally
      between opposite ends 18 and 20 of the base plate and laterally between
      opposite sides 22 and 24. Intermediate the opposite ends 18 and 20 are
      locator means illustrated in the form of a platform 26 raised from the
      planar surface 16 and including a planar surface 28 extending parallel to
      surface 16 longitudinally between a first edge 30, extending in an
      altitudinal direction, i.e., generally perpendicular to the longitudinal
      and lateral directions, and a second altitudinal edge 32 and laterally
      between the opposite sides 22 and 24. Each altitudinal edge 30 and 32 has
      a particular profile configuration, as viewed in FIG. 1, for purposes
      which will be described below.
PAR  Relator 10 is to be used in mounting complementary maxillary and mandibular
      casts in desired occluded arrangement within a pair of shell-like
      preformed bases, such as those illustrated in U.S. Pat. No. 3,043,009. The
      preformed bases are shown in phantom in FIGS. 1 through 5 and can be seen
      in full lines in FIGS. 6 and 7, as maxillary base 36 and mandibular base
      38. Each base 36 and 38 has a bottom 40, side walls 42, an anterior wall
      44 and a posterior wall 46, all integral with the bottom and extending
      therefrom to establish a cavity 48 within each base. The posterior wall 46
      of each base has an external planar surface 50 and an opposite internal
      surface 52.
PAR  Between the external planar surface 50 and opposite internal surface 52 of
      posterior wall 46 of base 36 is a peripheral edge surface 54 having a
      first predetermined profile configuration. Between the external surface 50
      and opposite internal surface 52 of posterior wall 46 of base 38 is a
      peripheral edge surface 56 having a second predetermined profile
      configuration. The profile configuration of altitudinal edge 30 is
      generally complementary to the predetermined profile configuration of edge
      surface 54 of maxillary base 36, while the profile configuration of
      altitudinal edge 32 is generally complementary to the predetermined
      profile configuration of the edge surface 56 of mandibular base 38.
PAR  Turning now to FIGS. 6 and 7, as well as to FIGS. 1 through 5, dental casts
      60 and 62, which have been fabricated of plaster in a well-known manner,
      are first assembled and then temporarily secured together in the desired
      occluded arrangement as by the use of a rubber band 64 which holds the
      dental casts 60 and 62 in an assembly 66. The assembled dental casts are
      then provided each with a posterior locating surface 70 and 72,
      respectively, by grinding, cutting or otherwise removing portions of the
      dental casts to establish the required locating surface configuration. In
      this instance, locating surfaces 70 and 72 are planar surfaces which match
      the planar configuration of planar surface 28 of platform 26.
PAR  An adhesive medium 74 is placed in each cavity 48 of the preformed bases 36
      and 38 and, if so desired, upon the outside faces 76 and 78 of the dental
      casts 60 and 62. The bases 36 and 38 are then placed upon the planar
      surface 16 of the base plate 12, which receives the complementary external
      planar surface 50 of each preformed base, with each preformed base being
      in an initial position shown in phantom in FIG. 6, and the locating
      surfaces 70 and 72 of the occluded assembly 66 are placed upon the
      complementary planar surface 28 of platform 26. Preferably, a second
      rubber band 80 is passed over the assembly 66 and around lateral
      projections 82 located at the opposite sides 22 and 24 to secure the
      assembly 66 upon the platform 26. The bases 36 and 38 are then moved
      toward one another by sliding the bases along the planar surface 16 in the
      directions indicated by the arrows in FIG. 6, thereby engaging the edge
      surfaces 54 and 56 with the corresponding complementary altitudinal edges
      30 and 32 of the platform 26. Once the edge surfaces 54 and 56 are fully
      seated against the altitudinal edges 30 and 32, the bases are in a
      prescribed position, as seen in full lines in FIG. 6, wherein the proper
      relative alignment and location is established between the bases.
PAR  Proper longitudinal alignment of the bases is further facilitated by
      alignment means shown in the form of longitudinal track 86, which is
      integral with the base plate 12, and a complementary groove 88 in the
      posterior wall 46 of each base. Although only one track 86 is illustrated
      for each base and is located centrally between the opposite sides 22 and
      24, more than one track may be placed intermediate the sides 22 and 24,
      together with complementary grooves in each base to further enhance
      longitudinal alignment. The dental casts 60 and 62, already assembled in
      the desired occluded arrangement, are thus located relative to the bases
      by the engagement of the assembly 66 with the planar surface 28 of
      platform 26 and the engagement of the edge surfaces 54 and 56 with the
      altitudinal edges 30 and 32 of the platform.
PAR  The adhesive medium 74 which is placed between the confronting portions of
      the occluded assembly 66 and the bases 36 and 38 simultaneously adheres
      each dental cast to its respective base. Thus, the dental casts are
      located in the desired occluded arrangement when the bases are in the
      prescribed relative position dictated by the platform. As best seen in
      FIGS. 6 and 7, excess adhesive medium is exuded from between the
      confronting portions of the occluded assembly 66 and the bases 36 and 38
      at 90 as the bases are moved toward one another to join the bases with the
      dental casts. The exuded adhesive medium may be trimmed, after hardening,
      to finish the model. At the same time, the rubber band 80 may be trimmed
      so that the upper and lower halves of the completed model may be parted.
PAR  Since the dental casts are fabricated of plaster, the adhesive medium 74
      preferably is plaster. The bases 36 and 38 are usually fabricated of a
      synthetic resin material, but they too may be made of plaster so that all
      portions of the model may be finished with the same techniques and the
      resulting model will have a uniform, aesthetically pleasing appearance.
PAR  It will be apparent, then, that relator 10 enables the shell-like bases 36
      and 38 to be utilized in a procedure much like that described in my
      earlier application Ser. No. 415,422, thus accomplishing a saving in the
      number of steps required and the number of pieces of auxiliary equipment
      required, with concomitant savings in time and expense. The procedure
      described in U.S. Pat. No. 3,043,009 utilizing the positioner described
      therein becomes unnecessary, but the bases themselves need not be altered.
PAR  Referring now to FIGS. 8 through 12, there is illustrated locator means in
      the form of locator member 100 adapted for use with the relator described
      in U.S. Pat. No. 3,043,009, to convert that relator for use in a procedure
      similar to that described above in connection with relator 10.
PAR  A relator constructed in accordance with the disclosure of U.S. Pat. No.
      3,043,009 is illustrated in phantom at 110 in FIGS. 8 through 12 and is
      seen to include a base plate 112 with depending feet 114 and an upper
      planar surface 116 extending longitudinally between opposite ends 118 and
      120 and laterally between opposite sides 122 and 124. The base plate 112
      includes an opening 125 which passes through the base plate.
PAR  Locator member 100 has a platform 126 which includes a planar surface 128
      extending longitudinally between opposite edges 130 and 132. As in the
      relator 10 described above, the edges 130 and 132 each have a profile
      contour configuration complementary to the predetermined profile
      configuration of the peripheral edge surface of a corresponding shell-like
      base which is to be placed upon the planar surface 116 of base plate 112.
PAR  Positioning means are shown in the form of a depending plug portion 134
      which has a configuration including portions complementary to the
      configuration of opening 125 so as to be received therein. Placement of
      the plug portion 134 within opening 125 will bring shoulders 136 of the
      locator member 100 into engagement with the surface 116 of base plate 112,
      while the complementary portions of plug portion 134 locate the edges 130
      and 132 relative to the base plate 112. In this manner, platform 126
      provides the appropriate raised surface 128 and opposite edges 130 and 132
      to enable the assembled locator member 100 and relator 110 to function in
      a manner similar to relator 10.
PAR  A projection 140 extends laterally at each side of the locator member 100,
      projections 140 providing securing means by which an assembly of dental
      casts, such as assembly 66 described above, may be secured upon platform
      126 in the manner described above.
PAR  Thus, a relatively simple locator member 100 serves as an adaptor enabling
      an already available relator to be used in a simplified, time and
      equipment saving manner.
PAR  It is to be understood that the above detailed description of preferred
      embodiments of the invention is provided by way of example only. Various
      details of design and construction may be modified without departing from
      the true spirit and scope of the invention as set forth in the appended
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A relator for use in mounting complementary maxillary and mandibular
      dental casts in desired occluded arrangement within a pair of shell-like
      bases, each base having a bottom, side walls, an anterior wall and a
      posterior wall all integral with the bottom and extending therefrom to
      establish a cavity, said posterior wall having an external planar surface,
      an opposite internal surface and a peripheral edge surface between said
      external and internal surfaces, the peripheral edge surfaces each having a
      predetermined profile configuration, said relator comprising:
PA1  a base plate;
PA1  a planar surface on the base plate, said planar surface extending
      longitudinally between opposite ends and laterally between opposite sides;
PA1  locator means on the base plate raised from the planar surface, said
      locator means including a first altitudinal edge adjacent one of said
      opposite ends and a second altitudinal edge adjacent the other of said
      opposite ends;
PA1  the first altitudinal edge having a profile configuration at least portions
      of which are complementary to the predetermined profile configuration of
      the peripheral edge surface of one of the bases;
PA1  the second altitudinal edge having a profile configuration at least
      portions of which are complementary to the predetermined profile
      configuration of the peripheral edge surface of the other of the bases;
      and
PA1  said altitudinal edges being spaced apart from one another longitudinally a
      distance corresponding to the location of the shell-like bases when the
      peripheral edge surfaces of the bases are engaged with the corresponding
      altitudinal edges of the locator means and the dental casts are in said
      desired occluded arrangement.
NUM  2.
PAR  2. The invention of claim 1 wherein said locator means include a platform
      raised from the planar surface and extending longitudinally between the
      first and second altitudinal edges and laterally between the opposite
      sides of the planar surface for supporting the occluded dental casts.
NUM  3.
PAR  3. The invention of claim 2 wherein the platform includes a planar surface
      parallel to the planar surface of the base plate.
NUM  4.
PAR  4. The invention of claim 2 wherein the external surface of the posterior
      wall of each shell-like base includes first alignment means for lateral
      alignment of the shell-like bases and the base plate includes second
      alignment means complementary to the first alignment means, located
      laterally intermediate the opposite sides of the planar surface thereof
      and extending longitudinally therealong for engaging the first alignment
      means and aligning the shell-like bases relative to one another upon the
      base plate.
NUM  5.
PAR  5. The invention of claim 4 wherein the first alignment means include at
      least one groove and the second alignment means include at least one
      longitudinal track complementary to said groove.
NUM  6.
PAR  6. The invention of claim 2 wherein the base plate includes securing means
      at each side of the planar surface for enabling securement of the occluded
      dental casts in place upon said platform.
NUM  7.
PAR  7. The invention of claim 6 wherein the occluded dental casts are to be
      secured upon the platform with an elastic band and said securing means
      include a lateral projection at each side of the planar surface around
      which projections said elastic band may be placed.
NUM  8.
PAR  8. A locator member for use in a relator in mounting complementary
      maxillary and mandibular dental casts in desired occluded arrangement
      within a pair of shell-like bases, each base having a bottom, side walls,
      an anterior wall and a posterior wall all integral with the bottom and
      extending therefrom to establish a cavity, said posterior wall having an
      external planar surface, an opposite internal surface and a peripheral
      edge surface between said external and internal surfaces, the peripheral
      edge surfaces each having a predetermined profile configuration, and said
      relator including a base plate, a planar surface on the base plate
      extending longitudinally between opposite ends and laterally between
      opposite sides and an opening in the planar surface of the base plate,
      said locator member comprising:
PA1  a first edge having a profile configuration complementary to the
      predetermined profile configuration of the peripheral edge surface of one
      of the bases;
PA1  a second edge having a profile configuration complementary to the
      predetermined profile configuration of the peripheral edge surface of the
      other of the bases;
PA1  positioning means on the locator member, said positioning means depending
      relative to the said edges and receivable within the opening in the planar
      surface for positioning the locator member upon the planar surface with
      said first and second edges extending altitudinally relative to the planar
      surface; and
PA1  said first and second edges being spaced apart from one another
      longitudinally a distance corresponding to the location of the shell-like
      bases when the peripheral edge surfaces of the bases are engaged with the
      corresponding edges of the locator member and the dental casts are in said
      desired occluded arrangement.
NUM  9.
PAR  9. The invention of claim 8 wherein the locator member includes a platform
      extending longitudinally between said first and second edges for
      supporting the occluded dental casts.
NUM  10.
PAR  10. The invention of claim 9 wherein the platform includes a planar
      surface.
NUM  11.
PAR  11. The invention of claim 8 wherein the locator member has laterally
      opposite sides and includes securing means at each side for enabling
      securement of the occluded dental casts in place upon the platform.
NUM  12.
PAR  12. The invention of claim 11 wherein the occluded dental casts are to be
      secured upon the platform with an elastic band and said securing means
      include a lateral projection at each side of the locator member around
      which projections said elastic band may be placed.
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ABST
PAL  A holder for receiving dental root canal instruments consists of two
      circular plates arranged in coaxial spaced-apart disposition, one plate
      having a series of through holes therein each to receive a respective
      instrument with the tip thereof resting on the other plate the separation
      of the two plates, and thus the distance between that plate face which
      receives an instrument tip and the corresponding face of the other plate,
      being selectively adjustable to provide a datum for setting indicators on
      the respective instruments mounted on the holder.
BSUM
PAR  The present invention relates to holders for dental root-canal instruments
      such as reamers, broaches, silver points, and files.
PAR  When the pulp of a tooth becomes infected, it is common practice to drill
      through the crown of the tooth, remove the pulp right down to the tip of
      the root canal, and plug the root canal before filling the tooth. The pulp
      is removed using reamers or files. It is important to determine the length
      of root canal instrument to be used in treating the tooth, since if it is
      too long the bone may be damaged, and if it is too short the root canal
      may remain untreated near its tip.
PAR  The required length of instrument is found by measuring the length of a
      wire instrument inserted into the root canal up to the tip of the root, as
      indicated on an X-ray photograph. The root canal instruments to be used
      are then selected and the required length is measured off on each and
      marked by a marking disc threaded onto each instrument. This is clearly a
      time consuming process, in which there is some risk of error.
PAR  The present invention provides a length-determining holder for dental root
      canal instruments, comprising a base plate on which the tips of the
      instruments are to rest, and a holding plate parallel to the base plate,
      the holding plate having through bores for holding the instruments, the
      required length of the instruments being determined by the distance
      between the upper surface of the base plate and the upper surface of the
      holding plate, the plates being guided for movement towards and away from
      each other.
PAR  In use, the holder holds one or more sets of instruments (of various
      sizes), the instruments being held in the respective bores of the holding
      plate, each instrument carries a marker which is movable along the
      instrument to abut against the upper surface of the holding plate and
      indicate the required length. The instrument can be stored in the holder
      and can be sterilized with the holder.
PAR  Preferably the holder includes a scale readable in association with the
      upper surface of the holding plate or base plate and indicating the
      distance between the said surfaces. The plates may conveniently be moved
      by a screw, one revolution of the screw producing a displacement which is
      a known subdivision of the scale, in the manner of a micrometer screw, or
      any other suitable method.
DRWD
PAR  The invention will now be described further, by way of example only, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of a first form of holder constructed in
      accordance with the invention, there being a set of reamers in position
      thereon;
PAR  FIG. 2 is a section on line II--II of FIG. 1 and
PAR  FIG. 3 is a perspective view of a second form of holder.
DETD
PAR  Referring now to the drawings, and particularly to FIGS. 1 and 2 thereof, a
      holder for dental instruments such as reamers comprises a circular base
      plate 11, a hollow pillar 12 secured coaxially of such base plate and
      extending upwardly therefrom, a holding plate 13 arranged in spaced
      parallel disposition relative to the base plate and slidable
      longitudinally of the pillar, and an adjustment means 14 for supporting
      the holding plate 13 relative to the base plate 11 and adapted, upon
      actuation, to adjust the relative position of the base plate 11 and
      holding plate 13 in the axial direction of the pillar 12.
PAR  The holding plate 13 is of circular form and of a like diameter to the base
      plate 11, being arranged coaxially therewith and has a series of twelve
      through holes 13a therein arranged at equal centres peripherally of the
      holding plate and at a common distance from the centre of such plate.
PAR  The adjustment means 14 comprises a screw-threaded rod 14a of 1 mm. pitch
      disposed within the pillar and captively engaged with a plug 14b at the
      upper end of such pillar and a nut 14c engaged with the said rod and
      secured to a radially inwardly directed extension 13b the holding plate
      13, the said extension 13a passing through a longitudinal slot 12a in the
      wall of the pillar 12. The upper end of the rod 14a carries a knurled knob
      14d, and such rod is freely rotatable in but axially fixed relative to the
      plug. Rotation of the nut 14c is precluded by co-operation between the
      extension 13b to the holding plate 13 and the lateral edges of the slot
      12a in the pillar.
PAR  A reamer 15 is positioned in each of the through holes 13a the tips of such
      reamers resting on the upper surface 11a of the base plate 11 and the
      reamers being arranged circumferentially in order of size (diameter).
PAR  The distance between the upper surface 13c of the holding plate and the
      corresponding surface of the base plate represents the required length of
      the reamers as determined by clinical methods of a conventional kind, such
      length being set on the individual reamers by movement of a disc 15a of
      plastics or rubber along each reamer into abutment with the surface of the
      holding plate.
PAR  As will readily be apparent, the structure as aforesaid will provide a
      convenient means for setting the working length of a reamer by reference
      to a datum as determined by conventional clinical methods, the holding
      plate being appropriately positioned relative to the base plate by
      rotation of the rod of the adjustment means to give the datum, the reamers
      being engaged with respective ones of the through holes, and the discs
      being moved axially of the reamers and into contact with the upper surface
      of the holding plate.
PAR  For a different datum, the holding plate is moved to a corresponding
      position relative to the base plate, and the reamers, or other
      instruments, set as before.
PAR  If desired, the pillar may have a linear scale 16 marked thereon to
      facilitate the ready reproduction of a datum of known magnitude, the scale
      being read off against the plane of the top surface of the holding plate
      and such reading being facilitated if desired, by the provision of
      co-operating index marks 16a, 16b on the knob and plug.
PAR  A second and simplified embodiment is shown in FIG. 3 and comprises a base
      plate 31, a pillar 32 extending upwardly from the base plate, a holding
      plate 33 slidable axially of the pillar 32, and a locking screw 34
      extending through a threaded radial bore in a boss 33a formed integrally
      with the holding plate, the said screw 34 engaging a channel 32a provided
      in the pillar and extending longitudinally thereof.
PAR  A cushioning spring 35 is provided between the upper surface 31a of the
      base plate and the underside 33b of the holding plate, such spring being
      arranged coaxially with the pillar 32.
PAR  As in the case of the embodiment of FIGS. 1 and 2, the holding plate
      includes a series of through holes 33c each to receive a respective reamer
      36, or other dental instrument, the said holes being equi-spaced and lying
      on a circle concentric with the holding plate.
PAR  A linear scale 37 is provided on the pillar and conveniently at the lateral
      edges of the channel 32a, the said scale being read in conjunction with
      the upper surface 31a of the holding plate.
PAR  The diameter of the locking screw 34 corresponds closely with the width of
      the channel 32a so as positively to locate the holding plate in the
      peripheral direction thereof.
PAR  The embodiment of FIG. 3 is used in like manner to that of FIGS. 1 and 2
      except as regards the manner of adjustment and thus further description
      thereof is thought unnecessary.
PAR  It will be seen that the required length for the reamers can be determined
      quickly and accurately for the whole set of reamers, which are already
      arranged in the correct order of size (diameter). The reamers can be
      stored in the holder and sterilized in the holder, so that they need never
      become disarranged.
PAR  Various modifications may be made within the scope of the invention. For
      instance, more than one circle of through bores can be provided, to
      accommodate other instruments. In the case of the embodiment of FIGS. 1
      and 2, one or more further guide columns could be provided, separate from
      the screw, so as to simplify the arrangement of the screw, whilst in the
      case of the arrangement of FIG. 3, an alternative cushioning means to that
      shown, for example a friction pad on the inner end of the screw, may be
      used.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A dental instrument holder for determining the working length for dental
      root canal instruments comprising
PA1  1. a base plate having a flat upper surface forming a datum plane,
PA1  2. a post extending upwardly from the base plate,
PA1  3. a holding plate having a flat upper surface, the holding plate having an
      aperture in which the post is received in a manner maintaining the flat
      upper surface of the holding plate parallel to the datum plane, the flat
      upper surface of the holding plate having a plurality of spaced parallel
      apertures extending through the holding plate in which dental root canal
      instruments can be received, the working length of the instruments being
      determined by the distance between the datum plane and the flat upper
      surface of the holding plate,
PA1  4. resilient means disposed around the post and acting between the base
      plate and the holding plate to resiliently support the holding plate for
      sliding movement on the post, and
PA1  5. means for locking the holding plate to the post at a selected level
      relative to the datum plane.
NUM  2.
PAR  2. A dental instrument holder according to claim 1, wherein
PA1  the holding plate is circular and the post receiving aperture is centrally
      situated in the holding plate.
NUM  3.
PAR  3. A dental instrument holder according to claim 1, further including
PA1  6. means for preventing rotation of the holding plate relative to the base
      plate.
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ABST
PAL  The subject invention involves a device for sensing the depth to which a
      worn railroad wheel must be machined in order to reclaim the wheel tread
      and flange contour. The device consists of an assembly of gaging elements
      mounted on a support block which is, in turn, mounted on a guide rail for
      radial movement into contact with the wheel tread. The gaging elements
      include a flange edge contactor slidably mounted on the support block, a
      tread contactor slidably mounted on the flange edge contactor, and a
      flange contacting finger pivotally mounted to the tread contactor. In
      operation the assembly is moved radially toward the wheel until the wheel
      tread is contacted. The tread contactor thereafter retracts, causing the
      flange contacting finger to engage the gaging point on the wheel flange.
      Further, downward movement of the assembly causes the flange edge
      contactor to move into engagement with the wheel. Appropriate encoders are
      connected to the gage assembly to generate pulses which indicate the
      position of the flange edge and the new diameter to which the wheel is to
      be machined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is the case in any moving vehicle, an important factor in the smooth,
      safe and efficient operation of a railroad car is the condition of the
      wheel surface which engages the rails. This surface is originally machined
      within fairly close tolerances to a specific contour. This contour
      consists of a tread which gradually tapers outward from its axis from its
      tread edge to an outwardly extending flange which culminates in the flange
      edge of the wheel. This surface engages the rail in a manner which causes
      maximum wear in the transition area between tread and flange.
      Historically, worn railroad wheels have been reclaimed by machining the
      wheel to a new diameter at which there is sufficient material to restore
      the original contour. This process must be performed equally around the
      wheel tread circumference of both wheels in a set. There is of course
      minimum requirements for flange thickness and wheel diameter which limit
      the number of times a wheel can be reclaimed. In the process of machining
      a railroad wheel several dimensions and reference points on the wheel must
      be measured and located. Since the wheel turning lathes of the prior art
      are substantially manually adjusted, calipers and gages were provided
      which were to be manipulated and read by the operator. These readings
      would be used to set the starting point and depth of cut before the
      machining operation. Actual tool movement was controlled mechanically by a
      template corresponding to the desired contour. In general, calipers were
      provided on the machine which could be moved into contact with the tread
      surface and flange edge of the wheel, thereby ascertaining the actual worn
      diameter of the wheel and the location of the flange edge. According to
      normal procedure, a a gaging point is selected on the tread face of the
      flange. In general, this point is chosen at the location of maximum wear.
      A manual gage (A. A. R. steel wheel gage) as shown in FIG. 3 of the
      drawing described below is widely used to detemine the change in position
      of this gaging point or change in flange thickness from the original
      contour. By pivoting the movable finger shown in the manual gage into
      contact with the gaging point, the amount of change can be read. This
      distance is generally used to determine the depth of cut required to
      restore the contour.
PAR  Since it is desired to automatically control the movement of the lathe
      tool, a device is needed to automatically obtain these readings and
      convert them to a form which is readable by the automatic control system.
      It is, therefore, the purpose of this invention to provide such a gaging
      assembly.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In a railroad wheel lathe twin gaging assemblies are provided for slidable
      engagement with the wheel contour. The gage assemblies are mounted on the
      lathe in a retracted position which is fixed with respect to the turning
      axis of the lathe. A set of railroad wheels are mounted for rotation on
      the turning axis of the lathe and the gage assembly is radially moved into
      contact with the tread surface of the wheel.
PAR  The assembly includes a flange edge contactor which is slidably mounted on
      a support block for movement perpendicular to the radial movement of the
      entire assembly. This element is spring biased away from the flange edge.
      Slidably connected to this member is a tread contactor which has a
      direction of movement parallel to the overall movement of the assembly and
      is spring biased radially toward the tread surface. A flange engaging
      finger is pivotally mounted on the tread contactor and is also pivotally
      fixed at another point to the flange edge contactor. In operation, the
      assembly is moved radially toward the wheel center until the tread
      contactor engages the tread surface of the wheel and as the gage assembly
      continues to move toward the wheel center, the tread contactor retracts
      within the assembly against its biasing spring. This retraction causes the
      flange engaging finger to rotate into contact with the flange at the
      gaging point. Further downward movement of the gage assembly will cause
      the flange edge contactor to move into contact with the flange edge in
      motion against its biasing spring. Overall movement of the assembly stops
      when such engagement is achieved. A first encoder is provided which
      generates pulses according to the overall radial movement of the gage
      assembly. The signal generated thereby is used to ascertain the new
      diameter to which the wheel will be ground. A second encoder generates a
      signal proportional to the movement of the flange edge contactor, thereby
      locating the flange edge, the latter signal being used to locate the
      starting point for the tool. In this manner a device is provided which
      supplies the automatic control system for the wheel turning lathe with the
      required information, without the need for manual adjustment by the
      operator.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The instant invention is more fully described in conjunction with the
      appended drawing which shows a preferred embodiment of the invention and
      in said drawing:
PAR  FIG. 1 is a schematic, perspective view of a wheel grinding lathe with
      which the invention may be associated;
PAR  FIG. 2 is a perspective view of a typical railroad wheel with a partial
      section view showing its engagement with a railroad track; in addition,
      the gaging assembly of the invention is shown schematically in order to
      illustrate the various distances the gage assembly moves with respect to
      the wheel;
PAR  FIG. 3 is a plan view of a standard AAR wheel gage as it is applied to a
      normal wheel contour shown in section;
PAR  FIG. 4 is a sectional view of a typical worn wheel showing original, worn,
      and reclaimed contours;
PAR  FIG. 5 is an exploded perspective view of the gaging assembly and its
      associated elements;
PAR  FIG. 6 is a plan view of the gage assembly with all contacting fingers
      engaging the wheel contour, the gage assembly being shown in partial
      section; and
PAR  FIG. 7 is a plan view of the gaging assembly with only the tread contactor
      engaging the wheel contour.
DETD
PAC  THE PREFERRED EMBODIMENT
PAR  This invention is adapted for use with a wheel grinding lathe 1 generally
      of the type shown in FIG. 1. Basically, the operation of such machines
      consists of moving a wheel set 3, along rails 4 into the lathe and
      mounting the wheel set for rotation about the turning axis 2 of the lathe
      by means of mounting lugs 5. A pair of tools 6 move into cutting
      engagement with the wheel surface 17 along radial tool guide rams 7 and
      axial guide rails 8. The tread surface 17 of the wheel is machined to a
      predetermined contour 51, as illustrated in broken lines in FIG. 4,
      according to instructions received from an automatic control system.
PAR  The gage assembly 9 is mounted on the machine for sliding radial movement
      along guide posts 10 and support rods 11. Although, in general, two gage
      assemblies would be used, only one will be described since they would be
      identical.
PAR  A typical railroad wheel 13 is shown in FIG. 2 engaging rail 15 and having
      an axle 14 for rotation about an axis 12. The various wheel contour
      surfaces are best shown in FIG. 4 and include tread edge 16, tread 17,
      flange 18 and flange edge 19. The wheel contour is generally shaped as
      shown in FIG. 3 with a slight radially outward taper increasing gradually
      from the tread edge 16 to the flange 18. A typical worn contour 25 is
      shown in FIG. 4. In order to determine the depth of cut required to
      reclaim the original contour a gage 20, as shown in FIG. 3, has been used.
      As shown in the drawing, this gage 20 is manually placed in engagement
      with the flange edge 19 and the tread 17. A movable pivot arm 21 is moved
      into contact at a gaging point 23 located on the flange 18. Calibrations
      22 are provided on the pivotable arm 21 in order to ascertain the distance
      D, as shown in FIG. 4, that the gaging point 23 has moved because of wear.
      This distance D is calibrated in terms of the depth of cut in the
      machining procedure.
PAR  The gaging assembly 9 of this invention is best shown in FIG. 5. A support
      block 26 is fixed to radial guide post 10 and the guide post is mounted
      for radial movement toward the wheel surface. Drive block 48 may, in turn,
      be mounted for movement along support rod 11. The guide rod 10 may be
      driven by any suitable means, for example, piston and cylinder 54.
PAR  Support block 26 is constructed having guide grooves 27 and guide bars 28.
      A biasing spring 29 is secured to a side of the block 26 as shown. A
      flange edge contactor 32 is slidably mounted on the support block 26 for
      spring biased movement perpendicular to the overall radial movement of the
      gage assembly 9. The element 32 consists of a contactor finger 33 secured
      to a bracket portion 34. Mating grooves 52 are constructed in the bracket
      portion 34 to engage the guide grooves 27 of support block 26. A
      connecting flange 35 extends from the bracket portion 34 and is
      constructed with apertures to accommodate the guide bars 28 of the support
      block 26. The flange edge contactor 32 is, therefore, mounted for slidable
      movement along guide bars 28 on the support block 26 and is normally
      biased away from the flange edge surface 19 by spring 29. The bracket
      portion 34 of the flange edge contactor 32 is constructed with suitable
      guide grooves 53 and apertures 36 to accommodate tread contactor 37.
PAR  Tread contactor 37 has mating grooves 39 for engagement with the guide
      grooves 53 on the flange edge contactor 32. Guide bars 40 are secured to
      the tread contactor 37 and slidably engage bracket portion 34 through
      apertures 36. In this manner tread contactor 37 is slidably mounted on
      flange edge contactor 32 for movement in a direction generally parallel to
      the overall movement of the gaging assembly 9. This movement is spring
      biased toward the tread surface 17 by spring 41 which is secured between
      bracket portion 34 and tread contactor 37. A tread contacting finger 38 is
      constructed extending downward from the tread contactor 37.
PAR  Flange contacting finger 42 is pivotally mounted to tread contactor 37 by
      pivot pin 45 through aperture 44. The flange contacting finger 42 is
      constructed having a gaging point projection 43 extending outward
      therefrom and is also joined to flange edge contactor 32 by means of an
      open slot 46 and engagement with joining pin 47 on flange edge contactor
      32. An encoder 30 is mounted on support block 26 and is responsive to
      movement of flange edge contactor 32 through the rack and pinion 50.
      Accordingly, the encoder 30 generates pulses proportional to the movement
      of the flange edge contactor 32. A second encoder 31 is responsive to
      movement of the radial guide post 10 through a drive block 48. This motion
      may also be transmitted through a rack and pinion means as shown at 49.
PAR  Referring now to FIG. 2, it can be seen that the gage assembly 9 is mounted
      at a fixed distance A from the machine turning axis 2 and can be driven
      downward a distance B where tread contactor 37 touches the wheel tread
      surface 17. The actual diameter of the worn wheel can be ascertained from
      the relative position of the gage at this point (simply distance A minus
      distance B equals actual radius C). However, it is desired to get the new
      diameter to which the wheel is to be ground. In order to accomplish this,
      gage assembly 9 is driven further downward until the gaging point
      projection 44 and the flange edge contacting finger 33 engage the flange,
      and flange edge 19 respectively. This additional movement of the gage
      assembly 9 corresponds substantially to distance D as shown in FIG. 4.
      Therefore, signals from encoder 31 will be proportional to a distance B
      plus D and the new diameter of the wheel can be derived from this
      information.
PAR  The interrelated movement of the elements of the gage assembly 9 therefore
      provides for an overall radial movement of the assembly a distance B plus
      D, as indicated by encoder 31, from which the new diameter can be derived.
      Movement of flange edge contactor 32, as recorded by encoder 30, provides
      information pinpointing the location of the flange edge. This information
      is needed to formulate the exact profile and contour path for the
      machining operation of the wheel. Additional encoders could be used to
      obtain other information if such is necessary.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gage for measuring parameters from the contour of a worn railroad
      wheel, said wheel contour being defined by tread edge, tread, flange, and
      flange edge portions and for supplying said parameters to a system for
      automatically controlling a lathe which is adapted for reclaiming said
      wheel contour comprising:
PA1  A. a support block having means for mounting said block on the lathe at a
      predetermined radial distance from the turning axis of the lathe, for
      radial movement toward the wheel contour;
PA1  B. first and second contacting members mounted on the support block for
      movement thereon and also mutually interconnected to allow for limited
      relative movement between said contacting members, said members being
      situated on the support to sequentially engage the wheel tread and flange
      surfaces as the support block moves radially toward the wheel contour, the
      relative movement between said contacting members being indicative of the
      new diameter of the railroad wheel which is required to automatically
      adjust the lathe for the reclaiming operation; and
PA1  C. encoder means operatively connected to the support block and contacting
      member assembly to generate signals relative to the movement thereof and
      supply said signals to the automatic control system of the lathe.
NUM  2.
PAR  2. A gage for measuring parameters from the contour of a worn railroad
      wheel as described in claim 1 wherein the support block is also mounted on
      the lathe at a predetermined axial position and further comprising:
PA1  A. a third contacting member mounted on the support block for movement
      thereon, and also interconnected with the first and second contacting
      members for limited relative movement, said third contacting member being
      situated to engage the flange edge of the wheel as the support block moves
      radially toward the wheel contour, the relative movement of said third
      contacting member being indicative of the axial position of the wheel.
NUM  3.
PAR  3. A gage for measuring parameters from the contour of a worn railroad
      wheel, said wheel contour being defined by tread edge, tread, flange, and
      flange edge portions and for supplying said parameters to a system for
      automatically controlling a lathe which is adapted for reclaiming said
      wheel contour comprising:
PA1  A. a support block having means for mounting said block on the lathe at a
      predetermined radial distance from the turning axis of the lathe, for
      radial movement toward the wheel contour;
PA1  B. first and second contacting members mounted on the support block for
      movement thereon and also mutually interconnected to allow for limited
      relative movement between said contacting members, said members being
      situated to sequentially engage the wheel tread and flange surfaces as the
      support block moves radially toward the wheel contour, the relative
      movement between said contacting members allowing an overall movement of
      the support block which is equal to the difference between the
      predetermined radial distance from the turning axis of the lathe and the
      reclaimed radius of the wheel; and
PA1  C. an encoder operatively connected to the support block to generate
      signals relative to the total movement thereof.
NUM  4.
PAR  4. A gage for measuring parameters from the contour of a worn railroad
      wheel as described in claim 3 wherein the support block is also mounted on
      the lathe at a predetermined axial position and further comprising:
PA1  A. a third contacting member mounted on the support block for movement
      thereon ans also interconnected with the first and second contacting
      members for limited relative movement, said third contacting member being
      situated to engage the flange edge of the wheel as the support block moves
      radially toward the wheel contour, the relative movement of said third
      contacting member being indicative of the axial position of the wheel; and
PA1  B. a second encoder operatively connected to the third contacting member to
      generate a signal relative to the movement thereof.
NUM  5.
PAR  5. A gage for measuring parameters from the contour of a worn railroad
      wheel, said wheel contour being defined by tread edge, tread, flange, and
      flange edge portions and for supplying said parameters to a system for
      automatically controlling a lathe which is adapted for reclaiming said
      wheel contour comprising:
PA1  A. a support block having means for mounting said block on the lathe at a
      predetermined radial distance from the turning axis of the lathe for
      radial movement toward the wheel contour;
PA1  B. a tread contactor slidably mounted on the support block through
      appropriate mounting means for movement in a direction parallel to the
      direction of movement of the support block;
PA1  C. a flange contactor pivotally mounted on the tread contactor and also
      pivotally connected to the mounting means in a manner which causes pivotal
      movement of said flange contactor when relative movement between the
      mounting means and the tread contactor occurs.
NUM  6.
PAR  6. A gage for measuring parameters from the contour of a worn railroad
      wheel as described in claim 5 wherein the relative movement between the
      tread contactor, flange contactor and mounting means allows an overall
      movement of the support block which is equal to the difference between the
      predetermined radial distance from the turning axis and the reclaimed
      radius of the wheel.
NUM  7.
PAR  7. A gage for measuring parameters from the contour of a worn railroad
      wheel as described in claim 5 wherein the support block is also mounted on
      the lathe at a predetermined axial position and the mounting means further
      comprises:
PA1  A. a bracket element slidably mounted on the support block for movement in
      a direction perpendicular to the direction of movement of the support
      block;
PA1  B. a flange edge contacting finger extending radially downward toward the
      wheel from the bracket element; and
PA1  C. a second encoder operatively connected to the bracket element to
      generate signals according to the relative movement between the support
      block and said bracket element.
NUM  8.
PAR  8. . A gage for measuring parameters from the contour of a worn railroad
      wheel as described in claim 5 wherein the relative movement between the
      mounting means and the tread contactor is spring biased toward the wheel
      contour.
NUM  9.
PAR  9. A gage for measuring parameters from the contour of a worn railroad
      wheel as described in claim 7 wherein the relative movement between the
      bracket element and the support block is spring biased away from contact
      between the flange edge of the wheel and the flange edge contacting
      finger.
NUM  10.
PAR  10. A gage for measuring parameters from the contour of a worn railrod
      wheel, said wheel contour being defined by a tread edge, tread, flange,
      and flange edge portions and for supplying said parameters to a system for
      automatically controlling a lathe which is adapted for reclaiming said
      wheel contour comprising:
PA1  A. a support block mounted on the lathe at a predetermined radial distance
      from the turning axis of the lathe, and at a predetermined axial position
      for radial movement toward the wheel contour;
PA1  B. a bracket element slidably mounted on the support block for movement in
      a direction perpendicular to the direction of movement of the support
      block, said bracket element having a flange edge contacting finger
      extending downward therefrom, said bracket element being spring biased
      away from the flange edge;
PA1  C. a tread contactor slidably mounted on the bracket element for movement
      in a direction parallel to the direction of movement of the support block,
      said tread contactor being spring biased toward the wheel contour;
PA1  D. a flange contactor pivotally mounted on the tread contactor and also
      pivotally connected to the bracket element in a manner which causes
      pivotal movement of said flange contactor when relative movement between
      the bracket element and the tread contactor occurs;
PA1  E. drive means operatively connected to the support block to cause movement
      of said support block radially toward the wheel contour;
PA1  E. a first encoder operatively connected to the support block to generate a
      signal relative to the total movement thereof; and
PA1  G. a second encoder operatively connected to the bracket element to
      generate a signal according to the relative movement between the support
      block and said bracket element.
NUM  11.
PAR  11. A gage for measuring parameters from the contour of a worn railroad
      wheel as described in claim 8 wherein the relative movement between the
      tread contactor, flange contactor and bracket element allows an overall
      movement of the support block which is equal to the difference between the
      predetermined radial distance from the turning axis and the reclaimed
      radius of the wheel and a movement of the bracket element which determines
      the location of the flange edge.
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ABST
PAL  Apparatus for determining the inclination of a well bore comprising a
      flexible rod having an upper end rigidly supported by the apparatus and a
      needle point means operatively connected with the lower end of said rod
      and suspended over a vertically movable target. The target is responsive
      to a predetermined condition, such as time or location, for moving the
      target relatively towards and against the needle point whereby the needle
      point will perforate the target to indicate the inclination of the well
      bore. A weight means is mounted on the flexible rod above the needle point
      to cause a bending of the rod by cantilever action when the apparatus is
      in the well bore and when the well bore is inclined with respect to the
      vertical.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an apparatus for determining the
      inclination of a well bore.
PAR  2. Description of the Prior Art
PAR  There are many prior art patents and disclosures which describe various
      instruments for determining the inclination of a well bore. Generally
      speaking, most of these prior art disclosures involve a movable target
      suspended below a needle point. Also, in most cases, the needle point
      carries a weight and is suspended by a gimbel. By this arrangement, the
      needle point will be always hanging down vertically from the gimbel
      regardless of the disposition of the instrument itself. At an appropriate
      time the target will be moved relatively upwardly with respect to the
      needle point to cause perforation or punching of the target. When the
      apparatus is brought to the surface, the target can be inspected and the
      inclination of the well bore determined thereby. Typical prior art patents
      Webster, U.S. Pat. No. 1,905,546; Monroe, U.S. Pat. No. 2,057,787; and
      Murata, U.S. Pat. No. 2,670,547.
PAC  SUMMARY OF THE INVENTION
PAR  The distinguishing characteristic of the present invention is the
      elimination of the conventional gimbel support for the weighted needle
      point. The present invention includes a weight, a needle point and a
      movable target; however, the weight is suspended from the lower end of a
      flexible rod, the upper end of which is rigidly fixed within the
      apparatus. When the apparatus is in the well bore and the well bore is
      inclined with respect to the vertical, the weight will cause the rod to
      bend by cantilever action thus displacing the needle point with respect to
      the center of the target. On the other hand, the line between the needle
      point and the upper fixed support of the flexible rod will not be vertical
      as in the case of the prior art gimbel type support. By varying the
      diameter or stiffness of the rod selected, the amount of deflection of the
      needle point with respect to the center of the target can be varied for a
      given inclination of the well bore thereby increasing the angular range
      over which the instrument can operate. Stated differently, for the same
      operative range of angles, the diameter of the instrument case can be
      decreased when using the cantilever type of inclinometer as disclosed in
      the present application.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical longitudinal sectional view through an inclinometer
      representing one embodiment of the present invention showing the apparatus
      in a substantially vertical position with the needle point spaced above
      the target.
PAR  FIG. 2 is a view similar to FIG. 1 but showing the apparatus in an inclined
      position with the target means having been actuated so that the needle
      point has perforated the target;
PAR  FIG. 3 is an enlarged sectional view of the main components shown in FIG.
      1;
PAR  FIG. 4 is a view similar to FIG. 1 but showing a modified form of
      inclinometer made pursuant to the present invention;
PAR  FIG. 5 is a view similar to FIG. 2 but showing the apparatus of FIG. 4; and
PAR  FIG. 6 is an enlarged sectional view of the main components of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail, FIG. 1 shows an inclinometer generally
      designated by the reference character 10. The inclinometer includes,
      basically, an elongated rod or bar 12 suspended at its upper end from a
      collar 14 and having a point 16 at its lower end. The pointed end 16
      cooperates with a movable target 18 which is elevated at an appropriate
      time by an actuator 20 which is merely diagrammatically shown. The details
      of the actuator are not provided because the actuator can be any of
      several well-known types such as shown in the prior art patents referred
      to above. The rod 12 has weights 22 and 24 mounted thereon and vertically
      movable along the rod 12 in a manner later to be described.
PAR  Turning now to a consideration of FIG. 3, the upper end of the rod or bar
      12 is received within the central bore of a round headed bolt 30 the
      threaded shank 32 of which extends upwardly through a central bore 34 in
      the collar 14. The round head 36 of the bolt 30 is received within a
      circular recess 38 at the bottom of the collar 14. A nut 40 is threadably
      received on the upper end of the bolt 30 to hold the bolt within the bore
      34 of the collar 14. Three equally spaced set screws 42 (only one of which
      is shown in FIG. 3) are threadably received in radial threaded openings 44
      to position the shank 32 of the bolt 30 in the approximate center of the
      bore 34. The upper end of the rod or bar 12 extends through the shank 32
      of the bolt 30 and is connected thereto by welding, brazing or soldering,
      however, in such manner that the temper of the rod 12 is not undesirably
      altered.
PAR  An elongated threaded cylindrical member 50 is mounted on the lower end of
      the rod 12 and extends upwardly from the point 16 for a substantial
      distance along the rod 12. The threaded member is provided with a threaded
      portion 52 which extends for substantially the entire length of the
      member. The weight 22 is preferably in the form of a tapered elongated
      sleeve having a central bore 54 at the lower end of which is a threaded
      opening 56 of reduced size with respect to the bore 54. The threaded
      opening 56 engages the threaded portion 52 of the elongated cylindrical
      member 50. At the lowermost end of the weight 22 are a pair of opposed
      flat portions 58 and 60 to permit the turning of the weight 22 by a wrench
      or the like. Along the lower portion of the tapered side 62 of the weight
      22, an "O" ring 64 is mounted within a suitable annular groove 66 for a
      purpose which will be explained hereinafter. The lower weight 24 (which is
      actually a locking nut) is provided with a central threaded bore 70 and a
      pair of flat portions 72 and 74 which will permit the turning of the
      member 24 by means of a wrench or the like so as to lock against the lower
      end of the weight 22. The rod 12 extends through the cylindrical member 50
      for substantially the entire length thereof and is secured thereto by
      soldering, welding or brazing provided, however, the heat involved in the
      attaching step does not detrimentally affect the temper of the rod 12. The
      lower pointed end 16 of the rod 12 projects below the lower end of the
      cylindrical threaded member 50.
PAR  Returning now to a consideration of FIG. 1, the upper end of the collar 14
      is threaded as at 80, and this upper threaded end 80 is received within
      the lower threaded end 82 of a hollow cylindrical cap 84. Similarly, the
      lower end of the collar 14 is threaded as at 86 and this lower threaded
      end is received within the upper threaded end 88 of a hollow cylindrical
      casing 90. The lower end of the cylindrical casing 90 is provided with a
      threaded opening 92 which is adapted to receive the upper threaded end of
      a plug or the like (not shown) which supports or includes the actuator 20
      and the target 18.
PAR  In operation, the inclinometer shown in FIG. 1, with the plug (not shown)
      secured within the lower threaded opening 92 of the casing 90, is lowered
      into a well or bore hole by any suitable means (not shown). The
      inclinometer as shown in FIG. 1 is also preferably enclosed in an outer
      casing (not shown) which is completely fluid-tight. At any event, when the
      inclinometer is lowered to the proper depth, and the actuator 20 is
      actuated, the target 18 will be elevated until the pointed end 16 punches
      a hole in the target. The position of the punched hole, (not shown) with
      respect to the center of the target, will indicate how far off the
      inclinometer 10, and hence, the well bore, is from the vertical.
PAR  As shown in FIG. 2, the inclinometer 10 is inclined because the well bore
      would be correspondingly inclined. Because of the inclination, the weights
      22 and 24 have caused the rod 12 to bend as shown such that the point 16
      has engaged the target 18 at a position removed from the center of the
      target. When the inclinometer has been returned to the surface, the punch
      mark on the target 18 will indicate the inclination of the well bore at
      the point where the reading was taken. Note that the "O" ring 64 would
      engage the inner-surface of the casing 90 and prevent contact between the
      casing and the weights 22 and 24.
PAR  Prior to lowering the inclinometer 10 into the well bore, it would be
      necessary to ensure the proper calibration of the instrument. Since the
      bending of the rod 12 is a cantilever effect, the spacing of the circles
      on the target 18 would be predisposed in accordance therewith. For a known
      deflection or inclination of the inclinometer 10, the actuator 20 is
      actuated until the point 16 punches or perforates the target 18. If the
      position of the punch or perforation is incorrect, the weight 22 is moved
      upwardly or downwardly by first loosening the locking member 24 and then
      threadably moving the weight 22 upwardly or downwardly on the threaded
      cylindrical member 50 after which the locking member 24 is locked in
      place.
PAR  The embodiment shown in FIGS. 4, 5 and 6 illustrates an inclinometer 110
      having a bar or rod 112 supported from a collar 114. The lower end of the
      rod or bar 112, however, as best shown in FIG. 6, is secured to a small
      cylindrical fitting 116 by soldering, welding, etc.
PAR  The adapter 116 is received adjacent the lower end of the bore 118 of an
      elongated cylindrical threaded member 120. The lower end of the
      cylindrical member 120 is tapered as at 122 and the lower end of the bore
      118 is closed by a small plug 124 which carries a point 126. The plug 124
      is secured in the bore 118 by means of welding, soldering, etc. A spring
      128 is received in the lower end of the bore 118 between the upper end of
      the plug 124 and the bottom of the adapter 116. The upper end of the bore
      118 is provided with a slightly enlarged threaded opening 130 to receive
      the lower threaded end of a split cylindrical sleeve 134. The split
      cylindrical sleeve 134 is formed of two semicylindrical portions 136 and
      138 as shown in FIG. 4. The lower ends of mating portions 136 and 138 not
      only form the lower threaded portion 132 but also provide a bore 140 which
      loosely surrounds the rod 112. Mounted on the rod 112 below the threaded
      portion 132 is another sleeve 142 loosely received on the threaded rod 112
      and having an outer diameter greater than the bore 140 of the sleeve 134.
      Between the sleeve 142 and the fitting 116 is still another elongated
      sleeve 144 having an outer diameter less than the diameter of the bore
      118. When the split sleeve 134 is screwed into the threaded opening 130,
      it exerts a force on the sleeve 142 and, in turn, on the sleeve 144 and,
      again in turn, against the fitting 116 so as to compress somewhat the
      spring 128 which is located between the adapter 116 and the plug 124.
PAR  Mounted on the outside of the elongated threaded member 120 is a tapered
      weight 150 which is provided with a lower threaded opening 152 which
      engages the outer threads of the threaded cylindrical member 120. A
      locking nut 154 having an inner threaded portion 156 engages the threads
      of the cylindrical member 120 below the weight 150. Flat portions 158 and
      160, 162 and 164 are located on the weight 150 and the nut 154,
      respectively, to permit the tightening of the locking member 154 against
      the bottom of the weight 150 by wrenches or the like.
PAR  The upper end of the rod or bar 112 is secured to a cylindrical threaded
      nut 170 by soldering, welding, etc. The nut 170 is adapted to be received
      in the upper threaded end 172 of a bore 174 of an elongated round-headed
      bolt 176. The upper end of the round-headed bolt 176 is provided with an
      exterior threaded portion 178 on which is received a nut 180. The interior
      bore 182 of the collar 114 is somewhat larger than the exterior threaded
      portion of the bolt 176; however, the bolt 176 is centrally located with
      respect to the bore 182 by means of three equally spaced and radially
      directed set screws 184 (only one of which is shown in FIG. 6); the set
      screws 184 are threadedly received in radial threaded openings 186.
PAR  The bore 174 in the nut 176 extends down to a shoulder 190, and from the
      shoulder to the round head 192 is a bore 194 of reduced size. The bore
      194, however, is sufficient size to permit the insertion of the fitting
      116 and sleeve 142 therethrough.
PAR  Mounted on the rod 112 within the bore 174 is a split cylindrical washer
      200, another thinner washer 202, a plastic washer 204, and an elongated
      plunger 206 the latter having an enlarged round head 208 of substantially
      the same outer diameter as the bore 174 and an elongated shank portion 210
      having an outer diameter substantially equal to the lower bore 194. A
      spring 212 is located within the bore 174 between the head 208 of the
      plunger 206 and the shoulder 190.
PAR  Turning now to a consideration of FIG. 4, the upper end of the collar 114
      is provided with an external threaded portion 220 which is adapted to be
      received in the lower threaded end 222 of a cap 224. The lower end of the
      collar 114 is provided with external threads 226 which are adapted to be
      received in the upper threaded end 228 of a hollow cylindrical casing 230.
      Disposed below the point 126 is a movable target 232 which is
      substantially the same as the movable target 18 described in relation to
      FIGS. 1 and 2. The movable target 232 is adapted to be moved upwardly at
      the appropriate time by an actuator 234 substantially the same as the
      actuator 20 described in relation to FIGS. 1 and 2. The lower end of the
      casing 230 is provided with a threaded opening 236 adapted to receive a
      plug (not shown) or supporting or containing the actuator 234 and the
      target 232.
PAR  As shown in FIG. 5, the inclinometer 110 is disposed at an angle to the
      vertical and the actuator 234 has been actuated so that the point 126 has
      perforated or punched the target 232.
PAR  When lowering the inclinometers of FIGS. 1 to 6 into a well bore, (not
      shown), the inclinometer is preferably enclosed in an outer casing (not
      shown) which is completely fluid-tight.
PAR  From the foregoing it will appear that the bearings and gimbels of the
      prior art have been eliminated. The apparatus of the present invention
      operates on the same principle as the loading on a beam. When the rod is
      hanging straight, it has no load and, therefore, there is no deflection.
      As the instrument is inclined, the rod starts to deflect in a predictable
      manner which is amplified by the length of the rod below the weight. The
      circles on the target are spaced so as to transpose deflection into
      degrees of inclination of the instrument. The size of the weight can be
      varied, of course, to increase or decrease the range of the instrument.
      Also, as set forth above, the position of the weight can be varied by
      moving it vertically upwardly or downwardly on the threaded rod after
      which the lower member, which is a lock nut, can be locked against the
      bottom of the weight to hold the weight in a fixed position.
PAR  In the embodiment shown in FIGS. 4 to 6, the vertical position of the point
      with respect to the target can be varied by turning the threaded nut 170
      clockwise or counter-clockwise as desired. Furthermore, this embodiment
      shows a spring 128 positioned between the lower end of the adapter 116 and
      the plug 124 which carries the point 126. The purpose of the spring means
      128 is to cushion any shocks that might occur when the instrument
      encounters an obstruction in being lowered into a well bore.
PAR  Whereas the present invention has been described in relation to the
      drawings set forth herein, it should be understood that other and further
      modifications, apart from those shown or suggested herein, may be made
      within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for determining the inclination of a well bore comprising a
      flexible rod having an upper end and a lower end, means in said apparatus
      for rigidly supporting said upper end of said rod, a target means, means
      for vertically moving said target means needle point means operatively
      connected with said lower end of said rod and suspended over said
      vertically movable target means, means responsive to a predetermined
      condition for moving said target means relatively towards and against said
      needle point means, an elongated threaded cylinder mounted on said
      flexible rod above said needle point means, weight means having a threaded
      opening therein engaging the threads on said elongated threaded cylinder
      whereby said weight means can be rotated on said elongated threaded
      cylinder to move said weight means upwardly or downwardly, said weight
      means causing bending of said rod by cantilever action when said apparatus
      is in said well bore and said well bore is inclined with respect to the
      vertical, and a lock nut means mounted on said elongated threaded cylinder
      for locking against said weight means to hold said weight means in fixed
      vertical position on said elongated cylinder.
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ABST
PAL  A quick settling, accurate gyrocompass for obtaining an accurate, short
      reaction time azimuth reference is described. The device preferably
      comprises a four gimbal configuration supporting a limited angle, two
      degree of freedom packaged gyroscope. The outer two gimbals of the
      arrangement are employed to provide a horizontal platform using
      accelerometers or pendulums as a reference to thereby comprise a
      stabilized platform. The inner two gimbals are employed to provide
      rotation about the two input axes of the gyro. The two degrees of freedom
      gyro and the inner two gimbals of the supporting structure thus comprised
      are connected to operate in a "North seeking" mode wherein the object is
      to align the gyro spin axis so that it is parallel to the spin axis of the
      earth. The gyro rotor is slaved to the gyro case about the gyro input axis
      so that if the rotor axis is not parallel to the earth axis a gyro error
      signal results in each input axis due to the rotation of the earth. These
      error signals are then used to drive the inner two gimbals until the
      errors are reduced to zero at which point (except for undesired effects)
      the gyro rotor spin axis will be parallel to the earth's spin axis thereby
      establishing the desired reference. Decoupling compensation circuits are
      employed for subtracting from the gimbal drive error signal supplied to
      the servo drive means of a particular axis, that component of the error
      signal which is due to gimbal rotation.
PARN
PAR  This application is a continuation in part of my application Ser. No.
      73,163 filed Sept. 17, 1970 which in turn was a continuation in part of my
      application Ser. No. 701,690 filed Jan. 30, 1968, and abandoned Oct. 17,
      1970.
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PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a gyrocompass and to a new and improved technique
      and circuit for improving the settling time of a gyrocompass while
      maintaining its accuracy.
PAR  More particularly, the invention relates to a new and improved gyro compass
      employing a two-axis gyroscope and novel decoupling compensation circuit
      intercoupling the outputs of the two axes for eliminating the inherent
      cross coupling between the two axes to thereby improve the settling time
      of the gyrocompass without adversely affecting its accuracy.
PAR  2. Description of the Prior Art
PAR  Gyrocompasses have a fundamental trade off between settling time and
      alignment error due to erection error. This trade off becomes evident from
      a detailed analysis of the manner of operation of a gyrocompass. A common
      type of gyrocompass operates by sensing the rotation of the earth and
      aligning a gyro spin axis so that the component of the earth's rotation
      sensed by the gyro about an input axis is zero. It is the function of the
      erection system to provide a rigid coupling to the earth so that when the
      rate sensed by the gyro has be nulled, the gyro input axis is truly
      orthogonal to the earth's spin axis. If the erection system (i.e., the
      stabilized platform surface maintained parallel to the earth's surface
      that supports the gyroscope) is oscillating about the gyro input axis at
      frequencies below the first natural frequency of the system, the gyro will
      be misaligned by an angle sufficient to provide a component of earth's
      rate equal to the rate at which the erection system is oscillating in
      order that no rotations with respect to space be sensed by the gyro. The
      misalignment angle .phi. is given by .phi. = .theta.W/W.sub.e where
      .theta. is the magnitude of the erection error occuring at frequency W and
      W.sub.e is earth's rate. Thus the transfer functions between alignment
      error and erection error (.phi.)/.theta. must have a peak value at least
      as large as W.sub.N /W.sub.e, where W.sub.N is the first natural frequency
      of the system. Since settling time T is inversely proportional to the
      lowest natural frequency, this ratio W.sub.N /W.sub.e could be written
      K/W.sub.e T. The tradeoff between alignment error due to erection errors
      occurring around the natural frequency of the system and settling time T
      then becomes evident. For a system with a nominal settling time of 25
      minutes, the ratio W.sub.N /W.sub.e is 20. It should be noted at this
      point that the settling time T here referred to is the total settling time
      for the two axis system using decoupling compensation networks to be
      descriped hereinafter.
PAR  The type of gyrocompass to which this invention can be applied may be
      described as an accurate, azimuth reference with short settling time and
      preferably would comprise a four-gimbal assembly supporting a limited
      angle two degree of freedom gyroscope. No particular gyroscope within the
      foregoing class would constitute a limitation on the execution of this
      invention. In fact, widely different types of two degree of freedom
      gyroscopes may be used in a gyrocompass according to this invention. For
      example, one might use a cryogenic gyroscope as disclosed by Buchhold,
      U.S. Pat. No. 3,044,309; an electrostatic gyroscope as disclosed by
      Boltinghouse, U.S. Pat. No. 3,443,320; a free rotor gyroscope, e.g.,
      Autonetics G-6 Free Rotor Gyro; or a tuned rotor gyroscope, e.g., Litton
      G-2 Gyro also known as "Vibragimbal" or Singer, Kearfott Division, MITA-4
      "Gyroflex" (Reg. T.M.). For that reason, the following references to a
      packaged gyro instrument represent any packaged two degree of freedom gyro
      having limited angular movement relative to its instrument casing and
      having signal and torque generators or pick offs for sensing and causing
      (respectively) angular motion of the gyro rotor with respect to the gyro
      instrument case. These generators include a signal generator and a torque
      generator for each of the two input axes which with the gyro rotor spin
      axis are the three orthogonal axes of the gyro. Angular motion about these
      two input axes, which may be referred to in either order as a first and
      second input axis, will cause motion of the spin axis relative to the gyro
      case. In this sense, the spin axis may be said to have two degrees of
      freedom (rotational) with respect to the gyro instrument case. In the
      exercise of this invention any packaged gyro to which the invention is
      applied must be mounted in a multi-axis gimbal assembly to provide the
      proper degrees of freedom. My description is based on use of a four gimbal
      assembly wherein the outer two gimbals of the four gimbal assembly are
      used only to provide a stabilized horizontal platform using accelerometers
      or pendulums as a reference although any other conventional method of
      establishing a stabilized platform could be used. The inner two gimbals of
      such four gimbal assembly are employed to control rotation of the packaged
      gyro about two axes of gyro and gimbal assembly which are the azimuth and
      latitude axes of that assembly. The assembly is connected in a "North
      seeking" mode wherein the object is to align the gyro rotor spin axis so
      that it is parallel to the spin axis of the earth. The gyro rotor spin
      axis is slaved to the gyro case by the torque generators as already noted
      so that the rotor spin axis is maintained in alignment with a spin
      reference axis fixed to the gyro case. If the rotor axis is not parallel
      to the earth spin axis, realignment could be accomplished either by moving
      the rotor spin axis relative to the case or by moving the case which is
      followed by the rotor relative to the earth. This invention contemplates
      doing the latter by moving the case about the inner two multi-axis gimbals
      of the gimbal assembly. In maintaining the rotor-to-case relationship, the
      signal and torque generators produce signals representing the alignment
      error between the gyro rotor spin axis and the earth's rotational axis.
      The signals produced are two error signals, each reflecting the angular
      error between the gyro rotor spin axis and the earth's rotational axis as
      seen about one of the two gyro input axes. These error signals are used to
      drive the inner two gimbals of said four gimbal assembly until the errors
      are reduced to zero (nulled). Except for undesired effects, the gyro rotor
      spin axis is then parallel to the earth's spin axis.
PAR  In the present invention only the inner two gimbals of the multi-axis
      gimbal assembly are considered except for the errors due to tilt of the
      horizontal reference (i.e., stabilized platform surface). It has been
      demonstrated that the basic and well known "North seeker" system briefly
      outlined above has a fundamental limitation in that its initial alignment
      settling time is in the order of days. It has been determined that this
      inherent slowness is due to the fact that with gyrocompassing taking place
      about two cross-coupled axes simultaneously, the gimbal rates being used
      in correction are indistinguishable from the earth's rates so that the
      system has to "wait" for the earth's rate components. The present
      invention makes available, for application to conventional gyro systems, a
      technique and circuits for compensating the error signals in the process
      of converting them to gimbal drive signals so as to remove the portion of
      the signals due to the motion of the gimbals and thereby reduce the
      settling time of the system so as to provide an accurate, short settling
      time azimuth reference within a time period of approximately 30 minutes.
PAC  SUMMARY OF INVENTION
PAR  It is therefore a primary object of the invention to provide an improved
      gyrocompass employing a 2.degree. of freedom gyroscope connected in a
      "North seeking" configuration in combination with a novel decoupling
      compensation circuit interconnected between the error signal outputs of
      the two axes for eliminating inherent cross coupling between the two axes
      and thereby improve the settling time of the gyrocompass without adversely
      affecting its accuracy.
PAR  In practicing the invention, a quick settling, accurate gyrocompass is
      provided which includes a packaged gyroscope having two input axes about
      which motion takes place in aligning the spin (third orthogonal axis) of
      the gyroscope with the spin axis of the earth to establish an azimuth
      reference. The packaged gyroscope includes a rotor and an error signal
      generator and a torquing generator for each gyro input axis and is mounted
      on an external gimbal assembly having a servo drive system for moving the
      packaged gyro about each axis of freedom of the gimbal assembly. Torque
      signal amplifiers are operatively coupled between the error signal
      generator and the torque generator for each gyro input axis for feeding
      back input axis error signals to the torque generator with a polarity
      selected to bias the gyro rotor in a direction to maintain the alignment
      of the rotor with the spin reference axis of the gyro case so as to
      prevent an error signal due to any difference in alignment between the
      rotor spin axis and the case. Summing amplifiers are coupled to the output
      of each of the torque amplifiers for summing of the modified error signal
      with a compensation signal to eliminate the undesired effects of cross
      coupling. The output of each summing amplifier is connected to a gimbal
      servo drive circuit for deriving signals of suitable polarity and
      magnitude for rotating the proper external gimbal to null the gyro input
      axis error signals aligning the spin axis of the packaged gyro with the
      earth's spin axis. The proper pairing of gyro input axes and gimbal axes
      is set out in further detail in the following description of the preferred
      embodiment of the invention. The arrangement is completed by decoupling
      compensation circuits, one of which is interposed between the output of
      each summing amplifier and a second input of the other summing amplifier
      for subtracting a compensation signal from the modified error signal in
      each instance. Each compensation signal represents the portion of the rate
      of rotation of the packaged gyro about one input axis which is due to its
      corresponding gimbal rotation. In a preferred embodiment of the invention,
      the decoupling compensation circuits employ amplifiers having transfer
      functions given by the expression
      ##EQU1##
PAR  Other objects, features and many of the attendant advantages of this
      invention will be appreciated more readily as the same becomes better
      understood by reference to the following detailed description, when
      considered in connection with the accompanying drawings, wherein like
      parts in each of the several figures are identified by the same reference
      character.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a diagrammatic sketch illustrating a point on the earth's surface
      where an azimuth reference is desired, and illustrating the principles
      upon which the gyrocompass comprising the present invention operates;
PAR  FIG. 2 is a vector diagram of the several angular error signals developed
      during operation of the gyrocompass comprising the invention;
PAR  FIG. 3 is a functional block diagram of a model of a basic (prior art)
      "North seeking" gyrocompass system illustrating the basic signals and
      components comprising such system;
PAR  FIG. 4 is a simplified functional block diagram of the basic "North
      seeking" gyrocompass system shown in FIG. 3;
PAR  FIG. 5 is a functional block diagram of the simplified, basic "North
      seeking" gyrocompass system of FIG. 4 with the decoupling compensation
      networks of this invention added to the system;
PAR  FIG. 6 is a functional block diagram of an operational mechanization of a
      two-axis gyrocompass constructed in accordance with the present invention
      and employing the decoupling compensation network made available by the
      invention;
PAR  FIG. 7 is a Bode plot of the predicted operational characteristics of a
      decoupling compensation network made available by the invention and
      compares this characteristic to a characteristic required for perfect
      decoupling;
PAR  FIG. 8 illustrates the configuration of the inner two of the external
      gimbals of the gyrocompass system (with a functional block diagram of the
      circuitry) represented in FIG. 6;
PAR  FIG. 9 illustrates a typical gyroscope and torquing electronics
      configuration which might be used in the gyrocompass device of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A gyroscope is a rotating mass comprising a spin rotor enclosed in a case,
      means for torquing the rotor in order to maintain its spin axis at a given
      orientation along a spin reference axis fixed with respect to the case and
      means for determining any deviation from that orientation. Therefore, when
      this orientation is maintained, external torques applied to the case will
      move both the gyro case and the spin rotor in space. FIGS. 1 and 2 of the
      drawings show the coordinate system to be used in the following
      description. FIG. 1 illustrates the coordinate system with reference to
      the earth and the earth's spin axis W.sub.e which also corresponds to the
      earth's spin vector. (W.sub.e is used to indicate both the axis and the
      magnitude of the earth's rotational rate about that axis.) In FIG. 1, the
      line W.sub.e ' is parallel to the earth's spin vector from the point 0 at
      which orientation would take place and is the desired orientation of the
      gyro spin axis. The Z axis through 0 is perpendicular to both W.sub.e and
      W.sub.e '. The E axis through 0 completes orthogonal axes W.sub.e ', Z and
      E and points to due East. These axes are fixed to the earth's surface and
      rotate about the earth's polar axis with the angular earth rate W.sub.e. A
      horizontal reference plane containing point 0 would contain the axis E and
      would be normal to the local vertical V. The horizontal stabilized
      platform surface depicted by the rectangle P lies in that horizontal
      reference plane. North from the point 0 is the line in that horizontal
      plane which is also in the plane of axes Z, W.sub.e ', V and W.sub.e. This
      may also be stated as North in the line in the horizontal plane that is
      the projection to that plane of W.sub.e '. Latitude, which is the number
      of degrees from the equator can be measured by an angle L at the earth's
      center. The same angle appears at the point 0 between W.sub.e 'and North.
PAR  FIG. 2 shows how the angles of the gyro rotor and the case about the axes
      defined in FIG. 1 are to be identified in the following description.
      W.sub.s is the spin vector of the gyro rotor. .theta..sub.1 is the angular
      deviation of the gyro rotor spin axis about the E axis in a plane
      perpendicular to the E axis, and is measured positive with the right-hand
      rule. .theta..sub.2 similarly is the angular deviation of the rotor spin
      axis about the Z axis in a plane perpendicular to the Z axis. The
      triangles with the vertices .theta..sub.1 and .theta..sub.2 have no common
      legs, and the corresponding gyro case angles with respect to the same
      W.sub.e ', Z and E axes are identified as .theta..sub.cl and
      .theta..sub.c2.
PAR  In order to understand the operation of the packaged gyro it is necessary
      to note that the desired orientation of the gyro rotor spin axis
      previously described is along W.sub.e ' from point 0. That desired
      orientation also includes the condition that the gyro input axes are
      coincidental with axes Z and E.
PAR  The packaged gyro is equipped with a suitable pick-off or error signal
      generator for each gyro input axis which reads the difference between the
      spin reference axes of the case and the rotor axis angles. The packaged
      gyro as previously noted is also provided with torque generators for
      rotating the rotor about the same input axes in response to error signals.
      The difference error signals are defined by
EQU  E.sub.1 = .theta..sub.cl - .theta..sub.1                   1(a)
EQU  E.sub.2 = .theta..sub.c2 - .theta..sub.2                   1(b)
PAR  The error signals defined in equations (1a) and 1b) are employed to torque
      the gyro rotor to track case movement so that the case and gyro rotor spin
      axis are maintained in alignment and have the same angles (.theta..sub.cl
      = .theta..sub.1 ; .theta..sub.c2 = .theta..sub.2). The error signals are
      simultaneously employed to drive the inner two gimbals of the external
      multiple gimbal assembly to cause the rotation of the packaged gyro about
      its input axes until the rotor and case angles are all zero indicating
      that the gyro spin vector lies along the W.sub.e ' axis.
PAR  The equation relating the angular rates of the rotor about the input axes
      to the error signal supplied to the gyro torque generators are given by
      the expressions
EQU  W.sub.1 " = Tx/H' (s)E.sub.1                               (2a)
EQU  W.sub.2 " = Tx/H'(s)E.sub.2                                (2b) where
      W.sub.1" and W.sub.2 " are the components of .theta..sub.1 and
      .theta..sub.2 due only to gyro torquing, H' is the angular momentum of the
      gyro rotor, and Tx is the transfer function of the torquers, assumed equal
      in both axes.
PAR  The transfer equations from the error signals supplied to the gimbal drives
      for nulling the case angles are denoted by the following expressions where
      symmetry of the two axis system is assumed
EQU  .theta..sub.cl = G()E.sub.2                                (3a)
EQU  .theta..sub.c2 = G(s)E.sub.1                               (3b)
PAR  The case angles relative to the earth, .theta..sub.cl and .theta..sub.c2,
      are obtained by combining .theta..sub.cl ' and .theta..sub.c2 ' with the
      erection angle errors defining any misalignment of the horizontal
      stabilized platform with respect to the earth.
PAR  In order to better appreciate why the error signals indicating misalignment
      of case and rotor about one gyro input axis are used to drive the case
      about the other input axis (as indicated by expressions 3(a), 3(b)) in
      nulling the gyro rotor and case angles, the following discussion will be
      helpful. In FIG. 2 assume that initially the error angle .theta..sub.1 is
      zero and .theta..sub.2 has some value as would be the case when the
      W.sub.s vector is in the W.sub.e '-E plane. The gyro spin vector W.sub.s
      tends to remain inertially fixed in space but because of the earth's
      rotation the coordinate system (E, Z, W.sub.e ') is rotating about the
      W.sub.e ' axis at the earth rate W.sub.e. As a consequence of the rotation
      and .theta..sub.2 having some value, .theta..sub.1 will not remain at zero
      as time increases. The geometrical considerations for these small angles
      will show that the angles .theta..sub.1 and .theta..sub.2 are related by
EQU  W.sub. 1' = - W.sub.e .theta..sub.2                        (4a)
EQU  W.sub.2' = W.sub.e .theta..sub.1                           (4b) where
      W.sub.1' and W.sub.2' are the components of .theta..sub.1 and
      .theta..sub.2 due only to earth's rotation. The total angular rate of
      rotation of the rotor about the gyro input axes is then given by the sum
      of the rates given by equations 2(a), 2(b), 4(a) and 4(b) as
EQU  .theta..sub.1T = W.sub.1" + W.sub.1'                       (5a)
EQU  .theta..sub.2T = W.sub.2" + W.sub.2'                       (5b)
PAL  .theta..sub.1 is given by the integral of 5(a) and .theta..sub.2 is given
      by the integral of 5(b). Substituting 2(a), 2(b), 4(a) and 4(b) into 5(a)
      and 5(b), using the integrals of 5(a) and 5(b) in 1(a) and 1(b), and
      switching to LaPlace transform notation yields the following expressions
      for the error signals
      ##EQU2##
      without gimbal movement, the packaged gyro is tied to the earth and to the
      coordinate system E, Z, W.sub.e' of FIG. 2. Under these conditions
      .theta..sub.cl and .theta..sub.cl are constant (S.theta..sub.cl =
      S.theta..sub.c2 = 0) and equation 6(a) indicates that, in the steady
      state, the error signal derived from the signal generator measuring
      rotating of the rotor about gyro input axis 1 is proportional to the angle
      of the gyro rotor with respect to the desired orientation about gyro input
      axis 2. Similarly, equation 6(b) indicates that, in the steady state, the
      error signal derived from the signal generator measuring rotation of the
      rotor about gyro input axis 2 is proportional to the angle of the gyro
      rotor with respect to the desired orientation about gyro input axis 1.
      Therefore, to obtain the desired orientation of the rotor, the gyro case
      is driven through the gimbal drives about gyro input axis 2 in response to
      a signal from the signal generator on gyro input axis 1 and about gyro
      input axis 1 in response to a signal from the signal generator on gyro
      input axis 2 in accordance with equations 3(a) and 3(b). The gyro rotor
      follows the case since it is slaved to the case through the gyro torque
      generators.
PAR  FIG. 3 of the drawings is a functional block diagram of a model of a basic
      "North seeking" gyrocompass system constructed in accordance with the
      expressions set forth in Equations 1 through 5 above and comprises an
      extension of standard and well-known gyrocompass techniques to a two axes
      system. In FIG. 3, the terms W.sub.1 (s) and W.sub.2 (s) inserted at 40
      and 41 respectively represent gyro drift rates, and .theta..sub.E and
      .theta..sub.N inserted at 42 and 43 respectively are erection errors due
      to misalignment of the horizontal stabilized platform surface about East
      and North, respectively. In this configuration, a positive rotation
      .theta..sub.N of the packaged gyro at 0 (FIG. 1) about North produces a
      negative rotation about the Z axis. The summing junction 45 represents
      equation 1(a) which indicates that the difference error signal E.sub.1 at
      46 is obtained by subtracting the rotor angle .theta..sub.1 at 47 from the
      case angle .theta..sub.cl at 48. Similarly the summing junction 49
      represents equation  2(a) which indicates that the difference error signal
      E.sub.2 at 50 is obtained by subtracting the rotor angle .theta..sub.2
      carried by line 51 from the case angle .theta..sub.c2 carried by line 52.
      The summing junction 53 represents equation 5(a) where the total angular
      rate of rotation of the rotor .theta..sub.1t at 54 is produced by the sum
      of the rate due to earth's rotation W.sub.1' and the rate due to gyro
      torquing W.sub.1" available at 55 and 56 respectively. Similarly the
      summing junction 57 represents equation 5(b) where the total rate of
      rotation of the rotor .theta..sub.2T at 58 is given by the sum of the rate
      of rotation due to earth's rotation W.sub.2' at 59 and the rate due to
      gyro torquing W.sub.2 " at 60. W.sub.1' and W.sub.2' are obtained from
      equations 4(a) and 4(b) respectively by multiplying the appropriate rotor
      angles .theta..sub.1  and .theta..sub.2 by earth's rate W.sub.e at 61 and
      61'. W.sub.1" and 56 and W.sub.2" at 60 are obtained from equations 2(a)
      and 2(b) respectively by multiplying the appropriate error signals E.sub.1
      and E.sub.2 by the gyro torquer transfer function divided by gyro angular
      momentum as shown at 62 and 62'. The case angles .theta..sub.cl' and
      .theta..sub.c2' due to the gimbal drives are obtained from equations 3(a)
      and 3(b) by multiplying the appropriate error signals E.sub.1 and E.sub.2
      by the gimbal drive transfer function G(S) at 64 and 65 respectively. The
      case angle .theta..sub.cl at 48 is obtained by summing .theta..sub.cl'
      with the erection error angle .theta..sub.E in summing junction 66. In a
      like manner, the case angle .theta..sub.c2 is obtained by summing
      .theta..sub.c2' with the erection error angle .theta..sub.N  multiplied by
      Sin L at 67 in the summing junction 68.
PAR  The integrators 69 and 69' integrate the rotor angular rates .theta..sub.1T
      and .theta..sub.2T to yield the rotor angles .theta..sub.1 and
      .theta..sub.2 at 47 and 51. From a consideration of FIG. 3, it will be
      appreciated that due to the cross coupling of the two gyro input axes,
      even simple choices for the terms Tx and G in the gyro torquer and gimbal
      servo drive produce complicated closed loop transfer functions. However,
      choices for Tx and G can be made which result in a simple workable system.
      Such a choice is
EQU  Tx (s)/H' = K.sub.1                                        (7)
EQU  G (s) = K.sub.2' /s                                        (8)
PAL  since K.sub.1 is a constant the input to G (s) may be taken as K.sub.1 E
      rather than E if G (s) is redefined as
EQU  G (s) = K.sub.2' /K.sub.1 s = K.sub.2 /s                   (9)
PAR  Using equations 7 and 9 with FIG. 3, the functional block diagram of FIG. 4
      may be obtained. Here K.sub.1 has been substituted for the function
      Tx(S)/H' at 62 and 62' in FIG. 3. K.sub.2 /S has also been substituted for
      G(S) in multipliers 64 and 65 in FIG. 3 and the inputs to G(S) have been
      redefined. The physical significance of redefining the input to G(s) in
      FIG. 4 is that the gyro torque generator currents are used as inputs to
      the gimbal servo drives.
PAR  From the simplied basic "North seeking" model shown in FIG. 4, the
      following LaPlace transform equations can be obtained:
EQU  .theta..sub.1 = 1/s [(W.sub.1 (s) + K.sub.1 E.sub.1 -
      W.sub.e.theta..sub.2)](10a)
EQU  .theta..sub.2 = 1/s [(W.sub.2 (s) + K.sub.1 E.sub.2 + W.sub.e
      .theta..sub.1)]                                           (10b)
EQU  .theta..sub.cl -.theta..sub.1 = E.sub.1                    (10c)
EQU  .theta..sub.c2 - .theta..sub.2 = E.sub.2                   (10d)
EQU  .theta..sub.cl = .theta..sub.E + K.sub.1 K.sub.2 /s E.sub.2 (10e)
EQU  .theta..sub.c2 = - .theta..sub.N Sin L - K.sub.1 K.sub.2 /s E.sub.1 (10f)
PAL  Solving equations 10(a) through 10(f) for .theta..sub.1 and .theta..sub.2
      in terms of the gyro drifts W.sub.1 (s) and W.sub.2 (s); and the erection
      errors .theta..sub.E and .theta..sub.N results in the following
      expressions:
      ##EQU3##
      where
EQU  D = S.sup.4 + 2K.sub.1 S.sup.3 + (K.sub.1.sup.2 + K.sup.2 + W.sub.e.sup.2)
      S.sup.2 + 2K.sub.1 KW.sub.e S + (KW.sub.e).sup.2          (11c)
EQU  K = K.sub.1 K.sub.2                                        (11d)
PAR  Equations 11(a) through 11(d) can also be used as the response of the rotor
      angles .theta..sub.1 and .theta..sub.2 to initial conditions by
      replacements in the following manner:
EQU  W.sub.1 (S) .fwdarw. W.sub.1 (S) + .theta..sub.1, t = 0    (12a)
EQU  W.sub.2 (S) .fwdarw. W.sub.2 (S) + .theta..sub.2, t = 0    (12b)
EQU  .theta. .fwdarw. .theta..sub.E + .theta..sub.cl /S, t = 0  (12c)
EQU  .theta..sub.N Sin L .fwdarw. .theta..sub.N Sin L - .theta..sub.c2 /S, t = 0
      (12d)
PAL  The solutions of equations 11(a) and 11(b) will be in the form
EQU  .theta..sub.1, .sub.2 = A.sub.1 E.sup..alpha..sup.1t + A.sub.2 E
      .sup..alpha..sup.2t + A.sub.3 E .sup..alpha..sup.3t + A.sub.4
      E.sup..alpha..sup.4t                                      (13)
PAL  where .alpha..sub.n are the roots of the denominator D. The roots can only
      be found for a particular set of constants K.sub.1 K.sub.2, so the roots
      were obtained for the following values of the constants K.sub.1 K.sub.2.
EQU  K.sub.1 = 0.01
EQU  K = K.sub.1 K.sub.2 = 0.03                                 (14)
EQU  W.sub.e = 7.29 .times. 10.sup.-.sup.5 rad/sec
PAL  The results were:
EQU  .alpha.1,2 = - 2.2 .times. 10.sup.-.sup.5 .+-. j 6.58 .times.
      10.sup.-.sup.5
EQU  .alpha.3,4 = - 1 .times. 10.sup.-.sup.2 .+-. j 3 .times. 10.sup.-.sup.2 (
     15)
EQU  j = .sqroot.-1 From a consideration of equations 14 and 15, it will be seen
      that the response of the system will contain two damped sinusoids. The
      time constant corresponding to the value .alpha.1,2, is 12.65 hours,
      indicating that for initial conditions it would take the rotor more than a
      day to settle to zero. The slowness of the system shown in FIG. 4 is
      unacceptable for most practical applications for a gyrocompass.
PAR  It has been determined that this limitation on the response time of the
      double-axis, North seeking gyrocompass settling to zero was due to the
      cross coupling of the two axes of the gyro through the gimbal servos. To
      better understand why the cross coupling produces this effect, consider
      the system shown in FIG. 4 and assume that .theta..sub.1 = .theta..sub.cl
      = 0 and .theta..sub.2 = .theta..sub.c2 = some value. Under these
      conditions, inititially E.sub.1 and E.sub.2 are zero but as the earth
      rotates, E.sub.1 will obtain a value as described previously. This signal
      then goes through the transfer function (-K.sub.1 K.sub.2 /S) to drive
      .theta..sub.c2 towards zero. However, when .theta..sub.c2 begins to move,
      an error signal E.sub.2 results in order to keep .theta..sub.2 slaved to
      .theta..sub.c2. The error signal in turn is fed back through its gimbal
      drive K.sub.1 K.sub.2 /S, and countersets a portion of the desired signal
      E.sub.1. This negative feedback reduces the gain from E.sub.1 to
      .theta..sub.c2, and the resulting motion is greatly reduced. As a
      consequence, the settling time of the gyrocompass becomes unacceptably
      long.
PAC  Double-Axis NorthSeeking Gyrocompass with Decoupling Compensation Networks
PAR  In order to decouple the error signal E.sub.1 from the error signal
      E.sub.2, the present invention proposes to counterset the negative
      feedback so that no component of E.sub.1 returns to E.sub.1. The manner in
      which this is done is illustrated in the functional block diagram of FIG.
      5 which results from adding the decoupling compensation networks to the
      functional block diagram of FIG. 4. From a consideration of FIG. 5, it
      will be seen that the cleaned up error signals E.sub.1' and E.sub.2' for
      introduction to multipliers 64 and 65 respectively are derived as follows.
      E.sub.2' is passed through a compensation network 29 to modify the signal
      E.sub.2 ' by the transfer function f(s) and is then combined in summing
      amplifier 27 with the signal K.sub.1 E.sub.1 to produce E.sub.1 ' at 72.
      Similarly, E.sub.1' is also modified by f(s) by compensation network 28
      and combined in summing amplifier 26 with signal K.sub.1 E.sub.2 to
      produce E.sub.2' at 73. If f(s) is chosen properly, the resulting signal
      E.sub.1 ', E.sub.2' will be free from any negative feedback component
      caused by E.sub.1 or E.sub.2 respectively. The proper form for f(s), which
      can be implemented as per circuit number 1, table 1-1, page 26 of
      "Electronic Analog and Hybrid Computers", Korn and Korn, 1964,
      McGraw-Hill, Inc. (Library Congress Cat. 63-23389), is derived as follows.
PAR  In the foregoing discussion, the effects of cross coupling through the
      earth rate component W.sub.e, have been neglected. The E.sub.1 /E.sub.2
      transfer function of FIG. 4 can be derived from the foregoing equations,
      and has the form
      ##EQU4##
      Since the relative magnitudes of the constants are
EQU  K.sub.2.about. K.sub.1 .times. 10.sup.3 .about.W.sub.e .times. 10.sup.5
      (17)
PAL  The numerator of equation 16 has imaginary roots and the denominator has
      real roots so that the equation can be rewritten in the form
      ##EQU5##
      Equation 18 in turn can be suitably approximated by the expression
      ##EQU6##
      The Bode plot of a decoupling compensation network transfer function
EQU  f(s) = K.sub.1 K.sub.2 /S+K.sub.1                          (20)
PAL  is shown in FIG. 7 of the drawings and is compared to the Bode plot of a
      transfer function for perfect decoupling as set forth in equation 16. From
      FIG. 7, it will be seen that the only distinguishable deviation of the
      approximation set forth in equations 19 and 20 is at frequencies less than
      the earth rate. This means that decoupling networks with transfer
      functions as set forth in equations 19 and 20 will produce near perfect
      decoupling for reasonable settling times.
PAR  The first step in optimizing the performance of the decoupled double-axis
      North seeking gyrocompass depicted in FIG. 5 was to optimize the settling
      time response to initial conditions with respect to the gains K.sub.1 and
      K.sub.2. This was done by making many analog computer recordings of
      various values of K.sub.2 and K.sub.1 given optimum decoupling and all
      initial conditions equal to one milliradian. It was found that the
      settling time decreased directly as K.sub.2 increased if the ratio of
      K.sub.2 to K.sub.1 was held constant. The damping of the response is
      related to the ratio K.sub.2 /K.sub.1, becoming overdamped as K.sub.2
      /K.sub.1 is decreased, and underdamped as K.sub.2 /K.sub.1 is increased.
      Optimum damping occurs for
EQU  K.sub.2 /K.sub.1 = 2000                                    (21)
PAL  It has been determined, however, that the ratio can be in the range
EQU  1333&lt;K.sub.2 /K.sub.1 &lt;2700
PAL  and still obtain satisfactory results.
PAR  An operational, quick settling, North seeking, double-axis gyrocompass
      having interaxis decoupling compensation networks for improved response
      time is shown in FIG. 6 of the drawings. In FIG. 6, a commercially
      available 2.degree. of freedom (two axis) gyroscope having characteristics
      already discussed is shown at 11. One example of each gyroscope is the
      Kearfott "Gyroflex" (Reg. T.M.). The gyroscope 11 includes an output error
      signal generator, in the form of pick-offs 12 and 13 respectively, for
      each of its input axes (axis 1) and (axis 2) to measure angular rotation
      of gyro rotor with respect to the case about each of the input axes. The
      output error signal generated by the axis 2 signal generator 13 is
      supplied through a convention torquing amplifier 14 and fed back to the
      torquing generator 15 for the axis 2. Similarly, the output error signal
      from signal generator 12 for axis 1 is supplied back through a torquing
      amplifier 16 to the torquing generator 17 for axis 1 of gyro 11. Details
      of the orientation and interconnection of the signal and torque generators
      for a typical gyro are shown in FIG. 9. The structure as thus far
      described is entirely conventional and employs conventional components
      used in slaving the gyro rotor to the gyro case.
PAR  The inner two gimbals of the gimbal assembly as illustrated at 30 and 31 in
      FIG. 8 provide for movement of the packaged gyro 11 relative to a
      horizontal platform stabilized by the outer two gimbals of the assembly
      which are not illustrated, which serve only to establish a stabilized
      horizontal platform and which could be replaced by other means providing
      such reference base. The inner two gimbals 30 and 31, as illustrated in
      FIG. 8, rotate about axes defined by their trunions 32 and 33,
      respectively, as driven by motors 25. As illustrated trunnion 33 would be
      journalled into the stabilized platform established, as for example, by
      the outer gimbals. In FIG. 8, this support is indicated by the block 35.
      The motors constitute a part of gimbal servo drives 21 and 22, which as
      depicted in FIG. 6, each includes an operational amplifier 23 used as an
      integrator, a conventional gimbal servo amplifier 24 and servo motor 25
      for driving the gimbals. The inputs of each of the integrator-operational
      amplifiers 23 in each of the servo drives 21 and 22 are connected to the
      output of a respective summing amplifier 26 and 27. The summing amplifiers
      26 and 27 are conventional summing amplifiers such as those described on
      pages 14-16 of the book entitled "Electronic Analog Computers" by Korn and
      Korn. Each of the summing amplifiers 26 and 27 has one of its inputs
      connected to the output of a torquing amplifier. Since as previously
      explained, it is necessary to drive the case, or the whole packaged gyro
      when viewed from the gimbal assembly, selectively about the rotor input
      axes, it is necessary to assign a specific association between input axes
      and gimbals. This same association determines which gimbal servo drive
      summing amplifier set is connected to each torquer amplifier. Since
      latitude is the angular relationship between local vertical and a line
      normal to the earth spin axis (as Z in FIG. 1), one gimbal is set with its
      axis on local vertical and is associated with the Z input axis of the
      gyro. Since the gimbals are at 90.degree., the other gimbal must lie in a
      horizontal plane and may be associated with the E gyro input axis. Under
      these conditions, as best understood from FIG. 8, the gimbal 30 aligned
      with the local vertical, when moved, effects changes in only the azimuth
      of the packaged gyro and is designated the azimuth gimbal. Similarly, the
      gimbal 31, when moved, effects the angle between the Z input of the gyro
      and the local vertical 33 which angle measures latitude. Since I have
      arbitrarily assigned (FIG. 6) the designation of axis one (1) to the
      signal and torque generators which sense and cause angular rotation of the
      gyro rotor about the E input axis, this is the set that generates error
      signal E.sub.1 which indicates the angular error of the rotor about the Z
      axis. Correction of this error by means of the gimbal assembly requires
      rotation of the packaged gyro by means of the azimuth gimbal about 33. It
      is this pairing which determines that summing amplifier 27 has one of its
      inputs connected to the output of the torquer amplifier 16 to activate the
      azimuth gimbal servo drive (axis No. 2) responsive to signal E.sub.1. The
      corresponding input of summing amplifier 26 receives signal E.sub.2 to
      control the latitude gimbal servo drive 21 (axis No. 1) to rotate the
      packaged gyro about 32. The remaining inputs of each of the summing
      amplifiers 26 and 27 are connected to the output of the other summing
      amplifier through respective operational amplifiers 28 and 29.
PAR  The operational amplifiers 28 and 29 each have operational transfer
      characteristics which comprise the compensation transfer functions for
      processing the other axis output error signal in a manner to derive the
      desired decoupling compensation signals for subtraction in the summing
      amplifiers 26 and 27, respectively. In this manner, the desired gimbal
      case drive error signals, which are free of any gimbal rotation components
      due to its own rotation, are derived for application to the gimbal servo
      drives. The compensation transfer functions of each of the decoupling
      compensation operational amplifiers 28 and 29 are given by the expression
      set forth in equation 20.
PAR  In operation, the circuit of FIG. 6 functions in the following manner.
      Again consider that .theta..sub.1 = .theta..sub.c1 = 0 and .theta..sub.2 =
      .theta..sub.c2 = some value. Thus, initially E.sub.1 and E.sub.2 are zero
      but as the earth rotates, E.sub.1 will obtain some finite value. This
      signal goes through the summing amplifier 26 and gimbal servo drive 21 to
      drive .theta..sub.c2 towards zero. When .theta..sub.c2 begins to move, an
      error signal E.sub.2 results in order to keep .theta..sub.2 slaved to
      .theta..sub.c2. In order to prevent the error signal thus derived from
      being fed back through its gimbal drive and thereby subtract off a
      component of the desired signal E.sub.1, the circuit of FIG. 6 decouples
      the error signal E.sub.1 from E.sub.2 by subtracting off part of the
      negative feedback so that no component of E.sub.1 returns to E.sub.1.
      Similarly, the "cleaned up" signal E.sub.2 is taken through its decoupling
      compensation operational amplifier 29 to subtract the negative feedback on
      itself from error signal E.sub.1. In this manner, the "cleaned up" error
      signals E.sub.1 and E.sub.2 are used to drive the inner two gimbals until
      the errors are reduced to zero and the gyro rotor spin axis is parallel to
      the earth's spin axis.
PAR  The quick settling, North seeking, double-axis gyrocompass having interaxis
      decoupling compensation operates in about one-half hour settling time to
      provide an accurate azimuth reference. There are certain limitations in
      the system however of which one should be cognizant in order to derive
      optimum results. Due to the unsymmetry in sign in the transfer function,
      the settling time may vary about plus or minus 10% depending on the signs
      of the initial angles. The decoupling should be very near optimum in order
      to produce a settling time near optimum for a particular choice of
      K.sub.2, assuming K.sub.2 /K.sub.1 optimum. For example, about plus or
      minus 2% gain error in the decoupling loop for K.sub.2 = 20 is the limit.
      The sensitivity of the system to non-optimum decoupling is directly
      proportional to the gimbal drive gain K.sub.2, or for a faster system more
      perfect decoupling is necessary. Due to the somewhat separate action of
      the two axes, the worst case of non-optimum decoupling occurs for
      decoupling networks off the same way, i.e., both f(s) gains are low.
PAR  In FIG. 8 there is shown an electromechanical diagram depicting orientation
      of the inner two gimbal configuration described above with reference to
      FIG. 6. The same numerical identification of components has been retained
      where possible to assist with understanding the details of construction
      and operation of said gimbals and the associated gimbal servo means when
      operating in a "North seeking" mode. Accordingly, it will be remembered
      from the previous description for said North seeking mode of operation
      that the two outermost gimbals of the fourgimbal assembly (not shown)
      serve to hold the azimuth gimbal axis 33 in a nominally vertical
      direction. In FIG. 8, 11 represents the packaged gyro supported in the
      latitude gimbal with the orientation of the gyro indicated by rotor axes.
      The lines emerging from 11 represent outputs of the signal generators
      (pick-offs) on the gyro input axes. The lines returning to packaged gyro
      11 represent the inputs to the torque generators on each gyro input axis.
      The interconnections between the signal generators and torque generators
      are shown in FIG. 9 for a typical gyroscope which might be used in this
      gyrocompass. The error signals generated from the E and Z input axes of
      the gyro as paired with azimuth gimbal 30 and latitude gimbal 31 are
      supplied to the gimbal servo drive means in order to drive said gimbals
      until said error signals have been nulled. The inner two gimbals 30 and 31
      of the gimbal provide two degrees of freedom by permitting rotational
      movement about axes 32 and 33. The latitude gimbal servo drive 21 operates
      its servo motor with the output signal of summing amplifier 26, said
      summing amplifier being supplied with an input signal from torquing
      amplifier 14 which signal also is used within the packaged gyro to
      maintain alignment of rotor and case about the Z axis. Similarly, the
      summing amplifier 27 has its output connected to the aximuth gimbal servo
      drive 22. One input signal to summing amplifier 27 is supplied by the
      output signal from torquing amplifier 16 which signal also is used within
      the packaged gyro to maintain alignment of rotor and case about the E
      axis. A further electrical interconnection is made by the use of a
      compensation network 28, 29 between the tow paired channels described for
      subtracting from signals driving the gimbals that portion of the error
      signals E.sub.1 and E.sub.2 which was caused by movement of the gimbal
      assembly. The corrected E.sub.1 ' and E.sub.2 ' produced by amplifiers 27
      and 26 would therefore more accurately represent angular rates about the
      gyro input axes caused by earth rotation. These angular rates are
      measurements of the misalignment of the gyro spin axis and the earth spin
      axis. The actual interconnection made is that which permits applying to an
      input of each of the summing at 28, 29 amplifier 26, 27 a signal which is
      the output of the other modified by a function, f(s), approximating the
      transfer function between that other output signal and the gyro error
      signal fed to the summing amplifier in question; e.g., the input to 27 is
      the output of 26 modified by f(s) at 29 and f(s) approximates the transfer
      function between the output of 26 and signal E.sub.1.
PAR  FIG. 9 illustrates a typical gyroscope and torquing electronics
      configuration which might be used in this gyrocompass. For purpose of
      illustration, a two degree of freedom gimbaled gyroscope is shown. Any two
      degree of freedom gyroscope including a signal generator and torque
      generator for each gyro input axis could be used equally as well. The
      gyroscope shown in FIG. 9 consists of a rotor supported in an inner gimbal
      which in turn is supported in an outer gimbal which is supported by the
      gyro case. The rotational axis of the outer gimbal corresponds to the Z
      input axis of the gyro (axis No. 2) and the rotational axis of the inner
      gimbal corresponds to the E input axis of the gyro (axis No. 1). In order
      to maintain the gyro rotor aligned with the case about the E input axis,
      the signal from signal generator 12, which measures rotation of the rotor
      with respect to the case about the E input axis, is used with torquing
      amplifier 16 and torque generator 17 to apply torque to the rotor about
      the Z input axis, thus causing precession of the rotor about the E input
      axis. Similarly, in order to maintain the gyro rotor aligned with the case
      about the Z input axis, the signal from signal generator 13, which
      measures rotation of the rotor with respect to the case about the Z input
      axis, is used with torquing amplifier 14 and torque generator 15 to apply
      torque to the rotor about the E input axis thus causing precession of the
      rotor about the Z input axis. The outputs of torquing amplifiers 16 and 17
      are then proportional to the rate of rotation of the gyro case (and rotor
      since it is slaved to the case) about the gyro input axes E and Z
      respectively.
PAR  From the foregoing description, it will be appreciated that the invention
      provides a new and improved quick settling, accurate, North seeking,
      double-axis gyrocompass having interaxis decoupling compensation for
      providing improved response times. The gyrocompass employs a two degree of
      freedom (two axis) gyroscope connected in a North seeking configuration
      and a novel decoupling compensation circuit interconnected between the
      respective outputs of the two axes for eliminating inherent cross coupling
      between the two axes and thereby improves the settling times of the
      gyrocompass without adversely affecting its accuracy.
PAR  Having described one embodiment of a new and improved quick settling
      gyrocompass having interaxis decoupling compensation for improved response
      times, and which is constructed in accordance with the invention, it is
      believed obvious that other modifications and variations of the invention
      are possible in the light of the above teachings. It is therefore to be
      understood that changes may be made in the particular embodiment of the
      invention described which are within the full intended scope of the
      invention as defined by the appended claims.
CLMS
STM  What is claimed as new & desired to be secured by Letters Patent in the
      United States is:
NUM  1.
PAR  1. A quick settling, accurate gyrocompass comprising a packaged gyroscope
      having a case and rotor, said rotor having a spin axis and two orthogonal
      input axes about which motion takes place in aligning the spin axis, said
      gyroscope also including error signal generators (12, 13) and torquing
      generators (15, 17) for sensing and causing angular motion of the rotor
      about each input axis with respect to the spin reference axis of the case;
      external plural axis gimbal supporting means (30, 31) for supporting the
      packaged gyroscope with rotational freedom of movement about two said axes
      (32, 33); gimbal servo drive means (21, 22) for moving the packaged
      gyroscope about each said gimbal axis (32, 33); a torquing amplifier (14,
      16) operatively coupled between the error signal generator and the
      torquing generator for motion about each input axis of said gyroscope for
      amplifying the error signals and for transmitting those signals to the
      torquing generator (15, 17) to drive the gyroscope rotor about said input
      axes to maintain alignment of the rotor and the gyroscope case to null any
      error signal due to a difference in alignment between the rotor spin axis
      and the spin reference axis of the case; a signal summing means (26, 27)
      coupled to the output of each torquing amplifier (14, 16); said gimbal
      servo drive means (21, 22) including motors (25) for driving said gimbal
      means and circuit means coupled to the output of each summing means (26,
      27) for deriving signals of suitable polarity and magnitude for driving
      said motors to align the gyro spin axes with the earth's axis; and
      compensation circuit means (28, 29) connected between the output of each
      summing means (26, 27) and the input of the other summing means to cause
      said summing means to subtract from the torquing amplifier output a signal
      representing that component of the rate of rotation of the packaged gyro
      about its input axes which is due to gimbal rotation.
NUM  2.
PAR  2. A quick settling, accurate gyrocompass according to claim 1 wherein said
      compensation circuit means comprises electronic means for introducing to
      each summing means a signal which is the output of the other summing means
      modified by the transfer function between that output and the error signal
      already introduced, said electronic means having two channels wherein each
      channel has one of the two possible transfer functions as its operational
      characteristic.
NUM  3.
PAR  3. A quick settling, accurate gyrocompass according to claim 2 wherein the
      transfer function is given the expression f (s) = K.sub.1 K.sub.2 /S +
      K.sub.1
PAL  where K.sub.1 and K.sub.2 are constants and K.sub.2 .about.K.sub.1 .times.
      10.sup.3 .about. W.sub.e .times. 10.sup.5, W.sub.e is the earth's rate,
      and S is a LaPlace transform operator.
NUM  4.
PAR  4. A quick settling, accurate gyrocompass according to claim 1 wherein said
      plural axis gimbal supporting means (30, 31) comprises a two-gimbal device
      mounted on a stabilized platform wherein one said gimbal (31) has its axis
      (32) of rotation in a horizontal plane and the other said gimbal (30) has
      its axis (33) of rotation normal to said horizontal plane.
NUM  5.
PAR  5. A quick settling, accurate gyrocompass according to claim 4 wherein said
      compensation circuit means comprises electronic means for introducing to
      each summing means a signal which is the output of the other summing means
      modified by the transfer function between that output and the error signal
      already introduced, said electronic means having two channels wherein each
      channel has one of the two possible transfer functions as its operational
      characteristic.
NUM  6.
PAR  6. A quick settling, accurate gyrocompass according to claim 5 wherein the
      transfer function is given by the expression
EQU  f (s) = K.sub.1 K.sub.2 /S + K.sub.1
PAL  where K.sub.1 and K.sub.2 are constants and K.sub.2 .about.K.sub.1 .times.
      10.sup.3 .about.W.sub.e .times. 10.sup.5, W.sub.e is the earth's rate, and
      S is a LaPlace transform operator.
NUM  7.
PAR  7. In a gyrocompass having a gyroscope mounted on a gimbaled structure and
      wherein the gyroscope has a spin axis, two orthogonal input axes and
      electronic means to produce error signals indicating misalignment of the
      spin axis of the gyroscope with the earth spin axis, the gimbaled
      structure has electronic means responsive to said error signals for
      orienting the whole gyroscope, and there are circuit means interconnecting
      said electronic means for transmission of said error signals; the
      improvement comprising an electronic compensation network added to said
      circuit means for receiving and processing said error signals by removing
      from said error signals that portion caused by movement of said gimbaled
      structure whereby erection of said gyroscope is facilitated and time of
      settlement may be reduced.
NUM  8.
PAR  8. The gyroscope of claim 7 wherein said electronic means to produce error
      signals produces two such signals which measure the misalignment as
      angular rates about the two input axes of the gyroscope, said circuit
      means also includes a signal summing means responsive to each of said
      error signals and said gimbaled structure has two degrees of rotational
      freedom and wherein said compensation network further comprises electronic
      means attached to the output and an input of each said summing means and
      introduces to the input of each said summing means a transformed signal
      which is the output of the other said summing means transformed by the
      transfer function between said output and the error signal to which the
      one said summing means is responsive.
NUM  9.
PAR  9. A gyrocompass according to claim 8 wherein the transfer function of the
      electronic means is given by the expression
EQU  f (s) = K.sub.1 K.sub.2 /S + K.sub.1
PAL  where K.sub.1 and K.sub.2 are constants and K.sub.2 .about.K.sub.1 .times.
      10.sup.3 .about. W.sub.e .times. 10.sup.5, W.sub.e is the earth's rate and
      S is a LaPlace transform operator.
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ABST
PAL  A flux valve compass heading repeater system is provided with a
      compensating system which, when connected to a three-legged flux valve,
      provides fully compensated, three-wire output signals of the synchro data
      transmitter type for direct use in apparatus requiring precision
      three-wire heading data. The compensating system includes control circuits
      for generating sine and cosine components of magnetic heading and for
      compensating them for typical compass errors such as those induced by
      changes in operating latitude and two cycle and index errors. Latitude
      compensation is accomplished by a novel proportional automatic gain
      control; two cycle cardinal heading error compensation is accomplished by
      a compensation circuit having only a single manual control, while index
      error compensation is similarly accomplished by a compensation circuit
      requiring only a single manual control.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is directly related to copending applications:
PA1  Ser. No. 528,760: "Latitude Compensation for Flux Valve Heading Repeater
      System", and
PA1  Ser. No. 528,759: "Index Error Correction for Flux Valve Heading Repeater
      System". These applications were filed concurrently in the name of J. R.
      Erspamer and include substantially identical disclosures.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to means for the compensation of undesirable errors
      or changes in the signal characteristics of flux valve data repeater
      systems and more particularly relates to apparatus for the correction of
      variations in the outputs of flux valve compass data repeater systems,
      including errors due to variation in the horizontal component of the
      earth's magnetic field, index angle errors, and cardinal and intercardinal
      heading errors.
PAR  2. Description of the Prior Art
PAR  When navigating at high latitudes with flux valve magnetic compass systems,
      difficulty is experienced because of the decreasing strength of the
      horizontal component of the earth's magnetic field, especially at high
      latitudes. A flux valve magnetic compass is normally arranged to sense
      only the horizontal component of the earth's field. As a consequence at
      high latitudes, the strength of the sensed component is proportionally
      lessened, and the compass system experiences decreasing sensitivity,
      resulting in heading information of diminished accuracy.
PAR  Prior art systems have sought to solve this compensation problem of
      providing an input of the magnetic compass data repeater substantially
      independent of variations in the strength of the horizontal component of
      the earth's field, as by controlling the gains of amplifiers or the
      effective values of impedances in the separate channels of the data
      transmitter system in a relatively complex manner, but generally in
      inverse relation to the signal strength as measured at the flux valve
      itself. Such prior art arrangements are described by D. A. Espen in the
      U.S. Pat. No. 3,548,284 for "Synchro Data Transmission Apparatus Having
      Discrete Gain Changing to Compensate for Undesirable Signal Gradient
      Variations", issued Dec. 15, 1970, and by J. R. Erspamer and G. W. Snyder
      in the U.S. Pat. No. 3,646,537 for an "Automatic Gain Control for an
      Electromechanical Transducer", issued Feb. 29, 1972, both patents being
      assigned to the Sperry Rand Corporation. While these concepts have been
      useful in providing adequate magnetic field compensation in most
      circumstances, the compensating signals actually compensate only for
      variation in the horizontal magnetic field component and generally do not
      additionally correct fully for gain changes caused by component variations
      or due to temperature or power supply voltage drifts or to component
      aging. Furthermore, the characteristics of the individual gain control
      elements of the individual channels of the data system may vary without
      proper corrective relative adjustments whereby two-cycle transmission
      errors are induced within automatic gain control stages.
PAR  The improved system disclosed by J. R. Erspamer and G. W. Snyder in the
      U.S. Pat. No. 3,784,753, issued Jan. 8, 1974 for a "Multiplexed Gain
      Control for a Synchro Data Transmission System" sought more fully to
      overcome these prior art defects by a relatively complex and expensive
      correction circuit. Though it generally overcame such defects, it was
      found that some undesirable two cycle error could be generated in its
      relatively complex automatic gain control stage, and that a simple way was
      needed for identically changing the gains of both of the sine and cosine
      channels of the data transmission system, but retaining the advantages of
      the concept of U.S. Pat. No. 3,784,753.
PAR  Prior art systems have additionally sought to provide correction for the
      cardinal heading error in compass data transmission systems by use of
      networks including precision differential synchros or ganged dual
      potentiometers which must track each other with high precision if they are
      not themselves to introduce errors. According to the present invention,
      the expense of obtaining such selected synchros or precision
      potentiometers is desirably eliminated. Index angle error was similarly
      corrected in prior compass data transmission systems by using precision
      synchros or ganged dual potentiometers of similar quality. It is found
      increasingly desirable to substitute simple and less expensive networks
      permitting single adjustment control for each of these correction purposes
      and, at the same time, retaining a high degree of precision.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides means for correction of undesirable changes
      in the signal amplitudes in multiple channel flux valve data repeater
      systems partly by the employment of a simple common automatic gain control
      in a circuit configuration which not only compensates for earth's magnetic
      field strength changes, but also corrects for the effects of other error
      sources without introducing the errors of prior art systems. The novel
      control circuit of the present invention monitors the data repeater
      control signals near the inputs to the utilization device, rather than
      merely at the outputs of the flux valve. By monitoring the inputs at the
      utilization device, and by using the data repeater excitation voltage as a
      switching reference, the gain control, being part of a closed feed back
      loop, compensates not only for changes in the operating latitude but also
      for gain changes caused by variations of component parameters and by other
      effects without itself introducing new errors. According to a primary
      aspect of the present invention, electrically cross coupled network means
      provides correction in the sine and cosine channels of the flux valve data
      transmission system for two cycle cardinal error correction by the setting
      of only a single adjustment. A similar arrangement, again requiring only
      one adjustment, is employed for correction of any index angle error. In a
      modification of the compensation system, the two latter compensations are
      accomplished by direct current signals applied in predetermined ratios
      directly into the inductive windings of the flux valve.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B illustrate, partly in block diagram form, the principal
      elements of the invention and their electrical interconnections.
PAR  FIG. 2 is a portion of FIGS. 1A and 1B showing details of the novel
      automatic gain control circuit.
PAR  FIG. 3 is a detailed circuit diagram of the novel index error angle
      compensator of FIG. 1B.
PAR  FIG. 4 is a detailed circuit diagram of the novel two cycle compensator
      also of FIG. 1B.
PAR  FIG. 5 is a block diagram of an embodiment of the invention alternative to
      that of FIGS. 1A and 1B.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1A and 1B, the novel compensated compass system includes a
      magnetic azimuth detector or flux valve 11 which may be of the general
      type disclosed in the M. C. Depp U.S. Pat. No. 2,852,859 for a "Flux Valve
      Compensating System", issued Sept. 23, 1958 and assigned to Sperry Rand
      Corporation. Other details of such flux valve devices are disclosed in the
      J. J. Kesselring U.S. Pat. No. 3,573,610, issued Apr. 6, 1971, in the D.
      J. Kesselring et al. U.S. Pat. No. 3,641,679, issued Feb. 15, 1974, and in
      the U.S. Pat. application Ser. No. 380,523 for "A Flux Valve Apparatus for
      Sensing Both Horizontal and Vertical Components of an Ambient Magnetic
      Field", filed July 18, 1973, issued as U.S. Pat. No. 3,873,914 Mar. 25,
      1975, and assigned to Sperry Rand Corporation. Flux valve 11 is excited by
      alternating current source 2, which may be a conventional 400 Hz.
      oscillator or signal generator and which is coupled to excitation winding
      12 of the flux valve 11.
PAR  As disclosed in the aforementioned Depp and Kesselring patents, flux valve
      11 has three wye-connected inductive windings 13, 14, and 15 on a
      corresponding wye-shaped core, the winding legs meeting at a common
      grounded terminal F. The terminals of windings 13, 14, and 15 opposite
      terminal F are respectively labelled A, B, and C. Terminals A, B, and C
      may, if desired, be supplied with single cycle compensation signals from a
      single cycle compensator (not shown) of the general type shown in the
      aforementioned U.S. Pat. No. 2,852,859.
PAR  Terminal A of flux valve 11 is connected via a blocking capacitor 16 to one
      winding 20 of a Scott tee transformer 21, while terminals B and C are
      connected via respective blocking capacitors 17 and 18 to the respective
      ends of a second input winding 22 of Scott tee transformer 21. Winding 22
      has a center tap connected to the other end of winding 20.
PAR  As is well known, the signal outputs of windings 13, 14, and 15 have a
      frequency double that applied to excitation winding 12. The frequency
      doubled cosine output of winding 23 of transformer 21 and its frequency
      doubled sine output in winding 27 are connected to current servo loop 31.
      Additionally supplied to current servo loop 31 via lead 29a is the output
      of frequency doubler 29. Since frequency doubler 29 is excited by
      generator 2, its output on lead 29a will have an 800 Hz. frequency and
      serves as a reference signal source for servo 31.
PAR  As described in detail in the D. H. Baker, F. H. Kallio U.S. Pat. No.
      3,678,593 for a "Compass System and Components Therefor Having Automatic
      Field Cancellation", issued July 25, 1972 to Sperry Rand Corporation,
      current servo 31 supplies outputs on leads 32 and 33 which are direct
      current signals respectively proportional in amplitude to the sine and
      cosine of craft magnetic heading (H.sub.m sin .psi. and H.sub.m cos
      .psi.). Accordingly, the horizontal components of the earth's magnetic
      field sensed by the flux value windings 13, 14, and 15 are resolved into
      sine and cosine component values that are then converted by current servo
      31 into proportional direct currents on leads 32 and 33. As taught in the
      aforementioned Baker et al. patent, these direct current components are
      fed back via leads 10 and 10a into windings 13 and 15 of flux valve 11,
      which currents tend to cancel the earth's magnetic field therein. The feed
      back arrangement and its many advantages are discussed in detail in the
      aforementioned U.S. Pat. No. 3,678,593, including closed loop operation
      affording high accuracy outputs in the form of analog direct current
      outputs proportional to the sine and cosine of craft magnetic heading.
PAR  Accordingly, the 800 Hz., three-wire magnetic azimuth information derived
      by the horizontal magnetic field detector or flux valve 11 is converted to
      direct current signals proportional to the sine and cosine of craft
      heading by the cooperation of Scott tee transformer 21 and current servo
      31. The magnitudes of the outputs on leads 32 and 33 are thus a function
      of craft magnetic azimuth or heading and the intensity of the horizontal
      component of the earth's magnetic field. The variation in the magnitude of
      the sine and cosine outputs caused by any change in magnetic field
      strength H.sub.m affects only the output gradient (volts per azimuth
      degree) and does not change the trigonometric relationship of the input
      magnetic heading angle .psi. and the output voltages of current servo 31,
      which may therefore be expressed as follows:
EQU  V.sub.32 = K.sub.1 sin .psi.                               (1) and
EQU  V.sub.33 = K.sub.1 cos .psi.                               (2)
PAL  where K.sub.1 allows for the gain of current servo 31 and has dimensions of
      volts per oersted.
PAR  The signals V.sub.32 and V.sub.33 on leads 32 and 33 serve as two inputs to
      the automatic gain control circuit 34, which circuit also receives certain
      fed back signals on leads 56 and 57. As will be further discussed, the fed
      back signals arise at the outputs of buffer amplifiers 52 and 53 after the
      outputs of automatic gain control 34 are processed at least by dual
      channel modulator 45. To understand the operation of the gain control
      circuit 34, the presence of the index error compensator 37 and the
      two-cycle compensator 48 may be ignored for the moment as a matter of
      convenience.
PAR  The final output of the compass system supplied by leads 61, 62, and 63 to
      an aircraft navigation system or other utilization device 64 is usually
      required to be useful in a three-wire synchro data transmitter system and
      to consist of proportional voltages between pairs of such leads, as
      between leads 61 and 62, 62 and 63, 63 and 61. These may nominally be 11.8
      volts, for example, and must be maintained at a constant gradient in the
      interest of meeting required compass accuracy over a wide range of
      horizontal magnetic field strengths H.sub.m. Because the output of flux
      valve 11, and therefore the output of current servo 31, has a gradient
      which is directly proportional in magnitude to the horizontal magnetic
      field strength which, of course, varies with latitude, the automatic gain
      control stage 34 is required to hold the system output signals at leads
      61, 62, and 63 at the desired nominal 11.8 volt leg-to-leg constant
      gradient.
PAR  For this purpose, the direct current outputs on leads 35 and 36 of gain
      control 34 are supplied to the conventional dual channel modulator 45,
      each of the two individual channels of which are supplied by lead 2a with
      the 400 Hz. reference signal output of generator 2. The direct current
      signals on leads 35 and 36 are modulated by the 400 Hz. alternating
      current signal in the conventional manner so that 400 Hz. signals appear
      on leads 46 and 47, proportional respectively to the sine and cosine of
      the magnetic heading of the craft. After individually separate supply to
      buffer amplifiers 52, 53, equally amplified versions of these signals
      appear on leads 54, 55 to which the feed back leads 56 and 57 are
      respectively connected.
PAR  The automatic gain control 34, shown in greater detail in FIG. 2, monitors
      the gradient at the output leads 54, 55 of buffer amplifiers 52, 53,
      respectively, compares the result to a reference voltage level, then
      varies the system gain accordingly by control of the gain of automatic
      gain control circuit 34. If the gradient at the outputs of buffer
      amplifiers 52, 53 of FIG. 1A is less than a predetermined level, the
      voltage gain of circuit 34 is increased to bring the output of the buffer
      amplifiers 52, 53 up to the proper level. The output of the buffer
      amplifiers 52, 53 and the voltage gradient is similarly controlled. The
      signal levels at output leads 35, 36 of the automatic gain control 34 are
      ultimately passed through the output Scott tee transformer 60. The outputs
      of transformer 60 are therefore fully independent of any earth's magnetic
      field strength variation. Thus:
EQU  V.sub.35 = K.sub.2 sin .psi.                               (3)
PAL  and:
EQU  V.sub.36 = K.sub.2 cos .psi.                               (4)
PAL  where K.sub.2 is a new proportionality constant.
PAR  Automatic gain control circuit 34 is designed to prevent the introduction
      of any stand-off or unbalance between transmission channels, resulting in
      cyclic errors, into the craft heading output data. The individual gains of
      the sine and cosine channels are now identically controlled and there are
      no off-set voltages induced into the direct current signals representing
      sine and cosine of craft magnetic heading. As is seen in more detail in
      FIG. 2, the direct current signals at leads 32 and 33 are, as before,
      provided by the cooperative action of flux valve 11, Scott tee transformer
      21, and current servo 31, and are respectively proportional in amplitude
      to sin .psi. and cos .psi.. Output lead 32 is coupled in series through
      resistor 75, junction 76, resistor 77 and input lead 35 to one channel of
      the dual modulator 45. At input lead 35 is a capacitor 78 coupled to
      ground and forming a low pass filter with resistor 77. Likewise, the
      second output lead 33 is coupled in series through resistor 79, junction
      80, resistor 81, and input lead 36 to a second channel of dual modulator
      45. At input lead 36 is a capacitor 82 forming a low pass filter with
      resistor 81. Switching or chopper transistors 83 and 84 are respectively
      coupled to ground from junctions 76 and 80 and control current flow
      through their emitter and collector electrodes in accordance with their
      respective base voltages.
PAR  The direct current signals on leads 32 and 33 are chopped by transistors 83
      and 84, respectively and, after smoothing by low pass filters 77-78 and
      81-82, form direct currents that are individually modulated in dual
      channel modulator 45 by the 400 Hz. reference signal on lead 2a. These
      dual channel output voltages are directed by Scott tee transformer 60 as
      three-wire synchro data to a navigation system or other utilization device
      64.
PAR  For purposes of controlling the automatic gain control circuit 34, the same
      400 Hz. modulated output currents on leads 54 and 55 are respectively
      coupled by leads 56 and 57 to a constant amplitude, variable phase circuit
      comprising resistor 95 and capacitor 96 coupled in series with leads 56,
      57 at junction 97. Circuit 95-96 is of the general kind discussed in the
      D. A. Espen U.S. Pat. No. 3,548,284, entitled "Synchro Data Transmission
      Apparatus Having Discrete Gain Changing to Compensate for Undesirable
      Signal Gradient Variation", issued Dec. 15, 1970 and in the D. A. Espen
      U.S. Pat. No. 3,617,863, entitled "Constant Amplitude Variable Phase
      Circuit", issued Nov. 2, 1971, both patents being assigned to Sperry Rand.
      The constant amplitude, variable phase signal found at junction 97 is
      rectified by diode 94 and appears as a variable unipolar voltage at one
      input of a conventional integrating operational amplifier 92 having its
      output coupled by capacitor 91 to its same input. To the second input of
      amplifier 92 is coupled through resistor 93 a stable positive
      unidirectional reference voltage from a suitable source (not shown)
      connected to terminal 98. As shown in the drawing, amplifier 92 and its
      associated circuit act as conventional comparator means for in effect
      comparing the output gradient on leads 54, 55 with the fixed level voltage
      at terminal 98, yielding an integrated output as a function of the
      difference of the two voltage levels at leads 97 and 98.
PAR  The positive signal at the output of device 92 is coupled through resistor
      88 to one input of amplifier 87, to the other input of which is supplied
      at terminal 90a and through resistor 89 the 400 Hz. excitation signal from
      generator 2. Under control of its varying amplitude direct current and
      constant amplitude alternating input currents, circuit 87 acts as a
      conventional variable pulse-width generator for supplying a 400 Hz.
      variable pulse-width signal at junction 74.
PAR  The variable pulse-width signal is coupled in parallel from junction 74
      through the respective resistors 85, 86 to the base electrodes of chopper
      transistors 83 and 84 to control the relation of the conduction to
      non-conduction times of these switching transistors. The transistors 83,
      84 are synchronously conducting at the same time and then are both
      non-conducting for a controlled period of time depending upon the pulse
      width of the output of amplifier 87. As the non-conducting part of the
      cycle is increased in time duration, the total current per cycle passing
      from lead 32 to lead 35, for example, is increased. In other words,
      proportionately less of the current available on lead 32 is dumped to
      ground. In this manner, the voltage between leads 54, 55 is made
      independent of any amplitude variations in the total flux valve data as
      well as amplitude variations resulting from other disturbing factors in
      the signal channels between current servo 31 and buffer amplifiers 52 and
      53. Accordingly, the three-wire output supplied to utilization device 64
      of FIG. 1 by transformer 60 is maintained nominally constant from leg to
      leg, such as at 11.8 volts.
PAR  In the complete system as illustrated in FIG. 1, the outputs V.sub.35 and
      V.sub.36 of the automatic gain control 34 on leads 35 and 36 may be first
      processed by the novel index error angle compensator 37 prior to 400 Hz.
      modulation. For this purpose, the compensation circuit of FIG. 3 is
      employed. The index error angle compensated by circuit 37 is present
      because of the normal difficulty of achieving perfect alignment between
      the aircraft fore-aft axis and the effective electrical fore-aft axis of
      the flux valve 11. Accordingly, index angle error compensator 37 is
      provided to permit a manual correction to be made after system
      installation by performing, in essence, the same function as might be
      provided by a relatively expensive servo differential which some prior art
      systems have employed. However, since installation accuracies are usually
      within .+-.10.degree., the compensation function may be accurately
      performed by the relatively inexpensive circuit of FIG. 3 wherein only a
      single potentiometer shaft need be adjusted. It will be apparent that the
      correction is made by the novel compensator herein disclosed to the value
      of angle .psi. when it is still in the trigonometric form of sin .psi. and
      cos .psi. data.
PAR  Accordingly, the apparatus of FIG. 3 accepts two inputs K.sub.2 sin .psi.
      and K.sub.2 cos .psi. and internally generates two values - K.sub.2 .beta.
      cos .psi. and - K.sub.2 .beta. sin .psi.. The K.sub.2 sin .psi. value and
      the - K.sub.2 .beta. cos .psi. value are added according to the well known
      trigonometric identity to form K.sub.2 sin (.psi. + .beta.) where .psi.' =
      .psi. + .beta. may be used to represent a corrected value of .psi.. The
      K.sub.2 cos .psi. value and the -K.sub.2 .beta. sin .psi. values are
      similarly added to form K.sub.2 cos (.psi. + .beta.). In accord with the
      teachings of the present invention, the .beta. terms must be identical in
      both the sine and cosine output channels to effect precise compensation;
      the same source for the .beta. term is used in the two channels of the
      circuit.
PAR  In greater detail, the circuit of FIG. 3 has, in operation, negative valued
      direct voltages representing K.sub.2 sin .psi. and K.sub.2 cos .psi. as
      respective inputs on leads 35, 36, and these are respectively supplied
      directly to inputs of conventional unity gain output amplifiers 145 and
      155 at the right side of the figure. The same two direct negative voltages
      are used in the remaining or major part of the circuit to produce
      compensating voltages also for insertion into amplifiers 145, 155. For the
      latter purpose, the -sin .psi. term on lead 35 is coupled through a
      conventional inverting amplifier 103 to the switching transistor 107.
      Amplifier 103 has its output terminal 104 coupled through a resistor 102
      to its input terminal 101 and additionally has a second input terminal
      coupled to ground through resistor 105. The -cos .psi. term on lead 36 is
      coupled directly to switching transistor 109. Transistors 107 and 109 are
      made alternately fully conducting and fully non-conducting so that, first,
      the output of amplifier 107 appears on lead 108a and then, the signal
      passed by switching transistor 109 appears on lead 108 b. Since both of
      the leads 108a and 108b are coupled to the adjustable contact 113a of
      potentiometer 113, it is seen that the signals alternately passed by
      switching transistors 107 and 109 are alternately applied to contact 113a
      for time-sharing purposes in the shared amplifier 120.
PAR  The switching transistors 107 and 109 are made alternately conducting under
      control of a sine wave signal appearing on lead 2b; this signal is
      conveniently obtained from the 400 Hz. generator 2 of FIG. 1A, though
      other regular stable-frequency signals may alternatively be employed. In
      practice, the 400 Hz. cycle signal on lead 2b is applied by lead 106 to
      control the conduction of transistor 107. So that time sharing may be
      employed, the signal on lead 2b is coupled via lead 111, the 180.degree.
      phase shifter 112, and lead 110 to control the operation of switching
      transistor 109.
PAR  In this manner, the signals on leads 35 and 36 are alternately supplied at
      the selected contact point of potentiometer 113, the latter having its
      opposed terminals 113b and 113c coupled to inputs of operational amplifier
      120. The output terminal 121 of amplifier 120 is coupled to its input at
      terminal 113b via resistor 115, and terminal 113c is connected through
      resistor 114 to ground in conventional fashion. The input of amplifier 120
      is thus time shared and its output on terminal 121 is supplied to a second
      pair of switching transistors 122, 123, these transistors being arranged
      for controlling the series signal flow through the respective resistors
      126, 127 to amplifiers 128, 129. The effective gain of amplifier 120 is
      changed according to the setting of the single control 37a, which control
      is manually set in accordance with the known magnitude of the index error
      determined as a result of conventional ground swinging operations.
PAR  Conductivity of switching transistor 122 occurs simultaneously with the
      conductivity of switching transistor 109. In like manner, conductivity of
      switching transistor 123 is made simultaneous with the periods of
      conductivity of switching transistor 107. This operation is accomplished
      by controlling the conductivity of switching transistor 123 according to
      the signal on lead 2b when supplied directly to switching transistor 123
      via lead 125. The desired synchronous operation of switching transistor
      122 is accomplished by providing the 180.degree. phase shifted signal from
      circuit 112 via lead 124 to transistor 122. In this manner, both channels
      of the circuit time share the use of the common amplifier 120, ensuring
      that identical corrections are applied to the two channels; i.e., that the
      amount of the sine term added to the cosine term is identical to the
      amount of the cosine term subtracted in the sine channel. It is further
      observed that adjustment of the single control 37a allows adjustment of
      potentiometer 113 so that both channels are identically set in accord with
      the magnitude of the index error.
PAR  The time shared currents alternately flowing through switching transistors
      122, 123 are alternately supplied to the conventional unity gain
      amplifiers 128, 129, and the respective outputs on the terminals 132, 133
      flow through resistors 141, 150 to the same respective input terminals of
      amplifiers 145, 155, as are connected to the respective leads 35, 36. The
      outputs of amplifiers 145 and 155 may be smoothed by the action of
      appropriate low pass filters so as to remove any 400 Hz. modulation from
      the outputs appearing in the respective output leads 38, 39. In the
      embodiment illustrated, the filters are placed at the inputs of amplifiers
      128 and 129 and comprise resistors 126, 127 and capacitors 128a, 129a,
      respectively.
PAR  The mathematical relation expressing the index error as a function of the
      sine and cosine of magnetic heading is:
      ##EQU1##
      where: .psi.' = the compensated output,
PA1  .psi. = the uncorrected input, and
PA1  .beta. = the tangent of the index error.
PAL  Thus, by adjusting the gain of the time shared amplifier 120 in accordance
      with the value of .beta., expression (5) is satisfied as follows. The
      output of amplifier 128 is:
EQU  V.sub.132 = -K.sub.2 .beta. cos .psi.                      (6)
PAL  when transistors 109 and 122 are conducting, and the output of amplifier
      129 is:
EQU  V.sub.133 = -K.sub.2 .beta. sin .psi.                      (7)
PAL  when transistors 107 and 123 are conducting. The addition at amplifier 145
      produces on output:
EQU  V.sub.38 = K.sub.2 (sin .psi. - .beta. cos .psi.)          (8)
PAL  while the addition at amplifier 155 produces an output:
EQU  V.sub.39 = K.sub.2 (cos .psi. + .beta. sin .psi.)          (9)
PAL  or:
EQU  V.sub.38 = K.sub.2 sin .psi.'                              (10)
PAL  and:
EQU  V.sub.39 = K.sub.2 cos .psi.'                              (11)
PAL  These direct current signals are ready for conversion in dual channel
      modulator 45, providing as they do direct current signals in terms of
      .psi.' containing the desired index angle error compensation as set forth
      in equation (5). Thus, the dual channel modulator 45 supplies on its
      output leads 50, 51 400 Hz. signals whose amplitudes are:
EQU  V.sub.46 = K.sub.3 sin .psi.'                              (12)
EQU  V.sub.47 = K.sub.3 cos .psi.'                              (13)
PAL  and these signals serve as inputs to the two cycle error compensator 48.
PAR  Two cycle error in a magnetic field sensor, including the flux valve type
      of sensor disclosed herein, is induced by the presence of a soft iron mass
      or masses in the vicinity of the flux valve which tends to distort the
      earth's ambient magnetic field thereat. As the name implies, the error is
      a sinusoidal error and has two complete cycles within 360.degree. of
      azimuth rotation of the craft. In general, the average location of the
      soft iron mass relative to the flux valve determines the direction of its
      effective vector. For convenience, the two cycle compensation is
      accomplished by effectively breaking down the total vector into orthogonal
      components, one termed the cardinal two cycle error component and the
      other the intercardinal error component. The cardinal two cycle error has
      extremum values at heading angle values 0.degree., 90.degree.,
      180.degree., and 270.degree.. Intercardinal two cycle error, on the other
      hand, has extremum values at 45.degree., 135.degree., 225.degree., and
      315.degree. azimuth values. In the invention of FIG. 4, the latter error
      is readily corrected by placing an adjustable series resistor 199 in the
      feed back path of a.c. amplifier 200 that is excited by lead 46.
      Adjustment of control 48b in accord with data taken during installation
      compass swings then corrects the output at lead 50 in the appropriate
      manner. The intercardinal two cycle heading error is compensated by
      changing the gain balance between the sine and cosine channels supplying
      outputs on the respective leads 50, 51.
PAR  Correction of the cardinal heading error is accomplished by the simple
      circuit of FIG. 4, using a single adjustment 48a and a common circuit
      stage in a manner minimizing error sources and characterized by
      simplicity. The amount of adjustment of control 48a is also determined by
      the installation ground swinging process. The K.sub.2 sin .psi.' signal on
      lead 46 is supplied via lead 175 through resistors 177 and 180 to the
      respective inputs of differential operational amplifier 188. The value
      K.sub.2 cos .psi.' from lead 47 is added through resistor 178 at terminal
      183 to the K.sub.2 sin .psi.' term; similarly, the term K.sub.2 sin .psi.'
      from lead 46 is added through resistor 180 at terminal 185 to the K.sub.2
      cos .psi.' term. Amplifier 188 has a resistor 187 coupled between its
      output 189 and the input terminal 183 in conventional fashion. A variable
      resistor 186 with an adjustable control 48a is coupled between terminal
      185 and ground. The variable resistor 186 constitutes the single cardinal
      heading error adjustment, its variation affecting the effective gain
      .gamma. of amplifier 188. According to the setting of control 48a, a
      compensating voltage appears at the output 189 of amplifier 188:
EQU  V.sub.189 = -.gamma. (sin.psi.' + cos.psi.')               (14)
PAL  The signal value V.sub.189 is coupled at junction 190 to branching leads
      for supplying this signal through resistors 192, 193 to the inputs of
      respective amplifiers 200 and 201. As noted previously, amplifier 200 has
      a variable resistor 199 coupled between its output 203 and its input lead
      195. The other input to amplifier 200 is connected through resistor 196 to
      ground. A further amplifier 201 is supplied with the signal K.sub.2 cos
      .psi.' from lead 47 through resistor 194 and is similarly provided with a
      resistor 202 connecting its output 204 to its input lead 197. It similarly
      employs a resistor 198 coupled between a second input and ground.
      Amplifiers 200 and 201, through the respective connectors 195 and 197,
      serve as adding and inverting circuits so that the K.sub.2 sin .psi.' term
      on lead 46 has added to it the correction term appearing at terminal 190
      and the summation is found on output lead 50. In a similar manner, the
      K.sub.2 cos.psi.' signal supplied on lead 47 is added to the compensating
      signal on junction 190 by amplifier 201 and its associated circuit, an
      inverted signal being generated on output lead 51. In this manner, the
      voltage V.sub.50 is:
EQU  V.sub.50 = K.sub.4 [sin.psi.' + .gamma.(sin.psi.' + cos.psi.')](15)
PAL  and that on output lead 51 is:
EQU  V.sub.51 = K.sub.4 [cos.psi.' + .gamma.(sin.psi.' + cos.psi.')](16)
PAL  In equations (15) and (16), the new value K.sub.4 may include the effect of
      the adjustment of resistor 199. Thus, the voltage on output lead 50 is
      sin.psi." and the voltage on output lead 51 is cos.psi.", where .psi."
      represents .psi.' corrected both for cardinal and intercardinal heading
      errors. From equations (15) and (16), it is evident that the value of the
      corrected angle .psi." is expressed by the following equation:
      ##EQU2##
      .psi." being the final output heading value components corrected for
      cardinal and intercardinal two cycle errors. It is seen that amplifier
      188, the effective gain .gamma. of which is controlled by the setting of
      the variable potentiometer 186, cooperates in the circuit in generating
      the function .gamma. (sin.psi.' + cos.psi.'), and this function is added
      in the sine and cosine channels by the respective action of amplifiers 200
      and 201 and their associated circuits. It is observed that correction of
      the cardinal heading two cycle error is accomplished by manual operation
      of a single adjustment. Furthermore, the single stage associated with
      amplifier 188 minimizes potential error sources and aids in simplifying
      the adjustment procedure.
PAR  It will be understood that the invention may be employed in alternative
      forms and that the compass system of FIGS. 1A and 1B may be modified
      within the scope of the claims appended hereto, for example, as
      illustrated in FIG. 5. In the embodiment of FIGS. 1A and 1B, the index
      compensation and two cycle error compensation signals are generated from
      the sine and cosine outputs of the current servo 31 and are re-applied
      downstream in the two channels to be summed with their original or
      uncompensated values. In the modification illustrated in FIG. 5, the sine
      and cosine outputs of the current servo 31 are used in essentially the
      same manner to generate the compensating signals as direct current
      signals; however, the summing of these signals with the original data is
      accomplished directly at the flux valve 11 by feeding back the
      compensating signals as direct currents into the flux valve legs
      themselves so as to, in effect, compensate the output of the flux valve
      itself broadly in accordance with the concept of the above referenced Depp
      U.S. Pat. No. 2,852,859.
PAR  Referring now to FIG. 5, similar reference numerals are used to designate
      elements corresponding to those found in FIGS. 1A through 4; elements not
      found in the latter figures are identified by reference numerals in the
      three hundreds. It will be seen that the embodiment of FIG. 5, like that
      of FIGS. 1A and 1B, employs in serial array a reference signal generator
      2, a flux valve 11, blocking capacitors 16, 17, and 18, an input Scott tee
      transformer 21, a current servo 31, an automatic gain control 34, a dual
      channel modulator 45, power amplifiers 52 and 53, an output Scott tee
      transformer 60, and a utilization device 64. In a manner generally similar
      to that employed in FIG. 1A with respect to current servo leads 10 and
      10a, the respective correction currents are fed to summation points 320,
      321 of FIG. 5 so that they flow through the respective legs of flux valve
      11 to ground, being blocked from flowing into the Scott tee transformer 21
      by capacitors 16, 17, and 18.
PAR  In the lower portion of FIG. 5, the index compensation circuit 37 is
      schematically illustrated. The similarity with the corresponding structure
      of FIG. 3 will be immediately apparent and the simplification of the
      illustration correspondingly apparent. Thus, the sin.psi. and cos.psi.
      direct current signal outputs of the current servo 31 on leads 32, 33,
      respectively, are alternately applied after one is inverted by inverter
      340 to the input of a variable gain amplifier 120a through switch means
      300 corresponding to transistor switches 107, 109 of FIG. 3. The gain of
      amplifier 120a is illustrated schematically as being controlled by an
      adjustment knob 37a corresponding generally to the gain control of
      amplifier 120 of FIG. 3 by knob 37a and potentiometer 113 in accordance
      with the value .beta.. The output of amplifier 120a is similarly
      alternately switched to two branch leads as in FIG. 3 by means of switch
      301 corresponding generally to transistor switches 122, 123 of FIG. 3. The
      control of switches 300 and 301 of FIG. 5 is the same as that of FIG. 3,
      but is illustrated for convenience schematically in FIG. 5 by switch
      control means 302 controlled, for example, by the 400 Hz. source 2. In
      FIG. 3, the outputs of switches 122 and 123 are applied to two branching
      circuits including amplifiers 128 and 129 for modifying or summing with
      the original sin .psi. and cos .psi. direct current outputs of the current
      servo 31 through amplifiers 145 and 155. On the other hand, two output
      branches of switch 301 of FIG. 5 are applied correspondingly to control
      direct current flow for supplying compensating currents in the proper
      ratio to the 120.degree. spaced inductor coils 13, 14, and 15 of flux
      valve 11 for effective summing with the original sources of the sin .psi.
      and cos .psi. signals of the current servo 31. In FIG. 5, these direct
      current ratios are determined by the selected resistors 303, 304, and 305,
      in the ratios indicated. The currents from resistors 304 and 305 are
      applied to flux valve winding 15, while that from resistor 303 is supplied
      to flux valve winding 13. If desired, the resistor-capacitor circuits 306
      and 307 may be used to reduce transient effects of switches 300, 301.
PAR  Thus, as in FIG. 3, the apparatus of FIG. 5 serves to provide index error
      compensation through the time sharing of a single amplifier 120a between
      the sin .psi. and cos .psi. channels by alternate operation of the
      switches 300, 301, the gain of the amplifier 120a being controlled by a
      single control element 37a in accordance with the magnitude of the error.
      Such operation insures that the amount of sin .psi. current supplied to
      the flux valve legs 13, 14, 15 and contributing to the cos.psi. output
      channel of current servo 31 is identical to the amount of cos .psi.
      current subtracted from the flux valve legs 13, 14, 15 and contributing to
      the sin .psi. output channel of current servo 31.
PAR  A modification of the cardinal and intercardinal two cycle error
      compensator of the heading repeater system of FIG. 4 is shown in FIG. 5.
      Again, the significant feature of the embodiment resides in the manner in
      which the compensating signals are summed with the primary signals; i.e.,
      at the flux valve 11 rather than at the output of the current servo 31. In
      FIG. 5, for the cardinal two-cycle error compensation, the sin .psi. and
      cos .psi. direct current outputs of current servo 31 on leads 32 and 33
      are summed together in a summing circuit, schematically illustrated at
      310, prior to supply to the input of variable gain amplifier 188a. The
      summing circuit 310 of FIG. 5 corresponds to the summing network 177-180
      of FIG. 4, while the gain of the amplifier 188a is illustrated
      schematically as being varied by the adjustment of knob 48a in accordance
      with the magnitude .gamma. corresponding to the tangent of the desired
      correction. As in FIG. 4, the output of amplifier 188a is coupled through
      branching leads and the respective cooperating resistors 311 and 312 to
      summation circuits 320 and 321. Instead of being added back into the
      uncompensated sin .psi. and cos .psi. channels at amplifiers 200 and 201
      in FIG. 4, the compensation currents are employed in the strengths
      indicated in the drawing of FIG. 5 so as to be fed directly into the
      winding legs 13 and 15 of flux valve 11. The currents are effectively
      summed with the flux valve winding outputs which contribute to the sin
      .psi. and cos .psi. signal outputs of the current servo 31.
PAR  The intercardinal two cycle error compensating signal is similarly applied
      to the flux valve windings. The direct current sin .psi. signal output of
      current servo 31 is applied to variable gain amplifier 199a, the gain of
      which is varied by knob 48b in accordance with the magnitude of the
      required corrections, amplifier 199a of FIG. 5 corresponding to the
      variable impedance 199 and amplifier 200 of FIG. 4. The output of
      amplifier 199a is modified by resistors 313 and 314 in accord with the
      ratios indicated in FIG. 5 for application to the respective summation
      elements 320 and 321 and thus to the windings 13 and 15 of flux valve 11,
      so that the intercardinal two cycle correction signal is effectively
      summed with the flux valve winding outputs contributing to the outputs of
      the current servo 31.
PAR  Thus, in the modification of FIG. 5, the index and two cycle error
      compensation signals are generated from the sin .psi. and cos .psi. direct
      current outputs of the current servo 31 and are then fed back into the
      appropriate flux valve inductor windings in the required ratios so that
      the flux valve output supplied to the current servo 31 is compensated. It
      will be noted in the FIG. 5 embodiment that the feedback compensation
      signals are generated from the current servo outputs prior to the latitude
      compensation automatic gain stage 34. This is desirable because the
      compensating direct current signals supplied to the valve windings are
      essentially associated with the direction of the magnetic field sensed by
      the inductors and in this sense are not related to the latitude gain
      compensation.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departing from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a magnetic compass data transmission system for navigable craft
      having generator means responsive to the earth's magnetic field for
      generating first and second alternating output signals proportional to sin
      .psi. and cos .psi. representative of said earth's magnetic field
      direction .psi. with respect to said craft and substantially independent
      of the magnitude thereof, said generator means inherently producing
      two-cycle data transmission errors in the presence of an element
      distorting the earth's magnetic field in the vicinity of said generator
      means, the combination for correcting two cycle data transmission errors
      comprising:
PA1  amplifier circuit means having first and second input means,
PA1  first summation means for coupling said signals proportional to sin .psi.
      and cos .psi. from said generator means to said first input means,
PA1  second summation means for coupling said signals proportional to sin .psi.
      and cos .psi. from said generator means to said second input means,
PA1  variable impedance means coupled in parallel relation with said second
      input means for controlling the magnitude of the effective gain .gamma. of
      said amplifier circuit means in proportion to said two cycle data
      transmission error thereby supplying at the output of said amplifier
      circuit means in cooperation with said first and second summation means a
      signal representative of (-.gamma. (sin.psi. + cos .psi.), and third and
      fourth summation means responsive to said amplifier circuit means output
      for producing respective corrected data transmission signals proportional
      to sin .psi. + .gamma. (sin .psi. + .gamma. cos .psi.), and to cos .psi. +
      .gamma. (sin .psi. + cos .psi.).
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said variable impedance
      comprises adjustable resistor means employed for correcting two cycle
      cardinal heading error in said data transmission system.
NUM  3.
PAR  3. Apparatus as described in claim 2 additionally including variable
      resistor means coupling the output of said first summation means to its
      input adjustable for correcting two cycle intercardinal heading error in
      said data transmission system.
NUM  4.
PAR  4. In a magnetic compass system for navigable craft including a magnetic
      compass of the flux valve type for sensing the direction of the earth's
      magnetic field relative to the craft, the combination for correcting for
      the magnitude and direction of any two-cycle error in said system due to
      the location of said compass relative to a magnetic field distorting
      member of said craft and determined during a ground swing of the craft,
      the combination comprising:
PA1  a magnetic field detector means including a plurality of inductor elements
      angularly disposed on said craft for providing a corresponding plurality
      of alternating signals proportional to the direction and magnitude of the
      correspondingly disposed horizontal components of the earth's magnetic
      field relative to the craft,
PA1  signal processing means coupled with said inductor elements and responsive
      to said component alternating signals for providing first and second
      direct current signals proportional in sense and magnitude to
      predetermined functions of said earth's magnetic field direction,
PA1  amplifier means having input means and output means,
PA1  means for modifying said first and second signals in accordance with the
      output of said amplifier means,
PA1  means supplying said first and second signals to said amplifier input means
      for providing in its output a signal in accordance with the sum thereof,
PA1  adjustable means for controlling said amplifier gain in accordance with a
      function of said two-cycle error, and
PA1  means for supplying said gain controlled amplifier output to said modifying
      means for correcting said first and second signals for said two-cycle
      error.
NUM  5.
PAR  5. The combination as set forth in claim 4 wherein said first and second
      signals are proportional to the sine and cosine functions of said earth's
      magnetic field direction and include corresponding components of said two
      cycle error and said two-cycle error function is a tangent function.
NUM  6.
PAR  6. The combination set forth in claim 5 wherein said means for modifying
      said first and second signals in accordance with the output of said
      amplifier means comprises:
PA1  a first summing circuit responsive to said first signal and said amplifier
      output signal, and
PA1  a second summing circuit responsive to said second signal and said
      amplifier output signal.
NUM  7.
PAR  7. The combination set forth in claim 5 wherein said means for modifying
      said first and second signals in accordance with said amplifier output
      means comprises:
PA1  circuit means responsive to said amplifier output means for providing a
      pair of direct current signals having predetermined ratios dependent upon
      the angular orientation of said magnetic field detector inductor elements,
      and
PA1  means for applying said pair of d.c. signals to corresponding ones of said
      detector inductor elements whereby to vary said plurality of detector
      signals supplied to said signal processing means in accordance with said
      two-cycle error.
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ABST
PAL  First and second inclinometers are mounted above the deck of a ship at
      different distances from the ship's center of gravity. Each inclinometer
      generates a signal in response to the angular movement of said ship with
      respect to the true vertical. The difference between the signals is
      multiplied by a factor which is proportional to the ratio of the distance
      from the higher inclinometer to the center of gravity to the distance
      between the inclinometers. This product is then subtracted from the
      electrical signal generated by the higher inclinometer resulting in a
      signal which is proportional to the roll or pitch angle of the ship.
BSUM
PAR  This invention relates to a vertical reference device and more particularly
      to a vertical reference device which corrects for errors due to the
      acceleration of the support upon which the device is mounted.
PAR  In order for a ship at sea to communicate with a satellite, such as a
      synchronous satellite, it is necessary that the ship's antennae be
      continuously directed at the satellite. Ships at sea, however, are subject
      to pitch and roll, which motions affect the angular position of the ship
      with respect to the true vertical. Accordingly, as a ship rolls or
      pitches, anything mounted on the ship such as an antenna would also become
      angularly offset from the true vertical. Therefore, in order for the ship
      to maintain continuous communications with a satellite, it becomes
      necessary to move the ship's antennae an equal amount, but in the opposite
      direction, relative to the ship as the ship rolls or pitches. In other
      words, it is necessary that the antennae be maintained at a constant angle
      relative to the true vertical even when the ship rolls or pitches.
PAR  Presently, this is accomplished by mounting the antennae on a pivotable
      support platform and maintaining the attitude of the support platform
      stable with the use of one or more gyroscopes and associated servo
      systems. These gyroscopes, however, are extremely expensive and have a
      life expectancy of approximately one year or less. As a result,
      alternative means for accomplishing the same result as the gyroscope have
      been sought for some time.
PAR  One alternative to the gyroscope, which has been proposed, is an
      inclinometer in the form of a pendulum supported by the deck of the ship
      or some structure rigidly secured to the deck. The theory is that as the
      ship rolls or pitches the pendulum will remain in the true vertical
      direction and therefore the angle between the pendulum and a reference
      means perpendicular to the deck of the ship will be representative of the
      amount of pitch or roll of the ship. This arrangement, however, is
      extremely inaccurate since the pendulum does not actually remain in the
      true vertical position. This is due to the fact that a pendulum is
      sensitive to accelerations of its support and these accelerations will
      result in errors in the vertical indication. Thus, if a ship rolls
      15.degree. the acceleration on the pendulum may result in an indication
      that the ship has rolled 17.degree. or possibly 20.degree.. In other
      words, the pendulum would indicate an apparent angular position which
      would be in error from the true angular position by several degrees.
PAR  Other types of inclinometers, such as accelerometers which are sensitive to
      the acceleration due to gravity, are also known. These devices have a
      zero-output when their sensitive axis is horizontal. As the inclinometer
      is tilted, the component of gravity along the sensitive axis increases in
      proportion to the sine of the angle between the sensitive axis and the
      gravitational axis, causing an output to be generated which is
      proportional to the component of gravity along the sensitive axis.
      However, since these devices are also sensitive to the accelerations of
      the bodies on which they are mounted, their outputs will not be
      proportional to the tilt angle but will be in error by an amount
      proportional to this acceleration. In other words, when such a device is
      used on a ship, its output may indicate an apparent roll of 17.degree. to
      20.degree. when the ship has actually rolled only 15.degree.. This error,
      due to the acceleration of the structure which supports the inclinometer,
      must therefore be corrected if such devices are to be useful.
PAR  Various proposals have been advanced in the past for performing this
      compensation in pendulum type systems. In one such proposed arrangement,
      the velocity of the ship in the direction along the sensitive axis of the
      pendulum is first measured and converted into an electrical signal. The
      velocity signal is then transmitted through a time delay unit and the
      difference between the instantaneous velocity signal and the time delay
      signal is subtracted from the pendulum output. It has also been proposed
      to mount an accelerometer on the deck of the ship or on the pendulum. The
      output of the accelerometer would then be subtracted from the output
      signal generated by the pendulum. Neither of these proposals, however, is
      satisfactory particularly for inexpensive pendulum type systems. While
      each proposal does increase the accuracy of a pendulum type vertical
      indicator, it also greatly increases the cost of the device. This is
      because velocity indicators and accelerometers sensitive enough to be used
      with these systems are expensive. Furthermore, as described above, such
      accelerometers are sensitive not only to the acceleration of the pendulum
      support, but also to the acceleration due to gravity. This creates
      additional errors which must be corrected.
PAR  Accordingly, it is an object of the present invention to provide an
      inexpensive but accurate pendulum vertical reference device.
PAR  It is another object of the present invention to provide a vertical
      reference device employing inclinometers wherein angular errors due to
      acceleration of the inclinometers are substantially reduced.
PAR  A further object of the present invention is to provide a means for
      compensating for the errors in a vertical reference device employing
      inclinometers caused by the acceleration of the inclinometers.
PAR  The present invention accomplishes these objects by providing two
      inclinometers which are mounted above the deck of a ship at different
      distances from the ship's center of gravity or center of roll. Each
      inclinometer generates a signal in response to the angular movement of the
      ship with respect to the true vertical and the difference between these
      signals is then multiplied by a predetermined factor. This factor is
      proportional to the ratio of the distances from the higher inclinometer to
      the center of gravity to the distance between the two inclinometers. This
      product is then subtracted from the signal generated by the higher
      inclinometer and the result is a signal which is proportional to the roll
      or pitch angle of the ship.
PAR  Further objects, advantages and novel features of the present invention
      will become apparent from a consideration of the following description
      taken in conjunction with the accompanying drawings which illustrate
      presently preferred forms of the invention; it being understood, however,
      that this invention is not limited to the precise arrangements and
      instrumentalities shown.
PAR  For example, while the following description refers to a vertical reference
      device for use on a ship or buoy it should be understood that the device
      could be used on any land, air or water craft, mechanism or other body
      which is subject to relatively slow pivotal movements about a
      substantially horizontal axis. In addition, the present invention is
      useful for stabilizing any device mounted on the pivotable body which can
      be moved by a servo control mechanism. Accordingly, reference to shipboard
      antennae should be considered only as one example of the uses of the
      invention. Gun mounts, cameras, telescopes and transits could also be
      stabilized by the instant invention.
DRWD
PAR  FIG. 1 is an explanatory diagram of a first embodiment of the invention
      showing the displacement of and the forces acting upon two pendulums
      arranged according to the present invention;
PAR  FIG. 2 is a schematic block diagram of a computing circuit used to perform
      the arithmetic operations required in practicing the present invention;
PAR  FIG. 3 is a schematic block diagram illustrating a modified form of FIG. 2;
PAR  FIG. 4 is a schematic block diagram illustrating another modified form of
      FIG. 2;
PAR  FIG. 5 is a schematic diagram of an electronic circuit for practicing the
      present invention and employing pendulums as inclinometers;
PAR  FIG. 6 is an explanatory diagram of a second embodiment of the invention
      showing the displacement of and the forces acting upon two accelerometer
      type inclinometers arranged according to the present invention;
PAR  FIG. 7 is a partial schematic diagram of a modified form of the circuit of
      FIG. 5, and
PAR  FIG. 8 is a schematic block diagram of an accelerometer type inclinometer
      useful in the embodiments of FIGS. 6 and 7.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 a first embodiment
      of the invention which includes a pair of short period pendulums A and B
      suspended from an upright support 10 mounted on a floating vessel such as
      a ship or buoy 12. Pendulums A and B are mounted on the vertical support
      10 at distances R and R--D, respectively, from the center of gravity 14 of
      the vessel 12. While not shown, it should be understood that a platform or
      the like is mounted on the deck 16 of vessel 12 and antennae are mounted
      on the platform. The present invention is used to maintain the platform
      and therefore the antennae in a predetermined angular position with
      respect to the true vertical direction regardless of the movements of the
      vessel 12. In order to accomplish this, it is necessary to determine the
      angle .PHI., which angle represents the amount that the vessel 12 has
      rolled. However, as shown in FIG. 1, when the vessel 12 rolls through
      .PHI., pendulum A moves a distance .PHI. + .theta..sub.A. This quantity is
      the result of two factors: the actual movement of the vessel 12 and
      therefore the support 10 and the acceleration of the pendulum caused by
      the fact that it is suspended from support 10 at a distance above the
      center of gravity 14. Accordingly, if the angular movement of pendulum A
      is measured it can be seen that this measured angle which will be referred
      to as the apparent roll angle will differ from the actual angle of roll
      .PHI. by an amount .theta..sub.A. Thus, if .theta..sub.A can be
      determined, then this information can be used to derive the desired
      quantity .PHI..
PAR  The following analytical analysis of the system shown in FIG. 1 will
      demonstrate how the instant invention is used to determine the quantity
      .theta..sub.A in a pendulum system.
PAR  As the vessel 12 rolls, it becomes angularly displaced from the true
      vertical by an amount .PHI.. Angle .PHI., therefore, represents the roll
      position and .PHI. represents the angular roll acceleration. Accordingly,
      the tangential acceleration parallel to the deck 16 is
EQU  a.sub.T = .PHI.L                                           (1)
PAL  where L is the distance to the center of roll 14, and the acceleration in
      the horizontal direction due to roll is therefore
EQU  a.sub.X = a.sub.T cos .PHI. = .PHI.L cos .PHI.             (2)
PAL  Assuming small angles of roll, cos .PHI. .apprxeq. 1 and sin .PHI.
      .apprxeq. .PHI., in radians then equation (2) becomes
EQU  a.sub.X = .PHI.L
PAL  If the two pendulums A and B are supported at distances R and R--D,
      respectively, from the center of roll 14, then from equation (3) their
      respective accelerations in the horizontal direction due to the roll of
      the vessel 12 are
EQU  a.sub.A = .PHI.R and                                       (4)
EQU  a.sub.B = .PHI.(R--D), respectively.                       (5)
PAR  Since the roll of the vessel 12 is relatively slow, and in view of the fact
      that the pendulums are mounted on or near the same vertical plane as the
      center of roll 14, the acceleration in the vertical direction due to the
      vessel's roll is negligible compared to the gravitational accelerations g
      and can therefore be ignored.
PAR  These gravitational accelerations g on the pendulums are shown in FIG. 1
      and each is represented as a combination of two components: g cos
      .theta..sub.A or g cos .theta..sub.B acting along the line of the
      pendulums and g sin .theta..sub.A or g sin .theta..sub.B acting
      perpendicular to the first components and tending to restore the pendulums
      to the true vertical position. Since .theta..sub.A and .theta..sub.B are
      small, the components g sin .theta..sub.A and g sin .theta..sub.B can be
      appxomated by g .theta..sub.A and g .theta..sub.B and can be considered to
      be acting directly against the lateral accelerations a.sub.A and a.sub.B
      respectively.
PAR  In addition, the vessel's roll is slow enough (typically 10 seconds) to
      allow the pendulums A and B to reach steady state conditions with respect
      to these lateral accelerations. As a result, the following steady state
      relations are true:
EQU  a.sub.A = g .theta..sub.A or                               (6)
EQU  .theta..sub.A = 1/g a.sub. A                               (6a)
EQU  a.sub.B = g .theta..sub.B or                               (7)
EQU  .theta..sub.B = 1/g a.sub.B                                (7a)
PAL  Letting .DELTA..theta. + (.theta..sub.A - .theta..sub.B) and substituting
      equations (6a) and (7a), then
EQU  .DELTA..theta. = 1/g (a.sub.A - a.sub.B).                  (8)
PAL  Further substiting equations (4) and (5) yields .DELTA..theta. = 1/g .PHI.
      [ R-(R--D)] or
EQU  .DELTA..theta. = 1/g .PHI.D.                               (9)
PAL  If .DELTA..theta. is multiplied by R/D then equation (9) becomes
EQU  .DELTA..theta. (R/D) = 1/g .PHI.R.                         (10)
PAL  Substituting from equation (4) yields
EQU  .DELTA..theta. (R/D) = 1/g a.sub.A                         (11)
PAL  Which is identical to equation (6a). Accordingly, we have the relationship
EQU  .DELTA..theta. (R/D) = .theta..sub.A.                      (12)
PAR  Having found a means for deriving the quantity .theta..sub.A, all that
      remains is to subtract this quantity from the directly measurable quantity
      .PHI. + .theta..sub.A in order to arrive at the desired quantity .PHI..
PAR  FIGS. 2-4 schematically illustrate block diagrams of various circuits for
      performing the above described arithmetic operations. In the various
      figures like numerals are used to indicate like elements. Referring to
      these figures, pendulums A and B are supported by the wiper arms of
      potentiometers 20 and 22, respectively, which are mounted at vertical
      distances R and R--D, respectively, above a horizontal axis passing
      through the center of gravity or center of roll 14. When the pendulums
      move in a plane perpendicular to this axis, as a result of the vessel's
      roll and the lateral accelerations, signals A and B are generated at the
      outputs of potentiometers 20 and 22 which are proportional to the angles
      .PHI. + .theta..sub.A and .PHI. + .theta..sub.B, respectively. It should
      be noted that while potentiometers are specifically described for
      measuring the angular movements of the pendulums, this is by way of
      illustration only and various other mechanical to electrical transducers
      could obviously be used in place of the potentiometers 20 and 22.
PAR  In the embodiment shown in FIG. 2, the output A from potentiometer 20 is
      fed to the plus terminal of summer 24 and the output B of potentiometer 22
      is fed to the minus terminal of summer 24. The output of this summer is
      (A-B) which is equivalent to .theta..sub.A - .theta..sub.B is then
      multiplied by the quantity R/D in multiplier 28 to yield (R/D)(A-B) or
      (R/D )(.theta..sub.A -.theta..sub.B). According to equation (12) above,
      this results in the quantity .theta..sub.A. This signal is then applied to
      the minus terminal of summer 26. In addition, the output A, i.e. .PHI. +
      .theta..sub.A, from the potentiometer 20 is connected to the plus input of
      summer 26. The output of summer 26, therefore, becomes A-(A-B)(R/D) or
      A(1-R/D) + BR/D which equals the desired quantity .PHI.. This signal can
      now be used in conjunction with a servo control mechanism to control the
      movement of the antennae relative to the vessel 12.
PAR  FIG. 3 is a schematic block diagram showing a modified form of the system
      of FIG. 2. In this embodiment, the multiplier 28 of FIG. 2 has been
      removed from the output of summer 24 and has been replaced by two similar
      multipliers 28' and 28" which are connected to the two inputs of summer
      24. The output from summer 24 is therefore connected directly to the minus
      input of summer 26. It should be readily apparent that the circuit of FIG.
      3 having the multipliers at the input of summer 24 rather than at the
      output thereof is the exact equivalent of the circuit of FIG. 2 since a
      constant times the sum of addends is equal to the sum of that constant
      times each of the addends.
PAR  A second modified form of the system of FIG. 2 is shown in the schematic
      block diagram of FIG. 4. In this embodiment the multiplier 28 of FIG. 2
      has also been removed from the output of summer 24. In lieu of multiplier
      28, a multiplier 30 having a multiplication factor of D/R is connected to
      the plus input terminal of summer 26. Accordingly, as shown in FIG. 4 the
      input to the plus terminal of summer 26 becomes D/R(.PHI. + .theta..sub.A)
      and the input to the minus terminal is .theta..sub.A - .theta..sub.B
      which, from equation (12), is equal to .theta..sub.A D/R. The output of
      summer 26 is therefore .PHI.D/R. In order to remove the factor D/R, a
      second multiplier 32 having a multiplication factor of R/D is connected to
      the output of summer 26. This yields the desired quantity .PHI.. It can be
      seen that each of the above described circuits provides an output which is
      A(1-R/D) + BR/D where A and B are the outputs of potentiometers 20 and 22,
      respectively.
PAR  While FIGS. 2-4 illustrates three forms of the invention, various other
      arrangements will be obvious to those skilled in the art. For example, it
      will be recalled from equation (9) above that g.DELTA. .theta. = .PHI. D,
      and from equation (3) it can be seen that this is the lateral acceleration
      which would act on a pendulum positioned at a distance D from the center
      of roll 14. Thus, equation (9) can also be expressed as .DELTA..theta. =
      1/g a.sub.D. In comparing this with equations (6)-(7a) it can be seen that
      .DELTA..theta. = .theta..sub.D. This is the angular error which would be
      present in a pendulum positioned at a distance D from the center of roll.
      Accordingly, if a third pendulum were suspended from a third potentiometer
      positioned at a distance D from the center of roll 14, the angle .PHI.
      could be determined by finding the difference between the outputs of the
      first two potentiometers and then subtracting this difference from the
      output of the third potentiometer.
PAR  In lieu of the third pendulum and potentiometer, it is also possible to
      simply position pendulum B at a distance D from the center of gravity 14
      to accomplish the same results. With this arrangement, the outputs from
      potentiometers 20 and 22 would be subtracted and the difference would then
      be subtracted from the output of potentiometer 22. This also would result
      in the angle .PHI..
PAR  Neither of the last two systems described requires any multiplication
      factors. However, as a result of this, the systems do not have the
      flexibility of the embodiments shown in FIGS. 2-4. This is due to the fact
      that no multipliers are used and therefore once the potentiometers are
      positioned at the proper distances from the center of roll, they cannot be
      moved. On the other hand, the potentiometers and therefore the pendulums
      of the systems shown in FIGS. 2-4 can be freely moved to different
      positions spaced from the center of roll 14 as long as the multipliers are
      adjusted to the proper corresponding multiplying factors.
PAR  One example of a practical circuit for carrying out the present invention
      is shown schematically in FIG. 5. This circuit comprises two resistance
      bridges: resistors R1, R2 and potentiometer P1; and resistors R8, R9, and
      potentiometer P2. Pendulums A and B are suspended from the wiper arms of
      potentiometers P1 and P2, respectively, so that as the pendulums are
      pivoted, the wiper arms are caused to move a corresponding amount across
      the potentiometers. In addition, each of the wiper arms is electrically
      connected to ground. As a result, when each pendulum moves from the center
      position shown in FIG. 5, a potential imbalance is created at output
      terminals 34 and 36 of potentiometer P1 and at output terminals 38 and 40
      of potentiometer P2.
PAR  In order to determine the magnitudes of these imbalances, terminals 34 and
      36 of potentiometer P1 are connected to a first differential amplifier and
      terminals 38 and 40 of potentiometer P2 are connected to a second
      differential amplifier. The first differential amplifier comprises an
      operational amplifier U1a, input resistors R3, R4, resistor R5 connected
      between the positive terminal and ground and a feed back resistor R6. The
      second differential amplifier is similarly constructed and comprises an
      operational amplifier U1b, input R10, R11, resistor R12 connected to
      ground, and feedback resistor R13. Since these differential amplifiers are
      arranged to determine the imbalance across potentiometers P1 and P2, the
      output of operational amplifier U1a is proportional to the angular
      displacement of pendulum A and the output of operational amplifier U1b is
      proportional to the angular displacement of pendulum B. However, as shown
      in FIG. 5, the connections between potentiometer P1 and the first
      operational amplifier are exactly reversed from the connections between
      potentiometer P2 and the second operational amplifier. As a result, the
      sign of the output of amplifier U1a will always be opposite to the sign of
      the output of amplifier U1b. These outputs which represent the angular
      displacements of pendulums A and B are shown in FIG. 5 as -.PHI. -
      .theta..sub.A and .PHI. + .theta..sub.B, respectively.
PAR  The output from operational amplifier U1a is connected to a variable
      resistor R7 which is adjusted to compensate for any errors which may be
      caused by inherent differences between potentiometers P1 and P2 or between
      the first and second differential amplifiers. Thereafter, the two output
      signals pass through input resistors R14 and R15 respectively and are
      combined at the negative input terminal of operational amplifier U2a.
      Operational amplifier U2a is arranged as an inverter amplifier which also
      includes resistor R16 connected to ground and feedback resistor R17. The
      output of operational amplifier U2a is, therefore, proportional to the
      negative of its input. Accordingly, since the input to operational
      amplifier U2a is .theta..sub.B - .theta..sub.A, the output is proportional
      to .theta..sub.A - .theta..sub.B. This output is then connected to the
      negative input terminal of operational amplifier U2b via resistors R18 and
      R20. Also connected to this input terminal, via resistor R19, is the
      output from operational amplifier U1a. The positive input terminal of
      operational amplifier U2b is connected to ground through resistor R21.
PAR  As is known in the art, the amplification factor of an operational
      amplifier depends on the value of its feedback resistor and its input
      resistors. Accordingly, input resistors R18 and R20 can be used to scale
      the output of operational amplifier U2a which is applied to operational
      amplifier U2b. Thus, the scale factor R/D is introduced at this point by
      properly selecting the values of resistors R18 and R20 relative to input
      resistor R19 and feedback resistor R22. This operation is facilitated by
      making one of the input resistors such as resistor R18 variable.
      Furthermore, since resistor R18 is variable the scale factor R/D can be
      changed whenever the positions of the pendulums relative to the center of
      gravity are changed. Thus, while the output of operational amplifier U2a
      is proportional to .theta..sub.A - .theta..sub.B, the actual signal added
      at the input of operational amplifier U2b is .theta..sub.A. As shown in
      FIG. 5, this signal is added to the output signal -.PHI. -.theta..sub.A,
      from operational amplifier U1a whereby the resultant input to operational
      amplifier U2b is -.PHI.. The output of operational amplifier U2b, arranged
      as an inverter amplifier, therefore is proportional to .PHI..
PAR  The circuit thus far described is capable of deriving a signal which is
      proportional to .PHI., the actual angular displacement from the vertical
      of a rolling vessel. It has been found, however, that in many practical
      applications the output of operational amplifier U2b may not be exactly
      proportional to the quantity .PHI.. Furthermore, it has been found that
      the discrepancy between the actual value .PHI. and the value derived by
      the circuit of the present invention is due to spurious signals resulting
      from shock and vibrations. As stated above, the first and second
      differential amplifiers sense an imbalance of the bridges due to movements
      of the pendulums. While it is true that the pendulums will move as the
      vessel rolls, various other occurrences may also cause the pendulum to
      move. Thus, if the vessel, the pendulum supports, or even the pendulums
      are suddenly struck or jarred, or subjected to some vibratory forces the
      pendulums will move and may give the appearance that the vessel is
      rolling. In addition, once the pendulums begin to move they will continue
      to vibrate at their natural frequency.
PAR  In order to correct for these errors, the circuit of FIG. 5 includes a
      capacitor C1 connected across the feedback resistor R22 of operational
      amplifier U2b. This capacitor C1 functions as a low pass filter allowing
      signals having a frequency under, for example, 6 Hertz to pass through
      while filtering out all signals above 6 Hertz.
PAR  In addition, the output of operational amplifier U2b is connected to a
      notch filter which is tuned to the natural frequency of the pendulums.
      This filter comprises resistors R23 and R25 which are connected to the
      plus input of operational amplifier U3b. The output of operational
      amplifier U3b is then connected via potentiometer R26 to the plus input of
      operational amplifier U3a. The output of operational amplifier U3a is
      connected to the junction of a resistor R24 and capacitor C3. The other
      side of capacitor C3 is connected to the junction of resistors R23 and R25
      and the other side of resistor R24 is connected to the junction of
      capacitors C2 and C4. Capacitor C2 is also connected to the output of
      operational amplifier U2b and capacitor C4 is connected to the plus input
      of operational amplifier U3b. Each of the operational amplifiers U3a and
      U3b also has its output connected directly back to the minus input of the
      amplifier and the amplifiers are supplied with power at terminals which
      are connected to ground bia capacitors C5 and C6, respectively. The notch
      filter shown in FIG. 5 is tuned in the known manner to the natural
      frequency of the pendulums P1 and P2. As a result of this circuit, the
      output of operational amplifier U3b, which is also the output of the
      entire circuit, is directly proportional to .PHI. and does not include any
      spurious signals which may have been introduced into the system as a
      result of shocks or vibrations.
PAR  The values of the various components used in the circuit of FIG. 5 are
      shown in the table below. It should be noted, however, that these values
      merely represent the preferred embodiment of the invention and that
      various other components and circuit arrangements could obviously be
      substituted without departing from the spirit and scope of the instant
      invention.
TBL                TABLE                                                       
     ______________________________________                                    
     R1 = 2.2K    R10 = 200K   R19 = 33K                                       
     R2 = 2.2K    R11 = 100K   R20 = 2.2K                                      
     R3 = 200K    R12 = 200K   R21 = 10K                                       
     R4 = 100K    R13 = 100K   R22 = 56K                                       
     R5 = 200K    R14 = 10K    R23 = 5K                                        
     R6 = 100K    R15 = 10K    R24 = 2.5K                                      
     R7 = 5K      R16 = 3.9K   R25 = 5K                                        
     R8 = 2.2K    R17 = 18K    R26 = 5K                                        
     R9 = 2.2K    R18 = 50K                                                    
      C1 = 0.5 ufd     C4 = 10 ufd                                             
     C2 = 10 ufd       C5 = 10 ufd                                             
     C3 = 20 ufd       C6 = 10 ufd                                             
     U1a and U1b = Motorola MC 1558G                                           
     U2a and U2b = Motorola MC 1558G                                           
     U3a and U3b = Motorola MC 1558G                                           
     ______________________________________                                    
PAR  The invention as described above with reference to FIGS. 1-5 provides an
      accurate yet inexpensive vertical reference device. If higher accuracy is
      desired pendulums A and B in the above described systems can be replaced
      by more accurate types of inclinometers. While such devices will increase
      the cost of the system, they may be desirable where increased accuracy is
      required.
PAR  FIG. 6 is an explanatory diagram similar to FIG. 1 but wherein the
      pendulums A and B have been replaced by accelerometer type inclinometers
      50 and 51, respectively. These inclinometers, which will be described in
      greater detail below, are basically accelerometers which have frequency
      responses that extend to DC. As a result, they are sensitive to the
      acceleration due to gravity and the acceleration due to the movement of
      support 10. Each inclinometer 50 and 51 has a sensitive axis 52 and 52'
      and generates an output signal which is proportional to any accelerations
      along the sensitive axis.
PAR  The outputs of inclinometers 50 and 51 can, therefore, be expressed as
      follows:
EQU  A.sub.50 =  g sin .PHI. + .PHI.R and                       (13)
EQU  A.sub.51 = g sin .PHI. + .PHI.(R--D), respectively         (14)
PAL  Where g sin .PHI. is equal to the component of the gravitational
      acceleration along the sensitive axis and .PHI.R and .PHI.(R--D),
      respectively, are the tangential accelerations on the inclinometers 50 and
      51 taken from equation (1) above.
PAR  Assuming small angles of roll, sin .PHI. is approximately equal to .PHI.,
      in radians and equations (13) and (14) become
EQU  A.sub.50 = g.PHI. + .PHI. R and                            (15)
EQU  A.sub.51 = g.PHI. + .PHI.(R--D), respectively.             (16)
PAL  Letting .DELTA.A = (A.sub.50 - A.sub.51) and substituting equations (15)
      and (16), then
EQU  .DELTA.A = .PHI.D                                          (17)
PAL  If .DELTA.A is multiplied by R/D then equation (17) becomes
EQU  .DELTA.A(R/D) = .PHI.R                                     (18)
PAL  Subtracting equation (18) from equation (15) yields
EQU  A.sub.50 - .DELTA. A(R/D) = g.PHI.                         (19)
PAL  Which is equal to the desired quantity .PHI. multiplied by the constant g.
PAR  It should readily be apparent that the mathematical operations described
      above are precisely those performed by the computing circuits shown in
      FIGS. 2-4. Accordingly, in order to adapt those circuits to be used with
      accelerometer type inclinometers, all that is necessary is to replace
      pendulums A and B and potentiometers 20 and 22 with inclinometers 50 and
      51 respectively. The output of the circuits shown in FIGS. 2-4 would then
      become .PHI. multiplied by the constant g. This constant g could, of
      course, be easily removed if desired.
PAR  It should also be readily apparent that the circuit shown in FIG. 5 can
      easily be modified to accept inclinometers 50 and 51 in lieu of the
      pendulums A and B. This modification is shown in FIG. 7. As can be seen in
      this Figure, the output from inclinometer 50, which is the higher of the
      two inclinometers, is connected to the minus input of operational
      amplifier U1a through resistor R4, resistor R3 being removed from the
      circuit. Similarly, the output from inclinometer 51 is connected to the
      plus input of operational amplifier U1b through resistor R10. Resistor
      R11, connected to the minus input of operational amplifier U1b, is then
      connected to ground. The remaining parts of the circuit of FIG. 7 are the
      same as those shown in FIG. 5 and are therefore not specifically shown in
      FIG. 7.
PAR  One form of an accelerometer type inclinometer such as 50 or 51 is shown in
      FIG. 8. This inclinometer is a conventional pendulus force-balance
      accelerometer which includes a pendulus or seismic mass 54 which is free
      to pivot about axis 56. Accelerations along the sensitive axis 52 of the
      device produce a torque on the mass 54 which tends to deflect the mass. A
      position detector 58, which is comprised of an oscillator circuit and an
      inductive pick-off coil, converts the amount of deflection of the mass
      into a proportional voltage signal. This signal is then amplified by
      amplifier 60 and is fed back to a restoring coil 62 associated with the
      mass 54. This feedback signal from amplifier 60 provides power to the
      restoring coil 62 which develops a restoring force equal and opposite to
      the original force on the mass 54 caused by the acceleration. As a result,
      the mass 54 is restrained very close to its null position. The feedback
      current flowing through resistor R64, which is in series with the
      restoring coil 62, provides an output voltage which is proportional to the
      input acceleration.
PAR  Pendulus force-balance accelerometers such as described above are extremely
      accurate and are therefore preferred forms of inclinometers 50 and 51.
      However, various other accelerometers could also be used. In fact,
      substantially any accelerometer which is sensitive to both the
      acceleration due to gravity and the accelerations caused by the angular
      movement of the vessel can be used as an inclinometer with the present
      invention.
PAR  While the instant invention has been described with specific reference to
      the angular displacement of a ship or buoy due to its roll, it should be
      obvious that the invention is equally useful for determining the amount of
      pitch which a ship or buoy has undergone. In addition, it is also possible
      to utilize two complete systems such as described above on a single ship
      or buoy in order to determine the amount of roll and pitch simultaneously.
PAR  Furthermore, the present invention has been described as having both
      inclinometers mounted directly above the center of gravity of the ship or
      buoy. This is, of course, the preferred arrangement since as a practical
      matter it is the most convenient place to arrange the inclinometers.
      However, it should be readily apparent to those skilled in the art that
      the invention could also be easily modified so that the inclinometers
      could be mounted below the center of gravity or at some angle from the
      vertical plane of the ship or buoy.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vertical reference device comprising:
PA1  first and second pendulum means mounted on a body which is susceptible to
      angular motion about a horizontal axis, said first and second pendulum
      means being mounted at different vertical distances from said axis;
PA1  transducer means for generating signals proportional to the angular
      positions of said first and second pendulum means;
PA1  means for combining said signals and multiplying the same by a
      predetermined factor whereby said device can generate a signal
      proportional to the actual angular position of said body about said axis.
NUM  2.
PAR  2. A vertical reference device comprising first and second inclinometer
      means, each of said inclinometer means having a sensitive plane associated
      therewith, said first inclinometer means including a transducer means for
      generating a first signal in response to angular movement of said first
      inclinometer means within its sensitive plane, said second inclinometer
      means including a transducer means for generating a second signal in
      response to angular movement of said second inclinometer means within its
      sensitive plane;
PA1  said first and second inclinometer means being mounted on a body which is
      susceptible to angular movement about a horizontal axis;
PA1  said first and second inclinometer means being mounted on said body at
      different vertical distances from said axis and being arranged to have
      their sensitive planes perpendicular to said axis, and
PA1  means for comparing said first and second signals from said transducer
      means to each other and means responsive to said comparison for generating
      a signal proportional to the actual angular position of said body.
NUM  3.
PAR  3. A vertical reference device as claimed in claim 2
PA1  wherein said means for comparing said signals comprises means for creating
      a third signal proportional to the difference between said first and said
      second signals.
NUM  4.
PAR  4. A vertical reference device as claimed in claim 3 wherein said means
      responsive to said comparison comprises means for multiplying one of said
      first and third signals by a predetermined factor thereby creating a
      fourth signal and means for determining the difference between said fourth
      signal and the other of said first and third signals.
NUM  5.
PAR  5. A vertical reference device as claimed in claim 4 wherein said first
      inclinometer means is further from said axis than said second inclinometer
      means and wherein said predetermined factor is proportional to R/D, where
      R is the vertical distance from said first inclinometer means to said axis
      and D is the vertical distance between said inclinometer means.
NUM  6.
PAR  6. A vertical reference device as claimed in claim 3 wherein said first and
      second inclinometer means comprises first and second pendulums and wherein
      said signals generated by said transducer means are proportional to the
      angular positions of said pendulums.
NUM  7.
PAR  7. A vertical reference device as claimed in claim 3 wherein said first and
      second inclinometer means comprises first and second accelerometers.
NUM  8.
PAR  8. A vertical reference device as claimed in claim 5 wherein said first and
      second inclinometer means comprises first and second pendulums and wherein
      said signals generated by said transducer means are proportional to the
      angular positions of said pendulums.
NUM  9.
PAR  9. A vertical reference device as claimed in claim 5 wherein said first and
      second inclinometer means comprises first and second accelerometers.
NUM  10.
PAR  10. A vertical reference device comprising:
PA1  first and second inclinometer means mounted at different vertical distances
      from the center of gravity of a vessel;
PA1  means for generating a first signal proportional to the angle measured by
      said first inclinometer means and a second signal proportional to the
      angle measured by said second inclinometer means;
PA1  means for creating a third signal proportional to the difference between
      said first and second signals;
PA1  means for creating a fourth signal proportional to the difference between
      said third signal and one of said first and second signals;
PA1  and means for multiplying one of said first, second and third signals by a
      predetermined scale factor whereby said fourth signal will be proportional
      to the actual angular position of said ship.
NUM  11.
PAR  11. A vertical reference device as claimed in claim 10 wherein at least one
      of said inclinometer means is a pendulum.
NUM  12.
PAR  12. A vertical reference device as claimed in claim 10 wherein at least one
      of said inclinometer means is an accelerometer.
NUM  13.
PAR  13. A vertical reference device comprising:
PA1  first and second inclinometer means mounted on a body which is susceptible
      to angular movement about a horizontal axis;
PA1  said first and second inclinometer means being mounted at different
      vertical distances from said axis and including first and second
      transducer means, respectively, for generating first and second signals,
      respectively, in response to said angular movement of said body;
PA1  means responsive to said signals for generating an output which is
      proportional to A(1-R/D) + BR/D, wherein:
PA1  A is said first signal;
PA1  B is said second signal;
PA1  R is the vertical distance from said first inclinometer means to said axis,
      and
PA1  D is the vertical distance between said inclinometer means.
NUM  14.
PAR  14. A vertical reference device as claimed in claim 13 wherein said first
      and second inclinometer means comprises first and second pendulums and
      wherein said signals generated by said transducer means are proportional
      to the angular positions of said pendulums.
NUM  15.
PAR  15. A vertical reference device as claimed in claim 13 wherein said first
      and second inclinometer means comprises first and second accelerometers.
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ABST
PAL  A process for the continuous drying of chemical products by milling
      fluidization, in which a fluidized bed of particles of an inert carrier,
      e.g., quartz sand having a particle diameter of 0.5-1.0 mm., is maintained
      and the chemical product to be dried is introduced in a wet state, e.g.,
      wet solid or paste or suspension, into the fluidized carrier bed. The
      chemical product dries on the surface of the inert carrier particles and
      dry particles of the chemical product leave the relatively large and heavy
      carrier particles and are carried off in the exit gas. The carrier
      particles, however, are too large and heavy to leave in the exit gas and
      so remain in the fluidized bed. If desired, the dried product particles
      can be further dried, for example by additional drying gas in a cyclone
      chamber, after which the dried particles are separated from the gas which
      can be vented and/or recycled.
BSUM
PAR  The invention concerns a process for continuous drying of chemical products
      by milling-fluidisation; more particularly, the invention relates to a
      continuous drying process for particulate materials, pastes or suspensions
      carried out in a fluidised layer which has a milling effect.
PAR  For drying wet particulate materials various technological chemical
      processes may be employed, such as processes employing: stationary layers,
      mechanically conveyed stationary layers, sliding layers, mechanical
      stirring, rolling layers, vibration, fluidisation, geyser layers,
      floating, pneumatic conveying and vortex layers /Blickle, T., Ormos, Z.:
      Energiagazdalkodas 13, 49 (1972)/, as well as spray dryers. The criteria
      for classifying drying devices vary and among them the one that has become
      particularly widespread is classification according to the method by which
      heat is transferred to the wet solid material (Perry, J. H.:
      Vegyeszmernokok kezikonyve, Muszaki Konyvkiado, Budapest, 1969., p. 1327)
      (Chemical Engineers' Handbook by Perry, J. H. in Hungarian language).
PAR  Of through-flow drying apparatuses fluidisation dryers are very widely used
      and with them both batchwise and continuous operation may be achieved.
      When operating fludisation drying apparatuses for materials of high
      moisture content and small particle size lumps frequently appear, the
      particles agglomerate, adhere together and the fluidised state can only be
      achieved below a critical moisture content. As a consequence of the lump
      formation the drying time is very long which considerably reduces the
      capacity of the fluidisation drying apparatus and spoils the efficiency of
      heat utilisation. For maintaining adhered larger particles (agglomerates)
      in a fluidised state higher gas velocities are required and parallel with
      this there is a sudden jump in the mount of floating dust of relatively
      high moisture content which causes serious dust separation problems. The
      after-drying of the wet floating dust can be achieved in a pneumatic
      conveying tube connected between the drying apparatus and the dust
      separator but the fundamental problem, namely ensuring the fluidisational
      mobile state of the lumpy moist material, is extremely difficult and often
      unattainable. It has been attempted to solve this last problem by
      comminuting the adhered lumps during the drying process and returning them
      to the fluidisational dryer for further drying. The poor economy of this
      method is manifest. A further advance in the development of fluidisational
      drying apparatuses is represented by the use of auxiliary processes, such
      as the introduction of the use of mechanical stirring and vibration (U.S.
      Pat. No. 2,856,273) but these solutions merely ameliorate the problem
      associated with achieving the fluidisational drying of materials of high
      moisture contents, small particle size and proneness to forming lumps, and
      only infrequently provide a problem-free solution.
PAR  Pneumatic conveying devices are used not only for conveying the solids but
      also for drying, but for this only those free-flowing materials are
      suitable which are particulate and can dispersed in gases and which do not
      adhere to the walls of the conveying device and do not agglomerate (Perry,
      J. H.: Vegyeszmernokok kezikonyve, Muszaki Konyvkiado, Budapest, 1969., p.
      1962). Materials of high moisture content and small particle size have a
      strong tendency to adherence and lump formation and therefore for these
      materials the possibilities of employing penumatic conveying and drying
      devices are extremely limited and can principally be used only as
      auxiliary process in conjunction with other, e.g. fluidisational, drying
      apparatus.
PAR  To dry paste-like materials of high moisture content and small particle
      size or particles in suspension can also be achieved with the aid of spray
      drying devices. The most important and most successful area of use of
      spray drying is for solutions, suspensions and pastes which cannot be
      dewatered mechanically, which are heat-sensitive or which contain
      exceptionally fine particles and agglomerates (Perry, J. H.:
      Vegyeszmernokok Kezikonyve, Muszaki Konyvkiado, Budapest, 1969., p. 1767).
      One of the greatest problems in spray drying paste-like materials is the
      need to ensure adequate dispersion, i.e. spraying. In spray drying the
      particle size composition of the dry end-product is determined principally
      by the extent of the dispersion. If the requirement is that the particle
      size distribution of the dry material should be the same, to a good
      approximation, as the particle size distribution obtained during formation
      of the particles then the suspension or the paste must be dispersed to
      such an extent that in each drop or sprayed paste dispersion there should
      be one particle only, which is extremely difficult to achieve, requires
      high energy consumption, is costly, and is frequently an insoluble task.
      In addition to the difficulties of spraying pastes a further disadvantage
      of spray drying is the very high spatial requirement since this drying
      method requires a lot of room, consequently large-scale expensive
      installation and, in given cases, expensive buildings are needed.
PAR  From the point of view of costs spray drying is seldom of equal value with
      a two-stage dewatering (e.g. filtering and centrifuging) process or with
      drying of solid materials (Perry, J. H.: Vegyeszmernokok kizikonyve,
      kezikonyve, Konyvkiado, Budapest, 1969., p. 1767).
PAR  The aim of the invention is to provide a fluidisational process with which
      a dry mass of material of small particle size meeting the ever-increasing
      demands of quality can be produced economically in a single fluidisational
      drying device from one or more wet solid starting material(s) or
      suspension(s).
PAR  The invention is based on the discovery that by passing the wet solid
      material paste or suspension into the fluidised layer of an inert
      particulate charge (carrier) the conditions of intensive drying and the
      appropriate dispersion of the solid material to the desired extent may be
      simultaneously ensured. The introduced wet or paste-like solid material or
      suspension is uniformly distributed on the surfaces of the particles of
      the inert charge (carrier) in a fluidised layer as a consequence of the
      force and energy transfer due to the intensive fluidisational, mobile
      state; owing to the intensive gas-solid contact the wet material loses a
      considerable portion of its moisture content and the dry particles are
      continuously separated from the surfaces of the particles or the charge
      (carrier). The dried, separated and disintegrated particles which are
      smaller than the prescribed size are removed from the fluidised layer with
      the gas stream, provided that the velocity of the gas ensuring the
      fluidised state is greater than the discharge velocity of the particles of
      the carrier (auxiliary phase). The after-drying of the particles leaving
      the layer, and which in given cases may contain a few percent of moisture,
      can be achieved in the dilute phase of the fluidised layer or in the
      course of pneumatic conveying to a dust separator.
PAR  The essence of the process according to the invention therefore is that the
      wet, solid material or paste or suspension is fed into the particle layer
      of an inert charge (carrier) fluidised by gas. The wet solid or paste like
      material or suspension is uniformly distributed on the surfaces of the
      particles of the carrier in the fluidized layer due to the energy transfer
      from fluidisation and optionally from further energy transfer due e.g. to
      mechanical stirring or vibration, and after removal of a significant part
      of the moisture content the dry particles are separated from the surface
      of the particles of the carrier due to the disintegrating force effects
      and are removed from the fluidized layer with the gas stream. If so
      required, removal of the residual moisture content of the particles which
      are still wet to a very small extent and which have been discharged from
      the layer may be effected by conveying them in a gas stream to the upper
      space portion of the fluidisation device and/or into a pneumatic conveyor
      tube leading to a dust separator. In given cases this gas stream may be
      introduced tangentially.
PAR  In practice, according to the invention the selection of the charge
      (carrier) is extremely important. The quality requirements made on the
      charge (carrier) particles are manifold since on the one hand they must be
      chemically inert and in the other hand must have the appropriate physical
      properties. In selecting the inert carrier the following physical
      properties must be taken into account: particle size distribution,
      particle shape, specific gravity, rigidity and surface properties relative
      to wet materials.
DRWD
PAR  The drying of paste-like materials of high moisture content and small
      particle size may be realized with a process according to the invention in
      the manner shown by way of example in the drawing.
DETD
PAR  In a cylindrical fluidization device 1 there is a perforated plate 2 and an
      acid-resistant steel screen to constitute an air distributor and a layer
      support on which is arranged a fluidized layer of the particles of the
      inert charge (carrier) 3. The air provided to ensure the fluidised mobile
      state and to remove the moisture is passed into the apparatus 1 and into
      an after-drying chamber 9 from a blower 4 and from there, after heating in
      steam oven 5, the air passes through air inlet pipes 6, 7 and 8
      respectively. The ratio of the mass flow of the three air streams can be
      controlled by regulating valves 10 and 11. The air inlet pipes 7 and 8 are
      so constructed that the air enters the cylindrical space tangentially. A
      mechanical stirrer 12 rotatable in the fluidized layer is connected to be
      driven by an electric motor 13. A feed screw 15 driven by an electric
      motor 14 feeds the wet material to be dried from a container 16 and forces
      it in to the fluidised layer of the inert carrier particles which may be
      mechanically stirred. The dried particles of low moisture content
      separating from the particles of the inert carrier are removed from the
      fluidized layer by the air stream. The removal of the residual moisture
      content of the particles takes place in a vertical layer 17 formed above
      the fluidized layer and in the after-drying chamber 9 also having a
      vortical flow pattern. Depending on the quality of the material to be
      dried, principally its physical properties, frequently one or both of the
      vortical after-drying devices need not to be operated. From the
      after-drying chamber 9 the air stream containing dry-particles is vented
      to atmosphere via a cyclone 18 and a secondary dust separator 19. If
      desired a part of the air removed may be recycled, as can be seen by the
      dotted lines. A powder collector 20 serves to collect the dry product.
PAR  The advantages of a process according to the invention may be summarized as
      follows:
PA0  1. The process may be used for the single-stage, continuous drying of
      paste-like materials of high moisture content and small particle size,
      which materials exhibit a tendency to lumping and agglomeration;
PA1  which in the course of drying agglomerate to such an extent that
      comminution is necessary during drying, or at the end of drying
      comminution has to be carried out in order to achieve the prescribed
      particle size;
PA1  which can only be sprayed with difficulty or not at all;
PA1  and which, due to their consistency and/or small particle size display poor
      fluidisation properties or cannot be brought into a fluidized state at
      all.
PA0  2. The particle size distribution of the dry material produced may be
      strongly influenced by altering the force effects due to disintegration
      which can be regulated by the appropriate choice of the material of the
      charge (carrier) particle size, particle shape and rigidity, the gas
      stream employed as well e.g. the shape and r.p.m. of the mechanical
      stirrer etc.
PA0  3. Among the advantages of the process according to the invention may also
      be listed that the drying and homogenisation of materials of fine
      particles can be carried out in a single stage if the wet solid materials
      or suspensions are fed in the desired ratio simultaneously into the
      fluidized layer of the inert charge (carrier).
PA0  4. The process is equally suitable for solving problems in the
      pharmaceutical, foodstuffs, organic and inorganic chemical industries as
      well as in other industries.
PAR  A few examples of carrying out the process according to the invention will
      now be described, merely by way of illustration but not of limitation:
PAC  EXAMPLE 1
PAR  In the course of drying centrifuge-wet 3,5-dichloro-2,6-dimethyl-pyridine
      the drying apparatus shown in the drying (with a diameter of the fluidized
      space of 0.3 m) was charged with an inert carrier of 8 kg of quartz sand
      with a particle size of 0.6-0.8 mm and was maintained in fluidised state
      by 180 Nm.sup.3 /h air at 80.degree.C. The mechanical stirrer rotating in
      the fluidized layer was adjusted to an r.p.m. of 70. In addition to the
      180 Nm.sup.3 /h of air at 80.degree.C introduced through the pipe 6, 60
      Nm.sup.3 /h of air was introduced through pipe 7 and 30 Nm.sup.3 /h
      through pipe 8, both air streams at 70.degree.C. The air entered the space
      17 above the layer and into the after-drying chamber 9 tangentially as a
      consequence of which in these spaces vortical flow was formed. From the
      container 16 of wet material 9 kg/h centrifuge-wet
      3,5-dichloro-2,6-dimethyl-pyridine containing 50 percent by weight of
      water was fed by the feed screw 15 into the fluidized layer of the inert
      charge (sand). The particles containing a small amount of water, about 2-3
      percent by weight were removed from the fluidized layer with the main air
      stream and after passing through the vortical afterdrying space portions
      17 and 9 arrived at the cyclone separator 18 with a moisture content of
      0.3-0.5 percent by weight, while a small part thereof passed to the dry
      dust separator 19. In the container 20 4.3 kg/h of dry material was
      collected the particle size distribution of which can be seen in Table I.
      The particle size distribution was determined by a microscopic method and
      recalculated to a percentage by weight composition.
TBL                Table I                                                     
     ______________________________________                                    
     Particle size (.mu.m)                                                     
                       Quantity (% by weight)                                  
     ______________________________________                                    
     below 10           9                                                      
     10-20             30                                                      
     20-40             26                                                      
     40-80             17                                                      
     80-160            11                                                      
     above 160          7                                                      
     ______________________________________                                    
PAR  After lengthy operation the weight of the particles in the fluidised layer
      was ascertained and was found to be 10 kg which means that the layer
      contained, relative to the sand fraction used as the inert charge, about
      25 percent by weight of the material to be dried.
PAC  EXAMPLE 2
PAR  Centrifuge-wet 5(6)-benzoyl-2-benzimidazolyl-carbamic acid-methyl ester is
      dried in the drying apparatus as shown in the drawing (the diameter of the
      fluidizing space was 0.3 m) and as the inert carrier 12 kg of 0.6-0.8 mm
      particle size quartz sand is charged in. 80 Nm.sup.3 /h air at 80.degree.C
      was introduced below the layer support. The mechanical stirrer rotated in
      the fluidised layer had at 80 r.p.m. Through the pipe 6, 80 Nm.sup.3 /h
      air at 80.degree.C was passed above the fluidised layer, while 40 Nm.sup.3
      /h air at 80.degree.C was introduced into the after-drying vortical
      chamber 9. The air was caused to enter tangentially into the space 17
      above the fluidized layer and into the after-drying chamber 9. From the
      container 6 5 kg/h wet 5(6)-benzoyl-2-benzimidazolyl-carbamic acid-methyl
      ester was charged into the fluidised layer with the aid of feed screw 15.
      The dried particles containing about 3-5 percent by weight of water and
      separated from the particles surface of the carrier were after-dried in
      the vortical layer 17 above the fluidised layer and in the after-drying
      chamber 9. The product separated in the cyclone 18 had its moisture
      content reduced to 0.2-0.6 percent by weight. In the cyclone 18 2.4 kg/h
      5(6)-benzimidazolyl-carbamic acid-methyl ester powder was separated, the
      remaining floating powder being removed from the air stream in a wet dust
      separator 19. Particle size distribution according to particle number in
      the dry material was determined by a particle analyser of the
      Leitz-Classimat type and is summarized in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Particle size (.mu.m)                                                     
                   The frequency function of the number                        
                   distribution (%)                                            
     ______________________________________                                    
     below 2        8                                                          
     2-3           24                                                          
     3-4           26                                                          
     4-5           18                                                          
     5-6           13                                                          
     6-7            6                                                          
     above 7        4                                                          
     ______________________________________                                    
PAR  The average particle size was 3.9 .mu.m. In a stationary state the mass of
      the fluidized layer was 15.517 kg i.e. relative to the mass of the inert
      carrier the fluidized layer contained about 29 percent of material to be
      dried (the retention ratio of the carrier was 29 percent).
PAC  EXAMPLE 3
PAR  To prove that changing the technological parameters influences the particle
      size distribution of the dry product we modified the drying conditions of
      the 5(6)-benzoyl-2-benzimidazolyl-carbamic acid-methyl ester. Into the
      drying apparatus with a fluidisation space diameter of 0.3 m and
      constructed as shown in the drawing we charged 8 kg of quartz sand carrier
      with a particle size of 0.8-1.0 mm and fluidized it with air in the amount
      of 160 Nm.sup.3 /h at 80.degree.C. The r.p.m. of the mechanical stirrer in
      the course of this experiment was 50. In the space 17 above the fluidized
      layer the tangentially placed pipe 7 conveyed in air in the amount of 80
      Nm.sup.3 /h and at 80.degree.C. From the container 16 for wet material the
      feed screw 15 pressed 8 kg/h centrifuge-wet
      5(6)-benzoyl-2-benzimidazolyl-carbamic acid-methyl ester of 50 percent by
      weight moisture content into the fluidized layer. The particles leaving
      the fluidized layer and containing 2-5 percent by weight of water passed
      through the vortical after-drying space portions 17 and 9 and arrived into
      the cyclone 18, with a small part thereof into the wet dust separator 19
      with a moisture content of about 0.3-0.6 percent by weight. In the cyclone
      3.8 kg/h dry material was separated off. With the aid of a Leitz-Classimat
      type particle analyser the particle size distribution according to
      particle number was determined and the results are summarised, in Table
      III.
TBL                Table III                                                   
     ______________________________________                                    
     Particle size (.mu.m)                                                     
                   The frequency function of the number                        
                   distribution (%)                                            
     ______________________________________                                    
     below 4        7                                                          
     4-6           19                                                          
     6-8           23                                                          
     8-10          21                                                          
     10-12         13                                                          
     12-14         10                                                          
     above 14       7                                                          
     ______________________________________                                    
PAR  The average particle size was 8.4 um. By comparing Tables II and III it
      will be evident that as a result of changing the technological parameters
      the particle size of the dry product has approximately doubled:
      consequently the process is suitable for producing, starting from the same
      starting material, dry products with an average particle size meeting
      different requirements. After continuous and lengthy operation the
      equilibrium mass of the fluidized layer was 9.7 kg i.e. the mass of the
      charge in the layer increased by about 21 percent.
PAC  EXAMPLE 4
PAR  To dry centrifuge-wet calcium-monohydrogen-phosphate, CaHPO.sub.4.2H.sub.2
      O, 14 kg quartz sand of 0.5-0.6 mm particle size was charged into the
      drying apparatus shown in the drawing and constructed with a diameter of
      0.3 m in the fluidising space. Through the pipe 6, 150 Nm.sup.3 /h air at
      90.degree.C was introduced to keep the layer in a fluidised state. The
      mechanical stirrer rotating in the fluidised layer has its r.p.m. set at
      70. Through the pipe 7 above the fluidized layer 150 Nm.sup.3 /h air at
      90.degree.C was introduced while in the after-drying vortical chamber 60
      Nm.sup.3 /h air at 90.degree.C was introduced via the pipe 8. In the space
      17 above the fluidized layer and into the after-drying chamber 9 the air
      was introduced tangentially to produce vortical flow. With the aid of feed
      screw 15, 18 kg/h wet calcium-monohydrogen-phosphate was passed from the
      container 16 into the fluidized layer with a moisture content of 40
      percent by weight. The dry particles separated from the particle surfaces
      of the carrier were after-dried in the vortical layer 17 above the
      fluidized layer and in the after-drying chamber 9, were separated in the
      cyclone 18 and had a total mass of 10.7 kg/h with a moisture content of
      0.1-0.8 percent by weight.
PAR  The residual floating powder was removed from the gas stream in a wet dust
      separator 19. The particle size distribution according to particle number
      determined by a particle analyser of the Leitz-Classimat type is
      summarized in Table IV.
TBL                Table IV                                                    
     ______________________________________                                    
     Particle size (.mu.m)                                                     
                   The frequency function of the number                        
                   distribution (%)                                            
     ______________________________________                                    
     below 4        3                                                          
     4-6            7                                                          
     6-8           12                                                          
      8-10         17                                                          
     10-12         23                                                          
     12-14         14                                                          
     14-16         11                                                          
     16-18          8                                                          
     18-20          5                                                          
     ______________________________________                                    
PAR  The average particle size was 10.2 .mu.m. In a stationary state the mass of
      the fluidized layer was 16.9 kg and thus relative to the mass of the inert
      carrier the equilibrium layer contained about 21 percent material to be
      dried (the retention ratio of the charge was about 21 percent).
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. A process for continuously drying chemical products by milling
      fluidization, comprising introducing a wet paste of the chemical product
      to be dried into a fluidized layer of particles of an inert carrier,
      introducing gas into the fluidized layer to agitate the fluidized layer so
      as uniformly to distribute said paste on the surface of the particles of
      the inert carrier, maintaining the flow of gas into said fluidized layer
      at a rate insufficient to remove said carrier particles from the fluidized
      layer but sufficient to separate dried particles of said chemical product
      from the particles of the inert carrier and to remove said dried particles
      of said product from said layer, and removing said particles of dried
      product from gas that has left said layer.
NUM  2.
PAR  2. A process as claimed in claim 1, and stirring said fluidized layer
      mechanically with a solid stirrer disposed adjacent a screen above which
      said fluidized layer is located.
NUM  3.
PAR  3. A process as claimed in claim 2, and introducing said paste by means of
      a screw conveyor into a lower portion of said fluidized layer at a point
      adjacent said solid stirrer.
NUM  4.
PAR  4. A process as claimed in claim 1, and after-drying said product particles
      after removal from said layer.
NUM  5.
PAR  5. A process as claimed in claim 1, in which said carrier particles are
      quartz sand having a diameter of about 0.5-1.0 mm.
NUM  6.
PAR  6. A process as claimed in claim 1, and supplying heat to said fluidized
      layer by heating said gas to a temperature of about 80.degree. to
      90.degree.C.
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ABST
PAL  A baffle for an automatic clothes dryer of a rotating drum type is
      adjustable in height to compensate for differences in load characteristics
      and to provide optimum tumbling characteristics for different kinds of
      loads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in movable baffle structures of
      domestic appliances.
PAR  2. Description of the Prior Art
PAR  Movable vanes are shown in U.S. Pat. No. 3,084,531 as applied to automatic
      clothes dryers. U.S. Pat. No. 3,402,576 also shows baffles which are
      adjustable axially along the perimeter of the drum but not radially.
PAR  Other prior art automatic clothes dryers employ baffles of fixed height to
      keep clothes within the drum tumbling and loosely exposed to the flow of
      warm drying air passing through the drum. Optimally, all parts of every
      garment should be repeatedly exposed to the drying environment of the drum
      equally so that all items of clothing will be dried at the same rate and
      become dry at about the same time. But since drying or tumbling
      characteristics of a load depend on drum size, the size of the load, its
      heaviness or lightness, the texture of the clothes, and baffle
      configuration, in a given dryer a small or light load will have tumbling
      characteristics different from those of a larger or heavier load. The
      prior art, however, does not disclose effective means for adjusting baffle
      height or configuration to compensate for such differences in load
      characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, in an automatic clothes dryer there is
      an adjustable baffle which has a body portion or housing which is affixed
      to the interior of a rotating drum and extends parallel to the axis of
      rotation of the drum. In order to vary the height of the baffle, a blade
      portion with a spring-biased latch or button is selectively slidable
      within the body portion in a radial direction relative to the drum. The
      spring-biased latch or button retains the blade portion in either of two
      positions, extended or retracted. Guide means within the body portion
      guide the blade in its movement between the two positions. The blade may
      be pulled to its extended position but not beyond, and may be retracted by
      pushing the button in and moving the blade into the baffle body or base.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a clothes dryer with its cabinet and drum partially cut away
      to show the operating elements of the device, including the adjustable
      baffle of the invention.
PAR  FIG. 2 shows in perspective view the adjustable baffle of this disclosure.
PAR  FIG. 3 is a cross-sectional view of the adjustable baffle taken on line
      III--III of FIG. 4.
PAR  FIG. 4 is an elevational view of the adjustable baffle taken on line IV--IV
      of FIG. 3 and showing the adjustable blade in its extended position in
      full lines and showing the blade in its retracted position in dotted
      lines.
PAR  FIG. 5 is a bottom plan view of the adjustable baffle taken on line V--V of
      FIG. 3.
PAR  FIG. 6 shows a cross-section of the baffle along line VI--VI in FIG. 5,
      showing additional details of the spring retention clip.
PAR  FIG. 7 shows an alternative embodiment of the button means of the present
      invention.
PAR  FIG. 8 shows yet another embodiment of the spring retention clip provided
      in accordance with the invention shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a conventional automatic clothes dryer a rotating drum is used to tumble
      clothes contained therein and a plurality of radially inwardly extending
      baffles are fixed to the side wall of the dryer drum to aid in the
      tumbling process. The purpose of this arrangement is to keep the clothes
      moving (tumbling) and loosely exposed to the flow of warm drying air
      passing through the drum. When clothes are allowed to "ball" or "tangle"
      drying efficiency declines. Further, in the optimum case all parts of
      every garment are repeatedly exposed to the drying environment of the drum
      equally so that all items of clothing will be dried at an equal rate and
      become dry at about the same time.
PAR  Some of the parameters affecting clothes tumbling characteristics in the
      drum of a dryer are drum size, drum shape, drum speed, size of the load,
      nature of load (heavy towels, nylons, permanent press fabrics, etc.), and
      baffle configuration. In a given dryer a small load will therefore tend to
      have tumbling characteristics different from a large load. Likewise, a
      load of light fabrics such as nylon hose or garments will have tumbling
      characteristics different from a load of heavy towels.
PAR  Referring to the drawings, a clothes dryer is shown generally at 10 in FIG.
      1 and has a cabinet 11 within which rotates a drum 12, driven by a motor
      13, and forming a drying zone through which a stream of air is circulated.
      The stream of air may be temperature conditioned by means of a heating and
      filtering assembly 14. A controller C is utilized to control and regulate
      the operation of the dryer through an automatic drying program by
      pre-selection by an operator.
PAR  In accordance with this invention, a plurality of baffles 15 are spaced
      circumferentially about the interior surface of the drum 12 to assist in
      controlling the tumbling action of the contents of the drum and to expose
      surfaces of the clothing to be dryed to the air from the heating and
      filtering assembly 14.
PAR  The dryer drum may, for example, include three baffles equally spaced about
      the circumference of the drum, and in one prototype device, which yielded
      good results one of these three baffles was of the adjustable type as
      hereinafter described and as shown in FIG. 2. The baffle 15a is adjustable
      in height so that tumbling conditions in the drum may be selectively
      optimized. Thus, the baffle 15a comprises a fixed body portion 16 and a
      relatively movable blade portion 17 shown in extended position in FIG. 2.
      In order to lock the blade in its extended position, detent means 18 are
      provided which may be manually operable in a latching mode, if desired, or
      overcome by operator intervention.
PAR  Details of the structure of the adjustable baffle 15a are shown in FIGS. 3
      through 5. The body portion 16 has inclined walls 19 and 20 which are
      joined together at their base by spacing webs 21 which are curved to
      closely engage the curved interior surface of the dryer drum 12. The walls
      19 and 20 of the body portion 16 of the baffle 15a meet at shoulders 22,
      22 near opposite ends 23, 23 of the baffle 15a, and are separated by an
      elongated aperture or slot 24 disposed between the shoulders 22, 22 of the
      body 16 and which allows the blade 17 to move in and out vertically within
      the slot formed thereby. A longitudinally central part of each of the
      walls 19 and 20 is recessed as at 25 and 26 to form a receptacle for a
      detent means 18 on the blade 17.
PAR  The baffle body 16 may include a number of interior webs 27 which brace the
      walls 19 and 20. A screw receptacle means 28 may be provided for securing
      the baffle 15a to the interior of the drum 21 by means of appropriate
      screw fasteners. The webs 27 are slotted as at 29 to pass the upper part
      of the blade portion 17 while the lower part of the blade portion 17 is
      cooperatively slotted as at 30 to pass the lower portion of each web 27
      upon lowering of the blade.
PAR  The recessed portion 26 of the exterior wall 20 is also supported by a
      longitudinal web 31. About the upper portion of each bracing web 27 is a
      support and guide web 32 which slidably engages the sides of the blade 17
      about each of the slots 30 therein.
PAR  The blade portion 17 is conveniently formed in one piece. It principally
      consists of a flat bar having a length and a thickness to slidably engage
      the slot 24 in the body 16. The blade 17 has a height as in the
      configuration of FIGS. 3 or 4, of several inches, sufficient to effect a
      change in overall baffle height of an inch or more and thereby to
      substantially affect the tumbling characteristics of garments in the
      clothes dryer.
PAR  As shown in FIGS. 1 through 4, a central portion of the blade 17 provides
      detent means here shown as a flexible latch 18 which may be intergrally
      molded therein. Shallow retention clip notches 33 are provided in each end
      of the blade 17 on the same side as the latch 18. Finally, an elongated
      depression 34 is provided in each side of the blade 17 above the latch or
      button assembly 18 having a length and a depth sufficient to assist a user
      in pulling the blade outward from its retracted position within the body
      portion 16.
PAR  The latch or button assembly 18 in a first embodiment comprises a flap
      portion 35 which is separated from the blade 17 longitudinally by slots 36
      in one face of the blade 17 and from the thickness of the blade 17 by
      surfaces forming an air space 37. The flap 35 is attached to the blade 17
      along the upper edge of the flap along a hinge line at a hinge portion 38.
      The flap 35 has a spring portion 39 which acts to bias outwardly a portion
      adapted to be engaged by the finger or thumb digit of an operator, such as
      a button portion 40 located on the flap, outwardly and away from the air
      space 37. A lower spring portion 41 further biases the button 40 outwardly
      when the blade is in its retracted position. In the extended position of
      the blade shown in FIG. 3, a lower shoulder or abutment ledge 42 of the
      button 40 extends outwardly from the air space 37 to rest upon the surface
      26 of the body portion 16 to obstruct retraction of the blade. In the
      retracted position, a front surface 40a of the button 40 frictionally
      contacts an adjoining portion 31a of longitudinal web 31 to resist
      extension of the blade 17.
PAR  The spring means or blade retention means is shown in cross section in FIG.
      6. A metal spring 44 is formed from flat spring material to have a
      wall-engaging portion 45 which is captured by retention channels 46 on the
      inner surface of the wall 20. The spring clip 44 is bent at a springing
      portion 47 as shown in FIG. 6. Angled downwardly outward from the
      wall-engaging portion 45 is a blade engaging portion 48 having a rounded
      end 49. The blade engaging portion 48 engages the retention clip notch 33
      on an end portion of the blade 17. As best seen in FIGS. 4 and 5, a spring
      44 and the aforementioned cooperating channels 46 and notch 33 are located
      on opposite end portions of the baffle 15. When the blade is extended, the
      blade engaging portion 48 slips or snaps into the retention clip notch 33
      and the rounded end 49 abuts a shoulder 50 near the lower edge of the
      blade 17 adjacent the notch 33. In the retracted position, the blade
      engaging portion 48 of the spring retention clip 44 will rest against the
      side of the blade 17 in a holding relationship to resist outward movement
      of the blade with respect to the housing. The retention clip 44 will
      maintain frictional contact with, but not obstruct the blade 17 during
      movement between the retracted and extended positions.
PAR  Alternative embodiments of the latch or button assembly and the spring
      retention clips are shown in FIGS. 7 and 8, respectively.
PAR  A spring-metal button assembly 18' is shown in FIG. 7 and has the same
      general configuration as the previous embodiment. A blade 17' is cut away
      at its central portion, or is molded, to have surfaces defining a
      downward-facing slot 51 between the front and back walls of the blade 17.
      The interior of slot 51 opens to the front of the blade 17 at a shoulder
      52 in the blade material 17'. The button assembly 18' has a rear portion
      53 which engages and may be bound to the rear wall of the slot and cut in
      the blade 17'. The button assembly further has a rounded spring portion 54
      which fits snugly within the space 51 between the front and rear walls of
      the blade 17, biasing a button portion 55 outwardly from the rear portion
      53. Below the button portion 55 is a flange portion 56. The button 55 has
      a lower shoulder or abutment portion 57 which in the extended position of
      the blade 17' abuts the surface 26 of the body 16, while the flange 56
      engages the edge of the wall 26 to prevent the button 55 from springing
      further outwardly. A front surface 58 of the button 55 frictionally
      engages a contact surface 26a of the fixed body portion 16' when the blade
      17' is in its retracted position, to resist extension of the blade.
PAR  FIG. 8 shows an alternative embodiment of the spring retention clip 44 of
      FIG. 6. Here a spring retention clip 44' may be made from a plastic
      material, with a wall-engaging portion 59, a juncture portion 60, an arm
      portion 61 and an abutment portion 62. The wall portion 59 may be bonded
      to the wall 20 of the lower body portion 16, obviating the need for
      separate channel-type retention means 46 as in the previous embodiment,
      although channels may be retained to ensure accurate alignment. The
      abutment portion 62 of the retention clip 44' engages the shoulder 50 of
      the blade 17 in its extended position as does the rounded lower portion 49
      of the first embodiment 44.
PAR  By employing our invention in an otherwise conventional clothes dryer
      providing one adjustable baffle structure as shown and described herein in
      conjuction with two conventional fixed baffles, it was found that for
      loads containing sheets (sheets only, or sheets in addition to other
      items) a trend for improved drying performance was experienced with the
      adjustable baffle in its extended position. Furthermore, it was found that
      clothes loads including large towels experienced generally faster drying
      with the adjustable baffle extended than with the baffle in its retracted
      position.
PAR  Although various modifications might be suggested by those versed in the
      art, it should be understood that we wish to embody within the scope of
      the patent warranted hereon all such modifications as reasonably and
      properly come within the scope of our contribution to the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege are claimed are defined as follows:
NUM  1.
PAR  1. A clothes dryer having a drum rotatable about an axis for tumbling
      clothes being dried and an adjustable baffle, said adjustable baffle
      comprising:
PA1  a body portion attached to an interior wall of the drum parallel to said
      axis;
PA1  a blade portion in said body portion and slidably movable with respect
      thereto; and
PA1  resiliently biased detent means selectively releasable between said blade
      portion and said body portion and operative to lock said blade portion in
      either extended or retracted positions,
PAL  whereby tumbling characteristics of clothes within the drum are affected by
      the position of the blade with respect to the body portion of the baffle.
NUM  2.
PAR  2. A clothes dryer having a drum rotatable about an axis for tumbling
      clothes being dried and an adjustable baffle, said adjustable baffle
      comprising:
PA1  a portion attached to an interior wall of the drum parallel to said axis;
PA1  a blade portion held by said body portion and movable with respect thereto;
      and
PA1  means for limiting the movement of said blade portion with respect to said
      body portion between extended and retracted positions,
PAL  whereby tumbling characteristics of clothes within the drum are affected by
      the position of the blade with respect to the body portion of the baffle,
PA1  said body including spring means for engaging said blade to prevent
      movement of said blade towards the center of said drum beyond said
      extended position.
NUM  3.
PAR  3. A clothes dryer as defined in claim 2 wherein the blade includes means
      for releasably engaging the body to lock said blade in its extended
      position.
NUM  4.
PAR  4. A clothes dryer as defined in claim 2, wherein the spring means
      frictionally engages said blade to restrain movement of said blade between
      said extended and retracted positions.
NUM  5.
PAR  5. For use in a clothes dryer, a baffle for accommodating differences in
      load characteristics comprising:
PA1  a hollow body portion having side and end walls and forming an elongated
      slot in a top surface thereof;
PA1  a movable blade slidably supported in said slot for in and out movement
      between a first retracted position and a second extended position relative
      to said body portion thereby to selectively adjust baffle height;
PA1  and resiliently biased detent means releasably locking said blade in said
      first retracted position and said second extended position.
NUM  6.
PAR  6. A baffle as defined in claim 5, wherein
PA1  said hollow body portion further has a recess portion in one of its side
      walls adjacent said slot,
PA2  said recess portion having an upper abutment surface and a lower frictional
      contact surface; and
PA1  said detent means comprises a flap integral with said movable blade and
      flexibly attached to a side thereof along a hinge line, said flap having
PA2  a spring portion biasing said flap outwardly from said side of said blade,
      and
PA2  a latch portion adjacent said spring portion and opposite said hinge line
      on said flap and having an abutment ledge, a front surface, and a manually
      biasable surface,
PA2  said flap being located on said blade in engagable relation to the recess
      portion of said hollow body,
PA1  the upper abutment surface releasably engaging the abutment ledge of the
      latch portion when the blade is in its extended position, and
PA1  the lower frictional contact surface frictionally engaging the latch when
      the blade is in its retracted position.
NUM  7.
PAR  7. A baffle as defined in claim 5, wherein
PA1  the blade has top and bottom edges and parallel front and back faces
      extending perpendicular to said edges and parallel to the slot in the body
      portion, and includes surfaces defining a recess in the blade, said
      surfaces comprising:
PA2  a rear wall spaced inwardly from the back face of said blade and extending
      from a line inwardly of the top edge of said blade to said bottom edge,
      and
PA2  a front wall spaced between said rear wall and said front face and
      extending from said line to a shoulder joining said front wall with said
      front face substantially midway between said top and bottom edges of said
      blade; and wherein
PAL  said detent means comprises a flat spring device having:
PA1  a rear portion engaging said rear wall of said blade recess,
PA1  a spring portion extending from adjacent said line near the top edge of
      said blade to adjacent said shoulder and being biased outwardly from said
      rear wall and said rear portion,
PA1  a manually biasable surface portion below said spring portion, a lower
      abutment portion curved inwardly from said manually biasable surface and
      extending substantially parallel to the bottom edge of said blade, and
PA1  a flange portion curved downwardly from said lower abutment portion and
      terminating therebelow;
PAL  said hollow body portion of said baffle having a recess portion in one of
      its side walls adjacent said blade front face,
PA1  said recess portion having an upper abutment surface and a contact surface
      adjacent said upper abutment surface facing said blade,
PA1  said lower abutment portion of said spring device releasably engaging said
      upper abutment surface of said body portion when the blade is in its
      extended position, and
PA1  said manually biasable surface portion frictionally engaging said contact
      surface of said body portion when the blade is in its retracted position.
NUM  8.
PAR  8. A baffle as defined in claim 5 wherein said blade retention means
      comprise:
PA1  surfaces forming a notch in said blade, said surfaces defined by:
PA2  a shoulder portion inwardly adjacent a lower edge of said blade and
      parallel thereto and extending into a face of said blade a substantial
      distance to an edge, and
PA2  a flat ramp portion extending from said edge upward and gradually outward
      to intersect said face of said blade at a shallow angle; and
PA1  a spring retention clip comprising:
PA2  a wall-engaging portion affixed to an interior surface of a side wall of
      said body portion to face said notch in said blade,
PA2  a springing portion curved from said wall-engaging portion to a downwardly
      angled blade-engaging portion,
PA2  said blade-engaging portion having an end biased against said blade by said
      springing portion,
PA3  said end of said blade-engaging portion abutting said shoulder when said
      blade is in its extended position and obstructing upward movement of said
      blade from said second extended position, and
PA3  said end frictionally engaging a face of said blade when said blade is in
      its retracted position.
NUM  9.
PAR  9. A baffle as defined in claim 5 wherein said blade retention means
      comprises:
PA1  surfaces forming a notch in said blade, said surfaces defined by:
PA2  a shoulder portion inwardly adjacent a lower edge of said blade and
      parallel thereto and extending into a face of said blade a substantial
      distance to an edge, and
PA2  a flat ramp portion extending from said edge upward and gradually outward
      to intersect said face of said blade at a shallow angle; and
PA1  a spring retention clip comprising:
PA2  a wall-engaging portion affixed to an interior surface of a side wall of
      said body portion facing said notch in said blade,
PA2  a juncture portion flexibly joining an upper end of said wall-engaging
      portion to an arm portion,
PA2  said arm portion carrying at an end opposite the juncture portion an
      abutment portion and biasing said abutment portion outwardly against said
      blade and notch, and
PA2  said abutment portion abuttting said shoulder of said blade notch when said
      blade is in its extended position and obstructing upward movement of said
      blade once said abutment occurs.
NUM  10.
PAR  10. For use in a clothes dryer, a baffle for accommodating differences in
      load characteristics as defined in claim 5 and further characterized by
      blade retention means which obstruct movement of said blade outwardly from
      the body portion beyond the extended position of said blade.
NUM  11.
PAR  11. For use in a clothes dryer, a baffle for accommodating differences in
      load characteristics as defined in claim 10 and further characterized by
      means for resisting blade movement between said first retracted and said
      second extended positions.
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ABST
PAL  An apparatus for improving the surface of a web of printing material for
      coating or printing including means to "drag" under pressure the web of
      material over a surface thereby flattening and aligning in a uniform
      pattern the fibers of a web of printing material.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present invention is a continuation-in-part of copending application
      Ser. No. 312,561, filed Dec. 6, 1972 now U.S. Pat. No. 3,826,016 by James
      K. Anderson.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for treating a web of material, and
      more particularly, relates to an apparatus for improving the surface of a
      web of material for coating or printing.
PAR  In the manufacture of material for printing, many different qualities of
      printing material are desired by the printing companies. In order to
      upgrade certain types of printing material to a smooth, glossy appearance,
      it is generally customary to take a web of rough, dull appearing material
      and subject the material to a plurality of pairs of pressure rolls. The
      pairs of pressure rolls are generally mounted so that each pair of rollers
      are adapted to receive a web of material therebetween, and pressing
      against each other, smooth out the rough portions of the material.
      Furthermore, the web of material is fed at a predetermined rate through
      the rollers and the rollers are adapted to rotate in the same direction as
      the moving web of material and at about the same rate of speed. Also, in
      some systems, steam means are utilized to moisten the printing material
      prior to entrance into the pressure rolling portion of the system in order
      to enhance the glossy appearance of the printing surface. However, it has
      been found that the aforementioned method of improving the printing
      surface of printing materials has proved to be expensive. Furthermore, an
      even better product, from a smoothness and appearance point of view, has
      been sought by the printing industry.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, it is recognized that it is desirable to provide
      an apparatus for improving the surface of a web of printing material which
      is economical to manufacture and operate. It is further recognized that it
      is desirable to provide an apparatus for improving the surface of a sheet
      of printing material which is superior to the apparatuses presently
      available commercially. It is even further recognized that it is desirable
      to provide an apparatus for improving the surface of a sheet of printing
      material which may be utilized by printing companies to upgrade the
      quality of printing materials, in line with the printing operation.
PAR  The present invention advantageously provides a straightforward arrangement
      for an apparatus for improving the surface of a web of printing material.
      The present invention further provides for an apparatus for improving the
      surface of a web of printing material which is economical to manufacture,
      economical to operate, and requires a relatively small area.
PAR  Various other features of the present invention will become obvious to
      those skilled in the art upon reading the disclosure set forth
      hereinafter.
PAR  More particularly, the present invention provides an apparatus for
      improving the surface of a web of printing material comprising: a treating
      zone for continuously treating one surface of a web of printing material
      including at least one rotatably mounted roller and a treating surface,
      the rotatably mounted roller being disposed to contact the treating
      surface, the roller and treating surface being adapted to receive a web of
      material in contacting relationship therebetween under a preselected
      pressure with the surface of the web to be treated contacting the treating
      surface whereby the rotatably mounted roller rotates at a surface speed at
      least equal to the surface speed of the web material exerting a
      preselected pressure upon the web of material thereby dragging the
      material under pressure across the treating surface.
PAR  It is to be understood that the description of the examples of the present
      invention given hereinafter are not by way of limitation. Various
      modifications within the scope of the present invention will occur to
      those skilled in the art upon reading the disclosure set forth hereinafter
     .
DRWD
PAR  Referring to the drawing:
PAR  FIG. 1 is a perspective view illustrating a preferred embodiment of the
      apparatus of the present invention; and,
PAR  FIG. 2 is a perspective view illustrating another preferred embodiment of
      the apparatus of the present invention.
DETD
PAR  Referring to FIG. 1, the apparatus for improving the surface of a sheet of
      printing material for coating or printing of the present invention
      includes two treating zones. The first treating zone is adapted to treat
      one side of a web of printing material and the second treating zone is
      adapted to treat the opposite side of the web of printing material.
PAR  The first treating zone includes at least one rotatably mounted cylinder on
      roller, two being shown in FIG. 1, identifiable as rollers 2 and 3, a
      treating surface 4 which includes heat means, and a steam conduit 6. The
      rollers 2 and 3 are pressure rolls mounted directly above the treating
      surface 4 and are adapted for contacting the surface 4 under a
      predetermined amount of pressure. Rollers 2 and 3 are generally
      constructed with a non-metallic surface. I have found that rollers having
      a surface of a hard silicon rubber or cotton work very well, as long as
      the surface material is adapted for operation at temperatures of up to
      400.degree.F. Also, rollers 2 and 3 are generally adapted to rotate in the
      same direction as the movement of a web of printing material with which
      they are in contact, but at a selected rotational speed such that the
      rollers will have a surface speed at least equal to or greater than the
      speed of the moving web material. Means for rotating the rollers may be by
      any conventional means, such as motors 11 and 12, motor 11 being for
      roller 2, and motor 12 being for roller 3. It is realized that only one
      motor may be necessary or the rollers may be connected through proper
      gearing to a motor drive which operates, for example, the feeding device
      for a printing machine. Various other means may be utilized for driving
      the pressure roller without departing from the scope of the present
      invention.
PAR  In the mounting of the pressure rollers 2 and 3, the rollers 2 and 3 are
      specifically mounted to exert a predetermined amount of pressure on the
      surface 4. Supports 16 and 17 with predetermined pressure exerting means
      18 and 19, respectively, are provided to support and receive the rollers 2
      and 3, whereby a uniform and preselected pressure may be applied to the
      rollers 2 and 3. The presssure exerting means may be hydraulic, air,
      spring, or any other conventional means for maintaining a preselected
      pressure on a given object. The amount of pressure exerted by the rollers
      will depend upon the type of material such as paper initially fed to the
      present device, the speed of the material between the pressure rollers and
      the treating surface, the speed of the material passing over the treating
      surface in relation to the surface speed of the treating surface, as well
      as pre-treatment of the material prior to entering the treating zone. For
      example, if the material, in this case paper, receives a pre-treatment, as
      herein described, the amount of pressure needed is less than for paper
      which has not been pre-treated at all. Furthermore, if the paper is
      traveling at relatively high rates of surface speed, the paper will be in
      the treating zone a shorter length of time than slower moving paper and it
      will be necessary to utilize a larger amount of pressure in the treating
      zone. However, it has been found that under no circumstances can the paper
      be improved if the pressure rolls exert less than 1 pound per square inch
      for pressure on the moving paper and generally requires at least 5 pounds
      per square inch. In the case of upgrading news-print type paper to
      rotogravure quality wherein the paper is traveling at a surface speed of
      generally from about 350 to 2,200 feet per minute, the pressure rollers
      must exert a pressure of at least 4 pounds per square inch and up to 200
      pounds per square inch and higher.
PAR  The heated treating surface 4 may be substantially flat at the point of
      contact with each of the rollers, but the surface 4 is generally curved,
      as illustrated by the edges 7 and 8. Curving the entrance and exit
      portions of the heated treating surface 4 allows for web material
      traveling at a high rate of speed to enter and exit the treating zone with
      decreased opportunities for wrinkling. The heated treating surface 4 is
      generally maintained at a temperature of at least 150.degree.F and usually
      less than 400.degree.F, the temperature being such that moisture is
      removed from the paper without subjecting the paper to combustion
      temperatures. However, if moistening means, as described hereinafter, are
      not utilized, and, if the moisture content of the paper to be treated is
      less than 10 percent by weight, then heat is not necessary. The means for
      heating the surface 4 may be by any conventional means, such as
      electricity, gas, steam, and the like, the means for heating the heated
      surface 4 in FIG. 1 is electricity, as exemplified by the electrical cord
      9.
PAR  Means for moistening the surface to be treated in the first treating zone
      is exemplified as a steam conduit 6 having a plurality of openings (not
      shown) therein, the conduit 6 extending transversely the width of the web
      of printing material 1, the conduit 6 being spaced from the web 1 with the
      openings (not shown) therein being evenly spaced to provide a uniform
      spray of steam across the surface of the material 1 as it passes across
      the steam conduit. It is realized that other moistening means, such as a
      water spray, may be used without departing from the scope and spirit of
      the present invention. It is even further realized that moistening means
      are not necessary for certain grades of paper having moisture contents
      greater than 5 percent by weight. But, in a preferred embodiment, it has
      been found that the addition of moisture just prior to treating provides
      for a better quality product leaving the treating zone.
PAR  The second treating zone of the exemplified apparatus in FIG. 1 is
      basically a mirror image of the first treating zone wherein the second
      treating zone is adapted to treat the opposite side of the sheet of
      printing material 1. The second treating zone includes a pair of rotatably
      mounted pressure rollers 22 and 23, a heated treating surface 24, and a
      steam conduit 26. The rollers 22 and 23 are constructed of the same
      material and are adapted to rotate at approximately the same speed as
      rollers 2 and 3. The rollers 22 and 23 are driven by motors 31 and 32,
      respectively, it being realized that other driving means may be utilized
      to turn the rollers 22 and 23. Rollers 22 and 23 are mounted so that they
      will press upwards towards the heated surface 24 at a predetermined
      pressure thereby keeping a uniform pressure on the web 1 as it passes
      through the treating zone.
PAR  The heated treating surface 24 is constructed and heated in the same manner
      as heated treating surface 4. The moistening means in the second treating
      zone is a steam conduit 26 having a plurality of openings 33 therein for
      spraying a uniform quantity of steam transversely of the surface of the
      sheet 1 which is to be treated.
PAR  FIG. 2 illustrates another preferred embodiment of the present invention
      including two treating zones, the first treating zone being adapted to
      treat one side of a web of printing material and the second treating zone
      being adapted to treat the opposite side of the web of printing material.
PAR  The first treating zone includes two rotatably mounted rollers 51 and 52, a
      heated treating surface 53, and a steam conduit 54. The rollers 51 and 52
      are pressure rolls mounted directly above the heated surface 53 and are
      adapted for contacting the surface 53 under a predetermined amount of
      pressure. Rollers 51 and 52 are generally constructed with a non-metallic
      surface as discussed previously. Means for rotating the rollers 51 and 52
      may be by any conventional means, such as motors (not shown). In the
      mounting of the pressure rollers 51 and 52, the rollers 51 and 52 are
      specifically mounted to exert a predetermined amount of pressure on the
      surface 53 in the same manner as discussed previously in relation to
      rollers 2 and 3.
PAR  The heated treating surface 53 in FIG. 2 is illustrated as a heated
      cylinder having a diameter substantially greater than the diameter of the
      pressure rollers 51 and 52. Means for heating the cylinder 53 is not shown
      but may be the same as described previously in the discussion of FIG. 1.
      The heated cylinder 53 is further adapted to rotate and is illustrated as
      rotating in the opposite direction in comparison with the rotation of the
      pressure rolls 51 and 52. The surface speed of cylinder 53 is relatively
      slow thereby "dragging" against the surface to be treated. It is realized
      that the cylinder 53 may be stationary or rotate in the same direction as
      the rollers 51 and 52, but at a relatively low surface speed. The heated
      surface 53 is generally maintained at a temperature of at least
      150.degree.F and usually less than 400.degree.F. The means for heating the
      surface 53 may be by any conventional means, such as electricity, gas,
      steam, and the like, the means for heeating the heated surface not being
      shown.
PAR  Means for moistening the surface to be treated in the first treating zone
      is exemplified as a steam conduit 54 having a plurality of openings 56,
      only one being shown. The conduit 54 extends transversely the width of the
      sheet of printing material 1, the conduit 54 being spaced from the sheet 1
      with the openings 56 therein being evenly spaced to provide a uniform
      spray of steam across the surface of the material 1 as it passes across
      the steam conduit 54.
PAR  The second treating zone of the exemplified apparatus in FIG. 2 is
      basically a mirror image of the first treating zone wherein the second
      treating zone is adapted to treat the opposite side of the sheet of
      printing material 1. The second treating zone includes a pair of rotatably
      mounted pressure rollers 61 and 62, a heated surface 63 and a steam
      conduit 64. The rollers 61 and 62 are constructed of the same material and
      are adapted to rotate at approximately the same speed as rollers 51 and
      52. The rollers 61 and 62 are driven by, for example, motors (not shown),
      it being realized that other driving means may be utilized to turn the
      rollers 61 and 62.  Rollers 61 and 62 are mounted so that they will press
      upwards towards the heated surface 63 at a predetermined pressure thereby
      keeping a uniform pressure on the web 1 as it passes through the treating
      zone.
PAR  The heated surface 63 is constructed and heated in the same manner as
      heated surface 53. The moistening means in the second treating zone is a
      steam conduit 64 having a plurality of openings 66 therein for spraying a
      uniform quantity of steam transversely of the surface of the web 1 which
      is to be treated.
PAR  In the operation of the apparatus of the example of the present invention,
      a web of printing material, such as a rough, dull appearing paper for
      upgrading is fed at a rate of up to 3,200 feet per minute from a feeding
      or unwinding machine (not shown) and higher to the first treating zone. As
      the web material 1 passes across the steam conduit, a uniform steam spray
      is applied across the entire width of the bottom surface of the web. The
      moistened web 1 then passes between the pressure rollers and the heated
      surface. For example, rollers 2 and 3 are adapted for exerting a pressure
      of about 1 to 200 pounds per square inch to the surface upon which they
      are in contact with the normal operating pressure range being from about 4
      to 200 pounds per square inch. Rollers 2 and 3 have a surface speed of at
      least the speed of the moving web 1. The heated surface with which the
      sheet 1 comes in contact with is a metallic surface maintained at
      generally between 150.degree. and 200.degree.F. Between the pressure and
      movement of the pressure rollers in combination with the heated surface
      heating and "dragging" against the moistened surface of the web 1, the
      surface of the web 1 which contacts the heating surface is smooth and
      glossy.
PAR  The web 1 then passes under the steam conduit of the second treating zone
      wherein a uniform spray of steam is deposited transversely across the
      surface to be treated. The web 1 then passes between the second pair of
      pressure rollers and a second heated surface wherein the rollers are
      turning at a surface speed approximately equal to the surface speed of the
      pair of pressure rollers in treating zone 1, the second pair of rollers
      exerting an upward pressure of about the same as the first pair. The
      second heated surface is maintained at a temperature of about the same as
      the first heat surface. The web 1 leaving the second treating zone has
      printing surface on both surfaces of the sheet which are smooth and glossy
      in appearance. The web 1 is then fed to the printing or processing machine
      (not shown) or wound into coils for later use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for improving the surface of a continuously moving web of
      printing material in combination with a printing press, said apparatus
      being disposed at the feed end of said printing press and comprising: a
      first treating zone including: (1) at least one rotatably mounted pressure
      roller, (2) a first treating surface having a heat means as an integral
      part thereof and (3) a heating and moistening means prefacing said roller
      and treating surface, said rotatably mounted roller being disposed to
      contact said treating surface, said roller and treating surface being
      adapted to receive a web of material in contacting relationship
      therebetween under a preselected pressure with said surface of said web to
      be treated contacting said treating surface means rotating said roller at
      a surface speed at least equal to said surface speed of said web material
      and at a positive speed relative to said treating surface and exerting a
      preselected pressure upon said web of material thereby dragging said
      material under pressure across said treating surface.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said treating surface is stationarily
      mounted.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said treating surface is rotatably
      mounted.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said surface speed of said web of
      material is from about 200 feet per minute to about 2,200 feet per minute.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said preselected pressure is from about
      4 pounds per square inch to about 200 pounds per square inch.
NUM  6.
PAR  6. The apparatus of claim 1, wherein said first treating zone includes a
      second rotatably mounted pressure roller also being disposed to contact
      said treating surface and receiving said web of material in contacting
      relationship therebetween.
NUM  7.
PAR  7. The apparatus of claim 1, said heat means maintains said treating
      surface at a temperature of from about 150.degree.F to about 400.degree.F.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said rotatably mounted presssure roller
      rotates at a surface speed greater than the surface speed of said web
      material thereby causing the nap on the surface of said web to be pointed
      in the direction of web travel as it passes thereunder.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said heating and moistening means is a
      steam conduit extending transversely the width of a web of material to be
      treated with apertures therein uniformly spaced to provide a uniform
      distribution of moisture across the entire width of the surface to be
      treated.
NUM  10.
PAR  10. The apparatus of claim 1, including a second treating zone for treating
      the opposite surface of said web of printing material including (1) at
      least one rotatably mounted pressure roller, (2) a second treating surface
      having a heat means as an integral part thereof and, (3) a moistening
      means prefacing said rotatably mounted pressure roller and said second
      treating surface, said rotatably mounted roller being disposed to contact
      said second treating surface, said roller and second treating surface
      being adapted to receive said web of material in contacting relationship
      therebetween under a preselected pressure with said opposite surface of
      said web to be treated contacting said second treating surface whereby
      said rotatably mounted roller rotates at a surface speed at least equal to
      said surface speed of said web material exerting a preselected pressure
      upon said web of material thereby dragging said material under pressure
      across said treating surface.
NUM  11.
PAR  11. The apparatus of claim 10 wherein the treating surface is rotatably
      mounted and rotates such that its relative velocity is opposite the
      movement of the material being treated.
NUM  12.
PAR  12. The apparatus of claim 10 wherein the treating surface includes at
      least one portion thereon with a radius of curvature greater than the
      radius of curvature of said pressure roller.
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ABST
PAL  A realistic laser weapon simulator is disclosed which utilizes a laser
      transmitter in combination with a rifle for teaching marksmanship by
      firing laser "bullets" at an infrared detector equipped target. The laser
      weapon includes a piezoelectric crystal coupled to a laser in a housing
      for mounting axially to a rifle barrel. The rifle may develope a
      mechanical force by firing a blank cartridge which generates a shock wave
      and vibrates the piezoelectric device. A mechanical force may also be
      applied directly to the piezoelectric device by the rifle's hammer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to a marksmanship training device. In
      particular, this invention relates to a laser transmitter for use in
      combination with a rifle for firing laser "bullets" in response to a blank
      cartridge being fired.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Systems using semiconductor GaAs lasers have been developed to train
      military personnel in using the M-16 rifle. A laser transmitter has been
      used in conjunction with an M-16 rifle for firing at
      infrared-sensor-equipped targets which score a hit whenever a laser bullet
      strikes the detector. Prior art systems utilize a laser transmitter which
      is attached under the barrel of an M-16 rifle. External batteries are used
      to power the laser transmitter in response to the trigger being pulled.
      The total weight of the laser transmitter, power supply and controls for
      the laser transmitter is approximately six pounds. A drawback of such a
      system is that the battery pack and some of the controls for the laser are
      carried on a soldier's person and connected to the rifle by cumbersome
      cables. Another drawback of the prior art systems is the alignment
      procedure that should be performed to accurately sight the laser
      transmitter. Since the laser attaches under the rifle barrel, a
      time-consuming and tedious alignment procedure must be carried out in
      order that the laser transmitter be accurately sighted. In addition, the
      controls connecting the rifle trigger with the laser transmitter have a
      tendency to provide false trigger signals due to circuit malfunctions.
      There is also the problem of providing the proper synchronization between
      pulling the trigger and emitting an output signal.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of the present invention to provide a simple,
      reliable, accurate, and economical laser weapon simulator for use as a
      training aid to develop marksmanship.
PAR  It is another object of the present invention to provide a laser weapon
      simulator that is accurately and automatically sighted.
PAR  It is another object of the present invention to provide a lightweight
      laser weapon simulator requiring no external electrical power.
PAR  It is yet another object of the present invention to provide a laser weapon
      simulator that is realistic by providing a report and recoil.
PAR  In accordance with the foregoing objects, a laser weapon simulator
      according to the present invention includes a laser transmitter to which
      power is supplied by exciting a piezoelectric crystal. The laser
      transmitter is contained in a housing that is axially disposed on the
      rifle barrel for accurate bore sighting. The energy from the piezoelectric
      crystal is stored in an energy storage device and then discharged through
      a semiconductor laser device in response to a control signal. The laser
      device provides an output pulse as a result of the storage device being
      discharged.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a rifle with a laser weapon simulator
      attached;
PAR  FIG. 2 is longitudinal sectional view of a first embodiment of the present
      invention according to FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram of a laser transmitter;
PAR  FIGS. 4a-4c are waveform diagrams representing voltages at various points
      in the circuit according to FIG. 3;
PAR  FIGS. 5a-5b is a longitudinal sectional view of a second embodiment of the
      present invention; and
PAR  FIG. 6 is a sectional view of a third embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring more specifically to FIG. 1, a rifle 10 and a laser weapon
      simulator 11 are depicted for firing a laser "bullet" or output pulse 12,
      in response to a blank cartridge 13 (not shown), being fired. The laser
      weapon simulator 11 includes a muzzle alignment shaft 14 (not shown here)
      connected to a housing member 15. The housing member 15 encloses a
      piezoelectric ceramic 16 (not shown), laser transmitter circuitry 17 (not
      shown) and optics 18.
PAR  The muzzle alignment shaft 14 is a tubular shaped member that mounts into
      the barrel 19 of a weapon, such as an M-16 rifle 10 and thereby provides
      automatic bore sight alignment. Pawls 20 are attached to the housing
      member 15 and secure the simulator 11 to the rifle 10 by clamping onto the
      flash suppressor 21. Alternatively, the muzzle alignment shaft may be
      designed such that it fits around the barrel 19.
PAR  If the proper manufacturing tolerances are maintained, the laser weapon
      simulator 11 is automatically bore sighted to the weapon 11. The
      heretofore time consuming and tedious alignment procedures, necessary for
      prior art simulators, are eliminated.
PAR  To operate the laser weapon simulator 11 one need only insert the simulator
      11 into the barrel of the rifle 10 and load a blank cartridge into the
      breach. The laser transmitter circuit causes a laser "bullet" 12 to be
      fired in response to the blank cartridge 13 being fired. The laser
      "bullet" may be an energy pulse, such as infrared signal. A hit would be
      registered if the "bullet" strikes an infrared detector (not shown). A
      more detailed explanation of the invention is found below.
PAR  Referring more specifically to FIG. 2, a laser weapon simulator 11
      according to the present invention may be seen to include a muzzle
      alignment shaft 14, a housing member 15, a piezoelectric ceramic 16 a
      laser transmitter circuit 17 and optics 18. The muzzle alignment shaft 14
      is a tubular member having entry and exit ports 22 and 23, respectively,
      for conveying gasses 24 and shock waves 25 from a blank cartridge being
      fired. The entry port 22 may be countersunk for providing a smooth
      transition for the gasses 24 and the sound wave 25 as they pass from the
      rifle barrel 19 to the muzzle alignment shaft 14.
PAR  A cylindrically shaped housing member 15 has an end plate 26 with a
      centrally located opening 27. The muzzle alignment shaft 14 and the
      housing member 15 are axially connected at the exit port 23 and the
      opening 27, respectively. Hinge support members 29 are connected to end
      plate 26. The pawls 20 are connected to the hinge support members 29 by
      spring loaded hinges 30. Several openings 31 are located about the
      circumference of the housing member 15 near the end plate 26. The opening
      31 allow the spent gasses 24 to escape from the rifle barrel 19 through
      the chamber 33.
PAR  A support member 32 is disposed with the housing 15 and forms one surface
      of a chamber 33. The support member 32 mounts a piezoelectric device, such
      as a crystal 16 within the chamber 33. The crystal 16 is aligned with the
      exit port 23 so that the shock wave 25 strikes the proximate center of the
      crystal 16. The mechanical force of the sound wave 25 is converted into
      electrical energy by the crystal 16. Thus the piezoelectric crystal 16
      provides a source of power to operate the transmitter circuit 17.
PAR  A circuit board 34, having the electronic components for the laser
      transmitter circuit 17, may be mounted onto the other face of the support
      member 32. A laser transmitter such as a GaAs laser diode 40, for example,
      is mounted on the circuit board 34 in axial alignment with the muzzle
      alignment shaft 14.
PAR  Optics, such as a collomating lens 18, may be mounted at the output end of
      the laser weapon simulator 11 for properly directing the output pulse 12
      from the laser transmitter 40. The lens 18 is supported in place by first
      and second annular members 35 placed on opposite faces of the lens 18.
PAR  The operation of the invention according to FIG. 2 is now described. The
      magazine of the weapon 10 is loaded with a preselected number of blank
      cartridges 13. Firing the cartridge 13 generates a mechanized shock wave
      25 which strikes the crystal 16 causing it to oscillate and to provide
      electrical energy to the laser transmitter circuit 17. The laser diode 40
      emits an infrared output pulse 12. If the output pulse 12 strikes an
      infrared detector that is coupled to suitable circuitry, a hit is scored.
      The spent gasses 24 are expelled from the chamber 26 through the openings
      27. A more detailed discussion of the operation of a laser transmitter
      circuit 16 is found below.
PAR  As discussed above, there is no manual alignment necessary since the laser
      weapon simulator 11 is automatically bore sighted to the rifle 10. Also,
      there is realism since there is a report whenever a laser "bullet" is
      fired. There is no synchronization problem that exists with prior art
      systems since a "bullet" is fired only when a blank cartridge is fired.
PAR  Referring more specifically to FIG. 3, a circuit diagram of a laser
      transmitter circuit 17 according to the invention of FIG. 1 is now
      described. A piezoelectric ceramic 16 provides a source of electrical
      power to laser transmitter circuit 17 which causes a laser diode 40 to
      provide an output signal 12 in response to a mechanical input signal 25. A
      first electrode of the crystal 16 is coupled to ground and a second
      electrode is coupled to the anode electrode of a first diode 41. A storage
      capacitor 42 is coupled between the cathode electrode of the diode 41 and
      ground. The capacitor 42, upon being charged by the crystal 40 provides a
      source of current to the laser diode 40. The cathode electrode of the
      diode 41 is also coupled to the anode electrode of a silicon controlled
      rectifier (SCR) 43. The control electrode of the SCR 43 controls the
      current path formed by the anode and cathode electrodes. A laser diode 40
      is connected between the cathode electrode of the SCR 43 and ground. A
      second diode 45 is connected in parallel with the laser diode 44 with the
      cathode of the diode 45 being connected to the anode of the laser diode
      40. The diode 45 clamps any reverse voltage across the laser diode 40 to
      about 1 volt and thereby prevents any damage to that diode. A resistor 46
      is also connected in parallel with the laser diode 44.
PAR  The cathode electrode of a third diode 47 is connected to the second
      electrode of the piezoelectric crystal 16. The anode electrode of the
      diode 47 is connected to first electrodes of resistors 48 and 49. The
      second electrode of the resistor 49 is connected to ground.
PAR  A transformer 50 is coupled between the third diode 47 and the gate
      electrode of the SCR 43. The primary winding 51 is connected between the
      second electrode of the resistor 48 and ground. The secondary winding 52
      is connected between the gate electrode of the SCR 43 and ground. The
      transformer 50 isolates the gate electrode from the piezoelectric crystal
      16 and also steps down the voltage.
PAR  The operation of the circuit according to FIG. 3 is now described with
      respect to that figure and with respect to FIGS. 4a-4c. A mechanical
      force, such as the shock wave 25 created by a blank cartridge being fired,
      is applied to the piezoelectric crystal 16 causing that crystal to provide
      an output signal as illustrated in FIG. 4a. It is noted that the output
      signal is an AC waveform since the crystal 16 may "ring" as a result of
      the mechanical force. During the positive half cycle of the output signal
      from the crystal 16, the diode 41 is forward biased thereby charging the
      storage capacitor 42 to the voltage level generated by the crystal 16.
      During the positive half cycle the SCR 43 is not conducting.
PAR  During the negative half cycle output signal from the crystal 16, the diode
      47 is forward biased which induces a current flow through the primary 51
      of the transformer 50. The secondary winding 52 provides an output signal
      to the gate of the SCR 43 which places it in conduction. The waveform of
      the signal to the gate of the SCR 43 is illustrated in FIG. 4b. It should
      be noted that the output signal from the transformer 50 is also an AC
      signal which is also caused by the "ring" of the crystal 16.
PAR  Referring now to FIG. 4c, the SCR 43, in response to the signal on the
      control gate, discharges the storage capacitor 42, almost instantaneously,
      through the GaAs laser 40 and thereby produces an infrared output pulse
      12.
PAR  The following embodiments having the same elements as any preceding
      embodiment will have the reference designation number and those numbers
      will be prefixed by the numeral 1.
PAR  Referring more specifically to FIG. 5a, a second embodiment of the present
      invention utilizes a piezoelectric crystal 116 that is contained within
      the breach of a rifle 110, not herein shown.
PAR  A cartridge-shaped member 60 has openings 61 and 62 at what would normally
      be the primer end and the bullet end, respectively, of a normal cartridge.
      An end cap 63 distance away from the primer end 61. The end cap 63 is a
      circular plate with a small opening at the center. A plunger 64 is mounted
      onto the end cap 63 and an extension of the plunger 64 protrudes through
      the small opening in the end cap 63. A circular flat spring 65 connects
      the end cap 63 and the plunger 64 to the cartridge 60. The spring 65 has
      an opening at the center through which a portion of the plunger 64
      protrudes. The spring 65 is bowed slightly and fits within the cartridge
      60, next to the lip about the opening 61.
PAR  A piezoelectric device device such as a ceramic or crystal 116 is mounted
      within the cartridge 60 with one face of the crystal 116 resting against
      the spring 65. Wire leads 66 and 67 extend from the device 160 and are
      connected to a female connector 71 mounted at the bullet end 62 of
      cartridge member 60. A female electrical connector 71 is mounted at the
      opening 62. A washer 69 is disposed next to the second face of the crystal
      116. A helical compression spring 70 is disposed next to the washer 69 for
      maintaining the crystal 116 in position. The spring 70 compresses upon the
      hammer striking the plunger 64 which in turn strikes the crystal 116, thus
      preventing damage to the crystal.
PAR  Referring to FIG. 5b, the second embodiment of the present invention also
      includes a laser weapon simulator 11 that is similar to the first
      embodiment of FIG. 1. Therefore, FIG. 5b will not be discussed in detail.
      The muzzle alignment shaft 114 of the second embodiment is similar to the
      first embodiment except that the shaft 114 is substantially longer. The
      shaft 114 extends the length of barrel 117 and connects to the catridge
      member 60. A male connector electrical connector 72 is mounted at one end
      of the muzzle alignment shaft 114 for mating with the female connector 71.
      Wire leads 73 and 74 extend from the connector 72 to the housing member
      115 and connect onto the laser transmitter circuit 117. Although two
      lenses 118 are depicted, the invention may operate with only one.
PAR  In operation the second embodiment according to FIG. 5 is now described.
      The cartridge 113, containing the piezoelectric crystal 116 is placed in
      the breach of the rifle 110. The muzzle alignment shaft 114 of the laser
      weapon simulator 111 is inserted into the barrel of the rifle 110. The
      connectors 71 and 72 make electrical connection between the cartridge 113
      and the simulator 111. The bolt is cocked for firing when the trigger is
      pulled. As the hammer strikes the plunger 64, the plunger in turn strikes
      the piezoelectric crystal 116 for powering the laser transmitter circuit
      117. The laser transmitter circuit 117 of the second embodiment thereupon
      provides an output pulse 112. The operation of the laser transmitter
      circuit 117 has been discussed above under FIG. 3 and will not, therefore,
      be discussed again.
PAR  One of the advantages of the invention according to FIG. 5 is that blank
      cartridges need not be used, making this embodiment more economical to
      operate. Although there is not the realism of a shot being fired, this
      embodiment readily lends itself for use in target shooting situations.
      Although an M-16 rifle with a piezoelectric cartridge in the breach cannot
      operate in the automatic mode, it can still function by cocking the hammer
      prior to each shot.
PAR  Referring more specifically to FIG. 6, a third embodiment according to the
      present invention is described. The cartridge shaped member 160 contains a
      piezoelectric crystal 116, a laser transmitter circuit 117 and optics 118.
      An end cap 163 and a plunger 164 are mounted at the primer end of the
      cartridge 113 by a spring 165. The piezoelectric crystal 116 is mounted
      within the cartridge 113 next to the plunger 164. The laser transmitter
      circuit 117 is mounted next to the crystal 116 and both are electrically
      connected together by wire leads 166 and 167. The laser diode 140 is
      mounted on a support member 80. The output end of the laser diode 140 is
      axially aligned with the cartridge member 160. Thus the output pulse 112
      from the diode 140 is bore sighted to the rifle 110. Three lenses 118 are
      shown for collomating the output signal from the laser diode 140.
PAR  The operation of the third embodiment according to FIG. 6 is similar to the
      operation of the second embodiment of FIG. 5. Therefore the operation of
      the third embodiment will not be described.
PAR  It should be apparent from the foregoing that the present invention
      provides a simple, accurate and realistic laser weapon simulator that
      fires a laser "bullet" in response to a mechanical force being applied to
      a piezoelectric crystal.
PAR  Although the present invention has been shown and described with reference
      to particular embodiments, nevertheless various changes and modifications
      obvious to one skilled in the art to which this invention pertains are
      deemed to lie within the purview of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laser weapon simulation comprising:
PA1  piezoelectric means providing the sole source of electrical power and
      control signals to a laser transmitter in response to the mechanical force
      generated by the firing pin of a weapon, said piezoelectric means being
      disposed in the breach of a weapon;
PA1  laser transmitter means coupled to said piezoelectric means, said laser
      transmitter means providing an output signal in response to said power and
      control signals and being coaxially aligned with the barrel of a weapon;
      and
PA1  circuit means coupling said piezoelectric means and said laser transmitter
      means.
NUM  2.
PAR  2. A laser weapon simulator according to claim 1, comprising:
PA1  said laser transmitter means being a laser diode; and
PA1  said circuit means including a silicon controlled rectifier providing a
      power signal from said piezoelectric means to said laser diode.
NUM  3.
PAR  3. A laser weapon simulator for emitting an output signal in response to a
      blank cartridge being fired, comprising:
PA1  piezoelectric means solely providing electrical power and control signals
      to a laser transmitter in response to an explosion of a blank cartridge
      being fired by a weapon;
PA1  housing means being coaxially aligned to the barrel of a weapon for housing
      said piezoelectric means, said housing means providing an exit port for
      gasses generated by a blank cartridge being fired, said housing for
      transmitting an explosion of a blank cartridge to said piezoelectric
      means;
PA1  laser transmitter means providing an output signal in response to said
      electrical power and control signals from said piezoelectric means, said
      laser transmitter means being coaxially aligned with the barrel of a
      weapon and being disposed in said housing means; and
PA1  circuit means coupling said piezoelectric means and said laser transmitter
      means for conducting electrical power and control signals from said
      piezoelectric means to said laser transmitter means.
NUM  4.
PAR  4. A laser weapon simulator for emitting an output signal in response to
      firing a blank cartridge, comprising:
PA1  piezoelectric means solely providing electrical power and control signals
      to a laser transmitter in response to the sound wave generated by a blank
      cartridge being fired;
PA1  housing means being coaxially aligned to the barrel of a weapon for
      transmitting a sound wave of a blank cartridge being fired to said
      piezoelectric means, said housing means providing an exit port for gasses
      generated by a blank cartridge being fired and housing said piezoelectric
      means;
PA1  a capacitor coupled to said piezoelectric means, and being charged by said
      piezoelectric means;
PA1  switching means having a current path and a control electrode, said current
      path coupled to said capacitor for discharging said capacitor through
      laser transmitter means in response to a control signal from said
      piezoelectric means;
PA1  means coupling said piezoelectric means with said control electrode of said
      switching means;
PA1  laser transmitter means providing an output signal in response to said
      electrical power and control signals from said piezoelectric means, said
      laser transmitter being coaxially aligned with the barrel of a weapon and
      being disposed in said housing means; said laser transmitter means
      providing an output signal in response to said capacitor being discharged;
      and
PA1  lens means optically coupled to said laser transmitter means.
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ABST
PAL  A device adapted to provide a visual display under the influence of an
      exterior magnetic field which comprises a plurality of rotatable,
      multi-colored, non-magnetically interactive, permanently magnetized
      micromagnets disposed in a cavity within a body having a transparent
      surface and a plurality of relatively small compartments within the
      cavity. The device is illustrated by a sheet containing such micromagnets
      between the thin cavity of the front and rear surfaces of the sheet where
      the relatively even dispersion of the micromagnets in the sheet is
      maintained by such compartments whose barriers minimize displacement so
      that physical pressure exerted on the sheet, such as by a twist or flex,
      does not substantially alter the even dispersion of the micromagnets.
PAL  In an embodiment, the visual display device is a sheet, preferably a
      substantially transparent or invisible polymer sheet, containing
      relatively small compartments therein which have cellular and/or
      structural barriers which prevent substantial displacement therefrom by
      holding in such compartments rotatable micromagnets which are surrounded
      with a suspension or carrier fluid which allows such rotation. In the
      preferred embodiment the suspension or carried fluid is thixotropic.
PAL  In another embodiment, the sheet is prepared by dispersing fluid-surrounded
      micromagnets in a film former, such as a polymer, which is capable of
      hardening into a solid sheet where the rotatable, fluid-surrounded
      micromagnets are included as cells.
PAL  In another embodiment, a sheet is prepared by sealing a plurality of
      relatively small areas of fluid-surrounded micromagnets into a series of
      cells or compartments by coating such areas once or sequentially with a
      film former which on hardening seals the areas as cells or compartments.
PAL  In another embodiment, relatively small compartments, created by barriers
      in a fixed or random pattern, are pre-constructed in a sheet, the
      fluid-surrounded micromagnets are positioned therein, and the sheet
      sealed.
PARN
PAR  This application is a continuation-in-part of Ser. No. 756,711 filed Aug.
      6, 1968, now abandoned which in turn is a continuation-in-part of Ser. No.
      553,086 filed May 26, 1966, now abandoned.
BSUM
PAR  This invention relates to improved magnetically actuatable visual display
      devices and the methods for making same. More particularly it relates to a
      device containing, in tiny cells or compartments, rotatable multi-color
      micro-magnets which may be magnetically oriented to provide a visual
      display. The dividing partitions between the cells or compartments,
      preferably transparent and undiscernable to the unaided eye, provide
      important structural contributions against physical pressure on the device
      and in so doing prevent such pressure from translationally displacing the
      micromagnets.
PAR  In U.S. Pat. No. 3,036,388, since reissued as U.S. Pat. Nos. Re. 25,363 and
      Re. 25,822, I have described color coded micromagnets which may be turned
      by an activating magnetic force to present Zones of one color or another
      and which may be oriented selectively so that the colors presented by some
      contrast with the colors presented by the others, producing thereby a
      visuably distinct pattern. The micromagnets are made to possess a low
      volumetric magnetization so that their magnetic strength is insufficient
      to cause a magnetic interaction which would prevent selective orientation
      by an activation external magnetic force. Thus, the permanently magnetized
      micromagnets are non-magnetically interactive, i.e., they have a unit
      volumetric magnetization below the point at which the closely associated
      micromagnets tend to be attracted to each other in the system in which
      they are employed which will cause them to resist individual orientation
      by the external magnetic force of the writing instrument. They can be
      mixed with a liquid suspending medium and dispersed in the thin cavity
      formed between two spaced surfaces, at least one of which is transparent.
      An inner face can be provided with dimpled indentions which, while
      allowing axial rotation of the micromagnets, restrain their translational
      movement.
PAR  The micromagnets so suspended function quite satisfactorily, unless the
      shape of the thin cavity is changed by a physical distortion, such as a
      twist or a flex, which may displace some of the micromagnets, leaving
      portions of the sheet vacant and inoperable.
PAR  As will be apparent from the description herein, the problem of
      translational movement is prevented by the successful containment of the
      micromagnets in cells or compartments, the walls of which are invisible or
      minimumly visible to the unaided eye. In one example, a continuous
      hardened transparent film, such as a synthetic polymer such as polyvinyl
      acetate or copolymers thereof, etc., or a natural organic polymer such as
      gelatin, etc. contains discrete fluid containing inclusions, there being
      mobile multicolored micromagnets entrapped within the the inclusions and
      being selectively orientable by application of magnetic fields to the
      sheet, each of the said micromagnets being permanently magnetized to a
      constant magnetization vector; and the micromagnets having distinct zones
      of contrasting colors which are visible through such film.
PAR  In another embodiment, a substrate carries the micromagnets in a suspension
      liquid, the mixture having been first deposited in broken patterns on a
      substrate and then sealed into cells by a hardenable coating, the vacant
      areas between the cells then having been filled with similar deposits,
      with these then having been so sealed.
PAR  And a third embodiment comprises a pre-constructed transparent carrier with
      partitions so arranged that micro-magnets can be drawn into
      pre-constructed and pre-arranged inclusions.
PAR  In addition to the patent before mentioned, micromagnets of two or more
      colors and of various shapes are disclosed in my U.S. Pat. Nos. 3,460,248
      and 3,406,363 and any such micromagnets may be used in the instant
      invention. For the purpose of illustration, herein, the micromagnets are
      shown with only two colors, though they may have more. For illustration,
      the micromagnets used in the continuous film are shown as platlet shaped
      and the micromagnets which were prearranged on a carrier, and the
      micromagnets which were injected into a preconstructed compartmentalized
      carrier are shown, for illustration, as spherical or spheroidal.
PAR  The size of the micromagnets can vary widely. For example, the micromagnets
      useful in the practice of the invention are in a size range such that they
      have a broad dimension between less than about 25 and 1,000 microns or
      greater. Micromagnets of about 45 microns provide a smooth uniform
      appearance at the viewing surface since the individual micromagnets cannot
      be resolved by the eye. Micromagnets in the range of about 25 to 250
      microns in size are preferred, but micromagnets up to about 1,000 microns
      are generally useful.
PAR  The micromagnets are carried in a suspending liquid in which they are free
      to rotate upon the application of a magnetic field. It is desirable to
      provide this liquid with a viscosity and thixotropy such that a certain
      minimum force must be applied in order to rotate the micromagnets. Such
      viscosity and thixotropy provide a degree of stability to the display
      device, minimizing unwanted disorientation of the micromagnets.
DRWD
PAR  Other objects and advantages will be apparent from the accompanying
      detailed description and drawings wherein:
PAR  FIG. 1 is a diagrammatic magnified cutaway cross-section view of a
      substrate coated with a micromagnet-containing coating of the present
      invention;
PAR  FIG. 2 is a greatly magnified cutaway cross-section view of a portion of
      the coated substrate of FIG. 1;
PAR  FIG. 3 is a greatly magnified perspective view of a platlet shaped
      two-colored magnetically orientable micromagnet;
PAR  FIGS. 4 and 5 are diagrammatic cutaway cross-sectional views of sheets
      where the micromagnets and suspension liquids are deposited and sealed in
      cells in broken or random patterns;
PAR  FIGS. 6 and 7 are diagrammatic cutaway cross-sectional views of sheets
      where the micromagnets and suspension liquids are deposited in
      pre-constructed and pre-arranged compartments; and
PAR  FIG. 8 is a magnified side view of a spherical micromagnet.
DETD
PAR  When used in a display device, the micromagnet of FIG. 3 which can be
      employed in FIGS. 1 and 2 as 30 will present first colored surface 12 when
      the south pole of a magnet is passed over the display device, and second
      colored surface 14 when a north pole of a magnet is passed in front of the
      display device. Electromagnets, magnetic tapes, and other sources of
      magnetic fields can be used to actuate the display devices of this
      invention in addition to styli.
PAR  FIGS. 1 and 2 show a cross-sectional side view of a substrate 20 with a
      magnetically actuatable coating 21 of the present invention thereon which
      coating is made up of a continuous phase 22 containing as a discontinuous
      phase tiny liquid-containing inclusions 24. The inclusions 24, on the
      average, contain one or more colored micromagnets 30 suspended within the
      liquid 24 which are free to rotate therein when actuated by magnetic
      forces. Substrate 20 may be cloth, plastic, paperboard, metal, etc. or
      other suitable backing. In a further embodiment, the coating 21 may be
      used as a free film without backing.
PAR  The magnetic orientation of the several micromagnets is illustrated by the
      arrow in each of the FIGURES, the arrowhead in each instance, for
      convenience, indicating the north pole.
PAR  The micromagnets shown in FIGS. 1, 2 and 3 are from sheets having two
      distinctly colored layers, as will be described in the following examples.
      But as has been explained in the earlier patents mentioned, micromagnets
      possessing more than two distinct color zones, produced from sheets having
      more than two separately colored layers, can be oriented to intermediate
      degrees of rotation to produce combinations and blends of colors.
PAR  Coating 21 is formed by suspending micromagnets 30 in a suitable liquid 24
      which is preferably an oily liquid having a density and viscosity such
      that the micromagnets will remain suspended therein without a great
      tendency to either sink or float. After thoroughly mixing the micromagnets
      in the liquid, this liquid with the micromagnets suspended therein may be
      mixed with a film-forming material in which it is immiscible so that
      continued mixing will form an emulsion or dispersion of
      micromagnet-containing droplets within the film-former. This emulsion may
      then be coated over the substrate 20 and hardened to provide a coating in
      which the micromagnet-containing inclusions form a discontinuous phase
      within a continuous hardened film-former 22. Each inclusion ideally should
      contain one or a small number of micromagnets. Film-former 22 may be a
      gelatinuous or waxy material or preferably an oil immiscible, hardenable
      plastic resin such as vinyl acetate, polyvinylpyrrolidone,
      ureaformaldehyde, polyvinylbutyral, polyvinylalcohol or methylcellulose.
PAR  The coating shown in the drawings contains a single layer of
      micromagnet-containing fluid inclusions in coating 21. A uniform single
      layer of this type is preferred for purposes of economy. It will be
      understood, however, that coating can be formed in which inclusions are
      several layers deep. Such multiple layers may be preferred where very
      complete coverage of the substrate is desired.
PAR  The following examples in which all proportions are given in parts by
      weight unless otherwise indicated, will serve to illustrate but not limit
      the invention.
PAC  EXAMPLE 1
PAR  A hardenable white composition was prepared by mixing the following
      ingredients:
TBL                          Parts                                             
     ______________________________________                                    
     Styrene-butadiene copolymer containing                                    
     65% by weight TiO.sub.2 pigment (Goodyear                                 
     Pliolite 1A-S5)           16.6                                            
     Toluol solvent            25                                              
     ______________________________________                                    
PAR  This composition was roll coated with a rotogravure 120 Tri-helicoid roll
      at a rate of 15 yards per minute onto a plastic release web. This coating
      was oven dried at 250.degree.F. The coating had a dry weight of 0.00073
      gm/cm.sup.2 of area. A black colored hardenable coating composition was
      prepared by mixing the following ingredients:
TBL  Styrene-butadiene copolymer containing                                    
     40% carbon black (Goodyear Pliolite 2C-S5)                                
                                4.5                                            
     Barium ferrite containing polymer                                         
     (.224 parts barium ferrite, 0.071 parts                                   
     clear styrene-butadiene copolymer Pliolite                                
     S5-E, 0.295 parts toluol)  0.59                                           
     Toluol                     14.5                                           
PAR  This composition was coated using an 80 Tri-helicoid rotogravure roll over
      the white layer and oven dried at 250.degree.F. The black layer had a dry
      weight of 0.00065 gm/cm.sup.2. The combined layers had a weight of 0.00138
      gm/cm.sup.2 and a calculated density of 1.77 gm/cm.sup.3. The combined
      layers had a barium ferrite content of 2.2%. The hardened material was
      passed on the carrier web between the poles of an electromagnet,
      magnetized at 9,000 gauss at a speed of 1 foot per second. Material was
      removed from the carrier web by flexing and air blasting, and then was
      conveyed at high velocity through a tortuous path where it impinged
      against itself and other obstructions until the average particle diameter
      was about 1 1/2 times its thickness. Outsized particles were removed by
      screening.
PAR  A suspension in oil of the black and white micromagnets was formed by
      mixing the particles into the following oily mixture:
TBL                            Parts                                           
     ______________________________________                                    
     Low molecular weight chlorotrifluoroethylene                              
     polymer having a density of 1.9 and a                                     
     Brookfield viscosity of 72.degree.F., No. 1 spindle                       
     30 rpm, 124 centipoise (Kel F Oil No. 3, 3M Co.)                          
                                 300.00                                        
     Oil having a density of 0.85 and a Brookfield                             
     viscosity of 24 (No. 1 spindle, 60 rpm, 72.degree.F.)                     
     (Retrax, Std. Oil Co.)      269.00                                        
     Purified bentonite with an organic base,                                  
     gelling agent (Bentone 38, Nat. Lead Co.)                                 
                                  1.00                                         
     Stearic Acid                 4.75                                         
     ______________________________________                                    
PAR  The oil mixture had an approximate density of 1.21 and approximate
      viscosity of 70 centipose when measured on the Brookfield Viscosimeter
      using a No. 1 spindle at 30 rpm.
PAR  A resin mixture was formulated by mixing the following ingredients:
TBL  Copolymer of vinyl acetate and a carboxylated                             
     monomer (Gelva C5V10, Shawinigan Corp.)                                   
                               86.0                                            
     Saturated polyester resin plasticizer (Harflex                            
     340, Harchem Div., Wallace & Tiernan Inc.)                                
                               8.6                                             
     Methanol                  180.0                                           
PAR  The resin mixture had a calculated density of approximately 0.91 and a
      Brookfield viscosity of 140 centipose. An oil resin emulsion was formed by
      mixing 1 part by volume of the magnet contained oil mixture with 3.5 parts
      by volume of the resin. After mixing, an emulsion was formed in which the
      resin was a continuous phase having dispersed therein oil droplets
      averaging about 10 mils in diameter as a discontinuous phase. One or more
      colored micromagnets were contained within the preponderant number of oil
      droplets. The emulsion was knife coated using a 0.025 setting of 2 mil
      hard aluminum foil previously coated with a 2 mil thick black pigmented
      vinyl acetate based coating. The coating was dried by passing high
      velocity room temperature air thereover until a surface skin was formed
      and then air dried overnight. By pouring the coating on a temporary
      carrier such as stainless steel or polytetrafluoroethylene, from which it
      is separable, a free film having magnetic inclusions can be produced
      instead.
PAC  EXAMPLE 2
PAR  Color coded micromagnets were prepared with a binder of lacquer containing
      appropriate color pigments. The lacquer was a widely marketed type
      containing cellulose nitrate, ester gum, plasticizer, glycol esters,
      alcohols, aromatic and aliphatic hydrocarbons and was slightly thinned
      with lacquer thinner. By weight, a white portion contained 60 parts of
      lacquer, and 50 parts of TiO.sub.2 pigment. A red portion contained 25
      parts of red pigment, 10 parts barium ferrite, and 75 parts of lacquer. A
      small amount of corn starch was added to thicken the blends to a more
      easily spreadable viscosity.
PAR  The blends were coated in successive layers on a polyethylene carrier with
      intermediate drying, a 1/2 mil thick white layer being applied first
      followed by a 1/4 mil red layer. In spreading, the depth of each layer was
      controlled by drawing the sheet between spaced bars.
PAR  Several sheets of the coated carrier was stacked, each with the same color
      up, between the poles of a large electromagnet where they were subjected
      to a strong magnetic field which magnetized the barium ferrite component.
      The sheets were then peeled from the carrier and broken up into
      micromagnets capable of passing through a 325-mesh screen.
PAR  An oily suspending liquid was prepared having in parts by volume:
TBL  2 parts of light petroleum oil                                            
     1/4 part poppy seed oil                                                   
     1/4 part paraffin oil                                                     
     1/3 part fluorocarbon oil (Kel F Oil No. 1)                               
PAR  Into this blend was thoroughly mixed finely divided magnesium aluminum
      silicate (Bentone), to increase the thixotropy and viscosity of the oil.
      Generally, it will be found desirable to increase the viscosity and
      thixotropy if the micromagnets to be used have a comparatively strong
      magnetization, but to leave the liquid thinner and less viscous if the
      micromagnets are of a weaker magnetization.
PAR  Into this first suspending liquid was then thoroughly dispersed one-sixth
      part micromagnets.
PAR  A second film former liquid was then prepared having in parts by volume:
TBL  1 part water                                                              
     3/4 parts methanol (99.9% by volume)                                      
     3/4 parts ethanol (190 proof)                                             
     1/4 part glycerine                                                        
     1/2 part gelatin                                                          
PAR  This mixture was heated to boil under constant stirring and poured into a
      measured container. The liquid was allowed to cool about 120.degree.F. and
      an amount of the first liquid equal to one-half of the volume of the
      second was poured into the second liquid where, by reason of its heavier
      specific gravity, it sank to the bottom of the container. Under gentle
      agitation the first liquid separated into tiny droplets, which emulsified
      in the gelatin liquid. Under continued agitation the droplets were
      progressively reduced in diameter. Agitation was discontinued when the
      size of the oil droplets was slightly larger than the size of the
      micromagnets. The emulsion was then poured onto a plastic substrate to
      form a uniform coating. The substrate was opaque and black in color. The
      gelatin liquid hardened with the micromagnet-containing oil inclusions
      distributed therethrough.
PAR  To increase the durability of the display device a protective coating of
      transparent plastic such as clear liquid polyester resin which hardens to
      provide a durable surface can be applied over the gelatin coating.
      Alternatively, a transparent plastic may be laminated over the gelatin
      coating with a transparent adhesive.
PAR  The emulsion may be spread onto a transparent carrier such as a sheet of
      Mylar, which carrier can then be used as the viewing and marking surface.
      A dark backing can be provided by adhering such as black cloth to the film
      before the film has hardened.
PAR  A non-oily suspension carrier liquid may also be used. A low viscosity
      epoxy resin liquid (Celanese Epi-Rez 5077) having a specific gravity of
      1.13 - 1.15 and a viscosity of 500 - 500 cps. at 77.degree. was mixed by
      volume 21/2 parts to 3/4 parts with tetrachloromethane, having a specific
      gravity of 1.595, and into this mixture was thoroughly dispersed 1/2 part
      colloidal silica powder thixotropic thickener (Cab-O-Sil). No curing agent
      was used with the resin, of course, since its function here was to remain
      in a liquid state. The micromagnets were then suspended in this and the
      liquid was emulsified in the gelatin film-former.
PAR  In the emulsification of microscopic droplets containing multi-colored
      micromagnets the problems faced are greater than those in the
      encapsulation of unmagnetized particles of powder. For instance, if
      micromagnets of a given magnetic strength are suspended in droplets of a
      carrier liquid having, inappropriately, a viscosity too weak and
      insufficient to provide the restraint of them needed, they will, in
      attempting to join together magnetically, quickly work out of their
      suspension droplets to become embedded in the yet ungelled cellular walls.
      In the foregoing examples the viscosity and thixotropy was adjusted to
      prevent magnetic joining together of the micromagnets to a degree which
      would interfere with their enclosure in separate capsules. Bentonite, a
      thixotrophy producing suspending agent, was chosen as a suitable
      thickener, although other thixotrophy producing agents such as the
      colloidal silica powder (Cab-O-Sil) are also useful for this purpose.
      Optimum results are achieved with a thixotropic suspending or carrier
      fluid.
PAR  If the suspension liquid is viscous and/or thixotropic enough to resemble a
      gel, little or no emphasis need be given to its density; but if it is
      fluid enough to readily flow then the degree of its viscosity and/or
      thixotropy, while adjusted to minimize unwanted magnetic interaction
      between the micromagnets, will alsos contribute toward holding the
      micromagnets in buoyant suspension and the degree of its viscosity and/or
      thixotropy will determine to some extent the density needed to hold
      micromagnets of a given weight in suspension within their droplets at
      least a period of minutes (at least long enough to permit the formation of
      a film from the film-former liquid), and preferably indefinitely. If, in
      an easily flowing carrier liquid of a given viscosity and/or thixotropy
      the density is inappropriately too heavy, the micromagnets will rise up
      out of their droplets or, if the density is too light, they will sink down
      out of their droplets, in either case with the hopeless projection of the
      micromagnets out of their suspension droplets to become embedded in the
      yet unhardened cellular walls. The exemplary suspension liquids were
      therefore adjusted to have the appropriate density by the use of Kel-F
      Oil, a fluorocarbon oil having a density of 1.9, which was mixed in
      suitable proportions with lighter oil to provide the workable density.
      Other suitable suspending liquids and blends of liquids prepared to have a
      chosen density will be apparent to those skilled in the art.
PAR  In summary, any suitable suspension or carrier fluid for the micromagnets
      can be employed. The carrier fluid should be capable of surrounding the
      micromagnets so as to allow them to rotate when they are acted on by an
      exteriorily applied magnetic field. Its chemical composition is immaterial
      provided the carrier fluid does not adversely affect the micromagnets or
      the polymer system. The carrier fluid should be substantially insoluble in
      the system.
PAR  For optimum performance, the carrier fluid should have certain densities,
      viscosities and thixotropies. Preferably, the density should be
      aproximately the same as that of the micromagnets so that they are
      supported substantially at equilibrium without rising or sinking. The
      viscosities and/or thixotropies should be such that the interaction of the
      micromagnets to each other and to an external magnetic field are properly
      controlled. Thus, It is desirable to provide a carrier fluid with
      viscosities and/or thixotropies so that a certain minimum force must be
      applied in order to rotate the magnet. Viscosities and/or thixotropies
      also provides a degree of stability to the display device by minimizing
      unwanted disorientations of the micromagnets. Densities, viscosities,
      thixotropies are imparted by the liquid itself, or mixtures of liquids, as
      well as by the introduction of density, viscosity and/or thixotropy
      agents.
PAR  There is an interrelation between density, viscosity and thixotropy in
      selecting the proper suspension or carrier fluid. The system is generally
      organic, preferably a hydrocarbon and/or a fatty oil. Glycerol, glycol,
      silicones and other fluids, as well as mixtures can also be employed.
      Fluorocarbons, because of the high densities, are a convenient method of
      increasing the density of the fluid suspension system. Viscosity and/or
      thixotropies are imparted to the system by means of gelling or thickening
      agents. Variation in the composition to achieve the desired function will
      be evident to one skilled in the art. Where viscosities and/or
      thixotropies are properly selected densities and are of lesser importance.
      Thixotropic liquids, emulsions, gels, etc. can be used.
PAR  Thixotropic agents have the property, when dispersed in suitable media, of
      exhibiting a variable viscosity which depends on the shear stress applied
      to the dispersion. At low shear stresses or at rest such thixotropic
      dispersions have high viscosities in the nature of elastic solids while at
      high shear stresses they have low viscosities. Thixotropic liquids are
      non-Newtonian whereas non-thixotropic liquids are Newtonian liquids, i.e.,
      thixotropic liquids behave like elastic solids at low shear or at rest and
      behave like liquids at high shear. Thus, they are fundamentally different
      from viscous non-thixotropic liquids which behave like liquids both at
      rest and under low and high shear. This phenonomen of thixotrophy is
      believed to be due to the formation of a gel-like structure at low shear
      stresses with progressive disruption as shear stresses increase. Typical
      thixotropic agents are collodial silica such as Cab-O-Sil, etc., bentonite
      or kaolinite clays such as Bentone, etc., carboxyl vinyl polymers such as
      those marketed by the B. F. Goodrich Chemical Company of Cleveland, Ohio,
      under the tradenames "Carbopol" and "Carboset," organometallic complexes
      such as those marketed by the Lubrizol Corporation of Cleveland, Ohio,
      under the tradename "Ircogel," Colloidal cellulose such as those marketed
      under the Trademark "Avicel;" colloidal asbestos such as those marketed
      under the Trademark "Avibest," by American Viscose Company, etc.
PAR  I have discovered that by controlling the thixotropy of the carrier fluid
      density and viscosity are of lesser importance since the self adjustments
      of the thixotropic system imparts proper variable viscosities under stress
      and static conditions. Therefore, a thixotropic carrier fluid is
      preferably employed in this invention to yield optimum results. By
      employing thixotropic liquids (i.e., which behave like solids at rest or
      low shear) the permanently magnetized micromagnets are prevented from
      magnetically interacting and clumping. Non-magnetized particles present no
      such problem since they do not interact magnetically.
PAR  Stated another way, the thixotropic fluid encases the micromagnetics as
      firmly and securely as a solid. Yet under a magnetic field where rotation
      is desired the area around the micromagnets forms islands of liquids which
      allow rotation. Such properties are not imparted to the system by density
      or viscosity alone.
PAR  The relationship between the density of the carrier liquid droplets
      containing the micromagnets with the viscosity and the density of the
      film-forming composition is also important. It is desirable that the
      carrier liquid droplets be held within the film-forming composition is
      buoyant suspension until the film hardens and in the foregoing examples
      the density of the suspension liquid, carrying the micromagnets, was
      chosen to be slightly greater than the density of the film-forming
      composition. Unless the film-forming composition is quite viscous, the
      micromagnetic-containing liquid droplets, if lighter than the film-forming
      composition, will rise and break out through the surface before the film
      has set.
PAR  After the emulsion or dispersion has been mixed and spread, the quickest
      possible hardening time is preferred. The micromagnets and the suspension
      droplets in which they are dispersed, having been agitated by the mixing
      and the spreading, continue within the still wet emulsion to have a
      considerable amount of motion and activity and while so doing the droplets
      tend to meet and merge and the micromagnets tend to project their surfaces
      out of the droplets to become adhered to the yet ungelled cellular walls.
PAR  In the first example of encapsulation the newly spread film was immediately
      subjected to high velocity air which speedily dried and set the surface
      skin and started the hardening of the cellular walls. In the second
      example, rapidly evaporating alcohols in major proportion were present in
      the film-forming composition, and when the heated gelatin emulsion was
      poured into a thin coating to cool, it started to gel in a matter of
      seconds.
PAR  In the successful encapsulation of the micromagnets, mobile suspension
      within microscopic inclusions, the relationship between the viscosity and
      thixotropy of the suspension liquid and the magnetic strength of the
      micromagnets is carefully chosen; the relationship between the density and
      viscosity of the suspension liquid with the specific gravity of the
      micromagnets is also carefully chosen, the relationship between the
      density and viscosity of the suspension liquid with the density and
      viscosity of the film-forming polymer is also carefully chosen, and the
      materials are selected to provide the quickest gel time after the emulsion
      has been coated onto its carrier.
PAR  Inclusions 24 are shown in the drawings to be spherical for purposes of
      illustration, but in practice often assume a flattened shape on drying of
      the coating. These flattened shapes can be made to overlie one another
      slightly to provide more complete coverage of the substrate.
PAR  FIGS. 4 and 5 show spherical or spheroidal multi-colored micromagnets 43 in
      a liquid 45, sealed within prearranged geometric patterns on substrate 41
      or substrate 42, by film-forming coatings 44 or 48.
PAR  FIG. 8 shows a greatly magnified side view of a spherical shaped
      micromagnet, 43. For illustration color 46 is identified as blue and color
      47 as white, though other contrasting colors may be used. Spherical or
      spheroidal multi-colored micromagnets were made of epoxy resin having a
      viscosity of 3,000 cps (Marblette Resin No. 658 with hardener No. 558, the
      Marblette Corporation). Mixed with 85 grams resin and 421/2 grams
      hardener, by weight, was 20 grams finely divided barium ferrite (EG-1
      Powder, Stackpole Carbon Company), 40 grams blue powder tempera, and 5
      grams titanium dioxide pigment. In a closed circular container the
      composition, not yet hardened and still a liquid, was emulsified, by
      brief, vigorous agitation, in 800 grams of mineral oil, SAE No. 40, which
      had been heated to 175.degree.F., the oil in the emulsion being the
      continuous phase and the microscopic liquid epoxy spheres being the
      discontinuous phase. The container was mounted on a carrier support which
      was motorized to move it first with a brief vigorous agitation, and then
      in an even circular pattern, this movement producing a steady centrifugal
      force which kept the hot emulsion constantly moving up and around the
      wall, thereby preventing the resin droplets from settling. The circle
      pattern had a diameter of about 4 inches and the speed was about 125 rpm.
      The container had a capacity of about 2 liters and was bowl shaped in
      design, having a base diameter of 31/2 inches, a height of 5 inches, and a
      lid diameter of 8 inches. A small air vent valve, to relieve the pressure
      of the rapid air expansion caused by the sudden agitation of the hot oil
      inside the vessel, was provided in the lid which, otherwise, formed a
      tight seal on the vessel. Other containers may be used but the shape of
      the container contributes to the success of the method. The hot resin
      droplets, while still liquid, must be prevented from touching one another
      in the suspension or they will adhere to each other and agglomorate and
      harden into a useless mass and, in the examples given herein the hot
      emulsion, under controlled centrifugal force, moves easily from the small
      circumference to the large circumference, spreading its volume within the
      container and separating farther the resin droplets until they are cured
      into hard, independent spheres.
PAR  After about 20 minutes of the described motion, the spheres hardened and
      then were allowed to settle and the oil drained off. Oil residue was
      removed by cleaning with naphtha and the spheres were sized by screening.
      Coloring was done by sprinkling the spheres in a single layer onto a paper
      carrier which had been coated with cellulose nitrate lacquer greatly
      thinned and the spheres, adhering to the lacquer coating on the paper
      carrier, were immersed about halfway into white vinyl ink which had been
      heavily pigmented with titanium dioxide pigment. The carrier was then
      passed between the poles on a magnet charger, directionally magnetizing
      the barium ferrite so that the white portion of the sphere identified one
      pole and the blue portion identified the other and when dry, the two
      colored spheres were brushed off, ready for use.
PAR  In another instance, transparent spheres, each containing within themselves
      a platlet shaped color coded micromagnet, were made, thereby eliminating
      the painting requirement. Platlet shaped micromagnets of about 6 mils in
      size, were mixed, by volume about 10 parts with 100 parts low visocity
      polyester resin (Laminac Resin No. 4110, American Cyanamid Co. with methyl
      ethyl ketone peroxide as the catalyst), and an oil-resin emulsion was
      formed by mixing the polyester with 800 grams mineral oil SAE No. 20 which
      had been heated to about 200.degree. F., the oil being the continuous
      phase and the polyester spherical droplets, averaging about 10 mils, being
      the discontinuous phase, and most of the polyester droplets having
      captured and enveloped within themselves a platlet shaped color coded
      micromagnet. As before described, the oily emulsion was then kept in a
      circular motion until the polyester spheres had hardened. Those carrying
      within them a micromagnet were than separated from those that did not, by
      centrifuging, or by flotation in a mixture of fluorocarbon oil and mineral
      oil, the proportionate ratios being carefully adjusted to provide a liquid
      with specific gravity in which the usable spheres, heavier because they
      carried within themselves a micromagnet, descended and separated from the
      lighter, all polyester, spheres which rose to the top.
PAR  In other instances, polyester was the hardenable material used for the
      pigmented micromagnets and clear epoxy was the material used for the
      transparent spheres containing platlet shaped multicolored micromagnets.
PAR  The amounts in the examples above given were based on the use of the
      circular container having about the capacity given, but does not limit the
      process which may be enlarged for commercial productions.
PAR  In FIG. 4, the suspension liquid 45 was prepared with purified bentonite
      (Bentone 38 Nat. Lead Co.) mixed under high speed shear dispersion in
      clear mineral oil to provide a thixotropic gel which could be arranged,
      such as by extruding or molding, in fixed patterns on a substrate.
      Spherical micromagnets 43, of about 5 mils in diameter, were then mixed
      into the gelled liquid and the mixture was extruded across a polyester
      substrate (Mylar) 41, in beads.
PAR  A rapid drying film-forming composition 44, prepared of, by weight, 10
      parts cellulose nitrate (RS 125/175 sec., Hercules, Inc.) dissolved in 150
      parts acetone, 5 parts isophorone, and 6 parts saturated polyester
      plasticizer (Harflex 335, Wallace & Tiernan, Inc.), was coated to cover so
      as to leave after the solvent had evaporated, a film having a thickness of
      about 1 mil -- thus sealing the thixotropic gel within the pre-arranged
      pattern. Next, the vacant spaces between the beads were filled with the
      micromagnet-liquid mixture and the film-forming composition was coated to
      cover again. When this film was dry and hardened, the micromagnets within
      the sheet, were now positively contained between transparent structural
      partitions.
PAR  The cellular side may be given further protection and structural support.
      The cellular surface is usually somewhat uneven and a catalyst-hardening
      composition such as epoxy or polyester, coated over the cells, fills the
      uneven contours and hardens into a smooth outside surface. This optional
      coating is identified in FIG. 4 as 40.
PAR  The relationship of the resin, resin solvent, and plasticizer of the
      film-forming composition and the suspension or carrier fluid gel which it
      is to enclose are important. The resin solvent used was satisfactorily
      immiscible with the carrier liquid being enclosed. The ratio of solvent to
      resin provided a viscosity which could be conveniently spread. And, since
      the film is expected to dry and harden around the contour of a deposit of
      carrier liquid, certain critical limits exist. Improperly plasticized, the
      film may, as the solvent leaves, tighten and violently draw the carrier
      fluid gel deposit into an unusable distortion. And if the film does not
      sufficiently stretch, it may, in drying, rupture, forcing out some of the
      carrier fluid gel as it dries and tightens,
PAR  Other suspension liquids for the micromagnets may also be used. Glycerol
      mixed with Cab-O-Sil to a usable carrier fluid gel was arranged on a
      cellulose acetate substrate in a broken pattern. The deposits of the
      glycerol micromagnets mixture were then covered with a film-forming
      composition consisting of 10 parts polyacrylic resin (n-Butyl methacrylate
      DuPont Elvacite No. 2044) and 2 parts polyacrylic resin (Isobutyl
      methacrylate DuPont Elvacite No. 2045) dissolved in 100 parts
      trichloroethylene. After the film had formed and dried, sealing into the
      pre-arranged cells the glycerol-micromagnet mixture, the vacant spaces
      were filled and the second coating was applied to cover.
PAR  A suspension liquid of, by volume, 50 parts glycerol and 50 parts ethylene
      glycol, into which was mixed Cab-O-Sil was also used. The ethylene glycol
      was used to reduce the viscosity of the suspension liquid and relatively
      greater amount of Cab-O-Sil thickener was then used to increase the
      thixotropy. It has been found that the micro-magnets respond more
      instantly in a liquid in which the suspension qualities have been provided
      with emphasis on a thixotropic structure rather than a heavy viscosity.
      Thus, thixotrophy, as distinguished from viscosity alone in the suspension
      liquid yields a more desirable and responsive device.
PAR  This suspension liquid, thickened to more or less a moldable carrier fluid
      gel and containing the micromagnets, was then arranged in a broken pattern
      on a Mylar substrate and coated with the above acrylic film former as
      described.
PAR  The broken pattern of the micromagnet-liquid mixture on the substrate may
      be arranged in several possible geometric patterns. Parallel beads and
      grooves have been described but checkerboard spacing of such shapes as
      squares, triangles, rectangles, and circles are also useful.
PAR  Also, a broken pattern can be arranged which requires only one coating of
      the film-forming composition. Beads of the micromagnet gel mixture, each
      bead extruded to have the cross sectional shape of a parallelogram, and
      the beads extruded quite close together so that they do not touch but
      slightly overlap, can then be covered with the film-forming composition
      which, while covering, fills the separating spaces between and then
      hardens.
PAR  FIG. 5 shows transparent carrier sheet, 48, formed to provide, on either
      side, depressions in which the micromagnet mixture may be deposited.
      Film-forming composition 42 was then applied to cover both sides, sealing,
      in permanent geographic locations within the structure, the micromagnet
      mixture. The fluted contours of transparent carrier 48 was by choice
      designed to provide a slight overlapping of the micromagnet mixture to
      give the effect of an unbroken appearance, but also satisfactory is a flat
      transparent sheet on which the micromagnet mixture is deposited in broken
      patterns on one side which slightly overlap the broken patterns on the
      other. Added and adhered to either side of the structure may then be
      protective sheets and backing.
PAR  A transparent film forms a useful dividing partition but since it may
      refract incident light, its presence may be slightly discernible. It has
      been found that a film disrupted in its continuity by such as minute
      indentations or holes, is optically superior. A one mil clear film, for
      example, thoroughly perforated with holes, preferably smaller that the
      micromagnets used, becomes virtually invisible within the structure. Also
      the same film, used as a substrate for broken pattern deposits, permits
      the suspension liquid to fill the holes within it and minimizes any
      visible lines of distinction between the deposits. Such a netlike
      substrate, carrying the micromagnet deposits can be sealed on the exposed
      side by a suitable adhesive sealant and/or enclosed within an envelope
      structured to have at least one transparent side.
PAR  Drying of the film-forming compositions on a sheet about 10 inches square
      was speeded by heating for 4 minutes, 12 inches under a 250 watt infra-red
      bulb. Coating was done by spraying or pouring.
PAR  The substrate carrying on it the micromagnet liquid mixture in cells
      provides a device which can be used to provide a visual display. If the
      substrate is transparent it may be used as the viewing surface. If it is
      opaque, the transparent cellular side would then be used for viewing.
PAR  FIGS. 6 and 7 show pre-constructed carriers for the micromagnet mixture. In
      FIG. 6 transparent corrugated divider 52 separates sheet 50 from sheet 51,
      at least one sheet of which is transparent, and forms with said sheets
      slightly overlapping triangular spahed compartments for the micromagnet
      mixture. Divider 52 was made of cellulose acetate .001 film corrugated
      between heated right and left threaded 1 in. rollers having UNS-10
      threads. A solvent of, by volume, 4 parts acetone and 1 part isophorone
      was first lightly spread by roller onto sheets 50 and 51 which were .010
      cellulose acetate, and they were then adhered to the corrugated divider as
      shown. Placed between two panes of glass and heated 4 minutes at
      200.degree. F., the union become permanent and warping of the structure
      was prevented.
PAR  Micromagnets averaging about 6 mils were then mixed with clear mineral oil
      that had been thickened with Cab-O-Sil and the mixture was drawn in to
      fill the triangular flutes by suction applied to one end. The ends were
      then sealed with cellulose acetate which had been dissolved, by weight, 1
      part to 10 parts acetone.
PAR  FIG. 7 shows a carrier internally partitioned by individual transparent
      walls 53, inclined to provide a slight overlapping. Contained between the
      partitions are the micromagnets 43 in the suspension liquid 45 and other
      partitioning spacers will be apparent to those skilled in the art.
PAR  In the pre-constructed carriers, the suspension liquid may be such as oil,
      glycerine, or silicone fluid, or any liquid that does not chemically
      attack the material of the carrier or the micromagnets.
PAR  It is usually helpful, with any of the carrier devices disclosed herein, to
      use a backing having a dark color, which will absorb the incident light
      falling between the micromagnets. A light colored background, reflecting
      the incident light tends to interfere with and diminish the resolution of
      the visual display.
PAR  In selecting the substrate or backing, the purpose for which the device is
      intended is first considered. If the external activating magnetic force is
      to be applied from behind, as with a read-out indicator, the substrate
      would be chosen from a nonmagnetic material, such as plastic or paper.
PAR  In the case of a marking device, one in which the activating magnetic force
      is applied from the front, as with a magnetized writing stylus, a
      magnetizable back plate, such as a soft iron sheet, for example, will
      provide a conductor which will tend to concentrate the magnetic lines of
      force from the writing stylus, thus narrowing and strengthening its
      influence on the micromagnets and sharpening the resolution of the pattern
      they form. A carrier, such as paperboard, or a plastic sheet, coated on
      one surface with a suitable adhesive and then covered with iron filings,
      or other powdered magnetic material, will also provide a satisfactory
      magnetic backing.
PAR  In all of the foregoing examples micromagnets having identical color
      codings were used. It is possible, however, to mix various colors together
      and obtain a new color result. A sheet containing, for example, yellow and
      white micromagnets, mixed with others of blue and white, will register a
      display of green and white. The use of such combinations can be
      advantageous in minimizing the number of micromagnets which need be
      prepared to form a wide variety of different colored display devices.
PAR  Materials hardened by catalyst action may be used as well as film-forming
      materials hardened by the evaporation of solvents. Beads of
      micromagnet-oil mixture were patterned across a 1 mil polyester substrate
      and covered with crystal clear epoxy resin (Marblette Resin No. 658 with
      hardener No. 558, the Marblette Corporation). A smooth sheet of polyester
      material (Mylar) was then placed across the epoxy and after the epoxy had
      hardened, the polyester sheet was peeled off leaving a smooth outer
      surface. The procedure was then repeated on the reverse side of the
      substrate, except that the beads of micromagnet-oil mixture were
      alternated, geographically, with those on the other side, thereby making
      the board appear to carry the micromagnets throughout in even dispersion.
      Since the epoxy would not adhere permanently to a polyester sheet, the
      substrate was first thoroughly perforated with minute holes and then
      coated thinly coated with the epoxy. Here, the perforations permitted the
      epoxy coating on both sides to join thru the substrate to form a permanent
      bond. The carrier liquid for the micromagnets consisted of mineral oil
      thickened with Bentone.
PAR  A wide variety of materials useful as film-formers can be employed in
      preparing the device depending upon the particular part of the device for
      which it is employed, the method of preparation, etc. For example, certain
      materials are preferred in preparing the exterior films of sheets, other
      materials are preferred for the interior compartments, while other
      materials are preferred in preparing the included cells, and still other
      materials are preferred for coating areas of fluid-surrounded micromagnets
      to build up sequential compartments. Examples of each have been presented
      herein. These materials are generally polymers, particularly film-forming
      polymers, both organic and inorganic, including both natural and synthetic
      polymers or mixtures of both natural and synthetic polymers.
PAR  The essence of the present invention relates to the use of compartments or
      cells to prevent displacement of the multi-colored micromagnets from their
      assigned position in the sheet without distracting from the desired
      function of the micromagnets such as rotability. By preventing
      displacement, the desired distribution of the micromagnets is maintained
      even under rigorous use. Materials and techniques for achieving this have
      been described herein.
PAR  As is quite evident other film formers and polymers, other suspending or
      carrier fluids permitting mobility including thixotropic agents, other
      micromagnets, etc. are known or will be constantly developed which could
      be useful in this invention. It is, therefore, not only impossible to
      attempt a comprehensive catalogue of such components, but to attempt to
      describe the invention in its broader aspects in terms of specific
      chemical names of all components that could be used would be too
      voluminous and unnecessary since one skilled in the art could by following
      the description of the invention herein select useful polymers, fluids and
      micromagnetics. This invention lies in the preparation of suitable
      multi-colored, magnetically activated display devices and their individual
      components are important only in the sense that they affect the
      preparation of a suitable device. To precisely define each possible
      component and each possible variation in preparative techniques in light
      of the present disclosure would merely call for knowledge within the skill
      of the art in a manner analogous to a mechanical engineer who prescribes
      in the construction of a machine the proper materials and the proper
      dimensions thereof. From the description in this specification and with
      the knowledge of one skilled in the art, one will know or deduce with
      confidence the applicability of specific components suitable in this
      invention. In analogy to the case of a machine, wherein the use of certain
      materials of construction or dimensions of parts would lead to no
      practical or useful result, various materials will be rejected as
      inapplicable while others would be operative. One can obviously assume
      that no one will wish to make a useless multi-colored magnetically
      operated display device nor will be misled because it is possible to
      misapply the teachings of the present disclosure to do so.
PAR  Thus, the examples given herein are intended to be illustrative and various
      modifications and changes in the materials and structures may be apparent
      to those skilled in the art without departing from the spirit of this
      invention. For example, the oil surrounding the micromagnets for the most
      part separates them from the epoxy composition sufficiently to prevent
      adhesive bonding but while the epoxy system is curing it may nevertheless
      touch and tend to adhere to some of the micromagnets and such unwanted
      bonding was minimized or prevented during the curing period by
      occasionally rotating the micromagnets by an externally applied activating
      magnetic field.
PAR  In another embodiment the micro-magnet oil mixture was positioned in a
      broken pattern on a .025 sheet of aluminum substrate and covered with a
      coating of catalyst hardenable polyester (Laminac resin No. 4110, American
      Cyanamid Company with methyl ethyl ketone peroxide as the catalyst) which
      was then allowed to harden.
PAR  The micromagnet-oil mixture was then patterned across to alternate
      geographically with the first deposits and a second coating of the
      polyester resin and then applied to cover and allowed to harden. Each
      coating, while curing, showed a tendency to "crawl" and it was found that
      this untoward movement could be virtually eliminated by spreading across
      the freshly poured coating a restraining web such as a thin diaphanous
      like sheet of tissue paper which, when saturated with the polyester resin,
      became transparent and virtually undetectable within the device. During
      the curing periods the micromagnets were occasionally magnetically rotated
      to discourage the formation of any adhesive bond between them and the
      polyester resin. After the second coating had hardened the board was
      useable for purposes of providing a visual display. A third coating,
      however, was then spread and across it was placed a smooth sheet of Mylar,
      this sheet being unrolled across the coating in a manner which pushed
      ahead and out any air bubbles. After hardening, the Mylar sheet was peeled
      off and the third coating then contributed a smooth surface as well as
      further structural strengthening to the device. As is well known the
      curing period of most catalyst hardening systems can be speeded by the
      application of heat.
PAR  The catalyst hardenable compositions as described provided a rigidly
      constructed durable device capable of withstanding considerable physical
      handling or abuse such as might be expected by a device adapted for use,
      for example, as a marking board for children.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      obtain by Letters Patent is:
NUM  1.
PAR  1. A method of forming a sheet adapted to provide a visual display when
      acted on by exteriorly applied magnetic forces comprising
PA1  a. providing micromagnets of a size range from about 25.mu. to about
      1000.mu., said micromagnets having a constant magnetization vector and
      surface color zones of contrasting colors;
PA1  b. suspending said micromagnets in a transparent carrier liquid of a
      density and viscosity sufficient to hold the said micromagnets in
      suspension at least a period of minutes;
PA1  c. suspending droplets of said carrier liquid containing said micromagnets
      in a liquid organic film-former, the density of the film-former liquid
      being about equal to or slightly less than that of said carrier liquid so
      that said droplets do not rise out of the film-former liquid;
PA1  d. forming the resulting suspension into a thin layer; and
PA1  e. hardening said film-former into a transparent organic polymeric film
      containing said droplets as fluid inclusions.
NUM  2.
PAR  2. A method according to claim 1 wherein said carrier liquid is
      thixotropic.
NUM  3.
PAR  3. A method according to claim 2 wherein said carrier liquid contains a
      finely divided suspending agent.
NUM  4.
PAR  4. A sheet adapted to provide a visual display when acted upon by
      exteriorily applied magnetic forces comprising: A continuous hardened
      organic polymeric film containing as a discontinuous phase discrete
      fluid-containing inclusions, said inclusions having mobile multi-colored
      micromagnets entrapped therein, said micromagnets being rotatable within
      said inclusions and selectively orientable with respect to the faces of
      said film by a magnetic field, said micromagnets being visible through
      said film and having a constant magnetization vector and distinct surface
      color zones of contrasting colors, said sheet being backed by a substrate
      which substrate is comprised of magnetizable material.
NUM  5.
PAR  5. A magnetically actuatable device adapted to provide a visual display
      comprising:
PA1  a. a substrate having thereon in the form of a coating a continuous
      hardened composition containing as a discontinuous phase discrete fluid
      filled inclusions distributed therethrough,
PA1  b. said inclusions having color coded micromagnets encapsulated therein,
PA1  c. said micromagnets being viewable through and rotatable within said
      composition,
PA1  d. said micromagnets having at least two separate and distinct color zones
      and a constant magnetization vector with respect to said color zones and
      being selectively orientable by an external activating magnetic force and
      being in the particle size range of about 25 to 1000 microns.
NUM  6.
PAR  6. A device according to claim 5 wherein said fluid is a transparent oil.
NUM  7.
PAR  7. A device according to claim 5 wherein said substrate has a dark color.
NUM  8.
PAR  8. A device according to claim 5 wherein said substrate is comprised of
      magnetic material.
NUM  9.
PAR  9. A device according to claim 5 wherein the density and viscosity of said
      fluid is sufficient to hold said micromagnets in suspension for at least a
      period of minutes.
NUM  10.
PAR  10. A device according to claim 9 wherein said substrate is comprised of
      magnetic material.
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PAL  A sock for wearing on the feet which is restrained from creeping between
      the toes, when worn in the shoe of the invention. The forward external toe
      section of the sock is fitted with a Velcro patch of a size to engage a
      Velcro patch fastened inside the forward toe section of the shoe. When the
      sock and shoe are worn together, the Velcro sections attach to each other
      maintaining the toe section of the sock in the forward section of the shoe
      and restraining the forward section of the sock from creeping between the
      toes of the wearer.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a sock for wearing on the feet which is restrained from
      creeping between the toes, when worn in the shoe of the invention. The
      forward external toe section of the sock is fitted with a Velcro patch of
      a size to engage a Velcro patch fastened inside the forward toe section of
      the shoe. When the sock and shoe are worn together, the Velcro sections
      attach to each other maintaining the toe section of the sock in the
      forward section of the shoe and restraining the forward section of the
      sock from creeping between the toes of the wearer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an elevation view of the sock of the invention; and
PAR  FIG. 2 is a sectional elevation view of the sock and shoe of the invention,
      in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-2
      show the sock 10 which is made of a conventional fabric and shape for
      fitting over the foot of a wearer. The forward external section 12 of the
      sock 10 is fitted with a Velcro fabric 14 shaped to matingly engage a
      Velcro fabric section 16 fastened inside a shoe 20 at the forward end 25
      of the shoe 20, when the sock 10 and shoe 20 are worn together, with the
      forward end 12 of the sock 10 restrained from creeping between the toes of
      the wearer.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A shoe fitted with a section of Velcro material in the inside forward
      toe section of the shoe for the purpose of engaging the forward section of
      the sock of a wearer of the shoe, said Velcro material being fixed to a
      forward toe section of the shoe that is inclined generally perpendicular
      to the plane of the sole of the said shoe.
NUM  2.
PAR  2. The combination as recited in claim 1 together with a sock of a shape to
      completely enclose the portion of a foot, on which it is worn, within a
      shoe, said sock fitted with a section of Velcro material mounted
      externally of the forward toe section of the sock in a position to
      matingly engage the section of Velcro material located in the toe section
      of the shoe.
NUM  3.
PAR  3. The combination as recited in claim 2 worn together on the foot of a
      user, with the forward section of the stocking engaged to the forward
      section of the shoe so as to retain the forward section of the stocking
      free of engagement between the toes of the wearer.
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PAL  A shoe of mocassin-type wherein the border region of the vamp apron is
      rolled over the edge of the upper, the vamp apron and the upper being
      stitched together by a seam having two substantially parallel rows of
      holes in the border region of the vamp apron and a row of holes which in
      the finished shoe is situated between the two substantially parallel rows
      of holes and close to the edge of the upper. In order to ensure in such a
      shoe perfect fluidtightness of the mocassin seam connecting the vamp apron
      and the edge of the upper, a sealing strip of resilient compressible
      material is inserted between the inner row of holes of the vamp apron and
      the row of holes on the upper, the stitching seam passing through the
      resilient strip and, in the finished shoe, compressing the strip.
BSUM
PAR  The invention relates to a mocassin-type shoe. In these shoes the edge of
      the vamp apron is rolled over the edge of the upper and a seam, of
      stitching, which may give the appearance of plaiting, is used to join the
      vamp apron and the upper. For this purpose two substantially parallel rows
      of holes are formed in the border region of the vamp apron and a row of
      holes, which in the finished shoe is situated between the two
      substantially parallel rows of holes, are formed near the edge of the
      upper.
PAR  Provided the uppers are suitably impermeable there are essentially two
      locations in the so-called mocassin shoes through which water could enter
      the shoe under conditions of wet weather or on other occasions. One such
      location is the region where the upper is sewn to the sole in some manner.
      But at this location a perfect seal can be obtained by a suitable jutting
      out of the sole and reliable gluing in the region of the seam.
PAR  The other position, where it has so far not been found possible to ensure a
      perfect seal against the penetration of water, for example when running on
      a dewey meadow, is the seam which connects the front part of the upper and
      the vamp apron. At this location penetration by water can occur after a
      short period while in the remaining area of the upper no moisture is yet
      noticeable. It is true that it has already been tried to obtain a seal by
      applying adhesive in the region of the upper edge of the upper. But
      satisfactory results can then only be achieved when the edge of the vamp
      apron is appropriately firmly drawn toward the upper edge of the upper by
      the seam, which in many cases impairs the appearance of the shoe, so that
      this waterproofing method is not satisfactory. Moreover, when adhesive is
      used there is a risk of the glued connection bursting when the shoe is
      worn and then a perfect seal is no longer ensured; in this context it
      should be noted that when a mocassin seam is being pleated creases
      generally result in the region of the vamp apron.
PAR  According to the present invention, we provide a mocassin type shoe
      comprising an upper having upwardly turned edge portions, a row of holes
      adjacent said edge in the forward part of the shoe, a vamp apron rolled
      over said forward part of the edge of the upper, an inner and an outer
      substantially parallel row of holes in the border region of said vamp
      apron, a sealing strip of resilient compressible material inserted between
      the inner row of holes of the vamp apron and the row of holes on the
      upper, and a stitching seam passing through the resilient strip and
      through the holes of the upper and the holes of the inner and outer rows
      of the vamp apron, and compressing the strip between the vamp apron and
      the upper.
PAR  With such a construction it is possible to produce a mocassin shoe in which
      a perfect sealing of the seam connecting the vamp apron and the edge of
      the upper is ensured. This seal can be obtained in a simple manner during
      the manufacturing process without it being necessary to turn the upper
      over.
PAR  Thus the invention proceeds from the concept of creating the seal between
      the vamp apron and upper edge of the upper via an additional sealing strip
      which is sewn in at the time of producing the mocassin seam. It is
      obviously sufficient for this strip on the one hand to seal the edge of
      the upper in the region of its row of holes and on the other hand to seal
      the vamp apron in the region of its inner row of holes toward the inside
      of the shoe. Since the outer row of holes is situated outside the upper,
      penetration of water at this location is not detrimental. Clearly, such a
      sealing strip, when it is fastened to the vamp apron or to the edge of the
      upper for example, can be readily sewn in at the time of production of the
      mocassin seam, so that additional and complicated working steps are
      avoided. It is nevertheless possible, as tests have shown, to achieve a
      reliable sealing of the mocassin seam against penetration of water when a
      suitably formed sealing strip is faultlessly applied. It has been found
      that with a shoe designed in accordance with the invention, the water
      first enters through the uppers before it is capable of running into the
      shoe in the region of the mocassin seam. Thus, when a shoe is designed in
      accordance with the invention a reliable sealing of the mocassin seam is
      for the first time obtained, the additional costs, which after all only
      consist in obtaining the sealing strip, being extremely low. A procedure
      according to the invention makes it for the first time possible to produce
      even winter boots of the mocassin type of construction without fear of
      undesired penetration of water. It is essential for the sealing strip to
      consist of resiliently compressible material and for it to be compressed
      by the mocassin seam, since a perfect seal can then be obtained merely by
      the slight compression of the sealing strip at the time of production of
      the mocassin seam, without any further measures being required.
PAR  A sealing strip which is substantially triangular in cross-section is
      preferably utilised, a first surface of the triangular strip covering the
      inner row of holes of the vamp apron and a second surface covering the row
      of holes of the upper. Such a sealing strip has the advantage of barely
      swelling upon its being sewn into the mocassin seam in the portion of the
      roll formed by the seam and situated at the upper side of the shoe, while
      on the other hand the thicker portion of the strip formed, so to speak, by
      the base of the triangle is adequately compressed during the sewing-in
      procedure to ensure a reliable sealing effect.
PAR  When, in such a triangular sealing strip, the free side surface of the
      sealing strip is of somewhat concave configuration, then no portion of the
      strip is excessively displaced toward the interior of the shoe whilst the
      seam is sewn and the sealing strip compressed, which could reduce the
      comfort of the shoe and possibly even to pressure points.
PAR  Advantageously, the first surface of the triangular sealing strip is
      adhesively affixed to the vamp apron such that it overlaps the inner row
      of holes on both sides thereof. This adhesive connection of the sealing
      strip and the vamp apron is, of course, effected prior to the vamp apron
      being sewn into the front portion of the upper. The adhesive connection
      thus, on the one hand, provides the advantage of the sealing strip being
      reliably maintained in its place during sewing of the mocassin seam, and
      on the other hand the adhesive or other manner of securing the triangular
      strip precisely over the inner row of holes of the vamp apron contributes
      to a further improvement of the fluid-tightness, although in most cases
      this would not be necessary at all.
PAR  Foam rubber or a material of similar effectiveness has proved particularly
      advantageous as material for the compressible sealing strip.
PAR  According to a further embodiment of the invention it is possible to
      proceed in such a manner that the sealing strip is substantially T-shaped,
      the T-web portion engaging between the vamp apron and the edge of the
      upper while the T-cross beam portion covers the region of the mocassin
      seam facing the interior of the shoe. When such a sealing strip is
      carefully positioned in, then a satisfactory waterproofing effect is also
      obtained. This effect is particularly good when the sealing strip is
      adhesively affixed to the edge of the upper and to the vamp apron in at
      least the region of the T-cross beam portion. The adhesive connection can
      be made in any of the known manners so that it is not necessary to deal in
      greater detail with the method of producing it.
DRWD
PAR  In order that the invention will more readily be understood, the following
      description of two preferred embodiments of a shoe according to the
      invention is given, reference being made to the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective view of a section of the front portion of a first
      embodiment of mocassin shoe according to the invention;
PAR  FIG. 2 is a plan view of the internal side of the vamp apron used in the
      shoe of FIG. 1, prior to its being incorporated in the shoe;
PAR  FIG. 3 is a section taken along line III--III of FIG. 2;
PAR  FIG. 4 is a section through the mocassin seam between the vamp apron and
      upper in the finished state, the components being additionally indicated
      in that position which they assume before the mocassin seam is applied;
      and
PAR  FIG. 5 is a scrap cross-section of a further embodiment of a mocassin seam
      with a seal according to the invention.
DETD
PAR  The shoe of mocassin type construction, the front portion of which is
      illustrated in section in FIG. 1, has an upper generally designated by the
      numeral 1, the portion 2 of which extends below the foot. A running sole 3
      is attached in the region 2 of the upper 1 in some manner which is of no
      importance for the invention and is, therefore, not described in greater
      detail.
PAR  The edge of a vamp apron 6 is rolled over the upper edge 4 of the upper,
      forming a roll 5.
PAR  For the purpose of connecting the edge 4 of the upper to the vamp apron 6
      the edge of the upper has a row of holes 7. Further, the vamp apron 6 is
      also provided with two rows of holes, i.e. an inner row of holes 8 and an
      outer row of holes 9 (FIG. 2). For the purpose of forming the mocassin
      seam 10 the edge of the vamp apron 6 is folded over the upper edge 4 of
      the upper in a manner which is apparent from FIGS. 1, 4 and 5. A thread
      for forming the seam 10 is then passed through the two rows 8, 9 of the
      vamp apron 6 and the row of holes 7 in the upper edge 4 of the upper
      situated therebetween, whereby the edge 4 of the upper and the rim 11 of
      the vamp apron 6 are moved from the position shown in broken lines in FIG.
      4 to that shown in solid lines in FIG. 4.
PAR  The above description conforms to the conventional shoe of mocassin type. A
      shoe according to the invention differs only in that a sealing strip 12
      (in FIGS. 1 to 4) or 12' (in FIG. 5) is sewn in between the upper edge 4
      of the upper and the inner row of holes 8 of the vamp apron. This sealing
      strip 12, 12' effects a seal of the possible water passages formed by the
      holes of the row of holes 7 in the edge 4 of the upper and in the vamp
      apron 6.
PAR  In the embodiment illustrated in FIGS. 1 to 4 the sealing strip 12 is of
      substantially triangular configuration in cross-section (FIG. 3). As is
      clearly apparent from FIG. 3 its first side surface 13 covers the inner
      row of holes 8 of the vamp apron 6. To this end the sealing strip 12 is
      customarily glued to the inside of the vamp apron 6 prior to production of
      the mocassin seam, in the manner apparent from FIG. 2. As can be seen in
      FIG. 2 the two ends of the sealing strip 12 may be chamfered at 14 for the
      purpose of forming a good transition.
PAR  The second side surface 15 of the sealing strip 12 adheres from the inside
      to the upper edge 4 of the upper and thus seals the row of holes 7 in the
      upper 1 against penetration of water. The sealing strip 12 which is
      triangular in cross-section consists of a compressible material, for
      example foam rubber. Upon compression during production of the seam 10, as
      is apparent from FIG. 4, the material is displaced from the interior of
      the sealing strip 12 in the direction of the arrow 16 of FIG. 3. In order
      now to ensure that the sealing strip 12 does not undesirably swell or
      bulge inside the shoe the third side surface 17 of the sealing strip 12 is
      of slightly concave configuration, as can be clearly seen in FIG. 3. In
      the compressed sealing strip 12 there thus results substantially the
      contour of the third side surface 17 which is shown in FIG. 4.
PAR  It can readily be understood that no additional operational expenditure is
      required for sewing in the sealing strip 12, which, according to FIGS. 2
      and 3, has been adhesively affixed to the vamp apron 6 in the region of
      the inner row of holes 8 thereof, at the time of sewing of the seam 10.
      The adhesive application of the sealing strip 12 can also be performed
      with little expenditure of labour.
PAR  When the sealing strip 12 is suitably designed it is optionally possible to
      obtain, apart from the sealing effect, an additional effect, i.e. that, by
      virtue of the action of the compressible sealing strip 12, a particularly
      clean formation of the edge 18 at the inner side of the roll is obtained
      in the production of the sewn seam 10.
PAR  FIG. 5 shows a further embodiment of a shoe according to the invention
      provided with a sealing strip, which may be of advantage in certain cases
      of application. In this embodiment the sealing strip 12' is in
      cross-section substantially T-shaped. The web portion 19 of the sealing
      strip 12' engages between the upper edge 4 of the upper and the region of
      the vamp apron 6 carrying the inner row of holes 8. Under certain
      circumstances the mere sewing of this web portion 19 may suffice perfectly
      to seal the mocassin seam 10. But in order additionally to improve the
      sealing effect the parts of the cross-beam portion 20 which project at
      either side from the web portion 19 somewhat overlap the upper 1 and the
      vamp apron 6. These may be adhesively secured to the upper 1 and/or the
      vamp apron 6. Provided the sealing strip 12' also consists of a waterproof
      material a reliable seal is obtained also in this manner. Actually, the
      embodiment of FIG. 5 will generally only be employed when a shoe is lined,
      since the cross-beam portion 20 is relatively broad and therefore
      conspicuous.
PAR  It can readily be seen that many possibilities of modifications exist which
      relate more particularly to the kind of material of the sealing strip and
      its cross section.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mocassin type shoe comprising an upper having upwardly turned edge
      portions, a row of holes adjacent said edge in the forward part of the
      shoe, a vamp apron rolled over said forward part of the edge of the upper,
      an inner and an outer substantially parallel row of holes in the border
      region of said vamp apron, a sealing strip of resilient compressible
      material inserted between the inner row of holes of the vamp apron and the
      row of holes on the upper, and a stitching seam passing through the
      resilient strip and through the holes of the upper and the holes of the
      inner and outer rows of the vamp apron, and compressing the strip between
      the vamp apron and the upper.
NUM  2.
PAR  2. A mocassin type shoe as claimed in claim 1, wherein the sealing strip is
      of a substantially triangular cross-section, having first, second and
      third surfaces, the first surface covering the inner row of holes of the
      vamp apron and the second surface covering the row of holes of the upper.
NUM  3.
PAR  3. A mocassin type shoe as claimed in claim 2, wherein the third surface of
      the sealing strip is formed to be slightly concave.
NUM  4.
PAR  4. A mocassin type shoe as claimed in claim 2, wherein the first surface of
      the sealing strip is secured to the vamp apron in overlapping relation to
      the inner row of holes thereof.
NUM  5.
PAR  5. A mocassin type shoe as claimed in claim 4, wherein the sealing strip is
      secured to the vamp apron adhesively.
NUM  6.
PAR  6. A mocassin type shoe as claimed in claim 1, wherein the sealing strip
      consists of a foam material.
NUM  7.
PAR  7. A mocassin type shoe as claimed in claim 1, wherein the sealing strip is
      of a substantially T-shaped cross-section, having a web portion and a
      crossbeam portion, the web portion engaging between the vamp apron and the
      upper, while the crossbeam portion covers the region of the seam facing
      inwardly of the shoe.
NUM  8.
PAR  8. A mocassin type shoe as claimed in claim 7, wherein the cross-beam
      portion of the sealing strip is adhesively secured to the edge of the
      upper and to the vamp apron.
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ABST
PAL  An adhesive system is described as including an adhesive having dispersed
      metal particles whose function it is to emit heat for the purposes of
      breaking the bond formed by the adhesive when such action is desired.
      Specifically, metal particles are embedded within a suitable adhesive
      material which loses strength at a predetermined, relatively low
      temperature. When it is desired to break the bond formed by the adhesive,
      the metal-filled adhesive is placed in a rapidly varying magnetic or
      electromagnetic field so that the metallic inclusions transfer heat to the
      adhesive material, thereby raising it to a level which will break the bond
      formed thereby.
BSUM
PAR  This invention relates primarily to adhesive systems and more particularly
      to such systems whose bond may be selectively destroyed or weakened.
PAR  Adhesives of high adhesive strength form bonds which are considered
      permanent. Such bonds may only be destroyed by the addition of chemical
      solvents or heating which also serve to destroy the materials connected by
      the adhesive. For many years now, designers in many product fields have
      sought an adhesive having permanent strength characteristics and yet whose
      bond may be weakened or destroyed without affecting more than a narrow
      zone encompassing the bonded areas.
PAR  For instance, with shoe products, it would be particularly advantageous to
      connect the sole of a shoe to the upper thereof, such that when the sole
      becomes worn, the adhesive connecting it to the upper of the shoe can be
      removed without destruction of the shoe upper. Typically, shoe soles are
      bonded to shoe uppers by means of a non-permanent adhesive and/or
      stitching, both of which tend to give way easily during normal wear. For
      instance, it is not uncommon for a shoe sole to separate from the shoe
      upper because of the wearing and breaking of the thread connecting them.
PAR  Accordingly, a primary object of the present invention is to provide an
      adhesive system for bonding two items with what is commonly considered a
      permanent bond, and yet which bond may be weakened or destroyed when it is
      desired to separate the items.
PAR  A further and more particular object is to provide an adhesive system which
      is useful in permanently bonding shoe soles to shoe uppers in such a way
      that the bond may be broken without destroying the upper of the shoe.
PAR  These and other objects are accomplished in one illustrative embodiment of
      the invention which features an adhesive material having permanent
      adhesive characteristics for bonding two items. Dispersed throughout the
      adhesive material are a plurality of energy absorbing elements whose heat
      is used to weaken the adhesive characteristics of the adhesive material.
      Specifically, metallic inclusions dispersed throughout the adhesive
      material are used to heat the adhesive material thereby to weaken or
      destroy the bond formed by the material. A coil surrounding the adhesive
      material and its metallic inclusions provides a rapidly varying magnetic
      or electromagnetic field whose energy is absorbed by the metal and
      transferred to the adhesive material, thereby to weaken or destroy its
      bond by heating. Such a system is not subject to the deficiencies of the
      existing systems, so that the items bonded by the adhesive material are
      preserved throughout the adhesive destruction process.
DRWD
PAR  The above brief description, as well as further objects, features and
      advantages of the present invention will be more fully appreciated by
      reference to the following detailed description of the preferred, but
      nonetheless illustrative, embodiment, when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a side view of a typical shoe shown to illustrate a preferred
      application of the present invention;
PAR  FIG. 2a is an enlarged, sectional representation of a portion of the shoe
      of FIG. 1 taken along the line 2a--2a of that FIG. and illustrating the
      bonding of a shoe sole and shoe upper by means of an adhesive system
      according to the present invention;
PAR  FIG. 2b is a sectional representation, similar to FIG. 2a, but
      alternatively illustrating the use of energy absorbing capsules to
      encapsulate an adhesive destroying solvent;
PAR  FIG. 3 is a schematic representation of the shoe of FIG. 1 surrounded by a
      coil connected to a source of a varying magnetic field to be used with the
      system illustrated in FIG. 2a or connected to any source of energy to be
      used with the system illustrated by FIG. 2b; and
PAR  FIG. 4 is a view similar to that of FIG. 1 but showing the result of
      adhesive destruction which enables removal of the shoe sole without
      destruction of the shoe upper.
DETD
PAR  Referring to the drawings, FIG. 1 illustrates a typical shoe construction,
      generally designated 10 which includes shoe sole 12, shoe upper 14 and
      heel 16. As stated previously, shoe upper 14 is usually attached to sole
      12 by means of a non-permanent adhesive and additionally stitching or
      stapling, which bonding system is subject to the wear drawbacks previously
      recited. According to the present invention, a permanent adhesive 18, as
      shown in FIG. 2a is used to bond upper 14 to sole 12 by means well known
      in the art. However, a plurality of metal particles 20 are dispersed
      throughout adhesive 18, with such particles having sufficient electrical
      conductivity and/or permeability to be used as will be described herein.
PAR  Alternatively, it is suggested that a solvent be dispersed and mixed
      throughout the adhesive for actuation thermally by heat being absorbed by
      metal particles 20, also dispersed throughout the adhesive material 18.
      However, the control of such solvent is more difficult in terms of a
      substantially homogeneous mixture than would be the simple use of metal
      particles.
PAR  By using capsules 24 as shown in FIG. 2b to encapsulate solvent 22 and
      metal particles 20 to absorb energy and give off heat, the effect of
      heating can be much more easily controlled. For instance, if capsule 24 is
      comprised of a thermoplastic material which absorbs heat and thereby
      releases the solvent, the effect on the shoe is much less and the
      desirable limited zone of affected area much more controllable.
PAR  Specifically, it is recommended that the following materials be used as
      metallic inclusions 20 for adhesive material 18:
PA1  1. Purified iron -- 99.9% or lower
PA1  2. Permendur -- 49.7% Fe, 50% Co, .3% Mn
PA1  3. 2V Permendur -- 49% Fe, 49% Co., 2% V
PA1  4. 45 permalloy -- 54.7% Fe, 45% Ni, .3% Mn
PAR  Of the above, Permendur is preferred since it has the highest hysteresis
      loss in ergs/cm.sup.3 /cycle. However, iron is less expensive, even in the
      purified form, and therefore would be useful for that reason in many more
      applications.
PAR  The following table shows the hysteresis loss comparison for the above
      mentioned metallic fillers in terms of saturation flux density (B in
      Gauss), coefficient of hysteresis (.nu.) and Hysteresis loss (W.sub.h in
      ergs/cm.sup.3 /cycle), where W.sub.h = .nu.B.sup.1.6 and 1 Gauss = 1
      Maxwell/cm.sup.2 :
TBL  B         .eta.       Material    W.sub.h                                 
     ______________________________________                                    
     21,500  0.59 .times. 10.sup..sup.-3                                       
                          Purified Iron                                        
                                       5,000                                   
     24,500  1.15 .times. 10.sup..sup.-3                                       
                          Permendur    12,000                                  
     24,000  0.675 .times. 10.sup..sup.-3                                      
                          2V Permendur 6,000                                   
     16,000  0.226 .times. 10.sup..sup.-3                                      
                          45 Permalloy 1,200                                   
     ______________________________________                                    
PAR  FIG. 3 shows a shoe 10 with upper 14 bonded to sole 12 by either the
      construction of FIG. 2a or the construction of FIG. 2b. Coil 26 is used in
      connection with an alternating electric current source 28 to generate a
      varying electromagnetic field in which shoe 10 is situated. Coil 26
      provides energy so that particles 20 can absorb energy from the field and
      give off heat. When sufficient energy is absorbed and enough heat is
      generated thereby, adhesive 18 loses strength and the bond is easily
      broken by a modest application of force. Likewise, using the system of
      FIG. 2b, metal particles 20 absorb energy from coil 26 and serve to heat
      capsules 24, which, in turn, are melted or weakened so that, e.g.,
      mechanical force (such as in flexing a shoe) can break the capsules to
      release solvent 22. Solvent 22, by chemical action, then breaks the bond
      of adhesive material 18.
PAR  In order to complete an understanding of the present invention, a series of
      typical construction and operational steps will now be described.
PAR  Using the shoe product field as a typical application of the present
      invention, by way of example only, a shoe upper is constructed in the
      usual manner and a sole 12 is attached to the upper by means of an
      adhesive system such as that shown in FIG. 2a, wherein the adhesive
      material 18 has dispersed therethrough particulate metal 20. The metal may
      be of any of the specific materials recommended previously in this
      application as well as others not mentioned. The adhesive can be chosen
      from the following group or any other suitable adhesive:
PA1  1. Eastman 910 (cyanoacrylate)
PA1  2. Eccobond 90H (rubber base adhesive)
PA1  3. Eccobond 24 or 45 (epoxy resin systems)
PAR  One of the best of the above recommendations is Eccobond 90H since it loses
      strength at a reasonably low temperature of about 200.degree.F. The other
      recommendations require about 250.degree.F.
PAR  If it is desired to break the bond shown by the representation of FIG. 4,
      wherein sole 12 is easily pulled away from upper 14, the system of FIG. 3
      is useful. A source of energy 28 is connected to coil 26 which surrounds
      shoe 10. The energy causes particles 20 to emit heat, thereby weakening
      the strength of adhesive material 18 and enabling the action represented
      by FIG. 4.
PAR  By use of the present invention, an adhesive system for bonding two items
      with what is commonly considered a permanent bond, and yet which bond may
      be weakened or destroyed, is provided. Such bond may be weakened or
      destroyed without any significant effect on the items bonded.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive system for bonding two items comprising an adhesive material
      having permanent adhesive characteristics and which loses adhesive
      strength when heated, electro-magnetic energy absorbing elements in the
      form of metal particles imbedded in said material, capsules for enveloping
      said elements and an adhesive weakening solvent disposed within said
      capsules with said elements, said energy enabling weakening of said
      adhesive characteristics to break said bond.
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ABST
PAL  An apparatus for supporting a needlework frame in a plurality of adjustable
      positions. The apparatus includes a pair of upright posts which may be
      located at opposite ends of the working frame or may be located at one end
      with the working frame cantilevered therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to supports of various kinds and relates
      particularly to supports for adjustably mounting a needlework frame in a
      plurality of positions.
PAR  2. Description of the Prior Art
PAR  Heretofore many efforts have been made to provide a support for a
      needlework frame of the type used in embroidery, crewel, needlepoint, rug
      hooking and other fancywork in which the working frame has mounted thereon
      at least a segment of a base material such as lightweight canvas, burlap,
      warp cloth, or the like. Many of these frames, such as embroidery hoops or
      narrow panel frames, have been designed to be held in one hand while the
      stitchery was done with the other hand. These frames, however, restrict
      the stitchwork to a one-hand operation which can become both tiring and
      uncomfortable.
PAR  Other frames, usually but not necessarily used for larger needlework
      projects have been mounted to upright standards or posts. Frequently, the
      opposite ends of such frames have been swingably mounted about the upright
      posts so that the needlework could be done from one side of the frame and
      thereafter the frame could be rotated to perform any cutting or knotting
      operations. Many of these previous structures, however, are such that it
      is necessary for a person doing the needlework to sit in a straightback
      chair or the like in order to have the working frame conveniently
      positioned.
PAR  Some examples of the prior art are the patents to Angus U.S. Pat. No.
      104,685; States U.S. Pat. No. 347,743; Crawford U.S. Pat. No. 579,472;
      Meyer et al U.S. Pat. No. 2,318,877; Lamme U.S. Pat. No. 2,884,737; and
      Johnson et al U.S. Pat. No. 3,774,325.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in an apparatus for supporting a working
      frame used in fancywork. The apparatus includes a pair of generally
      upright standards which may be disposed at opposite ends of the working
      frame and swingably connected thereto when desired, or such upright
      standards may be located in side-by-side relationship and connected
      together by auxiliary apparatus which is connected to one end of the
      working frame so that the working frame may be cantilevered outwardly from
      the upright supports but is still capable of swinging movement along a
      plurality of axes.
PAR  It is an object of the invention to provide a support for a fancy stitchery
      working frame which can be either connected to opposite ends of the
      working frame or may be located in side-by-side relationship with each
      other and the working frame adjustably cantilevered therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustrating one application of the invention in
      use.
PAR  FIG. 2 is an enlarged perspective of the apparatus per se.
PAR  FIG. 3 is an enlarged fragmentary section on the line 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective illustrating another application of the invention.
PAR  FIG. 5 is an enlarged fragmentary section on the line 5--5 of FIG. 4.
PAR  FIG. 6 is an exploded perspective of a modified support member.
PAR  FIG. 7 is an enlarged section on the line 7--7 of FIG. 6.
PAR  FIG. 8 is a section on the line 8--8 of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With further reference to the drawings, the embodiment of the invention
      includes a pair of upright posts 10 and 11 each of which is supported by a
      foot member 12 and 13, respectively, having a recess 12', 13' for
      receiving the lower ends of the posts and connected thereto by suitable
      fastening means 15. As viewed in FIG. 2, the outer surfaces 16, 17 of the
      posts are plain and the inner surfaces are provided with a series of
      spaced recesses or notch means 18, 19 for receiving a spacer member 20
      between any oppositely disposed or facing pair of notches. In order to
      further secure the spacer member, a bolt means 21 extends from each end of
      the spacer member for reception in openings 22 within the notch portions
      of the post and are secured therein by wing nuts 23.
PAR  In order to afford greater stability of the upright posts, a cross member
      25 is mounted in notches 26 which are formed in an edge adjacent to the
      lower ends of each post and secured by suitable fastening means 27.
PAR  A yarn sorter 30 having a cross bar 31 and a plurality of spaced fingers 32
      may be mounted in the notches 33 at the upper ends of the upright posts
      and thereby be conveniently positioned for use while affording added
      stability to the support structure.
PAR  The spacer member 20 has a transverse horizontal opening or bore hole 35
      which receives a dowel rod 36 or other rod means. As indicated in FIG. 3,
      the end of the dowel rod or rod means is received within a clamping member
      37 having opposed clamping elements 38, spaced adjustable fastening
      elements 39 and central recess portions 40 which receive the end of the
      dowel rod 36.
PAR  A support block or support means 42 is connected by a hinge 43 to the upper
      clamping element 38, the hinge permitting the block to be lifted but not
      permitting downward movement past the horizontal position illustrated in
      FIG. 3.
PAR  An end member 45 of a working frame 46 is connected to the support block 42
      by suitable fastening means 47. The end member 45 of the working frame has
      the usual slotted recesses 48 adjacent to its ends for receiving spaced
      dowels 50 on which the tapestry or base material is wound; the other ends
      of the dowels being received in a second end member 52.
PAR  In the operation of the device which has been described, the height of the
      dowel rod 36 may be adjusted by selecting the recesses between which the
      spacer member 20 is mounted. The dowel rod 36 is frictionally received
      within the bore hole 35 thereby permitting angular adjustment about its
      axis to suit the desires of the user, as illustrated in FIG. 1. The
      working frame 46 may be moved out of the way of its user by rotating it
      about the hinge 43.
PAR  In certain types of stitchery, it is necessary or desirable that the
      working frame be reversible from end to end. In order to facilitate such
      reversal, the invention includes the provision of a readily detachable
      mount for the working frame, as more particularly illustrated in FIGS. 6,
      7 and 8. In this modification, the dowel rod 36 is connected to the
      clamping member 37 and leaf of hinge 43, as previously described. The
      other leaf of the hinge, however, is connected to a modified support block
      56. The block 56 has spaced side members 57, 58 which are secured by an
      engaging member 59 having teeth 60 and slots 61 therebetween.
PAR  In order to accommodate either end member of the working frame, each of
      such working frame end members has attached thereto an engaging member or
      tooth member 63 which is of a size and configuration snugly to engage the
      toothed member 59 which is connected to the hinge 43. While a tooth type
      connection is illustrated, other types of easily removable connections are
      contemplated. This mounting connection permits relatively easy attachment
      of the working frame by either of its ends so that the same may be
      reversed as desired.
PAR  The application of the invention as described above is especially adapted
      for mounting a relatively small working frame for convenient use by a
      person sitting in a chair or extended over his bed, the mounting being a
      cantilever which can be rotated as well as swung up and down so that it
      may be easily moved out of the way.
PAR  The invention also provides for the mounting of a working frame which may
      be substantially larger. This application is accomplished by changing the
      arrangement of the supporting members to that illustrated in FIGS. 4 and
      5. Thus in order to convert the support from that of FIG. 2 to that of
      FIG. 4, the spacer member 20 is removed together with the cross member 25
      and the yarn sorter 30. Each post 10, 11 is then rotated 180.degree. so
      that the smooth surfaces are facing each other and the posts are spaced
      apart a distance corresponding to the spacing of the end members 45', 52'
      of the working frame 46. The end members are provided with fastening
      members 65 centrally thereof which pass through oppositely disposed
      openings 22 at the desired height, such fastening members permitting
      angular adjustment and rotation of the working frame.
PAR  In order to add stability to the upright posts, an adjustable cross brace
      70 is provided. The cross brace has end members 71 which are received in
      the slots 26 of the post and are connected by a member 72, the ends of
      member 72 and the free ends of members 71 being provided with slots and
      fastening members which permit longitudinal adjustment of the effective
      length of the cross brace 70.
PAR  The yarn sorter in this application is mounted in one of the recesses 19
      and secured by fastening means 75.
PAR  If desired, the cantilever support may be mounted on the outer sides of one
      of the posts, as illustrated in FIGS. 4 and 5. Thus an end of the spacer
      member 20 is received in an appropriate recess and secured thereto by the
      fastening means with the dowel rod 36 extending downwardly therefrom. A
      working frame may be mounted therein for storage or convenient reference
      as desired. An auxiliary support may be provided by connecting an end of
      the cross member 25 to the outer end of the spacer member by a fastening
      means 23.
PAR  In the application of the device as illustrated in FIGS. 4 and 5, a
      relatively large frame may be accommodated in such manner that it is
      convenient for working and it may be turned to the appropriate position as
      required.
PAR  The invention provides a relatively simple structure for alternative
      support of a working frame either by a cantilever arrangement or directly
      between upstanding posts, the support structure being readily
      interchangeable and adaptable for a variety of manners of use.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for adjustably supporting a fancywork frame in a plurality
      of positions, comprising a pair of upright posts, a spacer member, means
      for mounting the spacer member at a selected height between said posts,
      rod means carried by said spacer member and extending transversely thereof
      and being longitudinally and rotatably adjustable relative thereto,
      support means connected to said rod means, and means for mounting the
      fancywork frame on said support means, whereby said posts may be disposed
      in side-by-side relationship and the fancywork frame selectively
      cantilevered from the spacer member and angularly adjusted relative to
      said posts.
NUM  2.
PAR  2. The invention of claim 1, said posts having first and second generally
      parallel surfaces, the first surface of each of said posts being
      relatively smooth and the second surface of at least one post having at
      least one notch means, whereby said spacer member may be selectively
      mounted in one of said notch means.
NUM  3.
PAR  3. The invention of claim 2 in which said spacer member has an outwardly
      extending bolt at each end and said notch means has an opening for
      receiving a bolt.
NUM  4.
PAR  4. The invention of claim 1 in which said spacer member has a transverse
      bore adapted snugly to receive said rod means.
NUM  5.
PAR  5. The invention of claim 1 in which said support means includes an
      adjustable clamping member for engagement with said rod means.
NUM  6.
PAR  6. The invention of claim 1 in which said means for mounting a working
      frame on said support means includes hinge means thereby permitting said
      working frame to be angularly positioned relative to said rod means.
NUM  7.
PAR  7. The invention of claim 1 including yarn sorter means, and said posts
      having means for simultaneously engaging said yarn sorter means, whereby
      said yarn sorter means is effectively positioned and assists in
      maintaining the stability of the posts.
NUM  8.
PAR  8. The invention of claim 1 in which said support means has a first
      engaging means, a second engaging means mounted at each end of the
      fancywork frame, whereby either end of the fancywork frame may be mounted
      on the support means.
NUM  9.
PAR  9. The invention of claim 8 in which said first engaging means is a square
      tooth structure and said second engaging means is a complementary square
      tooth structure.
NUM  10.
PAR  10. An apparatus for providing a working support for fancywork comprising a
      fancywork frame, support means for adjustably supporting said fancywork
      frame in a plurality of positions including first and second upright posts
      having upper and lower portions, said first and second posts having
      opposed facing surfaces having a plurality of vertically spaced openings
      adjacent their upper portions, said vertically spaced openings of said
      first post being in substantially horizontal alignment with said
      vertically spaced openings in said second post, and means for selectively
      mounting said fancywork frame in a pair of aligned openings in said posts,
      whereby said means for mounting said fancywork frame permit said frame to
      be angularly adjusted relative to said first and second posts.
NUM  11.
PAR  11. The structure of claim 10 including extensible brace means disposed
      between said first and second posts, and means for mounting said brace
      means adjacent said lower portion of said first and second posts.
NUM  12.
PAR  12. An apparatus for adjustably supporting a fancywork frame in a plurality
      of positions comprising a pair of upright posts having first and second
      generally parallel surfaces, the first surface of each of said posts being
      relatively smooth and the second surface having a plurality of recesses,
      each of said recesses having a bolt receiving hole extending through said
      post and providing an opening on the smooth side thereof, an elongated
      spacer means having an outwardly extending bolt carried by each end and
      adapted to be cooperatively received within aligned recesses of said posts
      when the recessed surfaces of said posts are in facing relationship with
      each other, said outwardly extending bolt of one end of said spacer means
      being selectively received in one of said openings along said first side
      of one of said upright posts when said posts are positioned with said
      first surfaces in facing relationship with each other, a bore hole
      extending through said spacer means generally normal to the longitudinal
      axis thereof, an elongated cylindrical dowel rod means, a support block
      hingedly connected to said clamp member, and means for mounting the
      working frame on said support block, whereby when said upright posts are
      positioned so that said first surfaces are in opposed facing relationship
      the fancywork frame may be supported at opposite ends between said upright
      posts and selectively when said upright posts are positioned with said
      second surfaces in opposed facing relationship, said posts may be disposed
      in side-by-side relationship with said spacer means extending between said
      aligned recesses and the fancywork frame may be cantilevered therefrom.
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ABST
PAL  An index system for indexing directories such as telephone books includes a
      paper guide strip positioned adjacent a film plastic tab strip segmented
      into a plurality of uniquely identified tabs spaced along the tab strip.
      The guide and tab strips are coupled to one another along adjacent edges
      by means of an adhesive transfer strip extending the length of the guide
      and tab strips along the junction thereof on one side. As tabs are removed
      for application, the pressure-sensitive adhesive is transferred to the
      tabs while the guide and transfer strips serve as a guide for positioning
      the tabs on the pages of the directory.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to index systems and more particularly to an
      improved index tab structure for application of tabs to pages of a book.
PAR  Several indexing systems are available for application of index tabs to
      books such as telephone directories whereupon the tabs extend from the
      edge of the book to identify alphabetical or numerical subdivisions of
      these directories. One such system is represented by U.S. Pat. No.
      3,303,080 issued to J. Aguilera on Feb. 7, 1967. This and several other
      systems employ a tab which requires folding of the tab during its
      application and a pressure-sensitive tape for coupling the tab to opposite
      sides of the page to which the tab is applied. Such construction is
      somewhat complex and, therefore, expensive as well as being cumbersome to
      employ when applying the tabs.
PAC  SUMMARY OF THE INVENTION
PAR  The index system of the present system, however, overcomes the relatively
      complex structure of the prior art and provides a tab system whereupon
      tabs are provided with a single pressure-sensitive adhesive contact
      surface and are manufactured in conjunction with a guide and adhesive
      transfer strip to facilitate the application of the tabs to the pages of a
      book. In addition, the improved structure is relatively uncomplicated thus
      reducing the cost of manufacture.
PAR  Index systems embodying the present invention include a tab strip segmented
      into a plurality of indexing tabs and guide and adhesive transfer means to
      which the tab strip is coupled. The guide and adhesive transfer means
      provides support for the tab strip and apply adhesive to tabs as they are
      removed for application. The guide and transfer means also provides a
      reference for accurately applying tabs along successive sections of a
      book.
PAR  It is an object of the present invention, therefore, to provide an improved
      index tab system.
PAR  It is a further object of the present invention to provide an indexing
      system whereupon a tab with a single pressure-sensitive adhesive surface
      is employed.
PAR  Another object of the present invention is to provide an index system for
      employing a tab strip and an adhesive transfer strip for transferring
      adhesive to the tab members as they are removed for application.
PAR  Still a further object of the present invention is to provide an indexing
      system employing a guide strip adjacent a tap strip which is removably
      coupled by means of an adhesive transfer strip.
PAR  These and other objects of the present invention will become apparent upon
      reading the following description thereof together with the accompanying
      drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the index system embodying the present
      invention showing tab H removed therefrom;
PAR  FIG. 2 is an enlarged cross-sectional view of the tab system shown in FIG.
      1 taken along section lines II--II; and
PAR  FIG. 3 is a perspective view of a directory to which the tabs of the
      present invention have been applied.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, there is shown the index system which
      comprises a paper guide strip 10 having an upper surface 12 and a lower
      surface 14. Printed on the upper surface are written instructions 13 for
      the application of the tabs associated with the system. Along the right
      edge 15 there is provided an index arrow 16 which identifies the reference
      edge for applying the tabs as described below.
PAR  Adjacent the bottom edge 17 (as seen in FIG. 1) of the guide strip 10,
      there is positioned an indexing tab strip 20 segmented into a plurality of
      discrete tabs 22a-22z, each of which includes printed indicia 23a-23z
      which, in the preferred embodiment, is the alphabet. Additional tabs 24
      are provided for miscellaneous use such as identifying YELLOW PAGES,
      directory subheadings, indices, etc. In other embodiments, different
      alphabets or numerical tabs may be employed. The tabs are divided into a
      tab indicia portion 22 and an adhesive portion 28 of approximately the
      same size. Dividing line 26 indicates the boundary between these integral
      areas. In the preferred embodiment, the individual tabs were segmented by
      cutting lines 25 across the width of the strip between each of the tabs to
      define its boundaries.
PAR  The tab strip and tabs thereon are removably coupled to the guide strip by
      means of an adhesive transfer strip 30 comprising a wax impregnated base
      strip 32 to which there is applied a pressure-sensitive adhesive 34 which
      adheres to base 32 only slightly and will transfer to the tabs when the
      tabs are removed. The transfer tape is coupled to the junction of the
      guide strip and the tab strip to extend along and have an edge 35 parallel
      to and in spaced relationship from edge 29 of the tab strip and overhang
      the tab strip for attachment of the guide strip as best seen in FIG. 2.
      Several materials can be employed for the tab strip as well as the
      transfer tape. In the preferred embodiment, a .005 inch thick film of
      transparent plastic material was employed. The plastic can be ABS, acrylic
      acetate or other film plastic which is relatively rigid and will
      accommodate printing of the index indicia thereon. The preferred plastic
      film employed in the embodiment shown was MYLAR, manufactured and sold by
      E. I. DuPont de Nemours Corporation. The adhesive transfer tape employed
      in the preferred embodiment was DUBL-STIK tape available from Kleen-Stik
      Products of Newark, New Jersey. There are several other commercially
      available adhesive transfer tapes, however, which would likewise suffice.
PAR  The length of the guide strip, the tab strip, and the transfer tape was
      approximately 11 inches to accommodate a standard directory. The width of
      the paper guide strip was 1.5 inches while the tab strip was .875 inch in
      width divided into a .375 inch zone for the tab indicia and a 0.5 inch
      zone for the transferred adhesive. The indicia was printed on the upper
      surface of the tabs (as seen in FIG. 2) in the preferred embodiment. The
      width of transfer tape 30 was .750 inch and was applied to the junction of
      the edges 17 and 29' of guide strip 10 and tab strip 20, respectively,
      with 0.5 inch underlaying the tap strip.
PAR  The index tab construction shown in FIGS. 1 and 2 is best manufactured by
      employing a continuous tape for each of the guide, tab and adhesive
      transfer strips with periodic printing of the instructions at spaced
      intervals on the guide tape and of the tab indicia on the tab tape. The
      three tapes are simultaneously fed through pressure rollers for coupling
      the guide tape to the tab tape by means of the transfer tape with the
      guide arrow 16 of each guide strip in alignment with the top edge of an
      associated tab strip. The continuous composite structure thereformed is
      then fed through cutters which periodically cut the strips into the 11
      inch segments shown in FIG. 1. Tabs 22 and 24 are then formed by cutting
      along lines 25. The resultant indexing system with self-contained
      instructions, pricing, etc., can then be packaged in a transparent
      polyethylene container for shipment and sale.
PAR  For installation of the tabs to a directory 40, as shown in FIG. 3, the
      user merely opens the directory to the first page of the section to be
      tabbed and aligns the reference edge 15, identified by arrow 16, to the
      top of the page and the edge 29 (as seen in FIG. 1) of the tab strip with
      the free edge of the page. If the tabs have not been precut, they must be
      separated by cutting along lines 25. With the composite tab and guide
      means in alignment on the page, the tab for that page is peeled off of the
      transfer tape by gripping the indicia portion of the tab and pulling the
      tab from the transfer tape. The free tab is then applied to the page by
      aligning the rear edge 29' of the tab adjacent the now uncovered edge 35
      of the transfer tape 30 with the transferred adhesive on the tab facing
      the page. Pressure is applied to the adhesive segment of the tab once it
      is in the aligned position to complete its application.
PAR  As seen in FIG. 1, when a tab has been removed and prior to its attachment,
      a void area 36 will exist where the tab was previously attached to the
      strip. The next adjacent remaining tab or tabs still on the strip will
      thus provide a horizontal reference line(s) for applying the removed tab.
      Normally, the tabs will be applied in the sequence A-Z such that the next
      tab of the alphabet will provide a reference edge for the lower edge of
      the tab to be applied. The assembly is removed and similarly positioned in
      alignment on the next page of the directory to which the subsequent tab is
      to be applied and the application step repeated until the directory is
      tabbed as seen in FIG. 3.
PAR  It has been found that the pressure-sensitive adhesive in combination with
      the tab structure provides excellent durability and adhesion of the tab to
      the edge of the directory without requiring application of the tabs to
      both sides of the page by folding a tab of more complex construction. The
      .005 inch thickness MYLAR employed was sufficiently rigid and the adhesion
      sufficient to permit opening of the directory to the desired page by
      employing the tab as a handle.
PAR  It will become apparent to those skilled in the art that various
      modifications to the preferred embodiment can be made. For example, for
      some applications guide strip 10 could be removed and the
      pressure-sensitive adhesive applied directly to the adhesive surface of
      the tabs and covered by a wax impregnated strip which could serve as a
      guide strip. Thus, the guide and adhesive means could be combined. In some
      embodiments, the tabs can be segmented only by printing boundary lines
      between adjacent tabs. In such embodiments, the purchaser of the index
      system separates the individual tabs by cutting along lines 25 prior to
      application of the tabs. These and other modifications of the present
      invention, however, will fall within the spirit and scope of the present
      invention as defined by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An index tab assembly comprising:
PA1  a tab strip, initially free of adhesive, defining a plurality of tabs;
PA1  an adhesive transfer strip comprising a base strip made of a material from
      which adhesive is readily removeable and an adhesive film initially
      adhered to said base strip, said adhesive transfer strip being adhered to
      and extending from said tab strip spaced from an edge thereof for
      transferring a pressure-sensitive adhesive from said adhesive transfer
      strip to a portion of each tab of said tab strip as the tabs are removed
      from said adhesive transfer strip.
NUM  2.
PAR  2. The index tab assembly as defined in claim 1 wherein guide means are
      associated with said tab strip for permitting alignment of tabs of said
      tab strip with respect to a page of a directory, said guide means
      including a guide strip adhered to said adhesive transfer strip and
      including a reference edge adapted to be aligned with an edge of a
      directory page for applying a tab at a predetermined location on said
      directory page.
NUM  3.
PAR  3. The index tab assembly as defined in claim 2 wherein said adhesive
      transfer strip includes a portion overhanging said tab strip and wherein
      said guide strip is adhered to said overhanging portion of said adhesive
      transfer strip adjacent said tab strip.
NUM  4.
PAR  4. An index tab assembly comprising:
PA1  a tab strip, initially free of adhesive, defining a plurality of tabs with
      indicia printed directly on a surface of said tabs;
PA1  an adhesive transfer strip comprising a base strip made of a material from
      which adhesive is readily removeable and an adhesive film initially
      adhered to said base strip, said adhesive transfer strip being adhered to
      a surface of said tab strip and extending along said tab strip spaced from
      an edge thereof for transferring a pressure-sensitive adhesive from said
      adhesive transfer strip to a portion of each tab of said tab strip as tabs
      are removed from said adhesive transfer strip;
PA1  said adhesive transfer strip being sufficiently wide that it overhangs said
      tab strip; and
PA1  guide means adhered to said overhanging portion of said adhesive transfer
      strip by the adhesive thereon for permitting alignment of said tab strip
      with respect to a page of a directory.
NUM  5.
PAR  5. The index tab assembly as defined in claim 4 wherein said guide means
      comprises a guide strip including a reference edge, said guide strip
      coupled to said overhanging portion of said adhesive transfer strip
      adjacent said tab strip such that said reference edge is positioned to be
      aligned with an edge of a directory page to align tabs in predetermined
      orientation with respect to said directory page.
NUM  6.
PAR  6. The index tab assembly as defined in claim 5 wherein said tab strip is
      made of film plastic and said adhesive transfer strip base is wax
      impregnated paper and said adhesive film is a pressure-sensitive adhesive
      coating said base.
NUM  7.
PAR  7. The index tab assembly as defined in claim 5 wherein said tab strip is
      made of film plastic and said tabs are segmented by printed lines on said
      tab strip defining the boundaries of said tabs.
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ABST
PAL  A case for displaying notices, having a body including a translucent front
      face; appropriate, sealingly interconnected walls; the bottom wall having
      an access opening; a removable shutter for closing the opening; above the
      front face a drum, on which is mounted a rollable, flexible element
      adapted to pass through the opening; the flexible element being provided
      with means for attaching a notice, so that the latter is situated in an
      extension and beyond the rollable element; the drum being rotatable for
      winding and unwinding; and means for arresting the drum when the attaching
      means have passed beyond the bottom wall toward the outside, and when the
      same means have attained a height at which the notice is exposed through
      the translucent front face, so as to prevent the notice from being rolled
      up on the drum.
PARN
     This is a continuation-in-part of applicant's earlier patent application
      Ser. No. 247,631, filed Apr. 26, 1972, titled "Display Case," now
      abandoned.
BSUM
PAR  The present invention relates to a panel structure forming an illuminated
      display case for notices, posters or placards, lighted by transparence.
PAR  Illuminated display devices are known which use a case containing electric
      means which form a light source and of which the front face consists of
      two plates one being transparent to diffuse light uniformly to an
      illumined area, and the second or outer plate being of translucent
      material.
PAR  The notice or poster for display is inserted between the diffusing and the
      translucent plates; for that purpose the outer plate is made detachable or
      is articulated on a hinge so as to allow it to be opened as a window, and
      to give free access to the diffusing face onto which the notice or poster
      is fastened, for example, by means of adhesive tape.
PAR  Such devices are, however, far from satisfactory nor do they allow
      convenient and easy use.
PAR  Paper posters, generally of a fairly large size, are frangible and run the
      risk of tearing during insertion or showing unsightly creases, thus
      harming the requisite aesthetic effect of the display. Furthermore, the
      fastening of the poster remains a delicate matter since the latter must be
      arranged in a vertical position, held down with one hand while fastening
      it flat with colorless adhesive tape, running along the top edge of the
      poster, and adhering to the diffusing plate which acts as a support for
      the poster.
PAR  This movement is made difficult in devices where the outer wall is fastened
      and hinge-mounted, since the outer wall forming the show window being kept
      in place impedes free access to the top of the supporting wall and makes
      it difficult to change each poster. When the outer wall is taken out,
      changing the poster is easier but the taking-out and replacement of the
      show window represent additional work and a risk of breakage or wear and
      tear.
PAR  For all these reasons the replacement of each poster, which is fairly
      frequent operation, must be entrusted to departmental personnel having a
      modicum of experience, which entails a noteworthy operational overhead.
PAR  Moreover cases according to the prior art are not sealed and are poorly
      protected against intrusion of moisture and the risks of unsticking,
      condensation effects inside the case, and cockling of the poster.
PAR  In addition, cases are known which contain a drum on which the poster can
      be wound like a window shade so as to take two positions according to
      whether the poster is wound on the drum or unwound.
PAR  Such cases are described for example in U.S. Pat. Nos. 1,026,214, 1,621,407
      and 3,640,482.
PAR  The illuminated display case according to the invention has as its object
      to remedy the various disadvantages mentioned above and to provide a
      display device for quick, simple changing of notices or posters, while at
      the same time offering improved working conditions as against previous
      similar products, and differing radically from the cases described in the
      above U.S. patents. While the case according to the invention does contain
      a drum, the poster, by reason of a totally different conception, does not
      have to be windable thereon.
PAR  Thus, the present invention relates to a case for displaying notices,
      forming a definitively positioned homogeneous whole, the window or outer
      glass whereof is not opened and remains permanently incorporated with the
      body of the case.
PAR  Insertion is effected through a lower slot or access opening allowing
      access to a space between two walls, the poster or notice being joined
      onto some windable components previously brought into a bottom position,
      then wound upward, thus bringing the poster into a suitable position
      behind the translucent wall and in front of a light-diffusing wall.
PAR  Clearly with the case according to the invention a changing of posters is
      obtained which is particularly simple and quick and no longer requires
      experienced and specially trained personnel since the emergence of the
      outcoming poster and the placing of the rising poster are automatic.
PAR  Finally, the device allows usage of plasticized posters, facilitating their
      better color reproduction and correct positioning.
PAR  This device allows the frequent changing of posters or notices, thus
      extending the field of use of illuminated cases to new domains. For
      example, the illuminated display case according to the invention lends
      itself to the display of movie programs requiring frequent changes and
      easy handling.
DRWD
PAR  Other characteristics and advantages of the invention will be further
      evident from the following description which is given in relation to a
      preferred, exemplary embodiment of the invention, offered without
      limitation of character, with reference to the annexed drawings, wherein
PAR  FIG. 1 is a horizontal sectional view of an exemplary embodiment of the
      inventive apparatus;
PAR  FIG. 2 is an exploded perspective view of a winding and driving device for
      a blind or flexible element carrying a notice; and
PAR  FIG. 3 is a partial schematic view of the apparatus according to the
      invention, showing the notice in a lowered position.
DETD
PAR  Referring to FIG. 1, the case comprises a rear wall part or base 1 on which
      light sources are mounted, for example, in the form of fluorescent tubes
      2, 2'; the front face is formed by a first lower wall part 3 of a
      transparent and frosted synthetic substance forming a diffusion surface
      for the light, for example, of methyl methacrylate; a second outer wall
      part 4 forming a show window protecting a notice or poster 9 and also made
      of colorless, translucent methyl methacrylate, this face being suspended
      by its top edge 5 so as to allow extension or distension of that face.
PAR  The outer face 4 is kept in place by a decorative angle-iron 6, 6' running
      around the face of the case and extending along the side and the upper box
      wall parts, thus ensuring the tightness of the case against entry of water
      from the outside.
PAR  A notice 9 is inserted in a space 7 separating the two front wall parts 3,
      4; for this purpose, the upper end of notice 9 is joined by any suitable
      means to the lower or free edge 10 of a plasticized linen blind or
      flexible element 11 wound on a drum 12: the latter is suspended on angle
      brackets or squares 13, 13' and driven by an electric motor 14.
PAR  At the bottom of the case, access to the space 7 is obtained either through
      a slot or access opening 16 provided in the lower wall part of the case
      and closed by a small plate or shutter 16', or through an opening of the
      base by a rear articulation, the whole forming an opening flap. This
      arrangement, being within the scope of those skilled in the art, is not
      illustrated.
PAR  According to a preferred embodiment the notice is plasticized from a
      polyvinyl chloride tube adhering to its two faces while leaving an upper
      space allowing a rod 8 to be placed in the top portion of notice 9 and a
      small metal bar 8' as ballast at the bottom of notice 9, to facilitate its
      descent by gravity for removal of the emerging notice.
PAR  It is easy to clean regularly the space forming the housing or gap for the
      notice so as to keep the methyl methacrylate walls neat and perfectly
      transparent, by winding up by means of the motion of blind 11 as will be
      described further on, with a rag soaked with some cleaning compound which
      is applied to the surface or the surfaces to be cleansed.
PAR  The electric motor is supplied from a power source 17 (FIG. 3) by a direct
      conductor wire 18 and a conductor wire 19 leading to a switch 20 (FIG. 3)
      having two buttons or switches 21 and 22 corresponding respectively to an
      electrical connection between the conductor 19 and a conductor 23, or
      conductor 19 and a conductor 24, as shown in FIGS. 2 and 3.
PAR  The two buttons 21 and 22 are restored by springs, as is well known to men
      skilled in the art, so that contact may be made on pressing the button
      against the spring and broken as soon as the pressure is released.
PAR  On pressing button 21, the current travels through the conductor 23 and
      feeds the motor 14, making it revolve in the direction corresponding to
      the winding of blind 11 on drum 12, that is to say corresponding to the
      raising of notice 9. When button 22 is pressed, the current travels
      through conductor 24 and feeds the motor to make it run in the opposite
      direction, (opposite to the foregoing) corresponding to the unwinding of
      blind 11, namely to the descent of notice 9.
PAR  In FIGS. 1 and 2, notice 9 is shown in its top position, facing walls 3 and
      4. In FIG. 3, notice 9 is shown in its lowered position, namely it is
      brought outside the case to a level for easy access near the switch 20.
PAR  Also, in the FIG. 3, a variant is shown whereby drum 12 takes not a
      flexible panel but two spaced links 25 and 26 such as chains, cables or
      wires according to the strength and/or flexibility required.
PAR  Each link 25, 26 is provided at its end with a clip 27 of any known type,
      whereby the notice 9 can be hung onto the links 25 and 26.
PAR  Thus, after notice 9 is fastened to lines 25 and 26 by clips 27, button 21
      is pushed to institute the winding of the links on drum 12, driven by
      motor 14, until the notice 9 has fully entered into the case, is in the
      display position and under cover, facing the wall parts 3 and 4.
PAR  To prevent the notice 9 from inopportunely winding on to the drum, any
      known means of stoppage are provided.
PAR  In the embodiment illustrated (see FIG. 2) an idler roller 28 is provided
      to secure perfect verticality of notice or poster 9. The stop means can be
      provided in the vicinity of said roller 28 and can consist of one or two
      blades 29 mounted loose on the shaft 30 of roller 28 and coupled together
      by a bar 31 which is restrained by a spring 32 so that the blades 29 slope
      downward. They meet on the course of the edge 10 or clips 27 so that the
      blades are raised when those components are about to reach the roller 28.
      By this means the blades 29 tilt and break a contact 33 (see FIG. 1)
      located on one of the leads 18 or 23, thus stopping the motor power 14 and
      causing the winding to cease.
PAR  Conversely, to prevent drum 12 from unwinding the whole blind 11 or the
      whole of the links 25, 26 an overrunning switch can be located on drum 12,
      as is widely known.
PAR  These means of stoppage can, in any case, be effected by various methods,
      since it is within the capacity of men of the art to provide automatic
      stoppage of an electric motor when the drum it is driving reaches one or
      other of two preset extreme positions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A case for displaying notices, comprising, in combination:
PA1  a parallepipedal body of the type including
PA1  bottom, rear, side and top wall parts and
PA1  an at least translucent, non-removably mounted front face in
PA1  a substantially vertical, opaque frame, constituting
PA1  a front wall part; said wall parts being sealingly interconnected; said
      bottom wall part having therein
PA1  a single access opening substantially below said front wall part, including
PA1  a removable shutter and
PA1  means for sealing the latter in a substantially water- and dust-proof
      manner when closed; said body including in its
PA1  upper inner space and behind
PA1  the upper edge of said front face
PA1  at least one rotatable drum in substantially parallel alignment with said
      upper edge of the front face and with said access opening;
PA1  at least one flexible element haivng
PA1  two ends, one by which said flexible element is removably attached to said
      drum along a generatrix of the latter, and another, free end, and having
PA1  a length greater than a path that runs from the generatrix of said drum to
      said access opening, when said flexible element is passed from said drum
      about said upper edge of the front face and thence along the inside of the
      latter, substantially vertically down toward said access opening;
PA1  means for attaching at least one notice to said free end of the flexible
      element so that the notice is suspended as an extension of and lengthwise
      beyond said flexible element;
PA1  said access opening having a width and a length that allow at least the
      notice and said attaching means to pass therethrough by gravity, upon
      rotation of said drum in a first direction;
PA1  drive means for selectively rotating said drum in the first direction,
      which corresponds to the unwinding of said flexible element attached
      thereto, with said free end moving downward along said inside of the front
      face and toward said access opening, and in a second direction which
      corresponds to winding up said flexible element onto said drum; and
PA1  means for arresting said drive means, on the one hand, when said attaching
      means have just passed beyond said bottom wall toward the outside through
      said access opening, the notice being then entirely on the outside; and,
PA1  on the other hand, when said attaching means have attained a height just
      below said upper edge of the front face, the notice being then fully
      exposed through said translucent front face, said arresting means also
      constituting
PA1  means for preventing the notice from ever reaching, and being rolled up
      even partly on, said drum.
NUM  2.
PAR  2. The case as defined in claim 1, wherein said at least one flexible
      element is constituted by a pair of spaced-apart straps such as chains,
      cables, wires and the like.
NUM  3.
PAR  3. The case as defined in claim 1, wherein said at least one flexible
      element is constituted by at least one soft panel.
NUM  4.
PAR  4. The case as defined in claim 1, wherein said attaching means are
      constituted by at least two clips for connecting the at least one notice
      to said free end of the flexible element.
NUM  5.
PAR  5. The case as defined in claim 1, further comprising a freely rotatable
      roller supported in the area just above said upper edge of the front face,
      said at least one flexible element being trained thereabout in the path
      that runs from said drum toward said access opening.
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ABST
PAL  A visual display device comprises a block of equilateral triangular
      cross-section. The block has two sides of trapezoidal configuration, a
      third side of rectangular configuration, a base of equilateral triangular
      configuration and a top of isosceles triangular configuration. The base is
      perpendicular to the three sides. The top triangle is at an angle of
      inclination with the base and has an angle at the corner joining the two
      opaque sides of trapezoidal configuration and an opaque opposite side
      coincident with the top edge of the third side and farther from the base
      than the angle. A light is provided at the base of the block.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a visual display device.
PAR  Objects of the invention are to provide a visual display device of simple
      structure, which is inexpensive in manufacture, provides many different
      color patterns of different hues and shadows of a highly interesting and
      attractive nature, which vary with the direction of view, and is
      especially adaptable for providing patterns, hues and shadows relating
      visually to stereophonic sound reproduction and responsive to the
      frequency and/or volume of such reproduction.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a top plan of a plurality of visual display devices of the
      invention in a preferred pattern thereof;
PAR  FIG. 2 is a top view of an embodiment of the visual display device of the
      invention;
PAR  FIG. 3 is a view, taken along the lines III--III, of FIG. 2;
PAR  FIG. 4 is a view, taken along the lines IV--IV, of FIG. 3;
PAR  FIG. 5 is a view, taken along the lines V--V, of FIG. 3;
PAR  FIG. 6 is a cross-sectional view, taken along the lines VI--VI, of FIG. 4;
      and
PAR  FIG. 7 is a top plan of a plurality of visual display devices of the
      invention in a possible pattern thereof.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The visual display device of the invention comprises a block 1 (FIGS. 2 to
      5) of substantially equalateral triangular cross-section 2 (FIG. 6). The
      block 1 has two opaque sides 3 and 4 (FIGS. 2, 4 and 6) of trapezoidal
      configuration, a third side 5 (FIGS. 2, 3, 5 and 6) of rectangular
      configuration, a base 6 (FIGS. 3, 4 and 5) of equilateral triangular
      configuration and an opaque top 7 (FIGS. 2, 3 and 4) of isosceles
      triangular configuration.
PAR  The base 6 is substantially perpendicular to the three sides 3, 4 and 5.
      The top triangle 7 is at an angle of inclination A (FIG. 3) with the base
      6 and has an angle B (FIG. 2) at the corner 8 (FIGS. 2 and 4) joining the
      two sides 3 and 4 of trapezoidal configuration and an opposite side 9
      (FIGS. 4 and 5) coincident with the top edge of the third side 5 and
      farther from the base 6 than is the angle A.
PAR  A light such as, for example, a lamp 10 (FIG. 3) is provided at the base of
      the block 1.
PAR  A support device such as, for example, a slot, may be provided on the block
      1 for removably supporting the third side 5. This would permit plates of
      different colors to be utilized as the third side 5. The third side
      preferably comprises a plate of colored translucent material.
PAR  The top 7 and trapezoidal sides 3 and 4 are, as previously mentioned,
      opaque, and preferably have a white reflecting surface.
PAR  As shown in FIGS. 1 and 7, a plurality of blocks of the invention are
      positioned in next-adjacent side by side relation, each block being
      identical to the block of FIGS. 2 to 6, hereinbefore described. A
      plurality of lights, indicated by broken line circles in FIG. 7, are
      provided, each at a base of a corresponding one of the blocks.
PAR  The angle A shown in FIG. 3 is the angle of reflectance and is determined
      in accordance with the materials used. Each of the blocks 1 may be hollow
      or solid. The blocks may also be utilized as children's toys.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A visual display device, comprising
PA1  a plurality of blocks in next-adjacent side by side relation, each block
      being of substantially equilateral triangular cross-section and having two
      opaque sides of trapezoidal configuration, a third at least translucent,
      colored side of rectangular configuration, an at least translucent base of
      equilateral triangular configuration and an opaque top of isosceles
      triangular configuration, the base being substantially perpendicular to
      the three sides and the top triangle being at an angle of inclination with
      the base and having an angle at the corner joining the two sides of
      trapezoidal configuration and an opposite side coincident with the top
      edge of the third side and farther from the base than the angle; and
PA1  a plurality of light means each at the base of a corresponding one of the
      blocks, said blocks being arranged with said third side of at least one of
      said blocks adjacent a trapezoidal side of another of said blocks, such
      that light is transmitted only through said translucent third side, so
      that an opaque top of a given block derives colored light from adjacent
      blocks and not directly from the light means at its base, said translucent
      colored third side of at least one block being of varying color with
      respect to other third sides of said plurality of blocks.
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ABST
PAL  A firearm which has a receiver formed with an ejection port through which
      the cartridge case of a spent cartridge is ejected. A bolt is situated in
      the receiver for movement between a forward firing position and a rear
      retracted position, a cartridge case being ejected when the bolt is in its
      rear retracted position. The bolt is also supported in the receiver for
      rotary movement between locked and unlocked positions. A sleeve is
      operatively connected to and surrounds the bolt for rotating the latter
      between its locked and unlocked positions, this sleeve having a length
      substantially less than the length of the bolt and covering part of the
      ejection port when the bolt is in its firing position. A cover is provided
      to cover that part of the port which is not covered by the sleeve when the
      bolt is in its firing position, and this cover responds to rearward
      movement of the bolt from its firing to its retracted position for
      uncovering the ejection port.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to firearms.
PAR  In particular, the present invention relates to that type of firearm, such
      as a semi-automatic shotgun, which has a bolt capable of moving axially
      between a forward firing position and a rear retracted position as well as
      capable of rotating between locked and unlocked positions. Such a bolt,
      which forms part of the action of the firearm, is housed within a receiver
      which is formed with an ejection port through which a cartridge case of a
      spent cartridge is ejected. The movement of the bolt is brought about at
      least partially by way of a sleeve which surrounds the bolt, and in
      addition to its other functions, this sleeve serves to close the ejection
      port when the bolt is in its forward firing position.
PAR  Because the ejection port is relatively long and because it must be covered
      by this sleeve, the sleeve also is undesirably long, and in addition the
      receiver must be made of a length sufficiently great to receive the
      relatively long sleeve when the bolt is retracted in order to uncover the
      ejection port at least to an extent sufficient to permit the cartridge
      case to be ejected.
PAR  Thus, these factors result in an undesirably long action and receiver.
PAC  SUMMARY OF THE INVENTION
PAR  it is accordingly a primary object of the present invention to provide for
      a firearm of the above general type a receiver and action which can be
      made shorter than has heretofore been possible.
PAR  In particular it is an object of the present invention to provide not only
      a shorter receiver and action but also a construction which at the same
      time will be capable of effectively covering the ejection port of the
      receiver when the bolt is in its forward firing position.
PAR  In addition it is an object of the present invention to provide a
      construction of this type capable of being used with a bolt which not only
      moves longitudinally but which also rotates between locked and unlocked
      positions.
PAR  In addition it is an object of the present invention to provide a
      construction of the above type which is simple, rugged, and inexpensive so
      that a reliable operation can be achieved with a construction which will
      have a long fault-free operating life.
PAR  According to the invention the firearm has a receiver means formed with an
      ejection port through which the cartridge case of a spent cartridge is
      ejected. An elongated bolt means is situated in the receiver means for
      longitudinal movement between a forward firing position and a rear
      retracted position as well as for rotary movement between locked and
      unlocked positions. A sleeve means, which is considerably shorter than the
      bolt means, surrounds the bolt means and is operatively connected thereto
      for turning the bolt means between its locked and unlocked position, this
      sleeve means serving also to cover part of the ejection port when the bolt
      means is in its forward firing position. A cover means covers that part of
      the ejection port which is not covered by the sleeve means when the bolt
      is in its firing position, and this cover means is operatively connected
      with at least one of the other means for responding to rearward movement
      of the bolt means from its forward firing position to its rear retracted
      position to assume a position uncovering the ejection port when the bolt
      means is in its retracted position.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic partly sectional longitudinal elevation of part of
      the action of a firearm provided with the structure of the present
      invention, the structure being shown in FIG. 1 in the position which it
      takes when the bolt is in a forward firing position;
PAR  FIG. 2 illustrates in a longitudinal partly sectional elevation the
      position which the parts of FIG. 1 take when the bolt is retracted;
PAR  FIG. 3 is a transverse sectional elevation taken along line III--III of
      FIG. 2 in the direction of the arrows; and
PAR  FIG. 4 is a fragmentary schematic illustration of a firearm provided with
      the structure of the present invention, FIG. 4 showing in particular the
      receiver and ejection port and the manner in which the parts of FIGS. 1-3
      cooperate therewith.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1-3, there is illustrated therein part of a
      firearm action having the structure of the present invention. This
      structure includes the elongated hollow bolt means 1b having a front end
      1a provided in a known way with locking lugs as well as with an extractor
      hook 9 for engaging the lip at the rear end of a cartridge case or for
      extending into the canelure at the rear end of the cartridge case for
      extracting the cartridge case during ejection thereof. A sleeve means 2
      surrounds the bolt means 1b and is guided by the latter for longitudinal
      movement. The sleeve means 2 is capable of moving longitudinally but does
      not turn.
PAR  According to one of the features of the present invention the sleeve means
      2 is considerably shorter than the bolt means 1b. Thus it will be seen
      from FIG. 1 that the length b is much shorter than the length a of that
      part of the bolt means 1b which is situated to the rear of the front end
      1a which has the locking lugs. Thus the dimension a is considerably
      greater than the dimension b (a &gt;&gt;b).
PAR  The sleeve means 2 is formed in a known way with a slot which forms part of
      a helix and which receives a free end of a pin 5 which is fixed to the
      bolt means 1b and which has a free end extending outwardly beyond the bolt
      1b into the spiral slot of the sleeve means 2. Thus in response to axial
      movement of the sleeve means 2 along the bolt means 1b the pin 5 will be
      cammed by the spiral slot of the sleeve means 2 in order to turn the bolt
      means 1b between its locked and unlocked positions, and the length of the
      sleeve means 2 will be determined by the axial distance through which it
      must be displaced with respect to the bolt means 1b in order to provide
      the required rotary movement of the bolt means between its locked and
      unlocked positions, the length of the sleeve means 2 also being determined
      by the part 6 thereof which is connected to a structure schematically
      illustrated in FIG. 4. This latter structure connected to the region 6 of
      the sleeve means 2 cooperates in a known way with a magazine for placing a
      new cartridge in front of the bolt means after ejection of the case of a
      spent cartridge.
PAR  This structure which is shown in FIGS. 1-3 is housed within a receiver 7
      illustrated in FIG. 4. The receiver 7 is formed with the elongated
      ejection port 10 through which the cartridge case of a spent cartridge is
      ejected in a known way. The parts of FIGS. 1-3 are shown in FIG. 4 in the
      forward firing position, and it will be noted that in this latter position
      of the parts the sleeve means 2 serves to cover only the forward portion
      of the ejection port 10.
PAR  FIG. 4 also shows schematically a trigger which releases a hammer which
      strikes the rear end of a firing pin 8 part of which is apparent in FIGS.
      1 and 2, this pin 8 being shown in section in FIG. 3. The transverse pin 5
      is formed with a transverse bore through which the firing pin 8 extends.
PAR  In order to close or cover that part of the ejection port 10 which is not
      closed or covered by the sleeve means 2 when the bolt means 1b is in its
      forward firing position shown in FIG. 4, a cover means 4 is provided in
      accordance with the present invention. Thus, the cover means 4 serves, as
      shown in FIG. 4, to cover that part of the port 10 which is not covered by
      the sleeve means 2 when the bolt means is in its firing position. This
      cover means 4 may be operatively connected to any other one of the means
      referred to above for responding to retraction of the bolt means 1b in
      order to assume a position uncovering the port 10 so that a cartridge case
      of a spent cartridge can be ejected.
PAR  In the particular example illustrated in the drawings, the cover means 4
      has a rear end portion directly fixed to a rear end of the bolt means 1b
      by a pin 3 which may take the form of a suitable dowel or cotter pin. This
      pin 3 extends transversely with respect to the acis of the bolt means 1b.
      This bolt means 1b and the rear end of the cover means 4, which surrounds
      the rear end of the bolt means 1b, are formed with a transverse bore part
      of which is formed directly in the rear end of the bolt means 1b and part
      of which is formed directly in the cover means 4 so as to provide in this
      way the opening which receives the fastening pin 3 with the latter
      extending partly into the bolt means 1b and partly into the cover means 4,
      as shown most clearly in FIG. 1. In this way the cover means 4 is fixed
      directly to the bolt means 1b for movement therewith. The cover means 4
      has a wall which extends forwardly from the rear end portion thereof which
      is fixed directly to the bolt means 1b by the pin 3. This forwardly
      extending wall is spaced from the bolt means 1b so as to define with the
      latter a space for receiving the rear portion of the sleeve means 2. Thus
      the sleeve means 2 and the cover means 4 cooperate telescopically with
      each other so as to have in the retracted position of the bolt means shown
      in FIG. 2 a relationship according to which the sleeve means 2 and cover
      means 4 overlap each other to an extent greater than in the firing
      position of the bolt means shown in FIGS. 1 and 4. Thus, the forwardly
      extending wall of the cover means 4 forms part of a cylinder which extends
      partly around the rear portion of the sleeve means 2, with the extent of
      overlap being at a maximum in the position of the parts shown in FIG. 2.
PAR  Thus, with the above structure of the invention after a cartridge has been
      fired, the sleeve 2 is retracted along the bolt means 1b from the position
      of FIG. 1 into the position of FIG. 2, bringing about in this way the
      rotary movement of the bolt means 1b necessary to unlock the latter, and
      at this time the cover means 4 only turns together with the bolt means 1b.
      After the sleeve means 2 has been moved rearwardly along the bolt means
      from the position of FIG. 1 to the position of FIG. 2, the entire
      structure shown in FIG. 2 will move rearwardly so as to uncover the
      ejection port 10 enabling the cartridge case to be ejected. It will be
      noted that during retraction of the sleeve means 2 with respect to the
      bolt means 1b the sleeve means 2 moves through the distance d, and this
      distance represents the length which is saved by the present invention. In
      other words with conventional structures the distance d is the distance by
      which conventional structures must be made longer than the structure of
      the present invention.
PAR  On the other hand, when the bolt means 1b is advanced forwardly to its
      firing position, the cover means 4 moves forwardly with the bolt means and
      turns therewith while the sleeve means 2 continues to advance forwardly
      with respect to the bolt means and cover means turning the bolt means so
      as to lock the bolt means in its firing position. Thus, when the bolt
      means is in its forward firing position, the ejection port 10 is closed
      even though the sleeve means 2 has a length which is considerably less
      than the length of the bolt means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a firearm, receiver means formed with an ejection port through which
      a cartridge case of a spent cartridge is ejected, elongated bolt means
      situated in said receiver means for longitudinal movement between a
      forward firing position and a rear retracted position where said port is
      uncovered to an extent sufficient for ejection of a cartridge case, said
      bolt means also being supported in said receiver means for rotary movement
      between locked and unlocked positions, sleeve means surrounding said bolt
      means and operatively connected thereto for rotating said bolt means
      between said locked and unlocked positions thereof in response to
      longitudinal movement of said sleeve means with respect to said bolt
      means, said sleeve means having a length substantially shorter than said
      bolt means and said sleeve means extending across and partially covering
      said port when said bolt means is in said forward position thereof, said
      sleeve means moving rearwardly with said bolt means when the latter is
      displaced from said firing to said retracted position thereof for
      uncovering said port, and cover means situated in said receiver means for
      covering that part of said port which is not covered by said sleeve means
      when said bolt means is in said firing position thereof, said cover means
      being operatively connected with at least one of the other of said means
      for responding to movement of said bolt means from said firing to said
      retracted position to assume a position uncovering said port when said
      bolt means is in said retracted position thereof, said sleeve means
      covering a front portion of said port and said cover means covering a rear
      portion of said port when said bolt means is in said firing position
      thereof, said cover means being fixed to a rear portion of said bolt means
      for rotary and longitudinal movement with said bolt means.
NUM  2.
PAR  2. The combination of claim 1 and wherein a pin extends transversely with
      respect to said bolt means for fixing said cover means thereto, said bolt
      means and said cover means being formed with openings which together form
      a recess for receiving said pin which fixes said cover means to said bolt
      means.
NUM  3.
PAR  3. The combination of claim 1 and wherein said cover means and sleeve means
      cooperate telescopically with said cover means and sleeve means
      overlapping each other in the retracted position of said bolt means to an
      extent greater than in the firing position of said bolt means.
NUM  4.
PAR  4. The combination of claim 3 and wherein said cover means at least
      partially surrounds said sleeve means at least in the retracted position
      of said bolt means.
NUM  5.
PAR  5. The combination of claim 4 and wherein said cover means has a rear end
      portion fixed directly to said bolt means and has an elongated wall
      portion extending forwardly from said rear end portion and spaced from
      said bolt means to define with the latter a space which receives said
      sleeve means.
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ABST
PAL  A toy cannon for firing a resilient projectile when a compressed fuel-air
      mixture is ignited. Air is compressed into a chamber containing fuel as
      the resilient projectile is forced into the barrel of the cannon. An
      ignitor in the chamber is actuated from a shielded position externally of
      the chamber to ignite the fuel-air mixture.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Toy cannons which realistically simulate real cannons in sound and action
      have not been devised heretofore, presumably because of danger associated
      with the use of matches and explosives by inexperienced children.
PAR  Airborne toys such as rockets, heretofore devised, have been potentially
      dangerous because highly explosive fuel has been required to propel them.
      Such devices have been expensive, as a result of elaborate ignition
      apparatus comprising batteries and wires, rendering use of such devices
      economically prohibitive for a majority of the potential users. Another
      shortcoming of the heretofore highly technical airborne toys has involved
      a high degree of technical knowledge required to assure safe operation.
PAR  Other toys heretofore devised have employed mechanical means to produce
      sound effect. However, recorded sound transmitting devices have been of
      delicate construction resulting in frequent mechanical malfunctions or
      have required frequent replacement of batteries.
PAC  SUMMARY OF INVENTION
PAR  We have devised a toy cannon comprising a barrel and a combustion chamber
      separated by a perforated plate. A resilient ball is urged into the
      barrel, the ball compressing air into the combustion chamber containing
      fuel. The fuel-air mixture is ignited by a flint ignition system resulting
      in expansion of gases to force the ball out of the barrel.
PAR  A primary object of the invention is to provide a toy which can be used by
      children to project a soft, elastic projectile without danger to the user
      or others.
PAR  Another object of the invention is to provide a toy to safely ignite
      combustible material by providing ignition means within a combustion
      chamber sealed and separated from the user such that no matches are
      required, thereby eliminating potential fire hazards.
PAR  A further object of the invention is to provide a toy having sound effect
      and appearance which realistically simulate a cannon.
PAR  A still further object of the invention is to provide a toy cannon which
      employs readily replaceable tennis balls for projectiles.
PAR  Other and further objects of the invention will become apparent upon
      referring to the detailed description hereinafter following and to the
      drawing annexed hereto.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  Drawings of a preferred embodiment of the invention are annexed hereto so
      that the invention may be better and more fully understood, in which:
PAR  FIG. 1 is a fragmentary elevational view, parts being broken away to more
      clearly illustrate details of construction;
PAR  FIG. 2 is cross-sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is fragmentary cross-sectional view similar to FIG. 1, illustrating
      a resilient projectile positioned in the barrel.
DETD
PAR  Numeral references are employed to designate like parts throughout the
      various figures of the drawing.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawing, the numeral 10 generally designates a
      toy cannon having a barrel section 20 and a combustion chamber section 30.
PAR  The barrel section 20 preferably comprises a hollow tube 12 having a bore
      14 extending longitudinally therethrough. Tube 12 has threads 16 formed in
      the outer surface thereof for connecting the breech end 18 of barrel
      section 20 to threads 22 formed in an end of internally threaded collar
      24.
PAR  Threads 26 in the other end of internally threaded collar 24 engage threads
      27 formed on the outer surface of coupling 28 adjacent shoulder 29 against
      which an end of collar 24 abutts.
PAR  The combustion chamber section 30 of the toy cannon 10 preferably comprises
      a hollow sleeve 32 having threads 34 and 36 formed on the outer surface
      adjacent opposite ends thereof. Threads 34 on one end of sleeve 32 engage
      internal threads 38 formed in the end of coupling 28 while threads 36 on
      the opposite end of sleeve 32 engage threads 39 formed on the inner
      surface of cap 40 forming a butt end of the toy cannon 10.
PAR  A partition plate 42 having a central passage 44 formed therethrough has a
      upper surface 42a in engagement with the end 19 of tubular member 12
      adjacent the breech end 18 thereof. Plate 42 has a lower surface 42b in
      engagement with the end 27a of coupling 28.
PAR  From the foregoing it should be readily apparent that plate 42 forms a
      partition across the bore 14 extending through the barrel section 20 of
      the toy cannon 10 and defines one end of a combustion chamber 50. The
      combustion chamber 50 is defined by the inner wall 33 of hollow sleeve 32
      and by the inner wall 28a of hollow coupling 28, being bounded on one end
      by surface 42b of partition plate 42 and on the other end by the inner
      surface 45 of cap 40.
PAR  Coupling 28, sleeve 32 and cap 40 are preferably constructed of material
      which is a good heat insulator such that there is no significant increase
      in the temperature of the outer surfaces thereof resulting from ignition
      of a combustible fuel-air mixture in combustion chamber 50.
PAR  Cap 40 preferably has a knurled outer surface to facilitate removal thereof
      from the threaded end of hollow sleeve 32 to evacuate products of
      combustion from the combustion chamber 50.
PAR  The length and diameter of sleeve 32 and coupling 28 together with the
      length and diameter of tube 12 are proportioned such that movement of a
      resilient projectile 60 through tube 12 from the muzzle end 17 toward the
      breech end 18 to the position illustrated in FIG. 3 compresses air through
      aperture 44 into combustion chamber 50.
PAR  Ignition means 52 extends through a passage 53 formed in the wall of sleeve
      32 for igniting a combustible fuel-air mixture in combustion chamber 50.
      The ignition means 52 comprises a sleeve bearing member 54 having an
      outwardly extending annular shoulder 54a formed thereabout intermediate
      opposite ends thereof which is urged into engagement with the inner
      surface 33 of sleeve 32 by a lock nut 54b threadedly secured to sleeve
      member 54. Suitable seal means, such as rubber washer 54c, is preferably
      provided about sleeve member 54 intermediate lock nut 54b and the outer
      surface of sleeve 32. A shaft 55 extends through sleeve bearing member 54
      and has a knurled knob 56 on one end thereof and a friction wheel 57
      rigidly secured to the other end.
PAR  A hollow tubular receptacle 58 has an outwardly extending lug 58a on the
      lower end thereof to which downwardly extending legs 58b are secured. Legs
      58b extend around sleeve bearing 54 and are secured in position by
      suitable means such as bolt and threaded nut 58c. The upper end of
      receptacle 58 is threaded and has a cap 58d which restrains one end of a
      spring 58e disposed in receptacle 58 for urging piston 58f into engagement
      with flint-like member 59. Flint 59 extends through an opening in the
      bottom of receptacle 58 and is urged into engagement with friction wheel
      57.
PAR  From the foregoing it should be readily apparent that rotation of knurled
      knob 56 imparts rotation to friction wheel 57 through shaft 55 for
      producing a spark in combustion chamber 50.
PAR  The spark producing flint-like element 59 is preferably an alloy, for
      example, iron and cerium, commercially available from Ronson Corporation,
      Woodbridge, New Jersey.
PAR  A projectile 60 preferably comprises a hollow ball having a resilient outer
      wall 62 constructed of natural rubber, synthetic rubber or plastic
      material which is deformable from a spherical body, diagrammatically
      illustrated in dashed outline, to an ellipsodial body, as illustrated in
      full outline when urged into the bore 14 extending through tube 12. The
      outside diameter of resilient projectile 60 is greater than the diameter
      of bore 14 and is therefore urged into sealing engagement with the inner
      wall 12a upon movement into the bore 14. Movement of projectile 60 through
      bore 14 from the muzzle end 17 of tube 12 toward the breech end 18
      compresses air in the bore 14 through aperture 44 into combustion chamber
      50.
PAC  OPERATION
PAR  The operation of function of apparatus hereinbefore described is as
      follows:
PAR  Cap 40 is removed from the butt end of cannon 10 and a suitable fuel, such
      as naptha, is injected into combustion chamber 50. Any suitable quantity
      and type of fuel may be employed. However, tests reveal that approximately
      three drops of lighter fluid, for example, Ronsonol, containing naptha,
      distributed by Ronson Corporation, Woodbridge, New Jersey, provides
      sufficient power to project a light, elastic tennis ball a substantial
      distance as a result of ignition in a combustion chamber having a volume
      equal to approximately one-third of the volume of bore 14.
PAR  After fuel has been deposited in combustion chamber 50, projectile 60 is
      moved into and through bore 14 in tube 12 to the position illustrated in
      FIG. 3.
PAR  Rotation of knob 56 produces a spark as a result of friction engagement of
      wheel 57 and flint-like element 59. The spark initiates combustion of the
      compressed fuel-air mixture in combustion chamber 50 causing immediate
      expansion of gases such that pressurized fluid moving through aperture 44
      in partition 42 pressurizes bore 14 adjacent the breech end 18 of tube 12
      causing projectile 60, the outer wall of which is in sealing engagement
      with inner wall 12a of tube 12, to be propelled rapidly through tube 12
      and ejected therefrom.
PAR  It should be appreciated that after projectile 60 has been fired,
      combustion chamber 50 and bore 14 contain carbon dioxide and various other
      products of combustion. Cap 40 is removed from the end of combustion
      chamber 50 and products of combustion evacuated therefrom for example, by
      blowing into combustion chamber 50 to circulate fresh air thereto.
PAR  After products of combustion have been evacuated from combustion chamber
      50, a fresh charge of fuel is injected and cap 40 is replaced.
PAR  It should be readily apparent that the toy cannon hereinbefore described
      and illustrated in the attached drawing, accomplishes the objects of the
      invention hereinbefore enumerated. The apparatus is of strong, durable
      construction having a minimum of moving parts.
PAR  Fuel is ignited by rotating knob 56 which is shielded from the combustion
      chamber 50 containing the compressed fuel-air mixture, thus rendering the
      device reasonably safe for use even by young, inexperienced children.
PAR  It should be appreciated that the structure hereinbefore described
      comprises a preferred embodiment of our invention and that other and
      further embodiments may be devised without departing from the basic
      concept thereof.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. Apparatus to launch a resilient projectile comprising: a tubular barrel
      having a longitudinally extending bore open at one end; a combustion
      chamber adjacent an end of said bore, said combustion chamber having a
      volume approximately one-third the volume of the bore of the tubular
      barrel; said combustion chamber having an end cap removeably secured
      thereto to allow ventilation of the combustion chamber and the addition of
      a fresh charge of liquid hydro-carbon fuel upon removal; a partition plate
      having an aperture formed therein, said plate being positioned between the
      barrel and combustion chamber; ignition means in said combustion chamber
      to ignite the fuel; and a resilient projectile positionable in said bore,
      said projectile being larger than the diameter of said bore such that
      movement of said projectile through said bore towards said partition plate
      compresses a fuel-air mixture in said combustion chamber to increase the
      compression ratio of the fuel-air mixture, such that the position of the
      projectile relative to the partition plate determines the compression
      ratio of the fuel-air mixture.
NUM  2.
PAR  2. The combination called for in claim 1 wherein the combustion chamber
      comprises: a hollow sleeve; a cap threadedly secured to one end of said
      sleeve; a partition plate having an aperture extending through a central
      portion thereof; and means to secure said partition plate across an end of
      said sleeve.
NUM  3.
PAR  3. The combination called for in claim 2 wherein the barrel comprises a
      hollow tubular member having a bore extending longitudinally thereof; and
      means to secure an end of said tubular member such that said partition
      plate extends across an end thereof.
NUM  4.
PAR  4. A toy cannon comprising: first and second hollow tubular members of
      substantially the same diameter, said second tubular member being about
      one-third the length of said first tubular member; a coupling threadedly
      engaged between said first and second tubular members joining the two
      tubular members; a plate having a passage therethrough disposed interiorly
      of the coupling between said first and second tubular members; an end cap
      threadedly engaged to the second tubular member to evacuate the second
      tubular member and allow fuel to be placed therein; a sleeve extending
      into the hollow portion of the second tubular member; a shaft journalled
      through said sleeve; a knob rigidly secured to a first end of said shaft
      exteriorly of the second tubular member; a knurled surfaced friction wheel
      rigidly secured to a second end of said shaft interiorly of the second
      tubular member; a flint; means to secure said flint in frictional
      engagement with said friction wheel; a resilient round projectile having a
      diameter slightly larger than the diameter of the first tubular member
      such that the outer surface of said projectile seals against the first
      tubular member such that as the projectile is moved toward the plate the
      air is compressed by a ratio of approximately three to one; whereby when a
      small amount of hydrocarbon fuel is placed in said second tubular member
      and is ignited by turning said friction wheel against said flint, the
      expanding gas produced by the ignited fuel mixture projects the projectile
      from the first tubular member.
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ABST
PAL  Two articulated props for a firearm are lockable in a firing or in a
      carrying position by a finger on the upper end of the props. A spring
      urges the finger into one or the other of two radial recesses provided on
      a trunnion protruding laterally from the firearm. The props can be
      unlocked by exerting a pull on the free end of the props so that the
      finger emerges from the recess.
BSUM
PAR  The present invention relates to a firearm of the type having two pivoted
      props at its front portion, arranged to occupy at least one active
      position in which, their feet resting on the ground, they serve as support
      for the front portion of the firearm in order to maintain it inclined
      upward, and an inactive position in which they are swung back against the
      firearm.
PAR  In known manner, assault rifles, fully automatic rifles, machine guns and
      in general all firearms of substantial weight have props which can occupy
      at least one active or firing position in which they maintain the front
      end of the weapon in raised position with respect to the ground, and an
      inactive position, in particular a transportation position, in which they
      are substantially parallel to the barrel.
PAR  These props, of which there are necessarily two for each firearm, must
      impart excellent stability to the firearm when they are in the firing
      position, but must also not take up much space in their other inactive
      position. In particular, in this position they must not constitute any
      interference for the marksman.
PAR  At the present time, the locking of each prop in the two above-mentioned
      positions is assured either by a reversible device which is maneuvered by
      the prop, or by locking means which can be actuated by a pushbutton.
PAR  By "reversible device" is meant a device in which the locking or unlocking
      is effected by a direct action on the props.
PAR  The locking in the inactive position, and particularly in the active
      position, must, however, be sufficiently firm and, in order to effect the
      unlocking, for instance by pulling the props towards the rear in order to
      bring them from their active position into their inactive position, there
      is the danger of deforming them by flexure due to the substantial force
      which must be applied. If less firm a locking is provided in order to
      avoid this type of deformation, it rapidly proves to be too loose as a
      result of the play and wear of the cooperating parts, and it is then no
      longer capable of assuring, with the desired reliability, the holding of
      the props in their locked position.
PAR  As to the pushbutton locking means mentioned above, they have the drawback
      that they are of delicate operation, as the pushbuttons can easily be
      blocked by dust or mud which comes into their housing, or at least be
      subject because of this to rapid wear. Furthermore, they are of small
      dimensions and, being located at the end of the arm opposite the
      buttstock, are not readily accessible. In the dark, their actuation
      furthermore requires a rather lengthy groping.
PAR  The object of the present invention is in general to provide a firearm
      having two props which do not have these drawbacks.
PAR  In particular, one object of the invention is to provide props which are
      easily and rapidly unlockable so as to permit their being put into one of
      the two said positions, in particular without the unlocking requiring the
      actuating of a pushbutton of small size, which is frequently difficultly
      accessible, and the operation of which is difficult and may be disturbed
      or even prevented by the entrance of foreign substances such as dust or
      mud.
PAR  Another object of the invention is to provide a locking device which is
      irreversible, or possibly pseudoreversible, that is to say, in which the
      locking of the props in one or the other of their positions, whether
      active or inactive, is sufficiently permanently firm and in which the
      unlocking cannot in principle be obtained by a single direct action on the
      props directed at pivoting them, but is permitted only after an additional
      prior action carried out on them which is adapted then to permit their
      rotation without it being necessary to exert on the props a force which
      could deform them.
PAR  In order to do this, a firearm in accordance with the invention is
      characterized by the fact that each prop comprises:
PA1  a head provided with a blind hole by means of which it can engage over a
      laterally protruding trunnion on the firearm, and with a radial extension
      in which there is provided a bore which slidably receives the end of a
      prop rod which is opposite its foot,
PA1  means for the axial retention of the head on the trunnion, and
PA1  within the head, means for the automatic locking of said end on the
      trunnion, in both the aforementioned positions, which means can be brought
      into unlocking position by a pull exerted on the rod in the direction of
      its axis.
PAR  As a result of this arrangement, as the locking means of each prop are
      completely housed within its head, they are protected from dust and other
      foreign matter.
PAR  Therefore, the operation of these locking means cannot be disturbed, even
      in an environment which is very disturbing for equipment in general, which
      characteristic, as it concerns reliability, constitutes an important
      advantage of the invention.
PAR  Furthermore, the unlocking of the props presents no difficulty even for the
      nighttime use of the firearm, or if the firearm is covered with mud, since
      it is always very easy to grasp the rods of the props and exert a pull on
      them so as to unlock them, which operation, as can be seen, does not
      require the action of a pushbutton.
PAR  Furthermore, due to the arrangement forming the object of the invention, a
      very firm locking of the props in their active position and in their
      inactive position can be provided without any risk of deformation when
      effecting their unlocking. As a matter of fact, unlocking is possible only
      after a pull has been exerted on the props, thereby freeing the lock. One
      can then turn the props around their trunnion without having to exert any
      substantial force on them.
PAR  In accordance with one embodiment of the invention, such a firearm is
      furthermore characterized by the fact that there is arranged within the
      bore of the radial extension of the head an elastic member which urges
      said end of the rod towards a retracted position in the head, and by the
      fact that this end bears a locking finger adapted to protrude radially
      into the blind hole and cooperate selectively with at least two radial
      recesses provided in the trunnion so as to assure locking in at least the
      two said positions.
PAR  Thus, in order to unlock the prop and bring it from its active position
      into its inactive position, or vice versa, it is sufficient to exert a
      longitudinal force on it in the direction towards its free end in order
      for the locking finger to emerge from the radial recess of the trunnion in
      which it was previously blocked and thereupon to pivot the prop until it
      arrives at the other selected position, in which position the locking
      finger, under the return force of the elastic member, penetrates into the
      other radial recess of the trunnion.
PAR  It will be seen that the locking of the props in their active or inactive
      position can be obtained easily and rapidly since, after having exerted a
      pull on the props in order to unlock them, it is merely necessary to pivot
      them until the locking finger comes opposite the recess intended for it
      and automatically houses itself therein under the action of the elastic
      member.
PAR  The elastic member is preferably compressed between a shoulder on the rod
      and a fixed stop on the radial extension of the rod.
PAR  This fixed stop may advantageously consist of a pin which passes through
      the radial extension of the head, as well as a notch in the rod, the upper
      and lower walls of which, by coming against the pin, serve to limit the
      sliding movements of the rod in the bore of the said extension.
PAR  In this way, when a pull is exerted on the prop rod in order to unlock it,
      it need not be feared that the prop will be removed entirely from the head
      since after the disengagement of the locking finger from its recess, the
      upper wall of the said notch comes against the pin, thus making
      inoperative any additional pulling force exerted on the prop.
PAR  Moreover, the different members which cooperate to effect the locking can
      be suitably dimensioned in such a manner that when the locking finger is
      in its recess, particularly the recess which corresponds to its active
      position, the lower wall of the notch abuts below the pin before the upper
      end of the locking finger itself comes against the bottom of its recess.
PAR  This arrangement avoids the weight of the firearm being supported by the
      locking finger when the props are locked in their active position, that is
      to say, in the firing position. On the contrary, when such an arrangement
      is provided, the weight of the firearm is supported by the pin and by the
      lower wall of the notch. Therefore, one avoids subjecting the locking
      finger to substantia stresses and the possibility of it being deformed,
      particularly as the firearm with its props in the active position should
      be capable of being placed on the ground without special care.
PAR  In accordance with a further embodiment of the invention which is
      particularly advantageous, at least one recess of the trunnion, with which
      the finger cooperates to assure the locking of the prop in an active
      position, has side walls which are flared towards the periphery of the
      trunnion.
PAR  This arrangement contributes toward eliminating the danger of deforming the
      locking fingers when the props, in their active position, have their free
      ends subjected to substantial longitudinal forces, which forces may be
      exercised, for instance, when the firearm is placed roughly upon the
      ground or else when, the weapon being carried, the props encounter
      obstacles such as underbrush, barbed wire or hillocks.
PAR  As a matter of fact, when such forces act on the ends of the props, the
      locking finger can slide along the flared side walls of the recess and
      emerge from it, these forces being transformed into a force which is
      directed along the axis of the prop rod and exerted against the return
      force of the elastic member. The locking is then pseudo-reversible but
      intended to be freed only under the action of a blow.
PAR  On the other hand, of course, the other recess of the trunnion, namely the
      one with which the finger cooperates to assure the locking of the
      corresponding prop in its inactive position, may have straight side walls,
      since, as the props are then swung back along the firearm, they are
      unlikely to encounter obstacles.
PAR  In order to facilitate the unlocking which is to take place under the
      effect of forces to which the props are subjected when they encounter
      obstacles or when the weapon is roughly planted on the ground, it is
      furthermore contemplated, in accordance with the invention, that the end
      of the locking finger be of rounded shape.
PAR  This shape, of course, facilitates the sliding of the end of the finger
      along the flared side walls of its recess.
PAR  Another particularly advantageous arrangement of the invention consists in
      the fact that the trunnion is provided at the end thereof opposite the
      firearm with a small collar which is adapted to fit in the bottom of the
      blind hole of the head and to guide the head upon its rotation and, in the
      portion thereof opposite said recesses, with a flat the shortest distance
      of which from the axis of the trunnion is less than the shortest distance
      between the end of the locking finger and the said axis.
PAR  This arrangement permits the rapid mounting and dismounting of the head of
      the prop on the corresponding trunnion without requiring the use of a
      tool.
PAR  As a matter of fact, after the unlocking has been effected in the manner
      indicated above, with the upper end of the the locking finger resting
      against the trunnion, it is sufficient, in order to remove the prop, to
      turn it until the finger arrives in the region of the flat. At this
      moment, due to the fact that the flat is located at a distance from the
      axis of the trunnion which is less than the shortest distance between the
      end of the locking finger and the said axis, that is to say, at the
      distance between the said axis and the end of the locking finger when the
      upper end of the prop is engaged to the maximum in the extension of the
      head, the end of this finger is free to be disengaged from the trunnion by
      a pull exerted on the head transversely with respect to the firearm, even
      if no pull is exerted on the other end of the prop. substantial
PAR  In order to effect the mounting, the operations must be carried out in the
      opposite order, namely: the blind hole of the head of the prop is engaged
      on the trunnion by placing the prop in an angular position such that the
      locking finger comes into the region of the flat, which it is possible to
      do even if no pull is exerted on the free end of the prop, since the prop
      is rotated until the locking finger engages in one or the other of the
      recesses of the trunnion.
PAR  During the rotation of the head of the prop which is carried out either to
      mount it or to dismount it, the head is retained axially on the trunnion
      due to the fact that the locking finger cannot escape, as it is stopped by
      the collar. Furthermore, when the prop occupies its active position or its
      inactive position, the prop is not only locked in rotation but is also
      held axially on the trunnion due to the fact that, of course, the recesses
      are open only radially and that then the locking finger comes against each
      of their walls, which prevents any removal of the head, unless the locking
      finger is located in the region of the flat.
PAR  In accordance with the invention, the geometrical axes of the two trunnions
      form an angle such that in the active position the two props are spaced
      from each other in a plane substantially perpendicular to the axis of the
      firearm, and that upon their rotation towards their active position, they
      swing back along the firearm.
PAR  More specifically, in accordance with the invention, the geometric axes of
      the two trunnions form an angle of less than 180.degree. in the upper
      portion of the plane, perpendicular to the axis of the arm, in which they
      are contained.
DRWD
PAR  Several embodiments of the invention are shown by way of illustration and
      not of limitation in the figures of the accompanying drawing in which:
PAR  FIG. 1 is a side elevation of a firearm in accordance with the invention
      with the props in their active or firing position,
PAR  FIG. 2 is a front elevation showing the firearm of FIG. 1,
PAR  FIG. 3 is a partial view of the firearm with the props in their inactive
      position,
PAR  FIG. 4 is a partial view of the firearm with the props in a position in
      which they can be disconnected from the trunnions,
PAR  FIG. 5 is a view of the firearm partially in section showing in particular
      the locking means contained in the head of the prop, the prop being in its
      active position,
PAR  FIG. 6 is a similar view showing another embodiment of the invention,
PAR  FIG. 7 is a partial view in perspective, showing the arrangement of the
      geometrical axes of the trunnions, and
PAR  FIG. 8 is a view of the firearm partially in section, similar to FIGS. 5
      and 6, and showing still another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  A firearm 1 in accordance with the invention is shown schematically in
      FIGS. 1 and 2 and partially in FIGS. 3, 4, 5, 6, 7 and 8. The firearm may,
      for instance, be a machine rifle. To the front end of the firearm there
      are pivoted two props 2 which can occupy an active position, in particular
      a firing position, in which they are spaced apart from each other in a
      plane substantially perpendicular to the axis of the barrel 3 (FIGS. 1, 2,
      5, 6 and 8), and in an inactive position, in particular a carrying
      position, in which the props 2 are swung back along the firearm (FIG. 3).
      These props 2 are provided at their free ends with feet 4 intended to rest
      on the ground when the firearm is to be placed in a firing position in
      which its front portion is elevated.
PAR  The arrangement of a single one of the two props will be described below
      since the arrangement of the other prop is identical.
PAR  In accordance with the invention, the prop 2 comprises a head 5 in which
      there is provided a blind hole 6 by means of which the head can fit over a
      trunnion 7 (FIG. 7) protruding laterally from the firearm. The head has a
      radial extension 8 in which there is provided a bore 9 which slidably
      receives the end of a prop rod 10 which is opposite the foot 4.
PAR  Means for the automatic locking of the said end on the trunnion, in the
      active and inactive positions mentioned above, are arranged within the
      head 5.
PAR  These locking means comprise a portion 11 of reduced diameter forming an
      extension of the rod 10 within the bore 9, this portion bearing at its end
      a locking finger 12 which is adapted to protrude radially into the blind
      hole 6 and cooperate selectively with two radial recesses 13, 14 provided
      in the trunnion 7 so as to assure locking in each of the two positions
      indicated.
PAR  An elastic member 15, for instance a coil spring, is compressed between a
      shoulder 16 on the portion of reduced diameter 11 and a fixed stop on the
      radial extension 8 of the head 5. This stop is formed of a pin 17 which
      passes through the said radial extension 8 as well as a notch 18 provided
      at the junction between the rod 10 and its portion 11 of reduced diameter.
PAR  In the embodiment shown in FIG. 5, the side walls of the recesses 13, 14
      are directed radially, the locking finger 12 being, for instance, of
      cylindrical shape, while in accordance with the embodiment of FIG. 6, the
      side walls of the recess 13a corresponding to the active position are
      flared outwards towards the periphery of the trunnion, said recess 13a
      possibly being formed of a conical cavity, and the locking finger 12a has
      an end of rounded shape, for instance hemispherical shape. In this latter
      embodiment, the other recess, namely the recess marked 14a, which
      corresponds to the inactive position, has radial side walls and a shape
      similar to that of the recesses 13, 14, for instance a cylindrical shape.
PAR  Finally, the trunnion 7 is provided at its free end with a small collar 19
      adapted to fit in the bottom of the blind hole 6 when the head is engaged
      on the trunnion and to guide said head upon its rotation. Furthermore, in
      the portion of the trunnion 7 opposite the recesses 13, 14 (or 13a, 14a)
      the trunnion has a flat 20 the shortest distance of which from the axis,
      indicated at 21, of the trunnion is less than the shortest distance
      between the end of the locking finger 12 (or 12a) and said axis 21. In
      other words, when the prop is brought into the position shown in FIG. 4 in
      which the locking finger 12 (or 12a) arrives in the region of the flat 20,
      and even assuming that no pull is exerted on the prop rod 10 in the
      direction of its axis, the end of the locking finger is slightly spaced
      from the plane of the flat 20.
PAR  Finally, it should be noted that the geometrical axes of the trunnions form
      an angle of less than 180.degree. in the upper portion of the plane in
      which they are contained and which is perpendicular to the axis of the
      firearm. This angle has been indicated by the letter A in FIG. 7 and the
      plane in question has been indicated by P.
PAR  The operation of the props of the firearm which has just been described is
      as follows:
PAR  In the active or firing position, with no pull exerted on the prop rod 10,
      the elastic member 15 which rests against the pin 17 pushes the collar 16
      upward and the locking finger 12 (or 12a) comes to occupy the radial
      recess 13 (or 13a) of the trunnion 7.
PAR  The head 8 of the prop can then not disengage itself from the trunnion
      since the locking finger is locked in the recess, and furthermore the prop
      2 cannot pivot under the action of a force which might result from the
      weapon being, for instance, carried by the marksman in order to move it or
      from impacts to which the free ends of the props might be subjected,
      particularly should they encounter obstacles such as barbed wire
      underbrush or hillocks, or else if, with the props locked in their active
      position, the firearm is roughly thrown to the ground.
PAR  However, these forces to which the free ends of the prop can be subjected
      may be relatively great and the locking finger might then suffer stresses
      such that they might cause the deformation or even the breaking thereof.
      In this case the embodiment shown as variant in FIG. 6 is particularly
      advantageous due to the fact that such forces would produce a sliding of
      the rounded end of the locking finger 12a on the flared side walls of the
      radial housing 13a, transforming these forces which are perpendicular to
      the prop into forces directed along its axis and resulting in the
      extracting of the locking finger from its recess against the force exerted
      by the elastic return member 15.
PAR  In order to bring the prop 2 from the active position shown in FIG. 5 to
      its inactive position shown in FIG. 3, in which position the prop is swung
      back along the firearm, it is sufficient first of all, without it being
      necessary to actuate any locking button, to exert a pull on the free end
      of the rod against the force exerted by the elastic member 15 and of
      sufficient amplitude so that the locking finger 12 emerges from its recess
      13 and, thereupon pivoting the prop in the direction indicated by the
      arrow 22 until the locking finger comes opposite the radial recess 14. The
      pull exerted on the prop having ceased, the locking finger 12 can then
      penetrate into the recess 14 under the action of the elastic return force
      exerted by the member 15 on the shoulder 16. The prop is then locked in
      the inactive position.
PAR  In order to return the prop from this inactive position to its active
      position, one proceeds in the same manner, but pivoting the prop in the
      direction opposite that indicated by the arrow 22.
PAR  When using a prop developed in accordance with the embodiment of FIG. 6,
      one can, of course, proceed in the same manner in order to bring the prop
      from its active position into its inactive position.
PAR  In order to effect the removal of the prop, one proceeds in the following
      manner:
PAR  A pull is exerted on the prop rod 10 in such a manner that the locking
      finger 12 (or 12a) emerges from the housing in which it is engaged,
      whereupon it is pivoted until this finger arrives in the region of the
      flat 20. Due to the fact that the collar 19 is interrupted in this region,
      the prop head 5 can be removed laterally so as to free the trunnion. To do
      this, and as a result of the precautions of a dimensional nature mentioned
      above with regard to the position of the flat, it is not even necessary to
      continue pulling on the end of the prop.
PAR  In order to mount the prop, it is placed in such a position (see FIG. 4)
      that the blind hole 6 of the head 5 can engage on the trunnion, the
      locking finger being located in the region of the flat. When this
      engagement has been effected, the prop is pivoted to bring it either into
      its active position or into its inactive position, and it will be evident
      that during this pivoting movement, the locking finger will rest at its
      end on the trunnion 7, which causes a compression of the elastic member
      15, and that it prevents any removal of the head before the locking
      position is reached, due to the fact that it can abut behind the collar
      19, preventing any lateral displacement of the head which would tend to
      remove it from the firearm.
PAR  Another important advantage of the invention resides in the double role
      which is imparted to the pin 17. This pin 17 serves as a matter of fact on
      the one hand as lower stop for the elastic member 15, while on the other
      hand it limits the displacements of the prop rod 10 in the bore 9 of the
      head.
PAR  In particular it prevents any removal of the prop from out of the bore if
      too great an axial force is exerted on the rod in the direction of its
      axis since the upper wall of the notch 18 then comes against the pin 17.
      Furthermore, when the prop is in its active position, the end of the
      locking finger can be prevented from coming against the bottom of the
      recess 13 (or 13a) by suitably positioning the pin 17 so that before this
      abutment takes place the upper end of the rod 10, namely the lower wall of
      the notch 18, strikes below the pin.
PAR  This arrangement prevents the weight of the firearm being borne by the
      locking finger, which might subject the latter to excessive stresses or
      dull the end thereof, which could prevent it from subsequently penetrating
      into the radial recesses. On the contrary, in accordance with the
      invention, the weight of the firearm is borne by the pin 17 which, of
      course, can be made of sufficient size that there is no danger of its
      being deformed. In this way any deformation of the trunnion is also
      avoided.
PAR  Finally, it will readily be seen that the relative positioning of the
      geometric axes of the trunnion 7 permits the props, when they occupy their
      active position, to be sufficiently moved away from each other to impart
      the firearm sufficient stability in the firing position and to fold back
      along the firearm when they are brought into their inactive position,
      since the axis of the props remains perpendicular to the axes 21.
PAR  In the embodiment shown in FIG. 8, parts similar to those in FIGS. 5 and 6
      have been indicated by the same reference numbers.
PAR  The locking finger, marked 12b, as well as the recesses, marked 13b and
      14b, with which it is intended to cooperate to assure the locking in the
      active and inactive positions of the props, are of conical shape.
PAR  This shape has the advantage of permitting automatic compensation for the
      play which might result between the finger and the recesses as a result of
      wear and furthermore to impart greater strength to the locking finger.
      Furthermore, a dulling of the end of the finger which might result from
      repeated blows against the trunnion 7 cannot prevent it from penetrating
      into the recesses 13b and 14b.
PAR  In this embodiment, a passage 23 has been provided in the collar 19 of the
      trunnion 7 for the passage of the locking finger 12b upon the removal of
      the prop, but no flat similar to flat 20 has been provided on the trunnion
      itself, since the latter is made hollow to house a nut 24 for the
      fastening of the trunnion to the firearm. Therefore, when it is desired to
      remount the prop, it is necessary to exert a pull on it in the direcion of
      its axis in order that the end of the locking finger can pass over the
      peripheral surface 25 of the trunnion.
PAR  As goes without saying and as is furthermore already evident from the
      foregoing, the invention is in no way limited to those of its methods of
      application or embodiments which have been more particularly contemplated;
      rather, it covers all variants; in particular, three radial recesses could
      be provided instead of two, one cooperating with the locking finger to
      lock the props in an inactive position and the other two cooperating with
      said finger to lock the props selectively in two active positions which
      are spaced angularly from each other so as to permit the positioning of
      the front end of the firearm at two different heights when in firing
      position.
CLMS
STM  I claim:
NUM  1.
PAR  1. A firearm of the type having two props having feet, said props being
      pivoted to its front portion about two respective laterally protruding
      trunnions, said props being adapted to occupy at least one active position
      in which, their feet resting on the ground, they serve as support for the
      front portion of the firearm so as to maintain it elevated, and an
      inactive position in which they are swung back along the firearm, each
      prop comprising:
PA1  a prop rod, said prop rod having a foot, a head having a blind hole by
      means of which it can be engaged over the laterally protruding trunnion on
      the firearm, and said head having a radial extension, a bore in said
      radial extension, said bore slidably receiving the end of the prop rod
      which is opposite its foot,
PA1  means for axial retention of the head on the trunnion, and
PA1  within the head, means for the automatic locking of said end on the
      trunnion in the two aforementioned positions, said means being unlockable
      under the effect of a pull exerted on the rod in the direction of its
      axis.
NUM  2.
PAR  2. A firearm as claimed in claim 1, further comprising: said trunnion
      having at least two radial recesses therein, an elastic member within the
      bore of the radial extension of the head, said elastic member urging said
      end of the rod toward a retracted position in the head, and said end
      having a locking finger adapted to protrude radially into the blind hole
      and to cooperate selectively with said at least two radial recesses in the
      trunnion so as to assure locking in at least the two aforementioned
      positions.
NUM  3.
PAR  3. A firearm as claimed in claim 2, wherein the elastic member is
      compressed between a shoulder of the rod and a fixed stop of the radial
      extension of the head.
NUM  4.
PAR  4. A firearm as claimed in claim 3 wherein said rod has a notch therein,
      the fixed stop is a pin which tranverses the radial extension of the head,
      as well as the notch in the rod, and the upper and lower walls of said
      notch, by coming against the pin, serve to limit the sliding movements of
      the rod in the bore of said extension.
NUM  5.
PAR  5. A firearm as claimed in claim 2 wherein at least one of said recesses of
      the trunnion with which the finger cooperates to assure the locking of the
      prop in an active position has side walls which are flared towards the
      periphery of the trunnion.
NUM  6.
PAR  6. A firearm as claimed to claim 5, wherein the end of the locking finger
      is of rounded shape.
NUM  7.
PAR  7. A firearm as claimed in claim 6, wherein the trunnion has a small collar
      at its end opposite the firearm which is adapted to fit in the bottom of
      the blind hole of the head and guide the latter upon its rotation and, at
      the portion thereof opposite the said recesses, the trunnion has a flat
      the shortest distance of which from the axis of the trunnion is less than
      the shortest distance between the end of the locking finger and the said
      axis.
NUM  8.
PAR  8. A firearm as claimed in claim 1 wherein the geometrical axes of the two
      trunnions form an angle such that in the active position the two props are
      spread apart from each other in a plane substantially perpendicular to the
      axis of the firearm, and that upon their rotation towards their inactive
      position they are folded back along the firearm.
NUM  9.
PAR  9. A firearm as claimed in claim 8, wherein the geometrical axes of the two
      trunnions form an angle of less than 180.degree. in the upper portion of
      the plane, perpendicular to the axis of the firearm, in which they are
      contained.
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ABST
PAL  A purse-seine net, lures, or other fish catching devices are used in
      conjunction with a fishing vessel having a normally closed opening through
      the side of its hull below waterline. When the purse-seine net is used, a
      looped opening at the end of the net is placed over and around the opening
      through the vessel's hull, and the fish are transferred from the net in
      through the hull, as by suction, into a hold area where they are separated
      from the sea water; then the sea water is returned to the sea. Trim and
      stability problems of the vessel are solved by a novel system
      incorporating one or more compensating tanks, a ballast pump, and novel
      hull design.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oceanic fishing and has both apparatus and method
      aspects.
PAR  The invention has particular pertinence to the fishing of tuna and similar
      large fish found in quantity in some ocean waters. It has long been the
      practice to employ purse-seine nets, setting the net around an
      approximately circular area, then drawing and pursing the net to reduce
      the area of the bottom opening, thereby creating a pocket or purse with
      the net to entrap the fish while drawing the net aboard ship, then
      shortening the net to reduce the purse size, concentrating the fish in an
      ever smaller area and volume. From this point, various methods have been
      used to transfer the fish into the ship, such as brailing, suction
      pumping, and shoveling the fish into containers which are lifted onto the
      deck. The pursed net cannot be lifted, due to the weight of the fish, in
      some cases amounting to one hundred tons. All the methods heretofore in
      use have been awkward, laborious, time-consuming, and inefficient. They
      have called for considerable hand labor and for operation on relatively
      small quantities of fish reducing the availability of the ship and net to
      undertake further catches of fish in the area.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention the efficiency of the operation is greatly
      improved by a system provided with an opening in the ship's hull below the
      waterline. Of course, means is provided for normally effecting a
      watertight closure of this opening, but when the opening has been opened,
      then sea water can easily flow into the adjacent hold or tank within the
      vessel. Suction means is provided for pumping water out of the hold,
      thereby drawing in water by suction through the opening and drawing in
      fish adjacent to the hole into the vessel with the water. This system can
      be used not only with a purse-seine net but with any form of luring
      system.
PAR  When a purse-seine net is used in this invention, the net is brought around
      the opening through the ship's hull in such a manner that the fish have
      only one exit and so that as the net is tightened and shortened, the fish
      are gently urged toward the opening. The final contents of the net are
      also harvested in the same manner.
PAR  When other luring systems are used, the fish are in some manner attracted
      to the seawater near the opening through the ship's hull and then flowed
      in through it, as by suction, into the hold.
PAR  Moreover, the fish are separated from the sea water inside the hold or fish
      entry tank. The separation can be done mechanically, as by a suitable
      bucket-type conveyor or elevator in conjunction with a screen, funneling
      the fish onto the conveyor to prevent them from escaping out the hole or
      from being pumped out from the hold and back to the ocean. Further
      mechanization is provided to speed-up the operation, so that it becomes
      quite rapid, as compared with present-day practice. As a result, the ship
      and its net are soon available to be utilized in making another catch,
      instead of being occupied for many, many hours, as during a brailing
      operation.
PAC  PROBLEMS RELATED TO PRACTICING THE INVENTION
PAR  The provision of a large opening in the vessel's side has major effects on
      the trim and stability characteristics of the vessel. These effects
      combine to reduce the vessel's reserve buoyancy, her transverse and
      longitudinal metacentric heights and also introduces large heeling and
      trimming moments.
PAR  The flooding of a relatively large compartment in a vessel on one side
      causes the following:
PA1  a. large heel or list,
PA1  b. trim, which is minor if the hole is near amidships,
PA1  c. sinkage, due to loss of buoyancy,
PA1  d. loss of GM.sub.T (metacentric height) due to loss of waterplane area,
      and
PA1  e. reduction of freeboard on low side (this loss may cause the deck edge to
      submerge, with possible capsizing as a result).
PAR  The present SOLAS 1960 (Safety of Life at Sea Convention) Rules for
      passenger ships are strict for vessels having longitudinal watertight
      bulkheads where side damage would flood a compartment on one side (as in
      this case), and they require that the vessel be fitted with transverse
      equalizing ducts to enable rapid flooding of opposite side compartments,
      to prevent the vessel from capsizing. This basic rule was originally
      instituted by SOLAS Rules after the sinking of the S. S. EMPRESS OF
      IRELAND in the St. Lawrence River in 1914. She was holed in the side by a
      freighter, with subsequent flooding of her side coal bunkers. Longitudinal
      coal bunker bulkheads prevented the flow of water across to the opposite
      side, resulting in her rolling over while doing 19 knots in the icy waters
      of the St. Lawrence, drowning 1012 persons.
PAC  SOLUTION OF THE TRIM AND STABILITY PROBLEMS:
PAC  Summary of Further Features of the Invention
PAR  In order to compensate for these effects and to maintain stability and
      seaworthiness, the present invention employs a specially designed hull
      form with special subdivision and stability characteristics, together with
      adequate pumping and piping controls for rapid transfer of sea water. It
      may be noted that many vessels, particularly naval and fishing, have been
      designed to provide flooding of after-compartments; however, these
      prior-art designs have had only a minor effect on the transverse stability
      and intact buoyancy of the vessel, as compared to the large transverse
      heeling moments provided by the present invention.
PAR  To overcome the trim and stability problems mentioned above while providing
      for underwater fish entry into the vessel's fish entry tank, a special,
      unique tank-compensating system, together with an improved hull form for
      stability, is provided by the present invention. The compensating tank or
      tanks is or are of the size and location to provide equalizing heel and
      trimming moments to offset the effects of flooding of the tank.
PAR  The compensating tank system is filled by a large capacity water transfer
      pump, which takes suction from the fish entry tank at a rate equal to its
      flooding. Upon filling of the compensating tank system, the pump discharge
      is then directed overboard at a rate to provide a velocity of suction flow
      through the hull opening into the fish entry tank of about five knots.
PAR  To empty the fish entry tank, after the side door or gate is closed, the
      pump takes suction simultaneously from both a compensating tank and fish
      entry tank, thus offsetting effects of trim and list during this
      operation. A low-head high volume pump is used.
PAR  Other objects and advantages of the invention will appear from the
      following description of a preferred form thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a view in perspective of apparatus embodying the principles of
      the present invention being used in a fishing operation. A purse-seine net
      has been set, drawn, and pursed, the looped opening at the end of the net
      has been put in place in line with an opening through the side of the hull
      below waterline, and fish are sucked toward that opening.
PAR  FIG. 2 is a view in side elevation of the hull of a typical fishing vessel
      of the present invention, omitting the superstructure.
PAR  FIG. 3 is a diagrammatic plan view of the hull showing hold compartments
      and the water-flow system.
PAR  FIG. 4 is a diagrammatic view in section taken along the line 4--4 in FIG.
      3.
PAR  FIG. 5 is a partly diagrammatic plan view of a fish entry tank embodying
      the principles of the invention, equipped with fish lures and a water
      valving system.
PAR  FIG. 6 is a view similar to FIG. 3 showing an alternate arrangement of
      compensating tanks suitable for use in this invention.
PAR  FIG. 7 is a diagrammatic plan view of a hull with side shell blisters for
      improving the transverse stability of the vessel when the fish entry tank
      and the compensating tank or tanks are full.
PAR  FIG. 8 is a view in section taken along the line 8-8 in FIG. 7 and showing
      the relation to the waterlines in the full load state and the operating
      mode.
PAR  FIG. 9 is a view in section of a conventional tank illustrating prior art.
PAR  FIG. 10 is a similar view of a compensating tank shaped to reduce free
      surface area of the water in the tank when the tank is full.
PAR  FIG. 11 is a view in elevation of a purse-seine net which may be used in
      the present invention.
PAR  FIG. 12 is a somewhat diagrammatic view in perspective of a ship of this
      invention laying the purse-seine net. One end of the net is affixed to a
      skiff while the ship makes a big circle, coming back toward the skiff,
      which is also moving.
PAR  FIG. 13 is a view similar to FIG. 11 showing the ship having completed its
      circle and beginning to haul in the purse lines, thus pursing the net.
PAR  FIG. 14 is a view similar to FIG. 12, showing the stage in which the
      pursing has been completed and the purse opening brought to the opening
      through the ship's hull.
PAR  FIG. 15 is a similar view, showing a stage at which the net has been
      considerably shortened.
DETD
PAR  As shown in FIGS. 1 through 3, the invention incorporates a ship 20 having
      a deck 21 and a hull 22 with a side portion 23, preferably on the port
      side. Through this side portion 23 is an opening 24 that leads into a
      large duct 25. The opening 24 and duct 25 are so shaped and of such a size
      as to accommodate the physical entry of large fish, regardless of their
      orientation. A watertight gate 26 (FIG. 1) external to the hull 22 or side
      shell 23, is provided for shutting off the duct 25 closely adjacent the
      opening 24, making the ship substantially watertight at that area. This
      closure gate 26 may be operated manually with the aid of a handle 27 and a
      screw 28, or it may be operated hydraulically, electrically, or in some
      other suitable mechanical manner to provide watertight integrity to the
      hull 22 when fish transfer operations are not underway. The duct 25 leads
      into a hold or tank 30 of the ship 20. This hold 30 may be termed the fish
      entry tank. The hold 30 is provided with a duct 31 connected to a
      high-volume, low-head pump 32 for dewatering the hold 30 and therethrough
      to a discharge opening 33 through the hull 22 of the ship on the opposite
      side of the vessel from the duct 25. The flow of water generated by the
      pump 32 thus assists the passage of fish through the opening 24. The
      opening 24, beind ducted by the duct 25, creates a venturi effect to
      increase the velocity of the flow, preferably to at least 5 knots .times.
      6080/60.times.60 = 8.4 feet per second through the duct 25.
PAR  Once the fish have entered through the duct 25 into the fish entry tank 30,
      they are in a controlled environment, in contrast to the open sea. The
      transfer of the fish out of the water may then be effected by a jet
      suction pump, or by fish ladders or elevators, or by brailing gear, or in
      some other manner. A screen 29 prevents fish from flowing out through the
      discharge opening 33, which has a jet nozzle 37.
PAR  As stated earlier, the provision of the large opening 24 in the vessel's
      side 23 has major effects on the trim and stability characteristics of the
      vessel 20. These effects-- if not compensated--would combine to reduce the
      vessel's reserve buoyancy and her transverse and longitudinal metacentric
      heights and also would introduce a large heeling and trimming moment. In
      order to compensate for these effects and to maintain stability and
      seaworthiness, the present invention employs a unique
      stability-compensating system, which includes:
PA1  a. a compensating heel tank 34, so positioned on the opposite side 35 of
      the vessel 20 from the opening 24 as to offset heel or list effect when
      the entry tank 30 is flooded from the sea.
PA1  b. a compensating trim tank, so located in the vessel as to offset the trim
      effect when the fish entry tank 30 is flooded from the sea. This
      compensating trim tank may be the same tank 34, as shown in FIGS. 2 and 3,
      or may be a separate tank 36, as shown in FIG. 6. When a plurality of
      compensating tanks is employed, as in FIG. 6, their combined heel and trim
      moments (i.e., the weight of each tank liquid times the lever arm lengths
      for trim and heel, respectively) remains the same as for a single tank
      like the tank 34. A multiple tank system may (or may not) be more suitable
      for arrangements within the vessel,
PA1  c. minimizing the free surface effect, which tends to reduce the vessel's
      metacentric height and, consequently, the vessel's stability, by designing
      the heel tank 34 and the trim tank 36 to have waterplanes with small
      moments of inertia or to be pressed up full when in use.
PA1  d. the high-volume, low-head pump 32 has conduits 38 and 39 to provide for
      rapid transfer of sea water to flood the heel tank 34 and the trim tank 36
      quickly when the fish entry tank 30 is flooded, and
PA1  e. shaping the hull 22 to accommodate the effects of the flooding, heeling,
      and trimming and to insure adequate limits of freeboard, stability and
      seaworthiness through all ranges of such operations.
PAR  To accommodate the weight and free surface effect of flooding the
      compensating tank water, especially when the vessel is near full load
      displacement, the hull form is designed with a high transverse moment of
      inertia waterplane at full range only. This may be accomplished by
      increasing the beam within the middle half length at the full draft
      displacement with a fixed blister arrangement shown in FIGS. 7 and 8.
      Thus, the hull 22 has blisters 66 and 67 located to be just above the
      normal full load waterline W.sub.1 L.sub.1 and to be largely submerged in
      the operating mode at a waterline W.sub.2 L.sub.2, when the fish entry
      tank 30 and the compensating tank 34 are full of water.
PAR  Thus, where:
PA1  Gm is the metacentric height,
PA1  Bm is the metacentric height above the center of buoyancy,
PA1  L.sub.t is the transverse moment of inertia of the water plane,
PA1  .gradient. is the volume of displacement,
PA1  L is the length of the vessel, and
PA1  B is the beam (width) of the vessel,
PA1  Gm varies with BM and is proportional to I.sub.T /.gradient.
PA1  I.sub.t = f(LB.sup.3)
PA1  .thrfore. i.sub.t is proportional to B.sup.3.
PAR  Hence, a slight increase in beam width, supplied by the blisters 66 and 67
      when the vessel sinks from W.sub.1 L.sub.1 to W.sub.2 L.sub.2, has a
      cubing effect in the increase of I.sub.T.
PAR  Due to torsional loads on the hull (should these two tanks be of relatively
      large size), special structure is designed into hull girder strength to
      take such loads.
PAR  The volume rate of water Q discharge overboard to maintain a 5.0 knot flow
      velocity through the fish entry duct of 6.sup.ft .times. 2.sup.ft
      dimension is approximately:
      ##EQU1##
PAR  The jet effect of this water discharged overboard has a resultant thrust
      against the vessel. Employing this thrust with a directional control
      nozzle, together with a bow thruster provides an efficient and highly
      effective maneuvering of the vessel during fish entry, either by lure or
      from net.
PAR  The transfer system includes the high-capacity low-head pump 32 (which may
      be electrically or hydraulically powered) taking suction from the fish
      entry tank 30 and discharging through the discharge opening on the
      opposite side 35 with the jet nozzle 37.
PAR  To fill the fish entry tank 30 and the compensating tanks 34 prior to
      landing fish, a sea valve 68 in the tank 30 may be opened. The transfer
      pump 32 then takes suction from the flooding tank 30 and transfers water
      to the compensating tank 34 (or 34 and 36) at a rate such that both tanks
      are filled at the same rate. When both tanks 30 and 34 are full, a side
      shell gate 69 and a sea valve 70 to the compensating tank 34 is closed.
      Next, the overload discharge valve 71 is opened. The system is now ready
      to draw fish into the fish entry tank 30 by actuating the transfer pump
      32. To empty the tanks 30 and 34 (and 36) the reverse procedure is
      followed, i.e.: the side shell gate 69 is closed, the valve 70 is opened,
      the suction of the transfer pump 32 is used to discharge both tanks 30 and
      34 simultaneously through the overload discharge valve 71, and then the
      valve 71 is closed. Check valves 73 and 74 are also provided.
PAR  When purse-seining is employed, a special type of purse-seine net 40 is
      preferably provided, with an upper edge 41, as shown in FIG. 11, having
      therealong a series of flotation means 42, such as corks or other buoyant
      objects, serving to keep this upper edge 41 of the net 40 afloat.
      Preferably, as shown in FIG. 11, a special net is used in which a major
      portion 43, approximately 2/3 of the net 40, is made from heavy nylon (or
      equivalent material) and is provided along its bottom edge 44 with a chain
      45, incorporating a plurality of purse rings 46 attached to the chain 45
      by a triangular array of connecting chains 46a, and a pursing rope 47,
      passing from one end 48 of the net 40 through these purse rings 46. The
      other, or minor, portion 49 of the net 40 is made from lighter nylon or
      other relatively lightweight material, and it does not have to be nearly
      so strong, nor is it provided with any pursing rings 46; however, both
      portions 43 and 49 are provided with sufficient chain 45 to pull the
      bottom edge 44 of the net 40 down into the water, so that the net 40 is
      maintained in a vertical position.
PAR  At the leading end 51 of the heavier net portion 43 is provided a frame or
      hoop 52 for fitting around the opening 24. A tow line 51a is provided at
      the end 51 for towing the net 40 during encirclement of a school of fish.
      The hoop 52 comprises a ring bar bent into the shape of the opening 24,
      which may be substantially rectangular, with its upper edge in line with
      or an extension of the cork line 42 and the upper edge of the net 41. The
      net lines are securely tied to the bottom and sides of the hoop 52, with
      one-third of the lines to the left tucked along the left side and half of
      the bottom of the hoop 52. The remaining two-thirds of the lines are
      tucked around and attached to the right side and other half of the bottom
      of the hoop 52.
PAR  The hull side 23 is provided with a pair of guides 53 and 54, which may
      comprise angle irons, down which the hoop 52 may be slid, and a bottom
      stop 55 is provided to limit the downward movement of the hoop 52 and to
      align the hoop 52 with the opening 24. A winch 56, cable 57, boom 59, and
      pulley system 58 support the frame 52 when it is being lowered into place
      or raised. In addition, a three-drum winch system 63 is provided for
      pulling in the purse rope 47 from each end and the tow line 51a.
PAR  Fishing, according to this invention, may proceed along the general lines
      already described, but some important differences may be introduced. Due
      to the lightness of the rear third of the net it becomes possible to lay
      this net 40 much more swiftly than has been done heretofore, particularly
      when using a mechanical drum system, including the drum 61 around which
      the net 40 is wound.
PAR  As shown in FIG. 12, a power skiff 65 holds one end 48 of the net 40 via
      the towline 51a during the net laying operation, while the ship 20, at
      good speed, makes a wide circle, approximately the same circumference as
      the length of the net 40. The flotation means 42 keep the upper edge 41 of
      the net 40 on or near the surface, while the chains 45 and 46a carry the
      lower edge of the net down into the water. As shown in FIG. 13, when the
      circle is completed, the pursing line 47 extends as a cord across a
      portion of the arc and goes directly to the first ring 46, rather than
      extending completely around the circumference of the net 40. It should be
      noted that the net 40 is always laid with the skiff 65 in position so that
      the school of fish will be swimming towards the leading heavy two-thirds
      of the net 40, whereas the trailing light one-third of the net 40, that is
      brought around will not come in contact with or be strained by the fish.
      The net 40 is then taken away from the skiff 65, and the skiff 65 prepares
      for later operations where it assists. Then (Fig. 14) the net 40 is pursed
      by pulling the purse line 47, thereby preventing the fish from escaping by
      diving below the net, upon completion of pursing, with all the rings 46
      collected together, the rings 46 are hoisted on board the vessel 15 and
      placed on a ring bar in order, with the rings 46 nearest the hoop 52 on
      the bottom and the ones nearest the trailing edge 49 of the net 40 on top.
PAR  As the net 40 is wound on the drum 61, the fish separation operation may be
      withheld for awhile, pending a suitable concentration of fish in the
      water, or it may begin at any time where there is a sufficient
      concentration of fish to make it worthwhile and this may be very early
      indeed. When the hoop 52 is then lowered in place, the fish entry tank 30
      is opened by opening the gate 26, and the tank 30 is flooded. Then the
      pump 32 is started and pumps out water, causing a suction, resulting in a
      flow of water into the duct 25. Simultaneously, the net 40 is being
      shortened, and continues to be shortened, giving the fish less and less
      space inside the net 40 and urging them to find a way out. The only way
      out is in through the opening 24, and this, of course, turns out to be a
      trap for them. They enter through the duct 25 and are confined there, and
      directed against an elevator or other such device. They are prevented from
      going back out the duct 25 by the velocity of the incoming sea water that
      is sucked in by the pump 32; the fish are prevented from going out through
      the pump 32. They then may be carried by the elevator or fish ladder out
      from this tank 30 and may be put aboard a suitable conveyor which carries
      them to various fish storage holds.
PAR  Further improved results can be obtained by using specially shaped
      compensating tanks. For example, the tank 34 shown in FIG. 9 is a
      conventional cubic tank with a ventilator 75. In FIG. 10 is a tank 34a
      wherein the upper portion 76 converges toward an upper wall 77 which is
      much smaller in area than the bottom wall 78.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oceanic fishing system, including in combination:
PA1  a ship having an opening through its hull below waterline on the port side,
PA1  a fish entry tank in said ship on the port side and connected to said
      opening by a conduit,
PA1  closure means for said opening so that it can be shut or open as desired,
PA1  compensating heel and trim tank means in said ship on the opposite side of
      said ship from said fish entry tank for offsetting the heel, list, and
      trim effects of entry of water into said hold compartment,
PA1  means inside said fish entry tank for separating the fish from the water
      and removing the fish,
PA1  first pumping means for drawing water into said fish entry tank through
      said opening, carrying fish therewith, and for returning the sea water to
      the sea, and
PA1  second pumping means for transferring water from the sea rapidly into said
      heel and trim tank means quickly while said fish entry tank is being
      flooded.
NUM  2.
PAR  2. The system of claim 1 wherein said opening is generally rectangular.
NUM  3.
PAR  3. An oceanic fishing method employing a ship having a below-waterline
      opening into one side of its hold, comprising:
PA1  concentrating fish around said ship opening,
PA1  suctioning sea water and the fish in through said opening, while flooding
      compensating tank means on the other side of said hold,
PA1  separating the fish from the sea water, and
PA1  returning the excess sea water to the sea.
NUM  4.
PAR  4. An oceanic fishing system, including in combination:
PA1  a ship having an opening through its hull below waterline on the port side,
      leading into a holding compartment on said port side,
PA1  closure means for said opening so that it can be shut or open as desired,
PA1  compensating tank means in said ship on the starboard side located where
      the heeling and trimming effect of letting water through said opening into
      said holding compartment can be compensated by equal flooding,
PA1  means inside said holding compartment adjacent said opening for separating
      the fish from the sea water,
PA1  main pumping means for drawing sea water and the fish through said opening
      with said holding compartment,
PA1  ballast pumping means for drawing sea water into said compensating tank at
      the same rate as that drawn into said holding compartment until both reach
      a desired flooding stage, and
PA1  means for thereafter exhausting water from said holding compartment into
      the sea at the same rate at which sea water enters said opening.
NUM  5.
PAR  5. The system of claim 4 wherein said opening is generally rectangular.
NUM  6.
PAR  6. The system of claim 4 wherein said means inside the holding compartment
      comprises an elevating conveyor extending below and above water level and
      a screen adjacent said conveyor.
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ABST
PAL  A lure for catching squid and the like includes a hollow elastic body and a
      hook device disposed at one end of the elastic body. Means are provided
      for connecting the hook device to a fishing line such that the elastic
      body is adapted to be compressed to facilitate catching squid or the like
      on the hook device when the fishing line is pulled up.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a lure for catching squid and the like.
PAR  Conventional lures for catching squid and the like comprise a small lead
      body covered with rubber or cloth, and hooks are provided at one end of
      the lead body. However, because of the weight of the lead sinker which is
      also connected to the end of a fishing line, in addition to the weight of
      the lead body, the number of fishhooks which can be attached to a single
      fishing line is limited. In addition, using a large amount of lead on a
      lure tends to make it expensive.
PAR  Accordingly, an object of the present invention is to overcome the
      disadvantages of known prior art arrangements and to provide a lure for
      catching squid and the like which is inexpensive to produce and which
      facilitates hooking of the squid.
PAR  Another object of this invention is to provide a hollow lure made of
      flexible material, carrying a hook at one end, and which is adapted to be
      attached at both ends to a line so that a plurality of such lines may be
      connected in series.
PAR  A further object of this invention is to provide a lure which includes a
      hollow elastic body which is capable of being physically transformed or
      compressed in the direction of the fishing line to facilitate catching the
      squid and the like.
PAR  A still further object of this invention is to provide a lure having a
      perforated hollow elastic body in which bait may be contained and which
      may be used to cause bubbles to attract the squid.
PAR  Other objects of the present invention will become apparent from the
      following description of embodiments with reference to the accompanying
      drawings. However, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made therein
      within the scope and range of equivalent of the claims.
PAC  SUMMARY OF THE INVENTION
PAR  A lure for catching squid and the like includes a hollow elastic body and a
      hook device disposed at one end of the elastic body. A fishing line is
      connected to the hook device and arranged such that the elastic body will
      be compressed to facilitate catching squid or the like on that hook device
      when the fishing line is pulled up.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a lure according to one embodiment of the
      present invention with a portion of the body being broken away and in
      section;
PAR  FIG. 2 is a vertical sectional view taken along the line I--I of FIG. 1 but
      on a larger scale than FIG. 1;
PAR  FIG. 3 is a vertical sectional view similar to FIG. 2 but showing the
      physical transformation of the body of the lure in the longitudinal
      direction as may be caused by the weight of a squid which has been caught
      by the lure;
PAR  FIG. 4 is a vertical sectional view of a lure according to an alternate
      embodiment of the present invention;
PAR  FIG. 5 is a vertical sectional view of a lure according to a further
      alternate embodiment of the present invention;
PAR  FIG. 6 is a schematic view showing a plurality of lures according to the
      present invention in practical use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, there is shown in FIGS. 1 to 3 a first
      embodiment of the present invention. In this first embodiment, a lure for
      catching squid and the like includes a hollow elastic body 1 which is
      provided with a hook indicated generally at 2. The hook 2 has a core 2a
      and the upper part of the core 2a forms a shank 2b which passes into the
      interior of the elastic body 1 through a hole 3 in the lower end of the
      elastic body 1. The shank 2b is integral with and is a part of the core
      2a. The elastic body 1 also has another hole 4 at its other longitudinal
      end for introducing a fishing line 5 into the elastic body 1. The elastic
      body 1 may be made of resilient material such as plastic, rubber or the
      like and may be colored, for example red, or yellow, or it may be coated
      with silver dust or luminous paint.
PAR  The core 2a is bent at its lower end and is arranged to receive a
      connecting ring 8 which is in turn connected to a fishing line 5a. The
      shank 2b also has a bent end 7 which is connected to the fishing line 5.
      Umbrella hooks 2c encircle the core 2a and are secured thereto by rings 2d
      to prevent their sliding on the core 2a.
PAR  As can best be seen in FIG. 2, the fishing line 5 is connected to the end
      loop 7 of the shank 2b of the hook and passes out of the elastic body 1
      through the hole 4. It will be seen that by pulling of the fishing line 5,
      the hook 2 will be drawn into position as shown in FIG. 2 wherein the
      shank 2b passes through the hole 3 of the elastic body to be releasably
      held in the position shown in FIG. 2. Apertures 6 may be provided in the
      elastic body 1 to permit air or water to pass between the inside and
      outside of the elastic body 1 while providing bubbles.
PAR  As shown in FIG. 6, a suitable number of lures of the type shown in FIGS. 1
      and 2 may be attached to a fishing line 5 in series arrangement and the
      line caused to descend in a body of water by the provision of a single
      weighted sinker 11 which may be made of lead.
PAR  If the fishing line is pulled up when a squid embraces or otherwise
      contacts the hollow elastic body 1, the latter tends to be compressed
      longitudinally towards the hook 2. The pressure applied to the lower end
      of the elastic body 1 by the hook 2 and the resistance of the water
      against the passage of the elastic body 1 therethrough as the fishing line
      5 is pulled up will cause the elastic body to collapse longitudinally and
      thereby force the squid more deeply onto the hook 2. Expressed otherwise,
      when a squid is adjacent the hook 2 and the line is pulled up, the elastic
      body 1 will tend to collapse towards the hook 2 thereby tending to push
      the squid deeper onto the hooks 2. Thus, the squid will be embraced
      between the collapsing elastic body 1 and the hook 2 so that the hook 2
      will bite more deeply into the squid as the fishing line 5 is pulled up.
      Because of the squid's weight, there will be a great resistance caused by
      the squid when the line is pulled up. For example, when pulling in the
      line in water of 150 meters deep, a resistance power of 1 to 3 kg works on
      the hollow elastic body.
PAR  From the above description, it will be seen that the lure according to the
      present invention operates to effectively catch and hook the squid when
      the fishing line is pulled up. In addition, it is possible to attach a
      large number of lures to a single fishing line and arrange these lures in
      series as shown in FIG. 6. Thus none of the individual lures need require
      any weight or lead or the like. Moreover, these light, hollow elastic
      bodies can sway somewhat in the sea and as the water passes inside and out
      of the hollow elastic bodies through the holes 6, small bubbles may rise
      through these apertures 6 which will tend to attract the attention of the
      squid. At the same time, the elasticity of the body 1 tends to prevent the
      squid from becoming unhooked as the line is pulled up.
PAR  It will be further seen, that due to the elastic nature of the body 1, the
      hook 2 may be displaced out of longitudinal alignment as shown by broken
      lines in FIGS. 2 and 5 thereby affording flexibility in its operation.
      Also bait may be placed in the elastic hollow body.
PAR  FIG. 4 shows a second embodiment of the present invention wherein like
      numerals are used for like parts. In the embodiment of FIG. 4, there is
      provided an elongated shank 7a on the hook 2. The elongated shank 7a
      extends the entire length of the elastic body 1 and passes out through the
      hole 4 in the upper end of the elastic body 1. The external portion of the
      shank 7a is connected to a connecting ring 9 which is in turn connected to
      the fishing line 5. The advantage of this arrangement is that there is
      avoided the necessity of having to thread the fishing line through the
      elastic body 1 of the lure. In other words, since the shank 7a passes
      externally of the elastic body 1, the fishing line 5 may be easily
      connected to the external part of the shank 7a.
PAR  In the embodiment of FIG. 5, the shank 7b of the hook 2 terminates within
      the elastic body 1 as in the embodiment of FIGS. 1 and 2 but in FIG. 5 the
      shank 7b of the hook 2 is connected to linking element 10 which passes
      through the hole 4 of the elastic body 1 to a position external of the
      body. The external part of the linking element 10 is connected to a
      connecting ring 9 which is in turn connected to the fishing line 5.
PAR  The arrangement in FIG. 5, as in the case of the embodiment of FIG. 4, also
      avoids the necessity of having to thread the line through the elastic body
      1 of the lure. Another advantage of the FIG. 5 embodiment is that it is
      possible to wind up a plurality of such lures on a reel with minimum
      projecting parts inasmuch as there is a flexible joint between the shank
      of the hook and the linking element 10 and the lure can bend at this joint
      as the latter is wound up around a cylindrical body such as a reel.
PAR  As can be seen in the embodiments of FIGS. 4 and 5, a plurality of
      apertures 6 may be provided throughout the elastic body. FIG. 3 shows the
      elastic body partially collapsed.
PAR  It is thought that the invention and its attendant advantages will be
      understood from the foregoing description and that it will be apparent
      that various changes may be made in the form, construction, and
      arrangements of the parts without departing from the spirit and scope of
      the invention or sacrificing all of its material advantages. The forms
      heretofore described being merely preferred embodiments thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lure for catching squid and the like comprising a hollow elastic body,
      said hollow elastic body being elongated and having holes on each
      longitudinal end, a hook device disposed at one end of said elastic body,
      said hook device including a longitudinally contiguous core and shank, one
      or more umbrella-type hook elements disposed on said core, ring means
      disposed about said hook elements and said core to prevent the hook
      elements from sliding on said core, said shank passing through one of said
      holes at the longitudinal end of said hollow elastic body and extending
      into said hollow elastic body, said core being disposed outside said
      hollow elastic body adjacent to said one hole at the longitudinal end of
      said elastic body, said umbrella-type hook elements having first radial
      portions extending radially outwardly from said core and second
      longitudinal portions extending longitudinally toward said hollow elastic
      body, said core having a connector extending on the side of said radial
      portions opposite said elastic body, and means connecting said shank and
      said connector to a fishing line such that a plurality of lures may be
      connected in series and each elastic body is adapted to be compressed to
      facilitate catching squid or the like on said hook device when the fishing
      line having the series-connected lures is pulled up.
NUM  2.
PAR  2. A lure according to claim 1 wherein said shank terminates within said
      hollow elastic body, said fishing line being connected to said shank at a
      flexible connecting location within said hollow elastic body, whereby the
      plurality of series-connected lures may be wound on a circular reel as
      each lure bends at said flexible connection location.
NUM  3.
PAR  3. A lure according to claim 1 wherein said shank terminates within said
      hollow elastic body, a connecting link attached to said shank at a
      flexible connection location, said connection link extending through said
      hollow elastic body to pass out of said other hole in said elastic body,
      said fishing line being connected to said connecting link externally of
      said elastic body at a second flexible location, said plurality of
      series-connected lures being capable of being wound on a circular reel as
      each lure bends at said first and second flexible connection locations.
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ABST
PAL  A fishing bag in the form of a woven net suspended at its open mouth end
      from a circular ring by means of S-shaped hooks and having a winged
      V-shaped bracket affixed to the ring and extending radially outwardly
      therefrom with its vertex affixed to a post extending normal to the plane
      of the ring and adapted to be readily fit into an oarlock hole of a
      fishing boat for securing the fishing bag to the boat in a manner
      suspended over a side of the boat with the net emersed in the water to
      retain fish that have been caught by the fishermen in a fresh manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to fishing accessories and more
      particularly to a novel and improved quick-lock fish bag which may be
      readily mountably affixed to an oarlock hole of a boat with the net of the
      bag suspended over the side of the boat and emersed in the water to retain
      fish caught by the fishermen therein in a fresh manner.
PAR  2. Description of the Prior Art
PAR  It has been known in the prior art to provide clamp-on type fish baskets
      invented for use by fishermen by being clamped onto the gunwhale of a
      boat, the clamp-on baskets being difficult to attach to the boat with the
      clamp having a tendency to bend or break while also tending to mar the
      finish of the boat.
PAR  It would thus be desirable to provide a fish bag which could be readily
      attached to and detached from the boat for ease of usage thereof by a
      fisherman.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the deficiencies and disadvantages of
      presently available fish bags or baskets and provides a novel solution
      thereto in the form of a quick-lock fish bag including a post readily
      received in an oarlock hole of a fishing boat with the net of the basket
      being suspended over the side of the boat and emersed in the water for the
      keeping of fish therein, the bag being readily mounted onto and demounted
      from the fishing boat.
PAR  It is a feature of the present invention to provide a quick-lock fish bag.
PAR  A further feature of the present invention provides a quick-lock fish bag
      which is relatively simple in its construction and which, therefore, may
      be readily manufactured at a relatively low cost and by simple
      manufacturing methods so that it can be retailed at a sufficiently low
      price to encourage widespread use and purchase thereof.
PAR  Still a further feature of the present invention provides a quick-lock fish
      bag which is possessed of few parts and which, therefore, is unlikely to
      get out of order so that it is of a rugged and durable construction and
      which, therefore, can be guaranteed by the manufacturer to withstand many
      years of intended usage.
PAR  Still a further feature of the present invention provides a quick-lock fish
      bag which is easy to use and reliable and efficient in operation and which
      may be readily mounted onto and demounted from a boat without the need of
      any special skills, expertise, or tools.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of the quick-lock fish bag of the invention
      illustrated mounted on the side of a fishing boat;
PAR  FIG. 2 is a top view of the invention with the net removed therefrom; and
PAR  FIG. 3 is a side elevational view of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, there is illustrated a preferred
      form of a quick-lock fish bag constructed in accordance with the
      principles of the present invention and which is designated generally in
      its entirety by the reference numeral 10, the fish bag being comprised of
      a ring 11, S-hooks 12 supporting a net 13, a bracket 14, and a post 15
      which is adapted to be vertically inserted into an oarlock hole 21 of a
      typical fishing boat 22, having seats 23 for the comfort of a fisherman
      24.
PAR  The ring 11 is of an endless circular type as to body member 31 which has a
      generally circular cross-sectional configuration. The ring 11 may be
      manufactured out of metal, wood, hard rubber, plastic, or any other
      suitable satisfactory material with the preferred embodiment being
      manufactured of metal treated for corrosion resistance and utilized for
      its inherent strength.
PAR  A multitude of the S-hooks are suspended on the ring body member 31 and
      extend downwardly therefrom to have affixed thereto the mouth end 41 of
      net 13 with the net being manufactured of woven wire having a closed
      bottom end 42 and sidewalls 43 for retaining fish therein, the net being
      of a sufficient length to be emersed in water 45 when bag 10 is suspended
      from fishing boat 22.
PAR  Affixed to an exterior portion of ring body member 31 is the mounting
      bracket 14 which is formed of an elongated cylindrical rod bent into a
      winged V-shaped configuration and defined by wings 51 and 52 which are
      welded to body member 31, legs 53 and 54 which extend outwardly therefrom,
      and a vertex 55 which extends furthest from body member 31 and generally
      radial relative thereto. The bracket 14 lies co-planar with ring 11.
PAR  The post 15 is of an elongated cylindrical configuration having its top end
      61 pass through the inner portion of vertex 55 of bracket 14 and secured
      permanently thereto by welding, its bottom end 62 extending vertically
      downwardly therefrom and normal to the plane of the ring 11 and adapted to
      be readily inserted into oarlock hole 21.
PAR  In operation, fisherman 24 merely inserts post 15 into oarlock hole 21 with
      net 13 projecting outwardly of the side of the boat and emersed in water
      45 for retaining fish therein that have been caught by the fisherman. On
      docking of the boat, the fisherman need only grip the post 15 and bracket
      portion 14 in a handle like manner for the carrying of the bag 10 between
      different locations.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A fish bag intended for use with an oarlock hole of a fishing boat, the
      bag comprising, in combination:
PA1  a ring member of an elongated continuous endless band having a circular
      cross-sectional configuration;
PA1  a plurality of S-hooks suspended from the ring member and extending
      downwardly therefrom;
PA1  a net having its open mouth end suspended from the S-hooks completely about
      the ring the net being manufactured of woven wire having an open mouth
      end, a closed bottom end, and side wall surfaces, the open mouth end being
      suspended generally parallel to the plane of the ring and spaced slightly
      downwardly therefrom by the S-shaped hook;
PA1  a bracket affixed to the ring and extending radially outward therefrom, the
      bracket being of a winged V-shaped configuration having the wings
      permanently affixed to the ring and with the vertex of the V projecting
      radially outwardly from the ring, the bracket lying coplanar with the
      plane of the ring and having its vertex end extending furthest outwardly
      from the periphery of the ring; and
PA1  a cylindrical post affixed to the bracket and extending downwardly
      therefrom in a direction normal to the plane of the ring and adapted to be
      fit into the oarlock hole of a boat for securing the bag thereto, the post
      being of an elongated cylindrical configuration having a top end and a
      bottom end and cylindrical side walls, the top end of the post being
      positioned inwardly of the vertex portion of the bracket and being
      permanently affixed thereto with the post extending normal to the bracket
      in the same direction in which the net is suspended from the ring.
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ABST
PAL  An articulated toy figure has head, limb, and hip portions each jointed for
      pivotal motion. The hip portion is formed by a flat plate which is
      positioned adjacent to the bottom of the figure's torso, and is supported
      for rotation about the longitudinal axis of the torso. This hip plate has
      tab means extending normally from the bottom surface thereof, these tab
      means having knobs extending therefrom over which the upper leg portions
      fit in pivotal mating engagement. The upper leg portions of the figure,
      which are joined at one end thereof as just described to the hip plate,
      and are joined at the other end to the lower leg portions of the figure,
      have similar recessed joinder portions at each end, these joinder portions
      having receptacles formed therein into which knobs of the hip plate tab
      means and lower leg end portions matingly fit for relative pivotal motion.
BSUM
PAR  This invention relates to articulating toy figures, and more particularly
      to such a figure having arm, leg, hip and head portions, each attached to
      the figure for pivotal motion.
PAR  Small articulated play figures representing both human and animal
      characters are used extensively in toy action or adventure play sets to
      simulate various scenes and activity to provide play activity for
      children. In simulating various activities, it is desirable to have the
      figures articulated so that activities such as operating equipment,
      handling weapons and tools, driving vehicles, etc., can be simulated. The
      greater the amount of articulation, the more versatile the figure becomes,
      thereby enhancing its play value.
PAR  Highly articulated miniature play figures of the prior art tend to be
      overly expensive in their construction which mitigates against their use
      in inexpensive play sets, except in very limited numbers. Further, many
      play figures having a high amount of articulation tend to be somewhat
      fragile in their construction with a resultant short life, particularly in
      the hands of smaller children.
PAR  The toy figure of this invention overcomes the aforementioned shortcomings
      of prior art devices in providing a figure having a high amount of
      articulation and at the same time a relatively simple and economical
      construction. Further, the toy figure of this invention is highly durable
      in its construction such that breakage of the articulated parts,
      particularly at their joints, is minimized.
PAR  It is therefore an object of this invention to provide an articulated toy
      figure having a high degree of articulation which is of more simple and
      economical construction.
PAR  It is a further object of this invention to provide a highly articulated
      toy figure of a more ruggedized construction.
DRWD
PAR  Other objects of the invention will become apparent as the description
      proceeds in connection with the accompanying drawings, of which:
PAR  FIG. 1 is a front elevational view of one embodiment of the invention;
PAR  FIG. 2 is a side elevational view of the embodiment of FIG. 1;
PAR  FIG. 3 is a cross sectional view taken along the plane indicated by 3--3 in
      FIG. 1;
PAR  FIG. 4 is an elevational view illustrating the details of the hip portion
      of the preferred embodiment;
PAR  FIG. 5 is an elevational view illustrating one of the knee joints of the
      preferred embodiment;
PAR  FIG. 6 is a rear elevational view of the hip portions of the preferred
      embodiment; and
PAR  FIG. 7 is a side elevational view of the hip portions of the preferred
      embodiment with the legs in a "seated" position.
DETD
PAR  Briefly described, the toy figure of the invention is as follows: A figure
      has a torso portion with a head, a pair of arms and a hip plate member
      attached thereto, each for pivotal motion about one axis. In the preferred
      embodiment, such attachment is achieved by means of circular knobs which
      are fitted into the hollow center of the torso. The hip plate member is in
      the form of a flat plate which abuts against the bottom portion of the
      torso and pivots about the longitudinal axis thereof. The hip plate has
      tab means extending downwardly therefrom, the upper leg portions having
      recessed ends which fit over the tab means for pivotal motion thereon.
      Finally, knee joints are formed for the lower leg portions by means of
      joint structure similar to that for joining the upper legs to the hip
      plate.
PAR  Referring now to the Figures, one embodiment of the invention is
      illustrated. The figure, which may be made of plastic or any other
      suitable material, includes a block shaped torso 11. A head 14 is
      pivotally attached to torso 11 by means of circular knob 14a which is
      connected to head 14 by pin 14b and fits into the hollow center portion of
      the torso. Head 14 thus can be fully rotated about the longitudinal axis
      of the torso.
PAR  Arms 16 and 17 are each pivotally attached to torso 11 for motion about an
      axis normal to the longitudinal axis of the torso by means of knob
      portions 16a and 17a which are retained in the hollow center portion of
      the torso and are joined to arms 16 and 17 by pin portions 16b and 17b
      respectively. Hip plate portion 20 comprises a flat plate having tab means
      in the form of a pair of tabs 23 and 24 extending normally from one
      surface thereof and a knob 25 connected to the other surface thereof by
      means of pin 26. Plate 20 is thus pivotally retained on the torso 11 by
      means of knob 25 for rotation about the longitudinal axis of the torso.
      Torso 11 may be fabricated in two pieces which are joined together along
      longitudinal seam 11a, as shown in FIG. 2, thus facilitating the assembly
      of the device, with the arms, head and hip portions joined to the torso
      for pivotal motion relative thereto as just described. Tabs 23 and 24 each
      have knob portions 23a and 24a respectively, over which bifurcated or
      recessed end portions 32a and 33a of legs 32 and 33 respectively fit for
      pivotal motion, as now to be described.
PAR  Referring now additionally to FIGS. 3 and 5-7 (FIG. 5 showing one of the
      legs 32), the end portions 32a and 33a of the legs are rounded to simulate
      the human rump. End portions 32a and 33a have receptacles 32b and 33b
      respectively formed therein, the knob portions 24a and 23a respectively
      fitting into these receptacles. The legs 32 and 33 thus can be pivoted
      about tabs 24 and 23 respectively, with the legs being stopped in abutment
      against plate 20 in an outwardly extending position parallel to the
      surface of the plate to provide a sitting position for the figure as shown
      in FIG. 7. Knee joints are formed to join lower leg portions 42 and 43 to
      upper leg portions 32 and 33 respectively in the same general manner as
      just described for the joinder of leg portions 32 and 33 to the hip plate
      tabs 24 and 23. These knee joints are formed by bifurcated end portions
      32c and 33c which fit over the reduced end portions 42a and 43a of the
      lower legs, the ends of these legs 42a and 43a having knobs as shown at
      43b in FIG. 2 which fit into mating receptacles in bifurcated portions 32c
      and 33c, in the same manner as described in connection with bifurcated
      portions 32a and 33a.
PAR  As shown in FIG. 6, the slots 32d and 33d at the rear of the upper legs are
      shorter than the slots 32e and 33e at the front of the legs. This provides
      limited rearward leg movement, yet allows the legs to move forwardly to
      the fully extended position (as shown in FIG. 7).
PAR  The toy figure of the invention thus includes a number of articulated
      members enabling the simulation of a great variety of poses. The joints
      for these body portions are implemented in a manner which lends itself to
      simple and economical construction. Further, the construction of the
      device lends itself to rough handling.
PAR  While the invention has been described and illustrated in detail, it should
      be clearly understood that this is by way of illustration and example only
      and is not to be taken by way of limitation, the spirit and scope of the
      invention being limited only by the terms of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A toy figure comprising:
PA1  a three dimensional torso portion having a longitudinal axis extending
      generally vertically, said torso portion having an upper end and a lower
      end which defines a generally flat downwardly facing contact surface,
PA1  a head portion supported at said upper end of said torso portion,
PA1  a pair of arm portions pivotally attached to said torso portion,
PA1  a hip plate portion attached to said lower end of said torso portion for
      pivotal motion about the longitudinal axis of said torso portion, said hip
      plate portion being in the form of a flat plate having a power surface and
      a generally flat upper contact surface, said flat plate extending
      transversely to said torso axis with said plate upper contact surface
      juxtaposed to and in slidable mating contact with said torso portion lower
      end contact surface, said plate having tab means extending downwardly from
      the lower surface thereof, one of the downwardly facing contact surfaces
      of said torso portion and the upper contact surface of said plate having a
      locking recess therein and the other thereof having a locking knob
      extended into and locked within the recess to permit pivotal motion of the
      hip plate portion relative to the longitudinal axis of the torso portion,
      and
PA1  a pair of leg portions pivotally attached to said tab means.
NUM  2.
PAR  2. The toy figure of claim 1 wherein each of said leg portions includes an
      upper and a lower leg portion pivotally attached to each other.
NUM  3.
PAR  3. The toy figure of claim 1 wherein the ends of said leg portions are
      recessed, said recessed ends fitting over said tab means, said tab means
      having knobs extending outwardly therefrom, said recessed ends of said leg
      portions having receptacles formed therein into which said knobs fit.
NUM  4.
PAR  4. The toy figure of claim 3 wherein said recessed portions define slots
      which are greater in extent on one side thereof than on the opposite side
      thereof, thereby limiting relative motion between said leg portions and
      said hip plate greater in one direction than the direction opposite to
      said one direction.
NUM  5.
PAR  5. The figure of claim 1 wherein said head portion is pivotally movable
      about the longitudinal axis of said torso portion, said torso portion has
      a hollow interior, the head, arms and hip plate portions each having a
      knob extending therefrom for retaining said portions to said torso
      portion, said knobs being fitted within the interior of said torso
      portion.
NUM  6.
PAR  6. The figure of claim 3 wherein the ends of the leg portions are rounded
      and form slots into which the tab means are fitted, said slots being
      greater in extent on the side thereof facing on the front of the figure
      than the side thereof facing on the rear of the figure, thereby permitting
      greater pivotal motion of said leg portions to the front than the rear.
NUM  7.
PAR  7. A toy figure comprising:
PA1  a three-dimensional torso portion having an upper end and a lower end and a
      hollow interior, said torso portion also having a generally vertically
      extending longitudinal axis and said lower end defines a generally flat
      downwardly facing contact surface,
PA1  a head portion supported at the upper end of said torso portion, said head
      portion having a knob extending from a lower portion to permit pivotal
      movement of said head portion about a generally vertical longitudinal axis
      of said torso portion,
PA1  a pair of arm portions being pivotally attached to said torso portion, each
      of said arm portions having a locking knob extending therefrom and being
      fitted within the interior of said torso portion to permit movement of
      said arm portions in an axis relatively normal to said longitudinal axis
      of said torso portion,
PA1  a hip plate portion attached to the lower end of said torso portion for
      pivotal movement about the longitudinal axis of said torso portion, said
      hip plate portion being in the form of a flat plate extending transversely
      to said torso axis and having a lower surface and a generally flat upper
      contact surface in slidable mating contact with the lower contact surface
      on said torso portion, the upper contact surface of said plate having an
      outwardly extending knob fitted within the interior of said torso portion
      to permit pivotal movement of said hip plate portion about an axis
      transverse to the longitudinal axis of said torso portion, tab means
      extending downwardly from the lower surface of said flat plate,
PA1  a pair of upper leg portions pivotally attached at their upper ends to said
      tab means, said upper ends of said leg portions being recessed with
      receptacles formed therein, said tab means having knobs extending
      outwardly therefrom and said knobs on said tab means extending into and
      being fitted into said recesses, the upper ends of said leg portions being
      rounded, said recesses defining slots which are greater in extent on the
      side thereof facing the front of the figure than on the side thereof
      facing the rear of the figure, thereby permitting greater pivotal motion
      of the upper leg portions to the front than to the rear,
PA1  and lower leg portions pivotally attached to each of said upper leg
      portions.
NUM  8.
PAR  8. A toy figure comprising:
PA1  a three-dimensional block shaped torso portion comprised of first and
      second torso sections and each of said sections having opposed seam lines
      which are secured together to form said block shaped torso portion, said
      torso portion having a hollow interior and an upper end and a lower end
      and side walls, said torso portion also having a generally vertically
      extending longitudinal axis with said lower end defining a generally flat
      downwardly facing contact surface,
PA1  a head portion supported at the upper end of said torso portion, said head
      portion having a circular head knob extending from a lower portion thereof
      and being secured to said head portion by a head pin, said head knob being
      fitted within the interior of said torso portion through an aperture on
      the upper end of said torso portion to permit pivotal movement of said
      head portion about said generally vertical longitudinal axis of said torso
      portion,
PA1  a pair of arm portions being pivotally attached to said torso portion, each
      of said arm portions having a circular locking arm knob extending
      therefrom and being secured thereto through arm pins, said arm knobs being
      fitted within the interior of said torso portion through apertures on said
      side walls to permit movement of said arm portions in an axis relatively
      normal to said longitudinal axis of said torso portion,
PA1  a hip plate portion attached to the lower end of said torso portion for
      pivotal movement about the longitudinal axis of said torso portion, said
      hip plate portion being in the form of a flat plate extending transversely
      to said torso axis and having a lower surface and a generally flat upper
      contact surface in slidable mating contact with the lower contact surface
      on said torso portion, the upper contact surface of said plate having an
      outwardly extending circular hip knob secured to said plate through a hip
      plate, said hip knob extending through an aperture in the lower end of
      said torso portion and being fitted within the interior of said torso
      portion to permit pivotal movement of said hip plate portion about an axis
      transverse to the longitudinal axis of said torso portion, tab means
      extending downwardly from the lower surface of said flat plate,
PA1  a pair of upper leg portions pivotally attached at their upper ends to said
      tab means, said upper ends of said leg portions having rounded ends
      somewhat similar to the rump of a human being and also being recessed with
      receptacles formed therein, said tab means having circular leg knobs
      extending outwardly therefrom, and said knobs on said tab means being
      secured thereto by leg pins and extending into and being fitted into said
      recesses, said recesses defining slots which are greater in extent on the
      side thereof facing the front of the figure than on the side thereof
      facing the rear of the figure, thereby permitting greater pivotal motion
      of the upper leg portions to the front than to the rear,
PA1  and lower leg portions pivotally attached to each of said upper leg
      portions.
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PAL  A starter device for a toy equipped with a drive and having an extra
      structure on which an accessory or auxiliary toy can be detachably
      mounted. Said device comprises operating members disposed in said
      structure and arranged to be actuated to operate said drive of the toy to
      let it move when said accessory toy is mounted and fixed in position on
      said structure.
BSUM
PAR  This invention relates to a starter device designed for use in a toy which
      is put in motion by a drive using clockwork or motor as power source.
PAR  Generally, for controlling starting and stopping motion of toys, there are
      employed, in motorized toys, a switch means adapted to turn on and off the
      electric circuit of the motor and, in clockwork toys, a stopper means
      designed to directly control the driving mechanism by means of a manual
      control lever. These known means are operated by mere finger work of an
      operator either by pushing a switch or by turning a lever, so that such
      toys, because of simplicity of operation, have little amusingness and lack
      actuality.
PAR  The object of the present invention is to provide a starter device which
      can be adapted in various types of movable toys such as toy automobiles
      and whereby starting and stoppage of the toy is effected not directly by
      simple fingerwork of an operator but indirectly either by mounting and
      fixing in position an auxiliary toy such as a doll on a principal toy
      (such as toy automobile) equipped with drive means or by detaching the
      auxiliary toy from the principal toy.
PAR  More specifically, the invention is intended to provide a starter device in
      which the operating members controlling the drive of the principal toy
      with mounting and demounting of the auxiliary toy are constructed to form
      a single unit assembly including a structure for setting the accessory toy
      in operative relation with the principal toy, thus allowing easy
      incorporation of the device in the toy.
PAR  In order to accomplish the above-said object, the starter device according
      to the present invention is provided with a cylindrical structure whereby
      an auxiliary toy such as for example a doll can be detachably set, as by
      fitting or other means, in the principal toy equipped with a drive using
      clockwork or electric motor as power source. In said cylindrical structure
      are also disposed the spring-loaded operating members such as turn lever
      and stop lever having an operating element actuated upon setting of said
      auxiliary toy in place on said structure. The end of said stop lever is
      operatively associated with said drive to control starting and stoppage
      thereof. The operating members comprising said operating element, turn
      lever and stop lever may, in some applications, be arranged such that the
      drive is controlled only by the operating element which is actuated upon
      mounting of the auxiliary toy. Direct control by such operating element is
      preferably employed in a drive powered by an electric motor. For example,
      said operating element may be adapted to control the on-off switch for the
      electric circuit of the motor.
DRWD
PAR  For better understanding of the mechanical arrangement of the present
      invention, a preferred embodiment of the invention is described in detail
      hereinbelow while having reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side view of the starter device according to the present
      invention as it was adapted in a toy automobile, with a part of the shell
      of the toy being broken away to show the internal arrangement of the
      parts;
PAR  FIG. 2 is a plane view of the toy automobile with its shell being removed
      and with the accessory toy mounting structure being shown cut horizontally
      along a section;
PAR  FIG. 3 is a partial side view, with parts cut away, of the toy automobile
      adapted with the starter device of the present invention whereby the drive
      of the toy is controlled by the accessory toy;
PAR  FIG. 4 is an exploded perspective view of the accessory toy mounting
      structure and its fittings; and
PAR  FIG. 5 is a vertical sectional view of the accessory toy mounting structure
      shown in FIG. 4.
DETD
PAR  In FIGS. 1 to 3, numeral 1 designates a plastic-made toy body and 1a the
      shell or cover thereof. Although the toy body 1 is shown in the drawings
      as the chassis of a toy automobile, it is of course merely one embodiment
      of the invention. Mounted on said toy body 1 through a frame 5 is a drive
      unit, generally designated by numeral 4, using a spiral power spring 3 as
      power source for driving the wheels 2. Numeral 6 indicates an axle which
      carries wheels 2 at its both ends. The axle 6 is given the rotative force
      from the unwinding power spring 3 on a winding shaft 3a through a series
      of gears 4a, 4b, 4c which are meshed successively in that order, so as to
      turn the wheels 2 to accordingly move the toy. Connected operatively to
      said drive unit 4 is a bladelike or otherwise similarly configured rotary
      element 7 adapted to engage or disengage with the operating members for
      controlling starting and stoppage of the drive unit as described later.
      The upper end of said rotary element 7 is secured to an end of a shaft 8
      which carries at its other end a bevel gear 9 which is meshed with another
      bevel gear 11 fixed to a shaft 10 on the side of the drive unit 4. Also
      mounted on said shaft 10 is a pinion 12 which is meshed with the gear 4c.
      At a side of the frame 5 is provided a bracket 13 adapted to serve as
      bearing of said shaft 8.
PAR  Now the behavior of the operating members controlling starting and stoppage
      of the drive unit 4 through engagement and disengagement with said rotary
      element 7 is discussed. Provided on the toy body 1 is an auxiliary toy
      mounting structure 21 formed separately from said toy body 1 and designed
      such that an auxiliary toy 20 such as for example a doll can be detachably
      mounted thereon. This mounting structure 21, as best shown in FIGS. 4 and
      5, is in the form of a hollow cylinder consisting of a small-diameter
      cylindrical portion 21a and a large-diameter cylindrical portion 21b and
      generally made of plastic. As shown in FIGS. 1 and 3, the small-diameter
      cylindrical portion 21a projects above the shell 1a so that a recess 20a
      formed at the bottom of the auxiliary toy 20 can snugly fit thereover. The
      large-diameter cylindrical portion 21b elastically fits in a recess 22
      formed in the toy body 1. Numeral 23 refers to a rocker arm of which the
      middle portion is placed in the large-diameter cylindrical portion 21b. At
      both sides of one end of said rocker arm are formed small holes 24 in
      which fit the corresponding small protuberances 26 provided on a pair of
      support bars 25 formed by cutting a part of said large-diameter
      cylindrical portion 21b, whereby the rocker arm 23 is rockably supported
      by said cylindrical portion 21b with one end of said arm being held
      between said support bars 25. Numeral 27 indicates an arrowhead-like
      working element which projects upwardly from an upper end 23a of the
      rocker arm 23, and a coil spring 28 is disposed between said element 27
      and the inner wall of said small-diameter cylindrical portion 21a so that
      the beveled end 27a of said element normally stays projecting out from an
      opening 29 formed in the side wall of said cylindrical portion 21a. The
      free end portion of said rocker arm 23 extends outwardly from a cutout 30
      in the large-diameter cylindrical portion 21b, and the proximal end 31a of
      a stop lever 31 is secured to said free end portion of the rocker arm 23.
      Said stop lever 31 is generally shaped like a crank, with the distal end
      31 b thereof being positioned within the passage of or range of rotation
      of said rotary element 7 so that when the device is inoperative, said end
      31b of the stop lever abuts against the rotary element 7 to keep the drive
      unit 4 at a halt. As shown in FIG. 4, the proximal end portion of the stop
      lever 31 is in contact with one side of the rocker arm 23, and a U-shaped
      part of said end portion is passed through to the opposite side of the
      rocker arm 23, with a screw 32 being securely fixed through said U-shaped
      part to secure the end portion of the lever 31 to the rocker arm 23. Such
      securing may of course be attained by using other means. Employment of the
      securing means allowing detachment of the stop lever from the rocker arm
      23 as in the shown embodiment provides a wider versatility of the device
      as such means permits replacement of the stop lever in accordance with the
      configuration of the toy adapted with the present starter device or the
      mounting position of the drive unit. It is also possible to dispense with
      the stop lever 31 while, instead, extending the free end side of the
      rocker arm having the working element 27 so that the end thereof is
      positioned directly within the circle of rotation of the rotary element 7.
PAR  Now the operation of the starter device of the present invention is
      discussed.
PAR  First, the power spring 3 in the drive 4 is wound up by a known means to
      build up motive power so that the toy 1 can be moved at any time. In the
      stage where the power spring 3 has been wound up to store motive power,
      the end 31b of the stop lever 31 stays in contact with the rotary element
      7 so that the drive 4 is kept inoperative and hence the toy 1 can not
      start moving. For allowing the toy to start moving, an auxiliary toy 20 is
      fitted on the cylindrical portion 21a that constitutes a part of the
      mounting structure 21 as shown in FIG. 3, whereby the bevelled end 27a of
      the operating element 27 is retracted into the hole 29 against the force
      of the coil spring 28, thus allowing the rocker arm 23 to make rocking
      motion. Accordingly, the end 31b of the stop lever 31 is urged to move
      downwardly to displace out of the range of rotation of the rotary element
      7 as shown by the phantom line in FIG. 3. As the rotary element 7 is thus
      freed, the drive 4 is now operated to start movement of the toy 1. If the
      auxiliary toy 20 is removed from the cylindrical portion 21a constituting
      a part of the mounting structure 21, the end 31a of the stop lever 31 is
      again returned back into the passage of the rotary element 7 through the
      rocker arm 23 by the action of the coil spring 28 to stop operation of the
      drive 4. The operating element 27 again projects out from the cutout 29 in
      the cylindrical portion 21a.
PAR  While the invention has been described by way of an embodiment using a
      spring-powered drive, it is possible to use an electric motor as power
      source. In the latter case, an on-off switch for the electric circuit of
      the motor is provided in operative connection to the operating element 27.
      It is further possible to mount an automatic music device or the like,
      such as a music box, on the toy 1 while utilizing its power source (spring
      or motor) for operation of the drive of the toy.
PAR  As described above, the present invention provides a very entertaining and
      joyful toy of which the starting and stopping motion is controlled by
      mounting and demounting of an auxiliary toy. Also, since the operating
      members such as turn lever 23 and operating element 27 actuated by such
      auxiliary toy are assembled into a unitary and compact hollow cylindrical
      structure 21 set in a limited space in the toy 1, the entire device can be
      easily incorporated in the toy 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toy comprising:
PA1  a. a body;
PA1  b. a shaft mounted on said body;
PA1  c. a wheel mounted on said body and operatively connected to said shaft for
      joint rotation;
PA1  d. drive means mounted on said body and connected to said shaft for
      rotating the shaft;
PA1  e. a mounting member on said body defining a path for an auxiliary toy
      toward and away from a mounting position on said body;
PA1  f. an operating element movably secured to said mounting member;
PA1  g. biasing means yieldably biasing said element toward a position in which
      a portion of said element extends into said path for displacement of said
      element by said auxiliary toy during movement of said toy in said path
      toward said position; and
PA1  h. stop means movably mounted on said body and operatively interposed
      between said element and said shaft for stopping said shaft in response to
      displacement of said engagement portion.
NUM  2.
PAR  2. A toy as set forth in claim 1, wherein said body is a vehicle body.
NUM  3.
PAR  3. A toy as set forth in claim 1, said stop means comprising an engagement
      member radially projecting from said shaft for movement in a circular path
      when said shaft rotates, and a stop member moving into said path when said
      operating element is engaged by said auxiliary toy.
NUM  4.
PAR  4. A toy as set forth in claim 3, wherein said drive means is
      spring-operated.
NUM  5.
PAR  5. A toy as set forth in claim 3, wherein said mounting member is hollow
      said operating element being pivotally mounted in said mounting member and
      projecting therefrom into said path.
NUM  6.
PAR  6. A toy as set forth in claim 5, wherein said mounting member has a
      cylindrical wall formed with an opening, said operating element projecting
      from said opening.
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PAL  The invention relates to a growth medium which is to be used for covering
      the surface of the ground and which consists of or contains a mixture of
      an inorganic mineral binder based on cement, an organic fibrous material
      and fertiliser.
BSUM
PAR  This invention concerns a growth medium intended to be used to cover and at
      the same time bind earth or soil which is threatened by erosion and is
      hostile to vegetation, and where it is not possible to establish a
      satisfactory vegetation by normal sowing methods. The growth medium
      according to the invention consists of a dry mixture of components
      intended to be added to water for direct spraying on to the ground by
      means of a special apparatus called a hydroseeder, which has recently been
      developed for the purpose of sowing large areas of land devoid of
      vegetation. After spraying the growth medium sets and forms a relatively
      thin coating which binds the soil beneath, and at the same time holds and
      protects the seeds and provides the necessary moisture and nutrition for
      their germination and initial growth, until the roots are long enough to
      penetrate and bind the underlying soil.
PAR  The need for growth media of this type has greatly increased of late.
      Modern construction and engineering activities with the building of roads,
      airfields, dams, dykes, etc., result in extensive and unsightly changes in
      the natural surroundings by the creation of huge road embankments, rock
      tips, earth fills, etc., which cannot be sown in the usual way and
      therefore remain as ugly scars in the landscape.
PAR  The lack of vegetation leads to serious drawbacks. In dry weather the dust
      generated can affect road safety and running water caused by heavy rains
      can cause damage. Apart from the practical drawbacks it is also necessary
      for esthetic and environmental reasons to make provision for covering
      these areas with vegetation as soon as possible.
PAR  Growth media for this purpose are already known, but they all have certain
      shortcomings and drawbacks and do not fulfil the most important
      requirements demanded of them. It is thus known to employ a number of
      different organic binders or adhesives, either alone or mixed with
      fibre-forming organic humous materials such as cellulose fibres, crushed
      peat, leaves, straw and so on. However, it has been difficult to find
      materials which bind satisfactorily with the underlying ground, and when
      they are employed together with ordinary commercial fertilisers it has
      resulted in harmful precipitation which has caused great problems.
      Adhesive which do not cause these problems are known, but their high price
      prohibits their use.
PAR  Known binding agents which have been employed include tall oil or pine oil
      which is marketed by Esskron AB, Sweden, under the tradename "Essbinder".
PAR  Further, it is known to make use of an asphalt emulsion as a binder, either
      alone or together with finely crushed straw or leaves. Seeds and
      fertiliser may also be added to the dry mixture, or added when the mixture
      is being made up with water. The aqueous mixture is then sprayed on the
      ground by means of a hydroseeder (Gartnerwalt No. 56, 1956, page 141).
PAR  Recently it was proposed to employ ordinary plaster as a binding agent, it
      being maintained that a gentle-acting, neutral mortar of calcium sulphate
      has a positive influence on the germinating power and the growth of the
      seeds. The mortar is then used together with a non-hardening filler such
      as powdered, deadburnt plaster and gypsum. Further, minor quantities of
      additives able to absorb and hold water and nutrients may also be used.
PAR  However, tests have proved that such substances have poor binding effect.
      Thus it is necessary when there is danger of soil erosion to use fibrous
      reinforcing materials, such as glass fibre netting, which is placed on top
      of the soil, etc., before applying the aqueous seed mixture.
PAR  It is further known from Norwegian Pat. No. 87342 to stabilise the soil by
      mixing into it a composition of cement together with a minor quantity of
      pentachloro phenol and chlorinated cresylic acid with a powdered vegetable
      substance as a filler. However, this is not a growth medium, but the
      utilisation of a soil stabilising material for a completely different
      purpose, namely to surface roads, aircraft runways, etc., where
      germination and growth should preferably be avoided.
PAR  The following main requirements should be set for a satisfactory growth
      medium:
PA0  1. It should provide the basis for the existence of some sort of
      vegetation.
PA0  2. It should be able to adhere to sand, gravel, etc.
PA0  3. It should have the ability to set or harden.
PA0  4. It should have the ability to absorb and hold water.
PA0  5. It should be possible to apply it by means of the hydroseeder without
      clogging it.
PA0  6. It should be low in price.
PAR  None of the previously known growth media appear to fulfil all these
      requirements. There have been specific problems in connection with the
      ability to bind with the underlying ground and the price, see above.
      According to the invention it has now been found that strong-acting,
      inorganic mineral binders based on cement are also well suited as binding
      and setting agents in a growth medium. Binders of this type are extremely
      alkaline, and it has been immediately assumed that the seeds will be
      prevented from germinating and growing. Surprisingly it has now been found
      that the germinating power of the seeds is not impaired, and that the
      hardened material is also able to absorb and hold water and nutrients.
      Among the binding agents of this type have been tried so far ordinary
      Portland cement has proved to be especially well suited, as this provides
      a hardened material which binds very well with the underlying ground and
      is very resistant to water and heavy rains, at the same time being very
      economical to use.
PAR  The growth medium contains or consists of a mixture of cement, organic
      fibrous material and fertiliser. The fibrous component may be crushed
      peat, bark, leaves, straw, cellulose fibres, wood or paper pulp, etc. A
      material which has given especially good results is knotter pulp, a
      by-product of the cellulose pulp industry. The knotter pulp is dried and
      torn into a loose, short-fibred mass which is blended with dry cement and
      fertiliser and also with seeds if required. The fertiliser may be any type
      of commercial fertiliser, e.g. NPK fertiliser, urea or nitrate. Neutral
      fertilisers in the form of dried manure may also be employed.
PAR  The dry mixture does not deteriorate in storage. Prior to use it is mixed
      with water in a hydroseeder, and then sprayed on to the ground. If seeds
      are not added at an earlier point they may be added when mixing the growth
      medium with water, or they may be sown separately. The ratio between the
      fibrous material and binding agent is not important. Compositions
      consisting of from 75 to 60 percent by weight of cement and from 25 to 40
      percent by weight of dry knotter pulp have been employed, and satisfactory
      results have been obtained. Neither is the quantity of water to be added
      important. However, the best result seems to be obtained with a mixture
      consisting of one part by weight of growth medium to ten parts by weight
      of water. This gives a composition which is especially well suited for
      direct spraying with a hydroseeder.
DETD
PAC  EXAMPLE 1
PAR  The following example shows the excellent ability of the combination of
      knotter pulp and cement to prevent leaching of the soil on to which this
      composition is sprayed. 20 g dry, finely-torn knotter pulp, 30 g Portland
      cement, 15.6 g chlorine-free NPK fertiliser and 820 ml water were well
      mixed together. An aluminium trough measuring 0.13 m.sup.2 and 2.5 cm deep
      was filled with ordinary sand which was then covered with the above
      mixture. The thick, runny mixture was evenly spread over the sand with a
      special spreader. This coating was left to set for 24 hours in normal room
      temperature. Thereafter the trough was placed under a container at an
      angle of 30.degree. and at a distance of 22 cm. The container has a number
      of holes in the bottom which allow an even flow of heavy "rain" (about 2
      litres per minute) to fall on the test specimen. After two hours the
      surface and the underlying sand were untouched.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that in addition to knotter pulp, cement,
      fertiliser and water 3.25 g of grass seed were also added and this mixture
      was treated as described above. The subsequent rain treatment showed the
      same good result, the surface and the underlying sand being untouched.
PAC  EXAMPLE 3
PAR  A growth test was performed as follows: 154 g dry, finely torn knotter
      pulp, 346 g Portland cement, 154 g NPK fertiliser, 15 g rye grass seed
      (Lolium temulentum) and 6 litres of water were mixed together and evenly
      spread over 1 m.sup.2 of soil. 15 g rye grass seed were then sown in the
      conventional way without the addition of knotter pulp and cement. The two
      lots of grass were compared and were not found to differ from each other
      to any particular extent.
PAC  EXAMPLE 4
PAR  Example 1 was repeated except that instead of knotter pulp a mass of finely
      torn paper was used. This surface layer had the same good properties as
      described in Example 1.
PAC  EXAMPLE 5
PAR  After the eruption on Vestmannaeyjar in Iceland in 1973 most of the area
      was covered with a thick layer of lava and vulcanic ash. In order to
      enable the island to be re-inhabited it was necessary to stabilise this
      layer of ash, and soon large areas were sown and fertilised. The
      establishment of grass in this movable ash, however, was very difficult
      and most of the work carried out was in vain. Then experiments were made
      with a mixture of 33 kg knotter pulp, 66 kg cement, 33 kg NPK fertiliser
      and 15 kg grass seed, which were mixed with water and sprayed on to the
      ash by means of a hydroseeder over an area of approximately one quarter of
      an acre (1,000 m.sup.2). After two weeks the growth was well established
      on a stable underlying surface, and after one month the layer of ash was
      well on its way to becoming stabilised by the grass and its roots.
PAR  The ratios of fibrous material and cement can be greatly varied. The amount
      of cement depends on the character of the underlying material which is to
      be protected. The same applies to the amount of fibrous material. In
      general 20 to 200 g per m.sup.2 is employed. On loose sand in exposed
      places, e.g. on step slopes, approximately 150 g fibrous material per
      m.sup.2 should be employed in order to provide a sufficiently good cover.
      On the other hand the amount of cement can vary from 50 g to 1000 g per
      m.sup.2, but it should preferably be between 200 to 400 g per m.sup.2. It
      would be expedient to use 10 to 100 g fertiliser per m.sup.2, and then
      preferably 20 to 40 g per m.sup.2. Suitable weight ratios between
      cement/fibrous material/fertiliser will, as mentioned, vary according to
      the type of terrain and the surface of the ground. Generally it may be
      specified as 5-100/5-40/1-20, especially 10-40/5-20/5-15. A commonly used
      ratio by weight is approximately 2:1:1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A growth medium for covering the surface of ground which comprises a
      mixture of Portland cement, an organic fibrous material and fertilizer in
      a weight ratio of 10-40:5-20:5-15.
NUM  2.
PAR  2. A growth medium according to claim 1 wherein the organic fibrous
      material consists of knotter pulp.
NUM  3.
PAR  3. A growth medium according to claim 1 further containing seeds.
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ABST
PAL  A mulch comprises a paper sheet covered substantially completely on one
      side thereof with a water-impervious material and treated at marginal
      regions only of the opposite side thereof with a water-insoluble
      fungicide. The marginal regions of the mulch may be treated as the mulch
      is fed from a supply roll and laid upon the ground, with the
      water-impervious side facing downward. The treated marginal regions are
      covered with soil to anchor the mulch and to provide a long-term mulch
      without substantial deterioration.
PARN
PAR  This is a division of application Ser. No. 470,910, filed May 17, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to mulches and to methods of manufacturing and
      utilizing the same.
PAR  Paper mulches are well known. See, for example, U.S. Pat. Nos. 1,846,185;
      2,685,150; 1,803,838; and 1,844,051. It has heretofore been proposed to
      render the paper mulch waterproof and fungus-resistant by completely
      coating the paper sheet with suitable fungicide and waterproofing
      materials. As taught by U.S. Pat. No. 3,493,464, for example, it has also
      been proposed to produce a fungus-resistant or mold-proof mulch paper by
      adding suitable materials to the pulp slurry from which the paper is made.
      The manufacture of all such mulch papers is rather expensive, however,
      hindering wide-spread utilization of the mulches.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, it has been discovered that a
      highly satisfactory fungus-resistant or mold-proof mulch paper may be
      produced by coating or covering one side only of a paper sheet with a
      water-impervious material and by coating marginal regions only of the
      opposite side of the sheet with a water-insoluble fungicide. The treating
      of the marginal regions may occur as the sheet is fed from a supply roll
      and laid upon the ground with the waterproof side against the ground. Then
      only the treated marginal regions are covered with soil to hold the sheet
      against the ground for long periods without substantial deterioration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in conjunction with the
      accompanying drawings, which illustrate preferred and exemplary
      embodiments, and wherein:
PAR  FIG. 1 is a perspective view of a mulch in accordance with the invention;
PAR  FIG. 2 is a diagrammatic view illustrating the treating of marginal regions
      of the mulch as the mulch is fed from a supply roll and laid upon the
      ground; and
PAR  FIG. 3 is a perspective view illustrating the manner in which the mulch is
      held down on the ground.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and initially to FIG. 1 thereof, a mulch 10 of
      the invention comprises a paper sheet 12, which may be ordinary 60 pound
      kraft paper, for example, substantially completely covered at one side
      thereof with a water-impervious material 14. This may be accomplished, for
      example, by coating or laminating one side of the paper sheet with
      polyethylene, wax, polyvinyl acetate, Saran, or the like, each of which
      may form a plastic layer on one side of sheet 12. At the opposite side of
      the paper sheet the paper is treated, at marginal regions 16 and 18 only,
      with a water-insoluble fungicide, which may comprise a solution of 99
      parts diesel oil and 1 part pentachlorophenol, for example, producing a
      residual concentration of pentachlorophenol in the treated marginal
      regions of approximatfely 0.25 to 2%. Other suitable fungicides include
      0.25 to 2% orthophenylphenol, 0.05 to 0.5% copper - 8 - quinolinolate,
      0.05 to 2% metallic salt (i.e., copper, zinc, aluminum, cobalt, manganese,
      nickel, iron) of dimethyldithiocarbamic acid and mercaptobenzothiozole.
      Other metallic chelates of hydroxyquinoline may also be used. The
      diluent-carrier may be fuel oil or isopropyl alcohol, for example.
PAR  As shown in FIG. 2, the marginal regions 16 and 18, which are spaced from
      the longitudinal edges 20 and 22 of the paper sheet, may be treated as the
      mulch is fed from a supply roll 24, and laid upon the ground with the
      waterproof side 14 in contact with the ground (although the treatment may
      be carried out before the paper is rolled). It is well known to feed mulch
      paper or the like to the ground from a moving vehicle (diagrammatically
      shown by the vehicle frame 25), and it is also well known to coordinate
      with the paper mulch delivery other operations, such as paper slitting for
      plant openings and the transfer of soil or earth to the edges of the paper
      to retain the mulch upon the ground.
PAR  The marginal region treatment apparatus may comprise any suitable apparatus
      for coating the selected regions of the sheet. Diagrammatically such
      apparatus is represented by liquid feed tanks 26 and by aplicators 28
      (such as sponges or spray heads). Other suitable coating apparatus, such
      as the type employing cooperating padding rolls, pressure rollers, and
      metering rolls or doctor blades, may be employed, as will be apparent to
      those skilled in the art.
PAR  As or after the mulch is applied to the ground 27, as shown in FIG. 3, the
      treated marginal regions 16 and 18 are covered with soil 30 or the like to
      retain the mulch upon the ground. It has been discovered that maximum
      deterioration of untreated paper occurs at the soil/air/paper interface,
      becoming significantly less severe below the surface of the soil. Hence,
      by treating the paper sheet at the marginal regions covered by the soil
      and slightly beyond such regions, minimal deterioration occurs for
      prolonged periods of time (at least one growing season). The regions
      immediately adjacent to the longitudinal edges need not be treated,
      because the soil need not cover such regions. In addition, the invention
      is much less expensive than prior art fungus-resistant or mold-proof
      mulches which are treated uniformly throughout the mulch.
PAR  While preferred embodiments of the invention have been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      in these embodiments without departing from the principles and spirit of
      the invention, the scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A method of providing a mulch, which comprises providing a supply of
      paper sheet covered substantially completely on one side thereof with a
      water-impervious material, feeding said sheet from said supply, laying
      said sheet upon the ground with said material against the ground as the
      sheet is fed from the supply, treating marginal regions only of the
      opposite side of said sheet adjacent to opposite longitudinal edges
      thereof with a water-insoluble fungicide, and placing soil or the like
      substantially upon the treated regions only in order to hold down the
      sheet upon the ground, without substantial deterioration of the sheet, for
      a protracted period.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein said treating occurs while
      said sheet is being fed from said supply and laid upon the ground.
NUM  3.
PAR  3. A method in accordance with claim 1, wherein said marginal regions are
      spaced from said edges.
NUM  4.
PAR  4. A method in accordance with claim 1, wherein said water-impervious
      material is a plastic layer.
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ABST
PAL  A germination and seedling promoting assembly comprising a plurality of
      individual moisture absorbant compressed peat bodies each having one or
      more seeds, and a supporting member designed to support said peat bodies
      at minor portions only of the under surfaces thereof whereas the remaining
      major portions of the under surfaces of the peat bodies are left exposed.
      The supporting member is plate shaped and is formed from a thin sheet of
      plastic, and it has shallow troughs, defined by upwardly protruding ridges
      and having the major portion of the bottoms thereof removed. The ridges
      are adapted to hold the peat bodies closely spaced but out of contact with
      each other, also after moisture absorption and attendant expansion of the
      peat bodies. A special support frame is provided to support the plate
      shaped supporting members side by side out of ground contact and in a
      manner to permit stacking of such support frames.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the combination of a flat with individual
      moisture-absorbent bodies, each having a seed therein, for germinating
      such seed and promoting the growth of the resulting seedling.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past a plurality of different types of germination and seedling
      promoting units have been proposed, in which one or another type or
      combination of peat is utilized as a moisture absorbing mass. In some
      cases the peat is compressed to form a small disc later receptive of the
      seeds and is normally surrounded by a confining cover, such as of a sheet
      material of plastic or in the shape of a netting. As the compressed peat
      is moistened it expands up to the limits as set by the confining cover,
      and the germination and start up of the seedling takes place in the
      moistened peat body. Frequently, the peat discs with the seeds are spread
      out over the final planting site prior to their activation by being
      moistened, but in certain instances it is preferred to let the germination
      and start up of the seedling to take place indoors, such as in a greehouse
      or in some other sheltered place, and the seedlings are planted later at
      the growth locality.
PAR  In the first mentioned case, i.e. when the germination and start up of the
      seedlings takes place at the final planting site, there are reasons for
      spreading out the peat discs with their seeds only during certain
      predetermined periods of the year, in order to ensure as advantageous
      moistening and climate conditions as possible, but in such cases certain
      problems may arise, such as attacks of rodents on the ungerminated seeds.
PAR  In the second case, i.e. when the germination and start up of the seedlings
      takes place at a sheltered place, the just mentioned limitations and
      problems are circumvented, but there still remains a drawback which is
      common to both of the cases, viz. that the confining covering around the
      peat disc has an adverse effect on the root system of the seedling and may
      cause a root twisting or in some cases a root strangulation.
PAC  OBJECTS OF THE INVENTION
PAR  One important object of the invention has been to circumvent the above
      mentioned limitations and drawbacks of the prior art germination and
      seedling promoting units by providing a germination and seedling promoting
      assembly with a minimum of root-confining elements.
PAR  A further object of the invention has been to provide a germination and
      seedling promoting assembly which promotes the development of a strong and
      richly branched out root system of the seedlings.
PAR  Another important object of the invention has been to provide a germination
      and seedling promoting assembly which easily lends itself to mechanical
      planting of the seedlings.
PAR  Still another important object of the invention has been to provide a
      special support frame to support the germination and seedling promoting
      assemblies side by side out of ground contact and in a manner to permit
      stacking of such support frames.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a germination and seedling
      promoting assembly comprising a plurality of individual moisture absorbant
      bodies each having one or more seeds, and a supporting member or flat
      adapted to support said individual moisture absorbant bodies only at minor
      portions of the under surfaces thereof whereas the remaining major
      portions of the under surfaces of said moisture absorbant bodies are left
      exposed, said supporting member or flat further being adapted to support
      said individual moisture absorbant bodies closely spaced but out of
      contact with each other.
PAR  Preferably, the individual moisture absorbant bodies are rectangular or
      square discs or cakes of compressed peat which discs may be made to be
      about cube-shaped after moisture absorption and attendant expansion.
PAR  In a preferred embodiment the supporting member or flat is formed from a
      thin sheet of plastic, for instance, and has shallow troughs or pockets,
      defined by upwardly protruding ridges and having the major portion of the
      bottoms thereof removed.
PAR  A special support frame may be used to support the support members out of
      ground contact.
DRWD
PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a supporting plate or flat, carrying a
      plurality of still unactivated disc-shaped peat bodies;
PAR  FIG. 2 shows, in enlarged scale, a portion of the supporting plate or flat,
      carrying some activated peat bodies; and
PAR  FIG. 3 is a perspective view of a supporting frame which is advantageously
      used with the germination and seedling promoting assembly according to the
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1 the support plate or flat 10 in this example is
      made from a thin sheet of plastic and has been formed, such as by vacuum
      forming, with a grid of ridges 11 of a height of 3-6 millimeters, for
      instance. The ridges define shallow troughs or pockets, each having the
      major portion of the bottom thereof removed, viz. either in that each
      bottom has a circular hole 12 or a rectangular hole 13 so that each trough
      or pocket has a comparatively narrow supporting bottom ledge 14. Each one
      of these shallow troughs of the support plate 10 is adapted to accomodate
      a preferably rectangular or square body 15 of compressed peat. The
      compressed peat body 15 contains one or more seeds already as it is placed
      onto the support plate. The peat may be of the fertilized type.
PAR  As is shown in FIG. 2 the ridges 11 should preferably be formed so as to be
      slightly narrower upwardly. The width of the ridges 11 should be so
      dimensioned in relation to the size and properties of the peat bodies 15
      that the moistened and expanded bodies 15A, FIG. 2, do not contact each
      other while still the slot 16 between them is as narrow as possible. It is
      very important that the slot betwen adjacent expanded peat bodies 15A is
      as small as possible, in as much as the air within the slot is then left
      almost fully immobilized whereby an objectionable quick drying is
      prevented.
PAR  When the peat bodies 15 are activated by moistening thereof they expand and
      the seeds germinate to give seedlings 17. Then, the root systems of the
      seedlings branch out sidewardly and downwardly, and the finest root
      threads end immediately outside the side and bottom surfaces of the peat
      body 15A, as they cannot grow in air. Due to the fact that the length of
      the finest root threads will be limited in a natural manner, without
      mechanical confines, the seedlings will branch off new root threads which
      grow strong so as to form a strong and richly branched out root system.
PAR  When the actual planting is to take place it is easy to take the peat body
      15A from the support plate 10, and to put it into or onto suitable soil.
      In the course of such planting no disturbance whatsoever to the root
      system of the seedling will occur.
PAR  The size of the peat body 15 and the properties thereof, such as the degree
      of compression, fertilization etc, are chosen with due regard to the kind
      of seedling which is to be planted, and the shape of the peat bodies 15 is
      determined by the configuration of the pockets of the support plate 10.
PAR  The size of the support plate 10, and the number of peat bodies 15 on each
      plate may vary. It is also possible to make the support plate 10 very
      large or as a continuous web, and to provide the plate or web with
      weakenings or perforations to permit tearing off of pieces of a suitable
      size for the actual use.
PAR  Now, with reference to FIG. 3 there is shown therein a support frame
      comprising four frame portions 310, 311, 312 and 313, preferably made of
      wood. The dimensions of the frame may be 108 .times. 108 centimeters, for
      instance. For convenience, all frame portions may have the same
      cross-sectional dimensions. As shown in the drawing, two opposite frame
      portions 310, 311 are preferably connected to the other two frame portions
      312, 313 in a position slightly higher than that of the last mentioned
      ones, so that the frame portions are mutually guided and interlocked as
      the support frames are stacked one upon the other.
PAR  Parallel to the frame portions 310, 11 and between these there are disposed
      a pair of support battens 314, 315 the ends of which are secured to the
      frame portions 312, 313. These support battens 314, 315 are similarly made
      of wood, and may have the same cross-sectional dimensions as those of the
      frame portions 310, 311.
PAR  A number of strings 316, 317, 318, such as iron wires of 3 millimeters
      diameter, extend between the frame portions 310, 311 and cross over the
      support battens 314, 315. These strings are parallel to each other and are
      equally spaced mutually and with respect to the frame portions 312, 313.
      Small wood battens could also be used, instead of the iron wires.
PAR  In use of the support frame, support plates or flats 10 of the kind shown
      in FIGS. 1 and 2 are placed on the rectangular fields as formed by the
      frame portions, the support battens and the strings, with at least two
      opposite edges of the support plates 10 resting on said frame portions,
      support battens and strings, as the case may be. The support frames may
      rest on the ground, side by side, or may they be stacked one upon the
      other, at least during the germination period.
PAR  After a certain period of time, when the seedlings or small plants are
      ready to be transported to the final location where planting is to take
      place, the frames are stacked one upon the other to form a stack
      comprising ten frames, for instance. In this stack, the frame portions
      310, 311, 312, 313 form jointly the sides of a box-like structure, which
      may be closed upwardly, if desired, such as by means of a plastic hood or
      the like. It will be appreciated that air circulation and attendant drying
      out of the peat bodies will be eliminated in as much as the sides of the
      box-like structure are closed, as is, in most cases, also the upper side
      of the said box-like structure. Therefore, the peat bodies with their
      seedlings or plants may be left at the planting site for very extended
      periods without risk of drying.
PAR  It will be realized that the young seedlings or plants will be kept very
      well protected against damage both during transportation thereof and
      during storing at the planting site. Further, on planting, it is very easy
      to separate the individual seedlings or plants from each other in that
      first the individual support plates or flats are lifted from the support
      frames, and then the individual peat bodies with their seedlings or plants
      are taken from the respective support plates.
PAR  Oblique wood battens may be nailed on to the "box-sides" to stabilize the
      box-like structures for transport. To further stabilize the support frames
      when stacked the frame sides may be provided with guide abutments or
      ridges which extend into adjacent underlying or overlying support frame.
PAR  Besides providing a good protection during the germination and first growth
      period of the plants, the support frame as described above, if made of
      wood, also offers the advantage of eliminating the need for handling
      return package material. This is because the frames are so cheap that they
      may simply be burned when emptied. Not even the iron wires present any
      problems, as they corrode away comparatively soon.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A germination and seedling promoting assembly comprising:
PA1  a. a plurality of individual moisture-absorbent bodies having a water
      content too low to initiate seed germination;
PA1  b. at least one ungerminated seed disposed in each of said bodies;
PA1  c. a support member having a plurality of shallow pockets respectively
      snugly receiving at least the lower portion of said bodies, the bottom of
      each said pocket being apertured to expose more than half but less than
      all of the under surface of its said body to atmosphere, said pockets
      being in proximity to the adjacent ones of said pockets;
PA1  d. a rectilinear support frame having four side portions of equal height, a
      pair of opposite ones of said portions being vertically offset from the
      other pair of said portions; and
PA1  e. means secured to certain of said portions for supporting said support
      member with said bodies thereon, out of contact with the surface that the
      lower of said pair is resting;
PAL  whereby another similar support frame may be supported on the upper side of
      said lower pair, and whereby said side portions of a plurality of stacked
      support frames jointly define a substantially closed box-like structure.
NUM  2.
PAR  2. An assembly according to claim 1 in which said pockets have side walls
      that are uniformly spaced from the side walls of the adjacent pockets, as
      seen in plan view.
NUM  3.
PAR  3. An assembly according to claim 1 in which said pockets have rectilinear
      side walls as seen in plan view.
NUM  4.
PAR  4. An assembly according to claim 1 in which said support member is a flat
      made of thin formed sheet material.
NUM  5.
PAR  5. An assembly according to claim 1 in which the spacing between adjacent
      pockets is such that their said absorbent bodies, after being moistened,
      will be closely spaced but remain out of contact with each other.
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ABST
PAL  An automatic sliding door operator for a door mounted upon a door frame for
      sliding movement in a vertical plane between opened and closed positions
      includes a drive cylinder to open and close the door by means of a drive
      piston slideably movable within the drive cylinder between fluid inlets
      located at each end of the cylinder. Control means are provided to couple
      a first fluid inlet of the drive cylinder through a controlled source of
      fluid pressure and to exhaust the opposite fluid inlet continuously
      throughout an opening stroke of the door and for connecting the second
      fluid inlet to the source of fluid pressure and exhausting the first fluid
      inlet continuously throughout a closing stroke of the door. The closing
      and opening rates of the door is controlled by suitable exhaust metering
      means continuously metering the exhaust flow of fluid. The exhaust
      metering means includes separate door moving metering controls and door
      cushioning metering controls so as to control the deceleration of the door
      as it approaches the end of its stroke and to assist in bringing the door
      to a gentle stop at its opened or closed position.
BSUM
PAR  This invention relates to automatic sliding door operators, and more
      particularly, to a new and improved pneumatic system for automatically
      opening and closing a sliding door. The invention also relates to a new
      method and means of decelerating the door as it approaches the ends of its
      strokes.
PAR  Commercially available automatic door operators are used to open and close
      a door which is mounted upon a door frame for sliding movement in a
      vertical plane between opened and closed positions. One such type of
      automatic door operator is normally mounted in the transom bar of the door
      frame above the door and utilizes a drive piston which is connected to the
      door and which is sildeably movable within a drive cylinder between fluid
      inlets located at each end of the cylinder. Upon the actuation of a
      suitable sensing device, such as a treadle mat or photoelectric cell, in
      response to movement of traffic adjacent the door, a control valve
      supplies pressurized fluid to one of the fluid inlets and exhausts the
      other fluid inlet. The resulting fluid flow within the drive cylinder
      causes the drive piston to move toward the other air inlet and the door is
      slideably moved toward its open position. Similarly, in response to the
      absence of traffic near the door, the control valve supplies air to the
      drive cylinder in such a manner that the drive piston moves the door
      toward its closed position.
PAR  In these types of door operators, the amount of fluid supplied to the drive
      cylinder must be of sufficient magnitude to rapidly accelerate the drive
      piston toward the other end of the drive cylinder so that the door is
      opened or closed in a minimal amount of time. However, the rapid initial
      acceleration and speed of the door while being opened or closed
      necessitates the use of some type of cushioning or deceleration means to
      decelerate the door and to cushion the end of its travel. Commercially
      available cushioning devices are commonly of the pneumatic type in which a
      pneumatic cylinder is provided with a spring biased piston which the door
      strikes as the door reaches its fully opened or closed position. The
      resulting force applied to the door by the spring and the pneumatic
      pressure formed within the cylinder decelerates the door in the required
      distance, but normally causes some type of oscillation of the door after
      the door reaches its fully opened or closed position so that the door is
      not brought to a gentle stop. Yet another type of commercially available
      cushioning device or decelerating means provides for a reversal of the
      drive fluid such that the high pressure fluid is connected to the down
      stream side of the drive piston so as to create a reverse pressure
      sufficient to decelerate and cushion the termination of the door stroke.
PAR  Accordingly, one object of the present invention is to provide a new and
      improved automatic door operator for sliding doors.
PAR  Another object of the present invention is to provide a new and improved
      arrangement for decelerating automatic sliding doors and for cushioning
      the termination of their travel.
PAR  In accordance with these and many other objects there is provided an
      improved automatic sliding door operator used in opening and closing a
      sliding door of the type which is mounted upon a door frame for sliding
      movement in a vertical plane between opened and closed positions in
      response to movement of traffic adjacent the door. A drive cylinder is
      mounted relative to the door frame and having first and second fluid
      inlets at opposite ends thereof. Typically, the working medium is
      compressed air, but other suitable fluids may be used. A piston is
      provided slideably mounted within the drive cylinder for operation through
      door opening and door closing strokes and arranged to travel between the
      opposed fluid inlets. Suitable means are provided for connecting the
      piston to a door to drive the door through the door opening and door
      closing strokes in response to the movement of the piston. A source of
      pressurized fluid, such as compressed air, is connected to the first and
      second fluid inlets and is operable to supply pressurized fluid to either
      of the fluid inlets in response to the mode called on by the door. Control
      means are coupled to the fluid source so that during a door opening cycle
      the compressed air is connected to the first fluid inlet and the second
      fluid inlet is exhausted continuously throughout the opening stroke.
      During a closing stroke, the source of compressed air is connected
      continuously throughout to the second fluid inlet and the first fluid
      inlet is continuously exhausted to the atmosphere. To control the
      deceleration of the door and provide a cushioning of the door at the end
      of its strokes there is provided exhaust metering devices which
      continuously restrict or meter the exhaust flow from the drive cylinder
      thereby creating back pressures which decelerate the door and bring the
      door to a smooth, gentle stop. In a preferred embodiment, the exhaust
      metering means includes separate opening cycle metering controls and
      closing cycle metering controls; each of the metering controls includes
      separate cushioning controls which are rendered operative to cushion a
      door as it approaches the end of its stroke.
DRWD
PAR  Many other objects and advantages of the present invention will become
      apparent from considering the following detailed description in connection
      with the drawings in which:
PAR  FIG. 1 is a perspective view of a door frame or entrance embodying the
      present invention;
PAR  FIG. 2 is a fragmentary cross sectional view of the entrance taken along
      line 2--2 of FIG. 1;
PAR  FIG. 3 is an elevational view of the top portion of the entrance shown in
      FIG. 1, with the front portion of the door frame removed, as taken along
      line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary, enlarged plan view of the automatic door operator
      taken along line 4--4 of FIG. 3 and shown with the door in a closed
      position;
PAR  FIG. 5 is a fragmentary plan view of the door operator similar to FIG. 4,
      and shown with the door in an open position;
PAR  FIG. 6 is a schematic diagram of the door operator shown with the door in
      an at-rest or closed position;
PAR  FIG. 7 is a schematic diagram of the door operator shown with the system in
      its initial door opening stroke;
PAR  FIGS. 8 and 9 are schematic diagrams of the door operator shown with the
      door in intermediate positions of its opening stroke;
PAR  FIG. 10 is a schematic diagram of the door operator shown with the door in
      its fully opened position;
PAR  FIG. 11 is a schematic diagram of the door operator shown with the door in
      the initial step of its closing cycle;
PAR  FIGS. 12 and 13 are schematic diagrams of the door operator shown with the
      door in intermediate positions of its closing stroke;
PAR  FIGS. 14, 15 and 16 are schematic diagrams of the door operator shown in a
      special mode condition wherein the open signal has been removed from the
      door during the door opening stroke;
PAR  FIGS. 17 and 18 are schematic diagrams of the door operator shown in
      special mode condition wherein an open signal is received by the door
      during the door closing cycle;
PAR  FIG. 19 is a legend for the schematics of FIGS. 6-18; and
PAR  FIG. 20 is a perspective view of the automatic door operator.
DETD
PAR  Referring now to the drawings, and particularly to FIGS. 1-5, there is
      illustrated a door frame or entrance 20 which embodies the present
      invention. The entrance 20 includes a door 21 mounted for sliding movement
      in a vertical plane between opened and closed positions. Upon actuation of
      a suitable sensing device, such as a treadle mat 22, the door 21 is moved
      to its opened position in front of a sidelite or panel 23 by an automatic
      door operator 25 that is substantially located in an overhead transom bar
      26 which forms a part of the door frame 20. In the absence of actuation of
      the treadle mat 22 for a specified period of time, the door operator 25
      returns the door 21 to its normally closed position as shown in FIG. 1.
PAR  The door 21 is slideably mounted on the door frame 20 by a door carriage 28
      having a pair of wheels 29 to allow the movement of the door 21 along a
      track 30 located in the overhead transom bar 26.
PAR  The door operator 25, as best illustrated in FIGS. 3, 4 and 5, includes a
      drive cylinder 32 provided with fluid or air inlets or ports 33, 34 at
      opposite ends. A drive cable 35 extends through and along the length of
      the drive cylinder 32 and is connected to the door carriage 28 by a drive
      yoke 38. The drive cable 35 is guided for movement in and around the drive
      cylinder 32 by a pair of guide rollers 36, 37 which are located adjacent
      the air inlets 33, 34 respectively. By simply connecting an auxiliary or
      slave cable to the drive yoke 38, the door operator 25 can be used to open
      a pair of sliding doors as well as those illustrated in the present
      drawings.
PAR  In addition to the drive cylinder 32, the automatic door operator 25
      includes a control module 40 and including a chassis 41 mounting the
      electrical and pneumatic controls. A solenoid valve 42 constitutes the
      only electrical control of the control module 40 and is connected to
      receive a signal from the sensing device such as the treadle mat 22 either
      directly or through an electrical sensor. The solenoid valve 42 includes a
      spool member 42A spring biased to an opened position between ports 42B,
      42C and effective when energized to provide a passageway between the ports
      42B, 42C. A source of pressurized fluid, such as compressed air (not
      shown) is supplied to the solenoid valve 42 through a primary pressure
      regulator 43.
PAR  The fluid source is also connected to a transfer or interface valve 44.
      Interface valve 44 is a spring biased, pneumatically actuated, four-way
      pneumatic valve provided with a spool 44A, inlet port 44B, and outlet
      ports 44C, 44D. The port 42B of the solenoid valve 42 is connected to a
      pneumatic control area 44E of the interface valve 44. The exhaust ports
      44C, 44D are connected respectively to pneumatic switches 47, 48. Each of
      the pneumatic switches 47 and 48 include a spring biased spool 47A, 48A
      and inlet ports 47B, 48B, and outlet ports 47C, 48C. Each of the pneumatic
      switches 47, 48 are normally closed, but are opened through a suitable
      roller 49, 50 by a cam 51 carried on the door 21. The pneumatic switches
      47, 48 are each connected to a shuttle valve 52 having a pair of inlet
      ports 52A, 52B. The shuttle valve 52 is effective, when a pneumatic
      impulse is received at either of the inlet ports 52A or 52B, to provide
      pressurized air at the exhaust port 52C. The exhaust port 52C in turn is
      connected to a four-way, five-ported speed control valve 55. The control
      valve 55 includes a spring biased spool 55A controlling the exhaust from
      the drive cylinder 32 through inlet ports 55B, 55C and outlet ports 55D,
      55E, 55F. The exhaust port 52C of the shuttle valve 52 connects with a
      pneumatic control area 55G of the control valve 55. Flow from the exhaust
      port 55D passes through a closing cushion metering assembly 56, such as a
      needle valve, to exhaust to atmosphere through a muffler or exhaust 57.
      The exhaust port 55E is connected directly to exhaust 57 without
      restraint. The exhaust port 55F is connected to the exhaust 57 through an
      opening cushion metering assembly 58.
PAR  The interface valve 44 controls an additional four-way five-ported
      directional control valve 60 and includes a spool 60A controlling the flow
      between inlet ports 60B, 60C and outlet ports 60D, 60E, 60F. The spool 60A
      is shiftable to the right when a pneumatic bias is applied to a pneumatic
      control area 60G, and is shiftable to the left when a pneumatic bias is
      applied to a pneumatic control area 60H of the control valve 60. When the
      spool 60A is shifted to the left, as viewed in FIG. 6, the port 60E will
      be connected to the port 60C and the port 60D will be connected with the
      port 60B. When the spool 60A shifts to the right, as viewed, for example,
      in FIG. 7, port 60E will communicate with port 60B and port 60F will
      communicate with port 60C. Moreover, port 60D of the control valve 60 is
      connected to the port 55B of the control valve 55 through a closing speed
      metering assembly 62 and the port 60F of the control valve 60 is connected
      to the port 55C of the control valve 55 to an opening speed metering
      assembly 63. The ports 60B and 60C of the control valve 60 respectively
      are connected to the air inlets 33, 34 at opposite ends of the drive
      cylinder. The connection between the port 60B and the air inlet 33 passes
      through a secondary speed control valve 65 and one branch of a parallel
      circuit including an unrestricted flow circuit 66 and a secondary speed
      metering assembly 67. The control valve 65 includes a spool 66A shiftable
      between a left and right-hand condition in response to a pneumatic bias
      applied to a left control port 65E or to a right control port 65F. The
      control valve 65 additionally includes ports 65B, 65C and 65D. The control
      valve 65 is effective, with the spool to the left, to connect the port 65D
      and port 65B so that flow from the air inlet 33 of the drive cylinder 32
      passes through the unrestricted flow branch 66. When shifted to the right,
      flow to the control valve 65 will be between ports 65D and 65C so as to
      direct flow between the control valve 65 and the air inlet 33 through the
      secondary speed metering assembly 67.
PAR  The port 60C of the directional control valve 60 is connected to the air
      inlet 34 through a secondary pressure regulator 69.
PAR  From the above detailed description of the pneumatic module 40 its
      operation is believed clear. However, the pneumatic schematics will aid in
      an understanding of its operation. Referring first to FIG. 6, which
      illustrates the sliding door 21 in its closed or at-rest position, the
      door 21 is biased in this position by the compressed air being supplied
      through the primary pressure regulator 43, through the control valve 60,
      and into the air inlet port 34 of the drive cylinder 32 as indicated by
      the cross-hatching in FIG. 6. The other end of the drive cylinder 32 is
      exhausted to the atmosphere through the air inlet 33, the unrestricted
      flow branch 66, the control valve 65, the control valve 60, through the
      closing speed metering assembly 62, control valve 50 closing cushion
      metering assembly 56, and exhaust 57.
PAR  FIG. 7 illustrates the condition of the pneumatic circuit upon initial
      opening impulse to the door 21. In this position the electrical circuit 22
      is closed, so as to shift the solenoid valve 42. This in turn shifts the
      spool of the interface valve 44 and of the control valve 60. Compressed
      air will now be directed unrestrictedly through the control valve 60,
      control valve 65, unrestricted flow branch 66, and into the air inlet 33
      of the drive cylinder 32. At the same time the air inlet 34 of the drive
      cylinder 32 will be exhausted to atmosphere through the secondary pressure
      regulator 69, the control valve 60, the opening speed metering assembly
      63, the control valve 55, and to exhaust. Since the supply of compressed
      air to the air inlet 33 is unrestricted, the door will begin to open with
      maximum speed and acceleration. The pressure in the exhaust side of the
      drive cylinder 32 will not yet have built up significantly and the opening
      speed metering assembly will not have significant restraint to the initial
      movement of the sliding door 21. Continued movement of the door 21 toward
      its open position, however, will depend both on the restraint provided by
      the opening speed metering assembly 63 and on the primary pressure. Both
      are adjustable to arrive at the desired result. Thus, the door starts to
      open instantaneously and continues at its maximum speed for approximately
      one-half of its full opening. At approximately one-half of the full
      opening of the door 21, the cam 51 comes in contact with the pneumatic
      switch 47.
PAR  FIG. 8 illustrates the pneumatic flow after the pneumatic switch 47 has
      been shifted by the cam 51. Specifically, the spools in the control valves
      55 and 65 are shifted. Shifting of the control valve 65 causes the primary
      pressure from the primary pressure regulator 43 to pass through the
      secondary speed metering assembly 67. This restricts the flow of fluid to
      the drive cylinder 32 thus causing the initial volume of air in the
      cylinder to expand; consequently, the pressure in the cylinder 32 drops.
      At the same time, the shift in the spool 55A of the valve 55 causes the
      pressure to pass through the restricted opening cushion metering assembly
      58. Because of the restriction in the opening cushioning meter assembly
      58, the exhaust air passes through the valve assembly very slowly; thus,
      the volume on this side of the drive cylinder 32 is compressed and the
      pressure is increased considerably as the door continues to open under its
      own momentum and inertia. The door, however, continues to decelerate as
      these conditions are maintained. The exhaust pressure at this time far
      exceeds the initial supply pressure for opening. As the door continues to
      move open, it contacts the pneumatic switch 48 but, as shown in FIG. 9,
      the shifting of pneumatic switch 48 does not alter the pneumatic flow at
      this stage.
PAR  With the cam 51 in engagement with both the pneumatic switches 47, 48, the
      door continues to open under a constant deceleration. The exhaust pressure
      continues to rise until the door comes to a gentle stop. The cam 51 is
      designed and adjusted such that at this time it relieves the pneumatic
      switch 47 while it continues to contact the pneumatic switch 48. This
      change shifts the spool 55A in the directional control valve 55 as shown
      in FIG. 10 to exhaust the build up pressure. The opening pressure still
      passes through the secondary speed metering assembly 67. However, the door
      is maintained in a fully opened, at-rest position and no significant air
      flow takes place in the system. However, shortly, enough time will have
      elasped for a person to go through the entrance and release the switch of
      the treadle mat 22. This condition will cause a shift in the solenoid
      valve 42 back to its original position, also permitting a shift of the
      interface valve 44 back to its original or at-rest position. The shifting
      or return of the solenoid valve 42 will remove the compressed air from the
      pneumatic switch 47, and at the same time will direct the compressed air
      to the pneumatic switch 48. The shifting of these valves will in turn
      cause the spools 55A, 60A, 65A of the control valves 55, 60, 65 to shift.
      This series of events is illustrated in FIG. 11. The pressure passed
      through the secondary pressure regulator 69 to the air inlet 34 of the
      drive cylinder 32 and causes the door to start closing. The exhaust from
      the air inlet 33 of the drive cylinder 32 passes through the unrestricted
      flow branch 66, through the secondary speed control valve 65, into the
      directional control valve 60, and through the closing speed metering
      assembly 62, then through the speed control valve 55 and to exhaust. The
      closing speed can be adjusted to any desired level for any door by
      regulating the secondary pressure setting of the secondary pressure
      regulator 69 in conjunction with the setting of the restriction in the
      closing speed metering assembly 62. The door thus starts closing at a set
      speed. Although the cam 51 immediately comes in contact with the pneumatic
      switch 47, the flow conditions of the cycle are not changed, as
      illustrated in FIG. 12 and the door therefore continues to close at the
      same rate.
PAR  When the door is closed approximately one-half of its full travel, the cam
      51 relieves the pneumatic switch 48 which causes the spool 55A of speed
      control valve 55 to shift, as shown in FIG. 13. The exhaust from the air
      inlet 33 of the drive cylinder 32 now must pass through the restricted
      closing cushion metering assembly 56. The closing cushion metering
      assembly is adjusted so that a very small amount of air escapes through
      this assembly, thus compressing the volume of air in the drive cylinder
      32. As the door continues to close, the back pressure in the drive
      cylinder rises against a preset secondary closing pressure. The closing of
      the door causes the cam to relieve the pneumatic switch 47, but the
      pneumatic flow is not altered from that shown in FIG. 13. The door thus
      continues to close under a constant back pressure build up and finally the
      conditions are balanced so that the door comes to a gentle stop. Should
      someone activate the treadle mat 22 before the build up pressure escapes,
      then this pressure will immediately be dumped to atmosphere as shown in
      FIG. 7 previously described.
PAR  The above description covers the working of the automatic door operator
      under the standard cycle conditions of a single entry through the doorway.
      There are, however, instances of interrupting the operating cycle at many
      points of the door travel and the module logic circuit must reset itself
      and handle all such irregularities with equal control. FIGS. 14, 15 and 16
      illustrate the condition wherein the treadle mat 22 is activated with the
      switch thereof closed, as shown in FIG. 7, but the person entering the
      doorway steps off the mat without passing through the doorway. Since the
      automatic door operator 25 received a signal to open, as shown in FIG. 7,
      it will continue to open even if the mat signal 22 is eliminated as shown
      in FIG. 14. It will continue to open with the fluid flow following the
      path shown in FIG. 15. However, upon the cam 51 shifting the pneumatic
      switch 48, the door will begin to close itself and will follow the paths
      and conditions shown in FIGS. 12 and 13, and come fully closed gently.
PAR  As yet another frequently encountered abnormal mode, let us assume that the
      door 21 is in the closing cycle and has closed one-third of its stroke.
      The cam 51 is still in contact with both pneumatic switches 47 and 48. If
      the mat switch 22 is closed at this time by a party entering the doorway,
      the conditions in the pneumatic system will immediately change to the
      conditions illustrated in FIG. 17. The door will start reopening, but at a
      slower speed since the exhaust pressure passes through both the opening
      speed metering assembly 63 and the opening cushioning metering assembly
      58, and will complete its normal cycle. If the mat switch should, at that
      time be released before the door has completed its opening, the automatic
      door operator 25 will immediately revert back to the closing mode with the
      conditions as shown in FIGS. 12 and 13.
PAR  As yet another frequently encountered abnormal mode of operation, let us
      assume that the mat switch 22 is closed while the door is in its closing
      mode approximately one-half of its cycle such that the cam 51 is still
      riding on pneumatic switch 47, but has passed pneumatic switch 48. The
      door again will immediately start opening under the conditions shown in
      FIG. 18. The door again will open at a slower speed since the exhaust is
      passing through the opening speed metering assembly 63 and the opening
      cushioning metering assembly 58, and the intake pressure is supplied
      through the secondary speed metering assembly 67. If the mat signal 22
      continues, the door will complete the opening cycle under the conditions
      as shown in FIGS. 8, 9 and 10. However, if the mat signal 22 is released
      before the door has completed its opening cycle, it will come closed along
      the modes illustrated in FIGS. 12 and 13.
PAR  Advantageously, there is provided a pneumatic automatic door operator 25
      for opening and closing a sliding door 21 wherein there is maximum
      acceleration and deceleration of the door while bringing the door to a
      gentle stop at the end of each stroke without oscillation of the door or
      other undesirable operation. Moreover, the automatic door operator will
      automatically reset if interrupted during one of the operating strokes.
PAR  Although the present invention has been described by reference to only a
      single embodiment thereof, it will be apparent that numerous other
      modifications and embodiments will be devised by those skilled in the art
      which will fall within the true spirit and scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An automatic door operator used in opening and closing a door which is
      mounted upon a door frame for sliding movement in a vertical plane between
      open and closed positions in response to movement of traffic adjacent the
      door, said door operator comprising:
PA1  a drive cylinder for mounting relative to said door frame having first and
      second fluid inlets;
PA1  a piston slideably movable within said drive cylinder through door opening
      and door closing strokes between said first and second fluid inlets;
PA1  a drive means for connecting said piston to a door to drive the door
      through the door opening and door closing strokes;
PA1  a means for supplying pressurized fluid from a suitable source thereof
      connected to said first and second fluid inlets and operable to supply
      pressurized fluid to either of said first and second fluid inlets;
PA1  control means interconnecting said supplying means with said first fluid
      inlet and connecting said second fluid inlet to exhaust continuously
      throughout an opening stroke and connecting said supplying means to said
      second fluid inlet and connecting said first fluid inlet to exhaust
      continuously throughout a closing stroke;
PA1  said control means including means for reducing the pressure of fluid
      acting on said piston from a side thereof in communication with one of
      said fluid inlets connected for supplying pressurized fluid to said
      cylinder after said piston has moved part way along on a stroke; and
PA1  exhaust metering means metering the exhaust flow of fluid at least as the
      door approaches the end of its stroke.
NUM  2.
PAR  2. An automatic door operator as defined in claim 1 which includes separate
      opening cycle metering controls metering the exhaust from said second
      fluid inlet during an opening stroke and closing cycle metering controls
      metering the exhaust from said first fluid inlet during a closing stroke.
NUM  3.
PAR  3. An automatic door operator as defined in claim 2 wherein each of said
      metering controls includes separate cushioning controls rendered operative
      to cushion a door as it approaches the end of its stroke.
NUM  4.
PAR  4. An automatic door operator as defined in claim 3 wherein said control
      means includes including inlet metering means operative during at least a
      portion of the opening stroke to meter the fluid flow to said operator.
NUM  5.
PAR  5. An automatic door operator used in opening and closing a door which is
      mounted upon a door frame for sliding movement in a vertical plane between
      open and closed positions in response to movement of traffic adjacent the
      door, said door operator comprising:
PA1  a drive cylinder for mounting relative to said door frame having first and
      second fluid ports;
PA1  a piston slideably movable within said drive cylinder through door opening
      and door closing strokes between said first and second fluid ports;
PA1  a drive means for connecting said piston to a door to drive the door
      through the door opening and door closing strokes;
PA1  means for supplying pressurized fluid from a suitable source thereof
      connected to said first fluid port and operable to supply pressurized
      fluid thereto;
PA1  control means coupled to said supplying means connecting said source to
      said first fluid port and connecting said second fluid inlet to exhaust
      continuously throughout an opening stroke of the door;
PA1  said control means including means for reducing the pressure of fluid
      supplied through said first port on an opening stroke after a portion of
      said stroke has been completed; and
PA1  exhaust metering means metering the exhaust flow of fluid at least as the
      door approaches the end of its stroke.
NUM  6.
PAR  6. An automatic door operator used in opening and closing a door which is
      mounted upon a door frame for sliding movement in a vertical plane between
      open and closed positions in response to movement of traffic adjacent the
      door, said door operator comprising:
PA1  a drive cylinder for mounting relative to said door frame having first and
      second fluid inlets;
PA1  a piston slideably movable within said drive cylinder through door opening
      and door closing strokes between said first and second fluid inlets;
PA1  a drive means for connecting said piston to a door movable through door
      opening and door closing strokes;
PA1  means for supplying pressurized fluid from a suitable source thereof for
      moving said piston in said cylinder;
PA1  first and second pneumatic switches;
PA1  cam means carried on said door adapted to shift said switches in response
      to the position of the door relative to said frame;
PA1  a directional control valve means for alternating connecting said first and
      second fluid inlets selectively to said means supplying pressurized fluid
      and to exhaust respectively;
PA1  a speed control valve connected between said directional control valve and
      exhaust for metering the exhaust flow at different rates;
PA1  a shuttle valve controlling the mode of operation of said speed control
      valve between said different rates;
PA1  a secondary speed control valve connected between said directional control
      valve means and said first fluid inlet selectively metering the inlet flow
      from said supply means;
PA1  a solenoid valve;
PA1  a transfer valve connected to said solenoid valve and said means supplying
      pressurized fluid and further connected to said pneumatic switches; and
PA1  conduit means interconnecting said pneumatic switch with said shuttle
      valve, and secondary speed control valve.
NUM  7.
PAR  7. The automatic door operator of claim 1 wherein said pressure reducing
      means comprises means for reducing the pressure of fluid acting on said
      piston during a door opening stroke after said piston has traversed a
      portion of said door opening stroke in said cylinder.
NUM  8.
PAR  8. The automatic door operator of claim 7 wherein said pressure reducing
      means includes a fluid valve actuated by movement of said door on an
      opening stroke.
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ABST
PAL  A support for a dust bag for use in connection with an electrically driven
      surface treating machine to collect dust created by the machine during
      operation which comprises a rod member detachably connected to an exhaust
      conduit on the machine. Means are provided to insure proper positioning or
      alignment of the dust bag support so that the support may function to hold
      the dust bag up and away from the work piece so as not to interfere with
      the operator in using the machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrically driven portable surface treating machines such as a sander,
      polisher, buffer and the like have an oscillatable platen which creates
      dust during use which is normally allowed to enter the ambient air in a
      work area. There has been a long standing need for improving the
      constructional arrangement of such machines so as to provide for the
      collection of such dust. A number of dust bags have been proposed but the
      proper support for such dust bags did not meet the requirements for
      successful use and sale of the machine. What was found wanting in the
      prior art was a support which holds the bag so as to not interfere with
      the operation of the machine during use yet which is readily detachable
      and easily replaced and properly positioned on the machine. The support
      must also permit emptying of the dust bag without removal of the support
      and at this same time be inexpensive and simple in construction.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a dust bag support for an
      electrically driven portable surface treating machine which is easy to
      detach and to reconnect so that the bag is properly aligned upon the
      reconnection for proper operation of the machine, yet will permit the dust
      bag to be removed and replaced without detachment of the support from the
      machine.
PAR  It is the further object of this invention to provide a support for a dust
      bag for a surface treating machine which is inexpensive and simple for an
      operator to handle.
PAR  The present invention provides a support for a dust bag for an electrically
      driven portable surface treating machine and comprises a rod member
      suitably formed to provide a resilient loop attachment to an exhaust
      conduit properly positioned on the machine and to provide a support for
      the dust bag so as not to interfere with the operation of the machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a surface treating machine showing to
      advantage the dust bag and its support connected thereto;
PAR  FIG. 2 is an enlarged side elevational view, with a portion of the housing
      partly broken away and partly in section to illustrate the working parts
      within the machine shown in FIG. 1, but with the dust bag and its support
      removed;
PAR  FIG. 3 is a partial elevational view and partly in section to show the
      machine fan and the input to a discharge conduit;
PAR  FIG. 4 is a front elevational view illustrating to advantage the dust bag
      support connected to the outer end of the exhaust conduit;
PAR  FIG. 5 is a top plan view showing the dust bag support connected to the
      exhaust conduit, with the dust bag shown in phantom; and
PAR  FIG. 6 is a partial elevational view, partly in section, to show the means
      for supporting and connecting the dust bag on the exhaust conduit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the illustrated embodiment of the invention in FIG. 1, there is shown a
      dust bag 10 shown attached to an electrically driven portable surface
      treating machine, indicated in its entirety as 12.
PAR  In order to understand the operation of the dust bag 10 and more
      importantly the dust bag support 14 shown more clearly in FIGS. 3-6, the
      portable surface treating machine 12 to which it is attached will be
      explained first.
PAR  In this illustration, the surface treating machine 12 is depicted as a
      sander with a clam shell housing 16 comprising a pair of complementary
      halves 18 and 20, which are detachably connected along a longitudinal
      split 22 by carriage bolts 24 shown in cross section in FIG. 2. A main
      handle 26 formed integral with the housing 16 is provided with an operator
      controlled electric on-off switch 28 between a motor 30 and a suitable
      source of electric power. A forwardly positioned auxiliary handle 32 is
      also provided so that the sander can be grasped and controlled by the
      operator.
PAR  The motor 30 drives a platen assembly 34 disposed within the housing at the
      bottom thereof. An armature shaft 36 of the motor 30 has a pinion 38
      formed on its lower end which connects through a gear reduction mechanism
      40 to an eccentric bearing bracket 42 which imparts shiftable motion such
      as oscillatory, reciprocatory, orbital or the like to rectangular rigid
      back plate 44.
PAR  A resilient pad 46 is bonded to a back plate on which is typically mounted
      suitable sand paper to treat the surface of a work piece. Since the gear
      reduction mechanism, the resilient pad, the back plate and the manner in
      which they are operatively attached within the housing, form no part of
      the present invention, a further description thereof is deemed unneccesary
      herein.
PAR  Located midway of the housing 16, and in the illustrated embodiment,
      between the motor 30 and the gear reduction mechanism 40, is a fan 48
      mounted on the armature shaft 36. Fan 48 serves to induce air through two
      flow paths in the housing 16 out through a rectangular opening 50 formed
      in the side 20 of the housing. The longest sides of the rectangular
      opening 50 are located horizontally and the housing is also provided with
      an inwardly extending ridge 52 (see FIG. 3) which begins at one vertical
      edge of the opening 50 which encircles the housing and fan and terminates
      at the opposite vertical edge of the opening 50. This ridge, by encircling
      the outer edge of the fan 48 midway of its blades, divides the fan into
      two functionally distinct parts and also divides the housing into two flow
      chambers 54 and 56 within the housing walls.
PAR  The first air-flow path in the first flow chamber 54 is through the
      openings 58 in the top of the housing (see FIG. 1) down past the motor 30
      and out the opening 50 and an opening 60 formed inside 18 opposite the
      opening 50 (see FIG. 3). By having an air flow through two openings 50 and
      60, both sides of the motor are suitably cooled.
PAR  It should be noted here that the flow of air through the first flow path
      and out the exhaust conduit, tends to create a low pressure zone near the
      opening below the ridge 52 so as to create a secondary air flow which aids
      the flow of air through the second chamber 56. The second air-flow path in
      the second chamber 56 is through the space 62 near the bottom of the
      machine around the peripheral edges of the resilient pad 46 and its sand
      paper and out through the opening 50.
PAR  It can be appreciated that during operation of the sander on a work piece,
      there is an accumulation of dust near the edges of the pad 46 and its sand
      paper. To gather and hold this dust as much as practical within the
      machine so as to reduce the amount of dust entering the ambient air, a
      skirt 64 is positioned around the lower end of the housing 16 and attached
      thereto in any suitable manner. In the embodiment shown, this skirt 64 is
      of relatively thin yieldable one-piece plastic material forming a loop,
      the upper end of which is slightly smaller than the outer periphery of the
      housing at the point of attachment. To attach the skirt 64 to the housing
      16, the skirt 64 is stretched slightly so that its inwardly directed top
      flange 66 engages a shoulder 68 provided therefor on the housing. Thus,
      with this skirt 64 whose lower edge is slightly above the lower surface of
      the pad 46 and sand paper, there is provided the free space 62 through
      which air may flow.
PAR  This air flowing into the space 62 becomes dust-laden and is impelled by
      the fan 48 out the opening 50 through a sleeve or exhaust conduit 70, of
      any suitable material, metal or plastic. One end of this exhaust conduit
      is shaped to encompass the entire periphery of the opening 50 and is
      fastened to the housing by any suitable means such as screws 72 through
      suitable openings in the conduit flange 74. The exhaust conduit 70 extends
      horizontally toward the rear of the machine as shown in the drawings, that
      is, in the direction of the outer end of the main handle 26 but spaced
      away from the housing side 20 to accommodate the dust bag and an
      operator's hand on the handle 26.
PAR  The exhaust conduit 70 is provided with a pair of flanges 76 and 78, on the
      end opposite the opening 50, which form a part of the means for attaching
      the dust bag 10 and its support 14. These flanges may be an integral part
      of the exhaust conduit and are spaced apart to receive a portion of the
      dust bag support 14 as a means of attaching the support to the machine.
PAR  Turning now particularly to FIGS. 4, 5, and 6, it can be seen that the dust
      bag support 14 comprises a relatively rigid, yet yieldable, rod member of
      suitable material such as spring wire provided with a partial loop or
      torus 80 on one end, the diameter of which is slightly smaller than the
      outer diameter of the exhaust conduit as clearly shown in FIG. 4.
PAR  The loop 80 forms only a portion of a circle or partial loop, the length of
      the rod material and the diameter of the loop being determined by the
      amount sufficient to insure proper connection to the exhaust conduit 70
      and sufficient to form a throat 82 through which the exhaust conduit may
      pass by expanding the throat due to the resiliency of the rod material. In
      the embodiment shown, the rod material extends slightly more than one-half
      of the periphery of the exhaust conduit. The rod member is bent, as at 84,
      so as to be up and away from the air flow emitted from the exhaust conduit
      and at 90.degree. from the plane of the loop 80. This bend is immediately
      adjacent to the loop and also forms part of the alignment means which
      cooperates with an alignment notch 86 at the top of flange 76. Bend 84
      also forms a leg 88, the length of which is determined by the size and
      shape of the dust bag to be used therewith. The rod member is bent at the
      end of the leg 88 slightly, as at 90, to form a second leg 92 disposed in
      a horizontal direction, i.e., in a direction parallel to the main flow of
      the air flow emitted from the exhaust conduit. Leg 92 terminates in a
      second loop 94 which is formed simply to facilitate the insertion of this
      support 14 within the dust bag 10, while leg 88 facilitates entry of the
      dust-laden air into the dust bag.
PAR  In the embodiment shown, the dust bag 10 of conventional material is of a
      generally oblong, relatively thin shape, formed with a diagonal leading
      edge 96 which terminates forming an inlet 98 which is tubular when mounted
      on the support 14. The diagonal 96 conforms generally to the length of the
      leg 88 of the support while the upper edge 100 extends beyond the loop 94.
      The inlet 98 is sufficiently large to slip over the flanges 76, 78 and the
      loop 80. To fasten the dust bag to the exhaust conduit, a suitable tie 102
      is provided which is tied in a conventional manner around the exhaust
      conduit 70 as shown in FIG. 6.
PAR  From the foregoing, it can be seen that there is provided a readily
      detachable bag 10 and support 14 for a portable surface treating machine
      12. The bag is readily removable by simply untying the string 102 and
      pulling the bag away from the exhaust conduit 70 and away from support 14.
      If it is desired to remove the detachable support 14, it is simply a
      manner of forcing the resilient loop 80 out of the nesting place between
      the flanges 76 and 78. When the support is reconnected, the aligning notch
      86 on the outer flange 76 serves to position the support with respect to
      the exhaust conduit 70 as can be seen in FIGS. 4 and 5.
PAR  From the foregoing, it will be seen that the dust bag and its support are
      both readily detachable; that this support is simple in construction, and
      is provided with an easy means of positioning on the machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable sanding tool having a motor driven oscillating platen carried
      by a housing, and means for discharging from the housing dust-laden air
      created by the use of the tool upon a work surface comprising:
PA1  a. a discharge conduit rigidly connected to the housing,
PA1  b. at least one radial flange formed on the outer periphery of the
      discharge conduit,
PA1  c. notch means formed in the flange of the discharge conduit,
PA1  d. a support rod including an arcuate section defining an expandable
      throat, and a straight section,
PA1  e. the straight section of the support rod disposed in the notch means of
      the flange to permit the arcuate section of the support rod to encircle
      the discharge conduit adjacent the flange, and
PA1  f. a dust bag detachably connected to the discharge conduit and supported
      by the support rod.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein:
PA1  a. means engaged between the discharge conduit and the support rod to
      prevent the straight section of the support rod from being dislodged from
      the notch means, and
PA1  b. said last mentioned means includes a second radial flange spaced from
      and adjacent to the first radial flange whereby a recess is formed
      therebetween to receive the arcuate section of the support rod.
NUM  3.
PAR  3. The combination claimed in claim 2 wherein:
PA1  a. the support rod is bent at substantially 90.degree. adjacent the
      junction of the arcuate section and the straight section, and
PA1  b. the straight section is formed to extend upwardly and outwardly from the
      arcuate section.
NUM  4.
PAR  4. The combination claimed in claim 3 wherein:
PA1  a. the notch means is formed adjacent the vertical top of the discharge
      conduit whereby the support rod is held in position with the straight
      section thereof extending vertically upwardly and away from the discharge
      conduit and holds the dust bag in like position freely to receive the
      dust-laden air and collect the dust therein.
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PAL  "Storage Cellar" Popular Mechanics, Nov. 1944,  p. 99 relied upon.
LREP
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ABST
PAL  A pre-built, transportable root cellar having an open bottom, side walls,
      an insulated top and air vents.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to root cellars of the type commonly used to store
      foods underground.
PAR  2. Prior Art
PAR  It has long been known that many foods, such as potatoes, onions, carrots,
      squash, pumpkin, apples, etc., can be maintained in a fresh edible
      condition if they are stored underground. Consequently, it has been common
      in the past to dig pits, line them with straw and other materials that
      will prevent freezing of the foods placed in the pit and to cover them
      over. Periodically, the pit is opened up and desired quantities of the
      stored foods are removed. The surrounding earth keeps the foods cool and
      helps to prevent freezing, and the stored foods can be maintained for
      rather long periods of time. The loose straw and earth cover allows enough
      air circulation to keep the foods fresh. In progressing from the use of
      pits for storage, man has often built structures that are fully or partly
      underground and that take advantage of the good features of underground
      storage while eliminating the dirt that may collect on the goods and the
      difficulties inherent in periodically opening a pit to place or remove
      foodstuffs. These have usually taken the form of larger buildings, built
      in place, with brick, rock or wood walls and a fixed air vent system.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a portable,
      lightweight, easily installed, pre-built storage cellar, that can be
      conveniently used by any homeowner.
PAR  Other objects are to provide a storage cellar that is impervious to water
      and electrolytic action and that will provide storage for large quantities
      of foodstuffs.
PAR  Principal features of the invention include an open bottom shell having
      side walls, a top wall, a raised access opening through the top wall and
      an insulated cover for the access opening. Vent stacks are provided to
      provide cross ventilation within the shell, and the vents are preferably
      made adjustable so that prevailing winds can be utilized to insure
      adequate air movement.
PAR  Preferably, the shell is made with side walls that slope outwardly from the
      top wall, so that better stability is obtained and for nesting purposes
      during shipping, and the walls are all insulated to further protect
      foodstuffs placed in the root cellar against freezing.
PAR  Additional objects and features will become apparent from the following
      detailed description and drawings, disclosing what is presently
      contemplated as being the best mode of the invention.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view, taken from slightly above and at one front
      corner of the root cellar of the invention, and with the closed position
      of the lid shown in dotted lines.
PAR  FIG. 2, a vertical longitudinal section taken on the line 2--2 of FIG. 1,
      through the vent stacks; and
PAR  FIG. 3, a vertical transverse section taken on the line 3--3 of FIG. 1, but
      with the lid shown only in its closed position.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings:
PAR  In the illustrated preferred embodiment, the root cellar of the invention,
      shown generally at 10 includes a shell 11 made up of spaced apart front
      and rear walls 12 and 13, interconnected by spaced apart side walls 14 and
      15. The walls 12-15 are all outwardly and downwardly flared with respect
      to a top wall 16 that interconnects the upper edges of the front, rear and
      side walls.
PAR  A box-like flange 17 surrounds an opening 18 and projects upwardly from the
      top wall 16, and a lid 19 overlies the flange 17. The lid is pivotally
      connected at 20 to opposite sides of the flange 17 and flexible chains 22,
      connected to the lid at 23 and to the flange at 24, allow the lid to be
      pivoted open, above the flange and to be held in the opened position. The
      opening 18 is made large enough to allow a person to climb into and out of
      the shell through the opening.
PAR  Each of the front, rear, side and top walls is preferably formed with a
      core 25 of insulating foam sandwiched between layers 26 and 27 of
      fiberglass. This construction results in strong, insulated, non-rotting,
      walls, while holding the weight of the cellar to a minimum, thereby
      facilitating shipping and handling.
PAR  The flange 17 is formed with a strong wood core 28, sandwiched between
      fiberglass layers 29 and 30 and a layer of insulating material 31 is
      bonded to the interior of the lid 19 such that it will engage and tightly
      fit on the flange 17. The flange keeps water from running into the root
      cellar through opening 18, even when a layer of dirt has been placed over
      the top wall 16 and around the flange.
PAR  Couplings 32 and 33 removably extend through the top wall 16 at rear
      corners of the root cellar and each coupling has an inwardly extending
      shoulder 34 at the bottom thereof. Upstanding vent stacks 35 and 36 each
      have a riser 37 with its lower end tightly fitted through a coupling to
      rest on a shoulder 34. Each vent stack also has an elbow formed at its
      upper end, with a portion 38 extending normal to the riser 37 and an
      outwardly and downwardly extending short leg 39. The short leg 39
      preferably projects from the portion 38 at about a forty-five degree angle
      so that any air movement will be more easily picked up by the stacks. In
      use, the vent stacks are preferably turned within the couplings 32 and 33
      so that one vent stack on the windward side (as determined by the
      prevailing winds in the area where the root cellar is to be used) is
      turned to have the short leg extending into the wind. The stack on the
      leeward side is then turned within its coupling so that the short leg 39
      is downwind. With this arrangement, air tends to move into and to be drawn
      out of the root cellar and good air circulation is maintained. This has
      been found highly desirable with a cellar such as the present one wherein
      the cellar walls and lid are impervious to air movement.
PAR  The root cellar is positioned by placing it in a hole in the earth large
      enough to receive the unit and deep enough to allow a layer of earth to be
      placed on the top wall and such that only the lid will be exposed. The
      surrounding earth insulates the cellar and holds it at desirable storage
      temperatures. The insulating pad on the lid further contributes to the
      temperature stability.
PAR  The open bottom of the root cellar allows stored foods to be placed on or
      proximate to the earth and allows the cellar to achieve an inside
      temperature comparable to the earth floor that is formed.
PAR  The flared configuration of the walls will allow the root cellars to be
      nested together for storage or transportation after the cellar units have
      been constructed, and with the air vents removed.
PAR  The flared configuration of the walls also adds to the stability of the
      unit when it is positioned in the ground. The earth piled above the
      sloping walls helps to hold the unit in place and the sloping walls direct
      water that may seep through the piled earth outwardly away from the bottom
      edge of the unit, thus reducing the possibility that water will seep under
      the walls to accumulate in the cellar.
PAR  It has long been recognized that many foods can be stored in a suitable
      root cellar and these foods can be easily stored for at least several
      months in the cellar of the invention. Typical foods suitable for storage
      include potatoes, carrots, cabbage, cauliflower, squash, pumpkin, apples,
      winter pears, parsnip, sweetpotatoes, celery, onions and tomatoes.
PAR  Although a preferred form of our invention has been herein disclosed, it is
      to be understood that the present disclosure is made by way of example and
      that variations are possible without departing from the subject matter
      coming within the scope of the following claims, which subject matter we
      regard as our invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pre-built, transportable root cellar comprising
PA1  a top wall having a layer of insulating material formed therein;
PA1  spaced apart front and rear walls interconnected by said top wall and
      extending downwardly therefrom;
PA1  spaced apart side walls interconnected by said top and front and rear walls
      whereby said walls form a shell having an open bottom;
PA1  an opening formed through the top wall large enough for a person to pass
      through;
PA1  a flange surrounding the opening and projecting upwardly from the top wall,
      said flange including a layer of insulation extending from an inner face
      of the top wall to the top of the flange;
PA1  a lid pivotally connected to the flange and adapted to be pivoted between
      an open position overlying the flange and closing the opening, said lid
      including a layer of insulating material arranged to fully overlie the
      flange when the lid is in the closed position; and
PA1  air vent means through the top wall.
NUM  2.
PAR  2. A pre-built, transportable root cellar as in claim 1, wherein the air
      vent means comprises
PA1  a pair of removable vent stacks extending upwardly from the top wall at the
      side walls, each said vent stack having an upstanding riser and an elbow
      at an upper end with a downturned portion thereon.
NUM  3.
PAR  3. A pre-built, transportable root cellar as in claim 2, further including
PA1  means mounting each of the risers of the vent stacks to be rotatable in the
      top wall.
NUM  4.
PAR  4. A pre-built, transportable root cellar as in claim 3, wherein
PA1  the downturned portion of each vent stack extends at an angle of about
      45.degree. with respect to the vent stack riser.
NUM  5.
PAR  5. A pre-built, transportable root cellar as in claim 4 further including
PA1  a layer of insulating material in each of the front, rear, and side walls.
NUM  6.
PAR  6. A pre-built, transportable root cellar as in claim 5, wherein
PA1  the front, rear and side walls are flared outwardly from the top wall.
NUM  7.
PAR  7. A pre-built transportable root cellar as in claim 6, wherein
PA1  at least the outer surface of each of the front, rear, side and top walls
      is constructed of fiberglass.
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ABST
PAL  A preformed manhole suitable for use underground is made of reinforced
      plastic. The manhole comprises a dome section integrally joined at one end
      of a tubular body by an endless band of reinforced plastic. The dome is
      arcuately shaped to provide resistance to buckling, and in one specific
      embodiment is generally hemispherical. The dome includes a manway and a
      load bearing shoulder for supporting the manhole cover and frame. An
      upwardly extending rib or collar is provided around the manway to provide
      additional stiffness and stability.
PAL  The method for making the preformed manhole is also disclosed. The tubular
      body is made by applying resin, glass fiber reinforcement, and particulate
      filler on an endlessly advancing mandrel. The dome is made by applying
      resin and glass fibers on the surface of a rotating mold. The dome and
      body are joined by laying-up resin and glass over their mated ends.
PARN
PAR  This is a continuation of application Ser. No. 322,344, filed Jan. 10,
      1973, abandoned.
BSUM
PAR  The present invention relates to manholes or similar structures used to
      provide access to underground facilities such as sewers, pipelines, pump
      stations, valves, etc.
PAR  In the construction of large underground pipelines and sewers it is the
      customary practice to put manholes at frequent intervals to permit access
      for inspection, maintenance, and repair of the pipeline or associated
      facilities. Heretofore these manholes have usually been made of plain or
      reinforced concrete or of brick masonary.
PAR  Until recently most manholes were formed in place by either casting
      concrete in molds or forms, or by laying up brick and mortar. However,
      fabricating a manhole in place requires a substantial amount of field
      labor. Accordingly, with rising labor costs these manholes are becoming a
      more costly part of the system.
PAR  Furthermore the practice of forming manholes in place presents an
      additional problem for the contractor. The time required to fabricate the
      manhole in place is extensive, not only because of the labor involved, but
      also because of the need for time to cure the concrete or mortar. During
      this time the excavation must necessarily be left open and exposed to the
      risks of flooding or contamination from silt and other materials washing
      into it.
PAR  Recently prefabricated manholes, usually of precast concrete, have become
      popular. Because of the weight of concrete, most of these manholes are
      made in sections which are assembled at the excavation site. However, the
      assembly of these manholes still requires a substantial amount of time and
      labor as well as the use of heavy and expensive equipment. Furthermore,
      since concrete and brick are not easily machined or fabricated it is
      difficult to fit manholes made of these materials to the pipe or sewer
      lines.
PAR  Another significant problem relating to manholes is that of leakage.
      Owners, as well as servicemen, are of course concerned about the washing
      of silt and other contaminates into leaky manholes, since these materials
      can build-up and interfere with the access to the enclosed facility.
      Equally important is the ecological concern about the contamination of
      water lines and sewer systems. However, despite attempts to design special
      joint configurations and gaskets to provide water tight seals in the prior
      art manholes, leaks can and still do occasionally occur. Leaks also result
      from the attack of corrosive ingredients found in soil, sewage, and
      industrial waste waters. Many of the materials used to make manholes are
      not immune to these corrosive environments.
PAR  It is therefore an object of the present invention to provide a preformed
      manhole suitable for underground installation which is lightweight and
      which can be quickly installed.
PAR  It is another object of the invention to provide a preformed manhole that
      can be easily fabricated and fitted to an underground facility such as a
      sewer or pipeline.
PAR  It is still another object of the invention to provide a manhole that is
      leakproof and immune to most corrosive environments encountered in sewer
      systems and industrial applications.
PAR  It is still another object to provide a one-piece manhole which can be
      handled and installed quickly with the use of relatively light equipment.
PAR  Finally it is an object of the invention to provide a process for making a
      manhole having the desired features described above.
PAR  These and other objects are achieved in the present invention in which a
      preformed manhole is made out of a strong but lightweight material,
      preferably glass fiber reinforced plastic. The manhole comprises a tubular
      body adapted for enclosing an underground facility, and a dome section
      integrally joined to one end of the tubular body. The dome is provided
      with an opening or manway to permit entry into the manhole.
PAR  The wall of the tubular body is designed with a high compressive strength
      to withstand axial loads as well as the pressure of the surrounding soil.
      The wall of the dome section forms a surface of double curvature
      interrupted only by the manway, and is designed with high shear and
      flexural strength properties.
PAR  The dome section may also be provided with an inwardly extending load
      bearing shoulder circumscribing the manway opening. This shoulder serves
      as a base for a build-up of material to adjust a conventional manhole
      cover and frame to the desired elevation.
PAR  A vertically upstanding lip can be provided around the perimeter of the
      manway to act as a reinforcing rib which will aid in distributing an
      eccentric load evenly over the dome surface.
PAR  As mentioned in the preferred embodiment, the manhole of the present
      invention is made of polyester resin reinforced with glass fibers. Also in
      this embodiment, the dome is hemispherically shaped while the body is
      cylindrical. The dome and body are integrally joined by an endless band of
      reinforced plastic overlaying the connection of the two members.
PAR  Since the wall of the cylindrical body is primarily under compressive
      loading in the installed condition, it has been found that a particular
      filler, such as sand, can be added to the composite wall to improve the
      compressive strength. Although a particulate filler could also be used in
      the wall of the dome section, there may be a trade off in shear strength
      if the proportion of filler is too high. Therefore, in the specific
      embodiment later described in detail, the dome section comprises resin
      reinforced with only chopped glass strand to form a composite with optimum
      shear strength for the application.
PAR  In the first instance, the manhole of the present invention advances the
      art of underground manholes by substituting a strong, lightweight and
      corrosive resistant material for those used heretofore. It can be easily
      installed with the use of relatively light equipment, and in a much
      shorter time than the prior art manholes.
PAR  The design of the present manhole also incorporates shapes and other
      improvements which co-operate to advance the structural performance as
      well. Further, because it has only one joint, which is made in the
      factory, the manhole of the invention greatly reduces the risk of leakage.
PAR  The present invention also embraces a process for making the manhole
      described above. Briefly the process comprises forming the dome section by
      depositing liquid resin and chopped glass reinforcements on the surface of
      a rotating mold and curing the resin. The tubular body is formed by
      applying resin, glass fiber reinforcement, and a particulate filler on the
      surface of a rotating mandrel and curing the resin. The preformed dome and
      tubular body are then joined together with a lay-up of resin and
      reinforcement.
PAR  In the specific process to be described later, the tubular body is formed
      on an endlessly advancing mandrel of the type described in U.S. Pat. No.
      3,464,879. The dome section is provided with a radially enlarged lip at
      its large end to form a female connection for mating with an end of the
      tubular body. This facilitates alignment and assembly of the two parts.
PAR  Although the process as described consists of forming the dome and tubular
      body by separate operations, it is readily apparent that the whole manhole
      could be formed at one time on a specially designed manhole. However,
      since such a process is likely to require more expansive equipment and may
      reduce the flexibility of the system, it is not discussed further here.
DETD
PAR  Having thus summarized the invention, a more detailed description follows
      with reference to the attached drawings which form a part of this
      specification and of which:
PAR  FIG. 1 is a view in perspective showing a preformed manhole embodying the
      present invention;
PAR  FIG. 2 is an enlarged view in section, showing the upper portion of the
      manhole of FIG. 1, as taken along the line 2--2 in FIG. 1;
PAR  FIG. 3 is an elevational view of the manhole of FIG. 1 as shown in a
      typical installed condition;
PAR  FIG. 4 is an elevational view in perspective showing a method and apparatus
      for making the tubular part of the manhole in FIG. 1;
PAR  FIG. 5 is a cross-sectional view of the apparatus of FIG. 4 as taken along
      the line 5--5 in FIG. 4;
PAR  FIG. 6 is an elevational view partly in cross section, showing a method and
      apparatus for forming the dome section of the manhole of FIG. 1;
PAR  FIG. 7 is an enlarged sectional view through a portion of the wall of the
      manhole of FIG. 1, as taken along the line 7--7 in FIG. 1; and
PAR  FIG. 8 is an enlarged sectional view of another portion of the wall of the
      manhole of FIG. 1, as taken along the line 8--8 in FIG. 1.
PAR  The manhole, indicated generally by the numeral 10 in FIGS. 1, 2, and 3,
      consists of a tubular body 20 and a dome section 30 integrally joined
      together by an endless band of reinforced resin 12. Although shown as a
      cylinder, the tubular body section can be of any suitable cross section
      and size adapted to allow working room for a man to operate inside. The
      cylindrical shape is particularly well suited for underground structures
      and is easily manufactured.
PAR  The dome section 30, as shown in the drawings, is a hemisphere interrupted
      by the manway 31. Opposite the manway 31, the open end 32 of the dome is
      sized to mate with one end of the tubular body 20. In order to make
      alignment of the dome and body easier, the open end 32 is radially
      enlarged to form a lip 38 adapted to fit over the end of the tubular body.
PAR  The endless band of reinforced resin 12 comprises several layers of
      reinforcment 14, such as glass fiber mat or woven roving, in a matrix of
      hardened resin overlaying the connection between the dome 30 and body 20.
      The endless band 12 extends partially onto the surfaces of both the body
      and dome, and is integrally bonded to both sections.
PAR  As mentioned earlier, it is desirable to have the wall of the dome 30 form
      a continuous arc or curve between the open end and the manhole. It is even
      more preferable to have the wall curved in two directions at substantially
      all points thereon. This shape is better suited to resist buckling due to
      external loading from above. Where the body section 20 is cylindrical, the
      dome 30 can conveniently be made hemispherical in the region between the
      manway 31 and the open end 32. In FIG. 2, the dome is shown hemispherical
      with a radius R.
PAR  The dome 30 also includes an integral, load bearing shoulder 34 extending
      annularly around the manway as shown in FIG. 1. Referring to FIG. 2, the
      shoulder 34 serves as a base on which a build-up of brick and mortar,
      cement, or other material can be formed to adjust a standard manhole cover
      support frame to the proper elevation or grade.
PAR  The interruption of the convex shape of the dome by the manway 31 has the
      effect to weaken the otherwise stiff curvilinear structure. This problem
      can be suitably remedied by including an integral, upwardly extending
      reinforcing rib or collar 36 immediately circumscribing the manway 31. It
      has been demonstrated that the ring stiffener 36 is effective to prevent
      excessive deflection of the shoulder 34 due to concentrated loads by
      distributing the load around the shoulder and ultimately over the curved
      surface of the dome. Thus the rib 36 cooperates with the shape of the dome
      to enhance the buckling resistance of the structure.
PAR  The rib 36 also serves an incidental function as an alignment means for the
      build-up of materials on the shoulder 34.
PAR  It can be seen in FIG. 2 that high stress regions exist where the collar 36
      joins the annular shoulder 34, and where the shoulder 34 joins the curved
      wall of the dome. Accordingly, it may be advantageous to incorporate
      additional reinforcement in these regions. In FIG. 2, a layer of woven
      roving 39 has been incorporated on the tension side of the loaded laminate
      in each of the high stress regions.
PAR  The design of the dome has been further refined by tapering the thickness
      of the wall in inverse proportion to the shear and bending stresses which
      would result from external loads on the shoulder 34. Thus the dome wall is
      thickest in the region of the collar 36 and shoulder 34 and thinnest in
      the region of the open end where the load is translated into compression.
PAR  Similarly it is understood that the wall of the tubular body 20 could be
      made to gradually increase from the top to the bottom of the tube in
      accordance with the greater compressive forces due to the depth of bury.
      However, for more flexibility it has proven convenient to make the tubing
      in continuous lengths of constant wall thickness. The tubing can
      subsequently be cut into any specific length, within a reasonable design
      range, without worry over the specific wall thickness.
PAR  As mentioned previously, both the dome 30 and the tubular body 20 are
      preferably made of a hardenable resin reinforced with glass fibers.
      Unsaturated polyester resins find wide use in the reinforced plastics
      industry, and since these resins are resistant to attack by most of the
      corrosive environments in which manholes are commonly used, they are
      generally suitable for this application. However, in specific applications
      where special corrosion problems exist other thermosetting resins,
      including acrylics, furans, epoxies, phenolics, melamines, and silicones,
      may be substituted with appropriate design changes to compensate for
      differences in other physical properties. Although not always necessary,
      it is generally recommended that the resins in the dome 30, the tubular
      body 20 and the joint 12 be the same.
PAR  The glass fiber reinforcement may be in the form of chopped or continuous
      strand mats, woven roving, continuous filament windings, chopped strands
      or rovings, woven or non-woven scrim, glass cloth, or preoriented tapes.
      Because of the need for tensile strength in the circumferential direction,
      as well as axially, layers of glass mat or woven roving 14 are best suited
      as the reinforcement of the endless joint 12.
PAR  On the other hand, chopped lengths of glass strand or roving have been
      found particularly suitable for the tubular body 20 and the dome 30. When
      randomly distributed throughout the resin wall the chopped strands provide
      reinforcement in all directions, thus allowing the designer to make the
      most use of the shape of his structure. Chopped glass strands are also
      well suited for application in the process discussed below.
PAR  FIG. 3 shows the manhole 10 in a typical underground installation. The
      manhole is set on a concrete foundation. Since the manhole 10 is much
      lighter the pad does not need to be as thick as it is in the case of
      concrete or brick manholes. The cut away portion 22 of the body fits over
      the pipe or sewer line as shown. The cutout 22 can be easily made with a
      portable high speed saw, while in the prior art manholes, such cutouts
      were more difficult to make. Concrete or grout fills the lower region of
      the pit and seals around the bottom of the manhole and around the
      pipeline. The walls of the manhole are snuggly surrounded by the back fill
      of the excavation.
PAR  Normal installation procedures call for the pit to be made slightly deeper
      than necessary. Consequently the top of the manhole is slightly below
      grade level and it is necessary to provide some adjustment for the manhole
      cover frame. This is accomplished by a build up of grout, or brick and
      mortar, on the shoulder 36 of the manhole. The cover frame rests on the
      build up in registry with the collar 34.
PAR  When installed as shown in FIG. 3, the manhole is substantially fluid tight
      in the regions below grade level. Thus, unlike many of the prior art
      manholes, the present manhole does not allow silt and other contaminates
      to seep or flow into the manhole or sewer line.
PAR  As mentioned earlier, the unique combination of shapes and materials makes
      the manhole particularly well suited for underground application.
      Referring to FIG. 3 the cylindrical body section of the manhole is
      subjected to external crushing forces due to the surrounding earth.
      However when properly designed the composite wall of the body 20 has a
      high modulus of elasticity and possesses the stiffness necessary to
      withstand these forces.
PAR  Manholes, especially those to be located under roadways, parking lots,
      etc., must also withstand enormous loads imposed on the manhole cover and
      frame. These forces are born by the shoulder 34 of the dome 30 and
      distributed through the walls of the manhole to the underlying base. The
      shape of the dome and the composite wall construction combine to provide
      sufficient stiffness to convert the bending movements imposed on the wall
      of the dome into vertical compressive forces on the wall of the tubular
      body 20. As has already been pointed out, the vertical lip 36, provides
      additional stiffness to the dome structure and helps to distribute the
      load evenly.
PAR  The compressive forces are transferred to the tubular body 20, through the
      offset end 38 of the dome. Here the endless band 12 contributes to the
      structure by providing reinforcement or hoop strength to prevent
      distortion or deflection of the offset end 38.
PAR  Finally it should also be noted that the cutout 22 is made slightly larger
      than the diameter of the pipe, and of such a depth that the loading on the
      manhole is transmitted to the base and not on to the pipe or sewer line.
PAR  Referring now to FIGS. 4-6, an apparatus and process for making the manhole
      10 is shown. FIGS. 4 and 5 show a rotating mandrel 60 adapted to produce
      the tubular body in any desired length or continuously. The mandrel,
      consists of an endlessly revolving and advancing surface 61. The surface
      61 is formed by a recirculating, helically wound metal band which is
      supported on a rotating support structure not shown. The support structure
      and mandrel surface are cantilevered from a support and drive system
      indicated generally as 64. Further description of the mandrel is found in
      U.S. Pat. No. 3,464,879.
PAR  The apparatus associated with the mandrel 60 includes a resin applicator
      70, a glass strand chopper 74, and a sand feeder 72, disposed in spaced
      relation to mandrel surface 61. The order in which the various materials
      are applied to the mandrel is determined by the width of the applicator
      70, chopper 74, and sand feeder 72, and by their respective positions both
      along the length and about the periphery of the mandrel.
PAR  The first step in the process usually consists of covering the surface of
      the mandrel with a suitable release agent to facilitate separation of the
      cured laminate from the mandrel surface 62. The release agent shown here
      is a helically wrapped layer of plastic film 79.
PAR  The formation of the composite wall of the tubular body 20 begins with the
      application of a thin coating of resin 71 from the applicator 70. It is
      desirable to have an inner surface coating of resin to insure that the
      glass fiber reinforcement is not exposed. This prevents moisture from
      wicking along exposed fibers and penetrating the laminate to cause
      deterioration of the reinforcement and loss in laminate properties.
PAR  As the mandrel surface 61 rotates and advances, it passes next under the
      feeder 72 and sand 73 is fed onto the wet resin. The sand serves twofold
      purpose in the plastic composite. First it serves as a filler to bulk the
      composite and improve its elastic modulus. Secondly it improves the
      abrasion resistance of the surfaces of the composite wall.
PAR  The mandrel surface next passes under the chopper 74 which cuts continuous
      glass rovings 77 into chopped lengths 73 and deposits them on the still
      wet resin. The chopped strands are deposited randomly. The surface 61 next
      passes again under the elongated resin applicator 70 and additional liquid
      resin is applied over the chopped strand.
PAR  During subsequent revolutions of the mandrel, additional layers of resin,
      glass strands, and sand are built up until the desired wall thickness is
      reached. The relative proportions of resin, glass, and sand in each layer
      can be varied according to predetermined design. However, the resin will
      flow and blend the layers together to form a composite comprising glass
      strands and sand in a monolithic resin matrix.
PAR  Until the resin has had time to gel, the wet laminate may have a tendency
      to flow or slide on the rotating mandrel. Therefore it has been found
      desirable in some instances to wind a series of spaced continuous strands
      78 over the laminate as a mechanical stabilizer. Although not specifically
      added for additional reinforcement, these windings 78 will provide some
      additional hoop stiffness and tensile strength in the laminte.
PAR  Once the composite wall is built up to the desired thickness the resin is
      cured. If necessary a heat source 80 can be used to accelerate the cure.
      The cured laminate is cut to length as it advances off the end of the
      mandrel surface 61.
PAR  Referring now to FIG. 6, the dome 30 is formed in a similar manner by
      depositing chopped glass fibers 75 and resin 71 on the surface of a
      rotating mold 82. The mold surface conforms to the shape of the dome 30
      described earlier. By controlling the traversing speed of the resin
      applicator 83 and the chopped strand gun 84, the thickness of the wall can
      be varied as shown. Furthermore in the areas where the wall shape changes
      sharply, and where high stress concentrations result, additional
      reinforcement is added. It has been found that one or more layers 39 of
      woven roving applied, usually by hand, in these areas is satisfactory.
PAR  Again after the desirable wall thickness is built up, the resin is cured to
      a self-supporting state. Again the cure can be accelerated by the use of a
      heat source 85.
PAR  After it is cured the dome 30 is removed from the mold and joined to the
      body section 20. As shown in FIG. 2, the offset edge 39 of the dome fits
      over one end of the body 20. Layers of reinforcement 14, such as woven
      roving or glass mat, impregnated with resin are then wound around the
      connection. The layers of reinforcement are wide enough to extend
      substantially onto the wall of both sections 20 and 30. The resin is cured
      to effect a bond with the two wall sections.
PAR  The cutout 22 in the manhole is usually made at the application site. Of
      course, where the pipe size is known in advance, the cutout can be made at
      the factory.
PAR  FIG. 7 shows the construction of the composite wall of the tubular body 20
      as formed by the process of FIGS. 4 and 5. The wall comprises chopped
      glass strands 75, and particles of sand 73, randomly dispersed throughout
      a matrix of hardened resin 71. The few hoop windings 78 used to stabilize
      the wet laminate on the mandrel are also shown. The laminate of FIG. 7 has
      a high elastic modulus and good compressive strength and is therefore well
      suited for the wall of the tubular body 20. Although a greater
      concentration of sand particles is shown adjacent the surfaces of the
      laminate in order to provide better abrasion resistance, the distribution
      of the sand, as well as the reinforcement, can be proportioned throughout
      the laminate according to the design needs of the particular application.
PAR  FIG. 8 shows the construction of the composite wall of the dome 30 as
      formed by the process of FIG. 6. The composite comprises a matrix of resin
      71 having chopped glass 75 strands randomly dispersed throughout. This
      laminate possesses high shear and flexural strength properties and is
      preferred for the dome 30.
PAR  Having thus described the invention with reference to particular
      embodiments shown, modifications and variations of those embodiments will
      occur to those skilled in the art. These modifications and variations are
      within the broad scope of the invention as defined in the claims which
      follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A preformed manhole enclosure suitable for use underground and made of
      glass fiber reinforced plastic, the manhole enclosure comprising a tubular
      body and a dome at an upper end of the tubular body, the dome including a
      wall of continuous double curvature and having a manway providing access
      to the interior of the tubular body, the dome further including a load
      bearing shoulder and an integral stiffening collar, the load bearing
      shoulder circumscribing the manway and presenting a generally planar,
      upwardly facing annular surface for supporting a load, the stiffening
      collar extending generally perpendicularly upwardly from an inner edge of
      the shoulder and being effective to stiffen the shoulder against
      deflection due to externally applied loads, and a central vertical section
      through the dome being defined on each of opposite sides of the manway by
      a downwardly concave curved section of the wall extending upwardly from
      the tubular body and curving radially inwardly of the dome in a downwardly
      concave curve, a section of the load bearing shoulder extending radially
      inwardly of the dome from an upper end of the downwardly concave section
      of the wall, and a section of the stiffening collar extending upwardly
      from an inner end of the section of the load bearing shoulder.
NUM  2.
PAR  2. The manhole enclosure of claim 1, wherein the body is cylindrical and
      the dome is generally hemispherical.
NUM  3.
PAR  3. The manhole enclosure of claim 1, wherein said dome and said body have
      mating ends and are joined together by an endless band of reinforced
      plastic overlaying the mated connection and bonded to both said dome and
      said body.
NUM  4.
PAR  4. The manhole enclosure of claim 3, wherein the wall of said dome is
      thickest in the region adjacent the manway and gradually decreases in
      thickness toward the mating end.
NUM  5.
PAR  5. The manhole enclosure of claim 3, wherein said dome section includes a
      radially enlarged lip along its mating edge, said lip overlapping the
      mating edge of said tubular body.
NUM  6.
PAR  6. The manhole enclosure of claim 3, wherein said endless band comprises
      glass fibers embedded in a matrix of hardened resin.
NUM  7.
PAR  7. The manhole enclosure of claim 6, wherein at least some of the glass
      fibers embedded in said resin matrix extend continuously around said band,
      and other of said glass fibers extend transversely of said band and across
      the mated connection.
NUM  8.
PAR  8. The manhole enclosure of claim 1, wherein both said body and said dome
      section are comprised of a matrix of polyester resin reinforced with
      randomly dispersed chopped glass strands.
NUM  9.
PAR  9. The manhole enclosure of claim 8, wherein said tubular body further
      includes a sand filler in said resin matrix.
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ABST
PAL  An improved grave marker comprises an integral molded body of plastic-like
      material having an upright member carrying identifying indicia and having
      a generally horizontal apron extending outwardly from the upright member,
      the apron being provided with a flat upper surface. The outer periphery of
      the apron has a downwardly angled earth-engaging ramp which is crenellated
      to define alternating crenels and merlons. The merlons are provided with
      root channels passing downwardly therethrough. When the apron is imbedded
      in the earth with the flat upper surface at ground level, the grass roots
      of sod overlying the ramp grow downwardly through the root channels of the
      merlons and also grow outwardly over the outer periphery of the ramp, on
      all sides of the merlons, to solidly anchor the marker to earth and resist
      tipping thereof. The flat upper surface of the apron, which is positioned
      at ground level, provides a runway along which a lawnmower may roll to
      trim the grass growing above the ramp adjacent the runway.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of tip-resistant grave markers and
      provides and easily produced, long lasting and inexpensive solution to
      vandalism and maintenance problems encountered by cemetery maintenance
      crews.
PAR  The long used, traditional stone monument is expensive and time consuming
      to manufacture, relatively easily broken when exposed to vandalism, and
      virtually unrepairable if cracked or chipped. Because of these
      shortcomings, a monument formed of easily shaped, colorable, inexpensive,
      and easily repairable material is much needed.
PAR  In recent years, the use of upright monuments has been discouraged by many
      cemetery associations because of high vulnerability to vandalism since
      they are easily tipped unless anchored by costly and time-consuming
      techniques. In addition, upright monuments produce increased maintenance
      costs to cemetery associations because grass adjacent such upright
      monuments must be hand trimmed and cannot be easily or neatly maintained
      by a standard lawnmower. Some cemetery associations have prohibited the
      use of upright monuments, requiring that markers be positioned flush with
      the ground level to eliminate this hand trimming around the markers.
      Because of substantial popularity of upright monuments, however, it is
      desirable that a grave marker structure be devised which is resistant to
      tipping by vandals and which produces little or no additional maintenance
      problems to lawn cutting crews.
PAR  In the past, the necessity for making upright monuments resistant to
      tipping has prompted designers to imbed such monuments in heavy concrete
      bases extending into the earth. Other designers have devised elaborate
      anchor structures which, unfortunately, are generally time consuming and
      expensive to install and are often but marginally effective. An improved
      grave marker is needed which is resistant to tipping but requires minimal
      time to install and does not require elaborate anchors or pre-poured
      concrete slabs for its integrity. In addition, the anchoring apparatus
      used with the markers should have no adverse impact on grass maintenance
      and should not inhibit healthy growth of the grass adjacent to the marker.
      The present invention provides a solution to these problems.
PAC  SUMMARY OF THE INVENTION
PAR  The improved grave marker invention has an integral body molded of long
      lasting, easily repairable and colorable plastic-like material and
      includes a generally upright member bearing identifying indicia
      representative of the decedent. The integral body includes a generally
      horizontal apron affixed to and extending outwardly from the upright
      member, the apron having upper and lower surfaces with a downwardly and
      outwardly inclined earth-engaging ramp interconnecting the surfaces and
      extending about the periphery of the apron.
PAR  The upper surface is mounted flush with ground level and defines a flat
      runway along which a lawnmower may roll to thereby cut the grass adjacent
      the apron and eliminate hand trimming about the monument. If desired, the
      apron may be formed of a green material to harmoniously blend with the
      lawn coloration.
PAR  The outer periphery of the ramp is crenellated with a plurality of
      alternating crenels and merlons thereabout. Root channels are provided in
      the merlons and extend between the ramp and the lower surface of the
      apron. With the described structure, grass growing above the ramp and
      adjacent the runway sends roots downwardly; when these roots encounter the
      ramp they tend to naturally grow downwardly along the ramp, passing
      through the crenels and root channels and wrapping themselves about the
      outer periphery of the apron to solidly anchor the apron to the earth. The
      upright body preferably extends below the lower surface of the apron and
      when imbedded in the earth cooperates with the apron to resist tipping of
      the grave marker. Accordingly, the invention provides an easily installed
      grave marker with substantial resistance to tipping, while requiring
      minimal maintenance.
PAR  These and other advantages of the present invention will be apparent from
      the following detailed specification and appended drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the invention showing it installed on a
      cemetery lawn.
PAR  FIG. 2 is a top elevation view, partly in section, taken along the cutting
      plane 2--2 of FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken along the cutting plane 3--3 of FIG.
      2.
PAR  FIG. 4 is an end elevation view of the apron of the marker shown in FIG. 2,
      taken in the direction of cutting plane 4--4.
PAR  FIG. 5 is a partial cross-sectional front view taken along the cutting
      plane 5--5 in FIG. 2 and showing the apron embedded in the earth below
      ground level.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1-3, the improved grave marker 10 is shown mounted
      on a cemetery lawn 12 with the grass 14 closely surrounding the outer
      periphery of the marker 10. The marker may be formed as an integral body
      molded of plastic-like material, inter alia fiberglass, epoxy resin or the
      like, it being desirable that the material selected be easily molded,
      extremely long lasting, substantially impervious to the elements, easily
      colorable, and readily repairable.
PAR  The grave marker 10 includes a generally upright member 18 having a central
      core 16 formed of stone, sand, cement or the like to provide additional
      mass and weight, the core being surrounded by an outer shell 20 of molded,
      plastic-like material. The name and dates of birth and death of the
      decedent may be easily molded on the decorative exterior face 22 of the
      marker and these and other identifying indicia representative of the
      decedent may be molded or implanted on the face 22. If desired, a clear
      lucite block 24 containing a picture or memorabilia of the decedent or an
      emblem 26 representative of religious or fraternal organization
      affiliation of the decedent may be implanted.
PAR  The grave marker 10 has a generally horizontal apron 28 rigidly affixed to
      the upright member 18 which extends about the upright member and outwardly
      therefrom. The apron 28 is positioned between the top 30 and bottom 32 of
      upright member 18, preferably with the bottom 32 being positioned
      substantially below the apron 28 to provide additional stability and
      resistance to tipping of the marker by lowering the center of gravity of
      the upright member 18.
PAR  The apron 28 has a generally flat upper surface 34 adjacent the upright
      member 18 and positioned at ground level 36 to provide a runway along
      which the wheel of lawnmower 38 may be driven during cutting of the grass
      adjacent the marker, thereby permitting the grass at the edges of the
      marker to be cut without hand trimming. If desired, the apron 28 may be
      formed of a green plastic material matching the color of the adjacent
      grass so as to have the apron blend harmoniously with the lawn. The lower
      surface 40 of the apron 28 (FIG. 3) is preferably flat and horizontal in
      order that the marker may more readily be installed in the ground 75 at a
      prepared excavation with minimal tamping and earth movement.
PAR  An earth-engaging ramp 42 extends about the apron 28 and interconnects the
      upper and lower surfaces 34 and 40, respectfully, the ramp 42 being spaced
      outwardly from the upright member 18 and inclined outwardly and downwardly
      from the upper surface 34 to the lower surface 40 to define the outer
      periphery of the apron 28. The ramp 42 is positioned below ground level 36
      when the grave marker is installed and is of substantial assistance in
      making the marker resistant to tipping and in assuring survival of the
      grass 76 immediately above the ramp (FIG. 3). As roots 60 from the grass
      76 grow downwardly and encounter the ramp 42, the roots naturally follow
      the starting ramp in the downward direction, being guided by the ramp
      surface to deeper, more moist ground, thereby encouraging the root system
      to move into ground better able to provide needed moisture. As the roots
      pass over the outer edge 43 of the ramp, the roots tend to spread and
      thereby anchor the ramp to the earth. Accordingly, the downwardly angled
      ramp 42 receives and directs roots of the grass 76 growing above the ramp
      outwardly and downwardly along the ramp and clear of the ramp, so that
      grass growing above the ramp can wrap its roots about the outer periphery
      of the apron 28 to further anchor the apron to the ground 75 while
      simultaneously directing the roots toward deeper, more moist ground for
      improved grass sustenance.
PAR  Additional anchoring can be obtained by shaping the ramp 42 so as to have
      it crenellated with alternating crenels 44a through 44n and merlons 46a
      through 46n extending about the outer periphery of the apron 28. The
      crenels may be of larger or smaller size than those shown in the drawings,
      and a greater or lesser number provided. The alternating crenels and
      merlons permit the grass 76 above the merlons to pass its roots downwardly
      through the crenels and become solidly anchored in the earth 75. The
      crenellated outer periphery increases the effective length of the outer
      periphery of the apron 28 and accordingly increases the distance along
      which the apron is rigidly anchored to the earth 75 by the grass roots of
      the lawn, thus providing increased holding power and further resisting
      tipping of the marker 10. With the crenellated apron 28 as shown in FIG.
      2, the merlons are, in effect, a plurality of snovel-like blades projected
      outwardly under the sod surrounding the marker and thus strongly resisting
      extraction or tipping of the marker.
PAR  The effectiveness of the crenellated ramp can be further increased by
      inclining the sidewalls S of adjacent merlons as is illustrated by
      adjacent merlons 46e and 46f in FIG. 4. While only the sidewalls S of the
      merlons 46e and 46f will be described in detail, it should be understood
      that any number of the merlons may have their sidewalls so inclined and
      preferably all of the merlons are formed with identical inclined
      sidewalls, as shown in FIGS. 1 and 2. The sidewalls S (FIG. 4) are
      inclined such that the spacing between the sidewalls of each merlon is
      greater at the lower surface 40 than at the ramp 42 to thereby receive a
      greater number of roots from grass overlying the merlons and direct the
      roots through the crenels to produce a stronger holding effect due to the
      additional roots passing through the crenels and anchoring themselves
      below the level of the lower surface 40. The sidewalls S of adjacent
      merlons are interconnected by generally vertically inclined inner walls W.
PAR  To further anchor the marker 10, some or all of the merlons may be provided
      with root channels 54 which extend from the ramp 42 downwardly to the
      lower surface 40 of the apron 28. Preferably, the root channels 54 are
      provided with a larger orifice 55 on the ramp and a smaller orifice 57 on
      the lower surface 40, the root channel tapering inwardly from orifice 55
      to 57. This structure has the desirable effect of gathering downward
      moving moisture and directing it through the root channel to a location
      below the merlons. Any grass roots encountering the root channel will tend
      to follow the root channel and the moisture, causing the roots to pass
      through the root channels and lodge in the earth beneath the merlons to
      further hold the apron 28 to the earth. In addition, by encouraging the
      roots to move downwardly through the merlons rather than to remain on the
      upper surface of the merlon, the sod above the merlon has a further
      increased chance of survival in the hot summer months when deep roots are
      of importance to provide needed moisture to the grass.
PAR  In operation, the grave marker 10 is installed at a grave site with the
      upper surface or runway 34 being mounted substantially at ground level 36
      with the bottom 32 of the marker well below ground level in a pre-formed
      excavation. The excavation is then filled in, placing a layer of sod about
      the edge of the grave marker, with sod overlying and covering the ramp 42,
      as best shown in FIG. 5, but not extending onto the runway 34. As the sod
      takes root about the grave marker, the grass roots 60 grow downwardly
      toward the ramp 42 and on encountering the ramp naturally tend to grow in
      a downwardly angled direction, following the ramp toward its edge 43 and
      moving downwardly below lower surface 40. As the roots 60 continue to grow
      and mature, they spread outwardly and under the apron 28 solidly anchoring
      the apron to the ground.
PAR  Referring now to FIG. 5, roots 68 and 70 encountering the angled sidewalls
      S of the merlons 46n and 46a naturally continue their downward growth,
      resulting in the roots passing through the crenel 44a and spreading
      outwardly into the ground below the apron 28. The root behavior just
      described for the crenel 44a is typical of root growth through all of the
      crenels of the apron 28.
PAR  Roots 72 contacting and entering the upper orifice 55 of any root channel
      54 (FIG. 5) are directed downwardly through the root channel and out of
      the lower orifice 57. Similarly, water accumulations caused by rainfall or
      sprinkling are caught by the root channels and directed downwardly,
      resulting in stimulated root growth and spreading of the roots beneath the
      merlons to provide additional anchorage for the grave marker 10. The
      combination of crenels and root channels is of substantial value in
      channeling rain water to the earth situated beneath the apron 28 to
      substantially encourage root formation and spreading beneath the apron.
PAR  Because the bottom 32 of the upright member 18 extends substantially below
      the apron 28, the downwardly extending member 18 and outwardly extending
      apron 28 cooperate to resist tipping of the marker. Accordingly, when a
      tipping force 62 is applied adjacent the top 30 of the member 18, the
      earth exerts reaction force 64 at the bottom of the upright member 18 and
      reaction force 66 on the top of the ramp 42, the reaction forces being of
      sufficient magnitude to be very effective in resisting tipping of the
      grave marker 10.
PAR  If the grave marker is scratched, tipped or broken by vandalism, its
      plastic-like material may be easily and quickly repaired at the grave
      site.
PAR  Accordingly, the invention provides a substantially improved grave marker
      which is highly resistant to tipping, extremely long lasting, easily
      repaired and relatively inexpensive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved grave marker, resistant to tipping and usable on a cemetery
      lawn to permit easier trimming of grass adjacent the marker by a standard
      lawnmower having wheels at ground level, comprising:
PA1  an integral body including a generally upright member with a top and bottom
      and having a decorative exterior bearing identifying indicia;
PA1  said integral body further including a generally horizontal apron affixed
      to and extending about said upright member, extending outwardly therefrom,
      and positioned between said top and bottom of said member, said apron
      including upper and lower surfaces with said upper surface defining a
      substantially flat runway adjacent said upright member and positionable at
      substantially ground level to permit a wheel of the lawnmower to roll on
      said flat runway, thereby trimming grass adjacent said apron, said bottom
      of said upright member being positionable below ground level and
      cooperating with the outwardly extending apron to resist tipping of the
      marker;
PA1  said apron further including an earth-engaging ramp extending about said
      apron and positioned between said upper and lower surfaces of said apron
      and spaced outwardly from said upright member to define the outer
      periphery of said apron, said ramp being inclined outwardly and downwardly
      from said upper surface toward said lower surface and positionable below
      ground level to receive and direct roots of grass growing above said ramp
      outwardly and downwardly along said ramp and clear of said ramp so grass
      growing above said ramp will wrap its roots about said outer periphery of
      said apron to anchor said apron to the ground and to direct the roots
      toward deeper, more moist ground for improved grass sustenance; and
PA1  said outer periphery of said apron being crenellated to provide a plurality
      of alternating crenels and merlons permitting grass above said merlons to
      send roots through said crenels to further anchor said ramp to the ground
      and further improve grass sustenance.
NUM  2.
PAR  2. The improved grave marker of claim 1 wherein a plurality of said merlons
      have root channels extending downwardly from said ramp to said lower
      surface of said apron to provide a downward path for roots of grass
      growing above said merlons in order to thereby further anchor the apron to
      the ground.
NUM  3.
PAR  3. The improved grave marker of claim 2 wherein each of said root channels
      is tapered with a larger orifice at said ramp than at said lower surface
      to thereby receive and direct an increased quantity of grass roots
      downwardly through each said root channel.
NUM  4.
PAR  4. The improved grave marker of claim 1 wherein each of said merlons
      includes a pair of sidewalls extending between said ramp and said lower
      surface, said sidewalls being downwardly inclined from said ramp to said
      lower surface with the spacing between said sidewalls of each merlon being
      greater at said lower surface than at said ramp to thereby receive grass
      roots overlying said merlons and direct the roots through said crenels to
      encourage the roots to grow downwardly through said crenels to further
      anchor said ramp to the ground.
NUM  5.
PAR  5. An improved grave marker resistant to tipping and usable on a grassy
      cemetery lawn, comprising:
PA1  a generally upright member having a decorative exterior;
PA1  a generally horizontal apron affixed to and extending about said upright
      member and extending outwardly therefrom;
PA1  said apron including an earth-engaging ramp mountable beneath the lawn and
      extending about said apron and defining the outer periphery of said apron,
      said ramp being inclined outwardly and downwardly for receiving and
      directing roots of grass growing about said ramp in an outward and
      downward direction along said ramp and clear of said ramp so grass growing
      above said outer periphery of said apron will wrap its roots about said
      outer periphery to anchor said apron to the ground; and
PA1  said outer periphery being crenellated to provide a plurality of
      alternating crenels and merlons, permitting grass above said merlons to
      send roots through said crenels to further anchor said ramp to the ground.
NUM  6.
PAR  6. An improved grave marker, resistant to tipping and usable on a cemetery
      lawn to permit easier trimming of the grass adjacent the marker by a
      standard lawnmower having wheels at ground level comprising:
PA1  an integral body molded of plastic-like material and including a generally
      upright member with a top and bottom and having a decorative exterior
      bearing identifying indicia;
PA1  said integral body further including a generally horizontal apron affixed
      to and extending about said upright member and extending outwardly
      therefrom, and positioned between said top and bottom of said member, said
      apron including upper and lower surfaces with said upper surface defining
      a substantially flat, generally horizontal runway adjacent said upright
      member and positionable at substantially ground level to permit a wheel of
      the lawnmower to roll on said flat runway thereby trimming grass adjacent
      said apron, said bottom of said upright member being positionable below
      ground level and cooperating with the outwardly extending apron to resist
      tipping of the marker; and
PA1  said apron including an earth-engaging ramp extending about said apron and
      positioned between said upper and lower surfaces of said apron,
      communicating with said runway and spaced outwardly from said upright
      member to define the outer periphery of said apron, said ramp being
      inclined outwardly and downwardly and positionable below ground level to
      receive and direct roots of grass growing above said ramp outwardly and
      downwardly along said ramp and clear of said ramp so that grass growing
      above said ramp will wrap its roots about said outer periphery of said
      apron to anchor said apron to the ground and to direct the roots toward
      deeper, more moist ground for improved grass sustenance.
NUM  7.
PAR  7. The improved grave marker of claim 6 wherein a plurality of said merlons
      have root channels extending downwardly from said ramp through said apron
      to provide a downward path for roots of grass growing above said merlons
      in order to thereby further anchor the ramp to the ground.
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ABST
PAL  A mausoleum comprises a plurality of prefabricated concrete modules each
      comprising a plurality of niches for individual coffins, each niche having
      a closed end and an open end and being defined between horizontal and
      vertical walls. Tubing is embedded in the horizontal and vertical walls,
      the tubing having risers at the open ends of the niches for connection to
      individual coffins. The horizontal tubes are inclined at one end where
      they connect to vertical tubes for removal of gases, the horizontal tubes
      connecting with other vertical tubes at their other ends for the removal
      of liquids. The liquids and gases thus collected and removed are treated
      prior to discharge.
BSUM
PAR  The present invention relates to mausolea, more particularly of the type
      for receiving coffins containing unembalmed corpses. Such coffins may for
      example be of the type disclosed in my earlier U.S. patent application
      Ser. No. 527,294, filed Nov. 26, 1974 and my U.S. Pat. No. 3,525,132.
      Mausolea known in this art are subterranean, above ground or partly
      subterranean and partly above ground and ordinarily provide only
      individual niches designed to receive coffins. However, it is sometimes
      necessary to evacuate physiological liquids and gases from sealed coffins.
      Existing mausolea are not designed to do this, it being possible only to
      provide a network of gutters for the constructions known thus far, which
      would be unsuitable because it would expose the physiological liquids and
      gases to the atmosphere. Known mausolea, therefore, are useful only with
      sealed coffins which are especially designed to prevent decomposition of
      the corpse or which contain embalmed corpses. However, it is undesirable
      to require that all coffins lodged in a given mausoleum conform to this
      latter standard.
PAR  Accordingly, it is an object of the present invention to provide a
      mausoleum that provides for the disposal of physiological liquids and
      gases emanating from individual coffins.
PAR  Another object of the present invention is the provision of such a
      mausoleum which can be comprised of prefabricated modules.
PAR  Still another object of the present invention is the provision of such a
      mausoleum with means to collect and treat the physiological liquids and
      gases to render them innocuous.
PAR  A still further object of the present invention is the provision of such a
      mausoleum with a network of conduits and means to cleanse the network by
      flushing with a cleaning liquid.
PAR  Still another object of the present invention is the provision of such a
      mausoleum with a network of conduits for the reception and separation and
      treatment and discharge of physiological liquids and gases, with easy
      connection for individual coffins to the network.
PAR  Finally, it is an object of the present invention to provide such a
      mausoleum, which will be relatively simple and inexpensive to manufacture,
      construct, clean, maintain and repair.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat schematic elevational view of a two-story mausoleum
      according to the present invention;
PAR  FIG. 2 is an enlarged fragmentary view of a portion of FIG. 1 showing a
      prefabricated unit for the construction of a mausoleum according to the
      present invention, with an enlarged fragment of FIG. 2 showing a
      connection to an individual coffin; and
PAR  FIG. 3 is an enlarged fragmentary cross-section view of the portion that is
      enlarged within the circle of FIG. 2, with a fragment of a coffin
      connected thereto.
DETD
PAR  Referring now to the drawings in greater detail, it will be recognized that
      the mausoleum of the present invention is modular, one of the modules
      being shown in FIG. 2 and an assembly of the modules being shown in FIG.
      1. The assembly of FIG. 1 thus comprises eight modules each having 9
      niches on each side thereof for a total of 18 per module, for a total of
      144 niches for the mausoleum shown.
PAR  As is best seen in FIG. 2, each module 1 is of cast concrete comprising
      horizontal walls 2 and vertical walls 3 delimiting niches, as well as
      outer vertical side walls 4 and reinforcing beams 5 and 6 at the bottom
      and top, respectively, of the module, these beams being interconnectible
      with conventional fasteners (not shown) to assemble the modules into a
      unified mausoleum.
PAR  The horizontal walls 2 form the floors of the niches and adjacent the
      front, that is, the open end, of the niches, horizontal tubes 7 are cast
      in the concrete. Midway of the width of each niche is an upstanding
      connection 8 to each tube 7 which is closed by a screw threaded cap 9
      which is flush with the surrounding concrete so as to facilitate the
      molding of the modules and their release from their mold. Each cap is
      first covered with a layer 10 of material that prevents the adhesion of
      the concrete to the cap, so as to facilitate the screwing and unscrewing
      of the cap from the connection 8.
PAR  At one end, each tube 7 is inclined upwardly at 11, to prevent the exit of
      liquid from this end of the tube and to ensure that liquid will leave
      through the other end of the tube. The tubes 7 could alternatively be
      inclined throughout their length but this would require that the thickness
      of the walls 2 be greater. At their inclined end, the tubes are connected
      to a vertical tube 12 molded in the side wall 4, and, at their other end,
      the tubes are connected to a vertical tube 13 molded in the opposite side
      wall. These tubes 12 and 13 are closed by caps 14 which are externally
      accessible even after the assembly of the modules so as to permit
      interconnection of the tubes and the interposition of valves to be
      described hereinafter.
PAR  The liquids and gases that escape from the coffins through connecting means
      that will be described hereinafter, enter the tubes 7. The gases are
      evacuated through the tube 12 while the liquids flow toward the tube 13.
PAR  As will be seen from FIG. 1, the tubes 12 are shown in dash dotted lines
      and are seen to be connected to a manifold 15 which, in the illustrated
      embodiment, is located between the upper wall of the upper modules and a
      slab 16 which forms the top of the mausoleum.
PAR  The tubes 13 of the vertically superposed layers of modules are
      interconnected and provide gravity flow to an inclined collector which
      empties into a vertical collector 18 constituted by one of the tubes 13,
      the assembly of tubes 13 of the lowermost layer of modules being connected
      to a collector 19.
PAR  To permit the washing procedure which will be described hereinafter, valves
      20 are provided for tubes 12 and valves 21 are provided for tubes 13, at
      various places in the fluid circuit as shown for example in FIG. 1.
PAR  Referring also to FIG. 1, it will be seen that the collector 19 empties
      into collection means 22 in which is disposed a filter 23 which may under
      certain circumstances be constituted by a septic tank or pit, and a tank
      24 into which filter or tank 23 empties. The material in tank 24 may be
      aerated or otherwise treated with gas from a gas supply 25, the gas
      bubbling through the liquid in tank 24. The liquid thus purified by
      filtration or the like plus gas treatment, is then evacuated through
      conduit 26 and sewered.
PAR  The gases which are conveyed upwardly by the tubing flow under control of
      various valves such as 27, into a bubbling tank 28 provided in an
      equipment room 29, in which the gas bubbles through a body of liquid 30
      and is then catalytically combusted at 31 and vented. The greater part of
      this collected gas will be light hydrocarbons and so it will burn. A
      vacuum pump 32 may also be provided for placing the gas conduits and the
      interiors of the coffins in the mausoleum under vacuum. By appropriate
      arrangement of the valve 27, it is also possible to introduce into the gas
      circuit and the coffins any desired gas 33 such as reducing or oxidizing
      or disinfecting gas.
PAR  To permit the washing of the installation, and particularly of the tubing,
      a reservoir 34 is provided in which is admixed water from a conduit 35 and
      a disinfectant liquid from a reservoir 36 If the filter or the like 23 is
      in fact a septic tank, then the disinfected liquid is chosen so as not to
      interrupt its function. The mixture in reservoir 34 then may be sent
      through the tubing of the mausoleum by gas evacuation tubing 12. The
      washing and disinfection treatment is preferably effectuated module-wise;
      and to this end, the valves 20 can for example be closed so as to direct
      liquid to a single module, the valve 21 of this module being closed so
      that all of the tubing of the module fills with disinfectant solution,
      after which the valve 21 is opened to empty the tubes of the modules. It
      is also possible to calibrate the tubing so as to ensure a suitable
      distribution of the liquid flow among the various modules.
PAR  In order to prevent the wash liquid from entering the coffins, the
      connection of the coffin to the conduit system is preferably effectuated
      as shown in FIG. 3. The coffin 36 is placed in the niche on supports 37 so
      as to be slightly inclined in the direction P. The coffin has, in its
      vertical wall at the bottom center thereof, a coupling 37 which may
      initially be closed by a cap (not shown) on a fitting 38.
PAR  The coupling to the drain system comprises a fitting 39 with a screw
      threaded collar 40 which is screw-threadedly connected to the connection 8
      of the tube 7 in place of the cap 9. Collar 40 thus forms a joint, with
      flange 41 and seal 42, which is fluidtight. At its upper end, the fitting
      39 is screw-threadedly connected to the lower end of a ball valve chamber
      43, the upper end of fitting 39 extending into this chamber and providing
      a spherical seat transected by a plurality of slots 44, there being a ball
      45 resting on that seat. These slots 44 permit the passage of liquids and
      gases despite the presence of ball 45 on the seat. The ball 45 is hollow
      and is designed to float on aqueous liquids.
PAR  A T connection 46 is screw threaded through the top of chamber 43 and has a
      lateral screw threaded connection with a nipple 47 on fitting 38. A collar
      48 is screw threaded on coupling 37 and bears on a flange on fitting 38.
PAR  Fitting 38, in turn, has a conical portion that is received within a
      conical recess in coupling 37; and a collar 48 in screw-threaded
      engagement with coupling 37 bears on a flange of fitting 38 to mate the
      complementary conical portions of 37 and 38. A frangible seal (not shown)
      carried by coupling 37 closes the passageway through coupling 37 to
      prevent the escape of gas and liquid from the coffin until fitting 38 is
      fully seated in the FIG. 3 position by rotation of collar 48. Connection
      46 is closed at its upper end by a screw threaded cap 49.
PAR  With the parts in the assembled condition of FIG. 3, it will be seen that
      the liquids which flow out of the coffin as well as the gases will flow
      into the T connection 46. The liquids will pass into chamber 43 and
      through the slots 44 to the tubes 7 for treatment and discharge as
      previously recited. However, during flushing or washing of the system,
      when there is an excess of liquid, the ball 45 will float on this excess
      liquid and close the T connection 46 by sealing engagement with the lower
      end thereof, thereby to prevent liquids from backing up into the coffins.
PAR  In case of an accident involving an individual coffin, for example the
      plugging up of a drain passageway, it is possible to remove the cap 49 and
      to introduce into the T connection 46 a member that bears against ball 45
      and at the same time interrupts the communication between connection 46
      and chamber 43 while leaving open the communication through 37 and 38. The
      passageway to the coffin can then be unplugged by a small injection of gas
      or liquid and also the corpse within the coffin can be treated in this
      manner by disinfectant and/or reducing gases or liquids.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that the initially recited objects of the present invention have
      been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with a preferred embodiment, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A mausoleum comprising a plurality of prefabricated concrete modules
      each comprising a plurality of vaults separated by horizontal bottom walls
      and vertical side walls, coffins in at least some of said vaults, vertical
      and horizontal tubes embedded in said vertical and horizontal walls,
      respectively, risers connected to the tubes embedded in the horizontal
      bottom walls and opening in each vault, coupling means connected between a
      said riser and a coffin in the corresponding vault, a valve in said
      coupling means allowing the passage of liquid from the coffin to within
      the riser and of gases in both directions but preventing overflowing of
      liquids from the riser into the coffin, said tubes in said horizontal
      walls being inclined upwardly toward and connecting with said vertical
      tubes at one end of said horizontal tubes thereby to prevent the flow of
      liquid from said horizontal tubes into said vertical tubes at said one
      end, and means for removing gas from the vertical tubes at said one end of
      said horizontal tubes, said horizontal tubes communicating with other said
      vertical tubes at the other ends of said horizontal tubes, and means for
      removing liquid from said other vertical tubes.
NUM  2.
PAR  2. A mausoleum as claimed in claim 1, and means for introducing a wash
      liquid into said tubes.
NUM  3.
PAR  3. A mausoleum as claimed in claim 1, and vacuum pump means connected to
      said tubes for placing said tubes under negative pressure.
NUM  4.
PAR  4. A mausoleum as claimed in claim 1, certain of said vaults having no
      coffin therein, and a removable cap on the riser associated with each said
      certain vault.
NUM  5.
PAR  5. A mausoleum as claimed in claim 1, each said vault having an open end
      and a closed end, said risers being disposed adjacent the center of the
      open end of the vaults.
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ABST
PAL  This device for improving the safety of automotive vehicles comprises a
      structure adapted to be fitted in the lateral doors of the vehicle between
      the main panels thereof, said structure consisting of a sleeve member
      secured parallel to said panels in the direction of travel of the vehicle
      and anchored to the vertical edges of the door, and comprising a core with
      a peripheral winding made of glass yarn impregnated with resin and
      tensioned, the proportion of the component elements being 50 to 80 percent
      and preferably 70 percent of glass yarn, the balance consisting of resin.
BSUM
PAR  The present invention relates in general to means for improving the lateral
      protection of motor vehicles, and is directed more particularly to a
      device for improving the protection of the side doors of such vehicles.
PAR  It is already known in the field of technical measures taken for improving
      the lateral protection of a motor vehicle in case of side crash to
      incorporate in the lateral doors of vehicles, behind the outer pressed
      door panels, lateral reinforcing members consisting of shaped metal
      plates. The use of these reinforcing members improved considerably the
      lateral protection of conventional motor vehicles by preventing any deep
      and dangerous penetration of one portion of another vehicle into the
      passenger compartment of the thus protected vehicle, for instance in case
      of a crash approximately at right angles between the two vehicles.
PAR  However, these known reinforcing elements consisting of shaped metal
      plates, although relatively effective, are objectionable on account of
      their considerable weight, which increases greatly the total weight of the
      vehicle if a protection of this character is used extensively throughout
      the vehicle.
PAR  Reinforcing elements in the form of strips tension stressed in planes
      substantially parallel to the door panels and consisting of a texture of
      synthetic material treated to cause its contraction are also known.
      However, the mechanical properties of these energy-absorbing devices are
      rather limited.
PAR  It is the essential object of the present invention to avoid the
      above-mentioned inconveniences while providing a considerable lateral
      protection at a low cost and without resorting to relatively heavy
      component elements.
PAR  According to this invention, the lateral protection device for motor
      vehicles, notably for the lateral doors of vehicles, is intended for
      fitting between the panel elements consituting each door and characterised
      in that it has a structure in the form of a rigid continuous strip in the
      form of an oval-like sleeve member secured parallel to said panels in the
      longitudinal direction of the vehicle and anchored to the vertical edges
      of the door, said structure comprising a core and a peripheral winding of
      glass yarn coated with resin and kept under tension stress, the
      proportions of said component elements being preferably in the range of
      about 70 % glass yarn, the balance consisting of resin.
DRWD
PAR  Other features and advantages of this invention will appear as the
      following description proceeds with reference to the attached drawing,
      illustrating a typical embodiment of the invention. In the drawing:
PAR  FIG. 1 is a general perspective view of a vehicle door reinforced according
      to the present invention;
PAR  FIG. 2 illustrates a typical reinforcing element;
PAR  FIGS. 3 and 4 are sections taken along the transverse and longitudinal
      planes, respectively, of the reinforcing element, showing a detail
      thereof, and
PAR  FIG. 5 illustrates a detail of the energy absorber according to this
      invention, shown in fragmentary cross-sectional view.
DETD
PAR  The vehicle door illustrated in FIG. 1 comprises essentially a pair of
      panels 1 and 2 between which the reinforcing element of the present
      invention is disposed. This element, as shown more in detail in FIG. 2,
      comprises a sleeve member 3 extending parallel to the panels in the
      general longitudinal direction of the vehicle. It is anchored to the
      vertical edges of the door by means of studs 4 and brackets 8.
PAR  The reinforcing elements according to the present invention are obtained as
      follows:
PAR  According to a first embodiment of the invention there is provided, a lost
      core of thermoplastic or thermosetting reinforced material such as a
      pre-impregnated material consisting of reinforcing fibres, for instance
      glass fibers, comprising a synthetic resin, such as polyesters or epoxy
      resins.
PAR  The shape of this core must be designed to enable it to partake in the
      stiffness of the element; to this end, it is given a zig-zag configuration
      or a cellular configuration obtained beforehand by moulding, as
      illustrated at 5 in FIGS. 2, 3 and 4.
PAR  On this core 5 a filament winding 6 is formed by using a yarn 10 under
      tension, this yarn being impregnated with polymerizable synthetic resin
      similar to those mentioned hereinabove, and subsequently set.
PAR  In a modified embodiment of the invention (FIG. 5), the core consists
      either of a lost core of relatively light construction, of which the only
      function is to permit the filament winding, or a detachable core, possibly
      expansible to facilitate the stripping (for example in the form of a
      plurality of stainless-steel sections, or inflatable sections of
      rubberized fabric coated with silicones) on which, as in the preceding
      example, a filament winding 6 of glass yarn impregnated with polymerizable
      resin is formed and eventually set.
PAR  Then, while preserving the lost core or removing the detachable core, the
      cavity thus obtained is filled with a material 7 forming a rigid or
      semi-rigid foam, such as polyurethane or polyvinylchloride (PVC), or
      self-hardening resins containing a filler such as mineral or organic
      powders, or semi-finished fillers such as expanded fillers, glass balls,
      etc . . . .
PAR  By way of example, a structure obtained by applying the filament-winding
      method by means of E-grade glass yarn having a diameter of 8 to 14.mu., is
      filled with rigid polyurethane having a density approximating 50 to 200
      gramms per liter, by reason of 70 % of glass fibres and 30 % of catalysed
      resin. The element has the following direction:
TBL  Total length          :     80 centimeters                                
     Total thickness       :     5 cm                                          
     Strip width           :     8.5 cm                                        
     Strip thickness       :     0.4 cm.                                       
PAR  This structure, submitted to shock tests, is capable of absorbing 1,250
      Joules (29,630 ft.pdl) and withstanding a pressure of 50,000 N (362,000
      poundals) with a 50-mm sag.
PAR  Although a specific form of embodiment of this invention has been described
      hereinabove and illustrated in the accompanying drawing, it will readily
      occur to those skilled in the art that various modifications and changes
      may be brought thereto without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. A reinforced motor vehicle door for protecting a motor vehicle against
      lateral impact comprising:
PA1  spaced apart main door panels forming inner and outer walls of the motor
      vehicle door and secured to rigid door frame members;
PA1  protecting means mounted on said frame members disposed between said main
      door panels for imparting lateral protection to the motor vehicle door,
      said protecting means including a structure comprising a rigid strip
      having inner and outer walls and which is in the form of a sleeve having
      an oval-like longitudinal cross-section and mounted on the motor vehicle
      door for pivotal movement therewith with said longitudinal axis oriented
      essentially parallel to the general longitudinal direction of the motor
      vehicle, a core in reinforcing engagement with said inner walls of said
      rigid strip and a peripheral winding of filamentary material about said
      core constituting said rigid strip and comprising resin impregnated glass
      fibers under tension, said peripheral winding being composed of
      approximately 50 to 80% glass yarn and the remainder resin.
NUM  2.
PAR  2. The reinforced motor vehicle door according to claim 1, characterized in
      that said core is formed with rigid or semi-rigid foam having a density of
      50 to 200 grams per liter.
NUM  3.
PAR  3. The reinforced motor vehicle door according to claim 1, characterized in
      that said core comprises a lost core consisting of a reinforced
      glass-fiber material impregnated with setting resin and molded to a
      zig-zag or cellular configuration.
NUM  4.
PAR  4. The reinforced motor vehicle of claim 1 wherein said peripheral winding
      is composed of 70% glass yarn.
NUM  5.
PAR  5. The reinforced motor vehicle door of claim 2 wherein said foam is
      selected from the group consisting of polyurethane, PVC and a self-setting
      resin composition containing a filler or reinforcing agents.
NUM  6.
PAR  6. The reinforced motor vehicle door of claim 1 wherein said core is a
      detachable core.
NUM  7.
PAR  7. The reinforced motor vehicle door of claim 1 wherein said rigid strip is
      essentially ellipsoidally shaped.
NUM  8.
PAR  8. The reinforced motor vehicle door of claim 1 wherein said transverse
      axis of said rigid strip is oriented essentially perpendicularly to the
      planes of said main door panels.
PATN
WKU  039382893
SRC  5
APN  4978285
APT  1
ART  354
APD  19740815
TTL  Construction elements and sheet metal web strips therefor
ISD  19760217
NCL  12
ECL  1
EXA  Friedman; Carl D.
EXP  Abbott; Frank L.
NDR  5
NFG  18
INVT
NAM  Falkenberg; Johan Caspar
STR  Fjordveien 59C
CTY  N-1322 Hovik
CNT  NO
PRIR
CNT  NO
APD  19720131
APN  228/72
PRIR
CNT  NO
APD  19720629
APN  2328/72
RLAP
COD  72
APN  327924
APD  19730130
PSC  01
PNO  3872641
CLAS
OCL   52618
XCL   85 11
XCL   85 13
EDF  2
ICL  E04B  228
FSC   52
FSS  615;618;731
FSC   85
FSS  11;13
UREF
PNO  2129441
ISD  19380900
NAM  Otto
XCL   52615
UREF
PNO  3224154
ISD  19651200
NAM  Toti et al.
XCL   52731
UREF
PNO  3431810
ISD  19690300
NAM  Black
OCL   85 11
UREF
PNO  3538668
ISD  19701100
NAM  Anderson
OCL   52615
LREP
FRM  Watson, Cole, Grindle & Watson
ABST
PAL  In construction elements comprising two parallel plates of nailable
      material and one or more webs of elongated sinuous metal sheeting
      extending edgewise between the plates and having teeth at the edges driven
      into the plates, the metal strips used for the webs are shaped in an
      improved manner to enhance strength characteristics.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 327,924 filed Jan. 30, 1973, and now U.S. Pat. No. 3,872,641.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein relates to construction elements of the kind
      comprising two plates of nailable material and at least one web which
      keeps the plates in spaced parallel positions. The material of the plates
      may be solid wood, for example sawed boards, or plywood, chipboard, wood
      fibre board or the like. Elements of the said kind may be made with one,
      two or more webs and also be of various design in other respects, for
      example as I-, H- or box beams or as larger panel elements adapted for
      various purposes. In particular such elements are used in the form of
      so-called "stressed-skin" elements as load-supporting floor and roof
      elements, mostly of closed, box-like shape and filled with insulating
      material, in which case the webs are most frequently constituted by wooden
      joists to which the plates are nailed and/or glued so as to form upper and
      lower beams in the structure.
PAR  However, it is also known to make elements of the kind mentioned above with
      webs in the form of elongated sinuous metal sheets, preferably steel
      sheets, which along the lateral edges are formed with pointed teeth which
      are pressed into the plate members. A structure of this kind is disclosed
      in the German published patent specification No. 1,004,790 (Hess) of 1954.
      In the form shown and described in that publication this concept, however,
      is of little practical interest, the attachment of the web sheet in the
      plate affording little resistance to separating forces and, for such
      reason, the plates must be held together by bolts passing therethrough.
PAR  In the U.S. Pat. No. 3,538,668 (Anderson) it has been proposed to increase
      the pull-out force, i.e. the resistance of the teeth to being pulled out
      of the plates, by bending the teeth alternately to opposite sides like the
      teeth of a saw blade, so that, when pressed in, they will be further
      deflected so as to be locked in the wood plate. At the same time it is
      proposed to reinforce the teeth locally by giving them an angular
      cross-sectional shape. However, in this case the teeth are subjected to
      considerable bending during assembly, so that they must be made very short
      in order not to collapse. Especially with hard fibre board and chipboard
      of qualities at present manufactured as floor boards, it has turned out to
      be very difficult to achieve a satisfactory connection in this manner with
      the use of economically justifiable steel qualities and thicknesses.
PAR  There are also known fastener elements for joining together two pieces of
      wood lying one on top of the other. One such fastener element, which is
      disclosed in U.S. Pat. No. 3,458,518 (Heise) consists of a strip of sheet
      metal which along opposite edges is formed with pointed teeth that are to
      be pressed into the opposite wooden members, thus forming a hidden
      connection. The teeth disclosed in this patent are long and slender, about
      3 to 4 times as long as they are wide, and are stiffened by one single
      bend along the tooth axis, so that the teeth aquires a shallow V- or
      U-shaped section.
PAR  In U.S. Pat. No. 3,736,718 (Sylvan) is disclosed a stud or a post member in
      the form of a rod-like element of sheet metal, with a Z-shaped cross
      section. At the ends of the rod are formed pointed teeth, also stiffened
      by one bend along the tooth axis and thus having a shallow V- or U-shaped
      section. The rod is designed to function as a post member or a stiffening
      rib in a framework for a wall panel, and is capable of taking axial
      compression and some transverse bending, but is not a shear transferring
      member. The pointed teeth have negligible stiffness compared to the stud
      member proper.
PAR  For the reasons given in detail below, none of the teachings of the above
      mentioned patents forms a basis for the design of a web member in the form
      of a continuous sheet metal strip, that meets the technical and economical
      requirements essential for a commercial exploitation.
PAC  SUMMARY OF THE INVENTION
PAR  A sheet metal web element that is to serve as a force transferring member
      in a load bearing beam or panel structure of the above kind must fulfill a
      number of functional requirements.
PAR  Firstly, the metal thickness must be sufficiently small to give an
      economically competitive product, and when used for insulating panels, to
      keep the heat loss within the limits specified by building regulations.
      This means that for panels used for normal residental housing, the sheet
      thickness should not be above 0.5 mm (U.S.S. Gage 25-26).
PAR  Secondly, the teeth that are to be pressed into the flange plates must be
      able to penetrate to such a depth that they are properly anchored in the
      flange material and that the shear and pull-out forces that are to be
      resisted do not merely cause a shallow plug of the flange material to be
      torn or sheared off. This is particularly important with flange materials
      that are weak in lamellar tearing, such as particle board.
PAR  Thirdly, the teeth must be shaped in such a way that the horizontal shear
      force does not cause the tooth to cut horizontally like a knife edge into
      the flange material, but rather is transmitted through a broad, abutting
      tooth surface oriented transversely to the direction of the shear force
      and the longitudinal direction of the web, so that no appreciable
      displacement takes place between the tooth and the flange material under
      normal loads in use.
PAR  Fourthly, the teeth must have sufficient bending stiffness, in all
      directions, so as not to collapse during the pressing operation, and to
      resist the additional bending stresses that arise when the web is not
      placed exactly perpendicularly between the flange plates. Also, the teeth
      must sustain quite considerable impact forces during handling and shipping
      of large coils of web strip, containing 100 m or more.
PAR  Fifthly, there must be formed along the web edge, between the penetrating
      teeth, straight portions of sufficient extension to stop the penetration
      when it has proceeded to the intended depth along one edge of the web
      while the teeth along the other edge have not yet been pressed all the way
      into the other flange.
PAR  In general, the two flange plates will not offer exactly the same
      resistance to penetration, and therefore the teeth along the respective
      edges will not penetrate at the same rate. Furthermore, such stopping or
      abutting portions must be sufficiently extensive to prevent the web from
      shearing further into the flange material in those regions where the panel
      in use is subjected to concentrated forces, such as reaction forces from
      the supporting structure. Also, such intermediate, non-cutting portions
      between the teeth ensure that the integrity of the flange plates is not
      unduly impaired as it would be by a continuous cut.
PAR  Sixtly, the shape of the sheet should be such as to make it possible within
      tolerable limits and without complicated measures to keep the sheet
      straight in the desired position by stretching it when the pressing
      operation commences. This is desirable because the web as manufactured on
      a commercial scape will normally have unintentional twists and curvatures
      that have to be straightened out. In order to lend itself to such
      straightening without undesired deformation, the strip should be formed
      with as shallow undulations as are compatible with strength requirements.
PAR  As a seventh consideration is mentioned the desirability of shaping the web
      strip in such a way that webs running at right angles to each other may be
      joined in a simple manner avoiding time-consuming manual work. This is
      especially important for the manufacturing of closed panels, or panels
      having two-way stiffness.
PAR  Some more secondary considerations might be mentioned, such as shaping the
      web strip in a manner permitting compact coiling, and with a suitable
      modular measure, such as 100 mm (4 inches) for the strip corrugation
      period.
PAR  None of the above requirements has to any appreciable extent been fulfilled
      by the earlier proposals disclosed in the Hess or Anderson patents, and
      neither of these has been developed into a marketable industrial product.
PAR  The present invention has for a general object to improve construction
      elements of the kind set out above, as well as the metal strips to be used
      for the webs of such elements, primarily in such respects as explained
      above. It will be understood that the invention extends to the
      construction elements whether open or closed and whether filled with
      insulation or not, as well as to the shaped metal strips whether of great
      lengths in coiled form or cut to desired lengths for use in assembling the
      elements.
PAR  A more specific object of the invention is to provide shapes of webs and
      teeth which fulfill most or all of the above requirements, and which for
      the first time enable large, load bearing stressed skin panels of the type
      in question to be produced industrially, and thus represent a significant
      contribution to the prefabricated housing industry.
PAR  This is primarily achieved by shaping the web with broad, substantially
      rectangular teeth, separated by intermediate straight root-line portions,
      and forming in each tooth two or more folds in alternating directions,
      which run transversely through the web strip from the tip of one tooth to
      the tip of the oppositely placed tooth, so that the web and the teeth will
      have a common stiffening sectional shape aligned in the direction of
      insertion. By shaping the teeth with two or more reverse folds, the teeth
      can be made so wide that they extend over the whole web profile depth and
      thus obtain the same local bending stiffness as the web sheet itself. Due
      to this shape the teeth, even with a very small sheet thickness, aquire
      ample strength to resist rough handling and very high penetration
      pressures, and may be given ample embedding length without bending or
      collapsing.
PAR  Furthermore, the proposed web shapes enable the web strips to be tensioned,
      when setting up a panel for pressing, to such an extent that undesired
      bends and twists in the web strip straighten out and the web strip stands
      as a straight, tensioned ribbon, within sufficiently close limits of the
      exact position to avoid tooth collapse during pressing or a bad appearance
      of the finished panel.
PAR  Further objects and features of the invention will be apparent from the
      following specification when read with reference to the attached drawings,
      which by way of example illustrate useful embodiments of construction
      elements and sheet metal web strips therefor made in accordance with the
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings
PAR  FIG. 1 is a broken perspective view of an embodiment of the construction
      element according to the invention.
PAR  FIG. 2 is a broken perspective view of a strip of metal sheeting made in
      accordance with the main features of the invention and adapted to be used
      in a construction element such as that shown in FIG. 1.
PAR  FIG. 3 is a view in elevation of an edge portion of a metal blank before
      folding into the desired web shape illustrating in FIG. 4 according to a
      second embodiment of the web strip.
PAR  FIG. 4 is a sectional view of the same, taken along the line 4--4 in FIG.
      3, after folding.
PAR  FIG. 5 is a sectional view taken along the line 5--5 in FIG. 4.
PAR  FIGS. 6 and 7 are views corresponding to FIG. 3 and 4, respectively, for a
      third embodiment of the web strip.
PAR  FIGS. 8 and 9 are correspondng views for a forth embodiment which
      constitutes a further development of that shown in FIG. 2, and at present
      is regarded as preferred.
PAR  FIGS. 10a, b and c are sectional detail views showing successive steps in
      the forming of joints between web sheets made in accordance with FIGS. 8
      and 9 and extending at right angles to each other.
PAR  FIG. 11 is a perspective view of a construction element having webs made in
      accordance with FIGS. 8, 9 and 10a, b and c, and constituting a preferred
      embodiment of a closed element.
PAR  FIG. 12 is a diagrammatic top view of the FIG. 11 embodiment.
PAR  FIG. 13 is a broken view in horizontal section illustrating details of the
      element shown in FIG. 11.
PAR  FIG. 14 is a perspective detail view of a joint between a longitudinal and
      a transverse web in the element shown in FIG. 11.
PAR  FIGS. 15 and 16 are explanatory diagrammatic views illustrating
      deformations liable to occur in the webs of construction elements not made
      and made in accordance with the invention, respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a construction element 1 which may be made in accordance
      with the invention and may be used as a beam in a buildng structure. The
      beam 1 comprises two elongated wooden flanges 2 and 3 held in spaced
      parallel positions by two spaced trapezoidally corrugated web members 10
      of sheet metal so as to form an open-ended beam with box-shaped
      cross-section. The ends of the beam should preferably be closed, for
      example with a piece of wood 6 which is fitted into it and nailed to the
      end portions of the webs. This will serve to transmit part of the vertical
      reaction forces at the beam ends through the closure piece 6 and into the
      webs, the other part of the reaction force being transmitted through
      bearing pressure between the flange material and the tooth ends and
      shoulder portions of the webs. Furthermore, such end closure appreciably
      increases the torsional stiffness of the beam and gives the beam high
      dimensional stability, resisting distortion caused by the tendency of the
      timber flanges to warp upon drying.
PAR  In FIG. 2 is shown in perspective view a short length of a web strip 10
      with transverse, trapezoidally shaped corrugations, consisting of flat,
      parallel portions 11, 11' and inclined transverse portions 12, 12'. The
      strip is formed with teeth 13 that are aligned with the web sheet and
      extend outwardly of the edges thereof. The teeth have a broad, rectangular
      shape and are so placed that they extend throughout and beyond the
      transverse portions 12 and 12' thereby aquiring a Z-shaped cross-section.
      The terminal edge 14 of the tooth preferably has a saw-tooth configuration
      which enables the tooth to cut neatly through the flanges 2 and 3 in FIG.
      1, which may be timber, plywood or particle board. The teeth are separated
      by intermediate, straight root-line portions 15 which stop the teeth from
      penetrating further than intended into the flanges, and also ensure that
      the flange plates are not excessively weakened by the cutting action.
PAR  The broad, Z-shaped teeth have ample strength to resist high penetration
      pressures, and may be given sufficient length to ensure that they
      penetrate deeply enough into the flange plates to permit transmission of a
      horizontal shear force, S in FIG. 2, the magnitude of which will be
      limited by a shearing failure of the tooth material rather than a shallow
      plug of the flange material being torn out of the flange. Also, since the
      force S is transmitted through the broad transverse surface of the tooth,
      the tooth will not have the tendency to shear horizontally into the flange
      material, and the joint between web and flange will exhibit negligible
      deformations, even for quite substantial working stresses, which is highly
      beneficial for load-bearing structures where strength and stiffness are of
      primary importance.
PAR  The web profile depth d should be such as to give the web sufficient
      bending stiffness to avoid column buckling of the web during the pressing
      operation. On the other hand, in order to have good tensioning capability
      as explained above, the profile depth d should be as small as is
      compatible with the column strength requirement. By theoretical analysis
      and practical experiments, it has been found that a suitable minimum
      dimension for d is about one-twentieth of the total web height H'.
      Considering that the penetration depth of the teeth is restricted by the
      thickness of the flange plates and also with a view to reducing heat
      transfer and weakening of the plates, these considerations result in a
      width of the teeth as measured along the sinuous outline of the sheet
      greater than their length (height) h,  whereby the tooth will have a great
      buckling resistance and afford a large frictional area and hence a high
      pull-out force relative to the penetration depth.
PAR  Since the teeth 13 extend over the full profile depth d of the web strip,
      they have approximately the same bending stiffness as those parts of the
      web proper which extend between the oppositely placed teeth. This balanced
      stiffness distribution has been found to be of decisive importance when
      large panel elements, of the type shown in FIG. 11, are to be produced
      industrially. It is not possible to ensure that the web strip, when the
      pressing operation commences, is placed in an exact vertical position
      between the flange plates. Deviations up to, say, 1:20 must be expected.
      This situation is illustrated, schematically and exaggerated, in FIGS. 15
      and 16 for two different tooth and web configurations. As illustrated, the
      deviation of the web strip from the correct vertical position causes a
      certain amount of bending deformation in the web and teeth. With the type
      of teeth shown in FIG. 15 which are the type of teeth known from the above
      mentioned Heise and Sylvan patents, which have only a fraction of the
      bending stifness of the web proper, all the bending deformation is taken
      up by the teeth which act as flexible joints and eventually collapse. With
      the broad, multiple fold teeth of FIG. 16, however, the bending
      deformation is evenly distributed over the teeth and web, and no collapse
      occurs.
PAR  In FIG. 3 is shown the edge portion of a sheet metal blank 20 for a web
      strip which is shown in longitudinal section in FIG. 4. As will be seen,
      the web strip has aligned plane portions 31 separated by sharp inward
      bends formed symmetrically with respect to the central axis 32 of the
      teeth. This shape is well suited for the outer webs in panel elements of
      the type shown in FIG. 11 with the flat portions 31 facing outwards so
      that there is obtained a maximum overall aligned sheet area which makes
      sealing and insulating between adjacent panels simpler than with the
      trapezoidally corrugated shape. However, the shape shown in FIG. 4 is less
      efficient with regard to column strength, since the centroidal axis 33 of
      the teeth does not coincide with the neutral axis 34 of the web, thus
      giving rise to some bending of the web during pressing, which will lead to
      column buckling if the web height H' exceeds a certain limit. This shape
      is suitable for short and moderate span panels, since the web height H'
      should not exceed 150 mm with a sheet steel thickness of 0.5 mm.
PAR  FIG. 5 which is a vertical section 5--5 through the tooth in the FIG. 4
      embodiment shows how the small triangular tips 35 of the teeth 36 may be
      set so as to deform during the pressing and form a better anchor for the
      tooth and thus increase the pull-out resistance of the teeth. Tests have
      indicated that this leads to about 40 percent increase in the pull-out
      resistance, which in general is beneficial. However, the bending
      deformation of the tooth tips that takes place during the pressing
      increases the "spring back", i.e. the small distance that the panel
      flanges move apart after the jointing pressure has been released. This
      spring-back is for particle board about 0.7 mm when the teeth are
      straight, and about 1.2 mm when the tips of the teeth are set. In the
      latter case, it has been found that the spring-back varies somewhat from
      one part of the panel to another, so that the dimensional tolerances
      cannot be kept so narrow as is the case with entirely straight teeth. Also
      should be taken into consideration that the press tool for producing webs
      with set teeth will be more complicated to manufacture and maintain. These
      negative factors may in some cases outweigh the advantage of the increase
      in pull-out resistance.
PAR  FIG. 6 shows the edge portion of a sheet blank 50 with very wide teeth, the
      flat-width to length ratio w:h being about 3:1. This blank is suitable for
      the web shape shown in FIG. 7. The straight root-line portion 54 between
      consecutive teeth 53 is formed with a small triangular protrusion 57 in
      the middle. The purpose of this protrusion is to stabilize the flat
      portion 54 as this is pressed towards and eventually a very short way into
      the flange plates. This prevents a local buckle from forming in the flat
      portion 54.
PAR  The web strip shown in FIG. 7 and formed from the blank shown in FIG. 6,
      has very broad teeth with several folds in alternating directions, forming
      a zig-zag tooth section. In this case, the centroidal axis of the teeth
      coincides with the neutral axis of the web proper, so that this shape has
      better column strength than the web shown in FIG. 4. This shape, however,
      is primarily characterized by having very high shear strength and
      stiffness, due to the large shear area of the teeth. This web is suitable
      for making tube-like beams, where the flanges are sawn lumber, e.g. 2
      inches .times. 4 inches separated by two webs in spaced apart
      relationship, thus forming a double I-section like the one shown in FIG.
      1.
PAR  In FIGS. 8 and 9 are shown, respectively, a portion of a sheet blank 70 and
      the longitudinal section for a web strip that is particularly well suited
      for making completely closed panel elements of the type shown in FIG. 11,
      and which has particularly strong teeth. This web shape is a further
      development of the trapezoidal section with Z-shaped teeth that is shown
      in FIG. 2.
PAR  In the longitudinal portions 73 there is formed near the transition to each
      transverse portion 75 a stiffening groove 76. The function of this is
      primarily to give the edge portions 78 of the teeth a local stiffening, so
      that these parts may be made considerably wider than what is shown in FIG.
      2 without the free edges Y, Y' collapsing during the pressing operation.
      Such broad flange portions of the Z-shaped teeth also contribute
      considerably to the strength of the teeth with regard to bending
      transversely to the portions 75, which obviously is the weak direction for
      the tooth shown in FIG. 2. Also, the shear strength and shear stiffness of
      the tooth is markedly increased due to the larger shear area, and the
      pull-out resistance of the tooth is increased in proportion to the
      increase in the tooth surface area.
PAR  Symmetrically with respect to the central cross-sectional planes 72 of the
      longitudinal portions of the web, these are formed with shallow troughlike
      recesses 74. The object of these is firstly to afford a local stiffening
      of these portions 73, which otherwise might be subject to buckling during
      pressing because of their relatively large width. Secondly, a troughlike
      recess 74 can serve as a starting point for making a narrow channel,
      whereby an adjacent web sheet extending at a right angle to the web sheet
      70 can be joined with the same.
PAR  This is illustrated in the FIGS. 10a, b and c. By means of a tool
      comprising a pair of jaws 92, which are movable towards each other and are
      made to engage the outer side faces 77 of the trough, the trough 74 is
      pinched together so as to form a narrow channel 74' into which the
      adjacent web sheet 90 can be inserted in order thereafter to be locked to
      the sheet 70 by riveting or spot welding or also by a punching operation
      as will be explained later with reference to FIG. 14.
PAR  FIG. 11 shows a construction element 100 in the form of a closed box with
      bottom 101 and top 102, for example of chipboard, and with sides of web
      sheet of a form as shown in FIGS. 8 and 9, but shown with flat surface
      portions for simplicity of illustration.
PAR  The element 100 may be filled with insulation and for example be used as a
      floor or roof element in a house. The element 100 is placed in
      self-supporting position in its longitudinal direction and along the side
      edges of the top plate 102 it may, if desired, be shaped with groove and
      tongue sections, respectively (not shown), so as to facilitate jointing of
      elements.
PAR  FIG. 12 illustrates diagrammatically the location of the web sheets. These
      have been indicated by dash-and-dot lines, and it will be seen that in
      addition to web sheets 103 and 104 along the longitudinal and terminal
      edges, respectively, there is inserted a central longitudinal web sheet
      103'. A convenient spacing of longitudinal web sheets may be about 57 cm
      for an overall element width of 120 cm.
PAR  As shown in FIG. 13 the longitudinal web sheets 103, 103' are connected to
      the transverse sheets 104 by channels formed in the latter in the manner
      described above and illustrated in FIGS. 10a to c. The web sheets are
      thereafter locked together by means of several punched connections 130
      formed as shown in detail in FIG. 14.
PAR  For forming the lock 130, in the clamped channel groove 74 with the edge of
      the web sheet 103 inserted, there is formed a curved projecting portion
      137 by cutting the three layers along the lines 139, 139' and pressing out
      the intermediate portion 137 like a bail, so as to permit the transfer of
      vertical forces V between the sheet 103 and the sheet 104 by mutual
      engagement of the edge faces cut in the various sheets.
PAR  This force-transmitting connection of the longitudinal and transverse web
      sheets gives the element 100 a great torsional resistance and permits i.a.
      the element to be supported at its short sides in points spaced from the
      terminal points of the longitudinal web sheets, in order to bridge window
      openings and the like.
PAR  When assembling an element as shown in FIG. 1 or FIG. 11 care should be
      taken to keep the sheets as nearly as possible in vertical positions
      between the flange plates before the compression starts. For this purpose
      supporting means may be placed on both sides of the sheets. Such means may
      take the form of removable rails on the outside and even on the inside of
      open-ended structures like that shown in FIG. 1, since such rails can be
      removed before the extremities are closed. In elements in which all the
      lateral faces have to be interconnected before compression, as is the case
      with the structure shown in FIG. 11, the supporting means must be left
      within the element, but if the element is filled with insulation as will
      mostly be the case, the insulating material itself may serve the purpose.
      If the panel is not to be filled with insulating material the webs may be
      supported internally by strips of cardboard or other cheap expendable
      material that are placed transversally between the longitudinal webs at
      intervals of, say, 1 m. Such strips should have a height somewhat less
      than the clear distance between the flange plates in the finished panel,
      and a length equalling the distance between adjacent longitudinal webs.
PAR  All the forms of webs and teeth that have been described and shown in the
      drawings have the common feature that the teeth extend over the full
      profile depth d of the web, as this gives the teeth the maximum strength
      and stiffness and completely eliminates the problem of tooth collapse.
      Clearly, however, there are tooth forms intermediate the two extremes
      shown in FIGS. 15 and 16 that will perform satisfactorily, even if the
      teeth do not extend over the full profile depth. It should be kept in mind
      that the transverse bending flexibility of the web strip, i.e. the ability
      of the web to adjust itself to the slightly S-shaped curvature shown in
      FIG. 16 depends strongly upon the web height (H in FIG. 2). In fact, the
      flexibility increases with the square of H. This means that the bending
      moment that the teeth must sustain in order to force the web into the
      curved shape decreases to one-fourth if the web height H is doubled.
      Therefore, a tooth shape that is inadequate for a low web, may perform
      satisfactorily for a higher web. The invention is therefore not limited by
      the strict requirement that the teeth shall extend over the whole profile
      depth, provided that the teeth in addition to being formed with at least
      two folds in alternating directions, have a certain minimum flat-width
      relative to their length, 1:1 being a practical minimum ratio.
PAR  On the whole, it will be understood that various modifications of the
      structures shown and described are possible and may appear to people
      skilled in the art without exceeding the scope of the invention as defined
      in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A construction element comprisng two parallel plates of nailable
      material and at least one web element disposed between and perpendicular
      to said plates for interconnecting said plates in spaced apart
      relationship, said web element comprisng an elongated metal sheet having
      substantially trapezoidal corrugations with parallel sharp bends extending
      throughout the width thereof, said sheet having a plurality of spaced
      teeth lying in the same plane as said sheet and extending outwardly of
      opposite side edges thereof and embedded in said respective plates, said
      teeth along one of said edges being in transverse alignment with the teeth
      along the other of said edges, said sharp bends of said sheet extending
      into said teeth, and each said teeth having at least two sharp reverse
      bends extending likewise through the width of said sheet and being located
      at the transverse sections and at a portion of the longitudinal sections
      of the trapezoidal corrugations thereby forming teeth of Z-shaped
      cross-section.
NUM  2.
PAR  2. The construction element according to claim 1, wherein said longitudinal
      sections of said sheet are each provided with a shallow groove.
NUM  3.
PAR  3. The construction element according to claim 1, wherein a plurality of
      said web elements comprising said metal sheets are provided, said sheets
      being disposed along each of the sides of said plates and being sealingly
      engaged therewith, said sheets being interlocked together at right angles
      as an end of one of said sheets is engaged within a deformed U-shaped fold
      provided in another of said sheets so as to effect transmission of forces
      between said plates therealong.
NUM  4.
PAR  4. A web element for use as a separating and shear-transmitting web in a
      construction element, comprising an elongated sinuous metal sheet having a
      plurality of spaced teeth lying in the same plane as said sheet and
      extending outwardly of opposite side edges thereof, said teeth along one
      of said edges being in transverse alignment with the teeth along the other
      of said edges, said sheet having transverse, parallel and spaced sharp
      bends extending throughout its width and into said teeth, each said teeth
      having at least two sharp reverse bends extending likewise through the
      width of said sheet thereby forming teeth of Z-shaped cross-section.
NUM  5.
PAR  5. The web element accordng to claim 4 wherein each of said teeth have
      three sharp reverse bends extending likewise throughout the width of said
      sheet thereby forming teeth of W-shaped cross-section.
NUM  6.
PAR  6. The web element according to claim 4 wherein each of said teeth have
      three sharp reverse bends extending likewise throughout the width of said
      sheet thereby forming teeth of V-shaped cross-section.
NUM  7.
PAR  7. The web element according to claim 4 wherein said teeth have parallel
      side edges and saw-toothed terminal edges.
NUM  8.
PAR  8. The web element according to claim 4 wherein the opposite side edges of
      the web between said teeth have a saw-toothed configuration.
NUM  9.
PAR  9. The web element according to claim 4 wherein the width of said teeth as
      measured along the sinuous outline of the web is greater than their
      length.
NUM  10.
PAR  10. The web element according to claim 4 wherein the depth of the tooth
      profile is substantially equal to that of the web.
NUM  11.
PAR  11. A web element for use as a separating and shear-transmitting web in a
      construction element, comprising an elongated metal sheet having
      substantially trapezoidal corrugations with parallel sharp bends extending
      throughout the width thereof, said sheet having a plurality of spaced
      teeth lying in the same plane as said sheet and extending outwardly of
      opposite side edges thereof and adapted to be embedded in said respective
      plates, said teeth along one of said edges being in transverse alignment
      with the teeth along the other of said edges, said sharp bends of said
      sheet extending into said teeth, and each said teeth having at least two
      sharp reverse bends extending likewise through the width of said sheet and
      being located at the transverse sections and at a portion of the
      longitudinal sections of the trapezoidal corrugations thereby forming
      teeth of Z-shaped cross section.
NUM  12.
PAR  12. The web element according to claim 11 wherein said longidutinal
      sections of said sheet are each provided with a shallow groove.
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ABST
PAL  This invention relates to a scaffolding framework of horizontal and
      vertical scaffolding poles. The horizontal and vertical poles are joined
      together by scaffolding joints each comprising a pair of vertically
      disposed cheek plates spaced from one another and secured to an end of a
      horizontal scaffolding pole. The cheek plates are secured to said end on
      opposite sides thereof and project therefrom so as to embrace the
      adjoining vertical pole from opposite sides thereof. Said plates are each
      provided with a downwardly open socket which engages over a lug secured to
      and projecting transversely from the adjoining vertical pole.
BSUM
PAR  This invention relates to scaffolding framework of horizontal and vertical
      scaffolding poles which are joined together by scaffolding joints, and to
      poles for such a framework.
PAR  Scaffolding clamps are used to connect scaffolding members together and
      mutually at right angles to one another so that the members form a
      framework to support working platforms. These clamps must ensure that the
      framework is rigid and should be simple to use. On building sites, loose
      scaffolding clamps, which are expensive to replace, are often lost and,
      because of increasing labour costs, it is becoming more expensive to fit
      these loose clamps on site.
PAR  It is an aim of the present invention to provide a scaffolding pole and
      scaffolding framework which are such that the scaffolding clamps cannot be
      lost and the work normally involved in supporting and bolting horizontal
      poles to vertical poles is avoided.
PAR  According to the present invention there is provided a scaffolding
      framework of horizontal and vertical scaffolding poles wherein the
      horizontal and vertical poles are joined together by scaffolding joints,
      at least some of which comprise a pair of vertically disposed cheek plates
      spaced from one another and secured to an end of a horizontal scaffolding
      pole, said plates being rigidly secured to said end on opposite sides
      thereof and projecting therefrom so as to embrace the adjoining vertical
      pole from opposite sides thereof, one or both said plates being provided
      with a downwardly open socket which engages over a lug secured to and
      projecting transversely from the adjoining vertical pole.
PAR  Also according to the present invention there is provided a scaffolding
      pole for use in such a framework, said pole having at one or both ends a
      pair of cheek-plates rigidly secured thereto on either side thereof, said
      cheek plates projecting from said end for receiving therebetween a second
      scaffolding pole at right angles to the first pole one or both cheek
      plates having in one edge an open socket adapted to receive a lug secured
      to and projecting transversely from said second pole.
PAR  As the joint is fixed on the pole it cannot be lost on site. No work is
      needed to secure the joint to the pole on site, as is necessary with
      conventional clamps. The pole with the cheek plates can be simply slotted
      onto lugs on the vertical pole and no securing bolts are needed for this
      operation. This avoids the labour costs on the work normally involved when
      fixing scaffolding poles together with prior clamps. The rigid fixing of
      the plates on the pole offers rigidity to the scaffolding framework and
      enables the scaffolding readily to meet current trade and safety
      requirements. Moreover, the present invention enables the weight of the
      scaffolding framework to be substantially reduced and simplifies
      transportation.
PAR  When the cheek plates are shaped to receive a third scaffolding pole at
      angle to the first and second poles and means are provided to clamp said
      third pole in position relative to said first and second poles, the
      scaffolding pole still only has a single bolt and yet has the same
      capabilities as a substantially more complex multiple-bolt scaffolding
      joint.
PAR  The clamping means may comprises a plate mounted between said cheek plates
      and a screw-threaded bolt threadedly mounted in an aperture in said plate
      and operable to clamp said second horizontal pole in said jaw. The cheek
      plates are preferably welded to the end of the horizontal scaffolding
      pole.
PAR  In the framework, the vertical poles are preferably provided with a
      plurality of lugs at intervals along the length thereof for locating the
      horizontal poles at a variety of different heights. Advantageously, the
      downwardly open socket comprises a downwardly open vertical slot in the
      lower edge of one or both cheek plates and the lug or lugs on the vertical
      pole comprise projecting fins which are a close fit in said vertical slots
     .
DRWD
PAR  An example of the invention will now be particularly described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows part of a horizontal cross-member scaffolding pole for a
      scaffolding framework;
PAR  FIG. 2 is an end elevation of the part of the pole shown in FIG. 1;
PAR  FIG. 3 is a plan view of the pole of FIG. 1 as seen from below;
PAR  FIG. 4 is an elevation of a vertical scaffolding pole for use with the pole
      of FIGS. 1 to 3; and
PAR  FIG. 5 shows in perspective, a scaffolding framework made up from the
      scaffolding poles illustrated in FIGS. 1-4.
DETD
PAR  Referring firstly to FIGS. 1 to 3, the scaffolding pole comprises a tube
      10, two cheek plates 12 welded one to each side of the tube adjacent the
      end thereof, a transverse plate 14 welded between the cheek plates and a
      bolt 16 screwed into a threaded aperture in the plate 14. Each of the
      cheek plates has a projecting portion 18 which is bent to fit closely
      against the periphery of the tube 10 and is welded along its edges to the
      tube. In this embodiment, the weld seams are spaced well apart. The main
      part of the plates 12 from which the portions 18 project each have a
      smoothly curved edge extending from an end of the projection 18 to one end
      of an enlarged slot 20. The slot 20 is substantially rectangular and it
      extends substantially perpendicularly to the axis of the tube 10 as seen
      in FIG. 1.
PAR  The plate 14 is welded to a hooked portion 22 of each cheek plate, the
      portion 22 of the plate being spaced from the portion 18 by an opening 24.
      Each opening 24 has a curved end 26 against which a scaffolding pole can
      be pressed by the scaffoling bolt 16. The mouth of the opening through
      which a scaffolding pole can be inserted into the opening is wider than
      the diameter of curvature of the end 26, thus simplifying insertion of the
      scaffolding pole into the opening. The curved end 26 is off-set with
      respect to the mouth of the opening 24 so that any scaffolding pole
      inserted into the opening must move through a curve before it reached the
      end 26 thereof.
PAR  The tube 10 is identical at each end and can be used in a scaffolding
      framework with the vertical scaffolding pole shown in FIG. 4. The vertical
      scaffolding pole of FIG. 4 comprises a tube 30 and two lugs in the form of
      shear blocks 32 welded at their ends to the tube 30. The tops of the shear
      blocks 32 are coplanar.
PAR  In use, two of the vertical scaffolding poles are spaced apart a distance
      equal to the distance between the slots 20 at opposite ends of the tube
      10. Then, the cheek plates 12 of each scaffolding arrangement are slotted
      over the tube 30 with one cheek plate on each side of the tube. The slots
      20 are located above the shear blocks 32 at this stage. The tube 10 is
      then lowered so that the shear blocks 32 fit snugly into the slots in the
      cheek plates 12, the tube 10 thus being held in a horizontal position. The
      tube 30 has pairs of shear blocks at predetermined positions along its
      length so that the tube 10 can be supported at any height predetermined by
      the position of the shear blocks.
PAR  As shown in FIG. 5, another set of horizontal and vertical poles can be
      connected together as described above and positioned adjacent to the first
      set so that the axes of curvature of the ends 26 of opening 24 of cheek
      plates 12 of adjacent horizontal poles are aligned. Then further
      horizontal ledger poles 35, mutually at right angles to the tubes 10 and
      30, can be received in adjacent openings and secured in the openings by
      the bolts 16. The bolts 16, when tightened, bear directly on the ledger
      pole in the opening 24 and prevent the ledger poles from sliding
      longitudinally in the opening.
PAR  By connecting further scaffolding poles to the vertical poles and by fixing
      further horizontal poles thereto, it is thus possible to erect a complete
      scaffolding framework. Since the slots 20 in the cheek plates 12 fit
      snugly over the shear blocks 32, the plates cannot rock on the blocks 32
      and the erected framework can therefore be extremely rigid.
PAR  Although the vertical scaffolding member has been shown with a rectangular
      shear block secured thereto, this may be replaced by an inverted T-shaped
      lug welded to the tube 30. Also, the cheek plates 12 may be formed from a
      single sheet of metal folded over the tube 10 and secured thereto. The
      weld seams along the adjacent edges of the portions 18 then are no longer
      necessary.
CLMS
STM  I claim:
NUM  1.
PAR  1. A scaffolding framework comprising:
PA1  a. a plurality of spaced, vertical scaffolding poles, each having at least
      one pair of diametric lugs extending transversely therefrom at opposite
      side thereof and intermediate the ends thereof,
PA1  b. at least one horizontal pole having a scaffolding joint at each end
      thereof for engaging respective of said vertical poles,
PA1  c. each scaffolding joint comprising a pair of vertically disposed cheek
      plates spaced from each other and projecting beyond said end of said
      horizontal pole and forming an open-sided vertical channel therebetween
      receiving an intermediate part of an adjoining vertical pole, the width of
      the opening in the side of the channel being sufficient for said vertical
      pole to pass laterally therethrough and each of said cheek plates having a
      downwardly open recess therein engaging one of said pair of lugs on the
      adjoining vertical pole,
PA1  d. whereby said horizontal pole is supported against axial movement by the
      lugs and may be lowered and raised to cause said open recesses in said
      pair of cheek plates to engage and disengage respectively said pair of
      lugs and, when raised, may be moved horizontally towards and away from
      said vertical pole to cause the intermediate part of said vertical pole to
      pass through the opening in said vertical channel.
NUM  2.
PAR  2. A scaffolding framework according to claim 1 wherein the vertical poles
      are provided with a plurality of said pair of lugs at intervals along the
      length thereof for locating the horizontal poles at a variety of different
      heights.
NUM  3.
PAR  3. A scaffolding framework according to claim 1 wherein the pair of cheek
      plates include recesses to receive a second horizontal pole at an angle to
      the first horizontal pole, said joint further comprising clamping means to
      clamp said second pole in position in said recesses at said angle.
NUM  4.
PAR  4. A scaffolding framework according to claim 3 wherein each cheek plate is
      provided with a downwardly hooked portion which forms a jaw to receive
      said second horizontal pole at right angles to the first horizontal pole.
NUM  5.
PAR  5. A scaffolding framework according to claim 4 wherein the clamping means
      comprises a plate mounted between said pair of cheek plates and a
      screw-threaded bolt threadedly mounted in an aperture in said plate and
      operable to clamp said second horizontal pole in said jaw.
NUM  6.
PAR  6. A scaffolding framework according to claim 5 wherein each of said
      recesses formed by said hooked portion has a mouth in one side thereof and
      a curved portion opposite said mouth off-set with respect to said mouth
      and said plate and bolt are located between the hooked portions of said
      cheek plates adjacent said off-set curved portion.
NUM  7.
PAR  7. A scaffolding framework according to claim 1 wherein each of the
      downwardly open recesses comprises a downwardly open vertical slot in the
      lower edge of each cheek plate and each of the lugs on the vertical pole
      comprises a projecting fin which closely fits in said vertical slot.
NUM  8.
PAR  8. A scaffolding framework according to claim 7 wherein the lug is of
      rectangular elevation with a longer dimension in the vertical direction.
NUM  9.
PAR  9. A scaffolding framework according to claim 7 wherein the lug is of
      inverted T-shaped elevation.
NUM  10.
PAR  10. A scaffolding framework according to claim 1 wherein the cheek plates
      are welded to the end of the horizontal scaffolding plate.
NUM  11.
PAR  11. A scaffolding member comprising:
PA1  a. a pole and
PA1  b. a scaffolding joint at at least one end thereof,
PA1  c. said scaffolding joint comprising a pair of cheek plates spaced from
      each other and projecting beyond the end of said pole and forming an
      open-sided channel therebetween for receiving a second pole intermediate
      the ends thereof and at right angles to said first pole, the width of the
      opening in the side of the channel being sufficient for said second pole
      to pass laterally therethrough, and both of said cheek plates each having
      an open recess in one edge thereof for receiving a pair of diametric lugs
      extending from opposite sides of a second pole intermediate the ends
      thereof,
PA1  d. whereby the cheek plates and thus said first pole may be supported and
      held against axial movement by the lugs when the poles are assembled with
      the first pole horizontal and the second pole vertical and the first pole
      may be moved laterally to cause said open recesses in said pair of cheek
      plates to engage and disengage respectively said pair of lugs and may be
      moved axially to cause the intermediate part of said second pole to pass
      through the opening in said channel.
NUM  12.
PAR  12. A scaffolding member according to claim 11 wherein each of said
      recesses comprises an open-ended slot formed in an edge of each cheek
      plate, said slots in said pair of cheek plates being adapted to fit over a
      pair of projecting fins formed on opposite sides of said second pole.
NUM  13.
PAR  13. A scaffolding member according to claim 12 wherein the pair of cheek
      plates include recesses to receive a third scaffolding pole at an angle to
      the first and second poles, said joint further comprising means to clamp
      said third pole in position in said recesses relative to said first and
      second poles.
NUM  14.
PAR  14. A scaffolding member according to claim 13 wherein each cheek plate is
      provided with a hooked portion which forms a jaw to receive said third
      pole at right angles to said first and second poles.
NUM  15.
PAR  15. A scaffolding member according to claim 14 wherein the clamping means
      comprises a plate mounted between said pair of cheek plates and a
      screw-threaded bolt threadedly engaged in an aperture in said plate and
      operable to clamp said third pole in said jaw.
NUM  16.
PAR  16. A scaffolding member according to claim 15 wherein each of said
      recesses formed by said hooked portion has a mouth in one side thereof and
      a curved portion opposite said mouth off-set with respect to said mouth
      and said plate and bolt are located between the hooked portions of said
      cheek plates adjacent said off-set curved portion.
NUM  17.
PAR  17. A scaffolding member according to claim 11 wherein the cheek plates are
      welded to the pole.
NUM  18.
PAR  18. A scaffolding framework comprising:
PA1  a. a plurality of spaced, vertically oriented scaffolding poles, each
      having a plurality of pairs of diametric lugs extending transversely
      therefrom at intervals on opposite sides thereof along the length thereof,
      each lug being of rectangular elevation with a longer dimension in the
      vertical direction,
PA1  b. at least one horizontal pole having a scaffolding joint at each end
      thereof for engaging respective of said vertical poles,
PA1  c. each scaffolding joint comprising a pair of vertically disposed cheek
      plates spaced from each other and projecting beyond said end of said
      horizontal pole and forming an open-sided vertical channel therebetween
      receiving an intermediate part of an adjoining vertical pole, the width of
      the opening in the side of the channel being sufficient for said vertical
      pole to pass laterally therethrough, each of said cheek plates having a
      downwardly open vertical slot in the lower edge thereof for closely
      fitting one of said pair of lugs on said vertical pole and each cheek
      plate having a downwardly hooked portion forming a jaw about a portion of
      a recess adapted for receiving a second horizontal pole at an angle to the
      first horizontal pole, clamping means being provided to clamp said second
      pole in position in said recess at said angle,
PA1  d. whereby said horizontal pole is supported and held against axial
      movement by the lugs and may be lowered and raised to cause said open
      recesses in said pair of cheek plates to engage and disengage respectively
      said pair of lugs and, when raised, may be moved horizontally towards and
      away from said vertical pole to cause the intermediate part of said
      vertical pole to pass through the opening in said vertical channel.
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ABST
PAL  Disclosed is a glazing panel support system including an expansion zipper
      wedge which supports the gasket. The system includes mullions comprised of
      parallel plates with inwardly projecting legs which mate with grooves in
      the gasket. The mullion plates are internally interlocked to provide a
      mullion and gasket system wherein the expansion wedge and the mullion
      panel interlocking means are totally concealed.
BSUM
PAR  This invention relates to curtain wall construction. More particularly, it
      relates to interlocking panels forming support mullions for curtain wall
      gaskets. The mullion is comprised of two interlocked panels having the
      interlocking mechaniism totally internally concealed.
PAR  Elastomeric gaskets are conventionally employed for retaining curtain wall
      panels within an open space defined by a structural framework. The wall
      usually includes separate panel framing elements attached to one face of
      the structural framework and panels supported within the framework. The
      panels are ordinarily glass or other rigid material. The framework is
      generally composed of a number of extruded metal members joined to form a
      single module having grooves defined therein for retaining an elastomeric
      gasket. The gasket contains grooves running along the length thereof for
      insertion of the curtain wall panel. Ordinarily the gasket strip includes
      a wedge-shaped member insertible in a wedge-receiving recess in the gasket
      strip opposite the mounting support whereby the lips of the grooves in the
      elastomeric gasket are crowded to cause the groove to engage the glass or
      other rigid sheets more securely.
PAR  Glazing systems of the type described have become widely used for both
      internal and external non-structural walls. However, in the conventional
      glazing system the mullion is first erected to form the supporting
      framework. The gasket is then inserted in grooves in the faces of the
      mullions and each individual glass panel thereafter fitted within the
      grooves in the gasket. Ordinarily the wedge-receiving means is in the
      surface of the gasket opposite the mounting and support tongue. Therefore
      the wedge is inserted within the gasket to complete the structure after
      insertion of the panels within the gasket and after the gasket is
      supported on the mullions.
PAR  From the foregoing it will be observed that the glazing system is erected
      piecemeal. That is, several erections steps are involved in placing the
      curtain wall in the structural framework. Furthermore, the wedge zipper is
      exposed.
PAR  In accordance with the present invention a glazing system is provided
      wherein the glazing panels are inserted in the gaskets prior to placement
      of the gasket in the mullion framework. Furthermore, the gaskets and
      panels are attached to the mullion prior to erection of the mullion to the
      supporting framework. Accordingly, entire sections of glazing panels may
      be erected simultaneously in a single operation. Furthermore, in the
      preferred embodiment of the invention the wedge means as well as the means
      for interlocking the mullion members together are completely internal and
      totally concealed from view. Therefore, not only is the erection of the
      complete panel much more efficient and much quicker, the final assembly
      has a cleaner sight line and a much more attractive appearance.
DRWD
PAR  Other features and advantages of the invention will become more readily
      understood when taken in connection with the appended claims and attached
      drawings in which:
PAR  FIG. 1 is a sectional view of the preferred embodiment of the interlocking
      mullion panels and gasket system of the invention;
PAR  FIG. 2 is an end view of the embodiment of FIG. 1 with a portion of the end
      panel broken away;
PAR  FIG. 3 is a sectional view of the embodiment of FIG. 1 taken through
      section lines 3--3; and
PAR  FIG. 4 is a perspective view of the embodiment of FIG. 1
DETD
PAR  It will be readily appreciated that although the invention is described in
      detail herein with reference to a gasket wherein the support tongue
      comprises an extension of the expansion wedge, the invention is not so
      limited. The invention may be used with more conventional gaskets wherein
      the support tongue is an integral part of the gasket and extending
      therefrom. The expansion wedge may be opposite the support tongue or on
      either side of the glazing panel as in more conventional gasket systems.
PAR  In the embodiment illustrated in FIG. 1 the mullion comprises a first plate
      10, a second plate 12 and an end cap 14; all adapted for interlocking
      relationship as described hereinafter. The gasket comprises an elongated
      elastomeric body 20 having opposed grooves 21 and 22 running the length
      thereof and adapted to receive glazing panels 23 and 24, respectively.
PAR  As illustrated in the drawings an inwardly projecting leg 11 extends from
      an inner surface 10a at one end of the plate 10. Likewise, the second
      plate 12 has an inwardly projecting leg 13 projecting from the end thereof
      and facing leg 11. A boss 15 also extends from the inner face 10a of the
      first plate. Boss 15 is spaced from the leg 11 and is preferably normal to
      the face 10a. In the preferred embodiment, the height of boss 15
      determines the distance separating the internal surfaces of plates 10 and
      12.
PAR  A second boss 16 parallel with and spaced from first boss 15 also projects
      from the inner surface of the first plate 10. Second boss 16 includes a
      hole passing therethrough parallel with the inner surface and adapted to
      receive a threaded stud 17. The hole in boss 16 may be threaded or,
      alternatively, boss 16 may contain a groove adapted to receive a nut 17a
      as illustrated in the drawing. It will thus be observed that threaded
      studs 17 are therefore supported within the central cavity between plates
      10 and 12 and parallel with inner surface.
PAR  An interlocking boss or lug 18 projects from the inner surface of the
      opposite plate 12. Lug 18 is positioned to project parallel to and
      adjacent boss 15 and between boss 15 and boss 16 on the first plate 10.
      Lug 18 includes a curved lip 19 which projects upwardly and away from boss
      15 toward boss 16. It will thus be observed that when the plates 10 and 12
      are positioned together with lug 18 between bosses 15 and 16, advancing
      stud 17 through boss 16 causes the end of stud 17 to strike the inclined
      surface or curved lip 19 and draw the plates 10 and 12 together. The
      height of bosses 15 and 18, therefore, determines the distance separating
      the plates 10 and 12.
PAR  The ends of first and second plates 10 and 12 opposite the ends carrying
      legs 11 and 13 are adapted to mate with the end cap 14 which encloses the
      space between the plates 10 and 12. As shown in FIG. 1 this may be readily
      accomplished by providing plates 10 and 12 with internally projecting
      bosses 25 and 26. Bosses 25 and 26 are preferably symmetrical, each
      projecting inwardly toward the other and providing means for limiting
      separation between the plates 10 and 12.
PAR  In the preferred embodiment the edges 27 and 28 of the plates 10 and 12 are
      preferably beveled to conform to a mating beveled edge on the edges of end
      cap 14. End cap 14 also includes a pair of inwardly projecting clips 29
      and 30 which mate with grooves on bosses 25 and 26, respectively, to hold
      end cap 14 in place and join plates 10 and 12 together.
PAR  It will thus be observed that with end cap 14 in place, clips 29 and 30
      press bosses 25 and 26 together while urging the end cap 14 against the
      beveled edges 27 and 28 of the plates 10 and 12. It will therefore be
      observed that the end cap 14 totally encloses the interior space between
      the plates 10 and 12, thereby hiding the entire internal mechanism from
      view.
PAR  As shown in FIG. 2 bosses 25 and 26 should not be continuous but should be
      interrupted periodically to provide access to the top of stud 17.
PAR  In the embodiment illustrated in FIG. 1 lips 23a and 24a are urged toward
      the glazing panels 23 and 24 respectively by the expansion wedge 32.
PAR  In the embodiment illustrated in FIG. 1 elastomeric body 20 has a
      wedge-receiving groove 31 traversing the length thereof along one side at
      substantially right angles to opposed grooves 21 and 22. Wedge-receiving
      groove 31 is adapted to receive and mate with the base of wedge means 32.
      When wedge 32 is inserted within the wedge-receiving groove 31 the lips
      23a and 24a of the grooves 21 and 22, respectively, are urged to
      grippingly engage the panels 23 and 24, respectively, thereby providing an
      effective seal around the panels and the gasket.
PAR  In the preferred embodiment wedge means 32 is T-shaped in cross section.
      The base 37 of the wedge means fits within groove 31 while the head 34
      extends laterally from the elastomeric body 20 defining grooves 35, 36
      paralleling the panel grooves 21 and 22 but adapted to receive legs 11 and
      13 of panels 10 and 12, respectively. It will be observed that the head 34
      of the T-shaped wedge means 32 is approximately the width of the distance
      separating the internal surfaces of panels 10 and 12; therefore the
      inwardly projecting legs 11 and 13 grippingly engage the head 34 of the
      wedge means. The legs 11 and 13 also provide rigidity to the back side of
      lips 23a and 24a, thereby providing firm support for the entire
      elastomeric body and the panels 23 and 24 supported thereby.
PAR  It will be observed that when assembled as described above, the mullion
      plates fully enclose the head 34 of the wedge means and the mechanism for
      interlocking the panels 10 and 12 is hidden from view. The gasket,
      however, is supported by the wedge means and legs 11 and 13 provide
      support for the sides of the lips 23a and 24a. Accordingly, the entire
      panel system comprising gasket, glazing panels, wedge means and support
      mullion may be assembled as a complete wall and then raised into place for
      attaching to the structural supporting framework.
PAR  It will be readily understood that while the invention has been described
      with respect to mounting oppositely disposed panels with a single gasket,
      the principles of the invention may be likewise applied to a gasket
      mounting supporting a panel on only one side thereof. Likewise, the
      particular shape of the expanding wedge 32 is disclosed merely for
      illustrative purposes. Various other shapes of mounting wedges may be used
      to accomplish similar results. Furthermore, while the invention has been
      described with particular reference to a mullion system which clamps to
      the head of the T-shaped wedge means, it will be readily understood that
      the mullion system may be used in connection with more conventional
      gaskets wherein the mullion clamps to a tongue which is an integral part
      of the gasket and merely extends therefrom for attachment to the mullion.
PAR  Although the invention has been described with particular reference to
      specific embodiments thereof, it will be readily understood by those
      skilled in the art that various modifications and variations may be
      resorted to without department from the spirit and scope of the invention
      as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An interlocking mullion comprising
PA1  a. a first plate having an inner surface and an outer surface, a leg
      extending from one end of the inner surface for mating with a support
      groove in a gasket, first and second parallel bosses extending from said
      inner surface and spaced from said leg, and an end face receiving means
      extending from said inner surface near the end opposite said leg;
PA1  b. a second plate having an outer surface and an inner surface positioned
      adjacent and parallel with said first plate means, a leg extending from
      one end of the inner surface for mating with a support groove in a gasket,
      a lug extending from said inner surface and between said first and second
      bosses, and an end face receiving means extending from said inner surface
      near the end opposite said leg;
PA1  c. stud means threadedly mounted in said first boss and mating with said
      lug to secure said first and second plates in a fixed relationship; and
PA1  d. end face means mating with the ends of said first and second plates
      opposite said legs.
NUM  2.
PAR  2. The mullion defined in claim 1 wherein said second boss extending from
      said first plate determines the separation distance between said first and
      second plates.
NUM  3.
PAR  3. The mullion defined in claim 1 wherein said lug has an inclined surface
      and said stud mates with said inclined surface to urge said first and
      second plates together.
NUM  4.
PAR  4. The mullion defined in claim 1 including bosses extending from the inner
      surfaces of said plates near the ends of said plates opposite said legs,
      said bosses providing means for supporting said end face means.
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ABST
PAL  A process for the production of reinforced concrete walls in trenches
      involving preparing a trench of at least unit length, placing a
      reinforcing cage in the trench, fixing further reinforcing so that it will
      extend past the end of the unit, placing means to prevent the concrete
      from completely covering the further reinforcing and pouring the concrete.
BSUM
PAR  The present invention relates to an overall technical idea for the
      construction of concrete structures such as slurry trench walls and the
      like. More particularly, it relates to the overall technical idea
      involving a fundamental invention in which trenches for constructing walls
      are excavated in sections and concrete is poured into each unit wall
      separately. Shear connectors join the unit walls and protrude out of the
      surfaces of each unit which is to be joined to another unit, and the
      reinforcement of the unit walls overlaps the protruding shear connectors
      so as to provide strength in the concrete joint. Further, the invention
      relates to improved water cut-off between the joints of the unit walls and
      to the problem created by pouring concrete in sections, which requires
      preventing the concrete from flowing out of a unit after pouring.
PAR  Studies relating to quiet, vibration-free construction have been done
      recently. In order to render it possible to solve these problems, a slurry
      trench wall process has been developed. A characteristic of this process
      is the construction of concrete wall bodies which extend to a given depth
      along the building site where trenching is carried out. These wall bodies
      serve as cut-off walls or retaining walls and allow safe, economical
      construction. In slurry trench wall construction, the length of such unit
      is determined by careful consideration of the influence of soil pressure,
      stability of the unit, etc.
PAR  In such a process, a trench of a unit length is excavated, a reinforcement
      cage is inserted and concrete and muddy water are poured alternately. Due
      to the differences in time between pouring adjoining unit walls, and
      further due to the existence of bentonite slurry remaining between the
      joined surfaces of the units, bonding strength between the units is
      relatively low. Similarly, water cut-off, i.e., the preventing of seepage
      between the joined surfaces is also low. Also, the bentonite slurry sticks
      to the surface of the reinforcing and thus the adhesive bond between the
      concrete and the reinforcing is also poor. A current tendency is to
      utilize the slurry trench wall for a structural wall as it is, and thus,
      the wall bodies themselves must be strengthened and have good water
      cut-off characteristics.
PAR  The first essential feature of the present invention is the use of a
      locking box or other jig. Thereby, a bonding plate or other member for
      connecting unit walls protrudes out of the surfaces of the unit walls
      which are to be joined. The reinforcing of the next unit wall overlaps the
      protruding connectors and concrete is poured therein, so as to increase
      the bonding strength.
PAR  The second essential feature is the improving of water cut-off by the use
      of a flat sheet of steel with holes therein, or a member having an H-shape
      in cross-section as connector members.
PAR  The third essential feature is the use of a member for connecting the wall
      bodies, which member covers the whole trench width so as to function as a
      plate and prevent concrete from flowing out.
PAR  The fourth feature is controlling the pressure acting on the plate and
      locking box when concrete is poured into the prepared and stabilized unit
      wall body and its reinforcement. The concept is to lighten the burden on
      the locking box, etc. in disposition of the pressure, as well as to
      improve safety, stability and precision in concrete pouring.
PAR  A fifth feature is the provision of connection means which allow for
      construction of columns, beams, slabs, etc. attached to the previously
      constructed slurry trench wall or the like.
DRWD
PAR  Further purposes and features of the invention appear in the accompanying
      drawings and in the specification as follows:
PAR  FIGS. 1 and 2 are plan views of the main part showing briefly a method of
      effecting the present process, particularly the construction of adjacent
      unit walls successively;
PA1  Fig. 3 is a perspective view showing a detail of the junction construction
      in FIG. 2;
PAR  FIG. 4 is also a perspective view showing a modified embodiment of the
      junction construction for unit walls;
PAR  FIG. 5 is also a perspective view showing another embodiment of the bonded
      construction for unit walls;
PAR  FIG. 6 is a plan view of the main part showing another embodiment also
      corresponding to FIG. 1;
PAR  FIG. 7 is a perspective view showing a detail of the main part;
PAR  FIGS. 8a and 8b are front views of the bonding plate as shown in FIGS. 3-5
      and a section of holed parts of the bonding plate, respectively;
PAR  FIG. 9 is a front view showing a modified embodiment of the bonding plate;
PAR  FIG. 10 is a plan view of the main part showing the jig means for placing
      the bonding plate so that it protrudes out of wall body in lieu of a
      locking box;
PAR  FIG. 11 is a perspective view showing a detail of the jig means;
PAR  FIG. 12 is a plan view of the main part showing means for the pressure
      control at the time of pouring concrete in the unit wall;
PAR  FIG. 13 is a perspective view of the main part;
PAR  FIG. 14 is a view showing a modified form of the means shown in FIG. 12;
PAR  FIG. 15 is also a view showing a modified means for the pressure control;
PAR  FIG. 16 is a perspective view of the main part of the same;
PAR  FIGS. 17a and 17b are views showing a manner of constructing columns,
      beams, slabs, etc. after the slurry trench wall body has been constructed;
PAR  FIG. 18 is a perspective view of a combined member utilized in the
      execution of the same; and
PAR  FIGS. 19 through 20 are perspective views showing modified embodiments of
      the combined members.
DETD
PAR  Now, the present invention will be described in detail with reference to
      the accompanying drawings, along with embodiments.
PAR  The process of constructing slurry trench walls in accordance with the
      present invention consists basically, as seen in FIG. 1, of excavating a
      trench or ditch 1 having a unit length by a suitable excavator, inserting
      a reinforcement cage 2 in trench 1, fixing the locking box, and pouring
      the concrete.
PAR  It is important, relative to trench 1, to take into consideration that, in
      addition to the basic length L corresponding to that of the unit wall, an
      additional portion 1A is also excavated in order to facilitate the
      construction of the next unit.
PAR  In order to prevent the poured concrete from flowing into the extra portion
      1A, locking boxes are used which have rigid construction and into which
      air and/or liquid are supplied under pressure in order to expand them. The
      locking boxes are constructed so as to be in contact with both walls of
      the trench. In the present invention, two pieces of bonding plate 3A and
      3B having appropriate length (a) are arranged to be secured to reinforcing
      cage 2. Three locking boxes 4A, 4B, and 4C having an effective length
      corresponding to approximately one-half of the bonding plate length are
      mounted in the space (or gap) defined by bonding plates 3A and 3B and
      trench 1 in a manner so that when the locking boxes are removed, the
      desired amount of bonding plates 3A and 3B will protrude out of the
      concrete.
PAR  Thereafter, concrete is poured into the molded spaces sectioned and formed
      by these locking boxes, and when the concrete has been hardened to a
      sufficiently stabilized condition, the locking boxes 4A-4C are pulled out
      to form one unit of concrete wall body 5 as shown in FIG. 2. About half of
      the bonding plates 3A and 3B, corresponding to the sites of the locking
      boxes 4A, 4B and 4C, protrude into what will be the surface of wall body
      which is yet to be formed.
PAR  Then, the next unit of trench 1 is excavated, another unit of the
      reinforcement cage 2 is positioned in the manner previously described,
      overlapping bonding plates 3A and 3B are positioned, and the concrete is
      poured. Thus, both wall bodies may always be constructed in a tightly
      bonded condition through bonding plates 3A and 3B. That is, the steps
      shown in the description in FIGS. 1 and 2 and described above are to be
      effected in the same order in forming each unit wall body. The bonding
      plates shown are flat and it is necessary to provide means to protect
      against high fluid pressures since all the pressure of the poured concrete
      is on locking boxes 4A through 4C. As shown in FIG. 3, indicating in more
      detail the construction shown in FIG. 2, bonding plates 3A and 3B are
      provided with a number of punched holes 31. When using a muddy water
      process, bentonite slurry adheres to the surfaces of the reinforcing and
      bonding plates so that the adhesive strength of the concrete is somewhat
      lower. Therefore, by providing punched holes 31 in bonding plates 3A and
      3B, concrete flows into the holes, when poured and fills them and, as a
      result, the bonding becomes stronger in shear. Thus, an increase in the
      bond strength to an extent corresponding to the shear strength of both
      materials is obtained.
PAR  FIG. 4 shows another example of construction different from that of FIG. 3.
      Here, an H-shaped member 32 is incorporated between bonding plates 3A and
      3B, flanges 32a of said member are welded to the bonding members so as to
      form a single-body bonding structure. Thus, web 32b of H-shaped member 32
      serves as a blockage to prevent the concrete from flowing out of the unit.
      In this embodiment, it is therefore unnecessary to provide locking member
      4B shown in FIG. 1.
PAR  The construction of the embodiment in FIG. 5 is based on a further
      development of FIG. 4, wherein an H-shaped member similar to that
      described previously or merely a plate-shaped intermediate member 33 is
      inserted between bonding plates 3A and 3B arranged in parallel and the
      members are welded together. Further, T-shaped members 34 are located in
      alignment with the extended line of said intermediate member 33 and are
      also welded to the outside of bonding plates 3A and 3B. Thus, the need for
      locking boxes, as shown in FIG. 1, is removed and mounting of the bonding
      plates is simplified.
PAR  In the embodiment shown in FIG. 5, some problems can occur if construction
      is done in collapsible soil. One problem relates to stopping the concrete
      from flowing out of the unit. Also, in the embodiments illustrated in
      FIGS. 4 and 5, a difficult problem arises with respect to the pressure
      created at the time of pouring the concrete. These will be considered
      hereinafter.
PAR  FIGS. 6 and 7 show embodiments for bonding means, in which the holed
      bonding plates, previously described, are not employed as a connecting
      members for the unit walls. That is, a number of auxiliary reinforcements
      6, which are made by bending steel bars or the like to a generally
      rectangular or channel shape, are mounted horizontally on flanges 71 and
      72 of H-shaped member 7, by welding the open ends of the auxiliary
      reinforcements 6 to the H shaped member. The auxiliary reinforcements are
      mounted on both sides of H-shaped member 7, and are provided with vertical
      auxiliary reinforcements at intervals connecting the auxiliary
      reinforcements. These auxiliary reinforcements form the protruding portion
      in the present embodiment.
PAR  The process of the present invention involves inserting reinforcement cage
      2 in trench 1, mounting the construction body for bonding wall bodies at
      the rear of the cage in such an arrangement that auxiliary reinforcements
      6 overlap reinforcement cage 2 and mounting locking boxes 8 which fill the
      space in trench 1 are mounted along the outside of flanges 71 and 72 of
      the H-shaped member 7. Thereafter, the concrete is poured.
PAR  According to the foregoing process, auxiliary reinforcements 6 on the outer
      side protrude out of the joined surfaces of completed unit wall 5. Web 73
      of H-shaped member 7 serves as a stopping plate for the concrete, and the
      auxiliary reinforcement is buried in the poured concrete. Thus, a bonding
      effect, having high shear rate is produced, thereby increasing bonding
      strength.
PAR  FIGS. 8a and 8b and 9 show examples of bonding plates 3A and 3B in detail.
      The desired bonding strength relative to length a of the bonding plate,
      which is to be buried in the unit wall, can be determined by calculations
      using the strength required and type of construction. It has already been
      noted that providing punched holes 31 in the bonding plate aids in
      obtaining good bonding results. However, the shape, size and number of
      holes must be determined by considering various conditions, such as the
      practicality of the desired configuration, and the concrete to be used.
PAR  Considering that the purpose of providing the holes is to increase the
      shear ratio in bonding and understanding the previous description, there
      are not much difference among the rectangular holes arranged in two
      vertical rows, as shown in FIG. 8a, the unit slot-like holes, as shown in
      FIG. 9, and round holes. However, a symmetrical arrangement should be
      utilized. In view of the increase in shear ratio, if the holes are formed
      by means of embossing, as shown in FIG. 8b, the shear area is increased in
      an amount equal to the increase in surface area.
PAR  FIGS. 10 and 11 show embodiments using other means for positoning of the
      locking boxes for the purpose of providing protrusions of the bonding
      plate out of the surface of unit wall. That is, a rigidly constructed
      locking pipe 9 is used, which is a long prism body, shaped to be
      approximately square in cross section and having two guide grooves 91 and
      92 being formed at one end surface thereof in a spaced relation equal to
      the parallel arrangement of the bonding plate previously described.
      Surface 93 between the grooves is concave and surfaces 94 and 95 on the
      outer sides of the grooves are flat.
PAR  Locking pipe 9, provided with the guide grooves 91 and 92 is inserted and
      placed firmly at the desired position in trench 1, and bonding plates 3A
      and 3B are mounted along the guide grooves and overlapping reinforcement
      cage 2. Thereafter, the concrete is poured. Locking pipe 9 is pulled out
      after the concrete has hardened and stabilized sufficiently to hold its
      shape. Since the locking pipe also serves as a stopping plate for the
      concrete, only the portions of bonding plates 3A and 3B which have been
      positioned within the guide grooves protrude out of the surface of the
      wall body. In addition, a corner portion 5A, which corresponds to the
      concave surface portion 93 of the locking pipe, may be formed in the end
      of the wall body. This will be a scarf construction between the concave
      and convex portions in bonding with the wall body of the next unit. Also,
      it provides excellent shear strength against forces applied in a direction
      perpendicular to the side of the wall body, for example, natural ground
      pressure. It is easy to overcome the pressure of the unset concrete with
      locking pipe 9; however, the material used in the pipe cannot be of a type
      which adheres to concrete or a mold release agent or the like must be
      used.
PAR  Further, there is another means for controlling the fluid pressure
      effectively. In one example of the locking boxes, which provides
      protruding bonding plates, a combination of two locking chambers having
      wedge-like cross sections, and one locking guide is used. By using the
      respective sloped surfaces of the wedges, part of the concrete pressure is
      converted into a normal component against the wall surface of a groove on
      the outer side of the chambers. A means to achieve the aforesaid purpose
      is the erection of a main column in the central part of the trench where
      the concrete is to be poured. Auxiliary columns having a groove erected at
      both sides of the main column to increase its rigidity, and a lengthy bag
      into which gas or liquid may be sealed is inserted between the auxiliary
      columns and wall surface of the groove. These units prevent the unset
      concrete from escaping the unit wall.
PAR  FIGS. 12 to 16 show effective means for controlling the pressure produced
      at the time of concrete pouring. In the construction illustrated in FIGS.
      12 and 13, the structure for bonding wall bodies is such that a large
      number of auxiliary reinforcements 10, made by bending, e.g., steel bars,
      etc. in a rectangular shape, are prepared.
PAR  The reinforcements are arranged along the flanges on the both sides of
      H-shaped member 11, and the open ends of the reinforcements are secured at
      regular vertical intervals to member 11. The structure is assembled after
      being fixed by utilizing a part of transverse bracing member 2A, at the
      rear of a previously prepared reinforcing cage 2. Cross boards 12 are
      fixed along the space between the flanges of H-shaped member 11 and trench
      1 so as to block concrete flow. Members 13 having a V- or similar shape in
      cross section and directing their open surfaces toward the next previous
      unit wall, are mounted vertically along auxiliary reinforcements 10 which
      protrude into the space provided for the next unit wall.
PAR  The unit wall on the left side in FIG. 12, which is to be the unit wall
      body 5, may be constructed in such a manner that reinforcing cage 2 is
      inserted at the rear of the structure used for bonding. The structure
      contains an H-shaped member 11, auxiliary reinforcements 10, cross boards
      12, and V-shaped members 13. Also, the spaces between the cross boards 12
      and the trench walls are closed by suitable locking boxes 14 and then
      concrete is poured. Then, trench 1 for the next unit is excavated, and
      similar reinforcing cage 2 is inserted to construct the next wall body.
      V-shaped members 15, which are similar to V-shaped members 13, are mounted
      on auxiliary reinforcing 10 protruding from the joined surface of the wall
      body previously constructed and are mounted at the end adjacent the
      previously poured unit so as to be attached to members 13. Thereby,
      reinforcing cage 2 may be mounted extremely precisely and maintains its
      correct posture as well as forming a firm connection between the
      reinforced cages themselves.
PAR  It is natural that a major part of the concrete pressure is on H-shaped
      member 11 and cross boards 12 being fixed at the rear end of the
      reinforcing cage. However, with the construction mentioned above, the load
      is transmitted from the reinforcing cage 3 to stabilized wall body 5 and
      reinforcing cage 2 of the unit constructed previously. This is effected
      through members 13 and 15. Therefore, it is not necessary to set locking
      boxes deeper into place, as in conventional processes, nor to make other
      adjustments such as back filling on the opposite side. As for the locking
      boxes 14, they need not be formed of the rigid construction hitherto
      utilized, but may be of such construction so as to merely to prevent the
      concrete from escaping. Of course, bonded construction of concrete wall
      bodies is greatly affected by the existence of auxiliary reinforcing
      members 10 result in bonding of greater strength with high shear ratios.
PAR  FIG. 14 is a modified mode of bonding construction also directed to the
      effective disposition of fluid pressure. Angle members 16, which protrude
      into the spaces between the wall bodies of the next unit, are used and are
      attached to auxiliary reinforcement members 10. Channels 17 combine with
      angle members 16 and a hairpin-like bracing member 18 is mounted at the
      front end of reinforcing cage 2 of the next unit facilitate combining the
      members.
PAR  FIGS. 15 and 16 show another embodiment directed to the disposition of the
      pressure. It is arranged so that auxiliary reinforcing members 10 protrude
      from the surface of previous unit wall 5. Pitch of spiral wire 19 is
      precisely determined and is equal to that of the transverse bracing member
      in reinforcing cage 2 of the next unit. Vertical members 10A, for the
      individual auxiliary reinforcing 10, are mounted so as to be aligned
      vertically. On the other hand, spiral wires are prepared which have
      suitable diameters and leads and are formed of steel bar or the like. The
      reinforcing cage 2 of the next unit overlaps auxiliary reinforcing 10 and
      optional longitudinal bracing member 2B is parallel to vertical members
      10a of auxiliary reinforcing 10. Both of these are bonded by revolving the
      wire from the upper side while using suitable feed pressure to cause
      entangling. Thereby, fluid pressure control, as well as the firm boding of
      the unit walls, can be achieved.
PAR  In each embodiment illustrated in FIGS. 12 through 16, as long as the
      transverse bracing members are firmly and strongly welded to the H-shaped
      member at rear end of each reinforcing cage, it is not necessary to
      provide auxiliary reinforcing on the side previously prepared, and the
      provision of said reinforcing may be omitted except for the auxiliary
      reinforcing protruding towards the space for the wall body of the next
      unit.
PAR  FIGS. 17a and 17b illustrate means for easily and strongly mounting beams,
      slabs, columns, etc., to be constructed in one body, by bonding them to
      slurry trench walls or similar concrete structures which have been
      constructed by the previous described process. In the case of a concrete
      structure which is to extend vertically from the surface of the main
      concrete structure, the bonding strength for both structures are very
      important. If the strength is not high enough, it has been considered
      unsafe. In order to overcome such difficulties, procedures such as
      providing reinforcing extending to the surface of the previous structure,
      or chipping off the surface of the structure have been tried. However,
      these were not sufficient.
PAR  According to the proposed means, as illustrated in FIG. 18, a pair of
      combined units are used. One of which is a combined unit 21 wherein plate
      212 is welded perpendicular to the back surface of front surface plate
      211. Plate 211 is of any desired size and plate 212 is welded to bar-like
      connecting arm 213, the extreme ends of which are folded back to shape
      "hooks" 213A. Another means is a combined unit wherein a bar-like
      connecting arm 222, the extreme ends of which are merely folded back to
      shape hooks 222A, is welded to plate 223.
PAR  The above may be used in the following manner: first, as shown in FIG. 17a,
      when other units are scheduled to be built after the slurry trench walls
      or general construction walls, the front surface of plate 211 of combined
      unit 21 is mounted so as to fit into the wall surface of trench 1 at the
      required position of reinforcing cage 2. Both of these are fixed by means
      of welding or the like. Then, after the concrete has hardened to the
      desired strength, the ground inside the wall body is excavated. Naturally,
      front surface plate 211 of the combined unit 21 is exposed to the surface
      of the concrete construction 5. Reinforcing cage 23 is installed so that
      plate 223 of combined unit 22, directing its front end surface outwards,
      is mounted in advance on reinforcing cage 23 for construction. Front
      surface plate 211 and plate 223 face each other and are butt-welded.
      Thereafter, the concrete is poured so that the desired concrete
      construction may be correctly and strongly built and be a single unit with
      wall 5.
PAR  FIG. 19 illustrates another embodiment of the aforesaid combined unit. It
      comprises a pair of bonding bodies, one of which is a bonding body 25
      constructed in such that an angle steel member 252 is perpendicularly
      welded to one side of flat plate 251. Connecting arms 253, the extreme
      ends of which are folded back to shape hooks 253A, are welded along angle
      steel member 252. The other unit bonding body 26 is constructed in such a
      manner that connecting arms 262, the extreme ends of which are folded back
      to shape hooks 262A, are merely welded on angle steel member 261 in a
      lengthwise direction. In the unit executed in advance, the surface of flat
      plate 251 is positioned so that it is exposed after wall forming, and
      angle steel member 261 is placed by hooks 262A on hooks 253A and welding
      is done so as to effect bonding.
PAR  FIG. 20 also illustrates another embodiment. This is the simplest
      construction and uses web 271 of T-shaped member 27, having a punched hole
      272 provided to effect strong bonding with the concrete. Flange 273 is
      made so as to effect bonding by means of welding to member 28. Member 28
      is flat and has punched hole 281.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A process for the sequential segmental construction of a reinforced
      concrete unit comprising sequentially: (1) preparing a trench of
      dimensions at least equal to a selected portion of the total section to be
      constructed and having a length greater than an incremental segment to be
      constructed; (2) positioning a primary segment reinforcing cage in said
      trench; (3) positioning intersegmental perforate plate reinforcing
      partially overlapping said primary segment reinforcing cage; (4)
      positioning sealing means to define a segmental volume from which said
      plate reinforcing partially protrudes and effective to prevent concrete
      from flowing out of said segmental volume; and (5) pouring concrete into
      said segmental volume.
NUM  2.
PAR  2. The process for the sequential segmental construction of a reinforced
      concrete unit comprising sequentially
PA1  1. preparing a trench of dimensions at least equal to a selected portion of
      the total section to be constructed and having a length greater than the
      incremental segment to be constructed;
PA1  2. positioning a primary segment reinforcing cage in said trench;
PA1  3. positioning intersegmental perforate plate reinforcing partially
      overlapping said primary segment reinforcing cage;
PA1  4. positioning plural inflatable sealing means adjacent the ends of said
      cage to define a segmental volume from which said plate reinforcing
      partially protrudes; and
PA1  5. inflating said inflatable sealing means so that said sealing means are
      effected to prevent concrete from flowing out of said segmental volume;
      and
PA1  6. pouring concrete into said segmental volume.
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ABST
PAL  Apparatus for installing a splint adjacent a vertically standing power pole
      or the like including a boom and driving mechanism for lifting the
      metallic splint and placing it in proper position and then driving same to
      the proper depth. The driving mechanism is self contained and need only be
      supported in driving position and provided with a source of momentum to
      drive the splint. The driving mechanism includes a hammer or anvil having
      a depending tongue which serves to support the splint during movement of
      the splint from the supply to the position adjacent the pole. The tongue
      also serves as a guide for the hammering means assuring proper driving
      contact with the splint during the driving process. The driving mechanism
      will be supported at the outboard end of the boom which may be held in a
      relatively rigid position by an adjustable deadleg which is pivotally
      secured to the outboard end of the boom or alternatively may be held rigid
      by securement to the pole.
PARN
PAR  This is a division of application Ser. No. 249,249, filed May 1, 1972, now
      U.S. Pat. No. 3,847,231.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The majority of currently used poles, such as for power or telephone, are
      wooden poles which have been treated to retard rotting and the like. In
      spite of the efforts to retard the rotting these poles are, after a short
      life span, weakened by rotting and erosion, normally at the ground level.
PAR  It has been the practice in the past to set a wooden stub along the side of
      the pole to be reinforced and bind the stub to the weakened pole thus
      lending the strength of the stub to the pole. This method of pole
      reinforcement is not only unsightly but further requires an excavation for
      setting the stub. The necessity of excavation prior to setting the stub
      involves considerable cost and inconvenience.
PAR  Efforts have been made to reinforce poles with the use of metallic stubs,
      which are less bulky in cross sectional area than the wooden stubs and
      which are not as unsightly. In the main, however, most metallic stubs have
      been of structural steel such as an I-beam and although these stubs are
      easy to drive they are not structurally suited for pole reinforcement. The
      point contact of the aforementioned stubs or splints tends to cause a
      loosening of the attachment band due to their gradually becoming more
      embedded in the pole due to the relative movement under cyclic loading.
PAR  To improve upon the splinting of wooden poles, metallic stubs have been
      designed having a small cross-sectional area to permit easy driving into
      the ground and have been shaped to provide a pair of spaced apart pole
      engagement surfaces which either are shaped complementarily to the
      curvature or engage tangentially with the poles. These configurations
      reduce the formation of water retaining pockets and the like which tend to
      result in the rotting of the pole. While the new splints have many
      advantages, as noted above, one of the problems with the contoured splint
      has been in the driving of the splint down immediately adjacent the pole.
      For the greatest utilization of the splint, contact should be along the
      entire length of the splint. When placing the splint it must be located
      adjacent the pole and maintained in a contiguous placement during the
      insertion period.
PAR  It is an object of this invention to provide an apparatus for quickly and
      easily placing and driving splints adjacent vertical wooden poles which
      are partially buried in the ground.
PAR  It is another object of the present invention to provide a driving
      mechanism for accurately and rapidly driving a splint adjacent a vertical
      pole including means assuring proper contact between the driving means and
      the splint resulting in a splint contiguous with the pole the entire
      length of the splint.
PAR  It is yet another object of the present invention to provide a splint
      driving mechanism which also serves as a stabilizing and placing means for
      locating the splint adjacent the pole to be reinforced.
PAR  It is still another object to provide a stabilizing and bracing element for
      use in conjunction with a boom when driving the splint adjacent a pole.
PAR  It is yet another object of the present invention to provide a tool for
      driving splints adjacent a vertical pole which includes as an integral
      part thereof a contoured means for close placement with the pole and
      further a depending guiding means for insertion in the splint during the
      driving assuring that the driving tool contacts the splint vertically.
PAR  A further object of the present invention is to provide a driving mechanism
      which is capable of driving splints for wooden poles, pipes or rods, and
      further, is relatively portable enabling the mechanism to be easily
      transported to the locus of the desired drive.
PAR  It is another object to provide a method for efficiently and sefely
      handling splints from a supply to a location adjacent a pole.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the driving tool as seen from the side
      which would be in contact with the pole to be reinforced, and with the
      splint driving attachment in position.
PAR  FIG. 2 is a perspective view of the attachment which is used in conjunction
      with driving a pipe or rod.
PAR  FIG. 3 is an isometric view of the splint driving tool from the opposite
      side as shown in FIG. 1 showing the location of the ram.
PAR  FIG. 4 is a sectional view along lines 4--4 of FIG. 1 with a splint in
      position for driving adjacent a pole.
PAR  FIG. 5 is a partial vertical sectional view showing the relationship of the
      elements of the splint driving tool when in driving position adjacent the
      pole.
PAR  FIG. 6 is a view depicting the means for using the driving tool to transfer
      the splint to the proper position.
PAR  FIG. 7 is an isometric view of a splint adapted for use with the present
      driving means.
PAR  FIG. 8 is an enlarged view of the outboard end of the boom which is used
      for driving splints and showing the attachment of one stabilizing means.
PAR  FIG. 9 is an environmental view showing the relative elements of the boom
      mechanism as mounted upon the truck which would also carry splints.
PAR  FIG. 10 shows the boom with a splint attached and the deadleg dropped to a
      relatively usable position.
PAR  FIG. 11 shows the splint being raised to position with the deadleg in
      proper position for disposal against the supporting ground.
PAR  FIG. 12 is an environmental view showing the splint deadleg and boom in
      position adjacent a vertical wooden pole to be reinforced.
PAR  FIG. 13 is a schematic of the preferred hydraulic system for the present
      invention.
PAR  FIG. 14 is an enlarged schematic of a dual range hydraulic system.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  As can be seen in FIG. 1 the splint driving head comprises a heavy, solid
      generally rectangular main body portion 2 having at its upper end an
      outwardly projecting hammer head or anvil 4 and at its lower end a pair of
      outwardly protruding protective members 6. Because of the relative length
      of the tongue 8 with respect to the other dimensions of the head and
      because of its location, it is subject to damage and the members 6 provide
      support for the driving head when not in use, relieving the tongue from
      undue strain.
PAR  Tongue 8, as explained in greater detail hereafter, serves only as a guide
      and is removably secured by a bracket 9 to the hammer head or anvil 4 so
      it presents a smooth driving surface. The tongue is removable to allow the
      substitution of various sized tongues guiding other types of objects and
      different size splints.
PAR  As seen in FIG. 2, the tongue 8 may be replaced with a guide 10 of square
      cross section having a bracket 11 which is secured in the same manner as
      bracket 9.
PAR  Both in the case of tongue 8 and guide 10, the element being driven
      contacts the hammer head or anvil 4 directly and so places no strain upon
      the supporting bracket.
PAR  Mounted within the main body portion 2 is a fluid ram or other conventional
      cylinder-rod apparatus 12 having an eye 13 secured to the end of its
      piston rod. A fluid connection 14 allows introduction of fluid into the
      interior of the ram or cylinder above the piston rod 12, and as will be
      explained in greater detail hereinafter, raises the cylinder relative to
      the rod to cause the entire driving tool to be raised.
PAR  The fluid conduit 14 is of sufficient internal diameter that once the valve
      (not shown in this figure) is open to the sump, the weight of the tool
      causes rapid evacuation without significantly impeding the free fall or
      reducing the inertia.
PAR  Mounted to the rear of the driving tool is a carrying hook 16 which, as
      will be explained in greater detail with respect to FIGS. 6 and 9 - 12, is
      used for supporting the splint as it is moved from the truck to the proper
      position for placement of the splint or stub.
PAR  A latch member 18 extends through the main body portion 2 of the driving
      tool and is seated in a bore 20 in the tongue 8. When the latch member 18
      is in the position as shown in FIG. 3, it extends through a splint and
      serves to lock it in place between the body of the driving tool and the
      tongue 8 for transport to the position adjacent the pole. As will be noted
      in FIG. 3, latch 18 may be locked in the inner, or splint supporting,
      position by turning the latch so that it is captured, since its handle 19
      projects behind L-shaped bracket 22.
PAR  As seen in FIGS. 4 and 5, the splint 30, when being driven, is in a
      position adjacent the pole and has its back against the plate 23 which
      overlies and shields the cylinder 12 and has the tongue 8 extending to its
      hollow interior. When the splint is in position for driving the pin 18 and
      is moved to the position shown in phantom where it is outside the plane of
      the back of the splint 30 it will allow the splint to be contacted by the
      hammer and thus driven into the ground.
PAR  Although the description has been directed mainly to the driving of a
      splint, it is to be introduced that essentially the same procedure would
      be used to drive a pipe or rod. The pipe or rod would extend through the
      guide and directly contact the hammer or anvil 4 during the driving
      process.
PAR  Referring now to FIG. 6, it can be seen that the splint or stub 30 is
      transported to the driving position by being locked to the driving tool. A
      sling 31 permits the splint or stub 30 to be picked up by the derrick
      winch, the sling secured to eye 13 and loop 16. The splint or stub 30 is
      captured between the tongue 8, the hammer head 4 and is held in position
      by latch 18.
PAR  FIG. 7 shows the preferred configuration of the splint, although the
      present invention is not intended to be limited to this particular
      configuration. It is to be noted that the splint has a fairly large
      concave inner surface 32 which is adapted to be in contact with and give a
      large surface support to the pole to be splinted. The ends of the inner
      surface 32 of splint 30 are left relatively open to allow the tool to be
      easily inserted and retracted and the outer portion 34 of the splint is
      curved to give a pleasing appearance and the maximum strength for the
      amount of material involved.
PAR  FIG. 8 will now be described in conjunction with FIGS. 9 through 13 which
      sequentially show the steps of moving a splint from the truck to the
      position adjacent a standing pole for insertion into the ground thereby.
      As can be seen in FIG. 9, the truck is in travel condition with a boom 50
      in an approximately horizontal condition generally parallel to the
      framework of the vehicle. Secured to the underside of the boom is a
      deadleg 52 for purposes to be hereinafter described. The boom 50 would
      normally be mounted upon a turntable shown schematically as 54 and which
      would include a winch and the controls. As can be seen in FIG. 12 the
      truck would also include an operator's station adjacent the turntable
      allowing complete control of the boom. The truck would normally have a
      flatbed storage area whereat a plurality of splints 30 may be carried. As
      seen in FIG. 12 the deadleg 52 has been moved to a position appropriate
      for use and the driving tool has been secured to the cable trained over
      the outer pulley boom 50. The driving head has been placed within a splint
      30 and the splint lifted for movement to proper position.
PAR  In FIG. 11 the boom has been extended to move the splint to a position
      adjacent the pole and the cable has been released from eye 16 to allow the
      splint to be swung to a vertical position. When the splint is
      appropriately placed, the deadleg 52 will be extended with its lower
      portion 54 such that it contacts the ground and provides a rigid support
      for the boom 50 during the driving operation. As can be seen, the driving
      tool 2 is hung by a capable and has appropriate interconnection such that
      it will continuously raise and drop the hammer until the splint is
      properly driven to the ground.
PAR  Following driving, the splint is then strapped to the pole by means well
      known in the art and forms a permanent and rigid reinforcement.
PAR  Referring back now to FIG. 8 the outer end of the boom 50 is shown and it
      includes a pulley 60 to guide the cable or other flexible means for
      supporting the driving tool during operation. Welded to the bottom portion
      of the boom 50 is a plate 62 having an arm 64 pivotally secured thereto.
      The arm 64 is pivotally secured to plate 62 that they may be moved to
      either side of the cable or flexible means as is appropriate. The plate 62
      permits arm 64 to be placed at any appropriate angle and still give rigid
      support against downward movement at the boom, since it is secured to
      plate 62 at one point and contacts the plate at a second point. The
      outboard end of arm 64 has an extension 66 at its outer end which is
      tapered to an appropriate size to fit within a cap 68. Cap 68 is mounted
      to the outer end of 66 and has pivotally depending therefrom the deadleg
      52. As will readily be seen the connection between 52 and the boom 50 when
      properly secured is rigid and when the lower portion 54 of deadleg 52 is
      placed in contact with the ground the boom itself is a relatively stable
      apparatus and serves as a base for driving the splint into proper
      position.
PAR  As an alternative support for boom 50, a clamp rigidly secured to the boom
      may be caused to interact with the pole itself preventing vertical
      movement of the boom. This means of stabilization is possible because the
      weakness of the pole is not relative to vertical movement but relative to
      horizontal movement.
PAR  Referring now to FIG. 13, the preferred hydraulic circuit for control of
      the stub or splint driving system is shown. Located in the lower left-hand
      corner of the diagram is a schematic representation of the hammer lift
      cylinder 12. Mounted for fluid communication with the hammer lift cylinder
      12 is the conduit 14 capable of handling 33 gallons per minute and is
      interconnected with a solenoid-operated dump valve 104. The lower conduit
      106 from the dump valve 104 leads directly to the hydraulic oil reservoir
      or sump 108. A second conduit 110 leads from the dump valve 104 to a
      control valve 112 which has a manually actuated control lever 114. From
      the control valve 112 a conduit 116 likewise leads to the sump 108 such
      that fluid will be circulated even if the valve is closed. Directly
      connected to the control valve 112 and the sump 108 by means of conduits
      118 and 120 is a pump 122 to provide the pressure necessary for operation
      of the mechanism.
PAR  The hammer may be operated either manually by means of the control lever
      114, as explained in greater detail hereinafter, or alternatively
      controlled by an automatic system which includes a source of power such as
      a battery 124 which is interconnected with the ignition switch 126 and
      then to an automatic control box 128 having a selective on-off switch 130
      as well as two control knobs 132 and 134. The control knob 132
      predetermines the length of time when the current is off. During the time
      the current is off the cylinder raises along the piston rod and weight is
      lifted to its uppermost position. The control knob 134 controls the length
      of time the current is on. During the time when the current is on the
      piston rod can extend and the weight falls. Thus, it can be seen that if
      the automatic control box is placed into operation, the hammer will be
      automatically lifted and dropped at a predetermined timed sequence
      controlled by the knobs 132 and 134. However, if it is desirable to
      manually control the hammer, the automatic control box will not be engaged
      and the lever 114 will be used to raise and drop the hammer.
PAR  Referring now to FIG. 14, a modified, non-preferred dual range hammer lift
      system can be seen and includes the input conduit 102 which feeds directly
      into the cylinder 140 forcing the outer cylindrical shell its attached
      hammer to move upwardly relative to the splint. In addition to the conduit
      102 a secondary conduit 150 interconnects conduit 102 with the enclosed
      area behind the ram allowing communication therewith. In the event that
      the selector valve 152 is in its lowered or pushed down position, fluid
      can pass through conduit 150 to the back side of the piston rod 142 and
      the cylinder will generate 18,000 pounds force. Alternatively to the
      above, the selector valve 152 may be pulled up, directing any fluid behind
      the piston rod 142 to the sump or reservoir via conduit 154 and then the
      cylinder will generate 24,000 pounds of force. The difference in force
      generated is only illustrative and caused by the fluid pressure behind the
      piston rod. The actual forces will depend both upon the pressure within
      the main conduit 102 and the relative surface areas on opposite sides of
      the ram subjected to the pressure.
PAR  As can be seen, the hereinabove described tool and method allows a pole to
      be rapidly and inexpensively splinted since the entire operation involves
      only one vehicle and the vehicle, as shown in FIG. 11, can include a
      plurality of other mechanisms. The driving tool itself is of a small
      enough size that it can be appropriately carried along with a plurality of
      splints while the vehicle is doing other operations and upon the noticing
      of a pole which needs to be splinted the vehicle need only stop for a
      short time, have the tool interconnected with the boom, have a splint
      placed upon the driving tool, move to proper position by the control of
      the boom and, if necessary have connected the deadleg or clamp, then
      driven to the appropriate depth. Following the driving as explained
      hereinabove the splint is wrapped to the pole to provide a rigid
      securement.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. The method of installing pole splints comprising the steps:
PA1  providing a splint driving mechanism movable between supply and driving
      locations,
PA1  engaging the splint at the supply location by securing the splint to the
      driving mechanism,
PA1  moving the driving mechanism with splint attached to the driving location,
PA1  unsecuring the splint from the driving means at the driving location, and
PA1  driving the splint into the ground with the driving mechanism.
NUM  2.
PAR  2. The method of claim 1, said splint having a hollow interior, said
      driving mechanism having an elongated tongue, said step of engaging the
      splint including inserting the tongue into the splint interior and
      latching the tongue to the splint, said step of unsecuring the splint from
      the driving mechanism including unlatching the tongue and splint but
      maintaining the tongue within the splint for guidance while driving.
NUM  3.
PAR  3. The method of claim 1, said splints lying generally horizontally at said
      supply location, said step of engaging the splint at the supply location
      including supporting the splint driving mechanism in a generally
      horizontal and balanced condition to easily position the driving mechanism
      into engagement with a splint at the supply location and subsequently
      supporting the splint driving mechanism and attached splint generally
      vertically at the driving location.
NUM  4.
PAR  4. The method of claim 2, said splints lying generally horizontally at said
      supply location, said step of engaging the splint at the supply location
      including supporting the splint driving mechanism in a generally
      horizontal and balanced condition to easily position the driving mechanism
      into engagement with a splint at the supply location and subsequently
      supporting the splint driving mechanism and attached splint generally
      vertically at the driving location.
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ABST
PAL  The frame or skeleton of a building is erected by anchoring columns or
      studs in upright position and then fitting upon each upright a tubular
      casing prefabricated of concrete or other suitable cementitious material
      thereby sheathing the uprights. The space left in the casings is filled
      with hardening cementitious material for tying the uprights to their
      casings. Cross beams are joined to the uprights by providing at the upper
      end of each upright one or more lengthwise recesses in each of which is
      seated the end of one cross beam. Such joints support the cross beams
      safely yet permit limited adjustment of the cross beams and uprights
      relative to each other thereby imparting to the frame structure an
      inherent elasticity enabling the same to withstand high wind pressures and
      seismic shocks. Moreover, frame structures can be erected much faster and
      cheaper than heretofore possible by means of the simplified joints between
      upright and cross beams.
PARN
PAR  The present application is a division of my pending application Ser. No.
      84,325, filed Oct. 27, 1970, which is a continuation-in-part application
      based upon my application Ser. No. 763,123, filed Sept. 27, 1968 and now
      abandoned.
BSUM
PAR  The invention relates to a novel and improved method of erecting building
      structures, both high rise and low building structures, and particularly
      to buildings the load-bearing structure of which consists of a skeleton or
      frame structure.
PAC  BACKGROUND
PAR  The skeleton or frame structure of buildings of the general kind above
      referred to is generally erected by constructing upright steel beams or
      columns suitably anchored in a foundation or to each other when the height
      of the building requires more than one length of uprights. The horizontal
      or cross beams are secured to the uprights at levels selected in
      accordance with the desired number and height of the stories of the
      building. The cross beams are rigidly secured to the uprights by riveting,
      welding, use of ties and other fastening means customarily used in the
      building industry whereby the finished frame structure is essentially
      rigid in its entirety unless complex and expensive steps are taken to
      impart some elasticity to the joints. The uprights in the frame structure
      when the same is completed or as it is being erected, depending upon the
      desired final height of the structure, are sheathed with concrete which
      may or may not be reinforced. Such sheathing requires time consuling and
      hence expensive assembly and disassembly of molds in situ. It is also
      known to use pre-fabricated slabs but such slabs must be joined which also
      requires extensive assembly and disassembly of molds in situ.
PAR  As the finished building is essentially a rigid structure, heavy horizontal
      wind pressure and seismic shocks tend to cause cracks in the sheathing and
      possibly more extensive damage to the building such as partial or complete
      collapse if the seismic shocks are of great magnitude. Even if the
      building is not damaged by external forces, cracks tend to develop in the
      sheathing of the frame structure as the sheatings tend to settle and to
      contract or expand due to the influence of moisture and temperature.
PAR  Joining of the cross beams to the uprights by riveting, welding, use of
      ties, etc. is expensive and time consuling as it requires highly skilled
      labor, the more so, as the cross beams and the uprights generally do not
      fit perfectly but must more often than not, be carefully adjusted by use
      of ties and brackets. In Today's labor market the costs of erecting a
      building are primarily controlled by labor costs rather than by the costs
      of material. Hence, erection of a building, particularly of a high rise
      building with the methods now conventionally used for erecting such
      buildings is time consuming and is very often highly desirable for reasons
      other than costs that a building be completed as soon as possible.
PAR  Moreover, all stress and other calculations must be specifically made for
      each building and prefabricated components can generally be used only for
      one type of construction.
PAC  THE INVENTION
PAR  Another important object of the invention is to provide a novel and
      improved building the load-bearing skeleton or frame structure of which
      can be erected much more rapidly and requires less labor especially less
      skilled labor than is required for erecting similar load-bearing skeleton
      or frame structures by methods as heretofore known and used.
PAR  It is also an object of the invention to provide a novel and improved
      method of erecting a load-bearing skeleton or frame structure that is
      highly resistant to horizontal wind pressures and seismic shocks, in much
      shorter time than was heretofore possible and at much lower labor costs
      than comparable skeleton or frame structures erected by now conventional
      methods.
PAC  SUMMARY OF THE INVENTION
PAR  The afore pointed out objects, features and advantages and other objects,
      features and advantages which will be pointed out hereinafter, are
      obtained by erecting uprights such as steel columns or studs or also
      suitably reinforced prefabricated concrete piles on the selected
      foundation for the building. The uprights are then encased by slipping
      upon the same the prefabricated tubular concrete casings which may be
      reinforced, if necessary. The encased uprights serve as supports for the
      horizontal or cross beams which are joined to the uprights by inserting
      the ends of the beams into slots formed at the top ends of the casings so
      that the beams and the uprights can move relative to each other within
      controlled limits. As a result, the frame structure has a built-in
      elasticity which enables it to absorb wind pressures and seismic shocks to
      a high degree.
PAR  Joining of the cross beams to the uprights by simply inserting the beam
      ends into the slots of the uprights, reduces to a minimum the time and
      labor required for making the joints. The spaces left within the casings
      and the uprights therein are filled, preferably prior to the insertion of
      the cross beams, by pouring a suitably hardening cementitious material
      into these spaces. If desired or necessary, reinforcement elements such as
      coils or rods may be inserted into the spaces within the casings prior to
      filling the same.
PAR  The use of prefabricated casings permits construction thereof much more
      rapidly and, hence, at lower costs than construction of the casings in
      situ by means of molds which must be first assembled and then
      disassembled. Moreover, prefabrication of the casings in a plant permits
      thorough testing thereof as to flaws and stress resistance which is
      obviously not possible when the casings are produced in situ.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawings several preferred embodiments of the invention
      are shown by way of illustration and not by way of limitation.
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of two upright beams constituting part of a
      frame structure erected according to the invention and anchored in a
      foundation;
PAR  FIG. 2 is a perspective view similar to FIG. 1 but showing the frame
      structure in a more advanced stage;
PAR  FIG. 3 is a perspective view of the same frame structure in a still more
      advanced stage by showing cross beams joined to the uprights;
PAR  FIG. 4 is a perspective view showing a modification of the casing and a
      floor structure joined to an upright;
PAR  FIG. 5 is a perspective view of the frame structure of FIG. 3 and showing
      reinforcements for the casing and the uprights;
PAR  FIG. 6 is a perspective view of a still further advanced stage of the frame
      structure showing several stories constructed with structural components
      according to the invention;
PAR  FIG. 7 is a perspective detailed view of a joint between an upright and
      cross beams;
PAR  FIG. 7a is a plan view of FIG. 7;
PAR  FIG. 8 is a perspective view of another type of joint between an upright
      and cross beams;
PAR  FIG. 8a is a plan view of FIG. 8;
PAR  FIG. 9 is a plan view of a modified upright and cross beams joined thereto;
PAR  FIG. 10 is a plan view of another modification of an upright and cross
      beams joined thereto;
PAR  FIG. 11 is a plan view of still another modification of an upright and of
      cross beams joined thereto; and
PAR  FIG. 12 is a cross sectional view of a casing for an upright, generally of
      the kind as shown in FIG. 11.
DETD
PAR  Referring now to the FIGURES more in detail and first to FIGS. 1 and 2, the
      skeleton of the frame structure part exemplified in these figures
      comprises uprights 1 and 2 shown as I-beams anchored by conventional means
      in a foundation 3. Instead of I-beams, other types of beams such as
      I-beams or L-beams may, of course, also be used within the concept of the
      invention. Moreover, prefabricated concrete piles, reinforced if
      necessary, may be used as uprights.
PAR  The height of the uprights is selected in accordance with the dimensions of
      the building to be erected. Each upright may have the length of one or
      several stories. If the total height of the building requires joining of
      several uprights, the uprights may be joined in a conventional manner by
      ties or brackets 1a as it is shown in FIG. 6. These ties or brackets are
      joined to the cross arms of the beams by welding, riveting or screw bolts.
      The load-bearing capabilities of the uprights such as steel beams are
      selected in accordance with the required load bearing capability.
PAR  As will be more fully described hereinafter, the uprights will be
      eventually embedded in concrete. To improve the adhesion between the
      uprights and the concrete, brackets may be secured thereto as it is shown
      at 4 and 5 in FIG. 1. These brackets are preferably secured to the
      uprights already in the plant, that is, before anchoring the uprights in
      the foundation to keep the work to be performed in situ at a minimum.
PAR  Spreaders or spacers 6 may be temporarily attached to the uprights to
      retain the same in the correct position during the erection and anchoring
      of the same.
PAR  After installation of uprights such as uprights 1 and 2 tubular casings 7
      and 7' are slipped upon the uprights. These casings are prefabricated of
      concrete which may be reinforced to the extent necessary by conventional
      means. As the casings are not produced in situ but in the plant, they can
      be conveniently and thoroughly tested as to flaws, stresses and dimensions
      thereby precluding cracking and settling of the casings after installation
      to the largest possible extent. The casings which constitute a sheathing
      for the uprights have generally a height matching the desired height
      between two stories of the building. Each of the casings has at its upper
      edge one or more lengthwise recesses 9 as it is shown in FIG. 2. These
      recesses are formed already in the plant and as will be more fully
      described hereinafter, constitute seats for the cross beams. At this point
      it should be mentioned that each recess serves to receive and seat one end
      of a cross beam. Accordingly, depending upon the number of cross beams
      supported by a casing one or more recesses must be provided in the upper
      ends of the casing walls.
PAR  In addition to recesses 9 used as seats for the cross beams, a recess 9a
      may be provided at the upper edge of the casing. This recess serves to
      facilitate gripping of a casing for lifting or lowering by a hoist during
      installation of a casing. A hook 10 is indicated for the purpose.
PAR  The casings are so dimensioned with reference to the uprights therein that
      spaces 11 are left within the casings as is indicated in FIG. 3. These
      spaces are filled with hardening cementitious material such as concrete to
      about the level of recesses 9 thereby tying the casings to the uprights.
      If desired, reinforcing metal coils 12 can be inserted into spaces 11
      prior to filling the same with concrete as it is shown in FIG. 5. Instead
      of, or in addition to reinforcing coils, rods 13 which may be
      pre-stressed, may also be inserted into the spaces.
PAR  When the concrete poured into the spaces 11 has set the uprights are ready
      for receiving the horizontal or cross beams. There are shown in FIGS. 3, 4
      and 5 respectively, cross beams 14, 14' and 14". These cross beams may be
      steel girders of any desired or suitable cross section. They may also be,
      preferably reinforced, concrete beams of suitable cross section. In any
      event, it is essential that the cross beams are also prefabricated
      structural components.
PAR  The cross beams have at each end cut-outs 8 forming a tongue or header 8a
      extending into recess 9. As it is clearly shown in FIG. 3 and also in
      other figures, the shoulders of the cut-outs rest against the walls of the
      casings while the tongues 8a are seated on the base of recess 9. While
      thus holding the cross beams in position, the tongues permit a slight
      relative movement of the cross beams relative to the uprights thereby
      providing the desired inherent elasticity of the frame structure. Finally,
      the remaining space in the upper ends of the casings is filled with
      hardening cementitious material to lock the casings, the uprights and
      cross beams one to another.
PAR  While it is preferable to fill the casings with concrete prior to mounting
      the cross beams, it is within the scope of the invention to insert the
      cross beams first.
PAR  FIG. 4 shows a frame structure in which casing 7 is shorter than the height
      between two stories. In other words, part of upright 1 remains exposed. In
      the structure of FIG. 4, the casing is safely retained in its position by
      the adhesion of the concrete to the upright and the casing. As pointed out
      before, the force of such adhesion is preferably increased by brackets 4
      and 5 so that there is practically no danger of downward sliding of the
      casing.
PAR  FIG. 6 shows a frame structure in which two stories have already been
      completed in the manner previously described and a third story is in
      progress. Upper casings 7" and 7'" have been placed upon lower casings 7
      and 7' and a workman is shown adding an upper beam 1 inch to lower beam 1
      by means of ties or brackets 1a as previously described. To facilitate
      such assembly the length of the lower uprights 1 and 2 is preferably such
      that the uprights protrude above the floor 25 of the second story.
PAR  FIGS. 7 and 7a show a joint or knot between upright 1 sheathed by casing 7
      and two cross beams 14 and 14' in greater detail. The cross beams are
      shown by way of example as being of the T-shaped reinforced concrete type.
      Each cross beam has at its end headers 15 and 15' similar to the shoulders
      and tongues 8 and 8a previously described. The headers rest on the base of
      recesses 9 as also previously described and extend more or less deeply
      into the spaces 11 within casing 7, depending upon the length of the joint
      desired for the beams.
PAR  If desirable, the length of the joint and thus also the continuity of the
      frame structure may be increased and strengthened by using rods 16 and 16'
      extending through a hole 17 in the web of beam 1. Further rods 18 and 18'
      may be placed above rods 16 and 16' as it is clearly shown in FIGS. 7 and
      7a. These rods are conventionally placed upon the cross arms of the beams
      so as to facilitate the connection between the cross beams and the floor
      20 shown in FIG. 6.
PAR  FIGS. 8 and 8a show a joint which is similar to the joint shown in detail
      in FIGS. 7 and 7a, except that four cross beams 14, 14', 14" and 14'" are
      joined to casing 7. Accordingly, a recess 9 is provided in each wall of
      the casing. The ends of the cross beams are headed as described in
      connection with FIGS. 7 and 7a.
PAR  The upright shown in FIGS. 8 and 8a is in the form of a stud or column
      consisting of four angle irons 19 joined to each other by ties 20 so as to
      hold the angle irons in a rectangular cross section. Brackets 19a may be
      used to extend the upright thus formed to the desired height. The afore
      described rods, 16, 16', 18 and 18' may rest upon ties 20, if desired.
PAR  As it is evident, uprights of the kind previously shown may be used in the
      frame structure of FIGS. 8 and 8a and conversely the uprights of FIGS. 8
      and 8a may also be used in the frame structures previously described.
PAR  FIG. 9 shows an upright in the form of an I-beam which is disposed
      eccentrically with respect to casing 7 and thus with respect to the cross
      beams 14 and 14'.
PAR  FIG. 10 shows a frame structure in which an upright is formed by two
      I-beams or columns 1 placed in a common casing 7a in which two lengthwise
      spaces 11a and 11b are formed. These spaces are both filled with hardened
      cementitious material as previously described.
PAR  FIG. 11 shows a structure in which two I-beams 1 are sheathed by a common
      casing 7b. This casing is formed with three spaces 11c, 11d and 11e. The
      beams are inserted into the two outer spaces. All three spaces are
      eventually filled with concrete as previously described.
PAR  FIG. 12 shows a cross section of a casing with three spaces or lengthwise
      cavities therein as described in FIG. 11. FIG. 12 also shows that the
      concrete is reinforced by rods 13.
PAR  While the invention has been described in detail with respect to certain
      now preferred examples and embodiments of the invention, it will be
      understood by those skilled in the art, after understanding the invention,
      that various changes and modifications may be made without departing from
      the spirit and scope of the invention, and it is intended, therefore, to
      cover all such changes and modifications in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of erecting a frame structure for a building which frame
      structure is highly resistant to wind pressure and seismic shocks while
      being erected and when being completed, said method comprising the steps
      of:
PA1  first anchoring prefabricated studs in upright position and spaced apart in
      a foundation;
PA1  then fitting upon each stud a prefabricated one-piece tubular concrete
      casing member with an inner cross-sectional area larger than the outer
      cross-sectional area of the studs and having joining means including at
      least one receiving recess at the upper end of the casing member;
PA1  then filling the remaining space between each casing member and the stud
      therein with an initially flowable but hardening cementitious mass; and
PA1  then inserting into each of said recesses of the joining means an end of a
      cross beam of a length spanning two adjacent casing members to locate and
      support said cross beam in horizontal position.
NUM  2.
PAR  2. The method according to claim 1 and comprising the further step of
      filling the remaining space in the recess at the upper end of the casing
      members with an initially flowable but hardening cementitious mass to
      anchor the cross beams, the casing members and the studs one to another.
NUM  3.
PAR  3. The method according to claim 1 and comprising the further step of
      inserting reinforcing members into the space between the studs and the
      casing members prior to filling said space with the cementitious mass.
NUM  4.
PAR  4. The method according to claim 3 and comprising the further steps of
      placing reinforcement members upon said cross beams, and then pouring
      hardening cementitious mass upon said reinforcing members and the adjacent
      casing member portions to anchor said reinforcing members together and to
      the cross beams.
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ABST
PAL  Disclosed is an access floor system with deep pile carpet covered panels.
      The deep pile fibers from adjacent panels intermingle with each other to
      visually obscure the cracks between the panels. Disclosed is a tool and
      method for inserting or reinserting such panels into the floor system
      without pinching carpet pile between the panel edges. Disclosed is a floor
      system having service conduits running between adjacent panels but being
      visually undetectable due to the uniform appearance of the deep pile
      carpet covering.
PARN
PAR  This is a continuation of application Ser. No. 326,060 filed Jan. 23, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to access floor systems. Access floor systems are
      floor systems erected on a subfloor and have an elevated surface of floor
      panels supported above the subfloor by a system of supporting pedestals of
      a given height. The floor panels are generally of uniform size and are
      removable to allow access to the space between the subfloor and the
      elevated floor system. They have high integral strength and generally
      include a decorative, wear-resistant surface such as vinyl tile attached
      to the upper surface thereof. The panels are supported from below at their
      corners by pedestals of adjustable height and, in some installations, have
      additional supporting beams or stringers that run from pedestal to
      pedestal and lie under the edges of the panels.
PAR  Historically, the most common use for access floor systems has been in
      computer room installations. The space created between the subfloor and
      the access panel floor accommodates the large number of electrical
      connections necessary in computer installations and, in some
      installations, may further serve as an air plenum for air conditioning
      purposes. Other applications for access floor systems have existed, such
      as a "clean room" for use in research requiring a dust-free atmosphere. A
      clean room has a system to provide a vertical laminar flow of filtered air
      from filter banks in the ceiling to a plenum chamber formed by the access
      floor and subfloor. The air is generally recycled constantly from the
      ceiling filter banks through grates in the floor panels, and back again.
PAR  Designers and builders of commercial buildings have recently taken note of
      access floor systems and have realized that they may be employed in a
      number of applications in addition to those previously discussed. Modern
      construction techniques for office buildings have advanced to the point
      where the floors of the buildings are completely supported by interior
      columns and thus complete flexibility is permitted in the placement of
      interior walls. Electrical and telephone service must be provided,
      however, and conduits for these wires are generally buried in the concrete
      floor. Consequently the placement of electrical and telephone outlets are
      governed by the location of the conduits buried in the concrete floor.
      Much greater flexibility in the placement of outlets is possible if an
      access floor is installed above a subfloor having no conduits buried
      therein because the wires may be run under the access floor to an infinite
      number of locations.
PAR  Certain characteristics of access floor systems have discouraged wide scale
      acceptance in commercial applications other than computer flooring and the
      like. Most notable among them is the appearance of an access floor system.
      Panels covered with a hard surface such as vinyl tile generally have a
      trim edge running around the perimeter of the panel, and an access floor
      assembled with such panels has a checkerboard appearance. Although this
      checkerboard appearance is acceptable in a number of applications, it is
      considered objectionable in certain instances.
PAR  If access floor systems are to gain acceptance in office building
      applications, it is necessary to provide systems having carpet covered
      panels. Covering an entire floor system with a single piece of carpet
      defeats the advantages of an access floor system, i.e. ease in removal of
      only a portion of the floor. accordingly, it is necessary to cover each
      panel with an individual piece of carpet.
PAR  Commercially available carpet may be classified according to several
      characteristics. One is the manner in which the carpet pile is attached to
      the carpet backing. Woven carpet has an interlocked system of pile and
      backing that results in a relatively strong physical bond between pile and
      backing, but woven carpet is made with relatively complex manufacturing
      techniques and thus accounts for a relatively small proportion of the
      carpet market. Tufted carpet is made by pushing carpet pile through one
      side of a separate backing fabric and then coating the surface of the
      backing that will ultimately face the floor with some binding means such
      as adhesive. Tufted carpet is easier to manufacture than woven carpet and
      consequently accounts for a much greater share of the market, but the
      physical bond between pile and backing is relatively weak when compared to
      the bond in woven carpet. Needle punch carpet is manufactured by forming a
      nonwoven flock of fibers and then binding the flock together with yarns
      punched through the flock with a needle. Many of the commercially
      available "indoor-outdoor" carpets are produced by the needle punch
      method. The pile on such a carpet may be very short or relatively deep,
      depending on the requirements for ultimate use of the carpet.
PAR  Another classifying characteristic is type of carpet pile. Looped pile is,
      as its name implies, a pile formed with a continuous yarn that repeatedly
      passes through the backing of the carpet. A single line of pile, when
      viewed in a cross-sectional side view of a piece of carpet, resembles a
      sinusoidal curve with a high amplitude but a compressed period of
      repetition. A looped pile in a tufted carpet is prone to ravelling because
      of the relatively weak bond between pile and backing. A single loop may be
      grasped and tugged with sufficient force to pull an entire row of carpet
      pile out of the backing. A looped pile in a woven carpet, on the other
      hand, is locked in place and would not ravel in this manner. A cut pile
      carpet has a pile wherein each yarn rising from the backing terminates in
      a cut end rather than doubling back down to the backing to form a loop
      pile. Cut pile carpet may be made from a loop pile carpet that has been
      "shaved" on its surface to remove the uppermost portions of the loops, or
      may be made by inserting pre-cut lengths of pile into a backing. A tufted
      carpet with cut pile will not ravel like a loop pile tufted carpet, but
      individual piles may be pulled out of the backing with relatively little
      effort.
PAR  The length of the pile may also vary. Plush carpets have a relatively deep
      pile while carpets having a tighter or denser surface have a relatively
      short pile.
PAR  Employing carpet as a floor panel covering is desirable from the standpoint
      of expanding the market for access floor systems.
PAR  Attempts have been made to cover only the top surface of floor panels with
      carpet. If the carpet has a relatively short pile, the carpet fibers from
      adjacent panels will not intermingle in the region of the joint between
      the panels. Consequently, the objectionable checkerboard pattern is still
      visible. Additionally, if this short pile carpet is of the loop pile,
      tufted variety, the carpet on the panels has a tendency to ravel and the
      cut loops along the edge of the panel where the carpet was cut to fit the
      panel are of varying lengths and stick up as "stray" pile yarns.
PAR  Running this short pile carpet over the edges of the panel obviates the
      stray pile and ravelling problems, but, of course, the checkerboard
      pattern is even more detectable in an installed floor system and a greater
      quantity of carpet per panel is required. One advantage with such a panel,
      however, is that the pedestals may be adjusted with a somewhat lesser
      degree of precision because the slight gap created between the panels
      where the carpet curves over the edges makes it more difficult to visually
      detect slight variations in panel height. It is also possible to cover
      only the top surface of the panel with a short pile carpet and attach a
      trim edge of some material such as vinyl. Again, the checkerboard pattern
      is quite noticeable.
PAR  Covering only the top surface of a panel with a carpet having a deep, cut
      pile would be desirable from the standpoint of obscuring the joints
      between the panels. The pile fibers from adjacent panels blend and
      intermingle along the panel edges and visually obscure the joint.
      Additionally, the cut pile is of uniform height so no stray yarns are
      visible and the cut pile will not ravel. It is noted, however, that the
      pedestal system must be adjusted with precision or else shadow lines are
      evident between two panels of unequal height.
PAR  A major impediment, however, to the use of deep pile carpet on floor panels
      is the tendency of pile fibers from an adjacent panel to be pinched in the
      joint between panels when one panel has been removed and is then
      reinserted into place. Pile fiber pinching occurs because the pile from
      adjoining panels extends out past the edges of the adjoining panels and
      thus fibers are caught or pushed down into the joint between the panels
      when one panel is lowered into place. This pinched or distorted pile
      creates unsightly lines and bunching between the panels. This pinching
      problem exists with any carpet having a deep pile that tends to extend
      past the edge of the panel, regardless whether it is looped or cut pile,
      and regardless whether it is woven, tufted or needle punch carpet. The
      governing characteristic of the pile is its height.
PAR  Building code requirements vary from jurisdiction to jurisdiction, but most
      codes require that wires running underneath an access floor system must be
      metal shielded if the space is also being used as a plenum chamber. It has
      been proposed to provide metal conduits of square or rectangular cross
      section to run between adjacent panel rows and be supported in the level
      of the elevated floor. The upper surface of the conduit would then form a
      portion of the access floor surface. Wires shielded or insulated with a
      non-metallic shield could then be run in the conduit. Alternatively, the
      conduits could be used as air ducts or conduits for other services.
PAR  The appearance of such floor system with such conduits has been considered
      objectionable, however, when the panels and conduit are covered with
      either tile or carpet of the type that shows the joints between the
      elements of the floor system. Long thin strips are visible in the top
      surface of the floor where the conduit extends across the surface. The use
      of a deep pile carpet on access floor systems having such a conduit would
      solve this problem because the pile from adjacent panels and conduits will
      blend together and visually obscure the joints.
PAC  SUMMARY OF THE INVENTION
PAR  Disclosed is an access floor system employing panels covered with a deep
      pile carpet, thus enabling the joints between panels to be obscured to
      produce a uniform appearance and further to permit the addition of service
      carrying conduits within the plane of the elevated floor system in a
      manner that cannot be visually detected.
PAR  Also disclosed is a method for facilitating the insertion of deep pile
      covered floor panels into an access floor system without causing
      distortion or pinching of the carpet pile along the edges of adjoining
      panels, and an apparatus for use in such a method.
PAR  As previously described, deep pile carpet has not heretofore been employed
      with access floor systems because either during initial installation of a
      floor system or after a floor panel has been removed from the floor
      system, the insertion or reinsertion of the panel into place has been
      impossible wihout catching the pile fibers on the edges of adjoining
      panels and pinching the individual fibers down into the cracks between the
      panels. The term deep pile carpet as used herein is meant to include any
      type of carpet with a pile that would interfere with the insertion or
      reinsertion of panels into the floor system in a manner just described.
PAR  I have invented a tool for facilitating the insertion or reinsertion of a
      deep pile carpeted panel into place without pinching pile from adjoining
      panels. The tool includes a body having pile restraining means thereon and
      is adapted to be positioned along the edge of all of the floor panels that
      abut the panel to be installed. For example, four tools are used to
      restrain the pile on the four panels that abut a typical square panel
      located in the central portion of the system. The restraining means may be
      a flange that compresses and restrains the pile by holding it away from
      the edge of the adjacent panels to a degree sufficient to enable the
      missing panel to be reinserted without catching any of the pile fabric in
      the joint between the panels.
PAR  The tool consists of a body of a flat sheet of metal or the like and is
      dimensioned such that its length is equivalent to the width of the panel
      upon which it is to be used. The tool has the above-mentioned restraining
      means along one of its edges and has means thereon to enable the workman
      to engage the tool with the carpet on the panel such that the tool remains
      in place after the workman releases his hold on the tool. This may be
      accomplished by making the tool of a material with sufficient weight to
      hold the tool in place, or by providing some gripping means such as teeth
      or a rough frictional engaging means on the undersurface of the tool to
      grip the carpet pile on the panel. An example of such a frictionally
      engaging means is a strip of fabric having small hooks, such as a strip of
      Velcro.
PAR  By use of this tool, an access panel may be inserted or reinserted into the
      floor system and, after the carpet along the edge is fluffed or brushed,
      the joint between the panels will not be visually detectable.
PAR  This feature enables access floor systems to be used in applications
      requiring a floor uniformly covered with a plush, deep pile carpet, yet
      affords the flexibility provided by an access floor system with removable
      panels. Additionally, it is possible to employ service conduits such as
      air ducts or wire-carrying conduits between rows of panels in a manner
      that the top surface of the conduit, when covered with carpet, may blend
      into the floor without being visually detectable. Further, panels of a
      shape other than square may be employed without having the shape of the
      panel being visible. This feature may be useful with a panel in the shape
      of a triangle. Three points determine a plane, and a panel with three
      corners may be supported in a stable condition more easily than a panel
      with more than three corners.
PAR  Many millions of square feet of hard surface access floor panel systems are
      currently in use but heretofore it has been impossible to cover each panel
      with a piece of deep pile carpet because of the problems discussed above.
      By employing my invention, it is possible to apply deep pile carpet to the
      panels in these existing installations simply by attaching the carpet to
      the hard surface of the panel with adhesive, yet it is still possible to
      insert and reinsert the panels in place without pinching the carpet pile.
PAR  It is an object of the present invention to provide an access floor system
      with a covering of deep pile carpet that enables the system to present a
      uniform appearance, while providing a method and apparatus to facilitate
      the insertion of a panel into the system without pinching the pile fibers
      in the joint between the panels.
PAR  It is another object to provide an access floor system with a covering of
      deep pile carpet that may obscure the joints between adjacent panels or
      panels and other elements such as service conduits.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the floor system of my invention showing a
      number of deep pile carpet-covered panels positioned on pedestals, and
      showing an additional pedestal in place to receive an additional panel.
PAR  FIG. 2 is a side view of the access floor panels as they are supported by
      pedestals, and illustrating the uniform blending of the pile of the carpet
      along the edges of the panels.
PAR  FIG. 3 is a side view in cross section of a modified floor system that
      includes a wire carrying conduit positioned between adjacent floor panels.
PAR  FIG. 4 is a perspective view as seen from below of an embodiment of the
      tool used to facilitate the insertion of a panel.
PAR  FIG. 5 is a perspective view as seen from below of another embodiment of
      the tool used to facilitate insertion of a panel.
PAR  FIG. 6 is a cross sectional side view of the edge of a carpet covered panel
      illustrating the manner in which the carpet pile fluffs out beyond the
      edge of the access floor panel.
PAR  FIG. 7 is a cross sectional side view of two panels in position, showing
      the manner in which the deep pile of the carpet intermingles to obscure
      the crack therebetween.
PAR  FIG. 8 is a cross sectional side view of two panels, the right panel having
      been inserted without employing my invention, and showing a portion of the
      pile from the left panel being caught or pushed down into the joint
      between the panels.
PAR  FIG. 9 is a side view of the manner in which a panel is inserted or
      reinserted into a floor system by employing my invention.
PAR  FIG. 10 is the top view of an access floor with the center panel removed
      and showing four of the pile restraining tools in position for the
      reinsertion of the missing panel.
PAR  FIG. 11 is a top view of an access floor system using a panel with three
      corners rather than four corners.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawing, FIG. 1 is a perspective view of my floor system
      showing the corner of a room having subfloor 1 and walls 2 and 3, and
      having pedestals 4 positioned on subfloor 1 in a predetermined pattern to
      receive deep pile carpet-covered panels 10. It is to be noted that the
      joints between the panels are indicated only by dotted lines because the
      deep pile of the carpet covering one panel intermixes and blends with the
      carpet pile on adjacent panels in a manner that visually obscures the
      edges of the panel.
PAR  Wih reference to FIG. 2, a plurality of panels 10 are seen to be supported
      above subfloor 1 by means of pedestals 4 in a manner that the edges of
      adjoining panels are in contact with each other. The fibers of the deep
      pile carpet along the edges of the panel blend and intermingle with the
      fibers on adjacent panels to provide a carpet covering that is uniform in
      appearance.
PAR  Uniformity of appearance is particularly desirable in a floor system having
      a separate service carrying conduit supported on the top of the floor
      system pedestals. The conduit is dimensioned such that its upper surface,
      when covered with a deep pile carpet, will be at the same level as
      adjacent floor panels. With particular reference to FIG. 3, the wire
      conduit indicated generally at 30 may consist of a metal conduit 31 that
      is square or rectangular in cross section and it has an upper surface 32
      and a lower surface 33. The conduit is supported in the plane of the
      system and a piece of deep pile carpet 34 is attached to upper surface 32.
      Conduit 31 has a hollow interior 35 that may be divided into two separate
      compartments by partition 36. In this manner electrical wires 37 may be
      physically separated from telephone wires 38. The deep pile carpet 34
      attached to the upper surface of conduit 31 has a pile that blends with
      the pile on the carpet covering adjacent panels 10 so that the joints
      between the conduit and its adjacent panels are visually obscured.
PAR  The tool employed in the method of insertion of deep pile carpet-covered
      panels into an access floor system may be easily understood by reference
      to FIG. 4. Tool 40 includes a body portion 41 of sheet metal or the like
      with an upper surface (not visible in FIG. 4) and a lower surface 42.
      Along one edge of tool 40 is a pile restraining flange 43 which is
      disposed substantially at a right angle to portion 41 of the tool. Flange
      43 terminates in an edge 44 which engages and compresses the carpet pile
      in a manner to be described below. Means are provided on the tool to
      retain it in position after the workman has placed the tool and released
      his grip. For example, the tool could be made of a material with
      sufficient weight so that gravity would hold the tool in place or,
      alternatively, the retaining means may frictionally engage the pile of the
      carpet. Tool 40, illustrated in FIG. 4, has a strip of Vercro 45 attached
      to its undersurface. Alternatively, a strip of sandpaper may be used. Tool
      40A, illustrated in FIG. 5, has teeth 46 formed along the edge of the tool
      that is opposite flange 43. A handle or some other means to facilitate
      handling of the tool may be attached to the upper surface thereof and such
      a handle will preferably be of a form to permit the stacking of a
      plurality of tools one on top of another for ease in transporting the tool
      from job to job.
PAR  The manner in which tool 40 is employed to insert a deep pile
      carpet-covered panel into the access floor system is more easily
      understood with reference to FIGS. 6-10. FIG. 6 is a cross sectional side
      view of panel 10 showing rigid portion 11 of panel 10 covered with a deep
      pile carpet. The carpet backing 12 is glued to the upper surface of rigid
      portion 11 and deep pile 13 extends upwardly from backing 12. Portion 14
      of the carpet pile fibers, by virtue of the piles natural fluffiness,
      extends past edge E of panel 10.
PAR  FIG. 7 illustrates two deep pile carpet-covered panels as they are
      positioned in an installed access floor system. The adjacent edges of
      panels 10A and 10B are in contact with one another and the adjacent
      portions of pile 13A and 13B on the two respective panels intermingle and
      blend in a manner that will visually obscure the joint between the panels
      when the floor system is viewed from above.
PAR  FIG. 8 illustrates the condition that will exist if panel 10B is installed
      or reinserted into the floor system without the use of tool 40. Portion 14
      of pile 13A extends beyond edge E of panel 10 (FIG. 6) and, as panel 10B
      is lowered into place, lower edge 15 of panel 10B will pinch or catch pile
      14 and draw it down into the space between the two adjacent panels. Pile
      14 thus becomes jammed between the panels and creates an unsightly void or
      gap in the carpet pile at the point where the two panels abut one another.
PAR  The use of tool 40 and the method of inserting the panel into place may
      best be understood with reference to FIG. 9. Panel 10A is shown positioned
      on pedestal 4 and panel 10B is shown in a position above the plane or
      level of the access floor system. Prior to the lowering of panel 10B into
      a contact with pedestal 4, tool 40 is positioned on top of pile 13A with
      pile restraining flange 43 positioned along the entire extent of the panel
      edge. Terminal portion 44 of flange 43 is positioned so that it is even
      with or slightly to the left of (FIG. 9) edge 16 of carpet backing 12A so
      that all of pile 13A is trapped beneath tool 40 and held away from the
      edge of panel 10A. It is desirable to position tool 40 along the edge of
      panel 10A by first holding tool 40 in a manner that, with reference to
      FIG. 9, flange 43 will initially be displaced to the right of panel 10A,
      and then drawing tool 40 toward the left such that all of portion 14 of
      the pile will be trapped beneath tool 40 and held in place with flange 43.
      After tool 40 is positioned in this manner, the carpet pile fibers are
      held away from panel 10A and panel 10B may be lowered into position. The
      tool may be held in place by means such as teeth 46, shown in FIG. 9 or
      other means such as element 45 shown in FIG. 4.
PAR  FIG. 10 illustrates a top view of the access floor system with the center
      panel removed. The four adjacent panels thus have an edge adjacent the
      hole and, to facilitate reinsertion of the missing panel, a separate tool
      must be positioned along the edge of all four of these adjacent panels.
      Positioning the tools in the manner shown in FIG. 10 will restrain the
      pile from all four edges of the space created by the missing panel and
      thus the missing panel may be lowered into position without pinching or
      catching the carpet pile fibers from adjacent panels. If desired, a single
      composite tool having four appropriately positioned restraining flanges
      can be employed.
PAR  Access floor systems employing the present invention may also be made from
      floor panels having a shape other than square or rectangular. For example,
      and with reference to FIG. 11, floor panels 20 may be equilateral
      triangles with three corners, each corner supported by a pedestal. Since
      three points define a plane, panels 20 may be supported in a stable
      configuration more easily than a four-cornered panel because pedestals 4
      need not be adjested to as fine a degree of precision. Failure to adjust
      the pedestals in a four-cornered panel system results in a panel that will
      wobble or tilt. The deep pile carpet that covers panels 20 will visually
      obscure the joints between the panels, thereby obviating the heretofore
      expressed objections to the geometric pattern observable in an access
      floor system employing nonsquare panels having visible edges.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of assembling a surface covering having a plurality of covering
      elements, each element having a face covered with pile fibers of a type
      that extend beyond the edges of said element unless restrained, comprising
      the steps of:
PA1  applying a pile restraining tool at the free ends of the pile at an edge of
      an installed element that is adjacent to the location wherein an
      additional element is to be installed, said pile fibers extending
      forwardly of said edge and into said location to a first position and said
      tool being applied to said fibers at said first position,
PA1  manipulating said tool rearwardly in a direction away from said location
      and said first position to a second position slightly inwardly of said
      installed element edge so as to restrain said pile and prevent it from
      extending into said location, and
PA1  inserting said additional element into said location such that said
      restrained pile is prevented from being pinched between adjacent elements
      during said assembling.
NUM  2.
PAR  2. The method of claim 1 including the additional steps of removing said
      tool and fluffing said pile so that the fibers from adjacent elements
      merge to visually obscure the joints therebetween.
NUM  3.
PAR  3. A method of assembling an access floor system with floor panels having
      the upper surface thereof covered with a deep pile carpet, the pile fibers
      of which are of the type that extend beyond the edges of said panels
      unless restrained, comprising the steps of:
PA1  applying a pile restraining tool at the free ends of the carpet pile at
      each edge of installed panels that is adjacent to the location wherein an
      additional panel is to be installed, said pile fibers extending forwardly
      of said edges and into said location to first positions and each of said
      tools being applied to said fibers at said first positions,
PA1  manipulating all of said tools rearwardly in a direction away from said
      location and said first positions to second positions slightly inwardly of
      said installed panel edges so as to restrain said carpet pile and prevent
      it from extending into said location, and
PA1  inserting said additional panel into said location such that said
      restrained pile is prevented from being pinched between adjacent panels
      during said assembling.
NUM  4.
PAR  4. The method of claim 3 including the additional steps of removing said
      tools and fluffing said pile so that the fibers from adjacent carpeted
      panels merge to obscure the joint therebetween.
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ABST
PAL  Elements for connecting boards or plates, the element comprising a ring
      having a cross section of a three quarter circle extending into a right
      angle. The ring has a circular opening extending therethrough. The
      elements are fastened to two or more boards and a rod is removably placed
      so as to traverse all circular openings of the elements.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This is a Continuation-In-Part-Application to my pending application, Ser.
      No. 310,316, filed Nov. 29, 1972 now abandoned, entitled "Element for the
      Connection of Rods and Boards and the like arranged thereon, particularly
      for use in connecting parts of furniture."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to devices and methods for connecting boards, plates
      and the like, particularly for use in joining furniture parts to one
      another in a novel manner.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Devices and methods have been known in the past for joining parts of
      furniture, such as cabinets, chests, desks, dressers, shelves, and the
      like, the parts including walls, bottoms and tops of seats and back rests
      of chairs, and the like.
PAR  The various furniture parts were connected by means such as screws, bolts,
      nuts and nails. Other types of connections included pins and holes, tongue
      and grooves and the like.
PAR  It will be appreciated that these connections have certain disadvantages.
      The parts can only be joined in a predetermined manner. The connections
      have to be removed when the furniture parts are taken apart, for instance
      for moving to a new home, and have to be reinserted there except for very
      bulky pieces of furniture which are transported without being dismantled.
      Repeated removal and reinsertion of connecting means, such as screws,
      nails and the like are liable to cause damage, in particular to screw
      bores and nail holes.
PAR  The present invention envisions the provision of elements for the
      connection of furniture parts which make it possible to connect them in
      any desired position and in any direction. This is rather important for
      furniture, such as wall shelves, flower stands, box furniture and the
      like. Furthermore, the present invention enables ready dismantling of the
      parts, without having to remove screws or to pull out nails.
PAR  In a departure from the known connecting means, the instant invention
      envisages an element for the connection of plates, boards, and the like,
      which element is formed of a ring having a cross-section of a
      three-quarter circle and preferably a right-angular point, the ring being
      provided with a through-going opening co-axial with the circle, and being
      of suitable width. The opening is preferably round in cross-section.
PAC  SUMMARY OF THE INVENTION
PAR  An element for connecting boards or plates with one another. The element
      has the configuration of a threequarter ring with tangential surfaces
      joining in a right angular corner. The ring has a central circular
      throughgroup opening. In joining a plurality of boards to which the
      connecting elements are fastened in complementary positions, the joint is
      secured by a rod through the central openings of the elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 8 illustrate several embodiments of elements according to the
      invention in perspective views.
PAR  FIG. 9 is a perspective view of a board to which connecting elements
      according to the invention have been fastened on opposite edges thereof.
PAR  FIG. 10 is a schematic side view of connecting elements fastened to
      horizontal and vertical boards and joining same.
PAR  FIG. 11 is a front view of a shelf-assembly, the shelves thereof having
      been joined to one another by the connecting elements according to the
      invention.
PAR  FIG. 12 is a front view of another shelf assembly wherein the shelves are
      arranged in a slightly off-set manner relative to one another.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 to 8 of the drawings, the novel element has a
      cross-section of substantially a three-quarter circle 1 and a
      right-angular corner 2. Co-axially with the three-quarter circle 1 the
      element is provided with a preferably circular opening 3. The flat
      surfaces 4 adjacent the edge 5 serve for abutting the parts to be
      connected. The element is of desired height. In the embodiment of FIG. 2,
      a lot 6 is arranged in one of the flat surfaces 4, into which the part to
      be connected can be inserted having a corresponding projection. The
      embodiment of FIG. 1 is the reverse of that of FIG. 2. On one of the flat
      surfaces 4 a right-angular projection is provided which engages a
      corresponding slot in the part to be connected. The embodiment according
      to FIG. 4 has on one flat surface 4 a cylindrical plug 8 which engages a
      corresponding depression in the part to be connected. In the embodiment of
      FIG. 5 a wedge-like projection is provided, while the embodiment of FIG. 6
      has two rectangular projections spaced from one another. A wedge-like
      projection 9 as shown in FIG. 5 may additionally be arranged between the
      two projections 7 of FIG. 6. As illustrated in FIG. 7, it is possible, in
      addition to the throughgoing opening 3 which is co-axial with the circle
      1, to provide a plurality of throughgoing circular openings 10 arranged
      equally spaced on a circle co-axial with the opening 3, the openings 10
      having the same diameter. In the embodiment of FIG. 8 one of the flat
      surfaces 4 is undercut at 12. A somewhat different feature is provided in
      FIG. 3. A screw 11 is inserted through the element at right angle to one
      flat surface 4 adjacent opening 3. The screw is adapted to engage the part
      to be connected.
PAR  Furthermore, if desired, one or more sleeve-like projections may be
      arranged on one or both of flat surfaces 4. Plugs or pinlike projections
      may be provided in said sleeve-like projections and co-axial therewith.
PAR  In the event that the elements are of short height, only one slot such as
      slot 6 of FIG. 2 or one projection such as projection 7 of FIG. 6 or plug
      8 of FIG. 7 may be provided.
PAR  FIG. 9 illustrates a board 21 with connecting elements 23,25 fastened
      thereto at one edge 27, and connecting elements 23,31 fastened to an
      opposite edge 33. The connecting elements are fastened at the edges spaced
      from one another in desirable positions. Another board (not shown) which
      is to be joined to the board 21 will have connecting elements fastened to
      its edges at positions corresponding to empty spaces on the edges of the
      board 21.
PAR  In order to join two boards, the boards will be placed at a desired angle
      relative to one another with the central openings 3 of their connecting
      elements all aligned. A cylindrical rod is inserted in all aligned
      openings 3, thus making a permanent or pivotable joint between the two
      boards.
PAR  Fastening the connector elements to the boards may be done by one of two
      methods. The first calls for the use of a connector element which has no
      recesses nor projections on its surface, such as the type shown in FIG. 7.
      One of the straight portions 4 is glued to the edge of the board at a
      predetermined position; preferably two or three such connectors are so
      glued, all being spaced from each other. A second, or third or fourth
      board is similarly prepared by glueing the elements thereto. However,
      their spacings must be staggered relative the other boards so that they
      form together a continuous row of elements when the boards are joined,
      wherein the central openings 3 of each connector are aligned. By inserting
      a cylindrical rod through the central openings of all the connectors, the
      boards are now connected.
PAR  Conversely, by simply removing the rod, they become separate again. It goes
      without saying, that the same method can be applied to connectors as shown
      in FIGS. 1-6 and 8, provided the edges of the boards are equipped with
      projections and recesses, fitting into corresponding recesses or
      projections to be held therein by friction.
PAR  The connector elements are inserted into the preformed edges from the ends
      thereof, preferably two or three such connectors being left in
      predetermined positions spaced from one another.
PAR  Furthermore, the invention provides for guide rails which are either
      attached alongside the edges of a board over which the profiled portions
      of the connectors can be slipped.
PAR  The other method provides for slipping onto a circular rod a number of
      connectors, each in a different position depending on the desired
      extension of their straight portions, and this in accordance with the
      number of boards to be connected. Subsequent thereto, another set-or
      two-of connectors is slipped onto said rod. Thereafter, one board after
      the other is either inserted into the projections of the connectors which
      are intended to be attached to it, or is glued to the straight edges of
      said connectors.
PAR  FIG. 10 illustrates in a fractional side view a juncture of boards in which
      two horizontal boards 41,43 and two vertical boards 45,47 are joined by
      the novel connector elements the central openings 3 of all connectors
      being aligned. The fastening of the connector elements to the four boards
      may have been made by the first or the second method set forth in the
      preceding paragraphs.
PAR  FIG. 11 illustrates a wall shelf assembly which may serve as a furniture
      piece for placing thereon books, lamps, flowers, a radio set and the like.
PAR  It will be noted that the junctures include connections between two, three
      or four boards.
PAR  In particular, juncture 51 connects two boards, 53 and 55. Juncture 57
      connects three boards, 51, 59 and 61, while juncture 63 connects four
      boards, 65, 67, 69 and 71.
PAR  All the junctures have been established by one or the other of the methods
      previously described.
PAR  A significant advantage of the invention resides in the fact that the
      connectors may be so assembled that the horizontal as well as the vertical
      boards are arranged slightly off-set relative to each other, thus
      obtaining a particularly decorative construction, as readily seen in FIG.
      12 in which boards 81 and 83 are parallel but not aligned, yet boards 81
      and 85 are aligned. The same relationship prevails among the boards 87, 89
      and 91. This result is achieved by positioning the boards such that for
      instance in juncture 93 the connector elements of board 83 are directed
      upwardly, while the elements of board 85 point downwardly. Similarly, in
      juncture 95, the elements of board 87 are directed to the left while the
      elements of board 89 are to the right.
PAR  Furthermore, the connectors may be slipped on the common cylindrical rod at
      any desired angular position, so that the straight portions of the
      elements with or without their projections or recesses may point to
      different angular positions and, therefore the boards to be connected
      thereto will assume different angular positions to each other. Thus, the
      invention makes it possible to obtain furniture of special design which
      deviates from furniture with known right-angular planes only.
PAR  To prevent the elements from rotating on the rod, a fixing pin may be
      inserted through the element, as indicated in FIG. 3. The element is
      expediently made of wood, but it may also be made of plastic and the like
      material.
CLMS
STM  What is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. An element for connecting boards or plates, with one another, said
      element comprising a ring having a cross-section of three-quarter of a
      circle with a right angular point, the straight sides thereof tangentially
      joining the ends of the three-quarter circle, said element including a
      throughgoing opening co-axial with the ring, for receiving a rod for
      enabling said straight sides of at least one connector element to be
      abuttingly attached to an edge of the board and to enable said round part
      to rotate said board into any angular position for connecting same to
      another board to which at least one other connecting element is abuttingly
      engaged.
NUM  2.
PAR  2. The element as set forth in claim 1, in which the opening is circular in
      cross-section.
NUM  3.
PAR  3. The element as set forth in claim 1 in which an edge extends from the
      right angle along the width of the element, and flat surfaces
      corresponding in length to the height of an edge of the board or plate to
      be connected extend from the edge to join the circumferential surface of
      the ring.
NUM  4.
PAR  4. The element as set forth in claim 3 in which the flat surfaces are
      provided with at least one slot.
NUM  5.
PAR  5. The element as set forth in claim 3 in which the flat surfaces are
      provided with at least one pluglike projection.
NUM  6.
PAR  6. The element as set forth in claim 2 which further comprises a plurality
      of through-going openings arranged on a circle co-axial with said circular
      opening, said plurality of openings having the same cross-section.
NUM  7.
PAR  7. The element as claimed in claim 3, in which one of the flat surfaces is
      set back to form an undercut.
NUM  8.
PAR  8. The element as set forth in claim 1, in which the material of which the
      element is formed is wood.
NUM  9.
PAR  9. The element as set forth in claim 1, in which the element is formed of
      plastic material.
NUM  10.
PAR  10. A structure comprising a board or plate including means joining thereof
      to a similar board or plate, said means including a plurality of
      connection elements, each element comprising a ring having a cross-section
      of three-quarter of a circle with a right-angular point, formed by
      straight tangentially joining the ends of the three-quarter circle, said
      element including a throughgoing circular opening co-axial with the ring
      for reception of a mating pin, one of the straight sides of each element
      being fastened to an edge of one of said boards or plates.
NUM  11.
PAR  11. The structure as set forth in claim 10 in which at least two connection
      elements spaced from one another, are fastened to at least one edge of the
      structure.
NUM  12.
PAR  12. An assembly of at least two structures as set forth in claim 11 in
      which the connection elements of both structures are aligned with respect
      to the throughgoing opening, but angularly staggered with respect to the
      right angular parts thereof, and the connection elements of one structure
      are arranged to fill the space between the connection elements of the
      other structure, the assembly further comprising a rod traversing the
      circular openings of all connection elements, wherein the three-quarter
      portion of the connectors of the two structures in the joint are
      constructed to cooperate with one another.
NUM  13.
PAR  13. A structure comprising a board or plate including means for joining
      thereof to a similar board or plate, said means including at least one
      connection element fastened to at least one edge of the structure, said
      element comprising a ring having a cross-section of three-quarter of a
      circle with a right angular point, the straight sides thereof tangentially
      joining the ends of the three-quarter circle, said element including a
      throughgoing opening co-axial with the ring, at least two connection
      elements spaced from one another being fastened to at least one edge of
      the structure, and including an assembly of at least two structures as set
      forth in which the connection elements of both structures are aligned with
      respect to the throughgoing opening, but angularly staggered with respect
      to the right angular parts thereof, and the connection elements of one
      structure are arranged to fill the space between the connection elements
      of the other structure, the assembly further comprising a rod traversing
      the circular openings of all connection elements, wherein the
      three-quarter portion of the connectors of the two structures in the joint
      are constructed to cooperate with one another.
NUM  14.
PAR  14. The assembly as set forth in claim 13 in which one connection element
      comprises a fixing pin therethrough, whereby rotation of the rod relative
      to the connection elements is prevented.
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ABST
PAL  Fittings for connecting columns and beams of a steel frame construction
      comprise an upper flange fitting and a lower flange fitting. The upper
      flange fitting comprises a substantially rectangular base plate to be
      bolted to a web of the column and protrusions extending from the base
      plate to be welded to an upper flange and a web of the beam. The lower
      flange fitting comprises a substantially rectangular base plate to be
      bolted to the web of the column and a horizontal plate projecting from the
      base plate to be bolted to a lower flange of the beam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to fittings for connecting columns and beams of a
      steel frame construction and a method of connecting columns and beams and
      more particularly suitable for connecting beams having an H-shaped section
      to a web of a column having an H-shaped section.
PAR  2. Description of the Prior Art
PAR  In prior art steel frame construction, T-shaped members each of which may
      be obtained by cutting H-shaped steel have often been used for connecting
      columns and beams. However, such T-shaped members are insufficient to
      transmit a shearing force acting on the beam to the column, so that a web
      of the beam must generally be connected to a flange of the column by means
      of separate joint members which would make the construction method
      complicated and expensive.
PAR  In another prior art steel frame construction, welding members of steel
      plate are welded to the flanges of the beam for connecting the column to
      the beam. In that case, however, the beam must be provided at corners
      between its flanges and web with notches required for welding operation.
      Accordingly, the notches make it insufficient to transmit a shearing force
      acting upon the beam to the column so that separate joint members are also
      required for the construction. Moreover after the plate members have been
      connected to the web of the beam by means of a fillet weld joint, the
      plate members may be deformed owing to stresses caused in welding which
      must be corrected by a troublesome method. If concentrated stresses acting
      upon the column from the flanges of the beam are relatively large,
      horizontal reinforcement plates must be welded between the flanges of the
      column for the purpose of a reinforcement of the construction.
PAR  In further prior art steel frame construction, columns and beams are
      directly connected by welding. In the connecting method, if heights of the
      beams gathered together at the column are not equal, horizontal
      reinforcement plates are required as in the prior art above described. It
      is usual to weld short length beams to the column in order to make it easy
      to transport the column from a factory to a field, but the transportation
      of the column having welded the short length beams is more difficult than
      that of single columns or beams, and such a column requires a troublesome
      operation for connecting the short length beams to more longer or standard
      beams with splice plates in the field. Moreover, there would be required
      bevelings at edges of the beams to be welded and notches at corners
      between the flanges and the webs of the beams which require a complicated
      working, and the webs of the beams are in intimate contact with the column
      for fillet welding, so that the edges of the beams to be welded should be
      worked with a sufficient high accuracy.
PAR  As described above, in the prior art, connections of columns and beams in
      steel frame construction generally required extra joint members and need
      complicated working and assemblies of the members and further have only
      low joint efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  In order to overcome the above disadvantages in the prior art the fittings
      according to the invention each comprising an upper flange fitting and a
      lower flange fitting, said upper flange fitting comprising a substantially
      rectangular base plate to be connected to said column having centrally a
      horizontally continuous thicker portion from which the base plate is
      tapered, a horizontal protrusion projecting from said thicker portion in
      opposition to a flange of said beam, a vertical protrusion in opposition
      to a web of said beam and projecting from said base plate to form with
      said horizontal protrusion a T-shaped protrusion, and seats formed on the
      base plate and formed with holes for bolts, and said lower flange fitting
      comprising a substantially rectangular base plate to be connected to said
      column having centrally a horizontally continuous thicker portion from
      which the base plate is tapered, a horizontal plate projecting from said
      thicker portion for supporting a lower flange of said beam and formed with
      holes for bolts, a vertical reinforcement plate vertically extending
      downwardly from the horizontal plate to form therewith a T-shaped shelf,
      and seats formed on said base plate and formed with holes for bolts.
PAR  In another aspect the invention provides a method of connecting beams
      having an H-shaped section to a column having an H-shaped section of a
      steel frame construction, comprising steps of providing an upper flange
      fitting comprising protrusions in opposition to an upper flange and a web
      continual thereto of said beam, a base plate tapered from a bottom of said
      protrusion in opposition to the flange of said beam toward upper and lower
      portions of the base plate and seats having holes for bolts formed in said
      base plate; welding said protrusions of said upper flange fitting to said
      upper flange and said web of said beam, respectively; providing a lower
      flange fitting comprising a horizontal plate formed with holes for bolts
      for supporting a lower flange of said beam thereon and bolted thereto, a
      vertical reinforcement plate under said horizontal plate, a base plate
      tapered from a bottom of said horizontal plate toward upper and lower
      portions of the base plate and seats having holes for bolts formed in said
      base plate; bolting said lower flange fitting in position to a web of said
      column; bringing the end of said beam having said upper flange fitting
      welded thereto to the web of said column such that said lower flange of
      said beam is located on said horizontal plate of said lower flange fitting
      and said base plate of said upper flange fitting is in contact with said
      web of said column; and bolting said lower flange of said beam to said
      horizontal plate of said lower flange fitting and said base plate of said
      upper flange fitting to said web of said column.
PAR  An object of the invention is to provide improved fittings for connecting
      columns and beams of a steel frame construction capable of simplifying
      manufacture of steel frame members in a factory, transportation of the
      members and execution of works in building site to save the labor and to
      increase its efficiency and having a higher joint efficiency than that of
      the prior art to ensure an improved safety of the construction.
PAR  Another object of the invention is to provide an improved method of
      connecting beams to a web of a column of a steel frame construction
      capable of saving labor and increasing the joint efficiency to ensure an
      improved safety of the construction.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a connection of a column and a beam of a
      steel frame construction using T-shaped members in the prior art;
PAR  FIG. 2 is a side elevation of a connection of a steel frame construction
      using welding plates in the prior art;
PAR  FIG. 3a is a perspective view of part of a steel frame construction
      directly connecting columns and beams in the prior art;
PAR  FIG. 3b is a front elevation of the portion of FIG. 3a;
PAR  FIG. 3c is a plan view of the portion of FIG. 3b;
PAR  FIG. 4a shows the method of connecting a column with beams according to the
      invention;
PAR  FIG. 4b is a front elevation of the connection shown in FIG. 4a;
PAR  FIG. 4c is a plan view of the connection shown in FIG. 4a;
PAR  FIG. 5 is a perspective view of the upper flange fitting according to the
      invention;
PAR  FIG. 6 is a front elevation of the fitting shown in FIG. 5 showing a
      section of a beam connected to the fitting;
PAR  FIG. 7 is a side view of the fitting and part of the beam shown in FIG. 6;
PAR  FIG. 8 is a perspective view of the lower flange fitting according to the
      invention;
PAR  FIG. 9 is a front elevation of the fitting shown in FIG. 8 showing a
      section of a beam bolted thereto; and
PAR  FIG. 10 is a side view of the fitting and the part of the beam shown in
      FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-3, there are shown connections of columns 1 and beams
      2 hitherto used. The connection shown in FIG. 1 utilizes T-shaped members
      a each of which may be obtained by cutting H-shaped steel or by welding
      steel plates.
PAR  The flanges of the beam 2 are fixed to the flange of the column 1 through
      the T-shaped members a connected to the flanges of the beam and the column
      by means of high strength bolts b. The T-shaped members are insufficient
      to transmit a shearing force acting upon the beam 2 to the column 1, so
      that a web of the beam 2 must generally be connected to the flange of the
      column by means of separate joint members c (FIG. 1).
PAR  Referring to FIG. 2, welding members d of steel plates are welded to the
      flanges of the beam 2. In the case, the beam must be provided with notches
      e at corners between the flanges and the web required for the welding
      operation. Accordingly, when the plate members d are connected to the web
      of the beam 2 by means of a fillet weld joint f, the plate members d may
      be deformed or curved owing to stresses caused in welding which must be
      corrected by a troublesome method. Moreover, the notches e make it
      insufficient to transmit a shearing force acting upon the beam 2 to the
      column 1 so that joint members c are also required for the construction.
PAR  If concentrated stresses acting upon the column 1 from the flanges of the
      beam are relatively large, horizontal reinforcement plates g must be
      welded between the flanges of the column 1 for the purpose of a
      reinforcement of the construction.
PAR  It can be seen from the above description that the connections of columns
      and beams hitherto used in steel frame constructions require many joint
      members, and need complicated working and assemblies of the members and
      further have only low joint efficiencies.
PAR  In FIG. 3 showing further prior art, columns 1 and beams 2 are directly
      connected by welding. In the connecting method, if heights of the beams 2
      gathered together at the column 1 are not equal, horizontal reinforcement
      plates g similar to those in FIGS. 1 and 2 are required. It is usual to
      weld short length beams to the column as shown in FIG. 3 to make it easy
      to transport the column from a factory to a field, but it requires a
      troublesome operation for connecting the short length beams to more longer
      or standard beams with splice plates h in the field. Moreover, there would
      be required bevelings at edges of the beams to be welded and nothces e at
      corners between the flanges and the webs which require a complicated
      working, and the webs of the beams are in intimate contact with the column
      for fillet welding, so that the edges of the beams to be welded should be
      worked with a sufficient high accuracy.
PAR  As shown in FIG. 3, although short length beams are connected to the column
      to make it easy to transport these members, the transportation of the
      column having welded the short length beams is more difficult than that of
      single columns or beams.
PAR  The invention intends to eliminate these disadvantages in the prior art and
      provide a steel frame construction having a high joint efficiency without
      requiring any horizontal reinforcement plate or stiffener for columns and
      splice plate for beams and columns and without requiring any notches in
      the beams and any holes for bolts withstanding shearing stresses.
PAR  The embodiments of the invention for connecting H-shaped beams 2 to
      H-shaped column 1 will be explained referring to FIGS. 4-10.
PAR  Referring first to FIGS. 5-7 showing a fitting A of a preferred embodiment
      of the invention for use in an upper flange of a beam, the fitting A is
      provided with a horizontal protrusion 3 adapted to be in opposition to the
      flange of the beam 2, which is formed along its one edge with a beveling
      3a for butt welding with the flange of the beam. The fitting is further
      provided with a vertical protrusion 4 forming with the protrusion 3 a
      T-shaped protrusion, the upper surface 4a of which has a width sufficient
      to be in contact with the web of the beam 2 for fillet welding and is
      flush with the upper surface 3b of the horizontal protrusion 3. Prior to
      the butt welding of the flange, the fillet welding portions 5 extend as
      shown in FIGS. 6 and 7 which may prevent a weld drip of the butt welding
      6. A base plate 7 is tapered toward its opposite ends or upper and lower
      ends, of which gradient affects on the joint efficiency so that it should
      be determined depending upon a shape of the base plate and a yield
      strength and arrangement of the bolts. The plate 7 is formed with seats 8
      each having a through hole 9 for a bolt to provide surfaces in close
      contact with the bolts or washers.
PAR  A surface 7a of the fitting which is adapted to be in contact with the
      flange of the column is generally flat mating with the surface of the
      flange. However, the surface 7a may be any configuration matching a
      surface of the flange, if it is uneven or curved. The fitting according to
      the invention is made as a unitary body by casting or drop-forging or a
      combination of rolling and welding or extruding and welding. In the
      combination of these workings, the seats 8 are made continuous in the
      direction of the horizontal protrusion so as to be able to form integrally
      by rolling or extruding or are separately welded to the fitting body and
      the vertical protrusion 4 is welded to the body.
PAR  FIGS. 8-10 show a fitting B of a preferred embodiment of the invention for
      use in a lower flange of a beam, wherein the same reference numerals as in
      the fittings A have been utilized to identify like part.
PAR  The fitting B is provided with a horizontal plate 11 formed with holes 10
      for bolts by means of which the lower flange of the beam supported on the
      horizontal plate is bolted thereto. The fitting B is further provided with
      a vertical reinforcement plate 12 vertically extending downwardly from the
      horizontal plate 11 to form a T-shaped shelf. A base plate 7 is tapered
      from the bottom of the horizontal plate 11 toward the opposite ends or
      upper and lower ends and is formed with seats 8 each having a through hole
      9 for a bolt. The fitting is made as a unitary body by casting or
      drop-forging or a combination of rolling and welding or extruding and
      welding.
PAR  The method of connecting a column and beams by means of the fittings will
      be explained hereinafter.
PAR  In case of connecting a beam to a flange of a column, two fittings A are
      symmetrically in opposition to each other, one upon the other, as shown at
      the upper left hand and lower right hand in FIG. 4a, of which vertical
      protrusions 4 are connected to edge surface of the web of the beam 2 by
      butt welding and of which horizontal protrusions 3 are connected to edge
      surfaces of the upper and lower flanges of the beam 2 by butt welding.
      Ordinarily, the welding operation is carried out in a factory. The base
      plates of the fittings A connected to the beam 2 are brought into contact
      with the outer surface of the flange of the column 1 in position and
      bolted thereto in the field.
PAR  In case of connecting a beam to a web of a column, a fitting A is arranged
      in opposition to the beam as shown at the upper right hand and lower left
      hand in FIG. 4a, of which protrusions 3 and 4 are connected to edge
      surfaces of the flange and web of the beam 2, respectively, by butt
      welding as shown in detail in FIGS. 6 and 7. The welding is usually
      effected in a factory.
PAR  A fitting B is then bolted in position to the web of the column 1 as shown
      at the center of FIG. 4a. The end of the lower flange of the beam 2 having
      the fitting A welded at the upper flange and the web is located on the
      horizontal plate 11 of the fitting B bolted to the column 1 and is clamped
      thereto by means of bolts 13. The fitting A is bolted to the column 1 or
      is bolted to an adjacent fitting A through the column 1.
PAR  It is to be understood that the fittings according to the invention are
      suitable not only to connect beams to flanges of columns but also to
      connect beams to webs of the columns.
PAR  The effects of the fittings according to the invention distinguishable over
      those of the prior art are as follows.
PAR  1. According to the invention the fitting is provided with the base plate
      which is thickest at the bottom of the horizontal protrusion and is
      tapered toward its opposite ends, so that it has a greatly higher yield
      strength against a bending moment in comparison with those of the prior
      art to improve the joint efficiency of the column and beam remarkably
      thereby obtaining a high rigidity at the connection thereof and improving
      a continuous beam effect.
PAR  2. In connection of H-shaped beams to a web of a column, fittings A for
      upper flanges of the beams are connected by welding to the beams 2 in a
      factory and fittings B for lower flanges of the beams are bolted in
      position to the column 1, on the horizontal plates of which fittings B are
      then located the lower flanges of the beams and bolted thereto, thereafter
      the fittings A are bolted to the column 1. Accordingly, a welding
      operation in field is not needed, so that the connection of the beams to
      the web of the column can be rapidly effected with ease.
PAR  3. According to the invention it is not required to provide horizontal
      stiffeners needed in the prior art as shown in FIG. 3 and therefore the
      column members are only subjected to drilling and cutting off operations
      without requiring any welding operation, so that working operations of a
      steel frame construction can be saved to one half to one third of those in
      the prior art. In addition, according to the invention there is no
      possibility of deformation of the members caused by welding, so that a
      steel frame construction with a high accuracy can be obtained.
PAR  4. The configuration of respective portions of the fittings according to
      the invention can be determined depending upon required stresses acting
      thereupon. Moreover, the fittings are favorable for mass-production by
      casting or drop-forging as a unitary body or a combination of rolling and
      welding or extruding and welding which serve to industrialize such
      building operations.
PAR  5. According to the invention the fittings having a high rigidity are
      connected to the webs of the columns to reinforce effectively the frame
      construction against the stresses acting onto panel zones between the
      columns when the frame construction is subjected to a horizontal force in
      the direction perpendicular to the surfaces of the flanges of the columns.
PAR  6. According to the invention the fittings B for the lower flanges of the
      beams are provided with the vertical reinforcement plates 12 which can be
      utilized as gusset plates for braces if desired.
PAR  7. According to the invention horizontal stiffeners for beams to be
      connected to the flanges of the column are not needed, so that th height
      of beams to be connected to the web of the column can be determined
      independently with that of beams to be connected to the flanges of the
      column.
PAR  It is understood by those skilled in the art that the forgoing description
      is preferred embodiments of the invention and that various changes and
      modifications may be made in the invention without departing from the
      spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fittings for connecting columns and beams of a steel frame construction,
      comprising an upper flange fitting and a lower flange fitting, said upper
      flange fitting comprising a substantially rectangular base plate to be
      connected to said column having centrally a horizontally continuous
      thicker portion from which the base plate is tapered, a horizontal
      protrusion projecting from said thicker portion in opposition to a flange
      of said beam, a vertical protrusion in opposition to a web of said beam
      and projecting from said base plate to form with said horizontal
      protrusion a T-shaped protrusion, and seats formed on the base plate and
      formed with holes for bolts, and said lower flange fitting comprising a
      substantially rectangular base plate to be connected to said column having
      centrally a horizontally continuous thicker portion from which the base
      plate is tapered, a horizontal plate projecting from said thicker portion
      for supporting a lower flange of said beam and formed with holes for
      bolts, a vertical reinforcement plate vertically extending downwardly from
      the horizontal plate to form therewith a T-shaped shelf, and seats formed
      on said base plate and formed with holes for bolts.
NUM  2.
PAR  2. Fittings as set forth in claim 1, wherein said horizontal protrusion of
      said upper flange fitting is formed along its edge with a beveling for
      butt welding.
NUM  3.
PAR  3. A joint for steel frame construction comprising a column and a beam
      connected therewith by means of a fitting said fitting comprising an upper
      flange fitting and a lower flange fitting, said upper flange fitting
      comprising a substantially rectangular base plate connected to said column
      having centrally a horizontally continuous thicker portion from which the
      base plate is tapered, a horizontal protrusion projecting from said
      thicker portion in opposition to a flange of said beam, a vertical
      protrusion in opposition to a web of said beam and projecting from said
      base plate to form with said horizontal protrusion a T-shaped protrusion,
      and seats formed on the base plate and formed with holes for bolts, and
      said lower flange fitting comprising a substantially rectangular base
      plate connected to said column having centrally a horizontally continuous
      thicker portion from which the base plate is tapered, a horizontal plate
      projecting from said thicker portion supporting a lower flange of said
      beam and formed with holes for bolts, a vertical reinforcement plate
      vertically extending downwardly from the horizontal plate forming
      therewith a T-shaped shelf, and seats formed on said base plate and formed
      with holes for bolts and bolt means interconnecting said fittings to said
      beam and said column through holes therein which register with said bolt
      holes in said fitting.
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ABST
PAL  A system providing an improved inflatable cushion of the type comprising
      two films of a thermoplastic fused together to provide a plurality of
      inflatable chambers between the films, with each chamber communicating
      with a central inlet opening through an inlet passageway; and an improved
      device for filling and sealing such a cushion. The inlet opening for the
      cushion extends through only one of the films, and the device has a nozzle
      which directs air into the opening against the portion of the other film
      which extends across the opening, so that the air will be evenly deflected
      through the inlet passageways to simultaneously inflate all the chambers
      in the cushion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to air cushions of the type comprising
      chambers filled with air between two films of thermoplastic material, and
      to devices for filling and sealing such air cushions.
PAR  2. Description of the Prior Art
PAR  Copending U.S. patent application Ser. No. 471,580, filed May 20, 1974 (the
      disclosure whereof is incorporated by reference herein) teaches and claims
      a novel inflatable cushion configuration and a simple and versatile system
      which affords inflating and sealing previously prepared inflatable air
      cushions of the new configuration at the site of their intended use. The
      novel cushions claimed in U.S. patent application Ser. No. 471,580,
      comprise two thin flexible films each having at least one surface formed
      by a heat sealable thermoplastic material. The films are positioned with
      their thermoplastic surfaces in face to face contact, and are fused
      together in discrete areas to provide a plurality of inflatable chambers
      between the films disposed around an opening in at least one of the films,
      with each chamber having a separate inlet passageway communicating with
      the opening. The system claimed includes this novel cushion and a device
      comprising nozzle means for directing air into the opening and inlet
      passageways to simultaneously inflate all the chambers, and a means for
      sealing shut the inlet passageways around the opening to seal an inflated
      cushion.
PAC  SUMMARY OF THE INVENTION
PAR  This application claims an improvement on the invention claimed in U.S.
      patent application Ser. No. 471,580 which improvement is disclosed but not
      claimed in that application.
PAR  A system according to the present invention includes an inflatable cushion
      having the aforementioned structure in which the opening extends through
      only one of the films, with a portion of the other film extending across
      the opening; and the use of a nozzle means which directs air through the
      opening and against the film portion across the opening so that the film
      portion across the opening will evenly deflect the air into all the inlet
      passageways to simultaneously inflate all of the chambers.
PAR  Preferably, the device includes an air directing nozzle with an open
      terminal end which, during inflation of the cushion, is centrally pressed
      against the film portion across the opening to help smooth and tension the
      inlet passageways around the nozzle in a proper orientation for filling.
      The nozzle may have apertures or notches formed in its terminal end to aid
      in promoting the even radially outward flow of air from the nozzle along
      the film portion across the opening.
PAR  Additionally, the novel device for inflating and sealing the cushions
      includes means for sequentially positioning inflatable cushions at an
      inflation station on the device, means for positioning the nozzle in the
      opening of a cushion positioned at the exposure station, and means for
      clamping the cushion at the exposure station at its edges with sufficient
      tension to insure smoothing of the cushion around the nozzle while
      affording frictional slippage of the cushion edges as is required to allow
      shortening of the cushion's peripheral dimension during inflation thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be further described with reference to the
      accompanying drawing wherein like numbers refer to like parts in the
      several views, and wherein:
PAR  FIG. 1 is a schematic illustration of a system according to the present
      invention for providing on site completion of air cushions;
PAR  FIG. 2 is a fragmentary plan view of a first embodiment of a strip material
      used in the system of FIG. 1;
PAR  FIG. 3 is a schematic illustration of the preparation of the strip material
      of FIG. 2;
PAR  FIG. 4 is an elevational side view, partially in section, of a device
      included in the system of FIG. 1 for inflating the strip material of FIG.
      2;
PAR  FIG. 5 is an end view, partially in section, of the device of FIG. 4;
PAR  FIG. 6 is a top view, partially in section, of the device of FIG. 4;
PAR  FIG. 7 is an enlarged fragmentary view, partially in section of an
      inflation station in the device of FIG. 4 illustrating a cushion
      positioned about an inflating nozzle therein;
PAR  FIG. 8 is an enlarged fragmentary view, partially in section of the nozzle
      in FIG. 7 during the inflation of a cushion; and
PAR  FIG. 9 is an enlarged fragmentary view, partially in section of the nozzle
      in FIGS. 7 and 8, but illustrated with a heated tube in position to seal
      an inflated cushion.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, there is schematically illustrated in FIG. 1
      a system according to the present invention for providing convenient
      completion of air filled cushions, such as are used in packaging, at the
      site of their intended use. The system comprises a strip material 12 which
      provides a concatenation of inflatable cushions 14 of the type illustrated
      in FIG. 2, and a device 16 which sequentially inflates and seals the
      cushions 14, after which the inflated cushions 14 may be separated from
      the strip material 12 and used as desired.
PAR  The strip material 12, as is best illustrated in FIG. 2, comprises first
      and second thin flexible films 18 and 20 each comprising a heat sealable
      polymeric thermoplastic material forming at least one surface, and
      positioned with their thermoplastic surfaces in face-to-face contact.
PAR  The first film 18 has a plurality of openings 22 which are spaced
      longitudinally of the strip material 12, and are generally centered across
      the width of the strip material 12. The films 18 and 20 are fused together
      under pressure and heat in discrete generally linear areas 24 to define,
      for each of the openings 22, a plurality of generally triangular
      inflatable chambers 26 between the layers 18 and 20. The chambers 26 are
      disposed around the opening 22 and each have a portion providing an inlet
      passageway 28 to the chamber 26 from the opening 22. Additional secondary
      triangular chambers 29 are formed around the chambers 26 to complete a
      desired pattern for the cushion 14. The chambers 29 each communicate with
      the opening 22 through one of the chambers 26 and a crossover passageway
      30, which passageways 30 afford inflation of the chambers 29 and shock
      absorption for the inflated cushion via air transfer between the
      interconnected chambers 26 and 29.
PAR  The films 18 and 20 may consist of a polyolefin such as polyethylene or
      polypropylene, or a layered film (e.g. coated, laminated or co-extruded
      film) such as a polyester backed ethylene vinyl acetate copolymer, a
      polyvinylidene chloride coated polyethylene, a thermoplastic coated paper
      or a polyolefin coated polyester. The main requirement for the film is
      that a heat sealable material forming at least one of its surfaces will
      fuse to a mating surface to form an air tight seal when the films are
      subjected to the application of moderate pressure and heat, and that it
      has desired strength and gas barrier properties. A polyester film coated
      with an ethylene vinyl acetate copolymer has been found to produce air
      cushions having a very high bursting strength, which may be particularly
      desirable for some applications.
PAR  As is schematically illustrated in FIG. 3, the strip material 12 is
      conveniently prepared by feeding the first and second film 18 and 20 along
      separate paths to a forming station 32. The first film 18 is fed past a
      punch mechanism 34 which punches the openings 22 along its length. At the
      forming station 32 the films 18 and 20 are supported on a planar surface
      35 in face-to-face contact with their edges aligned, and the face of an
      electrically heated die 36 having raised ridges in the configuration of
      the discrete areas 24 to be fused between the films 18 and 20 is pressed
      against the second film 20 to fuse the films 18 and 20 together.
      Alternatively the discrete areas 24 between the films 18 and 20 can be
      fused together by the known process of infra-red black line sealing using
      a copying machine such as the Model 47 "Thermofax" Copier sold by
      Minnesota Mining and Manufacturing Company, St. Paul, Minn.. Subsequent to
      fusing of the areas 24 a punch assembly 40 punches perforations 38 along
      the edges of the strip material 12 in a predetermined relationship with
      respect to the openings 22 to provide a means for indexing the strip
      material 12 in the device 16, and the strip material 12 is wound on a
      spool 42 for shipment to the site where the inflatable cushions 14 formed
      therein will be inflated and sealed.
PAR  The device 16 for inflating and sealing the cushions 14 is best seen in
      FIGS. 4 through 9. Generally the device 16 includes means for positioning
      the inflatable cushion 14 at an inflation station 43 defined on the device
      16, means for positioning a nozzle 44 in the opening 22 of the cushion 14
      with the surface of the cushion 14 smoothly supported around the nozzle 44
      and over a support surface 46 spaced a short distance from a terminal end
      45 of the nozzle 44 (see FIG. 7), means for directing air through the
      nozzle 44 to inflate the supported cushion 14 (see FIG. 8), and means for
      sealing the inflated chambers 26 in the cushion 14, including the end of a
      heated, hollow, cylindrical tube 48 which is pressed toward the support
      surface 46 around the nozzle 44 to seal shut the inlet passageways 28
      around the opening 22 (see FIG. 9).
PAR  The means for positioning the inflatable cushion 14 at the inflation
      station 43 includes a motor driven endless conveyor 50 comprising two
      endless chains 51. The chains 51 are movably supported on spaced walls 53
      of a frame 54 for the device 16 by a first and a second pair of sprockets
      57 and 58. Each pair of sprockets 57 and 58 is fixed to a common shaft
      rotatably mounted between the walls 53 to insure simultaneous movement of
      the chains 51. An adjustable idler sprocket 60 is also provided for
      tensioning each chain 51, so that the chains 51 will move along a
      generally linear path portion between the sprockets 57 and 58 and past the
      inflation station 43.
PAR  The chains 51 each carry a plurality of pins 62 spaced along the length of
      each chain 51 and positioned opposite each other between the chains 51.
      The pins 62 are adapted to enter the perforations 38 along the edges of
      the strip material 12, and thus make driving contact with the strip
      material 12 to drive it from the spool 42 which is rotatably supported on
      the frame 54, under a roller 63 which guides the strip material 12 onto
      the pins 62, along the linear path portion of the conveyor past the
      inflation station 43, and subsequently (after inflation) out of an outlet
      opening 64 in the frame 54.
PAR  A synchronous motor 65 supported on the frame 54 drives the conveyor 50
      through a sprocket 66 coupled to the motor 65, and a sprocket 67 coupled
      to the shaft on which are mounted the first pair of sprockets 57.
      Operation of the motor 65 is controlled by a cam 68 and switch 69 assembly
      in which the cam 68 is fixed to the shaft for the first pair of sprockets
      57, and the switch is fixed on the frames 54. The cam 68 has two equally
      spaced lobes, so that each half revolution of the first pair of sprockets
      57 (which are sized so that one half revolution thereof will advance the
      conveyor a distance equal to the length of one inflatable cushion to
      change the inflatable cushion 14 at the inflation station 43) will
      activate the switch 69 and via a control circuit for the device 16, will
      deactivate the conveyor 50 until the device is again activated to inflate
      another cushion 14. The cam 68 is properly indexed with respect to the
      pins 62 and perforations 38 in the strip material 12 to position an
      opening 22 in the strip material 12 at the inflation station 43 over the
      nozzle 44 after each operation of the motor 65.
PAR  The means for positioning the nozzle 44 in the opening 22 of a cushion 14
      at the inflation station 43 with the surface of the cushion 14 smoothly
      supported around the nozzle 44 includes a clamp and nozzle assembly 71.
      The clamp and nozzle assembly 71 can be moved into contact with the
      inflatable cushion 14 to first clamp its opposite edges in a fixed
      position, and then moves the terminal end 45 of the nozzle 44 into the
      opening 22 and the support surface 46 into engagement with the cushion 14
      at the inlet passageways 28 adjacent the opening 22 to tension and smooth
      the uninflated cushion 14 around the nozzle 44.
PAR  The clamp and nozzle assembly 71 includes a nozzle table 73 which supports
      the nozzle 44 with its terminal end 45 projecting outwardly at right
      angles to the strip material along the conveyor 50 path portion between
      the sprockets 57 and 58. The nozzle table 73 is guided for movement
      relative to the frame 54 in a direction at a right angle to the path
      portion for the conveyor 50 between the sprockets 57 and 58 by a rod 74
      which is slidable along slots 75 in both side walls 53. The nozzle table
      73 is fixed to a piston 76 of an air cylinder 77 which has its housing 78
      fixed to the frame 54. The nozzle table 73 is movable via the air cylinder
      77 between positions defined by the ends of the slots 75, including a
      retracted position (FIGS. 4 and 5) with the nozzle 44 spaced from the
      strip material 12 on the conveyor 50, and an extended position with the
      terminal end 45 of the nozzle 44 projecting through the conveyor 50 in a
      position to engage the opening 22 in an inflatable cushion 14 at the
      inflation station 43 (FIGS. 7, 8, and 9).
PAR  The nozzle table 73 also supports a clamping plate 80 which during movement
      of the nozzle table 73 from its retracted to its extended position
      provides means for lifting the cushion 14 at the inflation station 43 from
      the pins 62 prior to its inflation; and for clamping two opposite edges of
      the inflatable cushion 14 at the inflation station 43 with sufficient
      force so that further movement of the nozzle table 73 will press the
      nozzle 44 into the opening 22 in the clamped cushion 14 and smooth and
      tension it about the nozzle 44, while affording limited frictional
      movement of the edges of the cushion as the dimensions of the cushion 14
      shorten during its inflation.
PAR  The clamping plate 80 has four rods 83 projecting from its corners and
      mounted in axial sliding engagement through openings in the nozzle table
      73. A coil spring 84 is positioned around each of the rods 83 between the
      nozzle table 73 and the clamping plate 80 to provide means for biasing the
      clamping plate 80 toward an outer position relative to the nozzle table
      73, which position is defined by retaining collars 85 engaged with the
      ends of the rods 83. The clamping plate 80 has a central opening which
      will permit the nozzle 44 to project through the clamping plate 80. During
      movement of the nozzle table 73 toward its extended position, the clamping
      plate 80 will contact and press the cushion 14 on the conveyor 50 at the
      inflation station 43 against the clamping bars 81, securing the edges of
      the cushion 14 in place. Further movement of the nozzle table 73 toward
      its extended position will cause the nozzle table 73 to move along the
      rods 83 against the bias of the springs 84 (which exert increasing force
      to clamp the cushion 14 between the clamping plate 80 and the bars 81) and
      will cause the nozzle 44 to project through the clamping plate 80 where it
      will enter the opening 22 and subsequently raise the center of the cushion
      14 to smooth and tension it around the nozzle 44.
PAR  As is best seen in FIGS. 7, 8, and 9 the means for smoothing the cushion 14
      about the nozzle 44 also includes a cylindrical support 86 (preferably of
      a resilient heat resistant material such as silicon rubber) spaced from
      the terminal end of the nozzle 44. The support 86 provides the annular
      support surface 46 which is coaxial with the nozzle 44, is spaced axially
      a short distance from the terminal end 45 of the nozzle 44, and has a
      diameter selected to provide a predetermined conical shape for the portion
      of the cushion 14 tensioned over the nozzle 44 and support 86.
      Additionally, as is best seen in FIG. 8, when the nozzle table 73 is in
      the extended position the nozzle 44 and support 86 enter a hollow
      cylindrical ring 89 fixed to the frame 54. The ring 89 has an inner
      diameter about one-sixteenth to one-eighth inch larger than the outer
      diameter of the support 86, and a smooth frusto-conical terminal end which
      will contact and further smooth the cushion 14 around the support 86.
PAR  The nozzle 44, which is mounted on the nozzle table 73, is hollow, and has
      a central axis aligned in the direction of movement of the nozzle table
      73. The terminal end 45 of the nozzle 44 is open, and the nozzle 44 has an
      inlet opening 92 which is coupled to means for applying a regulated source
      of air under greater than atmospheric pressure. The nozzle 44 has a
      plurality of apertures 93 spaced around its periphery and formed in its
      terminal end 45 (see FIGS. 7 and 8). The apertures 93 are adapted to
      provide outward movement of air radially of the nozzle 44 when a cushion
      14 is tensioned over the terminal end 45 thereof. As is best seen in FIG.
      8, with the terminal end 45 of the nozzle positioned in the opening 22 of
      a cushion 14 tensioned over the nozzle 44, the air will exit through the
      apertures 93 along the portion of the second flexible layer 20 which
      extends across the opening 22, and enter the inlet passageways 28 to
      inflate the chambers 26. The ring 89 and support 86 for smoothing the
      cushion 14 insure that the inlet passageways 28 will be positioned to
      receive the air and insure even inflation of all the chambers 26 and 29.
PAR  It has been found that the cushion 14 can also be inflated by the nozzle 44
      when its terminal end 45 is spaced a short distance from the portion of
      the film 20 that extends across the opening 22. The portion of the film 20
      that extends across the opening 22 apparently deflects the stream of air
      from the open terminal end 45 evenly into all the adjacent inlet
      passageways 28 for the chambers 29. The spaced nozzle 44 does not provide
      the degree of smoothing for the cushion 14 around the opening 22 which is
      provided when the end 45 of the nozzle 44 is pressed against the film 20
      over the opening 22, however thus does not fill as reliably or afford as
      reliable a heat seal by the heated tube 48.
PAR  The means for sealing the inlet passageways 28 to the chambers 26 after the
      cushion 14 is inflated comprises the hollow cylindrical heated tube 48
      which is heated by an internal thermostatically controlled electric heater
      96 (e.g. controlled at a temperature at or above the heat sealing
      temperature of the films 18 and 20), and has an annular end sealing
      surface 97 adapted to contact and seal the cushion 14 (see FIG. 9). The
      end of the heated tube 48 opposite the sealing surface 97 is slidably
      mounted in a central opening in a cylindical guide 99 on the frame 54 to
      guide the heated tube 48 for axial movement, and is fixed to a piston rod
      101 of a cylinder 102 which has its housing 103 attached to the frame 54.
      The cylinder 102 can be activated to move the heated tube 48 between a
      waiting position spaced from an inflatable cushion 14 tensioned over the
      nozzle 44 with the nozzle table 73 in its extended position (see FIG. 8);
      and a sealing position at which the sealing end surface 97 of the heated
      tube 48 will be pressed against such a cushion 14 on the support surface
      46 to seal shut the inlet passageways 28 of the cushion 14 in a narrow
      band around its central opening 22 (see FIG. 9).
PAR  A control system (not shown) will cycle the device 16 to sequentially
      inflate and seal cushions 14 along the strip material 12. Assuming a
      cushion 14 to be inflated is positioned on the conveyor 50 at the
      inflation station 43, the control system first activates the air cylinder
      77, to move the nozzle table 73 from its retracted position (FIGS. 4 and
      5) toward its extended position. This causes the clamping plate 80 to
      clamp the ends of the cushion 14 against the clamping bars 81, after which
      movement of the clamping plate 80 stops while the nozzle table 73 moves
      relative thereto to position the terminal end 45 of the nozzle 44 in the
      opening 22 in the cushion 14, and tensions the cushion 14 around the
      nozzle 44 with the support 86 within the ring 89 to smooth the cushion
      around the nozzle 44 (see FIG. 7). The control system then maintains the
      nozzle table 73 in its extended position, while a source of air under
      greater than atmospheric pressure is connected to the inlet opening 92 of
      the nozzle so that air passes through the nozzle 44, radially out the
      apertures 93, enters the inlet passageways 28 and inflates the chambers 26
      and 29 in the cushion 14 (see FIG. 8). Preferably the inflation is done in
      two states, with air under a higher pressure initially applied (e.g. 60
      psi) to insure inflation of all the chambers 26 and 29 after which air
      under a lesser pressure (e.g. 15 psi) is applied to regulate the amount of
      pressure subsequently seealed in the chambers 26 and 29. This lesser
      pressure can be varied as desired to vary the resiliency of the inflated
      cushion 14.
PAR  After inflation, and while the air pressure is still being applied, the
      control circuit activates the cylinder 102 to move the tube 48 to its
      sealing position for a short predetermined time to press the sealing
      surface 97 of the heated tube 48 against the inlet passageways 28 over the
      support 86 thereby sealing shut the passages 28 (see FIG. 9). The
      continued application of air during the sealing process provides a
      desirable cooling effect for the sealed area of the cushion after the
      heated tube returns to its waiting position which restricts rupture of the
      seal area under the pressure of air in the chambers 26.
PAR  At the end of said predetermined time the control circuit returns the
      heated tube 48 to its waiting position and the nozzle table 73 to its
      retracted position, and activates the motor 65 to run the conveyor 50
      which via engagement between the pins 62 and the next cushion 14 to be
      inflated pushes the inflated cushion 14 from the outlet opening 64 in the
      frame 54 and positions said next cushion 14 at the inflation station 43
      (which position is determined when the cam 68 actuates the switch 69 to
      deactivate the motor). The cycle then repeats to inflate and seal the new
      cushion 14 at the inflation station 43.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for providing convenient on site completion of air cushions
      for use in packaging, said system comprising:
PA1  a plurality of inflatable cushions each having two thin flexible films,
      each film comprising a heat sealable thermoplastic forming at least one
      surface of the film, at least one of said films having an opening, and
      said films for each cushion being positioned with their thermoplastic
      surfaces in face-to-face contact and being fused together in discrete
      areas to define a plurality of inflatable chambers between the films
      disposed around the opening with each chamber having a separate inlet
      passageway communicating with the opening; and
PA1  a device for inflating and sealing the inflatable cushions, said device
      comprising:
PA1  means adapted for directing air simultaneously into said inflatable
      chambers around the opening of one of said cushions comprising:
PA2  a nozzle having a terminal end adapted to be positioned in the opening of
      any one of said cushions and having at least one aperture adapted to
      direct air into the inlet openings for the chambers of the cushion when
      said terminal end is positioned in the opening;
PA2  means for smoothly positioning any one of said inflatable cushions around
      said nozzle with said nozzle in the opening of the cushion;
PA2  means for applying a source of air under greater than atmospheric pressure
      through said nozzle to inflate one of said cushions positioned around said
      nozzle; and
PA2  means adapted for applying heat and pressure to seal shut the inlet
      passageways of said chambers around said opening subsequent to the
      inflation of the cushion;
PA1  the improvement wherein:
PA1  said opening in each of said cushions is formed in only one of the films of
      the cushion, with the other of said films being continuous across said
      opening; and
PA1  said means for positioning any one of said inflatable cushions around said
      nozzle includes means for clamping the cushion at its edges; and means for
      positioning said nozzle in the opening of the cushion with the terminal
      end of said nozzle pressed against the film extending across the opening,
      said means for clamping the cushion being adapted to engage the cushion
      with a force which affords pressing the terminal end of said nozzle
      against the film extending across its opening to tension the cushion
      around the nozzle so that air from said air source means will be deflected
      by said film extending across the opening into said inlet passageways to
      simultaneously inflate all the chambers in the cushions, while affording
      frictional slippage of the edges of the cushion as the edge to edge
      dimensions of the cushion decrease during the inflation thereof.
NUM  2.
PAR  2. A system according to claim 1, wherein said nozzle has an open terminal
      end adapted to be pressed against the film extending across said opening,
      and has a plurality of apertures formed in and spaced around said terminal
      end to insure radial distribution of said air from said terminal end,
      along said film extending across said openings and into said inlet
      passageways.
NUM  3.
PAR  3. A system according to claim 1, wherein said cushions are concatenated
      into a strip material, and said device further includes conveyor means for
      sequentially positioning the cushions adjacent said nozzle and for
      sequentially operating said positioning means, air source means, and
      sealing means to inflate and seal said cushions.
NUM  4.
PAR  4. A system according to claim 1, wherein said means for smoothly
      positioning any one of said inflatable cushions around said nozzle further
      comprises a support having an annular support surface, said support
      surface being coaxial around said nozzle, being adjacent and spaced a
      short distance from the terminal end of said nozzle, and having a diameter
      adapted to provide a predetermined conical shape for the portion of the
      cushion between the nozzle and the support and to smoothly support the
      inlet passageways of the cushion around said nozzle when the cushion is
      tensioned around said nozzle.
NUM  5.
PAR  5. A system according to claim 4, wherein said means for smoothly
      positioning any one of said inflatable cushions around said nozzle further
      comprises a cylindrical member having a bore of a diameter larger in
      dimension than the diameter of said support member by a predetermined
      amount adapted to allow a circular portion of the cushion to be positioned
      therebetween, and having a terminal end adapted to contact the cushion,
      said cylindrical member being positioned coaxially around said support
      member with said terminal end contacting the surface of said cushion
      opposite that contacted by said support surface and with the portion of
      the cushion extending from the support surface being positioned between
      said support member and said cylindrical member when said means for
      positioning said nozzle presses the nozzle against the film extending
      across the opening of the cushion.
NUM  6.
PAR  6. A device adapted for inflating and sealing an inflatable cushion
      comprising two thin flexible films, each film comprising a heat sealable
      thermoplastic forming at least one surface of the film, one of said films
      having an opening, and said films being positioned with their
      thermoplastic surfaces in face-to-face contact and being fused together in
      discrete areas to define a plurality of inflatable chambers between the
      films disposed around and each having a separate inlet passageway
      communicating with the opening, said device comprising:
PA1  a hollow nozzle having an axis, a terminal end adapted to project axially
      into the opening of a said cushion and contact the portion of said film
      extending across said opening, and at least one aperture adapted to direct
      air into the inlet openings for the chambers when the terminal end is thus
      positioned in said opening;
PA1  means adapted for smoothly positioning a said inflatable cushion around
      said nozzle comprising means adapted for tensioning the cushion over said
      nozzle with the terminal end of the nozzle in the opening in the cushion;
      and a support having an annular support surface said support surface being
      coaxial around said nozzle, being adjacent and spaced a short distance
      from the terminal end of said nozzle, and having a diameter adapted to
      provide a predetermined conical shape for the portion of the cushion
      tensioned between the nozzle and the support and to smoothly support the
      inlet passageways of the cushion around said nozzle;
PA1  means for applying a source of air under greater than atmospheric pressure
      through said nozzle to direct said air simultaneously into all of said
      inlet passageways to inflate the chambers of the cushion; and
PA1  means adapted for applying heat and pressure to seal shut the inlet
      passageways of said chambers around said opening against said support
      surface subsequent to inflation of said cushion.
NUM  7.
PAR  7. A device according to claim 6, wherein said nozzle has an open terminal
      end adapted to be pressed against the film extending across said opening,
      and has a plurality of apertures formed in and spaced around said terminal
      end to insure radial distribution of said air from said terminal end,
      along said film extending across said openings and into said inlet
      passageways.
NUM  8.
PAR  8. A device according to claim 6, wherein said means adapted for tensioning
      the cushion over said nozzle includes means for clamping the cushion at
      its edges around said nozzle for a force which affords pressing the
      terminal end of said nozzle against said film extending across said
      opening, and which affords frictional slippage of the edges of said
      cushion as the edge to edge dimensions of said cushion decrease during the
      inflation thereof.
NUM  9.
PAR  9. A device according to claim 6, adapted for use with cushions
      concatenated into a strip material, wherein said device further includes
      conveyor means for sequentially positioning the cushions adjacent said
      nozzle and for sequentially operating said positioning means and air
      source means and heat and pressure source means to inflate and seal said
      cushions.
NUM  10.
PAR  10. A device according to claim 6, wherein said means for smoothly
      positioning a said inflatable cushion around said nozzle further comprises
      a cylindrical member having a bore of a diameter larger in dimension than
      the diameter of said support member by a predetermined amount adapted to
      allow a circular portion of the cushion to be positioned therebetween, and
      having a terminal end adapted to contact the cushion, said cylindrical
      member being positioned coaxially around said support member with said
      terminal end contacting the surface of said cushion opposite that
      contacted by said support surface and with the portion of the cushion
      extending from the support surface being positioned between said support
      member and said cylindrical member when said means for tensioning the
      cushion over said nozzle presses the nozzle against the film extending
      across the opening of the cushion.
NUM  11.
PAR  11. A method for inflating and sealing an inflatable cushion comprising the
      steps of:
PA1  providing a cushion having two thin flexible films, each film comprising a
      heat sealable thermoplastic forming at least one surface of the film, one
      of said films having an opening, and said films being positioned with
      their thermoplastic surfaces in face-to-face contact and being fused
      together in discrete areas to define a plurality of inflatable chambers
      between the films disposed around and each having a separate inlet
      passageway communicating with the opening;
PA1  positioning a nozzle having a terminal end into the opening of the cushion
      with the terminal end of the nozzle contacting the portion of the film
      extending across the opening;
PA1  tensioning the cushion around the nozzle to provide a predetermined conical
      shape for a portion of the cushion around said nozzle;
PA1  smoothing the predetermined conical shaped portion of the cushion around
      said nozzle;
PA1  applying a source of air under greater than atmospheric pressure through
      said nozzle so that the air will be evenly deflected by the film across
      said opening simultaneously into all of the inlet passageways to inflate
      the chambers of the cushion;
PA1  allowing the edges of said tensioned cushion to move toward said nozzle
      while maintaining said tensioning of the cushion as the edge to edge
      dimensions of the cushion decrease during the inflation thereof; and
PA1  applying heat and pressure to seal shut the inlet passageways of the
      chambers around the opening subsequent to inflation of the cushion.
PATN
WKU  039382990
SRC  5
APN  4677919
APT  1
ART  324
APD  19740507
TTL  Packaging system and method
ISD  19760217
NCL  11
ECL  7
EXA  Culver; Horace M.
EXP  McGehee; Travis S.
NDR  3
NFG  5
INVT
NAM  Lerner; Bernard
CTY  Hudson
STA  OH
ASSG
NAM  Automated Packaging Systems, Inc.
CTY  Twinsburg
STA  OH
COD  02
RLAP
COD  72
APN  336560
APD  19730228
RLAP
COD  82
APN  139453
APD  19710503
PSC  01
PNO  3815318
CLAS
OCL   53 22B
XCL   53 29
XCL   53 37
XCL   53112B
XCL   53187
XCL   53385
EDF  2
ICL  B65B 3100
ICL  B65B  500
ICL  B65B  706
FSC   53
FSS  22 A;22 B;24;29;37;39;40;385;112 A;112 B;187;373;389;124 A:124 B;124 C
UREF
PNO  2633684
ISD  19530400
NAM  Rohdin
OCL   53112A
UREF
PNO  2852898
ISD  19580900
NAM  Berg
XCL   53373
UREF
PNO  2919990
ISD  19600100
NAM  Podlesak et al.
OCL   53112A
UREF
PNO  3010265
ISD  19611100
NAM  McClosky
OCL   53112A
UREF
PNO  3070931
ISD  19630100
NAM  Zwight
XCL   53187
UREF
PNO  3075325
ISD  19630100
NAM  Liedtke
XCL   53389
UREF
PNO  3448555
ISD  19690600
NAM  Shabram
OCL   53 29
UREF
PNO  3477196
ISD  19691100
NAM  Lerner
OCL   53 22B
UREF
PNO  3481102
ISD  19691200
NAM  Dolman
OCL   53 29
UREF
PNO  3492775
ISD  19700200
NAM  Rhine et al.
OCL   53 29
UREF
PNO  3699746
ISD  19721000
NAM  Titchenal et al.
OCL   53187
LREP
FRM  Watts, Hoffmann, Fisher & Heinke Co.
ABST
PAL  A packaging system utilizes a resilient pressure roll to compress a
      flexible wall of open, loaded container portions of a packaging web as the
      container portions are moved with the web from one work station to
      another. The pressure roll participates in feeding the web while expelling
      air from the loaded container portions to closely conform the container
      portions to articles therein and isolating portions of the web at the
      first work station from forces applied to the web at the second work
      station. Typically, the container portions are loaded at the first work
      station and closed, sealed, and severed from the remainder of the web at
      the second work station.
PARN
PAC  CROSS REFERENCE TO RELATED PATENTS AND APPLICATIONS
PAR  The present application is a continuation-in-part of an application
      entitled PACKAGING METHOD AND APPARATUS, Ser. No. 336,560, filed Feb. 28,
      1973 as a continuation-in-part of application Ser. No. 139,453, filed May
      3, 1971, and now U.S. Pat. No. 3,815,318, entitled PACKAGING METHOD AND
      APPARATUS, here the "Machine Patents" the disclosures of which are
      incorporated by reference.
BSUM
PAR  FLEXIBLE CONTAINER STRIPS, U.S. Pat. No. 3,254,828 issued June 7, 1966, to
      Hershey Lerner, here the "Article Patent."
PAR  PACKAGING APPARATUS AND METHOD, Ser. No. 374,902, filed June 29, 1972 by H.
      Hampton Loughry, and now U.S. Pat. No. 3,861,113, here the "Deflation
      Patent."
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to packaging and more particularly to a
      packaging system and method wherein articles are packaged in successive
      container portions of packaging webs with the container portions closely
      conformed to the articles and wherein individual packages are separated
      from the web without any adverse effects on portions of the web being
      loaded.
PAR  2. Prior Art
PAR  The Article Patent describes a packaging web or container strip formed by a
      chain of interconnected container detachable bag-like portions. The
      container portions each define a load opening in one face and a transverse
      seal line defining a closed end of each container portion. The other face
      of each container is connected to a contiguous container portion along a
      preformed line of weakness so that the container portions are relatively
      easily detached from the web.
PAR  The Machine Patents disclose packaging apparatuses for feeding such a web
      or strip of container portions to a loading station at which successive
      container portions are opened, loaded, closed, sealed and severed from the
      web. The closure is effected by a pair of relatively movable closure
      members which engage the open end region of the container portion, to
      clamp the faces of the container portion together. The closure is then
      secured, typically by heat sealing the faces together.
PAR  In some packaging applications, it is desirable to confine a quantity of
      air in the sealed containers to prevent the contents from being crushed or
      damaged during shipment. In other packaging applications, it is desirable
      to deflate the containers before they are sealed to minimize the volume of
      the sealed containers. While the apparatus of the Machine Patents are well
      adapted to confine a quantity of air in containers as they are closed and
      sealed, such apparatuses do not address the problem of deflating
      containers prior to closure.
PAR  The Deflation Patent describes a resilient pressure pad including a
      plurality of resilient elements which are individually compressible
      against a loaded container portion to conform the container portion to the
      shape of its contents and in so doing expel air from the container portion
      prior to its closure.
PAR  Where relatively long articles are packaged, the use of such a pressure pad
      to deflate a loaded container portion requires that the pressure pad be
      quite lengthy. Moreover, where the container portions are relatively long
      and narrow, a lengthy pressure pad brought into engagement with the full
      side area of the container portion may tend to close its open end before
      the expulsion of air from regions near the closed end of the container
      portion.
PAR  Furthermore, when apparatus of the character described in the Machine
      Patents is used to package articles such as flexible sheet paper material,
      fabrics, and so forth which must be hand-loaded, the packaging process can
      be cumbersome and time consuming. Since the apparatus utilizes a single
      station for loading, closing and sealing, the operator must wait until one
      sealing operation is completed before a subsequent container portion is
      positionable for loading. Loading the subsequent container portion must be
      accomplished by stuffing the article into the container portion between
      the closure members. Even though the closure members are separated, their
      presence adjacent the load opening tends to impede the loading procedure.
      The container portion being loaded is usually unsupported and this, along
      with the obstruction created by the closure members substantially slows
      the loading process. If the subsequent container portion is to be
      deflated, this step must occur between the loading and sealing steps.
      Thus, the difficulties in hand loading along with the deflation operation
      increases the cycle time of the apparatus appreciably.
PAR  A problem which is frequently encountered in packaging applications is the
      need to isolate web portions in one location or work station from forces
      which are applied to web portions in a nearby location or work station.
      For example, where a loaded container portion is severed from the end of a
      web by exerting forces on the loaded container portion for tearing from
      the web along the line of weakness between the container portion and the
      web, the tearing force can be transmitted along the web to other lines of
      weakness remote from the loaded container portions. If adequate
      precautions are not taken to prevent transmission of such forces along the
      web, two or more container portions will be severed from the web
      simultaneously.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved packaging system and method
      wherein hand loading of container portions is greatly facilitated and can
      be accomplished while a previously loaded container portion is being
      severed and/or sealed closed, wherein the loaded container portions are
      closely conformed to the articles contained in them without increasing the
      cycle time of the apparatus and in which forces applied to the loaded
      container portions during severing are not transmitted along the web to
      remote lines of web weakness.
PAR  In accordance with the principles of the present invention, a packaging web
      or container strip, formed by a plurality of container portions, each
      defined at least by a load opening and a line of weakness along which the
      container portion is severable from the web, is fed to a loading station
      and then to a work station at which the loaded container portions are
      closed and/or severed from the web. The web is supported at the loading
      station so that articles are relatively easily hand loaded into one or
      more container portions which are disposed at the loading station. Loaded
      container portions are closed and/or severed at the work station while
      hand loading takes place at the loading station.
PAR  A web engaging unit is disposed between the loading stations and the work
      station which functions to participate in feeding the web from the loading
      station to the work station, closely conform the loaded container portions
      to their contents by expelling air from each successive loaded container
      portion as it moves to the work station and to isolate the web portion at
      the loading station from forces applied to a loaded container portion at
      the work station.
PAR  In one preferred embodiment of the invention, a loading station is defined
      above a work station at which loaded container portions are sealed, closed
      and severed from a web. A web of interconnected bag-like container
      portions descends along an inclined, generally vertical path provided by
      the loading station and to the work station. The container portions are
      fed closed-end first so that the load opening of each container portion is
      oriented upwardly for easy loading. A pair of rolls, at least one of which
      is a soft, resiliently deformable pressure roll, is provided between the
      loading and work stations and loaded container portions are fed by and
      between the rolls to the work station. As each loaded container portion
      passes between the rolls, the resiliently deformable roll urges the
      container portion into close conformity with its contents and expels air
      from the container portion through its load opening. The deformable roll
      also grips the web when a loaded container portion has been properly fed
      to the work station to effectively isolate web portions at the loading
      station from such forces as may be applied to web portions which have been
      fed beyond the deformable roll.
PAR  The work station of the preferred embodiment includes a gripper bar
      assembly, sealing bar and heater bar which are movably mounted to sever a
      gripped and sealed container portion from the remainder of the web as
      described in the referenced Machine Patents.
PAR  A general object of the present invention is the provision of a novel and
      improved packaging system and method utilizing a resilient pressure roll
      for compressively engaging loaded flexible wall containers without
      damaging their contents.
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a packaging apparatus constructed in
      accordance with the present invention;
PAR  FIG. 2 is a side elevational view on an enlarged scale with portions broken
      away and shown in cross section;
PAR  FIG. 3 is a fragmentary cross-sectional view of a portion of the packaging
      apparatus illustrated in FIG. 1 with parts removed and on a scale which is
      larger than the scale of FIG. 1;
PAR  FIG. 4 is a schematic cross-sectional view of a portion of the apparatus
      illustrated in FIG. 1; and,
PAR  FIG. 5 is a schematic elevational view seen approximately from the plane
      indicated by the line 5--5 of FIG. 4 with parts illustrated in a different
      operating position.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A packaging system 10 constructed in accordance with the preferred
      embodiment of the present invention is illustrated in FIG. 1. The system
      10 comprises a base frame 12 which supports a packaging machine body 14
      and provides for packaging articles A in a packaging web, or container
      strip, indicated at 16.
PAR  In the illustrated embodiment of the invention, the web or strip 16 is a
      film-like heat-sealable plastic material, such as polyethylene, which is
      constructed as disclosed by the above-referenced U.S. Article patent, U.S.
      Pat. No. 3,254,828. The web or strip 16 therefore is defined by a series
      of container portions C, each of which is defined by a transverse heat
      seal 20 forming a closed end of the container portion, a load opening 22
      remote from the heat seal 20, a transverse line of weakness 24, which in
      the illustrated web is a line of perforations coextending with the load
      opening 22 to permit the container portion C to be severed from the web or
      strip 16.
PAR  The packaging system 10 includes a web supply, generally indicated at 30, a
      loading station 32, and in the illustrated embodiment of the invention, a
      work station 34 at which loaded container portions C are closed, sealed
      closed, and severed from the web 16 to form a completed package for the
      articles A. The web 16 is fed from the web supply 30 through the machine
      body 14 by a web feeding mechanism which advances the web intermittently
      along a path of travel from the web supply 30 through the loading station
      32 and to the work station 34. A web engaging unit 40 is disposed between
      the loading station 32 and the work station 34 on the path of web travel
      for cooperating with the feeding mechanism in advancing the web through
      the loading station, closely conforming loaded container portions to
      articles therein by expelling air from the loaded container portions as
      they are fed to the work station 34, and isolating the portions of the web
      16 at the loading station 32 from forces applied to loaded container
      portions C at the work station 34.
PAR  In the preferred embodiment of the invention the web supply 30 is supported
      between upstanding support frame legs 50, 52 and is defined by a mandrel
      54 removably supported between the legs 50, 52 and the web roll 56 which
      is rotatable on the mandrel with respect to the legs to enable the web or
      strip 16 to be let off from the roll by the web feeding mechanism. The web
      supply 30 can be of any conventional or suitable construction and
      therefore is not described in further detail.
PAR  Container portions of the web 16 are opened and supported for loading at
      the loading station 32. The illustrated loading station 32 is defined by
      an upstanding sheet metal support member 54 fixed atop the machine body 14
      and defining a web supporting wall structure 55 extending upwardly from
      the body 14 at a slight incline towards the rear of the machine, and
      supporting side walls 56, 57 which are disposed at right angles to the
      wall 55, extend rearwardly along the machine body and terminate in
      vertically disposed stiffening lips.
PAR  The web 16 extends over the top of the wall 55 and downwardly along the
      front face of the wall where the web is supported so that the articles A
      can be hand loaded into successive ones of the container portions C as
      illustrated in FIGS. 1 and 2.
PAR  A container opening unit 58, by which successive container portions C at
      the loading station are opened for loading, is supported on the member 54.
      The unit 58 produces a stream of air which flows downwardly along the wall
      55 to blow open and partially inflate each successive container portion C
      for loading. In the illustrated and preferred embodiment of the invention,
      the unit 58 comprises a generally U-shaped tubular sheet metal manifold 59
      defining an air directing opening 60 in the form of a narrow,
      downwardly-oriented slot which extends across the full width of the wall
      55. Opposite end portions 61 of the manifold 59 extend rearwardly along
      the exterior of the side walls 56, 57 and each manifold end portion is
      provided with a supporting clamp assembly 62 by which the manifold end
      portions 61 are supported in elongated side wall slots 63. Each clamp
      assembly 62 includes a knob 64 which, when loosened, enables the unit 58
      to be slid to a desired location along the slots 63 to enable adjustment
      of the effective length of the loading station. The knob 64 is then
      tightened to secure the manifold in position. A blower unit 65 is
      supported in one manifold end portion to induce a flow of air into the
      manifold and through the air directing slot 60.
PAR  As is best seen in FIG. 2, the web 16 is fed between the wall 55 and the
      manifold 59 so that as each load opening of a container portion C passes
      downwardly beyond the air directing slot 60, that container portion is at
      least partially inflated to open the container portion for loading.
PAR  The manifold 59 is preferably positioned so that the length of the wall 55
      extending below the opening 60 is at least equal to the length of one
      container portion C. This permits loading of such a container portion
      while it is stationary at the loading station and even while the container
      portion is moving downwardly along the wall 55.
PAR  The work station 34, in the preferred and illustrated embodiment of the
      invention, functions to close and seal a loaded container portion at the
      station 34, while substantially at the same time severing the container
      portion from the web to provide a completed package. As is best seen in
      FIGS. 3-5 the station 34 is defined by a closure and sealing assembly
      generally indicated by the reference character 90, and a severing
      mechanism 92 (FIG. 5).
PAR  The closure and sealing assembly 90 includes a pair of relatively movable
      closure units 100, 101 which close, grip and seal a loaded container
      portion C which is registered with the station 34. The closure unit 100
      includes a closure bar 102 supported on rods 103 for movement toward and
      away from the closure unit 101 by an actuator 104. As described in detail
      in the Machine Patents, the closure bar 102 carries a resilient pad
      assembly 105 for engaging the open region of the container portion C and
      effecting its closure by clamping the end region against the closure unit
      101.
PAR  The unit 101 includes a guard bracket 106 defining a slot 107 extending in
      a direction transverse to the container portion C. A gripper assembly 110
      and a heater bar 112 are positioned inwardly of the slot 107. During the
      final inward clamping movement of the closure bar 102, a portion of the
      now closed end region of the container portion C is pressed through the
      slot 107 and into engagement with the gripper assembly 110 and the heater
      bar 112 to heat seal the container portion closed.
PAR  The closure and sealing assembly 90 is supported by the severing mechanism
      92 for pivotal movement downwardly away from the loading station 32 to
      sever a gripped loaded container portion from the remainder of the
      packaging web 16. As illustrated in FIG. 5, the mechanism 92 comprises a
      member 114 which supports the assembly 90 and is connected to the machine
      body 14 at one end by a hinge 115 and at its other end by an actuator 116.
      The actuator 116 is retracted when the assembly 90 operates to clamp the
      container portion C, and when the container portion is clamped by the
      assembly 90, the actuator 116 is extended to pivot the support member 114
      about the hinge 115 and thus apply a severing force to the line of
      weakness between the clamped container portion C and the remainder of the
      web. A container portion C is shown gripped between the closure units 100,
      101 in FIG. 4, and in FIG. 5 the pivotal movement of these units is
      illustrated as having effected the severance of the container portion C.
      After severance the now closed and sealed package is dropped from the
      assembly 90 when the actuator 104 returns the units 100, 101 to their
      initial position, and the actuator 116 is retracted to return the assembly
      90 to its initial position.
PAR  The web engaging unit 40 isolates the web portions at the loading station
      32 from the severing forces applied by the mechanism 92. The structure and
      operation of the assembly 90 and the mechanism 92 are described in greater
      detail in the Machine Patents to which reference should be made if further
      detailed information is desired.
PAR  Referring again to FIG. 2, the web path of travel from the web supply 30
      through the work station 34 is defined by the web feeding mechanism. The
      web 16 enters the machine body 14 from the web supply 30 and trained over
      web guiding idler rollers 120, 122, 124 all of which are supported for
      free rotation in the body 14. The web 16 passes from the roller 124
      through a nip 125 defined by feed rolls 126, 128. In the illustrated
      embodiment of the invention the roll 126 is driven from an electric drive
      motor 130 via a suitable transmission, schematically shown at 132. The
      roll 126 is in driving engagement with the roll 128 via the web 16 between
      them so that the rollers 126, 128 rotate together substantially without
      slipping as they pull the web 16 from the web supply 30. The roll 128 may
      be provided with a soft resiliently deformable peripheral portion if
      desired or may be provided with a relatively rigid rubber-like periphery,
      depending on intended usage of the system 10.
PAR  The web 16 extends from the roll 126, 128 over a guide idler roller 130
      which is rotatably supported between the side walls 56, 57, a position
      adjustable guide idler roller 132 and a final guide idler roller 134 which
      is rotatably supported at the upper end of the loading station wall 55 for
      directing the web 16 downwardly through the loading station 32.
PAR  The web 16 is fed from the rolls 126, 128 to the work station 34 by the web
      engaging unit 40 in cooperation with the feed roll 128. As is best
      illustrated in FIGS. 2 and 3, the unit 40 includes a soft resiliently
      deformable roll member 144 which is biased towards engagement with the
      roll 128 so that loaded container portions C are engaged between the rolls
      128, 144 at a location between the stations 32, 34. When the motor 130
      operates the roll 128 is rotated in the manner described above and, with
      the cooperating roll 144, advances loaded container portions C to the work
      station 34 from the loading station 32.
PAR  The feed rolls 126, 128 are intermittently driven by their motor 130 so
      that successive loaded container portions C are accurately located at the
      work station 34 for sealing and severing in the manner described above.
      Webs having container portions C of various lengths are usable in the
      system 10 and to appropriately position container portions at the web
      station 34, the length of the web path of travel between the work station
      34 and the rolls 126, 128 must be adjustable. The roller 132 is adjustably
      positionable to alter the length of the web path of travel. As is best
      seen in FIG. 2 the roller 132 is supported at its opposite ends by arms
      140 which in turn are rotatably supported by the respective adjacent
      loading station side walls 56, 57. The arms 140 are preferably supported
      by a manually operated clamp 142 so that the arms may be swung about their
      supports in the walls 56, 57 to alter the position of the roller 132 as
      desired to adjust the web path length.
PAR  Once the length of the web path of travel from the rolls 126, 128 to the
      work station 34 is appropriately adjusted, intermittent feeding of the web
      16 is governed by a web position sensing unit 150 which terminates
      operation of the roll drive motor 130 in response to the sensed presence
      of a predetermined web location at the unit 150. The unit 150 may be of
      any suitable construction but in the preferred and illustrated embodiment
      of the invention is a spark detecting device which is effective to sense
      the presence of a web line of weakness at the roller 124 and terminate
      operation of the motor 130 in response to such detection.
PAR  The roll 128 is rotatably supported by bearing elements 160, only one of
      which is illustrated in FIG. 2, which are in turn supported for rotation
      about a cam element 162 by movement of a lever 164. The lever 164 is
      manually moved clockwise, as seen in FIG. 2, to shift the roll 128 away
      from the roll 126 to enable initial threading of the web 16 between the
      rolls 126, 128.
PAR  In addition to cooperating in feeding of the web 16 from the loading
      station 32 to the work station 34, the web engaging unit 40, and
      particularly the roll 144, function to closly conform the loaded container
      portions C to their contents by expelling air from the container portions
      as such container portions are fed to the work station 34 and, further,
      isolates the portion of the web at the loading station 32 from severing
      forces applied to the container portions at the work station 34.
PAR  In the preferred and illustrated embodiment of the invention the web
      engaging unit 40 includes the roll 144 and a roll supporting mechanism 170
      for positioning the roll 144 and biasing the roll 144 towards the roll
      128.
PAR  The roll 144 is formed by a plurality of annular soft foam rubber elements
      172 (see FIG. 5) supported in side-by-side relationship on a central shaft
      174. The elements 172 are freely rotatable on the shaft 174 and are
      individually deformable as a loaded container portion passes the roll 144
      so that the expulsion of maximum air from the container portion by the
      roll 144 is assured. Container portions C passing to the work station 34
      are thus closely conformed to their contents.
PAR  The roll supporting mechanism 170 comprises a pair of roll supporting
      levers 176 disposed at respective opposite ends of the roll 144 and which
      are fixed to an articulating rod 178 extending between opposite side walls
      of the machine body 14 parallel to and vertically elevated from the axis
      of the roll 144.
PAR  The levers 176 are generally L-shaped with upwardly extending arms 180
      fixed to the articulating rod and outwardly projecting arms 182 extending
      forwardly from the machine 14. The roll shaft 174 is fixed to the levers
      176 at the junctures of the arms 180, 182 so that the roll 144 can be
      swung by the levers 176 about the axis of the articulating rod 178 away
      from the roll 128.
PAR  The projecting arms 182 are connected together by a handle bar 190 which
      enables the levers 176 and roll 144 to be manually swung away from the
      roll 128 to enable the web 16 to be initially disposed between the rolls
      144, 128. The combined weight of the projecting arms 182 and the handle
      bar 190 exert a counterclockwise torque on the levers 176, as viewed in
      FIG. 2, which biases the roll 144 toward engagement with the feed roll
      128. This biasing force is augmentable by springs if desired.
PAR  While a single embodiment of the invention is illustrated and described in
      considerable detail, the invention is not to be considered limited to the
      precise construction of the preferred embodiment. Various adaptations,
      modifications and uses of the invention may occur to those skilled in the
      art to which the invention pertains and the intention is to cover all such
      adaptations, modifications and uses which fall within the spirit and the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for packaging articles in container portions defined by a
      container strip comprising:
PA1  a. container strip storage means for a web-like container strip;
PA1  b. a work station at which loaded container portions of a container strip
      are successively subjected to a packaging operation;
PA1  c. container strip advancing means for advancing a container strip from
      said storage means to said work station; and,
PA1  d. structure establishing a generally loop-like path of container strip
      travel extending upwardly from said advancing means so that the container
      strip is moved from said advancing means through said loop-like path
      returned to said advancing means and proceeds to said work station, said
      structure comprising a container strip loading station means including a
      support member providing a relatively rigidly supported portion of said
      loop-like path extending from said advancing means and along which
      articles are loaded into successive container portions of the container
      strip;
PA1  e. said advancing means including first and second cooperating container
      strip advancing roll members, said first roll member engaging the
      container strip for advancing the container strip from said storage means
      to said loop-like path of travel, said first and second roll members
      defining a nip through which the container strip is advanced from said
      loop-like path of travel to said work station when said first and second
      roll members rotate, one of said first and second roll members defining a
      peripheral surface portion resiliently engaging said container strip at
      said nip for compressively engaging the container strip with articles
      therein to flatten container portions advanced to said work station.
NUM  2.
PAR  2. The apparatus claimed in claim 1 wherein said one roll member defines at
      least a resiliently deformable peripheral surface portion for
      compressively engaging loaded container portions during movement from said
      loading station to said work station.
NUM  3.
PAR  3. The apparatus claimed in claim 2 wherein said surface portion of said
      one roll member is biased toward engagement with said other roll member.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said support member extends above said
      nip for supporting the container strip continuously along a length at
      least equal to the length of one of said container portions.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said work station is defined in part by
      severing means for severing a loaded container portion from the container
      strip, said first and second roll members cooperating to isolate container
      strip regions at said loading station from such forces as are produced by
      said severing means.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein said structure for providing
      said loop-like path of travel further comprises a container strip engaging
      guide member and mechanism adjustably supporting said guide member for
      movement relative to said container strip advancing for changing the
      length of said loop-like path of travel.
NUM  7.
PAR  7. A method of packaging articles in a web-like container strip defining a
      series of container portions comprising:
PA1  a. stationing a container strip at a supply station;
PA1  b. providing a loading station at which articles to be packaged are
      inserted into successive container portions;
PA1  c. establishing a work station at a location generally below the loading
      station and at which an operation is performed on successive loaded
      container portions;
PA1  d. stationing a container strip feeding means at a location generally above
      the level of the work station and below the level of the loading station
      with at least part of said strip feeding means interposed between said
      work and loading stations;
PA1  e. feeding the container strip from said supply station through said
      loading and work stations including:
PA2  i. advancing the container strip along a path of travel extending from said
      supply station to said feeding means;
PA2  ii. moving the container strip upwardly from said feeding means in a
      loop-like path of travel which extends past said loading station and
      proceeds downwardly toward said work station to said feeding means;
PA2  iii. advancing the container strip through said feeding means to said work
      station;
PA1  f. supporting the container strip at said loading station along a
      relatively rigid surface which extends along a a portion of said loop-like
      path of travel through a length at least equal to the length of the
      container portions of the container strip;
PA1  g. loading articles into container portions of the container strip
      supported at said loading station; and,
PA1  h. closely conforming loaded container portions to articles therein to
      expel air from the container portions as each successive container portion
      passes through said feeding means proceeding toward said work station.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein closely conforming the container
      portions to articles therein includes resiliently engaging loaded
      container portions with a periphery of a feed roll member while advancing
      the container strip to the work station.
NUM  9.
PAR  9. A method as claimed in claim 7 further including closing and sealing
      loaded container portions at said work station.
NUM  10.
PAR  10. A method as claimed in claim 9 further including separating loaded
      container portions from the container strip at the work station and
      operating said feeding means to isolate the container strip along said
      loop-like path from separating forces applied at said work station.
NUM  11.
PAR  11. A method as claimed in claim 7 further including adjusting the extent
      of said loop-like path to coordinate performance of operations at said
      work station with the length of the container portions and feeding of the
      container strip.
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ABST
PAL  The present invention relates to an arrangement in refuse chutes for
      collecting refuse received from said chute.
PARN
PAR  This is a continuation of application Ser. No. 339,686, filed Mar. 9, 1973,
      now abandoned.
BSUM
PAR  For the collection of refuse from refuse chutes one has hitherto used
      collecting receptacles in the form of barrels or bins which have been
      placed beneath the refuse chute and are emptied when filled or at regular
      intervals. One disadvantage with such receptacles is that they are
      difficult to handle owing to their large dimensions, this being true in
      the case said receptacles are not integrated in an automatic refuse
      receiving system comprising several smaller receptacles. Furthermore the
      inner suface of said receptacles will soon collect dirt from the refuse
      received from said chute, said refuse being often insufficiently packaged
      or tied. Finally the substantial disadvantage of the receptacle being
      overfilled can be mentioned. In this case portions of the refuse will
      often spill over and reach the floor of the room to which the refuse chute
      leads.
PAR  It is also known to use bags or sacks for instance of paper or plastics
      supported by special stands or holders, said bags being replaced by new
      ones at each operation for removing and transport of refuse. The object of
      the present invention is to provide an arrangement by means of which the
      removal of refuse from the refuse chute can be carried out in an
      advantageous manner from the point of view of costs and without risk for
      the service personal coming into contact with the refuse.
PAR  An arrangement according to the invention has the characterizing features
      stated in the enclosed claims.
DRWD
PAR  The invention will be described in more detail hereinbelow with reference
      to the accompanying drawings, which illustrate some embodiments.
PAR  FIG. 1 shows one embodiment of an arrangement according to the invention,
      said arrangement being secured to the ceiling of the space in which the
      refuse chute mounts.
PAR  FIG. 2 shows a section through an arrangement according to FIG. 1 taken
      along the section II--II in FIG. 2.
PAR  FIG. 3 shows another embodiment attached to the refuse chute pipe proper
      and also comprises auxiliary means for controlling the feed of hose-like
      packaging material.
PAR  FIG. 4 shows a section through the arrangement according to FIG. 3 taken
      along the section IV--IV in FIG. 3.
PAR  FIG. 5 is a perspective view of a third embodiment of my invention.
DETD
PAR  In FIG. 1 the designation 1 refers to the space or room, having a floor 2,
      a ceiling 3 and walls 4, to which a refuse chute pipe 5 leads. The pipe
      extends beneath the ceiling 3 only to a limited degree. The designation 6
      refers to a holder for a magazine 12 of hose-like film, said holder
      comprising two horizontal portions 6a secured to the ceiling 3, two
      vertical portions 6b and two horizontal portions 6c secured to the lower
      ends of the portions 6b. A ring-like member 8 is secured to the portions
      6c. Said member 8 is L-formed as seen in cross-section and comprises an
      upwardly directed, cylindrical portion 9 having a limited height. A
      cylindrical sleeve or ring 10 is applied around the cylindrical portion 9
      and serves as support or core for the film magazine 12. At its lower end
      the sleeve 10 can be provided with a horizontal flange 11 by means of
      which the film material is prevented from falling down from its place
      around said sleeve 10.
PAR  In the shown arrangement hose-like film 13 is taken from the film magazine
      12 and is drawn over the upper edge 14 of the cylinder 10 and thereafter
      through a cylinder 10 and the ring-formed member 8 downwards to the floor
      2 of the room where it forms a bag or sack 15 for the refuse 16 received
      from the refuse chute. The bottom of the bag is closed at 17 for instance
      by means of a knot.
PAR  The manner in which the shown arrangement funtions appears directly from
      the figures. Refuse from the pipe 5 falls down through the arrangement and
      is collected in the hose 13. When the collected refuse shall be removed
      from the space the hose is cut-off just above the level of the refuse in
      the hose whereafter the part of the hose hanging down from the arrangement
      is closed, for instance by means of a knot, thereby forming a new bag. The
      bag containing the refuse can thereafter be removed in a simple manner.
PAR  Since the device according to FIG. 1 is positioned near the ceiling 3 of
      the space 1, i.e. at a considerable distance from the floor 2 the bag of
      the packaging material which becomes successively filled will soon become
      unstable and will tip laterally after having been filled sufficiently..
      Thereby a further quantity of hose will be drawn out from the magazine 12
      and be successively filled with new refuse until the new sack-section thus
      formed will become unstable in its turn and tip laterally etc. By this
      function the supervision of the collecting arrangement will be simplified
      in comparison with the known arrangement comprising refuse receptacles
      which are limited to receive only a predetermined quantity of refuse.
      However, nothing prevents the house serviceman from checking the device at
      intervals for instance for compressing the refuse in order to minimize the
      comsumption of hoselike packaging material.
PAR  According to the invention it has also shown to be suitable especially in
      refuse chutes which by means of a suction fan are maintained at a
      subatmospheric pressure to position the device according to the invention
      in such manner that there is between the lower edge 7 of the refuse chute
      and the upper edge 14 of the magazine core 10, a preferably uniform and
      ring-formed interspace or slot 18 allowing air to enter the pipe and the
      hose. One of the objects with this slot is to prevent a thin hose from
      being sucked upwards into the pipe 5 if there is a subatmospheric pressure
      in the latter. Another object is to allow the hose 13 to be filled with
      air (blown up) by the action of a falling package of refuse in the chute
      before the package enters the hose. This effect is obtained owing to air
      current phenomena in the chute, the hose and the slot obtained when a
      package is falling down through the chute. One advantage with the slot 18
      in chutes maintained at subatmospheric pressure is, of course, also the
      fact that ventilation air is allowed to pass upwards through the chute.
PAR  One of the most important advantages, not mentioned before, with the device
      according to the invention is that the service personnel need not come
      into contact with the refuse or with refuse receptacles contaminated with
      refuse products. The hose 13 which is quite tight (impervious) throughout
      its entire surface also prevents nasty-smelling gases from escaping from
      the bag filled with refuse.
PAR  In the device shown in FIGS. 1-2 the vertical portions 6b of the holder 6
      -- said portion being shown in FIG. 1 in the form of a rigid bar -- can
      partly or wholly be replaced by a member which is elastical in vertical
      direction, for instance a helical spring. By such modification the hose
      magazine 12 and the hose 13 can be resiliently moved downwards if a
      falling refuse package should hit said magazine or hose. Although the hose
      material proper can withstand the frictional forces excerted by the
      falling refuse package the traction force generated in the case the holder
      is not resiliently supported can sometimes by so great that too much
      quantity of hose is drawn from the magazine 12. This unnecessary
      consumption of foil can be decreased or prevented by means of the
      resilient or elastic suspension of the hose magazine mentioned above.
PAR  In the embodiment shown in FIGS. 3 to 4 the refuse chute pipe 25 extends
      with a relatively long portion beneath the ceiling 3 of the room 1. The
      holder 26 for the hose magazine 32 is applied to the pipe 25 and/or the
      ceiling 3 in any manner known per se by means of portions 27 of the
      holder. The hose magazine 32 is applied around the pipe 25 and is
      supported by a core or sleeve 28 which is cylindrical and at its upper end
      connected to a circular flange 37, the outer radius of which being greater
      than the radius of the hose magazine 32. In the holder 26 a locking means
      30 with a handle 31 is pivotably mounted, said locking means providing
      support for the flange 37 in the mounting portion of the foil magazine. By
      operating the handle 31 the locking effect can be released so that the
      core 28 can be removed from the pipe 25. At the insertion of a new, unused
      hose magazine the core 28 with the magazine can be pressed upwards over
      the pipe 25. The locking means 30 will then be forced outwards until the
      flange 37 has passed said means whereafter the latter is snapped back
      under the flange for instance by a spring (not shown) whereafter the
      flange is locked in the desired position.
PAR  The shown embodiment is also provided at the lower end of the holder 26
      with a device for increasing the force required for drawing hose 33 from
      the magazine 32. The device comprises a means 34, for instance a spring,
      adapted to press the hose against the outer surface of the pipe 25 with a
      suitable force. The means 34 together with a handle 35 for the operation
      of said means 34 is swingably connected to the lower end of the holder 26
      and is provided with a spring 36 generating or contributing to generate
      the resilient pressure between the member 34 and the hose 33. When the
      hose magazine shall be exchanged the member 34 is swung outwardly to a
      position in which it can suitably be held by means of a locking means (not
      shown). One difference between the embodiment according to FIGS. 1 to 2 is
      that the hose in the first-mentioned embodiment is drawn upwards over the
      upper edge of the core 10 and thereafter downwards through the device,
      while the hose in the embodiment according to FIGS. 3 to 4 is taken from
      the foil magazine 32 at the lower end thereof and is drawn directly
      downwards for the purpose of form collecting bag for the refuse. Another
      difference is that in the embodiment according to FIGS. 1 to 2 no measures
      have been taken for increasing the force with which hose is drawn from the
      magazine other than the measure of allowing the hose to run over the upper
      edge of the core 10, while in the embodiment according to FIGS. 3 to 4
      special means are provided for this purpose. However, the friction between
      the hose material and the upper edge of the core 10 in the first-mentioned
      embodiment is often sufficient to prevent excessive drawing out of hose by
      a falling package of refuse. In some cases it might nevertheless be
      advantageous to provide extra means for braking the speed with which hose
      material is drawn from the magazine, also in the embodiment according to
      FIGS. 1 to 2.
PAR  In the shown embodiments the hose magazine is first inserted in its place
      in the collecting device whereafter the end portion of the hose is drawn
      out and closed, for instance by means of a knot or special closing means.
      As refuse falls from the refuse chute and enters the foil bag thus formed
      the latter is lowered successively until it reaches the floor of the room
      1 whereafter the bag is further filled with refuse. When the sack is
      filled up to near the hose magazine it is possible to move the bag while
      drawing off further hose from the magazine. The bag is intended to be
      removed from the room 1 at regular intervals for instance once or twice a
      day after cutting off the hose and closing the end thereof hanging down
      from the hose magazine.
PAR  If the free distance between the lower end of the collecting device and the
      floor of the room is sufficiently large, for instance at least 1,5 mm,
      there is a great probability that the filled bag will be tilted or tipped
      by its own weight and fall down to the floor while drawing out new hose
      material. In such case the service operations need not be as frequent as
      usual.
PAR  In an ordinary refuse chute the pipe of the refuse chute can have a
      diameter of about 400 to 700 mm. The hose-like packaging material can have
      a so much larger diameter that the hose magazine can easily be applied
      around the cylindrical space corresponding to the pipe of the refuse
      chute, for instance a diameter of about 450 to 800 mm. The thickness of
      the hose-like packaging material can be about 0.02 to 0.1 mm, for instance
      0.04 to 0.08 mm. The height of the hose magazine should be as small as
      possible, probably not greater than the diameter of the hose, thereby
      leaving as much free space as possible for the refuse bag beneath the
      magazine. In ordinary refuse chutes the slot 18 shown in FIG. 1 can have a
      width of about 10 to 200 mm, preferably 25 to 85 mm. In the magazine the
      hose is folded with the folds extending circumferentially of the hose as
      appears from the Figs. The manner in which the magazine is produced by
      folding the hose-like material need not be described in detail. The hose
      can be applied on a prismatic core or sleeve made of corrugated board,
      plastic, sheet metal or the like, and the sleeve can be provided with
      axial bends or slots allowing the magazine to be compressed into a flat
      configuration for facilitating the transport and storage thereof before
      use.
PAR  Instead of being supported by a holder attached to the refuse chute pipe or
      to an adjacent portion of the building as in the shown embodiments the
      magazine can be, if desired, supported by a stand 19 from the floor 2, as
      schematically shown in FIG. 1 by means of broken lines or it may be
      supported from an adjacent vertical wall of the room 1 by means of a
      suitable bracket.
PAR  In the embodiments shown in FIGS. 3 to 4 it is possible above the hose
      magazine to provide a number of perforations 38 in the walls of the refuse
      chute pipe 25 as shown in FIG. 3 by broken lines, said perforations having
      a similar ventilation effect as the slot 18 shown in FIG. 1.
PAR  If desired, it is possible beneath the refuse chute pipe to provide a
      protecting shield (not shown) wholly or partly enclosing the bag formed by
      the hose-like material. Said shield or casing can be arranged so as to be
      shiftable from a normal position in which the casing protects the hose
      against penetration of pointed or sharp refuse particles to an emptying
      position in which the bag can easily be removed from the space within said
      casing.
PAR  The hose-like packaging material can consist of a plastic film, e.g. of
      polyethylene, polypropylene, polyvinyl chloride, or any other flexible,
      low-cost material.
PAR  FIG. 5 illustrates an embodiment of the invention in which a holder 57 for
      a magazine of hose-like packaging material (not shown) is swingably
      mounted to a support 51, 52 so as to be movable between a first position
      vertically below the lower end of a refuse chute and a second position out
      of the path of the refuse falling down from said refuse chute. The
      embodiment comprises a platform 50, a support 51, 52 and a holder 57 for a
      magazine of hose-like packaging material. The support comprises a lower
      tubular portion 51 secured to the ouuter edge of the platform 50 and an
      upper portion 52 which is slidably inserted into the portion 51 and can be
      locked in a desired position by means of a locking screw 53. A sleeve 55
      is slidably mounted around the support portion 52 and can be locked in a
      desired position by means of a locking screw 56. The upper end of the
      support portion 52 is provided with a tip 54 which can be driven into the
      ceiling of the room in which the refuse chute terminates at a place near
      said chute for fixing the position of said support.
PAR  The sleeve 55 carries a hinge comprising a sleeve 66 and a tap 65 extending
      through the sleeve 66. The upper end of the tap 65 is secured to an outer,
      cylindrical portion 58 of a holder 57 for a magazine of hose-like
      packaging material, preferably of polyethylene or other plastic material.
      The holder further comprises an inner, cylindrical tubelike portion 59 the
      lower end of which being connected to the lower end of the outer portion
      58 by means of a horizontal, flat bottom ring member 62 extending only
      between the portions 58 and 59. The ring-formed space 60 between the
      portions 58 and 59 is intended for accomodating a magazine of hose-like
      packaging material of the type shown in FIG. 1. The packaging material is
      drawn from the magazine and is fed up over the edge 63 of the holder
      portion 59 and thereafter down through the free space 61 in the portion 59
      so as to form under the holder 57 a sac-like refuse receptacle which will
      be supported by the platform 50.
PAR  In the position shown by full lines in FIG. 5 and after inserting a
      magazine of packaging material in the space 60 the device is ready for
      collecting refuse coming from the refuse chute.
PAR  When it is time for replacing an emptied magazine by a new one the holder
      57 is rotated about the hinge 65, 66 so as to be shifted to the position
      indicated by broken lines in FIG. 5 in which position the holder 57 is
      outside of the path of any refuse falling down through the refuse chute.
PAR  By means of the setting screw 56 the holder 57 can be adjusted vertically
      to a position at a suitable distance from the lower end of the refuse
      chute.
PAR  The invention is not limited to the shown embodiments since the latter can
      be varied and modified in various manner within the scope of the invention
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement for collecting refuse, comprising in combination:
PA1  a. a refuse collection room having walls including a floor and a ceiling,
PA1  b. a vertically disposed refuse discharge chute extending vertically
      upwardly through the ceiling of said refuse collection room, the lower end
      of said chute opening into said room at a point near the ceiling of said
      room,
PA1  c. a magazine of hose-like impervious material which is to form a single
      elongated tubular receptacle for refuse, said impervious material being
      disposed in a folded condition, wherein the folds extend substantially in
      a circumferential direction,
PA1  d. magazine holder means for confining said magazine of impervious material
      in an essentially ring-formed column that has a vertical axis that
      substantially coincides with the vertical axis of the outlet of said
      vertically disposed discharge chute,
PA1  e. said magazine holder means and said magazine forming a substantially
      vertical passageway for receiving refuse discharged from said discharge
      chute and
PA1  f. support means in said refuse collection room for supporting said
      magazine holder near the lower end of the refuse chute so as to leave
      between the lower end of said chute and the upper end of said magazine a
      passage allowing air to enter the refuse chute pipe while allowing the
      hose-like impervious material to be inflated by the action of refuse
      discharged from said refuse discharge chute,
PA1  g. said magazine holder means being supported by said support means so that
      in a first position there will be a general axial alignment of the inlet
      of said ring-formed column with said discharge chute, and so that in a
      second position the said ring-formed column means will be wholly removed
      from alignment with said discharge chute.
NUM  2.
PAR  2. An arrangement as set forth in claim 1 which includes means for
      resiliently controlling the dispensing of the tubular receptacle from said
      magazine holder.
NUM  3.
PAR  3. An arrangement as set forth in claim 1 in which said support means is
      secured adjacent the loweer end of said refuse chute pipe.
NUM  4.
PAR  4. An arrangement as set forth in claim 1 in which said support means is
      secured to said ceiling of said refuse collection room, the upper part of
      said support means being adjacent to said refuse discharge chute.
NUM  5.
PAR  5. An arrangement as set forth in claim 1 in which said magazine holder is
      adjustably secured with respect to said support means so as to enable said
      magazine holder to be positioned at a desired position near the lower end
      of the refuse discharge chute.
NUM  6.
PAR  6. An arrangement as set forth in claim 1 including means for increasing
      the resistance to drawing the tubular receptacle from said magazine.
NUM  7.
PAR  7. An arrangement as set forth in claim 4 which said magazine holder in a
      first position is positioned near the lower end of said refuse discharge
      chute so as to leave between the lower end of said chute and the upper end
      of said magazine holder a narrow, ring-formed slot which will allow air to
      enter the refuse discharge chute pipe while allowing the tubular
      receptacle to be inflated by the action of a refuse package falling
      through the refuse discharge chute.
NUM  8.
PAR  8. An arrangement as set forth in claim 1 in which said magazine holder is
      pivotably mounted on said support means about an axis extending outside
      the circumference of said refuse discharge chute.
NUM  9.
PAR  9. An arrangement as claimed in claim 1 in which said magazine holder
      comprises a substantially ring-formed core for said magazine, said core
      being supported in a vertical position at its lower end in a first
      position so as to enable said hose-like material to be drawn from said
      magazine over the upper end of said core and thereafter down through said
      core to form a tubular receptacle for said refuse.
NUM  10.
PAR  10. An arrangement as set forth in claim 1 in which said hose-like material
      consists of an impervious foil of plastic material chosen from the group
      consisting of polyethylene and polypropylene.
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ABST
PAL  An apparatus is described for inserting separator plates into cans and
      tamping them into place within the can body. A plurality of insertion
      heads are provided each with a vacuum supply for holding one of the
      separator plates on its free end. The can bodies are guided in succession
      to the apparatus and a positioning device such as a star wheel is provided
      for engaging each of the can bodies and aligning each can body with the
      longitudinal axis of the insertion head. Relative motion is then
      established between the can body and the insertion head along its
      longitudinal axis in the proper direction to transfer the separator plate
      into the can body. The vacuum is then released and the can is dropped away
      from the insertion head.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to can filling equipment and more particularly to an
      apparatus for inserting and tamping in place the circular separator plate
      used for separating food items contained in the can.
PAC  THE PRIOR ART
PAR  Food products are sometimes packed in cups and inserted in a can as
      described in U.S. Pat. No. 3,851,757 or, if desired, placed in the can
      without a cup, i.e. in a loose condition particularly if granular such as
      a sugar and nut topping. In either case, it is often necessary to separate
      the food product from biscuits or other foods contained in the can. This
      function is provided by a circular separator plate or disk interposed
      between the food products.
PAR  Existing equipment for inserting separator plates of this kind and locating
      them in the desired position includes a plurality of insertion heads
      mounted upon a rotating turret. Each head is slidable upon the turret
      along its longitudinal axis and is operated by a cam mechanism so that as
      the turret revolves the insertion heads are slid up and down by the cam
      along circumferentially spaced longitudinal axes on the periphery of the
      turret. As each one of the heads is moved into a can by its operating cam,
      it pushes a separator plate into the can. There are several deficiencies
      in this prior equipment. First, the reciprocal motion of the insertion
      heads produced by the cam and accompanying stresses and vibration limits
      the speed of operation so that each machine can insert only about 100
      separator plates per minute whereas an operating speed of about 400 plates
      or more per minute is desired. Another problem was that air sometimes
      became trapped and compressed under a separator plate as it was forced
      into the can. The trapped air sometimes pushed the separator plate
      partially out of the can after the insertion head was withdrawn. Another
      problem was that the separators were sometimes tilted in the cans.
      Moreover, the rapid reciprocation of the inserting heads through a
      distance of about 4-5 inches tended to produce excessive wear and to make
      maintenance of the equipment more difficult.
PAC  THE OBJECTS
PAR  The main objects are: (a) to insert separator plates or disks into can
      bodies at speeds up to 400 or more per minute, (b) to insert the separator
      plates without the insertion heads having to reciprocate, (c) to prevent
      the accumulation and compression of air or other gas under the separator
      plates, (d) to insert the separator plates so that the separator plates
      are oriented at an oblique angle with respect to the axis of the can by
      the provision of a tilting support on the head, (e) a further provision
      for tilting the support normal to the can axis after the plate is in
      place, (f) a safety means associated with the vacuum used for holding the
      plates in place on the heads to prevent food from being drawn into the
      separator head in the event one of the separator plates is missing.
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PAC  THE FIGURES
PAR  FIG. 1 is a plan view of the apparatus.
PAR  FIG. 2 is a partial vertical sectional view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged exploded view of the lower end of the separator plate
      insertion head.
PAR  FIG. 4 is a partial, vertical sectional view of the insertion head with the
      can body as it appears when it just begins to slide onto the insertion
      head.
PAR  FIG. 5 is a horizontal, cross sectional view taken on line 5--5 of FIG. 4.
PAR  FIG. 6 is a view of the insertion head before it comes in contact with the
      can body when no separator is present.
PAR  FIG. 7 is a horizontal sectional view from below taken on line 7--7 of FIG.
      2, and
PAR  FIG. 8 is a partial horizontal sectional view taken on line 8--8 of FIG. 2.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus is described for inserting separator plates into cans and for
      tamping them into place within the can body. At least one insertion head
      is provided each with a vacuum supply for holding one of the separator
      plates on its free end. A means is preferably provided for guiding the can
      bodies in succession to the apparatus and a positioning device such as a
      star wheel engages each of the can bodies and aligns it with the
      longitudinal axis of the insertion head. Relative motion is then
      established between the can body and the insertion head along its
      longitudinal axis in the proper direction to transfer the separator plate
      into the can body. The vacuum is then released and the can is separated
      from the insertion head.
PAR  In a preferred form of the invention, a tiltable separator support is
      pivotally mounted on the free end of the insertion head for holding the
      separator plate at a slight oblique angle with respect to the axis of the
      can body.
PAR  It is also preferred to secure the separator plate to the insertion head
      with vacuum means and to provide a vacuum duct within the head that
      communicates through an opening at the free end of the head to establish
      sufficient suction at the end of the head when the vacuum is applied to
      hold one of the separator plates against the insertion head. A valve means
      is preferably provided in the duct for turning the vacuum on to secure the
      separator plate to the head and for turning the vacuum off when the head
      and plate has assumed the desired position in the can body. It is also
      preferred that a check valve be provided in the air duct to close when
      there is no plate on the end of the insertion head to prevent food from
      being sucked into the vacuum duct.
PAR  A preferred form of the invention also includes a provision for
      establishing a vacuum within the can itself when the head is introduced
      into the can to thereby draw the can onto the insertion head and thus
      avoid having to reciprocate the insertion head.
PAR  In the accomplishment of the foregoing and related ends, the invention then
      comprises the features hereinafter fully described and particularly
      pointed out in the claims, the following description setting forth in
      detail certain illustrative embodiments of the invention, these being
      indicative, however, of but a few of the various ways in which the
      principles of the invention may be employed.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The apparatus includes a supporting framework 10 including two vertical
      laterally spaced disposed plates 12 which are rigidly connected to a base
      plate 14 supported on legs 15 only one of which is shown and a
      horizontally disposed upper frame member 16 at the top, not all of which
      is shown for the sake of simplicity and because the framework can be of
      any suitable known construction. Mounted upon the base plate 14 is a cam
      support platform 18 which is secured rigidly in place in any known manner.
      On the upper surface of the platform 18 is a ramp or cam rail 20 which is
      circular as seen from above. It includes a horizontal section 22 and an
      inclined ramp section 24 as seen from the side. The point of intersection
      23 between the ramp 24 and the flat section 22 of the cam is designated by
      a dotted line 23 in FIG. 1. The cam rail 20 is secured in place in any
      suitable manner as by bolts. The purpose and operation of the cam rail
      will be described more fully below.
PAR  Mounted upon the supporting framework upon a vertically disposed axle 26
      that extends through bearings 28 and 30 within the plates 16 and 14
      respectively is a turret 32 that includes two major components; an
      insertion head mounting platform 34 to which are secured a plurality of
      circumferentially distributed, vertically disposed insertion heads 36 and
      a star wheel 38 which functions as a means to engage the can bodies to
      align each can body with the longitudinal axis of one of the insertion
      heads. The can bodies are designated 40 and can be seen entering the
      apparatus on the right side as viewed in FIG. 1 and positioned below an
      insertion head as seen in FIG. 2.
PAR  The star wheel 38 will now be described in detail. As seen in FIGS. 1 and
      2, the star wheel is provided with a plurality of semi-cylindrical pockets
      42 the axis of each being aligned with the axis of an insertion head and
      parallel to the axis of the turret and its axle 26. Each pocket 42 is
      spaced circumferentially about the periphery of the wheel 38 at equally
      spaced intervals to engage and align each can body with one of the
      insertion heads 36 which is located coaxial therewith and immediately
      above the can when located as shown on the star wheel 38.
PAR  A circular guide rail 80 positioned in a horizontal plane and supported
      from the platform 18 by vertical supporting posts 82 (only one of which is
      shown) holds the can bodies 40 in their proper places within the pockets
      42 as the star wheel 38 rotates.
PAR  On the lower left side of the turret as seen in FIG. 1 is an outlet passage
      for the cans containing the separator plates formed by side walls 39 and
      41 and a bottom wall 43.  It is through this exit passage that the cans
      pass out of the aparatus.
PAR  The star wheel 38 is secured rigidly to the shaft 26 in any suitable manner
      as by means of a key (not shown) and set screw 44 and rotates with the
      shaft as it is driven by a motor 46 through speed reducer 48 which also
      turns a counter shaft 50 in turn connected to a chain and sprocket
      assembly 52 to drive a separator plate feeder 56 of known construction.
      One suitable commercially available feeder for this purpose is a lid
      feeder for a can seaming machine such as the lid feeders made by the
      Angeles Sanitary Can Machine Company of Los Angeles California. Although
      the separator feeder forms no part of the present invention by itself, for
      the sake of clear understanding it will be briefly described. The general
      objective is to deliver separator plates 58 in succession to the loading
      station designated point A where they are picked up by the separator plate
      insertion heads 36.
PAR  Briefly, the separator feeder comprises a vertically disposed magazine 60
      in which a plurality of the separator plates 58 are held in a stacked
      arrangement, one above the other, a rotating pick-up wheel 62 which as it
      rotates at a constant speed on shaft 64 causes the separators 58 to drop
      from the stack in the magazine 60 one at a time into a guide tract 66
      having a cover plate 68 and a circular channel 70 with outward and inward
      side edges 72 and 74 respectively that are in contact with the edges of
      the separator plates as they are advanced in a clockwise direction through
      the channel by pusher fingers 76 on rotating wheel 78. The wheel 78 is
      driven at a constant speed by the chain and sprocket assembly 52 to
      thereby deliver the separator plates one after the other in rapid
      succession to the loading point A where each one comes into vertical
      alignment with the lower end of the insertion head 36 and spaced about 1/4
      inch or preferably less below it. The speed of rotation of the feeder 56
      is set so that the separators move at the same linear speed as the
      insertion heads 36.
PAR  The feed-in arrangement for the cans 40 will now be described. As seen in
      FIG. 1, there is provided a table top chain conveyor 90 only a part of
      which is shown having horizontal upper surface 92 consisting of a
      plurality of conveyor elements 93 entrained over a sprocket assembly at
      the left end thereof mounted upon an axle 94. The containers 40 resting
      upon conveyor 90 are conveyed from right to left in the figures between
      stationary guide bars 96 and 98 which together with the rotating star
      wheel 99 feed the cans 40 one at a time toward the left and then toward
      the turret into each successive recess 42 in the star wheel 38. The star
      wheel 99 is suitably driven by a chain or other mechanical connection 101
      (FIG. 1) with the turret shaft 26 at the same peripheral speed as star
      wheel 38. The cans 40 are initially closed at their bottom ends by means
      of a bottom closure or cover 102 which is crimped to the lower end and
      this bottom cover slides along the support plate 104 (FIG. 1) as the star
      wheel 99 rotates in synchronization with the turret. The cans soon contact
      the inclined section 24 of the ramp or cam rail 20 and are thereby
      elevated so that their upper edges are in contact with sleeve recess 312.
PAR  The inserting heads 36 and their supporting structure will now be described
      with reference to FIGS. 2, 4, 6 and 7. As seen best in FIG. 7, there is
      rigidly secured to the supporting framework stationary air supply manifold
      110 containing two arcuate vacuum chambers 112 and 116 each lying in a
      horizontal plane and a compressed air chamber 114. The vacuum chamber 116
      functions to initially secure the separator plate to the lower end of the
      insertion head as will be described below. It forms a relatively small arc
      e.g. 45.degree. and is positioned in overlapping relationship with vacuum
      chamber 112. The separator vacuum chamber 116 end point 122 is located in
      vertical alignment with the transfer point A (FIG. 1) where the separator
      plate transfers from the guide tract 70 to the lower end of the inserter
      head. Each of the chambers 112, 114 and 116 in the manifold 110 opens
      downwardly.
PAR  Air and vacuum is supplied to the chambers through suitable supply lines
      such as a vacuum line 130 (FIG. 2). Mounted rigidly upon the axle 26
      immediately below the manifold 110 are a pair of contacting horizontal
      circular plates 131a and 131 which together form the mounting plate 34.
      These plates are secured together for example by means of bolts 130a (only
      one of which is shown) and are also affixed to the shaft 26 for example by
      means of a set screw 136 and key (not shown). Within the plate 131a are a
      plurality of radially extending ducts 132 each of which communicates at
      its outward end with a duct 132b leading vertically through the insertion
      head 36. At its inward end, each channel 132 communicates through
      vertically disposed transfer port 132a in the plate 131 with the chambers
      112 and 114. Channels 134 communicate with a vertical duct 134b in head 36
      and through port 134a of plate 131 with channel 116. In this way, the
      compressed air is transferred from chamber 114 into the insertion heads
      when required through channels 132 and the vacuum is applied when required
      through both channels 132 and 134. The chambers in this way cooperate with
      the channels to serve as valves.
PAR  The insertion heads will now be described with particular reference to
      FIGS. 2, 3, 4, 5 and 6. The lower surface of the plate 131a is provided a
      plurality of shallow cylindrical bores 150 each disposed vertically and
      distributed equi-distant from the center of the turret and spaced
      circumferentially thereon. It is into this bore 150 that the upper end
      portion 152 (somewhat enlarged with respect to the body portion 154 of
      each inserting head 36) is suitably secured for example by one of the
      bolts 130a. The body of the insertion head is an elongated cylinder having
      a longitudinal axis 156 that is disposed vertically and parallel to the
      axis of the turret and axle 26. The lower i.e. free end of the inserter
      head is composed of an end piece 160 which is also cylindrical as seen
      from above and is fastened to the lower end of the inserter head by means
      of bolts 162. The end piece 160 is provided with a vertically disposed
      upwardly extending circular collar 164 which is bored centrally at 166 to
      form a check valve chamber that contains a ball 168 and includes upper and
      lower seats 170 and 171 respectively, the former being formed by the lower
      open end of the duct 132b. A duct 172 extends downwardly from chamber 166
      and communicates through an opening 174 in the center of a tiltable
      support plate 176 which is circular as seen from above and is slightly
      smaller in diameter than the insertion head 36 itself. The tiltable
      support plate is of just sufficient size to support one of the separator
      plates 58 as seen in FIG. 4 and is mounted for pivotable movement about a
      horizontal axis at the lower end of the insertion head by the provision of
      a semi-cylindrical upward projection 180 which fits into a corresponding
      semi-cylindrical recess 182 in the lower surface of the end piece 160.
      Support 176 is held in place by vertically disposed parallel and
      horizontally spaced mounting plates 184 and 186 which are provided with
      arcuate slots 184a and 186a respectively within which the heads of screws
      190 and 192 are located to secure the support plate 176 in place while
      allowing it to pivot on the lower end of the insertion head.
PAR  It will be seen that the insertion head is provided with a cylindrical bore
      196 communicating with duct 132b of just sufficient size to accomodate the
      circular vertically extending collar 164 and that the upper end of the
      latter is provided with three circumferentially spaced air channels 198
      that communicate with radially extending air or vacuum supply ducts 200,
      204 and 206.
PAR  Since the inside diameter of the can body 40 is greater than the diameter
      of the head 36 there is an annular space 207 between them which allows the
      ducts 200-206 to communicate with the inside of the can body beyond the
      edge of the separator plate 58 and its supporting member 176.
PAR  Slidably mounted within a suitable bore 220 in each head is a push rod 222.
      Its lower end is pivotally coupled by means of pin 224 to a vertically
      extending tab 226 on the upper surface of the tiltable support 176. The
      upper end of the push rod is provided with a cam follower wheel 228 and is
      normally biased upwardly by spring 230 which maintains the push rod at all
      times in contact with a horizontally disposed circular cam tract 234 that
      is rigidly mounted upon a fixed support bracket 226 that itself is
      fastened to the fixed manifold 110. The cam 234 is suitably contoured so
      that during most of the rotation of the turret all of the push rods are
      held up by the springs 230 thereby holding the support plate 176 at an
      oblique angle with respect to the longitudinal axis 156 of the head 36 and
      the corresponding aligned axis 300 of each can 40 (FIG. 1). Once the
      separator plate 58 is inserted the full distance a downwardly projecting
      lobe in the cam 234 at approximately the dotted line location 302 in FIG.
      1 pivots the plate 176 to the dotted horizontal position of FIG. 4 thereby
      placing the separator plate 58 normal to the axis 300 of the can. The push
      rod is then allowed to be raised upwardly by springs 230 prior to picking
      up another separator.
PAR  Rigidly secured to the rotating plate 131a adjacent each inserter head is a
      sleeve locating bolt 304 having a threaded lower end 306 upon which is
      mounted a nut 308 or other vertically adjustable member for limiting the
      lowermost position of a sleeve 310 which is mounted for vertical sliding
      movement upon the inserter head 36. The nut 308 is adjusted to locate the
      lower end of the sleeve 310 at its lower position somewhat below the ends
      of the ducts 200-206 thereby sealing them as shown in FIG. 6. The inner
      surface of the sleeve 310 is bored just sufficient size to slide easily
      over the outer surface of the inserter head 36 without excessive
      clearance. The lower end of the sleeve 310 is provided with a circular
      recess 312 of just sufficient size to accomodate the upper open end of the
      can body 40 during operation. The can body is raised into contact with the
      lower end of the inserter head by the ramp 20 (FIG. 2). Because the sleeve
      310 fits closely to the outside surface of the head 36 the contact between
      the upper edge 40a and the recess 312 as shown in FIG. 4 has the effect of
      sealing the upper end of the can from the atmosphere so that when a vacuum
      is drawn through line 132b and the radially extending ducts 200-206 it
      will be transferred at certain times to the interior of the can. It should
      be noted at this point that the inside diameter of the can is slightly
      larger than that of the insertion head to provide an annular passage 207
      for the flow of air between the outside of the insertion head and the
      inside of the can wall.
PAR  Before the operation of the apparatus is described, it will be assumed that
      the motor 46 is energized rotating the turret in a counterclockwise
      direction and the separator feeder 56 in the opposite direction.
PAR  The rotation of the feeder 56 brings each one of the separator plates 58
      into alignment beneath each successive insertion head 36 where it is
      transferred at point A to the bottom of the insertion head by the
      application of vacuum applied from pipe 130 through channel 116 (FIG. 7),
      duct 134, duct 134b leading through the insertion head to hold the
      separator in place on the tilting support 176. As the turret continues to
      rotate duct 132 opens to chamber 112 and shortly thereafter channel 134
      closes off from chamber 116.
PAR  If no separator 58 is present, the inward rush of air through duct 172 and
      132b into the check valve chamber will close the check valve by seating
      ball 168 on seat 170 as shown in FIG. 6. Duct 132b communicating through
      opening 174 comprises a first duct and the ducts 200, 204 and 206 a second
      duct means for supplying vacuum. The sleeve 310 can be thought of as a
      movable means on the insertion head for sealing the second duct means at
      certain times. The sealing of duct 132b by ball check 168 as seen in FIG.
      6 will prevent food from being inadvertantly drawn into the duct 172
      should the separator 58 be missing. On the other hand, when the separator
      58 is present, it will be held in place against the tilting support 176 by
      the vacuum exerted throughh duct 132b and 172 and the opening 174.
PAR  As the turret and star wheel 38 continue to rotate, the can bodies 40 will
      be forced upwardly by contact between their lower surfaces (covers 102)
      and the ramp 20. The height of the ramp 20 at its maximum rise point 22 is
      only sufficient to force the upper open end of the can 40a by that time
      sealed within the recess 312 of sleeve 310 beyond the ports 200-206 so
      that the vacuum then present within the duct 132b will be exerted through
      the ducts 200-206 which communicate through the inserter head from the
      duct 132b to the inside of the can 40 through a pathway that is not sealed
      by the separator when resting in contact with the free end of the head,
      namely, through the annular space 207 (FIG. 4) between the inside of the
      can body and the outside of the insertion head 36. Thus, the ramp 20 need
      only raise the can 40 to the position of FIG. 4 and from this point on the
      vacuum applied through ducts 200-206 causes the can itself and its
      contents to be drawn upwardly on the inserter head by virtue of the vacuum
      within the can body.
PAR  It will be seen that since the ducts 200-206 extend laterally from the top
      of the check valve chamber 166 and the ball 168 of the check valve is at
      the bottom of the valve, a rush of air inwardly through ducts 200-206 into
      duct 132b will not cause the ball 168 to be seated on seat 170 as would a
      rush of air upwardly through duct 172. When each channel 132 comes into
      alignment with chamber 114, the compressed air passes into the can through
      ducts 132b and passages 200, 204 and 206 thereby forcing the can off the
      end of the inserter head. Usually the can will fall clear by gravity
      alone, the compressed air being only a safety measure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A placer and tamper for a can separator plate comprising:
PA1  a. a supporting framework,
PA1  b. a separator inserter head on the apparatus, said inserting head having a
      longitudinal axis and a free end adapted to hold one of said separator
      plates,
PA1  c. means on the apparatus for aligning a can body having a longitudinal
      axis with the longitudinal axis of the inserter head,
PA1  d. a means for establishing relative motion between the can body and the
      head along the axis of the can body and along said longitudinal axis of
      the head in a direction adapted to transfer the separator into the can
      body,
PA1  e. a tiltable separator support pivotally mounted on the end of the
      inserter head for holding the separator at a selected angle with respect
      to the axis of the can body, and
PA1  f. means for holding the support at an oblique angle to said axis of the
      head and the can at the time the separator is transferred thereinto and
      for moving the member normal to the can axis when the separator has
      reached a predetermined position within the can body.
NUM  2.
PAR  2. A placer and tamper for a can separator plate comprising:
PA1  a. a supporting framework,
PA1  b. a separator inserter head having a longitudinal axis and a free end
      adapted to hold one of said separator plates,
PA1  c. means for aligning a can body having a longitudinal axis with the
      longitudinal axis of the inserter head,
PA1  d. a means for establishing relative motion between the can body and the
      head along the axis of the can body and along said longitudinal axis of
      the head in a direction adapted to place the separator within the can
      body,
PA1  e. a vacuum duct means extending through the head and communicating through
      openings at the free end of the head to thereby establish suction at the
      free end of the head when the vacuum is applied to hold one of said
      separator plates thereagainst to reduce the air pressure within the can to
      prevent the accumulation or pressurization of air under the separator
      plate,
PA1  f. valve means for turning the vacuum on when the head is aligned with the
      plate to hold the separator plate on the head, and
PA1  g. a means for turning the vacuum off after the head has been placed in the
      can body to allow withdrawal of the inserter head without removing the
      separator thus introduced.
NUM  3.
PAR  3. The apparatus of claim 2 wherein a check valve means is provided within
      the vacuum duct means, the flow of air inwardly through said opening into
      the duct and through the check valve is adapted to close the check valve
      whereby food products, if any, within the can body will not be drawn into
      the duct in the event the malfunction of the apparatus causes the
      separator plate to be absent from the inserter head when the vacuum is
      applied.
NUM  4.
PAR  4. A placer and tamper for inserting a can separator plate into a can open
      at one end and sealed at the other end and having a longitudinal axis,
      comprising:
PA1  a. a supporting framework guide,
PA1  b. means for guiding can bodies fed in succession into the apparatus,
PA1  c. a separator inserter head having a longitudinal axis and a free end
      adapted to hold one of said separator plates, plaltes,
PA1  d. means for contacting and engaging the can bodies to align each can body
      with the longitudinal axis of the inserter head,
PA1  e. a means for establishing relative motion between the can body and the
      head along the axis of the can body and along said longitudinal axis of
      the head in a direction adapted to place the separator within the can
      body,
PA1  f. a first vacuum duct means communicating through the head with an opening
      in the free end of the head to hold the separator plate on the free end of
      the head when the vacuum is applied,
PA1  g. a second duct means communicating through the head from the first duct
      and communicating with the inside of the can body at a location that is
      not sealed by the separator plate when resting in contact with the free
      end of the head,
PA1  h. means on the head for sealing the open end of the can body when engaged
      on the head to prevent the flow of air thereinto when suction is applied
      through the second duct whereby,
PA1  i. the vacuum applied in the inside of the can body through the first and
      second ducts causes the can to slide onto the head to thereby establish
      said relative motion between the head and the can body for inserting the
      separator plate.
NUM  5.
PAR  5. A placer and tamper for can separator plates comprising:
PA1  a. a supporting framework,
PA1  b. means for guiding can bodies into the apparatus,
PA1  c. a turret mounted on the apparatus for rotation upon a predetermined axis
      in the apparatus,
PA1  d. a plurality of separator inserter heads each having a longitudinal axis
      and a free end adapted to hold one of said separator plates,
PA1  e. each inserter head being fixedly mounted on the turret with the
      longitudinal axis of each head being parallel to the turret axis and the
      heads being spaced circumferentially on the turret,
PA1  f. means engaging the can bodies to align each can body with the
      longitudinal axis of the inserter head,
PA1  g. a means for establishing motion of each can body relative to the head
      along the axis of the can body and along said longitudinal axis of the
      head in a direction adapted to place the separator within the can body,
PA1  h. said engaging and aligning means comprising a star wheel having a
      plurality of pockets each aligned with the axis of one of the heads,
PA1  i. a drive means operatively connected to the turret to rotate the turret,
PA1  j. whereby each succeeding can body fed into the apparatus is engaged in
      succession within one of the pockets of the star wheel and is thereafter
      slid onto one of the inserter heads.
NUM  6.
PAR  6. The apparatus of claim 4 wherein the first duct comprises a duct
      communicating from the free end of the inserter head to the opposite end
      thereof for applying a vacuum through the inserter head to the lower end
      thereof for at least initially securing the separator plate in contact
      with the lower end of the inserter head and the second duct means
      comprises at least one duct communicating with the side wall of the
      inserter head at a point located above the lower end thereof, a sealing
      element is slidably mounted upon the outside of the inserter head to
      initially seal the second duct means and the upward sliding movement of
      the can body over the inserter head being adapted to raise said slidably
      mounted sealing element to thereby provide communication from the second
      vacuum duct means to the inside of the can to thereby cause the vacuum
      thus produced within the can to slide the can upwardly on the inserter
      head until the separator plate has reached the desired position within the
      can body.
NUM  7.
PAR  7. The apparatus of claim 1 wherein a cam means is provided on the
      apparatus, a push rod extends through the inserter head and is slidably
      mounted therein, said push rod is operatively connected to the tiltable
      separator support at one end and being operatively engaged with said cam
      means at the other end to tilt the support and orient the separator plate
      at an oblique angle with respect to the longitudinal axis of the inserter
      head and the aligned can body while the plate is inserted and for
      orienting the separator support normal to the longitudinal axis of the
      inserter head when the separator plates have been inserted to a
      predetermined position in the cans.
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ABST
PAL  An improved apparatus for producing optionally empty or filled containers
      wherein the support structure comprises a closed housing having a cubic
      end section and an elongated L-shaped section in flush relationship
      therewith. Various elements for producing the containers are disposed in
      C-shaped housings mounted for displacement along rails on the L-shaped
      section.
BSUM
PAR  The present invention concerns a machine for automatically producing
      optionally empty or filled packaging containers made of thermoplastic film
      material which is passed from one or more supply rollers first through a
      heating device, then a shaping apparatus, optionally a filling apparatus,
      next a sealing apparatus and finally a stamping machine.
PAR  This kind of machine is preferred in particular for the packaging of dairy
      products and similar liquid or pasty foods. In packaging foods however
      particularly stringent requirements are imposed as regards the cleanliness
      of the machines and hygienic filling of the containers. It is also
      required that all those parts of the machine located near the food product
      to be decanted or near the packaged material should be readily accessible
      for the purpose of cleaning.
PAR  In the known machines these requirements are either not met or are
      fulfilled only partially, since in these machines the machine beds are
      fully open in some zones, and the drives for the various devices and tools
      are more or less uncovered because in none of these known machines are the
      machine bed and the machine equipment designed to provide them with
      sufficiently smooth surfaces to enable cleaning to be readily carried out,
      and because these known machines are not put together in such a way that
      all those units of the equipment that need not or should not come into
      contact with the goods, either before or after they have been packaged,
      are disposed outside the zone where these goods pass through the
      equipment.
PAR  The object of the present invention is to provide a machine for
      automatically producing optionally empty or filled packaging containers
      made of thermoplastic film material which passes from one or more supply
      rolls first through a heating device, then a shaping apparatus, optionally
      a filling apparatus, next a sealing apparatus and finally a stamping
      machine, which machine avoids the aforementioned disadvantages, and all
      the parts of which, but particularly those parts that come into contact
      with the goods to be decanted and packaged, are readily accessible and
      easy to clean, the drives for the various devices and tools being
      completely protected and not coming into contact either with the goods
      before and after packaging, or with the cleaning agent, and in which those
      parts of the machine that have to be frequently and thoroughly cleaned are
      separated spatially from those not requiring to be cleaned so frequently.
PAR  According to the invention this object is achieved by the provision of a
      machine stand which consists of a sheet-metal structure closed on all
      sides and which has a substantially cubical end part, in which the roll of
      film material and apparatus for feeding the film material are arranged,
      and a supporting part of substantially L-shaped cross section which is
      connected flush with the end part, and in a frontward-facing opening in
      which the devices are disposed for displacement and immobilization, at
      least some of these devices having a C-shaped housing the opening in which
      faces forwards and in the limbs of which the drive for the tools is fully
      encased in such manner that, apart from the control lines connected to the
      machine control system arranged on the cubical end part of the machine
      stand, no operative connection exists between the machine stand and the
      devices.
PAR  The proposal of the invention to form the machine stand as a sheet-metal
      structure which is closed on all sides and has a cubical end part
      accommodating the roll of film material, the apparatus for feeding this
      material, and the machine control system, and which has a substantially
      L-shaped supporting part for the devices that is connected to the end part
      results in spatial separation of those parts of the machine, that do not
      come into contact with the products to be decanted or the packaged
      products, from those parts that are constantly in contact with these
      products and therefore have to be frequently and thoroughly cleaned. At
      the same time cleaning of the smooth-surfaced machine parts is rendered
      very easy by spraying with hot water and a cleaning agent. Since the
      drives for the tools are fully enclosed in the casing of the apparatus, no
      special attention at all has to be paid to these items of equipment during
      cleaning. Furthermore, due to the devices being open at one side, the
      tools themselves are readily accessible, and cleaning can be easily
      carried out at these points too.
PAR  In accordance with an advantageous further feature of the invention, a rail
      or bar, which acts as a lower support for the devices, is provided on the
      upper face of the forwardly extending lower limb of the L-shaped carrier
      part, while a rail or bar, acting as a second support for the devices, is
      provided on the upwardly directed rear limb of the L-shaped supporting
      part.
PAR  This form of the holders for the devices on the one hand ensures that the
      devices can be readily displaced and immobilized on the machine stand, so
      that the machine can be readily reset to deal with different sizes of
      container, while on the other hand the very fact that the devices can be
      displaced further facilitates cleaning of the machine and its units on all
      sides.
PAR  In accordance with a further feature of the invention, there is provided at
      the front end of the forwardly directed lower limb of the L-shaped
      supporting part, an upwardly extending rib which in conjunction with the
      forwardly and downwardly sloping surface of the lower limb forms a
      drainage channel.
PAR  This measure also contributes towards keeping the machine clean since any
      material intended to be filled into the containers that overflows or
      splashes over can thus be trapped and guided to a point where it can be
      collected.
DRWD
PAR  An embodiment of the invention will now be described by reference to the
      annexed drawing in which:
PAR  FIG. 1 is a diagrammatic perspective illustration of the machine of the
      invention, and
PAR  FIG. 2 is a section through the machine of the invention at a point just in
      front of the stamping tool.
DETD
PAR  As will be seen from FIG. 1, the machine stand 2, which accommodates or
      supports all the devices and units required for operating the machine,
      consists of a cubical end part 2a and a carrier part 2b of substantially
      L-shaped cross-section which is connected flush with said end part. The
      machine stand is composed of U-girders and L-girders which form a frame
      over which is fitted a sheet-metal jacket which is closed on all sides. To
      render the interior of the machine stand 2 accessible, the jacket has
      openings which can be closed in a water-tight manner. Mounted in the
      cubical end part 2a of the machine stand is the supply roll 6 of
      thermoplastic film material 4, this roll being introduced through an
      opening closed by a hood 52. This hood 52 accommodates guide rollers 54
      for directing the film material from the supply roll 6 into the plane in
      which it is to travel through the machine. In an upstanding structure 24
      on the cubical end part 2a of the machine stand there are arranged the
      machine-control system and the drive for the means for feeding the film
      material, which feed means passes the film material through the machine in
      synchronism with the stroke of the machine. The feed means consists of a
      first gripping device 20a, which is fitted in front of the holding device
      10, and of a second gripping device 20b, disposed in front of the last
      stamping tool 18b. The two gripping devices draw the film material 4
      through the machine in synchronism with the stroke of the machine-control
      system, and in the present machine these gripping devices 20a and 20b are
      interconnected by means of a displaceable rod (not illustrated) extending
      the length of the machine, and by a common feed mechanism contained in the
      end part 2a beneath the structure 24 in which the machine-control means is
      accommodated.
PAR  The L-shaped carrier part 2b accommodates the various devices which are
      used in the machine of the invention and which are disposed in the
      forwardly facing opening in the carrier part 2b. A rail or bar 26,
      arranged on the upper face of the forwardly directed lower limb of the
      L-shaped supporting part 2b acts as a support for the devices, whereas a
      second support for the devices is constituted by a rail or bar 28 on the
      upwardly directed rear limb of the L-shaped supporting part 2b. A rib 2c
      at the forward edge of the forwardly extending lower limb of the L-shaped
      supporting part 2b forms, in conjunction with the forwardly and downwardly
      sloping surface of the lower limb, a drainage channel for fluids which
      drip from the devices, and these fluids can be trapped at the end of the
      machine. These dripping fluids may be either sloppings of the product
      being filled into the containers, or cleaning liquid for example.
PAR  A heating device 10, a shaping station 12, a filling device 14, a sealing
      device 16 and two stamping tools 18a and 18b are provided for shaping,
      filling, sealing and stamping out the containers. The shaping apparatus
      12, the sealing apparatus 16 and the stamping tools 18a and 18b are
      mounted in substantially similar manner, each in a fully enclosed C-shaped
      housing 22, the opening in which faces forwardly and in the limbs of which
      are accommodated the drive for the tools 48. As previously mentioned the
      rail or bar 26 acts as a supporting element for these devices, whereas the
      rail or bar 28 constitutes the rear support for the C-shaped housing 22 of
      each of the devices. It is thus possible to arrange the devices to be
      displaceable along and immobilized on the L-shaped supporting part 2b, so
      that they can be adjusted or changed to deal with different forms and
      sizes of container or other packaging means 8. The heating device 10 which
      is designed as a contact-heating means is firmly screwed on to the cubical
      end part 2a.
PAR  The filling device 14 is connected through a hose 46 to the dispensing
      means 40 which is fitted behind the rear wall of the machine and is
      supplied with the product from a tank, not illustrated. Below the filling
      device 14 there is arranged a flat dish 38 which acts as a receiving
      vessel for any of the product that trickles down when for example the
      containers are unsound. The uprights 42 are for supporting the shaped
      containers 8, the dish 38 and the transparent front covering 36.
PAR  The supply roll 32 from which is drawn the covering film or foil 30, which
      may be made of plastics material or aluminium, is carried on a stand 50
      which is secured to the stamping device 18b, or to be more precise, to the
      C-shaped casing 22 of this stamping device. The printed covering film or
      foil 30 then passes through a means 34 for checking that the printed
      matter on the covering film or foil is correctly located in relation to
      the position of the containers 8, and then to a marking stamp device 44
      which stamps the covering film or foil with the date when the product was
      decanted and packaged. Finally the covering film or foil 30 passes over
      guide rollers 58 to a point above the filled containers 8 and is sealed on
      to them in the sealing device 16.
PAR  The mode of operation of a machine of this kind for automatically producing
      optionally empty or filled packaging containers made of thermoplastic film
      material is well known, so that there is no need to describe it in detail
      here. It might simply be mentioned that the stamping out of the filled and
      closed containers is carried out in two stages: preliminary stamping takes
      place in the stamping device where the film is cut in the longitudinal
      direction and at the same time the gussets between pairs of adjacent
      containers is cut away, whereas final singling of the containers is
      carried out in the stamping device 18b.
PAR  As will have been appreciated, the machine stand is divided into two main
      zones including one which does not come into contact with the product to
      be decanted or with the filled containers. This zone does not need to be
      as thoroughly cleaned as the second zone which corresponds to the L-shaped
      supporting part 2b on which the various devices that come into contact
      with the product are positioned. For this reason the machine control
      system is arranged on the end part 2a, since this is the most difficult to
      protect against splashing by the product being filled into the containers
      and against the effects of the necessary intensive cleaning operations. As
      previously mentioned, the shaping, filling, sealing and stamping devices
      are all fully encased and are carried by the completely fluid-tight
      L-shaped supporting part 2b, so that this part of the machine can be
      cleaned by means of a jet of water without the need for taking special
      precautions.
PAR  Since the drive for the tools 48 is positioned within the C-shaped housing
      22 for the devices of the machine, there is no operative connection
      whatsoever between the machine stand and these devices; instead, only the
      control lines, which are connected to the structure 24 for the
      machine-control system, run from the housing 22.
PAR  Because of its simple construction and its smooth-surfaced exterior, the
      machine of the invention can be used in the food industry with
      particularly good results, but is not limited to this field of
      application.
PAR  All the details and features disclosed herein, especially the spatial
      arrangement and construction of the apparatus, are claimed as being
      important to the invention as far as, singly or in combination, they do
      not form part of the prior art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use with an apparatus for producing containers from a web of
      thermoplastic film said apparatus comprising means for feeding said film
      from a supply roll and passing said film successively through processing
      devices, including heating, shaping, sealing and stamping units, the
      hereinafter defined invention comprising an improved, combined supporting
      structure and housing for said apparatus formed of structural metal
      sections and a sheet metal covering wherein there is provided:
PA1  1. an initial compartment having a generally cubic configuration adapted to
      support and enclose therein at one side thereof the said supply roll and
      associated feed means, said compartment having a removable cover to afford
      access to the supply roll and feed means; the other side of said
      compartment serving as an enclosure for the control mechanisms of the
      various process devices;
PA1  2.
NUM  2.
PAR  2. an elongated compartment which is L-shaped in transverse section and
      which is generally coextensive with the length of the remainder of the
      apparatus and which forms a continuation of the cubical compartment, the
      horizontal leg of the L-shape being in longitudinal alignment with the
      said one side of the cubical compartment and the vertical leg of the
      L-shape being in line with the said other side of the cubical compartment;
      the horizontal leg of the L-shaped compartment having a transversely
      inclined sheet metal covering which slopes downwardly and outwardly from
      the vertical leg toward the forward terminal end of the horizontal leg;
      and
PA1  3. a plurality of spaced apart, forwardly and outwardly facing generally
      C-shaped housings supported in the angle of the elongated L-shaped
      compartment, the lower limb of each of said C-shaped housings overhang, in
      spaced relation thereto, the sloping top of the horizontal leg of the
      L-shaped compartment, each of said C-shaped housings adapted to enclose
      and protect in its upper and lower limbs the operating mechanism of a
PAR   respective processing device. 2. The improvement of claim 1 further
      including a rigid horizontal rail member extending lengthwise above the
      sloping cover of the horizontal leg of the L-shaped compartment and a
      rigid horizontal rail member extending lengthwise along the top of the
      vertical leg of the L-shaped compartment, said C-shaped housings engaging
      said rail members and being supported thereby.
NUM  3.
PAR  3. The improvement of claim 2 wherein said C-shaped housings are adapted so
      as to be longitudinally displaceable along said rail members.
NUM  4.
PAR  4. The improvement of claim 1 wherein the forward terminal end of the
      horizontal leg of the L-shaped compartment is provided with a
      longitudinally extending, upwardly directed lip, the sloping top surface
      of the horizontal leg and said lip cooperating to form a drainage channel.
NUM  5.
PAR  5. For use with an apparatus for forming containers from a web of
      thermoplastic film and filling the containers with product said apparatus
      comprising means for feeding said film from a supply roll and passing said
      film successively through a heating unit, a shaping unit, a product
      filling unit, a sealing unit and a stamping unit, the hereinafter defined
      invention comprising an improved, combined supporting structure and
      housing for said apparatus formed of structural metal sections and a sheet
      metal covering wherein there is provided:
PA1  1. an initial compartment having a generally cubic configuration adapted to
      support and enclose therein at one side thereof the said supply roll and
      associated feed means, said compartment having a removable cover to afford
      access to the supply roll and feed means; the other side of said
      compartment serving as an enclosure for the control mechanisms of the
      various process units;
PA1  2. an elongated compartment which is L-shaped in transverse section and
      which is generally coextensive with the length of the remainder of the
      apparatus and which forms a continuation of the cubical compartment, the
      horizontal leg of the L-shape being in longitudinal alignment with the
      said one side of the cubical compartment and the vertical leg of the
      L-shape being in line with the said other side of the cubical compartment;
      the horizontal leg of the L-shaped compartment having a transversely
      inclined sheet metal covering which slopes downwardly and outwardly from
      the vertical leg toward the forward terminal end of the horizontal leg;
      and
PA1  3. a plurality of spaced apart, forwardly and outwardly facing generally
      C-shaped housings supported in the angle of the elongated L-shaped
      compartment, the lower limb of each of said C-shaped housings overhang, in
      spaced relation thereto, the sloping top of the horizontal leg of the
      L-shaped compartment, one each of said C-shaped housings being provided
      for each of said heating, shaping, sealing and stamping units and adapted
      to enclose and protect in its upper and lower limbs the operating
      mechanism of a respective unit.
NUM  6.
PAR  6. The improvement of claim 5 further including a rigid horizontal rail
      member extending lengthwise above the sloping cover of the horizontal leg
      of the L-shaped compartment and a rigid horizontal rail member extending
      lengthwise along the top of the vertical leg of the L-shaped compartment,
      said C-shaped housings and said filling unit engaging said rail members
      and being supported thereby.
NUM  7.
PAR  7. The improvement of claim 6 wherein said C-shaped housings and said
      filling unit are adapted so as to be longitudinally displaceable along
      said rail members.
NUM  8.
PAR  8. The improvement of claim 5 wherein the forward terminal end of the
      horizontal leg of the L-shaped compartment is provided with a
      longitudinally extending, upwardly directed lip, the sloping top surface
      of the horizontal leg and said lip cooperating to form a drainage channel.
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ABST
PAL  For packaging a preselected number of coins of the same denomination in the
      form of a neat stack, there is provided apparatus which broadly includes
      an infeed mechanism, coin stacking mechanism, coin wrapping mechanism,
      coin guide mechanism, wrapper feed mechanism, and adjusting mechanism.
      Each preselected number of coins of the same denomination to be enclosed
      in a single package is fed from the infeed mechanism into a stacking
      cylinder of the coin stacking mechanism, where the coins are rearranged
      into a neat stack. The coin guide mechanism includes a guide rod movable
      up and down for transporting the stack of coins from within the stacking
      cylinder down to a prescribed position between a plurality of wrapping
      rolls of the coin wrapping mechanism. A strip of wrapper is then delivered
      from the wrapper feed mechanism to the coin wrapping mechanism and is
      wound around the circumference of the stack of coins as the same is caused
      frictionally to rotate in circumferential contact with the wrapping rolls.
      The loose lateral edges of the wrapper strip are succeedingly fold crimped
      over the top and bottom ends of the coin stack by a pair of retractable
      crimping hooks. Upon manual operation of a knob to select the denomination
      of coins to be packaged, the various working parts of the apparatus are
      automatically adjusted to the diameter and thickness of the coins of the
      selected denomination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for packaging a preselected number of
      coins of any of several specified denominations in the form of a neat
      stack. More specifically, the invention deals with coin packaging
      apparatus of the type comprising a stacking cylinder for arranging each
      preselected number of coins of the same diameter or denomination into a
      neat stack, and a plurality of rotatable wrapping rolls arranged annularly
      in parallel spaced relationship to each other. Each time the stack of
      coins is carried by a coin guide mechanism to a prescribed position
      between the wrapping rolls, some or all of these wrapping rolls move into
      circumferential contact with the stack of coins thereby frictionally
      imparting rotation thereto to permit a strip of wrapper to be wound around
      its circumference. The lateral edges of the strip of wrapper, still
      projecting beyond the top and bottom ends of the stack of coins, are then
      fold crimped by a pair of crimping hooks for complete packaging of the
      coins.
PAR  The coin packaging apparatus of the type now under consideration is usually
      required to handle coins of several different denominations. Since coins
      of different denominations differ in diameter and thickness, the various
      working parts of the coin packaging apparatus must be readjusted each time
      the apparatus is required to package coins of a different denomination.
      Convetionally, such readjustment has been performed manually, as by
      replacing some part of the apparatus with another or by shifting the
      position of one part relative to another. It will be apparent that such
      manual readjustment is highly troublesome and time-consuming, impairing in
      particular the utility of the coin packaging apparatus designed to handle
      coins of widely different diameter or thickness.
PAR  There is, for example, coin packaging apparatus incorporating a rotary disc
      in its infeed mechanism, such that the coins a batch of coins loaded on
      the rotary disc are thereby centrifugally sent out one by one into a
      passageway leading to the next processing stage. It the rotary disc
      rotates at a constant speed irrespective of the denomination of the coins,
      the number of coins fed out therefrom per unit length of time will change
      depending upon the diameter of the coins, so that the apparatus will
      produce packages containing different numbers of coins. Furthermore, if
      coins of widely different diameters are fed out by the rotary disc
      revolving at a constant speed, it is highly likely that the coins will
      clog the succeeding coin stacking mechanism or will be irregularly stacked
      up therein.
PAR  Another problem accompanying the prior art coin packaging apparatus
      concerns its coin wrapping mechanism which includes a plurality of,
      usually three, wrapping rolls arranged vertically in substantially annular
      configuration, with equal spacings from one to the next. As a stack of
      coins of some selected denomination is carried by a movable guide rod from
      the stacking cylinder of the coin stacking mechanism down to a specified
      position between the wrapping rolls, all but one of the wrapping rolls are
      displaced horizontally toward the one stationary wrapping roll, thereby
      tightly holding the stack of coins therebetween. It will accordingly be
      seen that the central axis between wrapping rolls is not aligned with the
      axis of the stacking cylinder or with the axis of the guide rod,
      especially where coins of considerably different diameters must be handled
      by one and the same apparatus. As a consequence, the prior art coin
      packaging apparatus has an inherent drawback in that the stack of coins
      may become disarranged between the wrapping rolls before the displaceable
      wrapping rolls move into proper circumferential contact therewith from
      their inoperative positions.
PAR  Further in connection with the coin packaging apparatus of the type
      described, the relative positions of the pair of crimping hooks need no
      readjustment if the number of coins to be enclosed in each package is
      unvaried regardless of their denomination, even though there may be some
      difference in thickness between the coins of various denominations.
      However, if the number of coins to be enveloped in each package is made to
      differ according to their denomination, then the relative positions of the
      crimping hooks in the prior art apparatus need preliminary readjustment
      for the coins of each denomination to be packaged. The coins will not be
      packaged properly in the event the operator fails to perform this
      preliminary manual readjustment.
PAR  A further problem associated with the prior art coin packaging apparatus
      stems from the fact that the revolving speed of the wrapping rolls in
      unvaried regardless of the diameter of the coins being packaged. Since the
      revolving speed of the stack of coins in frictional circumferential
      contact with the wrapping rolls rotating at a constant speed varies
      significantly depending upon their diameter, the strip of wrapper cannot
      always be wound properly around the circumference of the coin stack. It is
      even possible that the coins will become disarranged during their rotation
      by the wrapping rolls.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the listed problems encountered in the prior art, it is an
      object of this invention to provide a novel and improved coin packaging
      apparatus the various working parts of which are automatically adjusted in
      accordance with the diameter and/or thickness of coins to be handled, so
      that coins of various denominations can be packaged efficiently without
      the need for any preliminary manual readjustment.
PAR  Another object of the invention is to provide coin packaging apparatus
      wherein, when a coin selecting element such as a knob is manually
      manipulated to select the denomination of coins to be packaged, the
      various working parts of the apparatus are automatically adjusted
      altogether in accordance with the diameter and/or thickness of the coins
      of the thus-selected denomination.
PAR  A further object of the invention is to provide coin packaging apparatus
      wherein the means for automatic adjustment of the various working parts of
      the apparatus need no exclusive drive source, being actuated by a drive
      source which powers the other working parts of the apparatus.
PAR  A further object of the invention is to provide coin packaging apparatus
      wherein, when the denomination of coins to be packaged is selected as
      aforesaid, the number of the coins to be enclosed in each package can also
      be automatically determined, whereby the various working parts of the
      apparatus are adjusted not only in accordance with the diameter and/or
      thickness of the coins but also with the number of coins to be enclosed in
      each package.
PAR  According to one aspect of the invention, the stacking cylinder, the
      wrapping rolls and the guide rod are arranged in a radially symmetrical
      manner with respect to the axis extending vertically therethrough, so that
      the stack of coins can be supported at its axial point by the guide rod
      while being transported from the stacking cylinder down to the central
      position between the wrapping rolls or while being rotated in frictional
      contact with the wrapping rolls. Supported in this manner, the stack of
      coins will not collapse off balance on its way from the stacking cylinder
      down to the wrapping rolls. It is also possible to wind a strip of wrapper
      correctly around the circumference of the stack of coins of whatever
      diameter as the wrapping rolls will unfailingly come into proper
      circumferential contact therewith.
PAR  According to another aspect of the invention, the intermediate and least
      spaced-apart positions of the wrapping rolls are adjusted to the diameters
      of coins of various denominations to be handled by the apparatus, in such
      a manner that the wrapping rolls are required to travel an unvarying
      minimum distance from their intermediate to least spaced-apart positions
      no matter which denomination of coins have been transported to the
      prescribed position therebetween. Since the length of time required for
      the wrapping rolls to shift from their intermediate to least spaced-apart
      positions is the same regardness of the diameter of the coins, the coin
      wrapping mechanism operates in exact timed relationship to the other
      mechanisms of the apparatus for all the denominations of coins to be
      packaged. Furthermore, the intermediate and least spaced-apart positions
      of the wrapping rolls are variously determined by manually actuable cam
      means with no pressure exerted on the wrapping rolls themselves, while
      their most spaced-apart positions are held unvaried by another cam means,
      so that the intermediate and least spaced-apart positions of the wrapping
      rolls are easily adjustable with minimum exertion of manual effort. It is
      also noteworthy that by thus adjusting the least spaced-apart positions of
      the wrapping rolls, the stack of coins of any diameter can be supported
      under equally appropriate pressure between the wrapping rolls. This fact
      further results in an extended life of the wrapping rolls through
      minimization of their frictional wear.
PAR  The features which are believed to be novel and characteristic of this
      invention are set forth with particularity in the appended claims. The
      invention itself, however, both as to its organization and mode of
      operation, together with the further objects and advantages thereof, will
      become more apparent and understandable from the following description of
      preferred embodiments when read in connection with the accompanying
      drawings wherein like reference characters denote like parts throughout
      the several views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a coin packaging apparatus constructed in
      accordance with the concepts of this invention, the casing of the
      apparatus being shown partly broken away to illustrate inner details;
PAR  FIG. 2 is an enlarged fragmentary perspective view showing part of an
      infeed mechanism in the apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged, fragmentary, side elevational view showing a coin
      sensing mechanism in the apparatus of FIG. 1 in combination with
      associated electrical circuitry;
PAR  FIG. 4 is an exploded perspective view showing a coin counting mechanism in
      the apparatus of FIG. 1;
PAR  FIG. 5 is a schematic electrical diagram showing the control circuit of the
      mechanism of FIG. 4;
PAR  FIG. 6 is a perspective view showing an operation selector mechanism in the
      apparatus of FIG. 1;
PAR  FIG. 7 is a top plan view showing a coin stacking mechanism in the
      apparatus of FIG. 1;
PAR  FIG. 8 is a schematic top plan view showing a modification of the coin
      stacking mechanism;
PAR  FIG. 9 is a similar view showing another modification of the coin stacking
      mechanism;
PAR  FIG. 10 is an exploded perspective view showing a coin wrapping mechanism
      in the apparatus of FIG. 1;
PAR  FIG. 11 is an enlarged top plan view showing means for controlling the most
      spaced-apart, intermediate, and least spaced-apart positions of wrapping
      rolls in the coin wrapping mechanism of FIG. 10 in accordance with the
      diameter of coins to be packaged;
PAR  FIG. 12 is a top plan view for explaining the positions assumed by the
      wrapping rolls and by wrapper guides for wrapping a stack of coins of
      relatively large diameter in the coin wrapping mechanism of FIG. 10;
PAR  FIG. 13 is a similar view for explaining the positions assumed by the
      wrapping rolls and by the wrapper guides for wrapping a stack of coins of
      relatively small diameter in the coin wrapping mechanism of FIG. 10;
PAR  FIG. 14 is a schematic top plan view for explaining the way the wrapping
      rolls travel from their most spaced-apart to least spaced-apart positions
      via intermediate positions for wrapping a stack of coins of relatively
      small diameter in the coin wrapping mechanism of FIG. 10;
PAR  FIG. 15 is a similar view for explaining the way the wrapping rolls travel
      from their most spaced-apart to least spaced-apart positions via
      intermediate positions for wrapping a stack of coins of relatively large
      diameter in the coin wrapping mechanism of FIG. 10;
PAR  FIG. 16 is a perspective view showing a wrapper feed mechanism in the
      apparatus of FIG. 1;
PAR  FIG. 17 is a fragmentary side elevational view for explaining the means for
      locking in position a wrapper magazine transport mechanism in the wrapper
      feed mechanism of FIG. 16;
PAR  FIG. 18 is a view for explaining the relative positions of a row of
      microswitches and a switch actuator member of each wrapper magazine in the
      wrapper feed mechanism of FIG. 16;
PAR  FIG. 19 is a schematic electrical diagram of control circuitry for the
      wrapper feed mechanism of FIGS. 16 and 17;
PAR  FIGS. 20A to 20E inclusive are views sequentially illustrating the
      operating steps of the locking means of FIG. 17;
PAR  FIG. 21 is an exploded perspective view of wrapper tensioning means and
      wrapper sensing means;
PAR  FIG. 22 is a schematic electrical diagram of control circuitry for the
      wrapping mechanism which is actuated by the wrapper sensing means of FIG.
      21;
PAR  FIG. 23 is a perspective view showing a coin guide mechanism in the
      apparatus of FIG. 1;
PAR  FIG. 24 is a schematic diagram for explaining means for adjusting the
      various working parts of the apparatus of FIG. 1 in accordance with the
      denomination of coins to be packaged and of means for controlling the
      operation of the apparatus;
PAR  FIG. 25 is a perspective view of an explanatory nature showing in detail
      the configurations of various cam means in the adjusting means of FIG. 24;
PAR  FIG. 26 is a schematic diagram showing a slight modification of the
      arrangement of FIG. 24;
PAR  FIG. 27 is also a schematic diagram showing another slight modification of
      the arrangement of FIG. 24;
PAR  FIG. 28 is a schematic electrical diagram showing control circuitry for the
      second motor in the apparatus of FIG. 1 which is adapted principally to
      drive the coin wrapping mechanism;
PAR  FIG. 29 is a flow chart for explaining the way the spacing between a pair
      of crimping hooks in the apparatus of FIG. 1 is adjusted in accordance
      with the denomination and number of coins to be packaged;
PAR  FIG. 30 is a schematic electrical diagram showing control circuitry for
      adjusting the spacing between the pair of crimping hooks is adjusted in
      accordance with the denomination and number of coins to be packaged;
PAR  FIG. 31 is a diagram for explaining the general organization of an alarm
      mechanism for use in the coin packaging apparatus according to the
      invention;
PAR  FIG. 32 is a schematic electrical diagram showing means for detecting Coin
      Selection Trouble according to the alarm mechanism of FIG. 31;
PAR  FIG. 33 is also a schematic electrical diagram showing means for detecting
      Resetting Trouble;
PAR  FIG. 34 is a schematic perspective view showing means for detecting
      Operation Selection Trouble;
PAR  FIG. 35 is a schematic perspective view showing means for detecting Motor
      Overloading Trouble;
PAR  FIG. 36 is a schematic view showing means for detecting Coin Feed Trouble;
PAR  FIGS. 37A and 37B are waveform diagrams for explaining electrical signals
      used in the detecting means of FIG. 36;
PAR  FIG. 38 is a schematic view showing a modification of the detecting means
      of FIG. 36;
PAR  FIG. 39 is a schematic perspective view showing means for detecting Coin
      Stacking Trouble;
PAR  FIG. 40 is a schamatic top plan view showing means for detecting Coin
      Disarrangement Trouble; p FIG. 41 is a fragmentary perspective view
      showing a modification of the detecting means of FIG. 40; and
PAR  FIG. 42 is a schematic electrical diagram showing means for detecting
      Wrapper Feed Trouble.
DETD
PAC  DETAILED DESCRIPTION
PAR  The general organization of the coin packaging apparatus according to this
      invention will be apparent from FIG. 1, being comprised essentially of: an
      infeed mechanism 1 from which each prescribed number of coins of the same
      denomination to be packaged is fed to the succeeding processing stage in
      the form of a neat row; a coin stacking mechanism 2 for stacking each
      batch of coins fed from the infeed mechanism 1; an operation selector
      mechanism 3 located between the infeed mechanism 1 and the coin stacking
      mechanism 2 for selectively switching the apparatus between coin packaging
      and counting operations; a coin wrapping mechanism 4 where each stack of
      coins fed from the coin stacking mechanism 2 is wound with a wrapper, and
      where the lateral edges of the wrapper are fold-crimped over the top and
      bottom ends, respectively, of the stack of coins; a coin guide mechanism 6
      for directing each stack of coins from the coin stacking mechanism 2 down
      to the coin wrapping mechanism 4; a wrapper feed mechanism 7 for feeding a
      wrapper to the coin wrapping mechanism 4; a control mechanism 8 for
      controlling the operations of the foregoing mechanism in accordance with
      the diameter and thickness of each of the coins to be packaged; and a
      drive mechanism 9 for driving the listed mechanisms.
PAC  INFEED MECHANISM
PAR  As will be seen from FIGS. 1 and 2, the infeed mechanism 1 includes a
      hopper 11 having an endless moving belt 12 whereby coins assumed to be of
      the same denomination are loaded onto a rotary disc 13 in a quantity as
      regulated by a sensing mechanism 14 later described in more detail. The
      rotary disc 13 is provided with an arcuate wall member 15 arranged along
      its circumference in a manner, such that the coins overlying others on the
      rotary disc are removed from the underlying coins as the disc rotates.
PAR  Hence, with the rotation of the disc 13, the coins are centrifugally sent
      out one by one into a linear passageway 17 of adjustable width extending
      outwardly therefrom. Coins having a diameter greter than that of the coins
      of preselected denomination, if any, are prevented from entering the
      passageway 17 by means of a gate 16 of adjustable width provided at the
      entrance end of the passageway. On the other hand, coins with a smaller
      diameter or damaged coins can be removed by suitable means provided in the
      passageway 17.
PAR  The successive coins which have been fed into the passageway 17 as
      aforesaid are frictionally caused to advance toward its exit end by an
      endless moving belt 18 of adjustable height supported over the passageway
      in register therewith. A coin counting mechanism 160 including a toothed
      wheel 19 is provided adjacent the exit end of the passageway 17, the
      toothed wheel 19 being caused to rotate through an angle corresponding to
      the pitch of the teeth on its circumference by each coin of the
      preselected denomination traveling therepast. Each time a predetermined
      number of coins are thus fed out of the exit end of the passageway 17, the
      toothed wheel 19 is temporarily locked against any further rotation to
      prevent any additional coins from being fed out of the passageway.
PAR  FIG. 2 illustrates in greater detail the constructional features of some of
      the above described constituent parts or components of the infeed
      mechanism 1. The rotary disk 13 is pivotally supported at its central axis
      for rotation in the direction of the arrow in FIG. 1. A guide wall member
      180 of arcuate shape is mounted over the circumferential portion of the
      rotary disc 13 opposite to the endless moving belt 12. The guide wall
      member 180 extends through an angle of approximately 180 degrees, and the
      aforesaid wall member 15 extends between one end of the guide wall member
      180 and the adjustable width gate 16.
PAR  The wall member 15 is supported on the underside of an openable cover 181
      in such a manner that, upon closure of this cover 181, the lower edge of
      the wall member 15 will be held above the face of the rotary disc 13 at a
      distance corresponding to the thickness of each of the coins to be
      packaged. To this end, the position of the wall member 15 relative to the
      rotary disc 13 is made adjustable by mounting the wall member on the
      underside of the cover 181 via spring means, not shown, and by providing a
      projection 182 which is movable up and down as dictated by the control
      mechanism 8.
PAR  The adjustable width gate 16 comprises a stationary guide 184 projecting
      onto the rotary disc 13 for guiding successive coins onto the passageway
      17 as they travel along the inside surface of the wall member 15, and a
      movable guide 185 which moves toward and away from the stationary guide
      184 for defining a gate width corresponding to the diameter of the coins
      to be packaged. The movable guide 185 is an integral part of a movable
      member 186 defining one of the lateral edges of the passageway 17. The
      movable member 186 is further coupled via a link 187 to an arcuate guide
      188 arranged circumferentially of the rotary disc 13 to provide a guide
      surface leading to the gate 16 such that the coins will be smoothly
      directed into the passageway 17 in spite of the varying width of the gate
      16.
PAR  The movable member 186 defining one of the lateral edges of the passageway
      71 is movable toward and away from a stationary member 184 defining the
      other lateral edge of the passageway in order to determine the width of
      this passageway in accordance with the diameter of the coins to be
      packaged. Such movement of the movable member 186 is also regulated by the
      control mechanism 8.
PAR  The coins in the passageway 17 are fed as aforesaid in frictional contact
      with the overhead endless moving belt 18 arranged longitudinally of the
      passageway and extending around a pair of terminal pulleys 189 and 190. A
      support 191 rotatably supporting the shafts of the respective pulleys 189
      and 190 and a holding plate 192 are both movable up and down relative to
      the passageway 17 as dictated by the control mechanism 8 in accordance
      with the thickness of each of the coins to be packaged. A first motor
      M.sub.1 imparts rotation, via an endless belt 194, to the pulley shaft 193
      in the direction of the arrow in FIG. 2.
PAR  FIG. 3 illustrates the details of the sensing mechanism 14, which includes
      the movable contact 802 of a rotary switch 801 adapted to be actuated by a
      rotary shaft 800 having a knob 820 on its top, the rotary shaft 800 being
      adapted to be rotated to a desired angular position in accordance with the
      size of the coins to be packaged, as later described in more detail. The
      rotary switch 801 further comprises fixed contacts 803 and 804 which are
      connected to respective switches 805 and 806. In this particular
      embodiment of the invention, coins of several different denominations to
      be handled by the apparatus are previously divided into two groups
      according to their size, and the switches 805 and 806 are provided
      corresponding to the respective groups of coins.
PAR  It will be noted from FIG. 3 that the switches 805 and 806 are disposed in
      vertically registered relationship to each other, with their respective
      actuators 807 and 808 coupled to a common lever 809 pivotally supported at
      810 on the above mentioned guide wall member 180. The switches 805 and 806
      will thus be opened in predetermined different angular positions of the
      lever 810. The lever 810 is biased, as by a torsion spring 811, in a
      direction tending to close the switches 805 and 806. The pin 810 pivotally
      supporting the lever 809 has its end 812 projecting inwardly of the guide
      wall member 180 and coupled to one end of a sensing lever 813 adapted to
      be turned by the coins on the rotary disc 13.
PAR  The switches 805 and 806 in parallel relationship are serially connected to
      the supply circuit of an electromagnetic clutch 814 connected to the first
      motor M.sub.1. It is assumed that the output shaft of the first motor
      M.sub.1 is coupled to the rotary disc 13 and is further utilized to drive
      the endless belts 12 and 18.
PAR  In the operation of this sensing mechanism 14, the movable contact 802 of
      the rotary switch 801 is assumed to be closed to the fixed contact 804
      when smaller-sized coins are to be handled by the apparatus. Thus, when an
      excessive number of such coins are loaded on the rotary disc 13, the
      sensing lever 813 is thereby turned in step with the lever 809 against the
      force of the torsion spring 811, until at last the switch 806, is opened
      by the actuator 808. Thereupon the first motor M.sub.1 stops driving the
      endless belt 12, so that no more coins are delivered from the hopper 11 to
      the rotary disc 13. As the number of coins on the rotary disc 13 decreases
      due to its continued rotation, the sensing lever 813 is gradually relieved
      of its load, until the switch 806 becomes reclosed. The endless belt 12
      becomes operative again via the clutch 814 to resume the delivery of coins
      onto the rotary disc 13. It will now be apparent that the rotary disc 13
      is thus always supplied with an appropriate amount of coins.
PAR  When larger-sized coins are handled by the apparatus, the movable contact
      802 of the rotary switch 801 is closed to the other fixed contact 803, so
      that the endless belt 12 is driven by the first motor M.sub.1 which is
      operated through the path comprising the contacts 802 and 803 of the
      rotary switch 801, the switch 805, and the electromagnetic clutch 814.
      Even though the switch 806 is opened before the switch 805 by the above
      described procedure, the the first motor M.sub.1 is held energized via the
      switch 805, so that coins are further delivered onto the rotary disc 13 by
      the endless belt 12. The sensing lever 813 is thus turned further until
      the switch 805 is opened by its actuator 807. The delivery of coins to the
      rotary disc 13 is now suspended and is succeedingly resumed when the
      amount of coins on the rotary disc decreases to a predetermined degree.
PAR  While the rotary disc 13 can be supplied with coins at a proper rate
      depending upon the approximate size of the coins by the sensing mechanism
      shown in FIG. 3, various modifications thereof will readily occur to those
      skilled in the art. For example, switches 805, 806, and so forth, may be
      provided correspondingly to the coins of the respective denominations to
      be handled by the apparatus. It is also possible that, instead of
      providing a plurality of such switches, there may be provided a single
      switch which is movable relative to the lever 809 so as to be actuated in
      different angular positions of the lever.
PAC  COIN COUNTING MECHANISM
PAR  As illustrated in FIG. 4, a multiposition switch 161 is mounted on the
      aforesaid rotary shaft 800 to be rotated by the knob 820. The toothed
      counting wheel 19, having its circumference divided into ten identical
      concavities, is disposed in coplanar relationship to the movable member
      186 defining one of the lateral edges of the coin passageway 17. The
      counting wheel 19 is fixedly mounted on a shaft 162, on which shaft there
      is also fixedly mounted a gear 163 meshing with a gear 165 secured to a
      shaft 164 extending parallel to the shaft 162. A resetting cam 166 is
      likewise fixedly mounted on the shaft 164. The intermeshing gears 163 and
      165 are of the same diameter, and a pair of apertures 167 are formed
      through the gear 165 in diametrically opposed positions thereof. The
      resetting cam 166 has a pair of rounded portions disposed on the opposite
      sides of the shaft 164.
PAR  A pair of levers 168 are mounted on the underside of the gear 165 so as to
      partly project outwardly from its circumference, and each lever 168
      carries a magnet 169 on its outer end adapted to operate a reed switch 170
      supported in a suitable manner. Pivotally supported at 171a adjacent the
      resetting cam 166 is a lever 171, which is biased by a spring, not shown,
      in a direction to be held out of engagement with the cam 166. The lever
      171 is fixedly provided with a return lever 172 consisting of two separate
      parts interconnected with a spring as shown in the drawing and adapted to
      actuate a switch 173. When not actuated by the return lever 172, the
      switch 173 functions to keep the apparatus out of operation. The return
      lever 172 oscillates with each complete revolution of a motor M.sub.o.
PAR  A lever 174 pivotally supported by a pin, not shown, inserted into a bore
      174a is adapted to terminate the delivery of coins. A detent 175 is formed
      on one of the ends of the lever 174 so as to project into either of the
      diametrically opposed apertures 167 in the gear 165, and a pin is carried
      at 177 on the lever 174 so as to actuate a switch 176 adapted to initiate
      the operation of the coin wrapping mechanism 4. The lever 174 is biased
      into contact with one of the faces of the gear 165 by a helical tension
      spring 178. Coupled to the actuator 179a of an electromagnet 179 via a pin
      179b, the lever 174 can be turned against the force of the spring 178.
PAR  FIG. 5 illustrates the electrical circuitry of the coin counting mechansim
      160, in which it is assumed that when coins of a specific denomination to
      be handled by the apparatus are selected, the apparatus will automatically
      determine the specific number of the coins to be arranged into each
      package. The multiposition switch 161 comprises six circuits each having
      five fixed contacts. The knob 820 for operating this multiposition switch
      161 has calibrations representing, for example, 1-, 5-, 10-, 25- and
      50-cent coins respectively.
PAR  One of the circuits, 950, controlled by the multiposition switch 161 is
      connected to counting means 951 adapted to determine the number of coins
      to be arranged into each package. The counting means 951 is provided with
      a 50-coin package terminal 952, 40-coin package terminal 953, 20-coin
      package terminal 954, and two other terminals 955 and 956 for permitting
      any number of coins to be arranged into each package as desired by the
      operator, and these terminals are connected to the contacts of the circuit
      950 as in the drawing. The aforesaid reed switch 170 is connected to an
      input terminal 957. In this particular embodiment of the invention, the 1-
      and 10-cent coin contacts of the circuit 950 are connected to the 50-coin
      package terminal 952, the 5- and 25-cent coin contacting the 40-coin
      package terminal 953, and the 50-cent coin contacting the 20-coin package
      terminal 954.
PAR  A selector switch 958 is adapted for selection between manual and automatic
      operations, and the manual operation contact of this selector switch 958
      is connected to the movable contact of a rotary switch 959 which permits
      the operator to select manually the number of coins to be enclosed in a
      single package. The fixed contacts of the other circuits 960 to 964 are
      connected, respectively, to means 965 for adjusting the width of the coin
      passageway 17, means 966 for adjusting the inside diameter of a coin
      stacking cylinder to be described hereinafter, means 967 for adjusting the
      relative positions of wrapping rolls later to be described, means 968 for
      adjusting the length of each strip of wrapper used for packaging a single
      stack of coins, and means 969 for adjusting the positions of fold crimping
      hooks relative to each stack of coins placed in a prescribed packaging
      position, as hereinafter set forth in more detail.
PAR  In the operation of the coin counting mechanism shown in FIGS. 4 and 5, the
      knob 820 may first be rotated to a desired angular position in accordance
      with the denomination of coins to be packaged. The movable contacts of the
      multiposition switch 161 are thus closed to the required fixed contacts,
      respectively, of the circuits 950 and 960 to 964, thereby initiating the
      desired operations of the counting means 951 and the adjusting means 965
      to 969. The coins to be packaged are then charged into the hopper 11, the
      coins being conveyed onto the rotary disc 13 by the endless moving belt
      12. As the disc 13 rotates at a proper speed, the coins are successively
      sent out centrifugally into the passageway 17 in the manner previously
      described.
PAR  Each of the coins being fed out of the passageway 17 causes the rotation of
      the toothed counting wheel 19 through the predetermined angle. The
      intermeshing gears 163 and 165 and the levers 169 carrying the respective
      magnets 169 rotate in phase with the counting wheel 19, completing a
      complete revolution as each ten successive coins are fed out of the
      passageway 17. Since the pair of magnets 169 are arranged in diametrically
      opposed positions with respect to the gear 165, the reed switch 170 will
      be actuated twice with each complete revolution of the counting wheel 19
      and so forth. Each time the reed switch 170 is actuated by either of the
      magnets 169, an electric pulse is delivered to the counting means 951.
      Upon delivery of a preset number of such pulses to the counting means 951,
      a signal is thereby produced which is effective to deenergize the
      electromagnet 179.
PAR  The detent 175 formed on one of the ends of the lever 174 is then caused by
      the spring 178 to engage either of the apertures 167 in the gear 165 and
      hence to arrest its rotation, so that the toothed counting wheel 19 is
      prevented from rotation via the gear 163 and the shaft 162. No more coins
      can now be fed out of the exit end of the passageway 17. Simultaneously,
      the pin 177 carried by the lever 174 moves out of contact with the switch
      176 to initiate the operation of the coin wrapping mechanism 4. Upon
      completion of the operation of the coin wrapping mechanism 4, the camshaft
      48 shown in FIG. 1 operates to energize the electromagnet 179 again, so
      that the toothed counting wheel 19 becomes rotatable to resume the
      counting of coins as they successively leave the exit end of the
      passageway 17.
PAR  At the instant when the counting of coins of a different denomination is
      started following the packaging of all the coins by the repetition of the
      above described procedure, the return lever 172 is turned to move the
      lever 171 toward the resetting cam 166. The lever 171 rotates the
      resetting cam 166 until the gear 165 assumes its prescribed angular
      position for initiation of the next counting operation. The switch 173 is
      actuated simulatneously to reset the counting means 951, FIG. 5, to zero.
      The knob 820 may then be turned manually to re-adjust to the denomination
      of the coins to be packaged next, with the result that the counting means
      951 and the adjusting means 965 to 969 are re-adjusted correspondingly and
      are thus made ready for the succeeding coin packaging operation.
PAR  In the case where an arbitrarily desired number of coins are to be enclosed
      in each package, the movable contact of the selector switch 958 is changed
      over from the illustrated position and connected to the other fixed
      contact permitting manual selection by the rotary switch 959. The movable
      contact of this rotary switch 959 may then be closed to any of its fixed
      contacts corresponding to the desired number of coins to be enclosed in
      each package. Instead of the switch 173 of the configuration shown in FIG.
      4, there may be provided a pair of switches 176 in juxtaposition, with one
      of such juxtaposed switches employed in place of the switch 173.
PAC  OPERATION SELECTOR MECHANISM
PAR  As will be seen from FIGS. 1 and 6, the operation selector mechanism 6
      includes a frame 301 supported adjacent the exit end of the coin
      passageway 17. The frame 301 is substantially integrally provided with a
      chute 302 through which the coins fed out of the passageway 17 are
      directed down to the coin stacking mechanism 2 and with another chute 303
      through which the coins are recovered in case the apparatus is required to
      perform a coin counting operation only. The frame 301 is further provided
      with an operation selector member 305 which is movable back and forth
      along guide 304 carried by the frame.
PAR  The operation selector member 305 is provided with a chute 306 which, when
      moved into register with the exit end of the passageway 17, directs the
      successive coins down in the coin stacking mechanism 2 and with a chute
      307 which, when moved into register with the exit end of the passageway
      17, guides the coins into the chute 303 for recovery. A pin 308 carried by
      the selector member 305 is adapted to be engaged by a lever 309 pivotally
      mounted on the frame 301, and a helical tension spring 310 extends between
      this lever 309 and the frame 301. Thus, the operation selector member will
      be securely retained in either of its two predetermined operative
      positions by the spring 310 located on either of the opposite sides of the
      pin 311 pivotally supporting the lever 309. With the selector member 305
      thus retained in either of its operative positions, the corresponding one
      of the chutes 303 and 306 will be held in register with the exit end of
      the passageway 17. The selector member 305 is manually movable by a handle
      312 fixedly attached thereto.
PAR  A pair of switches 313 and 314 mounted on the opposite ends, respectively,
      of the frame 301 are each adapted to be actuated by the operation selector
      member 305 when the same is moved to the corresponding one of its two
      operative positions. Unless either of these switches 313 and 314 is
      actuated by the selector member 305, the operation of the coin packaging
      apparatus will not be initiated.
PAC  COIN STACKING MECHANISM
PAR  The coin stacking mechanism 2 includes a stacking cylinder generally
      designated by the numeral 200 in FIGS. 1 and 7 and disposed under the
      chute 306 of the above described operation selector mechanism 3 in direct
      communication therewith. The stacking cylinder 200 has its bottom end
      openably closed by shutter means 250 as shown in FIG. 1.
PAR  As best illustrated in FIG. 7, the stacking cylinder 200 is composed of a
      plurality of rectangular plate members 201 arranged in overlapping
      relationship with respect to each other as in the drawing, When viewed
      cross-sectionally, therefore, the stacking cylinder 200 is of regularly
      polygonal shape approximating a circle. The upper end portions of the
      plate members 201 constituting the stacking cylinder 200 are flared in
      order that the coins delivered through the chute 306 may be smoothly
      received therein.
PAR  A plurality of support members 202 project outwardly from the respective
      plate members 201, and the outer ends of all these support members 202 are
      pivotally attached to a bracket 203 at points arranged circumferentially
      of a notional circle concentric with a circular aperture 204 of the
      bracket adapted to accommodate the stacking cylinder 200 in coaxial
      relationship. Any two of the support members 202 are pivotally connected
      at 208 and 209 to arms 205 and 206, respectively, and these arms 205 and
      206 are further pivotally connected at 210 and 211, respectively, to an
      adjusting lever 207. It will be noted from FIG. 7 that the four pins 208
      to 211 pivotally interconnecting the support member 202, the arms 205 and
      206, and the adjusting lever 207 are located at the respective corners of
      a regular trapezoid.
PAR  The arm 206 has an extension 212, and a helical tension spring 213 extends
      between the tip of this extension 212 and the bracket 203 so that the
      constituent plate members 201 of the stacking cylinder 200 are biased in a
      direction tending to reduce its inside diameter. The adjusting lever 207
      rotatably supports a roll 214 adapted to function as a cam follower to be
      actuated by a cam 821 of polygonal shape. The circumferential contour of
      this cam 821 is such that the inside diameter of the stacking cylinder 200
      may be thereby adjusted to the outside diameters of the various
      denominations of coins to be handled by the apparatus. If desired, there
      may be additionally provided suitable means for imparting vibration to the
      stacking cylinder 200.
PAR  In the coin stacking mechanism 2 constructed as hereinabove described with
      reference to FIGS. 1 and 7, the cam 821 may be turned to a specific
      angular position predetermined in accordance with the diameter of the
      coins to be packaged, thereby actuating the adjusting lever 207 via the
      roll 214. The arms 205 and 206 are thus turned about the pivots 210 and
      211 respectively, whereby the plate members 201 are moved simultaneously
      via the support members 202 to increase or decrease the inside diameter of
      the stacking cylinder 200 as dictated by the angular position of the cam
      821.
PAR  As will be seen from FIG. 1, the shutter means 250 openably closing the
      bottom end of the stacking cylinder 200 comprises a pair of rectangular
      plate members 250a and 250b disposed in coplanar relationship to each
      other. These plate members 250a and 250b are adapted to be simultaneously
      moved toward and away from each other by a linkage system 251 which is
      actuated by the drive mechanism 9, holding the bottom end of the stacking
      cylinder 200 closed while the coins are being stacked up therein and
      opening the same upon completion of the coin stacking operation.
PAR  FIG. 8 illustrates a possible alternative to the adjustable diameter
      stacking cylinder 200 shown in FIGS. 1 and 7. In this alternative
      arrangement shown in FIG. 8, a plurality of stacking cylinders 200 of
      different inside diameters, provided correspondingly to the diameters of
      several denominations of coins to be handled by the apparatus, are fixedly
      supported by a rotatable support 215 of annular shape in circumferentially
      spaced-apart positions. Thus, by the rotation of the support 215, any
      desired one of the stacking cylinders 200 may be brought to the
      predetermined coinreceiving position, in which the axis of the stacking
      cylinder is aligned with the central axis between wrapping rolls 20, 21,
      and 22, as later described in further detail.
PAR  FIG. 9 illustrates a modification of the arrangement shown in FIG. 8, in
      which the stacking cylinders 200 of different inside diameters are carried
      by a linearly extending support 216 which is reciprocably movable past the
      central axis between the wrapping rolls 20 through 22 to bring any desired
      stacking cylinder to the coin-receiving position.
PAC  COIN WRAPPING MECHANISM
PAR  In FIG. 10 illustrating the details of the coin wrapping mechanism 4, it
      will be noted that bores formed in some parts are hatched, and those
      formed in other parts unhatched. This is to indicate that the parts having
      hatched bores are fixedly mounted on shafts, rods or pins received in such
      bores, and the other parts having unhatched bores are loosely mounted on
      shafts or the like received in such bores, thereby facilitating the
      following description of the coin wrapping mechanism.
PAR  The aforesaid knob 820 to be turned in accordance with the denomination of
      the coins to be packaged is assumed to be coupled to a shaft 36 either
      directly or via rotary switch, motor, cam or like means not shown in the
      drawing. A gear 37 mounted on this shaft 36 meshes with a gear 39 mounted
      on a shaft 38, on which latter shaft there is also mounted a cam 40
      adapted to determine the distances the wrapping rolls 20, 21, and 22 are
      to be moved in a manner hereinafter set forth.
PAR  As seen more clearly in FIG. 11, the cam 40 has a stepped circumferential
      contour, such that the distance between its axis of rotation and its
      circumference varies in steps corresponding to the diameters of the
      various denominations of coins to be handled by the apparatus.
PAR  Arms 41 and 42 and a sector gear 43 are further mounted on the shaft 38,
      and a shaft 44 extends approximately centrally through the arm 41. The
      shaft 44 also extends approximately centrally through a lever 45 to
      pivotally support the same above the arm 41. The lever 45 carries a roll
      46 on one end thereof which is yieldably urged against the stepped
      circumference of the cam 40 as by a helical tension spring 47.
PAR  As seen in both FIGS. 10 and 11, cams 49 and 50 are mounted on a shaft 48
      which is caused to make one complete revolution for each cycle of the coin
      packaging operation. The cam 49 has at its circumference an arcuate edge
      51 of a reduced radius adapted to cause the wrapping rolls 20 through 22
      to be located in their least spaced-apart positions with respect to each
      other, and with another arcuate edge 52 of a greater radius adapted to
      cause the wrapping rolls to be located in their intermediate positions, as
      hereinafter set forth in more detail. The other cam 50 has a tongue 53
      projecting from its circumference and is adapted to cause the wrapping
      rolls to be located in their most spaced-apart positions. The cam 49 has
      its circumference of the above described contour held in contact with a
      roll 54 mounted on the other end of the lever 45, whereas the cam 50 makes
      contact only at its tongue 53 with a roll 55 mounted on the corresponding
      end of the arm 41.
PAR  The sector gear 43 mounted on the shaft 38 meshes with another sector gear
      57 mounted on a shaft 56. Also mounted on this shaft 56 are arms 58, 59
      and 60 and a gear 61, which gear is adapted to convey the rotation of a
      second motor M.sub.2, FIG. 1, to the wrapping roll 20. The arms 58 and 59
      are interconnected at their respective intermediate points by a pin or rod
      62 extending vertically therebetween, and the wrapping roll 20 is
      rotatably supported between the free ends of the arms 58 and 59 via shafts
      63 and 64 extending axially outwardly from both ends of the wrapping roll.
      A pinion 65 mounted on the shaft 64 meshes with the gear 61 to receive
      therefrom the rotation of the second motor M.sub.2.
PAR  The arm 42 on the shaft 38 has its free end pivotally coupled to one end of
      a link 66 and further to a spring 67 capable of providing a constant load,
      and the other end of the link 66 is pivotally coupled to one end of an arm
      69, the other end of which is secured to a shaft 68. Also mounted on this
      shaft 68 is a cooperative pair of arms 70 and 71 rotatably supporting the
      wrapping roll 21 between the free ends thereof via shafts 73 and 74
      extending axially outwardly from the two ends of the wrapping roll. A gear
      72 mounted on the shaft 68 meshes with a pinion 75 on the shaft 74 of the
      wrapping roll 21 via an intermediate gear 77 mounted on a shaft 76
      extending vertically through the arms 70 and 71, so that the wrapping roll
      21 also is rotated by the aforesaid second motor M.sub.2.
PAR  The arm 60 on the shaft 56 has its free end pivotally coupled to one end of
      a link 78 the other end of which is pivotally coupled to an arm 80 mounted
      on a shaft 79. Also mounted on this shaft 79 is a cooperative pair of arms
      81 and 82, each substantially in the shape of a U, rotatably supporting
      the wrapping roll 22 between the free ends thereof via shafts 83 and 84
      extending axially outwardly from the two ends of the wrapping roll.
PAR  As best seen in FIGS. 14 and 15, the wrapping rolls 20 through 22 are
      located at the apexes, respectively, of an equilateral triangle. By the
      motion of their respective supporting arms set forth above with reference
      to FIG. 10, the wrapping rolls 20 through 22 move toward and away from the
      central axis therebetween in order to hold or release the stack of coins C
      supported on the top of a guide rod 29 disposed in alignment with the
      central axis between the wrapping rolls.
PAR  Also illustrated in FIGS. 10, 12 and 13 is a wrapper guide mechanism
      including a gear 87 and a support 88 mounted on the shafts 63 and 64,
      respectively, of the wrapping roll 20. These gear 87 and support 88 carry
      a wrapper guide 89 extending therebetween and having a width at least
      equal to the smallest of the various diameters of coins to be handled by
      the apparatus. Approximately one longitudinal half of this wrapper guide
      89 is of arcuate crosssectional shape, with a curvature substantially the
      same as that of the coins of the smallest diameter. The wrapper guide 89
      has a longitudinal aperture 90 adapted to permit the wrapping roll 20 to
      project partly therethrough.
PAR  The gear 87 on the shaft 63 of the wrapping roll 20 meshes with a sector
      gear 91 mounted on the shaft 56. The sector gear 91 is biased by a helical
      tension spring 92 as best shown in FIGS. 12 and 13 and has an arcuate
      aperture 93 adapted to slidably receive the shaft 62 therethrough. A
      planar guide 94 is carried by the arms 58 and 59 so as to constitute a
      substantial extension of the aforesaid guide 89.
PAR  Another wrapper guide 95 is carried by the arms 81 and 82 supporting the
      wrapping roll 22. The wrapper guide 95 has a width at least equal to the
      greatest of the various diameters of coins to be packaged. A longitudinal
      aperture 96 is likewise provided in this wrapper guide 95 to permit the
      wrapping roll 22 to project partly therethrough. One of the lateral edges
      of the wrapper guide 95 is curved inwardly, with a curvature substantially
      the same as that of the coins of the smallest diameter to be packaged.
PAR  A further wrapper guide 99 is carried by a gear 97 and a support 98 which
      are mounted on the shafts 73 and 74, respectively, of the wrapping roll
      21. The wrapper guide 99 has a width at least equal to the smallest of the
      various diameters of coins to be packaged and includes a portion which is
      of arcuate cross-sectional shape, with a curvature substantially the same
      as that of the coins of the smallest diameter. A longitudinal aperture 100
      is provided in the wrapper guide 99 to permit the wrapping roll 21 to
      project partly therethrough.
PAR  A wrapper guide 101 of substantially L-shaped cross section is also carried
      by the gear 97 and the support 98 on the opposite side with respect to the
      wrapper guide 99. The wrapper guide 101 has its lateral edge 102 located
      adjacent one of the lateral edges of the wrapper guide 99. The gear 97
      meshes with a gear 103 mounted on the shaft 76, while this gear 103 meshes
      with a sector gear 104 which is mounted on the shaft 68, and which is
      secured to a stationary part, not shown, of the apparatus. A plate member
      106 is turnably supported by a shaft 105 extending through the pair of
      arms 70 and 71, the plate member being so shaped and arranged as to
      externally surround the wrapping roll 21. Fixedly supported on one of the
      lateral edges of the plate member 106 is a wrapper guide 107 which is
      located between the above mentioned wrapper guides 89 and 99 and which is
      of arcuate cross section, with a curvature substantially the same as that
      of the coins of the greatest diameter to be packaged.
PAR  A wrapper guide control cam 108 mounted on the shaft 48 is adapted to
      control the movements of the wrapper guides 89 and 107 with relation to
      the movements of the crimping hooks 23 and 24. The cam 108 includes a
      circumferential edge portion 109 of a smaller radius for holding the
      wrapper guides in their operative positions and another circumferential
      edge portion 110 of a greater radius for holding the wrapper guides in
      their inoperative positions as the crimping hooks 23 and 24 advance toward
      their operative positions.
PAR  A substantially T-shaped arm 111 pivotally supported by a shaft 82 carries
      a roll 113 abutting the wrapper guide control cam 108 and another roll 114
      abutting one side of the sector gear 91. The T-shaped arm 111 is pivotally
      coupled to a link 115 which is further pivotally coupled to an L-shaped
      link 117 turnably mounted on a shaft 116. The L-shaped link 117 is
      pivotally coupled to a link 118 which is further pivotally coupled to the
      plate member 106 at its end remote from the wrapper guide 107.
PAR  A pair of wrapper feed rolls are juxtaposed at 31 and 32, and a wrapper
      guide 119 is fixedly supported adjacent the roll 31 by some stationary
      parts, not shown, of the apparatus. The other roll 32 is rotatably
      supported by a pair of brackets 121 and 122 which are both swingably
      supported by a shaft 120, so that the roll 32 is movable toward and away
      from the roll 31. Also supported by the brackets 121 and 122 is a wrapper
      guide 123 which is disposed in confronting relationship to the wrapper
      guide 119 and the roll 31, and which is provided with a longitudinal
      aperture 124 adapted to permit the roll 32 to project partly therethrough.
PAR  As also illustrated in FIG. 10, there are three crimping hook control cams
      126, 127 and 128 mounted on the shaft 48 for controlling the movements of
      the crimping hooks 23 and 24. Adjacent the lowermost cam 126 adapted to
      cause the crimping hooks 23 and 24 to move between their operative and
      inoperative positions, there is provided a movable member 131 through
      which a pair of parallel spaced shafts 129 and 130 extend. A cam follower
      pin 132 affixed to the movable member 131 is urged by a helical tension
      spring 133 into abutment with the circumference of the cam 126.
PAR  The other two cams 127 and 128 are adapted to cause the up-and-down motion
      of the crimping hooks 23 and 24 toward and away from each other. The cam
      128 has its bottom edge 134 shaped into the desired cam contour, whereas
      the cam 127 has its top edge 135 shaped into the desired cam contour and
      is further provided with an annular recess 136. It may be noted from the
      showing of FIG. 10 that the cam 127 is mounted on that portion of the
      shaft 48 which is square in cross section, so as to be movable up and down
      relative to the same but rotatable together therewith.
PAR  A cam 137, adapted to be turned to a specific angular position in
      accordance with the denomination and number of coins to be enclosed in
      each package, is fixedly mounted on the same shaft 139 as a gear 138 which
      is driven by the second motor M.sub.2 shown in FIG. 1. A cam follower roll
      142 mounted on one end of an arm 141 pivotally mounted on a shaft 140
      abuts on the cam 137, while a roll 143 mounted on the other end of the arm
      141 is operatively received in the annular recess 136 of the cam 127.
PAR  A pair of brackets 144 and 145 are mounted, each at or adjacent one end
      thereof, on the parallel spaced shafts 129 and 130 so as to be movable up
      and down relative to the same. The crimping hooks 23 and 24 are affixed to
      the other ends of the respective brackets 144 and 145. A constant load
      spring 148 is mounted across the brackets 144 and 145 in order to urge the
      same toward each other. Cam follower rolls 149 and 150 carried by the
      brackets 144 and 145 abut the cam contours 135 and 134 respectively.
PAC  WRAPPER FEED MECHANISM
PAR  As will be seen from FIGS. 1 and 16, a plurality of rolls 5 of elongate
      wrapper strips each having a different width suitable for wrapping a
      particular demonination or number of coins are supported by their
      respective magazines 700 arranged in substantially annular configuration.
      Any one of the wrapper rolls which has been selected in accordance with
      the denomination or number of coins to be enclosed in a single package is
      transported as indicated by the arrow 701 in FIG. 16 and is held in a
      position 702 for supplying the wrapper to the coin wrapping mechanism 4.
PAR  A rail 703 of substantially annular configuration is mounted vertically,
      and a plurality of (eight in this particular embodiment of the invention)
      magazine carriages 705 are mounted on this rail 703 so as to be movable
      therealong via wheels 704 engaging the rail both externally and
      internally. All the magazine carriages 705 are flexibly interconnected at
      equal spacings by links 706, thereby constituting as a whole a wrapper
      magazine transport mechanism generally designated by the numeral 707 in
      FIG. 16.
PAR  Each of the links 706 has a recess 708 in its outer edge for receiving a
      retainer pin 709. As illustrated in more detail in FIG. 17, the recess is
      defined by an edge 710 disposed approximately at right angles with the
      outer edge of the link 706 and by another edge 711 disposed at an obtuse
      angle with the outer edge of the link. The movement of the entire wrapper
      magazine transport mechanism 707 is arrested when the retainer pin 709 is
      engaged by the edge 710 of any of the recesses 708.
PAR  As also seen in FIG. 17, the retainer pin 709 is mounted adjacent one end
      of a lever 712 which is swingably supported at the other end thereof. This
      other end of the lever 712 is coupled via link 715 and bell crank 714 to
      the plunger actuated by a solenoid 713. Hence, upon energization of the
      solenoid 713, the bell crank 714 is turned clockwise, as viewed in FIG.
      17, to cause the retainer pin 709 to escape from within the recess 708.
      When the solenoid 713 is not energized, the bell crank 714 is turned
      counterclockwise by a helical tension spring 717 connected to the solenoid
      plunger, so that the retainer pin 709 is carried to a position for
      engagement with the recess 708. A microswitch 716 is adapted to be
      actuated by the bell crank 714 when the retainer pin 709 rides on the edge
      711 of the recess 708.
PAR  Referring back to FIG. 16, each of the magazine carriages 705 has a pair of
      parallel spaced mounting grooves 718 in opposed relationship to each other
      and generally arranged across the adjacent links 706. Slidingly received
      in these mounting grooves 718 of each magazine carriage 705 is a
      projection 720 formed on one end of a base 719 of the wrapper magazine
      700. A bore 722 is formed through each magazine carriage 705 for receiving
      a locking pin 721 extending through the wrapper magazine projection 720.
      An endless chain 723 adapted to be driven by a third motor M.sub.3 is
      arranged inside the annular rail 703, and a pawl 724 for engaging one of
      the flights of the endless chain 723 extends inwardly from each of the
      magazine carriages 705, so that, upon rotation of the third motor M.sub.3,
      all the wrapper magazines 700 are moved simultaneously along the rail 703
      in the direction of the arrow 701.
PAR  A plurality of microswitches RS.sub.1 to RS.sub.8 corresponding to the
      respective wrapper magazines 700 are arranged in a horizontal row, in such
      positions that each microswitch will be actuated by the corresponding
      wrapper magazine when the same is transported to the aforesaid position
      702. To this end, each wrapper magazine is provided with a switch actuator
      member 725, FIG. 18, in a position capable of actuating the corresponding
      microswitch.
PAR  There is mounted on the base 719 of each wrapper magazine 700 a core pin
      726 to be received in the axial opening 5a of the wrapper roll 5. Also
      mounted on the base 719 adjacent the core pin 726 is a rotatable rod 727
      having an offset arm 728, and a core pin 729 is pivotally coupled to the
      tip of the offset arm 728 so as to be vertically swingable to be moved
      into and out of the axial opening 5a of the wrapper roll 5.
PAR  A pair of wrapper feed rolls 730 and 731 driven from the coin wrapping
      mechanism 4 are mounted vertically adjacent one end of the magazine base
      719. A wrapper guide 732 is mounted next to the feed rolls 730 and 731,
      and in oposed relationship to this wrapper guide 732 there is mounted a
      cutter blade 733 having a V-shaped, sawtooth cutting edge. When the strip
      of wrapper, unwound from its roll 5, is tensioned by means later to be
      described, the cutter blade 733 cuts the wrapper strip into a length
      suitable for wrapping a single stack of coins.
PAR  Although not shown in the drawings, it is assumed that the rolls 730 and
      731 are caused to rotate by a drive roll swingably supported adjacent the
      position 702 so as to be driven by the same drive mechanism as the
      wrapping rolls 20 to 22. The unshown drive roll is swung into frictional
      circumferential contact with the roll 730 as the latter is located in the
      position 702, thereby simultaneously causing the rolls 730 and 731 to
      rotate when the wrapper strip is to be fed toward the coin wrapping
      mechanism 4. The speed of rotation of the rolls 730 and 731 is subject to
      change in step with the wrapping rolls 20 to 22 because the wrapping rolls
      are caused to rotate at a variable speed in accordance with the diameter
      of coins to be packaged, as described hereinafter in more detail.
PAR  It should be noted that the cutter blade 733 is fixedly mounted on the base
      719 of each wrapper magazine 700. Furthermore, since the wrapper roll
      carried by each magazine must be cut into a length depending upon the
      diameter of the coins to be wrapped by thereby, it is necessary that the
      cutter blade on each wrapper magazine be so positioned that the distance
      between the cutter blade and wrapper tensioning means to be described
      later will correspond exactly to the length into which the wrapper roll is
      to be cut.
PAR  The electrical control circuitry for the wrapper feed mechanism of FIGS.
      16, 17, and 18 is illustrated in FIG. 19. The row of microswitches
      RS.sub.1 through RS.sub.8 previously set forth in connection with FIGS. 16
      and 18 are connected to the mentioned knob 820 via coin selector switches
      SL.sub.1 through SL.sub.8, respectively, which represent the denominations
      of the coins to be packaged by the wrapper rolls accommodated in the
      wrapper magazines 700 corresponding to the respective microswitches
      RS.sub.1 through RS.sub.8. The coin selector switches SL.sub.1 through
      SL.sub.8 may be, for example, in the form of a rotary switch, such that
      any of the coin selector switches will be closed automatically when the
      knob 820 is turned to a particular angular position representative of the
      denomination of coins corresponding to the coin selector switch. It will
      therefore be understood that a relay 1 is energized when the wrapper
      magazine 700 which is located in the position 702 in the magazine
      transport mechanism 707 of FIG. 16 is the one exactly corresponding to the
      denomination of the coins which has been selected by the knob 820 for the
      ensuing packaging operation.
PAR  The microswitch 716 previously described with reference to FIG. 17 is a
      normally closed type such that a relay RY.sub.2 is deenergized when the
      retainer pin 709 rides on the edge 711 of any of the recesses 708. The
      relays RY.sub.1 and RY.sub.2 are adapted to control the operations of the
      third motor M.sub.3 and the solenoid 713. A bidirectional controlled
      rectifier TR.sub.1 for causing the forward rotation of the third motor
      M.sub.3 has its gate connected to the normally open contact NO of the
      contact set RY.sub.2a of the relay RY.sub.2 serially connected to a
      motor-starting contact pair ST. A bidirectional controlled rectifier
      TR.sub.2 for causing reverse rotation of the third motor M.sub.3 has its
      gate connected to the normally closed contact NC of the relay contact set
      RY.sub.2a via the normally closed contact pair RY.sub.1a of the relay
      RY.sub.1. A bidirectional controlled rectifier TR.sub.3 for the operation
      of the solenoid 713 has its gate connected to the normally closed contact
      pair RY.sub.1b of the relay RY.sub.1 and thence to the normally open
      contact pair RY.sub.2b of the relay RY.sub.2.
PAR  It will now be assumed that, in the circuit configuration described above,
      the third wrapper magazine is located in the position 702 of FIG. 16 and
      that the retainer pin 709 is engaged by the edge 710 of the recess 708 in
      the adjacent link 706 as illustrated in FIG. 20A. If then, the knob 820 is
      manually turned to a position corresponding to another denomination of
      coins which require a wrapper roll held by, say, the first wrapper
      magazine, with the resultant closure of the coin selector switch SL.sub.1,
      the relay RY.sub.1 will become deenergized to close its contact pair
      RY.sub.1a because the denomination of coins corresponding to the wrapper
      magazine which has been located in the position 702 disagrees with the
      newly selected denomination of coins. Since the retainer pin 709 is now
      received in the recess 708 as aforesaid, the microswitch 716 is opened, so
      that the movable contact of the contact set RY.sub.2a of the unenergized
      relay RY.sub.2 is closed against the contact NC. Hence, upon closure of
      the motor-starting contact pair ST, the bidirectional controlled rectifier
      TR.sub.2 becomes conductive to initiate the rotation of the motor M.sub.3
      in the reverse direction. The wrapper magazines 700 are thus moved in the
      direction opposite to the direction of the arrow 701 of FIG. 16.
PAR  As seen in FIG. 20B, the retainer pin 709 slides over the edge 711 of the
      recess 708 as the wrapper magazines move in the direction indicated by the
      arrow in this drawing, thereby causing the clockwise rotation of the bell
      crank 714 out of abutment against the microswitch 716. With the
      microswitch 716 thus closed, the relay RY.sub.2 is energized to close its
      contact pair RY.sub.2b. The solenoid 713 is now energized to cause the
      bell crank 714 to further turn clockwise as shown in FIG. 20C, so that the
      retainer pin 709 is completely released from within the recess 708.
      Simultaneously, the movable contact of the relay contact set RY.sub.2a
      becomes switched over to the contact NO, thereby initiating conduction
      through the bidirectional controlled rectifier TR.sub.1. By the resulting
      rotation of the third motor M.sub.3 in its forward direction, the wrapper
      magazines are transported in the direction of the arrow 701 along the rail
      703 by the magazine transport mechanism 707. This magazine transportation
      is maintained until the first wrapper magazine reaches the position 702
      and closes the corresponding microswitch RS.sub.1.
PAR  The microswitch RS.sub.1 becomes closed when the first wrapper magazine
      comes sufficiently close to the position 702. Since now the denomination
      of coins corresponding to the wrapper magazine in the position 702 agrees
      with the denomination of coins corresponding to the position of the knob
      820, the relay RY.sub.1 becomes energized. The relay contact pair
      RY.sub.1b is thus opened to deenergize the solenoid 713, as represented in
      FIG. 20D. As a consequence, the bell crank 714 is turned counterclockwise
      by the influence of the helical tension spring 717, so that the retainer
      pin 709 is moved toward the link 706.
PAR  It should be noted that the deenergization of the solenoid 713 is so timed
      that the retainer pin 709 will abut the link 706 at a point slightly below
      the recess 708, as seen in FIG. 20D. This timing of solenoid
      deenergization can be realised by suitably determining the position and
      size of the actuating member 725, FIG. 18, of each wrapper magazine 700 in
      relation to the positions of the microswitches RS.sub.1 to RS.sub.8.
PAR  The forward rotation of the third motor M.sub.3 is thus maintained even
      after the retainer pin 709 has moved into contact with the link 706. With
      the continued downward travel of the link 706, therefore, the retainer pin
      709 slides into the recess 708 along its edge 711, as shown in FIG. 20E.
      The bell crank 714 is gradually turned counterclockwise as the retainer
      pin 709 slides into the recess 708 in the above described manner, until at
      last the microswitch 716 is opened by the lower end of the bell crank.
      Since then the relay RY.sub.2 of FIG. 17 becomes deenergized, the movable
      contact of its contact set RY.sub.2a becomes switched over to the contact
      NC, while its contact pair RY.sub.2b becomes opened. The contact pairs
      RY.sub.1a and RY.sub.1b of the other relay RY.sub.1 are now both already
      opened, so that the third motor M.sub.3 is caused to terminate its
      rotation, while the solenoid 713 is held inoperative.
PAR  Since the magazine transport mechanism 707 carries several wrapper
      magazines of considerable weight, there inevitably takes place some
      inertial rotation, so that the retainer pin 709 further slides along the
      edge 711 of the recess 708. The inertial rotation of the magazine
      transport mechanism 707 is forcibly arrested when the retainer pin abuts
      against the edge 710 of the recess 708. It will therefore be appreciated
      that the magazine transport mechanism 707 can be locked in position by the
      retainer pin 709 received in the recess 708 in its deepest position. For
      unlocking the magazine transport mechanism 707 from its stationary
      position, the mechanism is temporarily revolved in the reverse direction
      as previously mentioned, thereby causing the retainer pin 709 to move away
      from the edge 710 of the recess 708 and to escape from within the recess
      in sliding contact with the other edge 711. This unlocking method permits
      the use of a relatively small-output motor for driving the magazine
      transport mechanism 707.
PAR  Alternatively, there may be contemplated the employment of the solenoid 713
      for shifting the retainer pin 709 from its deepest position within the
      recess 708 directly to its outermost position shown in FIG. 20C. This
      unlocking method is disadvantageous, however, because then the solenoid
      must be of sufficiently large capacity to overcome the force with which
      the retainer pin is urged against the edge 710 of the recess 708 to
      securely lock the magazine transport mechanism 707 in position. Since the
      microswitches RS.sub.1 to RS.sub.8 are selectively actuated by the
      respective wrapper magazines 700 transported to the position 702 according
      to the configuration shown in FIG. 16, any desired one of the wrapper
      rolls 5 can be properly transported to and retained in position if the
      positions of the wrapper magazines 700 are interchanged on the carriages
      705. It is of course possible for the edge 710 of each recess 708 to be
      arranged at an acute angle to the outer edge of the link 706 in order to
      ensure still more positive locking of the magazine transport mechanism 707
      by the retainer pin 709.
PAR  FIG. 21 illustrates a wrapper tensioning means 126 constituting a part of
      the wrapper feed mechanism 7. The wrapper tensioning means 126 comprises
      the pair of drive roll 31 and idler roll 32 briefly described in
      conjunction with FIg. 10. The idler roll 32 is movable into and out of
      circumferential contact with the drive roll 31 by means including a
      solenoid 126. The strip of wrapper to be tensioned is fed from its roll 5
      to the drive and idler rolls 31 and 32 via the feed rolls 127 and 128
      rotatably supported adjacent the wrapper roll. It is to be noted that this
      wrapper tensioning means 126 is located between a wrapper sensing means
      144, to be described later, and the coin wrapping mechanism 4.
PAR  As previously mentioned, the arms 121 and 122 rotatably supporting the
      idler roll 32 are fixedly mounted on the rotary shaft 120. A swingable
      link 129 also fixedly mounted on this rotary shaft 120 has one of its ends
      pivotally coupled to the plunger 130 of the solenoid 125. Connected to the
      other end of the swingable link 129 is a helical tension spring 131 which
      exerts a force tending to urge the idler roll 32 into circumferential
      contact with the drive roll 31. Although not shown in the drawing, it is
      assumed that the solenoid 125 is actuated upon closure of its switch by a
      cam mounted on the shaft 48 shown in FIG. 10. When thus energized, the
      solenoid 125 will cause the idler roll 32 to move out of circumferential
      contact with the drive roll 31 against the force of the spring 131.
PAR  FIG. 21 also illustrates a cutter means 132 which is of the type to be
      employed in coin packaging apparatus of the fixed wrapper roll type, as
      distinguished from the apparatus of selectable wrapper roll type
      previously described in connection with FIG. 16 in particular. In the
      apparatus of fixed wrapper roll type now under consideration, a roll of
      wrapper strip required for each denomination of coins to be packaged is
      manually installed in position within the apparatus. Thus, the feed rolls
      127 and 128 in the arrangement of FIG. 21 corresponding to the rolls 730
      and 731 in the arrangement of FIG. 16, whereas the wrapper tensioning
      means 126 and the wrapper sensing means 144 are employable in both types
      of apparatus. However, in the apparatus of selectable wrapper roll type,
      the wrapper sensing means 144 may be mounted either on a stationary frame
      member or on each of the wrapper magazines 700. If the wrapper sensing
      means 144 is mounted on each wrapper magazine 700 in the apparatus of
      selectable roll type, then its sensing plate 145 need not be shifted in
      position in accordance with each denomination of coins to be packaged but
      should only be slightly displaced to actuate a switch 151 when the wrapper
      strip is properly tensed by the wrapper tensioning means 126.
PAR  Referring again to FIG. 21, the cutter means 132 adapted to be incorporated
      in the apparatus of fixed wrapper roll type includes a cutter blade 133
      also having a V-shaped, sawtooth cutting edge and mounted on a support
      134. This blade support 134 is carried by a sleeve 136 fixedly mounted on
      a rotatable shaft 135. A member 137 also carried by the sleeve 136 is
      pivotally coupled to a link 138 and thence to a lever 39 on the rotary
      shaft 135. Rotatably mounted on the free end of the lever 139 is a cam
      follower roll 142 which is urged by a helical tension spring 143 into
      abutment with a cam 141 fixedly mounted on a shaft 140 capable of rotation
      in step with the shaft 36 shown in FIG. 10.
PAR  The wrapper sensing means 144, located between the cutter blade 133 and the
      tensioning rolls 31 and 32, includes an arcuate sensing plate 145
      extending along the path of travel of the wrapper strip. The sensing plate
      145 is fixedly supported on its back by a support 146 which in turn is
      pivotally supported via a pair of swingable links 147 and 148 arranged
      substantially parallel to the sleeve 136. The link 147 has an offset arm
      149 connected to a helical tension spring 150 which energizes the sensing
      plate 145 forwardly, that is, toward the path of travel of the wrapper
      strip. The link 147 is further engaged by the tip of a swingable lever 152
      adapted to actuate the switch 151.
PAR  It should be noted that in the event the sensing plate 145 is not actuated
      by the wrapper strip in previously timed relationship with the operation
      of the coin wrapping mechanism 4, then the seitch 151 is held open. As a
      consequence, the rotation of the shaft 48 (FIG. 10) terminates, and the
      wrapping rolls 20, 21, and 22 of the coin wrapping mechanism continue
      rotating while holding a stack of coins therebetween. The coin wrapping
      mechanism 4 is thus held standing by, being prevented from proceeding to
      the next step of coin processing. When the sensing plate 145 is then
      actuated by the belatedly supplied wrapper strip, the rotation of the
      shaft 48 is resumed, thereby permitting the coin wrapping mechanism to
      proceed to the next processing step. However, unless the wrapper strip is
      supplied within a preassigned length of time following the initiation of
      the standby condition of the coin wrapping mechanism, the rotation of the
      second motor M.sub.2 also terminates, with the resultant termination of
      the rotations of the wrapping rolls 20, 21, and 22 and the drive roll 31.
PAR  According to the configuration of FIG. 21, the shaft 140 rotates in step
      with the shaft 36 carrying the knob 820 shown for example in FIG. 10, in
      order to adjustably vary the angular position of the cutter blade 133 in
      such a manner that the wrapper strip will be thereby cut into a length
      corresponding to the diameter of the coins to be packaged. It will be
      apparent that if the position of the cutter blade 133 is made adjustable
      in the transverse direction of the wrapper strip extending therepast, the
      pointed tip of the V-shaped cutter blade edge can always be aligned with
      the central longitudinal axis of each of several wrapper strips of
      different width which may be used in the coin packaging apparatus of the
      type incorporating the mechanism of FIG. 16. Such an arrangement is
      advisable for efficiently cutting wrapper strips of different width by the
      single cutter blade.
PAR  FIG. 22 illustrates an example of electrical circuitry that may be employed
      for realizing the desired operation of the above described mechanism. A
      switch 525 is closed when a predetermined number of coins are counted,
      resulting in the energization of a relay 526. The contact pairs 527, 528
      and 529 are closed upon energization of the relay 526. The relay 526 is
      held energized via the closed contact pair 527. By the closure of the
      other two relay contacts 528 and 529, the clutch 835 becomes operative to
      drive the shaft 48 (FIG. 10), and the second motor M.sub.2 also becomes
      operative to drive the drive roll 31 and the wrapping rolls 20 and 21.
      Upon rotation of the shaft 48, a switch 530 is closed, while a switch 531
      is opened.
PAR  When the wrapper strip is sensed by the sensing plate 145, the switch 151
      is closed as aforesaid, thereby energizing a relay 532 to close its
      contact pairs 533 and 534. The relay 532 is held energized via its closed
      contact pair 533, and the clutch 835 is held operative via the closed
      contact pair 534, so that the coin wrapping operation is continued. Upon
      completion of this wrapping operation, a switch 535 is opened by the cam
      on the shaft 48 to switch the second motor M.sub.2 and clutch 833 out of
      operation.
PAR  In the event the succeeding wrapper strip is not supplied within the
      preassigned length of time, the switch 151 is held open as aforesaid.
      Since the relay contact pair 534 and switch 531 are both open, the clutch
      835 becomes disengaged thereby terminating the rotation of the shaft 48.
      The coin wrapping mechanism 4 is thus set in the above described standby
      condition in which the second motor M.sub.2 is kept in rotation to
      maintain the rotations of the wrapping rolls 20 to 22 in frictional
      circumferential contact with the stack of coins supported therebetween.
      The drive roll 31 is also kept in rotation.
PAR  The switch 151 is closed when the wrapper strip is supplied during the
      standby condition of the coin wrapping mechanism 4. The clutch 835 becomes
      operative again to permit a suitable length of wrapper strip, severed from
      the continuous strip by the cutter means 132 shown in FIG. 21, to be
      wrapped around the circumference of the stack of coins by the wrapping
      rolls 20 to 22. However, in the event the wrapper strip is not supplied
      in, say, ten seconds following the initiation of the standby condition of
      the coin wrapping mechanism 4, a contact pair 536 interlocked with the
      relay contact pair 533 will be held closed because then the relay 532 is
      not energized, so that a time-delay relay 537 operates to close its
      contact pair 538. Upon the resulting energization of a relay 539, its
      contact pairs 540 and 541 are both closed, and the contact pair 542 is
      opened. Since now a switch 543 interlocked with the switch 525 is closed,
      the relay 539 can be held energized via its closed contact pair 540. A
      lamp 544 is thus lit to indicate visually the fact that the wrapping strip
      is not being supplied properly. The relay 526 is deenergized upon opening
      of the contact pair 542, thereby opening its contact pairs 527 to 529. The
      clutch 833 is disconnected to stop the rotations of the wrapping rolls 20,
      21, and 22. The rotation of the drive roll 31 also stops.
PAC  COIN GUIDE MECHANISM
PAR  The coin guide mechanism generally designated by reference numeral 400 in
      FIG. 23 includes a hollow guide rod 28 having a flanged top 27 for
      supporting a stack of coins thereon. The guide rod 28 is slidably fitted
      over a support rod 29 supported vertically by a support frame 421, in such
      a manner that the guide rod is movable up and down while being guided by
      the support rod. The support frame 421 includes a vertically extending
      guide groove 422 adapted to slidably receive a projection 423 formed on
      the bottom end of the guide rod 28. The support frame 421 is supported at
      the tips of a pair of arms 425 of a carriage via a member 426.
PAR  The carriage 424 is swingably mounted on a shaft 428 on which there is also
      swingably mounted a substantially U-shaped member 427. Another shaft 429
      extends through both of the U-shaped member 427 and the carriage 424, so
      that the carriage is swingably simultaneously with the U-shaped member. A
      rod 431 is pivotally supported at 430 on the U-shaped member 427 and has
      its free end in abutting engagement with the projection 423 on the bottom
      end of the guide rod 28. The rotatable shaft 430 on which the rod 431 is
      fixedly mounted extends transversely through the U-shaped member 427 and
      is rigidly coupled to a crank 432 rotatably supporting a cam frollower
      roll 433.
PAR  A lever 435 mounted on a rotatable shaft 434 at one end thereof has its
      other end in abutting engagement with the free end of the crank 432. A
      lever 435 includes a lateral projection 436 rotatably supporting a cam
      follower roll 439 movably received in a circumferential groove 438 of a
      cam 437 fixedly mounted on the shaft 48. The cam groove 438 is so
      contoured that the guide rod 28 will move rapidly during its upward stroke
      and slowly during its downward stroke. The lateral projection 436 of the
      lever 435 is provided with a bent portion 440 for purposes hereinafter
      made apparent.
PAR  The cam 437 has on its top a projection 442 having a slightly sloping face
      441 adapted for abutting engagement with the cam follower roll 433 on the
      crank 432. The cam face 441 cooperates with the crank 432 for slowing down
      the movement of the guide rod 28 at the instant when the stack of coins is
      shifted from the flanged top 27 of the guide rod to the top of the support
      rod 29. Another lever 443 swingably mounted on the rotatable shaft 434
      rotatably supports a roll 444 on its free end which roll is adapted for
      abutting engagement with the bottom edge of the carriage 424. The levers
      435 and 443 are urged toward each other by a helical tension spring 445
      but are retained in different angular positions on the rotatable shaft 434
      by the aforesaid bent portion 440 of the former which rests on the upper
      edge of the latter.
PAR  The U-shaped member 427 carries a cam follower pin 447 projecting laterally
      from its bottom end for abutting engagement with the circumference of a
      cam 446 which is also mounted on the shaft 48. The cam follower pin 447 is
      yieldably urged against the circumference of the cam 446 by a helical
      tension spring 448 extending between the U-shaped member 427 and a
      stationary part, not shown, of the apparatus.
PAC  ADJUSTING MECHANISM
PAR  Since coins to be packaged by this apparatus change in both diameter and
      thickness according to their denominations, it is necessary to vary the
      spacing between the rotary disc 13 and the wall member 15, the width of
      the coin passage 17, the height of the endless belt 18 with respect to the
      passageway 17, the inside diameter of the stacking cylinder 200, the
      position of the wrapper guide 99 relative to the stack of coins supported
      in position between the wrapping rolls 20 to 22, and the spacing between
      the crimping hooks 23 and 24 (or the position of the upper arm 144
      relative to the lower arm 145), in accordance with the denomination or the
      number of coins to be enclosed in each package. All such adjustments can
      be performed by the adjusting mechanism schematically illustrated in FIG.
      24.
PAR  As seen in the drawing, a rotary switch 821 is adapted to be operated by
      the shaft 800 carrying the knob 820 on its top. The rotary switch 821
      comprises a plurality of, eight in this embodiment of the invention,
      annularly spaced fixed contacts corresponding to the respective
      denominations of coins to be handled by the apparatus. Formed
      correspondingly along the circumference of the knob 820 are calibrations
      n.sub.1, n.sub.2 ... n.sub.8 which also represent the respective
      denominations of coins. Any desired denomination of coins to be packaged
      by the apparatus can be manually selected by adjusting the corresponding
      calibration to an index 822, thereby causing the movable contact of the
      rotary switch 821 to be closed to the corresponding one of its fixed
      contacts n.sub.1 to n.sub.8. The knob 820 and the shaft 800 are indicated
      by the dot-and-dash lines in FIG. 1.
PAR  Another rotary switch 823 is provided which also comprises eight annularly
      spaced fixed contacts and which is adapted to be operated by a rotatable
      shaft 827 operatively coupled to the output shaft 824 of the second motor
      M.sub.2 via electromagnetic clutch 825 and gear train 826. Thus, when the
      shaft 827 is rotated by the second motor M.sub.2, the rotary switch 823
      produces an electrical output in accordance with the angular position of
      the shaft 827.
PAR  The electrical outputs from the rotary switches 821 and 823 are both
      delivered to a coincidence detector circuit 829 provided within a control
      section 828. Upon agreement of the output signals from the respective
      rotary switches, the coincidence detector circuit 829 delivers its output
      to a drive circuit 831 for the electromagnetic clutch 825 which is under
      the control of a main control circuit 830, in order to terminate its
      operation. Thus, if the knob 820 is manually turned and adjusted to the
      position of, say, the calibration n.sub.1 while the shaft 827 is in an
      angular position corresponding to, say, the calibration n.sub.4, then the
      rotary switches 821 and 823 will deliver their output signals from their
      first and fourth fixed contacts, respectively, to the coincidence detector
      circuit 829. The electromagnetic clutch 825 is then allowed by the main
      control circuit 830 to continue transmitting the rotation of the second
      motor M.sub.2 to the shaft 827, until the shaft 827 assumes such an
      angular position that the rotary switch 823 produces an output from its
      first fixed contact. In this manner, the shaft 827 is caused to assume the
      exact angular position corresponding to the denomination of coins
      precedingly selected by the knob 820.
PAR  By taking advantage of the above described fact that the shaft 827 is
      angularly positioned in exact conformity with the angular position
      precedingly occupied by the shaft 800, cams means are provided which are
      actuated by these shafts 800 and 827 for performing the various
      adjustments listed previously. The shaft 800 is provided with first cam
      means K.sub.1 for adjusting the spacing between the rotary disc 13 and the
      wall member 15, second cam means K.sub.2 for adjusting the height of the
      endless belt 18 with respect to the passageway 17, and third cam means
      K.sub.3 for adjusting the width of the passageway 17. All these cam means
      K.sub.1, K.sub.2, and K.sub.3 are required to operate either when the
      apparatus is set to perform the entire coin packaging operation or only
      the coin counting operation by the aforesaid operation selector mechanism
      3.
PAR  On the other hand, the following cam means for the shaft 827 are intended
      for use only when the apparatus is set to perform the coin packaging
      operation. These cam means include fourth cam means K.sub.4 for adjusting
      the inside diameter of the stacking cylinder 200, fifth cam means K.sub.5
      for adjusting the relative positions of the wrapping rolls 20 to 22, sixth
      cam means K.sub.6 for adjusting the position of the wrapper guide 99
      relative to the stack of coins supported in position between the wrapping
      rolls, and seventh cam means K.sub.7 for adjusting the spacing between the
      crimping hooks 23 and 24, as herein after described in more detail.
PAR  The first and second cam means K.sub.1 and K.sub.2 adjustably vary the
      vertical positions of the wall member 15 and the endless belt 18 relative
      to the rotary disc 13 and the passageway 17, respectively, in accordance
      with the thickness of each of the coins of a particular denomination
      represented by the angular position assumed by the knob 820. The coins of
      the particular denomination can thus be smoothly fed into and out of the
      passageway 17 one by one.
PAR  The third cam means K.sub.3 is adapted to adjust the position of the
      movable member 186 defining one of the lateral edges of the passageway 17
      relative to the stationary member 184 defining the other lateral edge of
      the passageway, in order that the passageway may have a width conforming
      to the diameter of the coins of the selected denomination. It is possible
      in this manner to feed the coins of the selected denomination along the
      passageway 17 in a neat row. Coins thicker than the coins of the selected
      denomination, if any, can be eliminated as they are caught between the
      rotary disc 13 and the wall member 15, while coins smaller in diameter
      (and usually less thick) than the coins of the selected denomination can
      be eliminated by coin discriminating means, not shown, provided across the
      passageway 17. Thus, even though some coins of other than the selected
      denomination may be contained in each batch of coins charged into the
      hopper 11, FIG. 1, all such undesired coins are successfully detected and
      eliminated before they can be packaged or counted.
PAR  The fourth cam means K.sub.4 operates to adjustably vary the relative
      positions of the constituent plate members 201 of the stacking cylinder
      200 so that its inside diameter will be only slightly greater than the
      diameter of the coins of the selected denomination. Thus, although there
      may be some coins which stand on their circumferential edges as they drop
      into the stacking cylinder 200, such coins will immediately assume a
      horizontal disposition and will be properly stacked one upon the other as
      vibrations are imparted to the stacking cylinder.
PAR  The fifth cam means K.sub.5 is effective to adjust, in accordance with the
      diameter of coins to be packaged, the distance the wrapping rolls 20 to 22
      are caused to move from their variable intermediate position toward the
      central axis therebetween, so that the wrapping rolls will each be located
      a prescribed minimum distance from the circumference of the stack of coins
      to be carried succeedingly from the stacking cylinder 200 down to the
      central position therebetween by the guide rod 27, FIG. 23. As a
      consequence, the wrapping rolls 20 to 22 perform the function of guide
      walls as the stack of coins is carried down to the central position
      therebetween, thereby preventing the coin stack from collapsing during its
      travel from the coin stacking mechanism 2 to the coin wrapping mechanism
      4.
PAR  The sixth cam means K.sub.6 is adapted to adjustably vary the operative
      position of the wrapper guide 99 in accordance with the diameter of the
      coins of the selected denomination. The wrapper guide 99 in its adjusted
      operative position will cooperate with the wrapping rolls 20 to 22 so that
      the wrapper strip will be correctly wound around the circumference of the
      stack of coins as this coin stack rotates in frictional contact with the
      wrapping rolls.
PAR  The seventh cam means K.sub.7 operates to adjustably vary the vertical
      position of the arm 144 carrying the upper crimping hook 23, FIG. 10, with
      respect to the other arm 145 so that the upper crimping hook will be
      located slightly above the top of the stack of coins when this coin stack
      is supported in position between the wrapping rolls 20 to 22. The upper
      and lower crimping hooks 23 and 24 are thus enabled to properly fold and
      crimp the lateral edges of the wrapper strip, which has been previously
      wound around the circumference of the coin stack, over its top and bottom
      ends.
PAR  It should be noted that the desired operations of the above described cam
      means K.sub.1 through K.sub.7 and of the rotary switch 823 are effected by
      the second motor M.sub.2, which essentially is provided to drive the coin
      wrapping mechanism and/or the coin counting mechanism. In order to derive
      the output torque from the second motor M.sub.2 necessary for driving
      these mechanisms, the output shaft of the second motor is further
      connected via gear train 832 and electromagnetic clutch 833 to a shaft 834
      for driving the wrapping rolls 20, 21, and 22 and the wrapper tensioning
      rolls 31 and 32 and, via another electromagnetic clutch 835, to a shaft
      836 for driving the shaft 48 and the means for imparting vibrations to the
      stacking cylinder 200. These two electromagnetic clutches 823 and 835 are
      actuated by their respective drive circuits 837 and 838 under the control
      of the main control circuit 830 after the coincidence detector circuit 829
      has produced its output upon agreement of the output signals from the
      rotary switches 821 and 823. In this manner, the rotation of the second
      motor M.sub.2 is utilized for the adjustment of the above listed various
      working components of the coin packaging apparatus before initation of its
      actual coin packaging or counting operation and, upon completion of the
      preliminary adjustment, for driving the coin wrapping mechanism and/or the
      coin counting mechanism.
PAR  It is desirable, in the coin packing apparatus of this type, that the
      peripheral speed of each stack of coins being rotated in frictional
      contact with the wrapping rolls 20 to 22 to wind the wrapper strip around
      its circumference be made substantially constant regardless of a change in
      coin diameter. To this end, speed change means 839 and 840 are provided
      for the shaft 834 adapted to drive the wrapping rolls 20, 21, and 22 and
      the wrapper tensioning rolls 31 and 32 and for the shaft 836 adapted to
      drive the shaft 48, respectively. Eighth cam means K.sub.8 provided for
      the shaft 827 is adapted to operate the speed change means 839 and 840 so
      as to adjustably vary the speed of rotation of the second motor M.sub.2 in
      accordance with the diameter of the coins to be packaged.
PAR  It will also be understood that if the revolving speed of the disc 13 and
      of the endless belt 18 is constant, the number of coins fed out of the
      passageway 17 per unit length of time will decrease with an increase in
      the diameter of the coins. Consequently, the revolving speed of the disc
      13 and of the endless belt 18 must be appropriately varied in order that
      each prescribed number of coins may be fed into the stacking cylinder 200
      in a constant length of time regardless of any change in coin diameter.
      This objective can be accomplished by providing speed change means 844 and
      electromagnetic clutch 843 coupled to the output shaft 841 of the first
      motor M.sub.1, the clutch 843 being under the control of the main control
      circuit 830 via a drive circuit 842. Ninth cam means K.sub.9 is provided
      for the shaft 827 to operate the speed change means 844 so as to
      adjustably vary the speed of rotation of the first motor M.sub.1 in
      accordance with the diameter of the coins to be packaged.
PAR  Instead of the mechanical means set forth in the foregoing, the first and
      second motors M.sub.1 and M.sub.2 may be provided with electrical control
      circuits 846 and 845 respectively, as indicated by the dotted lines in
      FIG. 24, which are adapted to be controlled by signals b and a delivered
      from the main control circuit 830 in response to an output signal from,
      say, a rotary switch to be actuated in accordance with the denomination or
      diameter of coins to be packaged.
PAR  It is assumed that the main control circuit 830 is further supplied with
      the various output signals from a power switch, a starting switch, means
      for selecting the number of coins to be enclosed in each package, and
      other means forming part of the control mechanism 8. The main control
      circuit 830 thus functions to control the entire operation of the coin
      packaging apparatus.
PAR  The configurations and operations of the first through ninth cam means
      K.sub.1 through K.sub.9 are hereinafter described in greater detail in
      conjunction with FIG. 25. The first cam means K.sub.1 includes a cam 849
      rotated in step with the shaft 800 via bevel gearing 847 and 848. The
      spacing between the wall member 15 and the rotary disc 13 can be varied as
      desired via the cam follower pin 182 extending downwardly from the wall
      member for abutment against the cam 849.
PAR  The second cam means K.sub.2 includes a cam 852 which is likewise rotated
      in step with the shaft 800 via bevel gearing 850 and 851 for adjusting via
      a cam follower pin 854 the vertical position of a mount 853 supporing the
      endless belt 18.
PAR  The third cam means K.sub.3 includes a crown gear 855 fixedly mounted on
      the shaft 800 and meshing with a star wheel 856. A cam 857 is mounted on
      the same shaft as the star wheel 856 for simultaneous rotation therewith
      and is adapted for abutment directly against the movable member 186
      defining one of the lateral edges of the coin passageway 17. The width of
      this passageway can thus be adjusted to the diameter of the coins selected
      by the knob 820.
PAR  The fourth cam means K.sub.4 includes the cam 821 adapted to be rotated in
      step with the shaft 827 via bevel gearing 858 and 859. As previously set
      forth in connection with FIG. 7, the cam follower roll 214 on the
      adjusting lever 207 of the stacking cylinder 200 is spring-actuated into
      abutment against the cam 821. The inside diameter of the stacking cylinder
      200 is thus adjustable to the diameter of the coins selected by the knob
      820.
PAR  The fifth cam means K.sub.5 is such that the arm 59 is turned via the bevel
      gearing 858 and 859 and another gearing 860, in order to determine the
      aforesaid intermediate positions of the wrapping rolls 20 to 22 in
      accordance with the diameter of the coins to be packaged, as will be seen
      by referring back to FIG. 10.
PAR  The sixth cam means K.sub.6 includes a cam 861 adapted to be rotated via
      the bevel gearing 858 and 859 and gearing 860. The rotation of the cam 861
      is conveyed via linkage means 862 to the wrapper guide 99 provided to the
      wrapping roll 21, in such a manner that the wrapper guide is turned
      relative to the wrapping roll so as to occupy a position predetermined in
      accordance with the diameter of the coins to be packaged. Hence, when the
      wrapping roll 21 is moved to its adjusted intermediate position, the
      wrapper guide 99 will be so disposed that its inside surface extends along
      the circumference of the stack of coins to be carried down to the central
      position between the wrapping rolls 20 to 22.
PAR  As illustrated in both FIGS. 10 and 25, the seventh cam means K.sub.7
      includes the cam 137 mounted directly on the shaft 827 for abutting
      engagement with one end of the lever 141, the other end of which is
      operatively engaged with the cam 127 on the shaft 48. Hence, upon rotation
      of the cam 137, the cam 127 is movable up and down along the shaft 48
      together with the arm 144 carrying the upper crimping hook 23. The upper
      crimping hook can thus be located only slightly above the top of the stack
      of coins supported in position between the wrapping rolls 20 to 22.
PAR  The eighth cam means K.sub.8 comprises high-, intermediate-, and low-speed
      cams 863, 864, and 865 which also are mounted directly on the shaft 827,
      and which are adapted to operate the respective actuating levers of the
      speed change means 839 for adjustably varying the revolving speed of the
      wrapping rolls 20, 21, and 22 and of the wrapper tensioning rolls 31 and
      32.
PAR  The ninth cam means, not shown in FIG. 25, is similar in configuration and
      operation to the above described eighth cam means K.sub.8.
PAR  As can be understood from the foregoing description of FIGS. 24 and 25, it
      is possible according to this invention to make the necessary adjustments
      of the apparatus simply by manipulating the means for selecting the
      denomination of the coins to be packaged. It is also noteworthy that these
      adjustments are accomplished by use of the motor for driving the coin
      wrapping and counting mechanisms, so that it is unnecessary to provide an
      additional motor to be employed exclusively for adjustment purposes.
      Furthermore, since some of the cam means K.sub.1 to K.sub.9 are driven by
      the manually operated shaft 800, the motor is significantly relieved of
      the necessity for a high power output for driving the shaft 827 associated
      with the other cam means.
PAR  According to the configuration best represented in FIG. 24, the shaft 800
      is required to drive the cam means K.sub.1 to K.sub.3 for adjustments
      necessary when the appartus is set to perform the coin counting operation
      only, whereas the shaft 827 is required to drive the cam means K.sub.4 to
      K.sub.9 for adjustments necessary when the appartus is set to perform the
      entire coin packaging operation. When the appartus is set to perform the
      coin counting operation by the operation selector mechanism 3, therefore,
      the cam means K.sub.4 through K.sub.9 can be held stationary, so that the
      apparatus as a whole is highly efficient and economical in operation.
PAR  Alternatively, the manually operated shaft 800 may be caused to drive those
      of the cam means K.sub.1 to K.sub.9 which will impose a greater load
      thereon, whereas the motor driven shaft 827 is caused to drive the other
      cam means which will impose less load. It is possible in this manner to
      further reduce the overall load on the motor M.sub.2. Of course, the
      manually operated shaft 800 can be caused to drive those cam means which
      will impose less load, and the motor driven shaft 827 to drive the other
      cam means which will impose a greater load, thereby making easier the
      manual turning of the knob 820.
PAR  While rotary switches are used in FIG. 24 to provide the necessary
      electrical signals in accordance with the respective denominations of
      coins to be packaged, there may be contemplated, as an alternative, the
      use of a pushbutton or slide switch mechanism adapted to provide identical
      electrical signals. It is also possible to use other mechanical, optical,
      or magnetic means instead of the rotary switch 823 for providing signals
      representative of the angular position of the shaft 827. Although the
      second motor M.sub.2 is employed for driving the shaft 827 in the
      configuration of FIG. 24, some other motor of the coin packaging apparatus
      can of course be used for the same purpose. FIG. 26 illustrates an example
      of such a modification in which the first motor M.sub.1 is adapted to
      drive the shaft 827 via the electromagnetic clutch 825.
PAR  Another slight modification of the FIG. 24 configuration is illustrated in
      FIG. 27, in which all the cam means K.sub.1 through K.sub.9 are driven by
      the motor M.sub.1 or M.sub.2 via the gearing 826, electromagnetic clutch
      825 and shaft 827. It will be apparent that the adjustment of the various
      working components of the apparatus can be effected by these cam means
      K.sub.1 through K.sub.9 exactly as previously described in connection with
      FIGS. 24 and 25.
PAR  Instead of the mechanical speed change means shown in FIGS. 24 and 25,
      electrical circuit means shown in FIG. 28 can be employed for adjustably
      changing the speed of rotation of the wrapping rolls 20 to 21 in
      accordance with the diameter of coins to be packaged. In the circuit
      diagram of FIG. 28 the reference numeral 870 denotes an AC power supply
      adapted to feed the second motor M.sub.2, which in practice may take the
      form of a capacitor motor. The AC power supply 870 is connected to a
      bidirectional controlled rectifier 871 as in the drawing. Capacitors 872
      to 874, resistance 875, and coils 876 and 877 are provided for the purpose
      of surge absorption for the bidirectional controlled rectifier 871. The
      anode and cathode of the bidirectional controlled rectifier 871 are
      connected to a full wave rectifier circuit 880 which is adapted to
      function as a power supply for a speed control circuit generally
      designated by the numeral 879.
PAR  Essentially, the speed control circuit 879 is a pulse generator comprising
      primarily a unijunction transistor 881. Connected across the bases of the
      unijunction transistor 881 are a resistance 882, variable resistors 883,
      884, and 885, and the primary of a pulse transformer 886. The variable
      resistors 883, 884, and 885 have their respective leads connected to a
      common point via contact pairs 888, 889, and 890, respectively, of a
      selector switch 887 to be manually operated by the knob 820. The common
      point to which are connected the leads of the respective variable
      resistors 883, 884, and 885 is connected to the emitter of the unijunction
      transistor 881 via normally closed contact pair 891 which is adapted to be
      opened by a relay upon completion of coin packaging operation, normally
      open contact pair 892 which is adapted to be closed by a relay upon
      completion of the counting of a prescribed number of coins by the counting
      means 951, FIG. 5, capacitor 893, resistance 894, and diode 895.
PAR  A capacitor 896 is connected between the emitter of the unijunction
      transistor 881 and the pulse transformer 886, and the aforesaid full-wave
      rectifier circuit 880 is connected between the capacitor 896 and the
      resistance 882 via an avalanche diode 897. A tachometer generator 898 is
      coupled to the second motor M.sub.2 and is further connected across the
      capacitor 893 via a second full wave rectifier circuit 899 and resistances
      900 and 901.
PAR  In the operation of the circuit configuration shown in FIG. 28, it will be
      understood that the speed of rotation of the second motor M.sub.2 depends
      on which of the contact pairs 888, 889, and 890 of the selector switch 887
      is closed by the manual rotation of the knob 820. This is because the
      frequency of the pulses generated by the speed control circuit 879 changes
      in accordance with the time constant which is determined by the capacitor
      893 and any one of the variable resistors 883, 884, and 885. Thus, in case
      the rotation speed of the wrapping rolls 20, 21, and 22 must be increased
      for wrapping a stack of coins of relatively large diameter, for example,
      the contact pair 888 may be closed. On the other hand, in case the
      rotation speed of the wrapping rolls must be decreased for wrapping a
      stack of coins of relatively small diameter, the contact pair 890 may be
      closed.
PAR  When the wrapping rolls 20, 21, and 22 are moved over to their least
      spaced-apart positions for frictional circumferential contact with the
      stack of coins supported therebetween, the normally open contact pair 892
      of the speed control circuit 879 is closed thereby switching the circuit
      into operation. Pulses are now generated at a rate depending upon the time
      constant determined by the capacitor 893 and the variable resistors 883 to
      885 through the selective closure of the contact pairs 888 to 890. These
      pulses are delivered via the pulse transformer 886 to the gate of the
      bidirectional controlled rectifier 871 thereby causing conduction
      therethrough in such a manner that the second motor M.sub.2 will rotate at
      a desired speed.
PAR  It should be noted that the speed of rotation of the second motor M.sub.2
      can be held constant regardless any change in load conditions. That is
      because, upon change in the speed of rotation a the second motor M.sub.2
      due to some load fluctuation, a corresponding change occurs in the voltage
      generated by the tachometer generator 898 driven by the motor. Since the
      voltage generated by the tachometer generator 898 is applied to the
      capacitor 893 via the full wave rectifier circuit 899, the length of time
      required for charging the capacitor 893, and therefore the capacitor 896,
      will change in conformity with the change that has taken place in the
      voltage developed by the tachometer generator. As a consequence, the
      frequency of the pulses becomes higher with an increase in the load on the
      second motor M.sub.2, in order to correspondingly increase the speed of
      motor rotation. Conversely, the pulse frequency becomes lower with a
      decrease in the load on the motor, in order to correspondingly decrease
      the speed of motor rotation. The speed of rotation of the second motor
      M.sub.2 can thus be held constant in spite of load fluctuations.
PAR  The speed of rotation of the wrapping rolls 20 to 22 can of course be
      varied for each denomination of coins by the circuit configuration of FIG.
      28. However, it is also possible, or indeed practical, that the rotation
      speed of the wrapping rolls should be varied according to several classes
      of coins into which the various denominations of coins to be handled by
      this apparatus have previously been classified according to their
      diameters. Thus, for instance, coins in the diameter range of, say, from
      15 to 20 millimeters may constitute a single class of small diameter
      coins, coins in the diameter range of from 20 to 25 millimeters another
      class of intermediate diameter coins, and coins in the diameter range of
      from 25 to 33 millimeters still another class of large diameter coins. The
      coin packaging operation of the apparatus will not be substantially
      impaired by such rough classification of various diameters of coins.
PAR  It will be apparent that if the second motor M.sub.2 in the circuit
      configuration of FIG. 28 is replaced by the first motor M.sub.1, then the
      speed of the endless belt 12, rotary disk 13 and endless belt 18 of the
      infeed mechanism 1 can likewise be controlled in accordance with the
      diameter of coins to be packaged.
PAR  Electrical control means for adjusting the spacing between the crimping
      hooks 23 and 24 in relation to the configuration of FIGS. 24 and 25 is
      described hereinbelow with reference to FIGS. 29 and 30. As will be
      apparent from the flow chart of FIG. 29, the operation of the electrical
      control means 550 is regulated by means 10 for selecting the number of
      coins to be enclosed in each package and by means 815 for selecting the
      denomination of coins to be packaged.
PAR  As illustrated in detail in FIG. 30, the means 10 comprises a plurality of
      (three in the illustrated embodiment of the invention) contact pairs 500,
      501, and 502 which are connected in parallel with each other across a pair
      of supply terminals 503 and 504. The contact pairs 500, 501, and 502 are
      manually actuable via suitable switching means, not shown, to select the
      number of coins to be enclosed in each package from among three
      predetermined numbers such as, for example, 20, 40 and 50. The contact
      pairs 500, 501, and 502 are serially connected to relays X.sub.1 to
      X.sub.3, respectively, and another relay X.sub.4 is connected in parallel
      with the relay X.sub.2.
PAR  The means 815 comprises a plurality of, six in the illustrated embodiment,
      contact pairs 505 through 510 which also are connected in parallel with
      each other across the pair of supply terminals 503 and 504. These contact
      pairs 505 through 510 are likewise manually actuable to select the
      denomination of coins to be packaged from among six different
      denominations of coins. The contact pairs 505 through 510 are serially
      connected to relays Y.sub.1 to Y.sub.6, respectively.
PAR  The normally open contact pairs X.sub.1a, and X.sub.3a, and X.sub.4a of the
      respective relays X.sub.1, X.sub.3 and X.sub.4 are connected in parallel
      relationship to each other to the supply terminal 503. The normally open
      contact pair X.sub.1a is serially connected to the normally open contact
      pair Y.sub.1a of the relay Y.sub.1, thence to the normally open contact
      pair X.sub.3b of the relay X.sub.3, and thence to the contact pair 511 of
      the rotary switch 823, FIG. 24, which is operated by the shaft 827. The
      normally open contact pair X.sub.4a is serially connected to the normally
      open contact pair Y.sub.2a of the relay Y.sub.2, thence to the normally
      open contact pair X.sub.2a of the relay X.sub.2, and thence to the contact
      pair 512 of the rotary switch 823. The normally open contact pair X.sub.3a
      is serially connected to the normally open contact pair Y.sub.3a of the
      relay Y.sub.3, thence to the normally open contact pair X.sub.1b of the
      relay X.sub.1, and thence to the contact pair 513 of the rotary switch
      513. The respective connections between the normally open contact pairs
      X.sub.1a, X.sub.4a and X.sub.3a and the normally open contact pairs
      Y.sub.1a, Y.sub.2a and Y.sub.3a are interconnected as seen in the drawing.
      The normally open contact pair X.sub.2b of the relay X.sub.2 is further
      connected between the normally open contact pair Y.sub.3a and the rotary
      switch contact pair 511.
PAR  The normally open contact pairs X.sub.1a, X.sub.3a and X.sub.4a are further
      serially connected to the normally open contact pair Y.sub.4a of the relay
      Y.sub.4, thence to the normally open contact pair X.sub.1c of the relay
      X.sub.1, and thence to the contact pair 514 of the rotary switch 823.
      Connected in parallel with the normally open contact pair X.sub.1c and the
      contact pair 514 are a series circuit consisting of the normally open
      contact pair X.sub.2c of the relay X.sub.2 and the contact pair 515 of the
      rotary switch 823, and another series circuit consisting of the normally
      open contact pair X.sub.3c and the relay X.sub.3 and the contact pair 516
      of the rotary switch 823.
PAR  The normally open contact pairs X.sub.1a, X.sub.3a and X.sub.4a are further
      serially connected to the normally open contact pair Y.sub.5a of the relay
      Y.sub.5, thence to the normally open contact pair X.sub.3d of the relay
      X.sub.3, and thence to the contact pair 517 of the rotary switch 823. The
      normally open contact pairs X.sub.1a, X.sub.3a and X.sub.4a are further
      serially connected to the normally open contact pair Y.sub.6a of the relay
      Y.sub.6, thence to the normally open contact pair X.sub.1d of the relay
      X.sub.1, and thence to the contact pair 518 of the rotary switch 823. The
      normally open contact pair X.sub.2d of the relay X.sub.2 is connected
      between the normally open contact pair Y.sub.6a and the contact pair 516
      of the rotary switch 823.
PAR  All the contact pairs 511 through 518 of the rotary switch 823 are
      connected to a relay Z.sub.1 which in turn is connected to the supply
      terminal 504.
PAR  The normally open contact pairs X.sub.1a, X.sub.3a and X.sub.4a are further
      serially connected to the supply terminal 504 via a switch 519 adapted to
      be closed upon initiation of operation of the coin packaging apparatus,
      the normally closed contact pair Z.sub.1a of the relay Z.sub.1, and a
      relay Z.sub.2. The contact pair for sensing the operative position of the
      rotary switch 823 is connected in parallel with the normally closed
      contact pair Z.sub.1a of the relay Z.sub.1. The normally open contact pair
      Z.sub.2a of the relay Z.sub.2 and the electromagnetic clutch 825,
      previously mentioned with reference to FIG. 24, are serially connected
      across the pair of supply terminals 503 and 504. Also serially connected
      across the supply terminals 503 and 504 are the normally open contact pair
      Z.sub.1b of the relay Z.sub.1, a starting switch 521, a control circuit
      522 adapted to be actuated when the number of coins selected by the means
      10 have been counted by the coin counting mechanism 160 shown in FIG. 4,
      and the electromagnetic clutch 835 adapted to selectively drive the shaft
      48 as shown in FIG. 24. The electromagnetic clutch 833 for selectively
      driving the wrapping rolls 20, 21, and 22 is connected in parallel with
      the clutch 835.
PAR  It will now be assumed that, in the operation of the circuitry shown in
      FIG. 30, the contact pair 507 of the means 815 and the contact pair 500 of
      the means 10 are manually closed to cause the apparatus to package 20
      coins of the third denomination. The relays X.sub.1 and Y.sub.3 are both
      energized, resulting in the closure of the relay contact pairs X.sub.1a,
      X.sub.1b, X.sub.1c, X.sub.1d and Y.sub.3a. There is now completed a
      circuit comprising the relay contact pair X.sub.1a, the switch 519, the
      relay contact pair Z.sub.1a, and the relay Z.sub.2. As the relay Z.sub.2
      is thus energized, its contact pair Z.sub.2a is closed thereby actuating
      the electromagnetic clutch 825.
PAR  As will be seen by referring back to FIG. 24, the rotation of the shaft 827
      is initiated upon actuation of the clutch 825 and continues until the
      contact pair 513 of the rotary switch 823 is closed. The relay Z.sub.1 is
      then energized to open its normally closed contact pair Z.sub.1a, with the
      result that the clutch 825 becomes disconnected to terminate the rotation
      of the shaft 827 with the contact pair 513 of the rotary switch 823 held
      closed. The cam means K.sub.7 shown in FIG. 25 operates to adjust the
      spacing between the crimping hooks 23 and 24 so as to be suitable for
      wrapping a stack of 20 coins of the third denomination.
PAC  ALARM MECHANISM
PAR  The coin packaging apparatus according to the invention is further equipped
      with an alarm mechanism as hereinafter described with reference to FIGS.
      31 to 42. Troubles to be detected are roughly classifiable between those
      which may take place prior to the actual operation of the apparatus and
      those which may take place during the operation of the apparatus. Troubles
      prior to the operation of the apparatus include Coin Selection Trouble
      AL.sub.1, Resetting Trouble AL.sub.2, and Operation Selection Trouble
      AL.sub.3. Troubles during the operation of the apparatus include Motor
      Overloading Trouble AL.sub.4, Coin Feed Trouble AL.sub.5, Coin Stacking
      Trouble AL.sub.6, Coin Disarrangement Trouble AL.sub.7, and Wrapper Feed
      Trouble AL.sub.8, as diagrammatically represented in FIG. 31.
PAR  The coin packaging apparatus cannot be set in operation in the event the
      listed troubles prior to the operation of the apparatus are detected. The
      operation of the apparatus is stopped in the event these troubles are
      detected during its operation. On the other hand, in the event the listed
      troubles during the operation of the apparatus are detected, the
      operations of only the mechanism in which the trouble has taken place, and
      of the mechanisms located immediately before and after the troubled
      mechanism, are terminated. In either case, the operation is not resumed
      unless the trouble is eliminated.
PAR  1. Coin Selection Trouble
PAR  By Coin Selection Trouble is meant the case where the shaft 827 fails to
      turn to the exact angular position corresponding to the denomination of
      coins selected by the knob 820, as will be seen from the showing of FIG.
      24. In this case, the coincidence detector circuit 829 of the control
      section 828 is caused to produce an output corresponding to the inversion
      of the output produced upon agreement of the signals from the rotary
      switches 821 and 827, as illustrated in FIG. 32. The inverted output from
      the coincidence detector circuit 829 is delivered to an alarm circuit 601
      to trigger the same.
PAR  2. Resetting Trouble
PAR  As previously mentioned with reference to FIG. 4, the gear 165 driven by
      the counting wheel 19 must be turned to the predetermined initial angular
      position prior to the coin packaging or counting operation of the
      apparatus, so that the counting means 951, FIG. 5, will be reset to zero.
      The circuit shown in FIG. 33 is adapted to detect if this resetting
      operation takes place properly. The reference numeral 604 in FIG. 33
      designates a memory section adapted to be set by a signal from a resetting
      switch 603 included in the control mechanism 8, FIG. 24, and to be reset
      by a signal from the switch 176, shown also in FIG. 4, constituting a part
      of the resetting means 602 for the gear 165 and counting means 951. The
      motor M.sub.o of the resetting means 602 is adapted to be actuated by the
      set signal from the memory section 604. Thus, if the desired resetting
      operation is not performed by the resetting means 602 by the signal from
      the resetting switch 603, the memory section 604 will not be reset by the
      signal from the switch 176. As a consequence, the memory section 604 will
      deliver a signal to the alarm circuit 601 to trigger the same and also to
      an inhibit gate circuit 601 connected to the output of a starting switch
      605 included in the control mechanism 8. If then starting switch 605 is
      actuated to initiate the operation of the apparatus, the output signal
      from the starting switch is blocked by the inhibit gate circuit 606 to
      prevent the initiation of operation. It will be noted from FIG. 33 that
      during operation of the apparatus, an inhibit signal is delivered to the
      memory section 604 to hold the motor M.sub.o of the resetting means 602
      out of operation.
PAR  3. Operation Selection Trouble
PAR  As illustrated in FIG. 34, the Opeeation Selection Trouble relates to
      whether the operation selector member 305 of the operation selector
      mechanism 6 is positioned properly so as to select the desired one of the
      coin counting and packaging operations. Thus, in the case where the
      operation selector member 305 is not positioned in proper abutment against
      either of the switches 313 and 314, the alarm circuit 601 will be
      triggered through the following procedure.
PAR  The switches 313 and 314 are connected to the respective input terminals of
      a NOR circuit 607, the output terminal of which is connected to the alarm
      circuit 601. If the switches 313 and 314 are both held open, therefore,
      the NOR circuit 607 will deliver its output signal to the alarm circuit
      601 to trigger the same, because then the operation selector member 305 is
      not located in either of its predetermined operative positions.
PAR  4. Motor Overloading Trouble
PAR  The Motor Overloading Trouble occurs when excess load is exerted on the
      drive motors of the apparatus from, for example, the rotary disc 13 of the
      infeed mechanism 1, the endless belt 18 of the coin passageway 17, and the
      wrapping rolls 20 to 22 of the coin wrapping mechanism 4. The Motor
      Overloading Trouble should therefore be forestalled to prevent damage to
      the rotary disc 13 and the guide wall member 180 resulting from the
      clogging of the coins on the rotary disc, to prevent the frictional wear
      of the endless belt 18 and the members defining the coin passageway 17,
      and to prevent damage or deformation of the wrapping rolls 20 to 22 and
      the crimping hooks 23 and 24. The detection of the Motor Overloading
      Trouble is also aimed at prevention of possible damage to the coins
      themselves as they travel through the listed mechanisms.
PAR  FIG. 35 illustrates an example of means for detecting such Motor
      Overloading Trouble adapted specifically for the driving system of the
      coin wrapping mechanism. As endless belt 611 extends around a terminal
      pulley 609 mounted on the output shaft 824 of the second motor M.sub.2 and
      another terminal pulley 610 mounted on a shaft 608, which shaft is coupled
      via the clutch 833 to the shaft extending axially outwardly from the
      wrapping roll 20. The endless belt 611 further extends around a tension
      pulley 612 rotatably mounted on one end of a lever 613 which is pivotally
      supported at its intermediate point. The other end of the lever 613 is
      disposed in abutting relationship to the actuating member 615 of a motor
      overloading detector switch 614 either directly or via a link 616. The
      lever 613 is biased by a helical tension spring 617 in such a direction
      that the tension pulley 612 is yieldably urged against the endless belt
      611.
PAR  When the endless belt 611 is transmitting the rotation of the second motor
      M.sub.2 to the shaft 68 with a normal degree of tension, the motor
      overloading detector switch 614 is held closed. However, in the event an
      excess load is exerted on the shaft 608 as from the wrapping rolls 20 to
      22 due to some trouble, the friction between the endless belt 611 and the
      terminal pulley 610 mounted on the shaft 608 will increase to such an
      extent that the lever 613 will turn against the force of the spring 617
      due to the excessive tension applied to that run of the endless belt 611
      which extends over the tension pulley 612. As the motor overloading
      detector switch 614 is resultantly opened, a signal is delivered therefrom
      to the alarm circuit 601 to trigger the same. It will be apparent that
      Motor Overloading Troubles arising in connection with the rotary disc 13,
      the endless belt 18 and so forth are detectable by identical means.
PAR  5. Coin Feed Trouble
PAR  The Coin Feed Trouble occurs when the coins that have been centrifugally
      sent out into the coin passageway 17 from the rotary disc 13 are not
      properly fed out of the passageway. As illustrated in FIG. 36, a cam 619
      is fixedly mounted on the shaft 162 on which there is also fixedly mounted
      the toothed counting wheel 19 of the coin counting mechanism 160. This cam
      is adapted to actuate a counting operation confirmation microswitch 618,
      in such a manner that the microswitch 618 will produce a counting
      operation confirmation signal each time the counting wheel 19 completes,
      say, one complete revolution.
PAR  The counting operation confirmation signal S.sub.2 from the microswitch 618
      is delivered to an AND circuit 621 of a timer circuit 620. Also delivered
      to the AND circuit 621 is a first motor operation sensing signal S.sub.1
      from the main control circuit 830, FIG. 24. A time-delay relay 622 also
      included in the timer circuit 620 is energized by the output from the AND
      circuit 621. However, as graphically represented at A and B in FIG. 37,
      the time-delay relay 622 is not energized if the counting operation
      confirmation signal S.sub.2 with its pulse spacing shorter than the delay
      time .tau..sub.1 of the relay 622 is delivered to the timer circuit 620
      while the first motor operation sensing signal S.sub.1 is being
      simultaneously supplied. When the pulse spacing of the counting operation
      confirmation signal S.sub.2 becomes longer than the delay time
      .tau..sub.1, the relay 622 is actuated to deliver its output to the alarm
      circuit 601 to trigger the same.
PAR  According to the configuration of FIG. 36, the pulses of the counting
      operation confirmation signal S.sub.2 are derived from the microswitch 618
      actuated by the cam 619. Alternatively, there may be provided a light
      source 623 and a photoelectric element 624 adjacent the coin passageway
      17, as illustrated in FIG. 38, in such relative positions that an
      electrical pulse like that shown in FIG. 37B will be produced by each coin
      C traveling therepast. The counting operation confirmation signal S.sub.2
      can also be provided by utilizing the "carry" output from the rightmost
      digit column to the column immediately to the left in the counting means
      951 shown in FIG. 5.
PAR  It is also possible to obtain the counting operation confirmation signal
      S.sub.2 by utilizing the output from either of the switches 805 and 806
      which are actuated by the sensing lever 813 of the sensing mechanism 14
      shown in FIG. 3. It will now be assumed that either of the switches 805
      and 806 is actuated by an excessive number of coins loaded on the rotary
      disc 13. If then the delivery of the coins to the coin counting mechanism
      160 via the passageway 17 is prevented due to some trouble, the number of
      coins on the rotary disc 13 will not decrease. Therefore, if either of the
      switches 805 and 806, actuated as above assumed, does not return to its
      normal condition within the delay time .tau..sub.1 of the relay 622, then
      it means that the Coin Feed Trouble has taken place.
PAR  6. Coin Stacking Trouble
PAR  It is likely that some of the coins successively dropped under the force of
      gravity into the stacking cylinder 200 of the coin stacking mechanism 2
      will stand on their edges, instead of properly stacking one upon the other
      in horizontal disposition. In the event any of a preselected number of
      coins delivered in a batch into the stacking cylinder 200 stands up on its
      edge, the height of these coins within the stacking cylinder will exceed a
      predetermined level. This state is detected by the following means
      illustrated in FIG. 39. It is to be understood, however, that the stacking
      cylinder 200 shown in FIG. 39 is not of adjustable inside diameter like
      that shown previously in FIG. 7 but is to be manually replaced for each
      different denomination of coins to be stacked.
PAR  The stacking cylinder 200 shown in FIG. 39 is formed of electrically
      conducting material completely separated into two portions 626 and 627
      which are electrically insulated from each other by a portion 625 located
      at a height to be reached by the uppermost one of the coins C properly
      stacked up therein. The coins will be in contact only with the lower
      portion 626 of the stacking cylinder 200 in the absence of any Coin
      Stacking Trouble. However, the two conducting portions 626 and 627 will
      become electrically interconnected when any of the coins stands on its
      edge as illustrated in the drawing. The conducting portions 626 and 627
      are both electrically connected to a detector circuit 628, so that in the
      event of such Coin Stacking Trouble this detector circuit is actuated to
      deliver a signal to the alarm circuit 601, thereby triggering the same.
PAR  Alternatively, the shutter means 250 openably closing the bottom end of the
      stacking cylinder 200 may also be formed of electrically conducting
      material, so as to be electrically connected to the upper cylinder portion
      627 in the event of the Coin Stacking Trouble. Instead of the electrical
      detecting means shown in FIG. 39, optical means may be employed for
      detecting the presence of any coin above the level of the cylinder portion
      625.
PAR  7. Coin Disarrangement Trouble
PAR  FIG. 40 illustrates means for detecting the disarrangement or collapsing of
      coins that have been carried in a stack from the coin stacking mechanism 2
      down to the coin wrapping mechanism 4. The wrapping rolls 20 to 22 shown
      in FIG. 40 are assumed to have at least their entire circumferential
      surfaces formed of rubber or like electrically insulating material,
      whereas the wrapper guides 89, 99 and 22 provided for the respective
      wrapping rolls 20, 21, and 22 are all formed of electrically conducting
      material and are connected to one of the electrodes of a power supply 631
      via a lead 629. Thus, when the wrapping rolls 20, 21, and 22 are moved to
      their intermediate positions, the Coin Disarrangement Trouble is
      electrically detected by the wrapper guides 89, 95 and 99.
PAR  The guide rod 28, also formed of electrically conducting material, is
      connected to the other electrode of the power supply 631 via a coin
      disarrangement detector 630. The coin disarrangement detector 630 may take
      the form of, for example, an electromagnetic relay. It is also possible,
      however, that the coin disarrangement detector can be formed of a
      non-contact relay or of logical circuitry incorporating the power supply
      631.
PAR  In the configuration shown in FIG. 40, unless there is any Coin
      Disarrangement Trouble, a stack of coins will be carried down by the guide
      rod 28 from the coin stacking mechanism 2 guided by the wrapping rolls 20,
      21, and 22 of insulating material which are already located in their
      intermediate positions. It will be apparent that the wrapper guides 89, 95
      and 99 can be regarded in combination as one electrode and the guide rod
      28 as another electrode. Electrically, the two electrodes are disconnected
      from each other in the absence of any Coin Disarrangement Trouble, so that
      no current flows through the coin disarrangement detector 630. The alarm
      circuit 601 is then not triggered.
PAR  However, in event the Coin Disarrangement Trouble takes place, the
      disarranged coins will fall between the wrapping rolls 20, 21, and 22,
      inevitably coming into contact with at least one of the wrapper guides 89,
      95 and 99. As a consequence, the aforesaid two electrodes become
      electrically interconnected via the disarranged coins, thereby permitting
      the flow of current through the coin disarrangement detector 630. An
      output signal W representative of the Coin Disarrangement Trouble is now
      produced by the coin disarrangement detector 630.
PAR  The output signal W is delivered to the alarm circuit 601 for purposes
      previously set forth. Since then the operation of the coin wrapping
      mechanism 4 and of the adjacent mechanism is suspended as above stated,
      the operator may manually remove the disarranged coins from the coin
      wrapping mechanism in order to prevent possible damage to the wrapping
      rolls 20, 21, and 22 and to the neighboring parts. The operation of the
      coin wrapping mechanism 4 and so forth can immediately be resumed upon
      removal of the disarranged coins.
PAR  Since, according to the configuration of FIG. 40, the wrapper guides 89, 95
      and 99 are utilized in combination as one of the electrodes necessary for
      detection of the Coin Disarrangement Trouble, this electrode can always be
      located in the optimum position with respect to the stack of coins
      supported by the guide rod 28 because the wrapper guides are carried by
      their respective wrapping rolls 20, 21, and 22 to the intermediate
      positions that are automatically adjusted in accordance with the diameter
      of the coins to be packaged.
PAR  While the wrapper guides 89, 95 and 99 can be formed entirely of
      electrically conducting material to function as one of the electrodes in
      the configuration of FIG. 40, it is also possible that these wrapper
      guides can be formed of electrically insulating material and, instead,
      portions of conducting material can be arranged vertically on the inside
      surfaces of those parts of the wrapper guides which extend between the
      adjacent wrapping rolls 20, 21, and 22, as indicated by the dotted lines
      in FIG. 40. Connected to the power supply 631, these conducting portions
      will serve in combination as one of the necessary electrodes for the
      detection of the Coin Disarrangement Trouble.
PAR  FIG. 41 illustrates a slight modification of the configuration of FIG. 40,
      in which an electrically conducting portion 632 adapted to function as the
      other electrode for the detection of the Coin Disarrangement Trouble is
      formed on the flanged top 27 of the guide rod 28. In this manner the guide
      rod 28 itself can be formed of insulating material, instead of being
      formed entirely of conducting material as in the configuration of FIG. 40.
PAR  8. Wrapper Feed Trouble
PAR  The Wrapper Feed Trouble is the failure of the wrapper strip to be fed from
      the wrapper feed mechanism 7 to the coin wrapping mechanism 4 within a
      prescribed length of time for wrapping up a stack of coins in the coin
      wrapping mechanism. This trouble is detected by the following means
      illustrated in FIG. 42, in which the control section 828 is adapted to
      produce a timing signal in accordance with the progress of the coin
      wrapping operation in the coin wraping mechanism 4. This timing signal is
      delivered to a detecting section 633, which section is adapted to detect
      whether the wrapper feed signal from the switch 151 (FIG. 21) has been
      produced within the prescribed length of time following the reception of
      the timing signal from the control section 828. In the event the wrapper
      feed signal from the switch 151 is not delivered to the detecting section
      633 within the prescribed length of time, the detecting section will
      produce an output signal to trigger the alarm circuit 601. It will be
      recalled that the switch 151 is adapted to be actuated when the wrapper
      strip is properly fed from the wrapper feed mechanism 7 to the coin
      wrapping mechanism 4.
PAC  GENERAL OPERATION
PAR  For packaging coins by the apparatus shown in FIG. 1 in particular, the
      operation selector mechanism 3 is first manupulated to set the apparatus
      to perform the coin packaging operation. The knob 820 should then be
      turned to its angular position corresponding to the denomination of the
      coins to be packaged. Thereupon, as will be seen from FIG. 25, the cams
      849, 857 and 852 are turned to their respective corresponding angular
      positions, thereby adjusting the spacing between the rotary disc 13 and
      the wall member 15, the width of the coin passageway 17, and the height of
      the endless belt 18 with respect to the coin passageway 17, in accordance
      with the diameter or thickness of the selected coins.
PAR  A suitable batch of the selected coins is now charged into the hopper 11 as
      best illustrated in FIG. 1. The coins are then transported by the endless
      belt 12 onto the rotary disc 13, and as this disc rotates at a suitable
      speed, the coins will be arranged in a neat row extending
      circumferentially of the disc. Since the spacing between the rotary disc
      13 and the wall member 15 is already adjusted to the thickness of the
      preselected coin as above stated, any coins overlying others on the disc
      will be automatically removed from over the underlying coins as the disc
      rotates and will enter the adjustable width gate 16 at the entrance end of
      the passageway 17 only one by one.
PAR  The width of the gate 16 composed of the stationary guide 184 and movable
      guide 185, FIG. 2, is also already adjusted to the diameter of the
      preselected coins because the movable guide 184 moves in step with the
      movable member 186 defining one of the lateral edges of the passageway 17
      as this movable member is shifted as aforesaid by the cam 857 relative to
      the stationary member defining the other lateral edge of the passageway.
      The coins are therefore guided smoothly into the passageway 17 via the
      guide 16 and are transported toward its exit end in frictional contact
      with the overhead endless belt 18. Coins with a diameter smaller than that
      of the selected coins, if any, are automatically removed by means, not
      shown, provided in the passageway 17.
PAR  As illustrated in FIG. 4, each coin C fed out of the exit end of the
      passageway 17 turns the toothed counting wheel 19 of the coin counting
      mechanism 160 through a prescribed angle. When the number of coins to be
      enclosed in a single package is counted by the counting mechanism 160, the
      rotation of the counting wheel 19 is prevented by the detent 175 received
      in either of the diametrically opposed apertures 167 in the gear 165, so
      that no more coins are permitted to leave the exit end of the passageway
      17.
PAR  The coins fed out of the exit end of the passageway as above explained are
      directed through the chute 306 of the operation selector mechanism 3, FIG.
      6, and are caused by gravity to drop into the stacking cylinder 200 of the
      coin stacking mechanism 2, FIG. 7. As vibrations are imparted to the
      stacking cylinder 200 by the unshown means, the coins are automatically
      rearranged therein and are neatly stacked up one upon the other in
      horizontal disposition.
PAR  As the plate members 250.sub.a and 250.sub.b of the shutter means 250, FIG.
      1, are simultaneously moved away from each other to open the bottom end of
      the stacking cylinder 200, the stack of coins rests on the flanged top 27
      of the guide rod 28, FIGS. 10 and 23, and is thereby carried down to the
      central position between the wrapping rolls 20, 21, and 22 of the coin
      wrapping mechanism 4, FIG. 10. As previously described in connection with
      FIG. 25, the revolving speed of the wrapping rolls 20, 21, and 22 is
      adjusted in accordance with the diameter of the coins via the speed change
      means 839 by the cams 863, 864, and 865 mounted on the rotatable shaft
      827. Furthermore, as the cam 137 mounted on the shaft 139, FIG. 10,
      rotates through a prescribed angle, the cam 127 is vertically displaced
      along the shaft 48 by the arm 141, so that the arm 144 is correspondingly
      moved either toward or away from the other arm 145 to adjust the spacing
      between the crimping hooks 23 and 24 to the total height of the stack of
      coins to be wrapped.
PAR  Further with reference to FIG. 10, the cam 40 mounted on the shaft 38 is
      caused to turn through a prescribed angle by the knob 820 via the
      intermeshing gears 37 and 28. However, as will be seen also from FIG. 11,
      the cam follower roll 55 on the arm 41 will abut the tongue 53 of the cam
      50 which tongue is adapted to cause the wrapping rolls 20, 21, and 22 to
      be located in their most spaced-apart positions with respect to each
      other. The cam follower roll 54 on the lever 45 is then urged by the
      helical tension spring 47 into abutment with the arcuate edge 52 of the
      cam 49 which edge is adapted to cause the wrapping rolls to be located in
      their intermediate positions, but the cam follower roll 46 on the other
      end of the lever 45 is held out of contact with the cam 40.
PAR  In the condition set forth in the preceding paragraph, the wrapping rolls
      20, 21, and 22 are located in their most spaced-apart positions, and all
      the wrapper guides in their inoperative positions. The wrapper guides 94
      and 95, carried by the arms 58 and 59 and by the arm 81 and 82
      respectively, are located in the same positions as the wrapping rolls 20
      and 22 respectively. The wrapper guide 89 is directed inwardly as long as
      the roll 114 on the arm 111 is held out of contact with the sector gear 91
      since this sector gear is biased by the helical tension spring 92 as shown
      in FIG. 10. The wrapper guide 99 is directed outwardly as long as the arms
      70 and 71 are located in their most outward position since the sector gear
      104 is fixedly supported. The wrapper guide 107, coupled to the arms 70
      and 71, is also held in its inoperative position.
PAR  With the turn of shaft 48, however, the cam follower roll 55 on the arm 41
      leaves the tongue 53 of the cam 50 while the cam follower roll 54 on the
      lever 45 rides on the arcuate edge 52 of the cam 49. The lever 45 is then
      further urged by the spring 47 until its cam follower roll 46 abuts the
      circumference of the cam 40 at its prescribed point, thereby causing the
      arm 41 to turn an angle determined by the angle of swing of the lever 45.
      The arm 42 and the sector gear 43 fixedly mounted on the shaft 38 are
      likewise caused to rotate through the corresponding angle by the constant
      load spring 67. This rotation of the arm 42 about the shaft 38 results in
      the rotation of the shaft 68 through the corresponding angle via the link
      66 and the arm 69, so that the pair of arms 70 and 71 fixedly mounted on
      this shaft 68 are caused to turn correspondingly thereby carrying the
      wrapping roll 21 a step closer to the central axis between the annularly
      arranged wrapping rolls 20, 21, and 22.
PAR  Simultaneously, since the sector gear 104 is immovably supported as above
      stated, the turn of the arms 70 and 71 results in the rotation of the gear
      97 via the gear 103 in such a direction that the wrapper guide 99 moves
      toward the central axis between the wrapping rolls 20, 21, and 22. The
      plate member 106 supported by the shaft 105 extending through the pair of
      arms 70 and 71 is also turned, so that the wrapper guide 107 fixedly
      supported on one of the lateral edges of the plate member 106 moves toward
      the central axis between the wrapping rolls 20 to 22.
PAR  The rotation of the shaft 38 is further transmitted via the intermeshing
      sector gears 43 and 57 to the shaft 56, with the result that the wrapping
      roll 20 is caused to move a step closer to the central axis between the
      wrapping rolls 20, 21, and 22 by the pair of arms 58 and 59 secured to the
      shaft 56. The wrapper guide 94 turns with the arms 58 and 59, and the
      wrapper guide 89 also turns with the arms 58 and 59 toward the central
      axis between the wrapping rolls without the influenence of the sector gear
      91 and the gear 87 since the shaft 62 is retained at one of the
      extremities of the arcuate slot 93 in the sector gear.
PAR  Furthermore, the rotation of the shaft 56 is conveyed to the shaft 79 via
      the arm 60, the link 78 and the arm 80, so that the pair of arms 81 and 82
      secured to this shaft 79 causes the wrapping roll 22 also to move a step
      closer to the central axis between the wrapping rolls. The wrapper guide
      95 carried by the arms 81 and 82 moves in the same direction with the
      wrapping roll 22.
PAR  It is to be noted that the distances the wrapping rolls 20, 21, and 22 are
      thus caused to move toward the central axis therebetween are determined by
      the working angular position of the cam 40 against the stepped
      circumference of which the cam follower roll 46 on the lever 45 is urged
      as previously described. When all the wrapping rolls 20, 21, and 22 and
      wrapper guides 89, 94, 95, 99 and 107 are thus moved a step closer to
      their respective intermediate positions determined in accordance with the
      diameter of the coins to be packaged, the guide rod 28 rises to a position
      immediately below the bottom of the stacking cylinder 200 by passing along
      the central axis between the wrapping rolls.
PAR  When the plate members 250.sub.a and 250.sub.b of the shutter means 250,
      FIG. 1, are simultaneously moved away from each other by the drive
      mechanism 9 via the linkage system 251, the coins of the selected
      denomination which have been arranged into a neat stack within the
      stacking cylinder 200 are deposited by gravity onto the guide rod 28,
      which is then caused to descend to carry the stack of coins down to the
      central position between the wrapping rolls 20, 21, and 22.
PAR  Since the shaft 48 is in constant rotation, the cam follower roll 54 on the
      lever 45 rises on the arcuate edge 51 of the cam 49, which edge is adapted
      to cause the wrapping rolls 20, 21, and 22 to be located in their least
      spaced-apart positions, when the stack of coins is brought down to the
      central position between the wrapping rolls in the above described manner.
      The wrapping rolls 20, 21, and 22 are then caused to move further toward
      the central axis therebetween through the above described procedure until
      they come into circumferential contact with the stack of coins. The
      wrapper guides 89, 94, 95, 99 and 107 are also caused to move toward the
      stack of coins supported between the wrapping rolls. It should be noted,
      however, that the movements of the wrapper guides to their operative
      position are also regulated in accordance with the diameter of the coins
      to be packaged. Thus, when the coins are of relatively large diameter, an
      approximate circle will be defined by all the wrapper guides 89, 94, 95,
      99 and 107 in their operative positions as illustrated in FIG. 12, and
      when the coins are of relatively small diameter, an approximate cicle will
      be defined only by the wrapper guides 89, 95 and 99 in their operative
      positions.
PAR  When the stack of coins is properly supported in frictional circumferential
      contact with the wrapping rolls 20, 21, and 22, the second motor M.sub.2
      is set in rotation at a speed adjusted in accordance with the diameter of
      the coins to be packaged. This rotation of the motor M.sub.2 is imparted
      to the wrapping roll 20 via the gear 61 and pinion 65 and also to the
      wrapping roll 21 via the gear train 72, 77 and 75. The stack of coins is
      thus caused frictionally to rotate in circumferential contact with all of
      the wrapping rolls 20, 21, and 22.
PAR  With reference to both FIGS. 16 and 21, the strip of wrapper fed from its
      roll 5 by the feed rolls 730 and 731 or by the rolls 127 and 128 already
      has its leading end caught between the drive roll 31 and idler roll 32 of
      the wrapper tensioning means 126 due to the preceding coin packaging
      operation. As the rotation of the second motor M.sub.2 is imparted to the
      wrapping rolls 20 to 21 as above described, the solenoid 125 becomes
      energized to cause the idler roll 32 to swing into frictional
      circumferential contact with the drive roll 31 via the arms 121 and 122.
      The wrapper strip is then frictionally fed forwardly, and due to the
      tension thus exerted on the wrapper strip, the wrapper sensing plate 145
      is pressed against the force of the spring 150 thereby actuating the
      switch 151, so that the rotation of the shaft 48 continues to permit the
      progress of the coin packaging operation. When tensioned by the wrapper
      tensioning means 126, the wrapper strip is cut into a suitable length by
      the cutter blade 133 or 733. The piece of wrapper thus severed from the
      rest of the continuous strip then has its leading end caught between the
      rotating stack of coins and one of the wrapping rolls 20 to 22 and is
      successively wound around the circumference of the coin stack as its
      rotation continues.
PAR  Upon completion of the winding of the wrapper piece around the
      circumference of the stack of coins, the cam follower roll 113 on the
      T-shaped arm 111 rides on the circumferential edge portion 110 of the
      wrapper guide control cam 108 from its circumferential edge portion 109,
      the edge portion 110 being adapted to cause the wrapper guides 89 and 107
      to be located in their inoperative positions. By the resulting turn of the
      T-shaped arm 111 about the shaft 82, the roll 114 also mounted on the arm
      111 causes the sector gear 91 to turn against the force of the helical
      tension spring 92. As a consequence, the gear 87 meshing with the sector
      gear 91 causes the wrapper guide 89 to turn away from the stack of coins
      C, as indicated by the dot-and-dash lines in FIG. 12.
PAR  The turn of the T-shaped arm 111 about the shaft 82 is also conveyed via
      the links 115, 117 and 118 to the plate member 106, thereby causing the
      plate member to turn about the shaft 105 in such a direction that the
      wrapper guide 107 carried thereby shifts away from the stack of coins C,
      also also as indicated by the dot-and-dash lines in FIG. 12.
PAR  With the wrapper piece thus wound around the circumference of the stack of
      coins, and with the wrapper guides 89 and 107 shifted to their inoperative
      or "open" positions, the cam follower pin 132 projecting from the movable
      member 131 drops into the recess on the circumference of the cam 126
      fixedly mounted on the constantly rotating shaft 48 under the influence of
      the tension spring 133. By the resulting turn of the movable member 131
      about the shaft 129, the pair of arms 144 and 145 are simultaneously
      caused to turn about the same shaft 129 thereby carrying the crimping
      hooks 23 and 24 between the wrapping rolls 20 to 22. Since the cam
      follower rolls 149 and 150 mounted on the respective arms 144 and 145 abut
      the top and bottom edges 135 and 134 of the respective cams 135 and 134,
      and since the arms 144 and 145 are biased toward each other by the
      constant load spring 148, the crimping hooks 23 and 24 are caused to
      operate to fold and crimp the loose lateral edges of the wrapper piece,
      which is already wound around the circumference of the stack of the coins
      as aforesaid, inwardly over the top and bottom ends, respectively, of the
      coin stack as its rotation continues.
PAR  As the packaging of the stack of coins is thus completed, the cams 127 and
      128 still rotate with the shaft 48 to cause the arms 144 and 145, and
      therefore the crimping hooks 23 and 24, to move away from each other.
      Thereafter, the cam follower pin 132 mounted on the movable member 131
      again comes into abutment with the cam 126, with the result that the
      movable member 131 turns about the shaft 129 against the force of the
      tension spring 133 to cause the crimping hooks 23 and 24 to return to
      their initial inoperative positions.
PAR  The cams 49 and 50 further rotate with the shaft 48 until the cam follower
      roll 54 on the lever 45 again rides on the arcuate edge 52 of the cam 49
      while the cam follower roll 55 on the arm 41 rides on the tongue 53 of the
      cam 50. As a consequence, the wrapping rolls 20 to 22 are caused to move
      back to their most spaced-apart positions through the above described
      procedure, so that the packaged stack of coins is released and allowed to
      drop by gravity into a chute therebelow for discharge from the apparatus.
      The rotation of the shaft 48 still continues until the cam follower roll
      55 on the arm 41 rides completely on the tongue 53 of the cam 50,
      whereupon the wrapping rolls 20 to 22, the wrapper guides 89, 94, 95, 99
      and 107, and the crimping hooks 23 and 24 are all caused to return to
      their initial inoperative positions. The rotation of the second motor
      M.sub.2 also terminates pending the start of the next cycle of the coin
      packaging operation.
PAR  The invention described and illustrated is believed to admit of many
      modifications within the ability of those skilled in the art, all such
      modifications being considered within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a coin packaging apparatus for packaging a preselected number of
      coins of the same denomination in the form of a neat stack, the apparatus
      having a rotary disc adapted to receive a batch of coins to be packaged
      and to send out outward said received coins by utilization of centrifugal
      force of the disc, a wall member provided at the peripheral part of said
      rotary disc the height of which above the disc is adapted to be regulated
      in accordance with the thickness of coins, a coin passageway extending
      from said rotary disc at said wall member so that the coins on said rotary
      disc are thereby centrifugally sent out one by one into said coin
      passageway, at least one wall composing said passageway being adjustably
      spaced from the other wall of said passageway, conveyor means provided
      above said passageway and adapted for conveying the coins passed under
      said wall member and thence sent into said passageway; coin counting means
      provided intermediate the length of said passageway and provided with
      means adapted to block passage of coins when a preselected number of coins
      has passed through said passageway, a coin take-out passage provided
      adjacent the end of said coin passageway for taking out the counted coins,
      therefrom, a coin guiding passage provided adjacent the end of said coin
      passageway for guiding the coins to a position adapted for stacking the
      coins, a change-over mechanism on which said coin guiding passage and said
      coin takeout passage are mounted and comprising a change-over member
      movable between a coin stacking mode position and a coin counting mode
      position, the coin take out passage being aligned with the end of said
      coin passageway when said changeover mechanism is in the coin counting
      mode position and said coin guiding passage being aligned with the end of
      said coin passageway when said changeover mechanism is in the coin
      stacking mode position, coin stacking means disposed so as to be
      communicated with said coin guiding passage when said coin passageway is
      communicated with the coin guiding passage when said change-over member is
      in the coin stacking mode position and adapted for aligning in a stack the
      preselected number of coins counted by said counting means, coin wrapping
      means including at least three wrapping rolls and roll transferring means
      for transferring at least one of said rolls toward or away from the coin
      stack, said wrapping rolls being adapted to approach around the coin stack
      after the stack of coins stacked at said coin stacking part is introduced
      between said rolls and then to wrap a wrapper sheet around the coin stack
      while rotating said coin stack, a coin stack guiding mechanism provided
      with a guide lever adapted to guide the coin stack into the space
      surrounded by the wrapping rolls, wrapper sheet feeding means for feeding
      a piece of the wrapper sheet conformed to the size of the coin stack
      toward the peripheral surface of said coin stack and rotated in the coin
      wrapping position, and fold-crimping means comprising a pair of crimping
      hooks adapted to fold-crimp and lateral edges of said sheet of wrapper
      over the opposite ends, respectively of the coin stack after said sheet of
      wrapper has been wound around said coin stack; the improvement comprising,
      in combination, first cam means operatively associated with said wall
      member for setting the vertical position of said wall member, second cam
      means operatively associated with the movable wall of said coin passageway
      for setting the position of said adjustably movable wall to set the width
      of said passageway so as to correspond to the width of the coins to be
      stacked, at least one first adjustable shaft means for adjusting the
      apparatus to operate in the counting mode and coupled to said first and
      second cam means for actuating said cam means to set the positions of said
      wall member and adjust the width of the coin passageway in accordance with
      the coins being handled, cylinder diameter selecting means coupled to said
      coin stacking means for selecting the inside diameter of the stacking
      space in said coin stacking means, third cam means operatively associated
      with the movable roll of said wrapping rolls for moving the movable roll
      to a position corresponding to the diameter of coins in a stack and for
      guiding the coin stack into the coin wrapping position, fourth cam means
      operatively associated with said fold-crimping means for setting the fold
      crimping means to a position corresponding to the denomination of the
      stack of coins to be wrapped, setting means adapted operatively associted
      with said wrapper sheet feeding part for driving said feeding part for
      feeding a wrapper sheet corresponding to the denomination of the coins of
      the coin stack to be wrapped, second adjustable shaft means for adjusting
      the apparatus to operate in the wrapping mode and coupled to said cylinder
      diameter selecting means, said third cam means, said fourth cam means, and
      said setting means for setting said wrapper sheet feeding part, coin
      denomination selecting means, and control means coupled between said
      denomination selecting means and said adjustable shaft means for driving
      only said first adjustable shaft means when the apparatus is in the
      counting mode and for driving both said first and second adjustable shaft
      means when the apparatus is in the wrapping mode.
NUM  2.
PAR  2. The improvement as claimed in claim 1 in which said apparatus has at
      least one electrical source of rotary power adapted to drive said coin
      counting means and said coin wrapping means said control means comprising:
PA1  first electrical means coupled to said coin denomination selecting means
      for producing an output representative of the denomination of coins
      selected by said coin denomination selecting means;
PA1  first electrically actuable clutch means through which said electrical
      source of rotary power is coupled to at least one of said adjustable shaft
      means;
PA1  second electrical means coupled to said adjustable shaft means for
      producing an output representative of the angular position of said
      rotatable shaft;
PA1  coincidence detector circuit means to which said first and second
      electrical means are coupled to deliver the outputs thereof, said
      coincidence detector circuit means being coupled to said clutch means and
      producing an output upon agreement of said outputs from said first and
      second electrical means to disconnect said first clutch means;
PA1  second electrically actuable clutch means coupled to said electrical source
      of rotary power and to which said coincidence detector circuit means
      coupled for driving said coin counting means and said coin wrapping means
      when actuated by said output from said coincidence detector circuit means.
NUM  3.
PAR  3. The improvement as claimed in claim 2 in which said first adjustable
      shaft means is connected to said coin denomination selecting means for
      being manually driven when said coin denomination selecting means is
      manually driven, and said first electrically actuable clutch means is
      coupled between said second adjustable shaft means and said electrical
      source of rotary power.
NUM  4.
PAR  4. The improvement as claimed in claim 2 in which said control means
      comprises a second source of rotary power coupled to said first adjustable
      shaft means, and said coin denomination selecting means is electrically
      coupled to said second source of rotary power for driving said first
      adjustable shaft means in response to actuation of said coin denomination
      selecting means, and said first electrically actuable clutch means is
      coupled between said second adjustable shaft means and said at least one
      electrical source of rotary power.
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ABST
PAL  A device for tightly wrapping objects is provided which includes suction
      boxes for holding the wrapping paper under tension as it is wrapped around
      the object. The holding of the wrapping paper using suction boxes permits
      the paper to be tightly tensioned around the object regardless of the
      smoothness of the surface of the wrapping paper. The wrapping paper is
      folded across the bottom of the object by cooperation between a plate
      means positioned under the object and the movement of holding means which
      holds the object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a wrapping device in which a wrapping
      material is wrapped tightly around a parallelepiped shape object first on
      the top, then on both sides and bottom thereof, whereby a neat appearance
      of wrapping can be obtained as a result of stabilization of the wrapping
      process and the tightness of the wrapping paper around the object can
      easily be adjusted.
PAR  2. Prior Art
PAR  In conventional wrapping devices of the same kind, the frictional force
      between the wrapping paper and the passageway is made greater than that
      between the wrapping paper and the object to obtain tight wrapping.
      However, this conventional wrapping system cannot always provide suitably
      tight wrapping if the wrapping paper differs in the quality and coating of
      its surface.
PAC  SUMMARY OF THE INVENTION
PAR  In the wrapping device of the present invention, since the object is
      tightly wrapped using suction of air, the frictional force between the
      wrapping paper and the material is in proportion to the air suction
      pressure. This ensures tight wrapping of the material even if, for
      example, the coefficient of friction is great between the object and the
      wrapping paper. Therefore, tight wrapping can constantly be obtained even
      if the wrapping paper differs in the quality and coating material thereof.
      Moreover, by changing the air suction pressure, the tightness of the
      wrapping paper to the wrapped material can easily be adjusted.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment of the present
      invention.
PAR  FIGS. 2-6 are views showing the relationship of the elements of the present
      invention during various stages of wrapping.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  Referring to the figures, 1 is an elevatable pushing means which pushes an
      object or objects of parallelepiped shape such as ten cigarette packages
      arranged in two rows of five, one on top of the other. The pushing means 1
      is pushed upwards through an upward wrapping material passageway a.
      Opposed air suction boxes 3, 4 are provided at both sides of the middle of
      said passageway a, these boxes 3, 4 respectively having many suction holes
      (not illustrated) on the surface facing said passageway a.
PAR  The air suction boxes 3, 4 are connected to a blower (not shown) through
      piping (not shown) so as to suck air from said boxes 3, 4. Opposed plates
      7, 8 fold wrapping paper ends along the bottom of the objects over the air
      suction boxes 3, 4. The plate 7 has, on the upper surface adjacent its
      ends, means 9 for folding the vertical left-hand side ends of a wrapping
      paper along the sides of the object. Furthermore, over the material
      passageway a, an angled plate 5 is attached to a movable frame 6, the
      frame 6 reciprocating from side to side. Turning arms 11 and 12 positioned
      a distance apart are pivotally fitted at their base to the movable frame 6
      facing in opposite directions. The arms 11 and 12 are provided with an
      object holding member 10.
PAR  A supporting plate 13 is provided adjacent the plate 8 for folding the
      wrapping paper ends along the bottom of the object so that both plates 8
      and 13 are on the same level. A turning arm 14 under the supporting plate
      13 is attached to a structure (not shown) by means of a pivot 15. 16 is an
      object feeding guide, and b is a wrapping paper. 17 are wrapping paper
      guides and 18 is a discharging guide for a wrapped object. C shows
      hot-melt adhesives attached to an end of the wrapping paper b.
PAR  The wrapping device of the present invention is further arranged to feed
      the wrapping paper b using delivery rolls (not shown), cut it to regular
      size by the use of cutter means (not shown) and pass it along the wrapping
      paper guides 17 to a predetermined position of the wrapped material
      passageway a, where it is elevated in fixed working cycle by means of the
      pushing means 1.
PAR  In operation, as illustrated in FIGS. 2-6, the objects 2 are intermittently
      transferred onto the pushing means 1 by the use of suitably-spaced means
      (not shown) and pushed upwards through the wrapped material passageway
      with the upward movement of the pushing means 1. Since the wrapping paper
      b is extended across the entrance of the passageway a, the object 2 has
      the wrapping paper b put on its surface and continues to rise through said
      passageway. In such elevating movement of the wrapped material, both ends
      of the wrapping paper b are brought into contact with the air suction
      boxes and folded down. The folded ends b', b" adhere to the surface of the
      air suction holes of said boxes 3 and 4 by suction of air from said air
      suction holes as illustrated in FIG. 3. The folded ends b', b" of the
      wrapping paper slide along the air suction surface of the suction boxes 3
      and 4 as the object 2 is elevated further. Adherence of said ends b', b"
      to the air suction surface of the boxes 3 and 4 is still continued after
      the object 2 has been pushed between the angled member 5 and the holding
      member 10 of the turning arm 11. Then the angle plate 5 is moved forward
      slightly to the right by means of the movable frame 6. As a result, the
      object 2 held between the angled plate 5 and the holding member 10 of the
      turning arm 11 is simultaneously moved to the right and the bottom of the
      object 2 rests slightly on the plate 8. At this point, the wrapping paper
      b on the object 2 is slightly folded at one end b" thereof as illustrated
      in FIG. 4. Subsequently, the plate 7 is moved slightly forward and the
      pushing means 1 starts to descend, until it returns to its initial
      position. The other end b' of the wrapping paper is folded along the
      bottom of the object 2 by the use of the tip of the plate 7 while, at the
      same time, the end b"  of the wrapping paper is also folded along the
      bottom of the object as a result of the movement of the object over plate
      8, as shown in FIG. 5. In this position, the movable frame 6 starts to
      advance, and the forward movement of the object 2 takes place with the
      object 2 held between the angled member 5 and the holding means 10 of the
      turning arm 11. This forward movement of the object 2 allows the end b" of
      the wrapping paper to be folded along the bottom of the object 2 by means
      of the plate 8. The folded end b" of the wrapping paper is lapped with the
      earlier folded end b" thereof. The folded ends b' and b' are then pasted
      up by means of adhesives C. When the object 2 is passed onto the
      supporting plate 13, the other turning arm 12 is operated to deliver it
      onto the discharging guide 18 as a wrapped object 2'.
PAR  The advancement of the movable frame 6 is stopped when the object is put on
      the supporting plate 13. In the above mentioned process, the wrapping
      paper is folded on the vertical end at the left hand side and in the
      horizontal upper and lower ends along the sides of the object by means
      (not shown), whereby the object is wrapped on its entire surface.
PAR  The turning arms 11 and 12 are turned when the object 2 is put on the
      supporting plate 13, and the holding member 10 of the turning arm 11
      detaches from the object 2. Thereupon, the turning arm 14 rotates about
      the pivot 15 to remove the wrapped object 2 from the angled plate 5, and
      the angled plate 5 and the turning arms are returned to their initial
      positions immediately thereafter.
PAR  It will be understood that the respective operations are continuously
      repeated for complete wrapping of objects parallelepiped in shape.
PAR  In the present invention, a wrapping paper is put on the upper surface of
      an object when the object is pushed upwards through the material
      passageway a, and both ends b' and b" of the wrapping paper are attracted
      to the air suction boxes forming part of said passageway. As a result, the
      frictional force is increased between the air suction boxes and both ends
      b', b" of the wrapping paper, while decreased substantially to zero
      between the object and the ends b' and b". It is therefore to be noted
      that the wrapping paper is pulled to achieve tight wrapping of the object.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are therefore intended to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for tightly wrapping an object in a wrapping paper said device
      comprising
PA1  a. pusher means for pushing said object such that the top of said object
      engages said wrapping paper and the ends of the wrapping paper extend
      below the object along the sides thereof;
PA1  b. suction means positioned below said object, after it has been pushed,
      for holding the ends of said wrapping paper such that said wrapping paper
      is tensioned over the top of said object;
PA1  c. plate means positioned over said suction means and below the level of
      the bottom of said object;
PA1  d. means to move one of said plate means relative to said object;
PA1  e. holding means for holding said object after said wrapping paper has been
      tensioned thereon as said plate means is moved and for moving said object
      relative to the other plate means whereby the wrapping paper is folded
      under the object, said holding means comprising an angle plate for
      engaging the top and one side of the object and a first turning arm means
      for engaging the other side of said object;
PA1  f. a second turning arm means positioned to engage the bottom of said
      object after it has been wrapped and while it is engaged by said holding
      means; and
PA1  g. means for simultaneously turning said first and second turning arm means
      away from said object so that the bottom of said object remains in contact
      with said second turning arm means and is disengaged from said holding
      means.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein said plate means comprises a
      first plate positioned to the rear of said object which moves in the
      forward direction under said object while said holding means are
      stationary thereby folding one end of said wrapping paper under said
      object, and a second plate positioned to the front of said object which is
      stationary while said holding means moves in the forward direction thereby
      folding the other end of said wrapping paper under said object.
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ABST
PAL  An apparatus for sealing packaging containers formed at least in part of a
      bondable material. The apparatus includes a first bonding unit and a
      second bonding unit which are fixedly disposed with mutual spacing on an
      endless conveyor. A device is provided for removing a covered container
      from the first bonding unit, after the container is provided with a first
      bonded seam therein by application of heat and pressure, and transferring
      it to the second bonding unit. This removing and transferring device is
      disposed on the common path of rotation of the two bonding units. The
      second bonding unit effects the application of a second bonded seam to the
      covered container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for sealing packaging
      containers formed at least partially of a bondable material, the sealing
      being effected under the action of pressure and heat. The present
      invention relates, more particularly, to such an apparatus having a first
      bonding unit and a second bonding unit.
PAR  Many spoilable foodstuffs are nowadays packed in containers which are made
      at least partially of a bondable plastic material and which are sealed by
      means of a bonded seam. As the reliability of the sealed tightness of the
      closing seam is considerably increased if it were finished with a double
      bond, it is the current practice to provide a first bonded seam with a
      first bonding tool and, after the first seam has hardened, to apply a
      second bonding seam with a second bonding tool to effect closure of the
      container. The two bonded seams may cover each other, may partially cover
      each other or they may be disposed parallel to each other with a slight
      distance or no distance therebetweeen. The two bonded seams may be of
      identical width or may be selected such that the first bonded seam is
      wider than the second bonded seam.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an apparatus for
      sealing packaging containers which is simple and yet effective to apply a
      double bond.
PAR  It is another object of the present invention to provide an apparatus for
      sealing packaging containers, formed at least partially of bondable
      material, with a double bond.
PAR  The foregoing objects, as well as others which are to become apparent from
      the text below, are achieved according to the present invention in an
      apparatus for sealing containers by providing first and second bonding
      units rigidly disposed, with mutual spacing, on an endless rotating
      conveyor. A device for removing a container closed by means of the first
      bonded seam from the operating region of the first bonding unit and for
      transferring this container to the operating region of the second bonding
      unit is disposed on the common circulation path of the two bonding units.
PAR  In a preferred embodiment of the present invention, in which a lid may be
      bonded to a projecting flange of a container, the removing and
      transferring device has stationary guides onto which a container with its
      flange is pushed and released by the first bonding unit after the
      application of the first bonded seam and from which the container is again
      pushed and conveyed to the second bonding unit for the application of the
      second bonded seam.
PAR  Other objects, features and advantages of the present invention will be
      made apparent in the following detailed description of a preferred
      embodiment thereof which is provided with reference to the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of an apparatus for bonding lids on
      containers according to an exemplary embodiment of the present invention;
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1, the section having
      been taken along the plane defined by section line II--II of FIG. 1; and
PAR  FIG. 3 is a developed view of the apparatus shown in FIGS. 1 and 2 in which
      the individual bonding units are represented in different operating
      positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrative embodiment of a sealing apparatus which is illustrated in
      the drawing is designed to bond a lid 10 on the projecting flange of a
      full container 11. The lid 10 and the container 11 are made of a bondable
      packing material, for example, a composite plastic-aluminum material.
PAR  The embodiment of the sealing apparatus, shown in the drawing, includes two
      bonding units I and II on a continuously rotating drum 12 for bonding the
      lid 10 to the flange of the container 11. The two bonding units I and II
      each are provided with an upper sheeted bonding head 13, 14 and a lower
      bonding die 15, 16 which is moved up and down. The bonding heads 13, 14
      and the bonding dies 15, 16 are provided on their respective sides facing
      towards each other with overlapping framework ribs 17-20, the shape of
      which corresponds to the circumference of the lid 10 and the flange of the
      container 11. The ribs 17, 18 of the bonding unit I are substantially 3 mm
      in thickness and the ribs 19, 20 of the second bonding unit II are
      substantially 2 mm in thickness. Inside of the ribs 18, 20 the bonding
      dies 15, 16 are provided with a recess 21, 22 for receiving a container
      11. In each recess 21, 22 is a base plate 23, 24 which is connected to a
      ring 26, 27 via two displaceable pins 25 passing through the respective
      bonding dies 15, 16.
PAR  The drum 12 which supports the two bonding units I and II includes a cover
      plate 30, a table 31, and a lower plate 32. The cover plate 30 is rigidly
      connected to the table 31 by a pipe 33 and the lower plate 32 is connected
      to the table 31 via pins 34. The drum 12 is disposed on a vertical column
      36 and is rotatably mounted thereon.
PAR  The drum 12 is continuously driven via a cog wheel 37 which engages with a
      gear rim 38 on the table 31.
PAR  The bonding heads 13, 14 of the two bonding units I and II are secured
      diametrically opposite to each other on the underside of the cover plate
      30. The two bonding dies 15, 16 are respectively supported on rods 40, 41
      which are vertically displaceable in the table 31 and in the lower plate
      32 so that the bonding dies 15, 16 can be moved against their respective
      bonding heads 13, 14 for the bonding operation. Blocks 43, 44 are
      respectively secured to the rods 40, 41 for this purpose. The blocks 43,
      44 are guided by the pins 34 and their respective rollers 45, 46 which
      rest on a stationary support 47 on a profiled surface thereon. As the drum
      12 rotates, the bonding dies 15, 16 are raised against the bonding heads
      13, 14 and are passed against the same and then lowered in correspondence
      with the raised portions of the profiled surface of the support 47, as
      best seen in FIG. 3.
PAR  The length of the pins 25 which connect the base plate 23 of the first
      bonding unit I with the ring 26 is such that in one position, in which the
      ring 26 rests on the table and the bonding die 15 is disposed in a lower
      position, the upper side of the base plate 23 is disposed a short distance
      below the plane of the upper side of the bonding rib 18. This embodiment
      makes it easier to load and unload the first bonding unit I.
PAR  In the case of the second bonding unit II, the length of the pins 25 is
      such that in the position in which the ring 27 rests on the table 31 and
      the bonding die 16 is located in a lower position, the upper side of the
      base plate is from about 10 to about 20 mm below the plane of the upper
      side of the bonding rib 20. By means of a rod 50, which is secured to the
      ring 27, the base plate 24 can be retained in a position in which its
      upper side is above the plane of the rib 20. This position is controlled
      by a cam member 48 which, in the unloading region of the closed container
      11, is secured to the support 47 radially outside of the same, as seen
      best in FIG. 1.
PAR  Stationary guides 52, 53, which extend over one-quarter of the
      circumference from a container supplying device 54 into the path of
      rotation of the bonding units, are provided for introducing the containers
      11 to be closed into the first bonding unit I. The space between the
      guides 52, 53 is slightly larger than the width of the containers 11. A
      rotating arm 55 pushes an oncoming container 11 between the guides 52, 53,
      the flange of this container 11 resting on the guides 52, 53 as a cover 10
      is supplied to the rotating first bonding unit I. At the end of the guides
      52, 53 the supplied container 11 is deposited on the base plate 23 of the
      first bonding unit I and is displaced with the same in this position. A
      lid 10 which is to be bonded to the container 11 can rest on the container
      11 and be conveyed with the same. However, it can also be moved into the
      path of rotation of the two bonding units I and II using rails and a pivot
      arm. On reaching the path of rotation of the two bonding units I and II,
      the lid 11 is then drawn by under pressure against the underside of the
      bonding head 13 (FIG. 3, position 1).
PAR  After this container 11 and the supplied lid 10 have been moved into the
      first bonding unit I, the unit I is guided by the drum 12 over a region of
      the profiled support 47 which first rises, remains the same for a stretch
      of about 60.degree. and then slopes down again (FIG. 3, position 3). On
      passing through this region, the bonding die 15 is raised by the roller 45
      on the rod 40 whereby the particular container 11 which is being conveyed
      therewith is moved into the recess 21 and its flange rests on the rib 18.
      The bonding die 15 finally presses the flange of this container 11 against
      the lid 10, which rests against the rib 17 of the bonding head 13. After a
      specific period of time, during which the bonding head 13 and the bonding
      die 15 of bonding unit I exert pressure and heat on the seam region, the
      bonding die 15 is again lowered. In the course thereof the ring 26 rests
      on the table 31 so that the container 11 again comes to rest on the base
      plate 23. The bonding die 15 is at first not returned to its lowest
      position but it remains in an intermediate position for releasing the
      particular container 11 from within the first bonding unit I. In this
      intermediate position the upper side of its rib 18 is approximately 10 to
      20 mm above the upper side of the base plate 23 such that the rib 18 acts
      as a pick-up for the particular container 11 (FIG. 3, position 5). The
      intermediate position of the bonding die is determined by a curved member
      49 which is attached at the periphery of the profiled support 47 radially
      outside the same and which extends over an angle of substantially
      100.degree., following after the bonding region. The ribs of the roller 45
      and its arrangement on the rods 40 are such that it is displaced both on
      the profiled surface of the support 47 and the curved member 49.
PAR  A transfer device 60, which extends over an angle of substantially
      90.degree., is disposed in the direction of rotation of the drum 12 in
      front of the container supplying device 54 for the purposes of
      transferring the particular container 11 which has been filled and
      provided with an applied first bonded seam to the second bonding unit II
      where a second bonded seam can be applied. The transfer device 60 includes
      a plate 61 with an arcuate slit 62 in the path of rotation of the two
      bonding units I and II for transferring the containers 11. The width of
      the slit 62 is somewhat larger than the width of the individual containers
      11, but smaller than the diameter of the flange of the containers 11 at
      the relevant point such that the limiting portions of the slit 62
      constitute guides 63, 64 for the sidewalls of the containers 11 and a
      support for their flange. The plate 61 is disposed in an elevated position
      in the path of rotation of the two bonding units I and II such that when
      the containers 11 rest with their respective flanges on the guides 63, 64
      the bonding heads 13, 14 and the lowered bonding dies 15, 16 can be
      readily moved over or under the containers (FIG. 3, positions 6 and 7). At
      the beginning of the guides 63, 64, the plate 61 have respectively
      upending positions 65, 66, and at the end respective descending portions
      67, 68. A descending portion 69 is connected at the end of the slit 62 of
      the plate 61 at the descending portions 67, 68 of the guides 63, 64.
PAR  When a particular container 11 being displaced reaches the first bonding
      unit I in the region of the plate 61 with the guides 63, 64, its elevation
      is such that its flange is disposed in a plane above the ascending
      portions 65, 66 of the guides 63, 64. When such a container 11 passes
      through the slit 62 the two lateral parts of its flange first move on to
      the ascending portions 65, 66 of the guides 63, 64 and then on to the
      middle portion, while the container 11, considered in the direction of
      rotation of the drum 12, is pushed by the rear parts of the rib 18 of the
      bonding die 15. After this container 11 has been pushed onto the central,
      horizontal part of the guides 63, 64 the bonding die 15 is lowered at the
      end of the curved member 49 into the lower position such that the rib 18
      loses contact with the particular container 11 being pushed. This
      container 11 is now kept waiting in the slit 62 for a short period of time
      until it is moved forward by the second bonding unit II. In the meantime,
      the empty, first bonding unit I moves forward in the above-described
      loading position.
PAR  The bonding die 16 of the second bonding unit II which follows one half
      rotation of the drum 12 after the first bonding unit I is disposed in the
      region of the transfer device 60 in its lower position, which is
      determined by the lower part of the profiled support 47. The upper side of
      the rib 20 of the bonding die 16 is then disposed in a plane below the
      base of the particular container 11 waiting in the slit 62. The ring 27,
      supporting the base plate 24 via the rods 25, is disposed on the table 31
      such that the base plate 24 is also in its lower position. The base plate
      24 is provided at its rear end, in the direction of rotation, with an
      engaging finger 58 which projects substantially 20 mm over the upper side
      of the base plate 24. As the drum 12 rotates, this engaging finger 58
      strikes the rear part of the particular container 11 disposed in its
      waiting position in the slit 62 and then pushes the same in the direction
      of the descending portions 67, 68 and 69 of the guides 63, 64 (FIG. 3,
      positions 6 and 8). The container 11 is lowered at the end of the guides
      63, 64 via their descending portions 67, 68 such that it finally rests on
      the base plate 24 before the second bonding unit II passes through the
      loading region for the first bonding unit I. The base plate 24 is then in
      a lower position, the elevation of which, in respect of the elevation of
      the guides 52, 53, is such that the particular container 11 being conveyed
      is moved readily below these guides 52, 53.
PAR  In the succeeding region, in which the profiled support 47 is elevated, the
      bonding die 16 of the second bonding unit II is also raised and is again
      lowered as was described above in relation to the first bonding unit I. In
      the course thereof, a second bonded seam is applied to the container 11.
      the second seam covers the first seam, and it is narrower than the first
      seam. The fully covered container 11 is now removed by a delivery rail 70
      from the path of rotation of the two bonding units I and II. Considered in
      the direction of rotation of the drum 12, the delivery rail 70 is disposed
      at the beginning of the plate 61 and crosses the path of the two bonding
      units I and II at an angle of substantially 60.degree.. The elevation of
      the rail 70 is such that a particular container 11 being conveyed on the
      base plate 23 in the first bonding unit I moves freely below this rail 70.
      Its position is higher than that of the ascending portions 65, 66 of the
      guides 63, 64 of the plate 61.
PAR  To push any of the containers 11 out of the second bonding unit II, the
      bonding die 16 of this unit is moved into its lower position. The base
      plate 24 which is simultaneously raised from the base of the recess 22
      does not yet return to its lower position but is moved into an
      intermediate position in the region of the rail 70. This is achieved by
      the cam member 48 on the profiled support 47. When the bonding die 16 and
      the base plate 24 are lowered the rod 50 comes into contact with the upper
      side of the cam member 48 such that the rod 50 temporarily slides on this
      cam member 48 as the drum 12 rotates. When the base plate 24 is in its
      intermediate position, the elevation of the container resting thereon is
      such that its flange is disposed in a plane a short distance above the
      upper side of the rail 70 on the part of the side wall of the particular
      container 11 adjacent to the flange and can move against the rail 70.
      Thus, as the second bonding unit II rotates, the particular container 11
      being conveyed is moved against the rail 70 and, while it is pushed by the
      engaging finger 58 of the base plate 24, it is moved by the rail 70 out of
      the path of travel of the two bonding units I and II and is pushed onto an
      inclined slide 71 into a delivery station.
PAR  The above-described embodiment includes only two bonding units, the two
      bonding units I and II, to effect a sealing with two bonded seams on
      containers. To achieve a higher output an apparatus according to the
      present invention can also be provided with a plurality of pairs of
      bonding units in each of which a bonding unit of the first type for
      providing a first bonding seam and a bonding unit of the second type for
      providing a second bonded seam are disposed alternately on the drum.
PAR  When the invention is in this form the containers to be sealed are
      displaced over a distance of not quite two circles of rotation, the same
      means controlling all of the bonding units, regardless of type, for
      producing both the first and the second bonded seams. Thus, the apparatus
      according to the present invention is simple, and the diameter of the drum
      can be kept small.
PAR  It is also within the scope of the present invention for an apparatus
      according to the present invention to be designed in such a way that the
      containers to be provided with bonded seams are only displaced over a
      distance of not quite one circle of rotation. In this case, separate means
      are required to control the first bonding units I for providing the first
      bonded seam and to control the second bonding unit II for applying the
      second bonded seam. In this case, the transfer device for transferring the
      containers provided with the first bonded seam from a first bonding unit I
      to a second bonding unit Ii is disposed between the section where the
      first bonded seam is applied on the section where the second bonded seam
      is applied.
PAR  It is to be appreciated that the foregoing description and accompanying
      figures of drawing concern an embodiment of the present invention provided
      by way of example, not by way of limitation. Numerous other embodiments
      and variants are possible within the spirit and scope of the present
      invention, its scope being defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for sealing packing containers consisting at least
      partially of a bondable material under the action of pressure and heat
      using a first and a second bonding unit, the improvement comprising an
      endless rotatable conveyor, means for rigidly disposing said first and
      second bonding units with mutual spacing on said endless rotatable
      conveyor, and means disposed on a common path of rotation of said first
      and second bonding units for removing a container sealed with a first
      bonded seam from the operating zone of said first bonding unit and for
      transferring this container to the operating zone of said second bonding
      unit.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, which is particularly useful in
      sealing containers having a projecting flange, wherein said means for
      removing includes stationary guides onto which a container with its flange
      may be pushed and released after the application of the first bonded seam
      by said first bonding unit and from which it may be pushed and displaced
      for the application of the second bonded seam by said second bonding unit.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, wherein said guides include
      ascending and descending portions at their ends.
NUM  4.
PAR  4. An apparatus as claimed in claim 3, wherein said guides are parts of a
      plate and limit an arched slit therein.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 including guides, and wherein said
      first and second bonding units include respective engaging members which
      push containers onto said guides and off the same.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, wherein the elevation of said guides
      is such that in their non-operational position upper head portions of said
      first and second bonding units may move over a container which has been
      pushed onto said guides without contacting the same and only that said
      engaging member of said second bonding unit for applying the second bonded
      seam strikes against a container in its waiting position and displaces the
      same.
NUM  7.
PAR  7. An apparatus as claimed in claim 6, wherein the elevational position of
      that said engaging member of said second bonding unit is controllable.
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ABST
PAL  A method and apparatus for continuously spinning and winding yarn are
      provided in enabling a stored length of spun yarn stored in a stacked and
      layered form in the course of traveling from the spinning point to the
      winding point to have yarn removed therefrom, without interrupting the
      spinning process, not only in the normal direction of yarn travel but also
      temporarily in the opposite direction.
BSUM
PAR  The invention relates to a method and a device for continuously spinning
      and subsequently winding yarns, in particular staple fibre yarn, upon
      open-end or so-called OE spinning machines.
PAR  In known OE spinning, the yarn is wound on to cylindrical cross-coils, as
      is necessitates by the constant spinning speed. However, this is
      unfavourable to the further treatment of the yarn during knitting or
      weaving and requires a further rewinding process, in which the yarn can
      possibly be cleaned at the same time. Furthermore, in OE spinning
      machines, the manual removal of breaks in the thread is difficult, these
      breaks occurring comparatively frequently, particularly in the production
      of fine yarns. The removal of breaks in the thread takes up much time and
      reduces both the efficiency and the productivity of this otherwise very
      rational spinning method. It is true that the known use of a yarn section,
      which is guided by a guide pin and is led back to the spinning turbine
      upon breakage of a thread, has led to a semi-automatic removal of the
      thread break, and has thus simplified operation of OE spinning machines.
      However, this does not always succeed in joining the end of the yarn to
      the fibres in the spinning turbine. Since, with the known machines, only
      one attempt at joining can take place at a time, if the thread break does
      not join successfully it must be removed by the spinner by hand.
PAR  The invention is based on the problem of providing a method and a device
      for continuously spinning and subsequently winding (spooling) yarns, in
      particular staple fibre yarn, on OE spinning machines, which do not have
      the above-mentioned defects. This is achieved in accordance with the
      invention basically in that the yarn which has been spun is stored on its
      way from the spinning point to the winding point in a large length of up
      to 100 meters and more in a heaped and layered form, and can be removed
      from the thus-formed yarn store, without interrupting the spinning
      process, not only in the normal direction of movement of the yarn but at
      times also in the opposite direction. This storage of the spun yarn in a
      comparatively large length is an essential condition in order for the yarn
      coming from the spinning point to be wound directly in a conical
      criss-cross wound form, according to a further feature of the invention,
      after passing through the yarn store. A further possibility given by the
      storage of the spun yarn in accordance with the invention lies in the fact
      that the yarn may be tested for faults before winding and has these
      removed by knotting them out. Furthermore, when there is a break in the
      thread, the yarn can be fed back to the spinning point so that its free
      end can be joined on, and so can be fed back to the spinning point many
      times for further attempts to join it, if the first attempt is
      unsuccessful. In this way, breaks in the thread can be removed with great
      safety without having to return to manual operation by the spinner.
      Finally, the yarn can be subjected to special chemical and/or thermal
      refining treatments during its storage.
PAR  In order to carry out the method described in accordance with the device,
      the invention has at least one spinning point, in particular in the form
      of an OE spinning turbine, and a subsequently-connected winding point for
      the spun yarn, whereby in accordance with the invention, a yarn storage
      chamber provided with a connected supply system and a control device
      controlling its state of filling and governing it by regulating the speed
      of yarn removal, are arranged between the spinning and winding points.
DRWD
PAR  Further features and advantages according to the invention are described by
      means of several embodiments illustrated in the accompanying drawings,
      wherein:
PAR  FIG. 1 shows a side view of an OE spinning point with a yarn storer and a
      winding point for producing conical crosscoils;
PAR  FIg. 2 shows an intermittently-operating joining device; and
PAR  FIG. 3 shows an OE spinning point with a connected yarn storer for
      additional chemical and/or thermal treatment of the yarn.
DETD
PAR  In the device illustrated in FIG. 1, the yarn 1 is removed by the rollers 2
      and 3 of a suitably formed supply system from the spinning rotor 4 of an
      OE spinning machine with constant speed corresponding to the predetermined
      twist, and is stored in the desired amount in a chamber 5, which is
      closely connected with the rollers 2 and 3 and has a cross-section which
      can be round or rectangular. A plunger or piston 8 rests on the stored
      yarn and is guided by the walls 6 of the chamber 5 and provided with a
      yarn throughput opening 7. The piston 8 is pushed up by the stacked yarn 9
      in the direction of the arrow A until the flange-like edge 10 at the upper
      control part of the piston 8 contacts a lever 11' for operating a valve or
      switch 11 and thus effecting illumination e.g. of a signal lamp 12. When
      the lamp 12 lights up, this is the sign for the spinner that the chamber 5
      is filled with the desired amount of yarn. The spinner then pulls the end
      of the yarn from the storage chamber 5, e.g. with a wire hook, and guides
      it through a thread brake 13, a paraffin applicator device 13' arranged
      behind it and a chatoyant thread guide 14 to a conical winding sleeve 15
      in a winding frame 16. The winding process then begins, namely by placing
      the sleeve 15 on the spool roller 17, which is driven by a shaft 19
      through a free-running clutch 18. The yarn can now be removed from the
      storage chamber 5 with a lower or higher speed corresponding to the
      diameter of the conical sleeve 15 or of the cross-coil 20, independently
      of the speed of removal of the yarn from the spinning turbine 4, which is
      determined by the rollers 2 and 3.
PAR  Drive of the conical cross-coil 20 over the periphery of the spool roller
      17, emphasised by yarn stress fluctuations and weight alterations of the
      coil 20, leads to slight differences in speed, which do not have an effect
      on the spinning speed but can lead to overfilling or emptying of the
      storage chamber 5. In order to avoid this, friction wheels 22 and 23 are
      provided and are rotatably connected to one another by being rotatably
      mounted on a pin 21; these wheels 22 and 23 are pressed (by means of a
      carrier arm 24, which is pivotable, about a hinge point 24', by means of a
      rod 25 connected e.g. to a compressed-air cylinder or an electromagnet 26)
      against a drive wheel 27 rotatably mounted on the shaft 19 and urged
      against the surface of the spool roller 17. The friction wheel 22 which
      has the smaller diameter then rests on the larger drive wheel 27 and the
      larger friction wheel 23 on the spool roller 17, which has a slightly
      smaller diameter than the drive wheel 27. The spool roller 17 is thus
      driven more quickly than its drive which would otherwise be through the
      free-running clutch 18 of the shaft 19.
PAR  According to the diameters of the drive transmission elements described,
      the yarn can be removed from the storage chamber 5 with a removal speed
      which is for example 3% to 20% higher until the edge 10 of the piston
      releases the lever 11' of the switch 11. Then the yarn is wound on to the
      spool 20 again at its normal spooling speed. This normal winding speed is
      a certain percentage lower than the spinning speed. In this way, the
      winding speed only needs to be regulated in one direction, namely towards
      higher speeds. In order to obtain the longest possible intervals between
      the two winding speeds and thus so as not to disturb the assembly of the
      spool, it is recommendable to keep the speed differences small.
PAR  The device described also has the great advantage that the yarn can be
      wound with greater or lesser yarn tension independently of the tension in
      the spinning section by suitable adjustment of the thread break 13, and
      this is very important for the further treatment of yarn e.g. dyeing.
PAR  As soon as the yarn 1 breaks in the section between the spinning turbine 4
      and the removal rollers 2 and 3, e.g. because of a passing fault in the
      fibres in the spinning turbine or for other reasons, a yarn feeler 28,
      which advantageously contacts the yarn in a groove 29 in a tubular
      attachment 30 which is located on the spinning device, gives a signal to a
      yarn return device. This makes the supply roller 2, on which the supply
      roller 3 is pressed by a spring 33 and which is driven by a coupling 31
      from the shaft 32, come out of engagement. Directly after this
      disengagement, the rollers 2 and 3 are rotated in the opposite direction,
      that is backwards, whereupon a section of yarn of a certain adjustable
      length is taken from the yarn supply 9 stacked up in the chamber 5 and is
      lead back to the spinning device. The yarn feeler 28 must then be brought
      out of the groove 29. It can only be released after completion of the
      process described in order to determine whether the attempt to join the
      fibres in the spinning turbine 4 to the re-fed end of the yarn has been
      successful. Should the joining attempt not have been successful, this can
      be repeated many times after removing and cutting off the yarn which has
      been introduced, e.g. by means of the device consisting of a cutter 34 and
      clamp 35 and/or by means of the yarn suction tube 36. Since in the
      meantime too great an amount of fibres may have collected in the spinning
      turbine 4, the fibres should be removed by a device which is not
      illustrated and/or the introduction of fibres into the spinning turbine 4
      by the device 4' should be adjusted temporarily.
PAR  The yarn return device mentioned above consists of a drive device making
      exactly one revolution upon each thread break. On its spindle 37 are
      provided a de-coupling disc 38 for releasing the coupling or clugch member
      31 illustrated in phantom lines in FIG. 1 connecting the roller 2 to the
      shaft 32 and furthermore a drive segment 39, whose circular length
      corresponds to the length of yarn leading back to the spinning turbine. It
      is more advantageous to provide two segments 39 and 39', however, which
      are adjustable relative to one another, instead of one segment 39, in
      order that, through reciprocal rotation on the spindle 37, the effective,
      i.e. the driving circular length and thus also the length of the yarn
      section to the fed back can easily be adjusted. A suitable amount of
      subdivision and adjustability is also recommended for the de-coupling disc
      38.
PAR  When there is a break in the thread or when the joining attempt is
      repeated, the yarn return or its drive device receives an impulse from the
      yarn feeler 28 and begins to rotate in the direction of the arrow B.
      Firstly the disc 38 de-couples the roller 2 from the shaft 32 by moving
      coupling or clutch member 31 out of engagement with roller 2. Then the
      arcuate surfaces of the segments 39 and 39' press one after the other
      against the surface of the roller 2 and rotate it until the corresponding
      section of yarn is led back from the storage chamber 5 to the spinning
      turbine 4. Then the similarly adjustable de-coupling disc 38 releases the
      coupling 31 again so that the supply rollers 2 and 3 can again be driven
      by the shaft 32 and the yarn can in this way be fed into the chamber 5 at
      the given speed from the spinning turbine 4. The return device completes
      its revolution at 360.degree., whereupon it reaches its initial position
      again.
PAR  In order not to damage the yarn by the transmission of the rotational
      torque from the supply roller 2 to the supply roller 3, it is desirable to
      drive the roller 3 by means of gear wheels or the like, which are not
      illustrated, which engage within one another and are located on the shafts
      of the rollers. The gear wheel located on the shaft 32 can thus be used at
      the same time for the return drive of the roller 2 during the joining
      process if the segments 39, 39' have corresponding gear rims.
PAR  If, by arranging the parts required for the yarn return feed as described
      above, the distance between the spinning turbine 4 and the supply rollers
      2 and 3 should become too great and also the sub-pressure in the spinning
      turbine 4 is insufficient to feed the yarn back through the tubular
      attachment 30 to the spinning turbine, a nozzle 41 supplied with
      compressed air can be provided upon the attachment 30 by way of an
      electromagnetic valve 40, so that the nozzle 41 can blow the yarn end back
      to the spinning turbine. This nozzle 41 can advantageously also be used
      for cleaning e.g. superfluous fibres away from the spinning turbine 4
      before or between the joining attempts, for which purpose the nozzle 41
      should be briefly supplied at a higher air pressure than is necessary to
      introduce the end of the yarn into the spinning turbine 4. Furthermore,
      the tubular attachment 30 can be moved into a position where it is close
      to the rollers 2 and 3, if, in addition to the yarn feeler 28, a cutter
      34, a clamp 35 and a yarn fault sensor 42 and associated yarn fault
      marking device 43 of a knotting device which is still to be described are
      so constructed that these parts form with or in the attachment 30 a
      through-going channel for the yarn. In the latter case, the additional air
      supply from the nozzle 41 for returning the yarn end back into the
      spinning turbine 4 can be dispensed with, if desired.
PAR  When removing yarn breaks caused by foreign matter in the fibre silver
      supplied as well as by brief irregular supplies of fibres to the spinning
      machine, yarn faults can arise which upset further treatment of the yarn.
      These yarn faults must normally be removed in a subsequent rewinding
      process. However, the device according to FIG. 1 can additionally be
      provided with a yarn cleaning device, whereupon such additional rewinding
      processes for yarn cleaning can be dispensed with. This is carried out in
      the following manner:
PAR  When there is a yarn fault in the section between the spinning turbine 4
      and the storage chamber 5, the e.g. electronically operating yarn fault
      sensor 42 sends an impulse to the making device 43, so that it can mark
      the faulty yarn point, e.g. with a dye which can be washed out or with a
      radioactive substance. As soon as the marked portion of the yarn passes a
      detector device 44 e.g. a photo cell or Geiger counter, through the
      pressure of the yarn reaching the storage chamber 5, the yarn fault is
      registered and a clamp 45 makes engagement. This moves through a slot 46
      in the wall of the storage chamber 5 into the yarn container 9 to about
      the chamber centre, grasps one or more yarn loops with its hook-like point
      and upon its return movement pulls these loops through a knotter 47 and
      past the mouth of the suction pipe 48. Since further yarn loops can be
      found between the storage chamber 5 and the suction pipe 48 besides the
      faulty yarn point, removal rollers 49 and 50 which are movably mounted at
      the suction pipe inlet and pressed against one another and are rotated in
      the directions of arrows C so that about 3 to 6 meters of yarn are
      additionally removed from the chamber 5. Yarn removal rollers similar to
      rollers 49 and 50 are known in the art, as seen in FIG. 3 of Nimtz et al.
      U.S. Pat. No. 3,478,504.  This ensures that the yarn fault can thus be
      grasped and the two ends of the yarn can become correctly located in the
      knotter 47. The knotter 47 is now actuated by a device which is not
      illustrated. The cut yarn ends are transported by the suction tube 48 to
      the refuse container, while the yarn loop projecting from the slot 46 with
      the knot is led by the meandering movement of the yarn supply 9 into the
      chamber 5 in the direction toward its piston 8 until it comes out of the
      chamber through the opening 7 and is finally wound.
PAR  Since the spinning speed is comparatively low and yarn faults do not arise
      very frequently, according to a further embodiment, the knotting device,
      consisting of the knotter 47, the clamp 45 and the suction pipe 48
      together with the removal rollers 49 and 50, can be arranged to be movable
      and can operate at any one of several spinning points, while the knotting
      device which is controlled by the detector device 44 knots out the yarn
      faults of several spinning points.
PAR  In FIG. 2 a yarn joining device is illustrated which upon breakage of a
      thread first leads a section of the yarn of a certain length back to the
      spinning device and, if the joining attempt is unsuccessful, then
      intermittently feeds yarn back in sections from the storage chamber to the
      spinning device, contacts it and leads a new yarn section into the
      spinning device until the joining attempt has been successful. The
      following takes place:
PAR  Upon breakage of a thread, a yarn feeler 51 which is pivotable about an
      axis 64 sends a signal to a rotary device 52, whereby its shaft 53 begins
      to rotate through 360.degree. in the direction of an arrow D. As already
      described in relation to FIG. 1, rotation of a roller 54 by means of a
      shaft 55 (equivalent to the roller 2 and shaft 32 of FIG. 1) is
      interrupted so that a decoupling segment 56 mounted on the shaft 53
      disengages a coupling 57, whereupon the roller 54 and its associated
      roller 58 (equivalent to the roller 3 of FIG. 1) can reverse so as to
      cause removal of the yarn 59 normally being fed from a spinning turbine 60
      to a storage chamber 61. At the same time or shortly afterwards, the
      arcuate surface 62 of a gear segment 63 which is similarly driven by the
      shaft 53 begins to rotate the removal rollers 54 and 58 in the opposite
      direction until the length of yarn which is determined by the
      correspondingly chosen length of the arcuate surface 62 has returned to
      the spinning turbine 60. In order not to prevent this process, the yarn
      feeler 51 is then pivoted out of its access slot 67 in the spinning
      turbine connection tube 68, by means of a two-armed lever 65 which is
      pivotable about an axis 65' by means of a cam disc 66 which is also driven
      by the shaft 53.
PAR  As soon as the first tooth-gap or recess 69 in the gear segment 63 and the
      similar first recess 70 in the de-coupling segment 56 reach the positions
      shown in FIG. 2, the shaft 55 again drives the roller 54 in the normal
      working direction via the coupling 57 and the yarn feeler 51 is released
      by the cam disc 66 in order to be able to contact the yarn 59 once more in
      the spinning turbine connection tube 68.
PAR  If the joining attempt is successful, further pivotal movement of the yarn
      feeler 51 into the slot 67 is prevented by the yarn tension and the rotary
      device 52 is moved away in the direction of arrow D' by means of a signal
      from the yarn feeler, whereupon the device completes its revolution
      through 360.degree. without preventing the spinning process and thus
      returns to its initial position. However, if the joining attempt has not
      been successful, the coupling 57 is disengaged again by means of the
      subsequent cam segment 71 of the de-coupling disc 56 and, after the yarn
      feeler 51 has been pivoted out from the slot 67 in the tube 68 by the cam
      disc 66, the arcuate section 72 of the gear segment 63 feeds a further
      portion of yarn back to the spinning turbine 60. The yarn feeler 51 then
      determines whether this time the joining attempt has been successful. The
      joining attempt can be repeated several times, depending upon the
      remaining number of subsequent arcuate sections 71', 72' .
PAR  If the yarn has still not been joined after completion of the 360.degree.
      revolution of the rotary device 52, the spinning point is stopped by a
      device which is not illustrated and this condition is signalled to the
      spinner, e.g. by a lamp whereupon he removes the fault by hand.
PAR  With a device like that of FIG. 2, a longer than necessary portion of yarn
      is first brought back to the spinning turbine 60 and this yarn portion is
      then intermittently drawn out of the spinning turbine in sections until a
      join has been made. The reverse is also possible, in that the yarn end
      which is to be brought back to the spinning turbine 60 is made
      increasingly longer, that is it penetrates deeper into the turbine 60. All
      this can easily be achieved by suitable co-ordination between the normal
      advance speed of the supply rollers 54, 58 and their return speed governed
      by the correspondingly adjusted rotary device 52.
PAR  In FIG. 3, a further embodiment of a yarn storage chamber 80 is
      illustrated, which is arranged between a spinning point and a winding
      point, which, apart from the winding of yarn on to conical cross-coils and
      the removal of yarn faults, also allows treatment of the yarn with a
      suitable treatment agent to take place during the spinning and winding
      process. The yarn 74 coming from a spinning turbine 73 is fed by removal
      rollers 75 and 76 into a yarn storage chamber 80 which is provided with a
      nozzle 79. The removal roller 76 is driven at the given speed, whereas the
      roller 75 is carried by a two-armed lever 77 and is pushed against the
      roller 76 by the force of a tension spring 78. The conveying or treatment
      agent e.g. compressed air, steam and/or a steam-water mixture, at a
      pressure of 0.04 to 1 atmosphere, flows into the storage chamber 80
      through the nozzle 79. The yarn 74 is transported by the suction of the
      nozzle 79 with slight thread tension into the storage chamber 80, in which
      it piles up in layers in loop and/or spiral form. It is then pressed
      together lightly by the pressure of the medium flowing into the chamber 80
      and is fed to the chamber outlet 81. The treatment fluid can thus flow out
      through openings 82 in the wall of the storage chamber 80 and may also be
      led off or suctioned off from a tubular jacket 83 surrounding the chamber,
      by means of an outlet pipe 84. Since the yarn which is being removed from
      the spinning turbine at constant speed can be stored in the chamber 80 in
      a length of e.g. 20 to 300 m, it remains in this chamber for a period of
      20 sec to 5 min, at a spinning speed of 60 m/min, so that it can be
      removed at an irregular speed, as takes place e.g. when winding it on
      conical cross-coils, and/or during this remaining period it can be
      thermally treated, stabilised and/or pre-shrunk by the effect of the
      heated treatment agent.
PAR  The following measures are provided in order to prevent overfilling or
      emptying of the storage chamber 80 when there is irregularity in removing
      the yarn from it:
PAR  The end portion 85 of the chamber 80 is made of transparent material, e.g.
      glass or plexiglass. A photoelectric control device consisting of a light
      source 86 and a condenser lens 87 on one side of the end portion 85 and a
      receptor photocell 88 on the other side gives a signal to an associated
      yarn winding device, which is not illustrated in FIG. 3, so as to cause
      increase in the winding speed as soon as the beam of light which normally
      traverses the transparent end portion 85 is interrupted or at least
      sufficiently weakened by the yarn stored in the chamber 80. The chamber 80
      begins to empty more quickly, especially because of the higher speed of
      removal. The light beam from the source 86 then reaches the photo-cell 88
      again and the yarn can be removed from the chamber 80 at the lower speed
      previously used. With this means of regulation of the filling of the
      chamber, the speed of introduction of the yarn must be higher than the
      speed of removal of yarn, so that the stored yarn can always interrupt the
      light beam and constant filling of the chamber can be ensured. With
      appropriate operation of the photoelectric control device, it is also of
      course possible to remove the yarn from the chamber at a higher speed than
      it is introduced and, as soon as the path for the light beam is free, it
      is possible to stop the winding point or to lift the spool from its roller
      until the light beam is again interrupted by the stored yarn.
PAR  When the thread breaks, a yarn feeler 90 pivotally mounted about an axis 89
      penetrates deeper into the slot 91 in the associated spinning device pipe,
      whereupon an electromagnet 92 pulls the upper arm 94 of the two-armed
      lever 77 for a duration of time which is determined by a timer relay 93
      and thus releases the yarn from its clamping point between the removal
      rollers 75 and 76. At the same time, however, a roller 95 on the other end
      of the lever 77 is pushed against a driven roller 96 which is rotating in
      the direction of the arrow E, whereby a yarn section whose length is
      determined by the timer relay 93 is fed back to the spinning turbine 73.
      The fibre ring located in the spinning turbine turns on the end of the
      yarn. After the time which has been set on the relay 93 has expired, the
      supply of current to the electromagnet 92 is interrupted, whereby the
      tension spring 78 pivots the lever 77 back and thus the removal roller 75
      again presses against the roller 76. The spinning process continues
      further if the yarn feeler 90, which is pivoted out of the slot 91 during
      joining, is prevented by the yarn tension from penetrating further into
      the spinning turbine pipe.
PAR  Should a join not have been made, the yarn feeler 90 penetrates deeper into
      the slot 91, since there is no yarn tension. This then initiates a further
      joining attempt. Should the break in the thread not have been removed on
      the second or third attempt, the spinning point is stopped by a device
      which is not illustrated and the fault is removed by the spinner.
PAR  Even with the device of FIG. 3, when using a controlled timer relay, it is
      possible to lead back a yarn section of a certain basic length into the
      spinning device and then to supply to the spinning turbine and/or to
      remove from it shorter or even longer lengths of yarn intermittently.
PAR  Because of impurities, accumulation of fibres for a short time or other
      disturbances, which occur, e.g., when joining, faults occur from time to
      time in the yarn, which can also be removed with the device of FIG. 3,
      without the spinning process having to be interrupted. The main parts of
      the yarn cleaning device are a knotter 97 and a yarn fault recorder 98,
      generally analogous to the knotter 47 and device 42 of FIG. 1. As soon as
      a faulty section of yarn passes the recorder 98, this fault is recorded
      and is transmitted in accordance with the spinning speed to a device which
      is not illustrated, with a delay of about 1/10 sec., and this device moves
      a thread clamp 99 in the direction of the arrow F through the knotter 97
      to the yarn portion located between the removal rollers 75 and 76 and the
      nozzle 79, so that the clamp hook 100 grasps the yarn and leads it back
      via the knotter 97 in the reverse direction of the arrow G. A loop is thus
      produced in the yarn, the two ends 101, 102 of which are laid in the guide
      grooves of the knotter 97. The yarn loop is thus formed partially from the
      yarn coming from the spinning turbine and partially from the yarn which
      has already piled up in the storage chamber.
PAR  Care must be taken that, through proper co-ordination of the delay of the
      e.g. electronically-operating yarn fault recorder 98, the spinning speed
      and the movement of the clamp 99, the yarn fault comes to rest behind the
      knotter 97 and that after forming the knot, the yarn fault together with
      the cut ends is taken to the refuse container by way of the suction pipe
      103. However, since a yarn loop forms between the removal rollers 75 and
      76 and the knotter 97 during the knotting process, because the spinning
      process has not been interrupted, it is preferable to store the yarn
      temporarily as a loop 104 in a separate suction tube 105. Advantageously,
      between the yarn loop 104 and the knotter 97, another clamping point 106
      is provided, which clamps the yarn firmly during the knotting process. The
      yarn loop consisting of the ends 101 and 102 which is guided by the clamp
      hook 100 through the knotter 97, and which is tensioned by the suction of
      the nozzle 79, receives the tension which is necessary for knotting.
PAR  After completion of the knotting process, the knot is released by the
      ejection lever of the knotter 97, the clamping point 106 is opened and the
      sub-pressure in the suction tube 105 is relieved, so that the remaining
      cleaned yarn loop can be suitably supplied to the storage chamber 80 by
      way of the nozzle 79 at a higher speed than the spinning speed.
PAR  Apart from the thermal treatment in the storage chamber 80 already
      described, the yarn can also be e.g. conditioned, finished, reserved,
      coloured and otherwise treated by a suitable supply of treatment agent
      with various auxiliary agents during spinning, which agent flows under
      pressure into the storage chamber. For this purpose, a mixing and metering
      device 108 connected in an inlet pipe 107 to the nozzle 79 is used, which
      device 108 distributes the corresponding auxiliary agent regularly into
      the fluid pressure medium.
PAR  The use of the method and device described is not limited to the OE
      spinning method, but can also be used in other known spinning methods or
      those still being developed. It is thus possible to use the devices
      advantageously even on braiding machines, in which continuous threads are
      spun with fibres. Use on twisting machines and other textile machines is
      also possible.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for continuously spinning and subsequently winding yarn
      which comprises at least one yarn-spinning means, yarn-winding means for
      receiving and winding the spun yarn, yarn storage means located between
      said spinning means and said winding means, means adapted to selectively
      feed yarn to and from said storage means, adjustable control means located
      between said spinning means and said winding means adapted to govern the
      rate of removal of yarn from said yarn storage means, means for detecting
      a fault in the yarn disposed in the path of said yarn passing from said
      yarn-spinning means to said storage means, yarn-marking means actuated by
      the fault-detecting means and located adjacent said yarn path and adapted
      to mark the yarn adjacent the detected fault, means sensitive to the mark
      made by said fault-detecting means disposed adjacent said yarn path, a
      yarn knotter and cooperating thread clamp actuated by the sensitive means
      upon sensing a mark made by said fault-detecting means, said knotter and
      clamp joining yarn portions adjacent the yarn portion containing said
      fault, and means for engaging and removing the yarn fault-containing
      portion from the joined yarn portions after actuation of said knotter and
      clamp.
NUM  2.
PAR  2. An apparatus according to claim 1 in which the knotter and yarn
      fault-detecting means are arranged adjacent the yarn storage means which
      comprises a chamber having a longitudinal slot and a reciprocable
      hook-ended thread clamp passing through said slot into the supply of yarn
      located within said chamber.
NUM  3.
PAR  3. An apparatus according to claim 2 in which a suction pipe is located
      below the path of movement of the clamp and has two oppositely-rotatable
      yarn removal rollers located for effecting removal of a predetermined
      length of yarn from said storage chamber.
NUM  4.
PAR  4. An apparatus according to claim 1 in which the winding means includes a
      conical winding spool mounted in a pivotable frame having a winding roller
      arranged therebelow, wherein the winding roller is arranged to be driven
      at an adjustable speed and to be brought temporarily to rest, in
      dependence on the state of filling of the yarn storage means.
NUM  5.
PAR  5. An apparatus according to claim 4, in combination with a drive shaft on
      which the winding roller is mounted, clutch means interposed said roller
      and shaft, and speed adjusting means sensitive to the quantity of yarn in
      said storage means for regulating the rotational speed of said winding
      roller by frictionally engaging the same.
NUM  6.
PAR  6. An apparatus according to claim 5 in combination with an electromagnet
      having a control rod on which said speed adjusting means is mounted, a
      control piston displaceably mounted on the yarn exit end of the storage
      means and acted upon by the yarn supply in said storage means, said
      control rod being operable in accordance with the position of said control
      piston whereby said brake means is sensitive to the position of said
      piston and the quantity of yarn in said storage means.
NUM  7.
PAR  7. An apparatus according to claim 4 in which a thread brake and a paraffin
      applicator are arranged between the yarn storage means and the winding
      spool.
NUM  8.
PAR  8. An apparatus according to claim 1 in which a blowing nozzle connected to
      an air-supply line is included in the path of movement of the yarn between
      the spinning means and the storage means.
NUM  9.
PAR  9. An apparatus according to claim 1 in which a cutter, an associated clamp
      and a suction tube are included in the path of movement of the yarn, for
      cutting and removing the end of yarn after one or more unsuccessful
      yarn-joining steps.
NUM  10.
PAR  10. An apparatus according to claim 1 in which a yarn supply nozzle is
      connected to the storage means and a suction tube for forming an
      additional yarn loop and an associated yarn clamp point are provided
      between the feed means and said yarn knotter.
NUM  11.
PAR  11. An apparatus according to claim 10 in which the storage means comprises
      a perforated chamber and a blowing-medium source is connected to the yarn
      supply nozzle; a line connecting said nozzle and source includes a mixing
      and metering device for the additional introduction of one or more yarn
      treatment agents.
NUM  12.
PAR  12. An apparatus according to claim 1 in which a photoelectric control
      device is arranged for regulating the degree of filling of the storage
      means which has a transparent end portion and for controlling the speed of
      yarn removal from said storage means, the control device having a path for
      a light beam which passes through the transparent end of the yarn storage
      means.
NUM  13.
PAR  13. An apparatus according to claim 1 in which the yarn feeding means
      comprises a pair of counter-rotating rollers, one roller of said pair
      being arranged to be driven, a pivotable lever on which the other roller
      of said pair is carried for selective driving connection with said driven
      roller, means for selectively driving said driven roller, and a yarn
      feeler for controlling said driving means by means of a relay interposed
      said feeler and said driven roller.
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PAL  A false-twist texturing method and apparatus wherein synthetic filaments
      are drawn in a draw zone, passed from said draw zone to feed means for
      feeding the drawn yarn at a speed lower than the speed in the draw zone to
      a texturing zone wherein the yarn is texturized.
BSUM
PAR  The present invention relates to apparatus for drawing and texturing by
      false twist crimping synthetic textile filament yarn in a continuous
      operation.
PAR  In an apparatus hitherto proposed for drawing and texturing synthetic
      filament yarn, a yarn passes successively through a draw zone and a
      texturing zone. The yarn is fed by a feed roller means to the draw zone
      where it is subjected to drawing. The drawn yarn is advanced from the draw
      zone by a second feed roller means to the texturing zone where it is first
      softened in a heating zone, cooled in a cooling zone and then false
      twisted by a false twist device, the false twist running back in the yarn
      through the cooling zone to the heating zone. From the false twist device,
      the yarn is delivered to a further feed roll means located down-stream of
      the false twist device. The second feed roller means defines the end of
      the draw zone and the start of the texturing zone, while the end of the
      texturing zone is defined by the further feed roller means. It is common
      to drive the second feed roller means assembly at a speed up to five times
      the surface speed of the first feed roller means to draw the yarn in the
      draw zone by a ratio of up to 5:1.
PAR  The yarn in the draw zone is under dynamic tension, that is, any variation
      in the tension of the yarn in the draw zone causes a similar variation in
      the tension in the yarn downstream thereof. It will be appreciated
      therefore that the close control of the parameters of the yarn processing
      which are strongly dependent upon tension is very difficult in that any
      change in the tension in the draw zone affects the tension in the
      texturing zone. This requires a re-setting of the texturing parameters and
      may in some cases prevent texturing at optimum conditions. This problem
      does not arise in texturing processes wherein no dynamic tension is set up
      in the system for example, in stuffer box crimping wherein the tension
      downstream of input rollers to the stuffer box is zero and hence the
      tension upstream of the rollers is unimportant in controlling the
      texturing parameters.
PAR  Furthermore, the communication of yarn from the draw zone directly to the
      texturing zone in the conventional apparatus allows no close control of
      the crystalline state of the filaments before being fed to the texturing
      zone. It is known that yarn immediately following drawings has an inherent
      tendency to contract by of the order of 10 percent. Contraction of the
      yarn, if allowed, alters the crystalline state of the filaments and
      further alteration can be effected by applying heat to the yarn following
      drawing. In the above conventional apparatus, no provision is made for
      controlling the crystalline state of the filaments and all variations of
      the crystalline state take place in the texturing zone only under the
      control of the texturing parameters. It has been found that unless the
      crystallinity of the yarn is controlled before entry of the yarn to the
      texturing zone the quality of the finished yarn may be unacceptable.
PAR  At high yarn speeds, of the order of 750 meters per minute, control of the
      texturing parameters needs to be very exact to ensure processing at the
      optimum conditions. The stability of the yarn, the number of turns of
      twist inserted and the tension in the yarn are closely related and at such
      higher speeds are very dependent upon the rates of feed of second feed
      roller means and the further feed roll means. Thus, in such apparatus it
      is very difficult to accurately control the texturing parameters and in
      some cases it is impossible to process acceptable yarns at the higher
      speeds in view of the lack of accurate control.
PAR  It is accordingly a primary object of the invention to provide a method of
      and an apparatus for drawing and texturing by false twist crimping a
      synthetic filament yarn in a continuous operation wherein the tension of
      yarn fed to the texturing zone can be controlled.
PAR  According to a first aspect of the invention, there is provided a process
      for drawing and texturing by false twist crimping a synthetic filament
      yarn, comprising the steps of drawing the yarn in a drawing zone, allowing
      the drawn yarn to at least partially contract in a contraction zone,
      feeding the contracted yarn from the contraction zone to a false twist
      texturing zone and then false twist texturing the yarn in said texturing
      zone.
PAR  According to a second aspect of the invention, there is provided an
      apparatus for drawing and texturing by false twist crimping a synthetic
      filament, comprising draw means for drawing the yarn, yarn contraction
      means for allowing the drawn yarn to at least partially contract, and
      false twist texturing means for receiving yarn fed thereto from the yarn
      contraction means and including heating means for heating the yarn,
      followed by a cooling zone and false twist crimping means for inserting
      false twist into the yarn which runs back along the yarn through the
      cooling zone to the heating means.
PAR  According to a third aspect of the invention there is provided an apparatus
      for drawing and texturing by false twist crimping a synthetic filament,
      comprising draw means including first feed roller means for forwarding
      yarn from a yarn supply at a first speed and second feed roller means for
      receiving yarn from the first feed roller means at a second speed greater
      than the first speed to effect drawing of the yarn, yarn contraction means
      for allowing the drawn yarn to at least partially contract and including
      third feed roller means downstream of the second feed roller means for
      receiving yarn therefrom and for forwarding the yarn to a texturing zone
      including yarn heating means, a cooling zone wherein the heated yarn is
      cooled and a false twist crimping device for inserting false twist in the
      yarn to run back through the cooling zone to the heating means, and fourth
      feed roller means for withdrawing yarn from the texturing zone.
DRWD
PAR  Three embodiments of the invention will now be described, by way of
      example, with reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic side elevation of a first embodiment of a
      draw-texturing apparatus according to the invention, and
PAR  FIG. 2 is a diagrammatic side elevation of a second embodiment of a
      draw-texturing apparatus.
DETD
PAR  Referring firstly to FIG. 1, a draw-texturing apparatus includes a first
      feed roller means comprising a first roller 50 and a first separator roll
      51. The first roller is driven by drive means 52. Adjacent the first feed
      roller means is a second feed roller means 6 with a snubbing pin 8
      therebetween. The zone between the snubbing pin 8 and the second feed
      roller means comprises a draw zone 12. The second feed roller means 6
      includes a draw roller 10 and a separator roll 11. The draw roller 10 is
      driven by drive means 53 whose speed can be controlled by a control device
      54. A third feed roller means 32 is positioned downstream of the second
      feed roller means 6 and provides, with the second feed roller means 6, a
      contraction zone 30. The third feed roller means 32 includes a feed roller
      33 and a separator roll 34 and a spring loaded cott roller 14. The feed
      roller 33 is driven by drive means 55 whose speed can be controlled by the
      control device 54.
PAR  A texturing zone 16 follows the contraction zone 30 and includes a heater
      18 and a twin bush false twist crimping device 20, with a cooling zone 58
      therebetween. A fourth feed roller means 22 follows the texturing zone 16
      and comprises a roller 56 and a co-operating separator roll 57.
PAR  In use, a nylon multifilament yarn 4 is drawn from a package 1 or from a
      yarn spinning head (not shown) and passes around the first roller 50 and
      the separator roll 51. The yarn 4 then takes one turn around the snubbing
      pin 8. The draw roller 10 is driven at a speed greater than that of the
      first roller 50 and so the yarn 4 is drawn in the draw zone 12. The drawn
      yarn 4 then passes to the draw roller 33 and separator roll 34 which are
      driven at a slower speed than the draw roller 10 of the second feed roller
      means 6. Thus the yarn is allowed to contract or relax in this contraction
      zone 30 by an amount dependent on the relative speeds of the rollers 10,
      33.
PAR  The contracted yarn 4 is then heated as it passes over the surface of the
      heater 18 before reaching the twin bush false twist crimping device 20.
      This inserts false twist which runs back along the yarn 4 through the
      cooling zone 58 and across the surface of the heater 18. The twist is
      halted by the spring loaded cott roller 14 which nips the last wrap of the
      yarn 4 around the draw roller 33.
PAR  It is essential that the tension between the third and fourth feed roller
      means 32, 22 is carefully controlled to ensure false twisting of the yarn
      at the optimum conditions. Normally, therefore, with other conditions in
      the texturing zone kept constant, the tension in the zone must lie within
      a certain predetermined range.
PAR  In draw-texturing apparatus in which the third feed roller means 32 are
      omitted and the yarn 4 passes directly from the second feed roller means 6
      to the texturing zone 16, if the draw zone tension is raised from, for
      example, 150 grams to 170 grams, the maximum tension in the texturing zone
      16 may rise from an optimum 100 grams to an unacceptable 113 grams.
PAR  In the apparatus described above with reference to the drawings, if the
      draw zone tension is raised from, for example, 150 grams to 170 grams, the
      tension in the contraction zone 30 is raised from, for example 100 grams
      to 113 grams with a consequent rise in the maximum tension in the
      texturing zone 16. However, by varying the amount of overfeed between the
      second and third feed roller means 6, 32 by the control device 54, the
      tension in the zone 30 can be reduced again to 100 grams thus retaining
      the tension in the texturing zone 16 at the previous optimum level.
PAR  Furthermore, the fact that the tension in the contraction zone 30 can be
      maintained lower than the draw tension, allows a relaxation or contraction
      of the yarn 4 to effect the crystallinity thereof. The contraction may be
      up to 15 percent depending upon the type of yarn involved and is
      preferably between 5 and 10 percent.
PAR  Thus the tension in the yarn 4 and the crystallinity of the filaments of
      the yarn can be carefully controlled before entry to the texturing zone
      16.
PAR  In order to affect crystallinity to a greater degree, a heater 26 shown in
      broken lines in FIG. 1 is, in a second embodiment, provided between the
      second and third feed roller means 6, 32 to effect heating of the yarn 4
      in the contraction zone 30. The heater 26 is arranged so that the yarn 4
      passes over a heated surface thereof to heat-set the yarn before entry to
      the texturing zone 16. In an alternative embodiment (not shown), the
      heater 26 is omitted and the roller 10 is heated to effect heating of the
      yarn in the zone 30.
PAR  Referring now to FIG. 2, a third embodiment will now be described, parts
      common to FIGS. 1 and 2 are given the same reference numerals and will not
      be described in detail. The second and third feed roller means comprise a
      larger diameter draw roller 24 co-axial with a smaller diameter draw
      roller 26. A common separator roll 28 is provided and the rollers 24, 26
      are driven together. The yarn 4 is drawn between the snubbing pin 8 and
      the larger diameter draw roller 24. After passing three times around the
      larger diameter draw roller 24 and a first part of the separator roll 28,
      the yarn passes round the smaller diameter draw roller 26 and the other
      part of the separator roller 26. The larger diameter is of the order of 10
      percent less than the smaller diameter with the result that, as they
      rotate together, the surface speed of the larger diameter draw roller 26
      is 10 percent than that of the smaller diameter draw roller 24. This
      provides a constant overfeed between the two portions of 10 percent
      allowing contraction of the yarn and hence an alteration in the
      crystalline state of the filaments. Thus the tension in the texturing zone
      16 can be controlled accurately because the crystalline state of the
      filaments is more accurately controlled before entry to the texturing zone
      16.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for drawing and texturing a synthetic filament yarn by
      false twist crimping comprising, drawing yarn from a yarn supply in a draw
      zone between first feed roller means and second feed roller means with the
      second feed roller means forwarding the yarn at a speed greater than the
      forwarding speed of the first feed roller means to effect said drawing,
      texturing the drawn yarn in a false twist texturing zone by heating the
      yarn, passing the heated yarn through a cooling zone and then false twist
      texturing the yarn by inserting false twist into the yarn which runs back
      through the cooling zone to be heated and then withdrawing the yarn from
      the texturing zone, the improvement comprising engaging and positively
      driving the yarn after the second feed roller means with a third feed
      roller means forwarding the yarn from the third feed roller means to the
      texturing zone at a speed less than the forwarding speed of the second
      feed roller means to allow the yarn to contract between the second and
      third feed roller means thus controlling the tension of the yarn received
      by the texturing zone.
NUM  2.
PAR  2. A process according to claim 1 and comprising heating the yarn during
      said contraction step.
NUM  3.
PAR  3. In an apparatus for drawing and texturing by false twist crimping a
      synthetic filament yarn comprising first feed roller means for forwarding
      yarn from a yarn supply at a first speed to a draw zone, second feed
      roller means for withdrawing yarn from the draw zone at a second speed
      greater than the first speed to effect drawing of the yarn in the draw
      zone, texturing means for receiving the drawn yarn and including yarn
      heating means for heating the yarn, a cooling zone in which the heated
      yarn is cooled and a false twist crimping means for inserting false twist
      into the yarn to run back through the cooling zone to the heating means
      and withdraw feed roller means for withdrawing yarn from the texturing
      zone, the improvement comprising third feed roller means for receiving
      yarn from said second feed roller means and for engaging and positively
      driving the yarn at the rate of rotation of the said third feed roller
      means to feed the yarn to said texturing means at a speed less than the
      speed of said second feed roller means to allow the yarn to contract
      between the second and third feed roller means whereby the tension of the
      drawn yarn received by the texturing means is controlled.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein the third roller feed means are
      spaced from the second feed roller means, wherein the second feed roller
      means are driven at a faster rate than the third feed roller means to
      permit the yarn to contract therebetween and wherein the second and third
      feed roller means have control means associated therewith whereby the
      relative speed between the second and third feed roller means may be
      adjusted.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the a heater is arranged between
      the second feed roller means and the third feed roller means, the heater
      acting on said yarn in its path between the second feed roller means and
      the third feed roller means.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein the second and third feed roller
      means are arranged co-axially, the yarn contacting the second feed roller
      means before contacting the third feed roller means and the second feed
      roller means forwarding the yarn at a faster rate than the third feed
      roller means to permit the yarn to contract therebetween.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein the second and third feed roller
      means comprise co-axial second and third rollers mounted for rotation
      together, the second roller being of greater diameter than the third
      roller.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein the second and third rollers have
      a single separator roller associated therewith, the yarn passing around
      the second roller and a part of the separator roller before passing around
      the third roller and another part of the separator roller.
PATN
WKU  039383083
SRC  5
APN  5347238
APT  1
ART  244
APD  19741220
TTL  Method and device for transferring fresh bobbins from a bobbin supply
      device to a conveyer belt of a textile machine
ISD  19760217
NCL  5
ECL  2
EXP  Watkins; Donald E.
NDR  8
NFG  14
INVT
NAM  Komura; Ikuo
CTY  Toyota
CNT  JA
INVT
NAM  Tamai; Hideo
CTY  Kariya
CNT  JA
INVT
NAM  Morita; Takayuki
CTY  Obu
CNT  JA
INVT
NAM  Kobayakawa; Masanao
CTY  Anjyo
CNT  JA
ASSG
NAM  Kabushiki Kaisha Toyoda Jidoshokki Seisakusho
CTY  Aichi
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731226
APN  49-2498[U]
CLAS
OCL   57 52
XCL   57156
EDF  2
ICL  D01H  918
FSC   57
FSS  52;53;54;156
FSC  221
FSS  13
FSC  242
FSS  41
UREF
PNO  2886940
ISD  19590500
NAM  Urano et al.
XCL   57 54
UREF
PNO  3024887
ISD  19620300
NAM  Ingham
UCL   57 52
UREF
PNO  3154909
ISD  19641100
NAM  Urano et al.
OCL   57 52
UREF
PNO  3382659
ISD  19680500
NAM  Schulz et al.
OCL   57 54
UREF
PNO  3410452
ISD  19681100
NAM  Igel et al.
OCL  221 13
UREF
PNO  3830049
ISD  19740800
NAM  Kieronski et al.
OCL   57 53
LREP
FRM  Burgess Ryan and Wayne
ABST
PAL  In a textile machine provided with a doffing and donning apparatus
      utilizing a conveyer belt for temporarily supporting full size yarn
      packages doffed from the textile machine and carrying the yarn packages
      outside the textile machine and for temporarily supporting fresh bobbins
      supplied from a fresh bobbin supply device mounted on an outend frame of
      the textile machine, a method and device for transferring fresh bobbins
      from the bobbin supply device to the respective pegs of the conveyer belt
      when the conveyer belt is driven before starting the donning operation.
      When the conveyer belt is driven so as to pick up the fresh bobbins by the
      respective pegs, each peg is inserted into the bottom bore of the
      corresponding fresh bobbin in such a way that the head of the peg
      approaches the bottom bore of the fresh bobbin along a passage inclined to
      a plane along which the fresh bobbins are supported.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method and device for transfering fresh
      bobbins from a bobbin supply device mounted on an outend frame of a
      textile machine to a conveyer belt which is utilized for a doffing and
      donning apparatus mounted on the textile machine.
PAR  It is well known that, in the spinning operation, when each yarn package
      formed on a bobbin held by each spindle reaches a predetermined full size,
      the full packaged bobbins are doffed from the respective spindles and
      carried outside of the spinning or twisting machine and, then, fresh
      bobbins are mounted upon the respective empty spindles. To carry out the
      above-mentioned doffing and donning operation, several automatic apparatus
      have been introduced. One of them is disclosed in the U.S. Pat. No.
      3,370,411 (Schulz et al).
PAR  In this type of doffing and donning apparatus the operation is carried out
      simultaneously upon all spindles of a spinning or twisting machine. That
      is, a full packaged bobbin is doffed from each of the spindles
      simultaneously by a mechanical gripping means and the doffed bobbins are
      transferred onto respective pegs arranged upon a conveyer belt in such a
      way that the distance between two adjacent pegs is identical to half the
      distance of the spindle pitch, and; then, the converyer belt is driven so
      as to carry the full size yarn packages outside the spinning machine.
      Thereafter, the conveyer belt is driven toward an opposite direction to
      the above-mentioned driving of the conveyor belt. During the
      above-mentioned driving of the conveyer belts toward the opposite
      direction, fresh bobbins are supplied from a fresh bobbin supply device to
      the respective pegs of the conveyer belt. When a fresh bobbin is mounted
      on a peg of the conveyer belt, it is necessary that each peg be inserted
      into the bottom bore of the respective fresh bobbin in correct engaging
      condition. Therefore, a key point is how to supply fresh bobbins to the
      respective pegs of the conveyer belt in correct engaging condition, so
      that the fresh bobbin supply motion from the fresh bobbin supply device
      can be carried out with high efficiency. It is the principal object of the
      present invention to provide a method and device for transferring fresh
      bobbins from a bobbin supply device mounted on a textile machine provided
      with a doffing and donning apparatus to a conveyer belt for temporarily
      supporting the fresh bobbins before starting the donning operation.
PAR  A typical transferring device according to the present invention, comprises
      a bobbin supply casing disposed between the conveyer belt and a bobbin
      supply chute of a bobbin supply device and a regulating device disposed at
      a fresh bobbin discharging outlet of the bobbin supply casing. The bobbin
      supply casing is a casing which is capable of receiving fresh bobbins from
      the bobbin supply chute of the bobbin supply device and temporarily
      reserving a plurality of fresh bobbins therein. The bobbin supply casing
      is provided with a bottom guide plate inclined downward from a rear end to
      a forward end thereof, and an aperture facing the outlet of the bobbin
      supply chute and the fresh bobbin discharging outlet formed at a forward
      side thereof. The bottom guide plate is provided with a cut-out portion
      formed at a position below the discharging outlet and the area of this
      cut-out portion is smaller than the thickness of the bottom end of each
      bobbin, but larger than the thickness of each peg mounted on the conveyer
      belt. Consequently, each fresh bobbin is capable of being positioned on
      this cut-out portion and each peg is capable of approaching the bottom
      bore of a fresh bobbin positioned on this cut-out portion of the bottom
      guide plate through this cut-out portion. When the peg of the conveyer
      belt comes into the cut-out portion from the rear side of the bottom guide
      plate, the peg is slightly inserted into the bottom bore of the fresh
      bobbin and, therefore, the peg urges the inside wall of the fresh bobbin
      outside the casing due to the driving of the conveyer belt.
PAR  The regulating device prevents free passage of the fresh bobbins from the
      bobbin supply casing and also corrects the relative position of the fresh
      bobbin to the corresponding peg whereon the fresh bobbin should be
      mounted. The regulating device comprises: a bottom stopper disposed at a
      bottom position of the discharging outlet which restricts free discharge
      of the bottom portion of fresh bobbins when each fresh bobbin is
      transferred from the bobbin supply casing to the respective pegs of the
      conveyer belt, and; a resilient stopper plate turnably mounted to the
      bobbin supply casing at a top portion of the discharging outlet thereof in
      such a condition that, when a fresh bobbin is mounted on a peg in an
      incorrect engaging condition, the head of the fresh bobbin contacts the
      stopper plate due to the displacemnt of the pegs of the conveyer belt
      along the spindle rail of the textile machine. Since the stopper plate is
      a resilient body, the above-mentioned fresh bobbin is capable of passing
      below the stopper plate without injuring itself, the peg or the conveyer
      belt. In a modification of the above-mentioned regulating device, a
      stationary member may be utilized instead of the above-mentioned resilient
      stopper plate.
DRWD
PAC  BRIEF EXPLANTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic front view of a textile machine provided with the
      above-mentioned doffing and donning apparatus and a bobbin supply device
      wherein the transferring device of the present invention is utilized.
PAR  FIG. 2A is a schematic front view, partly omitted, of the bobbin supply
      device shown in FIG. 1.
PAR  FIG. 2B is a schematic inside view of a chute of the bobbin supply device
      shown in FIG. 2A.
PAR  FIG. 3 is a schematic side view of the transferring device provided with
      the regulating device according to the present invention.
PAR  FIG. 4 is an enlarged side view of a front top portion of the transferring
      device shown in FIG. 3.
PAR  FIG. 5 is a schematic front view of the part of the transferring device
      shown in FIG. 4.
PAR  FIG. 6 is a cross-sectional view of a bobbin supply casing of the
      transferring device, taken along a line VI--VI in FIG. 3.
PAR  FIG. 7 is an explanatory front view of a front bottom portion of the
      transferring device shown in FIG. 3.
PAR  FIG. 8 is an explanatory side view of a discharging outlet of the
      transferring device shown in FIG. 3.
PAR  FIGS. 9A, 9B, 9C and 9D are schematic side views of a part of the stopper
      plate of the transferring device in stepwise relation with fresh bobbins,
      according to the displacement of pegs secures to a conveyer belt.
PAR  FIG. 10 is a schematic side view of a modified transferring apparatus
      according to the present invention.
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  For the sake of a better understanding of the present invention, a textile
      machine provided with a bobbin supply device utilizing the fresh bobbin
      transferring device of the present invention is explained. Referring to
      FIGS. 1, 2A and 2B, a textile machine 1 is provided with a doffing and
      donning apparatus (not shown) provided with a conveyer belt 2 disposed at
      a lower front position thereof in parallel condition to a spindle rail
      (not shown) thereof and a horizontal stand 3 disposed above the conveyer
      belt 2 in parallel condition to the conveyer belt 2. The horizontal stand
      3 is provided with a plurality of pegs (not shown), arranged with an
      intervening distance between two adjacent pegs which is identical to the
      spindle pitch of the textile machine 1, so as to temporarily support full
      size yarn packages 4. The conveyer belt 2 is provided with a plurality of
      first pegs 5, arranged with an intervening distance between two adjacent
      first pegs 5 which is identical to the spindle pitch of the textile
      machine 1, and a plurality of second pegs 6 mounted thereon in such a way
      that each second peg 6 is disposed at just a middle position between two
      adjacent first pegs 5. The first pegs 5 are respectively utilized for
      holding full yarn packages 4 while the second pegs 6 are respectively
      utilized for holding fresh bobbins 7. Since the doffing and donning
      operation of the above-mentioned textile machine is well known as
      disclosed in several patent specifications such as U.S. Pat. No.
      3,370,411, the explanation concerning the operation of the conveyer belt 2
      is omitted.
PAR  At an outend-frame of the textile machine, there is provided a bobbin
      supply device 8 which comprises a fresh bobbin reserve box 9 provided with
      a bobbin feeding member 10 turnably disposed at a position adjacently
      above a discharging aperture 11 thereof, and a chute 12 disposed right
      below the discharging aperture 11. A fresh bobbin transferring device 13
      is disposed at a position between the chute 12 of the bobbin supply device
      8 and an end portion of the conveyer belt 2. The bobbin feeding member 10
      is rigidly mounted on a horizontal shaft 10a turnably supported by a pair
      of bearings secured to side frames (not shown) of the fresh bobbin reserve
      box 9 at a position adjacently above the discharging aperture 11 thereof,
      and the horizontal shaft 10a is turned by a driving mechanism (not shown)
      driven by a power transmission mechanism (not shown) connected to a
      driving mechanism of the conveyer belt 2 when the donning operation is
      carried out. The bobbin feeding member 10 is provided with a plurality of
      horizontal grooves 10b, each groove permitting acceptance of a fresh
      bobbin 7 thereon. The bobbin reserve box 9 is provided with a sufficient
      capacity for reserving numerous fresh bobbins therein. However, when such
      fresh bobbins 7 are fed into reserve box 9, it is necessary to put these
      fresh bobbins 7 in such a condition that a head portion of each fresh
      bobbins 7 faces one side-frame of the reserve box 9. The chute 12
      comprises a pair of parallel guide walls 12a and 12b which are formed in
      inclined condition as shown in FIG. 2A, and another pair of guide walls
      12c and 12d by which both side openings between the guide walls 12a and
      12b are closed. The intervening space between these guide walls 12c and
      12d is gradually decreased from the top to the bottom as shown in FIG. 2B.
      A horizontal projection 12e is projected from a top end portion of the
      guide wall 12a. Consequently, when a fresh bobbin 7 is dropped from the
      bobbin feeding member 10, an end portion of the dropping fresh bobbin 7
      contacts the projection 12e, and the bobbin 7 is subjected to turn in the
      clockwise direction as shown in FIG. 2B and, then, discharged from the
      chute 12 with the other end portion of the first bobbin 7. When a fresh
      bobbin 7 is supplied into the auxiliary device 13 from the bobbin supply
      device 8, it is necessary to supply the fresh bobbin 7 in a substantially
      upright or slightly inclined condition, that is, the bobbin 7 must be
      supplied into the auxiliary device 13 with the bottom end thereof going in
      first. Therefore, in this embodiment, when the fresh bobbins 7 are put
      into the reserve box 9 of the bobbin supply device 8, it is necessary to
      face the head of each bobbin 7 toward the side wall which is on the same
      side as the guide wall 12c.
PAR  Referring to FIGS. 3 through 6, the fresh bobbin transferring device 13
      comprises a casing 14 and a regulating device disposed at a discharging
      outlet of the casing 14. The casing 14 is formed by a pair of parallel
      guide walls 14a and 14b; a rear-side wall 14c, which closes a rear side of
      the casing 14; a bottom guide wall 14d, which closes a bottom side of the
      casing 14 in such a condition that the guide wall 14d is inclined downward
      from the rear side to the front side of the casing 14 so that fresh
      bobbins 7 can be slid forward, and; a top cover 14e, which closes a part
      of the top side of the casing 14 so as to provide an inlet aperture 14f at
      a position facing the discharge aperture of the chute 12. The guide wall
      14a is secured to the frame of the bobbin supply device 8. The casing 14
      is provided with a guide rail 15 secured to the guide wall 14b so as to
      form a guide passage for the top end portion of each fresh bobbin 7, and
      also provide with side aperture 14g formed in the guide wall 14b at a
      position below the guide rail 15. Consequently, it is possible to inspect
      the condition inside the casing 14. The regulating device comprises a
      bottom stopper 16 disposed at a bottom portion of a discharging outlet 14h
      of the casing 14 and a resilient stopper 17 disposed at a top portion of
      the discharging outlet 14h. The resilient stopper 17 comprises a stopper
      plate 18 turnably mounted on a supporting pin 19 secured to the guide
      walls 14a and 14b and a helical spring 20 mounted on the supporting pin 19
      at a space 18c between a pair of shoulders 18a, 18b in such a way that an
      end portion 20a of the spring 20 urges the stopper plate 18 while the
      other end of the spring 20 urges the top cover 14e of the casing 14. A
      stop pin 21 is mounted on the side wall 14b so as to restrict the turning
      motion of the stopper plate 18 about the supporting pin 19. The stopper
      plate 18 is extended beyond a passage of the top of the head of the fresh
      cop 7 as shown in FIG. 4.
PAR  Refferring to FIG. 7, the bottom guide wall 14d is provided with a cut-out
      portion 14i formed at a leading end portion thereof, and the bottom
      stopper 16 comprises a bracket 23 secured to the side wall 14b by a
      fastening screw 24. The bracket 23 is provided with an aperture 25 for
      incasing a ball 26 therein. The aperture 25 is provided with an inside
      circular opening 26a which prevents free passing of the ball 26
      therethrough. That is, the diameter of the opening 26a is smaller than the
      diameter of the ball 26. The other opening of the aperture 25 is thread
      engaged with a bolt 28, and an expansion spring 27 is disposed in the
      aperture 25 at a position between the ball 26 and the bolt 28 so that the
      ball is always urged to the inside opening 26a. Consequently, a part of
      the ball 26 is resiliently projected inward from the inside opening 26a.
      The intervening space between the guide walls 14a and 14b is only slightly
      larger than the outside diameter of the bottom end portion of a fresh
      bobbin 7 and, therefore, the free passage of the bottom portion of the
      fresh bobbin 7 through the bottom portion of the casing 14 is prevented by
      the bottom stopper 16. However, if the bottom portion of the fresh bobbin
      17 is urged toward the outside of the casing 14, the ball 26 is displaced
      into the aperture 25 in a condition of compressing the expansion spring
      27, and the bottom portion of the fresh bobbin 17 is then capable of
      leaving the casing 14. The above-mentioned urging of the bottom portion of
      the fresh bobbin 7 is created by the relative displacement of the peg 6
      toward a direction represented by an arrow A in FIG. 3. That is, an
      inclined free end portion 14j of the bottom guide wall 14d is extended to
      a position at a level which is a little lower than the passage of the head
      of the pegs 6. The cut-out portion 14i is formed at this free end portion
      14j in such a way that the head of each peg 6 is capable of passing
      through this cut-out portion 14i as shown in FIG. 7. The inclination of
      the free end portion 14j is formed in such a condition that the head of
      the peg 6 is capable of inserting itself into a bottom bore of the fresh
      bobbin 7 and urging an inside wall of the fresh bobbin 7 toward a
      direction represented by the above-mentioned arrow A.
PAR  Next, the function of the regulating device according to the present
      invention is hereinafter explained in detail. Referring to FIGS. 1, 2A, 3,
      8, 9A, 9B, 9C and 9D, when it is required to supply fresh bobbins 7 to the
      conveyer belt 2 from the bobbin supply device 8 by way of the auxiliary
      device 13, the bobbin feeding membmer 10 is rotated counterclockwise (in
      FIG. 2A) so that the fresh bobbins 7 are dropped into the chute 12 one by
      one. Each fresh bobbin 7 dropped from the bobbin feeding member 10 is
      dropped into the chute 12 in such a condition that the fresh bobbin 7
      falls down from the bottom end thereof by the action of the horizontal
      projection 12e. Consquently, a plurality of fresh bobbins 7 are placed
      into the casing 14 of the auxiliary device 13 in the condition shown in
      FIG. 3. Since the bottom guide wall 14d is inclined downward from the rear
      side wall 14c toward the discharging opening 14h, these bobbins 7 are
      capable of displacing toward the discharging outlet 14h of the casing 14
      each time a fresh bobbin 7a is discharged from the discharging outlet 14h.
      A fresh bobbin 7a displaced to the discharging outlet 14h is supported by
      a free end portion 18d of the stopper plate 18 and the ball 26 as shown in
      FIG. 3. When the conveyer belt 2 is driven so as to displace the pegs 5
      and 6 toward the direction represented by the arrow A in FIG. 3, since
      each peg 5 for receiving a full size yarn package 4 does not reach the
      inclined free end portion 14j of the case 14, each peg 5 passes under the
      free end portion 14j. However, when each peg 6 passes through the cut-out
      portion 14i of the end portion 14j of the casing 14, the peg 6 is inserted
      into the bottom bore of the fresh bobbin 7a positioned at the discharging
      outlet 14h of the casing 14, and then pushes the inside wall of the
      above-mentioned bottom bore of the fresh bobbin 7a toward the direction
      represented by the arrow A shown in FIG. 3. According to the
      above-mentioned urging motion by the peg 6, the bottom end portion of the
      fresh bobbin 7a urges the ball 26 inside the aperture 25 so that the
      bottom end portion of the fresh bobbin 7a is discharged from the bottom
      portion of the outlet 14h of the casing 14. During the above-mentioned
      condition, the forward displacement of the head portion of the fresh
      bobbin 7a is stopped by the stopper plate 18 as shown in FIGS. 3, 9A and
      9B. Thereafter, the fresh bobbin 7a is perfectly mounted on the peg 6 in
      upright condition by its own weight. When the fresh bobbin 7a is perfectly
      mounted on the peg 6, the fresh bobbin 7a is displaced in the downward
      direction represented by an arrow B as shown in FIG. 9C, and finally the
      head of the fresh bobbin 7a is positioned at a position below the stopper
      plate 18 as shown in FIG. 9D. Consequently, this fresh bobbin 7a is
      capable of passing below the stopper plate 18. In this condition, the next
      fresh bobbin 7C is displaced toward the discharging outlet 14h as shown in
      FIG. 9D. According to the motion of the conveyer belt 2, the peg 6 holding
      the fresh bobbin 7a is displaced toward the direction represented by the
      arrow A. Such fresh bobbins are represented by 7b in the above-mentioned
      drawings.
PAR  However, if the fresh bobbin 7a is not mounted on the peg 6 in the correct
      condition, which is described above, that is, if the fresh bobbin 7a rests
      on the peg 6 in a slightly inclined condition as shown in FIG. 8, the
      fresh bobbin 7a is held by the peg 6 in such a condition that the head
      portion thereof rests at a position which is higher than the bottom end of
      the stopper plate 18 and, consequently, the head portion of the fresh
      bobbin 7a urges the stopper plate 18 toward a direction represented by an
      arrow C in FIG. 8. Since the stopper plate 18 is capable of turning about
      the pin 19 in resilient condition, the stopper plate 18 is turned to a
      position where the head of the fresh bobbin 7a is capable of passing below
      the stopper plate 18, due to the displacement of the peg 6. Therefore,
      damage to the fresh bobbin 7a, peg 6 and the conveyer belt 2 can be
      completely prevented.
PAR  A modification of the fresh bobbin transferring device according to the
      present invention is shown in FIG. 10, wherein elements similar to the
      elements of the first embodiment shown in FIG. 3 are represented by
      identical reference numerals to those of the first embodiment. In this
      modified embodiment, the bottom guide plate 14d is provided with a forward
      end portion 14k, which extends forward in a horizontal condition and a
      cut-out portion similar to the cut-out portion 14i of the first
      embodiment.
PAR  In addition, the casing 14 is disposed at a position facing a terminal of
      the conveyer belt 2 in such a condition that the head of each second peg 6
      is capable of inserting itself into the bottom bore of the fresh bobbin 7a
      positioned on the forward end portion 14k when the second peg 6 approaches
      the forward end portion 14k when moving from a curved passage of the
      second peg 6 to a horizontal passage of the second peg 6. When the second
      peg 6 is engaged into the bottom bore of the fresh bobbin 7a, the fresh
      bobbin 7a is urged passed the bottom stopper 16 so that the fresh bobbin
      7a is discharged from the casing 14, due to the displacement of the peg 6
      toward a direction A in FIG. 10. Therefore, the function of the regulating
      device of this embodiment is quite similar to that of the first
      embodiment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a textile machine, a method for transferring fresh bobbins from a
      bobbin supply device to supporting pegs mounted on a conveyer belt,
      comprising positioning each fresh bobbin on a supporting plane formed
      adjacently above said conveyer belt, resiliently preventing free escape of
      said fresh bobbin from said supporting plane, maning each of said pegs to
      a bottom bore of said fresh bobbin positioned on thereof to said
      supporting plane, inserting one of said pegs; into said bottom bore of one
      of said each fresh bobbin positioned on said supporting plane, urging said
      fresh bobbin toward the outside of said supporting plane by displacement
      of said peg, discharging said fresh bobbin from said supporting plane
      while overcoming said resilient prevention of free escape of said fresh
      bobbin.
NUM  2.
PAR  2. In a textile machine provided with a doffing and donning apparatus
      utilizing a conveyer belt for temporarily supporting full size yarn
      packages doffed from said textile machine and fresh bobbins thereon, and a
      fresh bobbin supply device disposed at an outend frame thereof, said
      conveyer belt provided with a plurality of first pegs for supporting said
      full size yarn packages doffed from said textile machine and a plurality
      of second pegs for supporting said fresh bobbins supplied from said fresh
      bobbin supply device, said fresh bobbin supply device provided with a
      chute for discharging said fresh bobbins toward said second pegs one by
      one; a fresh bobbin transferring device disposed at an intervening
      position between said chute of said fresh bobbin supply device and an end
      portion of said conveyer belt, said transferring device comprises a first
      means for temporarily reserving a plurality of fresh bobbins in
      substantially upright condition and supplying said fresh bobbins onto said
      second pegs one by one when said conveyer belt is driven before carrying
      out the donning operation, a second means for regulating motion of
      mounting said fresh bobbins onto said second pegs, said first means
      comprising a casing provided with an inlet aperture facing said chute of
      said bobbin supply device and a discharging outlet for permitting free
      passage of said fresh bobbins therefrom and a bottom guide plate inclined
      downward from a side of said inlet aperture to a side of said discharging
      outlet; said bottom guide plate provided with a forwardly extended portion
      for standing a fresh bobbin thereon, said forwardly extended portion
      provided with a cut-out portion which permits free passage of said second
      pegs when said second pegs approach along a passage thereof inclined to
      said forwardly extended portion, said regulating means disposed on said
      casing at a position adjacent to said forwardly extended portion.
NUM  3.
PAR  3. A fresh bobbin transferring device according to claim 2, wherein said
      regulating means comprises a bottom stopper disposed on said casing at a
      position adjacently above said forwardly extended portion of said bottom
      guide plate and a resilient stopper plate turnably mounted to said casing
      at a top portion of said discharging outlet, said bottom stopper comprises
      a resilient member which prevents free passage of a bottom portion of each
      fresh bobbin from said discharging outlet, whereby, when a bottom bore of
      said fresh bobbin positioned on said forwardly extended portion of said
      bottom guide plate is engaged with said second peg due to the driving
      motion of said conveyer belt and the engagement of said second peg into
      said bottom bore of said fresh bobbin is incorrect, the top portion of
      said fresh bobbin contacts said resilient stopper plate and displaces said
      stopper plate so that said fresh bobbin is capable of passing below said
      stopper plate.
NUM  4.
PAR  4. A fresh bobbin transferring device according to claim 3, wherein said
      resilient stopper plate comprises a supporting pin secured to said casing
      and a stopper plate turnably mounted on said supporting pin and a helical
      spring mounted on said supporting pin and a stop pin mounted on said
      casing at a position below said supporting pin, whereby said helical
      spring provides resilient force to turn said stopper plate toward said
      stop pin and said stop pin restricts further turning motion of said
      stopper plate thereover.
NUM  5.
PAR  5. A fresh bobbin transferring device according to claim 3, wherein said
      bottom stopper comprises a bracket secured to said casing at a position
      adjacent to said forwardly extended portion of said bottom guide plate,
      said bracket is provided with an aperture, a ball is incased in said
      aperture, said aperture is provided with an inside circular opening which
      is capable of preventing free passage of said ball therethrough, an
      expansion spring is disposed in said aperture in such a condition that a
      part of said ball is always resiliently projected from said inside
      circular opening.
PATN
WKU  039383091
SRC  5
APN  3645525
APT  1
ART  244
APD  19730529
TTL  Spinning apparatus for glass-fiber yarn
ISD  19760217
NCL  21
ECL  1
EXP  Petrakes; John
NDR  4
NFG  10
INVT
NAM  Greive; Aloys
CTY  Munster
CNT  DT
ASSG
NAM  Hamel G.m.b.H., Zwirnmaschinen
CTY  Munster
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720530
APN  2226284
CLAS
OCL   57 5886
XCL   57 5849
XCL   57 587
XCL   57 5883
XCL   57 88
EDF  2
ICL  D01H  786
ICL  D01H  722
FSC   57
FSS  58.7;58.72;58.74;58.83;58.84;58.86;58.49;88;89
UREF
PNO  1826354
ISD  19311000
NAM  Lenk
XCL   57 58.86
UREF
PNO  2127921
ISD  19380800
NAM  Kent
OCL   57 58.74
UREF
PNO  2609652
ISD  19520900
NAM  DeHalleux
OCL   57 58.83
UREF
PNO  3145524
ISD  19640800
NAM  Dewelle
OCL   57 58.49
UREF
PNO  3256684
ISD  19660600
NAM  Stahlecker et al.
OCL   57 88
UREF
PNO  3299623
ISD  19670100
NAM  Keyser
OCL   57 58.84
UREF
PNO  3314227
ISD  19670400
NAM  Pfenningsberg
OCL   57 88
UREF
PNO  3382661
ISD  19680500
NAM  Davies
XCL   57 88
UREF
PNO  3466864
ISD  19690900
NAM  Smith
XCL   57 58.83
UREF
PNO  3557541
ISD  19710100
NAM  Aucagne et al.
OCL   57 58.86
UREF
PNO  3742693
ISD  19730700
NAM  Grieve et al.
OCL   57 58.86
UREF
PNO  3791119
ISD  19740200
NAM  Godderidge
XCL   57 58.86
LREP
FR2  Ross; Karl F.
FR2  Dubno; Herbert
ABST
PAL  A spinning apparatus has a flyer which is rotated about its axis by a belt
      drive at one axial end of a spindle carrying the flyer. Received within
      the flyer and rotatable relative thereto is a yarn-package holder
      comprising a plush-lined cup snugly receiving a coreless package of
      glass-fiber yarn, and a takeup tube whose mouth lies within the package. A
      thread brake is provided within the takeup tube and the yarn holder is
      prevented from rotating with the flyer. The yarn of one or more threads is
      drawn off the inside of the package into the mouth of the nonrotating
      takeup tube, thence enters the end of the rotating spindle, passes
      radially out through the flyer under the yarn-package holder, and thence
      axially out through the rotating sleeve of the flyer. The tube of the
      flyer is formed by a pair of nested tubes connected by a corrugated
      stiffening element.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a spinning apparatus more particularly, to
      a spinning apparatus for with glass-fiber yarns.
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to copending app. Ser. No. 349,990 filed on
      Apr. 11, 1973 by Aloys Greive and Theodor Tiemann for a spinning
      apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  Spinning apparatus is known having a spindle which is rotated at high speed
      and which carries a flyer. Mounted within the flyer and rotatable relative
      thereto is a yarn-package holder in which a yarn package is carried. The
      yarn is drawn off the package, passes axially back through the spindle and
      radially out through the flyer, then forms a balloon around the yarn
      package holder. The yarn is then drawn axially away from the device,
      thereby being twisted to a degree dependent upon the pulloff speed and the
      rotation speed of the spindle.
PAR  Such devices have proven themselves highly useful with relatively durable
      filaments such as cotton or synthetic-resin yarn. However in the twisting
      of more fragile filaments, such as fiberglass yarns, these devices are
      almost totally unusable. This is due to the very low tensile strength of
      such yarns in their unspun condition. For this reason it has heretofore
      been found necessary to use traveler-ring spinning frames for glass fiber
      yarns.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      spinning apparatus.
PAR  Another object is to provide such an apparatus which is particularly well
      suited for use with weak yarns, such as glass fiber yarns.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are obtained according to the present invention in an
      apparatus wherein a coreless yarn package is received snugly within an
      axially open cup and is drawn off from the inside of the yarn package into
      a tube carried on the yarn holder and having a mouth which lies within the
      package. In this manner the yarn passes through a very short distance from
      the inside of the package to the mouth of the pickup tube, which tube
      houses the conventional threadbrake. In other respects this apparatus has
      a spindle which defines an axis about which the flyer is rotatable. This
      flyer comprises a base attached to the spindle and a sleeve extending
      axially from the base, the spindle and the flyer together being formed
      with a passage which opens axially at one end away from the base at the
      axis and at the other end at a location spaced from the axis on the
      sleeve.
PAR  The mouth of the takeup tube of the yarn-package holder lies within the
      yarn package at an axial distance from the end thereof toward the flyer
      base equal to between 20 and 80% of the axial height of the package,
      preferably between 30 and 50%. Thus this mouth lies generally in the
      middle of the package.
PAR  According to another feature of this invention, means is provided for
      preventing the yarn holder from rotating about the axis. This means can be
      an off-center weight provided in the yarn holder, when the axis of the
      spindle extends generally horizontally, or it can be a magnetic
      arrangement as is well known in the art.
PAR  In accordance with yet another feature of the present invention the
      horizontally oriented yarn holder is cylindrical and is lined internally
      with a pile fabric or plush whose pile extends towards the base of the cup
      so that the yarn package can be easily slipped thereinto but will not tend
      to slide out of this cup.
PAR  According to a further feature of this invention a cover is provided which
      sits snugly upon the tube of the flyer and which has an axially centered
      neck mounted in a bearing carried on a pivotal arm secured to the fixed
      housing of the apparatus. Thus the flyer is supported at both ends to
      prevent an excessive moment from being applied to the advantageously
      elastically-seated bearings journaling the flyer in the fixed frame
      carrying the whole apparatus. Such a cover further eliminates the chances
      of filament breakage by completely enclosing the spinner.
PAR  In accordance with a further feature of this invention the housing for the
      spinner is provided with heaters so as to dry the glass-fiber yarn as it
      is being twisted. This is advantageous since in the production of
      glass-fiber yarn a liquid is used to cool and lubricate the filaments as
      they are extruded from the spinneret.
PAR  According to another feature of this invention a whorl brake is provided to
      arrest the spinner. This brake comprises a pair of crossing commonly
      pivoted scissor arms each carrying at one end a brake pad engageable with
      the whorl and a roller and bumper which pushes the tape out of contact
      with the whorl. The other end of the arms are connected together with a
      foot-operated bowden arrangement so that the operator need merely step on
      a pedal to brake the spinner and push the drive belt away from the whorl.
      Alternatively it is possible to provide a solenoid to operate such a whorl
      brake.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is an axial section through an embodiment of the spinning apparatus
      according to the present invention;
PAR  FIG. 2 is a fragmentary section through an alternative form of a detail of
      the present invention corresponding to line II--II of FIG. 1;
PAR  FIG. 3 is an end view of a detail of the apparatus as indicated by arrow
      III of FIG. 1;
PAR  FIG. 4 is an axial section through another embodiment of the present
      invention;
PAR  FIG. 5 is an end view of a whorl brake according to the present invention;
PAR  FIG. 5a is a detail view showing another embodiment of the brake of FIG. 5;
PAR  FIG. 6 is a view similar to FIG. 5 of the brake thereof shown in the open
      or ineffective position;
PAR  FIG. 7 is a view similar to FIG. 5 showing an alternative whorl brake; and
PAR  FIG. 8 is a side partly sectional view of a feed tube according to this
      invention; and
PAR  FIG. 9 is a view similar to FIG. 8 of another feed tube structure.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1 a spinning apparatus is mounted on a rectangular-section
      beam 10 and has a pair of main bearings 12a and 12b supporting a
      horizontal spindle 14 provided on one end with a whorl 16 adapted to be
      engaged tangentially by a flat belt 18 so as to rotate it about its
      horizontal axis A at a rate of at least 10,000 revolutions per minute. A
      ball bearing 20 on the spindle 14 carries a support hub 22. A cylindrical
      coreless yarn package 27 of a loose two-ply glass yarn 68 is received
      within a cup 23 carried on the hub 22 and a plush fabric 25 having a pile
      directed back toward the bearings 12a and 12b so that this yarn package 27
      may be slipped into the cup 23 but will not slide out.
PAR  The spindle 14 is provided with a flyer 32 in the form of a sleeve
      comprising a base disk 28 provided on its face turned away from the whorl
      16 with a elastomeric insulating disk 30 on which is received a cup-shaped
      outer tube 36 in which is received a similarly cup-shaped inner tube 34.
      The base 40 of the outer tube 36 is cemented to the vibration-damping disk
      30 and the base 38 of the inner tube 34 is cemented to a metal disk 48
      which is in turn secured to the base 40. Provided between the tubes 34 and
      36 is a corrugated sleeve 42 whose corrugations extend circumferentially
      and have inner crests 44 bonded to the inner tube 34 and outer valleys 46
      bonded to the inside of the outer tube 36. The flyer 32 is extremely stiff
      and resistant to bending relative to the axis A due to this construction.
PAR  The inner and outer tubes or shells 34 and 36 are made of aluminum having a
      thickness of between 0.2 and 1.2 mm, preferably between 0.3 and 0.6 mm and
      here about 0.3 mm. The inner diameter of the tube 34 is between 150 and
      420 mm, here about 200 mm, and the spacing between the two tubes 34 and 36
      is between 5 and 15 mm, here about 8 mm. The corrugated spacer 42 is made
      of aluminum of the same thickness and is welded to both shells.
PAR  A radial slot 50 formed in the spacing disk 48 opens at its inner end into
      an axial bore 60 formed in the end of spindle 14 and its other end into an
      axial passage 52 formed between the two tubes 34 and 36. A stiffening ring
      54 engaged over the end of the inner tube 34, which is substantially
      axially shorter than the outer tube 36, is formed with a hole 56 (See FIG.
      3) which constitutes the other end of the passage. The ring 54 is cut away
      at 57 to counterbalance the hole 56. The region 58 of the outer tube 36
      beyond the inner tube 34 is highly polished and has a rolled edge 59 so
      that the filament 68 which will lie helically on it cannot snag on it.
      This filament 68 is drawn off the yarn packet 27 and passes axially
      through a guide tube 64 mounted on the support 22 and provided with a
      thread brake 62 as described in the commonly assigned patent application
      Ser. No. 188,335  filed Oct. 12, 1971 and now U.S. Pat. No. 3742693.
      Thereafter it enters the passage 60, 50, 52 and issues from the apparatus
      through a fixed eye 70 in line with the axis A.
PAR  The whorl 16, and hence the spindle 14, is rotated at high speed by the
      belt 18 so that a high degree of twist is imparted to the filament 68. The
      support 22 and yarn package 27 are prevented from rotating themselves by
      an eccentric weight 66 which is secured to the base of the support 20 and
      which has a center of gravity 67 normally lying below the axis A. This
      offset weight 66 overcomes any entrainment of the support 22 through the
      bearing 20 or by air currents in the device. The mouth 63 of inlet tube 64
      is located within the yarn package 27 at a position spaced by a distance d
      from the bottom of the package, measured in the direction of axis A. The
      package has a height D which is equal to slightly more than twice the
      distance d for minimum straining of the yarn 68 being pulled off the
      inside of the package 27.
PAR  The entire assembly described above is received in a light metal (aluminum)
      can 72 which is fixed on the support 10 and prevents the whirling spinners
      from generating currents of air that might cause problems in working with
      a whole bank of such devices. Heaters 73 are provided on the inside walls
      of the can to heat the filament 68, and a heat shield is provided between
      the flyer assembly 32 and the bearings 12a and 12b to protect these
      bearings.
PAR  The distance between the eye 56 and the eye 70 is the only region in the
      present device where the thread is subjected to any significant air
      resistance, since otherwise it is enclosed in the passage 60, 50, 52 in
      the flyer 32. This distance is very short so that chances of breakage are
      sharply reduced, and a very light thread tension can be employed. This is
      of particular interest with extremely weak glass yarns.
PAR  FIG. 2 shows a flyer 132 whose two tubes 134 and 136 are separated by a
      corrugated element 142 whose corrugations run parallel to the axis of the
      device. A pair of axially extending U-section bars 172 are provided
      between the ends of the longitudinally corrugated separator 142 to define
      a passage 152.
PAR  The apparatus of FIG. 4 has a spindle 214 mounted on a pair of bearings
      212a and 212b carried on a support beam 210 and is provided on one end
      with a whorl 216 driven by a flat belt 218 and on its other end with a
      flyer 232 similar to the flyer 32 of FIG. 1.
PAR  This flyer 232 has an outer tube 236 which is stepped outwardly at 279 and
      receives the rim 276 of a bell 274. An O-ring 278 makes the fit between
      the rim 276 and step 279 snug. This bell 274 is basically hemispherical
      and constitutes a cover for the flyer 232 which rotates with this cover
      274. It is formed with a neck 275 supported in a bearing 286 in an eye 282
      in the end of an arm 284. This arm is pivoted on the fixed shield 272 at
      288 and is formed with a lug 287 provided with a pin 285 connected to a
      pin 283 on the support 272 by means of a tension spring 289. The pins 283
      and 285 do not lie in a line with the pivot 288 in either the solid-line
      closed position of the cover 274 or in the dot-dash open position thereof.
      Thus this spring 289 acts as a toggle to maintain the cover in either of
      these positions.
PAR  The neck 275 is provided with a pair of interfitted elements 271 and 273
      that define an axial hole 280 through the cover 274. The sleeve element
      273 and the ring element 271 fitted thereon are very smooth inside to
      prevent the filament 268 from snagging and breaking.
PAR  This arrangement relieves the bearings 212a and 212b of the stresses caused
      by the horizontal position of the flyer 232. The bearing 212b is cushioned
      by rubber ring 213. In addition the thread 268 is enclosed for all of the
      distance where it is not running perfectly axially, to that air resistance
      is again reduced and a very light thread tension may be employed. The
      housing 272 is frustoconical and wider near the base 269 which is
      perforated at 267 for cooling of bearings 212a and 212b, shown seated in
      rubber washers 213.
PAR  FIG. 5 shows a whorl brake usable with the embodiment of FIG. 2. The belt
      218 runs over two idler wheels 217 to each side of the whorl 216 and the
      belt as shown in FIG. 6 normally engages this whorl 216 tangentially to
      drive it.
PAR  A pair of scissor arms 290a and 290b are pivoted on the beam 210 at the
      horizontal pivot 211. These arms carry respective fiber pads 292a and 292b
      which engage the whorl 216 when they are closed thereon (FIG. 5) and with
      rollers 294a and 294b which push the belt 218 of the tape drive away from
      this whorl in this closed position. Instead of the rollers 294a and 294b
      each arm can be provided with a bumper as shown at 296a in FIG. 5a. Such a
      bumper is made of polytetrafluoroethylene or some similar material with a
      very low coefficient of friction.
PAR  The other ends of the arms 290a and 290b are connected together by a bowden
      arrangement with the core cable 298 attached to the arm 290b and the
      sheath 300 connected to the arm 290a. A compression spring 302 urges these
      two ends apart and, therefore, biases the brake into the open or
      ineffective position shown at FIG. 6.
PAR  The other end of the bowden cable is connected between a pedal 304 pivoted
      on the floor at 306 and a support 310. A compression spring 308 of
      relatively weak force is provided to keep the system tight, and another
      stiffer spring 312 is braced between the fixed support 310 and the end 299
      of the cable 298. This latter spring 312 insures that both arms 290a and
      290b move rather than just one of them. Depression of the pedal 304
      displaces the sleeve 300 relative to the cable to compress the spring 302
      thereby bringing the ends of the arms 290a and 290b together. This pushes
      the pads 292a and 292b against the whorl 216 and pushes the belt 218 out
      of contact with this whorl so that the belt rides on the rollers 294a and
      294b instead. This arrangement is used when a yarn package must be changed
      or when the filament breaks and must be rethreaded.
PAR  In FIG. 7 a substantially similar device is shown with two arms 490a and
      490b whose ends are connected by a pair of rigid links 491a 491b pivoted
      together at 495. A tension spring 496 between the pivot 411 of the arms
      490a and 490b biases the arms apart. A solenoid 493 operable by a switch
      497 connected to line is itself connected to the pivot 495 such that on
      energization it pulls the pivot 495 away from the pivot 411 and closes the
      jaws 492a and 492b on the whorl 216.
PAR  FIG. 8 shows a guide tube 564 which can be used in place of the guide tube
      64 of FIG. 1. This tube 564 telescopes in the housing 562 for the thread
      brake. A compression spring 567 is compressed between the element 562 and
      a shoulder 563 on the tube 564 so that as the thread tension momentarily
      increases, due to excess size in the yarn or a like condition, this tube
      564 can move inwardly to compensate for the momentary difference, thereby
      avoiding annoying breakages in the filament.
PAR  The thread brake 662 is shown in FIG. 9. It comprises an extensible lozenge
      or capsule 678 formed of two telescoping shells 679 and 680 between which
      a spring 681 is compressed. This lozenge 678 fits between two
      frustoconical seats 682 and 683 formed in the passage 660. Thus the
      filament 668 is pinches above and below the lozenge 678 and the braking
      effect is adjusted by screwing the outer sleeve 684 housing the brake 662
      down onto the hollow rod 685 which is attached to the yarn-package support
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A yarn-spinning apparatus especially for low tensile strength
      multithread yarn comprising:
PA1  a spindle lying along and rotatable about an axis;
PA1  a flyer having a base attached to said spindle and a sleeve extending
      axially from said base, said spindle and said flyer being formed with a
      passage opening axially at one end away from said base at said axis and
      opening axially at the other end away from said base at a location offset
      from said axis on said sleeve;
PA1  a yarn holder carried on and rotatable relative to said spindle and
      including an axially open cup snugly receiving an annular coreless yarn
      package and a tube lying along said axis in line with said one end of said
      passage and having a mouth opening away from said base and lying within
      said package;
PA1  means for preventing said holder from rotating about said axis;
PA1  a thread brake in said tube;
PA1  a bell cover engageable with the end of said sleeve remote from said base
      and formed with a hole lying on said axis and a neck surounding said hole;
PA1  a frame supporting said spindle;
PA1  an arm pivotal on said frame; and
PA1  bearing means on said arm surrounding said neck for rotation of said cover
      with said sleeve about said axis.
NUM  2.
PAR  2. The apparatus defined in claim 1, further comprising a frame supporting
      said spindle, and a housing surrounding said sleeve and opening axially
      away from said base.
NUM  3.
PAR  3. The apparatus defined in claim 1, further comprising a frame and at
      least one elastically mounted bearing between said frame and said spindle.
NUM  4.
PAR  4. A yarn-spinning apparatus especially for low tensile strength
      multithread yarn comprising:
PA1  a spindle lying along a rotatable about an axis;
PA1  a flyer having a base attached to said spindle and a sleeve extending
      axially from said base, said spindle and said flyer being formed with a
      passage opening axially at one end away from said base at said axis and
      opening axially at the other end away from said base at a location offset
      from said axis on said sleeve;
PA1  a yarn holder carried on and rotatable relative to said spindle and
      including an axially open cup snugly receiving an annular coreless yarn
      package and a tube lying along said axis in line with said one end of said
      passage and having a mouth opening away from said base and lying within
      said package;
PA1  means for preventing said holder from rotating about said axis;
PA1  a thread brake in said tube;
PA1  a whorl on said spindle;
PA1  means including a belt tangentially engaging said whorl for rotating said
      spindle;
PA1  a fixed support, said spindle being journaled in said support;
PA1  a pair of crossing elongated arms pivoted on said support adjacent said
      whorl at their crossover region, each of said arms having one end
      simultaneously engageable with said whorl and with said belt; and
PA1  means connected to the other ends of said arms for pivoting said one end
      toward one another and thereby closing same on said whorl and pushing said
      belt out of contact with said whorl.
NUM  5.
PAR  5. The apparatus defined in claim 4 wherein said means include a bowden
      cable having an outer sleeve connected to one of said other ends, and an
      inner cable connected to the other of said other ends.
NUM  6.
PAR  6. The apparatus defined in claim 4 wherein each of said arms is provided
      at its said one end with a roller engageable with said belt.
NUM  7.
PAR  7. The apparatus defined in claim 4 wherein said cup is provided with a
      soft lining engaging and holding said package.
NUM  8.
PAR  8. The apparatus defined in claim 7 wherein said lining is a piled textile
      having a pile extending toward said base, whereby said package can be
      slipped into said cup in the direction of said pile but will resist
      displacement in the opposite direction.
NUM  9.
PAR  9. The apparatus defined in claim 4 wherein said axis is generally
      horizontal, said means for preventing rotation of said holder being an
      eccentric.
NUM  10.
PAR  10. The apparatus defined in claim 4, further comprising a fixed housing
      surrounding said flyer and said holder, and means in said housing for
      heating said filament as it passes through said passage.
NUM  11.
PAR  11. The apparatus defined in claim 4 wherein said sleeve is formed of a
      pair of coaxial nested inner and outer tubes secured to said base and
      defining said passage.
NUM  12.
PAR  12. The apparatus defined in claim 11 wherein said sleeve further comprises
      a corrugated stiffening element between said inner and outer tubes and
      fastened thereto.
NUM  13.
PAR  13. The apparatus defined in claim 11 wherein said element has corrugations
      extending parallel to said axis.
NUM  14.
PAR  14. The apparatus defined in claim 11 wherein said element has corrugations
      extending circumferentially of said axis.
NUM  15.
PAR  15. The apparatus defined in claim 11, further comprising a centering ring
      between the end of said inner tube turned away from said base and said
      outer tube, said ring being formed with a hole in line with said passage
      and constituting a portion thereof.
NUM  16.
PAR  16. The apparatus defined in claim 15 wherein said centering ring is formed
      as a balance equalizer with at least one cutout diametrically opposite
      said hole.
NUM  17.
PAR  17. The apparatus defined in claim 11 wherein said inner and outer tubes
      and said stiffening element are comprised of sheet metal between 0.2 and
      1.2 mm thick, said tubes being spaced radially apart by a distance between
      5 and 15 mm.
NUM  18.
PAR  18. The apparatus defined in claim 17 wherein said tubes and said
      stiffening element are welded together.
NUM  19.
PAR  19. The apparatus defined in claim 17 wherein said inner and outer tubes
      and said stiffening element are cemented together.
NUM  20.
PAR  20. The apparatus defined in claim 11 wherein said inner and outer tubes
      are each formed with a tube base connected to the base of said flyer, said
      passage extending between said tube bases, said flyer further comprising
      an elastomeric insulating disk between said tube bases.
NUM  21.
PAR  21. The apparatus defined in claim 20 wherein said outer tube extends
      beyond said inner tube in a direction away from said base.
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ABST
PAL  Apparatus for separating fibers in open-end spinning machines, having a
      combing-out cylinder by which a fibrous sliver supplied by a feeding
      device is separated in a combing-out zone provided between a card clothing
      of the combing-out cylinder, and an operating wall of an insert, the
      cross-section of said zone decreasing, at least in the introductory
      portion thereof, in the fiber flow direction while the separated and
      combed-out fibers are conveyed through a duct into a rotary spinning
      chamber. The insert is provided with at least two differenly concave faces
      for providing different combing-out zones, said insert being adjustable
      into positions in which any of said concave faces is adapted to cooperate
      in providing the combing-out zone, the insert being held in a desired one
      of its respective positions.
BSUM
PAR  The present invention relates to an apparatus for separating fibers in
      open-end spinning machines such machines comprise a combing-out cylinder
      by which a fibrous silver, supplied by a feeding device, is separated in a
      combing-out zone provided between the card clothing of the combing-out
      cylinder and an operating wall of an insert; the cross-section of said
      zone decreases, at least in the introductory part thereof, in the
      direction of fiber flow while the fibers once separated are conveyed
      through a duct into a rotary spinning chamber.
PAR  Well-known devices for separating and combing-out fibers in open-end
      spinning machines equipped with rotary spinning chambers operate in a
      quite satisfactory way when fibers of cotton type, i.e. relatively fine
      and short fibers, are to be processed.
PAR  Such devices usually comprise a driven feed roller and a feed table or
      another roller associated therewith, such two cooperating elements
      producing a nip passage for the sliver, due to the action of a suitable
      spring. A part of such a device is also constituted by the abovementioned
      combing-out zone. All the parts of the fiber separating device are placed,
      as a rule, in a suitable recess provided in the body of the separating
      device.
PAR  The combing-out and fiber separating process in open-end spinning machines
      is carried out by a combing-out cylinder provided on its circumference
      with a card clothing in the form of needles or saw teeth. A fibrous sliver
      is supplied to this cylinder by the coaction of a feed roller and a
      pressure table. The latter is formed with a bending edge which is
      positioned adjacent the combing-out cylinder and over which the sliver, on
      leaving the feed roller, is bent and conveyed to a combing-out zone
      wherein it is separated, due to the action of the card clothing, into
      individual fibers which are then conveyed through a duct into the rotary
      spinning chamber, due to a subatmospheric pressure produced by ventilation
      apertures provided in the chamber wall, or by a central source of
      underpressure. Between the feed roller and said duct there is provided,
      opposite the combing-out cylinder, the inner stationary wall of the body
      of the separating device housing the combing-out cylinder so that fibers
      are conveyed up to the duct where they are removed from the card clothing
      of the combing-out cylinder by centrifugal force and the air stream.
PAR  A disadvantage of the above-described arrangement is that fibers are
      attacked by the card clothing immediately downstream of said bending edge
      of the pressure table, that is at the instant the leading end of fiber has
      passed this edge. Since, however, the fiber is held in the pressure nip,
      it is engaged by the teeth of the card clothing until its whole length has
      passed through the nip zone. As the fiber advances over said edge of the
      pressure table, an ever increasing length thereof is engaged by the
      clothing teeth so that if the intensity of this engagement attack together
      with the friction between the teeth and the fibers, exceeds the fiber
      strength, the fiber breaks. Needless to say, this breakage results in a
      considerable fiber degradation and consequently in lower yarn quality. The
      above-described disadvantage can be eliminated to some extent by another
      arrangement in which the feed roller together with the pressure table,
      i.e. also the bending edge and the wall of the separating device cavity
      housing the combing-out cylinder, are positioned at a greater distance
      from the surface of the combing-out cylinder. Beginning with the bending
      edge of the pressure table, the afore-said wall gradually approaches the
      card clothing of combing-out cylinder in the direction of its rotation up
      to a close proximity thereto. In this way it is made possible to reduce to
      some extent the rate of fiber breakage, since the fibers are not attacked
      immediately downstream the bending edge but are allowed to escape
      engagement by the teeth into the space of the so-called combing-out zone.
      However, it has been found out that this combing-out zone, which is of
      constant dimensions, is suitable only for fibers of a particular staple
      length, thickness, character as well as the count of the sliver to be
      combed out. Thus in order to process a certain fibrous material range to
      be combed out, some devices have been suggested in which some of the
      dimensions of the combing-out zone can be varied in dependance upon some
      properties of the supplied fibrous sliver.
PAR  Apart from this, an apparatus is known which makes it possible to
      accommodate the fiber separating device to variable conditions in such a
      way that the distance between the pressure nip zone and the end of the
      combing-out zone wherein the cavity housing the combing-out cylinder which
      is at the closest proximity to the card clothing of the combing-out
      cylinder can be varied by means of a position-adjustable feeding device.
      According to another well-known embodiment, the feeding device is
      supported on an adjustable slide. In accordance with still another
      embodiment, an exchangeably arranged insert is housed in the body of the
      separating device, an arcuate wall of said insert constituting the
      combing-out zone. In this case, the feed roller is rotatably supported on
      a holder adapted to swing with respect to the axis of rotation of the
      combing-out cylinder, the holder being resiliently forced against the
      sliver.
PAR  Such an arrangement has certain disadvantages in that the displacement of
      the feeding device encounters some problems of construction, since it has
      to be very rigid and precise. Additionally, as found in practice, a
      uniform combing-out process without undesirable shortening of the fibers
      depends above all upon the configuration of the combing-out zone. With
      this configuration in view, the concentric wall of the cavity housing the
      combing-out cylinder is recessed in the direction away from the center of
      the combing-out cylinder. Into the thus created space there is placed a
      block shiftable along the circumference of the combing-out cylinder; one
      of the walls of the block can gradually approach the clothing of the
      combing-out cylinder so as to form the combing-out zone. The block is
      adjustable and may be held in any one of a number of desired positions.
PAR  This arrangement is disadvantageous in that together with the length of the
      combing-out zone even its shape varies, which results in an uneven
      combing-out process. Downstream from the closest proximity of the cavity
      wall to the clothing of the combing-out cylinder there is an abrupt
      transition into an expanded space whereby an undesirable air whirling and
      deceleration of flow of the separated fiber take place, all of which
      unfavorably affects the finished yarn product.
PAR  In still another arrangement designed to eliminate some of the
      aforementioned drawbacks between the feeding device and a stationary
      surface there is disposed a deflecting element for defining the length of
      the combing-out zone. This element is embodied as a eccentric pin received
      in a recess provided in the circumferential wall of the cavity. The
      adjustment of the length of the combing-out zone is carried out by turning
      the pin. In this way it is possible to provide at least two positions in
      which the lateral borders of the combing-out zone come into the closest
      proximity to each other, thus providing for two different lengths of said
      zone.
PAR  This arrangement, however, has the disadvantage that the pin is incapable
      of providing a desirably gradual path of the combing-out zone with respect
      to the card clothing of the combing-out cylinder. Further it is
      disadvantageous that upon any turning of the pin the configuration of the
      combing-out zone is varied. Further, the space downstream of the pin, due
      to its expanded configuration, is responsible for the shortcomings
      referred to in connection with the preceding arrangement.
PAR  Apart from the afore-described drawbacks, all the arrangements hereinbefore
      described have a common disadvantage consisting in that they do not
      respect the requirement of accommodating all the basic dimensions of the
      combing-out zone to the properties of the supplied fibrous sliver and to
      the separating device.
PAR  In order to attain optimum operation in processing various types of fibrous
      material, it is necessary to vary both the length and the shape of the
      combing-out zone, its intake opening, its path from the maximum opening in
      the direction of fiber combing, its depth in the mentioned direction in
      dependance upon the fiber length, thickness and the character and the
      count of the sliver supplied.
PAR  It is an object of the present invention to eliminate teh aforementioned
      disadvantages and to provide a simple apparatus for changing the
      dimensions of the combing-out zone in order to secure optimum operation in
      processing as broad range of fiber types as possible.
PAR  The present invention provides an apparatus for separating fibers in an
      open-end spinning machine, said machine having combing-out cylinder by
      which a fibrous sliver supplied by a feeding device is separated in a
      combing-out cylinder and an operating wall of an insert, the cross-section
      of said zone decreasing, at least in the introductory par thereof, in the
      direction of fiber flow while the separated and combed-out fibers are
      conveyed through a duct into a rotary spinning chamber. In the apparatus
      according to the invention the insert has at least two differently concave
      faces for providing different combing-out zones, and said insert is
      displaceable into positions in which any of said concave faces is adapted
      to cooperate in providing the combing-out zone, and can be fixed in any
      one of the respective positions.
PAR  Between the operating walls there are preferably arranged partition walls
      of which one contacts a joint wall of a recess which merges into a
      cylindrical wall of a cavity housing the combing-out cylinder. It is
      advantageous to hold the insert in the desired position by a stop member.
      In accordance with another feature of the invention, the stop member is
      arranged in the joint wall and meshes with one of the partition walls.
      According to another feature, arresting recesses are formed in the
      partition walls, the stop member being formed with an eccentric pin
      extending into the arresting recess and being held by a set screw. The
      insert can be supported either removably or pivotally on a pin.
PAR  A plurality of possibilities in selecting the configurations of the
      combing-out zone is afforded by the embodiment wherein the insert has the
      shape of a disc with operating walls and partition walls provided at its
      circumference; the same is true of the embodiment wherein the operating
      walls and the partition walls are arranged in superposed sections with a
      separating wall therebetween. In the latter case the stop member meshes
      with the separating wall.
PAR  According to another embodiment it is preferred that the partition walls
      and the joint walls have the same radius. Another feature according to the
      invention is that the insert is accommodated in a cylindrical recess in
      the body, or in the cap of the separating device. The transition of the
      joint wall into the wall of the cavity of the body can be formed,
      alternatively, by a beveled edge. In accordance with still another
      embodiment of the apparatus, a slot for ejecting impurities is provided in
      at least on of the operating walls, the slot opening in the insert into a
      directing duct communicating with the outlet duct arranged in the body.
DRWD
PAR  A number of preferred embodiments of the apparatus according to the
      invention are described hereinafter with reference to the accompanying
      drawings which, however, are not intended to limit the scope of the
      invention in any way. In the drawings;
PAR  FIG. 1 is a fragmentary sectional view of the fiber separating part of the
      apparatus and showing the sliver feeding area and the combing-out zone;
PAR  FIG. 2 is a detail view showing the insert securing means;
PAR  FIG. 3 is a perspective view of the fiber separating device shown in FIG.
      1;
PAR  FIG. 4 is a partial view in section of the fiber separating device
      comprising a modified insert;
PAR  FIG. 5 is a perspective view of another embodiment of the apparatus, said
      apparatus having a two-position insert;
PAR  FIG. 6 is a perspective view of a six-position insert embodiment;
PAR  FIG. 7 is a perspective view of a disc-shaped insert removed from the
      apparatus for the sake of clarity; and
PAR  FIG. 8 is an exploded view in perspective of a two-position insert, the
      operating wall in one position being provided with a slot for ejecting
      impuritites.
DETD
PAR  Turning now to the drawings, and particularly to FIG. 1 thereof, it can be
      seen that in a body 1 of the fiber separating device there is housed a
      driven combing-out cylinder 2 having a card clothing 21 in the form of saw
      wire, needles, or the like.
PAR  A feeding device in the form of feed roller 3 is associated with the
      combing-out cylinder 2, a pressure table 4 which is pivotally supported on
      a pin 42 and has an extension terminating in a bending edge 43 extending
      to the card clothing 21. The resilient pressure of the table 4 against the
      feed roller 3 is exerted here e.g. by a leaf spring 44 fixed to a pin 440,
      as shown in FIG. 1. Alternatively, a spring 45 the pressure of which is
      adjustable by means of a screw 450, as shown in the embodiment illustrated
      in FIG. 4, may be used instead of leaf spring 44. The range of
      swinging-out of the pressure table 4 in the direction towards the feed
      roller 3 is in turn adjustable by means of a set screw 46. In the
      embodiment shown in FIG. 1, the pin 42 has an eccentric portion so that by
      turning it and the holding by a set screw 420, the optimum position of the
      pressure table 4 relative to the combing-out cylinder 2 and also with
      respect to the feed roller can be established.
PAR  The combing-out cylinder 2 is housed in a cavity 11 of the body 1, the
      cylindrical walls 12 being arranged opposite the card clothing 21. This
      cavity 11 merges into a recess 13 preferably of cylindrical shape, which
      receives an insert 5 having either two operating walls 51 and 52, as shown
      in the embodiment illustrated in FIGS. 4 and 5; three operating walls 51,
      52, and 53; or a plurality, for example six, operating walls, of which
      four (51-53 and 56) are shown in FIG. 6. It is to be understood that the
      concavities of the operating walls differ from one another.
PAR  The respective concavity of said operating walls 51 through 56 is of such a
      configuration as to form, together with the card clothing 21, a
      combing-out zone A of various shapes, depending upon the particular type
      of fibrous material to be spun. Thus for example, the concavity of the
      operating wall 51 (FIG. 1) has a relatively long radius of curvature so
      that it provides a relatively long combing-out zone A suitable for
      processing long-staple fibrous materials of wool character. On the
      contrary, the concavity of the operating wall 51' (FIG. 4) provides a
      relatively short combing-out zone A' which, however, is broad in its
      entrance position and is particularly suitable for separating and
      processing short-staple fibrous materials. The insert 5 is supported, as a
      rule, on a pin 50 which can be either received in the respective hole 500
      in the body 1, or fixed therein. If it is necessary to vary the
      combing-out zone, the insert 5 is withdrawn, turned into the respective
      desired position, and re-mounted on the pin 50.
PAR  Between the operating walls partition walls 57 are formed, one of which
      contacts a joint wall 14 of a recess 13 merging into said cylindrical wall
      12 of the cavity 11, while the joint wall 14 carries a stop member meshing
      with one of the partition walls 57 and arresting the insert 5 in the
      set-up position. This stop member can be embodied as an eccentric pin 15
      extending into an arresting recess 570 of the partition wall 57 and into a
      corresponding recess of the joint wall 14 as shown in FIGS. 1 and 2. The
      eccentric pin 15 allows a fine adjustment of the required position of the
      insert 5 to be made. The fixing of the preset position is carried out by a
      set screw 16. The alternative embodiments illustrated in FIGS. 4 or 5 can
      be used.
PAR  In the embodiment as shown in FIGS. 6 and 7, the insert 5 has the form of a
      disc with alternating operating walls 51, 53 incl., or 56, as well as
      partition walls 57, arranged at the disc circumference. In the embodiment
      according to FIG. 7, the operating walls 51 through 53 are confined by
      flanges 58, in addition to the partition walls 57.
PAR  As shown in FIG. 6, the operating walls and the partition walls are
      arranged in superposed sections with a separating wall 59 therebetween. In
      such an embodiment the stop member is constituted by a spring-loaded ball
      pawl meshing in the arrest position into a recess in the separating wall
      59. In said embodiment the feeding device comprises two feed rollers 3.
      The partition walls 57 and the joint wall 14 are preferably embodied as
      cylindrical walls of the same radius. In the embodiment illustrated in
      FIG. 7 the recesses are formed in the partition walls 57.
PAR  In the embodiment shown in FIG. 4, the transition of the joint wall 14 into
      the cylindrical wall 12 of the cavity 11 is constituted by a beveled edge
      140.
PAR  The embodiment according to FIG. 1, incorporating the pin 42 having the
      eccentric part allows the bending edge 43 of the pressure table 4, to be
      position-adjusted against an edge B provided between the operating wall 51
      and the joint wall 14 at the entrance of the combing-out zone A, at a
      distance that is either equal or less than that between said bending edge
      43 and the card clothing 21 of the combing-out cylinder 2.
PAR  The cavity 11 of the body 1 merges into a duct 6 at the far end from the
      feeding device, which duct 6 discharges into the spinning chamber (not
      shown). In the wall 12 of the cavity 11, further known modifications can
      be made, such as communication of the duct 6 with the ambient atmosphere,
      or with a cleaning slot for ejecting impurities, or the like.
PAR  According to another exemplary embodiment of the present invention, the
      operating wall 51 of the insert 5 (FIG. 8) is provided with a cleaning
      slot 61 operating in a known way and arranged at the edge of the operating
      wall 51 adjacent the transition of said wall into the wall 12 in the
      operating position, said slot 61 communicating with a suitable directing
      duct (not shown) which duct can communicate either with the ambient
      atmosphere of the spinning mill, or with a source of superatmospheric air
      pressure (not shown).
PAR  It is evident that not all of the parts as hereinbefore referred to as
      being accommodated in the recess or cavity of the body 1 of the fiber
      separating device, necessarily have to be received in said recess or
      cavity. Such parts can partially extend also into the corresponding
      recesses or cavities provided in the cap (not shown) covering the body 1
      of the fiber separating device.
PAR  When the insert 5 with a reduced number of operating walls is used, the
      machine can be delivered together with spare inserts provided with
      additional operating walls capable to ensure optimum combing-out and
      separating process, with a broad range of fibers to be processed in view.
PAR  In operation, a fibrous sliver 7, due to the action of the feed roller 3
      and to the pressure exerted by the pressure table 4, is drawn through the
      condenser 41 and passed over the bending edge 43 into the combing-out zone
      A in which the needles or teeth of the card clothing 21 separate it into
      individual fibers 71 which are conveyed, upon a pneumomechanical
      principle, through the duct 6 into a twist forming mechanism, such as
      well-known rotary spinning chamber, in which they are twisted to form
      yarn.
PAR  In case of change of the stock to be spun, the insert 5 is positioned
      opposite the card clothing 21 so that one of its operating walls
      corresponds to the characteristics of the fibrous material to be processed
      in order to achieve optimum combing-out conditions without damaging the
      fibers. If required, the insert can be turned in such a manner so as to
      face the combing-out zone by its operating wall provided with the slot 61
      for ejecting impurities.
PAR  Although the invention is illustrated and described with reference to a
      plurality of preferred embodiments thereof, it is to be expressly
      understood that it is in no way limited to the disclosure of such a
      plurality of preferred embodiments, but is capable of numerous
      modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for separating fibers in open-end spinning machines,
      comprising a housing having a cavity, a combing-out cylinder mounted in
      the cavity and having on its periphery a card clothing by which a fibrous
      sliver supplied by a feeding device is separated, and means including an
      insert disposed in the cavity and positionable adjacent the periphery of
      the combing-out cylinder for defining with said periphery a combing-out
      zone, the cross-section of a portion of said zone decreasing in the fiber
      flow direction, the improvement wherein the insert defines, with the
      adjacent portion of the cylinder periphery, an input portion only of the
      combing-out zone, and wherein the insert comprises, in combination, at
      least two peripherally spaced concave operating faces cooperable with the
      cylinder periphery for providing different combing-out zones therebetween,
      means for peripherally adjusting said insert into positions in which any
      desired one of said concave operating faces cooperates with the cylinder
      periphery to provide the combing-out zone, and means for holding the
      insert in its adjusted position.
NUM  2.
PAR  2. Apparatus as defined in claim 1, in which the cavity has a first
      cylindrical wall having a recess therein, and in which the insert further
      comprises a plurality of partition walls individually disposed between the
      operating walls, at least one of partition walls contacting the recess in
      the first cylindrical wall.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein a stop member is arranged in
      the recess in the first wall and meshes with one of the partition walls.
NUM  4.
PAR  4. Apparatus as defined in claim 3, comprising arresting recesses formed in
      the partition walls.
NUM  5.
PAR  5. Apparatus as defined in claim 4, wherein the holding means comprises an
      eccentric pin extending into the arresting recess, and wherein the
      apparatus further comprises a set screw for arresting the eccentric pin.
NUM  6.
PAR  6. Apparatus as defined in claim 2, wherein the insert has the shape of a
      disc.
NUM  7.
PAR  7. Apparatus as defined in claim 6, further comprising flanges separate
      from the partition walls for confining at least one side of the operating
      walls.
NUM  8.
PAR  8. Apparatus as defined in claim 6, in which the housing is further
      provided with a cap, and in which the insert is accommodated in a
      cylindrical recess in the cap.
NUM  9.
PAR  9. Apparatus as defined in claim 6, wherein the insert is accommodated in a
      cylindrical recess in the body of the fiber separating device.
NUM  10.
PAR  10. Apparatus as defined in claim 2, wherein the operating walls and the
      partition walls are arranged in superposed sections with a separating wall
      therebetween.
NUM  11.
PAR  11. Apparatus as defined in claim 10, wherein a stop member meshes with the
      separating wall.
NUM  12.
PAR  12. Apparatus as defined in claim 2, wherein the partition walls and the
      first wall have complementary cylindrical shapes of like radius.
NUM  13.
PAR  13. Apparatus as defined in claim 2, in which the combing-out defining
      means further comprises a second cylindrical wall of the cavity, and means
      including a bevelled surface for interconnecting the first and second
      cylindrical walls.
NUM  14.
PAR  14. Apparatus as defined in claim 1, wherein the means for holding the
      insert in the desired adjusted position is a stop member.
NUM  15.
PAR  15. Apparatus as defined in claim 1, wherein at least one of the operating
      walls is provided with a slot for ejecting impurities.
NUM  16.
PAR  16. Apparatus as defined in claim 15, wherein the insert has an internal
      duct communicating with the slot.
NUM  17.
PAR  17. Apparatus as defined in claim 1, further comprising pin means for
      removably supporting the insert in the cavity.
NUM  18.
PAR  18. Apparatus as defined in claim 1, further comprising pin means for
      pivotally supporting the insert in the cavity.
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PAL  A yarn stop-motion device for use with a yarn-processing apparatus
      comprising yarn break-detector means and yarn-severing means positioned
      close to each other and preferably combined in a single unit. This device
      is characterized in that the point at which the yarn break is detected by
      the device and the point at which the yarn is severed by the device are
      both positioned above or on the same side of the yarn-processing apparatus
      associated with the device.
BSUM
PAR  This invention relates to a stop-motion device having a yarn break-detector
      means and a yarn-severing means in close proximity to each other and
      preferably combined in one unit for use with yarn transporting apparatus
      such as drawing, winding, twisting, and draw-twisting devices.
PAR  Heretofore, many devices have been developed for use with yarn-processing
      machines that cut, trap, or otherwise sever yarn in response to a break in
      the yarn. For example, conventional wrap-control systems for draw-twisters
      consist of a break-detector near the pirn, a yarn cutter above the feed
      roll, and an electrical, pneumatic or other interconnection between the
      detector and cutter.
PAR  These and other similar devices are described in the patent literature. For
      example, U.S. Pat. No. 3,452,531 describes an apparatus to be used in
      combination with a strand-winding machine for severing a yarn above a
      drafting system that is responsive to breaking of the yarn below the
      drafting system. In the apparatus disclosed, a trumpet is supported on a
      conventional traverse bar which reciprocally moves the trumpet laterally
      to the drafting system. Prior to passing through the trumpet, the yarn
      passes through a cutting device which is operatively associated with a
      counter-balanced pivotal means arranged to rest on the yarn below the
      drafting system. When the yarn breaks below the drafting system, the
      pivotal means moves downwardly to cooperate with the reciprocating trumpet
      to actuate the cutting means whereby the strand is severed. The pivotal
      means includes an arm which extends over the drafting means in contact
      with the yarn.
PAR  Numerous other devices are disclosed in the patent literature which also
      employ yarn break-detectors that are positioned away from means for
      causing severing or trapping of the yarn. Because the mechanical linkage
      or other connection between the yarn break-detector and the means for
      severing the yarn extends for a considerable distance through or over the
      yarn-processing machine, there is often difficulty in threading or
      stringing-up of the machine, and equipment and installation costs are
      increased.
PAR  Advantageously, the stop-motion device of this invention positions the yarn
      break-detector means and the means for severing the yarn closely adjacent
      to each other thereby providing a unit which can be mounted on or near a
      yarn-processing machine in a position that reduces costs and facilitates
      threading-up and maintenance of the machine. Another advantage of the
      present invention is that no external power source is required to effect
      actuation of the yarn-severing means upon detection of a yarn break.
PAR  These advantages are obtained in that the elements of the stop-motion
      device do not necessarily have to be arranged in the conventional yarn
      path on the machine, and in that the yarn path, when necessary, can be
      modified to accomodate the stop-motion device of this invention.
PAR  Thus, this invention contemplates a yarn stop-motion device which comprises
      break-detector means and yarn-severing means positioned close to each
      other, preferably the break-detector means and the yarn-severing means are
      also combined in a single unit. More particularly, this invention is
      directed to such a device having a supporting frame, stationary yarn guide
      means secured to said frame, yarn break-detector means pivotally mounted
      on said frame, and means for trapping or severing the yarn guided by said
      guide means positioned near to said yarn break-detector means. With this
      stop-motion device, the point at which the yarn break is detected by the
      device and the point at which the yarn is severed by the device are both
      positioned above or on the same side of the yarn-processing apparatus
      operatively associated with the device.
PAR  In one embodiment, the means for severing the yarn comprises a stop-member
      secured to the supporting frame and at least one clamp bar mounted on a
      pivotable support member on which a guide element of the break-detector
      means is located. In the preferred embodiment of the invention, the
      stop-member is permanent magnet and at least one clamp bar is made of a
      magnetic metal so that the bar will be drawn to and held by the
      stop-member.
PAR  The yarn guide means of the yarn stop-motion device includes a first
      stationary guide means mounted at one end of the frame and a second
      stationary guide means mounted in the middle of the frame and spaced from
      the first guide means with the guide means being arranged so that the yarn
      is guided in a substantially horizontal plane between the stop-member and
      a clamp bar.
PAR  The pivotal support member comprises a substantially L-shaped lever having
      one arm on which a clamp bar and a yarn break-detector element are mounted
      and another arm which is pivotally mounted on the frame. A counter-weight
      for effecting movement of the L-shaped lever is secured to the end of the
      other arm.
PAR  Advantageously, a triggering means is also provided for retaining the
      yarn-severing means and the yarn break-detector means of the stop-motion
      device in an inoperative state until the yarn is threaded-up through the
      device and through an associated yarn-processing apparatus.
PAR  In operation of the yarn stop-motion device of the invention, a yarn is
      passed through the first guide over at least one clamp bar to the second
      guide and is then led to a yarn-processing machine such as a draw-twister
      device. Subsequently, the yarn, rather than proceeding directly to the
      takeup, is instead returned from the yarn-processing machine, looped over
      the guide element of the yarn break-detector means, and then directed
      downwardly to a yarn pickup means, e.g., a pirn building device.
PAR  The tension of force applied by the loop of yarn to the guide element of
      the break-detector means during normal operation of the yarn-processing
      machine maintains the yarn-severing means in an inoperative or open
      position.
PAR  When the yarn breaks, the pivotal break-detector means moves upward to
      close the yarn-severing means and the incoming yarn from a creel or like
      supply is trapped or held by the severing means so that the yarn is broken
      by the pull of a feed roll or other yarn transport device in the
      yarn-processing machine.
DRWD
PAR  The device of this invention will be further understood from the following
      detailed description and with reference to the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view showing the yarn stop-motion device of the
      invention used in connection with a yarn-processing machine, i.e., a
      draw-twister;
PAR  FIG. 2 is a front elevational view of the stop-motion device with the
      device retained in an inoperative position;
PAR  FIG. 3 is a front elevational view of the stop-motion device in its
      operative position for detecting a break in the yarn passing through an
      associated yarn-processing machine; and
PAR  FIG. 4 is a front elevational view of the stop-motion device after
      detection of a yarn break with the yarn-severing means in its closed or
      operative position.
DETD
PAR  In FIG. 1, reference numeral 1 designates the yarn stop-motion device of
      the invention positioned above a pair of rolls including a presser roll 2
      and a feed roll 3, and a draw-twister device 4 that includes a pirn
      building means (not shown). A yarn thread 5 is passed from a creel
      position initially through the yarn-severing means of the stop-motion
      device to the feed roll 3 and then fed to the draw-twister device 4
      wherein the yarn is fed backwardly up and over the yarn break-detector
      means of the stop-motion device. The yarn is then directed downwardly to
      the pirn building means of the draw-twister device.
PAR  In order to thread up the stop-motion device, it is desirable to place the
      device in its inoperative position. This position is illustrated in FIG.
      2. In this FIGURE, the yarn 5 is initially passed over a first stationary
      guide means 6 which is secured to the supporting frame 7. The yarn is then
      passed over a second stationary guide means 8 downwardly towards the
      pressure and feed rolls 2, 3.
PAR  The first guide means 6, as illustrated in FIG. 1, includes a support 9
      which is secured to frame 7 and a ceramic guide element 10 having a
      notched or cut-out portion providing a guide channel for the yarn.
PAR  The second guide means 8 comprises a support 11 and a spool-type ceramic
      guide element 12. This element has a plurality of circular or annular
      guide channels for the yarn. Suitable ceramic material for the guide
      element includes aluminum oxide, for example.
PAR  Frame 7 is made of a suitable rigid material, for example, a synthetic
      polymer resin, cast metal, sheet metal or the like. Preferably the frame 7
      is extruded or molded from nylon and has, as shown in FIG. 1, an angular
      body consisting of a horizontal supporting member 13 and a vertical
      supporting member 14. Preferably supports 9 and 11 of the first and second
      guide means, respectively, are integrally formed portions of the frame 7.
PAR  Between the first and second guide means is located the yarn severing means
      which comprises at least one clamping bar 16 and a stop-member 17. As
      viewed in FIGS. 1 and 2, the clamping bars 16 are secured to a pivotal
      support member 18 which is pivotally mounted at the right-hand end of the
      frame 7. The stop-member 17 is a permanent magnet and is secured to the
      horizontal support member 13 of the frame.
PAR  The pivotal support member has an L-like shape and includes a first arm 20
      which is mounted onto the frame 7 and a second are 21 which extends
      approximately perpendicular to the first arm. This second arm is arranged
      to extend between the first and second guide means. A projection 19
      extends laterally away from the second arm. The clamping bars 16,
      preferably made of a magnetic stainless steel, are mounted on the
      projection and are positioned directly below the stop-member 17. It is
      preferable that the clamping bars 16 are each loosely mounted at one end
      so that they all can align themselves with the lower face of the
      stop-member 17 when the yarn-severing means is actuated as hereinafter
      described in greater detail.
PAR  A yarn break-detector element 22 is secured to the free end of the second
      arm 21. This element comprises a ceramic spool-like member and is mounted
      via a screw 23 and a bracket 24 onto the arm 21. The bracket 24 extends
      perpendicular to the arm so that the axis of the yarn break-detector
      element is parallel to the plane of arm 21.
PAR  At the other end of the pivotal support member is provided a
      counter-balance weight 25 in the form of a metal rod. This weight serves
      to bias the pivotal support member for a clockwise movement towards the
      horizontal support member of the frame and towards the stop-member secured
      thereto. It will be recognized that other suitable biasing means may be
      provided for effecting movement of the support member towards the
      stop-member, e.g. a spring; preferably a counterbalance weight is employed
      since it requires less maintenance and provides greater reliability of
      operation.
PAR  The pivotal support member is held in the position shown in FIG. 2 by a
      trigger means comprising a two-arm lever 26, which is pivotally mounted on
      frame 7, and the projection 19 which extends from arm 21. One arm 26' of
      the lever is provided with bearing surfaces 27 and 28 placed at right
      angles to each other. These surfaces contact the end portion of projection
      19 when the lever is pivoted or rotated to a locking position to engage
      the projection 19. In the locking position illustrated, the biasing force
      produced by the counter-weight 25 causes the projection to push upwardly
      against bearing surface 27 so that bearing surface 28 contacts the end of
      the projection 19 and prevents lateral movement of lever 26. When the
      lever is initially placed in its locking position, the front edge of arm
      26' contacts support 9 which thereby acts as a stop for movement of the
      lever.
PAR  The other end of lever 26, i.e, arm 26", acts as a counter-weight which
      causes the lever to rotate counterclockwise to the position shown in FIG.
      3 when the projection is moved downwardly.
PAR  In the final stage of stringing-up the yarn stop-motion device of this
      invention, the yarn 5 is looped over the detector element 22 and is then
      returned to the pirn building means of the draw-twister device 4. With
      this arrangement, the loop of yarn applies a force to the break-detector
      element 22 and to the pivotal support member 18 so that these parts are
      moved downwardly to place the stop-motion device in its operating
      position. The downward movement of the pivotal support member is limited
      by contact with support 11 of the second guide means. The operating
      position of the stop-motion device is illustrated in FIG. 3. As previously
      noted, in this position lever 26 is released and automatically rotates
      counterclockwise in the direction of the arrow so that arm 26" contacts
      support 9. It will be recognized that this arrangement of the trigger
      means enables an operator of the yarn-processing machine to actuate the
      stop-motion device by simply looping the yarn over detector element 22
      without the necessity of manually releasing the trigger.
PAR  In the position shown in FIG. 4, the yarn 5 has been broken during its
      travel through the draw-twisting device 4 and as a consequence the loop of
      yarn over element 22, has been pulled away. When this occurs, the
      counter-weight 25 causes the pivotal support member 18 to rotate clockwise
      so that the yarn-severing means provided by stop-member 17 and clamping
      bars 16 is actuated, i.e., the metal clamping bars swing upwardly and are
      drawn to and held fast by the magnet forming the stop-member. In this
      manner, the yarn 5 is trapped between the clamping bars and stop-member.
      Moreover, because the clamping bars are mounted to allow independent
      movement, all of the bars provide a gripping action that insures that a
      yarn of small denier will be retained. Subsequently, during the continual
      pull of yarn by feed roller 3, the yarn is severed and the loose end of
      yarn 5' falls from the yarn-severing means as shown. At the same time,
      yarn end 5" leading to the supply package is gripped by the clamping bars
      so that this end does not fly about the creel entangling other ends and so
      that it is in a position easily available to the operator when the device
      is rethreaded.
PAR  In this manner, the stop-motion device of the present invention prevents a
      substantial amount of yarn from being drawn in by the feed roll and onto
      the draw-twister device after a breakage in the yarn has occurred, thereby
      preventing large wraps or snarls and tangles of yarn within the
      draw-twister device.
PAR  In order to again actuate the stop-motion device after the small amount of
      waste yarn has been removed from the draw-twister apparatus, the
      triggering means is placed in its locking position and the stop-motion
      device and the draw-twister device are again threaded-up in the manner
      heretofore described with reference to FIG. 2. It will be further
      understood that the specific number of wraps required for threading or
      stringing-up the draw-twister apparatus illustrated in FIG. 1 are merely
      illustrative of one specific string-up procedure and other arrangements
      and other yarn-processing devices or machines can be used in association
      with the yarn stop-motion device of the present invention. Also, it will
      be recognized that the number of loops of yarn which are placed over the
      second stationary yarn guide means is determined by the denier and other
      properties of the yarn being processed. In the arrangement shown in FIG.
      1, the yarn from guide element 12 is initially looped around the presser
      roll and then over a second channel provided in element 8 before being
      passed between the presser roll and feed roll 3 and being introduced into
      the draw-twister device.
PAR  It will be understood that the stop-motion device as described herein is
      particularly suitable for use with yarn-processing apparatus wherein very
      small denier yarns are employed, especially yarns for hosiery and the
      like. However, it is considered that within the scope of the present
      invention, the clamp bars 16 may be replaced with knife-edge apparatus or
      other means to permit the cutting of heavy denier yarns.
PAR  It will also be appreciated that the device of the invention is preferably
      in the form of a single unit in that the frame which supports the other
      elements is an integral element. However, it is apparent that the frame
      may be formed of two or more parts which when assembled, are mounted
      closely adjacent to each other to provide, in effect, a single unit.
PAR  While the novel embodiments of the invention have been described, it will
      be understood that various omissions, modifications and changes in these
      embodiments may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A yarn stop-motion device for use with a yarn-processing apparatus,
      which comprises a single yarn break-detector means and yarn-severing means
      positioned close to each other, the point at which a yarn break is
      detected by the yarn break-detector means and the point at which the yarn
      is severed by the yarn-severing means being positioned above or on the
      same side of the yarn-processing apparatus, and said yarn break-detector
      means detecting yarn breaks occurring along the entire yarn path of the
      yarn passing through the yarn-processing apparatus and being positioned to
      contact the yarn in the yarn path downstream of the yarn-processing
      apparatus.
NUM  2.
PAR  2. The device of claim 1, wherein a triggering means is included which
      holds the device in an inoperative position during threadup and which is
      automatically released when the device is completely threaded.
NUM  3.
PAR  3. The device of claim 1, wherein the yarn break-detector means and the
      yarn-severing means are combined in a single unit.
NUM  4.
PAR  4. The device of claim 1, wherein said yarn break-detector means includes a
      yarn guide element for guiding a yarn passing through said yarn-processing
      apparatus.
NUM  5.
PAR  5. A yarn stop-motion device operatively associated with a yarn-processing
      apparatus, said device comprising a supporting frame, stationary guide
      means secured to said frame, a single yarn break-detector means pivotally
      mounted on said frame and means for severing a yarn guided by said guide
      means positioned near to said yarn break-detector means, said yarn
      break-detector means detecting yarn breaks occurring along the entire yarn
      path of a yarn passing through said yarn-processing apparatus and being
      positioned to contact the yarn in the yarn path downstream of the
      yarn-processing apparatus.
NUM  6.
PAR  6. The device of claim 5, wherein said stationary guide means includes a
      first guide means mounted at one end of the supporting frame and a second
      guide means mounted in the middle of the supporting frame and spaced from
      the first guide means, said first and second guide means being so arranged
      on said frame that a yarn is guided in a substantially horizontal plane.
NUM  7.
PAR  7. The device of claim 6, wherein said means for severing said yarn has an
      operative position in which the stop-member and the at least one clamp bar
      contact each other and an inoperative position in which the stop-member
      and the at least one clamp bar are spaced from each other; the yarn being
      guided by said first and second guide means when the yarn severing means
      is in its inoperative position.
NUM  8.
PAR  8. The device of claim 5, further comprising a triggering means for
      retaining the yarn-severing means and the yarn break-detector means in an
      inoperative state during thread-up of the device.
NUM  9.
PAR  9. The device of claim 5, wherein said yarn break-detector means includes a
      yarn guide element for guiding a yarn passing through said yarn-processing
      apparatus.
NUM  10.
PAR  10. A yarn stop-motion device comprising a supporting frame, stationary
      guide means secured to said frame, yarn break-detector means pivotally
      mounted on said frame and means for severing a yarn guided by said guide
      means positioned near to said yarn break-detector means, said means for
      severing the yarn comprising a stop-member secured to the supporting frame
      and at least one clamp bar on a pivotal support member, and said yarn
      break-detector means including a yarn guide element mounted on said
      pivotal support member.
NUM  11.
PAR  11. The device of claim 10, wherein the stop-member is a permanent magnet
      and the at least one clamp bar is made of a magnetic metal whereby said
      bar is drawn to and retained by said stop-member when bar is in the
      proximity of said stop-member.
NUM  12.
PAR  12. The device of claim 10, wherein said pivotal support member comprises a
      substantially L-shaped lever having one arm on which at least one clamp
      bar is mounted near said yarn guiding element and another arm which is
      pivotally mounted on said supporting frame, said yarn break-detector means
      further comprising a counterweight for effecting movement of the L-shaped
      lever secured to the end of the other arm.
NUM  13.
PAR  13. A yarn stop-motion device comprising a supporting frame, stationary
      guide means secured to said frame, yarn break-detector means pivotally
      mounted on said frame, means for severing a yarn guided by said guide
      means positioned near to said yarn break-detector means, and a triggering
      means for retaining the yarn-severing means and the yarn break-detector
      means in an inoperative state during thread-up of the device, said
      triggering means comprising a two-arm lever pivotally mounted on said
      supporting frame and a projection extending from the one arm of said
      pivotal support member, said two-arm lever contacting said projection when
      the yarn-severing means and the yarn break-detector means are in an
      inoperative state.
NUM  14.
PAR  14. The device of claim 13, in which said two-arm lever has one arm
      provided with bearing surfaces for contact with said projection, said
      bearing surfaces being placed at right angles to each other.
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ABST
PAL  An open end yarn spinning apparatus wherein the member that includes the
      collecting surface that, in operation, is rotated while having deposited
      on it fibers to be spun into yarn includes a shaft which is rotationally
      supported by shaft-mounted rollers of substantially greater diameter than
      the diameter of the part of the collecting surface shaft engaged thereby,
      and wherein an opening roller is mounted on a shaft of one of said
      shaft-mounted rollers to rotate therewith.
BSUM
PAR  This invention relates to apparatus for spinning yarn by the open end
      spinning process, that is the process in which twisted yarn is formed by
      continuously depositing discrete fibers onto the rotating end of a yarn.
      In one of the most common methods of open end spinning, fibers are
      deposited onto a rotating collecting surface around which the loose end of
      a yarn is made to pass. As the yarn is withdrawn from the collecting
      surface it takes with it the fibers which have been deposited thereon and
      the rotation of the collecting surface imparts the necessary twists to
      form the yarn. The collecting surface can be the inner surface of a
      spinning chamber, the yarn being continuously withdrawn from the top or
      bottom of the chamber by the tail end of the yarn. Desirably the
      collecting surface rotates at very high speeds, in the region of 100,000
      r.p.m.
PAR  Commonly used for depositing the fibers onto the collecting surface is an
      opening roller which rotates, in operation of the apparatus, at a fairly
      high speed of the order of 5,000 to 10,000 r.p.m. In operation this
      opening roller acts on a sliver (a fixed strand of textile fiber) fed
      thereto to separate out individual fibers and eject them at high speeds
      towards the collecting surface.
PAR  According to the present invention there is provided an open end yarn
      spinning apparatus, wherein the member that includes the collecting
      surface that, in operation, is rotated while having deposited on it fibers
      to be spun into yarn includes a shaft which is rotationally supported by
      shaft-mounted rollers of substantially greater diameter than the diameter
      of the part of the collecting surface shaft engaged thereby, and wherein
      an opening roller is mounted on a shaft of one of said shaft-mounted
      rollers to rotate therewith.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect reference will now be made, by way of example, to the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic side view of part of a first form of open end yarn
      spinning apparatus,
PAR  FIG. 2 is an end view of the apparatus of FIG. 1,
PAR  FIG. 3 is a view similar to FIG. 1 of a second form of apparatus,
PAR  FIGS. 5, 6 and 7 are respectively side, plan and end diagrammatic views
      illustrating a particular form of drive for apparatus such as shown in
      FIGS. 1 to 4,
PAR  FIGS. 8, 9 and 10 are respectively side, plan and end diagrammatic views
      illustrating another form of drive, and
PAR  FIG. 11 is a plan view of yet another form of drive.
DETD
PAR  Referring first to FIGS. 1 and 2, the member 1 that includes the collecting
      surface (not shown) that, in operation, is rotated at very high speed (in
      the region of 100,000 r.p.m.) while having deposited on it the fibers to
      be spun into yarn has its shaft 2 rotationally supported on two pairs of
      rollers 3, one roller of each pair being mounted on a first common shaft 4
      and the other roller of each pair being mounted on a second common shaft
      5. These shafts are supported, between the rollers of the two pairs, in
      ball bearings 6.
PAR  In the form shown the shaft 2 is maintained in contact with the rollers 3
      by the magnetic field provided by a magnet 7. This magnet can be either a
      permanent magnet or an electromagnet. As clearly shown in the Figures, the
      diameter of the rollers 3 is substantially greater than that of the shaft
      2 (for example of the order of four times greater). As a result, the speed
      at which the shafts 4 run in their supporting ball bearings 6 are within
      acceptable limits for such bearings when the shaft 2 is running at very
      high speeds, higher than are acceptable for such bearings. Drive is
      imparted to the shaft 2 from one or both of the rollers 3 of each pair by
      suitably driving one or both roller shafts 4, 5 as described hereinafter.
PAR  In the form of FIGS. 3 and 4, the member 1 and its shaft 2 are as described
      above. In this form, however, the shaft 2 is supported on two in-line
      rollers 3' only, mounted on a common shaft 4' running in a ball bearing 6'
      between the rollers 3'. A magnet 7' serves, in this form, the same
      function as the magnet 7 described above, and also serves to prevent the
      shaft 2 from moving tangentially of the rollers 3'. The magnet 7' can, of
      course, be either a permanent magnet or an electromagnet.
PAR  One manner of driving the shaft 2 in each of the forms of apparatus
      described above is illustrated in FIGS. 5, 6 and 7. In the apparatus as
      shown in FIGS. 5, 6 and 7, the shaft 2 carrying the member 1 is maintained
      in contact with two pairs of rollers 3" by a magnetic field in any of the
      ways described above, the means providing this field being omitted from
      these three Figures. One roller of each pair is mounted on a first common
      shaft 4" and the other roller of each pair is mounted on a second common
      shaft 5". The first common shaft 4" is the shaft of an armature of an
      electric motor 10 so that by running the motor 10 drive is imparted to the
      rollers 3" carried by the shaft 4", and hence to the shaft 2. The shaft 5"
      is supported in a bearing block 11.
PAR  In an alternative form, not shown, the shaft 2 is the shaft of an armature
      of an electric motor.
PAR  Utilizing an electric motor drive as just described each shaft 2 of a
      spinning machine is driven independently, and automatic starting and
      stopping of each spinning unit, normally actuated by an electric stop
      motion, is greatly facilitated. However, in the constructions as so far
      described it is necessary for the electric motor to run at quite high
      speeds, of the order of 10,000-15,000 r.p.m. In order to run an electric
      motor at this speed it is necessary to provide high frequency A.C. With
      normal current supplied from power lines, (50 or 60 cycles per second),
      the maximum speed for an A.C. motor is 3,000 r.p.m. It is therefore
      necessary to provide a frequency divider to convert the normal current
      into a high frequency supply.
PAR  A further manner of driving the shaft 2 utilizing standard electric motor
      running at about 3,000 r.p.m. but without making use of a frequency
      divider is illustrated in FIGS. 8, 9 and 10.
PAR  In the apparatus of FIGS. 8, 9 and 10, the shaft 2 carrying the member 1 is
      again maintained in contact with two pairs of rollers, referenced in these
      Figures as 3'", 3'" and 3A'", 3A'", by a magnetic field in any of the ways
      described above, the means providing this field being omitted from FIGS.
      8, 9 and 10. The pairs of rollers 3A'" are mounted on a first common shaft
      4'" and the pair of rollers 3'" is mounted on a second common shaft 5".
      The shaft 5'" is drivingly engaged with drive wheels 20 driven by the
      standard electric motor 10', but, for reasons that will be explained
      later, the shaft 4'" is not in contact with the drive wheels 20 (so that
      the shaft 5'" serves to drive the shaft 4'" via the shaft 2). Rollers 3A'"
      may have a different diameter than the rollers 3'". The wheels 20 are of
      large diameter relative to the diameter of the shaft 5'" such that with
      the motor running to drive the wheels 20 at the order of 3,000 r.p.m., the
      shaft 5'" is rotated at the order of 15,000 r.p.m. The diameter of the
      rollers 3'" relative to the shaft 2 is substantially greater and such that
      the member 1 is consequently rotated at a speed of 50,000 - 100,000
      r.p.m., depending on the particular diameters selected in any particular
      embodiment. Thus, the roller/shaft transmission considerably steps-up the
      rotational speed of the motor, which can be run a normal power supply (50
      or 60 cycles per second), there being no need to provide a frequency
      divider. The motor can be a synchronous or an induction motor.
PAR  Finally FIG. 11 shows the rotor 1 of the apparatus of this Figure having
      its shaft 1A supported on two pairs of rollers 23 and 23A, the rollers 23A
      being mounted on a first common shaft 24 and the roller 23 being mounted
      on a second common shaft 25. The shaft 25 is drivingly engaged with a
      drive wheel 26 driven by an electric motor 27, the shaft 24 not being in
      contact with this drive wheel so that the shaft 25 serves to drive the
      shaft 24 via the shaft 1A. The wheel 26 is of large diameter relative to
      the diameter of the shaft 25 such that with the motor running to drive the
      wheel 26 at the order of 3,000 r.p.m., the shaft 25 is rotated at the
      order of 15,000 r.p.m. The diameter of the roller 23 relative to the shaft
      1A is substantially greater and such that the rotor 1 is consequently
      rotated at a speed of 50,000 to 100,000 r.p.m., depending on the
      particular diameters selected in any particular embodiment. In this form,
      the magnetic field described above is not provided and instead there is a
      spring loaded arm 28 pivoting about a pin 28A and carrying a further
      roller 29 to bear on the shaft 1A to hold it in engagement with the pairs
      of rollers 23 and 23A. It will be appreciated that more than one such
      further roller could be provided, and that resilient means other than a
      spring could be utilized.
PAR  In each of the forms of apparatus described there is also provided an
      opening device only the opening roller 30 of which is shown in FIG. 11. In
      each case, this opening roller 30 is mounted on the shaft of one of the
      pairs of rollers supporting the member 1 and its shaft. Thus, in each
      case, the opening roller 30 is rotated at the speed of rotation of the
      supporting roller so that, in practice, if the shaft 2 (or shaft 1A) is
      rotated at a speed of the order of 50,000 r.p.m. the opening roller 30
      will be rotated at between 6,000 and 12,000 r.p.m. A particularly suitable
      speed for example is of the order of 8,000 r.p.m., and this can be
      achieved by suitable selection of the diameters of the various supporting
      rollers and shafts involved. In such a case, and referring to FIGS. 8 to
      10 in particular, the diameter of the rollers, 3A'", which would be larger
      than that of the rollers 3'", would be chosen to give the desired
      rotational speed to the opening roller 30 which would be less than that at
      which the shaft 2 rotates but greater than that at which the motor runs.
PAR  It will be appreciated that by mounting the opening roller 30 in the manner
      described no separate drive therefore is required and no additional
      bearings are necessary as the opening roller 30 is mounted fast with one
      of the shafts included in the support for the shaft 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. An open end yarn spinning apparatus comprising a member having a
      collecting surface that, in operation, is adapted to be rotated while
      having deposited thereon fibers to be spun into yarn, said member
      including a first shaft, two pairs of rollers engaging and supporting said
      first shaft at portions of the latter, said rollers being of substantially
      greater diameter than the diameter of the portions of the first shaft
      engaged thereby, second and third shafts, one roller of each said pair
      being mounted on said second shaft and the other roller of each said pair
      being mounted on said third shaft; an opening roller mounted on one of
      said second and third shafts to rotate therewith; and an electric motor,
      said third shaft is drivingly engaged with said electric motor to be
      driven thereby to drive said second shaft via the rollers mounted on said
      third shaft, the first shaft and the rollers mounted on the second shaft.
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ABST
PAL  A reinforcement system for pneumatic tires featuring combination cords of
      individually varying extensibility composed of elements of extensible
      character and, combined therewith, elements of relatively inextensible
      character; the combination cord of greatest extensibility being
      preselectively located in the region of the tire subjected to the greatest
      deflection whereby the stress incurred during average environmental usage
      or of a particular impact is not transferred to the elements of relatively
      inextensible character until the deflection has reached a value
      preselectively determined. The combination cords include an organic and a
      somewhat greater length of substantially inextensible material, e.g.,
      glass, so combined therewith as to yield a unit length, and are
      tailor-made to exhibit a particular degree of elongation depending upon
      the particular combination of variable lengths and the selection of
      organic elements to be combined with the glass.
PARN
PAR  This is a division of application Ser. No. 312,003, filed Dec. 4, 1972 now
      U.S. Pat. No. 3,857,229, issued Dec. 31, 1974, which is a division of
      application Ser. No. 107,193, filed Jan. 18, 1971, now U.S. Pat. No.
      3,776,293, issued Dec. 4, 1973; which application Ser. No. 107,193 is a
      division of copending application Ser. No. 664,020, filed Aug. 29, 1967,
      now U.S. Pat. No. 3,631,667, issued Jan. 4, 1972.
BSUM
PAR  It is, of course, well known to employ a variety of natural occurring and
      synthetic organic cords, yarns and fabric as reinforcement components for
      pneumatic tires. Cotton, rayon, Nylon, polyester (of which a material sold
      under the trademark DACRON is a common example) have been employed as well
      as some of the newer organic materials such as polypropylene and ethylene
      propylene copolymer. High tensile strength steel wire has also been
      employed as a reinforcement for radial type pneumatic tires principally in
      fabricating a belt ply extending circumferentially about the carcass of
      the tire beneath the tread and extending laterally from shoulder to
      shoulder.
PAR  Glass fibers have likewise been suggested as a reinforcing component for
      pneumatic tires. See U.S. Pat. No. 2,184,326 assigned to the same company
      as the assignee of the subject application. The utilization of cords
      formed of assembled multiplicities of continuous glass filaments is
      illustrated in Marzocchi and Lachut U.S. Pat. No. 3,311,152 (assigned to
      Owens-Corning Fiberglas Corp.).
PAR  The organic materials as well as the earliest natural textiles used for
      reinforcement (cotton, for example) possess a variety of shortcomings.
      Cotton, for example, degrades when exposed to moisture and also
      experiences severe elongation. Rayon is low in modulus and, as well,
      possesses low strength per unit cross-sectional area. The polyamide
      fibers, of which Nylon is the principal example, are stronger as compared
      to rayon but also undergo considerable undesirable elongation and yield
      under load. Nylon, due to its thermal character, also is subject to
      "thumping" due to flat spots which form in cool weather. The organics, as
      reinforcement, are also undesirable since the uncontrollable elongation
      and yield problem causes tires produced by different manufactures in
      different molds and postcuring facilities to be of different overall
      dimension and different carcass strength.
PAR  The extremely desirable properties which a glass filament possesses, from
      the standpoint of a tire reinforcement, include (a) essentially 100%
      elasticity, (b) essentially no yield under stress, (c) excellent
      dimensional stability and (d) immunity to change by reason of varying
      atmospheric conditions. Properties, on the other hand, which demonstrate
      considerable variance with the conventional organics include (1) stiffness
      (glass is 322 grams per denier [gpd] while Nylon ranges from 18 to 23 gpd,
      the polyesters range from 11 to 21 gpd, the acrylics such as Acrilan and
      Orlon 7 to 10 gpd and viscose rayon 11 to 25 gpd); (2) a low breaking
      elongation (glass is 3-4% whereas the polyesters range from 19-30%, Nylon
      16-40%, acrylics, e.g., Acrilan, 36-40% and viscose rayon 9-30%; (3) a
      relatively high specific gravity (glass is 2.54 compared to 1.14 for Nylon
      and the acrylics, 1.5 for rayon and 1.22 to  1.38 for the polyesters,
      e.g., KODEL and DACRON); and (4) toughness (on a denier basis, glass has a
      value of 0.07 compared to Nylon's 0.75, rayon's 0.20, 0.5 for DACRON
      polyester, 0.37 for KODEL polyester and 0.4 for the acrylic ORLON). From
      the above, it can be appreciated that the utilization of glass in any
      form, e.g., filament, strand or cord, as a reinforcement for rubber is not
      a matter of substitution but, to the contrary, entails a consideration of
      the overall properties and, as well, a determination of the ideal
      geometric location of the glass, alone and in combination with other
      materials, in order to achieve effective reinforcement.
PAR  It is an object of the present invention to provide a pneumatic tire
      employing a novel carcass reinforcement including a combination of
      extensible and inextensible subassemblies and, in combination, a specific
      novel arrangement of these subassemblies which combine to yield a tire
      uniquely prepared to meet service conditions of wear and general
      performance and specifically to meet stress conditions in a manner not
      possible heretofore.
PAR  It is a particular object of the present invention to provide a tire which
      contains reinforcement cord members which are specifically designed in
      accordance with the expected stress to be met by the tire under normal
      service conditions and particularly adverse service conditions.
PAR  It is additionally an object of the present invention to provide a tire
      featuring a plurality of reinforcement cord plies of varying
      extensibility.
PAR  It is still another object of the present invention to provide a tire
      construction featuring a glass reinforcement which is a combination of
      assembled, discontinuous, glass fiber filaments and, as well, a
      combination of continuous, glass filaments, combined in such a manner as
      to lend an extensibility not normally associated with glass while at the
      same time possessing a potentiality for attachment to the elastomeric
      component of the tire as to represent an improved construction.
PAR  It is likewise an object of the present invention to provide a method of
      producing a unique tire reinforcement featuring a plurality of independent
      components combined unitarily as to provide thereby a combination of
      properties not heretofore possible in a tire reinforcement.
PAR  It is still another object of the present invention to provide generally
      improved methods of producing continuous lengths of multi-element
      composite cord combinations usable as reinforcements of a wide variety of
      mechanical industrial rubber products and related goods.
PAR  It is a further object of the present invention to provide several
      particular tire constructions; that is, a radial construction and a belted
      construction as peculiarly adapted for utilization of novel reinforcement
      materials in accordance with the present invention.
PAR  The foregoing, as well as other objects of the present invention, will
      become apparent to those skilled in the art from the following detailed
      description taken in conjunction with the annexed sheets of drawings on
      which there are presented, for purposes of illustration only, several
      variant embodiments of the linear reinforcement constructions, the tire
      constructions and the processes in accordance with the present invention.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a perspective view schematically illustrating a continuous system
      for producing a composite or combination cord reinforcement in accordance
      with the present invention;
PAR  FIG. 2 is a perspective view schematically illustrating an alternative feed
      arrangement which may be substituted into the system illustrated in FIG.
      1, for the purpose of varying the makeup of one of the components of the
      combination cord construction;
PAR  FIG. 3 is a perspective view of another alternative feed arrangement which
      may be substituted into the system illustrated in FIG. 1;
PAR  FIG. 4 is a side elevation view of a segment of a reinforcement member at
      an intermediate stage of its processing in accordance with the system
      illustrated in FIG. 1;
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a side elevation view of a segment of a reinforcement cord member
      at a later stage of its processing in accordance with the system of FIG.
      1;
PAR  FIG. 7 is a sectional view taken on the line 7--7 of FIG. 6;
PAR  FIG. 8 is a perspective view of another alternative feed arrangement which
      may be substituted in the system illustrated in FIG. 1;
PAR  FIG. 9 is a side elevation view of an alternative feed and combining
      station which may be substituted in part into the system illustrated in
      FIG. 1;
PAR  FIG. 10 is a sectional view taken on the line 10--10 of FIG. 9;
PAR  FIG. 11 is a three-quarter perspective view illustrating a segment of a
      reinforcement cord in accordance with a particular embodiment of the
      present invention;
PAR  FIG. 12 is a perspective view of a segment of a composite cord produced in
      accordance with the present invention;
PAR  FIG. 13 is a three-quarter perspective view of a pneumatic tire, but with
      portions of the tread and side wall broken away in order to show the
      interior construction employing reinforcement members in accordance with
      the present invention;
PAR  FIG. 14 is a front elevation view of the tire of FIG. 13 with the segment
      of the tread and the four carcass plies sliced away by vertical section in
      order to show the angular relationship of the cords in the several plies;
PAR  FIG. 15 is a view similar to FIG. 14 illustrating an alternative
      arrangement of reinforcement members in accordance with the present
      invention;
PAR  FIG. 16 is a three-quarter perspective view of a tire having portions
      broken away for purposes of showing the particular carcass and belt
      reinforcement; and
PAR  FIG. 17 is an elevation view facing the tread, but with portions of the
      tread and belt plies broken away to show the angular relationship of the
      cords in the belt plies.
DETD
PAR  The present invention envisions novel reinforcement members adapted for
      incorporation into industrial, e.g., mechanical, rubber goods; said
      reinforcement representing a combination of individual assemblies, each
      formed of a plurality of subassemblies of different materials. The
      combination, in terms of the finite properties and capabilities of the
      continuous yarn or cord product, possesses a capability of reinforcement
      which is improved and in many respects unique as compared to that
      previously known in the art.
PAR  The invention also envisions particular tire constructions featuring
      multi-element cords formed of different materials having specifically
      differing extensibilities, but one of which is substantially
      nonextensible, and the particular positioning of these reinforcements, as
      to best take advantage of their relative extensibility and to best take
      advantage of the variant properties, to most efficiently meet or
      accommodate the stress under load to be expected.
PAR  The present invention further envisions novel continuous processes of
      combining variant materials in a manner which is economical, practical and
      yieldable of reinforcement material in continuous package form as to
      permit ready utilization in commercial industrial rubber goods
      manufacture, e.g., tires, V-belts, conveyor belts, hoses, etc.
PAR  Referring now more specifically to the drawings, there is schematically
      disclosed in FIG. 1 an arrangement for producing a composite or
      combination cord reinforcement in accordance with the present invention. A
      driven spool 11 rotating clockwise, as provided by a drive motor (not
      shown) in box 13, pulls a laterally moving cord 15 through a series of
      stations originating with the supply spool 17 containing a continuous
      length of primary yarn. The primary yarn 19 passes upwardly through an
      eyelet 21 and passes, in succession, a series of stations terminating in
      the windup spool 11. In the first station, a conveyor belt 23 is contacted
      while on its upper course by the primary yarn 19. In its lower course, the
      conveyor belt 23 passes into contact with an adhesive or impregnant which
      is passed onto the primary yarn 19. At the second station, the yarn then
      passes through a cylindrical pirn or package 25 containing a continuous
      supply of a secondary yarn 27. The pirn is rotated in the manner shown and
      the yarn 27 is wrapped in spiral disposition about the primary yarn 19, as
      the latter moves laterally (see FIG. 4). This two-yarn assembly 29 then
      passes to the third station composed of the conveyor belt 31 where the
      two-yarn assembly is brought into contact with the belt while on its upper
      course. The conveyor bears a suitable adhesive or impregnant applied in
      the same manner as with conveyor 23. The adhesive-bearing two-ply yarn
      assembly then moves to the fourth station composed of a hollow package or
      pirn 33 containing a continuous supply of a tertiary yarn 35. The pirn 33
      rotates axially in a direction opposite to the pirn 25 whereby the yarn 35
      is assembled onto the two-ply assembly, as it passes through, in reverse
      spiral disposition as compared to the secondary yarn 27 to thereby yield a
      balanced construction as illustrated most clearly in FIG. 6.
PAR  The combination cord comprising the primary core 19 and the oppositely
      spiraled overwraps of the yarn 27 and 35 then pass to the fifth station
      into contact with the upper surface of conveyor 39 which bears an
      impregnant imparted thereto by roller 41 therebeneath which rotates in its
      lowest arc in a bath of impregnant contained in pan 43. The impregnated
      composite cord 15 then passes to the sixth station composed of a wiping
      die 45 through which the cord passes to effect removal of excess
      impregnant and compression of all of the components together to the
      ultimately desired dimension. The cord finally passes through station 7
      composed of a hollow chamber 47 housing a suitable stimulus as to convert
      the coated composite cord 15 to the nontacky state, whereupon, as
      indicated, it is wound on the windup roller 11.
PAR  FIG. 2 illustrates an alternative feed station for supplying the core yarn;
      in this case, designated 19a. The supply yarn is stored on and proceeds
      from a spool 17a rotatably mounted on the inner surface 17b of an annular
      collar 17c which is controlled by suitable means (not shown) to rotate on
      its own axis in the direction indicated by the arrow 17d in order to
      impart a desired amount of twist to the core strand 19a. The spool 17a can
      also be rotated, by suitable cam means, if desired to furnish a primary
      cord or core yarn in untwisted condition. It will be appreciated that the
      absence or amount of twist and, as well, the selection of yarn can be
      preselected in combination with the choice of secondary yarn 27 and
      tertiary yarn 35 as well as the appropriate rotation of the packages on
      which mounted as to achieve a variety of ultimate cord constructions.
PAR  An alternative arrangement for the supply of the core yarn is illustrated
      schematically in FIG. 3. A bushing 50 issues a plurality of fine
      continuous threads of glass from the bottom thereof. These pass between
      spaced manifold tubes 51 and 51a having facing surfaces containing a
      plurality of orifices issuing intermittent jets of air which break up the
      fibers into lengths measuring anywhere from 1 to 8 inches in length. These
      fall by gravity unto a hollow collecting drum 55 having a foraminous
      surface. A vacuum is impressed thereon to cause the lengths to collect on
      this surface. The collecting drum rotates and the loose mat of short
      lengths is gathered together and drawn convergingly as at 57 through a
      forming die 59 which forms the short lengths into a staple fiber yarn 19b
      which can be directed through the system illustrated in FIG. 1 in place of
      the core yarn 19. A suitable binder size is applied to the collected
      strands via the nozzle 57a.
PAR  A still further embodiment of a system for producing composite yarns is
      illustrated in FIG. 8. The core yarn 19b proceeds horizontally through
      guide eyelet 21b and thence axially through the flared end of a hollow,
      cone-shaped member 60. The member 60 extends from the flared end to a
      restricted neck portion 60a which defines a cylindrical collar portion 60b
      containing a restrictive passageway. An inclined connected conduit 60c
      serves as a passageway for air to enter the interior of the hollow member
      near the restricted neck portion 60a. The air flows forwardly and
      downstream of the laterally moving yarn 19b. A supply spool 63 furnishes a
      freely drawable secondary yarn 27b which likewise passes through the
      eyelet 21b and enters in contiguous relationship with the first yarn 19b.
      Air introduced through the conduit 60c causes the secondary yarn 27b to be
      drawn at a somewhat faster rate than the rate of the draw of the yarn 19b.
      This is dependent upon the amount and velocity of air introduced through
      the conduit 60 c. The result of this feed arrangement is that the amount
      of secondary yarn 27b is overfed onto the prime or core yarn 19b. The
      resultant composite yarn or cord 65 is then compacted via a suitable
      wiping die (like the wiping die 45 in FIG. 1). It is usually preferable to
      apply an adhesive or impregnant to the initial yarn 19b in order that the
      secondary yarn 27b will adhere thereto as urged into contacting
      relationship by the jet of air in the combining member 60. The yarn 65 is
      combined with additional lengths of yarn by passage through a hollow pirn
      25 and/or 33 as in the system shown in FIG. 1.
PAR  An alternative arrangement for feeding the secondary yarn onto the primary
      yarn is illustrated schematically in FIG. 9 which is a side elevation
      view. The primary yarn 70 is drawn from the supply spool 71 through an
      eyelet 72 and then horizontally through the axial center of a split ring
      collar member 75 which rotates in either direction as controlled by
      appropriate bearing means (not shown). The collar split as at 77 defines
      facing surfaces 78 and 79 terminating in a central hole 80a. Face 78
      contains a vertically elongated bore 80 in which resides a peg 82
      projecting outwardly almost to the opposed face 79 opposite face 78. The
      peg or stud can move radially with respect to the collar, particularly
      downwardly against opposed spring 84, which tends to maintain the peg in
      the upper region of the elongated bore 80 as viewed in FIG. 9. In
      operation, a continuous length of a secondary yarn 86 drawn from a supply
      spool 88 passes through an eyelet 90 and thence through the central hole
      80a in the collar 80 which is in communication with the split 77. This
      secondary yarn is then passed between the opposed rollers 92 and 92a and
      passed on downstream. Rotation of the split collar 75 causes the secondary
      yarn to be picked up by the peg 82 forming a loop 95 therein which extends
      from the primary yarn 70 up over the peg and back down to the primary yarn
      (see FIG. 9). Continued rotation causes the loop 95 to become tighter and
      tighter, finally forcing the peg to move downwardly against the spring 84,
      allowing the loop to slip over the rounded end of the peg and through the
      space between the end of the peg and the opposed face 79 at the other end
      of the split ring. The free loop end is immediately compacted with the
      assembly by passing through the opposed rollers 92 and 92a. The bottommost
      roller 92a passes in contact with adhesive transfer roller 97 which
      rotates, at least in part, in a liquid bath of adhesive or impregnant. The
      process of combining the secondary yarn with the first yarn, as described,
      is frequently termed a "false twist" and is repeated again and again
      through continued cycles as described, creating a series of spaced
      gatherings of the secondary yarn on the first yarn. A plurality of these
      split rings can be employed to impart several depositions of false twist
      yarns as well as secondary and tertiary yarns of different compositions in
      place of or in combination with the rotating packages 25 and 33 in the
      composite yarn manufacturing system illustrated in FIG. 1.
PAR  A particular composite or cord construction 98 in accordance with the
      present invention is illustrated in FIG. 11. It is composed of a core 100
      about which is wound, in spiral disposition, a secondary yarn 102. The
      primary core 100 is, in this embodiment, formed of a staple fiber yarn;
      the production of which was described in connection with FIG. 3. The
      spirally-wrapped secondary yarn 102 is composed of strand or multiplicity
      of strands, e.g., a yarn formed of continuous glass filaments. The staple
      fiber core includes a plurality of "ends" 104 which project outwardly from
      the composite cord assembly in between the secondary spiral wrap. The
      composite cord or yarn 99 is normally adapted for incorporation as a
      reinforcement in a variety of elastomeric vulcanized products.
PAR  The glass components of the composite cord 99 bear a "size" composition
      including an anchoring agent and, as well, the composite cord is desirably
      preferably inclusive of a surrounding impregnant containing an elastomeric
      constituent compatible with the ultimate rubber product. The plurality of
      ends 104 projecting from the cord provide increased securement to the
      ultimately surrounding elastomeric matrix in which the composite cord is
      embedded in the vulcanized rubber product since the opposite end is held
      tightly compacted with the contiguous strands by the spiral wrapped strand
      102.
PAR  In FIG. 12, there is disclosed, greatly enlarged, a composite yarn as it
      might appear prior to winding on the windup roll 11. This composite yarn
      is identified by the reference numeral 15 and includes a core 19 which is
      the yarn formed of a plurality of individual organic subassemblies 106.
      Oppositely and spirally-wound yarns 27 and 35 are each composed of a
      plurality of continuous glass filaments. The yarn 27, for example, may be
      composed of 3-10 strands, in turn each composed of 100-500 individual
      continuous filaments. The composition of yarn 35 may be the same or
      different. Generally, in order to yield a balanced structure, the makeup
      of the yarn 27 and 35 is the same. In accordance with the preferred
      practice of the present invention, the core 19 is composed of organic
      strands, yarns or filaments. By organic, or course, is meant to include
      rayon (such as viscose rayon, cuprammonium rayon and rayon marketed under
      the trademark FORTISAN); Nylon (such as Nylon 66, both regular and high
      tenacity, and Nylon 6); the acrylic fibers (such as those marketed under
      the trade names ORLON, ACRILAN and ZEFRAN); the polyesters (including
      fibers sold under the trademarks DACRON, KODEL and others); the olefin
      type (such as polyethylene, polypropylene, ethylene propylene copolymer,
      etc.) and, as well, the more conventional cotton and acetate and, as well,
      combinations and blends of the foregoing. These organics are, in all
      cases, extensible, that is, are capable of elongating from 8-30 percent,
      depending on the particular fiber, before breaking.
PAR  In the composite yarn or cord reinforcements of the present invention, the
      "overfeed" yarn or the spirally-wound yarn is selected from relatively
      inextensible yarns of which glass fiber yarns having an extensibility or
      elongation of from 2-31/2 percent are the most illustrative and, by reason
      of other properties mentioned hereinbefore, are the most preferred. A
      variety of composite yarns of various and an almost universal variety of
      strength properties is possible in accordance with the foregoing. Thus, it
      is possible to design a composite yarn which will elongate any desired
      amount at any preselected load, depending upon the choice of the organic.
      Furthermore, by the control of the degree of overfeed or character of
      spiral disposition of the continuous substantially inextensible yarns, it
      is possible to have the applied load or stress taken up by the glass at a
      predetermined elongation and, as indicated, at a predetermined load. It
      is, of course, even possible to have the core yarn made up of a
      combination of organic filaments, yarns or subassemblies. Each would
      contribute its own degree of resistance to elongation backed up by the
      ultimate overfeed of glass yarn. As can be appreciated, looking at FIG.
      12, the organic components will elongate while gradually the glass yarns
      will assume a more linear or straight configuration as opposed to the
      spiral configuration illustrated in FIG. 12. When ultimately straight, it
      would be expected that the glass would be bearing the load while the
      organic would no longer be contributing to the support; or it may have
      already failed precisely at the moment that the glass had assumed the
      load. The glass filaments which may be used may vary in diameter from a
      diameter of 0.00060 to a diameter down to 0.00008 inches. In certain
      applications, fibers smaller than 0.00036 are preferred and, in some
      applications, the extremely fine diameter fibers having an average
      diameter of about 0.00014 and representing a range of from about 0.00018
      inches down to about 0.00008 inches are very desirable. It may be here
      mentioned, with reference to these extremely fine diameter fibers, that
      FIG. 12 does not truly represent a comparative sizing of the glass and the
      organic components unless the yarns 27 and 35 are taken as representative
      of a large plurality of individual filaments. By way of example, a glass
      filament having a diameter of 0.00014 on an average would have a
      cross-sectional area which would be only about one-ninth that of the
      conventional Nylon, polyester or viscose rayon filament.
PAR  It is found that these extremely small diameter glass filament fibers
      readily intertwist with the other organic filaments without breaking, thus
      displaying very good processibility and blendability. It will be
      appreciated that, by proper selection of length and composition of the
      organic, the composite cord or bundle can be engineered to endure a load
      just approaching the yield point exhibited by the composite cord when the
      organic filament is elongated to its yield point and the glass fibers or
      yarns are elongated the 2 to 3 percent which they are capable of and just
      below the yield point thereof. The combination yarn will thus break at a
      load that is approximately the same as the combined breaking strength of
      the glass and the organic elements. By a carefully selected overfeed of
      the glass components relative to the organic components, the organic can
      be made to yield, fully break or stretch only a limited amount before the
      glass elements take over. This is of considerable importance in
      reinforcement of rubber products such as tires inasmuch as it has been
      observed that the reinforcement plies in a tire (see FIG. 13) are
      subjected to different stresses. Thus, when a tire is subjected to a given
      impact as, for example, rolling over a stone or a curb, the cords of which
      the most radially outermost ply is formed will be subjected to the
      greatest deflection, while the next innermost ply and so on will be
      subjected to less deflection. Accordingly, in accordance with the present
      invention, it is envisioned that the plies and/or the particular regions
      of a tire or other vulcanized rubber product subjected to the greatest
      amount of deflection under load conditions will be reinforced with a
      reinforcement cord member in accordance with the present invention so
      designed as to embody the appropriate amount of deflection or
      extensibility capabilities. Thus, it may be appreciated that a composite
      cord can be provided which will endure a considerable elongation, taking
      advantage of the elongation capabilities of the organic component. By the
      appropriate spiral overfeed of the glass thereupon, the glass under normal
      and routine usage will experience no wear at all. On the other hand, it
      can be so engineered that at a given deflection, by reason of the
      appropriate spiral disposition and degree of overfeed of the glass
      components, when subjected to such phenomena, impact or deflection, the
      glass will become straightened out and as cushioned by the organic, either
      broken or elongated, assume the load, thus lending ultimately superior
      reinforcement at the appropriate time that it is needed.
PAR  In FIG. 13, there is disclosed a tire 120 of the present invention composed
      of annular spaced bead rings 122 and 124 composed of bead wires 125. The
      tire is a conventional four-ply bias tire and includes an innermost bias
      ply 126, a second ply 128, a third ply 130 and a fourth outermost ply 132.
      The carcass plies extend, as indicated, from bead to bead with reverse end
      turnup as shown in dotted outline. Carried at the crown portion of the
      carcass is a tread 133. The side wall is identified by the reference
      numeral 134. The individual cords in the adjacent plies extend in opposite
      directions as best shown in FIG. 14. In accordance with the present
      invention, the cords in bias ply 132 are formed of a composite or
      combination cord or yarn including extensible, usually organic, components
      and substantially inextensible, usually glass, components. The composite
      cord making up the outermost ply 132 is designed by the proper combination
      of organic and appropriate disposition or overfeed of the glass as to
      yield a composite cord having the greatest amount of deflection
      capabilities or elongation capabilities as compared to the cords in ply
      130 and, successively inwardly, the cords in ply 128 and the cords in ply
      126. In a tire of such construction, the glass component in each ply will
      come into play at a predetermined elongation of the organic component
      whereby the plies in aggregate will act more as a unit during load,
      thereby exhibiting more equal distribution of the load over all the plies.
PAR  In FIG. 16, there is disclosed a radial tire construction 140 of the
      present invention composed of spaced bead portions 142 and 144 containing,
      respectively interiorally thereof, annular bead rings 145 and 145'. The
      side wall carcass of this radial tire is composed of a radial ply 147; the
      individual cords of which proceed directly from bead to bead (as opposed
      to a bias construction) in perpendicular disposition to the peripheral
      centerline 148 of the tire. An inner cushion liner 150 extends from bead
      to bead underneath the radial ply 147. The tire includes a tread 151.
      Between the tread and the radial carcass ply 147 are situated a pair of
      belt plies 155 and 157; the individual cords of each of which extend on a
      bias, the cords in the plies 155 and 157 being oppositely inclined. This
      is best shown in FIG. 17. In accordance with the present invention, the
      belt plies are formed of different composite cords; that is, having
      different extension capabilities. Similarly, the cords of the radial ply
      are composed of a composite or combination cord having a differing
      extensibility and load characteristics as opposed to the belt plies 155
      and 157.
PAR  A particularly desirable tire construction is illustrated in FIG. 15
      identified by the reference numeral 160. This tire is composed of two
      carcass plies 162 and 164 which extend from bead to bead in the manner
      described in the tire of FIG. 13. The tire includes a ground contacting
      tread 166 having a peripheral centerline groove 168. Additional
      reinforcement for the tire is provided by belt plies 170 and 172. In
      accordance with the present invention, the carcass plies 162 and 164 are
      formed of mutually parallel cords which are combination cords as described
      herein. Similarly, the belt plies 170 and 172 are each formed of mutually
      parallel composite cords as described. The composite cords in the carcass
      bias plies 162 and 164 are oppositely inclined at an angle of
      29.degree.-38.degree. with the peripheral centerline 168. The cords of the
      respective belt plies 170 and 172 are also oppositely inclined at an angle
      of from 22.degree.-30.degree. with the peripheral centerline of the tire.
      The outermost ply 172 is composed of composite cords of greater
      extensibility than the ply 170. Likewise, bias carcass ply 162 is composed
      of composite cords of greater extensibility than the cords in ply 164.
PAR  In order that the advantages of the present invention may be realized to
      the fullest, it is desirable that the glass filament component of the
      composite yarn cords be first treated to provide protection against
      interfilament deterioration by reason of contact between adjacent
      filaments. Additionally, the glass strands and yarns are most desirably
      impregnated with an elastomeric impregnant. The surface treatment of the
      glass filament is accomplished at the forming stage of the filament; that
      is, as the filament is drawn from the bushing to be formed into a
      multi-filament strand. A suitable treatment involves spraying the filament
      with a liquid containing an amino silane having a carboxyl group in the
      organic group attached to the silicon atom or an amino or carboxyl group
      in the carboxylato group of a Werner Complex compound. Suitable
      formulations and techniques are disclosed in application Ser. No. 406,501,
      filed Oct. 26, 1964, entitled "Glass Fibers Treated For Combination With
      Elastomeric Materials and Method" and assigned to the same assignee of the
      present application. A typical size composition is composed of 0.5-2.0
      percent by weight gamma-aminopropyltriethoxy silane, 0.3-0.6 percent by
      weight of a lubricant and the remainder water.
PAR  Impregnation of a strand or a yarn composed of glass fibers is accomplished
      by passing the continuous strand or yarn through a bath of a suitable
      elastomeric impregnant. A suitable impregnant is composed of 60-40 parts
      by weight of a 38% dispersed solids system including a
      butadiene-styrene-vinyl pyridine terpolymer latex, a butadiene styrene
      latex and a resorcinolformaldehyde resin dispersed in 39 parts by weight
      of water. One such product is marketed by Uniroyal (formerly U.S. Rubber
      Company) under the trade name LOTOL 5440.
PAR  It is, of course, frequently desirable to apply the impregnant to the
      composite cord itself rather than to the subassembly composed exclusively
      of the gathered-together multiplicity of continuous glass filaments. As a
      matter of fact, in accordance with a preferred embodiment, the application
      of the impregnant is accomplished intermittently in a series of stations
      constituting the formation of the composite yarn or cord assembly. This is
      illustrated in FIG. 1 wherein the primary yarn is brought into contact
      with the conveyor belt 23, the secondary combination is brought into
      contact with the conveyor 31 and the ultimate composite yarn is further
      contacted with impregnant at the conveyor 39. This sequential application
      of impregnant provides a very desirable distribution of elastomeric
      impregnant throughout the composite cord assembly from the viewpoint of
      the interior composition of the ultimate combination cord.
PAR  The practice of the present invention envisions reinforced rubber products
      containing, as reinforcement, composite cords of an almost universal range
      of extensibilities. A composite yarn having an extensibility of 10 percent
      can be prepared by combination of Nylon filaments having about 20 percent
      stretch per se and glass filaments having about 3 percent stretch per se.
      Proper control of the amount of overfeed of the glass in the method as
      described will yield a composite yarn having the 10 percent extensibility.
      Combinations of polyester and glass with appropriate control of overfeed
      yield a composite yarn or cord of yet different properties, depending upon
      the amount of overfeed. Combination yarns and cords are producible
      representing a combination of three different fibers, e.g., a polyamide
      (Nylon), a polyester (Dacron) and fiber glass.
PAR  Tires in which the various plies include cords of variable extensibility in
      the manner as described herein are capable of functioning in a more
      readily forecastable manner by reason of the preferred constructions.
      Thus, the various plies can coact with adjacent plies in a manner not
      possible heretofore. To the present time, the various plies in the overall
      tire were possessed of the same extensibility since they were, in fact,
      formed of the same identical cord.
PAR  Tires featuring plies composed of cords in accordance with the present
      invention can be fabricated of less bulk by reason of the aggregate
      coaction achievable due to the variable extensibility cords. As a
      consequence, the sheer bulk of the carcass need not be as great as in
      conventional tires employing straight rayon, straight Nylon or straight
      polyester cords. As a consequence, the heat buildup is not as severe and
      failure due to heat deterioration of organic cords is substantially if not
      completely avoided.
PAR  It is within the purview of the present invention to form combination or
      composite cord constructions in the manner described, but featuring the
      substitution of small diameter stainless steel fibers for the organic
      subassemblies hereinbefore discussed. The Brunswick Corporation markets a
      range of small diameter continuous stainless steel fibers ranging in
      diameter from 0.0010 to 0.00010 inches. Composite cords featuring this
      combination, and, as well, tertiary combinations including fiber glass,
      stainless steel and organics, represent a blend possessed of a wide range
      of desirable properties suitable for rubber reinforcement, as well as in
      the manufacture of various fillers for gases and liquids.
PAR  The present invention likewise envisions the employment of the combination
      cords as disclosed herein in chopped form as additions to rubber stock to
      form admix stocks of various properties depending upon the degree of
      orientation of the chopped lengths and depending upon the amount of mixing
      employed in combining the chopped lengths into the elastomeric stock.
      Extended mixing will cause the cords to filamentize into filaments, thus
      losing the bundle integrity in which introduced. Admix stock containing
      both fibers and integral composite cords is a preferred form of admix
      stock in accordance with the present invention.
PAR  All obvious substitutions and modifications in materials, compositions,
      sequence of steps and rearrangement of apparatus are intended to be
      included within the scope of the present invention unless clearly
      violative of the language of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite cord construction comprising a substantially or essentially
      continuous core yarn and a continuous wrap of a second yarn, said second
      yarn being longer per unit length of said core yarn, said excess length of
      second yarn being present along said core yarn in spaced islands or
      regions along the length of said core yarn, said islands each comprising a
      given length of said second yarn in the form of a loop, initially starting
      at the core yarn, proceeding laterally outwardly to a midpoint and thence
      back to the core yarn, which described loop is wrapped about said core
      yarn so that the length of yarn in one-half of said loop proceeds in one
      spiral direction about said core yarn and the length of said yarn in the
      other half of said loop proceeds in the opposite spiral direction, and
      means for securing said second yarn about said core yarn.
NUM  2.
PAR  2. The composite cord construction as claimed in claim 1, wherein one of
      said core yarn and continuous wrap is formed of an assembled plurality of
      glass filaments.
NUM  3.
PAR  3. The composite cord construction as claimed in claim 2, wherein the
      continuous wrap of second yarn is formed of an assembled plurality of
      glass filaments.
NUM  4.
PAR  4. The composite cord construction as claimed in claim 1, wherein said
      means comprises an adhesive.
NUM  5.
PAR  5. The composite cord construction as claimed in claim 1, wherein said
      means comprises an impregnant.
NUM  6.
PAR  6. The composite cord construction as claimed in claim 5, wherein said
      impregnant is an elastomeric impregnant.
NUM  7.
PAR  7. The reinforcement cord as claimed in claim 6, wherein said impregnant is
      vulcanizable.
NUM  8.
PAR  8. The composite cord construction as claimed in claim 1, wherein said core
      is composed of a plurality of gathered stainless steel fibers ranging in
      diameter from 0.0010 to 0.00010 inches and said second yarn is formed of
      an assembled plurality of glass filaments.
NUM  9.
PAR  9. The composite cord construction as claimed in claim 8 which includes a
      third yarn formed of organic material, said third yarn being disposed
      similarly to said second yarn.
NUM  10.
PAR  10. The composite cord as claimed in claim 7 wherein said second yarn is
      formed of an assembled plurality of glass filaments.
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PAL  False-twist texturing processes which apply twist with hollow friction
      tubes, fitted at each end with a toroidal bushing, are improved by using a
      high friction bushing at the yarn inlet and a lower friction bushing at
      the yarn outlet. Further improvements are provided by adjustments in the
      yarn inlet and outlet angles, and the speeds of the bushing surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for producing false-twist textured
      yarn, and is more particularly concerned with applying false-twist to yarn
      with hollow friction tubes.
PAR  False-twist texturing processes have used a variety of devices for applying
      false twist. The hollow friction tube, fitted with a toroidal bushing of
      high friction material on each end, is a particularly preferred type of
      false twister. One advantage of such a twister is its high rate of twist
      generation, due primarily to the fact that many turns of twist are
      inserted into the traveling yarn for each rotation of the tube. Such tubes
      are, moreover, relatively easily and inexpensively fabricated. Stringup of
      yarn through their relatively large axial openings is simple, and they are
      small enough to be readily positioned on existing yarnhandling equipment
      such as uptwisters, downtwisters, draw twisters, and the like. When
      increased torque is desired for obtaining a given degree of twisting, two
      (or more) hollow friction tubes may be used in series, as is known.
PAR  Hollow friction-twist tubes have been fitted at each end with identical
      toroidal bushings of deformable elastomeric material with high
      yarn-to-bushing friction and good resistance to wear. Generally the
      materials used for bushings comprise either hard rubber or synthetic
      elastomers (e.g., polyurethanes).
PAR  As higher and higher processing speeds are attempted, eventually a point is
      reached at which yarn instability occurs with the result that twist
      insertion becomes erratic and spaced twisted sections of yarn slip through
      the friction tube. The onset of instability can be moved to a greater yarn
      speed by increasing the yarn tension so as to keep the yarn more firmly in
      contact with the friction surfaces. This approach, however, quickly leads
      to tensile failure of the yarn being processed. Moreover, increase of yarn
      tension during false twisting undesirably increases the amount of
      shrinkage of the packaged yarn.
PAR  Chimura et al. disclose in German Patent No. 2,245,468, dated Apr. 5, 1973,
      that it is possible to produce a uniform and strong crimp even at a yarn
      running velocity of above 300 meters per minute, and to produce thereby a
      uniform crimped and bulked yarn, when the value of 1000 V/S is between
      300-D and 500-D, and the ratio of T.sub.2 /T.sub.1 is below 2, where:
PA1  V is the yarn running velocity in m/min. on the frictional surface
      producing the twist,
PA1  S is the peripheral velocity in m/min. in the middle of the frictional
      surface part cooperating with the yarn,
PA1  D is the denier count of the yarn to be crimped,
PA1  T.sub.1 is the yarn tension in grams at the inlet side of the twist
      producing tube, and
PA1  T.sub.2 is the yarn tension in grams at the exit side of the twist
      producing tube.
PAL  The patent teaches that the process can be used with all thermoplastic
      synthetic yarns for which false twisting is possible. The process is
      illustrated with conventional polyester an polyamide feed yarns; the
      illustrations include ones where the operations of drawing and false-twist
      texturing are combined. The false-twist texturing equipment disclosed
      appears to be conventional except for the use of a cooling roll between
      the heater and the false-twist tube. Most of the illustrations use a tube
      fitted at each end with a toroidal bushing of a wear and tear resistant
      material with a high frictional value, polyurethane being the only
      material mentioned, and having an inner diameter of 35 mm. at the middle
      part of the surface cooperating with the yarn.
PAR  The present invention is an improvement over processes such as that of the
      above patent.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a more favorable distribution of yarn tensions
      between the inlet and outlet bushings with a higher level of applied
      torque, resulting in more crimp or bulk in the false-twist textured
      product. The invention also provides a higher tension level upstream of
      the twister for any given tension level downstream from the twister. A
      higher level of torque application can be used without encountering twist
      slippage past the twister. The invention also provides for generally lower
      tensions downstream of the twister to reduce yarn shrinkage in the product
      without loss of bulk.
PAR  The improvements in the false-twist texturing process comprise feeding the
      yarn under a tension T.sub.1 from the heater over a high friction toroidal
      surface located at an end of a friction-twist tube at an angle .alpha. of
      at least 85.degree. to the yarn path, then passing the yarn over a low
      friction toroidal surface located at an end of a friction-twist tube at an
      angle .beta. of less than 80.degree. to the yarn path and having a surface
      velocity no greater than that of the high friction surface, and
      withdrawing the yarn from the friction-twist tube under a tension T.sub.2
      where T.sub. 2 /T.sub.1, has a value of 1 to 2.
PAR  The angles .alpha. and .beta. are angles between the axis of revolution of
      the toroidal surfaces and the yarn path to or away from the surface, as
      measured around the outside of the toroidal surface. The angle .alpha. is
      preferably from 90.degree. to 110.degree. , and the angle .beta. is
      preferably from 50.degree. to 80.degree.. The toroidal surfaces are
      usually formed by gaskets inserted in opposite ends of a hollow
      friction-twist tube, but can be positioned in different tubes of a
      twisting device.
PAR  The second toroidal surface must provide a lower yarn-on-surface friction
      than the first surface. This can be accomplished by using gaskets of
      different materials which differ in surface friction, e.g., polyurethane
      and apiprene, of polyurethanes of different hardness. Preferably, a
      synthetic elastomer is used for the high friction surface and an extremely
      hard material, such as nickel-boron, is used for the low friction surface.
      Gaskets of the same shape and dimensions can be used. Preferably, the low
      friction surface has a lower surface velocity than the high friction
      surface, which further decreases the effective friction of the yarn. This
      can be accomplished by using toroidal surfaces which have different inner
      diameters, or by mounting the low friction gasket on a separate twisting
      tube which is rotated at a lower speed than the twister tube having the
      high friction surface.
PAR  It is quite surprising to find that decreasing the friction of the second
      surface, while keeping constant conditions at the high friction surface,
      increases the applied turns per inch of yarn twist and results in higher
      yarn crimp and bulk in the final product.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of one embodiment of the process and
      suitable apparatus for use in the process.
PAR  FIG. 2 is an enlarged cross-sectional view on a plane passing through the
      axis of the false twist rotor to show the configuration of the
      yarn-engaging bushing.
PAR  FIG. 3 is a schematic representation of another embodiment of the process
      and suitable apparatus for use in the process.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, undrawn yarn 10, from a suitable source, passes through
      guide 12 to cot roll 14, passes part way round the cot roll and then
      through the nip between the cot roll and driven feed roll 16. From the
      feed roll, the yarn passes around unheated draw pin 18 and takes several
      turns about draw roll 20 and its associated separator roll 22. The
      relative speeds of the feed roll and the draw roll are adjusted to provide
      the required draw ratio. Drawn yarn 24 departs from the draw roll
      tangentially through the nip with a spring-loaded nip roll (not shown)
      which prevents back-up of false twist around draw roll 20. Drawn yarn 24
      then passes axially through the central opening of heater 26, which is a
      double helix of electrical resistance wire as described in Example I of
      U.S. Pat. No. 3,732,395. Yarn temperature at exit from heater 26 is about
      185.degree.C. The yarn heater utilized to provide the desired yarn
      temperature at this point may be of any type customarily employed for heat
      setting during false twisting. Yarn 24 is then twisted and untwisted in a
      false twist step, as is fully understood.
PAR  The false twist device employed is an electric motor 28 having a hollow
      rotor (not shown) to which is attached, at each of its 2 ends, a
      polyurethane bushing. FIG. 2 shows the cross-section of each bushing as
      obtained in a plane passing through the axis of rotation 34 of the rotor
      of motor 28. In FIG. 2, yarn progresses along directions 53 for an inlet
      bushing (reversed for outlet bushings) in contact with surface 50 of the
      bushing 51. Bushing 51 fits into the end of the hollow rotor 52 of the
      electric motor. As shown in FIG. 2, the inside of the hollow rotor is
      vertically above bushing 51 and extends to the left.
PAR  All the bushings used in the examples have identical sizes and shapes. They
      fit into the end of a hollow rotor having a 0.783 inch inside diameter to
      leave an opening through the torus-shaped bushing which is 0.625 inch in
      diameter. Overall length of each bushing (left to right in FIG. 2) is 0.58
      inch, and outside maximum bushing diameter is 1.27 inches.
PAR  Referring again to FIG. 1, yarn 24 enters the twister around the lip of
      inlet bushing 30 and leaves around the lip of outlet bushing 32. The yarn
      path is characterized by inlet angle .alpha. and outlet angle .beta. with
      respect to the axis 34 of rotation of the bushings. Inlet angle .alpha. is
      preferably established solely by angular orientation or motor 28. Outlet
      angle .beta. may require the use of an additional yarn guide near bushing
      32. From bushing 32, textured yarn 24 takes several wraps around draw roll
      20 and separator roll 22 before passing via guide 36 to customary
      ring-and-traveler windup on pirn 38.
PAR  As shown in FIG. 3, undrawn yarn 60 from a suitable source is forwarded by
      passage through the nip between driven feed roll 64 and associated cot
      roll 62. Proceeding via guides 65, yarn 60 runs against hot plate 66 up to
      and through the hollow rotor (not shown) of electric motor 68. Inlet 70
      and outlet 72 bushings of polyurethane are fastened to the ends of the
      hollow rotor. Yarn 60 contacts only the exposed surfaces of bushings 70
      and 72 in passing through the rotor. Because the bushings rotate at high
      speed about axis 74, their frictional contact with running yarn 60 imparts
      a high level of false twist, as is well understood. Bushings 70 and 72 are
      geometrically identical to those discussed above. The twisted and
      untwisted yarn then passes to draw roll 76 and makes several turns around
      draw roll 76 and associated separator roll 78. The ratio of the peripheral
      velocity of draw roll 76 to that of feed roll 64 is the draw ratio, the
      actual drawing of the yarn occuring during the initial stage of heating on
      hotplate 66. Drawn and textured yarn 80 proceeds to windup as indicated in
      FIG. 1.
PAR  In the examples which follow, the following definitions and test methods
      apply.
PA0  Denier. This is the weight in grams of 9000 meters of yarn which is
      extended to remove the applied crimp. The weight of a much shorter length
      is actually measured and then converted to denier.
PA0  Crimp Index (CI) and Crimp Shrinkage (CS). A 750 denier skein of yarn is
      prepared by winding the requisite number of turns onto a reel to yield a
      skein which is about 55 cm. long when suspended freely with a weight
      attached at its bottom. The denier of the collapsed skein is, of course,
      twice that of the wound skein, i.e., 1500 denier. Initially at 500 gm.
      weight is suspended from the skein and, after 1 minute, its length L.sub.1
      is measured and recorded. The 500 gm. weight is then replaced with a 1.8
      gm. weight, the skein is exposed to 100.degree.C. steam at atmospheric
      pressure for 1 minute, it is dried in air for 10 minutes, and then its
      crimped length L.sub.2 is measured and recorded. Finally, the 500 gm.
      weight is again attached and, after 1 minute, extended length L.sub.3 is
      measured and recorded.
      ##EQU1##
      Turns per inch (TPI). This is a measure of the twist actually inserted by
      the hollow friction-twist tube. While the yarn is being processed, a
      sampling device very similar to a mousetrap is used to snatch a sample
      from the twist region immediately adjacent to the inlet bushing of the
      twister. The turns in a known length of the snatched sample are directly
      counted, the count being converted to turns per twisted inch.
PA0  Crimps per inch-restrained (CPIR). A length of textured yarn is removed
      from its package and taped to a black felt board without permitting any
      twist to occur. Two filaments are carefully separated out from the yarn so
      as to be parallel with about 0.75 inch separation. One pair of adjacent
      ends is fastened to a piece of adhesive tape cut to provide 7 mg./denier
      tension (weight in mg. is 14 times the denier per filament). The other
      pair of adjacent ends is also fastened to a piece of adhesive tape by
      which the assembly is suspended. Saturated steam is played onto the
      assembly for 1 minute and then the parallel filaments are taped to a glass
      microscope slide while still suspended in air. After the ends are cut off,
      a half inch length of one filament is projected optically onto a
      projection screen from which the number of crimps developed is counted.
      This count, multiplied by 2, is CPIR.
PAC  EXAMPLE I
PAR  This example uses process and apparatus embodiments disclosed in FIG. 1,
      and described previously, to treat undrawn, three-filament,
      polyhexamethylene adipamide yarn. After drawing the yarn is 18 denier.
PAR  Several yarns are produced, using the process conditions shown in Tables I
      and II. Inlet bushings G are always identical, having a high
      yarn-to-bushing friction. Outlet bushings A are of lower yarn-on-bushing
      friction than the inlet bushings, and outlet bushings G, which are
      identical to the inlet bushings, are used in comparison tests. Varying
      outlet angles (.beta.) are also employed. The peripheral speed of the draw
      roll is 700 yards per minute to provide a draw ratio of 4.100 (ratio of
      drawn to undrawn length) in each test.
PAR  As an indication of relative yarn-on-bushihing friction levels for the "G"
      and "A" bushings, tension measurements are made on yarns being processed
      as shown in FIG. 1 and described above except that two hollow-rotor
      electric motors are used. The first motor has only an exit bushing about
      which the yarn changes direction by 80.degree. while in contact. The
      second motor has only an inlet bushing about which the yarn makes a
      further change in direction of 50.degree. while in contact. A distance of
      3 inches separates the two bushings. Both electric motors rotate at 16,200
      rpm. Tension (T.sub.1) on the yarn just prior to contacting the bushing of
      the first motor and tension (T.sub.2) on the yarn just after contacting
      the bushing of the second motor are measured. When both bushings are G
      bushings, T.sub.1 = 4.0 gm., T.sub.2 = 23.5 gm., and T.sub.2 /T.sub.1 =
      5.88. When both bushings are A bushings, T.sub.1 = 6.5 gm., T.sub.2 = 22
      gm., and T.sub.2 /T.sub.1 = 3.38. While the precise equation for computing
      friction coefficient from this arrangement of parts is not known, it is
      well known that friction coefficient (f) is approximately proportional to
      the logarithm of T.sub.2 /T.sub.1. Thus,
      ##EQU2##
      clearly showing a significantly lower friction coefficient for the A
      bushings.
PAR  Table I present the process variations used for the tests. Table II
      presents the twist and tension results obtained.
TBL                TABLE I                                                     
     ______________________________________                                    
     PROCESS VARIATIONS                                                        
     Bushing      Motor Speed    Angles (degrees)                              
     Test    In    Out    RPM          .alpha. .beta.                          
     ______________________________________                                    
     1A      G     G      20,000       85      50                              
     1B      G     A      20,000       85      50                              
     1C      G     A      20,000       85      85                              
     1D      G     A      24,000       85      50                              
     1E      G     A      24,000       85      50                              
     1F      G     A      24,000       85      80                              
     1G      G     G      24,000       85      80                              
     ______________________________________                                    
TBL                table ii                                                    
     ______________________________________                                    
     twist and tension results                                                 
                 tension (gm.)                                                 
                              Outlet/Inlet                                     
     Test TPI          In       Out     Tension Ratio                          
     ______________________________________                                    
     1A   131          7        17.2    2.46                                   
     1B   148          9        16      1.78                                   
     1C   162          81/2     181/2   2.18                                   
     1D   158          8        16      2.00                                   
     1E   167          10       17      1.70                                   
     1F   171          10       141/2   1.45                                   
     1G   171          7        181/2   2.64                                   
     ______________________________________                                    
PAR  Test 1A is a comparison test using identical inlet and outlet bushings.
      Test 1B is like Test 1A in every respect except that the lower friction A
      bushing is used at the outlet. Higher applied twist (TPI) and lower
      tension ratio result. Test 1C duplicates Test 1B except that outlet angle
      .beta. is increased from 50.degree. to 85.degree.. Applied twist increases
      further, but at an increased tension ratio. Tests 1D through 1G generally
      repeat tests 1A to 1C, but at a higher twist-motor speed. Comparing 1D
      with 1B, more twist is inserted at about the same tension ratio. Test 1F
      repeats Test 1D except for increasing outlet angle .beta.. Slightly
      increased twist results, but the tension ratio is surprisingly reduced.
      Test 1G is like Test 1F except for use of identical inlet and outlet
      bushings, which is seen to dramatically increase the tension ratio.
PAR  The above data demonstrate that the use of lower-friction outlet bushings
      results in the insertion of more twist and a reduction of the ratio of
      outlet to inlet yarn tensions. Proper selection of outlet angle .beta. is
      also important, but does not change the above conclusions.
PAC  EXAMPLE II
PAR  This example uses process and apparatus embodiments disclosed in FIG. 3,
      and described previously, to treat undrawn feed yarn.
PAR  Spun polyhexamethylene adipamide yarn with seven filaments and a total
      denier of 53 is drawn and false twisted as described. Yarn speed on draw
      roll 76 is 850 yd./min. to provide a draw ratio of 2.619. Hot plate 66 is
      20 inches long and heated to 230.degree.C. surface temperature. Yarn 60
      contacts hot plate 66 only along 10 inches of its length. Inlet yarn angle
      .alpha. is 90.degree., and outlet angle .beta. is 69.degree.. Rotational
      velocity of bushings 70 and 72 is 30,000 rpm. Windup of drawn and textured
      yarn 80 is at a yarn speed 5.3% less than the draw-roll velocity. Bushing
      friction is indirectly measured in terms of hardness in degrees of
      International Rubber Hardness using a Shore Type A Durometer (ASTM Test
      No. D1415-56T). The harder the bushing, the lower is the yarn-to-bushing
      friction.
PAR  In test 2A, the inlet bushing has a Shore A hardness of 80.degree. and the
      outlet bushing a Shore A hardness of 97.degree.. In comparison test 2B,
      both bushings have a Shore A hardness of 80.degree.. Yarn tension T.sub.1
      immediately prior to reaching bushing 70 and yarn tension T.sub.2
      immediately after leaving bushing 72 are measured (Any customary yarn
      tensiometer suffices. A Rothschild electronic tensiometer is employed).
      Critical processing parameters are given in Table III, and yarn properties
      obtained are shown in Table IV. It is seen that use of a lower friction
      outlet bushing (Test 2A), as compared to use of identical inlet and outlet
      bushings (Test 2B) results in lower crimp shrinkage (CS), increased
      stretch (CI), lower T.sub.2 /T.sub.1 ratio, and a higher level of input
      tension T.sub.1.
PAC  EXAMPLE III
PAR  This example duplicates Example II in all respects except for increasing
      inlet angle .alpha. to 100.degree.. Test 3A uses bushings identical to
      those of Test 2A; and Test 3B is a comparison test using bushings
      identical to those of Test 2B. As in Example II, critical process and
      product properties are shown in Tables III and IV. Again it is seen that
      the use of lower friction outlet bushings provides lower crimp shrinkage
      (CS), increased stretch (CI), lower T.sub.2 /T.sub.1 ratio, and a higher
      level of input tension T.sub.1. It is seen further that use of an inlet
      angle .alpha. exceeding 90.degree. results in still further improvements
      of the same kind.
PAC  EXAMPLE IV
PAR  Example III is repeated identically in every respect except for reducing
      outlet angle .beta. from 69.degree. to 62.degree.. Comparison of Test 4B
      with comparison Test 4A confirms the previous improvements resulting when
      the outlet bushing is of lower friction than the inlet bushing. Comparison
      of Test 4A with Test 3A, or Test 4B with Test 3B, shows that reduction of
      outlet angle .beta. affects results very little. There is, however, a
      slight desirable shift of outlet tension T.sub.2 to the inlet side
      (T.sub.1). Crimp shrinkage (CS), on the other hand, is significantly
      increased.
PAC  EXAMPLE V
PAR  The process as shown in FIG. 3 and generally as described in Example II is
      employed to produce four-filament false-twist textured yarns of
      polyhexamethylene adipamide. The undrawn feed yarn is one designed to
      provide a nominal total denier of 18 when drawn. The draw ratio employed
      is 3.878 at a draw roll peripheral speed of 870 yd./min. The yarn contacts
      the full 20-inch length of the hot plate, which has a surface temperature
      of 189.degree.C. The twister bushings rotate at 33,000 rpm. Inlet angle
      .alpha. is 90.degree., and outlet angle .beta. is 69.degree.. In Test 5A,
      the inlet bushing is of polyurethane having a Shore A hardness of
      80.degree.. The outlet bushing, however, is a geometrically identical
      bushing of acrylonitrile-butadiene-styrene) (ABS) polymer coated with a
      smooth uniform layer of nickel-boron to a thickness of about 0.001 inch.
      This coating is applied by tumbling the preformed ABS bushing in an
      electroless plating bath at a pH of about 6.4 and a temperature of
      55.degree.C. The electroless plating bath is composed of: 50 gm./l. of
      nickel acetate, 25 gm./l. of dihydrated sodium citrate, 25 gm./l. of
      lactic acid, 2.5 gm./l. of dimethylamine borane, 0.1 gm./l. of
      thiodiglycolic acid, and 0.1 gm./l. of a commercial wetting agent. The
      smooth coated bushing is too hard to obtain a meaningful reading using the
      Shore Type A Durometer (i.e., it reads 100.degree.). In comparison Test
      5B, both bushings are identical polyurethane bushings having a Shore A
      hardness of 80.degree.. Again it is shown that a lower friction outlet
      bushing decreases crimp shrinkage (CS), increases stretch obtained (CI),
      and very favorably decreases the outlet-to-inlet tension ratio while
      simultaneously increasing the level of inlet tension.
TBL                TABLE III                                                   
     ______________________________________                                    
     PROCESS VARIATIONS                                                        
     Bushing Hardness                                                          
     Shore A       Angles    Tension   Outlet/Inlet                            
     (degrees)     (degrees) (gm.)     Tension                                 
     Test In      Out      .alpha.                                             
                                .beta.                                         
                                     In   Out  Ratio                           
     ______________________________________                                    
     2A   80      97       90   69   11.8 16.0 1.36                            
     2B   80      80       90   69   8.0  17.8 2.22                            
     3A   80      97       100  69   11.5 15.4 1.34                            
     3B   80      80       100  69   8.5  18.0 2.12                            
     4A   80      97       100  62   11.8 15.3 1.30                            
     4B   80      80       100  62   9.5  16.8 1.77                            
     5A   80      &gt;100     90   69   10.7 10.8 1.01                            
     5B   80      80       90   69   8.6  13.6 1.58                            
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
     YARN PROPERTIES                                                           
     Test Denier     Elongation (%)                                            
                                 CI (%)     CS (%)                             
     ______________________________________                                    
     2A   21.3       32          54.1       6.3                                
     2B   21.4       36          49.5       7.1                                
     3A   21.4       36          56.7       6.0                                
     3B   21.3       38          54.9       6.7                                
     4A   21.5       38          55.7       6.9                                
     4B   21.6       37          55.3       7.5                                
     5A   17.8       22          67.1       3.1                                
     5B   17.7       22          66.6       3.6                                
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  This example shows the effect of operating the inlet and outlet bushings at
      different peripheral twisting velocities. Processing is as described in
      Example I, but using two hollow-rotor motors each with one bushing as
      described for determination of relative friction coefficients of the two
      types of bushings. In this example, both bushings are of the G variety.
      Inlet angle .alpha. is 85.degree. and outlet angle .beta. is 50.degree..
      Peripheral velocity of the draw roll is 700 yd./min. Results are:
TBL  Motor Speed              Tension                                          
     (RPM/1000)   Tension (gm.)                                                
                              Ratio                                            
     Test    In    Out    In     Out  (T.sub.2 /T.sub.1)                       
                                              TPI  CPIR                        
     ______________________________________                                    
     6A   20       20     6      17   2.8     154  18                          
     6B   22       20     7      20   2.8     158  21                          
     6C   24       20     8      18   2.2     167  22                          
     ______________________________________                                    
PAL  It is apparent that, as the peripheral velocity of the outlet bushing
      becomes progressively less than that of the inlet bushing, more tension is
      transferred to the inlet bushing. Both applied twist (TPI) and crimp level
      developed (CPIR) increase correspondingly.
PAR  In a comparable process utilizing a single twist tube with a bushing on
      each end, the same results are obtained if the outlet bushing has a
      smaller effective diameter for its yarn-contact surfaces.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the false-twist texturing process wherein synthetic thermoplastic
      yarn is passed continuously through a heating zone and through one or more
      hollow friction-twist tubes fitted with toroidal bushings to heat-set
      latent crimp in the yarn; the improvements which comprise feeding the yarn
      under a tension T.sub.1 from the heating zone over a high friction
      toroidal surface of a synthetic elastomer located at an end of a
      friction-twist tube at an angle .alpha. of at least 85.degree. to the yarn
      path, then passing the yarn over a low friction toroidal surface of an
      extremely hard material located at an end of a friction-twist tube at an
      angle .beta. of 50.degree. to 80.degree. to the yarn path and having a
      surface velocity no greater than that of the high friction surface, and
      withdrawing the yarn from the friction-twist tube under a tension T.sub.2
      where T.sub.2 /T.sub.1 has a value of 1 to 2.
NUM  2.
PAR  2. The process defined in claim 1 wherein the angle .alpha. is from
      90.degree. to 110.degree..
NUM  3.
PAR  3. The process defined in claim 1 wherein the toroidal surfaces are formed
      by gaskets inserted in opposite ends of a hollow friction-twist tube.
NUM  4.
PAR  4. The process defined in claim 1 wherein the toroidal surfaces are formed
      by gaskets positioned in different friction-twist tubes.
NUM  5.
PAR  5. The process defined in claim 1 wherein the toroidal surfaces are formed
      by gaskets of different materials which differ in surface friction.
NUM  6.
PAR  6. The process defined in claim 1 wherein the low friction surface has a
      lower surface velocity than the high friction surface.
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ABST
PAL  Timing apparatus comprising a housing having a fluid-containing conduit and
      a body movable in the conduit under the influence of gravity includes a
      valve for controlling circulation of fluid in the conduit and thereby
      controlling the time elapsed during movement of the body between
      preselected locations. The housing supports a magnet for sliding movement
      when the body descends to its lowermost location and a member responsive
      to such magnet movement initiates audible output indication.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to timing apparatus and more particularly
      to devices in which the passage of a specified time interval is determined
      by gravity-induced movement of a body through a fluid medium.
PAC  BACKGROUND OF THE INVENTION
PAR  In various time-based games and the like, inexpensive clock mechanisms are
      unsatisfactory for a number of reasons, not the least of which is the
      continuous distraction they present due to ticking and like audible
      effects of jointly moving parts. Thus, in games involving the completion
      of mental activity within a prescribed time period, the provision of a
      distracting indication, i.e., a sound, is evidently desirable only at the
      expiration of the involved time period. In addition to their continuous
      distraction, inexpensive clock mechanisms have generally inadequate
      durability and are often the one element of a game determining the period
      of usefulness thereof.
PAR  Timing apparatus of the type in which a body is movable through a viscous
      fluid to measure preselected time intervals is well known in the art, as
      evidenced typically in U.S. Pat. Nos. 2,714,927, 3,025,665, 3,111,004,
      3,166,839, 3,240,007 and 3,533,229. These devices, simple in structure,
      durable and relatively inexpensive, are completely noiseless in operation,
      to the extent of providing no output indication of the expiration of the
      measured time period. Thus, it is incumbent upon the user to observe the
      movement of the body at the end of its travel to determine the ending of
      the time period. A further shortcoming of such known noiseless devices,
      insofar as they are adapted to measure different time intervals, is their
      requirement for structure parent to the fluid-containing housing thereof
      for tilting the same to define an off-vertical descent path for the
      movable body.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide durable and inexpensive
      timing apparatus which is noiseless in the course of its measurement of
      the passage of a time interval and provides terminal output indication.
PAR  It is a further object of the invention to provide durable and inexpensive
      timing apparatus which is readily adjustable to provide for the
      measurement of the passage of different time intervals.
PAR  In the attainment of the foregoing and other objects the invention provides
      timing apparatus comprising a housing having a fluid-containing conduit, a
      body movable in the conduit from a first to a second location and means
      for controlling circulation of fluid in the conduit to thereby control the
      time elapsed in gravity-induced movement of the body between the first and
      second locations. The fluid circulation control is preferably effected by
      a valve adjustably restricting fluid flow in one direction, i.e., during
      time interval measurement, and providing substantially unrestricted fluid
      flow in reverse direction upon inverting the housing to ready the timing
      apparatus for further use. Timing apparatus according with the invention
      preferably incorporates a magnet movable in the housing upon passage of
      the measured time interval and means responsive to such magnet movement to
      provide audible output indicative thereof.
PAR  The foregoing and other objects and features of the invention will be
      evident from the following detailed description of preferred embodiments
      thereof and from the drawings wherein like reference numerals identify
      like parts throughout.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of timing apparatus in accordance with
      the invention with housing 12 vertically sectioned to show parts therein
      unsectioned.
PAR  FIG. 2 is a sectional plan view as seen from the plane II--II of FIG. 1.
PAR  FIG. 3 is a sectional plan view from the plane III--III of FIG. 1.
PAR  FIGS. 4(a) and 4(b) are front elevational enlarged views of embodiments of
      stop members for use in the FIG. 1 apparatus.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 through 3, timing apparatus 10 is comprised of a
      plastic translucent housing 12 upstanding from base legs 12a and 12b and
      defining endless conduit means comprising a first conduit or passage 14,
      generally vertically extending and a second conduit 16 connected endwise
      across conduit 14 in the vicinity of end walls 14a and 14b thereof.
      Conduit 14 is preferably of circular cross section and a body 18,
      desirably a solid spherical body, e.g., a steel ball, is disposed in
      conduit 14 for gravity-induced movement between end walls 14a and 14b,
      which respectively define first and second locations in the housing
      between which body 18 is movable. Conduits 14 and 16 contain a viscous
      liquid L which may circulate therebetween during operation of the timing
      apparatus as discussed below.
PAR  In accordance with the invention, means are included in the FIG. 1
      apparatus for controlling circulation of fluid through conduits 14 and 16,
      thereby controlling the time which may elapse in gravity-induced movement
      of body 18 between end walls 14a and 14b. Such fluid circulation control
      means in the FIG. 1 apparatus are situated in conduit 16 and take the form
      of a valve 20 disposed in conduit 16 adjacent and vertically below end
      wall 14b. Valve 20 includes a fluid conducting element 22 slidably movable
      in conduit 16 and comprising a hollow sleeve having an outer diameter
      slightly less than the diameter of the encircling portion of conduit 16.
      Valve 20 further includes a valve seat defined by walls 16a and 16b of
      conduit 16 and a valve controller 24 adapted to variably position element
      22 in relation to the valve seat when housing 12 is in its illustrated
      upstanding disposition. Controller 24 includes a stem 26, a star-shaped
      support 28 (FIG. 2) engageable with element 22 and a screw 30 integral
      with stem 26, having threads engageable with counterpart threads in the
      housing and adjustable exteriorly of the housing through a suitable
      opening in base plate 32. In the illustrated setting of screw 30, stem 26
      and support 28 position element 22 in a manner partially closing valve 20
      and restricting the flow of fluid from conduit 14 through element 22 and
      into conduit 16. If screw 30 is adjusted such that element 22 is
      positioned in its lowermost position, element 22 and the valve seat are in
      valve closing engagement and define a condition of minimum circulation of
      fluid between conduits 14 and 16, i.e., as permitted by the amount of
      clearance between element 22 and the encircling portion of conduit 16. As
      such, controller 24 and conduit walls 16a and 16b comprise a virtual
      closure means for element 22.
PAR  The rate of gravity-induced movement of body 18 in conduit 14 is least
      under the last-described circumstance. Thus, where minimum fluid
      circulation occurs between conduits 14 and 16, the rate of descent of body
      18 is a function of the viscosity of the contained fluid, the density of
      the body, the amount of clearance between body 18 and the encircling wall
      of conduit 14, and the amount of clearance between element 22 and the
      encircling portion of conduit 16. Conversely, when screw 30 is adjusted to
      position the element 22 in its uppermost position, i.e., wherein support
      28 is upward of conduit walls 16a and 16b, fluid circulation between
      conduits 14 and 16 is relatively unrestricted and the rate of descent of
      body 18 is dependent on fluid viscosity, body 18 density, the clearance
      between body 18 and the encircling wall of conduit 14 and the respective
      diameters of conduits 14 and 16.
PAR  In use of the timing apparatus of the invention, screw 30 is initially set
      and gravity-induced movement of body 18 from its first location to its
      second location is timed by an independent calibrating time piece. Screw
      30 is then adjusted repeatedly until gravity-induced movement of body 18
      between such locations occurs coincidently with expiration of the time
      period desired. Graduation marks may be inscribed on the face of the
      housing overlying conduit 14 to aid in rapid adjustment of screw 30.
PAR  In order to dispose body 18 in its first location, i.e., at end wall 14a of
      conduit 14, and thus set the timing apparatus for use, the timing
      apparatus is inverted from its illustrated upstanding disposition. As this
      occurs, element 22 is slidably displaced by gravity, assisted by fluid
      flow in the same direction, and abuts against end wall 16c of conduit 16.
      Since element 22 is now remotely positioned both from the valve seat and
      support 28, support 28 being fixedly secured to stem 26, there is
      substantially unrestricted fluid flow between conduits 14 and 16. Under
      this condition, as contrasted with the adjustable restricted fluid flow
      when the housing is upstanding, body 18 experiences a rate of
      gravity-induced movement toward end wall 14a greater than its
      above-considered adjustable rate of gravity-induced movement toward end
      wall 14b, thus facilitating rapid setting (or resetting) of the apparatus.
PAR  In a further aspect of the invention, the timing apparatus of FIG. 1
      includes an arrangement conveniently dispensing with the customary need to
      observe the movement of a body in a viscous fluid timing device. Thus, in
      the illustrated apparatus output indication is provided upon the passage
      of the time interval of concern. For this purpose, housing 12 defines, in
      addition to conduit or passage 14, additional generally vertically
      extending passages 34 and 36. Passage 36 is shaped in inverted L-form with
      the upper portion thereof inclining downwardly from the horizontal. A
      magnet 38 is disposed in passage 34 for movement between the end walls
      thereof and a spherical body 40 is situated in passage 36 for movement
      therein. The exit or lower end of passage 34 is arranged adjacent base
      plate 32. Body 18 has greater mass than does body 40 and both body 18 and
      body 14 are comprised of magnetically-attractable material, i.e., a
      material that is attracted to magnets, such as a ferromagnetic material.
PAR  With the parts arranged as in FIG. 1 and body 18 in the midst of
      gravity-induced movement toward end wall 14b, magnet 38 is situated at the
      lower end wall of passage 34 by gravity influence on the magnet and by
      magnetic attraction of body 40. Body 40 ia impeded from moving outwardly
      of the upper portion of passage 36 by magnetic force of attraction between
      magnet 38 and body 40. As body 18 moves further downwardly into its second
      location, at end wall 14b, the magnetic force of attraction between body
      18 and magnet 38 exceeds the magnetic force of attraction then existing
      between body 40 and magnet 38, with resulting movement of magnet 38 to the
      upper end wall of passage 34. On this occurrence, magnetic attraction
      between bodies 38 and 40 is insufficient to hold body 40 in place against
      the force of gravity and body 40 moves out of the upper portion of and
      throughout passage 36 and strikes base plate 32 providing audible output
      indication. Upon inversion of the timing apparatus, body 18 moves toward
      and is eventually repositioned in its first location and body 40 is
      repositioned in the upper portion of passage 36. With body 18 outside of
      the sphere of magnetic influence thereof, magnet 38 moves toward and
      reassumes its motion-impeding magnetic influence upon body 40.
PAR  Where the timing apparatus thus described is subject to environmental
      vibrations and the like, occasions can arise where body 40 may be jarred
      free of the retaining magnetic influence of magnet 38. The upper portion
      of passage 36 is downwardly inclined and on such occasions body 40 thus
      experiences a sideward force component when it engages the floor of such
      upper passage portion and tends to move outwardly thereof. To impede
      movement of body 40 under these circumstances, a mechanical motion
      impeding or stop means in the form of stop member 42 is preferably
      employed. The lower end wall of passage 34 defines an opening extending
      into passage 36. In a first embodiment, stop member 42 is desirably in the
      form of a pin [FIG. 4(a)] movable in such opening and positionable so as
      to extend into passage 36 to provide selective physical impediment to
      sideward motion of body 40, i.e., is fixedly positioned in the passage
      only when magnet 38 is supported on the lower end wall of passage 34 and
      exerts downward force on the pin, such force being the combined weight of
      magnet 38 and its force of attraction to body 40. Stop member 42 is thus
      of such weight that it alone exerts no lasting physical restraint on
      sideward movement of body 40. Accordingly, when magnet 38 moves to the
      upper end wall of passage 34, the stop member is readily displaced
      upwardly and out of the path of gravity-induced movement thereof by body
      40 impinging against inclined plane 42c. Member 42 is comprised throughout
      of non-magnetically permeable material in this first embodiment. As shown
      in FIG. 4(b), in a second embodiment, stop member 42' includes a head
      portion 42a' comprised of magnetically-attractable material and a
      non-magnetic shaft 42b' extending from the head portion and movable into
      passage 36. In this arrangement, magnet 38 engages portion 42a' and the
      stop member is withdrawn from passage 36 by magnetic force of attraction
      to the magnet upon movement of magnet 38 upwardly in passage 34. Shaft 42b
      is comprised of non-magnetically permeable material such that no
      magnetically permeable material is in engagement with body 40 which would
      interfere with its above-discussed movements.
PAR  Various changes and modifications evident to those skilled in the art may
      be introduced in the foregoing particularly described embodiments without
      departing from the spirit of the invention. Thus, while bodies 18 and 40
      are particularly disclosed as steel balls, these bodies may take on any
      suitable configuration. Magnet 38 is preferably a molded ceramic magnet
      but may be of other suitable character. Accordingly, the foregoing
      particularly described embodiments are intended in an illustrative and not
      in a limiting sense. The true spirit and scope of the invention is defined
      in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Timing apparatus comprising a housing containing a fluid, conduit means
      in said housing for circulating said fluid, body means in said conduit
      means for gravity-induced movement between first and second preselected
      locations in said housing and means for controlling circulation of fluid
      in said conduit means, thereby controlling the time elapsed in said
      gravity-induced movement of said body between said first and second
      locations, said fluid circulation control means comprising a valve having
      a fluid conducting element slidably supported in said conduit means,
      closure means for closing said fluid conducting element, and adjustable
      means for supporting said fluid conducting element in engaging relation
      with said closure means when said housing is in upstanding disposition
      whereby fluid flow in said conduit means is adjustably restricted in a
      first circulating direction, said fluid conducting element sliding from
      said engaging relation with said closure means when said housing is
      inverted from said upstanding disposition thereof whereby fluid flow in
      said conduit means is substantially unrestricted in a second circulating
      direction opposite to said first circulating direction.
NUM  2.
PAR  2. The timing apparatus claimed in claim 1 wherein said conduit means
      comprises a first conduit in which said body means is movable and a second
      conduit connected endwise across said first conduit, said valve being
      disposed in said second conduit.
NUM  3.
PAR  3. The timing apparatus claimed in claim 1 further including means for
      providing output indication upon movement of said body means from said
      first location to said second location.
NUM  4.
PAR  4. The timing apparatus claimed in claim 3 wherein said conduit means
      comprises a first conduit in which said body means is movable and a second
      conduit connected endwise across said first conduit, opposed ends of said
      first conduit respectively constituting said first and second locations.
NUM  5.
PAR  5. The timing apparatus claimed in claim 4 wherein said body means is a
      solid body and wherein said first and second conduits are of circular
      cross-section.
NUM  6.
PAR  6. The timing apparatus claimed in claim 3 wherein said body means is
      comprised of magnetically-attractable material, said means providing
      output indication comprising a magnet translatable in said housing by
      magnetic attraction to said body means upon said movement thereof from
      said first location to said second location and means operatively
      responsive to such magnet translation for providing sensible output
      indication.
NUM  7.
PAR  7. The timing apparatus claimed in claim 6 wherein said sensible output
      indication providing means comprises a further body means comprised of
      magnetically-attractable material and maintainable in a first position in
      said housing by magnetic attraction to said magnet and releasable for
      predetermined movement in said housing upon said magnet translation and
      means providing audible output upon said predetermined movement of said
      further body means.
NUM  8.
PAR  8. The timing apparatus claimed in claim 1 wherein said body means is a
      solid body and wherein said conduit means is of circular cross-section.
NUM  9.
PAR  9. The timing apparatus claimed in claim 2 wherein said body means is a
      solid body and wherein said first and second conduits are of circular
      cross-section.
NUM  10.
PAR  10. Timing apparatus comprising a housing having a fluid-containing
      conduit, body means comprised of magnetically-attractable material for
      gravity-induced movement in said conduit from a first location to a second
      location, a magnet translatable in said housing by magnetic force of
      attraction between said magnet and said body means upon movement thereof
      into said second location and means operative upon such magnet translation
      for providing output indication of said movement of said body means into
      said second location.
NUM  11.
PAR  11. The timing apparatus claimed in claim 10 wherein said output indication
      providing means comprises further body means comprised of
      magnetically-attractable material for gravity-induced movement in said
      housing and having less mass than said first-mentioned body means, said
      magnet retaining said further body means in fixed position in said housing
      by magnetic force of attraction between said magnet and said further body
      means when said first-mentioned body means is in locations other than said
      second location, said further body means being otherwise gravity movable,
      and means responsive to such gravity-induced movement of said further body
      means for providing output indication of said gravity-induced movement
      thereof.
NUM  12.
PAR  12. Apparatus for indicating the passage of a predetermined time period
      comprising an upstanding housing having a first fluid-containing passage,
      first body means comprised of magnetically-attractable material for
      movement throughout said first passage for defining said time period, a
      second passage vertically below said first passage and having upper and
      lower end walls, a magnet movable in said second passage, a third passage
      vertically below said second passage and second body means comprised of
      magnetically-attractable material for movement in said third passage, said
      first body means having mass greater than said second body means whereby
      said magnet impedes movement of said second body means by magnetic force
      of attraction therebetween when said magnet is disposed at said second
      passage lower end wall and whereby said magnet is moved to said second
      passage upper end wall by magnetic force of attraction to said first body
      means when said first body means is moved by gravity throughout said first
      passage, said second body thereupon being moved by gravity throughout said
      third passage and providing indication of said passage of said time
      period.
NUM  13.
PAR  13. The apparatus claimed in claim 12 further including stop means
      positioned in said third passage upon disposition of said magnet at said
      second passage lower end wall for engaging said second body means to
      impede movement thereof.
NUM  14.
PAR  14. The apparatus claimed in claim 13 wherein said second passage lower end
      wall defines an opening extending into said third passage, and wherein
      said stop means comprises a pin member movable in said opening into said
      third passage, said magnet engaging said pin member upon said disposition
      of said magnet at said second passage lower end wall and thereby fixedly
      positioning said pin member in said third passage.
NUM  15.
PAR  15. The apparatus claimed in claim 14 wherein said pin member includes a
      portion comprised of magnetically-attractable material with which said
      magnet is engageable, said pin member being withdrawn from said third
      passage by magnetic force of attraction to said magnet upon movement of
      said magnet to said second passage upper end wall.
NUM  16.
PAR  16. The apparatus claimed in claim 14 wherein said pin member is comprised
      of non-magnetically permeable material.
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ABST
PAL  A temperature compensated electronic timepiece comprises a time reference
      signal generator for generating a time reference signal and a temperature
      compensating device for compensating a change of the oscillating frequency
      of the time reference signal generator caused by any external temperature
      change. The temperature compensating device comprises a temperature
      detector having an element composed of two semiconductors of different
      respective conductivities (such as a transistor composed of P and N type
      semiconductors) which are joined to form a junction, or an element
      composed of a conductor and a semiconductor joined to form a junction. The
      voltage-current characteristics of the junction are changed when the
      external temperature exceeds a given temperature to deliver a digital
      signal whose state is reversed from an initial condition. The output
      signal from the temperature detector compensates any temperature change of
      the oscillating frequency of the time reference signal generator.
BSUM
PAR  This invention relates to a temperature compensated electronic timepiece
      comprising a time reference signal generator, where any change of its
      oscillating frequency caused by the exterior temperature change is
      compensated.
PAR  Heretofore, the temperature compensation of the electronic timepiece has
      been effected in an analog manner with the aid of a temperature sensitive
      element. For example, it has been proposed to effect the temperature
      compensation of an oscillator circuit by means of a combination of a
      temperature sensitive resistor element Th and a variable diode Dv as shown
      in FIG. 1, or to effect the temperature compensation of an oscillator
      circuit including a crystal oscillator and incorporated into an integrated
      circuit as shown by dash lines in FIG. 2 by means of a combination of the
      temperature sensitive resistor element Th and a capacity C.
PAR  The above-described temperature compensating device has the disadvantage
      that the temperature sensitive resistor element Th becomes longer after a
      lapse of time to render the operation of the circuit unstable, i.e. it is
      difficult to incorporated the circuit elements into an integrated circuit,
      and the compensating characteristic of the temperature sensitive resistor
      element Th must be matched with the temperature characteristic of the
      reference oscillator.
PAR  An object of the present invention is to provide a temperature compensated
      electronic timepiece which can effect a stable temperature compensatiion
      for a long time.
PAR  Another object of the present invention is to provide a temperature
      compensated electronic timepiece comprising a temperature compensating
      device substantially all of the circuit elements of which can be
      incorporated into an integrated circuit.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein
PAR  FIGS. 1 and 2 are oscillator circuit diagrams comprising temperature
      compensating devices which make use of conventional temperature sensitive
      resistor elements, respectively;
PAR  FIGS. 3 and 4 are block diagrams showing different embodiments of the
      electronic timepiece according to the invention;
PAR  FIG. 5 is a basic circuit diagram showing a temperature detector of the
      temperature compensating device adapted for use in the electronic
      timepiece according to the invention;
PAR  FIGS. 6 to 10 are circuit diagrams showing other embodiments of the
      temperature detector of the temperature compensating device adapted for
      use in the electronic timepiece according to the invention;
PAR  FIG. 11 is a circuit diagram showing a further embodiment of the
      temperature compensating device adapted for use in the electronic
      timepiece according to the invention and comprising a plurality of
      temperature detectors and a signal converter circuit for controlling the
      temperature-frequency characteristic to be corrected with the aid of the
      output signal from the temperature detectors;
PAR  FIG. 12 graphically represents the temperature-frequency characteristics of
      the time reference signal generator;
PAR  FIGS. 13 and 14 are circuit diagrams showing other embodiments of the
      temperature detector adapted for use in the electronic timepiece according
      to the invention;
PAR  FIG. 15 graphically represents the temperature-frequency characteristics of
      the time reference signal generator;
PAR  FIG. 16 is a circuit diagram showing in greater detail the embodiment of
      the electronic timepiece according to the invention shown in FIG. 4; and
PAR  FIG. 17 is a partial circuit diagram showing in greater detail the
      embodiment of the electronic timepece of FIG. 3 according to the invention
     .
DETD
PAR  In FIG. 3 is shown one embodiment of the temperature compensated electronic
      timepiece according to the invention. Reference numeral 1 designates a
      time reference signal generator for generating a time reference signal; it
      may, for example, be a crystal oscillator; 2 is a divider for frequency
      dividing the time reference signal and forming timing necessary for the
      timepiece, 3 is a time counter for counting the time pulses and forming a
      time indication signal, 4 is a time display driven by the output delivered
      from time counter 3 and indicating the time, and 5 is a temperature
      compensating device provided with a temperature detector 6 and delivering
      a digital signal whose state is reversed from an initial condition when
      the temperature exceeds a given temperature.
PAR  A temperature compensating signal is formed on the basis of a signal
      delivered from the temperature detector and applied to the time reference
      signal generator 1 so as to compensate the change in frequency caused by
      the temperature change of the output delivered from the time reference
      signal generator 1. Thus, substantially the same output frequency is
      delivered from time reference signal generator 1 even when its temperature
      is changed.
PAR  In FIG. 4 there is shown another embodiment of the temperature compensated
      electronic timepiece according to the invention. In that embodiment, if
      the temperature is changed, the output frequency of the time reference
      signal generator 1 is changed also. This change of output frequency is
      compensated by the temperature compensating device 5.
PAR  The temperature detector 6 provided for the temperature compensating device
      5 will now be described in greater detail.
PAR  FIG. 5 illustrates a basic circuit diagram of the temperature detector
      shown in FIGS. 3 and 4. Tr.sub.1 designates a transistor used as a
      temperature detecting element and composed of semiconductors having
      different conductivities. The electrical characteristics of temperature
      change subjected to the pn junction of transistor Tr.sub.1 subjected to a
      temperature change are given by:
EQU  I = Is (e.sup.qv/kt - 1) = Is . e.sup.qv/kt
PAL  where q is the electric charge of an electron, t is an absolute
      temperature, k is Boltzmann's constant, v is the voltage across the pn
      junction, and Is is the saturation current flowing through the pn junction
      in an opposite to normal direction. In FIG. 5, R.sub.1 and R.sub.2 are
      base bias resistors, and R.sub.3 is a collector resistor.
PAR  In the above-described construction of the temperature detector shown in
      FIG. 5, the transistor Tr.sub.1 is used to reverse a two valued logic
      signal where its base-emitter voltage Vbe is changed in dependence on a
      temperature change. Thus, if a voltage dividing ratio between the base
      bias resistors R.sub.1 and R.sub.2 is predetermined for the base-emitter
      voltage Vbe at a given temperature to equal the threshold value of the
      transistor Tr.sub.1  the transistor Tr.sub.1 will be in an OFF condition
      when the temperature does not exceed that given temperature, its collector
      potential being equal to "1". In the two valued logic, a high level is a
      "1" while a low level is a "0". When the temperature exceeds that given
      temperature, the transistor will be in an ON condition to make the
      collector potential equal to 0. A collector potential of 0 of the two
      valued logic therefore signals a temperature change as described above.
PAR  If the current amplification of the transistor Tr.sub.1 and the collector
      resistor R.sub.3 are both large and the base bias resistors R.sub.1 and
      R.sub.2 are both small the two valued logic signal may rise or decrease
      sharply. If very small base bias resistors R.sub.1 and R.sub.2 are
      selected, the current consumption also increases. In this case, a buffer
      amplifier may be used as a stage following transistor Tr.sub.1 for the
      purpose of obtaining an effect equivalent to the one described above. In
      addition, in the event of a power supply voltage variation a constant
      voltage circuit may be provided in order to render the two valued logic
      signal itself stable irrespective of any temperature change.
PAR  FIG. 6 illustrates a modification of the temperature detector circuit shown
      in FIG. 5. In that embodiment, provision is made for a constant voltage
      circuit composed of diodes D.sub.1 and D.sub.2 and a resistor R.sub.5
      connected in series with the power supply source E and for a buffer
      amplifier composed of a transistor Tr.sub.2 and a collector resistor
      R.sub.4  as a stage following transistor Tr.sub.1 of that temperature
      detector shown in FIG. 5. In that embodiment, if the temperature is lower
      than a given temperature, the transistor Tr.sub.1 is in an OFF condition,
      causing to make its collector potential to become 1, and as a result, the
      transistor Tr.sub.2 changes to an ON condition reversing its output
      potential 0. If the temperature exceeds that given temperature, the
      transistor Tr.sub.1 changes to an ON condition to make its collector
      potential 0, and as a result, the transistor Tr.sub.2 is changed to an OFF
      condition to make its output potential 1. Thus, a logic signal of 1
      signals a temperature change as described above.
PAR  FIG. 7 shows another modified embodiment of the temperature detector
      circuit of FIG. 5. In that embodiment, a resistor R.sub.5 is connected in
      series with the power supply source E. That embodiment constitutes not
      only a simple constant voltage circuit but also a temperature-voltage
      conversion circuit.
PAR  FIG. 8 shows a further modified embodiment of the temperature detector
      circuit of FIG. 5. In that embodiment, provision is made for a constant
      voltage circuit composed of a transistor Tr.sub.3 and resistors R.sub.6
      and R.sub.7.
PAR  FIG. 9 shows a modification of the temperature detector circuit shown in
      FIG. 7. In that embodiment, a buffer amplifier composed of transistors
      Tr.sub.2 and Tr.sub.4 is added to the temperature detector circuit shown
      in FIG. 7.
PAR  In the above described embodiments, a transistor is used as the temperature
      detecting element. Such a transistor may, however, be replaced by a diode
      D.sub.3 as shown in FIG. 10.
PAR  The temperature detector circuit shown in FIG. 10 makes use of a balanced
      type circuit in which the output from a differential amplifier is derived
      from a single input thereto. A diode D.sub.3 more sensitive to temperature
      variations than a balanced type transistor is connected to the base of a
      transistor Tr.sub.5 instead of a base voltage dividing resistor R.sub.8.
      Thus, the diode D.sub.3 serves as a temperature-voltage converter element.
      A voltage dividing ratio between a resistor R.sub.10 and the diode D.sub.3
      is obtained so that the transistor Tr.sub.5 is in an ON condition at a
      temperature higher than a given temperature and in an OFF condition at a
      temperature lower than that given temperature, and as a result, it is
      possible to obtain an output from the collector of the transistor Tr.sub.5
      at a temperature exceeding that given temperature. This output may be fed
      to a buffer amplifier having sharply increasing or decreasing output.
PAR  Various embodiments of the temperature detector 6 which can deliver a
      digital signal whose state is reversed from an initial condition at a
      temperature exceeding a given temperature has been described with
      reference to FIGS. 5 to 10.
PAR  Provision may be made for a plurality of temperature detectors 6a, 6b, 6c
      and 6d shown in FIGS. 5 to 10, respectively, which can deliver digital
      signals whose state is reversed from respective initial conditions at
      temperatures exceeding given temperatures, which respectively differ from
      each other as shown in FIG. 11. The digital signals from the temperature
      detectors 6a, 6b, 6c and 6d may be fed to a signal converter 7 from which
      digital coded signals may be derived.
PAR  In the temperature detectors 6a to 6d shown in FIG. 11, let the output of
      the two valued logic signal 1 be delivered from the output terminal
      Q.sub.A of the temperature detector 6a at a temperature higher than
      10.degree.C, delivered from the output terminal Q.sub.B of the temperature
      detector 6b at a temperature higher than 20.degree.C, delivered from the
      output terminal Q.sub.C of the temperature detector 6c at a temperature
      higher than 30.degree.C and delivered from the output terminal Q.sub.D of
      the temperature detector 6d at a temperature higher than 40.degree.C, the
      relation between the temperatures and the output signals delivered from
      the output terminals Q.sub.A to Q.sub.D being shown in the table 1 below.
TBL                Table 1                                                     
     ______________________________________                                    
                    Q.sub.A                                                    
                          Q.sub.B Q.sub.C Q.sub.D                              
     ______________________________________                                    
     Not higher than 10.degree.C                                               
                      0       0       0     0                                  
     From 10.degree.C to 20.degree.C                                           
                      1       0       0     0                                  
     From 20.degree.C to 30.degree.C                                           
                      1       1       0     0                                  
     From 30.degree.C to 40.degree.C                                           
                      1       1       1     0                                  
     Higher than 40.degree.C                                                   
                      1       1       1     1                                  
     ______________________________________                                    
PAR  In addition, the relation between the signals delivered from the output
      terminals Q.sub.A to Q.sub.D of the temperature detectors 6a to 6d and the
      signals delivered from the output terminals P.sub.1 and P.sub.2 of the
      signal converter circuit 7 is as shown in table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
                   Q.sub.A                                                     
                       Q.sub.B                                                 
                             Q.sub.C                                           
                                   Q.sub.D P.sub.1                             
                                               P.sub.2                         
     ______________________________________                                    
     Not higher than 10.degree.C                                               
                     0     0     0   0 .fwdarw.                                
                                             1   0                             
     From 10.degree.C to 20.degree.C                                           
                     1     0     0   0 .fwdarw.                                
                                             0   1                             
     From 20.degree.C to 30.degree.C                                           
                     1     1     0   0 .fwdarw.                                
                                             0   0                             
     From 30.degree.C to 40.degree.C                                           
                     1     1     1   0 .fwdarw.                                
                                             0   1                             
     Higher than 40.degree.C                                                   
                     1     1     1   1 .fwdarw.                                
                                             1   0                             
     ______________________________________                                    
PAR  The use of the signals delivered from the output terminals P.sub.1 and
      P.sub.2 ensures a constant output frequency from the time reference signal
      generator 1 shown in FIG. 3 and from divider 2 shown in FIG. 4
      irrespective of any temperature change.
PAR  The reason why the output frequency from the time reference signal
      generator 1 shown in FIG. 3 can be made substantially constant
      irrespective of any temperature change will now be described with
      reference to FIG. 12.
PAR  In FIG. 12 there are graphically represented temperature-frequency
      characteristics of time reference signal generator 1 shown in FIG. 3.
PAR  Let the temperature-frequency of the time reference signal generator 1
      shown in FIG. 3 be the dashed line (a) of FIG. 12. The use of the signals
      delivered from the output terminals P.sub.1 and P.sub.2 of the signal
      converter circuit 7 and having frequencies of 4Hz at a temperature not
      higher than 10.degree.C, 1 Hz at a temperature from 10.degree.C to
      20.degree.C, 0 Hz at a temperature from 20.degree.C to  30.degree.C, 1 Hz
      at a temperature from 30.degree.C to 40.degree.C and 4 Hz at a temperature
      higher than 40.degree.C, respectively, makes it possible to compensate and
      change the temperature-frequency characteristic curve (a) into a
      temperature-frequency characteristic curve (b) shown by a full line in
      FIG. 12. The temperature-frequency characteristic curve (a) shown in FIG.
      12 is therefore changed every 10.degree.C. But, if the number of
      temperature detectors 6 is increased, the temperature-frequency
      characteristic (a) may be changed every 5.degree.C, the precision of
      temperature compensation therefore increasing.
PAR  In the embodiments shown in FIGS. 5 to 12, use has been made of a
      temperature detecting element in which a temperature-voltage converting
      element such as a transistor, a diode and the like is composed of
      semiconductors having different conductivities. Use may also be made of an
      element composed of a conductor and a semiconductor joined thereto as the
      temperature-voltage converting element, such as for example, a Schottky
      diode.
PAR  Further embodiments of temperature detectors 6 will now be described.
PAR  In FIG. 13 there is shown a temperature detector comprising a plurality of
      transistors Tr.sub.1, Tr.sub.2, ... Tr.sub.n. The bases of these
      transistors Tr.sub.1, Tr.sub.2, ... Tr.sub.n are slidably connected
      through resistors R.sub.B1, R.sub.B2, ... R.sub.Bn to various points of a
      voltage divider resistor network R.sub.0.
PAR  The common voltage divider network R.sub.0 is divided into sections R.sub.1
      and R.sub.2 by the slidable contact of the base resistor R.sub.B1 of
      transistor Tr.sub.1 such that the base-emitter voltage V.sub.BE of the
      transistor Tr.sub.1 is equal to the threshold value of the transistor
      Tr.sub.1 at a given temperature.
PAR  The common voltage divider network R.sub.0 is also divided into sections
      R.sub.3 and R.sub.4 by the slidable contact of the base resistor R.sub.B2
      of the transistor Tr.sub.2 such that the base-emitter voltage V.sub.BE of
      the transistor Tr.sub.2 is equal to the threshold value of the transistor
      Tr.sub.2 at a different given temperature. Similarly, the common voltage
      divider network R.sub.0 is divided into a section R.sub.n and a section
      R.sub.n.sub.+1 by the slidable contact of the base resistor R.sub.Bn of
      the transistor Tr.sub.n such that the base-emitter voltage V.sub.BE of the
      transistor Tr.sub.n is equal to the threshold value of the transistor
      Tr.sub.n at another different given temperature. If the temperature is
      lower than the given temperatures for all of the transistors Tr.sub.1,
      Tr.sub.2, ... TR.sub.n, all of these transistors assume an OFF condition
      and their collector potentials become 1.
PAR  If the temperature rises to the given temperature for the transistor
      Tr.sub.1, the transistor Tr.sub.1 only changes to an ON condition to make
      its collector potential 0.
PAR  In this case, all of the other transistors are OFF and their collector
      potentials are held at 1.
PAR  If the temperature rises higher and arrives at a given temperature defined
      for the transistor Tr.sub.2, the transistor Tr.sub.2 changes to an ON
      condition, rendering its collector potential 0. In this case, all of the
      other transistors except transistors Tr.sub.1 and Tr.sub.2 are in an OFF
      condition, and as a result, digital signals whose state is reversed from
      their respective initial conditions are delivered in succession.
PAR  If the transistor Tr.sub.1 changes to an ON state, the resistor R.sub.2
      between the slidable contact A and the grounded terminal G is connected in
      parallel with the base resistor R.sub.B1 of the transistor Tr.sub.1. In
      order to make such parallel resistors substantially equal to the resistor
      R.sub.2, the base resistor R.sub.B1 is selected such that R.sub.B1
      &gt;&gt;R.sub.2. Then, the combined resistance of the parallel resistors is
      given by
      ##EQU1##
      and hence become substantially equal to R.sub.2.
PAR  The common voltage divider network R.sub.0 may be composed of a plurality
      of fixed resistors R.sub.21, R.sub.22, ... R.sub.n, and R.sub.n.sub.+1 as
      shown in FIG. 14.
PAR  If the common base bias resistor R.sub.0 shown in FIGS. 13 and 14 is of a
      fixed resistor, it is only possible to effect temperature compensation for
      a time reference signal generator having a given temperature-frequency
      characteristic. On the contrary, if at least a part of the common base
      bias resistor R.sub.0 is made variable, it is possible to effect
      temperature compensation for a time reference signal generator having any
      desired temperature-frequency characteristics.
PAR  That is, if respective individual resistance values of common voltage
      divider network R.sub.0 are fixed, it is only possible to effect
      temperature compensation for a time reference signal generator having a
      temperature-frequency characteristic curve (a) shown by full line in FIG.
      15. But, if this temperature detector is used to effect temperature
      compensation for a time reference signal generator having a
      temperature-frequency characteristic curve (b) whose zero temperature
      coefficient deviates from that of the temperature-frequency characteristic
      curve (a) by 5.degree.C and shown by dash lines in FIG. 15, the
      temperature-frequency characteristic curve (b) is changed into a
      temperature-frequency characteristic curve (c), thereby rendering a highly
      precise temperature compensation impossible.
PAR  If at least a part of common resistor R.sub.0, such as, for example, the
      resistor R.sub.21 shown in FIG. 14 is made variable or replaced by another
      resistor, the temperature-frequency characteristic curve (c) can be
      corrected to a temperature-frequency characteristic curve (d) as shown in
      FIG. 15.
PAR  The electronic timepiece can be temperature compensated by means of a
      temperature compensating device comprising a temperature detector having a
      temperature sensitive element and a coded signal generator; the
      temperature detector may include only one temperature detecting element
      and deliver a digital signal whose state is reversed from an initial
      condition at a temperature higher than a plurality of respective
      temperatures.
PAR  In FIG. 16 is shown in greater detail a circuit diagram of the temperature
      compensated electronic timepiece of FIG. 4.
PAR  In FIGS. 4 and 16 the same reference numerals are used to designate
      equivalent parts shown therein.
PAR  The temperature compensating device 5 shown in FIG. 16 comprises a
      temperature sensing device 8 including only one temperature detecting
      element, a voltage generator 9 for supplying a voltage for determining a
      detection temperature, a coded signal generator 10 including of a shift
      register for controlling the output voltage from the voltage generator 9,
      a temperature coded signal discriminator 11 for forming a temperature
      coded digital signal from the output signals of temperature sensing device
      8, and of coded signal generator 10 and from memorizing of the temperature
      coded signal, a frequency control circuit 12 for forming narrow pulse
      signals from the output signals of the temperature coded signal
      discriminator 11 and the divider 2, and a frequency adder circuit 13
      adding the output signal from the frequency control circuit 12 to the
      output signal from the time reference signal generator 1.
PAR  The operation of the temperature compensated electronic timepiece shown in
      FIG. 16 is as follows.
PAR  The coded signal generator 10 includes a shift register which delivers no
      data output from any of its output terminals when in an initial condition
      during which input clock pulses are absent. When input clock pulses are
      present, the data pulse outputs are shifted in succession in response to
      the number of the input clock pulses.
PAR  The data pule outputs thus shifted are delivered to the detection
      temperature determining voltage generator 9 so as to control electronic
      switches such as transmission gates TG.sub.1, TG.sub.2, TG.sub.3, TG.sub.4
      and the like, and as a result, a voltage is delivered from the detection
      temperature determining voltage generator 9 to temperature sensing device
      8.
PAR  At a given temperature i.e., if a voltage which is equal to a boundary
      voltage which reverses the initial condition of the temperature sensing
      device 8 is delivered from detection temperature determining voltage
      generator 9 to temperature sensing device 8, an output signal is delivered
      from the temperature sensing device 8 to temperature coded signal
      discriminator 11 which recognizes the output signal from each shift
      register stage of coded signal generator 10 as a temperature coded signal
      which is then memorized in a memory circuit 11a. Then, a reset signal is
      delivered from temperature coded signal discriminator 11 to the shift
      register to reset the latter, thereby returning coded signal generator 10
      to its initial condition readying it for a next temperature detection.
PAR  The temperature coded signal memorized by the memory circuit 11a is
      retained therein until a next temperature coded signal arrives at the
      memory circuit. Then, the temperature coded signal is delivered to one
      terminal of one of the AND gates of frequency control circuit 12.
PAR  The other terminals of AND gates of thhe frequency control circuit 12 are
      supplied with outputs from divider 2. Narrows pulses deviating in phase
      from each other are delivered from the AND gates through an OR gate to one
      of the input terminals of an EXCLUSIVE-OR-gate 13, its other input
      terminal being connected to the output terminal of the time reference
      signal generator 1 thus, causing, frequency addition.
PAR  In general, the frequency-temperature characteristic curve of the time
      reference signal generator 1, that is, an oscillator circuit comprising an
      oscillator having an electro-mechanical converter such as, for example, a
      crystal oscillator and the like is graphically represented by a second
      degree or curve of third degree. Thus, if the frequency at a temperature
      range to be used is adjusted to a frequency lower than the ideal frequency
      which is a divided reference signal frequency having a minimum time period
      used in practice for counting, the output frequency of divider 2 becomes
      substantially equal to the ideal desired frequency and is delivered to
      time counter 3.
PAR  In the embodiment shown in FIG. 16, the temperature coded signal is
      repeatedly supplied to the AND gates of the frequency control circuit 12.
      Provision may be made for a timer to sample the temperature coded signal
      for the purpose of economizing the consumed power.
PAR  As above described, the electronic timepiece shown in FIG. 16 is
      constructed so that when any temperature change occurs the output
      frequency from the time reference signal generator 1 is varied, but the
      output frequency from the divider 2 is kept substantially at a frequency
      equal to that prior to occurrence of the temperature change.
PAR  FIG. 17 shows in greater detail a block diagram of the temperature
      compensated electronic timepiece of FIG. 3 constructed so that when any
      temperature change occurs the output frequency from the time reference
      signal generator 1 is kept substantially at a frequency equal to that
      prior to the occurrence of the temperature change. In FIGS. 3 and 17 the
      same reference numerals are used to designate the same parts shown
      therein.
PAR  If input clock pules are supplied to a coded signal generator 10 composed
      of a counter circuit, two-valued logic digital signals are delivered from
      the output terminals of the counting states to a detection temperature
      determining voltage generator 9 composed of a D-A converter.
PAR  The D-A converter is comprised of a ladder shaped resistor circuit which
      can successively change the amount of voltage.
PAR  If the voltage supplied from the detection temperature determining voltage
      generator 9 to a temperature sensing device 8 at a given temperature
      coincides with the boundary voltage which deliveries a two valued logic
      digital signal whose state is reversed from the initial condition, the
      output from the temperature sensing device 8 is delivered to one of the
      input terminals of the gate circuit of a temperature coded signal
      discriminator 11. In addition, the outputs from the respective stages of
      the counter 10 are supplied to the other input terminals of the
      temperature coded signal discriminator 11, and as a result, the
      temperature coded signal corresponding to a given temperature is fed from
      the temperature coded signal discriminator 11 to a memory circuit provided
      therefore and memorized therein until a next temperature coded signal
      arrives at the memory circuit. This temperature coded signal serves as a
      control signal for changing the time-determining capacity element of the
      time reference signal generator 1 with the aid of electronic switches such
      as transmission gates TG.sub.1, TG.sub.2, TG.sub.3, TG.sub.4 and the like.
      Thus, the electronic timepiece shown in FIG. 17 is capablle of changing
      the time-determining capacitative element of the time reference signal
      generator 1 when subjected to any temperature change and hance the output
      therefrom, and of delivering a frequency which is substantially equal to
      the frequency generated by time reference signal generator 1 or if its
      temperature were to be held constant, which is then fed to time counter 3.
PAR  FIG. 11 shows a temperature detector 6 and a signal converter 7 for
      controlling a correction frequency amount in a temperature compensating
      device 5 wherein the output signal is the same temperature coded signal as
      that of a temperature coded signal discriminator 11 as the embodiments
      shown in FIGS. 16 and 17.
PAR  FIG. 3 shows an embodiment wherein the output signal from a time count
      signal forming mechanism 2 is used as the input signal of a timer circuit
      so that a temperature coded signal may be obtained in a sampling mode.
PAR  FIG. 4 shows the input signal at one terminal of frequency control circuit
      12.
PAR  In a detecting temperature determining voltage generator 9, a voltage
      amount delivered to a temperature sensitive means 8 is changed by means of
      a digital-analog converter and its output is applied as one input terminal
      of a GATE circuit in the temperature coded signal discriminator 11 from
      the temperature sensitive device 8 at the voltage corresponding to the
      actual temperature. Further the outputs of respective stages of a coded
      signal generator 10 are applied as the other input terminal of the
      respective temperature coded signal discriminator 11. Therefore the basic
      difference of FIGS. 16 and 17 exists in the point that the formers device
      delivers in order the predetermined voltage amount by a switch and the
      latter device delivers it by a digital-analog converter.
PAR  As stated hereinafter, the electronic timepiece according to the invention
      has the advantage that it can be reliably temperature compensated, can
      operate in a stable state for a long time even when subjected to external
      temperature changes, and that almost all circuit elements of the
      temperature compensating device can be incorporated into an integrated
      circuit, thereby making it small in size.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic timepiece comprising:
PA1  an oscillator having an output frequency variable with temperature and
      forming a time reference signal generator for generating a time reference
      signal at the oscillation frequency;
PA1  a time-count unit-signal former connected to said generator for dividing
      said time reference signal to form time-count unit-signal;
PA1  a time counter for counting said time-count unit-signals to form a
      time-indicating signal;
PA1  a display connected to said counter for providing a visual representation
      of time in response to said time-indicating signal;
PA1  a temperature compensating device connected between the time reference
      signal generator and the time count unit-signal former for receiving a
      signal from the time count unit-signal former;
PA1  the temperature compensating device having a temperature sensitive means, a
      voltage generator, a coded signal generator, a temperature coded signal
      discriminator, a frequency control circuit, and a frequency addition
      circuit;
PA1  in the temperature sensitive means the emitter of a transistor is connected
      to one electrode of a constant voltage supply source and the collector is
      connected through a resistor to the other electrode of said constant
      voltage supply source and delivering a digital signal reversed from an
      initial state if the base-emitter voltage of the transistor becomes equal
      to the threshold value of the transistor at a given temperature when the
      change of a voltage-current characteristic is effected by the temperature
      change at the base-emitter junction;
PA1  the voltage generator for supplying different voltages to the base-emitter
      of the temperature sensitive device by changing-over with an electronic
      switch such as a transmission one wherein a resistor is connected in
      series between one and the other electrodes of the said constant voltage
      supply source;
PA1  the coded signal generator comprising a shift register receiving an input
      clock signal from the time-count unit-signal former, controlling the
      electronic switch of the voltage generator and delivering a signal as the
      standard of a temperature coded signal;
PA1  the temperature coded signal discriminator discriminating the temperature
      coded signal from the output signal of the temperature sensitive means and
      that of the coded signal generator by an NAND gate and memorizing it until
      the next temperature coded signal;
PA1  the frequency control circuit forming a thin pulse from the output of the
      temperature coded signal discriminator and that of the time-count
      unit-signal former; and
PA1  the frequency addition circuit comprising an EXCLUSIVE-OR GATE circuit
      adding the output signal of the frequency control circuit to the time
      reference signal generator, whereby it compensates the change of the
      oscillating frequency in the time reference signal generator caused by the
      temperature change.
NUM  2.
PAR  2. An electronic timepiece comprising:
PA1  an oscillator having an output frequency variable with temperature and
      forming a time reference signal generator for generating a time reference
      signal at the oscillation frequency;
PA1  a time-count unit-signal former connected to said generator for dividing
      said time reference signal to form time-count unit signals;
PA1  a time counter for counting said time-count unit signals to form a
      time-indicating signal;
PA1  a display connected to said counter for providing a visual representation
      of time in response to said time-indicating signal;
PA1  a temperature compensating device connected between the time reference
      signal generator and the time count unit-signal former for receiving a
      signal from the time count unit-signal former;
PA1  the temperature compensating device having a temperature detector, a
      frequency control circuit and a frequency addition circuit;
PA1  the temperature detector comprising a circuit having a transistor used as a
      temperature detecting element, in which the output from a constant voltage
      supply source voltage-divided by a voltage division resistor is connected
      to the base of the transistor when the changes of voltage-current
      characteristics are caused by temperature changes at the junction of a
      base-emitter in the transistor, the emitter of the transistor is connected
      to one electrode of the constant voltage supply source, the collector of
      the transistor is connected through a resistor to the other electrode of
      the constant voltage supply source, and said voltage-division resistor
      being set by a control means such that the voltage between base-emitter of
      the transistor is equal to the threshold value at a higher temperature
      than a given temperature so that a digital signal reversed from an initial
      condition is delivered as a temperature signal from the collector of the
      transistor;
PA1  the frequency control circuit forming a thin pulse from the outputs of the
      temperature detector and those of the time-count unit-signal former; and
PA1  further the frequency addition circuit comprising an EXCLUSIVE-OR-GATE for
      adding the outputs of the frequency control circuit and pulses from the
      time reference generator; whereby it compensates the oscillation frequency
      change of the time reference signal generator.
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PAL  Time keeping apparatus is disclosed in which time is decoded either orally
      or tactilely by visually handicapped persons.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to time keeping apparatus, and, more particularly,
      to watches or clocks in which time is serially decoded or read out by an
      individual in response to a specific request or command by the individual.
PAR  2. Description of the Prior Art:
PAR  Persons with visual handicaps are limited in their ability to tell time, or
      in their ability to perceive time from a watch, clock, or the like.
      Typically, a visually handicapped person will use a watch or a clock with
      braille numerals on the face. By referring to the position of the hands
      with respect to the braille numerals, the individual is able to ascertain
      the current time. However, the crystal of the watch or clock must be
      removed from the face of the clock in order for the individual to "read"
      the time by use of his tactile senses. At best, it takes several seconds
      for an individual to "tell" the time by the braille system of the prior
      art. Moreover, the braille tactile code is not adaptable to the hearing
      sense, and braille has no single or discrete character for "ten,"
      "eleven," and "twelve."
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises electronic or electromechanical means for enabling
      a person with a visual handicap to tell the time by means of a serial
      readout. The time is read out in a serial manner with the hour being read
      out first, followed by the minutes after the hour.
PAR  The specific read out is given in response to a command by the individual,
      which is simply the activation of the readout mechanism by an appropriate
      switch. The time is given in a digit code which consists of a series of
      dot and dash characters, with a maximum of three characters per digit.
      Readout may be accomplished by reference to an individual's tactile
      senses, such as the motion of a small hammer or the like against a finger,
      or readout may be accomplished with reference to audio senses, as by
      sounds of a specific frequency in the same dot and dash code as used for
      tactile readout.
PAR  Among the objects of the present invention are the following:
PAR  TO PROVIDE NEW AND USEFUL TIME KEEPING APPARATUS;
PAR  TO PROVIDE NEW AND USEFUL TIME KEEPING APPARATUS FOR VISUALLY HANDICAPPED
      PERSONS;
PAR  TO PROVIDE NEW AND USEFUL APPARATUS FOR THE SERIAL READOUT OF TIME;
PAR  TO PROVIDE NEW AND USEFUL APPARATUS IN WHICH TIME IS READ OUT BY REFERENCE
      TO TACTILE SENSES;
PAR  TO PROVIDE NEW AND USEFUL APPARATUS FOR THE READOUT OF TIME INFORMATION;
PAR  TO PROVIDE NEW AND USEFUL TIME READOUT APPARATUS IN WHICH AUDIBLE SIGNALS
      ARE PROVIDED;
PAR  TO PROVIDE NEW AND USEFUL TIMEKEEPING APPARATUS IN WHICH TIME IS READ OUT
      IN RESPONSE TO A SPECIFIC COMMAND THEREFOR;
PAR  TO PROVIDE NEW AND USEFUL APPARATUS IN WHICH TIME IS READ OUT IN THE FORM
      OF CODED INFORMATION; AND
PAR  TO PROVIDE NEW AND USEFUL ELECTROMECHANICAL APPARATUS FOR THE SERIAL
      READOUT OF CODED TIME INFORMATION.
DRWD
PAR  FIG. 1 is a schematic block diagram of apparatus embodying the present
      invention.
PAR  FIG. 2 is a schematic circuit diagram of the Main Clock of the present
      invention shown in FIG. 1.
PAR  FIG. 3 is a schematic circuit diagram of the Twelve Hour Time Clock of the
      present invention shown in FIG. 1.
PAR  FIG. 4 is a schematic circuit diagram of the Present Time Register of the
      apparatus shown in FIG. 1.
PAR  FIG. 5 is a schematic circuit diagram of the Readout Shift Register Control
      shown in FIG. 1.
PAR  FIG. 6 is a schematic circuit diagram of the Readout Shift Register shown
      in FIG. 1.
PAR  FIG. 7 is a schematic circuit diagram of the Readout Control Logic of the
      apparatus of the present invention shown in FIG. 1.
PAR  FIG. 8 is a schematic circuit diagram of the Zero Through Twelve Decoder of
      the present invention shown in FIG. 1.
PAR  FIG. 9 is a schematic circuit diagram of the Code Assembler of the
      apparatus of the present invention shown in FIG. 1.
PAR  FIG. 10 is a schematic representation of a code usuable in the present
      invention.
PAR  FIG. 11 is a schematic representation of the code of FIG. 10 illustrating
      the concept of dots and dashes for the code.
PAR  FIG. 12 is a schematic illustration of the number (time) sequence using the
      codes of FIGS. 10 and 11.
PAR  FIG. 13 is a schematic circuit and block diagram of the modulator and
      readout apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Introduction
PAR  The present invention comprises horological or time keeping apparatus for
      reading out the present time either by a mechanical movement perceptible
      to the tactile or touch sense of an individual or by an audible signal of
      a frequency perceptible to the human ear. FIG. 1 comprises a schematic
      block diagram of the apparatus for accomplishing the time keeping and
      readout functions. The figure is a block diagram which includes the major
      components and the circuitry connectors or connecting paths for the
      respective signals between each of the major components. Arrows on the
      connectors indicate the direction of travel for each signal. Nine major
      components are shown, and they are as follows:
PA1  Main Clock, identified by reference numeral 2;
PA1  Twelve Hour Time Clock, identified by reference numeral 4;
PA1  Present Time Register, identified by reference numeral 6;
PA1  Readout Shift Register Control, identified by reference numeral 8;
PA1  Readout Shift Register, identified by reference numeral 10;
PA1  Readout Control Logic, identified by reference numeral 12;
PA1  Zero Through Twelve Decoder, identified by reference numeral 14;
PA1  Code Assembler, identified by reference numeral 16; and
PA1  Modulator Driver, identified by reference numeral 18.
PAR  In addition to the items listed above, there are three mechanical or
      electro-mechanical components which are also needed. The first component
      comprises an on-off switch 20 which actuates the apparatus to provide a
      time readout signal. This switch is normally off and when manually
      activated by the user causes a beginning signal, in the form of a low
      level voltage, to be generated. The low level voltage signal in turn
      activates the apparatus to provide a readout or code output of time. From
      the switch 20, the signal is transmitted to the Readout Control Logic by
      conductor 30.
PAR  The second component is the actual readout apparatus. As indicated above,
      this may be an electromechanical apparatus 22 which causes a tactile
      sensation to the user, as by moving a mechanical lever or pin against a
      finger or other member of the body. If desired, the readout apparatus 22
      could also, or alternatively, provide an audible signal, such as a tone of
      a desired frequency.
PAR  Setting the time is accomplished by either of two methods, the first of
      which is through the Main Clock by a switch in a set time mechanism, and
      the second of which is through the minutes counter of the Twelve Hour Time
      Clock by a switch 26 (see FIG. 3).
PAR  A brief overview of the apparatus will be given in conjunction with FIG. 1,
      and then the individual major components will be discussed with reference
      to circuit or logic diagrams, comprising FIGS. 2 through 13, for each of
      the major components.
PAR  The Main Clock 2 is a 100 KHz oscillator with a number of divide down
      counters to bring the 100 KHz down to 1 cycle per minute. The 1 cycle per
      minute output from the Main Clock 2 is sent by conductor 3 to a Twelve
      Hour Time Clock 4 to increment its counters.
PAR  The Twelve Hour Time Clock 4 has three primary counters, one for minutes,
      one for 10 minutes or 10 minute increments, and one for hours. Since the
      10 minute increment comprises 10 one minute intervals or increments, the
      time period counted is 1 minute "times 10" and will sometimes hereinafter
      be referred to as "times 10" and the counter thus counting may sometimes
      hereinafter be referred to as the "Times Ten Minutes Counter." The Minutes
      Counter counts a decade, or zero through 9, and it then resets to zero.
PAR  The output from the Minutes Counter goes to and increments a Ten Minutes
      counter which counts zero through five 10 minute intervals. It is reset
      back to zero when it reaches a count of six, or once every hour. The
      output from the Ten Minutes Counter goes to the Hour Counter to increment
      the Hour Counter once every hour. The Hour Counter is reset to one (one
      o'clock) when it reaches a count of thirteen.
PAR  In operation, the Minutes Counter counts a total of 10 minutes which
      results in a single output to the Ten Minute Counter, and it comprises a
      10 minute increment. The Ten Minute Counter then counts a total of 60
      minutes, or from zero to five 10 minute increments, which is a total of
      one hour. Its output in turn increments an Hours Counter which counts
      hours from one to 12 and upon reaching 13 it is reset to one.
PAR  Accordingly, by way of illustration, the time may be read from the
      apparatus in terms of hours, 10 minutes after the hour, and minutes after
      a particular 10 minute interval, such as twelve-four-five for 12:45. As
      time continues, the Minutes Counter, at a count of 10 for the minutes,
      increments the Ten Minutes Counter to read 5 (for 50 minutes) in the next
      sequence. Upon the completion of the count to 12:59, the counter moves to
      one o'clock (1:00) on the next full counting sequence, which comprises
      each a minute, a 10 minutes, and an hour sequence.
PAR  The output signals from the Twelve Hour Time Clock 4, in the form of
      minutes, 10 minutes, and hours, moves from the Twelve Hour Time Clock 4 to
      the Present Time Register 6, which is a 12 bit parallel input shift
      register. Each input, in terms of minutes, 10 minutes, and hours, requires
      four conductors for shifting appropriate information bits, for a total of
      12 bits, in the register. The respective output/input signals in minutes,
      10 minutes, and hours, from the clock 4 to the register 6, are represented
      by reference numerals 36, 38, and 40.
PAR  Before time can be transferred from the Twelve Hour Time Clock 4 to the
      Present Time Register 6, a clear signal is initiated by the Readout
      Control Logic 12 and sent to the Present Time Register 6 through conductor
      60 and at the same time the clear signal is sent to the Readout Shift
      Register 10 through conductor 61. The clear signal is necessary to clear
      and precondition the two units so that the readout of the present time is
      not affected by information left from a previous time readout.
PAR  Subsequently the time from the Twelve Hour Time Clock 4 is caused to be
      loaded into the Present Time Register 6 by a pair of signals, one
      comprising a Load Time signal through conductor 42 from the Readout
      Control Logic 12 and an Enable Loading signal through conductor 44 from
      the Main Clock 2. After loading the time into the Present Time Register 6,
      the output from the Register 6 is immediately available to the Zero
      Through Twelve Decoder 14. The present hour time from the Present Time
      Register 6 goes to the Zero Through Twelve Decoder first by way of
      conductors 46, 48, 50, and 52. It is then transmitted to the Code
      Assembler 16 and to the Readout Shift Register Control 8 through
      conductors 54 and 56, respectively, shown in FIG. 1, each of which
      actually comprises 13 conductors. In the Zero Through Twelve Decoder, each
      of the four inputs 46, 48, 50 and 52 to the Decoder 14 from the Present
      Time Register 6 is assigned a value of 1, 2, 4or 8, respectively,
      comprising a possible total value of 0 through 15 in a binary coded
      decimal form. Thus the respective input bits from the Present Time
      Register to the Zero Through Twelve Decoder are decoded as a series of
      decimal numbers 0 through 12. The decoded decimal numbers then move to the
      Code Assembler 16 through one of thirteen conductors represented by 54.
      The Code Assembler 16 translates the decimal numbers into a special code
      which is used for the output of the time keeping apparatus. After the
      present hour is transmitted by the apparatus, four shift pulses,
      comprising a Shift Next Digit signal, are received by the Present Time
      Register 6 from the Readout Control Logic 12 through conductor 58 to
      enable transmission of the present 10 Minutes Digit by the apparatus, and
      the same Shift Next Digit signal is repeated to enable transmission of the
      present minutes digit over the same conductors as the hours and times ten
      minute digits.
PAR  From the Code Assembler 16, the assembled special code for the hour, 10
      minutes, and minutes is transmitted in parallel to the Readout Shift
      Register through 13 conductors 62. The Readout Shift Register 10 then
      transmits serially to the Modulated Driver 18 the special code by way of
      conductor 64. The Readout Shift register in effect takes the assembled
      code (in the form of 13 individual and simultaneously present voltage
      levels) from the Code Assembler 16 and transmits to the Modulator Driver
      18 the thirteen individual voltage levels one at a time over conductor 64.
      The Modulator Driver 18 then takes the time code (now in serial form) as
      received from the Readout Shift Register 10 and converts it to the proper
      voltage and frequency to drive the electromechanical Modulating Device 22.
PAR  In order to set the time, the main one cycle per minute output from the
      Main Clock can also be changed to 600 cycles per minute whenever it
      becomes necessary to set the time. This in effect speeds up time for
      purposes of resetting or changing the time.
PAR  Referring again to the Main Clock 2, a 5 cycles per second (Hz) signal from
      the Main Clock is transmitted by conductor 70 to the Readout Shift
      Register Control 8. This signal is used to provide shift pulses over
      conductor 72 from the Readout Shift Register Control 8 to the Readout
      Shift Register 10.
PAR  Another output from the Main Clock is transmitted by conductor 74 as a 10
      KHz pulse to the Readout Control Logic 12. The Readout Control Logic 12
      comprises the logic used to initiate and to implement the control of the
      transmission of all time codes to the Modulator Driver 18. The 10 KHz
      clock signal from the Main Clock through condutor 74 is used to increment
      a 0 through 31 binary ripple counter in the Readout Control Logic. From
      this counter, the following times are decoded or are taken from the
      counter and used to determine the implementation of certain signals. The
      times are as follows:
TBL  T1  clear          T17 start transmission                                 
     T2  load time          of digit                                           
     T3  enable code assembler                                                 
                        T19 shift pulse                                        
     T5  start transmission of digit                                           
                        T21 shift pulse Minutes                                
     T7  shift pulse    T23 shift pulse digit                                  
     T9  shift pulse times ten                                                 
                        T25 shift pulse                                        
     T11 shift pulse minute digit                                              
                        T27 enable code                                        
     T13 shift pulse        assembler                                          
     T15 enable code assembler                                                 
                        T29 start transmission                                 
                            of digit                                           
                        T31 stop                                               
PAL  This is a total of 17 discrete times that are decoded from the Readout
      Control Logic and which signal or control the implementation of certain
      events in specific sequences.
PAR  Five specific signals are transmitted from the Readout Control Logic and
      signal or control the implementation of certain events in specific
      sequences.
PAR  Three specific signals are transmitted from the Readout Control Logic 12 to
      the Present Time Register 6. They are the Load Time, Shift Next Digit, and
      Clear signals, respectively, through conductors 42, 58, and 60, as
      previously stated. An Enable Code Assembler signal is transmitted from the
      Readout Control Logic 12 through conductor 76 to the Code Assembler 16.
PAR  From the Readout Control Logic 12 a Start Transmission of Digit signal is
      transmitted by conductor 78 to the Readout Shift Register Control 8, and
      in turn the Readout Shift Register Control 8 sends a signal designated as
      Shift Next Decimal Digit to the Readout Control Logic 12 by conductor 80.
PAR  The Readout Shift Register Control 8 also includes a 0 through 31 binary
      ripple counter. It is incremented by the 5 cycles per second clock pulses
      coming from the Main Clock 2 by conductor 70. Nine times are decoded from
      this counter. They are the T13, T15, T16, T18, T19, T20, T21, T23, and
      T25. These particular times determine the number of 5 cycles per second
      shift pulses transmitted to the Readout Shift Register 10 in order to
      shift from the Readout Shift Register a particular digit code along with
      the time between digits. The logic is only able to determine the correct
      number of shift pulses to send to the Readout Shift Register 10 (conductor
      72) by the introduction of the particular decimal number to be
      transmitted. This is accomplished by the 13 conductors 56 from the Zero
      Through Twelve Decoder 14. We have one conductor for each number 0 through
      12. The number to be transmitted is ANDed together with the appropriate
      decoded time from the 0 through 31 counter. We now have logic which is
      capable of supplying a predetermined number of shift pulses for any
      particular number 0 through 12.
PAR  The Readout Shift Register Control 8 determines the significant times for
      each coded number according to the appropriate code used in the readout of
      the time. The following table shows an example of a code comprised of a
      series of dots and dashes and which is illustratively used herein with
      respect to the times for a particular sequence of digits.
PA1  1 .
PA1  2 ..
PA1  3 ...
PA1  4 -
PA1  5 --
PA1  6 ---
PA1  7 .-
PA1  8 -.
PA1  9 .-.
PA1  10 -.-
PA1  11 ..-
PA1  12 --.
PA1  0 .--
PAL  The above code will be graphically illustrated in conjunction with FIG. 10
      and further explanation will be given below.
PAR  From the Main Clock, two conductors, conductor 86 and conductor 88, extend
      to Modulator Driver 18. The conductors transmit signals of 1000 Hz and 100
      Hz, respectively, for readout signals, as desired.
PAR  If an audible output is desired, conductor 86 is used to transmit a 1000 Hz
      signal to a mixer and amplifier in the Modulator Driver. In this
      situation, the readout apparatus includes a speaker.
PAR  If a tactile readout is desired, the conductor 88 is used to transmit a 100
      Hz signal to a mixer and amplifier in the Modulator Driver.
PAR  The readout apparatus for this application includes a mechanical vibrator.
      The vibrator utilizes the 100 Hz signal for a tactile output.
PAC  MAIN CLOCK
PAR  The Main Clock 2 in FIG. 2 includes a 100 KHz oscillator 102 with a number
      of divide down decade counters to reduce the 100 KHz down to desired
      cycles or repetition rates. The divide down decade counters are well known
      state of the art devices which each include four JK flip-flops to provide
      a total count of ten. The binary Q or Q(not) output of each of the JK
      flip-flops respectively represents the decimal digits 1, 2, 4, and 8. A
      combination of the various outputs can accordingly be used to count from 0
      to 9 for purposes of the present invention, or to count higher if desired
      for other applications and purposes. The count from 0 to 9 represents a
      total count of 10, or a decade.
PAR  The output from the 100 KHz oscillator 102 is first sent to a divide by 10
      decade counter 104. The resulting output from the decade counter 104 is a
      10 KHz signal. From the divide by 10 decade counter 104, two times are
      decoded. The first time output is decoded at T4 and it comprises a 10 KHz
      clock pulse which is transmitted to the Read-Out Control Logic 12 by
      conductor 74. This 10 KHz clock pulse is used as the basic clock input
      signal to a binary counter in the Read-Out Control Logic.
PAR  The second time output decoded from the counter 104 is also a 10 KHz output
      which comprises the EL or Enable Loading signal transmitted to the Present
      Time Register 6 (see FIGS. 1 and 4) by conductor 44. T8 is used to load
      the Present Time Register 6 from the Twelve Hour Time Clock 4. The loading
      of the Present Time Register 6 from the Twelve Hour Time Clock 4 occurs
      only when the Twelve Hour Time Clock is not in a transition state, which
      is when it is not incrementing itself according to a change of time. T8 is
      decoded from the decade counter 104 at a specific time when the Twelve
      Hour Time Clock is not at a transition period; T8 never occurs at a
      transition period of the Twelve Hour Time Clock 4.
PAR  From the decade counter 104, a 10 KHz signal goes to a series of divide by
      10 counters 105, 106, and 107, which comprise the second stage counters in
      the Main Clock 2. The output from the divide by 10 counter 107 is a 10 Hz
      signal. This 10 Hz signal is transmitted to three locations. It goes to a
      divide by 600 counter 108, which comprises a third stage counter in the
      Main Clock, and it also is transmitted to a divide by 2 counter 110 and to
      a set time mechanism 112.
PAR  Ten Hz, or 10 cycles per second, is the same as 600 cycles per minute. This
      600 cycles per minute is used to set the time of the watch by means of a
      mechanical switch 24 in the set time mechanism 112. When the mechanical
      switch 24 is actuated, the 600 cycle per minute signal is sent through an
      OR gate 116 to the Twelve Hour Time Clock 4 (see FIGS. 1 and 2) by
      conductor 3. The speed of this signal is thus 600 times faster than the
      normal one cycle per minute signal transmitted to the Twelve Hour Time
      Clock to increment the clock, as discussed below. This has the effect of
      speeding up time in order to advance the time in the Twelve Hour Time
      Clock.
PAR  As previously indicated, the 10 Hz signal is also transmitted to a divide
      by 600 counter 108 which comprises the third dividing or division stage of
      the Main Clock 2. This divide by 600 results in an output signal of one
      cycle per minute. The one cycle per minute output signal is sent to the OR
      gate 116 from the divide by 600 counter 108 through the normally closed
      contacts of switch 24 of set time mechanism 112 and results in the one
      cycle per minute signal to the Twelve Hour Time Clock 4 through conductor
      3.
PAR  Both the 600 cycle per minute and the one cycle per minute signals comprise
      the inputs for the OR gate 116. The set time mechanism 112 includes a
      mechanical switch 24 which disconnects the one cycle per minute signal
      from counter 108 from the OR gate 116 and connects the 600 cycle per
      minute signal from counter 107 to the OR gate when actuated.
PAR  The fourth stage counter or divider in the Main Clock 2 is a divide by 2
      counter 110 which receives the 10 Hz signal from counter 107 and reduces
      it to 5 Hz to provide a 5 cycle per second clock pulse to the Read Out
      Shift Register Control 8 (see FIGS. 1 and 5) by conductor 70. This 5 cycle
      per second clock pulse provides the basis for the ultimate time code
      transmitted to the individual or person activating the readout of the time
      keeping apparatus.
PAR  Five cycles per second may be considered as five discrete time periods of
      200 milliseconds each. Using this basic signal of 5 cycles per second and
      with each cycle comprising 200 milliseconds, the dot and dash code which
      is used to transmit time is made up of increments of 200 milliseconds. A
      dot represents a time period of 200 milliseconds; a dash represents a time
      period of 600 milliseconds, and 400 milliseconds of time is used between
      each dot or dash. A total of 2.4 seconds, or 2400 milliseconds (ms)
      separates digits. This will be discussed more in detail in conjunction
      with the Readout Shift Register Control 8 and the Readout Shift Register
      10 (see FIGS. 1, 5, and 6), and is illustrated in FIG. 10.
PAR  The divide by ten counter 105 produces a 1000 Hz output signal which
      comprises an audio tone for an audio readout. In this situation, the Main
      Clock, or portions thereof, comprises an output oscillator.
PAR  The next divide by 10 counter 106 produces a 100 Hz output signal which may
      be used with an output transducer to provide a tactile output. Again,
      portions of the Main Clock may comprise an output oscillator.
PAR  From counter 105, conductor 86 transmits the 1000 Hz signal to Modulator
      Driver 18 (see FIG. 1) and to audio amplifier and speaker apparatus
      associated therewith. Conductor 88 transmits a 100 Hz signal from counter
      106 to the Modulator Driver 18 (see FIG. 1) and to a tactile amplifier and
      output apparatus associated therewith. The Modulator Driver apparatus will
      be discussed in detail, below.
PAC  TWELVE HOUR TIME CLOCK
PAR  The Twelve Hour Time Clock in FIG. 3 includes three counters 120, 122, and
      124, respectively for minutes, for times 10 minutes, and for hours. These
      counters are well known state of the art binary ripple counters, each of
      which includes four JK flip-flops, respectively flip-flops A, B, C, and D,
      and flip-flops E, F, H, and J, and flip-flops K, L, M, and N. Decoding is
      included in each of the counters to set or to reset their state at certain
      counts.
PAR  The input signal to the Twelve Hour Time Clock 4 is the one cycle per
      minute input signal from the Main Clock 2 on conductor 3. It is supplied
      to the trigger or clock input of the first JK flip-flop, flip-flop A, in
      the minutes counter 120. The circuitry in the minutes counter 120 is
      arranged so as to count to a decade of 0 through 9. The minutes counter
      accordingly counts a total of 10 minutes. The 10 minute increment is then
      transmitted to the 10 minutes counter 122 as the input signal to that
      counter.
PAR  The Q outputs of each of the four JK flip-flops, A, B, C, and D, in the
      minutes counter 120, are transmitted directly to the Present Time Register
      6 (see FIGS. 1 and 4) in parallel, as shown in the table at the lower left
      of FIG. 3. That is, the Q output from JK flip-flop A, from JK flip-flop B,
      from JK flip-flop C, and from JK flip-flop D, each go directly to a
      flip-flop in the Present Time Register 6. In addition, the Q outputs and
      also the Q(not) outputs of the various flip-flops are connected together
      as shown in the figure. The A output is sent to the clock input of the B
      flip-flop, and also is connected to the clock input of the D flip-flop by
      conductor 126. The B output is connected to the clock input of the C
      flip-flop. The B(not) output is connected to an OR gate 128 by connector
      130, as is the C(not) output by conductor 132. The inverted output signal
      from the OR gate 128 is transmitted to the J input of the D flip-flop by
      conductor 134. The D(not) output is in turn connected to the J input of
      the B flip-flop by conductor 136. Accordingly, the minutes counter 120 is
      set to increment a count of "one" each minute from 0 to 9 minutes. After
      the incrementing of the ninth minute, which is a total count of 10
      minutes, the D output is transmitted to the clock input of the E flip-flop
      in the times 10 minutes counter 122. The D Q output is a single count for
      the times 10 minutes counter.
PAR  At a count of 10 the counter is set to a count of 0 from a count of 9. The
      count of 10 never gets set in the counter and only exists momentarily.
      Output D then clocks low every 10 minutes and a signal is sent to the
      clock input of the E flip-flop in the times 10 minutes counter 122.
      Accordingly, the 10 minutes counter 122 is incremented once every 10
      minutes.
PAR  The 10 minute counter 122 is decoded at its count of 6 and reset back to 0.
      This count of 6 is decoded by the AND gate 138 from flip-flops F and H. As
      previously indicated, the clock input for flip-flop E, the first flip-flop
      in the 10 minutes counter 122, is the Q output from the D flip-flop in the
      minutes counter. This Q output clocks low every 10 minutes. The Q output
      of flip-flop E is connected to the clock input lead of the F flip-flop,
      and F output is connected to the clock input of the H flip-flop, and the H
      output is connected to the clock input of the J flip-flop.
PAR  As with the minutes counter, the Q outputs of each of the flip-flops in the
      10 minutes counter are connected directly to flip-flops in the Present
      Time Register 6 (see FIGS. 1 and 4) as shown in the table at the lower
      left of the figure. The Q outputs from flip-flops F and H are also
      connected to an AND gate 138, the inverted output from which is connected
      to the clear direct leads of the F, H, and J flip-flops in the 10 minutes
      counter. This arrangement resets the counting back to 0 at a count of 6.
      It should be noted that the count of 6 is only momentary and does not
      exist in the counter long enough to be sent to the Present Time Register.
      The only proper counts for this counter are 0 through 5. The inverted
      output of AND gate 138 also goes to the clock input of the K flip-flop in
      the hour counter 124 to increment it once every hour.
PAR  The hours counter 124 also includes four flip-flops, designated K, L, M,
      and N. The Q outputs from the K, L, and M flip-flops are connected
      directly to the clock inputs of the next adjacent flip-flops, the L, M,
      and N flip-flops, respectively. The Q outputs from the K, M, and N
      flip-flops are transmitted to an AND gate 140, the inverted output of
      which is connected to the clear direct lead of the M and N flip-flops.
      With this circuitry, a count of 13 is decoded from the hours counter 124.
      At an incremental count of 13, the hours counter is reset to 1 by AND gate
      140. In this manner, a total of 12 hours may be counted by the hours
      counter.
PAR  As with the minutes and times 10 minutes counter, as shown in the table,
      the Q outputs from the flip-flops in the hours counter 124 is sent
      directly to flip-flops in the Present Time Register 6. In this manner the
      present time is generally immediately available to the Present Time
      Register 6 in parallel from the Twelve Hour Time Clock 4. However, as
      discussed previously in conjunction with FIG. 2, the Enable Loading (EL)
      signal, which allows the Present Time Register 6 to be loaded from the
      Twelve Hour Time Clock, originates from the divide by 10 decade counter
      104 in the Main Clock (see FIG. 2). This occurs at a count of 8 in that
      particular decade counter which is a time when the Twelve Hour Time Clock
      is not incrementing itself. The Twelve Hour Time Clock is incremented at a
      count of 10 by that counter. That is, at the count of 8 from the decade
      counter 104, the Twelve Hour Time Clock is not in a transition, either a
      minute transition, a times 10 minutes transition, or an hour transition.
PAC  MANUAL TIME SETTING SWITCHES
PAR  Included in the set time apparatus 112 of FIG. 2, in addition to the spring
      loaded switch 24 normally connecting the 1 cycle per minute signal from
      the divide by 600 counter 108 to conductor 3 and to the minutes counter
      120 of the Twelve Hour Time Clock (see FIG. 3), and alternately connecting
      a 10 cycles per second signal to conductor 3 and to the minutes counter,
      there is also another time setting apparatus 26. This other time setting
      apparatus 26, shown in detail in FIG. 3, allows the incrementing of the
      minutes counter by a single minute using another pair of spring loaded
      switches.
PAR  Conductor 3 extends from the Main Clock to the clock input or trigger
      terminal of flip-flop A, the first flip-flop in the minutes counter 120 of
      the Twelve Hour Time Clock (see FIG. 3). A switch 300 is across the
      conductor 3. The switch includes a pair of terminals 301 and 302 both of
      which are connected to conductor 3. The switch 300 is spring loaded across
      the terminals 301 and 302 for normal operation of the time keeping
      apparatus. The switch also includes a pair of terminals 303 and 304.
      Terminals 301 and 303 are connected by a conductor 305. Thus terminal 303
      is connected to conductor 3 adjacent flip-flop A through conductor 305 and
      terminal 301.
PAR  Terminal 304 is connected to a positive voltage source through an
      appropriate resistor 306 and conductor 308. A conductor 310 extends from
      the resistor 306 and the conductor 308 to a terminal 312 of switch 320.
      The switch 320 includes another terminal 314 which is connected to ground.
      The switch 320 is spring loaded to the open or off position.
PAR  To increment the flip-flop 121 by a single minute, both switches 300 and
      320 must be manually actuated or depressed. The switch 300 must be
      manually actuated to disconnect the Main Clock from conductor 3 and to
      connect the positive voltage source of the manual time setting apparatus
      to the conductor 3. When the switch 320 is actuated, the voltage source is
      connected to ground and the grounding pulse, connected to the clock input
      of flip-flop 121, thus increments the minutes counter by a single minute.
PAR  The switch 320 must be manually actuated one time for each minute. When the
      desired time is set into the time keeping apparatus the switch 300 is
      released to reconnect the main clock to conductor 3 and to the minutes
      counter.
PAC  PRESENT TIME REGISTER
PAR  The Present Time Register 6 of FIG. 4 comprises a 12 bit parallel input
      shift register. Twelve flip-flops are used for the bits, with four bits,
      or four flip-flops, respectively used for loading minutes, times 10
      minutes, and hours. The binary coded decimal system used in counting in
      the present apparatus has previously been explained and is well known in
      the art, with the output from the first bit or flip-flop representing a 1,
      the output from the second bit or flip-flop representing a 2, the output
      from the third flip-flop or bit representing a 4, and the output from the
      fourth bit or flip-flop representing an 8. Thus the combinations of the
      respective flip-flops are used to represent decimal numbers, as required,
      from 0 to 12. That is, the hours decimal digits go from 1 to 12, the 10
      minutes digits go from 0 to 5, and the minutes digits go from 0 to 9. Thus
      with the appropriate combinations, any particular time for any particular
      minute can be represented for a 12 hour period.
PAR  The 12 flip-flops in the Twelve Hour Time Clock 4 (see FIG. 3) were given
      alphabetic designations of A, B, C, D, E, F, H, J, K, L, M, and N. The
      corresponding flip-flops in the Present Time Register are designated by
      the same alphabetic designation with a prime ('). As previously discussed,
      the Q output from each of the flip-flops in the counters in the Twelve
      Hour Time Clock 4 are connected directly to a flip-flop in the Present
      Time Register. The outputs from the Twelve Hour Time Clock flip-flops thus
      comprise inputs into the Present Time Register 6. Each input is sent to an
      AND gate with the same alphabetic designation as the flip-flop to which it
      is connected. The inverted output of each AND gate is connected to the set
      direct lead of the respective flip-flops in the Present Time Register.
      Each AND gate has another input and each of these other inputs is
      connected together in parallel and thus one signal enables all the AND
      gates, providing any particular AND gate also receives a qualifying input
      signal from its corresponding flip-flop in the Twelve Hour Time Clock.
PAR  The enabling input which is sent in parallel to all flip-flops in the
      Present Time Register is from an AND gate 144 which has two inputs, the
      Load Time or LT signal from the Readout Control Logic 12 (see FIGS. 1 and
      7) on conductor 42 and the inverted Enable Loading or EL(not) signal from
      the Main Clock 2 (see FIGS. 1 and 2) on conductor 44. This latter signal
      has been discussed previously, and it comprises the T8(not) output from
      the decade counter 104 in the Main Clock 2 (see FIG. 2). Thus to record
      the present time from the Twelve Hour Time Clock into the Present Time
      Register 6, an Enable Loading signal 44 is required from the Main Clock 2
      in coincidence with the Load Time signal 42 from the Readout Control
      Logic. These two signals then qualify AND gate 144 which in turn loads the
      time from the Twelve Hour Time Clock into the Present Time Register.
PAR  The enabling signal to each AND gate comes from the AND gate 144, the
      inputs of which are derived from the Load Time or LT signal from the
      Readout Control Logic and the Enable Loading or EL(not) signal from the
      Main Clock. Accordingly, three signals are required to load time from the
      Twelve Hour Time Clock into the Present Time Register. The first two
      signals are the LT and the EL(not) signals which in turn result in an
      output from an AND gate 144 which enables all AND gates at each of the
      flip-flops in the Present Time Register. In addition, each AND gate at the
      respective flip-flops requires a qualifying input signal from the
      corresponding flip-flops from the Twelve Hour Time Clock in order to set
      direct each flip-flop in the Present Time Register.
PAR  Thus when an hour signal comes from flip-flops K, L, M, or N in the Twelve
      Hour Time Clock to flip-flops K', L', M', or N' of the Present Time
      Register 6 the respective flip-flops will not automatically be set
      according to their input signals from the Twelve Hour Time Clock, but they
      will require a precise enabling signal from both the Readout Control Logic
      and the Main Clock in order to allow the input of time from the Twelve
      Hour Time Clock to be set into the flip-flops of the Present Time
      Register. This is also true with the flip-flops for the 10 minutes and the
      minutes sections of the Present Time Register.
PAR  The present time information, or input, from the Twelve Hour Time Clock 4
      comes into the Present Time Register 6 in parallel, as shown by the table
      at the lower left of FIG. 4, and the output from the Present Time Register
      6 also is transmitted out in parallel, as shown by the table at the lower
      right of FIG. 4. The Q and Q(not) outputs from the flip-flops are
      connected to the zero through twelve Decoder.
PAR  The shifting of the information by the pulses from the respective
      flip-flops of the Present Time Register is accomplished by shift pulses
      from the Readout Control Logic (see FIG. 7). The shift pulses are a series
      of four shift pulses which comprise the Shift Next Digit signal from the
      Readout Control Logic 12 on conductor 58. The Shift Next Digit pulses are
      connected to the clock terminals of each flip-flop. The clock terminals of
      each flip-flop are connected in parallel so that the shift pulses are
      transmitted simultaneously to the clock leads of the flip-flops. The shift
      pulses in turn result in the information stored in each flip-flop being
      transmitted or shifted to their adjacent flip-flops. Since the Shift Next
      Digit signal comprises a series of four pulses, the time may be read from
      the Present Time Register to the Zero Through Twelve Decoder sequentially
      according to the hours, times 10 minutes, and minutes from flip-flops K,
      L, M, and N. After the present hour has been transmitted, the Shift Next
      Digit signal of four shift pulses from the Readout Control Logic is
      received in the Present Time Register and this signal makes the times 10
      minutes move over four places to flip-flops K, L, M, and N, thus making
      the times ten minutes information available to the Zero Through Twelve
      Decoder. The second Shift Next Digit signal of four shift pulses then in
      turn makes the minutes available to the Zero Through Twelve Decoder
      through flip-flops K, L, M and N.
PAR  At time T1 in the Readout Control Logic (see FIG. 7), as will be discussed
      below, a Clear signal is transmitted to the clear direct lead of each
      flip-flop in the Present Time Register which is connected to conductor 60.
      This clears the flip-flops of previous time information stored in them in
      preparation for the new time input from the Twelve Hour Time Clock.
PAR  The information to the Present Time Register is transmitted in parallel
      from the Twelve Hour Time Clock, as shown in the table at the lower left
      in FIG. 4. That is, the Q output from flip-flops A, B, C,... L, M, and N
      of the Twelve Hour Time Clock is connected directly to the AND gates
      associated with each flip-flop A', B', C',... L', M', and N' of the
      Present Time Register. The output of the Present Time Register is
      transmitted to the Zero Through Twelve Decoder in parallel from the four
      hour flip-flops, which are the K', L', M', and N' flip-flops.
PAR  The Present Time Register, as previously indicated, is a 12 bit shift
      register. The first Shift Next Digit signal 58, which comprises a series
      of four shift pulses from the Readout Control Logic, is connected to the
      clock terminals of each flip-flop in the Present Time Register.
      Accordingly, the information stored in each flip-flop is shifted to the
      adjacent flip-flop by the Shift Next Digit signal from the Readout Control
      Logic. This shift occurs four times, once for each of the four pulses.
      Thus, an entire digit is shifted to the right four times. The times 10
      minutes thus gets put into the four hour flip-flops and the minutes gets
      put into the four times 10 minutes flip-flops.
PAR  Both the Q and the Q(not) outputs from the hour flip-flops K', L', M', and
      N' are connected to the Zero Through Twelve Decoder. Accordingly, any
      information contained in flip-flops K', L', M', and N' is made immediately
      available to the Zero Through Twelve Decoder 14 (see FIG. 8) whether the
      information is an hours digit, a times 10 minutes digit, or a minutes
      digit. Shifting from the A' through J' flip-flops to the K' through N'
      flip-flops is in response to the SND signals or shift pulses on conductor
      58.
PAC  READOUT SHIFT REGISTER CONTROL
PAR  The Readout Shift Register Control is schematically shown in FIG. 5. The
      Readout Shift Register Control 8 includes a binary ripple counter 201,
      such as has been previously described, and is well known in the art, which
      counts from zero through 31. The counter is incremented from the Main
      Clock by the five cycles per second output on conductor 70. The ripple
      counter includes five flip-flops, numbered 206, 207, 208, 209, and 210.
      The Q output from each is successively connected to the clock input of the
      next adjacent flip-flop.
PAR  The ripple counter is enabled from an AND gate 202, one of whose inputs is
      the five cycles per second signal 70 from the Main Clock 2 (see FIGS. 1
      and 2) and the other of whose inputs is from a flip-flop 204. The
      flip-flop 204 in turn is set by the Start Transmission of Digit (STD)
      signal 78 from the Readout Control Logic (see FIGS. 1 and 7). Thus while
      the five cycle per second pulses from the Main Clock are being fed
      continuously to the AND gate 202, the gate is only enabled by the Start
      Transmission of Digit signal 78 from the Readout Control Logic.
      Accordingly, the binary ripple counter starts counting only when a signal
      is received from the Readout Control Logic on conductor 78.
PAR  The output signal from the enabling AND gate 202, in addition to being
      transmitted to flip-flop 206 of the counter, is also transmitted to the
      Readout Shift Register 10 in the form of shift pulses on conductor 72.
      When the flip-flop 204 is turned off by a clearing or stop signal at
      certain specified times, as will be discussed below, the AND gate 202 is
      turned off and accordingly the shift pulses to the Readout Shift Register
      on conductor 72 cease.
PAR  Times decoded from the counter in the Readout Shift Register Control 8 are
      T13, T15, T16, T18, T19, T20, T21, T23, and T25. As with the counters
      heretofore discussed, the various time signals are the low or the "not"
      signals from the decoder. These times are significant in that they
      determine the number of the 5 cycles per second shift pulses which are
      transmitted to the Readout Shift Register (see FIG. 6). These pulses shift
      out a particular digit code and they determine the time between digits.
PAR  Since T13 is the first time decoded, from when the AND gate 202 is enabled
      to start the counter 201, 14 shift pulses are transmitted to the Readout
      Shift Register on conductor 72 until the T13 time is decoded. This is
      because the counter is started from a full count. Therefore the first
      clock pulse will set the counter to a count of 0. Zero through 13
      comprises 14 counts.
PAR  During that period of time, i.e., the period of time from when the counter
      is started until time T13, the shift pulses are transmitted to the Readout
      Shift Register 10 to shift out a particular digit code and to establish
      the time or separation between digits. In other words, 14 shift pulses are
      the minimum number of pulses required to shift any number or digit, which
      represents either a minute, a times 10 minutes, or an hour digit, from the
      Readout Shift Register 10. This happens, for example, in shifting out the
      hour of "one." Fourteen shift pulses are required to shift out the digit 1
      including the proper delay between the hour digit and the times 10 minutes
      digit. Since each shift pulse occurs every 200 ms, a total of 2.8 seconds
      is required to shift the 1, a dot, and the time between digits.
PAR  The Q and Q(not) outputs from the binary ripple counter 201 are transmitted
      to a decoder 212 which decodes the desired times, as stated above. The
      decoded times are in turn transmitted to AND gates 214 through 222, the
      output of which AND gates are tied together and which clear the flip-flop
      204 and set direct the flip-flops 206, 207, 208, 209, and 210 of the
      binary ripple counter so that each time the AND gate 202 is enabled by the
      flip-flop 204 and the five cycle per second pulses on conductor 70, the
      binary ripple counter 201 starts with a full count. Since nine times are
      decoded from the counter 201, nine AND gates, identified by reference
      numerals 214 through 222, are required, or one AND gate per time. The
      other input to each of the AND gates comes from the Zero Through Twelve
      Decoder 14, as shown in the table at the left top of FIG. 5. The Zero
      Through Twelve Decoder outputs, which comprise the inputs to the AND gates
      214 through 222, are transmitted to a particular AND gate according to the
      length of time, or the number of shift pulses, required to shift each
      particular digit. Since there are only nine AND gates, but 13 digits from
      the Zero Through Twelve Decoder, some of the AND gates are used for more
      than one digit. These digits occur at times T18, T21, and T23.
      Accordingly, the AND gates pertaining to those particular times and digits
      require OR gates into which the digits from the Zero Through Twelve
      Decoder are transmitted in order to provide only a single digital signal
      from the Zero Through Twelve Decoder for each AND gate. For example, the
      digits 7 and 8 comprise the input signals to an OR gate 224, the output of
      which is transmitted to the AND gate 217 along with the T18 signal from
      the decoder 212. Thus the OR gate 224 is qualified by either the 7 or the
      8 digit signal from the Zero Through Twelve Decoder 14, and when T18 also
      occurs to enable the AND gate 217, the output therefrom clears the
      flip-flop 204 to stop the counter 210 by disabling the AND gate 202. At
      the same time the output from AND gate 217 sets each of the flip-flops in
      the counter 201 to a full count to prepare the counter for the next
      counting cycle.
PAR  Digits 9 and 11 are inputs to OR gate 226, and digits 0, 10, and 12 are
      inputs to OR gate 228. The output from OR gate 226 and the T21 signal
      qualifies AND gate 220. The output from OR gate 228 and the T23 signal
      qualifies AND gate 221.
PAR  When one of the AND gates 214 through 222 is qualified, three events occur.
      First, the flip-flop 204 is cleared to stop the pulses from AND gate 202,
      and the counter 201 is prepared for the next counting procedure by setting
      the flip-flops 206 through 210 to a full count so that the next clock
      input comprises a count of zero. These two events have been discussed
      previously. The third event which occurs is that a Shift Next Decimal
      Digit signal is transmitted to the Readout Control Logic by conductor 80.
      This indicates to the Readout Control Logic that a decimal digit has been
      transmitted from the Readout Shift Register by a series of shift pulses on
      conductor 72 and that the apparatus is now prepared to shift the next
      decimal digit.
PAR  The decoding of the nine different times states actually comprises the
      number of pulses required for a particular decimal number to be shifted
      from the Readout Shift Register 10 along with the proper time between
      digits as illustrated in the code. This is further explained in
      conjunction with the Readout Shift Register.
PAC  READOUT SHIFT REGISTER
PAR  FIG. 6 comprises a schematic representation of the Readout Shift Register
      10. The Readout Shift Register 10 includes 14 JK flip-flops, connected as
      a shift register, and numbered 0 through 13, in reverse order. The set
      direct terminal of flip-flops 1 through 13, or 13 through 1, as shown, are
      respectively connected to the set 1 through 13 (or 13 through 1) lines
      from the Code Assembler 16, (see FIGS. 1 and 9), as indicated at the top
      left of FIG. 6. The high and low outputs, Q and Q(not), of each flip-flop,
      beginning with number 13, are respectively connected to the J and K
      terminals of the adjacent flip-flop in reverse order. The high or Q output
      of the 0 flip-flop is in turn connected to the Modulator Driver by
      conductor 64 (see FIG. 1).
PAR  Shift pulses from the Readout Shift Register Control 8 (see FIGS. 1 and 5)
      on conductor 72 are connected to the clock terminal of each flip-flop in
      parallel such that each shift pulse triggers each flip-flop in order to
      shift the information contained in one flip-flop to the adjacent
      flip-flop. The clear direct terminals of all flip-flops are also connected
      in parallel. The Clear signal comes from the Readout Control Logic 12 on
      conductor 61 (see FIGS. 1 and 7). Thus a Clear signal from the Readout
      Control Logic will clear all flip-flops in the Readout Shift Register.
PAR  Sequentially, a Clear signal from the Readout Control Logic clears all
      flip-flops, 0 through 13, prior to the setting of the flip-flops by the
      assembled code from the Code Assembler and also prior to the receipt of
      the shift pulses from the Readout Shift Register Control. Inputs from the
      Code Assembler set the respective flip-flops 1 through 13. Shift pulses
      from the Readout Shift Register Control go to each flip-flop in the
      Register 10 as clock inputs. As a result of the shift pulses, the output
      from the Readout Shift Register is then transmitted serially to the
      Modulator Driver from the 0 flip-flop on conductor 64.
PAC  READOUT CONTROL LOGIC
PAR  The Readout Control Logic 12 of the present apparatus is shown in FIG. 7.
      The figure includes the basic circuitry and logic diagrams for
      accomplishing the function of the Readout Control Logic, and it also
      includes a truth table defining the particular times at which specific
      events occur. The times define or control the various signals and shift
      pulses originating from the Readout Control Logic. The specific times are
      defined by signals from 17 AND gate decoders. Each of the AND gates are
      identified by their respective T outputs or times. The input signals for
      the AND gates come from five bi-stable flip-flops, which comprise a binary
      ripple counter 240. The respective outputs from the flip-flops must
      coincide at particular gates to define the specific times. When the
      signals do coincide at a particular gate, the output signal which defines
      a particular time then causes a particular event to occur either in the
      Readout Control Logic or in other circuits of the apparatus.
PAR  The binary ripple counter 240 is a well known state of the art device
      utilizing five flip-flops, 241, 242, 243, 244, and 245, coupled together.
      The high or "Q" output of one flip-flop is coupled to the clock input of
      the next succeeding flip-flop. The counter counts from 0 to 31, with
      appropriate times being decoded from the various counts by the AND gate
      decoders. A total of 17 times are thus decoded.
PAR  Times are decoded by the 17 AND gate decoders, each of which includes five
      inputs from the counter's flip-flops. The five inputs to each of the AND
      gates are taken from the high or Q and low or Q(not) outputs from the
      flip-flops of the counter. Each output of the 17 AND gates is a low signal
      when a particular AND gate is qualified to decode a particular time. The
      times are shown in FIG. 7 and in the truth table therein as comprising low
      or "not" signals, but for convenience in this specification, the term
      "not" and/or the bar superposed on the respective times in the truth table
      and in the schematic portions of the figure will be omitted in the
      description material herein. Accordingly, and by way of example, the time
      T1(not) will be referred to only as "Time T1" and/or AND gate "T1"
      hereafter.
PAR  Each flip-flop of the counter 240 comprises a single stage, and the output
      of each stage represents an arithmetic value which is double that of the
      previous stage. For example, the output of the first stage, or flip-flop
      241, in the high or Q state represents the arithmetic value of 1, and the
      output of the second stage flip-flop 242 represents an arithmetic value of
      2. Accordingly, the high or Q output of the next stages 243, 244, and 245,
      respectively represent the arithmetic values of 4, 8, and 16. It thus
      follows that a combination of any or all of the five stages in the high
      state can give a count anywhere from 0 through 31.
PAR  With the outputs from the five stages being coupled to the AND gate
      decoders, the respective definitions of times which are decoded by the AND
      gates vary according to the values given for the times. The inverted or
      low outputs of the AND gates correspond to the times shown in the table in
      the lower left of FIG. 7.
PAR  As is common in the art, and has been discussed, a line above a time or
      signal represents the low and true value of that time or signal.
PAR  The Readout Control Logic includes a flip-flop 250 and an AND gate 252
      which must combine signals to begin the counting activities of the
      counter. The AND gate 252 receives a 10 KHz input signal from the Main
      Clock on conductor 74. The other input to the AND gate is from the
      flip-flop 250. The flip-flop 250 receives a Set Direct input from either
      the Shift Next Decimal Digit, or SNDD(not), signal from the Readout Shift
      Register Control on conductor 80 or from the on-off switch which is the
      Readout Begin signal on conductor 30. The Readout Begin signal is a low
      going grounding signal which is transmitted to both the flip-flop 250 and
      another AND gate 254. The AND gate 254 also receives the T2 signal to
      qualify the gate. The output of the AND gate 254 when qualified comprises
      the Load Time signal to the Present Time Register on conductor 42. This
      signal allows the Present Time Register 6 (see FIGS. 1 and 4) to receive
      the time from the Twelve Hour Time Clock 4 (see FIGS. 1 and 3). The time
      information comprises 12 bits in parallel transmitted into the Present
      Time Register 6 (see FIG. 4).
PAR  A diode 256 blocks the SNDD(not) signal from qualifying the AND gate 254
      when there is a beginning signal at the gate. Thus the SNDD(not) signal
      functions only to set the flip-flop 250. However, the low going Readout
      Begin signal passes through the diode 256 and also sets the flip-flop 250.
      When the flip-flop 250 sets, its output qualifies AND gate 252. A 10 KHz
      signal from the Main Clock on conductor 74 is thus transmitted to, and
      comprises a clocking signal for, the ripple counter 240.
PAR  The flip-flop 250 is reset or cleared at times T5, T17, T29, and T31, and
      in turn AND gate 252 is disqualified. The clearing of the flip-flop 250
      prevents the clock signal from passing through AND gate 252 thus
      effectively turning the clock signal and the counter 240 off. During the
      time when the clock signal is off, the control of the time keeping
      apparatus is vested in the Readout Shift Register Control (see FIG. 5).
      When the Readout Shift Register Control transmits an SNDD(not) signal to
      the Readout Control Logic 12, the flip-flop 250 is again set which enables
      the AND gate 252 when the 10 KHz clock signal next comes through conductor
      74. The counter 240 then resumes its counting cycle and the appropriate
      times are decoded.
PAR  Thus at the times T5, T17, T29, and T31, the counter stops to allow other
      functions to be carried out. At T31, the flip-flop 250 is cleared and the
      counter stops. By this time the hour, times 10 minutes, and minutes time
      has been appropriately transmitted and the activities of the time keeping
      apparatus have thus been completed.
PAR  The inputs to the Readout Control Logic comprise the Readout Begin signal
      on conductor 30 which is actuated by the on-off switch 20. This Begin
      signal, as has been explained, is a low going grounding signal which
      enables the AND gate 254 and also sets the flip-flop 250. This in turn
      results in an output from the AND gate 252 when a coincident 10 KHz pulse
      is received from the Main Clock on conductor 74 to start the ripple
      counter 240.
PAR  In addition to the Readout Begin signal and the 10 KHz pulses from the Main
      Clock, the other input signal to the Readout Control Logic is the
      SNDD(not) signal from the Readout Shift Register Control on conductor 80.
      This signal sets the flip-flop 250 after it has been cleared by one of the
      times from the counter, either T5, T17, or T29.
PAR  The Readout Control Logic also includes three OR gates 260, 262, and 264.
      The output of OR gate 260 provides shift pulses to the Present Time
      Register on conductor 58. These shift pulses result in the shifting of the
      times 10 minutes and minutes in the Present Time Register and cause the
      respective times to be made available to the Zero Through Twelve Decoder.
PAR  At times T5, T17, and T29, the STD(not) signal is transmitted to the
      Readout Shift Register Control from the OR gate 262 on conductor 78. Thus
      at T5, T17, and T29, the Readout Shift Register Control is given the
      signal to shift pulses to read out the respective hour, times 10 minutes,
      and minutes. At this time the control of the time apparatus is vested in
      the Readout Shift Register Control. The Readout Control Logic has
      temporarily transferred its control.
PAR  At time T1, a Clear signal is transmitted from the Readout Control Logic on
      conductors 60 and 61 to clear the Present Time Register and to clear the
      Readout Shift Register. This Clear signal clears the registers of the
      information left in them from the preceding time readout, or from when the
      time keeping apparatus was last interrogated for a time readout prior to
      the present readout cycle.
PAR  As previously discussed, at time T2 the Readout Begin signal 30 is used
      coincidentally with T2 to enable the AND gate 254 and the output of the
      gate is the LT or Load Time signal which is sent to the Present Time
      Register by conductor 42. This signal causes the Present Time Register to
      receive 12 bits in parallel from the Twelve Hour Time Clock. Each four bit
      binary coded decimal input to the Present Time Register comprises
      respectively the minutes, times 10 minutes, and hours signals.
PAR  At times T3, T15, and T27, a signal is transmitted to the Code Assembler
      from OR gate 264 by conductor 76. This signal, ECA(not) is the Enable Code
      Assembler signal which enables the Code Assembler and permits it to
      transmit the respective hour, times 10 minutes, and minutes signal in code
      to the Readout Shift Register. The ECA(not) signal follows immediately
      after the time has been loaded into the Zero Through Twelve Decoder from
      the Present Time Register. Thus T3 follows time T2, at which time the
      present time is read into the Present Time Register from the Twelve Hour
      Time Clock, and at the same time the hour time is immediately available to
      the Zero Through Twelve Decoder. Times T15 and T27 are decoded after the
      shift pulses respectively of T7, T9, T11, T13, and T19, T21, T23, and T25,
      which comprise shift pulses for the respective times 10 minutes and
      minutes information to be transmitted to the Zero Through Twelve Decoder.
PAR  Times T15 and T27 thus enable the Code Assembler to encode the respective
      ten minute and minute digits. Times T15 and T27 are "OR"ed together at OR
      gate 264 and are transmitted to the Code Assembler by way of conductor 76.
PAC  ZERO THROUGH TWELVE DECODER
PAR  FIG. 8 schematically illustrates the Zero Through Twelve Decoder 14. The
      Zero Through Twelve Decoder comprises 13 AND gate decoders, each of which
      represents a decimal number 0 through 12. Each AND gate decoder includes a
      series of four inputs, variously connected to the Q and Q(not) outputs
      from the K', L', M', and N' flip-flops of the Present Time Register 6 (see
      FIG. 4).
PAR  As shown in FIG. 8, the decimal digit 0 is decoded by the Q(not) outputs
      from the respective flip-flops in the Present Time Register, while the
      decimal 1 is decoded by the Q output of K', and the Q(not) outputs of L',
      M', and N' from the Present Time Register. The other decimal numbers are
      similarly decoded by the respective outputs of the Present Time Register,
      as shown in the figure.
PAR  As discussed above, each of the four inputs to the AND gate decoders, and
      thus from the flip-flops in the Present Time Register, is a binary bit
      representing a value of 1, 2, 4, and 8, respectively. In this manner, by
      simply adding the various combinations, the decimal values from 0 through
      12 can be represented as binary coded decimal inputs to each of the AND
      gate decoders in the Zero Through Twelve Decoder 14.
PAR  The decoded decimal numbers 0 through 12 are transmitted from the Decoder
      to both the Readout Shift Register and the Code Assembler (see FIGS. 1, 5,
      and 9) by 13 conductors collectively represented by conductors 54 and 56,
      respectively on FIG. 1.
PAR  Note that the outputs from the AND gate decoders which comprise the Zero
      Through Twelve Decoder are inverted or low outputs when true. To signify
      this, there is shown a bar over each decimal number output in FIG. 8 and
      in FIGS. 5 and 9.
PAC  CODE ASSEMBLER
PAR  FIG. 9 comprises a schematic diagram of the Code Assembler 16. The Code
      Assembler is a series of AND gates which use the output signals
      representing the decoded decimal numbers 0 through 12 from the Zero
      Through Twelve Decoder 14 (see FIG. 8) as inputs. The outputs of the AND
      gates in the Code Assembler 16 are transmitted through a diode matrix to
      the Readout Shift Register 10 (see FIG. 6) as an assembled code
      representing a decimal number. The assembled code represents a series of
      dots and dashes, previously discussed, and illustrated in detail in FIG.
      10 below. The output from each AND gate of the Zero Through Twelve Decoder
      is connected to a corresponding input AND gate in the Code Assembler 16.
      Each input gate of the Code Assembler is also connected to the Readout
      Control Logic 12 (see FIG. 7) for an enabling signal, Enable Code
      Assembler, or ECA(not) signal, on conductor 76. The ECA(not) signal
      enables the respective gates of the Code Assembler, providing there is
      also an input from the Zero Through Twelve Decoder at a particular gate.
PAR  The outputs from the gates of the Code Assembler are connected through
      diodes to output lines, each of which sets a particular flip-flop of the
      Readout Shift Register 10, which has been described in detail above in
      conjunction with FIG. 6. Since the assembled code is a series of dots and
      dashes, represented by a period of time, with dashes being three times as
      long as dots, more than one gate of the Code Assembler may be connected
      through a diode to a particular output or set line. Correspondingly, a set
      signal for the Readout Shift Register flip-flops may require signals
      originating from one or several gates in the Code Assembler. This may be
      illustrated by referring to FIG. 9, in which a signal from only the number
      6 gate of the Code Assembler is required to set flip-flops in the Readout
      Shift Register representing numbers 13 and 12. However, the number 6 gate
      is also required to set number 11, as is the zero gate, the 10 gate, and
      the 12 gate. All of the gates, 0 through 12, are required to set the
      number 1.
PAR  The flip-flops of the Readout Shift Register (see FIG. 6) represent the
      times for either dots or dashes. To illustrate, if the number 1 is
      represented by a single dot, then the flip-flop representing the number 1
      in the Readout Shift Register is set. Since both dots and dashes start
      with a pulse, it follows that all of the numerals 0 through 12 will
      require the number 1 flip-flop to be set. But since the number 1 is a
      single dot, no other flip-flops need to be set to provide the code for the
      number 1. Arbitrarily, a dash is three times as long as a dot. In other
      words, three consecutive set flip-flops represent a dash. Since the
      numbers 4, 5, 6, 8, 10, and 12 begin with dashes in the illustrated
      code(see Introduction, supra) it is also necessary that flip-flops 2 and 3
      be set to represent their beginning dashes. By reading the set lines from
      left to right and top to bottom as they are connected by diodes to the
      output of the respective gates, the assembled code in dots and dashes may
      be read for each of the numbers 0 through 12. For example, 0 in the dot
      and dash code disclosed herein comprises a dot and dash and two dashes,
      represented by the set 1 line, the set 4, set 5, set 6 lines, and the set
      9, set 10 and set 11 lines, from top to bottom. The number 1 is
      represented as a single dot on only the set 1 line. The number 4 is a
      dash, represented by set 1, set 2, and set 3.
PAR  Thus the Code Assembler translates or codifies the various decimal outputs
      from the Zero Through Twelve Decoder into a representation of dots and
      dashes which in turn represent the various decimal numbers. The dot and
      dash representatives are transmitted in parallel from the Code Assembler
      16 to flip-flops in a Readout Shift Register 10. The code output from the
      Code Assembler sets the flip-flops according to the desired coding
      representing the respective decimal numbers.
PAC  OUTPUT CODE
PAR  FIG. 10 illustrates the code discussed heretofore and employed in the
      present invention. The code utilizes dots and dashes to represent the
      thirteen arithmetic numbers 1 through 12 and 0. The dots and dashes are
      represented by pulses of different durations, with dashes being three
      times as long as dots. A dot is represented by a pulse of 200 milliseconds
      duration, and a dash is represented by a pulse of 600 milliseconds
      duration.
PAR  All 13 numbers are represented by a dot or a dash, or by combinations of
      not more than three dot and/or dash characters per numeral. Each dot or
      dash character in a numeral is separated by 400 milliseconds from the next
      succeeding character. The dot and dash characters of each numeral comprise
      a character set. Between numerals, there are 2400 milliseconds, or 2.4
      seconds.
PAR  In FIG. 10 each numeral is shown followed by the 2400 millisecond
      separation between numerals or character sets. For example, the numeral 1
      is represented by a 200 millisecond pulse followed by a 2400 millisecond
      time period. The numeral 2 is represented by two 200 millisecond pulses
      separated by a 400 millisecond time period, and the second pulse is
      followed by a 2400 millisecond time period. The numeral 7 is represented
      by a 200 millisecond pulse and a 600 millisecond pulse with a 400
      millisecond time period between them and the 600 millisecond pulse is
      followed by a 2400 millisecond time period. Thus the numeral 1 is
      represented by a dot, or a character set of one character; the numeral 2
      is represented by two dots, or a character set of two characters. The
      numeral 4 is represented by a single character, a dash. The numeral 7 is
      represented by two characters in its character set, a dot and a dash.
PAR  FIG. 11 shows substantially the same information as FIG. 10, but with the
      top portion of each dot and dash character emphasized to more distinctly
      illustrate the conceptualization of the dots and dashes in a more
      conventional appearing manner. As shown, the pulses appear as the more
      traditional concept of dots and dashes.
PAR  FIG. 12 illustrates the time readout sequence of the numerals 7, 1, and 6,
      or the time of 7:16. The 7 represents the hour, the 1 represents the times
      10 minutes, and the 6 represents the minutes. Each numeral is shown in its
      coded form of dot and dash characters. The numeral 7 is represented by a
      dot of 200 milliseconds and a dash of 600 milliseconds, separated by a 400
      millisecond time interval. The dot and dash character set is followed by a
      2400 millisecond time interval before the next character set is
      represented, which is a single dot for the numeral 1. The final number is
      6, which is represented by three dashes, each of which is a 600
      millisecond pulse separated by 400 millisecond time intervals. Each
      character set is separated from the next succeeding character set by a
      2400 millisecond time interval, or 2.4 seconds.
PAR  The pulses in FIG. 12 are illustrated with the dot and dash emphasis
      similar to those of FIG. 11. The time shown is 7:16, or 16 minutes after
      the hour of 7. The 16 minutes, with respect to the apparatus disclosed
      herein, comprises one 10 minute time period after the hour plus a 6 minute
      time period.
PAC  MODULATOR DRIVER
PAR  The Modulator Driver 18 shown as a block in FIG. 1 is illustrated in more
      detail in FIG. 13. The Modulator Driver preferably includes a pair of
      amplifiers, an audio output amplifier 330 and a tactile output amplifier
      340. Each amplifier is connected to a mixer which receives a signal from
      the Main Clock and also a signal comprising modulating pulses from the
      Readout Shift Register 10. See FIG. 1 and FIG. 6.
PAR  Conductor 86 transmits a 1000 Hz signal from the Main Clock to an audio
      mixer 332, and conductor 88 transmits a 100 Hz signal from the Main Clock
      to a tactile mixer 342. The mixers also receive modulating pulses from the
      Readout Shift Register on conductor 64. The pulses from the Readout Shift
      Register are mixed with and modulate the respective signals from the Main
      Clock in the respective mixers. The mixer units comprise well known
      apparatus for modulating a continuous signal to accomplish pulse
      modulation.
PAR  From the mixer, either audio mixer 332 or tactile mixer 342, the modulated
      pulses are transmitted to the respective amplifier where the pulse trains
      are amplified to proper power levels. The 1000 Hz pulse trains from the
      audio amplifier 330 are transmitted to a speaker 336 in Readout Apparatus
      22. The 100 Hz pulse trains from the tactile amplifier 340 are transmitted
      to tactile readout apparatus 346 in Readout Apparatus 22.
PAR  Thus the series of dots and dashes representing the coded time from the
      Readout Shift Register are modulated either by a 1000 Hz signal for an
      audio output or by a 100 Hz signal for a tactile output. From the
      Modulator Driver the respective coded time is transmitted to the Readout
      Apparatus, which may be either (or both) a speaker for the audio output or
      appropriate tactile apparatus for a tactile output.
PAR  If a tactile output is desired, the Readout apparatus could include a
      solenoid or some type of vibrating apparatus which may be sensed by the
      user of the time keeping apparatus as a series of dots and dashes using
      the 100 Hz signal as the basis for the coded dots and dashes.
PAC  OPERATION
PAR  FIG. 1 may be referred to again for the operational description of the
      apparatus.
PAR  The following signals are continuously occurring during normal operation of
      the time keeping apparatus and originate from the Main Clock 2:
PAR  1. A 5 Hz clock pulse is transmitted to the Readout Shift Register Control
      8 on conductor 70.
PAR  2. A 10 KHz clock pulse is transmitted to the Readout Control Logic 12 on
      conductor 74.
PAR  3. A 10 KHz Enable Loading Signal is transmitted to the Present Time
      Register 6 on conductor 44.
PAR  4. A 1 cycle per minute clock signal on conductor 3 continuously increments
      the Twelve Hour Time Clock 4. The clock 4 counts the minutes and arranges
      them into three individual decimal characters representing the present
      hour, the particular 10 minute interval or period after the hour, and
      minutes after a particular 10 minute period. For example, the time 3:45
      represents the hour of 3, plus four 10 minute periods after 3, plus 5
      minutes after the fourth 10 minute period.
PAR  5. A 1 KHz continuous signal is transmitted to the Modulator Driver 18 on
      conductor 86 for an audio readout, if such is employed. A 100 Hz
      continuous signal is transmitted to the Modulator Driver 18 on conductor
      88 for a tactile readout, if such is employed.
PAR  The Twelve Hour Time Clock 4 continuously stores time information in the
      binary coded decimal form of three discrete digits representing the
      present minutes, the particular 10 minute interval or period after the
      hour, and the present hour, and such time digits are respectively
      represented by signals 36, 38, and 40 in FIG. 1.
PAR  The following sequence of events occurs when a person (user) requests the
      time to be read out:
PAR  Switch 20 is actuated, resulting in a Beginning Signal 30 to the Readout
      Control Logic 12.
PAR  The Readout Control Logic 12 sends a Clear signal to the Present Time
      Register 6 and to the Readout Shift Register 10 over conductors 60 and 61,
      respectively. It is necessary to clear the registers of information from a
      previous time readout cycle.
PAR  The Readout Control Logic 12 sends a Load Time signal over conductor 42 to
      the Present Time Register. Forty microseconds later the Main Clock 2 sends
      an Enable Loading signal over conductor 44 to the Present Time Register.
      Signals on conductors 42 and 44 are combined to enable the Present Time
      Register to accept the present time, comprising signals 36, 38, and 40,
      from the Twelve Hour Time Clock 4. The above described sequence is
      designed to prevent the Present Time Register from being loaded during a
      possible time when the Twelve Hour Time Clock 4 is incrementing or
      changing its time count.
PAR  When the present time is stored in the Present Time Register, the apparatus
      is ready to start transmitting the present time out of the apparatus to
      the Modulator Driver 18. When the present time, 36, 38, and 40, is loaded
      into the Present Time Register 6, the present hour is then immediately
      made available from the Register 6 to the Zero Through Twelve Decoder 14
      in binary coded decimal form by way of conductors 46, 48, 50, and 52.
PAR  The Zero Through Twelve Decoder 14 receives the present hour in binary
      coded decimal form from conductors 46, 48, 50, and 52, and decodes it from
      the binary coded decimal form into a single low level voltage signal to be
      transmitted to the Code Assembler 16 by conductor 54 and to the Readout
      Shift Register Control 8 by conductor 56. As previously discussed, the
      conductors 54 and 56 actually each comprise 13 discrete conductors (see
      FIG. 8). Which of the 13 conductors the signal is actually present on will
      depend on the value of the hour digit, whether it is a 1, 4, 9, 11, etc.
PAR  Next in the sequence of events the Readout Control Logic 12 sends an Enable
      Code Assembler signal over conductor 76 to the Code Assembler 16. This
      results in the present hour signal present on one of the 13 conductors 54
      being transformed into a special dot and dash code (see FIG. 10) by the
      Code Assembler. The dot and dash code representing the present hour is
      transmitted in the form of 13 individual high and low level voltages on
      the 13 conductors represented by reference numeral 62 in FIG. 1. These 13
      high and low voltages representing the present hour in dot and dash form
      either set or not set 13 flip-flops in the Readout Shift Register 10 so as
      to store in the Register the dot and dash code representing the present
      hour.
PAR  The Readout Control Logic 12 sends a Start Transmission of Digit signal
      over conductor 78 to the Readout Shift Register Control 8. By this signal
      the Readout Control Logic transfers control of the apparatus to the
      Readout Shift Register Control. The Readout Shift Register Control 8 sends
      5 Hz shift pulses over conductor 72 to the Readout Shift Register 10. This
      results in the Readout Shift Register shifting out serially the dot and
      dash code representing the present hour. The dot and dash code is shifted
      over conductor 64 to the Modulator Driver 18 where it is modulated with a
      continuous 1 KHz signal present on conductor 86 for audio readout
      application of the apparatus or modulated with a 100 Hz continuous signal
      present on conductor 88 for tactile readout application of the apparatus.
PAR  The Readout Shift Register Control performs two functions. One function is
      to shift out the dot and dash code, representing the present hour, from
      the Readout Shift Register 10 to the Modulator Driver 18. The second
      function is to provide or schedule the time delay between the hour digit
      and the 10 minute digit as depicted in FIG. 12. The Readout Shift Register
      Control 8 accomplishes its first function by knowing the time length of
      the dot and dash code of the particular hour value being transmitted. This
      is accomplished by the introduction of the hour value being transmitted to
      the Readout Shift Register Control over conductor 56 from the Zero Through
      Twelve Decoder. The signal present on one of the 13 conductors 56
      indicates or tells the Readout Shift Register Control the required time
      necessary to shift out the particular dot and dash code representing the
      present hour. The Readout Shift Register Control then combines the
      information from the Zero Through Twelve Decoder with a standard time
      representing the time between the hour and the 10 minute digits to
      determine the total time for shifting out the hour digit and the time
      between the hour digit and 10 minute digit. After the Readout Shift
      Register Control has determined that the proper time has lapsed, it gives
      control back to the Readout Control Logic 12 by sending a Shift Next
      Decimal Digit signal over conductor 80 to the Readout Control Logic.
PAR  The Readout Control Logic 12 then transmits four shift pulses over
      conductor 58 to the Present Time Register 6. This results in the 10 minute
      digit, in binary coded decimal form, being shifted four places to the
      "four" hour flip-flops in the Present Time Register. At the same time the
      minute digit is shifted four places to the four 10 minute flip-flops. The
      10 minute digit in binary coded decimal form is now available to the Zero
      Through Twelve Decoder 14 over conductors 46, 48, 50, and 52. In other
      words, the same conductors and techniques are used to encode and shift out
      the 10 minute digit as was used for the hour digit. The Zero Through
      Twelve Decoder 14 decodes the 10 minute digit from its binary coded
      decimal form and changes it to a single low level voltage existing on one
      of the 13 conductors 54 and 56 according to the numerical value of the
      digit. Subsequently the Readout Control Logic 12 sends an Enable Code
      Assembler signal over conductor 76 to the Code Assembler 16. This results
      in the Code Assembler changing the ten minute digit from the single low
      level voltage on one of the conductors 54 to a series of high and low
      level voltages which represents the 10 minute digit in a dot and dash code
      form. The action of the Enable Code Assembler signal on conductor 76 also
      results in the 10 minute digit being transmitted into the Readout Shift
      Register 10 in dot and dash code form by the 13 conductors 62.
PAR  The above described sequence of events is repeated. The Readout Control
      Logic 12 sends a Start Transmission of Digit signal to the Readout Shift
      Register Control 8 over conductor 78. This in effect transfers control of
      the apparatus from the Readout Control Logic to the Readout Shift Register
      Control, which immediately starts transmitting shift pulses to the Readout
      Shift Register 10 over conductor 72. This results in the ten minute digit
      being shifted out of the Readout Shift Register in dot and dash form over
      conductor 64 to the Modulator Driver 18 which modulates the dot and dash
      code with either the 100 Hz or the 1 KHz signals for either the tactile or
      the audio readout of the apparatus.
PAR  After the 10 minute digit has been shifted out, the Readout Shift Register
      Control 8 continues to calculate or determine time, as discussed above, so
      as to allow for the time between the 10 minute digit and the minute digit.
      Once this time has been determined, the Readout Shift Register control
      sends a Shift Next Decimal Digit signal to the Readout Control Logic 12
      over conductor 80. This in effect transfers control of the apparatus back
      to the Readout Control Logic 12 from the Readout Shift Register Control.
PAR  The Readout Control Logic 12 then transmits four shift pulses to the
      Present Time Register 6 over conductor 58. This results in the minute
      digit, which exists in binary coded decimal form in the four 10 minute
      flip-flops of the Present Time Register, shifting four places to the four
      hour flip-flops. The minute digit is now available to the Zero Through
      Twelve Decoder 14 by way of conductors 46, 48, 50, and 52 in binary coded
      decimal form from the four flip-flops in the Present Time Register. The
      minute digit is then transmitted to the Code Assembler and the Readout
      Shift Register Control, and to the Readout Shift Register and the
      Modulator Driver by the same conductors and using the same procedure or
      technique as described above for the 10 minute digit. When the Readout
      Shift Register Control 8 transfers control back to the Readout Control
      Logic 12 over conductor 80, the readout action of the apparatus, which was
      initiated by switch 20, comes to a stop.
PAR  While the principles of the invention have been made clear in illustrative
      embodiments, there will be immediately obvious to those skilled in the art
      many modifications of structure, arrangement, proportions, the elements,
      materials, and components used in the practice of the invention, and
      otherwise, which are particularly adapted for specific environments and
      operating requirements, without departing from those principles. The
      appended claims are intended to cover and embrace any and all such
      modifications, within the limits only of the true spirit and scope of the
      invention. This specification and the appended claims have been prepared
      in accordance with the applicable patent laws and the rules promulgated
      under the authority thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for serially reading out time comprising, in combination:
PA1  clock means for providing clock pulses;
PA1  counter means for counting pulses from the clock means and for providing
      output pulses in terms of minutes, 10 minutes, and hours,
PA1  register means connected to the counter means for storing and shifting
      pulses representing time information in terms of minutes, 10 minutes, and
      hours;
PA1  encoding means connected to the register means for serially encoding the
      pulses representing time information into pulses of varying time lengths;
PA1  control means for controlling the storing, shifting, and encoding of
      pulses; and
PA1  output means for providing a serial output of the encoded time information.
NUM  2.
PAR  2. The apparatus of claim 1 in which the register means includes a present
      time register for storing and shifting time information from the counter
      means to the encoding means.
NUM  3.
PAR  3. The apparatus of claim 2 in which the register means further includes a
      readout shift register for storing and serially shifting encoded time
      information from the encoding means to the output means.
NUM  4.
PAR  4. The apparatus of claim 3 in which the control means includes means for
      controlling the serial storing and shifting of pulses in the present time
      register in response to clock pulses from the clock means.
NUM  5.
PAR  5. The apparatus of claim 4 in which the control means further includes
      means for controlling the encoding of time information from the present
      time register in response to clock pulses from the clock means.
NUM  6.
PAR  6. The apparatus of claim 5 in which the control means further includes
      means for controlling the serial shifting of encoded time information from
      the readout shift register to the output means in response to clock pulses
      from the clock means.
NUM  7.
PAR  7. The apparatus of claim 6 in which the output means includes modulator
      means for modulating the encoded time information from the readout shift
      register in response to clock pulses from the clock means.
NUM  8.
PAR  8. The apparatus of claim 7 in which the output means further includes
      amplifier means for amplifying the modulated encoded time information.
NUM  9.
PAR  9. The apparatus of claim 8 in which the output means further includes
      readout apparatus for serially reading out the encoded time information.
NUM  10.
PAR  10. The apparatus of claim 9 in which the clock means includes an
      oscillator and a plurality of counters for providing a plurality of clock
      pulse frequencies.
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ABST
PAL  There is disclosed a battery powered wrist watch utilizing solid state
      circuits and a liquid crystal display to eliminate mechanical parts.
      Complementary metal oxide semiconductor (CMOS) devices are used to drive
      liquid crystal display cells. The liquid cells dissipate only microwatts
      of power when energized and the CMOS devices require appreciable power
      only when switching from one state to the other. The combination of the
      liquid crystal display with the CMOS driving circuitry provides a low
      power, compact, portable watch.
PARN
PAR  This is a continuation of application Ser. No. 68,207, filed Aug. 31, 1970,
      which is now abandoned.
BSUM
PAR  This invention pertains to wrist watches and, more particularly, to a
      solid-state battery-powered wrist watch utilizing a liquid crystal optical
      display driven by complementary metal oxide semiconductor (CMOS)
      circuitry.
PAR  Battery-powered wrist watches are known in the art. Conventionally,
      however, such watches involve mechanical parts which involve complex
      manufacturing and tuning techniques, which inherently require a certain
      amount of servicing due to wear, fatigue, etc. Further, such watches
      conventionally depict the time by means of hands pointing to positions on
      a dial. This manner of display of the time is often cumbersome and
      inconvenient, and a watch providing direct, digital readout of the time is
      desirable. One method for providing such a watch is to include an optical
      display in the watch.
PAR  Optical displays forming digital readouts are also well-known in the art.
      Such displays conventionally use devices such as light emitting diodes or
      Nixie tubes as the display element. These devices, however, require an
      excessive amount of power. As a result of the high power requirements of
      such light emitting devices and associated driving circuitry, it is
      neither economical nor technically practical to make a display in a
      compact, low power configuration that may be operated by a battery.
PAR  One approach that has been proposed in the art for providing a low
      power-consuming display utilizes liquid crystal display cells in
      conjunction with bipolar transistors and conventional integrated circuits
      for driving the display. While such a display system is an improvement
      over displays using light emitting diodes, for example, the bipolar
      transistors used in the driving and timing circuits continually dissipate
      an appreciable amount of power, severely limiting the lifetime of a
      battery powered display.
PAR  Accordingly, it is an object of the present invention to provide a low
      power, compact display system.
PAR  It is a further object of the present invention to provide a display system
      including in combination liquid crystal display cells driven by CMOS
      circuitry.
PAR  An additional object of the invention is to provide a battery operated
      wrist watch having a minimum number of mechanical parts.
PAR  Another object of the present invention is to provide a battery operated
      wrist watch having a liquid crystal display driven by CMOS timing and
      logic circuitry.
PAR  Briefly, and in accordance with the present invention, a low power, compact
      display system for a wrist watch comprises in combination liquid crystal
      display cells and CMOS timing, logic and driving circuitry. In the
      preferred embodiment, a free-running or crystal controlled multivibrator
      is used as a timing source to provide a reference frequency. A chain of
      CMOS divide by two logic gates is utilized to reduce the frequency of the
      pulses from the timing source to 1 pulse per second. These pulses are
      utilized to bias CMOS logic and driver circuitry to energize the
      appropriate electrodes of liquid crystal display cells to effect a digital
      readout of the time. If six liquid cells are used, the hours, minutes and
      seconds may be displayed. Additional cells could be added to display the
      year, day, etc.
PAR  The novel features believed to be characteristic of this invention are set
      forth in the appended claims. The invention itself, however, as well as
      other objects and advantages thereof, may best be understood by reference
      to the following detailed description of illustrative embodiments when
      read in conjunction with the accompanying drawings in which:
DRWD
PAR  FIG. 1 pictorially depicts a display system in accordance with one
      embodiment of the present invention wherein liquid crystal display cells
      are mounted in the face of a wrist watch.
PAR  FIG. 2 schematically depicts a CMOS device that is operable in the timing,
      countdown, logic and driver circuits used in combination with the liquid
      crystal display cells;
PAR  FIG. 3 is an exploded schematic view of a display cell operable with the
      present invention;
PAR  FIG. 4 is a side view of the display cell shown in FIG. 3;
PAR  FIG. 5 is a side view of a different embodiment of a display cell operable
      with the present invention;
PAR  FIG. 6 depicts in functional block diagram format the display system of the
      present invention; and
PAR  FIG. 7 depicts a typical train of pulses generated by the timing source of
      FIG. 6.
DETD
PAR  With reference to the drawing, there is a detailed description of one
      embodiment of the invention as it pertains to producing a compact, battery
      operated, low power digital display wrist watch. It is to be understood,
      of course, that the advantageous results obtained from combining CMOS
      driving circuitry and liquid crystal display cells in accordance with the
      present invention are not limited to the specific application hereinafter
      described. For instance, information could be displayed spatially rather
      than alpha-numerically. Other applications requiring low power, compact
      display systems will be apparent to those skilled in the art, such as a
      wall clock.
PAR  With reference to FIG. 1, a wrist watch incorporating the display system of
      the present invention is depicted at 1. The face 2 of the display
      comprises a plurality of liquid crystal display cells. As discussed in
      more detail hereinafter with respect to the description of FIGS. 3-5, each
      cell includes a plurality of electrodes arranged such that when selected
      electrodes are energized, a numeric readout is produced. for the
      embodiment shown in FIG. 1, the optical display of the wrist watch
      comprises six liquid crystal cells. Preferably, each cell comprises seven
      electrodes. The six cells respectively represent the hours, minutes and
      seconds. In FIG. 1, appropriate electrodes of the respective cells have
      been energized to effect a display of 23 minutes and 45 seconds past 10
      o'clock. Means for setting the time for the watch are represented
      diagrammatically at 4 and will be described in more detail hereinafter
      with reference to FIG. 6. Batteries for providing power to the watch are
      preferably mounted in an area 6 of the watch band adjacent the body of the
      watch. It is to be appreciated, of course, that additional liquid crystal
      cells may be added to the display as described to display the year, day,
      etc. Since a seven segment cell can display letters as well as numerals,
      the day of the week could also be displayed.
PAR  Referring to FIG. 2, there is schematically depicted a CMOS device operable
      in the present invention. As understood by those skilled in the art,
      however, a CMOS structure is not limited to having an "oxide" layer;
      rather, any of a number of insulating materials may be used to separate
      the "metal" base and "semiconductor" channel. The CMOS device comprises a
      P channel, shown schamtically at 3, formed in series with an N channel,
      depicted schematically at 5. Metal gates, depicted at 7 and 9, are spaced
      apart respectively from the P and N channels by an insulating layer of a
      material such as silicon oxide. The silicon oxide is an extremely good
      insulator and therefore the gate draws very little power. Further, the
      CMOS device draws appreciable current only when it is switching from one
      state to the other, as, for example, when switching from conduction in the
      P channel to conduction in the N channel. Consequently, in steady state
      operation, the input 11 dissipates only picowatts of power, most of the
      power loss being attributable to device leakage currents.
PAR  As understood by those skilled in the art, the CMOS device operates in an
      enhancement mode. Thus, when a negative pulse is applied to the input 11,
      conduction is enhanced in the P channel 3, essentially short circuiting
      the B+ source to the output 13. Reversing the polarity at the input 11
      enhances conduction in the N channel, essentially short circuiting the
      output 13 to ground, and changes the conductivity of the P channel such
      that it is essentially opencircuited.
PAR  When a CMOS device such as shown in FIG. 2 is used to drive a liquid
      crystal cell in accordance with the present invention, the B+ voltage is
      preferably about 10-20 volts since most liquid crystal compositions
      effectively exhibit dynamic scattering in this voltage range, although
      lower voltages may be used. The CMOS logic, countdown, and timing
      circuits, in accordance with the present invention, and as described
      hereinafter, may also be driven by the B+ voltage source. It may be
      desirable, however, when a battery is used as the B+ source, to drive the
      CMOS devices in these circuits from a lower voltage source, or from a tap
      of the B+ source, to reduce the leakage current of the CMOS devices and
      prolong the life of the battery. It may also be desirable to bias the
      liquid crystal display cell with a voltage slightly below the cell's
      threshold for dynamic scattering and use the CMOS output voltage to
      trigger the dynamic scattering effect.
PAR  CMOS devices and methods for fabricating same are known in the art. For
      example, reference H. C. Lin et al, "Complementary MOS -- Bipolar
      Transistor Structure", IEEE TRANS, Electron Devices, Vol. ED-16, November
      1969, pp. 945-951.
PAR  Referring to FIG. 3, a liquid crystal display cell operable with the
      present invention is depicted. Two spaced apart substrates or plates 10
      and 12 are positioned substantially parallel to each other. Substrate 10,
      shown partially broken away, is optically transmissive and has deposited
      on a face thereof a coating 14 of a material which is optically
      transmissive and electrically conductive. In the embodiment of FIG. 3, the
      substrate 12 is also optically transmissive. A plurality of electrically
      insulated electrodes 16, 18, 20, 22, 24, 26, and 28 are formed on a
      surface of the substrate 12. These electrodes are also optically
      transmissive and electrically conductive. Each of the electrodes 16-28 has
      attached thereto a lead 30 which is optically transmissive and which has
      been electrically insulated by an optically transmissive insulating
      composition. The leads 30 are connected to switches 34, 36, 38, 40, 42, 44
      and 46 which correspond respectively to specific ones of the electrodes
      16-28. Switches 34-46 are connected in parallel to a driver source
      indicated generally at 107. The driver source comprises a plurality of
      CMOS devices similar to the device shown in FIG. 2. The driver circuitry
      is connected in series between electrically conductive coating 14 and
      switches 34-46 and is operable to connect a B+ voltage source between the
      coating 14 and selected electrodes 16-28 to effect a display of a number
      or a letter.
PAR  Interposed between substrates 10 and 12 is a thin layer 50 of a liquid
      crystalline composition that exhibits dynamic scattering in response to an
      electric field. For purposes of clarity in the exploded view of FIG. 3,
      the thin layer 50 is shown separated from the substrates 10 and 12;
      however, in operation, the thin layer 50 is intimately in contact with the
      coating 14 and the electrodes, such as 16-28, formed on the surface of the
      substrate 12. A light source 52 is positioned behind substrate 12 to
      direct a light beam to an angle toward the rear face of substrate 12.
      Since both substrates 10 and 12, including the electrodes and coating
      thereon, are optically transmissive, the light beam from source 52
      normally passes through the display cell. The source of light 52 is
      electrically connected to a suitable electrical energy source 58, and may
      be any conventional source including an incandescent lamp. A
      non-reflective, light-absorbing plate 60, which is preferably dull black
      in color, is positioned behind and spaced from the substrate 12.
PAR  Operation of the display device will be described with reference to FIG. 4,
      wherein there is depicted a side view of the display cell shown in FIG. 3.
      For clarity of description, only one electrode 20 of electrodes 16-28 is
      illustrated in FIG. 4. The display cell is enclosed by a suitable casing
      70. As may be seen, the thin layer 50 of the liquid crystalline
      composition contacts the electrically conductive coating 14 and electrode
      20. When switch 36 is closed, the driver source 107 is operable to impress
      a voltage across the layer 50 between electrode 20 and that portion of
      coating 14 corresponding thereto. This voltage causes the portion of layer
      50 exposed thereto to diffuse the light coming from the light source 52.
      For purposes of illustration, the light beam 72 is shown being diffused
      toward the eye 74 of an observer. A second representative light beam 76 is
      shown passing through the portion of the liquid crystalline composition 50
      across which no voltage is impressed. As may be seen, this light beam is
      not diffused and thus the observer is unable to see light from the light
      source in that portion of the layer.  Plate 60 is provided to eliminate
      internal reflections from the light source 52 and also to eliminate stray
      room light which may interfere with the display characteristics of the
      display screen.
PAR  Referring back to FIG. 3, it may be seen that if switches 34 and 46 are
      energized by the driver source 107, a voltage will be impressed across
      layer 50 in that portion of the layer corresponding to electrodes 16 and
      28. An observer, such as observer 74 of FIG. 4, will see a numeral 1
      displayed. Similarly, if all of switches 34-46 are closed, the observer
      will see the numeral 8 displayed. Since light source 52 requires an
      appreciable amount of power, it is preferred that an embodiment be
      utilized wherein the ambient room light may be used to illuminate the
      characters of the display.
PAR  In FIG. 5, the preferred embodiment of the present invention is depicted,
      wherein ambient light, shown diagrammatically by arrows 81, comprises the
      light source of the display cell. In this embodiment, the optically
      transmissive substrate 10 and optically transmissive and electrically
      conductive coating 14 are constructed as described above. Representative
      light beams 84 and 86 of the ambient light source are shown impinging upon
      the liquid crystal composition 50. Here, the substrate 88 need not be
      optically transmissive. A reflective coating 90 is formed on the surface
      of the substrate 88 and an electrode, such as 20, is formed on the
      reflective coating 90. As above described, electrode 20 is electrically
      connected through switch 36 and the driver source 107 to the conductive
      coating 14. In operation, light beam 86 strikes the liquid crystal
      composition 50 in an area across which a voltage is impressed. The light
      beam 86 is diffused and is reflected back toward the observer 92 by the
      reflective coating 90. The light beam 84, however, does not traverse a
      portion of the layer 50 across which an electrical field is impressed, and
      is reflected by the coating 90 away from the observer 92. Thus, the
      observer will see a display corresponding only to the size and shape of
      the electrode 20.
PAR  In the embodiment shown in FIG. 1, six display cells as above described,
      respectively having electrodes such as 16-28 shown in FIG. 3, are utilized
      to provide a display of the hours, minutes and seconds. CMOS timing,
      countdown, logic and driver circuits index the appropriate display cells
      so that a continuous display of the correct time is effected. Alternately,
      switching means may be provided at the display such that the display cells
      are operative only when the switch is activated. Such an arrangement would
      save power and prolong the life of a battery operated display system.
PAR  Also, the power would not need to be continuously applied to the display
      cells since liquid crystals have a certain amount of retention, that is,
      they continue to exhibit dynamic scattering for a period of time after the
      voltage is removed. Thus, the electrodes could be strobed with a voltage,
      that is, the voltage could be applied intermittently, to effect a power
      savings. Additionally, it is known in the art to produce liquid crystals
      having a memory; that is, once an image is formed, it is retained without
      any maintenance power until erased with a certain signal. Utilizing these
      materials, a considerable savings in power could be effected in displaying
      infrequently changing cells, such as those representing the year, month,
      day, hour and minutes. Liquid crystals possessing the above mentioned
      characteristics are described, for example, in G. Heilmeier and J. E.
      Goldmacher, Proc. of the IEEE, 57, No. 1, January 1969, pp 34-38.
PAR  The electrical energy or impressed voltage across the layer 50 must be
      sufficiently large to reach or exceed the threshold voltage at which the
      liquid crystal composition will scatter light. It has been found that for
      layers having a thickness of about 1mm, the threshold voltage for most
      compositions occurs at around 6 volts. Preferably, a voltage in the order
      of 20 volts is utilized. For best results, it has been found that the
      layer should be relatively thin, preferably less than about 1 mm. The
      substrates 10 and 12 may be comprised of any suitable material which is
      optically transmissive, for example, various types of glass, fused quartz,
      transparent varieties of corundum and transparent plastics or resins. The
      term optically transmissive is used for and includes both transparent and
      translucent materials. The coating and electrodes which are both
      electrically conductive and optically transmissive, such as coating 14 and
      electrodes 16-28, may be composed of layers of indium oxide or tin oxide
      deposited on the surface of the respective substrates. If a reflective
      surface is desired, a thin layer of metallic material, such as silver or
      aluminum, may be deposited on a substrate such as coating 90 on substrate
      88. It is to be understood, of course, with reference to FIG. 5, that the
      reflective coating 90 may be placed either at the front or the rear of the
      substrate 88, but, if placed on the front of substrate 88, as shown in
      FIG. 5, it must be electrically isolated from the electrode 20 to give the
      desired display effect. An alternate means of producing the desired
      reflection is to eliminate the coating 90 and compose the electrode 20 of
      a suitable reflective and conductive material.
PAR  Liquid crystal compositions which may be utilized with the present
      invention are well known in the art. Such compositions may, for example,
      be comprised of thermotropic nematic liquid crystals, lyotropic nematic
      liquid crystals, mixtures of smectic and nematic liquid crystals, etc.
      Further examples of liquid crystals compositions suitable for use in the
      present invention are contained in U.S. patent application Ser. No. 16,078
      filed March 3, 1975 entitled ELECTRO-OPTICAL DISPLAY DEVICES USING
      LYOTROPIC NEMATIC LIQUID CRYSTALS, now U.S. Pat. No. 3,690,745 issued
      September 12, 1972.
PAR  With reference to FIG. 6, the display system shown in FIG. 1 is depicted in
      functional block diagram. A timing source 102 provides a train of pulses
      establishing a fundamental operating frequency. In the preferred
      embodiment, the timing source 102 comprises a CMOS free-running
      multivibrator. Alternately, a more temperature-independent timing source
      may be comprised of a quartz crystal which may be bonded to the chip onto
      which the remaining circuitry of the display system is formed.
PAR  The countdown 104 comprises a chain of divide by two logic gates, to reduce
      the frequency of the timing source by an appropriate amount to reach the 1
      second pulse rate required to drive the display 108. CMOS devices are also
      utilized in the countdown chain circuit to minimize power requirements.
      Countdown chains for reducing the frequency of a timing source to a
      preselected desired frequency are known in the art and therefore are not
      described in more detail herein.
PAR  The logic and driver circuits are formed using CMOS devices and function
      together to provide at the proper time, a voltage to the appropriate
      electrodes of the respective cells of display 108. In operation, the logic
      circuitry would, for example, reset the hour to 1 upon receipt of the next
      count pulse after the count reaches 12. The driver portion of the
      circuitry would apply the required voltage across the appropriate
      electrodes of the cells to effect the optical display. Logic circuits
      operable with the present invention are also well known in the art.
PAR  In the preferred embodiment the display system of the present invention is
      incorporated into a wrist watch. Means are provided to set the display.
      These means are depicted schematically at 110 and may, for example, be
      provided by appropriate bypass switches which index the respective display
      cells at, for example, one numeral per second until the desired numeral is
      displayed.
PAR  In operation, the timing source 102 produces a train of pulses 114 as shown
      in FIG. 7. After being processed by the countdown chain 104, successive
      pulses occur at 1 second intervals. These pulses are applied to the logic
      and driver circuits 106 and 107 which operate to index the appropriate
      electrodes of respective display cells of the display 108. A display
      system as above described requires approximately 0.05 to 0.16 milliwatts
      of power. Conventional liquid crystal compositions as previously
      referenced herein exhibit dynamic scattering with an applied voltage of
      about 20-30 volts, and draw approximately 1 microamp per square
      centimeter. Hence, the maximum power dissipation for a seven electrode
      display cell is about 30 microwatts, assuming that the seven electrodes
      have a total area of one square centimeter. Thus, a display constructed
      using six such seven-segment display cells would draw the most current
      when displaying the time 08:08:08 and would dissipate about 160 microwatts
      of power. If 11:11:11 were displayed, then only about 51 microwatts would
      be dissipated resulting in an average power dissipation of about 0.05 to
      0.16 milliwatts of power. The entire CMOS timing, logic and driver
      circuitry would only draw on the order of 150 microwatts of power. Hence,
      the entire CMOS circuitry and six cell display would dissipate only about
      300 microwatts of power and conventional batteries provide sufficient
      power to operate such a display system for at least one year.
PAR  Although a specific embodiment of the present invention has been described
      herein, it will be apparent to a person skilled in the art that various
      modifications to the details of construction shown and described may be
      made without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A timing device comprising in combination:
PA1  a case,
PA1  a plurality of liquid crystal display cells mounted in said case, each cell
      comprising a pair of spaced-apart substrates and a film of liquid
      crystalline material interposed therebetween, at least one of said
      substrates being optically transmissive and having an optically
      transmissive and electrically conductive layer formed on one surface
      thereof, the other substrate having first and second major surfaces on
      opposite sides thereof, a plurality of electrodes formed on said first
      surface of said other substrate, said plurality of electrodes being
      arranged to effect a preselected display in response to energization of
      selected ones thereof,
PA1  light generating means positioned within said case for directing light upon
      said cells,
PA1  a voltage source connected to said light generating means for energization
      thereof, and
PA1  Cmos circuit means within said case and operable to apply an electric field
      between selected electrodes of each of said cells and said electrically
      conductive layer to thereby cause said liquid crystalline material between
      said selected electrodes and said electrically conductive layer to scatter
      light emanating from said light generating means, said CMOS circuit means
      including a timing source operable to produce a chain of pulses defining a
      reference frequency, a countdown chain of CMOS divide by two logic gates
      electrically connected to said timing source and operable to reduce said
      reference frequency to a preselected pulse rate, a CMOS logic circuit
      electrically connected to the output of said countdown chain, said logic
      circuit being operable to select according to a preselected pattern the
      appropriate electrodes of said cells required to be energized in order to
      effect a display of the desired information, and a CMOS driver circuit
      electrically connected to the output of said logic circuit and operable to
      apply a voltage from said voltage source across the liquid crystalline
      material between electrically conductive layers and selected electrodes
      indexed by said logic circuit.
NUM  2.
PAR  2. A wrist watch comprising in combination:
PA1  a case,
PA1  a plurality of liquid crystal display cells mounted in said case, each of
      said cells being defined by a plurality of discrete electrodes formed in a
      pattern to produce a display in response to energization of selected ones
      of said electrodes, said electrodes requiring on the order of one microamp
      of current per square centimeter for display,
PA1  a battery mounted in said case,
PA1  means for selectively connecting said electrodes to said battery for
      connecting a first voltage potential thereto, and
PA1  a timing system mounted within said case and requiring on the order of 150
      microwatts of power or less, said timing system comprising a quartz
      crystal timing source and CMOS circuit means operable to apply an electric
      field across selected electrodes of said plurality of cells to effect a
      continuous display of the time, said CMOS circuit means including a
      countdown chain circuit, a logic circuit and a driver circuit, and said
      CMOS circuit means being connected to said battery and operably responsive
      to a second voltage potential of lower potential than said first voltage
      potential.
NUM  3.
PAR  3. A wrist watch as set forth in claim 2, wherein there are six liquid
      crystal display cells and wherein each cell comprises seven discrete
      electrodes patterned to produce an alpha-numeric display, and at least
      selected ones of said cells including means for enabling display for a
      substantial period of time subsequent to removal of drive voltage
      therefrom.
NUM  4.
PAR  4. A timing device comprising in combination:
PA1  a case,
PA1  a plurality of liquid crystal display cells mounted in said case, each cell
      comprising a pair of spaced-apart substrates and a film of liquid
      crystalline material interposed therebetween, at least one of said
      substrates being optically transmissive and having an optically
      transmissive and electrically conductive layer formed on one surface
      thereof, the other substrate having first and second major surfaces on
      opposite sides thereof, a plurality of electrodes formed on said first
      surface of said other substrate, said plurality of electrodes being
      arranged to effect a preselected display in response to energization of
      selected ones thereof, said electrodes requiring on the order of one
      microamp of current per square centimeter of display area,
PA1  light generating means positioned within said case adjacent said second
      surface of said other substrate for directing light therethrough at a
      selected angle to the plane defined by said second surface,
PA1  a voltage source connected to said light generating means for energization
      thereof,
PA1  complementary metal oxide semiconductor circuit means within said case and
      operable to apply an electric field between selected electrodes of each of
      said cells and said electrically conductive layer to thereby cause said
      liquid crystalline material between said selected electrodes and said
      electrically conductive layer to scatter light emanating from said light
      generating means, said complementary metal oxide semiconductor circuit
      means requiring on the order of about 150 microwatts of power and
      including a quartz crystal timing source operable to produce a chain of
      pulses defining a reference frequency, a countdown chain of complementary
      metal oxide semiconductor divide by two logic gates electrically connected
      to said quartz crystal timing source and operable to reduce said reference
      frequency to a preselected pulse rate, a complementary metal oxide
      semiconductor logic circuit electrically connected to the output of said
      countdown chain, said logic circuit being operable to select according to
      a preselected pattern the appropriate electrodes of said cells required to
      be energized in order to effect a display of the desired information, and
      a complementary metal oxide semiconductor driver circuit electrically
      connected to the output of said logic circuit and operable to apply a
      voltage from said voltage source across the liquid crystalline material
      between electrically conductive layers and selected electrodes indexed by
      said logic circuit.
NUM  5.
PAR  5. A wrist watch as set forth in claim 3, including switching means
      operably connected to said countdown chain and said logic circuit for
      selectively setting said display cells to produce a display of a
      predetermined value.
NUM  6.
PAR  6. A timing device as set forth in claim 1, wherein said timing source is a
      quartz crystal.
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ABST
PAL  A method of and apparatus for detecting air distortion at the inlet of a
        turbine engine and adjusting fuel flow to anticipate and prevent
      compressor stall. A plurality of pressure taps are arranged in a spaced
      relation around the periphery of the engine inlet. A distortion detector
      senses the differential pressure between the instantaneous pressure at
      each pressure tap and the ambient pressure of a reference pressure chamber
      which communicates with the plurality of pressure taps. At a predetermined
      pressure differential the distortion detector activates a
      solenoid-operated fuel bypass valve which reduces fuel flow to the fuel
      nozzles of the gas turbine engine.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for government purposes without
      the payment of any royalties theron or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a safety device for gas turbine engines
      and more particularly to an improved method of and apparatus for
      anticipatory detection and prevention of compressor stall caused by air
      inlet distortion.
PAR  Axial and centrifugal compressors in gas turbine engines for aircraft are
      susceptible to a stall condition which occurs when the pressure ratio
      across one or more stages of the compressor becomes too great. Stall is
      manifested by either a serious reduction or a reversal of air flow through
      the compressor and consequent reduction or complete loss of power.
      Occasionally, a rigorous aircraft maneuver such as a rapidly accelerating
      climbing turn causes severe air distortion at the engine inlet resulting
      in the onset of a compressor stall condition. An important factor to be
      considered in avoiding an impending stall is the lead time necessary to
      detect and commence corrective measures. Since prior art devices typically
      detect the onset of stall by sensing in-situ pressure conditions at or
      rearwardly of the compressor stages, valuable time may be lost in
      restoring the gas turbine engine to a stable operating condition.
PAC  SUMMARY OF THE INVENTION
PAR  The above limitation of prior stall prevention systems is overcome by the
      present invention which provides a novel and improved method of and
      apparatus for detection of air inlet distortion and the earliest
      anticipation of the stall condition caused by such distortion. The
      invention is based on the discovery that compressor stall occasionally
      results from distortion of air flow at the inlet of a gas turbine engine,
      particularly during acceleration transitions of high performance military
      aircraft powered by such engines. According to the present invention, a
      plurality of pressure taps are located around the periphery of the engine
      air inlet. Each tap transmits the local pressure to a distortion detector
      which senses any imbalance of air pressure between a reference pressure
      and the local pressure. At a predetermined pressure differential between
      the reference pressure and the local pressure at any one of the pressure
      taps an electrical circuit is energized to operate a fuel bypass valve
      which reduces the fuel flow to the engine thereby averting compressor
      stall. The term "reference pressure" as used in the specification and
      claims herein denotes a pressure proportional to the substantial equal
      pressures which exist at the gas turbine engine air inlet pressure taps
      when the aircraft is operating under the steady state conditions of level,
      constant velocity flight.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to reduce the time lag between the occurrence
      of inlet air distortion sufficient to cause compressor stall and the
      initiation of corrective measures.
PAR  Another object of the invention is to detect as quickly as possible an
      impending stall condition caused by inlet air distortion in a gas turbine
      engine prior to the onset of stall in any portion of the compressor.
PAR  It is a further object of the invention to provide a simple and direct
      method of preventing compressor stall caused by air distortion at the
      inlet of a gas turbine engine.
PAR  Other objects, advantages and novel features of the invention will appear
      from a reading of the following detailed description of the invention when
      considered in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a diagrammatic view of an embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, wherein like reference numerals represent like
      parts throughout, the inlet 10 of a gas turbine engine 12 is provided with
      four pressure sensors or taps 14 symetrically spaced around the inlet
      periphery. These taps 14 may be in the form of openings which communicate
      with conduits 16. Conduits 16 connect the pressure taps 14 to a reference
      pressure chamber 20 enclosed within the housing 22 of distortion detector
      21. Four differential pressure sensors 24 are mounted within the chamber
      20 on an internal wall of the housing 22. It will be apparent that the
      sensors 24 could be suitably arranged on an external wall of housing 22
      directly connecting the walls 34 to form the chamber.
PAR  The inwardly disposed side of each sensor 24 communicates with the ambient
      pressure in the chamber 20 while the other side thereof communicates
      through an instantaneous pressure conduit 26 with an associated conduit 16
      at a point upstream of the chamber 20. An exhaust conduit 23 is connected
      to chamber 20 and exhausts to atmospheric or other desired pressure. It
      should be noted that under steady state flight conditions, the pressures
      at the pressure taps 14 and in the conduits 16 are substantially equal.
      Further, the magnitude of the ambient or reference pressure in chamber 20
      is proportional to the pressures at the pressure taps 14 and is dependent
      upon the air outflow through exhaust conduit 23. The cross-sectional area
      of conduit 23 is selected to provide sufficient air outflow from chamber
      20 such that the reference pressure therein is less than the pressure at
      pressure taps 14 and in conduits 16, 26 over the inlet air pressure range
      in which compressor stall conditions are likely to occur. Preferably, the
      resulting steady-state differential pressure across the sensor 24 is
      maintained substantially constant over the aforementioned pressure range
      by appropriate and judicious selection of the size of conduit 23 and the
      volume of chamber 20.
PAR  Each differential pressure sensor 24 includes a piston 28 mounted for axial
      movement within a cylinder 30. A shaft 32 is axially affixed at one end to
      the face 25 of piston 28 and extends through an opening 34 in the inwardly
      projecting end of the cylinder 30. The opening 34 has a diameter
      appreciably greater that the diameter of shaft 32 so that face 25 of
      piston 28 senses the ambient pressure in chamber 20.
PAR  The other end of shaft 32 is arranged to close a switch 36 against the
      force of spring 29 when a predetermined magnitude of pressure differential
      exists across piston 28. The magnitude of the predetermined pressure
      differential necessary to compress spring 29 and close switch 36 is
      greater than the normal pressure differential resulting from the lower
      pressure in chamber 20 than in the conduit 26 and may be adjusted by
      varying the spring constant of spring 29. The switches 36 are electrically
      connected in parallel so that closing of any one of the switches will
      activate solenoid 38 from a power source 40. Solenoid 38 operates a fuel
      bypass valve 42 which, when opened, permits a portion of the fuel flow to
      the fuel nozzles (not shown) through conduit 44 to return via conduit 46
      to the engine fuel pump inlet (not shown).
PAR  To illustrate the operation of the system, assume the invention is
      installed in a gas turbine engine of a high performance aircraft. Under
      the steady-state conditions of level, constant velocity flight, the system
      is in equilibrium, that is, the pressures at the four pressure taps 14 are
      substantially equal, the switches 36 are open and solenoid valve 42 is
      closed.
PAR  Now assume the pilot of the aircraft commences a maneuver such as, for
      example, a rapid acceleration into a climbing turn and air distortion
      sufficient to cause compressor stall occurs in the engine inlet. The air
      distortion will be exhibited as an increase in pressure at one or more of
      the pressure taps 14. This pressure increase will be transmitted through
      conduit 16 to chamber 20. The ambient pressure of chamber 20, however,
      will not increase appreciably since the chamber is vented to atmosphere
      through exhaust conduit 23. Instantaneous pressure conduit 26 transmits
      the pressure increase at tap 14 to the face 27 of piston 28 thereby
      increasing the pressure differential across the piston 28. When the
      increased pressure differential is sufficient to overcome the force of
      spring 29, i.e. reaches its predetermined value, piston 28 is urged
      upwardly to compress the spring 29. Switch 36 closes and completes the
      electrical circuit to energize solenoid 38 which, in turn, opens value 42
      and diverts a portion of the fuel in conduit 44 into bypass conduit 46. It
      is to be understood that the signal generated by the distortion detector
      as evidenced by the movement of the piston 28 could be used to alter other
      operating conditions of the gas turbine engine, for example, opening
      either compressor bleeds or a variable area exhaust nozzle.
PAR  The present invention provides a novel and simple method of and apparatus
      for anticipatory detection of compressor stall caused by air distortion at
      the inlet of a gas turbine engine. The duration of the time interval
      between detection of the stall condition and onset of stall is appreciably
      increased by the practice of the present invention. This increased time
      interval permits more rapid initiation of corrective measures and,
      consequently, a greater margin of safety than possible with prior art
      stall control systems.
PAR  Modifications and variations of the present invention are possible in light
      of the above teachings and within the purview of the appended claims
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gas turbine engine having a compressor and an air inlet, a
      compressor stall prevention system comprising:
PA1  a plurality total of pressure sensing means in said inlet for sensing the
      air pressure at spaced locations about the periphery of said inlet;
PA1  means connected to each of said pressure sensing means for producing a
      reference pressure proportional to the steady state pressure of said
      plurality of pressure sensing means;
PA1  means for sensing the pressure differential between said reference pressure
      and the pressure at each of said pressure sensing means;
PA1  means for generating a signal when said differential pressure exceeds a
      predetermined magnitude, said predetermined magnitude being indicative of
      air distortion in said inlet sufficient to cause compressor stall; and
PA1  control means responsive to said signal for altering the operating
      conditions of said gas turbine engine to thereby prevent compressor stall.
NUM  2.
PAR  2. The compressor stall prevention system of claim 1 wherein said control
      means includes means for reducing fuel flow to said gas turbine engine.
NUM  3.
PAR  3. In a gas turbine engine having a compressor and an air inlet, a
      compressor stall prevention system comprising:
PA1  a plurality of pressure taps arranged in a spaced relation about the
      periphery of said air inlet;
PA1  air distortion detection means comprising;
PA1  a housing enclosing a reference pressure chamber;
PA1  a plurality of differential pressure sensors associated with said chamber
      and, arranged such that one side of each of said sensors communicates with
      the ambient pressure in said chamber;
PA1  a plurality of conduits corresponding in number to the number of pressure
      sensors, each one of said conduits individually connecting one of said
      pressure taps to the other side of one of said sensors; and
PA1  an exhaust conduit connected to said housing and communicating with said
      chamber;
PA1  means connected to each of said differential pressure sensors for producing
      a signal when the pressure differential across any one of said sensors
      exceeds a predetermined magnitude, said predetermined magnitude being
      indicative of air distortion in said inlet sufficient to cause compressor
      stall; and
PA1  control means responsive to said signal for reducing fuel flow to said gas
      turbine engine.
NUM  4.
PAR  4. A method of anticipating and preventing compressor stall caused by air
      distortion in the air inlet of a gas turbine engine comprising the steps
      of:
PA1  sensing the total air pressure at a plurality of spaced locations about the
      periphery of said inlet;
PA1  producing a reference pressure proportional to the steady state pressure in
      said inlet;
PA1  generating a signal when the differential pressure between the pressure at
      any one of said spaced locations exceeds said reference pressure by a
      predetermined magnitude, said predetermined magnitude being indicative of
      air distortion in said inlet sufficient to cause compressor stall; and
PA1  altering the operating conditions of said gas turbine engine in response to
      said signal to thereby prevent compressor stall.
NUM  5.
PAR  5. The method of claim 4 wherein the step of altering the operating
      conditions of said gas turbine engine includes reducing the fuel flow to
      said engine.
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ABST
PAL  A control system for a helicopter power plant with three power units
      driving the lifting rotor system through a main gearbox. Each power unit
      comprises a gas turbine engine of the gas-coupled type, a hydromechanical
      fuel control receiving electrical inputs to set a gas generator governor
      in the fuel control, an engine electronic control, and various engine
      accessories.
PAL  The operation of the power plant is normally controlled by the pilot
      through condition levers and switches on a control quadrant, through a
      pitch control by which the collective pitch of the rotor blades is
      controlled, and through a master beeper switch which is operable to trim
      the setting of an isochronous governor for the rotor system and the gas
      generator governors. The condition lever of each engine transmits a speed
      command signal through the electronic control of each power unit to its
      gas generator governor. A signal of collective pitch transmitted from the
      rotor control system to each engine electronic control is another factor
      in setting the governor.
PAL  The power plant includes a power management control, the principal function
      of which is to equalilze the power outputs of the engines. It also
      includes the rotor isochronous governor. The power management control
      receives inputs of rotor system speed command and actual rotor speed and
      of the torques of the individual engines and transmits a governor trim
      signal to increase or decrease engine power to the several electronic
      controls.
PAL  All signals are transmitted electrically between the rotor system, control
      panel, power management control, and engine electronic controls.
PAL  A starting system for each engine includes logic circuits to test the
      operation of the electrical signal transmission system and closure of a
      fuel shutoff valve as a prerequisite to starting of the engine.
BSUM
PAC  INTRODUCTION
PAR  The invention described herein was made in the course of work under a
      contract with the Department of Defense.
PAR  This invention relates particularly to controls for a helicopter power
      plant embodying a plural number of gas turbine engines. However, many
      features of the control system may be employed in other environments. The
      system provides an overall control of the operation of the several
      engines, coordinating the engines with the operation of the lifting rotor
      or rotors of the aircraft and with signals transmitted by the aircraft
      pilot. It provides for division of the load between individual engines,
      for saftey overrides or shutdowns in the event of casualty, for
      alternative modes of operation in the event of failure of some portion of
      the system, and particularly for electrical transmission of signals
      between various elements of the system which are located at diverse points
      in the aircraft. This use of electrical interconnectors or "fly-by-wire",
      as opposed to mechanical rigging or hydraulic controls, for example,
      reduces weight and increases reliability of the power plant besides
      facilitating installation.
PAR  The principal object of the present invention is to improve controls for a
      multiple engine installation, particularly in helicopter installations
      powered by gas turbine engines; a more particular object of the invention
      is to provide improved start-stop controls for an engine located remotely
      from the point of control which incorporates checks as to the proper
      condition of the engine controls effective to inhibit starting when a
      defect is sensed.
DRWD
PAR  The nature of the invention and its advantages will be clearly apparent to
      those skilled in the art from the succeeding detailed description of the
      preferred embodiment of the invention, the accompanying drawings thereof,
      and the appended claims.
PAR  Referring to the drawings, FIG. 1 is a much simplified illustration of a
      gas turbine powered helicopter.
PAR  FIG. 2 is a chart illustrating the effect on gas generator governor speed
      setting of condition lever and collective pitch inputs.
PAR  FIG. 3 is a general diagram of the overall power plant control system of
      the helicopter.
PAR  FIG. 4 is a schematic diagram of portions of the control system
      particularly directed to the start-stop controls for each engine.
DETD
PAR  Referring first to FIG. 1, this illustrates a helicopter installation to
      which the control system of the invention is applicable. This is a highly
      schematic diagram for orientation, and is not intended as a full
      description of the actual aircraft installation.
PAR  The particular installation for which this control is provided has been
      described more fully in a paper by J. Roger Alwang and Richard D. McLain
      entitled "Heavy-Lift Helicopter Engine Control System" presented at the
      30th Annual National Forum of the American Helicopter Society in
      Washington, D.C., May 1974 (preprint No. 870). McCarthy U.S. Pat. No.
      3,174,284, Mar. 22, 1965, may also be of interest as to helicopter engine
      controls.
PAR  FIG. 1 illustrates the aircraft so far as is necessary to an understanding
      of the control system of this invention. A helicopter 2 is of the type
      having a forward lifting rotor 3 and an aft lifting rotor 4. Rotor 3 is
      driven through a gearbox 6 and rotor 4 through a gearbox 7. These
      gearboxes are connected by shafts 8 and 9, respectively, to a main or
      combiner gearbox 10. The rotors, gearboxes, and shafts are termed the
      rotor system 11.
PAR  Power is supplied to the main gearbox by three power units 12, each of
      which includes a gas turbine engine 15 delivering power through a shaft 16
      to the main gearbox. Each power unit includes also an engine electronic
      control 18 and various controls and accessories such as a fuel control 21,
      a compressor variable geometry actuator 22, and a starter 23. Each engine
      is of the gas-coupled or free turbine type. This means that it includes a
      gas generator comprising a compressor, combustion apparatus, and a
      turbine, and a power turbine energized by the discharge from the gas
      generator. The gas generator turbine and the power output turbine rotate
      independently, the latter driving the shaft 16. The shafts 16 are suitably
      geared together and to the rotor drive shafts 8 and 9 in the gearbox 10.
      An overrunning clutch (not illustrated) is provided between each shaft 16
      and the common drive so that the rotor may not be braked by a casualty to
      an individual engine. Normally, however, the power turbines rotate
      synchronously as geared together through the main gearing in the box 10.
PAR  The aircraft includes a pilot's station at 24 with controls for the
      aircraft including a stick 26 by which the collective and cyclic pitch
      settings of the lifting rotor blades are controlled, as is well known. The
      pilot's station also includes an engine control quadrant or control panel
      27 which bears a main control lever called a condition lever for each
      power unit, as well as other controls and switches to be described.
PAR  The other major element of the control system is a power management control
      30 which has various functions in the coordination of the operation of the
      power units, to be described. The electronic controls, power management
      control, and control quadrant are connected together only by electric
      wiring (not illustrated in FIG. 1), as will be further described.
PAR  The details of the rotor system are immaterial to the present invention,
      which is equally applicable to a single rotor helicopter, or to other
      power plants having control requirements comparable to that illustrated.
PAC  General Description
PAR  The nature of the interconnections between the major elements of the
      control system is set out in the system diagram of FIG. 3. It will be
      noted that the rotor system 11, power plants 12 including the component
      engines 15, engine electronic controls 18, fuel controls 21, compressor
      variable geometry actuators 22, and starters 23, are illustrated toward
      the bottom of the drawing. The control quadrant 27, pitch control stick
      26, and power management control are illustrated in the upper part of the
      figure. As indicated, the control quadrant bears three condition levers 28
      which are movable from a Stop position at one extreme to a Ground Idle or
      Start position at which the engine may be started and operated at minimum
      power, and further to a Fly or maximum power position at the other end of
      the range of movement. Engine power may be modulated between the Ground
      Idle and Fly positions, depending upon the movement of the lever in the
      quadrant.
PAR  The position of the condition lever is transmitted as an electrical signal
      to the engine electronic control through a line 34. An electrical signal
      representing collective pitch of the rotors is transmitted by a suitable
      transducer from the control stick 26, automatic flight control, or other
      source, through a line 35 to each engine electronic control; and to the
      rotor system 11 to set rotor collective pitch. Other transmission means to
      the rotor may be employed and other means of controlling rotor pitch may
      be employed, but the point with which the control system is concerned is
      that an electrical signal representing collective pitch is supplied to
      each engine electronic control.
PAR  The control quadrant 27 mounts a rotor brake control 36 which is connected
      as indicated by line 38 to the rotor drive system to hold the rotor
      against rotation until the brake is released. There is an interlock to
      prevent movement of any condition lever beyond Ground Idle until the brake
      is released. Line 39 represents means for transmission of a lifting rotor
      speed signal specifically an alternating current the frequency of which is
      proportional to speed, to the power management control 30. The power
      management control uses the rotor speed signal as the input to isochronous
      governing means which establishes the final control of rotor and power
      turbine speed. A signal representing torque transmitted through the power
      output shaft of each engine is communicated to the power management
      control through transmission systems identified as 40. These signals are
      converted into potentials representing the torque output of each engine in
      the power management control. The rotor speed and engine torque signals
      are used to generate a power turbine governor trim signal, indicated as
      .DELTA. N.sub.P, for each engine. These are transmitted through lines 42
      to the respective electronic controls 18. The rotor isochronous governor
      is normally on but may be turned off by a switch 43 on the control
      quadrant connected through a line 44 to the power management control.
      Likewise, the load sharing features of the power management control are
      normally on, but may be turned off by a switch 46 on the quadrant
      connected through a line 47 to the power management control. Operation of
      each torquemeter circuit is inhibited below 40% normal rated power turbine
      speed by a signal transmitted through a line 48 from each of the engine
      electronic controls.
PAR  Each engine electronic control 18 is turned on by its respective switch 50
      on the quadrant connected through a line 51 to the control. The control
      quadrant also mounts a Start switch 52 for each engine connected through a
      line 54 to the electronic control to turn on the starter. The starter is
      cut out by movement of the condition lever to Stop.
PAR  The system also includes means for varying rotor speed over a limited range
      from its normal value by operation of a master beeper switch 56 mounted on
      the control stick 26. The master beeper switch includes a switch member
      which is movable in either direction to cause an increase or decrease in
      rotor speed command. The switch is connected through the lines 58 and 59
      marked "increase" and "decrease" to the power management control. The
      signal from the beeper switch is converted to a signal compatible with
      those generated to balance power output between the engines, and added to
      these signals to contribute to the .DELTA. N.sub.P governor trim signals
      transmitted through lines 42 to the several engine electronic controls.
PAR  There is also an auxiliary beeper or manual N.sub.P trim system by which
      any individual engine may be trimmed slightly in governor setting under
      certain conditions. The auxiliary beeper system includes a switch 60 on
      the control quadrant for each power unit which transmits a signal through
      lines 62 to the electronic control.
PAR  The broad arrows 63 and 64 on FIG. 3 represent transmission of signals to
      the No. 2 and No. 3 engine electronic controls corresponding to those
      transmitted to the No. 1 electronic control.
PAR  Each engine electronic control 18 receives signals from the stick 26 or
      other collective pitch control, the control quadrant 27, and the power
      management control 30 for control of the corresponding engine. It also
      transmits a signal of power turbine speed below 40% to the engine
      electronic control. It receives electrical signals of gas generator
      turbine speed, power turbine inlet temperature, and power turbine speed
      from the engine as indicated by arrows 66, 67, and 68. The engine
      electronic control transmits a current signal indicative of condition
      lever position over a line 70 and a current signal over line 71 indicative
      of collective pitch. The starter, geared to the gas generator, is
      energized from the electronic control through a line 72. The governor trim
      signal indicated by .DELTA. N.sub.G is transmitted through line 74 to the
      governor trim of the fuel control. This is a reversable current signal.
      On-Off electrical signals for fuel shutoff vlave control are transmitted
      through lines 75 to the fuel control.
PAR  The fuel control, which is mounted on the engine, receives inputs of gas
      generator rpm, engine inlet temperature, and compressor discharge pressure
      directly from the engine, and is driven by the engine. The compressor
      variable geometry actuator regulated by the fuel control acts to vary the
      setting of vanes in the engine compressor.
PAR  The broad arrows 76 and 78 represent transmissions between power units Nos.
      2 and 3 and their electronic controls corresponding to those indicated
      specifically for power unit No. 1.
PAR  It may be reiterated that all of the communications between the elements
      indicated by the arrows in the diagram of FIG. 3 are by electric
      potentials or currents and, therefore, may be transmitted by suitable
      wiring.
PAR  Getting now into the relation of the hydromechanical fuel controls to the
      engines, we refer first to FIG. 4 which illustrates any one of the gas
      turbines 15 as comprising in flow series a compressor 82, combustion
      apparatus 83, a high pressure turbine 84 indicated as T1, and a low
      pressure turbine 86 indicated as T2. The high pressure turbine drives the
      compressor and the low pressure turbine 86, otherwise called the power
      turbine, drives the power output shaft 16 which extends through the gas
      generator comprising elements 82, 83, and 84. As with gas turbine engines
      in general, the basic control of the engine is by control of the supply of
      fuel. Fuel is delivered by an engine driven pump (not illustrated) through
      conduit 87, to the engine fuel control 88. The fuel control includes,
      among other instrumentalities, a governor 89 driven by the gas generator
      turbine 84 of the engine. The fuel control contains suitable provisions
      for determining the amount of fuel allowed to flow to the engine for
      steady state operation, acceleration, and deceleration, and for returning
      the excess to the pump inlet by conventional means (not illustrated). The
      fuel control 88 discharges fuel through a metered fuel line 90 in which is
      interposed a fuel shutoff valve 91. Valve 91 is opened when it is desired
      to initiate combustion during starting of the engine and remains open as
      long as the engine is operating.
PAR  We do not attempt here to describe the fuel control in detail, since such
      details are immaterial to the present invention. A great number of fuel
      control devices which may be used for the purposes of the present
      invention are known. The particular control 88 employed in practice of the
      present invention is manufactured by the Woodward Governor Company of
      Rockford, Illinois. Some insight into the structure of such engine
      governors may be had, if desired, from consideration of the following U.S.
      patents: Plummer U.S. Pat. No. 3,426,777, Feb. 11, 1969; Barnes U.S. Pat.
      No. 3,442,277, May 6, 1969; and Witt U.S. Pat. No. 3,772,884, Nov. 20,
      1973. As with most fuel controls for a gas-coupled gas turbine engine,
      this device includes a governor rotated by the gas generator turbine which
      controls a fuel metering valve. The basic speed setting of this governor
      is determined by an input which loads the speeder spring of the governor.
      It is also responsive to a second loading which we may call a governor
      trim or .DELTA. N.sub.G signal.
PAR  The setting of the speeder spring of the governor 89 is effected through
      servo systems responsive to the settings of the condition level 28 of the
      particular engine and the collective pitch lever or stick 26 which is
      connected to all of the fuel controls. As illustrated in FIG. 4, the
      condition lever 28 is connected to a position transducer 92 which
      transmits an electrical potential signal representing position of the
      condition level to a buffer amplifier 94 which transmits a potential
      signal through line 95 to a power amplifier 96. The position transducer is
      a commercially available type device which generates a signal that is a
      predetermined function of the position of the condition lever. One example
      of such a device is a potentiometer, but more sophisticated devices such
      as linear-variable differential transformers are preferred. This may be
      coupled to the condition lever through a non-linear motion transmission
      linkage.
PAR  The power amplifier responds to the potential signal to generate a current
      which varies with condition lever position. The current is fed through a
      power lead 102 to a condition lever servo 103 and the current returns to
      ground through a line 104 and a low resistor 106. The condition lever
      servo is a torque motor type device which rotates an output shaft 107
      proportionally to the current supplied to the motor. A potential
      proportional to the value of servo current is fed back to the power
      amplifier through a branch 105 of line 104.
PAR  The collective pitch stick 26 is connected through a position transducer
      110 and buffer amplifier 111 to a power amplifier 114. The potential
      signal fed to power amplifier 114 causes transmission of a corresponding
      current signal through line 115 to a collective pitch servo 116. Current
      is returned to ground through line 117 and low resistor 118. The potential
      drop across the resistor provides a feedback of current value to the power
      amplifier through a branch of line 117. The collective pitch servo also is
      a torque motor type device which rotates its output shaft 119 as a direct
      function of collective pitch of the helicopter rotor. Rotations of the
      shafts 107 and 119 are added in a mechanical differential gear 120 which
      rotates a shaft 122 entering the fuel control 88 and coupled through
      suitable mechanism to the speeder spring of the gas generator turbine
      governor. It will thus be seen that the setting of this governor is a
      function of the position of the condition lever and of rotor collective
      pitch.
PAR  The effects of the collective pitch and condition inputs to the fuel
      control are shown in FIG. 2. This is a plot of gas generator speed as a
      function of collective pitch input and the condition lever input. The
      condition lever input is represented by a family of lines, the lowest line
      124 of which is identified as "Ground Idle" and the uppermost 126 as
      "Fly". The collective pitch input from transducer 110 and buffer amplifier
      111 varies over a range from 61/2 volts for minimum pitch down to 2 volts
      for maximum pitch. The input from the condition lever transducer 92 and
      buffer amplifier 94 varies from 13.75 volts with the condition lever at
      ground idle position down to 5 volts with the condition lever at the
      maximum or Fly position. Thus, gas generator governor setting is increased
      as the condition lever is moved from Ground Idle toward the Fly position
      and as the collective pitch lever is moved from flat pitch toward maximum
      pitch. The input from the collective pitch lever anticipates and
      approximately compensates for the load added to or substrated from the
      engine by charges in rotor pitch. The condition lever input normally is
      set to Fly; that is, to call for maximum condition lever speed input, and
      the speed is then trimmed by other instrumentalities. However, the
      condition lever may be used as a means to control the power output of the
      engine between Ground Idle and Fly by movement of the condition lever. The
      minimum gas generator speed setting is approximately 8800 rpm in this
      particular case as determined by a fuel metering valve minimum flow stop.
      Of course, the values of speed and voltage set out are merely those
      selected for this particular engine and aircraft installation, and might
      be different for other cases. It is considered highly desirable, however,
      to have the control potential decreased for increasing rotor pitch and for
      increasing power setting of the condition level, since this results in a
      fail-safe condition where interruption of power in the electrical system
      tends to produce maximum power from any engine, and maximum rotor pitch.
      If not corrected in other elements of the system, as later discribed, the
      pilot may correct any error.
PAC  Start-Stop Controls and Logic
PAR  The control system includes various interlocks to assure proper conditions
      in the controls prior to starting each engine and to provide proper
      sequencing of events during starting of each engine. It also includes
      emergency stopping means responsive to overspeed. We may now refer to
      these, with particular reference to FIG. 4.
PAR  First, with respect to the transmission of control signals to the condition
      servo and to the collective pitch servo, specifically the preferred values
      of constants: The position transducer 92 and buffer amplifier 94 deliver a
      signal which equals 15 volts minus 0.1 volts for each percent of lever
      movement, thus covering a range from 15 volts at zero movement down to 5
      volts at 100%. The signal from the position transducer on the control
      quadrant is transmitted to the engine electronic control which includes
      the buffer amplifier and power amplifier to drive the condition lever
      servo of the particular power unit. The power amplifier 96 generates a
      current which is a linear function of the input potential; specifically,
      in the described example, this varies from 120 milliamps for zero
      condition lever position to zero mA for 100%. This is a fail-safe feature
      since, if the power amplifier transmits no current or the leads to the
      condition servo break, for example, the condition servo remains in the
      100% or full power position. The current return from the condition servo
      is grounded through a 20 ohm resistor 106 so that a potential is fed back
      to the power amplifier varying linearly from zero at zero mA to 2.4 volts
      at 120 mA. It constitutes a feedback to the power amplifier which
      regulates the current to balance this feedback against the input potential
      from line 95, as will be readily understood.
PAR  To check the operation of the condition lever servo circuits, the potential
      signal on line 95 is fed to a comparison circuit 302 which also receives
      an emf from a controlled source 303 of 13.3 volts representing 17% power
      lever position. The feedback potential from resistor 106 is supplied to a
      comparison circuit 304 which also receives an emf from a source 306 of 2
      volts corresponding to the 17% position (100 mA servo current). If the
      signals transmitted are not less than the reference signals indicated by
      303 and 306, the comparison circuits transmit positive signals to an AND
      gate 307. Signals are not less than the reference indicates that the
      condition lever and servo are not beyond the 17% in range of movement from
      OFF. The AND gate determines that the check conditions for operation of
      the condition servo circuit have been met.
PAR  There is a similar circuit, with some additions, for transmission of the
      signal from the collective pitch lever to the collective pitch servo. In
      this case, the position transducer 110 controls a buffer amplifier 111
      (one for each power unit) which transmits a signal of 6.5 volts minus
      0.045 volts per percent of lever movement from zero rotor pitch to a
      select high gate 308 and a comparison circuit 309. An additional signal to
      gate 308 originates in a condition lever switch 310 which is closed only
      when the condition lever is at ground idle or lower and is opened when the
      condition lever is moved past ground idle to call for additional power
      from the engine. The resulting 26 volt signal is the enabling signal for a
      gate 311 which has an input of a controlled potential 6.5 volt signal.
      When switch 310 is closed, it enables transmission of the 6.5 volt signal
      through a line 312 to the select high gate 308. This 6.5 volt signal is
      the signal for zero rotor collective pitch. Thus, if the collective pitch
      lever has mistakenly been advanced beyond zero pitch position, the signal
      on line 312 will override that sent by the buffer amplifier 111 to the
      select high gate 308. When the condition lever is moved beyond the ground
      idle position, this signal in line 312 is turned off and the signal from
      the collective pitch lever is in control of the selective pitch servo.
PAR  Checking logic for the collective pitch circuits is as follows: The
      comparison circuit 309 compares the collective pitch signal from buffer
      amplifier 111 with a control input of 2 volts and provides an output to an
      AND gate 314 unless the buffer amplifier output is less than 2 volts. The
      fourth comparison circuit 315 receives a potential feedback through a
      branch of line 117 proportional to collective pitch servo current and a
      controlled reference potential of 2.4 volts. This circuit provides an
      output to AND gate 314 if the collective angle servo current is not less
      than 120 milliamperes, which is the current value corresponding to zero
      rotor pitch. Thus, if the potentials transmitted by the buffer amplifiers
      to the power amplifiers check out and if the currents supplied by the
      power amplifiers to the servos 103 and 116 check out, the two AND gates
      307 and 314 will be satisfied and both will transmit positive signals to a
      third AND gate 316. AND gate 316 under these conditions delivers a
      positive signal to a line 318 which may be termed a No Start Fault signal.
      It indicates that the condition and collective servo circuits are
      operating properly. This signal is communicated to another AND gate 319.
PAR  AND gate 319 is a part of logic to prevent initiation of the starting cycle
      unless the fuel shutoff valve 91 is closed. This valve must open to start
      the engine, but until the engine is at an appropriate speed, it must
      remain closed. This valve is closed in proper operation of the system when
      the engine is shut down. However, it could be opened as a result of some
      interference by engine repair workers during shut down of the engine. This
      means its proper closure should be checked.
PAR  To explain this, a brief description of the valve is required. Valve 91 has
      only two operating positions, fully open and fully closed. To close the
      valve, a solenoid coil 320 is energized; to open the valve, a coil 322 is
      energized. These solenoid coils effect the physical movement of the valve
      from open to closed position and from closed to open position,
      respectively. The mechanism also includes limit or cutout switches, a
      switch 324 in series with coil 320 and a switch 325 in series with coil
      322. When the valve is open, switch 324 is closed to complete a circuit to
      the closing coil 320. When the valve is closed, switch 325 is closed and
      switch 324 is open. This opens the circuit to the closing coil and makes
      the circuit to the opening coil 322. These coils are connected to ground
      and are connected through the switches to a valve closing coil energizing
      line 326 and a valve opening coil energizing line 327.
PAR  The valve closing line 326 has two sources of energization; one is a
      stop-run switch 328 supplied from the 26 volt power supply which closes on
      a Stop contact when the corresponding condition lever is moved to Stop. It
      is closed on a Run contact whenever the condition lever is moved away from
      the Stop position. Thus, with the condition lever in the Stop position,
      the circuit is closed from the 26 volt supply through switch 328 and a
      diode 330 to the valve closing line 326. This assures shutdown of the
      engine by shutting off the fuel upon movement of the condition lever to
      Stop. Line 326 is also energized upon overspeed of the engine, as will be
      explained.
PAR  Before starting of the engine is initiated, the condition lever is at Stop
      and, therefore, the valve closing line 326 is energized. If the valve is
      already closed, the switch 324 is open, but if the valve is open, switch
      324 is closed and the coil is energized to close the valve. When the valve
      is closed, the switch 324 opens and switch 322 closes to connect line 327
      to ground through coil 322. This closed condition is checked by a
      continuity sensing circuit 331. This circuit includes a resistor fed from
      a source of potential and means for sensing the potential downstream of
      the resistor. If the shutoff valve 91 is closed and, therefore, switch 325
      is closed, a low potential is sensed because of the voltage drop through
      the resistor connected in series with the coil 322 to ground. This sensing
      current, of course, is far below that necessary to operate the valve. If
      the switch 325 is open, indicating that the valve is open, a high
      potential is sensed (no drop in the resistor) and the continuity sensing
      circuit discriminates. Thus, if the valve 91 is closed, the continuity
      sensing circuit provides a plus input to the AND gate 319. A plus output
      from this gate therefore signifies that there is a No Start Fault signal
      on line 318 and a fuel shutoff valve closed signal on line 332.
PAR  The result is transmitted to a still further AND gate 334. The other
      positive input of this AND gate is provided when the Start switch 52 on
      the control quadrant for a particular power unit is closed. Closing this
      switch puts 26 volts through line 335 to the other input of AND gate 334.
      The output of the AND gate is communicated to an OR gate 336 which
      controls energization of coil 338 of a starter relay 337. At the time
      starting is initiated, the other input of the OR gate is off; it is a
      holding circuit which becomes effective only after gas generator speed
      reaches 15%. Therefore, the starter relay 337 may be energized only if all
      of the conditions determined by the comparison circuits 302, 304, 309, and
      315 are correct, the fuel shutoff valve is closed, and the Start switch 52
      is closed. With these conditions satisfied, coil 338 is energized to cause
      the starter to operate. This alone is not sufficient to initiate a
      starting cycle of the engine, but is sufficient to motor the engine with
      the starter.
PAR  Specific means for energizing the starter are immaterial. Ordinarily, the
      starter is an air-operated motor and it requires opening of an air valve
      to energize the starter. As indicated schematically here, the starter is
      energized by the circuit from 26 volts through condition lever switch 328
      in the Run position, front contact 339 of the starter relay, and
      energizing line 340 to the starter 23. The circuit through the coil 338 is
      completed through a starter cutout 342 to ground. The nature of this
      device is immaterial. It will be sufficient to state that it serves to
      terminate energization of the starter upon completion of the starting
      cycle or upon failure to start by breaking the circuit through relay coil
      338 and allowing contact 339 to open.
PAR  The Start switch 52 must be held closed until the gas generator reaches 15%
      speed, after which the starting cycle may only be interrupted by operation
      of the starter cutout or by return of the condition lever to the Stop
      position. The energizing line 340 to the starter or starter air valve also
      provides one of the inputs to an AND gate 343. The output of the AND gate
      through line 344 is the other input to starter energizing OR gate 336. The
      other input to AND gate 343 is energized at 15% gas generator speed.
PAR  The engine includes a gas generator speed transducer or transmitter 346
      which could be any suitable tachometer generator driven by the gas
      generator. Preferably, a toothed wheel and pickup generate an emf of
      frequency proportional to gas generator speed. A conversion circuit
      derives from this a DC emf proportional to speed. This is supplied to
      cockpit indicators (not illustrated) and to discriminating circuits for
      control of the starting sequence. The DC signal is transmitted through a
      line 347 to a gate or discriminator 348 which connects the 26 volt power
      supply through coil 351 of a relay 350 to ground. Energization of the
      relay to response to gas generator speed above 15% connects a plus 5 volt
      input through front contact 352 of the relay and line 354 and to the AND
      gate 343. Thus, with the starter energized and gas generator speed
      reaching 15%, the second input to the OR gate 336 is present. The input
      through Start switch 52 may be discontinued, and the starter will continue
      to operate.
PAR  When gas generator speed reaches 15%, relay 350 also closes its contacts
      355 to energize a relay 356, the circuit being from 26 volt power supply
      through coil 357 of the relay and contact 355 to ground. This completes a
      circuit from the Run power line 329 through a diode 358 and back contacts
      361 of a power turbine overspeed relay 360 to energize the fuel shutoff
      valve opening circuit. Relay 360 is deenergized except when power turbine
      speed is excessive, so there will be a circuit from line 329 through diode
      358, back contacts 361, line 363, and front contacts 362 of relay 356 to
      line 327, through closed switch 325 and coil 322 to open the fuel valve.
      When the valve opens, this circuit is broken at switch 325. Relay 356 also
      opens the circuit from "Start" line 335 through diode 359 and its back
      contacts 353 to the valve closing line 326.
PAR  Now, the ignition is turned on and the fuel drain valve is closed by a gate
      or discriminating circuit 364 which receives the gas generator speed
      signal and closes a circuit to coil 367 of a relay 366 when gas generator
      speed is in the range from 15% to 55% of rated. Circuit 364 grounds a line
      365, thus completing a circuit from Run line 329 through diode 358,
      contacts 361, line 363 coil 367, and line 365 to ground. Energizing relay
      366 closes front contacts 368, completing a circuit from the Run line 329
      through a line 369 and a fuel igniter 370 to ground. Any other suitable
      arrangement may be used to energize the igniter through the 15% to 55% gas
      generator speed range.
PAR  Also, during this range of gas generator speed, front contacts 372 of relay
      366 complete a circuit from line 363 to a line 374 which energizes the
      fuel drain valve solenoid 375. This fuel drain valve is a conventional
      element of gas turbine engines. It may be held closed either by a current
      or by air pressure in the combustion apparatus. When the engine is
      started, it is open to allow any fuel remaining in the combustion
      apparatus to drain. It is closed at 15% speed as just described. When the
      gas generator has reached 55% speed, the pressure will hold the drain
      valve closed until the engine is shut down and has come nearly to a stop.
      At 55% speed, the ignition and the drain valve solenoid are deenergized by
      operation of gate 364 to interrupt the circuit through relay coil 367. At
      this point the engine may be in self-sustaining operation; and at some
      point in the cycle the starter is cut out, allowing the engine to continue
      to accelerate under its own power.
PAR  This completes the starting cycle of the engine, and it should run until
      shut down. The engine may be shut down by moving the condition lever to
      Stop, which not only reduces fuel but energizes line 326 to close the fuel
      shutoff valve 91. The fuel control may also include a shutoff valve
      operated mechanically by operation of the condition lever input to the
      control, but this is immaterial.
PAR  The operation of the control to stop the engine in case of overspeed
      depends upon a power turbine overspeed discriminating circuit. A power
      turbine speed transducer 380 transmits a speed signal through line 381 to
      an overspeed detection circuit 382. The details of this circuit are
      immaterial here. Various circuits for the purpose are known. When imminent
      or existing overspeed is sensed by comparison circuit 382, it connects the
      26 volt power supply through coil 387 of overspeed relay 360 to ground.
      The relay thus closes its front contacts 361 to complete the circuit from
      the Run line 329 through diode 358 to the fuel valve closing line 326. It
      also closes front contacts 388 to complete a holding circuit for the relay
      coil from the Run line 329 through branch line 390, contacts 388, a diode
      392, and coil 387 to ground. The overspeed relay thus remains energized
      until the circuit is deenergized by returning the condition lever to Stop
      to open the Run circuit at switch 328.
PAC  Conclusion
PAR  It should be apparent from the foregoing detailed description that the
      preferred embodiment of this invention contributes valuable features to a
      remotely controlled engine installation in which the engines are
      electrically controlled. The logic circuits are effective to detect
      malfunctions in the remote control or "fly-by-wire" circuitry. The
      inclusion in the logic of means for verifying the closed condition of the
      fuel shutoff valve may avert engine damage due to premature admission of
      fuel from the fuel control before ignition is turned on.
PAR  The logic system is particularly conveniently integrated with the remote
      control system for the power plant. By the employment of semiconductor
      electronic devices, the bulk and weight of the controls is minimized and
      their reliability is at a very high level.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control system for a combustion engine adapted for remote power
      control and starting and stopping of the engine comprising, in
      combination, engine control means generating a power output level command
      signal, load control means generating a load control signal effective to
      vary the power requirement of the load driven by the engine, fuel control
      means for the engine effective to meter fuel to the engine to control
      engine power level, a first servomechanism operative to adjust the fuel
      control means in response to the power output level command signal, a
      second servomechanism operative to adjust the fuel control means in
      response to the load control signal, means responsive to the power output
      command signal effective to transmit a first driving signal to the first
      servomechanism, means responsive to the load control signal effective to
      transmit a second driving signal to the second servomechanism; starting
      means connected to the engine operable to start the engine; and a fault
      detecting logic system connected to the two said signal generating and the
      two said signal transmitting means so as to receive the four said signals
      operative to compare the level of each of the four said signals with a
      corresponding preset signal level and connected to the starting means so
      as to inhibit starting of the engine upon detection of an undesired level
      of any of the four said signals.
NUM  2.
PAR  2. A control system for a combustion engine adapted for remote power
      control and starting and stopping of the engine comprising, in
      combination, engine control means generating a power output level command
      signal, load control means generating a load control signal effective to
      vary the power requirement of the load driven by the engine, fuel control
      means for the engine effective to meter fuel to the engine to control
      engine power level, a first servomechanism operative to adjust the fuel
      control means in response to the power output level command signal, a
      second servomechanism operative to adjust the fuel control means in
      response to the load control signal, means responsive to the power output
      command signal effective to transmit a first driving signal to the first
      servomechanism, means responsive to the load control signal effective to
      transmit a second driving signal to the second servomechanism; starting
      means connected to the engine operable to start the engine; an engine fuel
      shutoff valve; means operable to open and close the fuel shutoff valve;
      means operative to verify a closed condition of the fuel shutoff valve;
      and a fault detecting logic system connected to the two said signal
      generating and the two said signal transmitting means so as to receive the
      four said signals operative to compare the level of each of the four said
      signals with a corresponding preset signal level and connected to the fuel
      valve closed condition verifying means, the said logic system being
      connected to the starting means so as to inhibit starting of the engine
      upon detection of an undesired level of any of the four said signals and
      also when the fuel valve is not in closed condition.
NUM  3.
PAR  3. A control system for a helicopter power plant including a gas-coupled
      gas turbine engine adapted for remote power control and starting and
      stopping of the engine and a lifting rotor driven by the engine
      comprising, in combination, engine control means generating a gas
      generator power output level command signal, load control means generating
      a collective pitch control signal effective to vary the power requirement
      of the lifting rotor, fuel control means for the engine effective to meter
      fuel to the engine to control engine power level, a first servomechanism
      operative to adjust the fuel control means in response to the power output
      level command signal, a second servomechanism operative to adjust the fuel
      control means in response to the collective pitch control signal, means
      responsive to the power output command signal effective to transmit a
      first driving signal to the first servomechanism, means responsive to the
      collective pitch control signal effective to transmit a second driving
      signal to the second servomechanism; starting means connected to the
      engine operable to start the engine; and a fault detecting logic system
      connected to the two said signal generating and the two said signal
      transmitting means so as to receive the four said signals operative to
      compare the level of each of the four said signals with a corresponding
      preset signal level and connected to the fuel valve closed condition
      verifying means, the said logic system being connected to the starting
      means so as to inhibit starting of the engine upon detection of an
      undesired level of any of the four said signals and also when the fuel
      valve is not in closed condition.
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ABST
PAL  A control system for a gas-coupled gas turbine engine particularly directed
      to control of the setting angle of the power turbine nozzle of the engine
      and to correlation of the power turbine nozzle setting with fuel supply
      and with operating parameters of the engine. The control provides for
      operation of the engine from closed to full open throttle, with closed
      throttle calling for idle speed of the engine. The initial stage of
      opening the throttle develops an increasing nozzle reference temperature
      signal which is matched with a turbine temperature signal to control a
      servo which varies the setting, and therefore area, of the turbine nozzle.
      After the initial stage of throttle opening, the reference temperature
      signal increases with engine speed, which increases in response to an
      increasing throttle signal. The actual level of the nozzle reference
      temperature is also a function of engine inlet temperature up to a given
      level of this temperature. Throttle position generates a speed reference
      signal which is matched with actual gas generator speed to control fuel
      supply to the engine. The speed reference signal is coordinated with the
      nozzle reference temperature signal so that there is a smooth transition
      from the increasing nozzle reference temperature over the initial range of
      throttle movement to the increasing engine speed reference signal over the
      remainder of the travel of the throttle up to or near 100% rated power
      output signal.
PAL  The control also responds to acceleration of the gas generator to vary the
      nozzle reference signals turbine inlet temperature with an acceleration
      reference temperature signal responsive to engine inlet air temperature,
      which signal is used to limit engine fuel flow during acceleration. Upon
      occurrence of an engine acceleration above idle, the opening of the
      turbine nozzle is limited to improve energy division between the gas
      generator and power turbines. In one embodiment this limitation is
      maintained during the duration of acceleration; in another the limitation
      of nozzle opening is progressively relaxed during the acceleration.
PAL  The nozzle opening limitation is overridden during starting of the engine
      and acceleration to idle, specifically by an override responsive to
      operation of the starter to crank the gas generator.
BSUM
PAR  Our invention relates to controls for gas turbine engines, and particularly
      to an integrated control for an engine of the gas-coupled type suitable
      for driving a motor vehicle or similar service. The invention is primarily
      directed to improved means for varying the setting of turbine nozzle vanes
      of the power turbine of the engine so as to optimize the operating
      characteristics of the engine. Also, it is directed to interconnections
      between the means which generate a signal controlling gas generator speed
      and the nozzle control signal so as to achieve an increasing engine
      temperature at constant gas generator speed by closing the nozzle during
      initial movement of the engine power control or throttle, and thereafter
      to increase gas generator speed as the power control is further advanced.
PAR  Objects of our invention are to improve the control and operating
      characteristics of gas turbine engines, particularly of engines intended
      for vehicle service; to provide improved turbine nozzle angle setting
      controls for a gas turbine engine; to provide improved coordinated fuel
      and turbine nozzle controls for a gas turbine; and to provide superior
      electronic controls for a gas turbine engine.
DRWD
PAR  The nature of our invention and its advantages will be clear to those
      skilled in the art from the succeeding detailed description of the
      preferred embodiment of the invention and the accompanying drawings
      thereof.
PAR  FIG. 1 is a schematic diagram of a gas turbine engine control system.
PAR  FIG. 2 is a diagram of electrical circuits of the control system.
PAR  FIG. 3 is a partial diagram illustrating a modification of the circuit of
      FIG. 2.
PAR  FIG. 4 is a plot illustrating the nature of an acceleration reference
      temperature signal.
PAR  FIG. 5 is a plot illustrating variations of a nozzle reference temperature
      signal with gas generator speed and engine inlet temperature.
PAR  FIG. 6 is a plot illustrating variations of the nozzle reference
      temperature signal and a gas generator speed reference signal with
      variations in throttle signal.
PAR  FIG. 7 is a plot illustrating variations of the nozzle reference
      temperature signal with time during gas generator acceleration with
      various modes of control.
DETD
PAC  GENERAL DESCRIPTION
PAR  FIG. 1 provides a basis for a general explanation of the nature of our
      preferred controls and for the succeeding detailed description of
      preferred circuits. FIG. 1 illustrates a gas turbine engine 2 which may be
      of conventional type including a compressor 3, combustion apparatus 4, and
      a turbine 6. The turbine is connected to drive the compressor, which
      supplies compressed air to the combustion apparatus where fuel is burned
      to heat the air, and the resulting combustion products drive the turbine.
      This part of the engine is called a gas generator. The gas generator
      supplies motive fluid to a power turbine 7 which drives a power output
      shaft 8. The power turbine includes a variable nozzle 10 which may be of
      known type in which the direction of flow of the motive fluid to the power
      turbine is altered by varying the setting angle of the vanes. Varying the
      setting angle also varies the area of the nozzle, and thus the division of
      energy between the turbines 6 and 7. Such nozzle structures are well
      known, and the nozzle structure may be of any suitable known type. As
      illustrated, the nozzle includes a unison ring 11 coupled to the vanes
      which is rotated about the axis of the engine by a servomechanism 12 which
      reciprocates a rod 14 coupled to the ring 11.
PAR  The engine will ordinarily include a regenerator (not illustrated) to heat
      air flowing from the compressor to the combustion apparatus by heat
      exchange with the exhaust from turbine 7. This is conventional.
PAR  Our invention is largely concerned with the control of the servomechanism
      12. It is also concerned with the relation of such control to the supply
      of fuel to the combustion apparatus of the engine. As illustrated, the
      fuel is supplied to the combustion apparatus from a fuel regulator 15
      through a fuel line 16. The fuel regulator may be any suitable apparatus
      which responds to a control signal to determine the amount of fuel
      supplied. It may be a variable displacement pump driven by the engine or
      otherwise. It may be means for throttling fuel flow from a pump to the
      engine and by-passing excess fuel back to the pump inlet. There is no need
      to describe this in detail. One fuel regulator which might be employed is
      described in U.S. Pat. No. 3,732,039 of Carothers issued May 8, 1973.
PAR  Power output level of the engine is set, and acceleration and deceleration
      are controlled, by a power level control 18 embodied specifically in the
      common foot throttle or accelerator pedal as is ordinarily employed in
      motor vehicles. The foot throttle transmits a signal, represented by the
      character theta, indicative of the degree of movement of the accelerator
      pedal. This movement is translated by suitable means into a signal adapted
      to be employed in the electrical control system. Preferably, this is
      accomplished simply by a potentiometer 19 energized from a constant
      voltage source of 10 volts. The slider which is coupled to the foot
      throttle transmits an electrical potential which represents the power
      demand input setting, which may be referred to as the power level control
      signal or power signal.
PAR  As indicated, this power signal is transmitted over a line 20 to a speed
      reference signal generating circuit 22 and ultimately through a line 23 to
      a fuel control circuit 24. The fuel control circuit, in response to this
      input and other inputs to be described, provides a signal representing
      required fuel flow on a line 25 to the fuel regulator 15 and to a turbine
      inlet temperature compensating circuit 26.
PAR  Our preferred system responds to three significant parameters of engine
      operation: namely, engine inlet temperature represented by T.sub.1, gas
      generator speed represented by N.sub.1, and turbine inlet temperature
      represented by T.sub.4. The transmitters or transducers for these
      quantities are represented respectively by 27, 28, and 30. Each of these
      devices provides an electrical output which is amplified in amplifiers 31,
      32, and 33 respectively. The inlet temperature signal from amplifier 31 is
      transmitted through a line 34 to the speed reference signal generator 22
      where it coacts with the power signal from line 20 in determining the
      magnitude of the speed reference signal through line 23 to the fuel
      control 24.
PAR  Line 34 also transmits engine inlet temperature to an acceleration
      reference temperature signal generating circuit 36. The acceleration
      reference signal is generated in response to the signal of inlet
      temperature and a signal of gas generator speed transmitted through a line
      38 from the amplifier 32. The structure of the acceleration reference
      signal generator is immaterial to the present invention. It generates an
      output signal as illustrated in the plot of FIG. 4. This is a modified
      inlet temperature signal, as will be further explained.
PAR  The acceleration reference temperature signal is transmitted through a line
      39 to the fuel control where this is compared with a signal representing
      engine temperature as a means to limit fuel during acceleration. The fuel
      control also receives an input of gas generator speed from line 38 and an
      input of compensated turbine inlet temperature from the compensator 26
      through a line 40.
PAR  The compensated turbine inlet temperature signal is derived from the
      turbine inlet temperature as measured by thermocouples or other
      transducers 30 and amplified in the amplifier 33. This is transmitted to
      the compensator through a T.sub.4 line 41. The measured T.sub.4 signal is
      modified so as to be more nearly representative of instantaneous turbine
      inlet temperature during transients, and further modified to improve the
      acceleration characteristics of the gas generator. For this reason, the
      turbine inlet temperature compensating circuit 26 receives inputs of gas
      generator speed and fuel demand signal in addition to the uncorrected
      temperature signal. The output of the compensator through line 40 is
      compared in the fuel control with the acceleration reference temperature
      limiting signal supplied through line 39 to reduce fuel as necessary to
      prevent overtemperature during acceleration. In steady state operation,
      fuel normally is controlled by comparison of gas generator speed with the
      speed reference signal. The fuel control may receive other inputs such,
      for example, as inputs of power turbine speed or acceleration from
      override logic circuits 42 to reduce fuel or shut down the engine in case
      of threatened power turbine runaway, but such matters are immaterial to
      the present invention and therefore are not explained here.
PAR  At this point, we have described the engine control system except for that
      portion particularly related to control of the variable nozzle 10. As a
      matter of general introduction to this subject, a nozzle reference
      temperature generating circuit 43 receives an input of engine inlet
      temperature through line 34, an input of gas generator speed through line
      38, an input of acceleration reference temperature through line 39, and an
      input from the power level control through line 20. The circuit 43
      transmits through line 46 a temperature limit signal to a nozzle control
      circuit 47. The variable turbine nozzle is controlled during steady state
      engine operation by circuit 47, which receives also an input of
      compensated turbine inlet temperature from line 40. Turbine nozzle opening
      is limited by a nozzle limit circuit which receives an input
      representative of turbine nozzle vane angle or setting, beta, through a
      line 49. The setting signal is taken from a potentiometer 50, energized
      from the 10 volt circuit, by a slider moved by the rod 14 of the nozzle
      servo 12, or by any other suitable connection to the turbine nozzle vanes.
      The potential on line 49 represents the turbine nozzle vane angle and
      nozzle area.
PAR  For improved acceleration of the engine and of the vehicle operated by it,
      there is also provided a nozzle limit logic circuit 51 which receives an
      input of compensated turbine inlet temperature from line 40 and an input
      of acceleration reference temperature signal from line 39. The limit
      control delivers a correcting signal through a line 52 to the nozzle limit
      circuit 48. The limit circuit compares the feedback signal on line 49 with
      the limit signal on line 52, and transmits an overriding signal to the
      nozzle control circuit through line 53 to limit nozzle area during engine
      acceleration.
PAR  To modify the operation of the nozzle during starting of the engine, the
      limit logic circuit 51 also is connected through a line 55 to the
      energizing circuit of a starter 54 which is connected to the gas generator
      2 to crank it for starting the engine.
PAR  Passing over for the time being the preferred structure and operation of
      circuits 22, 36, 43, 47, 48, and 51, we may point out that the output of
      control circuit 47 is transmitted as a control signal through a line 56 to
      a power amplifier 58 the output of which controls the operation of the
      servo 12. As illustrated, the power amplifier output is connected through
      a line 59 and a coil 60 to ground. The coil 60 operates an input 62 to the
      servomechanism 12. The nature of the servomechanism is immaterial but, for
      example, it might be a hydraulic servomechanism the direction and extent
      of movement of which is controlled by movement of, or force exerted on,
      the input 62.
PAR  While it is immaterial to our present invention, it is ordinarily desirable
      to provide means to brake the power turbine by increasing the angle of the
      nozzle 10 much beyond the normal operating range so as to reverse the
      swirl of motive fluid entering the power turbine. As indicated in the
      schematic diagram, a brake control 63 is connected to the power amplifier.
      Such a brake control may override the input through line 56 to drive the
      servo to full travel in the direction to reverse the turbine vanes. It is
      well known such action may be desired and effected in response to
      overspeed or unduly high acceleration of the power turbine; or in response
      to operation of the power turbine above a rather low speed when the
      throttle 18 is calling for idle engine operation, to provide a measure of
      braking of the vehicle during coastdown.
PAC  Steady-State Nozzle Control
PAR  We may now proceed to a description of the preferred electrical circuits of
      the control, and with this a further explanation of the operation of the
      control. In connection with the description of the circuits, component
      types and values are identified for completeness of disclosure and to
      facilitate practice of the invention. However, it is to be understood that
      these are subject to variation in response to changing parameters of the
      engine and developments in the electronic arts, and simply as a matter of
      choice. The identification of component types and characteristics is
      therefore not to be considered in any sense as limiting the invention. All
      operational amplifiers are type S5558V made by Signetics Corporation, and
      diodes are type DS-31.
PAR  Referring to FIG. 2, components and connecting lines identified on FIG. 1
      bear the same numbers on FIG. 2.
PAR  The nozzle reference temperature generating circuit 43 has an input from
      the acceleration reference temperature generating circuit 36. The signal
      line 39 is connected to the plus input of an operational amplifier 66. The
      output terminal of amplifier 66 is connected through a resistor 67 (10
      kilohm) to the minus input, which also is connected to the midpoint of a
      voltage divider. This voltage divider, energized from the plus 10 volt
      supply to ground, comprises a 33 kilohm resistor 68 and a 51 kilohm
      resistor 70. Operational amplifier 66 may be regarded as a follower or
      scaler, the gain and the DC shift of the amplifier being determined by the
      resistors 67, 68, and 70.
PAR  Referring to FIG. 4 for the nature of the acceleration reference signal, it
      will be seen that the acceleration reference temperature signal is a
      linear function of engine inlet temperature up to 2000.degree.F. at
      60.degree.F. inlet temperature, above which there is no increase in the
      acceleration reference temperature. Below 50% gas generator speed, which
      is idle, the acceleration reference temperature decreases with speed along
      the line 71 of the plot down to about 30% speed, below which the
      acceleration reference temperature is limited at 1650.degree.. It is a
      feature of our present invention that this signal is employed for control
      of the turbine nozzle.
PAR  The amplified acceleration reference signal from operational amplifier 66
      is mixed with a signal of gas generator speed, N.sub.1, from amplifier 32,
      the output of which is connected through an 11 kilohm resistor 72 to a
      junction 74. The output terminal of amplifier 66 is connected to this
      junction through a 5.1 kilohm resistor 75. Junction 74 is connected to the
      plus input terminal at 77 of a second operational amplifier 76 through a
      10 kilohm resistor 78. Resistors 72 and 75 determine the relative effect
      on operational amplifier 76 of the acceleration reference and gas
      generator speed signals. The input resistor 78 provides for limiting the
      potential level on the plus input of amplifier 76 by operational
      amplifiers 79 and 80, as will be explained.
PAR  Junction 74 is also connected through a 20 kilohm resistor 82 to the slider
      of a 5 kilohm potentiometer 83 connected between the regulated 10 volt
      supply and ground. Potentiometer 83 provides a means for calibrating the
      output of amplifier 76.
PAR  Operational amplifier 76 provides the nozzle reference signal on line 46
      connected to the output terminal of the amplifier. The direct feedback
      from the output to the minus input causes operational amplifier 76 to
      operate as a voltage follower for isolation of line 46 from the input on
      the plus terminal of the amplifier. The circuits so far described,
      including operational amplifiers 66 and 76, provide a signal on line 46
      which increases with the acceleration reference signal (which is
      proportional to inlet temperature up to 60.degree.F.) and also increases
      with gas generator rpm. This characteristic is illustrated in the sloping
      characteristic lines on FIG. 5 which will be discussed below.
PAR  Operational amplifier 79 acts as a limiter responsive only to the
      acceleration reference signal which limits increase of the nozzle
      reference signal, preventing the signal from increasing above the 100%
      speed value if the engine should go overspeed for any reason or if the
      calibration of the operational amplifier 76 is erroneous. The acceleration
      reference signal on line 39 is supplied to the plus input of amplifier 79
      through a voltage divider consisting of resistor 84 (2 kilohm) and
      resistor 86 (51 kilohm). The output terminal of amplifier 79 is connected
      through a diode 87 to the minus input of amplifier 79 and the plus input
      77 of amplifier 76. Diode 87 prevents amplifier 79 from increasing the
      plus input to amplifier 76, but it can hold the input down in the event
      the potential level at junction 74 is higher than that supplied to the
      input of amplifier 79 through the voltage divider 84, 86. This voltage
      divider slightly reduces the potential at the input of amplifier 79 below
      that supplied to amplifier 66.
PAR  The nozzle reference temperature signal is also modified under certain
      conditions by a portion of the circuit which responds to engine inlet
      temperature and throttle position. The T.sub.1 signal from amplifier 31 on
      line 34 is supplied through 5.1 kilohm resistor 88 to a junction 90 which
      is connected to the minus input of operational amplifier 80. Junction 90
      also receives the nozzle reference signal from line 46 through a 7.5
      kilohm resistor 91. Junction 90 is connected through a 30 kilohm resistor
      92 to the minus input of an operational amplifier 94 forming part of the
      speed reference circuit 22. The power control input potentiometer 19 is
      connected between plus 10 volts and engine inlet temperature signal line
      34. The movable contact, which is operated by the foot pedal, produces a
      signal on line 20 which is connected directly to the plus inputs of
      operational amplifiers 80 and 94. The output terminal of operational
      amplifier 80 is connected to the plus input point 77 of operational
      amplifier 76 through a diode 95 so that operational amplifer 80 may reduce
      the plus input of operational amplifier 76, but does not increase it.
PAR  Assuming that there is no effect due to current through resistor 92, the
      normal state of affairs at low throttle settings, it follows that the
      potential on the minus input of operational amplifier 80 (junction 90)
      equals the sum of T.sub.1 times a first constant and nozzle reference
      signal times a second constant, the constants being dependent upon the
      relative values of resistors 88 and 91. As inlet temperature or the nozzle
      reference signal increases, the minus input of operational amplifier 80
      increases. The input to the plus terminal of operational amplifier 80 is a
      potential equal to the inlet temperature signal potential plus theta times
      (10 volts minus the temperature signal). It is thus proportional to the
      relative movement of the power control from the idle position toward full
      throttle. The idle setting may be fixed by a limit on return movement of
      the foot pedal. Whenever the minus input to amplifier 80 becomes higher
      than the plus input, amplifier 80 will conduct to reduce the plus input
      potential of amplifier 76 and thereby the nozzle reference signal, until
      the nozzle reference signal is reduced sufficiently to equalize the inputs
      to operational amplifier 80. Thus, at closed throttle, the nozzle
      reference signal is controlled by inlet temperature, which limits it to a
      value below that which would be due to the acceleration reference and
      speed inputs.
PAR  Referring to FIGS. 5 and 6, from approximately 0 to 10% throttle, the
      nozzle reference temperature signal increases as indicated by vertical
      line 96 on FIG. 5 and line 97 on FIG. 6. The indicated points on line 96
      of FIG. 5 represent closed throttle nozzle reference temperatures from
      about 850.degree. to about 1350.degree. at varying inlet temperatures at
      the 50% speed condition of the engine. The engine speed is maintained
      constant, as indicated by line 98 on FIG. 6, but fuel is increased because
      the nozzle opening is decreased. Thus, less of the total fuel energy is
      available to drive the compressor and more is available to drive the power
      turbine. The 10% throttle position might provide sufficient power to drive
      a vehicle at a constant speed of about 30 mph. Above this point, as the
      power control input increases, the engine gas generator speed increases
      along a line such as 99 in FIG. 6. This is accompanied by an increase in
      nozzle reference temperature due to the increase in speed along the family
      of lines 100 in FIG. 5. The lower lines represent T.sub.1 values below
      60.degree.F. The increasing temperature and increasing speed of the gas
      generator result in a greater amount of energy available to the power
      turbine for vehicle propulsion or other purposes. The broken line 103 in
      FIG. 6 represents in a general way the variation of nozzle reference
      temperature above 10% throttle, which is not directly dependent upon
      throttle, but rather upon speed and acceleration reference temperature,
      for 60.degree.F. inlet temperature.
PAR  Operational amplifier 80 acts as a discriminating device controlling the
      switch-over from constant idle speed with variable nozzle to variable
      speed operation at higher throttle settings.
PAR  The minimum amount of the nozzle reference signal is determined by T.sub.1
      when the potential increment from throttle potentiometer 19 is zero. As
      the throttle input increases, the output of operational amplifier 80
      increases, thereby pulling the plus input to operational amplifier 76 down
      less and less with increasing throttle until the point is reached at which
      the potential at the output of operational amplifier 80 equals the
      potential at junction 74 less the diode drop, at which point the gas
      generator speed and acceleration reference signals take over control and
      determine the nozzle reference signal on line 46, as indicated by the
      lines 100 on FIG. 5.
PAR  The horizontal line segments 104 on FIG. 5 represent the maximum limit on
      the nozzle reference signal at the normal 100% throttle value imposed by
      the acceleration reference signal transmitted through amplifier 79 and
      diode 87 to the plus input of amplifier 76 if potential at junction 74
      rises above this value.
PAR  Before proceeding with the nozzle angle control system including circuits
      47, 48, and 51, it may be best to proceed with the description of the
      speed reference circuit 22. The output terminal of operational amplifier
      94 is connected to the base of an NPN transistor 106, Delco Service type
      67, the emitter of which is connected directly to the minus input of the
      amplifier. The collector of transistor 106 is energized from the plus 10
      volt regulated source through a 10 kilohm resistor 107 and a diode 108.
      The collector of transistor 106 is also connected to the base of a PNP
      transistor 110, Delco Service type 83. The emitter of transistor 110 is
      energized from the plus 10 volt regulated supply through a 270 ohm
      resistor 111, and its collector is connected through 1 kilohm resistor 112
      to the plus input of an operational amplifier 114. This operational
      amplifier acts as a follower and provides the speed reference signal to
      the fuel control 24 through line 23 which is fed back to the minus input
      of the operational amplifier.
PAR  The plus input of operational amplifier 114 is also connected to an
      operational amplifier 115 in a maximum limiting circuit and an operational
      amplifier 116 in a minimum setting circuit. The plus input of operational
      amplifier 115 is energized off a variable setting potentiometer 118
      energized between the 10 volt control DC unit and ground and the plus
      input of operational amplifier 116 is similarly energized through a
      potentiometer 119. The settings of the potentiometers determine the
      maximum and minimum limit values of the speed reference signal. The output
      terminal of operational amplifier 115 is connected through diode 120 to
      the plus input of operational amplifier 114 and the minus input of 115.
      Amplifier 115 thus can pull down the potential at the plus input of
      operational amplifier 114 when this becomes greater than the plus input to
      operational amplifier 115. The output terminal of operational amplifier
      116 is connected to its minus input terminal and connected through 3.3
      kilohm resistor 121 to the input of operational amplifier 114.
PAR  At the point at which amplifier 80 ceases to limit the nozzle reference
      signal, the plus and minus inputs of this amplifier are equal. This is
      represented by points such as 122 on FIG. 5 where a line 100 meets line 96
      and by the point 123 on FIG. 6 where increase of power control input
      begins to increase the speed reference signal. The inputs to operational
      amplifier 94 also must be equal to satisfy that amplifier, and current in
      resistor 92 must therefore be zero. However, if the power input signal
      increases; that is, the potential on line 20 increases relative to the
      inlet temperature signal, this unbalances the input to amplifier 94,
      causing it to conduct and providing the drive current in the base circuit
      of transistor 106. The base drive causes current to flow from the 10 volt
      source through resistor 107, diode 108, the collector-emitter circuit of
      transistor 106, and resistor 92 to junction 90. The magnitude of this
      current must necessarily be such as to create a drop in resistor 92 equal
      to the difference in potential between junction 90 and the power input on
      line 20 to balance the inputs to amplifier 94. Thus, the emitter current
      of transistor 106 is proportional to the power level input signal or
      theta. Diode 108 is provided to balance the emitter-base drop in
      transistor 110 so that the drops in resistors 107 and 111 are equal. When
      transistor 106 conducts, the potential drop across resistor 107 and diode
      108 provide a potential causing current to flow through resistor 111 and
      the emitter-base circuit of transistor 110 to turn on transistor 110. The
      emitter current of transistor 110 will therefore be equal to the collector
      current of transistor 106 multiplied by the ratio of the resistances, or
      10,000 divided by 270, or roughly 40 times the current through resistor 92
      necessary to balance the input of operational amplifier 94. This current
      flows through a 1 kilohm resistor 112, which is merely a current limiting
      resistor, and 3.3 kilohm resistor 121 to the output of operational
      amplifier 116. This drives the plus input of operational amplifier 114 to
      a value equal to that set on the plus input of operational amplifier 116
      by potentiometer 119 plus the drop in resistor 121. It thus equals the
      minimum setting plus a value proportional to the setting of the throttle
      potentiometer 19. The input follower operational amplifier 114 provides an
      equal signal through line 23 to the fuel control. This speed reference
      signal is compared in the fuel control with a gas generator speed signal
      from the transducer 28 and amplifier 32 to regulate fuel flow. This is the
      normal mode of regulation during steady state operation as distinguished
      from acceleration.
PAR  The speed reference signal is limited by the setting of potentiometer 118
      which prevents the plus input to amplifier 114 from exceeding this input
      by flow through resistor 112 and diode 120 to the output terminal of
      amplifier 115. This provides a maximum speed reference signal which is
      represented by the line 124 in FIG. 6.
PAR  Getting back to the turbine nozzle control system, we start with the nozzle
      control circuit 47 diagrammed at the upper right of FIG. 2. The nozzle
      temperature reference signal on line 46 is fed through a 20 kilohm
      resistor 126 to the minus input of an operational amplifier 127. The plus
      input to this amplifier is the compensated temperature signal from the
      compensating circuit 26 through line 40. The output of operational
      amplifier 127 is connected to its minus input through a 150 kilohm
      resistor 128 and an 11 microfarad capacitor 130 in parallel. The ratio of
      resistors 128 and 126 results in a 7.5 to 1 gain in the amplifier. The
      capacitor provides a small amount of lag to stabilize the amplifier. The
      input from the compensated temperature circuit approximates actual turbine
      inlet temperature. As stated above, it is based upon instantaneous
      measured turbine inlet temperature plus compensation for thermocouple lag
      and modified by certain factors which cause it to represent more perfectly
      the anticipated performance of the engine during acceleration.
PAR  This provides the feedback to the nozzle reference temperature signal to
      cause the nozzle to be adjusted to the opening resulting in the desired
      turbine inlet temperature at the particular condition of operation. Thus,
      when the actual temperature signal is fed back against the desired
      temperature signal on line 46, the result is an output indicative of the
      desired change in nozzle area which is conducted through a 1 kilohm
      resistor 131 and 12 kilohm resistor 132 in series to the power amplifier
      input line 56. The power amplifier is energized from the plus 12 volt
      power bus and provides an output through line 59 to the servo-controlling
      solenoid 60. The input line to the power amplifier is also energized off
      the 12 volt power bus through a 160 kilohm resistor 134. The resistor 134
      provides an input to the power amplifier such that there is a minimum
      amplifier output to provide a small current to the solenoid 60 to bias the
      solenoid and overcome friction or hysteresis inn the valve mechanism of
      the servo 12.
PAR  It will be seen, then, that the amplifier 127 causes the power amplifier to
      drive the servo so as to open the nozzle if turbine inlet temperature
      exceeds that scheduled by the reference temperature signal in line 46 and
      to close the nozzle if turbine inlet temperature is below that scheduled.
      This provides for steady-state control of the nozzle area.
PAC  Transient Nozzle Control
PAR  If there is a sharp increase in the operator's power control signal, there
      will be a rapid increase in turbine inlet temperature due to the increase
      in fuel to accelerate the gas generator. There is also an increase in the
      nozzle reference signal due to the increased throttle input and increasing
      speed. However, the temperature signal outpaces the reference signal. This
      simulates an indication that the engine is overtemperature because the
      nozzle is not open enough, so the natural result would be to open the
      power turbine nozzle. This is advantageous in that it increases the
      pressure drop across the gas generator turbine and speeds acceleration of
      the gas generator.
PAR  However, the desired acceleration curve of the gas generator may be to give
      the most acceptable acceleration of the driven vehicle rather than
      quickest acceleration of the gas generator turbine. When the nozzle is
      opened wide, the resulting lack of energy supplied to the power turbine
      causes a distinct lag in acceleration of the vehicle. Therefore, our
      system includes means including the nozzle limit logic circuit 51 and
      nozzle limit circuit 48 to limit the opening of the power turbine nozzle.
      This includes the nozzle area (or angle) feedback potentiometer 50
      energized from the 10 volt circuit to ground, the follower of which is
      moved by the nozzle actuating mechanism. The voltage taken from the
      potentiometer through line 49 represents, and increases with, nozzle area.
      This signal is fed to the plus input of an operational amplifier 135,
      acting as a voltage follower with its output connected directly to the
      minus input. The resulting signal on the output line 136 is a direct
      function of nozzle angle and nozzle area. This signal is fed through 20
      kilohm resistor 138 to the minus input of an operational amplifier 139,
      the output of which is connected through 51 kilohm resistor 140 to the
      minus input. The plus input of operational amplifier 139 is energized
      through line 52.
PAR  For the present, we may assume that the plus input line 52 of operational
      amplifier 139 is supplied with an adjustable fixed potential from a
      potentiometer 142 energized from the 10 volt supply. The nozzle limit
      logic circuits 51 which may vary this potential will be described below.
PAR  The ratio of resistors 140 and 138 is such that the gain of operational
      amplifier 139 is approximately 21/2 to 1. The output of the operational
      amplifier is connected to the junction 143 between resistors 131 and 132
      through a 620 ohm resistor 144 and a diode 146. Diode 146 allows current
      to flow from junction 143 to lower the input to the power amplifier and
      cause the nozzle to close. When the nozzle area signal fed from
      potentiometer 50 through amplifier 135 increases, the potential at the
      minus input to amplifier 139 increases. If this becomes greater than the
      potential on the plus input of amplifier 139, the operational amplifier
      draws current through resistor 144 and diode 146 to reduce the input to
      power amplifier 58 and limit nozzle opening movement at the angle the
      potentiometer 142 is set for. Diode 146 prevents the nozzle angle feedback
      from overrriding the nozzle refererence temperature signal so as to
      increase nozzle opening.
PAR  As a result of the circuits just described, nozzle angle is limited by a
      fixed maximum and also by a coaction of a temperature limit a temperature
      feedback. In normal operation, the angle is maintained at the value to
      give the temperature called for by the reference temperature signal on
      line 46 but, upon acceleration when temperature moves up rapidly, the
      nozzle can open only to the angle set by potentiometer 142 in connection
      with the feedback potentiometer 50.
PAR  This control can be improved upon, and the means for this is the nozzle
      limit logic circuit 51 illustrated in the lower part of FIG. 2 which
      provides means for varying the limit imposed through line 52 on the nozzle
      opening. We should distinguish between starting conditions; that is,
      bringing the engine up to idle speed (50% gas generator speed in the
      described engine) and normal acceleration; that is, increase of power
      after the engine has reached idle speed and is in the operating range.
PAR  The logic circuit 51 provides an override which allows the power turbine
      nozzle to open to the limit set by potentiometer 142 during cranking of
      the gas generator. This improves starting and reduces the temperature of
      the exhaust gases flowing to the regenerator of the engine if one is
      provided. The system also includes means to sense acceleration of the
      engine above the idle condition, and vary the nozzle area. In a normally
      operating engine, the compensated turbine inlet temperature equals the
      acceleration reference temperature signal only during engine acceleration.
      During steady state operation it is limited by the nozzle temperature
      reference signal and is ordinarily substantially below the acceleration
      reference signal. Our arrangement for detecting an acceleration condition
      generates an acceleration signal whenever the compensated temperature
      comes within approximately 50.degree. of acceleration reference
      temperature.
PAR  The compensated turbine inlet temperature signal is fed from the circuit 26
      through line 40 and a 10 kilohm resistor 159 to the plus input of an
      operational amplifier 160. The acceleration reference temperature signal
      from the circuit 36 is supplied through line 39 and a voltage divider to
      the minus input of amplifier 160. The voltage divider comprises a 10
      kilohm resistor 162 and a 510 kilohm resistor 163. The potential applied
      to the minus input of operational amplifier 160 is thus about 98% of the
      acceleration reference signal. When the compensated temperature signal is
      less than 98% of the acceleration reference signal, amplifier 160 is
      turned off, but when the compensated temperature signal equals or exceeds
      98% of the acceleration reference signal, amplifier 160 saturates and
      turns on a transistor 164 (type DS-67). The transistor is turned on by
      base drive from the amplifier through series resistors 166 (1 kilohm), 167
      (10 kilohm) and 168 (2 kilohm). Resistor 168 is connected between the base
      and emitter of the transistor and grounded at 170. This completes a
      circuit from line 52 through a variable resistor 171, the maximum value of
      which is 50 kilohms, and the transistor to ground. Resistor 171 and
      transistor 164 thus provide a shunt for the grounded end of potentiometer
      142, lowering the potential on line 52 and driving the nozzle further
      towards closed position. The amount of nozzle shift can be set by resistor
      171.
PAR  When the acceleration terminates, the nozzle control reverts to the normal
      steady state mode in which the area is controlled by T.sub.4.sbsb.c and
      the nozzle reference temperature signal through amplifier 127. During the
      transition from acceleration to steady state, there is a short period of
      time while the compensated temperature signal is dropping (as the
      anticipating features of the temperature compensated circuits are dying
      out) that T.sub.4.sbsb.c would remain greater than the nozzle reference
      temperature. In order to stabilize the transition between the limit and
      steady state nozzle control modes, the system includes an arrangement for
      providing a slight delay in the dropout of the acceleration override
      control. This is accomplished by the circuit comprising diode 172, 22
      microfarad capacitor 174, and resistor 175 (20 kilohm). When the
      acceleration condition is sensed and amplifier 160 turns on, capacitor 174
      is quickly charged through the diode 172. At the end of the acceleration
      condition the charge on capacitor 174 keeps transistor 164 turned on
      momentarily until the charge on the condenser decays through the series
      circuit of resistors 175 and 168.
PAR  During starting; that is, during acceleration from lightoff to idle gas
      generator speed, it is not desired to have the nozzle closed; there is no
      need for output from the power turbine, and it is desirable to make as
      much energy available as possible to the gas generator turbine. It is
      possible to use various means, including a speed-responsive switch, to
      sense the reaching of idle speed by the gas generator. In this particular
      case, the starter is deenergized at about 43% gas generator speed, which
      is near enough for our purposes. Operational amplifier 160 is overridden
      during operation of starter 54 by the circuit to be described. The circuit
      from 10 volt supply through series resistors 178 and 179 (both 10 kilohm)
      and a diode 180 leads to a point which is maintained at a low potential
      during operation of the starter. It may, for example, be a switch closed
      during operation of the starter or at low gas generator speed. As
      illustrated schematically, it is switch 182 closed when the starter is
      energized. Obviously, switch 182 could be speed-responsive and remain
      closed below idle speed.
PAR  When the switch 182 is closed or the potential at that point is otherwise
      lowered to a sufficient extent, a transistor 183 (type DS-83) is turned
      on. This establishes a current flow from plus 10 volts through resistors
      184 (10 kilohm) and 186 (2 kilohm) in series to ground. This turns on a
      second trasistor 187 (DS-67) the collector of which is connected to the
      base of transistor 164, the emitter of which is grounded, and the base of
      which is connected between resistors 184 and 186. This shunts resistor 168
      and the emitter-base circuit of transistor 164 and turns it off, assuming
      it would otherwise be on. Thus, regardless of the operation of operational
      amplifier 160 in response to corrected turbine inlet temperature and
      acceleration reference temperature, the nozzle signal is not held down and
      the nozzle remains open during cranking.
PAR  This action may be explained further by reference to FIG. 7, in which the
      line 188 at 3.5 volts represents the open nozzle position signal to the
      power amplifier 58 when transistor 164 is turned off. This is the
      condition during cranking.
PAR  The broken line 190 which starts at 3.5 volts, decreases rapidly to 3.3
      volts, remains constant until the termination of acceleration, and then
      rises to the normal value at point 191, represents the effect of the
      acceleration circuit embodying operational amplifier 160. Thus, in case of
      gas generator acceleration, the operational amplifier 160 provides a
      signal which causes the nozzle to close and thereby increase the amount of
      energy available from the power turbine as the vehicle is being
      accelerated.
PAR  FIG. 3 illustrates a modification of the circuit of FIG. 2 which provides a
      different characteristic of turbine nozzle area during engine
      acceleration. The difference involved in FIG. 3 is the insertion of a
      capacitor 192 (20 microfarad) paralleled by a resistor 193 (300 kilohm) in
      the circuit between the collector of transistor 164 and the variable
      resistor 171. In this case, when the compensated temperature signal
      reaches the value which indicates acceleration of the gas generator, the
      potential applied to the power amplifier is reduced as with the circuit of
      FIG. 2. However, as the 20 microfarad capacitor 192 is charged, the droop
      in potential decays exponentially and the potential applied to the power
      amplifier rises along the exponential curve 194 in FIG. 7 after the
      initial drop.
PAR  The resistor 193 provides for bleed down of capacitor 192 in case of
      rapidly succeeding accelerations of the gas generator.
PAR  With the characteristic of curve 194, the initial closing of the nozzle as
      acceleration is initiated provides an increment of energy to the power
      turbine. The subsequent opening redistributes the energy available so that
      the energy available to accelerate the gas generator is increased while
      the portion of the available energy supplied to the power turbine
      decreases. However, the total energy supplied to the power turbine will
      increase because of the greater temperature and rate of flow through the
      engine.
PAR  If it is desired to have some other characteristic for the line 194 than
      the simple exponential curve illustrated, other types of circuits can be
      employed to vary the flow of current through resistor 171 as a function of
      time after the beginning of acceleration.
PAC  Annotations
PAR  We believe that the foregoing detailed description is amply sufficient
      3,821,562. practice of our claimed invention by those skilled in the art
      to which it pertains. However, it may be desirable to refer to certain
      U.S. patent applications, of common ownership with this application, which
      describe in detail circuits or subsystems which may be employed as part of
      the overall engine control diagrammed in FIG. 1. Reference to the
      applications may be made if necessary to facilitate understanding of the
      system described and claimed here and the best mode contemplated by us of
      implementing our invention. The thermocouple amplifier 33 may be as
      described in Ser. No. 381,055 of Davis, Lopke, and Pechous, filed July 20,
      1973, U.S. Pat. No. 3,821562. The fuel control 24 may include an amplifier
      as described in Ser. No. 385,952 of Davis and Lopke, filed Aug. 6, 1973,
      U.S. Pat. No. 3,852,957. The nozzle power amplifier 58 may embody similar
      electronic technology. The acceleration reference temperature signal
      generating circuit 36 may be as described in Ser. No. 343,295 of Oppmann,
      filed Mar. 21, 1973, U.S. Pat. No.  3,834,158, but we prefer that it be as
      described in Ser. No. 392,738 of Davis, Lopke, and Pechous, filed Aug. 29,
      1973, U.S. Pat. No. 3,851,464. The temperature compensating circuit 26 may
      be as described in Ser. No. 392,739 of Davis, Lopke, and Pechous, filed
      Aug. 29, 1973.
PAR  Turbine motive fluid temperature is measured in our system preferably at
      the inlet to the turbine. However, it is known in gas turbine controls to
      use instead turbine discharge temperature, which varies rather closely
      with turbine inlet temperature, and this temperature may be regarded as
      the motive fluid temperature for control purposes. Likewise, it is
      possible in some cases to use ambient air temperature for engine inlet
      temperature.
PAR  The preferred turbine nozzle structures for gas turbine engines, so far as
      we are aware, ordinarily involve a nozzle with variable setting angle
      vanes in which varying the setting changes both the angle of discharge of
      motive fluid from the turbine nozzle and the area of the turbine nozzle.
      There are disclosures of turbine nozzles which have variable area but not
      variable angle; and it might conceivably be desirable in some
      installations to have a nozzle of variable angle but not variable area.
      Reference in the appended claims to a variable turbine nozzle is intended
      to include nozzles in which the angle of discharge, the area of the
      nozzle, or both, are variable.
PAR  We believe it will be clear to those skilled in the art from the foregoing
      detailed description that we have provided improvements in controls for
      gas turbine engines, particularly in the control of variable turbine
      nozzles for gascoupled turbine engines; and that the system as disclosed
      herein is particularly well suited to the requirements of practice.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for control of a variable area power turbine nozzle of a
      gas-coupled gas turbine engine including a gas generator and a power
      turbine, the system including means responsive to a variable temperature
      reference signal and to turbine motive fluid temperature normally
      operative to vary the nozzle area to control turbine motive fluid
      temperature by opening the nozzle in response to excess of motive fluid
      temperature over the temperature reference signal; the system including
      means for generating a signal of a first upper limit to nozzle area at the
      initiation of gas generator acceleration in the normal operating speed
      range of the gas generator and means for generating a signal of a second
      upper limit to nozzle area larger than the first limit during gas
      generator acceleration below the normal operating speed range of the gas
      generator, the limit signal generating means being coupled to the means to
      vary the nozzle area so as to limit increase in opening of the nozzle in
      response to the temperature reference signal and the motive fluid
      temperature.
NUM  2.
PAR  2. A system for control of a variable area power turbine nozzle of a
      gas-coupled gas turbine engine including a gas generator and a power
      turbine, the system including means responsive to a variable temperature
      reference signal and to turbine motive fluid temperature normally
      operative to vary the nozzle area to control turbine motive fluid
      temperature by opening the nozzle in response to excess of motive fluid
      temperature over the temperature reference signal; the system including
      means responsive to a turbine motive fluid acceleration reference
      temperature signal and to a signal representative of actual turbine motive
      fluid temperature for generating a signal of a first upper limit to nozzle
      area at the initiation of gas generator acceleration in the normal
      operating speed range of the gas generator and means for generating a
      signal of a second upper limit to nozzle area larger than the first limit
      during gas generator acceleration below the normal operating speed range
      of the gas generator, the limit signal generating means being coupled to
      the means to vary the nozzle area so as to limit increase in opening of
      the nozzle in response to the temperature reference signal and the motive
      fluid temperature.
NUM  3.
PAR  3. A system for control of a variable area power turbine nozzle of a
      gas-coupled gas turbine engine including a gas generator and a power
      turbine, the system including means responsive to a variable temperature
      reference signal and to turbine motive fluid temperature normally
      operative to vary the nozzle area to control turbine motive fluid
      temperature by opening the nozzle in response to excess of motive fluid
      temperature over the temperature reference signal; the system including
      means for generating a signal of a first upper limit to nozzle area at the
      initiation of gas generator acceleration in the normal operating speed
      range of the gas generator and means for generating a signal of a second
      upper limit to nozzle area larger than the first limit during gas
      generator acceleration below the normal operating speed range of the gas
      generator, the limit signal generating means being coupled to the means to
      vary the nozzle area so as to limit increase in opening of the nozzle in
      response to the temperature reference signal and the motive fluid
      temperature; and timing means operative to cause the nozzle area to close
      to the first limit and then progressively open to the second limit during
      acceleration in the said normal operating speed range.
NUM  4.
PAR  4. A system for control of a variable area power turbine nozzle of a
      gas-coupled gas turbine engine including a gas generator and a power
      turbine, the system comprising means for generating a nozzle reference
      temperature signal, means for generating a turbine motive fluid
      temperature signal, and control means responsive to the said signals
      effective normally to vary the nozzle area so as to cause the motive fluid
      temperature to follow the reference temperature, the system including
      means for generating a signal indicative of the nozzle area, means for
      generating a nozzle area limit signal, and means responsive to the two
      last-named signals effective to limit increasing variation of the nozzle
      area by the said control means, the system being characterized by first
      means for generating the area limit signal including settable means
      providing a first area limit, means for detecting acceleration of the gas
      generator effective to override the said first means and provide a second
      area limit smaller than the first area limit during such acceleration, and
      means effective during starting of the gas generator operative to override
      the acceleration-detecting means so as to maintain the first area limit.
NUM  5.
PAR  5. A system for control of a variable area power turbine nozzle of a
      gas-coupled gas turbine engine including a gas generator and a power
      turbine, the system comprising means for generating a nozzle reference
      temperature signal, means for generating a turbine motive fluid
      temperature signal, and control means responsive to the said signals
      effective normally to vary the nozzle area so as to cause the motive fluid
      temperature to follow the reference temperature, the system including
      means for generating a signal indicative of the nozzle area, means for
      generating a nozzle area limit signal, and means responsive to the two
      last-named signals effective to limit increasing variation of the nozzle
      area by the said control means, the system being characterized by first
      means responsive to a turbine motive fluid acceleration reference
      temperature signal and to a signal representative of actual turbine motive
      fluid temperature for generating the area limit signal including settable
      means providing a first area limit, means for detecting acceleration of
      the gas generator effective to override the said first means and provide a
      second area limit smaller than the first area limit during such
      acceleration, and means effective during starting of the gas generator
      operative to override the acceleration-detecting means so as to maintain
      the first limit.
NUM  6.
PAR  6. A system for control of a variable area power turbine nozzle of a
      gas-coupled gas turbine engine including a gas generator and a power
      turbine, the system comprising means for generating a nozzle reference
      temperature signal, means for generating a turbine motive fluid
      temperature signal, and control means responsive to the said signals
      effective normally to vary the nozzle area so as to cause the motive fluid
      temperature to follow the reference temperature, the system including
      means for generating a signal indicative of the nozzle area, means for
      generating a nozzle area limit signal, and means responsive to the two
      last-named signals effective to limit increasing variation of the nozzle
      area by the said control means, the system being characterized by first
      means for generating the area limit signal including settable means
      providing a first area limit, means for detecting acceleration of the gas
      generator effective to override the said first means and provide a second
      area limit smaller than the first area limit during such acceleration, and
      means effective during starting of the gas generator operative to override
      the acceleration-detecting means so as to maintain the first area limit;
      and further characterized by means for effecting decay of the second area
      limit toward the first area limit after initial establishment of the
      second limit during such acceleration.
NUM  7.
PAR  7. A system for control of a variable area power turbine nozzle of a
      gas-coupled gas turbine engine including a gas generator and a power
      turbine, the system comprising means for generating a nozzle reference
      temperature signal, means for generating a turbine motive fluid
      temperature signal, and control means responsive to the said signals
      effective normally to vary the nozzle area so as to cause the motive fluid
      temperature to follow the reference temperature, the system including
      means for generating a signal indicative of the nozzle area, means for
      generating a nozzle area limit signal, and means responsive to the two
      last-named signals effective to limit increasing variation of the nozzle
      area by the said control means, the system being characterized by first
      means responsive to a turbine motive fluid acceleration reference
      temperature signal and to a signal representative of actual turbine motive
      fluid temperature for generating the area limit signal including settable
      means providing a first area limit, means for detecting acceleration of
      the gas generator effective too override the said first means and provide
      a second area limit smaller than the first area limit during such
      acceleration, and means effective during starting of the gas generator
      operative to override the acceleration-detecting means so as to maintain
      the first area limit; and further characterized by means for effecting
      decay of the second area limit toward the first area limit after initial
      establishment of the second area limit during such acceleration.
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ABST
PAL  In order to automatically adapt the control of an ultrasonic fuel-injection
      system or other system in which fuel delivery from nozzles is normally
      controlled by varying the mark/space ratio of energising current supplied
      to the nozzles, to variation of ambient pressure, a pressure-regulating
      unit is provided in a line leading from a source of fuel under pressure to
      the nozzles through a manually adjustable throttle valve and is arranged
      to maintain the pressure difference between the inlet and outlet of this
      series arrangement constant for any given ambient pressure P1. An altitude
      compensator comprising a spring-expanded vacuum capsule and a mechanical
      transmission is provided for varying this pressure difference in
      proportion to the ambient absolute pressure P1.
BSUM
PAR  This invention relates to fuel systems of the kind hereinafter called the
      kind specified, for the metered supply of liquid fuel to combustion
      engines, and more particularly to gas-turbine engines of aircraft. A fuel
      system of the kind specified is a fuel system for combustion engines in
      which liquid fuel is supplied to the engine through injection nozzles in a
      rapid sequence of short, uniformly time-spaced pulses, means being
      provided to control the rate of fuel supply by varying the ratio of the
      length of these pulses in relation to the length of the intervals, this
      ratio being hereinafter referred-to as the mark/space ratio of the pulse
      sequence, and the frequency of the mark/space sequence being chosen
      sufficiently high to provide continuity of combustion.
PAR  Examples of fuel systems of the kind specified are described in British
      Patent Specification No. 1138536 (Ultrasonic Fuel Injection), and in
      co-pending British patent applications Nos. 32009/69, 2245/71 and 4609/72.
PAR  The invention has for an object to provide an improved fuel system of the
      kind specified which permits a reliable control of the rate of fuel supply
      in accordance with engine data to be obtained with the use of relatively
      simple control means.
PAR  In a fuel system of the kind specified the mark/space ratio of the
      operative and inoperative periods will determine the effective rate of
      fuel supply to the combustion chamber for any given pressure drop in the
      nozzle during the injection periods, and it is a more specific object of
      the present invention to provide improved means for controlling this
      pressure drop.
PAR  According to the invention the fuel system includes a flow-control device
      which is responsive to a pressure difference substantially equal to the
      pressure drop in the injection nozzle or nozzles, or substantially equal
      to the sum of the pressure drop in the said nozzle or nozzles and the
      pressure drop in an adjustable throttle valve connected in series with the
      nozzle or nozzles, the said flow-control device being operative, in
      response to variations of said pressure difference to neutralise the
      effect, upon the said pressure difference, of variations of the rate, or
      of the pressure, of the fuel supply to the system.
PAR  In an arrangement in which the fuel is supplied to the engine burners by a
      supply line containing a throttle valve, means are preferably provided
      which automatically control the pressure at which fuel is admitted to the
      throttle valve in response to variations of the difference between that
      pressure and a lower pressure substantially equal to the pressure in the
      space to which fuel is discharged by the injection nozzles. Conveniently a
      fuel pump is arranged to supply fuel under pressure to the inlet of the
      throttle valve through a regulating valve which is movable, to vary the
      pressure at said inlet, under the action of a displacement element
      acted-upon, against a preloaded spring element, by the difference between
      the pressure at the inlet to the throttle valve, acting on one side of the
      displacement element, and a lower pressure substantially equal to the
      pressure of the chamber into which the fuel is injected. In the case of an
      aircraft turbine engine the delivery pressure of the combustion-air
      compressor of this engine is preferably employed as the said lower
      pressure. Preferably means are additionally provided which exert a force
      proportional to compressor-intake pressure to act upon the regulating
      valve in the same direction as the pressure at the inlet of the throttle
      so as to render the pressure difference between said inlet and the space
      into which the fuel is discharged variable in accordance with
      compressor-intake pressure and thereby to reduce with increasing altitude
      the rate at which fuel is supplied at a given setting of the throttle
      valve. When fuel is supplied from a dynamic pump such as a centrifugal
      pump, the regulating valve is, in a known per-se manner, constructed as a
      throttle valve, whereas it is constructed as a spill valve when the fuel
      is supplied by a positive-displacement pump, for example by a gear pump.
DRWD
PAR  In order that the invention may be more readily understood, and to point
      out various advantageous subsidiary features, two embodiments of the
      invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic layout of one embodiment of a fuel system
      incorporating the invention, in which a centrifugal pump, driven by the
      turbine of the gas-generator compressor associated with a free
      power-output gas turbine, is employed for supplying fuel, and
PAR  FIG. 2 similarly illustrates an embodiment in which a gear pump is employed
      for the supply of fuel under pressure.
DETD
PAR  Referring now first to FIG. 1, fuel from a tank line 1 is admitted to a
      centrifugal pump 2, which is driven by the gas-generator turbine so as to
      rotate at a speed proportional to the turbine speed. This pump delivers
      fuel to a pressure line 3 containing a filter 4 and leading to injection
      nozzles 5, which are connected in series with a throttle-and-shut-off cock
      6, which has an actuating lever 7 and constitutes a throttle valve. A
      pressure-regulating valve 13 is arranged in the line 3 at the entrance to
      a portion 3a of the latter that leads to the throttle valve 6. The
      pressure-regulating valve is constructed as a double-beat valve, in which
      pre-loaded spring 15 urges a valve element 14 towards the left-hand side
      of the drawing to increase the cross-section that is available for the
      flow of fuel past the valve element 14 from the centrifugal pump 2 towards
      the nozzles 5. This action of the spring 15 is assisted by the action,
      upon a diaphragm 16, of the pressure in a chamber 17 which, via a
      restrictor 18, communicates with the delivery side of the compressor
      driven by the gas-generator turbine so as to be normally maintained at
      compressor delivery pressure P3, and is opposed by the action, on the
      opposite side of the diaphragm 16, of the pressure at the inlet to the
      throttle valve 6.
PAR  The system as so far described will so regulate the flow from the pressure
      line 3 to the throttle valve 6 and the burner nozzles 5 as to maintain the
      difference between pressure at the inlet to the throttle 6 and the
      compressor-delivery pressure P3, and thus in practice the pressure
      difference between the first-mentioned pressure and the pressure in the
      combustion chamber or other space into which the nozzles 5 discharge the
      fuel, constant for any given preloading of the spring 15. This preloading
      can be adjusted by means of a set screw 19, thus making it possible to
      adapt the response to general temperature conditions, more particularly to
      the time of the year or to the general climatic conditions of the region
      of operation. By thus providing a constant pressure drop for the series
      connection of the throttle valve 6 and nozzles 5, the rate of fuel
      delivery of the system will, at any given position of the control lever 7,
      depend only upon the mark/space ratio of the operative periods of the
      nozzles 5, irrespective of variation in the speed of the engine, thus
      greatly facilitating the control by a digital controller 10 to which more
      detailed reference will be made further below.
PAR  In order to make it unnecessary for the ambient pressure or
      compressor-intake pressure P1 to be introduced into the controller 10, the
      regulating valve unit 13 is provided, according to a development of the
      invention, with further bias means generally indicated at 20, which are
      arranged to vary the pressure difference maintained by the
      pressure-regulating valve element 14 in accordance with the absolute value
      of the compressor-intake pressure P1, and which thus act as an altitude
      compensator. This altitude compensator 20 consists of a vacuum capsule 21
      upon the outer side of which the ambient pressure P1 is arranged to act
      against a longitudinally-acting loading spring 22. A plunger head 23
      attached to the capsule will thus move towards the left of the drawing
      when, with higher altitudes, the pressure P1 decreases. This plunger head
      23 is arranged on one crank arm 24 of a crank spindle 25 which is
      rotatable in a floating bearing 26, and a second crank arm 27 of which
      acts upon the valve element 14 of the pressure-regulating valve 13 in such
      a manner as to assist the action of the pressure at the inlet to the
      throttle 6 by a force proportional to the ambient absolute pressure P1.
      The fuel-injection nozzles 5 discharge the fuel into a flow of combustion
      air from the engine compressor and are arranged to be operative only when
      energised through electric lines 28. The digital controller 10 mentioned
      further above is arranged to vary the mark/space ratio of this electric
      supply in accordance with a variety of input data.
PAR  These input data include the pilot's speed selection, which is fed into the
      controller 10 by a speed-select lever 8 operated by a link 8a, three
      automatic inputs representing respectively the speed N.sub.G of the
      gas-generator turbine, the speed N.sub.F of the free power-output turbine,
      and the temperature TET of the gases at the entrance to the turbine, and a
      supplementary input fed into the controller 10 by a condition lever 9,
      which is actuated by a link 9a from a pilot's engine-condition lever and
      permits the pilot to modify the control normally effected by the digital
      controller 10. For this purpose the link 9a is also arranged to modify,
      when it is actuated, the position of the throttle valve 6 with the help of
      a spring box 11 coupling the link 9a to the throttle-actuating lever 7.
      The controller 10 is so constructed that, for example, any increase in
      N.sub.G, TET, or N.sub.F above a predetermined value will cause the
      mark/space ratio of energisation of the nozzles 5 to decrease, and the
      resulting decrease in the rate of fuel reaching the combustion chamber
      will counteract the undesired tendency of such increase.
PAR  It will be readily appreciated that, since at any given ambient pressure
      the pressure difference applied to the atomization system comprising the
      throttle 6 and the atomizer nozzles 5 is kept constant by the
      pressure-regulating unit 13, the rate of fuel supplied to the engine at
      that ambient pressure will be proportional to the mark/cycle ratio (i.e.
      mark/mark-plus-space ratio) of the digital-controller output supplied to
      the nozzles by the wires 28 so long as the position of the throttle valve
      6 remains unaltered. On the other hand the rate of fuel supply at any
      given mark/cycle ratio and thus at any given mark/space ratio may be
      altered by moving the lever 7 to vary the position of the throttle valve 6
      and thus the distribution of the total pressure drop governed by the
      pressure-regulating unit 13 between the throttle valve 6 and the nozzles
      5. In order to ensure that, in the case of a breakdown of the digital
      controller 10, control of the fuel supply can be effected manually, the
      digital controller 10 is so constructed that in the case of failure of its
      control system the mark/space ratio of the outgoing pulses assumes a
      predetermined value, preferably at or near its maximum value, thus making
      it possible in such a case to effect control of the rate of fuel supply
      over the whole available range by manual operation of the throttle 6.
PAR  In order to prevent in these conditions over-speeding of the gas generator,
      the illustrated system includes an emergency governor 29 of the loaded
      half-ball reed-valve type, which is driven by the gas-generator turbine
      and controls an atmospheric outlet from the chamber 17 of the
      pressure-regulating unit 13. It will be readily appreciated that, at a
      predetermined speed of the gas generator, opening of the half-ball valve
      in this emergency governor 29 will cause a flow of air in the line
      connecting the source of compressor-delivery pressure P3 with the chamber
      17 via the restrictor 18, and this flow will produce a pressure drop in
      this restrictor, whereby the pressure in chamber 17 and thus the pressure
      difference maintained in the atomizer system 6, 5 by the
      pressure-regulating unit 13 and, as a result of this, the fuel supply to
      the gas generator turbine will be correspondingly reduced.
PAR  A further connection 30 from the P3-chamber 17 of the pressure-regulating
      unit 13 leads to an overspeed trip associated with the free power output
      turbine unit. In the case of overspeeding of the latter unit, this
      overspeed trip, which may be of conventional construction, will reduce the
      pressure difference maintained in the atomizer system by the
      pressure-regulating unit 13 in a manner similar to that explained
      hereinabove in connection with the emergency governor 29.
PAR  Under normal cruising conditions of the turbine engine, when the pilot has
      selected the speed by setting the speed-select lever 8 via the link 8a and
      has effected any desired modification of the automatically established
      fuel supply by moving a pilot's engine-condition lever via the link 9a,
      the last mentioned lever is locked in position, thereby normally
      maintaining, via the spring box 11 and the lever 7, the throttle 6 in a
      fixed position. The rate of fuel supply is then exclusively determined by
      the co-operation of the digital controller 10 and the pressure regulating
      unit 13. If in these conditions the pilot finds that the engine condition
      thus maintained is not quite that required, he can effect a correction by
      releasing the locking of his engine-condition lever and altering the
      position of this lever and thus of the throttle 6, to which this movement
      of the engine condition lever is transmitted via the spring box 11. The
      control lever 7 is also, by a link 12, positively coupled to a pilot's
      manual reversion lever which enables the pilot to effect, against the
      resilient preloading of the spring box 11, rapidly at any time any
      necessary alterations of the setting of the throttle and shut-off cock 6,
      and more particularly to cut off the fuel supply. This reversion lever is
      not locked, and will therefore normally follow any movement of the
      engine-condition lever without appreciable resistance. In the case of a
      breakdown of the digital controller, when the mark/space ratio of
      energisation of nozzles 5 is maintained at a maximum, the pilot can effect
      full control over the fuel supply by using the pilot's engine-condition
      lever to vary the setting of the throttle 6, whereafter he may lock this
      lever in the requisite position. In the case of an emergency, irrespective
      of whether the fuel control has been effected by the digital controller 10
      subject to modification by the engine condition lever or has been effected
      by the latter only, the pilot can operate the throttle valve 6, more
      particularly in order to effect instant shutting-off of the fuel supply,
      by operating his manual reversion lever which, via the link 12, is
      directly attached to the actuating lever 7 of the throttle valve 6, the
      necessary relative movement of the control lever 7 relative to the link 9a
      of the pilot's engine-condition lever, which is likely to be locked in
      position, being permitted by the resilience of the spring box 11.
PAR  Whereas the system thus described with reference to FIG. 1 employs a
      dynamic pump, driven by the turbine, for pressurising the fuel supply and
      will therefore be able to provide the desired pressure difference across
      the atomizing system constituted by the series-connected throttle 6 and
      nozzles 5 only as long as the speed of the turbine driving the pump
      exceeds a predetermined minimum, FIG. 2 illustrates a modified system, in
      which fuel under pressure is supplied by a gear pump, which is a
      positive-displacement type pump and is capable as such to produce the fuel
      pressure necessary for maintaining a given pressure difference between
      inlet to the throttle 6 and the outlet of the nozzles 5 even at very low
      speeds of the turbine driving the pump. Those parts of this system which
      are identical with corresponding parts of the embodiment described with
      reference to FIG. 1, have been indicated in FIG. 2 by the same references
      so that their description need not be repeated.
PAR  Referring now to FIG. 2, the fuel arriving from the tank via line 1 is
      admitted to the suction side of a gear pump 31 after passing through the
      filter 4 and is delivered by the gear pump 31 to a line 33 which leads
      direct to the throttle valve 6 and, through the latter, to the injection
      nozzles 5, and which is equipped with a safety relief valve 34 for
      preventing the pressure in the line 33 from exceeding a predetermined
      maximum. A pressure-regulating unit 43 of similar construction as the
      pressure-regulating unit 13 of the FIG.-1 embodiment is provided to
      control a spill flow from the delivery side of the pump 31. For this
      purpose, it is connected at its inlet side to the pump-delivery line 33,
      while its outlet side is connected to the tank line 1, and its valve
      element 44 is so shaped and arranged that, when it moves to the left-hand
      side of the drawing as a result of a decrease in the pressure difference
      across the throttle-and-nozzle system 6, 5, the effective orifice area of
      the unit 43, and thus the rate of spill flow from the line 33 through the
      pressure-regulating unit 43 decreases, thereby tending to increase the
      pressure in line 33 and thus to restore the pressure difference to its
      desired value. The emergency governor 29 has also been so rearranged as to
      control spill flow from the high-pressure delivery side of the gear pump
      31 to the low-pressure tank-fuel line 1 so that when the speed of the
      turbine driving the unit exceeds a predetermined value, resultant opening
      of the valve 29 causes the pressure in line 33 to be reduced as a result
      of spill flow through the valve 29 without requiring movement of the valve
      element 14 of the pressure-regulating unit 43. On the other hand, the line
      30 from the overspeed trip of the free power-output turbine communicates,
      similarly as in FIG. 1, with the P3-pressure chamber 17 of the
      pressure-regulating unit 43, so that operation of the overspeed trip
      results in movement of the valve element 44 of the pressure-regulating
      unit 43 to the right-hand side of the drawing and thus in a reduction of
      the pressure in line 33 due to an increased spill flow through unit 43.
      Another modification of the embodiment of FIG. 2 compared with that of
      FIG. 1 consists in the manner in which the link 12 from the pilot's manual
      reversion lever and the link 9a from the pilot's engine-condition lever
      are connected to the actuating lever 7 of the throttle valve 6. The spring
      box 11 of FIG. 1 has been replaced by a floating lever 32 one end of which
      is pivoted to the link 9a actuated by the pilot's engine-condition lever,
      while the other end of the floating lever 32 is connected through a
      subsidiary link 7a to the actuating lever 7 of the throttle valve 6, the
      link 12 from the pilot's manual reversion lever being pivotally attached
      to an intermediate point of the lever 32. The pilot's manual reversion
      lever is, in the embodiment of FIG. 2, arranged to be normally locked in
      position, so that operation of the pilot's engine-condition lever causes
      the lever 32 to move about its pivotal connection to the reversion-lever
      link 12, thereby moving the actuating lever 7 of the throttle 6. When on
      the other hand the pilot's manual reversion lever is operated with the
      engine-condition lever locked in position, the floating lever 32 will move
      about its pivotal connection with the engine-condition lever link 9a. Thus
      as in the case of FIG. 1, the actuating arm 7 of the throttle 6 can be
      moved by the pilot's manual reversion lever without affecting the position
      of the pilot's engine-condition lever and the corresponding lever 9 on the
      digital controller 10.
PAR  It will be readily appreciated by those skilled in the art that the
      invention is not limited to the details of either of the embodiments
      described, and that, for example, the arrangements for the co-operation of
      the throttle control from the pilot's engine-condition lever and the
      pilot's reversion lever shown respectively in FIGS. 1 and 2 are
      interchangeable and that the choice of one or the other does not depend on
      whether the pump employed is of the dynamic or of the
      positive-displacement type.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for supplying a controlled amount of fuel to a gas-turbine
      engine of an aircraft, said gas-turbine engine having a compressor, said
      apparatus comprising in combination:
PA1  1. a fuel tank for containing fuel for said engine;
PA1  2. a pump for delivering said fuel under pressure to said engine;
PA1  3. throttle means for enabling a pilot of said aircraft to adjust the flow
      of said fuel passing through said throttle means and destined for said
      engine;
PA1  4. a plurality of nozzles which are electrically energisable with such a
      mark/space ratio of energisation that they inject fuel into said engine in
      a rapid sequence of short uniformly time-spaced pulses;
PA1  5. electronic controller means for controlling said mark/space ratio of
      energisation of said nozzles by varying the ratio of the length of said
      pulses in relation to the length of the intervals between said pulses; and
PA1  6. fuel flow control means responsive to the difference in pressure between
      the fuel pressure at said throttle means and delivery pressure of said
      compressor, said flow control means being operative to maintain this
      pressure difference constant whereby the rate of said fuel delivery to
      said engine at any given setting of said throttle means is dependent only
      upon said mark space ratio set by said electronic controller means.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said fuel flow control means is
      a spool-type valve which is biassed one way by said fuel from said pump
      and by intake pressure of said compressor, and which is biassed the other
      way by said delivery pressure of said compressor, said spool-type valve
      fuel flow control device being altitude sensitive by virtue of said intake
      pressure of said compressor being applied to said control means.
NUM  3.
PAR  3. Apparatus according to claim 2 including two lever means, each operative
      to varying the degree of opening of said throttle means.
NUM  4.
PAR  4. Apparatus according to claim 1 including an overspeed governor operative
      to modify said delivery pressure of said compressor acting on said fuel
      flow control means, thereby to reduce said rate of said fuel delivery to
      said engine.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said pump is a dynamic pump, and
      in which said fuel flow control means is positioned in the path of said
      fuel passing from said dynamic pump to said throttle means.
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ABST
PAL  New combustors, and methods of operating same, which produce lower
      emissions, particularly lower emissions of nitrogen oxides. Method and
      means are provided for reducing the flame temperature in a primary
      combustion zone of said combustors.
PARN
PAR  This application is a division of copending application Ser. No. 208,247,
      filed Dec. 15, 1971, now U.S. Pat. No. 3,826,079, issued July 30, 1974.
BSUM
PAR  This invention relates to improved gas turbine combustors and methods of
      operating same.
PAR  Air pollution has become a major problem in the United States and other
      highly industrialized countries of the world. Consequently, the control
      and/or reduction of said pollution has become the object of major research
      and development effort by both governmental and nongovernmental agencies.
      Combustion of fossil fuel is a primary source of said pollution. It has
      been alleged, and there is supporting evidence, that automobiles employing
      conventional piston-type engines are a major contributor to said
      pollution. Vehicle emission standards have been set by the United States
      Environmental Protection Agency which are sufficiently restrictive to
      cause automobile manufacturers to consider employing alternate engines
      instead of the conventional piston engine.
PAR  The gas turbine engine is being given serious consideration as an alternate
      engine. However, insofar as we presently know, there is no published
      information disclosing realistic and/or practical combustors which can be
      operated at conditions typical of those existing in high performance
      engines, and which will have emission levels meeting or reasonably
      approaching the standards set by said United States Environmental
      Protection Agency. This is particularly true with respect to nitrogen
      oxides emissions.
PAR  Thus, there is a need for a combustor of practical and/or realistic design
      which can be operated in a manner such that the emission therefrom will
      meet said standards. Even a practical combustor giving reduced emissions
      (compared to the combustors of the prior art) approaching said standards
      would be a great advance in the art. Such a combustor would have great
      potential value because it is possible the presently very restrictive
      standards may be relaxed.
PAR  The present invention solves the above-described problems by providing
      improved combustors, and methods of operating same, which produce
      emissions meeting or reasonably approaching the present stringent
      standards established by said Environmental Protection Agency. Said
      methods comprise a combination of (a) controlled mixing of fuel and air
      within the flame tubes of said combustors, and (b) reduction of the flame
      temperature within said flame tubes.
PAR  Thus, according to the invention, there is provided a combustor,
      comprising, in combination an outer casing; a flame tube disposed
      concentrically within said casing and spaced apart therefrom to form an
      annular chamber between said flame tube and said casing; a plurality of
      fins extending from the external surface of said flame tube into said
      annular chamber; air inlet means for introducing a swirling stream of air
      into the upstream end portions of said flame tube; and fuel inlet means
      for introducing a stream of fuel into said flame tube in a direction which
      is from tangent to less than perpendicular, but non-parallel, to the
      periphery of said stream of air.
PAR  Further according to the invention, there is provided a method for reducing
      the formation of nitrogen oxides formed in the combustion of a fuel in a
      combustor, which method comprises: introducing a swirling stream of air
      into the upstream end portion of a combustion zone as the sole stream of
      primary air introduced into said combustion zone; forming and introducing
      an annular stratum of said fuel around said stream of air by introducing
      said fuel in a direction toward and which is tangential, but non-parallel,
      to the outer periphery of said stream of air so as to effect controlled
      mixing of said fuel and air at the interface therebetween to produce an
      annular fuel-air mixture; passing said fuel-air mixture into said
      combustion zone as the sole fuel and air supplied to the upstream portion
      of said combustion zone; burning said fuel; and decreasing the flame
      temperature within said combustion zone by removing heat from an extended
      outer wall surface of said combustion zone.
DRWD
PAR  FIG. 1 is a view in cross section of a combustor in accordance with the
      invention.
PAR  FIG. 1-A is a schematic representation of fuel and air introduction in
      accordance with the invention.
PAR  FIG. 2 is a cross section taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a view in cross section of a portion of the flame tube and a
      closure member therefor of another combustor in accordance with the
      invention. The outer housing or casing and other elements of this
      combustor is substantially like that shown in FIG. 1.
PAR  FIG. 4 is a view in cross section taken along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a view in cross section taken along the line 5--5 of FIG. 1.
PAR  FIG. 6 is a view in cross section taken along the line 6--6 of FIG. 1.
PAR  FIG. 7 is a perspective view of a portion of a flame tube showing an
      alternate type of fin which can be employed.
PAR  FIG. 8 is a view in cross section taken along the line 8--8 of FIG. 3.
PAR  FIGS. 9 and 10 are views in cross section of other closure members or dome
      members which can be employed with the flame tubes of the other combustors
      described herein.
DETD
PAR  Referring now to the drawings wherein like reference numerals are employed
      to denote like elements, the invention will be more fully explained.
PAR  In FIG. 1 there is illustrated a combustor in accordance with the
      invention, denoted generally by the reference numeral 10, which comprises
      a flame tube 12. Said flame tube 12 is open at its downstream end, as
      shown, for communication with a conduit leading to a turbine or other
      utilization of the combustion gases. A closure member, designated
      generally by the reference numeral 14, is provided for closing the
      upstream end of said flame tube. Said closure member can be fabricated
      integrally, i.e., as one element, if desired. However, it is presently
      preferred to fabricate said closure member 14 as two or more elements,
      e.g., an upstream element 16 and a downstream element 18. An outer casing
      20 is disposed concentrically around said flame tube 12 and said closure
      member 14 and is spaced apart therefrom to form an annular chamber 22
      around said flame tube and said closure member. Said annular chamber 22 is
      closed at its downstream end by any suitable means such as that
      illustrated. A plurality of fins 23, or other type of turbulators, extend
      from the outer surface of said flame tube 12 into said annular space 22.
      Preferably, said fins are provided on said flame tube in the region
      between the downstream end portion of said closure member and the first
      set of openings 38. However, it is within the scope of the invention to
      provide fins essentially the full length of flame tube 12, e.g., to
      opening 39. As shown in FIGS. 1, 5, and 6, said fins are arranged in
      alternate spaced apart rows around said flame tube and are spaced apart
      from each other in each row. Said fins can extend from flame tube 12 into
      annular space 22 any convenient and suitable distance, but preferably
      extend the full distance to outer casing 20, as shown. FIG. 7 illustrates
      an alternate type of longitudinal fins 23' which can be employed if less
      pressure drop in annular space 22 is desired. Said fins 23 and 23' thus
      form an extended surface on the outer wall of flame tube 12. Any other
      suitable type of fin or extended surface can be employed.
PAR  Suitable flange members, as illustrated, are provided at the downstream end
      of said flame tube 12 and outer housing 20 for mounting same and
      connecting same to a conduit leading to a turbine or other utilization of
      the combustion gases from the combustor. Similarly, suitable flange
      members are provided at the upstream end of said flame tube 12 and said
      outer housing 20 for mounting same and connecting same to a conduit 24
      which leads from a compressor or other source of air. While not shown in
      the drawing, it will be understood that suitable support members are
      employed for supporting said flame tube 12 and said closure member 14 in
      the outer housing 20 and said upstream end flange members. Said support
      members have been omitted so as to simplify the drawing.
PAR  A generally cylindrical swirl chamber 26 is formed in said upstream element
      16 of closure member 14. The downstream end of said swirl chamber 26 is in
      open communication with the upstream end of said flame tube 12. A first
      air inlet means is provided for introducing a swirling mass of air into
      the upstream end portion of said swirl chamber 26 and then into the
      upstream end of said flame tube. As illustrated in FIGS. 1 and 2, said air
      inlet means comprises a plurality of air conduits 28 extending into said
      swirl chamber 26 tangentially with respect to the inner wall thereof. Said
      conduits 28 extend from said annular passageway or chamber 22 into said
      swirl chamber 26.
PAR  A fuel inlet means is provided for introducing a stream of fuel in a
      direction which is from tangent to less than perpendicular, but
      non-parallel, to the periphery of said stream of air. As illustrated in
      FIGS. 1 and 2, said fuel inlet means comprises a fuel conduit 30 leading
      from a source of fuel, communicating with a passageway 32, which in turn
      communicates with fuel passageway 34 which is formed by an inner wall of
      said downstream element 18 of closure member 14 and the downstream end
      wall of said upstream element 16 of closure member 14. It will be noted
      that the inner wall of said downstream element is spaced apart from and is
      complementary in shape to the downstream end wall of said upstream element
      16. The direction of the exit portion of said fuel passageway 34 can be
      varied over a range which is intermediate or between tangent and
      perpendicular, but non-parallel, to the periphery of the stream of air
      exiting from swirl chamber 26. Varying the direction of the exit portion
      of fuel passageway 34 provides one means or method for controlling the
      degree of mixing between the fuel stream and said air stream at the
      interface therebetween. As illustrated in FIG. 1, the direction of the
      exit portion of fuel passageway 34 forms an angle of approximately 45
      degrees with respect to the periphery of the air exiting from swirl
      chamber 26. Generally speaking, in most instances, it will be desired that
      the exit portion of said fuel passageway 34 has a direction which forms an
      angle within the range of from about 15 to about 75, preferably about
      30.degree. to about 60.degree. with respect to the periphery of the stream
      of air exiting from swirl chamber 26. In most instances, it will be
      preferred that the fuel from fuel passageway 34 be introduced in a
      generally downstream direction. However, it is within the scope of the
      invention to introduce said fuel in an upstream direction. Shim 36
      provides means for varying the width of said fuel passageway 34. Any other
      suitable means, such as threads provided on the walls of upstream element
      16 and downstream element 18, can be provided for varying the width of
      said fuel passageway 34. As will be understood by those skilled in the art
      in view of this disclosure, the shape of the upstream inner wall of said
      downstream element 18 and the shape of the downstream end wall of said
      upstream element 16 can be changed, but maintained complementary with
      respect to each other, so as to accommodate the above-described changes in
      direction and width of said fuel passageway 34.
PAR  A plurality of openings 38 is provided at a first station located in the
      downstream portion of said flame tube 12 for admitting a second stream of
      air into said flame tube from said annular chamber 22. Preferably, a
      second plurality of openings 39 is provided at a second station downstream
      and spaced apart from said openings 38 for admitting a third stream of air
      into said flame tube from said annular chamber 22. When only one set of
      openings such as 38 is provided, said second stream of air will comprise
      principally quench air for quenching the combustion products before
      passing same on the turbine. When two sets of openings such as 38 and 39
      are provided, said second stream of air will comprise principally
      secondary air, and said third stream of air will comprise principally
      quench air. Varying the distance between said openings 38 and 39 provides
      a method of controlling carbon monoxide emissions. Generally speaking,
      increasing said distance will decrease carbon monoxide emissions.
PAR  Referring now to FIG. 3, there is illustrated a portion of the flame tube
      and a closure member therefor of another combustor in accordance with the
      invention. It will be understood that the complete combustor will comprise
      an outer housing or casing 20 and suitable flange members substantially
      like that illustrated in FIG. 1. The flame tube 12 of the combustor of
      FIG. 3 is like flame tube 12 of FIG. 1. A closure member 40 is mounted on
      the upstream end of said flame tube 12 in any suitable manner so as to
      close the upstream end of said flame tube except for the openings provided
      in said closure member. A generally cylindrical swirl chamber 42 is formed
      in said closure member 40. The downstream end of said swirl chamber is in
      open communication with the upstream end of said flame tube. An air inlet
      means is provided for introducing a swirling mass of air into the upstream
      end portion of said swirl chamber 42 and then into the upstream end of
      said flame tube 12. As illustrated in FIGS. 3 and 4, said air inlet means
      comprises a plurality of air conduits 44 extending into said swirl chamber
      42 tangentially with respect to the inner wall thereof. Said conduits 44
      extend from an annular chamber 22, similarly as in FIG. 1. The fuel inlet
      means in the combustor of FIG. 3 comprises a fuel supply conduit 46 which
      is in communication with three fuel passageways 48, which in turn is in
      communication with an annular fuel passageway 51 formed in the downstream
      end portion of said closure member 40. A plurality of fuel conduits 49
      extend from said passageway 51 into a recess 50 formed in the downstream
      end portion of said closure member, and tangentially with respect to the
      inner wall of said recess. As illustrated in FIGS. 3 and 4, said air inlet
      conduits 44 are adapted to introduce air tangentially into swirl chamber
      42 in a clockwise direction (when looking downstream), and said fuel inlet
      conduits 49 in FIG. 8 are adapted to introduce fuel tangentially into said
      recess 50 in a counterclockwise direction. This is a presently preferred
      arrangement in one embodiment of the invention. However, it is within the
      scope of the invention to reverse the directions of said air inlet
      conduits 44 and said fuel inlet conduits 49, or to have the directions of
      both said air inlet conduits and said fuel inlet conduits the same, e.g.,
      both clockwise or both counterclockwise.
PAR  Referring now to FIGS. 9 and 10, there are illustrated other types of
      closure members which can be employed with the flame tubes of the
      combustors described above. In FIG. 9 closure member 78 is similar to
      closure member 40 of FIG. 3. The principal difference is that in closure
      member 78 a conduit means 80 is provided which extends through said
      closure member 78 into communication with the upstream end portion of
      flame tube 12, for example. At least one swirl vane 82 is positioned in
      said conduit means 80 for imparting a swirling motion to the air passing
      through said conduit means 80. In FIG. 10, closure member 84 is similar to
      closure member 14 of FIG. 1. The principal difference is that in closure
      member 84 an annular conduit means 88 is provided which extends through
      the body of said closure member 84 into open communication with the
      upstream end of the flame tube 12, for example. At least one swirl vane 90
      is provided in said conduit means 88 for imparting a swirling motion to
      the air passing through said conduit 88.
PAR  In one presently preferred method of operating the combustor of FIG. 1, a
      stream of air from a compressor (not shown) is passed via conduit 24 into
      annular space 22. A portion of said air then passes through tangential
      conduits 28 into swirl chamber 26. Said tangential conduits 28 impart a
      helical or swirling motion to the air entering said swirl chamber and
      exiting therefrom. This swirling motion creates a vortex action resulting
      in a reverse circulation of hot gases within flame tube 12 upstream toward
      said swirl chamber 26 during operation of the combustor.
PAR  A stream of fuel, preferably prevaporized, is admitted via conduit 30,
      passageway 32, and fuel passageway 34. Fuel exiting from fuel passageway
      34 is formed into an annular stratum around the swirling stream of air
      exiting from swirl chamber 26. This method of introducing fuel and air
      effects a controlled mixing of said fuel and air at the interface
      therebetween. Initial contact of said fuel and air occurs upon the exit of
      said air from said swirl chamber 26. Immediately after said initial
      contact the fuel and air streams (partially mixed at said interface) are
      expanded, in a uniform and graduated manner during passage of said fuel
      and air through the flared portion of member 18, from the volume thereof
      in the region of said initial contact to the volume of said combustion
      chamber at a point in said flame tube downstream from said initial
      contact. Said expansion of fuel and air thus takes place during at least a
      portion of the mixing of said fuel and said air. The resulting mixture of
      fuel and air is burned and combustion gases exit the downstream end of
      flame tube 12. A second stream of air, comprising secondary air, is
      admitted to the interior of flame tube 12 from annular space 22 via inlet
      openings 38 in the downstream portion of said flame tube. A third stream
      of air, comprising quench air, is admitted to the interior of flame tube
      12 from annular space 22 via inlet openings 39. Said second and third
      streams of air in passing over fins 23 in annular space 22 extract heat
      from said fins (and the interior of flame tube 12) and thus reduce the
      flame temperature in said flame tube.
PAR  In one presently preferred method of operating the combustor of FIG. 3, the
      method of operation is similar to that described above for the combustor
      of FIG. 1. A stream of air is admitted to swirl chamber 42 via tangential
      inlet conduits 44 which impart a helical or swirling motion to said air. A
      stream of fuel, preferably prevaporized, is admitted via conduit 46, fuel
      passageways 48, and tangential fuel conduits 49 into recess 50 formed at
      the downstream end of said closure member 40. Said fuel is thus formed
      into an annular stratum around the swirling stream of air exiting from
      swirl chamber 42. This method of introducing fuel and air also effects
      controlled mixing of said fuel and air at the interface therebetween. The
      remainder of the operation is essentially as described for the combustor
      of FIG. 1.  PG,10
PAR  The following examples will serve to further illustrate the invention.
PAC  EXAMPLES
PAR  A series of test runs was made employing a combustor of the invention
      described herein, and a typical "standard" or prior art combustor as a
      control combustor. The same fuel was used in all of said test runs.
      Properties of said fuel are set forth in Table I below. Design details of
      the combustor of the invention are set forth in Table II below. Said
      design details, e.g., dimensions, are given by way of illustration only
      and are not to be construed as limiting on the invention. Said dimensions
      can be varied within wide limits so long as the improved results of the
      invention are obtained. For example, the formation of nitrogen oxides in a
      combustion zone is an equilibrium reaction. Thus, in designing a
      combustion zone, attention should be given to the size thereof so as to
      avoid unduly increasing the residence time therein. It is desirable that
      said residence time not be long enough to permit the reactions involved in
      the formation of nitrogen oxides to attain equilibrium.
PAR  Said control combustor basically embodies the principal features of
      combustors employed in modern aircraft-turbine engines. It is a
      straight-through can-type combustor employing fuel atomization by a single
      simplex-type nozzle. The combustor line was fabricated from 2-inch pipe,
      with added internal deflector skirts for air film cooling of surface
      exposed to the flame. Exhaust emissions from this combustor, when operated
      at comparable conditions for combustion, are in general agreement with
      measurements presently available from several different gas turbine
      engines. Said control combustor had dimensions generally comparable to the
      above described combustors of the invention.
PAR  The combustor of the invention and said control combustor were run at 12
      test points or conditions, i.e., 12 different combinations of inlet-air
      temperature, combustor pressure, flow velocity, and heat input rate. Test
      points or conditions 1 to 6 simulate idling conditions, and test points 7
      to 12 simulate maximum power conditions. The combustor of the invention
      was run using prevaporized fuel. The control combustor was run using
      atomized liquid fuel. In all runs the air stream to the combustors was
      preheated by conventional means. Analyses for content of nitrogen oxides
      (reported as NO), carbon monoxide, and hydrocarbons (reported as carbon)
      in the combustor exhaust gases were made at each test condition for each
      combustor. The method for measuring nitrogen oxides was based on the
      Saltzman technique, Analytical Chemistry, 26, No. 12, 1954, pages
      1949-1955. Carbon monoxide was measured by a conventional chromatographic
      technique. Hydrocarbon was measured by the technique described by Lee and
      Wimmer, SAE Paper 680769. Each pollutant measured is reported in terms of
      pounds per 1000 pounds of fuel fed to the combustor. The results from test
      conditions 1 to 6 are set forth in Table III below. The results from test
      conditions 7 to 12 are set forth in Table IV below.
TBL                Table I                                                     
     ______________________________________                                    
     PHYSICAL AND CHEMICAL PROPERTIES OF TEST FUEL                             
                         Philjet A-50                                          
     ______________________________________                                    
     ASTM Distillation, F.                                                     
     Initial Boiling Point 340                                                 
     5 vol % evaporated    359                                                 
     10 vol % evaporated   362                                                 
     20 vol % evaporated   371                                                 
     30 vol % evaporated   376                                                 
     40 vol % evaporated   387                                                 
     50 vol % evaporated   398                                                 
     60 vol % evaporated   409                                                 
     70 vol % evaporated   424                                                 
     80 vol % evaporated   442                                                 
     90 vol % evaporated   461                                                 
     95 vol % evaporated   474                                                 
     End Point             496                                                 
     Residue, vol %        0.8                                                 
     Loss, vol %           0.0                                                 
     Gravity, degrees API  46.6                                                
     Density, lbs/gal.     6.615                                               
     Heat of Combustion, net, Btu/lb.                                          
                           18,670                                              
     Hydrogen Content, wt %                                                    
                           14.2                                                
     Smoke Point, mm       27.2                                                
     Sulfur, wt %          0.001                                               
     Gum, mg/100 ml        0.0                                                 
     Composition, vol %                                                        
     Paraffins             52.8                                                
     Cycloparaffins        34.5                                                
     Olefins               0.1                                                 
     Aromatics             12.6                                                
     Formula (calculated)  (C.sub.11 H.sub.22)                                 
     Stoichiometric Fuel/Air Ratio, lb/lb                                      
                           0.0676                                              
     ______________________________________                                    
TBL                Table II                                                    
     ______________________________________                                    
     COMBUSTOR DESIGN                                                          
     Variable             Invention Combustor                                  
     ______________________________________                                    
     Closure Member (14)                                                       
     Air Inlet Diameter, in.                                                   
                          0.875                                                
     Inlet Type           Tangent                                              
     Hole Diameter, in.   0.188                                                
     Number of Holes      6                                                    
     Total Hole Area, sq. in.                                                  
                          0.166                                                
     % Total Combustor Hole Area                                               
                          3.213                                                
     Fuel Slot, in.       0.005                                                
     Flame Tube (12)                                                           
     1st Station (38)                                                          
     Hole Diameter, in.    5/16 .times. 1*                                     
     Total Number of Holes                                                     
                          8                                                    
     Total Hole Area, sq. in.                                                  
                          2.500                                                
     % Total Combustor Hole Area                                               
                          48.393                                               
     2nd Station (39)                                                          
     Hole Diameter, in.   5/16 .times. 1                                       
     Total Number of Holes                                                     
                          8                                                    
     Total Hole Area, sq. in.                                                  
                          2.500                                                
     % Total Combustor Hole Area                                               
                          48.393                                               
     Combustor Cross Sect. Area, sq. in.                                       
                          3.355                                                
     Total Combustor Hole Area, sq. in.                                        
                          5.166                                                
       % Cross Sectional Area                                                  
                          153.933                                              
     Combustor Diameter, in.                                                   
                          2.067                                                
     Primary Zone Length, in.                                                  
                          3.375                                                
       Volume, cu. in.    11.326                                               
     Combustor Length, in.                                                     
                          11.250                                               
       Volume, cu. in.    37.751                                               
     ______________________________________                                    
      *Holes are 5/16" diameter at ends; slots are 1" long. Cooling fins were  
      1/8" high.                                                               
TBL                                    TABLE III                               
     __________________________________________________________________________
     COMPARISON OF EMISSIONS FROM COMBUSTORS AT IDLE CONDITIONS                
     __________________________________________________________________________
                        Test Conditions                                        
     Combustor Operating Variables                                             
                        1   2   3   4   5   6                                  
     __________________________________________________________________________
     Temperature, Inlet Air, F.                                                
                        900 900 900 900 900 900                                
     Pressure, in. Hg abs.                                                     
                         50  50  50  50  50  50                                
     Velocity, Cold Flow, ft/sec.                                              
                        250 250 250 400 400 400                                
     Heat-Input Rate, Btu/lb. Air                                              
                        200 275 350 200 275 350                                
     NITROGEN OXIDES    lbs./1000 lbs. Fuel                                    
     Combustors                                                                
     Control Combustor  3.4 3.4 3.2 2.2 2.1 2.3                                
     Invention Combustor                                                       
                        1.8 1.6 2.6 2.0 2.2 1.9                                
     CARBON MONOXIDE    lbs./1000 lbs. Fuel                                    
     Combustors                                                                
     Control Combustor   10 2   0    17 9   0                                  
     Invention Combustor                                                       
                        5   4   0   5    14 3                                  
     HYDROCARBONS       lbs./1000 lbs. Fuel                                    
     Combustors                                                                
     Control Combustor  0.6 0.7 0.4 0.9 0.4 0.8                                
     Invention Combustor                                                       
                        0.4 0.4 0.2 0.4 2.2 0.6                                
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
     COMPARISON OF EMISSIONS FROM COMBUSTORS AT MAXIMUM POWER                  
     __________________________________________________________________________
     CONDITIONS                                                                
                       Test Conditions                                         
     Combustor Operating Variables                                             
                       7    8    9    10   11   12                             
     __________________________________________________________________________
     Temperature, Inlet Air, F.                                                
                       1100 1100 1100 1100 1100 1100                           
     Pressure, in. Hg abs.                                                     
                       110  110  110  110  110  110                            
     Velocity, Cold Flow, ft/sec.                                              
                       250  250  250  400  400  400                            
     Heat-Input Rate, Btu/lb. Air                                              
                       150  225  300  150  225  300                            
     NITROGEN OXIDES   lbs./1000 lbs. Fuel                                     
     Combustors                                                                
     Control Combustor 10.7 11.2 10.0 9.9  8.0  7.4                            
     Invention Combustor                                                       
                       5.1  4.2  7.1  6.7  4.2  5.0                            
     CARBON MONOXIDE   lbs./1000 lbs. Fuel                                     
     Combustors                                                                
     Control Combustor 0    0    0    0    0    0                              
     Invention Combustor                                                       
                       0    0    0    0    0    0                              
     HYDROCARBONS      lbs./1000 lbs. Fuel                                     
     Combustors                                                                
     Control Combustor 0.2  0.1  0.2  0.2  0.2  0.2                            
     Invention Combustor                                                       
                       1.0  0.3  0.2  0.4  0.2  0.1                            
     __________________________________________________________________________
PAR  Referring to the above Table III, the data there given clearly show that
      the combustor of the invention gave results superior to the results
      obtained with the control combustor. The invention combustor gave superior
      results at substantially all test conditions with respect to nitrogen
      oxides emissions, the pollutant most difficult to control. Said data also
      show that combustors in accordance with the invention can be operated at
      idle conditions to give not more than about 2.5, preferably not more than
      2, pounds of nitrogen oxides emission per 1000 pounds of fuel burned, and
      not more than about 5 pounds of nitrogen oxides emission per 1000 pounds
      of fuel burned at maximum power conditions.
PAR  In the examples, the fuel to the combustor of the invention was
      prevaporized. However, the invention is not limited to using prevaporized
      fuels and it is within the scope of the invention to employ atomized
      liquid fuels. For comparison purposes, all the runs set forth in the above
      examples were carried out under the conditions of inlet air temperature,
      combustor pressure, flow velocity, and heat input rate set forth in Tables
      III and IV. The invention is not limited to the values there given for
      said variables. It is within the scope of the invention to operate the
      combustors of the invention under any conditions which give the improved
      results of the invention. For example, it is within the scope of the
      invention to operate said combustors at inlet air temperature within the
      range of from ambient temperatures or lower to about 1500.degree.F. or
      higher; at combustor pressures within the range of from about 1 to about
      40 atmospheres or higher; at flow velocities within the range of from
      about 1 to about 500 ft. per second or higher; and at heat input rates
      within the range of from about 30 to about 1200 Btu per pound of air.
      Generally speaking, operating conditions in the combustors of the
      invention will depend upon where the combustor is employed. For example,
      when the combustor is employed with a high pressure turbine, higher
      pressures and higher inlet air temperatures will be employed in the
      combustor. Thus, the invention is not limited to any particular operating
      conditions.
PAR  The term "air" is employed generically herein and in the claims, for
      convenience, to inlcude air and other combustion supporting gases.
PAR  While the invention has been described, in some instances, with particular
      reference to combustors employed in combination with gas turbine engines,
      the invention is not limited thereto. The combustors of the invention have
      utility in other applications, e.g., boilers and other stationary power
      plants.
PAR  Thus, while certain embodiments of the invention have been described for
      illustrative purposes, the invention is not limited thereto. Various other
      modifications or embodiments of the invention will be apparent to those
      skilled in the art in view of this disclosure. Such modifications or
      embodiments are within the spirit and scope of the disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combustor, comprising, in combination:
PA1  an outer casing;
PA1  a flame tube disposed within said casing and spaced apart therefrom to form
      an annular chamber between said flame tube and said casing;
PA1  a plurality of fins extending from the external surface of said flame tube
      into said annular chamber;
PA1  inlet means for introducing a swirling stream of air flowing in a
      downstream direction into the upstream end portion of said flame tube as
      the sole stream of air introduced into said upstream end portion of said
      flame tube; and
PA1  fuel inlet means for forming a sole annular stratum of fuel around said
      stream of air flowing into said flame tube by introducing said fuel in a
      direction toward and which is from tangential to less than perpendicular,
      but non-parallel, to the periphery of said stream of air to effect
      controlled mixing of said fuel and air at the interface therebetween and
      produce a sole annular fuel-air mixture for introduction into said
      upstream end portion of said flame tube.
NUM  2.
PAR  2. A combustor according to claim 1 wherein said fuel inlet means is
      adapted to introduce said fuel in a direction which is intermediate
      tangent and perpendicular to the periphery of said stream of air.
NUM  3.
PAR  3. A combustor according to claim 1, comprising, in further combination,
      means positioned downstream from said air inlet means and said fuel inlet
      means for causing uniform and graduated expansion of said air and said
      fuel during entry thereof into said flame tube.
NUM  4.
PAR  4. A combustor according to claim 1 wherein said air inlet means comprises
PA1  a swirl chamber disposed at the upstream end of said flame tube, and having
      a diameter less than the diameter of said flame tube; and conduit means
      for introducing a swirling mass of air into the upstream end portion of
      said swirl chamber.
NUM  5.
PAR  5. A combustor according to claim 4 wherein said conduit means comprises a
      plurality of air conduits extending into said swirl chamber tangentially
      with respect to the inner wall thereof.
NUM  6.
PAR  6. A combustor according to claim 1 wherein:
PA1  a closure member is provided for closing the upstream end of said flame
      tube; and
PA1  said air inlet means comprises a conduit extending through said closure
      member into communication with the upstream end portion of said flame, and
      at least one swirl vane positioned in said conduit.
NUM  7.
PAR  7. A combustor according to claim 6 wherein:
PA1  a recess is formed in the downstream end portion of said closure member;
      and
PA1  said fuel inlet means comprises a plurality of fuel conduits extending into
      said recess tangentially with respect to the wall thereof.
NUM  8.
PAR  8. A combustor according to claim 6 wherein said closure member comprises:
PA1  an upstream element having said conduit formed therein;
PA1  a downstream element having formed therein an expansion passageway which
      flares outwardly from a point adjacent the downstream end of said conduit
      to the inner wall of said flame tube;
PA1  an inner wall of said downstream element is spaced apart from and is
      complementary in shape to the downstream end wall of said upstream element
      so as to form a fuel passageway between said inner wall of said downstream
      element and the downstream end wall of said upstream element; and
PA1  said fuel passageway communicates with and forms a part of said fuel inlet
      means.
NUM  9.
PAR  9. A combustor according to claim 8, and further comprising means for
      varying the width of said fuel passageway formed between said upstream and
      downstream elements of said closure member.
NUM  10.
PAR  10. A combustor comprising, in combination:
PA1  a flame tube, open at its downstream end;
PA1  a closure member closing the upstream end of said flame tube;
PA1  an outer casing disposed around said flame tube and said closure member and
      spaced apart therefrom to form an annular chamber around said flame tube
      and said closure member, said annular chamber being closed at its
      downstream end;
PA1  a plurality of fins extending from the external surface of said flame tube
      into said annular chamber;
PA1  a generally cylindrical swirl chamber formed in said closure member, the
      downstream end of said swirl chamber being in open communication with the
      upstream end of said flame tube;
PA1  a first air inlet means for introducing a swirling mass of air into the
      upstream end portion of said swirl chamber and then into the upstream end
      of said flame tube as the sole stream of air introduced into said upstream
      end of said flame tube; and
PA1  fuel inlet means for forming a sole annular stratum of fuel around said
      stream of air flowing in a downstream direction from said swirl chamber
      into said flame tube by introducing said fuel in a direction toward and
      which is from tangential to less than perpendicular, but non-parallel, to
      the periphery of said stream of air to effect controlled mixing of said
      fuel and air at the interface therebetween and produce a sole annular
      fuel-air mixture for introduction into said upstream end portion of said
      flame tube.
NUM  11.
PAR  11. A combustor according to claim 10 wherein:
PA1  a first plurality of openings is provided in said flame tube downstream
      from said closure member for admitting a second stream of air into said
      flame tube from said annular chamber; and
PA1  said fins are provided on said flame tube in the region between the
      downstream end portion of said closure member and said first plurality of
      openings.
NUM  12.
PAR  12. A combustor according to claim 11 wherein a second plurality of
      openings is provided in said flame tube, downstream and spaced apart from
      said first plurality of openings for admitting a third stream of air into
      the interior of said flame tube from said annular chamber.
NUM  13.
PAR  13. A combustor according to claim 12 wherein the downstream end portion of
      said closure member comprises an expansion formed therein and which flares
      outwardly from a point adjacent the downstream end of said swirl chamber
      to the inner wall of said flame tube.
NUM  14.
PAR  14. A combustor according to claim 13 wherein said closure member
      comprises:
PA1  an upstream element having said swirl chamber formed therein;
PA1  a downstream element having said expansion passageway formed therein;
PA1  an inner upstream end wall of said downstream element is spaced apart from
      and is complementary in shape to the downstream end wall of said upstream
      element so as to form a fuel passageway between said inner wall of said
      downstream element and the downstream end wall of said upstream element;
      and
PA1  said fuel passageway communicates with and forms a part of said fuel inlet
      means.
NUM  15.
PAR  15. A combustor according to claim 14 and further comprising means for
      varying the width of said fuel passageway formed between said upstream and
      downstream elements of said closure member.
NUM  16.
PAR  16. A combustor according to claim 10 wherein said fuel inlet means
      comprises a plurality of conduits extending tangentially through the
      downstream end portion of said closure member adjacent the downstream end
      of said swirl chamber.
NUM  17.
PAR  17. A combustor according to claim 16 wherein:
PA1  said air inlet means comprises a plurality of air conduits extending into
      said swirl chamber adjacent the upstream end portion thereof and
      tangentially with respect to the inner wall thereof;
PA1  a recess is formed in the downstream end portion of said closure member;
      and
PA1  said fuel inlet means comprises a plurality of fuel conduits extending into
      said recess tangentially with respect to the wall thereof.
NUM  18.
PAR  18. A combustor according to claim 17 wherein said air conduits extend
      tangentially into said swirl chamber in one of a clockwise manner and a
      counterclockwise manner, and said fuel conduits extend tangentially into
      said recess in the other of said clockwise and said counterclockwise
      manner.
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ABST
PAL  A combustion liner for a gas turbine combustion apparatus has a wall of
      circular cross-section defining a primary air entrance at its upstream
      end, providing means for introduction of fuel near the upstream end,
      having a convergent-divergent fuel prevaporization zone, a reaction zone,
      and a dilution zone.
PAL  The primary air entrance has two coaxial entrance portions separated by an
      annular intermediate wall disposed around a centerbody. Swirlers in the
      two entrance portions swirl the air with different degrees of swirl, which
      provides shear between the two layers downstream of the swirlers. Fuel is
      introduced onto the intermediate or outer wall, or both, upstream of the
      throat. Air is admitted through the centerbody and directed towards the
      throat at higher fuel flow rates, but is shut off by a valve plug at low
      fuel flow rates to promote recirculation and thus improve flame stability
      under such conditions. The valve responds to fuel and combustion air
      pressure. A pilot fuel nozzle is mounted on the valve plug in the
      centerbody outlet.
PAL  Recirculation from the dilution zone into the reaction zone is controlled
      by an annular barrier extending inwardly from the liner wall between the
      two zones. Air is circulated through the barrier adjacent the walls of the
      barrier to cool it. Means are provided for varying the primary and
      secondary air flow areas.
BSUM
PAR  This invention relates to combustion apparatus of a type used in gas
      turbine engines. Particularly, it relates to a combustion liner for such
      apparatus. The invention involves improved arrangements for introduction,
      dispersion, and evaporation of fuel in primary air entering the liner;
      improved arrangements for stabilizing combustion in the liner, barrier
      means for segregating the dilution zone of the liner from the reaction
      zone, and an arrangement for cooling the barrier between the reaction and
      dilution zones.
PAR  The principal object of the improved structure according to the invention
      is to provide a combustion apparatus having exceptionally clean and stable
      combustion over a wide range of operating levels in a gas turbine engine.
      Other objects are to improve the distribution and evaporation of fuel in
      such combustion apparatus, to provide variable air inlet means which acts
      to minimize recirculation into the fuel vaporization zone during normal
      operation but is disabled during idling or low fuel flow operation to
      allow recirculation to promote stability of combustion. A further object
      is to provide cooled structure of a barrier wall extending inwardly into a
      combustion liner in a position to be highly heated by combustion gases
      within the apparatus.
PAR  Other objects and advantages of the invention will be apparent to those
      skilled in the art from the succeeding detailed description of the
      preferred embodiment, the accompanying drawings thereof, and the appended
      claims.
DRWD
PAR  Referring to the drawings, FIG. 1 is a small scale view of a combustion
      liner according to the invention in place in a gas turbine engine, the
      engine being shown fragmentarily in section.
PAR  FIG. 2 is an axial sectional view of an air valve controlling expansible
      chamber motor arrangement.
PAR  FIG. 3 is an upstream end elevation view of the combustion liner taken on
      the plane indicated by the line 3--3 in FIG. 1.
PAR  FIG. 4 is a longitudinal sectional view of the combustion liner.
DETD
PAR  The invention preferably, although not necessarily, is employed in a
      regenerative gas turbine engine such as those described in U.S. patents to
      Collman et al U.S. Pat. No. 3,077,074, Feb. 12, 1963, and U.S. Pat. No.
      3,267,674, Aug. 21, 1966. Since details of engine structure are immaterial
      to the invention, the engine is illustrated only fragmentarily.
PAR  As illustrated in FIG. 1, the engine includes a frame or housing 2 defining
      a space or conduit 3 which receives compressed air from the compressor of
      the engine (not illustrated). A combustion liner 4 mounted in the space 3
      is defined by walls of preferably circular cross-section extending from an
      upstream end at 6 to a downstream outlet end 7. Fuel is introduced near
      the upstream end of the liner, is mixed with primary air entering the
      liner through suitable entrances from the space 3, and is evaporated. The
      resulting mixture is burned, and the combustion products are discharged
      from the outlet end of the liner into a duct 8 leading to a turbine of the
      engine (not illustrated).
PAR  Considering the installation of the liner more fully, the engine frame 2
      includes a main engine housing 10, a generally cylindrical extension 11
      disposed around the upstream portion of the liner, a support ring 12, and
      a combustion section cover 14. The extension 11 and cover 14 have heat
      insulating material on their inner surfaces. The cover and support ring
      are bolted to the extension 11 and the latter is bolted to the main
      housing 10.
PAR  The upstream end of the combustion liner is supported from the support ring
      12 by struts 15 which are fixed to an L-section flange 16 (see also FIG.
      4) extending around and fixed to the wall of the combustion liner. The
      downstream end of the liner is supported by the duct 8.
PAR  Referring now to FIGS. 3 and 4 for more details of the preferred liner
      structure, the liner 4 includes wall means 18 extending from within the
      flange 16 to the outlet 7. The initial section of this wall means is a
      converging sheet metal ring 19 welded to ring 16. This ring is welded or
      brazed to a second converging ring 20 which overlaps the first and
      terminates at a throat or minimum diameter portion 22. A diverging wall
      ring 23 welded to ring 20 extends downstream from the throat to a flare
      ring 24 which flares abruptly to the maximum diameter of the liner. Ring
      24 is welded at its ends to ring 23 and to a cylindrical ring 25. Ring 25
      is welded at its downstream end to a barrier ring weldment 26 which
      defines a flange or barrier extending into the liner around its entire
      circumference. The downstream edge of weldment 26 is welded to a
      cylindrical downstream liner ring 27 which extends to the outlet 7.
PAR  As will be explained more fully, the upstream end of the liner walls
      includes means for admission of primary (combustion) air and of fuel. The
      fuel is mixed and evaporated largely in the area adjacent throat 22. The
      reaction or combustion zone extends from about the middle of the length of
      ring 23 to the barrier ring 26. The dilution zone of the liner, in which
      additional air is mixed with the combustion products to lower their
      temperature, is defined downstream of barrier 26 within the ring 27.
PAR  Returning to the upstream end of the liner and the means for introducing
      fuel, the converging ring 19 which forms part of the outer wall of the
      liner defines the outer boundary of an outer air inlet 28. This air inlet
      lies between the wall 19 and an intermediate converging wall 30. An
      intermediate air inlet 31 is defined between the wall 30 and a centerbody
      32 coaxial with the outer and intermediate walls. An inner air inlet 34
      extends through the centerbody, as will be further explained.
PAR  The outer and intermediate walls are interconnected by an annular cascade
      of swirl vanes 35 and the intermediate wall is connected to the centerbody
      by a similar cascade 36. The ends of the vanes may be brazed to the
      structures between which they extend. These vanes have a blunt forward
      edge, as shown more clearly in FIG. 3. The cross-section of a vane of
      either cascade is defined by a substantially straight line transverse to
      the liner axis at the forward end and by two approximately circular arcs
      which converge downstream and intersect to provide a sharp trailing edge
      for the vane. The passages between the vanes are of roughly constant area.
      The flat leading edges of these vanes cooperate with a primary air flow
      throttling arrangement provided by a valve member 38 rotatably mounted on
      the exterior of the centerbody 32 by a hub portion 39 and retained by a
      ring 41. The outer margin of the valve member is defined by a rim 40 which
      bears against the forward edge of the wall ring 19.
PAR  There are eight vanes in each of the sets 35 and 36, and correspondingly
      eight air entrance passages in each set, in the specific embodiment. These
      passages are throttled by rotation of the valve member 38, it being shown
      in the wide open position in FIG. 3. The valve member includes eight
      spokes 42 which overlie the leading edges of the vanes in the position
      shown in FIG. 3. Rotation of the valve member about its axis causes the
      spokes 42 to obstruct to a variable extent the primary air entrance
      openings through the two swirlers to control the flow of primary air. The
      valve member 38 is rotated by a link 43 (FIG. 1) connected to a bent arm
      44 welded to the valve ring and reciprocable in a slot 46 in the flange
      16.
PAR  The intermediate wall 30 is composed of an outer sheet metal ring or cover
      50 and an inner cast or machined ring 51. The latter has a circumferential
      fuel manifold 52 in its outer surface which is connected by axially
      extending grooves 54 to a ring of fuel ports 55 in the inner surface of
      the ring. The two rings 50 and 52 are brazed together so that the
      structure is fluid-tight except for the fuel ports, which are essentially
      tangent to the inner surface of the ring so as to lay the fuel on the
      surface for atomization by the air blast flowing through the intermediate
      air inlet 31. Ports 55 are disposed downstream of a shoulder or step 56 on
      the inner surface of the wall. Fuel is supplied to the manifold 52 and
      thence to the ports 55 through a fuel tube 58 which extends outside the
      combustion chamber cover and is connected to a suitable source of supply,
      the details of which are immaterial.
PAR  The swirlers defined by vanes 35 and 36 are of different pitch so that the
      tangential components of velocity of the air streams flowing off the
      trailing edge of the intermediate wall 30 are different, the outer swirler
      creating the higher degree of swirl. This causes a measure of shear and
      turbulence in the air, aiding in mixing and atomization of the fuel.
PAR  Fuel may also be introduced into the combustion apparatus by a manifold
      extending around the outer wall ring 20 for evaporation into the air
      flowing along the inner surface of that ring from inlet 28. In this case,
      a fuel manifold 59 extending around the circumference of the ring 20 just
      donwnstream of ring 19 is supplied with fuel through a tube 60. Since this
      manifold is in a rather hot area, it is desirable that it be cooled by air
      flowing circumferentially of the wall 20 through a jacket 62 overlying the
      manifold 59. Air may be introduced to this jacket through an air tube 63,
      flow substantially 360.degree. around the manifold, and be exhausted
      through an opening at the end of the jacket 62. Fuel flows from the
      manifold 59 through a ring of small tangential fuel ports 64 extending
      through the wall 20 immediately downstream of wall 19, which provides a
      step or shoulder just ahead of the point of introduction of this fuel.
PAR  We prefer to refer to the fuel injection means into the intermediate air
      inlet 31 as an air-blast injector and to that introducing fuel from
      manifold 59 as a wall-film injector. Either type or both may be used, but
      is is preferred that the air-blast injector be used alone or in
      combination with the wall-film injector.
PAR  As previously stated, there is a third air inlet, the inner air inlet 34
      which supplies primary air through the centerbody 32. However, this will
      be passed over for the present.
PAR  In normal operation, the mixture of fuel and air, with the fuel evaporating
      into the air to form a mixture of gaseous fuel and air, tends, because of
      the swirl, to follow the walls 20 and 23, expanding along the wall as it
      enters the diverging part of the downstream of throat 22. A row of small
      air holes 65 extends around the diverging section 23 about midway of its
      length. Specifically, in the instant case there are 24 holes of about 3
      millimeter diameter. These inject a small amount of additional primary air
      normally to the swirling air in this diverging section of the liner. This
      has been shown experimentally to have a quite beneficial effect on mixing
      the partially stratified mixture emerging from the throat 22. Air flowing
      through these holes also prevents propagation of the flame through the
      more or less stagnant wall boundary layer of the diverging section and
      thus into the upstream droplet zone. These mixing holes also set up a
      turbulent shear layer which tends to act as an aerodynamic flameholder. As
      a result, the flame front lies downstream of the holes 65 and combustion
      is completed in the terminal part of the diverging portion 23 and within
      remainder of the reaction zone 66 defined by wall sections 24, 25, and 26.
      The abruptly diverging wall 24 is used to dump the swirling primary flow
      in the main reaction zone. This sudden expansion, in addition to providing
      stabilization of flow separation from the diverging wall 23, also provides
      locations for the formation of secondary vortices which can serve to
      protect the main reaction flow from the cooling and quenching effect of
      the reaction zone liner walls 24, 25, and 26.
PAR  Due to the swirl the air entering the reaction zone, there is a toroidal
      vortex set up, with recirculation forwardly of the liner along the axis.
      It is highly desirable to control this recirculation to prevent the flame
      from striking back into the fuel injection portion of the apparatus under
      normal operation, and also to allow some recirculation to assist in
      maintaining combustion at low fuel flow rates such as during deceleration
      of the engine. To achieve this result, a non-swirling flow of air is
      introduced through the centerbody air inlet 34 under normal operation of
      the combustor, but is shut off during engine deceleration. This flow,
      which is non-swirling and is directed along the axis of the liner through
      the centerbody 32, acts to oppose any upstream recirculation flow along
      the liner axis and to drive the point of greatest penetration of the
      return flow farther downstream in the liner.
PAR  The reaction zone ends at the barrier ring 26, which provides a clear
      demarcation between the reaction and dilution zones, assists in guiding
      the recirculation in the reaction zone, and defines a restriction or
      orifice at 67 through which the gases flow from the reaction zone 66 into
      the dilution zone 68.
PAR  The barrier ring 26 is a structure welded of a number of parts, including a
      forward wall 70 and a rearward wall 71. These converge towards the axis of
      the liner as shown, penetrating about 15% of the liner diameter, so that
      the restriction 67 is about 70% of the diameter of the liner and thus
      about half the cross-sectional area of the liner rings 25 and 27. The
      inner edges of the walls 70 and 71 are joined by a cylindrical ring 72
      which bounds the orifice 67. Ring 72 may be welded to the rings 70 and 71.
      The barrier structure is cooled by air which flows radially through the
      barrier into the orifice 67. The inner ring 72 in the particular instance
      has 24 3 millimeter holes 74 through it. Air entering between the outer
      surfaces of walls 70, 71 is discharged through the holes 74 into the
      interior of the liner. To cause this flow to be most effective in cooling;
      that is, to cause it to scour more vigorously the outer surfaces of the
      walls 70 and 71, an annular baffle 75 lies between and closely adjacent to
      the outer surfaces of these walls.
PAR  The baffle 75 comprises an inner ring 76, a forward liner ring 78, and a
      rearward liner ring 79 extending parallel to and slightly spaced from the
      parts 72, 70, and 71, respectively. These are suitably welded together and
      are united to the ring 72 by circumferentially distributed support plates
      80. The baffle and supports 80 are welded to the ring 72 before it is
      welded to one of the rings 70 and 71. The cooling air thus flows through
      the spaces between each liner ring and the corresponding wall of the
      barrier ring, between the rings 72 and 76, and then out through holes 74.
PAR  The combustion liner includes a slidable sleeve 82 mounted on the exterior
      of the wall portion 27 and 25 which is movable axially of the liner to
      control the flow of dilution air into the dilution zone 68 through a ring
      of ports 83 and 84. This sleeve is shown in its rearward or full air flow
      position bearing against stops 86. The sleeve 82 has ports 87 through it
      which overlie not only the ports 83 but also the barrier ring 26. These
      ports thus allow air flow into the barrier ring at all times.
PAR  If sleeve 82 is moved forwardly, the area of the ports 83 and 84 will be
      reduced to diminish dilution air flow, which ordinarily is accompanied by
      corresponding increase in primary air flow. Best control of the primary
      air to fuel ratio with least pressure drop is accomplished by varying both
      primary and secondary air flow areas. To move the sleeve 82, it is
      provided with circumferentially spaced brackets 88 to which are attached
      push-pull rods 90 (see FIG. 1). These push-pull rods extend through glands
      91 in the combustion section cover 14 and are attached to a suitable yoke
      92 by which the rods may be moved axially of the liner, thereby to move
      the sleeve 82.
PAR  This invention is not concerned with mechanization or control for the
      adjustment of the primary and secondary air ports by movement of valve
      member 38 and sleeve 82. Any suitable system may be adopted.
PAR  This brings us to the matter of control of air flow through centerbody 32
      inside the primary air swirlers. The downstream end of the centerbody 32
      converges to an outlet directed toward the center of throat 22. This
      outlet may be closed by a valve plug or stopper 102 which is movable
      axially forward from the position illustrated in FIG. 4 where it closes
      the air passage. Plug 102 is fixed to a reciprocable tube 103 which is
      guided in a sleeve 104 supported from the wall of centerbody 32 by
      circumferentially spaced radial plates 106. Tube 103 extends through the
      cover 14 in which it is supported by a gland 107 for sliding movement and
      for minimizing leakage. The outer end of tube 103 extends into an
      expansible chamber or diaphragm type motor 108 having a casing 109
      supported by legs 110 from the cover 14. Motor 108 acts to open the air
      inlet 34 under certain conditions.
PAR  Motor 108 and the arrangement for supplying fuel to the combustion chamber
      are illustrated primarily on FIG. 2. Tube 103, which is connected to plug
      102, also is fixed to a diaphragm 111 in the expansible chamber motor 108.
      This motor may have a housing composed of two bowl-shaped sections 112 and
      114. Section 112 is fixed to the supporting legs 110 and may be crimped
      around the margin of section 114, with the diaphragm 111 clamped between
      the two sections. Tube 103 may be fixed to a disk 115 on one side of the
      diaphragm which in turn is fixed to a spring abutment disk 116 on the
      other side of the diaphragm by rivets or the like (not illustrated). A
      compression spring 118 is mounted between the inner surface of housing
      section 114 and the abutment 116. Spring 118 thus pushes on rod 103 to
      hold the valve plug in the closed position. The air pressure within the
      combustion apparatus also biases the plug toward closed position, the air
      being admitted to the interior of tube 103 through a port 119 in the tube
      and from the tube through one or more apertures 122 in diaphragm 111 to
      the space to the left of diaphragm 111 as shown in FIG. 2.
PAR  The force tending to open the air passage 34 is exerted against the right
      face of the diaphragm as illustrated by the pressure of the main fuel
      supplied to the combustion chamber. Particularly, in this embodiment, fuel
      line 58 has a branch 123 which enters the casing section 112. The excess
      of fuel pressure over air pressure in normal operation of the combustion
      apparatus overcomes spring 118 and pushes the diaphragm to the left as
      viewed in the figures, drawing plug 102 into the centerbody and opening
      the passage for flow of air through the opening 34. This provides a
      non-swirling jet of air directed to the center of the throat 22 which
      impinges upon and reverses the flow of recirculating combustion products
      flowing upstream along the axis of the combustion chamber in the reaction
      zone 66.
PAR  For deceleration of the engine, the fuel is cut back, fuel pressure
      decreases, and the air pressure becomes higher relative to the fuel
      pressure. The air pressure and force of spring 118 overcome the fuel
      pressure to seat plug 102 and cut off this non-swirling air. The result is
      that the recirculating combustion products can flow into the throat 22 to
      promote evaporation of the fuel and to stabilize combustion, eliminating
      the likelihood of flameout upon cutback of fuel.
PAR  A pilot fuel spray nozzle 124 is threaded into the downstream face of plug
      102. This nozzle is supplied through a fuel tube 126 extending coaxially
      through the tube 103 fixed to the plug 102, which defines a passage into
      the pilot fuel spray nozzle. Tube 126 extends to an appropriate place for
      a flexible connection for supply of pilot fuel. As illustrated, tube 126
      extends through the diaphragm 111 and through a closely fitting boss 127
      of the motor 108.
PAR  Flow of fuel to the pilot fuel injector 124, the air-blast fuel injector
      line 58, and the wall-film fuel injector line 60 may be suitably
      controlled by fuel control mechanism which is immaterial to the present
      invention and will not be described.
PAR  This completes the description of the structure of the preferred embodiment
      of the combustion apparatus. Presumably, the operation will be clear from
      what has been set out above, but it may be desirable to review the
      operation briefly.
PAR  Normally, fuel is supplied to the air-blast fuel injector through wall 30
      and to the pilot fuel injector 124, although the latter may be turned off
      during operation of the combustor. Additional fuel may be supplied to the
      wall-film fuel injection means 64. This may be employed instead of the
      air-blast injector in some cases.
PAR  When using the preferred air-blast fuel injector, the air is picked off the
      inside of the wall of ring 51 by the air entering through the swirler
      vanes 36 and carried toward the throat 22. At the downstream edge of the
      intermediate wall this air encounters the more rapidly swirling air
      flowing through vanes 35. The resulting shear generates turbulence
      downstream and the swirling air-fuel mixture flows into and through the
      throat 22. The fuel evaporates in the relatively hot compressed air,
      particularly under regenerative cycle inlet temperature conditions.
PAR  A rather considerable degree of swirl is required to produce the internal
      recirculation in the reaction zone needed for low emission combustion and
      flame stabilization. This is provided for by the converging-diverging
      venturi type section. The lower degree of swirl in the intermediate air
      inlet will aid in prevention of undesirable upstream penetration of
      recirculation from the reaction zone into the vaporization zone. It also
      protects the fuel spray from being penetrated by the recirculating gases.
      Also, the non-swirling air admitted under most conditions through the
      entrance 34 aids in preventing such undesirable forward penetration of
      recirculating combustion gases.
PAR  The function of the air entering through holes 65 in mixing the partially
      stratified fuel-air mixture emerging from the throat, in preventing
      propagation of flame forwardly through the boundary layer along the wall,
      and in acting as an aerodynamic flameholder has been mentioned.
PAR  The sudden expansion at the ring 24 as the burning fuel-air mixture
      proceeds downstream leads to stabilization of the flame and reduces
      heating of the wall rings 24 and 25.
PAR  The barrier 26 provides an orifice between the reaction and dilution zones
      of about half the area of the zones themselves. This accelerates the flow
      from the reaction zone to the dilution zone and provides an aerodynamic
      barrier against penetration of the dilution air entering through opening
      83 and 84 into the core of the reaction zone.
PAR  It should be apparent to those skilled in the art from the preceding
      detailed description that the combustion apparatus according to the
      invention involves various novel structural features to provide better
      control of combustion and cleaner exhaust.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combustion apparatus comprising, in combination, a housing providing a
      conduit for compressed air and a combustion liner in the housing, the
      liner being defined by wall means extending from an upstream end providing
      an inlet for combustion air to a downstream end providing an outlet for
      combustion products; the liner defining in flow sequence from the upstream
      to the downstream end a fuel introduction zone, a reaction zone, and a
      dilution zone; in which the improvement comprises barrier means extending
      into the liner from the wall means providing a constricted passage between
      the reaction zone and the dilution zone; and means providing continually
      open air entrance means between the said air conduit and the barrier means
      for entrance of cooling air into the barrier means; the barrier means
      defining distributed outlets for the cooling air from the barrier means
      into the interior of the liner.
NUM  2.
PAR  2. A combustion apparatus comprising, in combination, a housing providing a
      conduit for compressed air and a combustion liner in the housing, the
      liner being defined by wall means extending from an upstream end providing
      an inlet for combustion air to a downstream end providing an outlet for
      combustion products; the liner defining in flow sequence from the upstream
      to the downstream end a fuel introduction zone, a reaction zone, and a
      dilution zone in which the improvement comprises barrier means extending
      into the liner from the wall means providing a constricted passage between
      the reaction zone and the dilution zone; means providing continually open
      air entrance means between the said air conduit and the barrier means for
      entrance of cooling air into the barrier means; the barrier means defining
      distributed outlets for the cooling air from the barrier means into the
      interior of the liner; and baffle means within the barrier means effective
      to concentrate the cooling air flow adjacent the upstream and downstream
      faces of the barrier means.
NUM  3.
PAR  3. A combustion apparatus comprising, in combination, a housing providing a
      conduit for compressed air and a combustion liner in the housing, the
      liner defined by wall means extending from an upstream end providing an
      inlet for combustion air to a downstream end providing an outlet for
      combustion products; the liner defining in flow sequence from the upstream
      to the downstream end a fuel introduction zone, a reaction zone, and a
      dilution zone; in which the improvement comprises barrier means extending
      into the liner from the wall means providing a constricted passage between
      the reaction zone and the dilution zone; air flow control means overlying
      the wall means at the barrier means and the dilution zone movable to
      control air flow from the conduit into the dilution zone, the control
      means providing continually open air entrance means between the said air
      conduit and the barrier means for entrance of cooling air into the barrier
      means; the barrier means defining distributed outlets for the cooling air
      from the barrier means into the interior of the liner.
NUM  4.
PAR  4. A combustion apparatus comprising, in combination, a housing providing a
      conduit for compressed air and a combustion liner in the housing, the
      liner being defined by wall means extending from an upstream end providing
      an inlet for combustion air to a downstream end providing an outlet for
      combustion products; the liner defining in flow sequence from the upstream
      to the downstream end a fuel introduction zone, a reaction zone, and a
      dilution zone; in which the improvement comprises barrier means extending
      into the liner from the wall means providing a constricted passage between
      the reaction zone and the dilution zone; air flow control means overlying
      the wall means at the barrier means and the dilution zone movable to
      control air flow from the conduit into the dilution zone, the control
      means providing continually open air entrance means between the said air
      conduit and the barrier means for entrance of cooling air into the barrier
      means; the barrier means defining distributed outlets for the cooling air
      from the barrier means into the interior of the liner; and baffle means
      within the barrier means effective to concentrate the cooling air flow
      adjacent the upstream and downstream faces of the barrier means.
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ABST
PAL  Flame holder apparatus and method of operating same for a burner in a high
      velocity gas stream of an air-breathing jet engine. A flame holder body of
      aerodynamically streamlined external configuration is provided which
      extends spanwise across a high velocity gas stream of the engine. Fuel and
      air for the burner is supplied by way of a mixing chamber arranged
      internally of the flame holder body in such a manner that a homogeneous
      mixture, including all of the fuel necessary for combustion, is provided
      by way of the flame holder body so that separate fuel injection nozzles
      become unnecessary. Various preferred embodiments of the invention include
      arrangements of the flame holder apparatus in the bypass air stream and
      downstream of the combustion chamber.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to aerodynamic flame holders for airbreathing jet
      engines. Preferred embodiments include outlet ports in the upper and lower
      sides of the contour of the flame holder body through which a fuel-air
      mixture under positive pressure is admitted to the high-velocity air or
      gas stream wetting the flame holder.
PAR  With modern, air-breathing jet engines, thrust augmentation is currently
      being achieved by means of two different provisions, as follows:
PAR  1. Reheating of the turbine exhaust gases in an afterburner
PAR  2. Additional combustion of fuel in the cold air stream in bypass ducts
      (secondary stream).
PAR  In both of the above-listed cases the velocity of the gas stream is much
      too high to sustain stable combustion, and stabilizers must therefore be
      provided for maintaining combustion. These stabilizers affect the flow of
      gas around the stabilizers to cause a zone to form behind the stabilizers
      in which the flow medium recirculates and so induces stable combustion.
PAR  Stabilizers of the above-mentioned kind are normally used in the form of
      rings made of V-shapes (Vee gutter) and are fixedly installed in the
      combustion chamber space where the afterburning or burning (in the case of
      combustion in the cold air stream) takes place. However, said stabilizers,
      together with the fuel injection means needed for the reheating or
      additional combustion, cause a significant loss in total pressure
      especially so also at times when reheating or additional combustion cause
      a significant loss in total pressure especially so also at times when
      reheating or additional combustion is not needed during certain flight
      phases. This disadvantageous total pressure loss is all the more
      significant when one considers that the duration for which afterburners of
      a flight system are in active use is short as compared with the total
      flight time of the system.
PAR  In order to reduce the loss in total pressure, which ultimately shows up as
      a loss in performance, so-termed aerodynamic flame holders have been
      contemplated. These aerodynamic flame holders are of shapes of minimum
      flow resistance (usually symmetrically shaped) to replace the
      above-discussed Vee gutters. The function of these flame holders is to
      blow bleed-air from the high-pressure compressor into the main stream at
      right or other angles to it whenever reheating or additional combustion is
      needed. The air issuing from these flame holders causes an umbrella-like
      shield to form in the main stream which in turn produces a recirculatory
      zone behind it to promote stable combustion. With this arrangement the
      fuel needed for combustion must be injected into the recirculatory zone
      through additional nozzles. This calls for fuel injection means to be
      installed in the combustion chamber space and these fuel injection means
      again involve a loss in total pressure, so that the advantage afforded by
      the flow-promoting contour of the flame holder is partially canceled.
PAR  When flame holders such as those described in the preceding paragraph are
      used, they frequently give trouble from poor ignition in that the mixing
      process which starts after the fuel has been injected often results in a
      very incompletely conditioned mixture which is very inhomogeneous and can
      be lit a few points only. This holds true especially when said flame
      holders are used in the cold air stream of bypass ducts where the
      relatively cool air stream impedes the mixing process to an even greater
      degree. In order to alleviate these mixing troubles a flame holder has
      been contemplated where a small amount of fuel is already admitted to the
      stabilizing air within the flame holder, but resort must still be made
      then to additional fuel injection means outside the flame holder. These
      additional fuel injection means result in a disadvantageous loss in total
      pressure as discussed above.
PAR  The present invention contemplates providing an aerodynamic flame holder
      which is simple in design but still ensures reliable ignition of the
      system and involves no more than a minimal loss in total pressure, or
      performance, in both the lit and the unlit operating conditions.
PAR  This invention more particularly contemplates providing a flame holder
      where the entire fuel needed for combustion in the afterburner or in the
      bypass stream is internally mixed with air in a mixing chamber enclosed by
      the flame holder and is then admitted to the outside gas stream in a
      condition already premixed with air and processed for ready ignition. This
      supply of all necessary fuel by way of the flame holder mixing chamber
      obviates the need for fuel injection means outside the flame holder and so
      eliminates the attendant loss in total pressure or performance in both the
      lit and the unlit operating conditions. Since the invention provides a
      fully integrated system of flame holder, fuel injection means and mixing
      chamber, it enables the flame holder to be contoured for optimum flow for
      maximum benefit to the overall system aerodynamically.
PAR  With the flame holder of the present invention the fuel needed for
      combustion is admixed not only partly but wholly to the stabilizing air
      already before it issues from the flame holder. In this process the fuel
      is not simply injected into the stabilizing air stream but after the fuel
      has been admitted the fuel-air mixture is first conditioned in a separate
      mixing chamber where it turns into an ignitible, homogeneous blend. This
      mixing chamber advantageously ensures that sufficient time is allowed for
      fully conditioning the fuel-air mixture for ignition and ensures that fuel
      can be swirled and thoroughly blended as needed for homogeneous
      distribution throughout the mixture.
PAR  Owing to the fact that the mixture issuing from the mixing chamber through
      the outlet ports has already been conditioned for ready ignition, ignition
      of the mixture will reliably take place whenever needed.
PAR  This invention also provides a further advantage over conventional, not
      fully integrated systems in that it reduces the overall length of the
      afterburner since the previously known systems having fuel injection means
      outside the flame holder require a certain minimum distance between fuel
      injection means and flame holder for conditioning the fuel-air mixture.
      Also, by eliminating external fuel injection means which interfere with
      the main stream the flame holder of the present invention provides an
      additional advantage in that the distribution of the issuing ignitible
      mixture can be optimally adapted to the needs of the respective engine and
      that the temperature profile attending combustion can be largely
      controlled by suitably selecting the geometry, distribution and
      orientation of the outlet ports.
PAR  A further advantage provided by the present invention is that the amount of
      compressed air needed for a certain depth of penetration of the
      stabilizing medium into the main stream of gas is reduced in keeping with
      the fuel content in the stabilizing air. Still another advantage is that
      the pressure level of the stabilizing air used in the process can be
      relatively low, so that the air needed can be drawn from the low or
      intermediate pressure portion of the compressor. The two last cited
      advantages are of great importance considering that the amount and
      pressure level of the air needed for stabilizing the flame are often
      exceedingly important if not determinant criteria in practical
      applications. That is, the efficiency of the total engine system is
      significantly improved by reducing the pressure requirements for the
      stabilizing air.
PAR  In preferred embodiments of the present invention the mixing chamber is
      constructed as a hole or hollow space which extends at right angles to the
      direction of the main flow and over the entire span of the flame holder.
      One or more lateral inlet ducts leading to said hollow space are provided.
      Each inlet duct is provided with an air feed line and a fuel line such
      that the fuel is atomized and initially admixed to the feed air while
      still in the inlet duct. The actual conditioning and further mixing to
      produce a homogeneous ignitible mixture takes place downstream of the
      inlet duct in the mixing chamber.
PAR  A flame holder arranged in accordance with the present invention is simple
      in design and construction and therefore relatively economical to
      manufacture.
PAR  In preferred embodiments of the present invention, a plurality of inventive
      flame holders are arranged in stellate or annular symmetry in the
      respective combustion area. This type of arrangement aids in the uniform
      heating of the main gas stream across the combustion area.
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional schematic view of an embodiment of apparatus
      constructed in accordance with the present invention;
PAR  FIG. 2 is a schematic plan view of the embodiment of FIG. 1;
PAR  FIGS. 2a and 2b are enlarged detailed views illustrating optional
      arrangements of a portion of the structure of FIG. 2;
PAR  FIG. 3 is a longitudinal sectional schematic view illustrating an
      embodiment of the present invention with a stellate arrangement of flame
      holders in an afterburning system;
PAR  FIG. 4 is a sectional view taken along line I--I in FIG. 3;
PAR  FIG. 5 is a longitudinal sectional schematic view illustrating another
      embodiment of the present invention with stellate arrangement of flame
      holders in a bypass system;
PAR  FIG. 6 is a sectional view taken along line II--II in FIG. 5;
PAR  FIG. 7 is a longitudinal sectional schematic view illustrating another
      embodiment of the present invention with an annular arrangement of flame
      holders in an afterburning system; and
PAR  FIG. 8 is a sectional view taken along line III--III in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The flame holder body 1 (FIGS. 1 and 2) has a shape which provides minimum
      resistance to flow (shown on the drawing as a symmetrical contour having a
      relative thickness/chord ratio of 50%) and encloses a mixing chamber 2
      which takes the shape of a hole extending perpendicularly to the main flow
      (large arrow at left of body 1 depicting direction of main flow) and
      across the entire span of the flame holder (FIG. 2). The mixing chamber 2
      is supplied with air through laterally arranged inlet ducts 3 and 4 on the
      flame holder body 1, into which ducts atomized fuel 5 is admitted through
      injection means 6 and 7 arranged just before the entrance of the ducts 3
      and 4 to the mixing chamber 2. In the FIG. 2 embodiment fuel is admitted
      through atomizer swirl nozzles, however other types of fuel injection
      means of known types can also be used with the present invention.
PAR  The present invention also contemplates embodiments with means for
      combining fuel supply and air supply into a single component, such as an
      air-powered nozzle. In FIG. 2 air-fuel is supplied to the mixing chamber
      from both sides. If certain applications make it desirable, however,
      air-fuel can also be fed from one side only (for example see FIG. 6).
PAR  Owing to the particular location of the fuel supply the atomized fuel is
      premixed with feed air in the inlet ducts 3 and 4 prior to entry into the
      mixing chamber 2. The available volume of the mixing chamber enables the
      previously initiated mixing process to be continued and, additionally, the
      fuel-air mixture to be homogenized, after which it issues ready for
      ignition and under positive pressure from the flame holder 1 through
      outlet ports 8. While the outlet ports 8 are here shown in the form of
      holes, their geometry (e.g., 8a, 8b), as well as their arrangement and
      orientation, may be adapted to the particular intended application. After
      the fuel-air mixture 9 issues from the flame holder 1 through outlet ports
      8, it enters the outside flow and causes the flow hugging the contour of
      the flame holder to separate from it (FIG. 1) to form a zone 10 where the
      flow recirculates. The presence of this recirculatory flow facilitates
      stable combustion. An igniting means 11 within this recirculatory zone is
      employed to ignite or light the mixture
PAR  FIGS. 3 and 4 illustrate a stellate arrangement of flame holders in
      accordance with this invention in an afterburning system. The exhaust gas
      13 issuing from the guide apparatus 12 of the turbine flows towards the
      flame holders 16 which are here (FIG. 3) disposed in stellate arrangement
      across the flow area between a diffusor 14 and an afterburner area 15. The
      ignitible fuel-air mixture issuing from the mixing chambers 17 of the
      flame holders 16 produces the recirculatory zone needed for stable
      combustion and supplies the afterburner 15 with all the fuel it needs for
      reheating. Stabilizing air and fuel is fed to the flame holders 16 through
      respective fuel and air lines 17' and 18. The reheated exhaust gases leave
      the afterburner through a nozzle 19 (FIG. 3). For details of the mixing
      chambers and the inlets and outlets thereto and for details of the shape
      of the holders see the above description of similar features in the FIGS.
      1 and 2 embodiments.
PAR  FIGS. 5 and 6 illustrate flame holders in accordance with this invention
      disposed in stellate arrangement in a bypass duct. The cold air 22 flowing
      to the flame holders 21 in the bypass duct 20 is heated in the bypass duct
      and admixed to the turbine exhaust gases (FIG. 5). The fuel needed for
      combustion to heat the cold air, and also the stabilizing air, is supplied
      to the flame holders 21 at one end through the fuel and/or air lines 23
      (FIG. 6). The fuel-air mixture is then conditioned in the mixing chamber
      24 for ignition. See the FIGS. 1 and 2 description for other details of
      the individual flame holders.
PAR  FIGS. 7 and 8 illustrate an annular arrangement of the flame holders in
      accordance with this invention for use in an afterburner. The exhaust gas
      25 issuing from the turbine guide apparatus flows to the flame holders 27
      which are annularly arranged in the flow area between a diffusor and an
      afterburner area 26 (FIG. 7 or 8). The stabilizing air, as well as the
      fuel to be injected, is supplied to the various flame holders through
      struts 28. The holes 29 in the housing 30 serve to supply stabilizing air
      and fuel to the struts 28. After conditioning in the mixing chambers 32
      the ignitible mixture issues from the flame holder 27 through holes 31.
      See the FIG. 1 and 2 description for details of the individual flame
      holder cross-section and for details of the mixing chambers and inlets and
      outlets thereto.
PAR  The direction the flow of gas is taking through the jet engine is generally
      indicated in FIGS. 1 to 8 by arrowheads.
PAR  To further assist in an understanding of the present invention, following
      are specific dimensional features of a practical construction of the
      preferred embodiment of FIGS. 1 and 2:
PA1  Diameter range for mixing chamber: 1.8 cm - 2.0 cm
PA1  Profile - length 5-15 cm, maximum thickness: 2-2.5 cm
PA1  Diameter range for openings 8: 0.1 mm to 0.4 mm Pressure in mixing chamber
      2: minimum 3-5 atmospheres (pressure above atmosphere)
PA1  Fuel pressure: 20-50 atmospheres (pressure above atmosphere)
PA1  Amount of air flow in the mixing chamber compared to the amount of flow in
      the main gas stream: approximately 2-5% . . . equivalent ratio = (amount
      of fuel as compared to the amount of air in the mixing chamber 2) real:
      (amount of fuel as compared to the amount of air in the mixing chamber)
      stoichiometric = 0.2 - 1.0 (in the region of stable combustion MA mach
      number = 0.1 - 0.4)
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Flame holder apparatus for a burner in a high velocity gas stream of an
      air-breathing jet engine; said apparatus comprising:
PA1  flame holder body means extendible spanwise across a high velocity gas
      stream of an engine, said flame holder body means having an
      aerodynamically streamlined external configuration with respect to the
      flow of said gas stream therearound,
PA1  mixing chamber means formed inside said flame holder body means,
PA1  fuel supply means opening into said mixing chamber means for supplying
      atomized fuel thereto,
PA1  air supply means opening into said mixing chamber means for supplying air
      thereto,
PA1  said mixing chamber means including means for premixing the atomized fuel
      and air supplied thereto to form a premixed fuel-air mixture inside said
      mixing chamber means.
PA1  and outlet means leading from said mixing chamber to the surface of said
      flame holder body means for supplying said fuel-air mixture under pressure
      to the gas stream flowing over said flame holder body means to support
      combustion in said gas stream,
PA1  wherein said fuel supply means includes means for supplying all fuel for
      supporting combustion in said burner by way of said mixing chamber such
      that all fuel is supplied through said, outlet means in a premixed
      condition ready for ignition,
PA1  wherein said mixing chamber means is formed as a hollow space having a
      longitudinal axis extending in the spanwise direction at right angles to
      the flow of said gas stream over the entire span of the flame holder body
      means,
PA1  wherein inlet duct means are provided at at least one spanwise end of said
      flame holder body means, and
PA1  wherein said fuel supply means and said air supply means both open into
      each of said inlet duct means in the direction of the longitudinal axis of
      said hollow space such that the fuel is atomized and partially admixed
      with the air from said air supply means within said inlet duct means at a
      position upstream of the mixing chamber means.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said outlet means includes a
      plurality of openings in the external surface of said flame holder body
      means, said flame holder body means exhibiting an external configuration
      cross-section which is symmetrical with respect to centerline means
      extending transverse to said spanwise direction and in the direction of
      flow of said gas stream such that said gas stream flows over the surface
      portions of said holder body means at both sides of said centerline means,
      and wherein said openings are provided in the surface portions of said
      flame holder body means at both sides of said centerline means.
NUM  3.
PAR  3. Apparatus according to claim 1, further comprising a bypass duct in a
      jet engine for guiding flow of high-velocity cold bypass air, wherein said
      flame holder body means extends spanwise across portions of said bypass
      duct with said cold bypass air flowing thereover as said gas stream.
NUM  4.
PAR  4. Apparatus according to claim 1, further comprising an exhaust duct in a
      jet engine for guiding flow of high-velocity exhaust gases from a
      combustion chamber of said engine, wherein said flame holder body means
      extends spanwise across portions of said exhaust duct with said exhaust
      gases flowing thereover as said gas stream.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said inlet duct means conducts
      said fuel and air directly into said mixing chamber where it is mixed and
      conditioned to produce a homogeneous ignitable mixture.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said flame holder body means
      includes a plurality of separate flame holder bodies which extend in a
      stellate manner across a duct of said engine which guides said jet stream.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein said flame holder body means
      includes a plurality of separate flame holder bodies which extend
      annularly around a central axis of a duct of said engine which guides said
      jet stream.
NUM  8.
PAR  8. Apparatus according to claim 6, wherein said flame holder bodies are
      arranged symmetrically with respect to a central axis of said duct.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said flame holder bodies extend
      spanwise in radial directions extending perpendicular to said central
      axis.
NUM  10.
PAR  10. Apparatus according to claim 8, wherein said flame holder bodies extend
      spanwise in radial directions and inclined with respect to said central
      axis.
NUM  11.
PAR  11. Apparatus according to claim 7, wherein said flame holder bodies are
      arranged symmetrically with respect to a central axis of said duct.
NUM  12.
PAR  12. Apparatus according to claim 6, wherein said flame holder body means
      extend from inner to outer walls of duct means which guide said gas
      stream.
NUM  13.
PAR  13. Apparatus according to claim 2, wherein said openings are positioned
      along lines extending approximately through the midpoint of said side
      portions as seen in the direction of flow of said gas stream.
NUM  14.
PAR  14. Apparatus according to claim 2, wherein said fuel-air mixture is
      introduced to said gas stream under sufficient pressure to effect a
      separation of the flow of said gas stream over said flame holder body
      means and a formation of a recirculation zone of stable combustion, and
      wherein ignition means are provided at said recirculation zone to ignite
      said fuel-air and gas stream mixture.
NUM  15.
PAR  15. Apparatus according to claim 1, wherein said air supply means includes
      line means for conducting air from one of a low and intermediate pressure
      portions of a compressor of said engine as the only source of air for said
      mixing chamber.
NUM  16.
PAR  16. Apparatus according to claim 1, wherein said air supply means feeds air
      into said inlet duct in surrounding relationship to said fuel supply
      means.
NUM  17.
PAR  17. Apparatus according to claim 16, wherein said mixing chamber means has
      a cylindrical configuration.
NUM  18.
PAR  18. Apparatus according to claim 17, wherein said inlet duct means are
      provided at two spanwise ends of said flame holder body means, and wherein
      said air and fuel are admixed in said inlet duct means immediately
      upstream of the mixing chamber means.
PATN
WKU  039383261
SRC  5
APN  4829115
APT  1
ART  343
APD  19740625
TTL  Catalytic combustor having a variable temperature profile
ISD  19760217
NCL  4
ECL  1
EXA  Garrett; Robert E.
EXP  Husar; C. J.
NDR  1
NFG  3
INVT
NAM  DeCorso; Serafino M.
CTY  Media
STA  PA
INVT
NAM  Seglem; Clifford E.
CTY  Wallingford
STA  PA
ASSG
NAM  Westinghouse Electric Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL   60 3974R
XCL   60 3982C
XCL  261 96
XCL  261116
EDF  2
ICL  F02C  722
FSC   60
FSS  39.69;39.71;39.74 R;39.82 C
FSC  431
FSS  7
FSC  261
FSS  94;96;116
UREF
PNO  2635426
ISD  19530400
NAM  Meschino
OCL   60 39.71
UREF
PNO  3153323
ISD  19641000
NAM  Hamm
OCL   60 39.71
UREF
PNO  3846979
ISD  19741100
NAM  Pfefferle
OCL   60 39.65
FREF
PNO  1,932,881
ISD  19700800
CNT  DT
OCL   60 39.74
LREP
FR2  Winans; F. A.
ABST
PAL  A catalytic combustor has an array of fuel injectors and air inductor
      elements, upstream of a catalytic member in the combustor. Each fuel
      injector and air inductor arrangement is associated with a discrete
      passageway confining the air/fuel mixture to a portion of and the
      catalytic member wherein the combustion of the mixture is initiated. Each
      fuel injector and air inductor arrangement is provided with controls to
      vary the fuel and air flowing into each passageway, respectively. This
      permits the variation of combustion intensity within the catalytic
      element, which in turn permits a regulatable temperature profile at the
      exit end of the combustor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to combustors, and, more particularly, to
      catalytic combustors for gas turbine power plants.
PAR  2. Description of the Prior Art
PAR  Blades in high temperature turbines normally must be cooled internally to
      withstand the operating temperatures of the turbine. This is because a
      high motive fluid temperature is necessary for the high efficiency, and
      the blades may fail due to the high stresses developed within them if not
      properly cooled. With such internal blade cooling the root area of each
      blade will not necessarily be at a temperature lower than the remainder of
      the blade even though the root area is the most highly stressed area of
      each blade. The life of the blade root is considerably less than that of
      the remainder of the blade. It is therefore desirable to control the
      motive fluid temperature profile so that the midsection of the blade
      generally is exposed to the peak temperature of the hot motive fluid while
      the root portion is exposed to a much cooler motive fluid which is
      emanating from the combustor.
PAR  Dilution air is ordinarily injected into combustors through an array of
      orifices in the combustor shell, to yield a desirable motive fluid or an
      air temperature distribution at the combustor outlet. The combustor air is
      often diluted to reduce NOx contents of the combustion products and to
      reduce smoke. Environmental requirements make it mandatory that visible
      smoke be eliminated and that harmful products of combustion be minimal.
      This is accomplished by insuring complete combustion, and regulating
      temperatures and dilution air or injected steam in the combustor. Prior
      art that exemplify attempts at these goals are U.S. Pat. Nos. 3,498,055;
      3,593,518; 3,742,706; and 3,747,336.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a combustion chamber for a gas turbine wherein the
      combustion chamber includes a catalytic combustion element. Upstream of
      the catalytic element there is disposed an array of fuel injectors and air
      inductors. Each fuel injector has an air induction arrangement disposed
      about it. Each fuel injector and air inductor is regulatable with respect
      to themselves and to the remainder of the fuel injectors and air inductors
      in the array and associated with a discrete passageway disposed between
      the fuel-air injectors and the catalytic combustor element. This prevents
      intermixing of different fuel-air ratios ejected from the fuel air
      arrangements, and permits regulation of the combustion output and the
      temperature profile of the catalytic combustion element, and hence
      regulation and control of the combustion output and temperature profile of
      the combustion chamber itself. The combustion and temperature profile
      regulatable combustion chamber provides for longer life span of the blades
      of the turbine and decreased environmental harm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention, along with the objects and advantages thereof, will be best
      understood from the following detailed descriptions taken in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view of a combustor constructed in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a graphical representation of a temperature profile for a gas
      turbine blade; and,
PAR  FIG. 3 is a graphical representation of a temperature profile and its
      relationship to combustion chamber fuel-air elements.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, and particularly to FIG. 1, there
      is shown therein in a longitudinal sectional view of a combustion chamber
      10, used in this example, for providing hot motive fluid to a gas turbine,
      only a portion of a first stage 12 of the turbine, being shown. The first
      stage 12, being comprised of an annular array of stationary inlet guide
      vanes 14, and an array of rotatable blades 16, mounted on a rotor disc 18.
PAR  In a gas turbine, hot motive fluid, the product of combusted compressed air
      and fuel, flows out of the downstream end of each combustion chamber 10,
      an annular array of which is generally used, but only one being shown for
      this example, in FIG. 1. The combustion products, the hot motive fluid is
      directed by the inlet guide vanes 14 to strike the rotary blades 16
      thereby inducing rotation of the rotor 18 which turns a shaft, not shown,
      that produces rotary power. The hot motive fluid is passed through
      additional stages in its hot motive fluid flow path before being ducted
      out an exhaust annulus, not shown.
PAR  Still referring to FIG. 1, the combustion chamber 10, shown therein, is
      comprised of a generally cylindrically-shaped shell 20. Disposed on the
      upstream end of the combustor shell 20 is an array of fuel injection
      members 22. The fuel injected into each fuel injector member 22 is
      regulated by a fuel control valve 24 on each fuel supply line 25. Disposed
      about each fuel injection member 22 is an air inductor member 27. Each air
      inductor member 27 has a flow control valve 28 associated therewith to
      regulate the flow of the compressed air or gas which is supplied into the
      combustion process of the combustor 10 from a compressor, not shown.
PAR  Each fuel injector member 22 and air inductor member 27 is upstream from a
      catalytic combustion element 30 disposed within the combustor shell.
      Between the catalytic combustion element 30 and the fuel and air elements
      22 and 27, there is disposed a plurality of generally axially extending
      channels or discrete passageways 32 which duct the compressed air and
      jetted fuel mix, from the fuel and air elements, 22 and 27, to the area
      where the combustion is initiated in the catalytic combustor element 30.
      After combustion of the fuel-air mix in the catalytic combustor element
      30, the product thereof, the hot motive fluid, passes through the
      downstream end of the combustor 10, called a transition member 34. The
      transition member 34 is of generally circular cross-section at its
      upstream end, and it gradually transforms to a generally oval
      cross-section at its downstream end where it forms, with other combustor
      exit orifices, a generally annularly arranged hot motive fluid flow
      passageway, supplying the annularly disposed inlet guide vanes 14, with
      hot motive fluid.
PAR  Each flow regulatable fuel-air arrangement, 22 and 27, has its own discrete
      channels or passageways 32 confining the air/fuel mixture associated with
      each to a portion of the catalytic element 30 to permit selective or
      controllable combustion therein and hence selectable or controllable
      motive temperatures produced within the catalytic combustor member 30.
PAR  By this process, the temperature profile of the hot motive fluid reaching
      the inlet vanes 14 and the rotating blades 16 can be closely controlled to
      reduce high temperature motive fluid from reducing the work life and
      functionability of the inlet vanes and blades 14 and 16. The temperature
      profile of the motive fluid as it envelops the rotating blades 16 is
      particularly important, since the excessive heat may detrimentally effect
      the radially inner end of the blade adjacent the root 16, and cause
      failure therein due to that area being under the highest stress.
PAR  FIG. 2 shows an example of a desired temperature profile for a rotating
      turbine blade 16. The radially inner-most portion of the blade 16 needs to
      be coolest as it is the most highly stressed. The graph shown in FIG. 3
      represents a part of the fuel-air ratio and hot motive fluid temperatures.
      The abscissa represents the blade length and the step-like graduation
      along the curve represent the number of fuel-air elements 22 and 27. A
      larger number of fuel air elements 22 and 27, may be desired for servicing
      the higher temperature regions of the catalytic combustor element 30, and
      fewer fuel-elements, 22 and 27, may be desired for supplying the outer
      periphery of the catalytic combustor element 30.
PAR  From the foregoing description it will be apparent that the invention
      provides the catalytic combustor having a very regulatable temperature
      profile of its hot motive fluid output. Although this invention has been
      described with one embodiment in connection with a gas turbine power
      plant, it should be understood that the invention is by no means limited
      to the disclosed embodiment and modification can be made in the disclosed
      structure without changing its fundamental principles of operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combustor arrangement including:
PA1  a combustor shell having an upstream portion and a discharge end;
PA1  means for delivering fuel to said upstream end of said combustor shell said
      means including a plurality of fuel injector elements and means for
      controlling the flow of fuel therethrough;
PA1  means for delivering air to said upstream end of said combustor shell, said
      means including a plurality of air inductor elements and means for
      controlling the flow of air therethrough;
PA1  a catalytic member disposed within said shell intermediate said upstream
      portion and said discharge end;
PA1  a plurality of passageways providing confined fuel-air communication
      between each of said fuel injector elements and associated air inductor
      elements and said catalytic member, said passageways permitting delivery
      of various fuel-air mixtures to discrete portions of said catalytic member
      without intermixing thereof, the plurality of controllable fuel-air
      mixtures delivered to said catalytic member permitting a regulatable
      temperature output from each discrete portion thereof.
NUM  2.
PAR  2. A combustor arrangement as recited in claim 1 wherein:
PA1  said means for controlling the flow of air includes individual valve means
      associated with each of said air inductor elements, and;
PA1  said means for controlling the flow of fuel includes individual valve means
      associated with each of said fuel injector elements and wherein each
      passageway confines the delivery of at least one air inductor element and
      at least one fuel injector element to a discrete portion of said catalytic
      element.
NUM  3.
PAR  3. A combustor arrangement as recited in claim 2 wherein the means for
      controlling the flow of fuel to each of said fuel injector elements
      provides regulated flow to each element independently of the flow of fuel
      to any of the other fuel injector elements.
NUM  4.
PAR  4. A combustor arrangement as recited in claim 3 wherein the means for
      controlling the flow of air to each of said air inductor elements provides
      regulated flow to each independently of the flow of air to any of the
      other air inductor elements, and
PA1  said regulation in said air and fuel flow to said discrete portions of said
      catalytic member permits regulatable variation of combustion intensity
      thereacross, and wherein;
PA1  said regulatable variation of combustion intensity across said catalytic
      member permits a regulatable temperature profile at said discharge end.
PATN
WKU  039383270
SRC  5
APN  4394216
APT  1
ART  343
APD  19740204
TTL  Gas generator
ISD  19760217
NCL  5
ECL  1
EXA  Casaregola; L. J.
EXP  Croyle; Carlton R.
NDR  1
NFG  5
INVT
NAM  Bailey; Leo L.
STR  Green Acres Mobile Estates, Lot 58, Avenue F
CTY  Lake Worth
STA  FL
ZIP  33460
INVT
NAM  Kimmel; David R.
STR  Green Acres Mobile Estates, Lot 58, Avenue F
CTY  Lake Worth
STA  FL
ZIP  33460
CLAS
OCL   60 3977
XCL   60 397
EDF  2
ICL  F02K  702
ICL  F02K  704
FSC   60
FSS  39.7;39.71;39.76;39.78;39.77;260;267;247
UREF
PNO  2503584
ISD  19500400
NAM  Lipkowski
OCL   60 39.70
UREF
PNO  2715436
ISD  19550800
NAM  Lafferentz et al.
OCL   60 39.71
UREF
PNO  2731795
ISD  19560100
NAM  Bodine
OCL   60 39.77
UREF
PNO  2745861
ISD  19560500
NAM  Bodine
OCL   60 39.77
UREF
PNO  2838102
ISD  19580600
NAM  Reimers
OCL   60 39.77
UREF
PNO  2937500
ISD  19600500
NAM  Bodine
OCL   60 39.77
UREF
PNO  3005310
ISD  19611000
NAM  Reder
OCL   60 39.71
UREF
PNO  3266252
ISD  19660800
NAM  Hughes
OCL   60 39.77
UREF
PNO  3357175
ISD  19671200
NAM  Fischbach
OCL   60 39.69
FREF
PNO  117,220
ISD  19261000
CNT  CH
OCL   60 39.69
FREF
PNO  1,103,655
ISD  19550500
CNT  FR
OCL   60 39.7
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A gas generator comprises a combustion chamber, a gas storage chamber, a
      venturi tube joining the chambers, mechanism for supplying fuel to the
      combustion chamber via the venturi tube, a fuel igniter for igniting at
      least a portion of the fuel in the combustion chamber, and an outlet port
      in the combustion chamber for venting part of the expanding gases of
      combustion to provide a power output. The expanding gases of combustion
      expel a part of the unburned fuel to the storage chamber via the venturi
      tube for temporary storage and return to the combustion chamber via the
      venturi tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a gas generator for producing high pressure gas
      by burning expansible combustible material, and more particularly to a
      pulse type, multi-chamber gas generator which provides a flow of output
      gas for operating a turbine and the like by internally combusting fuel and
      air in at least one of the chambers.
PAR  Apparatus constructed according to the present invention has a pair of
      interconnected chambers, at least one of which comprises a combustion
      chamber utilized to burn at least a portion of the fuel introduced
      thereto. As the fuel is burned expanding gases are produced in the
      combustion chamber. A portion of the expanded gases is utilized to provide
      a useful power work output and another portion of the expanded gases is
      blown through a passage to a second chamber and forces unburned fuel in
      the combustion chamber into the second chamber. The pressure in the
      combustion chamber will lower so that the gas and unburned fuel in the
      second chamber will be redrawn into the combustion chamber. As the gas and
      unburned fuel pass between the chambers in the passage, additional fuel
      will be drawn into the chambers.
PAR  An object of the present invention is to provide a multi-chamber gas
      generator of the type described including a chamber-connecting passage
      having a throat of reduced cross section which is used as a venturi system
      to suck fuel into at least one of the chambers and pass gas and unburned
      fuel between the chambers.
PAR  When fuel is ignited in the combustion chamber, burning normally expands
      radially outwardly in all directions to produce an outwardly expanding
      fire ball. The high temperature, expanding gases of combustion, create an
      expanding high-pressure sphere which precedes the outwardly expanding
      flame front. The speed of expansion of the high-pressure sphere exceeds
      the speed of the flame front. This forces a substantial portion of
      unburned fuel to be expelled from the combustion chamber into the passage
      connecting the chambers before it has been consumed by the flame. When the
      unburned fuel is passed from the combustion chamber through the passage
      into the other chamber, the gas and fuel expelled into the passage must be
      cooled to prevent preignition of any fuel being sucked into the passage.
      Accordingly, it is an object of the present invention to provide a gas
      generator of the type described having a heat exchanger which cools the
      fuel being expelled from the combustion chamber below the flash point of
      the fuel.
PAR  The nature of the expanding flame front and the expanding gases makes the
      location of the outlet port and the igniter important. If the igniter were
      in the center of the chamber, unburned fuel would tend to be expelled
      through the outlet.
PAR  Another object of the present invention is to provide a multi-chamber gas
      generator of the type described including a combustion chamber, and an
      exhaust port in the combustion chamber positioned substantially
      diametrically opposite the passage which connects the chambers.
PAR  A further object of the present invention is to provide apparatus of the
      type described including heat exchanger mechanism in the passage for
      cooling expelled fuel below the flash point.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      to those of ordinary skill in the art from the following description when
      considered in relation to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional side view of a gas generator constructed according to
      a preferred embodiment of the invention;
PAR  FIG. 2 is an enlarged, sectional end view taken along the line 2--2 of FIG.
      1;
PAR  FIG. 3 is an enlarged view taken along the line 3--3 of FIG. 1,
      illustrating only the heat exchange mechanism;
PAR  FIG. 4 is an enlarged, side elevational view of the heat exchange mechanism
      illustrated in FIG. 3; and
PAR  FIG. 5 is a longitudinal, sectional side view of a slightly modified
      construction.
DETD
PAR  Apparatus constructed according to the present invention comprises an
      elongate housing, generally designated 10, having a combustion chamber,
      generally designated 12, at one end and a reduced diameter reservoir
      chamber 16 at the opposite end joined by a venturi tube, generally
      designated 18. The venturi tube 18, which is cylindrical in cross section,
      includes axially outwardly flaring side wall portions 20 and 22 joined at
      a reduced diameter throat section 24. A coolant jacket (not shown) may be
      used to cool the housing 10, if desired.
PAR  A plurality of passages 26 constituting inlet ports are provided about the
      circumference of the throat section 24 and communicates with an annular
      cylinder 28 connected to a fuel supply tube 29. An atomizer 30 is
      connected to a tube 29 for injecting petroleum, such as a commercially
      available grade of gasoline having an octane rating of 91, into an
      airstream provided in the tube 29 by a blower 32 which is connected to the
      tube 29 for forcing the fuel and air mixture into the venturi tube 18 and
      combustion chamber 12. The fuel supply tube 29 could also be suitably
      connected to a source of ignitable powder, such as coal dust, entrained in
      an airstream. Heat exchange mechanism, generally designated 34, is
      provided in the venturi tube 29 adjacent the combustion chamber 12 and
      includes a plurality of vertically spaced, solid metal fins 38 and a
      plurality of interspersed, elongate, hollow tube-like fins 40 dispersed
      therebetween. A heat transfer medium is pumped through the tube-like fins
      40.
PAR  An exhaust stack, generally designated 42, communicates with a port 44
      provided in the combustion chamber 12 diametrically opposite the heat
      exchange member 34. A check valve 45 closes the stack 42 to atmosphere
      until the internal chamber pressure builds to a predetermined level at
      which time gas flows freely in the direction of the arrow k. It is
      important that the stack 42 and the outlet 44 have a substantially reduced
      cross section to insure proper gas flow through the venturi tube 18 and
      provide for proper air-fuel mixture induction as will later be more fully
      described. The reduced cross section also insures that a continuous
      outward or positive flow of gases will be provided although the flow might
      increase and decrease in pressure and volume. A spark plug 46 is provided
      in the stack 42 for igniting fuel in combustor 12 and is connected to a
      suitable source of power, schematically designated 48, for igniting fuel
      and causing gases therein to expand as represented at 50.
PAR  When an electric spark is produced between the electrodes 47 of the
      sparking device 46, the petroleum and air mixture in the immediate
      vicinity of the sparking device ignites. The heat given off by the burning
      fuel particles causes the adjacent particles to ignite so that a
      sphere-like flame front, starting from the spark plug 46, spreads through
      the combustion chamber as represented at 49. High pressure is built within
      the chamber 12 due to high temperature, expanding gases of combustion. The
      speed of expansion of the sphere of high pressure gases 50 exceeds the
      speed of expansion of the flame front 49. Consequently, the high pressure
      gases expand to expel unburned fuel through the heat exchanger 34 in the
      direction represented by the arrow c, before it has been consumed by the
      expanding flame front 49.
PAR  As the unburned fuel passes through the heat exchange mechanism 34 in the
      direction of the arrow c, the heat exchanger 34 accomplishes its primary
      function of cooling the fuel-air mixture being expelled from the
      combustion chamber 12 into the venturi tube 18 below the flash point of
      the unburned fuel. As the gases flowing in the direction of the arrow c
      pass through the restricted throat section 24, the velocity of the gases
      increases and the pressure decreases, causing fuel to be sucked into the
      venturi tube 18 from the fuel supply tube 29 and moved with the gases in
      the direction of the arrow d into the reservoir chamber 16. As the gas in
      the outlet stack 42 is vented and the pressure in the chamber 12 drops,
      the gases and fuel stored in the reservoir chamber 16 will be redrawn into
      the chamber 12.
PAR  As the gas and fuel in the reservoir chamber 16 returns in the opposite
      direction represented by the arrow e, it again creates a low pressure in
      the venturi tube 18 to suck in additional fuel from the tube 29 to be
      carried thereby to the combustion chamber 12 through the heat exchanger
      34. As the stored fuel and newly admitted fuel pass through the heat
      exchanger 34, the heat exchanger 34 will again transfer much of the
      previously absorbed heat to the fuel entering the combustion chamber 12 in
      the direction of the arrow f. This is due to the fact that the temperature
      of the mixture of stored fuel and newly admitted fuel moving in the
      direction of arrow f is below the temperature of at least a portion of the
      heat exchange means which was previously heated due to the expulsion of
      the unburned fuel through the heat exchange means 34 in the direction of
      arrow e. The temperature in the mixture of stored fuel and newly admitted
      fuel, in some cases, being less due to additional heat transfer to the
      walls of chamber 16 and to the lower temperature of the fuel-air mixture
      being introduced in the venturi tube 18 through tube 29.
PAR  The powder product augmentor system, illustrated as a blower 32, will move
      added air into the chamber 12 to increase the pressure therein. The length
      of the supply tube 29 is adjustable so that it will resonate harmoniously
      with the static pause as the gas flow changes directions represented by
      the arrows c, d and e, f. This will tend to inhibit any back flow of fuel
      into the fuel supply tube 29. The high pressure node of the resonant wave
      will harmonize with the higher pressure condition at ports 26 due to the
      pause in the flow of gases. Apparatus, not shown, may be provided to
      change the effective diameter of the exhaust port 42 and the check valve
      49 to achieve desired working pressures in the chamber 12.
PAC  THE OPERATION
PAR  It will be assumed that the combustion chamber 12 and the reservoir chamber
      16 are charged with an ignitable fuel-air mixture. The spark plug 46 is
      energized to ignite the fuel-air mixture and an outwardly expanding flame
      front 49 is formed. Gases which are formed in the combustion chamber 12 by
      the combustion of the fuel builds and expands causing the pressure in the
      chamber 12 to build. Portions of the expanding gases are vented out the
      exhaust port 44, and the stack 42 and the check valve 45 as represented by
      the arrow x. The high pressure of the burning, expanding gases will force
      a larger portion of the combustion gases and unburned fuel in the
      combustion chamber 12 back through the heat exchanger 34 in the direction
      represented by the arrow c. The gases passed in the direction of the arrow
      c will suck additional fuel-air mixture into the venturi tube in the
      direction of the arrow g. The expelled gas, unburned fuel, and added fuel
      pass into the reservoir chamber 16. When the combustor 12 has partly
      exhausted the gases of combustion, the pressure in the combustor 12 will
      be lower than the pressure of the gases stored in the reservoir chamber
      16. Gases will then flow in a reverse direction from the chamber 16 to the
      chamber 12. As these gases return through the throat 24, they will suck
      additional fuel-air mixture through the tube 29 as represented by the
      arrow h. This reverse flow of fuel and gas movement through the heat
      exchanger 34 into the chamber 12, forces any remaining spent, burned gases
      through the outlet 42 to provide a substantially continuous, positive,
      though pulsating flow of output gases. A portion of the stored and newly
      supplied fuel will be ignited by the ignition spark 46 and the cycle will
      be repeated.
PAC  ALTERNATE CONSTRUCTION
PAR  A double acting system is illustrated in FIG. 5 and is generally similar to
      the system illustrated in FIGS. 1 - 4, except that the reservoir chamber
      16 has been replaced by a combustion chamber 16', which is identical to
      the chamber 12, and includes a combustion gas venting stack 42' and a fuel
      igniting spark plug 46'. Heat exchangers 34 and 34' are mounted on
      opposite ends of the venturi tube 18' primarily for the purpose of cooling
      the fuel being blown back through the heat exchange members 34 and 34' by
      the expanding gases in the combustion chambers 12' and 16' respectively. A
      suitable electrical spark distributor, schematically designated 50, is
      provided to alternately energize the spark plugs 46 and 46'.
PAR  In the double acting generator illustrated in FIG. 5, 30% to 40% of the
      burning, expanding gas in either of the combustors 12', or 16' is expelled
      via the stacks 42 and 42' at the time of ignition in the form of burned
      hot gases or products of combustion. The other 60% to 70% of the gases are
      forced back through the heat exchange members 34 and 34' where they are
      cooled and used to create a low pressure gas flow through the venturi tube
      18' to suck in new fuel and air via the supply tube 29'. The combustors 12
      and 16' thus function as combustion chambers, as well as reservoir
      chambers, for receiving fuel expelled by the combustors 16' and 12',
      respectively. All of the fuel-air mixture not forced back through the heat
      exchangers 34 and 34' by the expanding gases of combustion is burned and
      exhausted out the exhaust port as an output product. Part of the output
      product is expelled during the high pressure stage by the expanding gases
      and part of the output product is expelled by the inrushing gas and fuel
      of the subsequent cycle.
PAR  The operation of the alternate embodiment is similar to the operation of
      the embodiment illustrated in FIG. 1. When ignition occurs in chamber 12',
      expanding gases of combustion pass out port 42 as previously described.
      The major portion of the unburned fuel and gases in chamber 12 are forced
      through the heat exchanger 34 where they are cooled below the flash point
      of the fuel entering the venturi tube 18' via the fuel supply tube 29'.
      The gases expelled into the venturi tube 18 create a low pressure that
      draws or siphons in more fuel from the supply tube 29'. This fuel passes
      through heat exchanger 34' where the expelled fuel and newly added fuel is
      heated and passed into the chamber 16'. The incoming gas and fuel forces
      out any previously burned gases in the chamber 16' to pass outwardly
      through the outlet stack 42'. The volume of the chamber relative to the
      volume of the gas entering is such that the pressure builds quickly, and
      then the spark plug 46' is fired to reverse the cycle.
PAR  It is to be understood that the drawings and descriptive matter are in all
      cases to be interpreted as merely illustrative of the principles of the
      invention, rather than as limiting the same in any way, since it is
      contemplated that various changes may be made in various elements to
      achieve like results without departing from the spirit of the invention or
      the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A gas generator of the pulse jet type having at least one combustion
      chamber with an ignition device and an exhaust opening, the combustion
      chamber being connected to another chamber by a reduced venturi member for
      creating pulsed pressure and velocity differentials between the chambers
      due to the flow of partially combusted gases therethrough in phased
      relation so as to cause a fuel/air mixture to be introduced into at least
      one of the chambers through inlet port means located in the venturi member
      and mixed with the partially combusted gases, and so as to cause an
      exhaust of combusted gases through the exhaust opening, the improvement
      comprising:
PA1  heat exchange means disposed in the combustion chamber adjacent the venturi
      member and remote from the exhaust opening for removing heat from the
      partially combusted gases as they move from the combustion chamber through
      the venturi portion into the other chamber, said inlet port means being
      disposed in the venturi member between the heat exchange means and the
      other chamber, the heat removed being sufficient to bring the temperature
      of the partially combusted gases below the flash point of the fuel/air
      mixture being introduced into one of the chambers through the venturi
      member.
NUM  2.
PAR  2. A gas generator as defined in claim 1, wherein the heat exchange means
      supplies at least a portion of the heat previously removed from the
      partially combusted gases as they flowed from the combustion chamber to
      the other chamber, to the partially combusted gases which have been
      combined with the fuel/air mixture in the venturi member, the heat being
      supplied as the partially combusted gases and fuel/air mixture move
      through the heat exchange means from the other chamber into the combustion
      chamber.
NUM  3.
PAR  3. A gas generator of the pulse jet type wherein a plurality of chambers,
      at least one of which is a combustion chamber having an ignition device
      and an exhaust opening, are provided interconnected by a venturi member
      for creating pulsed pressure and velocity differentials between the
      chambers due to the flow of partially combusted gases therethrough in
      phased relation so as to cause a fuel/air mixture to be introduced into at
      least one of the chambers through inlet port means located in the venturi
      member and mixed with the partially combusted gases and so as to cause an
      exhaust of the partially combusted gases through the exhaust opening, the
      improvement comprising:
PA1  heat exchange means disposed in the at least one combustion chamber
      adjacent the venturi member and remote from the exhaust opening in the at
      least one combustion chamber, said inlet port means being disposed in the
      venturi member between the heat exchange means and another of the
      chambers, the heat removed being sufficient to bring the temperature of
      the partially combusted gases below the flash point of the fuel/air
      mixture being introduced.
NUM  4.
PAR  4. A gas generator as defined in claim 3, wherein there are two combustion
      chambers interconnected by the venturi member, each combustion chamber
      containing heat exchange means disposed adjacent the venturi member and
      remote from the exhaust opening in each chamber.
NUM  5.
PAR  5. A gas generator as defined in claim 3, wherein the heat exchange means
      supplies at least a portion of the heat previously removed from the
      partially combusted gases as they flowed from one of the two combustion
      chambers to the other combustion chamber, to the partially combusted gases
      which have been combined with the fuel/air mixture introduced in the
      venturi member, as the partially combusted gases and fuel/air mixture move
      from the other combustion chamber into the one combustion chamber.
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ABST
PAL  Air breathing gas turbine engine design concepts, and methods and apparatus
      for providing variable engine cycles are disclosed. The preferred engine
      embodiments involve two flow control valve systems for internal management
      of air, each of which have the capacity to cross-over or invert adjacent
      annular flow patterns, and at least one of which is capable of switching
      from inverted to straight through flow.
PARN
PAC  FIELD OF THE INVENTION
PAR  This is a Continuation-In-Part of each of the following copending U.S.
      patent applications: Ser. No. 196,422 filed Nov. 8, 1971 entitled "Annulus
      Inverting Valve" and issued Dec. 18, 1973 as U.S. Pat. No. 3,779,282 ;
      Ser. No. 226,850 filed Feb. 16, 1972 entitled "Increased or Variable
      Bypass Ratio Engines" and issued Feb. 19, 1974 as U.S. Pat. No. 3,792,584
      ; and Ser. No. 329,768 filed Feb. 5, 1973 entitled "Variable Bypass Ratio
      Engines" and issued Dec. 17, 1974, as U.S. Pat. No. 3,854,286.
BSUM
PAR  This invention relates to air breathing turbine engines and, more
      particularly, to methods and apparatus for providing variable engine
      cycles and variable bypass ratios.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is the result of continuing development work on the basic
      concepts set forth in the three parent U.S. patent applications referenced
      hereinabove. This patent application should be considered to incorporate
      by reference all of the detailed description and background information
      contained therein, since for reasons of conciseness, total repetition will
      not be attempted here.
PAR  It is well-known that the single bypass ratio engines in use today have not
      reached their performance potential because the designs have been
      compromised to achieve satisfactory performance at several different
      flight conditions. For this reason, the obtaining of variable bypass ratio
      and variable engine cycle characteristics have been long sought goals of
      aircraft engine designers. Many schemes have been proposed, but most have
      not been successful or practical.
PAC  OBJECTS OF THE INVENTION
PAR  A general object of this invention is to present solutions to several
      current problems in aircraft propulsion design, including but not limited
      to the following: (1) gross changes to the engine cycle for matching
      diverse operating requirements of commercial and military aircraft; (2) a
      basic change to the engine cycle currently considered required for
      supersonic aircraft, to provide substantially improved subsonic fuel
      consumption and jet noise; (3) airflow management capability within the
      engine to create practical variable engine cycles to improve performance
      and the installed drag of the inlet and exhaust systems.
PAR  A specific object of this invention is to provide a flow control system for
      internal management of intake and exhaust air within a turbine engine such
      that the engine cycle characteristics may be selectively changed as
      desired for efficient for efficient or near optimum performance in more
      than one flight regime, and to do so with minimum impact on the continuous
      operation of the core gas generator system.
PAR  A further specific object of this invention is to provide a multicycle
      engine characterized by two flow inversion passageways which each have the
      capacity to cross-over or invert separated adjacent annular flow patterns
      within the confines of an annular passageway having an area substantially
      equal to the combined area of the adjacent annular flow patterns at
      substantially all locations along its length.
PAR  A still further related specific objective of this invention is to provide,
      in an engine of the type described, means for switching at least one of
      said flow inversion passageways from inverted to straight through flow to
      thereby alter the engine cycle characteristics of said engine.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a multicycle engine (MCE) that may be switched into
      at least two different basic engine cycles. The engine will function
      efficiently as either a high pressure ratio turbofan, or as a low pressure
      ratio turbojet. The preferred embodiments are characterized by two special
      and unique flow control valve passageways which have the capacity to
      cross-over or invert separated adjacent annular flow patterns. In the
      preferred embodiments shown, at least one of the valve passageways is
      capable of switching from inverted to straight through flow. As shown, a
      switchable valve passageway (of the type fully described in the parent
      patent applications referenced hereinabove) is located between a pair of
      front fan stages in the forward region of the engine, and either a fixed
      or a switchable flow inverting passageway is located aft of the core gas
      generator. The various components and passageways of the engine are
      arranged with respect to the flow inverting passageways such that it is
      possible to switch the engine cycle from that of a high pressure ratio
      turbofan to that of a low pressure ratio turbojet.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The eight FIGS. 1a through 4b, shown on the first sheet of drawings,
      schematically depict the high and low bypass modes of a forward fan
      turbofan, a forward and aft turbofan, a single split turbojet, and a part
      span valve turbofan; each engine being of the single valve type fully
      described in the referenced parent U.S. patent applications.
PAR  FIGS. 5a and 5b show two different modes of operation of a two-valve
      embodiment of this invention wherein each valve is switchable from
      inverted to straight through flow.
PAR  FIGS. 6a and 6b illustrate two other modes of operation for the basic
      engine of FIGS. 5a and 5b, and shows the use of an optional flap type
      nozzle rather than a plug nozzle.
PAR  FIGS. 7a through 7d illustrate four different modes of operation of a
      preferred two-valve embodiment of this invention wherein only the forward
      valve is switchable from inverted to straight through flow.
PAR  FIG. 8 is an isometric view of the fixed valve passageways of FIGS. 7a
      through 7d.
PAR  FIG. 9 is a schematic cross-section of the movable flap nozzle of FIGS. 7a
      through 7d.
PAR  FIG. 10 is a plot of installed thrust versus noise for two conventional
      engines and the multicycle engine of this invention.
PAR  FIGS. 11 and 12 are comparison plots of installed thrust versus specific
      fuel consumption for subsonic cruise and supersonic cruise respectively.
PAR  FIGS. 13, 14 and 15 are plots of corrected airflow versus compressor
      pressure ratio.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The eight FIGS. 1a, 1b through 4a, 4b on sheet 1 of the drawings
      schematically depict four variable bypass engines which have been fully
      described in the referenced parent patent applications. Each engine type
      is designated on the drawings, and shown in both the high and low bypass
      mode of operation. In each engine, a single means for inverting flow 10 is
      located between fan stages 16 and 18. The means for inverting flow is
      preferably an annulus inverting valve 12, 14 of the type described in the
      parent patent applications, although other flow inverting devices may be
      developed by persons skilled in this art. The core engine 20 is arranged
      in various positions, depending on the engine type. The engines of FIGS. 2
      and 4 have an advantage in that the airflow into the core gas generator 20
      is essentially unaffected by changes in the flow patterns through the flow
      inverting device. In FIG. 4, for example, flow passes through inner
      passage 22 directly into the compressor stages 24 without being influenced
      by the position of valve 12, 14, thereby allowing for smooth continuous
      operation of the core gas generator 20.
PAR  FIGS. 5a, 5b, 6a and 6c show a preferred embodiment of this multicycle
      engine (MCE) invention wherein two switchable means for inverting, and
      straightening adjacent annular flow patterns are used. For convenience in
      describing and discussing these MCE configurations, and those of FIGS. 7a
      through 7d, the following nomenclature will be used:
     MCE    --    multicycle engine of this invention                          
     AIV    --    annulus inverting valve of these inventions                  
     SST    --    supersonic transport aircraft                                
     SFC    --    specific fuel consumption                                    
     BPR    --    bypass ratio                                                 
     RPM    --    revolutions per minute                                       
     N.sub.1                                                                   
            --    design RPM (low-spool)                                       
     T.sub.5                                                                   
            --    combustor exit temperature                                   
     R.sub.fan                                                                 
            --    fan pressure ratio                                           
     R.sub.poa                                                                 
            --    overall cycle pressure ratio                                 
     LP     --    low pressure                                                 
     LPC    --    low pressure compressor                                      
     LPT    --    low pressure turbine                                         
     HP     --    high pressure                                                
     HPT    --    high pressure turbine                                        
     HPC    --    high pressure compressor                                     
     Fan 1  --    fan stages forward of AIV                                    
     Fan 2  --    fan stages aft of AIV                                        
     dB     --    decibels                                                     
     .THETA.                                                                   
            --    temperature ratio = T.sub.local (.degree.R)/519.67           
PAR  FIG. 5a depicts a MCE embodiment in a turbofan high bypass mode, suitable
      for takeoff and subsonic cruise. The engine is equipped with a switchable
      AIV 10 having a rotatable forward portion 12 and a fixed aft portion 14.
      The AIV 10 is set in a flow inversion mode as indicated by the arrows on
      the drawing. Fan 1 is shown at 16, Fan 2 at 18 on either side of AIV 10.
      The core engine 20, inner passageway 22, and compression stages 24 are
      arranged substantially as in the FIG. 4 single valve embodiment. Located
      between intermediate passageway 25 and outer passageway 27 is a pivotally
      mounted flow control flap system 26. Actuator means for switching the mode
      of valve 10 is shown at 28. A second switchable AIV is provided at 30, and
      is set in the straight-through mode, with forward portion 32 and aft
      portion 34 aligned in the manner fully described in the parent patent
      applications. Core engine 20 is equipped with a burner 35, HPT stages 36,
      and LPT stages 38. A combustor burner element 40 is located just forward
      of combustion chamber 41 and aft turbine 42. Element 40 is not normally
      lit for this mode of operation, although it may optionally be used if
      desired to increase thrust at takeoff.
PAR  FIG. 5a shows a two spool engine with a HP shaft 44 and a LP shaft 46.
      However, as will be understood by persons skilled in this art, it could be
      readily modified as a three spool engine. Actuator means for switching the
      mode of valve 30 are shown at 48. For purposes of illustration, FIG. 5a
      shows a translating plug nozzle 50, although other conventional types may
      be used.
PAR  In the FIG. 5a mode of operation, airflow passing to the engine core
      through inner passageway 22 is compressed to about 20 atmospheres, with
      heat added in burner 35. The compressor stages 24 are driven by HPT stages
      36. The forward AIV 10 splits the fan flow. Airflow entering AIV 10 exits
      to the nozzle 50 region after being compressed to about 21/2 atmospheres
      by Fans 1 and 2, located at 16 and 18 respectively. A suitable range of
      cycle pressure ratios, fan pressure ratios, and bypass ratios can be
      obtained with this general design configuration. The specific parameters
      discussed here were selected to suit a particular supersonic transport
      aircraft. The BPR of 2.5 and 20:1 pressure ratio are well suited because
      of low jet velocity produced at takeoff for low noise and a low SFC at
      subsonic cruise.
PAR  FIG. 5b shows the configuration of 5a switched to the low bypass mode for
      transonic climb and supersonic cruise. Both AIV 10 and AIV 30 have been
      switched to opposite settings. AIV 10 passes flow straight through and AIV
      30 is set to invert the adjacent annular flow patterns. Burner 40 is lit
      and combustion occurs in chamber 41. The engine functions as a low
      pressure ratio turbojet. The work split between turbines 38 and 42 is
      appropriate. The work done on the airflow through the inner region of
      valve 10 is provided by turbine 42. The work split does not have to be
      exact for the engine cycle to behave as a low pressure ratio turbojet, and
      some adjustment of this work split can be made to match the flow function
      into turbine 42. The work done by turbine 42 must be kept at a significant
      level, however, to prevent the engine from becoming, in effect, an
      augmented turbofan. In FIG. 5b, flap 26 is moved to close flow in outer
      passageway 27.
PAR  FIGS. 6a and 6b depict essentially the same engine as shown in FIGS. 5a and
      5b, with the exception that an optional augmentor burner 60 and an
      optional flap nozzle 62 have been added, and two other and different modes
      of operation are shown.
PAR  In FIG. 6a, both AIV 10 and AIV 30 are set to invert or cross-over their
      adjacent annular flow patterns. In this mode, the use of burner 40 and
      augmentor 60 is optional. In general, a lower bypass ratio and pressure
      ratio over the FIG. 5b mode would result.
PAR  In FIG. 6b, both AIV 10 and AIV 30 are set to pass flow straight through,
      with burner 40 lit, and augmentor 60 used if desired. Flap 26 closes flow
      in outer passageway 27. The resulting mode could give medium bypass ratio
      of the order of 1.6 and may be useful under certain flight conditions.
PAR  FIGS. 7a, 7b, 7c and 7d show operating modes for a MCE embodiment in which
      the rear AIV has been fixed in the inverting flow position to provide
      maximum simplicity of construction for commercial aircraft application.
      The loss of the switching feature in the rear AIV creates a slight penalty
      in subsonic SFC. It should be understood that a switchable AIV may readily
      be incorporated here for the advantages set forth in the discussion of the
      FIGS. 5a through 6b embodiments.
PAR  FIG. 7a shows a MCE equipped with a switchable AIV 10 located between fans
      at 16 and 18. As in previous embodiments, inner passageway 22 carries
      airflow to compressor 24 free of influence from the setting of AIV 10. A
      surge bleed valve 29 is located between outer passageway 27 and
      intermediate passageway 25. A fixed inverting system such as an integrally
      constructed AIV 60 of the type shown in the parent patent applications and
      detailed in FIG. 8 of these drawings, is located between turbines 36, 38
      and combustor chamber 40. An axi-symmetric inlet 70 which includes a
      translating centerbody 72 and a fixed throat 74 has been selected for this
      embodiment. Inlet bypass and intake doors 76 selectively allow flow into
      or away from the region of outer passageway 78. Shutoff valves 80 and 82
      may be used to prevent flow in outer passageway 78. A flow divider 84
      extension and an "iris" type adjustable flap system 86, pivotally mounted
      as at 88, may optionally be used to control nozzle flow. The outer nozzle
      90 is adjustable and the diameters at 92 and 94 can be individually
      controlled. The mechanism of nozzle 90 is believed to be novel and
      therefore details are shown in FIG. 9 of these drawings.
PAR  FIG. 7a shows the MCE in the takeoff mode. The inlet doors 76 are opened to
      augment the main inlet airflow for high pressure recovery. The shutoff
      valves 80 and 82 are open to admit airflow through AIV 10 and into Fan 2
      and 18. The air is compressed by Fan 2 and travels to the rear AIV 60 via
      passageway 25. It then is heated in combustor 40 and expands through
      turbine 42 and merges with the outer flow at flap 86 where it is expelled
      through the nozzle 90. The remainder of the inlet airflow is compressed by
      Fan 1 at 16 and is split into AIV 10 and inner passageway 22. Passageway
      22 delivers to the LPC at 18. The airflow into AIV 10 is transmitted into
      outer passageway 27 as bypass air. The LPC at 18 delivers air to the HPC
      at 24, then to the combustor chamber where it expands through the HPT at
      36 and the LPT at 38, then through fixed AIV 60 to the mixer extension 84
      where the two flows co-mingle and merge with the primary stream at 86 and
      out of nozzle 90. The surge bleed valve 29 may be opened to allow part of
      Fan 2 airflow to enter in the Fan 1 duct 27. This maintains good
      efficiency and stability on Fan 2. If the valve remains closed, Fan 2
      could be forced into an unstable surge condition. The takeoff nozzle
      throat area at 94 is slightly larger than the subsonic cruise area, as
      will be set forth in the discussion of FIG. 9. At the same time, a static
      pressure balance between the two adjacent streams at 86 is maintained by
      displacing the inner surface of the nozzle at 92. This provides adjustment
      of the area and static pressure at 86. This mode may be used a takeoff and
      through the subsonic climb-out. Variable stators are in the high-flow
      position for Fans 1 and 2 to achieve the highest thrust level.
PAR  The work from turbines 38 and 42 are both added together in the LP spool 44
      to drive the Fans 1 and 2 and the LPC at 18. HPT 36 drives HPC 24 through
      the HP spool 46. Fan 2 at 18 is formed by a continuation of the LPC
      blades. A circumferential "rim" or "platform" is required to seal between
      the inner and outer annulus regions of these blades, since the LPC has
      been compressed to a higher pressure by Fan 1 at 16. A rotating labyrinth
      type seal would preferably be used to prevent flow leakage from the LPC
      region into the fan stream.
PAR  FIG. 7b shows the engine in the subsonic cruise mode. The auxiliary inlet
      takeoff doors 76 and the surge bleed valve 29 are closed. The aft
      combustor 40 is turned off. The mixer area at 86 and the nozzle throat
      area at 94 are adjusted for best subsonic operation. The variable stators
      in Fans 1 and 2 are set in the low-flow position for lowest SFC and best
      component match. The forward combustor is throttled back to match the
      airplane drag. Combustor 40 can also be used to add heat for more thrust
      if required for other reasons, however, the SFC may increase. This mode in
      all other respects is the same as the takeoff mode.
PAR  FIG. 7c shows the transonic climb mode. The inlet bypass doors 76 are
      opened to remove the excess inlet airflow not required by the engine.
      Valve 80 is closed and simultaneously forms a smooth entry into Fan 1 at
      16 where the inlet airflow supply enters and is compressed. Part of this
      flow travels to the LPC at 18 after being split at AIV 10, the remainder
      of Fan 1 flow travels straight through AIV 10 into Fan 2 at 18 where it is
      further compressed and passed to the aft combustor 40 via intermediate
      passageway 25 and fixed AIV 60. Heat is added in combustor 40 and the hot
      flow then expands through turbine 42 and travels to the primary nozzle
      throat at 86 and then the flow expands to ambient pressure at the nozzle
      discharge point 94. The LPC flow at 18 enters the HPC 24 where it is
      further compressed. It then enters the combustor where heat is added and
      expands through HPT 36 and LPT 38. The flow leaving 38 travels through AIV
      60 across the mixer extension 84. There is no flow in outer passageway 27.
      Passageway 85 carries the flow to the second nozzle throat between 86 and
      92. The flow expands to ambient at 94. The turbine 42 and turbine 38 work
      is accumulated in the LP spool 44 to drive the Fans 1 and 2 and the LPC at
      18. The amount of work that turbine 42 delivers to the LP spool is roughly
      equal to the work of compression done by Fans 1 and 2 on the airflow in
      passageway 25. This would result in two turbojet cycles, but the work
      level and physical size of turbine 42 is a very sensitive design parameter
      in the MCE. The turbine 42 size and work level is usually compromised to
      give best performance in all areas of operation.
PAR  The FIG. 7d mode is essentially the same as the transonic climb mode of
      FIG. 7c except: (1) the inlet bypass doors 76 are closed; (2) the surge
      bleed valve 27 is closed; (3) combustor 40 is throttled back to match
      airplane drag; (4) nozzle final area at 94 is adjusted for full nozzle
      expansion; and (5) nozzle throat area at 92 is adjusted for best SFC. If
      the inlet type that is used with the MCE dictates that the inlet must be
      oversized for subsonic cruise airflow, then the shutoff valve 82 (or
      optionally 80 if it is used) may be opened partially to pass the excess
      inlet airflow that results from oversizing. It can be mixed with the
      engine airflow at 84 and it can be expelled through the main nozzle system
      at a low overall loss. Off-design inlet airflow matching may also be
      accomplished with the same method. An alternative method would be to open
      the bypass doors 76 to expel the excess flow. However, this may be
      inefficient because such doors normally form a poor nozzle and have large
      drag.
PAR  FIG. 8 is an isometric view of the fixed AIV 60 schematically shown in
      FIGS. 7a - 7d, with exploded views of three of the individual duct
      elements. Passageway configurations of this type have been found to have
      good flow efficiencies. They are fully described and discussed in the
      parent patent applications. The outer surface 100 can be, and is in the
      configuration of FIGS. 7a - 7d, conically shaped. The inner wall surface
      is, but need not necessarily be, cylindrical. The passageways can be
      shaped to increase in area in either direction, although for ease of
      portrayal, FIG. 8 is shown to be substantially cylindrical. Also, if
      switching is not required, the passageways B and A can have unequal areas
      as is shown in FIG. 8. The duct elements each extend along the
      longitudinal extent of the passageway between the entrance end at 102 and
      the exit end at 104. A duct element B is isolated in FIG. 8 and shows a
      generally rectangular entrance section 108 which actually is a segment of
      an annulus extending partly across the passageway, an intermediate
      generally triangular section 116, intermediate generally rectangular
      sections 118 which are actually segments of an annulus which extend
      entirely across the passageway between the outer surface 100 and the inner
      surface 101, and corresponding sections leading to a generally rectangular
      exit section 110 which is a segment of an annulus extending partly across
      the passageway from the opposite side of the passageway from that of the
      entrance section 108. It should be apparent then that the AIV 60 functions
      to invert and cross-over adjacent annular patterns A and B within the
      confines of a passageway having an area substantially equal to the area of
      the combined two patterns at substantially all locations along its length.
      The parent patent applications contain an exhaustive treatment of this
      type of passageway both in the fixed integrally constructed version shown
      here and in the switchable version such as the AIV 10 used in FIGS. 1
      through 7 of these drawings.
PAR  FIG. 9 shows a cross-section of a segment of the flap nozzle system 90 used
      in the FIG. 7 embodiments. The nozzle is shown in solid lines in the
      takeoff and subsonic cruise position. The nozzle comprises an outer wall
      120 pivotally mounted at 122, an actuator 124 for positioning outer wall
      120, connecting means 126 which attaches outer wall 120 to inner wall 128,
      an actuator 130 for positioning inner wall 128, which has a free end of
      appropriate curvature for providing fairing with the engine wall 134 and
      the wall of primary nozzle at 136. As noted previously, the primary nozzle
      is equipped with flap segments 86, pivotally mounted at 88 to allow flow
      control of the primary exhaust stream and/or control of the size of outer
      passageway along 136. The dotted line position at 138 may be used for
      transonic climb and the dotted line position at 140 is the full expansion
      position normally used for supersonic cruise.
PAC  DISCUSSION OF THE OPERATING CHARACTERISTICS OF THE MULTICYCLE ENGINE OF
      THIS INVENTION
PAC  Advantages of the MCE
PAR  The multicycle engine (MCE) of this invention is a variable cycle engine
      that allows selection of different engine cycles to improve performance
      during subsonic and supersonic flight conditions. The MCE will provide a
      high pressure ratio turbofan, and also a low pressure ratio turbojet. It
      is this capability that gives the MCE its major advantage over
      conventional turbojets or turbofans. The MCE has several other fundamental
      advantages that result from the unique flow switching capabilities that
      are described in the discussion that follows.
PAR  The MCE configuration shown in FIGS. 7a - 7d has been selected for the
      following discussion of operating characteristics. The comments made here
      relate specifically to this one MCE embodiment and to one mission profile
      analysis. They are offered by way of illustration to enable the reader to
      better understand some of the trade-offs in operating characteristics
      available with the MCE, and should not be considered to limit the scope of
      the invention in any way. Components have been optimized for the SST
      application at an advanced technology level. Current technology levels
      (e.g. T.sub.5 =  2400.degree.F) may cause a reduction in BPR below that
      which has been assumed, but even if somewhat lower BPR is used, the
      advantages compared to conventional engines should be apparent to persons
      skilled in this art. BPR can readily be selected anywhere between 1 and 5
      with the MCE concept without undue difficulty in matching components.
      However, the optimum fan pressure ratio reduces with increasing BPR, with
      an accompanying increased supersonic SFC.
PAR  In the design of MCE, it has been found that at BPR = 3 for the high bypass
      mode, the optimum fan pressure ratio (R.sub.fan) for subsonic cruise gives
      nearly optimum pressure ratios in the low bypass mode at supersonic
      cruise. Also, the physical size of the ducts surrounding the engine can be
      fairly easily contained within a reasonable pod shape. FIGS. 7a - 7d show
      a realistic pod designed for Mach 2.4, where the outer cowl surfaces are
      determined by the inlet and nozzle flow in the low mode at supersonic
      cruise. The engine components and duct sizes are drawn approximately to
      scale, and the engine envelope will easily fit within the confines of the
      nacelle cowl lines. At BPR = 4 however, the ducts would be considerably
      larger because the density is lower (at optimum R.sub.fan) and the
      quantity of flow is greater. The MCE at BPR = 4 may not fit within the
      desired cowl envelope, and the nacelle would have to be enlarged to
      accommodate the engine. This would cause the nacelle drag and weight to
      increase.
PAR  In certain missions subsonic SFC may play a stronger role, and increasing
      the BPR for reduced SFC may be desirable. This would complicate the inlet
      matching because the increased subsonic airflow would exceed the inlet's
      supply capacity. Auxiliary intakes may then be required. The engine
      illustrated in FIGS. 7a - 7d required about 10% more flow at subsonic
      cruise than the first proposed inlet could provide, and this required
      increasing its size by 10%, with attendant weight and drag penalties. A
      two-dimensional inlet design of a type known in the art could be used to
      increase subsonic cruise flow capacity by about 20%. However, for the
      airplane installation and mission under review it was elected not to use a
      two-dimensional inlet, for other reasons.
PAR  The ultimate choice of BPR, R.sub.fan , and R.sub.poa , in the MCE depends
      on the maximum speed of the aircraft, the relative importance of subsonic
      and supersonic legs of the mission, the type of inlet desired or required,
      and the takeoff noise and thrust requirements. Although some of these
      criteria have conflicting-cycle requirements, the major benefits achieved
      with the gross change in cycle that is permitted with the MCE concept,
      minimizes the problems encountered in past design efforts with
      conventional engines.
PAR  One of the most sensitive design parameters in the MCE is the aft turbine
      physical size and design point. The MCE of FIGS. 7a - 7d was designed in
      the high BPR mode with 38% of the total LP shaft power delivered by the
      aft turbine, with the two fans high-flowed 10%, with the LP shaft at 105%
      speed, and both burners at 2800.degree.F. Variations in aft turbine size
      of .+-. 10% are normally evaluated at all key flight conditions to
      fine-tune the turbine size. This adjustment is accomplished by varying the
      amount of surge bleed at the design point. This MCE uses about 10% surge
      bleed (10% of Fan 2 flow) at design point.
PAC  Noise
PAR  In an SST mission, it is desirable to provide takeoff thrust at low jet
      noise levels. This can be accomplished by increasing the quantity of
      airflow and decreasing the jet velocity. The engine size is normally
      dictated by climb thrust requirements. However, when the engine is matched
      to the airplane to satisfy U.S. Federal Aviation Regulation noise
      requirements, takeoff thrust becomes the critical size point in the SST.
      Conventional engines must carry the oversized engines over the entire
      mission, with a large penalty in drag and weight. The MCE, however,
      derives a weight and drag benefit because the forward AIV provides a
      substantial airflow increase at takeoff. The increased airflow also
      provides an efficient turbofan cycle for subsonic operation. This has been
      estimated to save about 35% of the 50,000 lb. reserve fuel that is used
      for subsonic cruise to an alternate airfield and for holding purposes.
      When the SST flies supersonic or in transonic climb-acceleration, the MCE
      would be switched to the low BPR position and becomes, in principle, two
      ideal turbojets, concentric about each other.
PAR  The jet noise characteristics of conventional engines which could be used
      for a typical SST aircraft are compared with those of the MCE in the plots
      of FIG. 10. The size of each engine was selected to best match the
      airplane performance requirements and to achieve minimum noise without
      suppression devices. The dry turbojet size is about 725 lb/sec for the SST
      of this example, the duct-heating turbofan is about 900 lb/sec, and the
      MCE is 900 lb/sec in the high mode and 600 lb/sec in the low mode. In
      order to provide the takeoff thrust at the lowest noise level, the
      turbojet is throttled back, and the turbofan's augmentor temperature is
      reduced. The MCE can also be throttled back to achieve reduced noise
      levels as indicated by the required thrust throttle-line for all three
      engines in FIG. 10. Since thrust is the product of mass flow and velocity,
      the turbofan and the MCE engine would be expected to produce about the
      same noise at the 900 lb/sec size shown.
PAR  Jet noise correlations made by Lighthill indicates that Jet Stream Noise is
      proportional to:
EQU  10 log .rho..sup.2 V.sub.j.sup.8 A.sub.j = 20 log .rho. + 10 log A.sub.j +
      80 log V.sub.j
PAL  Where: .rho. = density v.sub.j = VELOCITY OF JET A.sub.j = AREA OF JET
PA1  Reference: "On Sound Generated Aerodynamically, Part II, Turbulence as a
      Source of Sound" by M. J. Lighthill, Published in the Proceedings of the
      Royal Society of London 1954, London, England.
PAR  The jet noise is largely determined by the relative jet velocity in
      Lighthill's formula. However, the density can also contribute
      significantly and this is partly why the MCE is 6 dB lower in noise at the
      same thrust and airflow as the turbofan. The turbojet makes considerably
      more noise than either of the other two because its airflow is about 20%
      less and its jet velocity must therefore be about 20% higher.
PAR  Actual engine test measurements have shown good agreement with Lighthill's
      formula, however, the exponent on velocity has been found to be closer to
      10 than 8 at the velocity level that is exemplified here (V.sub.j relative
      = 1500 to 2000 ft/sec).
PAR  A typical turbofan design compromised for best all around performance on a
      SST may have a R.sub.fan of about 3.5:1  and BPR = 2. It may have an
      augmentor system located in the fan duct that could be used to increase
      the velocity of the fan air for takeoff, climb, and supersonic cruise. The
      MCE with a R.sub.fan of about 2.5:1 is much quieter because it has lower
      velocity and lower density. The second fan flow is also directed through
      the aft turbine after being heated in the aft combustor. This lowers the
      pressure of the Fan 2 flow to a point where it makes very little noise
      because of the low density and velocity. The LP turbine flow is mixed with
      the Fan 1 flow and also leaves the engine at a relatively low pressure,
      velocity, and density. The velocity of each stream can be adjusted by
      controlling the nozzle area and hence the work done in each stream. In
      this way, the noise can be driven down while maintaining high thrust.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     JET PROPERTIES COMPARISON                                                 
     MACH. 30 800 FT ALTITUDE                                                  
                      Conventional Duct                                        
                                 Multicycle Engine                             
                      Heating Turbofan                                         
                                 (.3 configuration)                            
                      Primary                                                  
                           Secondary                                           
                                 Primary                                       
                                      Secondary                                
     __________________________________________________________________________
     Reference Airflow                                                         
     Size SLS Design (LB.sub.m /SEC)                                           
                      900        600/900                                       
     Actual Airflow at Takeoff                                                 
                      900        1000                                          
     Thrust at Takeoff (example                                                
     point along throttle line) (LB.sub.f)                                     
                      54,300     53,000                                        
     Net Jet Velocity                                                          
     (V.sub.J - V.sub.A/P)FT/SEC                                               
                      1470 2020  1744 1620                                     
     Nozzle Total Temp, .degree.R(T)                                           
                      1980 1724  2800 1232                                     
     Nozzle Pressure Ratio (P.sub.R)                                           
                      1.74 3.14  1.64 2.97                                     
     Nozzle Throat Area, ft.sup.2 (A)                                          
                      6.95 7.70  8.2  8.47                                     
     Relative Density = PR/T =(.rho.)                                          
                      0.88 1.82   58  2.41                                     
     NOISE                                                                     
     100 log V/V.sub.ref                                                       
                      -13.8                                                    
                           BASE  -6.4 -9.5                                     
     20 log .rho./.rho..sub.ref                                                
                      -6.3 BASE  -9.9 +2.4                                     
     10 log A/A.sub.ref                                                        
                      -0.4 BASE  +0.3 + 4                                      
     TOTAL NOISE DIFFERENCE                                                    
                      -20.5                                                    
                           BASE  -16.0                                         
                                      -6.7                                     
     TOTAL NOISE      BASE       -6.7                                          
     __________________________________________________________________________
      Noise level differences below 15 dB do not add any measurable noise to th
      dominant source (approximate +0.10 dB at -15 dB)                         
PAR  Table 1 shows a comparison of typical noise characteristics of a turbofan
      engine and the MCE. Data are shown at two similar thrust points along the
      engine throttle line, and the noise components due to velocity, density,
      and area are given for each stream in each engine. The MCE derives about 6
      dB noise reduction over the turbofan at equal thrust, primarily because
      the dominant noise stream has a 400 ft/sec reduction in velocity. This
      causes a reduction in thrust; however, the primary stream velocity is
      greater than the turbofan. The primary streams of both engines are at
      least 15 dB lower in noise and they do not contribute significantly to the
      total noise (less than 1/10 dB). The MCE fans are high-flowed 10% for
      takeoff, which allows a lower jet velocity at the same thrust. The
      turbofan cannot derive the same benefit from high-flowed fans because the
      turbine work would increase significantly, driving the thrust of the
      primary stream to a low level, with a net effect of very little, if any,
      thrust increase. The MCE has two burners and two turbine streams from
      which it can provide the necessary work, and it therefore does not have
      this problem of the conventional turbofan.
PAC  Cruise Fuel Consumption
PAR  The major engine cycle characteristics such as BPR, fan pressure ratio
      (R.sub.fan), or overall cycle pressure ratio, (R.sub.poa), govern the
      efficiency of the engine at subsonic and supersonic cruise conditions.
      These parameters normally have opposite trends as to the best
      characteristics for each flight regime. For example, the turbofan must be
      designed with a compromised R.sub.fan and BPR to achieve its best overall
      performance on the airplane. Because the MCE does not suffer from this
      compromise, a higher BPR and lower R.sub.fan can be used at subsonic
      cruise, giving an improved subsonic SFC.
PAR  FIG. 11 illustrates the improvements that are derived with the MCE relative
      to the other types of SST engines. The engine cycle characteristics of the
      MCE that are desirable at takeoff are also desirable at subsonic cruise
      (high BPR, low R.sub.fan). These cycle characteristics would normally
      produce a poor engine cycle at supersonic cruise, primarily because the
      thrust lapse rate is very high with increasing flight speed for high BPR
      turbofans. In order to improve the thrust at this condition, lower BPR and
      higher R.sub.fan is required in the case of the conventional turbofan. The
      MCE however, alleviates this problem by switching the forward AIV. The fan
      flow is then heated and allowed to expand through a turbine, forming a
      turbojet cycle in principle.
PAR  FIG. 12 compares the fuel consumption at supersonic cruise, and the MCE is
      very nearly equal to the dry turbojet in SFC, and significantly better
      than the turbofan at the airplane match point (Thrust = Drag). The thrust
      of the MCE in the low mode at maximum climb power is about 40% greater
      than the conventional turbojet at equal sea-level airflow as shown in FIG.
      12.
PAC  Supersonic Thrust
PAR  Supersonic thrust increase is a fundamental advantage of the MCE that is
      not normally possible to achieve with conventional engines. In order to
      describe this, it is necessary to understand how a conventional
      single-spool turbojet engine is controlled and matched for good supersonic
      and subsonic cruise performance. FIG. 13 shows a typical fixed-geometry
      turbojet compression map. Stable engine operation is possible only in a
      region to the right of the surge line. The point shown on the 75% speed
      line would be a desirable operating condition with a desired amount of
      "surge-margin". This point represents a single spool turbojet engine with
      the RPM fixed at the design level (100% N.sub.1). The 75% corrected speed
      line (N.sub.1 /.sqroot..theta..sub.T.sbsb.2) represents 100% N.sub.1 at
      Mach 2.4 at or above 36,000 feet. As the engine accelerates from sea level
      to this condition, all operating points will travel along the operating
      line shown in FIG. 13. This assumes a fixed burner temperature, a fixed
      area turbine, and fixed N.sub.1. The basic problem with this engine is the
      poor compression efficiency at the lower Mach numbers. Takeoff thrust
      would be poor and subsonic fuel consumption would be high because of the
      reduced compressor efficiency. The efficiency "islands" shown in FIG. 13
      are lines of constant efficiency, and in order to improve the efficiency,
      the operating line must be moved upward near the 100% speed line. This can
      be done quite easily by reducing the turbine flow area, and FIG. 14 shows
      the effect of doing this.
PAR  The low Mach number operation can be improved by reducing the turbine size.
      However, the operating point at Mach 2.4 is now in the unstable region to
      the left of the surge line. This is a dilemma that has plagued engine
      designers ever since the first military airplanes were designed for
      supersonic cruise. Variable area turbines would be a feasible solution to
      this problem, except that the extreme temperature environment makes their
      use difficult and relatively impractical for commercial aircraft. Surge
      bleed valves placed at the compressor exit could also be used to provide
      extra flow area. However this would impose a thrust and SFC penalty at
      supersonic cruise. The normal method that is employed is to use variable
      stators in the compressor stages to change the compressor flow
      characteristics. This technique can be used to either increase or decrease
      the flow at any compressor speed. FIG. 14 illustrates how this technique
      is used to alter the compressor flow characteristic (normally viewed as a
      compressor map shift) to obtain the necessary surge margin at Mach 2.4.
      The airflow through the compressor has been reduced and this consequently
      causes a proportionate decrease in thrust.
PAR  The MCE can utilize the variable stator compressor to better advantage. The
      outer flow path (the fan stream) of the MCE is essentially a single spool
      turbojet. FIG. 15 shows the variable compressor which would represent the
      fan stream with the airflow increased at Mach 2.4. The match point
      selected for the MCE produces a very poor efficiency at the higher
      compressor speeds. However, since the MCE switches to the high BPR mode
      for takeoff and subsonic cruise, the engine does not incur an SFC or
      thrust penalty. When the front AIV is switched to the high bypass
      position, Fan 2 inlet temperature decreases because the Fan 1
      supercharging effect is removed. This increases the corrected speed and
      the corrected airflow of Fan 2. The increased Fan 2 corrected flow
      satisfactorily matches the turbine flow requirement when the second burner
      is turned off. During transonic climb in the low mode, the poor efficiency
      condition would exist, however, the burner temperature is increased for
      maximum climb power (about 700.degree.F greater than Mach 2.4 cruise
      temperature) and consequently this shifts the operating line to the left.
      A surge bleed valve is then used in the Fan 2 exit duct to keep the
      compressor operating along a desired line.
PAR  FIG. 15 shows the operating line for maximum climb power without surge
      bleed and with surge bleed. The surge bleed does reduce thrust and
      increases SFC; however, this is only a temporary operating condition and
      relatively small amounts of fuel are used here. The surge valve would be
      closed for supersonic and subsonic cruise conditions where most of the
      mission fuel is consumed. The value of the high-flowed compressor in the
      MCE relative to the low-flowed compressor of the conventional turbojet is
      typically 20% to 50% increase in thrust, depending upon the compromises
      taken in the design of the conventional turbojet.
PAC  Increased Fan Stream Pressure Ratio
PAR  Flow and pressure normally increase in the same direction in variable
      compressors (due to the fundamental laws of fluid mechanics in the blade
      rows). There is consequently a desirable increase in pressure ratio in the
      MCE fan stream. The fan stream pressure ratio is on the low side of ideal
      (approximately 4.5:1) because the two 2.5:1 and 3.0:1 fans were picked for
      best SFC at Mach 0.9. High-flow gives the equivalent pressure ratio of
      about 5.5:1 in a low-flowed compressor (sea level properties). This
      feature improves the SFC of the MCE at supersonic cruise.
PAC  Lower HPC Exit Temperature
PAR  At Mach 2.4 cruise the ram-compression of the air entering the engine
      raises its temperature from -70.degree.F below zero to +380.degree.F. The
      LP and HP compressors raise the temperature again to very high levels
      approaching normal burner exit temperatures at high compressor pressure
      ratios. The compressor exit air is used to cool the turbine, and there is
      no cooling source to cool the compressor in a normal engine. The blade
      metal temperatures must therefore be kept at a reasonably low level
      (aroung 1500.degree.F). Best SFC's are achieved with high R.sub.poa
      (R.sub.poa =  20 to 30), but in a conventional turbofan 20:1 R.sub.poa
      would produce about 1800.degree.F compressor exit temperature at Mach 2.4.
      The MCE at 20:1 produces a compatible 1500.degree.F, however.
PAR  The fundamental benefit is a result of being able to reduce the LPC flow
      and delivering more flow to Fan 2. It is difficult to understand how this
      comes about. However, to the experienced engine designer, the HPC sees a
      reduced flow from the LPC due to the fact that a larger portion of Fan 1
      flow is sent into Fan 2. This reduces the flow into the LPC and the HPC
      spools down to a lower speed and pressure to match the reduced LPC flow.
      The overall pressure ratio is thereby reduced and the compressor exit
      temperature is lowered. Thus, the MCE can have a higher R.sub.poa for
      improved subsonic SFC and a lower compressor exit temperature for
      long-life at supersonic cruise.
PAR  It will be recognized by persons skilled in this art that the nomenclature
      used herein and in the appended claims has been altered to some respects
      for purposes of convenience. For example, the terminology forward fan and
      aft fan or forward blade element and aft blade element and first and
      second fans has been used to describe fan members located generally in the
      forward region of the engine, and usually known as "front fans". The
      general term "blade elements" may be used to describe engine components
      such as, but not limited to, compressor blades, turbine blades, and fan
      blades. Passageways may be variously described as inner, intermediate, and
      outer, or as fan duct, or core engine, passageways. Persons skilled in
      this art will readily recognize the equivalency of such terms. Also,
      reasonable equivalency of terminology should be applied wherein components
      such as splitters are sometimes called annular walls, the first, second
      and third passageways are variously described.
PAR  Modifications and improvements to the embodiments and concepts disclosed
      here will readily occur to persons skilled in this art in the light of
      this disclosure. Accordingly, it is intended in the appended claims to
      cover all such modifications and improvements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A turbine engine comprising: an inlet for guiding ambient fluid into
      said engine; a forwardly located compression means having blade elements
      for compressing fluid passing through said inlet; a centrally located core
      gas generator including compression, combustion and turbine stages; an aft
      turbine driveably connected to said forward compression means, and located
      downstream of said core gas generator for acting on fluid passing through
      said inlet; a first fluid flow control system positioned to receive fluid
      from said inlet and said blade elements and defining two adjacent annular
      flow patterns; and a second fluid flow control system positioned to
      receive fluid from said first fluid flow control system and said core gas
      generator and defining two adjacent annular flow patterns; said first and
      second fluid flow control systems each comprising means for inverting the
      respective positions of said two adjacent annular flow patterns between
      the entrance and exit ends of its system and within the confines of a
      passageway having an area substantially equal to the combined area of the
      two adjacent annular flow patterns at substantially all positions along
      its length between said entrance and exit ends.
NUM  2.
PAR  2. The turbine engine of claim 1 wherein said first fluid flow control
      system is located between blade elements of said forwardly located
      compression stage.
NUM  3.
PAR  3. The turbine engine of claim 1 wherein said first system additionally
      comprises means for switching the respective positions of said two
      adjacent annular flow patterns from their inverted positions to the same
      respective positions at each of said entrance and exit ends.
NUM  4.
PAR  4. The turbine engine of claim 1 wherein said second system additionally
      comprises means for switching the respective positions of said two
      adjacent annular flow patterns from their inverted positions to the same
      respective positions at each of said entrance and exit ends.
NUM  5.
PAR  5. The turbine engine of claim 1 wherein said first and second systems each
      additionally comprises means for switching the respective positions of
      said two adjacent annular flow patterns from their inverted positions to
      the same respective positions at each of said entrance and exit ends.
NUM  6.
PAR  6. The turbine engine of claim 1 which includes a core passageway means
      which provides intake air to said core gas generator along a flow path not
      affected by flow in said first fluid flow control system.
NUM  7.
PAR  7. The engine of claim 6 wherein the intake air supplied to said core gas
      generator has been compressed by at least one of said blade elements.
NUM  8.
PAR  8. The engine of claim 2 wherein in a high bypass mode of operation one of
      said blade elements compresses fluid entering the innermost of said
      adjacent annular flow patterns of said first fluid flow control system,
      and the fluid thereby compressed is discharged at said exit end of said
      first system in an annular pattern surrounding the other of said blade
      elements.
NUM  9.
PAR  9. The engine of claim 2 wherein in a low bypass ratio mode of operation
      one of said blade elements compresses fluid entering the innermost of said
      adjacent annular flow patterns and the fluid thereby compressed is
      discharged at said exit end of said first system into the path of the
      other of said blade elements where it is again compressed.
NUM  10.
PAR  10. The engine of claim 6 wherein said core passageway means occupies an
      annular region inside of said first fluid flow control system.
NUM  11.
PAR  11. A turbine engine comprising: an inlet for guiding ambient fluid into
      said engine; a forwardly located compression means having blade elements
      for compressing fluid passing through said inlet; a centrally located core
      gas generator including compression, combustion and turbine stages; an aft
      turbine, driveably connected to said forward compression means, and
      located downstream of said core gas generator for acting upon fluid
      passing through said inlet; a first fluid flow control system positioned
      to receive fluid from said inlet and said blade elements and defining two
      adjacent annular flow patterns; and a second fluid flow control system
      positioned to receive fluid from said first fluid flow control system and
      said core gas generator and defining two adjacent annular flow patterns;
      said first and second fluid flow control systems each comprising means for
      inverting the respective positions of said two adjacent annular flow
      patterns between the entrance and exit ends of the system; wherein at
      least one of said systems comprises means for switching the respective
      positions of said two flow patterns from their inverted positions at each
      of said entrance and exit ends.
NUM  12.
PAR  12. The engine of claim 11 wherein each of said systems comprises said
      means for switching.
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ABST
PAL  An exhaust gas detoxication system for a motor vehicle combustion engine
      with external ignition includes an air pump driven by the engine to
      deliver secondary air into the exhaust system. The exhaust system contains
      a thermal reactor wherein final combustion of as yet unburned constituents
      of the exhaust gas takes place. Since as the speed of the engine
      increases, more air is delivered than required for final combustion, a
      blow-off valve is arranged in the delivery line of the air pump, limiting
      the flow of air supplied to the exhaust system and in general shutting it
      off completely at a certain engine speed. Exhaust gas detoxication systems
      to which the invention relates are provided with a means for shifting to
      retarded ignition during the warm-up phase of the reactor, whereby
      elevated temperatures of the exhaust gases and hence a faster response of
      the reactor are obtained. This retardation of the ignition, however, is
      injurious at high rotational speeds; and therefore, a speed controlled
      device overriding this shifting means is provided. This device, at an
      engine speed above a certain value, actuates a switch that shifts the
      ignition time to advanced ignition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In one known exhaust gas detoxication system of the prior art, an electric
      tachometer is employed as the speed controlled device. An instrument of
      this type is comparatively expensive and consequently somewhat
      undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide simpler means of switching the
      ignition time to advanced ignition when a certain engine speed is reached.
PAR  To achieve this object, it is proposed that the speed controlled device be
      the blow-off valve.
PAR  As aforementioned, the function of the blow-off valve is to throttle down
      or completely shut off the supply of air to the reactor from a certain
      engine speed on. The blow-off valve, in other words is likewise speed
      controlled, and may thus serve as a control for the switch to shift the
      ignition time to advanced ignition.
PAR  The blow-off valve is ordinarily a diaphragm valve, which when a certain
      air pressure is reached in the delivery line of the air pump, opens a
      blow-off port generally leading to the outside, and in so doing executes a
      stroke utilized to actuate the switch shifting the ignition time to
      advanced ignition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An embodiment of the invention will be described below by way of example
      with reference to the drawing.
DETD
PAC  DETAILED DESCRIPTION
PAR  An internal combustion engine 1 drives an air pump 2 delivering secondary
      air by way of a line 3 and a check valve 4, into the thermal reactor 5 of
      the exhaust system for final combustion of as yet unburned constituents of
      the exhaust gas. With increasing speed of engine 1 and consequently
      greater air delivery, a blow-off valve 6 arranged in line 3 opens a
      blow-off port 7, thus limiting the flow of air supplied to the reactor 5
      and shutting it off from a certain rotational speed on. In so doing, the
      blow-off valve 6 executes a stroke, closing a circuit by way of a contact
      8. The switch 9 actuated thereby, arranged in the suction line 10 opening
      into the carburetor 11 downstream from the throttle 11a and connected to
      the distributor 12, causes the time of admission to be shifted to advanced
      ignition. The retarded ignition provided during the warm-up phase of the
      reactor is thus overriden, and can do no harm at speeds above a certain
      value.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An exhaust gas detoxication system for a motor vehicle combustion engine
      with external ignition comprising a distributor, an intake system
      comprising a carburetor with a throttle and an exhaust system with a
      reactor, said detoxication system having an air pump driven by the engine
      to deliver secondary air into the exhaust system, a blowoff valve arranged
      in the delivery line and having a valve body executing a stroke for
      opening a blowoff port when engine speed exceeds a certain value to
      regulate the flow of air supplied to the exhaust system, a means to shift
      the ignition time to retarded ignition during the warm-up phase of the
      reactor, said means comprising a suction line between the carburetor
      downstream from the throttle and the distributor, an electrically-actuated
      valve in said suction line for shifting the ignition time to advanced
      ignition at an engine speed of above said value, a switch in the
      electrical connection of said electrically-actuated valve, said switch
      being actuated by said valve body of the blowoff valve at said certain
      engine speed.
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ABST
PAL  A valve disposed in the central space of the manifold normally divides the
      space into two halves to avoid mutual interference of exhaust gas flows.
      At low engine speeds, the valve causes the exhaust gas flows from all
      branches to be disturbed and to mix with each other, to promote oxidation
      of HC and CO.
BSUM
PAR  The present invention relates generally to an exhaust manifold for
      internal-combustion engines, and more particularly to an exhaust manifold
      for an engine having six or more cylinders, with a sluice valve to control
      the exhaust gas flow according to the engine speed.
PAR  Exhaust manifolds for straight-type or in-line multi-cylinder
      internal-combustion engines are usually designed to avoid the exhaust gas
      flow from each cylinder interfering with one another. For example, a
      conventional exhaust manifold for an in-line six-cylinder engine, which is
      fired in the order of 1-5-3-6-2-4, comprises two groups of branches, i.e.,
      one group for cylinders No. 1 to No. 3 and the other for No. 4 to No. 6.
      The two groups are connected separately to a dual-passageway front tube of
      an exhaust pipe assembly.
PAR  Meanwhile, conventional internal-combustion engines are confronted with a
      problem of making the exhaust gas cleaner, or free from unburned
      hydrocarbons (HC) and carbon monoxide (CO). As is known, these substances
      are discharged in abundance at low engine speeds while a remarkable
      reduction is observed at higher or normal engine speeds. To solve the
      problem, an exhaust system often requires a device such as a thermal
      reactor, in which HC and CO are converted into harmless oxides.
PAR  Bearing such state of the art in mind, it is an object of the present
      invention to provide an exhaust manifold having means to control the
      interflow of the exhaust gas so that oxidation of HC and CO can be
      assisted while an exhaust gas flow from each cylinder can be prevented
      from unfavorably interfering with each other.
PAR  According to the improvement of the invention to an exhaust manifold for a
      straight-type multi-cylinder engine having six or more engine cylinders,
      having a plurality of branches arranged generally in line and divided into
      two adjoining groups of equal number and an exhaust outlet divided into
      two passageways communicating with the two groups of branches,
      respectively:
PAR  A VALVE IS DISPOSED IN AN INTERIOR SPACE OF THE MANIFOLD BETWEEN THE
      BRANCHES AND THE OUTLET THEREOF, IN AN ARRANGEMENT TO SUBSTANTIALLY DIVIDE
      THE SPACE INTO TWO HALVES SO THAT AN EXHAUST GAS FLOW FROM A BRANCH OF ONE
      GROUP IS PREVENTED FROM BEING MIXED WITH THE SUBSEQUENT EXHAUST GAS FLOW
      FROM ANOTHER BRANCH OF THE OTHER GROUP WITHIN THE SPACE, AND THE VALVE IS
      AUTOMATICALLY MOVABLE TO A POSITION TO CAUSE EXHAUST GAS FLOWS FROM ALL
      THE BRANCHES TO BE DISTURBED AND TO MIX WITH EACH OTHER WITHIN THE SPACE
      WHEN THE ENGINE SPEED FALLS BELOW A PREDETERMINED VALUE.
DRWD
PAR  Other features and advantages of the invention will become apparent from
      the following detailed description of a preferred embodiment thereof taken
      with the accompanying drawing, in which:
PAR  The single FIGURE is a diagram of an exhaust manifold for a 6-cylinder
      engine according to the invention with associated elements.
PAR  In the FIGURE, an exhaust manifold 20 is assembled with an in-line
      six-cylinder engine 10 to conduct exhaust gases from exhaust ports 11A-16A
      of engine cylinders 11-16 through branches 21-26 of the manifold 20,
      respectively, into a central space or junction region 27, where the
      exhaust gas flows join each other. The firing sequence of the cylinders or
      combustion chambers 11 to 16 is 11-15-13-16-12-14. A sluice valve such as
      a rotatable plate or a butterfly valve 30 is disposed in the space 27, and
      an exhaust outlet 28, which is divided into two sections or passageways
      28A and 28B, is joined with a dual-passageway type front tube 40 of an
      exhaust pipe assembly. The front tube 40 is connected with a thermal
      reactor, an after-burner or a catalytic converter 50, which discharges a
      cleaned exhaust gas into an exhaust pipe 60.
PAR  When the engine 10 is in normal operation, or is running at relatively high
      speeds, the valve 30 remains in a position as shown by the solid line in
      the FIGURE so that the space 27 is substantially divided into two halves
      27A and 27B. Accordingly, the left side branches 21-23 are substantially
      prevented from communicating with the right side branches 24-26, and the
      exhaust gas flow from, for example, the cylinder 11 will not substantially
      interfere with the subsequent exhaust gas flow from the cylinder 15. The
      exhaust manifold 20 of the invention under these conditions works
      similarly to a conventional manifold. When the engine speed decreases
      below a certain value, the valve 30 is rotated to the position as shown by
      the broken line in the FIGURE to allow the upstream portion of the space
      27 to freely communicate with all the branches 21-26 and to increase the
      resistance to every exhaust gas flow. Consequently, exhaust gases from all
      the cylinders 11 to 16 are forced to dwell for some time in the upstream
      region of the junction space 27, and are mixed with each other at
      considerably high temperatures. The prolonged retention and mixing of the
      exhaust not only allow HC and CO to be partially oxidized in the manifold
      20 but also promotes the subsequent reactions in the reactor or converter
      50. Although the interference of the exhaust gas flow under such condition
      results in engine power reduction to a certain extent, it is of little
      consequence at low engine speeds.
PAR  The position or direction of the valve 30 is controlled by a control unit
      70, which may be a combination of a sensor to detect the engine speed, an
      electromagnetic valve and switches. Preferably, the control unit 70 may
      further include a sensor to detect the magnitude of vacuum in a throttle
      section 81 of a carburetor 80 for the engine 10. It suffices for the
      purpose of the invention to select the position of the valve 30 from the
      two positions as described before and shown in the FIGURE. It is
      unnecessary to allow the valve 30 to take an intermediate position, so
      that relatively simple conventional valve control means may be employed as
      a fundamental portion of the control unit 70. By way of example, the valve
      30 is rotated through 90.degree. to establish a maximum restriction to the
      exhaust gas flows when the engine speed drops below 3000 rpm and the
      intake vacuum becomes lower than -100 mmHg.
PAR  As seen from the above description, the object of reducing the
      concentration of HC and CO in the exhaust gas at low engine speeds can be
      achieved by the provision and control of the sluice valve 30 according to
      the invention. The valve 30 has no adverse effect on normal exhaust gas
      flow from a plurality of cylinders at higher or normal engine speeds.
PAR  The exhaust manifold 20 of the FIGURE can be used with the same result also
      when the firing order of the engine cylinders 11-16 is 11-14-12-16-13-15.
      An exhaust manifold according to the invention can be used similarly for
      an in-line 8-cylinder engine when the firing sequence is such that the
      exhaust gas discharges occur on alternate sides of the valve 30.
PAR  In conventional 4-cylinder engines, the firing order of 4 cylinders is
      either 1-2-4-3 or 1-3-4-2, so that an exhaust manifold of the invention
      has little meaning for these engines. It is possible to utilize the
      invention on the condition that the firing order is modified to 1-4-2-3 or
      1-3-2-4, but such a modification inevitably raises the problem of engine
      balance. Therefore, the present invention is practically inapplicable to a
      four-cylinder engine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an exhaust system of a motor vehicle which has an internal combustion
      engine of the straight-type six or more cylinders, the engine having a
      carburetor with an induction passageway, the system having an exhaust
      manifold and means arranged downstream of the exhaust manifold for
      converting unburned hydrocarbons and carbon monoxide contained in the
      exhaust gas of the engine into harmless substances before emission into
      the atmosphere, said exhaust manifold having at least six inlet branches
      each communicating respectively with each of the engine cylinders, the
      inlet branches being arranged generally in lateral alignment and divided
      into two adjoining groups of equal number, and an exhaust outlet
      communicating with said means, said outlet being divided into two
      passageways communicating with the two groups of inlet branches,
      respectively, the firing sequence of the engine being such that each
      cylinder communicating with the inlet branch of one group is fired
      alternately to each cylinder communicating with the inlet branch of the
      other group, the improvement comprising: the exhaust manifold defining a
      central space between all the inlet branches and the two passageways in
      such an arrangement that all the inlet branches communicate with the
      outlet through said space; the exhaust manifold further having a sluice
      valve rotatably disposed within said space such that said sluice valve
      normally occupies a position to partition said space into two half
      sections each communicating with one of the two groups of inlet branches
      and one of the two passageways, the exhaust system further having moving
      means selectively operable to move said sluice valve to another position
      wherein said two groups of inlet branches communicate with each other and
      with both of the two passageways, and control means detecting the engine
      speed and operating the moving means when the engine speed falls below a
      predetermined value.
NUM  2.
PAR  2. The improvement as claimed in claim 1, wherein said control means
      comprise a pressure sensing means sensing the magnitude of vacuum in the
      induction passageway of the engine whereby said control means operates the
      moving means when the vacuum decreases below a predetermined magnitude.
NUM  3.
PAR  3. The improvement as claimed in claim 1, wherein said sluice valve is a
      butterfly valve rotatable through at least 90.degree. between said first
      and another positions respectively.
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PAL  A hydrostatic servomechanism adapted for controlling the direction of
      vehicles and selfpropelled machines. The servomechanism has a power
      circuit including a servopump, a distributor with reset mechanism, and a
      servomotor and a control circuit with a measuring pump connected through
      the control branches to the reset mechanism of the distributor and
      actuated by means of a command element, for example a vehicle steering
      wheel. The invention provides a simple reliable servomechanism with an
      artificial feedback simulator, non-sensitive to various harmful effects,
      providing a relatively stable and easily selectable gear ratio between the
      input and output parts of the servomechanism. The feedback simulator
      comprises a flow meter, a power circuit, and a controllable throttle means
      mechanically connected to the flow meter, the feedback simulator being
      incorporated between the control branches of the control circuit.
BSUM
PAR  This invention concerns a hydrostatic servomechanism, namely for
      controlling the direction of vehicles and selfpropelled machines,
      consisting of a power circuit comprising a servopump, a distributor and a
      servomotor and a control circuit with a measuring pump connected through
      the control branches to the reset mechanism of the distributor and
      actuated by means of a command element - for example a vehicle steering
      wheel.
PAR  Servomechanism comprising a positioning feedback are complicated since they
      require mechanical, hydraulic or other connections between the input and
      the output of the servomechanism. These servomechansms also tend to be
      unstable in function, namely when operating with large inertia masses and
      large liquid volumes in the servomotor and the supply branches.
PAR  Beside servomechanisms with a positioning feedback, there are
      servomechanisms with artificial feedback, these being less dependent on
      the equipment on which they are used as compared with the foregoing
      mechanisms. Some of these mechanisms have within the power circuit a
      screen and between the branches of the control circuit one or several
      throttle means. The opening of these throttle means by a relatively small
      pressure drop caused by the liquid flow through the screen within the
      power circuit secures proportionality between the displacement of the
      input and the output element of the servomechanism.
PAR  Other servomechanisms with artificial feedback have within the power
      circuit, besides the servopump, the servomotor and the distributor, a flow
      stabilizer, and the controlling branches are interconnected by a small
      size opening. The distributor and the flow stabilizer are so made that the
      liquid flow through the distributor is constant, independent of the
      fluctuating amount of the liquid supplied by the servopump and of the
      variability of the servomotor loading.
PAR  The proportionality of the displacements of the input element and the
      output element is such that the flow through the small size opening
      between the control branches corresponds approximately to the flow into
      the servomotor.
PAR  The fact that the operation of servomechanisms with artificial feedback
      depends on the continuity of resetting of the reset throttle means of flow
      stabilizers, which are controlled by small pressure differences caused by
      the liquid flow through the measuring screen, makes their proper operation
      easily affected by accidental friction, viscosity variations, and the
      like. Also, they can easily be vibrated, thereby causing an unstable
      functioning of the servomechanism. A further disadvantage of the prior
      servomechanisms is their complexity and the increased pressure losses
      which are caused by the flow stabilizer.
PAR  The object of this invention is to provide a simple and reliable
      servomechanism with an artificial feedback, nonsensitive to various
      harmful effects, and providing a relatively stable and easily selectable
      ratio between the input and output part of the servomechanism.
PAR  The servomechanism in accordance with this invention comprises as least one
      feedback simulator, which comprises the flow meter of the power circuit
      and controllable throttle means mechanically connected to the latter,
      incorporated between the control branches of the control circuit.
DRWD
PAR  An illustrative arrangement in accordance with the invention is
      schematically shown in the accompanying drawings, in which
PAR  FIG. 1 is a block diagram of a hydrostatic servomechanism with two
      servopumps and two feedback simulators;
PAR  FIG. 2 is a diagram of a hydrostatic servomechanism part with a single
      feedback simulator;
PAR  FIG. 3 is a view in section of an example of the feedback simulator
      construction; and
PAR  FIG. 4 is a fragmentary view in section of an example of the simplified
      construction of the feedback simulator.
DETD
PAR  The hydrostatic serovmechanism according to this invention shown in FIG. 1
      consists of a power circuit 1 and a control circuit 2. The power circuit 1
      is formed by a pair of powered servopumps 3, 4, a distributor 5, a
      servomotor 6, a tank 7 and two flow meters 8, 8'. The servopumps 3, 4 are
      connected by suction branches 9, 10 to the tank 7 and by discharge
      branches 13, 14 to the distributor 5, which is connected by feed branches
      15, 16 to the servomotor 6 and to the tank 7 through a waste branch 11.
      The servomotor 6 is further connected to the not shown working mechanism
      or device, for example to the mechanism turning the steered wheels of a
      vehicle. Between the discharge branches 13, 14 and the common supply
      branch 17 the flow meters 8, 8' are connected through a branching pipes
      13', 14'. The flow meters 8, 8' can be any hydraulic elements responding
      to the flow variation by the continuous variation of the position or form
      of any of its elements. Non-return valves or slide valves can be used as
      flow meters, such valves being reset proportionally with the liquid flow
      by a spring or a diaphragm which are deformed due to the pressure
      variation caused by increased fluid flow.
PAR  The control circuit 2 is formed by a measuring pump 20 actuated by a
      command element, 21 as for example by a steering wheel and connected to
      reset mechanisms 22, 23 of distributor 5 by means of the control branches
      24, 25 between which the controllable throttle means 26, 26' are
      incorporated. The controllable throttle means 26, 26' can be any one of a
      number of adjustable throttle means for the reset through-flow
      cross-section. The control branches 24, 25 are connected to the feed
      branches 15, 16 by means of the non-return valves 18, 19. The flow meter
      8, 8', which is mechanically connected to the controllable throttle mean
      26, 26' forms together a single unit, that is, the feedback simulator 27,
      27'. Filling of the control circuit 2 with liquid has not been indicated
      in the diagram of the servomechanism, since this can be accomplished in
      any normal way and beside this it is not the object of the invention. Thus
      for example the control circuit 2 can be filled from the waste branches
      11, 11' or the discharge branches 13, 14 or jointly from the supply branch
      17 of the power circuit 1, or possibly the filling can be provided by a
      separate, powered pump and the like.
PAR  The servomechanism according to this invention can also have the
      distributor 5 with an interconnection other than that shown in FIG. 1. For
      example, the distributor 5 can be modified to be fed by a single servopump
      3 only. Then, not only is the second servopump 4 eliminated, but the
      second feedback simulator 27' is also eliminated. The distributor 5 in its
      center position, if useful for the operation of the servomechanism, can
      interconnect all branches mutually, i.e., it can feature the so called
      "open center". For a servomotor 6 there can be employed a hydraulic
      cylinder, a hydro-engine, or possibly a group consisting of any
      combination of these units.
PAR  FIG. 2 shows a block arrangement of a part of a hydrostatic servomechanism
      according to this invention. It has, instead of two flow meters 8, 8'
      within the branching pipes 13', 14' of the discharge branches 13, 14 and
      two controllable throttle means 26, 26' between the control branches 24,
      25, only one flow meter 8" interposed in the common supply branch 17 and
      one controllable throttle mean 26" between the control branches 24, 25,
      the flow meter 8", together with the controllable throttle means 26",
      forming the feedback simulator 27".
PAR  The invention can also be realized in a modification, wherein the flow
      meter 8" is incorporated within the branching pipe 11' of the waste branch
      11 through which the liquid returns from the servomotor 6 into the tank 7.
PAR  FIG. 3 shows an example of the construction of the feedback simulator 27,
      corresponding to the feedback simulators 27, 27' and 27" in FIGS. 1 and 2.
      The feedback simulator 27 consists of the flow meter 8 and the
      controllable throttle means 26 arranged in an insert 31. The flow meter 8
      is in the form of a non-return valve 33, pushed against the seat of the
      insert 31 by a spring 34 resting with its other end against a split ring
      35. The non-return valve 33 can have a conical end 36 so that the through
      flow cross-section is opened slowly, or the stroke of the non-return valve
      33 may be sufficiently long. The feedback simulator 27 can be made
      separately and connected to the relevant parts of the servomechanism by
      pipings, or it can be built-in the distributor 5.
PAR  It is assumed in FIG. 3 that the feedback simulator 27 is mounted in the
      distributor 5. The controllable throttle means 26 consists of a
      cylindrical shank 37 connected at its right hand end to the non-return
      valve 33 and its left hand end passing through partitions 39, 40, 41,
      which separate the right side cavity 42, the center cavity 43 and the left
      side cavity 44  a tapered portion 38 of the shank of a conical or wedge
      form lies within the center cavity 43, part 38 together with the partition
      40 forming the controllable throttle means of approximately the same
      resistances for either dissection of liquid flow. To the right cavity 42
      there is connected the control branch 24 and to the center cavity there is
      connected the control branch 25. (These connections can also be reversed.)
      The left side cavity 44 is connected as required either through the axial
      passage 45 in the shank 37 to the common supply branch 17 or through the
      passage 46 in the left face 12 of the insert 31 to the waste branch 11, so
      that the volume of the liquid can easily be changed by the displacement of
      the shank 37. The thickness of the partition 40 is small (approx. 1mm.) so
      that the hydraulic resistance of the controllable throttle mean is
      approximately the same in either direction and is independent of the
      liquid viscosity.
PAR  FIG. 4 shows an example of a simplified construction of the feedback
      simulator 27. This type is mainly applicable where the shank 37 has a
      small diameter.
PAR  The servomechanism according to this invention operates as follows:
PAR  When the measuring pump 20 (FIG. 1) actuated by the command element 21, for
      example a steering wheel, is at a standstill, then the distributor 5 is at
      the center position in which it interconnects the discharge branches 13,
      14 of the pumps 3, 4 to the waste branch 11 and closes the feed branches
      15, 16 of the servomotor 6. In the center position of the distributor 5
      the servopumps 3, 4 operate in pressure relieved condition, and the
      position of the servomotor 6 connected to it (not shown) of the control
      mechanism is arrested.
PAR  When the command element 21 together with the measuring pump 20 is rotated
      to the right, the measuring pump 20 sucks liquid from the control branch
      25 and discharges it through the control branch 24 to the reset mechanism
      22 of the distributor 5 and resets the distributor 5 to the right
      proportionally to the supplied volume of the liquid. By displacing the
      distributor 5 to the right, the feed branch 15 is connected to the common
      supply branch 17, the feed branch 16 is connected to the branching pipe
      11' of the waste branch 11 and at the same time the connection of the
      discharge branches 13, 14 to the waste branch 11 is closed. Due to this, a
      portion or the whole liquid supplied by the servopumps 3, 4 flows from the
      discharge branches 13, 14 through the branching pipes 13', 14' via the
      flow meters 8, 8' into the common supply branch 17 of the distributor 5
      and from the distributor 5 into the left side chamber of the servomotor 6
      through the feed branch 15.
PAR  The flow meters 8, 8' mechanically control the controllable throttle means
      26, 26' and then set them proportionally to the flows passing through
      them. In this way the connection between the control branches 24, 25, is
      opened and the liquid supplied by the measuring pump 20 is moved from the
      discharge control branch 24 into the suction control branch 25. When the
      rotation of the command element 21 together with the measuring pump 20 is
      stopped the pressures between the control branches 24, 25 are equalized,
      and the distributor 5 returns to the center position due to the action of
      centering springs within the reset mechanisms 22, 23, and the motion of
      the servomotor 6 is then stopped.
PAR  When rotating the command element 21 with the measuring pump 20 to the
      left, the distributor 5 is reset to the left and the servomotor 6 also
      moves to the left. The function of the whole servomechanism is identical
      to that already described for the displacement of parts 20, 21 to the
      right.
PAR  The proportionality between the movement of the command element 21, for
      example a steering wheel, and the movement of the servomotor 6 is so
      achieved, that the liquid flow fed by the measuring pump 20 from one
      control branch 24, 25 into the other control branch 24, 25 is controlled
      by the feedback simulators 27, 27' in dependence upon the liquid flow
      passing into the servomotor 6. When the servopumps 3, 4 are inactive, both
      controllable throttle means 26, 26' remain closed and the liquid from the
      measuring pump 20, controlled by the driver by means of the command
      element 21 for example the steering wheel, is according to the direction
      of rotation either fed from the control branch 24 via the non-return valve
      18 into the feed branch 15 or from the control branch 25 via the
      non-return valve 19 into the feed branch 16. The reverse flow from the
      servocylinder 6 via the distributor 5 is made impossible, so that the flow
      meters 8, 8' do not let the liquid pass in the reverse direction. The
      emergency manual operation of the servomechanism according to the
      invention is secured in the above mentioned way.
PAR  The servomechanism according to FIG. 2 operates in a way similar to the
      servomechanism according to FIG. 1. The only difference is that all the
      liquid supplied to the servomotor 6 is measured by a single flow meter 8"
      located within the common supply branch 17 and the flow meter 8" controls
      only one controllable throttle mean 26" connected between the control
      branches 24, 25. The operation of the servomechanism according to this
      invention can be obtained, when the flow meter 8" is incorporated in the
      branching pipe 11' of the waste branch 11, through which only the liquid
      returning back from the servomotor 6 into the tank 7 passes.
PAR  With the feedback simulator 27 according to FIG. 3 of the invention, due to
      the resetting of the distributor 5 from the center position to either of
      the extreme positions a portion or all of the liquid from the discharge
      branch 13 flows through its branching pipe 13' into the common supply
      branch 17 and from here via the distributor 5 into the servomotor 6. At
      the same time, the non-return valve 33 is lifted from the seat in the
      insert 31 proportionally to the flowing amount of the liquid and carries
      with it the shank 37, which by its chamfering 38 provides a connection
      between the right side cavity 42 and the center cavity 43 and hence of the
      control branches 24 and 25. The liquid discharged by the measuring pump 20
      is displaced around the chamfering 38 of the shank 37 from one into other
      control branch 24, 25.
PAR  By suitable modification of the non-return valve 33 with the conical
      extreme 36, of the characteristics of the spring 34, and of the shape of
      the chamfering 38 of the shank 37 the flow between the control branches
      24, 25 of the control circuit 2 can be made proportional within a wide
      range to the fluid flow entering or leaving the servomotor 6. By variation
      of the conical extreme 36 of the non-return valve 33, the characteristics
      of the spring 34 and the shape of the chamfering 38 of the shank 37 it is
      possible freely to alter the ratio between the flow of the measuring pump
      20 and the flow of the servomotor 6 and hence to alter the ratio between
      the input and output part of the servomechanism.
PAR  Sufficiently great forces act upon the non-return valve 33 during the
      operation with regard to small dimensions of the shank 37 and the
      thickness of partitions 40, 41, 42 to prevent its sticking. At the open
      position of the non-return valve 33 it is not only the force of the spring
      34 acting upon it, but also the force caused by the flowing liquid which
      push it back onto the seat in the insert 31. The small thickness of the
      partition 40 insures that the hydraulic resistance of the throttle means
      does not change due to viscosoty variations and is practically the same
      for either direction of the liquid flow.
PAR  The feedback simulator 27 is operationally very reliable due to its
      simplicity and particularly due to the direct connection of the flow meter
      8 to the controllable throttle mean 26. This property makes possible the
      use of the invention even on servomechanisms for controlling the direction
      of vehicles and machines - of so called hydrostatic servosteering devices.
CLMS
STM  What we claim:
NUM  1.
PAR  1. In a hydrostatic servomechanism adapted for controlling the direction of
      vehicles and selfpropelled machines, said servomechanism including a power
      circuit comprising at least one servopump, at least one servomotor, a
      distributor and connecting piping and a control circuit comprising a
      measuring pump actuated by a command element, the control circuit having
      control branches, and reset mechanism for the distributor, the
      servomechanism being connected by the control branches to the reset
      mechanism of the distributor, the improvement which comprises at least one
      feedback simulator, the feedback simulator comprising a flow meter, a
      power circuit, and a controllable throttle means mechanically connected to
      the flow meter, the feedback simulator being incorporated between the
      control branches of the control circuit.
NUM  2.
PAR  2. A hydrostatic servomechanism according to claim 1, wherein the
      distributor is in the form of a valve having an elongated casing and a
      valve element reciprocable longitudinally within the casing, the reset
      mechanism is pressure operated, and the valve element is selectively
      longitudinally positioned by the reset mechanism.
NUM  3.
PAR  3. A hydrostatic servomechanism according to claim 2, wherein the valve
      element of the distributor has a passage extending longitudinally
      therethrough, a spring biased non-return valve in said passage in the
      valve element and formed by cooperating parts disposed respectively on one
      end of the valve element and on the valve casing, the valve element having
      a hollow central shank extending to the other end of the valve element,
      three serially arranged cavities in the valve casing formed by three
      axially spaced and centrally apertured partitions in the casing, the shank
      of the valve element extending through the inner and central cavity, and a
      frusto-conical portion on the shank extending through the aperture in the
      central partition and forming a throttling valve therewith.
NUM  4.
PAR  4. A hydrostatic servomechanism according to claim 1, comprising a
      plurality of servopumps, each discharge branch of the servopumps having an
      independent feedback simulator.
NUM  5.
PAR  5. A hydrostatic servomechanism according to claim 1, wherein the
      servopumps have a common supply branch, and wherein there is one feedback
      simulator in each common supply branch.
NUM  6.
PAR  6. A hydrostatic servomechanism according to claim 1, comprising a
      branching waste pipe, and wherein there is one feedback simulator in each
      branching waste pipe.
NUM  7.
PAR  7. A hydrostatic servomechanism according to claim 3, wherein in the stand
      still, neutral, position of the distributor the shank of the valve element
      closes the passage through the apertured central partition.
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PAL  This hydraulic coupling mechanism consists of at least a pair of pressure
      transmitting cylinders which are operated in a predetermined sequence, at
      least a pair of pressure receiving cylinders synchronously operated by the
      pressure transmitting cylinders through corresponding closed liquid lines,
      each of which is provided with a corresponding pressure adjustable
      cylinder.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates particularly to a hydraulic coupling mechanism for
      transmitting rotary motion.
PAR  Rotary motion is transmitted usually a means of belts, chains and gears or
      combinations thereof. These means for transmitting rotary motion have,
      however, high transmission losses and are suitable only to certain
      arrangements of the power transmitting shaft with the power receiving
      shaft.
PAR  The object, therefore, of this invention is to provide a mechanism for
      transmitting rotary motion which has a very low transmission loss and at
      the same time suitable for any arrangement of the power transmitting
      source with the power receiver.
PAR  Another object is to provide a mechanism for transmitting rotary motion
      which is very simple and requires minimum maintenance.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent after a study of the following detailed description of the
      accompanying drawings, forming part of this specification, wherein:
PAR  FIG. 1 is an schematic representation of one embodiment of the hydraulic
      coupling mechanism in its basic form, using a pair of transmitting
      hydraulic cylinders and a pair of receiving hydraulic cylinders.
PAR  FIG. 2 is a fragmentary cross-sectional view taken generally along line
      2--2 of FIG. 1.
PAR  FIG. 3 is another fragmentary view taken generally along line 3--3 of FIG.
      1.
PA1  Fig. 4 is an schematic view of another embodiment of the hydraulic coupling
      mechanism, using four transmitting and four receiving hydraulic cylinders.
PAR  FIG. 5 is a fragmentary cross-sectional view taken generally along line
      5--5 of FIG. 4.
PAR  FIG. 6 is a fragmentary cross-sectional view taken generally along line
      6--6 of FIG. 4.
PAR  FIG. 7 is also a fragmentary cross-sectional view taken generally along
      line 7--7 of FIG. 4.
PAR  FIG. 8 is another fragmentary cross-sectional view taken generally along
      line 8--8 of FIG. 4.
DETD
PAR  The hydraulic coupling mechanism as shown in FIGS. 1-3, includes a pair of
      transmitting hydraulic cylinders 1 and 2 which are connected to a pair of
      receiving hydraulic cylinders 3 and 4, by closed liquid pipe lines 5 and
      6, respectively. Connected to each of the liquid pipelines lines 5 and 6
      are the regulating hydraulic cylinders 7 and 8, respectively, used for
      equalizing the liquid pressures in said lines and which also serve as
      shock absorbers, thereby assuring smooth operation of the mechanism.
PAR  Within the transmitting hydraulic cylinders are disposed the respective
      pistons (not shown), the ends 1a and 2a of which are pivotally connected
      opposite each other to one pair of opposed sides of a reciprocating
      rectangular member 9, the other pair of opposed sides of which are
      slidably disposed along the opposed channel members 9a and 9b, as shown in
      FIG. 2.
PAR  As shown in FIG. 1, the rectangular member 9 has an opening 10 having a
      generally elliptical shape within which the cam 11 is rotatively disposed.
      The cam 11 is eccentrically disposed on the shaft 12 such that upon
      rotation of said shaft, the cam imparts reciprocating movement to the
      pistons 1a and 2a as indicated by the arrows A and B. This reciprocating
      movement of the pistons causes synchronous flow of the liquid in the pipe
      lines 5 and 6 into the receiving cylinders 3 and 4. Since the pistons 3a
      and 4a of the hydraulic cylinders 3 and 4, respectively, have a phase
      difference of 180.degree., said pistons impart a rotary motion to the
      crankshaft 13. The crankshaft 13, as shown in FIG. 1, is rotatively
      mounted on bushings or bearings 18 journaled on conventional support 17.
PAR  The embodiment shown in FIG. 1 is designed for bicycles, so that the
      crankshaft 13 of the mechanism serves also as the shaft of the rear wheel
      of the bicycle. The shaft 12 which constitutes the driving shaft may be
      actuated by means of conventional foot pedals or the same may be rotated
      by a conventional gasoline engine or an electric motor run by a suitable
      battery.
PAR  The embodiment shown in FIG. 4 of the hydraulic coupling mechanism has
      substantially the same parts, except that it has several transmitting
      cylinders and receiving cylinders to achieve smoother operation. This
      embodiment of the hydraulic coupling mechanism includes four hydraulic
      transmitting cylinders 18, 19 20 and 21 which are connected to the four
      hydraulic receiving cylinders 22, 23, 24 and 25 by the fluid pipe lines
      26, 27, 28 and 29, respectively. Connected to each of the fluid pipe lines
      26, 27, 28 and 29 are the regulating hydraulic cylinders 30, 31, 32 and
      33, the functions of which are to equalize the pressures in the different
      fluid lines and at the same time serve as shock absorbers.
PAR  Referring now to FIGS. 4, 5 and 6, this embodiment of the hydraulic
      coupling mechanism has a pair of reciprocating rectangular members 34 and
      35, each of which has a generally elliptical opening similar to that
      described in the first embodiment. Each of said generally elliptical
      openings is adapted to accommodate each of the cams 37 and 38 which are
      eccentrically disposed on a common shaft. As shown in FIG. 4, a pair of
      opposed sides of the reciprocating rectangular member is slidably disposed
      in the channels of the upper and lower bars 39 and 40, while the other
      pair of opposed sides of said reciprocating rectangular member are
      pivotally attached to the ends of the pistons 18a and 20a of the cylinders
      18 and 20. Reciprocating rectangular member 35 has a pair of opposed sides
      which are slidably mounted in the channels of another set of bars 41 and
      42, and said reciprocating rectangular member move perpendicularly
      relative to the movement of the other reciprocating member 34.
PAR  Relative movement of the reciprocating rectangular members 34 and 35 causes
      sequential operation of the transmitting pistons 18a, 19a, 20a and 21a, of
      the transmitting hydraulic cylinders which in turn cause corresponding
      sequential operations of the receiving pistons 22a, 23a, 24a and 25 of the
      receiving hydraulic cylinders.
PAR  Since this mechanism has four transmitting hydraulic cylinders, the two
      cams 37 and 38 thereof are so arranged to cause compression movement of
      one pistons every 90.degree. of shaft rotation, thus one piston of the
      receiving hydraulic cylinders is correspondingly actuated at every
      90.degree. of rotation resulting in a continuous smooth rotation of the
      crankshaft 43.
PAR  The regulating hydraulic cylinders in both embodiments of the hydraulic
      coupling mechanism are identical. As shown in FIG. 8, each of said
      regulating hydraulic cylinders includes a coil spring 30a which biases the
      piston 30b, the leading side of which is provided with a rubber seal 30c.
      At the upper end of the coil spring 30a is a pusher plate 30d which is
      provided with an adjustable handle 30d screwably disposed through the
      threaded hole of the cylinder cover 30f.
PAR  Details of the identical receiving hydraulic cylinders are shown in FIG. 7.
      Each of said receiving hydraulic cylinders has a bleeder plug 22b, a
      rubber seal 22c at trailing or inner end of the piston 22a. The outer or
      leading side of the piston 22a is connected pivotally to the piston rod by
      a pin 22d.
PAR  While it is apparent that the preferred embodiments of the invention
      disclosed above are designed to fulfill the objects mentioned, it is
      understood that this invention is susceptible to modification, variation
      and change without departing from the essence of the invention as defined
      in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic coupling mechanism for bicycles comprising:
PA1  at least a pair of opposed spaced apart channel members;
PA1  a rectangular member having a pair of opposed sides which are disposed
      slidably along said opposed channel members and a pair of opposed free
      sides, said rectangular member having a generally elliptical opening at
      the middle thereof;
PA1  a drive shaft disposed normally through said elliptical opening in said
      rectangular member;
PA1  means for rotating said drive shaft;
PA1  a cam disposed eccentrically on said drive shaft and within said elliptical
      opening to reciprocate said rectangular member upon rotation of said
      shaft;
PA1  a pair of transmitting hydraulic cylinders disposed in close proximity to
      the opposed free sides of said rectangular member, each of siad
      transmitting hydraulic cylinders having a corresponding piston rod the
      outer end of which is connected to the adjacent free opposed side of said
      rectangular member;
PA1  a pair of hydraulic receiving cylinders operably and synchronously
      connected to said transmitting hydraulic cylinders each of said hydraulic
      receiving cylinders having a corresponding piston rod; and
PA1  a crankshaft operably connected to said piston rods of said hydraulic
      receiving cylinders, said crankshaft serving as the shaft of the rear
      wheel of said bicycle.
PATN
WKU  039383334
SRC  5
APN  5483565
APT  1
ART  341
APD  19750210
TTL  Master cylinder
ISD  19760217
NCL  4
ECL  1
EXA  Burks, Sr.; H.
EXP  Schwadron; Martin P.
NDR  2
NFG  5
INVT
NAM  Mathues; Thomas P.
CTY  Miamisburg
STA  OH
ASSG
NAM  General Motors Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL   60574
XCL  303  6C
XCL  200 82D
XCL   60534
XCL   60591
EDF  2
ICL  B60T 1108
FSC   60
FSS  534;535;545;550;562;563;572;573;574;590-592
FSC  200
FSS  82 R
FSC  303
FSS  6 C
FSC  188
FSS  152;349
UREF
PNO  3097018
ISD  19630700
NAM  Stelzer
OCL   60574
UREF
PNO  3147042
ISD  19640900
NAM  Stelzer
OCL   60574
UREF
PNO  3365243
ISD  19680100
NAM  Doerfler
OCL   60591
UREF
PNO  3421321
ISD  19690100
NAM  Lewis
OCL   60535
UREF
PNO  3489465
ISD  19700100
NAM  Bueler
OCL   60574
UREF
PNO  3517970
ISD  19700600
NAM  Cripe
OCL   60574
UREF
PNO  3686864
ISD  19720800
NAM  Shutt
OCL   60534
UREF
PNO  3749451
ISD  19730700
NAM  Edsall
OCL  303  6C
UREF
PNO  3852962
ISD  19741200
NAM  Warwick
OCL   60535
LREP
FR2  McGraw; D. D.
ABST
PAL  A dual master cylinder has a secondary piston which when actuated
      pressurizes fluid in two secondary chamber sections with one chamber
      section increasing pressure at a faster rate than the other as the piston
      is stroked. The piston has passage means therein interconnecting the two
      chamber sections, a proportioning valve mechanism in the passage means
      acting to proportion fluid pressure from the one chamber section to the
      other chamber section after a predetermined pressure differential exists
      in the two chamber sections. A shuttle piston also mounted in the
      secondary piston is responsive to pressure generated in the one secondary
      chamber section and in the primary pressurizing chamber between the
      primary and secondary master cylinder pistons. If a pressure loss is
      suffered in the primary pressurizing chamber during master cylinder
      actuation, the shuttle piston moves to render the proportioning valve
      mechanism inoperative and permit substantially unrestricted pressure flow
      from the one secondary chamber section to the other secondary chamber
      section and thence to the fluid brake circuit connected thereto. The
      shuttle piston also has suitable cams which actuate a cam follower
      arrangement mounted on the secondary piston which in turn actuates a
      warning switch mechanism when the shuttle piston is moved in either
      direction because of a pressure loss in one of the two chambers to which
      it is pressure connected. The primary pressurizing chamber has an outlet
      in which a metering valve mechanism is provided, the pressurized fluid
      then passing to another fluid brake circuit. A modified embodiment of the
      invention uses a proportioner piston between a single secondary
      pressurizing chamber and an outlet chamber, with one end of the shuttle
      piston also functioning to define the small diameter portion of the
      proportioner mechanism.
BSUM
PAR  The invention relates to a master cylinder assembly and more particularly
      to one in which a proportioning valve mechanism is provided in the
      secondary piston of a dual master cylinder. It is a feature of one
      embodiment of the invention to divide a secondary pressurizing chamber, in
      which fluid is pressurized by movement of the secondary piston, into two
      chamber sections with the first chamber section pressurizing the fluid at
      a higher rate of pressurization than the second chamber section. A brake
      circuit is connected to an outlet of the second chamber section. Passage
      means provided in the secondary piston connects the two secondary chamber
      sections and a proportioning valve mechanism is positioned in the passage
      means so that it is responsive to the fluid pressures generated in the two
      secondary chamber sections. When the pressure generated in the first and
      second secondary chamber sections has increased beyond a predetermined
      point, the proportioning valve mechanism becomes operative to proportion
      the pressure between the two chambers. The full available displacement of
      both chamber sections is utilized by the time the secondary piston reaches
      its stroke limit, whether or not the proportioning valve mechanism
      proportions.
PAR  It is another feature of the invention to provide a shuttle piston in a
      bore in the secondary piston, the shuttle piston having one end responsive
      to pressure generated in a primary pressurizing chamber, positioned
      between the master cylinder primary piston and secondary piston, and the
      other end of the shuttle piston responsive to pressure in the first
      secondary pressurizing chamber section. A portion of the proportioning
      valve mechanism is mounted on the shuttle piston so that when the shuttle
      piston moves toward the primary pressurizing chamber due to a loss in
      pressure in that chamber or the fluid circuit connected to it, relative to
      pressure in the first secondary pressurizing chamber section, the
      proportioning valve mechanism is rendered inoperative to proportion, and
      pressurized fluid generated in the first secondary pressurizing chamber
      section is transmitted to the fluid circuit connected with the second
      secondary pressurizing chamber section without being proportionately
      decreased.
PAR  It is a feature of another embodiment of the invention to mount the
      proportioner piston in the secondary piston fluidly intermediate a single
      secondary pressurizing chamber and an outlet chamber, with a portion of
      the shuttle piston also defining the area of the small diameter portion of
      the proportioner piston.
PAR  The proportioning mechanism is closely related to the mechanism disclosed
      in U.S. Pat. No. 3,733,106, issued May 15, 1973, entitled "Combination
      Valve Assembly With Proportioner Override" and assigned to the common
      assignee. That patent discloses a combination valve mechanism including a
      proportioning section, a pressure failure warning section and a metering
      section.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a dual circuit brake system for a
      vehicle utilizing a master cylinder assembly embodying the invention.
PAR  FIG. 2 is a cross section view of the master cylinder assembly utilized in
      the system of FIG. 1, with parts broken away.
PAR  FIG. 3 is a fragmentary cross section view of a portion of the master
      cylinder assembly as taken in the direction of arrows 3--3 of FIG. 1.
PAR  FIG. 4 ia a cross section view similar to FIG. 2 and illustrating another
      embodiment of the invention.
PAR  FIG. 5 is an enlarged view of a part of the assembly of FIG. 4 within the
      circle A.
DETD
PAR  The system illustrated in FIG. 1 includes a brake pedal 10 suitably mounted
      on a portion 12 of a vehicle so as to transmit braking effort through the
      push rod 14 to the brake booster 16. The master cylinder assembly 18
      embodying the invention is actuated by the booster 16 in the usual manner.
      The master cylinder assembly is of the dual pressurizing chamber type
      arranged to provide brake actuating fluid to two separate brake circuits.
      The front brake circuit 20 includes a brake line 22 and branches thereof
      which lead from the master cylinder assembly outlet 24 to the vehicle
      front wheel brakes 26 and 28. The rear brake circuit 30 includes brake
      line 32 and branches thereof which connect the master cylinder assembly
      outlet 34 with the vehicle rear wheel brakes 36 and 38. The master
      cylinder assembly 18 has a warning switch assembly 40 which is in an
      electrical circuit schematically illustrated as including an electrical
      lead 42 containing in series with warning switch assembly 40 a switch 44,
      a warning signal lamp 46, and a source of electrical energy such as
      battery 48.
PAR  The master cylinder assembly 18 is illustrated in greater detail in FIGS. 2
      and 3. The assembly is generally comprised of a master cylinder housing 50
      on which a fluid reservoir housing 52 is secured. The reservoir portion of
      assembly 18 has a primary reservoir chamber 54 formed by housing 52, and
      first and second secondary reservoir chambers 56 and 58 respectively
      formed in bosses 60 and 62 on the upper side of the master cylinder
      housing 50. The bottoms of these secondary reservoir chambers are
      respectively provided with compensation ports 64 and 66, and 68 and 70.
      Tubular member 72 is threaded into the first secondary reservoir chamber
      56 and acts as a retaining member for reservoir housing 52. Another
      tubular member 74 is threaded into the second secondary reservoir chamber
      58 and also acts as a retainer for reservoir housing 52. An apertured
      baffle plate 76 is fitted within tubular member 74 to provide a tortuous
      flow path for fluid from the primary reservoir chamber 54 to compensation
      ports 68 and 70. The baffle plate also prevents fluid which may squirt
      through port 70 upon brake release from being propelled directly into the
      primary reservoir chamber 54. The reservoir construction is disclosed and
      claimed in greater detail in U.S. Pat. application Ser. Nos. 462,335 and
      462,355, now U.S. Pat. Nos. 3,877,228 and 3,886,747 respectively which
      were filed Apr. 19, 1974, each entitled "Master Cylinder Assembly and
      Reservoir For Same."
PAR  Housing 50 has a main bore 78 therein with the forward end of the main bore
      having a shoulder 80 leading to the bore reduced diameter section 82. The
      compensation ports 64 and 66, and 68 and 70, connect the reservoir
      chambers 56 and 58 with the main bore 78. A primary pressurizing piston 84
      is reciprocably received in the rear portion of main bore 78. It is
      provided with the usual piston cup 86 on the piston forward land 88 and a
      seal 90 on the piston rear land 92. The two lands 88 and 92, with the
      reduced diameter portion of the piston joining these lands, cooperate with
      a portion of main bore portion 78 to define the reservoir connected cavity
      94. This cavity is always connected through port 64 with reservoir chamber
      56. A piston stop 96 is provided in the rear end of main bore 78 to locate
      the piston 84 in its brake release position and to retain it in the bore.
      The push rod 98 is the output member of the booster 16. The rod is
      suitably positioned in a socket formed in the rear wall of piston 84 so
      that the piston may be moved leftwardly as seen in FIG. 2 when the master
      cylinder assembly is being actuated.
PAR  A secondary pressurizing piston 100 is also reciprocably received in main
      bore 78 and has a reduced diameter forward extension 102 which extends
      into the main bore reduced diameter section 82. A seal 104 on extension
      102 slidably seals the piston relative to bore section 82. The piston also
      has axially spaced lands 106 and 108 joined by a reduced diameter section
      110 so as to define with main bore 78 another reservoir connected cavity
      112. This cavity is always connected with reservoir chamber 58 through
      port 68. V-block seals 114 and 116 are respectively provided on lands 106
      and 108 to seal against any fluid pressure flow past these lands from
      other portions of the main bore into cavity 112. The secondary piston also
      has a reduced diameter rearward extension 118. Extension 118 is located in
      the primary pressurizing chamber 120 which is defined by the main bore 78
      and the primary and secondary pistons 84 and 100. A caging mechanism
      providing a piston location and return spring arrangement includes one
      annular spring retainer section 122 secured to the forward end of primary
      piston 84 by the bolt 124 and a second spring retainer section 126 fitting
      against the secondary piston shoulder 128, which is a part of land 106,
      and interlocked with retainer 122 by the retainer flanges 130 and 132 so
      as to limit the extensible length of the retainer sections while
      permitting them to telescope. Spring 134 is a compression spring having
      one end acting on retainer section 122 and the other end acting on
      retainer section 126 so as to be caged between them. When the master
      cylinder assembly is in the brake release position illustrated, the
      compressive force stored in spring 134 extends the retainer sections 122
      and 126 as shown in FIG. 2 to establish a precise location for the
      secondary piston 100.
PAR  The secondary piston land 108 cooperates with the main bore 78 and shoulder
      80 to define a first section 136 of the secondary pressurizing chamber
      means. Chamber section 136 is annular, being formed about secondary piston
      extension 102. When the master cylinder assembly is in the brake release
      position illustrated, compensation port 70 is adjacent but clear of seal
      116. As is well known in the art, slight brake actuating movement of
      secondary piston 100 will cause seal 116 to close the compensation port so
      that fluid may be pressurized in chamber section 136. The second section
      138 of the secondary pressurizing chamber means is defined by bore reduced
      diameter section 82 and the extension 102 of secondary piston 100. An
      outlet passage 140 leads to outlet 34 to which the rear brake circuit 30
      is connected. Passage 140 is fluid connected with chamber 138.
PAR  Compensation port 66 is also positioned immediately adjacent but clear of
      seal 86 when the assembly is in the brake release position, and is closed
      by slight brake actuating movement of primary piston 84 so that fluid may
      be pressurized in the primary pressurizing chamber 120. Outlet passage 142
      is fluid connected with primary pressurizing chamber 120 slightly
      rearwardly of the brake release position of secondary piston seal 114.
      Passage 142 is operatively connected through the metering valve section
      144 of assembly 18 to the outlet 24. Thus fluid in the primary
      pressurizing chamber 120 is pressurized to actuate the vehicle front
      brakes 26 and 28, and fluid pressurized in sections 136 and 138 of the
      secondary reservoir chamber means actuates the rear brakes 36 and 38. Upon
      brake release the secondary piston return spring 146, located in chamber
      136 and having one end acting on shoulder 80 and the other end acting on
      secondary piston land 108, urges the secondary piston rearwardly. It also
      acts through return spring 134 and joins with the expanding action of that
      spring to urge primary piston 84 rearwardly. This permits all of the
      pressurizing chambers to expand and return to the brake release position
      shown in the drawing.
PAR  A bore 148 is formed through secondary piston 100, with a wall 150 being
      provided in the bore and having an aperture 152 therethrough. The wall 150
      divides bore 148 into a first bore section 154 and a second bore section
      156. A passage 158 in the secondary piston provides fluid communication
      between chamber 136 and bore section 154 immediately adjacent wall 150.
      The bore section 154 has stepped diameters with the smallest diameter
      portion 160 being adjacent wall 150, the largest diameter portion 162
      being at the other end of bore section 154 and opening into chamber 120,
      and the intermediate diameter portion 164 being positioned axially between
      diameter portions 160 and 162 and respectively connected therewith at
      shoulders 166 and 168.
PAR  A shuttlepiston assembly 170 is positioned in bore section 154 for
      reciprocal movement in either direction from the center position
      illustrated in the drawing. The piston assembly 170 includes a piston body
      172 having a land 174 at one end, a camming section 176 of reduced
      diameters relative to the diameter of land 174, a flange 178, and a piston
      end 180 of smaller diameter than the diameter of flange 178. The shuttle
      piston assembly 170 also includes a pair of sleeves or collars 182 and 184
      which are slidably positioned over piston end 180. Sleeve 182 abuts flange
      178 and is separated from sleeve 184 by a seal 186 which seals against the
      wall of the portion 162 of bore section 154 having the largest diameter as
      well as the cylindrical surface of piston end 180. Sleeve 184 is axially
      aligned for movement-limiting engagement with a stop 188 positioned in the
      opening of bore 148 into primary pressurizing chamber 120.
PAR  The end of piston body 172 adjacent land 174 is provided with a recess 190
      opening into the portion 160 of bore section 154 having the smallest
      diameter and axially intermediate land 174 and wall 150. A proportioner
      stem 192 has a fluted end 194 reciprocably received in recess 190 and
      engaging a light spring 196 within the recess. The portion of the recess
      containing spring 196 is pressure relieved by the fluted construction of
      stem end 194. The stem body 198 is of a slightly reduced diameter relative
      to fluted end 194 so that the piston recess opening is staked at 200 to
      prevent removal of the proportioner stem while permitting a lost motion or
      telescoping movement of the stem relative to piston body 172.
PAR  The proportioner stem 192 has a valve end 202 extending through aperture
      152 of wall 150 with sufficient clearance to permit fluid flow and
      pressure transmittal therethrough in a substantially unrestricted manner.
      The proportioner stem may have a flange 204 formed on the center portion
      of the stem body and positioned in the chamber 206 formed by the piston
      body 172, wall 150, and the smallest diameter portion of bore section 154.
      If this flange is used, the side facing wall 150 is fluted so as not to
      restrict fluid flow through aperture 152 even when the flange abuts the
      wall. The proportioner stem valve end 202 extends into a chamber 208 on
      the other side of wall 150 from chamber 206. This chamber is provided in
      an end of second bore section 156 having a reduced diameter 210. A
      shoulder 212 separates the reduced diameter portion of second bore section
      156 from the larger diameter portion opening into chamber 138 and having a
      larger diameter 214.
PAR  A proportioner piston 216 is reciprocably received in the second bore
      section 156 of secondary pressurizing piston 100 and has a smaller
      diameter end land 218 provided with a seal 220 which seals the land
      relative to the smaller diameter portion of bore section 156. A larger
      diameter land 222 is provided with a seal 224 and fits in reciprocable
      sealing relation with the larger diameter portion of bore section 156. A
      proportioner spring 226 is compressed between land 222 and shoulder 212 in
      the annular spring cavity 228. The left end of land 222 is in abuttable
      relation with a stop 230 provided in the outer end of second bore section
      156. A through passage 232 is axially formed in piston 216 to provide
      fluid communication between chambers 208 and 138. The end of passage 232
      opening into chamber 208 provides a valve seat 234 which cooperates with
      valve end 202 for fluid pressure proportioning action to be described. In
      the brake release position illustrated, proportioner piston 216 abuts stop
      230 and there is sufficient clearance between the valve end 202 and the
      valve seat 234 to permit substantially unrestricted flow between chamber
      208 and chamber 138 through passage 232. A secondary piston passage 236
      provides continuous fluid communication between spring cavity 228 and the
      reservoir connected cavity 112.
PAR  As is better shown in FIG. 3, the piston camming section 176 of piston body
      172 includes annular ridge-like cams 238 and 240 separated by a body
      section 242 having a first diameter smaller than the cams but larger than
      the body sections 244 and 246 on the opposite sides of the cams 238 and
      240. Additional ridge-like cams 248 and 250 are spaced from the first
      mentioned cams by sections 244 and 246. On the other sides of cams 248 and
      250 are additional body sections 252 and 254 which are of the same
      diameter as body section 242. A switch control bar 256 is provided in the
      recessed portion of secondary piston 100 between lands 106 and 108. Bar
      256 has a body portion 258 provided with a channel 260 slidably receiving
      the plunger 262 of switch assembly 40. Bar legs 264 and 266 extend through
      passages 268 and 270 formed in the body of secondary piston 100 and into
      the bore section 154.
PAR  When the shuttle piston assembly 170 is in the central position shown in
      the drawing, the free ends of legs 264 and 266 ride on shuttle piston body
      sections 244 and 246 so that the bar body portion 258 is positioned
      radially inward of cavity 112 against the body of the secondary piston
      100. If the shuttle piston is moved in either direction, for example
      rightwardly as seen in FIG. 3, legs 264 and 266, acting as cam followers,
      are forced up over cams 248 and 240 respectively, and engage the larger
      diameter body sections 252 and 242, respectively. This moves the bar body
      portion 258 radially outward in cavity 112, moving switch plunger 262
      against its spring bias and closing the switch in switch assembly 40 to
      energize the warning lamp 46, assuming that switch 44, which may be the
      ignition switch, is closed. This movement would result from a pressure
      loss in primary pressurizing chamber 120 relative to the secondary
      pressurizing chamber pressure in chamber 206, which is the same pressure
      as that in chamber 136. This rightward movement of piston body 172 will
      cause the proportioner stem 192 to move rightwardly and therefore move
      valve end 202 sufficiently far away from valve seat 234 so that no
      proportioning action can take place under influence of pressures acting on
      the proportioner piston 216. This then opens substantially unrestricted
      fluid communication between chambers 136 and 138.
PAR  When the cause of the pressure loss is determined and repaired, actuation
      of the system will cause pressure generated in chamber 120 to act across
      the end of sleeve 184 as well as the piston end 180, generating a greater
      force leftwardly on the piston body 172 than that generated by the
      pressure in chamber 206 acting on the smaller effective area of piston
      land 174. The piston assembly 170 is therefore returned to the center
      position illustrated, with sleeve 182 abutting shoulder 168. Since the
      piston end 180 has a smaller effective area than piston land 174, no
      additional movement leftward occurs so long as the pressures in chambers
      120 and 206 are substantially the same.
PAR  Pressure loss in chamber 206 during brake actuation will result in the
      pressure in primary pressurizing chamber 120 acting on piston end 180 to
      move the shuttle piston body 172 leftwardly, and cams 238 and 250 then
      lift bar 256 radially outward, the legs 264 and 266 resting on the larger
      diameter body portions 242 and 254. Switch assembly 40 is then again
      actuated. The lost motion connection of proportioner stem 192 and piston
      body 172 permits this movement without moving the proportioner stem.
      Spring 196 merely collapses. When the cause of the pressure loss has been
      determined and repaired, the piston body 172 will be returned to the
      center position illustrated by the differential force acting thereon
      created by pressure in chamber 206 acting on the larger area of land 174
      as compared to the smaller area of piston end 180 on which pressure in
      chamber 120 acts.
PAR  The metering valve section is illustrated in FIG. 3. The primary pressure
      generated in chamber 120 and destined for the front brakes 26 and 28
      enters chamber 276, which is formed in a portion of the metering valve
      assembly bore 278. This bore is formed in a part of the housing 50. One
      wall of chamber 276 is defined by the valve pin stop 280. This stop is cup
      shaped, and is provided with one or more openings 282 through which
      chamber 276 is connected to chamber 284 inside the cup. The metering valve
      pin 286 has a head 288 positioned in chamber 284 and separated by a groove
      290 from a knurled pin section 292. This pin further extends to a reduced
      pin section 294 about which a diaphragm seal 296 is mounted. The pin land
      298 is slidably mounted in a bore 300 formed through the valve plug 302.
      The pin reduced end 304 extends outwardly through the valve plug and is
      covered by the metering valve boot 306.
PAR  The chamber 308 between diaphragm seal 296 and the valve pin stop 280
      contains the metering valve 310. The outer portion 312 of valve 310 acts
      as a valve which sealingly engages a valve seat 314 formed by the valve
      pin stop 280 and a shoulder 316 of bore 300. The annular portion of
      metering valve 310 has an axially extending annular section or lip 318
      which, in the position shown, receives and engages the outer periphery of
      the pin knurled section 292. A valve retainer and spring seat 320 presses
      against the other side of the metering valve 310 relative to valve pin
      stop 280 and is engaged by compression spring 322, which also acts against
      spring seat 324 and diaphragm seal 296. The portion of metering valve pin
      286 intermediate the knurled section 292 and the reduced pin section 294
      has a flange 326 providing a spring seat. Another compression spring 328
      seats against spring seats 320 and 326 and urges pin 286 in a direction
      toward engagement by the end of pin head 288 with pin stop 280. The fluid
      pressure from chamber 308 passes through outlet passage 330 to the outlet
      24 to which the front brake circuit 30 is connected.
PAR  When the brake pressure is initially generated in primary pressurizing
      chamber 120 the pressurized fluid passes through outlet 142, chamber 276,
      openings 282, chamber 284, and the axial groove openings formed by the
      knurled pin section 292, to chamber 308. The initial pressure may be in
      the range between 0 and 30 p.s.i. This light initial pressure in chamber
      308 is transmitted through outlet 330 to outlet 24 and then through
      conduit 22 to the front brakes 26 and 28. It also acts on diaphragm seal
      296 to move the metering valve pin 286 upwardly as seen in FIG. 3 against
      the force of spring 328 until the shoulder of the knurled pin section 292
      engages spring seat 320. This provides a first stop for the metering valve
      pin 286, at which time the smooth outer periphery of the pin head 288 is
      moved to engage the lip 318 of the metering valve 310, blocking off
      further flow of fluid from chamber 284 to chamber 308.
PAR  Additional inlet pressure must now be built up before additional pressure
      can be supplied through the valve assembly to the front brakes. This
      pressure is referred to as the "hold-off" pressure and is controlled by
      the effective area of the metering valve 210 and the load of spring 322.
      The hold-off pressure may be varied from about 60 p.s.i. to 200 p.s.i.,
      for example, as may be required for a particular vehicle. This is
      important to a vehicle having front disc brakes and rear drum brakes. The
      hold-off pressure permits the drum brake shoes to be expanded against
      their retracting springs into engagement with the drums before additional
      pressure is exerted at the front brakes.
PAR  Continued increase in inlet pressure in chambers 276 and 284 acts on the
      effective area of the metering valve 310 and the head 288 of the metering
      valve pin 286 and eventually causes the pin 286, the valve 310, and the
      spring retainer 320 to move toward the diaphragm seal 296 against the
      forces of springs 322 and 328 to open the valve 310 relative to its seat
      314. Inlet pressure is then admitted to chamber 308 past the outer
      periphery of valve 310 and acts on the diaphragm seal 296, and
      particularly the central portion thereof which overlies an enlarged recess
      332 at the end of bore 300, to move metering valve pin 286, with retainer
      320 and metering valve 310, further upwardly as seen in FIG. 3 until the
      pin land engages the shouldered end of bore 300 through which the pin
      reduced end 304 extends. The transition between the inlet pressure in
      chamber 276 and the outlet 330 takes place as this action occurs. This
      transition is completed at a pressure point referred to as the "blend"
      pressure. The inlet pressure in chamber 276 is thereafter the same as the
      pressure passing through outlet 330 to the front brakes. The blend
      pressure is controlled by the effective area of diaphragm seal 296
      overlying the recess 332 and the spring load of springs 322 and 328.
PAR  Upon release of pressure in chamber 120, metering valve pin 286 gradually
      moves toward pin stop 280 as do the metering valve 310 and the retainer
      320, until the metering valve 310 again has its outer periphery 312
      seating against its valve seat 314. As further release of inlet pressure
      occurs, the lip 318 of the metering valve lifts to allow fluid to flow
      from chamber 308 to chamber 276. This allows release of pressure at the
      front brakes with a very small pressure differential. Upon complete
      release the metering valve pin 286 assumes the position shown so that
      chamber 308 is again in fluid communication with chamber 284 through the
      grooves formed by the knurls of knurled pin section 292. These grooves
      provide free flow of brake fluid for compensation of changes in volume of
      the hydraulic circuit 20 due to thermal changes.
PAR  During normal brake operation push rod 98 is moved leftwardly to move
      primary piston 84 leftwardly to pressurize brake fluid in primary
      pressurizing chamber 120. Some of the force exerted by push rod 98 is
      transmitted to the secondary piston 100 through spring 134. However, the
      major portion of the force is transmitted through the fluid in chamber
      120. These forces move secondary piston 100 leftwardly as seen in FIG. 2
      against the force of spring 146 and fluid is pressurized in chambers 136
      and 138. At a predetermined force differential, the forces acting on
      proportioner piston 216 due to the differential areas exposed to chambers
      136 and 138 will cause the piston to move rightwardly against the force of
      spring 226, causing a proportioning action to take place between valve end
      202 and valve seat 234. Thus the pressure from chamber 136 is proportioned
      into chamber 138 at a predetermined ratio once proportioning action begins
      and the net result is that proportionately less pressure is delivered to
      the rear brakes 36 and 38 than to the front brakes 26 and 28. The
      effective areas of the secondary piston forming the movable walls of these
      chambers are so proportioned that fluid is pressurized at a higher rate in
      chamber 136 than in chamber 138 for a given leftward stroke of secondary
      piston 100 during proportioning action. It can be readily seen that with
      this arrangement the full available volume displacements of chambers 136
      and 138 are utilized, as is the full available volume displacement of
      chamber 120.
PAR  In order to obtain proportioned fluid pressure at the outlet 140 the
      secondary piston 100 must be put into equilibrium with part of its area
      being acted on by proportioned pressure. Three pressures act on five
      different areas. The areas are indicated in the drawing as diameters, it
      being understood that when reference is made to such an area it refers to
      the area which is indicated by the diameter concerned. The area of the
      master cylinder bore 78 is indicated by diameter 272. A second area of
      concern is that of the proportioner valve seat 234. The third area is the
      minor diameter of the proportioner indicated by diameter 210. A fourth
      area of concern is represented by the major diameter 214 of the
      proportioner. The fifth area is represented by the diameter 274 of bore
      section 82. When the outlet pressure in passage 140 is sufficiently great
      to begin proportioning operation, the secondary piston 100 is balanced by
      forces generated by pressure in primary pressurizing chamber 120 acting
      across the first area having diameter 272, and by the pressure generated
      by secondary piston 100 in chambers 136 and 138 also acting across the
      area having diameter 272. When the pressure in chamber 138 generates a
      force acting on the fourth area, represented by diameter 214, which
      exceeds the force generated by the pressure in chamber 208 acting against
      the area represented by diameter 210, plus the spring load of proportioner
      spring 226, the proportioner begins its proportioning action. After
      proportioning begins the pressure acting across the area represented by
      diameter 274 is lower than the pressure generated by the primary
      pressurizing piston in chamber 120. This requires that the pressure
      generated in the secondary piston pressurizing chamber 136 be higher to
      keep the secondary piston in equilibrium. The proportioner areas
      represented by diameters 210 and 214 are calculated to provide a desirable
      slope of proportioner pressure increase using the higher pressure in
      chamber 136 as the upstream pressure. The pressure slope obtained at the
      rear brakes 36 and 38 is calculated by dividing the outlet pressure
      delivered to the front brakes by the outlet pressure delivered to the rear
      brakes.
PAR  A modified master cylinder assembly 374 is illustrated in greater detail in
      FIGS. 4 and 5. The reservoir portion of the assembly is generally similar
      to that of assembly 18 and its components have the same reference numbers
      identifying equivalent parts.
PAR  Housing 376 of assembly 374 has a main bore 378 therein with the forward
      end of the main bore having a shoulder 380 leading to the bore reduced
      diameter section 382. The compensation ports 64 and 66, and 68 and 70,
      connect the reservoir chambers 56 and 58 with the main bore 378. A primary
      pressurizing piston 384 is reciprocably received in the rear portion of
      main bore 378. It is provided with the usual piston cup 386 on the piston
      forward land 388 and a seal 390 on the piston rear land 392. The two lands
      388 and 392, with the reduced diameter portion of the piston joining these
      lands, cooperate with a portion of main bore portion 378 to define the
      reservoir connected cavity 394. This cavity is always connected through
      port 64 with reservoir chamber 56. A piston stop 396 is provided in the
      rear end of main bore 378 to locate the piston 384 in its brake release
      position and to retain it in the bore. The push rod 398 is the output
      member of the booster 16. The rod is suitably positioned in a socket
      formed in the rear wall of piston 384 so that the piston may be moved
      leftwardly as seen in FIG. 4 when the master cylinder assembly is being
      actuated.
PAR  A secondary pressurizing piston 400 is also reciprocably received in main
      bore 378 and has a reduced diameter forward extension 402 which extends
      toward shoulder 380. This piston also has axially spaced lands 406 and 408
      joined by a reduced diameter section 410 so as to define with main bore
      378 another reservoir connected cavity 412. This cavity is always
      connected with reservoir chamber 58 through port 68. V-block seals 414 and
      416 are respectively provided on lands 406 and 408 to seal against any
      fluid pressure flow past these lands from other portions of the main bore
      into cavity 412. The secondary piston also has a reduced diameter rearward
      extension 418. Extension 418 is located in the primary pressurizing
      chamber 420 which is defined by the main bore 378 and the primary and
      secondary pistons 384 and 400. A caging mechanism providing a piston
      location and return spring arrangement includes one annular spring
      retainer section 422 fitting against the forward end of primary piston 384
      and a second annular spring retainer section 424 having a threaded body
      section 426 threaded into the end 428 of the secondary piston extension
      418. Retainer 424 is interlocked with retainer 422 by the retainer flanges
      430 and 432 so as to limit the extensible length of the retainer sections
      while permitting them to telescope. Spring 434 is a compression spring
      having one end acting on retainer section 422 adjacent primary piston land
      388 and the other end acting on land 406 so as to be caged between them.
      When the master cylinder assembly is in the brake release position
      illustrated, the compressive force stored in spring 434 extends the
      retainer section 422 relative to section 426 as shown in FIG. 4 to
      establish a precise location for the secondary piston 400.
PAR  The secondary piston land 408 cooperates with the main bore 378 and
      shoulder 380 to define a first section 436 of the secondary pressurizing
      chamber means. Chamber section 436 is generally annular, being formed
      about secondary piston extension 402. When the master cylinder assembly is
      in the brake release position illustrated, compensation port 70 is
      adjacent but clear of seal 416. As is well known in the art, slight brake
      actuating movement of secondary piston 400 will cause seal 416 to close
      the compensation port so that fluid may be pressurized in chamber section
      436. The second section 438 of the secondary pressurizing chamber means is
      an outlet chamber defined by bore reduced diameter section 382 and the
      larger area end of proportioner piston 516 described below. An outlet
      passage 440 leads to outlet 34 to which the rear brake circuit 30 is
      connected. Passage 440 is fluid connected with chamber 438.
PAR  Compensation port 66 is positioned immediately adjacent but clear of seal
      386 when the assembly is in the brake release position, and is closed by
      slight brake actuating movement of primary piston 384 so that fluid may be
      pressurized in the primary pressurizing chamber 420. Outlet passage 442 is
      fluid connected with primary pressurizing chamber 420 slightly rearwardly
      of the brake release position of secondary piston land 406. Passage 442 is
      operatively connected to the vehicle front brake circuit through outlet
      24. Thus fluid in the primary pressurizing chamber 420 is pressurized to
      actuate the vehicle front brakes 26 and 28, and fluid pressurized in
      sections 436 and 438 of the secondary reservoir chamber means actuates the
      rear brakes 36 and 38. Upon brake release the secondary piston return
      spring 446, located in chamber 436 and having one end acting on shoulder
      380 and the other end acting on secondary piston land 408, urges the
      secondary piston rearwardly. It also acts through return spring 434 and
      joins with the expanding action of that spring to urge primary piston 384
      rearwardly. This permits all of the pressurizing chambers to expand and
      return to the brake release position shown in the drawing.
PAR  A bore 448 is formed through secondary piston 400, and has a center section
      450, a first end bore section 454 and a second end bore section 456.
      Sections 454 and 456 are somewhat larger in diameter than center section
      450. The bore section 454 has retainer section 424 threaded into its end
      428, which opens into chamber 420. The center bore portion 450 is
      positioned axially between sections 454 and 456 and is respectively
      connected therewith at shoulders 466 and 468.
PAR  A shuttle piston assembly 470 is positioned in bore 448 for reciprocal
      movement in either direction from the center position illustrated in the
      drawing. The piston assembly 470 includes a piston body 472 having a land
      474 at one end, a camming section 476 of reduced diameters relative to the
      diameter of land 474, a flange 478, and a piston end 480 of smaller
      diameter than the diameter of flange 478. The shuttle piston assembly 470
      also includes a pair of sleeves or collars 482 and 484 which are slidably
      positioned over piston end 480. Sleeve 484 abuts flange 478 and is
      separated from sleeve 484 by a seal 486 which seals against the wall of
      the portion 454 of bore 448 and the cylindrical surface of piston end 480.
      Sleeve 484 is axially aligned for movement-limiting engagement with the
      end 488 of retainer section 424.
PAR  The end of piston body 472 adjacent land 474 is provided with a recess 490.
      A proportioner stem 492 has a fluted end 494 reciprocably received in
      recess 490 and engaging a light spring 496 within the recess. The portion
      of the recess containing spring 496 is pressure relieved by the fluted
      construction of stem end 494. The stem body 498 is of a slightly reduced
      diameter relative to fluted end 494 so that the piston recess opening is
      staked at 500 to prevent removal of the proportioner stem while permitting
      a lost motion or telescoping movement of the stem relative to piston body
      472.
PAR  The proportioner stem 492 has a valve end 502 which extends into a chamber
      508 formed in a proportioner piston 516. Proportioner piston 516 is
      reciprocably received in the bore section 456 of secondary pressurizing
      piston 400 and also in bore section 382 of main bore 378. Piston 516 has a
      recess 518 in which land 474 is reciprocably received so that chamber 508
      is a part of recess 518. A seal 520 seals between land 474 and recess 518.
      The end 522 of piston 516 is provided with a seal 524 and fits in
      reciprocable sealing relation with the bore section 382. A proportioner
      spring 526 is compressed between proportioner piston end 527 and shoulder
      466 in the annular spring cavity 528 formed by bore portion 456 about a
      part of piston body 472. A cross passage 530 is provided in the center
      part of piston 516 to provide fluid communication between chambers 436 and
      508. A through passage 532 is axially formed in piston 516 to communicate
      with recess 518 and to provide fluid communication between chambers 508
      and 438. The end of passage 532 opening into chamber 508 provides a valve
      seat 534 which cooperates with valve end 502 for fluid pressure
      proportioning action to be described. In the brake release position
      illustrated, proportioner piston 516 is held in place by the stop
      arrangement described below so that there is sufficient clearance between
      the valve end 502 and the valve seat 534 to permit substantially
      unrestricted flow between chamber 508 and chamber 438 through passage 532.
      A seal 536 in an annular recess formed in the outer periphery of piston
      516 seals that piston relative to bore 456 of piston 400.
PAR  The piston camming section 476 of piston body 472 includes annular
      ridge-like cams 538 and 540 separated by a body section 542 having a first
      diameter smaller than the cams but larger than the body sections 544 and
      546 on the opposite sides of the cams 538 and 540. Additional ridge-like
      cams 548 and 550 are spaced from the first mentioned cams by sections 544
      and 546. On the other sides of cams 548 and 550 are additional body
      sections 552 and 554 which are of the same diameter as body section 542. A
      switch control bar like that of bar 256 is provided in the recessed
      portion of secondary piston 400 between lands 406 and 408. Passages 568
      and 570, formed in the body of secondary piston 500, are illustrated with
      a 90.degree. displacement to show that they open into chamber 412. They
      function as do passages 268 and 270 for the switch actuating mechanism.
      Switch action of switch assembly 40 is the same as described above with
      regard to FIGS. 2 and 3.
PAR  An enlarged view of the stop mechanism for proportioner piston 516 is shown
      in FIG. 5. Piston 516 has a groove 548 formed in the periphery of the
      portion which remains within bore 456, and seal 536 is received therein.
      Another groove 550 is formed adjacent groove 548 and toward piston end
      527. This groove has a straight side 552 and a beveled side 554. Side 554
      is beveled at about 30.degree. from the diametrical direction, so that the
      open top of the groove is wider than the groove bottom 556. Another groove
      558 is formed as an internal groove in bore 456 and is generally aligned
      radially with groove 550. Groove 558 has a beveled side 560 and a straight
      side 562. Side 560 is beveled at about 45.degree. from the diametrical
      direction, and is similarly wider at the open top than the groove bottom
      564. A snap ring 566 is received in the grooves 550 and 558. These grooves
      are wider than the wire diameter of ring 566, with groove 550 having a
      depth slightly greater than the ring wire diameter. Groove 558 has a depth
      equal to about half the ring wire diameter. Ring 556 extends
      circumferentially a slightly lesser distance than the circumference of
      groove bottom 556 so that it can be fitted in groove 550 against its
      expanding preload. The end of bore 456 is beveled at 572 so that when
      piston 516 is inserted into the bore the ring will be cammed into groove
      550. When the ring is in radial alignment with groove 558, it expands so
      that its radially outer portion is in groove 558 and its radially inner
      portion is in groove 550. Under the force of spring 526, the ring engages
      groove sides 554 and 560 and positions the piston 516 relative to shuttle
      piston assembly 470 and secondary piston 400. When piston 416 moves
      rightwardly relative to piston 400, the axial movement is limited to that
      permitted by the radially extending groove sides 552 and 562. Removal of
      piston 516 can be accomplished by providing a force on that piston acting
      as does spring 526, but much greater than the spring force, until ring 566
      is cammed by beveled groove side 560 into groove 550.
PAR  Shuttle piston 472 will be moved rightwardly, as seen in FIG. 4, when a
      pressure loss occurs in chamber 420 relative to the pressure in
      interconnected chambers 436, 438 and 508. This movement will actuate the
      warning circuit, as earlier described, and will remove valve end 502 of
      the proportioner stem 492 sufficiently far from valve seat 534 so that no
      proportioning action can take place. Instead, substantially unrestricted
      fluid communication is opened between chambers 436 and 438. The shuttle
      piston is recentered after the cause of the pressure loss has been
      eliminated and upon brake actuation, in a manner similar to that described
      above with regard to FIGS. 2 and 3.
PAR  A pressure loss in chamber 438 is transmitted to chambers 508 and 436
      through the proportioning valve and cross passage 530, allowing the
      secondary piston to move leftwardly until the end of extension 402 engages
      shoulder 380. Sufficient pressure differential then is generated across
      shuttle piston assembly 470 to move it leftwardly, actuating the warning
      circuit and also causing valve end 502 to close valve seat 534. Assembly
      470 remains in this position, preventing any additional fluid from being
      pumped through valve passage 532 upon later brake actuation until the
      circuit connected to chamber 438 is restored to its proper condition. When
      this is done, brake actuation will cause assembly 470 to be recentered in
      the manner similar to that described above with regard to FIGS. 2 and 3.
PAR  During normal brake operation push rod 398 is moved leftwardly to move
      primary piston 384 leftwardly to pressurize brake fluid in primary
      pressurizing chamber 420. Some of the force exerted by push rod 398 is
      transmitted to the secondary piston 400 through spring 434. However, the
      major portion of the force is transmitted through the fluid in chamber
      420. These forces move secondary piston 400 leftwardly as seen in FIG. 4
      against the force of spring 446 and fluid is pressurized in chambers 436,
      508 and 438. At a predetermined pressure, the forces acting on
      proportioner piston 516 due to the differential areas exposed to chambers
      436 and 508 will cause the piston 516 to move rightwardly against the
      force of spring 526, causing a proportioning action to take place between
      valve end 502 and valve seat 534. Thus the pressure from chamber 436 is
      proportioned into chamber 438 at a predetermined ratio once proportioning
      action begins and the net result is that proportionately less pressure is
      delivered to the rear brakes 36 and 38 than to the front brakes 26 and 28.
      It can be readily seen that with this arrangement the full available
      volume displacement of chambers 436 and 438 are utilized, as is the full
      available volume displacement of chamber 420.
PAR  When the proportioner piston 516 is at rest it is urged away from the
      shoulder 466 of secondary piston 400 by proportioner spring 526. It is
      limited in this movement by the action of snap ring 566 as described
      above. The passageway between the valve end 502 and its seat 534 is
      normally open. When the master cylinder is actuated, brake fluid is
      displaced from chambers 420 and 436 under pressure. The fluid in chamber
      420 is displaced through outlet 442. Fluid is transferred from chamber 436
      through chamber 508, passage 532, and chamber 438 to outlet 440. The
      pressure in chamber 436 is the same as the pressure in chamber 508. Until
      the brake pressure has built up sufficiently in chamber 438 to cause
      proportioning action to begin, the pressure is the same in chambers 436,
      508 and 438. This pressure acts on the effective annular area defined by
      the difference in areas of recess 518 and the second bore end section 456
      of bore 448. This generates a force urging the proportioner piston 516
      rightwardly relative to the secondary piston 400 against the force of
      proportioner spring 526. When sufficient force has been built up to
      overcome spring 526, proportioner piston 516 moves slightly rightwardly,
      closing valve seat 534 against valve end 502. Proportioning begins at this
      point. The internal proportioning rate is determined by the pressure
      balance of the proportioner piston and is the ratio of pressure in
      chambers 436 and 508 relative to pressure in chamber 438. The pressure in
      chamber 438 acts on the annular area of piston 516 within the bore reduced
      diameter section 382 minus the area of valve seat 534. The pressure in
      chamber 436 and 508 acts on the annular area defined by the area of recess
      518 minus the area of the valve seat 534. Since this annular area is
      smaller than the area acted on by pressure in chamber 438, the pressure in
      chambers 436 and 508 must be higher than that in chamber 438 to balance
      the proportioner piston 516. This relationship is based on the premise
      that the areas of bore section 382 and 456 are equal. If they are not
      equal, the force determined by the annular area of bore section 456 minus
      the area of bore section 382, multiplied by the pressure in chamber 436,
      must be added to the force produced by the pressure in chamber 438 acting
      on its respective area. If bore section 382 is larger than bore section
      456, this analysis still applies using arithmetical sign convention. The
      overall proportioner ratio can be calculated by dividing the pressure
      produced in chamber 438 by the pressure produced in chamber 420.
PAR  The shuttlepiston 520 serves two functions in this embodiment. It serves
      the normal shuttle piston function in separating chamber 508 from the
      pressure in chamber 412, and also serves as the small diameter
      proportioner seal.
PAR  As the pressure differential chambers 508 and 438 increases, the
      differential acts across the proportioning stem 492 to produce a force
      transferred to the shuttle piston 472, urging that piston leftwardly. This
      force is counteracted by force generated by the pressure in chamber 508
      acting on piston 472. The pressure in chamber 508 is proportionately
      higher than the pressure in chamber 420 and therefore the shuttle piston
      remains balanced. The switch assembly 40 has its plunger sufficiently
      spring loaded so that the caming effect of the cams of the shuttle piston
      requires sufficient pressure differential acting across the shuttle piston
      to generate about 70 pounds of force before the shuttle piston moves to
      actuate the warning switch. This prevents energization of the warning
      circuit due to minor pressure changes and tolerances in the system such as
      spring forces and friction loading.
PAR  When the master cylinder is released, the pressure-area combination in
      chamber 438 acting on piston 516 unbalances the piston so that it moves
      rightwardly relative to piston 400. This movement is limited by the
      engagement of groove walls 522 and 562 with snap ring 566. The
      proportioner piston remains in this position until the pressure in chamber
      508 becomes less than the pressure in chamber 438, at which time the valve
      end 502 will be unseated from seat 534 and the proportioner piston will
      return to its rest position.
PAR  The arrangements herein disclosed and claimed are compact, with the
      proportioner and the shuttle piston being included in the master cylinder
      assembly with little change in weight or size. The secondary piston
      assembly can be preassembled with the proportioner and shuttle piston in
      it to provide a modular unit which can be pretested for switch actuating
      function, proportioner function, and sealability before it is installed in
      a master cylinder assembly. The arrangements provide better serviceability
      since the proportioner, shuttle piston, or the secondary piston itself can
      be serviced by replacing the secondary piston assembly with a pretested
      module. Since the proportioner and shuttle piston are vented internally
      and there are no external connections from the master cylinder to a
      separate combination valve body, external leak points are decreased. The
      arrangements also permit the use of common seals and bodies so that
      several pieces can be eliminated as compared to the use of a separate
      combination valve assembly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A master cylinder assembly comprising:
PA1  a housing having reservoir chamber means and a fluid pressurization bore
      communicating with said reservoir chamber means, said bore having an open
      end and a closed end;
PA1  fluid pressurizing means reciprocably received in said bore and including a
      primary piston assembly and a secondary piston assembly in tandem
      relation, said assemblies each including a pressurizing piston and
      defining in said bore a primary fluid pressurizing chamber between said
      pressurizing pistons and a secondary pressurizing chamber on the opposite
      side of said secondary pressurizing piston from said primary fluid
      pressurizing chamber and toward said bore closed end, each of said fluid
      pressurizing chambers having an outlet for delivering pressurized fluid to
      brakes to be actuated, said secondary pressurizing piston having a bore
      extending axially therethrough;
PA1  a fluid pressure proportioner assembly mounted in said last named bore
      fluidly intermediate said secondary fluid pressurizing chamber and its
      outlet and responsive to fluid pressure generated in said secondary fluid
      pressurizing chamber and fluid pressure at said secondary fluid
      pressurizing chamber outlet to proportion fluid pressure at a
      predetermined pressure ratio from said secondary fluid pressurizing
      chamber to its outlet above a predetermined pressure at said secondary
      pressurizing chamber outlet;
PA1  and a shuttle piston assembly reciprocably mounted in said secondary
      pressurizing piston bore and having opposed areas respectively responsive
      to fluid pressure generated in said primary and secondary fluid
      pressurizing chambers and acting upon a predetermined relative pressure
      loss in said primary fluid pressurizing chamber to move toward said
      primary fluid pressurizing chamber and open said proportioner assembly to
      render the same inoperative to proportion fluid pressure and to permit
      fluid pressure generated in said secondary fluid pressurizing chamber to
      be delivered to its outlet without being proportionally modified by said
      proportioner assembly.
NUM  2.
PAR  2. In a master cylinder assembly having a housing with a bore therein:
PA1  a primary pressurizing piston and a secondary pressurizing piston
      reciprocably received in said housing bore and defining therewith a
      primary pressurizing chamber between said pistons, said secondary
      pressurizing piston cooperating with said bore to define first and second
      secondary pressurizing chambers on the opposite end of said secondary
      pressurizing piston from said primary pressurizing chamber, said primary
      pressurizing chamber having a first circuit outlet and said secondary
      pressurizing chamber having a second circuit outlet;
PA1  passage means in said secondary pressurizing piston providing fluid
      communication between said first and second secondary pressurizing
      chambers;
PA1  pressure proportioning means in said passage means, said proportioning
      means being open below a predetermined pressure level in said first and
      second secondary pressurizing chambers to maintain the same pressure
      therein, and being responsive to pressures in said first and second
      secondary pressurizing chambers to proportion pressure generated in said
      first secondary pressurizing chamber into said second secondary
      pressurizing chamber when the pressure in said second secondary
      pressurizing chamber is at and above the predetermined pressure level,
      said first secondary pressurizing chamber tending to generate pressure at
      a higher rate than said second secondary pressurizing chamber as said
      secondary piston is moved in the pressure generating direction in said
      housing bore;
PA1  and means in said secondary piston responsive to pressures generated in
      said primary and said first secondary pressurizing chambers and acting
      upon the loss of pressure only in said primary pressurizing chamber to
      render said pressure proportioning means inoperative to proportion as
      aforesaid whereby the pressure generated in said first secondary
      pressurizing chamber is delivered substantially undiminished through said
      passage means and said second secondary pressurizing chamber to said
      second circuit outlet.
NUM  3.
PAR  3. A master cylinder assembly having in tandem in a stepped master cylinder
      bore a primary piston and a stepped secondary piston, primary pressurizing
      chamber means between said pistons, and secondary pressurizing chamber
      means formed by said stepped secondary piston and said stepped bore, said
      secondary pressurizing chamber means including a first chamber section of
      annular conformation with the outer diameter thereof being the same as the
      diameter of said primary pressurizing chamber and a second chamber section
      of reduced diameter defined by the reduced diameter stepped portions of
      said secondary piston and said stepped bore;
PA1  a proportioning valve assembly including a proportioning piston and a valve
      head and a valve seat received in a bore in said secondary piston with the
      opposed ends of said proportioning piston respectively sensing pressures
      in said first and second chamber sections and in one condition of
      operation permitting substantially unrestricted pressure flow between said
      first and second chamber sections and in another condition of operation
      proportionately reducing pressure flow from said first chamber section to
      said second chamber section;
PA1  and a shuttle piston reciprocably and sealingly mounted in the bore of said
      secondary piston with the opposed ends thereof respectively subjected to
      pressures in said primary pressurizing chamber means and said first
      chamber section of said secondary pressurizing chamber means, said shuttle
      piston having a proportioner stem thereon carrying said proportioning
      valve head, said shuttle piston acting upon loss of pressure only in said
      primary pressurizing chamber means to move said proportioner stem to open
      said proportioning valve assembly by removal of said proportioning valve
      head away from said valve seat sufficiently to permit full pressure flow
      from said first chamber section to said second chamber section of said
      secondary pressurizing chamber means.
NUM  4.
PAR  4. In a master cylinder assembly having a fluid reservoir, tandemly
      arranged primary and secondary fluid pressurizing pistons in a housing
      bore and defining with said housing bore primary and secondary fluid
      pressurizing chamber means and fluid reservoir connected cavities, first
      pressurized passage means from said primary fluid pressurizing chamber
      means operatively connectable to vehicle front wheel brakes, and second
      pressurized fluid passage means from said secondary fluid pressurizing
      chamber means operatively connectable to vehicle rear wheel brakes, the
      improvement comprising:
PA1  said housing bore having a main bore section and a reduced diameter bore
      end section, said secondary piston having a main body section with spaced
      lands thereon and seals on said lands reciprocably sealing with said main
      bore section to define a fluid reservoir connected cavity therebetween,
      said secondary piston further having a reduced diameter extension
      sealingly and reciprocably received in said reduced diameter bore end
      section, the portion of said secondary fluid pressurizing chamber means
      formed about said extension and in said main bore section comprising a
      first portion of said secondary fluid pressurizing chamber means and said
      reduced diameter bore end section defining with said secondary piston
      reduced diameter extension a second portion of said secondary fluid
      pressurizing chamber means having said second pressurized fluid passage
      means connected therewith;
PA1  said secondary piston having a bore extending axially therethrough, said
      secondary piston bore having a first bore section and a second bore
      section separated by an apertured wall said first bore section being fluid
      connected to said first portion of said secondary fluid pressurizing
      chamber means by a passage in said secondary piston opening into said
      first bore section adjacent said apertured wall, said second bore section
      having a reduced diameter portion adjacent said apertured wall and a
      larger diameter portion opening into said housing bore reduced diameter
      bore end section, said larger diameter portion being fluid connected with
      said secondary piston fluid reservoir connected cavity by another passage
      in said secondary piston opening into said large diameter portion of said
      second bore section adjacent said reduced diameter portion of said second
      bore section;
PA1  a shuttle piston reciprocably mounted in said secondary piston first bore
      section having one end exposed to pressure in said primary fluid
      pressurizing chamber means and the other end exposed to pressure in said
      first portion of said secondary fluid pressurizing chamber means;
PA1  a proportioner stem in said first bore section having a valve end extending
      through said apertured wall and into said second bore section, said valve
      end being of sufficiently lesser diameter than the aperture of said
      apertured wall to permit substantially unrestricted fluid flow
      therethrough, said valve end terminating axially intermediate said
      apertured wall and the opening of said another passage into said second
      bore section, said stem further having the other end thereof connected
      with said shuttle piston by a limited movement lost motion connection and
      having means limiting movement of said proportioner stem in the direction
      toward said second bore section;
PA1  a proportioner piston having different diameter end lands provided with
      seals and reciprocably received in said second bore section with the
      larger diameter end land in said larger diameter portion and the smaller
      diameter end land in said reduced diameter portion of said second bore
      section to define between said end lands an annular chamber in fluid
      communication with said secondary piston fluid reservoir connected cavity
      through said another passage, said proportioner piston having a fluid
      passage extending axially therethrough with the end thereof opening into
      said reduced diameter portion of said second bore section forming a
      proportioner valve seat cooperable with said proportioner stem valve end
      in valving relation;
PA1  spring means in said proportioner piston annular chamber continually urging
      said proportioner piston toward a stop member in the end of said diameter
      portion of said second bore section opposite said reduced diameter portion
      of said second bore section;
PA1  and warning signal control means responsive to reciprocal movement of said
      shuttle piston in response to a predetermined decrease in one of the
      pressures acting on said shuttle piston ends relative to the other of the
      pressures so acting to energize a pressure loss warning signal, movement
      of said shuttle piston in response to such a pressure decrease in said
      primary fluid pressurizing chamber means relative to pressure in said
      first portion of said secondary fluid pressurizing chamber means moving
      said proportioner stem valve end away from and out of valving relation
      with said valve seat to permit the fluid pressure in said first portion of
      said secondary fluid pressurizing chamber means to be delivered
      substantially undiminished to said second portion of said secondary fluid
      pressurizing chamber means.
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ABST
PAL  A geothermal energy transfer and utilization system makes use of thermal
      energy stored in hot solute-bearing well water to generate super-heated
      steam from an injected flow of clean water; the super-heated steam is then
      used for operating a turbine-driven pump at the well bottom for pumping
      the hot solute-bearing water at high pressure and in liquid state to the
      earth's surface, where it is used by transfer of its heat to a closed-loop
      boiler-turbine-alternator combination for the generation of electrical or
      other power. Residual concentrated solute-bearing water is pumped back
      into the earth. The clean cooled water is regenerated at the
      surface-located system and is returned to the deep well pumping system
      also for lubrication of a novel bearing arrangement supporting the
      turbine-driven pump system.
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PAC  CROSS REFERENCE TO RELATED CASES
PAR  The following applications employ the same drawings and description of the
      preferred embodiments as are used in the present application, claiming
      different features of the apparatus disclosed therein and are assigned to
      Sperry Rand Corporation:
PA1  H. b. matthews, K. E. Nichols, Ser. No. 487,429, filed July 10, 1974 for
      "Geothermal Energy System and Control Apparatus,"
PA1  J. l. lobach, Ser. No. 488,331, filed July 15, 1974 for "Geothermal Energy
      Turbine and Well Structure," R. Govindarajan, J. L. Lobach, K. E. Nichols,
      Ser. No. 488,333, filed July 15, 1974 for "Geothermal Energy Pump Thrust
      Balance Apparatus".
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to efficient means for the generation of
      electrical or other power utilizing energy from geothermal sources and,
      more particularly, relates to arrangements including efficient
      super-heated steam generation and pumping equipment for application in
      deep, hot water wells for the transfer of thermal energy for use at the
      earth's surface.
PAR  2. Description of the Prior Art
PAR  While geothermal energy sources have been employed for the generation of
      power to a limited extent, generally known prior systems operate at
      relatively low efficiency and have serious disadvantages. In the
      relatively few installations in which substantially dry steam is supplied
      by wells at the earth's surface, the steam may be fed, after removal of
      solid matter, from the well head directly to a turbine. On the other hand,
      most geothermal wells are characterized by yields of a mixture of steam
      and hot water containing corrosive solutes at the earth's surface, so that
      the water must be separated from the steam before the latter is used in a
      turbine.
PAR  In both of these kinds of installations, relatively low pressure steam
      normally results, requiring special turbines and yielding relatively
      inefficient power generation as compared to generation of power using
      normally operated fossil fuel-powered or nuclear-powered electrical
      generation equipment. In only a few instances do geothermal wells actually
      produce truly super-heated steam with only minor amounts of undesired
      gasses and with no liquid water.
PAR  The presence of significant amounts of liquid water in wells used with
      prior art geothermal systems presents other problems in addition to the
      separation problem. If the water is only moderately hot, extracting
      thermal energy from it may be expensive or, at least, inefficient. Whether
      or not the heat is used, the water must be handled. The water usually
      bears considerable concentrations of silica and of alkali salts, including
      chloride, sulfate, carbonate, borate, and the like ions, all of which
      dissolved salts present precipitation problems at the point at which any
      part of the water may abruptly flash into steam. If the alkaline water is
      allowed to escape at the installation, severe chemical and thermal
      pollution of streams or rivers may result. Finally, there is some evidence
      that the removal of large amounts of water from geothermal reservoirs may
      lead, in a generally unpredictable manner, to undesirable land subsidence
      in the vicinity of thermal well installations.
PAR  A major advance in the art of extraction and use of geothermal energy is
      reflected in the H. B. Matthews U.S. patent application Ser. No. 300,058
      for a "Geothermal Energy System and Method," filed Oct. 24, 1972 issued
      July 23, 1974 as U.S. Pat. No. 3,824,793, and assigned to the Sperry Rand
      Corporation. The prior Matthews invention provides means for efficient
      power generation employing energy derived from geothermal sources through
      the generation of dry, super-heated steam and the consequent operation of
      sub-surface equipment for pumping extremely hot well water at high
      pressures upward to the earth's surface. Clean water is injected at a
      first or surface station into the deep well where thermal energy stored in
      hot solute-bearing deep well water is used at a second or deep well
      station to generate super-heated steam from the clean water. The resultant
      dry super-heated steam is used at the well bottom for operating a
      turbine-driven pump for pumping the hot solute-bearing well water to the
      first station at the earth's surface, the water being pumped at all times
      and locations in the system at pressures which prevent flash steam
      formation. The highly energetic water is used at the surface or first
      station in a binary fluid system so that its thermal energy is transferred
      to a closed-loop surface-located boiler-turbine system for driving an
      electrical power alternator. Cooled, clean water is regenerated by the
      surface system for re-injection into the well for operation of the steam
      turbine therein. Undesired solutes are pumped back into the earth via a
      separate well in the form of a concentrated brine.
PAR  In contrast with the relatively poor performance of other prior art
      systems, the prior Matthews invention is characterized by high efficiency
      as well as by many other advantageous features. It is not limited to use
      with the rare dry steam sources, and it is devoid of the water and steam
      separation problems attached to the more usual prior art systems used with
      mixed steam and hot water supply wells. Since the novel power system
      operates with dry, highly super-heated steam, existing efficient heat
      transfer elements and efficient high pressure turbines may readily be
      employed. According to the invention, the very large calorific content of
      high temperature water subjected to high pressure is efficiently employed.
      Since high pressure liquid is used as the thermal transfer medium,
      undesired flash steam formation is prevented, along with its undesired
      attendant deposition of dissolved materials. Because the dissolved salts
      are efficiently pumped back deep into the earth as remotely as need be
      from the geothermal source, surface pollution effects are avoided and
      there is relatively little risk of land sinkage in the vicinity of the
      geothermal source.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is an improvement in deep well geothermal systems of the kind
      described in the aforementioned U.S. Pat. No. 3,824,793; according to the
      present invention, there is provided an efficient means for the generation
      of electrical power at the earth's surface, using energy abstracted from
      the geothermal source. The apparatus includes means for the efficient
      generation of super-heated steam and a steam driven pumping system at the
      well bottom operated for transfer of hot water to the earth's surface
      where its energy content is beneficially used for power generation.
PAR  According to one feature of the invention, the deep-well steam turbine and
      pump arrangements are supported in a novel system of hydrodynamic thrust
      and radial bearings with all bearing surfaces fully bathed in clean water
      serving as a lubricant and maintained under pressure so as to prevent
      entry of the corrosive and contaminated hot well water and the consequent
      ultimate destruction of bearing surfaces. Alternatively, a bearing
      configuration employing hydrodynamic bearing elements may be employed. A
      thrust ball bearing arrangement is provided that normally comes into play
      only when starting or stopping the turbine-hot water pump system. A
      further feature of the invention permits use of surface-located apparatus
      for assuring efficient continuous operation of the power generation system
      and also enables controlled starting and stopping of the subterranean
      steam turbine-pump apparatus. A further aspect of the invention permits
      efficient steam generation in a confined annular volume lying between
      concentric vertical tubes; the feature causes a spiralling downward flow
      of steam and of the diminishing population of water drops so that they
      both flow in close proximity to the hottest of the two tubes, thus
      improving the efficiency of steam formation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view, mostly in cross section, of the novel deep
      well geothermal pumping apparatus of the system.
PAR  FIGS. 2 and 3 are detailed elevation views in cross section of portions of
      the apparatus of FIG. 1.
PAR  FIG. 4 is a plan view of an element of the FIG. 3 apparatus.
PAR  FIG. 5 is a detailed cross section view taken along the line 5--5 of FIG.
      4.
PAR  FIG. 6 is a developed drawing partly in cross section of a portion of the
      FIG. 3 apparatus.
PAR  FIG. 7 is a detailed elevation view in cross section of the lower portion
      of the apparatus of FIG. 1.
PAR  FIG. 8 is a developed drawing of a portion of the apparatus seen in FIG. 7.
PAR  FIG. 9 is a cross section view of a hydrodynamic bearing system for use in
      the apparatus of FIG. 7.
PAR  FIG. 10 is a plan view in cross section taken along the line 10--10 of FIG.
      9.
PAR  FIG. 11 is a plan view in cross section taken along the line 11--11 of FIG.
      9.
PAR  FIG. 12 is an exploded view, partly in cross section, of part of the
      bearing system of FIG. 9.
PAR  FIG. 13 is a plan view taken along the line 13--13 of FIG. 9.
PAR  FIG. 14 is a cross section view of a hydrostatic bearing system alternative
      to that of FIG. 9.
PAR  FIG. 15 is a diagrammatic representation of the apparatus at the earth's
      surface cooperating with the deep well apparatus of FIG. 1.
PAR  FIG. 16 is an elevation view in partial cross section of the regulator
      devices shown in FIGS. 1 and 2.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the general structure and characteristics of that
      portion of the novel geothermal energy extraction system which is immersed
      in a deep well extending into strata far below the surface of the earth,
      preferably being located at a depth below the surface such that a copious
      supply of extremely hot water under high pressure is naturally available,
      the active pumping structure being located adjacent the hot water source
      and within a generally conventional well casing pipe 10. The configuration
      in FIG. 1 is seen to include a well head section 1 located above the
      earth's surface 11 and a main well section 2 extending downward from well
      head section 1 and below the earth's surface 11. At the subterranean
      source of hot, high pressure water, the main well section 2 joins a steam
      generator input section 3. The steam generator section 4, the steam
      turbine section 5, a power plant rotary bearing section 6, and a hot water
      pumping section 7 follow in close cooperative succession at increasing
      depths.
PAR  Extending downward from the well head section 1 at the earth's surface 11,
      the well casing pipe 10 surrounds in preferably concentric relation an
      innermost stainless steel or other high quality alloy steel pipe or
      conduit 8 for supplying a flow of relatively cool and relatively pure
      water at the bottom of the well for purposes yet to be explained. A second
      relatively large pipe or conduit 9 of similar quality and surrounding pipe
      8 is also provided within well casing 10, extending from well head 1 to
      the energy conversion and pumping system at the bottom of the well and
      permitting turbine exhaust steam to flow to the surface of the earth, as
      will be described.
PAR  It will be seen from FIG. 1 that relatively clean and cold water is pumped
      down the inner pipe 8 from the surface 11 station to the region of the
      pipe tee 12. At tee 12, the downward flowing water is divided between two
      branch paths. As will be described, a first branch path feeds clean
      lubricating water through pipes 13 and 17 for lubricating a system of
      bearings within the system bearing section 6. The second branch path feeds
      clean water through pressure regulator system 15 and via distribution pipe
      or pipes 16 to the input manifold 22 of a steam generator 18 formed
      between the generally concentric walls of alloy pipes 9 and 9a.
      Accordingly, high pressure steam is generated and delivered to a steam
      turbine located within turbine section 5.
PAR  The function of the turbine located at 5 and supported on bearings located
      within bearing section 6 is to drive a hot water pump located at section
      7. Hot, high pressure water is thus impelled upward by the rotating pump
      vanes 20 between the rotating conical end 23 of the pump and an associated
      rotating or stationary shroud 19; the hot water is pumped upward at high
      velocity in the annular conduit between pipes 9 and 10, thus permitting
      use of the thermal energy it contains at the earth's surface, as will be
      described. More important, the hot water is pumped upward to the earth's
      surface 11 at a pressure preventing it from flashing into steam and thus
      undesirably depositing dissolved salts at the point of flashing.
PAR  Accordingly, it is seen that the extremely hot, high-pressure well water is
      pumped upward, flowing in the annular region defined by alloy pipes 9 and
      10. Heat supplied by the hot well water readily converts the clean water
      flowing into manifold 22 of the steam generator 18 into highly energetic,
      dry, super-heated steam. The clean water, before flowing through tee
      junction 12 and pressure regulator 15, is at a very high pressure due to
      its hydrostatic head and usually also to pressure added by a surface pump
      yet to be discussed, so that it may not flash into steam. The pressure
      regulator system 15 controls the pressure of the clean water flowing
      therethrough so that it may be vaporized and superheated in the volume 18
      of the steam generator. The highly energetic steam drives the steam
      turbine and is redirected to flow upward to the surface 11 after expansion
      as relatively cool steam flowing within the annular conduit defined
      between alloy pipes 8 and 9. Thermal energy is recovered, as will be
      discussed, at the earth's surface 11 primarily from the hot, high pressure
      water, but may also be retrieved from the turbine exhaust steam.
PAR  Referring now to FIG. 2, certain details of a preferred form of the steam
      generator input section 3 and of the steam generator section 4 are
      illustrated. The general configuration is seen to be similar to that
      described in connection with FIG. 1. However, in FIG. 2, the tee junction
      12 is used to feed two pressure control or regulator devices, a pressure
      threshold valve 15a in series with which is a differential pressure valve
      15b. Both valves may be generally conventional, or may be modified as will
      be further discussed in connection with FIG. 16. Threshold valve 15a
      depends for operation upon sampling the pressure of the rising hot water
      stream between pipes 9 and 10, and the connecting hollow tube 21 is
      therefore provided for this purpose. Also, the configuration of FIG. 2
      additionally illustrates a symmetric input system for the steam generator
      18. For this purpose, an array of radially directed distribution pipes 16
      is supplied for conducting the pressure regulated water output of
      differential pressure valve 15b through apertures in steam generator end
      plate 29 into the interior of generator volume 18. In this manner, clean
      water is symmetrically distributed to the annular steam generator 18 where
      a fraction of the intense heat content passes from the pumped hot water
      through the wall of pipe 9 for producing the super-heated, dry steam.
PAR  The alloy pipes 9, 9a are spaced apart and are supported in fixed relation
      by arrays of radial spacers, such as the representative spacers 31, 31.
      The spacers 31, 31 may be aligned vertically and it is understood that
      several such arrays of spacers will preferably be used at intervals along
      the steam generator walls. In a preferred form of the spacers, they are
      shaped so that they perform an added function. As noted in the foregoing,
      fresh water supplied by manifold 22 is converted to super-heated steam as
      it travels downward in the steam generator annulus 18. In certain
      applications, it is found that an undesirable proportion of water drops
      fall through the steam generator volume 18 without being fully vaporized.
      Since such water drops are more dense than the dry steam, they travel
      downward much faster than the already vaporized portion of the flow and
      therefore tend to stay generally at the center of the flowing stream, not
      impacting the heated surface of pipe 9 where heat transfer is high. In the
      steam generator 18, there is also an additional complication in that the
      two-phase stream is flowing downward in an annulus and the inside surface
      of that annulus (provided by alloy pipe 9a) tends to absorb heat rather
      than contributing thermal energy to the steam generation process. The heat
      absorption mechanism is connected with the fact that the rising fluid
      within pipe 9a is relatively cool turbine exhaust steam. To overcome this
      undesired result, arrays of spacers such as 32, 32, 32 may be employed;
      the spacers 32 are no longer vertical, but are shaped and are oriented at
      finite angles with respect to the vertical. It is understood that several
      such arrays of spacers 32 will normally be used at intervals along the
      surface 9a. While the character of the shaping and the average skew angle
      will depend upon general design considerations, the curved spacers are
      arranged to swirl the down-flowing dual-phase fluid into generally helical
      paths, as illustrated by arrow 33. In this manner, the action of
      centrifugal force tends to force both the water drops and the already
      converted steam toward the heat source represented by the contiguous
      surface of pipe 9 and away from the heat sink represented by the
      contiguous surface of the cooler pipe 9a. The advantageous results are
      that the previously converted steam is further heated and that any water
      drops are converted to steam also further heated as it passes down the
      steam generator volume 18 toward the steam turbine.
PAR  It will be appreciated from FIG. 1 that a severe problem to be solved in
      devising practical forms of the invention lies in creating a configuration
      which is compact, as well as efficient, especially in view of the
      consideration that the operating structure is preferably to be inserted
      into a well casing of standard size. Compactness of the structure, as well
      as efficiency of operation are therefore prime features of the apparatus
      of FIGS. 3 through 6, which apparatus is found within the turbine
      structure section 5 of FIG. 1.
PAR  Referring particularly to FIG. 3, it is seen that the conduits of FIG. 2
      extend into the steam turbine section 5. For example, the pumped hot water
      passage is located between pipes 9 and 10, while opposed surfaces of pipes
      9 and 9a define the steam output passage 18 of the steam generator.
      Between pipes 9a and 17 is the passage for upward flowing exhaust steam
      from the turbine. The pipe 17 is effectively extended to permit downward
      flow of clean water into and past the steam turbine section 5 via the
      channels 40 and 41. It is seen that a series of radial spaced vanes 34
      welded between pipes 9a and 17 provides a supporting function; within the
      rising exhaust steam chamber, they additionally tend to redirect the
      exhaust steam so that it flows in a vertical direction without any
      substantial rotational motion.
PAR  For operating the steam turbine of FIG. 3, the steam from the steam
      generator 18 between pipes 9 and 9a is injected into an annular manifold
      42, from whence it flows into an array of steam injection nozzles at 43 of
      generally conventional design. The nozzles 59 are shown in more detail at
      43 in the developed view of FIG. 6 and are employed in the conventional
      manner to direct the high velocity steam against the blades of the turbine
      stages.
PAR  Single or multiple stage turbine blade systems of various known types may
      be employed in the system. However, for purposes of illustration, a
      multiple stage arrangement is presented, first and second stages being
      provided by respective pluralities 44 and 46 of vanes which pend in
      circular arrays from a circular base ring 47. The rotor arrays of vanes 44
      and 46 cooperate with an intermediately located conventional array 45 of
      stator vanes affixed to the body block 74 common to the turbine section 5
      and bearing section 6. The ring 47 bearing the vane arrays 44 and 46 is
      affixed in a conventional manner to a wheel rim 48. Rim 48 is part of a
      wheel additionally provided with a set of spokes 54 and a hub 49. Hub 49,
      when the rotor system is rotating, causes shaft portions 50 and 58 also to
      rotate, the hub 49 being securely fastened on shaft portion 50 by washer
      51 and nut 52 secured on the threaded extension 53 of shaft portion 50.
PAR  A feature of the invention permitting compactness of design is concerned
      with the disposal of expanded steam which has yielded useful energy to the
      turbine rotor; the feature solves the particular problem of redirecting
      the exhaust steam without the requirement of space consuming elements. For
      this purpose, the turbine body block 74 contains an annular smoothly
      curved toroidal passageway 56 which redirects steam issuing from the
      rotary vane array 46 radially inward towards shaft portion 58, at the same
      time altering its direction so that the steam is caused to flow upwardly.
      The annular passageway 56 is defined by a suitably curved surface 60 cast
      within the body block 74 and by the surface of the opposed annular ring or
      guide 55. Ring guide 55 may be supported by an array or radially extending
      vanes 57 which, in addition to supporting the ring guide annulus 55 with
      respect to turbine body block 74, also tend to redirect the exhaust steam
      so that its velocity is primarily vertical, rotational components of
      motion being reduced in amplitude. Accordingly, it is seen that there is
      formed a smooth-sided toroidal steam expanding passageway directing the
      steam after it exits the annular vane array 46 until it passes again
      through the turbine wheel.
PAR  The passage of steam through the latter is particularly facilitated by
      arranging the spokes 54 of the turbine wheel as illustrated particularly
      in FIGS. 4 and 5 so that the steam passes through the wheel, in essence,
      as if the spokes 54 were not present. The spokes 54 are individually
      tilted with respect to the direction of the rotation of rim 48 so that
      their effect at the selected operating rotational speed of the rotor is
      entirely neutral. In fact, spokes 54 are shaped and are provided with an
      angle of incidence with respect to the direction of steam flow so that
      they desirably neither add energy nor subtract energy from the upward
      flowing steam. Further, steam passages outside of the periphery of the
      rotating element of the steam turbine are not required and the resultant
      blocking of the flow of the pumped hot well water is avoided. As
      previously noted, it will be apparent to those skilled in the art that
      alternative features of known steam turbines may be employed within the
      scope of the invention. By way of further example, a double-stage re-entry
      turbine may be employed in which the steam is passed downward through one
      set of nozzles of a turbine having a single array of blades and is then
      reversed to flow upward through a second set of nozzles and the same
      turbine blades, the used steam again being exhausted in the general
      direction indicated in FIG. 3.
PAR  FIG. 7 illustrates particularly the relations of elements of the bearing
      support system 6 and of the hot water pump section 7. With reference to
      FIG. 3, it is seen that there extends into the apparatus of FIG. 7 the
      well casing 10 and the bearing or body support block 74 from which is
      supported by bolts such as bolt 69 a generally conical casting 75
      supporting, in turn, the pump apparatus, as will be further described. The
      castings or blocks 74 and 75 perform several primary functions, including
      providing a casing for containing the bearing system cooperating with and
      surrounding the shaft by means of which the steam turbine directly drives
      the hot water pump. However, for the purpose of providing clarity in the
      drawings, the bearing system will be discussed separately, especially in
      connection with FIG. 9. With reference to that discussion, it will be seen
      that clean lubricating water is supplied through body block 74 via passage
      41, annular manifold 73 and the passage or passages 73a to the bearing
      system. Further, it will be seen that fasteners such as 72 and 76 position
      certain elements of the bearings relative to casting blocks 74 and 75.
PAR  A hardened case is provided to integrate and protect blocks 74, 75 from
      impact and corrosion and takes the form of a circular element having a
      hollow cylindrical portion 70 and a truncated hollow conical shell section
      71 extending downward in concentric relation with the conical end portion
      of block 75. The pump end of shaft portion 68 projects beyond the
      generally co-planar ends of conical shell section 71 and conical block 75
      for supporting conical end rotor 77 whose conical sides are, in effect,
      extension of the conical surface 89 of conical shell element 71. It will
      be seen that the nose cone rotor 77 supports other rotary elements of the
      pump, including a plurality of pumping vanes, such as vane 20, and a
      rotatable section 84 of the pump shroud.
PAR  Several fixed shroud elements cooperate with the rotatable shroud element
      84. These include particularly a generally cylindrical shroud element 93
      having an upper conical surface 82 generally of the form of the contour of
      conical surface 89. The annular shroud element 93 is supported directly
      from surface 89 by a plurality of stationary stream-directing vanes 80.
      The vanes 80 act both to support shroud element 93 and also to direct the
      flow of the pumped hot water. While the vane 80 is illustrated in FIG. 7
      as lying generally in the plane of the drawing, the vanes 80 are
      preferably shaped so as to efficiently convert any rotational component of
      motion of the pumped hot water into upward translation, thus increasing
      the hot water high pressure as it ascends. The stator part 93 of the
      shroud is completed by a throat member 85 of annular construction held in
      place against shroud element 93 by an array of bolts such as bolt 87.
      There is thus defined with respect to mouth 88 of the pump, the inner
      curved surfaces of shroud throat element 85 and of rotatable shroud
      element 84, and conical surfaces 82 and 89, a passageway by means of which
      the hot, high pressure water is directed upward at a significantly high
      velocity for flow within the casing 10. As noted in the foregoing, the
      plurality of vanes 20 supports rotary shroud element 84 from nose cone 77
      for high speed rotation by shaft section 68. While the impeller vanes 20
      are shown in the figure as having generally flat plane surfaces, they will
      preferably take on the hydrodynamic but conventional curved shape shown at
      20 in the developed drawing of FIG. 8 for most efficient cooperation with
      the stationary vanes 80. Flow of hot well water between casing pipe 10 and
      the stator section 93 of the pump shroud is prevented in any convenient
      manner, as by use of an annular seal 90 adjacent the pump mouth 88.
PAR  Novel features of the invention provide a thrust balance mechanism in the
      hot water pump configuration. Significant downward axial thrust is
      encountered with respect to the turbine pump shaft due to the pressure
      head rise generated by the pump when impelling the hot water upward, this
      thrust being nearly proportional to total dynamic pressure. Ordinarily
      with systems in which considerable space is available, large thrust
      bearings would be employed to carry the large maximum anticipated load.
      However, such bearings, when used under the present set of hostile
      circumstances, would be characterized by high levels of power loss and
      long life and efficiency could certainly not be expected.
PAR  The need for finding a mechanism for balancing the high downward axial
      thrust may be illustrated in a general manner by a specific example. The
      offered specific example is merely for illustrative purposes, and the
      values given are not necessarily exact examples of values that would be
      employed in actual practice.
PAR  Consider, for example, that the hot well water pressure at the mouth 88 of
      the pump throat is about 800 pounds per square inch. In the operating
      condition of the pump, the pressure in the volume occupied by the impeller
      vanes 20 would be boosted, for example, to 1050 p.s.i. At the location at
      which stator or diffusion vanes 80 meet the annulus 81 between casing 10
      and the hollow cylinder portions 70, the pressure might be found to be
      1150 p.s.i.
PAR  When the turbine and pump system is rotating at its intended operational
      speed, it generates a heavy downward thrust at shaft portion 58 which is
      normally opposed by the upward thrust of the 800 p.s.i. hot well water
      against the equivalent area of the shafts. There remains a considerable
      net downward force which would otherwise require a large thrust bearing to
      be absorbed. The pressure balance arrangements of FIG. 7 reduce the
      undesired net downward thrust and thus permit reduced size of the thrust
      bearings, which bearings will be discussed relative to FIGS. 9, 12, 13,
      and 14.
PAR  A first aspect of the system for reducing the net downward shaft force
      involves the configuration of the conical rotor or hub end 77. Rotor hub
      77 is arranged with a relatively large axial bore 78 and with a
      labyrinthal seal 79 lying generally in a horizontal plane in close
      proximity to cooperating labyrinth seal elements on the generally
      horizontal end of the stationary conical casting block 75. The elements of
      seal 79 are concentric with shaft end portion 68 and may consist of many
      concentric ring-shaped labyrinthal elements as is well known in the art,
      being shown with only a single stage merely for convenience and clarity in
      the drawing. Thus, hot water may flow axially with respect to bore 78 and
      radially in the narrow passageway of labyrinth seal 79.
PAR  In the absence of the cooperative presence of bore 78 and labyrinthal seal
      79 there would, according to the foregoing example, be a pressure at the
      top of conical end rotor 77 of about 1050 p.s.i. or when the effects of
      the differing areas of the shaft and end rotor 77 are considered, there
      would be a downward thrust of 6000 pounds. In the configuration shown in
      FIG. 7, labyrinthal seal 79 allows only a small amount of hot water flow
      from the 1050 p.s.i. annulus region 80 radially inward to the top center
      of rotor hub 77. The high impedance passage way through seal 79 and the
      low impedance represented by bore 78 cooperate so that the pressure on top
      of hub 77 is essentially 800 p.s.i., rather than the former 1050 p.s.i.,
      reducing the net downward thrust by 920 pounds. It is noted that the area
      of the labyrinthal seal 79 is at a pressure intermediate between 800 and
      1050 p.s.i., for example.
PAR  The second aspect of the system for reducing the downward thrust on the
      shaft is incorporated in the pump shroud system including shroud stator
      elements 85, 93 and the shroud rotor element 84, which latter is affixed
      to and rotates with the pump impeller vanes 20. The interface between the
      shroud rotor section 84 and the stator shroud elements 84 and 93
      accommodates a pair of cooperating annular labyrinthal seal elements 91
      and 92. Intermediate the distinct seal sections 91, 92 are openings to
      passageways 83 connecting to the annular passageway just within casing
      pipe 10 at a junction tapping the 1150 p.s.i. pressure within pipe 10. The
      labyrinth seal at 91 has a significantly larger diameter than that of
      labyrinthal seal 92. The elements of the separated labyrinthal seals 91,
      92 will, in usual practice, consist of a conventional plurality of
      cooperating ring-shaped labyrinth elements.
PAR  In view of the passageways 83, there will be a differential pressure, say
      100 p.s.i., developed across the seal 91. This differential pressure,
      acting upward on the differential areas of seal 91 and seal 92 establishes
      an upward thrust, for instance, of 380 pounds, further to help counteract
      the downward thrust of the operating pump. Thus, the first and second
      components of the thrust compensation system greatly reduce the forces on
      the thrust bearing system yet to be discussed and therefore, a relatively
      smaller diameter thrust bearing may be employed. By use of the two
      balancing features, reliability of operation is assured along with minimal
      losses. The axial thrust and balancing forces are both proportional to the
      pump discharge pressure, so that the balanced condition prevails over a
      range of speed and flow conditions.
PAR  As previously noted, the steam turbine and pump devices of FIGS. 3 and 7
      rotate on a shaft whose details are more completely illustrated in FIGS. 9
      through 13. Referring now particularly to FIG. 9, the shaft is seen to
      project through the bearing section 6 between the steam turbine whose
      rotor is affixed to shaft portion 50 and the water pump whose rotor is
      attached to shaft portion 58. In general, it is seen that the bearing
      support structure in bearing section 6 involves four primary elements and
      that these include a first radial bearing arrangement cooperating with the
      enlarged shaft portion 61, a thrust bearing section cooperating with the
      enlarged and tapered section 125, a ball bearing section 154 provided for
      intermittent use, and a second radial bearing arrangement cooperating with
      the enlarged shaft portion 94. It will be understood that the turbine-pump
      shaft bearings are continuously bathed in clean water injected through
      passage way 73a seen also in FIG. 7 connected to annular manifold 73. The
      presence of corrosive and contaminated hot well water is prevented by the
      application of clean water under high pressure to all bearing surfaces. In
      general, the radial loads due to the shaft are relatively small and are
      accommodated by tilting pad hydrodynamic bearings associated with shaft
      portions 61 and 94. The large downward thrust experienced, for instance,
      during operation of the pump is accommodated by a tilting pad hydrodynamic
      thrust bearing associated with the tapered enlarged section 125, as will
      be further discussed in connection with FIG. 12. A hydrostatic thrust
      bearing may be substituted for the hydrodynamic thrust bearing, as seen in
      FIG. 14.
PAR  It will be further understood that the ball bearing arrangement 154 comes
      into play only when the shaft thrust is upward during zero or low
      rotational speeds, a condition existing only during or before start up or
      after shut down. If a hydrostatic bearing similar to that at 125 were
      instead provided to accept this upward thrust, the rotational speeds
      existing during this condition would not be sufficient to generate a
      separating fluid film between the bearing surfaces, which would
      consequently suffer damage or destruction. In an extreme case, the steam
      turbine might not be able to supply the torque needed to start rotation of
      the system against the frictional effects at the interface of the thrust
      pad bearings. Accordingly, the ball bearing system's primary function is
      at the starting of the apparatus and immediately before its rotation
      completely stops.
PAR  It will be noted that clean water flows through the passage 73a into all of
      the passageways within and around the several bearings, continuously
      bathing the bearing surfaces with clean cool water. The water flowing into
      the thrust bearing may flow, for example, between the tilt bearing plates
      132 and 133 and will then flow upward through passageways such as 123 and
      122 into the radial bearing associated with bearing surface 61. It will
      lubricate the bearing elements there and will flow upward past the high
      impedance seal 106, being finally dissipated within the exhast of the
      turbine at 56. The annular seal 106 is held by retainer 105 in a confined
      position and preferably is a seal having very small clearance with respect
      to the cylindrical surface of shaft portion 50. Such clearance seals are
      well known in the art and are available in the market, being constructed
      of tungsten carbide or of aluminum oxide, for example.
PAR  The water injected by passage 73a into the thrust bearing also flows
      downward into passage 144 surrounding shaft portion 128, thus flowing
      between the races 146, 147 of the ball bearing system 154. Accordingly,
      the bearing surfaces of the balls and of the races 146, 147 are
      continuously lubricated with clean water which flows on downward into the
      radial bearing associated with shaft portion 94. The bearing surfaces
      associated with this radial bearing are thus also continuously lubricated
      with clean water, which is then permitted to flow past the annular high
      impedance seal 164 and is dissipated by flowing into the hot well water
      being pumped upward, as described in connection with FIG. 7.
PAR  Referring now to FIGS. 9 and 10, the structure of the two radial bearings
      respectively associated with shaft portions 61 and 94 will be discussed.
      Particularly referring to FIG. 10, it is seen that the radial bearing is
      of generally conventional tilting pad construction and that the shaft
      portion 61 is surrounded by a hollow cylinder 95 of aluminum oxide affixed
      to the shaft. In the usual instance, three tilting pad surfaces cooperate
      with the aluminum oxide cylinder 95, a typical construction employing a
      fastener 72 including pad positioning shaft 101 which resides in a bore in
      the body block 74. Pad positioner shaft 101 is located according to the
      setting of its threaded portion 102, arranged for radial adjustment within
      body 74. Shaft 101 accommodates, at its opposite end, a hardened steel
      sphere 99 partially residing at a counterbore 100. Sphere 99 projects into
      the water filled interior within cylindrical wall 97 of body block 74,
      where it thrusts against a mating depression in the bearing support block
      96. To its inner arcuate surface is fixedly attached, as by brazing or
      other conventional methods, an arcuate sector 98 made of aluminum oxide.
      The sector 98 and the cylinder 95 have contiguous surfaces between which
      there resides a very thin lubricating film of clean water. The cylindrical
      aluminum oxide element 95 may also be affixed to shaft 61 by brazing or by
      the use of mechanical fixtures such as the annular flange 104 seen at the
      top of FIG. 9. In practice, three or more similar tilting pad radial
      bearings are employed fully to establish the position of shaft portion 61.
      It will be evident that the radial bearing at the portion 94 of the shaft
      in FIG. 9 may be similarly constructed and operated.
PAR  The thrust bearing system is located in FIG. 9 between the two radial
      bearings associated with shaft portions 61 and 94 and is shown in detail
      in FIGS. 9, 12 and 13. As seen particularly in FIG. 9, the tilting pad
      thrust bearing system includes an enlarged and tapered section 125 for
      supplying a horizontal interfacing surface 126. At the interface surface
      126 is fastened with a fluorocarbon viton bonding agent of commercial type
      or is brazed or otherwise fastened a flat ceramic ring 129 generally
      concentric with shaft portion 128. The exposed flat annular surface 127 of
      ceramic ring 129, which may be composed of alumina, forms a thrust bearing
      surface. As in the instance of the radial bearing, the alumina employed
      may be of the grade known as COORS 995, which is 99.5 percent pure
      aluminum oxide.
PAR  As seen most clearly in FIGS. 12 and 13, the flat bearing surface 127
      cooperates with a plurality of bearing surfaces, such as the surface of
      bearing 130, each bearing 130 being associated with a tilt pad thrust
      bearing element. Each such tilt bearing pad comprises a truncated
      sector-shaped metal base plate 131 to which the associated sector shaped
      ceramic bearing 130 may be brazed or otherwise permanently affixed at
      interface 135. The surface of ceramic bearing 130 is permitted to follow
      closely to the surface 127 of the annular ceramic ring 129 by a mechanical
      system yet to be described cooperating with a spherical depression at 170
      located centrally in the lower surface of metal base plate 131.
PAR  To facilitate tilting of the plural ceramic bearings 130 with respect to
      the annular support plate 134 as the surface 127 rotates, a pair of tilt
      bearing plates 132 and 133 is used. Tilt bearing plate 132 is provided
      with a circular array of hardened spheres 171 providing hemispherical
      bearing surfaces one each for the respective depressions 170. While
      ceramic bearing 130 is prevented from rotating about sphere 171 because of
      the close proximity of the inner portion of bearing 130 to shaft portion
      128, the surface of bearing 130 now has some of the degrees of mechanical
      constraint needed to permit it to follow surface 127 precisely.
PAR  Further undesired constraints are removed by tilt bearing plates 132, 133.
      For this purpose, the upper tilt bearing plate 132 has attached in its
      lower surface a pair of diametrically located hemispherical depressions
      172, 172. These depressions match the locations of hardened spheres 173,
      173 affixed at the upper surface of lower tilt bearing plate 133 so that
      the upper tilting plate may rotate or tilt slightly about the line between
      spheres 173, 173. In a similar manner, the lower tilting plate 133 is
      provided in its lower surface with hemispherical depressions 174, 174.
      Depressions 174, 174 are spaced along a diameter at right angles to the
      line between depressions 172, 172. Thus, the former cooperate with
      hardened spheres 175, 175 (one of which is not seen in FIG. 12) affixed in
      the upper surface of support plate 134. As seen in FIG. 9, the support
      plate 134 is clamped in fixed relation between the body block 74 and the
      conical casting block 75. Further, it is seen that elements 132, 133, and
      134 are provided with central aperatures through which the shaft projects
      for rotation and through which clean bearing lubricating water passes. In
      this manner, the tilt bearing plates 132, 133 act in a limited range as
      elements of a gimbal system for permitting each bearing surface of the
      several ceramic bearings 130 seen in FIG. 13 to follow the flat annular
      surface of ceramic ring 129 with such precision that the separation
      between the bearing surfaces is maintained precisely by the supporting
      clean water film.
PAR  FIGS. 9 and 11 illustrate an arrangement of parts made necessary because of
      tapered portion 125 to facilitate assembly of elements of the invention.
      An annular element is formed in halves 121, 121a and is held in position
      by pins or other fasteners 120 threaded as at 150 into a mating threaded
      bore 151 in body casting block 74, the elements 121, 121a simply largely
      filling a a space within body casting block 74 in which undesirable
      turbulence might occur in the clean lubricating water. Being generally
      conformal to the shape of its surrounding walls, the passages 122, 123 are
      more narrowly defined by the annulus 121, 121a.
PAR  In the starting condition of the pump, there is a several hundred pound
      upward thrust against the main shaft because of the high pressure of the
      hot well water. The effect of the reverse thrust present in the starting
      or stopping situation must be reduced or removed, even though the starting
      cycle may be, for instance, only a minute or so in duration. For this
      purpose, the ball bearing system 154 of FIG. 9 is interposed, by way of
      example, between the thrust bearing at the tapered shaft portion 125 and
      the radial bearing at shaft portion 94. In FIG. 9, the ball bearing system
      154 is shown in its actual operating situation, as, for example, during
      start up or shut down of the entire apparatus. In such a situation, the
      hot well water pressure forces the shaft upward, so that the upper surface
      148 of the enlarged shaft portion 94 is forced against a surface of
      retainer 150. Its outer race 146 is affixed to outer annular retainer 145,
      while its inner race 147 is integral with the annular flange-like retainer
      150. Thus, the balls 149 of ball bearing system 154 act with races 146,
      147 to absorb the transient upward thrust and generally to position the
      shaft. When the entire apparatus is operating, the shaft is in a downward
      position and retainer 150 is not rotating, there being clearance between
      it and surface 148.
PAR  Normally, the start cycle is a small fraction of the expected life of ball
      bearing system 154 under the circumstances. As rotational speed of the
      apparatus increases, the downward thrust of the pump will exceed the hot
      well water upward thrust, and the sense of the thrust on the shaft
      reverses. It will be understood by those skilled in the art that
      sufficient axial clearances are provided throughout the invention that the
      shaft, together with its attached turbine and pump rotors, will then move
      downward, disengaging contact between the end surface 148 of shaft portion
      94 and retainer 150, disengaging the ball bearing system 154. Thus, under
      normal operating conditions, bearing 154 is unloaded and the friction ring
      153 acts to prevent incidental rotation of inner race 147 and ring 150.
PAR  As noted in the foregoing, a hydrostatic thrust bearing as shown in FIG. 14
      may replace and play the role of the hydrodynamic thrust bearing
      illustrated in FIG. 9. Such a hydrostatic thrust bearing may be used
      cooperatively with a pair of radial pad bearings of the type shown in FIG.
      9, only one such bearing being shown at shaft portion 58 in FIG. 14.
PAR  The hydrostatic thrust bearing of FIG. 14 is also lubricated by clean water
      flowing through passage 73a and consists of rotor and stator parts located
      in a generally cylindrical cavity 152. The stator 158 surrounds shaft
      portion 142 with a small clearance passage at 160 of width, for example,
      0.002 inches, and is pressure balanced against the non-rotating body
      casting block 74. Although not actually prevented from rotating, the
      friction between bearing stator 158 and block 74 is sufficient to prevent
      stator 158 from turning with shaft portion 142. The bearing rotor 159,
      which is pressure balanced against the hub 49 of the steam turbine wheel,
      generally rotates with hub 49. Both the stator 158 and rotor 159 are
      permitted to move axially relative to shaft portion 142 by slight amounts.
      Thus, stator 158 and rotor 159 can move axially relative to each other by
      amounts sufficient to bring their spherical bearing surfaces into natural
      alignment for supporting a lubricating water film at 141, water for the
      film being supplied from passageway 73a through annular passages 162, 163,
      157, 160, and 161. The hydrostatic pressure unbalance caused by any
      non-alignment of bearing stator 158 and bearing rotor 159 forces the parts
      into alignment. The passage 157 includes an annular pressure-dropping seal
      156 held in position by retainer 155.
PAR  In operation, the high pressure lubricating water flows past pressure
      dropping seal 156 and across the spherical bearing surface, forming film
      141, and is conveniently disposed of in the low pressure steam turbine
      exhaust passage region 56. If the pressure of the lubricating water
      appoaching seal 156 is, for example 1400 p.s.i., part of this will appear
      as a pressure drop across seal 156, with most of the remainder of the drop
      appearing across the bearing interface within film 141. The bearing 158,
      159 is designed so that the average effective pressure in the spherical
      film 141 acting to separate the components 158, 159 generates an upward
      force substantially matching the downward thrust of the pump at the chosen
      operating bearing clearance of film 141 (say, 0.0005 inches). This film
      thickness changes to match changing loading conditions, increasing
      slightly with a decreased load and decreasing slightly with an increased
      load.
PAR  Such action obtains because the seal 156 provides a substantially constant
      impedance, the pressure drop across it being proportional to flow rate,
      and the bearing impedance changes as the film 141 thickness changes, the
      pressure drop at the spherical bearing at constant flow rate being
      inversely proportional to the cube of the film 141 thickness. Accordingly,
      if bearing 158, 159 is operating stably in a steady state condition and
      the load is increased:
PA1  a. the increased load becomes greater than the hydrostatic force generated
      in the thrust bearing and the bearing clearance begins to decrease,
PA1  b. as the clearance decreases, the thrust bearing impedance increases and
      water flow through the seal 156 accordingly decreases,
PA1  c. with decreased water flow, the pressure drop across seal 156 decreases
      and the drop across the bearing increases, and
PA1  d. the bearing continues to close down until the pressure across the
      bearing rises to the point that it supports the increased load. If the
      load diminishes, the reverse sequence is experienced, the bearing reaching
      equilibrium with an increased clearance and increased lubricating water
      flow.
PAR  In discussing the apparatus of FIG. 15, it will further be understood that
      the objective of the deep well apparatus of FIGS. 1 through 14 is to serve
      as part of a system to generate large quantities of electric power at the
      earth's surface using generally conventional steam turbines and electrical
      generators preferably located at ground level, such as steam turbine 260
      and the electrical alternator 261 of FIG. 15, at power output terminals
      262. For this purpose, the hot water pumped to the earth's surface is fed
      by pipe 10 and its extension (pipe 10a) through the normally open valve
      264 to element 266 of the conventional boiler-heat exchanger device 265.
      Device 265 is of conventional closed tank-like nature and is designed to
      exchange heat between the heat exchanger elements 266 and 271 contained
      therein. The elements 266 and 271 may take the form of lineal or coiled
      pipes exchanging heat energy by direct thermal conduction through their
      metal walls or through a suitable interposed fluid in the well known
      manner. Heat from the hot water of pipe 10a is the major source of heat
      for supply to device 265. A small portion of the hot water, having been
      relatively dropped in temperature within boiler-heat exchanger 265, is
      then fed via pipe 267 through the normally open valve 268 to the
      conventional evaporator 269. Valve 268 may be a throttle valve adjusted
      for the purpose of dropping the pressure of the fluid flowing through it
      so that the fluid will readily flash at low temperatures when supplied to
      evaporator 269. Evaporator 269 is of conventional nature and is supplied
      in the usual manner with a conventional vacuum pump 270 which serves to
      remove the non-condensable gasses.
PAR  Evaporator 269 generates clean steam which is condensed by the conventional
      condenser 273 and is supplied by water pump 272 at junction 274 for
      augmenting the clean water supply. The major portion of the water
      originally flowing upward in the well casing pipe 10 is returned by pipe
      275 to the earth well formed by pipe 277. Thus, a major portion of
      dissolved mineral salts pumped to the surface in solution in the hot water
      in pipe 10 is returned into the ground. The well formed by pipe 277 may be
      reasonably remote from the well of the thermal well system and may serve
      more than one such system. It may pass the liquid into an earth stratum
      differing from the original hot well water source or into the same strata.
      An accumulator or variable capacity storage tank 185 is added in a branch
      line 8a connected to clean water return 8 for purposes yet to be
      described.
PAR  A second source of energy is supplied to boiler-heat exchanger device 186
      and is the steam exhausted from the deep well turbine 5 via pipe 9. This
      steam is permitted to flow through pipe 9a and the normally open valve 278
      to the heat exchanger element 187 of boiler-heat exchanger device 186.
      Element 187 is arranged so that the steam therein is exposed to thermal
      interchange at the coolest end of device 186 (adjacent the cool clean
      water input to heat exchanger element 188). Accordingly, the exhaust steam
      from pipe 9 and 9a is condensed within heat exchanger 186. The water thus
      condensed is supplied through pipe 279 and the normally open valve 280 to
      the aforementioned junction 274. The water from pipe 279 and that from
      condenser 273 arrive at junction 274 in relatively pure state and may
      therefore be supplied directly to the cold water input pipe 8 of the deep
      well apparatus. With valve 281 in branch line 282 closed, the water at
      junction 274 is fed by a conventional feed pump 283 through the normally
      open valve 284 and pipe 8a into pipe 8. Replenishment water may be
      supplied by opening the valve 281 from any available source coupled at
      terminal 297. It will further be understood that condenser 273 may be
      water cooled, as by supply of cool water from a cooling tower (not shown)
      to heat exchanger element 286 in heat exchanger 273. Alternatively,
      element 273 may be cooled in many locations simply by forced air flow.
PAR  The feed pump 283 is transformed, in effect, into a variable flow pump by
      the use of adjustable valve 305 placed in shunt with the pump or by other
      well known means. Accordingly, the amount of clean water passing through
      the clear water return pipe 8a may then be adjusted to an optimum value
      manually by adjustment of valves 284 and 305 from a previously prepared
      table upon visual inspection of the readings of indicators 180 and 181,
      respectively showing the pressure and temperature of the pumped hot well
      water within pipe 10. A servo system may be employed to perform the
      adjustment, if desired.
PAR  During normal turbine-pump operation, the feed pump 283 delivers clean
      water to the downward flow feed pipe 8 at a pressure that is sufficient,
      considering the gravity head, that the clean lubricating water arrives at
      the input to the subterranean steam generator 18 at a pressure several
      hundred pounds per square inch above the pressure of the hot well water.
      The accumulator 185 then operates to smooth any pressure fluctuations
      which might otherwise occur due to pump 283 at the input to steam
      generator 18.
PAR  Threshold valve 15a of FIG. 2, shown also in greater detail in FIG. 16, is
      set to open at a fixed differential pressure (say, 100 p.s.i.) above the
      hot well water pressure and is thus normally wide open. The differential
      pressure valve 15b, also seen in FIGS. 2 and 16, is preset so as to
      maintain automatically a constant differential between the pressure of the
      feed water and that of the water entering steam generator 18. The steam
      generator input feed water pressure must be less than the saturation
      pressure of that water at well temperature in order that it may vaporize
      within the steam generator 18. Under proper operating conditions, the
      steam generator input water pressure determines the pressure within steam
      generator 18. Further, the steam pressure determines the rate of mass flow
      through turbine nozzles 59.
PAR  Thus, according to the invention, the feed water pressure is controlled at
      the surface by varying the feed pump 283 output pressure into pipes 8a and
      8. Only one simple element is involved in the control operation that must
      be located near the deep well apparatus. As will be seen, the steam
      exhaust pressure at turbine 5 is controlled from the surface by adjusting
      its condensing temperature. Such a control permits control of the dryness
      of the steam within turbine 5.
PAR  The turbine-pump system may be shut down by lowering the output pressure of
      clean water feed pump 283 to the point at which threshold valve 15a
      closes, but still at a pressure sufficient that the turbine bearings are
      lubricated while the stored energy in steam generator 18 is dissipated and
      the rotation of the turbine ceases. This intermediate pressure is still
      above the pressure of the hot well water and may be maintained
      continuously while the rotary system is stopped so as completely to
      exclude the hot contaminated well water from the interior of the
      turbine-pump system and particularly from the interior of all bearings.
PAR  The valve 284 may include a check valve mechanism as well as conventional
      flow rate adjusting parts. If the feed pump 283 fails, such a back flow
      check valve will shut, preventing flow loss through feed pump 283, and the
      pressure within accumulator 185 will quickly decay to the level at which
      threshold valve 15a closes. Thus, the turbine 5 may safely decelerate and
      stop. Accumulator 185, however, will continue to supply the small clean
      water flow required by the bearings of the pump-turbine system for
      lubrication of all bearings during the stopping sequence.
PAR  Referring now to FIG. 16, details of the threshold valve 15a and the
      differential pressure valve 15b of the regulator 15 are presented. As
      previously noted, the pressure regulator system may comprise conventional
      elements. These elements may be enclosed in a unitary extension of the
      clean water input pipe 14, the extension being coupled at its lower output
      to the distribution pipes 16 previously discussed with respect to FIG. 2.
      Also supplied is a tube 21 for coupling the pressure of the rising hot
      well water to the threshold valve 15a.
PAR  It is seen that the threshold valve 15a utilizes a valve armature element
      202 which may seat in an annular conical seat in partition 201 with the
      cooperative guidance provided by guides 200 and a stem 205 free to move
      vertically within a cavity 206 provided by damping purposes, if desired.
      The armature 202 of the valve 15a is further supported by a spring bellows
      203, sealed to the base of the armature 202 and to the top of a cup
      element 204 surrounding damper element 206. Tube 21 provides support for
      cup 204 and an input to the cavity formed within bellows 203, cup 204, and
      damper cavity 206 so that a pressure is maintained therein corresponding
      to that of the rising hot well water.
PAR  The pressure above armature element 202, when threshold valve 15a is
      opened, is communicated through cavity 207 to the top of a second valve
      armature 210 found within differential pressure valve 15b. The armature
      210 is arranged to seat against a conical surface in the partition 209,
      being guided with respect to the aperture in partition 209 by guides 208,
      stem 212, and piston 213. Piston 213 may operate as a damper element by
      employment of a suitable damping fluid in cavity 214 along with a small
      bore 213a communicating between opposite surfaces of piston 213. Operation
      of the differential pressure valve 15b, like that of the threshold valve
      15a depends upon use of an appropriate spring constant for the spring 211
      which tends to urge the valve armature 210 into seated relation with the
      conical seat of partition 209. In view of the generally conventional
      nature of the elements of this regulatory system 15 and considering its
      function in operation within the system as a whole as described in the
      foregoing material, its operation will be fully apparent to those skilled
      in the art.
PAR  The major elements for supply of heat into boiler-heat exchanger device 265
      have been described. This heat is removed and used in a substantially
      conventional manner to operate the surface-located vapor turbine 260. For
      this purpose, liquid is supplied by a conventional feed pump 288 via pipe
      289 to the heat exchanger element 271 of boiler-heat exchanger 265. Flow
      of the liquid is counter to the direction of flow of heat into device 265
      in element 266. The liquid evaporates and consequently generates high
      temperature vapor that is coupled via pipe 290 to the input stage of
      turbine 260. After performing useful work therein, the turbine exhaust
      vapor fed by pipe 291 flows to a conventional condenser device 293 having
      heat exchanger elements 292 and 294 and then flows again as a liquid via
      pipe 296 to the feed pump 288. Condenser 292 may be cooled by flow of
      water from a cooling tower (not shown) through heat exchanger element 294.
      The exchanger 293 may alternatively be air cooled in the conventional
      manner. A fluid such as water may be used for the generation of high
      temperature vapor within boiler-heat exchanger 265 and its associated
      surface-located loop or certain organic fluids affording best use in
      Rankine cycle operation may alternatively be employed.
PAR  Referring again to FIG. 15, there is located between feed pump 288 and
      condenser element 271 a variable valve 190 in shunt with heat exchanger
      element 188. The valve 190 may be adjusted manually after observation of
      temperature indicator 189 which provides a reading in response to the
      temperature of the turbine exhaust steam in pipe 9a. An automatic servo
      link indicated by the dotted line 191 may alternatively be employed.
      By-pass valve 190 is continuously adjusted according to the temperature of
      the steam in pipe 9a. Thus, the pressure in pipe 9a (the subterranean
      turbine 5 back pressure) is adjusted so as to control the dryness of the
      steam in turbine 5. This desired control is readily exercised at the
      surface simply by adjusting the temperature of condenser 186.
PAR  The general operation of the invention will be apparent from the foregoing
      description. It is seen that the geothermal energy deep well system
      consists of a deeply submerged super-heated steam generation section 4, a
      turbine section 5 driven by the super-heated steam, and a hot water
      pumping section 7 all located in a hot water source region where there is
      present large quantities of hot water which may also include relatively
      large quantities of dissolved materials. Clean water, formed by condensing
      the clean steam at the surface, is supplied to the steam generation
      section 4 for driving the turbine at 5 and is also reliably supplied to
      bearings in the turbine and pump sections thereof. The hot water pump
      section 7 serves to increase the pressure level of the hot water so that
      it reaches the surface of the earth still well above its saturation
      pressure.
PAR  The pressure of the well water entering the hot water pump is great enough
      to prevent cavitation damage to the pump and any consequent performance
      loss in the pump. In general, it is arranged that actual pressures in the
      hot water are maintained above the flash point by a wide safety margin at
      all points in the hot water flow system within the well. This is one of
      the several features of particular importance to the success of the
      invention, since the hot water can not flash into steam when held at all
      times and locations above its flash pressure. Flashing of the hot water
      into steam is to be prevented, since it is likely to be disruptive if not
      actually destructive of equipment and at least will result in the
      deposition of large amounts of mineral scale in the general location of
      the flash event. The system at the surface of the earth readily extracts
      heat from the extremely hot water for the generation of electrical power
      or for other useful purposes. What energy remains in the steam used to
      drive the deep well turbine at section 5 is also returned to earth's
      surface for recovery in the surface-located system.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departure from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. In geothermal deep well pump apparatus of the kind including pump means
      for pumping a first fluid always in liquid state for flow in cooperative
      energy exchanging relation with respect to a second fluid:
PA1  first, second, and third conduit means respectively for transmission of
      said first and second fluids and a third fluid and having first common
      wall means between said first and second conduit means and second common
      wall means between said second and third conduit means,
PA2  said first and second common wall means being disposed one within the other
      in substantially vertical concentric relation,
PA2  said first fluid being hotter than said second fluid and said second fluid
      being hotter than said third fluid, and
PA1  deflector means within said second conduit means for urging said second
      fluid into effecient proximate thermal energy exchange relation with said
      first common wall means and away from said second common wall means.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said deflector means comprises
      curved vane means pending from at least one of said first or second common
      wall means for imparting a component of rotational motion to said second
      fluid for increasing its proximity to said first common wall means thereby
      improving heat exchange between said first common wall means and said
      second fluid while diminishing heat exchange between said second common
      wall and said second fluid during passage of said second fluid through
      said second conduit means.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said second fluid constitutes
      a dual phase fluid including liquid drops and vapor for at least a portion
      of said passage through said conduit means.
NUM  4.
PAR  4. Apparatus as described in claim 3 additionally including:
PA1  pump means coupled to said first conduit means for pumping said first fluid
      in the form of hot geothermal water therethrough,
PA1  motor means coupled to said pump means and responsive to said second fluid
      in the form of steam for driving said pump means, and
PA1  motor exhaust means for coupling said third fluid in the form of exhaust
      steam into said third conduit means.
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ABST
PAL  A de facto wall-less heat exchanger system wherein a non-volatile heated
      liquid from a nuclear, geothermal or other source of heat is introduced
      into a chamber containing a highly volatile fluid which is chemically
      non-reactive with the non-volatile liquid. The volatile fluid is converted
      to a pressurized vapor which may be used to drive a turbine for the
      production of useful energy, to pump the non-volatile liquid or to pump a
      different fluid.
BSUM
PAR  This invention relates to energy utilization and, more particularly, to
      means for converting the output of a source of heat, such as a nuclear
      reactor or a geothermal or other non-nuclear heat source, into useful
      energy.
PAR  It is the general practice in the prior art, when one liquid has been
      heated and it is desired to obtain useful work from this heated liquid, to
      pass the heated liquid through a heat exchanger so that the heat may be
      transferred to a working fluid on the other side of a wall of solid
      material. For example, hot liquid sodium from a nuclear reactor can be
      passed through a heat exchanger to convert water on the other side of the
      wall to steam for the production of useful power.
PAR  If the heated liquid itself is to be vaporized, as is done in a boiling
      water reactor, the use of a heat exchanger is avoided. However, this
      requires either the use of a lower density fluid, resulting in less power,
      or the production of excessive pressure in this heated working fluid
      requiring the use of substantially thicker containing walls.
PAR  In a nuclear reactor, the liquid to be heated is selected more for its
      nuclear properties than for its thermodynamic properties. For example,
      H.sub.2 O is a very good moderator for neutrons and is commonly used with
      slow neutron reactors while D.sub.2 O gives better neutron economy but is
      costly. Liquid sodium is the first choice for use in fast-neutron breeder
      reactors because of its very good heat conductivity, low vapor pressure,
      low neutron absorbtion and relatively low cost.
PAR  In fast neutron breeder reactors, lithium is generally not used because of
      its greater moderating ability and greater expense. Lithium has two
      isotopes, Li.sup.6 (7.4%) which has a high neutron cross-section and
      Li.sup.7 (92.6%) which has a very low cross-section. A fast neutron
      reactor using lithium would produce tritium.
PAR  In my previously filed U.S. patent application Ser. No. 355,016, filed on
      Apr. 27, 1973, I have disclosed the use of liquid sodium, liquid lithium,
      a mixture of liquid sodium and liquid lithium, and the use of molten
      sodium hydroxide wherein the detonation of a blanketed nuclear explosive
      heats a low volatility liquid which is quickly passed through heat
      exchangers.
PAR  In accordance with this invention, the heated liquid is introduced into a
      chamber containing a volatile fluid which will not chemically react with
      the heated liquid. For example, it is well-known that sodium and lithium
      do not chemically react with many hydrocarbons and that, at higher
      temperatures, sodium hydroxide does not combine with water. Thus, there is
      not need for a wall to separate the two liquids, so that time is saved,
      costs and lowered and the efficiency of the heat exchanger is
      significantly enhanced.
PAR  To enhance the efficiency of machinery for the production of electricity
      and to reduce thermal pollution, a "topping cycle" might be used to
      convert heat energy to useful power before the heat containing fluid has
      been passed through a conventional heat exchanger. If lithium is the
      non-volatile liquid, potassium, having a boiling point of 774.degree.C.,
      at which lithium has vapor pressure of but a couple of milimeters of
      mercury, may be used as the volatile working fluid. In lower temperature
      ranges, potassium may be used as the non-volatile liquid.
PAR  Since electricity cannot easily be stored for peak load delivery times, it
      is desirable to pump water into hydro-storage reservoirs to be used for
      generating hydro-electric power at such peak load times. An economical
      means of pumping both the reactor liquid and water by the same engine that
      also provides additional turbine power is provided in accordance with this
      invention.
PAR  It is an object of this invention to create an engine wherein the heat
      energy of a non-volatile fluid is transferred to a working fluid without
      the use of walls between the two liquids.
PAR  It is another object of this invention to create an engine wherein the heat
      energy of a non-volatile liquid is directly transferred to a volatile
      liquid whose vapor is used to pump the non-volatile liquid without the use
      of pistons or rotary pumps.
PAR  It is an additional object of this invention to create an engine wherein
      the heat energy of a non-volatile liquid is directly transferred to a
      volatile liquid whose vapor is used to pump both the volatile liquid and
      another liquid without the use of pistons or rotator pumps.
PAR  It is a further object of this invention to create an engine which permits
      more economical use of electrical generating systems by enabling greater
      efficiency to be obtained from the system so that thermal pollution is
      lowered.
DRWD
PAR  These and other objects and advantages of this invention will be readily
      apparent when the following specification is read in conjunction with the
      appended drawings, wherein:
PAR  FIG. 1 is a schematic representation of an engine of this invention;
PAR  FIG. 2 is a schematic representation of another engine in accordance with
      this invention wherein a turbine is operated and a non-volatile heated
      liquid is pumped by the engine;
PAR  FIG. 3 is a schematic representation of an additional engine of this
      invention wherein the engine pumps both a non-volatile liquid and an
      additional liquid; and
PAR  FIG. 4 is a generally schematic diagram of a system for converting heat
      energy of a reactor into electrical and/or mechanical energy, the system
      utilizing the heat engines of this invention.
DETD
PAR  Referring now to the drawings, an engine 11 of this invention as
      illustrated in FIG. 1 and has a reaction chamber 12 having a plurality of
      pipes 14, 15, 16, 17, and 19 attached thereto.
PAR  The pipe 14 carries a heated non-volatile liquid 20 from a nuclear reactor
      (not shown) or other source of heat energy. The non-volatile liquid 20 may
      be used after passing immediately from the heat source or may be directed
      into the reaction chamber 12 after having been passed through a
      conventional heat exchanger (not shown). The non-volatile liquid 20 may be
      liquid sodium although many combinations of materials may be used in
      accordance with this invention. After substantial amounts of heat have
      been removed from the heated non-volatile liquid 20 within the reaction
      chamber 12, it is returned to the reactor through the pipe 17, propelled
      by a suitable pump 21, for further heating.
PAR  The pipe 15 connects the reaction chamber 12 to a turbine 22 which may be
      of any conventional type. The mechanical energy produced in the turbine 22
      may be transferred through a turbine shaft 24 to power the pump 21 as well
      as other devices such as a pump 25 interposed in the pipe 16 and an
      electric generator (not shown) for the production of useful power.
PAR  A pipe 26 connects the turbine 22 to a condenser 27 having a cooling system
      29 therein. The condenser 27 is connected by the pipe 16, through the pump
      25, to the reaction chamber 12.
PAR  The pipe 19 may be situated at a low point of the reaction chamber 12 and
      contain a valve 30 so that particulate matter settling at the bottom of
      the reaction chamber 12 may be drained off as desired.
PAR  In accordance with this invention, a volatile working fluid 31 is provided
      in the reaction chamber 12 in contact with the heated non-volatile liquid
      20. The volatile working fluid 31 must be substantially non-reactive with
      the non-volatile liquid 20 within the range of operating temperatures
      found in the reaction chamber 12. If the non-volatile liquid 20 is liquid
      sodium, the volatile working fluid 31 is preferably a volatile hydrocarbon
      such as octane or decane.
PAR  The heat from the non-volatile liquid 20 is transferred in the reaction
      chamber to the volatile working fluid 31 which is changed into a vapor
      31a. The increased pressure in the reaction chamber forces the vapor 31a
      through the pipe 15 and into the turbine 22, the direction of flow of the
      vapor 31a being determined by the operation of the pump 25. This heated
      vapor is forced through the turbine 22 which converts its heat energy into
      mechanical energy in the turbine shaft 24 as previously mentioned. The
      vapor 31a then passes through the pipe 26 into the condenser 27 wherein it
      is cooled and converted back into a liquid form. The working fluid 31 is
      then pumped back into the reaction chamber 12 and the cycle is repeated.
PAR  It is readily apparent that by use of the engine 11, maximum efficiency in
      heat-to-mechanical energy conversion can be provided whereby a
      non-volatile liquid, such as sodium, can carry heat from a source such as
      a reactor and this heat can be transferred in a wall-less reaction chamber
      to a volatile liquid for operating a turbine, the volatile fluid being
      non-damaging to the turbine.
PAR  FIG. 2 illustrates an engine 35 which functions, to some extent, in a
      manner similar to the function of engine 11 of FIG. 1 but exhibits the
      additional ability to pump the non-volatile liquid 20.
PAR  A reaction chamber 36 which may have a drain pipe 37 and a valve 39 and a
      lower portion thereof has a plurality of pipes 40, 41, 42, and 44
      extending therefrom. The pipe 40 carries the non-volatile liquid 20, as in
      FIG. 1, from the source of heat (not shown) and has a valve 45 interposed
      therein. The pipe 41 contains a valve 46 and carries the vaporized
      volatile working fluid 31a to a valve system 47 which may be a complex
      valve or a plurality of simple valves for controlling the flow of vapor
      through a plurality of tubes 49 to a turbine 50. If desired, the valve
      system 47 may be used to couple a plurality of reaction chambers, such as
      36, to the turbine 50 so that vapor 31a from a plurality of sources may be
      used to provide smoother, more efficient operation for the turbine 50.
PAR  A pipe 51 connects the turbine 50 to a condenser 52 which is in turn
      connected to the reaction chamber 36 through the pipe 42. A pair of valves
      54 and 55 are interposed in the pipe 42 around an enlarged central portion
      forming a chamber 42a.
PAR  The pipe 44 connects the reaction chamber 36 through a valve 56 to a
      junction 57. The junction 57 is connected by a pipe 59 to a reservoir 60
      which may include drainage means 61 and preferably has an exit pipe 62
      extending therefrom.
PAR  Operation of the engine 35 is as follows. To introduce heated non-volatile
      liquid 20 into the reaction chamber 35, the valve 45 is opened. At this
      time, valves 46 and 54 are also open while valves 55 and 56 are closed. As
      previously described, the volatile working fluid 31 is vaporized and the
      vapor 31a passes through the pipe 41 and the open valve 46 to the valve
      system 47. This valve system directs the vaporized working fluid
      selectively to various parts of the turbine 50 at different portions of
      the cycle to optimize the efficiency by which the heat energy from the
      working fluid is converted to mechanical energy in the turbine, in a
      manner well-known to those skilled in the art. If additional sources of
      vapor 31a are provided, the valve system 47 should further control the
      connection of the reaction chambers to the various portions of the turbine
      50 to further optimize operation.
PAR  The vapor 31a is changed back to liquid form in the condenser 52 and
      settles in the chamber 42a after passing through the open valve 54. When
      the reaction chamber 36 is substantially filled, valves 45, 46 and 54 are
      closed and valves 55 and 56 are opened. The volatile working fluid 31 in
      the chamber 42a flows into the reaction chamber 36 where it is vaporized
      by the heat of the non-volatile liquid 20. This produces an increase in
      pressure which pushes the non-volatile liquid 20 through the pipe 44, the
      open valve 56, the junction 57 and the pipe 59 into the reservoir 60. When
      most of the non-volatile liquid 20 has been removed from the reaction
      chamber 36, valves 55 and 56 are closed and valves 45, 46 and 54 are
      reopened. It should be noted that the chamber 42a is sufficiently large to
      hold enough of the volatile working fluid 31 to provide sufficient vapor
      pressure to pump the non-volatile liquid into the reservoir 60.
PAR  Since the pressure of the vapor 31a lifts the liquid 20 to the reservoir
      60, the height of pumping is limited by the vapor pressure and the
      non-volatile liquid density. If it is desired to raise the non-volatile
      liquid still higher, an additional pumping system or even several pumping
      systems in series may be necessary. If desired, a plurality of engines,
      such as the engine 35, may be connected to the junction 57, the outlet
      pipe 44A and valve 56A of one such additional system being illustrated. By
      coordination of this plurality of engines, reasonably steady pumping of
      the non-volatile liquid up to the reservoir 60 may be accomplished. In
      this manner, smooth high-speed pumping of liquid sodium may be provided
      for circulation through breeder reactors in a well-known manner.
PAR  FIG. 3 illustrates an engine 65 which may contain four different liquids to
      be used to pump one or two of those liquids. A reaction chamber 66 has a
      plurality of pipes 67, 69, 70, 71, 72 and 74 extending therefrom. Valves
      75, 76, 77, 79, and 80 are interposed in pipes 67, 69, 71, 72 and 74,
      respectively. A pair of valves 81 and 82 interposed in the pipe 70 define
      a chamber 70a therebetween. A float 84 and a region of separating liquid
      85 divide the reaction chamber 66 into an upper chamber 66a, containing
      the non-volatile liquid 20 and the volatile working fluid 31, and a lower
      chamber 66b, containing an additional liquid 86.
PAR  The pipes 69 and 70 are connected respectively to a turbine and a condenser
      similar to the turbine 50 and condenser 52 of FIG. 2 so that mechanical
      energy for the production of electricity is produced from the heat energy
      of the vapor 31a in the manner previously disclosed.
PAR  To describe the operation of the engine 65, we may assume that the valve 82
      is open and the volatile liquid 31 from the chamber 70a is entering the
      upper portion 66a of the reaction chamber 66; valves 75, 76, 80 and 81 are
      closed. The heated non-volatile liquid 20 which, as before, has entered
      the reaction chamber 66 through the pipe 67 from a source of heat (not
      shown), vaporizes the volatile working fluid 31, by direct contact, into
      vapor 31a which pushes downward and forces the additional liquid 86 to
      pass through the open valve 79 and upward into a reservoir (not shown) in
      a manner similar to the pumping of the non-volatile liquid 20 by the
      engine 35 of FIG. 2.
PAR  When most of the additional liquid 86 has pumped through the open valve 79,
      the valves 79 and 82 are closed and valve 76 is opened so that the vapor
      31a goes to drive the turbines (not shown). When the pressure of the vapor
      31a has greatly reduced, the valve 80 is opened and further quantities of
      the additional liquid 86 enter the lower portion 66b of the reaction
      chamber 66. This forces still more vapor 31a into the turbine.
PAR  There are several methods by which the now somewhat cooled non-volatile
      liquid 20 can be evacuated through the pipe 71. A sufficient quantity of
      the additional liquid 86 can be added so that the level rises and the
      liquid 20 is forced out through the valve 77 which is open. Alternatively,
      valve 76 may be closed and some additional quantity of the volatile
      working fluid 31 added after the addition of the liquid 86 and the closing
      of valves 79 and 80. Then, if the pipe 71 is somewhat lower than shown in
      the drawing, the non-volatile liquid 20 can be pumped through the pipe 71
      in the manner shown in connection with FIG. 2. Thus it is possible to
      construct a four liquid embodiment of this invention which is capable of
      pumping first one liquid and then another.
PAR  In the preferred embodiment, the heated non-volatile liquid 20 is lithium
      while the volatile working fluid 31 is a hydrocarbon, the separating
      liquid 85 is a heavy (very low volatility) oil and the additional liquid
      86 which is to be pumped is water. Note that lithium will react with water
      but the separating liquid 85 does not chemically react with either
      substance.
PAR  Perhaps the flexibility of the engines of this invention can be best
      illustrated by reference to the block diagram of FIG. 4. A nuclear reactor
      is shown as a source of heat and is preferably a fast neutron breeder
      reactor using mostly Li.sup.7 as the cooling liquid. Since lithium has a
      vapor pressure at 800.degree.C that is less than 1% the vapor pressure of
      sodium at 800.degree.C. C, will be less need for thicker containing walls
      between the alkaline metal and the reactor fuels if the reactor is at very
      high temperatures. Additionally, lithium has much more heat capacity than
      sodium. However, with lithium there will be some production of tritium but
      this valuable isotope can easily be separated from molten lithium since
      lithium-tritide is much heavier than, and only very slightly soluble in,
      cooler molten lithium.
PAR  The highly heated lithium, having a temperature in excess of 800.degree.C,
      from the reactor is transmitted to an engine in the form of the engine 35
      of FIG. 2 where it enters the reaction chamber or two liquid pump 36. The
      lithium serves as the non-volatile liquid 20 while potassium functions as
      the volatile working fluid 31a. Potassium has a boiling point of
      760.degree.C. Most of the potassium is vaporized and drives the turbine 50
      and then passes to the heat exchanger-condenser 52 wherein the potassium
      is condensed and the liquid potassium goes into the chamber 42a. The gases
      which do not condense, e.g. tritium, helium, are drawn off from the
      condenser 52 as shown by G.
PAR  Condensing of the potassium in the condenser 52 causes the water, utilized
      for cooling therein, to boil. The steam thus produced is used to drive a
      conventional turbine 91 and is condensed in a condenser 92 by cool water
      (CW) entering the condenser 92 which leaves the condenser as warm water
      (WW). There is no need to filter the liquid potassium of impurities, such
      as lithium, since it all recycled again and again.
PAR  Although only a single two liquid pump 36 is shown, a plurality of pumps
      might be used all programmed together and connected to drive the turbine
      50. The use of five pumps, for example, may be appropriate. The plurality
      of pumps preferably function in a manner similar to the cylinders of an
      internal combustion engine. Although the operation of one may be
      relatively rough, when properly time and used together, a smooth pumping
      action is provided. The lithium pumped by the two-liquid pumps, such as
      the pump 36, is sent through a conventional heat exchanger 94 wherein
      cooled water from a condenser is boiled into steam which drives a turbine
      96. The condenser 95 is cooled by a flow of cold water.
PAR  The now cooler lithium passes from the heat exchanger 94 to a plurality of
      engines such as the engine 65 of FIG. 3. Although a plurality of these
      engines (four, for example) might be used, only one is shown for purpose
      of illustration. The lithium passes into the reaction chamber or four
      liquid pump 66.
PAR  The volatile liquid which is stored in chamber 70a before it is discharged
      into the four liquid pump 66 is preferably a hydrocarbon, which is
      vaporized before it can sink through the lighter liquid lithium where it
      would possibly mix the heavy non-volatile oil between the heated molten
      lithium and the water which is being pumped. A turbine 97 is driven in a
      sequential manner, as has heretofore been disclosed, by the hydrocarbon
      vapor from all of the four liquid pumps. A condenser 99 is cooled by cold
      or cool water that leaves as warmer water.
PAR  The pump 66 is shown as pumping warmed water WW but may also be used to
      pump cooled or cold water. It is even possible that with a complex system
      of many reactors, this type of pump could be used to pump liquid sodium
      which is heavier than the heavy non-volatile oil which is between it and
      the molten lithium. If desired, a conventional pump may be used in place
      of the four liquid pump 66.
PAR  Although potassium can be used in the reactor if it is slightly alloyed
      with lithium (its cross-section to slow neutrons is 2.07 barns), it would
      be best to minimize the percentage of potassium in the liquid lithium
      because the vapor pressure from an appreciable quantity of potassium would
      necessitate thicker walls of the cooling liquids in the reactor and hence
      result in less effectiveness of the reactor as a breeder as its power
      source. Also, an undesirable product of irradiated potassium is some argon
      gas.
PAR  The solubility of potassium and lithium declines as the temperature
      decreases. Hence, to reduce the quantity of potassium and lithium a cold
      trap 100, wherein the temperature is possibly lower than 200.degree.C, may
      be used causing some heavier potassium to form as a liquid beneath the
      molten lithium. Also, lithium hydride (LiH, LiD and LiT) will settle out
      beneath the molten lithium.
PAR  It is possible that this trap could be formed somewhat similar to the
      embodiment of this invention shown in FIG. 1. As shown therein, the valve
      30 could be used to drain heavy materials which are collected, such as
      potassium and alkaline metal hydrides, through the drain pipe 19 to be
      further processed. If this type of trap system were used it would be
      necessary that the chamber 12 be very large in relation to the quantity of
      liquids flowing through from the pipe 14 and out of the pipe 17.
PAR  Although there are many possible situations wherein the engine of this
      invention may be used with nuclear reactors, it should be understood that
      this invention is not limited to liquids heated thereby. For example, it
      may be possible that such engines may be used with hot geothermal water
      solutions. In such an embodiment, a volatile hydrocarbon is vaporized with
      a heated saline solution and by means disclosed in this invention useful
      work is performed. The now somewhat cooler saline solution is discharged
      back into the earth possibly to be reheated.
PAR  It is even possible that this invention be practiced in the refrigerating
      of liquids at cold or even cryogenic temperatures. Of course, there would
      be no power production from the turbines and energy would have to be added
      to the system but the principles of this invention, wherein there is a
      wall-less heat exchanger, still applies. To be specific, sodium and
      potassium form an alloy (77.2% K) that melts at -12.3.degree.C. Such an
      alloy has much greater heat conductivity than do non-metallic liquids.
      Also, this alloy can be pumped by an electrical pump that has no moving
      parts and can be made very small. There may be applications where these
      characteristics of the sodium-potassium alloy and the fact that by the
      practice of this invention the direct contact evaporation of a volatile
      liquid will cool this alloy more easily than prior art methods will cause
      this to be the preferred technique.
PAR  There is a great variety of materials that might be used in the practice of
      this invention. Heated salts or hydroxides might be used such as hot
      molten sodium hydroxide which will not chemically react with water but
      will cause the production of steam. In fact, the non-volatile liquid 20
      need not be a simple liquid at all. It might be a solution, an alloy or
      even a slurry such as liquid sodium and lithium-hydride.
PAR  Further possibilities for the volatile working fluid 31, in addition to
      hydrocarbons, are halogenated hydrocarbons such as carbon tetrachloride
      and freons. Rubidium might be used in place of potassium in situations
      where expense is of less importance. It is even possible that cessium,
      which boils 100.degree.C below potassium might be used. However, the
      heavier metals such as cessium and mercury are both costly and have much
      lower specific heats.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heat engine comprising a reaction chamber having an upper portion and
      a lower portion separated by float means, a substantially non-volatile
      liquid and a volatile working fluid substantially chemically non-reactive
      with the non-volatile liquid in the upper portion, liquid introducing
      means for transporting the non-volatile liquid from a source of heat to
      the reaction chamber, fluid introducing means for introducing the volatile
      working fluid into the reaction chamber in direct physical contact with
      the non-volatile liquid for conversion of the volatile working fluid into
      a vapor, vapor removal means for removing the vapor from the chamber,
      liquid removal means connected to reservoir means physically elevated with
      respect to the reaction chamber for removing the non-volatile liquid from
      the chamber, each of said liquid introducing means, said fluid introducing
      means, said liquid removal means and said vapor removal means including
      valve means to control pressurization of the reaction chamber for forcing
      the non-volatile liquid through the liquid removal means, an additional
      liquid contained in the lower portion, additional liquid introducing means
      for transporting the additional liquid to the reaction chamber and valve
      means for selectively controlling the flow therein, additional liquid
      removal means for removing the additional liquid from the chamber and
      valve means for selectively controlling the flow therefrom, and energy
      conversion means connected between said vapor removal means and said fluid
      introducing means for utilization of heat energy from said vapor.
NUM  2.
PAR  2. The heat engine of claim 1 wherein said volatile working fluid is a
      hydrocarbon and said non-volatile liquid is sodium.
NUM  3.
PAR  3. The heat engine of claim 1 wherein said volatile working fluid is a
      hydrocarbon and said non-volatile liquid is lithium.
NUM  4.
PAR  4. The heat engine of claim 1 wherein said volatile working fluid is water
      and said non-volatile liquid is sodium hydroxide.
NUM  5.
PAR  5. The heat engine of claim 1 wherein one of said volatile working fluid
      and said non-volatile liquid is potassium.
NUM  6.
PAR  6. The heat engine of claim 1 wherein said energy conversion means
      comprises a turbine.
NUM  7.
PAR  7. The heat engine of claim 6 wherein said energy conversion means includes
      a condenser means connected between said turbine and said fluid
      introducing means for converting said vapor to said working fluid.
NUM  8.
PAR  8. The heat engine of claim 1 wherein said fluid introducing means includes
      an additional valve between the fluid introducing valve and said reaction
      chamber and a fluid holding chamber between the fluid introducing valve
      and the additional fluid introducing valve, and said heat exchanger has a
      first configuration, wherein said liquid introducing valve, said vapor
      removal valve and said fluid introducing valve are in an open condition
      and the additional fluid introducing valve and said liquid removal valve
      are in a closed condition for the utilization of heat energy in said
      energy conversion means, and a second configuration wherein said liquid
      introducing valve, said vapor removal valve and said fluid introducing
      valve are closed and the additional fluid introducing valve and said
      liquid removal valve are opened to introduce volatile working fluid from
      the fluid holding chamber into said reaction chamber to produce vapor for
      transporting said non-volatile liquid through the liquid removal means to
      said reservoir means.
NUM  9.
PAR  9. The heat engine of claim 1 wherein said float means comprises a liquid.
NUM  10.
PAR  10. The heat exchanger of claim 9 wherein said float means includes a
      region of solid material.
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PAL  General Information Concerning Patents, a United States Department of
      Commerce Publication No. 0304-0498.
ABST
PAL  A method and apparatus for generating power by passing a fluid from a
      higher energy level to a lower energy level by compressing said fluid
      first in a continuous flow centrifuge rotor and then reducing the pressure
      of said fluid in an inward flow reaction turbine section. The fluid enters
      the first rotor at center and leaves the second rotor at center, and vanes
      are provided within both rotors to assure that said fluid will rotate with
      said rotors. Nozzles are provided near the periphery of the first rotor to
      increase the absolute tangential velocity of the fluid leaving said first
      rotor; the tangential velocity of second rotor near rotor tip is greater
      than said first rotor tangential tip velocity. The said fluid is contained
      within said rotors, and passes from said second rotor to said first rotor
      near rotor center. Heat is being added to said fluid near the first rotor
      periphery, and heat is being removed from said fluid near the center of
      said first rotor; both heat addition and heat removal are mainly conducted
      during said compression of said fluid. Said fluid is normally a gas, and
      said heat addition and removal are usually conducted by using a second
      fluid which may be a gas or a liquid, and a third fluid which may be also
      a gas or a liquid.
PARN
PAR  This application is a continuation-in-part application of patent
      application titled "Turbine with Heating and Cooling," filed Oct. 23,
      1973, Ser. No. 408,381. Now U.S. Pat. No. 3,834,179.
PAR  The turbine of this application also uses principles previously used in
      "Heat Exchanger with Three Fluids," Ser. No. 361,281, filed May 17, 1973.
PAR  This invention relates generally to devices for generating power in
      response of a fluid being flowed from a higher energy level to a lower
      energy level by passing said fluid through a turbine for generating said
      power.
PAR  There have been various types of turbines previously, in some of which a
      fluid is accelerated in stationary nozzles and then passed to vanes
      mounted on a rotating rotor wheel, where the kinetic energy contained by
      said moving fluid is converted to power.
PAR  These conventional turbines normally have high energy losses due to fluid
      friction, especially between rotor vanes and the fluid where the velocity
      differentials are usually large. Also, these turbines often require
      complex shaped turbine vanes making the unit costly.
DRWD
PAR  FIG. 1 is a cross section of the turbine,
PAR  AND FIG. 2 is an end view of the turbine with portions removed to show
      interior details.
PAR  FIG. 3 is a detail of first rotor nozzles,
PAR  AND FIG. 4 is a pressure-enthalpy diagram for a typical first fluid, which
      is the working fluid, of the turbine of this invention.
DETD
PAR  It is an object of this invention to provide a turbine wherein said first
      fluid is sealed within said turbine, with first fluid being heated and
      cooled within the turbine, with said heating of said first fluid being
      during and after compression, and said cooling of said first fluid being
      before and during compression.
PAR  Referring to FIG. 1, therein is shown a cross section of the turbine, 10 is
      casing, 11 is first rotor, 12 are first rotor nozzles for said first
      fluid, 13 is a first fluid space, 14 is second rotor, 15 are second rotor
      inward passages with vanes, 16 is bearing and seal, 17 is bearing and
      seal, 18 is second rotor shaft, 19 and 20 are outlet and inlet for third
      fluid which is a coolant fluid, 21 is holding bracket, 36 is third fluid
      passage within first rotor shaft 31, 22 is seal and bearing, 23 and 24 are
      first fluid passages from second rotor to first rotor, 25 is a casing vent
      into which a vacuum pump may be connected for evacuation of said casing,
      26 is a heat exchanger for adding heat to said first fluid from a second
      fluid being circulated therewithin, 27 is second fluid conduit, 28 is a
      heat exchanger for removing heat from said first fluid by circulating a
      third fluid therewithin, 29 and 30 are second fluid exit and entry, 32 is
      a bearing and seal, 34 is a vane within first fluid outward passage.
PAR  In FIG. 2, 10 is casing, 31 is shaft of first rotor 11, 12 are first rotor
      nozzles, 14 is second rotor, 15 are second rotor vanes, 13 is first fluid
      space, 34 are first rotor vanes, 26 is heat addition heat exchanger, 33 is
      heat removal heat exchanger, 27 is second fluid conduit, and 35 indicates
      direction of rotation for both rotors.
PAR  In FIG. 3, a detail of first rotor nozzles is shown. 40 is rotor wall into
      which said nozzles 41 are mounted, 42 indicates direction of movement and
      rotation of said nozzles, and 44 indicates first fluid leaving said
      nozzles 41.
PAR  In FIG. 4, a pressure-enthalpy diagram for a typical first fluid is shown.
      50 is pressure line and 51 is enthalpy line. 52 is constant temperature
      line, 53 is constant pressure line, and 54 is constant entropy line. The
      work cycle is shown with compression starting at point 55 and continuing
      with heat removal to point 56, after which the compression is
      approximately isentropic to point 57 and then with heat addition to point
      58. Expansion is approximately isentropic, from point 58 to point 55. It
      should be noted that the diagram is approximate since locations and
      construction details of the two heat exchangers may change the shape of
      said diagram; further, since the flow velocity of said first fluid
      relative to said rotor is low, the work of compression and the work of
      expansion may be functions of internal energy changes more than functions
      of enthalpy changes.
PAR  In operation, the cavity within the two rotors is filled with a suitable
      first fluid, and the first rotor is caused to rotate by using an external
      starter. Said first fluid is accelerated by said rotating rotor with
      accompanying compression within said first rotor with vanes and heat
      exchanger fins assuring that said first fluid will rotate with said first
      rotor. Heat is added to said first fluid during and after compression from
      a second fluid being circulated in heat exchange relationship within a
      heat exchanger with said first fluid; after said heat addition, said first
      fluid is passed through a set of nozzles mounted near the periphery of
      said first rotor, with said nozzles being oriented to pass said first
      fluid in forward direction thus increasing the absolute tangential
      velocity of said first fluid. After leaving said nozzles, said first fluid
      enters said second rotor first fluid passages, said passages are inward
      toward the center of said second rotor where said first fluid is
      decelerated with work associated with such deceleration being passed to
      said second rotor with vanes 24 assuring that said first fluid will rotate
      with said second rotor. After such deceleration and expansion of said
      first fluid, said first fluid is passed to said first rotor via passges
      near rotor center, and then heat is removed from said first fluid before
      and during compression, with a third fluid being circulated in heat
      exchange relationship with said first fluid in a heat exchanger.
PAR  In the process hereinbefore described, said first fluid is accelerated and
      compressed within said first rotor with first removing heat, after that
      compressing the first fluid adiabatically in most instances, and then
      adding heat, with said heat removal and addition increasing the density of
      the first fluid during said compression to a value that is greater than
      the density of said first fluid during said expansion. Thus a greater
      second rotor tip speed can be maintained while still also maintaining
      first fluid circulation within said rotors, and thus the work output from
      said second rotor will be greater than the work input to said first rotor;
      the difference in these work quantities being the useful work output of
      the turbine. Also, by providing heat removal during said compression, a
      greater amount of work can be obtained from a low temperature heat source.
PAR  The turbine described herein is suitable for high speed operation. The
      rotors may be encased in a vacuum chamber to eliminate friction on rotor
      external surfaces. The rotors are normally made of high strength
      materials, and the heat exchangers may be made of finned tubing as shown.
      The rotor vanes are shown to be radial; they may be also curved in
      conventional manner, if desired.
PAR  The fluids used with the turbine of this invention, are commonly available.
      For said first fluid, various gases may be used. Said second fluid may be
      either a gas or a liquid. Said third fluid also may be either a gas or a
      liquid.
PAR  In situations where said second fluid is a gas, there will be a temperature
      increase of said second fluid due to centrifugal compression within the
      first rotor passages and said heat addition heat exchanger. By selecting
      said second fluid such that said temperature increase for said second
      fluid is greater than for said first fluid, heat can be added to said
      first fluid even when the entry temperature of said second fluid is the
      same or even lower than the temperature of said first fluid at rotor
      center. Also, this means can be used to obtain additional heat transfer
      when said second fluid is a gas, at a higher entry temperature than said
      first fluid is at rotor center. Further, it is also possible to employ
      said second fluid, when said second fluid is a gas, after heat removal
      within said heat exchanger 26, and subsequent expansion and temperature
      decrease, as said third fluid within heat exchanger 28. In these
      arrangements, the flow of said second fluid is arranged to be usually in
      what is known as "counterflow" within heat exchanger 26, and also in
      "counterflow" in heat exchanger 28, for best efficiency.
PAR  Various governors, gauges and the like are employed with the turbine of
      this invention. They do not form a part of this invention and are not
      further described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improvement in a turbine for generating power, said turbine
      comprising:
PA1  a. a casing for supporting rotor shafts;
PA1  b. shafts journalled in bearings in said casing for rotation;
PA1  c. a rotating first rotor mounted on a shaft so as to rotate therewith,
      said first rotor being of circular configuration, and having an entry port
      for a first fluid near the center of said first rotor and having a
      radially outwardly extending passageway for said first fluid for effecting
      acceleration and centrifugal compression of said first fluid; said
      radially extending passageway being provided with a heat exchanger for
      adding heat to said first fluid during and after compression; said
      radially extending passageway being provided with a set of nozzles at its
      downstream end for passing said first fluid with said nozzles oriented to
      discharge said first fluid in forwardly tangential direction;
PA1  d. a rotating second rotor mounted on a shaft so as to rotate therewith;
      said second rotor having an entry for said first fluid adjacent to said
      first rotor nozzles for receiving said first fluid, with inward extending
      first fluid passageway for expansion of said first fluid and for receiving
      by said rotor the work associated with deceleration of said first fluid;
      said second rotor having an exit port for said first fluid near the center
      of said rotor for passing said first fluid into said first rotor;
PA1  e. a heat removal heat exchanger being provided to cool said first fluid
      before and during early part of compression, said heat removal heat
      exchanger being within said first rotor and being in heat exchange
      relationship with said first fluid.
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ABST
PAL  Improvements in apparatus for converting one form of energy into another
      form with the use of an essentially closed, continuous loop passageway
      containing a plurality of freely movable, unrestrained bodies. Force
      generated by expansion of a gas is applied to successive bodies in one
      region of the passageway to propel them around the passageway in one
      direction. At another point in the passageway, at least a portion of the
      kinetic energy of the propelled bodies is converted into another form of
      energy. Each body, before being propelled around the passageway, enters a
      compressor section where it compresses the gas in the passageway, the
      compressed gas being bled off through a check valve where energy is added
      to it before it is used to propel a body around the passageway in the
      expander section which immediately follows the thrustor section. The
      invention is characterized by the addition of conduits connected to the
      compressor and thrustor sections to regulate the pressures therein and
      prevent noisy operation, wasted kinetic energy and the possibility of
      having bodies move backwards from the thrustor section into the compressor
      section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In copending application Ser. No. 323,770, filed Jan. 15, 1973 now U.S.
      Pat. No. 3,859,789, a system is described for converting one type of
      energy into another type by means of a closed loop passageway containing a
      plurality of freely movable, mechanically unrestrained pistons, meaning
      that the pistons are not coupled to a mechanical element but can be
      propelled around the loop in much the same manner as a projectile.
      Successive ones of the pistons, preferably spheres having diameters
      slightly less than that of a tubular passageway through which they travel,
      are propelled in one direction around the passageway by application of a
      suitable force applied in a thrustor region of the passageway.
PAR  In one embodiment of the invention shown in that application, acceleration
      of the pistons is effected by means of an expanding fluid medium supplied
      externally to the closed loop passageway. After the pistons are thus
      accelerated, they pass through a second region where the kinetic energy of
      the traveling pistons is converted into another form of energy. This may
      be accomplished, for example, by forming the pistons from magnetically
      permeable material and by passing them through the magnetic field of a
      linear generator which converts the energy of the moving pistons into
      electrical energy. Alternatively, the kinetic energy of the moving pistons
      can be used to compress a gas or it can be converted into mechanical
      motion, for example, by causing successive ones of the pistons to strike
      radiallyextending blades on a rotatable paddle wheel.
PAR  Assuming that expansion of a gas is used to propel the pistons, they pass
      through a compressor region where the gas between them is compressed
      preparatory to a succeeding cycle of operation. This compressed gas from
      the compressor region is fed through a check valve to an external heater
      where energy in the form of heat is added to the gas, causing it to
      expand. The expanded gas is then used in a thrustor section following the
      compressor section to propel successive ones of the pistons around the
      closed loop passageway.
PAR  It has been found that when a piston enters the compressor section of the
      closed loop passageway with excessive kinetic energy, it may still have
      considerable kinetic energy by the time it passes the compressor outlet
      port when gas is lead through the aforesaid check valve to the external
      heater. Without the present invention, this situation is undesirable for
      two reasons. First, the residual kinetic energy of the piston is wasted
      and does not contribute to the compressor output. Secondly, a piston
      having excessive kinetic energy may strike other bodies in the compressor
      section with excessive velocity, thereby causing erratic and noisy
      operation. Furthermore, certain situations may arise wherein the pressure
      within the thrustor section exceeds that in the compressor section,
      meaning that pistons will tend to move from the thrustor section back into
      the compressor section, interfering with the compressor operation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the problem of sporadic and noisy
      operation due to excessive kinetic energy of a propelled piston entering
      the compressor section is eliminated with the use of a conduit connected
      to the compressor section downstream of the compressor gas output leading
      through a check valve back to the compressor outlet. The other end of the
      aforesaid conduit is connected to the compressor output itself such that
      the pressures on opposite sides of a piston entering the thrustor section
      tend to equalize. In this manner, a shock absorbing effect is achieved
      after the piston passes the normal compressor output conduit, whereby it
      is slowly down gradually without slamming into other bodies in the closed
      passageway with excessive velocity or traveling backwardly. At the same
      time, the adiabatic compression energy expanded into the gas, by virtue of
      the shock absorber action, is shunted back to the compressor section such
      that it is not wasted.
PAR  Additionally, a conduit is connected to the thrustor section leading back
      to the compressor output conduit with a check valve therein so as to
      maintain the pressure in the thrustor section always less than or equal to
      the compressor output pressure. In this way, there is always a force to
      "snug" the pistons together in the thrustor region and prevent the bodies
      from moving from the thrustor section back into the compressor section.
PAR  In its broadest aspects, the invention contemplates means for regulating
      the pressure in the continuous passageway between the compressor section
      outlet and the thrustor section inlet to prevent noisy operation and the
      possibility of malfunctioning due to backward travel of the pistons as
      explained above.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in connection with
      the accompanying single FIGURE drawing which forms a part of this
      specification.
DETD
PAR  With reference now to the drawings, there is shown an engine 10 comprising
      a torus or closed loop passageway 12. The passageway 12 is defined by a
      metal housing 14 having interior walls which are preferably smooth.
      Disposed within the passageway 12 is a plurality of solid bodies or
      pistons 16 shown as spheroids. The tolerances or clearances between the
      surfaces of spheroids 16 and the inside walls of the passageway 12 are
      such as to permit the spheroids to move freely along the passageway 12.
      However, fluid flow past the spheroids within the passageway is
      substantially prevented. In the embodiment of the invention shown in the
      drawing, the closed loop passageway 12 has a circular cross section (not
      shown in the drawing), but with other shaped pistons, other cross sections
      may be utilized including elliptical or polygonal cross sections with
      suitably shaped pistons.
PAR  In the particular embodiment of the invention shown herein, the closed loop
      passageway is divided into a compressor section, a thrustor section, an
      expander section and an energy out section. In the expander section,
      compressed air from a gas heater 18 is fed via conduit 20 to an inlet port
      22. As the compressed gas enters the port 22, it generates a force between
      pistons 16A and 16B, for example, which propels piston 16B around the
      passageway 12 in a counterclockwise direction. The weight of the pistons
      16 in the thrustor and compressor sections of the passageway 12 prevents
      backward movement of the remaining spheres in the thrustor section. This,
      of course, assumes that the passageway 12 lies in a vertical plane with
      the axis of the passageway being horizontal. However, if the passageway 12
      should lie in a horizontal plane, the spheres in the thrustor section will
      not be acted upon by gravity; and it is usually necessary to provide a
      latch, such as that shown in copending application Ser. No. 323,770, to
      prevent backward movement of the spheres in the thrustor section.
PAR  After each successive piston is propelled forwardly in a counterclockwise
      direction, the gas behind it expands until a port 24 is reached where the
      heated gas is exhausted to the atmosphere. Thereafter, the piston can
      travel through an energized electromagnetic coil 26 where resistance is
      presented to its travel by virtue of its cutting magnetic lines of force.
      This implies, of course, that the pistons 16 are formed from magnetically
      permeable material and that the walls of the passageway 12 are formed from
      a non-magnetically permeable material such as aluminum or the like. Thus,
      at least part of the kinetic energy of the propelled piston 16 is absorbed
      by cutting lines of flux produced by the coil 26. The resulting electrical
      pulse may then be applied to external electrical utilization apparatus,
      not shown, whereby the kinetic energy of the moving pistons is converted
      into electrical energy. The kinetic energy of the moving pistons can also
      be converted to other types of energy, such as a compressed gas as will be
      hereinafter explained.
PAR  After each successive propelled piston passes through the coil 26 in the
      embodiment shown in the drawing, it travels to a port 27 where air is
      sucked into the passageway 12. At this point, the compression portion of
      the cycle begins with each piston or sphere moving to a port 28 where the
      compressed air is exhausted through a conduit 30 and check valve 32 to
      conduit 34, and thence the heater 18.
PAR  In the operation of the device shown in the drawing, valve 36 is initially
      opened and compressed gas from a compressor or other convenient source,
      not shown, is provided to the heater 18 and conduit 20 such that it passes
      through the port 22 into passageway 12 to propel successive ones of the
      spheres 16 forwardly. As each sphere travels around the passageway 12, it
      reaches the compressor section where the gas is compressed ahead of the
      piston. This compressed gas passes through conduit 30 and through check
      valve 32 to the heater 18 where it is heated and expanded preparatory to
      its being used to propel successive ones of the pistons around the
      passagewy.
PAR  After the operation of the device is initiated in the manner described
      above, the valve 36 is closed and energy is added to the gas via
      compression by the pistons in the compressor section and heating in the
      heater 18.
PAR  As was explained above, it sometimes happens that a piston enters the
      compressor section with excessive kinetic energy and may still have
      considerable kinetic energy by the time it passes the compressor outlet
      port 28. Without additional means, this situation is undesirable since the
      residual kinetic energy of the piston after it passes the port 28 will be
      wasted in attempting to compress air between it and the pistons waiting to
      enter the thrustor section. Furthermore, the piston, in compressing air
      after passing port 28, may actually stop and bounce backwardly because of
      expansion of gas ahead of it. In this case, the backwardly-traveling
      piston may strike a following piston, thereby causing erratic and noisy
      operation. In order to prevent this condition, a conduit 38 is connected
      to the compressor section via port 40 downstream of the compressor outlet
      port 28. The conduit 38, in turn, is connected through a check valve 42
      and throttle valve 44 to conduit 33 which leads back to the compressor
      output port 28. In this manner, after the piston passes the compressor
      outlet port 28, further compression can occur between points A and B, more
      or less gradually slowing down the piston to the desired speed value to
      enter the thrustor section. The effect is similar to that of a shock
      absorber. At the same time, the interconnection between ports 28 and 40
      tends to equalize the pressure on opposite sides of a decelerating piston,
      reducing the possibility of its bouncing backwardly. Furthermore, the gas
      compressed between points A and B is fed through the check valve 42,
      throttle valve 44 and check valve 32 back to heater 18 such that the
      kinetic energy of the piston in slowing down between points A and B is not
      wasted. This not only reduces shock but makes the compressor operation
      more efficient and permits a degree of latitude in variation of kinetic
      energy of the pistons entering the compressor section.
PAR  Also, as was explained above, it sometimes happens that the pressure within
      the thrustor section will be greater than that in the compressor section,
      possibly causing pistons to move backwardly from the thrustor section to
      the compressor section. Accordingly, a feature of the invention is to
      provide a second port 46 connected through conduit 48, check valve 50 and
      throttle valve 52 to conduit 33 and back to port 28. In this manner, and
      by virtue of the throttle valve 52, the pressure in the thrustor section
      is always less than or equal to the compressor output pressure at port 28.
      Thus, there is always a force to "snug" the pistons together in the
      thrustor section and prevent backward movement of the pistons into the
      compressor section. The throttle valves 44 and 52 insure that the rate of
      pressure equalization between points A and B and in the thrustor section
      insures smooth piston travel regardless of any other circumstances
      existing.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. Apparatus for converting a first form of energy to a second form of
      energy comprising:
PA1  a. a continuous loop passageway having a compressor section followed by a
      thrustor section,
PA1  b. a plurality of freely movable, unrestrained pistons disposed within said
      passageway for movement therearound,
PA1  c. a first conduit means connected to said compressor section for leading
      out compressed gas from said passageway as successive ones of the pistons
      move into the compressor section,
PA1  d. means for adding energy to the gas fed from the compressor section,
PA1  e. second conduit means for feeding gas, after the addition of energy
      thereto, back to the expander section to propel successive ones of said
      bodies around the passageway by expansion of the gas, and
PA1  f. means for regulating the pressure in said passageway between the
      connections thereto of said first and second conduit means.
NUM  2.
PAR  2. The apparatus of claim 1 including check valve means between said means
      for adding energy and said first conduit means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means for regulating the pressure
      in said passageway between the connections thereto of said first and
      second conduit means comprises a third conduit means connected to said
      compressor section downstream of said first conduit means, and check valve
      means connecting said third conduit means to the first conduit means
      whereby gas compressed between said first and third conduit means is bled
      through said check valve means back to said means for adding energy.
NUM  4.
PAR  4. The apparatus of claim 3 including a pressure control valve interposed
      between said last-mentioned check valve means and the inlet of said means
      for adding energy.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said means for regulating the pressure
      in said passageway between the connections thereto of said first and
      second conduit means comprises conduit means connected to said thrustor
      section, and means including check valve means connecting said
      last-mentioned conduit means to the first conduit means whereby the
      pressure in said thrustor section will be equal to or less than that in
      the compressor section.
NUM  6.
PAR  6. The apparatus of claim 5 including a throttle valve interposed between
      said last-mentioned check valve means and the inlet of said means for
      adding energy.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said means for regulating the pressure
      in said passageway between the connections thereto of said first and
      second conduit means comprises third conduit means connected to the
      compressor section of said passageway downstream of said first conduit
      means, means including first check valve means connecting said third
      conduit means to said first conduit means, fourth conduit means connected
      to the thrustor section of said passageway, and means including second
      check valve means connecting said fourth conduit means to said first
      conduit means, the arrangement being such that the pressure within said
      thrustor section will be maintained equal to or less than that in the
      compressor section and excessive kinetic energy of bodies entering the
      compressor section will be absorbed by compression of gas between said
      first and third conduit means with the compressed gas being bled back to
      said means for adding energy through the first conduit means.
NUM  8.
PAR  8. The apparatus of claim 7 including third check valve means connecting
      said first, third and fourth conduit means to the inlet of said means for
      adding energy.
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ABST
PAL  The invention provides a float member for use in conjunction with similar
      float members for substantially completely blanketing or covering the
      surface of a liquid to reduce evaporation, and/or to suppress waves, the
      emission of noxious or toxic fumes and the formation of foam. The float
      member comprises a body having a hexagonal circumferential skirt or wall
      at least 0.2 inches (5mm) in depth and is so shaped and/or weighted that
      it tends to flaot in only one of two dispositions with its hexagonal skirt
      disposed at the level of the liquid with such skirt extending
      substantially at right angles to the surface of the liquid.
BSUM
PAR  This invention relates to blanketing of liquid surfaces and in particular
      both to the thermal insulation of liquids and to the provision of a
      blanketing cover to the surfaces of liquids to reduce evaporation; the
      suppression of waves; the emission of noxious or toxic fumes and the
      formation of foam.
PAR  It is known that the aforementioned conditions and occurrences at the
      surface of a liquid can be reduced by floating insulating members on the
      surface, the number of insulating members being such that the major part
      and preferably substantially the whole of the surface is occupied.
PAR  More particularly it is known to employ for this purpose, floats which
      consist of spheres of usually synthetic plastics material, often
      air-filled, and of, say, one-to-four inches in diameter.
PAR  Such hollow spheres have been successfully used as such floating insulating
      members for reducing heat loss at the surfaces of vats, swimming pools,
      water filtration tanks and sewage lakes.
PAR  However, particularly in the case of open-air installations the use of
      light weight hollow spheres as floating insulating members presents
      difficulties. The light weight of the floats renders them easily damaged
      or blown from the surface of the liquid by wind involving their continual
      loss and need for replacement. Moreover, such floating spheres, when
      floating in contact with one another, can only incompletely blanket the
      total liquid surface area, precisely because of their spherical shape.
PAR  Spherical insulating floats readily revolve and dust and dirt deposited on
      the top of the floats is passed into the liquid when they revolve. By
      continuously revolving and exposing a freshly wetted surface greater
      liquid evaporation takes place than if the floats did not turn.
PAR  According to this invention, there is provided a float member for use in
      conjunction with similar members, i.e. side-by-side nesting relationship,
      for substantially completely blanketing or covering the surface of a
      liquid, for the various objects aforementioned, the member comprising a
      body provided with a peripheral or circumferential skirt or wall of
      hexagonal shape and at least 0.2 inches (5 mm) in depth, the body being so
      constructed, that is by being so shaped and/or weighted, that it tends to
      float in only one of two dispositions with its hexagonal skirt disposed at
      the level of the liquid surface with such skirt extending substantially at
      right angles to the surface of the liquid.
PAR  Preferably, the float body is formed in one piece by injection moulding,
      advantageously of polypropylene in the shape of a registering pair of
      protuberant elements between which at their common base is formed the
      hexagonal skirt or wall whose walls are parallel with the transverse axis
      of the hexagonal skirt. The protuberances have sloping sides whereby the
      effect of wind pressure from any direction is to depress the float into
      the liquid and to inhibit neighbouring floats from riding one upon
      another.
PAR  Alternatively, the float may have a flat top and bottom bounded by the
      hexagonal skirt.
PAR  In this case the depth of the skirt will be at least 12.5% and preferably
      not more than 40% of the maximum dimension across the hexagonal
      configuration of the skirt of the float member.
PAR  In the case of a float member according to the invention having a hexagonal
      skirt located between a registering pair of protuberant elements having
      sloping sides, the depth of the hexagonal skirt is at least one eighth,
      and preferably at least one quarter of the total thickness of the float
      along the axis of the hexagonal skirt and, also, the depth of the skirt is
      preferably at least 12.5% and preferably not more than 40% of the maximum
      dimension across its hexagonal configuration.
PAR  When the hexagonal skirt is located between opposed integral elements each
      of identical protuberant shape, this shape may be one of:
PAR  a. a pyramid;
PAR  b. a pyramidic frustum;
PAR  c. a cone;
PAR  d. a conical frustum;
PAR  e. a convex segment;
PAR  f. a part-spherical segment.
PAR  All the shapes (a - f) above will terminate at the skirt in a hexagonal
      base. All will present sloping sides terminating at their base.
PAR  In all cases of the shapes (a - f) above there may be flattening or other
      shaping at the apex depending on the manufacturing process, that is at the
      maximum thickness of the float measured along the axis of the peripheral
      hexagonal skirt.
PAR  The sloping sides may be of straight, convex or re-entrant configuration.
PAR  When the required number of floats provided with such hexagonal skirts or
      walls are assembled on the surface of a body of fluid there need be little
      or no space between one float and its neighbours. This arrangement thus
      obviates the gaps which are inevitably present in an array of contiguous
      spherical floats or contiguous floats having skirts which are other than
      hexagonal, rectangular or triangular in plan view.
PAR  This floating body may be formed of moulded polypropylene and may have a
      smooth or solid exterior skin while its interior is advantageously of foam
      composition.
PAR  The skirt or wall preferably has a minimum depth of 0.25 inches (6.5 mm)
      when the body has an overall size, measured across the skirt or wall, of
      1.5 inches.
PAR  However, the depth of the skirt is always at least one eighth of, and
      preferably one quarter of the overall size of the float measured across
      the largest dimension of the skirt.
PAR  The float may alternatively be formed in two sections each of protuberant
      or concave pyramidic, hemispherical, conical, oval or other convenient
      form. Each section has a continuous or endless outwardly extending lip at
      its widest section and two such sections are joined with their lips in
      register to form the peripheral or circumferential hexagonal skirt. Prior
      to uniting the two sections one or both of them may be weighted either by
      introducing, or by attaching a plastics, metal or other substance of
      appropriate density.
DRWD
PAR  Four embodiments of floating body according to the invention are shown by
      way of example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side view and FIG. 2 a plan view of a hexagonal float having a
      hexagonal peripheral skirt intended to be floated on a liquid whose
      surface level is indicated as S in FIG. 1. The embodiment depicted in
      FIGS. 1 and 2 having flat top and bottom surfaces are only suitable for
      still surface conditions, that is, without any turbulence being occasioned
      in the liquid. Preferred embodiments of the hexagonal float according to
      the invention are illustrated in FIGS. 3 to 7; in these:
PAR  FIGS. 3 and 4 show in side view and plan view respectively a float member
      according to a preferred embodiment of the invention; while
PAR  FIGS. 5 and 6 show an alternative version of the float member according to
      the invention, again in side and plan view respectively.
PAR  FIG. 7 is a side view of a float having upper and lower curved surfaces.
DETD
PAR  Referring now to the drawings, FIGS. 1 and 2 depict a float member for use
      in conjunction with similar members for substantially completely covering
      or blanketing the surface of a liquid for the purpose stated at the outset
      of this specification.
PAR  The float member comprises a body having a circumferential skirt of
      hexagonal shape and of at least 0.2 inches (or at least 5 mm) depth with a
      typical overall maximum dimension of 1.5 inches.
PAR  The body has a flat top and a flat bottom and has such density in relation
      to the density of the liquid in which it is intended to be floated that it
      can float in one of two dispositions with its skirt at the level of the
      liquid surface as indicated at S.
PAR  The floating body is manufactured of synthetic plastics material using the
      materials and techniques aforementioned. For example, it is of injection
      moulded polypropylene and may have a smooth or solid exterior skin and
      with an interior of foam construction.
PAR  The depth of the hexagonal skirt in relation to the overall dimension of
      the hexagonal shape of the float is at least 1 : 8 and preferably 1 : 4.
PAR  The embodiment depicted in FIGS. 1 and 2 having flat top and bottom
      surfaces is only suitable for still surface conditions, that is, without
      any turbulence being occasioned in the liquid.
PAR  The embodiments of FIGS. 3 and 4, and 5 and 6, and 7 respectively, are
      preferred and basically similar, being based on opposed protuberant
      elements integral with the hexagonal skirt. Each have a sloping top and
      bottom between which is the hexagonal peripheral skirt at their widest
      dimension.
PAR  Such skirt is of at least 0.2 inches (or at least 5 mm) in depth.
PAR  The body is so constructed, that is by being so shaped and/or weighted that
      it tends to float in one of only two alternative dispositions in the
      liquid for which it is intended.
PAR  The angle alpha (FIGS. 3 and 5) is between 110.degree. and 160.degree., or
      in other words, the sloping sides define an angle with the horizontal of
      less than about 45.degree., so that in the event of the hexagonal floats
      being subjected to the effects of wind or waves, firstly the effect is
      that the float tends to be depressed into the liquid in which it is
      floating and secondly, the stacking of neighbouring floats one upon
      another is inhibited, since the floats' actual shape tends to make them
      slide off one another when stacking occurs.
PAR  Part of the float may be of metal or plastics so as to obtain the required
      density so that the float may be submerged in the liquid such that its
      hexagonal skirt is disposed at the level of the liquid surface.
PAR  In FIGS. 3 and 4 the hexagonal skirt is located between opposed pyramidic
      frusta having hexagonal bases and flattened at their apices.
PAR  In FIGS. 5 and 6 the hexagonal skirt is located between opposed conical
      frusta having hexagonal bases and flattened at their apices.
PAR  In FIG. 7 the hexagonal skirt is located between part spherical integral
      top/bottom convex body members integral with the skirt.
PAR  Preferably the angle alpha in FIGS. 3 and 5 is 125.degree. .+-.5.degree..
PAR  In order to verify the performance of the hexagonal floats according to the
      invention, a series of tests was conducted using a 4 .times. 1 .times. 1
      foot glass-sided tank filled with water and suitably lagged and
      instrumented so that the floats according to the invention and as depicted
      in FIGS. 3 and 4 could be thermally tested with the number of floats being
      sufficient that when floating, a complete cover was formed on the water
      surface in the tank.
PAC  PARAMETERS AVAILABLE FOR INVESTIGATION
PAR  1. Effect of the hexagonal floats on the waves produced.
PAR  2. Power input to the tank with and without the floats.
PAR  3. The temperatures maintained with (2).
PAR  4. Effect of waves with (2) and (3).
PAR  5. Effects of known wind velocities across the surface of the tank with
      (2), (3) and (4).
PAC  MEASUREMENTS TO BE TAKEN WITH EACH TEST
PAR  1. A visual observation with estimated height of swell.
PAR  2. Power input to the tank immersion heaters measured by Wattmeter.
PAR  3. Mercury in glass thermometers placed with at least 21/2 inches of the
      stem immersed beneath the surface. A Bechmann thermometer is used to check
      against any sudden large changes in tank temperature.
PAR  4, 5. Power inputs were recorded over a period of time to maintain a steady
      tank temperature with and without floats.
PAL  Test 1
PAR  A wave paddle was switched on and with the paddle rotating at 75 rev/min a
      mean wave height of 1 inches at a pitch of 2 inches was produced. By
      introducing enough floats as depicted in FIGS. 3 and 4 to cover the water
      surface remote from the paddle (an area of approximately 3 .times. 1) the
      movement of the water surface changed completely to that of a gentle swell
      1/4 - 3/8 inches high at a pitch of 10 inches.
PAR  The damping effect of the hexagonal floats was quite remarkable and
      appeared to have the same effect as a thick coating of oil. The
      interlocking of the hexagonal floats was good and appeared in sections 8
      inches - 10 inches long on the surface. More severe waves tended to make
      interlocking more complete.
PAL  Tests 2 and 3
PAR  Preliminary thermal tests including wave making showed an electrical input
      of 200 watts with the tank water surface exposed and maintained at a
      temperature of 100.degree.F. The ambient temperature was recorded at
      71.degree.F. The inclusion of the floats as depicted in FIGS. 3 and 4 at
      approximately 92 per sq. ft. and covering 3 sq. ft. of water surface
      reduced the electrical input to approximately 75 watts. This represents a
      saving of 62.5%. The validity of this test was checked by removing the
      floats and allowing the heat input to rise to maintain the original tank
      temperature of 100.degree.F - the electrical input was recorded at 200
      watts. If it is considered that since the operating temperatures of, as an
      example, a swimming pool, may vary from 70.degree.-90.degree.F (UK-USA) a
      mean temperature of approximately 80.degree.F would be suitable for this
      particular application. However, with a laboratory ambient temperature of
      approximately 70.degree.F this would be too small a temperature difference
      with which to formulate reliable heat transfer data. In view of this a
      more accurate wattmeter was introduced and a water temperature of
      85.degree.F was agreed for further tests.
PAR  It was also concluded at this point that since the movement of the water
      surface due to the wave making was slight when the floats were in use, the
      wave generating paddle could be dispensed with and the whole tank surface
      could be filled with floats so that the static heat transfer problem could
      be studied.
PAR  It was also decided at this point in an attempt to simulate actual
      operating conditions to proceed with mounting a suitable fan on the tank
      so that the effect of wind on the hexagonal floats and also on the heat
      transfer could be investigated. The results are shown in Table A.
PAR  At this time a test rig was used to do a comparative thermal test comparing
      the floats according to the invention as depicted in FIGS. 3 and 4, with
      hollow spherical balls of 1.5 inches in diameter and the results are as
      shown in Table B.
TBL                                    TABLE A                                 
     __________________________________________________________________________
     Test                                                                      
        Ambient                                                                
             Tank Water                                                        
                    Electrical                                                 
                          Area Covered                                         
        Temp.                                                                  
             Temp.  input With Floats                                          
        .degree.F                                                              
             .degree.F                                                         
                    WATTS ft.sup.2                                             
     __________________________________________________________________________
     (a)                                                                       
        75   100    200   NIL     Electrical                                   
                                  saving                                       
     (b)                                                                       
        75   100    75    3       125 watts =                                  
                                  62.5%                                        
     (c)                                                                       
        73   93     75    3       Wave maker                                   
                                  in use                                       
     (d)                                                                       
        68   84.5   92    NIL     Electrical                                   
                                  saving                                       
     (e)                                                                       
         67.5                                                                  
             85.5   40    4       52 watts =                                   
                                  56.6%                                        
     __________________________________________________________________________
TBL                TABLE B                                                     
     ______________________________________                                    
     COMPARATIVE TESTS OF HEXAGONAL FLOATS                                     
     AND SPHERICAL FLOATS OF 1.5 INCHES DIAMETER                               
     ______________________________________                                    
     Ambient                                                                   
            Tank Water                                                         
                      Electrical                                               
                               Area Covered                                    
                                         Wind                                  
     Temp.  Temp.     input              Velocity                              
     .degree.F                                                                 
            .degree.F WATTS    ft.sup.2                                        
     ______________________________________                                    
     67     84.5      37       4 hexagonal                                     
                                         NIL                                   
                               floats                                          
     73     85.0      24       4 balls   NIL                                   
     70     84.5      104      4 balls   4 Knot                                
                                         (402 ft/min)                          
     67     84.5      40       4 hexagonal                                     
                                         NIL                                   
                               floats                                          
     71     85.0      88       4 hexagonal                                     
                                         4 Knot                                
                               floats    (402 ft/min)                          
     ______________________________________                                    
PAR  Since the insulating balls proved to be unstable in practice when subjected
      to high wind velocities it was decided to determine the actual wind speed
      at which they were blown from the liquid surface. This was done simply by
      increasing the fan speed until `breakaway` occurred and then measuring the
      wind speed with an anemometer.
PAR  The breakaway speed was measured at 1160 ft/min., this corresponds to 11.5
      knots. In order to compare the stability of the hexagonal floats the fan
      speed was again increased, with the floats in the tank, up to the working
      limit of the particular fan used for this test, which was 1310 ft/min (13
      knots). The hexagonal floats behaved perfectly normally with no tendency
      at all to lift. The swell on the tank surface was observed to increase
      slightly. It was felt that a very large increase in wind velocity would
      have to be used in order to produce any tendency to `stack` the hexagonal
      floats at one end of the tank.
PAR  The hexagonal floats used in the tests have proved to be successful from
      both stability and insulation points of view. The tests showed that even
      with high wind velocities the floats showed no sign of tipping over or
      `stacking` at one end of the tank. Unfortunately, due to limitation of fan
      speed, it was not possible in the laboratory tests to determine a wind
      speed at which the floats would become unstable -- but as already
      mentioned above, it is clear that this is considerably higher than the
      speed which made the spherical balls unstable.
PAR  It will be noticed from the results that the electrical input when using
      the spherical balls for approximately the same operating conditions was
      less than for the hexagonal floats. This was expected since the insulation
      characteristics of hollow balls which contain static air are good, the
      results indicating that for a straight insulation test hollow balls are
      equal or better. However, it will be noticed that when testing with a 4
      knots wind, the heat input for the hexagonal floats rose from 40 to 88
      watts, whereas the heat input for the spherical floats rose from 24 to 104
      watts. These figures are not surprising when the effectiveness of the
      surface cover is observed. With the hexagonal shape of the float according
      to the invention comparatively only very small areas did not fully
      interlock, whereas spherical floats permanently left a `triangular` shape
      of surface uncovered many times, this producing a very large uncovered
      surface area. This characteristic again emphasises the effectiveness of
      the hexagonal float.
PAR  Advantageously, the density of the hexagonal float according to the
      invention is adjusted so that the water surface is midway down the
      vertical section of the float in dependence upon the density of the
      liquid, the surface of which the float according to the invention is
      intended to blanket.
PAR  The tests show that the use of the hexagonal floats in for example, a
      swimming pool, is a sound proposal and any further use, say, in sewage
      farm and fish farm applications, is equally applicable. The main criteria
      in both of these further uses being a complete and effective coverage in
      fairly exposed areas where high wind velocities would be expected.
      Reservoir coverage to reduce evaporation would be another useful
      application which again uses the effectiveness of the cover.
CLMS
STM  I claim:
NUM  1.
PAR  1. A float member, for side-by-side nesting relationship with similar float
      members for substantially completely blanketing or covering the surface of
      a liquid for reducing evaporation loss of the liquid and for reducing
      transfer of thermal energy between the liquid and atmosphere, the member
      comprising a body having a peripheral wall at its midportion of hexagonal
      shape and having a maximum transverse dimension of about 4.0 inches and a
      depth of at least about 0.2 inches, and wherein the hexagonal wall is
      located between opposed integral elements each of identical protuberant
      shape, the protuberance in each element terminating in the hexagonal wall
      and tapering inwardly away therefrom such that each protuberance presents
      sloping sides terminating at the wall, the sloping sides defining an angle
      to the horizontal of less than about 45.degree. so that wind blowing
      across the member tends to urge it downwardly, and wherein the depth of
      the hexagonal wall is at least one-eighth of the total thickness of the
      float member measured in the direction axially of the hexagonal wall and
      said depth being between 12.5% and 40% of the maximum dimension across the
      hexagonal configuration of the float member, and said float member having
      a weight in relation to its size such that its hexagonal wall is disposed
      at the surface level of, and partially immersed in, the liquid.
NUM  2.
PAR  2. A float member according to claim 1, wherein the depth of the hexagonal
      wall is at least one quarter of the total thickness of the float member
      measured in the direction axially of the hexagonal wall.
NUM  3.
PAR  3. A float member according to claim 1, wherein the circumferential wall of
      hexagonal shape has a maximum dimension measured across the body of not
      more than 1.5 inches.
NUM  4.
PAR  4. A float member according to claim 1, wherein the protuberance is
      flattened at its apex or at the maximum thickenss of the float member
      measured along the axis of the peripheral wall.
NUM  5.
PAR  5. A float member according to claim 1, wherein the sloping sides are of
      straight configuration.
NUM  6.
PAR  6. A float member according to claim 1, wherein the sloping sides are of
      convex configuration.
NUM  7.
PAR  7. A float member according to claim 1, wherein the sloping sides are of
      re-entrant configuration.
NUM  8.
PAR  8. A float member according to claim 1, wherein the protuberances have
      sloping sides which are straight, the included angle between the sides
      being obtuse and between 110.degree. and 160.degree..
NUM  9.
PAR  9. A float member according to claim 1, wherein the float body is formed in
      one piece of injection moulded polypropylene.
NUM  10.
PAR  10. A float member according to claim 1, wherein the float body has a
      substantially smooth or solid exterior skin while its interior is of foam
      composition.
NUM  11.
PAR  11. A float member according to claim 1, wherein the wall has a minimum
      depth of 0.25 inches while the body has an overall size measured across
      the maximum dimension of its wall of not more than 1.5 inches.
NUM  12.
PAR  12. A float member according to claim 1, wherein the float is formed in two
      sections each of protuberant shape, each section having a continuous or
      endless outwardly extending hexagonal lip at its widest section with the
      two such sections being joined with their lips in register to form the
      peripheral or circumferential hexagonal wall.
NUM  13.
PAR  13. A float member according to claim 12, wherein the protuberant shape is
      pyramidic.
NUM  14.
PAR  14. A float member according to claim 12, wherein the protuberant shape is
      hemispherical.
NUM  15.
PAR  15. A float member according to claim 12, wherein the protuberant shape is
      conical.
NUM  16.
PAR  16. A float member according to claim 12, wherein the protuberant shape is
      curved convex.
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ABST
PAL  A jetty arranged angularly to the edges of a body of water so as to slow
      down or detour the currents having a pile of fill with its base resting on
      an excavation and an unwoven fabric surrounding the pile with wave
      breaking means surmounting the pile.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a means for slowing down and/or detouring water
      currents. More particularly, this invention relates to a jetty that is
      built in an angular manner in relation to the edges of a sea, lake, bank
      or estuary of a river, and to its method of preparation.
PAR  More often, this type of means is constructed perpendicularly in relation
      to the banks. It is commonly designated by the name jetty and comprises
      piles of stones, possibly held by metallic grills or by coatings of
      asphalt or other materials. The jetties thus obtained are satisfactory in
      regard to stability but pose a shipping problem which considerably
      increases their cost. It was then proposed to replace the stones by sand
      bags which are easier to handle, however, the sand bags are less resistant
      to erosion and are relatively costly.
PAC  SUMMARY OF THE INVENTION
PAR  There is now proposed a novel very stable jetty which is obtained by use of
      relatively inexpensive materials which are more easy to handle.
PAR  The invention relates to means arranged angularly in relation to the edge
      of a body of water so as to slow down and/or detour the currents,
      comprising a pile of fill whose base rests in an excavation surrounded by
      an unwoven fabric whose surface is located outside the excavation and
      surmounted by wave breaking elements.
PAR  The invention also relates to the process of producing sand means by:
PAR  A. DIGGING OUT AN EXCAVATION AT THE SITE OF THE WORK,
PAR  B. LAYING AN UNWOVEN FABRIC IN THE EXCAVATION AND PERMITTING IT TO GO
      OUTSIDE THE EXCAVATION,
PAR  C. PILING A FILL IN AND ABOVE THE EXCAVATION,
PAR  D. LAYING THE EDGES OF THE UNWOVEN FABRIC OVER THE FILL, AND
PAR  E. LAYING WAVE BREAKING ELEMENTS ON THE SURFACE OF THE UNWOVEN FABRIC
      LOCATED OUTSIDE THE EXCAVATION.
PAR  According to the present invention, the unwoven fabric preferably meets the
      following conditions:
PAR  B. It preferably should have a sufficient mechanical resistance to bear the
      action of water currents.
PAR  2. It preferably should be rot-proof even after a long stay in the water.
PAR  3. It should preferably be porous so as to permit drainage of the water
      that goes through the wave breaking elements toward the edges of the
      jetty. Particularly preferred results are obtained with a spunbonded type
      unwoven fabric.
PAR  BY SPUNBONDED TYPE UNWOVEN FABRIC IS MEANT AN UNWOVEN LAYER MADE UP OF
      CONTINUOUS FILAMENTS WHICH ARE GENERALLY ARRANGED AT RANDOM THROUGHOUT THE
      LAYER. One known means of fabricating these layers consists in extruding a
      polymer, orienting the filaments of the polymer obtained by drawing,
      receiving the filaments on a mobile conveyer belt in the form of a layer
      and binding them to one another, at least on the surface, by calibrating
      or calendering the layer. The filaments of the unwoven layer are
      preferably of synthetic materials such as polyesters, particularly
      ethylene polyterephthalate, or polyamides such as polyhexamethylene
      adipamide, polycaproamide and the like, although other organic fibers such
      as polyvinyl chloride, polyvinylidene and its derivatives, cellulose
      acetate, polyacrylonitrile, polyolefins, etc. may be used.
PAR  The unwoven layers most preferred in the practice of this invention are
      those weight ranges between 300 and 1200 grams per square meter and
      preferably between 600 and 700 grams per square meter. If desired, these
      layers can contain a charge, adjuvant or reinforcement i.e., layers of
      parallel filaments or fibers, grill fabrics and the like.
PAR  The fill making up the body of the jetty is generally a material found on
      site such as sand, gravel or the like. Cohesion of this material can
      advantageously be assured by a chemical binder which can be, for example,
      cement, bitumen, lime or polymerizable resins. The chemical binder is
      introduced into the fill so as to form a regular, reinforced layer,
      surrounding the body of the jetty above the excavation. Introduction can
      be performed by any usually used technique for this type of operation, for
      example, by injection or spraying.
PAR  According to the present invention, the wave breaking elements at the top
      of the jetty are made up of traditional materials such as stone or shaped
      objects of cement or concrete. In general, their load is at least 100 kg
      per square meter. When shaped objects are used, they are preferably in the
      form of paving stones that are regularly aligned and cemented together on
      a grill of plastic or on a synthetic fabric. The role of these objects is
      to simultaneously protect the jetty and to absorb the shocks created by
      the waves.
DRWD
PAR  The embodiments of the process according to the present invention will be
      better understood with reference to the accompanying drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of the jetty of the present invention before
      placement of wave breakers; and
PAR  FIG. 2 is a sectional view of a jetty in accordance with this invention
      with wave breakers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1 there is shown in the bottom of a water 1 an
      excavation 2 that is dug for placement of a jetty, generally in the form
      of a pan flaring upward so that stability is improved. The depth of the
      excavation is determined beforehand by considering the height of the
      ground, the force of the currents and the materials used. An unwoven
      fabric 3 is unrolled in form of strips which have been previously
      assembled by sewing, gluing, fusing or the like, on the bottom and edges
      of the excavation 2. A fill 4 is placed in and above the excavation 2 to a
      desired height while simultaneously introducing a binder 5 on the edges
      then on the top of the pile. As shown in FIG. 2, the edges 6 of the
      unwoven fabric are bent back over the fill and, if desired, kept in place
      with concrete iron pins 7 or similar means. In some cases, it may be
      preferred to unroll an additional strip of unwoven fabric 8 whose edges,
      on each side of the jetty, are buried in the ground and constitute
      cut-offs. Wave breaking elements 10 are placed on the fabric at the top of
      the jetty. The jetty obtained according to the process of the present
      invention is simple and rapid to achieve. Its cost is low because most of
      the materials are found on site. Finally, since the stability is good, it
      can be built in areas of violent currents.
PAR  The following non-limiting example illustrates the invention:
PAC  EXAMPLE
PAR  AT the edge of an ocean, to protect the shore from sea currents, a jetty as
      shown in FIG. 2 is built in the following manner:
PAR  On the sea floor an excavation is dug for 30 meters perpendicular to the
      shore. The excavation is two meters deep and has a width at the base of
      seven meters and at the floor level of nine meters. There is unrolled in
      the excavation a spunbonded unwoven fabric strip 4 meters wide, weighing
      600 grams per square meter, assembled by sewing and made up of ethylene
      polyterephthalate filaments of 10 dtex (9 den), elongation at rupture 130
      percent and tensile strength 28.8 RKm. The edges of the fabric are allowed
      to go over 12 meters on each side of the excavation. Sand that is
      recovered on site with a density ranging from 1.6 to 1.8 is piled in the
      excavation. The part of the pile located above the ground is given a
      triangular shape whose upper height, which is 1.5 meters toward the side,
      increases progressively in going toward the sea so that it always remains
      above sea level, even at the highest tide. As the pile is built up, a
      porous reinforcing bitumen is injected in the sand so as to form a layer
      two meters deep surrounding the pile. The edges of the fabric are laid
      back on the pile to wrap and surround the pile and kept in place by
      concrete iron spikes placed every 2 meters. On the triangular part of the
      work is placed a layer of cemented shaped concrete paving stones on a
      synthetic fabric having a load of about 150 kg per square meter. It has
      been found that, at the level of the jetty, the tide is rarely felt on the
      beach even with a maximum swell.
PAR  Although the present invention has been described with reference to a
      particular embodiment, it will be apparent to those skilled in the art
      that variations and modifications of this invention can be made without
      departing from the principles and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A jetty arranged angularly in relation to the edge of a body of water,
      to slow down and/or detour currents, comprising
PA1  a. a non-woven porous web of randomly arranged continuous filaments lining
      an excavation and having edges extended beyond the excavation,
PA1  b. a pile of fill in said excavation and extending upwardly therefrom to
      form a surface outside of the excavation,
PA1  c. said extended edges of said non-woven web being wrapped back against the
      outside surface of the pile to surround said pile of fill, and
PA1  d. a layer of wave-breaking elements superimposed on said wrapped edges of
      the non-woven web.
NUM  2.
PAR  2. The jetty according to claim 1, wherein the edges and top of said pile
      are reinforced with a chemical binder.
NUM  3.
PAR  3. The jetty according to claim 1, wherein said layer of continuous
      filaments weighs between 300 and 1200 g/square meter.
NUM  4.
PAR  4. The jetty according to claim 3, wherein said filaments of the layer are
      synthetic polymer.
NUM  5.
PAR  5. the jetty according to claim 4, wherein said synthetic polymer is
      ethylene polyterephthalate.
NUM  6.
PAR  6. A process of preparing a jetty which comprises the steps of:
PA1  a. digging an excavation,
PA1  b. laying an unwoven porous fabric of randomly arranged continuous
      filaments in said excavation with a portion projecting out of the
      excavation,
PA1  c. piling a fill in and above said excavation,
PA1  d. laying the edges of the unwoven fabric back over said fill to wrap said
      fill, and
PA1  e. placing on the surface of said unwoven fabric located outside the
      excavation wave breaking means.
NUM  7.
PAR  7. The process according to claim 6, wherein the edges and the top of the
      pile are reinforced with a chemical binder during construction.
NUM  8.
PAR  8. The process according to claim 6, wherein an additional strip of unwoven
      fabric is unrolled on the pile, said additional fabric having its edges on
      each side of the jetty buried adjacent said excavation.
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PAL  A fish holding chamber for use with a water intake system which includes a
      watercourse through which water is drawn from a body of water containing
      fish and debris and a fish diversion or debris removal structure mounted
      across the watercourse, the fish holding chamber being located at one end
      of the diversion or removal structure for receiving and maintaining fish
      diverted from the water in the watercourse for return to the body of
      water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention disclosed herein relates to the intake of water from a body
      of water containing fish under circumstances where it is desired to hold
      injury to fish unavoidably drawn in with the water to a minimum. For
      example, in steam electric generating stations water from the body of
      water is utilized as cooling water which is circulated through condensors
      to cool and condense the steam discharged from the turbine. This cooling
      is essential to the efficiency of the thermo-cycle. In generating stations
      located along ocean coast lines or lakes and rivers it is common to pump
      cooling water directly from the adjacent body of water, pass it through
      the cooling system one time and then discharge the water. These systems
      are known as "once through cooling systems."
PAR  Such systems normally obtain water from the adjacent body of water by
      running pipes out into the body of water. Water is drawn into a bowl-like
      conduit structure having an upwardly facing intake orifice and then flows
      shoreward through the pipe to a screenwell located on the shore where
      trash and debris is removed. The essentially debris free water is then
      pumped through the condenser cooling tubes and returned to the body of
      water. One problem associated with these systems is that the intake
      structure forms an artifical reef which attracts fish. Although various
      improvements in the design of the intake structure have been developed to
      avoid drawing in fish with the intake water, some fish are still drawn
      into the intake pipe and are carried with the flow of water to the
      watercourse associated with the screenwell and the following pumpwell.
PAR  In the screenwell, a conventional method of screening debris and fish also
      in the water flowing through the watercourse involves the use of
      vertically traveling screens arranged across the intake watercourse
      perpendicular to the flow of the water therein. The debris in the water
      impinges upon the screens and is then carried up out of the water to a
      collection area where it is removed from the screen. However, the fish are
      merely left in the screenwell and unless removed will be destroyed during
      the cleaning process of the screenwell area. Moreover, even if removal of
      the fish from the screenwell is effected such heretofore used screen
      systems are otherwise undersirable. Fish drawn into such systems also
      become impinged upon the screens. Impingement of the fish for any period
      of time is detrimental to the fish in that they often become weakened to
      disease or fall victim to predators while in their weakened condition.
PAR  In order to prevent injury to fish drawn into a watercourse it has been
      proposed to induce them to leave the watercourse by the provision of an
      attractive quiet area or areas of water substantially free of directional
      current adjacent the watercourse. Such a quiet area system is set forth in
      U.S. Pat. No. 3,820,342, issued June 8, 1974 to now U.S. Pat. No.
      3,820,342 Jerome A. Stipanov, a fellow employee of the present inventor at
      Southern California Edison Company.
PAR  Quiet area systems are most suitable for use where the primary species of
      fish expected to be encountered in the watercourse include those that will
      congregate in a quiet area and not attempt to re-enter the watercourse.
      However, certain species of fish will not remain in a quiet area but
      rather will continually attempt to re-enter the flow of water in the
      watercourse. This activity can result in such fish re-entering the
      watercourse in a fatigued state to become eventually impinged upon or in
      some instance depending on the design of the diversion structure actually
      pass through the structure.
PAR  Therefore it is an object of the present invention to provide a fish
      holding chamber into which fish drawn in with the water of a water intake
      system can be collected and remain unharmed until they can be removed and
      returned to the body of water.
PAC  SUMMARY OF THE INVENTION
PAR  The fish holding chamber of the present invention includes inlet means
      communicating with a watercourse through which water in a water intake
      system flows and outlet means for removing water from the chamber whereby
      a flow of water is created from the watercourse into and out of the
      chamber. A baffle is located between the inlet means and the outlet means
      to provide a quiet area of water in the holding chamber substantially free
      of directional water current and relatively fast moving streams of water
      about the quiet area. Fish enter the chamber by the flow of water and are
      caused to congregate in the quiet area. The fish may then be removed from
      the quiet area, as for example by lifting the fish in a basket which is
      raised from underneath the fish in the quiet area out of the water in the
      chamber for return to the body of water.
PAR  The fish holding chamber of the invention is particularly suitable for use
      with a fish bypass guide channel having an entrance communicating with the
      watercourse and an exit removed from the watercourse communicating with
      the fish holding chamber. The bypass guide channel is designed to receive
      a flow of water from the watercourse and direct it to the entrance of the
      fish holding chamber without creating any substantial areas of turbulence
      in the water flowing from the watercourse to the fish holding chamber. By
      such a bypass guide channel fish may be induced to leave the watercourse
      and be transported to the fish holding chamber.
PAR  One form of a fish bypass guide channel includes smoothly tapering
      dimensions from entrance to exit such that the velocity of the water
      flowing through the channel is increasingly greater than the velocity of
      the water approaching the fish diversion structure and includes a curved
      portion along its length of sufficient degree of curvature so that there
      is no direct line of sight from the portion of the channel near the
      entrance to the fish holding chamber to the portion of the channel near
      the watercourse. A fish bypass guide channel of this preferred design is
      the subject of a separate companion U.S. Pat. appln., Ser. No. 436,012,
      entitled FISH BYPASS GUIDE CHANNEL filed Jan. 23, 1974 in the names of
      Lory E. Larson, a fellow empolyee of the inventor herein, and Victor J.
      Schuler.
PAR  Both the fish bypass guide channel of the Larson et al application, Ser.
      No. 436,012, and the fish holding chamber which is the subject of this
      application are also particularly suitable for use with a fish diversion
      structure having a continuous flush face across the front thereof and
      mounted across the watercourse at an angle of about 30.degree. or less
      with respect to the direction of flow wherein the flush face of the
      structure is generally defined by the upstream face of support piers and
      the upstream face of each assembly of adjacent and vertically traveling
      rectangular frames positioned between the piers. Each frame includes a
      plurality of vertically extending and laterally spaced louver bars mounted
      with the side faces thereof extending substantially perpendicular to the
      plane of the flush face of the structure. The front of the frame and the
      front edges of the louver bars from which the side faces thereof extend
      define the front face of the assembly. Such a fish diversion structure is
      the subject of a separate companion U.S. Pat. appln., Ser. No. 436,013,
      entitled WATER INTAKE AND FISH CONTROL SYSTEM filed Jan. 23, 1974  in the
      name of Dallas I. Downs, the inventor herein, Lory E. Larson, a fellow
      employee of the inventor herein and Victor J. Schuler.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view schematically illustrating the fish holding
      chamber of the present invention in a water intake system.
PAR  FIG. 2 is a schematic illustration of the flow characteristic of a fish
      diversion structure suitable for use with the invention herein.
PAR  FIG. 3 is illustrating in top plan view a preferred form of the fish bypass
      guide channel suitable for use with the fish holding chamber of the
      invention.
PAR  FIG. 4 is an enlarged top plan view of the fish holding chamber of the
      invention.
PAR  FIG. 5 is a perspective view illustrating suitable fish return means for
      returning the fish to the body of water from the fish holding chamber.
PAR  FIG. 6 is a side sectional view of a fish discharge conduit of the fish
      return means.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to the over all water intake system and in particular to
      FIG. 1, water, from a body of water (not shown) containing fish and debris
      enters a watercourse 1 and flows past baffles 2 and guiding vanes 3 to a
      fish diversion structure, generally designated 4. The fish diversion
      structure 4 is mounted across watercourse 1 at an angle of 20.degree. with
      respect to the direction of flow towards the diversion structure. The
      baffles 2 and guiding vanes 3 insure that the angle of approach of the
      water to the fish diversion structure is about 20.degree. across the
      entire face of the structure and that a uniform approach velocity is
      maintained. It is understood that the baffle and guiding vane arrangement
      depicted in FIG. 1 is not essential to the operation of the fish diversion
      structure but that any hydraulic design to maintain the desired approach
      velocity and angle would be equally suitable.
PAR  Fish diversion structure 4 as depicted in FIG. 1 comprises an array of six
      assemblies 5 of adjacent, vertically traveling rectangular frames each
      having a plurality of vertically extending, laterally spaced louver bars
      mounted in a plane substantially perpendicular to the front plane of the
      diversion structure 4. The front edges of the louver bars and the front of
      the frames define a continuous flush face across the front of each
      traveling frame assembly. The traveling frame assemblies 5 are positioned
      between support piers 6 and watercourse walls 7 and 8. It is important
      that the front faces 9 of support piers 6 and the front faces of traveling
      frame assemblies 5 are flush to define a continuous flush face across fish
      diversion structure 4. The louver bars act to sharply turn the direction
      of flow of the water in watercourse 1 as it passes through the fish
      diversion structure. The water then flows to pumpwells and circulating
      water pumps 10.
PAR  Preferably, the flush faces of the traveling frame assemblies 5 are
      provided with a screen mounted there across to provide a single assembly
      which also effects the screening of debris from the water passing through
      traveling frame assemblies 5. If such screens are not employed debris
      which passes through unscreened traveling frame assemblies could be
      removed from the water by a much more costly system of conventional
      traveling screens placed downstream of the traveling frame assemblies.
      Such a screen/louver assembly is the subject of companion U.S. Pat.
      appln., Ser. No. 436,011, entitled IMPROVED FISH DIVERSION MEANS, filed
      Jan. 23, 1974 in the name of Dallas I. Downs, the inventor herein.
PAR  Fish removal means including the fish holding chamber herein are located at
      the end of the continuous flush face of the diversion structure. These
      means comprise a fish bypass guide channel 11 having an entrance 12,
      curved section 13 and exit 14 communicating with the fish holding chamber
      15. A small portion of the water flowing through watercourse 1 to
      circulating pumps 10 is diverted through fish bypass guide channel 11 and
      into fish holding chamber 15 where it impinges upon baffle 16 before
      exiting through a conventional traveling screen assembly 18. The baffle 16
      creates a quiet area of water 17 behind the baffle and relatively fast
      currents of water about the quiet area whereby fish entering the holding
      chamber 15 are maintained and congregate in the quiet area from which they
      may be readily removed and returned to the body of water from which they
      were withdrawn.
PAR  The continuous flush face of the fish diversion structure and angle to the
      flow at which it is placed combine with orientation of the louver bars in
      the traveling frame assembly to effect the velocity components shown
      schematically in FIG. 2, and thereby satisfactorily guide or divert the
      fish in the direction of the fish holding chamber.
PAR  Referring to FIG. 2, water in watercourse 1 having horizontal velocity
      component A approaches fish diversion structure 4 at an angle of about
      30.degree. or less and preferably of about 20.degree. or less. The louver
      bars in fish diversion structure 4 as a result of the sides thereof being
      angled as shown with respect to the direction of incoming flow sharply
      turn the major portion of the flow of water in the direction of horizontal
      velocity component B. At the same time there is created horizontal
      velocity component C along the flush face of the fish diversion structure
      4 toward fish bypass guide channel 11. Component C is much smaller in
      magnitude than component B. However, it is velocity component C
      established along the face of fish diversion structure 4 that is believed
      to be a material factor in causing fish in watercourse 1 approaching fish
      diversion structure 4 to be diverted or guided downstream along the flush
      face of the diversion structure. It is believed that the fish in
      watercourse 1 sense velocity component C and react to it thereby avoiding
      the fish diversion structure and remaining at a distance from the face
      thereof.
PAR  Fish collected in the chamber may be removed by any suitable removal means
      and returned to the body of water. For example, it has been found that
      fish congregating in quiet area 17 may be lifted by means of a basket from
      whence they can be placed in a fish return conduit and returned to the
      body of water. Fish pumps or a method of isolating and flushing the
      collection area might also be employed to return the fish to the body of
      water.
PAR  The fish holding chamber disclosed herein is suitable for use with any type
      of fish diversion structure or even with conventional traveling screen
      arrangements. The chamber can be employed to collect fish which would also
      enter a quiet area unremoved from the watercourse. However, the chamber is
      particularly suitable for use with intake systems where species of fish
      are encountered which must be induced to leave a watercourse by a flow of
      water. For example where the water intake system is to be used in Southern
      California ocean waters, the major species of fish expected to be drawn
      into the system are Northern Anchovy, Queen Fish, White Croaker, Shiner
      Perch and Walleye Surfperch. Of these, Anchovy in particular will not
      remain in a quiet area open to the watercourse. Therefore the holding
      chamber herein is particularly suitable for systems using those waters.
PAR  The entrance to the fish holding chamber may communicate directly with the
      watercourse. However with some species of fish, e.g., Anchovy, better
      results are obtained by providing a guide channel between the watercourse
      and the entrance to the holding chamber. Any channel having non-turbulent
      flow will suffice. However particularly effective results in inducing fish
      to leave the watercourse are provided by the fish bypass guide channel of
      Larson et al, Ser. No. 436,012 and depicted in detail in FIG. 3 herein.
PAR  Referring now to FIG. 3, the fish bypass guide channel 11 has an entrance
      12 communicating with watercourse 1 to receive a flow of water from the
      watercourse and exit 14 removed from the watercourse and communicating
      with fish holding chamber 15. The walls 45 of the guide channel from
      entrance 12 to exit 14 have smoothly tapering dimensions such that the
      velocity of the water flowing through the channel is increasingly greater
      than the velocity of the water approaching the fish diversion structure.
      In extending from watercourse 1 to fish holding chamber 15, walls 45 are
      sufficiently smooth and their angle of departure from the walls of
      watercourse 1 sufficiently small at entrance 12 as to prevent any
      substantial turbulence in the water flowing through bypass channel 11.
PAR  Bypass channel 11 is also provided with a curved section 13 between
      entrance 12 and exit 14. Curved section or portion 13 is of a sufficient
      degree of curvature so that there is no direct line of sight from the
      portion of the channel near entrance 12 to the portion of the channel near
      exit 14. Preferably curved portion 13 effects a curve of about 90.degree.
      between inlet 12 and exit 14. However the degree of curvature may vary so
      long as it is sufficient to prevent fish from seeing other upstream fish
      after entering the channel and thereby attempting to swim back out of the
      channel again.
PAR  The desired increase in velocity to be obtained by the tapering of walls 45
      also depends upon the species of fish which are being induced to enter the
      bypass channel. For example, for species of fish expected to be
      encountered in Southern California coastal waters an increase in velocity
      of at least about 0.5 feet per second over the approach velocity of the
      water to the fish diversion structure provides superior results in
      inducing such fish to enter and pass through the bypass channel. A
      velocity change of greater than 0.5 feet per second tends to cause a
      proportional increase in avoidance of the bypass channel by some species
      of fish. With fish of other species an increase in velocity of a smaller
      magnitude may still provide suitable results.
PAR  Moreover, while fish in some instances might be induced to enter and pass
      through a bypass channel not designed to result in an increase in velocity
      over the length thereof such an increase provides for better results in
      inducing fish to enter the channel and insures that fish arrive in the
      holding means at the exit of the channel sooner and in a better condition.
PAR  Where fish diverted by a fish diversion structure are induced to leave the
      watercourse of a water intake system by water flowing through a guide
      channel located at one end of the fish diversion structure, flow through
      the bypass channel may be maintained either by connecting the bypass
      channel to the main circulating pumps in the pumpwell or by auxiliary pump
      means. In either case however, it is still necessary to screen the fish
      from the water before they reach the pumps. For this purpose a fish
      holding chamber as shown in FIGS. 3 and 4 is employed. The chamber
      collects the fish from the water of the bypass channel whereby the fish
      may then be readily removed from the holding chamber and returned to the
      body of water.
PAR  The fish holding chamber provides a baffle upon which the flow of water
      entering the chamber impinges. The baffle is located between the entrance
      to the chamber and the water exit from the chamber and creates a "quiet
      area" of water with a current of water moving thereabout. Fish which enter
      the holding chamber are maintained and congregate in the quiet area of
      water. Certain fish are attracted to the quiet area of water while other
      fish tend to stray out of the quiet area. Such strays when outside the
      quiet area are subject to the current of water moving thereabout and thus
      diverted back to the quiet area. Fish in the quiet area readily submit
      themselves to being removed therefrom. For example, they may be lifted by
      a basket traveling from the bottom of the chamber to above the surface of
      the water from where they may be removed unharmed and returned to the body
      of water.
PAR  Referring to FIG. 4, an essentially rectangular fish holding chamber 15 is
      provided having a frontside 50, a back wall 51 and sides 52. An entrance
      14 is located substantially in the center of frontside 50. Entrance 14
      corresponds to exit 14 of fish bypass guide channel 11. The back wall 51
      is provided with water exit 53 having conventional traveling screen means
      18 positioned thereacross. The fish holding chamber 15 is also provided
      with a baffle 16 having a frontside 56 and a backside 57 with a protrusion
      58 located essentially in the center of frontside 56. The baffle 16 is
      positioned in fish holding chamber 15 to define the inlet into channels 59
      and 60 each of which have a cross-sectional flow area approximately
      one-half the cross-sectional flow area of entrance 14.
PAR  Water entering chamber 15 through entrance 14 impinges upon protrusion 58
      and is divided into two essentially equal streams each having
      approximately the same velocity as the water flowing through entrance 14.
      Alternatively, protrusion 58 is movable along frontside 56, so that it may
      easily be positioned to divide the flow substantially in half. The ends 61
      of baffle 16 and the front corners 62 of the chamber are sized and curved
      so that water flowing in channels 59 and 60 is turned around the corners
      without substantial turbulence or increase in velocity. This arrangement
      results in the water flowing along the sides 52 in a channel of current
      within the water not substantially larger than channels 59 and 60. The
      back corners 63 of chamber 15 are also smoothly curved to turn the flow of
      water such that two oppositely directed currents of water flow across the
      face of the screens in traveling screen means 18. Traveling screen means
      18 of chamber 15 is chosen of sufficient size such that the current of
      flow across the face of the screens is relatively strong in comparison to
      the flow through the screens.
PAR  The fish holding chamber also provides an area 17 of essentially quiet
      water behind baffle 16 in which no constant vectors of current are noted.
      Fish entering the holding chamber are maintained in the quiet area 17 and
      can be kept there for several days without harm to the physical condition
      of the fish. In addition, two relatively strong oppositely directed
      vectors of flow are created across the face of the exit screen 18. These
      vectors are sufficiently strong to prevent any undesired impingement of
      fish on the screen. The vectors intersect at a meeting point to direct
      fish back to the quiet area. Thus fish which stray from quiet area 17
      either sense the relatively strong currents along the sides 52 and return
      to the quiet area or are swept with the current along corners 63, and
      across the face of the exit screen and are returned to the quiet area by
      the current vectors.
PAR  The desirable flowrate of water through traveling screens 18 in exit 51 of
      fish holding chamber 15 is determined by the characteristics of the
      species of fish expected to be encountered in the intake water. For
      example, with the species of fish expected to be encountered in Southern
      California coastal waters it was readily determined that with an inlet
      flow of water through entrance 14 of about 3.0 feet per second the
      provision of exit screen 18 of sufficient size so that the average
      flowrate therethrough is about 0.8 feet per second resulted in the
      sufficiently strong vector of current across the face of exit screens 18
      to prevent any fish and most debris from being impinged upon the screen.
PAR  The fish maintained in quiet area 17 can then be removed from the fish
      holding chamber 15 by various methods at least some of which are set forth
      in the previously identified Stipanov U.S. Pat. No. 3,820,342. One other
      method of accomplishing such removal is by an elevator basket apparatus.
      The basket 64 normally rests on the bottom of chamber 15 underneath the
      quiet area of water. When a sufficient number of fish have congregrated in
      the quiet area 17 the elevator basket 64 may be slowly raised. The fish
      remain in the elevator basket as it is drawn above the surface of the
      water and are then removed therefrom and returned to the main body of
      water.
PAR  The elevator apparatus is depicted in FIG. 5. Since the particular design
      of elevator basket 64 or the return means do not form a part of the
      invention herein they are disclosed and described only generally. In FIG.
      5 fish elevator basket 64 is shown in its raised position having been
      lifted by lifting means 65. Fish return conduit 66 is provided with
      opening 67 below the raised position of basket 64 and with a flow of water
      from water inlet 63. The fish are dumped from basket 64 into the water
      flowing through opening 67 and are swept into fish conduit 66. The
      velocity of the water flowing through fish conduit 66 should be sufficient
      to insure that none of the fish can swim against the current of flow and
      remain in the conduit. For example for species of fish encountered in
      Southern California waters it was readily determined that a flow of 5.0
      feet per second would result in all fish entering conduit 66 being washed
      therefrom. The fish are discharged from fish return conduit 66 into the
      main body of water. As shown in FIG. 6 the conduit is preferably placed
      under the floor of the body of water and then directed upward an angle A
      of about 20.degree. from the floor. The angle of 20.degree. may vary and
      any angle which does not result in undue depressurization of the fish, as
      would result if they were discharged vertically upward, is satisfactory.
PAR  Having fully described the invention, it is to be understood that the
      invention herein is not limited to the details of the embodiments herein
      set forth or to the details illustrated in the drawings but the invention
      is of the full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fish holding chamber comprising:
PA1  an enclosure through which water normally flows substantially in the
      horizontal direction having a pair of side walls and a back wall, said
      back wall being partially defined by normally open water removal through
      which water exits the chamber;
PA1  means for creating substantially equal horizontal currents of water flowing
      along each of said side walls and substantially equal but opposite
      horizontal currents of water flowing across said back wall, said latter
      currents being strong relative to the horizontal flow of water through
      said water removal means; and
PA1  a relatively quiet water area substantially free of constant horizontal
      water currents in said enclosure, said area being defined by said
      currents.
NUM  2.
PAR  2. The chamber of claim 1 wherein said enclosure communicates with a
      flowing stream of water and said means for creating substantially equal
      currents includes a baffle positioned to intercept said flowing stream and
      divert the water therein into two separate streams flowing adjacent to
      said side walls.
NUM  3.
PAR  3. The chamber of claim 1 wherein said side walls are joined to said back
      wall by smoothly curving wall portions.
NUM  4.
PAR  4. The chamber of claim 2 wherein said enclosure is further defined by a
      front wall, said front wall having an opening therein to communicate said
      flowing stream with said enclosure, said baffle being positioned in said
      enclosure immediately adjacent to said front wall.
NUM  5.
PAR  5. The chamber of claim 4 wherein said baffle cooperates with said front
      wall to form a pair of oppositely directed flow channels, each of said
      channels having a cross-sectional flow area approximately one-half the
      cross-sectional flow area of said opening in said front wall.
NUM  6.
PAR  6. The chamber of claim 5 wherein said side walls are joined to said front
      wall by smoothly curving wall portions.
NUM  7.
PAR  7. The chamber of claim 6 wherein means are provided for removing fish from
      said relatively quiet water area.
NUM  8.
PAR  8. A fish holding chamber comprising:
PA1  an enclosure through which water normally flows substantially in the
      horizontal direction having a front wall, a back wall, two generally
      parallel side walls, and smoothly curving wall portions joining said walls
      to said front and back walls, said back wall being partially defined by
      normally open water removal means through which water exits the chamber
      and said front wall having an opening therein intermediate said side
      walls;
PA1  a conduit communicating with said opening and delivering a flowing stream
      of water thereto; and
PA1  a baffle positioned in said enclosure adjacent to said front wall for
      intercepting said flowing stream of water and diverting it into two
      substantially equal but oppositely flowing horizontal currents of water
      which follow the contours of said walls, said currents being strong
      relative to the horizontal flow of water through said water removal means,
      said currents together with the rear face of said baffle defining a
      relatively quiet water area substantially free of constant horizontal
      water currents in said enclosure.
NUM  9.
PAR  9. The chamber of claim 8 wherein means are provided for removing fish from
      said relatively quiet water area.
NUM  10.
PAR  10. A method of establishing a relatively quiet water area substantially
      free of constant horizontal water currents in a chamber from which fish
      can be removed comprising:
PA1  introducing a substantially horizontal flowing stream of water into a first
      portion of said chamber;
PA1  separating said stream of water in said chamber into two substantially
      equal counter-current streams traveling adjacent to the walls of said
      chamber in the horizontal direction and meeting at a portion of said
      chamber remote from said first portion thereof; and
PA1  continuously removing water from said remote portion of said chamber at a
      flow rate substantially less than that of said counter-current streams
      whereby a relatively quiet water area substantially free of constant
      horizontal water currents is defined by said counter-current streams.
NUM  11.
PAR  11. A fish holding structure, comprising:
PA1  a chamber through which water normally flows substantially in the
      horizontal direction including water inlet means and normally open water
      outlet means through which water exits the chamber;
PA1  a screening means across said water outlet means preventing a passage of
      fish and debris therethrough; and
PA1  means for creating a horizontal current of water along said screening means
      for preventing the impingement of fish on said screening means, said
      current being strong relative to the flow of water through said screening
      means into said water outlet means.
NUM  12.
PAR  12. The structure of claim 11, wherein said chamber is defined by a front
      wall wherein said inlet means is disposed, a back wall wherein said outlet
      means is disposed and side walls therebetween.
NUM  13.
PAR  13. The structure of claim 12, wherein said means creates horizontal
      currents of water flowing along said sidewalls and said chamber includes a
      relatively quiet water area substantially free of constant horizontal
      water currents bounded by said currents along said sidewalls and said
      screening means.
NUM  14.
PAR  14. A fish holding structure, comprising:
PA1  a chamber through which water normally passes substantially in the
      horizontal direction being defined by a front wall including water inlet
      means, a pair of sidewalls and a backwall including normally open water
      outlet means into which the water passes;
PA1  screening means across said water outlet means preventing the passage of
      fish and debris therethrough;
PA1  means for creating substantially equal horizontal currents of water flowing
      along each said sidewall and substantially equal but opposite horizontal
      currents of water flowing across said backwall adjacent said screening
      means to prevent the impingement of fish thereon, said currents across
      said backwall being strong relative to the flow of water passing into said
      water outlet means; and
PA1  a relatively quiet water area in said chamber substantially free of
      constant horizontal water currents bounded by said currents wherein fish
      are retained.
NUM  15.
PAR  15. In a water intake system including means for screening fish having an
      upstream facing front face through which the water flows, the improvement
      comprising means for creating a horizontal current of water flowing along
      said front face of said screening means for preventing the impingement of
      fish thereon, said current being strong relative to the water flowing
      through said screening means.
NUM  16.
PAR  16. The system of claim 15, wherein said current creating means causes said
      relatively strong horizontal current of water to flow away from said
      screening means.
NUM  17.
PAR  17. A fish control structure, comprising:
PA1  sidewalls defining a chamber for receiving and maintaining fish, said
      chamber being in communication with a body of water from which fish are to
      be diverted, said sidewalls having an entrance to receive a constant flow
      of water and any fish therein from said body of water into said chamber
      and a normally open exit through which water flows from said chamber; and
PA1  means for creating along each said sidewall and across said exit a stream
      of flowing water from said entrance with said stream moving along each
      said sidewall and across said exit and moving circumferentially about and
      defining a quiet zone of water, the velocity of any flow of water in said
      quiet zone being substantially less than the velocity of the flow of water
      in the stream along each said sidewall and across said exit whereby at
      least certain fish diverted into said chamber are caused to be maintained
      in said quiet zone.
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ABST
PAL  Storage device for example for natural oil products wherein a dike or dam
      in a water mass encloses a rectangular area at least partly. In the
      enclosed area a reservoir is formed which, just like the dam, is composed
      of contiguous compartments, each compartment being laterally defined by
      caissons.
BSUM
PAR  The invention relates to a storage device for liquids, in particular
      natural oil products, as well as to a method of manufacturing the storage
      device.
PAR  As a result of the great activity in the field of oil recovery in sea,
      namely on the continental shelf, but also owing to the ever increasing use
      of so-called mammoth tankers, there is need for large storage capacity for
      natural oil products, particularly adjacent important ports of transit. If
      quantities in the order of 45 million m.sup.3 are to be stored
      conventionally, i.e. in cylindrical metal surface storage tanks, a number
      of difficulties is experienced, in the first place structurally and
      further with respect to available areas, which are often in short supply
      adjacent the above ports of transit or also near refineries, while in the
      case of explosions the fire hazard in such areas is unallowably great.
PAR  The object of the invention is to provide a storage device of the type
      defined above, which is suitable for very large quantities of oil and
      which can be manufactured in a simple manner with a minimum number of
      equal building elements, thereby also avoiding the above drawbacks.
PAR  To this end, the storage device according to the invention is characterized
      by a dike or dam which forms a reservoir in a water mass in the form of a
      rectangle, which dam embraces a number of contiguous storage compartments
      at least partly.
PAR  In such a storage device the natural oil products are mainly stored below
      surface level, which limits the fire hazard to a minimum. Manufacturing
      such a device in a water mass has the advantage that the required depth is
      already available, so that it is only necessary to level the bottom of the
      water mass to a desired extent. If a port is situated adjacent a river
      mouth the storage device can be built before one of the river banks, while
      it is also very well possible to build just before the coast or against
      the coast.
PAR  The storage compartments of the storage device may be defined on four sides
      by a common wall with adjacent compartments or with the dam. As compared
      to surface storage tanks, each of which is defined on all sides by an
      often cylindrical wall of its own, an enormous material saving is thus
      attained.
PAR  In an elaboration of the invention each boundry wall may be a caisson
      composed of two wall plates with spacer plates regularly distributed over
      the length, which are directed normal to the wall plate planes, the lower
      edge of the plates being sunk in the water mass bottom and the upper edge
      extending above water level, which caissons are filled up, for instance
      with sand. Filled up with sand or other bulk material, such caissons form
      a sturdy wall which is secured against lateral movements by connection at
      the upright terminal edges with caissons of the same and of adjacent
      compartments. The caissons can be manufactured on the bank and can be
      transported to their place of destination by means of a floating dock.
      According to the invention the vertical caisson wall edges can be welded
      both above and under water to adjacent edges of caisson walls which are
      directed normal thereto.
PAR  By constructing all caissons of a size, according to the invention, it is
      possible to work by a very simple building system, where each caisson can
      serve as a partition between two equally large and square compartments and
      wherein it is possible, using identical caissons and starting form one
      angle, to build up a draught-board of compartments, by each time securing
      three, two or one compartment wall to a series of completed compartments.
PAR  Furthermore according to the invention the dam protecting the series of
      compartments from the water, either river water or seawater, may be
      composed of compartments composed of either the same or of higher
      caissons, which are filled up, however, just as the caissons. Such a
      series of compartments arranged one behind the other, wherein the space
      between the walls of the caissons is filled up with sand and also the four
      compartments each time enclosed by the four caissons are entirely filled
      with sand, forms a strong dike body which, in an elaboration of the
      invention, can be completed on the water side with a sloping weir
      embankment of a shore or the like.
PAR  In order to keep the caissons always loaded on two sides each storage
      compartment may contain a layer of water above which there is an oil
      storage space, while pump installations may be provided which are
      operative over a number of compartments for controlling the water level on
      the dike or dam.
PAR  Each compartment may be provided with a floating roof and the oil supply
      and discharge can be controlled through electronic control equipment by
      means of transport conduits, in case of large compartment dimensions,
      terminating via a divider piece at the compartment corners and in the
      center.
PAR  If the storage device is to be placed entirely in open water, that is to
      say at a distance from a coast or lake shore, it is possible according to
      the invention to level a surface of the bottom of a water mass at a
      desired depth, to arrange on the levelled part four caissons vertically
      and perpendicularly with respect to each other, to interconnect the
      caissons at the upright edges both above and under water, to fill up the
      caissons and the compartment enclosed by the caissons, while a second
      compartment is built on to the first compartment by means of three
      caissons, so that both compartments have a common wall, and to also fill
      up this second compartment fully, to build a third compartment on to this
      second compartment etc. until one side of the rectangular dam wall has
      been completed, after which, normal to the edges of the completed dam
      wall, it is possible to start the manufacture of the contiguous
      rectangular sides of the dam, while after these two rectangular sides have
      been completed over a certain distance, it is possible to start, in the
      U-shaped inner space of the dam, composing the storage compartments from
      caissons, while building on the dam walls may take place simultaneously
      with the erection of the storage compartment walls.
PAR  If the oil storage device is to be built adjacent to a shore or bank, it is
      possible according to the invention to erect in the shallow part of the
      bank a vertical partition, for instance of plate iron, to bring the water
      side of the wall at the desired depth, to build further on to the iron
      wall a compartment from four caissons, to fill up the caissons and the
      compartment space, to build a second compartment with three caissons on
      the side of the first compartment directed away from the partition, said
      three caissons being contiguous to the first compartment etc. until the
      end is reached of a dam wall composed of the filled up compartments, while
      at the end of this dam wall directed substantially normal to the partition
      a dam wall is built extending parallel to the partition by means of
      similar compartments and on the end of said second dam wall another dam is
      built connecting said end to the partition, while after the completion of
      part of the dam wall extending padallel to the coast or partition
      provisions are made already for arranging storage compartments in the
      "lagoon" enclosed by the completed dam portion.
DRWD
PAR  The invention will now be elucidated in more detail with reference to the
      drawings showing an embodiment of the storage device for liquids.
PAR  FIG. 1 shows a schematic perspective view of a storage device under
      construction;
PAR  FIG. 2 is a schematic plan view of a completed storage device and
PAR  FIG. 3 shows in perspective view the principle of contiguous compartments.
DETD
PAR  As shown in the drawing, in particular FIG. 1, a start has been made with a
      storage device according to the invention before a shore, for instance on
      the beach 1. A partition 2, for example of plate steel, has been erected
      and on the seaside the sand of the beach has been dredged away to the
      desired depth of the reservoir.
PAR  After this the compartment d.sub.1 has been erected, composed of four
      caissons 3, for the construction of which reference is made to FIG. 3.
PAR  Each caisson 3 is composed of two iron plates 4 having a thickness of for
      instance 8 mm, a height of 31 m and a length of 100 m. Two such plates are
      fixed in spaced relationship by iron partitions arranged vertically with a
      mutual distance of 10 m. By welding four such caissons 3 to each other at
      the edges 5 a compartment d is obtained.
PAR  Each caisson is prepared on the shore and is subsequently vertically
      brought in position for instance with a floating derrick. On the place of
      the first compartment, where the sand bottom has been levelled for
      instance at a depth of 25 m, a first caisson is placed vertically. For
      instance by washing out the sand under the caisson, said caisson can be
      sunk a meter in the bottom and therefore extends with a height of 31 m, 30
      m above the sea bottom. At a levelling depth of 25 m the caisson extends
      therefore 5 m above the water surface. In one or more compartments, which
      are defined by on the one hand the caisson wall plates and on the other
      the transverse partitions, so called spuds can be provided, consisting of
      tubular beams which may have been made heavier by a filling of for example
      sand. Such tubes are kept in upright condition by a latch on the upper
      side of the caisson, and as soon as the caisson has been put on its
      definitive place, the latches can be released and the spuds can shoot into
      the ground by way of anchoring poles. The space between the two plates 4
      of each caisson 3 is filled with sand, which has become available for
      instance during levelling.
PAR  On a compartment d or r composed of four caissons a second compartment can
      be built by means of three caissons, a caisson 3 serving as a defining
      wall for the two caissons.
PAR  Building in this way, adding compartments to the existing compartments by
      means of three caissons, or dependent on the situation, two caissons and
      even under circumstances one caisson, a so-called draught-board structure
      as shown in FIG. 2 is obtained.
PAR  As shown in FIG. 2 the oil storage device is defined on at least 3 sides by
      compartments d and in the centre a number of storage compartments r has
      been arranged, while along one rectangular side of the storage device
      compartments r/d are provided. The difference between the compartments d,
      r and r/d will be entered into in greater detail in the following.
PAR  As appears from FIG. 1, not only the space in each caisson of the first
      compartment d.sub.1 is filled with sand or other bulk material, but also
      the compartment space enclosed between each time four caissons.
PAR  Such a body fully filled with sand forms part of a dam and such dam
      compartments are shown in FIG. 2 by d.
PAR  After completion and filling with sand of the compartment d.sub.1 (FIG. 1),
      the building of the storage device is continued with a compartment
      d.sub.2, d.sub.3 etc. up to and including d.sub.9. As from compartment
      d.sub.9 building is continued not normal to the shore, but parallel to the
      shore with compartments d.sub.10, d.sub.11 and d.sub.12. All these
      compartments d.sub.1 -d.sub.12 are entirely filled both in the caisson
      space and in the compartment space. The sand required can be obtained from
      the "lagoon" 6, in the lee of the hook-shaped dam body formed. On the
      seaside of the dam d.sub.1 -d.sub.12 a wash weir can be formed of
      superfluous sand, possible covered with gravel.
PAR  The space 6 is now protected against the influence of the sea or river
      water, and can be levelled at the desired  depth of for instance 25 m,
      while it is possible to start in the space 6 the arrangement of
      compartments r, which only differ from the compartments d as regards
      function. The compartments r are composed of caissons 3, just as the
      compartments d. The space in the caissons is also filled with sand or
      other bulk material, but the inner space serves as an oil reservoir.
PAR  It is now possible to simultaneously place storage compartments r and to
      continue building on the breakwater d.sub.9 -d.sub.12, by placing
      compartments d.sub.13, d.sub.14 etc.
PAR  FIG. 2 shows compartments by r/d. In an oil reservoir which is built
      against a shore or bank all compartments, except the dam compartments
      extending along three rectangular sides, can be utilized as reservoir.
      However, if the reservoir is built at some distance from a shore or bank
      it will be clear that the reservoir must be enclosed on all sides by dam
      walls. The compartments r.sub.1, r.sub.3 etc. (FIG. 1) will then also have
      to be filled with sand.
PAR  With the given depression of the sea bottom up to 25 m, with the caisson
      dimensions as described with reference to FIG. 3, with a useful filling
      height of 20 m in each compartment and with storage device dimensions as
      shown in FIG. 2, the storage device being surrounded on four sides by dam
      reservoirs, the storage device has a capacity of 47,600,000 m.sup.3.
PAR  It will be clear that with such dimensions receiving the contents of a
      so-called mammoth tanker does not produce any problem. For example finger
      piers may be provided contiguous to the dam walls for mooring such large
      ships. On the dike, which has a width of 100 m, all possible provisions
      may be made, such as the construction of pumping stations, the
      construction of roads, possibly track rails, beacons and the like.
PAR  The production of a great number of drillings on a continental shelf, oil
      supplied via pipe lines and also other substances to be stored for a
      shorter or linger time can be received in such a large reservoir without
      any objection.
PAR  The internal construction of the storage reservoirs can be varied in all
      manners possible. Each reservoir may be provided for instance with a
      floating roof, with means for forming a separation between the water
      present in the reservoir and the oil floating thereon, briefly all
      measures which are also applied in surface storage reservoirs for natural
      oil products.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of manufacturing out of a plurality of caissons an installation
      for storing petroleum products or the like in a water mass near a shore,
      each caisson comprising a pair of vertically upstanding horizontally
      spaced walls with a plurality of cross members therebetween, said method
      comprising the steps of:
PA1  a. levelling a bottom surface of a water mass at a predetermined depth to
      form a level surface;
PA1  b. arranging four of said caissons in edge to edge relationship, adjacent
      caissons perpendicular to each other, on said levelled surface;
PA1  c. interconnecting said four caissons at upright edges thereof both above
      and below the water surface to form a first box-like rectangular or square
      compartment;
PA1  d. filling the area between the spaced upstanding walls of each of said
      caissons and said first box-like compartment with sand;
PA1  e. building a second box-like rectangular or square compartment attached to
      said first compartment by means of three additional caissons so that said
      first and second compartments have a common wall;
PA1  f. filling the spaces between the upstanding walls of each of said
      additional caissons and said second compartment with sand;
PA1  g. repeating steps (a) - (f) until a dam wall extending generally parallel
      to said shore is completed;
PA1  h. repeating steps (a) - (f) until two rectangular side walls are formed
      extending a predetermined distance from said dam wall toward the shore so
      that a U-shaped storage region is formed; and
PA1  i. erecting a plurality of box-like rectangular or square storage
      compartments within said storage region by arranging a plurality of
      caissons on a levelled bottom surface of said storage region in edge to
      edge relationship, having common caisson-walls with said dam wall and said
      side walls and with each other, and filling with sand the area between the
      spaced upstanding walls of each of said caissons.
NUM  2.
PAR  2. A method as recited in claim 1 comprising the further step of erecting a
      vertical partition in said shore, said rectangular side walls extending
      generally perpendicularly thereto, and a plurality of storage compartment
      caissons being disposed thereagainst.
NUM  3.
PAR  3. An installation for storing petroleum products or the like in a water
      mass, having a floor, near a shore, said installation comprising
PA1  a. a plurality of caissons, each of said caissons having a pair of
      vertically upstanding horizontally spaced walls with a plurality of cross
      members therebetween, and sand filling the space between said upstanding
      walls, each caisson having the bottom thereof disposed in the water mass
      floor and the top thereof extending out of the water surface,
PA1  b. a plurality of first box-like rectangular or square compartments formed
      from a plurality of said caissons, each compartment formed by four
      caissons arranged in edge to edge relationship, adjacent caissons
      perpendicular to each other, and adjacent compartments having a
      caisson-wall thereof in common,
PA1  c. a plurality of said compartments forming a dam wall extending generally
      parallel to said shore and a plurality of said compartments forming a pair
      of side walls extending generally perpendicular to said dam wall and
      toward said shore, and said dam wall and said side walls enclosing a
      storage region, all of said compartments filled with sand, and
PA1  d. a plurality of second box-like rectangular or square compartments formed
      from a plurality of said caissons, said compartments being disposed in
      said storage region and having caisson-walls common with said dam wall and
      said side walls, and with each other, said compartments containing natural
      oil products or the like therein.
NUM  4.
PAR  4. An installation as recited in claim 3 further comprising a vertical
      partition in said shore and generally perpendicular to said installation
      side walls, a plurality of said storage compartment caissons being
      disposed thereagainst.
NUM  5.
PAR  5. An installation as recited in claim 3 wherein each of said storage
      compartments contains a layer of water therein, said natural oil products
      or the like floating on said layer of water.
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ABST
PAL  In a method for building immersed foundations on a prepared bed without
      preliminary unwatering by means of a platform which is intended to support
      the final structure, the steps which consist in positioning in the
      underwater bed a support having at least three bearing points which are so
      adjusted as to project from the bed to a height corresponding to the
      intended depth of the seating plane, in lowering the platform onto the
      bearing points, in placing a hardenable material such as concrete or
      mortar on the foundation bed so as to imprison at least the lower ends of
      anchoring means which extend downwards from the platform.
BSUM
PAR  This invention relates to a method for the construction of immersed
      foundations on a prepared bed without preliminary unwatering. Foundations
      of this type can serve in particular to support a civil engineering
      structure having an underwater foundation, such as a bridge pier, a quay
      wall, a fixed or movable dam, a hydroelectric power station and the like.
      The invention is also directed to a device for carrying out said method.
PAR  Methods and devices for building immersed structures on a prepared bed
      without preliminary unwatering are already known. Constructional
      arrangements of this type have been described, for example, in French Pat.
      No. 70 14 426 and in the first French Certificate of Addition No. 71 10
      508.
PAR  The known method which has just been referred-to involves immersion of a
      platform constituting the cover of an enclosed space in which the vertical
      side walls are constituted at least to a partial extent by walls of
      metallic sheet piles which have previously been driven into the ground.
      The enclosed space thus defined is then filled by placing in position a
      material in the plastic state which is capable of setting; but in order to
      prevent the cover from being lifted as a result of the filling operation
      which can be completed only by injecting the plastic material at the
      pressure which is necessary to fill the empty spaces, steps are taken
      beforehand to anchor the platform by means of suitable devices. The
      preparation of these devices prior to sinking of the platform followed by
      the arrangement of the anchoring members entail costly operations since
      they require the services of frogmen. During the sinking operation, the
      platform must also be brought to an accurately defined position in plan,
      as otherwise the arrangement of the anchoring members would not be
      possible.
PAR  The object of the present invention is to solve these difficulties by
      making it possible to build immersed foundations without preliminary
      unwatering by means of a cover which can readily be sunk to a perfectly
      defined depth.
PAR  In accordance with the invention, the method for building immersed
      foundations on a prepared bed without preliminary unwatering by means of a
      platform which serves as a cover for the hardenable material such as the
      concrete employed in the construction of the foundation and which defines
      a seating surface for the final structure, is characterized in that it
      entails the following steps:
PAR  A SUPPORT CONSTITUTED BY AT LEAST THREE BEARING POINTS WHICH PROJECT FROM
      THE UNDERWATER BED IS PLACED IN POSITION ON SAID BED;
PAR  THE HEIGHT OF THE BEARING POINTS IS ADJUSTED AS A FUNCTION OF THE DEPTH
      SELECTED FOR THE SEATING PLANE;
PAR  THE PLATFORM IS LOWERED UNDERWATER SO AS TO REST ON THE BEARING POINTS, THE
      UNDERFACE OF THE PLATFORM BEING PROVIDED WITH DOWNWARDLY EXTENDING
      ANCHORING MEANS;
PAR  A PLASTIC MATERIAL WHICH IS CAPABLE OF SETTING AND HARDENING SUCH AS
      CONCRETE OR MORTAR IS PLACED ON THE FOUNDATION BED IN A SUFFICIENT
      QUANTITY TO ENSURE THAT THE PLATFORM ANCHORING MEANS ARE IMPRISONED
      THEREIN, AT LEAST AT THE LOWER ENDS THEREOF.
PAR  Since the bearing points are ajusted for height prior to positioning of the
      platform, this latter is therefore placed directly at the desired depth.
      The platform is then firmly secured by the anchoring means embedded in the
      mass of hardened material which rests on the foundation bed. Since they
      are only required to carry the weight of the platform and even then only
      temporarily, the bearing points can be few in number and of moderate
      strength. Furthermore, it is unnecessary to attach the platform to the
      support which is constituted by the bearing points.
PAR  In one preferred mode of execution of the invention, the support is
      constituted by elongated elements such as posts, piles or sheet piles
      which are driven down to the requisite depth. The extent of downward
      projection of the platform anchoring means is smaller than the height of
      the bearing points above the foundation bed. The interval between the bed
      and the periphery of the platform which, in this preferred mode of
      execution, is already reduced by a downwardly directed flange, is closed
      by an embankment of filling material such as sand or gravel. After
      hardening of the first mass of plastic material which is placed under low
      pressure in order to guard against uplift of the cover, a plastic material
      is again injected between the platform and the mass which has already
      hardened. For this second operation, it is found preferable to employ a
      plastic material having a higher degree of fluidity in order that it
      should penetrate into the small spaces. To this end, the operation is
      carried out at a higher pressure than the pressure employed during the
      first operation. This increase in pressure is not liable to cause uplift
      of the cover although it does have a tendency to displace the platform
      from the mass which has already hardened. In fact, such a displacement is
      completely prevented by the presence of the anchoring means, the upper
      ends of which are attached to the platform and the lower ends of which are
      imprisoned in the previously hardened mass which rests on the foundation
      bed.
PAR  There is thus provided a simple and economical method of building
      foundations which are set at a precise depth and offer a high degree of
      strength.
PAR  It is in fact possible to carry out the final injection under conditions
      such that the injected material comes into contact with the underface of
      the steel plate at least over a large part of the surface of this latter
      in order that, after setting and ultimate hardening, the weight of the
      final construction which will subsequently be carried on the top face of
      said steel plate can be transmitted directly by this latter to the
      subjacent material and through said material to the ground.
PAR  A compact mass consisting of metal and concrete can thus be formed for the
      foundation of the final structure and is comparable with a reinforced
      concrete slab which rests on the ground. Said mass can be consolidated
      beforehand if necessary by one of the known methods and the top face of
      the mass is located very precisely at the predetermined depth.
PAR  In a preferred embodiment, there is selected a plastic material which is
      immiscible with water.
PAR  The device in accordance with the invention for the practical application
      of the method aforesaid is characterized in that it comprises:
PAR  a support having at least three bearing points, the height of which can be
      adjusted with respect to the foundation bed and has been set to correspond
      to a seating plane;
PAR  a platform which rests on said bearing points and is provided on the
      underface thereof with downwardly extending anchoring elements;
PAR  means for closing the space between the foundation bed and the periphery of
      the platform;
PAR  means for pouring a hardenable material such as concrete between the
      platform and the bed in order to embed the anchoring means in the
      hardenable material.
PAR  Accurate height-positioning of the platform and anchoring of this latter in
      the ground or foundation bed can readily be ensured without any attendant
      hazard by the means which are contemplated for the construction of the
      device according to the invention.
PAR  In a preferred embodiment of the invention, the platform support has
      elongated elements such as posts, piles or sheet piles. The structure of
      the platform comprises bracing elements which are provided so as to form a
      reinforced concrete foundation raft and which also serve as anchoring
      means. The platform constitutes a substantially leak-tight surface and has
      pluggable passages for the concrete and the mortar and pluggable discharge
      passages for water and air as well as means for injecting mortar under
      pressure.
PAR  There is one particular case which is worthy of special note, namely in
      which the upstream and downstream faces of the final structure such as a
      dam, for example, are intended to withstand different water pressures and
      in which the foundation raft is supported on a permeable bed. In that
      case, it is necessary to take particular precautions in order to prevent
      seepage paths through the ground beneath the structure. Recourse may be
      had to an injection shell or alternatively to the use of a metallic
      sheet-pile wall. In the latter instance, it is an advantage to drive a few
      sheet piles of the wall to a precise depth in order that these latter may
      perform a supporting function whilst the remainder of the wall is driven
      to a slightly lower depth without taking any special precautions.
DRWD
PAR  Further properties and advantages of the invention will be brought out by
      the following description of a preferred mode of execution of the
      embodiment which is considered by way of example but not in any sense by
      way of limitation, reference being made to the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective diagram showing the positioning of the support in
      accordance with the invention;
PAR  FIG. 2 is a diagrammatic sectional view showing the position of the
      platform in accordance with the invention on the support of FIG. 1;
PAR  FIG. 3 shows the closure of the space between the foundation floor and the
      periphery of the platform;
PAR  FIG. 4 shows the placing of the concrete which is intended to set on the
      anchoring means;
PAR  FIG. 5 shows diagrammatically the injection of concrete or grout between
      the platform and the mass which has already solidified;
PAR  FIG. 6 shows a specially reinforced platform;
PAR  FIG. 7 is a diagrammatic sectional view showing the application of the
      invention to the construction of a quay wall;
PAR  FIG. 8 is a sectional view showing another form of construction in
      accordance with the invention.
DETD
PAR  In order to construct underwater foundations on the sea floor or on a river
      bed for a structure which is intended to have a seating plane parallel to
      the sighting plane LX-LX' (as shown in FIG. 1), piles 2 are driven to the
      corresponding level by referring to a bench mark 23 made on a false pile
      and followed by a sighting telescope L having high magnification, the
      heads 21 of said piles being intended to constitute the bearing points of
      the platform 3 which serves as a cover (as shown in FIG. 2). If so
      required, the underwater bed or foundation floor 1 will have been freed
      from any projecting obstructions and roughly prepared by dredging, for
      example, the load-carrying stability of the floor having been increased by
      any known means if necessary.
PAR  The heads 21 of the piles 2 are driven to a depth z with respect to the
      sighting plane LX-LX' corresponding to a height H which varies from one
      pile to another if the bottom is not completely horizontal.
PAR  In order to ensure accuracy of this adjustment in the case of piles which
      are driven with a drop hammer, steps are taken to ensure that the extent
      of penetration is less than 1 mm per hammer stroke. By operating with care
      with reference to the position of the bench mark 23 which is sighted by
      the telescope L, the head 21 of each pile 2 can be levelled down to the
      desired depth with a precision of the order of 1 millimetre. The piles 2
      must extend from ground level to a sufficient height to ensure that the
      bracing beams 34 and the side 33 of the platform 3 are not liable to come
      into abutment with the foundation floor at the moment of positioning of
      the platform 3 on the pile heads 21.
PAR  The platform 3 is placed in position by immersion on the bearing points 21
      (shown in FIGS. 2 and 3) and is constituted by a steel sheet 31 having a
      practically negligible thickness e. Steel bracing beams 34 are welded to
      the underface of the steel sheet 31 in order to improve the rigidity of
      the platform 3 during transportation and positioning of this latter on the
      bearing points 21. The beams 34 are I-section members, the bottom flange
      32 of each beam being intended to serve as a means for anchoring the
      platform. Said platform is also provided with a downwardly extending side
      33. The extent of projection of the anchoring means 32 and of the side 33
      does not exceed a value h which is smaller than the minimum height H of
      the bearing points 21 above the foundation floor 1 (as shown in FIGS. 2
      and 3).
PAR  The space existing between the side 33 and the floor 1 is then closed by
      means of an embankment 4. By way of example, said embankment is formed by
      alluvia which are dumped in position by any known means. There has thus
      been formed a substantially closed space between the platform 3 and the
      foundation floor 1.
PAR  The steel sheet or plate 31 and the side 33 form a welded structure and
      constitute a continuous and leak-tight surface in which are formed
      passages 52 for the introduction of the concrete (as shown in FIGS. 3 and
      4) and apertures 53 for the discharge of water and air. The apertures 53
      and the passages 52 can be closed as required by means of plugs 53a, 52a
      which are remotely actuated from the surface or operated by divers (FIG.
      6). Outflow apertures 54 are also formed through the webs of the beams 34,
      thereby reducing the number of concrete-placement passages 52 and
      discharge apertures 53.
PAR  Introduction of the concrete 5 is carried out through the passage 52 by
      means of a hopper 51 (shown in FIG. 4) which is supplied at the surface by
      concrete-mixing means (not shown in the drawings). The concrete 5 flows
      under the action of gravity and spreads over the foundation floor 1
      between the embankments 4. Pouring of the concrete is continued until the
      bottom flanges 32 of the beams 34 are embedded in the concrete. The level
      of the concrete can be observed through the passages 52 and through the
      apertures 53 which permit progressive discharge of water and air pockets.
      The concrete-pouring rate is regulated so as to prevent uplift and
      displacement of the platform 3. Pouring of the concrete 5 is stopped
      substantially at the level shown in FIG. 4.
PAR  Once the mass of concrete 5 has hardened, the platform is firmly anchored
      to the foundation floor by means of the flanges 32 of the beams 34 which
      are embedded in the concrete as shown in FIG. 5.
PAR  The structure which is constituted by the plate 31, the bracing beams 34
      and the side 33 which is bonded to the monolithic block of hardened
      concrete 5 forms an assembly having a high degree of rigidity and in which
      a free space of very small depth, still filled with water together with a
      few air pockets in some instances, still remains between the plate 31 and
      the concrete block 5. Said space is made leak-tight by the side 33 and the
      plate 31 which is provided with a pluggable passage 52 and discharge
      apertures 53. The platform 3 and the concrete block therefore constitute a
      high-strength hollow body, the walls of which are impermeable and which
      remains to be filled completely by means of grout injections.
PAR  By making use of the hopper 58 which is supplied from the surface by any
      suitable means (not shown), the grout 57 of the mortar type immiscible
      with water is injected between the platform 3 and the solidified mass of
      concrete 5. The water and air continue to escape through the apertures 53.
      The pressure of injection of the grout 57 is regulated by means of tubes
      which are adapted to the apertures 53 and have their openings above the
      surface of the water. The height Hp of the upper ends of said tubes
      defines the value of the grout injection pressure. The effective injection
      pressure can be of the order of 300 millibars, for example, namely
      substantially 3 metres of water in respect of the height Hp.
PAR  By virtue of a pressure of this order, the entire upper portion of the
      concrete-placement space beneath the platform 3 can be filled with grout
      57 in a very efficient manner so as to endow the foundations thus formed
      with high strength.
PAR  In spite of this high pressure which corresponds to an uplifting effort of
      3 tons per square inch metre, the platform 3 remains motionless since it
      is securely anchored in the concrete block 5 by means of the flanges 32.
      It is readily apparent that the strength and resistance of all the
      constituent elements under a pressure of this order are determined by
      stress analysis.
PAR  The strength of the foundations which are constructeed as described in the
      foregoing can be improved even further by introducing the grout or mortar
      57 a number of times with a sufficient interval between injections to
      ensure that the mortar hardens completely, and by operating with
      increasing pressures.
PAR  When injections of the grout 57 is completed (as shown in FIGS. 5 and 6)
      the concrete-placement and injection passage 52 and the discharge
      apertures 53 can be closed by means of plugs 52a, 53a.
PAR  A number of important advantages are provided by the invention as can be
      seen from the foregoing description.
PAR  The vertical position of the platform which rests on the bearing points 21
      can readily be adjusted with a precision of the order of 1 millimeter by
      virtue of the present invention. It is apparent that the seating plane
      defined by the plate 31 can be set exactly in a horizontal position or at
      a given angle of slope, for example for the foundations of a dam.
PAR  The operation involved in positioning the platform 3 on the bearing points
      21 is particularly easy. In fact, the bearing zones which correspond to
      the heads of the piles 2 can be fairly wide since the positioning of the
      platform in the horizontal direction does not normally call for any
      special precision.
PAR  The very accurate vertical positioning of the platform is not liable to be
      disturbed during the remainder of the operations. In fact, the resistance
      of the anchoring flanges 32 within the massive block of concrete 5
      prevents uplift and displacement of the platform.
PAR  If the need arises, the invention permits ready compliance with particular
      conditions for providing a connection between the superstructure and the
      foundations, for example by means of anchoring cramps which are welded
      beforehand to the plate 31 or projecting bracing members for positioning
      and anchoring the remaining structure to be built.
PAR  In the particular embodiment of FIG. 6, the platform 3 comprises by way of
      example complementary bracing beams 35 located at right angles to the
      beams 34 which have already been described. The beams 35 have high inertia
      in the central zone of the platform 3. The bottom flange 36 completes the
      means 32 for anchoring the platform in the concrete block 5. The system of
      bracing beams 34, 35 and flanges 32, 36 also serves as anchoring means for
      forming a veritable reinforced concrete raft which has particularly high
      strength, especially in the central portion thereof. In said reinforced
      concrete raft, the top layer of reinforcements is represented by the plate
      31 whilst the bottom layer is represented by the flanges 32, 36 of the
      bracing beams 34, 35, the webs of said beams being intended to perform the
      function of stirrup-pieces for accommodating shear stresses. In order to
      afford stress resistance, said raft must be given a sufficient thickness
      and this governs the height of the bracing beams 34, 35. For the sake of
      enhanced clarity, only one beam 35 is shown in the figure.
PAR  The device of FIG. 6 is advantageous in the case of a heavy structure with
      a base having a small area such as certain types of bridge piers or a
      lighthouse tower 49 which calls for good distribution of the concentrated
      stresses which they apply on the platform 3.
PAR  In the type of foundation which is illustrated in FIG. 6, the space between
      the side 33 of the platform and the underwater bed 1 has been packed with
      a fill 41 which extends over a substantial radius around the platform and
      rises to the level of the seating plate 31. This arrangement can be
      employed in particular for the purpose of protecting the foundations
      against undermining of the ground around the periphery of the concrete
      block 5. In the event of violent action of currents or of the sea, the
      protective fill 41 can consist of heavy rock-fill material.
PAR  FIG. 7 shows another alternative embodiment of the method of foundation
      construction in accordance with the invention in the case of a quay wall
      62.
PAR  The platform 3 is supported by piles 2, the positioning and filling of said
      platform being carried out under the conditions which have already been
      described. The quay wall 62 is then constructed by a known method such as
      stacking of precast blocks which are placed in position by means of a
      floating shear-legs and the esplanade or quay level 63 behind the wall is
      the result of a backfilling operation. Once the structure is completed,
      the space 41 could be filled with progressively heavier and coarser rock
      material if this precaution is made necessary by rough seas. The platform
      3 is purposely larger than the base of the quay wall which is located in a
      position such that the resultant of the vertical stresses arising from the
      weight of the wall masonry and of the filling material of lighter weight
      which are placed behind the wall passes through the center of gravity of
      said platform. The projection of the platform 3 on the side which extends
      underwater protects the sea bed against any undermining or scouring action
      which could result in particular from turbulence of the water which is
      produced by the propellers of boats as they draw alongside the quay. The
      projection of the platform on the land side also serves a useful purpose.
      It is in fact known that, if the coefficient of friction of the filling
      materials of the quay level 63 is of low value, the entire structure would
      be liable to collapse if no provision were made for a platform since the
      surface of failure is a cylinder of revolution having a horizontal axis.
      The overwidth of the platform 3 beneath the filling material of the quay
      level 63 will therefore be greater as said filling material is of poorer
      quality.
PAR  Many other types of structures can advantageously be built on the platforms
      in accordance with the invention.
PAR  FIG. 8 relates to the construction of the foundation for a movable dam
      built across a watercourse, the direction of flow of which is shown by the
      arrow 64.
PAR  It is advantageous in this case to apply the cover against two sheet-pile
      walls 25 which are parallel to each other and driven-down transversely to
      the watercourse. As has already been mentioned, the heads of only a few
      sheet piles will be located exactly at the depth which has been chosen
      whilst the others are driven-down to a slightly greater depth for reasons
      of economy. Subsequent water levels both on the upstream and downstream
      side of the structure are indicated respectively at 65 and 66 and it is
      clearly important to prevent the upstream pressure from being fully
      applied beneath the foundation raft structure. In order to obtain this
      result, the upstream sheet-pile wall 25 is made less permeable than the
      downstream sheet-pile wall 25, for example by welding the constituent
      elements of said wall in pairs. Said downstream wall is useful in the
      event of undermining behind the structure.
PAR  There is also shown at 70 one of the vents constituted by tubes which pass
      through apertures of the platform 3 and which are driven into the
      permeable underwater bed prior to placing of the concrete 5. The movable
      shutter device of the dam is assumed to consist of a single element or of
      a plurality of juxtaposed elements which are not shown in the figures and
      are pivoted about the axes 69 of lugs 68 which are accurately located in
      alignment with each other on the top face of the platform 3. In the open
      position, said elements are folded-back against the platform 3 and the
      tubes 70 are therefore located downstream of the shutter device. Said
      tubes may be filled if necessary with materials of increasing size from
      the bottom upwards in order to constitute a filter for retaining the
      subjacent materials which are liable to be carried away by a light upward
      flow. For the sake of enhanced simplicity of the figure, the shutter props
      and anchoring members have not been illustrated; however, the reference 71
      designates the projecting stops which are intended to serve as supports
      for the movable shutter device when this latter is in the raised position
      and the reference 72 designates pits which can accommodate operating
      jacks.
PAR  The movable shutter device can also be installed on the platform 3 in the
      dry prior to sinking of this latter. Erection of the final structure would
      accordingly be completed when lowering the platform underwater and
      carrying out the operation which consists in filling this latter.
PAR  The construction of the platform which takes place before this latter is
      transported to the site and lowered underwater can advantageously be
      carried out in a naval dockyard, shipbuilding yard or river construction
      site. If the dimensions of the platform are too large, the platform or the
      cover is subdivided into a number of elements which are subsequently shore
      either on the bank or shor or after flotation of said elements prior to
      immersion and sinking of the assembly formed by said elements. A
      construction of substantial length can also rest on juxtaposed platforms
      which are constructed independently with respect to each other.
PAR  It is readily apparent that the invention is not limited to the forms of
      construction and embodiments which have been described in the foregoing by
      way of non-limitative example and that many alternative forms can be
      contemplated without thereby departing either from the scope or the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for building immersed foundations on a prepared bed without
      preliminary unwatering by means of a platform which has on its underface
      downwardly extending anchoring means and which serves as a cover for the
      concrete employed in the construction of the foundation and which defines
      a seating surface for the final structure, comprising
PA1  positioning in the underwater bed a support constituted by at least three
      bearing points which project from said bed;
PA1  adjusting the height of the bearing points as a function of the depth
      selected for the seating plane;
PA1  lowering said platform underwater so as to rest on the bearing points;
PA1  enclosing the space between the foundation bed and the platform;
PA1  pouring a plastic material which is capable of setting and hardening into
      the said enclosed space in sufficient quantity to ensure that said
      platform anchoring means are imprisoned therein, without reaching the
      underface of the platform;
PA1  and then, after a sufficient time for the plastic material to set and
      harden, so that it constitutes with the platform a rigid and leaktight
      hollow body, filling the said hollow body with material in the plastic
      state, capable of setting and hardening.
NUM  2.
PAR  2. A method according to claim 1, in which said support is constituted by
      elongated elements driven down to the requisite depths.
NUM  3.
PAR  3. A method as claimed in claim 1, in which said enclosing of said space is
      performed between the foundation bed and the periphery of the platform by
      means of an embankment.
NUM  4.
PAR  4. A method as claimed in claim 1, and introducing said plastic material
      into said rigid and leaktight hollow body by injection under pressure.
NUM  5.
PAR  5. Combined means for the construction of immersed foundations, comprising
PA1  a support having at least three bearing points of adjustable height
      relative to a foundation bed;
PA1  a platform which rests on said bearing support and has on its undersurface
      anchoring means projecting downwardly of a lesser quantity than said
      bearing points;
PA1  means to enclose the space between the foundation bed and the periphery of
      the platform; and
PA1  means for pouring hardenable material such as concrete between the platform
      and the bed in order to embed the anchoring means in the hardenable
      material.
NUM  6.
PAR  6. Combined means as claimed in claim 5, said support comprising elongated
      elements.
NUM  7.
PAR  7. Combined means as claimed in claim 5, said platform comprising bracing
      elements to comprise a reinforced concrete raft.
NUM  8.
PAR  8. Combined means as claimed in claim 7, said anchoring means comprising
      elements for bracing said platform.
NUM  9.
PAR  9. Combined means as claimed in claim 5, and means to introduce concrete or
      mortar grout between the platform and the hardened mass after
      solidification of the hardenable material.
NUM  10.
PAR  10. Combined means as claimed in claim 5, said platform comprising a
      substantially leaktight surface having pluggable passages for the
      hardenable material and pluggable discharge apertures for water and air.
NUM  11.
PAR  11. Combined means as claimed in claim 9, and means for inserting said
      concrete or mortar grout under pressure.
NUM  12.
PAR  12. Combined means as claimed in claim 5, at least some of said bearing
      points being comprised by sheet piles which project from a sheet pile
      wall.
NUM  13.
PAR  13. Combined means as claimed in claim 5, said means for enclosing the
      space between the foundation bed and the periphery of the platform
      comprising an embankment.
NUM  14.
PAR  14. Combined means as claimed in claim 5, said platform having a downwardly
      extending side along part of its periphery.
NUM  15.
PAR  15. Combined means as claimed in claim 5, and means dividing said platform
      into compartments.
NUM  16.
PAR  16. Combined means as claimed in claim 5, said platform comprising means
      for discharging water which is present beneath said platform.
NUM  17.
PAR  17. Combined means as claimed in claim 5, said platform comprising a
      plurality of sections which are prefabricated for assembly on a
      construction site.
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ABST
PAL  A platform structure for maritime installations, designed to rest under its
      own weight upon the seabed through the medium of a base acting as the foot
      of a tower surmounted by an emergent superstructure, comprising a strong,
      watertight tubular member incorporated into the structure in order to form
      a shaft or chimney extending from top to bottom of the structure in order
      to protect the components of the installation against corrosion and shock
      loading, and in order also to make it possible to carry out in the dry the
      various operations required by the process. The tubular member can be used
      without a base in order to give direct access to the seabed.
      Preferentially, the tubular member will communicate with one or more
      radial, watertight tunnels formed in the base.
BSUM
PAR  The present invention relates to a platform for off-shore operations,
      designed to carry industrial installations such as drill rigs or petroleum
      production plants, power stations (electrical or other types) or
      scientific installations for example for oceanography or meteorological
      purposes. The invention relates more particularly to a platform of the
      so-called "gravity platform" type which rests upon the sea bed through the
      medium of a heavy base forming the foot of a tower surmounted by a
      superstructure emerging above the water.
PAR  This platform is made of prestressed reinforced concrete, being built
      partially on land and partially at sea at a sheltered location of adequate
      depth. After the completion and assembly of the equipment, the platform is
      towed to its final site of erection where it is submerged so that it rests
      upon the sea bed heavily, if required being ballasted down by the use of
      gravel or the like.
PAR  In accordance with the present invention, the platform structure
      incorporates a strong, watertight tubular member which does duty as a
      shaft extending from top to bottom of the structure and which can be kept
      dry, the shaft being designed to protect the piping arrangements,
      machinery or other essential elements of the installation, so that they
      are not affected by marine corrosion and are also protected against shock
      loading, this system furthermore making it possible to carry out various
      maintenance, inspection and other operations etc.., required by the
      process for which the platform is being used, in the dry.
PAR  In one embodiment, the strong (i.e. pressure-resisting), watertight shaft
      has no bottom so that, when it is kept dry it can provide direct access,
      without involving any immersion, to the sea bed through the base. In
      another embodiment, if there is no requirement for access to the sea bed,
      the barrel can be closed off at the bottom.
PAR  In accordance with an advantageous feature of the present invention, the
      strong barrel, which preferably occupies a central position in said
      structure and is therefore protected by the external parts thereof, will
      communicate with one or more radial, watertight tunnels located at a deep
      level, for example in said base in proximity of the sea bed, which can
      also be kept dry. If the shaft is closed off at the bottom, it gives
      direct access, in the dry, to the radial tunnels, without any need to
      adopt any special precautions in order to dry out said tunnels or prevent
      water penetrating into them.
PAR  If the strong shaft is without a bottom, it can be provided at its bottom
      part with an anchoring pile, sliding in telescopic fashion and designed to
      penetrate into the sea bed, said pile being for example tubular in form
      and of watertight design, so that the shaft is effectively extended
      downwards by a kind of casing or tubbing device, down to an impermeable
      stratum of the sea bed.
PAR  As indicated above, one of the essential objectives of the present
      invention is that in accordance with which, by arranging in the central
      shaft and/or in the tunnels, the vital but generally vulnerable elements
      concerned with the process which is to be operated: for example the drill
      pipes, the gas or petroleum lines, they are protected against damage due
      to corrosion or shock.
PAR  The central shaft will furthermore be designed to withstand the kind of
      accidental damage which could occur to these elements, so that they are
      substantially more effectively protected than in conventional
      installations. In particular, the failure of a gas line inside the shaft,
      will simply result in a gas leak, without any fire; any combustion which
      did take place, would be burnt off at a very high level, beyond the top
      end of the shaft. The prevention of a runaway fire, due to the escape of
      gas, or a maritime installation, is a vital requirement.
PAR  The tunnels connected to the central shaft make it possible to connect the
      submarine pipelines with the lines inside the platform, by operations
      carried out in the dry, whereas this kind of connection function is
      normally performed under water under very difficult working conditions, by
      divers or by using tools which as far as operations at depths of more than
      80 meters of water, are still in the drawing board stage.
PAR  The existence of the dry shaft extending right down to the sea bed, and its
      extension by a watertight casing device down to the impermeable layer of
      the seabed substratum, make it possible to pass petroleum extraction lines
      more easily.
PAR  It is also possible, because of the dimensions of the shaft and when the
      latter has no bottom, to sink shafts of the mining kind, employing cage
      hoists and systems for the ventilation of the mine galleries.
DRWD
PAR  The description which now follows in relation to the attached drawings,
      given purely by way of non-limitative example, will define the advantages
      of the invention and the method by which the latter is performed.
PAR  FIG. 1 is an overall perspective view, partially cut away, of an embodiment
      of a platform structure in accordance with the present invention.
PAR  FIG. 2 is a vertical schematic section taken on the line II--II of FIG. 3.
PAR  FIGS. 3 and 4 are respective transverse schematic sections on the lines
      III--III and IV--IV of FIG. 2.
PAR  FIGS. 5a and 5b are two corresponding vertical half-sections through the
      bottom part of the structure, respectively when in the towing position and
      in the final erected position.
PAR  FIG. 6 is a partial schematic view on a larger scale, illustrating a
      detail.
PAR  FIG. 7 illustrates another embodiment of a platform structure in accordance
      with the present invention, seen in schematic vertical section on the line
      VII--VII of FIG. 8.
PAR  FIGS. 8 and 9 are sectional views on the lines VIII--VIII and IX--IX
      respectively of FIG. 7.
PAR  FIG. 10 is a vertical section on a larger scale, through the bottom part of
      the structure.
DETD
PAR  The structure of the platform shown in FIGS. 1-4, comprises, working from
      the bottom upwards:
PAR  an apron or base 1 designed to carry the assembly and to transmit to the
      seabed S the loads which are due to the dead weight of the structure and
      to the forces produced by the elements (swell, current, wind);
PAR  a cylindrical body 2, for example of lobed hexagonal shape, integrally
      connected to the apron 1 and rising to a level higher than the level N of
      the sea;
PAR  a hollow central shaft 3 which, also rising from the base of the apron 1,
      extends up to the decks 5 of the emergent superstructure;
PAR  columns 4 which, supported upon the periphery of the cylindrical body 2,
      cooperate with the central hollow shaft 3 in order to support the decks 5;
PAR  tunnels 6 arranged in the apron 1 and radiating from the central hollow
      shaft 3.
PAR  The apron 1 comprises:
PAR  at the bottom a slab 8 in order to transmit to the seabed S the vertical
      loads occurring, said slab being equipped with webs in the form of the
      beams 9 which are carried on buttresses 11, and exhibiting a raised
      central portion 10 stiffened by beams 12;
PAR  at its circumference a circular perforated wall 7 whose purpose is to
      stiffen the slab 8 and to prevent undermining of the seabed S around the
      structure, by virtue of the perforations 16, this in the manner described
      in U.S. Pat. application Ser. No. 391,465, filed Aug. 24, 1973 now U.S.
      Pat. No. 3,878,684;
PAR  at its centre, the lobed wall 13 of the cylindrical body 2, and diaphragms
      14 linking the intersections 15 between the lobes 13, with a central
      chamber 17 formed at the bottom of the central hollow shaft 3;
PAR  the tunnels 6 attached to the slab 8 and passing through the beams 12 and 9
      as well as the lobed wall 13, to terminate at the external wall 7 where
      they open out through openings which are closed off in water-tight
      fashion;
PAR  between the intersections 15 between the lobes 13 and the external wall 7,
      large buttresses 11 which perform integral connection of the central body
      2 to the apron.
PAR  It should be noted that the central part 10 of the slab 8 does not rest on
      the seabed S, this with the object of increasing the compressive stress
      developed in the seabed. The seabed is thus in compression over the whole
      area of its contact with the apron 1, this even where a strong toppling
      couple is applied to the structure by the action of the elements. Thus,
      there is no risk of any lifting.
PAR  The design of the cylindrical body 2 has already been described insofar as
      its portions integrally connected to the apron 1 are concerned. As far as
      the remaining part is concerned, this simply comprises the central hollow
      shaft 3 connected to the intersections 15 of the lobed hexagonal wall 13,
      by diaphragms 14 terminating inwardly in segments 18 for attachment to the
      central shaft 3. The assembly of these vertical walls is partitioned at a
      certain height by a watertight horizontal slab 20 extending between the
      lobed wall 13 and the central hollow shaft 3, and stiffened by beams 21
      which are carried on the diaphragms 14.
PAR  Above the level of this slab 20, the lobed wall 13 continues for a height
      extending above the level of the sea N, in the form of a wall 23 which is
      also lobed and perforated by holes 24. At the intersections 25 between
      these lobes, vertical beams 26 are arranged which are fixed at the bottom
      to the diaphragms 14 and the slab 20, and which at the top are carried on
      the central hollow shaft 3 through the medium of radial bars 27. Beams 28
      link together the intersections 25 between the of wall 23, forming in this
      way a hexagon which, in cooperation with the bars 27, triangulates the top
      of the wall 23 so that it cannot distort.
PAR  The superstructure comprises decks 5 with one or more levels, located well
      above the level N of the sea, and always out of the water even with the
      highest of waves. The decks 5 are supported at the periphery on the
      columns 4 placed on the top 29 of the perforated, lobed wall 23 and are
      supported centrally on the central hollow shaft 3 which can pass beyond
      the level of the decks to act as a chimney, this in particular where it is
      natural gas which is being handled, the objective being to ensure safety
      in the event that fire should break out.
PAR  The platform is designed primarily for drilling undersea petroleum wells,
      for bringing these wells into production and for the installation of power
      stations at sea which burn either crude petroleum or gas, produced on the
      spot. In the case of drilling and production installations, either for gas
      or petroleum, the platform should incorporate extensions of the lines and
      well casing tubes. These extensions are constituted by an assembly of
      concentric tubes protected by a so-called external guide tube. Each well
      thus comprises a varying number of concentric tubes arranged in a
      large-sized guide tube (it has a diameter between 600 and 900 millimeters,
      sometimes more).
PAR  Since drilling platforms are very expensive, a single platform is used for
      drilling a large number of wells from the same point, by the so-called
      deflected well drilling method.
PAR  In the case of conventional steel platforms, the well guide tubes are
      grouped in a bunch and descend from the deck of the platform down to the
      seabed, being fixed at regular intervals to the platform cross-members.
      The bunch of tubes is subjected to the action of swell, wind and currents;
      it also experiences sea water corrosion.
PAR  If the structure is involved in a collision, the tubes may be damaged with
      possibly very serious consequences (eruption of the wells, fire on the
      platform).
PAR  The product oil or gas is subsequently discharged through other lines
      which, descending from the bridge of the platform, are connected to the
      pipelines placed on the seabed, for transfer towards dry land, to
      reservoirs in the oil field, or to loading buoys (where oil tankers, gas
      tankers and the like can be loaded). For reasons of facility of
      construction, these lines establishing connection with other platforms,
      are arranged along piers. Thus, more than the other lines, they are open
      to the risk of damage by accidental bumps and shocks from ships.
PAR  The platform described, with its central hollow shaft 3 having no bottom,
      and its submarine tunnels 6, presents the following technical features:
PAR  the bunch of guide tubes containing the drill pipe extensions, is arranged
      in the central hollow shaft 3 which is kept dry by means of the system
      used to seal the bottom (this system will be described hereinafter), and,
      if required, by a low-rate pumping operation;
PAR  the product input or output lines, also descend down to the bottom of the
      shaft through said same central shaft 3, and then leave radially through
      the tunnels 6 which are also kept dry by a tunnel exit sealing device
      which will be described hereinafter.
PAR  The assembly of connecting lines from the platform, is thus kept dry and
      protected against accidental shocks by virtue of the double protection
      afforded by the perforated wall 23 of the cylindrical body 2 and by the
      strong wall of the central hollow barrel 3. These connections are
      therefore not exposed to corrosion and can be inspected and maintained
      permanently, thus much reducing the risk of accident and damage.
PAR  In addition, in the case of platforms carrying installations for the
      compression and processing of gas, the gas input and output lines are
      often very large in size (diameters of 900 mm and more) and contain
      high-energy gas at very high pressure (for example methane at 140 bars).
      The failure of this kind of line means an eruption of gas with initial
      flow rates of very high order (15 to 30,000 m.sup.3 /second) and very
      substantial temperature drops (of the order of 100.degree.C).
PAR  In the platform described, the volumes of the tunnels 6 and the central
      shaft 3 are open to the atmosphere through the top of the shaft which is
      fully open over the whole of its cross-section, so that the gas escapes to
      the atmosphere through the top of the central shaft 3; in installations of
      this type the shaft may constitute a shaft or chimney of substantial
      height (50 m and more) and a leakage taking place through it will only
      create a small, local superatmospheric pressure. Moreover, the superficial
      concrete layer at the inside of the central shaft 3 insulates the concrete
      reinforcing elements from the cold, avoiding any failure as a consequence
      of the steel being rendered brittle by the low temperature (-90.degree.C).
PAR  In addition, this platform very much facilitates the installation of the
      connecting lines because, during installation and connection, the tunnels
      6 and the central shaft 3 remain dry and at atmospheric pressure.
PAR  These conditions of dryness and pressure, are obtained, in accordance with
      one feature of the invention, by means of devices for sealing at the
      output of the bunch of drill pipe guide tubes, and at the inputs and
      outputs of the connecting pipes.
PAR  FIGS. 5a and 5b illustrate the arrangement of the assembly of these tubes
      when the installation is complete and the seals have been made.
PAR  In these figures, a skirt 31 of concrete or steel, whose external diameter
      is slightly less than the internal diameter of the central hollow shaft 3,
      has been shown. The length of the skirt is sufficient to ensure that when
      it is driven, like a pile, into the submarine substratum, it can reach the
      impermeable strata I. The skirt is cemented to the substrata by injected
      concrete B. The seal between the skirt 31 and the slab 8 is effected by a
      lip seal 34 during the sliding phase, and later by injected concrete B
      introduced when the sliding operation has been completed and the casing
      finished.
PAR  During the phase of towing the structure (see FIG. 5a) to the site of its
      final erection, the guides 30 are in position in the central shaft 3 where
      they are centered by sliding centred 35 and halted at the level 36. The
      skirt 31 is retracted into the shaft 3 and its top end is closed off by a
      panel 37 fixed to a flange 38 formed on it (31). The upward force produced
      by the water pressure is withstood by retractable studs 39 which transmit
      the force to the structure.
PAR  When the structure is deposited upon the seabed S, first of all the central
      shaft 3 is filled with water in order to balance the pressures at either
      side of the panel 37 and then water under high pressure is injected
      through nozzles 32 arranged around the whole of the bottom circumferences
      of the skirt 31, in order to excavate away the seabed beneath it. The
      studs 39 are then retracted and the skirt descends under its own weight.
      On reaching the hard substratum, it stops and concrete B (see FIG. 5b) is
      injected, a layer of concrete B' possibly also being placed around the
      lower part, this layer then being drilled through as if it were a rock
      layer, in order to pass the guide tubes 30. The panel 37 is dismantled
      after the central barrel 3 and the tunnels 6 have been pumped dry. It is
      stored in the chamber 17 or removed through the central shaft.
PAR  The process of fitting the guide tubes 30 is carried out in the
      conventional way: as the drilling operation is carried out down through
      the concrete layer B' and then through the stratum I, the tube is lowered
      down to a depth of some few tens of meters, then halted and cemented in
      position, whereafter drilling is continued normally.
PAR  One of the major advantages of this kind of arrangement is that the bottom
      portions, identified by reference numeral 33, of the tubes 30 are free in
      relation to the structure. The slight movements which the latter executes
      as a consequence of settling, therefore, introduce no risk of stresses
      being developed in the drill pipe extensions.
PAR  FIG. 5b illustrates highly schematically how a device 19 in accordance with
      the invention effects a seal at the point of leadthrough of the connecting
      pipes 40 at the ends of the tunnels 6, through the external wall 7 of the
      apron 1.
PAR  The device, shown in more detailed fashion in FIG. 6, comprises:
PAR  at the sea side M, on the one hand a watertight safety hatch 44 with a
      float 45 which gives it a slight positive buoyancy, and a
      pressure-balancing cock 46, and on the other hand a centering cone 47
      which surrounds a pipe 41 in order to facilitate the introduction of a
      submerged pipe 43 fitted with a traction head 55. The hatch is applied in
      position by the water pressure and retained by a safety chain 42 attached
      to a cross-member 49 by means of a screwed yoke 50 and a nut 51.
PAR  Inside the pipe 41, an inflatable seal 52 as well as a traction cable 53
      terminating in a hook 54 designed to cooperate with the head 55 of the
      pipe 43.
PAR  at the internal side, towards the tunnel 6, a watertight panel 56 bolted at
      58 and equipped with a gland 57 traversed by the traction cable 53, said
      internal panel 56 being fitted with an air inlet cock 59 and a second
      water scavenge cock 60.
PAR  The operation of introducing the submerged pipe 43 is carried out in the
      following way:
PAR  1. Through the interior of the dry tunnel 6, an operator proceeds to remove
      the panel 56, to unshackle the system 42-49 retaining the external panel
      44, and to set the panel 56 again.
PAR  2. A diver opens the cock 46 from the outside M, thus flooding the space
      41; as soon as the pressures have balanced, the panel 44 detaches and
      floats to the surface behind the float 45.
PAR  3. The diver then takes the hook 54 of the traction cable 53 and attaches
      it to the traction head 55 of the waiting submerged pipe 43.
PAR  4. The cable 53 is tensioned by a winch (not shown) located inside the
      tunnel 6 and causes the pipe 43 to advance so that it engages in the
      centering cone 47 and enters the pipe 41 until it comes up against the
      internal watertight panel 56.
PAR  5. The seal 52 is inflated and snugs up in watertight fashion around the
      periphery of the pipe 43. The panel 56 can then be removed after having
      discharged the water from the pipe 41 by opening the air 59 and water
      scavenge 60 cocks.
PAR  6. The end of the traction head 55 is drawn towards the interior by a short
      distance, sufficient to facilitate its disconnection and the welding of
      the pipe 43 to the lines previously provided inside the tunnel 6.
PAR  7. The annular space between the pipe 43 and the pipe 41 is ridded of water
      by blowing in compressed air, and then injected with epoxy resin. The
      inflatable seal 52 has then served its purpose and can be discarded.
PAR  It should be borne in mind that in the event of a failure in the
      pressurized piping system below the structure, the fluid which escapes
      will be able to pass out freely through the shaft or chimney 3 without
      spreading under superatmospheric pressure beneath the structure, whereas
      in the conventional structures this kind of incident could cause lifting
      of the structure and instability under the action of the sea.
PAR  In the embodiment of FIGS. 7-10, where the elements which perform the same
      function as in the preceding figures, have been designated by the same
      reference numbers increased by 100, the central part 110 of the slab 108
      closes off in watertight fashion the bottom of the shaft 103 and the
      tunnels 106 of the platform. The platform with its central hollow shaft
      103 and its submarine tunnels 106, here again makes it possible to lower
      the input or output lines for petroleum products 140, down to the bottom
      through the central shaft 103, and then to pass them radially through the
      tunnels 106 which are also kept dry by a tunnel exit sealing device 119
      such as that described in relation to FIG. 6.
PAR  The assembly of platform pipe connections, here again, is kept dry and
      protected from accidental shock loading, by the dual protection afforded
      by the perforated wall 123 of the cylindrical body 102 and by the strong
      wall of the central hollow shaft 103. These connecting lines are therefore
      not subjected to corrosion and can be inspected and maintained in a
      permanent way, thus much reducing the risks of accident and damage.
CLMS
STM  I claim:
NUM  1.
PAR  1. An off-shore gravity-type platform for supporting a processing
      installation above the surface of a body of water and for housing
      processing components, comprising a base structure resting upon the bed of
      the body of water, a tower structure integrally connected to the base
      structure to be supported by the same and extending therefrom up to above
      said water surface, a deck supported on the upper end of the tower
      structure for supporting the processing installation, a pressure-resisting
      watertight hollow shaft having an open bottom end open, incorporated
      within the tower structure and extending from the base structure to the
      deck for housing said components, a pressure-resisting watertight tubular
      skirt having both ends open, received telescopically in the shaft, and
      means for driving the tubular skirt pile-like into the bed of the body of
      water through said wide open bottom end, to give access to an underwater
      layer of said bed through said shaft and said tubular skirt.
NUM  2.
PAR  2. A platform as claimed in claim 1, in which said underwater layer is an
      impermeable layer.
NUM  3.
PAR  3. A platform as claimed in claim 1, in which said driving means comprise a
      plurality of nozzles arranged around the whole bottom circumference of the
      skirt, and including means for injecting jets of pressurized fluid through
      the nozzles to excavate the bed beneath the skirt.
NUM  4.
PAR  4. A platform as claimed in claim 1, in which the upper end of the shaft is
      open to the atmosphere.
NUM  5.
PAR  5. A platform as claimed in claim 1, in which the hollow shaft is arranged
      centrally of the tower structure, and the tower structure comprises solid
      peripheral portions to protect the hollow shaft against shocks.
NUM  6.
PAR  6. A platform as claimed in claim 1, in which the hollow shaft is
      integrally connected to the base structure, and the deck is supported on
      the hollow shaft and the tower structure.
NUM  7.
PAR  7. A platform as claimed in claim 1, in which said components include
      piping for connection to an underwater pipe line, comprising at least one
      pressure-resisting watertight tunnel incorporated in the base structure,
      communicating with the hollow shaft and extending radially therefrom to an
      end wall having an outer surface exposed to the water body, and watertight
      lead-through means in the end wall for connecting said piping to said pipe
      line through said end wall.
NUM  8.
PAR  8. A platform as claimed in claim 7, in which said pipe line comprises a
      pipe section having a free end and a traction head fitted at said free
      end, said watertight leadthrough means comprising a passage through the
      end wall and including a tubular sleeve having a cross-section slightly
      larger than the cross-section of said pipe section, the sleeve having an
      outer end adjacent said outer surface and an inner end, a detachable
      pressure-hatch for closing off said outer end sealingly, a detachable
      watertight panel for closing off said inner end sealingly and having an
      opening therethrough, a traction cable passing slidingly through said
      opening, means for sealing said opening around said traction cable, an
      orifice through the pressure-hatch and a cock operable from the body of
      water to close the orifice and to open the same to flood the sleeve and
      equalize pressures within and without the same in order to allow removal
      of the hatch, means for connecting the traction cable to the traction
      head, traction means in the tunnel for drawing the traction cable, and
      means for removing the detachable panel.
NUM  9.
PAR  9. A platform as claimed in claim 8, comprising inflatable seal means in
      the sleeve for sealing the same around the pipe section, a water scavenge
      cock in the watertight panel, and means for blowing compressed gas into
      the sleeve to force the water therefrom.
NUM  10.
PAR  10. A platform as claimed in claim 8, comprising a centering cone at the
      outer end of the sleeve for guiding the pipe section therein.
NUM  11.
PAR  11. An off-shore gravity-type platform for supporting a processing
      installation above the surface of a body of water and for housing
      processing components including piping for connection to an underwater
      pipe line, comprising a base structure resting upon the bed of the body of
      water, a tower structure integrally connected to the base structure to be
      supported by the same and extending therethrough up to above said water
      surface, a deck supported on the upper end of the tower structure for
      supporting the processing installation, a pressure-resisting watertight
      hollow shaft incorporated within the tower structure and extending through
      the base structure to the deck for housing said components, at least one
      pressure-resisting water-tight tunnel incorporated in the base structure,
      communicating with the hollow shaft and extending radially therefrom to an
      end wall having an outer surface exposed to the water body, and watertight
      lead-through means in the end wall for connecting said piping to said pipe
      line through said end wall.
NUM  12.
PAR  12. A platform as claimed in claim 11, in which the hollow shaft is
      integrally connected to the base structure, and the deck is supported on
      the hollow shaft and the tower structure.
NUM  13.
PAR  13. A platform as claimed in claim 11, in which the upper end of the hollow
      shaft is wide open to the atmosphere.
NUM  14.
PAR  14. A platform as claimed in claim 11, in which the hollow shaft is
      arranged centrally of the tower structure, and the tower structure
      comprises solid peripheral portions to protect the hollow shaft against
      shocks.
NUM  15.
PAR  15. A platform as claimed in claim 11, in which the bottom end of the
      hollow shaft is open to give access to the bed of the water body through
      said bottom end.
NUM  16.
PAR  16. A platform as claimed in claim 15, in which said pipeline comprises a
      pipe section having a free end and a traction head fitted at said free
      end, said watertight leadthrough means comprising a passage through the
      end wall, and including a tubular sleeve having a cross-section slightly
      larger than the cross-section of said pipe section, the sleeve having an
      outer end adjacent said outer surface and an inner end, a detachable
      pressure-hatch for closing off said outer end sealingly, a detachable
      watertight panel for closing off said inner end sealingly and having an
      opening therethrough, a traction cable passing slidingly through said
      opening, means for sealing said opening around said traction cable, an
      orifice through the pressure-hatch and a cock operable from the body of
      water to close the orifice and to open the same to flood the sleeve and
      equalize pressures within and without the same in order to allow removal
      of the hatch, means for connecting the traction cable to the traction
      head, traction means in the tunnel for drawing the traction cable, and
      means for removing the detachable panel.
NUM  17.
PAR  17. A platform as claimed in claim 16, comprising inflatable seal means in
      the sleeve for sealing the same around the pipe section, a water scavenge
      cock in the watertight panel, and means for blowing compressed gas into
      the sleeve to force the water therefrom.
NUM  18.
PAR  18. A platform as claimed in claim 16, comprising a centering cone at the
      outer end of the sleeve for guiding the pipe section therein.
NUM  19.
PAR  19. A platform as claimed in claim 11, comprising a pressure-resisting
      watertight tubular skirt having both ends wide open and received
      telescopically in the shaft, and means for driving the tubular skirt
      pile-like into the bed of the body of water through said wide open bottom
      end, to give access to an underwater layer of said bed through said shaft
      and said tubular skirt.
NUM  20.
PAR  20. A platform as claimed in claim 19, in which said underwater layer is an
      impermeable layer.
NUM  21.
PAR  21. A platform as claimed in claim 19, in which said driving means comprise
      a plurality of nozzles arranged around the whole bottom circumference of
      the skirt, and means for injecting jets of pressurized fluid through the
      nozzles to excavate the bed beneath the skirt.
PATN
WKU  039383440
SRC  5
APN  4650913
APT  1
ART  351
APD  19740429
TTL  Earth auger and method for driving piles and the like by means of said
      earth auger
ISD  19760217
NCL  4
ECL  1
EXP  Shapiro; Jacob
NDR  5
NFG  17
INVT
NAM  Asayama; Kingo
CTY  Hirakata
CNT  JA
ASSG
NAM  Kabushiki Kaisha Takechi Koumusho
CTY  Osaka
CNT  JA
COD  03
CLAS
OCL   61 5366
XCL   61 41A
XCL   61 536
XCL   52155
XCL   52160
XCL  175171
EDF  2
ICL  E02D  534
ICL  E02D  574
FSC   61
FSS  53.5;53.52;53.6;53.64;53.66;56.5;41;63;53.62
FSC  175
FSS  171;263;388;292
FSC   52
FSS  155;160
UREF
PNO  2912228
ISD  19591100
NAM  Kandle
OCL  175292
UREF
PNO  3420320
ISD  19690100
NAM  Washita
XCL   61 53.5
UREF
PNO  3422629
ISD  19690100
NAM  Watts
OCL   61 53.52
UREF
PNO  3499293
ISD  19700300
NAM  Kato
OCL   61 53.64
UREF
PNO  3530675
ISD  19700900
NAM  Turzillo
XCL   61 53.6
UREF
PNO  3742717
ISD  19730700
NAM  Wey
OCL   61 53.6
UREF
PNO  3864923
ISD  19750200
NAM  Turzillo
OCL   61 53.6
LREP
FRM  Price, Heneveld, Huizenga & Cooper
ABST
PAL  An earth auger is disclosed in which an auger shaft is provided with freely
      expansible and contractible rotary blades in such manner that said rotary
      blades may expand automatically when said auger shaft is rotated in the
      forward direction and may contract automatically when said auger shaft is
      rotated in the reverse direction. Also a method for driving piles and the
      like is disclosed which comprises the steps of positioning a pile or
      shoring adjacent to said auger shaft and above said blades, advancing said
      pile or the like into an earth bore excavated by said rotary blades, and
      filling said bore excavated by the rotary blades with mortar or the like.
BSUM
PAR  The present invention relates to an earth auger for driving hollow
      ready-made piles made of concrete and sheet piles into a formation to
      provide a foundation for constructing a building, and also to a method for
      driving shoring type piles and the like.
PAR  When a pile is driven by means of an earth auger, depending upon the
      hardness of the foundation earth, augers proper for the respective
      foundations are used. Accordingly, in cases where the hardness of the
      ground formation to be excavated varies depending upon its depth, it is
      necessary to change the earth auger from time to time, and, in some cases,
      the pile must be driven by a percussion process. In addition, upon
      inserting a pile into a bore excavated by an earth auger, the frictional
      resistance between the pile and the wall of the bore makes it difficult to
      insert the pile.
PAR  Therefore, it is a principal object of the present invention to provide an
      earth auger which does not have to be changed from time to time or to be
      replaced by a machine utilizing a different process even if the nature of
      the earth formation varies depending upon its depth.
PAR  Another object of the present invention is to provide means for making
      rotary blades expand automatically when an auger shaft is rotated in the
      forward direction to have a somewhat larger diameter than the outer
      diameter of a pile to be driven, and for making said rotary blade contract
      automatically to have a somewhat smaller diameter than an inner diameter
      of said pile when said auger shaft is rotated in the reverse direction.
PAR  Still another object of the present invention is to provide means enabling
      the earth auger to be withdrawn up to the ground surface leaving only the
      pile in the earth after the pile has been driven into an earth formation.
PAR  Yet another object of the present invention is to provide an earth auger
      and a method for operating the same such that a bulb-like portion formed
      at the bottom end of a pile may be formed in tight contact with the earth
      formation.
PAR  A still further object of the present invention is to provide an earth
      auger and a method for operation the same in which the frictional
      resistance between the pile and the wall of the bore during driving the
      pile into the formation may be reduced.
PAR  In order to achieve the aforementioned objects, the present invention
      provides an earth auger in which a screw-shaped cutting blade is formed
      around an outer circumference of an auger shaft, a hub having stoppers for
      rotary blades is mounted on said auger shaft above said cutting blade, and
      rotary blades are pivotably mounted on said hub so that they may freely
      expand and contract. The present invention also provides a method for
      driving piles comprising the steps of loosely fitting a ready-made hollow
      concrete pile around said earth auger at a position above said rotary
      blade, driving the pile into the earth formation while it surrounds the
      earth auger while excavating a bore or hole for the pile, and thereafter
      filling the excavated bore with mortar or the like through an inner hollow
      space of said auger.
DRWD
PAR  These and other objects and features of the present invention will be more
      fully understood from the following description of the invention given in
      connection with the illustrated embodiments in the accompanying drawings,
      in which:
PAR  FIG. 1 is a side view showing one preferred embodiment of the present
      invention;
PAR  FIG. 2 is an enlarged transverse cross section view of the same taken along
      line II-II in FIG. 1;
PAR  FIG. 3 is an enlarged transverse cross section view showing the same part
      as shown in FIG. 2 but in a different state;
PAR  FIGS. 4 and 5 are longitudinal cross section views showing successive
      states of operation of the earth auger according to the present invention;
PAR  FIG. 6 is a longitudinal cross section view showing a completely driven and
      fixed state of a pile;
PAR  FIG. 7 is a side view showing another preferred embodiment of the present
      invention;
PAR  FIG. 8 is a transverse cross section view of the same taken along line
      VIII--VIII in FIG. 7;
PAR  FIG. 9 is an enlarged longitudinal cross section view showing a part of the
      structure shown in FIG. 7;
PAR  FIGS. 10 through 12 are longitudinal cross section views showing successive
      states of operation of the second embodiment;
PAR  FIG. 13 is a side view of a still another embodiment of the present
      invention;
PAR  FIG. 14 is a transverse cross section view of the same taken along line
      XIV--XIV in FIG. 13 as viewed in the direction of the arrow; and
PAR  FIGS. 15 through 17 are longitudinal cross section views showing successive
      states of operation of the third embodiment.
DETD
PAR  Referring now to the accompanying drawings, in FIG. 1 reference numeral 1
      designates an auger shaft of inverted conical shape. A spiral cutting
      blade 2 is provided outside of said auger shaft 1. A hollow water feeding
      bore or conduit 3 is formed inside the auger shaft 1, and in the bottom
      portion of said auger shaft spray openings 4 are provided as by drilling.
      In addition, in the upper portion of the earth boring section of the auger
      shaft 1 is provided a hub 5, on which rotary blades 6 are pivotably
      mounted with pins 7 in a freely expansible and contractible manner. The
      rotary blades 6 are adapted to be engaged by stoppers 8 when they expand.
PAR  When the hub 5 is rotated in the direction of arrow A5 shown in FIG. 2,
      owing to resistive forces of the earth exerted upon the tip ends of the
      rotary blades 6, the rotary blades 6 are pivoted about the pins 7 in the
      direction of arrow A6 until they strike against the stoppers 8, which
      prevents further pivoting. In this case, the diameter of the circular
      locus of rotation of the tip ends 6E of the blades 6 assumes its maximum
      value.
PAR  On the contrary, if rotation of the hub 5 is reversed, that is, if it is
      rotated in the opposite direction to the direction of arrow A5 shown in
      FIG. 2, then the rotary blades 6 are pivoted about the pins 7 in the
      opposite direction to the direction of arrow A6 and thus occupy the
      positions as shown in FIG. 3. In this case, the diameter of the circular
      locus of rotation of the tip ends 6E of the blades 6 assumes its minimum
      value.
PAR  In addition, during the boring process, water is fed through the water
      feeding bore 3 to be sprayed from the spray openings 4.
PAR  To drive in the earth a ready-made hollow cylindrical pile P using the
      aforementioned earth auger, firstly the auger is inserted through the pile
      P, and then the auger shaft 1 is rotated under the conditions shown in
      FIG. 4 while spraying water from the spray openings 4.
PAR  Owing to the rotation of the spiral cutting blade surrounding the outer
      circumference of the head of the auger shaft 1, the auger shaft 1 advances
      into the earth, while the rotary blades 6, above said spiral cutting blade
      2, expand into the position shown in FIG. 2 as described above, so that
      said rotary blades 6 excavate the earth beneath the end of the pile while
      rotating, and thus advance the pile P positioned thereabove downwardly to
      insert it into the excavated bore.
PAR  In FIGS. 4 to 6, means for suspending the pile P as well as means for
      rotating the auger shaft 1 are omitted from illustration, because any
      conventional means are available therefor.
PAR  When the boring process has proceeded up to the state shown in FIG. 5, the
      rotation of the auger shaft 1 is stopped, the spraying of water from the
      spray openings 7 is interrupted, and then mortar is injected into the
      cavity 9 formed in the earth. The injection of mortar into the cavity 9 is
      carried out through the water feeding bore 3 and the spray openings 4.
PAR  Since the inside of the cavity 9 has been washed by water sprayed from the
      spray openings 4 during the boring process, the inside wall surface of the
      cavity 9 is the exposed surface of the supporting earth formation 10.
      Consequently, the subsequent mortar filling makes direct, tight contact
      with the supporting earth formation 10, so that a soft, weak portion or
      pocket is not formed between the peripheral surface of a bulb portion 11
      and the supporting earth formation 10.
PAR  When the injection of mortar has finished, the auger shaft 1 is rotated in
      the opposite direction to the direction of arrow A5 to fold and contract
      the rotary blades 6 into the state shown in FIG. 3, and then the auger
      shaft 1 is withdrawn up to the ground surface through the axial bore of
      the pile P left in the earth, resulting in the condition shown in FIG. 6,
      where a perfect bulb 11 is formed.
PAR  In a modified embodiment shown in FIGS. 7 to 12, reference numerals 1 to 11
      and reference character P designate those elements having the same
      functions as the elements in the first embodiment indicated by like
      numeral or character. Reference numeral 12 designates a drill tip portion,
      numeral 13 designates water passageways drilled in the pins 7, numeral 14
      designates water passageways formed in the respective rotary blades 6, and
      reference numeral 15 designates water spray openings in the rotary blades
      6. The water fed through the water feeding bore 3 is passed through the
      water passageways 13 and 14, and sprayed in the direction of arrow A15
      from the spray openings 15.
PAR  A ready-made hollow pile P is erected on a predetermined ground surface for
      driving said pile, an auger shaft 1 provided with said rotary blades 6 is
      inserted into an axial bore 16 in said pile P, the top portion of said
      auger shaft 1 is suspended together with the pile P from a pile driving
      machine (not shown), and under such a condition the auger shaft 1 is
      rotated via an auger speed reduction mechanism 19.
PAR  The portion of the earth under the pile P is drilled by means of the drill
      tip portion 12 and the spiral cutting blade 2, and simultaneously
      therewith the rotary blades 6 are expanded into the illustrated state by
      the friction with the ground surface, so that the earth around the pile P
      can be also excavated by said expanded rotary blades 6.
PAR  Then, since the outer diameter D.sub.2 of the rotary blades 6 upon rotation
      is preselected to be somewhat larger than the outer diameter D.sub.1 of
      the pile P, between the bore excavated by the rotary blades 6 and the
      outer circumference of the pile P a clearance space 17 is formed.
PAR  In this way, the pile P is advanced into the bore excavated by the rotary
      blade 6, so that the pile P can be inserted up to a desired depth while
      reducing the friction between the pile P and the earth foundation.
PAR  Sometimes, depending upon the nature of the earth formation, simultaneously
      with the rotation of the auger shaft 1, water is sprayed from spray
      openings 15 in the rotary blades 6 in the direction of arrow A15 in FIG.
      11 to reduce the resistance to the rotation of the rotary blades 6 in
      addition to the reduction of the frictional resistance around the pile P.
PAR  After the pile P has been inserted to a predetermined position as shown in
      FIG. 11, the rotation of the auger shaft 1 is stopped, the spraying of
      water from the spray openings 4 and 15 is interrupted. Then mortar is
      injected into a cavity 9 formed in the earth through said water feeding
      bore 3, water spray openings 4, water passageways 13 and 14 and water
      spray openings 15. Similarly to the case of the first embodiment, as
      described previously, the injected mortar makes direct tight contact with
      the exposed earth formation on the inside surface of the cavity 9, and
      thereby the bulb portion 11 formed at the bottom of the pile P is firmly
      supported by the earth formation. According to the second embodiment, the
      clearance space 17 between the outer circumference of the pile P and the
      inner wall of the excavated bore in the earth is filled with mortar
      simultaneously with the filling of cavity 9 with mortar. This is done
      through the water feeding bore 3 in the auger shaft 1, or by separate
      injection of mortar directly into the clearance space 17. By this means
      the pile can be more firmly supported by the earth formation.
PAR  When the injection of mortar through the water feeding bore 3 has been
      finished, the auger shaft 1 is rotated in the reverse direction to fold
      and contract the rotary blades 6 as shown in FIG. 3. The auger shaft 1 is
      then completely withdrawn from the pile P through its axial bore 16, while
      leaving only the pile P in the earth.
PAR  In a further modified embodiment shown in FIGS. 13 to 17, reference
      numerals 1 to 12 designate those elements having the same functions as the
      elements indicated by like numerals in FIGS. 1 to 12. Reference character
      S designates a non-tubular, sheet or plate type pile of the type used for
      shoring. Reference numeral 18 designates junctions or interlocks formed on
      the opposite edges of the sheet pile S. Numeral 19 designates an auger
      speed reduction mechanism, and numeral 6E designates tip end portions of
      the rotary blades 6.
PAR  When a sheet pile S is driven into the earth by making use of the subject
      earth auger, the auger shaft 1 and the sheet pile S are suspended by a
      pile driving machine (not shown) while maintaining their relative
      positions as shown in FIGS. 13 and 14. In more particular, the bottom end
      of the sheet pile S is positioned above the rotary blades 6, and the
      relative position along the horizontal plane is selected in such manner
      that the center of the central channel 21 of the sheet pile S is
      concentric with the circular locus 20 of rotation of the tip ends 6E of
      the rotary blades 6.
PAR  Under the above-mentioned condition, water is sprayed from the water spray
      openings 4 as the auger shaft 1 is rotated, whereby a bore having the same
      size as said circular locus 20 is formed by means of the drill tip portion
      12, screw-shaped cutting blade 2 and the rotary blades 6. The sheet pile S
      is inserted into the bore.
PAR  This state intermediate of the pile driving process is shown in FIG. 15.
      After the sheet pile S has been inserted into the earth up to the desired
      predetermined depth, the auger shaft 1 is rotated in the reverse direction
      to fold and contract the rotary blades 6 into the retracted state shown in
      phantom in FIG. 14, and then the auger shaft 1 is withdrawn upwardly.
      During the withdrawing step, a relatively lean-mix filling material
      consisting of sand, cement, mortar and the like is filled into the bore
      formed by the earth auger. Thereby the sheet pile S is completely embedded
      in the earth formation.
PAR  Since a mixture having substantially similar mechanical strength to the
      earth formation around the sheet pile S is employed as said lean-mix
      filling material, said filling material does not obstruct the work of
      withdrawing the sheet piles S from the earth formation after the
      construction has been finished.
PAR  The same process as that described above is repeated as another sheet pile
      S is placed adjacent to the thus previously embedded sheet pile S. The
      piles are interconnected by the junctions or interlocking flanges 18 of
      the respective sheet piles S. In this manner, a number of sheet piles S
      are embedded in the earth as shown in FIG. 16. Finally, a great number of
      sheet piles S can be completely embedded in the earth as shown in FIG. 17.
PAR  The embedding of the sheet piles S according to the above-described method
      produces very little noise in contrast to the prior art process of driving
      with a hammer. Using this invention, embedding is possible in any earth
      formation, and the work of withdrawing the sheet piles when they are no
      longer required is simpler.
PAR  Although in the foregoing description reference has been made to embedding
      piles of the sheet type, obviously other types of piles such as those
      consisting of H-type steel beams or the like can be similarly embedded in
      place of the sheet piles.
PAR  While we have described above the principle of our invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of the invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. The method of setting and anchoring a tubular piling including the steps
      of placing the piling in the ground; inserting an auger having a ground
      formation boring head through the piling until the head is below the lower
      end of the piling; rotating the auger and expanding the diameter of the
      ground cutting elements to a diameter substantially greater than that of
      the piling and while the cutting elements are so expanded boring a hole
      larger than said piling and progressively lowering both the piling and the
      auger until the desired depth of ground penetration of the piling has been
      obtained; then while holding the piling stationary forming an enlarged
      cavity beneath the lower end of the piling, injecting a mortar-like
      substance into and filling the cavity and injecting additional quantities
      of the mortar-like substance in the annular space between the walls of the
      bore in the ground and the piling until the annular space is filled;
      withdrawing the auger through the piling while the cutter elements are
      contracted.
NUM  2.
PAR  2. The method of setting and anchoring a tubular piling as described in
      claim 1 including the additional steps of also filling the hollow piling
      with the mortar-like substance as the auger is withdrawn.
NUM  3.
PAR  3. Method of driving and anchoring piles by means of an earth auger having
      a boring head with both a spiral and expandable rotary cutting blades,
      including the steps of inserting an earth auger through a ready-made
      hollow cylindrical pipe with a loose fit until the auger's spiral and
      rotary cutting blades project from the lower end of said hollow
      cylindrical pipe, rotating said auger and simultaneously discharging water
      under pressure from spray openings in said boring head, advancing said
      boring head and auger shaft into the earth foundation to form an opening
      larger than said pipe and advancing said cylindrical pipe through said
      opening as said auger advances until the lower end of said pipe has
      reached a predetermined depth, stopping further advancement of said pipe
      while continuing rotation of the auger with the expandable cutting blades
      extended and simultaneously continuing to discharge water under pressure
      to form a chamber below the end of said pipe substantially larger in
      diameter than said pipe and generally shaped as an inverted cone, stopping
      both the rotation of said auger shaft and the spraying of the water when
      said chamber has attained a predetermined depth and cross section,
      discharging mortar from said spray openings into the cavity excavated by
      said spiral blade and rotary blades to form a bulb shaped mass at and
      engaging a portion of the lower end of said hollow cylindrical pile,
      reversing the direction of rotation of said auger shaft and withdrawing
      the auger shaft through said pipe while said rotary blades are folded.
NUM  4.
PAR  4. Method of driving and anchoring piles by means of an earth auger as
      claimed in claim 3 further characterized by the step of jetting mortar
      under pressure from the spray openings in the boring head to fill the
      annulus formed between the outer surface of the pipe and the surrounding
      earth formation.
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ABST
PAL  In cooling an article by the phenomenon of corona discharge caused when the
      article is placed opposite a high-potential electrode, a high electric
      potential is applied between the article and the electrode. This invention
      contemplates interposing a corona focusing ring between the article and
      the high-potential electrode. When high electric potential is also applied
      to the corona focusing ring, the avalanche of ions generated by the
      electrode in consequence of corona discharge is focused upon the article
      by the corona focusing ring, with the result that local cooling is
      effected on the article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for locally cooling an article by means
      of corona discharge.
PAR  It has already been suggested to cool part of an article by placing the
      article opposite a high-potential electrode and causing corona discharge
      therebetween.
PAR  For example, U.S. Pat. No. 3,224,497 discloses a method and apparatus for
      lowering the temperature of an electrically or flame heated body.
PAR  An object of the present invention is to provide a method for cooling an
      article by corona discharge, which method is directed to effectively
      cooling a local part of the article.
PAC  SUMMARY OF THE INVENTION
PAR  To attain the object described above according to this invention, there is
      provide a method for cooling an article by corona discharge caused by
      placing the article opposite a high-potential electrode and applying high
      electric potential between the article and the high-potential electrode,
      which method is characterized by interposing between the article subjected
      to cooling and the electrode a corona focusing ring possessed of a central
      hole defining a centrally inclined upper face such that when high electric
      potential is applied between the said electrode and the corona focusing
      ring and the article to generate corona discharge therebetween, the
      avalanche of ions generated by the electrode in consequence of the corona
      discharge is focused in the direction of the central hole by the inclined
      upper face of the said corona discharge ring to be released through the
      central hole onto the article. Consequently the impinging ions effect
      local cooling of the article. Since the avalanche of ions is concentrated
      as described above, this method permits effective cooling of a local part
      of the article.
PAR  Other objects and characteristic features of the present invention will
      become apparent from the description to be given in further detail herein
      below with reference to the accompanying drawings.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS:
PAR  FIG. 1 is a sectional side elevation illustrating one preferred embodiment
      of the apparatus for practicing the method of this invention;
PAR  FIG. 2(A) is a diagrammatical representation of a prior art method;
PAR  FIG. 2(B) is a similar view to FIG. 2(A) except illustrating the present
      apparatus;
PAR  FIG. 2(C) is a graph comparing the effects of cooling obtained by applying
      the method of the present invention ; and
PAR  FIG. 3 is a graph comparing the conventional method to cooling of the edges
      of cutting tools similar to those of FIG. 2(C).
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1, an electrode 2 is placed opposite an article 1
      subjected to cooling, with the article 1 connected to a plus terminal and
      the electrode 2 to a minus terminal respectively of a power source 3. The
      forward portion of the electrode 2 is surrounded by a cylindrical cover 5
      made of an insulating material and the forward edge of the cover 5 is
      inserted around a corona focusing ring 4 provided at the center with a
      hole 4a. The corona focusing ring 4 is grounded via a resistance R. The
      center of the hole 4a of the corona focusing ring 4 exactly coincides with
      the axis of the electrode 2. The inner face of the corona focusing ring 4
      diverges from the central hole to form a centrally inclined face 4b. The
      inclined face 4b is finished in mirror smoothness and fabricated so that
      no sharp corners are formed at the upper and lower edges of the face. The
      rear edge of the cylindrical cover 5 is closed with an annular filter-like
      electric insulating member 6 which permits free passage of air. In an
      arrangement in which the electrode 2 and the corona focusing ring 4 are
      disposed in the aforementioned relationship with the article 1 subjected
      to cooling, when high electric potential is applied between the electrode
      2 and the corona focusing ring 4 and the article 1, there is generated
      corona discharge of a pattern determined chiefly by the shape of the
      extremity of the electrode 2 as indicated by the dotted lines of FIG. 1.
      The corona focusing ring 4 disposed between the electrode 2 and the
      article 1 subjected to cooling has a construction such that the ring has
      an outside diameter large enough to encompass the area in which the said
      corona discharge occurs and the inclined face 4b of mirror finish causes
      the avalanche of ions generated in consequence of the corona discharge to
      be focused in the direction of the central hole 4a and consequently
      released past the central hole 4a onto the article 1.
PAR  When the method of this invention is utilized for cooling the edge of a
      cutting tool, for example, there is a possibility that scrapings removed
      from a work blank by the cutting tool will fly through the central hole 4a
      of the corona focusing ring 4 into the space inside the cover 5. Such
      foreign matter can cause spark discharge. It is, therefore, desirable that
      entry of such foreign matter be prevented by spreading across the central
      hole 4a a metallic gauze electrically connected to the corona focusing
      ring 4. In this case, it is important that the metallic gauze to be used
      possess a mesh size large enough to permit unobstructed passage of the
      avalanche of ions.
PAR  The velocity and volume of the avalanche of ions as it passes the central
      hole 4a of the corona focusing ring 4 are affected by the shape,
      particularly the outside diameter, of the corona focusing ring 4, the
      angle of the inclined face, the diameter of the central hole 4a, etc. and
      also by the shape of the extremity of the electrode. It is therefore
      possible to control the cooling operation by setting these factors
      suitably so as to adjust the velocity and amount of the avalanche of ions
      as required. Alternatively, the control of the cooling operation can be
      accomplished by adjusting the magnitude of the resistance R which is
      interposed between the corona focusing ring 4 and the ground.
PAR  An experiment was conducted on the cooling effect of the method of this
      invention by comparing the edges of cutting tools (with an ultrahigh speed
      tip) used in heavy-duty cutting work; one cooled by the method of this
      invention, another cooled by the conventional mere corona discharge method
      and still another left uncooled. The results are shown in FIG. 2(c) and
      FIG. 3.
PAR  FIG. 2(c) compares the effect of cooling in terms of the extent of wear at
      the parallel flank of cutting tool. For the cooling by the conventional
      corona discharge method, the electrode and the cutting tool were disposed
      as illustrated in FIG. 2(A). In the case of the present invention, they
      were disposed as shown in FIG. 2(B). The cutting conditions were in all
      cases 125 m/min in peripheral speed; 0.1 mm/rotation in feed rate and 2mm
      in cutting depth. The work blank was SNCM8, a nickel-chromium-molybdenum
      type steel. The corona discharge was effected by an electric potential of
      30 KV.
PAR  The results were as given in FIG. 2(C). When the cutting was continued in
      the absence of corona discharge, the wear was about 0.4mm (curve A). When
      the cutting was made by the conventional corona discharge method, the wear
      was decreased to about 0.3mm (curve B). When the cutting was performed in
      the presence of corona discharge effected by the method of this invention,
      the wear further decreased to about 0.23mm (curve C).
PAR  FIG. 3 compares the cooling effect in terms of the extent of wear at the
      crater of cutting tool. The cutting conditions were the same as those of
      FIG. 2(A) and FIG. 2(B). In a 15-minute continuous cutting operation, the
      wear at the crater of the cutting tool during the 5-10 minute interval was
      extremely small, nearly half as much as when the cutting was performed in
      the absence of cooling.
PAR  As is evident from the foregoing test results, the cooling effected by the
      corona discharge according to the method of this invention is effective in
      notably decreasing the extent of the wear of the edge of a cutting tool.
      The data suggest that the service life of a cutting tool can be increased
      three to five times of that when the cutting tool is used uncooled. It is
      also seen that the method of this invention is decidedly more effective
      than the mere corona discharge method.
PAR  As described above, the cooling method according to this invention causes
      the avalanche of ions generated by corona discharge to be focused and
      released onto the surface of an article subjected to cooling by virtue of
      the corona focusing ring and, therefore, improves remarkably the cooling
      effect. It has been ascertained that the cooling effect of this method is
      three to five times as high as that which is obtained without using the
      corona focusing ring. When this cooling method is utilized for cooling the
      edge of a cutting tool in the course of a cutting operation, for example,
      it is expected to lengthen the service life of the cutting tool to a great
      extent, decrease the frequency of cutting tool replacement required
      because of worn edge and improve the productional efficiency to a marked
      extent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for cooling an article subjected to cooling by utilizing
      corona discharge caused by placing the article opposite a high-potential
      electrode and applying high electric potential between the article and the
      electrode, the improvement which comprises interposing between the article
      and the high-potential electrode a corona focusing ring possessed of a
      central hole defining a centrally inclined upper face and applying high
      electric potential between said electrode and said corona focusing ring
      and the article subjected to cooling to generate corona discharge
      therebetween, whereby the avalanche of ions generated in consequence of
      the corona discharge is focused in the direction of the central hole by
      the inclined face of said corona focusing ring and released past the
      central hole onto the article to effect local cooling of the article.
NUM  2.
PAR  2. A cooling apparatus utilizing corona discharge, which apparatus
      comprises an electrode disposed opposite an article subjected to cooling,
      a corona focusing ring interposed between the article and said electrode,
      said corona focusing ring possessed of a central hole defining a centrally
      inclined upper face, and means for applying high electric potential to
      said high-potential electrode, the corona focusing ring and the article
      subjected to cooling, whereby the avalanche of ions generated in
      consequence of the corona discharge is focused in the direction of the
      central hole by the inclined face of said corona focusing ring and
      released past the central hole onto the article to effect local cooling of
      the article.
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PAL  A cryostat comprising a thermally insulated vessel intended to store
      cryogenic products and provided with a neck tightly closed with a stopper.
      Between the inner surface of the neck and the stopper there a helical
      channel is formed through which the vapor of the cryogenic product is
      withdrawn to the atmosphere. The ratio of the length of the helical
      channel to the cross-sectional area thereof is such that the excessive
      vapor pressure of the evaporating cryogenic products in the vessel is
      eliminated while the temperature of the vapor at the outlet of the neck
      corresponds to the temperature of the ambient atmosphere. In this way a
      cryostat of 34 liter capacity can be used to store biological materials at
      the temperature of liquid nitrogen for at least 120 days.
PAL  The proposed cryostat can be used to store biological materials at the
      temperature of liquid nitrogen for at least 120 days. The capacity of the
      cryostat is 34 liters.
BSUM
PAR  This invention relates to cryogenic technology and more particularly it
      relates to cryostats used to store biological objects at cryogenic
      temperatures.
PAR  Cryostats are used in animal breeding to store semen of pedigree cattle at
      low temperatures, for example, at the temperature of liquid nitrogen; in
      medicine it is used to store biological preparations, for example, live
      tissues, blood, etc., at cryogenic temperatures.
PAR  Known in the prior art are cryostats comprising a thermally insulated
      metallic vessel provided with a neck.
PAR  This vessel is placed inside a vacuum-tight coat and held inside the flask
      by its neck and fixed in stationary fashion by stretching devices
      installed at the lower part of the thermally insulated vessel. The
      thermally insulated vessel is intended to keep cryogenic products that
      provide the low temperature at which biogenic materials can be stored for
      long time. Devices for storing biogenic materials are also placed inside
      said thermally insulated vessel.
PAR  The thermally insulated vessel is closed by a smooth stopper that is
      inserted into the neck of the vessel so that a harrow (of the order of
      1/16 inch) circular channel is formed in the spaced between the inner
      surface of the neck and the smooth surface of the stopper. The channel
      serves for the evaporating cryogenic products to escape into atmosphere
      and thus to prevent excess pressure inside the vessel.
PAR  Moreover, the escaping gas of the cryogenic products reduces the ingress of
      heat at the neck, which is the main point of cold loss in the cryostat.
PAR  The disadvantage inherent in the known cryostats resides in the
      impossibility of storing biological material at very low temperature for
      long periods owing to the heat admission to the cryogenic products from
      the environment.
PAR  For example, the loss of liquid nitrogen due to evaporation in the known
      cryostats in 0.47 - 0.53 liters per day. The loss of the cryogenic agent
      being so high, the term of storing biological materials at the temperature
      of liquid nitrogen, without refilling the cryogenic agent in a cryostat
      having the capacity of 34 liters, is about 60 days.
PAR  It is an object of the present invention to obviate such disadvantage.
PAR  Another object of the present invention is to provide a cryostat that can
      be used to store biological materials at the temperature of liquid
      nitrogen for long periods of time.
PAR  This object is accomplished in that in a cryostat comprising a thermally
      insulated vessel adapted to keep cryogenic products, provided with a neck
      closed with a non-metallic stopper according to the invention, the stopper
      is tightly fitted in the neck so that between the inner surface of the
      vessel neck and the said stopper, a helical channel is formed beginning at
      one end and ending at the other end of the stopper, said channel providing
      an escape into atmosphere for the vapor of the cryogenic product.
PAR  It is recommendable, according to this invention, to provide said helical
      channel on the surface of said stopper and the inner surface of the vessel
      neck.
PAR  One embodiment of the present invention consists in that said helical
      channel is formed by a helical groove made on the inner surface of the
      neck of said thermally insulated vessel and by the surface of said
      stopper.
PAR  Owing to the helical configuration of the channel adapted to withdraw the
      vapor of the cryogenic products from the thermally insulated vessel into
      the environment, the loss of liquid nitrogen due to evaporation is reduced
      to 0.283, which makes it possible to store biological products in the
      proposed cryostats (having a capacity of 34 liters) for 120 days.
DRWD
PAR  Further, objects and advantages of the present invention will hereinafter
      become clear from the following details description of the invention and
      the appended drawings, in which:
PAR  FIG. 1 is a longitudinal section of a cryostat according to the invention
      having a stopper with a helical groove;
PAR  FIG. 2 is a similar section of a cryostat according to the present
      invention with a groove made on the inner surface of the neck.
DETD
PAR  The proposed cryostat comprises a thermally insulated vessel 1 (FIGS. 1 and
      2) adapted to store cryogenic products, such as liquid air, liquid
      nitrogen, liquid oxygen, etc., that is, products having very low
      temperatures, of the order of 80-90.degree.K. The thermally insulated
      vessel is made of aluminum alloys, or other materials, having a specific
      gravity of 2.63-2.7 and an ultimate strength of 19-32 kg/sq.mm. The neck 2
      of the vessel 1 (FIGS. 1 and 2) is made of materials that meet the
      following requirements: low heat conduction (0.35 - 0.4 W/m .times.
      degree; low gas permeability (1.times.10.sup.-.sup.8 -
      5.times.10.sup.-.sup.6 cu.cm .times. cm/sq.cm .times. sec .times. atm)
      with respect to air, nitrogen and oxygen); ultimate strength from 10 to 20
      kg/sq.mm, for example glass fibre impregnated with phenolformaldehyde
      resin, glass cloth impregnated with a mixture of epoxy and
      phenolformaldehyde resins doped with furfural.
PAR  The vessel 1 is closed with a stopper 3, which is inserted into the neck 2.
      The stopper is also preferably made of materials having low heat
      conduction (0.03 - 0.05 W/m .times. degree) and an ultimate strength 5-15
      kg/sq.mm, for example of foam plastic on the basis of polyester cyanate,
      polystyrene, and phenolformaldehyde resin.
PAR  According to the invention, the inner surface of the neck 2, or the surface
      of the stopper 3 is made so that a helical channel 4 (FIGS. 1 and 2) is
      formed between said surfaces, providing an escape for the cryogenic
      product vapor from the vessel into the environment.
PAR  It is known that in order to increase the term during which biological
      products can be stored in cryostats, it is necessary to reduce the ingress
      of heat from the environment to the cryogenic products. The main share of
      heat admitted to the cryogenic products stored inside the cryostat is
      through heat insulation, the neck, and the stopper, the share of heat
      admitted through the other elements of the cryostat being insignificant.
      If highly effective thermal insulating materials in combination with
      vacuum between its layers are used, the main share of heat will enter the
      storage vessel through its neck and the stopper. Therefore, in designing
      the cryostat according to this invention, in order to increase the term
      during which bioproducts can be stored in the cryostat, we aimed our
      efforts at decreasing the amount of heat that penetrates into the vessel
      through its neck and the stopper.
PAR  We have found that the heat ingress through these elements of the cryostat
      can be minimized in the first instance by making the neck and the stopper
      of materials having low thermal conductivity (0.4 W/m .times. degree and
      0.05 W/m .times. degree respectively) and in the second hand by utilizing
      the cold of the cryogenic product vapor to chill these elements. In other
      words, in working out the proposed cryostat we suggested that the vapor of
      the cryogenic product might be withdrawn from the vessel so that as it
      issues from the neck of the vessel into the atmosphere, its temperature is
      levelled with that of the ambient air due to the heat exchange with the
      surfaces of the neck and the stopper.
PAR  Investigations have shown that as the vapor of the cryogenic product is
      withdrawn from the vessel through a helical channel, the cold of the vapor
      is not utilized completely, since the amount of the heat-exchange surface
      is limited by the length of the vessel neck. We propose therefore that the
      length of the heat-exchange section should be increased to the required
      value by making the channel for withdrawal of the cryogenic product vapor
      in the form of the helical channel 4 made in between the neck 2 of the
      vessel and the stopper 3.
PAR  Said helical channel 4 can be formed, according to this invention, either
      by a helical groove on the surface of the neck 2 (FIG. 2) or by a groove
      made on the surface of the stopper (FIG. 1).
PAR  The geometrical dimensions of the channel 4 were determined from the
      following requirements: firstly, the vapor of the cryogenic product should
      not build up excess pressure inside the vessel 1, in other words, the
      hydraulic resistance of the channel (which depends on the cross-section of
      the channel and its length) should correspond to the evolution rate of
      vapor of the cryogenic product, which in turn depends on the amount of
      heat that comes in contact with the cryogenic product, on the heat of
      evaporation, and on the density of the cryogenic product; secondly, the
      length of the channel 4 should be so selected that, as the vapor of the
      cryogenic products passes through the channel, all cold could be given off
      to the neck and the stopper, and hence the amount of heat that penetrates
      into the vessel should be minimized.
PAR  The invention provides for making two or more helical channels in cases
      where it is impossible to meet the contradictory requirements, since in
      order to decrease the hydraulic resistance of the channel 4 it is
      necessary to increase its cross section and to shorten its length, while
      in order to provide for an effective cooling of the neck and the stopper,
      it is necessary to decrease the cross-section of the channel and to
      increase its length.
PAR  The channel intended to withdraw the vapor of the cryogenic product made
      according to the proposed invention decreases the loss of cold (to
      decrease the loss of nitrogen to 0.283 liters per day) and makes it
      possible to keep biological products in cryostats having a capacity of 34
      liters for as long as 120 days.
PAR  The vessel 1, intended to store the cryogenic product, is insulated with a
      vacuum-tight coat 5 (FIGS. 1 and 2) made of aluminum or other alloys
      having a specific gravity of 2.63 - 2.7 and an ultimate strength of 19-32
      kg/sq-mm. The vessel 1 is fixed in the vacuum-tight coat 5 along its neck
      2. The space between the vessel 1 and the vacuum-tight coat 5 is filled
      with a vacuum-multilayer insulation 6 (FIGS. 1 and 2) which is, for
      example, goffered polyethylene terephthalate film aluminized on both sides
      and backed with glass cloth.
PAR  The vessel 1 holds several containers, the cups of which are intended to
      hold ampoules with biological materials. The containers are fixed inside
      the vessel 1 by slots 8 (FIGS. 1 and 2) located in the upper part of the
      vessel neck 2.
PAR  The proposed cryostat (See FIG. 1) is used as follows.
PAR  The cryogenic product, for example, liquid nitrogen is poured into the
      vessel 1, having a capacity of 34 liters, through the neck 2 of the vessel
      1 insulated with vacuum-multilayer insulation 6 and placed in vacuum-tight
      coat 5. As the cryogenic agent is loaded into the cryostat, an adsorption
      pump 9 (FIG. 1) located on the outside surface of the vessel 1, and
      intended to keep a vacuum of not lower than 1.times.10.sup.-.sup.4 mm Hg
      in the space between the vessel 1 and the vacuum-tight coat 5, is started.
      The adsorption pump 9 keeps the specified vacuum throughout the time
      during which the cryogenic product is present in the vessel 1 to ensure
      the efficiency of the vacuum-multilayer insulation 6.
PAR  The containers 7 are placed into the vessel 1, loaded with liquid nitrogen,
      through the neck 2, with the aid of rods 10 (FIG. 1). The position of the
      containers 7 in the vessel 1 is fixed with the aid of the rods 10 and the
      slots 8. Then the stopper 3 in tightly inserted into the neck 2. There is
      a helical groove on the surface of the stopper 3, owing to which the
      helical channel 4, having the dimensions of 5 .times. 5 .times. 1300 mm,
      is formed between the inner surface of the neck 2 and the stopper 3.
PAR  The vapor of liquid nitrogen passes from the vessel along this channel 4 to
      chill the neck 2 and the stopper 3; at the same time the nitrogen vapor is
      heated by the heat that comes from the environment to the neck and the
      stopper. The length of the helical channel 4 (1300 mm) ensures complete
      utilization of the cold of the nitrogen vapor and hence the heat ingress
      through the neck 2 and the stopper 3 is minimized.
PAR  Biological materials can be stored in the proposed cryostat for periods not
      less than 120 days.
PAR  The vacuum in the cavity between the vessel 1 and said vacuum-tight coat 5
      is ensured by a device 11.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cryostat comprising a thermally insulated vessel for storing cryogenic
      products including a neck, said vessel being made of a material with a
      heat conductivity not exceeding 0.35-0.4 W/m degree and a tensile strength
      of 10-20 kg/mm.sup.2 ; a non-metallic stopper having a solid
      cross-sectional area made of a material having a heat connductivity not
      exceeding 0.03-0.05 W/m degree and a tensile strength of 5-15 kg/mm.sup.2,
      said stopper being tightly fitted into said neck of said thermally
      insulated vessel; a helical channel being formed between said stopper and
      the inner surface of said neck, said channel beginning at one end of said
      stopper and terminating at the other end thereof for removing vapor of the
      evaporating cryogenic products into the ambient atmosphere, the ratio of
      the length of said channel to the cross-sectional area being such that
      excessive vapor pressure of the evaporating cryogenic products in said
      vessel is eliminated, while the temperature of said vapor at the outlet of
      said neck corresponds to the temperature of the ambient atmosphere.
NUM  2.
PAR  2. A cryostat as claimed in claim 1, wherein said helical channel is formed
      by a helical groove provided in the surface of the stopper and by the
      inner surface of the neck of the thermally insulated vessel.
NUM  3.
PAR  3. A cryostat as claimed in claim 1, wherein said helical channel is formed
      by a helical groove provided in the inner surface of the neck of the
      thermally insulated vessel and by the surface of the stopper.
NUM  4.
PAR  4. A cryostat as claimed in claim 1, wherein the ratio of the cross section
      of said channel to its length is equal to 1:52 respectively.
NUM  5.
PAR  5. A cryostat as claimed in claim 1 comprising thermal insulation on said
      vessel and a vacuum-tight coating on the insulation.
NUM  6.
PAR  6. A cryostat as claimed in claim 1 wherein the cross-section of the
      channel is 5.times.5 mm and the length of the channel is 1300mm.
NUM  7.
PAR  7. A cryostat as claimed in claim 1 wherein said vessel is aluminum.
NUM  8.
PAR  8. A cryostat as claimed in claim 1 wherein said stopper is constituted of
      a synthetic resin plastic.
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ABST
PAL  Level control apparatus for cyrogenic liquids having a cryogenic liquid.
      Means is provided for introducing cryogenic liquid into the chamber and
      outlet means is provided to permit removal of the cryogenic liquid from
      the chamber. Level sensing means is mounted on the flask and has a probe
      extending into the chamber so that it will come in contact with the
      cryogenic liquid when the cryogenic liquid reaches a predetermined level
      within the chamber. The probe includes a thermocouple with a resistor
      secured to the thermocouple for heating the thermocouple. When the
      resistor is in contact with the cryogenic liquid, the thermocouple remains
      cold and provides a signal of one type. When the resistor is uncovered by
      the cryogenic liquid and the thermocouple becomes hot, a signal of a
      different type is provided. The signals from the thermocouples are
      utilized for controlling the entrance of the cryogenic liquid into the
      chamber and to maintain the liquid level at a predetermined level within
      the chamber. Two thermocouples and two resistors are utilized for the
      probe means to greatly reduce the cycling required for operating the
      filling means for the chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Level control apparatus has heretofore been provided for cryogenic liquids.
      However, many problems have been encountered with the same. Their action
      has been erratic causing much spillage and wastage of the cryogenic
      liquid. In addition, they have been relatively insensitive to liquid
      levels. They have also required a great deal of maintenance which has made
      it necessary to shut down the equipment with which they are utilized.
      There is, therefore, a need for a new and improved liquid level control
      apparatus and method for cryogenic liquids.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The level control apparatus for cryogenic liquid is comprised of an
      insulated flask having a chamber for holding a cryogenic liquid. Inlet
      means is mounted on the flask introducing the cryogenic liquid into the
      chamber. Outlet means is mounted on the flask to permit the cryogenic
      liquid to be removed from the flask. Level sensing means is mounted in the
      flask and has a probe extending into the chamber so that it comes in
      contact with the liquid when the liquid reaches a predetermined level in
      the chamber. The probe includes a thermocouple producing an output voltage
      of one polarity when it is at a temperature near that of cryogenic liquid
      and a voltage of opposite polarity when it is at a temperature which is
      substantially above that of the cryogenic liquid. The probe means also
      includes heating means connected to the thermocouple for heating the
      thermocouple. The heating means is adapted to come into contact with
      cryogenic liquid when it reaches the predetermined level. The signal from
      the thermocouple is utilized for controlling the flow of cryogenic liquid
      into the chamber so that the liquid level in the chamber is maintained
      above a predetermined level.
PAR  In general, it is an object of the present invention to provide a liquid
      level control system and method for cryogenic liquids which is very
      reliable.
PAR  Another object of the invention is to provide an apparatus and method of
      the above character which greatly reduces usage and waste of the cryogenic
      liquid.
PAR  Another object of the invention is to provide an apparatus of the above
      character which is relatively maintenance-free.
PAR  Another object of the invention is to provide an apparatus and method of
      the above character in which the cycle is readily controllable.
PAR  Another object of the invention is to provide an apparatus and method of
      the above character which is operable over long periods of time.
PAR  Another object of the invention is to provide an apparatus and method of
      the above character in which atmospheric air is prevented from entering
      the apparatus after it is placed in operation.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiment is set forth in
      detail in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the Dewar flask forming a part of the level
      control apparatus incorporating the present invention.
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a circuit diagram of the level control apparatus in which certain
      of the parts are schematically illustrated.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The level control apparatus for cryogenic liquids for use with a vacuum
      chamber consists of a Dewar flask or vessel 11 which consists of first and
      second containers or cylinders 12 and 13 with the second container being
      disposed within the first container and having a size which is less than
      that of the first container. The outer or first container 12 is provided
      with a cylindrical side wall 14, planar top and bottom walls 16 and 17.
      Similarly, the inner or second container 13 is provided with a cylindrical
      side wall 18 and top and bottom walls 19 and 21. From the foregoing, it
      can be seen that the first and second containers 12 and 13 form first and
      second chambers 22 and 23 which are closed with the exit and entrance
      ports as hereinafter described. By way of example, the inner cylinder or
      container 13 can have a size such as 9 in. in diameter and 10 in. in
      height, whereas the first or outer container 12 can have a diameter of
      approximately 10 in. and a height of approximately 11 in., thus providing
      approximately 1/2 inch spacing between the side walls 14 and 18 and the
      top and bottom walls.
PAR  The space 22 between the containers 12 and 13 is evacuated after the
      fabrication of the Dewar flask or vessel 11 has been completed to a
      suitable vacuum ranging from approximately 10 to 1 microns. This is to
      provide insulation in a manner well known to those skilled in the art.
      Additional insulation is provided by placing two sheets of a metallic foil
      26 of a suitable material such as aluminum in the space between the first
      and second containers as shown in the drawing. The aluminum foil 26 can
      have a thickness ranging from 0.003 to 0.005 of an inch. The aluminum foil
      preferably is wrinkled to minimize physical contact between surfaces.
PAR  Means is provided for introducing a cryogenic liquid, such as liquid
      nitrogen (LN.sub.2) into the chamber 23, and consists of an inlet assembly
      28 which is mounted in the top walls 16 and 19. The inlet assembly 28
      consists of an inlet tube 29 which is connected to an elbow 31. The elbow
      31 is connected to a fitting 32 which is threaded onto one end of an
      electrically operated solenoid valve 33. The other end of the valve 33 is
      connected to a fitting 34. The fitting 34 is connected to a line 36 which
      is insulated and which is connected either into a manifold or into a tank
      (not shown) which serves as the source for the cryogenic liquid. A
      electrical fitting 37 is connected to the solenoid operated valve 33 and
      is connected by a cable 38 to suitable electrical controls, hereinafter
      described. A sleeve 39 is concentric with the tube 29 and extends through
      the top walls 16 and 19 and is secured thereto by suitable means such as
      heliarc welding to provide a vacuum-tight seal. The sleeve 39 is open at
      its lower extremity and opens into the chamber 23. The upper end of the
      sleeve is provided with a cap 41 through which the tube 29 extends and
      into which it is sealed to provide a vacuum-tight seal. A diffuser
      assembly 42 is mounted on the lower extremity of the inlet tube 29 and
      consists of a cup-shaped cylinder 43 slightly smaller in size than the
      cylinder 39. The cup-shaped cylinder 43 is open at its bottom end and
      opens into the chamber 23. A circular diffuser plate 44 which is V-shaped
      in cross-section is secured to the lower extremity of the cylinder 43 by
      suitable means such as welding. As can be seen from FIG. 2, the V-shaped
      plate 44 has its apex secured to the lower extremities of the cylinder 43
      and extends diametrically thereof. As also can be seen from FIG. 2, the
      sides of the plate are inclined downwardly away from the lower extremities
      of the cylinder 43 so that liquid nitrogen being introduced through the
      tube 29 diffuses outwardly in a circumferential fashion from the diffuser
      assembly 42 to provide a generally cone-shaped discharge from the diffuser
      assembly 42. It can be seen that the tube 29 and the diffuser assembly 42
      are positioned in such a manner that the cryogenic liquid is discharged
      near the upper end of the chamber 23.
PAR  Means is provided for permitting the cryogenic liquid to flow by force of
      gravity from the Dewar flask 11 and consists of a tube 46 which serves as
      an inner bottom neck secured by suitable means such as welding to the
      bottom wall 21. The tubular member or neck 46 opens into the lower
      extremity of the chamber 23 as can be seen from FIG. 2. The lower
      extremity of the member or neck 46 is flanged outwardly and is secured to
      the lower extremity of an outer tube 47 which is secured to a flange 48
      mounted on the bottom wall 17. As can be seen from FIG. 2, there is
      provided a concentric space 49 between the outer tube 47 and the inner
      tube 46 which is open to the space 22 and is thus evacuated as is the
      space 32. Another flange 51 is secured to the flange 48 by cap screws 52.
      O-ring means 53 is provided for establishing a vacuum-tight seal between
      the flanges 51 and 48. An elbow 54 is secured to the flange 51 and
      receives the lower extremity of the outer tube 47. The elbow 54 is
      connected into the trap of a vacuum pump 56 of a conventional type. The
      vacuum pump 56 is connected to a vacuum chamber 57 of a coating machine of
      a conventional type.
PAR  Vent pipe means is provided for venting the second chamber 13 to the
      atmosphere and consists of a cylindrical member or tube 61 which is
      mounted in the top walls 16 and 19 and opens into the upper extremity of
      the chamber 23 within the second container 13. The upper end of the
      cylindrical member 61 is closed by a plate 62. The vent pipe means also
      includes a vent pipe section 63 connected to the cylindrical member 61 and
      opens into the cylindrical member 61. The vent pipe section 63 is
      connected to another vent pipe section 64 which extends downwardly at
      right angles to the horizontal vent pipe section 63. The vent pipe section
      64 is of such a length so its lower extremity is generally flush with the
      lower extremity of the Dewar flask 11.
PAR  Means is provided for recirculating cryogenic liquids which may boil off in
      the trap and consists of a pipe 66 which has one end threaded into the
      trap of the pump 66 and which has the other end connected to the vertical
      sleeve 39. Thus, it can be seen that any of the cryogenic liquid which is
      boiled off is returned through the pipe 66 to the sleeve 39 and is
      reintroduced into the chamber 23 so that it is not wasted.
PAR  A level sensing assembly 71 is mounted on the Dewar flask 11. It consists
      of a cylindrical sleeve 72 which is mounted in the top walls 16 and 19 and
      which is provided with a flange 73. A flange 74 is mounted on the flange
      73 and is secured thereto by cap screws 76. The flange 74 carries a pair
      of fittings 77 which form a vacuum-tight seal with respect to the flange
      74. The fittings 77 carry probe means and first and second thermocouple
      assemblies 78 and 79 which form lower and upper probes respectively. The
      thermocouple assemblies 78 and 79 carry heating means in the form of
      resistors 81 and 82, respectively on the lower extremities thereof. As
      will be noted from FIG. 2, one of the thermocouple assemblies 79 is
      substantially shorter than the other thermocouple assembly 78 for a reason
      hereinafter described. Generally, the thermocouple assemblies 78 and 79
      have such a length os that the heating means 81 and 82 carried thereby are
      generally disposed at two separate levels within the chamber 23 with one
      of the levels representing the predetermined or desired low level for the
      liquid 83 as represented by the line 84 being sensed by the resistor 81
      and the associated thermocouple assembly carried by the thermocouple
      assembly 78 and the high level mark for the liquid 83 as represented by
      the mark 86 being sensed by resistor 82 and the associated thermocouple
      assembly.
PAR  The thermocouple assemblies 78 and 79 are provided with additional fittings
      88 which carry a plate 89 that has a connector 91 mounted thereon. The
      connector 91 is provided with two pins 92 and 93 in which pin 92 is
      connected to ground as represented by the plate 89 and pin 93 is connected
      to a wire 94 which extends through a sleeve 96 mounted in the flange 74.
      The wire 94 is provided with an expansion loop 97 within the sleeve 72 and
      is connected to the resistor 82. Another wire 98 connects the wire 94 to
      the resistor 81. The connector 91 is connected to another connector 99
      which is connected by a cable 101 to a source of power. Connectors 102 and
      103 are mounted on the thermocouple assemblies 78 and 79 and are connected
      to connectors 104 and 106 respectively. The connectors 104 and 106 are
      connected by cables 107 and 108 to circuitry hereinafter described.
PAR  The level sensing assembly 71 is connected to a control cabinet (not shown)
      which contains the circuitry which is shown in FIG. 3.
PAR  Baffle means 111 is provided in the chamber 23 for surrounding the
      thermocouples and consists of a baffle plate 112 which is generally
      V-shaped in cross-section as shown in FIG. 1 and which has outer toe
      portions 112a that are secured to the inner surface of the side wall 18 by
      suitable means such as spot welding. The baffle plate 112 extends the
      length of the inner chamber 23 (see FIG. 2). Half-moon shaped openings 113
      are formed in the upper and lower extremities of the baffle plate 112. The
      lower half-moon shaped openings 113 in the baffle provide the only access
      for the liquid within the flask 11 to reach the thermocouples 78 and 79,
      whereas the upper half-moon shaped openings 113 serve as the only escape
      for generated gases. As hereinafter explained, the purpose of the baffle
      means 111 is to minimize as mush as possible the turbulence of the liquid
      in the vicinity of the thermocouples and thereby prevents erratic heating
      and cooling of the resistors 81 and 82 which could give false level
      indications.
PAR  Operation of the level control apparatus and method for cryogenic liquids
      may now be briefly described as follows in connection with the circuitry
      which is shown in FIG. 3 and which is normally mounted in a control box or
      boxes as represented by the equipment or apparatus which is enclosed
      within the broken line boxes or rectangles 116 and 117 shown in FIG. 3.
PAR  By way of example, the thermocouples can be of the Thermoelectric No. 41401
      type. The solenoid identified as SOL for the solenoid operated valve 33
      can be a VAlcor No. 90C89C-7A. A meter relay identified as MB1 is provided
      within the box 116. The meter relay MB1 is a Model API with a double set
      point and is provided with a scale 121 and a needle 122. Two set point
      indicators 123 and 124 are provided in which the indicator 123 is the
      lower set point indicator and the indicator 124 is the upper set point
      indicator. Contacts 5, 6 and 7, and movable arm 8 are associated with the
      upper set point indicator 124 and the set of contacts 1, 2, 3, and movable
      arm 4 are associated with the lower set point indicator 123. In addition,
      in the box 116, a transformer T1 is provided for reducing the voltage from
      115 volts to the desired voltage as, for example, 28 volts. A lamp L is
      provided to give an indication when the transformer is energized. A relay
      K1 is provided and has two sets of contacts K1A and K1B.
PAR  In box 117, switch SW1 and pushbutton PB1 are provided in which SW1 is for
      the application of power and PB1 is provided for silencing the alarm. A
      red lamp is provided for giving an indication when the source of cryogenic
      liquid is empty and the white light W is provided to give an indication
      when the flask is being filled. A timer TD-1 has a set of contacts TD-1A.
      A buzzer BU is provided for giving an audible alarm.
PAR  In connection with the description of the operation of the level control
      apparatus and the method utilized in connection therewith, it should be
      appreciated that the thermocouple assemblies are sources of EMF and that a
      thermocouple normally generates a potential of one polarity above room
      temperature but when the thermocouple is cooled below room temperature,
      the polority reverses.
PAR  Let it be assumed that the liquid level in the chamber 23 is at a level
      between the lower limit represented by the line 84 and the upper limit
      represented by the line 86 as, for example, a mid-point as represented by
      the line 126. When this is the case, the indicating needle 122 of the
      meter relay MR1 is between the set points 123 and 124. The relay K1 is not
      energized which means that its contacts K1B are opened and, therefore, no
      energy is being supplied to the solenoid SOL and, therefore, the solenoid
      valve 33 is closed.
PAR  As the cryogenic liquid is utilized, the level falls within the chamber 23.
      The resistors 81 and 82 have a suitable value as, for example, 100 ohms.
      As the level continues to drop within the chamber 23 to the level
      represented by line 84, the liquid applies less and less cooling to the
      resistor 81 so that the thermocouple 78 is heated up and a potential is
      applied to the meter relay MR1 causing needle 122 to cross set point 124,
      which causes arm 8 to move over to contact 5 and energizes the relay K1
      from the 115 VAC supply through contact 3, arm 4, contact 2, contact 7,
      arm 8 and contact 5 through relay K1 to ground. As soon as relay K1 is
      energized, contacts K1B are closed which energizes the solenoid SOL that
      operates the solenoid operated valve 33 to open the same to permit the
      cryogenic liquid to enter the chamber 23 through the inlet tube 29. At the
      same time that the contacts K1B are closed, the contacts K1A are closed to
      established a self-locking circuit for maintaining energization of the
      relay K1.
PAR  As soon as the cryogenic liquid as, for example, liquid nitrogen, enters
      the chamber 23, the level of the liquid will rise above the level 84 and
      the resistor 81 for the thermocouple 78 will agian be covered and become
      cold to cause the meter relay MR1 needle 122 to cross set point 124 and
      cause arm 8 to move from the contact 5 to contact 6. However, relay K1 is
      not deenergized because it is held in an energized position by the hold or
      lock-up circuit formed by the relay contacts K1A. Thus, once the relay K1
      is energized, it remains energized as does the solenoid SOL.
PAR  Therefore, cryogenic liquid continues to flow into the chamber 23 and the
      level continues to rise until the upper resistor 82 is cooled by the
      cryogenic liquid. When the cryogenic liquid has reached a certain level
      as, for example, the level 86 within the container 23, this causes a
      deflection of the needle 82 to the left as viewed in FIG. 3. This
      continues until the lower set point indicator 123 is reached, at which
      time the meter relay MR1 causes its movable arm 4 to move from contact 3
      to contact 1 to open the circuit which energizes the relay K1. This causes
      deenergization of the relay K1 to open its contacts K1A and K1B which, in
      turn, causes deenergization of the solenoid SOL to stop the fill cycle.
      The movable arm 4 switches from contact 1 to contact 3 as soon as the
      liquid level has dropped sufficiently to permit the resistor 82 to become
      hot and the arm 4 will remain in this position until the end of a fill
      cycle is again reached as hereinbefore explained.
PAR  During most of the time, the needle 122 is relatively stationary between
      the upper and lower set points. The needle begins to move to the right
      after the resistor 81 is cleared of cryogenic liquid and starts becoming
      hot and heating up the thermocouple 78. As soon as the needle crosses the
      set point represented by the indicator 124, the connection is made between
      contacts 7 and 5 which cause energization of relay K1 as hereinbefore
      described. As soon as the cryogenic liquid flows into the chamber and
      re-immerses the resistor 81, the needle 122 swings to the left. It crosses
      the set point represented by the set point indicator 124 but does nothing
      because the opening of the connection between contacts 7 and 5 has no
      effect on relay K1. The needle 122 then returns to approximately mid-point
      position and remains there during the remainder of the fill cycle. When
      the upper resistor 82 of the thermocouple 79 forming the upper probe
      starts becoming cold, the needle 122 swings to the left. When it crosses
      the set point represented by the set point indicator 123, the connection
      between contacts 2 and 3 opened to deenergize the relay K1 and the
      solenoid SOL. Both of the probes or thermocouples 78 and 79 are now cold
      and the needle 122 remains in the left position or at a -4.
PAR  As the cryogenic liquid is utilized, the chamber 23 and the resistor 82 are
      uncovered, the upper probe or thermocouple 79 will again become hot and
      the needle 122 will swing to the right and will come to a rest position at
      minus 11/2  which is a condition represented by one probe being hot and
      one probe being cold.
PAR  In connection with the present apparatus, it should be appreciated that
      there is a certain amount of coasting because it takes time to cool off a
      probe or to heat a probe to the desired temperature so that the level is
      still changing while this is occurring. Switching action by the meter
      relay MR1 takes place when the indicating needle which measures the
      thermocouple voltage crosses either the upper or lower set points. The
      visual display provided by the meter relay MR1 is not required but it does
      provide a visual check on the operation of the apparatus.
PAR  The visual display provided by the light R and W and the audible alarm
      provided by the buzzer BU are provided to give indications to the operator
      so that when the source of cryogenic liquid has been exhausted, he must
      take steps to replace the source. Thus, for example, if liquid nitrogen is
      being utilized and kept in bottles, this permits the operator to change
      bottles of liquid nitrogen. With the present arrangement, there are
      approximately 4 minutes provided for such a purpose. If the liquid
      nitrogen is not supplied from the source within a predetermined time as,
      for example, 4 minutes, the timer TD-1 will time out to close its contacts
      TD-1A, and will give such an indication by the buzzer BU and the red light
      R. The buzzer BU and the red light can be turned off by operating the
      pushbutton PB2. Thus, the pushbutton PB2 serves as a silencing pushbutton
      and, in addition, it serves as a reset pushbutton.
PAR  The light W is a white light and is lit when the trap is being filled with
      the cryogenic liquid. The switch SW1 is provided for turning power on to
      the apparatus and a white light W is provided to give an indication when
      the apparatus has its power turned on.
PAR  It is apparent from the foregoing that there has been provided a level
      control apparatus and method for cryogenic liquids which is particularly
      useful in connection with vaccum equipment as, for example, vacuum
      chambers which are utilized for coating operations. During a major portion
      of the time as, for example, 95% of the time, the level control apparatus
      remains in a condition in which one of the thermocouples or probes is hot
      and the other is cold. By way of example, when a thermocouple is heated,
      it puts out approximately 8 millivolts in its normal polarity, whereas
      when it is cooled with a cryogenic liquid it puts out 8 millivolts in
      reverse polarity. In the situation in which the liquid level is between
      the two thermocouples, the outputs cancel each other. When both of them
      are hot, they are additive in one direction and when both of them are
      cold, they are additive in the opposite direction.
PAR  As the cryogenic liquid is being introduced into the chamber 23 through the
      inlet pipe 29, it is diffused by the diffuser assembly 42. The V-shaped
      diffuser plate 44 serves to prevent turbulence and atomizing of the liquid
      to thereby minimize boil-off. The cryogenic liquid will tend to take a
      downward path and rebound off of the wall of the second container 13 and
      be directed downwardly toward the liquid in the tank to thereby inhibit
      undue boil-off with its inherent waste of the cryogenic liquid.
PAR  To improve the accuracy of the level control apparatus, the baffle plate
      112 has been provided which completely encloses the thermocouple
      assemblies or probes 78 and 79. The only entrance for the liquid so that
      it can come in contact with the thermocouples is through the half-moon
      holes 113 provided in the baffle 112 at the bottom of the second container
      13. Any gas which is generated must exit through the half-moon openings
      113 provided at the top of the baffle 112 and the second container 13. The
      baffle 112 serves to prevent any sporadic change in the liquid level or
      turbulence in the main chamber from substantially affecting the capability
      of the thermocouples for accurately sensing thhe level of the liquid in
      the chamber 23. This serves to prevent erratic operation of the
      thermocouples.
PAR  The cryogenic liquid is maintained at a level in the Dewar flask or vessel
      11 so that there is always an adequate supply for the trap of the pump 56.
      As pointed out previously, the trap of the pump can be vented to the Dewar
      itself or to the pipe 66 so that any boil-off occurring within the trap
      can either bubble up into the liquid level within the Dewar flask 11 by
      coming up through the inner tubular member 46, or alternatively, a
      separate pipe can be provided which is connected into the trap and vented
      into the pipe 66 in the sleeve 39 so that it will be introduced into the
      Dewar flask.
PAR  With the arrangement shown, the entry of water into the Dewar flask is
      minimized while still providing adequate venting. As long as there is a
      cryogenic liquid present in the trap or in the Dewar flask, there will
      always be a certain amount of gas present in the Dewar flask which will
      create a positive pressure inside the Dewar flask. When this is the case,
      no air will enter the Dewar flask and, therefore, consequently no
      condensation will form and water droplets cannot enter the Dewar flask as
      long as there is such a positive pressure.
PAR  It is apparent from the foregoing that the level control apparatus of the
      present invention has a number of outstanding advantages. One of the
      principal advantages is that it has a relatively simple construction so
      that it is practically maintenance-free. Since the filling cycle is very
      reliable, there is no spillage from overfilling. In addition, boil-off
      from the Dewar flask itself is minimized because of the evacuation
      provided for the Dewar flask and also because of the internal shielding
      provided by the layers 26. By way of example, it has been found that the
      use of a level control apparatus of the present type in conjunction with
      vacuum type coating equipment results in savings as high as 50% in the
      amount of liquid nitrogen consumed in a particular coating machine.
PAR  Because of the baffling provided, the liquid level sensors can sense the
      liquid level quite readily and, therefore, ensure that filling of the
      Dewar flask will occur at the proper times and that overfilling will not
      occur.
PAR  Considerable effort has been utilized in the fabrication of the Dewar flask
      to ensure reliability. There are no mechanical joints which can come
      loose. All the joints have been heliarc welded. All leads have been silver
      soldered in place. Leads have been provided with shock loops to
      accommodate any expansion or contraction which occurs. In addition, it can
      be seen that the resistors 81, 82 are directly silvered to the bottom of
      the thermocouple or probe to obtain better conduction from the resistor
      and the thermocouple. This also makes possible faster response times.
PAR  It is very important for operation of the solenoid that air which could
      contain moisture does not come in contact with the solenoid. Such moisture
      could condense out and cause the valve to freeze up and impair its
      operation. Thus, by ensuring that the cryogenic liquid always will be
      present in the Dewar flask, a positive pressure will be present in the
      flask to prevent air from entering the flask.
PAR  It should be appreciated that, if desired, a single thermocouple and
      heating means can be utilized for such a purpose. However, this has a
      disadvantage in that the liquid level could vary a small amount before the
      thermocouple would create a change in voltage output which, in turn, could
      be utilized for energizing a solenoid to cause filling of the chamber.
      This would necessitate filling at very frequent intervals with consequent
      cycling of the solenoid and could radically decrease its lifetime. With
      the arrangement disclosed in the drawings in which two thermocouples and
      two heating means are provided with such thermocouples, the cycle time can
      easily range from 15 to 20 minutes with a consequent substantially lesser
      wear and tear on the solenoid which should mean that the solenoid and the
      level control apparatus should be relatively trouble-free for a period of
      3 or 4 years or greater.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a level control apparatus for a cryogenic liquid, a source of
      cryogenic liquid, an insulated flask having a chamber for holding a
      cryogenic liquid, inlet means mounted on the flask for introducing a
      cryogenic liquid into the chamber, outlet means mounted on the flask for
      permitting cryogenic liquid to be removed from the flask, first and second
      probe assemblies mounted in the flask and having their lower extremities
      at different elevations within the chamber which are adapted to be covered
      by the cryogenic liquid within the chamber, each of said probe means
      including thermocouple means for generating a voltage in response to
      temperature and heating means for generating heat and supplying the same
      to the thermocouple means whereby the thermocouple means produces a signal
      of one type when the heating means is in contact with the cryogenic liquid
      and a signal of a different type when at least a portion of the heating
      means is out of contact with the cryogenic liquid, and means responsive to
      the signals from said thermocouple means of the first and second probe
      assemblies for automatically controlling the flow of cryogenic liquid from
      said source into said inlet means, said means responsive to the signals
      from said thermocouple means in said first and second probe assemblies
      including a meter relay having upper and lower set points corresponding to
      two temperatures, one hot and one cold, with the hot temperature being
      reached when the heating means for both of said first and second probe
      assemblies are no longer covered by the cryogenic liquid and with the cold
      temperature being reached when the heating means for both of said first
      and second probe assemblies are substantially covered by said cryogenic
      liquid, solenoid operated valve means connected between the source and the
      inlet for controlling the flow of cryogenic liquid from said source to
      said inlet and relay means responsive to the meter relay for controlling
      operation of said solenoid operated valve means whereby filling of chamber
      with cryogenic liquid from said source is started when the upper set point
      is reached and continues until the lower set point is reached.
NUM  2.
PAR  2. Level control apparatus as in claim 1 together with alarm means and
      means for actuating said alarm means within a predetermined period of time
      after the upper set point is reached and no cryogenic liquid has entered
      the chamber.
NUM  3.
PAR  3. Level control apparatus as in claim 1 wherein said heating means is in
      the form of a resistor directly connected to the thermocouple means.
NUM  4.
PAR  4. Level control apparatus as in claim 1 together with baffle means for
      protecting said heating means from turbulence and wave motion of the
      cryogenic liquid in the chamber.
NUM  5.
PAR  5. Level control apparatus as in claim 4 wherein said baffle means
      comprises a member extending the height of said chamber and surrounding
      said probes, said baffle means having relatively small openings therein so
      that the cryogenic liquid in the vicinity of the probes is maintained
      relatively free of erratic movement of the cryogenic liquid.
NUM  6.
PAR  6. Level control apparatus as in claim 1 wherein said inlet means includes
      an inlet pipe, a diffuser assembly mounted on the inlet pipe and diffusing
      the cryogenic liquid outwardly and downwardly against the side walls of
      the Dewar flask.
NUM  7.
PAR  7. Level control apparatus as in claim 1 wherein said flask is in the form
      of first and second containers with an evacuated space therebetween and
      foil means disposed in said space.
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ABST
PAL  A simple climate control device is disclosed which can independently, or
      jointly, to the degree desired, ventilate and/or dehumidify and/or cool a
      dwelling. The device provides a way of supplying fresh outside air to a
      building or other space at a preferred humidity level while optionally
      cooling the inside air, and as desired dehumidifying the inside air to
      maintain the inside environment at a preferred temperature and at a
      preferred relative humidity, with gradual displacement of stale air by
      fresh air.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to refrigeration air conditioners and to
      dehumidifiers.
PAR  Conventional home air conditioners regardless of their type, generally have
      a constantly blowing room air fan, circulating air from the room, through
      the evaporator coil, and back into the room. The temperature of the room
      being controlled by turning the compressor on and off, to occasionally
      cool the evaporator coil below the room air temperature, sufficiently and
      frequently enough to cool the room air to the desired temperature.
PAR  Due to their design, however, it can be seen that such air conditioners are
      totally incapable of dehumidifying inside room air unless they are in the
      cooling portion of the cycle, and incapable of dehumidifying any outside
      fresh air they bring in unless they are in the cooling portion of the
      cycle. Conventional home air conditioners are therefore especially useless
      on a day when the outside temperature is say 67.degree.F and it is raining
      with a 100% relative humidity at that 67.degree.F. The air conditioner
      cannot dehumidify the room air or ventilate the dwelling with dehumidified
      air because it is not in a cooling cycle, so the dwelling becomes humid,
      and uncomfortable for occupancy even though the dwelling is not actually
      too warm.
PAR  Large complicated and expensive systems have been designed to adequately
      cool, ventilate, and dehumidify, but their cost is prohibitive to most
      homeowners.
PAR  It is one object of this invention to provide a simple and inexpensive
      fresh air ventilating system for a dwelling to be used in both the cold
      wintertime and in the hot humid summertime where excessive relative
      humidity of that fresh air can be optionally reduced without cooling the
      dwelling.
PAR  It is another object of this invention to provide a cooling system which
      can cool an otherwise hot and humid dwelling and which also has means to
      optionally choose the relative humidity that such cooling will provide.
PAR  It is a further object of this invention to provide a simple and economical
      system to manufacture which can jointly or independently, to the degree
      desired, ventilate and/or dehumidify and/or cool a dwelling.
PAR  It is a salient object of this invention to provide a device which without
      cooling the dwelling more than desired, can make a dwelling comfortable to
      occupy, by reducing the relative humidity of the dwelling to a
      sufficiently low level as to permit being comforatable in the dwelling
      when it has a higher temperature than would otherwise be desirable thus
      providing a healthier environment while serving electricity.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects as well as numerous other objects, features and
      advantages of the present invention are achieved by providing a method and
      apparatus for bringing in or injecting a limited quantity of outside fresh
      air, passing the fresh air over an evaporator cooling coil to cool the
      injected air to a preset dew point temperature to condense any excess
      moisture from the air, and passing the demoisturized air into an area,
      space, or building or part thereof so that the incoming fresh air has no
      more than the preferred moisture content or relative humidity. The cooling
      of the area to a selected temperature is achieved by controlling the
      volume of room air that is recirculated past the same cooling coil shared
      by the fresh incoming air, so that the room air which is recirculated also
      has any excess moisture condensed therefrom to maintain the inside
      environment of the space or room at no more than a preferred humidity as
      well as at a preferred temperature. In an exemplary embodiment, an
      evaporator cooling coil of a refrigeration system is maintained at a
      temperature through a coil temperature sensing control device,
      sufficiently low to condense the undesired moisture from any air that
      passes through the coil, and a room or space air temperature sensing
      device selectively controls if, when, and how much volume of inside air is
      forced past the cooling coil to cool the room area, or space as desired.
PAR  Other objects, features, and advantages of the invention will appear or be
      pointed out in the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagramatic representation of the invention showing the various
      mechanical parts located so as to illustrate their function.
PAR  FIG. 2, is a simplified schematic representation of one form of the
      invention.
PAR  FIG. 3 is a simplified schematic representation of a modified form of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the invention applies to any type of air conditioner as well as to
      the separate functions of this climate control, a window installation type
      of unit is shown having the combined functions of the invention in one
      unit to more simply illustrate how the invention differs from conventional
      dehumidifiers and air conditioners.
PAR  The climate control unit invention in the drawing functions in a very
      contrary fashion to conventional self contained, central, or window air
      conditioners. For example, conventional air conditioners constantly
      circulate room air through the evaporator coil and the temperature of the
      room is controlled by cycling the refrigeration system on and off to give
      the amount of cold required for a given situation of room heat input. When
      the coil has cooled the room sufficiently the coil is allowed to be warmed
      up to room temperature by the room air constantly circulating through the
      coil and, undesirably whatever moisture is on the coil, evaporates back
      into the room as room humidity.
PAR  The invention, on the contrary, in its preferred form, provides a
      temperature and air protected evaporator coil which is constantly
      maintained at or below a desired dew point temperature, and the
      temperature in the dwelling space is controlled by cycling the room air
      blower to blow the needed volume of room air through the cold evaporator
      coil and back into the room to get the amount of cold required for a given
      situation of room heat, after which room air ceases to be blown through
      the evaporator coil thus ending the cooling effect and thus preventing any
      condensed moisture on the coil from evaporating back into the room air.
PAR  Looking now at FIG. 1, the unit sets partly inside 44 of the house and
      partly outside 42 of the house as illustrated by the representative house
      wall 42, 44. It could set all inside or all outside with appropriate duct
      work to channel the hot or cold air where desired. In a self contained or
      central air conditioner, proper evaporation coil location with the proper
      pipes to the condenser coil would be employed, or proper ductwork, would
      be employed.
PAR  On the inside side 44 of the house wall is the refrigeration evaporator
      coil 2. This evaporation coil 2 in the preferred form is maintained at a
      selected cool or dew point temperature all the time the unit is in
      operation, regardless of whether it is cooling the room at the time or
      not. Therefore to aid maintaining the evaporator coil at constantly cold
      temperatures, the coil is temperature protected by an insulated enclosure
      8. A swinging door 6 is pivoted at 7 to protect it from undesired air flow
      and remains normally closed. It can be weight counterbalanced or spring
      assisted. It opens only when the room air thermostat requests the room be
      cooled which the thermostat then turns on the fan motor 20 that revolves
      the fan 18 which suction pulls the door 6 open to pump room air 4 through
      the cold evaporator 2 and blow it out into the room as cold air 12. An
      extra volume of uncooled room air 13 is mixed with the cold air 12 to
      alleviate its extreme cold before it is blown out through the room.
PAR  A second but smaller volume fan 22 driven by a small fan motor 24 pumps a
      certain preselected volume of outside fresh air 14 in from the outside of
      the dwelling.
PAR  A fresh air volume limiter shown as a butterfly valve 23, or other
      conventional system, is used to control the desired volume of fresh
      outside air 14 brought in from the outside through opening 10, which small
      volume of fresh air passes through the cold evaporator coil 2, passes up
      through the operating or non-operating fan 18 and out into the room as
      dehumidified fresh air 16. This air 16 can also be mixed with uncooled
      room air 13. A stale air outlet elsewhere in the dwelling or space allows
      the exit of the used air. This is accomplished by the normal cracks and
      crevices in the building, by operating an exhaust fan, by a slightly
      opened window, or by some other suitable air exit.
PAR  In the cooling cycle when fan 18 pumps a large volume of room air 4 through
      the evaporator coil 2, to cool the room with chilled air 12 and also in
      the fresh cycle when only the fresh air fan 22 pumps a much smaller volume
      of outside fresh air 14 in through opening 10 and evaporator 2 and out
      into the room as dehumidified fresh air 16, the evaporator coil 2 is held
      by the refrigeration system to some selected cold temperature range
      employing the dew point principle to provide the relative humidity desired
      in the dwelling. The water condensed from the air falls from the condenser
      2 and collects as water 38 in the bottom of the cold chamber 46. The
      condensed water passes through a water trap 36, to prevent cold air
      leakage at this point, and drains out into the base of the unit and is
      slung and blown through the condenser coil 34 by the fan slinger 28 and
      fan 32, which is revolved by fan motor 40, or simply drains out of the
      bottom of the unit.
PAR  The conventional connecting refrigeration pipes are not shown to avoid
      confusion, and the compressor 26 in the drawing is illustrated as a sealed
      unit type, but it could be any suitable type. This compressor 26 pumps the
      refrigerant around through the evaporator 2 and condenser 34 coils so that
      the various parts act as a refrigerating system to cool the evaporator
      coil 2 surfaces and cold chamber 46.
PAR  The sensing controls and the electrical system is shown in the preferred
      form in FIG. 2 where line voltage is supplied by lines 66, 68, connected
      to the various parts of the unit. The compressor 26 is turned on and off
      to constantly maintain the evaporator coil 2 at a selected cold
      temperature range by an evaporator coil temperature sensor 56 or by an
      evaporator coil 2 pressure sensor or by any other suitable method, to
      control the coil 2 temperature. A room air temperature sensing thermostat
      50 or other conventional room air temperature sensing device when
      necessary, calls for cold and turns on the room air circulating fan 18
      motor 20. In the preferred form it does not directly control the
      compressor 26 of the refrigerating system to cool the room as is
      conventionally done.
PAR  The selected evaporator coil 2 temperature is chosen in relation to the
      relative humidity desired in the dwelling. The temperature in the room is
      controlled by the amount of room air 4, FIG. 1, blown through the cold
      evaporator coil 2, FIG. 2. A colder evaporator coil 2 condenses more
      humidity out of moist air giving a lower relative humidity at room
      temperature than does a warmer evaporator coil 2 temperature. If a
      properly designed evaporator coil is held at 35.degree.F and the fresh air
      fan 22 of FIG. 1 brings in fresh humid outside air 14 to pass through the
      evaporator coil 2, it will enter the room as fresh air 16 having a
      relative humidity of less than 25% after the fresh air temperature has
      been raised in the room to 75.degree.F.
PAR  with a properly designed evaporator coil these same relative humidities are
      provided during the cooling cycle. Such humidity control during cooling is
      often needed under conditions where a large amount of humidity and heat is
      generated within the dwelling itself.
PAR  The evaporator coil 2 FIG. 2 and condenser coil 34 are connected by the
      compressor 26 pipes on one side of the coils and by a capillary tube 62,
      or some other type of expansion valve control on the second side of the
      coils.
PAR  Thus in the preferred form of the invention we see in FIG. 2 that the
      evaporator coil 2 temperature sensor 56 closes contacts to start the
      compressor 26 whenever the evaporator coil 2 gets warmer than desired and
      opens whenever it gets colder than desired. The room air thermostat or
      temperature sensor 50 contacts close when the room gets too warm and the
      blower motor 20, fan 18 recirculates the warm room air past door 6 (FIG.
      1) and through the coil 2 and back into the room to cool the room air.
      When the room air gets cold enough the room air temperature sensor 50
      contacts open and the blower fan 18 stops blowing and the swinging door 6
      closes.
PAR  Looking now at FIG. 2 the power supply lead lines 66, 68 have line switches
      67, 71. The fresh air fan 22, motor 24 is energized by closing switch 71,
      and fresh air is pumped in from the outside. If dehumidification of that
      air is desired as in the humid summertime, switch 67 is also closed to
      activate the refrigeration system to cause the compressor to maintain the
      evaporator coil at the desired dew point temperature range by the coil
      temperature sensor switch or control 56. The condenser coil 34 can be
      cooled by a fan in a conventional manner. No fan is shown to avoid
      confusion.
PAR  FIG. 3 shows a modified sensing and electrical system which does
      essentially the same thing that the system does in FIG. 2. That is, both
      systems limit the room air from being blown through the coil 2 until the
      compressor 26 has cooled the coil 2 to the desired dew point temperature
      chosen to give the desired relative humidity to the cooled room air. Here
      in FIG. 3 the room air temperature sensor 50 contacts close when the room
      air needs to be cooled and the compressor 26 motor starts and refrigerant
      is liquified to cool the evaporator coil 2. When the evaporator coil 2
      becomes sufficiently cold to be at the desired dew point temperature, the
      coil temperature sensor 64 contacts close and the blower motor 20 is
      turned on and drives the blower fan 18 which blows room air through the
      cold coil 2 until the room is sufficiently cool. At this time the room air
      temperature sensor 50 contacts open the compressor stops, and the coil 2
      begins to warm up from the room air being blow through it. When the
      evaporator coil 2 is warmed up to the chosen dew point temperature, the
      coil temperature sensor 64 contacts open and the fan 18 stops blowing room
      air through coil 2.
PAR  In FIG. 3 where electrical power supply lines 66, 68 are shown it should be
      noted that the fresh air fan 22 operated by its motor 24 is shown
      connected to the same electrical leads that operate the recirculation fan
      motor 20. The on and off temperature sensor control 64 of the
      recirculation fan motor 20 also turns the fresh air fan motor 24 on and
      off at the same time, namely when and only when the coil has been cooled
      to the desired dew point to control the humidity of the incoming fresh
      air. Here again as in FIG. 2, no condenser coil 34 fan is shown, but can
      optionally be employed in a conventional manner.
PAR  A separate electrical power lead to operate the fresh air motor 24 and fan
      22 of FIG. 3 is shown whereby, when switch 67 is opened to turn off the
      refrigeration capability of the climate control unit, the fresh air fan 22
      can be operated by closing switch 73 to blow fresh air into the dwelling
      if desired when neither cooling nor dehumidification is wanted, as for
      example, in dry and/or cold weather. As in the preferred form the
      temperature sensor 64 FIG. 3 can be replaced by other coil temperature
      controls.
PAR  Switches 73, 67 of FIG. 3 can be mechanically connected to permit the
      closure of only one switch at a time.
PAR  A word of explanation may be necessary concerning the stated non-cooling
      effect during the time chilled and dehumidified fresh air is being
      supplied to the dwelling. It is generally agreed that as little as 71/2
      cubic feet per minute of fresh air may be sufficient for each occupant of
      a dwelling, where smoking is not present.
PAR  It is interesting to note that as little as 25 cubic feet per minute of
      fresh air will change the air in a average sized residence 2 times to 3
      times in 24 hours dependent of course on house size, but it is surprising
      to discover that to re-heat 25 cubic feet per minute of 30.degree.F
      saturated air, to 80.degree.F air, requires less electrical heat than the
      electricity consumed by an average sized household light bulb. Therefore,
      such a small cold input of 25 cubic feet per minute of 30.degree.F air
      blown into a residence can for all practical purposes be considered only
      as dehumidified fresh air, while ignoring the very very small cooling
      effect. This small amount of dehumidified fresh air does however
      effectively ventilate and dehumidify.
PAR  As this invention comprises a dehumidified fresh air capability a
      dehumidifying cooling capability, and a capability which is the
      combination of both capabilities it is understood that each of these
      capabilities alone as described and claimed are part of this invention.
PAR  The compressor 26 may be divided into two compressors where one is used in
      the fresh air cycle and the other or both compressors are used in the
      cooling cycle. Additionally, a compressor may be used having a two speed
      motor to drive the compression pump portion at two different speeds to
      achieve two levels of evaporator coil capacity, and this two speed effect
      can be achieved by changing the number of poles activated in the
      compressor motor, as well as any other suitable motor speed control.
PAR  Other advantageous conventional controls can be applied to this invention
      to enchance its capability. For example, the volume of fresh air which
      flows into the evaporator coil can be limited during the cooling cycle to
      avoid excessive fresh air flow due to the operation of the large volume
      cooling fan 18 by restricting the air flow through opening 10 by a closure
      vane activated by the swinging door 6 or by any other suitable means.
      Also, the fresh air flow limiter 23 may be adapted to be negated or
      bypassed to let in a larger volume of fresh air when desired, as for
      example when a bathroom or kitchen range exhaust vent fan is being
      operated.
PAR  In the preferred form of the invention a coil temperature sensor turns the
      compressor on and off to hold the evaporator coil at a selected dew point
      temperature range all the time the unit is employed regardless of whether
      the unit is cooling the room at the time or not. Also, in the preferred
      form of the invention, outside fresh air is pumped through this cold
      evaporator coil to condense any excess moisture from the fresh air, both
      when the cooling cycle is in operation as well as when the cooling cycle
      is not in operation.
PAR  If for any reason, however, the evaporator coil should be allowed to warm
      up above that desired dew point temperature range during part or even all
      of the cooling cycle, or during part of the fresh air ventilating action,
      does not depart from the scope of this invention as long as the
      temperature of the evaporator coil is low enough in temperature
      sufficiently long enough in time during the total period that outside
      fresh air, and/or recirculated room air is passed over the evaporator coil
      such as to provide the desired control over the humidity of the space or
      dwelling without excessively cooling the dwelling.
PAR  In addition to turn off the flow of outside fresh air during the cooling
      cycle, or, to permit outside fresh air to flow into the unit and on into
      the room only during the cooling cycle, does not depart from the intent
      and spirit of this invention. The fan 18 can run continuously, or a second
      room air fan can be employed, to continuously circulate room air in and
      out of the climate control unit or just blow air around in the room to
      more evenly mix the space air provided it does not circulate this air
      through the evaporator coil except when cooling is desired. Appropriate
      deflectors, gates and/or ductworks, or other suitable means, can be
      employed to direct this room air so it bypasses the air pathway through
      the evporator coil to achieve this desired mixing result.
PAR  The room air recirculating fan 18 for example can also by employed to bring
      in fresh outside air concurrently or alternately to recirculating room air
      to cool the room if proper air flow pathway controls are employed, thus
      eliminating the fresh air or outside air ventilating fan. The swinging
      door 6 could for example be weighted, spring loaded, or otherwise
      controlled to not open when a slower fresh air fan 18 speed is in effect
      and to only open when a higher speed room air cooling action was initiated
      by fan 18.
PAR  The room air recirculating fan 18 could for example be employed to bring in
      fresh air only when the unit is in its cooling cycle, with a switching
      arrangement to bring in outside air alone when cooling is not desired or
      needed, as in the winter.
PAR  A liquified refrigerant, or collector, tank can be employed with an
      expansion vlave in place of the capillary tube 62, FIG. 2. Other
      conventional air conditioner control systems can be employed also, such as
      the room air temperature sensor being located in the room remote from the
      unit or being located somewhere along the pathway of air 13 as it goes
      from the room to the air recirculation fan 18, if that flow pathway
      continues during non-cooling action.
PAR  One form of this invention comprises the preceeding described means to
      control the humidity and freshness of air in a dwelling without
      appreciably cooling the dwelling by passing a limited volume of outside
      fresh air across or through a refrigeration evaporator coil maintained at
      a desired dew point temperature range to condense undesired moisture from
      the fresh air where the volume of induced and chilled fresh air is
      insufficient to appreciably cool the dwelling.
PAR  Although I have described an evaporator coil whose temperature is
      controlled by cycling the compressor on and off, the temperature of the
      evaporator coil can also be controlled by several other conventional means
      including sensing the pressure drop across the compressor, by overcharging
      the system with refrigerant to prevent the coil from freezing up, and by
      providing a compressor bypass system or cut out system to be used to
      prevent pumping more refrigerant than needed at the time, and thus prevent
      over cooling the evaporator coil. Any system which prevents the coil from
      freezing up may be used including pumping a sufficient volume of room
      and/or outside fresh air through the coil to prevent coil freeze up by
      exceeding the compressor capacity, may be used so that the compressor can
      be run continuously along with continuously recirculating room air through
      the coil. Thus the use of a thermostat control can be eliminated. This is
      especially useful and is a part of this invention where the B.T.U.
      capacity of the unit is below the cooling needs of the room at the time it
      is employed to provide both cool and dehumidified air. In some cases a
      separate independent thermostatically controlled cooling unit can be
      employed which turns on or off to provide the extra B.T.U. capacity as
      needed for the space being controlled.
PAR  Appropriate air filters are anticipated to be employed to filter fresh
      and/or recirculated air. Electric resistance heaters can be employed to
      warm the incoming cold fresh air during cold weather, when fresh air is
      needed without any cooling and dehumidification, or of course whenever
      re-heating is desired during the fresh air dehumidification action.
PAR  It is also understood that other latent heat and sensible heat system other
      than the one described here, or absorbtion systems, may be used to achieve
      the cold chamber and cooling coil here described to accomplish the climate
      control system embodied in this invention.
PAR  The preferred embodiments of the invention have been illustrated and
      described, along with several modifications thereon but other changes and
      modifications can be made and some features can be used in different
      combinations, without departing from the invention as defined in the
      Claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a refrigeration system having a compressor, a condenser, and an
      evaporator connected in a series refrigerating circuit, the improvement
      for supplying fresh outside air to a space to gradually displace stale
      inside air, and to maintain the space near a desired temperature and near
      a desired relative humidity comprising:
PA1  a chamber containing the evaporator coil and having a fresh air inlet, a
      recirculating air inlet, and an air outlet;
PA1  means for substantially continuously supplying fresh outside air to the
      fresh air inlet whereby the fresh air may pass the evaporator coil, be
      cooled to condense excess moisture therefrom, and pass into the space
      through the air outlet; and
PA1  means for intermittently supplying space air to the recirculating air inlet
      so that the space air may pass the evaporator, be cooled, and pass back
      into the space through the air outlet to maintain the space near a desired
      temperature.
NUM  2.
PAR  2. The method of supplying fresh outside air to an area to gradually
      displace stale inside air comprising the steps of:
PA1  injecting fresh air into an insulated chamber which is maintained at a
      temperature by a refrigeration system to condense excess moisture from the
      fresh air;
PA1  passing the fresh air from the chamber into the area to maintain the
      relative humidity of the area near a preferred value.
NUM  3.
PAR  3. The method of claim 2 including the further step of selectively passing
      the area air into the chamber and back into the area to cool that area air
      and maintain the temperature of the area near a preferred value.
NUM  4.
PAR  4. The method of employing a compressor, evaporator coil, condenser coil
      type refrigeration unit to lower the temperature of a zone to a more
      preferred level while simultaneously controlling the relative humidity of
      that zone comprising the steps, in sequential order, of:
PA1  energizing the compressor;
PA1  allowing refrigerant to pass into the evaporator coil, to cool the coil to
      a temperature within a preferred moisture removing temperature range;
PA1  selectively passing air from the zone through the evaporator coil in good
      heat transfer relation therewith and only after the evaporator coil has
      reached the range to cool the air and remove undesired excess moisture
      therefrom;
PA1  passing fresh air from outside the zone through the evaporator coil in good
      heat transfer relation therewith so long as the evaporator coil
      temperature remains within the preferred range; and
PA1  forcing the thus cooled and humidity controlled air back into the zone.
NUM  5.
PAR  5. The method of claim 4 comprising the further step of stopping the air
      flow through the evaporator coil when the temperature thereof rises above
      a predetermined dew point temperature range.
NUM  6.
PAR  6. In a refrigeration system having a compressor, a condenser, and an
      evaporator, the improvement for maintaining a space near a desired
      temperature and near a desired relative humidity comprising:
PA1  an insulated chamber containing the evaporator coil and having at least a
      recirculating air inlet and an air outlet;
PA1  means for enabling the compressor when the temperature of the evaporator
      coil exceeds a first predetermined temperature; and
PA1  means for intermittently circulating air from the space into the air inlet
      through the chamber and back into the space by way of the air outlet when
      the space temperature exceeds a second predetermined temperature, the
      first predetermined temperature being substantially less than the second
      predetermined temperature to assure that excess moisture is removed from
      the circulated space air.
NUM  7.
PAR  7. The improvement of claim 6 further comprising means for supplying fresh
      outside air to the chamber so long as the temperature of the evaporator
      coil remains below the first predetermined temperature whereby the fresh
      air may pass the evaporator coil, be cooled to condense excess moisture
      therefrom, and pass into the space through the air outlet.
NUM  8.
PAR  8. The improvement of claim 7 further comprising selector switch means for
      selectively enabling the means for supplying fresh outside air and for
      selectively enabling the means for circulating space air to obtain a
      desired combination of cooling and ventilating
NUM  9.
PAR  9. The process of limiting the moisture content in a dwelling comprising
      the steps of:
PA1  controlling the dew point temperature range of a refrigeration evaporator
      coil to substantially continuously maintain that temperature below a
      selected value; and
PA1  passing a limited volume of outside air substantially continuously through
      the coil so long as the evaporator coil temperature remains below the
      selected value and into the dwelling to control the relative humidity in
      the dwelling by the influx of air of the thus limited moisture content.
NUM  10.
PAR  10. The process of claim 9 comprising the further step of controlling the
      temperature of air within the dwelling by intermittently recirculating a
      controlled volume of dwelling air through the evaporator coil and back
      into the dwelling.
NUM  11.
PAR  11. The process of claim 9 wherein the volume of outside air is
      insufficient to appreciably reduce the air temperature within the
      dwelling.
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ABST
PAL  An improved refrigeration system including a pilot heat exchanger so
      mounted as to bypass an accumulator and in which heat exchange takes place
      between a portion of low pressure refrigerant and refrigerant under high
      pressure so as to superheat the low pressure refrigerant, said heated
      refrigerant thereafter being returned to the compressor. The amount of
      superheating is sensed to control the expansion valve opening.
BSUM
PAR  Heretofore, various proposals have been made and some of them have been put
      to practical use in the field of refrigerating apparatus to provide a
      refrigerant control device whereby the volume of a refrigerant in
      circulation can be controlled in accordance with changes in the load. In
      one typical device known in the art, the degree of superheating of the
      refrigerant in a gaseous state and under lower pressure at the outlet of
      the evaporator is detected and the degree of opening of the expansion
      valve is adjusted accordingly. In this device, the degree of opening of
      the expansion valve is increased when the load is high and the degree of
      superheating is also high, so that the volume of the refrigerant in
      circulation can be increased to cope with the increase in the load and the
      degree of superheating can be lowered to a predetermined level.
PAR  The reason why the refrigerant under lower pressure is superheated at the
      outlet of the evaporator in this device is because the compressor would be
      damaged if the refrigerant in a liquid state were drawn by suction into
      the compressor without being changed to a perfect gaseous state in the
      evaporator by heat exchange due to a change in the load. Thus, in the
      device of the prior art, all the refrigerant under lower pressure which is
      changed to a perfect gaseous state passes through the cooling tube at the
      outlet side of the evaporator to superheat the same, so that the
      superheated refrigerant in a gaseous state can be returned to the
      compressor. The cooling tube section has a very low thermal-transmittance
      and performs no vaporization action, so that it does not function as a
      heat exchanger. Full utilization of the heat transfer area of the
      evaporator for performing a vaporization action has been hampered by the
      existence of the cooling tube which performs the sole function of
      superheating the refrigerant without vaporizing the same. The use of the
      cooling tube entails an increase in the size of the evaporator. In the
      case of a refrigerating machine which performs the functions of both
      cooling and heating, the member acting as a condenser when a cooling
      operation is performed is used as an evaporator when a heating operation
      is performed. In this type of refrigerating machines, the aforementioned
      refrigerant control device has an additional disadvantage of increasing
      the installation cost.
PAR  When the refrigerant drawn by suction into the compressor is in a
      superheated gaseous state, the refrigerating machine oil contained in the
      refrigerant tends to separate itself from the refrigerant and stagnate in
      the evaporator, so that the oil is not readily returned to the compressor
      and the compressor has many troubles. Because of this, it has hitherto
      been necessary to provide oil return means of special construction.
      Moreover, since the refrigerant drawn by suction into the compressor is in
      a superheated gaseous state, the refrigerant in a gaseous state introduced
      into the compressor is low in concentration. This has raised many
      problems. First of all, this not only lowers the coefficient of
      performance after all but also makes it necessary to increase the size of
      the evaporator because the evaporator has a low coefficient of heat
      transmission as aforementioned. When the machine performs a heating
      operation, frost tends to be formed because the refrigerant drawn by
      suction into the compressor is reduced in pressure. Last but not least
      important is the fact that the effective temperature range of the machine
      is narrowed when there are changes in load.
PAR  In another type of control device known in the art, the degree of
      supercooling of the refrigerant at the outlet of the condenser is
      controlled to thereby control the capabilities of the evaporator, so that
      the introduction of the refrigerant in a liquid state into the compressor
      can be prevented. The refrigerant at the outlet of the evaporator is in a
      superheated gaseous state when the load is high and in a state of mixture
      of gas and liquid when the load is low. The degree of supercooling of the
      refrigerant at the outlet of the condenser is changed when there are
      changes in the load. Thus, this control device is unable to effect control
      of the volume of the refrigerant in a stable manner because control is
      effected only indirectly with respect to changes in the load applied to
      the evaporator. Also, to supercool the refrigerant at the outlet of the
      condenser makes it necessary to accumulate the refrigerant at the outlet
      of the condenser, thereby increasing the charge of the refrigerant.
PAR  This invention has been invented for the purpose of providing a novel
      refrigerating apparatus which can cope admirably with the aforementioned
      facts and eliminate all the drawbacks of the refrigerating apparatus of
      the type described of the prior art.
PAR  Accordingly, a first object of the invention is to provide a refrigerating
      apparatus in which the volume of a refrigerant in circulation can be
      adjusted in accordance with changes in the load and the evaporator can be
      made to operate in humid condition at all times so that the total heat
      transfer area of the evaporator may be utilized for vaporization of the
      refrigerant in a liquid state and the size of the evaporator can be
      reduced to thereby reduce the overall cost of the apparatus, and in which
      the humid refrigerant under lower pressure can be heated and completely
      vaporized by the refrigerant under higher pressure in the accumulator so
      that the refrigerant may be changed to a gaseous state, whereby no
      refrigerant in a liquid state is drawn by suction into the compressor.
PAR  A second object of the invention is to provide a refrigerating apparatus in
      which a pilot heat exchanger serving as a detector is provided at the
      outlet of the evaporator and disposed in parallel with the accumulator to
      function as control means for permitting the evaporator to operate in
      humid condition at all times regardless of changes in the load, and in
      which a portion of the refrigerant under lower pressure is introduced from
      the outlet of the evaporator by bypassing the accumulator into the pilot
      heat exchanger where such portion of the refrigerant is brought into heat
      exchange relationship with other heat source and changed into a
      superheated gas whose degree of superheating is detected so as to adjust
      the degree of opening of the expansion valve in accordance with the
      detected degree of superheating, whereby the volume of the refrigerant in
      circulation can be controlled to permit the evaporator to operate in humid
      contition at all times.
PAR  A third object of the invention is to provide a refrigerating apparatus of
      the type described in which the portion of the refrigerant under lower
      pressure introduced into the pilot heat exchanger by bypassing the
      accumulator can be maintained in a predetermined ratio in volume with
      respect to all the refrigerant under lower pressure irrespective of
      changes in the load, whereby the degree of precision which control is
      effected can be increased and the machine can be operated in a stable
      manner because the expansion valve is free from hunting.
PAR  A fourth object of the invention is to provide a refrigerating apparatus
      which is provided with means for adjusting the liquid level of the
      refrigerant in the accumulator in order to keep constant the heat transfer
      rate of the heater provided in the accumulator and utilizing the
      refrigerant under higher pressure so that the refrigerant in a liquid
      state may not be drawn by suction into the compressor because of the fact
      that the evaporator operates in humid condition at all times irrespective
      of changes in the load.
PAR  A fifth object of the invention is to provide a refrigerating apparatus in
      which, in spite of the fact that the refrigerating apparatus operates in a
      reversible refrigerating cycle, the control of the refrigerant can be
      effected by a single expansion valve due to using four-way change-over
      means.
PAR  In addition, it should be noted that the term "operation of the evaporator
      in humid condition" used throughout the specification refers to an
      operation of the evaporator with the refrigerant at an outlet thereof
      being in an unsaturated gaseous state, i.e. in a state of mixture of gas
      and liquid.
DRWD
PAR  FIG. 1 is a piping diagram of the refrigerating apparatus comprising one
      embodiment of the invention;
PAR  FIG. 2 is a detailed schematic view of the essential portions of the
      refrigerating apparatus shown in FIG. 1;
PAR  FIG. 3 is a Mollier diagram in explanation of the performance of the
      refrigerating apparatus shown in FIG. 1;
PAR  FIG. 4 is a detailed schematic view of the essential portions of the
      refrigerating apparatus comprising another embodiment of the invention;
PAR  FIG. 5 is a Mollier diagram in explanation of the performance of the
      refrigerating apparatus shown in FIG. 4;
PAR  FIG. 6 is a piping diagram of the refrigerating apparatus comprising still
      another embodiment of the invention;
PAR  FIG. 7 is a sectional view, on an enlarged scale, of the branching portion
      of the inlet pipe of the pilot heat exchanger shown in FIG. 6;
PAR  FIG. 8 is a sectional view, on an enlarged scale, of the branching portion
      of the outlet pipe of the pilot heat exchanger shown in FIG. 6;
PAR  FIG. 9(a) and FIG. 9(b) are views in explanation of the essential portions
      shown in FIG. 7;
PAR  FIG. 10 is a schematic view, on an enlarged scale, of the accumulator of
      the refrigerating apparatus shown in FIG. 6; and
PAR  FIG. 11 is a schematic view of another form of outlet pipe shown in FIG. 10
     .
DETD
PAR  The invention will now be described in detail with reference to the
      embodiments shown in the accompanying drawings. FIG. 1 shows a cooling and
      heating system of the compression refrigeration type which comprises a
      compressor 1, a four-way change-over valve 2, an outdoor heat exchanger 5
      (hereinafter referred to as an outdoor coil), a receiver 6c, an automatic
      expansion valve of the temperature responsive type 4 (hereinafter referred
      to as an expansion valve), a room heat exchanger 3 (hereinafter referred
      to as a room coil), and an accumulator of the thermal exchanger type 6
      (hereinafter referred to as an accumulator). The aforementioned parts are
      connected together in the indicated order to constitute a refrigeration
      circuit which is known. A pilot heat exchanger 7 and four-way change-over
      means 9 which are characterizing features of the invention are inserted in
      the known refrigeration circuit to form a refrigeration circuit shown in
      the figure.
PAR  Upon actuation of the four-way change-over valve 2, the compressor 1 is
      connected at its outlet side either to the outdoor coil 5 or the room coil
      3 acting as a condenser, and the accumulator 6 is connected at its inlet
      side either to the room coil 3 or the outdoor coil 5 acting as an
      evaporator.
PAR  The four-way change-over means 9 comprises four check valves 8, 8, 8 and 8
      connected together to form a bridge circuit. Ends A and D of a pair of
      opposed connecting pipes are connected to an end of the room coil 3 on a
      side thereof opposite the four-way change-over valve 2 and to an end of
      the outdoor coil 5 on a side thereof opposite the four-way change-over
      valve 2, respectively. Ends C and B of another pair of opposed connecting
      pipes are connected to an outlet of the expansion valve 4 and to an inlet
      of a finned tube 7b serving as a higher pressure side refrigerant
      passageway in the pilot heat exchanger 7, respectively. Thus, a
      refrigerant flowing in a stream through the expansion valve 4, pilot heat
      exchanger 7 and accumulator 6 flows in a predetermined direction at all
      times, even if the direction of flow of the steam of refrigerant through
      the room coil 3 and outdoor coil 5 when a cooling operation is perfomed is
      reversed from the direction of flow thereof when a heating operation is
      performed.
PAR  FIG. 2 shows, on an enlarged scale, the accumulator 6 and pilot heat
      exchanger 7. The accumulator 6 comprises a main body 6a serving as a lower
      pressure side refrigerant passageway, a heat exchange coil 6b (See FIG. 1)
      arranged transversely in a lower portion of the main body 6a, and a
      receiver 6c serving as a higher pressure side refrigerant passageway and
      inserted in airtight relation from above into the main body 6a to be
      disposed above the heat exchange coil 6b. The main body 6a has an outlet
      pipe 14 projecting from the upper portion of its side wall and an oil
      return pipe 6e  projecting from the lower portion thereof, the oil return
      pipe 6e being connected to the outlet pipe 14 outside the main body 6a. On
      the other hand, an inlet pipe 13 extends through the receiver 6c and has
      an opening at its lower end which is disposed above the heat exchange coil
      6b, and the receiver 6c is connected at its lower portion to the heat
      exchange coil 6b at its upper end. The heat exchange coil 6b is connected
      at its lower end to the expansion valve 4 at its inlet, and the inlet pipe
      13 is connected to the four-way change-over valve 2. The outlet pipe 14 is
      connected to the suction side of the compressor 1 directly and to the
      expansion valve 4 through an equalizing pipe 10 (See FIG. 1).
PAR  The pilot heat exchanger 7, which is one of the features of the invention,
      comprises a main body 7a connected to the inlet pipe 13 through a minor
      diameter inlet pipe 11 and to the outlet pipe 14 through a minor diameter
      outlet pipe 12, so that the pilot heat exchanger 7 consitututes a bypass
      with respect to the accumulator 6. The pilot heat exchanger 7 further
      comprises a finned tube 7b disposed in the main body 7a to extend
      therethrough along its longitudinal axis and interposed between the
      connecting pipe end B and the upper portion of the receiver 6c, so that
      heat exchange can take place between the refrigerant under lower pressure
      passing through the main body 7a and the refrigerant under higher pressure
      passing through the finned tube 7b.
PAR  The expansion valve 4 has a temperature sensing member 4a mounted in the
      minor diameter outlet pipe 12 and serving as a control temperature
      detecting element. The member 4a detects the temperature of the
      refrigerant in a gaseous state and under lower pressure that has been
      subjected to heat exchange with the refrigerant under higher pressure at
      the pilot heat exchanger 7, and permits the degree of opening of the
      expansion valve 4 to be automatically adjusted accordingly.
PAR  The operation of the cooling and heating system constructed as
      aforementioned will now be described. In a cooling cycle indicated by
      broken line arrows, a suitable refrigerant in a gaseous state and under
      higher pressure is discharged from the compressor 1 and passes through the
      four-way change-over valve 2 to the outdoor coil 5 which functions as a
      condenser. At the outdoor coil 5, the major portion of the refrigerant is
      changed to a liquid state so that the refrigerant may have a dryness X
      which is .div.0.05, for example. When X=1, the refrigerant is in a dry
      saturated gaseous state; when X=0, it is in a saturated liquid state.
PAR  Then, the refrigerant in a liquid state passes through the connecting pipe
      ends D and B into the finned tube 7b of the pilot heat exchanger 7 where
      it is cooled by heat exchange taking place between it and a portion of the
      refrigerant moving as a branch stream through the main body 7a after
      passing through the room coil 3 functioning as an evaporator. The cooled
      refrigerant is introduced into the receiver 6c.
PAR  The cooled refrigerant is then subjected to further heat exchange at the
      heat exchange coil 6b in which is scattered the humid refrigerant disposed
      at the outlet of the room coil 3 functioning as an evaporator, so that it
      is changed to a supercooled refrigerant in a liquid state. The supercooled
      refrigerant in a liquid state passes through the expansion valve 4 and the
      connecting pipe ends C and A into the room coil 3.
PAR  At the room coil 3, the supercooled refrigerant in a liquid state is
      subjected to heat exchange with the air in the room, so that it vaporizes
      and becomes a saturated refrigerant which may have a dryness X.div.0.85,
      for example. The saturated refrigerant passes through the four-way
      change-over valve 2 and the major portion thereof is introduced into the
      main body 6a of the accumulator 6 through the inlet pipe 13. At the same
      time, a minor portion of the saturated refrigerant passes through the
      minor diameter inlet pipe 11 into the main body 7a of the pilot heat
      exchanger 7. The major portion of the saturated refrigerant passing
      through the inlet pipe 13 serving as a heat exchange line is subjected to
      heat exchange with the supercooled refrigerant in a liquid state and under
      higher pressure in the receiver 6c, and scattered on to the heat exchange
      coil 6b with which it is subjected to further heat exchange. Thus, the
      saturated refrigerant having a dryness X.div.0.85 is changed back to a
      refrigerant in a dry saturated gaseous state having a dryness X=1.
PAR  On the other hand, the portion of the refrigerant under lower pressure
      passing through the minor diameter inlet pipe 11 into the pilot heat
      exchanger 7 is superheated, as aforementioned, by the refrigerant disposed
      in the outlet of the condenser (outdoor coil 5) and flowing through the
      finned tube 7b.
PAR  The saturated gas discharged from the accumulator 6 is mixed with oil
      passing through the oil return pipe 6e, and combined at the outlet line 14
      with the superheated gas discharged from the pilot heat exchanger 7. Thus,
      the gas is returned to the suction side of the compressor 1, thereby
      completing a cooling cycle.
PAR  The aforementioned cycle is repeated. As an additional feature of the
      invention, the degree to which a portion of the refrigerant disposed at
      the outlet of the evaporator is superheated in the pilot heat exchanger 7
      is detected by the temperature sensing member 4a mounted in the minor
      diameter outlet pipe 12. The member 4a produces a control signal which
      adjusts the degree of opening of the expansion valve 4, so that the room
      coil 3 functioning as an evaporator can operate in humid condition at all
      times and the efficiency of the system can be increased. The manner in
      which control of the expansion valve is effected is subsequently to be
      described in detail.
PAR  A heating cycle will now be described. By switching the four-way
      change-over valve 2 from the cooling cycle to the heating cycle, the
      refrigerant follows a path of movement indicated by solid line arrows. It
      is to be noted that, in the heating cycle, the refrigerant passes through
      the expansion valve 4, accumulator 6 and pilot heat exchanger 7 in the
      same direction as in the cooling cycle, and that the refrigerant is
      controlled and heat exchange is carried out in the same manner as
      aforementioned, except for the fact that the refrigerant passes through
      the outdoor coil 5 and room coil 3 in the opposite direction so that the
      former functions as an evaporator and the latter functions as a condenser.
PAR  The flow and action of the refrigerant in the cooling cycle and heating
      cycle have been described above. By taking the cooling cycle as an
      example, the process of controlling the dryness X of the refrigerant
      disposed at the outlet of the room coil 3 functioning as an evaporator and
      maintaining the same at a predetermined level, say at a level where
      X.div.0.85, regardless of changes in the load will now be described in
      detail with reference to the Mollier diagram shown in FIG. 3. The total
      volume G of the refrigerant in circulation in a refrigeration circuit can
      be given by
EQU  G = G.sub.1 + G.sub.2
PAL  where G.sub.1 is the volume of the circulating refrigerant under lower
      pressure passing through the pilot heat exchanger 7, and G.sub.2 is the
      volume of the circulating refrigerant under lower pressure introduced into
      the accumulator. The ratio of G.sub.1 to G.sub.2 is set such that G.sub.1
      :G.sub.2 .div.1:10 to 1:20.
PAR  Heat exchange takes place at the heat exchange coil 6b between the
      refrigerant under lower pressure i.sub.6 disposed at the outlet of the
      room coil 3 and having a dryness X.div.0.85 and the refrigerant under
      higher pressure i.sub.2 disposed at the outlet of the tube 7b of the pilot
      heat exchanger 7 and having a dryness X.div.0.05. When the heat exchange
      takes place, the heat balance can be given by
EQU  G(i.sub.2 - i.sub.1) = G.sub.2 (i.sub.7 - i.sub.6)
PAL  where X is the dryness of the refrigerant, i.sub.1 is the enthalpy of the
      refrigerant about to be introduced into the expansion valve 4, i.sub.2 is
      the enthalpy of the refrigerant disposed at the outlet of the pilot heat
      exchanger 7 or the inlet of the receiver 6c, i.sub.6 is the enthalpy of
      the refrigerant disposed at the outlet of the room coil 3, and i.sub.7 is
      the enthalpy of the refrigerant disposed in the outlet pipe 14 of the
      accumulator 6.
PAR  By suitably selecting the amount of heat exchanged in the accumulator 6, it
      is possible to bring the refrigerant to a dry saturated gaseous state
      (X=1).
PAR  Let us now consider the giving and receiving of heat by the refrigerant in
      the pilot heat exchanger 7. When heat exchange takes place between a
      portion G.sub.1, i.sub.6 of the refrigerant under lower pressure and the
      refrigerant G, i.sub.3 disposed at the outlet of the outdoor coil 5
      functioning as a condenser, the heat exchange balance can be given by
EQU  G (i.sub.3 - i.sub.2) = G.sub.1 (i.sub.8 - i.sub.6)
PAL  where i.sub.3 is the enthalpy of the refrigerant disposed at the outlet of
      the outdoor coil 5 functioning as a condenser or at the inlet of the
      finned tube 7b of the pilot heat exchanger 7, and i.sub.8 is the enthalpy
      of the refrigerant disposed in the minor diameter outlet pipe 12.
PAR  By selecting a suitable size for the pilot heat exchanger 7 based on this
      heat balance, the degree of superheating (T.sub.8 - T.sub.7) of the
      refrigerant passing through the minor diameter outlet pipe 12 of the pilot
      heat exchanger 7 can be readily set at about 5.degree.C. T.sub.8 is the
      temperature of the refrigerant in the minor diameter outlet pipe 12 of the
      pilot heat exchanger 7, and T.sub.7 is that of the refrigerant in the
      outlet pipe 14 of the accumulator 6.
PAR  Let us now consider the gas drawn by suction into the compressor 1. The gas
      G.i.sub.9 drawn by suction into the compressor is a mixture of the
      superheated refrigerant G.sub.1.i.sub.8 disposed in the minor diameter
      outlet pipe 12 of the pilot heat exchanger 7 and the saturated refrigerant
      G.sub.2.i.sub.7 disposed in the outlet pipe 14 of the accumulator 6. Since
      G.sub.1 :G.sub.2 .div.1:10 to 1:20 and G.sub.1 is smaller in volume than
      G.sub.2 as aforementioned, the gas drawn by suction into the compressor 1
      might as well be considered to be substantially in a saturated gaseous
      state.
PAR  As aforesaid, the expansion valve 4 for adjusting the volume of the
      refrigerant circulating through the refrigeration circuit is controlled by
      the temperature sensing member 4a adapted to sense the temperature of the
      refrigerant under lower pressure i.sub.8 disposed at the outlet of the
      pilot heat exchanger 7.
PAR  If the load applied to the room coil 3 becomes higher and the enthalpy of
      the refrigerant i.sub.6 at the outlet of the room coil 3 becomes greater,
      then the enthalpy of the refrigerant i.sub.8 disposed at the outlet of the
      pilot heat exchanger 7 also becomes greater. Accordingly, the degree of
      superheating of the refrigerant also rises. The temperature sensing member
      4a senses this and produces a signal to increase the degree of opening of
      the expansion valve 4 so as to increase the rate of flow of the
      refrigerant. This reduces the enthalpy of the refrigerant at the outlet of
      the room coil 3, which results in a reduction of the enthalpy of the
      refrigerant at the outlet of the pilot heat exchanger 7, thereby restoring
      the degree of superheating of the refrigerant to the predetermined level
      (5.degree.C). Conversely, if the load applied to the room coil 3 becomes
      lower, then the enthalpy of the refrigerant i.sub.6 at the outlet of the
      coil 3 becomes smaller and hence the enthalpy of the refrigerant at the
      outlet of the pilot heat exchanger 7 becomes smaller. As a result, the
      degree of superheating of the refrigerant at the outlet of the pilot heat
      exchanger 7 becomes smaller, so that the degree of opening of the
      expansion valve is reduced and the degree of superheating of the
      refrigerant can be maintained at 5.degree.C.
PAR  In the aforementioned control system, the portion of the refrigerant having
      a dryness X.div.0.85 and disposed at the outlet of the room coil 3
      functioning as an evaporator is brought, at the pilot heat exchanger 7,
      into heat exchange relationship with the refrigerant disposed at the
      outlet of the outdoor coil 5 functioning as a condenser, and the expansion
      valve 4 can be controlled by using the temperature of the superheated
      refrigerant under lower pressure as an element to be detected, whereby the
      volume of the refrigerant in circulation passing through the expansion
      valve can be controlled. This control system has the effect of maintaining
      the dryness of the refrigerant disposed at the outlet of the room coil 3
      functioning as an evaporator at a level such that the refrigerant is in a
      saturated gaseous state and has a suitable humidity at all times
      regardless of changes in the load applied to the evaporator. This makes it
      possible to make full use of the heat transfer area of the room coil
      functioning as an evaporator because vaporization of the refrigerant takes
      place in all the area of the coil.
PAR  In this control system, the refrigerant disposed at the outlet of the
      outdoor coil 5 functioning as a condenser can also be made into a flash
      gas state. Thus, effective use can be made of the heat transfer area of
      the outdoor coil 5.
PAR  In the aforementioned description, the outdoor coil 5 functions as a
      condenser and the room coil 3 functions as an evaporator. It is to be
      understood that the control system can achieve the same effect when the
      four-way change-over valve 2 is actuated such that the room coil 3
      functions as a condenser and the outdoor coil 5 functions as an
      evaporator. The provision of the four-way change-over means 9 according to
      the invention offers an advantage in that control can be effected by using
      only one expansion valve in a refrigerating apparatus of the reversible
      refrigeration cycle.
PAR  In the aforementioned control system, the difference in temperature between
      the refrigerant at the inlet of the pilot heat exchanger 7 and the
      refrigerant at the outlet thereof can be detected as an electric change
      which can be converted into a mechanical displacement, so that the flow
      rate of the refrigerant can be controlled.
PAR  In the embodiment described above, the refrigerant under higher pressure
      disposed between the four-way change-over means 9 and the receiver 6 is
      used as a heat source for effecting heat exchange with a portion of the
      refrigerant under lower pressure. It is to be understood that the
      invention is not limited to the aforementioned refrigerant under higher
      pressure and that any refrigerant under higher pressure disposed between
      the heat exchanger functioning as a condenser and the expansion valve 4
      can be used as a heat source.
PAR  FIG. 4 shows another embodiment of the invention in which the refrigerant
      under higher pressure is replaced by an electric heater 7c which is
      hermetically inserted in the pilot heat exchanger 7 to serve as a heat
      source for effecting heat exchange with a portion of the refrigerant under
      lower pressure disposed at the outlet of the room coil 3. In this
      embodiment, heat exchange takes place between the refrigerant under lower
      pressure flowing through the main body 7a and the heat generated by the
      electric heater 7c. Detailed description of this embodiment will be
      omitted because the embodiment differs from the embodiment shown in FIG. 2
      in the following point only.
PAR  More specifically, in the embodiment shown in FIG. 4, heat exchange takes
      place between the portion of the refrigerant under lower pressure
      (G.sub.1.i.sub.6) and the heat generated by the electric heater 7c. The
      capacity Y (kw) of the electric heater 7c is given by
EQU  Y = G.sub.1 (i.sub.8 - i.sub.6) .div. 860
PAL  where i.sub.8 is the enthalpy of the refrigerant in the minor diameter
      outlet pipe 12 of the pilot heat exchanger 7. FIG. 5 shows a Mollier
      diagram in explanation of this embodiment.
PAR  FIG. 6 shows still another embodiment of the invention in which the
      compressor 1, four-way change-over valve 2, outdoor coil 5, receiver 6c,
      expansion valve 4, room coil 3 and accumulator 6 are connected together in
      the indicated order to constitute a refrigeration circuit. Like the
      embodiment shown in FIG. 1, the embodiment shown in FIG. 6 further
      comprises, in addition to the known components of the refrigeration
      circuit, the pilot heat exchanger 7 and the four-way change-over means 9
      which are characterizing features of the invention. The two embodiments
      differ from each other in the detailed construction of the four-way
      change-over means 9, pilot heat exchanger 7, receiver 6c and accumulator
      6. The differences will presently be described.
PAR  The four-way change-over means 9 comprises two change-over ports A and D,
      one inlet port C and one outlet port B and constitutes a change-over valve
      which automatically connects the port A or D of the higher pressure to the
      outlet port B and the port D or A of the lower pressure to the inlet port
      C. The change-over port A is connected to the liquid line side of the room
      coil 3; the change-over port D is connected to the liquid line side of the
      outdoor coil 5; the outlet port B is connected, through the higher
      pressure side of the pilot heat exchanger 7, to the upper layer of the
      interior of the receiver 6c; and the inlet port C is connected to the
      outlet of the expansion valve 4. By this arrangement, it is possible to
      let the refrigerant to move in a constant flow direction through the pilot
      heat exchanger 7, receiver 6c, expansion valve 4 and accumulator 6, even
      if the direction of flow of the main stream of refrigerant in the
      refrigeration circuit is switched between the cooling cycle indicated by
      broken line arrows and the heating cycle indicated by solid line arrows.
PAR  The accumulator 6 is constructed integrally with the receiver 6c, with the
      former being hermetically housed in the latter with their top walls being
      disposed at the same level. A heat exchange coil 15 is disposed
      transversely in a lower portion of the accumulator 6 which is on the lower
      pressure side. The inlet pipe 13 connected to the four-way change-over
      valve 2 extends through the top wall of the accumulator 6 and opens in an
      upper portion of the accumulator 6, and the outlet pipe 14 connected to
      the suction side of the compressor 1 also extends through the top wall of
      the accumulator 6 into the accumulator where it is bent substantially in
      the form of a letter U, with the lower portion of the U-shaped outlet pipe
      14 being immersed in the refrigerant in the liquid state disposed on the
      bottom of the accumulator and the upper open end of one leg of the letter
      U opening in the refrigerant in a gaseous state disposed in the upper
      portion of the accumulator 6.
PAR  On the other hand, if the receiver 6c, the inlet pipe 6g is connected to
      the higher pressure side of the pilot heat exchanger 7 as aforementioned
      and an outlet pipe opens at one end in a lower portion of the receiver 6c
      and is connected at the other end to the heat exchange coil 15 in the
      accumulator 6. The heat exchange coil 15 is connected to the inlet of the
      expansion valve 4 through a riser disposed along the side wall of the
      accumulator 6.
PAR  The pilot heat exchanger 7 which is compact in size may be constructed as a
      double wall tubular structure and comprise an outer tube 7d which permits
      all the refrigerant uner higher pressure disposed between the condenser
      and the receiver 6c to pass therethrough, and an inner tube 7e which
      permits a portion of the refrigerant under lower pressure to pass
      therethrough. The inner tube 7e is connected at its opposite ends to the
      minor diameter inlet pipe 11 and the minor diameter outlet pipe 12 to the
      inlet pipe 13 and the outlet pipe 14 of the accumulator 6 respectively, so
      that the minor diameter pipes bypass the accumulator. By this arrangement,
      heat exchange can take place in the pilot heat exchanger 7 between all the
      refrigerant under higher pressure which passes through the outer tube 7d
      and a portion of the refrigerant under lower pressure which passes through
      the inner tube 7e.
PAR  The temperature sensing member 4a for controlling the expansion valve 4 is
      mounted in the minor diameter outlet pipe 12 connected to the outlet pipe
      14 and detects the degree of superheating of the refrigerant gas under
      lower pressure that has been subjected to heat exchange with the
      refrigerant under higher pressure in the pilot heat exchanger 7 so as to
      adjust the degree of opening of the expansion valve 4 accordingly.
PAR  An inlet portion a and an outlet portion b at which the minor diameter
      inlet pipe 11 and the minor diameter outlet pipe 12 are connected to the
      inlet pipe 13 and the outlet pipe 14 of the accumulator 6 respectively are
      shown in FIG. 7 and FIG. 8 on an enlarged scale. As shown, these portions
      each have a novel construction which is characteristic of the invention.
      Particularly, the inlet portion a is an outstanding feature of the
      invention. In the inlet portion a, the inlet pipe 13 is arranged
      vertically and the minor diameter inlet pipe 11 disposed normal to the
      longitudinal axis of the inlet pipe 13 is inserted at one end portion
      thereof in the inlet pipe 13 in right angle and airtight relationship in
      such a manner that, as shown in FIG. 9(b), the center line XX of a
      transverse sectional plane of the inlet pipe 13 coincides with the center
      line YY of a vertical sectional plane of the end portion of the minor
      diameter inlet pipe 11. The minor diameter inlet pipe 11 is closed at its
      front end and formed with at least two orifices 16, 16 in a portion of the
      wall of the pipe 11 which is disposed in the stream of refrigerant passing
      through the inlet pipe 13, so that a portion of the refrigerant under
      lower pressure passing through the inlet pipe 13 can be introduced through
      the orifices 16, 16 into the minor diameter inlet pipe 11 at a constant
      ratio with respect to all the refrigerant in circulation.
PAR  According to the invention, the positions of the orifices 16, 16 must meet
      a certain requirement. The requirement is that, when the orifices 16, 16
      are two in number, they are formed at points at which the circumference of
      an imaginary circle D.sub.1 intersects the longitudinal center axis of the
      minor diameter inlet pipe 11. In this case, the imaginary circle must be
      such that U.sub.1 .times. S.sub.1 = U.sub.2 .times. S.sub.2 where S.sub.1
      is the area inside the imaginary circle D.sub.1, S.sub.2 is the area
      outside the imaginary line D.sub.1 [See FIG. 9(b)], U.sub.1 is the
      integral value of the flow rate of the refrigerant inside the imaginary
      circle D.sub.1 and U.sub.2 is the integral value of the refrigerant
      outside the imaginary circle D.sub.1 [See FIG. 9(a)].
PAR  This requirement for positioning the orifices must be met not only when the
      orifices are two in number as aforementioned but also when they are more
      than two in number. It is to be understood that when the orifices are
      formed based on the aforementioned principle the orifices are disposed on
      the circumference or circumferences of an odd numbered imaginary circle or
      circles.
PAR  By forming at least two orifices in the wall of the minor diameter inlet
      pipe 11 in accordance with the aforementioned principle, it is possible to
      introduce into the pilot heat exchanger 7 a refrigerant which is at a
      constant ratio in volume to all the refrigerant passing through the inlet
      pipe 13 of the accumulator 6, regardless of changes in the load. It is
      essential that the total sectional area of the orifices 16, 16 ... is
      smaller than the sectional area of the minor diameter inlet pipe 11 or the
      minor diameter outlet pipe 12.
PAR  As shown in FIG. 8, in the outlet portion b, the outlet port 14 is arranged
      perpendicularly in the refrigerating apparatus as is the case with the
      inlet pipe 13, and the minor diameter outlet pipe 12 disposed normal to
      the longitudinal axis of the outlet pipe 14 is hermetically inserted at
      one end portion thereof in the pipe 14 as is the case with the pipe 11.
      The end portion of the pipe 12 inserted in the pipe 14 is cut obliquely at
      its front end 12a such that the angle .theta. formed by the front end 12a
      and the wall of the pipe 12 is less than 45.degree. or an acute angle so
      as to increase the area of opening of the pipe 12 in the pipe 14. The pipe
      12 is disposed such that the oblique front end 12a faces the downstream
      side of the refrigerant passing through the outlet pipe 14.
PAR  When the inlet portion a and the outlet portion b of the pilot heat
      exchanger 7 is constructed as aforementioned, it is possible to disregard
      a change in the flow rate of the refrigerant due to a variation in the
      length of the minor diameter inlet pipe and minor diameter outlet pipe.
      Thus, the condition of the refrigerant in the pilot heat exchanger 7 can
      be detected with a high degree of precision and the refrigerating
      apparatus can be controlled positively as subsequently to be described.
PAR  The construction of the accumulator 6 is shown on an enlarged scale in FIG.
      10. The lower portion of the U-shaped outlet pipe 14 is disposed below the
      heat exchange coil 15, and an oil return aperture 17 is formed at the
      bottom of the U-shaped outlet pipe 14. On the other hand, an orifice 18 is
      formed in one leg of the U-shaped outlet pipe 14 which is disposed on the
      refrigerant outlet side for the oil return aperture 17. The orifice 18
      which is larger in dimension than the oil return aperture 17 is formed in
      a position such that it is disposed at the maximum level of the
      refrigerant in a liquid state.
PAR  The orifice 18 is formed in the form of a hole as shown in FIG. 10 but the
      outlet pipe 14 may have orifices 18' each which is formed in the form of a
      slit as shown in FIG. 11. The orifice 18 as well as the orifice 18' is
      formed in a portion of the wall of the pipe 14 which is disposed on the
      downstream side of the oil return aperture 17. It should be understood,
      however, that the orifice 18 or 18' may be provided on the upstream side
      of the oil return aperture 17. Other modifications will be apparent to one
      of ordinary skill in the art without departing from the scope and spirit
      of the invention.
PAR  The operation of the cooling and heating system constructed as
      aforementioned (FIG. 6 to FIG. 11) will now be described. The description
      of the operation which is similar to those of other embodiments (FIG. 1 to
      FIG. 5) will be omitted, and the description will be confined to the
      features of the embodiment shown in FIG. 6 to FIG. 11.
PAR  In the pilot heat exchanger of this embodiment, heat exchange takes place
      between the refrigerant under higher pressure passing through the outer
      tube 7d and the portion of the refrigerant under lower pressure passing
      through the inner tube 7e after being deflected from its course and
      prevented from entering the accumulator 6. As aforementioned with
      reference to the construction of the system, the inlet pipe 13 and the
      outlet pipe 14 of the accumulator 6 are arranged perpendicularly, and the
      orifices formed in the minor diameter inlet pipe 11 for introducing the
      refrigerant therethrough into the pilot heat exchanger 7 and the open end
      12a of the minor diameter outlet pipe 12 through which the refrigerant is
      discharged from the pilot heat exchanger 7 each have a special
      construction. By virtue of these features, the refrigerant introduced into
      the inner tube 7e is uniform in state in cross-section when passing
      through the minor diameter inlet pipe, and the refrigerant drawn by
      suction into the minor diameter inlet pipe 11 branching off the inlet pipe
      13 and connected to the pilot heat exchanger 7 is at a constant ratio in
      volume to all the refrigerant in circulation. The refrigerant is
      discharged through the outlet pipe 12 without any resistance being offered
      thereto. Thus, control of the refrigerant can be effected with a high
      degree of precision by detecting the degree of superheating of the
      refrigerant under lower pressure regardless of changes in the load.
PAR  The operation of the accumulator 6 will now be described. If the liquid
      level in the accumulator 6 rises above the orifice 18 as a result of a
      change in the load, then the refrigerant is drawn by suction in relatively
      large volumes through the oil return aperture 17 and the orifice 18 which
      is larger in dimension than the aperture 17. If the liquid level in the
      accumulator 6 falls below the orifice 18, then the refrigerant is drawn by
      suction in relatively small volumes through the oil return aperture 17
      only.
PAR  However, the refrigerant in a liquid state drawn by suction through the oil
      return aperture 17 and the orifice 18 is very small in volume as compared
      with the refrigerant in a gaseous state drawn by suction through the
      U-shaped outlet pipe, so that the refrigerant in a liquid state is
      immediately converted into a gaseous state by the heat of the gas in the
      accumulator 6 as soon as it is drawn by suction through the U-shaped pipe.
      This entirely eliminates the hazard of the refrigerant in a liquid state
      being drawn by suction into the compressor 1.
PAR  Moreover, since the heat exchange coil 15 is immersed in the refrigerant in
      a liquid state at all times, the system has a constant heat transfer rate
      which is at a high level and the dry gas can be returned to the compressor
      in a stable manner. Thus, the refrigerating apparatus can be operated in a
      stable manner and with a high degree of efficiency.
PAR  Since the orifice 18 has a larger dimension than the oil return aperture 17
      as aforementioned, the liquid level in the accumulator 6 can be controlled
      positively without being affected by the drawing of a mixture of oil and
      refrigerant by suction through the oil return aperture 17, and the oil can
      be returned satisfactorily to ensure smooth operation of the compressor 1
      because the oil disposed on the liquid level can be returned. It is to be
      understood that the heat source for the accumulator 6 in this embodiment
      is not limited to the refrigerant under higher pressure passing through
      the heat exchange coil 15, and that an electric heater or other heat
      source may be used as is the case with the previously described
      embodiments.
PAR  The temperature sensing member 4a is mounted in the minor diameter outlet
      pipe 12 for producing a signal to adjust the degree of opening of the
      expansion valve 4, in order that the degree of superheating of a portion
      of the refrigerant in the room coil 3 can be set at a predetermined level
      by using the pilot heat exchanger in the same manner as in the embodiment
      shown in FIG. 1.
PAR  The features characteristic of the invention are as aforementioned. In the
      1st aspect of the invention, the pilot heat exchanger 7 is mounted such
      that it constitutes a bypass of the accumulator so that heat exchange may
      take place between a portion of the refrigerant disposed at the outlet of
      the heat exchanger functioning as an evaporator and the refrigerant
      disposed at the outlet of the heat exchanger functioning as a condenser.
      The degree of opening of the expansion valve 4 is adjusted in accordance
      with the degree of superheating of the refrigerant under lower pressure
      disposed at the outlet of the pilot heat exchanger 7, whereby the
      evaporator can be made to function in humid condition at all times
      regardless of changes in the load. By this arrangement, the dryness of the
      refrigerant at the outlet of the evaporator can be set at a predetermined
      level at which about 85 percent of the refrigerant is converted into a
      gaseous state and about 15 percent thereof remains in a liquid state. The
      refrigerant in the humid state is brought to heat exchange relation with
      the refrigerant under higher pressure in the accumulator 6 so that the
      refrigerant drawn by suction into the compressor 1 may be converted into a
      saturated gas.
PAR  In the aforementioned control system of the prior art, all the refrigerant
      under lower pressure is superheated in the cooling tube on the outlet side
      of the evaporator. The cooling tube does not take part in vaporization of
      the refrigerant and therefore has a very low coefficient of heat
      transmission. This makes it impossible to make full use of the heat
      transfer area of the evaporator for vaporizing the refrigerant, and
      consequently the size of the evaporator is increased with an attendant
      increase in cost.
PAR  According to the invention, however, the evaporator operates in humid
      condition at all times regardless of changes in the load. This permits all
      the heat transfer area of the evaporator to be utilized for vaporizing the
      refrigerant in a liquid state, with a result that the coefficient of heat
      transmission of the evaporator is improved. Thus, the invention is
      conductive to higher capabilities of the apparatus when the heat exchange
      area remains the same and to reduced heat exchange area when the
      capabilities of the apparatus remain the same, thereby permitting to
      reduce cost.
PAR  The aforementioned control system of the prior art in which the refrigerant
      is superheated in the cooling tube on the exit side of the evaporator has
      an additional disadvantage. In this system, the portion of the superheated
      refrigerant increases or reduces in volume with changes in the load. This
      causes changes to occur in the coefficient of heat transmission of the
      evaporator. Thus, in this control system, control must be effected to cope
      with a change in the load and a change in the coefficient of heat
      transmission of the evaporator, so that difficulty is experienced in
      adjusting the degree of opening of the expansion valve.
PAR  In the present invention, control is effected such that the evaporator
      operates in a humid condition at all times regardless of changes in the
      load, and there is almost no change in the heat transfer area of the
      evaporator even if a change occurs in the load. Thus, the degree of
      opening of the expansion valve has only to be adjusted in accordance with
      a change in the load, because there is almost no change in the coefficient
      of heat transmission. The degree of opening of the expansion valve 4 is
      stabilized and the valve is free from the hunting phenomenon.
PAR  In the control system of the prior art, there are possibilities of troubles
      of the compressor 1 due to the lack of oil. This is because the
      refrigerating apparatus oil contained in the refrigerant tends to separate
      itself from the refrigerant and remain in the evaporator without returning
      to the compressor, since the refrigerant drawn by suction into the
      compressor 1 is in a superheated gaseous state. To overcome this
      disadvantage, it has hitherto been necessary to use additional means, such
      for example as oil return means, of special construction. According to the
      invention, the evaporator is made, as aforementioned, to operate in humid
      condition at all times regardless of changes in the load, so that
      separation of the refrigerating apparatus oil from the refrigerant and
      stagnation thereof in the evaporator can be prevented. As another feature
      of the invention, the oil return aperture 17 and the orifice 18 are formed
      in the outlet pipe 14 of the accumulator 6 to facilitate oil return to the
      compressor 1, thereby eliminating the need to provide oil return means of
      special construction.
PAR  According to the invention, the refrigerant in humid condition in the
      evaporator is heated and completely vaporized in the accumulator 6 into a
      dry saturated gas which is mixed at the outlet of the accumulator 6 with
      the refrigerant in a gaseous state which has been superheated in the pilot
      heat exchanger 7, so that the mixture is drawn by suction into the
      compressor. Since the superheated refrigerant in a gaseous state is very
      small in volume as compared with all the refrigerant in circulation, the
      refrigerant in a gaseous state drawn into the compressor 1 is not
      superheated and it is substantially in a saturated gaseous state.
PAR  When the conventional superheated gas suction system is incorporated in a
      refrigerating apparatus, it is almost impossible to operate the apparatus
      under overload because the compressor 1 tends to be damaged due to
      overheating of the compressor and electric motor. In the refrigerating
      apparatus according to the invention, there is little possibility of the
      electric motor being overheated because the dry saturated gas is drawn
      into the compressor 1, so that the apparatus can withstand operation under
      overload for a while. Since the refrigerant drawn into the compressor 1 is
      in a dry saturated gaseous state, it is higher in density than the
      refrigerant in a superheated gaseous state which is used in apparatuses of
      the prior art. Thus, the refrigerant gas drawn into the compressor 1 in
      the invention has a higher compression efficiency and therefore the
      compressor is higher in efficiency than compressors of the conventional
      apparatuses. This is conductive to increased coefficient of performance.
PAR  According to the invention, control of the evaporator is effected by the
      expansion valve 4 disposed immediately before the evaporator. This makes
      it possible to effect control in a stable manner by responding quickly to
      a change in the load.
PAR  The conventional system of adjusting the degree of supercooling of the
      refrigerant at the outlet of the condenser by detecting the state of the
      refrigerant at the outlet of the evaporator brought about by a change in
      the load may be said to effect indirect control, as compared with the
      system according to the invention in which the evaporator is directly
      controlled to cope with a change in the load applied to the evaporator.
      The conventional system is slow in responding to a change in the load.
      Moreover, there is the problem of the state of the refrigerant at the
      outlet of the evaporator undergoing a change, even if the degree of
      supercooling of the refrigerant at the outlet of the condenser is
      adjusted. Thus, the conventional supercooling system is unable to effect
      control in a stable manner. In the conventional supercooling system, the
      outlet of the condenser and the inlet of the expansion valve are sealed by
      the refrigerant in a supercooled liquid state. It is thus necessary to
      accumulate the refrigerant in a liquid state in the condenser. This is
      conductive to reduced capabilities and increased size of the condenser,
      and the charge of the refrigerant is increased accordingly.
PAR  In a refrigerating apparatus incorporating therein the control system
      according to the invention, the refrigerant at the outlet of the condenser
      can be controlled such that it is maintained in a flash gas state, because
      the refrigerant can be cooled in the pilot heat exchanger 7 and the
      accumulator 6. This makes it possible to make effective use of the heat
      transfer area of the condenser as well as the heat transfer area of the
      evaporator, so that it is possible to reduce the size of the condenser.
      Since no refrigerant in a liquid state is accumulated in the condenser,
      the charge of the refrigerant in the apparatus can be greatly reduced,
      thereby reducing the cost of the refrigerating apparatus.
PAR  Since no refrigerant in a liquid state is accumulated in the condenser, the
      pressure required for condensation of vapor is lower than in a
      refrigerating apparatus using the aforementioned conventional control
      system, so that the condenser can tolerate an application of an overload.
      Moreover, the refrigerant at the outlet of the evaporator is higher in
      pressure when the control system according to the invention is used than
      when the conventional superheated gas system is used, so that frost
      formation can be prevented. By virtue of these two features, the
      refrigerating apparatus according to the invention can be operated with a
      wider effective temperature range than has hitherto been possible.
PAR  The pilot heat exchanger 7 used in the control system which can achieve the
      aforementioned specific results has only to have a capacity large enough
      to superheat a portion of the refrigerant under lower pressure. Therefore,
      it is possible to use the pilot heat exchanger of a very small size and of
      very simple construction, such as a double tube structure, irrespective of
      the capacity of the refrigerating apparatus. This is conductive to reduced
      cost.
PAR  In the 2nd aspect of the invention, the refrigerant under higher pressure
      interposed between the heat exchanger functioning as a condenser and the
      expansion valve 4 may be used as a heat source with which a portion of the
      refrigerant under lower pressure is brought into heat exchange
      relationship in the pilot heat exchanger 7, and such refrigerant under
      higher pressure may be introduced into the heat exchanger 7 from any
      source as desired. The refrigerant coming out of the condenser can be
      changed to a saturated liquid state if it is a flash gas, and into a
      supercooled liquid state if it is in a saturated liquid state, by the heat
      exchange taking place in the pilot heat exchanger. Combined with the heat
      exchange taking place between the refrigerant under higher pressure and
      the refrigerant under lower pressure in the accumulator 6, this permits
      the refrigerant under higher pressure to be supplied to the evaporator
      after changing the refrigerant to a perfect liquid or supercooled liquid
      state. This is conductive to increased efficiency of the refrigerating
      apparatus.
PAR  In the 3rd aspect of the invention, a heat generating member other than the
      refrigerant under higher pressure can be used as a heat source for the
      heat exchanger. When this is the case, the heat source of the pilot heat
      exchanger has only to have a capacity large enough to heat a portion of
      the refrigerant disposed at the outlet of the evaporator. This means that
      such heat source has a small capacity and that the amount of heat
      generated by it can be adjusted readily. This makes it possible to effect
      control with a high degree of precision.
PAR  In the 4th aspect of the invention, the inlet pipe 13 connected to the
      pilot heat exchanger 7 branching off the inlet pipe 13 at the entrance to
      the accumulator 6 is formed therein with two or more orifices of even
      number which are disposed in positions such that a portion of the
      refrigerant which is at a constant ratio with respect to the refrigerant
      passing through the inlet pipe 13 can be deflected from its course and
      introduced into the pilot heat exchanger 7. By this arrangement, it is
      possible to cause the branch stream of refrigerant under lower pressure
      which is at a constant ratio in volume to the main stream of refrigerant
      under lower pressure to pass through the pilot heat exchanger 7 regardless
      of changes in the load or variations in the length of line to the pilot
      heat exchanger 7. Thus, control of capabilities of the apparatus can be
      effected in a stable manner without the expansion valve 4 suffering from
      hunting.
PAR  In the 5th aspect of the invention, the inlet pipe 13 of the accumulator 6
      connected to an intake portion of the minor diameter inlet pipe connected
      to the pilot heat exchanger 7 is disposed perpendicularly in the
      refrigerating apparatus. By this arrangement, it is possible to take out
      the refrigerant in a state which remains constant even if the refrigerant
      is in a state of the mixture of gas and liquid (if the inlet pipe 13 were
      disposed horizontally, the refrigerant in a liquid state would move
      through the lower portion of the pipe and the refrigerant in the minor
      diameter inlet pipe 11 would vary in state from the refrigerant in the
      inlet pipe 13). The minor diameter outlet pipe 12 has an acute-angled end
      12a which opens on the downstream side of the refrigerant passing through
      the outlet pipe 14. This permits the refrigerant to move out of the minor
      diameter outlet pipe 12 into the outlet pipe 14 with least resistance.
      Thus, control of capabilities of the apparatus can be effected in a stable
      manner.
PAR  In the 6th aspect of the invention, the outlet pipe 14 connecting the
      accumulator 6 to the compressor 1 is formed in the shape of a letter U,
      with the open end of one leg of the U-shaped pipe 14 being disposed in the
      refrigerant in a gaseous state in the accumulator 6 and the bottom portion
      of the U-shaped pipe 14 being disposed in the lower portion of the
      accumulator 6. The oil return aperture 17 is formed in the bent bottom
      portion of the U-shaped pipe 14, while the orifice 18 is formed in the
      other leg of the U-shaped pipe 14 in a position which is disposed above
      the heat exchange coil 15. This arrangement enables the evaporator
      disposed anterior to the accumulator 6 to operate such that the
      refrigerant at the outlet of the evaporator is in a state of humid
      saturated gas, so that all the heat transfer area of the evaporator can be
      utilized for performing a vaporization action. At the same time, it
      enables the refrigerant in a dry gaseous state to be returned to the
      compressor 1. Thus, the capabilities of the refrigerating apparatus can be
      maximized.
PAR  In the accumulator 6 in which the volume of refrigerant is adjusted and the
      refrigerant drawn by suction is heated, the orifice 18 is formed in the
      U-shaped outlet pipe 14 in a position which is disposed above the heat
      exchange coil 15. By this arrangement, it is possible to maintain the
      liquid level in the accumulator 6 at an optimum level at which the liquid
      level is high enough to enable the heat exchange coil 15 to be immersed in
      the refrigerant in a liquid state. Thus, the thermal conductivity of the
      heat exchange coil 15 can be improved and kept constant, and the
      refrigerating apparatus can be operated in a stable manner and with a high
      degree of efficiency.
PAR  In the 7th to 12th aspects of the invention, the refrigerating apparatus
      can be operated as a reversible apparatus of the heat pump type by
      mounting the four-way change-over valve 2 and the four-way change-over
      means 9 in the apparatus. According to the invention, the stream of
      refrigerant moving through the pilot heat exchanger 7, receiver 6c,
      expansion valve 4 and accumulator 6 can be controlled such that the
      refrigerant flows in the same direction, even if the refrigerant flows in
      one direction through the room coil and outdoor coil of the refrigeration
      circuit when the apparatus performs a cooling operation and flows in the
      opposite direction when it performs a heating operation. This eliminates
      the need to use an additional expansion valve and only one expansion valve
      4 can do the job, thereby reducing cost. The outdoor coil 5 functioning as
      a condenser when the apparatus performs a cooling operation functions as
      an evaporator when the apparatus performs a heating operation. This
      permits to reduce the size of the outdoor coil without reducing its
      performance as a condenser, because control is effected such that no
      refrigerant in a liquid state is accumulated therein when it functions as
      a condenser in the cooling operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A refrigerating apparatus comprising a refrigeration circuit in which a
      compressor, an outdoor heat exchanger, a receiver, a temperature sensing
      automatic expansion valve, a room heat exchanger and an accumulator are
      connected together in the indicated order, said receiver and said
      accumulator being capable of performing heat exchange; a pilot heat
      exchanger disposed in parallel with said accumulator and connected to said
      refrigeration circuit such that a portion of a refrigerant under lower
      pressure disposed at an outlet of said room heat exchanger functioning as
      an evaporator bypasses said accumulator and passes through said pilot heat
      exchanger where said portion of the refrigerant under lower pressure is
      subject to heat exchange with other heat source and then returned to the
      compressor after being combined with the refrigerant under lower pressure
      at an outlet of said accumulator; detection means mounted at an outlet of
      said pilot heat exchanger to detect the temperature of said one portion of
      the refrigerant under lower pressure at the outlet of said pilot heat
      exchanger before being combined with the refrigerant under lower pressure
      at the outlet of said accumulator, means connecting said expansion valve
      with said detection means so that the degree of opening of said expansion
      valve is adjusted in accordance with the degree of superheating of the
      refrigerant so as to adjust the volume of the refrigerant moving through
      the refrigeration circuit, whereby the room heat exchanger can be made to
      operate in humid condition at all times regardless of changes in the load
      and the humid refrigerant can be subjected to heat exchange with a
      refrigerant under higher pressure in said accumulator so as to return to
      said compressor of a refrigerant in a saturated gaseous state.
NUM  2.
PAR  2. A refrigerating apparatus as claimed in claim 1 wherein said other heat
      source subjected in said pilot heat exchanger to heat exchanger with said
      one portion of the refrigerant under lower pressure disposed at the outlet
      of said room heat exchanger is a refrigerant under higher pressure moving
      through said refrigeration circuit, the refrigerant under higher pressure
      interposed between said outdoor heat exchanger and said expansion valve
      being made to pass through said pilot heat exchanger.
NUM  3.
PAR  3. A refrigerating apparatus as claimed in claim 1 wherein said other heat
      source subjected in said pilot heat exchanger to heat exchange with said
      one portion of the refrigerant under lower pressure disposed at the outlet
      of said room heat exchanger is an electric heater or other heat source
      than the refrigerant circulating in the refrigerating apparatus, said the
      other heat source being mounted in said pilot heat exchanger.
NUM  4.
PAR  4. A refrigerating apparatus as claimed in claim 1 further comprising an
      inlet pipe of said accumulator, a minor diameter inlet pipe branching off
      said inlet pipe and connected to said pilot heat exchanger, an outlet pipe
      of said accumulator, and a minor diameter outlet pipe connected at one end
      to said pilot heat exchanger and at the other end to said outlet pipe, so
      that said one portion of the refrigerant under lower pressure disposed at
      the outlet of said room heat exchanger and bypassing said accumulator is
      introduced into said pilot heat exchanger through said inlet pipe and said
      minor diameter inlet pipe and discharged therefrom through said minor
      diameter outlet pipe and said outlet pipe, said minor diameter inlet pipe
      having an intake portion which extends through said inlet pipe such that
      the center line of a transverse sectional plane of said inlet pipe
      coincides with the center line of a vertical sectional plane of said
      intake portion of said minor diameter inlet pipe, and wherein two or more
      orifices are formed in a portion of a wall of said intake portion of said
      minor diameter inlet pipe which is disposed on the upstream side of the
      refrigerant passing through said inlet pipe, said orifices being disposed
      on the circumference or circumferences of an odd-numbered imaginary circle
      or circles centered at the center of said transverse sectional plane of
      said inlet pipe and growing larger in diameter, said imaginary circle or
      circles being drawn such that the product of the value of integration of
      the flow rate of the refrigerant passing through a first imaginary circle
      and the sectional area of said first imaginary circle, the product of the
      value of integration of the flow rate of the refrigerant passing through
      the area interposed between the first imaginary circle and the second
      imaginary circle and the sectional area between the first imaginary circle
      and the second imaginary circle, and the product of the value of
      integration of the flow rate of the refrigerant passing through the area
      interposed between two circles having larger diameters and the sectional
      area between the adjacent two larger diameter circles are equal to one
      another.
NUM  5.
PAR  5. A refrigerating apparatus as claimed in claim 4 wherein said inlet pipe
      of the accumulator through which the intake portion of said minor diameter
      inlet pipe extends is disposed vertically, and said minor diameter outlet
      pipe has a forward end portion extending through said outlet pipe of the
      accumulator, said forward end portion having an acute-angled end opening
      on the downstream side of the refrigerant passing through the outlet pipe
      of the accumulator.
NUM  6.
PAR  6. A refrigerating apparatus as claimed in claim 1 further comprising a
      heat exchange coil disposed in a lower portion of said accumulator and
      forming a part of a line for delivering the refrigerant under higher
      pressure from said receiver to said expansion valve so that the
      refrigerant under lower pressure and in a liquid state in the accumulator
      can be heated and vaporized, and a U-shaped pipe forming a part of said
      outlet pipe of the accumulator connecting said accumulator to the
      compressor, said U-shaped pipe of the outlet pipe having an open forward
      end positioned in the refrigerant under lower pressure and in a gaseous
      state in the accumulator and a bent bottom portion immersed in the
      refrigerant under lower pressure and in a liquid state in a bottom of the
      accumulator, said U-shaped pipe of the outlet pipe further having an oil
      return aperture provided at said bent bottom portion thereof and an
      orifice provided in one leg thereof at a position which is above said heat
      exchange coil.
NUM  7.
PAR  7. A refrigerating apparatus as claimed in claim 1 wherein said
      refrigeration circuit further comprises a four-way change-over valve,
      four-way change-over means, an inlet pipe of said accumulator and an inlet
      pipe of said receiver, said four-way change-over valve being operative to
      switch the delivery side of said compressor between the outdoor heat
      exchanger and the room heat exchanger each functioning as a condenser and
      also to switch said inlet pipe of the accumulator between the room heat
      exchanger and the outdoor heat exchanger each functioning as an
      evaporator, said four-way change-over means being operative to switch said
      inlet pipe of the receiver between the outdoor heat exchanger and the room
      heat exchanger each functioning as a condenser and also to switch said
      expansion valve between the room heat exchanger and the outdoor heat
      exchanger each functioning as an evaporator, whereby the refrigerating
      apparatus can be operated reversibly.
NUM  8.
PAR  8. A refrigerating apparatus as claimed in claim 7 wherein said other heat
      source subjected in said pilot heat exchanger to heat exchange with said
      one portion of the refrigerant under lower pressure disposed at the outlet
      of said room heat exchanger or said outdoor heat exchanger functioning as
      an evaporator is a refrigerant under higher pressure, and said pilot heat
      exchanger is connected to said refrigeration circuit such that the
      refrigerant under higher pressure interposed between the outdoor heat
      exchanger or the room heat exchanger functioning as a condenser and the
      expansion valve passes through said pilot heat exchanger.
NUM  9.
PAR  9. A heat exchanger as claimed in claim 7 wherein said other heat source
      subjected in said pilot heat exchanger to heat exchange with said one
      portion of the refrigerant under lower pressure disposed at the outlet of
      the room heat exchanger or the outdoor heat exchanger functioning as an
      evaporator is an electric heater or other heat source than the refrigerant
      circulating in the refrigerating apparatus, said the other heat source
      being mounted in said pilot heat exchanger.
NUM  10.
PAR  10. Refrigerating apparatus as claimed in claim 7 further comprising a
      minor diameter inlet pipe branching off said inlet pipe of the accumulator
      and connected to said pilot heat exchanger, and a minor diameter outlet
      pipe connected at one end to said pilot heat exchanger and at the other
      end to said outlet pipe of the accumulator, so that said one portion of
      the refrigerant under lower pressure disposed at the outlet of the room
      heat exchanger or outdoor heat exchanger functioning as an evaporator and
      bypassing said accumulator is introduced into said pilot heat exchanger
      through said inlet pipe and said minor diameter inlet pipe and discharged
      therefrom through said minor diameter outlet pipe and said outlet pipe,
      said minor diameter inlet pipe having an intake portion which extends
      through said inlet pipe such that the center line of a transverse
      sectional plane of said inlet pipe coincides with the center line of a
      vertical sectional plane of said intake portion of said minor diameter
      inlet pipe, and wherein two or more orifices are formed in a portion of a
      wall of said intake portion of said minor diameter inlet pipe which is
      disposed on the upstream side of the refrigerant passing through said
      inlet pipe, said orifices being disposed on the circumference or
      circumferences of an odd-numbered imaginary circle or circles centered at
      the center of said transverse sectional plane of said inlet pipe and
      growing larger in diameter, said imaginary circle or circles being drawn
      such that the product of the value of integration of the flow rate of the
      refrigerant passing through a first imaginary circle and the sectional
      area of said first imaginary circle, the product of the value of
      integration of the flow rate of the refrigerant passing through the area
      interposed between the first imaginary circle and the second imaginary
      circle and the sectional area between the first imaginary circle and the
      second imaginary circle, and the product of the value of integration of
      the flow rate of the refrigerant passing through the area interposed
      between two circles having larger diameters and the sectional area between
      the adjacent two larger diameter circles are equal to one another.
NUM  11.
PAR  11. A refrigerating apparatus as claimed in claim 7 further comprising a
      minor diameter inlet pipe connected at one end to said pilot heat
      exchanger and at the other end to said inlet pipe of said accumulator, and
      a minor diameter outlet pipe connected at one end to said pilot heat
      exchanger and at the other end to said outlet pipe of the accumulator, and
      wherein the outlet pipe of the accumulator is disposed vertically and an
      intake portion of said minor diameter inlet pipe extends through said
      inlet pipe, and the minor diameter outlet pipe has an end portion inserted
      in said outlet pipe of the accumulator and having an acute-angled end
      opening on the downstream side of the refrigerant passing through the
      outlet pipe.
NUM  12.
PAR  12. A refrigerating apparatus as claimed in claim 7 further comprising a
      heat exchange coil disposed in a lower portion of said accumulator and
      forming a part of a line for delivering the refrigerant under higher
      pressure from said receiver to said expansion valve so that the
      refrigerant under lower pressure and in a liquid state in the accumulator
      can be heated and vaporized, and a U-shaped pipe forming a part of said
      outlet pipe of the accumulator connecting said accumulator to the
      compressor, said U-shaped pipe of the outlet pipe having an open forward
      end positioned in the refrigerant under lower pressure and in a gaseous
      state in the accumulator and a bent bottom portion immersed in the
      refrigerant under lower pressure and in a liquid state in a bottom of the
      accumulator, said U-shaped pipe of the outlet pipe further having an oil
      return aperture provided at said bent bottom portion thereof and an
      orifice provided in one leg thereof at a position which is above said heat
      exchange coil.
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ABST
PAL  Freezing apparatus in which food is quickly frozen comprising five coils,
      two joined in series to form a first set and two joined in series to form
      a second set, the exhaust of the two sets being delivered to the fifth
      coil in a pre-cooling chamber where food is introduced by a conveyor to
      the freeze tunnel. Each of the five coils is positioned in a separate
      chamber in the tunnel and thermal couple sensors deliver signals which are
      compared to a set-point signal in proportional controllers to control the
      flow of liquid nitrogen to each set of coils. Flow from the first and
      second sets of coils is vented to atmosphere and heater apparatus adjacent
      the fifth coil is energized when the temperature of nitrogen vapor
      discharged from the fifth coil is less than a predetermined value which
      results when formation of ice on the surface of the fifth coil reduces
      exchange of the heat between air circulated over the fifth coil and
      nitrogen vapor flowing therethrough.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of our co-pending application, Ser. No.
      250,616 filed May 5, 1972 entitled "Refrigeration Apparatus" now U.S. Pat.
      No. 3,802,212.
BSUM
PAC  BACKGROUND
PAR  Heretofore mechanical refrigeration units and spray systems have been
      employed for cooling or freezing food products.
PAR  Mechanical refrigeration systems generally employ Freon 22 or ammonia as a
      refrigerant and employ brine or air as intermediate coolant.
PAR  Spray systems generally spray vapor of cryogenic liquid, such as nitrogen
      or carbon dioxide, through nozzles into a compartment through which food
      is conveyed. Spray systems have ceratin advantages over mechanical
      refrigeration units heretofore devised because of faster freezing and
      consequently less shrinkage, simplicity of operation, ease of maintenance
      and relatively low initial installation cost. However, a primary
      disadvantage of spray systems as compared to mechanical refrigeration
      units involves higher operating cost because the cooling capacity of the
      vapor has not been efficiently utilized. Further, meats exposed to a
      nitrogen enriched atmosphere often absorb the nitrogen resulting in
      discoloration of the meat.
PAC  SUMMARY OF INVENTION
PAR  We have devised an improved method and apparatus for freezing food products
      which incorporates certain advantages of both mechanical and spray type
      refrigeration units while eliminating many of the inherent disadvantages
      of each type of system.
PAR  The cooling apparatus comprises circular coils connected through
      proportionally controlled valves to a source of liquid nitrogen to provide
      controlled evaporation of the liquid nitrogen to permit full utilization
      of the sensible heat of nitrogen vapor. The cooling coils are positioned
      around a centrifugal blower such that air is circulated over food products
      carried by a conveyor and in heat exchange relation with the cooling coils
      providing rapid exchange of heat to quickly freeze water in the food
      forming small crystals.
PAR  A preferred form of the invention comprises five cooling coils, two of
      which are joined in series to form one set.
PAR  The exhaust of the two sets is connected to the inlet of the fifth coil in
      a pre-cooling chamber adjacent the entrance end of the cooling apparatus.
      Control valves are mounted between an exhaust line from the first and
      second sets of coils and the inlet of the fifth coil, the valve being
      actuatable to permit flow of coolant through the fifth coil or to exhaust
      the coolant prior to reaching the fifth coil to facilitate defrosting the
      fifth coil which is positioned at the entrance to the freezer apparatus.
PAR  Temperature sensors are positioned such that control apparatus will stop
      the motor driving the centrifugal fan associated with the fifth coil, will
      block flow of coolant through the fifth coil, and energize heater
      apparatus to defrost the fifth coil when the temperature difference
      between nitrogen exhausted from the fifth coil and the temperature of air
      being circulated across the fifth coil exceeds a predetermined value.
PAR  A primary object of the invention is to provide freezer apparatus which
      efficiently employs vapor of a liquified cryogenic gas to cool coils over
      which air is circulated for cooling food products to provide fast freezing
      at a low operating cost.
PAR  Another object of the invention is to provide freezer apparatus having a
      plurality of freezing chambers monitored by temperature sensors arranged
      to control the introduction of vapor of a cryogenic gas to provide
      controlled evaporation and full utilization of sensible heat.
PAR  Another object of the invention is to provide freezer apparatus having a
      plurality of sets of cooling coils, the coils of each set being connected
      in series while the sets are connected in parallel to provide heat
      transfer from air circulated over coils such that the temperature of the
      circulated air approximates the temperature of vapor exhausted from the
      system.
PAR  Another object of the invention is to provide freezer apparatus having a
      cryogenic evaporator coil adapted to be triggered to a defrost cycle when
      the temperature differential between vapor exhausted from the evaporator
      coil and return air drawn across surfaces of the evaporator coil exceeds a
      predetermined limit.
PAR  A further object is to provide freezer apparatus comprising a plurality of
      heat exchangers which can be defrosted individually without interruption
      of operation of the freezer apparatus.
PAR  A still further object of the invention is to provide a refrigeration
      apparatus having a minimum number of moving parts to provide a reliable
      system requiring minimum maintenance.
PAR  Other and further objects of the invention will become apparent upon
      referring to the detailed description hereinafter following and to the
      drawings annexed hereto.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  Drawings of a preferred embodiment of the invention are annexed hereto so
      that the invention may be better and more fully understood, in which:
PAR  FIG. 1 is a plan view of the freeze tunnel;
PAR  FIG. 2 is a side elevational view;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of a cooling coil;
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 5; and
PAR  FIG. 8 is a diagrammatic view of the control apparatus.
DETD
PAR  Numeral references are employed to designate like parts throughout the
      various figures of the drawing.
PAC  PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 of the drawing the numeral 10 generally
      designates a freeze tunnel comprising a cooling compartment divided into a
      first pre-cooling zone 12, a second pre-cooling zone 14, a sub-freezing
      zone 16, a freezing zone 18, and an equilibrium zone 20.
PAR  Loading and discharge zones 22 and 24 are disposed adjacent opposite ends
      of freeze tunnel 10 and suitable conveyor means 26 is employed for moving
      articles from the entrance or loading zone 22 through the zones 12-20 to
      the discharge end 24 of freezer apparatus 10.
PAR  Zones 12-20 preferably comprise modular construction units M of
      substantially identical construction having entry doors 28 adjacent at
      least one side thereof and having connector openings adjacent opposite
      ends thereof through which conveyor 26 is moveable. The units M are
      secured together by suitable disengageable connectors 30 to form an
      elongated compartment.
PAR  Suitable means is provided for circulating air in zones 12 20 over products
      carried by conveyor 26 for freezing as will be hereinafter described.
PAR  While the temperatures in each zone may vary under specified operating
      conditions, zone 12 is preferably maintained at for example -20.degree.F,
      zone 14 at -50.degree.F, zone 16 at -100.degree.F zone 18 at -200.degree.F
      and zone 20 at -250.degree.F. Controlling temperatures in zones 12-20
      thusly provides freezing of a hamburger patty, introduced at an initial
      temperature of 50.degree.F, to a discharge temperature of 0.degree.F in
      approximately 6 minutes.
PAR  Each of the modular units M preferably has side walls 32 and 34, a top 36
      and bottom 38 comprising spaced sheets 38a and 38b of stainless steel
      material, the space therebetween being filled by a sheet 38c of suitable
      insulator material, such as high density Styrofoam or foamed polyurethane.
PAR  Each of the modules has connector means 30 at opposite ends thereof for
      connecting the units together to form an elongated chamber or tunnel.
      However, the modular elements may be disconnected to facilitate cleaning,
      maintenance and periodic inspections.
PAR  As best illustrated in FIGS. 2 and 3, the conveyor 26 comprises an endless
      flexible belt, preferably constructed of stainless steel equalized mesh
      and is driven by a infinitely adjustable variable speed motor 42 through a
      chain 44 extending about driven sprocket 46 rotatably mounted in the
      loading zone 22 of freeze tunnel 10. Belt 40 extends about a sprocket 48
      rotatably secured in the discharge zone 24 of freeze tunnel 10. Sprocket
      48 is preferably adjustable to control tension of belt 40.
PAR  Suitable conveyor support apparatus extends longitudinally of each of the
      modular units of zones 12-20 to prevent sagging of conveyor belt 40. In
      the particular embodiment of the invention illustrated in the drawing, the
      conveyor support comprises spaced transversly extending support bars 48
      having spaced wear bars 50 secured to the upper side thereof and extending
      longitudinally through the chamber in the modular elements. Support bars
      48 are secured to upper ends of stanchions 52 having lower ends welded or
      otherwise secured to base elements 54 to distribute loading over a
      substantial area of the surface of the inner sheet 38b of the bottom 38.
PAR  Belt 40, having perforations extending therethrough, slides along the upper
      surface of wear bars 50 upon rotation of drive sprocket 46.
PAR  As best illustrated in FIG. 3 of the drawing, the top 36 has a central
      opening in which bearing 56 is mounted. Motor 58 is secured to top 36 by
      motor mounts 59 and has a shaft 58a to which a centrifugal type fan 60 is
      mounted.
PAR  A heat exchanger element 62 has an upper end secured to a mounting plate 64
      suspended from the top 36 of the modular element by support elements 66.
PAR  Heat exchanger 62 is best illustrated in FIGS. 5, 6, and 7 and comprises a
      circular coil having intake and discharge manifolds 70 and 72 respectively
      joined by outer tubes 74 intermediate tubes 76 and inner tube 78. Suitable
      connector tubes 80 join ends of tubes 74, 76, and 78 such that fluid
      entering intake manifold 70 passes through a plurality of tubes in route
      to the exhaust manifold 72.
PAR  Tubes 74, 76 and 78 are preferably constructed of copper or other suitable
      heat conductive material and extend through spacer plates 82 having
      perforations formed therein to maintain horizontal and vertical spacing to
      permit flow of air over surfaces of the tubes.
PAR  As best illustrated in FIGS. 3 and 4 of the drawing an annular plenum 85 is
      formed about heat exchanger 62 and comprises an outer cylindrical shroud
      86 having an inwardly deflected upper end 86a. The inner wall of the
      plenum 85 comprises a cylindrical member 88 having a reduced diameter area
      adjacent the upper end thereof forming a throat 88a. The upper end of
      cylindrical member 88 extends outwardly to a position adjacent the lower
      end of heat exchanger 62 and the lower end has a cutout portion 90
      permitting downward flow of air from heat exchanger 62 through the annular
      passage between shroud 82 and cylindrical member 88 and then through the
      cut-out portion 90 and upwardly through perforations in conveyor belt 40
      to the suction side of the centrifugal fan 60.
PAR  From the foregoing it should be readily apparent that the centrifugal fan
      60 urges air outwardly across tubes 74, 76, and 78 of heat exchanger 62
      and that the air is delivered upwardly through conveyor 40 to provide
      substantially uniform cooling of products carried by the conveyor 40.
PAR  Baffles 92 extend across opposite ends of each of the modular elements and
      have connector doors or passages 94 formed therein to permit passage of
      conveyor belt 40 and products carried thereon from one modular element to
      the other while preventing passage of substantial quantities of air from
      one modular element to the other. It should be readily apparent that since
      zones 12-20 are isolated one from the other temperature in each of the
      zones can be controlled to provide optimum conditions for sequentially
      reducing temperature as the product is carried through the various zones
      by conveyor 26.
PAR  To minimize entry of warm air and escape of cold air from pre-cooling zone
      12 and equilibrium zone 20, curtains 96 and 98' constructed of Mylar or
      other suitable material are positioned across entrance openings to the
      zones.
PAR  As diagrammatically illustrated in FIG. 8 a container 100 of liquid
      nitrogen, carbon dioxide, or suitable liquified cryogenic gas is connected
      through supply line 101 to a solenoid actuated control valve 102 which has
      an outlet passage connected to feed lines 104 and 106.
PAR  Feed line 104 is connected through a motorized flow control valve 108 to
      the intake manifold 70 of the coil 62e of equilibrium zone 20. The exhaust
      manifold of the coil of zone 20 is connected through line 110 to the
      intake manifold of the coil 62c of sub-freezing zone 16 while the exhaust
      manifold of the coil in zone 16 is connected through line 112 to an
      exhaust line 114 connected through a tee 115 with solenoid actuated valves
      116 and 118.
PAR  The outlet of valve 16 is connected to the intake manifold 70 of the coil
      62a of zone 12 and the exhaust manifold 72 of coil 62a is connected to a
      vent line 120 through which vapor is discharged outside of freeze tunnel
      10. The outlet of valve 118 is connected directly to vent line 120.
PAR  The feed line 106 is connected through motorized flow control valve 108a to
      the intake manifold 70 of the coil 62d in zone 18. The exhaust manifold 72
      of coil 62d in zone 18 is connected through line 110a to the intake
      manifold 70 of coil 62b in zone 14. The exhaust manifold 72 of coil 62b in
      zone 14 is connected to exhaust line 114 which is hereinbefore described
      as connected through tee 115 to solenoid actuated valves 116 and 118.
PAR  From the foregoing it should be readily apparent that the coils in zones 16
      and 20 are connected in series forming a first set of coils and the coils
      in zones 14 and 16 are connected in series forming a second set of coils.
      The first and second sets of coils are connected in parallel exhausting
      fluid to exhaust line 114. Under normal operating conditions solenoid
      actuated valve 116 is open and solenoid actuated valve 118 is closed such
      that fluid flowing from exhaust line 114 is delivered through the coil 62a
      in zone 12 to the vent line 120. However, as will be hereinafter more
      fully explained, when coil 62a becomes iced, requiring defrosting, valve
      116 will be closed and valve 118 opened to deliver fluid from exhaust line
      114 directly to vent line 120 thereby by-passing the coil 62a in zone 12.
PAR  The tubes in heat exchanger coil 62a in zone 12 and coil 62b in zone 14
      preferably do not have fins such that moisture carried into the freeze
      tunnel adjacent the entrance end thereof will condense on the coil 12a.
      The coils 62c, and 62d, and 62e preferably provided with tubes having fins
      since excessive moisture from air which might enter the freeze tunnel is
      collected on coils 62a having plain tube to facilitate defrosting.
PAR  Referring to FIG. 8, terminals T1 and T2 are connected to a source 110 volt
      electricity.
PAR  Terminal T1 is connected through line L1 and L1a to the pole of a rotary
      switch RS. A contact of rotary switch RS is connected through line L2a to
      one side of the coil of relay R1. The other side of the coil of relay R1
      is connected to line L2. Thus, when the pole of rotary switch RS is
      positioned against the contact to which line L2a is connected, a circuit
      is completed through the coil of relay R1 thereby closing the normally
      open switches R1a-R1e.
PAR  A second contact of rotary switch RS is connected through line L1b to one
      side of the windings of motors 180a and 108a' and also to one side of the
      coil of solenoid actuated valve 102. The opposite sides of the windings of
      motors 108a and 108a' as well as the opposite side of the coil of solenoid
      actuated valve 102 are connected through the line L2c to a line L2b which
      is connected line switch R1a to lone L2 and terminal T2.
PAR  Thus, rotary switch RS is employed to selectively energize the coil of
      relay R1 or to energize the windings of motors 108a and 108a' and the coil
      of solenoid actuated valve 102.
PAR  Line L1 is connected through line L1c to switch R1e of relay R1 which is
      connected to the line L1d.
PAR  Line L1d is connected through L1e to one side of the coil of relay R2. The
      opposite side of the coil relay R2 is connected through lines L1f in
      series with thermal overload circuit breakers T02, T03, T04, and T05 and
      through signal light B1 and line L1g to normally closed contacts of relay
      R2. The pole of the normally closed contacts is connected through line L2d
      to line L2b.
PAR  Thus, when the coil of relay R2 is not energized a circuit is completed
      through the normally closed contact and signal light B1 is illuminated
      indicating that motors 58a-58e are not energized.
PAR  Line L1f is connected through normally closed switch S1 and line L1h to
      normally open switch S2 which is connected through line L2e to line L2d.
PAR  When switch S2 is momentarily closed, a circuit is completed through the
      coil of relay R2 breaking the circuit through normally closed contacts
      turning off bulb B1 and completing a holding circuit through line L1j and
      normally open contacts of relay R2 maintaining the coil of relay R2 in an
      energized condition. The holding circuit can be broken by momentarily
      opening switch S1.
PAR  Switch S1 is preferably spring biased to a closed position and switch S2 is
      preferably spring biased to an open position.
PAR  Bulb B2 connected in parallel with the coil of relay R2 is illuminated when
      the coil of relay R2 is energized to indicate that motors 58a-58e are
      energized.
PAR  Line Ld is connected through line L1k to a switch in timing relay TR,
      through line L1l to temperature coontroller TC1 and temperature controller
      TC2 and to the primary windings of power supply PS. Line L1d is connected
      through line L1m, thermal overload device T01, and normally closed
      contacts of relay R4 to the coil of relay R3, the other side of which is
      connected to line L1j.
PAR  Line L1d is connected through line L1n to a normally closed contact of
      relay R4 which is connected through line L1n' to one side of the coil of
      solenoid actuated valve 116. The normally open switch of relay R4 is
      connected through line L1n" to one side of the coil of solenoid actuated
      valve 118. The opposite sides of coils of solenoid actuated valves 116 and
      118 are connected through line L2g to line L2b.
PAR  Thus, when the coil of relay R4 is not energized the coil of solenoid
      actuated valve 116 is energized. When the coil of relay R4 is energized
      the circuit to the coil of solenoid actuated valve 116 is broken and a
      circuit is completed to the coil of solenoid actuated valve 118.
PAR  Line L2b is connected through line L2h to one side of the coil of relay R4
      and the other side of the coil is connected through line L2j to a switch
      in time delay relay TR. Line L2b is also connected through line L2k to the
      primary winding of 12 volt direct current power supply PS.
PAR  The secondary winding of power supply PS is connected through lines PS1 to
      the timing mechanism of time delay relay TR which is connected through
      line PS2 to defrost controller 128 and through line PS3 to the opposite
      side of the secondary winding.
PAR  Defrost controller 128 is connected through lines PS4 and PS5 in parallel
      with timing mechanism of time delay relay TR.
PAR  Defrost controller 128 is described in our co-pending application Ser. No.
      250,616, now U.S. Pat. No. 3,802,212, the description of which is
      incorporated herein by reference in its entirety.
PAR  Defrost controller 128 comprises a resistance bridge network arranged for
      energizing or de-energizing time delay relay TR which controls the
      apparatus for triggering and terminating a defrost cycle.
PAR  The resistance bridge network of defrost controller 128 includes a first
      thermistor 136 mounted in vapor exhaust line 120 through which nitrogen
      vapor is exhausted to atmosphere. Thermistor 136 is a temperature -
      sensitive resistance, the resistance of which varies with the temperature.
PAR  A second thermistor 138 is disposed inside pre-cooling zone 12 and is
      positioned such that air drawn across coil 62a blows across thermistor 138
      when moving downwardly through plenum 85.
PAR  Thermistor 136 is connected through lines 136a and 136b to defrost
      controller 128 and thermistor 138 is connected through lines 138a and 138b
      to controller 128.
PAR  Thermistors 136 and 138 are connected in a resistance bridge network such
      that when the resistance of thermistor 136 increases more than the
      resistance of thermistor 138, because ice is formed on coils of heat
      exchanger 62a, the resistance bridge will become unbalanced. Current then
      energizes the coil of time delay relay TR connected across the bridge
      network, causing the flow of liquid nitrogen to be stopped causing motor
      58a to be de-energized, and causing heater elements H1-H12 to be energized
      for melting ice from the surface of tubes of heat exchanger coil 62a.
PAR  It should be apparent that temperature sensor devices such as silicone
      diodes and thermal couples may be employed in lieu of thermistors 138 for
      sensing temperature and that changes in voltage or current may be employed
      to trigger defrost controller 128. It should further be apparent to
      persons skilled in the art that defrost controller 128 may include other
      and further devices for detecting an unbalanced condition in the bridge
      network.
PAR  When switches of time delay relay TR are closed, the coil of relay R1 is
      energized thereby closing valve 116 and opening valve 118 as hereinbefore
      described.
PAR  Temperature sensors, such as thermocouples 140 and 142, are connected
      through lines 140a and 142a respectively to temperature controllers TC1
      and TC2. Temperature controller TC1 is connected through lines 140b and
      140c to motor 108a for increasing or decreasing the flow rate of nitrogen
      vapor through valve 108.
PAR  Temperature controller TC2 is connected through lines 142b and 142c to
      valve 108a' for increasing or decreasing the flow of nitrogen vapor
      through valve 108a'.
PAR  Temperature controllers TC1 and TC2 are three mode type with proportional,
      integrative, and derivative action giving a proportional signal and
      thereby controlling the exact amount of refrigerant delivered to zones 18
      and 20.
PAR  Power lines P1, P2, and P3 are connected through switches R1b, R1c, and R1d
      to a source of 230 volt three phase electricity and through contacts of
      relay R2 to motors 58b, 58c, 58d, and 58e.
PAR  When the coil of relay R3 is energized the windings of motor 58a are
      energized.
PAR  When the coil of relay R4 is energized a circuit is completed to heater
      elements H1-H12.
PAC  OPERATION
PAR  The operation and function of the apparatus hereinbefore described should
      be readily apparent. However, a brief description of the sequence of
      operation is as follows:
PAR  Completion of a circuit from line L1a through switch RS to line L2a
      energizes the coil of relay R1 connecting power lines P1, P2, and P3 to a
      source of 230 volt three cycle electricity and connecting the source of
      110 volt electricity to power supply PS and temperature controller TC1 and
      TC2.
PAR  As switches of relay R1 close signal indicators B1 and B5 will be
      illuminated.
PAR  Closing switch S2 causes the coil of relay R2 to be energized thereby
      motors 58b-58e, energizing the coil of relay R3 to energize motor 58a,
      turning off indicator B1 and turning on indicator B2.
PAR  Thermocouples 140 and 142 monitor temperature of air flowing across coils
      62e and 62d respectively while temperature controllers TC1 and TC2
      maintain flow through valves 108 and 108a at a rate necessary to maintain
      predetermined temperature levels adjacent the respective coils.
PAR  Nitrogen vapor from coil 62b-62d flows through valve 116 to coil 62a. Valve
      118 is closed.
PAR  When frost on the surface of coil 62a causes a temperature differential as
      hereinbefore described defrost controller 128 energizes time delay relay
      TR completing a circuit from line L1kthrough line L2j to energize a coil
      of relay R4, turning on bulb B6, closing valve 116, opening valve 118 and
      energizing heater elements H1-H12 while breaking the circuit through the
      coil of relay R3. Thus, blower motor 58a is turned off, valve 116 is
      closed, valve 118 is opened and heater elements H1-H12 are energized.
PAR  When time delay relay TR resets at the expiration of a predetermined time
      interval the circuit through the coil of relay R4 will be broken closing
      valve 118, opening valve 116, energizing blower motor 58a, and
      de-energizing heater elements H1-H12.
PAR  Conveyor motor 42 is energized by closing switch 42a and the speed of the
      motor is controlled by adjustment of potentiometer 42b.
PAR  From the foregoing it should be readily apparent that other and further
      embodiments of our invention may be devised without departing from the
      basic concept thereof.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. Freezer apparatus comprising: first and second heat exchanger means
      having inlets and outlets; means to deliver coolant to the inlet of the
      first exchanger means; a conduit connecting the outlet of the first
      exchanger means to the inlet of the second heat exchanger means; an
      exhaust line connected to the outlet of the first exchanger means; signal
      responsive valve means in said conduit and in said exhaust line; means to
      heat said second heat exchanger mean; sensor means positioned in heat
      exchange relation with coolant discharged from second heat exchanger;
      signal generator means operably connected to said sensor means and to said
      signal responsive valve means and to said heater means, said signal
      generator means being adapted to generate signals to actuate said valve
      means such that flow of coolant is diverted from the first heat exchanger
      to the exhaust line and the heater means is energized when temperature of
      coolant exhausted from said second heat exchanger is less than a
      predetermined temperature.
NUM  2.
PAR  2. The combination called for in claim 1 wherein the first and second heat
      exchangers comprise coils.
NUM  3.
PAR  3. The combination called for in claim 1 wherein the first heat exchanger
      comprises: circular tubes; and means to mount said tube forming a coil.
NUM  4.
PAR  4. The combination called for in claim 3 with the addition of a centrifgual
      blower; means supporting said coil around the blower such that the blower
      moves air over surfaces of the coil.
NUM  5.
PAR  5. The combination called for in claim 4 with the addition of: a circular
      plenum about said coil.
NUM  6.
PAR  6. The combination called for in claim 1 wherein the first heat exchanger
      means comprises: first and second sets of coils; means to connect the
      coils of the first set in series; means to connect the coils of the second
      set in series; and means to connect the first set of coils in parallel
      with the second set of coils.
NUM  7.
PAR  7. The combination called for in claim 6 wherein the means to deliver
      coolant to the inlet of the first heat exchanger means comprises: a
      temperature sensor adjacent one of the coils in each set of coils; valve
      means associated with each set of coils; and control means between the
      temperature sensor and the valve means to increase and decrease flow of
      coolant to each set of coils responsive to change in temperature adjacent
      each set of coils.
NUM  8.
PAR  8. The combination called for in claim 1 wherein the source of coolant
      comprise a tank of liquid nitrogen.
NUM  9.
PAR  9. The combination called for in claim 1 with the addition of: conveyor
      means; and means to move the conveyor means from the second heat exchanger
      toward the first heat exchanger.
NUM  10.
PAR  10. Freezer apparatus comprising: a first set of cooling coils; means
      connecting coils of the first set in series; a second set of cooling
      coils; means connecting coils of the second set in series; a source of
      liquid nitrogen; a supply line between said source of liquid nitrogen and
      the first and second set of cooling coils; valve means in said supply line
      to control flow of fluid to said first and second sets of cooling coils;
      actuated means operably connected to said valve means; temperature sensor
      means positioned adjacent a coil of each set of coils; actuating means
      connected between the temperature sensor means and the actuated means
      arranged to control flow of fluid through each set of coils in response to
      temperature adjacent a coil of each set of coils; a heat exchanger having
      an inlet passage and an outlet passage; means to deliver fluid from said
      first and second sets of cooling coils in parallel to the inlet passage of
      said heat exchanger; and means to circulate air over surfaces of said
      cooling coils and said heat exchanger.
NUM  11.
PAR  11. The combination called for in claim 10 with the addition of exhaust
      temperature sensor means adjacent said exhaust passage; air temperature
      sensor means adjacent said heat exchanger; heater means adjacent said heat
      exchanger; and means to energize said heater means when the temperature of
      air adjacent the heat exchanger exceeds the temperature of fluid exhausted
      from the heat exchanger by a predetermined temperature.
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ABST
PAL  A combination liquid trapping suction accumulator and evaporator pressure
      regulator device used intermediate the compressor and evaporator in a
      vapor-compression refrigeration system as a protective device for the
      compressor. The device is characterized by the positioning of the
      evaporator pressure regulator chamber intermediate the inlet and outlet
      ports of the accumulator housing. Thus, evaporator pressure regulation is
      accomplished simultaneously with liquid accumulation in a compact and
      readily serviceable, unitary housing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION:
PAR  A modification of the assignee's earlier filed application entitled LIQUID
      TRAPPING SUCTION ACCUMULATOR (Ser. No. 359,569), filed May 11, 1973 this
      application is a division of U.S. Ser. No. 388,281, filed 8/14/73, now
      U.S. Pat. No. 3,858,407.
BSUM
PAR  The present application is characterized in its combining of an evaporator
      pressure regulator device with a liquid trapping suction accumulator.
PAC  BACKGROUND OF THE INVENTION
PAR  Automobile air conditioning and refrigeration systems are conventionally
      subject to a high rate of failure, due principally to liquid entering the
      compressor. These failures frequently occur after a short shut-down of the
      automobile which defeats the thermostatic expansion valve, permitting
      liquid to migrate from the condenser into the evaporator. As the
      automobile air conditioning system is restarted, the liquid goes to the
      compressor with damaging results. The automobile system is characterized
      by the extraordinarily wide range of flow rates, a principal aim being to
      return the oil through the eductor, regardless of flow rate.
PAR  Liquid suction accumulators are widely employed to solve the problem of
      liquid entering the compressor. However, there is no prior art showing a
      combination of these elements within a single working system and utilizing
      pressure drops obtained, for example, through the evaporator pressure
      regulator as an assistance in the eduction of oil through the system.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an evaporator pressure regulator (EPR)
      is interposed between the inlet and outlet ports of an accumulator
      chamber. The evaporator pressure regulator (EPR) may include an evaporator
      pressure regulator device of the bellows or other type, regulating
      vaporous flow from inlet to outlet, according to pressure within the
      system. The pressure drop obtained through the evaporator pressure
      regulator device is utilized in drawing oil through the eductor tube.
PAR  Modification of the invention includes positioning of an expansion valve
      within the accumulator housing, use of a combined thermostatic expansion
      valve and a filter drier adjacent to the accumulator chamber, positioning
      of both the expansion valve and a desiccant within the accumulator
      chamber, utilization of a fixed orifice or capillary feeding device
      intermediate the filter drier and the evaporator in the system,
      positioning of the evaporator pressure regulator device perpendicularly
      with respect to the top of the accumulator chamber and providing the
      evaporator pressure regulator chamber with quick disconnects, fitting and
      sealing fixtures. Specifically according to the species illustrated in
      FIG. 2 the additional functions of solid contaminant removal, filter
      drying, equalization and location of a cartridge type expansion valve
      become completely integrated within the accumulator housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view, partially in vertical section, showing a
      combined evaporator pressure regulator chamber and accumulator, according
      to the present invention;
PAR  FIG. 2 is a schematic view, partially in vertical section, showing a
      further modification wherein a cartridge type expansion valve is mounted
      within the bottom of the accumulator chamber and intermediate the
      condenser and evaporator in the system, wherein the cartridge type
      expansion valve includes a fine mesh strainer in its inlet port and the
      drier element has been mounted directly within the accumulator chamber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The primary function of a suction accumulator is to prevent liquid
      refrigerant from entering the compressor. It must also provide positive
      oil return at all system flow rates. Conventional accumulators are
      designed to provide adequate pressure drop for positive oil return at
      minimum system flow rates. However, when systems experience high maximum
      to minimum flow rate ratios, accumulator pressure drops at high load
      conditions become excessive. The combining of the EPR and accumulator can
      solve this problem. The EPR represents a finite pressure drop in the
      suction line at all operating conditions. In fact, the pressure drop
      across the EPR is generally greatest at low loads. Integration of the
      accumulator and the EPR allows the pressure drop across the EPR to be
      utilized for positive oil return. This arrangement allows the accumulator
      to be designed for minimum pressure drop while still performing its liquid
      trapping function. In FIG. 1 the refrigerant-oil mixture is shown entering
      the accumulator vessel 2 at inlet connection 1. Oil is returned through
      eductor tube 3 which is connected to outlet orifice 4. Orifice 4 is
      arranged to bypass the EPR 10, hence taking advantage of its pressure
      differential for oil return. The oil is mixed with the refrigerant vapors
      exiting the EPR 10 in chamber 6 and returned to the compressor through
      outlet connection 7. O-ring 8 provides a positive seal between the inlet
      and outlet of EPR 10 and compression spring 9 provides positive retention
      of the EPR 10 in its socket. EPR may be of the bellows-type containing an
      inert gas such as nitrogen which is charged through nipple 11. Pressure
      changes move the bellows which moves a spool or slide across peripheral
      slots 12, so as to regulate vaporous flow. A tangential entry device 13
      may be positioned adjacent inlet connection 1, to provide consistent
      liquid and vapor separation.
PAR  The FIG. 2 system is similar to the one described in FIG. 1, except that a
      cartridge type 20 expansion valve has been located in the accumulator 2.
      This arrangement makes possible the elimination of the remote bulb and
      external equalizer connections normally required with conventional
      expansion valves. The elimination of these small fragile connections
      reduces the possibility of system failures caused by fracture of these
      lines. Serviceability is also enhanced since these connectons do not have
      to be made during expansion valve replacement.
PAR  Expansion valve 20 may include entry port 21, exit port 22, equalizing port
      26, diaphragm or bellows 23, charged by nipple 24 and the compression
      element 25.
PAR  FIG. 2 also represents a system with a totally integrated control package
      and is especially advantageous in that filter-drier as a separate unit has
      been eliminated, and the contaminant control functions have been added to
      the combined control package. The EPR-accumulator combination still
      provides the advantages described in FIG. 1. Removal of moisture and acids
      is accomplished in the accumulator vessel and solid contaminants are
      retained in a fine mesh strainer 27 located at the expansion valve inlet
      21. Moisture and other contaminant removal may be accomplished in the
      suction side of many refrigerant systems as effectively as it is done in
      the high pressure liquid phase. A desiccant bag 28 may be supported within
      the accumulator 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid trapping suction accumulator adapted for insertion in a
      vapor-compression refrigeration system between the evaporator and
      compressor comprising:
PA1  A. an accumulator chamber defined by a casing vertically extending and
      having a top and a bottom;
PA1  B. inlet and outlet ports opening into the top of said chamber and
      respectively adapted for operative connection to said evaporator and said
      compressor;
PA1  C. an evaporator pressure regulator chamber interposed between said inlet
      and outlet ports in communication with said accumulator chamber, said
      chamber including:
PA2  i. a pressure responsive evaporator pressure regulator device, vertically
      positioned in said evaporator pressure chamber proximate said outlet port
      so as to gauge admission of vapor from said accumulator chamber into said
      evaporator pressure regulator chamber and through said outlet;
PA1  D. an eductor tube vertically extending independently from the bottom of
      said accumulator chamber into said evaporator pressure regulator chamber;
PA1  E. a cartridge type expansion valve assembly mounted within the bottom of
      said accumulator chamber said assembly having an entrance port connected
      to the condenser in said system with said cartridge type expansion valve
      mounted within and proximate the bottom of said accumulator casing and
      including an equalizing port for direct communication between said
      accumulator bottom and said expansion valve; a wire mesh strainer located
      in said entrance port and a desiccant bag supported within said
      accumulator chamber adjacent said expansion valve.
NUM  2.
PAR  2. The liquid trapping suction accumulator of claim 1, including a
      tangential entry device positioned in said accumulator chamber adjacent
      said inlet port, as an assistance in separation of liquid and vapor.
NUM  3.
PAR  3. The liquid trapping suction accumulator of claim 1 wherein said eductor
      tube is axially offset so as to accommodate said expansion valve.
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ABST
PAL  A water to air heat pump employing an energy and condensate conservation
      system in which a heat exchange fluid is circulated between two heat
      exchangers with one normally operating as a condenser and the other
      normally operating as an evaporator. The condensate from the air passing
      over the evaporator coil is collected and is passed to the condenser for
      circulating over the condenser coil. The heat pump is adapted to operate
      in a reverse mode in which the functions of the heat exchangers are
      reversed and in which the circulation of the collected condensate to the
      condenser is terminated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a water to air heat pump and, more particularly,
      to such a heat pump in which the condensate removed from the air at the
      evaporator portion of the system is collected and passed to the condenser
      portion of the system, to conserve the condensate.
PAR  In conventional air conditioning systems and heat pumps, a heat exchange
      fluid, such as freon or the like, is usually circulated through a coil or
      coils of an evaporator in a heat exchange relation with air which is blown
      across the coil and into an area to be cooled. Since the air passing over
      the evaporator coil often has its temperature reduced below its dew point,
      water or condensate collects on the coil and its associated fins and must
      be disposed of in some manner.
PAR  A large number of conventional air conditioning systems and heat pumps of
      this type have utilized a separate piping network which is connected to a
      drip pan, or the like, associated with each evaporator to pass the
      condensate collected from the evaporator to a common drain. However, it
      can be appreciated that this piping network adds to the cost of the system
      especially in the use of large installations. For example, in high rise
      apartment or office buildings when three hundred or more individual units
      are often utilized, the addition of an equal number of piping networks,
      some of which extend for substantially the entire height of the building
      for the sole purpose of disposing of the condensate, materially adds to
      the cost of the system from both a materials and labor standpoint.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a water to
      air heat pump of the above type in which the condensate collected at the
      evaporator is disposed of in an efficient, low-cost manner.
PAR  It is a further object of the present invention to provide a water to air
      heat pump of the above type which substantially eliminates the piping
      network normally associated with the evaporator portion of the heat pump
      for disposing of the condensate.
PAR  It is a more specific object of the present invention to provide a water to
      air heat pump of the above type in which the condensate from the
      evaporator is directly routed to the condenser.
PAR  It is a further object of the present invention to provide a water to air
      heat pump of the above type in which the condenser of the heat pump
      utilizes liquid as a heat exchange medium and is therefore adapted to
      receive the condensate from the evaporator.
PAR  It is a still further object of the present invention to provide a water to
      air heat pump of the above type which is adaptable for use in a reverse
      mode in which the conditioned air is heated and in which the passage of
      the condensate from the evaporator to the condenser is terminated.
PAR  Toward the fulfillment of these and other objects, the heat pump of the
      present invention comprises a first and second heat exchanger, means for
      circulating a heat exchange fluid between said heat exchangers, said first
      heat exchanger including means for passing air in a heat exchange relation
      to said fluid, said second heat exchanger including means for circulating
      a liquid in a heat exchange relation to said fluid, said first heat
      exchanger adapted to act as an evaporator and evaporate said fluid and
      cool said air and said second heat exchanger adapted to act as a condenser
      and condense said fluid, means for collecting the condensate from said air
      at said first heat exchanger, and means for passing said condensate to
      said liquid circulating means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic representation of the water to air heat pump of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to the drawing, the reference numeral 10 refers in
      general to a heat exchanger which normally functions as a condenser, and
      the reference numeral 12 refers to an additional heat exchanger which
      normally functions as an evaporator. A flow line 14 provides a continuous
      flow path for a heat exchange fluid, such as freon, in a circuit including
      the heat exchangers 10 and 12.
PAR  The heat exchanger 10 includes a water jacket 16 surrounding a coiled
      portion 14a of the flow line 14. An inlet line 18 supplies a relatively
      cool liquid, such as water, from an external source to the jacket, and an
      outlet line 20 returns the water from the jacket back to the source. An
      example of such a water source would be a cooling tower, or the like,
      which cools the water received from the outlet line 20 before circulating
      it back into the inlet line 18, in a conventional manner.
PAR  The heat exchanger 12 includes a fan 22 which operates to discharge air
      across an additional coiled portion 14b of the line 14 and into the
      particular area to be cooled, such as a room of a building or the like. It
      is understood that both heat exchangers 10 and 12 can be provided with
      fins, and/or other hardware to promote the heat exchange between their
      respecitve fluids, in a conventional manner.
PAR  A compressor 24 and an expansion valve 26 are disposed in the line 14 and
      function to compress and expand the heat exchange fluid, respectively,
      also in a conventional manner.
PAR  A flow direction control valve 28 is disposed in the line 14 between the
      heat exchanger 12 and the compressor 24, and operates to control the
      direction of the flow of the heat exchange fluid in the line 14. In
      particular, in the normal, or air-cooling, mode of the system, the
      position of the valve 28 is such that flow of the heat exchange fluid in
      the line 14 is in the direction shown by the solid flow arrows in the
      drawing. The valve 28 can also operate to reverse the flow of fluid in the
      line 14 so that it flows in a direction opposite to that shown by the flow
      arrows, in which case the air from the fan 22 is heated as it passes over
      the coiled portion 14b, as will be described in detail later. Since the
      valve 28 is of a conventional design, it will not be described in any
      further detail.
PAR  A pan 30, or other type container, is disposed at the heat exchanger 12
      immediately below the coiled portion 14b. In this manner, the condensate
      from the air passing over the coiled portion 14b and formed when the air
      has its temperature reduced below its dew point, collects on the coiled
      portion and its associated fins, and drips into the pan 30 by gravity.
PAR  A line 32 connects the pan 30 to the inlet line 18 for the water jacket 16,
      and a check valve 34 is disposed in the line 32 to insure one-way passage
      of the condensate from the pan 30 to the line 18 by preventing the
      possibility of a positive back pressure forcing the water in an opposite
      direction. A pump 36 is disposed in the line 32 for ejecting the
      condensate into the line 18 and may be of any conventional design such as
      a positive displacement diaphragm type. An aspirator 38 is disposed at the
      end of the line 32 and within the line 18 for aspirating the condensate
      injected into the line 18.
PAR  In operation and assuming it is desired to operate the heat pump in an
      air-cooling mode, the flow direction control valve 28 is positioned to
      cause the heat exchange fluid to flow in the line 14 in a direction
      indicated by the flow arrows, and the pump 36 is activated. In this mode,
      the heat exchanger 12 operates as an evaporator to cool the air passing
      over the coiled portion 14b and into the area to be cooled, while the heat
      exchanger 10 operates as a condenser. Water from an external source, such
      as a cooling tower, or the like, is passed into and through the inlet line
      18 whereby it circulates through the water jacket 16 of the condenser 10
      before exiting through the line 20. As a result, the water passes in a
      heat exchange relation to the fluid passing through the coiled portion 14a
      and removes the heat from the latter fluid while condensing it. The
      condensed heat exchange medium in the line 14 is then passed through the
      expansion valve 26 and through the coiled portion 14b associated with the
      heat exchanger 12, where it removes heat from the air passing over the
      latter coiled portion and into the area to be cooled. Under normal
      conditions this reduces the temperature of the air below its dew point and
      thus causes condensate to form on the coiled portion 14b and drip into the
      pan 30. The condensate collected in the pan 30 is pumped through the line
      32 and into the inlet line 18 via the aspirator 38 under the force of the
      pump 36. The cold condensate from the pan 30 thus mixes with the water
      passing through the line 18 and into the jacket 16 and thus aids in
      cooling the heat exchange fluid passing through the coiled portion 14a.
PAR  In the event it is desired that the heat pump of the present invention
      operate in a reverse, or air-heating mode, the valve 28 is positioned to
      reverse the flow of the heat exchange fluid and cause it to flow in the
      line 14 in a direction opposite to that shown by the arrows in the
      drawing. In this instance, the pump 36 would be deactivated and the heat
      exchanger 10 would operate as an evaporator to transfer heat energy from
      the water passing through the jacket 16 to the heat exchange fluid which,
      in turn, transfers the heat energy to the air passing through the heat
      exchanger 12, which operates as a condenser. As a result, the area
      receiving the conditioned air from the fan 22 is heated.
PAR  As schematically shown by the dashed line 40 in the drawing, the pump 36
      and the valve 28 may be operatively connected so that movement of the
      valve 28 to its normal, or air-cooling, mode activates the pump 36 while
      movement of the valve to its reverse, or air-heating, mode deactivates the
      pump. As an example of this type of arrangement, both the pump 36 and the
      valve 28 may be electrically operated and connected in the same electrical
      circuit. It is also understood that movement of the water through the
      lines 18 and 20 and the water jacket 16 can either be by gravity or by a
      small circulating pump or the like (not shown) associated with the heat
      exchanger 10.
PAR  Several advantages arise from the heat pump of the present invention. For
      example, the transfer of the relatively cool condensate from the pan 30 at
      the heat exchanger 12 to the heat exchanger 10 materially increases the
      efficiency of the system in its air-cooling mode since more cooling water
      is available to remove the heat from the heat exchange medium passing
      through the heat exchanger 10. Also, the condensate from the heat
      exchanger 12 can serve to replace the water lost in operation due to
      evaporation, or the like, especially when the source of the water supplied
      to the heat exchanger 10 is from a cooling tower or the like.
PAR  Further, the use of drain lines extending from the evaporator to a central
      drain source is eliminated according to the present invention, which is
      especially advantageous from both a cost and labor standpoint in the use
      of multi-unit systems.
PAR  It is also understood that variations may be made in the foregoing without
      departing from the scope of the invention. For example, in some
      installations, such as those utilizing a single system, the pump 36 may be
      eliminated to further reduce the cost of the system.
PAR  Of course, other variations of the specific construction and arrangement of
      the heat pump disclosed above can be made by those skilled in the art
      without departing from the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A water to air heat pump comprising a first heat exchanger including a
      coil and means for passing air over said coil; a second heat exchanger
      including a coil and a jacket enclosing said coil, said jacket having an
      inlet for receiving water from an external source and an outlet for
      discharging said water back to said source, said water being continuously
      circulated through said jacket and over said coil; conduit means for
      circulating a heat exchange fluid between said coils, said first heat
      exchanger adapted to act as an evaporator and evaporate said fluid and
      cool said air, and said second heat exchanger adapted to act as a
      condenser and condense said fluid; means for collecting the condensate
      from said air at said first heat exchanger; and means for passing said
      condensate to said jacket for mixing with said water and circulating over
      the coil associated with said second heat exchanger.
NUM  2.
PAR  2. The heat pump of claim 1 further comprising valve means associated with
      said passing means for preventing the flow of condensate from said jacket
      to said condensate collecting means.
NUM  3.
PAR  3. The heat pump of claim 1 further comprising a pump for pumping said
      condensate from said condensate collecting means to said jacket.
NUM  4.
PAR  4. The heat pump of claim 3 wherein said conduit means normally passes said
      fluid from the outlet of said first heat exchanger to the inlet of said
      second heat exchanger and further comprising reversing valve means
      disposed in said conduit means for reversing the flow of said fluid so
      that said first heat exchanger acts as a condenser and said second heat
      exchanger acts as an evaporator.
NUM  5.
PAR  5. The heat pump of claim 4 wherein said pump is deactivated in response to
      said reversing of the flow of said fluid.
NUM  6.
PAR  6. The heat pump of claim 1 wherein said conduit means normally passes said
      fluid from the outlet of said first heat exchanger to the inlet of said
      second heat exchanger and further comprising reversing valve means
      disposed in said conduit means for reversing the flow of said fluid so
      that said first heat exchanger acts as a condenser and said second heat
      exchanger acts as an evaporator.
NUM  7.
PAR  7. The heat pump of claim 1 further comprising a compressor associated with
      said conduit means.
NUM  8.
PAR  8. The heat pump of claim 1 further comprising an expansion valve disposed
      in said conduit means. exchanger
NUM  9.
PAR  9. A water to air heat pump comprising a first heat exchanger including a
      coil and means for passing air over said coil; a second heat exchanger
      including a coil and a jacket enclosing said coil for circulating water
      over said coil; conduit means for circulating a heat echanger fluid
      between said coils, said first heat exchanger adapted to act as an
      evaporator and evaporate said fluid and cool said air, and said second
      heat exchanger adapted to act as a condenser and condense said fluid;
      means for collecting the condensate from said air at said first heat
      exchanger; means for passing said condensate to said jacket for mixing
      with said water and circulating over the coil associated with said second
      heat exchanger; and valve means associated with said passing means for
      preventing the flow of condensate from said jacket to said condensate
      collecting means.
NUM  10.
PAR  10. The heat pump of claim 9 further comprising a pump for pumping said
      condensate from said condensate collecting means to said jacket.
NUM  11.
PAR  11. The heat pump of claim 10 wherein said conduit means normally passes
      said fluid from the outlet of said first heat exchanger to the inlet of
      said second heat exchanger and further comprising reversing valve means
      disposed in said conduit means for reversing the flow of said fluid so
      that said first heat exchanger acts as a condenser and said second heat
      exchanger acts as an evaporator.
NUM  12.
PAR  12. The heat pump of claim 11 wherein said pump is deactivated in response
      to said reversing of the flow of said fluid.
NUM  13.
PAR  13. The heat pump of claim 9 wherein said conduit means normally passes
      said fluid from the outlet of said first heat exchanger to the inlet of
      said second heat exchanger and further comprising reversing valve means
      disposed in said conduit means for reversing the flow of said fluid so
      that said first heat exchanger acts as a condenser and said second heat
      exchanger acts as an evaporator.
NUM  14.
PAR  14. A water to air heat pump comprising an evaporator including a coil and
      means for passing air over said coil, a condenser including a coil and a
      jacket enclosing said coil for circulating water over said coil, a
      compressor, conduit means for passing a heat exchange fluid from said
      condenser to said evaporator where said fluid is evaporated and said air
      is cooled, conduit means for passing the evaporated fluid from said
      evaporator to said compressor for compressing the fluid, conduit means for
      passing said compressed fluid from said compressor directly to said
      condenser where it is condensed by said water, means for collecting the
      condensate from air at said evaporator, and means for passing said latter
      condensate to said jacket for mixing with said water and circulating over
      the coil associated with said condenser.
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ABST
PAL  An improved liquid trapping suction accumulator of the type used
      intermediate the compressor and evaporator in a vapor-compression
      refrigeration system as a protective device for the compressor. The device
      provides for minimal pressure drop in the system while still performing
      the function of compressor protection, and provides for safe removal
      without "slugging" of accumulated oil and/or liquid refrigerants from the
      accumulator chamber. The structure is characterized by J-shaped tube
      mounted within the accumulator with a bent short leg extending above the
      accumulator bottom; also, by a cylindrical interference jib of the
      J-shaped within the accumulator outlet, so as to control the size of the
      vent.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS:
PAR  1. A continuation-in-part of applicants' earlier filed IMPROVED LIQUID
      SUCTION ACCUMULATOR (Ser. No. 359,569), filed May 11, 1973 now abandoned.
PAR  2. LIQUID TRAPPING SUCTION ACCUMULATOR (Application Ser. No. 232,110 Filed
      Mar. 6, 1972, now U.S. Pat. No. 3,754,409)
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventionally, a suction accumulator is an enclosed chamber, located
      between the evaporator and the compressor in a vapor-compression
      refrigeration system, used as a protective device for the compressor.
      However, quite often liquid refrigerant and oil is entrained in the return
      gas, and the presence of large enough quanties of such returning as slugs
      to the compressor could result in severe damage to this vital system
      component. Also, after such conditions as defrost or long-duration
      shutdown, condensed liquid refrigerant can often suddenly surge towards
      the compressor on startup. Such large volumes of liquid refrigerant or
      oil, if introduced into the compression chamber of positive displacement
      type compressors, due to its relative incompressibility, can result in
      so-called compressor slugging which can lead to severe damage to reeds or
      valves, pistons, and connecting rods. If the liquid is primarily condensed
      refrigerant, dilution of the lubricating oil can result, due to the high
      solubility of the oil in the liquid refrigerant, which can severely reduce
      the lubrication of the bearings and moving surfaces also cause compressor
      failure. Suction accumulators have been designed to prevent, or at least
      minimize, compressor failures such as these. Previous accumulator designs
      have provided for elaborate means of baffling, directing inlet gas/liquid
      flow away from the outlet gas flow stream in order to prevent the liquid
      entrapped in the gas stream from proceeding directly downstream to the
      compressor with the return gas, and the like. Such previous accumulator
      designs had an inherent low efficiency with respect to the pressure drop
      across the device. Since pressure drop across any component in the suction
      line of a refrigeration system has an adverse effect on the total system
      capacity and total pressure loss must be minimized.
PAR  An ideal accumulator should prevent slugging and at the same time should
      not cause burn-out by returning the oil to the compressor. In addition to
      these two functions, an ideal accumulator should offer as little
      resistance to flow, i.e., pressure drop, as possible and perform
      satisfactorily even at very low temperatures such as normally encountered
      in refrigeration systems of the type contemplated.
PAR  A solution to these basic problems has been devised and is shown in
      aforementioned U.S. Pat. No. 3,754,409 and is based on the idea of
      diverting the two phase flow entering the accumulator from the path of the
      flow leaving the accumulator. During this diversion, the liquid part falls
      below due to the action of gravity and the vapors, only vapors, leave the
      accumulator to enter the suction side of the compressor. As shown in U.S.
      Pat. No 3,754,409, this is accomplished by means of a J-tube of a certain
      configuration and arrangement and which also includes oil return and no
      flooding conditions by means of an orifice incorporated at the bottom of
      the J.
PAR  The present invention constitutes an improvement over the previous
      accumulators and that shown in the aforementioned patent, as well as the
      parent application.
PAC  THE PRIOR ART
PAR  WRENN et al U.S. Pat. No. 3,754,409
PAR  QUICK U.S. Pat. No. 2,953,906
PAR  Quick's J-tube extends above inlet port 22, hence the gaseous flow changes
      direction twice, i.e. (1) from the bottom of the chamber to the top and
      (2) from the top of the chamber towards J-tube inlet 27 with consequent,
      immense pressure drops.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention discloses a liquid trapping suction accumulator for
      disposition in a compression refrigeration system intermediate the
      compressor and evaporator and which functions in an improved manner as a
      protective device for the compressor. The arrangement of parts is such
      that there is a minimal pressure drop in the system while avoiding
      slugging and still insuring compressor protection. The present invention
      provides additional insurance against the possibility of excessive liquid
      leaving the accumulator and reaching the compressor in damaging quantities
      when the system starts up and/or operates with high liquid levels in the
      accumulator. The configuration and dimensions of the J-tube have been
      changed and provided a slight bend in the inlet side of the tube to
      prevent alignment of the tube inlet with the accumulator inlet. This
      change provides better liquid separation capabilities for the accumulator
      when operating under some conditions. The effected changes have not
      adversely effected the pressure drop through the accumulator significantly
     .
DRWD
PAR  Additional objects and advantages of the invention will be more readily
      apparent from the following detailed description of an embodiment thereof
      when taken together with the accompanying drawings in which:
PAR  FIG. 1 is a schematic view of a liquid refrigeration system;
PAR  FIG. 2 is an enlarged vertical sectional view of the liquid trapping
      suction accumulator of the invention;
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view of the exterior of the suction accumulator.
PAR  FIG. 5 is a fragmentary enlarged sectional view showing joinder of a J-tube
      outlet used in the invention with an outlet connector from the
      accumulator; and
PAR  FIG. 6 is a sectional view taken on line 5--5 of FIG. 6.
DETD
PAR  Referring now in more detail to the drawings, FIG. 1 schematically shows a
      liquid refrigeration system of a type incorporating the liquid trapping
      suction accumulator of the invention. The accumulator 10 includes a
      cylindrical housing 12 having a top closure 14 and a bottom closure 16. An
      inlet generally designated 18, and an outlet generally designated 20, are
      provided for appropriate connection into the system shown in FIG. 1. The
      system, as is usual in this type, includes an evaporator 22 and a
      compressor 24 with the accumulator 10 being positioned intermediate
      therebetween. The system also includes condenser 26. Inlet 18 is fed by
      conduit 28 extending from evaporator 22. Conduit 30 extends between
      accumulator 10 and compressor 24, and conduit 32 extends between
      compressor 24 and condenser 26. A further conduit 34 interconnects
      condenser 26 and evaporator 22. As schematically indicated at 36, an
      expansion device or restriction can be incorporated in conduit 34 between
      the condenser outlet and the evaporator inlet. Flow directions are
      indicated by arrows in FIG. 1.
PAR  The new accumulator design, as shown in FIGS. 2-6, consists of the top
      closure 14 into which is incorporated inlet 18 and outlet 20 connections,
      and a mounting stud 38 for use with possible brackets and a removable
      thread protector 40. Removable plug seals 42 and 44 are provided for inlet
      and outlet members 18 and 20 and can consist of a resilient plastic or the
      like. Internally of the cylindrical housing 12, there is a generally
      J-shaped tube or unbalanced U-shaped tube 46 mounted by means of a bottom
      bracket 48.
PAR  The long leg of J-shaped tube 46 is at its upper end 62 provided with an
      enlargement 62 or the like inserted in outlet 20 by means of an
      interference jib, as illustrated in FIGS. 5 and 6 and providing an annulus
      66 for the exiting of gas. The shorter leg 52 of the J-shaped tube 46
      extends upwardly from the bottom bend 54 in which there is a small bleed
      hole 56 which is provided for controlling the return of small amounts of
      oil and/or liquid refrigerant. The illustrated positioning of the J-tube
      inlet with respect to the inlet fitting provides minimal pressure drop
      while still performing the function of compressor protection. This is
      governed by the extended length of the short arm 52 with respect to the
      overall length of the accumulator and with respect to the distance from
      the bottom of the tube and the spacial distance from the inlet. With
      respect to the J-tube shown in the aforementioned patent, the short leg 52
      in the present device has been extended considerably. This provides
      additional insurance against the possibility of excessive liquid leaving
      the accumulator and reaching the compressor in damaging quantities when
      the system starts up and/or operates with high liquid levels in the
      accumulator. Additionally, a slight bend as indicated at 58 has been made
      in the inlet side or short leg of the J-tube to prevent exact alignment of
      the tube inlet 60 with the accumulator inlet 18. This can be a simple bend
      or otherwise to offset the two sections of the tube and provides better
      liquid separation capabilities for the accumulator when operating under
      some conditions. Tests have indicated that these changes over the prior
      art have not adversely affected the pressure drop through the accumulator.
      In one preferred embodiment the inlet opening of the J-tube is offset from
      the inlet entrance to the accumulator by about 90.degree.. As illustrated
      in FIG. 3, the angular displacement of the distal end of the short leg may
      be up to 90.degree. without introducing substantial pressure losses. This
      does not produce any velocity reversals but is more effective in not
      allowing liquid droplets to enter the J-tube.
PAR  If desired, the short arm 58 of the J-tube can be drilled additionally as
      at 70, 72 and at different distances starting from the bend which will
      insure returning liquid will be from the upper layer which is the oil-rich
      phase. The diameters of such holes, if used, may be progressively
      increasing in diameter toward the open end of the J-tube to make flows
      from the orifices be approximately equal. Additionally, an escape vent
      small hole could be drilled just below the neck of the J-tube exit and
      preferably have a diameter at least equal to the bottommost orifice.
PAR  The offset disposition of the short leg 52 is shown with reference to the
      broken line circle 58 in FIG. 3 which represents an in-line position of
      the inlet connector.
PAR  The length of short leg 52, and accordingly the distance of the inlet
      opening 60 from the bottom of the accumulator, can be varied. As shown in
      the drawing, as an example, the short leg extends beyond the vertical
      middle point of the accumulator, and can be extended, for example, to
      within a distance of between two to three times the diameter of the inlet
      connector 18.
PAR  The invention also concerns itself with the safe removal of the accumulated
      oil and/or liquid refrigerant from the chamber without slugging. FIGS. 2,
      5 and 6 show the typical detail of the J-tube 46 with the liquid feedback
      port 56 an its outlet connector 20 is staked with 4 "dimples" 64. Four
      dimples 64 are shown in this case, a minimum of three being necessary to
      centrally locate the J-tube outlet O.D. within the I.D. of the fitting. As
      can be seen, the diameter as given by the height of the dimples 64 creates
      an interference fit with the diameter of the J-tube outlet and 62 when the
      two are mated as in FIG. 5. This method lends a rigid support to the upper
      end of the J-tube when mounted within the accumulator. Further, the
      cross-sectional areas between the O.D. of the tube 62 and the I.D. of the
      outlet connector 20 and between the dimples 64 provides a region or
      annulus shown typically by stippling area 66. Annulus 66 provides a
      predetermined open area for exiting gas as will be explained later.
PAR  Once any liquid refrigerant or oil is "sprayed" into the accumulator
      chamber, the overwhelming majority of the droplets either impinge on the
      accumulator inner walls and run down the sides, or fall harmlessly to the
      bottom where the liquid is allowed to build up. If this situation were to
      continue over a period of time the liquid level would build up to a point
      just below the liquid feedback port 54. Then, the returning vapor passing
      through the J-tube causes a low pressure area at the port, due to the
      relatively high velocity of the returning vapor inside, and liquid is
      drawn up and through the port and is carried back with the gas. The small
      opening of 50, as well as ports 70-72 act as a metering orifice to limit
      the flow of liquid into the J-tube and on to the compressor.
PAR  While this port can be designed to safely prevent excess liquid from
      entering the J-tube while the system is running, it cannot prevent the
      influx of oil and liquid refrigerant into the J-tube when the system is
      shut down and no vapor is flowing through the J-tube bend, then sufficient
      liquid could enter the tube via the port to completely fill the bottom of
      the J-tube. This situation happens quite often in practice and must be
      coped with. If the tube were the only means of exit of the gas returning
      to the compressor, then the full bottom portion of the tube would cause
      the slug of liquid trapping therein to be returned in one large volume,
      causing possible damage to the compressor.
PAR  Previous accumulator designs have incorporated small vent holes near the
      top of the oil return tubes to allow bypassing of the gas when the oil
      return tube was blocked off or sealed by the liquid level as explained
      above. The reason for this is that during a prolonged shutdown, during
      which time the refrigerant is susceptible to condensing and collecting in
      the accumulator chamber, pressure equalization occurs throughout the
      system, which causes the relatively high saturation pressure of the
      refrigerant to build up on the suction side, including within the
      accumulator. Immediately upon restart of the compressor, the suction lines
      begin to be pumped down to a pressure considerably lower than before
      restart. With liquid entrapped within the oil return tube, the pressure
      upstream of the accumulator remains essentially the same (high) while
      downstream pressure becomes quite reduced. With no internally
      communicating vent hole between the inlet and outlet connections, the high
      pressure behind the liquid slug can force this fluid out in one large
      volume toward the compressor. A conventional vent hole provides
      communication between the high pressure upstream side and the low pressure
      downstream piping and permits the high pressure gas to temporarily bypass
      the oil return tube until the upstream pressure is also reduced by the
      pumping action of the compressor. Some previous designs do not allow
      sufficient quantities of gas to vent under some conditions to equalize the
      upstream and downstream pressures. This results in a portion of the liquid
      within the tube being forced downstream in order to provide temporary
      escape for more of the high pressure gas.
PAR  The method of attaching the J-tube to the outlet connector, as shown in
      FIG. 5 allows a unique arrangement for controlling the size of the vent,
      depending of the design parameters. To insure proper venting, the bypass
      cross-sectional area 66 should be within 5 to 50% of the total
      cross-sectional area of the suction line piping, the actual area dependent
      on many variable operating conditions. It should be noted here that a
      number of methods of construction of a suitable "vent" cross-sectional
      area can be employed, but one of the unique features is that this design
      can provide the proper vent with minimal obstruction to gas flow, both
      during venting and, more important, during normal operation to minimize
      pressure drop. The area can, of course, be controlled to the desired
      optimum condition by proper sizing of the J-tube outlet diameter 62, with
      respect to the connector 20 inside cross-sectional area, and the height of
      the dimples, or staking, used.
PAR  Still another feature of this outlet connector arrangement is that it
      provides a streamlined section that creates a venturi action as mentioned
      for example in W. O. Krause U.S. Pat. No. 3,483,714, at the outlet
      connection. This venturi action is created as the refrigerant vapor
      flowing through the accumulator accelerates celerates through the region
      of reduced cross section, shown at stippled area 66. This high velocity
      existing gas creates an area of low pressure at the J-tube outlet 68 which
      helps to vaporize any refrigerant liquid within the tube, as well as tends
      to help remove the oil/liquid refrigerant by a "pumping" action forcing
      the liquid up the tube. The streamlining of this venturi creates a more
      efficient pump, with inherent reduced kinetic energy loss, and therefore
      less system capacity loss. The proper venturi action is likewise dependent
      on the cross-sectional area through which the exiting vapor must pass.
      Therefore, proper sizing of the venturi throat is also necessary. Again,
      this can be controlled by the method of construction of the outlet
      connector and J-tube sizing. Therefore, it can be seen that optimization
      is necessary, and with this construction method optimization between the
      venturi throat sizing and high pressure bypass vent can be achieved very
      easily for any given condition.
PAR  The herein described accumulator has been extensively tested under many and
      severe conditions. The testing revealed that the design results in a
      pressure drop loss of less than half that of the best accumulator
      currently available on the market. Oil return tests under all conditions
      were good. Liquid fill tests, where liquid refrigerant is allowed to build
      up inside the chamber to various levels prior to restarting the
      accumulator, have been conducted with the vessels as much as 80% full of
      liquid refrigerant, the J-tube inlet 56 being well below the liquid level,
      and restarting the compressor caused no slugging at all.
PAR  Manifestly minor changes in details of construction can be effected within
      the scope and purview of the invention without departing from the spirit
      and scope of the invention as defined in and limited solely by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid trapping suction accumulator adapted for insertion in a
      vapor-compression refrigeration system between the evaporator and
      compressor, comprising:
PA1  A. an accumulator chamber defined by a casing having a top and a bottom;
PA1  B. inlet and outlet ports in said opening into said chamber and
      respectively adapted for operative connection to said evaporator and said
      compressor; and
PA1  C. an outlet connector mounted in said outlet port;
PA1  D. a J-shaped tube mounted within said casing; and
PA2  i. the long leg thereof extending into and terminating in said outlet
      connector centrally positioned within and in peripherally spaced
      relationship from the internal surface of said outlet port;
PA2  ii. inwardly extending dimples spacedly positioned about the inner
      periphery of said outlet connector and providing an interference fit with
      the outer diameter of said J-tube outlet end for rigid support thereof in
      said connector, the spacing between the dimples creating a predetermined
      open area therebetween for exiting gas;
PA2  iii. the outlet end of said J-tube being outwardly flared to a controlled
      diameter for coacting with said dimples in an interference fit therewith;
      and
PA2  iv. a short inlet leg thereof extending a substantial distance above the
      chamber bottom, and said short leg having a bend therein angularly
      displacing the inlet opening from direct vertical alignment with said
      inlet port, wherein the distal end of said short leg extends above the
      vertical midpoint of said accumulator chamber, distal short leg further
      including a liquid feedback port at the bend of said J-tube with a
      plurality of additional liquid feedback orifices of increasing diameter in
      said short leg, said orifices being of increasing diameter towards said
      distal end.
NUM  2.
PAR  2. A liquid trapping suction accumulator as claimed in claim 1, said short
      inlet leg being extended vertically in said chamber to within a distance
      of between two to three times the diameter of said inlet port.
NUM  3.
PAR  3. A liquid trapping suction accumulator as claimed in claim 1, said short
      inlet leg being bent to offset said inlet opening approximately 90.degree.
      from said inlet port into said chamber.
NUM  4.
PAR  4. A liquid trapping suction accumulator as claimed in claim 1, wherein
      said predetermined open area for exiting gas is within 5 to 50 percent of
      the inner diameter of said J-tube outlet.
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PAL  A flexible shaft transmitting the rotational motion of a motor shaft to a
      rotor adapter is protected from deformation by a shaft protector which
      connects the flexible shaft to the motor shaft. The shaft protector is
      concentric about and completely protects the flexible shaft as it extends
      from the motor shaft to the rotor adapter. The end of the flexible shaft
      connected to the rotor adapter and the rotor adapter itself are free to
      move within the lumen defined by the shaft protector. The shaft protector,
      however, prevents permanent deformation of the flexible shaft by
      preventing the flexible shaft from bending to a point at which permanent
      deformation would occur.
PAL  In one important embodiment of the invention, a rotor adapter is provided
      with a plurality of grooves which prevent the rotor from jamming on to the
      rotor adapter.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 201,069 filed Nov. 22, 1971, now U.S. Pat. No. 3,779,451, by Ivan L.
      Lehman entitled "Flexible Shaft Stabilizer."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is flexible shaft constructions employed to
      transmit rotational energy between a motor and the rotor of a centrifuge.
PAR  As the rotor of a centrifuge approaches a desired rotational speed, the
      shaft connecting the rotor to the motor usually passes through a phase
      known as the "critical speed" at which speed significant vibrations are
      encountered. As is apparent, it is desirable to provide centrifuges
      wherein vibrations are minimized to minimize the load on the motor
      bearings and to minimize the deleterious effects produced on a sample
      being centrifuged by such vibrations.
PAR  The speed at which significant amounts of vibration occur on a rotating
      centrifuge depends largely upon the geometry of the shaft as well as its
      elastic characteristics. For example, relatively stiff or thick short
      shafts encounter much more severe vibrations than do flexible or
      relatively long thin shafts. For this reason, it is advantageous to
      utilize flexible, relatively thin, long shafts as a means for translating
      the rotational energy of a motor shaft to the rotor of a centrifuge.
PAR  The foregoing construction is commonly included in centrifuges to be
      utilized for separating blood, because in blood separation, vibrational
      factors must be minimized. Unfortunately, however, a flexible shaft with a
      long, thin configuration is damaged easily, particularly while loading the
      centrifuge rotor with samples. To reduce the likelihood of such damage
      from occurring during the loading of the centrifuge rotor, it has been
      proposed that the rotating shaft be encased with a flexible material
      structured so that the flexible material contacts ball bearings which in
      turn contact a flexible race attached to a stationary housing. This
      construction is exemplified by the disclosure in U.S. Pat. No. 2,827,229.
      While the coupling remains flexible in the foregoing construction, this
      construction has two serious drawbacks. First, it is very expensive to
      produce because of the high precision with which a large number of parts
      must be assembled. Secondly, the bearings, within which the shaft rotates
      tend to confine the shaft, thereby reducing its flexibility and thereby
      increasing the vibration the shaft experiences while rotating at the
      critical speed.
PAR  Dampening means have also been proposed in order to reduce the vibrations
      encountered at the critical speed. For the most part, however, dampening
      means have proven unsatisfactory for reducing the overall vibrational
      effects on the samples in the centrifuge rotor.
PAR  In copending U.S. patent application Ser. No. 201,069 filed Nov. 22, 1971,
      by Ivan L. Lehman entitled "Flexible Shaft Stabilizer," the teachings of
      which are incorporated herein by reference, a construction is disclosed in
      which a flexible shaft is surrounded by a sleeve made from a resilient
      material such as natural or synthetic rubber. The resilient sleeve is
      enclosed by a tubular member fabricated of a non-resilient, structurally
      strong material, such as metal. Although the foregoing shaft construction
      provides improved results over prior art shaft construction in that the
      amount of vibration experienced by a rotor which is connected to a motor
      with this construction is reduced, that construction does not provide a
      completely satisfactory means for preventing the permanent deformation of
      the flexible shaft by an operator when loading and unloading the rotor.
PAC  SUMMARY OF THE INVENTION
PAR  The disadvantages of prior art shaft coupling for a centrifuge are
      significantly reduced by the shaft construction of the present invention
      which utilizes a long, thin, flexible shaft. The long, thin, flexible
      shaft, however, is enclosed by a shaft protector which is fabricated to
      allow the required amount of flexing of the flexible shaft but which
      prevents extreme bending of the shaft which might result in permanent
      deformation of the flexible shaft. In one important embodiment of the
      invention, the likelihood of flexible shafts being permanently deformed
      during rotor removal procedures is significantly reduced by a rotor
      adapter which includes a plurality of spaced grooves which prevent rotors
      from jamming or sticking to the rotor adapter.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view, partially in cross section, of the shaft
      construction of the present invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a perspective view of the rotor adapter of FIG. 1 and a sectional
      view of the portion of the shaft protector adjacent to the rotor adapter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  At the outset, the invention is described in its broadest overall aspects
      with a more detailed description following. The present invention is a
      flexible shaft construction which transmits rotational energy from the
      shaft of a rotating motor to the rotor of the centrifuge. The shaft
      construction includes a long, thin, flexible shaft 10 which is protected
      by a shaft protector 12. In addition to protecting flexible shaft 10,
      shaft protector 12 provides coupling means between a rotating motor shaft
      14 and the flexible shaft 10. The flexible shaft 10, shaft protector 12
      and motor shaft 14 are connected in the manner described below so that
      there is no relative rotational motion between these members. Also shown
      in FIG. 1 is a motor 16. Motor 16 is a conventional motor of the type used
      in centrifuge construction and forms no part of the present invention.
PAR  The end of flexible shaft 10 opposite motor shaft 14 is inserted into a
      rotor adapter assembly 18. Rotor adapter assembly 18 is inclusive of two
      major components, a rotor adapter shaft 20 and an adapter taper sleeve 22.
      Rotor adapter assembly 18 supports a rotor (not shown). Since the rotor is
      conventional and forms no part of the present invention, it is not shown
      in the drawing. However, if a rotor were shown in the drawing, it would
      normally sit on taper 22. To secure the rotor to the rotor adapter
      assembly 18, taper sleeve 22 has threads 24 which accept a nut (not shown)
      which bears down against the rotor and thereby locks it to the adapter.
      From the foregoing, it should be apparent that rotational motion of motor
      shaft 14 will be translated by flexible shaft 10 to rotor adapter assembly
      18 which in turn will cause a rotor to rotate at substantially the same
      speed as the motor shaft.
PAR  As is shown in FIG. 1, flexible shaft 10 is inclusive of a central member
      26 and upper and lower end connectors 28 and 30. Upper end connector 28
      makes physical contact with the rotor adapter assembly 18, and the lower
      end connector 30 makes physical contact with the shaft protector 12.
PAR  In one important embodiment of the invention, flexible shaft 10 is of
      unitary construction and is formed of a metal such as stainless steel. End
      connectors 28 and 30 are each 1.00 inches in length. Connector 28 has an
      outside diameter within the range of between 0.3765 to 0.3767 inches. The
      outside diameter of connector 30 is within the range of between 0.4998 to
      0.5000 inches. At this point, it should be noted that it is possible for
      flexible shaft 10 to be constructed with a symmetric configuration with
      end connectors of equal outside diameters as well as equal lengths. The
      outside diameters of the connectors 28 and 30 on shaft 10 are controlled
      by the inside diameter of the element into which they are inserted.
      Furthermore, the outside diameter of end connector 30 is controlled to
      some degree by the diameter of motor shaft 14. In the present embodiment,
      the diameter of motor shaft 14 is slightly larger than the diameter of end
      connector 30.
PAR  The overall length of the entire flexible shaft 10 from the top end of
      upper shaft connector 28 to the opposite bottom end of lower connector 30
      is approximately 6.25 inches. The length of central member 26 is 4.25
      inches. To allow the flexible shaft 10 to flex properly, central member 26
      has a diameter between the range of approximately 0.195 to 2.00 inches.
      Generally, the deformation on flexible shaft 10 caused by unequal loading
      is in the order of about 5/1000 of an inch from the axial center of shaft
      10. During rotation, very little force is transmitted to the motor after
      the critical speed has been reached because the flexible shaft 10 becomes
      permanently deflected with the center of gravity of the centrifuge rotor
      being displaced over the axial center of the shaft 10. Although dimensions
      for flexible shaft 10 are set forth above, it should be understood that
      the description of such dimensions are to illustrate an example of the
      present invention and thus are not intended to limit the invention in any
      way. For example, in general, the flexible shaft 10 should be flexible and
      have a length of diameter ratio such that there is sufficient flexibility
      to permit self-balancing to occur without effecting yield stresses on the
      shaft. Preferably, the length to diameter ratio of central member 26 is
      between about 15 to 1 and 30 to 1. The central member of shaft 10 should
      be sufficiently flexible to permit its deformation without beng
      permanently deformed.
PAR  As is shown in FIG. 1 and 3, connector 28 of shaft 10 is connected to rotor
      adapter assembly 18. As is also shown in FIGS. 1 and 3, rotor adapter
      assembly 18 is formed from two components, a rotor adapter shaft 20 and an
      adapter taper sleeve 22. Connector 28 of flexible shaft 10 is inserted
      within the rotor adapter shaft component 20 of rotor adapter assembly 18.
PAR  To accept the upper end connector 28 of shaft 10, the rotor adapter shaft
      20 is provided with a bore 32. The diameter of bore 32 is in a range
      between 0.3745 to 0.3755 inches. The upper end connector 28 of flexible
      shaft 10 is maintained within the bore 32 of rotor adapter assembly 18 by
      a friction fit. To assemble flexible shaft 10 and rotor adapter shaft 20,
      the following procedure has been found advantageous. Rotor adapter shaft
      20 is heated to approximately 950.degree.F for 30 minutes. Upper end
      connector 28 of flexible shaft 10 is cooled in liquid nitrogen for 15
      minutes. Upper end connector 28 is inserted into bore 32 of rotor adapter
      shaft 20 while connector 28 is cool and while rotor adapter shaft 20 is
      hot. Of course, after the temperature of the flexible shaft and the rotor
      adapter shaft equalize, an excellent friction fit between these two
      components will result.
PAR  Rotor adapter shaft 20 is inclusive of upper shaft portion 34 and lower
      shaft portion 36. A central portion 38, which is wider than the upper and
      lower shafts 34, 36 separates the upper and lower shafts. A rim or
      shoulder 40 is formed on the bottom of central portion 38 to support a
      skirt 42. The rotor shaft 20 may be advantageously formed as a single unit
      from a metal such as titanium.
PAR  For the embodiment of the invention shown in FIG. 1, the outside diameter
      of lower shaft 36 is 0.69 inches. Bore 32 extends throughout the length of
      lower shaft 36 and into central portion 38. The length of bore 32 is 2.00
      inches. When assembled into rotor adapter 18, the top of end connector 28
      is inserted into the full 2.00 inches of bore 32. Thus, flexible shaft 10
      extends from rotor adapter 18 a distance of 4.25 inches. The length of
      lower shaft portion 36 is 1.50 inches. The diameter of upper shaft portion
      34 is between the range of 0.498 to 0.499 inches. The overall length of
      shaft 20 is 4.28 inches. The distance from the top of central portion 38
      to the bottom of lower shaft portion 36 is 2.37 inches. Rim 40 is 0.06
      inches thick. The outside diameter of rim 40 is 1.19 inches. The outside
      diameter of central portion 38 is between the range of 1.123 to 1.124
      inches.
PAR  Skirt 42 is secured to the rotor adapter assembly 18 by one or more allen
      screws 44. The purpose of shirt 42 is to prevent materials from falling
      into the lumen defined by shaft protector 12 during operaton of the
      centrifuge.
PAR  As is shown in FIGS. 1 and 3, adapter taper sleeve 22 has a teepee-like
      configuration as viewed from the outside. Central portion 38 serves as a
      stop for supporting adapter taper sleeve 22. The adapter taper sleeve 22
      is inclusive of a central axial bore which accepts upper shaft portion 34
      of rotor adapter shaft 20. Threads 24 are formed on sleeve 22. Adapter
      taper sleeve 22 is also inclusive of three grooves 46 which extend
      lengthwise from the bottom of the sleeve to about the midway point of
      threads 24. Grooves 46 extend through the entire thickness of adapter
      taper sleeve 22 and are preferably spaced symmetrically about sleeve 22 a
      distance of 120.degree. of arc from each other. Adapter taper sleeve 22 is
      maintained in proper position about rotor adapter shaft 20 by a roll pin
      48 which extends through the thickness of upper shaft portion 34 and
      engages opposite sides of adapter taper sleeve 22. Preferably, adapter
      taper sleeve 22 is formed of a metal such as stainless steel. The purpose
      of the grooves 46 on the adapter taper sleeve 22 is to prevent permanent
      jamming of the rotor (not shown) on to the adapter assembly. Grooves 46
      have a thickness between the range of approximately 0.124 to 0.129 inches.
      It has been found that these grooves insure that the taper will be
      removable without the likelihood of bending flexible shaft 10 when the
      rotor is removed. Thus, the slits on the taper allow the taper to flex so
      that the rotor does not lock or jam permanently on to it.
PAR  Flexible shaft 10 is connected to shaft 14 of motor 16 by means of the
      shaft protector 12. As is shown in FIG. 14, the lumen defined by shaft
      protector 12 is stepped at 50. The diameter of the lumen of shaft
      protector 12 from step 50 to the bottom of the shaft protector is between
      the range of 0.6560 to 0.6566 inches and is 1.37 inches in length. The
      foregoing dimensions are designed to accommodate motor shaft 14. The
      diameter of the lumen of shaft protector 12 immediately above step 50 to
      step 60 is between the range of 0.4997 to 0.5004 inches and is
      sufficiently large to accommodate end connector 30, as well as to allow
      central member 26 to flex through the distances required to accomplish the
      objects of this invention. As is shown in FIG. 1, end connector 30
      contacts motor shaft 14 although such contact is not critical.
PAR  As is shown in FIG. 2, flexible shaft 12 has a slit 52 formed therein. Slit
      52 extends through the wall of shaft 12 and runs along the length of
      protector 12 from the bottom of protector 12 to a point just above step
      54. Slit 52 is about 0.062 inches wide. As is apparent from the foregoing,
      when slit 52 is closed by screws 56, motor shaft 14 and end connector 30
      will be clamped tightly within the lumen of shaft protector 12. Thus,
      there is no relative rotational motion between end connector 30, motor
      shaft 14 or protector 12.
PAR  In addition to providing a coupling means for coupling motor shaft 14 to
      flexible shaft 10, shaft protector 12 also protects flexible shaft 10 from
      permanent deformation. To provide such protection, the lumen 58 of shaft
      protector 12 is designed to prevent bending of flexible shaft 10 to a
      point at which permanent deformation would occur while, at the same time,
      permitting flexible shaft 10 to flex through the distances required to
      eliminate severe vibrations. To accomplish the foregoing, the diameter of
      lumen 58 from step 50 to step 60 is between the range of 0.4997 to 0.5004
      inches. The length of the lumen from the bottom of shaft protector 12 to
      step 60 is 5.50 inches and the overall length of the shaft protector is
      7.00 inches. The diameter of the lumen from step 60 to the top of shaft
      protector 12 is 0.843 inches. The distance between the bottom of the shaft
      protector 12 and the top of step 54 is 2.47 inches. The outside diameter
      of shaft protector 12 from the bottom to the bottom edge of step 54 is
      1.248 to 1.250 inches. The outside diameter of shaft protector 12 from the
      upper end of step 54 to the upper end of the shaft protector is 1.12
      inches. Preferably, the shaft protector is formed of a metal such as
      aluminum.
PAR  As is shown in FIGS. 1 and 3, rotor adapter assembly 18 is free to move
      within the lumen defined by shaft protector 12. The clearance between the
      rotor adapter and the shaft protector governs the radial movement of the
      rotor adapter relative to the axis of rotation of the rotor shaft and
      prevents permanent deformation of the flexible shaft.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intend to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A construction for a centrifuge of the type which includes a flexible
      shaft to transmit the rotational motion of a motor shaft to a rotor, said
      flexible shaft having upper and lower connectors separated by a relatively
      long, thin central member, wherein the improvement comprises a shaft
      protector enclosing the central member of said flexible shaft, said shaft
      protector defining a lumen of a configuration such that the central member
      of the flexible shaft is free to flex within the lumen but which is
      sufficiently confining so as to prevent bending of the central member of
      the flexible shaft to a point which would result in permanent deformation
      of the flexible shaft, and a rotor adapter with the upper connector of the
      flexible shaft inserted in the rotor adaptor and the lower connector of
      the flexible shaft coupled to a motor shaft, and wherein there is a
      clearance between the rotor adapter and the shaft protector, which
      clearance governs the radial movement of the rotor adapter relative to the
      axis of rotation of the motor shaft and prevents the shaft from breaking
      due to a mechanical stress on the rotor.
NUM  2.
PAR  2. The construction as set forth in claim 1 wherein the length to diameter
      ratio of the flexible shaft is selected so that there is sufficient
      flexibility to permit self-balancing to occur without affecting yield
      strength on the shaft.
NUM  3.
PAR  3. The construction as set forth in claim 2 wherein the central member of
      the flexible shaft has a length to diameter ratio between the range of 15
      to 1 to 30 to 1.
NUM  4.
PAR  4. The construction as set forth in claim 3 wherein the shaft protector is
      a means for coupling the flexible shaft to the motor shaft.
NUM  5.
PAR  5. The construction as set forth in claim 4 wherein said shaft protector
      has a vertical slit formed from the bottom thereof through the wall of the
      shaft protector which is urged toward a closed position by screws to form
      a clamp which engages: the lower connector on said flexible shaft, and
      said motor shaft to couple the motor shaft to the flexible shaft.
NUM  6.
PAR  6. The construction as set forth in claim 4 wherein the rotor adapter
      comprises a central shaft member having a bore formed therein for
      receiving the flexible shaft; a taper on the shaft for supporting a
      centrifuge rotor, said taper having slits formed therein which extend
      along the length of the taper through the entire thickness thereof for
      preventing a rotor from becoming permanently jammed on to the taper.
NUM  7.
PAR  7. The construction as set forth in claim 6 wherein said rotor adapter
      contains three slits spaced at 120.degree. of arc from each other.
NUM  8.
PAR  8. The construction as set forth in claim 7 also including an apron on said
      adapter for preventing material from entering the lumen defined by the
      shaft protector.
NUM  9.
PAR  9. The construction as set forth in claim 6 wherein said flexible shaft,
      rotor adapter and shaft protector are formed of metal.
NUM  10.
PAR  10. The construction as set forth in claim 3 wherein the ratio of said
      diameter to the diameter of said lumen is approximately 1 to 1.5.
NUM  11.
PAR  11. The construction as set forth in claim 10 wherein said shaft is
      stainless steel and has a diameter of approximately 0.200 inch at the
      central member.
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ABST
PAL  The invention is a process for knitting a plurality of convergent tubular
      portions on a circular knitting machine having a dial and cylinder and the
      resulting article, especially the two legs and body portion of a
      panty-hose, wherein the knitting operation is continuous with no sewing of
      separate pieces together, and the height of the body portion may be varied
      without dependency on the needle cylinder diameter which also includes a
      crotch closure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Panty-hose have heretofore been manufactured by sewing together two
      separate portions, each comprising a leg and one-half of the body portion.
      The resulting garment has the advantage of providing a comfortable fit but
      has the disadvantage of requiring the separate step of sewing together the
      two portions after they are knit and removed from the knitting machine.
PAR  It is also known to knit a one-piece panty-hose wherein the entire garment
      is knit in its completed form on the knitting machine as, for example, in
      U.S. Pat. No. 3,673,821 to Johnson. This one-piece panty-hose has the
      advantage of economy of manufacture but has the disadvantage of not
      providing as comfortable a fit as the two-piece panty-hose, because the
      depth of the body portion from waist to crotch is limited by the diameter
      of the knitting cylinder.
PAR  It is therefore an object of this invention to provide a method of making a
      one-piece panty-hose wherein the garment is completed on the knitting
      machine and wherein the crotch of the body portion is spaced wale-wise
      from the waist opening and thereby providing any desired depth between the
      waist band and crotch and a consequent comfortable fit.
PAR  The process, according to the invention, has the object of setting up and
      completing the article directly on the machine, without any subsequent
      work, and without any mechanical transformation, but only with an
      appropriate arrangement of program for the selection of needles and dial
      hooks according to their present capability in existing machines, and can
      be easily carried out by those skilled in the art in accordance with the
      invention.
PAR  The process, according to the invention, substantially includes: first, the
      forming on the knitting needles of a short length of a first tubular
      fabric preparatory to forming a crotch closure (similar to the closure of
      the toe of a tubular article as described, for example, in U.S. Pat. Nos.
      Re.26,580 and 26,581 to John W. Currier, or in Italian Pat. Nos. 814,164
      and 837,903 to Arrigo Micheletti). After the closure is formed as by
      twisting the fabric or constricting it with a thread according to the
      cited patents, or otherwise closed, and while the terminal course of the
      closure fabric is being knit dial hooks are projected to receive the loops
      of yarn in the terminal course until subsequently transferred onto the
      needles at an appropriate time. The forming of a second tubular fabric is
      then carried out with all the needles, during which the said closure is
      partially transferred from the dial hooks to the needles along a first
      segmental arc to join the stiches of a first segment of said closure with
      the stiches of a corresponding first segment of said second tubular fabric
      preparatory to forming a terminal course and casting off the second
      tubular fabric from the needles in said first segmental arc.
PAR  A third tubular fabric is formed on all the needles and as a partial
      continuation of the second tubular fabric by those needles outside the
      first segmental arc and defining a residual arc of the cylinder. During
      knitting of the initial course of the third tubular fabric the dial hooks
      are projected to receive the loops of yarn along the first segmental arc
      and knitting of said third tubular fabric continues to form a pouch
      between the needles and the dial hooks along said first segmental arc and
      in convergence with the second tubular fabric by the needles along the
      residual arc. The knitting of the third tubular fabric terminates in a
      welt which may be elasticized to form a waistband, after which the third
      tubular fabric is cast off all the needles, whereby said third tubular
      fabric remains engaged to the second tubular fabric along an arc of
      stitches corresponding to the residual arc, and to the dial hooks along
      said first segmental arc.
PAR  The closure is transferred from the dial hooks along said residual arc onto
      the respective needles and the third tubular fabric is transferred from
      the dial hooks along said first segmental arc onto the respective needles,
      and the needles are activated circumferentially to form a fourth tubular
      fabric which converges with the third tubular fabric along the first
      segmental arc and converges with the closure along the residual arc.
PAR  The first tubular fabric may define the crotch closure of a panty-hose,
      while the second and fourth tubular fabrics may define the two legs of a
      panty-hose, and while the third tubular fabric may define the body portion
      and waistband.
PAR  The second and fourth tubular fabric may be formed with a closure for the
      toe, the second tubular fabric prior to its forming, and the fourth
      tubular fabric at the end of its forming. For the purpose of avoiding
      ladders along the second tubular fabric, or otherwise, the first step in
      practicing the invention, if the toe portion of the second tubular fabric
      is to be closed on the machine is to form a closure for the second tubular
      fabric on a first group of needles which may be alternate needles around
      the cylinder. The terminal course of this toe closure is retained by said
      first group of needles while the first tubular fabric is knit with the
      remaining needles sufficient to form with the dial hooks a two-ply crotch
      closure. The dial hooks are projected during knitting of the initial
      course of said first tubular fabric to receive said initial course of the
      first tubular fabric or crotch closure. Then, the knitting of the second
      tubular fabric is begun with all the needles, thereby engaging said toe
      closure on the first tubular fabric.
PAR  According to another development of the invention provisions are made so
      that the crotch or crotch closure comprises two plies each of which may be
      formed from different yarns. It is contemplated to make the inner ply,
      that is the ply which is inside when the garment is worn, of a yarn with
      characteristics different than those of the yarn from which the outer ply
      is made.
PAR  More specifically, one may form the inner ply with a yarn which will define
      a fabric offering comfort in contact with the epithelium, while the outer
      ply may be formed with a yarn offering aesthetic requirements to the
      completed fabric, as it is visible. The juncture of the two plies
      desirably corresponds with the constricted area of the fabric to form the
      crotch closure.
PAR  The inner ply may for example, be made of cotton yarn and the outer one of
      synthetic yarn. With the use of selective color agents, the fabric dyeing
      may be such as not to affect the inner ply which may remain, for instance,
      white or of a color different than that of the remaining fabric.
DRWD
PAR  In the drawings:
PAR  FIGS. 1 and 2; 3 and 4; 5 and 6; 7 and 8; 9 and 10; 11 and 12; 13 and 14
      schematically illustrate, in pairs, sequential working stages, with the
      odd-numbered figures showing the cylinder in section, and with the
      even-numbered figures showing a schematic perspective view, in some of
      which the cylinder is separated from the dial hooks for clarity of
      understanding;
PAR  FIGS. 15 and 16 perspectively illustrate the fabric as it comes out of the
      machine and in the final array;
PAR  FIG. 17 illustrates one way to effect the closure of the first fabric;
PAR  FIGS. 18, 19 and 20 illustrate an arrangement of parts in making a welt for
      the waistband of a pantyhose.
PAR  FIG. 21 illustrates the use of different yarns in knitting the first
      tubular fabric to be constricted so as to form a double layer crotch
      closure;
PAR  FIG. 22 illustrates the array wherein the crotch closure is already
      completed and supported on the dial hooks while second tubular fabric is
      formed;
PAR  FIGS. 23 and 24 diagrammatically illustrate the finished fabric.
DETD
PAR  In FIGS. 1 to 20 reference numeral 1 (1E and 1W) denotes a schematic
      representation of the knitting needles in a conventional circular knitting
      machine having a dial and cylinder. 3 denotes the vaccuum take-down which
      extends coaxial to the needle cylinder and in which the fabric being
      formed is pneumatically attached and tensioned. The dial above the needle
      cylinder is generally indicated at 5 and its transfer hooks 7 (7E, 7W) are
      radially movable. For convenient reference in the following description,
      X-Y indicates a common diameter of the two working circumferences of the
      hooks and needles. Said diameter X-Y divides the hooks circumference 7
      into a segmental arc X E Y on the right hand of the diameter X-Y looking
      at the drawing, and into a segmental arc X W Y on the left of the diameter
      X-Y looking at the drawing. Correspondingly in the arc XEY the needles are
      indicated by 1E and the hooks by 7E, while in the arc X W Y the needles
      and the hooks are indicated by 1W and 7W.
PAR  The motion of the needles and hooks is carried out by conventional means
      with which those skilled in the art will be conversant to obtain the
      controls and functions hereinafter indicated. Known means are also used to
      provide the closures for the toes of the legs and for the other purposes
      indicated in the following description.
PAR  As shown in the drawings, and particularly FIGS. 1, 2, 21 and 22 there is
      first knit on selected needles 1 spaced circumferentially around the
      needle cylinder a first tubular fabric of a length sufficient to form a
      closure 11 according to any one of the already known systems used for
      closing the toe of a stocking such as described in said Currier and
      Micheletti patents. In making the closure 11, which is destined to become
      the crotch closure if the article is a panty-hose, an annular pocket of
      fabric is formed between the hooks 7 and the needles 1 (FIG. 21). This is
      accomplished by knitting a length of fabric to a length at least twice the
      radius of the needle cylinder after the dial hooks are advanced to engage
      yarn during the formation of the initial course of closure 11, preparatory
      to constricting the center of the pocket in a known manner as by
      constricting the pocket at the cylinder axis with a binding thread or with
      a relative rotation between the cylinder and dial to form first and second
      plies of the closure 11. Then the circumferential edges of the two plies
      are united on the dial hooks 7 by projecting the dial hooks to receive the
      stitches 11G in the terminal course of closure 11 from the needles, it
      being understood that the first ply is already held on the hooks 7 by the
      stitches 11F of the initial course in closure 11 (FIG. 18). Immediately
      thereafter an end flap or anti-ravel tab 11A is formed between the hooks
      and the needles, then discontinuing the yarn feed and pressing the fabric
      off the needles.
PAR  Selected needles such as, but not limited to, alternate needles around the
      circumference then begin knitting the toe portion and thereafter the
      remainder of a second tubular fabric 13 (FIGS. 3 and 4), continuing
      through the thigh portion to constitute the first of the two legs (if the
      article is a panty-hose), preparatory to joining the leg 13 to the crotch
      closure 11. The crotch closure 11 and the tubular fabric 13 are
      independent up to this point.
PAR  A first continuous segment of loops from the terminal edge of the closure
      11 corresponding to the arc X W Y in FIG. 6 is transferred from the hooks
      7W to the needles 1W (FIGS. 5 and 6), while a second segment of loops
      which form the remainder of the terminal edge of closure 11 in the arc X E
      Y remains engaged by the hooks 7E. Then, with a few courses of knits, the
      fabric 13 and the closure 11 are connected in correspondence of the
      stitches formed by the needles 1W, that is, along the arc X W Y, which
      after a final flap or anti-ravel tab 15W is formed coextensive with arc X
      W Y formed by the joined fabric held on needles 1W. Under these conditions
      (see FIGS. 7 and 8) the needles 1W and the hooks 7W are then freed by
      pressing off tab 15W from the needles of arc XWY, while the needles 1E
      retain the stitches in the remaining circumferential edge of the fabric
      13, and the hooks 7E still retain the remaining circumferential edge of
      the closure 11 along the arc X E Y.
PAR  Next, a third tubular fabric 17, destined to become the body portion (if
      the article is a panty-hose) is knit on all the needles or on selected
      needles, such as, but not limited to, alternate needles around the
      circumference of the cylinder. The dial hooks are projected along the arc
      X W Y to receive the initial course of tubular fabric 17 as knit from the
      needles 1W and the fabric 17 is supported by the hooks 17 along the arc X
      W Y as knitting of tubular fabric 17 continues to define half of an
      annular pocket or sack between the hooks 7W and the needles 1W. Meanwhile,
      the remainder of the circumference of the fabric 17, along the arc X E Y,
      is initially joined by the needles 1E to the retained loops of the second
      tubular fabric 13 to form a segmental course indicated at 1317 in FIGS. 9
      through 15. In FIG. 10, the knitted tubular fabric 17 is shown extended
      above the knitting needles 1W, 1E solely for the purpose of illustrating
      the array of the fabric after completion of the second tubular fabric, it
      being understood that the fabric 17 depends from the needles 1W, 1E in
      actual practice, except for that segment support by dial hooks 7W at this
      stage.
PAR  Knitting of the tubular fabric 17 for the forming of the body portion
      continues until a sufficient amount of fabric is formed to provide the
      desired depth between the waist opening and the crotch of the completed
      panty-hose. Knitting of fabric portion 17 ends for a panty-hose at the
      waist opening with a tubular sheath 19 capable of accommodating an
      elastic. Said tubular sheath 19 may be made like a conventional welt, but
      in smaller dimensions and also using an elastic yarn, so as to be suitable
      for use as an elastic waistband. The tubular sheath 19 is manufactured
      (see FIGS. 18 and 19) by keeping selected needles 1X low and inactive to
      retain the fabric 17. The residual needles 1Y, desirably interspersed
      among the inactive ones 1X, knit an annular pocket and thus the sheath 19.
      The sheath is closed and made tubular by activating all the needles and
      forming therewith the final flap or anti-ravel tab 19A. The fabric 17, 19,
      19A is pressed off the needles after the forming of said final flap 19A
      (see FIG. 11).
PAR  There is thus attained the array shown in FIGS. 11 and 12, wherein the
      hooks 7W retain a segmental portion 1721 of the initial course of the
      fabric portion 17. The other segment of the initial course of fabric
      portion 17 is that denoted at 1317, where the fabric portion 13 converges
      with the fabric portion 17. The needles 1E, 1W are free, while the hooks
      7E still engage the segment of the closure 11 corresponding to the arc X E
      Y.
PAR  Next, the segment of the closure 11 supported by the dial hooks 7E along
      the arc X E Y is transferred from the hooks 7E to the needles 1E and the
      initial course of the segment of the fabric 17 supported by the hooks 7W
      is transferred to the needles 1W, and knitting is begun on all needles to
      form a fourth tubular fabric 21 in which the initial course thereof is
      concatenated with the transferred segment of closure 11 and fabric 17. The
      initial course of said fabric 21 is defined by the stitches of the
      segmental course 1721 and by the stitches of the segmental course 1121,
      which, respectively, join the second leg portion 21 to the body portion 17
      and to the crotch portion 11. Knitting of the tubular fabric 21 is then
      continued to the completion of the second leg, after which the completed
      panty-hose is pressed-off the machine.
PAR  It is, of course, optional whether to close the toes of the leg portions 13
      and 21 on the machine. They may be closed as a separate operation after
      the panty-hose leaves the machine, or they may be closed on the machine
      according, for example, to the teachings in said Currier and Michelletti
      patents. When it is desired to close the toes on the machine, this may be
      accomplished by proceeding in the following manner (see FIG. 17). A first
      closure 201 destined to close the toe of the first tubular fabric or leg
      13 is formed in accordance with the desired one of the aforesaid patents.
      This closure 201 is preferably made with a part of the needles, for
      instance, with a half of the 1:1 selected needles along the needle
      circumference. The closure is formed with the aid of the hooks 7 and with
      the wrapping technique of the Michelletti patent or the twist system of
      the Currier patents. The needles by which the closure 201 is formed are
      designated at 203 in FIG. 17. The closure 201 is retained by a portion of
      the needles, preferably the needles 203 which have formed it. The free
      needles (for instance, the needles 205) are activated to knit a second
      closure 207 which corresponds to the closure 11 in the previous
      explanation. The second closure 207 is also made with the aid of the hooks
      7 and during knitting of the terminal course of the final flap or
      anti-ravel tab corresponding to that shown at 11A in the previous
      explanation, the dial hooks 7W, 7E are projected to receive that terminal
      course (FIG. 1). If the closure 201 is to be used to close the toe of the
      leg portion 13, toe closure 201 will be supported on selected needles
      beneath the hook-supported crotch closure 11 in FIG. 1. Then knitting
      proceeds on all the needles to form the tubular fabric of the first leg,
      corresponding to the tubular fabric 13 previously described. This tubular
      fabric 13 initiates with a connection to its toe closure 201, thus
      providing a so-called closed toe for the first leg at one end of the
      tubular fabric 13. The toe of the second leg is closed after the forming
      of the tubular fabric for the second leg, defined by fabric portion 21.
PAR  The panty-hose is pressed off from the machine in the array shown in FIG.
      15, and regardless of whether the toes are closed on the machine, the
      tubular fabric 21 may be inverted in the direction of the arrow f.sub.3 of
      FIG. 15 (in which it leaves the machine) to the array of FIG. 16. The
      article may alternatively, if desired, be arrayed to the condition of FIG.
      16 by inverting the fabric 13, instead of the fabric 21. The crotch
      closure 11 is located -- in any case -- at the crotch of the article. Some
      of the end flaps or anti-ravel tabs are visible and others remain inside
      regardless of which leg is inverted.
PAR  The process of forming the crotch closure 11 is as has been already
      described, with the fabric being formed between the needles 1E and 1W of
      the cylinder 3 and the hooks 7E and 7W of the dial plate 5. There is,
      however, a specific embodiment of the constricted closure which is
      particularly adapted for use with this invention. As shown in FIGS. 12-24,
      the crotch closure 11 may comprise a first length of knitted fabric 11X
      (shown in dotted lines in FIGS. 21 and 22 as extending substantially to
      the axis of the cylinder) and formed with a yarn of the same type as that
      with which the portions of the panty-hose other than the crotch are made.
      A yarn change is then made and knitting continued to provide a continuing
      length of fabric 11Y (shown in solid lines in FIGS. 21 and 22). The two
      lengths 11X and 11Y of fabric are substantially equal and the yarn change
      occurs at a point 11Z at or adjacent the cylinder axis which corresponds
      to the constricting zone of the tubular fabric for the forming of the
      two-ply closure 11.
PAR  The layer 11X is intended to be the outer ply in the worn fabric and thus
      it will advantageously have the same texture and appearance and also
      advantageously the same color as the fabric portions which form the legs
      13 and 21 and the body portion 17. Conversely, the fabric 11Y is intended
      to be the inner ply of the garment when worn, and thus is not visible. The
      fabric of the ply 11Y may then be formed of a yarn having characteristics
      and a color more suitable for its intended us. Specifically, for example,
      this inner fabric ply 11Y may be formed of cotton and its original white
      color may be preserved by the use of selective coloring agents, which act
      on the synthetic yarns forming the rest of the garment but not on the
      cotton of the inner ply 11Y. The change of the yarn in the zone 11Z will
      be effected in such a manner as to obscure from the outside the visibility
      of the inner ply 11Y and to obscure from the inside the visibility of the
      outer ply 11X.
PAR  With the crotch closure 11 made in the abovementioned manner, it is
      possible to comfortably wear the garment without the presence of an inner
      initimate garment.
PAR  In the drawings and specifications, there has been set forth a preferred
      embodiment of the invention and although specific terms are employed they
      are used in a generic and descriptive sense only and not for purpose of
      limitation, the scope of the invention being defined in the following
      claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of knitting on a circular knitting machine having a needle
      cylinder and a dial plate with hooks, said method comprising the steps of
      knitting a first tubular portion on first selected needles spaced
      circumferentially around the needle cylinder, projecting the dial hooks to
      receive the first tubular portion, supporting the first tubular portion on
      said dial hooks, knitting a second tubular portion on second selected
      needles spaced circumferentially around the needle cylinder, transferring
      a first continuous segment of the stitches of said first tubular portion
      from said hooks to corresponding ones of said needles while retaining a
      second segment of the stitches of said first tubular portion on said
      hooks, joining said first segment of transferred stitches from said first
      tubular portion to the corresponding arc of said second tubular portion,
      knitting an anti-ravel tab conextensive with the arc of said first
      segment, pressing off from the knitting needles the anti-ravel tab between
      said first and second tubular portions, knitting an initial course of a
      third tubular portion on third selected needles spaced circumferentially
      around the needle cylinder, projecting a segment of the dial hooks to
      receive a segment of said initial course of the third tubular portion from
      a corresponding segment of the knitting needles and then continuing
      knitting said third tubular portion on all of said third selected needles
      spaced circumferentially around the needle cylinder until said third
      tubular portion reaches a desired length, pressing off the terminal course
      of said third tubular portion on the knitting needles, transferring the
      segment of stitches in said initial course of the third tubular fabric
      from the dial hooks to a corresponding segment of the knitting needles,
      transferring said second segment of stitches of said first tubular portion
      from the dial hooks to a corresponding segment of said knitting needles,
      and knitting a fourth tubular portion on all of said knitting needles
      spaced circumferentially around the cylinder.
NUM  2.
PAR  2. Process as in claim 1, characterized in that the second and fourth
      tubular portions converge with the third and first tubular portions to
      define respectively, the two legs, the body portion and the crotch closure
      of a panty-hose.
NUM  3.
PAR  3. Process as in claim 2, characterized in that the third tubular portion
      terminates in a tubular annular sheath and an anti-ravel tab knit prior to
      said terminal course thereof.
NUM  4.
PAR  4. Process as in claim 2, characterized in that the second and fourth
      tubular portions each include a toe closure, the toe closure in the second
      tubular portion being formed before knitting the second tubular portion,
      and the fourth tubular portion being formed at the end of knitting the
      fourth tubular portion.
NUM  5.
PAR  5. Process as in claim 2, characterized in that: a toe closure is formed
      for the second tubular portion and it is retained on a first group of
      alternate needles; that then a crotch closure is formed with the residual
      group of intervening needles, then said crotch closure is transferred to
      the dial hooks; and then knitting of the second tubular portion is begun
      with all the needles, thereby joining said toe closure to the second
      tubular portion.
NUM  6.
PAR  6. Process as in claim 2, characterized in that the first tubular portion
      is developed into a crotch closure by knitting it to a length at least
      twice the radius of the needle cylinder after the initial course of the
      first tubular portion has been received on the dial hooks and then
      constricting the first tubular portion about the axis of the cylinder,
      then transferring said terminal course of the first tubular portion from
      the cylinder needles to the dial hooks, then knitting an anti-ravel tab
      between the dial hooks and cylinder needles, and then clearing all the
      needles.
NUM  7.
PAR  7. Process as in claim 6, characterized in that the first tubular portion
      is developed into first and second plies after its said terminal course is
      transferred to the dial hooks, said first ply extending from the initial
      course on the dial hooks to the point of constriction and the second ply
      extending from the point of constriction to the dial hooks.
NUM  8.
PAR  8. Process as in claim 7, wherein a first yarn is used to knit said first
      ply and wherein a second yarn having different characteristics from said
      first yarn is used to knit said second ply.
NUM  9.
PAR  9. Process as in claim 8, characterized in that the point of yarn change
      coincides with the point of constriction at the axis of the cylinder.
NUM  10.
PAR  10. Process as in claim 8 characterized in that the yarn from which one of
      said plies is formed results in a fabric offering comfort when in contact
      with the epithelium, and the yarn from which the other ply is formed
      results in a fabric offering aesthetic qualities.
NUM  11.
PAR  11. Process as in claim 10, characterized in that synthetic yarn is used to
      form said one ply and cotton yarn is used to form said second ply.
NUM  12.
PAR  12. A method of knitting pantyhose on a circular knitting machine having a
      needle cylinder, knitting needles, a dial and radially movable transfer
      hooks supported in said dial, said method comprising knitting an initial
      course of a first tubular fabric portion on said knitting needles while
      projecting said dial hooks to receive said initial course, knitting
      additional courses in said first tubular fabric portion equal to
      substantially twice the radius of the needle cylinder, constricting said
      fabric portion at the axis of the needle cylinder, transferring said
      initial course of said first tubular fabric portion waistband of said
      panty-hose, pressing off from all needles said third tubular portion,
      transferring said remaining segment of said initial course of the third
      tubular fabric portion from the dial hooks to a corresponding segment of
      the knitting needles, transferring the residual segment of the closure
      from the remainder of said dial hooks to the corresponding arc of knitting
      needles, knitting on all needles an initial course of a fourth tubular
      fabric portion, concatenating said initial course of the fourth tubular
      fabric portion with the said transferred courses of said third tubular
      fabric portion and said closure, and continuing knitting on all the
      needles to the terminal course in the foot portion of said fourth tubular
      fabric portion, and pressing off all the needles.
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ABST
PAL  A machine for the continuous finishing of webs of textile or artificial
      leather material or the like in accordance with a variety of finishing
      processes, the machine comprising a reversible continuous flow drum having
      web feed and withdrawal devices, the feed device being associated with
      direct radiation means, one or more moistening devices and one or more
      devices for applying additives, and the drum being mounted in a casing in
      which are provided a ventilation device, at least one steam spraying
      device and a radiator, the component of the machine being independently
      controllable and the drive of the drum being adjustable for achieving any
      desired angle of rotation of the drum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a universal machine for the continuous
      finishing of, for example, textile or artificial leather webs, the machine
      having a reversible continuous flow drum with a feed and withdrawal device
      for the web material.
PAR  2. Description of the Prior Art
PAR  Machines of this type are known which serve for the production of a grain
      in artificial leather. An example is to be found in German Auslegeschrift
      1,954,571.
PAR  Continuous flow drying drums are also known which are equipped with a
      radiator and a ventilation device. However, these drums have no feed and
      withdrawal device for web material. An apparatus of this type is to be
      found in U.S. Pat. No. 2,469,882.
PAR  In addition, drying drums having a batch type operation have already been
      provided with a steam-spray device in order to be able to use them for
      shrinking and thermo-setting textiles. U.S. Pat. No. 3,597,851 discloses
      an apparatus of this kind.
PAR  In addition to wet finishing, the thermo-mechanical finishing of textiles
      has gained increasing significance. Appropriate machines have been used
      for achieving the desired, often conflicting effects. Owing to the variety
      of the effects to be achieved, much depends on the method of operation of
      the corresponding devices and mastering the technology can be
      difficulties. One is largely dependent on empirical results. Additional
      difficulties occur when transferring this technology to machine operating
      continuously.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the invention to provide a continuous finishing machine
      which makes it possible to achieve the various known effects which
      previously could only be partly attained in machines operating
      discontinuously, and which also makes it possible to achieve new effects.
PAR  According to the present invention, there is provided a machine for the
      continuous finishing of webs, comprising a reversible continuous flow drum
      having web feed and withdrawal devices, the feed device being associated
      with direct radiation means, one or more moistening devices and one or
      more devices for applying additives, and the drum being mounted in a
      casing in which are provided a ventilation device, at least one steam
      spraying device and a radiator, the components of the machine being
      independently controllable and the drive of the drum being adjustable for
      achieving any desired angle of rotation of the drum.
PAR  With a machine of this type it is possible for example to thermo-set
      artificial leather whilst achieving various types of grains. The
      artificial leather can also be rendered porous. Terry-type stitches and
      velour loops can be made to stand up, and crush effects may also be
      produced in the case of velvet. The machine may be used as a drying drum
      after dyeing and during the wet treatment of textiles, the web leaving the
      drum in a completely smooth condition without any formation of creases.
PAR  In a preferred embodiment of the machine, infra-red radiators are used as
      radiation means. It has been shown that a radiator of this type has
      particular advantages and in particular contributes to achieving the
      desired effects in a better and more accurate manner.
PAR  It is appropriate to construct the radiator in a known manner for providing
      indirect infra-red radiation.
PAR  The moistening device preferably comprises spray nozzles arranged so that
      in use they are directed towards the upper and/or lower side of the moving
      web. It may also be constructed so as to be able to apply additives.
PAR  An axial suction channel may be arranged below the drum in the drum casing
      for ventilating the drum. The ventilation of the drum may appropriately be
      controlled by controlling the speed and amount of air supplied and in
      addition the air circulation may be guided and controlled by flaps in a
      circuit and/or passage.
PAR  An air intake is most appropriately arranged above and adjacent the upper
      part of the drum and an air exhaust is preferably arranged below the drum,
      both the inlet and the outlet being adjustable.
PAR  The drum drive preferably consists of two contrarotating motors which may
      be controlled by at least one magnetic clutch and a separate drum
      controlled circuit may be provided for each motor clutch.
PAR  It is also advantageous to construct the feed and withdrawal devices such
      that they may be individually switched and controlled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 diagrammatically illustrates a machine according to the invention in
      longitudinal section;
PAR  FIG. 2 shows the machine drum as seen from the delivery and with the rear
      walls removed; and
PAR  FIG. 3 is a cross-section through the drum.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine 1 comprises a perforated drum 2 provided with entrainment ribs
      3 and arranged in a casing 4. The drum 2 is mounted on rollers 5a and 5b,
      each of which has a separate drive 6a, 6b and a magnetic clutch 7.
      Furthermore, an electronically controlled braking device 8 is provided for
      the exact braking of the drum 2.
PAR  Located above or adjacent the drum are steam-spray nozzles 9, a heater 10
      and a heater consisting of radiators 11 for indirect infra-red radiation
      12. Further infra-red radiators 13 are combined to form a direct radiator
      14 arranged in front of the drum 2. A moistening device is provided in
      front of the drum 2 and comprises steam-spray nozzles 15 and 16, at least
      one of which may be connected to containers 17 from which additives such
      as impregnating or finishing agents and the like may be drawn for
      spraying. However, additives may also be sprayed with a special spray
      device 18.
PAR  The drum 2 is ventilated by means of fans 19 which suck air from the drum
      casing 4 through an axial channel 20 located thereunder. An opening 21 is
      provided between the casing 4 and the channel 20, the width of the opening
      21 being adjustable by movement of slide plates 22 and the opening 21
      being displacable at right angles to the axis of the drum. The air stream
      which is removed by suction is controlled by means of flaps 23 in an air
      outlet channel 24. The opening 21 may have different widths over its
      length, for example by dividing the slide plate 22 into individual
      sections of the drum casing. The outlet air sucked out by the fans 19 may
      be guided in a circuit and returned from above into the drum casing 4.
PAR  A pressure fan 25 located on the upper part of the drum casing 4 supplies
      fresh air through a pressure shaft 26. Further fresh air may be supplied
      to the drum 2 directly by actuating the flaps 27. The machine also
      comprises a feeder device consisting of guide rollers 28, material web
      guides 29, withdrawal rollers 30, and a conveyor belt 31 which feeds a
      material web 32 from a roll of material 33. Arranged at the drum outlet on
      the casing 4 is an outlet funnel 34 from where the material web 32 is
      wound on a roller 40 via a spreading bracket 35, an edge unrolling device
      36, a material web guide 37, withdrawal rollers 38 and guide rollers 39.
PAR  The material web 32 withdrawn from the roll of material 33 is first
      supplied to the radiation means 14, whose infra-red radiators 13 are
      arranged in several groups and can be switched on and off separately and
      infinitely adjusted. In this case, the material is spread out on the
      conveyor 31 which must have sufficient length in order to be able to
      serve, if necessary, as a drying section for the material. For this
      reason, the radiation means 14 and conveyor 31 are appropriately included
      in a housing 41 attached to the drum casing 4, if necessary including the
      section where the material web falls behind the spray nozzles 15 and 16.
      In this case, the nozzles 15 and 16 are directed towards the underside or
      upper side of the material web. The material must be moved in the drum 2
      with sufficient speed such that it lies against the drum wall or
      entrainment ribs 3 for the shortest possible time. On account of the
      temperature prevailing in the drum, of the order of magnitude of
      approximately 200.degree.C, it is important to keep the contacts time of
      the material web with these surfaces as short as possible. To avoid
      twisting of the material, a reversible drive is necessary. In this case,
      the braking and starting up times of the drum are to be kept as short as
      possible in order to avoid substantially longer contact times of the
      material and drum wall during this period.
PAR  During the rotation of the drum, the web introduced loosely into the drum
      is subjected to a certain twisting action. The degree of this twisting
      depends on the angle of rotation of the drum, on the number of revolutions
      and if an uneven number of entrainment ribs 3 are provided, also on the
      respective initial position of the drum, i.e. on the type of trajectory of
      the material web produced. This may also be influenced by the air currents
      and turbulence prevailing in the drum. It has been shown that the action
      of the air on the two symmetrical halves of the drum divided by an
      imaginary vertical axial plane must be the same. In order for the degree
      of twisting to be independent of the initial position of the drum, it is
      advisable to provide a minimum number of six entrainment ribs. It has also
      been shown that the desired action of the air is achieved most easily if
      the air movement is produced by fans 19 and 25 which introduces the air
      from above the drum and remove it by suction via the channel 20 located in
      the plane of separation below the drum. Nevertheless, it may be necessary
      to select different angles of rotation for the respective directions of
      rotation of the drum 2. The air flaps 23 and 27 serve for the selective
      introduction of re-circulated air from the fans 19 and fresh air
      respectively. Further fresh air may be sucked in through the outlet funnel
      34 to cool the material web 32.
PAR  The material web is also subject to the effects of the centrifugal force
      occurring during rotation of the drum and of specific gravity. In order to
      avoid twisting and knotting of the material, a delicate equilibrium of all
      these factors must be maintained.
PAR  Apart from twisting, the occurrence of an irregular material distribution
      over the length of the drum must be avoided. This may be done by altering
      the intensity of the air currents in different sections of the drum, in
      particular by setting a varying width of the opening 21 of the channel 20.
      However, since twisting of the material influences its distribution in the
      drum and vice versa, the achievement of a satisfactory passage of material
      through the drum is only possible by mutual co-ordination of all the
      control factors.
PAR  The material web 32 leaves the drum in a more or less folded condition and
      is opened and spread out between the brackets 35 in co-operation with the
      edge unrolling device 36 and the material web guides 37 as well as the
      withdrawal rollers 38, whereupon it is supplied to and wound on the roller
      40. It should be noted that the length of the material is usually changed
      by the treatment due to, the example, shrinkage. Therefore, in order to
      achieve constant filling of the drum, the material must be withdrawn at a
      speed differing from that of the feed. Also, since the treatment in the
      machine differs depending on the type of material and the type of effect
      to be achieved, the individual devices such as the radiation means 14,
      spray nozzles 15 and 16, the radiator 10, radiation means 12 and spray
      nozzles 18, or if necessary their sections, must be able to be switched on
      and off individually and independently of each other. Also, for the above
      mentioned reasons, the drum drive consists of two contra-rotating motors
      6a and 6b which may be switched on and off independently, which, for
      further reduction of the change over times, may be controlled by at least
      one magnetic clutch 7.
PAR  Some of the effects which may be achieved by treatment in the machine are
      described by several examples hereafter.
PAC  EXAMPLE 1.
PAR  A web of synthetic material consisting of a cotton fabric with a single
      component polyurethane coating on one side was subjected four days after
      manufacture to infrared radiation in the machine with a speed of travel of
      4m/min and then sprayed with steam on the surface. The subsequent
      treatment in the drum having a diameter of approximately 1.50m lasted
      eleven minutes at an air temperature of approximately 120.degree.C without
      spraying additional steam. The material was fixed by the treatment, and
      the surface exhibited a coarse leather-like grain.
PAC  EXAMPLE 2
PAR  A web of synthetic material with a two-component polyurethane coating on a
      cotton fabric base was treated 24 hours after production according to
      Example 1.
PAR  The material exhibited a fine grain and was also permeable to air owing to
      fine pores occurring during the treatment.
PAC  EXAMPLE 3
PAR  An acrylic plush was subjected to the treatment according to Example 1.
      After treatment, the material exhibited a crush effect.
PAC  EXAMPLE 4
PAR  A material corresponding to the plush of Example 4 but very wrinkled was
      treated according to Example 1, but at an air temperature of 100.degree.C.
      After the treatment, the material was completely smooth and exhibited no
      crush effect.
PAC  EXAMPLE 5
PAR  Dry terry material was subjected to steam treatment on both sides in the
      machine. Then, the spray device for additives was used to spray a cloud of
      water vapour on the material. The treatment in the machine took place at
      180.degree.C and at a travelling speed of 8m/min. As a result of the
      treatment, the material was finished so that it was shrink resistant and
      exhibited erect terry material loops.
PAC  EXAMPLE 6
PAR  Wet terry material was subjected to infra-red radiation and then treated in
      the drum at 200.degree.C and at a travelling speed of 8m/min. The effect
      achieved corresponded to that according to Example 5.
PAC  EXAMPLE 7
PAR  Deep pile material (imitation fur) with an acrylic two-component pile was
      subjected to slight infra-red radiation, lightly moistened from above and
      then treated for 20 minutes in the drum at 120.degree.C and reduced air
      speed with a travelling speed of 2.5m/min. An excellent fur effect was
      obtained.
PAC  EXAMPLE 8
PAR  Example 7 was repeated but with a material having a polyester pile. The
      latter accordingly showed a slight crimped effect.
PAR  In summary, the machine 1 for the continuous finishing of webs 32 comprises
      a reversible continuous flow drum 2 having web feed devices 42 and web
      withdrawal devices 43. The feed device 42 includes a direct radiation
      means 14, one or more moistening devices 15, 16 and one or more devices
      16, 18, for applying additives. The drum 2 is mounted in a casing 4 in
      which are provided a ventilation device 19, at least one steam spraying
      device 9 and a radiator 10. The components of the machine are
      independently controllable and the drive of the drum being adjustable in
      any manner well known in the art for achieving a desired angle of rotation
      of the drum. The direct radiation means 14 within the web feed device 42
      perferably comprises an infrared radiator 13 adapted to provide infrared
      radiation on the moving web 32. The moistening devices 15, 16 preferably
      comprise spray nozzles arranged so as to be directed towards the upper and
      lower sides of the moving web 32.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for continuously finishing a web of material comprising the
      combination of
PA1  a casing, a drum mounted for rotation within the casing,
PA1  web feeding means for introducing the web into the drum, the web traveling
      continuously through the interior of the drum, web withdrawal means for
      withdrawing the web from the drum and casing, ventilating means fixed to
      the casing for removing air from and introducing fresh air to the drum and
      casing, steam spraying means fixed to the casing for spraying steam into
      the drum, a heater mounted within the casing and above the drum for
      directing heat and infrared radiation to the drum,
PA1  the web feeding means further comprising a housing attached to the casing
      through which the web travels, direct radiation means within the housing
      for directing infrared radiation onto the web, and moistening means within
      the housing and following the direct radiation means for moistening the
      web prior to its introduction into the drum.
NUM  2.
PAR  2. A machine according to claim 1, wherein said ventilating means further
      comprises an axial ventilation channel arranged in the casing below the
      drum.
NUM  3.
PAR  3. A machine according to claim 1, wherein said ventilating means further
      comprises an air inlet located above and adjacent to the upper part of the
      drum and an air outlet located below the drum, the air inlet and air
      outlet being adjustable.
NUM  4.
PAR  4. A machine according to claim 1, further comprising a drum drive
      consisting of two contra-rotating motors which are controlled by at least
      one magnetic clutch.
NUM  5.
PAR  5. A machine according to claim 1, wherein the drum is provided with an
      even number of entrainment ribs.
NUM  6.
PAR  6. The combination of claim 1 wherein the web feeding means further
      comprises a conveyor means for conveying the web through the housing
      toward the drum.
NUM  7.
PAR  7. The combination of claim 1 wherein the moistening means comprises spray
      nozzles arranged within the housing to spray the upper and lower sides of
      the moving web.
NUM  8.
PAR  8. The combination of claim 7 wherein the spray nozzles are connected to a
      container within the housing.
NUM  9.
PAR  9. The combination of claim 1 further comprising a spray device positioned
      within the housing immediately adjacent to the drum and casing and
      attached to a container located within the housing.
NUM  10.
PAR  10. In a machine for continuously finishing a web of material comprising
      the combination of a casing, a drum mounted for rotation within the
      casing, a web feeding means for introducing the web into the drum, the web
      traveling continuously through the interior of the drum, ventilating means
      fixed to the casing for removing air from and introducing fresh air to the
      drum and casing, steam spraying means fixed to the casing for spraying
      steam into the drum, a heater mounted within the casing and above the drum
      for directing heat and infrared radiation into the drum, and web
      withdrawal means for withdrawing the web from the drum and casing, the
      improvement comprising:
PA1  the web feeding means comprising a housing through which the web travels,
      one end of the housing being attached to the drum casing, withdrawal
      rollers located at an end of the housing opposite that attached to the
      drum casing for withdrawing at the web from a roll of material, a conveyor
      belt extending longitudinally through the housing for conveying the web
      from the withdrawal rollers to the drum casing, direct radiation means
      mounted within the housing, following the withdrawal rollers, and above
      the conveyor belt for directing infrared radiation onto the web, and
      moistening means positioned within the housing and following the direct
      radiation means for moistening the web prior to its introduction to the
      drum, the moistening means arranged so as to direct moisture toward the
      upper and lower side of the moving web.
NUM  11.
PAR  11. The apparatus of claim 10 further comprising a spray device positioned
      within the housing immediately adjacent to the drum casing and connected
      to a container positioned within the housing for spraying web impregnating
      and finishing agents on the web.
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PAL  Cleaning drapes, furs or other objects by the aid of powdered and/or
      granular cleaning agents involves a two part operation. During the first
      part of the cycle, the material to be cleaned and the cleaning agent are
      tumbled together in an oscillating drum. During the second part of the
      cycle, the cleaning agent is drawn off by vacuum. Tumble vanes in the drum
      are apertured whereby the vanes themselves serve as effluent conduits.
      Interior baffles in the tumble vanes keep the powdered and/or granular
      cleaning agent in the drum while the effluent conduits remain open. An
      efficient removal of the used cleaning agent is accomplished since the
      material cleaned cannot block all the effluent conduits.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to machines for cleaning draperies, furs and other
      objects with the use of powdered and/or granular cleaning agents. Cleaning
      with non-liquid agents of this character requires, first, a tumble
      operation in which the cleaning agent is exposed to the work and, second,
      an exhaust operation in which the cleaning agent is withdrawn while the
      work continues to tumble to separate the particulate matter.
PAR  Two separate machines can be for the two operations; however, this requires
      an undesirable handling operation. Desirably, removal of the used
      particulate matter takes place in the same drum used for cleaning.
PAC  BACKGROUND OF INVENTION
PAR  U.S. Pat. No. 3,504,510, issued Apr. 7, 1970 to Daniel Freze, et al.
      discloses a drum having an effluent duct at the rear and opposite the
      loading door. A baffle plate hopefully keeps the work away so that the
      effluent duct remains open during the exhaust cycle. In practice, an
      operator must continually inspect the drum to stop the drum and pull the
      work away. U.S. Pat. No. 3,381,507 issued May 7, 1968 to Harold C. Burgo
      et al. discloses a drum provided with peripheral openings. With the work
      always falling to the bottom, the openings on top cannot be clogged. Hence
      a good uninterrupted flow of air is ensured. However, Burgo's machine
      requires an axially movable wall to expose the apertured drum part at one
      end to the unapertured drum part at the other only during the purging part
      of the operation so that the cleaning agent isn't lost during the cleaning
      part of the cycle. The Freze machine has the advantage that the drum is
      unchanged during both parts of the cycle and consequently requires no
      mechanisms that must be serviced. The Burgo machine makes possible a very
      certain and effective purging of used cleaning agent.
PAR  The primary object of this invention is to provide an improvided cleaning
      machine of this character that utilizes peripheral effluent openings
      without requiring any moving mechanisms to retain the cleaning agent in
      the drum during the cleaning part of the cycle. Accordingly high volume
      purging air flow is achieved without any possibility of the work clogging
      the effluent openings.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing object is made possible by the use of tumble vanes in the
      drum that have ports along one side and that have bases opening
      peripherally of the drum. Thus air for removing the used cleaning agent
      flows through large peripheral openings. Inside each tumble vane is a
      baffle plate that in the absence of forced air flow returns any entering
      cleaning agent to the drum. The baffle plate allows cleaning agent to be
      pushed up for removal from the drum and via the tumble vanes when air is
      forced through the drum.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A detailed description of the invention will be made with reference to the
      accompanying drawings wherein like numerals designate corresponding parts
      in the several figures.
PAR  FIG. 1 is a front elevational view of a cleaning machine incorporating the
      present invention, and showing the loading door.
PAR  FIG. 2 is a side elevational view thereof, and showing the blower component
      as well as the drum component of the machine.
PAR  FIG. 3 is a vertical sectional view of the machine with the section plane
      passing through the horizontal axis of the drum, and as indicated by line
      3--3 of FIG. 1.
PAR  FIG. 4 is a transverse sectional view of the drum, and along a plane
      indicated by line 4--4 of FIG. 3.
PAR  FIG. 5 is a fragmentary detailed elevational view of the bottom of one of
      the tumble vanes, and from the outside of the drum as indicated by line
      5--5 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following detailed description is of the best presently contemplated
      mode of carrying out the invention. This description is not to be taken in
      a limiting sense, but is made merely for purposes of illustrating the
      general principles of the invention since the scope of the invention is
      best defined by the appended claims.
PAR  In FIGS. 1 and 2 there is illustrated a cabinet 10 in which a cleaning drum
      12 (FIGS. 3 and 4) is mounted. The drum is supported for rotation about a
      horizontal axis for front loading through a door 14 (FIGS. 1 and 3). The
      drum is supported in the cabinet 10 at its front end by two roller
      bearings 16 and 18 (FIG. 4) that engage the outside bottom of the drum.
      The drum is supported at its inner end by a bearing 20 through which a
      drive shaft 22 extends.
PAR  During the cleaning mode, the drum 12 is loaded with furs, drapes or other
      work together with suitble amount of cleaning agents. The door is closed
      and a start switch 24 on the front of the cabinet (FIG. 1) is operated.
      Automatic controls cause the drum to rotate in alternate directions for a
      preset period of time. Tumble vanes 26 of generally triangular
      cross-sectional configuration project inwardly of the drum to assist in
      the movement of the work whereby suitable contact between the cleaning
      agent and the work is ensured. In the present instance, four tumble vanes
      are provided, prefereably equiangularly located.
PAR  The drum 12 has an air influent opening and an air effluent whereby a
      forced air flow removes the used cleaning agent upon the completion of the
      cleaning mode. During the cleaning cycle, there is no forced air flow, and
      the cleaning agent is confined to the drum. During the forced air flow or
      purging mode, the drum continues to rotate in alternate directions.
PAR  The influent opening to the drum is forced through the door 14. The door 14
      has an outer and an inner perforated plate 28 and 30 both vertically
      oriented and spaced from each other. The outer plate has its perforations
      formed by horizontal lances 32 (FIG. 1) with portions of the plate
      upwardly adjoining the lances bent inwardly FIG. 3). The inner plate 30
      has its perforations formed by horizontal lances 34 but with the portions
      downwardly adjoining the lances bent outwardly to avoid snagging the
      material in the drum. Thus the powdered or granular cleaning agent in the
      drum that may be thrown against the inner plate of the door 14 cannot
      easily exit through the door. In order to do so, the cleaning agent must
      actually rise vertically through the openings. Any material that happens
      to pass through the inner plate is caught between the plates by virtue of
      the downward slant of the inwardly formed portions of the outer plate 28.
      The plates are spaced from each other in an amount sufficient to prevent
      undue throttling of influent air.
PAR  The effluent opening from the drum is formed by large peripheral openings
      36 (See FIGS. 4 and 5). The openings 36 register with the bases of the
      tumble vanes 26. There are four sets of openings corresponding to the
      number of tumble vanes. Each set of openings comprises a series that
      extends along the entire length of the drum, there being webs or straps 38
      (FIG. 5) that join the drum portions segmented by the openings 36. One
      side of each of the tumble vanes (See also FIG. 3) has perforations 40
      extending along the entire length of the vane and from the base portion
      thereof to approximately half the vane height. The combined area of all of
      the perforations of all of the vanes is quite large in order to ensure a
      rather substantial air flow through the drum. Flow through the drum is
      ensured by positioning the distal edges of the drum very close to the
      inner wall of the cabinet, and as shown in FIG. 3.
PAR  In order to induce flow through the door 14 and the peripheral drum
      openings 36, a centrifugal blower 42 (FIG. 2) is provided at the rear of
      the cabinet 10. The blower is driven by a motor 44. The inlet 46 to the
      blower is connected to the cabinet part that surrounds the cleaning drum,
      this cabinet part being otherwise substantially sealed. For this purpose,
      vertical and horizontal duct parts 48 and 50 are provided. The horizontal
      duct part projects rearwardly of the cabinet beneath an intermediate
      horizontal cabinet partition 52. The partition 52 in practice is formed by
      juxtaposed bottom and top walls respectively of a top cabinet part and a
      bottom cabinet part each formed as box-like elements. The duct 50 as shown
      in FIGS. 3 and 4 opens into the upper cabinet part via an elongate opening
      54.
PAR  During the purging cycle, the work may overlie tumble vanes at or near the
      bottom of the drum. But other tumble vanes at or near the top are clear
      for free passage of air through the drum. Thus while passages in one or
      some of the tumble vanes may be occluded, passages in the others must be
      open. There is virtually no danger of all of the effluent openings being
      simultaneously blocked by the work. Consequently gravity compels the work
      to drop to the bottom of the drum, thereby ensuring air flow.
PAR  During the cleaning part of the cycle, the cleaning agent must be confined
      to the drum. For this purpose, each vane has a baffle plate 56. The baffle
      plate 56 forms a trough-like trap inside the vane, the trap or trough
      having an opening 57 facing radially inwardly of the drum and having a
      radial dimension greater than the width of the band of perforations. By
      virtue of this configuration, the cleaning agent stays in the drum absent
      an induced flow of air. The baffle plates are formed integrally with the
      tumble vanes, as by a bending operation.
PAR  The drum rotates in both directions to prevent tangling of the work. If the
      direction of rotation is such that the perforations are on the trailing
      face of the tumble vane, corresponding to counterclockwise rotation as
      viewed in FIG. 4, then the used cleaning agent generally falls downwardly
      and away from the perforations 40 as the tumble vane moves from the
      180.degree. position to the 90.degree. position. Any material in the
      trough or trap will fall back through the perforations 40 before the
      tumble vane reaches the top or 0.degree. position. No significant amount
      of cleaning agent falls on the perforated face of the 270.degree.
      position. Therefore, rotation with the perforated face trailing ordinarily
      does not cause cleaning agent to move outwardly of the drum.
PAR  If the direction of the rotation is such that the perforations are on the
      leading face of the tumble vane, corresponding to clockwise rotation as
      viewed in FIG. 4, cleaning material is scooped up at the 180.degree.
      position and into the trap formed by the baffle 56. The material stays in
      the trap until the 270.degree. position is reached at which point the
      material falls into the tumble vane. However, at this point, the tumble
      vane is inverted or is beginning to be inverted. Hence the cleaning agent
      is held inside the apex of the tumble vane. Upon rotation beyond the
      90.degree. position, the cleaning agent in the tumble vane slides
      downwardly into the trap at the perforated part of the tumble vane. The
      cleaning material falls back into the drum and as indicated by arrows 60.
PAR  In order to ensure containment of the cleaning agent during the cleaning
      cycle, there should be a near or actual overlapping or angularly offset
      relationship between the edge of the drum opening. In practice an actual
      offset or overlap is not required since friction and inertia prevent
      outward movement of the cleaning agent.
PAR  Notwithstanding the fact that there are no moving parts for opening and
      closing effluent openings, cleaning agent stays in the drum until the
      purging or forced air part of the cycle begins. Since the effluent
      openings for the drum are located on the cylindrical periphery, high
      volume air flow purges the used cleaning agent without danger of blocking
      the air flow path.
PAC  ALTERNATIVE EMBODIMENTS
PAR  While the drawings disclosed tumble vanes with the perforated faces on
      corresponding sides, obviously the perforated faces could be on either or
      both sides.
CLMS
STM  Intending to claim all novel, useful and unobvious features shown or
      described, I make the following claims:
NUM  1.
PAR  1. In a cleaning machine for use with powdered and/or granular cleaning
      agents:
PA1  a. a cleaning drum having a front air influent opening;
PA1  b. means supporting the cleaning drum for angular movement about a
      substantially horizontal axis;
PA1  c. means forming an enclosure for the drum, including an access door
      registering with said drum front opening;
PA1  d. said door having openings for admission of air to the drum;
PA1  e. means operable to exhaust air from said enclosure;
PA1  f. a plurality of hollow tumble vanes in the drum and extending inwardly
      from the periphery of the drum; said tumble vanes having a series of
      openings for flow of air and entrained cleaning agents from the drum to
      the interior of the tumble vanes;
PA1  g. means forming effluent openings at the region of the bases of the tumble
      vanes and providing communication between the interior of the tumble vanes
      and said enclosure at the periphery of said drum; and
PA1  h. baffle plates in said tumble vanes for gravity return of cleaning agent
      to the interior of said drum in the absence of a current of air induced by
      said air exhausting means.
NUM  2.
PAR  2. The cleaning machine as set forth in claim 1 in which said tumble vanes
      have surfaces on opposite sides, at least one of which is provided with
      said openings in an array extending only partially from the base of said
      one surface toward the distal end of the tumble vane; the said baffle
      plates extending in spaced relationship behind said array of holes to form
      a trap for entering cleaning agent, the trap opening beyond the array of
      holes.
NUM  3.
PAR  3. The cleaning machine as set forth in claim 1 in which said door
      comprises a pair of spaced plates with louver-like openings formed by
      stamped regions adjoining lances in the plates, the inner plate having
      stamped regions projecting inwardly to shield the edges of the lances from
      the material in the drum; the louver-like openings in the respective
      plates being oriented so that cleaning agent impinging on the inner plate
      is directed to return to the drum and so that the material impinging upon
      the outer plate is directed to return to the space between the plates.
NUM  4.
PAR  4. The cleaning machine as set forth in claim 1 in which each of said
      baffle plates extend behind one side of the corresponding tumble vane with
      a proximal edge on the same side of the corresponding effluent opening as
      said one tumble vane side and with a distal edge located radially inwardly
      and in spaced relationship to the baffle plate; said one tumble vane side
      having said openings in an array all of which openings lie opposite the
      baffle plate whereby cleaning agent entering the tumble vane via the
      openings is trapped by the baffle plate and returned to the drum via the
      openings upon continued angular movement of the drum.
NUM  5.
PAR  5. In a cleaning machine for use with powdered and/or granular cleaning
      agents:
PA1  a. a cleaning drum having a circular edge forming front air influent
      opening;
PA1  b. means supporting the cleaning drum for angular movement about a
      substantially horizontal axis;
PA1  c. means forming an enclosure for the drum, and having a frontal opening
      registering with and surrounded by said drum opening, the said circular
      edge of said drum located in close proximity to said enclosure to form a
      substantially sealed relationship thereto;
PA1  d. an access door for said enclosure opening, and itself having air
      passages therethrough for entry of air into the drum;
PA1  e. an air pump operable to exhaust air from said enclosure following a
      cleaning cycle;
PA1  f. a plurality of tumble vanes in the drum of generally triangular
      cross-sectional configuration, each tumble vane having surfaces on
      opposite sides, one of which is provided with an array of openings for
      entry of air into the tumble vane;
PA1  g. said drum having effluent openings at the periphery thereof and located
      at the bases of said tumble vanes for registry with the interior spaces
      thereof;
PA1  h. and a baffle plate for each tumble vane and located behind the array of
      openings to form a trap for cleaning agent entering the tumble vane, and
      having a distal edge located to prevent direct movement of cleaning agent
      to corresponding effluent opening; said baffle forming a trough at the
      periphery of the drum when the tumble vane is near the top of the drum,
      the distal edge of the baffle ensuring shuttling of cleaning agent across
      the openings inside the tumble vane upon rotation of the tumble vane for
      return of cleaning agent to the drum.
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PAL  A highly safe, relatively pick-proof lock to be used as a replacement for
      standard lock cylinders in conventional doors. A plurality of
      independently operating locking means serving to enhance the difficulty of
      picking a lock including split keyways, locking cams, shear line blocking
      means and a hardened steel face plate.
PARN
PAR  This is a continuation-in-part of application Ser. No. 199,984, filed Nov.
      18, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a key-operated locking mechanism, and more
      particularly, to a key-operated locking mechanism which is relatively
      pick-proof.
PAR  Locks, especially those used for doors, are susceptible to being relatively
      easily picked permitting unauthorized entry. Persons skilled in the
      handling of locks insert a specially constructed spring metal shim through
      the keyway and vibrate it from the keyway to rotate the latch controlled
      by the lock. This operation involves the application of lengthwise
      pressure on the shim simultaneously with rotation of it.
PAR  Conventional locks are of several types, one of such being a pin tumbler
      type lock. The pin tumbler lock comprises essentially a cylindrical shell
      within which rotates a cylinder plug operated by a key. A pin tumbler
      flange forms part of this cylinder shell and contains the usual pin
      tumbler bores, which are adapted to align axially with matching pin
      tumbler bores in the cylinder plug. Pin tumblers in the shell under
      pressure of springs are urged downwardly against the matching pin tumblers
      in the cylinder plug where they bottom against a longitudinal rib in the
      keyway of the cylinder. The cylinder plug cannot be rotated because of the
      partial projection of the pin tumblers from the bores of the shell into
      the bores of the cylinder. Following conventional practice, as the key is
      inserted, appropriate cutouts and projections thereon move the pin
      tumblers so that when the key is in place, the line of separation between
      the shell and cylinder plug pin tumblers will fall on the circumference of
      the cylinder plug defining a shear line and permit the cylinder plug to
      rotate in the shell.
PAR  The pin tumbler lock is easily picked by use of a special tool. The tool
      comprises essentially a shim which is inserted in the keyway and in turn
      pushes each of the pin tumbler pairs from blocking the shear line. As each
      of the pin tumbler pairs is so moved, the cylinder plug is rotated
      slightly to hold the pin tumblers in the non-blocking position causing the
      cylinder to eventually be rotated when all of the pin tumbler pairs are so
      moved. The picking of such locks can be accomplished by a single
      individual simultaneously using his two hands.
PAR  An object of our invention is to provide a pin tumbler lock which is
      difficult to pick.
PAR  Another object of this invention is the provision of a pin tumbler lock
      which is unlocked by the simultaneous manipulation of a plurality of
      independent blocking elements.
PAR  Still another object of our invention is to provide a pin tumbler lock
      which cannot be picked by a single individual.
PAR  Another object of our invention is to provide such a pin tumbler lock which
      is adaptable for a plurality of different type locks.
PAR  Yet another object of this invention is to provide such a lock which is
      interchangeable with standard lock cylinder housings so as to enable the
      invention to serve as a cylinder replacement.
PAR  Further and additional objects of our invention will become more apparent
      from the following description.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of our invention, the above objects are
      accomplished by providing a key-operated lock, suitable for use in doors
      and the like, the lock comprising a shell adapted to receive and hold a
      cylinder plug, the cylinder plug having a keyway and being axially
      rotatable within the shell, a plurality of movable pin tumblers carried in
      bores in the shell and cylinder adapted to intersect the line of
      separation between the shell and cylinder to prevent rotation of the
      cylinder, the pin tumblers being movable within the bores by respective
      cuts in a key to clear the line of separation or shear line between the
      cylinder and shell permitting axial rotation of the cylinder with respect
      to the shell, there being further provided shear line blocking means
      extending along the depth of the keyway intersecting the shear line to
      prevent axial rotation of the cylinder, the shear line blocking means
      being movable out of the intersecting position by the key to permit axial
      rotation of the cylinder.
PAR  The shear line blocking means comprises a leaf spring anchored at its
      forward end to the shell and free at its rear end, the leaf spring member
      traversing the shear line to prevent rotation of the cylinder unless moved
      out of the blocking position. When the key is inserted in the keyway, the
      bottom edge of the key pushes the leaf spring member down to clear the
      shear line so that the cylinder can be rotated.
PAR  In accordance with another provision of our invention, we provide two
      additional blocking means preventing the rotation of the cylinder, all of
      said blocking or locking means requiring simultaneous actuation to permit
      cylinder rotation. The keyway is slightly shorter than the key, and the
      front tip of the key when fully inserted pushes a spring biased member out
      of a blocking or non-engagement position depending on the type of lock in
      which our invention is used. Additionally, the key has a plurality of cuts
      as contrasted with the common conventional single cut found in most keys.
      All of the cuts simultaneously engage respective pin tumblers in the
      cylinder and shell. Therefore, with our invention, in order to rotate the
      cylinder, the plurality of lines of pin tumblers must simultaneously be
      moved, a leaf spring member must be moved downwardly, and the spring
      biased member must be moved. As can be easily understood, the provision of
      the plurality of independent actuable blocking means provides a relatively
      pick-proof lock since no single person could simultaneously move all the
      blocking means out of the blocking positions.
PAR  In accordance with a further feature of our invention, the cylinder plug
      comprising the invention is sized so as to fit in standard cylinder plug
      housing formed within conventional doors. Thus, the present lock can be
      used as a cylinder replacement for standard cylinders without modification
      of the other parts of the door or cylinder housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a key suitable for use with the lock of our
      invention;
PAR  FIG. 2 is a sectional view taken through lines 2--2 of FIG. 1 illustrating
      the plurality of cuts of the key;
PAR  FIG. 3 is a top view of one embodiment of the cylinder of this invention;
PAR  FIG. 4 is a front view of the cylinder illustrated in FIG. 3;
PAR  FIG. 5 is a top view of the shell used with the cylinder of this invention;
PAR  FIG. 6 is a front view of the shell of FIG. 5;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 6 illustrating
      one of the blocking means utilized in our invention;
PAR  FIG. 8 is another embodiment of our lock with the key being inserted into
      the lock;
PAR  FIG. 9 is a view similar to FIG. 8 illustrating the key being fully
      inserted into the lock to release one of the blocking means;
PAR  FIG. 10 is a partial sectional broken view along lines 10--10 of FIG. 9;
PAR  FIG. 11 is a sectional view of a second embodiment of the shell of our
      invention;
PAR  FIG. 12 is a sectional view of the second embodiment with a key inserted in
      the cylinder; and
PAR  FIG. 13 is a sectional view similar to FIG. 12 with the key fully inserted.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, and in particular to FIG. 1, there is shown a
      cylinder key 10 used with our invention and which forms a portion thereof.
      The cylinder key generally resembles a conventional key in which there is
      a bow portion 12, a shoulder 14, the bow and shoulder portions serving as
      a handle for the key. Projecting forwardly of the shoulder portion is the
      blade 16 of the key having thereon a blank cut 18 and cut 20 illustrated
      as having grooves 22. The front of the key 10 terminates in a tip 24.
PAR  In accordance with the principles of this invention, we provide a key and
      cylinder in which there are a plurality of angulated cuts all of which
      must be simultaneously inserted in the cylinder and all of which form an
      integral part of a single key. Preferably, and as illustrated in FIG. 2,
      we provide a key having three such cuts 18, 20 and 26 which with the bow
      or handle portion 12 form a "Peace" symbol. Groove 28 is located along the
      bottom portion of the blade of the key as is conventional while grooves
      30, 32 and 34 are located in cuts 20, 18 and 26, respectively, as is also
      conventional when there is only a single cut. The cuts 30, 32 and 34 serve
      as stops for the pin tumblers as will be described hereinafter.
PAR  As will be described below, the three cuts are adapted to match with three
      sets of pin tumblers in the cylinder and shell to provide a clearance at
      the shear line when the key is inserted in the lock.
PAR  The present invention is illustrated for use with a mortise lock as shown
      in FIGS. 1 through 10. The key illustrated in FIG. 1 having a plurality of
      cuts, such as three, may be used with any of the mortise, rim or padlock
      type locks and, for purposes of clarity, the invention will first be
      described with reference to the lock illustrated in FIGS. 8 through 10.
PAR  Referring now to those Figures, there is shown the key 10 inserted in a
      keyway 36, the keyway 36 being located within cylinder plug 38. The
      cylinder plug is adapted to fit in and be inserted in a shell 40. The
      shell 40 and cylinder plug assembly 38 are adapted to fit within a
      conventional cylinder housing 41 which provided with threads 100 adapted
      to receive the threaded portion of the conventional cylinder for holding
      the cylinder in place. This cylinder housing 41 is located within a
      conventional door 102 of a conventional thickness. The present invention
      is sized so as to be interchangeable with standard cylinders so as to be
      easily used as a replacement cylinder without requiring modification of
      the cylinder housing or door. Thus, there is incorporated within our
      invention a movable rear cam member or plate 69 which moves away from the
      main cylinder plug portion 38 of the lock. The lock is sized so as to
      provide sufficient clearance for the plate 69 to so move in a space 104
      located within the housing 40 and behind the plug or cylinder 38.
PAR  Referring more particularly to FIG. 10, there is shown the key 10 inserted
      in the keyway 36. When inserted in door 102, a hardened steel face front
      42 is provided to prevent access to the cylinder and shell with a steel
      ring 43 located therebehind. The cylinder and shell are each provided with
      bores 44 and 46 respectively, the bores 44 of the cylinder 38 axially
      aligning with the bores 46 of the shell. As described above with reference
      to FIGS. 1 and 2, the key is provided with three cuts and therefore there
      will be three rows of associated bores in the shell and cylinder,
      respectively.
PAR  Between the cylinder and the shell, there is a clearance which is known as
      the shear line 48, and when the shear line is clear, the cylinder can
      axially rotate within the shell.
PAR  Pin tumblers 50 are located in the shell bores 46 while pin tumblers 52 are
      located in the bores 44 of the cylinder plug 38. Pin tumblers 50, under
      pressure of springs 54, are urged downwardly against the matching pin
      tumblers 52 in the cylinder bores 44, the pin tumblers 52 being moved
      thereby through action of the spring 54 downwardly to positions where they
      bottom against a longitudinal rib (not shown) in the keyway 36.
PAR  Following conventional practice, when the key is inserted, appropriate
      cut-outs and projections match the pin tumblers 50 and 52 so that when the
      key is in place the line of separation between the pin tumblers 50 and the
      pin tumblers 52 will fall on the circumference of cylinder plug 38 and
      permit the plug to axially rotate within the shell 40. As may be readily
      understood, the peace key and peace lock provide a plurality of such
      independent and separate cuts, so that all three cuts and respective pin
      tumblers must be simultaneously moved to permit clearance of the shear
      line and rotation of the cylinder plug within the shell.
PAR  The axial rotation of cylinder 38 is transmitted to the tail piece assembly
      56 by means of a coupler 58 so that as the cylinder rotates, the tail
      piece will similarly rotate to operate a suitable latching mechanism. In
      accordance with the principles of this invention, we provide additional
      blocking means to prevent the rotation of the cylinder within the shell so
      as to prevent the easy picking of the cylinder lock. As described above,
      provision of the plurality of cuts on one key affords one degree of
      improvement with regard to the conventional single cut key.
PAR  In accordance with out invention, we provide an additional blocking means
      60 anchored in the shell 40, the blocking means 60 comprising a leaf
      spring member having the forward end thereof 62 held in place by a
      retaining ring 64 with the free end 66 of the spring member adapted to be
      above the shear line 48. The provision of leaf spring member 60
      intersecting the shear line 48 prevents rotation of the cylinder unless
      the leaf spring 60 is moved out of the blocking position. In accordance
      with our invention, leaf spring member 60 extends along the depth of the
      keyway as illustrated in FIGS. 10 and 7 and is moved out of the blocking
      position by the bottom edge 67 of the key 10. The lock picker will
      simultaneously have to control the three sets of pin tumblers and the leaf
      spring member 60 to be able to pick the lock. As can be understood, such
      manipulation is difficult for a single person since opposite forces must
      be simultaneously applied.
PAR  In accordance with still another feature of this invention, we provide a
      projecting blocking pin 68 attached to the tail piece 56 and coupler 58 as
      will be described hereinafter. The blocking pin 68 is attached to a plate
      69 located behind the shell 40 as illustrated in FIG. 10. A spring 70 is
      carried on rod means 72, there being provided a pair of such rod and
      spring means 70 and 72 as illustrated in FIGS. 8 and 9. The rod and spring
      means normally urge plate 69 towards the shell, thereby causing projecting
      member 68 to engage a recess 76 in the shell member 40. In this position,
      the tailpiece is fixed to the shell and is prevented from rotating with
      respect thereto even when the cylinder is free to rotate. The movable
      plate 69 operates the latch mechanism (not shown) which allows the door to
      be opened. The outside of the shell is provided with threads 106 adapted
      to engage threads 100 of the housing to effect its location therein.
PAR  In accordance with our invention, the key 10 is made slightly longer than
      the keyway, with the tip 24 of the key urging the plate 69 rearwardly when
      the key is fully inserted to move the blocking pin 68 from recess 76. When
      so withdrawn, the tailpiece will be free to rotate under control of the
      cylinder 38. Rotation of the tailpiece imparts different action to the
      latching mechanism in accordance with the type lock utilized.
PAR  As described above, it may clearly be seen that our invention provides
      three separate and independent simultaneously operable blocking means each
      of which alone prevents rotation of the cylinder and/or tailpiece. Thus,
      the thief in attempting to pick our "Peace" lock will have to
      simultaneously control three sets of pin tumblers, leaf spring 60, and
      blocking pin member 68, all of said blocking means requiring force to
      simultaneously be exerted in different directions. As may be clearly
      understood, it is almost impossible for a single person to provide such
      oppositely directed forces and therefore, our present lock is relatively
      pick-proof.
PAR  Referring to FIG. 7, there is shown the leaf spring member 60 being held in
      place by means of the retaining clip 64, the leaf spring held within a
      slot 84 in the shell. The shell is also provided with a milled out portion
      86 (FIG. 5) for receiving the retaining clip 64 and holding the same
      within the shell. The mortise type cylinder, as illustrated in FIG. 3, is
      held in place by means of a retaining ring 88 located at the rear end of
      the keyway 36, which fixedly maintains the cylinder within the shell 40.
PAR  In accordance with another feature of this invention, we provide a
      segmented cylinder as illustrated in FIG. 3, with segments 38a and 38b
      being independent and separately rotatable, so that pressure exerted at
      one portion of the keyway by means of a shim cannot be used to control the
      position of the other of the segmented portions of the cylinder. This
      feature also makes the picking of our lock even more difficult. The
      cylinder could be a single piece as illustrated with regard to the rim
      lock of FIGS. 8 through 10 or the segmented type cylinder comprising
      segments 38a and 38 b.
PAR  Referring now to FIGS. 11-13, there is shown another embodiment of our
      invention. In particular, there is shown a cylinder plug 108 having a
      split keyway 140 and 142 which is similar to the split keyway discussed
      above with regard to FIG. 3. The cylinder 108 is a solid piece having its
      distal end integrally connected with rear cam plate 112 which is similar
      to plate 69 of FIG. 10. Attached to cam plate 112 is a projecting pin 116
      adapted to fit within recess 114, recess 114 being located within the rear
      surface of the lock similar to elements 68 and 76 of FIG. 10. There is
      also shown shell and cylinder pin tumblers 118, 119, 122, 124 and 126
      which correspond with cylinder pin tumblers 121, 120, 128, 130 and 132
      respectively. There is also shown a key 110 having a plurality of cuts,
      and it should be noted that cut 127 is illustrated in FIGS. 12 and 13. It
      should be noted that the embodiment in FIGS. 11-13 is shown without the
      bottom spring 60, although it is understood that this spring, of course,
      could be incorporated as shown in FIG. 10 at the bottom of the key 110.
PAR  The operation of the embodiment illustrated in FIGS. 11-13 is as follows.
      The key is inserted as shown in FIG. 12. In this position, the respective
      cuts corresponding to the pin tumblers in the shell and cylinder allow the
      shear line to be cleared enabling the key 110 to be pushed further into
      the keyway. The bottom cylinder pin 128 is carried one position deeper
      into the split keyway 142 so that it aligned with shell pin 119 while
      cylinder pin 120 now aligns with shell pin 118. This allows the shear line
      still to be cleared while enabling the key to move further into the keyway
      pushing the rear cam plate 112 outwardly from the back of the plug so as
      to free pin 116 from engagement in recess 114. In all other respects, the
      key functions similarly to that illustrated in FIGS. 1-10. When the key is
      to be removed, cut 127 acts as a positive drive against bottom or cylinder
      pin 128 pulling the rear plate 112 with it so as to cause pin 116 to
      engage with recess 114, thereby blocking further rotational movement.
PAR  It should be noted that the arrangement illustrated in FIGS. 11 through 13
      function similarly to the spring 70 and rod means 72. The arrangement
      provided in FIGS. 11 through 13 is even more compact than that shown in
      FIGS. 8-10, and therefore, further allows the present invention to be
      substituted for a standard lock cylinder, since the dimensions found in
      such a cylinder can be conveniently and easily met by the novel
      arrangement presented in FIGS. 11-13.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above apparatus without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description and shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A key-operated locking mechanism for use in conventional latch-operated
      doors having a conventional cylinder plug housing said mechanism
      comprising a cylinder plug comprising said latch and having a keyway, a
      shell aligned with and adapted to receive and hold said cylinder plug,
      said cylinder plug and shell assembly adapted to fit within said
      conventional plug housing so as to be a replacement for a standard
      cylinder assembly, said cylinder plug being axially rotatable within said
      shell, a plurality of bores located in said shell, a plurality of bores
      located in said cylinder plug axially aligned with said bores in said
      shell, a plurality of sets of movable pin tumblers carried in said shell
      and cylinder plug bores connecting said shell to said cylinder plug and
      intersecting the clearance between said shell and cylinder plug, said pin
      tumblers blocking said axial rotation of said cylinder plug in said shell,
      said pin tumblers being movable within said bores by respective cuts in a
      key to clear said clearance between said shell and said cylinder plug and
      provide a shear line clearance permitting axial rotation of said cylinder
      plug within said shell, a latching means connected to said cylinder plug,
      coupling means coupling said axial rotational movement of said cylinder
      plug to operate said latching means, a plate, blocking pin means carried
      on said plate, a recess at the rear of said shell for receiving said
      blocking pin means, a pair of guide pins having one end respectively
      attached to the rear of said plug, spring members bearing against said
      plate and attached to said guide pins to force said blocking pin means
      into said recess, said plate being directly moved by the front end of the
      key to move said blocking pin out of engagement with said recess.
NUM  2.
PAR  2. A key-operated locking mechanism as set forth in claim 1,
PA1  further comprising shear line blocking means extending along said keyway
      intersecting said shear line to block said axial rotation of said
      cylinder, said shear line blocking means being movable out of said
      intersecting position by said key.
NUM  3.
PAR  3. A key-operated locking mechanism as set forther in claim 2
PA1  wherein said shear line blocking means comprises a flexible leaf spring
      member attached at only one end to said shell.
NUM  4.
PAR  4. A key-operated locking mechanism as set forth in claim 3,
PA1  wherein said leaf spring member is located in the bottom portion of the
      keyway of said mechanism, the bottom edge of said key downwardly moving
      said leaf spring member to enable said cylinder to axially rotate.
NUM  5.
PAR  5. A key-operated mechanism as set forth in claim 1, wherein
PA1  said key is slightly longer than said keyway.
NUM  6.
PAR  6. A key-operated mechanism as set forth in claim 1, wherein
PA1  said cylinder comprises a plurality of independent keyways.
NUM  7.
PAR  7. A key-operated mechanism as set forth in claim 6, wherein
PA1  said cylinder comprises three keyways and said key comprises three cuts.
NUM  8.
PAR  8. A key-operated mechanism as set forth in claim 6, wherein said cylinder
      comprises three upwardly projecting keyways and said key comprises three
      upwardly projecting cuts.
NUM  9.
PAR  9. A key-operated mechanism as set forth in claim 1, wherein
PA1  said cylinder plug comprises a plurality of independent cylindrical
      segments axially aligned.
NUM  10.
PAR  10. A key-operated mechanism as set forth in claim 1, wherein
PA1  said shell is provided with a threaded portion adapted to engage a
      conventional threaded portion on said conventional housing.
NUM  11.
PAR  11. A key-operated locking mechanism for use in conventional latch-operated
      doors having a conventional cylinder plug housing, said mechanism
      comprising a cylinder plug for operating said latch and having a keyway, a
      shell aligned with and adapted to receive and hold said cylinder plug,
      said cylinder plug and shell assembly adapted to fit within said
      conventional cylinder plug housing so as to be a replacement for a
      standard cylinder assembly, said cylinder plug being axially rotatable
      within said shell, a set of bores located in said shell, a set of bores
      located in said cylinder plug axially aligned with said bores in said
      shell, sets of movable pin tumblers carried in said shell and cylinder
      plug bores connecting said shell to said cylinder plug and intersecting
      the clearance between said shell and cylinder, said pin tumblers blocking
      said axial rotation of said cylinder in said shell, said pin tumblers
      being movable within said bores by respective cuts in a key to clear said
      clearance between said shell and said cylinder and provide a shear line
      clearance permitting axial rotation of said cylinder within said shell, a
      latching means connected to said cylinder, coupling means coupling said
      axial rotational movement of said cylinder to operate said latching means,
      a plate, blocking pin means carried on said plate, a recess at the rear of
      said shell for receiving said blocking pin means, said plate carrying said
      blocking pin means thereon and being integrally formed with said cylinder
      plug, said cylinder plug being moved inwardly by said key to
      simultaneously cause said blocking pin to move rearwardly out of
      engagement with said recess.
NUM  12.
PAR  12. A key-operated locking mechanism as set forth in claim 11,
PA1  wherein said cylinder is movable inwardly with respect to said shell for
      carrying said pin into engagement with said recess.
NUM  13.
PAR  13. A key-operated locking mechanism as set forth in claim 12,
PA1  wherein at least two of said bores in said shell are separated by a fixed
      distance, said cylinder being moved by said key for said fixed distance
      causing a cylinder tumbler to align with the next shell tumbler to permit
      shear line clearance to be maintained when said key is fully inserted.
NUM  14.
PAR  14. A key-operated locking mechanism as set forth in claim 13,
PA1  wherein said cylinder is moved by a cut in said key directly driving at
      least one of said cylinder plugs inwardly and outwardly as said key is
      inserted and withdrawn respectively.
NUM  15.
PAR  15. A key-operated locking mechanism as set forth in claim 11,
PA1  further comprising shear line blocking means extending along said keyway
      intersecting said shear line to block said axial rotation of said
      cylinder, said shear line blocking means being movable out of said
      intersecting position by said key.
NUM  16.
PAR  16. A key-operated locking mechanism as set forth in claim 15,
PA1  wherein said shear line blocking means comprises a  leaf spring member
      located in the bottom portion of the keyway of said mechanism, the bottom
      edge of said key downwardly moving said leaf spring member to enable said
      cylinder to axially rotate.
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ABST
PAL  A cylindrical lock assembly is provided which is approximately the same
      size as present-day cylindrical "Mortise" locks, and which can replace
      present-day locks in the doors of hotels, motels, or other establishments,
      merely by removing the existing lock cylinders and replacing them by the
      lock cylinders of the invention. The lock assembly of the invention has a
      number of internal logic ring members which are mounted tandem to one
      another in coaxial relationship with the central axis of the lock, and
      which are replaceable to change the key pattern to which the lock will
      respond. The lock also includes a plurality of spring-biased tumblers,
      which are moved longitudinally to mating positions with respect to the
      various logic ring members when the proper keys are inserted in the lock.
      Each lock will respond, for example, to four different keys, namely, a
      guest key which is usually different for each lock in the establishment, a
      maid's key which fits a predetermined number of locks in the
      establishment, and an emergency key which not only fits all the locks in
      the establishment, but which can operate all the locks, even when a door
      is bolted by the usual dead bolt mechanism. In the embodiment to be
      described, the logic ring members can be changed only by a release
      operation which can be carried out only by the emergency key.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The lock assembly to be described has particular, although not exclusive,
      utility in hotels and motels, where, for security purposes, it is often
      desirable to change the locks in the doors of the rooms from time to time.
      The lock assembly is of the same general type as described and claimed in
      Copending Applications Ser. No. 455,576, filed Mar. 28, 1974, in the name
      of James A. Millett; Ser. No. 443,310, filed Feb. 19, 1974, in the names
      of James W. Raymond and James A. Millett; and Ser. No. 438,867, filed Feb.
      1, 1974, in the name of James W. Raymond.
PAR  The lock assembly of the invention, in the embodiment to be described,
      includes three replaceable logic ring members, as explained briefly above,
      namely a guest logic ring, a maid logic ring, and a master-emergency logic
      ring. As also pointed out, the guest logic rings, which are preferably
      different for each lock in the establishment, are operated by the keys
      issued to the guests; the maid logic rings, which are preferably the same
      for a group of locks in the establishment, are operated by keys to the
      maids; and the master-emergency logic rings, which are preferably the same
      for all the locks in the establishment, are operated by keys issued to the
      technicians and maintenance men of the establishment.
PAR  None of the keys mentioned above can unlock the door of any room in the
      establishment, if the door is bolted by the usual dead bolt mechanism, so
      that the security and privacy of the guests may be assured. However, a
      further key, termed an emergency key, is also provided. The emergency key
      is similar in most respects to the master key, and it operates in
      conjunction with the master logic ring. However, the emergency key has an
      additional feature, as noted above, of being able to unlock the lock even
      if the door is bolted by the usual dead bolt, so that access to a room
      under any conditions may be achieved. Also, the emergency key has the
      ability of setting the lock to a release position, in which the various
      logic rings can be removed and replaced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end view of a lock assembly constructed in accordance with one
      embodiment of the invention;
PAR  FIG. 2 is a side section taken along the line 2--2 of FIG. 1;
PAR  FIGS. 3, 4 and 5 are cross-sectional views taken essentially along the
      lines 3--3, 4--4 and 5--5 of FIG. 2, respectively;
PAR  FIG. 6 is a top plan view of a key suitable for operating the lock of the
      invention; and
PAR  FIG. 7 is a section of the key, taken essentially along the line 7--7 of
      FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The lock assembly, as best shown in FIG. 2, includes an outer cylindrical
      casing 10, a front cover plate 12, and a gear housing 14 which encloses
      the rear end of casing 10. The gear housing 14 is retained on the casing
      10 by means of a screw 16. A drive gear 18 is rotatably mounted in the
      gear houding 14 in meshing relationship with a driven gear 20. The driven
      gear is mechanically coupled to the door latch by any suitable means (not
      shown). A drive shaft 22 is mounted in a cylindrical tumbler carrier 24
      which is rotatably mounted in the casing 10, and the shaft extends along
      the central axis of the casing in axial alignment with the axis of
      rotation of the drive gear 18.
PAR  The cylindrical tumbler carrier 24 is keyed to the drive shaft 22 and to
      the gear 18, so that rotation of the drive shaft 22 causes the tumbler
      carrier 24 and the gear 18 to rotate. The tumbler carrier is actually in
      press fit with the shaft 22 and with the gear 18, so that rotation of the
      shaft will rotate the carrier and the gear, as mentioned above. If the
      carrier is locked against rotation, the shaft cannot turn. If excessive
      torque is applied to the shaft when the carrier is locked, in an effort to
      open the door, the shaft will merely turn in the carrier and will be
      ineffective to turn the gear 18 or to unlatch the door.
PAR  The carrier 24 is located adjacent the inner side of gear housing 14. A
      plurality of tumbler shafts 26 are mounted on the carrier 24, the shafts
      extending longitudinally in the housing 10 along respective axes which are
      spaced and parallel with respect to the central axis of rotation of the
      carrier. A corresponding plurality of tumblers 28 are slidably mounted on
      the respective shafts 26, the tumblers being spring-biased to the left of
      FIG. 2 against the inner side a cover plate 29 by corresponding springs
      30.
PAR  Three separate logic rings 32, 34 and 36 are mounted tandem to one another
      in the housing 10 coaxial with the axis of rotation of the drive shaft 22.
      The logic rings are keyed to one another and to the front plate 12 and to
      a clutch ring 38, so that all these elements are held within casing 10 in
      a fixed angular position with respect to one another. This keying is
      achieved by appropriate tongues and grooves, such as shown between the
      rings 34 and 36 in FIG. 2.
PAR  The inner surfaces of the logic rings 32, 34 and 36 are serrated, as are
      the outer surfaces of the tumblers 28, so as to render the lock
      pick-proof, as explained in the copending applications. The ring 32 is the
      guest logic ring, the ring 34 is the maid logic ring, and the ring 36 is
      the master-emergency logic ring.
PAR  The clutch ring 38 is mounted in the casing 10 concentrically with the
      tumbler carrier 24, and it is interposed between the logic ring 36 and the
      gear housing 14. As mentioned above, the clutch ring is keyed to the logic
      ring members, and it is turned, together with the front plate 12, whenever
      the logic ring members are turned within casing 10.
PAR  A pair of balls 40, 42 are supported in holes in the clutch ring 38, as
      shown in FIG. 4. The ball 40, in its illustrated position, also engages a
      groove on the inner surface of the casing 10, so as to prevent rotation of
      the clutch ring 38 within the casing.
PAR  The ball 42 rides in a groove 60 on the inner surface of the casing 10, so
      that, so long as the ball 42 is in its protruding position, as illustrated
      in FIG. 4, it limits the rotation of the clutch ring within the casing to
      the arcuate length of the slot 60. A timing pin 44 is supported in a
      radial slot in the carrier 24, and it extends into a slot in the clutch
      ring 38. The timing pin limits the extent of relative rotation between the
      carrier 24 and the clutch ring 38.
PAR  The various types of keys which are used to operated the lock assembly of
      the invention may be similar in shape, and all may have the configuration
      shown of key 50 in FIGS. 6 and 7. The key 50 has a tubular barrel section
      50a and a disc-like handle section 50b. In forming the different keys, the
      lengths of different arcuate portions of the barrel section 50a are
      selected so that the various tumblers 28 may be pushed in against the
      spring-bias of the springs 30 mate the tumblers with corresponding
      recesses in the logic rings.
PAR  The guest keys will be relatively short, since they move the tumblers only
      to the guest logic ring position within the lock. The maid's key is
      somewhat longer than the guest key, since it moves the tumblers 28 further
      into the lock into preselected aligned positions with respect to recesses
      in the maid logic ring 34. The master key and emergency key are of equal
      length, and both are longer than the other two, since both of these keys
      move the tumblers into the lock beyond the logic rings 32 and 34, into an
      aligned position with respect to the master-emergency logic ring 36.
PAR  Now, if a proper guest key is inserted into the lock, its inner projection
      52 (FIG. 7) will engage a key-way 55 in the drive shaft 22 (FIGS. 1 and 3)
      and it will also push the tumblers 28 against the bias of springs 30 into
      a mating position with respect to the recesses in the guest logic ring 32.
      Then, when the guest key is turned, the drive shaft 22 and tumbler carrier
      24 will turn in the clutch ring 38, as the tumblers move into the recesses
      in the guest logic ring 32.
PAR  As the carrier 24 is turned by the guest key, and as best shown in FIG. 4,
      the ball 40 will drop into a groove 62 in the carrier 24. The arcuate
      length of the recesses in the guest logic ring 32 is such, for example,
      that the carrier 24 can turn only 30.degree. in the clutch ring and, the
      tumblers 28 will then engage the ends of the recesses in the guest logic
      ring, so that further rotation of the key will cause the logic rings and
      the clutch ring 38, together with the front plate 12 to turn in the casing
      10. This turning of the clutch ring 38, and of the other elements keyed
      thereto, is permitted because the ball 40 has fallen into the groove 62 in
      the carrier, and no longer locks the clutch ring to the housing 10.
PAR  However, the amount of turning of the carrier 24 in the clutch ring is
      limited by the arcuate recesses in the guest logic ring 32 to such an
      extent that the groove 62 cannot turn to a position under the ball 42, so
      that the ball 42 remains in its protruded position shown in FIG. 4.
      Therefore, as the clutch ring 38 and the other elements keyed thereto are
      turned by the guest key in the casing 10, the turning of the clutch ring
      is limited, for example, to 60.degree. with respect to the casing 10, at
      which time the ball 42 reaches the end of the groove 60. This amount of
      turning of the drive shaft by the key, however, is sufficient to rotate
      the gear 18 to the extent necessary to unlatch the door.
PAR  Then, when the guest key is turned back to its original position, the
      carrier 24 returns to the position shown in FIG. 4, and the ball 40 again
      locks the clutch ring 38 to the casing 10. Now, should the key be removed,
      and a wrong key inserted into the lock, any attempt to turn the drive
      shaft causes the tumblers to engage the corresponding logic ring, but
      rotation of the logic rings is prevented by the clutch ring 38, whose
      rotation within the casing 10 is prevented by the ball 40.
PAR  The maid's key, as mentioned above, is somewhat longer than the guest key
      so that when a maid's key is inserted into the lock, the tumblers 28 are
      moved into alignment with the maid logic ring 34. Then, if a match is
      achieved, the lock will be unlocked by the same action as described above.
      Likewise, the master key and the emergency key are somewhat longer than
      the maid's key, so that when either a master key or an emergency key is
      inserted into the lock, the tumblers 28 are moved inwardly against the
      spring pressure of springs 30 to an aligned position with the master logic
      ring 36. Again, if a match is achieved, the lock may be turned by the key
      to unlock the door.
PAR  Unlike the maid's and guest logic rings, the grooves in the master logic
      ring 36 have sufficient arcuate length to permit the carrier 24 to be
      turned in FIG. 4 to bring the groove 62 under the ball 42, so that balls
      40 and 42 may drop into the groove. However, the master key is provided
      with an external radial projection 54 (FIGS. 6 and 7) and this projection
      engages a shoulder 56 (FIG. 2) in the front plate 12, so that the master
      key is incapable of turning the carrier 24 to an extent such that the ball
      42 will drop into the groove 62.
PAR  However, the emergency key does not have such a radial projection 54, and
      it is capable of turning the carrier 24 to a sufficient distance so that
      both the balls 40 and 42 fall into the groove 62. When that occurs, there
      is no limitation upon the angular distance the carrier 24 and clutch ring
      30 may be turned in the casing 10. Therefore, the emergency key permits
      the drive shaft 22 to be turned sufficiently to cause the driven gear 18
      to unlock the dead bolt of the door through the usual unlocking mechanism,
      and to unlatch the door, providing access to the room, even if the dead
      bolt is thrown.
PAR  As the emergency key turns the clutch ring 38 an unlimited extent within
      the casing 10, the front plate 12 is also turned thereby, since it is
      keyed to the clutch ring through the logic rings. The front plate may be
      so turned by the emergency key to a position at which its radial lugs 14a
      and 14b (FIGS. 1 and 2) move into alignment with corresponding radial
      slots in the casing, so that the pressure of the springs 30 causes the
      front plate 21 to be ejected from the front of the casing, together with
      the logic rings 32 and 34. The logic ring 36 is still engaged by the
      tumblers, and it too can be removed, merely by turning it free from the
      tumblers and withdrawing it from the casing. In this way, the logic rings
      can be changed as necessary, to cause the lock to respond to a different
      set of keys.
PAR  The various logic rings may be color coded to indicate whether they
      represent the guest, maid or master-emergency logic rings. Also, the
      various rings may have appropriate serial numbers. The keys 50, such as
      shown in FIGS. 6 and 7 may be formed of appropriate metal, plastic, or
      other material, and they may be similarly color, and number coded.
PAR  The handle portion 50b of each key may have a detachable snap cover 60, so
      that the serial number of the logic ring corresponding to any particular
      key may be carried in a hidden manner inside the handle. The current room
      number may be indicated on the outside of the snap cover 60 of each guest
      key, for example, which may be changed to a new key when the guest logic
      is changed.
PAR  It will be appreciated that although a particular embodiment of the
      invention has been shown and described, modifications may be made. It is
      intended in the following claims to cover all the modifications which fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lock assembly comprising: a cylindrical shaped outer casing; a
      plurality of annular logic members mounted in said casing tandem to one
      another coaxially with the central axis of the casing; an annular clutch
      member mounted in said casing adjacent to one end of the logic members and
      coaxial with the central axis of the casing; a drive shaft mounted in said
      casing and extending along the central axis thereof; a tumbler carrier
      keyed to said drive shaft and mounted on the end thereof in nested
      concentric relationship with respect to said annular clutch member; a
      plurality of elongated tumbler shafts mounted on said carrier and
      extending along respective axes radially spaced from the central axis of
      the casing and parallel thereto; a corresponding plurality of tumblers
      mounted on respective ones of said tumbler shafts to be moved axially
      along the respective axes to selected axially aligned positions with
      respect to the annular logic members; and resilient means biasing said
      tumblers toward the forward end of the casing.
NUM  2.
PAR  2. The lock assembly defined in claim 1, and which includes a gear housing
      mounted on one end of said cylindrical shaped casing; a drive gear
      rotatably mounted in said gear housing in axial alignment with said drive
      shaft and keyed to said carrier; and a further gear rotatably mounted in
      said gear housing in meshing relationship with said drive gear.
NUM  3.
PAR  3. The lock assembly defined in claim 1, and which includes a first ball
      supported in a hole in said clutch member and in a depression in the inner
      surface of the housing normally to prevent relative rotation between the
      clutch member and the casing, and in which the logic carrier has a
      circumferential groove therein to receive the ball and free the clutch
      member when the carrier is turned to a particular angular position in the
      clutch member.
NUM  4.
PAR  4. The lock assembly defined in claim 3, and which includes a second ball
      supported in a hole in said clutch member adjacent the first ball and
      received in a circumferential groove in the inner surface of the casing to
      permit limited angular movement of the clutch member in the casing when
      the first ball is received in the groove in the logic member.
NUM  5.
PAR  5. The lock assembly defined in claim 4, in which one of the annular logic
      members has arcuate recesses therein for receiving the tumblers, and in
      which the arcuate length of the recesses is such to limit the rotation of
      the carrier in the clutch member to a position in which the groove in the
      carrier is angularly displaced from the second ball.
NUM  6.
PAR  6. The lock assembly defined in claim 4, in which one of the annular logic
      members has arcuate recesses for receiving the tumblers, the arcuate
      length of the recesses being sufficient to permit the carrier to be turned
      in the clutch member an angular distance sufficient to cause the groove in
      the carrier to receive the second ball, so as to permit unlimited rotation
      of the clutch ring in the casing.
NUM  7.
PAR  7. The lock assembly defined in claim 6, and which includes a cover plate
      mounted on one end of said casing and keyed to the annular logic members
      and to the annular clutch member for retaining the logic members in the
      casing, said cover plate being turnable to an angular position on the
      casing in which it may be ejected from the casing to permit removal of the
      annular logic members for replacement of the annular logic members.
NUM  8.
PAR  8. The lock assembly defined in claim 1, and which includes a key having a
      tubular barrel portion for engaging said drive shaft, and having an
      internal projecting portion received by a key-way in the drive shaft to
      permit the key to turn the drive shaft when the key is turned in the
      casing.
NUM  9.
PAR  9. The lock assembly defined in claim 8, in which said key has a disc-like
      handle portion with a hollow interior, and a disc-like cover engaging the
      handle portion for enclosing the interior.
NUM  10.
PAR  10. The lock assembly defined in claim 7, and which includes a key having a
      tubular barrel portion with an internal projection for engaging a key-way
      in the drive shaft to enable the key to turn the carrier when the key is
      inserted into the lock, said key having a radial outer projection, and
      said cover plate defining a shoulder to be engaged by said projection, to
      limit the amount of rotation of the carrier in the casing to prevent the
      key from truning the carrier to an angular position at which the groove in
      the carrier receives the second ball, thereby preventing the cover plate
      from being turned to said angular position at which it may be ejected from
      the casing.
NUM  11.
PAR  11. The lock assembly defined in claim 7, and which includes a key having a
      tubular barrel portion with an internal projection for engaging a key-way
      in the drive shaft to enable the key to turn the carrier to an angular
      position at which the groove in the carrier receives the second ball to
      permit the cover plate to be turned to said angular position at which it
      may be ejected from the casing.
NUM  12.
PAR  12. A lock assembly comprising: a casing; a plurality of separate logic
      members removably mounted in the casing; a carrier rotatably mounted in
      the casing; and a plurality of tumblers carried by the carrier and movable
      axially with respect to the casing upon the insertion of a key into
      selective operative relationship with different ones of the logic members,
      in which said casing has a cylindrical shape and in which said logic
      members have an annular configuration and are mounted in said casing in a
      tandem relationship with one another coaxially with the central axis of
      the casing.
NUM  13.
PAR  13. The lock assembly defined in claim 12, and which includes an annular
      clutch member mounted in said casing adjacent to one end of the logic
      members and coaxial with the central axis of the casing.
NUM  14.
PAR  14. The lock assembly defined in claim 13, and which includes a first ball
      supported in a hole in said clutch member and in a depression in the inner
      surface of the housing normally to prevent relative rotation between the
      clutch member and the casing, and in which the logic carrier has a
      circumferential groove therein to receive the ball and to free the clutch
      member when the carrier is turned to a particular angular position in the
      clutch member.
NUM  15.
PAR  15. The lock assembly defined in claim 14, and which includes a second ball
      supported in a hole in said clutch member adjacent to the first ball and
      received in a circumferential groove in the inner surface of the casing to
      permit limited angular movement of the clutch member in the casing when
      the first ball is received in the groove in the logic member.
NUM  16.
PAR  16. The lock assembly defined in claim 15, in which one of the annular
      logic members has arcuate recesses therein for receiving the tumblers, and
      in which the arcuate length of the recesses is such to limit the rotation
      of the carrier in the clutch member to a position in which the groove in
      the carrier is angularly displaced from the second ball.
NUM  17.
PAR  17. The lock assembly defined in claim 15, in which one of the annular
      logic members has arcuate recesses for receiving the tumblers, the arcuate
      lengths of the recesses being sufficient to permit the carrier to be
      turned in the clutch member through an angular distance sufficient to
      cause the groove in the carrier to receive the second ball, so as to
      permit unlimited rotation of the clutch ring in the casing.
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ABST
PAL  A shape control system for a rolling mill comprises means for operating a
      roll positioning means to press down the rolls under a preselected load,
      when no strip to be rolled is fed between the rolls; a calculator of roll
      position variation for comparing the roll position under the preselected
      load with a preselected reference roll position; a calculator of roll
      crown variation for calculating the roll crown variation by using the
      output from said calculator of roll position variation and a preselected
      functional relationship; and a calculator of roll bending force for
      calculating the amount of a roll bending force to be corrected based on
      the output from said calculator of roll crown variation and feeding the
      thus calculated correction to roll bender control means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and system for controlling flatness in
      sheet metal by detecting the variation in the roll crown.
PAR  Recently, there has arisen an increasingly demand for the accuracy in the
      thickness of a cold rolled strip. With the development of an automatic
      gauge control means (AGC), a satisfactory uniformity in gauge of a strip
      can be attained in the rolling direction. However, no satisfactory control
      method has been realized for achieving an accuracy in gauge of a strip in
      the widthwise direction and, especially, the flatness of the strip. A
      known method for controlling the flatness of a strip (or shape control) is
      a roll bending method, wherein the variation in the roll crown due to wear
      and/or thermal expansion (heat crown) of rolls (the latter is caused by
      the heat radiation from the strip being rolled as well as by the heat
      caused by the deformation of a strip) must be compensated for to control
      the flatness of a strip. This control method, however, is no longer
      employed widely, because difficulties are encountered in determining the
      extent of the roll crown varied due to wear and heat and therefore a roll
      bending force cannot be set beforehand.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of this invention to provide a method for
      controlling flatness of a strip in a rolling mill, by detecting the roll
      crown variation.
PAR  According to this method, the correlation between variations of the roll
      crown and of the roll position under a preselected rolling load is
      determined beforehand; then the roll crown variation is measured during
      operation, as required; and the shape control means is controlled
      depending on the thus measured roll position variation and the
      predetermined correlation between variations of the roll crown and of roll
      position.
PAR  In other words, the control method of this invention is based on the
      finding that there is a linear proportional relation between the roll
      crown variation .DELTA.C.sub.R during the repeated rolling operations and
      the variation of roll position .DELTA.S.sub.o under a preselected rolling
      load. Based on said linear proportional relation, the roll crown variation
      .DELTA.C.sub.R is determined indirectly from the variation of roll
      position .DELTA.S.sub.o for controlling the shape control means such as a
      roll bending means.
PAR  The present invention provides suitable shape control systems for
      practicing the aforesaid method.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a graph representing the relationship between the indication
      variation .DELTA.S.sub.o (or the variation of roll position under a
      preselected rolling load) at the time when the roll gap equals to zero and
      the roll crown variation .DELTA.C.sub.R ;
PAR  FIG. 2 is a block diagram of the shape control system for a rolling mill
      according to one embodiment of this invention; and
PAR  FIG. 3 is a block diagram of the shape control system for a rolling mill
      according to another embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before describing preferred embodiments, the theoretical explanation for
      the control method according to this invention will first be set forth
      hereinunder.
PAR  Generally, when rolling a strip, an irregular thickness distribution takes
      place widthwise of the strip, with there resulting a strip crown. Such a
      strip crown C.sub.S  is expressed by the following relation:
EQU  C.sub.S = C.sub.R + C.sub.1 (1)
PAL  where, C.sub.R is a roll crown and C.sub.1 is a crown formed in a rolled
      strip due to the causes other than the roll crown. The crown C.sub.1
      includes a crown C.sub.2 intentionally formed in the strip by means of a
      roll bender and a crown C.sub.3 caused in the strip under a rolling load.
EQU  C.sub.1 = C.sub.2 + C.sub.3 (2)
PAL  These crowns C.sub.2 and C.sub.3 are discussed, for example, in the "Iron
      and Steel Engineer" Vol. 42, No. 8, 1965, p. 73 -83 by Stone. According to
      Stone's discussion, when a back roll bending is applied, the crown C.sub.2
      will be expressed as,
      ##EQU1##
      where, F is a roll bending force; a is a moment arm of the bending force;
      W is the strip width; E is the Young's modulus of the roll and I is the
      moment of inertia of the backup roll. If 4E/aW.sup.2 is substituted by
      K.sub.1, then the Equation (3) will be simplified as follows:
      ##EQU2##
      This relation is maintained also in case of a work roll bending, although
      K.sub.1 has a different value.
PAR  According to Stone's discussion, C.sub.3 is expressed as
      ##EQU3##
      where, P is a rolling load; h is a distance from the side edge of the
      strip to the center of the backup roll bearing; and D is a diameter of the
      backup roll.
PAR  It will be appreciated that Equation (1) can be rewritten as follows:
      ##EQU4##
      Also Equation (6) will be rewritten as follows:
      ##EQU5##
      where .DELTA. means mathematical symbol of variation. To obtain a flat
      rolled strip, .DELTA.C.sub.S must be zero. Therefore,
EQU  .DELTA.F = K.sub.1 (.DELTA.C.sub.R +.DELTA.C.sub.3) (8)
PAL  If roll bending force which offsets roll crown variation .DELTA.C.sub.R is
      denoted by .DELTA.F.sub.R, .DELTA.F.sub.R is expressed as follows:
EQU  .DELTA.F.sub.R = K.sub.1 .DELTA.C.sub.R (9)
PAR  The study made by the inventors reveals that variation .DELTA.S.sub.o in
      indicated value of roll position under a preselected rolling load at the
      time when the roll gap equals to zero is directly proportional to the roll
      crown variation .DELTA.C.sub.R as shown in FIG. 1.
EQU  .DELTA.C.sub.R = K.sub.2 .DELTA.S.sub.o (10) where K.sub.2 is a constant
      value represented by the slope of the line in FIG. 1. From Equations (9)
      and (10),
EQU  .DELTA.F.sub.R = K.DELTA.S.sub.o (11)
PAL  where, K = K.sub.1.sup.. K.sub. 2. Equation (11) means that the roll
      bending force which offsets the roll crown variation is directly
      proportional to the variation .DELTA.S.sub.o, and therefore a roll bending
      force offsetting the roll crown variation can be determined by detecting
      the variation .DELTA.S.sub.o in indicated value.
PAR  Illustrated in FIG. 2 is a schematic view illustrating the arrangement of
      the shape control system according to one embodiment of the present
      invention, the system detecting a roll crown variation and controlling, in
      accordance with the foregoing principle, the shape of the strip being
      rolled. Indicated at 1, 2 and 3 are a steel strip being rolled, work rolls
      and backup rolls, respectively. Between the roll neck of the lower backup
      roll 3 and roll positioning means 4 are interposed a roll position
      detector 5 and a load detector 6, which are respectively connected to a
      calculator of roll position variation 8 and to a rolling load comparator 9
      included in a roll crown variation detector 7 for feeding inputs into the
      detector 7 which forms the essential part of the present inventon.
PAR  The roll crown variation detector 7 comprises reference load setting means
      10, load comparator 9, reference roll position setting means 11,
      calculator of roll position variation 8, calculator of roll crown
      variation 12, relay R.sub.1 for applying the output signal from said load
      comparator 9 into the roll positioning means 4, and relay R.sub.2 for
      operating indicator of the roll position detector 5. The relays R.sub.1
      and R.sub.2 are so arranged that they are closed upon receiving sequence
      signals from an external sequence control means 13 (for example, a
      computer).
PAR  Now the operation of the roll crown variation detector 7 having the
      foregoing construction will be described in connection with a cold rolling
      mill. After a predetermined number of coils have been rolled, an
      instruction signal for detecting the roll crown variation is produced from
      the sequence control means 13 to be fed to the roll crown variation
      detector 7. As a result, the relay R.sub.1 (which is arranged on the
      output line from the load comparator 9 adapted to compare the reference
      load signal P.sub.F from the reference load setting means 10 with the
      output signal P from the load detector 6) is closed to thereby feed the
      output from the load comparator 9 to the roll positioning means 4. Then,
      the roll positioning means 4 starts operating and continues to work until
      a condition of P = P.sub.F is reached. Simultaneous therewith, the roll
      positioning means 4 stops operating, the roll position detector 5 starts
      operating to feed the roll position S.sub.o under a load P.sub.F to the
      calculator of roll position variation 8. The calculator 8 then calculates
      a difference .DELTA.S.sub. o between the input signal S.sub.oF from the
      reference roll position setting means 11 and the input signal S.sub.o from
      the roll position detector 5 for feeding the difference .DELTA.S.sub.o to
      the calculator of roll crown variation 12. By use of this input
      .DELTA.S.sub.o, the calculator of roll crown variation 12 calculates the
      above-mentioned relation .DELTA.C.sub.R = K.sub.2 .DELTA.S.sub.o  and
      produces an output .DELTA.C.sub.R. Relay R.sub.2 is closed by an
      instruction signal of the sequence control means 13 for changing S.sub.o
      to S.sub.oF if necessary.
PAR  With the foregoing arrangement, the roll crown variation can be detected
      automatically without dismounting a roll from the rolling mill. The
      detected roll crown variation is then fed to a shape control means as will
      be described later, for thereby effecting the calculation for shape
      control, that is, a calculation for determining the optimum roll bending.
      The shape control means of the present invention includes roll crown
      variation detector 7, the calculator of optimum roll bending force 15
      operative in response to the output from said detector 7, and roll bender
      control means 16 operative in response to the output from said calculator
      15 to control a roll bender 17. The calculator of optimum roll bending
      force 15 calculates the optimum roll bending force F. From Equation (6),
      force F will be expressed as follows:
EQU  F = K.sub.1 (C.sub.R + C.sub.3 - C.sub.S) (12)
PAL  This is a formula for obtaining the optimum roll bending force F to produce
      a strip having a predetermined crown C.sub.S.
PAR  By introducing the roll crown value C.sub.R obtained after the preceding
      rolling operation, Equation (12) will be changed as follows:
EQU  F = K.sub.1 (C.sub.R + .DELTA.C.sub.R + C.sub.3 - C.sub.S) (13)
PAL  It will be understood from this Formula (13) that the optimum roll bending
      force F can be obtained only by detecting the roll crown variation
      .DELTA.C.sub.R.
PAR  As has been described hereinabove, this invention permits a shape control
      calculation by detecting the roll crown variation, which has not been
      detectable heretofore. The shape control calculation makes possible to
      effect a roll bender control by use of a computer, thereby greatly
      contributing to improve the quality of a strip by eliminating a danger
      that the strip of inferior shape is produced.
PAR  Although the invention has been described hereinabove with reference to an
      embodiment wherein the roll crown variation is measured depending on the
      detected roll position variation at the zero adjustment which is effected
      before rolling, it is also possible to correct the roll crown variation
      during rolling by use of an automatic gauge control system (AGC) as in the
      second embodiment of FIG. 3. According to this second embodiment the
      rolling mill is provided with work rolls 22 and backup rolls 23 for
      rolling a strip 21. The rolling load P.sub.F, roll position S.sub.F,
      bending force F.sub.F and a gauge h.sub.F of a strip are set by reference
      value setting means 28, 29, 30 and 31, respectively. The detected load P
      from a rolling load detector 24 and the reference rolling load P.sub.F
      from the reference rolling load setting means 28 are fed to a comparator
      32 to determine their difference .DELTA.P, which is then fed to calculator
      37. The detected roll position S from a roll position detector 25 and the
      reference roll position S.sub.F from the reference roll position setting
      means 29 are fed to a comparator 33 to determine their difference
      .DELTA.S, which is then fed to the calculator 37. Similarly, the detected
      strip gauge h from a strip gauge detector 27 and the reference strip gauge
      h.sub.F from the reference strip gauge setting means 31 are fed to a
      comparator 36 to determine their difference .DELTA.h, which is then fed to
      the calculator 37. By use of these inputs .DELTA.P, .DELTA.S and .DELTA.h,
      the calculator 37 performs a calculation in accordance with the following
      automatic gauge control formula to thereby feed a value .DELTA.S.sub.o to
      calculator 38.
      ##EQU6##
      where, Km is a mill modulus. .DELTA.S.sub.o corresponds to variation of
      roll position at the time when roll gap and rolling load equal to zero. In
      accordance with formula (11), the calculator 38 calculates .DELTA.F.sub.R
      and feeds the same to a calculator 34. The calculator 34 adds the output
      F.sub.F from the reference roll bending force setting means 30 to the
      calculated .DELTA.F.sub.R to obtain a sum F.sub.C and then feeds the sum
      F.sub.C to a comparator 35, which in turn calculates the difference
      .DELTA.F between said sum F.sub.C and the output F from the roll bending
      force detector 26, for thereby operating a roll bending force control
      means 39 in response to the calculated difference .DELTA.F. It will be
      appreciated that, with this embodiment, the variation in the roll bending
      force with respect to the variation in the roll crown, of which automatic
      control has been unattainable heretofore, can be corrected continuously.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shape control system for use with a rolling mill, the system
      comprising means for detecting the rolling load and roll position, means
      for determining the variation roll position .DELTA.S.sub.o from the
      detected rolling load and roll position; means for calculating the roll
      crown variation .DELTA.C.sub.R from said variation .DELTA.S.sub.o in
      accordance with a preselected functional relation; and means for
      controlling the roll bending means in response to the output from means
      for said calculator.
NUM  2.
PAR  2. A shape control system for use with a rolling mill, the system
      comprising means for operating roll positioning means to press down the
      rolls under a predetermined load when the roll gap equals to zero; a
      calculator means of roll position variation for comparing the position of
      the rolls at the time when the rolls are pressed down under said
      predetermined load with a preselected reference roll position for
      providing a roll position variation signal; a calculator means of roll
      crown variation for calculating the roll crown variation from said roll
      position variation signal in accordance with a preselected functional
      relation; and calculator means of roll bending force for calculating the
      amount of the roll bending force correction from the output from said
      calculator means of roll crown variation and feeding the amount of the
      roll bending force corrected to a roll bender control means.
NUM  3.
PAR  3. A shape control system for use with a rolling mill, the system
      comprising first means for detecting the rolling load; second means for
      detecting a roll position during rolling; third means for detecting the
      strip gauge on the outlet side; fourth means for detecting the roll
      bending force of the roll bender; calculator means for calculating the
      amount of the roll bending force which would correct for the roll crown
      variation calculated from the values detected by said first, second, third
      and fourth means in accordance with a preselected functional relation; and
      means for correcting the roll bending force depending on the value
      calculated by said calculator means.
NUM  4.
PAR  4. A shape control system according to claim 1, wherein the means for
      calculating calculates .DELTA.C.sub.R in accordance with the functional
      relation .DELTA.C.sub.R = K.sub.2 .DELTA.S.sub.o where K.sub.2 is a
      constant.
NUM  5.
PAR  5. A shape control method for use in a rolling mill comprising the steps of
      determining a variation of roll position .DELTA.S.sub.o corresponding to a
      time when the roll gap is zero and under preselected rolling load, and
      converting the variation .DELTA.S.sub.o into a roll crown variation
      .DELTA.C.sub.R in accordance with a predetermined functional relation for
      thereby controlling a shape control means in dependence on the roll crown
      variation .DELTA.C.sub.R.
NUM  6.
PAR  6. A shape control method for use in a rolling mill according to claim 5,
      further comprising the step of controlling the shape control means in
      dependence on the roll crown variation .DELTA.C.sub.R.
NUM  7.
PAR  7. A shape control method for use in a rolling mill according to claim 5,
      wherein the predetermined functional relation is .DELTA.C.sub.R = K.sub.2
      .DELTA.S.sub.o wherein K.sub.2 is a constant.
NUM  8.
PAR  8. A shape control method for use in a rolling mill according to claim 5,
      wherein the step of determining a variation of roll position
      .DELTA.S.sub.o includes measuring the roll position under a preselected
      rolling load with the roll gap set to zero and comparing the measured roll
      position with a preselected reference roll position to determine the
      variation of roll position .DELTA.S.sub.o.
NUM  9.
PAR  9. A shape control method for use in a rolling mill according to claim 5,
      wherein the step of determining a variation of roll position
      .DELTA.S.sub.o includes measuring the roll position, rolling load and
      strip gauge, comparing the measured roll position, rolling load and strip
      gauge with corresponding preset reference values to determine the
      variation from the preset reference values, and obtaining the variation
      .DELTA.S.sub.o from the variations.
NUM  10.
PAR  10. A shape control method for use in a rolling mill according to claim 9,
      wherein the variation in roll position is .DELTA.S, the variation in
      rolling load is .DELTA.P, and the variation in strip gauge is .DELTA.h,
      and the variation .DELTA.So is obtained in accordance with .DELTA.S.sub.o
      =.DELTA.S -.DELTA.h + .DELTA.P/Km where Km is a mill modulus.
NUM  11.
PAR  11. A shape control method for use in a rolling mill according to claim 5,
      wherein a roll bending means is used as the shape control means, and
      further comprising the step of correcting the optimum roll bending force
      of the roll bending means in response to the variation .DELTA.S.sub.o.
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ABST
PAL  In a hydraulic press which includes a pressure cell with a diaphragm of
      flexible material which is intended to press a pad of flexible material
      against forming pieces in a working space below the pad, the diaphragm has
      an opening with an annular bead therearound. Two disc-like attachment
      members are provided, which form between them an annular groove which fits
      the bead of the diaphragm. Between the bead and one of the attachment
      members there is formed an annular groove within which is a sealing ring
      which engages between the bead and at least one of the annular members.
BSUM
PAC  RELATED APPLICATIONS
PAR  An application of Pertti Syvakari Ser. No. 529,891, filed Dec. 5, 1974
      corresponding to Swedish application no. 7407992-2, filed June 18, 1974,
      KN4728U, discloses an improvement on the present device, which however was
      invented by a different inventor.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a hydraulic press of the type containing a
      pressure cell with a diaphragm of flexible material and a pad, influenced
      by said diaphragm, which is also of a flexible material, said press
      pressing workpieces against a tool and giving them the desired shape. A
      press of this kind has normally a very large working surface and is used,
      for example, in the manufacture of sheet-metal parts in the aviation
      industry, for example ribs and beams of various kinds.
PAR  2. The Prior Art
PAR  A press according to the invention comprises a press stand with a working
      space with a substantially rectangular cross-section. In this the pressure
      cell and the pad are normally suspended from the roof of the working
      space. Workpieces are placed on tools on a trough-shaped carrying member,
      which together with the workpieces is pushed into the working space of the
      press so that it will be located below the pressure cell and the forming
      pad. The pressure cell contains a bag-like diaphragm which is shaped with
      an annular bead around the opening. The diaphragm is clamped between two
      disc-shaped attachment members, one of these being located inside the
      bag-like diaphragm. The discs form an annular groove adjusted to the bead,
      which groove fixes the position of the diaphragm. The cavity in the
      pressure cell is thus defined by the inner surface of the diaphragm and of
      the inner surface of the disc which is located inside the bag-like
      diaphragm. The connection between the diaphragm bead and the inner
      disc-shaped attachment member must be made so that a perfect seal is
      obtained. The bead has usually been glued or vulcanized onto the inner
      attachment member and clamped between the two attachment members which
      form the groove for the bead, but it has been found that pressure medium
      tends to leak out between the bead and the inner attachment member. The
      difficulties in obtaining sealing have increased when the working pressure
      increases. Today the working pressure in modern presses is of the order of
      magnitude of 1000 bar, but users desire presses which permit higher
      working pressures.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention the sealing between the diaphragm and the
      attachment members is improved by the fact that these three units form a
      second annular groove and that at least one sealing ring of resilient
      material is arranged in said groove. The bead and one attachment member
      may form side surfaces in said second groove. The sealing ring, which may
      be an O-ring, makes contact with these sides in a sealing manner and
      prevents pressure medium from penetrating in between the bead of the
      diaphragm and one attachment member and between the two attachment
      members, respectively. In some cases it may be convenient to use also a
      metallic support ring having, for example, a triangular cross-section,
      said support ring bridging a gap between the attachment members of the
      diaphragm and preventing the sealing ring from being pressed out in a gap
      between these.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described more fully with reference to the
      accompanying drawings.
PAR  FIG. 1 shows a side view of a press plant,
PAR  FIG. 2 a section through the press at A -- A in FIG. 1,
PAR  FIGS. 3 and 4 the attachment of the diaphragm.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the figures, 1 designates a press and 2 a trough-shaped carrying member
      onto which workpieces and tools are placed. The carrying member is
      provided with transport rollers 3 running on tracks 4. The carrying member
      is displaceably arranged between the position shown in FIG. 1 where
      pressed plates are removed and new plates are put on the forming pieces,
      and a position inside the press below the pressure cell and the pressure
      pad which form the plates. The press shown is of the kind having a press
      stand which is built up of an upper yoke 10, a lower yoke 11 and two
      intermediate spacers 12, which are held together by a pre-stressed strip
      sheath 13. This is surrounded by a protective plate 14. The press rests on
      a support 15 having bearing plate beds adjusted to the press stand. Yokes
      and spacers form a working space with a substantially rectangular
      cross-section. At the upper part of this a pressure cell 16 and a pressure
      pad 17 are arranged. The pressure cell is built up of a bag-like diaphragm
      18 having an annular bead 19, an upper disc 20 and a lower disc 21,
      forming a groove 22 fitting to the bead. The discs 20 and 21 are held
      together by bolts 23, the bead 19 thus being clamped between the
      groove-forming part 24 of the disc 21 and the plane under-surface of the
      upper disc 20.
PAR  In the embodiment according to FIGS. 3 and 4 the bead 19 has a smaller
      horizontal extension than the groove 22 formed by the attachment disc 20
      and 21, so that in the interior part of the groove 22 a second annular
      groove is formed which is defined by the attachment discs 20 and 21 and by
      the inner vertical limiting surface 27 of the bead 19. In this groove
      there is a sealing ring 25 of resilient material and with such a
      cross-section that it is clamped between the vertical side surfaces 26 and
      27 of the groove, thus sealingly bearing against them. The sealing ring 25
      prevents pressure medium which may leak out between the outer part 24 of
      the disc 21 and the bead 19, from penetrating out between the bead 19 and
      the disc 20 and in between the discs 20 and 21, respectively.
PAR  In the embodiment according to FIG. 4 there is a metallic support ring 28
      intended to prevent the sealing ring 25 from being pressed into any
      possible gap between the discs 20 and 21.
PAR  At the sides of the working space there are support members 30. In the
      trough-shaped carrying member 2 there is shown a forming tool 31. On this
      rests a plate 32 which is to be formed, by providing pressure medium in
      the pressure cell which presses the diaphragm 18 and the pad 17 with great
      force against the plate. Pressure medium is supplied to the pressure cell
      through the horizontal channel 33 in the disc 20 and the holes 34 and 35
      in the discs 20 and 21. A seal 36 prevents pressure medium from
      penetrating in between the discs 20 and 21.
CLMS
STM  We claim:
NUM  1.
PAR  1. Hydraulic press comprising a pressure cell with a diaphragm (18) of
      flexible material having an opening and an inwardly directed annular bead
      (19) around the opening, two disc-shaped attachment members (20,21) for
      the diaphragm which form between them a first annular groove fitting to
      the bead, and a pad of flexible material influenced by the pressure cell
      for forming plates which are placed on forming pieces in a working space
      below the pad, said two attachment members and the bead of the diaphragm
      together forming a second closed annular groove and at least one sealing
      ring (25) of elastic material arranged in said second groove.
NUM  2.
PAR  2. Hydraulic press according to claim 1, in which one attachment member and
      the bead form side and bottom surfaces in the second annular groove and
      the sealing ring makes contact with said side surfaces.
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ABST
PAL  There is provided an apparatus for plastic working of material, comprising
      a lower portion carrying a lower tool and upstanding bars, an upper
      portion in the form of a carriage mounted on the bars for gliding movement
      along said bars and carrying an upper tool intended for co-action with the
      lower tool, cylinder and ram means for displacing the carriage along the
      bars, and expander sleeves for fixing the carriage to the bars in an
      optional position of displacement.
BSUM
PAR  The present invention relates to an apparatus for the plastic working of
      material, especially a rolling mill or press. In present conventional
      engineering, a rolling mill consists of two roll stands, each usually
      consisting of two columns, connected by crosspieces at their ends. The
      pillars and crosspieces frame an opening in which the bearing housings of
      the rolls are placed. Each roll stand can also be made in a single piece.
      Two roll stands or frames are connected with each other by connecting
      pieces and form together a complete rolling mill stand. Each roll stand or
      frame is further provided with a screw, a so-called mill screw, or other
      mechanism for adjusting the nip or mutual distance between the rolls. The
      parallelism of the roll axes can also be adjusted by individual setting of
      the mill screws.
PAR  Among alternative embodiments may be mentioned such in which each frame is
      replaced by two screws, holding the bearing housings together, and by
      which the distance between the bearing housings and thereby the nip is
      adjusted. A common feature is that the alteration of the nip
      simultaneously requires equally large adjustments of two or more roll
      setting means working in parallel, i.e. normally the movement of two or
      alternatively four screws at the same time.
PAR  The engineering practice of today is also distinguished by providing
      rolling mills with rolls made in one piece with a smooth surface, or in
      the case of groove rolling, with a greater or smaller number of grooves.
      The rolls are provided with trunnions mounted in bearings, at least one
      trunnion end being made for receiving the torque from the driving
      equipment.
PAR  The latter method of design requires that the choice of material and
      material properties for the roll must be a compromise between desired
      properties concerning wear resistance of the roll surface and grooves on
      the one hand, and bending and torsional strength on the other hand, for
      the entire roll taking up rolling forces and rolling torque.
PAR  The conventional design brings with it both considerable down-time in
      exchanging rolls and grooves, and in losses on the roll costs side, as it
      is often necessary in small batch rolling to re-grind rolls when only one
      or two grooves have been used on a roll having several grooves. Nowadays
      there is indeed a rolling mill type, so-called block mills, in which roll
      rings are used, which are attached to a cantilever shaft, but this rolling
      mill type is burden with several disadvantages, amongst which may be
      mentioned low load capacity and large deflection. A hydraulic press is
      conventionally designed in the form of a structure having a fixed lower
      table and a fixed upper frame portion connected by columns, which at the
      same time form guides for the movable upper table. The presses are usually
      made with relatively long strokes, a large part of the stroke being the
      idling part required to get the workpiece easily between the upper and
      lower tools and to make room for taking out the pressed detail.
PAR  The conventional press therefore works in the following manner: When the
      upper table is in the raised position, the workpiece is placed in
      position. The upper table is now quickly brought down into contact with
      the workpiece, hydraulic liquid at a low pressure being supplied via a
      valve for rapid table movement. This movement requires large valves and
      large pipe dimensions. In the next operation the rapid movement valve is
      closed and a high pressure valve is opened, via which hydraulic liquid is
      supplied for the working stroke. The return stroke takes place with the
      valves being opened in reverse order.
PAR  This method of working results in considerable disadvantages. Amongst other
      things, a complicated and expensive valve system is required, long
      constructional details are exposed to the effect of working pressure,
      causing relatively large elastic deformation or springiness, and there are
      long contact times causing large temperature shocks in the press tools.
      The system also requires large volumes of hydraulic liquid under pressure,
      which also causes much springiness.
PAR  The object of the invention is to accomplish a new and improved apparatus
      of the kind given in the introduction, in which the above-mentioned
      inconveniences are avoided to a large degree.
PAR  With the object stated above, an apparatus is provided for the plastic
      working of material, the apparatus comprising in combination a lower
      portion carrying a lower tool and upstanding bars, an upper portion in the
      form of a carriage mounted for gliding movement along the bars, said
      carriage supporting an upper tool intended for co-action with the lower
      tool, and different means for respectively displacing the carriage along
      the bars and for fixing the carriage to the bars in an optional position
      of displacement.
PAR  In the case where the apparatus according to the invention is designed as a
      rolling mill with horizontally arranged rolls, it suitably consists of a
      lower portion which is provided with four relatively heavy steel bars. Two
      bearing housings carrying a lower roll have been attached to the lower
      portion. A carriage or table gliding on the bars is provided with two
      bearing housings for carrying the upper roll.
PAR  This carriage and associated roll can be displaced in height with the help
      of a hydraulic cylinder mounted in a tie plate, attached to the upper ends
      of the steel bars.
PAR  The nip is adjusted by operating this cylinder. When the right position has
      been obtained, the carriage is fixed in the adjusted position with the aid
      of four expander sleeves, mounted in the carriage and working between it
      and the respective steel bar. Setting thus takes place by parallel
      adjustment of the movable carriage with only one operating means. Fixation
      by the use of expander sleeves means that only the portions of the steel
      bars situated under the expander sleeves are exposed to tensional stress
      during rolling. The more slender workpiece rolled, and consequently the
      smaller the nip which is set, the shorter the length taking strain will
      be, since shorter portions of the steel bars are exposed to tensional
      stress. This results in the attainment of increased precision in the
      rolling of more slender products, which is something to be desired.
      Combining the above-mentioned adjustment of the carriage with other
      adjustment is within the scope of the invention. For example, the nip can
      be finely adjusted, even while the mill is running, by adjustable wedging
      means working between the bearing housings of at least one horizontal roll
      and the portion of the rolling mill supporting said housings. These
      wedging means can also be individually adjustable for trueing-up one roll
      in relation to the other.
PAR  The rolls preferably consist of a roll shaft, provided with trunnions for
      supporting bearings, one trunnion being extended to receive a coupling
      half or other means for transferring rolling torque to the roll. The
      rolling surface is made as a ring and is attached to the shaft by an
      expander sleeve. The roll ring is hereby securely fastened to the shaft
      but can be quickly loosened by reducing the pressure in the expander
      sleeve. This method thus allows the choice of a shaft having high bending
      and torsional strength, while the material for the roll ring can be chosen
      for high resistance to wear, i.e. a material which is usually brittle, and
      sensitive to bending stresses. The bearing housings on the driving side
      are rigidly attached to their carrying means, while on the other hand the
      bearing housings away from the driving side are easily detachably
      attached, suitably with the assistance of quickly releasable clamping
      means.
PAR  The steel bars can also be used to carry one or two pairs of vertical
      rolls, arranged independently of the displacing movements of the carriage.
      Each vertical roll pair is suitably mounted in a frame structure taking up
      the forces on said rolls, which in its turn is carried by the upstanding
      bars. The distance between the rolls in each vertical roll pair can be
      fixed or adjustable under operation. These roll pairs are also, to
      advantage, designed for quick roll exchange. Each of the vertical rolls
      consists of a roll shaft and a roll ring, and the latter can be rigidly
      clamped with a special expander sleeve. In this case roll exchange can
      take place by freeing the attachment to the steel bars, whereat the
      vertical roll pairs can be capable of being swung out, and arranged to be
      lifted out and exchanged as a unit. Alternatively, the vertical roll pair
      can be so designed that the upper bearing housings can be detached and
      lifted up, so that the roll rings can be lifted out and exchanged, after
      the expander sleeves have been depressurized.
PAR  The invention will now be more closely described with reference to two
      embodiment examples shown on the appended drawing, whereat further
      distinguishing features of the invention will be apparent. FIG. 1 is a
      schematic perspective view of an embodiment of the invention designed as a
      rolling mill. FIG. 2 shows the rolling mill according to FIG. 1 in more
      detail as seen from the front. FIG. 3 shows the rolling mill according to
      FIG. 2, from the side away from the driving side, a vertical roll and an
      expander sleeve, amongst other things, being shown in section. FIG. 4
      shows a section taken along line IV--IV in FIG. 3, through the upper roll,
      its journalling and the carriage carrying the upper roll. FIG. 5 shows a
      view from above of a vertical roll pair. FIG. 6 is a vertical view of an
      embodiment of the apparatus according to the invention in the form of a
      hydraulic press, certain portions being shown in section.
PAR  In the design shown in FIGS. 1-5 the rolling mill is built up on a frame 1
      which includes a bottom portion or base 2. The latter is provided with
      four through holes 3 in which four steel rods or bars 4 are attached by
      nuts 5. The base 2 carries two bearing housings 6 and 7 for a horizontally
      arranged lower roll provided with an exchangeable roll ring 11, bearing
      housing 6 being fixedly mounted on base 2 by bolts (not shown). The
      bearing house 7 is clamped by bolts 8 and nuts 10, the bolts 8 being able
      to slide in T-slots in bearing housing 7, parallel to the roller axis.
      When nuts 10 are slackened, the bearing housing 7 can then be displaced
      sideways in relation to the rolling mill, for de-mounting roll ring 11.
      Mounting and demounting of the lower roll ring 11 takes place in the same
      way as for the upper roll ring 12, working in conjunction with it. The way
      in which this is done will be described below with reference to FIG. 4. An
      upper part 13 is designed as a carriage glidably mounted on steel bars 4,
      the carriage being capable of movement in a vertical direction with the
      assistance of a hydraulic cylinder 14, which is mounted on tie plate 15,
      which in its turn is permanently attached to bars 4 above carriage 13 by
      nuts 16. The ram of cylinder 14 is attached to the carriage 13 by a
      stirrup 17. Unions and pipelines for the supply of pressure medium to and
      from cylinder 14, as well as other cylinders and expander sleeves
      described below, have not been shown on the drawing figures for the sake
      of clarity.
PAR  Carriage 13 carries a bearing housing 18 (FIG. 4), fixedly mounted to the
      carriage and attached by bolts 19. The bearing housing contains two roller
      bearings 20 mounted on a roll shaft 21. A coupling half 23 is mounted on
      the driving extension 22 of the roll shaft 21. The roll shaft is provided
      with flange 24, against which abuts an expander sleeve 25, with the help
      of which the roll ring 12 is fastened. This expander sleeve, like all the
      expander sleeves mentioned in the following, is preferably designed in
      accordance with U.S. Pat. application Ser. No. 435728, filed Jan. 23,
      1974. The expander sleeve chiefly consists of two tubes, the one pushed
      inside the other, their ends being sealingly in contact, and at least one
      of the tubes being thin-walled. A pressure medium can be introduced
      between the tubes by a (non-illustrated) connection to the space between
      the tubes, so that gripping can take place by at least one tube yielding
      in a radial direction for the applied pressure medium. Carriage 13 also
      supports a bearing housing 26 provided with roller bearings 20, said
      bearing housing being attached to the carriage by bolts 27 and nuts 29
      (FIG. 3), the bolts 27 being able to slide in T-slots 28 in the bearing
      housing. When nuts 29 are slackened, the bearing housing can be moved
      sideways relative to the rolling mill for exchanging the roll ring 12. The
      following procedure is adopted here. The piston 30 is pushed into contact
      with the roll ring 12 by compressed air being applied to one side of the
      piston. The end of the piston is provided with an electromagnet 33 which
      is actuated, and fastens onto the roll ring 12, taking the ring with it
      when the piston is returned to its starting position by supplying
      compressed air to the other side of the piston, i.e. to the space 34. This
      is done first after the pressure in expander sleeve 25 has been lowered so
      that the roll ring 12 is no longer gripped by the expander sleeve. The
      roll ring 12 will now rest on flange 35.
PAR  The bearing housing 26 carries two steel bars 36, attached to it and
      capable of being pushed into carriage 13. To facilitate this movement the
      bars 36 are mounted in two rolling bearings 37 arranged in the carriage,
      the position of the bearings being fixed by the help of washer 38 and a
      tubular support 39, positioned by the help of an end plate 40. When the
      bearing housing 26 is pulled out to the end position 41 indicated by
      dotted lines, the roll ring 12 hangs freely from roll shaft 21, and can
      easily be exchanged for another.
PAR  The carriage 13 is provided with cavities or holes 42 (FIG. 3), carrying
      expander sleeves 43, gliding on bars 4. When the carriage has been moved
      by cylinder 14 to a desired height, the expander sleeves are actuated,
      pressing them against bars 4 and causing the carriage to be fixed relative
      to the bars, whereby the carriage then keeps its position even under the
      influence of rolling forces.
PAR  The bars 4 also carry two pairs of vertical rolls 44 with roll shafts 45
      and expander sleeves 46 for attaching roll rings 47 to the roll shafts 45.
      On the upper rolls trunnions 48, bearings 49 are mounted in bearing houses
      50, which are carried on an upper frame 51. Frame 51 is clamped to bars 4
      by bolts 52. The bearing houses 56 for the lower bearings 57 are mounted
      in a similar manner in a lower frame 54. Frames 51, 54 each contain an
      outer frame portion 51', 54', removably attached by bolts 61. Frame
      portions 51', 54', are joined together by jointing pieces 55. To change a
      roll ring 47, the pressure in expander sleeve 46 is reduced, causing its
      grip to slacken and the roll ring 47 to be loosened. Clamping bolts 61 are
      loosened, whereafter the outer frame portions 51', 54' (FIG. 5) together
      with bearing housings 50, 56 are swung out about the hinge 53. The bearing
      housings 50 can now be withdrawn upwards and the roll rings exchanged.
PAR  The roll shafts 45 are provided at their lower ends with driving portions
      58, inserted into a planet gears 59, driven by a hydraulic motors 60.
PAR  In accordance with FIG. 5 the bearing housings 50 of the vertical roll
      pairs are kept together by bolts 62. An exchangeable spacer 63 is arranged
      between the bearing housings 50, spacer 63 being kept in a predetermined
      position by there being, at least on one side of the frame, a slot 64 in
      which it is localized, or which it fills. The vertical roll nip can be
      adjusted by inserting spacers of different thickness. It is also within
      the scope of the invention to arrange the vertical roll nip adjustable
      while running, e.g. the vertical rollers can be journalled in eccentric
      collars as is indicated at 65 in FIG. 5, the collars being rotatable to
      adjust the nip.
PAR  The press according to FIG. 6 consists of a lower fixed portion or table
      101, which is shown as supporting four steel bars 102, fixedly attached by
      nuts 103. The lower table carries, possibly via a tool holder 104 a lower
      (non-illustrated) tool. A tie plate 105 is attached to the upper ends of
      the steel bars 102 by nuts 106, the tie plate 105 carrying an operating
      means in the form of a hydraulic cylinder and ram means 107. This is
      attached to the upper movable press table 109 by a joint 108. The press
      table can glide vertically, the bars 102 functioning as guides. The press
      table is provided with through holes 110, in which are placed expander
      sleeves 111, consisting of an inner sleeve 112, gliding against the steel
      bars, and an outer sleeve 113 in contact with the walls of holes 110 in
      the press table 109. When hydraulic medium under pressure is supplied
      through connection 114, the sleeves are pressed tightly against the press
      table and steel bars, the table being fixed in a set position and being
      able to take up the pressing force caused by the pressing operation. The
      upper table 109 is provided with a bore 115, in which has been placed a
      double-acting cylinder and ram device, with ram 116, functioning as a
      holder for an upper tool, or pressure-exerting means if a complete press
      tool is installed on the lower table 101. The lastmentioned cylinder and
      ram device has a comparatively short stroke, with the ability to exert a
      comparatively large force, while the first-mentioned cylinder and ram
      device 107 has a comparatively large stroke but can only exert a
      comparatively small force.
PAR  This hydraulic press therefore has the feature that it can be made with a
      simple, quick and cheap operating mechanism for long idling strokes. The
      working system, e.g. a hydraulic system for high working pressure, is
      completely separated from the idling system. This also implies the
      advantage that as soon as ram 116 has arrived at its bottom position
      during the working stroke, the expander sleeve 111 can be unloaded and the
      upper table 109 quickly withdrawn from engagement with the workpiece.
      Contact time can hereby be reduced, which is of the greatest importance in
      heat smithing, since increased contact times are a reason for increased
      tool wear and tool break downs.
PAR  The invention is not limited to the embodiments described above with
      reference to the appended drawings, and the design of the invention can be
      modified in many ways within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for plastic working of material, comprising in combination
      a lower portion carrying a lower working roll and upstanding bars; and
      upper portion in the form of a carriage mounted on the bars for gliding
      movement along said bars and carrying an upper working roll intended for
      co-action with the lower working roll; means for displacing the carriage
      along the bars; and expander sleeves surrounding the bars and carried by
      the carriage, the expander sleeves being actuable to clamping engagement
      with the bars for fixing the carriage to the bars in an optional position
      of displacement.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the displacing means is a
      cylinder and ram means connected between the carriage and a stationary
      attachment supported by the bars above the carriage.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein the expander sleeves are
      actuatable to both clamping grip with the bars and pressure engagement
      with the inner walls of the openings in the carriage surrounding the bars.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein a vertical roll pair,
      independent of the displacement movements of the carriage, is arranged at
      at least one side of the lower working roll and the upper working roll,
      the vertical rolls being mounted in eccentric collars which are rotatable
      for adjusting the nip.
NUM  5.
PAR  5. An apparatus according to claim 4, wherein the vertical roll pairs are
      mounted in frame structures taking up the forces on the vertical rolls,
      said frame structures being carried by the upstanding bars.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein the rolls comprise roll
      shafts on which roll rings are mounted, said rings being detachably fixed
      on the roll shafts.
NUM  7.
PAR  7. An apparatus according to claim 6, wherein the expander sleeves are
      carried by the roll shafts, surround the shafts and are actuatable to a
      pressure engagement on the inside periphery of the roll rings for the
      attachment of the roll rings.
NUM  8.
PAR  8. An apparatus according to claim 7, wherein the expander sleeves are
      actuatable to both pressure engagement with the inside periphery of the
      roll rings and clamping grip with the outer periphery of the roll shafts.
NUM  9.
PAR  9. An apparatus according to claim 6, wherein the rolls provided with
      detachably mounted roll rings have at one end bearing devices, at least
      the parts of which extending radially outside the inner periphery of the
      roll rings, are removable to permit quick roll ring exchange.
NUM  10.
PAR  10. An apparatus according to claim 9, wherein said parts are mechanically
      interconnected, and displaceably guided in the rolling mill in the axial
      direction of the associated roll to a position, at which there is a
      distance exceeding the axial length of the roll ring between the roll
      shaft end and said parts.
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ABST
PAL  A metal forming method comprising the steps of heating of metal plate to a
      temperature below the temperature at which grain boundary melting occurs,
      placing the plate on a bottom refractory-compound die of temperature lower
      than plate temperature, lowering a top refractory-compound die of
      temperature lower than plate temperature onto the plate, the temperature
      of the plate when the top die first contacts it in the step of lowering
      being at least high enough to maintain springback at less than 1/8-inch in
      25-feet if the plate were allowed after being formed to cool naturally
      between the dies to 125.degree.F, the top die having sufficient weight
      such that the plate is deformed to conform to the dies in the step of
      lowering, the weight of the top die bearing on the plate, after it has
      conformed to the dies, with a pressure up to 100 pounds per square inch,
      leaving the plate between the dies until the plate time and temperature
      history following the lowering of the top die is such that a springback of
      less than 1/8-inch in 25-feet is experienced on opening the dies, and then
      opening the dies for removal of the plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of hot-forming metal plate, more
      particularly aluminum plate.
PAR  As one means of supplying more fuel to points of consumption throughout the
      world, it is planned to transport liquified natural gas (LNG) in ocean
      going vessels. One type of storage tank for liquified natural gas is a
      sphere having a diameter of 120 feet. Such tanks would be contained within
      suitable ocean going vessels. See, for example, British Pat. Nos.
      1,317,939 and 1,317,940 issued May 23, 1973 to A/S Kvaerner Brug and
      Moss-Rosenberg Verft A/S.
PAR  In order to make 120-foot diameter tanks capable of holding liquified
      natural gas, it is desired to manufacture a multitude of sphere sections
      which will then be welded together. In order to weld as little as
      possible, it is advantageous to make the spherical sections, called
      "orange peels", as large as possible.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      method of hot-forming metal plate, which method is especially suitable for
      the manufacture of large sphere sections of LNG tanks.
PAR  Another object is to provide such a method having the further advantage
      that no press, e.g. hydraulic press or screw-driven press, is required to
      effect the forming.
PAR  These, as well as other objects which will become apparent in the
      discussion which follows, are achieved according to the present invention
      by a metal forming method including the steps of heating a metal plate to
      a temperature below the temperature at which grain boundary melting
      occurs, placing the plate on a bottom refractory-compound die of
      temperature lower than plate temperature, lowering a top
      refractory-compound die of temperature lower than plate temperature onto
      the plate, the temperature of the plate when the top die first contacts it
      in the step of lowering being at least high enough to maintain springback
      at less than 1/8-inch in 25-feet if the plate were allowed after being
      formed to cool naturally between the dies to 125.degree.F, the top die
      having sufficient weight such that the plate is deformed to conform to the
      dies in the step of lowering, the weight of the top die bearing on the
      plate, after it has conformed to the dies, with a pressure up to 100
      pounds per square inch, leaving the plate between the dies until the plate
      time and temperature history following the lowering of the top die is such
      that a springback of less than 1/8-inch in 25-feet is experienced on
      opening the dies, and then opening the dies for removal of the plate.
PAC  GENERAL ASPECTS OF THE INVENTION
PAR  In carrying out the method of the present invention, first attention must
      be paid to the selection of a proper temperature to which the plate is to
      be heated before its actual forming. The plate to be formed can be heated
      to forming temperature while already sitting on the bottom
      refractory-compound die. However, the plate may also be heated to
      temperature in a furnace, followed by transfer of the heated plate from
      the furnace onto the bottom die. During such transfer, the plate
      temperature decreases and this decrease must be considered in choosing the
      maximum temperature to which the plate is heated in the furnace. In any
      event, the highest temperature to which the plate is brought is below the
      temperature at which grain boundary melting occurs. In general, a plate
      which has undergone grain boundary melting will exhibit, when returned to
      room temperature, a reduced toughness, perhaps a reduced strength, and
      possibly corrosion problems, this deterioration in properties resulting
      from the cast structure which becomes incorporated into the alloy
      following grain boundary melting.
PAR  Besides there being a need to pay attention to maximum temperature in the
      process of the invention, it is also important that the plate temperature,
      when the top die first contacts the plate to form it into conformation
      between the top and lower dies, be sufficiently high such that negligible
      springback be experienced when the dies are finally opened. Thus, it has
      been discovered that if forming is done at too low a temperature, then it
      is impossible to avoid springback in the finished product. The temperature
      of the plate when the top die first contacts it in the step of lowering is
      appropriate, if it is at least high enough to maintain springback at less
      than 1/8-inch in 25-feet when the plate is allowed to cool naturally
      between the dies to 125.degree.F.
PAR  The portions of the dies which actually bear against the metal plate being
      formed according to the present invention are made of a refractory
      compound, for example one of the calcium aluminate cements. H-W ES
      Castable of the Harbison-Walker Refractories Company, Pittsburgh,
      Pennsylvania, is an example of a castable calcium aluminate cement which
      has been applied successfully in the present invention. H-W ES Castable is
      discussed in more detail in connection with Example I below. Another
      castable which has been used successfully is Visil Castable, also a
      product of Harbison-Walker Refractories Company. Visil Castable is a
      mixture of silica aggregate and hydraulic binder and exhibits on analysis
      essentially 71% silica, 17% alumina, and 11% lime, where percentages are
      on a weight basis. Maximum service temperature of Visil under cyclic
      conditions is 2000.degree.F; thermal expansion is negligible up to
      1500.degree.F; resistance to thermal shock is excellent for processing
      aluminum alloys according to the present invention. Visil flows smoothly
      and does not require much tamping or vibrating to set up free of voids.
PAR  A characterizing feature of the method of the present invention is that the
      top die bears on the plate, after it has conformed to the dies, with a
      pressure only up to 100 pounds per square inch. In spite of this small
      pressure, the temperature required for the plate at the time it is first
      contacted by the top die is so high that there is no noticeable slowing
      down of the descent of the top die during the step of lowering when the
      plate is being formed to conform to the dies.
PAR  While the minimum temperature, at which the plate must be when the top die
      first contacts it, is determined according to a test requiring that the
      plate, after being formed, cool naturally between the dies to
      125.degree.F, it is ordinarily feasible to choose a temperature higher
      than this minimum temperature, so that the plate may be removed from the
      dies after being subjected to a time less than that which would correspond
      to natural cooling to 125.degree.F and yet a springback of less than
      1/8-inch in 25-feet is obtained. Additionally, it is possible to choose a
      temperature higher than the minimum temperature and then circulate coolant
      through the dies to shorten time and temperature history and yet obtain a
      springback of less than 1/8-inch in 25-feet.
PAR  The present invention is applicable to a wide range of metals and in
      particular to the copper-free 7xxx (e.g. 7005), 5xxx, 3xxx and 1xxx series
      aluminum alloys. In the case of aluminum alloy plate containing 4.4 to 10%
      magnesium, the teachings of U.S. Pat. No. 3,708,352 patented Jan. 2, 1973,
      in the names of Robert H. Brown, Melvin H. Brown, and Murray Byron
      Shumaker for "Strain Hardened Aluminum-Magnesium Alloys" regarding cooling
      rates may be applied for obtaining improved corrosion resistance.
PAR  Besides being applicable for the forming of plate at thicknesses of, for
      example, 1-inch and more, for example up to 3-inches, into spherical
      sections for use in making LNG tanks, the method of the present invention
      also is applicable for the forming of boat hull sections out of plate of,
      for example, 3/16-inch thickness.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, plan view of a station for carrying out the method
      of the invention.
PAR  FIG. 2 is a schematic, elevational view of a portion of the station of FIG.
      1.
PAR  FIG. 3 is a schematic, elevational view of an alternate station for
      carrying out the method of the invention.
PAR  FIG. 4 is a plan view of a plate formable according to the present
      invention.
PAR  FIG. 5 is a schematic, elevational view of another, alternate station for
      carrying out the method of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a possible station floor plan for equipment useful for
      carrying out the present invention. The two dies of FIG. 1 are shown in
      elevation in FIG. 2. In carrying out a preferred method of the present
      invention, as-rolled plate of aluminum alloy type 5083 (temper designation
      F) is placed in furnace 1 at a maximum soaking temperature not to exceed
      930.degree.F. Heat-up rate is in general, from room temperature to soaking
      temperature, 1 hour per inch of plate thickness. Maximum time at
      temperature is from zero to 8 hours and will usually not exceed 1 hour,
      with a 1/2 hour soak time generally being aimed for.
PAR  After an appropriate soak, the plate is moved into the run-out area 2,
      where it is picked up using a vacuum cup hoist such as that disclosed in
      the application of Richard B. Weiss and D. Marshall Fox, filed Nov. 1,
      1973, and entitled "Vacuum Lifter". The plate is moved with the hoist over
      the top of the male die 3. A sufficient number of vacuum cups are used so
      that no sharp, local kinks or bends are introduced into the hot plate. The
      plate is then lowered onto the male die.
PAR  The male die is provided with rollers 4 so that it can be pushed below the
      female die 5. When the plate 6 and male die 3 are below the female die,
      the female die is lowered using hoist 7. The heavy weight of the female
      die causes forming to take place without noticeably interrupting the
      downward descent of the female die. The female die moves downwardly at a
      velocity of 1 to 2 inches per second. Preferably, the weight of the upper,
      in this case female, die is sufficient to provide an average pressure of
      at least 550 pounds per square foot on the plate when conformed to the
      dies.
PAR  The plate temperature should not be lower than 800.degree.F when the female
      die is lowered into position on the male die. The plate is left between
      the dies until the plate temperature reaches 400.degree.F.
PAR  Referring now to FIG. 3, operation of the method of the invention is
      illustrated using a single female die 8 and a number of male dies 9a, 9b,
      9c. The plate 10a on male die 9a has not yet been formed; the same is true
      of plate 10b. Plate 10c in contrast has already been formed and may now be
      removed for further processing.
PAR  FIG. 4 illustrates a typical shape of plate used in making orange-peel
      spherical sections.
PAR  FIG. 5 illustrates an alternate embodiment where flame jets 11 in the
      female die 12 are directed onto plate 13 for the purpose of bringing the
      plate up to the desired hot-forming temperature. When the plate has
      reached the desired temperature, the female die is lowered and forming
      takes place. Radiant heating is an alternative for the flames used in this
      embodiment.
PAR  In general, for the processing of metals which are not amenable to
      hardening by heat treatment, e.g. aluminum alloy type 5083, it is
      preferred that process parameters be chosen as much as possible for
      minimizing recrystallization, in order to maintain strength at the highest
      possible levels.
PAR  Further illustrative of the present invention are the following examples:
PAC  EXAMPLE I
PAC  A. THE DIES
PAR  1. Lower Die Construction
PAR  The lower die was the male die. It had a rectangular outline in the
      horizontal and an eggcrate-style framework of 3/4 inch steel plates. The
      approximate overall dimensions of the male die were 17 feet in width, 50
      feet in length, and 8 feet in height. The die weighed 104 tons when
      finished. The longitudinal ribs were slotted from their top sides halfway
      down and the cross plates were slotted from their bottom sides halfway up.
      The slotting of the longitudinal ribs was approximately at 5 foot
      intervals, while the slotting of the cross plates was approximately at 4
      foot intervals. Upon assembly by lowering the longitudinal ribs onto the
      cross plates with the slots appropriately aligned to obtain an eggcrate
      assembly, the longitudinal ribs formed, with the cross plates, cells of
      rectangular cross section in the horizontal having dimensions
      approximately equal to 4 feet by 5 feet. Into each of the cells was welded
      a bottom plate at a depth of approximately 1 foot down into the cells. The
      purpose of these plates was to avoid unnecessary consumption of refractory
      compound. A pole was provided at the very center of the die extending
      downwards to the bottom of the die. This allowed for the mounting of a
      turn post from which extended a screed whose lower surface coincided with
      a portion of a great circle corresponding to the inner diameter, 100 feet
      in this Example, of the sphere whose orange peel segments were to be
      produced using the particular male die in question. The screed was
      arranged so that the upper surface of an approximately 12 inch thick,
      castable, high temperature refractory would extend 2 inches beyond the
      upper surfaces of the longitudinal ribs and cross plates. Castable
      refractory, e.g. H-W ES Castable available from the Harbison-Walker
      Refractories Company of Pittsburgh, Pennsylvania, was poured into the
      individual cells and the screed used to form the upper surface of the die
      to the desired spherical radius. The screeding procedure was similar to
      that disclosed in U.S. Pat. No. 3,030,259 issued Apr. 17, 1962, to F. V.
      Long for a "Method of Fabricating Precision Formed Plastic Products",
      except: 1) that the lower end of the screed is supported in the present
      case by screed guide plates pre-sawed to the necessary contour and
      attached to protrude above the longitudinal ribs and cross plate on the
      outer perimeter of the die; and 2) that the turn post and pole are mounted
      to the eggcrate assembly rather than to a slab. Refractory clips welded to
      the steel eggcrate frame acted to anchor the refractory to the frame.
      Refractory clips are small wire reinforcements that take hold of the
      refractory and tie it into the structure. Cooling pipes were cast into the
      refractory to provide the possibility for increasing the rate of heat
      extraction from the die, either during a forming process or after one has
      been completed and before another starts.
PAR  Concerning H-W ES Castable in further detail, it is made from calcium
      aluminate and fire clay and has a composition essentially of, in percent
      by weight, 39% silica, 40% alumina, 13% lime, 5% iron oxide (Fe.sub.2
      O.sub.3), and 1% titania. H-W ES Castable conforms to ASTM classification
      C 401-68 Class A and B. It has a maximum service temperature of
      2400.degree.F, 121 pounds of it, as measured dry, are required to provide
      one cubic foot of cast material, 1O3/4 to 2 U.S. gallons of water are
      required per 100 pounds of it dry to prepare it for pouring, and it has a
      bulk density, after drying at 230.degree.F, of 130 pounds per cubic foot.
      It has a modulus of rupture, after drying at 230.degree.F, equal to 900 to
      1200 pounds per square inch; after heating at 1000.degree.F, 500 to 700
      pounds per square inch; after heating at 1500.degree.F, 500 to 700 pounds
      per square inch; after heating at 2300.degree.F, 400 to 700 pounds per
      square inch. Its cold crushing strength, after drying at 230.degree.F, is
      4100 to 6500 pounds per square inch; after heating at 1000.degree.F, 3500
      to 5000 pounds per square inch; afer heating at 1500.degree.F, 3100 to
      4500 pounds per square inch; and after heating at 2300.degree.F, 2500 to
      3300 pounds per square inch. Its linear change in percent, after drying at
      230.degree.F, is negligible; after heating at 1000.degree.F, 0 to -0.2;
      after heating at 1500.degree.F, 0 to -0.3; and after heating at
      2300.degree.F, +0.1 to -1.0.
PAR  2. Upper Die Construction
PAR  The upper die was the female die and was of the same general construction
      and overall width and length as the lower die. Its overall height was
      about 10 feet and its finished weight was 119 tons. In order to form the
      bottom, female surface, the lower, male die is used as a mold. The lower
      die surface is covered with a rubber sheet having a thickness essentially
      the same as that of plates to be formed between the dies. The upper die is
      placed on the top of the rubber sheet and castable refractory is then
      poured into the eggcrate cells through the top. The rubber sheet then
      forms the lower or matching surface of the female die. The refractory is
      anchored to the eggcrate frame again with refractory clips. Cooling pipes
      are also cast into the refractory to provide added heat extraction
      potential.
PAC  B. THE DIES IN USE
PAR  Aluminum alloy type 5083 ingot of composition, in weight percent, silicon
      0.09, iron 0.22, copper 0.06, manganese 0.72, magnesium 4.80, chromium
      0.09, zinc 0.05, titanium 0.04, balance aluminum, was presoaked for a
      minimum of 4 hours at a metal temperature of 850.degree. to 920.degree.F.
      The ingot was then hot rolled, using a temperature of 860.degree.F as the
      starting temperature before rolling, to plate material of thickness equals
      1.433 .+-. 0.050 inches, width of 191 inches, and length of 400 inches.
      This plate was sawed to a shape as illustrated in FIG. 4, with the narrow
      end being 87 inches, the wide end being 170 inches, and length being 340
      inches. The shaped plate of F-temper and conforming to ASME SB-209
      "Specification for Aluminum-Alloy Sheet and Plate"  except as otherwise
      noted herein was then introduced into a furnace maintained at
      920.degree.F. It took the plate 1 hour and 15 minutes to heat up to
      furnace temperature. After 15 minutes of soak at temperature, the plate
      was pulled for forming. The heated plate was placed on the male die, and,
      before the plate temperature had decreased to 800.degree.F, the female die
      was lowered into contact with the plate. The length of time between when
      the plate was taken from the furnace and when the female die first
      contacted the plate on the male die was two minutes, during which time the
      plate temperature dropped 100.degree.F. Continued lowering of the female
      die conformed the plate to the 50-foot spherical radius of curvature of
      the dies. The plate was then left between the dies until the plate
      temperature cooled down to 400.degree.F, i.e. in this instance for a time
      of 1 hour and 30 minutes, after which it was lifted onto a rack and
      allowed to air cool. No collant was actually circulated through the
      cooling pipes. Using standard ASTM E8 tensile specimens of 1/2-inch
      diameter, 2-inch gauge length, the formed plate exhibited, in the long
      transverse direction (as referred to the plate orientation during hot
      rolling), a tensile strength of 47 kilopounds/square inch (ksi), a yield
      strength of 23 ksi, and an elongation of 21%. In the longitudinal
      direction (again as referred to the plate orientation during hot rolling),
      the plate exhibited a tensile strength of 46 ksi, a yield strength of 23
      ksi, and an elongation of 21%.
PAC  Example II
PAR  All parameters were the same as in Example I, except as follows. Plate
      thickness was 1.462 .+-. 0.050 inches. Preliminary to being placed on the
      male die, the plate of this example took 1 hour and 35 minutes to heat up
      to 920.degree.F and received 45 minutes at the soak temperature of
      920.degree.F. Transfer time, from furnace to initiation of forming, was 2
      minutes, during which time the plate temperature dropped 105.degree.F.
      Cool-down time to 400.degree.F was 55 minutes. Properties of the formed
      plate, in the long transverse direction, were 46 ksi tensile strength, 22
      ksi yield strength, and 23% elongation, while for the longitudinal
      direction, the tensile strength was 47 ksi, the yield strength 22 ksi, and
      elongation 23%.
PAC  Example III
PAR  Parameters were as in Example I except as follows. Plate thickness was
      1.445 .+-. 0.050 inches. The metal was aluminum alloy type 5083 of
      composition, in weight-%, silicon 0.10, iron 0.13, copper 0.07, manganese
      0.84, magnesium 4.90, chromium 0.10, zinc 0.03, titanium 0.02, balance
      aluminum. In the heating preliminary to forming the plate between the
      dies, the plate took 1 hour and 40 minutes to reach 920.degree.F, and it
      stayed at that soak temperature for 30 minutes. Transfer time was 2
      minutes, with temperature loss being 85.degree.F. Cool-down time to
      400.degree.F was 1 hour, 18 minutes. The formed plate exhibited, in the
      long transverse direction, a tensile strength of 45 ksi, a yield strength
      of 22 ksi, and an elongation of 22%. For the longitudinal direction,
      tensile strength was 45 ksi, yield strength 22 ksi, and elongation 23%.
PAC  Example IV
PAR  Parameters were according to Example I, except as follows. Plate thickness
      was 1.445 .+-. 0.050 inch. The metal was aluminum alloy type 5083 of
      composition, in weight-%, silicon 0.11, iron 0.16, copper 0.06, manganese
      0.83, magnesium 4.77, chromium 0.10, zinc 0.05, titanium 0.02, balance
      aluminum. This plate took 2 hours to heat up to 920.degree.F and was kept
      at that soak temperature for 55 minutes. Transfer time was 2 minutes, with
      temperature loss during that time amounting to 100.degree.F. Cool-down
      time to 400.degree.F was 48 minutes. Properties obtained in the formed
      plate were, in the long transverse direction, 46 ksi tensile strength; 22
      ksi yield strength, and 22% elongation. For the longitudinal direction,
      tensile strength was 45 ksi, yield strength was 22 ksi, and elongation
      23%.
PAC  Example V
PAR  Using the dies as described in Example I, a plate, tapering in thickness in
      the direction of rolling, i.e. the longitudinal direction, from 3 inches
      down to 1-1/2 inches over a distance of 90 inches (as measured in the
      longitudinal direction) and then having a constant 1-1/2 inch thickness
      over the remainder of its length, was formed to spherical curvature while
      yet exhibiting no buckling in the finished product. Total length of the
      plate was 350 inches and its width was 194 inches. Furnace temperature in
      the heating preliminary to forming was 925.degree.F. Initial contact of
      the female die with the plate was at a temperature between 800.degree. and
      825.degree.F. The female die had sufficient freedom to cock in order to
      accommodate the 3 inch thickness at the one end of the plate. Plate
      thickness remained essentially unchanged in the forming process, the
      process simply giving to the plate an internal spherical diameter
      corresponding to the curvature of the male die at all locations except in
      the vicinity of the transition between the tapered section of the plate
      and the uniform thickness section of the plate.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes, and adaptations and the
      same are intended to be comprehended within the meaning and range of
      equivalence of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metal forming method comprising the steps of heating a metal plate to
      a temperature below the temperature at which grain boundary melting
      occurs, placing the plate on a bottom die of temperature lower than plate
      temperature, lowering a top die of temperature lower than plate
      temperature onto the plate, the temperature of the plate when the top die
      first contacts it in the step of lowering being at least high enough to
      maintain springback at less than 1/8-inch in 25-feet if the plate were
      allowed after being formed to cool naturally between the dies to
      125.degree.F, the top die having sufficient weight such that the plate is
      deformed to conform to the dies in the step of lowering, the weight of the
      top die bearing on the plate, after it has conformed to the dies, with a
      pressure up to 100 pounds per square inch, leaving the plate between the
      dies until the plate time and temperature history following the lowering
      of the top die is such that a springback of less than 1/8-inch in 25-feet
      is experienced on opening the dies, and then opening the dies for removal
      of the plate.
NUM  2.
PAR  2. A metal forming method as claimed in claim 1, wherein said plate is of
      type 5083 aluminum alloy, the temperature of the plate when the top die
      first contacts it in the step of lowering is at least 800.degree.F, and
      the plate is left between the dies until the plate temperature reaches
      400.degree.F.
NUM  3.
PAR  3. A metal forming method as claimed in claim 1, said dies being shaped to
      form said plate to a section of a sphere.
NUM  4.
PAR  4. A metal forming method as claimed in claim 1, wherein the plate
      thickness is at least 1 inch.
NUM  5.
PAR  5. A metal forming method as claimed in claim 1, wherein the top and bottom
      dies are refractory-compound dies.
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ABST
PAL  A device for preparing lengths of material used for circuit board wrapping
      posts characterized by two pairs of swaging members which act to narrow
      adjacent cross-sections of the length of material down to a truncated
      pyramid form suitable for severing and for wire wrapping requirements.
BSUM
PAR  This invention relates to a new and novel apparatus for preparing lengths
      of material used for wire wrapping posts.
PAR  In the electronic and electrical component assembly field, a great deal of
      point-to-point wire wrapping is encountered. This involves the employment
      of wire wrap posts secured in a common base, i.e. a circuit board. The
      posts are usually made of a brass or copper alloy and project
      perpendicularly from the board. A bit carrying a length of conductive wire
      with a stripped end descends onto the posts, wraps one stripped end on
      that post, then moves on to another post and wraps it with the other
      stripped end.
PAR  To accomplish tight and adequate wire wraps, the top of the post, usually
      square in cross-section, should be of a truncated pyramid. Since the post
      material usually comes in long lengths, it has been difficult to cut the
      material and then shape one end of each post to the desired configuration.
      Some posts have been manufactured individually resulting in a tremendous
      price per unit.
PAR  This invention is concerned with the quick, accurate, efficient and
      inexpensive manufacture of such posts. To accomplish this goal, a rotary
      swaging apparatus is employed. The wire is first fed through a stabilizing
      portion of the apparatus and then sequentially stopped at predetermined
      intervals, these intervals corresponding to the desired length of each
      batch of posts. It is understood that the length of each batch may vary.
      At each stop, a rotary member is rotated through approximately 90.degree..
      Within the rotary member are two pairs of juxtapositioned rollers, the
      axis through each pair being less than 90.degree.. The rollers force four
      biased swaging members inwardly to pinch and form the wire. Three
      engagements of the wire occur, the first pair of rollers, the second pair
      of rollers then the first pair again as the rotary member is
      counter-rotated to its initial position.
PAR  This completes shaping a portion of the length of wire which is then
      advanced and the same operation takes place again.
PAR  Accordingly, it is an object of this invention to provide an apparatus for
      preparing lengths of material used in wire wrap posts.
PAR  It is a further object of this invention to provide an apparatus for
      forming a double truncated pyramid in lengths of wire used for wire wrap
      posts.
PAR  A further object of this invention is to provide a length of material which
      may be easily severed by hand into individual wire wrap posts.
DRWD
PAR  These and other objects will become readily apparent when reference is had
      to the accompanying specification and drawings in which:
PAR  FIG. 1 is a perspective view of the stationary support member showing one
      of the swaging members in exploded view;
PAR  FIG. 2 is a plan view of the top portion of the member of FIG. 1;
PAR  FIG. 3 is a perspective view of one of the swaging members;
PAR  FIG. 4 is a perspective view of the support insert;
PAR  FIG. 5 is a perspective view of the rotary member;
PAR  FIG. 6 is a diagrammatic view of the position of the rollers within the
      rotary member;
PAR  FIG. 7 is a diagrammatic view showing the swaging members;
PAR  FIGS. 8a-8d show the various cross-sections of the juncture of the wire as
      it is being formed;
PAR  FIG. 9 is a side view of the apparatus of FIG. 1;
PAR  FIG. 10 is a partial perspective showing a formed portion of the wire; and
PAR  FIG. 11 is a perspective view showing a formed wire member in place as a
      wrapping post.
DETD
PAR  Referring now to FIG. 1, there is shown the apparatus generally designated
      as 10. It consists of a base portion 1, a flange portion 2 and a working
      head portion 5. Holes such as 3, 4 are provided around the periphery of
      portion 1 and are adapted to receive screws or bolts to secure them to a
      support member (not shown). Working head portion 5 has slots such as 6, 7,
      8 and 9 therein. Slots 7 and 8 are colinear as are slots 6 and 9. Each
      rectangular slot has a smaller rectangular slot such as 11, 12 cut
      therein.
PAR  Adapted to reside in each slot are swaging members such as 13. They are
      identical and consist of a base portion 14, tapered portions 15 and a
      working end portion 16. The rear of each member is rounded, as at 18 and
      have projections 17 which are adapted to ride in the smaller slots, such
      as 11, 12, and guide the swaging members.
PAR  FIG. 2 shows working head 5 with four swaging members therein. Springs,
      such as 20, 20' are used to bias each swaging member away from the center.
PAR  In the center of the working head is a bore 62 (FIG. 9) which contains a
      guide member 21. As seen in FIG. 4, member 21 has a pair of radial wing
      members 22 and 23 which have large tab portions 24 and 25, respectively.
PAR  Wing members 26 and 27, similar to members 22 and 23, are thinner and abut
      portions 28 and 30 of a wedging guide portion. Tab portions 29 and 31 are
      on portions 28 and 30, respectively. The members are grooved to provide a
      square aperture 32. The main portion of member 21 is first put into bore
      62 and then the wedging guide portion is driven in to secure it therein.
PAR  FIG. 5 shows the pressure member 40 which has a pair of parallel plate
      members 41 and 42. Mounted between these plates are rollers 44-47 which
      project partially into an open area created by co-extensive apertures 43.
      Pins such as 48 secure the rollers for rotary movement and secure the
      plates in parallel position.
PAR  Working head 5 is adapted to project through the apertures and the rollers
      are adapted to act on the curved portion 18 of the swaging members 13.
PAR  FIG. 6 shows the relative positioning of the rollers. Angle X is greater
      than 90.degree..
PAR  FIG. 7 shows the working ends of the swaging member's bases 14 and 14'
      having tapers 15 and 15' and working ends 16 and 16'.
PAR  FIGS. 8a-8d show what happens to the cross-section of a square wire 50 as
      it is drawn through the device, with pauses for the swaging operations.
      The operation is three phase; upon rotation of member 40 one pair of
      swaging members act to produce areas 52 and 53 and section 51; further
      rotation of 40 causes the next pair of swaging members to move in until
      section 54 and area 55 is produced. At this point, member 40 is rotated in
      the opposite direction to its initial position. In doing this, the first
      pair of swaging members again act on wire 50 to produce section 56 and
      areas 57. This is possible due to the angle X in member 40 thus
      prohibiting all swaging members from acting at once.
PAR  FIG. 9 shows a side view of the apparatus with large aperture 60 in base 1
      which then tapers as at 61 to bore 62.
PAR  FIG. 10 shows what the section 56 of FIG. 8d looks like in perspective.
      This is how the wire is sold or shipped. When one desires to make
      individual wrapping posts, they are merely snapped off by hand or by
      machine.
PAR  FIG. 11 shows a post 50 mounted in place in circuit board C with tapered
      portion 57 and end 50'.
PAR  Although the present invention has been described with reference to the
      particular embodiments therein set forth, it is understood that the
      present disclosure has been made largely by way of example and that
      numerous changes in the details of construction may be resorted to without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for producing a continuous length of wrapping post material
      having a series of equally spaced weakened portions therealong, said
      apparatus comprising a work holding means having an aperture for receiving
      a length of said material, a plurality of sets of swaging means slidably
      mounted to said holding means for forming said equally spaced weakened
      portions on said material, said swaging means are equally spaced about
      said aperture, a pressure means rotatably mounted to said holding means
      for sequentially operating said plurality of sets of swaging means to
      deform said material one set at a time, said pressure means includes a
      plurality of sets of camming means corresponding to said plurality of sets
      of swaging means wherein members of said sets of camming means are equally
      spaced about said aperture and said sets of camming means are unequally
      spaced relative to each other about said aperture to produce a sequential
      operation of said sets of swaging means.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said work holding means has a pair of
      slots at 90.degree. to each other, said plurality of sets of swaging means
      are two sets of swaging means, each set having two swaging means, each of
      said sets sliding in one of said slots.
NUM  3.
PAR  3. An apparatus as in claim 2 wherein said camming means includes two sets
      of two pressure wheels, said sets are not at 90.degree. relative to each
      other, said pressure wheels per set are at 180.degree. relative to each
      other whereby sequential operation of one set of swaging means, then the
      remaining set of swaging means, and finally said one set of swaging means
      form said equally spaced weakened portions.
NUM  4.
PAR  4. An apparatus as in claim 1 wherein said work holding means includes a
      plurality of slots therein intersecting said apertures for receiving said
      swaging means and a material guide member removably received in said
      aperture and having an orifice aligned with said aperture for receiving a
      length of said material.
NUM  5.
PAR  5. An apparatus as in claim 4 wherein each of said slots has a channel
      therein, said guide member includes a plurality of extended members, each
      lying in a respective channel, thereby supporting said guide member, and
      means in each of said channels for biasing said swaging means outwardly.
NUM  6.
PAR  6. An apparatus as in claim 5 wherein each of said swaging means includes a
      projection slidably received in said channels and said biasing means is
      between said projection of said swaging means and said extended member of
      said guide member.
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ABST
PAL  An intense light source, preferably of high monochromaticity, having its
      beam modulated at a frequency corresponding to an acoustical resonant
      frequency of a sample chamber energizes the sample chamber along its axis.
      A photoelectric detector provides a signal related to this modulation for
      comparison with an acoustical signal provided by a microphone in the
      sample chamber. Means are provided for adjusting the modulation frequency
      so that it corresponds to the acoustical resonant frequency of the sample
      chamber as determined by a maximum in the amplitude of the amplified
      acoustical signal. An integrator may respond to the amplified acoustical
      signal to provide an indication of the energy absorbed by the medium in
      the sample chamber at the light wavelength and thereby the concentration
      of certain species in the sample chamber.
GOVT
PAR  This invention was made in the course of work performed under a contract
      with the Department of the Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to detecting the character of a
      medium introduced in a sample chamber using acoustic signals produced by
      volumetric absorption of radiation and more particularly concerns novel
      apparatus and techniques for detecting atmospheric pollutants using
      acoustic signals produced by volumetric absorption of infrared radiation
      to achieve exceptionally high acoustic amplification and thereby
      facilitate detection.
PAR  It is known to measure trace gaseous constituents using acoustic signals
      produced by volumetric absorption of infrared radiation. Such a technique
      is described in an article by L. B. Kreuzer in J. APPL. PHYS., 42, 2934
      (1971). A laser or other source of radiant energy having a wavelength
      coincident with an absorption line of the species to be detected energizes
      a cell containing the sample mixture. The sample mixture absorbs radiation
      and converts it into thermal motion of the gas by intermolecular
      collisions. These collisions produce a pressure rise which may be detected
      by a sensitive microphone. The acoustic signal produced by the pressure
      rise is proportional to the concentration of the absorbing species. By
      modulating the beam of radiation at an audible rate, an easily detected
      periodic pressure signal is provided.
PAR  According to publications by Kreuzer, C.K.N. Patell and N.D. Kenyon in
      SCIENCE, 173, 45 (1971) and SCIENCE, 177, 347 (1972), this prior art
      approach yields detection sensitivities of a few parts per billion (ppb)
      for a number of important pollutants using selected gas laser wavelengths
      or a wavelength-tunable infrared spin-flip Raman laser as the excitation
      source. These publications reported encountering problems caused by
      background signal arising from spurious scattering and absorption by the
      optical windows and surfaces of the cell corresponding to a species
      concentration of 50-100 ppb, requiring a measurement accuracy of about 1%
      in the microphone signal amplitude to achieve the potential sensitivity of
      the apparatus.
PAR  A report dated Nov. 30, 1967 available from the Defense Documentation
      Center under AD 665674 at pages 32-44 suggests pulsing a laser beam along
      the axis of a cylindrical cavity at a rate corresponding to the cavity
      resonant frequency. The report does not tell how to do it in practice and
      states that success depends not only on the construction of a powerful
      laser with appropriate pulsing mechanism, but also on the construction of
      a highly sensitive acoustic detector coupled with the proper mode of many
      modes of oscillation of a cylinder.
PAR  Accordingly, it is an important object of this invention to provide
      improved methods and means for detecting the concentration of certain
      substances present in exceptionally small quantities in a medium being
      sampled.
PAR  It is another object of the invention to achieve the preceding object for
      detecting pollutants.
PAR  It is another object of the invention to achieve one or more of the
      preceding objects by exciting standing waves in an acoustic resonance
      chamber with essentially monochromatic energy modulated at a rate
      corresponding to the acoustic resonance of the chamber to provide high
      effective amplification facilitating the detection of substances in
      exceptionally small concentrations.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects with methods and means for maintaining the high gain
      despite changes in the resonant frequency of the acoustic chamber.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is an acoustic resonance sample chamber
      means for receiving a medium having components to be detected. A source of
      substantially monochromatic radiant energy energizes the sample chamber
      means to cause pressure fluctuations contributing to standing acoustic
      waves within the chamber, the rate at which the radiant energy beam is
      modulated corresponding to one of the natural acoustic frequencies of the
      sample chamber. Means, such as comprising a microphone and signal
      amplifier, are provided for detecting the acoustic waves within the
      chamber and providing a corresponding amplified electrical signal. Means
      are provided for producing an output signal related to the amplitude of
      the electrical signal to provide an indication of the energy being
      absorbed in the sample chamber at the contemporary frequency of the
      incident radiant energy. Means are provided for adjusting the modulating
      rate to track a resonant frequency of the chamber. Means are also provided
      for measuring the attenuation of the incident radiant energy through the
      chamber.
DRWD
PAR  Numerous other features, objects and advantages of the invention will
      become apparent from the following specification when read in connection
      with the accompanying drawing in which:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a combined block-pictorial diagram illustrating the logical
      arrangement of a system according to the invention;
PAR  FIG. 2A illustrates longitudinal, azimuthal and radial modes in a cylinder;
PAR  FIG. 2B is a table relating typical frequencies and modal structures;
PAR  FIG. 3 shows signal output amplitude as a function of modulating frequency
      for a sample of 1% n-Butane; and
PAR  FIG. 4 shows output signal amplitude as a function of n-Butane
      concentration.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a combined block-pictorial diagram
      illustrating the logical arrangement of a system according to the
      invention. Indicating means 11 provides an indication of the degree of
      absorption of the medium then in sample chamber 12 for the wavelength or
      frequency of the monochromatic laser beam 13 provided by laser beam source
      14.
PAR  A phase-locked loop 15 controls a brushless d-c motor 16 driving a
      fine-pitch gear 17 for chopping or modulating laser beam 13 at a rate
      corresponding to a resonant frequency of sample chamber 12. A resistor 21,
      typically in combination with a capacitor forming an RC network, coacts
      with phase-locked loop 15 to control the frequency of motor 16 at the
      desired rate.
PAR  A microphone 21 inside sample chamber 12, typically an electret microphone
      encapsulated with an impedance-matching FET, detects the acoustic signals
      produced in sample chamber 12 as laser beam 13 excites the resonant mode
      to produce an electrical signal from the microphone, typically in the
      audio frequency range, that is amplified by amplifier 22 and selectively
      transmitted by narrow band frequency filter 23 having its pass band
      centered about the selected resonant frequency of sample chamber 12. The
      output of narrow band frequency filter 23 is applied to an integrator 24
      and to one input of a dual trance oscilliscope 25. The output of
      narrow-band frequency filter 23 may also be coupled to phase-locked loop
      15 to control the chopping frequency to track the resonant frequency of
      the medium in the sample chamber by controlling the chopping wheel
      frequency to provide a maximum output from narrow-band frequency filter 23
      in accordance with well-known techniques. The other input of oscilloscope
      25 is connected to the output of photoelectric detector 26 that is
      energized by laser beam 13 after passing through sample chamber 12 to
      provide an output signal representative of the modulation introduced by
      chopping wheel 17 of amplitude corresponding to the beam attenuation after
      passing through the chamber. This signal is useful for detecting any
      changes in the amplitude of the signal incident to the sample chamber so
      that the output signal provided by indicating means 11 accurately reflects
      only the absorption in the sample chamber 12.
PAR  Speed control 21 'is adjusted so that the output of filter 23 indicated on
      oscilloscope 25 is a maximum to insure that the chopping rate corresponds
      to the desired resonant frequency. The resonant frequency of sample
      chamber 12 depends upon the velocity of sound in the chamber which in turn
      is related to the medium, pressure and temperature. The temperature of the
      medium may change when heated by the incident radiant energy, the degree
      of heating being related to the degree of absorption. Adjusting speed
      control 21 so that the output from filter 23 is maximized as observed on
      oscilliscope 25 insures maximum system amplification. It is within the
      principles of the invention to adjust the speed of motor 16 automatically
      so as to maximize the output amplitude from microphone 21. It is also
      within the principles of the invention to control the incident radiation
      intensity provided by source 14 so that the output of detector 26 remains
      substantially constant. It is also within the principles of the invention
      to use electrical or optical means within the laser source itself to
      modulate the beam directly.
PAR  In a specific embodiment of the invention using a 3.39 .mu.m He-Ne laser,
      the average laser power entering sample chamber 12 was about 0.6 mW. For
      convenience beam 13 made a single pass through the sample gas introduced
      into sample chamber 12. Sample chamber 12 was made of plexiglas with
      quartz exit and entrance windows and had a radius of 51 mm, length of 92
      mm with the diameter of laser beam 13 equal to 2 mm. Microphone 21 had a
      diameter of 5 mm with an overall response of 1 mV/.mu.bar and a broadband
      RMS noise level of about 5 .mu.volts with a frequency response
      substantially flat between 100 Hz and 5 kHz. Microphone 21 was inserted
      into the chamber radially on the end of a 10 mm diameter rod, and the
      insertion distance adjusted for maximum microphone signal as indicated on
      oscilloscope 25. N-Butane was the trace absorbing species, exhibiting a
      substantial absorption cross section of about 4.8 .times. 10.sup.19
      cm.sup.2 per molecule at atmospheric pressure at the unshifted 3.39 .mu.m
      He-Ne laser line.
PAR  An advantage of exciting the fundamental radial mode is that the acoustical
      signal is nearly independent of axial or azimuth position. The radial
      position of the microphone may be readily adjusted for maximum signal. The
      axial location is preferably midway between the ends of the cylinder to
      minimize end effects.
PAR  An advantage of choosing the chamber to be cylindrical is that the radial
      resonances are nonharmonically related to each other and the other
      resonances. Although the larger maximum for the fundamental radial mode
      occurs on the axis, it has been found to be disadvantageous to locate the
      microphone on axis because the microphone produces an undesired
      assymetrical disturbance. It is preferred that the microphone be nearer
      the circumferential wall than the cylinder axis, and preferably at the
      wall where the smaller maximum occurs.
PAR  The natural acoustic resonances of the sample chamber may be determined by
      solving the wave equation in cylindrical coordinates. Using the boundary
      conditions of fully reflecting walls and bounded pressures along the
      cylinder axis at r=0, the normalized pressure distribution, P, within the
      cylindrical sample chamber 12 is given by:
      ##EQU1##
      where the eigenvalues k, m and n define the logitudinal, azimuthal, and
      radial modes of the system as depicted in FIG. 2. .alpha..sub.m,n is the
      n.sup.th solution of the equation (d J.sub.m /dr) = 0 at r = R.
PAR  Referring to FIG. 2A there is shown pictorial representations of
      longitudinal, azimuthal and radial resonant standing wave patterns. FIG.
      2B is a table relating typical frequencies in ambient air for designated
      fundamental and higher order modes of each standing wave pattern. As
      indicated above the speed of sound, C.sub.0, changes slightly with
      concentration and temperature, but the resulting variations in the
      resonant frequency may be readily tracked (especially in the case of
      strong acoustic signals) by causing the phase-locked loop to be adjusted
      until the microphone signal as indicated on oscilloscope 25 is a maximum.
PAR  Referring to FIG. 3 there is shown a graphical representation of normalized
      microphone voltage response output amplitude indicated by indicating means
      11 as a function of modulating frequency for the lowest-order radial mode
      (k=m=0, n=1) in which the acoustic Q or ratio of the resonant frequency to
      the bandwidth between half-power points, is 6. The results illustrated are
      for a concentration of about 1% n-Butane and demonstrate enhancement of
      the acoustic signal at resonance. Considering the effects leading to
      dissipation and dispersion of the standing wave, such as viscosity and
      heat conduction at the walls, imperfect wave reflection dispersion caused
      by the microphone stem and other effects, it is expected that a Q of
      between 200 and 300 is realizable in practical systems. The lowest-order
      radial mode is a preferred operating condition.
PAR  An important feature of the invention is that the microphone signal is a
      linear function of trace concentration. Referring to FIG. 4, there is
      shown experimental verification of this linear relationship where the
      trace component is n-Butane. The data of FIG. 4 were obtained by operating
      at the resonant frequency of the lowest-order radial mode. At resonance
      the signal is a linear function of the fractional concentration, C for
      C&lt;2.times. 10.sup..sup.-2 . At higher concentrations significant
      absorption may occur near the beam entrance window leading to nonlinear
      absorption and excitation of longitudinal modes. The observed
      signal-to-noise ratio of microphone 21 was 10:1 at a fractional
      concentration, C, of 10.sup..sup.-4 and an integration time of about 0.1
      second for a lock-in amplifier used as the integrator 24.
PAR  Multiple passes of the laser beam may be used both to increase the fraction
      of incident radiation absorbed and a more favorable spatial coupling
      between the absorbed radiation and the desired standing wave. It is
      believed that a laser source of a milliwatt average power and a wavelength
      overlapping an absorption line of the measured species is capable of
      attaining sensitivities of a few parts per billion under practical
      conditions. This sensitivity enhances the utility of the invention in
      ambient pollution monitoring and industrial safety applications. The
      invention thus provides high sensitivity and relative simplicity for
      pollution monitoring. It may be advantageous to operate at sub-atmospheric
      pressure, down to approximately 20 Torr, to reduce pressure broadening
      from interfacing lines while modestly reducing absorption of a species to
      be measured.
PAR  A feature of the invention is that effects caused by absorption of the
      sample cell itself do not interfere with an accurate measurement because
      the signal detection circuit may be sharply tuned to the resonant
      frequency of the desired low-order radial acoustic mode. Absorption by the
      cell windows and by the walls of the chamber contribute primarily to waves
      whose spatial and temporal character are clearly distinct from the
      resonant wave and therefore do not contribute to the signal provided by
      indicating means 11.
PAR  While a laser modulated with a chopper is shown as the source of radiant
      energy in the exemplary embodiment illustrating the best mode now
      contemplated for practicing the invention, other sources of radiant energy
      and other modulation techniques may be used within the principles of the
      invention. For example, the source could be a broadband radiant energy
      source and could be internally modulated.
PAR  There has been described novel apparatus and techniques facilitating the
      detection of low concentrations of one or more species in a medium. It is
      evident that those skilled in the art may now make numerous other uses and
      modifications of and departures from the specific embodiments described
      herein without departing from the inventive concepts. Consequently, the
      invention is to be construed as embracing each and every novel feature and
      novel combination of features present in or possessed by the apparatus and
      techniques herein disclosed and limited solely by the spirit and scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting the presence of a species in a medium
      comprising,
PA1  means defining a sample chamber for receiving said medium,
PA1  a source of a beam of radiant energy incident upon said sample chamber for
      producing pressure waves therein of intensity related to the degree of
      absorption by said medium,
PA1  means modulating said beam at a rate corresponding to a predetermined
      resonant frequency of said means defining a sample chamber,
PA1  and acoustical detecting means for detecting the pressure wave signals
      produces in said sample chamber to provide an output signal representative
      of the degree of absorption of the medium in said sample chamber.
NUM  2.
PAR  2. Apparatus for detecting the presence of species in a medium in
      accordance with claim 1 and further comprising,
PA1  means for controlling said modulation rate to follow changes in the
      resonant frequency in said sample chamber.
NUM  3.
PAR  3. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 1 wherein said source provides a beam of
      substantially monochromatic radiant energy of cross sectional area less
      than that of said sample chamber.
NUM  4.
PAR  4. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 3 wherein said source comprises a laser.
NUM  5.
PAR  5. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 1 wherein said means for detecting comprises an
      electroacoustic transducer communicating with said chamber for providing
      an electrical signal in response to said pressure wave signals.
NUM  6.
PAR  6. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 1 wherein said sample chamber is cylindrical and
      said predetermined resonant frequency corresponds substantially to the
      fundamental radial mode of a pressure wave in said sample chamber.
NUM  7.
PAR  7. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 6 wherein said means for detecting comprises an
      electroacoustic transducer communicating with said chamber and closer to
      the circumferential wall of said chamber than the chamber axis.
NUM  8.
PAR  8. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 7 wherein the location of said transducer is
      substantially at said circumferential wall.
NUM  9.
PAR  9. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 1 wherein said means for modulating comprises a
      chopper wheel interposed between said source and said sample chamber.
NUM  10.
PAR  10. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 1 and further comprising means for causing said
      modulating rate to track said predetermined resonant frequency in the
      presence of variations of the latter.
NUM  11.
PAR  11. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 10 wherein said means for causing comprises a
      phase-locked loop.
NUM  12.
PAR  12. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 1 and further comprising,
PA1  means for detecting the attenuation of said radiant energy in passing
      through said sample chamber.
NUM  13.
PAR  13. Apparatus for detecting the presence of a species in a medium in
      accordance with claim 12 wherein said means for detecting the attenutation
      and said beam of radiant energy are aligned along the axis of said sample
      chamber.
NUM  14.
PAR  14. Apparatus for detecting the presence of a medium in accordance with
      claim 13 wherein said source is a laser providing a beam of substantially
      monochromatic radiant energy of cross sectional area less than that of
      said sample chamber,
PA1  said sample chamber is cylindrical and said predetermined resonant
      frequency corresponds substantially to the fundamental radial mode of a
      pressure wave in said sample chamber,
PA1  said first-mentioned means for detecting comprises an electroacoustic
      transducer communicating with said chamber and closer to the
      circumferential wall of said chamber than to the chamber axis,
PA1  and further comprising means for controlling said modulation rate to follow
      changes in said predetermined resonant frequency.
NUM  15.
PAR  15. A method of using the apparatus of claim 1 which method includes the
      steps of introducing said medium into said sample chamber,
PA1  exciting said medium with said beam of radiant energy modulated at said
      rate to produce said pressure waves therein,
PA1  and detecting said pressure waves to provide said output signal.
NUM  16.
PAR  16. A method in accordance with claim 15 and further including the step of
      controlling said modulating rate to follow changes in said predetermined
      resonant frequency.
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ABST
PAL  An apparatus for separating particles from a fluid comprising a housing,
      means for flowing a fluid through said housing, a plurality of parallel
      perforated plates supported in said housing spaced from one another in the
      direction of fluid flow, the plates being effective to accelerate the
      fluid as it passes through each plate, and a sample-holder immediately
      downstream of each perforated plate, the fluid flowing through each said
      plate onto its associated sample-holder and thence around the
      sample-holder to the next downstream plate, the inner wall of the housing
      being spaced from the path of fluid flow at least sufficient to
      substantially avoid contact with fluid flowing along the path.
BSUM
PAR  The present invention relates to a method and apparatus for counting
      particles carried by a fluid.
PAR  In particular, the present invention relates to a method and apparatus for
      counting and classifying particles in air or a liquid.
PAR  There has been proposed in the prior art, a method and apparatus for
      counting and classifying particles in a gas, such as U.S. Pat. No.
      3,001,914, issued Sept. 26, 1961 to Ariel A. Anderson. Such prior art
      devices cause a flow of gas through the device generally longitudinally of
      the device. Often, the flow of air wanders and contacts the internal walls
      of the device. This causes deposition of particles on the walls and gives
      rese to a false count.
PAR  It is an object of the present invention to provide improved apparatus
      capable of obtaining the utmost accuracy.
PAR  It is another object of the invention to provide a method and apparatus
      that is capable of economic manufacture.
PAR  These and other objects are accomplished by the present invention which
      provides an improved apparatus for separating particles from a fluid,
      comprising a housing, means for flowing a fluid through said housing, a
      plurality of parallel perforated plates supported in said housing spaced
      from one another in the direction of fluid flow, fluid accelerating means
      associated with each plate to accelerate said fluid as it passes through
      each said plate, sample-holding means immediately downstream of each
      perforated plate, conduit means for establishing a path of fluid flow
      through each said plate onto its associated sample-holding means and
      thence around sample-holding means to the next downstream plate, said
      inner wall of said housing being spaced from said path at least sufficient
      to substantially avoid contact with fluid flowing along said path. By
      providing a path for the flow of fluid that minimizes, and preferably
      prevents, contact of the fluid with the internal walls of the device,
      there is little, if any, deposition of material on these walls. Hence a
      more accurate count is obtained.
PAR  In another embodiment of the invention, venturi means are provided in the
      perforated plates such that the fluid flowing through the plates is
      accelerated to a higher velocity thereby to give better separation of
      particles from the fluid.
PAR  In another embodiment of the invention, the perforations have the same
      diameter from plate to plate, but there are fewer perforations per plate
      from plate to plate in the direction of fluid flow, thereby to accelerate
      the fluid as it flows through the device. If desired, the use of the
      venturi means may be combined with this embodiment of the invention.
DRWD
PAR  This apparatus of the present invention is illustrated in terms of a
      preferred embodiment by the accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal sectional view of the apparatus of the invention;
PAR  FIGS. 2, 3, 4 and 5 are fragmentary enlarged sectional views of
      modifications of the invention; and
PAR  FIG. 6 is a longitudinal sectional view of another modification of the
      invention.
DETD
PAR  In the drawings, the filter of the invention is shown as comprising a
      cylindrical top stage 1, one or more intermediate cylindrical stages 2 (of
      which three are shown in the drawing), and a bottom cylindrical stage 3,
      the stages being nested together. The top stage 1 and each intermediate
      stage 2 has a perforated central plate 20 having perforations 21 extending
      radially outwardly from the center thereof to the edge. The distribution
      of the perforations 21 on plates 20 is not critical. Generally, the
      perforations will be symmetrically disposed about the center of the plate
      since this will encourage straight line flow of air through the plates.
PAR  Beneath each plate 20 is a cup 4, which holds a dish 5. Cups 4 are
      supported by a plurality of shoulders 6 disposed around the top edge of
      stages 2 and 3.
PAR  The stages 1, 2 and 3 may be held together by any suitable means, such as
      clips or the like (not shown), but a preferred embodiment of the invention
      is shown in FIG. 1, wherein the stages 1, 2 and 3 are sealed together by
      means of sealing together flanges 11 and 12. A cover 13 is frangibly
      sealed to the top stage 1 to cover air inlet 9 and thus keep plate 1a free
      from contamination. FIG. 1 shows cover 13 removed from the unit.
PAR  Each of the perforated plates 20 has the same size perforations therein,
      but the total number of perforations per plate decreases from the
      uppermost plate 20 to the lowermost plate 20. The precise number of
      perforations per plate will be determined by the particular separation to
      be effected, but is independent of the thickness of the plate 20. for
      example, a For unit having two stages 2 will operate satisfactorily with
      200 perforations of 0.020 inches for the top plate 20, 100 perforations in
      the middle plate 20, 50 perforations in the bottom plate 20, each of the
      plates 20 being three inches in diameter. In general, the lowermost plate
      20 will have from 10 to 30 per cent of the perforations of the uppermost
      plate, with the intermediate plates being perforated in such a manner as
      to provide relatively equal steps between the top and bottom plates.
      However, this is not essential, and the plates 20 can be perforated in
      such a manner that either the upper or lower plates can carry more or less
      perforations than would provide equal steps from plate to plate.
PAR  A suction tube 7 extending from an aperture 8 in bottom stage 3 is
      connected to a source of suction (not shown) and when suction is applied,
      air will enter through air inlet 9 and will pass through perforations 21
      of the top plate 20 and will strike dish 5 immediately below. The air will
      then flow through stages 2 to stage 3, in the direction of the arrows. It
      is a feature of the invention that the inlet 9 is the same size as top
      plate 20, to insure that the air passes through all of perforations 21 of
      the first stage while minimizing, if not entirely eliminating, contact of
      air with the side wall of inlet 9 transverse to the direction of flow of
      air. An air inlet smaller than plate 20 would create flow of air over
      plate 20 transverse to the main flow of air.
PAR  In order further to avoid contact of the air with the walls of the unit,
      the cups 4 are spaced from the outermost wall of stages 1 and 2 so that a
      large annular air chamber 10 is formed. Chamber 10 is large enough to
      prevent contact of the air with the side wall of stages 1 and 2, and
      preferably is large enough as to provide a stagnant, toroidal air cushion
      between the side wall of stages 1 and 2 and the air flowing through the
      unit. As may be seen from FIG. 1, the flow of air shown by the arrows is
      spaced sufficiently far from the inner walls of stages 1 and 2, and also
      stage 3, to avoid contact of the inner walls with the air. For example,
      for a unit with cups 4 of 3 inches in diameter and employing one stage 2,
      the side walls of stages 1 and 2 will be spaced from the cups 4 at least
      about 1/2 inch, and preferably 3/4 to 1 inch. Since the velocity of the
      air increases as it flows through the unit, the spacing between the cups 4
      and the inner walls must either increase in the direction of air flow or,
      as shown in FIG. 1, the spacing can be uniform and based on the widest
      spacing required for the last cup downstream.
PAR  In a preferred embodiment of the invention shown in FIG. 6, the walls of
      stages 1', 2' and 3' diverge in the direction of air flow, e.g. to provide
      frustoconical walls, to insure that a "dead air" space is maintained
      between the inner walls and the flowing gas.
PAR  As the air passes through the unit from stage 1, through stages 2, to stage
      3, the velocity of the air increases from stage-to-stage due to the fact
      that each successive downstream stage has fewer perforations in its
      perforated plate 20 than the preceding upstream plate. Accordingly, the
      particles in the air will reach a velocity corresponding to that of the
      air and the largest particles will be projected down to the surface of the
      top dish 5. Smaller particles, whose mass is less, do not reach the
      surface of the top dish 5, but are carried around this dish to pass
      through the uppermost second stages 2. Due to the smaller number of
      perforations, the air velocity will be increased when it passes through
      the uppermost plate 20 with the result that another group of particles
      will strike the dish in the second stage. This process continues with
      progressively fewer perforations and progressively increasing air velocity
      at each stage, with the result that more and more of the particles are
      removed as the air approaches the exit of the apparatus. By choosing the
      proper number of perforations the the proper air rate, it is possible to
      remove all particles on the various stages.
PAR  When the desired air sample has been aspirated, the unit is disassembled by
      breaking the seal between flanges 11 and 12 and the respective dishes are
      removed for determination of the particles thereon. Where the particles
      are viable, such as bacteria or other microorganisms, the dishes 5 can be
      Petri dishes carrying a nutrient medium suitable to grow a viable
      particle. In this way, the particles become visible as colonies. However,
      the invention is fully operable to separate any particles, such as dust,
      from air or other gas.
PAR  Stages 1, 2 and 3 and cups 4 are readily made by vacuum forming of plastic.
      In such cases, plates 20 will be quite thin, and perforations 21 will be
      essentially of uniform diameter as shown in FIG. 2. A modified plate 25 is
      shown in FIG. 3 wherein plate 25 is vacuum formed from thin plastic with
      the formation of dimples 26. The walls of dimples 26 converge in the
      direction of air flow and act as a venturi. Where other molding techniques
      are used, plates 20 can conveniently be made with a thicker section, such
      as the modified plates 30 (FIG. 4) and 40 (FIG. 5). In FIG. 4, the
      perforations are provided with converging walls 31 in the direction of air
      flow 21. In FIG. 5, the perforations have an upstream converging section
      41 and a downstream section 42 of constant diameter to simulate a venturi.
      In the case of FIGS. 3-5, the air will be accelerated as it passes through
      plates 25, 30 and 40, thus enhancing the aceleration effect of the unit.
      Of course, any of the plates 20, 25, 30 or 40 can be used in the
      embodiments of FIGS. 1 or 6.
PAR  While the present invention has been illustrated herein in terms of
      particles entrained in air, it is operable with respect to separation of
      any particles from any fluid, whether gas or liquid. Thus, particles
      entrained in water or other liquid can be separated and counted. Moreover,
      by proper choice of reactant in cups 4, the material separated from the
      fluid can be caused to react with the reactant to provide a reaction
      product that can be collected as such as a useful product or merely used
      for analysis by any one of a number of suitable techniques. For example,
      the particles can be virus particles that are bound to a gamma globulin
      material on cup 4, and radio-immune assay can be used to determine the
      number of virus particles collected on each cup. Alternatively, the fluid
      can contain trace quantities of a valuable material, which is caused to
      react with a reactant in cup 4 to provide a valuable product. In a further
      embodiment, the cups 4 are covered with a permselective membrane (not
      shown) and the cups 4 contain a reactant. A liquid is flowed through the
      device and the membranes continuously transfer only a desired component of
      the liquid for continuous reaction with the reactant.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for separating particles from a fluid, comprising a housing,
      means for flowing a fluid through said housing, a plurality of parallel
      perforated plates supported in said housing spaced from one another in the
      direction of fluid flow, the perforations of each plate being of the same
      size with the number of perforations per plate being fewer in the
      direction of fluid flow, sample-holding means immediately downstream of
      each perforated plate, and conduit means for establishing a path of fluid
      flow through each said plate onto its associated sample-holding means and
      thence around said sample-holding means to the next downstream plate, said
      inner wall of said housing being spaced from said path at least sufficient
      to substantially avoid contact with fluid flowing along said path.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein at least a portion of the
      perforations have at least a portion of their walls converging in the
      direction of fluid flow.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said converging perforations are
      conical or frustoconical.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein each plate and its associated
      sample-holding means forms a sub-unit, and the sub-units are connected
      together by fluid-tight seals.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said housing has air inlet means
      opening directly into the plate furthest upstream, said air inlet means
      having the same cross-sectional area as said furthest upstream plate.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said inner wall is of
      frustoconical shape and diverges in the direction of fluid flow.
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ABST
PAL  An atmosphere sampler includes a very thin filter element with
      straight-through holes on the order of 1.mu.. A sample of air with
      particles to be examined is driven by means of a pressurized low molecular
      weight gas, e.g., He to the filter element front side. A partial vacuum
      may be present at the back side of the filter element. The pressure
      differential across the filter element is just below the rupture point of
      the filter element. By admixing a low molecular weight gas as the carrier
      gas with the air sampler the velocity with which the air sample is driven
      to the filter element is maximized for the particular pressure
      differential across the filter element, so that at least some particles
      with diameters less than the hole diameter do not follow changes in the
      air stream line direction as it passes through the filter element holes
      and therefore the smaller diameter particles are deposited on the filter
      element. When using a filter element of plastic material of a thickness on
      the order of 10.mu., a stainless steel back-up plate and a diffusion
      member are used to support the filter element when subjected to a pressure
      differential on the order of a few hundred atmospheres.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to an atmosphere sampler and, more
      particularly, to a sampler of gas-borne particles.
PAR  2. Description of the Prior Art
PAR  There are many applications in which it is desirable to sample small
      particles, contained in a gas, e.g., the atmosphere (air). This is
      generally performed by causing the air to pass through a filter which is
      designed to permit the air to pass therethrough while trapping the
      particles for subsequent analysis. One example of a prior art sampler of
      air-borne particles is described in U.S. Pat. No. 3,795,135. In said
      patent a filter arrangement is disclosed consisting of a plurality of
      filter discs with holes of different dimensions. These different filter
      discs are designed to trap particles of different dimensions. The need for
      a plurality of discs clearly increases the filter's complexity and cost.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a new sampler of
      gas-borne particles.
PAR  Another object of the present invention is to provide a relatively simple
      filter for trapping small particles borne by a gas.
PAR  Yet another object of the present invention is to provide a sampler of
      gas-borne particles in which particles with diameters less than the
      diameters of the holes in a single filter disc are trapped on the disc.
PAR  These and other objects of the invention are achieved by providing a
      sampler with a single filter disc or element with holes of small
      diameters. The gas, hereinafter generally assumed to be air, which
      contains the particles, is intimately mixed with a pressurized low
      molecular weight carrier gas and directed across the filter at a pressure
      differential, which is just below the rupture pressure of the filter
      element. The particles as used herein may be solid substances or liquid
      droplets. In such an arrangement particles with dimensions which are less
      than the diameters of the holes of the filter element become separated
      from the air. Thus, while the air passes through the holes of the filter
      element the smaller size particles impinge and become bound to the filter
      element. By admixing a carrier gas of low molecular weight, higher gas
      velocity is attainable for the same pressure differential. The particles
      rather than being clustered around the holes of the filter element are
      spread out over the element's surface between the holes, thereby enabling
      the analysis of the particles with less confusion than is now present when
      the particles are clustered together around the exit holes of the filter
      element.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a combination cross-section and block diagram of one embodiment
      of the invention;
PAR  FIG. 2 is a cross sectional view of a valve 10;
PAR  FIG. 3 is a view of the filter element in accordance with the present
      invention;
PAR  FIGS. 4a and 4b are useful in explaining the invention; and
PAR  FIG. 5 is a diagram of a filter assembly, actually reduced to practice.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is now directed to FIG. 1 wherein numeral 10 designates a
      90.degree.ball cock valve, with a passageway 12 in which a sample of air,
      which contains particles to be analyzed is trapped. As shown in FIG. 2,
      which is a view of the valve 10 taken at 90.degree.to its view in FIG. 1,
      an inlet tube 14, is threaded to the valve 10 at one end, while an outlet
      tube 15 is threaded to the valve at the other end. The passageway 12 is
      aligned with the inlet and outlet tubes. In use, air passes into the inlet
      tube 14, through the passageway 12 and out of the outlet tube 15 until it
      is desired to capture a sample in the passageway. This is done by rotating
      the ball 16 of valve 10, 90.degree. by means of hand lever 18. The
      spherical sides of the ball 16 seal off both inlet and outlet tubes from
      the passageway, thus securing the sample in the passageway 12. In FIG. 1,
      the inlet and outlet tubes are indicated by the broken-line circle 20.
PAR  The passageway 12, in the position shown in FIG. 1, is provided with a
      samll threaded opening 22 in the valve body, as shown on the right, and a
      large counterbored recess 24 as shown on the left. A reservoir 25 is in
      communication with opening 22 through a control valve 26. The large recess
      24 receives a filter assembly 30, which will be described hereinafter in
      detail. A flanged fitting 32 secures the filter assembly 30 in position,
      and through an opening 34 in fitting 32 connects the outlet end of the
      valve ball through the filter assembly 30 with a vacuum bottle 36, through
      a control valve 38. A four-way fitting 40 couples the vacuum bottle 36,
      the control valve 38, an exhaust valve 42 and a pressure indicator 44. The
      exhaust valve 42 is connected to a vacuum pump 46 to exhaust the vacuum
      bottle 36 prior to use and establish a low pressure, e.g., 50 Torr in the
      bottle 36.
PAR  The function of the reservoir 24 is to contain a carrier gas at high
      positive pressure, e.g., 100 or more atmospheres. In accordance with the
      present invention the carrier gas is one with a very low molecular weight,
      such as helium or hydrogen. As will be pointed out hereinafter for the
      same pressure differential conditions across assembly 30 higher flow
      velocities are attainable with a low molecular weight carrier gas than
      with a carrier gas of higher molecular weight, such as air.
PAR  In operation after the desired air sample is captured in passageway 12, as
      hereinbefore described, the control valves 26 and 38 are opened in
      sequence. The front face of the filter assembly 30, which is in
      communication with the passageway 12 and in essence forms one end thereof,
      is exposed to the high positive pressure of the carrier gas in reservoir
      25. On the other hand, the back face or end of the filter assembly 30,
      which is in communication with the vacuum bottle 36, when valve 38 is
      open, is exposed to a negative (below atmosphere) pressure present in
      bottle 36. Thus, a substantial pressure difference is present across the
      filter assembly 30 when both valves 26 and 31 are opened.
PAR  The carrier gas in reservoir 25 which is at high pressure flows toward the
      low pressure point, i.e., toward bottle 36, and as it flows it forces the
      air sample with the particles entrained therein to flow ahead of it
      through the filter assembly 30. To simplify the following description no
      distinction will be made between the air and the carrier gas and the
      particles may be thought of as being entrained in the gas. All the gases
      and any particles, which pass through the filter assembly 30, are captured
      and retained in the vacuum bottle 36 for subsequent examination or are
      discharged through the exhaust valve 42.
PAR  In accordance with the present invention the pressure differential applied
      across the filter assembly 30 is just below the rupture point of the
      filter, in order to attain the highest possible flow velocity through the
      filter. Since the carrier gas is of low molecular weight the velocity with
      which the air sample as well as the carrier gas flow through the filter
      assembly is greater than the velocity which can be attained for the same
      pressure differential if a carrier gas of higher molecular weight is used.
      By maximizing the velocity with which the air sample is forced through the
      filter assembly very small particles, with diameters considerably smaller
      than the holes in the filter element, can be trapped with a single filter
      element.
PAR  In accordance with the present invention, the filter assembly 30 includes a
      single filter element or disc 50 (see FIG. 3) whose front surface 51 forms
      the front face of the filter assembly 30 and is in communication with the
      passageway 12. The filter element 50 has pore-like openings or holes 52.
      preferably the holes 52 are straight-through holes from surface 51 to the
      opposite filter element side 54. The holes define sharp corners at the
      exposed surface 51, as represented by the 90.degree. corners shown in FIG.
      3. The holes 52 may be of uniform diameters and uniformly distributed over
      surface 51, although such limitations are not always required. It is
      however very desirable that the filter element 50 be of minimal thickness
      in order to minimize the lengths of the holes 52 and thereby reduce the
      effect of the holes on the velocity of gases flowing through the holes of
      the filter element. In one embodiment, actually reduced to practice, the
      filter element 50 was of a thickness t on the order of 10.mu. with hole
      diameters on the order of 1.mu., for a hole length to diameter ratio of
      10:1.
PAR  As shown in FIGS. 1 and 3 the filter element 50 of the filter assembly 30
      is positioned in the path of the gas when valves 26 and 38 are opened. Due
      to the pressure differential the gas sample is forced through the holes 52
      in the filter element 50. In each of FIGS. 4a and 4b only a single hole 52
      of filter element 50 is shown. In FIG. 4a, numeral 60 designates the gas
      stream line as it approaches the filter element 50, and as it changes
      direction in order to pass through hole 52. Numerals 62 and 64 designate
      particles of different sizes entrained in the gas approaching the filter
      element 50. As the gas approaches the filter element 50, the gas flow
      direction or stream line changes so as to pass through the hole 52.
PAR  The ability of particles which are entrained in the gas to follow the
      change in the gas stream line, and therefore pass through the hole 52 with
      the gas, depends on the gas velocity. At the gas velocity, assumed for
      explanatory purposes for FIG. 4a, the small particles 64 which float in
      the gas are assumed to follow the gas as it changes direction to pass
      through the hole 52. Thus, these particles pass with the gas through the
      hole 52. However, at the particular gas velocity the larger diameter
      particles 62 do not follow the change in direction of the gas stream line.
      Therefore, as the gas stream line changes direction the larger particles
      62 become separated from the gas. Instead of following the gas stream line
      through the hole they impact the surface 51 of the filter element 50 and
      become bound to the surface by van der Waals forces. In FIG. 4b, in which
      a higher gas velocity is assumed, even the smaller particles 64 cannot
      follow the change in the gas stream line and therefore they too become
      separated from the gas and are trapped on the surface 51 of the filter
      element 50, even though the diameters of particles 64 are less than the
      diameter of hole 52.
PAR  It should be stressed that in the present invention, the separation of the
      particles from the gas is not due to the fact that the particle diameters
      are greater than those of the hole 52, and therefore cannot pass
      therethrough. Rather, the separation is due to the fact that the gas
      velocity through the filter element 50 is made sufficiently high so that
      particles with diameters even less than the hole diameter, cannot follow
      the change in the direction of the gas stream line 60 and therefore,
      instead of remaining entrained in the gas, which passes through the hole,
      the particles become separated from the gas, as its stream line changes
      direction, and inpact the surface 51 of the filter element 50. Thus, it
      should be appreciated that for most efficient trapping of particles, the
      gas velocity should be as large as possible, taking into consideration the
      rupturing point of the filter element.
PAR  By using a low molecular weight carrier gas, such as He, in reservoir 25 as
      compared with air, a much higher velocity of gas is attained under the
      same pressure condition. Thus, the use of a low molecular weight carrier
      gas greatly contributes to particle trapping efficiency. As previously
      pointed out, the highest velocity is attainable by establishing a pressure
      differential which is just below the rupture pressure of the filter
      element 50 and using a low molecular weight carrier gas.
PAR  The filter element 50 should be as thin as practical so that the ratio of
      hole length to hole diameter is low, which results in highest gas velocity
      with lowest pressure differential. In a filter element with holes on the
      order of 1.mu. in diameter the hole length, corresponding to the filter
      element thickness should preferably be on the order of 10.mu..
PAR  Such a filter element is presently available at very reasonable cost in the
      form of a thin perforated sheet of polycarbonate plastic of about 10.mu.
      in thickness, with straight-through holes on the order of 1.mu. in
      diameter. The holes are formed by first exposing the sheet of plastic to
      collimated charged particles in a nuclear reactor. As the particles pass
      through the material they leave sensitized tracks which are then etched
      chemically with a hydroxide solution leaving uniform straight-through
      holes, on the order of 1.mu. in diameter.
PAR  Such a filter element 50 has been used in one embodiment which was actually
      reduced to practice. However, since the filter element 50 was of plastic
      material it had to be protected from rupturing, due to the high pressure
      differentials. The protection was provided by including in the filter
      assembly 30 a perforated stainless steel backup plate 70, as shown in FIG.
      5. The backup plate thickness was on the order of 1/16 inch, with openings
      72 on the order of 100 microns in diameter on 250 micron centers. In order
      not to block the flow of gas through holes 52 of filter element 50, which
      were not aligned with openings 72 in the backup plate, a diffusion member
      75 was included between the filter element 50 and the backup plate 70. The
      diffusion member 75 which was also on the order of 1/16 inch thick was a
      fibrous membrane, such as filter paper or glass wool paper to enable the
      gas passing through the holes 52 of filter element 50 to pass therethrough
      and therefrom through the openings 72 of the backup plate 70.
PAR  It is appreciated that the velocity of the gas through holes 52 which are
      not aligned with openings 72 is less than the gas velocity through aligned
      holes. However, with the diffusion member 75 at least some of the gas
      passes through holes 52 which are not aligned with openings 72. Thus, the
      overall trapping efficiency of particles by the filter element 50 is
      enhanced.
PAR  In FIG. 5 dashed line 76 represents the gas stream line through a hole 52
      which is aligned with a hole 72 in backup plate 70, while dashed line 78
      represents the gas stream line through a hole 52 which is not aligned with
      a hole 72, in the backup plate 70. in either case the gas passing through
      holes 52 in the single filter element 50 passes through the diffusion
      member 75 and therefrom through openings 72 of the backup plate 70. It
      should be clear that the dimensions of the various element and holes shown
      in FIG. 5 and the other figures are not to scale, but rather are presented
      to explain the features of the invention.
PAR  In the particular embodiment shown in FIG. 5 the front surface 51 of
      element 50 can be thought of as the first face or side of the filter
      assembly toward which the high velocity gas is directed while the back
      side 79 of backup 70 which is remote from the diffusion member 75 can be
      thought of as the back face or side of the filter assembly 30. The gas
      exits the assembly through the openings 72 into opening 34 (FIG. 1) and
      through valve 38 when open, and flows into the vacuum bottle 36, or
      through valve 42 if the gas sample is not to be saved.
PAR  It has been discovered that with the filter assembly of the present
      invention the particles such as 62 and 64 which become separated from the
      air in the atmosphere sample tend to spread out relatively uniformly on
      surface 51 of filter element 50 rather than be clustered around the edges
      of the holes 52. Consequently, the particles on the surface 51 can be
      examined later by for example a scanning electron microscope or by an
      electron probe X-ray microanalysis beam, with little confusion that is now
      present when all the particles tend to cluster together around the exit
      holes in conventional filter discs. It should be apparent that although
      hereinbefore the invention has been described in connection with an
      atmosphere sample, i.e., air containing particles, the invention can be
      used to separate particles entrained in any gas including those present in
      industrial processes.
PAR  Summarizing the foregoing description in accordance with the present
      invention, a single filter element with straightthrough holes is used to
      separate particles from a gas sample containing the particles, where the
      separated particle may be of smaller diameter than the diameters of the
      holes in the filter element. This is achieved by admixing the sample with
      a pressurized low molecular weight carrier gas and passing the gas mixture
      toward the filter element at a high optimum velocity due to the pressure
      differential created across the filter element. The pressure differential
      is preferably just below the rupture pressure of the filter element for
      the most effective results. As a result, particles with diameters, which
      are considerably smaller than the diameters of the holes in the filter
      element, become separated from the gas as the latter's stream line changes
      direction to pass through the holes. The separated particles become bound
      to the filter element surface and are relatively uniformly spread out over
      its surface for subsequent analysis.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for extracting at least some particles borne in a gas from said
      gas, comprising:
PA1  valve means including a chamber for receiving a preselected amount of gas
      containing particles in said chamber;
PA1  filter means disposed at one end of said chamber and including a single
      filter element with straight-through holes of preselected diameters; and
PA1  drive means for establishing a pressure differential across said filter
      element which is just below the rupture pressure of said filter element
      and including a carrier gas of low molecular weight in communication with
      said chamber for forcing said gas containing said particles through the
      holes of said filter element at a velocity, whereby particles of
      dimensions less than the holes' diameters become separated from the gas,
      as the latter's stream line changes direction to pass through the holes,
      with the separated particles being bound to an exposed surface of the
      filter element.
NUM  2.
PAR  2. The system as described in claim 1 wherein said pressure differential is
      on the order of 100 atmospheres and said filter element holes have
      diameters in the micron range.
NUM  3.
PAR  3. The system as described in claim 2 wherein said filter element thickness
      is on the order of 10.mu. and the hole diameters are on the order of
      1.mu..
NUM  4.
PAR  4. The system as described in claim 3 wherein said carrier gas is selected
      from the group consisting of helium and hydrogen, and said particles
      include particles of diameters less than 1.mu..
NUM  5.
PAR  5. A system for extracting at least some particles borne in a gas sample
      from said gas sample, comprising:
PA1  a single filter element with straight-through holes of diameters in the
      micron range extending between a top side of said filter element to an
      opposite side thereof;
PA1  a source of low molecular weight carrier gas pressurized to a first
      pressure; and
PA1  control means for forcing said gas sample by means of the pressurized
      carrier gas toward the top side of said filter element at a velocity
      whereby particles in said gas with diameters less than the holes'
      diameters become separated from the gas as the latter's stream line
      changes direction so as to pass through the holes in said filter element,
      with the separated particles becoming bound to the filter element on the
      top side thereof.
NUM  6.
PAR  6. The system as described in claim 5 wherein said system includes a
      chamber containing said gas sample, with said filter element forming one
      side of said chamber, first communication means including a first control
      valve switchable to an open position to provide a path for said carrier
      gas into said chamber;
PA1  receiver means including a second control valve switchable to an open
      position in communication with the opposite side of said filter element,
      for establishing a second pressure less than said first pressure at said
      opposite side of said filter element, whereby when both said first and
      second control valves are in their open positions the pressure difference
      across said filter element is essentially equal to the difference between
      said first and second pressures, said pressure difference being just below
      the rupture pressure of said single filter element, and length to diameter
      ratio of said holes being on the order of 10:1.
NUM  7.
PAR  7. The system as described in claim 6 wherein said first pressure is on the
      order of 100 atmospheres and said second pressure is below one atmosphere
      and said receiver means include a container for receiving the gas passing
      through the filter element holes and any particles passing therewith.
NUM  8.
PAR  8. in a gas sampler of the type designed to separate at least some
      particles borne by the gas, the arrangement comprising;
PA1  a filter assembly including a filter element having a front surface and a
      back surface spaced apart a distance on the order of ten microns and
      having straight-through holes of diameters on the order of 1 micron
      between said surfaces, a backup plate with openings significantly greater
      than the diameters of the holes of said filter element, and a fibrous
      diffusion membrane located between said backup plate and said back surface
      of said filter element; and
PA1  control means including a source of a carrier gas of low molecular weight
      and pressure control means for directing the gas bearing said particles
      toward said front face of said filter element with said carrier gas at a
      selected pressure differential, whereby as said gas stream line changes
      direction to pass through the holes in said filter element particles in
      the gas with diameters less than the hole diameters become separated from
      the gas and become bound to said filter element on the front face thereof,
      with the gas passing through the filter element holes flowing through said
      diffusion membrane and out of said filter assembly through the openings in
      said backup plate.
NUM  9.
PAR  9. The sampler as described in claim 8 wherein said pressure differential
      is on the order of 100 atmospheres, said filter element is of a plastic
      material and said backup plate is of metal.
NUM  10.
PAR  10. The sampler as described in claim 8 wherein the carrier gas is selected
      from the group consisting of helium and hydrogen.
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ABST
PAL  Batteries are moved along a first roller type conveyor to a leak testing
      station, above which is located an assembly having a plurality of nozzles
      matable over battery cell inlets. A first set of alternate cells is
      supplied with air at a given pressure, and metering means notes pressure
      change. Thereupon, the remaining alternate cells receive the same
      treatment. If the cells do not leak, the battery advances from the testing
      station along the roller conveyor. If a leak is detected, a push bar
      connected to cable means below the rollers ejects the battery transversely
      from the testing station along to a second conveyor, thereby isolating
      leaky batteries either for removal or further testing to locate more
      precisely the leak.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to battery testing apparatus, and more particularly
      to automatic leak testing apparatus for determining the integrity of
      battery cells.
PAR  In U.S. Pat. No. 3,822,585 issued July 9, 1974 of Henry Toback, assigned to
      the assignee hereof, there is shown an air leak tester designed to be
      applied by hand to determine whether battery cells have leaks therein.
      More particularly, the Toback patent application describes a hand operated
      yoke having a plurality of nozzles adjustable to fit over alternate cell
      inlets. Air is forced into those alternate cells and a meter notes changes
      of pressure which indicate air leaks. Thereupon, the remaining alternate
      cells are similarly tested.
PAR  Hand operated leak testers such as that described in the Toback patent
      application, although technically sound, necessarily introduce the danger
      of human error. Said otherwise, notwithstanding the clear technical
      advances enbodied in the Toback patent application, it is a fact of life
      that fallible human operators may be counted upon occasionally to use the
      apparatus improperly. When such mishaps occur, the efficiency of the
      battery assembly line will be substantially impaired, whether a leaky
      battery was not detected or whether a prefectly good battery was rejected.
      The economic disadvantage of the latter case is clear, and the former may
      even involve safety risks, in view of the acid content and noxious gas
      emitting tendencies of batteries.
PAR  It is accordingly a primary object of the present invention to provide
      substantially automatic air leak testing apparatus for use in a battery
      production line.
PAR  It is a further object to provide an automatic mechanism for isolating
      defective batteries from the main processing or production line once
      defects have been detected therein.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention fulfills the foregoing and other substantial
      functional objectives by providing an automatic air leak testing station
      and method of operating same in which batteries are first positioned for
      testing, are automatically tested by injection of controlled pressure air,
      are automatically determined to be either leaky or not, and the leaky
      batteries are automatically isolated from the production line, while the
      others are passed on for further processing.
PAR  In an illustrative embodiment, batteries being processed are passed along a
      conveyor comprising parallel rollers, which conveyor bifurcates at a point
      defined by the air leak testing station. In particular, by means of
      upwardly pivoting rollers, one battery is positioned for testing and the
      remainder are retained from further advancement along the conveyor. An
      assembly including a yoke and a plurality of nozzles is matably positioned
      over the cell inlets, and a first group of alternate cells is pressurized
      with air passing in through the yoke. Associated pressure metering means
      determines whether an air leak has occurred in any of the pressurized
      cells, after which the air pressure is returned to normal and the
      remaining series of alternate cells is likewise pressurized and tested.
      When this pressurizing and testing process occurs, the assembly is removed
      upwardly, and depending upon whether the battery was detected as having
      leaks or not having leaks, it is either passed down the production line
      for further processing, or is isolated for scrap or for further
      investigation and repair of the air leaks. The bifurcation of the conveyer
      occurs at the processing station by means of elongated rollers which span
      two substantially parallel conveyors, the first being the continuation of
      the main production line, and the second being reserved for isolation of
      leaky batteries. A continuous loop cable beneath the elongated rollers is
      connected to a push rod extending upwardly and contacting the batteries.
      Whenever a leaky battery is detected, the cable system is energized and,
      by means of the push rod, the battery is moved along and parallel to the
      elongated rollers onto the second conveyor, where it is passed on for
      scrap or investigation of the leak as aforementioned.
PAR  The structural details of the foregoing illustrative embodiment, along with
      methods of utilizing same, will be more clearly understood upon
      consideration of the following drawings and detailed description thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a frontal view of an automatic air leak testing station which
      embodies the principles of the present invention;
PAR  FIG. 2 shows a top view of a bifurcated roller type conveyor which forms a
      portion of the station of FIG. 1,
PAR  and FIGS. 3 and 4 show cutaway views thereof,
PAR  FIG. 4 particularly including a continuous cable automatic reject system;
PAR  FIG. 5 shows a yoke whereby air is coupled to batteries for testing; and
PAR  FIGS. 6, 7, and 8 show various views of an assembly for air leak testing to
      be utilized in the embodiment of FIG. 1.
PAR  FIG. 9 shows the interaction of rejection apparatus with air pressure
      metering means.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, an automatic air leak testing station is primarily defined by
      vertical support members 101 and 102 which are positioned and supported by
      means of a transverse structural member 105 and by a bifurcated roller
      system including vertical supports 104 and 106. Batteries such as 118 and
      117 pass along the roller system 103 for testing at the station, which
      testing occurs in a position under the testing assembly 113 as defined by
      stop roller 159. The assembly 113 includes a plurality of nozzles 128
      through 133 matable over the ports of a battery such as 117 and coupled to
      air fed hoses 501 and 502 and to meters 503 and 504 by means of a
      corresponding plurality of conduits 122 through 127. The assembly 113 is
      vertically movable by means of rods 114 and 116, bearing assemblies 148
      and 149, a pair of counterweights 506 and 507, and an air cylinder and
      piston assembly 141 and 145.
PAR  As may be most clearly understood from FIGS. 1 through 3, the mechanism
      whereby a battery such as 117 is positioned for testing, and whereby other
      batteries such as 118 are precluded from interfering with the testing
      process, is the use of upwardly pivotable rollers from the conveyor which
      thereby serve as stop mechanisms along the conveyor. Thus, under control
      of a cylinder 179 and piston 181, through connections of lever arms 178
      and 199 and tie rod 180, rollers 159 and 167 may be pivoted upwardly and
      over their next adjacent rollers 160 and 168, respectively, thereby
      forming a stop for batteries 117 and 118 as shown. Whenever air pressure
      in the cylinder 179 is increased, the piston 181 moves outwardly, along
      with tie rod 180, and rollers 159 and 167 again move downwardly into the
      positions shown in phantom in FIG. 3. batteries 117 and 118 are then free
      to move along down the conveyor.
PAR  Once a battery such as 117 is in abutment with the pivoted roller 159, as
      shown, two fingers 187 and 186 are pivoted upwardly and between the
      rollers, against the battery 117, and further until the battery 117 is
      locked into place in a predetermined position against the horizontal
      portion 401 of the reject mechanism, the operation of which is detailed
      hereinafter. As may be seen most clearly from FIG. 3, the upward pivoting
      of fingers 187 and 186 occurs by means of yet another cylinder and
      position arrangement 183, energized by means of appropriate control
      systems, not shown, and through the shaft 280.
PAR  Whenever the battery 117 is so positioned, the leak testing assembly,
      generally designated 113, may be lowered into place such that the nozzle
      assemblies 128 through 133 mate with the various inlet ports of the
      battery 117. This occurs chiefly by means of the cylinder 141 and piston
      145 arrangement which is connected to the upper port of the assembly 113.
      In order to facilitate this operation, the assembly 113 includes upwardly
      depending rods 114 and 116 which are connected, by means of lines 508 and
      509, respectively, to a pair of counterweights 507 and 506 located
      conveniently within the upper portion of vertical support members 101 and
      102. In preferred embodiments, the rods 114 and 116 pass through bearing
      assemblies 148 and 149, and the lines 508 and 509 pass over pulleys
      located on cantilever support arms 119 and 121. By means of the
      counterweights 506 and 507, the assembly 113 may also be kept in a nearly
      balanced condition, such that minimal force is necessary from the cylinder
      141 and piston 145 for either upward or downward movement.
PAR  The structure of the assembly 113 may be appreciated in its more detailed
      aspects by consideration of FIGS. 5 through 8. The upper part of the
      assembly 113 is defined by a transverse yoke member 511 which is connected
      as shown to the rods 114 and 115 and the piston rod 145 from the cylinder
      141. Within the yoke 511 are conduits 512 and 513 which are coupled
      respectively to air inlet hoses 501 and 502, and which also are connected
      respectively to a pair of air pressure meters 503 and 504. The conduit
      513, which is supplied by air hose 502 and monitored by pressure meter
      503, is coupled as shown through three supply hoses 123, 125, and 127 to
      the nozzles 129, 131, and 133. Likewise, the other conduit 512 is
      connected to the inlet hose 501, monitored by the meter 504, and coupled
      to the air hoses 122, 124, and 126.
PAR  As may perhaps be best appreciated from the exploded view of FIG. 7, the
      end blocks 703 and 704 are mounted on rods 114 and 116 which permit upward
      and downward movement of the various blocks 706 through 711 and 603 under
      control of the cylinder 141 and piston 145. Each of the blocks 706 through
      711 and 603, respectively, is coupled at a top end to one of the air
      supply hoses 122 through 127 by means of a sleeve type connection.
      Likewise, each of the blocks 706 through 711 and 603 is penetrated by an
      opening extending downwardly through to the bottom and connected to the
      nozzles 128 through 133. Thus, when the whole assembly 113 is lowered over
      a battery to be tested, air from the inlet hoses 501 and 502 passes
      through various conduits in the yoke, downwardly through the air supply
      hoses 122 through 127, through the various blocks 706 and 711 and 603, and
      into the batteries through matable nozzles 128 through 133.
PAR  Each of the blocks 706 through 711 and 603 includes an outward protuberance
      713 through 718, respectively, on an outer face thereof. Likewise, the end
      blocks 703 and 704 include similar protuberances 719 and 720. The relative
      positioning of all of the blocks 706 through 711 and 603 on the rods 701
      and 702 is established by the penetration of the protuberances 713 through
      720 in appropriately spaced guide holes on an overlaying face place 134.
      As may be seen from the drawing, the plate 134 includes horizontal sets of
      holes at various spacings, each horizontal set corresponding to a
      different battery inlet port configuration. Thus, when the plate 134 is
      attached to the end blocks 703 and 704 by means of keys 136 and 137 and
      springs 722 and 721, protuberances 719 and 720 on the end blocks 703 and
      704 are established in corresponding ones of the holes in the plate 134.
      Positioning in such manner pf protuberances 719 and 720 thereby
      establishes unique positioning for protuberances 713 through 718 in
      corresponding predetermined spaced openings on the plate 134. Accordingly,
      such positioning of the plate on the end blocks 703 and 704 conclusively
      establishes spacings of the blocks 706 through 711 and 603, and thereby of
      the nozzles 128 through 133. Hence, any predetermined spacings and numbers
      of openings in the plate 134 may be utilized to adapt the assembly 113 for
      testing of batteries of any size and number of cells.
PAR  As is most clearly shown in FIG. 6, each of the nozzles 128 through 133 is
      made up of a nozzle portion 602 which is fit upwardly into the blocks,
      such as 603, and a washer portion 601 made of some deformable material
      which permits an air tight connection of the assembly with the battery
      inlet port. Deformation of the washer such as 601 occurs under pressure of
      the whole assembly 113 being lowered over the battery. A switch means 604
      energizes introduction of gas to the cell whenever the washer 601 is
      sealably mated on the battery 117. At that time, the entire arrangement is
      in the position shown in FIG. 1, and ready for the actual testing
      operation.
PAR  A preferred mode for operation of the embodiment described in similar to
      that set forth in the foregoing patent of Toback, wherein alternate sets
      of battery cells are tested simultaneously, after which the intervening
      alternate cells are so tested. Accordingly, once the assembly is
      positioned against the battery top, air is supplied through one of the
      inputs, such as 501, through the associated conduit, such as 512, and
      downwardly into the three battery cell cavities fed by hoses 122, 124, and
      126 and correspondingly by nozzle assemblies 128, 130 and 132. When a
      predetermined amount of air has been thus coupled into the alternate cells
      of the battery, it may be determined by the associated meter, 504, whether
      that pressure remains stationary or, by means of a leak, dissipates at an
      undesired rate. Such pressure monitoring by the meter 504 will be used, as
      described hereinafter, to energize the other mechanisms, as desired,
      depending upon whether the tested cells are found to be leaky or not.
      Thereupon, those cells are depressurized, and by a similar process,
      pressurized air is provided by inlet hose 502 through the conduit 513, the
      hoses 123, 125, and 127, and the nozzles 129, 131 and 133. Pressure in
      those cells is similarly monitored by metering means 503. Once the testing
      process is thusly completed, the entire assembly 113 may be lifted
      upwardly from the battery, and, depending upon whether the battery was
      found to be leaky or not leaky, appropriate mechanisms may be energized
      either to pass a battery on for further production, or to isolate leaky
      batteries from the processing apparatus.
PAR  FIG. 4 is believed most clearly to show suggested apparatus for the
      isolation of the batteries, in accordance with the conveyor design
      exemplified in FIG. 2. Located directly beneath the elongated rollers such
      as 412 which span the two conveyor segments 201 and 202 is control
      apparatus for shifting batteries from one conveyor to the other. More
      particularly, beneath rollers 412 are first and second cable loops 402 and
      403 which are interconnected by means of an adjustable link 404. In turn,
      the lower cable 403 passes over wheels 405 and 406, and the upper cable
      passes over pulleys 407 through 410. Mounted along the upper cable 402 by
      an appropriate link or pin mechanism is a push member 401. One or both of
      the wheels 405 and 406 is connected by means of appropriate gear, belt, or
      other transmission apparatus 901 to a power source 902, such that when the
      wheels are turned in a counterclockwise direction, the link 404 is moved
      toward conveyor 201, and when wheels 405 and 406 are turned in a clockwise
      direction, link 404 is moved toward conveyor 202. Correspondingly, as link
      404 moves from beneath conveyor 202 to a point beneath conveyor 201, the
      push mechanism 401 moves in the opposite direction, thereby carrying an
      associated battery 117 from beneath the leak testing assembly 113 to the
      second conveyor 202, as shown in phantom in FIG. 4. Thereupon, reversing
      the direction of wheels 405 and 406 reinstates the push mechanism 401 back
      in position to receive another battery for processing.
PAR  The mechanism shown in FIG. 4 for removing batteries from conveyor 201 to
      conveyor 202 serves as an automatic reject mechanism for removal of
      batteries ascertained to be leaky from the normal production line to a
      separate place, exemplified by conveyor 202, either for treatment as
      scrap, discarding, or investigation for discovery and repair of leaks.
      Accordingly, the power mechanism 901 and 902 which turns wheels 405 and
      406 and which thereby operates the push mechanism 401 is energized by
      detection of a leak by meters 503 and 504 after associated cells have been
      pressurized as described hereinbefore.
PAR  While the apparatus herein described may be utilized in various sequences
      of operation, a preferred mode is as follows. Assuming the pivotable
      rollers 159 and 167 to be in a downward position on the conveyor 201,
      passage of a battery such as 117 beyond the area of upward standard 101 is
      detected by sensing means, not shown (such apparatus may involve a
      photocell receiving a light beam passing across the conveyor 201,
      mechanical means sensing passage of the battery thereby, electrical or
      electronic sensing systems, or other appropriate apparatus), cylinder 179
      is energized to pivot rollers 159 and 167 upwardly as shown in FIG. 1. A
      battery for testing is thereby isolated, and other batteries are held in
      readiness for subsequent testing. Once the battery such as 117 is resting
      against upwardly pivoted roller 159, cylinder 183 is energized by other
      appropriate sensing mechanisms, not shown, and by means of fingers 186 and
      187, the battery is locked into place for testing. Thereupon, the assembly
      113 is lowered downwardly until the nozzles 128 through 133 mate with
      inlet ports of the battery, and in succession as shown hereinbefore,
      alternate series of cells are pressurized and the pressure changes therein
      monitored, to determine whether a leak has been found. If all cells are
      found not to be leaky, rollers 159 and 167 are pivoted downwardly to form
      a portion of conveyor 201, fingers 186 and 187 release the battery from
      pressure, and the tested battery advances for subsequent processing, while
      another battery is introduced for further testing. If one or more of the
      cells was found to be leaky, fingers 186 and 187 are pivoted downwardly
      but rollers 159 and 167 remain in place. Then, the cable mechanism 402 and
      403 is energized to move the battery across elongated roller such as 412
      onto the second conveyor 202. Pivotable rollers 159 and 167 may thereupon
      be downwardly pivoted to allow introduction of a new battery for testing,
      whereupon the procedure is repeated.
PAR  When in the foregoing method, various production steps were energized by
      sensing mechanisms, it will be apparent that many steps may be amendable
      to automatic sequential control utilizing appropriate apparatus, not
      shown. Such modifications are well within the scope of the present
      invention.
PAR  Likewise, many other minor modifications may be made without departing from
      the spirit or scope of the principles of the present invention. Likewise,
      some apparatus may be removed or additional apparatus may be added in
      accordance with the abilities of those ordinary skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Automatic leak testing apparatus for battery cells comprising:
PA1  a. a nozzle assembly movable to mate with at least one cell outlet of a
      battery;
PA1  b. means for periodically coupling and decoupling said nozzle assembly from
      said battery;
PA1  c. first conveyor means having a position for coupling said nozzle assembly
      to batteries as aforesaid;
PA1  d. means for introducing a predetermined amount of gas into a cell through
      said nozzle assembly;
PA1  e. meter means for monitoring the gas pressure in said cell; and
PA1  f. a reject mechanism, operable in response to said meter means, for
      isolating leaky batteries, comprising second conveyor means, and means,
      responsive to said meter means, for removing leaky batteries from said
      first conveyor means, and transferring said leaky batteries to said second
      conveyor means, said means for removing comprising:
PA1  i. continuous cable means between said first and second conveyor means; and
PA1  ii. a push rod connected to said cable and positioned contiguous to
      batteries at said position, said meter means energizing motion of said
      cable whereby said push rod moves a leaky battery to said second conveyor
      means.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said continuous cable means
      comprises:
PA1  a. a first cable loop over a first set of pulleys, said loop operable in
      response to said meter means;
PA1  b. a second cable loop over a second set of pulleys and connected at at
      least one point to said first cable loop, said push rod being connected to
      said second cable loop.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said first and second conveyor
      means each comprise a plurality of parallel rollers, at least a portion of
      the rollers spanning both conveyor means in the vicinity of said position
      and constituting a portion of each conveyor means.
NUM  4.
PAR  4. Apparatus as described in claim 3 wherein said first conveyor means
      comprises a plurality of substantially parallel rollers from a battery
      delivery point, to and including said position, and from said position to
      a subsequent processing station, the rollers at said position being longer
      than the others, and said second conveyor means comprises said longer
      rollers and a plurality of other rollers from said longer rollers to a
      removal station.
NUM  5.
PAR  5. Apparatus as described in claim 4 wherein said first and second cable
      loops are located beneath and parallel to said longer rollers, said push
      bar extending upwardly between ones of said longer rollers.
NUM  6.
PAR  6. Automatic leak testing apparatus for battery cells comprising:
PA1  a. a nozzle assembly movable to mate with at least one cell outlet of a
      battery;
PA1  b. means for periodically coupling and decoupling said nozzle assembly from
      said battery;
PA1  c. first conveyor means having a position for coupling said nozzle assembly
      to batteries as aforesaid;
PA1  d. said nozzle assembly comprising:
PA2  1. a vertically movable support means located at said position of said
      first conveyor means;
PA2  2. at least one nozzle means slidably mounted on said support means
      adjustable to be positioned over cell openings of batteries located at
      said position;
PAR  3. at least one protuberance of each of said nozzle means;
PA1  e. an overlay template having a plurality of perforations therein matable
      with said protuberances, thereby establishing positions for said nozzle
      means;
PA1  f. means for introducing a predetermined amount of gas into a cell through
      said nozzle assembly by a supply conduit;
PA1  g. meter means for monitoring the gas pressure in said cell comprising a
      gas pressure meter connected to said supply conduit;
PA1  h. said means for introducing further comprising means for providing gas
      through said conduit whereby aa leak in a cell partition may be detected
      by corresponding rise and fall of pressure at said meter;
PA1  i. said nozzle means having a portion sealably matable over a cell outlet
      of the battery, and switch means for energizing introduction of gas to the
      cell whenever the portion is sealably mated; and
PA1  j. a reject mechanism, operable in response to said meter means, for
      isolating leaky batteries, having means, responsive to said meter means,
      for removing leaky batteries from said first conveyor means.
NUM  7.
PAR  7. Automatic leak testing apparatus for battery cells comprising:
PA1  a. a nozzle assembly movable to mate with at least one cell outlet of a
      battery;
PA1  b. means for periodically coupling and decoupling said nozzle assembly from
      said battery;
PA1  c. first conveyor means having a position for coupling said nozzle assembly
      to batteries as aforesaid, said first conveyor means having a plurality of
      substantially parallel rollers, one of said rollers in the vicinity of
      said position being pivotable upwardly and over its next adjacent roller
      to provide a stop for batteries to be leak tested at said position;
PA1  d. means for introducing a predetermined amount of gas into a cell through
      said nozzle assembly;
PA1  e. meter means for monitoring the gas pressure in said cell; and
PA1  f. a reject mechanism, operable in response to said meter means, for
      isolating leaky batteries, having means, responsive to said meter means,
      for removing leaky batteries for said first conveyor means.
NUM  8.
PAR  8. Apparatus as described in claim 7 wherein another of said rollers
      between said position and the point of delivery of batteries to said first
      conveyor means is pivotable upwardly and over its next adjacent roller to
      provide a stop for subsequent batteries while a preceding battery is being
      leak tested.
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ABST
PAL  A constant output pump delivers a portion of a fluid, the viscosity of
      which is to be controlled, into a measuring capillary tube to develop a
      pressure differential across the measuring capillary tube. Means are
      provided to sense the pressure differential and control the fluid
      viscosity in response thereto. A second capillary tube is adapted to
      receive all of the fluid discharged from the measuring capillary tube and
      an elastic fluid space is interposed between the measuring capillary tube
      and the second capillary tube. The flow resistance of the second capillary
      tube and the elasticity of the fluid space functions to make the pressure
      differential independent of static fluid pressure changes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an arrangement for controlling the viscosity of a
      fluid having a constant output pump and a measuring capillary tube through
      which said output is forced, in which the differential pressure of said
      fluid between the beginning and the end of said capillary tube is used as
      a control signal so as to influence the viscosity of that fluid.
PAR  2. Description of the Prior Art
PAR  The prior art is shown in U.S. Pat. No. 2,771,770, which patent discloses a
      capillary tube viscosity meter, the output signal of which is used so as
      to automatically control viscosity. Said viscosity meter can readily be
      installed in a pipe line so that the viscosity of the fluid flowing in
      this line will be measured under the temperature actually present in the
      line, there being no need for extracting fluids out of said line for
      measuring purposes. In said known capillary tube viscosity meter a fluid,
      the viscosity of which has to be measured, is forced through a measuring
      capillary tube, the pressure difference of the fluid at the beginning and
      the end of the measuring capillary tube being measured. The pump and the
      capillary tube are integrated in such a way, that they can be arranged
      within the line, consequently they are surrounded by fluid flowing in the
      line, while the suction inlet of the pump and the outlet end of the
      capillary tube are in direct communication with the interior of the line.
PAR  Such viscosity meter can be easily installed in a line which supplies the
      heated fuel to a fuel burner installation or an injection internal
      combustion engine; in such systems not only proper operation but also the
      power consumption of the high pressure pump depend strongly on the
      viscosity of the fuel, so the fuel is heated in order to reach the wanted
      low viscosity. The known viscosity meter is adapted to continually measure
      the viscosity at the temperature actually present in the fluid line or to
      control the viscosity because whether in the pump nor in the capillary
      tube a decrease in temperature of the fluid will occur.
PAR  The above, however, has the drawback that the accuracy of the viscosity
      measurement also depends on the static pressure at the point where the
      fluid discharges from the measuring capillary tube. Until now the pressure
      variations in the static pressure were restricted, but recently fuel
      systems are used having automatic means such as self cleaning filters,
      which introduce relatively high, partly periodic, pulse-shaped pressure
      variations in the fuel system. In the prior art viscosity control system
      these pulsations, which are superimposed on the proper control signal, are
      transferred onto the means which influence the viscosity of the fluid.
      Generally, in such control systems the first means is a differential
      pressure transmitter. This differential pressure transmitter is influenced
      by the pulsations in a non-linear way. As a result, errors are introduced
      in the processing of said control signal and under serious conditions the
      differential pressure transmitter could be forced completely out of its
      normal linear control range.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a viscosity control
      system which is not effected by slow or pulse-shaped variations in the
      static pressure of the fluid at the point where the fuel used for the
      measuring rejoins the main flow.
PAR  For attaining this object the invention provides for a second capillary
      tube through which the fluid discharged from the measuring capillary tube
      is forced and that a fluid space is interposed between the measuring
      capillary tube and said second capillary tube and that the fluid space has
      elastic properties.
PAR  It is a further object of the present invention to provide for low cost
      capillary tubes which can be readily connected and can be arranged in a
      small space.
PAR  To this end the arrangement according to the present invention is
      characterized in that both capillary tubes have the configuration of
      grooves in the outer surface of a first member, said grooves being covered
      by a second member.
PAR  It is still another object of the present invention to provide means for
      readily matching the magnitude of the differential pressure which
      corresponds to a predetermined viscosity to the means which act upon the
      viscosity of the fluid.
PAR  According to a further characteristic of the present invention, said second
      member has a recess at his covering side which covers a greater or smaller
      portion of the measuring capillary tube by shifting the second member
      relative to the first one.
DRWD
PAR  The above and other objects and characteristics of the invention will be
      better understood from the following detailed description of an embodiment
      in conjunction with the accompanying drawings in which:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a known arrangement for the control of the
      viscosity;
PAR  FIG. 2 is the measuring part of the arrangement according to the invention;
PAR  FIG. 3 is a longitudinal sectional view of a capillary system according to
      the present invention;
PAR  FIG. 4 is a top view of a further embodiment of the first portion of the
      capillary assembly and
PAR  FIG. 5 is a top plan view of a sealing plate of the capillary assembly of
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the prior art viscosity control system is used in a
      fuel supply system for a fuel burner installation or an injection internal
      combustion engine. Fuel is being supplied at 1 and is heated in a
      steamheater 2 to a temperature for a rated viscosity. Fuel then passes to
      the viscosity measuring unit 3 and subsequently through the fuel line 4 to
      the high pressure pump, not shown. The viscosity measuring unit 3
      principally consists of a small gear pump 5 which sucks at 6 a constant
      volume of fuel, forces the same through conduit 7 and through the
      capillary tube 8. Between points 10 and 9 a pressure drop across the
      capillary tube builds up, being a measure for the viscosity of the fuel.
      Said pressure difference is transferred through measuring lines 11 and 12
      to the differential pressure transmitter 13. Said differential pressure
      transmitter 13 can be considered as an amplifier and a matching means
      which converts a relatively small pressure difference between measuring
      lines 11 and 12 into a control signal adapted to control the pneumatic
      control station 18. Said pneumatic control station compares the incoming
      control signal with a standard signal, the present differences being used
      after amplification so as to adjust the position of the control valve to
      return the measured value to the set point. To this end, the control valve
      16 is arranged in line 17 supplying a heating fluid to fuel heater 2, thus
      raising fluid temperature and consequently controlling fuel viscosity.
      Power for operating the differential pressure transmitter 13 and control
      station 18 is being supplied by pressed air supply 14.
PAR  As already mentioned above said prior art system shows the inherent
      drawback in that periodic pulsations in the fuel supply are transmitted
      through line 11 to the pressure difference transmitter, affecting the same
      in a non-linear way. Consequently, the control operation is affected and
      in worse circumstances control can break down completely.
PAR  In order to provide proper control of viscosity even in fuel systems having
      high pulsations, according to the invention the prior art viscosity
      measuring unit 3 shown in FIG. 1 is replaced by the one shown in FIG. 2.
PAR  Referring to FIG. 2 in the viscosity measuring unit 3 a small gear pump 5
      sucks a constant volume of fluid from the fuel line through suction inlet
      6 and is forcing the sample through conduit 7 into the measuring capillary
      tube 8. Just as in the prior art device the pressure difference building
      up across the measuring capillary tube 8 between 10 and 9 is a measure for
      the viscosity of the fuel. According to the present invention, the
      measuring capillary tube 8 is connected to a damping capillary tube 20 at
      point 9 so that fluid being passed by the gear pump only discharges at 19
      in the main flow. The pressure difference over measuring capillary tube 8
      is transmitted through lines 11 and 12 and to the differential pressure
      transmitter 13. Damping capillary tube 20 operates in cooperation with a
      fluid space connected to point 9 said fluid space having elastic
      properties to dampen pulsations present at outlet 19 so that they are not
      propagated into the measuring lines 11 and 12 and the differential
      pressure transmitter. The fluid space comprises the measuring line 11 and
      the differential pressure transmitter 13 while the elastic properties
      thereof are provided by three contributing factors namely the elasticity
      of the fuel in the measuring line 11, the inherent resilience of the
      measuring line itself and the bellows system in the differential pressure
      transmitter 13. Consequently, viscosity control is no longer affected by
      slow or fast variations in pressure in the fuel system. In order to raise
      the damping action, the flow resistance of damping capillary tube 20
      should be designed as high as possible.
PAR  It should be noted that damping of pulsations in the fuel system with
      respect to the control could as well be provided by arranging capillary
      tubes for instance in the measuring lines 11 and 12, however, this
      introduces high time lags which could affect viscosity control seriously.
      No such deterioration in time lag exists in the device according to the
      invention.
PAR  Fitting the damping capillary tube of the present invention and especially
      the jointing the same to the measuring capillary tube, is complicated if
      conventional capillary tubes having circular cross sections would be used.
      A capillary system which can be manufactured in a relatively simple way,
      which is compact, has a great flexibility in the choice in length and
      cross section of various capillary tubes and to which joints could be
      readily made, is shown in the embodiment of FIG. 3. This figure shows a
      longitudinal cross section of the measuring unit comprising a cylindrical
      member 30 and surrounded by the sealing ring 31. The capillary tubes
      consist of principally triangular grooves in the outer surface of the
      cylindrical member, which grooves can be arranged in the outer surface
      circularly or helically. The fuel supplied by the gear pump is supplied at
      port 32 and passes through a bore in the cylindrical member 30 into the
      beginning of the measuring capillary tube 33. The measuring capillary tube
      33 extends on a semi-circle to the end 34 of measuring capillary tube,
      which communicates with bore 35. Said bore 35 communicates at the one side
      through port 36 with measuring line 11 (FIG. 2) and at the other side with
      the damping capillary tube 37. Said damping capillary tube 37 extends
      helically on the cylindrical member 30 and communicates at its end 38,
      where the ring 31 terminates, with free space. In this case free space is
      the inner of the fuel line because the present compact embodiment of the
      capillary tube system together with the gear pump are installed such, that
      they are substantially surrounded by the fuel. Measuring line 12 (FIG. 2)
      is sealed in port 39.
PAR  It is also possible to enlarge the cylindrical member 30 in an upward
      direction, the gear pump then being arranged within said member so that
      port 32 can be dispensed with.
PAR  FIGS. 4 and 5 show a further embodiment of the capillary tube system. FIG.
      4 is the top plane view of the flat surface of a cylindrical member 40.
      Similarly to the above embodiment the capillary tubes consist of
      principally triangular grooves in the end surface of the cylindrical
      member, said grooves being covered by a sealing plate 50, shown in FIG. 5.
      The bore 41 of FIG. 4 is connected to the pressure outlet of the gear pump
      and also to the measuring line 12 (FIG. 2). At the front side bore 41
      communicates with groove 42, forming the measuring capillary tube. Said
      capillary tube 42 extends into a bore 43 which bore communicates at the
      rear side with measuring line 11 (FIG. 2). The damping capillary tube 44
      extends spirally, starting from bore 43, to the center of the end surface.
      Fuel passes from the end of damping capillary tube 45 through bore 51 in
      the sealing plate of FIG. 5 into the space. Sealing plate 50 of FIG. 5 is
      fixed by means of four screws through bores 46 to the body 40 in FIG. 4,
      bores 52 being aligned with bores 46.
PAR  The bores 52 being slot-shaped, it is possible to rotatably shift the
      sealing plate 50. Accordingly recess 53, arranged in the rear surface of
      the sealing plate will overlap a smaller or greater portion of the
      measuring capillary tube 42. In this way, it is possible to increase or
      decrease the effective length of the measuring capillary tube 42.
      Consequently, a predetermined viscosity will correspond to a higher or a
      lower differential pressure. In this way it is possible to match this
      differential pressure to a value required by the differential pressure
      transmitter or any other means connected to the capillary tube system.
      Said means could be a differential pressure indicator having a viscosity
      dial. Calibration of said indicator can be performed by rotationally
      adjusting the sealing plate 50.
PAR  Instead of arranging capillary tubes in the flat surface of the cylindrical
      member 40, a thin plate can be sandwiched between member 40 and sealing
      plate 50, having a thin continuous opening, the configuration of which is
      similar to the grooves shown in FIG. 4.
PAR  While the principals of the invention have been described above in
      connection with specific apparatus, it is to be understood that this
      description is made only by a way of example and not as a limitation on
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for controlling the viscosity of a fluid, comprising:
PA1  a constant output pump for pumping at least a portion of the fluid;
PA1  a measuring capillary tube through which the output of the pump is forced
      to develop a differential pressure along said measuring capillary tube;
PA1  means for sensing the differential pressure in said capillary tube and for
      developing a control signal for controlling the viscosity of said fluid;
PA1  a second capillary tube associated with the measuring capillary tube for
      receiving the fluid discharged therefrom; and
PA1  means for providing an elastic fluid space connected to a point between the
      measuring capillary tube and the second capillary tube, whereby said
      elastic fluid space cooperates with the resistance of the second capillary
      tube to dampen variations in the static pressure of the fluid so that the
      differential pressure in the measuring capillary tube is not effected
      thereby.
NUM  2.
PAR  2. A system as described in claim 1, wherein the flow resistance of the
      second capillary tube is considerably greater than that of the measuring
      capillary tube.
NUM  3.
PAR  3. A system according to claim 1, wherein the capillary tubes are formed by
      grooves formed in the outer surface of a first member and a second member
      covering said grooves to form the tube.
NUM  4.
PAR  4. A system as described in claim 3, wherein the cross section of a groove
      is substantially triangular in shape.
NUM  5.
PAR  5. A system as described in claim 3, wherein fluid connection with the
      grooves is made by means of ducts formed within at least one of said first
      and second members.
NUM  6.
PAR  6. A system as described in claim 3, wherein the first member is
      cylindrically shaped having the grooves extending about the cylindrical
      surface.
NUM  7.
PAR  7. A system as described in claim 6, wherein the grooves extend helically.
NUM  8.
PAR  8. A system as described in claim 3, wherein the outside surface of said
      first member is a flat surface having the grooves formed therein.
NUM  9.
PAR  9. A system as described in claim 3, wherein said second member has a
      recess in its covering side, said recess being formed and arranged to
      cover a greater or smaller portion of the measuring capillary tube when
      the second member is shifted relative to the first member.
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ABST
PAL  A device for facilitating rapid and accurate determination or measurement
      of sedimentation rates of fluid suspensions, e.g. erythrocytes in blood
      plasma, includes a sedimentation tube having open upper and lower ends, a
      scale with a zero point adjacent the upper end of the tube, and means for
      selectively opening and closing the tube adjacent said upper end, said
      means having a surface portion extending across the tube when the tube is
      closed, which surface portion is located precisely at the zero point in
      the scale.
BSUM
PAR  Determinations of blood-sedimentation rates are generally effected by the
      method of Westergren, wherein blood is injected or drawn into a
      transparent, graduated tube about 200 mm in length and having an open
      upper end. Generally, the sedimentation of the erythrocytes at the upper
      phase boundary can be checked after 1 and 2 hours. One disadvantage of
      this method is that the filling of the tube must be effected carefully so
      that the upper end of the blood column is precisely coincident with the
      zero mark of the graduation. This requires a certain skill and practice,
      especially when use is made of syringes of synthetic material and it is
      therefore difficult to avoid jerky movement of the pistons. Another
      disadvantage resides in the fact that small air bubbles gather at the
      upper end of the blood column only gradually and sometimes occupy several
      millimeters of the column. This makes an exact reading very difficult. For
      these reasons, blood sedimentation readings in the lower ranges are
      generally considered unreliable and only readings in the higher ranges are
      accepted as a diagnostic criteria.
PAR  In accordance with the present invention, a device is provided for
      adjusting the zero point quickly and exactly and, moreover, for
      eliminating completely the reading error caused by air bubbles.
PAR  The device of the invention is illustrated by way of example in the
      accompanying drawing, in which:
DRWD
PAR  FIGS. 1, 2 and 3 illustrate three embodiments of closure means for rapidly
      and precisely fixing a zero point from which measurement can be effected;
      and
PAR  FIG. 4 illustrates a preferred embodiment of structure of the lower end of
      the device which may be used in conjunction with any of the closure means
      illustrated in FIGS. 1 to 3.
DETD
PAR  With reference now specifically to FIG. 1, an embodiment is shown which
      consists essentially of a transparent tube 1, preferably of glass or
      plastic, provided with a stopcock 2, a supporting flange 3 and a scale
      shown schematically at 5 with its zero point at the same level as the
      lowest portion of the periphery 4 of the stopcock 2.
PAR  The device shown in FIG. 2 is similar except for the fact that a sealing
      slide or gate valve 7 is provided in the upper end of the tube 1. The
      lower surface of the gate coincides with the zero point of the scale.
PAR  FIG. 3 shows an embodiment in which a stopper 8 with overhanging flange 9
      is inserted into the upper end of the measuring tube 1. The lower and
      inner surface 10 of the stopper represents the zero mark which is brought
      to coincidence with the zero mark of the scale 5 by abutment of flange 9
      with the top of supporting flange 3.
PAR  FIG. 4 shows an embodiment of the lower end of the measuring tube 1
      provided with a stopper 11 having a capillary bore 12 and a conical recess
      13 for reception of a syringe. It is to be understood, of course, that
      this embodiment is compatible with any of the structures illustrated in
      FIGS. 1, 2 and 3.
PAR  In operation, the tube 1 is filled with fluid 6, preferably from below,
      through the capillary 12 with a syringe inserted into the recess 13. When
      the tube 1 is filled completely, or at least to a level above the zero
      point on the scale 5, the upper end of the tube is sealed by turning the
      stopcock 2 to the closed position shown in FIG. 1, sliding the gate 7 to
      the closed position shown in FIG. 2, or inserting the stopper 8 to the
      closed position shown in FIG. 3. Withdrawal of the syringe, or even of the
      stopper 11 from the lower end of the tube 1, does not result in draining
      of the fluid from the tube and measurement of the sedimentation rate with
      the aid of the scale can begin without guesswork as to the precise upper
      level of the fluid. The tube can readily be placed in a suitable stand or
      rack with the stopper upward. The above-described manipulations require
      considerably less time than any methods usually employed in clinical
      practice for starting a blood sedimentation count. Moreover, in any case
      an exactly filled in blood column with an exactly defined zero point for
      the sedimentation count is insured.
PAR  When sealing devices having identical measurements are used for the
      determination of sedimentation rates, it is feasible to use a separate
      scale not marked on the blood sedimentation tube, the lower limit of the
      sealing device being the reference point for the zero point of the scale.
      In this case, the scale may be part of a mounting device or holder or it
      may be marked thereon.
PAR  Since the fluid column is prevented by atmospheric pressure from flowing
      out of the lower end of the tube, it is unnecessary to seal the tube at
      the lower end. However, when handled, mechanical vibrations may occur
      which may cause agitation and possibly disruption of the fluid column and,
      consequently, formation and rising of air bubbles. Therefore, it is
      preferable to reduce the diameter of the tube at the lower end
      sufficiently to eliminate this danger by the increase in surface tension
      thus attained. This is most desirably accomplished by inserting into the
      lower end of the tube a separate insert, such as that illustrated in FIG.
      4, which has such a reduced inside diameter and also has an inner cone
      suitable for positioning a syringe.
PAR  The scale may be fixed to or marked on the tube. However, it may be more
      advantageous and is within the scope of the invention to have two scales
      fixed to or marked on the tube, the zero points of the scales being
      adjacent opposite ends of the tube and, in effect, making the tube double
      ended. With that embodiment, it is not necessary to pay attention to the
      direction in which the tube is filled.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sedimentation tube for use in measuring the sedimentation rates of
      erythrocytes in blood plasma, said tube having open upper and lower ends,
      a scale with a zero point adjacent the upper end of the tube and extending
      therefrom along the tube for use in determining said sedimentation rate;
      and means for selectively opening and closing said tube adjacent said
      upper end, said means having a surface portion extending across the tube
      when the tube is closed, which surface portion is located precisely at
      said zero point on the scale whereby filling of said tube with a liquid to
      said surface portion precisely locates the zero point of the column of
      liquid while said means allows the interior of the tube to be opened to
      the atmosphere to permit escape of air bubbles which may form in the tube
      between the column of liquid and said means during filling.
NUM  2.
PAR  2. Sedimentation tube as defined in claim 1 wherein said closing means is a
      stopper fitting into the upper end of the tube.
NUM  3.
PAR  3. Sedimentation tube as defined in claim 1 wherein said closing means is a
      rotatable stopcock.
NUM  4.
PAR  4. Sedimentation tube as defined in claim 1 wherein said closing means is a
      slide valve.
NUM  5.
PAR  5. Sedimentation tube as defined in claim 1 wherein said closing means is
      provided with a supporting flange adapted to be positioned outside and
      around the tube at the zero point when the closing means is in the
      operative closing position.
NUM  6.
PAR  6. Sedimentation tube as defined in claim 1 provided at the lower end with
      an insert having a considerably reduced diameter.
NUM  7.
PAR  7. Sedimentation tube as defined in claim 1 having two scales with zero
      points adjacent the opposite ends thereof.
NUM  8.
PAR  8. A sedimentation tube ad defined in claim 1 wherein said scale is formed
      on the tube.
NUM  9.
PAR  9. A sedimentation tube as defined in claim 6 wherein said insert has a
      central base formed therein including a first bore portion of
      predetermined uniform reduced diameter and a second bore portion on the
      extreme end thereof having a generally conical configuration for receiving
      the end of a syringe for filling the tube with blood through said insert.
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ABST
PAL  Depth measuring apparatus especially useful for measuring the depth of
      cells formed in a material layer, such as a rotogravure printing cylinder.
      An ultrasonic transmitter/receiver is adjustably mounted to a coupling
      element which is adjacent a surface having cells therein whose depth is to
      be measured. The position of the ultrasonic transmitting/receiving unit is
      adjustable with respect to the coupling element so as to adjust the angle
      at which the ultrasonic beam is impinged upon the material layer with
      respect to the plane of the material layer. The coupling element itself
      also has adjustment means associated therewith for adjusting the angle at
      which the ultrasonic beam is impinged on the material layer with respect
      to the plane of wall portions of cells formed in the material layer.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  The present invention is directed to apparatus useful in practicing methods
      disclosed and claimed in copending application Ser. No. 371,467, filed
      June 19, 1973, now Pat. No. 3,885,422 and the method disclosed in
      application Ser. No. 219,991, filed in 1972, now Pat. No. 3,808,878.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus useful in sensing the depth of cellular
      pits or cells formed in a surface. The apparatus is particularly useful in
      the preparation of rotogravure cylinders.
PAR  In the production of rotogravure cylinders to be used in an intaglio
      printing process, a plurality of closely adjacently spaced cells or
      cup-shaped pits are formed in the cylinder surface, either by
      electromechanical means or by means of an etching process. During the
      printing operation, the cells formed receive the printing ink and
      establish varying intensities of color shade depending upon their volume,
      so that a desired pattern including respective variations of color tone
      intensity can be produced. Thus, the intensity of the print depends upon
      the quantity of printing ink contained in the individual cells, i.e. on
      the section area and/or the depth of the cells. Therefore, it is of
      principle importance in the production of the rotogravure cylinders that
      the cells be formed to have a desired depth and thus provide a faithful
      color reproduction of the image of an original.
PAR  It has heretofore been customary to sense and inspect engraved cells or
      etched cells with respect to their depth or their volume by means of a
      microscope. Furthermore, it is possible to scan and record the profile of
      a predetermined number of cells by using profile recorders and with the
      aid of a special stylus. The values obtained in this way can then be
      compared with an empirically established scale of values in order to
      determine whether the examined cells have the necessary depth. However,
      these measuring methods are extremely cumbersome and time-consuming.
PAR  There is disclosed and claimed in copending application Ser. No. 371,467,
      filed June 19, 1973, and application Ser. No. 219,991, filed in 1972, an
      improved method for determining the depth of cells formed in a material
      surface. In accordance with the method, cells of an individual region are
      scanned successively by a bundle of an ultrasonic beam which is projected
      onto the surface of the material layer in a plane perpendicular to the
      side walls or side wall portions of the cells and at a specific angle with
      respect to the surface of the material layer. A portion of the ultrasonic
      beam is reflected back towards a source by the side wall and bottom
      portions of the scanned cell regions so that the reflected portion of the
      ultrasonic beam is parallel to the incident beam. As explained in the
      above-identified copending patent applications, the intensity or amount of
      the reflected ultrasonic beam depends upon the size of the area of the
      wall of the cell and hence on the depth of the cell because with a given
      diameter of ultrasonic beam and with increasing wall size or depth of the
      cell, an increased portion of the incident ultrasonic beam is returned to
      the receiver and measured thereby.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide apparatus for use
      in ultrasonically measuring the depth of cells formed in a material
      surface.
PAR  It is a more specific object of this invention to provide adjustable
      apparatus for generating and coupling an ultrasonic beam into cells formed
      in a material surface whereby the amount of the ultrasonic beam reflected
      parallel to the incident beam is detected and used as an indication of the
      depth of the cell.
PAR  Briefly, in accordance with one embodiment of the invention, there is
      provided an ultrasonic sensing head capable of both transmitting and
      receiving an ultrasonic beam. The ultrasonic sensing head is adjustably
      mounted within a housing which is adapted to be locked relative to the
      material layer surface.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross-sectional view of apparatus in accordance with
      the invention shown suitably positioned on the surface of a material
      layer;
PAR  FIG. 2 is a diagrammatic cross-section of a typical cell formed in the
      material layer, the depth of which cell is to be measured.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows one embodiment of apparatus in accordance with the invention,
      which apparatus is shown mounted in fixed relative position to the surface
      of a material layer such as a rotogravure printing cylinder. The apparatus
      includes a frame or a housing 2 which, on its side opposing the printing
      cylinder surface 9, is provided with a lateral aperature 16 to facilitate
      easy actuation and handling of the measuring device, as more specifically
      described hereinafter. A retainer rod 7 passes through the upper portion
      of the housing 2, which rod carries at its upper end a gripping element,
      such as a knurled wheel or a knurled disc 1. Interiorally of the housing,
      the retainer rod 7 is provided, for example, with a welded support washer
      11 some centimeters under the upper housing wall. A compression spring 8
      is interposed between the support washer 11 as one abutment surface and
      the inner face of the upper housing wall as a second abutment surface.
      Under the support washer 11 the retainer rod 7 is offset or bent, which
      configuration, although not essential, is advantageous. A coupling element
      5 is provided as shown in FIG. 1 and preferably has a partly spherical or
      partly cylindrical shape, such as a hemispherical shape or a
      semi-cylindrical shape. The coupling element 5 is suitably attached to the
      lower end of the retainer rod 7, preferably so as to be rotatable about
      the lower end of the retainer rod. As shown, the retainer rod 7 holds the
      coupling element 5 centered relative to a particular vertical point
      (centerline 13) on the material layer surface 9 or on the rotogravure
      cylinder 6.
PAR  An ultrasonic sensing head 3 is placed, with an intermediate lubricant
      layer, such as a silicone oil layer, onto the outer (i.e. spherical or
      cylindrical surface of the coupling element 5 with the interposition of
      another coupling element 10 having its contact surface exactly adapted to
      the outer surface of the coupling element 5. The elements 5 and 10 may be
      formed of any suitable material which efficiently transmits ultrasonic
      beams and the elements 5 and 10 should be formed of materials which have
      the same or substantially the same index of refraction for ultrasonic
      beams.
PAR  The ultrasonic measuring head may be a conventional type standard
      ultrasonic combined transmitter/receiver, such as those manufactured by
      Branson Instruments Company, Stamford, Conn. The ultrasonic beam from such
      a transmitter can have a diameter, for example, of approximately 12.7 mm.
      This ultrasonic measuring transmitter/receiver 3 is positioned or aligned
      in such a way that the ultrasonic beam impinges upon the base point of the
      vertical centerline 13 on the surface of the material layer 9. The
      attachment of the ultrasonic measuring head 3 on the coupling element 5 is
      made, on the one hand, between the other coupling element 10 which
      contacts the ultrasonic emission surface of the measuring head 3 by means
      of a socket 14, or any equivalent positively locking attachment element.
      In accordance with the preferred embodiment of the invention, elastic
      tensioning retainer elements 4, which can, for example, be rubber or
      neoprene strips or even tension spring elements, are anchored in
      appropriate recesses 12 at the lower edge of coupling element 5, which
      lower edge can be slightly raised relative to the contact surface of the
      coupling element 5 on the material layer surface 9. These tensioning
      retainer strips 4 pass over a stud 15 or the like on the ultrasonic
      measuring head, such that the ultrasonic measuring head is urged against
      the second coupling element 10 which, in turn, is pressed against the
      coupling element 5. As previously pointed out, a lubricant layer is
      maintained between the mating surfaces of the coupling elements 5 and 10
      and can be a silicone oil composition. If desired, means such as a
      reservoir can be provided for continuously replenishing the lubricating
      oil layer.
PAR  In operation, the housing 2, in combination with the retainer rod 7 and the
      lower coupling element 5 attached thereto, is brought into a predetermined
      relative position to the material layer which, for example, is a
      rotogravure printing cylinder. Although not necessary, the outer lower
      housing edge may thereby contact the material layer surface 9. In view of
      the action of the compression spring 8, the lower contact or abutment
      surface of the coupling element 5 contacts the material layer surface 9
      with a certain pressure. In accordance with a preferred embodiment, a
      continuously maintained lubricant layer is maintained between the lower
      contact or abutment surface of coupling element 5 and the surface of the
      material layer 9. This lubricant layer can be a silicone oil composition,
      for example, and suitable reservoir means may be provided for maintaining
      a constant supply of the lubricant. The lubricant permits the apparatus to
      be smoothly and easily shifted from one sensing position on the surface 9
      of the rotogravure cylinder to the next sensing position.
PAR  In order to determine the depth, such as the etched depth of ink receiving
      cells formed in the surface of the material layer such as the rotogravure
      cylinder, the ultrasonic measuring head or transmitter/receiver provided
      with the second coupling element 10 is attached and fixed on the lower
      coupling element 5 in a given angular position by means of the resilient
      tensioning retainer elements 4. This angular position may be varied in a
      relatively easy manner by shifting the sensing head 3 and the coupling
      element 10 with respect to the coupling element 5, whereby the mutually
      contacting abutment surfaces of the two coupling elements 5 and 10 slide
      upon each other via the intermediate lubricating film. However, the
      tensioning retainer elements 4 retain the measuring head 3 with a
      sufficiently great bias force against the lower coupling element 5 that
      the measuring head cannot shift by itself. Accordingly, the measuring head
      3 is adjusted, for example, in accordance with the directions according to
      the methods described in the above-mentioned copending patent
      applications, to a predetermined angle either relative to the centerline
      13 or relative to the surface of the material layer or with respect to a
      tangent to the base point of the perpendicular line 13 and the surface of
      the material layer. In principle, this angle can be any angle between
      0.degree. and 90.degree.. The respective limits should be avoided because
      it is difficult to obtain verifiable clear measuring results at these
      limits. On the other hand, proper results are obtained in the angular
      range of between 10.degree. and 70.degree.. For reasons of geometrical
      optics, which are explained in more detail in the specifications of the
      above-mentioned copending patent applications, an optimum yield of a
      measured value signal is achieved at an angle of projection of about
      30.degree. relative to the perpendicular line 13. This position
      corresponds approximately to the position of the measuring head as shown
      and illustrated in FIG. 1. Once the measuring head is adjusted to optimum
      values, an adjustment of the ultrasonic beams to the cells to be measured
      in the surface of the material layer may be effected simply by rotating
      the knurled wheel 1. That is, the knurled wheel 1 is rotated so as to
      rotate the coupling elements 5 and 10 and hence the ultrasonic sensing
      head 3 to the point where the ultrasonic beam impinges upon a cell in a
      plane which is perpendicular to the plane of the side wall portions of the
      cell. Maximum reflection of the ultrasonic beam by the side walls and the
      bottom portions of the cells will be achieved when the plane of the
      impinging ultrasonic beam is at 90.degree. or perpendicular to the plane
      of the side walls of the cells. The lower coupling element 5 under the
      action of the spring 8 is always held in firm contact with the surface of
      the material layer 9.
PAR  As explained in the previously mentioned copending patent applications, and
      as can be visualized by referring to FIG. 2, the ultrasonic beam S
      impinges upon the material layer surface 9 at an angle .theta., which as
      explained previously, can be between 0.degree. and 90.degree. but, in
      accordance with one embodiment, is approximately 30.degree.. Portions of
      the ultrasonic beam S strike the upper portion of the surface 9 and are
      reflected off the surface at some angle. Certain other portions of the
      ultrasonic beam S impinge upon the walls of the cell and are reflected to
      the bottom of the cell which in turn reflects the ultrasonic beam back out
      in a direction parallel to the incoming beam. Likewise, portions of the
      ultrasonic beam strike the bottom of the cell and are reflected from the
      bottom to the side wall and are reflected by the side wall back in a
      direction parallel to the incoming beam. As explained in the
      above-mentioned copending patent applications, the portion of the incoming
      ultrasonic beam which is reflected parallel to the incoming beam is
      proportional to the area of the wall portions W and hence proportional to
      the depth of the cell and detection and measurement of the reflected
      portions of the ultrasonic beam serve as an indication of the depth of the
      cell.
PAR  Although the invention has been described with reference to particular
      preferred embodiments, it is obvious that certain modifications can be
      made to these preferred embodiments by those skilled in the art without
      departing from the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring the depth of cells formed in the surface of a
      material layer comprising:
PA1  an ultrasonic sensing head;
PA1  adjustable mounting means for adjustably mounting said ultrasonic sensing
      head comprising;
PA1  means for displacing said ultrasonic sensing head at a desired acute angle
      of substantial magnitude with respect to a perpendicular from said surface
      of the material layer and
PA1  said adjustable mounting means including a housing having means for
      maintaining the adjustable mounting means in contact with the surface, and
PA1  said adjustable mounting means comprising a coupling element having a
      matched abutment surface contacting said material layer surface and
      including means rotatably mounted in said housing, and being adjustably
      mounted to said coupling element whereby said coupling element is moved
      transversely of said perpendicular upon rotation of said means, and
PA1  said coupling element having an additional abutment surface of a
      predetermined geometric configuration, and including tensioning retainer
      elements for securing said ultrasonic sensing head to said additional
      surface of predetermined geometric configuration.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 in which said abutment surface of
      predetermined geometric configuration is at least partially spherical.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 in which said abutment surface of
      predetermined geometric configuration is at least partially cylindrical.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 including:
PA1  an intermediate coupling element having means fixedly coupling the
      ultrasonic sensing head thereto,
PA1  said intermediate coupling element also having an abutment surface matching
      the additional abutment surface of predetermined geometric configuration
      of said coupling element, and
PA1  wherein said tensioning retainer elements hold said additional surface of
      predetermined geometric configuration and said matching abutment surface
      of said intermediate coupling element in mating relationship.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein said means for maintaining
      includes compression spring means, said compression spring means abutting
      a portion of the housing and biasing said retainer rod means and hence
      said coupling element against said material layer surface.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 in which said retainer rod means
      has an end opposite the coupling element, which end protrudes beyond said
      housing and includes a gripping element mounted to said end.
NUM  7.
PAR  7. An apparatus for measuring the depth of cells formed in the surface of a
      material layer comprising:
PA1  an ultrasonic sensing head,
PA1  adjustable mounting means for mounting said ultrasonic sensing head at a
      desired angle with respect to said surface of the material layer,
PA1  said adjustable mounting means including a housing having means for
      maintaining the adjustable mounting means in contact with said surface,
PA1  said adjustable mounting means also including a coupling element having a
      matched abutment surface for contacting said material layer surface,
PA1  said housing supporting a retainer rod means for biasing said coupling
      element toward said surface,
PA1  said coupling element having an additional abutment surface of a
      predetermined geometric configuration, and including tensioning retainer
      elements for securing said ultrasonic sensing head to said additional
      surface of predetermined geometric configuration,
PA1  compression spring means,
PA1  said compression spring means abutting a portion of the housing and biasing
      said retainer rod means to maintain said coupling elements in contact
      against said material layer surface,
PA1  said retainer rod means being pivotally mounted to said coupling element,
      said retainer rod having a lower portion in oblique and concentric
      relation to a perpendicular reference with the material layer surface at
      the point of impingement of the ultrasonic beam.
NUM  8.
PAR  8. An apparatus for measuring the depth of cells formed in the surface of a
      material layer comprising:
PA1  an ultrasonic sensing head,
PA1  adjustable mounting means for adjustably mounting said ultrasonic sensing
      head for rotation to a desired acute angle of substantial amount with
      respect to a perpendicular from said surface of the material layer,
PA1  said adjustable mounting means including a housing having means for
      maintaining the adjustable mounting means in contact with the surface,
PA1  said adjustable mounting means also including further means for adjustably
      positioning said ultrasonic sensing head transversely of said
      perpendicular,
PA1  a coupling element having a matched abutment surface contacting said
      material layer surface, said further means including a retainer rod means
      adjustably mounting said coupling element for movement transversely of
      said perpendicular,
PA1  said coupling element having an additional abutment surface of a
      predetermined geometric configuration, and including tensioning retainer
      elements for securing said ultrasonic sensing head to said additional
      surface of predetermined geometric configuration,
PA1  said maintaining means including compression spring means, said compression
      spring means abutting a portion of the housing and biasing said retainer
      rod means and hence said coupling element against said material layer
      surface,
PA1  said retainer rod means having an offset portion, an upper portion
      rotatably mounted to said housing and a lower portion connected to said
      coupling element whereby the coupling element is moved transversely of
      said perpendicular by rotation of said upper portion.
NUM  9.
PAR  9. Apparatus in accordance with claim 4 in which said tensioning retainer
      elements are resilient to permit said ultrasonic sensing head and hence
      said intermediate coupling element to be pivoted on and with abutting
      contact to the abutment surface of predetermined geometric configuration
      of said coupling element relative to the point of intersection of the
      ultrasonic beam with respect to the material layer surface.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 in which the abutting surfaces of
      said coupling element and said intermediate coupling element are
      configured in a manner such that the position of said ultrasonic sensing
      head may be varied so that the axis of its ultrasonic beam is at least
      adjustable from an angle of 10.degree. through an angle of 70.degree. with
      respect to a tangent to the point of intersection of the ultrasonic beam
      with the material layer surface.
NUM  11.
PAR  11. Apparatus in accordance with claim 1 including a layer of lubricant
      provided between the material layer surface and the matched abutment
      surface of said coupling element.
NUM  12.
PAR  12. Apparatus in accordance with claim 11 including an additional layer of
      lubricant provided between said coupling element's abutment surface of
      desired geometric configuration and said mating abutment surface of said
      intermediate coupling element.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 including means for continuously
      replenishing said layers of lubricant.
NUM  14.
PAR  14. Apparatus in accordance with claim 7 in which said retainer rod is
      pivotally mounted in said housing to permit rotation of said retainer rod
      whereby said coupling element together with the associated ultrasonic
      sensing head is rotated with respect to the surface of the material layer.
NUM  15.
PAR  15. Apparatus for measuring the depth of cells formed in a material layer
      by directing an incident ultrasonic beam therefrom using an ultrasonic
      beam towards said layer and by detecting a reflected ultrasonic beam
      therefrom using an ultrasonic sensor, said apparatus comprising:
PA1  a mounting structure for positioning said ultrasonic sensor relative to
      said material layer with respect to at least two degrees of adjustable
      movement freedom,
PA1  said mounting structure including angular adjustment means for moving said
      sensor into a desired angular position with respect to a perpendicular
      from said material layer at the point where said incident beam impinges
      upon said layer,
PA1  said angular adjustment means including ultrasonic transmission members
      comprising a first member having an upper convex surface and a lower
      surface conformed to contact the surface of said material layer and a
      second member disposed between said upper convex surface and said sensor
      and adapted to slide along said upper convex surface and thus provide
      adjustable angular positioning of said sensor with respect to said
      perpendicular,
PA1  a retainer rod means having a lower end engaging said first member and an
      upper end rotatably attached to said apparatus,
PA1  said upper and lower ends of said retainer rod means being offset with
      respect to one another such that rotation of said upper end provides
      adjustable positioning of said first member and hence of said sensor in a
      direction substantially transverse to said perpendicular.
NUM  16.
PAR  16. Apparatus according to claim 15 wherein tension retainer elements are
      provided for securing said ultransonic sensing head and said second member
      to said upper convex surface of said first member.
NUM  17.
PAR  17. Apparatus according to claim 15 wherein said upper convex surface of
      said first member is at least partially spherical.
NUM  18.
PAR  18. Apparatus in accordance with claim 16 in which said convex surface is
      at least partially cylindrical.
NUM  19.
PAR  19. Apparatus according to claim 15 wherein compression spring means are
      provided for biasing said retainer rod means towards said material layer
      so that said first member is continuously held in contact with said
      material layer.
NUM  20.
PAR  20. Apparatus according to claim 15 in which said retainer rod means has an
      offset portion intermediate said upper and lower ends.
NUM  21.
PAR  21. Apparatus in accordance with claim 16 in which said tensioning retainer
      elements are resilient to permit said ultrasonic sensor and hence said
      second element to be pivoted on and with abutting contact to the upper
      surface of said first element relative to the point of intersection of the
      incident ultransonic beam with respect to the material layer surface.
NUM  22.
PAR  22. Apparatus in accordance with claim 21 in which the abutting surface of
      said first element and said second element are configured in a manner such
      that the position of said ultrasonic sensing head may be varied so that
      the axis of its ultrasonic beam is at least adjustable from an angle of
      10.degree. through an angle of 70.degree. with respect to a tangent to the
      point of intersection of the ultrasonic beam with the material layer
      surface.
NUM  23.
PAR  23. Apparatus in accordance with claim 15 including a layer of lubricant
      provided between the material layer surface and the matched abutment
      surface of said first element.
NUM  24.
PAR  24. Apparatus in accordance with claim 23 including an additional layer of
      lubricant provided between the upper convex surface of said first element
      and said mating abutment surface of said second element.
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ABST
PAL  An ultrasonic probe for generating shear waves in a test piece, having a
      liquid-filled cell housing a transducer. The cell has a window for
      application to the test piece and the transducer is pivotable to provide
      variable angle of wave incidence at the window. An external scale,
      calibrated in angle of refraction of resultant waves in the test piece,
      permits of pivoting the transducer for the corresponding angle of
      incidence by way of a mechanical linkage. For a given wave velocity for a
      known test piece material (steel and aluminium is chosen) and for a given
      liquid filling, the linkage geometry is predetermined. Reflected energy
      within the cell is attenuated by bristle bundles.
BSUM
PAR  This invention relates to probes for ultrasonic waves.
PAR  The object of the invention is to provide an improved probe for launching
      ultrasonic waves in a medium, particularly for non-destructive testing of
      materials, having particular regard to requirements for launching
      ultrasonic waves at variable beam angles.
PAR  Accordingly, the invention provides an ultrasonic probe, particularly for
      non-destructive testing of a test piece of known material by generation of
      ultrasonic shear waves therein, comprising a liquid-retaining cell
      containing an immersed ultrasonic transducer, the cell having a window in
      a wall thereof, for placing on a surface of the test piece, the said
      transducer being mounted for angular movement substantially about a centre
      located at the cell window, whereby ultrasonic energy is transmitted
      through the said window to generate shear waves in the said test piece, an
      attenuating medium being provided within the cell to attenuate reflected
      ultrasonic waves therein a settable scale and pointer combination, said
      scale being graduated directly in units related to angle of refraction of
      said shear waves in the test piece and a mechanical linkage for providing
      an angular positioning of the transducer according to said scale and
      pointer setting.
PAR  Preferably, the said scale is directly calibrated in angle of refraction
      units, the geometry of the linkage and pivot points and the wave
      transmission velocity of the cell-filling medium being fixed and the wave
      transmission velocity of the test piece material being known.
PAR  Conveniently, the window is provided by an aperture in one wall of the said
      cell which is covered by a liquid retaining flexible membrane, for example
      rubber sheet.
PAR  In a preferred embodiment, the cell filling liquid is water with ethylene
      glycol additive.
PAR  Some problems of non-destructive testing of materials by ultrasonic waves
      require that the beam angle be adjustable.
PAR  This requirement can be satisfied by immersion testing, as described for
      example in "Non-Destructive Testing", by Hinsley, page 190, by which
      method both the test piece under test and the probe are immersed in a
      liquid, usually water. The beam angle can then be readily changed by
      moving the probe angularly relatively to the test piece. The probe used in
      such immersion testing can be fitted in a goniometer, so permitting use of
      a continuously variable range of beam angles.
PAR  However, the immersion method of testing requires that the tank be such
      that multiple echoes, due to the strong reflection at the interface of the
      test piece and the immersing liquid, arrive at the transducer later than
      echoes of interest originating inside the test piece itself.
PAR  In testing methods using a probe external to the test piece, it is most
      common to use a series of fixed angle probes for, say 45.degree.,
      55.degree., 65.degree., 70.degree. and 80.degree., the angle being
      determined by a plastics wedge coupling the transducer to the test piece.
PAR  Nevertheless, continuously variable angle external probes are known. One
      such comprises a transducer with a pair of plastics wedges which are
      rotated oppositely to vary the effective angle between the composite wedge
      faces. Another such probe comprises a plastics semi-cylinder, with a
      transducer cemented to the plane face, rotatable within a cylindrical bore
      in a plastics block. In a third such probe, a plastics block with a
      quarter-cylindrical convex end-face has an associated transducer cemented
      to a block with a concave cylindrical face adapted to move over the
      surface of the plastics block.
PAR  Each of these probes is described and illustrated on page 189 of the
      textbook by Hinsley referred to above.
PAR  Each of these probes has its peculiar disadvantages and, commonly, spurious
      noise due to internal echoes.
PAR  In the field of testing by ultransonics, the word "Probe" is sometimes
      applied to the transducer and the associated insulation and support. In
      the case of shear wave or other angle-beam probes manually operated, the
      word is applied to the transducer and also to the associated plastics
      prism used to produce the desired degree of refraction. In the case of
      immersion testing, which includes angle-beam testing, the word is applied
      only to the transducer and the associated housing, the changes in angle in
      the test piece being carried out by changing the angle of the probe in
      relation to the surface of the test piece.
PAR  The present invention provides, in its preferred form, a composite probe
      comprising a transducer movably mounted in a liquid-filled cell having a
      window whereby the liquid-filled cell and the test piece are coupled for
      the generation of shear waves in the test piece. A continuously variable
      beam angle is determined by the angular setting of the transducer within
      the liquid-filled cell. Assuming that the test piece is of steel or
      aluminum, which materials have a shear wave velocity of 3.2 .times.
      10.sup.6 mm/sec, the angular setting of the transducer is obtained by
      setting an external scale directly calibrated in degrees of angle of
      refraction of shear waves in the test piece.
DRWD
PAR  In order that the invention may be readily carried into practice, one
      embodiment of a probe according to the invention will now be described in
      detail, by way of example, with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a diagram showing the probe in side-elevation, part of the probe
      being omitted for clarity;
PAR  FIG. 2 is a complementary side-elevation view showing particularly the part
      omitted in the view of FIG. 1;
PAR  FIGS. 3, 4 and 5 are diagrams showing different dispositions of a bristle
      bundle referred to in the description of operation of the probe part
      particularly shown in FIG. 1; and
PAR  FIG. 6 is a geometrical diagram referred to in the explanation of the
      design of the probe of FIGS. 1 and 2.
DETD
PAR  In FIG. 1, there is shown an ultrasonics transducer 5 mounted on a swinging
      carrying arm 1. The arm 1 is movably mounted in a liquid-filled cell 6,
      being adapted to swing radially about a point D, which is central of a
      window 7 in the bottom of the cell 6, as viewed in FIG. 1. To this end,
      the arm 1 moves around a sector plate 2 centred on the point D. A pair of
      rollers 12, rotatably attached to the lower end of the arm 1, roll in an
      arcuate groove 16 in the upper face of the sector plate 2.
PAR  A further roller 17, rotatably attached centrally of the arm 1, similarly
      rolls in a groove 18 formed in the lower face of an arcuate guide member
      11.
PAR  A link 3, pivotally attached at C, centrally at the top of the arm 1, is
      pivoted at B to a second link 4. The link 4 has attached thereto a pointer
      9, both being pivoted for rotation about a point B, the pointer 9 being
      external to the cell 6.
PAR  When the arm 1 is swung around the point D, the link 3 rotates link 4 about
      point A and the pointer 9 attached to link 4 is thereby moved over an
      arcuate scale 10, which is graudated on the external face of the cell 6,
      to show beam angles between 35.degree. and 75.degree..
PAR  The transducer is supplied with electrical energy by way of a coaxial
      feeder 13 connected to a coaxial type terminal 14 in the wall of the cell
      6.
PAR  The cell 6 is liquid-filled, the front cover of the cell 6 being removed in
      the view of FIG. 1 to show the interior. The transducer 5 is thus immersed
      in the liquid with which the cell 6 is filled.
PAR  In FIG. 1, the cell 6 is shown mounted vertically with the window 7 forming
      a coupling between the transducer 5 inside the cell 6 and the horizontal
      face of a test piece of material 8.
PAR  The direction of incidence of the ultransonics beam upon the window 7,
      internally of the cell 6, is represented by the series of arrows 19. The
      refracted beam, internally of the test piece 8, is shown by the arrows 20.
      The reflected beam, at the window/test piece interface, is shown by the
      arrows 21. All series of arrows 19, 20 and 21 terminate, or start, at the
      point D.
PAR  An attenuating medium 15, arranged at the left side of the cell 6 as viewed
      in FIG. 1, serves to attenuate the reflected energy represented by the
      arrows 21.
PAR  In the embodiment of FIG. 1, the window 7 is of rubber sheet, sealed to the
      base of the cell 6, thus providing a flexible membrane for contact with
      the surface of the test piece 8.
PAR  FIG. 2 is a simplified view of the cell 6 of FIG. 1 with the transducer 5
      mounted internally, showing in greater detail the attenuating medium 15.
PAR  In the embodiment of FIGS. 1 and 2, the attenuating medium 15 comprises an
      array of bristles disposed generally as illustrated in FIG. 2. The bristle
      array 15 comprises a first array of bristles 22, which extend down the
      left hand side wall of the cell 6 from top to bottom. A second array of
      bristles 23 is attached near the top wall of the cell 6 and is divergent
      in the downward direction. The two bristle arrays 22 and 23 are disposed
      within the cell 6 so that reflected ultrasonic energy passing upwards in
      the direction 21 enters and is absorbed by the array 22. However, energy
      reflected from the left end wall of the cell 6 passes through the bristle
      array 22 a second time and will travel upwardly and leftwardly as viewed
      in FIG. 2. This energy is attenuated by the bristle array 23. The bristle
      array 23 thereby prevents further reflection of energy at the top wall of
      the cell 6.
PAR  The effectiveness of the bristle arrays 22 and 23 as an attenuating medium
      15 will be explained in greater detail with reference to FIGS. 3, 4 and 5.
PAR  A single bristle illuminated by ultrasonic energy in a direction normal to
      the bristle axis acts in the manner of a line-source, in that it reflects,
      or reradiates, in specular fashion in the plane containing the bristle
      axis and scatters in all skew planes.
PAR  A bundle of natural animal bristles 60 mm in length, 28 mm wide and 7 mm
      thick were bonded at their thick ends by an epoxy resin. The bristles of
      the bundle remained substantially parallel in air but tended to diverge
      when immersed in water.
PAR  This bristle bundle 24, as shown in FIG. 3, was laid upon the surface of a
      steel block 27. A transducer 26 was arranged to provide an angle of
      incidence i of ultrasonic energy upon the upper face of the bristle bundle
      24 varying from about 45.degree. to normal incidence at transducer
      position 26'. An echo derived by normal incidence upon the uncovered face
      of the steel block 27 gave a reference measurement. Compared with this
      value, normal echo from the bristle bundle was -40dB. At an incidence of
      30.degree. on the bristle bundle face, the echo was reduced to -60dB.
PAR  With the transducer retained in position 26' for normal incidence on the
      face of block 27 and with the bristle bundle 24 rotated about an axis at
      right angles to the direction of incidence, as shown in FIG. 4, the echo
      from the block face was -40dB with the bundle axis parallel, diminishing
      to -60dB with the bundle axis at an angle of 30.degree. and to -70dB at
      45.degree..
PAR  FIG. 5 shows the disposition of the bristle bundle 24 in relation to the
      transducer 26 and the block 27 to measure reflection from the bristle tips
      and attenuation of energy passing through the bundle 24, reflected at the
      surface of block 27 and returning through the bristle bundle 24. Echo from
      the bristle tips was measured at -60dB to -70dB. The overall attenuation
      of energy after the double passage through the bundle 24 was -80dB.
PAR  In the embodiment of the probe described with reference to FIGS. 1 and 2,
      the cell 6 is slightly overfilled with liquid so that the membrane window
      7 is bowed outwardly, thus providing for better contact with the external
      surface of a test piece 8. In the views of FIG. 1 and FIG. 2, the membrane
      window 7 is, of course, flattened against the abutting test piece surface.
      The liquid thereby displaced from the outwardly bowed membrane window 7 is
      conveniently accommodated in a second window, not shown, located in any
      convenient position on the cell body and covered by a stiffer flexible
      membrane.
PAR  To reduce wear on the rubber membrane surface of window 7, the underside of
      the cell 6 may be provided with hardened steel shoes, not shown in the
      drawings. Replacement of the rubber membrane of the window 7, when worn,
      may be facilitated by providing the window with a removable frame, between
      which frame and the wall of cell 6 the rubber membrane serves as a sealing
      gasket, retaining the liquid filling the cell 6.
PAR  The correct functioning of the probe of FIGS. 1 and 2 provides some
      restriction on the choice of liquid for filling the cell. The liquid must,
      of course, serve as an effective couplant between the transducer 5 and the
      window 7 membrane. The velocity of ultrasonic waves in the medium should
      not change greatly within the range of ambient temperatures of use. The
      liquid should be non-corrosive and have a fairly low freezing point.
PAR  In the embodiment described, an aqueous filling medium has been found
      satisfactory and the liquid used comprises water with ethylene glycol
      additive.
PAR  The geometry of the probe of FIGS. 1 and 2 will be seen most clearly from
      the diagram of FIG. 6, wherein the points indicated by letter in FIG. 1
      are similarly represented in FIG. 6 and the surface of window 7 is
      similarly referenced and the scale 10 is transposed to the equi-angular
      movement of link 4 at scale 10'.
PAR  The dimension D-C is 10 units in length and the dimensions C-B and B-A each
      4 units in length.
PAR  The axis of rotation of link 4 is x=o and y=6.75 on the co-ordinates
      represented. The axis of rotation of the line CD is x=2.85 and y=0 on the
      same co-ordinates.
PAR  When link 4, or the attached pointer in FIG. 1, is set to scale reading of
      35.degree. for angle of refraction, an angle of incidence of 16.6.degree.
      is set up. This value is based on the measured velocity of ultrasonic
      waves in the aqueous filling liquid of cell 6, FIGS. 1 and 2, of 1.6
      .times. 10.sup.6 mm/sec. and a shear wave velocity of 3.2 .times. 10.sup.6
      mm/sec, whereby sin i/sin r = 0.5. Thus, it will be seen that the pointer
      9 may be set on scale 10 directly to the required angle of refraction and
      the geometry of the system ensures the angular setting of arm 1, carrying
      the transducer 5, for that angle of incidence which gives the indicated
      angle of refraction, for a test piece of steel or aluminium.
PAR  Similarly, a pointer setting of 55.degree. gives an angle of incidence of
      24.18.degree., corresponding to the required angle of refraction of
      55.degree..
PAR  A pointer setting of 75.degree. gives an angle of incidence of
      28.88.degree., corresponding to the required angle of refraction of
      75.degree..
PAR  The units used for the geometry described are arbitrary. Provided that the
      units are consistent throughout, the geometry can be scaled up or down to
      give a unit of convenient and practical physical dimensions.
PAR  It will be noted that the "angle of refraction" scale 10 is substantially
      linear. However, the relationship of angular movement of the pointer 9 and
      the angular movement of the arm 1 is non-linear, as is the relationship
      between the angle of refraction and the angle of incidence.
PAR  The geometry of the linkage is determined by the intended test piece
      material. For a material other than steel or aluminium, either the scale
      graduations or the linkage geometry would be changed.
PAR  In the use of the device, it is required that the surface of the test piece
      be at or near the point D and this requirement results from the normal
      usage described.
PAR  The emitting face of the transducer 5 must be spaced sufficiently far from
      the surface of the test piece 8 to avoid troublesome reflections of the
      main beam from that surface, and also diffraction effects which lie
      outside of the main beam. In general, this can be considered as being in
      the near zone.
PAR  In order to keep the complete probe to a size convenient for hand use, and
      also for use with awkwardly-shaped work pieces, it is necessary to keep
      the surface-to-test piece distance as small as possible, consistent with
      the above stated considerations.
PAR  For example, an emitting face of 15 mm in diameter should be spaced about
      30 mm from the test piece and an additional 30 mm is required to provide
      clearance for the backing and electrical connections. Thus, the top of the
      cell 6 will be about 6 cm above the test piece 8.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An ultrasonic probe, particularly for non-destructive testing of a test
      piece of known material by generation of ultrasonic shear waves therein,
      comprising a liquid-retaining cell containing an immersed ultrasonic
      transducer, the cell having a window in a wall thereof, for placing on a
      surface of the test piece, the said transducer being mounted for angular
      movement substantially about a centre located at the cell window, whereby
      ultrasonic energy is transmitted through the said window to generate shear
      waves in the said test piece, an attenuating medium being provided within
      the cell to attenuate reflected ultrasonic waves therein, a settable scale
      and pointer combination, said scale being graduated directly in units
      related to angle of refraction of said shear waves in the test piece and a
      mechanical linkage for providing an angular positioning of the transducer
      according to said scale and pointer setting.
NUM  2.
PAR  2. An ultrasonic probe as claimed in claim 1, in which the said scale is
      graduated in degrees of shear angle, the scale and pointer setting is by
      relative angular movement therebetween and the said linkage provides
      relatively nonlinear angular movement between the scale and pointer
      setting and the transducer.
NUM  3.
PAR  3. An ultrasonic probe as claimed in claim 2, particularly for
      non-destructive testing of a test piece of material having ultrasonic wave
      transmission velocity substantially equal to that of steel and aluminium,
      in which the transducer is carried by a rotatable arm to which the said
      linkage is attached, the said linkage comprising a rotatable link, of
      length 4 units, attached to the rotatable member of the scale and pointer
      combination for rotation therewith, and a second link pivotably attached
      to the rotatable link and to the rotatable arm carrying the transducer and
      of length 4 said units, the distance between the latter point of
      attachment of the said centre of rotation of the transducer being 10 said
      units of length.
NUM  4.
PAR  4. An ultrasonic probe as claimed in claim 3, in which the said arm
      carrying the transducer is mounted by rollers moving around grooved
      arcuate members to provide said angular movement of the transducer.
NUM  5.
PAR  5. An ultrasonic probe as claimed in claim 1, in which the said cell window
      is covered by a liquid-retaining flexible membrane.
NUM  6.
PAR  6. An ultrasonic probe as claimed in claim 5, in which the said flexible
      membrane is rubber sheet.
NUM  7.
PAR  7. An ultrasonic probe as claimed in claim 1, in which the transducer is
      immersed in an aqueous medium.
NUM  8.
PAR  8. An ultrasonic probe as claimed in claim 7, in which the said cell is
      filled with water containing ethylene glycol additive.
NUM  9.
PAR  9. An ultrasonic probe as claimed in claim 1, in which the attenuating
      medium comprises at least one array of bristles.
NUM  10.
PAR  10. An ultrasonic probe as claimed in claim 9, having a first bristle array
      arranged longitudinally of the side wall of the cell opposite the
      transducer and a second bristle array arranged at the top of the cell and
      facing endwise towards the cell window.
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PAL  Accurate, reproducible results in the tensile testing of thin metal foils
      are obtained by a method which comprises before placing the test specimen
      in a tensile testing machine, working the side edges of the test specimen
      until the edges are parallel and flaw-free, aligning the work specimen
      between spaced grip end members, securing end portions of the aligned test
      specimen to the grip end members, each of said grip end members containing
      female member means in face-to-face relationship to each other. The female
      member means are located on either side of and perpendicular to the plane
      of the test specimen and couple with corresponding male member means
      secured to the jaws of the tensile testing machine.
PAL  An aligning apparatus employed in the method of the invention comprises an
      alignment box having a longitudinal bottom wall and two upright side
      walls, first and second removable grip end members disposed at each end of
      said box and means for securing the grip end members within the box. The
      grip end members are provided with means for receiving opposite end
      portions of the test specimen and for aligning the test specimen and also
      with the aforementioned female member means for receiving male member
      means.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-868 (72 STAT.
      345; 42 U.S.C. 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved method for the tensile testing of
      metal foil specimens and to an aligning apparatus for use in the method.
PAR  2. Description of the Prior Art
PAR  In the strength of material testing of any specimen the ultimate goal is
      the acquisition of accurate and reproducible results. The achievement of
      this goal in the testing of thin metal foil specimens, however, has proved
      very difficult for more often than not, the results of the testing have
      been erratic and unreliable. Moreover, the severity of the problem has
      increased in recent years since advances in structural design are
      permitting the use of thinner metal coverings useful, for instance, as
      rocket booster skins. The extreme surface to volume ratio of these thin
      foils has only aggravated the problem and made achievement of consistent
      and accurate tensile values all the more difficult.
PAR  Numerous techniques have been advanced in the prior art as solutions to
      these problems. None, unfortunately, have proved completely satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, one object of the invention is to provide a method for obtaining more
      consistent and accurate strain/stress values in the tensile testing of
      thin metal foils.
PAR  Another object of the invention is to provide a method which avoids
      premature failure in tension on testing of thin metal foil specimens and
      the production of a more uniform tension across the specimen
      cross-section.
PAR  Yet another object of the invention is to provide an aligning apparatus for
      use in the method of the invention. A further object of the invention is
      to provide an aligning apparatus that does not require elaborate
      modification to existing equipment and that can be easily adapted to any
      tensiile testing machine.
PAR  These and other objects of the invention are obtained by a method which
      comprises before placing the test specimen in a tensile testing machine,
      working the side edges of the test specimen until the edges are parallel
      and flaw-free, aligning the worked specimen between spaced grip end
      members, securing end portions of the aligned test specimen to said grip
      end members, each of said grip end members containing female member means
      in face-to-face relationship to each other, said female member means being
      located on either side of and perpendicular to the plane of said test
      specimen, coupling each of said female member means to corresponding male
      member means secured to the jaws of said tensile testing machine.
PAR  It has been discovered, after considerable study and investigation that
      perhaps the most critical factor in obtaining reproducible, accurate
      results is the edge of the test specimen in the reduced area. Any slight
      flaw, be it a scratch, nick, dent, etc. to the edge can initiate premature
      failure. In fact, the effect of the defect can be so subtle that the test
      will appear normal in all respects.
PAR  The second most critical factor in obtaining more consistent and accurate
      results has been found to be the alignment of the specimen in the jaws of
      the tensile machine. If the specimen is not precisely aligned, it will
      fail by "tearing" rather than by pure tension. Again the results of a test
      where the specimen is not properly aligned may be very misleading since
      they may appear normal in all respects, except the strength and elongation
      values obtained will be low. The method of the invention utilizes a
      special aligning means for effecting the necessary alignment.
PAR  The aligning apparatus employed in the improved method of the invention
      constitutes another aspect of the invention and comprises an alignment box
      comprising a longitudinal bottom wall and two upright side walls integral
      with said bottom wall, a first removable grip end member disposed at one
      end of said alignment box between said upright sides, a second removable
      grip end member disposed at the opposite end of said alignment box, a
      first means for securing said first grip end member within said box, a
      second means for securing said second grip end member within said box,
      said first and second grip end members being provided with means for
      receiving opposite end portions of the test specimen and for aligning the
      test specimen parallel to the sides of said grip end members adjacent the
      upright sides of said box, said first and second grip end members each
      having on the sides facing each other female member means for receiving
      male member means, each of said female member means being located on
      either side of and perpendicular to the plane of said test specimen.
PAR  Yet another aspect of the invention comprises the aforementioned grip end
      members with test metal foil aligned and secured therebetween in
      combination with male member means for each of the female member means of
      the grip end members.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing several preferred embodiments are shown by way
      of illustration.  In the drawing:
PAR  FIG. 1 is a plan view of the aligning box and grip end members disposed
      therein with the tensile specimen secured therebetween.
PAR  FIG. 2 is an end view of the apparatus shown in FIG. 1 with the grip end
      members removed.
PAR  FIG. 3 is a side view of a grip end member employed in the invention.
PAR  FIG. 4 is a top view of the grip end member shown in FIG. 3.
PAR  FIG. 5 is an end view of the grip end member shown in FIG. 3.
PAR  FIG. 6 is a front elevational view of a preferred male member means for
      coupling with the female member means of the grip end member shown in
      FIGS. 3-5.
PAR  FIG. 7 is a side view of the male member means shown in FIG. 6.
PAR  FIG. 8 is a perspective view of the test specimen attached to the jaws of a
      tensile testing machine ready for testing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Any working operation or combination of operations may be employed to
      satisfy the first criteria of the invention that is the preparation of a
      test specimen having parallel edges that are essentially "flaw-free". By
      essentially "flaw-free" as used in this specification and in the appended
      claims is meant having no imperfections or flaws in the edge visible to
      the naked eye.
PAR  The following procedure represents a preferred method of preparing a test
      specimen with essentially flaw-free edges:
PAR  A metal foil specimen, say of 21-6-9 Stainless Steel less than 0.005
      in/thick is sheared to 5/8 inch by 10 inch. On the same set up there are
      sheared aluminum shims 0.010 - 0.015 thick to 5/8 inch. It is important
      that the shear cut be clean, that is, devoid of nicks and dents and that
      the shims and specimen match identically so that they will stack exactly.
      The specimen and shims are then stacked, alternating each, with the shims
      being outermost in the completed pile. The stack is positioned in a
      tensilekut fixture and the components of the stack are aligned parallel to
      one edge and the hold down bolt then tightened. Using a "Tensilekut"
      machine, the specimen is machined down to the desired width and small
      increments, not to exceed 0.005 inch per pass. As the final dimension is
      approached, the feed is reduced to 0.003 inch and the specimen is climb
      cut in order to get a smooth edge. In this process the specimen is left on
      the fat side in order to allow for some removal of material during the
      dressing operation that follows. Generally, 0.505 - 0.508 inch is
      satisfactory. The pack is then removed from the jig and the specimen
      separated from the shims. The shims are discarded and the edge of the
      specimen is run along a 600 grit, 3 inch or larger drum sander..sup.(1) It
      is essential that this latter operation be conducted utilizing continuous,
      full strokes, in order to preserve the contour established from the
      Tensilekut jig and to prevent undercutting caused by non-uniform sanding.
      One or two passes is ordinarily sufficient to remove the machine marks.
FNT  .sup.(1) Drum sander was not used. Specimens were finished by hand as
      identified in amended procedure submitted to Martin Marietta Corp.
PAR  The dressing is then continued by hand sanding, with fine crocus cloth.
      Once again, if the previous steps have been done correctly, a few strokes
      is all that is necessary to produce an edge that is completely free from
      burrs, nicks or other flaws. The dimensions are then taken and the two
      inch gauge mark supplied. Care should be taken to assure no damage is
      caused by either of these processes.
PAR  Alignment of the specimen utilizing the novel alignment apparatus of the
      invention in order to provide uniform stress across the specimen will now
      be described with reference to the accompanying drawings.
PAR  Referring to FIG. 1, into an alignment box indicated generally as 1
      comprised of a base 3 and two upright sides 5 and 7 is disposed at each
      end thereof grip end members 9 and 11. The grip end members 9 and 11 are
      secured within the alignment box 1 by means of screw members 13 and 15,
      respectively. To assist in the alignment of tensile specimen 8, the
      alignment box 1 is preferably provided with a built-in member 17, as shown
      in FIG. 2, located on the base of the alignment box 1 intermediate the
      grip end members 9 and 11.
PAR  FIGS. 3 through 5 illustrate in greater detail the grip end member of the
      invention. Each grip end member is comprised of a main body indicated
      generally as 19 which is comprised of a rectangular base portion 21 and
      two upright side portions 23 and 25 integral with the base portion 21.
      Overlying the main body 19 and resting on the two upright side portions 23
      and 25 is a top portion 27 which is secured to the main body portion by
      screw means 32 and 33. Thus, the main body 19 and the top portion 27
      together form a unit having a cavity 35 which includes a base portion 37
      onto which the test specimen is inserted. The base 37 of the cavity 35 is
      generally at a depth which is substantially at mid-way between the top and
      bottom of the unit comprised of the main body 19 and the top 27 attached
      thereto. Above the base 37 there is disposed a rigid pressure plate 39 so
      as to provide a slot opening 41 for insertion of the test specimen end.
      Overlying the rigid pressure plate 39 is a flexible pressure plate 31.
      Extending through the top portion 27 is a socket head set screw 43 for
      actuating the flexible pressure plate 31 and the rigid pressure plate 39.
      Down the side of the main body 19 and the top portion 27 there is provided
      a wedge-shaped female member means 45 which virtually bisects slot opening
      41 and extends perpendicularly on either side thereof for receipt of a
      male member means.
PAR  FIGS. 6 and 7 describe a grip end holder which is a male member of a knife
      edge system for coupling with the wedge shaped female member described
      above. The grip end holder of FIGS. 6 and 7 comprises a handle portion 47
      and a two prong fork portion indicated generally as 49 integral with said
      handle portion 47. The ends 51 and 53 of fork portion 49 include inwardly
      projecting male members 55 and 57 each of which contain knife edges 59 and
      61 located in a common plane. The distance between the ends of the
      projecting male members 55 and 57 is slightly less than the distance
      between the sides of grip end members 9, 11 transverse to the flat plane
      of the test specimen. The knife edges 59 and 61 cooperate with the wedge
      shaped female members on either side of and equidistant from the tensile
      specimen when the ends thereof are positioned in slot opening 41.
PAR  In operation of the aligning apparatus of the invention, the grip end
      members 9 and 11 are first disposed at either end of the aligning box 1
      and secured thereto by screw members 13 and 15, respectively. A tensile
      specimen whose edges have been rendered flaw-free as described above is
      then laid on built-in aligning member 17 of the alignment box 5 and
      inserted into the respective slot openings 41 of the grip end members 9
      and 11. The socket head set screw 43 in grip end members 9 and 11 is
      tightened to actuate flexible pressure plate 31 which in turn actuates
      rigid pressure plate 39 to secure the ends of the tensile test specimen to
      the respective grip end members 9 and 11. Screws 13 and 15 are then
      loosened and the tensile specimen together with end members 9 and 11
      between which it is aligned is removed and placed in the grip end holders
      49 and locked therein by bolts 67. Grip end holders 49 were previously
      secured in alignment opposite each other in the jaws 63 and 65 of a
      tensile testing machine (not shown) as illustrated in FIG. 8. When so
      positioned the knife edges of the respective male and female members
      enable the immediate uniform distribution of stress throughout the reduced
      section of specimen on application of load.
PAR  Preferably a smal preload, about 2-5 pounds is first applied and the
      alignment rechecked. If any misalignment is noted, the specimen is
      re-positioned. After the specimen has been satisfactorily positioned and
      preloaded,.sup.(2) an extensometer is attached. Once again, great care
      should be employed to preclude any damage to the edge of the specimen. The
      specimen is then pulled at a strain rate of 0.005 inch per minute. The
      specimens should break in the middle third of the gauge length. Any
      deviation from this pattern should be viewed with caution especially if
      the values are low. Finally, the results are calculated.
FNT  .sup.(2) After the specimen has been satisfactorily positioned and
      pre-loaded, locking screws shown in an amended drawing of the Clevis
      holders which fit into the grips of the testing machine are tightened
      against the specimen gripping members thus providing and preserving proper
      specimen alignment throughout the test.
PAR  While the invention has been described in detail with respect to certain
      now preferred examples and embodiments of the invention, it will be
      understood by those skilled in the art after understanding the invention
      that various changes and modifications may be made without departing from
      the spirit and scope of the invention, and it is intended, therefore, to
      cover all such changes and modifications in the appended claims.
PAR  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
CLMS
STM  It is claimed:
NUM  1.
PAR  1. An aligning apparatus for use in the tensile testing of metal foil
      specimens which comprises an alignment box comprising a longitudinal
      bottom wall and two upright side walls integral with said bottom wall, a
      first removable grip end member disposed at one end of said alignment box
      between said upright sides, a second removable grip end member disposed at
      the opposite end of said alignment box, a first means for securing said
      first grip end member within said box, a second means for securing said
      second grip end member within said box, said first and second grip end
      members being provided with means for receiving opposite end portions of
      the test specimen and for aligning the test specimen parallel to the sides
      of said grip end members adjacent the upright sides of said box, said
      first and second grip end members each having on the sides facing each
      other female member means for receiving matching male member means; each
      of said female member means being in a plane located on either side of and
      perpendicular to the flat plane of the specimen and parallel to the sides
      of the grip end members.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means in each grip end member for
      receiving opposite end portions of the test specimen is a slot.
NUM  3.
PAR  3. The apparatus of claim 2 wherein each grip end member comprises a main
      body comprising a rectangular base portion and two upright side portions
      integral therewith, a top portion overlying said main body to form a slot
      for insertion of a test specimen end portion and means associated with
      said top portion for securing the inserted test specimen end portion
      within the grip end member.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the means associated with said top
      portion for securing the inserted end portion of the test specimen
      comprises a rigid pressure plate, a flexible pressure plate overlying said
      rigid pressure plate and a screw means in said top portion for actuating
      said flexible pressure plate and said rigid pressure plate.
NUM  5.
PAR  5. The apparatus of claim 2 wherein the female means is the female member
      of a knife edge system and the male means is the male member of a knife
      edge system, said female member being located perpendicular to and on each
      side of said slot.
NUM  6.
PAR  6. The combination of claim 5 wherein the means in each grip end member for
      receiving said opposite end portions of the test specimen and for aligning
      the test specimen is a slot.
NUM  7.
PAR  7. The combination of claim 5 wherein each grip end member comprises a main
      body comprising a rectangular base portion and two upright side portions
      integral therewith, a top portion overlying said main body to form a slot
      for insertion of a test specimen end portion and means associated with
      said top portion for securing the inserted test specimen end portion
      within the grip end member.
NUM  8.
PAR  8. The combination of claim 7 wherein the means associated with said top
      portion for securing the inserted end portion of the test specimen
      comprises a rigid pressure plate, a flexible pressure plate overlying said
      rigid pressure plate and a screw means in said top portion for actuating
      said flexible pressure plate and said rigid pressure plate.
NUM  9.
PAR  9. In the tensile testing of thin metal foil specimens wherein the test
      specimen is attached to the jaws of a tensile testing machine, tension is
      applied at an increasing rate to the specimen until it breaks and the
      results calculated, the improvement which comprises before placing said
      specimen in said machine, working the side edges of the test specimen
      until the edges are parallel and flaw-free, disposing grip end members at
      opposite ends of an alignment box comprising a longitudinal bottom wall
      and two upright side walls integral with said bottom wall, said grip end
      members containing means for attaching and aligning said grip end member
      with said test specimen secured therebetween to said jaws of the tensile
      testing machine, securing said grip end members in said alignment box
      opposite each other, aligning the test specimen between said grip end
      members and parallel to the sides of said grip end members adjacent the
      upright sides of said box, securing the end portions of the test specimen
      to said grip end members, removing the grip end members from the alignment
      box with the test specimen secured therebetween, attaching and aligning
      said grip end members with said test specimen secured therebetween to the
      jaws of the tensile testing machine.
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PAL  The invention provides a tool for forming threads or grooves on the
      internal surface of a pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION.
PAR  1. The field of the invention comprises thread-forming tools.
PAR  2. So far as is known, the invention is new, although the principle of
      forming threads, as used herein, is old. Thread forming or thread rolling
      is basically a cold forging process in which a thread is formed by
      displacement of material. The advantages of the process are well known,
      such as accuracy as required for precision threads, uniformity,
      smoothness, material economy in that the blank size is closer to the
      finished product size, thread strength, high production rate, and, of
      special importance, the absence of cuttings or chips which otherwise would
      be difficult to remove. The process is generally limited to external
      threading, using a pair of flat-faced reciprocating dies to form threads
      on, say, a bolt blank disposed between the dies, or using a pair of
      cylindrical dies. In a few applications an external thread on a
      thin-walled tube is rolled with a matching mandrel to form an internal
      thread as well. In one recently patented system, a copper tube is
      described as being internally threaded by means of a rotating shaft
      disposed inside the tube, the shaft having a tool holder mounted in its
      end which carries a fixedly secured cutter in the form of a short solid
      rod having a bevelled end whose edges do the cutting. As the shaft
      rotates, so does the cutter, and the tube is moved linearly past the
      cutter so that a groove may be cut in the inner surface of the tube. As
      will be described, the invention is unlike the foregoing system in not
      using a fixed, non-rotating, shaft-mounted cutter, but rather using
      housing-mounted rotatable thread-forming means that is radially movable
      toward and from the internal pipe surface that is to be threaded, and in
      having means for controlling such radial movement of the thread-forming
      means. A significant advantage may thus be apparent, for by moving the
      thread former radially away from the said surface, the tool can be
      inserted into the pipe to any point along its internal length, and any
      part of such length can be threaded by moving the thread former radially
      into operative contact with the said surface. Such selective internal
      threading cannot be done with the described patented system or with any
      other process known to applicant. Other advantages will be apparent as the
      description proceeds.
PAC  SUMMARY OF THE INVENTION.
PAR  The thread-forming or threadrolling tool comprises a housing having a bore
      extending therethrough from a forming end portion to a supporting end
      portion. The housing essentially comprises at least one, and preferably a
      plurality of, flexible segments having a free or radially movable end
      portion at the said forming end portion. Rotatable thread-forming means is
      mounted for rotation in the radially movable end portion of each segment..
      Means are present in the bore of the housing operative to force the
      segment end portion radially outwardly so that the thread forming means
      may operatively engage the internal surface of a pipe positioned radially
      outwardly thereof, thereby to enable a thread to be formed continuously in
      the pipe. Means extending from the bore through the said supporting end
      portion of the housing are used to actuate the said forcing means to
      render the latter operative, and such actuating means are also used to
      release the forcing means to render the latter inoperative.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  The invention may be better understood by referring to the accompanying
      drawings, in which
PAR  FIG. 1 is an end view of the tool, i.e., the forming end;
PAR  FIG. 2 is a broken, partly sectioned view along the line II--II of FIG. 1;
PAR  FIG. 3 is a cross section along line III--III of FIG. 2;
PAR  FIG. 4 is a view of FIG. 1 looking along the arrow X;
PAR  FIG. 5 is a partially sectioned, broken, diagrammatic view showing how the
      tool may be used in association with a conventional lathe;
PAR  FIG. 6 is a view like FIG. 5;
PAR  FIGS. 5a and 5b are left and right end views, respectively, of FIG. 5;
PAR  FIG. 6a is a left end view of FIG. 6;
PAR  FIG. 7 is a broken, diagrammatic view, similar to FIG. 5, but showing more
      of the lathe and the disposition of the tool relatively to a pipe to be
      threaded;
PAR  FIG. 8 is an enlarged, fragmental view of a thread-forming means and the
      threaded product; and
PAR  FIG. 9 is a view like FIG. 8 but omitting the product and showing a
      modification.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS.
PAR  Referring to FIGS. 1-4, the tool 10 is shown as comprising a tubular member
      or housing 11 having a bore 12 extending longitudinally through it from a
      forming end portion at 13 to a supporting end portion at 14. Member or
      housing 11 comprises at least one flexible segment, but preferably a
      plurality, in this case three, as shown at 15, 16, and 17. These are
      circumferentially spaced and extend longitudinally of the member from an
      intermediate portion, generally indicated at 18, to the forming end
      portion 13, and are formed by the relatively narrow slots 19, 20, and 21
      which are coextensive in length with the segments and which extend through
      the wall thickness of member 11, note FIG. 3. Each segment has what may be
      termed a free end or free end portion 22, 23, and 24 at the forming end of
      the tool but which more properly is termed a radially movable end portion
      since, owing to the flexibility of the segment, it may be moved outwardly
      and inwardly in a radial direction, as will be described.
PAR  At its free or radially movabe end portion each segment has a recess 25,
      26, and 27 (only 25 is visible, note FIG. 2) in its end face or edge 48,
      49, and 50 which receives a shaft 28, 29, and 30 having rotatable
      thread-forming means in the form of wheels 31, 32, and 33 mounted for free
      rotation thereon. The inner end of each shaft is press-fitted in its
      recess so that it is secured in place while the outer end is received in
      recesses 37, 38, and 39 of arcuate end segments 40, 41, and 42 which are
      removably secured to the end faces or edges of the longitudinal segments
      by a pair of fasteners, suitably by threaded bolts having heads that are
      recessed to receive an Allen wrench. These fasteners are designated as 40a
      and 40b, 41a and 41b, and 42a and 42b. The arcuate segments are removable
      for any reason, as to permit replacement of the forming wheels.
PAR  By using three forming wheels the tool can produce three internal threads
      simultaneously in a given pipe. The wheels may or may not be angularly
      disposed relatively to a plane passing through the edges or end faces 48,
      49, and 50 of the longitudinal segments, note FIG. 4. If an angular
      disposition is used, the angle may have any suitable value; that shown at
      A in FIG. 4 is 0.degree. 57' 50", which is merely illustrative; in this
      view the broken line 43 represents a plane passing through the forming
      edge 51 of the wheel 33, and the broken line 52 represents a plane
      parallel to said end faces 48, 49, and 50. Generally, the angle may vary
      from 0.degree. to N.degree., where N is the normal helix angle of the
      desired thread. As is apparent, use of an angular disposition of the
      wheels is optional; where it is present, it may help to maintain
      perpendicularity between the wheels and the threads being formed.
PAR  The tool is provided with means in the bore 12-12a operative to force the
      end portions of the segments 15-17 radially outwardly so that the
      thread-forming wheels may operatively engage the internal surface of a
      pipe positioned radially outwardly of the wheels; and to control such
      forcing means, a further means is provided to actuate the forcing means to
      render the same operative and to release or inactuate the same to make
      said forcing means inoperative.
PAR  The segment forcing means comprise a movable member in the bore, preferably
      a member that is threaded, as at 53, plus a cam portion 54 on the member,
      plus a corresponding cam portion 55 on walls 56 of the bore adjacent the
      cam portion 54. Cam portion 55 comprises the bevelled walls defining the
      bore at the location in question; actually, these bevelled walls are
      longer than shown; they are more correctly represented in FIGS. 5 and 6.
      When member 53 is engaged (by means described below) and drawn to the
      right, as seen in FIG. 2, the interengaging cam portions 54 and 55 act to
      force the segment free ends radially outwardly so that the wheels 31-33
      may operatively engage the internal surface of a pipe. The radial
      displacement of these free ends is not shown in FIG. 2 but may be seen in
      FIGS. 6 and 6a. It will be apparent that the threaded member 53 is a bolt
      having a tapered head 43 that is recessed at 57 to receive an Allen
      wrench, although any suitable wrench engagement may be used. Member 53
      does not threadedly engage the bore at 58, being freely movable
      therethrough.
PAR  The actuating means for controlling the forcing means, i.e., for rendering
      from operative and for releasing them to make the same inoperative,
      comprise, in a preferred form, an actuator rod 59 having an inner end
      portion 60 that is recessed at 61 to receive the member 53. The recess 61
      is preferably threaded at 62, so that the engagement between member 53 and
      rod 59 is a threaded one, and the rod is thus able to control linear
      movement of the member. Rod 59 enters a recess 63 (which corresponds to
      12a) in housing 11 from the supporting end portion 14 of the latter, and
      it is movable through such recess in a manner to be described. Note that
      bore 12 is enlarged, as at 12a, to receive the rod, and also at 44 to
      receive the member 53.
PAR  Tubular member or housing 11 has external threads 64 on its supporting end
      portion which are engageable by an open-ended sleeve 65 which is useful to
      vary the effective length of the tool, as desired. At the inner end of the
      slots 19, 20, 21, and interconnected therewith, are recesses 66, 67, and
      68 of larger width than the slots, the purpose of which is to avoid stress
      concentrations that may lead to cracking of the flexible segments.
PAR  FIGS. 5 and 6 show a means for operating the actuator rod 59 to force the
      flexible segments and forming wheels into thread-forming position, as in
      FIG. 6, or to release them, as in FIG. 5. As may be seen, the rod may be
      of substantial length, extending through an opening 69 in the end face of
      the sleeve 65 and extending to a point designated 70. Sleeve 65 is mounted
      on the tool post of a lathe (shown in FIG. 7), the post being indicated at
      71, and the sleeve is threadedly engaged to a collar 72 through which the
      rod passes freely. Threaded on the rod in abutment with the collar is a
      trunnion 73 which is locked in place by nut 74. Rod 59, it may be noted,
      is threaded from a point approximately designated at 75 to the point 70
      but is free of threads from point 75 to its outer end where it is engaged
      by member 53; the rod is thus freely movable in recess 12a-63. A movable
      lever 76 is pivoted to the trunnion by pins 77, 78; it is recessed at 79
      to avoid collision with the rod and nut. In FIGS. 5 and 5a, as indicated,
      the forming wheels and flexible segments are in a released or relaxed
      position, and the cam portion 54 of member 53 is in engagement with the
      left hand part of corresponding cam portion 55 on the wall of bore 12. To
      put it another way, the bolt head 56 is spaced from the non-cam wall
      portion 80 of bore 12 by a narrow distance defined by arrows 81.
PAR  It will be understood that the diameter of tool 10 at the forming end
      portion, note FIG. 5a, will be small enough to pass freely into the bore
      of a pipe that is to be internally threaded. Such diameter is inclusive of
      the jutting forming wheels.
PAR  When it is desired to force the flexible segments and forming wheels into
      thread-forming position, which of course will be done after the forming
      end portion of the tool is disposed in desired position inside the pipe,
      the lever 76 is moved 90.degree. downwardly, as indicated by arrow 82 in
      FIG. 6, to the position in the latter view. This movement results in a
      camming action involving moving the side or surface 83 of the lever out of
      contact with collar 72 and moving the side or surface 84 into such
      contact, with the result that rod 59 is moved to the right a small
      distance equal to the gap 85 between the collar and the trunnion. Or to
      state it another way, the bolt head 56 is now spaced from non-cam wall
      portion 80 by a distance 86, which can be seen to be greater than the
      distance 81 of FIG. 5. The cam portion 54 of bolt head 56 now engages the
      right hand part of corresponding cam portion 55, and the flexible segments
      15-17 and forming wheels 31-33 are moved radially outwardly to a position
      where they can engage the surface to be threaded. This expanded position
      of the segments and wheels is apparent in FIG. 6 (where only one wheel is
      shown) and also in FIG. 6a.
PAR  Lever 76, as may be seen, comprises a two-position cam lever. Spring
      tension provided by the tool collet end of the lathe helps to secure the
      lever in either position.
PAR  It will be understood that the expanded diameter of the tool 10 at the
      forming end portion, note FIGS. 6 and 6a, will be sufficiently large to
      enable the wheels 31-33 to form threads in the internal surface of a
      desired pipe size.
PAR  FIG. 7 shows in a schematic way how the tool 10 may be employed to
      internally thread a pipe 87 using a lathe 88 to support the two. The pipe
      may be supported between two longitudinal halves 89, 90 of a heavy-walled
      tube fixture 91, especially where the pipe has relatively thin walls, but
      such supporting fixture may be omitted in the case of thick-walled pipes.
      Fixture 91, with pipe 87 in place, is clamped into the lathe chuck at 92.
      Tool 10, with sleeve 65 engaged thereon, is fixedly mounted on tool post
      71, and it will be seen that lever 76, collar 72, and trunnion 73 are
      disposed to the right of the post where the lever may be grasped by an
      attendant. The tail stock of the lathe is not shown as it does not come
      into play. With lever 76 in the full line position, the lathe is started,
      so that pipe 87 and fixture 91 are rotated by the worm gear drive 94
      through the internal gears indicated at 95, and the tool post is advanced
      to the left by said drive. The forming end portion of tool 10 is thus
      brought to the pipe inlet 96, and if threading is to start at such inlet,
      lever 76 to moved to the down or broken line position; if threading is to
      start at some position removed from inlet 96, the lever is not moved until
      such position is reached by the forming end portion of the tool. In either
      case, threading may be stopped by moving lever 76 back to the full line
      position to relax the segments 15-17, and the tool 10 may be easily
      withdrawn from the pipe after first disconnecting the tool post from the
      worm drive.
PAR  Shown at 97 and 98 are change gear controls for altering the lathe chuck
      and worm gear speeds in accordance with thread per inch requirements.
PAR  A step-by-step procedure for the operation shown in FIG. 7 may be set forth
      briefly as follows:
PAR  1. If the pipe to be threaded is relatively thin-walled, enclose it between
      the fixture tube halves and clamp the same into the lathe chuck.
PAR  2. The thread-forming tool, with attached sleeve and cam lever assembly, is
      clamped to the lathe tool post.
PAR  3. The lathe controls are set to the proper rotational speed of the lathe
      chuck and synchronous with the tool post rate of advancement to provide
      the desired number of threads per inch.
PAR  4. The thread-forming wheels are expanded either before or after the
      forming end portion of tool 10 enters the pipe. Also, at any point within
      the pipe, the wheels may be contracted to leave portions of the pipe
      unthreaded, or to withdraw the tool after completion of the threading.
PAR  5. The threaded pipe is removed from the fixture and the lathe chuck. As is
      apparent, the lathe mechanism is used to control the thread spacing on the
      pipe. This mechanism synchronizes the rotational speed of the pipe with
      the rate of advancement of the forming tool on the tool post to produce
      the desired number of threads per inch. Any standard lathe can be used.
PAR  Before the foregoing 5-step procedure is started, it may be advisable to
      measure the internal diameter of the pipe to be threaded since slight
      variations over its stated diameter may be present because of fabrication
      tolerances. Then the effective diameter of the wheels 31-33 may, if
      required, be adjusted to get the desired thread depth. Means on the tool
      are provided for carrying out this last step, being useful for varying the
      effective thread-forming diameter of the wheels as a group within limits.
      In one form, such means comprise the interengaging portions of member 53
      and rod 59 together with the interengaging cam portions 54 and 55. Thus,
      it is possible to increase the effective diameter of the wheels by
      threading the member 53 farther into rod 59, with the result of forcing
      the wheels farther apart by virtue of the cam action of portion 54 on
      portion 55; and similarly, by unthreading member 53 to a partial extent,
      it is possible to decrease the effective diameter of the wheels by virtue
      of the relaxing action of 54 on 55. In another form, the means for varying
      the effective diameter of the wheels comprises the use of one or more
      shims in gap 85, thus changing its width. One of these optional shims is
      indicated at 85a, and it will be understood that its thickness is variable
      as desired. For large changes in the effective diameter of the wheels, it
      will be useful to construct the forming tool in appropriate sizes so that
      the user may select a suitable size and then make any required adjustments
      by using the means provided on the tool.
PAR  FIG. 8 illustrates a threaded product 99 as it is formed, the particular
      thread 100 being of modified Vee form with a rounded crest and root. Where
      FIG. 8 shows a shaft 28 whose inner end 28a is press-fitted in recess 25
      and whose outer end 28b is non-press-fitted in recess 37, FIG. 9 shows a
      modification wherein both ends 101a and 101b of the shaft 101 are freely
      disposed in recesses 102 and 103 but in which the outer end 101b is
      received in a blind or partial recess 103 in the arcuate segment 104. In
      other words, in FIG. 8 the inner shaft end 28a is press-fitted in recess
      25 while the outer shaft end 28b has a loose fit in recess 37, thus
      providing a non-rotatable shaft; and in FIG. 9 the inner and outer shaft
      ends are loosely fitted in their recesses so that the shaft is rotatable.
      In both cases the forming wheel is rotatable on the shaft. Where the shaft
      is intended to rotate, it can of course be supported on bearings at each
      end.
PAC  EXAMPLE
PAR  By way of illustration, threads were formed on the internal surface of a
      copper tube by means of the described tool using a lathe made by D.
      Mitchell & Co., Ltd., Keighley, England. Triple forming wheels in the tool
      each produced 20 threads per inch, or a total of 60 threads per inch, of
      modified acme form having a pitch of 0.05 inch. The wheels each had a
      diameter of 0.281 inch, each was angularly disposed at a lead angle (or
      camber) of 0.degree. 57' 50", and each had an included angle of 60.degree.
      and a maximum radius of 0.003 inch. As a group, the wheels were adjustable
      from a crest diameter of 0.927 inch to approximately 0.960 inch. The
      wheels were of tool steel hardened to a value of Rockwell C - 63.
PAR  As indicated, the forming tool in relaxed condition can enter a pipe with
      plenty of clearance; and when the wheels are expanded, it will be
      understood that they will be under sufficient pressure to form the desired
      threads.
PAR  Any suitable number of wheels may be present, such as one, two, three,
      four, or more, and these will form a like number of threads. Note that the
      use of three wheels, equally spaced from each other, is advantageous in
      that the forming forces are balanced, i.e., there is no net force on the
      tool which would act to make it move from one side to the other while the
      threads are being formed. Balanced forces may also be achieved by using 2
      or 4 equally spaced wheels. Any suitable thread form can be produced,
      including Vee groove, acme, square, round, modifications thereof, etc., by
      employing forming wheels of the proper profile. A right or left helix may
      be produced, or a single helix, or an annular ring, or a series of spaced
      annular rings that are spaced from one another. In short, grooves of any
      type and form are possible.
PAR  The pipe metal can be any having a hardness less than that of the metal of
      the forming wheels; and on this topic it is relevant to note that the
      wheels may be made of very hard materials and may also be fabricated with
      tips harder than the rest of the wheels, including tips comprising
      embedded diamond particles or chips which would thus be able to thread
      pipes of metals harder than a Rockwell C-37 hardness, the latter
      representing an upper limit for conventional thread rolling. Pipes of more
      ductile metals are easily threaded, and good results have been obtained
      with pipes of copper and aluminum, such as 6063 aluminum and 6061
      aluminum. Other useful pipe materials are wood, woodlike materials,
      leather, rubber, fabric, and the like, provided they are sufficiently
      ductile to lend themselves to the operation. Application of heat to the
      pipe may be useful to increase its ductility. The term "pipe" includes
      tubes, conduits, and any other hollow body of cylindrical or near
      cylindrical form.
PAR  The forming tool is of particular utility to make tubes or pipes for use as
      heat pipes, wherein the internal threads or grooves act as wicks or
      capillaries. Of importance to such utility is the ability of the invention
      to produce a pipe that is internally threaded only partially of its
      length, and at any desired location or at two or more such locations that
      may be spaced relatively to one another. Another particular advantage, as
      shown in FIG. 7, resides in the fact that the forming wheels may be
      expanded or relaxed by a control located outside either the tool or the
      pipe.
PAR  It will be appreciated that one may rotate the forming tool and linearly
      move the pipe relatively thereto by simply reversing the positions of
      these devices on the lathe.
PAR  It will be understood that the invention is capable of obvious variations
      without departing from its scope.
PAR  In the light of the foregoing description, the following is claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tool for forming grooves on the internal surface of a pipe
      comprising a housing having a bore extending from a groove-forming end
      portion to a supporting end portion, said housing comprising at least one
      flexible segment having a radially movable end portion at said forming end
      portion,
PA1  rotatable groove-forming means mounted for rotation in said radially
      movable end portion of the segment,
PA1  forcing means in the bore operative to force said segment end portion
      radially outwardly so that said groove-forming means may operatively
      engage the internal surface of a pipe positioned radially outwardly
      thereof, and actuating means extending from said bore through said
      supporting end portion for actuating said forcing means to render the
      latter operative and for releasing such forcing means to render the same
      inoperative.
PA1  the improvement comprising movable lever means pivotally attached to said
      actuating means at a point outside of and spaced from said bore for moving
      the actuating means, and thereby the forcing means, back and forth through
      a limited distance,
PA1  and cam means associated with said lever means for moving and holding the
      actuating means, and thereby the forcing means, in operative
      groove-forming position and also for releasing the same from said
      position.
NUM  2.
PAR  2. Tool of claim 1 wherein means are present engageable by said cam means
      for varying said limited distance through which said actuating and forcing
      means may move.
NUM  3.
PAR  3. Tool of claim 1 wherein said forcing means comprise an elongated member
      extending towards said supporting end portion from a point spaced linearly
      inwardly of said rotatable groove-forming means, said member being
      radially spaced from walls defining said bore and being freely movable in
      the bore.
NUM  4.
PAR  4. Tool of claim 3 wherein said actuating means is an elongated actuator
      rod one end portion of which extends into said housing at said supporting
      end portion and is engageable with said elongated member and the other end
      portion of which extends beyond the housing.
NUM  5.
PAR  5. Tool of claim 4 wherein movement of said lever means to place said
      forcing means in operative groove-forming position creates a gap, and
      wherein means are present for decreasing said limited distance through
      which said actuating and forcing means may move comprising means
      insertable in the gap and engageable by said cam means for decreasing the
      width of the gap.
NUM  6.
PAR  6. In a tool for forming threads on the internal surface of a pipe
      comprising a housing having a bore extending therethrough from a forming
      end portion to a supporting end portion, said housing comprising at least
      one flexible segment having a radially movable end at said forming end
      portion, a thread-forming wheel mounted for rotation in said end of each
      segment,
PA1  an elongated threaded member disposable in said bore, an elongated threaded
      actuator rod in the bore threadedly engageable by said threaded member and
      extending through said supporting end portion to a point beyond the
      housing, said threaded member having a cam portion of progressively
      increasing diameter, a corresponding cam portion in the bore engageable by
      said first cam portion, and wherein said interengaging cam portions are
      effective to force each said segment radially outwardly so that each said
      wheel may operatively engage the internal surface of a pipe positioned
      radially outwardly of the wheel,
PA1  the improvement comprising a lever pivotally attached to said actuator rod
      through trunnion means at a point beyond the housing and movable for
      moving said rod and thereby said threaded member back and forth through a
      limited distance, with movement in one direction acting to effectively
      interengage said cam portions and to force said segment and wheel radially
      outwardly into thread-forming position, and movement in the other
      direction acting to disengage said cam portions and to allow said segment
      and wheel to return to a normal non-thread-forming position,
PA1  cam means on said lever for holding the latter, and also said rod and
      member, in a position where said cam portions are effectively
      interengaged, and other cam means on the lever for holding the latter, and
      also said rod and member, in a position where said cam portions are
      disengaged.
NUM  7.
PAR  7. Tool of claim 6 wherein movement of said lever in a direction to
      interengage said cam portions creates a gap between said trunnion means
      and said housing, and means insertable in the gap and engageable by said
      cam means for decreasing the width of the gap, thereby to decrease said
      limited distance through which said rod and member may move.
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PAL  A process and apparatus for rollingly forming a cylindrical member having a
      reduced diameter portion at its intermediate portion by using a
      cross-rolling forming apparatus. The width in cross-section each of the
      dies in the rolls of the apparatus is gradually varied or decreased as the
      working of the member advances by providing clearance surfaces in the
      beveled side surfaces of the dies at an appropriate escape angle so that
      the surfaces in the member which have been worked by the dies are held
      clear of the side surfaces of the dies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process and apparatus for special forming of a
      member in a cross-rolling forming process.
PAR  In the prior art cross-rolling forming process for forming a cylindrical
      member having a reduced diameter cylindrical portion at its intermediate
      portion connected to the opposite ends of the member by conical surfaces,
      respectively, the reduction ratio of the diameter of the reduced diameter
      portion with respect to the large diameter of the opposite ends of the
      member is limited to a certain value, while the taper angle of the conical
      surfaces connecting the reduced diameter portion to the opposite ends of
      the member is necessarily held to be the same as the wedge angle of the
      beveled side surfaces of the dies secured to the rolls of the apparatus,
      thereby giving severe restriction to the capability of the rolling forming
      operation.
PAR  This invention aims at avoiding the above described disadvantages of the
      prior art cross-rolling forming process.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of this invention to provide a process and apparatus for
      rollingly forming a cylindrical member having a reduced diameter portion
      at its intermediate portion connected to the opposite ends of the member
      of large diameter by conical surfaces wherein the above described
      restriction in the capability of the rolling forming operation is
      eliminated and the reduction ratio of the diameter is widely improved
      while the taper angle of the conical surfaces connecting the reduced
      diameter portion to the opposite ends of the member can be freely selected
      without being limited by the wedge angle of the beveled side surfaces of
      the dies of the rolls.
PAR  The above object is achieved in accordance with the characteristic feature
      of this invention by varying or reducing the width in cross-section of the
      beveled side surfaces of the dies in the rolls as the rolling forming
      operation advances by forming clearance surfaces of an appropriate escape
      angle in the beveled side surfaces so that portions of the conical
      surfaces which have been formed by the preceding portions of the beveled
      side surfaces are made clear of the remaining portions of the side
      surfaces as the rolling forming operation proceeds, while the reduction
      ratio of the diameter is increasingly improved by virtue of the fact that
      the already formed portions of the conical surfaces are not contacted with
      the beveled side surfaces of the dies thereby preventing the already
      formed conical surfaces from being further worked.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the process for rolling forming by
      using the prior art cross-rolling forming apparatus;
PAR  FIG. 2 is a diagram showing the developed configuration of one of the
      forming dies used in the rolls shown in FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line A--A in FIG. 2;
PAR  FIG. 4 is a general side view showing the configuration of the cylindrical
      member having the reduced diameter portion at its intermediate portion
      formed by the cross-rolling forming operation;
PAR  FIG. 5 is a diagram showing the procedure in the rolling forming operation
      of the prior art;
PAR  FIGS. 6a, 6b, 6c and 6d are cross-sectional views respectively along lines
      E--E, F--F, G--G, and H--H in FIG. 2;
PAR  FIG. 7 is a diagram showing the procedure in the rolling forming operation
      in accordance with this invention;
PAR  FIGS. 8a, 8b, 8c and 8d are cross-sectional views of one of the forming
      dies respectively corresponding to FIGS. 6a, 6b, 6c and 6d but provided in
      accordance with this invention; and
PAR  FIG. 9 is a diagram showing in detail the procedure of the rolling forming
      operation in accordance with this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Prior to the description of this invention, the rolling forming operation
      by the prior art cross-rolling forming apparatus will be described with
      reference to FIGS. 1 - 6a, 6b, 6c and 6d for the better understanding of
      this invention.
PAR  Referring now to FIGS. 1 and 2, a pair of rolls 01,02 are supported by roll
      shafts 05,06 in parallel to each other and driven in the same direction as
      indicated by the arrows in FIG. 1. The rolls 01,02 are provided at their
      outer peripheral surfaces with forming dies 03,04, respectively. A
      cylindrical member 07 to be worked is inserted between the rolls 01,02 so
      that the member 07 is rotated by the rolls 01,02 and, during the rotation,
      the member 07 is worked by the dies 03,04 thereby achieving the rolling
      forming operation to the member 07.
PAR  Referring to FIGS. 2 and 3, each of the standard dies 03,04 shown comprises
      a bite portion B for first forming a depression in the member 07, a
      depression spreading portion C for widening the width of the depressed
      portion in the member 07 according to the advance angle .beta. of the dies
      03,04 as the rolls 01,02 rotate, and a finishing portion D for forming the
      member 07 in the final configuration.
PAR  As shown in FIG. 3, each of the dies 03,04 has a flat top surface with the
      width thereof being continuously increased according to the advance angle
      .beta. along the peripheral direction of the roll 01,02 and opposite
      beveled side surfaces of the wedge angle of .alpha. connecting the top
      surface to the peripheral surface of the roll. The wedge angle .alpha. has
      influence on the tensile force given to the member to be worked.
PAR  In the cross-rolling operation, the value of the wedge angle .alpha. and
      the value of the advance angle .beta. are very important factors and the
      prior art standard rolling forming process and various publications show
      the following relationships:
PAR  If .alpha. .ltoreq. 15.degree., the member to be worked tends to be made in
      the eliptical form.
PAR  If 20.degree. .ltoreq. .alpha. .ltoreq. 30.degree., superior rolling
      forming operation of the member can be carried out.
PAR  If 30.degree. .ltoreq. .alpha. .ltoreq. 60.degree., circumferential
      depressions tend to be formed in the worked member or the reduced diameter
      portion tends to be broken.
PAR  If 70.degree. .ltoreq. .alpha., slip between the dies the member to be
      worked will take place thereby making it almost impossible to carry out
      proper rolling forming operation.
PAR  If 5.degree. .ltoreq. .beta. .ltoreq. 10.degree., superior rolling forming
      operation of the member is achieved.
PAR  Technically, in general, the range of .alpha. = 10.degree. - 45.degree. is
      said to be the range in which the rolling forming operation is practically
      possible.
PAR  As the value of .alpha. is reduced, a hole tends to be formed at the center
      of the member by the Mannesmann effect, however, the axial tensile force
      given to the member is reduced thereby reducing the possibility of
      breakage of the reduced diameter portion of the member.
PAR  To the contrary, as the value of .alpha. is increased, tensile force given
      to the member is increased thereby tending to cause the reduced diameter
      portion of the member to be broken.
PAR  Under the circumstances as described above, the reduction ratio of diameter
      d/d.sub.o during the rolling forming operation (d.sub.o = large outer
      diameter of the opposite ends of the formed member, d = diameter of the
      reduced diameter portion of the member, FIG. 4) is generally said to be
      0.6 &lt; d/d.sub.o &lt; 0.85, and, by appropriately selecting the value of
      .beta., the reduction ratio d/d.sub.o is said to be able to be reduced to
      d/d.sub.o = 0.5. However, the rolling forming operation is practically
      very difficult under such a reduced reduction ratio of d/d.sub.o = 0.5.
PAR  Further, as the reduction ratio = d/d.sub.o is made small, the area of the
      beveled side surfaces of the dies are made larger regardless of the value
      of .alpha., thereby increasing the axial tensile force so that the reduced
      diameter portion of the member tends to be broken. Thus, the reduction
      ratio d/d.sub.o is necessarily restricted from the above viewpoint.
PAR  Referring now to FIG. 5 and FIGS. 6a, 6b, 6c and 6d, the rolling forming
      operation by the standard dies is effected by the beveled side surfaces
      a.sub.1 a.sub.2, b.sub.1 b.sub.2, c.sub.1 c.sub.2 and d.sub.1 --d.sub.2
      having the wedge angle of .alpha. wherein the beveled side surfaces are
      compressively contacted with the surfaces of the member to be worked,
      therefore, the taper angle .theta. of the conical surfaces of the member
      07a necessarily coincides with the wedge angle .alpha., i.e., .alpha. =
      .theta..
PAR  In the prior art rolling forming operation as described above, it is
      impossible to carry out the rolling forming operation in which
      .alpha..noteq. .theta., thereby giving severe restriction to the
      capability of the rolling forming operation of the prior art.
PAR  This invention eliminates the above described disadvantages of the prior
      art and makes it possible to largely widen the capability of the rolling
      forming operation while the rolling forming operation can be carried out
      under the conditions in which the reduction ratio d/d.sub.o is lowered
      even below 0.5, i.e., d/d.sub.o &lt; 0.5 and the taper angle .theta. of the
      conical surfaces of the member is made different from the wedge angle
      .alpha..
PAR  Referring to FIGS. 7 - 9, the forming dies 3, 4 used in the process of this
      invention have the wedge angle of .alpha..sub.1 and the width in
      cross-section of the beveled side surfaces is continuously varied or
      reduced as shown by a.sub.11 a.sub.12, b.sub.11 b.sub.12, c.sub.11
      c.sub.12 and d.sub.11 (d.sub.12) in FIGS. 8a, 8b, 8c and 8d, the width of
      d.sub.11 (d.sub.12) being converged to a point as shown. In order to
      provide the above described reduction in the width of the beveled side
      surfaces, clearance surfaces are formed in the beveled side surfaces at an
      appropriate escape angle .epsilon. so that the rolling forming operation
      is not effected by the clearance surfaces, i.e., the rolling forming
      operation is effected only by the varying beveled side surfaces a.sub.11
      a.sub.12, b.sub.11 b.sub.12 , c.sub.11 c.sub.12 and d.sub.11 (d.sub.12).
PAR  When the dies 3, 4 constructed as described above are attached to the rolls
      in a cross-rolling forming apparatus, the depressed portion of the member
      to be worked is widened in its width by the beveled side surfaces and,
      since the width in cross-section of the beveled side surfaces a.sub.11
      a.sub.12, b.sub.11 b.sub.12, c.sub.11 c.sub.12 and d.sub.11 (d.sub.12)
      varies or decreases continuously to converge into a point d.sub.11 with
      the clearance surfaces having the escape angle .DELTA. being continuously
      increased so as to be cleared from the worked surface of the member, the
      portions of the surfaces of the member cleared from the beveled side
      surfaces remain in a predetermined configuration which is determined by
      the rate of variation in the width in cross-section of the beveled side
      surfaces of the dies 3, 4. Such surfaces are referred to hereinafter as
      self-generating surfaces.
PAR  FIGS. 8b, 8c and 8d show the portions of the selfgenerating surfaces such
      as b.sub.12 b.sub.13, c.sub.12 c.sub.13 and d.sub.11 d.sub.13 during the
      rolling forming operation using the dies of this invention. The angle
      .theta..sub.1 of the final self-generating surfaces d.sub.11 d.sub.13 is
      the taper angle of the conical surfaces connecting the reduced diameter
      portion to the opposite ends of the member finally worked as shown in
      FIGS. 7 and 9.
PAR  The rate of variation in the width of the beveled side surfaces for
      obtaining the desired self-generating surfaces, i.e., y = f(x) (FIG. 9),
      can be determined by repeating the try and search method, but it is also
      determined theoretically by the volumetric calculation of the material to
      be worked.
PAR  The above described process is always possible insofar as .alpha..sub.1
      .ltoreq. .theta..
PAR  In the rolling forming operation in accordance with this invention, the
      actual reduction ratio of diameter is continuously increased as shown by
      d.sub.1 /d.sub.o1, d.sub.1 /d.sub.o2 and d.sub.1 /d.sub.03 in FIG. 9 as
      the rolling forming advances. Therefore, excessively large tensile force
      given to the member by the beveled side surfaces of the dies is avoided
      thereby preventing the reduced diameter portion of the member from being
      formed with circumferential depressions or from being broken. Therefore,
      in accordance with this invention, it is made possible to work a member at
      a very low value of reduction ratio d.sub.1 /d.sub.o such as below 0.5,
      thereby permitting the capability of rolling forming operation to be
      largely increased in accordance with this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for rolling forming a cylindrical member having a reduced
      diameter cylindrical portion at its intermediate portion connected to the
      opposite ends of said member by conical surfaces by using a cross-rolling
      forming apparatus in which a pair of rolls are arranged in parallel to
      each other with a clearance held therebetween for locating the member to
      be worked therein and driven in the same rotational direction with each
      other, said rolls being provided with forming dies cooperating with each
      other each having a top surface and beveled side surfaces extending in the
      circumferential direction of the respective roll with the width in
      cross-section of the respective top surfaces cooperating with each other
      being continuously increased as said rolls rotate, so that said reduced
      diameter cylindrical portion and said conical surfaces are formed in said
      cylindrical member by said dies when said cylindrical member is inserted
      between said rolls so as to be worked thereby, the improvement wherein the
      width in cross-section each of said beveled side surfaces of said dies is
      gradually reduced by providing a clearance surface formed in the
      respective beveled side surface at an appropriate escape angle, thereby
      permitting the portion of each of said conical surfaces having been formed
      by the preceding portions of said beveled side surfaces of said dies to be
      clear of the remaining portions of said beveled side surface of said dies
      as said rolls rotate so that the reduction ratio of diameter during the
      working of said member is increased to facilitate the working although the
      resultant reduction ratio of diameter as a whole can be made low while the
      taper angle of said conical surfaces of said member can be varied from the
      wedge angle of said beveled side surfaces of said die.
NUM  2.
PAR  2. A process for cross-rolling a cylindrical member to provide the member
      with an axially intermediate exterior surface portion of reduced diameter
      connected to opposite end portions by circumferentially extending
      frustoconical transitional surfaces, comprising:
PA1  rolling the cylindrical member between a pair of rolls arranged in parallel
      to each other with a clearance held therebetween for locating the member
      to be worked therein and driving the rolls in the same rotational
      direction with each other, said rolls having forming dies cooperating with
      each other, each having a top surface and beveled side surfaces extending
      in the circumferential direction of the respective roll with the width in
      cross-section of the respective top surfaces cooperating with each other
      being continuously increased as said rolls rotate, so that said reduced
      diameter cylindrical portion and said frusto-conical surfaces are formed
      in said cylindrical member by said dies when said cylindrical member is
      worked by being rolled between said rolls, the width in cross-section each
      of said beveled side surfaces of said dies gradually reducing angularly of
      the rolls due to the provision of clearance surfaces formed in the
      respective beveled side surfaces at an appropriate escape angle; the
      portion of each of said frusto-conical surfaces formed by the angularly
      preceding portions of said beveled side surfaces of said dies clearing the
      angularly succeeding portions of said beveled side surfaces of said dies
      as said rolls rotate,
PA1  whereby the reduction ratio of diameter during the working of said member
      is increased to facilitate the working although the resultant reduction
      ratio of diameter as a whole can be made low while the taper angle of said
      conical surfaces of said member can be varied from the wedge angle of said
      beveled side surfaces of said die.
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ABST
PAL  An improved volume signal generator for use with a thermodynamic cycle
      analyzer for determining the mean effective pressure of an internal
      combustion engine, includes an axially rotatable cylindrical cam having a
      hollow truncated end providing an axially gyrating cam surface about the
      periphery thereof. A light source located within the hollow truncated end
      directs a radially disposed beam of light towards a photo diode so as to
      be cyclically interrupted by the cam surface during operation. The same
      light source cooperates with openings in the cylindrical wall of the cam
      and with a second photo diode to produce timing signals representative of
      the extreme positions of the engine's piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,815,410 describes a thermodynamic cycle analyzer for
      internal combustion engines, using a volume signal generator attached to
      the crankshaft of the engine. The analyzer of U.S. Pat. No. 3,815,410
      produces the volume signal by rotating an eccentric disc between a
      radially positioned elongated light source (i.e., evenly illuminated slot)
      and a photocell. The length of the light source seen by the photocell is
      thus made a function of the angular position of the eccentric disc, which
      in turn is a function of the piston position and therefore the volume of
      the combustion chamber.
PAR  The problems with the arrangement of U.S. Pat. No. 3,815,410 is that when
      the device is used on fastrunning engines, the eccentric weight
      distribution of the disc sets up vibrations which impair the accuracy of
      the photoelectric arrangement beyond permissible limits.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes this difficulty by substituting for the
      eccentric disc an axially rotatable cylindrical cam, comprising a cylinder
      having a hollow truncated end with a predetermined curved cam surface
      formed thereon. Counterweight means are provided in the cylinder to
      dynamically balance the cylinder against vibration at high speeds.
PAR  In addition to the elimination of vibration problems, the hollow truncated
      cylinder arrangement of this invention permits the use of a single light
      source to produce both the volume signal and the timing signals
      representing the top and bottom of the piston stroke.
PAR  The truncated cylinder arrangement also permits the generator housing to be
      made shorter and lighter than was possible with the arrangement of U.S.
      Pat. No. 3,815,410. This feature, combined with the separate support for
      the signal generator assembly, greatly reduces the stress imposed on the
      driveshaft of the signal generator by the signal generating device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section of the device of this invention; and
PAR  FIG. 2 is a perspective view of the cylindrical cam.
PAR  FIG. 3 is a plan view of the cam and slot; and
PAR  FIGS. 4A and 4B are schematic views illustrating the relationship of the
      cam shape to the stroke-to-rod-length ratio of the engine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The volume signal generator of this invention is generally shown at 10 in
      FIG. 1. It is adapted to be supported on a fixed support 12 by an
      adjustable mounting bracket 14 which is secured to the supporting plate
      16. For rigidity purposes, the support plate 16 is provided with a brace
      plate 18 which firmly supports the portion of the generator in which the
      drive shaft bearings 20, 22 are located.
PAR  The bearings 20, 22 provide rotatable support for a drive shaft 24 whose
      left end in FIG. 1 is provided with a mounting flange 26 for attachment to
      the crankshaft (not shown) of an engine to be tested. On its right hand in
      FIG. 1, the drive shaft 24 carries a cam member 28 better illustrated in
      FIG. 2.
PAR  Passing over the particular construction of the cam member 28 for the time
      being, it will be noted that a fiber optic light guide 30 is inserted into
      the hollow interior of cam member 28 through a mounting bracket 32
      attached to the housing of the generator 10. The guide 30 has an opening
      34 through which light is directed downwardly in FIG. 1 through a light
      diffuser 36, an elongated slot 40 (best shown in FIGS. 1 and 3), and
      focusing lenses 42, 44 onto the surface of the photo diode 46.
PAR  A cover plate 47 is mounted for sliding adjustment by bolts 49 slidable in
      slots 51, as best shown in FIG. 3, to cover a selectively variable portion
      of slot 40. The plate 47 is preferably adjusted so that a minimum small
      amount of light will be received by the photodiode 46 even when the cam
      member 28 is in the position shown in FIGS. 1 and 3. Conversely, the plate
      47 limits the maximum amount of light received by the photodiode 46 when
      the cam 28 is rotated 180.degree. from the position of FIGS. 1 and 3 to a
      value where it will not overdrive the operational amplifier 48. In this
      manner, the linearity (or at least the consistency of variation) of the
      output of amplifier 48 as a function of the axial length of cam member 28
      at any point in its rotation is preserved.
PAR  The photodiode 46 is connected through appropriate leads to an operational
      amplifier 48 embedded in the housing of device 10, and the output of the
      operational amplifier is conveyed over lead 50 to appropriate measuring
      apparatus (not shown) of the type described in U.S. Pat. No. 3,815,410.
PAR  An additional photodiode 52 is located in an angularly disposed aperture in
      the housing of device 10 so as to cooperate with openings 54,56 of cam
      member 28 in the 0.degree. and 180.degree. positions, respectively, of the
      cam to provide a pulse to the measuring equipment whenever the piston of
      the engine is in the extreme top or bottom position.
PAR  Turning now to FIGS. 2, 3, 4A and 4B, it will be seen that the cam member
      28 has a curved cam surface 58 whose shape is such that the length of slot
      40 which is not obscured by the cam member 28 at any point of its rotation
      is exactly proportional to the volume of the combustion chamber at that
      particular point in the rotation of the engine. This function varies with
      the stroke-to-rod-length ratio of any particular engine, and the cam
      member 28 must therefore be matched to the engine being tested in order to
      obtain the accuracy required of the device. FIGS. 4A and 4B illustrate
      this relationship by showing that crankshaft C.sub.a in FIG. 4A has a
      rotate through a greater angle .alpha. than the angle .beta. of crankshaft
      C.sub.b in FIG. 4B to drive the piston to the half-way mark of its stroke.
PAR  A counterweight 60 is mounted inside the hollow cylinder of cam member 28
      to counterbalance the additional mass of the cylinder wall on the side
      where its axial extent is greater. The shape, location, and amount of
      weight 60 required is a matter of dynamic balancing in accordance with
      techniques well known in the art and is therefore not specifically
      described herein.
PAR  However, it will be readily understood that the thus balanced cylinder
      provides a completely vibration-free way of mechanically varying the
      amount of light seen by photodiode 46 at even the highest engine speeds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A volume signal generator for thermodynamic cycle analyzers including a
      light path and apparatus for mechanically varying the amount of light
      passing through said path in proportion to the instantaneous volume of the
      combustion chamber of an engine under analysis, comprising:
PA1  a. uniformly illuminated, elongated slot means positioned in said light
      path;
PA1  b. axially rotating cam means including a hollow truncated cylinder
      positioned adjacent to said slot means so as to obscure a portion of said
      slot means proportional to the axial height of that portion of the
      cylinder which is closest to said slot means at any given moment at the
      cylinder's rotation, the truncated surface of said cylinder being so
      shaped that the axial length of the cylinder wall at any point is
      proportional to the volume of the combustion chamber of the engine under
      analysis when that point is nearest said slot means;
PA1  c. light source means for said light path located inside said hollow
      cylinder, said cylinder wall having at least one opening formed therein;
      and
PA1  d. photoelectric means positioned adjacent said cylinder for receiving
      light impulses through said opening in said cylinder wall at a
      predetermined point in the rotation of said cylinder, said light source
      being a single light source illuminating both said slot means and said
      opening.
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ABST
PAL  A method and apparatus for hot testing on a production basis, automobile
      engines as they come off the assembly line for performing a final check on
      such engines before they are installed in the automobile. The engines are
      tested for exhaust emissions at three points or KEY MODES of operation at
      which emission related engine malfunctions are most likely to appear.
      These points of operation are high cruise, low cruise, and idle. The
      engine, after it comes off the assembly line is placed in a production
      test stand wherein the connections for water, oil and exhaust are made,
      the engine is started, accelarated to the high cruise speed, and allowed
      to warm up for a predetermined time, after which time, measurements of
      hydrocarbons and carbon monoxide are taken and an appropriate indicator
      light lit to indicate that the engine either is within limits at this
      speed, or does not pass for some reason. The same procedure is followed in
      the low cruise and idle speeds. If one or more of the indicator lights
      show a reject condition, the engine is automatically removed from the
      production test stand and routed to a repair shop for further testing.
BSUM
PAR  This application, although an original application filed in the names of
      Vermon G. Converse III, Edwin L. Cline, and Leland P. Tinkham, contains
      common subject matter with an earlier filed Pat. application Ser. No.
      306,815 for Method and Apparatus for Quickly Evaluating Engine Exhaust Gas
      Emissions. Portions of said earlier application are repeated herein for
      the purpose of providing a complete understanding of the present
      invention, and the entire specification of said application is
      incorporated herein by reference. The present invention relates to a
      method and apparatus for making quick final checks on a production line
      basis of the fully assembled automobile engine prior to its installation
      in the automobile to insure that all of the main systems of the automobile
      engine are functioning properly together, even though they may have been
      previously individually tested prior to the completion of the automobile
      engine.
PAR  Prior to the present day concern with the air pollution caused by exhaust
      gas emissions from major vehicles which do not function properly, there
      was no felt need for a final check of green engines under load as they
      came off the assembly line to insure that everything was functioning
      properly because there was no meaningful test which could be performed
      quickly to indicate engine malfunctions.
PAR  While individual checking of the main systems of the engine, such as
      carburetion, ignition and combustion, is absolutely necessary during the
      assembly of the engine to make sure that the assembly process is going
      correctly, it has been found that even though such individual tests are
      passed, the engine, when installed in a motor vehicle, can still fail
      Federal Emission Tests. In addition, it has been found that individual
      checking of the systems of the engine cannot detect all the possible
      malfunctions of the engine which testing after the engine is fully
      assembled and running under load can. For example, an exhaust valve leak
      which cannot be conveniently detected previous to the time the engine is
      finally assembled and can be tested running under load, can result in
      hydrocarbon emissions under certain conditions which are four times
      greater than normal, and similar examples can be found in the carburation
      and ignition system of the engine. For example, even though the ignition
      system may have been timed properly somewhere previous to final assembly,
      if a wire should come loose or some such occurence happen further down the
      production line, just one cylinder out of eight missing even one-half the
      time will cause hydrocarbon emissions to be nearly four times greater than
      normal.
PAR  Such malfunctions, which can only be found by hot testing the engine under
      load after assembly, are enough to make the engine fail the emission
      standards, which have been set for the engine after it is installed in the
      vehicle.
PAR  Therefore, it became essential to develop a method and apparatus to perform
      a final test of engine performance on a production line basis before the
      engine is installed in the motor vehicle. It has been found, as disclosed
      in the previously mentioned pending application, that exhaust gas
      emissions, and particularly CO and HC emissions, are the most perceptive
      indicators of engine malfunctions, and when data on those emissions is
      properly evaluated, such data can indicate what is wrong with the engine,
      and how to go about correcting it in an efficient manner, which is
      essential to any production test of the engine.
PAR  It has also been found that running the engine under the load which the
      particular engine would likely encounter if installed in a vehicle causes
      any engine malfunctions which are likely to occur to be seen, whereas
      running the engine with no load does not stress the engine and cause such
      defects to occur, so that a great many engine malfunctions are liable to
      remain hidden unless the test is made under load. In addition, certain
      speeds of the engine are more likely to cause engine malfunctions to occur
      than others.
PAR  Three key testing points, or KEY MODES of operation have been found to make
      engine malfunctions most likely to occur. Accordingly, the first KEY MODE
      requires operation of the engine at a RPM simulating "high cruise," at
      which time the main carburetor and ignition systems of the engine are in
      full operation.
PAR  KEY MODE 2 requires operation of the engine at "low cruise," which is in
      the transition area between idle speed and that point at which the main
      systems of the carburetion and ignition come into full operation.
PAR  KEY MODE 3 requires testing the engine at its idle speed, when the engine
      is operating with the carburetor throttle in normally closed position.
      these tests, of course, are made at the KEY MODE only after the engine has
      thoroughly warmed up, so that such factors as a malfunction in the
      automatic choke, etc. will enter into the test.
PAR  In accordance with the idea of producing a fast production test at the end
      of the assembly line, the values of CO and HC are measured at all test
      modes, compared with predetermined design values supplied by the engine
      manufacturer for the particular engine involved, and appropriate indicator
      lights indicate whether the engine has passed or failed the test for CO
      and HC at each KEY MODE of operation.
PAR  If the indicator lights show that the engine has passed the test for HC and
      CO emissions at all points of its operation, the engine is automatically
      removed from the test stand, which is preferably combined with the
      Accumulator Conveyor System shown in U.S. Pat. No. 3,631,967 to Vernon G.
      Converse III et al, and is passed for installation in the automobile. If
      one or more of the indicator lights shows that the engine has failed one
      of the tests, rather than occupying one of the test stations on the
      conveyor loop for the relatively great length of time necessary to provide
      for more detailed diagnostic tests of the engine to find the malfunction,
      a repair loop or off line test station is added to the system and contains
      a few test stands containing more sophisticated equipment. The engine is
      routed to one of these test stands, at which time more extensive testing
      is undertaken to find the exact engine malfunction.
PAR  Accordingly, one of the objects of the present invention is to provide a
      method and apparatus to perform a final hot test check of the automobile
      engine at the end of its assembly line before it is installed in the
      automobile.
PAR  Another object of the present invention is to perform a final hot test
      check of the automobile engine at the end of the assembly line by testing
      its exhaust gas emissions, whereby an engine can be passed or rejected in
      accordance with predetermined exhaust emission levels.
PAR  Another object of the present invention is to provide a method and
      apparatus for hot testing engines under load which is reliable, accurate
      and fast.
PAR  A further object is to provide a simple method and apparatus for performing
      final engine checking before installation by applying a series of
      predetermined loads to the engine at predetermined key speeds, at which
      emission related malfunctions are most likely to occur.
PAR  A further object of the present invention is to provide an apparatus as
      stated above for performing a final hot test of an automobile engine which
      will provide test results which are relatable to the emission levels to be
      expected after the engine is installed in a motor vehicle.
PAR  A still further object of the invention is to use the results of the
      analysis of the exhaust gas emissions of the internal combustion engine to
      aid in determining what, if anything, may be wrong with said engine, and
      to determine the steps needed to correct the defect.
PAR  A further object of the invention is to make the final hot test check of
      the engine as stated above in a manner which is simple and that can be
      carried out by persons having a minimum of test training and experience.
PAR  A further object of the present invention is to provide a loading device
      for the engine which maintains a load curve proportional to the cube of
      the engine speed without a load regulating system.
PAR  A still further object is to provide a method and apparatus to perform a
      final check of engine operation by subjecting said engine to predetermined
      key speeds and loads related to the conditions which the engine may
      encounter after installation in the vehicle, and at speeds simulating high
      cruise, low cruise and idle, and measuring the CO and HC values in the
      exhaust gas at each mode of operation.
PAR  A further object is to provide simple indicator lights at the production
      test stand performing such test to quickly and easily indicate to the
      operator whether the engine being tested has passed or failed the HC and
      CO tests at each key point (KEY MODE) of operation.
PAR  A still further object of the present invention is to provide a reporting
      system on which the indicator light signals may be recorded to indicate
      which test the engine has failed, and to further provide a "truth chart"
      having suggested malfunctions and remedies therefor that will enhance
      ready identification of the malfunctions.
PAR  A still further object of the present invention is to provide automated
      test stands in which the hot test of the engine may be performed and to
      provide these test stands around an automated endless conveyor for fast
      production testing of the engines.
PAR  Another object of the present invention is to provide a separate repair
      system for the production testing system mentioned above, into which any
      engine which fails the final hot test can be automatically routed for
      further detailed testing.
PAR  Still another object is to provide that the aforementioned truth charts and
      report cards be made so that they may accompany the rejected engine or be
      transmitted to the repair loop.
DRWD
PAR  Further objects and advantages of this invention will be apparent from the
      following description and appended claims, reference being had to the
      accompanying drawings forming a part of this specification, wherein like
      reference characters designate corresponding parts in the several views.
PAR  FIG. 1 is a perspective view of an embodiment of the present invention
      whereby automated test stands for performing the final hot test of the
      engine under load prior to installation are arranged around an endless
      conveyor to form a completely automated testing system, said endless
      conveyor having a repair loop to which the rejected engines are sent for
      further testing, and having a station (not shown) whereby new engines are
      added to the testing system, and engines which have been passed, or passed
      after repair, are removed from the testing system and are sent for
      installation in the motor vehicle.
PAR  FIG. 2 is a cutaway view showing an internal combustion engine mounted in
      an automated test stand embodying the apparatus of the present invention,
      and being ready for its final box test under load before installation in a
      motor vehicle.
PAR  FIG. 3 is a perspective view of a simplified form of chassis dynamometer
      that can be used in carrying out the KEY MODE method of testing the engine
      after the engine has been installed in a motor vehicle.
PAR  FIG. 4 illustrates a power/speed, or cube curve, of the power absorption
      device of FIG. 1, with the speed and horse power at the test points of KEY
      MODES, 1, 2 and 3, indicated thereon.
PAR  FIG. 5 is a diagrammatic view of the components of the system for
      evaluating exhaust gas emissions of an engine under load in a motor
      vehicle, including meters for indicating the value of CO, HC and NO, and
      an optional printout device.
PAR  FIG. 6 is an enlarged view of the speed meter showing the speed graduations
      and related colored segments corresponding to the high cruise and low
      cruise speeds for the three weight classes of vehicles.
PAR  FIG. 7 is an elevational view of a typical CO meter as may be used in the
      system of FIG. 5.
PAR  FIG. 8 is an elevational view of a typical HC meter as may be used in the
      system shown in FIG. 5.
PAR  FIG. 9 is an elevational view of a typical NO meter which can be used in
      the system shown in FIG. 5.
PAR  FIG. 10 is a partially cut-away elevational view of a fixed-fill power
      absorption unit as may be used to perform the loading of the engine in the
      present invention.
PAR  FIG. 11 is a chart showing the RPM versus the horse power load of the
      device shown in FIG. 10.
PAR  FIG. 12 is a partially cut-away elevational view showing a picture of a
      fixed-fill power absorption unit similar to that shown in FIG. 10, but
      having its moveable rotor trimmed to alter its loading curve.
PAR  FIG. 13 shows a typical RPM vs. horsepower curve for a device which has
      been trimmed, such as the device shown in FIG. 12.
PAR  FIG. 14 is a simplified diagrammatic view of the components of an exhaust
      gas analyzer and measuring system as used in the present invention for
      evaluating the exahust emissions of green engines as they come from the
      production line, including meters for indicating the value of CO and HC.
PAR  FIG. 15 shows an RPM/load curve for an engine which may be tested by the
      method and apparatus of the present invention, and showing thereon the 3
      test points (high cruise, low cruise and idle) at which the engine is
      tested for HC and CO emissions.
PAR  FIG. 16 is an elevational view of the CO meter used in the apparatus of the
      present invention.
PAR  FIG. 17 is an elevational view of the HC meters as used in the present
      invention.
PAR  FIG. 18 is a chart showing a typical probability curve giving the time in
      which a green engine off the assembly line will reach a testable
      condition.
PAR  FIG. 19 shows a typical report card showing acceptable CO and HC values at
      different RPM's of the engine, and providing spaces for the operator to
      indicate tests for which reject lights embodied in the present invention
      have indicated that the engine has failed.
PAR  FIG. 20 illustrates a portion of the exemplary truth chart, more fully
      disclosed in the specification, having a reject pattern matching the
      reject marks indicated on the report card of FIG. 19.
PAR  FIG. 21 is a detailed elevational view of the interior of the test stands
      shown in FIG. 2.
PAR  FIG. 22 is a front elevational view of the control panel for operating the
      system of the present invention.
PAR  FIG. 23 is a diagrammatic view of the complete system of the present
      invention, including the apparatus necessary to run the engine, apply the
      proper load to the engine, sample the exhaust gas of the engine at the
      high cruise, low cruise and idle operation, analyze the exhaust gases at
      each point of operation for their HC and CO content, compare the HC and CO
      content of the exhaust gases at each point of operation with predetermined
      permissable limits, and indicate whether the engine has passed or failed
      the HC and CO tests at each test point.
DETD
PAR  It is to be understood that the invention is not limited in its application
      to the details of construction and arrangement of parts illustrated in the
      accompanying drawings, since the invention is capable of other embodiments
      of being practiced or carried out in various ways within the scope of the
      claims. Also, it is to be understood that the phraseology and terminology
      employed herein is for the purpose of description and not of limitation.
PAR  Work directed to finding a quick and simple method of performing a final
      check of an engine before it was installed in a motor vehicle was first
      undertaken by Applicants on the basis of trying to adapt for production
      use, the work that two of the Applicant's in the previously mentioned
      concurrently pending application had undertaken in relation to testing
      engines already installed in motor vehicles to determine whether or not
      Federal Pollution Standards were met, as the after installation test was
      at that time considered the most practical means of testing new engines,
      in addition to being the only method of testing engines which had been in
      vehicles that were on the road for some time.
PAR  It should be understood that although the present invention is described in
      terms of application to the well-known present day reciprocating internal
      combustion engine, it can just as easily be applied to any internal
      combustion engine, provided that sufficient tests are made to determine
      permissable levels of HC and CO in different type internal combustion
      engines, and what engine malfunctions are indicated by different amounts
      of HC and CO in the exhaust.
PAR  To understand the substantial problems which had to overcome before a
      practial production line test could be undertaken, it is necessary to
      review the operation of the KEY MODE system as applied to engines already
      installed in vehicles.
PAR  As previously mentioned, 3 KEY MODES or given points of testing the engine
      have been established. In the case where the KEY MODE testing system is to
      be used on a motor vehicle, the three KEY MODES of testing have been
      established according to each of three different weight classes of
      vehicles to load the engines in each of those classes of vehicles to the
      point where engine malfunctions are most likely to occur. When used in
      connection with an engine installed in a motor vehicle, the KEY MODE
      system is used in connection with the use of a chassis dynamometer, which
      provides a simple way of loading the engine while mounted in a vehicle by
      running the vehicle at simulated road speeds. Any engine dynamometer or
      chassis dynamometer can be employed if the degree of power absorption
      (load) can be selected to match the prescribed KEY MODE power requirements
      at the prescribed speeds.
PAR  Some hydraulic power absorption devices inherently have suitable power
      speed characteristics, that is power absorption that changes approximately
      as the cube of the engine speed, so that if a power absorption unit
      applies a certain load at a given speed, the desired power absorption load
      will automatically occur at other speeds without requireing the load to be
      changed by the test operator. Dynamometers of this type are preferred for
      emission tests because the skill and the time required to adjust the
      required load at each test point is eliminated.
PAR  It has been determined that speeds and engine loads required for the KEY
      MODE evaluation method can be ascertained from a single power/speed curve,
      due to the fact that when the engine is installed in a motor vehicle of a
      given weight class, different loads can be imposed on the engine by
      running the vehicle at different speeds, depending the load desired, and
      that the proper load for the same engine installed in different weight
      class vehicle can be obtained merely by running the vehicle at a different
      speed. For instance, for a given engine installed in a large vehicle, the
      "high cruise" test would take place in the 48-50 mph speed range and the
      load imposed would be approximately 27 to 30 hp, while to test a compact
      car in the 2800 to 3750 lb range, to get the proper load (21 - 24 hp) for
      the "high cruise" test, the vehicle would be run at 44 - 46 mph, while
      with a sub-compact car, the test would be run from 36 to 38 mph.
      Therefore, it can be seen that only a single power absorption unit is
      needed to simulate the load conditions in all sizes of vehicles. The
      serious problem this poses in an automated production test of vehicle
      engines, where the production line may be set up for one size engine only,
      but needs the capability of being switched from testing one engine to
      another quickly and rapidly, will be discussed later in the specification,
      but as can be seen, the degree of power absorption for any speed
      prescribed for an engine tested after installation in a vehicle all fall
      on the same curve.
PAR  Power absorption devices operating in accordance with a single power speed
      curve arm lower in cost than those capable of variation by the test
      operator, and do not require any operating skill, nor any of the test
      operator's time in making adjustments to conduct a test at a selected
      load, or any equipment to change the load in lieu of the operator, thus
      they were ideal for optimum indoor load testing for emission evaluation of
      engines installed in vehicles. By operating the power absorption device
      with a fixed-fill, that is with the work circuit of the device completely
      filled with water at all times, the desired power/speed curve for the
      present KEY MODE method of testing is readily attained. Moreover, the
      power absorption device is not subject to excessive heating because there
      is a continuous flow of water through the unit.
PAR  Also by using a fixed-fill power absorption device, conventional power
      absorber components such as loading and unloading valves, torque arm etc.,
      are eliminated, thereby reducing costs to a minimum.
PAR  In the in-vehicle test a speed meter with special prescribed markings for
      different speed ranges of "high cruise" and "low cruise"  for the
      different weight classes of vehicles reduces the work of the test operator
      in controlling the speed of the vehicles to the prescribed speeds of KEY
      MODE 1 (high cruise) and KEY MODE 2 (low cruise) and observing and
      recording on the previously mentioned report card the values of CO and HC
      in the two modes of operation. For KEY MODE 3 (idle) the test operator
      releases the throttle and observes and records the indicated CO and HC
      values.
PAR  This would correspond to the reading of an RPM meter at the high cruise and
      low cruise speed of the engine if it was being tested outside the vehicle,
      as the road speed of the vehicle is directly related to the RPM of the
      engine.
PAR  In operation, referring to FIG. 3 of the drawings, a chassis dynamometer
      generally indicated by the numeral 30 comprises a hydraulic power
      absorption device 31 for loading the vehicle engine, an inlet connection
      32 admits water into the working circuit of the power absorption device
      31, and an outlet connection 33 permits the water to discharge so that a
      continuous flow of water through the power absorption unit occurs during
      the test. The customary air bleeders (not shown) are left open so that no
      air pockets are formed in the load circuit, thereby assuring that a
      constant load will be applied to the engine tested.
PAR  As shown, a drive roll 34 is directly connected with the rotor shaft 37 of
      the power absorption device and disposed parallel with an idler or driven
      roll 38. It will be understood that the wheels 39 (one shown) of the
      vehicle being tested are cradled between the drive roll 34 and the driven
      roll 38. A tachometer generator 40 is driven by a belt 43 from the driven
      roll 38 and is connected with a speed meter 44 to indicate to the operator
      the simulated road speed of the vehicle that is being developed by the
      drive wheels 39. The power absorption device 31 automatically loads the
      engine to provide the proper load corresponding to a given engine speed.
PAR  The speed meter 44 is shown in greater detail in FIG. 6. This meter has a
      dial 45 provided with calibrated graduations 46 corresponding to the road
      speed of the vehicle, and a pointer 49 that is actuated by the current
      being generated by the tachometer generator 40, and which current will
      vary with the speed of the driven roll 38.
PAR  The dial 45 has two segments 50 and 51 colored red and corresponding to a
      weight class of large vehicles weighing 3,800 lbs and up. The segment 50
      spans a speed range of 48 to 50 mph and corresponds to the "high cruise"
      speed (KEY MODE 1) for testing vehicles in that class, while the segment
      51 spans a speed range of 32 to 35 mph and corresponds to the "low cruise"
      range for such vehicles (KEY MODE 2).
PAR  Segments 53 and 54 on the dial 45 are colored yellow and correspond to a
      second class of vehicles ranging from about 2,850 to 3,750 lbs. The
      segment 53 spans a speed range of 44 to 46 miles per hour and corresponds
      to "high cruise" speed, whereas segment 54 spans a speed range of 29 - 32
      mph and corresponds to the "low cruise" speed for such vehicles.
PAR  Segments 55 and 56 on the dial 45 are a mottled black and correspond to a
      third weight class of vehicles ranging from about 1,800 to 2,750 lbs. The
      segment 55 spans a speed range of 36 to 38 mph corresponding to "high
      cruise", and the segment 56 spans a speed range of 22 to 25 mph
      corresponding to low cruise for the stated vehicle weight class. FIG. 7
      illustrates the carbon monoxide (CO) meter 57 which has a dial 58 and a
      pointer 59. The dial is graduated from 0 to 10 and indicates the percent
      of CO in the exhaust gas.
PAR  FIG. 8 illustrates the hydrocarbon (HC) meter 61 which has a dial 62 and a
      pointer 63. The dial 62 has graduations 60 ranging from 0 to 15 for
      indicating the HC parts per million .times. 100 in the exhaust gas.
PAR  FIG. 9 illustrates the nitric oxide (NO) meter 64 which has a dial 65 with
      graduations 67 ranging from 0 to 50, and a pointer 66. The graduations
      indicate the NO parts per million .times. 100 in the exhaust gases.
PAR  The CO meter 57, the HC meter 61, and the NO meter 64, form parts of an
      existing gas analyzer system diagrammatically shown in FIG. 5. This
      apparatus includes a sampling tube or probe 69 that is normally inserted
      into the vehicle tail pipe 70, for continuously withdrawing a sample of
      exhaust gas. The gas sample is delivered to a gas conditioner 71 which
      conditions the gas and removes solid contaminants therefrom. A pump 72
      connected with the gas conditioner continuously draws gas through the
      conditioner and delivers it to a CO analyzer 73, an HC analyzer 74, and
      optionally to a NO analyzer 75.
PAR  An electronic printout device 76 is optional and is connected with the CO,
      HC and NO analyzers, and is designed to automatically record the values of
      CO, HC and NO from the meters 57, 61 and 64 respectively after the
      readings have been stabilized. In order to make certain that the test
      operator maintains the speed of the vehicle at the prescribed speeds for a
      sufficient time to enable the CO, HC and NO meters to become stabilized, a
      conventional electric time-delay device 77 is connected between the CO
      meter and the printout device. Similar time delay devices 78 and 79 can be
      connected between the HC and NO meters and the printout device.
PAR  FIG. 4 illustrates a power/speed curve for the power absorption unit 31 and
      is ideal for use in carrying out the emission evaluation tests. As is
      shown, the speed in miles per hour is plotted as abscissas and horsepower
      as ordinates. The basic index of the curve is 30 hp at 50 mph, which is
      suitable for testing large vehicles in the class weighing about 3,800 lbs
      and up at the "high cruise" mode. For compact cars in the class weighing
      about 2,800 lbs to 3,750 lbs, the basic index is 24 hp at 46 mph, which is
      suitable for testing such vehicles at the "high cruise" mode. The basic
      index for sub-compact cars falling in the weight classification of about
      1,800 lbs to 2,750 lbs is 15 hp at 38 mph, which is also applicable for
      testing at the high cruise mode. It will be recalled that the high cruise
      test corresponds to KEY MODE 1 of the present invention. Values of loads
      and speeds for testing at KEY MODE 2 (low cruise) automatically follow the
      same curve, as will appear more fully hereafter. The selected key points
      or KEY MODES for testing the engine relate to various engine operative
      phases. One test for example is at idle, where all the engine systems are
      operating at fixed conditions as specified by the vehicle manufacturer.
      With the engine at idle, the ignition timing, the engine speed, and the
      carburetor idle air-fuel ratio are all prescribed by the vehicle
      manufacturer, and are adjustable. The compression pressures and combustion
      temperatures are low at idle engine speed, and are fixed in relation to
      the adjustments of timing, speed, temperature and air-fuel adjustment.
PAR  Above idle speed, and with the engine developing power to move loads, all
      of the above conditions except dwell vary from their idle parameters. As
      the throttle is opened to increase engine power and/or speed output, the
      air flow through the engine keeps increasing substantially. Signals
      generated by increased air flow and/or engine speed cause automatic
      regulation of ignition timing and increased fuel flow. It is to be
      understood that during idle engine operation, fuel comes from the idle
      system of the carburetor, while when the engine is required to develop
      power, the throttle is opened and the necessary additional fuel is
      provided from a main jet stream of the carburetor, which is separate from
      the idle stream. Higher compressive pressures, engine combustion
      temperatures, fuel demand and electrical demand from the ignition system
      occur as a result of the increased throttle opening and the resultant air
      flow. Obviously, engines may operate successfully in one operation phase,
      but not in another.
PAR  As will be seen hereinafter, these same conditions apply not only to engine
      installed in motor vehicle, but to green engines coming off assembly
      lines. To be practiced, techniques for testing large numbers of engines,
      whether installed in vehicles, or green from the assembly line, must be
      short, and this precludes testing and observing engine behavior except at
      given points within the particular engine power and speed capacity. The
      selected KEY MODES Of operation used in the present invention are steady
      state operating conditions of constant engine speed and load. They are the
      selected steady state points of operation, within the power and speed
      range of interest, that most reliably stress the engine's systems in a
      manner that causes faulty components in the systems to be exposed. Other
      KEY MODES can be added, but are not necessary for production testing of
      current engines. One of these is full throttle operation, but this is not
      used in production hot testing of engines before installation in the motor
      vehicle, as it is not desired to run green engines at full power until
      they are somewhat broken in, due to the severe damage which might occur.
      Therefore, the production testing system described later does not include
      provisions for a full throttle test, though they could be provided if
      desired.
PAR  The present KEY MODE method of testing requires the use of a dynamometer or
      any other power absorption means for applying predetermined loads at
      predetermined speeds corresponding to vehicles falling in various weight
      classifications, the speed and load being carried out according to a fixed
      speed/load curve (FIG. 4) according to which the load applied varies
      substantially as the cube of the speed. It has been found that slight
      deviations in the actual values as contrasted to those shown by the curve
      are entirely permissable without impairment of the results.
PAR  Testing under the present method is greatly simplified by using a suitable
      fixed-fill power absorption unit which when completely filled with water
      automatically applies the desired load at the preselected vehicle speeds.
      This enables the method to be carried out by an unskilled test operator.
      The operator is only required to press on the accelerator pedal to open
      the carburetor throttle the proper amount to cause the engine to operate
      at specified simulated road speeds prescribed for the three different
      weight classes of vehicles, and to maintain operation of the engine at the
      prescribed speeds for a period of time only long enough to allow the
      instruments indicating the value of the CO and HC in the exhaust gases to
      stabilize and to record these values on a report card.
PAR  FIG. 19 illustrates a report card 82 which may be employed either for tests
      of the engine after it is installed in the vehicle, or in the production
      testing system hereinafter described, with only minor modification. The
      card has a space 83 for recording needed information. In the case of
      testing the engine as installed in a vehicle, such information as the name
      of the vehicle owner and full identification data of the vehicle being
      tested can be inserted therein. The report card 82 has printed thereon
      three horizontal rows of blocks. The top row 84 has printed thereon three
      blocks containing the legend high cruise, low cruise and idle,
      corresponding to the three KEY MODES of testing. These blocks are
      conveniently arranged from left to right in the preferred order in which
      the KEY MODE tests are to be conducted.
PAR  The second row of blocks 85 comprises a first block in which the legend CO
      - Carbon Monoxide is printed, and additional blocks 85A, 85B, and 85C
      directly below the respective KEY MODE legends. The block 85A has printed
      therein for purposes of illustration only, a permissable maximum value of
      2 percent for CO emissions at high cruise. The block 85B indicates a
      permissable maximum value of 21/2 percent of CO emission at low cruise,
      and the block 82C indicates a permissable maximum value of 3 percent at
      idle.
PAR  The third horizontal row 86 comprises a first block in which the legend HC
      - Unburned Hydrocarbons is printed, and additional blocks 86A, 86B and 86C
      directly below the blocks 85A, 85B and 85C respectively. The block 86A has
      printed thereon for purposes of illustration a permissable maximum value
      for HC emission at high cruise, for example 220 parts per million. The
      block 86B indicates a permissable maximum value of 240 parts per million
      of HC at low cruise, and the block 86C indicates a permissable maximum
      value of 290 parts per million. A check mark in any block indicates
      rejection because of excessive emission of any contaminant involved.
PAR  During an in-vehicle engine test, the values obtained during the KEY MODE
      test at the loads and speeds prescribed for the vehicle involved would be
      placed below the indicated permissable values. The values of CO at high
      cruise, low cruise and idle could be 0.4 percent, 0.6 percent and 3.0
      percent respectively. All of these values are within the permissable
      values, and they would be recorded in the proper boxes, but no check mark
      would be placed therein. However, the HC values for the example of FIG. 19
      could be 1,252, 1,350, and 1,482 at high cruise, low cruise and idle
      respectively. All of those values would very greatly exceed the
      permissable values, and they would be recorded in the box, as well as a
      check mark being placed in each of the blocks, 86A, 86B and 86C.
PAR  If additional tests for NO were desired in the in-vehicle test, an
      additional row of blocks could be inserted under the row 86 (not shown).
      In addition, if a full throttle test of the vehicle would be desired, an
      additional column could be added at the right of the idle column in FIG.
      19, and the engine run at this speed and the desired values measured.
PAR  FIG. 4 illustrates the fact that changing the speed changes the load
      imposed by the power absorption unit 31, thus extreme simplicity is
      achieved in conducting tests, since the test operator need only observe
      the meter indicating the simulated speed in mph that is being developed by
      the engine while the vehicle wheels are on dynamometer rolls 34 and 38.
      When the engine is operating at the desired speed the test operator holds
      the speed steady for a few seconds and observes the CO and HC meters 57
      and 61 and records the readings thereof on a report card such as shown in
      FIG. 19.
PAR  The report card shown in FIG. 19 is then used in conjunction with a "truth
      chart", a portion of which is shown in FIG. 20. The truth chart would have
      diagrams such as that shown in FIG. 20 with various reject conditions
      indicated. The operator would then match the reject pattern of checks
      found in the report card of FIG. 19 with the various blocks provided on
      the truth chart. It will be noted that the reject pattern of FIG. 19
      exactly fits into the reject pattern shown on the portion of the truth
      chart of FIG. 20. Under the various blocks as in FIG. 20 would appear the
      following information:
PAC  USUAL CAUSES
PAR  The most probable cause is ignition misfire due to a failure of an ignition
      system component.
PAC  SERVICE STEPS
PAR  1. Probably the most common problem is a faulty spark plug; however, this
      should not be a conclusion without proper examination.
PAR  2. Check out the ignition system with a scope and associated instruments.
      If the scope does not clearly show a faulty spark plug, observe for the
      following:
PA1  a. Faulty ignition cables.
PA1  b. Excessive point resistance or arcing.
PA1  c. Cross fire, due to cracked or carbon-tracked cap or rotor.
PA1  d. Moisture inside the distributor cap or on the cables.
PA1  e. Extremely incorrect dwell angle or point gap.
PA1  f. Low coil output voltage.
PA1  g. Low primary voltage supplied to the coil.
PA1  h. Loose wire connections such as distributor plate ground or coil to point
      wire connections.
PAC  ALWAYS MAKE THE BASIC IDLE ADJUSTMENTS OF IGNITION DWELL AND TIMING IDLE
      SPEED AND AIR FUEL RATIO, TO COMPLETE THE REPAIR
PAR  The report card shown in FIG. 19 indicates excessive hydrocarbons at all 3
      KEY MODES of testing. A search of the truth charts until a matching reject
      pattern such as the block 89 shown in FIG. 20 would be made, such chart
      also shows excessive HC at the 3 KEY MODES of operation. Accordingly, the
      indicated cause of excessive HC at the 3 KEY MODES would be applicable,
      namely ignition mis-fire due to failure of an ignition system component.
      Thus the truth chart, with the report card 82, will enable the testing
      personnel to quickly correct the malfunction, since the chart not only
      indicates the nature of the malfunction, but explains the necessary steps
      for correcting the same.
PAR  From the foregoing discussion, it is obvious that report cards and truth
      charts disclosed herein are typical, and illustrate only one condition of
      malfunction, that is excessive HC at all test points, and that in practice
      the report cards will indicate engine rejection for other malfunctions and
      that truth charts corresponding to other malfunctions would be available
      to aid in correcting the malfunction.
PAR  The KEY MODE method can also be employed for engine evaluation as discussed
      in the previously mentioned concurrently pending application under
      acceleration and declaration conditions, but explanation of such use is
      not necessary for understanding the present invention, and therefore will
      not be discussed further herein. The same reasoning applies to full
      throttle operation, and testing for NO emissions.
PAR  It will be understood that the speeds and loads at the various KEY MODES of
      testing described herein can be varied slightly and still yield
      satisfactory results. It should also be understood that the order of
      testing can be varied, but that the best results can be obtained by
      testing according to the order of high cruise, low cruise and then idle.
      Modes may be added, or the number reduced, to appropriately fit the intent
      of the test and changes in engine and emission control systems design.
PAR  Now that an understanding of how engine emissions testing was used to test
      engines already installed in motor vehicles to determine if they meet
      emission control regulations, and to indicate defects in the engine
      depending on the values found in an analysis of the exhaust gases, an
      appreciation and understanding of the substantial problems confronting
      Applicants in applying such methods and apparatus to production hot
      testing of engines under load prior to their installation in motor
      vehicles can be had.
PAR  It can be seen from the foregoing discussion, that it would be most
      desirable to have a hot testing of the automobile engine under load prior
      to its installation in the automobile that would give results which are
      relatable to the results achieved by the foregoing method in order to make
      sure that engines produced in the engine plant will meet the engines
      design parameter when placed in the automobile, and this is certainly one
      of the factors which prompted Applicants to work on the present invention.
PAR  However, even more important is the great amount of information on engine
      malfunctions given by analysis of the data found by the KEY MODE system of
      exhaust gas emission testing. It is obvious that if an engine defect can
      be pinpointed quickly, without the need for a relatively long and
      expensive testing procedure, and if the engine can be repaired with
      definite knowledge of what is wrong, rather than on a hit and miss basis,
      the repair of automobile engines at the end of the assembly line can be
      done in a quick and inexpensive manner, saving much time and expense, and
      in some cases even saving the engine from the scrap pile. Therefore, work
      on adapting the KEY MODE system to production line became imperative.
PAR  Applicants immediately encountered several problems when trying to adapt
      this method to the production line that were non-existent when performing
      in-vehicle engine tests. The first problem that presented itself, and
      which required much experimentation to solve, was the problem of
      determining when a green engine off the assembly line is ready for
      testing. It has been recognized that a green engine requires some
      "settling down" or "break in" before it can be tested and be expected to
      give reliable test results. As shown by the graph in FIG. 18, and more
      particularly by the curve labelled 90, it has been found through
      experimentation that most green engines are ready to test in one minute or
      less, but that some can take a greater length of time before they reach a
      testable condition. Since it is desirable not to test engines any longer
      than necessary, it must be decided how long to allow for this "settling
      down" period for each engine design, or to gage when each engine is ready.
PAR  Since it is obvious the engine will warm up much faster under load, and
      since it has been found by experimentation that running the engine at high
      cruise or somewhat above is not harmful to a green engine, the engine is
      run at the recommended high cruise or above to warm up the engine faster
      and save valuable time.
PAR  The engine is ready for the test either when the choke is fully opened,
      when indicated by engine temperature, or when CO is stable.
PAR  The next problem which presented itself concerns the very nature of the
      production line itself, wherein an engine test line, while designed to
      test one type of engine as fast as possible, must also be designed to
      accommodate future changes in sizes and types of engines.
PAR  Therefore, it is preferable to provide a fixed-fill power absorption unit
      which can be easily adapted to such future changes in a simple and
      inexpensive manner.
PAR  The area of interest is to test the engine within the power and speed range
      similar to that required of it when the vehicle in which it is installed
      is negotiating the Official emission test. Official tests are performed on
      chassis dynamometers which simulate extensive on road driving, including
      prescribed rates of acceleration, decleeration and steady state cruising
      speeds. The chassis dynamometer is adjusted for each vehicle weight class
      to closely duplicate the effect of its weight and wind resistance on a
      substantially level load.
PAR  Since the steady state equivalent road speeds and rates of speed change are
      prescribed, the peak road speeds and road horse powers are known and equal
      for the various vehicle weight classes. The power/speed curve shown in
      FIG. 4 for quick chassis dynamometer tests was selected to load engines
      sufficiently at the various vehicle weight classes at high cruise load
      speeds to require the engine to produce powers similar to its peak when
      negotiating the official test. The road speeds for the large and compact
      vehicles are higher at high cruise than the road speeds at which peak
      power is usually required on the official test. This permits the quick
      test to be run with the transmission in its top gear, and obtain peak
      engine speeds similar to those reached in the lower gear usually required
      of the vehicle during peak acceleration rates on the Official test. The
      light import vehicles are run in reduced gear in the quick test. In
      essence, the chassis dynamometer power curve of FIG. 4, and the high
      cruise test speeds prescribed, exercise the engine close to the peak power
      and speeds it sees in propelling the driving wheels of the vehicle through
      its Official test. In the present invention, the engine output shaft is
      coupled to the power absorption unit without benefit of the vehicle
      transmissions to vary the speed relationship between the engine and
      absorber, as in the case of the complete vehicle. For example, if you were
      testing an engine which is of a displacement normally installed in large
      vehicles, and wanted to perform the high cruise test on this engine, you
      would have to run it at approximately 2,000 rpm, as this is about the peak
      speed the engine would attain during an Official vehicle emission test.
PAR  Therefore, to test the engine as above, you would need a load of 45 H.P. at
      2,000 RPM. Using power absorption components manufactured in large volumes
      may or may not provide the desired load on the engine at the required RPM.
      In fact, in all probability they will not. Therefore, a way had to be
      found to easily modify standard power absorption units to get the desired
      load at the desired rpm for a wide variety of engines without the
      prohibitive expense of building an entirely new unit for each type and
      size of engine to be tested.
PAR  A typical power absorption unit generally designated by the numeral 91 (see
      FIG. 10) usually consists of an outer casing having a right-hand section
      92 and a left-hand section 93. Mounted inside the power absorption unit is
      a fixed turbine wheel (stator) 94 and a rotating turbine wheel (rotor) 95
      with the rotating turbine wheel 95 being fixedly mounted to and rotated by
      the shaft 96. The turbine wheel 95 is keyed to the shaft 96 by the key 97.
      The two halves of the power absorption unit 92 and 93 respectively are
      sealingly held together by suitable means. The unit is bolted to the test
      stand generally designated by the numeral 100 by the bolts 101. A water
      inlet 102 admits water into the interior of the power absorption unit 91
      to keep it filled completely during operation. To prevent the power
      absorption unit from overheating during operation, a water outlet 103 is
      provided which will let water out of the power absorption unit, and
      therefore circulate it therethrough when a temperature bulb 104 reaches a
      predetermined temperature. (See FIG. 23), in this case 160.degree.. To
      rotate the shaft 96 of the power absorption unit 91, a pulley 105 is
      driven by a belt 106. A curve showing the full fill loading of the popular
      power absorption unit illustrated in FIG. 10 in its unmodified condition
      is shown in FIG. 11. It will be noted that the unit is capable of 125 HP
      at 1050 RPM. This is excessive for performing the key mode emission test
      on current passenger automobile engines.
PAR  For purposes of illustration, let us now suppose that it is desired to
      build or change over an engine test line to test engines requiring 45 HP
      at 2000 RPM. Rather than custom building the relatively few power
      absorption units which would be needed for the engine test line, since
      only one power absorption unit per test stand is needed, and having to
      redesign and scale down every single part of a commercially available
      power absorption unit at prohibitive expense, Applicants have found a way
      to modify said commercially available power absorption units simply and
      inexpensively, thereby providing the advantages of simplicity of operation
      and maintainence not attained with a variable load absorber.
PAR  However, variable load absorbers are made in relatively large quantities
      because they enjoy a wide range of applications, and may be those
      disclosed in U.S. Pat. No. 2,768,711 or U.S. Pat. No. 2,870,875,
      consisting essentially of a rotating turbine wheel (rotor) and a fixed
      turbine wheel (stator) as shown in FIG. 10. The shape of both the rotor
      and stator is in the form of a torus having a minor radius a, and a major
      radius b, with the facing edges of the vanes of the rotor 99 and stator 98
      being perpendicular to the rotor shaft 96.
PAR  Applicants have taken such standard power absorption unit and have found
      that by trimming back the vanes in 99 of the rotor, or the vanes 98 of the
      stator, at an angle beginning at the minor diameter of the respective
      torus and measured from a line perpendicular to the center line of the
      rotor or stator and passing thru its minor diameter, for example, an angle
      of 411/2 percent, the loading characteristics of the power absorption unit
      are changed by virtue of the decreased fluid velocity passing between the
      rotating turbine wheel (rotor) 95 and the fixed turbine wheel (stator) 94.
      Providing different vane edge angles will provide power absorption units
      having differing maximum capacities.
PAR  It is then very easy to provide a power absorption unit having a loading
      curve matching the desired power/speed optimum for the KEY MODE emission
      test, that is, the H.P. is substantially proportional to the cube of the
      speed.
PAR  Accordingly, to provide a power absorption unit having the aforementioned
      flexability, Applicants choose a power absorption unit with a large enough
      capacity to meet any forseeable future need, the vanes 99 of the rotor 95,
      the vanes 98 of the stator 94, or both, are then trimmed in the way just
      described until the unit has a capacity to test the family of engines the
      particular test stand installation is concerned with, in this case 45 HP
      at 2000 rpm.
PAR  As shown in FIG. 13, the modified power absorption unit shown in FIG. 12
      does indeed give a 45 hp load at 2,000 rpm.
PAR  In this manner, a power absorption unit can be provided for a test stand
      designed to test virtually any engine, and also can be easily adapted to
      any future test needs that arise. All the while providing a uniform
      loading for the engines being tested day in and day out, all without the
      use of any mechanical or electrical controls to make the unit follow the
      desired curve.
PAR  Having surmounted the obstacle of how to easily modify a standard power
      absorption unit to obtain the desired loading necessary for testing the
      wide range of engines presently available, Applicants were then ready to
      apply the KEY MODE test on a production line basis. A typical KEY MODE
      test chart for an engine involved in a production hot test under load is
      shown in FIG. 15, and generally designated by the numeral 109. This chart
      is for engine displacement generally used in passenger cars weighing 3,800
      lbs and over. In this instance it can be seen that the engine test at high
      cruise, which corresponds to KEY MODE 1 of FIG. 4, will be conducted at
      approximately 2,000 rpm, at which time a load of approximately 45 hp will
      be placed on the engine. The low cruise test of the engine will be
      performed at approximately 1,400 rpm, at which time a load of
      approximately 16 hp will be imposed on the engine, while the idle test
      will take place at the rpm specified by its manufacturer.
PAR  Accordingly, a production hot test of the engine under load could be done
      manually using the simplified system shown in FIG. 14. In this case the
      engine would be started and run at high cruise to warm up, the probe 69
      would be placed inside the exhaust manifold 110 to withdraw an exhaust
      sample. The pump 72 would draw gas through the gas conditioner 71 to
      condition the exhaust and remove solid contaminants therefrom.
PAR  On current engines it has been found that testing for NO on the production
      line is of little value, so that the NO analyzer 75 and the timer 79
      previously used in the in-vehicle engine test are not present in the
      production system, but can be added when required. Instead the pump 72
      delivers the exhaust gases to the CO analyzer 73 and the HC analyzer 74.
      The timers 77 and 78 would cause readings to be taken after the engine has
      "settled down." The CO and HC tests would then be repeated at low cruise
      and idle.
PAR  In the interests of a quick production test of the engine, instead of the
      sophisticated CO and HC meters 57 and 61 which were previously
      illustrated, the CO meter 111 as shown in FIG. 16, and the HC meter 112
      shown in FIG. 17 are provided. The CO meter 111 is provided with a dial
      114 and a pointer 115 in a manner similar to that as shown for the
      previous meters. Though the graduations on the meter are similar to those
      used previously, additional legend is provided on the face of the dial
      114. The word "acceptable," indicated by the numeral 116, and indicating
      the acceptable CO range, is provided on the face of the dail 114.
      Similarly, the legend "malfunction" indicated by the numeral 117 is
      provided on the face of the dial 114. The malfunction legend 117 has means
      indicating an unacceptable range of CO in the exhaust gas. In contrast to
      the in-vehicle test of the engine, when the actual reading was taken off
      the dial and placed on the report card, the operator in the production
      test just notes whether the pointer 115 falls within the "acceptable"
      range or in the "malfunction" range, and such notation is indicated on the
      report card in FIG. 19.
PAR  When used in a production test, instead of the tests in the row of boxes
      labelled 84 being called high cruise, low cruise, and idle, the tests will
      be indicated in engine speeds, in this case 2000 RPM, 1400 RPM and 600
      RPM. At each of these RPM'S the operator would note merely whether the
      pointer 115 indicated an acceptable range of CO, or indicated a
      malfunction, and would place a check in the box where the malfunction was
      indicated. In the example shown in FIG. 19, the report card shows that the
      engine passed the CO test at all ranges of RPM.
PAR  Similarly, an HC meter generally designated by the numeral 112 is provided
      with a dial 120 and a pointer 121. On the HC meter 112 legends indicating
      "Acceptable" ranges of HC and ranges of HC during which an engine
      "malfunction" are present are again provided. These legends are indicated
      by the numerals 123 and 124 respectively.
PAR  Applicants now adapt their invention to production requirements in
      automobile engine plant. It should be understood that the present
      invention is not limited to reciprocal internal combustion engines, but
      can be used on rotary internal combustion engines or other type internal
      combustion engines so long as it is found that the exhaust gas emissions
      from such engines are relatable to engine malfunctions. The hot testing of
      the engine under load may take place without any special stands or
      conveyors or the test may be made in one stand or in a large number of
      stands connected by a conveyor into one system adapted to receive the
      engines from loading stations and to distribute them to unoccupied stands
      along the conveyor for test, and after the test to receive them from the
      test stands and direct them to an unloading station or repair station.
PAR  Referring specifically to FIG. 1, there is shown a test installation
      including a plurality of test stands 100 interconnected with the aid of a
      conveyor 127, which conveyor may be such as those disclosed in the Patent
      to V. G. Converse III, et al, U.S. Pat. No. 3,527,087 for Automated Engine
      Test Conveyor, or U.S. Pat. No. 3,631,967 for Accumulator Conveyor System.
PAR  The conveyor 127 is adapted to serve such stands 100 by delivering the test
      engines such as 128 (see FIG. 2) from the loading station on the conveyor
      (not shown) to the respective test stands. The test stand is adapted for
      hot testing the first passing untested engine, and upon completion of the
      hot test to return the engine to the conveyor for delivery to the
      unloading station or repair station. The tested engine would not be
      received by any other stands even if the stand is empty.
PAR  FIGS. 2 and 21 illustrate one test stand as used in the present invention.
      The test engine 128 received by the test stand 100 is operatively
      positioned therein. At such time all the connections are made which are
      necessary in order to be able to run the engine under its own power.
PAR  Provision is made for sampling the engine exhaust by means of the exhaust
      connection 129. Means to introduce water into the engine and monitor the
      temperature thereof are shown in the test stand and are indicated by the
      numerals 126 and 130 respectively, while water exits from the engine by
      means of the water outlet connection 131. The high voltage connection to
      the distributor necessary to provide ignition for the engine is shown by
      numeral 133, while means to start the engine, as well as drive the power
      absorption unit are shown at 134. The power absorption unit 91 is driven
      by a belt 135 from the engine's starting means 134.
PAR  It should be understood that the power absorption unit 91 can be operated
      in only one direction, and could be driven directly from the rear of the
      engine. However, it has been found that it is simpler and more economical
      to place the power absorption unit at the front of the engine along with
      all the other connections which must be made to run the engine.
PAR  A separate repair loop conveyor 137 is provided for the purposes previously
      described. A plurality of diagnostic and repair stations 138 are provided
      along the repair loop for the more detailed and time consuming testing
      necessary when an engine fails to pass the CO and HC emissions test. Each
      of the repair stands 138 has equipment to make similar connections to the
      engine as those which are made in the test stand in FIGS. 2 and 21, except
      that some such connections must be made manually. Accurate diagnostic
      equipment is provided for each pair of diagnostic and repair stations in
      the control panels 140. Instrumentation to run the automated test stands
      100 is provided by the control panel 141.
PAR  The engine now being fully connected to the test stand 100 is now started
      automatically by the time and sequence control circuit. Once the engine is
      started, in order to accelerate it to the RPM necessary for the high
      cruise test, depending on the particular engine involved, means are
      provided to monitor the RPM and adjust it to the desired value.
PAR  These means are in the form of a tachometer generator 143 which gives a
      voltage signal proportional to RPM. For example, 5 volts equals 5,000 RPM.
      The voltage signal from the tachometer generator 143 (FIG. 23) is fed into
      a signal conditioner 144 which changes the output signal of the tachometer
      generator 143 to a signal which is compatible with the rest of the
      circuitry involved. This signal, after being conditioned, is used to drive
      an RPM meter 145, as well as being applied to the input of the subtractor
      unit 146. The other input to the subtractor unit 146 comes from a voltage
      supplied from the closure of RPM set point adjustment relay 149 allowing a
      voltage from the RPM high cruise potentiometer 207 to be applied to the
      subtractor 146. For purpose of convenience, the closing of the HC high
      limit adjust for high cruise relay 148 and the CO high limit adjust for
      high cruise relay 147 also take place at this time. The subtractor
      subtracts from the voltage signal supplied by the tachometer generator 143
      the voltage from the RPM set point adjust for high cruise 149. The output
      of the subtractor 146 is the resulting difference and is applied to two
      comparators, the high RPM comparator 153, and the low RPM comparator 154.
      The voltage that this output signal is compared against is supplied from
      the in-band RPM adjust relay 155.
PAR  If the voltage output of the subtractor 146 is below the voltage supplied
      by the in-band RPM adjust relay 155, this means that the engine is running
      too slow and the low RPM comparator 154 will energize the low RPM relay
      156, which causes the throttle drive controller 157 to rotate the throttle
      drive motor 158 in the appropriate direction to cause the speed of the
      engine to increase, with the RPM comparison continuously being made. When
      the correct speed has been reached, the low RPM relay 156 will
      de-energize.
PAR  At this point, the automatic time and sequence control circuit 142 will
      cause the engine to continue running at the high cruise RPM for
      approximately one minute before any tests are taken to insure that the
      engine is thoroughly warmed up to meet the previously described
      conditions.
PAR  The engine is now in a condition to be tested. The automatic time and
      sequence control circuit 142 will cause the exhaust gases of the engine to
      be sampled for approximately 15 seconds. This is accomplished by having
      the pump 72, which operates continuously, deliver exhaust gases to the
      exhaust gas analyzer 159 where a signal is generated which is related to
      the amounts of HC and CO in the exhaust gas. This signal is then
      transferred to the analyzer conversion unit 160. Therein, the signal is
      converted to an analog signal which is used to drive the CO and HC meters
      111 and 112 respectively, as well as being transferred to the CO and HC
      signal conditioners 161 and 164 respectively. The outputs of the signal
      conditioners 161 and 164 are applied to the inputs of the CO reject
      comparator 162 and the HC reject comparator 163.
PAR  The other input to the CO reject comparator is the voltage supplied by the
      CO high limit adjust for high cruise relay 148 which has been previously
      closed. The closure of the CO high limit adjust for high cruise relay 148
      allows a predetermined voltage from the CO high cruise potentiometer 210
      to pass to the CO reject comparator 162. Similarly, the previous closing
      of the HC high limit adjust for high cruise relay 147 allows a
      predetermined voltage from the HC high cruise potentiometer 213 to be
      applied to the HC reject comparator 163.
PAR  If the voltage from the CO signal conditioner 161 is greater than the
      voltage from the CO high limit adjust relay 148, then the CO reject relay
      167 will be energized. The time and sequence controller 142 will then
      light the appropriate reject light 165, while if the voltage were lower,
      meaning the CO was within limits, the CO high cruise accept light 166
      would be lit.
PAR  Similarly, if the voltage from the HC signal conditioner 164 is greater
      than the voltage from the HC high limit adjust relay 147, then the HC
      reject relay 168 will be energized, causing the HC high cruise reject
      light 169 to be lit, while if the voltage was lower, the HC high cruise
      accept light 170 would be lit.
PAR  It should be understood that the 15 second duration of the gas sampling is
      an arbitrary time, chosen to allow a sufficient interval for the exhaust
      carrying lines to be purged between tests, and could be longer or shorter
      depending on the design of the particular apparatus used. It should be
      further understood that the automatic time and sequence control circuit is
      a common switching circuit, easily duplicated by one skilled in the art.
PAR  This completes the high cruise or KEY MODE 1 test. At this time, the time
      and sequence controller 142 will open the RPM set point adjust for high
      cruise relay 149, the CO high limit adjust for high cruise relay 148, and
      the HC high limit adjust for high cruise relay 147, and will
      simultaneously close the RPM set point adjust relay for low cruise 171,
      the CO high limit adjust for low cruise relay 172, and the HC high limit
      adjust for low cruise relay 173.
PAR  At this point, since the engine is running faster than required for the low
      cruise test, the voltage output from the subtractor 146, obtained in a
      manner similar to that previously described for the high cruise test, but
      utilizing a voltage from the RPM low cruise potentiometer 208, will be
      greater than the voltage from the RPM in-band adjust relay 155. The high
      RPM comparator 153 will energize the high RPM relay 174, which in turn
      causes the throttle drive controller 157 to rotate the throttle drive
      motor 158 in the appropriate direction to reduce the speed of the engine,
      with the RPM comparison continually being made. When the correct speed has
      been reached, the high RPM relay 174 will be deenergized.
PAR  At this time, the time and sequence controller 142, in a manner similar to
      that previously described, will sample the exhaust gases for a period of
      approximately 15 seconds, no one minute delay being needed, as the engine
      is thoroughly warmed up.
PAR  As before, gas is sampled by the probe 69, and supplied by the pump 72 to
      the exhaust gas analyzer 159. The signal is then transferred to the
      analyzer conversion unit 160 where it is converted to an analog signal,
      which operates the CO and HC meters 111 and 112 as previously described,
      as well as being transferred to the CO and HC signal conditioners, 161 and
      164 respectively, which convert the CO and HC analog signals to ones
      compatible with the rest of the system.
PAR  Similarly to the operations which took place in the high cruise test, the
      CO and HC signals from the CO and HC signal conditioners are supplied to
      their respective comparators 162 and 163 where they are compared to a
      voltage signal supplied by the CO high limit adjust for low cruise relay
      172 from the CO low cruise ptentiometer 211, and a voltage supplied by the
      HC high limit adjust for low cruise relay 173 from the HC low cruise
      potentiometer 214. If either or both of the voltages from the CO and HC
      signal conditioners are greater than the respective high limit adjust
      voltage, the appropriate CO or HC reject relays, 167 or 168 respectively
      will be energized, and will cause the time and sequence controller 142 to
      light the CO accept or reject light for low cruise, 177 and 179
      respectively, and also to light either the HC low cruise accept or reject
      light, 179 and 180 respectively.
PAR  At this time the low cruise portion of the emission test is completed, and
      the RPM set point adjust relay for low cruise 171, the CO high limit
      adjust relay for low cruise 172 and the HC high limit adjust relay for low
      cruise 173 are opened, and the respective RPM set point adjust relay, CO
      high limit adjust relay and HC high limit adjust relay for idle, numbers
      183, 184 and 185 respectively, are closed.
PAR  Again, the engine will be rotating too fast for the idle portion of the
      test, and the output voltage of the subtractor 146 will be greater than
      the voltage supplied by the RPM in band adjust 155 by virtue of the
      voltage difference between the signal supplied by the RPM signal
      conditioner 144, and the RPM idle potentiometer 209 thru the RPM set point
      adjust for idle relay 218, being greater than the voltage from the RPM
      in-band adjust relay 155. This will cause the high RPM comparator 153 to
      close the high RPM relay 174, causing the throttle drive controller 157 to
      rotate the throttle drive motor 158 in the appropriate direction to reduce
      the speed of the engine, with the RPM continuously being monitored. When
      the engine reaches the correct speed, the high RPM relay 174 will be
      deenergized, and the time and sequence controller 142 will again begin a
      15 second sample of the exhaust gases.
PAR  As before, gas is sampled by the probe 69, and supplied by the pump 72 to
      the exhaust gas analyzer 159. The signal is then transferred to the
      analyzer conversion unit 160 where it is converted to an analog signal,
      which operates the CO and HC meters 111 and 112 as previously described,
      as well as being transferred to the CO and HC signal conditioners, 161 and
      164, which convert the CO and HC analog signals to ones compatable with
      the rest of the system.
PAR  Similarly to the operations which took place in the low cruise test, the CO
      and HC signals from the CO and HC signal conditioners are supplied to
      their respective comparators 162 and 163, where they are compared with
      voltage signals supplied by the CO high limit adjust for idle relay 184
      from the CO idle potentiometer 212, and by the HC high limit adjust for
      idle relay 185 from the idle potentiometer 215. If either or both of the
      voltages from the CO and HC signal conditioners are greater than the
      respective high limit adjust voltage, the appropriate CO and HC reject
      relays, 167 and 168 respectively will be energized, and will cause the
      time and sequence controller 142 to light the CO accept or reject light
      for idle, 186 and 187 respectively, and also to light either the HC idle
      accept or reject light, 188 and 189 respectively.
PAR  At this time the idle portion of the emission test is completed, and the
      RPM set point adjust relay for idle 183, the CO high limit adjust relay
      for idle 184 and the HC high limit adjust relay for idle 185 are opened,
      and the test is over. If the engine has passed the CO and HC tests at all
      the test points, this fact is shown by some appropriate means, and the
      engine is removed from the test stand 100 and automatically placed on the
      conveyor 127 for delivery to be installed in the automobile.
PAR  If the engine fails one or more tests, the operator is notified in any
      appropriate manner, so that he may come to the test stand and observe and
      record the reject pattern of the indicator lights on the report card 82,
      before sending the engine to the repair loop 137 for more detailed
      analysis.
PAR  To insure accurate test results, the emissions test system is preferably
      calibrated every day with the use of a gas of known CO and HC content. The
      first step in this calibration involves setting the CO meter 111 and HC
      meter 112 in the analyzer unit 160 to zero with no engine in place by
      means of the respective zero adjust screws 191 and 190.
PAR  The second and final step is to admit gas having a known concentration of
      CO and HC into the exhaust gas analyzer 159. This is done by providing the
      gas in a span gas tank 192, where it may be admitted to the exhaust gas
      analyzer by means of the valve 193. The valve may be controlled by a push
      button 194 such as the ones labelled "Emissions Span" on the control panel
      141 (FIG. 22). After the gas is admitted to the gas analyzer 159 and a
      signal transferred to the conversion unit 160, the respective span adjust
      screws 194 and 195 are adjusted until the meters 111 and 112 show the
      proper reading.
PAR  If the test stand had to be operated manually for checking purposes, etc.
      the mode switch 196 could be placed in the manual position. In this mode
      of operation, the ignition could manually be turned on by the switch 197
      and manually cranked by the crank button 198, with appropriate circuitry
      (not shown) being added to accomplish these purposes. Manual increase and
      decrease of engine RPM can be accomplished by the throttle increase and
      throttle decrease buttons, 199 and 200 respectively, which are connected
      as shown in FIG. 23.
PAR  If it is desired to go between manual and automatic emission sequencing
      while in the manual mode, pushing the emissions start button 201 will
      accomplish this, while a return to manual emission sequencing can be had
      at any time by use of the emissions stop button 202.
PAR  In either the automatic or manual mode of operation, power to the test
      stand is controlled by the master start and stop buttons, 204 and 205
      respectively with the power on light 206 indicating whether or not such
      power is being supplied. A suitable power supply to operate the circuitry
      just described is, of course, provided.
PAR  There is thus provided an improved system for production hot testing of
      engines under load to reveal their defects by means of analyzing their
      exhaust emissions whereby the objects of the present engine listed above,
      and numerous additional advantages are attained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of production hot testing assembled internal combustion engines
      before installation in a motor vehicle to reveal malfunctions therein by
      an analysis of said engine's exhaust gas emissions, said method including
      the steps of providing a suitable testing apparatus in which said engines
      can be run, placing said engine in said testing apparatus, providing means
      to load the engine based on its cubic displacement which provides as
      closely as possible a torque load on the engine which is the same as the
      engine would experience if said engine were installed in a motor vehicle
      of a suitable weight class, connecting the engine to said loading means,
      starting the engine and withdrawing an exhaust sample from the exhaust
      system of the engine, operating the engine in more than one test mode at
      which malfunctions of the engine are likely to occur, with a test in the
      high cruise mode occurring first regardless of the number of other tests
      performed so that the effects of new engine tolerances and initial
      startup, as well as warm-up effects such as those presented by the choke
      will not affect said test modes, and measuring the value of CO and HC in
      the exhaust sample at each mode of operation, comparing the measured value
      of the CO and HC found in the exhaust at each mode of operation with
      permissable levels of CO and HC for each mode for the particular engine
      being tested, and indicating by any suitable means which, if any, test
      values exceed the prescribed permissable values.
NUM  2.
PAR  2. The method defined in claim 1, wherein said engine malfunction would be
      indicated by at least one test value being excessive, thereby indicating
      an engine malfunction.
NUM  3.
PAR  3. The method defined in claim 1, with the first test not necessarily
      occurring at the high cruise mode, but all tests occurring after said
      assembled engine is thoroughly warmed up to eliminate such considerations
      as new engine tolerances and start up effects, as well as the engine's
      choke, from further test consideration.
NUM  4.
PAR  4. The method of production hot testing of assembled internal combustion
      engines before installation to reveal malfunctions therein by means of an
      analysis of said engines exhaust gas emissions, said method including the
      steps of providing a suitable testing apparatus in which said engines can
      be run, placing said engine in said testing apparatus, providing means to
      load the engine based on its cubic displacement which would provide as
      closely as possible a torque load on the engine which would be the same as
      the engine would experience if said engine were installed in a motor
      vehicle of a suitable weight class, connecting the engine to said loading
      means, starting the engine and withdrawing an exhaust sample, operating
      the engine according to a first test made at a first predetermined speed
      and under a first predetermined load at which an emission related
      malfunction of the engine is likely to occur, with said first
      predetermined speed and load preferably being substantially that of high
      cruise so that the engine may quickly warm up, thus eliminating the
      engine's choke as a consideration in said tests, as well as eliminating
      from further consideration the effects of new engine tolerances and
      initial start up, measuring the value of HC and CO in the exhaust sample
      at said first predetermined speed and load, comparing the values of CO and
      HC measured while operating the engine at said first predetermined speed
      and load with acceptable values of CO and HC for said first speed and
      load, and indicating by any suitable means the results of such comparison,
      that is whether or not the engine passed the emission test at said first
      speed and load, operating the engine according to a second test made at a
      second predetermined but different speed and under a second predetermined
      but different load at which an emission related malfunction of the engine
      is likely to occur, measuring the values of the CO and HC in the exhaust
      sample at said different speed and load, comparing the measured values at
      said different speed and load with the permissable values at such speed
      and load and indicating whether the engine passed or failed the CO and HC
      emission tests at said different speed and load, operating the engine
      according to a third test made at the idle speed of the engine and
      measuring the value of the CO and HC in the exhaust sample at said idle
      speed, comparing the measured values of CO and HC at idle speed with
      permissable values of CO and HC at idle, and indicating by any suitable
      means whether said engine has passed said CO and HC test at said idle
      speed, observing the test indicators for the results of the CO and HC
      tests at each of the three modes of operation and passing the engine for
      installation in a motor vehicle if said indicators indicate that the
      engine has passed the HC and CO tests at all three modes of operation, and
      sending the engine for repair if any of the indicators indicate the engine
      has failed either a CO or HC test at any mode of operation.
NUM  5.
PAR  5. The method defined in claim 4, with said first predetermined speed and
      load not necessarily occurring at the high cruise mode, but with all tests
      being performed after said assembled engine is thoroughly warmed up to
      eliminate said choke and said tolerance and initial start up effects from
      further consideration in said tests.
NUM  6.
PAR  6. The method as defined in claim 4, wherein the first predetermined engine
      speed and load are substantially higher than the second predetermined
      speed and load.
NUM  7.
PAR  7. The method as defined in claim 6, wherein the first predetermined engine
      speed is in the range of 1,700 to 2,600 rpm with the load imposed on the
      engine being about 35 to 60 percent of its maximum torque capability.
NUM  8.
PAR  8. The method as defined in claim 7, wherein the loading means load the
      engine so that the power absorped varies substantially as the engine RPM.
NUM  9.
PAR  9. The method as defined in claim 6, wherein the second predetermined
      engine speed is about 1,250 to 1,700 rpm with the load on the engine being
      about 3.5 to 12 percent of its maximum torque capability.
NUM  10.
PAR  10. The method as defined in claim 6, wherein first predetermined engine
      speed corresponds to the RPM of an engine mounted in a vehicle operating
      at the high cruise speed for a given weight vehicle, and wherein the
      second predetermined engine speed corresponds to the RPM of an engine
      mounted in a vehicle operating at the low cruise speed for a given weight
      vehicle.
NUM  11.
PAR  11. A method of production hot testing of assembled engines to reveal
      malfunctions therein by way of an analysis of said engines exhaust gas
      emissions, said method including the steps of providing a suitable testing
      apparatus in which said engine can be run, placing said engine in said
      testing apparatus, providing means to load the engine based on its cubic
      displacement which provides as closely as possible a torque load on the
      engine which is the same as the engine would experience if said engine
      were installed in a motor vehicle of a suitable size for the particular
      engine being tested, connecting the engine to said loading means, starting
      the engine and running said engine to warm it up at the high cruise RPM
      until said engine's throttle plate can maintain said high cruise speed
      without any appreciable movement, and thereby eliminating new engine
      tolerance and start-up effects, as well as choke effects, from further
      test consideration, sampling the exhaust gas of the engine while running
      at the high cruise speed and simultaneously testing the HC and CO content
      of said sample to determine the content thereof, comparing the HC and CO
      content of the exhaust gas at the high cruise speed with permissable
      values at that speed, indicating by any suitable means the results of the
      HC and CO tests made at the high cruise speed, reducing the speed of said
      engine to an RPM corresponding to the low cruise speed of the particular
      engine being tested, sampling the exhaust gases of said engine while it is
      running at the low cruise speed, analyzing the exhaust gas to determine
      its HC and CO content, comparing the HC and CO content of the exhaust gas
      at the low cruise speed with permissable values, indicating the results of
      the HC and CO tests at the low cruise speed, completely releasing the
      engine's throttle and allowing said engine to assume its idle speed,
      analyzing the exhaust gas at the idle speed for its HC and CO content,
      comparing the CO and HC content at idle with permissable values,
      indicating the results of the HC and CO tests at the idle condition,
      observing the indications of the results of the HC and CO tests at the
      high cruise and low cruise and idle modes of operation and passing the
      engine for installation in a motor vehicle if all of said tests were
      passed, or sending said engine to a repair loop for more detailed tests
      and repair if one or more of said tests were failed.
NUM  12.
PAR  12. The method as defined in claim 11, wherein the high cruise engine speed
      is about 1,700 to 2,600 RPM, with the load imposed on the engine being
      from 35 to 60 percent of the engines maximum torque capability.
NUM  13.
PAR  13. The method as defined in claim 11, wherein the low cruise engine speed
      is about 1,250 to 1,700 RPM, with the load imposed on the engine being
      about 3.5 to 12 percent of its maximum torque capability.
NUM  14.
PAR  14. The method as defined in claim 11, wherein the indication of the
      results of said HC and CO tests is performed by a reporting system on
      which the indications of whether the HC and CO tests have been passed at
      each mode of engine operation are indicated.
NUM  15.
PAR  15. The method as defined in claim 14, wherein said reporting system
      includes a report card on which indications of whether the HC and CO tests
      at each mode of engine operation were passed are indicated.
NUM  16.
PAR  16. The method as defined in claim 15, wherein said reporting system
      includes a truth chart having a reject pattern printed thereon matching
      the reject pattern of said report card, and having printed thereon the
      usual causes for the malfunction indicated, and the service steps that may
      be taken to correct the malfunction, thereby predicting engine defects on
      the basis of exhaust gas emissions.
NUM  17.
PAR  17. The method defined in claim 11, wherein the providing of a suitable
      testing apparatus is performed by supplying a non-automated test stand in
      which the engine can be mounted and connections manually made for the
      water, oil and fuel of the engine, so that said engine can be run.
NUM  18.
PAR  18. The method defined in claim 11, wherein said testing apparatus is an
      automated engine test stand wherein the engines are automatically placed
      in the stand, all necessary connections are made and the engines are
      automatically started.
NUM  19.
PAR  19. The method defined in claim 18, where said automated test stands are
      provided at intervals around an automated engine test conveyor which
      automatically loads and unloads said automated test stands so that the
      engine exhaust gas emission test may be speedily carried out on a
      production line basis.
NUM  20.
PAR  20. The method defined in claim 11, wherein a more detailed analysis of
      said engine is performed on said repair loop provided on said conveyor to
      which engines which have failed one or more of the exhaust emissions tests
      are sent.
NUM  21.
PAR  21. The method defined in claim 20, wherein said more detailed analysis of
      said engine is accomplished by providing a plurality of diagnostic stands
      adjacent to said repair loop with said engines being automatically loaded
      into said stands, having detailed testing performed on said engines, based
      on the results of the HC and CO tests, correcting the defect if possible,
      and having said engines unloaded from said stands.
NUM  22.
PAR  22. The method defined in claim 11, wherein the more detailed analysis of
      said engines is accomplished by providing an offline repair station having
      more sophisticated diagnostic equipment than said automated station at
      which detailed testing is performed based on the indications of the
      results of the HC and CO tests for the particular engine, and the defect
      corrected if possible.
NUM  23.
PAR  23. The method defined in claim 11, wherein the HC and CO exhaust samples
      are simultaneously analyzed at each of said test points.
NUM  24.
PAR  24. The method defined in claim 11, wherein the load imposed at the RPM
      corresponding to the high cruise and low cruise speeds of the engine
      varies approximately as the cube of the speed of said engine.
NUM  25.
PAR  25. The method defined in claim 11, wherein at least one test value is
      excessive, thereby indicating an engine malfunction; and utilizing the
      excess test value as a guidline for repair.
NUM  26.
PAR  26. An apparatus for production hot testing assembled engines to reveal
      defects therein by an analysis of said engines exhaust gas emissions,
      including means to provide a suitable testing apparatus in which said
      engines can be run, means to place said engine in said testing apparatus,
      means to load the engine based on its cubic displacement such that the
      load imposed on the engine follows as closely as possible the torque load
      the engine would experience if said engine were installed in a motor
      vehicle of a suitable weight class, for the particular engine being
      tested, means to connect the engine to said loading means, means to start
      the engine, means to withdraw an exhaust sample from the exhaust system of
      the engine, means to cause the engine to operate in more than one test
      mode at which malfunctions of the engine are likely to occur, and means to
      measure the value of CO and HC in the exhaust sample at each mode of
      operation and compare the measured value of the CO and HC found in the
      exhaust at each mode of operation with permissable levels of CO and HC for
      each mode for the particular engine being tested, and indicating means
      showing which if any test values exceed the prescribed permissable values.
NUM  27.
PAR  27. The apparatus as defined in claim 26, wherein the loading means are in
      the form of a power absorption unit having a fixed turbine wheel and a
      rotating turbine wheel rotated by the engine, and being adapted to load
      the engine proportional to the cube of the engine RPM without any
      electrical or mechanical controls to control said loading means to make it
      produce the desired load.
NUM  28.
PAR  28. The apparatus described in claim 26 being located in a plurality of
      automated engine test stands, said engine test stands being located around
      a completely automated engine test conveyor to form a completely automatic
      system for hot testing of engines under load prior to their installation
      in the automobile.
NUM  29.
PAR  29. An apparatus for production hot testing of newly assembled engines to
      reveal malfunctions in the engine itself, or in the carburetor, ignition,
      and/or combustion systems thereof, said apparatus including a suitable
      testing apparatus in which said engines can be run, means to place said
      engine in said testing apparatus, loading means to load the engine based
      on its cubic displacement which would provide as closely as possible a
      torque load on the engine which would be the same as the engine would
      experience if said engine were installed in a motor vehicle of a suitable
      weight class for the engine being tested, means to connect the engine to
      said loading means, means to start the engine, means to operate the engine
      according to a first test mode at a first predetermined speed and under a
      first predetermined load at which a malfunction of the engine is likely to
      occur, means to sample said engines exhaust and to measure the value of HC
      and CO in the exhaust at said first predetermined speed and load, means to
      compare the value of the CO and HC measured while operating the engine at
      first said predetermined speed and load with acceptable values of CO and
      HC for said first speed and load, indicating means showing the results of
      such comparison, means to operate the engine according to a second test
      made at a predetermined but different speed and under a second
      predetermined but different load at which a malfunction of the engine is
      likely to occur, means to sample and measure the amount of CO and HC in
      the exhaust sample at said different speed and load, means to compare the
      measured values at said different speed and load with the permissable
      values at such speed and load, indicating means showing whether the engine
      passed or failed the CO and HC emission tests at said different speed and
      load, means to operate the engine according to a third test made at the
      idle speed of the engine, means to sample and measure the value of the CO
      and HC in the exhaust sample at said idle speed, means to compare the
      measured values of CO and HC at the idle speed with permissable values of
      CO and HC at idle, indicating means showing whether said engine has passed
      said CO and HC test at said idle speed, and means to observe the test
      indicators for the results of the HC and CO test at each of the three
      modes of operation and pass the engines for installation if said
      indicators indicate that the engine has passed the HC and CO tests at all
      three modes of operation, and means to send the engines for further
      diagnostic tests and repair if any of the indicators show the engine has
      failed either a CO or HC test at any mode of operation.
NUM  30.
PAR  30. The apparatus defined in claim 29, wherein the rotating turbine wheel
      of the power absorption unit is adapted to have the vanes of said turbine
      wheel trimmed back to vary the maximum capacity of the power absorption
      unit.
NUM  31.
PAR  31. The apparatus as defined in claim 29, wherein the exhaust gas sampling
      means including a probe placed in the exhaust system of said engine, a
      pump and a gas conditioner connected to said probe to withdraw an exhaust
      sample, a CO analyzer and an HC analyzer to which said exhaust gas sample
      is delivered, an analyzer conversion unit to convert the signal from said
      gas analyzer to an analog signal, and a CO and HC meter driven by said
      analog signal to indicate the amounts of CO and HC in the exhaust gas,
      said meters being connected to the CO and HC analyzers respectively.
NUM  32.
PAR  32. The apparatus defined in claim 31, wherein a timer is connected to both
      the CO and HC analyzer to cause a reading to be shown on the CO and HC
      meters only after the exhaust sampling system has reached a stabilized
      condition.
NUM  33.
PAR  33. The apparatus defined in claim 31, wherein the indicating means are in
      the form of legend provided on the dial of the CO and HC meters.
NUM  34.
PAR  34. The apparatus defined in claim 31, wherein said CO comparison means
      include a CO signal conditioner connected to said analyzer unit to receive
      said CO analog signal and condition the same to make it compatible with
      the rest of the system, a CO comparator connected to said signal
      conditioner, a CO high cruise potentiometer, a CO high limit adjust for
      high cruise relay connecting said potentiometer to said comparator, a CO
      low cruise adjust potentiometer, a CO high limit adjust for low cruise
      relay connecting said low cruise potentiometer to said comparator, a CO
      idle adjust potentiometer, a CO high limit adjust for idle relay
      connecting said idle potentiometer to said comparator, and a CO reject
      relay connected to said CO comparator which is energized when the voltage
      from said signal conditioner exceeds the voltage from the appropriate high
      limit adjust relay, depending upon which mode the engine is being tested
      in.
NUM  35.
PAR  35. The apparatus defined in claim 34, wherein the CO accept or reject
      indicating means include CO accept lights for each mode of engine testing
      desired to indicate if the engine has passed the CO test, CO reject lights
      for each mode of testing desired to indicate if the engine has failed a
      particular CO test, a time and sequence control circuit connected to said
      accept and reject lights to activate them, the time and sequence
      controller being connected to the CO comparator.
NUM  36.
PAR  36. The apparatus defined in claim 34, wherein the HC accept or reject
      indicating means include HC accept lights for each mode of engine testing
      desired to indicate if the engine has passed the HC test, HC reject lights
      for each mode of testing desired to indicate if the engine has failed a
      particular HC test, a time and sequence control circuit connected to said
      accept and reject lights to activate them, the time and sequence
      controller circuit being connected to the HC comparator.
NUM  37.
PAR  37. The apparatus defined in claim 31, wherein said HC comparison means
      include an HC signal conditioner connected to said analyzer unit to
      receive said HC analog signal and condition the same to make it compatible
      with the rest of the system, an HC comparator connected to said signal
      conditioner, an HC high cruise potentiometer, a HC high limit adjust for
      high cruise relay connecting said potentiometer to said comparator, an HC
      low cruise adjust potentiometer, a HC high limit adjust for low cruise
      relay connecting said low cruise potentiometer to said comparator, an HC
      idle adjust potentiometer, a HC high limit adjust for idle relay
      connecting said idle potentiometer to said comparator, and an HC reject
      relay connected to said HC comparator which is energized when the voltage
      from said signal conditioner exceeds the voltage from the appropriate high
      limit adjust relays depending upon which mode the engine is being tested
      in.
NUM  38.
PAR  38. The apparatus defined in claim 29, wherein the means to run the engine
      at the proper rpm to perform said first, second and third test include a
      tachometer generator, a signal conditioner connected to said tachometer
      generator, an RPM meter connected to said signal conditioner, a subtractor
      unit also connected to said signal conditioner, an RPM high cruise
      potentiometer, an RPM set point adjust for high cruise relay connecting
      said high cruise potentiometer to said subtractor unit, an RPM low cruise
      potentiometer, an rpm set point adjust for low cruise relay connecting
      said low cruise potentiometer to said subtractor unit, an RPM idle
      potentiometer, an RPM set point adjust for idle relay connecting said idle
      potentiometer to said subtractor, a high RPM comparator connected to said
      subtractor unit, a low rpm comparator connected to said subtractor unit,
      both of said comparators being driven by said subtractor unit, an in-band
      adjust potentiometer connected to both said high RPM and said low RPM
      comparators to supply a reference signal thereto, a high RPM relay
      connected to said high RPM comparator, a low RPM relay connected to said
      low rpm comparator, a throttle drive controller connected to both the high
      RPM relay and the low rpm relay to activate a throttle drive motor in the
      appropriate direction to decrease engine RPM if said high RPM relay is in
      its energized condition, and a throttle drive motor connected to said
      throttle drive controller to operate the engine throttle to increase or
      decrease the RPM of said engine.
NUM  39.
PAR  39. In an engine testing system adapted to indicate engine malfunctions and
      their possible causes, a method of providing a loading device for the
      engine being tested which provides a known load on said engine
      substantially proportional to the cube of the engine's RPM at which it is
      desired to test, but is easily modifiable to provide any future
      substantially cubic loading characteristic at similar engine RPM which is
      needed, said method including the steps of providing said engine testing
      system with a power absorption unit having rotor and stator elements and
      having a capacity sufficient to meet any foreseeable engine testing need,
      and altering the loading characteristics of said power absorption unit by
      modifying the leading edge of the vanes of one of the rotor or stator
      elements beginning at substantially the minor diameter of said element and
      extending to the torus at a point beyond the minor diameter to define a
      new leading edge for the resultant vanes, the new leading edge being
      positioned inwardly from a line drawn between the minor and the major
      diameters, to alter said power absorption unit capacity to one suitable
      for testing a current size engine, thereby allowing said system to be
      easily altered to test different engine sizes without having to replace
      the entire power absorption unit each time a different size engine is to
      be tested, all of the above being accomplished without external regulation
      of the power absorption unit.
NUM  40.
PAR  40. The method as defined in claim 39, except that to alter the loading
      characteristics of said power absorption unit, the vanes of only the rotor
      thereof are trimmed back to increase the clearance distance between the
      leading edges at the stator and rotor vanes, and the stator thereof is
      left untouched.
NUM  41.
PAR  41. The method as described in claim 39, except to alter the loading
      characteristics of said power absorption unit, only the vanes of the
      stator thereof are trimmed back to increase the clearance distance between
      the leading edges of the rotor and stator vanes, and the rotor is left
      untouched.
NUM  42.
PAR  42. In an engine testing system adapted to indicate engine malfunctions and
      their possible causes, a method of providing a loading device for the
      engine being tested which provides a known load on said engine
      substantially proportional to the cube of the engine's RPM at which it is
      desired to test, but is easily modifiable to provide any future
      substantially cubic loading characteristic at similar RPM which is needed,
      said method including the steps of providing said engine testing system
      with a power absorption unit having rotor and stator elements and having a
      capacity sufficient to meet any foreseeable engine testing need, and
      altering the loading characteristics of said power absorption unit by
      modifying the leading edge of the vanes of the stator elements beginning
      at substantially the minor diameter of said element and extending to the
      torus at a point beyond the diameter to alter said power absorption unit
      capacity to one suitable for testing a current size engine, thereby
      allowing said system to be easily altered to test different engine sizes
      without having to replace the entire power absorption unit each time a
      different size engine is to be tested, all of the above being accomplished
      without external regulation of the power absorption unit.
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ABST
PAL  A method of testing compression capabilities of multi-cylinder engines
       wh are cranked with electrically-energized starter motors. The cylinders
      are prevented from firing, and the engine is cranked by the starter motor.
      During the cranking period measurements are taken of the starter motor
      current. A comparison of the peak current and average current provides an
      indication of the compression capability of the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  At the present time, conventional compression tests on reciprocating
      internal combustion engines require connecting a pressure gauge (with an
      internal check valve) to each cylinder in succession. The engine is then
      cranked with the starter motor while inhibiting combustion. This process
      is repeated for each cylinder, and the peak pressures measured on the
      guage are compared against test limits by the mechanic. If either an
      excessive difference in compression exists between any two cylinders, or
      the average compression is below a specified value, one or more engine
      faults are indicated. These faults might include such things as worn
      piston rings or cylinders; cracked pistons or cylinder block; misadjusted,
      worn, or cracked valves; or a defective cylinder head or cylinder head
      gasket. The compression test is very useful therefore in detecting this
      class of basic engine faults. However, the time required and inconvenience
      of performing the test, combined with the need to remove all of the spark
      plugs or fuel injectors on most engines, results in the mechanic's
      reluctance to perform the test routinely unless specific performance
      complaints or fault symptoms have been indicated. Furthermore, if
      automatic test equipment is to be used for fault detection and isolation,
      the additional pressure transducers required for practical implementation
      would be costly and just as inconvenient as the conventional test, if not
      more so.
PAC  THE INVENTION
PAR  To circumvent the above problems, a technique has been developed which
      detects compression faults by measurement and evaluation of the starter
      motor current during engine cranking. Compression evaluation is
      accomplished by examining the dynamic starter current and comparing the
      instantaneous peak current with the average current.
PAC  RELATED PATENTS AND APPLICATIONS
PAR  This invention is related in a general sense to the inventions shown in
      U.S. Pat. No. 3,765,233 issued on Oct. 16, 1973 to R. Germann, and U.S.
      Pat. application, Ser. No. 404,802 filed on Oct. 9, 1973 in the name of R.
      E. Hanson.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 shows a starter current waveform for an acceptable engine.
PAR  FIG. 2 shows a starter current waveform for an engine having one low
      compression cylinder.
PAR  FIG. 3 is a circuit diagram for a tester incorporating the invention.
DETD
PAR  FIG. 1 shows a typical starter current waveform for an acceptable engine.
      The compression information is contained in the steady-state portion of
      the waveform after decay of the initial transient. The positive portion of
      the AC component corresponds to starter torque required to compress the
      air or air/fuel mixture in the cylinders on the compression stroke. A
      uniform compression loss in all cylinders reduces the total AC component
      of the waveform, while a compression loss in an individual cylinder will
      reduce the peak current related to the compression stroke for the
      particular cylinder. FIG. 2 shows the effect of inserting a compression
      fault in a single cylinder.
PAR  The advantage of comparing the peak current with the average current is
      that compensation is inherently provided for any variations in the DC
      component of the waveform. This includes variations in constant friction
      torque due to oil viscosity, clearance, or wear. This compensation would
      have to be explicitly provided by some other means if absolute rather than
      relative values of peaks are measured.
PAR  If the time of occurrence of the peak current is known, it is possible to
      compare the instantaneous peak current with the average current. If the
      peak is too low with respect to the average, a compression fault is
      indicated. Comparison is accomplished by attenuating the instantaneous
      peak by an amount corresponding to the desired limit for the allowable
      reduction in the peak value. The attenuated peak is then compared to the
      average by means of a comparator 22; if the attenuated peak is less than
      the average, a compression fault is indicated. For example, in one
      experimental arrangement the limit was set at 90% of normal peak value.
PAR  The following prerequisites must be satisfied before a valid compression
      test can be run:
PA1  1. the engine must be up to operating temperature;
PA1  2. combustion must be inhibited during the test;
PA1  3. sensing of the peak current must coincide with the occurrence of the
      true peak, and
PA1  4. measurements must be delayed until the starter motor current reaches its
      steady state value, i.e., until after the initial starter transients have
      decayed.
PAR  Information on when the peak current occurs may be provided by a pulse
      generating transducer connected to a tachometer drive shaft on the engine.
      The transducer is comprised of a magnetic pickup and a multi-lobed rotor,
      one lobe for each cylinder. As the tooth of the rotor passes the pickup a
      pulse is generated. FIG. 3 schematically illustrates a pulse-tachometer
      transducer at 10. The transducer is installed in series with the normal
      tachometer drive; it can be added to the vehicle without requiring any
      engine modification. The rotor and housing of the pulse-tachometer
      transducer are mechanically phased to the tachometer drive shaft so that
      the output pulse coincides with the peak of the dynamic starter current
      waveform. By interlocking the transducer output pulse with the comparator
      circuit, the evaluation of starter current peaks is inhibited whenever a
      peak does not normally occur. This prevents a false fault indication which
      would be caused by evaluating the wrong portion of the waveform.
PAR  As noted, another requirement for application of this compression test
      technique is that combustion be prevented during the cranking evaluation.
      If a cylinder fires, the crankshaft receives a torque contribution from a
      source besides the starter motor. This causes a reduction in the current
      requirement from the motor that would be interpreted as a compression
      loss. On compression ignition engines the "combustion inhibit" function is
      accomplished by interlocking the fuel shutoff rod or solenoid. This
      requires the mechanic to prevent combustion by pulling out the Engine Stop
      lever. A limit switch 12 is added to the shutoff linkage, which prevents a
      compression fault indication unless the rod is fully extended. On spark
      ignition engines the same function would be provided by cranking with the
      ignition switch in the OFF position.
PAR  To further assure that comparisons are only made during valid portions of
      the starter motor operation, a signal called "delayed crank enable" is
      generated from the starter switch; suitable circuitry is indicated at 14
      in FIG. 3. This signal enables the compression test circuit only after the
      initial starter transient has decayed.
PAR  As previously noted, the compression test is performed with the engine at
      normal running temperatures. Although compensation for a reasonable
      variation in the engine temperature is provided by comparison of the peak
      current with a "floating" average current, an interlock 16 can be provided
      to insure that the engine is warmed prior to the test. On one experimental
      arrangement this interlock function was triggered by the engine coolant
      temperature reaching 150.degree.F. However, since coolant temperature
      typically leads the rise in oil temperature (which is more of an
      indication of a normal engine operating condition) it is preferable to use
      oil temperature rather than coolant temperature as an interlock.
PAR  A functional block diagram of a compression fault circuit incorporating the
      above interlocks is shown in FIG. 3. As shown in the figure, the
      comparison of peak with average starter current is continuously made by
      comparator 22 during cranking. However, the comparison is combined with
      the other interlock inputs, and a fault indication is only validated when
      the other inputs are in the conditions described above. Once a compression
      fault has been indicated, it is stored in the compression fault latch for
      display to the mechanic by means of a lamp driver from the latch output.
PAR  The FIG. 3 circuit includes a NAND gate 18 located to receive the four
      "test prerequisite" signals generated at 10, 12, 14, and 16. A NAND gate
      consists of an AND gate followed by an inverter. In the operation of an
      AND gate, if all input signals are "1" logic, the AND output will be logic
      "1"; this is inverted to provide a NAND output logic of "0". Thus, if any
      of the four input signals of NAND gate 18 are "0" logic the NAND output
      will be a "1" logic.
PAR  The output of the NAND gate is applied to a NOR gate 20; the output from
      comparator 22 is also applied to the NOR gate. A NOR gate consists of an
      OR gate followed by an inverter. The characteristics of an OR gate is that
      if either or both input signals are "1" logic the output signal will be a
      "1". The OR output "1" logic signal is inverted to provide a "0" logic NOR
      output.
PAR  The illustrated circuitry is designed so that when the four test
      prerequisites (10, 12, 14 and 16) are satisfied the NAND gate 18 will
      transmit a logic "0" signal to the NOR gate. If at that instant the
      comparator 22 is delivering a "0" logic signal (indicating peak below
      limit) to the NOR gate then the NOR gate will transmit a fault signal to
      the appropriate indicator mechanism (latch 26 and lamp drive 24). If any
      of the four input signals to NAND gate 18 are "0" logic (i.e. other than
      "1" logic) the NOR gate will be unable to transmit a fault signal to the
      indicator mechanism.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of testing compression capabilities of multi-cylinder engines:
      said method comprising the step of cranking the engine with an
      electrically-energized starter motor; providing a first analog signal
      representative of instantaneous peak starter motor current; providing a
      second analog signal representative of average starter motor current;
      applying the first and second signals to a comparator; providing a NAND
      gate; applying to the NAND gate a third signal representative of engine
      operating temperature; applying to the NAND gate a fourth signal
      representing combustion inhibition; applying to the NAND gate a fifth
      signal representative of piston position in the engine cylinder; applying
      to the NAND gate a sixth signal representing the attainment of steady
      state starter motor operation; applying the outputs of the comparator and
      NAND gate to a NOR gate; and applying the output of the NOR gate to an
      indicator mechanism.
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ABST
PAL  A lightweight electromechanical transducer is described having a
      substantially cylindrical main body disposed around a longitudinal central
      axis. The main body is split into two end portions and a flexure element
      is provided between the end portions. Pillars join the flexure element to
      each of the end portions. Strain gauges are mounted on the flexure
      element.
BSUM
PAR  This invention relates to electro-mechanical transducers. The invention
      particularly concerns a transducer for responding to stresses in rods,
      bars, and the like and providing an electrical output corresponding to the
      stress. While the invention has been developed with application to
      halo-pelvic traction in mind, it is by no means limited to this, the
      invention finds application in any field in which a compact comparatively
      likeweight robust transducer for measuring small stress variations is
      required.
PAR  Halo-Pelvic Traction is a new form of treatment in the field of
      orthopaedics whereby badly deformed spines of children are corrected by
      applying controlled forces between the pelvic girdle and the skull through
      four equi-spaced steel bars. No real accuracy in setting-up the apparatus
      or monitoring of the forces has hitherto been achieved. The loading in
      each bar must necessarily be uniform and is critical to the extent that
      excess traction can prove fatal. Once the load is applied it is held
      until, through the passage of time, the spine begins to straighten and a
      decay of the total force takes place. The characteristics of this decay
      are of paramount importance in the medical profession to determine spinal
      resistance and, indeed, as a guide to subsequent adjustment. A high degree
      of accuracy and stability is therefore required over a considerable period
      of time.
PAR  Attempts have been made to measure the stresses in the rods of such
      halo-pelvic traction equipment by bonding foil strain gauges directly to
      the bars of the equipment, however this has proved to be impracticable
      because of lack of rigidity, gauge vulnerability, and physical hazard to
      the patient from metal protrusions.
PAR  Load cells available for measuring stresses have not been suitable for this
      application because of their great weight and size, and the face that they
      are insensitive to small changes of stress.
PAR  According to the present invention there is provided an electromechanical
      transducer including a substantially cylindrical main body disposed around
      a longitudinal central axis, the main body comprising two end portions and
      a flexure element disposed in a plane normal to the central axis, the
      flexure element comprising a pair of parallel surfaces connected by a rim
      and being joined to one of said end portions by at least one first pillar
      extending in a direction parallel to the longitudinal central axis of the
      main body and being joined to the other end portions by at least one
      second pillar extending in a direction parallel to the longitudinal
      central axis of the main body, and at least one strain gauge mounted on
      said flexure element. It has been found that an electromechanical
      transducer in accordance with the present invention can be constructed
      with the minimum of weight and is extremely sensitive to small changes of
      applied loading. It is in consequence extremely well suited in the
      application to halo-pelvic traction described in the preceeding
      paragraphs.
PAR  Preferably in accordance with the invention an electromechanical transducer
      includes a substantially cylindrical main body disposed around a central
      longitudinal axis, the main body comprising two end portions and a flexure
      element disposed in a plane normal to the central axis, the flexure
      element comprising a pair of parallel surfaces connected by a rim and
      being joined to one of the said end portions by a pair of diametrically
      opposed first pillars extending in a direction parallel to the
      longitudinal central axis of the main body and to the other of said end
      portions by at least a pair of diametrically opposed second pillars, said
      second pillars being disposed orthogonally of the first pillars, and at
      least two pairs of strain gauges, first gauges of each pair being mounted
      on one of the parallel surfaces of the flexure element and the second
      gauges of each pair being mounted on the other parallel surface of the
      flexure element opposite the first strain gauge of the pair.
PAR  The flexure element may preferably be shaped so as to act as a plurality of
      guided cantilevers. In this form an extremely sensitive response is
      obtained.
PAR  One of the problems in using an arrangement of strain gauges having, say,
      two pairs of strain gauges mounted on for example diametrically opposed
      guided cantilivers and described in the preceding paragraphs is that there
      is a limited amount of interaction between torsional and transverse
      loading. To overcome this problem a electromechanical transducer in
      accordance with the invention and characterized in that the flexure
      element is arranged as four guided cantilivers is provided with eight
      strain gauges arranged in four pairs, one pair mounted on each of the
      guided cantilivers and in the corresponding position to each of the other
      pairs.
PAR  For greatest response the strain gauges are preferably mounted at a
      position midway between the root and the point of inflection of each
      guided cantilever.
PAR  Preferably an electromechanical transducer in accordance with the present
      invention includes an axial bore.
PAR  It is desirable in a electromechanical transducer as described to prevent
      or reduce bending of the transducer. To overcome this the present
      invention, in one aspect thereof, includes a rod mounted with the axial
      base described in the preceding paragraph. In a further feature the rod is
      journalled in a ball bushing.
PAR  In a further feature of the invention the axial base as described above is
      threaded towards either end. The treads may engage threaded rods of, for
      example, a halo-pelvic traction equipment, alternatively or in addition,
      threaded plugs may engage the threads in the axial base to prevent over
      screwing of the rods damaging the interior wiring of the device or prevent
      foreign bodies being pushed down the axial bore damaging the interior
      wiring.
PAR  A further important, optional feature, is the provision of an end cap. The
      end cap may in addition retain the ball bushing in position.
PAR  To permit the engagement and disengagement of an external plug to, for
      example, metering equipment, the main body may be provided with a threaded
      aperture into which an externally threaded socket may engage.
PAR  A further important optional feature of the invention is a shroud covering
      the flexure element at least. The shroud may have an aperture
      corresponding to the aperture in the main body for a socket. This shroud
      may additionally be provided with a slot which engages a screw means in
      the main body permitting twisting movement of the shroud with respect to
      the main body to cover or expose the said aperture.
PAR  Preferably the main body at least is of monel metal.
DRWD
PAR  In order that the invention might be more fully understood and further
      features appreciated, the following description, which is by way of
      example only, will refer to the accompanying drawings, in which:
PAR  FIG. 1 shows an elevation of an electromechanical transducer in accordance
      with the present invention in partial section;
PAR  FIG. 2 is an elevation of the main body portion of the transducer of FIG. 1
      in isolation,
PAR  FIG. 3 is a section on the line 3-3' of FIG. 2,
PAR  FIG. 4 is a section on the line 4-4' of FIG. 2,
PAR  FIG. 5 is a section on the line 5-5' of FIG. 2,
PAR  FIG. 6 is a section on the line 6-6' of FIG. 2,
PAR  FIG. 7 shows section taken on the line 7-7' of FIG. 3,
PAR  FIG. 8 shows an elevation of the end cap of the transducer of FIG. 1 in
      half section,
PAR  FIG. 9 shows an elevation of the shroud of the transducer of FIG. 1 in half
      section,
PAR  FIG. 10 illustrates a bridge circuit arrangement of strain gauges for use
      with four strain gauges on the flexure element,
PAR  FIG. 11 illustrates a bridge circuit arrangement of strain gauges for use
      with eight strain gauges in the flexure element,
PAR  FIG. 12 illustrates an improved bridge circuit for use with eight strain
      gauges on the flexure element, and
PAR  FIG. 13 illustrates a halo-pelvic traction equipment employing the
      invention.
DETD
PAR  In FIGS. 1-9 an electromechanical transducer includes a main body 10
      disposed about a central longitudinal axis having two end portions 30 and
      31 and a flexure element 34 having two parallel plane faces 34A, 34B
      (FIGS. 5 and 6) separated by a rim 34C (FIG. 3) and having a central
      aperture 33. The flexure element 34 is disposed intermediately of the two
      end portions 30, 31 in a plane normal to the central axis. The flexure
      element 34 is joined to the end portion 30 of main body 10 by a pair of
      diametrically opposed pillars 32 extending in a direction parallel to the
      central axis of the main body from face 34A. Similarly the flexure element
      34 is joined to the other end portion 31 of main body 10 by diametrically
      opposed pillars 36 extending in a direction parallel to the central axis
      of the main body from face 34B. The pillars 32 and 36 are in mutually
      orthogonal diameters of the flexure element 34 and adjacent the rim 34C. A
      central substantially square aperture 33 is provided in the flexure
      element (see FIGS. 5 and 6), and the rim 34C of the flexure element 34 is
      parallel to the edge of the aperture 33 between the pillars 32 and 36,
      then the flexure element is of the form of four guided cantilevers 34D
      between the pillars. Strain gauges are positioned in pairs on each face of
      the flexure element, over and under either two opposed or four opposed
      cantilevers at a point midway between the root and point of inflexion
      (i.e., the strain sensing position for calculation purposes is 1/4). Four
      strain gauges 38A, 38C, 40A, 40C, may be used in two pairs or eight gauges
      38A-D, 40A-D, may be used in four pairs. Wires from the strain gauges
      40A-D pass through holes 35 in the flexure element.
PAR  Further details of the main body 10 are best appreciated by reference to
      FIGS. 2 to 7. The one end portion 30 has a taper 14 towards its extremity.
      The taper 14 is provided with opposed notches 22 into which a spanner or
      often cooperating instrument may engage. A central axial bore 11 passes
      through the main body. The wall of this bore 11 has threads 24 within the
      taper 14. The perimeter of end portion 30 has a circumferential groove 26
      into which an O-ring 28 (FIG. 1) engages. Two opposed radial apertures 16
      and 20 are provided in the main body 10. The smaller aperture 16 is
      internally screw threaded. Parallel to the aperture 16 a further smaller
      diameter screw threaded bore 29 extends through the main body 10 from the
      external surface to the axial bore 11. The other end portion 31 of main
      body 10 has external screw threads 12 towards its extremity 13. Internally
      in this end portion 31 the axial bore is stepped and has a increased
      diameter portion 25 into which a ball bushing 58 (FIG. 1) is received.
PAR  As will be appreciated from FIG. 11 the screw threads 12 engage internal
      threads 46 of an end cap 42. The end cap 42 has a countersunk aperture 52
      through which screw 72 passes engaging a threaded bore 15 in main body 10
      to lock the end cap 42 in position. The end cap has a central bore 44
      passing through, which bore is expanded in steps 56 and 54 to increased
      diameter. The cap has a taper 48 whose surface has notches 49 for the
      engagement of a spanner or other cooperating instrument. Internally of the
      taper 48 the bore 44 has threads 50. Detail of the end cap is best
      decerned in FIG. 8.
PAR  The ball bushing 58 is retained within the increased diameter portion 25 of
      bore 11 both by a circular clip 60 having lugs trapped between extremity
      13 of the main body 10 and step 54 and by engagement of step 56. Extending
      through part of the bore 11 and aperture 33 of the flexure element is a
      rod 62 closely fitting within bore 11 to restrict lateral deflection of
      the transducer.
PAR  External electrical connection to the transducer may be made by a multi-pin
      plug engaging a multi-pin socket 18 externally threaded to engage the
      threads of aperture 16 of the main body 10. The large diameter aperture 20
      will be seen in FIG. 1 to permit access to the rear of the socket 18. From
      the socket internal wiring passes through bore 41 parallel to the central
      longitudinal axis in main body 10 to a multi-way tag strip 37 (FIG. 4)
      mounted in a recess the end 30 of the main body. From the tag strip
      individual connections are made to the strain gauges 38A-D, 40A-D, the
      connections passing through holes 35 in the flexure element 34 as
      appropriate. To partially protect the wires and the strain gauges their
      exposed parts are covered with a padding compound.
PAR  A shroud 64, a tight sliding fit over O-ring 28 is provided, to protect the
      strain gauges and internal wiring of the main body. The shroud is shown in
      detail in FIG. 9. It has an aperture 66 (substantially the same diameter
      as aperture 16 of main body 10) and a slot 68 extending around a part of
      the perimeter of the shroud. A knurl 70 is provided to facilitate twisting
      of the shroud.
PAR  In FIG. 1 it will be seen that a screw 74 passes through the slot 68 to
      engage threaded bore 29 of the main body 10. This permits the shroud 64 to
      be rotated with respect to the main body 10 exposing aperture 16 to permit
      entry of a plug to socket 18 to take load measurements. When the plug is
      removed the shroud is turned again closing the aperture 16.
PAR  Further protection to the transducer is given by screw threaded plugs 76
      and 80 engaging threads 24 and 44 respectively (FIG. 1). These plugs are
      provided with slots 78 and 82 respectively for the engagement of a
      screwdriver or like cooperating means to adjust their position. These
      plugs serve to prevent foreign bodies being forced into the interior of
      the transducer, and, in particular, over insertion of the rods 86 and 90
      whose stress the transducer is to measure. Additionally the plug 80 also
      serves to adjust, to some small extent, the amount of movement permitted
      by the internal rod 62.
PAR  The rods 86 and 90, for example, rods of halo-pelvic traction equipment
      have threaded ends to engage the threads 24 and 44. Lock nuts 88 and 92
      are provided to lock the rods in position.
PAR  It will be appreciated that the rods 86 and 90 and locknuts 88 and 92 form
      no part of the present invention.
PAR  In FIG. 10 illustrating a four strain gauge system; the strain gauges are
      arranged in two opposed pairs 38A/40A & 38C/40C, one each pair (38A, 38C)
      on face 34A of flexure element 34 (see FIG. 5) the other of each pair
      (40A, 40C) on face 34B of flexure element 34 (see FIG. 6). The strain
      gauges 38A and 38C are arranged on opposed arms of the bridge, as are the
      strain gauges 40A and 40C. A voltage is applied between the terminals 94A
      and 94B and the out of balance due to a load applied along the
      longitudinal axis of the transducer measured between the terminals 96A and
      96B of the bridge.
PAR  One of the problems with a four gauge system is that small errors may occur
      in the measurement of tensile loads due to a small amount of bend of the
      transducer occurring. This is eliminated as far as possible by the rod 62,
      however to be absolutely certain of avoiding any errors from this source
      an eight gauge network is used (FIG. 11). The position of the gauges
      38A-D, 40A-D, on the surfaces of the flexure element can be seen by
      reference to FIGS. 5 and 6. The circuit shown in FIG. 11 requires that the
      strain gauges be in matched pairs, to overcome this requirement a
      potentiometer 98 (FIG. 12) may be included to adjust the bridge to "zero"
      output before application of a load.
PAR  FIG. 13 illustrates the application of the invention to a halo-pelvic
      traction equipment. The equipment comprises a framework comprising four
      lower rods 102 and four corresponding upper cranked rods 106. The lower
      rods 102 are each linked to the upper rods 106 by transducers 100 in
      accordance with the invention. Locking nuts 104 and 108 are illustrated
      retaining the rods in position in transducer. The upper rods 106 are each
      bolted by bolts 112 to skull ring 110. Adjusting screws 114 are provided
      in the skull ring 110 to firmly engage the skull of a patient. The lower
      bars 102 are provided with threads 118 towards their end and are bolted to
      a hip ring 116 by adjusting bolts 120. A pair of hip bars 122 are provided
      engaging the hips and bolted to the hip ring 116 by bolts 124.
PAR  In operation the shroud (64 in FIG. 1) and transducer 100 is twisted to
      expose its socket (18 in FIG. 1). Into the socket a plug is inserted to
      connect the strain gauges on the flexure element to a meter (e.g. a
      galvanometer). Adjusting bolts 120 are then adjusted against hip ring 116
      until the requisite load is registered on the meter. The plug is removed
      from the socket and the shroud twisted to cover the socket, screw 74 (FIG.
      11) being tightened to prevent accidental movement of the shroud 64 (FIG.
      1). Adjustments are made to the loads in all bars in a similar way. After
      the load is applied the patient is then free to move around until another
      adjustment of the load is required which is carried out in a similar
      manner.
PAR  It will be appreciated that the application of the transducer of the
      invention to halo-pelvic traction as discussed with reference to FIG. 13
      is merely examplary of one of the principal uses of the invention and
      should in no way be considered limiting upon the invention as defined in
      the applicant's several claims, except insofar as any claim claims the
      transducer in connection with a halo-pelvic traction equipment. This
      invention will find application in many arts where a comparitively
      lightweight and very sensitive electromechanical transducer is required.
PAR  In the particular application described the transducer parts were machined
      from stress relieved monel metal. This alloy produces good sensitivity, is
      easy to gauge, and size for size has a greater rigidity in the unwanted
      planes a diaphragm or cantilever beam. The weight of the transducer can be
      reduced by making the shroud and the cap of aluminium or aluminium alloy.
PAR  The strain gauges are conveniently of the linear foil type, 120 ohms,
      compensated for apparent strain and have a zero gauge factor variation
      over a very wide range of ambient temperature.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electro-mechanical transducer including a substantially cylindrical
      main body disposed about a longitudinal central axis, said main body
      including:
PA1  two end portions, each of said end portions having a longitudinal axial
      bore extending at least part way therethrough,
PA1  a flexure element disposed in a plane normal to said central axis, said
      flexure element having a pair of mutually parallel surfaces connected by a
      rim,
PA1  at least one strain gauge mounted on said parallel surfaces of said flexure
      element,
PA1  at least one first pillar extending in a direction parallel to the
      longitudinal central axis of the main body and connecting said flexure
      element with one of said end portions,
PA1  at least one second pillar extending in a direction parallel to the
      longitudinal central axis of the main body and connecting said flexure
      element with the other of said end portions, and
PA1  a rod located in said bore to reduce bending of said transducer.
NUM  2.
PAR  2. An electro-mechanical transducer according to claim 1, wherein the
      flexure element comprises a plurality of guided cantilevers.
NUM  3.
PAR  3. An electro-mechanical transducer according to claim 1, including a ball
      bushing in which said rod is journalled.
NUM  4.
PAR  4. An electro-mechanical transducer according to claim 3, including screw
      threads towards either end of said bore and screw threaded plugs engaging
      said screw threads.
NUM  5.
PAR  5. An electro-mechanical transducer according to claim 4, wherein threads
      of bars of a halo-pelvic traction equipment engaged said screw threads.
NUM  6.
PAR  6. An electro-mechanical transducer according to claim 3, including an end
      cap, said end cap bearing against said ball bushing to retain said ball
      bushing in place.
NUM  7.
PAR  7. An electro-mechanical transducer according to claim 1, including an end
      cap.
NUM  8.
PAR  8. An electro-mechanical transducer according to claim 1, additionally
      including a screw means protruding from said main body, an aperture in
      said main body, said aperture being threaded to receive the external
      threads of an externally threaded socket, and a shroud, said shroud having
      an aperture and a slot, said slot engaging said screw means in said main
      body to permit rotational movement of said shroud with respect to said
      main body and to bring said aperture in said shroud into coincidence with
      said aperture in said main body.
NUM  9.
PAR  9. An electro-mechanical transducer according to claim 1, wherein at least
      said main body comprises monel metal.
NUM  10.
PAR  10. An electro-mechanical transducer including a substantially cylindrical
      main body disposed about a longitudinal central axis, said main body
      including:
PA1  two end portions, each of said end portions having a longitudinal axial
      bore extending at least part way therethrough,
PA1  a flexure element disposed in a plane normal to said central axis, said
      flexure element having a pair of mutually parallel surfaces connected by a
      rim,
PA1  at least two pairs of strain gauges, a first strain gauge of each pair
      being mounted on one of said parallel surfaces of said flexure element,
      the second strain gauge of each of said pairs being mounted on the other
      of said parallel surfaces of said flexure element, each of said second
      strain gauges being opposite said first strain gauge of its pair,
PA1  a pair of diametrically opposed first pillars extending from one surface of
      the flexure element in a direction parallel to the longitudinal central
      axis of the main body and connecting said flexure element with one of said
      end portions,
PA1  a pair of diametrically opposed second pillars extending from the other
      surface of the flexure element in a direction parallel to the longitudinal
      central axis of the main body and connecting said flexure element with the
      other of said end portions, said second pillars being disposed
      orthogonally of said first pillars, and
PA1  a rod located in said bore to reduce bending of the transducer.
NUM  11.
PAR  11. An electro-mechanical transducer according to claim 10 wherein said
      flexure element comprises four guided cantilevers.
NUM  12.
PAR  12. An electro-mechanical transducer according to claim 11 having four
      pairs of strain gauges arranged as opposed pairs on the parallel surfaces
      of said flexure element, with one pair on each of said guided cantilevers.
NUM  13.
PAR  13. An electro-mechanical transducer according to claim 12, wherein said
      strain gauges are mounted at a point midway between the root and the point
      of inflection of each of said guided cantilevers.
NUM  14.
PAR  14. An electro-mechanical transducer according to claim 10, including a
      ball bushing in which said rod is journalled.
NUM  15.
PAR  15. An electro-mechanical transducer according to claim 14, including screw
      threads towards either end of said bore and screw threaded plugs engaging
      said screw threads.
NUM  16.
PAR  16. An electro-mechanical transducer according to claim 15, wherein threads
      of bars of a halo-pelvic traction equipment engage said screw threads.
NUM  17.
PAR  17. An electro-mechanical transducer according to claim 14, including an
      end cap, said end cap bearing against said ball bushing to retain said
      ball bushing in place.
NUM  18.
PAR  18. An electro-mechanical transducer according to claim 10, including an
      end cap.
NUM  19.
PAR  19. An electro-mechanical transducer according to claim 10, additionally
      including a screw means protruding from said main body, an aperture in
      said main body, said aperture being threaded to receive the external
      threads of an externally threaded socket, and a shroud, said shroud having
      an aperture and a slot, said slot engaging said screw means in said main
      body to permit rotational movement of said shroud with respect to said
      main body and to bring said aperture in said shroud into coincidence with
      said aperture in said main body.
NUM  20.
PAR  20. An electro-mechanical transducer according to claim 10, wherein at
      least said main body comprises monel metal.
NUM  21.
PAR  21. An electro-mechanical transducer comprising a main body disposed about
      a longitudinal central axis, said main body including:
PA1  two end portions,
PA1  a flexure element disposed in a plane normal to said central axis, said
      flexure element having a pair of mutually parallel surfaces connected by a
      rim,
PA1  a pair of diametrically opposed first pillars extending from one surface of
      said flexure element in a direction parallel to the longitudinal central
      axis of the main body and connecting said flexure element with one of said
      end portions,
PA1  a pair of diametrically opposed second pillars extending from the other
      surface of said flexure element in a direction parallel to the
      longitudinal central axis of said main body and connecting said flexure
      element with the other of said end portions, said second pillars being
      disposed orthogonally of said first pillars,
PA1  at least four pairs of strain gauges, the first strain gauge of each pair
      being mounted on one of said parallel surfaces of said flexure element,
      the second strain gauge of each pair being mounted on the other of said
      parallel surfaces of said flexure element with each of said second strain
      gauges opposite said first strain gauge of its pair, said flexure element
      comprising four guided cantilevers with said strain gauges mounted at a
      point midway between the root and the point of inflection of each of said
      guided cantilevers, the electro-mechanical transducer additionally having
      a longitudinal axial bore,
PA1  a rod retained in said bore and journalled in a ball bushing,
PA1  an end cap,
PA1  said end cap engaging said ball bushing,
PA1  screw threads towards either end of said axial bore and screw threaded
      plugs engaging said screw threads,
PA1  a screw means protruding from said main body,
PA1  an aperture in said main body, said aperture being threaded to receive the
      external threads of an externally threaded socket,
PA1  a shroud, said shroud having an aperture and a slot, said slot engaging
      said screw means in said main body to permit rotational movement of said
      shroud with respect to said main body and to bring said aperture in said
      shroud into coincidence with said aperture in said main body,
PA1  said main body being of monel nickel.
NUM  22.
PAR  22. An electro-mechanical transducer according to claim 1, wherein threads
      of bars of a halo-pelvic traction equipment engage said screw threads
      towards either end of said axial bore.
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ABST
PAL  A hydraulic load-sensing device disposed between a load carrying device in
      the form of a lifting hook and a hoist in the form of a crane jib includes
      a single-acting hydraulic piston and cylinder unit, the cylinder component
      being connected to the hoist jib and the piston component being connected
      to the lifting hook in such manner that as the hoist jib is raised in
      order to raise the load carried by the hook, a corresponding pressure is
      exerted on the hydraulic medium between the piston and the lower end of
      the cylinder and this pressure is transmitted from the cylinder through a
      line to a pressure gage which measures and exhibits the combined dead
      weight of the hook and its load.
BSUM
PAR  This invention relates to a hydraulic device for sensing a load or weight,
      preferably in connection with the loading of vehicles by means of a
      hoisting apparatus, for example a crane with a load carrier, e.g. a
      lifting hook. The invention, however, is not restricted to the loading of
      transport vehicles, but can be applied at any kind of hoisting means, e.g.
      hoist blocks, overhead traveling cranes and similar means.
PAR  Existing regulations concerning the excess weight of road haulage vehicles
      have created a great problem in the road haulage business, viz. to be able
      to determine with sufficient accuracy the weight of the freight without
      the use of an equipment being too expensive and complicated. The present
      invention, therefore, has the object to solve this problem and, thus,
      produce a load weighing device, which is substantially cheaper and less
      complicated than the known load weighing devices, and which at the same
      time provides a measuring result, which is sufficiently accurate for this
      object, so that there is no risk of excess load when the measuring result
      stays within the permissible limits.
PAR  This object is achieved by the device according to the invention showing
      the characterizing features defined in the claims.
PAR  The invention is defined in greater detail in the following, with reference
      to the accompanying drawing, which shows the weighting device according to
      the invention suspended on a crane jib.
DETD
PAR  The drawing shows a weight sensing device 2 disposed between a load carrier
      1, which at this embodiment is designed as a lifting hook, and a hoisting
      means 3, which is shown in the form of a crane jib. The weight sensing
      device 2 consists of a single-acting piston and cylinder means, the
      cylinder 9 of which is pivotally suspended on the jib 3, and the piston
      fluid 8 of which carries pivotally the lifting hook 1 and rests on a fluid
      chsion enclosed by the cylinder and being a hydraulic medium in a closed
      system, which in addition to said piston comprises a hydraulic accumulator
      6, a pressure gage 7 with a rotary dial 13 to be set with respect to the
      dead weight of the load carrier, and a throttle valve 4 disposed in the
      conduit 5 leading to the cylinder 9. This closed system is connected for
      filling and draining via a stop valve 10 to the ordinary hydraulic system
      11 of the hoisting means which includes a valve 12.
PAR  When a load is attached to the load carrier 1, it is transferred to the
      movable part of the piston-cylinder means, i.e. to the piston 8. Hereby
      the pressure in the cylinder increases and hydraulic medium is pressed out
      through the throttle valve 4 in the conduit 5, which communicates with the
      hydraulic accumulator 6 or a similar equipment and the pressure gage 7,
      which indicates the hydraulic pressure in the system at any occasion. When
      the hydraulic medium passes through the throttle valve 4, heat is
      generated therein and at the same time the movement of the hydraulic
      medium to the hydraulic accumulator 6 is braked. When the pressure of the
      hydraulic medium in the hydraulic accumulator 6 is equal to that in the
      weight sensing device, the movement of the pressure medium is stopped, and
      the weight of the load suspended on the load carrier 1 can be read from
      the pressure gage 7, which in this position shows by the position of the
      pointer on deal 13 a weight being in close agreement with the real weight,
      due to the fact that the pressure medium, and thereby the piston in the
      sensing body, i.e. weight sensing device, is moving and the friction
      between the piston 8 and cylinder wall 9 is held as motion friction until
      a pressure has been achieved which is very close to the pressure
      corresponding to the weight of the load.
PAR  When weighing at low temperature, the temperature of the pressure medium
      increases, and thereby the friction decreases due to the heat, which is
      generated in the throttle valve 4 and transferred both to the hydraulic
      accumulator 6 and to the weight sensing device 2. This implies that the
      total result at repeated weighings will be accurate.
PAR  When hydraulic medium is to be filled in or drained off, due to a change in
      volume which may arise by temperature variation or leakage, the valve 10
      is opened. Thereby hydraulic medium can flow into the weighing system from
      the hydraulic system 11 of the crane when the valve 12 on the crane is in
      an end position, and, respectively, flow out from the weighing system when
      the valve 12 is in neutral position.
PAR  By means of the embodiment of the device for load or weight sensing shown
      in the drawing in the form of a hydraulic scale, the weight of the load
      can be obtained with very high accuracy, even when compared to known
      hydraulic load weighing means of the vehicle-borne kind, and independently
      of temperature variations affecting the volume and viscosity of the
      hydraulic medium. The device at the same time is sufficiently simple to be
      used economically as crane accessory or the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. An hydraulic load-sensing arrangement interposed between a load carrying
      device and a hoisting device which is comprised of a hydraulic piston and
      cylinder unit, said cylinder being secured to said hoisting device and
      said load carrying device being secured directly to the piston rod which
      extends through the lower end of said cylinder thereby effecting an
      application of pressure to the hydraulic medium located between the piston
      and cylinder proportional to the weight of the load, and conduit means
      including a throttling point connecting the hydraulic medium within said
      cylinder to a closed hydraulic system including an accumulator and a
      pressure gage.
NUM  2.
PAR  2. An hydraulic load-sensing arrangement as defined in claim 1 wherein said
      hoisting device is of the hydraulic type and which further includes
      conduit means for connecting said closed hydraulic system to the hydraulic
      system for said hoisting device through a stop valve.
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ABST
PAL  A hook load measuring system for improving the sensitivity of such
      measurements in deep-well-drilling operations. It employs a transducer
      actuated by the hook load and an output signal from the transducer that
      covers the full range of hook-load variation. There is an arrangement for
      nulling the signal at any given setting, and then for measuring change in
      a predetermined direction with greatly increased sensitivity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns deep-well-drilling operations, in general, and more
      particularly relates to a system for improving the sensitivity of
      hook-load measurements.
PAR  2. Description of the Prior Art
PAR  In deep-well-drilling operations, in particular, it has been found that the
      load variations on the hook of the derrick are of such amplitude, in the
      total range thereof, as to make the measurements which are desired quite
      insensitive. For example, the conventional recording scale hook load
      measurement employs about 1,000 pounds per line of the cable pulley system
      per chart division. This results in 8,000 to 12,000 pounds per division of
      the chart scale. Consequently, small changes in weight on the hook are not
      visible in the resulting recording of such weight under the conventional
      measuring systems.
PAR  It is an object of this invention to provide an increase in the sensitivity
      of the system in order to be able to observe and/or record the changes in
      load that are relatively small compared to those previously possible.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention concerns an improvement of a system that relates to
      a deep-well-drilling combination which employs a derrick having a crown
      block for supporting a sheave. The combination also employs a traveling
      block with pulley for supporting a hook to support a drill string and bit
      at the lower end thereof. The combination also employs a cable passing
      over said sheave and pulley. The said cable is anchored at one end by
      means of a weight transducer for measuring the hook load. In conjunction
      with the foregoing combination, the invention concerns the improvement
      which comprises (in combination) a potentiometer having a sliding
      contactor actuated by said transducer in proportion to said hook load. It
      also comprises means for applying an electromotive force to said
      potentiometer, and means for nulling the output signal from said sliding
      contactor at a predetermined hook load whereby the weight on the bit may
      be measured accurately.
PAR  Again, briefly, the invention concerns an improvement for a
      deep-well-drilling combination that employs a derrick having a crown block
      for supporting a sheave and a traveling block with pulley for supporting a
      hook to support a drill string with a bit at the lower end thereof. The
      combination also employs a cable passing over said sheave and pulley, the
      said cable is anchored at one end with a weight transducer for measuring
      the hook load. In conjunction with the foregoing combination, the
      invention concerns an improvement which comprises, in combination, a first
      potentiometer having a sliding contactor actuated by said transducer in
      proportion to said hook load, and a source of DC potential. The
      improvement combination also comprises a second potentiometer having a
      resistor connected across said potential source and having a sliding
      contactor, and a variable resistor connected in series with said second
      potentiometer sliding contactor. The improvement combination also
      comprises a galvanometer having an input circuit, a DC amplifier having an
      input and an output, as well as a fixed resistor connected in series with
      said variable resistor. The improvement combination also comprises first
      circuit means for connecting said DC amplifier input across said fixed
      resistor, second circuit means for connecting said DC amplifier output to
      said galvanometer input circuit, and a multipole multiposition switch. The
      improvement combination also comprises third circuit means for connecting
      said fixed resistor to one pole of said switch, fourth circuit means for
      connecting said first potentiometer sliding contactor to one position of
      said switch corresponding with said one pole, and a precision third
      potentiometer. The improvement combination also comprises a null meter,
      and fifth circuit means including said switch poles and positions for
      alternatively measuring said hook load or calibrating said second
      potentiometer or calibrating said first transducer-actuated potentiometer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and benefits of the invention will be more
      fully set forth below in connection with the best mode contemplated by the
      inventors of carrying out the invention, and in connection with which
      there are illustrations provided in the drawings, wherein
PAR  FIG. 1 is a schematic diagram illustrating a drilling rig including the
      elements that are employed with the invention, and
PAR  FIG. 2 is a circuit diagram illustrating the electrical elements and a
      circuit arrangement for the improved sensitivity system of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates schematically the various elements that are employed in
      deep-well-drilling operations, and particularly those related to the
      measurement of load on the hook of the derrick. However, the drill string
      and bit have been omitted in order to improve the clarity of illustration.
PAR  Thus, there is illustrated a derrick 11 which has a crown block 12 at the
      top that supports a sheave 13 over which pass the strands of a drilling
      line or cable 14. Also, there is a traveling block 17 which supports a
      hook 18 and has a pulley 19 thereon that has strands of the cable 14
      passing thereover. The cable 14 has an anchor 22 at the stationary end
      thereof. This anchor 22 incorporates a weight transducer 23. And, the
      transducer 23 may be like one which is part of a unit manufactured by the
      Martin-Decker Corporation of Santa Ana, Calif., and designated Type E
      National Wireline Anchor. The transducer 23 is called a "sensator" by the
      foregoing manufacturer. It transforms the force being applied to the
      anchor 22 by the "deadline" portion of the cable 14 into a hydraulic
      pressure that is carried over a hydraulic hose 24 to a signal transducer
      28. This transducer 28 transforms the hydraulic pressure into a electrical
      signal by making use of a Bourdon tube 29 (see FIG. 2) that actuates a
      sliding contactor 32 of a potentiometer 33. Transducer 28 may be like one
      manufactured by Martin-Decker Corp. that has a normal range from 50 psi to
      15,000 psi. However, for special applications it may be designed so as to
      extend the range to 20,000 psi.
PAR  The other end of the cable 14 is, of course, attached to a draw-works 36
      that incorporates conventional drum and power drive (not shown) for
      winding and unwinding the cable 14, in the course of handling the drill
      string, (not shown) on the lower end of which is a drill bit (not shown).
PAR  As already indicated above, conventional arrangements provide for a
      measurement of the hook load or weight that are such as to result in chart
      scale units representing 8,000 to 12,000 pounds per scale division. In
      order to increase the sensitivity of such indication and/or recording of
      the weight or hook-load measurement, this invention employs a system that
      is substantially electrical.
PAR  Thus, referring to FIG. 2, it will be observed that it has a second
      potentiometer 40 with a sliding contactor 41. The latter may be adjusted
      so as to be set in correspondence with any of the various positions that
      are assumed by the sliding contactor 32 of the transducer potentiometer
      33.
PAR  The electrical system includes a DC power source 44 which might take
      various forms but preferably is a DC battery, as indicated. This battery
      44 is connected across the potentiometer resistor 40, as indicated in FIG.
      2. Also, it has parallel circuit connections over circuit wires 45 and 46
      that connect with the ends of the potentiometer resistor 33.
PAR  It will be noted that the connection 45 goes to the upper end, as
      illustrated in FIG. 2, of potentiometer 33 via one pole 49 and a contact
      50 of a multipole multiposition switch 51. This switch 51 has three
      positions which have the functions indicated by the captions opposite the
      unconnected contacts or positions opposite a lowermost pole 52 of the
      switch. Thus, in the position illustrated in FIG. 2, the system is
      connected for "operate" conditions, and the circuit connection 45 is
      continued via the pole 49 and the contact 50 over another circuit
      connection 55 to the upper end of the potentiometer 33.
PAR  In order to provide increased sensitivity, in accordance with this
      invention, for measuring relatively small load changes, there is connected
      to the sliding contactor 41 one end of the variable resistor 56. This
      resistor 56 has a variable contactor 59 which is connected via a circuit
      connection 60 to one end of a fixed resistor 61. The other end of resistor
      61 is connected via a circuit connection 62 to a switch pole 66 that
      continues the circuit when the switch 51 is in the position that is
      illustrated. The circuit continues over a circuit connection 67 to the
      sliding contactor 32 of the potentiometer 33.
PAR  It will be observed that there is a galvanometer 70 which is connected
      across the ends of the fixed resistor 61 with an intervening amplifier 72.
      Consequently, the voltage drop across the fixed resistor 61 caused by
      current flow therethrough, may be measured and/or recorded, if desired, by
      means of the galvanometer 70. By choosing the type of amplifier 72 that is
      employed, the signals amplified may be only those developed when the
      voltage on the slider 41 is less than that on the transducer slider 32.
PAR  It will be observed that the system so far described provides for a means
      to accurately determine relatively small changes in the signal developed
      at the potentiometer 33. One aspect of this ability to see small changes
      in the weight being measured, is that of suppressing the lower portion of
      the signal. Thus, by means of adjusting the position of the sliding
      contactor 41 of the other potentiometer 40 until a null or zero current
      flow through the middle circuit which includes the resistor 61, is
      reached, a given hook load will be balanced out, or suppressed. Then,
      changes in the hook load or weight applied in a given direction may be
      measured with greatly increased sensitivity, with the range thereof
      determined by setting the variable resistor 56. Of course, the range
      depends upon the maximum reading available from the galvanometer 70 that
      is driven by the output of the amplifier 72.
PAR  Because the sensitivity of this system is great, it is necessary that the
      settings of variable resistor 56 (and its sliding contactor 59) as well as
      those of the sliding contactor 41 of the potentiometer 40 must be known
      exactly in relation to a predetermined indication of weight. This is
      accomplished by employing a calibration system which makes use of another
      potentiometer 75 that has a sliding contactor 76. This potentiometer 75 is
      a highly accurate multiturn-adjustment type of instrument with a precision
      dial so that its settings may be accurately related to particular weight
      indications.
PAR  The potentiometer 75 is connected to either of two calibration positions,
      one for calibrating the range settings described above, and the other for
      calibrating the transducer potentiometer 33. The former calibration may be
      made when the switch 51 is set to the middle or "calibrate" position so as
      to be able to match a given setting of the potentiometer 75 with the
      setting of the slider 41 of the potentiometer 40. In order to make such a
      match of these settings, there is a circuit that goes around a safety
      resistor 83 with a bypass switch 84 connected across it. This circuit
      connects the galvanometer 70 into a circuit between the contactor 76 and
      the contactor 41 via a circuit connection 87, a circuit connection 86 and
      a circuit connection 88 to a switch contact 89. Then this circuit is
      completed over the switch pole 66 to the series circuit described above,
      that goes to the sliding contactor 41.
PAR  It will be understood that the galvanometer 70 will indicate a zero reading
      when the slider 41 matches a given setting of the slider 76. Such position
      of the slider 41 will represent one end of a calibrated weight position,
      as indicated by the potentiometer 75. Then, after making a predetermined
      amount of adjustment of the slider 76, the galvanometer 70 may be set to a
      full scale reading by adjustment of the slider 59 on the resistor 56. This
      calibrates the maximum range of amplified changes in the weight or
      hook-load readings for that calibrated position of slider 41.
PAR  In order to make the other calibration, i.e. the weight readings of a given
      transducer 28 with its potentiometer 33, the switch 51 is set to the
      lowermost position which is designated by the caption "TRANSDUCER
      CALIBRATE". This connects a circuit which includes a null meter 80 and a
      resistor 92 which is in series therewith. These are connected between the
      sliding contactor 32 of potentiometer 33 and the sliding contactor 76 of
      precision potentiometer 75. That circuit may be traced from the slider 76
      over the circuit connections 87 and 86 to the null meter 80, via resistor
      83 with bypass switch 84. Then it continues through the resistor 92 to a
      switch contact 93 and via a pole 96 of the switch 51 to another circuit
      connection 97 which is connected into the connection 67 that leads to the
      sliding contactor 32.
PAR  It will be understood that with the system provided by this invention, it
      is feasible to increase the sensitivity of weight readings on a
      deep-well-drilling system by nulling most of the signals provided under
      given weight conditions and then reading the changes from that point in
      one direction for a given small or incremental portion of the total range.
      Furthermore, in order to keep such change readings accurate in extent and
      in terms of a weight reading for a particular force or load on the hook,
      use of a standard taken from the accurate precision potentiometer is
      important.
PAR  While a particular embodiment of the invention has been described in
      considerable detail in accordance with the applicable statutes, this is
      not to be taken as in any way limiting the invention but merely as being
      descriptive thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a deep-well-drilling combination employing a derrick having a crown
      block for supporting a sheave, a traveling block with pulley for
      supporting a hook to support a drill string and a bit at the lower end
      thereof, and a cable passing over said sheave and pulley, said cable being
      anchored at one end with a weight transducer for measuring the hook load,
      the improvement comprising in combination
PA1  a potentiometer having a sliding contactor actuated by said transducer in
      proportion to said hook load,
PA1  means for applying an electromotive force to said potentiometer,
PA1  a second potentiometer connected to said electromotive force and having a
      sliding contactor,
PA1  circuit means for connecting said sliding contactors to measure the
      difference in electric potential,
PA1  said circuit means comprising
PA2  a variable resistor,
PA2  a meter for measuring said difference in potential,
PA2  a fixed resistor, and
PA2  amplifier means connected across said fixed resistor for amplifying the
      input to said meter,
PA1  a precision third potentiometer,
PA1  a null meter, and
PA1  additional circuit means including switch means for calibrating said first
      and said second potentiometers.
NUM  2.
PAR  2. In a deep-well-drilling combination employing a derrick having a crown
      block for supporting a sheave, a traveling block with pulley for
      supporting a hook to support a drill string with a bit at the lower end
      thereof, and a cable passing over said sheave and pulley, said cable being
      anchored at one end with a weight transducer for measuring the hook load,
      the improvement comprising in combination
PA1  a first potentiometer having a sliding contactor actuated by said
      transducer in proportion to said hook load,
PA1  a source of DC potential,
PA1  a second potentiometer having a resistor connected across said potential
      source and having a sliding contactor,
PA1  a variable resistor connected in series with said second potentiometer
      sliding contactor,
PA1  a galvanometer having an input circuit,
PA1  a DC amplifier having an input and an output,
PA1  a fixed resistor connected in series with said variable resistor,
PA1  first circuit means for connecting said DC amplifier input across said
      fixed resistor,
PA1  second circuit means for connecting said DC amplifier output to said
      galvanometer input circuit,
PA1  a multipole multiposition switch,
PA1  third circuit means for connecting said fixed resistor to one pole of said
      switch,
PA1  fourth circuit means for connecting said first potentiometer sliding
      contactor to one position of said switch corresponding with said one pole,
PA1  a precision third potentiometer,
PA1  a null meter, and
PA1  fifth circuit means including said switch poles and positions for
      alternatively measuring said hook load or calibrating said second
      potentiometer or calibrating said first transducer-actuated potentiometer.
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ABST
PAL  A method of detecting the shape of flat products, which comprises applying,
      through an exciter, to an examined objects in its width, exciting signal
      generated in an exciting signal generator, as an exciting force,
      concurrently detecting the deflection of said examined object taking place
      due to the application of such exciting force at a plurality of points on
      said examined object in the width direction, correlating the exciting
      signal and the so detected values of deflection in the signal processing
      circuit, and determining the tension of said examined object at respective
      points on said examined object. The tension distribution on said examined
      object, in the width direction can therefore by determined, whereby the
      shape of said examined object can be ascertained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and an apparatus for detecting
      the shape of flat products such as strip or sheet from tension
      distributions along the widths of the products.
PAR  2. Description of the Prior Art
PAR  Generally in cold-rolling operations for making flat products such as steel
      strip, exactness in shape (or "flatness") of such products, as well as
      that in thickness, is the key factor to the success of the operations. In
      fact, the cold-rolling mill operates at high tension, and if there are
      regions of irregularity such as center buckles or edge waves due to
      elastic elongation with a product, the irregular part of the shape caused
      by these irregular regions may be affected or even offset by such high
      tension, making it possible to detect the irregular shape directly by
      using the regions of irregularity as determinative factor.
PAR  As a means for indirectly detecting the shape of flat products, the tension
      distribution on flat products in the width direction heretofore been used.
      This idea is sound, since the fact is that the shape of flat products can
      be measured on the basis of the difference in length with respect to
      points taken along the width of the flat products, such difference causing
      a varied tension distribution on the flat product in response to the
      application of tension thereon. This makes it possible to detect the
      irregular part of the shape of the flat product indirectly, that is, in
      view of such tension distribution. Again, this method is possible because
      of the close relationship between the shape of flat products and the
      tension distribution thereon in the width direction.
PAR  The known methods of detecting the tension distribution for this purpose
      include a method using strain guages for a plurality of detection rolls
      provided separately in the width direction of flat products and a method
      utilizing magnetic strain. However, detection using these methods results
      in substantial errors caused by, for example heaving of the examined
      material. Moreover the number of detection elements which can be used is
      limited to several because of the structure of the setting device. Since
      their tension resolution in the width direction is low, the data obtained
      by using these methods is inaccurate. Because of the abovementioned and
      other disadvantages, these methods are still untrustworthy in the
      detection of tension distribution.
PAC  SUMMARY OF THE INVENTION
PAR  Having been developed to eliminate such disadvantages as mentioned above in
      the known tension distribution detecting methods, the present invention
      has an object to provide a method of detecting, with high accuracy, the
      tension distribution on flat products in the width direction, thereby
      accurately detecting the shape of the flat products.
PAR  Another object of the present invention is to provide a method of detecting
      the shape of flat products, which method can accurately detect the tension
      distribution on flat products even in the cold-rolling process where high
      tension is given to flat products, and which has very strong resistance
      against disturbances such as heaving of the flat products which occur
      during tension detection.
PAR  A further object of the present invention is to provide a method of
      detecting the irregular shape of flat products, which permits a great
      number of tension detecting elements to be provided along the width of the
      flat products, thereby providing good resolution.
PAR  Still a further object of the present invention is to provide an apparatus
      for practising the abovementioned method of detecting the shape of flat
      products.
PAR  In order to achieve the abovementioned objects, the present invention is
      characterized by applying, through an exciter, along the width of examined
      objects, exciting signal generated in a exciting signal generator. The
      signals change with time for generating such signals that change according
      to time, as an exciting force. The deflection of said examined objects,
      taking place due to the application of the exciting force at a plurality
      of points on each of said examined objects in the width direction is
      detected with a deflection detector, and the correlation between the so
      detected values of deflection and said exciting signal is determined. This
      correlation is input to a signal processing circuit for determining the
      tension at respective points on each of the examined objects, so as to
      develop the tension distribution along the width of each of the examined
      objects, whereby the shape of the examined objects may be detected.
PAR  Other objects of the present invention will become apparent by reference to
      the following embodiments of the present invention in the light of the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of a signal processing circuit to describe the
      principle of the present invention,
PAR  FIG. 2 is a partial perspective view and a block diagram to describe the
      method of the present invention,
PAR  FIG. 3 is a diagram showing the correlation between the tension and the
      deflection detected according to the present invention,
PAR  FIG. 4 is a diagram showing the range of errors due to the heaving of flat
      products, detected according to the present invention,
PAR  FIG. 5 is a diagram showing an embodiment of the present invention in
      detecting the shape of flat products.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a block diagram showing the processing of signal through the
      integration of the detection signal in synchronism with the exciting
      signal, as an embodiment of the present invention. In FIG. 1, 1 indicates
      an examined object, that is, a flat product which is subjected to tension
      in its long lengthwise direction, by a device for applying tension 2 such
      as a deflector-roll, rolled by rolling rolls (not shown) and then sent in
      a predetermined direction. 3 indicates a exciting signal generator, such
      as a rectangular wave generator, that issues exciting signal with a period
      of Tc. 4 indicates a detecting head connected with said exciting signal
      generator 3. Said detecting head 4 includes an exciter 4a, such as an
      electric magnet, and also a unit 46 such as an electrode for detecting
      deflection. A detecting head 4 is provided at predetermined points between
      rolls 2, 2 on the flat product 1 along the width thereof. Rectangular wave
      exciting signals having a period of Tc are amplified by an amplifier, not
      shown (which is not necessary particularly for a exciting signal generator
      of large capacity), and then are applied as an exciting force, through the
      detecting head 4, to the flat product 1. The deflection produced on the
      flat product 1 due to the application of the exciting force, is detected
      by the device for detecting deflection 4b, converted by a signal
      transmitter (not shown) such as an electrostatic capacity-voltage
      transducer, reversed in polarity change relative to the value detected by
      the detecting signal in a polarity changing device 5, and then input to
      integration circuit 6. The value of deflection detecting signal obtained
      by using said rectangular wave signal is integrated over the rectangular
      wave period in the integration circuit 6, so as to produce tension signals
      free of noise. Finally, it is held at sample-holding circuit 7, so as to
      derive an output signal C (x,nTc). 8 indicates a sample-timing signal
      generating circuit, which is connected with the exciting signal generator
      3, to control the timing of the polarity change for the polarity changing
      device 5, the reset timing for the integration circuit 6, for the
      sample-holding circuit 7 and so forth. The polarity charging device is
      obviously used to assure that only deflection signals of one polarity are
      input to the integration device.
PAR  The following is an explanation of the principle of the present invention
      by using equations:
PAR  If, in FIG. 1:
PA1  x : Point on the co-ordinate of width direction
PA1  f(t) : Exciting force per unit width
PA1  P(x,t) : Deflection at x
PA1  d(t) : Irregular vibration of flat product
PA1  T(x) : Tension per unit width at x
PA1  2L : Span between rolls
PAL   ,and if the balance of power at a minimum part extended along the width of
      the flat products is taken into account, an appropriate value of
      deflection P(x,t) is expressed as follows:
      ##EQU1##
      Also, output C(x,nTc) from the sample-holding circuit 7 is expressed as
      follows:
      ##EQU2##
      ,where Tc : Period of rectangular wave
PA1  n : Number of cycles of rectangular waves
PAL  Furthermore, exciting force f(t) per unit width is a rectangular wave
      having an amplitude a, so it can be expressed as follows:
      ##EQU3##
      Therefore, output C(x,nTc) from the sample-holding circuit 7 can
      expressed, as follows, by taking the equations (1 ), (2) and (3) into
      consideration:
      ##EQU4##
      The second term of the above equation which shows the influence of
      disturbance, is considered to be much smaller than the constancy of the
      irregular vibration d(t) of flat product, products as the period T of
      rectangular wave becomes greater; so the above equation may be expressed
      also in the following manner;
      ##EQU5##
      From the equation (4') there can be derived the tension T(x) per unit
      width at x on the co-ordinate of width direction, can be expressed, as
      follows:
      ##EQU6##
PAR  While the detection of tension of flat products by the conventional methods
      has been so made that the heaving of flat products is held as low as
      possible, to reduce noise to a minimum, the detection according to the
      present invention is so different, as mentioned above, that only
      deflections due to the application of the rectangular wave signals are
      processed for detecting the tension distribution along the width of the
      flat products. This, in turn allows the detection of the shape of the flat
      products. In other words, as a result of the abovementioned process of the
      present invention, disturbances such as heaving which occur in rolling
      operations on flat products will almost completely offset each other
      during the course of the integration of deflection signals in synchrorism
      with exciting signal, as mentioned in the equation (4) above, due to the
      constancy of the disturbances themselves. Therefore, errors caused by
      heaving of flat products, which constitutes the greatest disadvantage of
      the conventional methods, can be almost entirely eliminated by the present
      invention. The following is an explanation of an embodiment of the present
      invention by reference to the drawings:
PAR  In FIG. 2, 11 indicates an examined object, that is, a strip. 12 indicates
      supporting rolls such as deflector rolls. 13 indicates a exciting signal
      generator, which may be, for example, a rectangular wave generator. 13a
      indicates an amplifier. 14 indicates a detecting head posititioned at an
      appropriate distance between the two supporting rolls on the surface of
      said examined object along its width by means of an appropriate holding
      means. Each of the detecting heads is constructed with an exciter 14a and
      a device for detecting deflection 14b. The exciter 14a may be an electric
      magnet made by adding an exciting coil B to each of the magnetic poles 7
      which have the channel-shape A provided along the width of the examined
      object 11. It is not, however, limited to an electric magnet, but any
      device which can apply an external force by using non-contact force such
      as compressed air; that is, any means which is within the range of
      purposes of the present invention, can be so used. The device for
      detecting deflection 14b is made by providing a plurality of electrodes
      for detecting deflection D on the basic part C lying along the width
      direction of the examined object 11, in combination with the exciter 14a
      for applying external force.
PAR  The device for detecting deflection 14b may be provided separately from the
      exciter 14a. 14c indicates a deflection transmitting circuit such as an
      electrostatic capacity-voltage transducer. 19 indicates a signal
      processing circuit, which is composed of a polarity changing device 15,
      the integration circuit 16, the sample-holding circuit 17 and the timing
      signal generating circuit 18. The circuit 18 is connected respectively
      with the units 15, 16 and 17. The timing signal generating circuit 18 is
      connected also to an indicator 21 such as a CRT(cathode-ray tube) monitor
      through a device for controlling indicators 20. Also, the signal
      processing circuit 19 may be connected to a roll-crown adjusting device 23
      through a roll-crown controlling circuit 22.
PAR  The polarity changing device, the integration circuit and the sample-hold
      circuit used for each of a plurality of the deflection detecting devices
      are provided in series and grouped separately for respective sets of the
      deflection detecting devices.
PAR  The following is an explanation of how the present invention works by
      reference to FIG. 2. The gist of the following explanation is just like
      that of the above explanation relating to the principle of the present
      invention.
PAR  At first, a rectangular wave having a period of Tc is generated, as an
      exciting signal, by the rectangular wave generator 13. Then, the generated
      exciting signal is amplified by the amplifier 13a, and applied, as an
      exciting force, to the surface of the examined object 11 by the exciter
      14a, so as to produce deflections P(x,t) on the examined object 11. The
      deflections P(x,t) produced on the examined object 11, are detected, as an
      electrostatic capacity, by the electrodes for detecting deflection D, and
      converted to voltage signals by the electrostatic capacity-voltage
      transducer 14C. A plurality of the electrodes D, provided along the width
      of the examined object 11 detect deflections produced respectively in
      corresponding parts of the examined body in the same manner, and convert
      the deflections respectively into voltage signals, which are then input
      into a respective processing circuit 19.
PAR  Said deflection detecting signals are changed in polarity by the polarity
      changing device 15, and then input into the integration circuit 16, where
      it is subjected to integration over every period of the rectangular wave,
      so as to eliminate noise from the tension signal. After calculating the
      value relating to the tension in each part of the examined object, the
      signal is input into the sample-holding circuit 17 to be sample-held.
PAR  The timing signal generating circuit 18 is used to control the polarity
      changing timing for the polarity changing device 15, the reset timing for
      the integration circuit 16, and the timing for the sample-hold circuit 17,
      by using reference signal issued from the rectangular wave generator 13.
      Output from the sample-holding circuit 17 is sent through a circuit for
      controlling indicator 20 to an indicator 21 such as a CRT monitor, whereby
      operators can visually monitor the shape of the member.
PAR  The shape of the examined objects can be checked automatically by the
      adjustment of the roll crown by inputting the output from the
      sample-holding circuit 17 into the roll crown adjusting device through the
      automatic controlling series, that is, the roll crown controlling circuit
      22.
PAR  In the above case, the rectangular wave which is applied as the exciting
      force to the flat product in the width direction is more effective in
      checking disturbances if the length of its period is somewhat greater;
      according to the present invention, a period ranging from 1 to 4 seconds
      is preferred.
PAR  Besides rectangular waves; other waves can be used as the exciting signal.
      For example signals which change according to time lapse such as M series
      signal (pseudo random signal), random signals, and sine wave can be used.
      In case of using such waves, there may well be provided a multiplying
      circuit for multiplying the exciting signal with the deflection signal,
      instead of the polarity exchanging device 15 provided in the signal
      processing circuit 19, as shown in FIG. 2.
PAR  FIG. 3 is a diagram showing the relation between values of output signals
      and tensions, detected according to the present invention.
PAR  The conditions used in detection are as follows:
PA1  Examined object: Steel strip, 99.2 mm wide .times. 0.20 mm thick
PA1  Roll span: 755 cm
PA1  Gap between magnetic pole (device for applying exciting force to strip) and
      strip: 11.3 mm
PA1  Gap between electrode (device for detecting deflection) and strip: 8.3 mm
PA1  Period of integration: 2 seconds
PA1  Disturbance: 0
PA1  Magnetic current: I = 1 Amp., I = 2 Amp., I = 3 Amp.
PAR  As clarified in the drawing, the output from the detector in relation to
      the tension of the strip, can be expressed as a straight line having high
      lineal tendency and very small variance, proving that the apparatus of the
      present invention achieves an accuracy several times higher than that of
      the conventional apparatus.
PAR  FIG. 4 shows the result of an experiment conducted to determine the
      influence of the heaving of flat products in the practice of the method of
      the present invention.
PAR  The conditions used in the determination are; Electric current: 2 Amp:
      period: 2 seconds; tensions applied to examined bodies: 3.02, 2.08 and
      1.18 Kg/mm.sup.2 (per unit common to all these case). As for disturbance,
      random noise was applied to the strip by a generator. As clarified in the
      drawing, the ratio between signal and noise (S/N ratio) was less than 0.5%
      of the variance of the output even at the time S/N ratio was 0 dB (that
      is, when the ratio between the noise due to the heaving of flat products
      and the heaving due to rectangular wave amplifying signal, was 1 : 1).
      This means that the heaving of flat products which has been the greatest
      problem in the conventional methods, is completely overcome by the present
      invention, as error due to the same can be reduced to a negligible degree.
PAR  FIG. 5 shows an output produced by embodiment of the present invention for
      detecting the irregular shape of flat products,
PAR  The conditions used for the detection were: Magnetic current: 5 Amp.;
      period: 2 seconds; thickness of the examined object (cold-rolled sheet
      steel): 0.2 mm; width: 500 mm; tension, 5 Kg/mm.sup.2. At points, 100 mm
      and 500 mm along the width of the examined object in the width direction,
      there were, respectively, a pocket quarter buckle having a steepness
      (percentage obtained in terms of crest value and pitch of the waves of the
      object) of 1.8 and an edge wave of 2.1%. These regions of irregularity
      were distinctly detected.
PAR  In conclusion, the present invention has the following special
      characteristics, proving itself highly capable of detecting the shape of
      flat products:
PAR  1. The relationship between the tension of flat products and the output
      from the detector, is expressed as a straight line, with the accuracy
      being less than 0.05 Kg/mm.sup.2, which is equivalent to a steepness of
      wave of 0.1 to 0.2%, which is considered as an example of the shape of
      flat products.
PAR  2. Because of such practical problems as the structure of the fixing device
      of the detector, the resolution of the convention apparatus is only about
      5 points. On the other hand, according to the present invention, a
      deflection detector of simple mechanism can be used, thereby improving the
      resolution to 10 to 20 points.
PAR  3. The checking capacity of disturbances in tension detection according to
      the present invention is so strong as to be 40 to 50 decibels even for
      disturbances due to the heaving of flat products, the deflection of the
      detector or for other reasons, thus all the problems due to disturbances
      having been practically solved.
PAR  4. The present invention can be applied to flat products of non-magnetic
      substance such as copper.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of detecting the shape of flat products, which comprises:
PA1  applying, through an exciter, a time varying exciting signal generated in
      an exciting signal generator to an object along the width thereof, as an
      exciting force;
PA1  concurrently detecting the deflection of said object taking place due to
      the application of said exciting force at a plurality of points along the
      width of said object; and
PA1  correlating the exciting signal and the detected values of deflection in a
      signal processing circuit for determining the tension at respective points
      on said examined object, so as to develop the tension distribution along
      the width of said examined object, whereby the shape of said examined
      object may be determined.
NUM  2.
PAR  2. The method claimed in claim 1, wherein the tension of the examined
      object is detected by using rectangular waves as the exciting force
      applied to said examined object, and by the integration of the detected
      value of deflection in synchronism with the driving signal.
NUM  3.
PAR  3. The method claimed in claim 2, wherein the integrated value of said
      detected value of deflection is sample-held, and the so sample-held signal
      is displayed on a CRT monitor.
NUM  4.
PAR  4. The method claimed in claim 2, wherein the period of the rectangular
      wave is between 1 and 4 seconds.
NUM  5.
PAR  5. The method claimed in claim 1, wherein the tension of the examined
      object is detected by using a random signal as the exciting force applied
      to said examined object, and by the multiplication of the exciting signal
      with the deflection signal.
NUM  6.
PAR  6. The method claimed in claim 1, wherein the tension of the examined
      object is detected by using a sine wave signal as the exciting force
      applied to said examined object, and by the multiplication of the exciting
      signal with the deflection signal.
NUM  7.
PAR  7. An apparatus for detecting the shape of flat products, comprising: a
      plurality of exciters provided at a distance from the surface of the
      product being examined at locations along the width thereof; a plurality
      of detecting heads, each consisting of a plurality of deflection
      detectors, each of said deflection detectors being coupled with an exciter
      and operatively positioned for detecting deflection of the flat products;
      a rectangular wave generator coupled to said exciters; a plurality of
      signal transmitters, each connected to one of said deflection detectors; a
      plurality of signal processing circuits, one coupled to each of said
      transmitters, each signal processing circuit consisting of a device for
      changing polarity, an integration circuit, a sample-holding circuit and a
      timing signal generating circuit, said device for changing polarity
      coupled to receive signals from the respective transmitters and changing
      the polarity of detecting signals sent from said signal transmitters, said
      integration circuit coupled to said device for changing polarity and
      integrating the value of detection signals sent from said device for
      changing polarity, said sample-holding circuit coupled to said integration
      circuit and storing tension signals calculated in said integration
      circuit, and said timing signal generating circuit being connected with
      said rectangular wave signal generator, said device for changing polarity,
      said integration circuit and said sample-hold circuit for respectively
      controlling the timing change for said device for changing polarity,
      reset-timing for said integration circuit and sample-hold-timing for said
      sample-holding circuit.
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PAL  A method and apparatus for detecting the thermal characteristics of a
      subsurface formation in situ wherein a borehole has been drilled from the
      earth's surface, including inserting a known volume of cryogenic material
      into the borehole to a predetermined position in the formation to produce
      a zone of cooling in the formation thereabout; conducting test energy,
      subject to change by passage through a cooled medium of conduction, from a
      predetermined position in the borehole below the zone of cooling along a
      plurality of paths through and laterally of the zone to the surface;
      sensing the changes in the energy incident to passage through the zone at
      predetermined positions on the surface laterally of the borehole;
      calculating the volume of the zone from the known and acquired information
      to determine the thermal conductivity of the formation; and noting the
      time required for the known volume of cryogenic material to be boiled off
      by the formation to determine the latent heat of the formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for detecting the
      thermal characteristics of a subsurface formation in situ and more
      particularly to such a method and apparatus adapted to obtain reliable
      data concerning the thermal conductivity, latent heat and general thermal
      characteristics of subsurface soil and rock strata in place by the
      insertion of cryogenic material into the formation without having to
      follow the conventional practice of taking core samples from which only a
      very rough approximation of such information can be derived.
PAR  A reliable determination of the thermal characteristics of subsurface rock
      and soil formations is important in many areas of application. Geological
      studies preparatory to mining, oil well drilling, geothermal prospecting
      and the like depend significantly on a variety of types of information
      including the characteristics of thermal conductivity and latent heat in
      subsurface formations of rock strata and soil. Heretofore, there has been
      no accurate method and/or apparatus for gathering this information.
PAR  Conventional practice calls for the extraction of one or more core samples
      from the formation under study and the subsequent analysis of such core
      samples in an effort to determine what the characteristics of the
      formation are. The information derived form such analysis constitutes
      merely an educated guess and is unreliable to the extent of being
      virtually worthless. The major difficulty is that extraction of such core
      samples usually destroys the crystalline structure of the rock within the
      sample or causes the soil to lose its integrity thereby precluding
      observation of the sample in its natural form. Additionally, the
      extraction of core samples permits the latent heat of the samples to be
      influenced and therefore changed by passage through other formations
      during extraction and by subjection to the atmosphere upon removal from
      the earth.
PAR  The applicant's U.S. Pat. No. 3,805,587 entitled "Method And Apparatus For
      Locating Geothermal Sources Of Energy" discloses a method and apparatus
      having the capability of determining the location of a subterranean
      geothermal anomaly. It would be advantageous in the use of the method and
      apparatus of that patent to have a reliable means for determining the
      thermal conductivity and latent heat of subsurface formation for use in
      providing additional information to assist in more accurately determining
      the depth below the earth's surface of the geothermal anomaly.
PAR  Therefore, it has long been recognized that it would be desirable to have a
      method and apparatus for detecting the thermal characteristics of a
      subsurface formation in situ without having to extract core samples which
      do not reflect the natural structure of the rock, latent heat of the
      formation, and which otherwise fail to provide reliable data useful in
      conducting geological surveys for a variety of purposes.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method and
      apparatus for detecting the thermal characteristics of a subsurface
      formation.
PAR  Another object is to provide such a method and apparatus which have
      particular utility in the determination of the thermal conductivity and
      latent heat of a subsurface formation.
PAR  Another object is to provide such a method and apparatus which permit such
      detection to be performed with an accuracy and reliability not achievable
      prior to the present invention.
PAR  Another object is to provide such a method and apparatus which permit such
      detection to be performed in situ.
PAR  Another object is to provide such a method and apparatus which eliminate
      the necessity for extracting a core sample from a subsurface formation
      subject to examination of its thermal characteristics.
PAR  Another object is to provide such a method and apparatus which do not
      require that the information be acquired from a core sample wherein
      typically the natural crystalline structure of rock and the natural
      integrity of soil within the sample is destroyed or otherwise altered.
PAR  Another object is to provide such a method and apparatus which are
      adaptable for use in a variety of operative environments and wherein the
      information gathered is usable in achieving a variety of operational
      objectives.
PAR  Another object is to provide such a method and apparatus which can be
      employed at a commercially feasible cost.
PAR  A further object is to provide such a method and apparatus which can be
      modified in a variety of respects to meet the particular requirements of
      the survey being conducted and the physical structure of the formation
      being studied.
PAR  Further objects and advantages are to provide improved elements and
      arrangements thereof in an apparatus for the purposes described which is
      dependable, economical, durable and fully effective in accomplishing its
      intended purposes.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic vertical section of the apparatus of the first form
      of the present invention showing it in its operative environment within
      the earth.
PAR  FIG. 2 is a schematic top plan view of the apparatus shown in FIG. 1.
PAR  FIG. 3 is a somewhat enlarged fragmentary vertical section of the
      apparatus.
PAR  FIG. 4 is a somewhat further enlarged fragmentary vertical section of a
      mounting assembly of the apparatus.
PAR  FIG. 5 is a schematic diagram of the apparatus showing the electrical
      circuit thereof.
PAR  FIG. 6 is a schematic vertical section of the apparatus of the second form
      of the present invention showing it in its operative environment within
      the earth.
PAR  FIG. 7 is a somewhat enlarged fragmentary vertical section of the apparatus
      shown in FIG. 6.
PAR  FIG. 8 is a fragmentary schematic diagram of the portion of the electrical
      circuit of the apparatus of the second form of the present invention which
      varies from the circuit of the first form of the invention shown in FIG.
      5.
PAR  FIG. 9 is a schematic vertical section of the apparatus of the third form
      of the present invention showing it in its operative environment within
      the earth.
PAR  FIG. 10 is a somewhat enlarged fragmentary vertical section of the
      apparatus shown in FIG. 9.
PAR  FIG. 11 is a fragmentary schematic diagram of the portion of the electrical
      circuit of the apparatus of the third form of the present invention which
      is different from the circuit of the first form of the invention shown in
      FIG. 5.
DETD
PAC  DESCRIPTION OF THE FIRST FORM
PAR  Referring more specifically to the drawings, an apparatus 10 embodying the
      principles of the first form of the present invention is shown in its
      operative environment in FIG. 1. The earth is indicated at 11 and the
      earth's surface at 12. A borehole 13, having a lower end 14, is formed in
      the earth, as by drilling, to permit installation of a portion of the
      apparatus therein. No specific representation of a distinct formation is
      shown in the drawings since, in its most frequent application, the
      formation under study is simply the earth at a given depth below a given
      position on the earth's surface. The formation under study can, of course,
      be of any composition including rock, sand, soil or the like and be
      located at a depth limited only to the capability of drilling tools to
      reach the specific depth involved. Thus, the optimum depth selected for
      the borehole will depend on the specific information being sought.
      However, the formation selected for analysis should normally be of a depth
      at least sufficient to prevent influence by surface temperatures.
PAR  A casing 20 is inserted in the borehole 13. The casing has a cylindrical
      side wall 21 and a sealed lower end 22. The casing is preferably of a
      diameter somewhat smaller than that of the borehole and is preferably
      insulated against both thermal and electrical conductivity. An annular
      ring 23 constructed of a suitable, highly thermally conductive material
      such as copper, aluminum or the like is mounted on the side wall of the
      casing and extends therethrough to communicate with the exterior of the
      casing, as best shown in FIG. 3. The ring has a conical interior surface
      24 bounding a central passage 25 extending substantially axially of the
      casing. The passage is tapered in the direction of the lower end 22 of the
      casing and the ring is disposed in spaced relation thereto. The optimum
      distance between the lower end of the casing and the ring depends, in
      part, upon the characteristics of thermal conductivity of the earth 11
      adjacent to the borehole. Knowledge of the specific distance utilized is
      employed in calculations involved in the practice of the method of the
      present invention, as will be seen. As shown in FIG. 3, a readily
      freezable fluid 26, such as water, is deposited in the borehole about the
      casing so as to fill the borehole well above the location of the annular
      ring in the casing. In many instances the drilling fluid produced during
      drilling of the borehole can be utilized for this purpose.
PAR  A spring type electrical contact 30 is fastened on the cylindrical side
      wall 21 of the casing 20 immediately below the annular ring 23 so as to
      extend transversely of the axis defined by the passage 25. A suitable test
      energy conducting device or transmitter 31 is mounted within the casing on
      the sealed lower end 22 thereof. The transmitter can be of a variety of
      types capable of transmitting a suitable form of test energy such as
      electrical current, or compression waves in the form of sound or vibratory
      energy. Devices such as piezoelectric or magnetostrictive transducers are
      believed to be suitable for the purpose of transmitting compression waves.
      A simple electrode can be employed to discharge electrical current. In any
      case, the transmitter preferably should communicate with the exterior of
      the casing through the sealed lower end 22 thereof to permit optimum
      transmission of the test energy therefrom. Although a probe can be
      employed to make direct contact between the transmitter and the lower end
      14 of the borehole, the presence of the fluid 26 therebetween is
      sufficient to insure conduction of the test energy between the transmitter
      and the earth.
PAR  As shown in FIG. 1, a suitable hoist assembly 35 is mounted on the earth's
      surface 12 over the borehole 13 and supports an elongated cable 36 having
      a work end 37 adapted to be lowered down the borehole internally of the
      casing 20 by the hoist assembly. The cable preferably has a reinforced
      external sheath 38 enclosing a central core 39, as shown in FIG. 4.
PAR  A mounting assembly 40 is borne by the work end 37 of the cable 36. The
      mounting assembly is composed of a central ring 41 having an axial bore 42
      extending therethrough and a conical exterior surface 43. The work end of
      the cable is extended through the bore 42 of the ring and the sheath 38 is
      stretched outwardly over the exterior surface of the ring. An external
      ring 44, having an axial bore 45 and a conical internal surface 46, is
      positioned with the cable extending through its axial bore and the central
      ring nested against the internal surface 46 with the sheath disposed in
      binding engagement therebetween. The external ring has a conical external
      surface 47 and a bottom surface 48. A retaining plate 49 is secured on the
      bottom surface of the external ring by bolts 50. The work end of the cable
      36 thus securely supports the mounting assembly 40 with the core 39 of the
      cable extending axially through the assembly and out through the retaining
      plate, as shown in FIG. 4. It will be seen that the cable and mounting
      assembly could have a variety of other specific configurations without
      departing from the invention. However, the specific structure described is
      believed to be advantageous for purposes of ease of operation.
PAR  A vessel 60 is adapted to be mounted in depending relation on the mounting
      assembly 40 thereby supporting the vessel on the work end 37 of the cable
      36. The vessel has a thermally insulated cylindrical portion 61. This
      portion of the vessel is insulated to preserve the temperature of material
      deposited therein. The cylindrical portion has an end wall 62 extending
      transversely of one end thereof. The end wall has a vent 63. The
      cylindrical portion has an internally screw-threaded opposite end 64. The
      vessel has a heat conductive portion 65 which is screw-threadably mounted
      in the opposite end 64 of the cylindrical portion in fluid sealing
      relation, as best shown in FIG. 3. The heat conductive portion may be
      constructed of any suitably heat conductive material such as copper,
      aluminum, silver, or the like. The cylindrical portion and the conductive
      portion of the vessel form an interior chamber 66 for the vessel.
PAR  An electrical contact 67 is mounted in the conductive portion 65 of the
      vessel 60 extending therethrough so as to protrude endwardly from the
      conductive portion of the vessel. A pressure transducer 68 is fastened on
      the conductive portion of the vessel within the chamber. The transducer
      can be of any suitable type adapted to register when fluid material
      received in the chamber of the vessel has been dissipated for purposes of
      the practice of the method of the present invention. As shown in FIG. 3,
      the vessel is adapted to receive a selected quantity of cryogenic material
      69. Such substances as liquid nitrogen, liquid helium and liquid argon are
      excellently suited for this purpose in that they have extremely low
      temperatures and are caused to boil off or vaporize when subjected to
      higher temperatures.
PAR  A pair of metal straps 70 are mounted on the end wall 62 of the vessel 60
      and extended in converging relation endwardly therefrom. The straps are
      mounted on the external ring 44 of the mounting assembly 40 by bolts 71,
      as best shown in FIG. 4. Thus, the vessel is suspended from the work end
      37 of the cable 36 in substantially axial alignment therewith.
PAR  The apparatus 10 utilizes an array of detection equipment 99 shown in the
      schematic diagram in FIG. 5. The equipment includes a plurality of sensors
      or receivers 100 adapted to receive the specific form of test energy
      discharged by the transmitter 31. Where electrical current is transmitted,
      receivers utilizing electrodes can be employed. Where compression waves
      such as sound are transmitted, geophones or receiving transducers can be
      employed as receivers. The specific number of such receivers employed
      depends upon the demands of the study being conducted. For purposes of
      precision, normally more receivers than those shown in FIG. 5 are used. To
      provide the optimum performance, the receivers are preferably individually
      adjustable for control of the sensitivity of the receiver to the test
      energy to be received.
PAR  The apparatus 10 has a multichannel amplifier 101 having a capacity
      sufficient for individual amplification of the energy detected by each of
      the receivers 100. The apparatus further includes a multichannel recorder
      102 adapted individually to record the intensity of the energy detected by
      the receivers. The recorder can be of any suitable type such as a strip
      chart recorder which produces a strip chart bearing individual notation of
      the detected signals. The receivers, amplifier and recorder are powered by
      a suitable power source, not shown.
PAR  The apparatus further includes a pulse generator 103 adapted to supply a
      pulse of electrical current to the transmitter 31 and to the amplifier 101
      and recorder 102. The pulse generator can either be of a type adapted to
      be operated to discharge a single pulse of current upon command, also as
      by closing a switch not shown, or of a type adapted to operate
      sequentially for as long as power is supplied to it. The purpose for such
      pulse generation will subsequently become more clearly apparent.
PAR  A battery 104 is provided to supply power to the pulse generator 103 and
      portions of the apparatus 10 yet to be described since the apparatus is
      frequently used in relatively remote areas. The hoist assembly 35 has a
      commutator 105, having three individual brush type electrical connections
      106 for purposes subsequently to be described. A pressure readout gauge
      107 is included in the detection equipment adapted to register the
      pressure detected by the pressure transducer 68.
PAR  The detection equipment 99 includes an electrical circuit 109, shown in
      FIG. 5. The circuit provides a plurality of electrical conductors 110
      individually extended from each of the receivers 100 and connected to the
      multichannel amplifier 101. The circuit is completed between the amplifier
      and the receivers by electrical conductors 111 and 112 extending
      therebetween. Thus, the receivers are electrically connected in parallel
      to each other and in series with the amplifier. A plurality of electrical
      conductors 113 individually connect the amplifier 101 with the recorder
      102. Electrical conductor 114 interconnects the recorder with the
      amplifier thus completing the circuit through the recorder. Therefore, the
      receivers, amplifier and recorder are linked in series and the receivers
      individually in parallel through this portion of the circuit.
PAR  The pulse generator 103 is electrically connected to the amplifier 101 by a
      pair of conductors 120. The conductors are interrupted by a master control
      switch 121 operable to open and close the circuit through conductors 120.
      Electrical conductor 122 extends from the pulse generator to the brush
      type electrical connection 106 of the commutator 105, on the left as
      viewed in FIG. 5. Electrical conductor 123 extends through the core 39 of
      the cable 36 from the selected connection of the commutator to electrical
      contact 67 borne by the heat conductive portion 65 of the vessel 60.
      Electrical conductor 124 extends from the spring contact 30 and is
      connected to the transmitter 31. Electrical conductor 125 extends from the
      transmitter upwardly through the casing 20, as best shown in FIG. 3.
PAR  Electrical conductor 130 interconnects the pulse generator 103 and the
      battery 104 having a switch 131 intermediate thereof for selected opening
      and closing of the circuit 109 through conductor 130. Electrical conductor
      132 interconnects the battery and conductor 125. Electrical conductor 133
      interconnects conductor 132 and the connection 106 of the commutator 105
      in the center as viewed in FIG. 5. Conductor 134 interconnects the same
      connection 106 and the pressure transducer 68 extending with conductor 123
      through the core 39 of the cable 36. Electrical conductor 135
      interconnects the pressure transducer and the electrical contact 106 of
      the commutator 105 on the right as viewed in FIG. 5 extending back through
      the core of the cable. Electrical conductor 136 interconnects the same
      electrical contact of the commutator with the pressure readout gauge 107.
      Electrical conductor 137 interconnects the pressure readout gauge and
      conductor 130 to complete this portion of the circuit through the battery.
      Thus, the battery, pressure transducer and pressure readout gauge are
      connected in series relation. A switch 138 is interposed in conductor 137
      and is operable to open and close this portion of the circuit through the
      conductor.
PAR  For illustrative convenience, a zone of cooling is represented at 150 and a
      plurality of paths of test energy at 155 in FIG. 1 the significance of
      which will become apparent.
PAC  DESCRIPTION OF THE SECOND FORM
PAR  The apparatus 210 constituting the second form of the present invention is
      shown in FIGS. 6, 7 and 8. The earth is represented at 211 with the
      earth's surface identified by the numeral 212. A borehole 213 is formed in
      the earth having a lower end 214. As previously noted, the optimum depth
      for the borehole depends upon the location of the specific formation to be
      studied and the test information required.
PAR  The apparatus 210 is in many respects identical to apparatus 10. Thus, the
      apparatus 210 has a casing 220 with a cylindrical side wall 221 and a
      sealed lower end 222. The casing is positioned in the borehole 213 and
      preferably has a diameter somewhat smaller than that of the borehole. A
      first annular ring 223, having a conical interior surface 224 defining a
      central passage 225 of predetermined diameter, is mounted on the side wall
      of the casing extending transversely of the casing to position the
      interior surface substantially concentric to the casing. The ring is
      positioned in spaced relation from the lower end 222 of the casing. A
      readily freezable fluid 226 is shown in FIG. 7 extending about the casing
      to a predetermined level in the borehole.
PAR  Apparatus 210 differs from apparatus 10 in that it has a second annular
      ring 227, having a conical interior surface 228 defining a central passage
      229 of a predetermined, substantially larger diameter than that of the
      first annular ring, mounted on the side wall of the casing in spaced
      relation to and above the first annular ring and extending transversely of
      the casing so as to position the interior surface in substantial axial
      alignment with that of the first annular ring 223. The optimum spaced
      relationship between the first annular ring and the lower end of the
      casing, between the first annular ring and the second annular ring and the
      difference in the diameters of the central passages of the rings will
      subsequently be described.
PAR  As in apparatus 10, apparatus 210 has a spring type electrical contact 230
      mounted on the side wall 221 of the casing 220 between the first annular
      ring 223 and the sealed lower end 222 of the casing extending in
      juxtaposition and in substantially right-angular relation to the central
      passage 225. A suitable energy conducting means or electrical current
      transmitter 231 is mounted within the casing on the sealed lower end 222
      thereof. As in the first form of the invention, the transmitter could, of
      course, be of any suitable type adapted to conduct test energy such as
      electrical current or compression waves such as sound into the earth from
      the lower end 214 of the borehole 213.
PAR  A suitable hoist assembly 235 is mounted on the earth's surface 212
      extending over the borehole 213. The hoist assembly mounts a cable 236,
      having a work end 237, and is adapted to lower the work end of the cable
      down the borehole within the casing 220. The cable is composed of an outer
      sheath 238 enclosing a central core 239. The work end of the cable mounts
      a mounting assembly 240 identical to mounting assembly 40 of apparatus 10,
      as shown in FIG. 4.
PAR  A first vessel 260 virtually identical to vessel 60 of apparatus 10 is
      mounted on the work end 237 of the cable 236. The vessel consists of an
      insulated cylindrical portion 261 having an end wall 262 mounted on one
      end thereof with a central vent 263. The cylindrical portion has an
      internally screw-threaded opposite end 264 mounting in screw-threaded
      fluid sealing relation a heat conductive portion 265 to define an interior
      chamber 266 for the vessel. An electrical contact 267 is fastened on and
      extends through the heat conductive portion of the vessel and a first
      pressure transducer 268 is borne by the heat conductive portion within the
      chamber. A suitable cryogenic material 269, such as those described in
      regard to the first form of the invention, is shown in FIG. 7 received in
      the vessel. A pair of metal straps 270 are mounted on the end wall 262 and
      extend upwardly in convergent relation. The straps are mounted on the
      mounting assembly 240 by bolts 271 so as securely to mount the vessel 260
      on the work end of the cable.
PAR  In variance from apparatus 10, apparatus 210 has a second vessel 280
      slidably mounted on the cable 236 above the first vessel 260. The second
      vessel is composed of an insulated cylindrical portion 281, having an
      integral inwardly extending annular lip 282 at one end thereof and an
      opposite end 283 with a heat conductive portion 284 mounted on the
      opposite end of the cylindrical portion. Integral with the heat conductive
      portion is an internal cylindrical wall 285 extending upwardly inwardly
      concentric to the cylindrical and heat conductive portions of the second
      vessel so as to define a cylindrical chamber 286 between the wall and the
      cylindrical portion 281. Wall 285 also defines a central passage 287
      extending axially through the vessel. The second vessel is slidably
      mounted on the cable with the cable extending through the central passage
      287, as shown in FIG. 7. The cylindrical wall has an annular outwardly
      extending lip 288 thereby defining an annular vent 289 between lips 282
      and 288. A second pressure transducer 290 is fastened on the conductive
      portion of the second vessel within the chamber 286. As shown in FIG. 7,
      the second vessel is filled with a predetermined quantity of cryogenic
      material 269.
PAR  Apparatus 210 utilizes detection equipment 299 which is virtually identical
      to detection equipment 99 of the first form of the present invention and
      reference is made to FIG. 5 and the description thereof for disclosure of
      the portion of such equipment common to both forms of the invention.
      Detection equipment 299 differs from equipment 99 only insofar as
      necessary to provide for the second pressure transducer 290 thus requiring
      the modified portion for the circuit 109 shown in FIG. 8 which takes the
      place of the equivalent portion shown in FIG. 5. Commutator 105 in the
      case of apparatus 210 mounts a brush type electrical connection 306 in
      addition to the three contacts 106. The equipment has first and second
      pressure readout gauges 307 and 308 respectively.
PAR  Electrical conductor 323 interconnects contact 106 of the commutator 105 on
      the left as viewed in FIG. 8 with contact 267. Electrical conductor 324
      interconnects contact 230 and transmitter 231 which in turn is connected
      to conductor 132 by electrical conductor 325 extending upwardly through
      the casing 220. Conductor 132 is connected to the central electrical
      connection 106 by electrical conductor 332. The first pressure transducer
      268 is connected to the central and right hand brush type electrical
      connections 106 as viewed in FIG. 8 in series relation by electrical
      conductors 333 and 334 respectively. Electrical conductor 335
      interconnects the right hand connection 106 and first pressure readout
      gauge 307 which in turn is connected to conductor 137. Electrical
      conductor 336 interconnects conductor 333 and the second pressure readout
      transducer 290. Transducer 290 is connected to connection 306 by
      electrical conductor 337. The second pressure readout gauge 308 is
      connected to connection 306 by electrical conductor 338 and to conductor
      137 by conductor 339.
PAR  Again, for illustrative convenience a first zone of cooling is indicated at
      350 and a second zone of cooling at 351 in FIG. 6. A plurality of paths of
      test energy are indicated at 355.
PAC  DESCRIPTION OF THE THIRD FORM
PAR  The apparatus of the third form of the present invention is identified by
      the numeral 410 and shown in FIGS. 9, 10 and 11. The apparatus is shown in
      FIG. 9 positioned in the earth 411 with the earth's surface represented at
      412. A borehole 413, having a lower end 414, is formed in the earth.
      Apparatus 410 is, in many respects, identical to apparatus 10 and 210.
      Thus, the apparatus has a casing 420 having an insulated cylindrical side
      wall 421 and a sealed lower end 422. A heat conductive annular ring 423,
      having a conical interior surface 424 bounding a central passage 425, is
      mounted on the side wall extending transversely of the casing in
      predetermined spaced relation to the lower end of the casing so as to
      mount the interior surface 424 substantially concentrically of the casing.
PAR  As shown in FIG. 9, a readily freezable fluid 426 fills the borehole 413
      and casing 420. Apparatus 410 offers the advantage of being operable even
      where fluid fills the casing as well as the borehole since, as will be
      seen, no vent to the surface is required. Thus, in practice the fluid
      produced during drilling of the borehole can simply be allowed to remain
      in the borehole and seepage into the casing need not be of concern. A pair
      of resilient stripping arms 427 are individually mounted on the side wall
      421 on opposite sides of the casing above the annular ring. The arms
      extend in converging relation above and away from the annular ring and
      have outwardly bent remote ends 428.
PAR  A suitable hoist assembly 435 such as hoist assemblies 35 and 235 of the
      previously described forms of the invention, is mounted on the earth's
      surface 412 over the borehole 413. The hoist assembly mounts a cable 436,
      having a work end 437. The cable has a sheath 438 enclosing a core 439. A
      mounting assembly 440, such as assemblies 40 and 240, is borne by the work
      end of the cable with the sheath supporting the assembly and the core of
      the cable extending through the assembly and therebelow a predetermined
      relatively great distance. The mounting assembly has an externally
      screw-threaded portion 441 remote from the cable and extending
      concentrically about the core. As in the previously described forms of the
      invention, the hoist assembly is selectively operable to lower the
      mounting assembly down the borehole within the casing and to return it to
      the surface.
PAR  The apparatus 410 has a vessel 460 which varies considerably from the
      vessels 60 and 260 of the forms of the invention previously described.
      Vessel 460 has a solid bar 461 constructed of a highly heat conductive
      metal such as copper, aluminum, silver or the like. The bar has an
      internally screw-threaded end portion 462 in which is received a suitable
      temperature sensor 463. The screw-threaded portion 441 of the mount 440 is
      screw-threaded into the end portion 462 of the bar to mount the bar on the
      work end 437 of the cable 436 thereby capturing the temperature sensor
      internally of the bar. The bar has a central cylindrical portion 464 and a
      tapered conical portion 465 mounting a thermally insulated cap 446 at the
      remote end thereof. The solid bar is axially pierced by a bore 467 through
      which the core 439 of the cable is extended, as can best be seen in FIG.
      10. The bar is enclosed in a thermally insulating sheath 468 enclosing the
      bar from the mounting assembly to the insulated cap of the bar. The sheath
      has a segmented portion 469 which encloses the conical portion 465 of the
      bar. The segmented portion of the sheath is adapted to be stripped away by
      the stripping arms 427. An energy conducting means or compression wave
      transmitter 470 is mounted on the remote end of the core 439 of the cable
      436. The compression wave transmitter shown in FIG. 10 is electrically
      operated and may be of any specific type such as a clapper, or a
      piezoelectric or magnetostrictive transducer, which is adapted to
      discharge compression waves such as sound.
PAR  Obviously, however, a transmitter adapted to discharge test energy in the
      form of electrical current could, instead, be employed with suitable
      modifications.
PAR  Apparatus 410 utilizes detection equipment 499 which is virtually identical
      to that of apparatus 10 of the first form of the present invention.
      However, the detection equipment does differ somewhat from that of
      apparatus 10. Such differences involve the circuitry for operation of the
      temperature sensor 463 and transmitter 470 and only that portion of the
      equipment which differs from detection equipment 99 of apparatus 10 is
      shown in FIG. 10, the remainder of the equipment being identical. As
      previously noted, the transmitter is mounted on the remote end of the core
      439 of the cable 436. In the third form of the invention, the commutator
      105 mounts a fourth brush type electrical connection 506 to which
      electrical conductor 132 is connected. A suitable temperature readout
      gauge is shown in 507. An electrical conductor 540 interconnects
      electrical connection 506 and is extended the full length of the core 439
      of the cable 436 the remote end of which is connected to the transmitter
      470. An electrical conductor 541 interconnects the transmitter and the
      electrical connection 106 of the commutator 105 adjacent to connection 506
      extending through the core of the cable. This same connection 106 is
      connected to electrical conductor 122 thus completing this portion of the
      circuit from the pulse generator 103 through the battery 104.
PAR  Electrical conductor 542 interconnects conductor 132 and the electrical
      contact 106 of the commutator 105 in the center as viewed in FIG. 10.
      Electrical conductor 543 interconnects the central electrical contact 106
      and the temperature sensor 463 extending internally of the core 439 of the
      cable 436. An electrical conductor 544 is connected to the temperature
      sensor and extends back through the core of the cable to the electrical
      contact 106 of the commutator on the far right as viewed in FIG. 10.
      Electrical conductor 545 interconnects the same electrical contact 106 and
      the temperature readout gauge 507. The temperature readout gauge is
      connected to conductor 137, as shown in FIG. 10.
PAR  As shown in FIG. 9, a zone of cooling is indicated at 550 and a plurality
      of paths of test energy at 555 for illustrative convenience as in the
      other forms of the invention.
PAC  OPERATION
PAR  The operation of the described embodiments of the subject invention and the
      practice of the methods thereof are believed to be clearly apparent and
      are briefly summarized at this point. As previously discussed, the
      objective in the operation of the method and apparatus of the present
      invention is the accurate detection of the thermal characteristics, both
      thermal conductivity and latent heat, of a subsurface formation. This
      objective is achieved in the method and apparatus of the present invention
      by permitting analysis of the subsurface formation in situ thereby
      avoiding interfering with the formation, as required by conventional
      methods and apparatus, in a manner which precludes the compilation of
      reliable data.
PAR  Thus, the practice of the method of all three forms of the present
      invention calls for the mounting of the plurality of receivers 100 on the
      earth's surface 12, 212 and 412 along a pair of lines which intersect in
      right-angular relation extending laterally of the boreholes 13, 213 and
      413 respectively. This array is shown with respect to apparatus 10 in FIG.
      2. The precise number of receivers employed and the area covered depends,
      in part, on the depth of the formation to be studied and the distance
      between the transmitter and zone of cooling since, as can best be seen in
      FIG. 1, a sufficient number of receivers must be employed to detect test
      energy passing laterally of the zone.
PAR  The vessels 60 and 260 of apparatus 10 and 210 respectively, are filled
      with a predetermined quantity of suitable cryogenic material 69 and 269
      having an extremely low temperature. Liquid nitrogen, liquid helium and
      liquid argon are excellently suited for this purpose having temperatures
      in the approximate range of from -452.degree. Fahrenheit to -302.degree.
      Fahrenheit. The cylindrical portions 61 and 261 of vessels 60 and 260
      respectively operate to assist in maintaining the natural temperature of
      the cryogenic material so as to prevent it from being boiled off by the
      ambient temperature of the atmosphere. In the case of vessel 460 of
      apparatus 410, the insulating sheath 468 is removed from the solid bar 461
      and the bar is immersed in such a cryogenic material until the temperature
      of the bar has been reduced to or near the temperature of the cryogenic
      material. Subsequently, the sheath is remounted about the bar to preserve
      its artificially very low temperature for operational use.
PAR  Thereafter, vessels 60, 260 and 460 are lowered by their respective hoist
      assemblies 35, 235, and 435 down their respective boreholes 13, 213 and
      413 within the casings 20, 220 and 420. The heat conductive portions 65,
      265 and 465 seat in the annular rings 23, 223 and 423 respectively. As can
      be seen in FIGS. 3 and 7, the electrical contacts 67 and 267 of vessels 60
      and 260 engage their respective spring contacts 30 and 230 when the
      vessels have seated in the rings. In the case of vessel 460, no such
      contact is necessary since the transmitter 470 is mounted directly on the
      core 439 of the cable 436. However, as vessel 460 approaches its annular
      ring 423, the remote ends 428 of the stripping arms 427 contact the
      insulated cap 446 of the vessel and are motivated outwardly thereabout to
      engage and strip off the segmented portion 469 of the insulating sheath
      468 so as to expose the conical portion 465 thereof for engagement with
      the ring. As can best be seen in FIG. 8, the stripping arms actually
      remove the segmented portion from the vessel as shown in dashed lines
      immediately prior to seating of the conical portion in the annular ring.
PAR  In the case of apparatus 210, the second vessel 280 rests upon the straps
      270 of the first vessel 260 during lowering thereof into the borehole.
      Since, as can be seen in FIG. 7, the diameter of the first vessel is small
      enough to permit passage through the second annular ring 227, the first
      vessel is permitted to be lowered to seat in the first annular ring 223 as
      previously described. Since the second vessel 280 is of a predetermined
      larger diameter, it is adapted to seat in the second annular ring 227
      after the first vessel has passed therethrough. Thus, two zones of cooling
      350 and 351 are formed about the annular rings by the ambient temperature
      of the formation boiling off the cryogenic material carried by the
      respective vessels. The spacing of the rings is preferably such that the
      diameters of the zones of cooling at maximum size overlap a distance equal
      to the radii thereof, as best shown in FIG. 6, for purpose subsequently to
      be explained.
PAR  The highly heat conductive nature of the annular rings 23, 223, 227 and 423
      and of portions 65, 265, 284 and 465 operate to draw the ambient heat from
      the fluid 26, 226 and 426 and from the formation adjacent thereto which
      has two results important in the practice of the method of the present
      invention. First, the fluid is rapidly frozen by the removal of such heat
      and similarly over a period of time the zones of cooling 150, 350, 351 and
      550 of roughly spherical configuration are formed in the formation about
      the annular rings, as best shown in FIGS. 1, 6 and 9. The sizes of the
      zones of cooling depend upon the thermal characteristics of the formation
      and are a substantial factor in the operation of the method of the present
      invention. Second, the transfer of the ambient heat from the formation to
      the cryogenic material 69 and 269 borne by vessels causes such material to
      be boiled off over a period of time with the vapor liberated thereby
      permitted to escape through the vents 63 and 263 respectively. In the case
      of vessel 460 the ambient heat transfer simply causes the temperature of
      the bar 461 to approach that of the formation over a period of time. This
      too is a substantial factor in the practice of the method of the present
      invention, as will be seen.
PAR  The detection equipment 99, 299 and 499 is preferably activated immediately
      upon seating the vessels 60, 260, 280 and 460 in their respective annular
      rings 23, 223, 227 and 423. This is accomplished by activating the
      receivers 100, amplifier 101 and recorder 102 using their individual power
      source, not shown. Additionally, switches 121, 131 and 138 are closed to
      complete the electrical circuit 109. Thus, electrical current is supplied
      from the battery 104 through the circuit to the pressure transducers 68,
      268, 290, temperature sensor 463 and pressure readout gauges 107, 307, 308
      and temperature readout gauge 507 respectively. Thus, the pressure readout
      gauges can immediately be monitored to note the dissipation of cryogenic
      material by the heat of the formation.
PAR  Depending upon the type of pulse generator 103 employed, as previously
      noted, either automatically or on command the pulse generator is operated
      to discharge a pulse of electrical current to the transmitter and the
      amplifier. The pulse of current operates the transmitters 31, 231 and 470
      respectively to discharge test energy therefrom. The simultaneous receipt
      of the pulse of current by the amplifier 101 causes a surge of power which
      the recorder 102 instantaneously records so as to indicate the precise
      relative time of test energy discharge from the transmitters.
PAR  Depending upon the type of transmitter employed, test energy in the form of
      electrical current, compression waves, or the like is discharged by the
      transmitters 31, 231 and 470 through the casings 20, 220 and 420 and into
      the formation about the lower ends 14, 214 and 414 of the boreholes 13,
      213 and 413. The test energy travels along a plurality of paths, some of
      which are represented by paths 155, 355 and 555, through the formation and
      the forming zones of cooling 150, 350, 351 and 550 for detection by the
      receivers 100 on the earth's surface 12, 212 and 412, as shown in FIGS. 1,
      6 and 9. With the detection equipment thus activated, the individual
      signals received by the receivers are transmitted through conductors 110
      to the amplifier 101 for selected individual adjustment so as to establish
      usable signals for test purposes. These signals are individually recorded
      by the multichannel recorder 102 to provide a permanent record for
      subsequent analysis.
PAR  Depending upon the specific type of test energy employed, that is whether
      compression waves, electrical energy, or the like, and depending upon the
      structure and composition of the formation and the temperature to which it
      has been reduced, the transmission of such energy through the zones of
      cooling 150, 350, 351 and 550 will affect, in various ways, the test
      energy in a detectable manner. The detection of the effects of such
      transmission permits a determination on the surface as to when test energy
      received by a given receiver has passed through the zone of cooling. For
      example, the reduction in temperature of a given formation will, in
      certain circumstances, increase the electrical conductivity of the
      formation. In this case where the paths of test energy pass through the
      zones of cooling electrical conduction and therefore the amperage received
      by a given receiver will be increased above that for current not passing
      through the zones. In the case of the compression waves the effect may be
      somewhat different. The reduction in temperature of the formation may
      increase the density of that formation. Thus in this case where
      compression waves are employed as test energy, the velocity of waves
      following paths through the zones will be reduced in comparison with that
      of waves not traveling through the zones due to the increased density of
      the formation within the zones of cooling.
PAR  Regardless of the specific effect on the test energy, it is clear that the
      reduction of temperature within the zones of cooling will effect the test
      energy passing through the zones in a detectable manner as compared with
      the test energy not passing through the zones. It will be seen that all
      that is required is to note where such changes have occurred. The practice
      of the method is not dependent upon noting the degree and particular
      manner of such change.
PAR  The periodic discharge of test energy by the transmitters 31, 231 and 470
      is preferably continued at least until their respective zones of cooling
      have reached maximum size. The data recorded by the multichannel recorder
      102 thus establishes a permanent record for subsequent analysis of the
      maximum lateral dimensions of the zone of cooling. Since, as indicated, in
      most cases the zone of cooling takes a substantially spherical
      configuration having a center roughly coinciding with the annular ring,
      the volume of the zone can, in many cases, be calculated from the computed
      lateral dimensions, as will be seen. However, for purposes of accuracy,
      thermister readings are preferably continually made in the borehole during
      formation of the zone to determine or confirm the maximum vertical
      dimensions of the zone of cooling.
PAR  Where electrical current is employed as the test energy, the amperage of
      the energy received by the individual receivers 100 is recorded by the
      recorder 102 for subsequent analysis. Similarly, where compression waves
      are utilized as the test energy, the comparative time of receipt of the
      compression waves by the receivers is recorded by the recorder. In both
      cases, the previously discussed variation in energy received by the
      receivers will indicate which receivers received test energy which passed
      through the zone of cooling. By noting the locations of those receivers on
      the earth's surface, the depth of the annular ring and the depth of the
      transmitter, the lateral dimensions of the zone of cooling can be computed
      by trigonometric calculation. The vertical dimensions are calculated by
      the aforementioned thermister readings. The volume of the maximum size of
      the zone is then computed from this information.
PAR  Monitoring of the pressure readout gauge 107, in the case of apparatus 10,
      and of pressure readout gauges 307 and 308 in the case of apparatus 210
      indicates when the pressure transducer 68 of apparatus 10 and the pressure
      transducers 268 and 290 of apparatus 210 have detected that all of the
      cryogenic material 69 and 269 contained in vessels 60, 260 and 280 has
      been boiled off by the ambient temperature of the formation. The
      calculation of the time required for such boiling off of the predetermined
      quantity of cryogenic material when compared with the sizes of the zones
      of cooling will provide indices of the latent heat of the formation
      providing still another dimension to the analysis of the thermal
      characteristics of the formation. Similarly, in the case of apparatus 410,
      monitoring of the temperature readout gauge 507 indicates when the
      temperature of the solid bar has reached a plateau and thus is about that
      of the formation. This information coupled with the volume of the zone of
      cooling 550 provides an index of the latent heat of the formation.
PAR  The method employed in the case of apparatus 210 calls for the creation of
      two such zones of cooling. While some of the test energy passes through
      both zones, experimentation and previous experience will permit the
      operator to judge, by the effect on the energy, the lateral dimensions of
      the zones and therefore calculate their maximum volumes. This method is of
      assistance in analyzing any variation in the thermal conductivity and/or
      latent heat of the formation under study. Thus, if one of the zones of
      cooling 350 or 351 reaches maximum size sooner than the other and/or if
      one of the zones achieves a greater maximum volume than the other zone of
      cooling, this indicates that there is a variation in thermal conductivity
      of the formation and/or that the latent heat of the formation varies to
      the extent that there is a heat flux through the formation. Similarly, if
      there is a variation in the time required for the ambient heat of the
      formation to boil off the predetermined quantities of cryogenic material
      269 borne by the vessels 260 and 280, this will indicate that the latent
      heat of the formation within the two zones is different.
PAR  The temperature of the zones of cooling 350 and 351 formed by operation of
      the method and apparatus 210 of the second form of the present invention
      return to ambience relatively slowly, such as over a period of from
      several hours to several days after the cryogenic material 269 borne by
      vessels 260 and 280 has been boiled off. This is responsible for a
      variation in the practice of the method previously described. This
      variation calls for the vessels 260 and 280 to be refilled with cryogenic
      material and reinserted into the casing 220 for individual seating in
      their respective annular rings 223 and 227 a predetermined period of time
      after the original insertion. The test is thus repeated in an effort to
      determine if one of the zones of cooling is returning to ambience faster
      than the other. This is indicated upon conduction of the test energy
      through the zones of cooling determining initially what the comparative
      sizes of the zones of cooling are immediately upon insertion of the
      vessels into the casing and subsequently upon determining any variation in
      the maximum sizes of the newly formed zones of cooling. Thus, if the lower
      or first zone of cooling 350 returns to ambience faster than that above,
      this indicates that a heat flux is occuring in the formation from below.
PAR  Thus, the practice of the methods and apparatus of the present invention
      permit the conducting of geological surveys to determine, with a precision
      unachievable by conventional practices, the thermal characteristics,
      including thermal conductivity and latent heat, of a subsurface formation
      in situ avoiding the necessity of taking core samples which have proved
      highly unreliable.
PAR  Although the invention has been shown and described in what are conceived
      to be the most practical and preferred embodiments, it is recognized that
      departures may be made therefrom within the scope of the invention, which
      is not to be limited to the illustrative details disclosed.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A method for detecting the thermal characteristics of a subsurface
      formation in situ comprising inserting cryogenic material into said
      formation to a predetermined position to produce a zone of cooling
      thereabout; conducting a plurality of paths of test energy, subject to
      detectable alteration by passage through a cooled medium, from a
      predetermined position spaced from the zone of cooling through and
      laterally of said zone of cooling; and individually detecting the paths
      along which said energy has been altered by passage through the zone of
      cooling to determine the size of said zone of cooling from such detection
      and the known position of energy discharge relative to the position of the
      cryogenic material to detect the thermal conductivity of the formation.
NUM  2.
PAR  2. A method for detecting the thermal characteristics of a subsurface
      formation in situ comprising inserting cryogenic material into said
      formation to a predetermined position to produce a zone of cooling
      thereabout; conducting a plurality of paths of test energy, subject to
      detectable alteration by passage through a cooled medium, from a
      predetermined position spaced from the zone of cooling through and
      laterally of said zone of cooling; individually detecting the paths along
      which said energy has been altered by passage through the zone of cooling
      to determine the size of said zone of cooling from such detection and the
      known position of energy discharge relative to the position of the
      cryogenic material to detect the thermal conductivity of the formation;
      continuing to detect alteration of the test energy through detection of
      the maximum size reached by the zone until no further alteration is
      detectable to determine when the ambient temperature of the formation has
      returned the temperature of the zone of cooling to ambience; and recording
      the time required to return the temperature of said zone to ambience from
      said maximum size of the zone to determine the latent heat of the
      formation.
NUM  3.
PAR  3. The method of claim 2 including employing a predetermined quantity of
      cryogenic fluid as the cryogenic material and recording the time required
      by the ambient temperature of the formation to boil off the quantity of
      material to determine the latent heat of the formation.
NUM  4.
PAR  4. The method of claim 3 including drilling a borehole into said formation,
      discharging test energy from a position in the borehole remote from the
      surface and inserting said material into the borehole to a selected
      position intermediate the energy discharging position and the surface.
NUM  5.
PAR  5. The method of claim 4 including taking temperature readings in the
      borehole through the zone of cooling to determine the vertical dimension
      of said zone.
NUM  6.
PAR  6. A method for detecting the thermal characteristics of a subsurface
      formation in situ, including thermal conductivity and latent heat thereof,
      wherein a borehole has been drilled into the formation, comprising
      conducting test energy subject to alteration by low temperature along a
      plurality of paths through the formation from a selected position in the
      borehole remote from the surface; artificially withdrawing the heat from
      the formation with a predetermined volume of cryogenic material positioned
      in the borehole between said position of test conduction and the surface
      to form a zone of cooling through and about which the paths extend;
      individually sensing alteration in said energy at the surface for each of
      the paths incident to passage through said zone to determine the lateral
      dimensions of the zone; taking temperature readings in the borehole to
      determine the vertical dimension of the zone and thus the volume of the
      zone of cooling from said vertical and lateral dimensions to determine the
      thermal conductivity of the formation; and recording the time required for
      said material to be depleted by the ambient temperature of the formation
      for determination of the latent heat of the formation.
NUM  7.
PAR  7. The method of claim 6 including using electric current as the test
      energy and recording at the surface the change in amperage of current
      passing through the zone relative to the amperage of current not passing
      through the zone.
NUM  8.
PAR  8. The method of claim 6 including using compression waves as the test
      energy and recording at the surface the change in velocity of waves
      passing through the zone relative to those not passing through the zone.
NUM  9.
PAR  9. The method of claim 6 including establishing two zones of cooling along
      the borehole through and about which the paths of test energy conduction
      extend for individual determination of the volumes of said zones and the
      times required for the ambient temperature of the formation to return the
      temperatures of the zones to ambience to determine variations in the
      thermal conductivity and latent heat of the formation.
NUM  10.
PAR  10. The method of claim 9 including artificially withdrawing the heat from
      the formation a second time to establish two zones of cooling after the
      previous withdrawal but before the zones have been returned to ambient
      temperature at substantially the same positions for individual
      determination of the volumes of the zones and the times required for the
      zones to return to ambient temperature to determine any variation between
      said zones and therefore the amount of ambient heat supplied from the
      formation in upper and lower directions.
NUM  11.
PAR  11. The method of claim 6 including using a supercooled metal bar as the
      cryogenic material.
NUM  12.
PAR  12. An apparatus for detecting the thermal characteristics of a subsurface
      formation in situ wherein a borehole has been drilled into the formation
      comprising means disposed in the borehole remote from the surface for
      conducting test energy subject to change by subjection to low temperature
      through said formation to the surface, means positioned in the borehole
      between said conducting means and the surface for withdrawing the ambient
      heat from the formation to form a zone of cooling in a position through
      and about which said test energy passes, and means mounted on the surface
      for detecting changes in the test energy incident to the passage thereof
      through said zone to permit determination of the size of the zone thereby
      to determine the characteristics of thermal conductivity of said
      formation.
NUM  13.
PAR  13. An apparatus for detecting the thermal characteristics of a subsurface
      formation in situ wherein a borehole has been drilled into the formation
      comprising means disposed in the borehole remote from the surface for
      conducting test energy subject to change by subjection to low temperature
      through said formation to the surface; means positioned in the borehole
      between said conducting means and the surface for withdrawing the ambient
      heat from the formation to form a zone of cooling in a position through
      and about which said test energy passes, and wherein the heat withdrawing
      means includes a vessel of cryogenic material adapted to be selectively
      positioned in the borehole and said heat withdrawing means further
      includes a seat member of heat conductive material positioned in the
      borehole in a predetermined location and adapted to receive said vessel
      and to conduct the ambient heat of the formation to the cryogenic material
      borne thereby to form a zone of cooling in the formation about the seat
      member; and means mounted on the surface for detecting changes in the test
      energy incident to the passage thereof through said zone to permit
      determination of the size of the zone thereby to determine the
      characteristics of thermal conductivity of said formation.
NUM  14.
PAR  14. The apparatus of claim 13 in which the vessel is a supercooled bar of
      heat conductive material.
NUM  15.
PAR  15. The apparatus of claim 14 in which the bar is enclosed in a thermally
      insulating sheath and means are borne internally of the casing for
      stripping a portion of said sheath from the bar prior to engagement with
      the seat member.
NUM  16.
PAR  16. The apparatus of claim 13 in which the material borne by the vessel is
      a liquid subject to boiling off by the heat of the formation and means are
      mounted on the vessel for detecting when said liquid has been boiled off.
NUM  17.
PAR  17. The apparatus of claim 16 in which the conducting means includes an
      electric current discharging device positioned in the borehole so as to
      locate the seat member intermediate said device and the surface.
NUM  18.
PAR  18. The apparatus of claim 16 in which the conducting means includes a
      compression wave discharging device positioned in the borehole so as to
      locate the seat member intermediate said device and the surface.
NUM  19.
PAR  19. An apparatus for detecting the characteristics of thermal conductivity
      of a subsurface formation in situ wherein a borehole has been drilled into
      the formation, the apparatus comprising a casing, having a sealed lower
      end portion, receivable in the borehole; an annular ring of heat
      conductive material mounted in the casing in predetermined spaced relation
      to the lower end portion thereof and in heat transferring relation to the
      formation; a transmitter mounted on the lower end portion of the casing
      adapted to transmit test energy, subject to change by passage through a
      cooled medium, along a plurality of paths through the formation to the
      surface; a vessel, having a heat conductive portion and an insulated
      portion, adapted to be rested in the annular ring with the heat conductive
      portion in heat transferring engagement therewith; a predetermined
      quantity of cryogenic fluid carried by the vessel and having the capacity
      of extracting heat from said formation in the path of the test energy by
      boiling off in the presence of heat transmitted thereto from the formation
      when the vessel is rested in the annular ring; means borne by the vessel
      for detecting when said fluid has been boiled off by the heat of the
      formation; and means disposed at the surface for receiving the test energy
      individually along said paths and recording changes therein incident to
      passage through the portion of the formation cooled by heat extraction.
NUM  20.
PAR  20. The apparatus of claim 19 in which the receiving and recording means
      includes an array of energy sensors disposed at spaced increments on the
      surface radiating laterally from the borehole covering an area of
      sufficient size to receive energy transmitted along paths passing both
      through the cooled portion of the formation and laterally thereof.
NUM  21.
PAR  21. The apparatus of claim 20 in which the receiving and recording means
      further includes a strip chart recorder having the capacity individually
      to record the energy detected by each of the sensors for subsequent
      analysis.
NUM  22.
PAR  22. The apparatus of claim 21 in which the detecting means includes a
      pressure sensitive transducer mounted in the heat conductive portion of
      the vessel in communication with the cryogenic fluid received therein.
NUM  23.
PAR  23. The apparatus of claim 22 in which a readily freezable fluid is
      disposed about the casing in the borehole reaching a level above the
      annular ring.
NUM  24.
PAR  24. The apparatus of claim 23 in which a second annular ring of heat
      conductive material is mounted in the casing in spaced relation to the
      first annular ring and a second vessel adapted to receive fluid for heat
      extraction from the formation is adapted to be seated in said second
      annular ring to form a second zone of cooling in the path of the test
      energy.
NUM  25.
PAR  25. A method for detecting the thermal characteristics of a subsurface
      formation in situ comprising inserting cryogenic material into said
      formation to a predetermined position to produce a zone of cooling
      thereabout; conducting a plurality of paths of test energy, subject to
      detectable alteration by passage through a cooled medium, from a
      predetermined position spaced from the zone of cooling through and
      laterally of said zone of cooling; individually detecting the energy in
      said paths subsequent to passage through and laterally of said zone; and
      recording the energy altered by passage through the zone in comparison
      with that not altered to determine the thermal conductivity of the
      formation as indicated by the size of said zone determined from the
      recorded energy and the known distance between the position of energy
      discharge and the position of the cryogenic material.
NUM  26.
PAR  26. A method for detecting the thermal characteristics of a subsurface
      formation in situ comprising inserting cryogenic material into said
      formation to a fixed position to produce a zone of cooling in the
      formation thereabout; emitting test energy subject to detectable reduction
      by passage through the zone of cooling from a position spaced from the
      zone of cooling; individually detecting the energy conducted along a
      plurality of paths of predetermined relation from said position, some of
      which extend through the zone and others of which extend past the zone in
      laterally spaced relation thereto; and comparing the energy conducted
      through the zone with the energy conducted passed the zone to determine
      the thermal conductivity of the formation as indicated by the size of said
      zone.
NUM  27.
PAR  27. A method for detecting the thermal characteristics of a subsurface
      formation in situ comprising the steps of:
PA1  A. artifically withdrawing a predetermined amount of ambient heat from the
      formation at a predetermined position thereby to reduce the temperature of
      an affected portion of the formation about said position;
PA1  B. conducting test energy, subject to alteration by passage through a
      cooled medium, through and about said affected portion;
PA1  C. detecting the energy altered by passage through said affected portion to
      determine the maximum size of the affected portion of the formation; and
PA1  D. timing the interval between heat withdrawal and said affected portion
      reaching maximum size.
NUM  28.
PAR  28. The method of claim 27 including continuing to detect said energy until
      the ambient heat of the formation returns said affected portion of the
      formation to ambient temperature; and timing the interval between said
      affected portion reaching maximum size and said affected portion being
      returned to ambient temperature.
NUM  29.
PAR  29. An apparatus for detecting the thermal characteristics of a subsurface
      formation in situ wherein a borehole has been drilled into the formation
      comprising means positioned in the borehole remote from the surface for
      conducting test energy, subject to change by passage through a cooled
      medium, through said formation to the surface; a vessel adapted to receive
      cryogenic material; means mounted in the borehole between said conducting
      means and the surface for receiving said vessel and establishing heat
      withdrawing communication between cryogenic material received in said
      vessel and the formation about said position to form a zone of cooling
      through and about which said test energy passes; and means mounted on the
      surface for detecting changes in the test energy incident to the passage
      thereof through said zone to permit determination of the size of the zone
      thereby to determine the characteristics of thermal conductivity of said
      formation.
PATN
WKU  039383849
SRC  5
APN  3814556
APT  1
ART  244
APD  19730723
TTL  Mass flow meter with reduced attitude sensitivity
ISD  19760217
NCL  5
ECL  1
EXP  Goldstein; Herbert
NDR  1
NFG  3
INVT
NAM  Blair; Richard F.
CTY  Palos Verdes Peninsula
STA  CA
ASSG
NAM  Tylan Corporation
CTY  Torrance
STA  CA
COD  02
RLAP
COD  72
APN  297549
APD  19721013
PSC  03
CLAS
OCL   73204
EDF  2
ICL  G01F  168
ICL  G01P  510
FSC   73
FSS  204
UREF
PNO  2813237
ISD  19571100
NAM  Fluegel et al.
OCL   73204
UREF
PNO  3246523
ISD  19660400
NAM  Richard
OCL   73204
UREF
PNO  3336804
ISD  19670800
NAM  Poppendiek et al.
OCL   73204
UREF
PNO  3372590
ISD  19680300
NAM  Sterling
OCL   73204
UREF
PNO  3433068
ISD  19690300
NAM  Werner et al.
OCL   73204
UREF
PNO  3614967
ISD  19711000
NAM  Royston
OCL  138149
UREF
PNO  3677085
ISD  19720700
NAM  Hayakawa
OCL   73204
UREF
PNO  3802264
ISD  19740400
NAM  Poppendiek et al.
OCL   73204
FREF
PNO  876,484
ISD  19530500
CNT  DT
OCL   73204
FREF
PNO  673,143
ISD  19520600
CNT  UK
OCL   73204
OREF
PAL  Bowes, "Variable Resistance Sensors Work Better With Constant Current
      Excitation," in Instrument Technology, 1966.
LREP
FRM  Nilsson, Robbins, Bissell, Dalgarn & Berliner
ABST
PAL  A mass flow meter for measuring the flow rate of a fluid in a sensing tube
      over a wide ambient temperature range and with low sensitivity to attitude
      change. A pair of sensor temperature sensitive resistive wire coils are
      wound around the outer surface of the tube along the flow path of the
      fluid and are encased in open cell foam material. The sensor elements are
      heated and the rate of mass flow of the fluid is directly proportional to
      the temperature differential between the sensor elements. The sensor
      elements can be connected to a bridge circuit for detecting the
      temperature differential of the sensor elements. Tilting the sensor from
      the initial balance position results in a change in meter reading of less
      than 0.5%.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of Application Ser. No. 297,549
      filed Oct. 13, 1972, entitled "MASS FLOW METER", now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The field of art to which the invention pertains includes the field of
      fluid flow sensing, particularly with respect to method an apparatus for
      measuring the mass flow of a fluid.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In conventional mass flow meters, heat is applied to a sensing tube
      conducting the fluid to be measured or is directly applied to a fluid and
      the temperature of the fluid is measured before and after the addition.
      When the upstream temperature is equal to the unheated stream temperature,
      mass flow can be measured as inversely proportional to the temperature
      difference for a constant heat addition. A conventional bridge circuit can
      be used to obtain an electrical signal versus flow function. In another
      arrangement, heat is applied to a sensing tube and the temperature of the
      tube measured before and after the heat addition. The upstream temperature
      of the fluid is influenced by the heating of the tube and is nearly equal
      to the heater temperature at zero flow. The mass flow of the fluid is
      proportional to the temperature differential for a constant heat addition.
      In a third arrangement, heat is applied to a very small wire, probe or
      thermistor in the fluid stream and the cooling effect of the fluid stream
      is measured. Cooling of the element is a function of the mass flow. In
      still another arrangement, heat is applied uniformly to a tube by
      resistance heating and the cooling effect of the fluid measured with
      thermocouples to determine mass flow. In yet another arrangement,
      described in detail in my earlier application, referred to above, a pair
      of temperature sensitive resistance wire coils are wound around the outer
      surface of a sensing tube through which the fluid flows. The coils are
      heated and the rate of mass flow of the fluid, which is directly
      proportional to the temperature differential of the coils, is measured by
      a bridge circuit.
PAR  Known prior art includes U.S. Pat. Nos. 946,886; 1,043,983; 1,193,488;
      1,218,717; 1,222,494; 1,254,374; 1,261,086; 1,601,513; 2,594,618;
      2,832,018; 2,953,022; 2,972,885; 2,994,222; 3,056,295; 3,181,357;
      3,229,522; 3,246,523; 3,251,225; 3,433,068; 3,435,676; 3,500,686; and
      3,650,151; German patent 876,484 and British patent 673,143. A publication
      of interest is "Variable Resistance Sensors Work Better With Constant
      Current Excitation", by C. A. Bowes, Instrumentation Technology (1966).
PAR  The last mentioned arrangement, i.e., using a pair of resistance coils,
      provides increased sensor efficiency due to reduced loss of heat in the
      sensor elements. The spacing and size of the sensor elements permits fast
      response to changes in flow. The sensor elements sense temperatures
      produced by their own dissipation, thereby keeping thermal lag to an
      absolute minimum.
PAR  While such a dual coil arrangement enables the measurement of mass flow of
      a fluid over a wide temperature range, satisfactory operation can be
      obtained substantially only at the attitude at which the sensing tube is
      oriented when the bridge circuit is balanced. With the sensing tube
      located even in a still air environment, convective air currents around
      the coils carry the generated heat up and away. As the sensing tube is
      tilted so that one coil is higher than the other, heat generated from the
      lower coil is carried to the higher coil and raises its resistance which,
      therefore, unbalances the bridge circuit. The bridge circuit is balanced
      at no flow and with the sensing tube horizontal (or with both coils at the
      same level if the tube is bent). Therefore, the bridge circuit output is
      influenced by the position or attitude of the sensing tube and is not
      simply a function of the flow rate of the fluid.
PAR  The present invention provides reduced flow meter sensitivity to changes in
      attitude and is accomplished by encasing the sensing tube coils in an open
      cell foam material. The result is a minimization of natural convection
      around the sensor coils and a reduction in attitude sensitivity from
      greater than 50%, without the encasement, to less than 0.5%.
PAR  The advantages of this invention, both as to its construction and mode of
      operation, will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the figures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic circuit diagram of the system of the
      present invention;
PAR  FIG. 2 is a detailed, schematic view of a mass flow sensor which can be
      used in the present system; and
PAR  FIG. 3 is an alternative circuit diagram of which is used to
      temperature-stabilize the devices of FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown an exemplary embodiment of the mass
      flow measurement system made in accordance with the principles of the
      invention. The system comprises a bridge circuit 12 which is coupled to a
      sensing tube 14. The bridge circuit is of conventional design and is
      formed of a first bridge resistor 16 and a second bridge resistor 18. The
      bridge circuit further comprises an upstream sensor element 22 and a
      downstream sensor element 24. The sensor elements 22 and 24 are wound
      around the sensing tube adjacent each other, with the upstream sensor
      element 22 closer to the input end 26 of the tube 14 and the downstream
      sensor element 24 closer to the output end 28 of the tube 14.
PAR  The bridge circuit 12 also comprises a D.C. power supply 30 which is
      connected at one side between the junction of the sensor elements 22 and
      24. The other side of the power supply is connected through a switch 32 to
      the junction of the bridge resistors 16 and 18. Output signals from the
      bridge circuit are coupled from a first output terminal 34 and a second
      output terminal 36. The first output terminal 34 is connected to the
      junction of the upstream sensor element 22 and the first bridge resistor
      16, and the second output terminal 36 is connected to the junction of the
      downstream sensor element 24 and the second bridge resistor 18. The
      upstream sensor element 22 and the downstream sensor element 24 are formed
      of temperature-sensitive resistance wire which is wound around the outer
      diameter of the tube 14. Such wire can be an iron-nickel alloy, e.g. Balco
      (a trademark of the Wilbur-Driver Company). Preferably, the tube 14 is a
      thin walled metal member, e.g. of stainless steel or the like, but other
      metals can be used to form the tubes.
PAR  In accordance with the present invention, insulator material 37,
      form-fitted to the tube 14, is applied to the tube 14 encasing the sensor
      elements 22 and 24. The insulator material must have low mass so as to
      minimize its affect on the response time of the sensor, and must have low
      thermal conductivity to avoid inordinate reduction in sensor gain due to
      heat loss through the insulating material. These requirements are uniquely
      met by a foam material of open cell construction. Suitable materials
      comprise polystyrene, polyurethane foam, foamed polyethylene, foamed
      polypropylene and the like. For other materials, reference can be made to
      the Handbook of Foam Plastics by Rene J. Bender, Lake Publishing
      Corporation, Libertyville, Ill. (1956), Modern Plastics Encyclopedia,
      McGraw Hill, Inc. (1968) and the Encyclopedia of Polymer Science and
      Technology, Interscience Publishers, New York (1970 ), each being
      incorporated herein by reference.
PAR  In a particular construction, illustrated in FIG. 2, open cell beaded
      polystyrene foam, having a density of about 1.0 lb/ft.sup.3, is cut into
      mating blocks 37a and 37b, form fitted on mating surfaces to the sensing
      tube. The blocks are then glued, taped or clamped to the sensing tube so
      as to encase the coils.
PAR  In operation, when the switch 32 is closed, current flow through the sensor
      elements 22 and 24, causing the sensor elements to generate heat, thereby
      raising the temperature of the tube 14 adjacent the elements. Heating of
      the elements 22 and 24 also raises their resistance. At zero fluid flow
      through the tube 14, the temperatures of the sensor elements 22 and 24 are
      equal and the bridge is therefore balanced, producing a zero output
      voltage across the terminals 34 and 36. As fluid enters the input end 26
      of the tube 14, heat generated by the elements 22 and 24 is carried by the
      fluid downstream toward the output end 28 of the tube 14. Thus, a
      temperature differential is created between the elements 22 and 24, due to
      the shifting temperature profile along the tube 14. As the flow of fluid
      increases in the tube, the temperature of the upstream element 22 as well
      as its resistance decreases while simultaneously the temperature of the
      downstream element 24, as well as its resistance, increases. The bridge
      output voltage at terminals 34 and 36 therefor increases in nearly linear
      proportion to the flow rate.
PAR  Should the flow further increase to a rate several times that of the usable
      full scale range of the system, the upstream sensor element 22 temperature
      approaches the inlet fluid temperature, while the downstream sensor
      element 24 levels off and then begins to fall with the tube temperature as
      more and heat is carried away by the fluid flow. The bridge output voltage
      therefor reaches a peak, then reverses and approaches zero asymptotically.
PAR  The effect of the foam insulation 37 is demonstrated by tests performed
      with and without the insulation. In a horizontal position, where the two
      coils 22 and 24 are at the same level, there is no appreciable difference
      in bridge output. However, when the sensor is tilted so that one of the
      coils is vertically positioned over the other, without the insulation, an
      attitude sensitivity in excess of 50% is observed, whereas with the
      insulation as described an attitude sensitivity of less than 0.5% is
      observed. There is some loss in sensor gain and response time, generally
      no more than 20%, but the general efficiency of the present device permits
      such reductions without meaningful loss of usefulness and is more than
      justified by the gain in accuracy obtained in attitude varying situations.
PAR  To measure flow rates of a higher range than measurable with the sensor
      system of FIG. 1, one can use a flow splitting technique as depicted in
      FIG. 2. The system of FIG. 2 can establish the same flow rate through the
      sensing system of FIG. 1 at a desired full scale flow. In FIG. 2, a
      portion of the fluid in a main flow tube 52 is coupled into a secondary
      sensing tube 54 at an inlet end 56 and is returned to the main flow tube
      52 at an outlet end 58. For accurate measurements, the sensing tube 54
      should have the same characteristics of pressure drop versus flow rate as
      that of the main flow tube 52, which can be accomplished by known prior
      art flow-splitting techniques. By varying the size and effectiveness of a
      pressure drop device 60 in the main flow tube 52, an almost unlimited
      number of flow meter ranges can be produced.
PAR  In the secondary sensing tube 54, an upstream sensor element 62 and a
      downstream sensor element 64 corresponds to the upstream and downstream
      sensor elements 22 and 24 of FIG. 1. The elements 62 and 64 are
      illustrated as a single coil containing a center tap 66. By utilizing a
      single coil with a center tap rather than two separate sensor elements, it
      is possible to space the coils close together. Thus, heat loss is reduced,
      equalization between the upstream and downstream sensor elements is
      facilitated, and the gain of the circuit, (temperature change per unit of
      flow) is greater. In addition, the response of the circuit is faster, and
      the range of useful flow measurement and the linearity of the circuit is
      increased. As above indicated, mating blocks 37a and 37b of open cell
      beaded polystyrene foam are secured over the sensing tube 54 encasing the
      coils 62 and 64.
PAR  The following table provides an illustrative example of various component
      values for the embodiment of FIG. 2 when connected in the bridge circuit
      of FIG. 1 as well as typical output response for nitrogen (N.sub.2)
      flowing in the tube 54.
PA1  1. Sensing Tube Material = Type 316 Stainless Steel
PA1  2. Sensing Tube Length = 3.0 inches
PA1  3. Sensing Tube Diameter = 0.014 inches outer diameter
PA1  4. Sensing Tube Wall Thickness = 0.002 inches
PA1  5. Sensor Element Resistance = 290 ohms each at 32.degree.F (elements 62
      and 64)
PA1  6. Sensor Element Material = Balco
PA1  7. Sensor Element Length = 0.2 inch per element (0.4 inch overall)
PA1  8. Foam Insulation Material = 1.0 lb/ft.sup.3 beaded polystyrene foam
PA1  9. Foam Dimension: 0.80 .times. 0.50 .times. 0.12 each block
PA1  10. Sensor Element Current = 10.0 milliamps
PA1  11. Bridge Output Signal vs. Flow Rate of Nitrogen from 0 to 5.0 SCCM
      (Standard Cubic Centimeters/ minute) = 100 to 100 millivolts
PA1  12. Linearity of Output Signal over Flow Range = .+-.2 millivolts
PA1  13. Variation of Output Signal over an ambient temperature range of
      50.degree. to 150.degree.F = .+-.1.0 millivolts at 5.00 SCCM of N.sub.2
      flow
PA1  14. Response time (20 to 100% step change in flow) = 12 seconds to reach
      98% of final value
PAR  Should the ambient temperature change, the sensor element resistance and,
      thus, the dissipation level also changes. The fluid properties, heat
      transfer coefficients and relative temperature differences are also
      altered. Therefore, a particular bridge ratio, which depends upon the
      temperature coefficient of the sensor element material, must be used to
      produce a change in output gain with changing sensor resistance that will
      approximately cancel the effects caused by the change in sensor element
      temperature and other ambient temperature dependent variables. This ratio
      will leave the bridge output unaffected by changes in ambient temperature
      and responsive only to the flow rate of the fluid through the tube. Due to
      complex difinitive heat transfer equations, and geometrical configuration,
      the compensating bridge ratio is best determined empirically by actual
      test over the desired operating temperature range. While other circuits
      may be used to produce an electrical output for various flow
      characteristics, the bridge circuit depicted with the particular bridge
      ratio produces excellent accuracy over wide ambient temperature ranges.
PAR  Referring now to FIG. 3, there is shown an alternative arrangement of the
      flow measurement system of FIG. 1. In FIG. 3, the bridge resistor 16 and
      18 of FIG. 1 are replaced by a pair of constant current sources 72 and 74,
      respectively. Therefore, changes in ambient temperature will have no
      effect on the temperature stability of the bridge circuit of FIG. 3, as
      the constant current sources provides an infinite bridge ratio.
PAR  Due to the complexity of establishing two separate and equal current
      sources in the arrangement of FIG. 3, it should be understood that by
      making the resistors 16 and 18 of sufficiently high value when compared to
      the resistance of the sensor elements 22 and 24, and inserting a single
      constant current source in series with the voltage source 30 of FIG. 1,
      the current through the sensor elements would remain substantially
      constant. Such an arrangement has the advantage of requiring only one
      current source. Thus, in practical applications of flow measuring systems
      where the ambient temperature is rarely held constant and the temperature
      stability of the system is of utmost importance in achieving good accuracy
      and repeatability of the measurements, the above-mentioned alternative
      arrangements wherein a constant current source or sources are provided,
      will normally overcome the problems associated with ambient temperature
      changes.
PAR  The present system has been described as measuring the flow rate of a
      fluid. It should be understood that the term fluid is meant to encompass a
      liquid, a vapor or a gas which is flowing in the sensor tube. It will be
      appreciated that by insulating the sensor coils, as illustrated, the mass
      flow meter can be mounted in positions which are not permanent, such as in
      portable or space vehicle flow measuring equipment. The user is provided
      more freedom in designing his system since he does not have to mount the
      flowmeter in one particular position to assure proper calibration of the
      instrument.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mass flow meter for measuring the flow rate of a fluid flowing in the
      interior of a sensing conduit, comprising:
PA1  a plurality of self-heating sensor element coils comprising two coils
      having adjacent ends positioned along the flow path of said fluid
      externally of said sensing conduit one of said sensor elements being
      closer to one end of said sensing conduit than another of said sensor
      elements, said sensor element coils being formed of temperaturesensitive
      resistant wire wound around the outer surface of said sensing conduit and
      sensing their own temperature modified by said fluid flow;
PA1  means for heating said sensor elements;
PA1  means for detecting the temperature differential of said sensor elements;
      and
PA1  open cell foam material encasing said sensor elements to provide reduced
      attitude sensitivity.
NUM  2.
PAR  2. A mass flow meter in accordance with claim 1 wherein said foam material
      is polystyrene.
NUM  3.
PAR  3. A mass flow meter in accordance with claim 1 wherein said sensor
      elements are formed of a center tapped coil wound around the outer surface
      of said sensing conduit, the coil material between one end of said coil
      and said center tap constituting one of said sensor elements and the coil
      material between the other end of said coil and said center tap
      constituting the other of said sensing elements.
NUM  4.
PAR  4. A mass flow meter in accordance with claim 1 wherein said sensor
      elements have substantially identical heat generating and sensing
      characteristics.
NUM  5.
PAR  5. A mass flow meter in accordance with claim 1 and wherein said detecting
      means includes a bridge circuit to which said sensor elements are coupled,
      said bridge circuit including a constant current source and providing an
      output signal of the temperature differential of said sensor elements
      relatively free from changes in ambient temperature.
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PAL  A distributed temperature sensor, in the form of a coaxial cable terminated
      in its characteristic impedance, comprising: an inner metallic conductor;
      a cylindrical, flexible, nonconductive material, surrounding the metallic
      conductor, having a plurality of axial voids extending throughout the
      length of the cable; a temperature-sensitive dielectric filling the axial
      voids, the voids being plugged at each end; an outer conductor surrounding
      the nonconductive material; and an optional elastomeric jacket surrounding
      the outer conductor.
PAL  The invention also relates to apparatus for taking a continuous readout of
      a distributed temperature field, using the coaxial cable as a key element.
GOVT
PAC  Statement of Government Interest
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a simple, inexpensive, apparatus for taking a
      continuous readout of a distributed temperature field. An example of such
      a temperature field is the temperature profile of the ocean. The apparatus
      lends itself readily to use on stationary and moving platforms, operating
      on the surface or submerged.
PAR  The construction of the distributed temperature sensor is based on an
      electromagnetic transmission line, in the form of a coaxial cable. Such a
      transmission line exhibits a characteristic impedance Z.sub.0 for
      electromagnetic signals that is dependent on the transversal dimensions of
      the conductors and also on the electromagnetic properties of the
      insulating material between the two conductors, such as the dielectric
      constant .epsilon. and the permeability .mu.. If these electromagnetic
      properties are temperature-dependent and the transmission line is immersed
      into a medium with spatially varying temperatures, the characteristic
      impedance of the transmission line will undergo local variations. These
      variations can be detected and localized with a time domain reflectometer.
PAR  2. Description of the Prior Art
PAR  Currently there are two principal devices in use for recording temperature
      profiles of the ocean.
PAR  The first is the bathythermograph. It is part of the standard equipment of
      most commercial and naval platforms. Its mode of operation is so widely
      known that a detailed description is not considered to be necessary. The
      device is expendable and is capable of providing a single temperature
      profile plot at a time.
PAR  The second prior art device is the thermistor chain. Its use is
      considerably less widespread than that of the bathythermograph, mainly
      because of its higher degree of complexity, greater cost and substantial
      difficulties in handling and maintenance. It consists of a large number of
      closely spaced electrical temperature sensors (thermistors) mounted on a
      steel chain that is trailed behind a moving platform. A heavy weight at
      the lower end holds the chain in a nearly vertical position while the
      towing platform is in motion. The electrical signals of the individual
      temperature sensors are either hardwired or telemetered to a processing
      system on board the platform. Because of its weight, length, bulkiness and
      relative fragility, it requires heavy winch equipment as well as utmost
      care in handling during deployment, towing, and recovery operations.
PAR  In contrast to the bathythermograph, the thermistor chain is capable of
      providing a continuous readout of the temperature profile. If required,
      however, this can be approximated by the bathythermograph at the cost of
      expending a large number of probes in sequence. If continuous readout of
      the temperature profile or a close approximation of it is the requirement,
      the cost will be high and the procedure complicated with both prior art
      devices.
PAR  One of the main advantages of the invention is that it provides a
      continuous readout of a temperature field with a device substantially less
      complicated than conventional devices used for measuring temperature
      profiles in the ocean. It can accomplish the same test for several orders
      of magnitude less cost. Because of the cable's inherently strong
      construction, it requires neither delicate handling nor extensive
      maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a temperature-sensitive coaxial cable. The inner
      and outer conductors are similar to those of conventional coaxial cables.
      A solid, but flexible, isolator with tubular cavities is interposed
      between the inner and outer conductor. The cavities contain the
      temperature-sensitive liquid dielectric. If the cross-sectional area of
      the tubular cavities is larger than that of the solid isolator, the
      composite dielectric constant will be essentially that of the liquid
      dielectric.
PAR  In a more complicated embodiment of the invention, an electromagnetic
      transmission line, such as a coaxial cable, is connected to a time domain
      reflectometer, which, in turn, is connected to a display means, such as a
      cathode ray tube display.
PAR  The coaxial cable has a characteristic impedance Z.sub.0 for
      electromagnetic signals, defined by its dimensions and material constants
      according to the equation
      ##EQU1##
      where D.sub.o is the radius of the outer conductor, D.sub.i that of the
      inner conductor, and .epsilon. is the dielectric constant, and .mu. is the
      permeability, of the isolating material. The characteristic impedance
      Z.sub.0 is defined by Eq. (1) at a given location along the coaxial cable.
      The time-domain reflectometer connected to the coaxial cable detects the
      local characterisitic impedance and displays it as a function of cable
      length measured from the connecting terminals.
PAR  The characteristic impedance Z.sub.0 will vary locally if any one of the
      parameters D.sub.o, D.sub.i, .epsilon., and .mu., or combinations of them
      undergo variations. For instance, if the dielectric constant .epsilon. is
      dependent on temperature, the local characteristic impedance will be a
      function of the local temperature of the coaxial cable, and the display of
      the characteristic impedance versus cable length will be related to the
      temperature field along the coaxial cable.
PAR  The temperature dependence of the dielectric constant .epsilon. of the
      isolating material in the cable must be strong. The effect on the
      characteristic impedance Z.sub.0 due to it must be large compared with
      those due to changes of D.sub.o and D.sub.i, if high temperature-reading
      accuracy is to be obtained.
PAR  A strong dependence of the dielectric constant .epsilon. on temperature is
      exhibited by liquid dielectrics with polarized molecules. Distilled water,
      most hydrocarbons, and a great number of other organic liquids fall into
      this category. The selection of the liquid dielectric has to be made with
      the object in view of minimization of dielectric losses.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide an apparatus which can take a
      continuous readout of a temperature field.
PAR  Another object is to provide such an apparatus which is less complex, and
      easier to handle and maintain than similar prior art devices.
PAR  Yet another object of the invention is to provide such an apparatus, which,
      because of its use of a coaxial cable, is more rugged in construction than
      prior art devices.
PAR  Still another object of the invention is to provide an apparatus which can
      take a continuous readout of a temperature field at a cost several orders
      of magnitude less than prior art devices.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention, when
      considered in conjunction with the accompanying drawings, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of the coaxial cable of this invention, used
      as a temperature sensor.
PAR  FIG. 2 is another embodiment of the coaxial cable used as a temperature
      sensor.
PAR  FIG. 3 is a partially diagrammatic and partially schematic view of the
      apparatus for determining temperature profiles of the ocean.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the figures, and beginning with FIG. 1, this figure shows
      a distributed temperature sensor, in the form of a coaxial cable 10,
      comprising an inner metallic conductor 12, and a cylindrical, flexible,
      nonconductive material 14, surrounding the metallic conductor, and having
      a plurality of axial voids 16 extending throughout the length of the cable
      10. A temperature-sensitive dielectric, also shown by reference numeral
      16, fills the axial voids, the voids being plugged at each end of the
      cable 10. An outer conductor 18 surrounds the nonconductive material 14,
      while an optional elastomeric jacket 22 surrounds the outer conductor.
PAR  In the coaxial cable 10, serving as a distributed temperature sensor, the
      inner metallic conductor 12 may comprise copper, the nonconductive
      material 14 may be polyethylene, the dielectric 16 may be distilled water,
      the outer conductor 18 also may be braided copper, and, finally, the
      elastomeric jacket 22 may be vinyl.
PAR  The cable 10 is a special coaxial cable having tubular voids or cavities 16
      extending the full length of the cable. Into these voids in injected a
      special liquid, a temperature-sensitive dielectric, having a high index of
      refraction. The ordinary coaxial cable is so constructed as to be
      temperature-in-sensitive.
PAR  The voids 16 in the cable 10 extend the full length of the cable. The voids
      are generally filled with a liquid dielectric because it is primarily
      liquids which exhibit a strong change in the dielectric constant with a
      relatively small change in the temperature.
PAR  The voids 16 could be randomly distributed along the length of the cable
      and filled with the liquid dielectric. The objective is to get a
      sufficient amount of the temperature-sensitive liquid into the cable.
PAR  Distilled water is a very suitable liquid, because of its high ratio of
      change in dielectric constant (index of refraction) to change in
      temperature. There are some hydrocarbons also having this property.
PAR  There are two different types of liquid dielectrics: (1) the non-polar
      liquids, where the molecules do not have a permanent dipole moment, which
      do not undergo a significant change in dielectric constant with a change
      in temperature; and (2) liquids which have a fairly strong dipole moment.
PAR  The following takes place when a polarized liquid is placed in a strong
      electric field. The electric field attempts to orient the molecules in the
      direction of the electric field. However, the thermal agitation of the
      molecules counteracts this action. The higher the temperature, the greater
      the agitation of the molecules.
PAR  For distilled water, between a temperature of 0.degree.C and 40.degree.C,
      there is a 70% change in the dielectric constant.
PAR  Accordingly, FIG. 2 shows another embodiment of a distributed temperature
      sensor, in the form of a coaxial cable 30, comprising a central, metallic,
      conductor 12, and a cylindrical, flexible, nonconductive material 34,
      surrounding the conductor, which itself comprises a plastic foam isolator,
      having voids interspersed throughout its volume, and a liquid dielectric
      having a high ratio of dielectric constant to change in temperature
      filling the voids of the isolator. An outer conductor 18 surrounds the
      nonconductive material 34. An optional elastomeric jacket 22 may surround
      the outer conductor 18. In the distributed temperature sensor 30,
      typically, the foam isolator 34 may be polyethylene, and the liquid
      dielectric may be distilled water.
PAR  Several other variations are possible in the construction of the cable 30.
      The nonconductive material 34 shown in FIG. 2 can be replaced by any
      configuration that prevents radial motion of the inner conductor 12. The
      main consideration is to maximize the liquid dielectric content without
      making the cable 30 susceptible to easy deformation. An alternative to the
      arrangement described in FIG. 2 would be a liquid contained by the foam
      plastic in jellied form, without losing temperature-sensitive
      characteristics.
PAR  Referring now to FIG. 3, this figure shows an apparatus 40 for taking a
      continuous readout of a distributed temperature field, such as the
      temperature profile of the ocean, comprising the coaxial cable, 10 of FIG.
      1 or 30 of FIG. 2, terminated in its characteristic impedance Z.sub.0,
      shown by reference numeral 42. A time-domain reflectometer 44 has its
      input connected to the unterminated end of the coaxial cable 10. Display
      means 46 are utilized, whose input is connected to the output of the
      reflectometer 44, for displaying the output of the reflectometer, with the
      result that the reflected signals from the cable are displayed on the
      display means as a function of the temperature profile along the cable.
      The displaying means 46 may be a cathode-ray tube or a pen chart recorder.
PAR  The time domain reflectometer 44 is not the exclusive, but probably the
      simplest readout system. A great number of signal processing and display
      devices can be envisioned based on the principle of applying a short
      electromagnetic pulse to the cable and receiving and resolving the signals
      returned from the regions of varying characteristic impedance.
PAR  This invention is also applicable to optical embodiments using a tube, for
      example of a flexible plastic, filled with an optically clear material,
      such as distilled water, or optical fibers may be used. Preferably the
      transparent material used would have a higher index of refraction, so as
      to have as great a variation in the intensity of the returned light as
      possible.
PAR  The theoretical basis of the invention is detailed hereinbelow.
PAR  The characteristic impedance a coaxial cable exhibits to electromagnetic
      signals applied to its terminals can be determined from the equation:
      ##EQU2##
      where D.sub.o and D.sub.i represent the diameters of the outer and inner
      conductor respectively, and .mu. and .epsilon. represent the
      electromagnetic parameters of the cable, the permeability and dielectric
      constant of the insulator.
PAR  If the permeability .mu. and the dielectric constant .epsilon. change along
      the axis of the coaxial cable, which can be designated the direction of
      the x-coordinate, and if they change with temperature .theta.(x), which in
      turn depends on x, equation (2) has to be written:
      ##EQU3##
PAR  Further, the means permeability .mu. and mean dielectric constant
      .epsilon., averaged over the length of the cable L = x.sub.2 - x.sub.1 can
      be defined as
      ##EQU4##
      and
      ##EQU5##
      and consequently, because of small variations of .mu.[x, .theta.(x)] and
      .epsilon.[x, .theta.(x)], the mean characteristic impedance can be
      approximated as
      ##EQU6##
      The parameter .theta., which is the mean temperature over the cable
      length, equals
      ##EQU7##
PAR  If the diameters of the inner and outer conductor of the cable, D.sub.o and
      D.sub.i respectively, exhibit only insignificant changes along the cable
      axis, variations of the local characteristic impedance will be mainly due
      to changes of the permeability, .mu.[x, .theta.(x)] and the dielectric
      constant .epsilon.[x, .theta.(x)] of the insulator, according to the
      equation:
      ##EQU8##
      Using equation (3), this becomes
      ##EQU9##
      or by substituting the mean values from equations (4), (5), and (6)
      ##EQU10##
PAR  The changes of permeability and dielectric constant can be further
      expanded. They become
      ##EQU11##
PAR  The first term on the right side of equations (11) and (12) represents the
      spatial dependence. These terms can be discounted, because of the
      spatially uniform insulator inside the cable, so that the changes are
      mainly due to temperature. However, these terms could become important if
      quality control tests of spatial and production uniformity show
      inconsistencies due to dimension or property variations. Equations (11)
      and (12) then become
      ##EQU12##
      and
      ##EQU13##
      Substituting these into equation (10) yields
      ##EQU14##
      defining
      ##EQU15##
      and
      ##EQU16##
      representing the normalized changes of permeability and dielectric
      constant respectively, per unit temperature changes. Using these terms,
      equation (15) becomes
      ##EQU17##
      representing the local normalized change of characteristic impedance Z as
      a function of local temperature.
PAR  These normalized changes of the characteristic impedance along the coaxial
      cable cause scattering of electromagnetic signals propagating in the
      cable. The relative amplitude of the scattered signals is described by the
      local voltage reflection coefficients, .rho.[.theta.(x)], which are
      proportional to the normalized characteristic impedance changes and hence
      are also a function of temperature, thus,
      ##EQU18##
      which leads directly to
EQU  .rho.[.theta.(x)] = 1/4.mu..sub.o d.theta.(x) - 1/4.epsilon..sub.o
      d.theta.(x)                                               (20)
PAL  This is the quantity measured by the time domain reflectometer.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A distributed temperature sensor, in the form of a coaxial cable,
      comprising:
PA1  a central, metallic, conductor;
PA1  a cylindrical, flexible, nonconductive, material, surrounding the material,
      comprising:
PA2  a plastic foam isolator, having voids randomly interspersed throughout its
      volume; and
PA2  a liquid dielectric having a high ratio of dielectric constant to change in
      temperature, filling the voids of the isolator; and
PA1  an outer conductor surrounding the nonconductive material.
NUM  2.
PAR  2. The distributed temperature sensor according to claim 1, further
      comprising:
PA1  an elastomeric jacket surrounding the outer conductor.
NUM  3.
PAR  3. The distributed temperature sensor according to claim 2, wherein
PA1  the foam isolator is polyethylene; and the liquid dielectric is distilled
      water.
NUM  4.
PAR  4. Method for taking a continuous readout of a distributed temperature
      field, such as the temperature profile of the ocean, comprising the steps
      of:
PA1  terminating the coaxial cable having a configuration according to claim 1
      in its characteristic impedance;
PA1  connecting a time-domain reflectometer to the interminated end of the
      coaxial cable;
PA1  connecting a display means to the output of the reflectometer;
PA1  trolling the unconnected end of the coaxial cable in a medium whose
      temperature profile it is desired to obtain;
PA1  energizing the time-domain reflectometer so that it sends pulses
      intermittently along the cable;
PA1  energizing the display means so that it displays the output of the
      reflectometer;
PA1  with the result that the reflected signals from the cable are displayed on
      the display means as a function of the temperature profile along the
      cable.
NUM  5.
PAR  5. The method according to claim 4, wherein the display means is a
      cathode-ray tube.
NUM  6.
PAR  6. The method according to claim 4, wherein the display means is a pen
      chart recorder.
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      regeneration from a continuously moving infrared scanning and detection
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ABST
PAL  Careful and accurate indication of regeneration temperatures of catalysts
      associated with the refining of hydrocarbons such as occurring in
      catalyst-aided hydrocracking and catalyst-aided reforming processes--in
      real time--occurs by monitoring--from an overflying aircraft--the infrared
      energy, say in a frequency range greater than 300 .times. 10.sup.9 but not
      more than 10.sup.15 Hertz, emitted from a plurality of distributed
      metallic studs mounted as by welding to the exterior surface of the
      sidewall of a vessel undergoing catalytic regeneration. The dynamic
      temperature variation of such energy rays readily indicates regeneration
      temperatures of the catalyst interior of the vessel. The studs extend
      through the insulation of the vessel but do not penetrate its interior.
      Where the regeneration process is cyclically occurring, not only is there
      a marked decrease in the time required for regeneration, but there is also
      better statistical certainty that full regeneration of the catalyst has
      occurred. Further, by mounting the infrared scanning and detection unit
      aboard a continuously moving aircraft flying a constant elevational,
      circular path over the vessel, the temperature of catalyst interior of the
      vessel over the full 360-degree circumference of the vessel can be quickly
      and accurately determined.
PAL  Such scanning and detection unit preferably includes novel enhancement
      circuitry for restoring the infrared energy signals after detection, say
      under operating conditions concomitant with atmospheric degradation
      ("clutter") or image blur of the emitted infrared signals.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Reference should also be had to a copending application for "Method and
      Apparatus for Monitoring Temperatures During Catalytic Regeneration", Ser.
      No. 341,626, filed concurrently herewith on Mar. 15, 1973, in the names of
      D. Roger Loper and Water E. Fauerso and assigned to the assignee of the
      present application.
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method and apparatus for improving the
      efficiency of catalyst regeneration associated with the refining of
      hydrocarbons such as occurring in catalyst-aided hydrocracking and
      catalyst-aided reforming processes. More particularly, this invention
      relates to an infrared scanning method and apparatus for improving
      catalytic regeneration in such refining operations through careful
      monitoring of temperatures within vessels associated with regeneration
      process from an overflying aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with method aspects of the present invention, accurate
      incidation of regeneration temperatures of catalysts--in real
      time--instantaneously occurs by monitoring--from an overflying
      aircraft--the infrared energy, say in a frequency range greater than 300
      .times. 10.sup.9 but not more than 10.sup.15 Hertz, emitted from a
      plurality of distributed metallic studs mounted as by welding to the
      exterior surface of the sidewall of a vessel undergoing catalytic
      regeneration.
PAR  The dynamic temperature variation of such energy rays readily and quickly
      indicate regeneration temperatures of the catalyst interior of the vessel.
      The studs extend through the insulation of the vessel but do not penetrate
      its interior. Where the regeneration process is cyclically occurring, not
      only is there a marked decrease in the time required for regeneration, but
      there is also better statistical certainty that full regeneration of the
      catalyst has occurred.
PAR  In accordance with apparatus aspects of the present invention, real time
      presentation of the regeneration cycle are provided by an infrared
      scanning and detection unit mounted to a continuously moving aircraft
      flying a circular, constant elevational path over the vessel associated
      with the regeneration process. The scanning and detection unit includes a
      fixed position camera unit for detecting infrared energy emitted from
      studs welded to the vessel. As infrared radiation is emitted from the
      studs, the camera unit detects the energy by means of an infrared
      detector. The detector converts the infrared signal to direct video
      signals. The latter are divided and then processed in parallel circuits:
      (i) in a first circuit including an image enhancement circuit in series
      with a display unit aboard the aircraft and (ii) in a second circuit also
      in series with the display unit including a delay line matrix for
      synchronizing time and geometric characteristics of the two processed data
      streams. Within the enhancement circuit, item (i), supra, the video
      signals are enhanced based on whether the source of infrared emission was
      apparently stationary with respect to a fixed geographical location at say
      the earth's surface. In that way, only signals emitted from the studs are
      enhanced. The latter, after amplification, along with the direct ("raw")
      video signals are fed to twin cathode ray tubes within the display unit
      where side-by-side displays can be photographed by a recording camera
      attached to the cathode ray tubes. The sweep of the cathode ray tubes is
      matched to that of the camera so that the resulting images are readily
      structured to yield both temperature and locational information related to
      the regeneration process. Also, by adjusting the temperature sensitivity
      of the infrared camera unit, wave front catalyst temperature differences
      can be indicated over a rather wide range of operating temperatures, say
      from 1.degree. to 1360.degree.F.
PAC  BACKGROUND OF THE INVENTION
PAR  Catalytic processes play a heavy role in refining carbonaceous materials.
      Likewise, regeneration of the involved catalyst logically occupies a
      correspondingly large amount of a process engineer's time and efforts. For
      example, in the conversion of high-boiling non-gasoline hydrocarbons into
      lower boiling gasoline components, the catalytic-aided process steps of
      treating, decomposition, fractionating, gasoline stabilization, and
      absorption polymerization requires, for the most part, cyclic or
      occasional regeneration of the involved catalysts, see, for example,
      Kirk-Othmer, Encyclopedia of Chemical Technology, 2nd Edition, Volume 15,
      "Petroleum (Refinery Processes)", page 15 et seq.
PAR  Catalysts are usually classified by function--fixed bed, movable bed, or
      fluid bed--and by process condition, three typical process examples being
      set forth below to better illustrate the practice of catalyst-aided
      processes in general and the regeneration of involved catalyst in
      particular.
PAR  1. Early catalytic crackers were usually of the fixed bed type but today
      most cracking is carried out in moving or fluid beds. Regeneration
      temperatures and pressures in moving and fluid beds are usually in the
      ranges of 1,000.degree.-1,210.degree.F and 8 to 30 psig, respectively,
PAR  2. Modern hydrocrackers employed in hydrocracking (an efficient
      low-temperature catalytic method for converting refractory middle-boiling
      or residue streams to high-octane gasoline or jet fuel, etc.) use fixed
      bed processing for the most part. After hydrogen has been mixed with the
      feed, the mixture is heated and contracted with a catalyst in a separate
      fixed-bed reactor at specified hydrogen partial pressures. Regeneration
      pressure and temperature of the catalyst are usually within the ranges of
      400.degree. to 800.degree.F and 10 to 2,000 psig, respectively, and
PAR  3. Modern catalytic reformers associated with catalytic reforming
      (upgrading naphthas into high-grade components for fuel blending or
      petroleum usage in which molecules are rearranged to give a higher
      antiknock quality at the expense of yield) also employ fixed beds in the
      main, e.g., less than 5% of the U.S. reforming capacity, it is estimated,
      utilizes fluid or moving bed processes. Temperature and pressures for
      regeneration of catalyst involved in reforming are in the ranges of
      800.degree. to 1,500.degree.F and 200 to 400 psig, respectively.
PAR  In controlling regeneration temperature and pressure conditions within the
      above processes, it has been found that the aforementioned variables are
      usually not monitorable in a direct fashion. Safe engineering practice
      dictate against the use of internal sensors, for the most part, because
      associated control and energization elements must, in some manner,
      penetrate the sidewalls of the vessels undergoing regeneration. Instead,
      temperatures and pressures of associated regeneration fluids flowing
      relative to the vessel are monitored. Temperatures of the catalytic
      regeneration process are then inferred from temperature and pressure
      values measured at external sensing locations.
PAR  Although infrared scanning techniques have been used in many refinery
      applications, such applications of which we are aware, have been limited
      in scope and function. Moreover, such techniques were thought not to have
      the capability of monitoring regeneration processes to which the present
      invention is directed since such vessels are for the most part heavily
      clad with insulation. Thus, metallic sidewalls (which could be associated
      with interim regeneration temperature characteristics) are almost totally
      hidden from camera view, especially if such camera units are remotely
      located within an aircraft overflying the vessel undergoing regeneration
      under conditions that are conductive to atmospheric degradation
      ("clutter") and image blur of the emitted infrared energy.
PAC  OBJECT OF THE INVENTION
PAR  An object of the present invention is the provision of the novel method and
      apparatus for improving efficiency of regeneration of catalysts employed
      in catalytic processes in general and catalytic-hydrocracking and
      -reforming processes in particular through the careful infrared monitoring
      of temperatures associated with catalytic regeneration within reactors or
      within separate regeneration facilities of vessels associated with the
      regeneration process from an overflying aircraft.
DRWD
PAR  Further objects and features of the present invention will become more
      apparent to those skilled in the art in the following detailed description
      of preferred embodiments, wherein,
PAR  FIG. 1 is a perspective view of a vessel undergoing catalytic regeneration,
      such vessel being monitored by means of an infrared scanning and detection
      unit fixedly mounted aboard a continuously moving aircraft flying a
      circular course about the vessel, such unit detecting infrared energy
      emitted from a plurality of metallic studs mounted to the sidewall of the
      vessel extending through the insulation thereof;
PAR  FIG. 2 is a detail drawing of the vessel of FIG. 1 illustrating the
      orientation of the metallic studs with respect to the continuously moving
      aircraft;
PAR  FIG. 3 is a section taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a block diagram of the infrared scanning and detection unit of
      FIG. 1;
PAR  FIG. 5 is a more detailed circuit diagram, partially schematic, of the
      infrared scanning and detection unit of FIG. 4;
PAR  FIGS. 6a and 6b are photographs produced by the infrared scanning and
      detection unit of FIG. 5 in which temperatures associated with the
      plurality of studs of FIG. 1 in both direct and enhanced states are
      indicated and recorded on film.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, temperatures interior of vessel 10 undergoing
      catalytic regeneration are quickly and easily indicated by infrared
      scanning and detection unit 11 fixedly mounted aboard continuously moving
      aircraft 12, such as a helicopter. Vessel 10 is associated with the
      refining of hydrocarbons in general and in hydrocracking and reforming
      processes in particular. Since the temperatures interior of the vessel 10
      are indicative of the catalytic regeneration process and such temperatures
      dynamically vary the function of catalytic position within the vessel, the
      scanning and detection unit 11 must be able to dynamically detect slight
      temperature variations from position-to-position along the vertical extent
      of the vessel 10.
PAR  In accordance with the present invention, scanning and detection unit 11
      provides the required temperature resolution in the vertical plane of the
      vessel 10 in a highly efficient manner from its fixed position aboard the
      aircraft 12. As indicated, the scanning and detection unit 11 includes a
      camera unit 13 fixedly positioned adjacent to an aperture through which
      the camera unit 13 projects. The flight pattern of the aircraft 12 is
      carefully controlled so that the camera unit 13 remains focused upon the
      vessel 10 during the entire scanning operation. That is to say, the
      aircraft 12 is not permitted to deviate from a fixed elevational, circular
      heading above the vessel 10 during the scanning operation. Reasons for the
      aforementioned flight pattern will appear below. Suffice it to say, after
      infrared energy emitted by the vessel under survey is detected and
      converted to video signals by camera unit 13, the resulting video signals
      are further processed within an image enhancement circuit also located
      aboard the aircraft for restoration purposes should signal degradation be
      occurring say due to geographical or atmospheric conditions attendant to
      the scanning operation.
PAR  Algorithm of the enhancement process is as follows: enhancement of signals
      occurs only if the sources of infrared energy are stationary with respect
      to a fixed geographical location at the earth's surface about which the
      aircraft 12 is undergoing circular movement. Accordingly, the position of
      the aircraft 12 must be carefully maintained in a preselected series of
      equiheight scanning stations with respect to the aforementioned
      geographical location.
PAR  In this regard, note the morphology of motion of the aircraft 12 is defined
      to be along an inverted base 16a of a right-circular, imaginery cone 16.
      The flight cone 16 is also seen to have a vertex 17 coincident with (i)
      the fixed, horizontal foundation 14 of vessel 10 and (ii) the vertical
      axis of symmetry A--A of the vessel 10; the cone 16 is also seen to have
      an altitude equal to the elevation E of the aircraft 12. Accordingly, the
      slant of the cone 16 is equivalent to the range distance D separating the
      aircraft 12 from foundation 14 of the vessel 11, i.e., from the earth's
      surface at any instant of time during the scanning operation. Of course,
      the geographic coordinates of the scanning stations along the cone 16 are
      known since the intersection of the vertex 17 with axis A--A of the vessel
      10 is at a known geographic position at the earth's surface.
PAR  In operation, the camera unit 13 produces a series of images of the vessel
      10 as the aircraft 12 traces its heading along base 16a of flight cone 16,
      the aircraft 12 maintaining a fixed elevation E above the earth's surface
      during the scanning operation. The vertical extent of camera image and
      hence available vessel scanning region, is, of course, variable so as to
      allow the infrared camera unit 13 to scan the entire vessel, say when the
      vessel 10 is used as a separate regeneration facility in a fluid-bed or
      moving-bed regeneration process, or scan only a section of the vessel 10,
      say when the vessel is associated with a fixed-bed process.
PAR  The principle of operation of the camera unit 13 is relatively simple. Hot
      objects give off higher frequencies than do cooler objects. It follows
      that accurate monitoring of infrared energy in a frequency range say
      greater than 300 .times. 10.sup.9 but less than 10.sup.15 Hertz can
      provide meaningful indications of catalytic regeneration temperatures,
      provided the temperature indicated by the camera unit 13 is representative
      of the true catalyst temperatures. A further complication to the
      monitoring operation resides in the fact that the aircraft can be subject
      to atmospheric conditions conducive to degradation of the emitted signals
      before their detection by camera unit 13.
PAR  In accordance with the present invention, indication of true temperature
      conditions interior of the vessel 10 of FIG. 2 is inferred from a series
      of four sets of studs 20a, 20b, 20c and 20d, attached as by welding to the
      exterior of sidewall 21 of the vessel 10. Each set protrudes through
      insulation 22 so that unattached ends are visible as shown in FIG. 1 but
      do not pierce the interior of the sidewall 21. Studs of each set 20a, 20b,
      20c or 20d are visible from aircraft 12 as a function of several factors
      including slant distance D between camera unit 13 and the vessel 10 as
      well as the instanteous field of view of camera unit 13 relative to the
      positions of the stud sets 20a, 20b, 20c and 20d. With regard to the
      latter, it should be noted that when the aircraft 12 intersects a common
      vertical plane through a set of studs 20a, 20b, 20c or 20d and axis A--A
      of the vessel 10, say at position M in FIG. 1, only the intersected set
      (in this case, set 20a) will be viewable by the camera unit 13. Between
      the aforementioned common vertical planes of the sets 20a, 20b, 20c, and
      20d, say at position N 45 degrees between vertical planes through stud
      sets 20a and 20d, however, the two aforementioned sets are both
      simultaneously viewable by the camera unit 13.
PAR  Orientation of the studs is carefully controlled in the aforementioned
      preselected manner, i.e., along four vertical columns coextensive with
      insulation 22 of FIG. 2 but having a "visible" edge intersecting the
      unattached ends of each stud set 20a, 20b, 20c, or 20d along four vertical
      lines 23a, 23b, 23c and 23d. It is also apparent from FIG. 3 that each set
      20a, 20b, 20c and 20d defines a series of exterior locations coincident
      with a common vertical plane passing through both the unattached stud ends
      of each set and intersect at axis of symmetry A--A of vessel 10. At axis
      A--A of the vessel, the angle of intersection between adjacent common
      planes is, of course, 90.degree..
PAR  In the horizontal direction, but perpendicular to axis A--A, orientation is
      likewise carefully controlled. In more detail, as seen best in FIG. 3,
      individual studs of the sets 20a, 20b, 20c, and 20d are horizontally
      aligned to form corners of a series (or family) of imaginary squares 24
      horizontally stacked in imaginary tiers. Each such tier is symmetrical
      about axis A--A of the vessel 10 and vertically displaced by the constant
      spacing between individual studs comprising each set 20a, 20b, 20c and
      20d.
PAR  Associated with the aforementioned series of exterior locations are sets of
      imaginary, equi-spaced temperature stations interior of the vessel 10, not
      shown. Each such set of imaginary stations of each column also lies in the
      aforementioned vertical plane and each intersects that plane along a
      vertical line that is tangent to the interior surface of the sidewall 21.
      The interior stations of each set are also laterally offset from
      corresponding exterior locations by a distance equal to at least the
      thickness of the sidewall 21 and the thickness of the insulation 22. In
      addition, if the length of each stud is above the exterior surface of
      insulation 22, such incremental length must also be added to obtain the
      aforementioned lateral offset distance. But, if the stud height is
      coincidental with the outer surface of the insulation 22, it is apparent
      that the previously mentioned plane of reference of each column will
      intersect the unattached stud ends along vertical lines that also would be
      tangent to the outer surface of insulation 22.
PAR  Stud patterns other than the aforementioned discontinuous column
      arrangement of FIG. 1, could also be used. For example, the studs can be
      oriented in four sets of vertically extending, cyclically repeating
      five-spot patterns. Each center spot of each set of 5-spot patterns would
      be vertically aligned along a common line. Furthermore, adjacent lines or
      columns would be separated by an arcuate distance equal to one-fourth of
      the total circumference of vessel 10. Each 5-spot pattern would likewise
      be positioned on an imaginary section intersecting the outer unattached
      surfaces of the studs and having an axis of formation coincident with the
      axis of symmetry A--A of the vessel 10.
PAR  As a still further modification of the stud pattern of FIG. 2, it is also
      contemplated that the stud sets 20a, 20b, 20c and 20d could also be
      oriented in four sets of sinusoidal patterns, each having a vertical line
      as a principal reference axis tangent with the outer surface of insulation
      22. Note that in each of the aforementioned sinusoidal patterns, the
      unattached ends of the studs would be positioned in imaginary curve
      section having an axis of formation also coincident with the axis to the
      symmetry A--A of vessel 10.
PAR  It should be apparent that in all of the aforementioned stud patterns,
      individual studs of each set 20a, 20b, 20c and 20d must be horizontally
      aligned with at least two additional studs to form a morphology of
      two-dimensional figures stackable in tiers symmetrical about axis A--A of
      the vessel 10. With respect to the embodiment depicted in FIG. 2, as well
      as to the sinusoidal stud orientation described above, such figures can
      comprise a family of squares symmetrical about the axis A--A of the vessel
      10. With respect to the five-spot stud patterns, the morphology becomes
      more complexed, changing from a square to an octagon figure in
      successively located tiers.
PAR  Process of mounting the sets of studs to the vessel 10 is straightforward:
      after each stud has been correctly positioned in any of the aforementioned
      patterns, welding of the studs are carried out using conventional welding
      techniques. The vessel 10 can then be stress-relieved.
PAR  FIG. 4 illustrates the operational aspects of the scanning and detection
      unit 11 of the present invention.
PAR  As indicated, the scanning and detection unit 11 is seen to include--in
      addition to camera unit 13--an image enhancement 15 and a display unit 25
      comprising a delay matrix 26 and cathode ray display means 27. Briefly, in
      operation, the camera unit 13 scans the vessel, the emitted infrared
      energy is converted to direct video signals. The latter are first
      amplified by amplifier 24 then divided at junction point P and finally
      processed as two separate data streams: (i) a first stream is passed
      directly to cathode ray display means 27 through delay matrix 26; while
      (ii) a second stream is passed also to the display unit 25 but by way of
      image enhancement circuit 15. Within the display unit 25, each data stream
      is displayed side-by-side at cathode ray means 27 indicating the
      temperatures of the studs attached to the sidewall of the vessel
      undergoing regeneration. Control of the enhancement operation as well as
      synchronization of the sweeps of the camera unit 13, the image enhancement
      circuit 15 and display unit 25, is provided by control circuit 28. In this
      regard the horizontal and vertical sweeps of the camera unit 13 is
      synchronized by producing a series of positional signals in the manner
      explained below.
PAR  FIG. 5 illustrates the operation of camera unit 13, image enhancement
      circuit 15 and display unit 25 in detail.
PAR  As indicated, the infrared camera unit 13 includes a focusing spherical
      mirror 29 centrally disposed within a housing fixedly attached to a fixed
      support of the aircraft, not shown. Infrared radiation enters through
      optic window 31 and is focused by the mirror 29. The camera scans the
      total viewable space in two ways: vertically with oscillating mirror 32
      and horizontally with multi-sided prism 33. The resulting scan radiation
      then propagates through lens system 34 to infrared detector 35. Infrared
      detector 35 converts the radiation signals to electrical video signals
      using a photovoltaic effect as provided by say a indium antimonide
      photovoltaic detector. Liquid nitrogen provides required cooling of the
      detector 35.
PAR  The principle of operation of the camera unit 13 is relatively simple. Hot
      objects give off higher frequencies of infrared rays than do other
      objects. In detecting the rays within an infrared frequency range greater
      than 300 .times. 10.sup.9, but not more than 10.sup.15 Hertz, primary
      optics window 31 and spherical mirror 29 of the camera unit 13 form an
      image of the object at the prism 33. With regard to horizontal resolution
      of the object, assume prism 33 is an eight-sided prism and is rotating at
      about 200 revolutions per second. Accordingly, it follows that 1600
      horizontal lines of identifying information could be scanned each second
      of operation of the camera unit 13. Likewise, if each scan frame at
      enhancement circuit 15 and display unit 25 contains 100 vertical lines,
      then 16 fraames of information are produced each second of camera
      operation. With regard to temperature resolution, such values are usually
      determined by comparing a object's infrared radiation to that of its
      surroundings background radiation or to that of a reference source
      expressed in the following equation
EQU  P = .epsilon..sigma.T.sup.4 /.pi.                          (1)
PAL  where:
PA1  T is the absolute temperature in degrees Kelvin,
PA1  .epsilon. is the emissivity of the surface of the plane, and
PA1  .sigma. is the Stefan-Boltzmann constant of 5.6697 .times. 10.sup..sup.-8
      watts/M.sup.2 .degree.K.sup..sup.-4
PAR  The video signal derived from a scene based on the difference in power
      being radiated from different areas of the scene may be expressed by
      taking the partial derivative of equation (1) above with respect to
      temperature, T, and emissivity .epsilon..
      ##EQU1##
PAR  Emissivity of a target may be considered to be a constant equal to unity
      with equation (2) becoming
      ##EQU2##
      in which the power change (.DELTA.P) from one object has an emissivity of
      unity (.epsilon. = 1) and a temperature T.sub.1 as compared to that of a
      second object with an emissivity of 1 (.epsilon. = 1) and a temperature of
      R.sub.2.
PAR  Of course, the ratio of horizontal and vertical scanning frequencies of
      camera unit 13 can be altered if desired. In that way, the line raster can
      move slowly in a vertical direction. Thus, a photograph of the images at
      cathode ray display means 27 taken with an exposure time of 0.5 seconds or
      longer, can have superimposed upon itself at least two frames of interest
      so that line pattern of the moving image on the screen, is not noticeable.
      The resulting multi-frame photograph is referred to as a histogram while a
      single frame photograph is a thermogram. It should be apparent that the
      number of superimposed frames per histogram can be varied. By increasing
      the number per each scanning station, for example, a degree of noise
      immunity may also be achieved. In this regard, it should be noted that
      sophisticated statistical techniques may also be used in determining the
      aforementioned threshold number.
PAR  Timing synchronization between control circuit 28, camera unit 13, display
      unit 25 and enhancing circuit 15, can be critical. Not only must control
      circuit 28 provide for control of the contrast in brightness at the
      cathode ray display means 27 of the display unit 25 (contrast being a
      variable as the function of temperature range; brightness being variable
      as a function of temperature levels), but it also must coordinatee the
      sweeps of the aforementioned circuitry. That is to say, the sweeps of the
      camera unit 13 must be coordinated with those of enhancing circuit 15 and
      the cathode ray means 27. In this regard, positional signals for
      synchronizing the aforementioned sweeps are generated by camera unit 13 to
      a synchronizing unit 39, including a transducer mechanically attached to
      both mirror 32 and prism 33. That is to say, the positional signals are
      generated by photocell unit 40, linked to the drive means 41 of the mirror
      32 and prism 33. Moreover, such signals can be directly related to known
      geographic coordinates associated with the individual vessel under survey
      since the aircraft's position relative to the vessel's axis of symmetry is
      readily determinable. In that way, final video information at cathode ray
      display means 27 can be coordinated in time and geometric similitude with
      camera unit 13.
PAR  After amplification by amplifier 24, the video signals are divided at
      junction point P and then processed in parallel circuits: (i) in a first
      circuit including the image enhancement circuit 15 and (ii) in a second
      circuit in series with the display unit 25.
PAR  With regard to the latter, circuit operation may require delaying the
      direct ("raw") data stream prior to its entry into the cathode ray display
      means 27. In accordance with the present invention, the required delay of
      the direct data stream can be provided by operation of conventional delay
      matrix 26. However, the duration of the delay should be carefully
      controlled, being at least equal to the repetition rate of the scanning
      sequence, i.e., equal at least to the scan interval of the scanning
      operation.
PAR  With regard to the former, enhancement circuit 15 is seen to include a
      storage tube 40 having an electron gun assembly 41. The gun assembly 41
      produces a beam of electrons which travels towards and intersects target
      electrode 42 at the remote end of the storage tube. Along the storage tube
      surrounding the beam of travel are a series of deflection coils 43 whose
      magnetic fields are controlled by actuation of deflection amplifiers 44.
PAR  In operation, after emission from the gun assembly 41, the beam of
      electrons is directed along a series of lines in synchronism with the
      sweep of the camera unit 13. Such synchronization of signals are generated
      by camera unit 13 in cooperation with control circuit 28 as previously
      explained. The beam of electrons is incrementally deflected along a series
      of lines as a result of the magnetic fields generated by coils 43 in
      cooperation with activation of amplifiers 44. In this regard, the
      deflection coils 43 can be standard vidicon deflection coils matched to
      the storage tube 40 and amplifiers 44. The previously mentioned
      synchronization signals also deflect similar electron beams of cathode ray
      display means 27 within a display unit 25, such beams being deflected in
      time in geometric similitude to form similar raster patterns with that
      generated by camera unit 13.
PAR  The target electrode 42 of the storage tube 40 is also seen to include a
      panel 45 adjacent thereto formed of electrically conducting material such
      as nickel. A coating of dielectric material is added to panel 45 on a side
      in which the beam of electrons of the storage tube 40 fall. Such coating
      is characterized by its having a secondary emission less than unity and a
      high capacitance and resistance to provide a static decay rate or RC time
      constant sufficient to hold the electron's charge slightly longer than the
      time between scan intervals of the camera unit 13. A coating material
      having these characteristics is a first layer of highly resistant
      semiconductor material such as selenium (a T-type conductor, and a layer
      of cadmium selenide (an N-type conductor) wherein the interface between
      layers forms a rectifying barrier. The layer of cadmium selenide is bonded
      to the panel 45 using a conventional patching material compound.
PAR  Although the exact operational theory of the storage tube 40 is not exactly
      known, the target electrode 42 can be likened to an array of a large
      number of theoretical capacitors connected in parallel with a resistor. In
      operation, as the electron beam scans across theoretical capacitors when a
      video signal is present, a current flows so as to produce electrical
      signals at load resistor 50 and, at the same time, charging the
      theoretical capacitor. As the beam moves along in its raster scan, a
      charge is left on a theoretical path while leaving a theoretical capacitor
      open-circuited. The next time the search pattern scans this same raster
      line, the electron beam again crosses this theoretical capacitor. If the
      electron beam is modulated by a video signal from a target that has moved
      during the scan-interval relative to actual movement of the aircraft, the
      beam cannot deposit any additional electron charge under theoretical
      capacitor because of the equal electron charge left there by the previous
      scan. As a result, no current flows into theoretical RC charging circuit.
      This operation is repeated on all frequent-scan rasters so that the video
      signals forming moving infrared targets are canceled. In the case of a
      stationary target, however, which is provided by the studs attached to the
      vessel undergoing regeneration, however, the video signal modulated
      electron beam will either change in intensity and/or fall on a different
      area of target electrode 42. This change in the modulated beam results in
      electron charge being increased or deposited on a different theoretical
      capacitor to cause a current to flow through the load resistor 50 whereby
      an output signal is generated on the output line 51. As is conventional, a
      collector 52 is mounted in front of the target face to control any
      secondary electron emission therefrom. From storage tube 40, the enhanced
      signals pass to display unit 25 via conductor 54 and amplifier 56.
PAR  Cathode ray display means 27 of the display unit 25 of FIG. 5 includes not
      one cathode ray tube, but twin cathode ray tubes 60 and 61. As indicated,
      the cathode ray tube 60 and 61 provide for the display of the two streams
      of video information; that is, cathode ray 60 provides for the display of
      direct video signals at screen 62 from amplifier 24 via conductor 55,
      while cathode ray tube 61 displays enhanced signals at screen 64,
      generated by enhancement circuit 15 and entering thereto via conductor 54.
      It should be apparent that both screen 62 and 64 can be aligned in a
      side-be-side position alignment so that a single recording camera can be
      used to record the flickering images due to the emission of radiation
      energy from the studs attached to the vessel undergoing regeneration. As
      previously mentioned, the ratio of horizontal and vertical scanning
      frequencies of the display unit 25 can be altered to provide raster
      movement in a vertical direction. Thus, multiframe displays can be
      generated by the display unit 25, i.e., displayed at either one or both
      cathode ray tubes 60 and 61. Furthermore, the intensity of the images of
      the direct video signals at screen 62 of the cathode ray tube 60 can be
      compared, visually, with images of the enhanced video signals at screen 64
      of the cathode ray tube 61. In that way, there can be provided a
      convenient basis to predict the temperatures interior of the monitored
      vessel even though the direct video signals may have undergone atmospheric
      degradation prior to detection of the camera unit 13 within the aircraft
      circling the vessel undergoing regeneration.
PAR  With regard to the use of camera unit 13 to measure the temperatures
      interior of the vessel, it should be recalled that the heat transfer
      characteristics of each catalyst bed within the vessel vary rapidly with
      time and location. Hence, the ability of the aircraft to circle the
      aforementioned vessel in a circular pattern assures that the information
      detected by the camera unit has been most representative of the true
      conditions interior of the vessel. The frequency scan of the camera unit
      can vary also, but should be high enough to provide for temperature
      indications as a function of time throughout each regeneration cycle of
      the vessel. In this regard, it has been found that photographs of the
      screens 62 and 64 of the cathode ray tube 60 and 61, respectively, can be
      generated accurately enough to provide the required information to control
      the regeneration process, if camera unit 13 is provided with the
      aforementioned horizontal and vertical scanning characteristics. In this
      regard, it should be noted that personnel within the aircraft are usually
      in direct radio contact with refinery personnel. Accordingly, as
      temperatures of the regeneration process are determined such temperature
      information can be quickly relayed to the refinery to control the
      regeneration process, as needed.
PAR  FIGS. 6a and 6b illustrate typical presentations of flickering images at
      the screens 62 and 64 of the cathode ray tube 60 and 61, respectively. As
      previously indicated with reference to FIG. 1, the camera unit 13 aboard
      the aircraft scans the vessel from a plurality of moving positions at a
      constant altitude, to particular position being noted, being indicated at
      angular scanning stations M and N on flight cone 16 of FIG. 1. Assume that
      the speed of the aircraft is known and the scanning rate has been adjusted
      so that positions of the stations M and N are coincident with adjacent
      scanning cycles of the scanning operation. Temperature differences between
      the real time images of the studs attached to the vessel undergoing
      regeneration at the flight stations M and N appear as black and white
      images at the cathode ray tubes 60 and 61 which change depending on the
      field of view of the camera unit. These images appear as flickering lines
      on the screens 62 and 64 of the cathode ray tube 60 and 61 respectively
      and can be photographed to produce separate first and second displays 70a
      to the left as viewed in FIGS. 6a and 6b and displays 70b viewed at the
      right in FIGS. 6a and 6b.
PAR  The quality of the displays 70a and 70b can vary markedly. As indicated,
      the displays 70a represent direct signal data generated by the camera unit
      13 and displayed by the cathode ray tube 60. Each such display is
      associated with direct ("raw") data detected at stations M and N,
      respectively. Such images can be degraded such that the portions of the
      images representative of the studs of the monitored vessel can be
      distorted or completely canceled. On the other hand, the displays 70b of
      the FIGS. 6a and 6b relate to relative flight positions M and N of FIG. 1
      and reflect enhanced images produced by the enhancement circuit 15 of the
      present invention. In order to sychronize operations, the enhanced display
      70b of FIG. 6a is associated with station M and has been generated using
      data received at station M as well as data obtained in a prior scanning
      cycle, while the enhanced display 70b of FIG. 6b is associated with
      station N and has been generated using data obtained at both stations M
      and N. As noted, the displays 70b provides improved images indicative of
      the temperature of the studs attached to the vessel undergoing
      regeneration since both vertical and horizontnal resolution has been
      sharply improved by the processing in accordance with the method and
      apparatus of the present invention.
PAR  Sensitivity of the resulting display 70a and 70b can be indicated by the
      scale 72 and 73 placed on the left and right sides thereof as viewed
      (gradation: 1-1000). A gray scale 74 is presented at the bottom of the
      displays and represents a scale in which a shade of gray equals .sqroot.2
      times the intensity of the next preceding level. Not only are visual
      methods available to determine temperature levels of each display 70a and
      70b, but also automatic machine comparisons can be used if desired. For
      example, a digital comparison circuit (not shown), say located internally
      of control circuit 28, could be used to automatically analyze the display
      70a and 70b without need of human intervention, such circuit using a
      binary scale (1 and 0) in which the 1 state is a black dot and the 0 state
      is a white dot after analog-to-digital conversion of the video signals
      from the camera unit 13 has occurred. Each 1 or 0 state can be determined
      over a selected range of temperature shades between 0 and 1 states
      reflecting gradations of temperature levels within the selected range.
      Also, resulting displays can be compared--line-by-line--with previously
      obtained displays which represent instances in the regeneration cycle in
      which exceptional responsive levels occur. In that way, optimization of
      the currently recurring regeneration process can be obtained.
PAR  Although certain embodiments of the present invention have been illustrated
      and described, the invention is not meant to be limited by these
      embodiments, but the scope of the following claims. For example, it should
      be apparent to those skilled in the art that other image-enhancement
      techniques could be used in the method and apparatus of the present
      invention. In this regard, image-enhancement techniques utilizing the
      digital computer may be quite useful in combination with the method and
      apparatus of be quite useful in combination with the method and apparatus
      of this invention, such teachings being set forth in detail in the book
      "Computer Techniques and Image Processing", Harry C. Andrews, Academic
      Press (1970).
CLMS
NUM  1.
PAR  1.  In the regeneration of a catalyst located interior of an
      insulation-clad vessel having an axis of symmetry, by elevating the
      temperature of said catalyst only after production of hydrocarbon products
      such as petrochemicals, gasolines, light-fuel oils and the like, has been
      terminated, the method of monitoring the efficiency of such regeneration
      process comprising the steps of:
PA1  i. prior to operation of said vessel and either production or regeneration
      processing modes, affixing a plurality of metallic stud members to the
      metallic sidewall of said vessel, said plurality of metallic stud members
      extending through said insulation of the vessel, and being associated with
      a set of imaginary laterally offset spatial positions interior of said
      vessel for identifying full top-to-bottom interior temperature readings
      within each catalyst bed when said vessel undergoes regeneration,
PA1  ii. during regeneration of said catalyst, monitoring from an aircraft
      having known geographical coordinates with respect to said vessel at the
      earth's surface, infrared energy--in real time--being emitted from said
      plurality of metallic stud members defining a viewable space of said stud
      members in a frequency range greater than 300 .times. 10.sup.9 but less
      than 10.sup.15 Hertz,
PA1  iii. converting said detected infrared energy to electrical signals,
PA1  iv. enhancing those portions of said electrical signals based on whether
      the detected energy represented thereby radiated from all sources
      including that from said stud members remains stationary during two
      adjacent scanning cycles as said aircraft overflies said vessel,
PA1  v. dynamically indicating temperatures of said catalyst interior of said
      vessel for the purpose of optimizing said regeneration process by
      displaying said enhanced signals as a function of geometric and time
      variables associated with said stud members as viewed from said aircraft,
      and
PA1  vi. cyclically repeating the scanning sequence as said aircraft overflies
      said vessel on a flight pattern of sufficient height so that, between said
      scanning cycles, said stud members appear to be stationary with respect to
      said aircraft.
NUM  2.
PAR  2. Process of claim 1 in which said enhancing step (iii) is further
      characterized by the substeps of (a) modulating an electron beam of a
      storage tube as a function of geometric and time variables associated with
      a known set of geographical coordinates as said infrared energy is
      detected, said modulated electron beam of said storage tube providing
      enhanceable video information at an output means thereof, (b) storing said
      enhanceable video information for at least a subsequent scan interval of
      said storage tube and (c) developing enhanced signals for display from
      said stored video information corresponding to radition variations
      dependent upon whether said stud members emitting said infrared energy
      remain stationary as said aircraft overflies said vessel.
NUM  3.
PAR  3. Process of claim 2 further characterized by
PA1  a. forming parallel first and second identical data streams,
PA1  b. enhancing said first video stream prior to display, dependent upon
      whether or not events in said stream are associated with sources of
      infrared energy that remain stationary with respect to said vessel as said
      aircraft flies thereover,
PA1  c. feeding said first and second data streams to twin cathode ray tube
      display units whereby one of said cathode ray display units displays
      simultaneously said enhanced video signals as a function of time and
      geometric variables indicative of said set of geographical coordinates
      while the other cathode ray tube display means displays untreated and
      unenhanced video signals associated with time and geometric variables also
      associated with said set of geographical coordinates,
PA1  d. photographing real time images of said twin cathode ray display means to
      provide a series of comparison thermograms indicative of the temperatures
      interior of said vessels during regeneration,
PA1  e. communicating said temperature information to ground personnel whereby
      regeneration conditions associated with said vessel can be changed, as
      desired, to optimize the regeneration cycle of said vessel.
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ABST
PAL  A transducer for measuring the surface temperature of the human and of
      animal skin with a resolution of 0,02 K (0.04.degree.F), a calibration
      accuracy to within 0,1 K (0,2.degree.F) absolute and a response time
      within 2 ms has been developed. The transducer includes a tube transparent
      to thermal radiation and open at both ends. A temperature sensing element
      is suspended across one end for placement adjacent to the skin.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a transducer for measuring the surface
      temperature of the human and of animal skin.
PAR  It is an object of the present invention to provide such transducer having
      a resolution of 0.02 K (0.04.degree.F), a calibration accuracy to within
      0.1 K (0.2.degree.F) absolute and a response time of less than 2 ms.
      Moreover, the transducer should not influence the temperature of the skin
      and specifically the heat flow from the surface to the environment (heat
      conduction, thermal radiation and evaporation) should not be influenced
      within the accuracy of measurement.
PAR  In accordance with the preferred embodiment of the invention, it is
      suggested to place a temperature sensing device (transducer) at one end of
      a container whose walls are transparent to thermal radiation, but
      eliminates convection in the vicinity of the element when placed adjacent
      to the skin. The container is for example a cylindrical tube which is open
      at both ends. The temperature sensitive element is mounted to one end,
      while the other end communicates with the environment. The transducer is
      preferably a commercially available miniature-thermistor or
      miniature-thermocouple and is in principle a contact-measuring device. The
      skin on which the device is placed is not damaged.
PAR  This apparatus has the following advantages:
PAR  It is of very simple construction; simple to calibrate; does not influence
      the temperature of the skin and the heat flow from the surface to the
      environment (heat conduction, thermal radiation and evaporation) within
      the accuracy of measurement; has a small thermal mass; experiences nearly
      no reaction from the skin; permits measurement of the absolute temperature
      and of the difference in temperature in relation to the environment;
      permits simple and automatic recording of the output; and permits
      measurement for example during radiological treatment.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWINGS
PAR  FIG. 1 is a schematic diagram of a cylinder with temperature sensing
      elements, illustrating the geometric relation and introducing the
      parameters used in the description;
PAR  FIG. 2 is a side view of an apparatus in accordance with the preferred
      embodiment of the invention; and
PAR  FIG. 3 is a rear view along lines 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  A tubular container 3 which is open at both ends i.e. top and bottom, is
      made of a material which is transparent to thermal radiation and defines a
      cylindrical air-column having a height l. The bottom of the open
      cylindrical tube 3 (FIG. 2) has a rim 8 which carries an annulus 7 made of
      felt and which is to be placed in contact with the surface of the skin.
      The open top of the cylindrical container 3 is held by a handle 10 and
      communicates with the environment E.
PAR  The air-column or cylinder inside of this container 3 is insulated against
      heat flow from the sides. Therefore, the temperature in the cylindrical
      container falls linearly from the bottom to the top. The bottom end of
      tubular container 3 is also open, and a miniature thermocouple or
      miniature thermistor 4 having a height h is located in the center of the
      bottom of the tubular container 3. Specifically, the thermistor 4 is
      mounted on a wire mesh 6 which is held in place by plastic thread 5,
      fastened to the bottom rim 8 of the container 3. Thus, the temperature
      sensing element is suspended across the open bottom of container 3.
PAR  A plug 2 is provided adjacent to the handle 10 as well as to the top of
      container 3, and connecting wires 9 run to the rim 8 and to the element 4
      on mesh 6. A connection can be made from plug 2 to external indicating
      devices (not shown).
PAR  The height h (FIG. 1) of the thermistor or the thermocouple 4 to be used
      can be calculated from the decrease of the temperature over this distance,
      which is determined by the desired accuracy of measurement of 0.02 K
      (0.04.degree.F). If the radius of the cylindrical tube 3 is small there is
      no convection in the air-column particularly when the bottom of tube 3 is
      placed directly on the surface whose temperature is to be measured,
      whereby the felt annulus 7 is in direct contact with that surface, and the
      wall of tubular container 3 impedes convective flow in the immediate
      environment of element 4. Thermal radiation constitutes the greatest part
      of the heat exchange. The wall of tube 3 which is the shell of the
      air-column therein has to be transparent to thermal radiation, so that
      there is no influence on the thermal radiation inside of the cylinder.
PAR  The transducer as constructed does not influence the temperature of the
      skin, and the heat flow through heat conduction, thermal radiation and
      evaporation is sufficiently low so that the measurement is carried out at
      the accuracy of 0.02 K (0.04.degree.F) or better. By way of example, the
      cylindrical container 3 is 50 mm high and has a diameter of 30 mm. The
      wire mesh 6 is provided to integrate the temperature measurement over an
      area larger than the dimensions of the temperature sensor proper.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for measuring surface temperature, comprising:
PA1  a temperature sensing means; and
PA1  an enclosure for placement adjacent to said surface, the temperature
      sensing means being disposed in the enclosure, said enclosure being
      transparent to thermal radiation but preventing convective air flow in the
      immediate environment of said sensing means, inside of the enclosure, when
      said sensing means in the enclosure has disposition adjacent to said
      surface.
NUM  2.
PAR  2. An apparatus as in claim 1, said container being of cylindrical
      configuration, having two open ends, and providing an air column, the
      temperature sensitive element being mounted to one end of the cylinder,
      the cylinder communicating with the environment at the other end.
NUM  3.
PAR  3. An apparatus as in claim 1, and including a wire mesh, the temperature
      sensitive element being mounted on said mesh, said mesh being mounted to
      an open end of the enclosure.
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ABST
PAL  A thermometer adapted to be subjected to temperatures above the normal
      reading temperature range thereof without adversely affecting the accuracy
      of the thermometer in subsequent use thereof at the reading temperatures.
      The thermometer is adapted for use as a clinical thermometer having a
      normal reading temperature range of below 100.degree.F. and is constructed
      to provided such maintained accuracy notwithstanding subjection of the
      thermometer to elevated temperatures such as 140.degree.F. or more.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to thermometers utilizing an expandable liquid to
      provide temperature reading, and in particular to means for permitting
      such thermometers to be subjected to elevated temperatures without
      destroying the accuracy thereof.
PAR  2. Description of the Prior Art
PAR  An improved thermometer construction is shown in my copending U.S. Patent
      application Ser. No. 121,269, filed Mar. 5, 1971, now U.S.Pat. No.
      3,739,642, for an Open End Thermometer. Disclosed therein is an improved
      thermometer construction utilizing a capillary bore having an open end
      permitting the indicator liquid to be exposed to ambient pressure at all
      times while precluding flow of the indicator liquid outwardly therefrom,
      as a result of the outer end of the bore having a capillary cross section.
PAR  While the indicator liquid is prevented from flowing outwardly from the
      thermometer notwithstanding an inverted disposition thereof, if the
      thermometer is subjected to a temperature substantially above the normal
      reading temperature range, the indicator liquid may be expanded
      sufficiently to permit a portion thereof to pass outwardly through the
      open end of the capillary bore. This arrangement provides a substantial
      improvement over the conventional clinical thermometers having sealingly
      closed capillary bores as subjection of such closed thermometers to high
      temperatures provides substantial stresses therein which may result in
      shattering or exploding of the thermometers.
PAR  Because of this, it has been conventional in the clinical thermometer field
      to limit the temperatures at which the clinical thermometers are to be
      stored to 140.degree.F. or less. Such limitation has served two purposes
      --one, to prevent such shattering or exploding, and secondly, to prevent
      distortion of the glass which could destroy the necessary accuracy of the
      thermometer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved thermometer which is adapted
      to permit subjection thereof to elevated temperatures without such
      shattering or exploding, or affecting the accuracy in subsequent normal
      use and, thus provides a substantial improvement over the conventional
      hermetically sealed thermometers in use today.
PAR  More specifically, applicant's invention comprehends such an improved
      thermometer having means for receiving thermally expanded indicator liquid
      from the capillary bore thereof as an incident of subjection of the
      thermometer to an elevated temperature above the reading temperature
      range, and returning the thermally expanded indicator liquid to the
      capillary bore as an incident of subjection of the thermometer to a
      temperature below the elevated temperature, and means for subjecting the
      indicator liquid to ambient pressure at all times.
PAR  More specifically, the means for receiving the expanded indicator liquid
      defines an expansion chamber communicating with the bore outwardly of the
      scale means and defining an open outlet at its outer distal end having a
      small cross section precluding gravitational flow of the indicator liquid
      outwardly therethrough, the expansion chamber being arranged to
      accommodate a preselected volume of indicator liquid thermally expanded
      into said expansion chamber thereby to preclude loss of indicator liquid
      from the thermometer by thermal expansion through the outlet
      notwithstanding the subjecting of the thermometer to elevated temperatures
      substantially above the reading temperatures.
PAR  The expansion chamber illustratively herein comprises a capillary bore have
      a cross section larger than the cross section of the capillary
      through-bore adjacent the scale means. The outlet may have a cross section
      smaller than the cross section of the expansion chamber bore for improved
      retention of the indicator liquid while yet assuring maintained ambient
      pressure conditions on the indicator liquid.
PAR  The expansion chamber may be preselected to accommodate such an elevated
      temperature of 140.degree.F. or more.
PAR  The thermometer stem may be formed of a synthetic resin for low cost
      disposable construction.
PAR  Thus, the present invention comprehends an improved thermometer which is
      extremely simple and economical of construction while yet providing the
      highly desirable features discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a front elevation of a thermometer embodying the invention;
PAR  FIG. 2 is a side elevation thereof;
PAR  FIG. 3 is a fragmentary enlarged longitudinal section thereof taken
      substantially along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a transverse section taken substantially along the line 4--4 of
      FIG. 3; and
PAR  FIG. 5 is a fragmentary longitudinal section illustrating the arrangement
      of the distal end of the stem prior to the forming of the capillary outlet
      opening.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      thermometer generally designated 10 is shown to comprise a stem, or
      capillary element, 11 and a reservoir bulb 12. A reading holding means
      generally designated 13 is provided on the stem for permanently holding
      the reading whereby the thermometer is adapted for a one-time use
      operation. The use of the reading holding means 13 is optional and the
      thermometer may be utilized for repeated readings as desired. However, the
      thermometer is adapted to be used as a low cost clinical thermometer by
      virtue of the forming of stem 11 of molded plastic and bulb 12 of formed
      metal, such as aluminum, so that use of the permanent holding means 13
      assures prevention of cross infection and the like by causing the
      thermometer to be used for only a single temperature reading operation.
PAR  As best seen in FIGS. 1 and 2, stem 11 may comprise an elongated flattened
      element provided at a mid-portion thereof with a scale 14. Bulb 12 is
      connected to the lower end 15 of the stem and is filled with a suitable
      indicator liquid 16 which extends upwardly through the capillary bore 17
      longitudinally of stem 11 to provide the desired temperature reading by
      observation of the miniscus at the top of the column of the indicator
      liquid adjacent scale 14.
PAR  As discussed above, thermometer 10 may comprise a clinical thermometer and,
      thus, scale 14 may illustratively cover a normal reading range of from
      94.degree.F. to 108.degree.F.
PAR  As discussed above, the present invention comprehends an improved
      construction of thermometer 10 which permits subjection of the thermometer
      to temperatures above the normal reading temperature range thereof without
      adversely affecting the accuracy of the thermometer in subsequent use
      thereof at reading temperatures. More specifically, the invention
      comprehends providing in the thermometer means for receiving thermally
      expanded indicator liquid from capillary bore 17 as an incident of
      subjection of the thermometer to an elevated temperature above the reading
      temperature range, and returning the thusly thermally expanded indicator
      liquid to capillary bore 17 as an incident of subjection of the
      thermometer to a temperature below the elevated temperature. In the
      illustrated embodiment, this means illustratively comprises an expansion
      chamber 18 at the upper end 19 of stem 11 having an inner, or lower end,
      20 communicating with capillary bore 17 upwardly, or outwardly, of scale
      14. As shown in FIG. 3, the lower end of expansion chamber 18 is defined
      by a frustoconical surface 21 coaxially opening to bore 17. The upper, or
      distal, end 22 of the expansion chamber is partially closed by an outlet
      means 23 defining a capillary section opening 24 having a transverse cross
      section substantially smaller than the cross section of expansion chamber
      18. In the illustrated embodiment, wherein the thermometer comprises a
      clinical thermometer having the aforesaid normal reading range of
      94.degree. to 108.degree. Fahrenheit, expansion chamber 18 is adapted to
      receive thermally expanded indicator liquid from the upper end of
      capillary bore 17 in a sufficient volume to permit subjection of the
      thermometer to temperatures of at least approximately 140.degree.F.
      without expansion thereof upwardly through opening 24. The invention
      comprehends any suitable preselected volume to be utilized relative to
      expansion chamber 18 and, illustratively, comprehends permitting
      subjection of the thermometer to temperatures as high as 212.degree.F. or
      more without loss of the indicator liquid through opening 24.
PAR  As indicated above, outlet means 23 defines a small opening 24 which
      maintains the indicator liquid 16 under ambient atmospheric pressure at
      all times so as to avoid development of stresses in the thermometer and
      which would otherwise adversely affect the maintained accuracy thereof.
      Thus, thermometer 10 is particularly advantageously adaptable for use as a
      clinical thermometer wherein high standards of accuracy must be
      maintained. On the other hand, by permitting subjection of the thermometer
      to a wide range of temperatures over the normal operating range, storage
      requirements are substantially simplified, thus further reducing the cost
      of the use of the thermometer. As thermal expansion of the indicator
      liquid outwardly through opening 24 is effectively precluded, need for
      means for indicating such undesired leakage are obviated, thus again
      reducing the cost of the thermometer while yet assuring the high accuracy
      necessary for such clinical use.
PAR  As indicated above, the thermometer may be formed of low cost molded
      plastic, and illustratively, may be formed of polypropylene.
PAR  Outlet means 23 may be formed originally as a pair of lips 25, as shown in
      FIG. 5, and may be pressed toward each other by suitable heated means (not
      shown) to the configuration of FIG. 3. Expansion chamber 18 may be of
      relatively small diameter so as to also comprise a capillary bore. Herein,
      the term capillary, as applied to bore 17, chamber 18, and opening 24, is
      defined as of being of sufficiently small size so as to cause a liquid
      surface extending thereacross to be maintained substantially transversely
      thereacross by virtue of its surface tension notwithstanding inversion or
      other similar disposition of the structure and notwithstanding subjection
      of the structure to vibration. In the illustrated embodiment wherein
      thermometer 10 comprises a clinical thermometer, capillary bore 17 may
      have a diameter of approximately 0.006 inch, and expansion chamber 18
      illustratively may have a diameter in the range of approximately 0.02 to
      0.03inch. In one form, the expansion chamber is provided by drilling the
      end of the stem. It has been found that such an expansion chamber having a
      length of approximately 3/8 inch or more can be readily so drilled.
      Further illustratively, the expansion chamber may be formed by molding
      concurrently with molding of the capillary bore.
PAR  Where the expansion chamber is formed as by drilling, a small constriction
      26 may be formed in the upper end of capillary bore 17 as a result of the
      drilling action. Constriction 26 functions in conjunction with opening 24
      to provide a series of restricted openings between the capillary bore and
      atmosphere for further effectively partially segregating the capillary
      bore from the ambient atmosphere conditions while effectively maintaining
      atmospheric pressure on the indicator liquid at all times.
PAR  While expansion chamber 18 has been shown as a single diameter cylindrical
      bore, as will be obvious to those skilled in the art, stepped diameter
      sections may be provided as desired.
PAR  Illustratively, the indicator liquid may comprise a glycol phenyl ether,
      such as ethylene glycol phenyl ether.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a thermometer adapted to be subjected to temperatures above the
      normal reading temperature range thereof without adversely affecting the
      accuracy of the thermometer in subsequent use thereof at reading
      temperatures, said thermometer having a stem provided with a longitudinal
      capillary through-bore, means defining a reservoir chamber at an inner end
      of the bore, scale means on the stem for indicating reading temperatures,
      and indicator liquid in said chamber and expandable as an incident of
      subjecting of the thermometer to reading temperatures to extend outwardly
      through said bore to adjacent said scale for providing a reading of the
      temperature, the improvement comprising means defining an expansion
      chamber communicating with said bore outwardly of the scale means and
      defining an open outlet at its outer distal end having a capillary cross
      section precluding gravitational flow of the indicator liquid outwardly
      therethrough, said expansion chamber being arranged to accommodate a
      preselected volume of indicator liquid thermally expanded into said
      expansion chamber thereby to preclude loss of indicator liquid from the
      thermometer by thermal expansion through said outlet notwithstanding the
      subjecting of the thermometer to elevated temperatures substantially above
      said reading temperatures and permitting return of substantially all of
      the preselected volume of expanded indicator liquid upon lowering of the
      subjected temperature.
NUM  2.
PAR  2. The thermometer of claim 1 wherein said expansion chamber comprises a
      capillary bore having a cross section larger than the cross section of
      said capillary through-bore.
NUM  3.
PAR  3. The thermometer of claim 1 wherein said expansion chamber comprises a
      capillary bore having a cross section larger than the cross section of
      said stem capillary through-bore, said outlet having a cross section
      smaller than the cross section of said expansion chamber capillary bore.
NUM  4.
PAR  4. The thermometer of claim 1 wherein said thermometer comprises a clinical
      thermometer having a maximum reading temperature less than 120.degree.F.
      and said expansion chamber is preselected to prevent expansion of
      indicating liquid outwardly through said outlet at elevated temperatures
      up to at least approximately 140.degree.F.
NUM  5.
PAR  5. The thermometer of claim 1 wherein said expansion chamber comprises a
      drilled hole having a length of less than approximately 1/2inch.
NUM  6.
PAR  6. The thermometer of claim 1 wherein said thermometer comprises a clinical
      thermometer having a maximum reading temperature less than 120.degree.F.
      and said expansion chamber is preselected to prevent expansion of
      indicating liquid outwardly through said outlet at elevated temperatures
      substantially greater than 140.degree.F.
NUM  7.
PAR  7. The thermometer of claim 1 wherein the stem is formed of molded
      synthetic resin.
NUM  8.
PAR  8. The thermometer of claim 1 wherein said expansion chamber comprises a
      capillary bore having a cross section at least approximately three times
      larger than the cross section of said stem capillary through-bore.
NUM  9.
PAR  9. The thermometer of claim 1 wherein said outlet is defined by a thermally
      deformed end of said stem.
NUM  10.
PAR  10. The thermometer of claim 1 wherein said expansion chamber comprises a
      cylindrical bore coaxially of said capillary bore.
NUM  11.
PAR  11. The thermometer of claim 1 wherein said expansion chamber comprises a
      cylindrical bore coaxially of said capillary bore and having a length
      substantially less than the longitudinal extent of said scale means.
NUM  12.
PAR  12. The thermometer of claim 1 wherein said expansion chamber comprises a
      cylindrical bore coaxially of said capillary bore and having a
      frustoconical inner end opening to the outer end of said capillary bore.
NUM  13.
PAR  13. In a thermometer adapted to be subjected to temperatures above the
      normal reading temperature range thereof without adversely affecting the
      accuracy of the thermometer in subsequent use thereof at reading
      temperatures, said thermometer having a stem provided with a longitudinal
      capillary through-bore, means defining a reservoir chamber at an inner end
      of the bore, scale means on the stem for indicating reading temperatures,
      and indicator liquid in said reservoir chamber and expandable as an
      incident of subjecting of the thermometer to reading temperatures to
      extend outwardly from said chamber through said bore to adjacent said
      scale for providing a reading of the temperature, the improvement
      comprising: means defining an expansion chamber for receiving thermally
      expanded indicator liquid from the capillary bore as an incident of
      subjection of the thermometer to an elevated temperature above said
      reading temperature range, and returning said thermally expanded indicator
      liquid to said capillary bore as an incident of subjection of the
      thermometer to a temperature below said elevated temperature; and means
      for subjecting said expansion chamber to ambient pressure at all times.
NUM  14.
PAR  14. The thermometer of claim 13 wherein said indicator liquid receiving
      means comprises means communicating with said capillary bore at all times.
NUM  15.
PAR  15. The thermometer of claim 13 wherein said pressure subjecting means
      comprises means defining an opening to atmosphere from said indicator
      liquid receiving means and means for providing communication between said
      capillary bore and said indicator receiving liquid means at all times.
NUM  16.
PAR  16. The thermometer of claim 13 wherein said elevated temperature is at
      least 1.degree.F. above said reading temperature range.
NUM  17.
PAR  17. The thermometer of claim 13 wherein said stem is formed of a synthetic
      resin.
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ABST
PAL  A helical spring has one end extending at right angles to the axis of the
      spring and affixed to a support platform and another end extending at
      right angles to the axis and at right angles to the one end and
      perpendicularly to the plane of the platform. A handle is provided at the
      other end of the spring. A meter device is coupled to the spring at the
      other end thereof in a manner whereby when the handle is gripped manually
      and moved in a direction about the axis of the spring in a plane
      perpendicular to the axis the meter device indicates the force applied to
      the handle and therefore measures the strength of the hand and arm
      applying the force.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a hand and arm strength measuring device.
PAR  Objects of the invention are to provide a hand and arm strength measuring
      device of simple structure, which is inexpensive in manufacture, and
      functions efficiently, effectively and reliably to measure the strength of
      the hand and arm of a user.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is an axial view of an embodiment of the hand and arm strength
      measuring device of the invention;
PAR  FIG. 2 is a side view of the embodiment of FIG. 1; and
PAR  FIG. 3 is a top view of the embodiment of FIG. 1.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The hand and arm strength measuring device of the invention comprises a
      support platform 1.
PAR  A substantially helical spring 2 has one end 3 extending at substantially
      right angles to the axis 4 (FIG. 2) of the spring and affixed to the
      platform 1. The spring 2 has another end 5 (FIGS. 1 and 2) extending at
      substantially right angles to the axis 4 and substantially perpendicularly
      to the plane of the platform 1.
PAR  A handle 6 (FIGS. 1 and 2) is provided at the other end 5 of the spring 2.
PAR  A meter device 7 (FIG. 3) is coupled to the spring 2 at the other end 5
      thereof in a manner whereby when the handle 6 is gripped manually and
      moved in a direction, indicated by arrows 8 and 9 in FIG. 1, about the
      axis 4 of the spring in a plane substantially perpendicular to said axis,
      the meter device indicates the force applied to the handle and therefore
      measures the strength of the hand and arm applying the force.
PAR  The meter device 7 may comprise any suitable known meter device for
      indicating force and is coupled to the spring 2 by any suitable gear
      coupling arrangement such as, for example, worm gears 10 and 11 (FIG. 2),
      in a manner whereby the meter device measures the resistance of the spring
      to the force applied thereto, thereby measuring such force.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hand and arm strength measuring device, comprising
PA1  A support platform;
PA1  A substantially helical spring having one end extending at substantially
      right angles to the axis of the spring and affixed to the platform and
      another end extending at substantially right angles to the axis and at
      substantially right angles to the one end and substantially
      perpendicularly to the plane of the platform;
PA1  a handle at the other end of the spring; and
PA1  meter means coupled to the spring at the other end thereof in a manner
      whereby when the handle is gripped manually and moved in a direction about
      the axis of the spring in a plane substantially perpendicular to said axis
      the meter means indicates the force applied to the handle and therefore
      measures the strength of the hand and arm applying the force.
NUM  2.
PAR  2. A hand and arm strength measuring device as claimed in claim 1, further
      comprising gear coupling means coupling the meter means to the spring.
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PAL  A method and probe for sampling a high temperature gas mixture wherein a
      sample of the high temperature gas mixture withdrawn by the probe is
      cooled very rapidly to prevent any change in the chemical composition of
      the sample as it is cooled. The probe is elongated having a first
      passageway extending from a sampling orifice at the front end of the probe
      and having a rearwardly directed annular orifice in the first passageway
      communicating with a second passageway. The process includes the steps of
      inserting the front end of the probe containing the sampling orifice into
      the high temperature gas mixture to be sampled, extracting a gas sample
      through the sampling orifice, injecting a relatively cool diluent fluid
      under relatively high pressure through the annular orifice in the probe as
      the gas sample is drawn past the annular orifice and through the probe
      which directs the flow of the diluent fluid into the first passageway of
      the probe away from the sampling orifice to assist in extracting the high
      temperature gas mixture sample to produce a more thorough and rapid mixing
      of the sample of gas with the diluent fluid to preserve the chemical
      composition of the high temperature gas mixture. The high pressure diluent
      fluid expands within the first passageway to mix with the high temperature
      gas mixture sample thereby very rapidly cooling the sample to prevent any
      change in the chemical composition of the sample as it is cooled from its
      initial high temperature condition. The method may additionally include
      utilizing a probe having an external sheath containing a third and fourth
      passageway through which a cooling fluid is flowed to prevent the probe
      from melting or being damaged by the high temperature gas mixture
      environment.
BSUM
PAR  This invention relates to a method for sampling high temperature gases and
      more particularly to a method for sampling high temperature gas mixtures
      in the temperature range of 1,000.degree. to over 30,000.degree. F.
      wherein the chemical composition of a cool sample is very close to the
      chemical composition of the high temperature gas mixture being sampled.
      This invention further contemplates a novel device for sampling high
      temperature gas mixtures.
PAR  In aerospace and other advanced fields of technology, the temperatures at
      which gas samples must be taken from high temperature gas mixtures have
      reached levels too high for reliable operation of conventional sampling
      devices. The principal problem with conventional sampling devices is that
      as the sample of high temperature gases cools, chemical reactions take
      place between the constituents. Therefore, when the gas composition is
      finally measured at low temperature, it is very different from its
      original composition at high temperature. The increasing number of
      technologies utilizing high temperature gas mixtures and the increased
      demand for more precise knowledge of the chemical composition of the gas
      mixtures at the high temperatures experienced in these technologies has
      generated a demand for a method of sampling high temperature gas mixtures
      which is capable of producing a gas sample having a chemical composition
      very close to the composition of the high temperature gas mixture.
PAR  While there has been significant activity in the field of cool probes for
      measuring the enthalpy and the temperature of a high temperature gas
      mixture as described in U.S. Pat. Nos. 3,665,763 to Grey 3,296,865 to
      Blackshear et al. and 3,301,059 to Hass, the foregoing patents have not
      been capable of retaining the chemical composition of the high temperature
      gas mixture when it is cooled. Prior devices for sampling high temperature
      gas mixtures such as shown in U.S. Pat. No. 3,296,865 to Blackshear et al.
      have utilized a cool diluent fluid to reduce the temperature of the high
      temperature gas mixture to a temperature at which the gas sample can be
      analyzed. These prior art devices have not recognized the need to rapidly
      cool the high temperature gas mixture to prevent a change in the chemical
      composition of the sample of gas. The previous devices and systems have
      been concerned primarily with preventing damage to the sampling probe and
      the instrumentation being used to analyze the thermodynamic or physical
      characteristics of the gas mixture. These systems have utilized a diluent
      fluid flowing into the area surrounding the probe or low velocity
      introduction of the cooling diluent fluid into the passageway through the
      probe for the purpose of creating a cool outer layer surrounding the high
      temperature gas sample being drawn through the probe to prevent damage to
      the probe and to gradually cool the sample being drawn through the probe
      until it reaches a temperature at which the thermodynamic or physical
      characteristics of the sample can be measured.
PAR  Accordingly, it is the principal object of the present invention to provide
      a novel method and probe for sampling high temperature gas mixtures which
      retain the original chemical composition of the high temperature gas
      mixture sample when it is cooled.
PAR  Another object of the present invention is to provide a novel method and
      probe for sampling gas mixtures in the temperature range of 1,000.degree.
      to over 30,000.degree.F.
PAR  A further object of the present invention is to provide a novel method and
      probe which are capable of very rapidly cooling a high temperature gas
      mixture within approximately 50 microseconds.
PAR  Another object of the present invention is to provide a novel method and
      probe for sampling high temperature gas mixtures up to and in excess of
      30,000.degree.F. which are capable of preventing plating out of
      condensable gases by very rapidly cooling the gas mixture in such a
      fashion as to cause the condensable gases to form spheroids rather than
      plating out on adjacent cool surfaces.
PAR  A further object of the present invention is to provide a method and device
      for minimizing chemical reactions within an aspirated gas mixture during
      its cool down from high temperatures.
PAR  A still further object of the present invention is to provide a novel
      method and device for sampling high temperature gas mixtures wherein a
      relatively cool and diluent fluid which is combined with the aspirated
      high temperature gas mixture provides jet pumping to withdraw the sample
      from the high temperature gas mixture environment.
PAR  Another object of the present invention is to provide a novel device for
      sampling high temperature gas mixtures and cooling them by the addition of
      a relatively cool diluent fluid to the high temperature gas mixture
      wherein the device is capable of using a gas or liquid as the relatively
      cool diluent fluid.
PAR  A further object of the present invention is to provide a novel method and
      device for sampling high temperature gas mixtures wherein a relatively
      cool diluent fluid is mixed with the high temperature gas mixture samples
      being withdrawn through the probe and wherein the mixing occurs entirely
      within the probe rather than partially within the area surrounding the
      opening in the probe through which the high temperature gas mixture sample
      is withdrawn.
PAR  A still further object of the present invention is to provide a novel probe
      for sampling high temperature gas mixtures wherein the probe mixes a high
      pressure relatively cool diluent fluid into the high temperature gas
      mixture sample being withdrawn through the probe without having any jet
      flow losses caused by the injection of the cool diluent fluid.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent to those persons skilled in the art to which the present
      invention relates, from the following description taken in conjunction
      with the accompanying drawings, wherein:
PAR  FIG. 1 illustrates an embodiment of the invention being utilized to sample
      a high temperature gas mixture such as the exhaust gases from a turbojet
      engine;
PAR  FIG. 2 is a diagramatic view of another embodiment of the invention
      consisting of a sampling and enthalpy or temperature measuring system
      utilizing a probe as illustrated in FIG. 1.
DETD
PAR  Briefly described, the present invention relates to a novel method and
      probe for sampling a high temperature gas mixture wherein the probe is
      elongated having a first passageway extending from a sampling orifice at
      one end of the probe through and a second passageway communicating with an
      annular orifice in the first passageway. The process includes the steps of
      inserting the end of the probe with the sampling orifice into the gas
      mixture to be sampled, extracting the gas sample through the sampling
      orifice, and expanding a relatively cool diluent fluid such as water or
      helium under relatively high pressure through the annular orifice in the
      probe as the gas sample is drawn through the probe, thereby causing the
      diluent fluid to expand and mix with the high temperature gas mixture
      being extracted through the probe to very rapidly cool the gas mixture
      thereby producing a cool sample of the high temperature gas mixture
      retaining the chemical composition of the high temperature gas mixture.
      The preferred embodiment of the invention includes a means for thermally
      insulting the coolant flowing in the second fluid passageway from the
      environment of the high temperature gas mixture by providing a third fluid
      passageway through which a cooling fluid flows and wherein said third
      fluid passageway is disposed between the second fluid passageway and the
      environment.
PAR  The preferred embodiment for practice of the invention includes as its
      primary operative member a probe body 20 having a double walled inner
      elongated annular jacket 21, and an outer elongated annular jacket 22 as
      best illustrated in FIG. 1. The inner jacket 21 includes an inner
      cylindrical wall 23 defining a gas sample passageway 24 having a sampling
      orifice 25 at the forward end thereof and an outer cylindrical wall 26
      providing an annular fluid passageway 27. A forward portion 28 and the
      outer cylindrical wall 26 is flared inwardly and rearwardly to form a
      rearwardly directing deflector for fluid flowing in the direction of the
      arrows in the annular fluid passageway 27. The forward end 23' of the
      inner cylindrical wall 23 is sloped rearwardly as shown in FIG. 1 which
      forms in combination with the flared forward portion 28 a rearwardly
      directing annular orifice 29 in the gas sample passageway 24. At the end
      opposite the annular orifice 29, the annular fluid passageway 27 is
      provided with an inlet communicating with a cooling diluent fluid supply
      line 30.
PAR  The outer jacket 22 includes a coolant chamber inner cylindrical wall 31,
      an outer cylindrical wall 32, and a front end wall 33 defining a fluid
      passageway 34. The fluid passageway 34 is provided with a cylindrical
      partition wall 35 which terminates at its forward end rearwardly of the
      front end wall 33 to define a fluid passageway 34 wherein the inner
      portion of the fluid passageway 34 is provided with an inlet 36
      communicating with a coolant fluid supply line 37, and the outer portion
      of the fluid passageway 34 is provided with an outlet 38 communicating
      with a coolant fluid return line 39.
PAR  It thus will be seen that fluid supplied through line 37 will flow through
      the inlet 36 and the inner portion of the fluid passageway 34, around the
      forwardly disposed end of partition wall 35 and through the outer portion
      of the fluid passageway 34, the outlet 38 and return line 39. Fluid
      introduced through the cooling diluent fluid supply line 30 will flow
      through the annular fluid passageway 27 and out through the rearwardly
      directing annular orifice 29.
PAR  The function of the gas sample passageway 24 is to receive and conduct
      therethrough a sample of the high temperature gas mixture being extracted
      from the high temperature gas mixture environment. The inner elongated
      annular jacket 21 is maintained in concentric relationship with the outer
      elongated jacket by spacers 40 which are positioned between the outer
      cylindrical wall 26 and coolant chamber inner cylindrical wall 31 to
      provide an annular insulating air gap 41 between the inner and outer
      jackets 31.
PAR  FIG. 2 illustrates a system utilizing the probe 20 of the present invention
      to practice the method of the present invention. The system includes the
      probe 20 having a coolant fluid flowing in fluid supply line 37 through
      the cooling fluid passageway 34 and out the fluid return line 39. A cool
      diluent fluid under relatively high pressure flows through the diluent
      fluid flowmeter 42 where the flow of diluent fluid into the probe 20 is
      measured and the diluent fluid then enters the supply line 30 where the
      temperature of the fluid is measured by a thermometer 43. The diluent
      fluid then flows through the annular fluid passageway 27 to be expanded as
      sonic or supersonic velocity through the annular orifice 29 at the forward
      end of the annular fluid passageway 27. A high temperature gas mixture
      sample is drawn through the sampling orifice 25 by the jet pumping action
      of the rearwardly directed discharge of diluent fluid from the annular
      orifice 29 and/or by operation of a vacuum pump 44. The sample of high
      temperature gases and diluent fluid are pushed by the jet action of the
      annular orifice 29 or are drawn by the vacuum pump 44 through a passageway
      45 where the temperature of the cooled gas sample is measured by a sample
      temperature thermometer 46, through a sample flow meter 47, which measures
      the flow of the sample through passageway 45. The sample may then flow
      through the optional condensing system 48 comprising a condenser 49 having
      a coolant fluid flowing in cooling coil 50 to condense any condensible
      gases. The condensed liquid from the sample passes through a condensed
      fluid flowmeter 51 to the drain 52 and the dry sample passes through a dry
      sample flowmeter 53 into the collection flasks 54 by manipulating the
      various control valves 55 in an obvious manner. The samples collected in
      the flasks 54 may be analyzed by a gas chromatograph 56 or alternatively
      by a mass spectrograph, thermal conductivity cell, orsat-type analysis
      system or the like.
PAR  Achievement of the objects of the present invention is shown by the
      following analysis of the cooling time required to cool the high
      temperature gas mixture sample with the probe and system shown in FIGS. 1
      and 2.
PAR  A high temperature gas sample as indicated in FIG. 1, at a temperature T,
      velocity V, density .rho. flows into the sampling orifice 25 of the probe
      20 under approximately isokinetic conditions; therefore, the sample
      velocity just inside the sampling orifice 25 is equal to the free-stream
      velocity. The high pressure cooling diluent fluid at a stagnation
      temperature T.sub.c in annular fluid passageway 27 (shown in FIG. 1) and
      at a stagnation pressure P.sub.c is expanded into the gas sample
      passageway 24 through the annular orifice 29. The gas sample, flows
      through the "curtain" of diluent fluid, being cooled as the sample moves
      through the "curtain" and mixing with the diluent fluid at the same time
      until it exits the "curtain" region at a temperature T.sub.m. The rate of
      diluent fluid flow may be selected to control the final exit temperature
      T.sub.m within a predetermined range. This range may be selected to
      satisfy a desired rate of cooling, to control the condensation of
      constitutents in the sample, or to provide sufficient cooling to prevent
      damage to the probe jackets.
PAR  The time necessary to reduce the temperature of the sample from T to
      T.sub.m may be estimated by making several simplifying assumptions:
PA1  a. The gas properties of the sample such as mass number, specific heat at
      constant pressure, etc. remain at their free-stream values during mixing.
PA1  b. Characteristic mixing lengths are much smaller than the dimension of the
      probe which assumption is not unreasonable for the high diluent fluid
      velocities resulting from the high pressure diluent fluid utilized in this
      invention.
PA1  c. The flow is axially symmetric which assumption is consistent with the
      annular construction of the probe.
PA1  d. Dissipative processes may be neglected during the mixing.
PAR  If the "curtain" of diluent fluid were exactly radial (the velocity V.sub.c
      of the diluent fluid is infinite relative to the high temperature gas
      sample velocity V), assumption (b) above requires that the cooling time be
      simply:
      ##EQU1##
      where: .tau. = quench time, seconds W = annular orifice width, feet
PA1  V = velocity of gas sample, feet/second
PAR  The final gas sample temperature T.sub.m is determined by the overall
      energy balance between the diluent fluid and the high temperature gas
      sample.
PAR  The actual flow pattern, however, resembles the pattern shown on FIG. 1 by
      dashed lines extending from the annular orifice 29, in which the ratio of
      the velocity of the diluent fluid to the velocity of the sample, V.sub.c
      /V, might be on the order of one to ten, rather than being infinite. Under
      the assumptions (b) and (d) cooling will be complete within a time no
      greater than
      ##EQU2##
      where X.sub.q = axial distance for full cooling, feet r = probe inside
      radius, feet
PA1  V.sub.c = velocity of diluent, feet/second
PAL  and where
      ##EQU3##
      where m.sub.c = the mass flow rate of the diluent fluid, pounds/second
      .rho..sub.c = the density of the diluent fluid, pounds/feet.sup.3
PA1  R = the universal gas constant, feet-pounds/mol.degree.F
PA1  P = pressure of the gas sample, pounds/feet.sup.2
PA1  M.sub.c = mass number of the diluent fluid, pounds/mole
PAL  or, for the usual operating condition of a sonic velocity, which is the
      minimum velocity, of the diluent fluid through the annular orifice 29,
EQU  4. T'.sub.c = T.sub.c {2/(.gamma..sub.c + 1)}
PAL  and
EQU  5. P = P.sub.c {2/(.gamma..sub.c + 1)}.sup..sup..gamma.  /(.sup..gamma.
      .sup.-
PAL  so that
      ##EQU4##
      where T'.sub.c = temperature of the diluent gas at the orifice,
      .degree.Rankine
PA1  T.sub.c = stagnation temperature of diluent fluid, .degree.Rankine
PA1  .gamma..sub.c = ratio of specific heats for the diluent fluid
PA1  P = pressure of the gas sample, pounds/feet.sup.2
PA1  P.sub.c = stagnating pressure of diluent fluid, pounds/feet.sup.2
PAR  From an energy balance, which properly does not include the heat transfer
      along the probe length,
      ##EQU5##
      where c.sub.p = specific heat at constant pressure of the gas sample,
      BTU/pound - .degree.Fahrenheit
PA1  c.sub.p = specific heat at constant pressure of the diluent fluid, BTU
      pounds - .degree.Fahrenheit
PAL  and, under the conditions of assumption (a),
      ##EQU6##
      Thus,
      ##EQU7##
      where c.sub.p = specific heat at constant pressure, BTU/pound -
      .degree.Fahrenheit
PA1  M = mass number, pounds/mole
PA1  P = pressure, pounds/feet.sup.2
PA1  T = temperature of the high temperature gas mixture
PA1  T.sub.m = gas/diluent mixture temperature, .degree.Rankine
PA1  V = velocity, feet/second
PA1  W = annular orifice width, feet
PA1  .gamma..sub.c = ratio of specific heats of diluent fluid
PA1  .tau. = cooling time, seconds
PAL  and wherein subscripts
PA1  ().sub.c refers to diluent fluid
PA1  (no subscript) refers to gas sample
PAR  Note that the radius r of the probe gas passageway 24 does not enter into
      the expression explicitly. However, one of the implicit design conditions
      is that the annular cooling orifice width W be sufficiently narrow to
      ensure at least a sonic flow of the diluent fluid wherein for the diluent
      fluid flow rate m.sub.c needed to satisfy the overall energy balance,
      2.phi.rW &lt; A*.sub.c, where A*.sub.c = critical (sonic) area, feet.sup.2.
      Also, the total mixed gas flow after cooling cannot be allowed to choke
      the probe. The seemingly anomalous behaviour of the expression for cooling
      time, wherein .tau. decreases as mixed gas temperature T.sub.m decreases,
      results from the fact that the energy balance requires the coolant mass
      flow m.sub.c to increase with decreasing T.sub.m, which in a
      constant-geometry probe causes V.sub.c to increase, reducing .tau..
PAR  The following example shows an application of the above relationship:
PA1  Gas sample is air,
PA1  T = 4,000R
PA1  p = 14.7 pounds/inch.sup.2 = 14.7 .times. 144 pounds/feet.sup.2
PA1  V = 100 feet/second
PA1  c.sub.p = 0.25
PA1  M = 28
PA1  Diluent/coolant is helium,
PA1  T.sub.c = 600.degree.R
PA1  p.sub.c = 147 pounds/inch.sup.2 = 147 .times. 144 pounds/feet.sup.2
PA1  .gamma..sub.c = 1.67
PA1  M.sub.c = 4
PA1  W = [(.005)/12] feet
PA1  Required cooled gas temperature T.sub.m = 1,000.degree.R
PAR  From the derived equation 9 for cooling time:
      ##EQU8##
PAR  Therefore, .tau. = 22 microseconds.
PAR  The extremely high cooling rates achievable with the present invention
      prevent plating our of condensable gases in passageway 24 by very rapidly
      cooling the gas mixture with the diluent fluid cooling "curtain" thereby
      causing the condensable gases to form spheroids instead of a plating out
      in a layer on inner cylindrical wall 23.
PAR  The outer cooled jacket 22 combined with annular insulating gap 41 isolates
      the inner jacket 21 from the surrounding high temperature gas mixture
      environment, thus making the jacket 21 a calorimeter as fully described in
      U.S. Pat. No. 3,665,763 to Grey. By measuring the diluent fluid mass flow
      rate m.sub.c, its inlet temperature T.sub.c, and the exit mass flow rate
      m.sub.m and the temperature of the cooled mixture of diluent and gas
      sample temperature T.sub.m, the original enthalpy h.sub.s of the high
      temperature gas mixture can be determined as follows:
      ##EQU9##
      where c.sub.p = specific heat at constant pressure of the inlet diluent
      fluid (known as a function of T.sub.c)
PA1  c.sub.p = specific heat at constant pressure of the cooled sample (known as
      a function of T.sub.m and the sample composition measured by the gas
      analyzer 56)
PA1  m.sub.m = mass flow rate of cooled sample, lbs/sec = m + m.sub.c
PAR  The probe 20 is constructed of copper, stainless steel, nickel, or other
      metal capable of withstanding the environment. The heat transfer
      requirements normally would dictate all of the designed characteristics of
      the probe including a passage dimension which can be as small as 0.005
      inch, wall thicknesses which may be as small as 0.003 inch and the
      fabrication methods, as well as the overall probe configuration.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modiviations of the present invention
      which come within the province of those skilled in the at However, it is
      intended that all such variations not departing from the spirit of the
      invention be considered as within the scope thereof as limited solely by
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for sampling a high temperature gas mixture for minimizing
      chemical changes in the sample during cooling of the sample to provide a
      cooled sample of the mixture having a chemical composition very close to
      the original chemical composition of the high temperature gas mixture and
      for forming spheroids of the condensable constituents, said process
      comprising the steps of extracting a gas sample of the high temperature
      gas mixture, directing the sample along a passageway, expanding a
      relatively cool diluent fluid at or above sonic velocity and directing the
      expanded diluent fluid into the passageway as a conical shaped curtain of
      diluent fluid with the apex of the cone directed in the direction of the
      flow of diluent fluid and with the apex of the cone formed generally at
      the center of the passageway to rapidly mix the cool diluent with the high
      temperature gas mixture as the gas sample is extracted along the
      passageway.
NUM  2.
PAR  2. A process for sampling a high temperature gas mixture according to claim
      1 additionally including collecting the cool sample of gas and analyzing
      the collected sample to determine the chemical composition of the sample.
NUM  3.
PAR  3. A process for sampling a high temperature gas mixture with an elongated
      probe having a first passageway extending from a sampling orifice at one
      end of the probe through the probe and a second passageway communicating
      with a rearwardly inclined circumferential slot in communication with said
      sampling orifice in the first passageway in the probe wherein a cooled
      sample of the high temperature gas mixture withdrawn through the probe has
      a chemical composition very close to the chemical composition of the high
      temperature gas mixture and any condensible constituents form spheroids,
      said process comprising inserting the end of the probe with the sampling
      orifice into the gas mixture to be sampled, drawing a gas sample into the
      probe through the sampling orifice, expanding relatively cool diluent
      fluid under relatively high pressure at or above sonic velocity through
      the rearwardly inclined circumferential slot, and directing the expanded
      diluent fluid into the passageway as a conical shaped curtain of diluent
      fluid with the apex of the cone directed in the direction of the flow of
      the gas sample as the gas sample is drawn through the orifice into the
      probe to expand the diluent fluid and mix it with the high temperature gas
      mixture being extracted through the probe to rapidly cool the gas mixture
      thereby minimizing changes in the chemical composition of the high
      temperature gas mixture sample and forming spheroids of any condensable
      constituents.
NUM  4.
PAR  4. A process for sampling a high temperature gas mixture according to claim
      3 additionally including collecting the cool sample of gas and analyzing
      the collected sample to determine the chemical composition of the
      collected sample.
NUM  5.
PAR  5. A process for sampling a heated gas with an elongated probe having a
      first passageway extending along the center of the probe from a sampling
      orifice at one end of the probe, a second passageway concentric with the
      first passageway and communicating with an annular orifice in the first
      passageway, a third passageway concentric with the first passageway and
      extending over an exposed length of the probe and a fourth passageway
      concentric with the third passageway and communicating with the third
      passageway at the end of the probe adjacent the sampling orifice, wherein
      a cooled sample of the high temperature gas mixture retains a chemical
      composition very close to the chemical composition of the high temperature
      gas mixture, said process comprising inserting the end of the probe with
      the sampling orifice into the high temperature gas mixture to be sampled,
      extracting a gas sample through the sampling orifice, injecting relatively
      cool diluent fluid under relatively high pressure at or above sonic
      velocity through the annular orifice at an angle directed away from the
      sampling orifice and into the first passageway as the gas sample is drawn
      through the probe to expand within the first passageway, mix with the gas
      sample and very rapidly cool the gas sample to prevent any change in the
      chemical composition of the gas as it is cooled and flowing a cooling
      fluid through the third and fourth passageways to prevent the probe from
      melting or being damaged by the high temperature gas mixture.
NUM  6.
PAR  6. A probe for sampling a high temperature gas mixture comprising a body
      having a sampling orifice at a forward end thereof, a first fluid
      passageway for receiving a gas sample therethrough from the sampling
      orifice, said body having a second fluid passageway for conducting a high
      pressure cool diluent fluid therethrough, said first passageway having a
      rearwardly inclined circumferential slot receiving the cool diluent fluid
      from the second passageway, said slot being of sufficiently narrow width
      to cause the high pressure cool diluent fluid to expand at or above sonic
      velocity through the slot and said slot directs the fluid into the first
      passageway and away from the sampling orifice as the sample flows through
      the probe.
NUM  7.
PAR  7. A probe for sampling a high temperature gas mixture according to claim
      6, wherein said first fluid passageway is elongated, and said second fluid
      passageway is annular and encompasses said first fluid passageway.
NUM  8.
PAR  8. A probe for sampling a high temperature gas mixture according to claim
      6, additionally including a means for thermally insulating the cooling
      diluent fluid flowing in the second fluid passageway from the high
      temperature gas mixture environment of the body.
NUM  9.
PAR  9. A probe for sampling a high temperature gas mixture according to claim
      8, wherein said means for thermally insulating includes a third fluid
      passageway disposed between said second fluid passageway and the
      environment of said body for thermally insulating the cooling diluent
      fluid flowing in said second fluid passageway.
NUM  10.
PAR  10. A probe for sampling a high temperature gas mixture according to claim
      9, wherein the first fluid passageway is cylindrical, the second fluid
      passageway is annular and encompasses said first fluid passageway, and
      said third fluid passageway is annular and encompasses said second fluid
      passageway in spaced relation.
NUM  11.
PAR  11. A probe for sampling a high temperature gas mixture according to claim
      7, additionally including a means for measuring the temperature of the
      cooling diluent fluid flowing into said second fluid passageway and a
      means for measuring the temperature of the gas sample flowing in said
      first fluid passageway away from the slot.
NUM  12.
PAR  12. A probe for sampling a high temperature gas mixture according to claim
      9 wherein said means for measuring the temperature of the cooling diluent
      fluid comprises a thermocouple disposed in the inlet of said second fluid
      passageway and wherein said means for measuring the temperature of the gas
      sample flowing in said first fluid passageway annular orifice comprises a
      thermocouple disposed in said first fluid passageway.
NUM  13.
PAR  13. A probe for sampling a high temperature gas mixture according to claim
      6, wherein said fluid passageways are coextensive.
NUM  14.
PAR  14. A probe for sampling a high temperature gas mixture according to claim
      6, wherein said body is metallic, said first fluid passageway is
      elongated, said second fluid passageway is annular and encompasses said
      first fluid passageway.
NUM  15.
PAR  15. A probe for sampling a high temperature gas mixture according to claim
      6, wherein said second fluid passageway is thermally insulated from said
      third fluid passageway.
NUM  16.
PAR  16. A probe for sampling a high temperature gas mixture accordingly to
      claim 6, wherein said body is provided with a spacing between said second
      and third fluid passageways.
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ABST
PAL  A device for sampling liquefied gas from a receptacle including a
      sample-receiving container arranged within a compressed-gas vessel, the
      sample-receiving container being double-walled, the interspace in the
      double wall communicating with the receptacle for cooling the
      sample-receiving container by the liquefied gas. The sample-receiving
      container is connected at its upper end to the interspace by a first valve
      and at its lower end to the compressed-gas vessel by a second valve.
      Preferably the second valve is a pressure-sensitive check valve and the
      two valves may be controllably interconnected.
BSUM
PAR  This invention relates to a device for withdrawing a sample of a liquefied
      gas from a container and for the total evaporation of the thus-withdrawn
      liquid for analytical purposes.
PAR  In the utilization of liquefied gases, such as, for example, liquid oxygen,
      liquid nitrogen, or also a liquefied noble gas, it is important to know
      exactly the composition of the gases, especially the proportion of
      dissolved impurities, e.g., hydrocarbons.
PAR  An apparatus for the sampling of liquefied gases stored in storage tanks
      for the purpose of an analytical determination of their composition has
      been known consisting of a capillary tube section disposed within the
      container, one end of this tube extending through the container wall and
      terminating in an evaporator pipe directly adjoining the container wall
      and provided with a heating unit. A sample analyzer, e.g., a gas
      chromatograph, is connected to the other end of the evaporator pipe by way
      of a control valve (German Patent 1,138,257).
PAR  The disadvantage of this conventional apparatus resides in that a fixed
      installation within the storage tank is required for its operation. As a
      consequence, the apparatus can only be used in conjunction with a single
      storage tank.
PAR  Additionally, the analysis can only be conducted at the site where the
      sample is withdrawn, resulting in considerable expenditure. A further
      disadvantage of the conventional device resides in that it is impossible
      to ensure with certainty that the gaseous mixture flowing toward the
      analyzer has the same composition as the liquid to be examined. Due to the
      differing boiling points of the components of the liquid evaporating in
      the evaporator pipe, the lower-boiling components are first primarily
      evaporated and flow toward the analyzer, whereas the higher-boiling
      components follow subsequently in concentrated form.
PAR  This invention is based on the problem of developing a simple device which
      can be used as a mobile unit for the sampling of a liquefied gas and for
      the total evaporation of the thus-withdrawn liquid wherein assurance is
      obtained that, after the phase conversion, the thus-produced gas has the
      same composition as the liquid.
PAR  This problem is solved by providing an apparatus consisting of a cooled
      sample-receiving container and a compressed-gas container, wherein the
      sample-receiving container is in communication with the tank via a first
      shut-off element and with the compressed-gas container by way of a second
      shut-off element.
PAR  According to the invention, the liquid to be tested, e.g., liquefied
      oxygen, liquefied nitrogen, or also a liquefied noble gas, is withdrawn
      from a storage tank or also directly from a corresponding low-temperature
      separation plant, and fed to the sample-receiving container (sampling
      vessel) by way of the opened first shut-off element. Since this container,
      just as the connection lines, is cooled at least to the boiling
      temperature of the liquid to be treated and, according to a further
      feature, is provided with a thermal insulation, no evaporation of the
      liquid takes place within the sample-receiving container, so that the
      liquid remains in its original composition.
PAR  As soon as the sample-receiving container is filled with liquid, or as soon
      as the liquid level in the sample-receiving container has reached a
      certain height, the first shut-off element is closed again, whereby the
      sample has now been isolated. At this point, the second shut-off element
      is opened, establishing a connection between the sample-receiving
      container and the compressed-air vessel. The liquid present in the
      sample-receiving container flows in its original composition from the
      latter container into the warm compressed-gas vessel, wherein a very rapid
      and complete evaporation of the transferred liquid takes place; at the
      same time, a certain excess pressure arises which makes it possible to
      feed the gas to an analyzer without any special conveying means. The
      thus-filled device can be transported to any desired locations in any
      possible manner, for example to a laboratory equipped for conducting the
      analysis.
PAR  It has thus been made possible by the present invention to feed a liquid to
      be tested, consisting of several components, without a change in its
      composition in the form of a gaseous mixture to an appropriate analyzing
      apparatus (instrument).
PAR  The second shut-off element can be operated manually or also automatically.
      It is also possible to couple this element with the first shut-off
      element. In this case, if the first shut-off element is activated, the
      second element will be automatically opened as soon as the first has been
      closed.
PAR  However, especially from a constructional viewpoint, it proved to be very
      advantageous to control the second shut-off element by way of the pressure
      in the sample-receiving container. The second shut-off element, which in
      this case is advantageously a check valve set to a predetermined pressure,
      is automatically opened as soon as the pressure in the sample-receiving
      container exceeds the set pressure of the check valve, so that now liquid
      flows into the warm compressed-gas vessel and is very quickly evaporated
      therein. The pressure in the sample-receiving container rises already
      after the vaporation of a minute portion of the collected liquid above the
      set pressure of the check valve, which occurs within a short period of
      time due to the provided introduction of heat.
PAR  Advantageously, the second shut-off element is in communication with the
      lower zone of the sample-receiving container, and the first shut-off
      element is in communication with the upper zone of this container.
PAR  Especially if the closing of the first shut-off element and the opening of
      the second shut-off element take place only once, the sample-receiving
      container is filled entirely with liquid, it is possible in a particularly
      simple manner to make available an exactly defined amount of liquid for
      purposes of analysis, the volume of this liquid corresponding exactly to
      the volume of the sample-receiving container.
PAR  The sample-receiving container can be cooled in any desired manner.
      However, it proved to be advantageous to utilize a portion of the liquid
      to be examined for cooling purposes. In this case, the sample-receiving
      container can be provided with an external jacket and an internal jacket,
      the interspace between both jackets being in communication, on the one
      hand, with the liquid tank and, on the other hand, via the first shut-off
      element with the sample-receiving container. Furthermore, the interspace
      is provided with an additional discharge line for gas or liquid. The
      cooling effect is now obtained by the introduction of cold liquid into the
      interspace. During the cooling period, wherein at least a part of the
      liquid in the interspace is evaporated and is discharged by way of the
      corresponding gas or liquid discharge line, the first shut-off element is
      closed. The latter is opened only after the cooling step is terminated, as
      registered by the exit of liquid via the gas or liquid discharge line. At
      this point in time, a portion of the liquid flowing in the interspace can
      flow, without phase change, into the sample-receiving container.
PAR  Any suitable material can be used to provide for the thermal insulation of
      the sample-receiving container. However, it proved to be advantageous to
      employ as thermal insulation directly the atmosphere of the compressed-gas
      vessel, which is of poor thermal conductivity. This is achieved by
      arranging the sample-receiving container within the compressed-gas vessel.
      The apparatus of this invention is thus advantageously suitable for the
      accurate analysis of samples of liquified, deep-cooled gases consisting of
      one or more primary components and any desired number of secondary
      components. Moreover, the apparatus can be utilized at any location and
      can be transported over arbitrary distances. Accordingly, there is the
      possibility of examining the sample withdrawn from a tank, for example, in
      a laboratory located at a distance from such tank, rather than directly at
      the tank site.
DRWD
PAR  Additional explanations of the invention can be derived from the embodiment
      schematically illustrated in the FIGURE.
DETD
PAR  According to the drawing, a sample-receiving container is disposed within a
      compressed-gas vessel 1. The lower zone of the sample-receiving container
      2 is connected, by way of a check valve 3, with the inner space of the
      compressed-gas vessel 1, while the upper zone is in communication, via a
      valve 4, with the interspace 5 formed by the walls 6 and 7 of the
      sample-receiving container 2. The interspace 5 is additionally equipped
      with a connection 8 in communication, during the sample withdrawal, with a
      tank containing the liquid to be tested. Moreover, the interspace 5 is in
      communication with a gas or liquid discharge conduit 9. During the
      sampling step, the connection 8 is coupled to a tank containing the liquid
      to be examined, so that the liquid now flows under minor excess pressure
      into the interspace 5 by way of the connection 8. In the interspace 5, the
      liquid is at least partially evaporated in heat exchange with the
      sample-receiving container 2 which is initially still warm. The
      thus-produced liquid-vapor mixture is withdrawn from the interspace by way
      of conduit 9. As soon as the sample-receiving container is cooled to at
      least the boiling point of the liquid, which is the case when a uniform
      stream of liquid exits from conduit 9, the valve 4 is opened so that now a
      portion of the liquid flows into the sample-receiving container 2 and
      fills same within a specific period of time up to the top rim which
      simultaneously forms the valve seat. Once the sample-receiving container 2
      is completely filled with the liquid, the valve 4 is closed. As a
      consequence, the pressure in the sample-receiving container will now rise
      already by the evaporation of a very small amount of liquid.
PAR  As soon as the pressure in the sample-receiving container effective upon
      the check valve 3 exceeds the set pressure of the check valve 3,
      predetermined by the bias of the spring 10, the check valve opens and the
      collected liquid flows into the compressed gas vessel 1 wherein a very
      rapid and complete evaporation takes place. In the compressed-gas vessel,
      a gas is now present which corresponds exactly to the composition of the
      liquid. This gas can then be withdrawn via the valve 11 and subjected to
      immediate analysis. However, it is also possible to transport the entire
      apparatus into a laboratory and conduct the analysis of the gas only at
      that location.
PAR  For safety reasons and for monitoring purposes, the compressed-gas vessel
      is additionally provided with a bursting disc 12 and a manometer 13.
PAR  Due to the fact that the valve 4 is closed only once the sample-receiving
      container is filled completely with liquid it is made possible to provide
      an exactly predetermined quantity of liquid for analysis purposes, the
      volume of this liquid corresponding exactly to the volume of the
      sample-receiving container.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for sampling a liquified gas from a receptacle and for the
      total evaporation of the thus-withdrawn liquid comprising:
PA1  a cooled sample-receiving container;
PA1  a compressed-gas vessel;
PA1  first controllable communication means, including a first valve, between
      said sample-receiving container and said receptacle; and
PA1  second controllable communication means, including a second valve, between
      said sample-receiving container and said compressed-gas vessel for
      releasing said liquified gas in the liquid phase into said compressed-gas
      vessel for evaporation therein.
NUM  2.
PAR  2. The device according to claim 2, wherein said sample-receiving container
      is thermally insulated.
NUM  3.
PAR  3. The device according to claim 2, wherein said sample-receiving container
      is arranged within said compressed-gas vessel and wherein the atmosphere
      of said compressed gas vessel provides the thermal insulation for said
      sample-receiving container.
NUM  4.
PAR  4. The device according to claim 3, wherein said sample-receiving container
      includes an external jacket and an internal jacket forming a double-wall
      with an interspace therebetween and wherein said interspace forms a
      portion of said first communication means between said receptacle and said
      first valve.
NUM  5.
PAR  5. The device according to claim 4, wherein said sample-receiving container
      includes an upper zone and a lower zone and wherein said first valve
      establishes connection to said upper zone and said second valve
      establishes connection to said lower zone.
NUM  6.
PAR  6. The device according to claim 1, wherein said second valve is a
      pressure-sensitive check valve.
NUM  7.
PAR  7. The device according to claim 4, wherein said second valve is a
      pressure-sensitive check valve.
NUM  8.
PAR  8. The device according to claim 5, wherein said second valve is a
      pressure-sensitive check valve.
NUM  9.
PAR  9. The device according to claim 1, also including means for controllably
      connecting said first valve with said second valve.
NUM  10.
PAR  10. The device according to claim 4, also including a discharge conduit for
      said interspace.
NUM  11.
PAR  11. A method for transferring a sample of a liquid from a receptacle to a
      compressed-gas vessel comprising the steps:
PA1  providing a double-walled sample-receiving container with the
      compressed-gas vessel;
PA1  insulating the sample-receiving container with the atmosphere of the
      compressed-gas vessel;
PA1  venting said liquid between the double walls of the sample-receiving
      container until the sample-receiving container is cooled at least to the
      boiling point of the said liquid;
PA1  filling the cooled sample-receiving container with the said liquid;
PA1  releasing at least a portion of said liquid from the sample-receiving
      container into the compressed gas vessel; and
PA1  evaporating said released liquid in the compressed-gas vessel.
NUM  12.
PAR  12. A method according to claim 11, wherein the step of filling the cooled
      sample-receiving container includes the step of automatically measuring a
      precise amount of the said liquid.
NUM  13.
PAR  13. A method according to claim 12, also including after the step of
      filling, the step of automatically releasing the contents of the
      sample-receiving container at a predetermined pressure.
NUM  14.
PAR  14. A method according to claim 11, wherein said liquid is a cryogenic
      liquid having a normal boiling point below 0.degree. C.
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ABST
PAL  A pipette involving a tube of plastic having a discharge end and a bulb of
      flexible plastic integrally united with the tube toward its opposite end.
      The tube preferably extends into the bulb a way, to permit overflow,
      whereby to establish a fixed volume equal to the volume of the tube. By
      making the bulb of clear or translucent plastic, activity within the bulb
      may be observed and controlled.
PARN
PAR  This is a continuation of application Ser. No. 3398, filed Jan. 16, 1970
      now abandoned.
BSUM
PAR  My invention relates to laboratory equipment and more particularly to
      measuring and dispensing devices known as pipettes.
PAR  Pipettes basically involve a tube of glass having a narrowed or restricted
      tip at one end and a soft or flexible bulb of rubber assembled onto the
      opposite end. Aside from the fact that glass is fragile and must be
      handled with care, it is wettable by liquids and consequently, the
      tendency of liquids to adhere thereto may result in a film or droplets
      adhering to the inner wall and outer wall of the tip, following
      discharging of the contents of the pipette. While the volume of liquid
      involved in such film or droplets may appear quite small, it must be kept
      in mind that pipettes may be designed to handle quantities measured in
      micro-liters (millionths of a liter), and percentagewise, such residual
      liquid clinging to the walls of the pipette, could introduce unwanted
      errors.
PAR  In addition, rubber bulbs are opaque, and consequently, measurements to the
      full capacity of the tube are not determinable with accuracy. Accordingly,
      in some cases, an indication is placed on the observable portion of the
      tube, to indicate a fixed or predetermined volume which may be measured by
      observation with a reasonable degree of accuracy, depending on the care
      exercised, but this obviously cannot assure uniformity of results.
PAR  Among the objects of my invention are;
PAR  1. To provide a novel and improved pipette;
PAR  2. To provide a novel and improved pipette of nonwettable material such as
      plastic;
PAR  3. To provide a novel and improved pipette in which the bulb is integral
      with the tube;
PAR  4. To provide a novel and improved pipette in which full capacity of the
      tube may be utilized without the exercise of appreciable care;
PAR  5. To provide a novel and improved pipette which may be fabricated so
      economically as to render it a disposable item;
PAR  6. To provide a novel and improved pipette which lends itself to being
      molded with the bulb integral with the tube;
PAR  7. To provide a novel and improved pipette in which the bulb is clear or
      translucent and integrally united with the tube;
PAR  8. To provide a novel and improved pipette capable of being adjusted as to
      capacity.
DRWD
PAR  Additional objects of my invention will be brought out in the following
      description of a preferred embodiment of the same, taken in conjunction
      with the accompanying drawings wherein;
PAR  FIG. 1 is a view, in section, through a pipette of the Pasteur or transfer
      type, embodying the present invention;
PAR  FIG. 2 is a view, in section, depicting the invention as embodied in a
      pipette of the micro-liter type;
PAR  FIG. 3 is a view, in section, through a pipette of the present invention
      adapted for accurate removal of a predetermined minute quantity of liquid
      from deep within a narrow receptacle such as a test tube; and
PAR  FIG. 4 is a view depicting a lock feature employable in the assembly of a
      pipette of the present invention.
DETD
PAR  Referring to the drawings for details of my invention in its preferred
      form, the same involves a tube 1 of plastic, which may include a narrowed
      or restricted tip 3 at one end, and integrally united with the tube at its
      other end, is a bulb 5 of preferably similar material, the bulb comprising
      a cylindrical portion 7 of greater diameter than the tube to which it is
      integrally united. The open or free end of the cylindrical portion is
      spanned by a frictionally fitting plug or cap 9 having a vent opening 11
      therethrough, controllable by the use of one's finger.
PAR  Preferably, the tube 1 extends into the bulb 5 a short distance, to form an
      extension 13 and provide a catch basin 15. This construction imparts an
      important advantage, in that the total tube including the extension, may
      now be utilized as a precise measuring unit, for, by drawing in sufficient
      liquid to produce a slight overflow, the excess will spill over into the
      catch basin, and only that volume within the tube may be discharged upon
      squeezing the bulb. Thus a precise and exact measurement of liquid can be
      realized and without the exercise of appreciable care.
PAR  To utilize this feature to maximum advantage, the bulb and tube may be made
      of a clear or translucent plastic, whereby one may, by casual observation,
      limit the extent of overflow.
PAR  An additional and extremely important feature of the present invention,
      lies in the fact that by adding a cap to finish off the bulb, it permits
      of the bulb and tube being molded integrally and with the extention 13,
      for it is essential in molding a product of this character, that the
      corepins be removable, and the present design allows for this.
PAR  The importance of this lies in the fact that the units may now be
      fabricated of moldable material such as plastic, and so economically as to
      place them in the category of disposable items.
PAR  And inasmuch as clear or translucent flexible plastic is available, the
      ability to make the bulb of such material becomes of paramount importance.
PAR  In molding the bulb integral with the tube, not only will leakage at this
      point become an impossibility, but it renders it impossible to remove the
      bulb for use with another tube, which practice could conceivably lead to
      contamination.
PAR  In FIG. 2 is depicted a pipette or the micro-liter type embodying the
      features of the present invention, and one which is capable of being
      molded in the same manner as the embodiment of FIG. 1.
PAR  A pipette of the micro-liter type, being one designed to dispense
      exceedingly small quantities of liquid, measured in the millionths of
      liter, it will normally have a very small diameter bore within the
      narrowed or restricted discharge end 3 of the tube, and the tube will
      also, at its opposite end within the bulb, be provided with a narrowed or
      restricted tip 19 having a very small diameter bore, to assure capillary
      retention of liquid in the tube until forced out by squeezing of the bulb.
PAR  In the embodiment under consideration, the inwardly extending end 21 of the
      tube 1 will be molded with an enlarged inside diameter, and the narrowed
      or restricted tip 19 for use at this end of the tube, will be molded
      separately and with a neck 23 of reduced outside diameter to provide a
      friction or telescoping fit with the end 21, for assembling the one to the
      other.
PAR  To reduce the number of molding operations, this restricted end tip 19 may
      be molded integral with the vented plug or cap 9 by forming therewith two
      or more stiff connecting free ribs 27, or in lieu thereof, one might mold
      a cylindrical connecting screen joining the cap and restricted end tip
      into a unitized assembly.
PAR  In this embodiment, an accurate and precisely measurable volume of liquid
      is represented by the volume of the tube 1 including both of its narrowed
      or restricted ends, and by drawing in sufficient liquid to provide
      overflow into the bulb, such precise measurement will be realized without
      the exercise of any degree of care. Where fractional portions of the
      contents, are to be dispensed, the tube may be calibrated.
PAR  In connection with this embodiment of the invention, is depicted a means
      for increasing the capacity of the pipette, through the insertion of one
      or more tube segments 29 preferably of calibrated volume, whereby the
      ultimate capacity of the pipette may be readily determined.
PAR  For this purpose, the discharge tip portion of the tube is molded as a
      separate element and adapted to be removably secured to the tube proper by
      a frictional connection, as by molding the free end 31 of the tube proper,
      to a reduced outside diameter and molding the attachable end 33 of the
      discharge tip portion of the tube with a complementary increased inside
      diameter, to permit telescoping the one to the other with a frictional
      fit. By molding the installable intermediate sections 23 with
      corresponding mating ends, one or more of such intermediate installable
      sections may be added, to correspondingly increase the overall capacity of
      the pipette. When so increased, the joint lines may function as
      graduations to enable volume determinations.
PAR  In this connection, however, one may not desire to rely exclusively on a
      frictionl fit, to retain the elements in leakproof assembled relationship,
      for should the components not be assembled all the way or should one or
      more of the joints be accidently forced from a total mating relationship,
      the calibration of the pipette will be to that extent upset.
PAR  Accordingly, I provide a locking feature, which will lock the various
      components in their assembled leakproof relationship, and only when such
      relationship results in a full mating of the components.
PAR  Such locking means may take the form of an internal rib 37 at the extreme
      edge of one element and a complementary groove 30 in the mating end of an
      adjacent element, into which groove the rib will snap, and then only when
      the mating ends are in full mating relationship.
PAR  Preferably, the spacing of the rib from the full thickness portion of its
      associated component is made very slightly less than the corresponding
      distance of the groove from the end of its associated component, whereby,
      upon snapping of the rib into the groove, a prestressed condition will
      exist, assuring maintained pressure engagement between the facing ends of
      the mating components. Such lock may be applied to cap 9.
PAR  The embodiment of the invention illustrated in FIG. 3 is capable of
      accurately handling liquid in extremely small volumes, and is designed to
      permit removal and transfer of such volume from deep within a narrow
      receptacle, such as a test tube, for example, without the necessity of
      first tilting such receptacle to bring its contents close to the mouth
      thereof, as is required with some pipettes. Likewise it enables convenient
      discharge of minute volumes of liquid to the lower region of deep narrow
      receptacles without wetting the walls of such receptacles.
PAR  Toward this end, the bulb 5 may include a bottom extension 45 of smaller
      diameter, capable of entering the narrow receptacle from which liquid is
      to be withdrawn or into which liquid is to be discharged. This bulb with
      its bottom extension may be molded integral with the tube 1 in the manner
      of the pipette of FIG. 1. For minute volumes, the tube 1 of FIG. 3 will be
      small and have a small bore.
PAR  Where it might be desirable to render the bottom extension 45 adjustable as
      to length, it might be separable and segmented along the lines described
      in connection with tube 1 of the embodiment of FIG. 2, whereby segments
      may be inserted to the number required to realize the length desired.
PAR  The construction of the embodiment of FIG. 3, places no limitation as to
      the volume of the tube 1. Accordingly this tube can be a capillary tube
      and of varying degrees of length and internal diameter and where the bulb
      extension 45 is separable, tubes of different volume may be selectively
      utilized to satisfy different requirements.
PAR  When the pipette of the present invention is of a nonwettable plastic such
      as teflon, polypropylene, polyethelene, etc., liquid will not adhere
      thereto. This assures complete discharge of the contents of the tube
      portion of the pipette, and this could become a very important factor from
      the viewpoint of accuracy, particularly where minute volumes are involved.
PAR  From the foregoing description of my invention in its preferred form, it
      will be apparent that the same is subject to some alteration and
      modification without departing from the underlying principles involved,
      and I accordingly do not desire to be limited in my protection to the
      details of my invention as illustrated and described but desired to
      include all equivalents thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pipette comprising a tube of plastic and a bulb of flexible plastic,
      said bulb including a bottom extension of smaller diameter and being
      integrally united to said tube at the lower end of said bottom extension.
NUM  2.
PAR  2. A pipette in accordance with claim 1, characterized by said bottom
      extension being separable.
NUM  3.
PAR  3. A pipette comprising a tube of plastic and a bulb of greater average
      diameter than said tube, said bulb being of flexible plastic in axial
      alignment with and integrally injection molded with said tube adjacent an
      end thereof and in flow relationship therewith, whereby to form a molded
      one piece unitary structure with a continuous and uninterruptable
      connection between said tube and said bulb.
NUM  4.
PAR  4. A pipette in accordance with claim 3, characterized by said flexible
      bulb having a vent opening at a location conveniently accessible to one's
      finger while said pipette is in use.
NUM  5.
PAR  5. A pipette in accordance with claim 3, characterized by said bulb
      including a substantially cylindrical wall, said cylinder wall being
      integrally molded with said tube to form said unit device, said
      cylindrical wall being left with a free end, and a cap at the free end of
      said cylindrical wall.
NUM  6.
PAR  6. A pipette in accordance with claim 3, characterized by said cap having a
      vent opening therein.
NUM  7.
PAR  7. A pipette comprising a tube of plastic and a bulb of greater average
      diameter than said tube, said bulb being of flexible plastic in axial
      alignment with and integrally molded with said tube adjacent an end
      thereof and in flow relationship therewith, whereby to form a molded one
      piece unitary structure with a continuous and uninterrupted connection
      between said tube and said bulb, said tube including an extension into
      said bulb to provide an overflow catch basin and said bulb having a volume
      exceeding that of said tube to enable overfilling of said tube, and being
      at least partially transparent to enable to observe overflow into said
      catch basin.
NUM  8.
PAR  8. A pipette in accordance with claim 7, characterized by a tapered tip
      installed on the end of said extension within said bulb.
NUM  9.
PAR  9. A pipette comprising a tube of plastic and a bulb of greater average
      diameter than said tube, said bulb being of flexible plastic in axial
      alignment with and integrally molded with said tube adjacent an end
      thereof and in flow relationship therewith, whereby to form a molded one
      piece unitary structure with a continuous and uninterrupted connection
      between said tube and said bulb, said tube including at least two
      assembled sections, connectible in end to end relationship by interfitting
      ends forming a leak proof connection, and means for increasing the length
      of said pipette.
NUM  10.
PAR  10. A pipette in accordance with claim 9, characterized by said leak proof
      connection including an outer telescoping end on one section and an inner
      telescoping end frictionally fitting said outer telescoping end, said
      inner telescoping end having a circumferential channel and said outer
      telescoping end having an inwardly facing circumferential rib adapted to
      snap into said channel upon telescoping the ends of adjacent sections, and
      further characterized by said means for increasing the length of said
      pipette as including a third section having one end formed to provide a
      complementary fit with the interfitting end of one of said two sections,
      and having its other end formed to provide a complementary fit with the
      interfitting end of the other of said two sections.
NUM  11.
PAR  11. A pipette comprising a tube of precalibrated capacity and of
      non-wettable material, a catch basin surrounding said tube adjacent an end
      thereof and forming a unitary structure therewith, and a partial bulb of
      flexible and at least partially transparent material, adapted for
      removable attachment to said catch basin to complete said bulb and enable
      interchangeability of said tube with others of like or different
      calibration whereby upon filling any such tube to overflowing as
      observable through said bulb, an accurate volume equal to the
      precalibrated capacity of said tube can be realized.
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PAL  A measuring instrument such as a manometer adapted to be mounted in a fluid
      pressure system and having a rigid, generally closed instrument casing,
      the rear wall of which is provided with an opening in which there is
      inserted a blow out security element which is combined with a deformable
      bellow member extending into the casing so as to be able to accomodate
      thermal expansion and contraction of the gas or liquid enclosed within the
      casing, the interior of the bellow being connected to the atmosphere
      through a passage in the outer portion of said blow out security element.
      Further, as a separate sales article for mounting in an opening in the
      casing wall of an already existing measuring instrument, an insert unit
      made as a blow out element having integrally or disintegrally associated
      therewith a bellow member operable to be inserted through said opening
      when the insert unit is mounted in the opening.
BSUM
PAR  The present invention relates to a measuring instrument such as a liquid
      filled manometer, comprising a rigid casing having an opening in a wall
      portion thereof and a security plate or stopper member sealingly inserted
      in said opening so as to be able to be blown out from the opening by an
      excessive overpressure inside said instrument casing, while inside the
      casing there is mounted a bellow member, the interior of which is
      connected to the atmosphere outside the casing through a vent hole in the
      wall of the casing. Normally the instrument casing is made as a metal bowl
      member closed by a front glass and containing a scale plate, a pointer,
      and a measuring system for moving the pointer in accordance with the value
      to be measured. Especially manometers, but sometimes even other kinds of
      measuring instruments such as thermometers, are connected to pressure
      sources without, of course, the pressure getting access to the casing of
      the instrument. In manometers the pressure sensitive measuring system
      normally comprises a so-called Bourdon tube which is an arched tube of
      oval cross section, closed at one end and at its other end connected to a
      connector tube stud extending through the wall of the casing, when the
      tube stud is connected to a pressure pipe the internal pressure in the
      Bourdon tube will tend to straighten out this tube, and the resulting
      deplacement of the closed end thereof is transferred to the pointer, e.g.
      by means of a rack and pinion arrangement.
PAR  It could possibly happen that the Bourdon tube is blown up by a high
      pressure or breaks for some other reason, whereby the casing of the
      manometer would be subject to an excessive internal pressure which could
      cause a rigid and tight casing to explode or the glass thereof to be
      blasted into the face of a person standing in front of the instrument. Of
      course the instrument casing should be tight in order to exclude dust from
      the measuring system, and it has been prescribed, therefore, that for
      security against such explosions the instrument casings whenever possible
      should be provided with a rear wall portion which is mounted so as to be
      able to be blown out by an excessive internal pressure, before the entire
      casing would explode, this wall portion normally being called a blow out
      disc or stopper.
PAR  Another problem is that if the instrument casing is tight the changes of
      the temperature would give rise to pressure variations inside the housing,
      and for avoiding such pressure variations it is customary practice to
      provide the casing wall with a narrow venting hole through which the air
      pressure inside and outside the instrument casing will be equalised.
PAR  It is desirable, however, to let the instrument casing be entirely filled
      with a damping and lubricating liquid such as glycerine, and in such
      instruments, of course, the said narrow hole in the wall of the casing
      would enable an outflow of the liquid or the vapour thereof. It has been
      suggested, therefore, to arrange a resiliently deformable bellow member
      inside the casing, the interior of this bellow member being connected to
      the said narrow venting hole, whereby the air pressure inside the bellow
      member and the liquid pressure outside the bellow member will always be
      equalized. Such an instrument, therefore, should be provided both with
      said bellow and with said blow out wall portion.
PAR  It is the purpose of this invention to provide a measuring instrument of
      the type referred to, in which the blow out wall portion and the pressure
      equalizing bellow member are arranged in a simple manner and are easy to
      mount.
PAR  According to the invention the bellow member is mounted in connection with
      the blow-out disc or stopper, in which the venting hole is provided. In
      this manner the pressure equalizing bellow is directly associated with the
      blow out wall portion, and for obtaining the desired result it is
      sufficient, therefore, to provide the instrument casing with a wide hole
      and mount therein in a releasable manner an element consisting of a wall
      portion fitting in the hole and having a venting hole and a bellow member
      located behind this hole, i.e. a self contained element which is easy to
      produce and to mount and which obviates e.g. the problem of sealingly
      connecting a bellow member to a venting hole in the casing wall itself.
DRWD
PAR  In the following, by way of example, the invention is described in more
      detail with reference to the accompanying drawing, in which
PAR  FIG. 1 is a general perspective view of a manometer according to the
      invention, seen from its rear side,
PAR  FIG. 2 is a sectional view of the said blow out wall portion and bellow
      unit, and
PAR  FIG. 3 is a corresponding view of a preferred embodiment thereof.
DETD
PAR  In FIG. 1 a manometer 2 is shown from its rear side. In the rear wall 4 of
      the rigid, bowl-shaped metal casing thereof there is provided a wide hole
      5 in which there is inserted a disc member 6 having a narrow hole 8. A
      bellow member 10 is associated with the interior side of the disc so as to
      communicate with the atmosphere through the hole 8. The bellow is easily
      deformable so as to accomodate to the volume variations of the medium
      filling the manometer casing, preferably a liquid such as glycerine, and
      the disc 6 is held in the hole 5 so as to be able to be blown out
      therefrom should a moderate overpressure arise inside the manometer
      casing.
PAR  The disc 6 may be of a semi hard plastics and the bellow 10 may be secured
      to the disc by welding or otherwise so as to be unitary with the disc 6.
      However, FIG. 2 shows a preferred arrangement in which the bellow 10 is a
      separate thin walled cup member of an easily bendable plastics or rubber,
      the free edge of which is of increased wall thickness and is provided with
      an exterior annular groove 12 with which the cup member fits loosely in
      the hole 5. The disc 6 is forced into an interior annular groove or rebate
      14 in the cup edge portion, and the diameter of the disc is so adapted
      that the edge of the disc will urge the relatively soft material of the
      cup edge sealingly against the edge of the hole 5.
PAR  Should an overpressure arise inside the manometer casing the wall of the
      groove 12 inside the edge of the hole 5 will not be able to hold the
      bellow member against the pressure, and the entire bellow and disc
      assembly will get blown out of the hole. The said groove wall portion is
      designated 16, and it may of course be designed so as to withstand any
      specified overpressure.
PAR  Obviously, the detailed arrangement of the disc and bellow structure can be
      largely modified within the scope of the invention, depending also on the
      expected degree of volume variation of the bellow member. The bellow
      should not necessarily have a cylindric wall portion, i.e. it could be
      reduced to a membrane-like structure. It will be understood that for the
      operation of the device it is not imperative that the hole 8 be an
      expressed narrow hole, since the interior of the instrument is effectively
      protected by the unbroken bellow or membrane. As shown in FIG. 2 it is
      advantageous that the soft material of the bellow is used for sealing
      against the hole in the wall 4, but, of course, other sealing arrangements
      would be possible.
PAR  In a preferred embodiment as shown in FIG. 3 the ring or disc member 6 has
      an exterior radial flange portion 7, and the outer circumference of the
      central disc portion has an annular, radially protruding rib 9 which, when
      the disc is inserted in the front end of the bellow member, causes the
      bellow wall material to be pressed outwardly behind the edge of the hole
      in the wall 4, as shown in the lower half of FIG. 3.  However, the holding
      of the bellow and disc unit will have the same releasable character as
      that described above, and due to the diameter of the bellow member not
      being larger than that of the hole 5 the unit will be safely blown out in
      case of an overpressure. If the bellow was thicker than the hole 5 there
      could be a risk of the bellow not being blown out, but being forced to
      block the hole and thus jeopardize the safety against explosion of the
      casing.
PAR  Theoretically the disc 6 could cover the entire rear side of the
      instrument, but it is highly advantageous that the disc and bellow unit
      occupies a small wall area only, since the remaining rigid wall is then
      usable as a mounting base for means for supporting the instrument e.g. on
      an instrument board.
PAR  The invention also comprises the unit 6,10 as a separate article for use in
      connection with already existing instruments, and it should be mentioned
      that the system according to the invention may be used advantageously also
      with such instruments which are not liquid filled, and not even capable of
      producing an excessive overpressure, but in which it is desired to have a
      tight instrument casing with a compensator for thermal volume variations
      of the medium inside the casing. The invention according to this aspect
      thereof provides for a very simple mounting of such a compensator, because
      it is easily mounted from the outside of the instrument casing and sealed
      against the edge of the hole 5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A measuring instrument comprising a rigid instrument casing having an
      opening in a wall portion thereof and a security disc or stopper member
      sealingly inserted in said opening so as to be able to be blown out from
      the opening by an excessive overpressure inside the casing, said
      instrument further having a pressure equalizing bellow member located
      inside the casing and the interior of which is connected to the atmosphere
      outside the casing through vent hole means in the wall of the casing,
      characterized in that the bellow member is mounted in connection with the
      blow out member, the said vent hole means being provided in the blow out
      member.
NUM  2.
PAR  2. An instrument according to claim 1, characterized in that the bellow
      member has an annular edge portion fitting into said wall opening and that
      the security member is sealingly mounted in the opening with said edge
      portion of the bellow situated between the edge of the opening and a
      circumference portion of the security member.
NUM  3.
PAR  3. An instrument according to claim 1, in which the largest width or
      diameter of the bellow member is smaller or at least not considerably
      larger than the diameter of the said wall opening.
NUM  4.
PAR  4. An insert unit for a measuring instrument according to claim 1,
      characterized by consisting of a deformable bellow member having a
      substantially rigid wall portion operable to be received in a sealed, yet
      retractable manner in an opening in the wall of the instrument casing, and
      a bellow portion adapted to thereby be situated inside the casing, said
      rigid wall portion being provided with vent hole means through which the
      interior of the bellow portion is connected to the atmosphere outside the
      rigid wall portion.
NUM  5.
PAR  5. An insert unit according to claim 4, characterized in that the bellow
      portion and the rigid wall portion thereof are made as separate or
      disintegral elements.
NUM  6.
PAR  6. An insert unit according to claim 4, characterized in that the largest
      diameter of the bellow portion does not substantially exceed the diameter
      of the said rigid wall portion.
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PAL  A combination electronic device provides balance analyzing capabilities,
      narrow band and wide band spectrum analysis capabilities, automatic
      tracking filtering capabilities, precision dynamic balancing with remote
      phase presentation, and tracking filtering. The device presents multiple
      functions including:
PA0  1. A testing function;
PA0  2. A balancing function;
PA0  3. A tracking filter function;
PA0  4. A filter-out-speed function;
PA0  5. A filter-out-frequency function;
PA0  6. Spectrum analysis function.
PAL  Included within the circuitry are the following components:
PA0  A. a vibration signal conditioning circuit;
PA0  B. an active filter having the equivalent of a four-pole response with a
      two-pole delay;
PA0  C. a pulse-to-sine and pulse-to-consine reference signal generating
      circuit;
PA0  D. a reference pulse conditioning circuit;
PA0  E. a digital sweep circuit for spectrum analysis;
PA0  F. switching circuitry to accommodate all six functions;
PA0  G. adjustment means to accommodate full-scale presentation of data on X-Y
      recorders.
PAL  The system also is adapted to accommodate multiple input sources, for
      example, electrical displacement signals, electrical velocity signals,
      electrical accelerometer signals, electrical acoustic signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to electronic circuitry for electro-mechanical
      balancing and for spectrum analysis of vibrations.
PAR  2. Description of the Prior Art
PAR  Rotating bodies exhibit mechanical vibrations as a result of mass
      unbalance, or mass eccentricity as it is sometimes called, worn bearings,
      bent shafts, misaligned shafts, et cetera. The manifestations of unbalance
      are cyclically repetitive. Numerous devices have been proposed for
      measuring the instantaneous displacement, velocity or acceleration of the
      rotating body and for converting such measured function into a
      corresponding cyclic electrical signal which can be analyzed.
PAR  A. Occasionally it is desired merely to locate the mass eccentricity and
      measure its amount in order to provide a worker with balancing information
      which can be used to add weights at specific locations or to remove weight
      from specific locations in order to compensate the mass eccentricity of
      the rotor. This type of analysis requires a number of factors,
      specifically an indication of the magnitude and an indication of the phase
      relation of the mass eccentricity with respect to a known mark on the
      rotor. This type of balancing also requires filtering of the mechanically
      derived signal to eliminate from those components of the signal other than
      the one-times-frequency components. Where the rotor is turning at a known
      rotational velocity, the filtering is fairly simple. However, with
      changing frequencies of rotation, a tracking filter is desirable to
      provide optimum filtration at the instantaneous rotational velocity.
PAR  B. A tracking filter enables the operator of a device to determine the
      amount of unbalance which a rotor manifests as it moves up in speed and as
      it moves down in speed. Frequently it is desirable to know if a rotor
      passes through a resonant frequency as it moves in its start-up state to
      its normal full speed. Also it is desirable to know whether resonant
      frequencies are encountered as the rotor is allowed to come to rest from
      full speed. In other instances, it is desirable to know the actual amount
      of unbalance manifestation through the start-up and shut-down speeds. A
      fixed frequency filter does not permit such calculations. A tracking
      filter will permit the operator to obtain such information.
PAR  c. Occasionally it is important to know the actual magnitude of unbalance
      or vibration at all frequencies as the rotor is altered in speed. For this
      purpose, the signal filter is eliminated and the total vibration
      manifestation is observed with the filter disabled or bypassed. This is
      known as a filter-out-speed characteristic.
PAR  d. Occasionally, it is desired to determine the instantaneous vibration
      manifestation of a rotor which is turning at a fixed speed and the
      amplitude of total vibrations for all frequencies is desired. In this
      mode, known as filter-out-frequency, the instantaneous vibration at each
      frequency can be observed.
PAR  e. The analysis of the entire spectrum of frequencies for vibration is
      known as spectrum analysis. To carry out a spectrum analysis, the rotor is
      turned at a fixed speed and a print-out of instantaneous vibration at each
      frequency is presented.
PAR  All of the foregoing functions are known in the prior art. One shortcoming
      of the prior art, however, has been the lack of a single machine to
      provide all of these functions in combination. One difficulty has been the
      lack of a suitable active filter, that is a filter with acceptable
      rejection characteristics, and acceptable time-delays. Customarily, the
      increasing sharpness of rejection characteristics is accompanied by an
      increasing time-delay. Passive filters for vibration analysis are known.
      See U.S. Pat. No. 3,307,408.
PAR  Digital sweep circuitry likewise is known which approximates linearity of
      frequency-sweep with respect to time.
PAR  Circuitry for generating reference sine waves and cosine waves in phase
      synchronism with cylic pulses is known. See U.S. Pat. No. 3,501,965.
      However, such prior art circuitry introduced small errors which would
      preclude their use in the present fast-response circuitry.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is provided a combined balance analyzer,
      narrow band and wide band spectrum analyzer and automatic tracking filter
      which can be contained in a single housing. The circuitry operates in the
      following functions:
PAR  1. Testing function wherein the device provides visual checks for its own
      proper operation.
PAR  2. Balancing function wherein the vibration amplitude and phase angle of a
      rotor are measured with an extremely narrow band filter. The narrow band
      synchronous filter is automatically tuned to the indicated frequency by
      means of a pulse input signal which also serves as a reference signal to
      indicate phase relationships.
PAR  3. A tracking function is provided to permit recording of vibration
      amplitude and phase simultaneously by employing a synchronous filter with
      a larger band width.
PAR  4. A filter-out-speed mode of operation permits recording of vibration
      amplitude as a function of the rotating speed.
PAR  5. A filter-out-frequency mode of operation permits the measurement of the
      dominant frequency of vibration and its amplitude.
PAR  6. A spectrum analysis mode of operation provides an integral reference
      signal which sweeps from a low frequency to a high frequency over a
      selected frequency range and plots the amplitude of vibration over the
      same selected range. The frequency range can be selected from a minimum
      value to a maximum value starting at 120 cycles per minute up to 600,000
      cycles per minute. The speed of the spectrum analysis is established to
      provide optimum resolution related to optimum sweep time.
PAR  A vibration signal conditioning circuit accommodates signal generators of
      the velocity input type and the accelerometer input type. For this purpose
      an active integrator is employed which may be by-passed where a velocity
      signal is desired from a velocity signal generator. The active integrator
      is employed when the accelerometer input signal is converted to a velocity
      input signal. The active integrator also is employed with the velocity
      input signal to convert it to a displacement input signal if that is
      desired.
PAR  An active filter of rapid response and sharp rejection characteristics
      employs two separate parallel channels for the input signal. Each of the
      channels includes, in series, a first multiplier stage, a low pulse active
      filter and a second multiplier stage. The signal in one channel is acted
      upon by a sine wave in each of the two multiplier stages. The signal in
      the other channel is acted upon by a corresponding cosine wave in each of
      the two multiplier stages. The output of the two channels is combined in
      an adder circuit to produce an output signal containing only those
      components having the desired frequency of the low-pass filter. Similar
      circuits have been described in the U.S. Pat. No. 3,501,965. The present
      invention employs an active filter which achieves the rejection
      characteristics of a four-pole filter yet retains the delay
      characteristics of a two-pole filter.
PAR  Each of the two sequential stages of the active filter employs an
      operational amplifier which inverts and amplifies the ripple components of
      an input signal yet allows the DC components of that signal to pass
      through the circuit unrestricted.
PAR  An improved pulse-to-sine wave and pulse-to-cosine wave generating circuit
      converts an input pulse to a sawtooth wave which in turn is converted to a
      square wave having the frequency of the input pulses and being in phase
      with the pulses. That is the square wave crosses the X-axis at each pulse.
      The square wave is thereafter differentiated and rectified to produce a
      series of pulses at twice the frequency of the original pulse. The twice
      frequency pulses are converted into a sawtooth wave which is in turn
      converted into a square wave having twice the frequency of the original
      input pulses. The twice-frequency square wave is converted to a
      half-frequency square wave corresponding to the cosine of the original
      input pulses. Error gate circuitry is included to avoid ambiguous signals.
      The wave conversions are accomplished by combining in sequence a first
      sawtooth generator, a first driven multivibrator, a first flip-flop
      differentiator and full-wave rectifier, a second sawtooth generator, a
      second driven multi-vibrator, a second flip-flop differentiator, an
      electronic switch, an integrator and a sine wave generator or synthesizer.
      An additional electronic switch is connected to the output of the first
      driven multi-vibrator through an integrator and a sine wave synthesizer to
      produce the other required reference signal.
PAR  A reference pulse conditioning circuit is provided to supply constant
      amplitude pulses and to eliminate noise and spurious triggers from the
      system. The input pulses are delivered through a network of steering
      diodes and constant current diodes to a comparator integrated circuit
      which generates a trigger pulse only when the input signal exceeds a
      threshold voltage which can be adjusted for the unit. Thus, the input
      pulse signal is derived in the form of a series of sharp uniform pulses.
PAR  A digital sweep circuit is provided for the spectrum analysis mode of
      operation. The digital sweep circuit employs a free running electronic
      clock which generates square waves at one of several selected frequencies.
      The generated square wave is converted into a chain of pulses which are
      counted in electronic counters and are applied as fixed incremental
      electrical charges on a capacitor. Thus, the capacitor is charged at a
      uniform rate and its voltage increases in uniform increments. The voltage
      across the capacitor is converted to a corresponding current which drives
      a signal generator producing a sawtooth wave of constant amplitude at a
      frequency corresponding to the instantaneous charge on the capacitor.
      Adjustment means are provided within the digital sweep circuit for setting
      the minimum and maximum values of the sweeping range.
PAR  Appropriate switching circuitry is provided throughout the instrument to
      enable multiple uses of many circuits in the selected modes of operation.
      Multiple deck switches and ganged switches are advantageously employed.
PAR  Appropriate adjustments for the X values and Y values of an XY recorder are
      built into the apparatus to enable the operator to use the device over the
      full scale of coordinate paper within an XY recorder.
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PAC  BRIEF DESCRIPTION OF THE DRAWING(S)
PAR  FIG. 1 is an illustration of the face of a housing for the present device
      presenting meters, adjustment knobs and indicating lamps;
PAR  FIG. 1A is an illustration of one side of a housing for the present device
      presenting input and output jacks;
PAR  FIG. 1B is an illustration of another side of a housing for the present
      device presenting input and output jacks;
PAR  FIG. 2 is a schematic illustration of circuitry of the present device;
PAR  FIG. 3 is a schematic illustration of the synchronous filter circuitry;
PAR  FIG. 4 is a typical response curve for an active filter;
PAR  FIG. 5 is a schematic illustration of a conventional one-pole filter;
PAR  FIG. 6 is a schematic illustration of the active filter within the
      synchronous filter;
PAR  FIG. 7 is a schematic illustration of a typical installation of this
      invention showing a typical rotor and typical signal pick-up devices;
PAR  FIG. 8 is a schematic illustration of a vibration signal conditioning
      circuit;
PAR  FIG. 9 is a schematic illustration of a pulse-to-sine wave and
      pulse-to-cosine wave generator;
PAR  FIG. 10 is a schematic illustration of the synchronous filter of FIG. 3 in
      somewhat greater detail;
PAR  FIG. 11 is a schematic illustration of a pulse signal conditioning circuit;
PAR  FIG. 12 is a series of phase-aligned wave forms illustrating certain
      signals within the pulse-to-sine wave and pulse-to-cosine wave circuitry
      of FIG. 9;
PAR  FIG. 13 is a typical printout obtained by spectrum analysis of a fan unit
      rotating at 1,150 rpm;
PAR  FIG. 14 is a printout obtained when the instrument is employed in the
      tracking mode illustrating the phase and amplitude manifestations of an
      electric motor rotor.
PAR  FIG. 15 is a schematic illustration of digital sweep circuitry for
      generating a linear frequency sweep signal which is employed in the
      spectrum analysis mode of the apparatus;
PAR  FIG. 16 is a schematic illustration of a typical deck of the multiple deck
      switch;
PAR  FIG. 17 is a schematic illustration of circuitry for providing a constant
      amplitude square wave signal regardless of the frequency of the input
      signal;
PAR  FIG. 18 is a schematic illustration of the error gate circuitry appearing
      in FIG. 2;
PAR  FIG. 19 is a series of phase-aligned wave forms illustrating electrical
      signals related to FIG. 18;
PAR  FIG. 20 is a graphical representation of the digital sweep circuit output
      signal;
PAR  FIG. 21 is a schematic illustration of a phase adjustment circuit employed
      in the system;
PAR  FIG. 22 is a schematic illustration of a filter overload circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
PAR  A preferred embodiment of the invention is illustrated in FIG. 1 which is a
      reproduction of a face plate of a vibration spectrum analyzer instrument.
      By discussing the features illustrated on the face plate, the operation of
      the instrument will become clear and the explanation of the detailed
      circuitry will be simplified.
PAR  The instrument includes an amplitude meter 10, a frequency meter 11 and a
      phase meter 12. The amplitude meter has a number of scales including
      linear scales 13, 14 which are to be read in combination with the
      indications of an amplitude range multiplier knob 15. The numbers
      appearing in the detent positions of the amplitude range multiplier knob
      15 correspond to the value of the full range deflection of the meter 10 on
      the scales 13, 14. An additional scale 16 also is provided for logarithmic
      indications of amplitude where this is desired.
PAR  The frequency meter 11 is provided with a single scale ranging in the
      example from 0 to about 600 units. This scale 17 is to be read in
      combination with the setting of a frequency range indicator knob 17. The
      indicator ranges correspond to the detent positions of the frequency range
      indicator knob.
PAR  The phase meter 12 is equipped with two scales, of which the scale 18 reads
      from 0.degree. to 180.degree. and the scale 19 reads in the opposite
      direction from 180.degree. to 360.degree.. To the left of the phase meter
      12 appear indicating lights 20, 21. Preferably the indicating lights 20,
      21 are provided in the same color (for example red and blue) as the
      legends on the corresponding phase meter scale 19, 18 respectively. The
      indicating lamps 20, 21 are intended to resolve the ambiguities which
      occur in providing the scale readings. Direct reading phase meters of the
      type comprehended are described more fully in copending application Ser.
      No. 217,165 filed Jan. 12, 1972 by Robert S. Morrow et al now U.S. Pat.
      No. 3,787,765 and assigned to the assignee of the present invention.
PAR  A conventional toggle switch 22 is provided for on-off functions of the
      device.
PAR  Because the instrument may be employed with a variety of input transducer
      devices such as seismic, non-contact, accelerometer, a pickup selector
      knob 23 is provided with a number of detent positions indicating a
      velocity pickup with a readout in "mils of shake" or in "shake as inches
      per second." Additional detent positions are provided for an accelerometer
      pickup with indications in inches per second velocity or in g's of
      acceleration.
PAR  A function switch is employed with a knob 24 to select the mode of
      operation for the device with a number of detent positions for the test
      position, the balance position, the tracking position, the filter
      out/speed position, the filter out/frequency position and the spectrum
      analysis position. An additional toggle switch 25 relates to the spectrum
      analysis mode and selects automatic operation or manual operation.
PAR  When the instrument is used in combination with an XY recorder, a recorder
      function knob 26 has three detent positions including a zero calibration
      position, a full scale calibration and an operate position. An indicator
      lamp 27 is provided to indicate the activation of the XY recorder. The
      indicator lamp 27 is contained in the button of a reset button 28 which
      returns the XY recorder to its zero position and also starts the recording
      function.
PAR  For spectrum analysis, a minimum frequency knob 29 and a maximum frequency
      knob 30 are provided to set the starting frequency and the ending
      frequency for a selected spectrum analysis. A manual tuning knob 31 is
      provided to tune the active filter to any particular frequency within the
      range already established by the position of the frequency range knob 17.
      A phase adjustment knob 32 provides a convenient indication of zero phase
      for reference purposes. The phase adjustment knob 32 is operative over the
      entire 360.degree. range of the phase meter 12. The phase adjustment
      control knob 32 permits the relative phase meter reading be set at any
      convenient starting point. It is frequently convenient to use a major
      phase angle (0.degree., 90.degree., 180.degree., 270.degree.) in preparing
      vector diagrams for balancing activities.
PAR  A reference adjust knob 33 provides a means for adjusting the reference
      signal level to accomplish the heat triggering when comparing the
      variances which exist in the putput levels of the different types of
      reference pickups, the noise or other inherent factors which might effect
      the periodic input signal, and problems or difficulties arising in
      selecting a suitable pickup trigger element.
PAC  INPUT AND OUTPUT CONNECTION
PAR  Preferably the input and output connections are provided on one or both
      side surfaces of the housing for the instrument illustrated in FIG. 1. One
      such side surface is shown in FIG. 1A and another side surface is shown in
      FIG. 1B.
PAR  Typical signal input jacks in FIG. 1A include:
PAR  An oscilloscope input 34 which delivers an unfiltered vibration signal for
      visual observation to an oscilloscope.
PAR  A reference output jack 35 which provides a constant amplitude rms
      sinusoidal signal as a reference signal at the precise reference signal
      frequency. The reference signal is useful in the balancing and tracking
      modes of operation.
PAR  A frequency output jack 36 provides a constant amplitude square wave at the
      indicated frequency of a reference signal. The frequency output signal is
      useful where external digital frequency meters are employed in combination
      with the present apparatus.
PAR  An amplitude log jack 37 provides a DC voltage signal which is proportional
      to the logarithm of the input signal amplitude. This signal is useful in
      deriving a decibel printout where desired.
PAR  An amplitude linear jack 38 produces a DC voltage signal which is a linear
      function of the amplitude of the vibration signal. This amplitude linear
      jack signal is useful in deriving an overall vibration printout. The
      signal also corresponds to filtered signals.
PAR  A frequency receptacle 39 derives a direct current signal which is a linear
      function of the instantaneous frequency. This frequency jack signal is
      useful in driving the X-axis element of an XY recorder device.
PAR  A phase jack 40 provides a DC voltage which is a linear function of the
      instantaneous phase relation between the reference trigger signal and the
      zero crossing of the vibration signal. A zero degree phase reading on the
      phase meter 12 will correspond to a zero output at the phase jack 40. A
      full scale reading on the phase meter 12 will correspond to a maximum DC
      voltage signal output in the phase jack 40, customarily about 3.6 volts.
PAR  A reference signal input jack 41 is provided ro receive pulse signals for
      an electromagnetic or photoelectric reference pickup.
PAR  A power input jack 42 is provided to receive electrical power to operate
      the unit.
PAR  A pen-lift jack 43 is provided to accept a pen-lift cable from an XY
      recorder. A preferred embodiment of the apparatus includes internal
      circuitry for automatically lifting and activating a plotting pen.
PAR  As shown in FIG. 1B, several vibration pickup input jacks 60, 61 are
      provided to receive a plug from a vibration transducer. One vibration
      signal input jack 60 is adapted to receive a vibration signal from an
      accelerometer transducer. The other vibration signal input jack 61 is
      adapted to receive a seismic vibration input signal.
PAR  Sensitivity adjustment knobs 44, 45 are provided to adjust the precise
      sensitivity of the vibration input signal supplied to the input signal
      jacks 60, 61 respectively. The sensitivity adjustment knobs 44, 45
      position a rheostat to provide the precise sensitivity required in
      accordance with the vibration transducer which has been selected to the
      activity.
PAR  Referring to FIG. 7, the overall environment of the present invention is
      broadly illustrated. In FIG. 7, a rotor 50 is mounted for rotation about a
      shaft 51 mounted in bearings 52 and having a keyway 53. One
      electromagnetic transducer 54 generates an oscillating electrical signal
      at a terminal 55 which corresponds to the instantaneous mechanical
      vibrations of the bearing 52, as shown in FIG. 7. The transducer 54 may be
      a seismic generator of the type shown in U.S. Pat. No. 3,157,852 which
      generates signal proportion of the instantaneous velocity of the bearing
      52. The transducer 54 may be an accelerometer which generates an
      oscillatory signal corresponding to the instantaneous acceleration of the
      bearing 52. The transducer 54 may be a non-contact sensor of the type
      described in the U.S. Pat. No. 3,521,158 which generates a signal
      proportional to the instantaneous displacement of the bearing 52.
      Regardless of the particular type of electromagnetic transducer 54, a
      vibration corresponding signal is applied to a terminal 55 hereinafter
      referred to as a vibration signal.
PAR  A second signal generator 56 generates a pulse signal for each rotation of
      the rotor 50 and generates that pulse at the same angular location of the
      rotor 50 in each cycle. Typically, the transducer 56 is a non-contact
      transducer which is responsive to the presence of the keyway 53 in
      immediate proximity to the sensing tip of the transducer 56. Thus, with
      each rotation of the rotor 50 a pulse will be generated by the transducer
      56 and applied to the reference terminal 57 at the instant when the keyway
      53 is proximate to the transducer 56. Other transducers might employ
      photoelectric response to a bright spot or a dark spot which is applied to
      a single spot on the periphery of the rotor 50 or the shaft 51. The two
      signals at the terminal 55, 57 are the input signals for the present
      apparatus.
PAR  The overall apparatus can be described by reference to FIG. 2 wherein the
      vibration signal from the terminal 55 (FIG. 7) is applied to a vibration
      signal input terminal 60 or 61 depending upon whether the vibration input
      signal is a seismic signal, a displacement signal or an acceleration
      signal. Acceleration signals are applied to terminal 61. The vibration
      signals corresponding to velocity of displacement are applied to the
      terminal 60. These terminals 60, 61 correspond to the input jacks 60, 61
      respectively in FIG. 1B. A reference signal input from the terminal 57
      (FIG. 7) is applied to a reference signal input terminal 62 in FIG. 2. The
      reference signal input terminal 62 corresponds to the input jack 41 of
      FIG. 1A.
PAR  The reference signal at terminal 62 is acted upon through a channel 63
      shown in the upper portion of FIG. 2. The vibration input signals of the
      input terminals 60, 61 are acted upon in a vibration signal channel 64
      shown in the lower part of FIG. 2.
PAR  In the present apparatus, the pulse reference signal from the input
      terminal 62 is employed to generate two precise reference signals, one of
      which is a sine wave signal having the identical frequency of the pulses
      which are applied to the input terminal 62. The sine wave signal is
      precisely in phase with the pulses -- that is, each pulse occurrence
      coincides with a zero axis crossing of the generated sine wave. The second
      signal derived from the pulse input at terminal 62 is a cosine signal
      having the same characteristics as the derived sine wave signal of being
      displaced at precisely 90.degree. from the sine wave signal. These two
      derived signals are generated in the reference signal channel 63 and are
      employed as multiplying waves in the vibration signal channel 64.
PAC  THE REFERENCE SIGNAL CHANNEL
PAR  The reference signal channel 63 will be described by reference to the wave
      forms shown in FIG. 12 which are presented in the various stages of the
      reference signal channel 63.
PAR  A number of switches are employed in the circuitry to show the relation of
      various components when the apparatus is employed for different modes of
      operation. One such multiple position which is identified by the numeral
      65 corresponding to the function switch 24. The multiple position switch
      65 is shown in FIG. 2 as 65A and 65B in the reference signal channel 63
      and as 65C, 65D and 65E in the vibration signal channel 64. This multiple
      position switch 65 also appears in other figures. In each instance, the
      multiple position switch 65 has the features illustrated in FIG. 16
      including a wiper arm 66 in contact with an output terminal 67 and six
      terminals 68, 69, 70, 71, 72, 73 which correspond respectively to the six
      positions of the function switch 24 of FIG. 1, namely,
PA1  68 - test position;
PA1  69 - balance position;
PA1  70 - track position;
PA1  71 - filter-out-speed position;
PA1  72 - filter-out-frequency position;
PA1  73 - spectrum analysis position.
PAR  All of the switches 65 are mechanically ganged in a multiple deck switch
      whereby the positioning of the function switch 24 (FIG. 1) locates the
      wiper arm 66 in engagement with the identical terminal of each of the
      decks of the switch 65.
PAR  A switch 74 in the reference signal channel 63 (FIG. 2) corresponds to the
      recorder switch 26 of FIG. 1 wherein the terminal 75 corresponds to the
      operate position; the terminal 76 corresponds to the full scale
      calibration position; and the terminal 77 corresponds to the zero
      calibration position. It will be observed that the terminal 76 and 77 are
      connected.
PAR  The input pulse at the reference input terminal 62 frequently has
      associated with it some noise and false trigger content which might reduce
      the precision required in the apparatus. To eliminate false triggers and
      sharpen the pulse reference input signal, an input circuit 78 is provided
      as will be hereinafter more fully described. The output from the input
      circuit 78 is a clean pulse wave as shown in wave form A of FIG. 12
      applied at the terminal 79 and also applied at an output terminal 80. The
      pulse wave from terminal 79 is applied to a first sawtooth signal
      generator 81 which is a circuit which charges a capacitor starting at each
      pulse. The charging occurs through constant current diodes so that the
      charging rate of the capacitor is linear. Each pulse shorts the capacitor
      to ground through a transistor which is connected in parallel with the
      capacitor. Thus, the output signal from the first sawtooth generator 81
      has the wave form B of FIG. 12. This signal is delivered into a driven
      multi-vibrator 82 which generates a square wave signal of constant
      amplitude having a positive excursion which corresponds to the negative
      excursion of the sawtooth wave B. This resulting square wave C, shows in
      FIG. 12, is delivered from the multi-vibrator 82 through an electronic
      switch 83 to an integrator 84 which produces a triangular wave D, FIG. 12.
      The triangular wave D has a frequency corresponding with the pulses of the
      input signal A. The triangular wave D is delivered to a sine wave shaper
      85 to convert the wave D into simulated sine wave K, FIG. 12, at an output
      terminal 86.
PAR  In order to develop the corresponding cosine wave, the output of the driven
      multi-vibrator 82 (that is, the square wave C, FIG. 12) is delivered to a
      flip-flop circuit 87 which generates a single pulse each time the square
      wave C passes through a zero value. The resulting signal from the
      flip-flop circuit 87 is a chain of pulses as shown in the wave form E of
      FIG. 12 having positive pulses corresponding to the original pulses of
      wave form A and having negative pulses corresponding to the midpoint
      between the wave form A pulses. The pulses of wave form E are rectified to
      produce wave form F which is a series of pulses identical with the wave
      form A except having twice frequency. The pulse wave form F is applied to
      a second sawtooth generator 88 to produce a sawtooth wave form G as shown
      in FIG. 12 having a frequency which is twice the frequency of the
      corresponding sawtooth wave form B. The sawtooth wave G is delivered to a
      free-running multi-vibrator 89 which converts the sawtooth wave G to a
      square wave H of constant amplitude having positive excursions when the
      sawtooth wave G has a negative excursion. The square wave H is divided by
      two to produce a square wave I having the same frequency as the square
      wave C but being 90.degree. displaced from the square wave C. Square wave
      I is delivered from the flip-flop multi-vibrator 90 to an electronic
      switch 91 and thence an integrator 92 which converts the square wave I to
      a triangular wave J. The triangular wave J is shaped in a sine wave shaper
      93 to produce a sine wave at an output terminal 94. The sine wave at the
      terminal 94 and hence can be considered as a cosine wave.
PAR  The function of the electronic switches 83, 91 is to convert the square
      waves G and I respectively to a corresponding frequency square wave having
      an amplitude which is directly proportional to the frequency of the square
      wave. The subsequent integration of the square wave in the integrators 84,
      92 respectively produces a triangular wave of constant amplitude inasmuch
      as integrators develop an output signal which is reciprocally related to
      the frequency. Thus the combination of an electronic switch and an
      integrator in series generates an output sine wave at constant amplitude
      from an input square wave of constant amplitude.
PAR  The electronic switches 83, 91 obtain a direct current signal which is
      directly proportional to the frequency of the incoming signal. The
      frequency related DC input for the electronic switches 83, 91 is generated
      in a frequency-to-DC converter 95 which delivers an output signal to a DC
      amplifier 96. The output signal from the DC amplifier 96 drives a
      frequency meter 11 which also appears in FIG. 1. The positive and negative
      values of the DC signal from the DC amplifier 96 are delivered through
      conductors 97, 98 to the electronic switches 83, 91 where the circuitry of
      FIG. 17 provides an output signal which is a square wave having an
      amplitude directly proportional to the frequency of the input signal. As
      shown more fully in FIG. 17, a constant amplitude square wave is applied
      as an input signal at the input terminal 99 through a coupling capacitor
      100 and applied through resistors 101, 102 to the base of a NPN transistor
      103 and a PNP transistor 104 respectively. The emitters of the transistors
      103, 104 are joined to ground. The collectors are joined to a positive
      terminal 105 and to a negative terminal 106, respectively. A positive
      voltage is applied to the positive terminal 105 and a negative voltage is
      applied to the negative terminal 106 from the DC amplifier 96 (FIG. 2)
      wherein the voltage of the applied signal and terminals 105, 106 is
      directly proportional to the frequency of the reference signal at the
      wiper arm of the switch 65B. The input square wave makes one of the
      transistors 103 conducting during half of the square wave cycle and makes
      the other transistor 104 conducting during the other half of the square
      wave cycle. Thus, the output signal from the circuit in FIG. 17 applied to
      the output terminal 107 is a square wave having an amplitude directly
      related to the instantaneous frequency of the reference signal. When that
      signal from the output terminal is subsequently integrated, the output
      from the resulting integrator is a constant amplitude regardless of
      frequency. That is, the triangular wave resulting from the integrator has
      a constant peak-to-peak amplitude. When subsequently subjected to wave
      shaping circuitry in the sine wave shapers 85, 93, a uniform sine and
      cosine wave is obtained, i.e., a constant peak-to-peak amplitude.
PAR  The frequency-to-DC signal also is delivered to an output terminal 108
      which corresponds to the frequency reference jack 39 of FIG. 1A.
PAR  The vibration signal channel 64 receives an unfiltered AC signal related to
      the instantaneous vibration of the object under investigation. The signal
      is applied to input terminals 60, 61 and is conditioned as required to
      provide an appropriate signal in a signal conditioner as more fully
      illustrated in FIG. 8. The signal conditioner includes an integrator to
      integrate an accelerometer signal to produce a velocity response signal,
      if that is required, or to integrate a velocity signal to produce a
      displacement responsive signal, if that is required. Appropriate switching
      permits activation or by-passing of the integrator. The resulting
      unfiltered AC signal is delivered to a preamplifier 113. That signal is
      delivered directly through switch deck 65C to the preamplifier through a
      conductor 114 and switch deck 65D to am amplitude meter 10 corresponding
      to the amplitude meter of FIG. 1. The direct vibration signal is employed
      in the filter-out-speed and filter-out-frequency mode as will be apparent
      from the switch decks 65C and 65D.
PAR  The unfiltered AC signal also is delivered from the preamplifier 113
      through a conductor 115 to each input terminal of a pair of filter
      channels which include a first multiplier 116, an active filter 117, a DC
      amplifier 118 and a second multiplier 119 constituting a first channel;
      and a first multiplier 120, an active filter 121, a DC amplifier 122 and a
      second multiplier 123 constituting a second channel. The sine wave signals
      previously generated from the sine wave terminal 86 is applied to the
      first multiplier 116 in the first channel. The cosine signal from the
      cosine signal terminal 94 is applied to the first multiplier 120 and the
      second channel. The input oscillatory vibration signal obtained from the
      preamplifier 113 through the conductor 115 can be represented by the
      symbol sine (wt+.theta.). Because the sine and cosine signals from the
      terminals 86, 94 respectively are presented at the same frequency wt, the
      multiplication product of the two signals from the multiplier 116 can be
      represented as:
      ##EQU1##
      when that signal is delivered through an active low-pass filter 117, the
      twice frequency term
      ##EQU2##
      drops out and the output from the low-pass active filter is a signal
      having the value
      ##EQU3##
      that is, a DC signal. This DC signal is amplified in a DC amplifier 118
      and delivered to the second multiplier 119 where it is multiplied by a
      second sine wave delivered through a conductor 124 from a sine/cosine
      generator 125. The frequency of the sine wave in the conductor 124 need
      not be the same as the reference frequency. Although in the case where the
      sine wave signal in the conductor 124 is the same as the reference
      frequency, then H product signals from the multiplier 119 is the function
      ##EQU4##
PAR  In the second channel the input signal sine (wt+.theta.) is multiplied by
      the cosine signal from the cosine signal terminal 94. The output of the
      first multiplier 120 thus is the function
      ##EQU5##
     039383940232x n When that signal is delivered through the low-pass active
      filter 121, the twice frequency signal drops out and the resulting signal
      corresponds to a direct current having the value sine .theta./2. That
      signal is amplified in the DC amplifier 122 and delivered to the second
      multiplier 123 therein a cosine signal from the sine cosine generator 125
      is applied through a conductor 126. The output of the second multiplier
      123 thus has the value
      ##EQU6##
      The outputs of the two multipliers 119, 123 are combined in an adder
      circuit 127 to produce an output signal having the value
      ##EQU7##
      This signal differs from the input signal of conductor 115 in that all of
      the interference signals have been eliminated and the amplitude of the
      selected frequency wt at the low-pass active filters 117, 121 is half of
      the amplitude of the corresponding frequency signal from the input
      conductor 115.
PAR  In the alternative situation where the sine/cosine generator 125 provides a
      high frequency carrier signal, the output from the adder at the output
      terminal 128 is a modulated signal having a carrier frequency
      corresponding to the frequency of the sine/cosine generator 125 and having
      a fundamental frequency wt. A useful modulating frequency for the
      sine/cosine generator 125 is about one kilohertz.
PAR  The output signal from the terminal 128, after rectification, can be
      applied directly to the log amplifier 129 which drives the indicator of
      the amplitude meter 10 (FIG. 1) according to the scale 16. The same signal
      can be delivered to an output terminal 130 which corresponds to the
      amplitude log output jack 37 of FIG. 1A. The signal also is delivered from
      the terminal 128 through the switch deck 65D to the amplitude meter 10
      when the function selector knob 24 (FIG. 1) has the switch 65 in the test
      position, balance position, track position, or spectrum analysis position.
      The signal further is delivered from the output terminal 128 to a phase
      meter circuit 131 which in turn drives the phase meter 12 and the phase
      meter indicating lights circuit 132 which ignites the lamps 20 or 21 (FIG.
      1) and also provides an output signal at a terminal 133 which can be used
      with a phase recorder jack 40 (FIG. 1A). The oscillating signal applied to
      the terminal 128 is also delivered to a conductor 134 to an amplitude
      output terminal 135 corresponding to the linear amplitude recorder jack 38
      (FIG. 1).
PAR  The sine/cosine generator 125 delivers a signal through the switch deck 65E
      to a phase adjust circuit 58 (more fully illustrated in FIG. 21). The
      phase alignment of the signal applied from the sine/cosine generator 125
      to the phase adjust circuit 58 is arbitrary and hence phase adjustment
      capability is required. Phase adjustment is achieved by turning the phase
      adjust knob 32 which appears in FIG. 1 and also appears schematically in
      FIGS. 2 and 21. The output signal from the phase adjust circuit 58 is
      merely the sine wave signal from the sine/cosine generator 125 shifted in
      phase over a range of 0.degree. through 360.degree.. That phase shifted
      signal, applied to a terminal 59, becomes a reference signal in the phase
      circuit 131 where it is compared with the signal from the output terminal
      128. The phase adjust knob 32 permits the operator to check the
      preformance of the phase meter circuitry in the test mode and also
      provides a phase reading when the system is operating in the balancing and
      tracking modes. It should be noted that the phase meter is disabled during
      the "filter-out-frequency" mode, the "filter-out-speed" mode and the
      "spectrum-analysis" mode.
PAC  THE SPECTRUM ANALYSIS MODE OF OPERATION
PAR  Continuing to refer to FIG. 2, it is apparent that when the present
      apparatus is operating in its spectrum analysis mode, the reference signal
      is not required from the reference signal input terminal 62. Instead a
      frequency-sweeping signal is employed. The frequency-sweeping signal is
      generated in a digital sweep circuit identified by the numeral 136 which
      generates a driving frequency signal having a frequency which increases at
      linear rates whereby the reference signal (for the spectrum analysis mode)
      is unrelated to the instantaneous velocity of the object under
      examination, but instead, is a uniformly increasing frequency set up by
      the digital sweep circuit 136. The sweeping signal is delivered through a
      spectrum analysis circuit, identified by the named 137, and delivered to
      the terminals 76, 77 of the switch 74 and also to the spectrum analysis
      mode terminal of the mode switch deck 65a. In the spectrum analysis mode,
      accordingly, the digital sweep signal is delivered into the input circuit
      78 and through the sine and cosine generating circuitry of the reference
      channel 63 to produce sine and cosine signals at terminals 86, 94 which
      have the same instantaneous frequency and have a frequency which is
      increasing linearly as the spectrum analysis develops.
PAR  Also connected to the digital sweep circuit 136 is a pen lift output
      terminal 138 corresponding to the output jack 43 of FIG. 1A. The pen lift
      terminal 138 provides a signal to start and stop the active recording of
      information in a manner hereinafter to be more fully described.
PAR  A further input terminal 139 provides a reference input electrical signal
      which is derived from power line voltage to the test terminal of the mode
      selector switch deck 65A. This test signal would normally be provided at a
      frequency of 60 cycles per second and can be employed to check the
      accuracy and calibration of the frequency meters.
PAR  Also included within the reference channel 63 is an error gate circuit 140
      which compares the output of the flip-flop amplifier 90 and the output of
      the multi-vibrator 82 to prevent ambiguities in the resulting sine and
      cosine signals at the terminals 86, 94. The error gate circuit 140 employs
      logic elements to assure the proper presentation of the sine and cosine
      signals at the terminals 86, 94.
PAR  The present invention is feasible because of the use of an active filter in
      the vibration signal channels, as elements 117, 121. In the past
      filtration has been accomplished as a compromise between sharpness of the
      rejection characteristics and the required speed of adjustment. In general
      the filters available in the prior art require about a one-second delay
      for each "pole" of resolution. A "pole" of resolution corresponds to a
      rejection of about six decibels per octave. Thus a two-pole resolution
      would require approximately two seconds time delay. A four-pole resolution
      would require about four seconds time delay. The prior art did not provide
      any filtering circuitry adequate to accomplish the sharpness of rejection
      in the time available for the rapid sweeping which can be achieved with a
      rapid digital sweep circuit.
PAR  Referring to FIG. 5, there is illustrated a typical schematic illustration
      of a one-pole filter of the prior art. The filter of FIG. 5 includes input
      terminals 141 and output terminals 142. A resistor 143 joins one input
      terminal with output terminal. A capacitor 144 is connected across the
      outside terminals 142. This so-called one-pole filter will achieve a
      rejection characteristic of about six decibels per octave. When two of
      these filters of FIG. 5 are assembled in series, that is the input
      terminals 141 of one such filter connected to the output terminals 142 of
      another such filter, the resulting rejection characteristic is about
      twelve decibels per octave, although the response time doubles.
PAR  The synchronous filter of the present invention develops the equivalent of
      a four-pole filter from the standpoint of rejection characteristics, yet
      retains the response time of a two-pole filter. The circuitry is more
      fully illustrated in FIG. 6 wherein the active filter has an input
      terminal 146 and an output terminal 147. The filter has two stages with
      the output terminal 148 of the first stage corresponding to the input
      terminal of the second stage. The two stages are identical. Each stage
      includes a resistor 149, a DC blocking capacitor 150 connected to an
      operational amplifier 151. The output of the operational amplifier 151 is
      fed back to the input through a resistor 152. The output of the
      operational amplifier is delivered to a coupling capacitor 153 to the
      output terminal 148 (147). In effect the direct current components of the
      signal applied to the terminal 146 are delivered directly through the
      circuitry to the output terminal 147. The ripple voltage at the terminal
      146 is inverted and amplified in the operational amplifier 153 to produce
      a sharp resolution. The rejection characteristics of the resulting active
      filter can be illustrated in FIG. 4 which shows a steep-sided response
      curve on each side of the tuned frequency f.sub.o. This extremely sharp
      response is referred to as a Butterworth response. The sharp projection
      permits the device to discriminate desired electrical signals despite the
      presence of significant interference signals at frequencies which are
      close to the desired frequency.
PAR  It will be observed from FIG. 10 that the active filter circuitry includes
      multiple pairs of individual active filters, 117A and 117A'; 117B and
      117B'; 117C and 117C'; and 117D and 117D'. Each pair of active filters has
      a different rejection characteristic. It will be observed from FIG. 10
      which is a somewhat more detailed view of the circuitry otherwise
      appearing in FIG. 3, that the multiple decks 160 correspond to the
      frequency range selector knob 17 (FIG. 1). The decks 160 provide switching
      arrangement to activate the operation of the active filter. Each deck 160
      includes four input terminals corresponding to one of the available
      frequency ranges for the synchronous filter. Each deck 160 also includes a
      wiper arm and an output terminal. In FIG. 10 the indicated decks are
      identified as 160A, 160B, 160D. There is also shown in FIG. 10 switch
      decks 65F and 65G of the mode selector switch 24 (FIG. 1). The input
      signal is supplied through a conductor 115 to the two channels of the
      active filter in FIG. 10. It will be understood that the bottom channel
      corresponds identically with the upper channel. It is essential to achieve
      identity of component characteristics in the two channels of this active
      filter.
PAR  The input vibrational signal is applied to a multiplier 116 which also
      receives a sine wave input from a terminal 86. The output from the
      multiplier 116 is delivered to a selected one of four available active
      filters 117A, 117B, 117C, 117D. Each active filter corresponds to the
      circuitry of FIG. 3. The active filters have a relatively low frequency
      range 117A and a relatively high frequency range 117D with two
      intermediate frequency ranges 117B, 117C. When the wiper arms of switch
      160 are in the topmost position, the low frequency filter 117A is
      connected directly to the upper terminal of deck 160A and to the first and
      second terminals of deck 160B. The first intermediate frequency filter
      117B is connected to the second terminal of deck 160A and to the third
      terminal of deck 160B. The second intermediate frequency filter 117C is
      connected to the third terminal of deck 160A and the bottom terminal of
      deck 160B. The high frequency filter 117D is connected to the bottom
      terminal of the deck 160A and to the test, balance, filter-out-speed and
      filter-out-frequency terminals at the deck 65F. The spectrum analysis
      terminal of deck 65F is connected to the wiper arm of the deck 160A and
      hence can receive signals through any one of filters 117. The tracking
      mode terminal of the deck 65F is connected to the wiper arm of the deck
      160B where it receives filtered signals from the low frequency and two
      intermediate frequency filters 117A, 117B, 117C. The resulting filtered
      signal is delivered from the wiper arm of the deck 65F to a voltage
      follower 161 which has a high input impedance and a low output impedance.
      The first stage filtered signal is then delivered to the second stage
      filter 117A', 117B', 117C', 117D'. The switching connections from the
      active filters 117A'. 117B', 117C', 117D' through the switch decks 160C,
      160D, and 65G are similar to those described in connection with the first
      stage. The signals then are delivered through another voltage follower 162
      to a DC amplifier 118 and thence to a multiplier 119 and to an adder
      circuit 127. A sine wave generator 125 delivers a sine wave signal through
      a conductor 124 to the multiplier 119.
PAR  Similar circuitry for the bottom channel develops an output signal at the
      multiplier 123. A cosine generator 125 delivers a cosine wave signal
      through a conductor 126 to the multiplier 123. The output signals from the
      multipliers 119, 123 are delivered through resistors 163, 164 respectively
      to a mixing terminal 165 that is connected to ground through a shunt
      resistor 166 and a shunt capacitor 167.
PAR  The summation signal at the output terminal 128 corresponds to those
      components of the input signal (terminals 115) which are at the
      instantaneous frequency wt. This frequency is indicated at f.sub.o in FIG.
      4. The actual rejection of the present active filter is about 24 decibels
      per octave.
PAR  For normal balancing operations the system employs a single filter in the
      low frequency ranges, up to 10 cycles per minuts (1/6 Hertz). For spectrum
      analysis, four filter ranges are employed:
PA1  1. 10 cycles per minute (1/6 Hertz)
PA1  2. 50 cycles per minute (5/6 Hertz)
PA1  3. 240 cycles per minute (4 Hertz)
PA1  4. 720 cycles per minute (12 Hertz)
PAR  For the tracking mode, three of the filters are normally employed:
PA1  1. 50 cycles per minute (5/6 Hertz)
PA1  2. 240 cycles per minute (4 Hertz).
PA1  3. 720 cycles per minute (12 Hertz).
PAR  The filter-out modes of operation are, as the term completely suggests,
      carried out with the filter disconnected. In the filter-out-speed mode,
      the frequency meter indicates the synchronous speed on a 1/1 basis. In the
      filter-out-frequency mode, the frequency meter indicates the dominant
      frequency component of the input singal. The amplitude meter indicates the
      same reading in both filter-out-speed and filter-out-frequency modes.
      Referring to FIG. 2, it will be apparent that the input signal from the
      per-amplifier 113 is fed directly through a conductor 114 to the two
      filter-out mode terminals of the switch deck 65D, thereby by-passing the
      filter circuitry.
PAC  FILTER OVERLOAD SIGNAL
PAR  Another feature of the present invention is a filter overload signal which
      appears as a lamp 170 on the face of the meter (FIG. 1). The lamp 170
      illuminates when the input signal feeding the filter circuit exceeds the
      level at which the filter functions efficiently. Circuitry for sensing
      filter overload is shown in FIG. 22. The overload is a compromise between
      peak overload voltage and average overload voltage. If the overload
      voltage were established solely on the basis of the average signal, the
      system is sluggish. It is possible, for example, to have a low duty cycle
      signal overloading the filter. On the other hand, if peak response were
      established as the basis for determining overload voltage, then the
      overload voltage indications may occur with noise peaks which really do
      not interfere with the accuracy of the filter performance. According to
      the present invention a compromise between average voltage and peak
      voltage is adopted to indicate filter overloads. Specifically the output
      signal from the preamplifier 113 (FIG. 2) is applied (FIG. 22) to an input
      terminal 171 which supplies a detector 172 which produces an output signal
      at a terminal 174 which is applied as an input signal for a voltage
      comparator 173. The detector 172 is an active detector which converts the
      alternating current signal at the input terminal 171 to a DC signal at the
      terminal 174. The other input terminal of the comparator 173 is maintained
      at a pre-established voltage. Normally the output from the comparator 173
      at the output terminal 175 is connected through a resistor 176 to the base
      of an NPN transistor 177. So long as the signal at the terminal 175 is
      zero or negative, the NPN transistor 177 remains non-conducting. If the
      output signal at the terminal 175 becomes positive, the NPN transistor 177
      becomes conducting and allows current to flow from a positive voltage
      input terminal 178 through the NPN transistor 177 and through two
      resistors 179, 180 to ground. When current is flowing through the
      resistors 179, 180, a positive voltage is applied to a Triac 181 (that is,
      a silicon-controlled rectifier for alternating current). The Triac 181 is
      connected in series with the loop 170 between a voltage terminal 182 for
      six volt alternating current supply and ground. When the Triac 181 becomes
      conducting, a current flows from the terminal 182 through the bulb 170 and
      Triac 181 to ground thereby illuminating the bulb 170.
PAR  The voltage comparator 173 is provided with a reference voltage input which
      has a low impedance and is temperature compensated. Specifically a voltage
      is developed at a voltage input terminal 183 across a resistor 184 and a
      potentiometer 185. The potentiometer tap is connected to the base of an
      NPN transistor 186. The collector is connected to the voltage input
      terminal 183. The emitter is connected between a pair of resistors 187,
      188. The voltage applied as a reference voltage to the comparator 173 can
      be regulated by the potentiometer 185. The input voltage is provided at a
      low impedance. Because of the inverse temperature resistance
      characteristics of the components, the output of the comparator 175 is
      temperature compensated over an operating range of normal operation.
PAC  TEST MODE
PAR  In the test mode of operation, a test signal is applied to the terminal 139
      (FIG. 2) and thence to the upper contact of the switch deck 65A. The test
      signal normally is line voltage available at 60 cycles per second. In the
      test position the unit develops corresponding sine and cosine waves at the
      terminals 94, 86 respectively and develops a frequency signal at the
      terminal 108 which can be employed to calibrate the frequency meter 11.
      Another test input signal is applied to terminal 191 from a line voltage
      source at 60 cycles per second. This signal is also applied to the test
      terminal of the switch deck 65C. This signal is delivered through the
      preamplifier 113 in the test mode and through the active filter to the
      output terminal 128 and thence through the switch deck 65D to the
      amplitude meter 10. The performance of the active filter and amplifying
      circuitry can be tested in this test mode.
PAR  It is also possible to test the performance of the phase meter 12 by
      determining a phase difference between the input signals at the terminals
      139, 191. Phase adjust circuitry 58 of FIG. 2, employed for testing the
      phase meter performance, is more fully illustrated in FIG. 21.
PAR  PHASE ADJUST CIRCUIT
PAR  The sine wave signal from the sine/cosine generator 125 is delivered
      through the switch deck 65E in the test, balance and track modes to the
      phase adjust circuitry 58. The signal is delivered through a capacitor 154
      to the base of a transistor 155. The signal is divided across the arms of
      a resistance bridge 156 having a wiper arm 157. The wiper arm 157 is
      operated by the phase adjust knob 32. The output from the wiper arm 157 is
      delivered to the base of the transistor 158 having its collector connected
      to a positive source 159A and having its emitter connected to a negative
      source 159B. The output signal from the transistor 158 is applied to the
      output terminal 59.
PAR  The output signal at the terminal 59 is identical with the input signal
      from the switch deck 65E except for the phase shifting which occurs in
      circuitry 58. Normally the signal from the switch deck 65E will be at
      1,000 kilohertz.
PAR  A feature of the present system is that the only phase adjustment within
      the control of the operator is applied to a signal which is generated from
      an internal oscillator and is independent of the rotating body which is
      under observation. It will be observed that the reference signal from the
      reference generator terminal 62 (FIG. 2) is employed in the present system
      solely to generate sine and cosine signals at the terminals 86, 94. The
      vibration signals from the input terminals 60, 61 are employed in this
      circuitry solely to generate an amplitude signal at the output terminal
      128. That output signal is modulated by an arbitrary sine or cosine signal
      generated in the sine/cosine generator 125 so that the signal appearing at
      the output terminal 128 is provided at the preferred 1,000 kilohertz
      frequency. Inasmuch as the same sine/cosine generator 125 is employed for
      the phase comparison circuitry, the actual signals from terminals 59, 128
      are developed at the identical frequency.
PAR  It will be observed, for example, in the test mode (FIG. 2) that a 60 cycle
      test signal is applied from the terminal 139 to the switch deck 65A and
      also applied from the terminal 191 to the switch deck 65C. The two signals
      normally will be in phase with one another so that a zero reading can be
      expected at phase meter 12. In the test mode, the phase adjust knob 32 is
      rotated to provide visual indication that the phase meter circuitry is
      operative. Because the position of the phase adjustment knob 32 is totally
      arbitrary in the present system, the reading of the phase meter 12 has no
      physical significance in the test mode.
PAR  In the balance mode, the phase adjust knob 32 normally will be turned until
      a zero reading is provided on the phase meter 12. By adopting this
      technique, the balance indication on the phase meter 12 can be measured
      directly from the reference signal activator such as key way 53 (FIG. 7).
PAC  THE BALANCE MODE
PAR  In the balance mode of operation, a reference signal is applied through the
      input terminal 62 and thence through the switch deck 65A to a reference
      signal input circuit 78 and thence through the deck 65B to the
      frequency-to-DC generator 95 thence through the DC amplifier 96 to the
      frequency meter 11. The signal also is delivered from the terminal 79
      through the sine and cosine generating circuitry to produce a
      corresponding sine wave at terminal 86 and a corresponding cosine wave at
      terminal 94. In the balance mode the input signals from the vibration
      transducers are delivered through terminal 60 or 61 and thence to the
      balance terminal of the switch deck 65C. Thence the signal is delivered
      through the preamplifier 113 and through the active filter to the filter
      output terminal 128 and thence to the switch deck 65D to the amplitude
      meter 10. The same signal (from terminal 128) also may be applied to the
      log amplifier 129. The same signal (from terminal 128) is applied to the
      phase meter circuit 131 to provide an indication of the phase relation
      between the reference signal from terminal 62 and the input signal from
      the deck 65C. In the balance mode the apparatus provides a direct
      indication of the amplitude of the signal at the same frequency as the
      rotational velocity of the article. The system also provides a phase
      indication of the phase angle between the reference signal and the
      fundamental vibration signal. The system further provides an indication of
      the instantaneous frequency.
PAC  TRACKING MODE
PAR  In the tracking mode, the reference input signal may be either the signal
      from the terminal 62 or a digital sweep signal applied through the
      terminals 76, 77 of switch 74. In all other respects the tracking mode is
      similar to the balance mode; that is, the amplitude, frequency and phase
      meter readings are presented. However wider band width filters are
      employed in the tracking mode and as a result relatively fast speed
      changes do not affect the accuracy of the system. The tracking mode allows
      the operator to observe the meters as a machine is accelerating or
      decelerating for example. The output frequency, phase and amplitude may be
      plotted on an X-Y recorder having an X axis moving linearly with time and
      having the Y axis dependent upon the magnitude of the phase, frequency or
      amplitude indications. In the tracking mode, the switch knob 26 will be
      maintained in the operate position (contact 75 of switch 74) whereby the
      reference signal from the terminal 62 will be fed directly through the
      switch 74 to the tracking terminal of the switch deck 65A.
PAC  FILTER-OUT-SPEED MODE
PAR   In the filter-out-speed mode, the reference signal input from the terminal
      62 is delivered through switch deck 65A and produces a sine and cosine
      signal at the terminals 94, 86 respectively. The signal also drives the
      frequency meter 11. The vibration signal from the transducers at terminals
      60, 61 passes through the preamplifier 113 and the conductor 114 to the
      switch deck 65D where the amplitude meter 10 receives an unfiltered signal
      corresponding to the actual vibration manifestations.
PAC  FILTER-OUT-FREQUENCY MODE
PAR  In the filter-out-frequency mode, the vibration signal from the transducer
      terminals 60, 61 is delivered through the preamplifier 113 to the
      amplitude meter 10 and also is delivered to the filter-out-frequency
      terminal of the switch deck 65B whence it drives the frequency meter 11 to
      indicate the frequency of the principal source of vibration in the
      vibration signal.
PAC  REFERENCE SIGNAL INPUT CIRCUITRY
PAR  The reference signal input circuitry 78 of FIG. 2 is more fully illustrated
      in FIG. 11 which will now be described. The purpose of the input circuitry
      78 is to condition the input reference signal to produce a clean pulse
      corresponding with the principal pulse source and to eliminate electrical
      signals resulting from noise and surface discontinuities. The input signal
      is delivered from the wiper arm of the switch deck 65A through a coupling
      capacitor 192 to the input terminal 193 of the input signal circuit. The
      input terminal 193 is connected to a circuit 194 including a pair of
      steering diodes 195, 196 and a pair of constant current diodes 197, 198.
      The steering diodes 195, 196 accommodate both positive and negative
      pulses. The other end of the circuit 194 is connected to a positive
      terminal 199 of a comparator integrated circuit 200. The negative terminal
      201 of the comparator 200 is connected through a switch deck 65H to a
      voltage divider 202 which is connected to a positive terminal 203 and a
      negative terminal 204. The voltage divider 202 applies a pre-selected
      threshold voltage to the negative terminal 201 of the comparator 200. The
      reference adjust knob 33 (FIG. 1) controls the threshold voltage of the
      voltage divider 202 to permit the operator to adapt the apparatus to
      specific conditions. The output of the reference signal circuit at the
      output terminal 205 is a pulse of constant amplitude corresponding to the
      intended input pulses applied from the input terminal 62. It will be
      observed that the terminal 193 is protected from overload voltages by a
      pair of back-to-back Zener diodes 206 and a biasing resistor 207. The
      circuitry shown in FIG. 11 in effect is a filter for the pulse input
      signals. Spurious signals of low amplitude are attenuated in the circuit.
      The clean pulse input signal is applied to a terminal 79 which appears in
      FIG. 2 and also appears in FIG. 9. FIG. 9 corresponds in some respects to
      FIG. 2 and illustrates certain components of the circuitry in greater
      detail. Referring now to FIG. 9, the pulse-to-sine and pulse-to-cosine
      circuitry will be described in greater detail.
PAR  The input terminal 79 receives a clean input pulse signal having a single
      pulse per revolution of a rotating body. The pulse is applied through an
      amplifier 208 to a one shot multi-vibrator 209 which develops a
      predetermined specific width pulse for each of the several filter
      frequency bands. The width of the pulse is about 1/1000 of the cycle. The
      pulse width from the one shot multi-vibrator 209 is determined by a
      setting of the switch deck 160E. The resulting signal at the output
      terminal 210 thus is a sharp pulse having a width of approximately 1/1000
      of the cycle. This pulse signal, indicated as wave form A in FIG. 12, is
      applied to the base of a transistor 211 having its emitter connected to
      ground and its collector connected to the wiper arm of a switch deck 160F.
      The wiper of the switch deck 160F also is connected to a source of
      positive voltage at a terminal 212 through a constant current diode 213.
      It will be apparent that the switch deck 160F connects one of four R-C
      paths between the wiper arm and ground. The voltage developed across the
      selected R-C path is applied through a voltage follower 205 to one input
      terminal 234 of a free-running multi-vibrator 214. The constant current
      diode 213 allows the voltage to increase at a uniform rate during each
      cycle until a pulse is applied to the base of the transistor 211 at which
      instant the selected R-C elements discharge instantly through the switch
      deck 160F and the transistor 211. The signal developed at the input
      terminal 234 of the free-running multi-vibrator 214 thus is the wave form
      B shown in FIG. 12. The constant current application to the selected R-C
      components at the switch deck 160F causes a gradual and uniform increase
      in voltage up to the point where the pulse (wave form A of FIG. 12) is
      applied to the base of the transistor 211 causing the voltage to be tied
      back instantly to ground level. The free-running multi-vibrator 214
      produces the square wave form C of FIG. 12. The multi-vibrator 214
      develops a positive output when the voltage at the input terminal 234
      exceeds the threshold setting which is applied to the other input
      terminal. In all other conditions the free-running multi-vibrator 214
      produces a negative output. The threshold voltage applied to the other
      terminal of the free-running multi-vibrator 214 is adjusted by means of a
      voltage divider 215 including three resistors and two Zener diodes. The
      output of the free-running multi-vibrator 214 at the output terminal 216
      is applied to the input terminal 99 of a circuit as shown in FIG. 17 which
      produces a square wave having an amplitude directly proportional to the
      frequency of the signal. The resulting signal at the terminal 107 is a
      square wave corresponding in phase with the square wave at terminal 216
      but having an amplitude corresponding to the frequency of the signal. That
      signal from the terminal 107 is delivered through an integrating circuit
      84 to produce a signal having a triangular wave form corresponding to wave
      form D of FIG. 12. The resulting triangular wave is shaped into a
      corresponding sine wave signal of the wave form K in FIG. 12 by means of a
      sine wave shaping circuit 85. The resulting sine wave is delivered to an
      output terminal 86. This signal has a peak value synchronous with each of
      the pulses of wave form A applied to the input terminal 79 of FIG. 9.
PAR  The square wave signal from the terminal 99 also is delivered through a
      coupling capacitor to the base of a transistor 218 which functions as a
      differentiating circuit to convert the wave form C (FIG. 12) to the wave
      form E (FIG. 12). Each reversal of current flow from the wave form C
      generates one of the pulses in the wave form E. The wave form E is
      delivered to the base of a transistor 219 which is connected to a
      flip-flop multi-vibrator integrated circuit 220. The combination of the
      transistor 219 and flip-flop multi-vibrator 220 converts the wave form E
      into the wave form F (FIG. 12) wherein all of the pulses are positive. The
      wave form F is applied to a one shot multi-vibrator 221 which has R-C time
      constants determined by the setting of the switch deck 160G so that the
      pulses of wave form F are converted into output pulses having a fixed
      pulse width and a pre-established pulse amplitude. The pulse width is
      designed to be approximately 1/1000 of the cycle. The resulting pulse
      signal is applied to the base of the transistor 222 which is connected
      across a switch deck 160H in the same manner that the transistor 211 is
      connected across the switch deck 160F. A constant current diode 223
      delivers current at a constant flow rate from a positive terminal source
      224 through the wiper arm of the switch deck 160H into a selected one of
      four R-C circuits according to the frequency band established at the
      switch deck 160H, i.e., the knob 17 of FIG. 1. The resulting signal is
      delivered through a voltage follower 225 to the input terminal 235 of a
      free-running multi-vibrator 226. The signal applied to the voltage
      follower 225 is the wave form G (FIG. 12), a sawtooth wave generated from
      the input wave F in the same manner that the sawtooth wave B was generated
      from the wave form A (FIG. 12).
PAR  In the free-running multi-vibrator 226, the sawtooth wave form G is
      converted to a square wave form H at the output terminal 228 in the same
      manner that the free-running multi-vibrator 214 produced a square wave
      form C as an output signal from an input signal corresponding to the
      sawtooth wave form B (FIG. 12). A threshold voltage is applied to the
      negative terminal of the free-running multi-vibrator 226 from a voltage
      divider 227 so that the output signal at the output terminal 228 is
      positive when the sawtooth wave form G is positive and the output signal
      is negative when the sawtooth wave form G is negative. The wave form H is
      a square wave having twice the frequency of the wave form C. The wave form
      H is delivered from the output terminal 228 to the base of a transistor
      229 which is connected to a flip-flop multi-vibrator 230. The flip-flop
      multi-vibrator 230 reverses direction of current flow with each positive
      pulse applied to the unit. Thus the wave form H (FIG. 12) is converted to
      the wave form I (FIG. 12) at the output terminal 231 of the flip-flop
      multi-vibrator 230. The wave form I is delivered to a terminal 99' and
      through a circuit corresponding to the circuitry of FIG. 17 to produce an
      output signal at an output terminal 107' which is a square wave having an
      amplitude linearly proportional to the frequency of the signal. The square
      wave is integrated in an integrator 92 to produce at the output terminal
      232 of the integrator 92 a triangle wave form J whose amplitude is
      independent of frequency. It is a function of integrator 92 to produce an
      output having an amplitude 1/f times the amplitude of the input signal,
      wherein f indicates frequency. Inasmuch as the input signal has been
      multiplied by f (frequency) in the circuitry of FIG. 17, the amplitude of
      the signal at the terminal 232 is the same as the amplitude of the signal
      at 231.
PAR  Wave form J is delivered from the terminal 232 through a sine wave shaping
      circuit 93 to produce a sine wave form L (FIG. 12) at the terminal 94. It
      will be observed that the wave form L is 90.degree. displaced from the
      wave form K and accordingly can be categorized as a cosine wave if the
      wave form K is characterized as a sine wave.
PAC  ERROR GATE CIRCUITRY
PAR  Because the wave forms K and L are separated by 90.degree., it is important
      to maintain either a leading or a lagging relationship to avoid
      ambiguities. Error gate circuitry 140 of FIG. 2 is provided to maintain
      the desired relationship. The error gate circuitry 140 is better
      illustrated in FIG. 18.
PAR  The cosine signal (wave form L) is developed as a cosine square wave (wave
      form J) derived from the sine square wave (wave form C). The signal is
      developed in a flip-flop multi-vibrator 230 which is free-running and
      which conducts either positively or negatively. Thus it is feasible for
      the cosine output signal at the terminal 231 to be 180.degree. out of
      phase with the intended cosine signal. To preclude this result, the error
      gate 140 is provided. The error gate 140 is a NAN gate which receives as
      input the square wave signal from the terminal 99 and also receives the
      output signal from the flip-flop multi-vibrator 230, terminal J, through a
      conductor 233. A diode 234 allows only the positive half of the square
      wave signal from terminal 99 to be applied to the gate 140. The two input
      terminals of the gate 140 are tied together electrically.
PAR  The phase relation of the various signals can be illustrated by a phase
      aligned series of wave forms in FIG. 19. The wave form 19A indicates a
      square wave which is applied at the terminal 99, designated as a sine wave
      since, as shown in FIG. 19, its positive zero axis crossing occurs at time
      zero. The wave form 19B is correspondingly a cosine square wave which is
      the desired output at the terminal 231. The wave form 19C is a
      corresponding cosine square wave output which is displaced from the cosine
      square wave 19B by 180.degree.. The wave form 19C will introduce
      ambiguities into the system and must be avoided. The circuitry shown in
      FIG. 18 is intended to avoid the ambiguities. The wave form 19D is the
      rectified sine square wave form A as it appears at a terminal 235 in FIG.
      18. The wave form 19E is the twice frequency square wave which is applied
      at terminal 228.
PAR  The error gate 140 is an inverting gate which receives an input signal and
      delivers the opposite output signal. Thus a "high" applied to the terminal
      235 will produce a "low" at terminal 236. The flip-flop multi-vibrator 230
      is so arranged that the output signal at the terminal 231 can be shifted
      to a "high" only when a "high" is applied at the terminal 235 and a
      corresponding "low" applied to the terminal 236. This condition is
      satisfied only in the "high" positions shown in wave form 19D. This occurs
      only at the transitions of wave form 19E which are marked with an asterisk
      in wave form 19E. Thus the output from the flip-flop multivibrator 230 at
      the terminal 231 is always the desired cosine square wave form 19B and
      cannot be the undesired cosine square wave form 19C. The particular logic
      elements which are employed to accomplish this error avoidance can be
      inverted and reversed in accordance with well-understood principles of
      electrical logic elements.
PAC  Digital Sweep Circuitry
PAR  The digital sweep circuitry of this invention will now be described by
      reference to FIGS. 15 and 20. The function of the digital sweep circuitry
      is to produce a driving signal which increases linearly in frequency with
      respect to time. The output signal in FIG. 2 is delivered at an output
      terminal 240. The digital sweep circuit develops a signal whose frequency
      increases in incremental uniform steps uniformly with time in the manner
      shown graphically in FIG. 20. In a preferred embodiment of the invention,
      a total of 2,000 increments is provided over the selected range of
      operation. By adjusting a minimum frequency knob 29 (FIG. 1 and FIG. 15)
      the initial frequency can be selected as a fraction of the total range. By
      adjusting a maximum frequency knob 30 (FIG. 1 and FIG. 15) which is ganged
      mechanically to the switches 30A, 30B (FIG. 15) it is possible to adjust
      the maximum range of the frequency scan. The overall ranges may be
      adjusted with the knob 17 (FIG. 1) which corresponds to switch decks 160I
      and 160J of FIG. 15.
PAR  The recorder selector knob 26 of FIG. 1 includes two decks, 241A, 241B, in
      FIG. 15. The spectrum analysis toggle switch 25 appears in FIG. 15. The
      reset button 28 appears as two switch decks 28A, 28B in FIG. 15. The
      indicator light 27 appears as a light-emitting diode 27 in FIG. 15.
PAR  The operation of the digital sweep circuit will now be described. The upper
      left hand corner of FIG. 15 includes a pair of electron gates 242, 243
      connected in series with an R-C circuit to generate a square wave signal
      at an output terminal 244 having a fixed frequency corresponding to the
      R-C constants of the circuit. The R-C constants are adjusted at the switch
      160I which is automatically positioned when the frequency range knob 17 is
      positioned. The signal appearing at the output terminal 244 is a square
      wave which is delivered through three electron gates including a latch
      gate 245, an inverter 246 and a time delay gate 247. The gates 245, 247
      are arranged to deliver the applied square wave signal so long as the
      control terminals are "low." The inverter 246 merely changes a "high" to a
      "low" and changes a "low" to a "high" in order to accommodate subsequent
      circuitry requirements. A square wave clock signal thus is applied to a
      clock terminal 248.
PAR  A chain of counters 249, 250, 251, 252 is provided to count 2,000 pulses of
      the square wave applied at the clock terminal 248. In a preferred
      embodiment illustrated in FIG. 15, the counters 249, 251, 252 are Johnson
      counters having a 10-to-1 counting capacity. The counter 250 is D-type
      flip-flop multi-vibrator which has a two-times counting capability. The
      counters are arranged so that the final counter 252 has nine output
      terminals connected to nine corresponding switch terminals of the switch
      deck 30B. The wiper arm of the switch deck 30B can be shifted from its
      normally "low" output state to a "high" output state at 10 percent
      increments over the range of 2,000 counts, i.e., at 200 counts, 400
      counts, 600 counts... 1600 counts, 1800 counts and 2000 counts. The
      counters 249, 250, 251, 252 have control terminals 253, 254, 255, 256
      respectively which must be in a "low" state in order for the counters to
      operate. All of the control terminals 249, 250, 251, 252 are connected to
      a reset conductor 257 which extends from the terminals 253, 254, 255, 256
      through diodes 297, 291 to an integrated circuit 258 hereinafter to be
      described.
PAR  The clock signal from the clock terminal 248 also is delivered through a
      control gate 259 to a one shot multivibrator 260 which converts the square
      wave clock signal into corresponding electrical pulses each having a
      precisely uniform pulse and a precisely uniform pulse amplitude. Thus each
      of the pulses from the one shot multi-vibrator 260 has a predetermined
      charge. The pulses are delivered through a constant current diode chain
      261 to a charge terminal 262 which is connected to a charging capacitor
      263. The charge on the capacitor 263 increases in uniform steps with each
      pulse from the one shot multi-vibrator 260. Accordingly the voltage which
      is developed at the charge terminal 262 increases in uniform steps
      uniformly with time. The voltage from the charging terminal 262 is
      thereafter converted to a corresponding electrical current which is in
      turn converted to an electrical signal of corresponding frequency as will
      not be described. The stepwise increasing voltage from the charge terminal
      262 is delivered through the "operate" terminal 264 of a switch deck 241A
      to the "automatic" terminal 265 of the switch deck 25A and thence through
      a voltage follower 266 to an inverter 267. The inverter 267 is provided to
      accommodate the succeeding circuitry requirements. The inverted signal is
      delivered from an output terminal 268 of the inverter 267 to an integrated
      circuit amplifier 269 having a transistor 270 in its feedback circuit. A
      characteristic of this circuit is that the current flowing through the
      transistor 270 corresponds with the applied voltage from the terminal 268.
      The collector of the transistor 270 is connected through one of the
      capacitors 271 to a source 272 of negative voltage. One of the capacitors
      271 is automatically selected as the frequency range knob 17 (FIG. 1) sets
      the wiper arm of the switch deck 160J. The selected capacitor 271 is
      drained of its charge by the current flowing through the transistor 270.
      The voltage at a terminal 273 between the selected capacitor 271 and the
      emitter of the transistor 270 thus increases at a rate depending upon the
      current flowing through the transistor 270. The terminal 273 is connected
      to the base of a unijunction transistor 274. When the voltage at the
      terminal 273 exceeds the breakdown voltage of the unijunction transistor
      274, the remaining charge on the selected capacitor 271 is discharged
      through the unijunction transistor 274. Thus the voltage at the terminal
      273 drops to zero as the terminal 273 is grounded through the unijunction
      transistor 274. Instantly the unijunction transistor 274 becomes
      nonconductive and the voltage at the terminal 273 is permitted to increase
      again at a rate which is determined by the current flowing through the
      transistor 270. Thus when the current flowing through the transistor 270
      is relatively small (corresponding to a relatively small voltage at the
      terminals 262, 268) the time required for the selected capacitor 271 to
      become charged is relatively long. The wave length of the sawtooth wave at
      the terminal 273 is thus relatively long. As the current flowing through
      the transistor 270 increases (corresponding to increased voltages at the
      terminals 262, 268) the time required for the selected capacitor 271 to
      become charged decreases so that the wave length of the sawtooth signal at
      the terminal 273 is shorter. Thus the frequency of the electrical signal
      at the terminal 273 is proportional to the voltage at the terminals 262,
      268. Inasmuch as the voltage at the terminal 262 increases in uniform
      steps, uniformly with time, the frequency of the signal at the terminal
      273 likewise increases in uniform steps uniformly with time. The signal
      from the terminal 273 is delivered through a coupling capacitor 275 to an
      integrated circuit 276, functioning as a buffer, to an output terminal
      240. The output terminal 240 appears in FIG. 2 as the terminal from which
      a signal is applied to the spectrum analysis terminal of the switch deck
      65A when the system is operating in the spectrum analysis mode.
PAR  Reverting to the clock terminal 248, the square wave clock signal is
      delivered through the counters 249, 250, 251, 252 until the counters have
      exhausted their counting capacity at which time the normally "low" state
      at the output terminal 275 is switched to a "high" state. The transition
      is applied through the switch deck 30B and is integrated in a capacitor
      276 and resistor 277 to produce a spike or pulse at the input terminal 278
      of a flip-flop multi-vibrator 279. The flip-flop multi-vibrator 279 has a
      normally "low" state at its output terminal 280. The "low" state is
      applied to a conductor 281 and to the operating terminal of the latch gate
      245 thus maintaining the gate 245 open during normal operation. The
      appearance of a pulse at the output terminal 278 of the flip-flop
      multi-vibrator 279 converts the state of the output terminal 280 to a
      "high". The "high" is applied to the conductor 281 and to the operating
      terminal of the latch gate 245 thereby disabling the gate 245 so that no
      further signals are delivered to the clock terminal 248 when the maximum
      frequency has been achieved.
PAR  When the maximum frequency has been achieved and the output terminal 280 of
      the flip-flop multi-vibrator 279 is in a "high" state, the capacitor 263
      remains fully charged for significant periods of time inasmuch as low
      leadage components are employed. The system can be reset for renewed
      operation by depressing the reset button 28 which has two decks 28A, 28B.
      The reset position is marked R and the start position is marked S in FIG.
      15. When the switch 28 is moved to the R position, a positive voltage from
      a positive source terminal 282 is delivered through the switch deck 28B to
      the "operate" terminal 283 of the switch deck 241B and thence to a reset
      terminal 284 in the reset conductors 257. So long as the reset switch 28
      remains in the reset position R, the reset conductor 257 is connected to
      the positive voltage source 282.
PAR  Application of the positive voltage to the reset conductor 257 accomplishes
      a number of results.
PAR  The positive voltage is delivered from a terminal 285 to the base of a
      transistor 286. Accordingly the transistor 286 becomes conducting and the
      capacitor 263 is discharged to ground.
PAR  The positive voltage from the reset terminal 284 is delivered through the
      conductor 257 to the control terminals 253, 254, 255, 256 of the counters
      249, 250, 251, 252 respectively, thereby resetting each of the counters to
      zero. It will be observed that the counter 250 which is a D-type flip-flop
      multi-vibrator is connected to the conductor 257 through an integrator
      consisting of a capacitor 287 and a resistor 288 which applies a pulse to
      the control terminal 254 as required to reverse the state of a D-type
      flip-flop multi-vibrator 250.
PAR  When the system is started for a further spectrum analysis activity, the
      reset button 28 is moved to the start position S. This disconnects the
      positive source 282 and provides a path for grounding the potential of the
      reset conductor 257. A terminal 237 in the reset conductor 257 is
      connected to a reset terminal 238 of the flip-flop multi-vibrator 279. As
      the state of the terminal 287 shifts from "high" to "low," the output
      terminal 280 of the flip-flop multi-vibrator 279 also reverts from the
      "high" state to a "low" state. The "low" state is applied to the conductor
      281 and to the operating terminal of the latch gate 245, enabling the
      clock signal to pass into the inverter 246 and to the clock terminal 248.
PAR  Removal of the voltage from the base of the transistor 286 renders the
      transistor 286 nonconductive so that the capacitor 263 may be recharged.
PAC  Time Delay Circuit
PAR  A time delay circuit is provided in the system to allow the synchronous
      filters (FIG. 10) to settle inasmuch as the applied frequency is being
      changed from the maximum frequency to a minimum frequency. Normally about
      an eight seconds time delay is adequate. The time delay circuitry includes
      an electron switch 258 (FIG. 15) having its positive terminal connected to
      the reset conductor 257. The output of the electron switch 258 is applied
      to the control terminal of the time delay gate 247. Normally the output
      terminal 289 of the electron switch 258 is maintained in a "low" state.
      During the reset operation, a capacitor 290 becomes charged to the 15
      volts value of the reset conductor 257.
PAR  A diode 291 is provided in the reset conductor 257 between the reset
      terminal 284 and the electron switch 258. Thus when the 15 volts source
      282 is disconnected from the reset conductor 257 and the reset terminal
      284 is connected to ground through the start terminal S of the switch deck
      28B, the 15 volts potential slowly discharges from the capacitor 290
      through a resistor 292. When the potential at the positive terminal of the
      electron switch 258 drops below the threshold, the output 289 changes
      state from "high" to "low" and applies a "low" through a time delay
      conductor 293 to the control terminal of a time delay gate 247.
PAR  The reset button 28 in the start position also connects a power source
      terminal 294 through a light emitting diode 27 via the switch deck 28A to
      ground. Thus the light emitting diode 27 ignites when the reset switch 28
      is in the start position. This is particularly important because of the
      time delay circuitry just described. In the absence of a light emitting
      diode 27, the system operator might not be aware that the system was
      connected because of the eight seconds time delay normally built into the
      system.
PAR  The digital sweep circuit operates only during the spectrum analysis mode.
      The switch deck 65I has all of its terminals except the spectrum analysis
      terminal 295 connected through its wiper arm to a source 296 of positive
      voltage at about 15 volts. The remaining terminals of the switch deck 65I
      are connected to the terminal 285 in the reset conductor line 257 between
      a pair of diodes 291, 297. Thus a 15 volts source is applied to the base
      of the transistor 286 in all modes except spectrum analysis to preclude
      build-up of voltage at the charge terminal 262. Similarly the 15 volt
      source is applied through the terminal 285 to the electronic switch 258 to
      disable the time delay gate 247.
PAC  FREQUENCY RANGE ADJUSTMENTS
PAR  The range adjustments are made for minimum frequency with the recorder
      selector knob 26 in the "zero calibrate" position and for maximum
      frequency with the recorder selector knob 26 in the "full scale" calibrate
      position.
PAR  To set the minimum frequency the switch decks 241A, 241B have the wiper
      arms connected to the "zero calibrate" terminals 298, 299. In this
      position, the positive voltage source 282 is connected through the "zero
      calibrate" terminal 299 of the switch deck 241B to the reset terminal 284,
      thereby inactivating the clock signals at clock terminal 248. A mixer
      terminal 300 is connected to ground through the voltage follower 266, the
      switch deck 25A and the zero calibrate terminal 298 of the switch deck
      241A. The mixer terminal 300 also is connected to the wiper arm of the
      minimum frequency switch deck 29A. The minimum frequency switch deck 29A
      has nine terminals which are connected to each other by single resistors
      in a chain. One end resistor is connected to ground through a resistor
      301. The other end terminal is connected to a source 302 of positive
      voltage through a rheostat 303. Thus the voltage applied to the wiper arm
      of the switch deck 29A can be varied in uniform increments. This voltage
      is applied to the mixer terminal 300 and thence through the inverter 267
      to the positive terminal of the integrated circuit 269. This constant
      uniform voltage from the mixer terminal 300 will develop a uniform
      frequency output signal at the output terminal 240. This signal can be
      observed on the frequency meter 11 (FIG. 1 and FIG. 2). Referring
      specifically to FIG. 2 the frequency signal is delivered from the terminal
      240 through the spectrum analysis terminal of the switch deck 65A and
      thence through the input circuit 78 to the spectrum analysis terminal of
      the switch deck 65B. The signal is taken from the switch deck 65B through
      the frequency-to-DC converter 95 and the DC amplifier 96 whence it is
      applied to the frequency meter 11.
PAR  The "full scale" calibration of the system is carried out with the switch
      decks 241A, 241B in the "full scale" calibrate position, that is with the
      wiper arm connected to the central terminal in the switch decks 241.
      Referring to the switch deck 241A, it will be observed that the "full
      scale" calibrate terminal is connected to the wiper arm of the switch 30A.
      The switch 30A has nine terminals which are connected to each other by
      resistors in a chain. The bottom terminal is connected by a resistor 304
      to ground. The top terminal is connected by a resistor 305 and a rheostat
      306 to a positive source 307, normally 15 volts. Thus a suitable voltage
      can be applied in uniform increments through the terminals of the switch
      30A to the switch deck 241A and thence through the switch 25A and voltage
      follower 266 to the mixer terminal 300. At the mixer terminal 300 the
      voltage applied from the switch deck 30A is mixed with the already
      established voltage from the switch deck 29A. So long as the voltage from
      the switch deck 30A exceeds the voltage from the switch deck 29A, a signal
      will be developed at the output terminal 240 corresponding to the
      difference between the voltage from the deck 30A and the voltage from the
      deck 29A. The frequency of that signal at terminal 240 can be indicated
      directly on the frequency meter 11 of FIG. 1 and FIG. 2.
PAR  If the instrument is operating in the frequency band from 600 Hertz to
      6,000 Hertz as a result of the setting of the frequency range knob 17 and
      the corresponding switch decks 160, the minimum frequency knob 29 and
      maximum frequency knob 30 will permit the operator to inspect and to
      record all of the range or less than all of the range. For example, the
      operator can observe and record frequencies from 1,800 to 4,200 Hertz.
      This smaller range may be spread entirely across the X-Y coordinate paper
      (of an X-Y recorder) for enlarged scale plotting of the observations. It
      will be observed that the maximum frequency knob 30 is mechanically
      connected to the switch deck 30B associated with the last Johnson counter
      252. Thus when the maximum frequency is established by the knob 30, the
      corresponding range of the counter chain is established so that the
      remainder of the circuitry shuts down at the desired maximum frequency.
PAR  The minimum frequency adjustment knob 29 applies a threshold voltage at the
      mixer terminal 300 corresponding to the setting of the knob 29. For
      example if the system is in the 600-6,000 cycle frequency range and the
      desired sweep is from 2,400 to 6,000 cycles, the voltage delivered from
      the switch 29 to the mixer point will be a voltage corresponding to 2,400
      cycles. Thus the output signal at the terminal 240 resulting directly from
      the voltage at mixer terminal 300 from switch 29 will be a 2,400 cycle
      signal. Thereafter as the system starts up, the voltage at the charge
      terminal 262 increases from zero and the resulting signal at the output
      terminal 240 increases in frequency from the established base of 2,400
      cycles.
PAR  When the maximum frequency switch 30 thereafter is adjusted with the switch
      241A in the "full scale" calibrate position, the voltage from the switch
      deck 30A is added to the voltage from the switch deck 29A at the mixer
      terminal 300. If the full scale voltage from the switch deck 30A were to
      be applied in the example, the output signal at the terminal 240 would
      correspond to 8,400 cycles, that is 2,400 cycles resulting from the
      electrical signal delivered from the switch deck 29A and 6,000 cycles
      resulting from the full scale voltage delivered from the switch deck 30A.
      In order that the output frequency will be within the desired range, that
      is 2,400-6,000 cycles, the switch 30 is adjusted until the frequency meter
      11 (FIG. 1 and 2) indicates 6,000 cycles. The adjustment of the switch 30
      also adjusts the swtich deck 30B and reduces the counting excursion of the
      counter chain correspondingly. Thus in the given example where the normal
      range is 600 to 6,000 cycles per second, the total range is 5,400 cycles.
      The normal counting excursion of the counter chain is 2,000 counts. Hence
      the normal counting rate is 2.7 Hertz per count. Thus if 30 percent of the
      lower portion of the range is to be eliminated, this is 0.3 times 5,400
      Hertz equals 1,620 hertz above the 600 Hertz threshold. Thus the final
      range would be 2,200 to 6,000 Hertz. The counter 252, FIG. 15, would
      terminate counting after 1,400 counts.
PAC  PEN LIFT CIRCUIT
PAR  A pen lift circuit is illustrated by the broken line enclosure 308 in FIG.
      15. The pen lift circuit includes a pen lift outlet 43 having a solenoid
      switch 309 including a coil 310 which is connected to a source 311 of
      positive voltage and through a transistor 312 to ground. The base of the
      transistor 312 is connected to the output terminal of a gate 313. The
      control terminal of the gate 313 is connected through a diode 314 to the
      conductor 281. The control terminal of the gate 313 also is connected
      through a diode 315 to a terminal 316 in the reset conductor 257. When the
      base of the transistor 312 receives a positive charge, the transistor 312
      becomes conducting, current flows through the solenoid coil 310 and the
      pen lift circuit 43 is closed. The base of the transistor 312 receives a
      charge when the control terminal of the gate 313 is "low." The control
      terminal of the gate 313 will be "low" when the conductor 281 is "low" and
      when the terminal 316 is "low." The conductor 281 is "low" so long as the
      counter chain 249, 250, 251, 252 is actively counting. As soon as the
      counting terminates, the terminal 280 of the flip-flop multi-vibrator 279
      becomes "high" and this causes the gate 313 to develop a "low" at its
      output terminal which is applied to the base of the transistor 312, which
      interrupts the flow of current through the transistor 312 and through the
      solenoid coil 310. The terminal 316 also is "high"  when the reset switch
      28B is in the reset position R. The terminal 316 remains "high" after the
      reset switch 28B has been moved to the start position S until the delay
      circuit capacitor 290 discharges. This requires about eight seconds. Hence
      the pen lift circuit 308 is activated at the same instant that the
      activating signal is delivered from the delay circuit through the
      conductor 293 to the time delay gate 247.
PAC  TYPICAL OPERATION
PAR  FIG. 13 sets forth the type of information which can be obtained from the
      present system in the spectrum analysis mode over each of the four typical
      cycles, 60-600 Hertz; 600-6,000 Hertz; 6,000-60,000 Hertz; 60,000-600,000
      Hertz. The plot shown in FIG. 13 illustrates the vibration amplitude as a
      vertical indication plotted against the frequency of observation for a
      commercial fan rotating at 1,150 revolutions per minute. One spike is
      observed at the point A at about 1,150 rpm, the rotational frequency.
      Another spike B is observed at about 2,300 rpm, twice frequency. Another
      spike C occurs at 4,600 rpm, four times frequency.
PAR  The plot shows a significant vibration D at 30,000-36,000 cycles per
      minute, a phenomenon which is characteristic of a defective bearing in the
      system.
PAR  The four printout lines in FIG. 13 represent a vibration signature for the
      particular fan unit under inspection. The printout of FIG. 13 can be
      obtained by an operator and retained in his files for future comparison
      with the corresponding signature developed from the same machine at a
      later date. Such comparisons are diagnostically useful.
PAR  FIG. 14 illustrates a typical printout for the present system in the
      tracking mode. Amplitude is plotted vertically; frequency is plotted
      horizontally. The solid line curve shows the amplitude of vibration for
      the rotating body as its speed increases from 0 through 2,500 rpm. It will
      be observed that there are three significant peaks at 1,025 rpm, 1,275 rpm
      and 1,700 rpm.
PAR  The broken line curve shows the printout of the phase relationship of the
      output signal as the rotor increases in speed. Three distinct resonances
      are indicated at frequencies of about 1,050 rpm, 1,350 rpm and 1,600 rpm.
      A reversal of the phase relationship of the unbalance indication is
      characteristic of a frequency resonance.
PAC  VIBRATION SIGNAL CONDITIONER
PAR  A feature of this system is interchangeability of vibration pickups,
      including seismic transducers, non-contact pickups and accelerometers. The
      accelerometer input is applied to the terminal 61 of FIG. 8 whereas the
      velocity or displacement pickups are applied to the input terminal 60 of
      FIG. 8.
PAR  The velocity or displacement pickup signal is delivered through a
      preamplifier 317 to the two velocity terminals 318a, 319a of the deck 23A
      of the pickup selector switch 23. The accelerometer input signal is
      delivered from the terminal 61 through a charge amplifier 322 and a
      preamplifier 323 to the accelerometer input terminals 320a, 321a of the
      switch deck 23A. The signal from the switch deck 23A may be passed
      directly to the terminals 319b, 320b of the switch deck 23B or may be
      delivered through an active integrator 324 through potentiometers 325 or
      326 to the terminals 318b or 321b respectively of the switch deck 23B.
PAR  The signal conditioning circuit of FIG. 8 delivers an output signal at a
      terminal 327 to the switch deck 65C as shown in FIG. 2. The signal will be
      a cyclic signal. The signal will correspond to displacement when the
      switch 23 is connected to the terminals 318; the signal at the terminal
      327 will correspond to velocity when the switch 23 is connected to the
      terminals 319 or 321; the signal at terminal 327 will correspond to
      acceleration when the switch 23 is connected to the terminals 320.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electro-mechanical apparatus for detecting instantaneous amplitude
      of harmonic vibrations of a rotating body including:
PA1  an electromagnetic transducer for converting instantaneously some function
      of harmonic displacement into a complex electrical signal having a
      fundamental frequency corresponding to the instantaneous rotational
      velocity of said rotating body, the improvement comprising:
PA1  independent means for generating a reference signal having uniformly
      increasing frequency said means being distinct from the said rotating body
      and also being distinct from said electromechanical transducer;
PA1  signal filter means connected to receive the said complex electrical
      signal;
PA1  signal filter means being responsive to said reference signal for
      instantaneously producing a resultant signal substantially free of
      components of the said complex electrical signal other than those at the
      existing instantaneous frequency of the said reference signal.
NUM  2.
PAR  2. Apparatus according to claim 1 including means for adjusting the minimum
      frequency and the maximum frequency of the range of the said reference
      signal.
NUM  3.
PAR  3. In an electro-mechanical apparatus of claim 1 the improvement
      comprising:
PA1  switch means within said apparatus including two input terminals and one
      output terminal,
PA1  integrating circuitry having an input contact and an output contact, said
      switch means being adapted to connect:
PA2  a. a first of said input terminals to the said input contact and to connect
      the said output contact to the said output terminal;
PA2  b. a first of said input terminals to the said output terminal;
PA2  c. a second of the said input terminals to the said output terminal;
PA2  d. a second of the said input terminals to the said input contact and to
      connect the said output contact to the said output terminal;
PA1  and means for connecting said transducer to said first of said input
      terminals when the said complex electrical signal is velocity responsive
      and means for connecting the said transducer to the said second of said
      input terminals when the said complex electrical signal is acceleration
      responsive and means for connecting said transducer to the said first of
      said input terminals when the said complex electrical signal is
      displacement responsive.
NUM  4.
PAR  4. In an electro-mechanical apparatus of claim 1, the improvement in said
      signal filter means comprising an active filter having the equivalent of a
      four-pole filter response with the equivalent of a two-pole filter delay.
NUM  5.
PAR  5. In an electro-mechanical apparatus for detecting amplitude and phase
      relationships of harmonic vibrations of a rotating body, including:
PA1  an electromagnetic transducer for converting instantaneously some function
      of harmonic displacement into a complex electrical signal having a
      fundamental frequency corresponding to the instantaneous rotational
      velocity of the said rotating body, including means for filtering the said
      complex electrical signal to suppress signal components at frequencies
      other than a selected frequency and to pass without significant distortion
      the signal components of the said selected frequency;
PA1  a first signal channel and second signal channel, the two said channels
      being identical and each including in series a first multiplier, a low
      pass filter and a second multiplier;
PA1  means for generating a sine wave signal at a first reference frequency and
      means for generating a cosine wave signal at the same first reference
      frequency;
PA1  means for delivering the said complex electrical signal to the first
      multiplier of the said first channel and to the said first multiplier of
      the said second channel;
PA1  means for delivering the said sine wave signal to the said first multiplier
      of said first channel;
PA1  means for delivering the said cosine wave signal to the said first
      multiplier of said second channel;
PA1  means for delivering the output of each of the said first multiplier to the
      said low pass filter and from the said low pass filter to the said second
      multiplier;
PA1  means for delivering a sine wave signal at a second reference frequency to
      the said second multiplier of said first channel;
PA1  means for delivering a cosine wave signal at said second reference
      frequency to said second multiplier of said second channel;
PA1  and summing means for adding the output signals from the said two channels
      to produce a resultant signal substantially free of components other than
      the selected frequency;
PA1  the improvement comprising matched active low pass filters in the said two
      channels, each active filter including a pair of series filters each
      having an operational amplifier having its negative terminal connected to
      an input terminal through an input resistor and a blocking capacitor in
      series; a grounded positive terminal on said operational amplifier; a
      feedback resistor connecting the output terminal and the negative terminal
      of said operational amplifier; an output capacitor connecting the said
      output terminal of said operational amplifier with the junction between
      said input resistor and said blocking capacitor, and a filter output
      terminal between the said output capacitor and the said junction; the
      output terminal of the first filter being connected to the input terminal
      of the second filter.
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ABST
PAL  A bicycle speedometer tire drive gear adaptor assembly comprising a pair of
      helical gears engaging at an angle of substantially 120.degree.. The gears
      are supported in a unitary housing with one of the gears rotated by a
      friction wheel engaging the bicycle tire and the other, which utilizes its
      own teeth as a bearing, rotates at a substantially reduced speed to
      transmit movement through a flexible shaft to the speedometer. The angle
      of gear engagement aids in eliminating sharp corners or small radii in the
      flexible shaft. The housing is secured to the front bicycle fork by
      oppositely directed arcuate spring clip fingers having reverse bent ends
      nesting in and conforming to the shape of a pair of longitudinal grooves
      in the housing to securely hold the housing.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to bicycle speedometer tire drive gear
      adaptor assemblies and more particularly to an improved and economical
      bicycle speedometer tire drive gear adaptor assembly.
PAR  2. Brief Summary of the Prior Art
PAR  Bicycle speedometer drive assemblies are usually mounted on one of the
      bicycle wheel axles to transmit movement of the wheel adjacent the axle to
      the speedometer. This arrangement, however, does not provide accurate
      speed indications since actual bicycle speed depends on the wheel
      diameter.
PAR  Providing an axle mounted speedometer drive for accurately indicating
      bicycle speed requires a gear adaptor assembly individual to respective
      wheel diameters, and this is expensive. Employing a tire drive gear
      adaptor to operate the speedometer from one of the bicycle wheel tires
      does provide accurate speed indication, but requires substantial gear
      reduction due to the high tire velocity. The large number of gears and
      bearings necessary for substantial gear reduction also results in an
      expensive drive.
PAR  Additionally, tire drive gear adaptor assemblies are mounted on the bicycle
      fork for facile engagement with the front tire. In this position, there is
      a relatively short distance between the gear adaptor assembly and the
      speedometer, which is mounted on the handlebars at the front of the
      bicycle. Due to the short distance and the projection of the speedometer
      boss in a forward direction, the flexible shaft, which transmits movement
      between the gear adaptor assembly and speedometer, is often difficult to
      connect without being bent at a sharp angle with a minimum radius.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention employs a tire drive gear adaptor assembly in which
      only two tandemly driven helical gears provide sufficient speed reduction
      to operate the speedometer from the tire. A unitary plastic housing is
      provided for the two gears with the gear teeth of one of the gears serving
      as a bearing surface to eliminate the usual gear bearing.
PAR  Further, the two helical gears are arranged at an angle of 120.degree. to
      each other in the housing. This arrangement facilitates the use of a short
      length of flexible shaft with a large radius of curvature between the gear
      adaptor assembly located adjacent the upper portion of the front bicycle
      tire and the speedometer mounted on the bicycle handlebars.
PAR  The housing is secured to the bicycle fork by a bracket assembly comprising
      a simple spring clamp cooperating with a recess in the housing wall to
      properly orient and hold the housing to thereby provide further economies.
PAR  It is, therefore, a primary object of the present invention to provide an
      improved and more economical bicycle speedometer tire drive gear adaptor
      assembly.
PAR  Other objects and features of the present invention will become apparent on
      examination of the following specification and claims together with the
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general isometric view of a front portion of a bicycle on which
      is mounted a speedometer, flexible shaft assembly and a tire drive gear
      adaptor assembly, employing the principles of the present invention;
PAR  FIG. 2 is a side elevational view of the gear adaptor assembly together
      with a portion of the flexible shaft assembly;
PAR  FIG. 3 is a bottom elevational view of the assembly shown in FIG. 2.
PAR  FIG. 4 is a sectional view taken along the line 4--4 in FIG. 2;
PAR  FIG. 5 is a sectional view taken along the line 5--5 in FIG. 2;
PAR  FIG. 6 is a sectional view taken along the line 6--6 in FIG. 2; and
PAR  FIG. 7 is an isometric view of the bracket assembly and a relevant portion
      of the bicycle fork.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a bicycle speedometer is indicated by the reference character 10.
      The speedometer 10 is mounted on handlebars 12 of a bicycle 14 and
      includes a conventional mechanism operated by a gear adaptor assembly 16.
      The assembly 16 is connected to the speedometer 10 by a flexible shaft
      assembly, which includes a flexible shaft 18 as seen in FIGS. 2 and 5.
      Shaft 18 is carried in a flexible shaft casing 20. The casing 20 is
      secured at one end of the speedometer boss 22 and the shaft 18 extends
      into the boss for transmitting movement to the speedometer mechanism. The
      boss 22 extends in a forwardly direction or in the direction of bicycle
      movement so that the shaft 18 and casing 20 must adopt a path extending
      generally along the axis of boss 22.
PAR  The gear adaptor assembly 16 includes a nylon housing 24 having two
      integrally formed intersecting tubular sections 28 and 30. Section 28 has
      a threaded end for receiving a nut 26 to attach one end of the flexible
      shaft casing 20 and the associated ferrule thereto. The sections 28 and 30
      have an outer diameter of substantially 1/2 inch and define passageways 32
      and 34, respectively, whose axes extend at substantially 120.degree. to
      each other. Section 28 is approximately 11/4 inches long and section 30 is
      approximately 11/2 inches long, and their elongate axes are offset from
      each other by a distance providing intersection of the periphery of the
      passageway 32 with the periphery of section 34. The intersecting
      passageways 32 and 34 are in communication through a passageway 36 formed
      in the intersecting portion of the walls of sections 28 and 30. The axis
      of passageway 36 is located substantially 0.88 inch from the ferrule end
      of section 28 and approximately 1 inch from one end of section 30.
      Passageway 32 rotatably supports a helical gear 38 and passageway 34
      receives a helical gear 40 with the two helical gears in engagement
      through the passageway 36.
PAR  Helical gear 38, in addition to being rotatably supported by the interior
      wall of passageway 32, has a noncircular central opening. The opening in
      gear 38 receives the correspondingly shaped end of flexible shaft 18 for
      rotating shaft 18 to operate the speedometer 10. A plastic cap 32
      ultrasonically welded to one end of section 28 closes the passageway and
      holds gear 38 against axial movement in one direction. A shoulder 44 holds
      the gear 38 against axial movement in the opposite direction. Gear 38 is
      provided with substantially ten left hand helical teeth formed at an angle
      of substantially 43.degree. 14' and a pitch of 44, which is relatively
      easily manufactured. The teeth have an outside cylindrical diameter of
      substantially 0.43 inch and extend for substantially 0.5 inch along the
      surface of passageway 32 and, due to the large pitch, provide a bearing
      surface.
PAR  Gear 40 is provided with only two left hand helical teeth formed with a
      pitch of 44 at a helix angle of 76.degree. 46' so that the total angle
      between the teeth add to 120.degree. for proper engagement at the selected
      angle. Gear 40 is engaged at one end by a projection 46 on an end wall of
      section 30 to restrain the gear 46 against axial movement in one
      direction. A reduced diameter shaft 48 extends from the other end of gear
      40 through a bearing 50. Bearing 50 is press fit in an enlarged diameter
      portion 52 of passageway 34 to define a shoulder 54. Shoulder 54 engages
      one end of bearing 50 for limiting bearing movement in one axial
      direction. In addition, a thrust bearing ring 56 fits in a groove in shaft
      48 between gear 40 and bearing 50. Shaft 48, at the end opposite gear 40,
      extends beyond section 30 to a friction wheel 58 fixed thereto.
PAR  Wheel 58 has a diameter of substantially 1.9 inches and extends beyond the
      periphery of housing sections 28 and 30. A serrated periphery is provided
      on wheel 58 for engaging the side wall of the bicycle tire 60. The wheel
      58 is held in engagement with tire 60 by means of a bracket assembly 62,
      seen in FIGS. 1, 6 and 7.
PAR  The bracket assembly 62 comprises an elongate member 64 having an
      integrally formed spring clip 66 at one end. The spring clip comprises two
      axially spaced semi-circular leg 70 spaced axially intermediate the two
      legs 68 and extending in a direction opposite legs 68.
PAR  Each leg 68 and 70 has an end formed in a reverse bend 72 to a shape
      corresponding to the shape of a respective longitudinal groove 74 formed
      in the periphery of section 30. The legs 66 and 68 are expanded to pass
      over the periphery of section 30 and then released to seat the bends 72 in
      the grooves 74. The legs 66 and 68 tightly grip section 30 and hold the
      sections 28 and 30 against pivotal or longitudinal movement relative
      member 64. It will be noted that the bends 72 bear against the side walls
      of the respective grooves 74 so that any relative pivotal movement is
      transverse to the groove walls and prevented thereby. The end of member 64
      opposite legs 66 and 68 is secured to a pair of straps 76 by means of a
      threaded fastener 78.
PAR  The straps 76 each have a convex formation intermediate their ends
      conforming to the periphery of the bicycle fork leg 80 and are fastened
      together at opposite ends by means of fastener 78 and a fastener 82 to
      tightly grip the fork leg therebetween. It will be noted that the straps
      76 may be adjusted relative the fork and the angular position of member 64
      also adjusted to bring the wheel 68 into engagement with the tire wall 60,
      whereafter the fasteners are tightened to hold the wheel 58 engaged with
      the tire.
PAR  With the described bracket assembly 62, the adaptor assembly 16 is
      suspended cantilever-fashion from the fork leg 80, as shown by full lines
      or from the opposite fork leg as shown by the broken lines in FIG. 1. As
      shown by the full line, the wheel 58 engages the tire wall 60 to the rear
      of the fork. With the 120.degree. angle between the sections 28 and 30,
      the flexible shaft 18 and casing 20 project upwardly and forwardly in the
      direction of the speedometer boss, permitting a reverse bend or curve 84
      of large radius in the casing and shaft to facilely align the same with
      the speedometer boss 22. As shown by the broken line, the adaptor assembly
      16 is located forwardly of the bicycle fork and the flexible shaft and
      casing project upwardly and rearwardly; however, a curve 86 of large
      radius and curve 84 permit the shaft and casing to be easily aligned with
      the speedometer boss.
PAR  In operation, rotation of the tire 60 serves to rotate the friction wheel
      58 at the same speed as the tire irrespective of wheel diameter to in turn
      rotate gear 40 at the same speed. Gear 40 transmits its movement to gear
      36 which rotates at substantially 1/5 the speed of gear 48 with the given
      ratio of two teeth to ten teeth to rotate the flexible shaft 18 and
      operate the speedometer at a correspondingly reduced speed. The gear
      reduction permits operation of the speedometer mechanism at a standard
      rate of substantially 2000 revolutions per mile and permits the
      speedometer to accurately reflect the actual bicycle velocity.
PAR  Various modifications of the described embodiment are possible without
      departing from the concepts of the invention which are set forth in the
      accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bicycle speedometer and drive assembly, comprising; a speedometer
      having a rearwardly projecting boss extending on a first axis, a flexible
      shaft connected to said speedometer boss, an integrally formed housing
      having a pair of passageways therein with the axes of said passageways
      arranged at an obtuse angle to each other and offset from each other,
      bracket means for connecting said housing to a bicycle fork, a helical
      gear in each passageway, an opening in said housing communicating said
      pair of passageways with each other for enabling engagement between said
      helical gears, each of said gears having teeth, a shaft extending axially
      from one of said gears, and a tire drive wheel for engaging the side of
      the tire of said bicycle and fixed to said shaft on said one gear for
      rotating said gears and flexible shaft in response to rotation of said
      tire for operating said speedometer, the axes of the drive wheel being
      substantially perpendicular to the speedometer boss first axis so that the
      flexible shaft does not have any significant bend, one of said gears being
      rotatably supported in the housing by engagement between the teeth and the
      associated passageway, said one gear having an opening therein, said
      flexible shaft being received in said opening in said one gear.
NUM  2.
PAR  2. The combination in claim 1 in which said obtuse angle is substantially
      120.degree..
NUM  3.
PAR  3. The combination defined in claim 2, in which said one gear has at most
      one-fifth the number of teeth as the other gear to thereby rotate said
      flexible shaft at a correspondingly reduced speed for operating said
      speedometer at said reduced speed.
NUM  4.
PAR  4. The combination defined in claim 3, including a spring clip having one
      end adapted to be supported from the fork of said bicycle and comprising a
      pair of semi-circular integrally formed spring legs formed at the other
      end of said clip with said legs extending in opposite directions for
      grasping said housing therebetween, and a reverse bend at the end of each
      leg for engaging a respective longitudinal groove in said housing.
NUM  5.
PAR  5. The combination defined in claim 1 in which said one gear has only two
      teeth and said other gear has ten teeth.
NUM  6.
PAR  6. The combination defined in claim 5 in which said teeth have a pitch of
      substantially 44.
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ABST
PAL  A multiple step indexing mechanism having a rotary input and a rotary
      output and intermediate driving members with driving connections to
      generate a periodic dwell interval of the output member through the
      kinematic superposition of substantially linear and substantially harmonic
      motion components including those which include multiple harmonic
      components together with a dwell extension mechanism which includes timing
      means driven by the input member, a device for engaging and disengaging
      one of the driving connections, and a connection between the timing means
      and engagement device to effect disengagement within one of the periodic
      dwell intervals and re-engagement within another of the periodic dwell
      intervals.
BSUM
PAR  This invention relates to a Programmable Multiple Step Indexing Drive
      Mechanism.
PAR  It is an object of this invention to achieve a significant increase in the
      dwell period of certain types of indexing mechanisms whose normal dwell
      period is less than half of a given index plus dwell period.
PAR  It is a further object of this invention to provide a system in which the
      dwell index intervals may be programmed in a non-repetitive sequence over
      a small number of intervals.
PAR  It is a further object of this invention to achieve the aforesaid dwell
      period extensions without disturbing the excellent inherent smoothness and
      absence of shock characterizing the unmodified mechanisms.
PAR  Other objects and features of this invention relating to details of
      construction and operation will be apparent in the following description
      and claims in which is set forth the principles of operation and use of
      the invention together with several of the preferred modes presently
      contemplated for the practice of thereof.
DRWD
PAR  DRAWINGS accompany the disclosure and the various views thereof may be
      briefly described as follows:
PAR  FIG. 1, a side view of a first embodiment of the invention.
PAR  FIG. 2, a sectional view on line 2--2 of FIG. 1.
PAR  FIG. 3, a sectional view on line 3--3 of FIG. 2.
PAR  FIG. 4, a sectional view on line 4--4 of FIG. 1.
PAR  FIG. 5, a side view of a modified structure with the programming cam on a
      separate fixed axis.
PAR  FIG. 6, a sectional view on line 6--6 of FIG. 5.
PAR  FIG. 7, a sectional view on line 7--7 of FIG. 5.
PAR  FIG. 8, a sectional view on line 8--8 of FIG. 5.
PAR  FIG. 9, a side view of a third embodiment in which the output motion is
      generated by a system of chains and sprockets.
PAR  FIG. 10, a sectional view on line 10--10 of FIG. 9.
PAR  FIG. 11, a perspective view of a shifting means.
PAR  FIG. 12, a sectional view on line 12--12 of FIG. 10.
PAR  FIG. 13, a sectional view on line 13--13 of FIG. 12.
DETD
PAR  In certain types of indexing systems the substantially constant velocity of
      an input member is converted into an intermittent movement of an output
      member which reaches a periodic full dwell or stopped condition, through
      the utilization of constant mesh circular gears or equivalent sprockets
      and chains or pulleys and belts. This periodic dwell is achieved through
      specific arrangements of these components and the moving elements on which
      they are mounted. A family of such intermittent motion mechanisms is shown
      in my invention in U.S. Pat. No. 3,789,676. Other families of such
      mechanisms are described in my U.S. Patent applications, Ser. No. 444,024,
      filed Feb. 20, 1974, and Ser. No. 474,947, filed May 31, 1974.
PAR  Mechanisms of this general type can, with the proper choice of the
      governing geometric parameters, achieve a periodic output dwell or stop of
      the output member even though the input member continues to rotate. The
      order of magnitude of the fraction of a total index period occupied by
      such a dwell is 1/3 to 1/30 of a complete index cycle; i.e., if the input
      rotates at a constant velocity, the output will be substantially
      stationary for 1/3 to 1/30 of the time required to complete an entire
      cycle which consists of the movement time plus the dwell time. Such a
      dwell is a natural dwell since it is an outgrowth of the natural
      properties of the mechanism.
PAR  However, many applications arise in which this natural dwell is not
      sufficiently long. Some cases demand a dwell which consists of 9/10 or
      even more of the entire cycle time; i.e., the dwell is nine times longer
      than the time required to accomplish the index proper.
PAR  The invention described below defines a simple addition to the parent
      mechanism which permits a multifold extension of the dwell without
      disturbing the inherent smoothness of acceleration and deceleration
      characteristics of the basic mechanism.
PAR  REFERRING TO THE DRAWINGS, in FIGS. 1, 2, 3 and 4, a frame 30 supports a
      bracket 32 which in turn supports a shaft 34 located on an axis A.sub.1. A
      link 36 is pivoted on shaft 34 through bearings 38 and 40; the other end
      of link 36 rotatably supports a shaft 42 on axis A.sub.2 through bearings
      44 and 46.
PAR  A prime mover 48 mounted on the frame 30 has an output shaft 50 which also
      rotates on the axis A.sub.1 ; a sprocket 52 is mounted on the shaft 50 and
      drives a sprocket 54 mounted on shaft 42 on axis A.sub.2 through a
      suitably formed chain 56.
PAR  At its other end the shaft 42 supports a cheek plate 58 which in turn
      supports a drive gear 60 eccentrically mounted relative to shaft 42; the
      center of the gear 60 is defined as axis A.sub.3 which is, of course,
      displaced from axis A.sub.2. The gear 60 is suitably formed to mesh with
      an internal output gear 62 mounted on a shaft 64 on axis A.sub.4 mounted
      in the frame 30 through bearings 66 and 68.
PAR  A cam follower 70 is eccentrically mounted on the sprocket 54, such that
      the center of the cam follower 70 is coincident with axis A.sub.3, the
      center of gear 60. This cam follower 70 is confined in a groove 72 of a
      cam 74 mounted on shaft 64 through bearings 76 and 78. For normal
      operation of the mechanism described above, the groove 72 in cam 74 is a
      true circular arc about axis A.sub.4 of a radius appropriate to maintain
      pitch line contact between gear 60 and internal gear 62.
PAR  The mechanism described to this point is the substantial equivalent to the
      mechanism shown in FIGS. 22, 23 and 24 of my existing U.S. Pat. No.
      3,789,676, except that the means for maintaining a constant distance
      between axes A.sub.3 and A.sub.4 is now a cam follower 70 in an arcuate
      slot 72 rather than a link.
PAR  With an appropriate spacing between axes A.sub.2 and A.sub.3 the output
      movement of gear 62 and shaft 64 will come to a complete dwell or stop
      once for every revolution of gear 60 even though the input shaft 50
      rotates at some constant angular velocity. It can be seen that as the
      shaft 50 on the fixed axis A.sub.1 rotates, it drives the shaft 42,
      through sprockets 52 and 54 and chain 56, at some angular velocity about
      axis A.sub.2. The gear 60 eccentrically mounted on shaft 42 also rotates
      at the same angular velocity about its own center axis A.sub.3. The axis
      A.sub.2 is maintained equidistant from the fixed axis A.sub.1 by the link
      36 and the axis A.sub.3 is maintained equidistant from the fixed axis
      A.sub.4 by the cam follower 70 in the arcuate slot 72. Therefore, as shaft
      42 and gear 60 rotate about their respective axes A.sub.2 and A.sub.3,
      these two axes revolve about each other and the arm 36 must oscillate
      about the fixed axis A.sub.1 and the cam follower 70 oscillates in the
      arcuate slot 72.
PAR  During the dwell portion of the cycle, the angular rotation of the gear 60
      to drive gear 62 is precisely cancelled by the movement of axis A.sub.3
      about A.sub.2. In effect, the motion of gear 60 is exactly described as
      rolling along the then stationary gear 62. If now during this "natural"
      dwell portion of the basic mechanism cycle the gear 60 is withdrawn from
      engagement with the gear 62, the dwell may be extended through one or more
      equivalent index times.
PAR  The mechanism to accomplish this disengagement and subsequent re-engagement
      will now be described. Referring again to FIGS. 1, 2, 3 and 4, the cam 74
      is provided with sprocket teeth 80 through which it is driven by chain 82
      and sprocket 84 mounted on shaft 50. Therefore, cam 74 rotates about the
      fixed axis A.sub.4 as driven by the prime mover 48 in a fixed relationship
      with the rotation of the basic index mechanism. The cam 74 contains the
      arcuate slot sector 72 as previously described; it further contains an
      arcuate slot sector 86 having a smaller radius than the sector 72, the
      radius of sector 86 being of a value to shift the locus of axis A.sub.3
      through cam follower 70 closer to axis A.sub.4 thereby disengaging gear 60
      from gear 62. The arcuate slot sectors 72 and 86 are suitably blended with
      transition slot sectors 88 and 90.
PAR  Since the cam 74 rotates at a constant ratio with respect to shaft 50, it
      is obvious that the system may be synchronized such that the cam follower
      70 engage the transition sector 90 at precisely the interval that the
      basic index system output is in dwell, thereby disengaging gear 60 from
      gear 62. It should be emphasized that during this natural dwell of the
      basic index system there is no relative driving motion from gear 60 to
      gear 62 and therefore disengagement or re-engagement is accomplished
      without shock, or velocity discontinuity.
PAR  During the interval that the cam follower 70 is guided by the slot sector
      86, the basic index motions continue, except that gear 60 is not in
      engagement with gear 62 and there is therefore no output movement of gear
      62. Shaft 42 continues to rotate about axis A.sub.2  and gear 60 continues
      to rotate about axis A.sub.3 while axis A.sub.2 and axis A.sub.3 rotate
      about each other; arm 36 oscillates about axis A.sub.1, and axis A.sub.3
      and roller 70 oscillate in slot 86 at the reduced equidistant distance
      from A.sub.4.
PAR  The sprocket ratios from sprocket 52 to sprocket 54 and sprocket 84 to
      sprocket 80 must be related such that the cam 74 makes one revolution
      while the gear 60 and shaft 42 make an integral number of revolutions.
      With the proportions shown in FIGS. 1, 2, 3 and 4, the cam 74 makes one
      revolution for each three revolutions of gear 60; and the output gear 62
      makes a 90.degree. index for each revolution of gear 60. The slots 72 and
      86 in cam 74 are proportioned such that the index mechanism is operative
      for 2/3 of a revolution of cam 74 (equal to two revolutions of gear 60)
      and inoperative for 1/3 of a revolution of cam 74 (equal to one revolution
      of gear 60). Therefore, with the shaft 50 running continuously at a
      constant angular velocity, the behavior of the output gear 62 is as
      follows:
PA1  1. Output gear 62 indexes 90.degree. (during one revolution of gear 60 and
      120.degree. rotation of cam 74) smoothly accelerating from a stop to
      maximum velocity, then smoothly decelerating to a stop;
PA1  2. Output gear 62 remains stationary for an interval of time equal to the
      time required for step one (while gear 60 makes one revolution but not
      driving and cam 74 rotates 120.degree.);
PA1  3. Output gear 62 indexes 90.degree. as in step 1;
PA1  4. Steps 1, 2, 3 repeat indefinitely.
PAR  This "program" therefore is: index, idle, index, index, idle, index,
      without end. If the slot sector 72 were decreased from 240.degree. of cam
      74 to 120.degree. and the slot sector 86 were thereby increased from
      120.degree. to 240.degree., the program pattern would be changed to:
      index, idle, idle, index, idle, idle, etc. The number of programs possible
      with this arrangement is very large, and the only requirements are that
      the cam 74 make one revolution for some integral multiple number of
      revolutions of gear 60, and that the shift of gear 60 from engagement or
      disengagement with gear 62 occur during the natural dwell of the basic
      mechanism.
PAR  The addition of the programming mechanism, consisting primarily of cam
      follower 70 and cam 74 with its drive system, does not affect the inherent
      smoothness of the indexing behavior of the basic mechanism. Furthermore,
      since the engagement and disengagement of gear 60 and 62 occur during the
      interval that gear 62 is naturally stationary, the overall smoothness is
      exceptional.
PAR  Another embodiment of this same invention is shown in FIGS. 5, 6, 7 and 8.
      In this case, the programming of the basic mechanism is accomplished by a
      cam mounted on a separate fixed axis which rotates through one revolution
      for some integral number of revolutions of the drive gear. Additionally, a
      locking system is provided to maintain the position of the output gear
      when the driving gear is disengaged.
PAR  Referring to the FIGS. 5, 6, 7 and 8, a prime mover 100 is mounted on a
      base 102; this prime mover may be an electric motor, gear reducer
      combination, a high torque hydraulic motor, a shaft powdered from some
      portion of a larger mechanism, of which the subject mechanism is only a
      fractional part, or any other means capable of supplying the torque
      required. An output shaft 104 on axis A.sub.1 driven by the prime mover
      100 supports a link 106 through bearings 108 and 110; the other end of the
      link 106 in turn supports a shaft 112 on axis A.sub.2 through bearings 114
      and 116. Shaft 112 is driven by sprocket 118 mounted thereon, chain 120
      and sprocket 122 mounted on shaft 104.
PAR  The other end of shaft 112 supports an eccentric cheek plate 124 which in
      turn supports an index gear 126 on axis A.sub.3. It will be noted that
      axis A.sub.3 and axis A.sub.2 are displaced by a distance approximating
      the pitch radius of gear 126 (FIG. 7). A short stub shaft 128 is mounted
      to gear 126 concentric with it on axis A.sub.3. The gear 126 meshes with
      and drives the output gear 130 rotating on fixed axis A.sub.4 which is
      mounted on shaft 132, supported in bearings 134 and 136, which in turn are
      mounted in bracket 138 mounted to the base 102.
PAR  The shaft 128 on axis A.sub.3 is guided in an arcuate slot 140 in guide
      block 142 which in turn is mounted on an arm 144. In one of its selectable
      positions, and as shown in FIGS. 5, 6, 7 and 8, the arm 144 is positioned
      such that the arcuate slot 140 is equidistant from axis A.sub.4 at a
      radius such that gear 126 is maintained in driving engagement with gear
      130 through the restraint of shaft 128 in slot 140.
PAR  This portion of the mechanism is substantially identical with that shown in
      FIGS. 14, 15 and 16 of my U.S. Pat. No. 3,789,676 except that in the
      present embodiment described above the fixed distance between axes A.sub.3
      and A.sub.4 is maintained by the shaft 128 in arcuate slot 144, while in
      the referenced patent, this function is performed by a link journalled on
      axes A.sub.3 and A.sub.4. Therefore, as the shaft 104 rotates through some
      angle sufficient to cause one revolution of shaft 112, the output gear 130
      moves through one index cycle, smoothly accelerating from a stop to a
      maximum velocity and then smoothly decelerating to a stop again. During
      this single revolution of the shaft 112 about axis A.sub.2 and the
      associated single revolution of gear 126 about axis A.sub.3, the axis
      A.sub.2 oscillates about the fixed axis A.sub.1 and the axis A.sub.3
      oscillates about the fixed axis A.sub.4 and axes A.sub.2 and A.sub.3
      rotate about each other.
PAR  With the proper spacing between axes A.sub.2 and A.sub.3 the output gear
      will come to a stop for some usable interval once for each revolution of
      the gear 126. If during this interval, termed the natural dwell, the gear
      126 is disengaged from the gear 130, the overall dwell of the gear 130 may
      be lengthened significantly. The remainder of the mechanism of FIGS. 5, 6,
      7 and 8 illustrates another embodiment to perform this function.
PAR  The arm 144 is pivoted about a shaft 146 mounted in a riser bracket 148
      supported from the base 102. An extension of the arm 144 supports a lock
      150 consisting of a segment of internal gear suitably formed to fit into
      the gear 130. Referring to FIG. 5, the arm 144 is in a position to keep
      the gear 126 in mesh with gear 130; if now the arm 144 is rotated
      clockwise about the shaft 146 through an angle of approximately 2.degree.,
      the gear 126 is disengaged from gear 130 and simultaneously the lock 150
      moves into engagement with gear 130 maintaining it in a locked stationary
      position until the arm 144 is returned to the position shown by a
      counterclockwise rotation of approximately 2.degree.. When this movement
      of the arm 144 from driving to non-driving or from non-driving to driving
      position occurs during the natural dwell of the basic mechanism the
      disengagement or re-engagement of the gear 126 with gear 130 takes place
      without a relative driving motion between these said gears. Similarly, the
      engagement or disengagement of the lock 150 occurs when the gear 130 is
      stationary.
PAR  This proper phasing of the movement of link 144 is generated by the
      following illustrative mechanism. A gear 152 mounted on the shaft 104
      drives a gear 154 rotating on a fixed shaft 156 mounted in a riser bracket
      158 on base 102. A control cam 160 is mounted to the gear 154; a cam
      follower 162 engages the cam 160; it is mounted on the follower arm 164
      which is pivotally mounted on a shaft 166 in turn supported from riser
      bracket 168 on base 102 (FIG. 8). The arm 164 loads the cam follower 162
      against cam 160 through torsion spring 170. A link 172 is pivotally
      connected to arm 164 at its one end and pivotally connected to arm 144 at
      its other end, thereby transmitting the cam controlled movement to arm
      144.
PAR  With the proportions shown, the cam 160 will make one revolution for each
      two revolutions of the gear 126; since the cam is divided into two
      180.degree. sectors, the mechanism will cause the gear 126 to remain
      engaged with the gear 130 for one index cycle, then become disengaged for
      the equivalent of another index cycle, repeating this pattern endlessly.
PAR  During the interval that the arm 144 maintains the gear 126 disengaged from
      the gear 130, it will be noted that the shaft 128 will continue to
      oscillate in the slot 40, axis A.sub.2 will continue to oscillate about
      axis A.sub.1 and axes A.sub.2 and A.sub.3 will continue to rotate about
      each other. It will also be noted that the mechanism is capable of
      operating in either direction with the same characteristics.
PAR  A third embodiment of this same invention is shown in FIGS. 9, 10, 11, 12
      and 13. In this instance, the basic indexing mechanism is an embodiment in
      which the intermittent output motion is generated by a system of chains
      and sprockets. Accordingly, the synchronous disengaging and re-engaging
      takes place between two adjacent sprockets rather than between the output
      gear and its associated drive gear as in the previous illustrative
      examples.
PAR   Referring to FIGS. 9 and 10, an output shaft 200 rotating on an axis
      A.sub.4 is mounted in bearings 202 and 204 in a riser bracket 206 which in
      turn is supported from a frame 208. The output shaft 200 is driven by an
      output sprocket 210 mounted thereon; the output shaft 200 further supports
      a floating link 212 mounted to it through bearings 214 and 216. At its
      other end the link 212 supports a shaft 218 rotating on an axis A.sub.3
      through bearings 220 and 222. This shaft 218 is rigidly connected to a hub
      224 mounted eccentrically on a sprocket 226 which in turn has a centerline
      axis A.sub.2.
PAR  A sprocket 228 is journalled on shaft 218; a movable pin 230 fitted in the
      hub 224 is formed to engage a mating hole in this sprocket 228; when so
      engaged, as shown in FIG. 10, the pin 230 causes the sprocket 228 to
      rotate with the shaft 218 and hub 224. A drive chain 232 suitably formed
      to operate with sprockets 228 and 210 imparts rotation from sprocket 228
      to sprocket 210.
PAR  The sprocket 226 is rigidly connected to a shaft 234 also rotating on axis
      A.sub.2 ; this shaft 234 is connected to a link 236 through a bearing 238.
      At its other end, the link 236 is rotatably connected to the input shaft
      240 of the system on a fixed axis A.sub.1. A sprocket 242 mounted on the
      input shaft 240 imparts rotation through a chain 224 to the sprocket 226.
      The shaft 240 in turn is driven by some suitable prime mover 246 mounted
      on the base 208.
PAR  The mechanism as described to this point is substantially identical with
      the mechanism shown in FIGS. 25, 26 and 27 in my U.S. Pat. No. 3,789,676.
      In normal operation, the input shaft 240 drives the sprocket 226 through
      chain 244 which in turn causes the sprocket 228 to drive the sprocket 210
      through chain 232. The axis A.sub.2 oscillates about axis A.sub.1 as
      constrained by link 236 and the axis A.sub.3 oscillates about axis A.sub.4
      as constrained by link 212; and axes A.sub.2 and A.sub.3 rotate about each
      other. With the proper distance between axes A.sub.2 and A.sub.3 relative
      to the other geometrical parameters, the sprocket 210 will come to a
      periodic stop once for each revolution of sprockets 226 and 228, even
      though the input shaft 240 rotates continuously.
PAR  If during such a periodic stop of the sprocket 210, the pin 230 is
      displaced from its driving position between sprocket 228 and hub 224, the
      sprocket 228 will rotate freely on shaft 218 and no further indexes of the
      sprocket 210 takes place. However, once during each rotation of the
      sprocket 226 there is reached an interval during which there is no
      relative motion between sprocket 228 and hub 224; at such a time, the pin
      230 may be re-engaged between sprocket 228 and hub 224.
PAR  Stated another way, if there is no driving connection beetween sprocket 228
      and hub 224 and if sprocket 210 is stationary, then once during each
      rotation of hub 224, there occurs an interval during which there is no
      relative rotation between sprocket 228 and hub 224, and this interval
      corresponds to that interval during which the sprocket 210 would be in
      dwell if there were a driving connection between sprocket 228 and hub 224.
PAR  Therefore, it may be seen that if the pin 230 is moved from its driving to
      non-driving position or from its non-driving to driving position during
      these natural dwell intervals, its engagement or disengagement will be
      between two members which during that time experience no relative motion
      and the shift creates no shock or lack of smoothness.
PAR  An illustrative mechanism to accomplish this synchronous shifting of the
      pin 230 will now be described. A sprocket 248 is journalled on shaft 234
      through bearings 250; this sprocket 248 is driven by sprocket 252 on input
      shaft 240 through chain 254. If the ratio between sprocket 252 and 248 is
      different from the ratio between sprockets 242 and 226 which rotate on the
      identical axes, there occurs a relative rotation between sprockets 248 and
      226.
PAR  An axial cam surface 256, 258, 260, 262 is attached to or made integral
      with one face of the sprocket 248 as shown in FIG. 11; this cam surface
      256-262 is used to control the axial position of the pin 230 which is
      spring loaded against the cam as shown in FIGS. 12 and 13. The pin 230 is
      slidably fitted into the hub 224 and sprocket 226. A clearance pocket 264
      is formed in the hub 224; a cantilever spring 266 is fastened to one face
      of sprocket 226 through spacer 268. This spring extends through the pocket
      264 and engages a slot 270 in the pin 230 and exerts an elastic force on
      the pin 230 against the controlling cam face 256-262.
PAR  As the sprocket 248 rotates relatively to sprocket 226 on axis A.sub.2, the
      cam ramp 256 engages the pin 230 and drives it axially into engagement
      with sprocket 228 deflecting spring 266. With further relative rotation of
      sprocket 248 with respect to sprocket 226, the pin 230 engages ramp 260,
      permitting the spring 266 to move the pin 230 out of engagement with
      sprocket 228.
PAR  It may be seen, therefore, that if the ramps 256 and 260 are properly
      positioned, the axial movement of pin 230 can be synchronized to occur
      during the natural dwells of the basic indexing mechanism. It may further
      be seen that a wide variety of index dwell patterns may be established
      through the specific design of cam surfaces 256-262 and the ratio between
      sprockets 248 and 252.
PAR  The embodiment described in FIGS. 9-13 may be employed with other chain
      driven systems and may also be used with the gear driven systems.
PAR  In each of the embodiments described above, the control of the engaging and
      disengaging is accomplished mechanically through a programming type cam.
      The actuation of any specific engagement disengagement mechanism may also
      be accomplished by a cylinder or solenoid using common practices. Such a
      cylinder or solenoid operated mechanism would be controlled by a suitable
      synchronizing signal created by a limit switch and/or valves operated by a
      limit switch or valve actuating cam mounted on axes A.sub.1, A.sub.2 or
      A.sub.3, again using widespread common practice.
PAR  The essential characteristics common to all of the foregoing embodiments
      may be summarized as follows:
PAR  1. A basic indexing mechanism characterized through its attainment of an
      intermittent output motion from a constant input motion where such
      intermittent output steps or indexes are separated by interposed short
      dwells and such intermittent output motion is achieved by components
      constantly in engagement and the periodic dwell characteristic is created
      through the superposition of two or more velocity components which
      periodically cancel to cause a stoppage of the output member. One example
      of such a basic family of mechanisms is described in my U.S. Pat. No.
      3,789,676. Another such family of mechanisms which achieves a greater
      dynamic flexibility through the further addition of a controlled second
      harmonic is illustrated by my separate U.S. patent application, Ser. No.
      444,024, filed Feb. 20, 1974, and a third family of mechanisms to which my
      present invention is applicable is illustrated by my separate U.S. patent
      application, Ser. No. 474,947, filed May 31, 1974.
PAR  2. A timing means driven by the input member with substantial
      proportionality.
PAR  3. A means of engaging and disengaging two adjacent members of the overall
      drive train at a time when the output member is in its natural dwell
      created by the basic mechanism and the aforementioned two adjacent drive
      members experience no relative driving movement between themselves.
PAR  4. A means to control and confine the separation and subsequent
      re-engagement of the aforesaid two adjacent members to that specific
      interval when these members experience no relative driving movement
      between themselves and the output member is in its natural dwell.
PAR  5. Optionally, the means which controls the separation and re-engagement of
      the two separable adjacent members may further activate a lock on the
      output member during the interval that the separable members are
      disengaged.
CLMS
STM   I claim:
NUM  1.
PAR  1. In a basic intermittent indexing mechanism comprising a frame, an input
      member, an output member and a plurality of intermediate driving members
      having a driving connection between each adjacent pair of said members, of
      the type which generates a periodic dwell interval of said output member
      through the kinematic superposition of substantially linear and
      substantially harmonic oscillating motion components including those which
      include multiple harmonic components, a dwell extension mechanism which
      comprises:
PA1  a. timing means driven by said input member with substantial
      proportionality,
PA1  b. means for engaging and disengaging one of said driving connections,
PA1  c. actuator means connecting said timing means and said means for engaging
      and disengaging, said actuator means being synchronized to effect said
      disengagement with one of said periodic dwell intervals of said basic
      intermittent indexing mechanism and re-engagement within another of said
      periodic dwell intervals.
NUM  2.
PAR  2. In a basic intermittent indexing mechanism comprising a frame, an input
      member, an output member and a plurality of intermediate driving members
      having a driving connection between each adjacent pair of said members, of
      the type which generates a periodic dwell interval of said output member
      through the kinematic superposition of substantially linear and
      substantially harmonic oscillating motion components including those which
      include multiple harmonic components, a dwell extension mechanism which
      comprises:
PA1  a. cam means driven by said input member with substantial proportionality,
PA1  b. means for engaging and disengaging one of said driving connections, and
PA1  c. cam follower means for connecting said cam means and said means to
      effect said engaging and disengaging, said cam follower means being
      disposed to effect said disengagement within one of said periodic dwell
      intervals of said basic intermittent indexing mechanism and re-engagement
      within another of said periodic dwell intervals.
NUM  3.
PAR  3. In a basic indexing mechanism comprising a frame, an input member, an
      output gear member, a driver gear member in tangential driving engagement
      with said output gear member and a plurality of driving members between
      said input member and said driver gear member, of the type which generates
      a periodic dwell interval of said output gear member through the kinematic
      superposition of substantially linear and substantially harmonic
      oscillating motion components including those which include multiple
      harmonic components, a dwell extension mechanism which comprises:
PA1  a. cam means driven by said input member with substantial proportionality,
PA1  b. means for engaging and disengaging said driver gear member with said
      output gear member, and
PA1  c. cam follower means connecting said cam means and said means to effect
      said engaging and disengaging, said cam follower means being disposed to
      effect said disengagement within one of said periodic dwell intervals of
      said basic intermittent indexing mechanism and reengagement within another
      of said periodic dwell intervals.
NUM  4.
PAR  4. In a basic intermittent indexing mechanism comprising a frame, an input
      member, an output sprocket member, a first intermediate sprocket member, a
      drive chain between said output sprocket member and said first
      intermediate sprocket member, a second intermediate sprocket member
      eccentrically mounted to said first intermediate sprocket member and a
      plurality of driving members between said input member and said second
      intermediate sprocket member, of the type which generates a periodic dwell
      interval of said output sprocket member through the kinematic
      superposition of substantially linear and substantially harmonic
      oscillating components including those which include multiple harmonic
      components, a dwell extension mechanism which comprises:
PA1  a. cam means driven by said input member with substantial proportionality,
PA1  b. means for engaging and disengaging said first intermediate sprocket and
      said second intermediate sprocket, and
PA1  c. cam follower means connecting said cam means and said means to effect
      said engaging and disengaging, said cam follower means being disposed to
      effect said disengagement within one of said periodic dwell intervals of
      said basic intermittent indexing mechanism and re-engagement with another
      of said periodic dwell intervals.
NUM  5.
PAR  5. An indexing mechanism as defined in claim 1 in which:
PA1  a. said timing means comprises a cam slot in a rotating member,
PA1  b. said output member has an internal gear surface,
PA1  c. a drive gear to engage said internal gear surface,
PA1  d. means mounting said drive gear to move from a position of engagement
      with said internal gear surface to a position of disengagement, and
PA1  e. said actuator means comprising a cam follower engageable in said cam
      slot movable to shift said drive gear to said respective engagement and
      disengagement positions.
NUM  6.
PAR  6. An indexing mechanism as defined in claim 1 in which:
PA1  a. said output member has an external gear surface,
PA1  b. a drive gear to engage said external gear surface,
PA1  c. said means for engaging and disengaging said driving connection
      comprising a lever mounting said drive gear and pivotally movable to shift
      said drive gear to a position of engagement and a position of
      disengagement,
PA1  d. said timing means comprising a cam surface on a rotary element driven by
      said input member,
PA1  e. said actuator means comprising cam follower means to engage said cam
      surface, and
PA1  f. means connecting said cam follower means and said lever to shift said
      drive gear from engagement to disengagement.
NUM  7.
PAR  7. An indexing mechanism as defined in claim 1 in which:
PA1  a. said output member is driven from a sprocket by a chain,
PA1  b. a rotating intermediate member adjacent said sprocket,
PA1  c. said means for engaging and disengaging one of said driving connections
      comprising a pin movable axially relative to said sprocket and rotating
      intermediate member to connect and disconnect, and
PA1  d. said actuator means comprising a cam on one of said driving members
      positioned to contact said pin at intervals to cause connection and
      disconnection of said sprocket and said intermediate member.
PATN
WKU  039383970
SRC  5
APN  4931440
APT  1
ART  343
APD  19740730
TTL  Power transmitting mechanism
ISD  19760217
NCL  4
ECL  1
EXA  LaPointe; G. P.
EXP  Freeh; William L.
NDR  4
NFG  11
INVT
NAM  Rasmussen; Gunnar Olaf Vestergaard
CTY  Odense
CNT  DK
ASSG
NAM  Havera Development Ltd.
CTY  London
CNT  EN
COD  03
PRIR
CNT  DK
APD  19730815
APN  4491/73
CLAS
OCL   74 60
XCL  123 58BA
XCL  417269
EDF  2
ICL  F16H 2300
ICL  F22B  908
ICL  F04B  112
FSC  123
FSS  58 AA;58 AB;58 BA;58 BB
FSC  417
FSS  269
FSC   74
FSS  60
UREF
PNO  1804010
ISD  19310500
NAM  Greening
OCL  123 58BA
UREF
PNO  1897771
ISD  19330200
NAM  Sherman
OCL  123 58B
UREF
PNO  2491011
ISD  19491200
NAM  Michell
OCL   74 60
UREF
PNO  2672095
ISD  19540300
NAM  Lucien
OCL  417269
UREF
PNO  2877653
ISD  19590300
NAM  Masnik et al.
OCL   74 60
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A power transmitting mechanism for reciprocating engines or pumps
      connecting the piston rods of a plurality of cylinders with a slant on a
      main shaft, the cylinder axes being parallel with the main shaft. The
      connection is provided by means of claw-shaped crossheads gripping the
      slant, one crosshead for each piston rod. Between the crosshead and the
      slant a main thrust block and a back thrust block are placed
      eccentrically. The crosshead may pivot around its longitudinal axis and is
      provided with two thrust blocks of the Michell type, the centres of these
      two blocks being arranged in a plane perpendicular to the longitudinal
      axis of the crosshead and in the middle of the gap of the crosshead. Said
      two thrust blocks are further adapted to slide on the cylindrical edge
      surface of the slant, so that, in common or individually together with a
      relatively short external bearing supporting surface of the crosshead,
      they absorb the transverse components of the rotating transverse force
      vector, the bearing supporting surface co-operating with an axially
      extending semicircular sliding guide of the engine or pump housing.
BSUM
PAR  This invention relates to a power transmitting mechanism for reciprocating
      engines or pumps comprising a plurality of cylinders arranged
      circumferentially around the main axis of the engine or pump, the cylinder
      axes being parallel to the main axis and each piston being connected to a
      clawshaped crosshead by way of a piston rod, which crosshead grips a slant
      fixed to the main shaft of the engine or pump and abuts on the side
      surfaces of the slant by a main thrust block and a back thrust block,
      supplementary thrust blocks being provided for absorbing the force
      components perpendicular to the main shaft.
PAR  Use of slants or swash-plates for converting the axial movement of the
      pistons to a rotation of the engine shaft involves large side pressures on
      the crossheads of the power transmitting mechanisms. In order to prevent
      the heads from pivoting, the crossheads must slide in particular
      longitudinal guides.
PAR  The object of the invention is to provide a power transmitting mechanism of
      the above-mentioned kind permitting of absorbtion of said crosshead side
      pressures without edge pressures and without using longitudinal guide ways
      in the engine or pump housing.
PAR  An essential feature of the power transmitting mechanism in accordance with
      the invention is that the main thrust block and the back thrust block are
      placed eccentrically in the crosshead and that the latter is pivotally
      journalled around its longitudinal axis and provided with two thrust
      blocks, preferably of the Michell type, the centres of the thrust blocks
      being arranged in a plane perpendicular to the longitunal axis of the
      crosshead and in the middle of the gap of the crosshead-claw, the two
      thrust blocks being adapted to slide on the cylindrical edge surface of
      the slant so that, in common or individually together with a relatively
      short external bearing supporting surface of the crosshead, they absorb
      the transverse components of the rotating transverse force vector, the
      bearing supporting surface co-operating with an axial semicircular sliding
      guide of the engine or pump housing. The result obtained is that --
      through the semicircular sliding guide -- the engine or pump housing can
      absorb said crosshead side pressure efficiently, since no edge pressure
      can occur at the crosshead. Through the thrust blocks sliding on the edge
      surface, the crosshead can easily transmit the transverse force component
      pointing in towards the main axis of the mechanism. At any time, the
      thrust blocks sliding on the edge surface together with said short bearing
      supporting surface will perform the function of absorbing the torque
      acting on the crosshead due to the outward component of the transverse
      force vector as well as the tipping torque due to the component of the
      transverse force vector, said component pointing in towards the main axis
      of the mechanism. A hydrodynamic lubrication always will be provided at
      the thrust blocks and the short bearing supporting surface.
PAR  The mechanism in accordance with the invention may have the essential
      feature that the bearing supporting surface of the crosshead has a
      semicircular cross section and a shape close to that of a barrel or
      possibly a sphere, which surface extends symmetrically about a transverse
      plane through the centres of the thrust blocks sliding on the edge surface
      of the slant and furthermore extends symmetrically about a longitudinal
      plane through the main axis and the longitudinal axis of the crosshead,
      and that the longitudinal axis of the bearing supporting surface is
      co-extensive with the longitunal axis of the crosshead. This results in a
      further reduced risk of edge pressures at the bearing supporting surface
      of the crosshead when the latter turns slightly, and in improved
      possibilities of good lubrication of the bearing supporting surface.
PAR  The mechanism in accordance with the invention further may have the
      essential feature that the bearing supporting surface of the crosshead
      comprises one ore more external thrust blocks whose centres are arranged
      in same transverse plane as the thrust blocks sliding on the cylindrical
      edge surface of the slant, the external thrust block or blocks being
      situated symmetrically about a longitudinal plane which extends through
      the main axis of the engine and the longitudinal axis of the crosshead,
      the external thrust blocks further being arranged so close to the
      longitudinal edges of the semicircular bearing supporting surface that,
      partly, there is a possibility of certain side movements of the piston
      ball connection to the piston rod being absorbed, partly a possibility of
      total hydrodynamic bearing (lubrication) of the crosshead is obtained, and
      that a relatively large clearance is provided between the crosshead body
      and the opposite sliding guide of the housing, which guide is touched by
      the thrust blocks. Hereby particularly good possibilities of hydrodynamic
      lubrication of the external thrust blocks are obtained, as well as it is
      ensured that the bearing force transmitted from the crosshead to the
      sliding guide of the housing will pendulate within a certain angle so that
      no edge pressures will occur.
PAR  According to the invention, the external thrust blocks and the thrust
      blocks sliding on the edge surface of the slant are paired off on
      protruding ball-shaped supporting portions fastened centrally above the
      crosshead gap. Thus the external thrust block may be placed particularly
      close to the edge of the sliding guide (of the housing), in which the
      crosshead moves axially.
PAR  In accordance with the invention, a mechanism, in which the crosshead and
      the piston rod are connected by way of a ball-and-socket joint, may have
      the essential feature that the external bearing supporting surface
      comprises two sets of outer thrust blocks, each set being situated in
      separate transverse planes, which are arranged substantially symmetrically
      about and spaced from the transverse plane in which the centres of the
      thrust blocks sliding on the edge surface of the slant are situated, said
      spacing preferably being larger than or equal to half of the slant
      thickness measured in axial direction, and that each set of thrust blocks
      consists of one or more thrust blocks arranged substantially symmetrically
      about a longitudinal plane through the main axis of the engine and the
      longitudinal axis of the crosshead. The result obtained is that tipping
      torques emanating from the piston may easily be transmitted to the sliding
      guide of the housing without risk of edge pressures. Further, the piston
      cannot be subjected to side pressures resulting from the crosshead turning
      on its axis or from tipping of the crosshead.
PAR  Moreover, according to the invention, the slant may be so thick that the
      thrust blocks sliding on the edge surface of the slant touch said edge
      surface at any time of the slant rotating, without ever projecting over
      it. Hereby a perfect lubrication and hence increased reliability are
      obtained.
PAR  Finally, in accordance with the invention, the piston rod may be placed so
      that its longitudinal axis is co-extensive with the longitudinal axis of
      the crosshead. As a result, it may be tolerated that a traditional
      connection between the piston rod and the piston may be established by way
      of a common crosshead bolt when the latter is arranged so that turns may
      be absorbed because of the edge pressure of the crosshead.
DRWD
PAR  The invention will be described below with reference to the accompanying
      drawings, in which
PAR  FIG. 1 is a part-sectional side elevational view of the mechanism according
      to the invention, only one cylinder with its piston rod and crosshead
      being indicated; the external short bearing supporting surface of the
      crosshead is clearly shown,
PAR  FIG. 2 is a sectional view taken along the line 2--2 in the mechanism of
      FIG. 1
PAR  FIG. 3 is a side view of another embodiment of the mechanism according to
      the invention, in which the bearing supporting surface of the crosshead
      contains external thrust blocks and the piston rod is rigidly connected to
      the crosshead,
PAR  FIG. 4 is a cross section taken along the line 4--4 of FIG. 3,
PAR  FIG. 5 is a cross section taken along the line 4--4 of FIG. 3, the two
      external thrust blocks being replaced by one thrust block,
PAR  FIG. 6 is a part-sectional side elevational view of a further embodiment of
      the mechanism according to the invention, in which the external thrust
      blocks and the thrust blocks sliding on the edge surface of the slant are
      paired off on a common ball-shaped supporting portion mounted in the
      crosshead,
PAR  FIG. 7 is a cross section taken along the line 7--7 of FIG. 6,
PAR  FIG. 8 is a side elevational view of a further embodiment of the mechanism
      according to the invention, in which two sets of external thrust blocks
      are provided and the piston rod is connected to the crosshead by way of a
      ball-and-socket joint,
PAR  FIG. 9 is a cross section taken along the line 9a--9a or 9b--9b of FIG. 8,
PAR  FIG. 10 is a cross section taken along the line 9c--9c of FIG. 8, and
PAR  FIG. 11 is a sectional view corresponding to FIG. 9 and shows a further
      embodiment of the mechanism according to the invention, only one external
      thrust block being provided at either side of the line 9c--9c -- cf. FIG.
      8 -- the external thrust block being situated as far away as possible from
      the main axis of the engine.
DETD
PAR  The power transmitting mechanism shown in FIG. 1 may be used in an internal
      combustion engine having a plurality of cylinders 1 arranged around its
      main axis 2. The axes 1a of the cylinders extend parallel to the main
      axis. Each cylinder contains a piston 3, which is connected to a crosshead
      5 through a piston rod 4. The crosshead 5 is shaped as a claw having
      substantially U-form and gripping a pivotal slant or swash plate 6, which
      is rigidly connected to the main shaft 7, of which only a bit is shown.
      The slant has two parallel planar side surfaces 8 and 9, and a circular
      cylindrical edge surface 10. The edges of the side surfaces 8 and 9
      consequently form ellipses. The surfaces 8 and 9 co-operate with a main
      thrust block 11 and a back thrust block 12, respectively, these blocks
      preferably being of the Michell type and being deposited in the two end
      portions of the claw-shaped crosshead. As appears from the drawing, the
      slant 6 projects into a gap 14 of the crosshead. At the bottom thereof,
      i.e. at the middle portion 13, two thrust blocks 15' and 15", both also of
      the Michell type, are mounted. Through these thrust blocks 15' and 15",
      the transverse force vector component pointing towards the main axis 2 may
      be transmitted to the cylindrical edge surface 10 of the slant 9.
      Individually or together with a relatively short external bearing
      supporting surface 16 of the crosshead, these thrust blocks may absorb the
      transverse components of the rotating transverse force vector T, since the
      bearing supporting surface co-operates permanently with an axially
      extending semicircular sliding guide 22 inside the housing 23 of the
      engine. The spot on which the transverse force vector acts and how the
      vector components move will be disclosed in detail below.
PAR  As appears from FIGS. 1 and 2, the centres O.sub.1 and O.sub.2 of the
      thrust blocks 15' and 15" are arranged in a plane perpendicular to the
      longitudinal axis 19 of the crosshead 5. The thrust blocks 15' and 15"
      ensure an efficient hydrodynamic lubrication between the edge surface 10
      of the slant and the thrust blocks, and further ensure an adequate
      clearance 20 between the middle portion 13 of the crosshead and the edge
      surface 10 of the slant.
PAR  In FIG. 1 the transverse force component T.sub.o is equal to Ptg.alpha. and
      is perpendicular to the cylinder axis 1a going through the centre of
      pressure of the main thrust block 11. In the shown position of the slant 6
      corresponding to the piston 3 being in its topdead-centre, the component
      T.sub.o passes through the main axis 2. If the slant 6 is now turned an
      angle .beta., the transverse force vector T, cf. FIG. 2, will turn a
      corresponding angle on the centre of pressure of the thrust block 11, the
      transverse force vector being permanently perpendicular to the cylinder
      axis 1a. When turning, the vector alters its length owing to the variable
      gas pressure on the piston and the variable inertia force from the piston
      and the crosshead. The component T.sub.o of the transverse force vector
      acting on the crosshead 5 and pointing in towards the main axis 2, as
      shown in FIG. 1, is absorbed by the reactions from the slant 6 at the
      thrust blocks 15' and 15", and the tipping torque (around a line
      perpendicular to the drawing sheet in FIG. 1) acting upon the crosshead is
      absorbed by the housing 23 through the bearing supporting surface 16 and
      by the slant through the thrust blocks 15' and 15". When the slant 6 is
      turned the angle .beta. from its middle position, the outward component
      T.sub.1 of the transverse force vector will subject the crosshead 5 to a
      torque around the longitudinal axis 19 of the crosshead, which is clearly
      shown in FIG. 2. However, the thrust blocks 15' and 15" together with the
      bearing supporting surface 16 will prevent said turn from being essential.
      With the indicated direction of T.sub.1, the thrust block 15' will rise
      from the edge surface 10 whereas the thrust block 15" is actuated by a
      reaction from the edge surface 10.
PAR  The bearing supporting surface 16 has a semicircular cross section, cf.
      FIG. 2, and has a shape close to that of a barrel or possibly a sphere. As
      shown in FIG. 1, the surface 16 extends symmetrically about a transverse
      plane 2--2 through the centres of the thrust blocks 15' and 15". Further
      the bearing supporting surface extends symmetrically about a longitudinal
      plane I--I through the main axis 2 and the longitudinal axis 19 of the
      crosshead. As shown in FIGS. 3 and 4, the bearing supporting surface of
      the crosshead may have two external thrust blocks 16' and 16" whose
      centres are situated in the same transverse plane 4--4 as the centres of
      the thrust blocks 15' and 15". As appears from FIG. 4, the thrust blocks
      16' and 16" are arranged substantially symmetrically about the
      longitudinal plane II--II through the main axis 2 of the engine and the
      longitudinal axis 19 of the crosshead -- cf. FIG. 4. The thrust blocks 16'
      and 16" are arranged so close to the longitudinal edges of the
      semicircular bearing supporting surface that the force by which the
      crosshead acts upon the guide 22 will pendulate within an angle range of
      approximately +45.degree. and -45.degree. in relation to the plane II--II
      in FIG. 4. In normal operation of the engine all thrust blocks are
      hydrodynamically lubricated. As shown, there is an adequate clearance
      between the crosshead 5 proper and the opposite guide 22 as the thrust
      blocks 16' and 16" project a little over the crosshead.
PAR  As appears from FIGS. 6 and 7, a thrust block 150' sliding on the edge
      surface of the slant and an external thrust block 160' may be fastened to
      the same ball-shaped supporting portion 30. The latter is fastened
      centrally in the crosshead above the crosshead gap 14, i.e. in the middle
      zone 13, by way of a relatively thick shank 31. As a counterpart of the
      thrust blocks 150'  and 160' in the left-hand part of FIG. 7, another pair
      of thrust blocks is provided in the right-hand part of that figure, which
      thrust blocks are also mounted on a ball-shaped supporting portion.
PAR  FIG. 8 shows another embodiment of the crosshead. The head is connected to
      the piston rod 4 by way of a ball-and-socket joint 35. In FIG. 8 the
      bearing supporting surface of the crosshead is provided with two sets of
      external thrust blocks 25', 25" and 26', 26", each set being arranged in
      its own transverse plane, i.e. the thrust blocks 25' and 25" are situated
      in the plane 9a--9a and the thrust blocks 26' and 26" are situated in the
      plane 9b--9b. The transverse planes 9a--9a and 9b--9b are arranged
      substantially symmetrically at either side of the transverse plane 9c--9c
      in which the centres of the thrust blocks 15' and 15" sliding on the edge
      surface 10 of the slant are. The distances, at which the planes 9a--9a and
      9b--9b are arranged from the plane 9c--9c, are preferably greater than or
      equal to half of the thickness t of the slant 6 measured in axial
      direction, cf. FIG. 1. As shown in FIG. 9, the two external sets of thrust
      blocks are arranged symmetrically in relation to a longitudinal plane
      III--III through the main axis 2 of the engine and a longitudinal axis 19
      of the crosshead. FIG. 10 is a sectional view of the crosshead taken along
      the line 9c--9c.
PAR  In all the embodiments of the mechanism according to the invention, the
      slant is so thick t -- cf. FIG. 1 -- that the thrust blocks 15' and 15"
      will touch the edge surface 10 of the slant at any time of the slant
      rotating; at no moment, the thrust blocks will project over that surface.
PAR  In the same way as the thrust block 16"" is arranged as shown in FIG. 5,
      the thrust block sets 25', 25" and 26', 26" of FIG. 8 may be replaced by a
      single thrust block in either " set" , cf. FIG. 11. In this case, the
      external thrust block is arranged as far as possible from the main axis of
      the engine.
PAR  It should be noted that the piston rod may be placed so that its
      longitudinal axis is co-extensive with the longitudinal axis of the
      crosshead. However, it is also possible to arrange the piston rod
      eccentrically in relation to the axis of the crosshead.
PAR  The invention may be modified in many ways without departing from its idea.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A reciprocation-piston device such as an engine or pump and power
      transmitting mechanism therefor comprising a plurality of cylinders
      arranged circumferentially around the main axis of the device, the
      cylinder axes being parallel to the said main axis, each piston being
      connected to a claw-shaped crosshead by way of a piston rod, said
      crosshead being rotatable about its longitudinal axis and adapted to
      receive a swash-plate in a recess therein to operatively connect said
      crosshead and swash-plate, said swash-plate being fixedly secured to said
      main shaft at one end thereof and positioned between a main thrust block
      and a rear thrust block at the other end thereof, said main and rear
      thrust blocks being mounted eccentrically within said crosshead relative
      to the longitudinal axis of said crosshead, an axially extending guide
      slot within the housing for said cylinders, a semi-circular outwardly
      facing bearing surface provided on said crosshead slidable within said
      guide slot, a pair of second thrust blocks mounted symmetrically in said
      crosshead on opposite sides of a vertical longitudinal plane of said
      crosshead for absorbing the force components perpendicular to said main
      shaft whereby said crosshead is pivotally journalled around its
      longitudinal axis, the centres of said second thrust blocks being arranged
      in a plane perpendicular to the longitudinal axis of the crosshead and in
      the middle of said recess of the crosshead, the two second thrust blocks
      being adapted to slide on the end surface of said swash-plate within said
      recess, said end surface of the swash-plate and the overlying surfaces of
      said second thrust blocks being arcuate and complementary so that said
      second thrust blocks and said outwardly facing bearing surface of the
      crosshead absorb the transverse components of the rotational force
      developed.
NUM  2.
PAR  2. A device according to claim 1, including at least one outwardly facing
      additional thrust blocks the centres of which are situated in a plane
      which is coincident with a plane containing the centres of said second
      thrust blocks and is perpendicular to said main axis.
NUM  3.
PAR  3. A device according to claim 2, wherein said additional thrust blocks and
      said second thrust blocks are paired off on protruding ball-shaped
      supporting portions which are fastened to the crosshead centrally above
      the crosshead recess.
NUM  4.
PAR  4. A device according to claim 1, wherein the crosshead and the piston rod
      are connected by way of a ball and socket joint, said additional thrust
      blocks comprising two sets of outer thrust blocks each set being arranged
      in separate transverse planes and positioned substantially symmetrically
      around and spaced from the transverse plane in which the centres of said
      second thrust blocks are situated, said spacing being at least equal to
      half of the swash-plate thickness measured in an axial direction, each
      said set of thrust blocks consisting of at least one thrust block arranged
      symmetrically about a vertical longitudinal plane through said main axis
      and the longitudinal axis of the crosshead.
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PAL  A torque transmitting devices has an input shaft having two axially-spaced
      sets of external splines. Two internally splined members are threadedly
      interengaged and respectively engage the spline sets on the shaft. The
      angular positions of the members are adjusted by spacers so that the
      portion of the shaft between its spline sets is in torsion, the direction
      of the torsion being such as to increase the threaded engagement between
      the members.
BSUM
PAR  This invention relates to torque-transmitting devices.
PAR  According to the invention a torque transmitting device comprises a shaft
      having two axially-spaced sets of external splines, a first member
      surrounding said shaft and formed with internal splines for engagement
      with one of said sets of external splines and surrounding said shaft, said
      second member being formed with internal splines engaged with the other of
      said sets of external splines, and means for adjusting the relative
      angular positions, about the axis of said shaft, of said first and second
      members so that the portion of said shaft between said sets of splines is
      subjected to torsional stress in a sense to increase the threaded
      engagement between said first and second members.
DRWD
PAR  An example of the invention will now be described with reference to the
      accompanying drawing which shows, diagrammatically, a section through part
      of a centrifugal pump, incorporating a torque transmitting device
      according to the invention.
DETD
PAR  A shaft 10 is formed with two axially spaced sets 11, 12 of external
      splines. The set 11 contains nine splines and the set 12 contains eight
      splines. Rotatably mounted within a body 13 of the pump is a sleeve member
      14 through which shaft 10 extends. Sleeve member 14 is provided with
      internal splines 15 complementary to the splines in the set 11.
PAR  An impeller arrangement 16 for the pump has an integral hollow portion 17
      which extends within member 14 and threadedly engages the latter member 14
      and portion 17 having conventional right-hand threads. Portion 17 is
      provided with internal splines 18 complementary to the splines in the set
      12. The axial length of the splines 18 is substantially greater than that
      of the spline set 12, such that splines 12, 18 may be fully interengaged
      while spline set 11 is still clear of internal splines 15. A spacer 19 is
      engaged between the opposing end faces of the impeller arrangement 16 and
      the sleeve member 14. The spacer 19 is interchangeable with other spacers,
      or combinations of spacers, of varying total thicknesses, whereby, when
      the impeller arrangement 16 is tightened into position on the member 14,
      these two parts may be set to a desired relative angular position, thus
      giving a desired torsion to shaft 10.
PAR  The shaft 10 includes a further set 20 of splines by means of which a drive
      may be applied to the pump.
PAR  On assembly the impeller arrangement 16 is assembled on to the sleeve
      member 14, the spacer, or spacers 19 being selected so that the position
      of shaft 10 to engage the splines 18 is approximately 1.degree.
      anticlockwise, viewed on arrow A, of the shaft position in which splines
      11, 15 can be interengaged. Shaft 10 is inserted to engage spline set 12
      with the ends of the splines 18 adjacent splines 15. Impeller arrangement
      16 is held stationary and shaft 10 twisted, by means of splines 20, in a
      clockwise direction (viewed on arrow A) until spline set 11 can be engaged
      in splines 15. The shaft 10 is then pushed home until splines 11, 15 are
      fully interengaged, in which position splines 12 abut a collar 21 secured
      to the impeller arrangement 16. The resulting torsional strain in the
      portion of shaft 10 between spline sets 11 and 12 serves to urge portion
      17 clockwise with respect to sleeve 14 and thus to maintain the impeller
      arrangement in position, screwed down against the spacer 19.
PAR  Shaft 10 has a threaded end 22 which projects beyond impeller arrangement
      16 and is engaged by a stiffnut 23 to maintain the shaft in its proper
      axial position.
PAR  In use impeller assembly 16 and sleeve member 14 rotate together, shaft 10
      acting as an input member. It will be appreciated that in other
      applications of the transmission device, an output drive could be taken
      from either the sleeve member 14 or the portion 17. In a further
      alternative, either the sleeve member 14 or portion 17 could provide an
      input member, and an output drive taken from the shaft 10.
PAR  The arrangement permits axial misalignment between the shaft 10 and the
      remainder of the device, without backlash which might result in wear.
CLMS
STM  We claim:
NUM  1.
PAR  1. A torque-transmitting device, comprising a shaft having two
      axially-spaced sets of external splines, a first member surrounding said
      shaft and formed with internal splines for engagement with one of said
      sets of external splines, a second member threadedly engaged with said
      first member and surrounding said shaft, said second member being formed
      with internal splines engaged with the other of said sets of external
      splines, and means for adjusting the relative angular positions, about the
      axis of said shaft, of said first and second members so that the portion
      of said shaft between said sets of splines is subjected to torsional
      stress in a sense tending to increase the threaded engagement between said
      first and second members.
NUM  2.
PAR  2. A device as claimed in claim 1 in which said first and second members
      has respective oppositely-facing abutment faces, and said means for
      adjusting said relative angular positions comprises a spacer engaged
      between said faces.
NUM  3.
PAR  3. A device as claimed in claim 1 in which the axial length of the splines
      on said second member is greater than that of the other of said sets of
      external splines, and the axial spacing between the splines on said first
      and second members is such that said other set of splines may be engaged
      with the splines on said second member prior to engagement between said
      one set of splines and said first member.
NUM  4.
PAR  4. A device as claimed in claim 1 which includes means engaging said shaft
      and said second member for preventing axial movement of said shaft
      relative to said members.
NUM  5.
PAR  5. A device as claimed in claim 1 in which one of said members forms part
      of an impeller for a centrifugal pump.
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ABST
PAL  An annular element adapted to be used as an endless belt for false twist
      machines or the like has a plurality of layers of non-woven fabric
      impregnated with a cross-linked elastomer, the non-woven fabric weighing
      from about 10 to about 50 grams per square meter prior to impregnation.
BSUM
PAR  The present invention relates to a laminated product adapted to be used as
      accessory annular elements for textile machinery, and in particular it
      relates to belts for false twist machines and to their manufacturing
      process.
PAR  It is known that endless belts for false twist machines are annular
      elements having a thickness of about 1 mm and a diameter ranging between
      50 and 300 mm. The belt is mounted on two cylinders which rotate at a very
      high speed and presses with a portion of its outer surface against a
      roller on which the textile yarn is caused to pass under tension
      immediately before and/or after having been subjected to the false twist
      process.
PAR  A belt of such a kind can consist of any elastomeric material which is
      resistant to the oils used for treating the textile materials, such as,
      for example, a nitrile rubber or polyurethane rubber. Such an article has
      the disadvantage, however, of an excessive elastic elongation as soon as
      it is put in use. Moreover, it tends to "creep" in use, i.e., it has a
      continuous and elastic elongation under a continuous load which is
      detrimental for the good performance of the belt. To avoid this, it is
      preferred to use a textile reinforced elastomeric material such as a
      helical winding of textile fibers or of a knitted tubular fabric. In
      practice, because of the small thickness required for the article, a sheet
      of calendered thin rubber composition is applied to a metallic core or
      mandrel of circular section and having an outer diameter corresponding to
      the diameter of the belt to be produced and a length corresponding to a
      multiple of the width of the belt itself. The rubber layer is butt-spliced
      to form the underlayer of the belt. Then, a textile reinforcement is
      helically wound or is knitted on the sheet and covered with a sheet of
      rubber composition wound thereabout in a sufficient number of layers to
      produce the desired thickness of the article. The unit so formed is
      subsequently vulcanized and subjected to conventional grinding, cutting
      into individual belts and finishing.
PAR  Because of the thinness of the belt, it is important for it to have a
      bending modulus as constant as possible. To this end, as said above, the
      calendered sheet forming the underlayer of the belt is butt-spliced or the
      underlayer is constituted by a tubular element previously extruded and
      then inserted on the mandrel, or extruded directly on the latter.
PAR  Such belts are not entirely satisfactory. If the textile reinforcement is a
      knitted fabric, the latter is still too deformable as regards the
      inextensibility characteristics necessary for good performance. Moreover,
      the knitting operation increases the cost of the article. The belts
      provided with the helically wound textile reinforcement, on the other
      hand, have a poor resistance to the lateral shearing stresses to which
      they are often subjected. For example, because of even the very small
      relative displacements of the cylinders on which they are mounted, they
      have a short useful life. Further, such belts are not adapted to the
      surface of convex cylinders and tend to slide laterally during their use.
PAR  The applicant has now found that it is possible to build up annular
      elements to be used as accessories for textile machinery, in particular
      elastomeric rings for false twist machines, in which all the above
      disadvantages are eliminated.
PAR  An object of this invention is to provide a laminated product adapted for
      use as an accessory on a textile machine. Another object of the invention
      is to provide an improved small endless belt for a false twist machine. A
      further object of the invention is to provide a process for making rings
      of elastomeric material adapted to be used as an accessory for textile
      machinery.
PAR  The objects of the invention are accomplished, generally speaking, by
      providing a laminated ring adapted to be used as an accessory for textile
      machinery, in particular a belt for false twist machines, characterized in
      that it comprises a layer of non-woven fabric of at least partially
      synthetic fibers wound up to form several superimposed layers and then
      impregnated with a cross-linked elastomeric composition, the layer of
      non-woven fabric having prior to its penetration by the elastomeric
      composition a weight ranging between 10 and 50 g/m.sup.2.
PAR  The winding of several superimposed layers of the non-woven fabric
      saturated with the cross-linked elastomeric composition is preferably the
      true inner part of the annular element while the outer part is, as usual,
      an elastomeric material which is intimately joined to the winding.
      Alternately, the impregnated non-woven fabric provided by the invention
      may be used with a conventional underlayer of elastic material.
PAR  It has been found that the laminated article provided by the invention has
      such physical and mechanical characteristics as to permit also the
      elimination of the underlayer of elastomeric material normally used in
      articles of this kind, without affecting the good performance of the
      product.
PAR  As said above, the winding is formed by a layer of non-woven fabric which,
      when the article is finished, is impregnated by a cross-linked elastomeric
      composition. Before its impregnation by the elastomeric composition, the
      layer of non-woven fabric has a weight ranging between 10 g/m.sup.2 and 50
      g/m.sup.2. Preferably, the fabric is of the type in which the fibers are
      joined together by a chemical-physical treatment during the spinning
      phase, and are normally defined with the expression "spun bonded". In this
      case, the fibers constituting the fabric are made of synthetic material,
      such as polyamide or polyester fibers.
PAR  The above indicated weight range clearly identifies a very sheer non-woven
      fabric, which, even if wound up at moderate tensions, becomes very thin;
      this makes it possible to provide a winding in which the variation of
      rigidity between the initial winding point and the remaining part of the
      winding is actually minimum.
PAR  On the other hand, once it is impregnated or penetrated by the elastomeric
      composition, the winding has on one hand good mechanical characteristics,
      as for instance a very high tensile strength and a quite satisfactory
      resistance to lateral shearing stresses in view of the requirements needed
      for the rings and, on the other hand, such a rigidity as to enable the
      ring to fit also to convex cylinders without sliding laterally both at low
      and at high speed.
PAR  The laminated product of the invention may be prepared by impregnating a
      layer of non-woven fabric of at least partially synthetic fibers having a
      weight ranging between 10 and 50 g/m.sup.2  with a solution of a
      cross-linkable elastomeric composition, winding the resulting layer on a
      mandrel in at least two turns, applying on the unit a layer of
      cross-linkable elastomeric composition and subjecting the thus obtained
      assembly to a heat treatment under pressure until the basic elastomeric
      composition of the impregnating solution and the elastomeric composition
      forming the outer layer of the assembly are cross-linked. After the
      cross-linking treatment, the product is ground and cut into individual
      rings, and these are subjected to the conventional finishing operations.
PAR  If it is desired to provide the annular elements with an underlayer of
      elastomeric material, a layer of cross-linkable elastomeric composition of
      minimum thickness is applied on the mandrel before winding the impregnated
      layer of non-woven fabric on it.
PAR  Preferably, the impregnating solution used to treat the non-woven fabric is
      based on a composition of nitrile rubber or polyurethane rubber, in which
      the elastomeric component is present in an amount ranging between 10% and
      60 %. Any suitable nitrile rubber may be used. The class name "nitrile
      rubber" is used herein to mean rubber-like copolymers of unsaturated
      nitriles with dienes such as a copolymer of acrylonitrile with butadiene.
      Suitable nitrile rubbers are disclosed in the book "Synthetic Rubber" by
      G. S. Whitby, C. C. Davis and R. F. Dunbrook, published by John Wiley &
      Sons, Inc., New York. The name nitrile rubber has been assigned to such
      rubbers contemplated by the invention by the Nomenclature Committee of the
      American Chemical Society.
PAR  A suitable substantially non-porous polyurethane elastomer may be used for
      the polyurethane rubber component. Suitable polyurethane elastomers are
      disclosed in "Solid Polyurethane Elastomers" by P. Wright and A. P. C.
      Cuning published by MacLaren & Sons, London. Millable gum polyurethanes of
      the type disclosed on pages 7 and 153 to 178 of this book can be used to
      advantage. Commercially available materials which are suitable for the
      purpose are UREPAN 600 sold by Farbenfabric Bayer AG of Germany, ADIPRENE
      C sold by E. I. duPont de Nemours, ELASTOTHANE 455 or ZR 625 sold by
      Thiokol Chemical Ind. and GURANE sold by Michelin.
PAR  The basic rubber composition of the solution comprises already known
      ingredients and additives including fillers and curing agents.
PAR  The layer of elastomeric composition which is applied on the winding can
      already be in the form of a tubular element, directly extruded on the
      winding itself or obtained separately, and inserted on the latter, or,
      more simply, it can be a calendered sheet of small thickness which, by
      several subsequent windings of the sheet itself, constitutes the layer of
      desired thickness.
PAR  The final cross-linking treatment, carried out under pressure, provides an
      extremely uniform article, since the winding of non-woven fabric and the
      layer of elastomeric composition form a perfectly compact unit. The
      uniformity is noticed above all in the inner surface of the article with a
      very good advantage for its satisfactory performance.
PAR  Although the present invention is particularly applicable to annular
      members such as belts for false twist machines, it can be advantageously
      applied also to high draft belts or to other annular elements of small
      thickness intended to work at high speed.
PAR  Any suitable solvent may be used for preparing the solution of elastomer
      used to impregnate the non-woven fabric layer. Suitable solvents for the
      non-cross-linked rubbers include polar solvents and non-polar aromatic
      solvents. Ketone solvents such as methylethyl ketone and methylisobutylene
      ketone are preferably used for the polyurethane rubbers while mixed ketone
      and aromatic solvents are preferred for the nitrile rubber. The above
      ketones may be used for the nitrile rubber in mixture with toluene, xylene
      or similar aromatic solvent. It is preferred that the mixed solvent
      contain from 30% to 50% by weight ketone and 70% to 50% aromatic solvent.
      A particularly preferred mixture contains 30% ketone and 70% of the
      aromatic solvent.
PAR  Any suitable polyester fiber or polyamide fiber may be used to make the
      non-woven fabric. Suitable polyamide fibers are nylon 6 and nylon 66.
DETD
PAR  The embodiment illustrated in the drawing has an inner annular layer of
      non-woven fabric 10 prepared by impregnating a non-woven fabric of nylon 6
      fibers having a density of 10 g/m.sup.2 with a solution of a
      non-cross-linked polyurethane in methylethyl ketone, winding the resulting
      layer two turns about a mandrel, coating the fabric with non-cross-linked
      polyurethane rubber 11, and heating the laminate under pressure until the
      polyurethane of the impregnating solution and of the coating 11 are
      cross-linked. The resulting laminated product may then be cut to the
      desired dimensions.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an annular element adapted to be used as a part for textile
      machinery, comprising a layer of cross-linked elastomeric composition
      based on an elastomer selected between nitrile and polyurethane rubber,
      constituting the outer surface of said annular element, a helically wound
      textile reinforcement, and a second layer of cross-linked elastomeric
      composition based on an elastomer selected between nitrile and
      polyurethane rubber, constituting the inner surface of said annular
      element, the improvement consisting essentially in that the helically
      wound textile reinforcement is constituted by a plurality of wound layers
      of a non-woven fabric of synthetic fibers selected between polyamide and
      polyester fibers, impregnated by a cross-linked elastomeric composition
      based on an elastomer selected between nitrile and polyurethane rubber,
      said non-woven fabric having prior to its impregnation by said elastomeric
      composition a weight ranging between 10 and 50 g/m.sup.2, said plurality
      of wound layers of non-woven fabric being also able to constitute the
      inner surface of said annular element.
NUM  2.
PAR  2. An endless belt for false twist machines comprising a helically wound
      textile reinforcement constituted by a plurality of wound layers of a
      non-woven fabric of synthetic fibers selected between polyamide or
      polyester fibers, impregnated with a cross-linked elastomeric composition
      based on an elastomer selected between nitrile and polyurethane rubber,
      said non-woven fabric weighing from about 10 to about 50 grams per square
      meter prior to impregnation.
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ABST
PAL  The forward and reverse directions of a motorized walk-behind vehicle are
      controlled by a walking operator through a control linkage which includes
      a lever pivoted on the control handle which the operator grips during
      operation of the vehicle. The control lever has two grip portions which
      are disposed in angular relation to one another and which move the control
      linkage for achieving forward and reverse directions of the vehicle when
      the grip portions are selectively pivoted toward the control handle. The
      control linkage is connected to a pivotable belt tightener supporting a
      pair of belt idlers which are selectively brought into tensioning
      engagement with forward and reverse belts upon pivoting the belt tightener
      in opposite directions. This forward-reverse control is particularly
      useful with a V-belt drive from an engine having two output shafts from
      the same side of the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Walk-behind snow blowers, rotary tillers and the like, are usually steered
      by a pair of laterally spaced handles which the walking operator grips.
      Effective control of the movement of walk-behind vehicles is best achieved
      if the operator maintains both hands on the handles during operation.
PAR  Heretofore, others have used or have proposed to use controls for
      walk-behind vehicles wherein the operator's hand for operating the
      forward-reverse control would need to be moved from the control handle,
      thus leaving only one hand for controlling steering during shifting of the
      direction control. It is also desirable to have a reliable trouble free
      forward-reverse control in a walk-behind vehicle which is easily adjusted.
      Heretofore, others have used forward and reverse idlers on separate
      pivotable idler arms. One forward-reverse control for a gear type
      transmission of a walk-behind vehicle is shown in U.S. Pat. 1,085,379.
      Forward and reverse control through rotation of a hand grip is illustrated
      in U.S. Pat. 2,336,642. Forward-reverse control through movement of a
      control lever having a single hand grip pivotally connected to a control
      handle is shown in U.S. Pat. 2,925,134.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The forward and reverse directions of travel of a walk-behind power driven
      vehicle are controlled through rotation of a clutch member in the form of
      a pivoted belt tightener having a pair of idlers, one of which is in
      confronting relation to the forward drive belt and the other of which is
      in confronting relation to the reverse drive belt and a control linkage
      which includes a hand lever pivoted on the control handle of the vehicle
      for swinging movement about a transverse axis. The hand lever has a pair
      of grip portions which radiate from the transverse pivot axis and the
      forward and reverse directions of travel are achieved by drawing one or
      the other of the grip portions toward the control handle.
PAR  It is an object of the present invention to provide a forward-reverse
      direction control which is low in initial cost, reliable in operation,
      easy to adjust and which permits the operator to keep both hands on the
      control handles during shifting.
PAR  It is a further object of the present invention to provide a pivotable belt
      tightener which supports both the forward and reverse belt idlers.
PAR  It is a further object of the present invention to provide a pivotable
      forward-reverse belt tightener with forward and reverse idlers mounted on
      legs of brackets which are adjustably connected to one another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings show the invention embodied in a snow blower wherein:
PAR  FIG. 1 is a side view of a snow blower incorporating the present invention;
PAR  FIG. 2 is a section view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a section view taken along the line III--III of FIG. 1;
PAR  FIG. 4 is a section view taken along the line IV--IV of FIG. 1;
PAR  FIG. 5 is a view of the forward-reverse control shown in FIG. 1 but showing
      such control in its forward drive position; and
PAR  FIG. 6 is a view similar to FIG. 5 but showing the control in its reverse
      drive position.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, a snow blower 11 incorporating the present invention
      includes a pair of drive wheels 12, 13 rotatably mounted on the main frame
      14. The snow blower is powered by an internal combustion engine 16 mounted
      on the top of the frame 14. The engine 16 includes a pair of parallel
      output shafts 17, 18 which are disposed at the same lateral side of the
      engine and rotate in opposite directions. An auger 15 and a paddel wheel,
      not shown, of the snow blower are driven by the forward output shaft 17
      through a pulley 19, a V-belt 21 and a pulley 22. The paddel wheel is
      connected directly to a shaft 23 to which the pulley 22 is nonrotatably
      secured. The auger 15 is driven through a chain 20 engaging sprockets 25,
      26 on shafts 23, 24. This type of snow blower is generally described as a
      two-stage snow blower and is somewhat similar in arrangement to that shown
      in U.S. Pat. 3,805,421. The snow blower includes a snow chute 31 which is
      pivotally connected to an outlet 32 for rotation about a generally
      vertical axis. A second pulley 34 is nonrotatably secured to the forward
      drive shaft 17 and serves to drive a double sheave pulley 36 through a
      V-belt 37 which may be tightened to cause the belt to drivingly engage
      sheave pulleys 34, 36. Reverse drive shaft 18 selectively drives the
      double sheave pulley 36 by a V-belt 38 which is engagable with a pulley 35
      on shaft 18 and the pulley 36. The double sheave pulley 36 is secured to a
      transverse shaft 40 which also carries a sprocket 39. A drive chain 45
      interconnects the sprocket 39 and a sprocket 41 secured for rotation with
      the drive wheel 12 mounted on axle 42.
PAR  A pair of forward and reverse idler pulleys 51, 52 are rotatably mounted on
      downwardly disposed legs 53, 54 of a U-shaped belt tightener 56 which is
      pivotally mounted on the engine by a pivot bolt 57 for rotation about a
      common transverse pivot axis 58. As shown in FIG. 1, the belt tightener 56
      is in its neutral position, the belts 37, 38 being too loose to establish
      drive.
PAR  As shown in FIGS. 1 and 2, the U-shaped belt tightener is made of two
      identical L-shaped brackets 59, 60. The brackets 59, 60 are placed in
      reversed relation to one another so as to align bores 111, 112 with one
      another on pivot bolt 57. The brackets 59, 60 are rigidly secured together
      by a bolt 113 and nut 114. The bolt 113 extends through horizontal slots
      116, 117 in brackets 59, 60 with sufficient clearance to permit the
      brackets 59, 60 to be rotatively adjusted relative to one another about
      axis 58 upon loosening of the nut 114 on bolt 113. This adjustment of
      brackets 59, 60 relative to one another permits the forward and reverse
      idler pulleys to be adjusted to compensate for variation in length of
      belts 37, 38. Counterclockwise pivotal movement of the belt tightener 56,
      as viewed in FIGS. 1, 5 and 6, about axis 58 forces forward idler to the
      right tightening the V-belt and causing it to grip the V-belt sheaves to
      transmit forward driving torque to the wheels 12, 13. Clockwise pivotal
      movement of the belt tightener 56 causes reverse idler to the left thereby
      tightening belt 38 to cause transmittal of reverse drive torque to the
      wheels 12, 13.
PAR  The snow blower includes a pair of handle bars 61, 62 rigidly secured at
      their lower ends to the frame 14 and extending upwardly and rearwardly to
      terminating in handles 63, 64. As shown in FIGS. 1, 3, 5 and 6, a control
      lever 71 is pivotally connected at its central part to the handle 64 of
      handle bar 62 on a transverse pivot axis 72 by a bolt 73 and a nut 74. A
      forwardly extending leg 76 of the control lever 71 is pivotally connected
      to the upper end of a control rod 77 which, in turn, is connected at its
      lower end to a U-shaped lever 78, as shown in FIG. 4. The U-shaped lever
      78 has its laterally spaced legs 79, 81 pivotally connected to the handle
      bars 61, 62 by bolts 82, 83 which are maintained in place by nuts 84, 86.
      Leg 79 of the control lever 78 is pivotally connected to a rod guide 91
      having a pin 92 secured thereto and extending through a drilled opening 93
      in leg 79. A longitudinally extending rod 96 is pivotally connected at its
      forward end to leg 54 of belt tightener 56 and extends rearwardly through
      aligned openings 97, 98 in legs 99, 101 of the guide 91. A coil spring 102
      is disposed about rod 96 and abuts leg 99 of guide 91 at its forward end
      and a stop block 103 rigidly secured to the rod 96 at its other end.
PAC  OPERATION
PAR  During operation, the walking attendant steers the snow blower through
      manual effort applied to the rearwardly extending handle bars 61, 62. In
      walk-behind motorized vehicles such as a snow blower, it is desirable that
      the operator maintain both hands on the handles during the snow throwing
      operation, so as to insure proper steered direction. It has also been
      found desirable to provide a reverse travel control for the snow blower so
      that the snow blower is more easily manuevered and can be backed away from
      any obstacle. As in forward travel, it is desired that the operator keep
      both hands on the control handles 61, 62 to insure proper steered
      direction of the snow blower during reverse movement thereof. The present
      control arrangement allows the operator to keep both hands on the control
      handles 61, 62 while changing directions of travel. As shown in FIG. 1,
      the control lever 71 is in its neutral position as is the belt tightener
      56.
PAR  When the operator opens the grip of his right hand to permit his right
      thumb to draw a forward hand-grip portion 171 of the control handle 71
      downwardly to the position shown in FIG. 5, the control linkage comprising
      rod 77, lever 78 and rod 96 will move the belt tightener 56 to cause
      forward idler pulley 51 to swing counterclockwise to tighten the forward
      drive belt 37 thereby effecting forward travel. If the operator chooses to
      change from forward travel to rearward travel, he will release the palm
      and thumb of his right hand to permit the control lever 71 to come back to
      the neutral position and then will open his grip holding his thumb on the
      control handle to permit his fingers to be wrapped around the reverse grip
      portion 271 of the control lever 71 to pull it upwardly toward the control
      handle 62 to the position shown in FIG. 6 wherein the reverse idler pulley
      52 has swung clockwise to tighten the reverse drive belt 38. At the same
      time this occurs, the forward idler pulley is moving away from belt 37 to
      disengage forward drive.
PAR  From the foregoing description, it is apparent that a low cost, effective
      forward-reverse control for a walk-behind vehicle has been provided. The
      novel control lever permits the operator to alternately change directions
      without removing his hand from the control handle to which the control
      lever is pivotally attached. This helps the operator to maintain effective
      steering control during direction changes. The novel control arrangement
      of this invention includes a belt tightener carrying forward and reverse
      idler pulleys with means for adjusting the position of the pulleys
      relative to one another.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A forward-reverse control for a vehicle of the type having a power unit
      and drive means including forward and reverse drive belts connected in
      driven relation to said power unit, said control comprising:
PA1  a belt tightener pivotally mounted on said vehicle having forward and
      reverse idler pulleys in confronting relation to said forward and reverse
      belts, respectively, whereby pivotal movement of said tightener in one
      direction effects forward drive and pivotal movement in the opposite
      direction effects reverse drive,
PA1  a control handle,
PA1  a control lever pivotally connected to said control handle on a horizontal
      axis including a pair of angularly disposed grip portions extending
      radially from said horizontal axis whereby said grip portions may
      alternately be pivoted toward said handle with a single hand without
      requiring said hand to be completely removed from said handle, and
PA1  a linkage interconnecting said control lever and said belt tightener
      whereby pivoting one of said grip portions toward said handle effects
      forward drive and pivoting the other of said grip portions toward said
      handle effects reverse drive.
NUM  2.
PAR  2. The control of claim 1 wherein said control handle is substantially
      horizontal and said grip portions are disposed on vertically opposite
      sides of said handle.
NUM  3.
PAR  3. The control of claim 1 wherein said belt tightener includes a U-shaped
      structure presenting a pair of legs and wherein said forward and reverse
      idler pulleys are rotatably connected to the ends of said legs,
      respectively.
NUM  4.
PAR  4. The control of claim 3 wherein said U-shaped structure includes a pair
      of L-shaped brackets having corresponding ends pivotally connected to said
      vehicle on a common axis and releaseable fastening means adjustably
      connecting said brackets to one another whereby the latter may be
      selectively adjusted relative to one another about said common axis.
NUM  5.
PAR  5. A forward-reverse control for a vehicle of the type having a power unit
      and drive means including forward and reverse drive belts connected in
      driven relation to said power unit, said control comprising:
PA1  a belt tightener pivotally mounted on said vehicle including
PA2  a pair of brackets having adjacent ends pivotally connected to said vehicle
      on a common axis,
PA2  releaseable fastening means adjustably connecting said brackets to one
      another whereby the latter may be selectively adjusted relative to one
      another about said common axis, and
PA2  forward and reverse idler pulleys rotatably connected to said brackets,
      respectively, in confronting relation to said forward and reverse belts,
      respectively, and
PA1  manual control means operatively connected to said belt tightener and
      operable to pivot said tightener in opposite directions to effect forward
      and reverse drive, respectively.
NUM  6.
PAR  6. The control of claim 5 wherein said power unit is an engine having a
      pair of oppositely rotating output shafts with pulleys driving said belts,
      respectively, and wherein said belt tightener is pivotally mounted on said
      engine above said output shafts and said idler pulleys are disposed below
      said shafts.
NUM  7.
PAR  7. In a forward-reverse control for a vehicle, the combination comprising:
PA1  A horizontally extending control handle,
PA1  a control lever pivotally mounted on said control handle on a transverse
      axis including a pair of grip portions extending radially from said axis
      on opposite vertical sides of said control handle whereby the operator's
      hand may alternately move said grip portions toward said handle without
      entirely removing said hand from said handle.
NUM  8.
PAR  8. The combination of claim 7 wherein said lever includes a leg extending
      radially from said axis adapted for connection to a forward-reverse
      control rod.
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PAL  A two-speed control for dual hydrostatic motors, especially for
      self-propelled, skid-steered loaders having hydrostatic transmissions.
      Each motor has a rotating piston group and a swash plate inclinable in
      either of two positions of piston displacement for low or high speed
      output. A shift lever connects the swash plate control arms of the motors
      with a manual selector lever biased by an over-center spring mechanism to
      either the high or low speed position. The shift lever has a slide and
      guide connection with one swash plate control arm and pivotally connects
      to the other in an arrangement which automatically locks the swash plates
      in the proper attitude in either shifted position of the slide and guide
      connection corresponding to the low or high speed range.
PAL  Two variable displacement hydrostatic pumps, one associated with each
      motor, are independently controlled by a pair of control levers operable
      to vary the pump displacement within both the high and low speed ranges of
      the motors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention pertains to the art of self-propelled, rigid framed,
      skid-steered end loaders having dual variable speed hydrostatic
      transmissions independently controlled for both forward and reverse drive
      of the loader wheels on opposite sides for propelling and maneuvering the
      machine.
PAR  1. Field of the Invention
PAR  A skid-steered loader of the type referred to above is disclosed in U.S.
      Pat. No. 3,635,365 issued Jan. 18, 1972, to the assignee of the present
      invention entitled "Tractor Vehicle with Hydrostatic Drive Means",
      inventor James J. Bauer. Hydrostatically driven loader vehicles of the
      type described in the aforementioned patent are characterized by the fact
      that the wheels on one side may be driven in either forward or reverse
      direction independently of the wheels on the opposite side so that the
      vehicle is both propelled and maneuvered without actually turning the
      wheels relative to the body. Rather by varying the speed and/or direction
      at which the wheels on one side are driven relative to the wheels on the
      opposite side the machine is "steered" in a skid-steered fashion
      characterized by quick turns and high maneuverability. The pairs of wheels
      on each side are driven by separate transmissions. Each transmission is
      controlled by a separate lever which through a linkage varies the plane of
      the swash plate of a variable displacement hydrostatic pump having a
      rotating piston group driven by the engine. The plane of the pump swash
      plate determines the displacement of the pistons and thus the speed. By
      varying the angle of the swash plate in either direction from a neutral
      mode, a change in direction of the transmission units is obtained to drive
      the wheels in either a forward or reverse manner.
PAR  The hydrostatic pumps supply hydraulic pressure to a pair of hydrostatic
      motors which have output shafts drivingly connected to gear boxes on
      either side of the machine supplying power to the wheels. Each of the
      hydrostatic motors,  as with the variable displacement hydrostatic pumps,
      has a rotating piston group and inclinable swash plate. The motor swash
      plate will be inclined to its full displacement position when the maximum
      tractive effort of the machine is required, such as during loading
      operations when speed requirements are low. At times, however, when the
      machine is to be moved considerable distances, such as between work sites
      or over a road, higher speeds are needed. In this case the motor swash
      plates will be inclined at a reduced piston displacement position to
      increase the speed. Thus, the operator may select either a high or low
      speed range and within those ranges, vary the speed of the loader by
      changing the angle of the pump swash plates to obtain a widely variable
      range of power versus speed ratios depending upon the operational
      requirements of the machine.
PAR  2. Description of the Prior Art
PAR  Heretofore it has been the practice to employ a servo mechanism for
      shifting the hydrostatic motors between the low and high speed ranges. By
      servo mechanism it is understood that some type of power assisted device
      is employed for holding the motor swash plates against the force of the
      pistons attempting to return them to a more reduced displacement position
      as opposed to a direct mechanical system where the operator must
      physically hold the angle of the swash plates. In the case of the
      aforementioned loader the servo mechanism is actuated by twisting a hand
      grip of one of the steering control levers which actuates a cable
      connected to a valve. The valve controls an hydraulic cylinder connected
      to the swash plates of the hydrostatic motors. The operator shifts between
      either the high or low speed ranges by simply moving the valve spool and
      the restraining force required for holding the swash plates in the correct
      position is supplied by the hydraulic cylinder. Also, it has been found
      that ordinary mechanical linkages do not furnish adequate firm location of
      the swash plates against the internal forces generated.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention a direct mechanical, non-servo type, two-speed
      hydrostatic motor control is provided. The control includes a shift lever
      interconnecting the motor swash plate control arms having an elongated
      body portion pivotally connected at one end to one control arm and being
      linked at the opposite end to the control arm of the other motor by a
      guide and slide arrangement. The lever simultaneously shifts the motor
      swash plates to either of two stop limit positions corresponding to the
      high or low speed range. The swash plates are held in the shifted
      positions by a combination of the wedging action of the slide and guide
      and an overcenter spring mechanism. As a result, a large mechanical force
      in relation to the spring force is available to prevent drifting or
      movement of the swash plates under the pressure exerted by the rotating
      piston groups tending to return them to a reduced displacement position.
      Enough overtravel is designed into the linkage so that full travel of the
      swash plates is accomplished without adjustment to compensate for
      manufacturing tolerances.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a skid-steered end loader employing a
      hydrostatic drive of the type using a two-speed motor control according to
      the present invention;
PAR  FIG. 2 is a partial horizontal sectional view through the transmission
      compartment of the loader body showing the gear cases and hydrostatic
      motors in an arrangement employing one form of two-speed control where the
      motor output shafts are on different axes;
PAR  FIGS. 3 and 3a are partial fragmentary views showing other portions of the
      two-speed control for the transmission arrangement shown in FIG. 2;
PAR  FIG. 4 is a partial view of the control shown in FIG. 2; and
PAR  FIG. 5 is a view showing another form of two-speed control for a
      transmission arrangement where the motors have their output shafts on a
      common axis.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  FIG. 1 shows an end loader vehicle 10. Generally the end loader comprises a
      body 12 having a pair of uprights or stanchions 14 at the rear. A pair of
      lift arms 15 are pivotally connected at the upper ends of the stanchions
      14 and extend downwardly in the lowered position along either side of the
      operator's seat 16. A material handling bucket 18 is mounted at the front
      end of the loader arms 15. Bucket tilt cylinders 20 and lift cylinders 22
      are operated by foot pedals (not shown) at the operator's feet controlling
      a valve bank in a separate hydraulic circuit operating the bucket tilt and
      lift cylinders 20-22.
PAR  A. First Preferred Embodiment
PAR  The body 12 includes a transmission compartment (FIG. 2) which is in the
      lower portion thereof. It contains a pair of gear cases 24, one bolted to
      each side of the compartment, having output sprockets 26 which, through a
      chain and sprocket reduction with the wheel sprockets 28, independently
      drive the loader wheels 30 on opposite sides of the machine. The wheels
      are mounted on the stub axles 32. The stub axles are driven in either the
      forward or reverse direction at varying speeds depending on the position
      of either of two steering control levers 36 (FIG. 1) located on either
      side of the operator's seat. For a detailed showing of a steering control
      linkage mechanism by which the operator may vary the speed or change the
      direction of rotation of the transmissions, to the extent such disclosure
      is necessary for an understanding of the present invention and is
      considered as forming a part hereof, reference may be had to U.S. Pat.
      3,605,519 entitled "Control for Dual Hydrostatic Drive" issued Sept. 20,
      1971 to the assignee of the present invention. Reference is made in
      particular to the portion of the specification in that patent commencing
      at column 2, line 17 - 41; line 61 - 72; and column 3, lines 1 - 3 and the
      drawing in FIG. 2. Essentially the description in that patent, which shall
      be considered as incorporated by reference in this specification to the
      extent indicated above, provides for a pair of hydrostatic transmissions,
      each having a vaiable displacement pump of the rotating piston and
      inclinable swash plate type. The output of the pumps is delivered to
      separate hydrostatic motors establishing a closed loop with each pump. The
      vehicle is steered, pivoted, reversed and accelerated in a rapid or highly
      maneuverable fashion solely through operation of the steering control
      levers. Independent movement of the levers independently varies the swash
      plates of the variable displacement hydrostatic pumps. With both levers
      full forward, the swash plates are fully displaced in one direction from a
      neutral mode for maximum forward speed and vice versa for reverse. Or, one
      lever may be moved to a greater extent than the other for a differential
      drive producing a skid turn depending on the magnitude of the displacement
      of the control levers, i.e., a small difference causes a gradual turn
      while pulling one lever back and pushing the other forward makes the
      loader pivot in its tracks.
PAR  In FIG. 2 each motor 38 will also have a rotating piston group and an
      inclinable swash plate which will have a fixed position in relationship to
      the swash plate of the pump (not shown) connected with the motor in a
      closed hydraulic loop by lines 37. The angle of the motor swash plate will
      depend on whether a high or low speed range is selected. The swash plate
      will be either fully displaced for low speed or displaced by a reduced
      amount for high speed as determined by limit stops in each position.
      Within these ranges there is the variation of speed as controlled by the
      angle of the pump swash plates determined by the steering levers 36. While
      details of the swash plate-type motor and pump units are not shown here,
      reference is made to FIG. 8 in the aforementioned Pat. No. 3,635,365 and
      the description in the specification of that patent commencing at column
      4, lines 40 - 68 where a general description of this type of pump and
      motor operation may be found if necessary for a better understanding of
      this invention and to that extent, the description and drawing in this
      patent are incorporated herein by reference.
PAR  As the steering levers 36 are moved forward or back, output sprockets 26 of
      the gear cases 24 in the hydrostatic transmission units are caused to
      rotate in forward or reverse directions thus driving the wheel sprockets
      28 of the stub axles 32 in either forward or reverse directions at the
      same or varying speeds on one side of the loader relative to those on the
      other side.
PAR  This operation is essentially common to both forms of two-speed motor
      controls disclosed herein and will be understood to apply to the second
      preferred embodiment discussed later as well as the first preferred
      embodiment, the detailed description of which continues below.
PAR  As shown in FIG. 2, the motors 38 are secured to the transmission casings
      24 with their output shafts extending in opposite directions and on
      different axes. In this arrangement the swash plate control arms 40 extend
      horizontally in opposite directions. In accordance with a first form of
      the invention a shift lever 42 extends horizontally above the motors. It
      has an elongated body portion 43 and an enlarged flat end portion 44. The
      shift lever is connected between the swash plate control arms 40. There is
      a pivotal connection 46 with the swash plate control arm 40 of the one
      motor and a slide and guide connection 45, discussed more in detail below,
      at the opposite end with swash plate control arms 40 of the other motor. A
      bell crank 47 is pivotally mounted at 48 to the frame. On one end it is
      connected to a projection 49 of the shift lever and on the opposite end to
      a drag link 50 which in turn is connected at its opposite end to a manual
      selector handle 52 (FIG. 3) pivotally mounted at 53 on the upper body
      portion of the loader such that the upper end 54 of the handle is
      accessible to the operator. An over-center spring mechanism 56 includes a
      pivoted rod member 58 on a bushing 60 which carries a spring 57 such that
      when the handle 52 is moved to either position as in FIG. 3, the spring
      will act on a line offset relative to the pivot 53 when the handle passes
      its midpoint so as to bias the control linkage in either direction.
PAR  In FIG. 4 the shift lever is shown in the low range corresponding to an
      angle of the swash plates for full displacement of the pistons. When the
      drag link 50 is thrust rearwardly causing the bell crank 47 to rotate in a
      counterclockwise direction as viewed in FIG. 4, the shift lever is moved
      to the high range position corresponding to the angle of the swash plates
      of less than full displacement. A lost motion connection 44 with the
      extension 49 enables the shift lever to move laterally relative to the
      bell crank. The shift lever 42, will be shifted downwardly and laterally
      to the right as viewed in FIG. 4 in dotted lines. In the process, the
      slide and guide connection 45 with the one swash plate control arm 40 will
      move that arm to the left or clockwise in FIG. 4, and the swash plate to
      the reduced displacement position. Simultaneously the swash plate control
      arm 40 of the other motor moves to the right, also clockwise in FIG. 4,
      shifting the swash plate to its reduced displacement position. It should
      be noted, that the slide and guide connection 45 includes a slot 51a
      formed in the enlarged flat end portion of the shift lever 42 in which is
      received a pin or guide 51b connected to the swash plate control arm 40.
      The slot 51a is inclined laterally in a direction and by an amount which
      will bring about the required wedging action of the control linkage for
      holding the motor swash plates in either the low or high speed range. In
      practice, the angle of the slot 51a must be less than 90.degree. relative
      to a base line taken through the control arm pivots at opposite ends of
      the shift lever in the high position as shown in dotted lines in FIG. 4,
      and preferably between 55.degree. to 80.degree.. Best results seem to be
      obtained if the angle is about 65.degree. for then the wedging action is
      substantial but not so large as to make it difficult to shift.
PAR  It will be appreciated that in either the high or low speed range, the
      slide and guide connection 45 resists any tending to drift under the force
      exerted by the rotating piston groups of the motors which would otherwise
      occur because of the wedging action created by the slot 51a and guide 51b
      in combination with the over-center mechanism. Sufficient force is exerted
      by the spring 57, together with the wedging action, to overcome any such
      tendency. Also, enough overtravel is provided in the linkage to assure
      full motion of the swash plates in both directions. The wedging action of
      the linkage operates in both directions to assure that each swash plate
      comes against its stop and is held firmly.
PAR  B. Second or Alternate Preferred Embodiment
PAR  Referring now to FIG. 5, a second form of two-speed motor control is shown
      in which the motors 38a of the transmissions have their output shafts 38b
      aligned on a common axis. In this form, parts of the control similar to
      those identified with respect to the first embodiment will be identified
      by the same numerals although with a letter suffix. The motors 38a have
      swash plate control arms 40a which extend vertically downwardly generally
      in the same direction and are connected by a shift lever 42a by pins 51c,
      51d in a manner similar to that previously described with the other form
      of the invention except the enlarged, flat end portion is in a vertical
      plane so that the slide and guide connection 45a (pin 51d in slot 51e) may
      connect to the control arm 40a of the swash plate. A connecting rod 60 has
      a ball joint connection at its upper and lower ends with a bell crank 47a
      pivotally mounted in a vertical plane on a bracket attached to the motor
      and with the lever projection 44a at the lower end. A drag link 50a
      connects at one end to the bell crank 47a and at the opposite end to a
      control handle 52a which is pivotally mounted to the loader body at 53a
      and is being held by the over-center spring mechanism 56a in combination
      with the slide and guide 45a in either the high or low range positions as
      in the manner similar to the other form of the invention.
PAR  The operation of the control shown in FIG. 5 is similar to that previously
      described in that when the lever 52a is moved from the forward position,
      as shown, to the rear position the shift lever 42a is moved upwardly and
      laterally to the right rotating simultaneously both the swash plate
      control arms 40a, to the right in a manner as viewed in FIG. 5, so that
      they become locked in the full displacement or low speed range of the
      motors.
PAR  While only a single preferred embodiment of my invention has been
      disclosed, it will be understood that this description is for purposes of
      illustration only and that various modifications and changes can be made
      to my invention without departing from the spirit and scope of it.
      Therefore, the limits of my invention should be determined from the
      following appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A two-speed control for dual hydrostatic motors each having a rotating
      piston group and a swash plate inclinable to a high or low speed position
      of piston displacement comprising a shift lever interconnecting the swash
      plates of the motors operable in one direction to cause both swash plates
      to be shifted to one position and vice versa, a manual control member
      movable between high and low speed positions, and a linkage connecting the
      manual control member and shift lever operable upon movement of the manual
      control member to move the shift lever in one or the other of said
      positions corresponding to either the high or low speed positions of the
      swash plates, and wedging means acting to yieldably hold said lever in the
      position selected against the returning force acting on the swash plates
      by said piston groups including a slot formed in the shift lever at one
      end adjacent one motor, a swash plate control arm associated with the
      swash plate of said motor, guide means received in said slot connected to
      said swash plate control arm and another swash plate control arm
      associated with the swash plate of the other motor pivotally connected to
      the opposite end of said lever, said slot inclined relative to the shift
      direction of said shift lever producing a wedging action on said guide
      means acting to hold the swash plate control arms firmly against the
      returning force in either of said shifted positions of the shift lever.
NUM  2.
PAR  2. A two-speed control according to claim 1 in which said slot being
      inclined relative to the shift direction of said shift lever such that
      said guide means travels from one end of the slot to the opposite end
      during the shifting movement.
NUM  3.
PAR  3. A two-speed control according to claim 2 wherein the hydrostatic motors
      are spaced opposite one another with the output shaft of each on a common
      axis, said linkage connecting the manual control member and shift lever
      comprising a drag link, a bell crank movable in a vertical plane, said
      drag link being pivotally connected at one end end to the manual control
      member and at the opposite end to the upper end of said bell crank, said
      shift lever extending laterally between said motors and having a flat
      projection in a plane transverse to the bell crank such that longitudinal
      movement of the drag link causes rotation of the bell crank, means
      pivotally interconnecting the projection on said shift lever and said bell
      crank and an over-center spring mechanism connected to the manual control
      lever offset relative to its pivot axis so as to hold said member on
      either side of a midposition yet permitting the operator to move the
      control member between the low or high speed positions by overcoming the
      biasing force of the over-center spring mechanism.
NUM  4.
PAR  4. A two-speed control according to claim 2 in which the slot is inclined
      at less than 90.degree. to a line through the pivots at opposite ends of
      the shift lever with said swash plate control arms in the high range
      position.
NUM  5.
PAR  5. A two-speed control according to claim 4 where the angle is between
      55.degree. and 80.degree..
NUM  6.
PAR  6. A two-speed control according to claim 5 where the angle of the slot is
      about 65.degree..
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ABST
PAL  A manipulator is described for moving a platform in translation in a plane.
      An actuator is mounted for rotation about an axis aligned parallel with
      the plane. A manual control lever is pivotly supported by the actuator
      which engages the platform through a similarly pivotly mounted coupling
      device. The coupling device engages the platform through a universal
      sliding movement in a slot to enable pivot motions from the control lever
      to produce translational position changes of the platform. Low frictional
      engagements of the moving elements together with a selectable motion
      reduction enable minutely accurate manual positioning of the platform.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a manipulator. More specifically this invention
      relates to an apparatus for moving a platform to minutely definable
      positions.
PAC  BACKGROUND OF THE INVENTION
PAR  Mechanical manipulators, also known as alignment devices, have been
      extensively described in the prior art. Note, for example, the U.S. Patent
      to Conley 3,188,879. In Conley a micromanipulator is described wherein a
      longitudinal control bar, coupled to a control lever, is disposed above a
      base plate to manipulate a specimen plate mounted on the base plate. The
      control bar is supported by a pair of spherical bearings to allow pins,
      which are affixed to the bar, to produce translational movement of the
      specimen plate. The actuations of the control lever are reduced to smaller
      motions of the specimen plate to achieve accurate specimen plate
      positional control.
PAR  In the U.S. Patent to Mladjan 3,204,584 a micropositioner is shown
      utilizing a double spherical bearing structure. In the U.S. Patent to
      Grispo 3,396,598 a micropositioner is described using linear slides to
      achieve the motion of a platform. The structure described in the Grispo
      reference is relatively complex to achieve the desired platform position
      control.
PAR  The mechanical alignment device described in the U.S. Patent to Zurcher
      3,504,566 is a manipulator utilizing a ball and socket joint for achieving
      translational movements of a platform in a plane while a pulley
      arrangement provides rotation of the platform. A similar concept is shown
      and described in the U.S. Patent to Christy 3,768,331. A manipulator for
      control of a platform located in a vacuum is described in the U.S. Patent
      to Longamore 3,790,155.
PAC  SUMMARY OF THE INVENTION
PAR  In a manipulator in accordance with the invention, a convenient and simple
      structure is employed to enable accurate and precise positional control of
      a platform. A micromanipulator in accordance with the invention includes a
      housing on which a platform is located for translational movements in a
      plane under control by a lever. An actuator is mounted to the housing for
      rotation about an actuator axis which is parallel to the plane in which
      the platform moves. The actuator pivotly engages the control lever to
      enable it to move about a coupler axis which is transverse to the actuator
      axis. A coupler device, which is similarly pivotly mounted to the actuator
      as the control lever, interconnects the actuator to the platform. The
      coupler device moves the platform in translation in response to pivot
      motions by the control lever.
PAR  As described with respect to a specific embodiment for a manipulator in
      accordance with the invention, the coupler device may be formed with a
      pair of parallel mounted coupler shafts which slidingly move along
      platform guide surfaces oriented transverse to the plane of motion of the
      platform. The coupler shafts are pivotly coupled to the actuator and one
      coupler shaft is connected to the control lever with a pulley arrangement.
      The coupler shafts may be selectively sized to obtain reduced planar
      motions of the platform in response to lever actuations.
PAR  With a micromanipulator in accordance with the invention, precise and
      accurate positioning of the platform is conveniently obtained. The
      structure is of simple design with parts that may be manufactured with
      high precision for an accurate positioning of the platform. A change in
      the reduction of the motions of the platform in response to lever
      movements can be obtained by altering the size of a coupler device
      operative between the platform and the actuator.
PAR  It is, therefore, an object of the invention to provide a manipulator for
      positioning a platform in a highly accurate manner with a practical
      structure of convenient design.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  These and other objects and advantages of a manipulator in accordance with
      the invention can be understood from the following description of an
      embodiment described in conjunction with the drawings wherein
PAR  FIG. 1 is a top plan view of a manipulator in accordance with the
      invention;
PAR  FIG. 2 is a section view of the manipulator taken along the line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a section view of the manipulator taken along the line 3--3 in
      FIG. 2;
PAR  FIG. 4 is a section view of the manipulator taken along the line 4--4 in
      FIG. 2;
PAR  FIG. 5 is a section view of the manipulator taken along the line 5--5 in
      FIG. 2; and
PAR  FIG. 6 is a perspective partially broken away view of segments of the
      manipulator shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENT
PAR  With reference to FIGS. 1-4 a manipulator 10 in accordance with the
      invention is illustrated. The manipulator 10 is formed with housing 12
      supporting a movable platform 14 which is mounted for movement in a plane
      16 over surface 18 on one side 20 of housing 12. The platform 14 is
      positioned with an actuator device 22 controlled with a manual lever 24
      located on the other side 26 of housing 12.
PAR  The platform 14 is supported on surface 18 with a suitable low friction
      material layer 28 such as TEFLON being interposed for smooth travel of
      platform 14. As can be seen from the view in FIG. 1 with several phantom
      positions of the platform 14, it can be moved in translation without
      rotation over surface 18. Motion of platform 14 is obtained by pivoting
      control lever 24 which is mounted on the actuator 22. The control lever
      pivot motions are transformed into translational movement of platform 14
      with a universal coupler mechanism 30 operative between actuator 22 and
      platform 14.
PAR  Actuator 22 includes an actuator shaft 32 mounted in bearings 34--34'
      aligned to provide actuator shaft rotation about an axis 36 which is
      selected generally parallel to the plane 16. Bearings 34 are of
      conventional design and provide a highly sensitive and accurate rotation
      of the actuator shaft 32 in response to corresponding pivot movements of
      control lever 24.
PAR  Control lever 24 is affixed to a radial bore of pulley 38 which is mounted
      for rotation about a lever point axis 40. Axis 40 is transverse to the
      rotational axis 36 of actuator shaft 32. Control lever 24, thus may be
      pivoted about both axes 36 and 40 as illustrated in the views of FIGS. 2
      and 3.
PAR  Pulley 38 in turn is connected to a similarly mounted pulley 42 in the
      coupler mechanism 30 with a spring loaded cable 44 so that the pivot
      motions of control lever 24 about coupler axis 40 produce a like rotation
      of pulley 44. The spring 46 provides sufficient tension of cable 44 to
      assure joint rotation of pulleys 38, 42 about parallel axes 40, 40'.
PAR  Pulley 42 is connected to a coupler shaft 48 which engages a radial bore in
      pulley 42. Coupler shaft 48 is pressed into a radial bore of a ball 50
      mounted in a guide recess 52 of platform 16. Ball 50 slidingly engages
      recess 52 to enable pivot movements of coupler shaft 48 and pulley 42. A
      like ball 50' and guide recess 52' are provided for coupler shaft 48' for
      parallel movement with coupler shaft 48. As can be seen from FIGS. 1 and
      2, the pulleys 38, 42, 42' are aligned along axis 36 to enable pivot
      movements of lever 24 to produce translation motions of platform 14.
PAR  Operation of manipulator 10 involves a pivot movement of control lever 24
      in any desired direction. Housing 12 is provided with a truncated conical
      recess 56 having its apparent center below the crossing point of axes 36
      and 40. The wall 58 of recess 56 serves as a stop for control lever 24. As
      shown in FIG. 2, the control lever 24 may be moved from one stop side at
      60 to an opposite position at 62 corresponding to a pivot movement of
      about 70.degree.. Since wall 58 is conical, a similar pivot range is
      provided in the opposite or transverse direction as shown in FIG. 3. The
      resulting translational motions of platform 14 are as illustrated by the
      phantom platform positions in FIGS. 2 and 4. Since coupler shafts 48 are
      of fixed length and sliding action is required between balls 50 and guide
      recesses 52, the latter are made sufficiently deep.
PAR  A control over the amount of motion of the platform within its plane is
      obtained by regulating the length of coupler shafts 48. Thus the distance
      between the crossing of axes 40', 36 and the point of contact of ball 50
      with recess 52 may be selected to corresondingly determine the amount of
      motion of the platform 14 is response to pivot movement of lever 24.
PAR  The simplicity and convenience of manipulator 10 in accordance with the
      invention may be appreciated with reference to the perspective view of
      actuator 22 in FIG. 6 and the section view of the manipulator 10 in FIG.
      5. The actuator shaft 32 is mounted for rotation in bearings 34 which are
      held in a bore 62 of bracket 64 attached to housing 12 with bolts 66. The
      ends 68, 68' of actuator shaft 32 are respectively affixed to end located
      blocks 70, 70'. Control lever block 70 has a slot 72 sized to receive
      pulley 38 for rotational mounting to a bearing mounted shaft 74 which is
      coincident with axis 40.
PAR  Coupling block 70' is similarly shaped as block 70 but carries a slot 76
      which is sufficiently large to accommodate both pulleys 42--42' in a
      mounting similar as for pulley 38. In order to provide low friction
      mounting, suitable bearings 74 may be employed with pulleys 38, 42 and
      42'.
PAR  Blocks 70--70' contain low friction bearing mountings such as 78 for
      pulleys 38, 42, 42'. The bearing mountings are each located in a bore 80
      sized to retain opposingly located flange-shaped bearings 82--82'. The
      bearings 82 receive a rotational shaft 74 which is attached to a pulley
      with suitable set screws (not shown). Spacers 84--84' and retainer rings
      86--86' are employed to preload opposing bearings 82--82'.
PAR  Having thus described a manipulator in accordance with the invention, its
      advantages can be appreciated. A low friction facile control over the
      positions of a platform is obtained with an accuracy enabling the
      positioning of the platform with increments of a thousandth of an inch.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A manipulator for moving a platform in an accurate manner to desired
      positions in a plane comprising
PA1  a housing and a platform supported on the housing to enable movement of the
      platform in a plane;
PA1  an actuator mounted to the housing for rotation about an actuator axis
      which is generally parallel to the plane;
PA1  a control lever mounted to the actuator for pivot motion about a lever
      pivot axis which is generally transverse to the actuator axis;
PA1  coupling means mounted to the actuator with pivot movement about a coupler
      axis which is parallel to the lever pivot axis for effectively slidingly
      engaging the platform to drive it for movement in the plane in response to
      pivot motion of said means about the coupler axis and rotational movement
      of the actuator about its actuator axis; and
PA1  means mounted on the actuator for connecting the control lever to the
      coupling means to impart movement thereof about the coupler axis in
      response to control lever movement about its pivot axis,
PA1  whereby the platform responds with movement in the plane when the control
      lever is actuated to rotate the actuator or pivot the coupling means.
NUM  2.
PAR  2. The manipulator as claimed in claim 1 wherein the connecting means is
      formed of
PA1  a pair of pulleys mounted to the actuator for rotation about the lever
      pivot axis and the coupler axis, said pulleys being respectively
      interposed between the actuator and the control lever and the actuator and
      the coupling means; and
PA1  a pulley cable operatively interconnecting the pulleys to enable lever
      pivot movement to produce corresponding pivot movement to the coupling
      means.
NUM  3.
PAR  3. The manipulator as claimed in claim 2 wherein the coupling means is
      sized commensurate with the desired amount of platform movement in
      response to lever movement.
NUM  4.
PAR  4. The manipulator as claimed in claim 3 wherein the coupling means further
      includes
PA1  a first coupler shaft connected to one of the pulleys and a second coupler
      shaft connected to the actuator for pivot movement about an axis parallel
      with the coupler axis, said first and second coupler shafts being aligned
      with each other parallel with actuator rotational axis; and
PA1  guide means attached to the platform to snugly slidingly receive ends of
      the coupler shaft to enable pivotal movement of the coupler shafts in
      response to lever actuations to drive the platform in said plane.
NUM  5.
PAR  5. A manipulator for moving a platform in an accurate manner to desired
      positions in a plane comprising
PA1  a housing and a platform supported on the housing to enable translational
      movement of the platform in a plane;
PA1  bearing means mounted to the housing for defining an actuator axis of
      rotation generally parallel to the plane;
PA1  an actuator shaft mounted to the bearing means for rotation about the
      actuator axis;
PA1  a control lever mounted to the actuator shaft for rotation thereof about
      said actuator axis, said control lever further being mounted to the
      actuator for pivot movement along a pivot axis which is generally
      transverse to the actuator axis;
PA1  coupling means operative between the platform and the actuator shaft to
      transfer to the platform translational components of pivot movements about
      the actuator axis and a coupler axis which is generally parallel to the
      pivot axis of the control lever; and
PA1  means mounted on the actuator shaft for transferring pivot movements of the
      control lever about its pivot axis to the coupling means to enable the
      coupling means to drive the platform in translation in said plane in
      response to control lever pivot movements.
NUM  6.
PAR  6. The manipulator as claimed in claim 5 wherein the coupling means
      includes a coupler shaft mounted to the actuator for pivot movement about
      the coupler axis; and
PA1  means for engaging the coupler shaft with the platform without permitting
      rotation thereof.
NUM  7.
PAR  7. The manipulator as claimed in claim 6 wherein the engaging means further
      includes
PA1  a second coupler shaft mounted on the actuator for parallel pivot movement
      with the first coupler shaft, both of said coupler shafts being provided
      with universal couplers interposed between the platform and the first and
      second coupler shafts, the universal coupler being selected to enable free
      sliding movement along a direction transverse to the plane while
      transferring translational components from the pivot motion of the
      actuator and the coupler shafts to the platform.
NUM  8.
PAR  8. The manipulator as claimed in claim 5 wherein the platform is provided
      with guide means oriented transversely to the plane to inhibit rotation of
      the platform and
PA1  wherein the coupling means further includes
PA1  a coupler shaft mounted to the actuator for pivot movement about the
      coupler axis, said coupler shaft operatively engaging the guide means to
      transfer translational components of pivot movements of the control lever.
NUM  9.
PAR  9. The manipulator as claimed in claim 8 wherein the coupler shaft is sized
      commensurate with the desired translational magnitude of the platform in
      response to pivot movements of the control lever.
NUM  10.
PAR  10. The manipulator as claimed in claim 9 wherein the actuator shaft has a
      longitudinal shape with the control lever operatively engaging the
      actuator shaft near one end thereof and the coupler shaft operatively
      engaging the actuator shaft near the other end thereof.
NUM  11.
PAR  11. The manipulator as claimed in claim 10 wherein the transferring means
      further includes
PA1  a pair of pulleys mounted to the actuator for rotation about the coupler
      axis, one pulley being operatively interposed between the control lever
      and the actuator shaft and the other pulley being operatively interposed
      between the coupler shaft and the actuator shaft; and
PA1  a cable interconnecting the pulleys for joint rotation.
NUM  12.
PAR  12. A manipulator for moving a platform in an accurate manner to desired
      positions in a plane comprising
PA1  a housing and a platform supported on the housing to enable translational
      movement of the platform in a plane;
PA1  a longitudinal actuator mounted to the housing for rotation about an
      actuator axis which is generally parallel to the plane;
PA1  coupling means mounted to the actuator for pivot movement about a coupler
      axis which is generally transverse to the actuator axis for effectively
      slidingly driving the platform for translational movement in the plane in
      response to pivot motion of said coupling means about the coupler axis and
      rotational movement of the actuator about its actuator axis;
PA1  a control lever mounted to the actuator for pivot motion about a lever
      pivot axis which is parallel to the coupler axis with said lever pivot
      axis, the coupler axis and the actuator axis being effectively coupled;
      and
PA1  means for connecting the control lever to the coupling means to impart
      movement thereof about the coupler axis in response to control lever
      movement about the pivot axis,
PA1  whereby the platform responds with translational movement in the plane when
      the control lever is actuated to rotate the actuator or pivot the coupling
      means.
NUM  13.
PAR  13. The manipulator as claimed in claim 12 wherein the actuator further
      includes
PA1  an actuator shaft;
PA1  a control lever block attached to one end of the actuator shaft and pivotly
      connected to the control lever; and
PA1  a coupling block attached to the other end of the actuator shaft and
      pivotly connected to the coupling means.
NUM  14.
PAR  14. The manipulator as claimed in claim 13 wherein the control lever block
      and the coupling block are each provided with slots oriented to
      respectively pivotly receive the control lever and the coupling means.
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ABST
PAL  A multiratio drive which comprises a drive plate mounted for rotation upon
      an axis and means for drivingly coupling the drive plate to a source of
      motive power. A plurality of driven elements are mounted to the drive
      plate for sliding movement therewith in a direction radially of the axis.
      Cam means operatively engage the driven elements, the cam means also being
      mounted for rotation about the axis, the cam means positioning the driven
      elements at selected ones of a plurality of radially spaced-apart
      positions in response to relative rotational movement between the cam
      means and the driven elements. Detent means restrain the driven elements
      and cam means from relative rotation and shift means are provided for
      forcing selected relative rotational movement between the driven elements
      and the cam means to thereby alter the relative rotational positions
      thereof and correspondingly to alter the radial position of the driven
      elements and the effective diameter of the drive device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to variable ratio drive mechanisms and in
      particular to such a device suitable for use in bicycles or the like
      wherein the drive mechanism provides a selectively variable drive ratio.
PAR  2. Description of the Prior Art
PAR  Multiratio drive mechanisms or transmissions and in particular such devices
      for use with a bicycle are well known and have been in use for many years.
      One such device that has gained wide acceptance is a three speed or three
      ratio device which is mounted within the hub of the rear wheel of a
      bicycle and which can be manually shifted from one ratio to another by
      means of a finger operated lever and cable.
PAR  In recent years another form of transmission has gained popularity. This
      transmission is commonly referred to as a "derailler". This transmission
      comprises broadly a plurality of juxtaposed sprockets mounted to the
      driven wheel, the pedals, or both, of a bicycle and includes a chain
      "take-up" device and cable mechanism for causing the bicycle chain to jump
      from one combination of sprockets to another to thereby provide a
      plurality of drive ratios. Other forms of multiratio transmissions are
      also known and typically comprise a multiplicity of sprocket segments
      mounted to a drive plate. The sprocket segments are arranged in groups to
      define a plurality of segmented sprockets of different diameters with
      different groups of the sprocket segments being operated by means of a
      lever and cable mechanism to cause individual groups of the sprockets to
      engage the bicycle chain at any one time. The latter two types of bicycle
      transmissions have the advantage of providing a greater number of drive
      ratios for a bicycle. However, these latter types of transmissions, when
      adapted to provide a maximum number of ratios such as, for example, ten
      ratios, require the use of a substantial number of sprockets or sprocket
      segments, require the use of two separate shift levers, and have a
      tendency to allow the bicycle chain to become totally disengaged therefrom
      if not shifted properly. Further, in the "ten speed" or ten ratio models,
      a plurality of sprockets must be provided both at the driven wheel and at
      the pedal portions of the bicycle whereby the transmission is relatively
      complex.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention is a multiratio drive for use with vehicles
      such as a bicycle which provides as many as ten different drive ratios and
      wherein the portions of the drive that provide the different ratios are
      mounted on a single one of the driven wheel or pedal axles or shaft. In a
      specific embodiment of the invention, the multiratio drive is mounted to
      the pedals of the bicycle and shifting thereof is effected by manipulation
      of the pedals without the use of cables, levers, or the like. A single
      group or array of elements is utilized for all of the ratios.
PAR  Broadly, the mechanism comprises a drive plate mounted for rotation about
      an axis and means for drivingly coupling the drive plate to a source of
      motive power, typically, the pedals of the bicycle. A plurality of driven
      elements are mounted to the drive plate for sliding movement radially of
      the aforementioned axis, the drive elements being disposed in a generally
      circular array and alternate ones of the driven elements including means
      for operatively engaging an endless drive element, typically, a bicycle
      chain. Cam means are also mounted for rotation about the axis, the cam
      means operatively engaging the driven elements for positioning said driven
      elements at selected ones of a plurality of radially spaced-apart
      positions in response to relative rotation between the driven elements and
      the cam means. Detent means are coupled between the driven elements and
      the cam means for restraining same against relative movement and shift
      means are provided for causing selected relative rotational movement
      between the driven elements and the cam means. This relative movement
      alters the relative rotational positions of the cam means and driven
      elements such that the driven elements are equally radially spaced for all
      relative positions of the driven elements and the cam means.
PAR  In a specific embodiment, the cam means is mounted for rotation about the
      aforementioned axis by means of a unidirectional clutch such that the cam
      means rotates freely with the driven elements when the latter are rotating
      in a power transmitting or driving direction, the cam means being
      maintained in relative rotational position with respect to the driven
      elements by the detent means. Counter rotation of the pedal elements,
      however, causes counter rotation of the driven elements while the cam
      means is restrained therefrom by the unidirectional clutch thereby
      effecting relative rotational movement therebetween and effecting selected
      changes in the effective diameter of the driven element array and a
      corresponding change in the drive ratio.
PAR  Also in a specific embodiment of the invention, alternate ones of the
      driven elements are provided with means for operatively engaging an
      endless drive element while others of the driven elements slidably engage
      the endless drive element. Correspondingly, at predetermined positions of
      the driven elements, only one of those ones of the driven elements which
      includes the engaging means is engaged with the endless drive element
      whereby the latter does not restrain radial movement thereof by the cam
      means.
PAR  The cam means can have ten relative rotational positions with respect to
      the driven elements thereby providing ten different drive ratios. When the
      drive is provided with the unidirectional clutch, shifting is effected
      without the use of cables, hand levers, and the like, whereby the
      operator's hand need not be removed from the handlebars of the bicycle for
      shifting. All of the ratio changing mechanism is mounted to the pedals of
      the bicycle and, in a specific embodiment of the invention, only four
      driven elements are required, thereby substantially reducing the
      complexity of such a transmission.
PAR  It is therefore an object of the invention to provide an improved
      multiratio drive.
PAR  It is another object of the invention to provide a multiratio drive having
      as many as ten drive ratios with all of the ratio altering components
      being in a single assembly.
PAR  It is yet another object of the invention to provide a multiratio drive
      that can be shifted without external cables, levers, and the like.
PAR  Another object of the invention is to provide a multiratio drive for use on
      a bicycle wherein shifting can be performed by manipulation of the pedals.
PAR  Yet another object of the invention is to provide a multiratio drive which
      includes a plurality of radially moveable driven elements and a cam means
      operatively engaged therewith, the driven elements and cam means being
      relatively rotatable to effect alteration of the drive ratio.
PAR  Another object of the invention is to provide a multiratio drive wherein
      all of the ratio altering components are arranged in a single assembly.
PAR  Still another object of the invention is to provide a multiratio drive of
      reduced complexity, reliable operation, and economical to produce.
PAR  Still another object of the invention is to provide a multiratio drive
      wherein alteration of the drive ratio does not change the alignment of a
      chain or the like coupled between the drive and a driven sprocket.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a side plan view of a multiratio drive in accordance with the
      present invention with portions of the cam means shown in phantom for
      clarity;
PAR  FIG. 2 is a quarter sectional view of the drive taken along section line
      2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view showing details of the
      unidirectional clutch for use with the present invention;
PAR  FIG. 4 is a perspective view showing details of a driven element including
      means for operatively engaging an endless drive element;
PAR  FIGS. 5 and 6 are perspective views showing details of others of the driven
      elements;
PAR  FIGS. 7 and 8 are plan views of portions of the cam means;
PAR  FIG. 9 is a plan view showing the installation of the multiratio drive on a
      bicycle; and
PAR  FIG. 10 is a plan view of the drive of the present invention.
DETD
PAC  DESCRIPTION OF A SPECIFIC EMBODIMENT
PAR  Referring now to the drawings, there is illustrated in the drawings a
      multiratio drive 10. Drive 10 comprises a drive plate 12, a plurality of
      driven elements 14, 16, 18, and 20, and cam means 22 all described in
      greater detail below.
PAR  Drive plate 12 is a generally circular disk made of stiff plate material
      such as steel. Plate 12 is provided with a first pair of generally
      rectangular, relatively wide slots 24, 26, and a second pair of relatively
      narrow slots 28, 30, with slots 24, 26 being disposed orthogonally with
      respect to slots 28, 30. Plate 12 further includes a crank arm portion 32
      which extends radially outwardly and centrally of slot 24. The bottom edge
      34 of slot 26 includes an arcuate portion 36 which also extends generally
      radially outwardly within slot 26. A through hole 38 is provided through
      the center of plate 12 and a pedal arm mounting hole 40 is provided in
      portion 32 adjacent the end 44 thereof. Plate 12 is fixedly mounted to a
      pedal shaft 46 adjacent the end 48 thereof. Pedal shaft 46 is mounted in
      conventional manner to a pedal shaft housing 50 (FIG. 2) of a bicycle 52
      (FIG. 9) by means of suitable bearings such as bearing 54 (FIG. 2), end 48
      of shaft 46 extending outwardly from housing 50 (FIG. 2). Plate 12 is
      fixedly secured to the end 48 as by press fitting or welding whereby plate
      12 is rotatable with shaft 46 about axis 58 thereof.
PAR  A conventional bicycle pedal arm shown only fragmentarily for clarity at 62
      of FIG. 2 is fixedly secured to end 48 of shaft 46 and includes a pin
      portion 64 which is received within hole 40 whereby plate 12 is drivingly
      coupled to the arm 62 for rotation therewith.
PAR  Driven elements 14, 16 are identical and a description of element 14 will
      suffice for both. Referring particularly to FIG. 4, element 14 comprises a
      generally arcuate body 68 having an arc of about 90.degree.. Body 68 is
      provided with a sprocket flange portion 70 of generally arcuate shape and
      provided with a plurality of roller chain or bicycle chain engaging teeth
      as at 72. Arcuate body 68 is provided with a pair of parallel,
      spaced-apart slots 76, 78 dimensioned slidably to engage plate 12 with
      driven element 14 being disposed within slot 24 as best seen in FIG. 1.
      Spacing portions 80, 81 separate slots 76, 78 from flange portion 70 to
      provide the necessary clearance for bicycle chain 88 (FIGS. 1, 9 and 10
      only) engaged therewith.
PAR  A cam follower 82 extends normally outwardly from surface 84 of element 14
      (FIGS. 1, 2, and 10 only), follower 82 having an enlarged portion 86 and
      being secured to element 14 as by press fitting. Element 14 has an arcuate
      recess 87 formed in the radially inner surface 89 thereof to provide
      clearance for portions of the cam means 22. Element 16 is identical to
      element 14 and is slidably received within slot 26 for sliding movement
      therein in a direction radially of axis 58.
PAR  Elements 18, 20 are also identical and a description of element 18 will
      suffice for both. As best seen in FIGS. 5 and 6, element 18 includes an
      arcuate portion 90 having an arc of about 60.degree. and an outside radius
      substantially identical to the outside radius of the arcuate portion of
      body 68. An elongated cam follower portion 92 extends radially inwardly of
      arcuate portion 90 and a flange portion 94 is disposed in parallel,
      spaced-apart relationship to follower portion 92 with portions 92, 94
      being coupled together by a guide portion 96. Guide portion 96 has a
      horizontal width extending between sides 97, 99 thereof about equal to the
      width of slots 28, 30 whereby element 18 is slidably received in slot 28
      of plate 12 for sliding movement in a direction radially of axis 58.
      Again, element 20 is identical to element 18 and is slidably received in
      slot 30 for movement radially with respect to axis 58.
PAR  It will now be observed that elements 14, 16, 18 and 20 together form a
      generally circular array of elements which can slide radially inwardly and
      outwardly with respect to plate 12. As will be explained below, this
      radial movement is controlled by cam means 22 whereby the radial position
      of elements 14, 16, 18, and 20 are always substantially identically
      displaced from the axis 58 and the array of elements 14 through 20 is
      always generally circular.
PAR  Cam means 22 comprises first and second cams 102, 104. Cams 102, 104 are
      illustrated closely to scale and as illustrated provide ten different
      drive ratios. Cam 102 is made of plate material, preferably steel, and is
      of a generally oval shape as viewed in plan. The circumferential surface
      106 thereof has an irregular contour which includes a multiplicity of
      radially recessed indentations 108a, 110a, 112a, 114a, 116a, 118a, 120a,
      122a, 124a, and 126a. For each of indentations 108a through 126a, cam 102
      is further provided with a second multiplicity of indentations 108b, 110b,
      112b, 114b, 116b, 118b, 120b, 122b, 124b, 126b. Each of indentations 108a
      through 126a is disposed diametrically opposite the similarly numbered
      ones of indentations 108b through 126b. That is indentations 108a and 108b
      are disposed diametrically oppositely, indentations 118a and 118b are
      disposed diametrically oppositely, etc. Each correspondingly numbered pair
      of indentations such as indentations 108a and 108b are further equally
      radially displaced from the axis 58. Surface 106 is further seen to be
      symmetrical about a line or major axis 109 whereby third and fourth
      multiplicities of indentations 108c through 126c and 108d through 126d are
      formed symmetrically opposite indentations 108a through 126a and 108b
      through 126b, respectively, the indentations denoted 108a, 108c and 108b,
      108d being the same indentations. Cam 102 is provided with a hole 128
      therethrough.
PAR  As best seen in FIG. 8, cam 104 is smaller than cam 102, but is of
      generally similar shape, cam 104 having an irregularly shaped surface 130
      provided with a multiplicity of radially recessed indentations therein as
      at 132. Indentations 132 are equal in number to the number of indentations
      of cam 102 and are, as with cam 102, arranged in equally radially spaced,
      diametrically disposed pairs, such as pair 134a and 134b. Cam 104 is also
      symmetrical about its major axis 111 whereby each indentation, such as
      indentation 134a, is directly opposite and equally radially displaced as
      the oppositely displaced indentation, such as indentation 134c. Cam 104 is
      provided with a hub portion 138 disposed coaxially of axis 58, hub 138
      having a hole 140 therethrough.
PAR  Each indentation 108a through 126a, 108b through 126b, 108c through 126c,
      108d through 126d, of cam surface 106, and all the indentations such as
      indentations 134a, 134b, and 134c of cam surface 130 are separated by a
      radially outwardly extending apex as at 137. The sides of each of the
      indentations such as sides 139, 141 of indentation 112a are sloped or
      tapered towards the respective apexes 137.
PAR  Referring now particularly to FIG. 2, cam means 22 further includes a hub
      member 144, member 144 being rotatably received on end 48 of pedal shaft
      46. Hub 144 includes an inner hub flange 146 which extends axially
      (downwardly as viewed in FIG. 2) towards end 48 of shaft 46 and is
      disposed in abutting engagement with plate 12. Flange 146 has an outside
      diameter dimensioned to receive cam 104 thereupon, cam 104 being secured
      as by welding. Hub 144 may be axially recessed as at 148 and cam 102 is
      secured to hub 144 in a position axially opposite cam 104 as by welding.
      Cams 102, 104 are disposed with their major axes 109, 111, respectively,
      disposed orthogonally as best seen in FIG. 1. Hub 144 is rotatably
      received on end 48 of shaft 46 as shown in FIG. 2. Cam surfaces 106, 130
      operatively engage follower pins 82 of driven elements 14, 16 and cam
      follower portions 92 of driven elements 18, 20 respectively.
PAR  A pair of tension springs 150, 152 are coupled between circumferentially
      opposite ends of driven members 14, 16 by means of suitable pins as at
      154, 156, pins 154, 156 being press fitted in suitable holes 157, 159 in
      members 14, 16 (FIG. 5 only) whereby springs 150, 152 resiliently urge
      driven elements 14, 16 radially inwardly.
PAR  In a similar manner, driven elements 18, 20 are coupled to plate 12 by
      means of tension springs as at 160 (FIG. 2 only) whereby tension springs
      160 resiliently urge elements 18, 20 radially inwardly towards axis 58. It
      will now be observed that the springs 150, 152 and springs 160 maintained
      driven elements 14, 16, 18 and 20 in sliding engagement with cam surfaces
      106 and 130.
PAR  Referring now to FIG. 3, there is shown in enlarged detail a unidirectional
      coupling or clutch 164 which, as will be explained in detail below,
      enables shifting or otherwise altering the ratio of multiratio drive 10 of
      the present invention. The unidirectional clutch means 164 comprises a
      plurality of symmetrically disposed notches 166, 168, and 170 extending
      radially outwardly of hole 128. Each of notches 166 through 170 has a
      radially uniformly increasing depth whereby the bottom surfaces as at 172
      thereof are sloped with respect to the circumference of hole 128 and are
      bounded by opposite end walls 174, 176. Disposed within each of notches
      166, 168, 170, is a roller as at 178 having a diameter slightly larger
      than the minimum depth of the notches 166 through 170. The depth of the
      notches 166 through 170 adjacent walls 176 is deeper than the diameter of
      the rollers 178. Each roller 178 is resiliently urged towards ends 174 of
      the notches 166 through 170 by means of compression springs 179.
PAR  In assembly, hub 144 is mounted on shaft end 48 as described above. The
      hole 128 in cam 102 is slidably received on the outside diameter of a
      bearing assembly 180 whereby cam 102 is free to rotate with respect
      thereto. Roller elements 178 engage circumferential surface 181 of the
      bearing assembly 180 and are maintained in position by means such as a
      cover plate 182. Bicycle chain 88 is trained over driven elements 14, 16,
      18, and 20, chain 88 being operatively engaged by the teeth 72 of elements
      14 and 16. Chain 88 is further trained about a conventional driven
      sprocket and take-up assembly 192, 194. Driven sprocket 192 also
      incorporates a unidirectional clutch whereby the driven sprocket 192
      transmits power from the chain 88 to the rear wheel 193 of the bicycle 52
      when power has been applied thereto in one rotational direction and
      permits free wheeling thereof when the pedals are being held stationary.
      Take-up mechanism 194 is conventional, being spring-loaded as at 193 and
      includes a pivot arm 195 and one or more sprockets as at 197 and operates
      to remove slack from chain 88 when the ratio and therefore the effective
      diameter of the drive mechanism 10 is changed.
PAR  In operation, it will be assumed that mechanism 10 as viewed in FIG. 1 is
      rotated in a counter clockwise direction (arrow 210) to propel the bicycle
      forwardly, the mechanism being able to remain stationary or free wheel in
      a clockwise direction due to the unidirectional clutch in the driven
      sprocket 192. It will also be assumed that the drive mechanism 10 has the
      components thereof in the position shown in FIG. 1. As motive power is
      applied to the pedals 199 (FIG. 9), this motive power is transmitted to
      drive plate 12. Driven elements 14, 16 and driven elements 18, 20 are in
      their retracted positions by reason of springs 150, 152, and springs 160
      urging same radially inwardly of the slots 24, 26, 28 and 30,
      respectively. The radial displacement of each of the driven elements 14,
      16, 18 and 20 is determined by the cam surfaces 106 and 130 engaging cam
      follower portions 92 and cam pins 82 of the driven elements 18, 20 and 14,
      16, respectively. As best seen in FIG. 2, hub 144 is able to rotate freely
      about pedal bearing 180 by reason of the clearance 201 (FIG. 3 only)
      therebetween. It will further be observed that because of the shape of the
      cam surfaces 106, 130 and the action of the springs 150, 152, and 160, the
      cam pins and cam follower portions 82, 92 are detented or otherwise
      restrained from relative rotational movement with respect to the cam
      surfaces 106, 130. Thus, as plate 12 is rotated in a counter clockwise
      direction, the driven elements 14, 16, 18, and 20 rotate therewith by
      reason of their engagement with the slots 24, 26, 28 and 30, respectively,
      and the cam means 22 is also caused to rotate in synchronism with the
      driven elements 14 through 20 by reason of the detent coupling
      therebetween. Correspondingly, all of the driven elements are maintained
      in predetermined radial positions and in a generally circular array with
      respect to the axis 58.
PAR  To effect a change in the effective diameter of the drive means 10, that
      is, to alter the radial displacement of the driven elements 14 through 20
      from the axis 58, motive power or pressure is applied to the pedals to
      rotate same backwardly. This is in a direction clockwise as the mechanism
      10 is viewed in FIG. 1. As the pedals 199 are rotated clockwise, the
      unidirectional clutch 164 prevents rotation of the cam means 22 in a
      counter clockwise direction. This is effected by the rollers 178 becoming
      wedged between the surfaces 172 of recesses 166, 168, 170 and the
      circumferential surface 181 of bearing assembly 180. Simultaneously, the
      unidirectional clutch means in the driven sprocket 192 permits plate 12
      and therefore the driven elements 14, 16, 18 and 20 to be rotated in a
      clockwise direction. Since the driven elements 14 through 20 are retained
      in engagement with the indentations of cam surfaces 106 and 130 by springs
      150, 152 and 160, respectively, sufficient force will cause the driven
      elements 14 through 20 to ride over the apexes such as apex 137 of cam 102
      and into the next adjacent indentation. If the clockwise movement of the
      drive plate 12 is now terminated, the driven elements 14 through 20 will
      be retained in operative engagement with these next adjacent ones of the
      indentations. Further, because these indentations are disposed at a
      greater radial displacement from the axis 58, all of the driven elements
      are positioned in an expanded circular array about the axis 58 thereby
      defining a sprocket having a larger effective diameter. This in turn
      provides a different drive ratio between the drive 10 and the driven
      sprocket 192. Further clockwise rotation of the plate 12 similarly will
      cause the driven elements 14 through 20 to move incrementally from one set
      of indentations in the cam surfaces 106 and 130, respectively, thereby
      providing a multiplicity of different radial displacements for all of the
      driven elements to thereby provide a multidiameter sprocket.
PAR  It will be observed that enlargement of the radial displacement of driven
      elements 14 and 16 can only be effected when the driven elements 14 and 16
      are in generally horizontally displaced relationship as viewed in FIG. 1,
      since simultaneous engagement between the driven elements 14 and 16 and
      chain 88 will prevent relative movement between the two driven elements.
      Preferably, the crank arm portion 32 of drive plate 12 is oriented so that
      the pedals will be horizontal with the ground when driven elements 14 and
      16 are engaged and disengaged from chain 88 respectively.
PAR  It will further be observed that when the driven elements 14, 16, 18 and 20
      are in their greatest radially displaced positions, i.e., engaging
      recesses 126a, 126b, and 135a, 135c of cams 102, 104, respectively,
      further relative movement between the cam means 22 and plate 12 will cause
      incrementally decreasing radial displacements of the driven elements 14
      through 20. It will now be apparent that to effect alteration of the
      effective diameter of the driven elements, it is only necessary to rotate
      the plate 12 clockwise with respect to the cam means 22, with each
      one-quarter revolution therebetween effecting movement of the driven
      elements 14 through 20 from their minimum to maximum radial displacements
      and another quarter revolution being required to move the driven elements
      from their maximum radial displacements to their minimum displacements.
PAR  While the invention has heretofore been described as utilizing driven
      elements 14, 16 adapted to engage a conventional bicycle chain 88, it will
      be apparent to those skilled in the art that driven elements 14, 16 can be
      adapted to engage a V-belt or other type of endless drive element and
      chain 88 can be changed accordingly, it only being necessary that driven
      elements 14, 16 engage the driven element while the other driven elements
      18, 20 be adapted to slidably engage same.
PAR  It will further be apparent that, while the invention has been described as
      providing ten different effective diameters for the driven elements 14
      through 20, the mechanism could be adapted to provide different numbers of
      drive ratios. The drive 10 has further been described as mounted directly
      to the pedals and pedal hub of a bicycle but it will be apparent to those
      skilled in the art that the drive could be coupled directly to the driven
      wheel of a bicycle. It will also be apparent that the drive mechanism,
      while described as specifically applied to a bicycle, is also adapted for
      use in other applications wherein multiratio drives are required.
PAR  It will also be apparent to those skilled in the art that the
      unidirectional clutch means could be replaced with a disk brake or the
      like assembly for preventing rotation of the cam means 22 while the plate
      12 is being rotated, operation of the brake mechanism being effected by
      the operator.
PAR  In a working embodiment of the invention, the following dimensions were
      used for the cams 102, 104, the dimensions being specified in angle and
      radial displacement of each of the indentations of the cam surfaces 106,
      130 from their smallest to largest diameter.
TBL  ______________________________________                                    
               Cam 102                                                         
               Degrees      Inches                                             
     ______________________________________                                    
     108a,b,c,d  0              3.228                                          
     110a,b,c,d   5.0           3.546                                          
     112a,b,c,d  18.0           3.864                                          
     114a,b,c,d  29.5           4.182                                          
     116a,b,c,d  41.0           4.500                                          
     118a,b,c,d  52.0           4.818                                          
     120a,b,c,d  62.0           5.136                                          
     122a,b,c,d  71.0           5.454                                          
     124a,b,c,d  79.5           5.772                                          
     126a,b,c,d  87.5           6.090                                          
               Cam 104                                                         
                 Degrees        Inches                                         
     ______________________________________                                    
                 0              1.800                                          
                 13.0           2.436                                          
                 25.0           3.072                                          
                 37.0           3.708                                          
                 48.0           4.344                                          
     134a,b,c    58.0           4.980                                          
                 67.0           5.616                                          
                 75.5           6.252                                          
                 83.0           6.888                                          
     135a,c      90.0           7.524                                          
     ______________________________________                                    
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiratio drive comprising:
PA1  a. a drive plate mounted for rotation about an axis and means for drivingly
      coupling said drive plate to a source of motive power,
PA1  b. an even numbered plurality of driven elements mounted to said drive
      plate for sliding movement radially of said axis, said driven elements
      being disposed in a generally circular array, alternate ones of said
      driven elements including means for drivingly engaging an endless drive
      element, the remaining ones of said driven elements being in slidable
      contact with said endless drive element,
PA1  c. cam means mounted for rotation about said axis and operatively engaging
      said driven elements for positioning said driven elements at selected ones
      of a plurality of radially spaced-apart positions in response to relative
      rotational movement between said driven elements and said cam means,
PA1  d. detent means coupled between said driven elements and said cam means for
      restraining same against relative movement, and
PA1  e. shift means for causing selected rotational movement between said driven
      element and said cam means to thereby alter the relative rotational
      positions thereof, the radial displacement of all said driven elements
      from said axis being generally equal for all relative positions of said
      driven elements and said cam means.
NUM  2.
PAR  2. The device of claim 1 wherein said cam means includes at least one cam
      having a perimetral cam surface, said perimetral cam surface having a
      variable displacement from said axis and including a plurality of lobe
      portions equal in number to the number of said driven elements, said
      perimetral surface being symmetrical with respect to the said axis.
NUM  3.
PAR  3. The drive of claim 2 wherein said detent means includes spring means for
      resiliently maintaining said driven elements in engagement with said
      perimetral cam surface, and a multiplicity of circumferentially juxtaposed
      indentations in said cam surface, each said indentation having tapered
      sides, there being an apex between each adjacent pair of indentations
      having a radial displacement greater than the radial displacement of said
      adjacent pair of said indentations, said driven elements each including a
      cam follower element slidably engaging different individual ones of said
      indentations.
NUM  4.
PAR  4. The drive of claim 2 wherein said cam means includes two of said cams,
      one of said cams being operatively engaged with said alternate ones of
      said driven elements, the other of said cams being operatively engaged
      with all others of said driven elements.
NUM  5.
PAR  5. The drive of claim 4 wherein said detent means includes spring means for
      resiliently maintaining said driven elements in engagement with said
      perimetral cam surfaces and a multiplicity of circumferentially juxtaposed
      indentations in each of said cam surfaces, each of said indentations
      having radially outwardly and convergently tapered sidewalls, there being
      an apex between each adjacent pair of indentations of each of said cams,
      each said apex having a radial displacement greater than the radial
      displacement of said adjacent ones of said indentations, said driven
      elements each including a cam follower element, the cam follower elements
      of said alternate ones of said elements and the cam follower elements of
      said others of said driven elements engaging individual ones of said
      indentations of said first and said second cams, respectively.
NUM  6.
PAR  6. The drive of claim 5 wherein said first and second cams are axially
      juxtaposed.
NUM  7.
PAR  7. The drive of claim 6 wherein there are two of said alternate ones of
      said driven elements and two of said others of said driven elements, said
      first and said second cams each including two said lobe portions.
NUM  8.
PAR  8. The drive of claim 7 wherein each of said lobe portions is symmetrical
      about a line extending perpendicular to said axis, there being an equal
      number of said indentations on each of said lobes on each side of said
      line, adjacent ones of said indentations on each side of said line being
      disposed at a radial displacement greater than and less than the adjacent
      ones of said indentations, respectively.
NUM  9.
PAR  9. The drive of claim 2 wherein said shift means includes a unidirectional
      clutch means coupled between said cam means and an object stationary with
      respect thereto for permitting free rotation of said cam means about said
      axis in a first rotational direction and preventing rotational movement of
      said cam means about said axis in a rotational direction opposite said
      first rotational direction, said drive plate being bidirectionally
      rotatable about said axis whereby said drive plate and said cam means are
      synchronously rotatable about said axis in said first rotational
      direction, rotation of said drive plate in said opposite rotational
      direction causing relative rotational movement therebetween.
NUM  10.
PAR  10. The drive of claim 1 wherein said shift means includes means for
      selectively locking said cam means against rotational movement about said
      axis whereby rotation of said drive plate when said cam means is locked
      produces relative rotational movement therebetween.
NUM  11.
PAR  11. The drive of claim 1 wherein said endless drive element is a bicycle
      chain, said engaging means including sprocket teeth.
NUM  12.
PAR  12. The drive of claim 1 wherein said drive plate includes a plurality of
      radially extending slots, there being one of said slots for each said
      driven element, said driven elements each including a pair of slots
      disposed circumferentially of the arc thereof, said driven elements and
      said last mentioned slots being dimensioned to be slidably received in
      said radially extending slots.
NUM  13.
PAR  13. The drive of claim 9 wherein said object is a bicycle and further
      including a driven sprocket mounted for rotation about a second axis, said
      endless drive element being a bicycle chain trained around said driven
      elements and said driven sprocket, and further including a chain take-up
      device engaging said bicycle chain for removing slack from said bicycle
      chain in response to alteration of the effective diameter of said circular
      array of driven elements.
NUM  14.
PAR  14. The drive of claim 13 wherein said first axis is the axis of the pedal
      shaft of the bicycle, said driven sprocket being coupled to the rear wheel
      of said bicycle and further including a second unidirectional clutch means
      for coupling said driven sprocket to said rear wheel, said source of
      motive power being the pedals of said bicycle.
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ABST
PAL  A steering wheel supporting assembly including first and second hubs
      secured on the upper end of a steering shaft and on the central portion of
      the spokes of the steering wheel, respectively, and a shearable connecting
      means collapsibly connecting the hub members to each other whereby a
      forward impact energy exerted on the steering column supporting assembly
      is at least partially absorbed by means of the collapsible connection; the
      hub members and collapsible connecting means are molded integrally with
      synthetic resin.
PARN
PAR  This is a division of application Ser. No. 256,872, filed May 25, 1972, now
      U.S. Pat. No. 3,822,608, issued July 9, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to vehicle steering assemblies and
      more particularly, to the type of steering column construction that is
      enabled to absorb forward impact energy by controlled deflection of the
      steering column components and the steering wheel assembly in occurrence
      of a vehicle collision.
PAR  To protect a motor vehicle driver in occurrence of a collision, there have
      been introduced various types of safety apparatus for steering assemblies.
      In the prior art devices, however, the safety feature is rather limited to
      local deformation of the steering wheel or to an axial deflection of the
      steering column, which is never enough to expect desired safety effects
      for the drivers, particularly, for certain types of vehicles. This has
      particularly been true for the drivers of tracks of cab-over type and
      buses the steering shafts of which are rather vertically provided to have
      the steering wheels positioned angularly toward the driver's bodies. Thus,
      the sharp angle of the impact load given to the drivers has resulted in
      serious damages against the drivers.
PAR  It should well be considered to be very ideal for the mentioned certain
      types of vehicles, if the drivers are protected by total impact energy
      absorbing operation obtained through enough deflective displacements of
      the steering column as well as the steering wheel.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is, therefore, a prime object of the present invention to provide a
      safety apparatus most properly designed for a steering column assembly
      which includes a steering shaft connected vertically with the vehicle
      steering gear by way of a flexible coupling to be forwardly deflective and
      a column tube having the steering shaft journalled rotatably therein.
PAR  It is a further object to provide a safety apparatus, having the above
      mentioned characteristics, wherein a steering wheel supporting assembly is
      enabled to deflect to absorb further the forward impact energy in addition
      to the functions of the steering column supporting assembly.
PAR  It is still another object of the present invention to provide a safety
      apparatus, having the above mentioned characteristics, in which the safety
      apparatus can be manufactured compactly with a low production cost and be
      installed in the vehicle with simple assembling, the apparatus yet being
      durable and ensuring accurate operation thereof.
PAR  The apparatus to be described in detail below may be used with energy
      absorbing steering column assemblies of the type disclosed and claimed in
      U.S. Pat. No. 3,822,608, issued July 9, 1974, on application Ser. No.
      256,872, filed May 25, 1972; in Ser. No. 461,651, filed Apr. 17, 1974; in
      Ser. No. 461,560, filed Apr. 17, 1974; and/or in Ser. No. 461,649, filed
      Apr. 17, 1974. The entire and complete disclosures of each of the
      aforementioned patent and patent applications are incorporated herein by
      reference thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following description
      of the preferred embodiments with reference to the accompanying drawings
      forming a part of the specification.
PAR  In the drawings:
PAR  FIG. 1 shows an elevational section of a steering wheel device
      characterized with another feature of the present invention.
PAR  FIG. 2 shows the steering wheel device shown in FIG. 1 when deflectively
      displaced.
PAR  FIG. 3 shows a partially enlarged sectional-plane view of the steering
      wheel device in FIG. 1.
PAR  FIG. 4 is an enlarged elevational sectional view taken along H--H line in
      FIG. 3.
PAR  FIG. 5 is a perspective view of a supporting member to support spokes shown
      in FIGS. 1-4, inclusive.
PAR  FIG. 6 is a perspective view of a hub fixed on the steering shaft shown in
      FIGS. 1-4, inclusive.
PAR  FIG. 7 shows an elevational sectional view of a modification of the
      steering wheel device shown FIG. 1.
PAR  FIG. 8 is a front view of an energy absorbing member which is an important
      construction member of the device shown in FIG. 7.
PAR  FIG. 9 is a cross-sectional view taken along J--J line in FIG. 8.
PAR  FIG. 10 shows a front view of a modification of the energy absorbing member
      in FIG. 8.
PAR  FIG. 11 shows a cross-sectional view taken along K--K line in FIG. 10.
PAR  FIG. 12 shows a front view of another modification of the energy absorbing
      member in FIG. 8.
PAR  FIG. 13 is a cross-sectional view taken along L--L line in FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The safety features of the present invention are characterized with the
      following construction of a steering wheel device. Reference is now made
      to FIGS. 1-6, inclusive, wherein disclosed is the steering wheel 16 which
      includes two spokes 102, 102 having a U-shaped cross section. The spokes
      102, 102 extend integrally along the radius of the steering wheel 16 and
      the base ends of the spokes 102, 102 are welded on the periphery of a
      supporting member 103. The supporting member 103 is a ring member with an
      arcuate cross section and as well shown in FIGS. 4 and 5, a concave
      spheric wall 131 is formed on the inner circumference of the supporting
      member 103. A recess 132 is cut off from the upper portion of the
      supporting member 103. A hub 104 has a taper hole 141 and a serration 142
      drilled at the center portion thereof and a tapered portion 161 and a
      serration 162 at the top of the steering shaft 11 are engaged with the
      taper hole 141 and the serration 142. A threaded porton 163 bossed from
      the steering shaft 11 into a cavity 110 of the hub 104 is fastened by a
      lock nut 112 through a spring washer 111 so that the hub 104 is firmly
      secured on the top end of the steering shaft 11 and never allowed to
      rotate. THe periphery of the hub 104 is designed to have a convex spheric
      wall 143 which corresponds with the concaved spheric wall 131 of the
      supporting member 103. The supporting member 103 is coupled with the hub
      104 to be rotatable by way of the corresponding spheric walls 131 and 143.
      A plurality of through holes 133 are radially drilled on the supporting
      member 103 (in this embodiment four through holes) and correspondingly a
      plurality of holes 144 are also provided on the spheric periphery 143 of
      the hub 104. The supporting member 103 and the hub 104 are integrally
      secured by shearable pins 105 inserted into the holes 133 and 144. The
      shearable pins 105 are made of synthetic resin or metal. The supporting
      member 103 and the hub 104 are molded correspondingly with the synthetic
      resin 120 covering the steering wheel 16 and the spokes 102, 102. And the
      supporting member 103 is further prohibited to rotate against the hub 104
      by way of the synthetic resin 120 molded around the shoulders 103a
      thereof. The recess 132 of the supporting member 103 is for easy coupling
      of the hub 104 into the supporting member 103 and, upon completion of the
      assembling work of the hub 104 to the supporting member 103, is mounted
      with a filling member 109 and covered up with the synthetic resin 120
      integrally molded. Indicated with a reference numeral 107 is a horn button
      positioned at the center of the steering wheel 16.
PAR  In occurrence of a vehicle collision, a forward impact load from the driver
      is exerted to the steering wheel 16 at a limited portion. When this impact
      load exceeds a predetermined value, the shearable pins 105 are sheared off
      to disconnect the supporting member 103 from the hub 104. The synthetic
      resin 120 around the supporting member 103 is broken and the supporting
      member 103 makes frictional rotation along the spheric periphery 143 of
      the hub 104 in response to the direction of the load force. This deflects
      the steering wheel 16 as shown in FIG. 2. The supporting member 103 never
      comes off from the hub 104 in the shock absorbing rotation. It is now
      clear that in the vehicle collision, the load collectively given to a
      limited portion of the steering wheel 16 is turned to be received by the
      whole steering wheel 16 to soften the impact force given to the driver.
PAR  The impact load absorbing operation can well be controlled by the proper
      selections of a nature and a shape of the shearable pins 105 and
      connecting force between the supporting member 103 with the synthetic
      resin 120.
PAR  Another embodiment is disclosed in FIGS. 7-13, inclusive, wherein there is
      shown a spoke 201 radially extending from a steering wheel (not shown).
      The base end of the spoke 201 is welded on the annular periphery of an
      upper hub member 202. An annular lower hub member 204 secured on the
      steering shaft 11 is connected with the upper hub member 202 by way of a
      cylindrical energy absorbing member 203 the top end of which is welded on
      the neck of the upper hub member 202. The spoke 201, the upper hub member
      202, the energy absorbing member 203 and the lower hub member 204 are
      molded all over with synthetic resin 205 to form the whole steering wheel.
PAR  The energy absorbing member 203 is formed in a cylindrical shape out of
      sheet metal with a selected thickness, as well illustrated in FIG. 8. A
      plurality of oblong cut-out holes 231 are provided axially on the
      periphery of the energy absorbing member 203. The strength of the energy
      absorbing member 203 can well be adjusted by proper selections of the
      size, shape, and number of the holes 231 and/or a thickness of sheet
      metal. When molded integrally with the synthetic resin 205, the energy
      absorbing member 203 has its holes 231 filled with the synthetic resin
      205. Serration 241 and a taper hole 242 are provided respectively at the
      upper center portion and at the lower center portion of the lower hub
      member 204. Serration 261 and a tapered portion 262 provided at the top
      end of the steering shaft 11 are engaged with the serration 241 and the
      taper hole 242 which are firmly secured on the steering shaft 11 by a nut
      211 threaded through a spring washer 212 onto a threaded portion 263
      jutting up into a cavity formed within the energy absorbing member 203. A
      horn button 208 is made of elastic synthetic resin, for instance, uretan
      rubber, integrally with a base plate 281 and assembled by a screw 283
      through a coil spring 210 and a ring 213 on a holding member 209 of a cup
      shape secured on a shoulder of the inner circumference of the upper hub
      member 202.
PAR  Upon occurrence of a vehicle collision, a forward impact load from the
      driver is exerted on the steering wheel 16 at a limited portion. The
      transmitted load compresses and deforms the energy absorbing member 203
      and consequently, the synthetic resin 205 is broken. Thus, the steering
      wheel 16 is turned in response with the load operating direction.
      Therefore, although a portion of the driver's body is impactly struck to a
      limited portion of the wheel, the impact load is received by the whole
      wheel 16 so as to protect the driver.
PAR  In the above embodiments, the strength of the energy absorbing member 203
      is to be adjusted by the shape, size and number of the holes 231. The
      adjustment can be made as well by changes of the shape of an indent 231'
      provided on a cylindrical energy absorbing member 203', shown in FIG. 10,
      to replace the energy absorbing member 203. The energy absorbing member
      203 can also be replaced with another 203", shown in FIGS. 12 and 13,
      which has a plurality of oblong holes 231" cut off therefrom, the oblong
      holes 231" being horizontally positioned zig-zag to each other. The
      strength adjustment of the energy absorbing member 203" can be made by
      good selections of the shape, size and number of the holes 231" and/or a
      thickness of the energy absorbing member 203" itself. With the steering
      wheel 16 adopting the energy absorbing member 203", the forward impact
      load exerted thereto from any direction can well be absorbed and softened
      by buckling deformation of the energy absorbing member 203".
PAR  Having now fully set forth both structure and operation of preferred
      embodiments of the concept underlying the present invention, various other
      embodiments as well as certain variations and modifications of the
      embodiments herein shown and described will obviously occur to those
      skilled in the art upon becoming familiar with said underlying concept. It
      is to be understood, therefore, that within the scope of the appended
      claims, the invention may be practiced otherwise than as specifically set
      forth herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steering wheel mounting apparatus comprising:
PA1  a hub member securely mounted on the top end of a steering shaft of a
      vehicle and provided with a convex spherical periphery;
PA1  a supporting member connected to the spokes of a steering wheel and
      provided with a concave spherical inner circumference corresponding with
      said convex periphery of said hub member; and
PA1  radially extending connecting means for shearably connecting said hub
      member and said supporting member coupled to each other.
NUM  2.
PAR  2. A steering wheel mounting apparatus as claimed in claim 1, wherein said
      hub member, said supporting member and said connecting means are
      integrally molded with synthetic resin covering said steering wheel and
      said spokes.
NUM  3.
PAR  3. A steering wheel mounting apparatus as claimed in claim 1, wherein said
      connecting means comprises a plurality of shearable pins for radially
      connecting said hub member with said supporting member.
NUM  4.
PAR  4. A steering wheel mounting apparatus as claimed in claim 3, further
      comprising: a first plurality of holes formed in said hub member; and a
      second plurality of holes formed through said supporting member and
      corresonding to said first plurality of holes; said shearable pins
      extending through said second and into said first plurality of holes to
      secure said hub and supporting members to each other.
NUM  5.
PAR  5. A steering wheel mounting apparatus, comprising:
PA1  a hub member fixed to a steering shaft of a vehicle and having a concave
      part-spherically exterior surface;
PA1  a support member fixed to a steering wheel of the vehicle and having a
      part-spherically shaped interior surface complementary to said concave
      surface of said hub member, said support member interior surface extending
      over said hub member to contain said hub member within said support member
      and to inhibit substantial relative longitudinal movement of said hub and
      support members; and
PA1  radially extending connecting means for shearably connecting said hub and
      supporting members to each other.
NUM  6.
PAR  6. A steering wheel mounting apparatus as claimed in claim 5, further
      comprising: a first plurality of holes radially formed in said hub member;
      and a second plurality of holes formed through said supporting member and
      corresponding to said first plurality of holes; wherein said connecting
      means comprises a plurality of shearable pins extending radially through
      said second and into said first plurality of holes to secure said hub and
      supporting members to each other.
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ABST
PAL  An actuating installation for the Bowden cables of a hand brake, in which a
      first Bowden cable that starts at the hand brake, has a fixed support as
      regards its casing at its end facing the hand brake and is movably
      supported with its casing end opposite the hand brake; a transmission
      device which is connected with the free end of the casing of the first
      Bowden cable by way of adjusting means, is secured at the core of a second
      Bowden cable; the adjusting means is thereby freely movably supported in
      such a manner that during a brake actuation the cores of the two Bowden
      cables are movable in directions toward one another.
BSUM
PAR  The present invention relates to an actuating installation for the Bowden
      cables of a hand brake, whereby the Bowden cable starting from the hand
      brake has a fixed support as regards its casing with its end facing the
      hand brake and is movably supported with its casing end opposite the hand
      brake and is connected by means of a transmission device with a further
      Bowden cable.
PAR  In a known actuating installation for the Bowden cables of a hand brake,
      the freely movably supported casing end of the Bowden cable opposite the
      hand brake lever exerts a force on an angle lever, at which are provided
      Bowden cables leading to the brakes at the left and right wheel. The angle
      lever or bell crank having several points of bearing support is thereby
      disadvantageous.
PAR  In contradistinction thereto, it is the aim of the present invention to
      provide an actuating installation of the aforementioned type, in which a
      space-saving arrangement is possible in a simple manner while avoiding
      several bearing support points and in which deflection movements such as,
      for example, with an angle lever, are avoided.
PAR  The underlying problems are solved according to the present invention in
      that the transmission mechanism consists of an adjusting means connected
      with the free end of the casing of the first Bowden cable which is secured
      at the core of the further Bowden cable and the adjusting means includes a
      freely movable support in such a manner that with a brake actuation, the
      cores of the Bowden cables are movable against one another, i.e., toward
      each other in opposite directions with respect to one another.
PAR  According to a further feature of the present invention, provision is made
      that the free casing end of the Bowden cable carries a sleeve which is
      operatively connected with a yoke connected with the core of the further
      Bowden cable.
PAR  An advantageous further development of the actuating installation according
      to the present invention resides in that the yoke consists of a slotted
      head portion with lateral formed-on connecting bars, at which the core of
      the further Bowden cable is adapted to be secured by way of connecting
      means.
PAR  The known manner of operation of a Bowden cable for hand brakes is combined
      by the present invention in an advantageous manner with the special
      construction of the adjusting means of the present invention, whose
      construction assures the required even force transmission to both rear
      wheel brakes.
PAR  This is additionally assisted by the present invention in that the free end
      of the first Bowden cable and the cores guided at a predetermined spacing
      in locally fixed bearing bushes are arranged on a straight line and the
      Bowden cable includes for the purpose of support, a connecting pin
      provided on the straight line between the connecting bars of the yoke. It
      is achieved thereby according to the present invention in an advantageous
      manner that a support of the freely movable Bowden cable end becomes
      possible and a completely satisfactory functioning and operation is
      ensured while a buckling of the actuated Bowden cable is avoided.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, two embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is an elevational view, partly in cross section, of a first
      embodiment of an actuating installation for a hand brake in accordance
      with the present invention;
PAR  FIG. 2 is a partial, elevational view, similar to FIG. 1 and partly in
      cross section, of a second embodiment of the transmission mechanism in the
      hand brake actuating installation according to the present invention;
PAR  FIG. 3 is a plan view on a detail of the arrangement of FIG. 1 illustrating
      the yoke thereof; and
PAR  FIG. 4 is a cross-sectional view taken along line IV--IV of FIG. 3.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, the Bowden cables
      for a hand brake include a first Bowden cable generally designated by
      reference numeral 3 and directly secured at the hand brake lever (not
      shown), which leads to the right rear wheel brake, as well as a further
      Bowden cable generally designated by reference numeral 6 which leads to
      the left rear wheel brake. The arrangement of the actuating installation
      according to the present invention is provided in an advantageous manner
      for outwardly disposed hand brake levers, in which it is difficult to keep
      the cable lengths equal. Outwardly disposed hand brake levers are arranged
      at the vehicle outer side laterally of the driver's seat.
PAR  The flexible casing 2 of the Bowden cable 3 starting from the hand brake is
      laid out in a wide movable arc (FIG. 1) and is securely supported at the
      hand brake lever (not shown). The casing end 1 opposite the hand brake
      lever, in contrast thereto, is movably supported. This movably supported
      casing end 1 of the first Bowden cable 3 is coupled with the second Bowden
      cable 6 leading to the left rear wheel brake by way of adjusting means 4
      (FIG. 2) or 8, 9 (FIG. 1). For that purpose the casing end 1 is connected
      with the core 7 of the Bowden cable 6 by means of a connecting member 4
      (FIG. 2).
PAR  The core 5 of the Bowden cable 3 and the core 7 of the Bowden cable 6 are
      each once again supported in fixed guide bushes 15 and 16, respectively,
      at a distance from the exit of the core out of the casing. A sealing
      sleeve 17 each is provided between the respective exit out of the
      corresponding casing and the guide bush 15 and 16. The bearing bushes 15
      and 16 as well as the free casing end 1 of the Bowden cable 3 and the
      connecting pin 12 are disposed on a straight line 13 for the completely
      satisfactory functioning and operation of the hand brake.
PAR  In a further embodiment according to the present invention, the casing end
      1 carries a sleeve 8 which is operatively connected with a yoke 9 (FIGS.
      1, 3 and 4) connected with the core 7 of the further Bowden cable 6. The
      adjusting means consisting of the sleeve 8 and of the yoke 9, owing to its
      two-partite construction, may be converted in a simple manner into an
      operationally ready unit without any welded, glued or similar connection.
      The yoke 9 includes a slotted head portion 10 and laterally formed-on
      connecting bars 11 (FIGS. 3 and 4). The core 7 of the further Bowden cable
      6 is connected with the connecting bars 11 by way of the connecting means
      in the form of a pin 12.
PAR  During the actuation of the hand brake, the sheathing or casing 2 of the
      Bowden cable 3 moves into the position 18 indicated in dash and dot lines
      so that a pressure is exerted on the yoke 9 by way of the movable casing
      end 1 in the direction of arrow 19 (right rear wheel brake) or on the
      connecting member 4. Since the connecting member 4 is secured at the
      casing 2 and since the sleeve 8 is operatively connected with the yoke 9,
      from which the core 7 of the second Bowden cable 6 (left rear wheel brake)
      is again suspended, the core 7 of the Bowden cable 6 is able to move in
      the direction of arrow 20 opposite the movement (direction of arrow 21) of
      the core 5 of the first Bowden cable 3. The introduced brake force is
      uniformly distributed onto both brakes.
PAR  The yoke 9 as well as the bearing bushes 15 and 16 are preferably
      constructed slotted in order that a facilitated installation and exchange
      of the Bowden cables of the hand brake can be carried out.
PAR  In operation, the Bowden cable 3 of the hand brake is illustrated in its
      normal, released position in FIG. 1 in which it forms a wide arc (only
      schematically indicated) with radius R ending in the hand brake assembly.
      The core 5 is thereby secured at the hand brake lever (schematically
      indicated) while the associated casing 2 is fixedly supported at the hand
      brake. The casing end 1 supported in the adjusting means 9 which is
      disposed opposite the hand brake lever is supported in a sleeve 8. If the
      hand brake is now actuated, then the core 5 is pulled up and displaced out
      of the arcuate shape into a more or less rectilinear shape, i.e., the arc
      will be more or less eliminated. Since, however, the casing 2 is immovably
      or fixedly supported at the hand brake lever, the casing 2 is forced to
      move in the direction of arrow 19 in order to compensate for the change in
      length due to the disappearance of the arc, i.e., in order to compensate
      for the shortened length caused by the straightening of the core 5 and
      therewith of the casing 2. This straightening of the core 5 and therewith
      of the casing 2, i.e., the disappearance of the arc is schematically
      indicated in FIG. 1 and designated by reference numeral 18. Consequently,
      a pulling action of the core 7 of the Bowden cable 6 in the direction of
      arrow 20 will take place as the end 1 of the casing 2 secured in the
      sleeve 8 will seek to move in this same direction (arrow 20) to absorb the
      length of the Bowden cable which has been eliminated by the straightening
      thereof.
PAR  While I have shown and described only two embodiments in accordance with
      the present invention it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art and I, therefore, do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An actuating installation for the Bowden cables of hand brakes which
      includes a first Bowden cable means starting from the hand brake, said
      first Bowden cable means having a fixed support as regards its casing with
      its end facing the hand brake and being movably supported with its casing
      end opposite the hand brake, and the first Bowden cable means being
      operatively connected with a second Bowden cable means by way of a
      transmission means, characterized in that the transmission means includes
      an adjusting means operatively connected with the free end of the casing
      of the first Bowden cable means, the adjusting means being secured at the
      core of the second Bowden cable means, and the adjusting means includes a
      support freely movable in such a manner that during a brake actuation the
      cores of the two Bowden cable means are movable in directions opposite one
      another.
NUM  2.
PAR  2. An actuating installation according to claim 1, characterized in that
      the cores of the two Bowden cable means are movable toward one another
      during a brake actuation.
NUM  3.
PAR  3. An actuating installation according to claim 2, characterized in that
      the free casing end of the first Bowden cable means carries a sleeve as
      adjusting means which is operatively connected with a yoke means
      operatively connected with the core of the second Bowden cable means.
NUM  4.
PAR  4. An actuating mechanism according to claim 3, characterized in that the
      yoke means consists of a slotted head portion with lateral formed-on
      connecting bars, at which the core of the second Bowden cable means is
      adapted to be secured by way of connecting means.
NUM  5.
PAR  5. An actuating mechanism according to claim 4, characterized in that the
      connecting means include a connecting pin.
NUM  6.
PAR  6. An actuating mechanism according to claim 4, characterized in that the
      free end of the first Bowden cable means and the cores of the two Bowden
      cable means guided at a distance in fixed bearing bushes are arranged on a
      substantially straight line and the second Bowden cable means includes a
      connecting pin for its support between the connecting bars of the yoke,
      said connecting pin being also disposed on the straight line.
NUM  7.
PAR  7. An actuating mechanism according to claim 2, characterized in that a
      connecting member is provided as adjusting means which consists of a rigid
      part in which the casing of the first Bowden cable means is fixedly
      supported and to which the core of the second Bowden cable means is
      adapted to be connected.
NUM  8.
PAR  8. An actuating mechanism according to claim 7, characterized in that the
      connecting member is fixedly connected with a yoke means by way of a
      sleeve, said yoke means being operatively connected with the core of the
      second Bowden cable means.
NUM  9.
PAR  9. An actuating mechanism according to claim 8, characterized in that the
      yoke means consists of a slotted head portion with lateral formed-on
      connecting bars, at which the core of the second Bowden cable means is
      adapted to be secured by way of connecting means.
NUM  10.
PAR  10. An actuating mechanism according to claim 9, characterized in that the
      connecting means include a connecting pin.
NUM  11.
PAR  11. An actuating mechanism according to claim 9, characterized in that the
      free end of the first Bowden cable means and the cores of the two Bowden
      cable means guided at a distance in fixed bearing bushes are arranged on a
      substantially straight line and the second Bowden cable means includes a
      connecting pin for its support between the connecting bars of the yoke,
      said connecting pin being also disposed on the straight line.
NUM  12.
PAR  12. An actuating mechanism according to claim 1, characterized in that the
      free end of the first Bowden cable means and the cores of the two Bowden
      cable means guided at a distance in fixed bearing bushes are arranged on a
      substantially straight line.
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ABST
PAL  A force limiting device for a motor vehicle parking brake according to the
      present invention includes an intermediate lever that is connected by a
      first cable to a brake pedal and by a second cable to a wheel brake. The
      intermediate lever is supported on a support lever and the support lever,
      in turn, is supported on vehicle body structure. The support lever is
      displaceable from its normal stationary support position to a force
      limiting position. Tension forces in the first and second cables acting
      through the intermediate lever will cause the support lever to move from
      its normal support position to its force limiting position when said
      tensions exceed a predetermined minimum. With this construction, excessive
      displacement of the brake pedal will cause the support lever to be
      displaced rather than produce excessive loads upon the wheel brake.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE DISCLOSURE
PAR  In parking brake systems for motor vehicles having foot operated parking
      brake controls, it is possible to impose a load upon the components in the
      wheel brake that exceeds a desirable limit. According to the present
      invention, a means is provided for limiting the forces exerted upon a
      cable actuated wheel brake.
PAR  A brake system in accordance with this invention includes a parking brake
      control pedal to which an actuating cable is connected. A wheel brake has
      a brake cable connected thereto. The two cables are connected to an
      intermediate lever. The intermediate lever in turn is supported on a
      support lever or movable fulcrum member. The support lever is displaceable
      between a normally stationary support position and a force limiting
      position. A coil spring urges the support lever to its normal position.
PAR  The application of a force on the parking brake pedal by the vehicle
      operator will cause the actuating cable to displace the intermediate lever
      from a brake released position to a brake applied position. Displacement
      of the intermediate lever, in turn, will cause the cable running to the
      wheel brake to be tensioned and the brake to be applied. When the tensions
      in the two cables reach predetermined maximums, the force imposed upon the
      support lever by the intermediate lever will cause the support lever to
      overcome the force of its retaining spring and to pivot from its support
      position to its force limiting position. Thus, with this double lever
      construction, tensioning of the actuating cable by the parking brake pedal
      by an amount that exceeds a predetermined maximum will cause displacement
      of the support lever rather than additional loading of the wheel brake
      cable. Such action will prevent an excessive build up of forces in the
      wheel brake.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of a motor vehicle brake system constructed
      in accordance with this invention will become apparent upon consideration
      of the following detailed discussion and the accompanying drawings, in
      which:
PAR  FIG. 1 is a bottom plan view partly in section taken along section line
      1--1 of FIG. 2 of a portion of a cable actuated parking brake system
      showing an actuating cable, a brake cable and a force limiting linkage
      mechanism. The linkage is shown in a brake released condition.
PAR  FIG. 2 is a sectional view taken along section line 2--2 of FIG. 1.
PAR  FIG. 3 is a bottom plan view corresponding to FIG. 1 showing the linkage
      components in their brake applied position.
PAR  FIG. 4 is a bottom plan view corresponding to FIGS. 1 and 3 showing the
      linkage in a force limiting position.
DETD
PAC  DETAILED DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein the presently preferred form of the
      invention is illustrated, FIG. 1 discloses first and second brake cables
      10 and 12 of a cable actuated parking brake system for a motor vehicle.
      Cable 10 is an actuating cable connected to a parking brake control pedal.
      Cable 12 is a brake cable connected to a wheel brake.
PAR  Cables 10 and 12 are connected to an intermediate lever 14 which in turn is
      pivotly connected to a support lever or movable fulcrum member 16. The
      support lever is supported on sheet metal body structure 18 of a motor
      vehicle.
PAR  Actuating cable 10 slides within a tubular conduit 20 which is anchored to
      a flange portion 22 of the body structure 18. A stop member 24 is swaged
      to the end of the cable 10. Referring to FIG. 2, the intermediate lever 14
      is formed from a band of sheet metal having a doubled over end 26. Aligned
      notches 28 are provided in the doubled over end 26 and in the adjacent
      portion of the main body portion of the lever 14. The stop member 24 on
      the end of the cable 10 is seated in the pair of aligned notches 28.
PAR  The brake cable 12 is connected to a mid-point of the intermediate lever 14
      by means of a clevis 30.
PAR  The intermediate lever 14 is pivotly connected to the support lever 16 by a
      pivot pin 32. The support lever 16 is supported on the sheet metal body
      structure 18 of the vehicle. As seen in FIG. 2, the structure 18 has a
      generally channel shape formed in part by walls 34 and 36. Openings 38 and
      40 are provided in the walls 34 and 26. The support lever 16 has a notch
      42 formed at its end adjacent to pivot pin 32. The notch 42 engages the
      edge of the opening 40 which functions as a fulcrum for the support lever
      16.
PAR  The edge of the opening 38 in wall 34 is provided with a step which forms
      an abuttment 44 that is normally engaged by a lever 16. A coil spring 46
      has one end 48 anchored to the flange portion 22 of the support structure
      18 and its other end 50 hooked to the outer end of the support lever 16.
      The coil spring 46 urges the notched end 42 of the support lever 16 into
      engagement with the edge of the opening 40 and another portion of the
      lever 16 into engagement with the abuttment 44.
PAR  A coil spring 52 has one end hooked to the structure 18 and its other end
      coupled to a mid-point on intermediate lever 14. The spring 52 urges the
      lever 14 in a counter-clock wise direction (as seen in FIG. 1) to a brake
      released position. In response to the force of the spring 52, the
      actuating cable 10 is placed under a low tensile load and the cable 14 is
      free to move to a brake released position in response to the retractor
      springs in the wheel brake.
PAC  OPERATION
PAR  FIG. 1 of the drawing discloses the linkage mechanism connecting the
      actuating cable 10 and the brake cable 12 in a brake released condition.
      The intermediate lever 14 is in its brake released position in response to
      the force of the spring 52. The support lever 16 is in its normal support
      position in response to the force of the coil spring 46.
PAR  When the brake actuating cable 10 is placed under tension in response to
      the application of a force to the parking brake control pedal by the motor
      vehicle operator, the intermediate lever 14 will move from the FIG. 1
      brake released position to the FIG. 3 brake applied position. In moving
      from the released position to the applied position, the wheel brake cable
      12 is displaced and placed under tension. The intermediate lever 14 is a
      lever of the second class and provides a mexhanical advantage whereby the
      tension imposed upon the brake cable 12 is a multiple of the tension in
      the actuating cable 10.
PAR  The abuttment 44 is formed as a step in the edge of the opening 38 and does
      not interfere with the movement of the intermediate lever 14 from the
      released to the applied position.
PAR  When the tension in the cables 10 and 12 exceed a predetermined maximum
      amount, the reaction force (see arrow A in FIG. 4) imposed on the support
      lever 16 by the pivot pin 32 will cause the support lever 16 to move away
      from its normal support position where it engages the abuttment 44. The
      lever 16 will be displaced in a counterclockwise direction until it
      engages an abuttment 54 formed by the edge of the opening 38.
PAR  In FIG. 3, the intermediate lever 14 is in its brake applied position. Any
      increase in tension in the actuating cable 10 by an amount that exceeds
      the tension necessary to fully apply the wheel brake will result in
      displacement of the support lever 16 from its normal support position (as
      in FIGS. 1 and 3) to a force limiting position (as in FIG. 4). The
      reaction force A on the support lever 16 acting through the lever arm
      distance between the center of the pivot pin 32 and the notch 42 will
      exceed the force of the spring 46 acting through the length of the support
      lever 16. Therefore, tensioning of the actuating cable 10 by an excessive
      amount will cause the support lever 16 to be displaced rather than causing
      additional tensioning of the wheel brake cable 12.
PAR  In summary, the present invention provides a linkage mechanism that
      includes an intermediate lever for connecting a brake actuating cable and
      a wheel brake cable that has the capability of increasing the tension in
      the brake cable relative to the tension in the actuating cable during
      normal operation. The linkage mechanism also has the capability of
      preventing excess tensioning of the wheel brake cable by displacing a
      spring biased support for the intermediate lever.
PAR  The foregoing description presents the presently preferred embodiment of
      this invention. Details of construction are disclosed for purposes of
      illustration and are not to be considered limits of the invention.
      Modifications and alterations of the invention may occur to those skilled
      in the art that will come within the scope and spirit of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A force limiting device for a cable actuated mechanism comprising a
      cable constructed to be connected to said mechanism,
PA1  an actuator member connected to said cable and displaceable between a cable
      tension released position and a cable tension applied position,
PA1   a movable fulcrum member and said actuator member being pivotally
      supported on said fulcrum member,
PA1   a support structure and said fulcrum member being mounted on said support
      structure and displaceable relative to said structure between a normal
      support position and a force limiting position,
PA1  spring means urging said fulcrum member to said normal support position,
PA1  said actuator member being constructed to transmit a tension force from
      said cable to said fulcrum member that urges said fulcrum member from said
      normal support position to said forced limiting position,
PA1  said fulcrum member being displaceable from said normal support position to
      said force limiting position in response to a level of tension in said
      cable that exceeds a predetermined amount.
NUM  2.
PAR  2. A motor vehicle brake system having a cable constructed to be connected
      to a wheel brake,
PA1  a lever connected to said cable,
PA1   a movable fulcrum member and said lever being pivotally connected to said
      fulcrum member and angularly displaceable between a brake applied position
      and a brake released position,
PA1   vehicle support structure and said fulcrum member being mounted on said
      vehicle support structure and displaceable relative to said structure
      between a normal support position and a force limiting position,
PA1  spring means urging said support member to said normal support position,
PA1  said lever being constructed to transmit a tension force in said cable to
      said fulcrum member that urges said support member from said normal
      support position to said forced limiting position,
PA1  said fulcrum member being displaceable from said normal support position to
      said force limiting position in response to a level of tension in said
      cable that exceeds a predetermined amount.
NUM  3.
PAR  3. A motor vehicle brake system having a first cable constructed to be
      connected to a manually operated brake actuator,
PA1  a second cable constructed to be connected to a wheel brake,
PA1  an intermediate lever connected to said first cable and to said second
      cable,
PA1   a movable fulcrum member and said intermediate lever being pivotally
      connected to said fulcrum member and angularly displaceable between a
      brake applied position and a brake released position,
PA1   vehicle support structure and said fulcrum member being mounted on said
      vehicle support structure and angularly displaceable relative to said
      structure between a normal support position and a force limiting position,
PA1  first spring means urging said fulcrum member to said normal support
      position,
PA1  second spring means urging said intermediate lever to said brake released
      position,
PA1  said intermediate lever being constructed to transmit tension forces from
      said cables to said fulcrum member that urge said fulcrum member from said
      normal support position to said forced limiting position,
PA1  said fulcrum member being displaceable from said normal support position to
      said force limiting position in response to a level of tension in said
      first and said second cables that exceeds a predetermined amount.
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ABST
PAL  According to the present disclosure a variable ratio parking brake control
      has a foot operated lever with a cam slot. A guide member is pivotally
      connected to the lever and it also has a cam slot. A clevis that is
      connected to a parking brake cable has a bearing pin which is slidably
      supported within the cam slots of the lever and the guide member. A spring
      is supported by the guide member and exerts a spring force urging the
      clevis to the outer ends of the two cam slots. The clevis is slidable from
      the outer ends of the cam slots to the inner ends of the slots in response
      to both displacement of the lever from a brake released position to a
      brake applied position and a load on the clevis that exceeds an amount
      determined by the force of the spring. The displacement of the clevis from
      the outer end of the cam slot of the lever to the inner end of the slot
      increases the mechanical advantage ratio of the brake control system. The
      increase in ratio occurs in response to displacement of the lever and the
      tension in the brake cable.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  With the parking brake system of the average motor vehicle, the initial
      movement of the parking brake pedal merely takes up the normal slack in
      the brake cable and in related mechanisms. There is a certain amount of
      lost motion that occurs in merely moving the brake shoes from their
      retracted position into contact with the brake drums. Relatively low
      efforts are required by the vehicle operator to move the parking brake
      pedal through this initial phase prior to the actual brake application.
PAR  It is an object of this invention, therefore, to provide a parking brake
      control for applying the parking brakes of a motor vehicle wherein the
      control effects a rapid movement of the brake shoe assemblies into
      engagement with the brake drums upon a relatively short initial stroke of
      the brake pedal and has an effective mechanical advantage ratio that is
      lower than is desired for high pressure brake application.
PAR  It is also an object of the invention to provide a brake control that
      accomplishes the foregoing object and wherein the effective mechanical
      advantage ratio is increased in response to both pedal displacement and
      brake cable tension when the brake shoes engage the brake drums thereby
      providing a greater force to apply the brake shoes with a lower effort
      requirement on the part of the vehicle operator.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  In the presently preferred embodiment of this invention a parking brake
      control system includes a brake pedal lever that is pivotally connected by
      a pivot pin to a housing. The pedal lever has an elongated cam slot. A
      guide member is pivotally supported on the housing by the same pivot pin
      and it also has an elongated cam slot. A clevis is connected to a parking
      brake cable and has a bearing pin that is situated within the two cam
      slots. A spring is supported by the guide member and engages the bearing
      pin. The spring urges the bearing pin to the outer end of the cam slots.
PAR  When the brake pedal is angularly displaced by the vehicle operator, the
      bearing pin will tend to move the length of the cam slot in the pedal
      lever to a location closer to the pivot axis for the pedal. The
      displacement of the bearing pin and clevis will be retarded by the guide
      member and the spring carried thereby. The mechanism requires that the
      tensile load in the brake cable exceed a predetermined minimum before the
      clevis and bearing pin may be displaced against the force of the spring.
      Therefore, the parking brake control maintains a low mechanical advantage
      ratio until the brake shoes are in full engagement with the brake drums
      and the load upon brake cable exceeds the amount normally required to
      merely move the shoes against the force of their retractor springs. When
      the tension in the brake cable surpasses the predetermined amount, the
      bearing pin moves in the cam slot of the pedal lever toward the inner end
      of the slot and the mechanical advantage ratio of the brake system is
      correspondingly increased.
PAR  The brake pedal includes an arcuate portion with a series of ratchet teeth
      and the housing pivotally supports a pawl which engages the ratchet teeth.
      The pawl is designed to hold the brake pedal in its brake applied
      position. Means are provided for releasing the pawl to permit the brake
      pedal to return to its brake released position.
PAR  In most variable ratio pedal systems for parking brakes the mechanism for
      changing the mechanical advantage ratio is dependent solely upon the
      displacement of the pedal. In the preferred embodiment of the present
      invention displacement of the clevis and bearing pin from a low ratio
      position to a high ratio position is dependent in part upon the tension in
      the brake cable.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The many objects and advantages of a variable ratio parking brake control
      constructed in accordance with the present invention will become apparent
      upon consideration of the following detail description and the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a parking brake control illustrating
      the presently preferred form of the invention. The control is shown in a
      brake released condition.
PAR  FIG. 2 is a side elevational view of the parking brake control of FIG. 1
      showing the control in a brake applied position.
PAR  FIG. 3 is a side elevational view of the guide member for the brake control
      of FIG. 1.
PAR  FIG. 4 is a sectional view taken along section line 4--4 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein the presently preferred embodiment
      of this invention is illustrated, FIG. 1 shows an improved variable ratio
      parking brake control. The control includes a stamped metal housing 10 to
      which a pedal 12 is pivotally connected by a pivot pin 14. The pedal 12
      has a depending portion 16 with a pedal pad (not shown) secured to its
      end. An elongated portion 18 of the pedal lever 12 extends forwardly from
      the pivot pin 14. An arcuate cam slot 20 is provided in the portion 18 of
      the pedal 12.
PAR  A guide member 22 is pivotally supported on the pivot pin 14 and has a pair
      of spaced side walls 24 and 26 that are disposed on either side of
      extending portion 18 of the pedal lever 12. Aligned cam slots 28 are
      formed in the side walls 24 and 26 of the guide member 22.
PAR  A clevis 30 connects a brake cable 32 to the pedal lever 12. The clevis 30
      has a pair of upwardly extending leg portions 34 and 36 which are situated
      on either side of the side walls 24 and 26 of the guide member 22. A
      bearing pin 38 interconnects the leg portions 34 and 36 of the clevis 30
      and extends through the cam slots 28 in the guide member 22 and the cam
      slot 20 in the pedal lever 12. The brake cable 30 has a stop member 40
      swaged to its end and seated within a slot in the clevis 30. The other end
      of the brake cable 32 is coupled to a wheel brake.
PAR  The guide member 22 has a leaf spring 45 secured thereto adjacent the outer
      end of the cam slot 28 in the side wall 24. The leaf spring 45 is arranged
      to engage the bearing pin 34 of the clevis 30 and to urge it toward the
      outer end of the cam slots 20 and 28.
PAR  Ratchet means is provided for releasably holding the brake pedal lever 12
      in a brake applied position. The brake pedal lever 12 has a sector portion
      42 with a series of ratchet teeth 44. A pawl 46 is pivotally connected to
      the housing 10 by a pivot pin 48. The pawl 46 has a single tooth 50 that
      is arranged to engage the ratchet teeth 44. A release lever 52 is
      pivotally connected to the housing 10 by pivot pin 54. The pawl 46 has an
      extending arm 56 which engages an abutment pin 58 carried by the release
      lever 52. A coil spring 60 extends between the release lever 52 and the
      pawl 46. The coil spring 60 holds the extending arm 56 of the pawl in
      engagement with the abutment pin 58 and the tooth 50 in engagement with
      the ratchet teeth 44.
PAC  OPERATION
PAR  The pedal 12 is a lever of the first class and is angularly displaceable
      about the pivot axis of the pivot pin 14 from a brake released position as
      seen in FIG. 1 to a brake applied position as seen in FIG. 2. In the brake
      released position, the leaf spring 45 supported by the guide member 22
      urges the bearing pin 38 of the clevis toward the outer end of the cam
      slot 20 in the pedal lever 12.
PAR  It will be noted from the drawing that the cam slot 20 extends in a
      generally radially direction with respect to the axis of the pivot pin 14.
      When the bearing pin 34 is at the outer end of the cam slot 20 the pedal
      system will have its lowest mechanical advantage ratio. When the lever arm
      16 is depressed by the vehicle operator causing the pedal lever 12 to
      pivot counterclockwise about the pin 14, the brake cable 34 will be drawn
      upwardly. Slack in the cable system will be removed and the brake shoes
      will move from a retracted position into engagement with the brake drum.
      As long as the tension in the cable 32 is less than a predetermined
      amount, the leaf spring 45 will maintain the clevis 30 at the outer end of
      the cam slot 20. In this position, displacement of the pedal lever 12 will
      cause maximum displacement of the brake cable 32.
PAR  As the shoes engage the brake drum, the loading upon the brake cable 32
      will increase rapidly. When the pedal lever 12 moves towards its brake
      applied position of FIG. 2, the geometry of the cam slot 20 will be such
      that the bearing pin 34 for the clevis 30 will be urged by tension in the
      cable 32 toward the inner end of the slot. The movement of the bearing pin
      34 toward the inner end of the slot 20 will be resisted by the spring
      force of the leaf spring 45. When the tension in the brake cable 32
      reaches a predetermined amount, the load on the bearing pin 34 will
      overcome the force of the leaf spring 45 and the bearing pin will move
      along the cam slot 20 toward its inner end.
PAR  As the bearing pin 34 moves, the guide member 22 will be angularly
      displaced. Because the guide member 22 is urged by the leaf spring 45 in a
      counterclockwise direction, the inward movement of the bearing pin 38 will
      cause clockwise rotation of the member 22 (relative to pedal lever 12)
      against the force of the spring 45. Once the bearing pin 38 has moved
      inwardly to an extent that it becomes disengaged from the spring 45, the
      pin 38 is free to move to the inner end of the cam slots 20 and 28 without
      further spring resistance.
PAR  When the bearing pin 34 is at the inner end of the slot 20 adjacent the
      pivot pin 14 the pedal system will have its maximum mechanical advantage
      ratio. In this condition displacement of the lever arm 16 by the motor
      vehicle operator will produce the maximum tension in the brake cable 32
      relative to the force applied to the pedal pad.
PAR  Due to the geometry of the pawl 46, it will pivot freely when the pedal
      lever 12 is displaced counterclockwise from its FIG. 1 to its FIG. 2
      position. When the applying force is released from the lever arm 16 the
      tooth 50 will engage the gap between two of the ratchet teeth 44 and the
      pawl 46 will hold the pedal lever 12 in the brake applied position. When
      it is desired to release the brake, the release lever 52 is rotated
      clockwise and engagement of the abutment pin 58 with the arm 54 will cause
      a corresponding clockwise rotation of the pawl 46. Clockwise movement of
      the pawl 46 will withdraw the tooth 50 from its engagement with the
      ratchet teeth 44 whereby the pedal lever 12 will be free to return from
      its brake applied position to its brake released position.
PAR  In summary, the present invention provides a variable ratio parking brake
      control designed to permit rapid brake cable takeup with an initial low
      pedal ratio and low pedal effort. After initial displacement, the pedal
      system provides a final high pedal ratio. The bearing pin 38 stays in its
      outer low ratio position in the cam slot 20 until enough force is applied
      to the retaining spring 45 and guide member 22 to allow movement along the
      cam slot 20 thus increasing the pedal ratio incrementally. The
      characteristics of the retaining spring 45 determine the pattern of the
      ratio change. The slopes of the cam slots 20 and 28 of the pedal lever 12
      and the guide member 22 are contoured to allow no cable travel loss during
      the ratio change, while allowing minimal resistance and sufficient force
      to permit bearing pin travel.
PAR  The foregoing description present the presently preferred embodiment of
      this invention. Details of construction have been set forth for purposes
      of illustration and are not to be considered limits of the invention.
      Alterations and modifications of the invention may occur to those skilled
      in the art that will come within the scope and spirit of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A variable ratio brake control for a vehicle brake;
PA1  said control including a pivotally supported manually operated lever having
      a cam surface;
PA1  said lever being angularly displaceable from a brake released position to a
      brake applied position;
PA1  said cam surface having an outer end remote from the pivot axis of said
      lever and an inner end closer to said pivot axis than said outer end;
PA1  a force transmitting device slidably engaging said cam surface and
      constructed to be coupled to a wheel brake;
PA1  a spring means engaging said device and urging said device to said outer
      end of said cam surface;
PA1  said device being displaced from said outer end to said inner end in
      response to displacement of said lever from said brake released position
      to said brake applied position and a brake applying load on said force
      transmitting device that exceeds a predetermined amount.
NUM  2.
PAR  2. A variable ratio brake control for a cable actuated vehicle brake;
PA1  said control including a housing, a manually operated lever and pivot means
      connecting said lever to said housing;
PA1  said lever being angularly displaceable from a brake released position to a
      brake applied position;
PA1  said lever having a cam slot with an outer end remote from the pivot axis
      of said pivot means and an inner end closer to said pivot axis than said
      outer end;
PA1  a guide member pivotally connected to said housing by said pivot means and
      angularly displaceable relative to said lever;
PA1  said guide member having a cam slot with an outer end remote from said
      pivot axis and an inner end closer to said pivot axis than said just
      mentioned outer end;
PA1  said cam slot of said member overlapping said cam slot of said lever and
      cooperating therewith to define an opening of a size less than the size of
      said lever cam slot or said member cam slot;
PA1  a force transmitting device disposed in said opening and slidably supported
      in said cam slot of said lever and said cam slot of said member;
PA1  said device being constructed to be coupled to a brake cable;
PA1  spring means supported by said member exerting a spring force urging said
      device toward said outer end of said member cam slot and said outer end of
      said lever cam slot;
PA1  said device being slidable from said outer end of said lever cam slot to
      said inner end of said lever cam slot in response to displacement of said
      lever from said brake released position to said brake applied position and
      a brake applying load on said force transmitting device that exceeds a
      predetermined amount.
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ABST
PAL  An improved differential drive mechanism includes a clutch assembly which
      is engaged to retard relative rotation between driving and driven members.
      A clutch actuator assembly includes a pair of flyweights which are rotated
      at a speed which varies as a function of variations in the speed of
      relative rotation between the driving and driven members. The flyweights
      are hinged to move outwardly under the influence of centrifugal force as
      they are rotated. To prevent excessive loading on hinge connection at high
      rotational speeds, outward movement of the flyweights is limited by a pair
      of stop members which engage outer surfaces of the flyweights. The
      flyweights are pivotally mounted on the stop members and the torque for
      rotating the flyweights is transmitted from an input shaft to the
      flyweights through the stop members. To prevent overloading of a flyweight
      drive mechanism, secondary clutches are provided between the stop members
      and input shaft.
PARN
PAR  This is a continuation of application Ser. No. 374,532, filed June 28,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a drive mechanism and more specifically
      to a slip limiting differential drive mechanism having a clutch assembly
      which is engaged in response to movement of one or more flyweights.
PAR  A known differential drive mechanism having a clutch assembly with is
      actuated in response to relative rotation between driving and driven
      members is disclosed in U.S. Pat. No. 3,606,803 issued to Ottemann. This
      differential drive mechanism includes an actuator assembly having a pair
      of flyweights. One of the flyweights is moved outwardly upon relative
      rotation between the driving and driven members. Although this known
      differential has proven to be more or less satisfactory in operation,
      difficulty may be encountered due to excessive loading on the hinge
      connection of the flyweights at high rotational speeds. Thus, when a
      relatively high degree of relative rotation occurs between the input and
      output members, the centrifugal force applied to the flyweights may be of
      such a magnitude as to damage this hinge connection. In addition, the stop
      members accurately control the maximum outward movement of the flyweights
      to eliminate interference with other portions of the differential
      mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a drive mechanism having differential
      gearing which is enclosed within a carrier housing or casing. Upon the
      occurrence of relative rotation between input and output members, an
      actuator assembly effects operation of a clutch to an engaged condition to
      retard the relative rotation. This actuator assembly includes one or more
      flyweights which are movable outwardly from their center of rotation under
      the influence of centrifugal force. Since the drive mechanism is of a
      relatively compact construction, if the flyweights are allowed to move
      outwardly in an unrestrained manner they may create excessive loads on the
      hinge connection and interference with other portions of the differential
      mechanism. In accordance with the present invention, a stop arrangement is
      provided for accurately limiting the extent of flyweight movement and for
      absorbing this type of excessive loading.
PAR  The stop arrangement includes a pair of stop members which engage outer
      surfaces on the flyweights to limit their outward movement. The flyweights
      are pivotally mounted on the stop members which are rotated through
      secondary clutches at a speed corresponding to the speed of relative
      rotation between the input and output members. The secondary clutches
      prevent the transmission of excessive torque forces to and from the
      flyweights. The load on the pivot connection between the flyweights and
      stop members is reduced when a flyweight engages a stop surface formed on
      a stop member.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved drive mechanism which includes a clutch which is engaged in
      response to outward movement of a flyweight and wherein a stop arrangement
      is provided to accurately limit the extent of outward movement of the
      flyweight.
PAR  Another object of this invention is to provide a differential drive
      assembly having input and output members which are interconnected by
      differential gearing disposed within a casing having a clutch which is
      engaged in response to outward movement of a flyweight toward the casing
      under the influence of centrifugal force and wherein a stop surface is
      disposed outwardly of the flyweight to absorb a portion of the loading on
      a hinge connection once a predetermined degree of outward movement of the
      flyweight has been achieved.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of the present invention will
      become more apparent upon a consideration of the following description
      taken in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a sectional view of a differential drive mechanism constructed in
      accordance with the present invention;
PAR  FIG. 2 is a sectional view, taken generally along the line 2--2 of FIG. 1,
      illustrating the relationship between differential gearing, a casing or
      housing, and an actuator assembly constructed in accordance with the
      present invention;
PAR  FIG. 3 is an enlarged sectional view, taken generally along line 3--3 of
      FIG. 2, further illustrating the construction of the actuator assembly;
PAR  FIG. 4 is a sectional view, taken generally along the line 4--4 of FIG. 3,
      illustrating the relationship between a pair of retracted flyweights and a
      stop tab which is effective to limit outward movement of the flyweights
      under the influence of centrifugal force; and
PAR  FIG. 5 is a sectional view, generally similar to FIG. 4, illustrating the
      relationship between the stop tab and the flyweights when one of the
      flyweights is in an extended condition.
DETD
PAC  DESCRIPTION OF ONE PREFERRED EMBODIMENT OF THE INVENTION
PAR  A differential drive assembly 10 constructed in accordance with the present
      invention is illustrated in FIG. 1 and includes differential gearing 14
      which is disposed within a casing or carrier housing 16 to drivingly
      connect a ring gear 18 with a pair of driven axle shafts 20 and 22. Upon
      the occurrence of a predetermined rate of rotation of one of the axle
      shafts 20 or 22 relative to the other and the ring gear 18, an actuator
      assembly 24 effects operation of a main clutch assembly 26 to an engaged
      condition to retard the relative rotation between the axle shafts and ring
      gear.
PAR  The actuator assembly 24 includes a pair of flyweights 30 and 32 (FIG. 2)
      which are urged to the retracted position of FIGS. 2 and 4 by a biasing
      spring 34 (FIG. 3). Upon the occurrence of relative rotation between the
      axle shafts 20 and 22 and ring gear 18, one of the flyweights 30 or 32 is
      moved outwardly toward the casing 16 against the influence of the biasing
      spring 34. In accordance with the present invention, a pair of stop
      members 36 and 38 (see FIG. 3) are provided to accurately limit the
      outward movement of the flyweights 30 and 32 so that they do not interfere
      with the other portions of the drive mechanism and to limit the loading on
      the hinge connection.
PAR  During operation of the vehicle with which the differential drive assembly
      10 is associated, the ring or input gear 18 is rotated by a drive pinion
      (not shown). Upon rotation of the ring gear 18, the casing 16 is rotated.
      Assuming that the wheels of the vehicle and axle shafts 20 and 22 are
      being rotated at the same speed, drive forces are transmitted from the
      casing 16 to a pair of side gears 42 and 44 (FIG. 1) by pinion gears 46
      and 48 (FIG. 2) which are connected with the casing 16 by a pinion shaft
      50. The side gears 42 and 44 are connected with the axle or output shafts
      20 and 22 (FIG. 1) by spline connections 54 and 56. A thrust block 58 is
      disposed between the side gears 42 and 44.
PAR  Upon a slipping of one of the wheels of the vehicle relative to the other,
      the associated axle shaft 20 or 22 and side gear 42 or 44 are accelerated
      relative to the other axle shaft and side gear. When this occurs, the
      actuator assembly 24 engages the main clutch assembly 26 by retarding
      rotation of an annular wedge member 62 (FIG. 1) relative to the casing 16.
      Retarding rotation of the wedge member 62 relative to the casing 16 causes
      cam or wedging ramps 64, formed on the side gear 42, to press the annular
      wedge member 62 toward the left (as viewed in FIG. 1). This leftward
      movement of the wedge member 62 causes a pair of clutch or wedge surfaces
      68 on the wedge member 62 to move into tight frictional engagement with a
      mating pair of wedge surfaces 70 formed on the housing 16. Frictional
      forces transmitted between the wedge member 62 and the casing 16 at the
      clutch surfaces 68 and 70 retards relative rotation between the side gear
      42 and casing 16. Since the side gear 44 is connected with the side gear
      42 through the two pinion gears 46 and 48, relative rotation between the
      side gear 44 and the casing 16 is also retarded by engagement of the main
      clutch assembly 26.
PAR  The actuator assembly 24 is effective to operate the main clutch assembly
      26 to the engaged condition upon the occurrence of a predetermined rate of
      relative rotation between one of the side gears 42 or 44 and the casing
      16. The actuator assembly 24 includes a drive arrangement 74 (FIG. 1)
      which effects rotation of the flyweights 30 and 32 about a central axis of
      an input or drive member 78. The drive member on shaft 78 is rotatably
      mounted on the casing 16 and includes a plurality of gear teeth 80 which
      are disposed in meshing engagement with an annular array of gear teeth 82
      on the wedge member 62. The flyweights 30 and 32 are pivotally mounted by
      hinge pin 86 on the stop members 36 and 38.
PAR  When relative rotation occurs between the side gear 42 and casing 16, the
      drive member 78 is rotated by the gear teeth 82. Rotation of the drive
      member 78 rotates the stop members 36 and 38 through secondary clutches 88
      and 90 (FIG. 3). Since the flyweights 30 and 32 are pivotally mounted on
      the stop members 36 and 38, the flyweights 30 and 32 are rotated about the
      central axis of the drive member 78 with the stop members.
PAR  As the flyweights 30 and 32 are rotated about the central axis of the drive
      shaft 78, centrifugal force causes one of the flyweights to move outwardly
      toward the casing 16. Thus when the input member 78 is rotated in the
      direction of the arrow 94 in FIG. 5, centrifugal force causes the
      flyweight 32 to move outwardly from the retracted position of FIG. 4 to
      the fully extended position of FIG. 5. It should be noted that the
      flyweight 30 normally remains in the retracted position during clockwise
      (as viewed in FIGS. 4 and 5) rotation of the drve member 78 due to
      inertial forces upon acceleration.
PAR  As the flyweight 32 approaches the fully extended position of FIG. 5, an
      end notch 98 on the flyweight moves outwardly to engage a stop tab 102
      during continued rotation of the flyweight. Upon engagement of the
      flyweight 98 with the stop tab 102, a stop assembly 106 (see FIG. 2)
      retards rotation of the drive member 78 and wedge member 62. When rotation
      of the wedge member 62 is retarded relative to the side gear 42, the cam
      or wedging surface 64 on the side gear press the wedge member 62 axially
      toward the left (as viewed in FIG. 1) to engage the main clutch assembly
      26 and hold the side gear 42 against rotation relative to the casing 16.
PAR  Similarly, upon rotation of the flyweights 30 and 32 about the drive member
      78 in a counterclockwise direction (as viewed in FIGS. 4 and 5), the
      flyweight 30 moves outwardly toward the casing 16 from the retracted
      position of FIG. 4. When the flyweight 30 reaches the extended position,
      an end notch 110 of the flyweight engages a second stop tab 114 (see FIG.
      2) in the stop assembly 106. Of course, this retards rotation of the input
      member 78 and wedge member 62 to effect engagement of the main clutch
      assembly 26 in the manner previously explained. The manner in which the
      flyweights 30 and 32 move outwardly under the influence of centrifugal
      force and effect engagement of the clutch assembly 26 is the same as is
      described in U.S. Pat. No. 3,606,803 which is incorporated herein in its
      entirety by this reference thereto.
PAR  In accordance with the present invention, the stop members 36 and 38 limit
      the outward movement of the flyweights 30 and 32 under the influence of
      centrifugal force to thereby prevent the flyweights from impacting against
      the casing 16. Thus, if a flyweight 32 was allowed to move outwardly in an
      unrestrained manner upon rotation of the input shaft 78 in the direction
      of the arrow 94 (see FIG. 5), the flyweight 32 would cause an excessive
      loading of hinge 86 and might bang or impact against a shoulder 120 (FIG.
      2) or other part of the casing 16. To prevent this from occurring, arcuate
      outer surfaces 124 and 126 (FIG. 3) on the stop member 32 move outwardly
      into engagement with annular stop surfaces 128 and 130 on the cup-shaped
      stop members 36 and 38. When the outer surfaces 124 and 126 on the
      flyweight 32 have engaged the stop surfaces 128 and 130, the flyweight is
      held against further outward movement.
PAR  Similarly, upon rotation of the input shaft 78 in a counter-clockwise
      direction (as viewed in FIGS. 4 and 5), the flyweight 30 will move
      outwardly until it engages the annular stop surfaces 128 and 130. Thus, as
      the flyweight 30 moves outwardly, an arcuate outer surface 134 of the
      flyweight moves into engagement with the annular stop surface 130.
      Similarly, an arcuate outer surface (not shown) on the opposite side of
      the flyweight 30 will move into engagement with the annular stop surface
      128.
PAR  In addition to preventing the flyweight 30 and 32 from moving outwardly
      into engagement with casing 16, the stop members 36 and 38 are effective
      to transmit a drive torque from the input or drive shaft 78 to the
      flyweights 30 and 32 to rotate them about the central axis of the shaft
      78. Thus, upon rotation of the input member 78, the secondary clutches 88
      and 90 rotate the stop members 36 and 38 about the central axis of the
      input shaft. As the stop members 36 and 38 are rotated, one of the
      flyweights 30 or 32 tends to move outwardly about the hinge pin 86. It
      should be noted that once one of the flyweights 30 or 32 is moved into
      engagement with the stop surfaces 128 and 130, further increases in
      centrifugal force on the flyweights are absorbed by the collars on the
      stop members and the load on the hing pin 86 is thereby reduced. This is
      because part of the load is transmitted directly to the stop members 36
      and 38.
PAR  The collars on stop members 36 and 38 are particularly effective to reduce
      loading on the hinge connection 86 because the location of the reaction
      load between the flyweights and the stop members is remotely located from
      the hinge connection. This remote location reduces the force required to
      resist further movement of the flyweights about the hinge connection by
      providing a long moment arm for the reaction force.
PAR  Further, the interior surface of the annular collar on stop members 36 and
      38 may be configured to match the interacting surfaces 126 and 134 of
      flyweights 32 and 30 to thereby distribute the load and reduce contact
      stresses.
PAR  The secondary clutches 88 and 90 formed between the stop members 36 and 38
      and the input shaft 78 prevent the gear teeth 80 on the input shaft from
      being overloaded upon engagement of one of the flyweights 30 or 32 with an
      associated one of the stop tabs 102 or 104. Thus, the clutch assembly 88
      includes frustroconical clutch surfaces 140 and 142 (FIG. 3) on the stop
      member 36 and input shaft 78. Similarly, the secondary clutch 90 includes
      frustroconical clutch surfaces 146 and 148 formed on the stop member 38
      and on a sleeve member 149 which is press fit on the input shaft 78. The
      clutch surfaces 140 and 146 on the stop members 36 and 38 are pressed
      against the clutch surfaces 142 and 148 on the input shaft 78 by a spring
      152 which is disposed between the stop members in a coaxial relationship
      with the input shaft. Since slippage can occur between the stop members 36
      and 38 and input shaft 78 upon the application of a predetermined torque
      load to the input shaft and stop members, the secondary clutch assemblies
      88 and 90 limit the load which can be transmitted between the input shaft
      78 and stop members to thereby limit their loading applied to the gear
      teeth 80.
PAR  Engagement of the clutch assembly 26 to retard relative rotation between
      the axle shafts 20 and 22 during high-speed operation of the vehicle could
      be detrimental to the handling of the vehicle and could damage the
      differential drive mechanism 10. Therefore, a weight 160 is connected with
      the stop tabs 102 and 114. Upon the occurrence of high-speed rotation of
      the ring gear 18 and casing 16, the weight 160 tends to move outwardly to
      pivot the stop tabs 102 and 114 about a support shaft 164 (see FIG. 2)
      against the influence of a biasing spring 166. As this occurs, a stop
      flange 170 moves away from a shoulder 172 on the casing 16 and the stop
      tabs 102 and 114 move away from the flyweights 30 and 32. The weight 160
      moves outwardly to such an extent that the end notches 98 and 110 on the
      flyweights 30 and 32 can move freely past the stop tabs 102 and 114 even
      though the flyweights are extended position because their maximum outward
      position has been restricted by the collars on stop members 36 and 38.
PAR  In view of the foregoing description, it can be seen that the stop members
      36 and 38 limit outward movement of the flyweights 30 and 32. In addition,
      the stop members 36 and 38 transmit torque from the input shaft 78 to the
      flyweights 30 and 32 to cause them to rotate about the central axis of the
      input shaft upon the occurrence of relative rotation between the casing 16
      and the side gear 42. To prevent overloading of the teeth 80 on the input
      shaft 78, the secondary clutches 88 and 90 slip when a predetermined
      torque loading is applied to the input shaft. When one of the flyweights
      30 and 32 moves into engagement with the stop members 36 and 38, the load
      on the hinge pin 86 tends to be reduced since reaction forces can be
      transmitted from the stop members 36 and 38 directly to the input shaft 78
      independently of the hinge pin 86.
PAR  Having described a specific preferred embodiment of the invention, the
      following is claimed:
CLMS
NUM  1.
PAR  1.  A drive mechanism for interconnecting rotatable driving and driven
      members, said drive mechanism comprising: gear means for transmitting
      drive forces between said driving and driven members and for enabling
      relative rotation to occur between said driving and driven members; main
      clutch means operable between an engaged condition in which said main
      clutch means is effective to retard relative rotation between said driving
      and driven members and a disengaged condition; and actuator means for
      effecting operation of said main clutch means from the disengaged
      condition to the engaged condition in response to a predetermined rate of
      relative rotation between the driving and driven members, said actuator
      means including a flyweight, an axially extending member mounted for
      rotation, drive means for rotating said axially extending member about its
      axis at an angular velocity which varies as a function of the relative
      rotation between the driving and driven members, a stop member mounted on
      said axially extending member for rotation therewith, support means for
      pivotally supporting said flyweight on said stop member for rotary
      movement therewith and for radially outward movement of at least a portion
      of said flyweight relative to said stop member away from the axis of
      rotation of said axially extending member under the influence of
      centrifugal force, means for effecting operation of said main clutch means
      from the disengaged condition to the engaged condition upon outward
      movement of said flyweight to a predetermined position, and stop means on
      said stop member for engaging said portion of said flyweight and limiting
      the extent of outward movement of said portion of said flyweight beyond
      said predetermined position to absorb at least a portion of the loading on
      said pivotal support.
NUM  2.
PAR  2. A drive mechanism as set forth in claim 1 wherein said stop means
      includes an annular stop surface which circumscribes at least a portion of
      said flyweight.
NUM  3.
PAR  3. A drive mechanism as set forth in claim 1 wherein said flyweight
      includes surface means for engaging said stop means when said flyweight is
      in said predetermined position.
NUM  4.
PAR  4. A drive mechanism as set forth in claim 1 wherein: casing means at least
      partially enclose said gear means and said actuator means; said support
      means includes means for enabling said flyweight to move outwardly under
      the influence of centrifugal force through a distance sufficient to bring
      said flyweight into engagement with said casing means; and said stop means
      are effective to limit outward movement of said flyweight to a distance
      which is insufficient to enable said flyweight to engage said casing
      means.
NUM  5.
PAR  5. A drive mechanism as set forth in claim 1 wherein said means for
      effecting operation of said main clutch means includes means for retarding
      rotation of said flyweight upon movement of said flyweight to said
      predetermined position.
NUM  6.
PAR  6. A drive mechanism as set forth in claim 1 wherein said axially extending
      member is mounted for rotation in said driving member, said drive means
      includes an annular array of gear teeth on said axially extending member
      and an annular array of gear teeth rotatable with one of said driven
      members and in meshing engagement with said annular array of gear teeth on
      said axially extending member, said main clutch means is interposed
      between said driving member and one of said driven members, and said means
      for effecting operation of said main clutch means includes means for
      engaging said flyweight to retard rotation of said flyweight upon movement
      of said flyweight to said predetermined position.
NUM  7.
PAR  7. A drive mechanism as set forth in claim 1 wherein said actuator means
      further includes secondary clutch means for enabling relative rotational
      movement to occur between said stop member and said axially extending
      member.
NUM  8.
PAR  8. A drive mechanism as set forth in claim 7 wherein said secondary clutch
      means includes a first clutch surface disposed on said stop member and a
      second clutch surface disposed on said axially extending member and in
      abutting engagement with said first clutch surface.
NUM  9.
PAR  9. A drive mechanism as set forth in claim 8 wherein said means for
      effecting operation of said clutch means includes means for engaging said
      flyweight and retarding rotation of said flyweight by said drive means
      upon movement of said flyweight to said predetermined position.
NUM  10.
PAR  10. A drive mechanism as set forth in claim 1 wherein two axially spaced
      stop members are mounted on said axially extending member for rotation
      therewith, said support means pivotally supports said flyweight on both of
      said stop members for movement relative to said stop members, first clutch
      surfaces are disposed on each of said stop members, and second clutch
      surfaces are disposed on said axially extending member, each of said
      second clutch surfaces being in abutting engagement with one of said first
      clutch surfaces.
NUM  11.
PAR  11. A drive mechanism as set forth in claim 10 wherein said first and
      second clutch surfaces are generally conical in configuration, and
      preloaded spring means are interposed between said stop members to bias
      each of said first clutch surfaces into engagement with said respective
      abutting second clutch surface.
NUM  12.
PAR  12. A drive mechanism as set forth in claim 11 wherein said stop means
      includes an annular stop surface on each of said stop members which
      circumscribes said portion of said flyweight.
NUM  13.
PAR  13. A drive mechanism for interconnecting rotatable driving and driven
      members, said drive mechanism comprising: gear means for transmitting
      drive forces between said driving and driven members and for enabling
      relative rotation to occur between said driving and driven members; main
      clutch means operable between an engaged condition in which said main
      clutch means is effective to retard relative rotation between said driving
      and driven members and a disengaged condition; and actuator means for
      effecting operation of said main clutch means from the disengaged
      condition to the engaged condition in response to a predetermined rate of
      relative rotation between the driving an driven members, said actuator
      means including a flyweight, an axially extending member mounted for
      rotation, drive means for rotating said axially extending member about its
      axis at an angular velocity which varies as a function of the relative
      rotation between the driving and driven members, support means for
      pivotally supporting said flyweight for rotation with said axially
      extending member and for radially outward movement of at least a portion
      of said flyweight away from the axis of rotation of said axially extending
      member, means for effecting operation of said main clutch means from the
      disengaged condition to the engaged condition upon outward movement of
      said flyweight to a predetermined position, and stop means for engaging
      said portion of said flyweight and for rotatably moving with said
      flyweight to limit the extent of said radially outward movement of said
      portion of said flyweight beyond said predetermined position to absorb at
      least a portion of the loading on said pivotal support and to prevent
      retardation of rotation of said flyweight by said stop means when said
      radially outward movement is thereby limited.
PATN
WKU  039384098
SRC  5
APN  3938816
APT  1
ART  345
APD  19730904
TTL  Control system for automatic transmissions of automotive vehicles
ISD  19760217
NCL  7
ECL  1
EXA  Chandler; Lance W.
EXP  Scott; Samuel
NDR  3
NFG  6
INVT
NAM  Uozumi; Sumio
CTY  Aichi
CNT  JA
ASSG
NAM  Toyota Jidosha Kogyo Kabushiki Kaisha
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720908
APN  47-89518
CLAS
OCL   74866
XCL   60DIG2
XCL  417  1B
XCL  417326
XCL   74856
XCL   74869
XCL   74752A
EDF  2
ICL  B60K 4118
ICL  F16H  374
ICL  F04B 4900
FSC   74
FSS  866;867;868;869;752 A;752 C;752 D;856;857;858;859;860;861;862;863;864;865
FSC   60
FSS  382;383;DIG. 2
FSC  417
FSS  18;45;326
UREF
PNO  2977765
ISD  19610400
NAM  Fillmore
OCL   60382
UREF
PNO  3633439
ISD  19720100
NAM  Annis
XCL   74869
UREF
PNO  3646835
ISD  19720300
NAM  Ito et al.
XCL   74866
UREF
PNO  3650161
ISD  19720300
NAM  Ito et al.
OCL   74866
UREF
PNO  3673892
ISD  19720700
NAM  Kato et al.
XCL   74866
UREF
PNO  3701294
ISD  19721000
NAM  Ito et al.
OCL   74866
UREF
PNO  3750495
ISD  19730800
NAM  Ito et al.
OCL   74866
UREF
PNO  3776048
ISD  19731200
NAM  Enomoto et al.
OCL   74866
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  An hydraulic control circuit for an automotive vehicle automatic
      transmission includes an oil pump driven by a motor and shift valves for
      applying hydraulic pressures to hydraulic servos for engaging or
      disengaging clutches and for applying or releasing brake bands causing
      upshift or downshift of the transmission. The oil pump motor drive control
      circuit is provided with a detector for detecting traveling velocity of
      the vehicle, a detector for detecting the load of the vehicle engine, a
      range signal generator for generating a signal representative of a
      selected range position, a shift signal generator adapted to determine, in
      response to a signal from the range signal generator, a shift point and
      for generating a shift signal, a motor drive circuit adapted to vary the
      rotational speed of the motor for driving the oil pump in two stages, and
      a motor drive control circuit adapted to control said motor drive circuit
      so as to cause said motor to drive at a high speed for a time interval
      required for completely engaging the clutches and applying the brake bands
      when the upshift, downshift or shift from N or P range occur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a control system for automatic
      transmissions of automatic vehicles and more particularly to a control
      system for applying minimum hydraulic pressure to the hydraulic servos of
      frictional engagement means such as front and rear clutches and front and
      rear bands when an automotive vehicle is traveling at a constant speed and
      for increasing the hydraulic pressure applied to the hydraulic servos for
      a time interval required for engaging the clutches and/or applying the
      brake bands when upshift, downshift or range shift occur. An oil pump,
      which is a hydraulic pressure source, is controlled by a prime mover such
      as an electric motor or by any other driving means other than the output
      shaft of the automatic vehicle.
PAR  Control systems for fluid type automatic transmissions generally include an
      oil pump for applying hydraulic pressure to frictional engagement means, a
      torque converter and a lubrication system. Generally two oil pumps, i.e. a
      front oil pump and a rear oil pump, are provided in order to secure a
      desired hydraulic pressure at low speed and to minimize noise and
      horsepower loss at high speed. The former is driven by a prime mover
      whereas the latter is driven by the output shaft of the transmission.
      Since automatic transmissions with two oil pumps are generally large in
      size and complex in construction, the recent trend is toward use of only
      one front oil pump in such a manner that the hydraulic pressure produced
      by the front oil pump is increased or decreased by a valve mechanism when
      an automotive vehicle is traveling at a constant speed or is accelerated.
      Since the rotational speed of the oil pump ranges from 500 to 6,000 rpm,
      the discharge of the oil pump is less when the prime mover is rotating at
      a low speed so that the hydraulic pressure and lubrication become
      insufficient. When upshift, downshift or range shift occur when the
      hydraulic pressure is insufficient, hydraulic response delay of the
      hydraulic servos occurs and the hydraulic pressure tends to be applied to
      only one hydraulic servo so that the hydraulic pressure in other hydraulic
      servos tends to drop. This results in short service life of the frictional
      engagement means. On the other hand when the prime mover rotates at a high
      speed, excess hydraulic pressure is produced thereby causing unstable
      hydraulic control, vibrations in the valve system of the device,
      cavitation and similar problems resulting from flow forces. Furthermore,
      horsepower consumption is increased.
PAR  Accordingly, it is a primary object of the present invention to provide a
      control system for automatic transmissions of automotive vehicles in which
      a single oil pump is driven by a prime mover or other suitable driving
      means, except the output shaft of an automatic transmission, in such a
      manner that the pump discharge may be maintained minimum when the vehicle
      is traveling at a constant speed, thereby minimizing the horsepower
      consumption, with the pump discharge being increased during shifting
      thereby preventing hydraulic response delay and undesired decrease in
      hydraulic pressure.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention may be described as a control system for
      controlling hydraulic pressure in a hydraulic control circuit for
      automotive vehicle automatic transmissions. The transmission includes
      clutch and brake means which operate to determine the gear ratios for the
      transmission. Hydraulic servo means responsive to hydraulic pressure
      operate the clutch and the brake means to provide a desired gear ratio,
      with conduit means being provided for transmitting hydraulic fluid from
      the hydraulic control circuit to the servo means. The control system of
      the present invention particularly comprises an oil pump for supplying oil
      under pressure to the hydraulic control circuit, means for driving the oil
      pump and an oil pump drive control circuit which controls the oil pump
      drive means to vary the output of the oil pump in accordance with
      operation of the automatic transmission. The hydraulic control circuit
      includes means for automatically shifting gear ratios in said automatic
      transmission and means for manually selecting an operating range for the
      transmission. The oil pump drive control circuit maintains the oil pump
      output at a lower level when no gear ratio shifting and no range shifting
      is occurring in the transmission and increases the output of the oil pump
      to a higher level for a time period during operation of the servo means
      when gear ratio shifting or range shifting is occurring.
PAR  More particularly, the control system of the present invention includes a
      logic circuit which derives control signals from automatic shifting means
      of the hydraulic control circuit and from the manual selecting means and
      which derives therefrom a control signal to be applied as a control
      function to the oil pump drive means. Thus, the output of the oil pump may
      be controlled in response to operation of the automatic transmission with
      an increased pump output occurring when gear shifting or range shifting is
      taking place and with a lower pump output being provided during normal
      vehicle operation.
DRWD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  FIG. 1 is a schematic view depicting an automatic transmission to which the
      present invention may be applied;
PAR  FIG. 2 is a schematic view of a hydraulic control circuit in accordance
      with the present invention;
PAR  FIG. 3 is a schematic diagram of an electronic control circuit in
      accordance with the present invention; and
PAR  FIGS. 4a-c are graphs showing the relation between rotational speed of a
      motor which drives an oil pump and hydraulic pressure applied to hydraulic
      servos.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows an automatic transmission or threeforward-speed one-reverse
      torque converter. A crank shaft 1 of an engine is coupled through a torque
      converter 2 to a turbine shaft 3 which in turn is coupled through a front
      clutch 4 and an intermediate shaft 5 to an input sun gear 11 of a
      planetary gear set 10 and to a reverse sun gear 12 through a rear clutch
      6. In addition to the sun gears 11 and 12 the planetary gear set further
      includes an idler in engagement with the reverse sun gear 12, pinions 14
      in engagement with the input sun gear 11, idlers 13 and a carrier 15
      having the idler gears 13 and the pinion gears 14 rotatably carried
      thereon. The pinion gears 14 are coupled through a gear 16 to an output
      shaft 17, and a rear clutch drum is provided with a front brake band 7 for
      controlling the reverse sun gear 12. The carrier 15 is provided with a
      rear brake band 8 and a one-way clutch 9.
PAR  With the front clutch 4 engaged, power is transmitted from the crank shaft
      1 through the torque converter 2 and the intermediate shaft 5 to the input
      sun gear 11 so that first gear is obtained from the output shaft 17 with
      the carrier 15 held stationary by the one-way clutch 9. When the one-way
      clutch 9 functions as a free wheel, the rear brake band 8 locks the
      carrier 15 so that the first gear with engine braking is obtained. When
      the front clutch 4 is locked and the front brake band 7 is applied to lock
      the reverse sun gear, second gear is obtained. When the rear clutch 6 is
      locked whereas the front brake band 7 is released, power is transmitted to
      the reverse sun gear 12 and the entire unit is locked together so that
      power is transmitted directly from the converter to the output shaft 17.
      Thus direct drive is obtained. When rear clutch 6 is locked with the front
      clutch 4 released and the carrier 15 is locked by the rear brake band 8,
      power is transmitted to the reverse sun gear 12 and the idler 13 is
      reversed in direction so that reverse gear is obtained.
PAR  Next referring to FIG. 2 illustrating a hydraulic control system for the
      three-speed converter described above, and more particularly for
      selectively locking the clutches 4 and 6 and selectively applying the
      brake bands 7 and 8, an oil pump 20, which will be described in more
      detail hereinafter, driven by a DC motor, to be described in more detail
      hereinafter, supplies oil from an oil reservoir 24 through an oil line 21
      to a pressure regulator valve 30, a manual valve 40 and a 1-2 shift valve
      50. The pressure regulator valve 30 is adapted to discharge oil from oil
      line 21 and includes an oil chamber 31--from which oil is supplied to the
      torque converter 2, an oil cooler 22 and a lubrication system 23--and oil
      chambers 34 and 35 formed on both sides of the oil chamber 31 for exerting
      hydraulic pressure to a spool 33 loaded with a spring 32, thereby
      controlling the hydraulic pressure in the oil line 21. The manual valve 40
      is coupled to a shift lever (not shown) and comprises a spool 41 which may
      be selectively shifted to the positions P,R,N,D,2, and L, and five oil
      lines 42-46 to be selectively communicated with the oil line 21 as one of
      the five positions is selected. The oil line 42 is communicated with a
      relay valve 60, a servo 4' for the front clutch and a 2-3 shift valve 70.
      The oil lines 43 and 45 are communicated with the 1-2 shaft valve 50. The
      oil lines 44 and 46 are communicated with the 2-3 shift valve 70. The 1-2
      shift valve 50 comprises a spool 52 loaded with a spring 51 and an
      actuating oil chamber 54 provided with a discharge orifice 53 and
      communicated with the oil line 21. A plunger 56 of a solenoid valve 55 is
      adapted to close the discharge orifice 53 under the force of a spring 57
      and to open the discharge orifice 53 when a solenoid 58 is energized. When
      the discharge orifice 53 is closed as the solenoid 58 is de-energized so
      that the spool 52 is shifted toward the left under the hydraulic pressure
      accumulated in the chamber 54, the oil line 43 is communicated through the
      oil line 47 with the oil chamber 35 of the pressure regulator valve 30 and
      to the supply side of the front brake band servo 7' whereas the oil line
      45 is communicated with a rear brake band servo 8' through the oil line
      48. When the solenoid valve 58 is energized so that the discharge orifice
      53 is opened, the spool 52 is shifted to the right position under the
      force of the spring 51, and the oil line 45 is communicated with the oil
      line 47.
PAR  The 2-3 shift valve 70 comprises a spool 72 engaged by a spring 71, and an
      actuating oil chamber 74 communicated with the oil line 42 and provided
      with a discharge orifice 73. The 2-3 shift valve 70 is coupled to a
      solenoid valve 75 comprising a plunger 76 engaged by a spring 77 and a
      solenoid 78. When the solenoid 78 is de-energized so that the spool 72 is
      shifted to the left position as shown in FIG. 2, the oil line 44 is
      communicated through the oil line 76 with a rear clutch servo 6' and the
      release side of the front brake band servo 7'. When the solenoid 78 is
      energized so that the spool 72 is shifted to the right position, the oil
      line 46 is communicated with the oil line 76.
PAR  The relay valve 60 comprises a spool 62 loaded with a spring 61 and is
      adapted to communicate the oil line 42 with the oil chamber 34 of the
      pressure regulator valve 30 so as to increase the line pressure.
PAR  When the plunger 41 of the manual valve 40 is shifted to the position R,
      the hydraulic pressure in the oil line 21 is transmitted to the hydraulic
      lines 45 and 46 and from the oil line 45 to the servo 8' through the oil
      line 48 because the solenoid 58 is not energized. The spool of the 2-3
      shift valve 70 is shifted as the pressure in the oil line 42 is reduced so
      that the hydraulic pressure is applied from the oil line 46 through the
      oil line 76 to the hydraulic servo 6'.
PAR  When the position N is selected, the spool 41 of the manual valve 40
      interrupts the oil line 21. When the D position is selected, the hydraulic
      pressure in the oil line 21 is transmitted to the oil lines 42, 43 and 44
      so that the hydraulic pressure is directly transmitted to the hydraulic
      servo 4'. When the solenoids 58 and 78 are both energized when the first
      gear is selected, the hydraulic pressure in the oil line 43 is reduced
      through the 1-2 shift valve whereas the oil line 44 is interrupted by the
      2-3 shift valve 70.
PAR  When only the solenoid 58 is de-energized when second gear is selected, the
      oil flows from the oil line 43 through the oil line 47 to the supply side
      of the hydraulic servo 7'. When the solenoid valve 75 is de-energized when
      the third gear or direct drive is selected, the oil flows from the oil
      line 44 through the oil line 76 into the hydraulic servo 6' by the 2-3
      shift valve, and the oil also flows into the release side of the hydraulic
      servo 7' so that the front brake band 7 is released under the force of a
      spring. When the 3-2 shift occurs, the oil is discharged from both oil
      lines 44 and 46 so that no oil flows into the release sides of the
      hydraulic servos 6' and 7' regardless of the operation of the 2-3 shift
      valve 70 whereas the oil flows from the oil line 42 into the hydraulic
      servo 4'. When the solenoid 58 is energized, the oil in the oil line 43 is
      discharged so that the second gear is selected. When the L position is
      selected, no oil flows into the release sides of the hydraulic servos 6'
      and 7' as is the case in second gear whereas the oil flows into the servo
      4' from the line 42 and 45. When the solenoid 58 is de-energized, the oil
      flows from the oil line 45 through the line 48 to the hydraulic servo 8'
      by the 1-2 shift valve 50 so that the first gear with engine braking is
      obtained.
PAR  The mode of operation of the hydraulic control system described
      hereinbefore may be summarized as follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     Position of                                                               
     Manual                                                                    
     Valve     first   second  third first second                              
     ______________________________________                                    
     Solenoid  0       X       X     0     X     X                             
     58                                                                        
     Solenoid  0       0       X     --    --    --                            
     78                                                                        
     ______________________________________                                    
PAL  where 0 = energized, and X = de-energized.
PAR  Next a shift control circuit for energizing or de-energizing the solenoids
      58 and 78 in the hydraulic control circuit shown in FIG. 2 will be
      described with reference to FIG. 3. A shift signal generator 90 generates
      the shift signal by automatically setting a shift point based upon a shift
      pattern which in turn is based upon the relationship between the speed of
      the automotive vehicle and the load of the engine. A range signal
      generator 100 generates a range signal in response to a range selected by
      the shift lever. Amplifiers 105 and 106 are adapted to energize the
      solenoids 58 and 78 in response to the shift signal.
PAR  The shift signal generator 90 comprises generally a vehicle velocity
      detector 80, a load detector 81 which is adapted to generate as an output,
      for example, analog signals in four steps depending upon an opening of the
      throttle, two comparators 91 and 92 substantially similar in construction
      and AND gates 93 and 94 which are connected to a switch 101 for D and 2
      ranges in the range signal generator 100. When the D or 2 range is
      selected the switch 101 is closed so that the AND gates 93 and 94 are
      conductive. In the comparators 91 and 92 the voltages representing the
      vehicle velocity and the engine load are compared in such a manner that
      when the voltage representing the engine load is greater both comparators
      91 and 92 give the output signals "1". When the voltage representing the
      vehicle velocity is higher, only the comparator 92 gives the output signal
      "1" whereas when the vehicle velocity is further increased no signal "1"
      is derived from the comparators 91 and 92. In response to the output
      signal "1" the solenoids 58 and 78 are energized as shown in Table I
      above.
PAR  In the shift control circuit there are inserted two motor drive control
      circuits for controlling the drive motor for the oil pump. A first motor
      drive control circuit 110 connected to the amplifier 105 comprises a delay
      circuit 111, an inverter circuit 112, an AND gate 113, a NOR gate 114 and
      an OR gate 115. The delay circuit 111 is adapted to delay the signal a
      time interval t (of the order of about 0.5 sec.) required for completely
      locking the clutch or applying the brake band. A second motor drive
      control circuit 120 connected to the second amplifier 106 comprises a
      delay circuit 121, an inverter circuit 122, an AND circuit 123, a NOR
      circuit 124 and an OR circuit 125. The outputs of the OR circuits 115 and
      125 are connected to the input of a third OR circuit 116, to which are
      also connected switches 102, and 103 for R and L ranges in the range
      signal generator 100 through an OR gate 118 and a signal time interval
      setting circuit 117 comprising for example a monostable multivibrator
      having a transistion time t. Therefore the signal having a time width t is
      applied to the OR gate 116 when one of the switches 102 and 103 is closed.
PAR  A drive circuit 130 for a motor 131 for driving the oil pump 20 comprises a
      series circuit consisting of the motor 131, a field coil 132, a variable
      resistor 133, a fuse 134, an ignition switch 135, and a battery 136, a
      switching transistor 137 and another variable resistor 138 both of which
      are connected in parallel with the variable resistor 133. The output of
      the OR gate 116 is connected to the base of the switching transistor 137.
      When the first variable resistor 133 has a value R.sub.A whereas the
      second variable resistor is of value R.sub.B, the motor drive circuit 130
      has a resistance equal to R.sub.A when the switching transistor 137 is cut
      off but when it is conducting the drive circuit 130 has a smaller
      resistance equal to R.sub.A.sup.. R.sub.B /R.sub.A + .sub.RB and the motor
      driving current, the rotational speed of the motor and the discharge of
      the pump are all increased. Therefore the optimum resistances R.sub.A and
      R.sub.B must be selected depending upon the flow rate in the hydraulic
      control circuit or system when the switching transistor is cut off or
      conductive, respectively.
PAR  When the 1-2 gear shift occurs when D or 2 range is selected so that the
      signal applied to the first motor drive control circuit 110 changes from
      "1" to "0", the circuit 110 emits the output signal "1" for a time
      interval t because of the delay circuit 111 and the output signal is
      inverted to "1" by the inverter 112. Therefore the output signal of the
      NOR gate 114 is "0" but the output signal from the AND gate 113 is a pulse
      signal with a pulse width of t which is applied to the base of the
      switching transistor 137 through the OR gate 116. As a result the
      switching transistor 137 is conductive for a time t so that the resistance
      of the motor drive circuit 130 is reduced. The rotational speed of the
      motor 131 is therefore increased so that the discharge of the oil pump 20
      is also increased. In this case the signal "1" or "0" applied to the
      second motor control circuit 120 remains unchanged so that the input
      signals applied to the AND gate 123 and the NOR gate 124 are "1" and "0"
      respectively. As a result the output signal of the OR gate 125 is "0".
      This means that the output signal from the second motor control circuit
      120 does not affect the operation of the motor drive circuit 130 at all.
      When the 2-1 downshift occurs when the D or 2 range is selected so that
      the signal applied to the first control circuit 110 changes from "0" to
      "1", the NOR gate 114 generates as an output a pulse signal with a pulse
      width t so that the switching transistor 137 is rendered conductive, thus
      resulting in an increase in the rotational speed of the motor 131.
PAR  When the 2-3 upshift occurs when the D range is selected so that the signal
      applied to the second motor drive control circuit 120 changes from "1" to
      "0", the AND gate 123 generates an output pulse signal with a pulse width
      t. When the 3-2 downshift occurs, a pulse signal with a pulse width tis
      derived. In both cases the transistor 137 is rendered conductive for a
      time interval t so that the speed of the motor 131 is increased. In this
      case the output signal from the first motor drive control circuit 110
      remains "0" so that the operation of the motor drive circuit 130 is not
      affected by the output signal of the first motor drive control circuit
      110.
PAR  In addition to the upshift or downshift in the forward range, the solenoids
      58 and 78 are de-energized in the N and P ranges, but in first gear in the
      D and 2 ranges they are energized so that when the range shifts from the N
      or P range to D or 2 range the signals applied to the first and second
      motor drive control circuits 110 and 120 are changed. As a result, the
      speed of motor 131 is increased. When the range is shifted to R or L, the
      switch 102 or 103 is closed so that the pulse signal with a pulse width t
      is also applied to the base of the transistor 137 through the OR gate 118,
      the signal time interval setting circuit 117 and the OR gate 116 so that
      the speed of motor 131 is also increased.
PAR  According to the present invention the oil pump 20 is driven by the motor
      131 whose rotational speed is changed because the resistance of the motor
      drive circuit 130 is changed when upshift or downshift occurs in the
      forward range, when the range is changed from N or P range to another
      range or when the range R or L is selected. The minimum discharge of the
      pump by the motor which rotates at a relatively low speed is selected for
      the ordinary travel of an automotive vehicle so that even when the upshift
      or downshift occurs or when the range is changed, the oil pump discharge
      is increased as the rotational speed of the motor is increased. As a
      result hydraulic response delay or decrease in hydraulic pressure may be
      prevented.
PAR  The relationship between the drive control of the motor 131 and the
      hydraulic characteristics of the hydraulic servos 4', 6', 7', and 8' in
      the hydraulic control system shown in FIG. 2 is illustrated in FIGS. 4a-c.
      FIG. 4a illustrates the output signal of the OR gate 116; FIG. 4b
      illustrates the rotational speed of the motor 131; and FIG. 4c illustrates
      the hydraulic pressure of the servo which has been already actuated and of
      the servo which is to be actuated in response to the upshift, downshift or
      range shift, the curve a indicating the front clutch servo 4' while the
      curve b, the other servos 6', 7' or 8'. The broken line curves shown in
      FIG. 4c indicate the case where the pump discharge remains constant and
      they are shown for the purpose of comparison with the present invention.
      It is clearly seen that according to the present invention when upshift,
      downshift or the range shift occur the hydraulic pressure supplied to the
      hydraulic servo 4' remains almost unchanged whereas the hydraulic pressure
      in the hydraulic servos 6', 7' or 8' rises very rapidly so that the
      clutches and brakes may be positively applied very rapidly without causing
      any slippage.
PAR  It is to be understood that the present invention may be also applied to an
      automatic transmission with more than four speeds.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for controlling hydraulic pressure in a hydraulic
      control circuit for an automotive vehicle automatic transmission, said
      hydraulic control circuit including means for automatically shifting gear
      ratios in said automatic transmission and means for manually selecting an
      operating range for said transmission, said transmission including clutch
      and brake means for determining gear ratios for said transmission,
      hydraulic servo means responsive to hydraulic pressure for operating said
      clutch and brake means, and conduit means for transmitting hydraulic fluid
      from said hydraulic control circuit to said servo means, said control
      system comprising a pump for supplying hydraulic fluid under pressure to
      said hydraulic control circuit, means for driving said pump, and a pump
      drive control circuit for controlling said pump drive means to vary the
      output of said pump in accordance with operation of said automatic
      transmission, said pump drive control circuit including means for
      maintaining said pump output at a lower level when no gear ratio shifting
      and no range shifting is occurring in said transmission, and means
      increasing the output of said pump to a higher level for a time period
      during operation of said servo means when gear ratio shifting or range
      shifting are occurring.
NUM  2.
PAR  2. A system according to claim 1 wherein said means for driving said pump
      comprises an electric motor having an electrical circuit for controlling
      operation thereof, and wherein said drive control circuit includes a
      parallel circuit having a first resistor connected in one leg thereof and
      a second resistor and a transistor connected in another leg thereof, means
      connecting said parallel circuit in series with said electrical circuit
      controlling said motor, and logic circuit means responsive to operation of
      said automatic transmission for switching said transistor between a
      conductive and a non-conductive state to vary the resistance in said
      electrical circuit controlling said motor whereby the operating speed of
      said motor may be varied to increase or decrease the output of said pump
      in accordance with the operating state of said transmission.
NUM  3.
PAR  3. A system according to claim 1 wherein said pump drive control circuit
      includes logic circuit means for applying a signal derived from automatic
      shifting means to said logic circuit means, means for applying a signal
      derived from said manual selecting means to said logic circuit means, said
      logic circuit means including means for coordinating said signals applied
      thereto and for applying a control signal representative of the operating
      condition of said automatic shifting means and of said manual selecting
      means as a control function to said pump drive means.
NUM  4.
PAR  4. A system according to claim 3 wherein said automatic shifting means
      include a shift signal generator comprising means for sensing the velocity
      of said vehicle and for generating a signal representative thereof, means
      for sensing the load upon an engine powering said vehicle and for
      generating a signal representative thereof, and means for comparing said
      signals generated by said velocity and load sensing means and for applying
      a control signal representative of said compared signals as a control
      function to both said hydraulic control circuit and to said logic circuit
      means.
NUM  5.
PAR  5. A system according to claim 4 wherein said transmission includes means
      defining a first, a second and a third gear ratio, wherein said automatic
      shifting means include first means for shifting said transmission between
      said first and said second gear ratios and second means for shifting said
      transmission between said second and said third gear ratios, and wherein
      said shift signal generator includes means for generating a pair of
      signals and for applying said pair of signals to said automatic shifting
      means, with one of said pair of signals being effective to control
      shifting of said transmission between said first and said second gear
      ratios and with the other of said pair of signals being effective to
      control shifting of said transmission between said second and said third
      gear ratios, said system further including first and second logic circuit
      elements formed as part of said logic circuit means, and means for
      applying one of said pair of signals to said first logic circuit element
      and the other of said pair of signals to said second logic circuit
      element.
NUM  6.
PAR  6. A system according to claim 5 including switch means for generating a
      signal representative of the range setting of said manual selecting means,
      and wherein said logic circuit means include a third logic circuit element
      connected to receive signals from said switch means and gate means
      connected to receive signals from said first, said second and said third
      logic circuit elements to derive therefrom a resultant control signal and
      to apply said resultant signal as a control function to said pump driving
      means.
NUM  7.
PAR  7. In an automotive vehicle powered by an internal combustion engine, a
      control system for controlling hydraulic pressure in a hydraulic control
      circuit for an automatic transmission of said vehicle,
PA1  said hydraulic control circuit including
PA2  electrically actuated means for controlling flow of hydraulic fluid in said
      hydraulic control circuit in response to electrical control signals
      applied thereto to effect automatic shifting of said transmission, said
      control system comprising:
PA2  shift signal generating means for applying electrical control signals to
      said electrically actuated means to effect automatic shifting of said
      transmission in accordance with the operating conditions of said vehicle,
      said shift signal generating means including
PA2  vehicle velocity detecting means for generating signals representative of
      the velocity of said vehicle,
PA2  engine load detecting means for generating signals representative of the
      load of said internal combustion engine, and
PA2  comparator means for comparing the signals emitted from said vehicle
      velocity detecting means and said engine load detecting means and for
      applying said signals to said electrically actuated means to control
      shifting of the gear ratios of said
PA1  transmission in accordance with the operating conditions of said vehicle;
PA1  range signal generating means including manual transmission range setting
      means for applying to said comparator means signals representative of a
      desired shift range setting for said transmission to control application
      of the control signals from said shift signal generating means to said
      electrically actuated means in accordance with said shift range setting;
PA1  fluid pump means including electrical drive circuit means for supplying
      hydraulic fluid under pressure to said hydraulic control circuit;
PA1  logic circuit means responsive to the control signals applied from said
      shift signal generating means to said electrically actuated means for
      applying fluid pressure control signals to said electrical drive circuit
      means to control the output of fluid supplied to said hydraulic control
      circuit by said fluid pump means;
PA1  said logic circuit means including means for maintaining the output of said
      fluid pump means at a predetermined lower level when no transmission gear
      ratio shifting and no change in said shift range setting is occurring and
      to increase the output of said fluid pump means to a higher level during
      the occurrence of changes in said transmission gear ratio and in said
      shift range setting.
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ABST
PAL  Two concurrently operated hydraulic brakes of an automotive transmission,
      actuated in an intermediate-speed ("second gear") position, are filled
      under the control of a slide valve whose slider in a normal position
      admits fluid at high rate to both brakes and thereafter assumes an
      unstable throttling position in which the fluid pressure gradually builds
      up in them to a value causing an associated plunger to return the slider
      to normal. One of the brakes, which is only unidirectionally effective,
      remains actuated also upon an upshift into a high-speed position ("third
      gear") whereas the other, bidirectionally effective brake is released upon
      such upshift under the control of a shift valve which cuts off the fluid
      flow to the latter brake and establishes a drainage path therefor by
      passing the slide valve.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a hydraulic actuating system of the type
      disclosed in commonly owned U.S. Pat. No. 3,610,070 in which two
      fluid-operated clutches or brakes, acting as drive-establishing means for
      an automotive transmission, are concurrently operable under the control of
      a set of valves in response to manually or automatically generated
      speed-selection commands.
PAC  BACKGROUND OF THE INVENTION
PAR  The system specifically described in the above-identified patent comprises,
      as a first and a second drive-establishing means, a unidirectionally
      effective and a bidirectionally effective brake which are both filled with
      high-pressure hydraulic fluid upon an upshift from a low-speed position
      ("first gear") into an intermediate-speed position ("second gear"), the
      engagement of both brakes being moderated by a control valve which in its
      normal position admits fluid to them at a relatively high rate but which,
      upon incipient pressure buildup in the unidirectionally effective first
      brake, is moved by fluid feedback into an off-normal position resulting in
      a throttled flow. After the fluid pressure in the first brake (which at
      this stage is directly connected to the second brake) has reached a
      predetermined level, the normal position of the control valve is
      re-established by a force-increasing action of that fluid pressure upon a
      biasing member opposing the off-normal displacement of this valve. Thus,
      the two brakes are under full supply pressure as soon as the upshift into
      second gear is completed.
PAR  A further upshift into a high-speed position ("third gear") requires the
      release of the bidirectionally effective second brake. This release is
      brought about by the draining of the feeder line of that brake via the
      normally positioned control valve and a 2-3 shift valve in tandem
      therewith. In the event of a subsequent downshift to second gear, the
      first brake is already actuated so that only the second brake need be
      supplied with fluid; this occurs in response to a return of the 2-3 shift
      valve from an upshifting to a downshifting position, with no further
      intervention of the control valve in tandem therewith.
PAR  If the upshift into third gear occurs before the second-gear position is
      fully established, i.e. with the control valve still in its off-normal
      throttling position, the draining of the bidirectionally effective brake
      cannot take place immediately but must await the restoration of the
      control valve to normal. The resulting delay may lead to concurrent
      actuation of the two brakes and of a clutch effective in third gear only
      whereby, with these three drive-establishing means acting upon a common
      movable element (shaft) of a planetary-gear transmission, the system jams
      for brief periods during which the affected components are subjected to
      excessive stress.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of our present invention is to provide an improved
      system of the type referred to in which shocks and strains due to
      inadmissible simultaneous actuation of several drive-establishing means
      are avoided.
PAR  A more particular object is to provide means in such a system for smoothing
      the upshift from second to third gear.
PAC  SUMMARY OF THE INVENTION
PAR  We realize these objects, in conformity with our present improvement, by
      the provision of drain means for the second drive-establishing means
      (specifically for the bidirectionally operating brake) effective in the
      blocking position of the 2-3 shift valve independently of the position of
      the associated control valve.
PAR  In accordance with a more particular feature of our invention, the feeder
      line for the second drive-establishing means (referred to hereinafter, for
      convenience, as a brake) is split into two sections, i.e. a first section
      extending from the control valve to a first port of another valve cylinder
      and a second section extending from a second port of that cylinder to the
      second brake. In the unblocking position of the 2-3 shift valve, a piston
      in the valve cylinder interconnects the two ports; in the blocking
      position, it obstructs the first port and connects the second port to a
      drain.
PAR  The piston and cylinder inserted in this feeder line may form part of the
      2-3 shift valve or may be indirectly controlled thereby through the
      intermediary of a discharge port which communicates with the fluid-supply
      channel in the blocking position of this valve and applies fluid pressure,
      counteracting a restoring force, to the piston of the drain valve. In the
      latter case the same discharge port advantageously feeds a third
      drive-establishing means, namely the aforementioned clutch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a longitudinal sectional view of a control system for an
      automotive transmission according to the invention, illustrated in an
      unstable position during upshifting from first to second gear;
PAR  FIG. 2 is a view similar to FIG. 1, showing a modification; and
PAR  FIG. 3 is a diagrammatic representation of a planetary transmission system
      provided with clutches and brakes controlled in part by the mechanism of
      FIGS. 1 or 2.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  Throughout the drawing, as far as practical, elements having counterparts
      in commonly owned U.S. Pat. No. 3,610,070 have been designated by the same
      reference characters.
PAR  The principal components of the system of FIG. 1 are a first shift valve 70
      (for the 1-2 shift), a second shift valve 90 (for the 2-3 shift), a
      further or control valve 150, an associated damper 160, a pair of clutches
      K1, K2, a unidirectionally effective brake B1F and a bidirectionally
      effective brake B1. A further brake B2, not shown in FIGS. 1 and 2, has
      been illustrated in FIG. 3. Clutch K1, actuated in all forward positions,
      is directly connected to a source of fluid pressure, represented by a
      conduit 208, via extension conduits 208a and 208b. Shift valves 70 and 90
      may be actuated manually or automatically, the latter in response to such
      parameters as the position of an accelerator pedal and the speed of the
      wheels or of the drive shaft of the vehicle; their respective inlet ports
      240 and 241 communicate with a nonillustrated pressure regulator as more
      fully described in the above-identified patent. A conventional manual
      selector, also not shown, controls the admission of hydraulic fluid to the
      conduit 208 at a pressure which may vary with load, i.e. with the position
      of a nonillustrated accelerator.
PAR  Valves 70 and 90 are similar to each other and include each a piston 71 or
      91 and a slider 76 or 98 integral therewith. The piston has two heads 71a,
      71b or 91a, 91b whereas the slider has three heads 76a, 76b, 76c or 98a,
      98b, 98c. The two piston heads 91a and 91b are somewhat different in
      diameter whereby hydraulic fluid such as oil, admitted under pressure to
      the intervening space through an inlet port 220a, tends to maintain the
      piston 91 and its slider 98 in the illustrated normal, left-hand position.
      Both pistons 71 and 91 are continuously urged toward the left by
      respective biasing springs 83 and 105 acting upon the heads 76c and 98c of
      their sliders; this action can be reinforced, under certain operating
      conditions not here material, by fluid entering their spring chambers
      through conduits 236 and 220d. Upon a shifting of the pistons to their
      off-normal positions, as illustrated for the valve 70, differential
      pressure can be exerted upon their differently dimensioned heads 71a, 71b
      and 91a, 91b by fluid arriving through respective conduits 236b and 221.
      The cylinders of these valves are further provided with ring channels 75
      and 97 vented to the sump or the low-pressure side of a supply pump not
      shown, as indicated by V-shaped symbols in the drawing.
PAR  Slider 76, when retracted to the left, connects inlet 209 with an outlet
      212 leading to brake B2 whereby that brake can be operated at low speed
      (first gear) in certain selector positions in which conduit 209 receives
      fluid. In the reverse position of the selector, in which conduit 208 is
      drained, fluid reaches the brake B2 directly from the selector over a path
      independent of valves 70 and 90; under these circumstances, clutch K2 is
      operated by fluid passing through the unshifted valve 90 from conduit 210
      through a conduit 215. Clutch K2 is also operable in the shifted position
      of valves 70 and 90, i.e. at high speed (third gear), by fluid passing
      from conduit 208 through 1-2 shift valve 70 to a line 213 terminating at a
      ring channel 101 of the cylinder of 2-3 shift valve 90. In the illustrated
      shifted position of valve 70, which may be considered the basic position
      of that valve for purposes of the present description, line 213
      continuously communicates with supply conduit 208 to receive high-pressure
      oil therefrom.
PAR  Two further ring channels 102 and 103 in the cylinder of valve 90
      communicate with each other in the illustrated unshifted position of that
      valve, which may be referred to as an unblocking position since it permits
      the flow of high-pressure oil from a branch 214 of line 213 to the inlet
      375 of brake B1 via a feeder line divided into two sections 403, 401;
      section 403 extends from a ring channel 157 of the housing of control
      valve 150, through an adjoining outlet, to a first port communicating with
      ring channel 102 whereas section 401 extends from an adjoining second
      port, communicating with ring channel 103, to the brake inlet 375 by way
      of a constriction 402. Branch line 214 terminates at two ring channels
      153, 156 of control valve 150 which has a slider 151 provided with three
      axially spaced heads 151a, 151b, 151c. A boss 151d at the free end of head
      151a maintains a certain clearance 152 adjacent that head in the retracted
      (left-hand) position into which the slider is urged by a biasing spring
      162 bearing upon a disk 158 which is seated on a boss 151e projecting from
      the opposite slider end at head 151c. Spring 162 is partly received in a
      cup-shaped plunger 161 whose outer face confronts a space 164 within its
      cylinder 163 communicating with a conduit 166 via a branch 165 containing
      a constriction 165a. Conduit 166, which terminates at unidirectionally
      effective brake B1F, also has an extension 166b with a constriction 166a
      leading to clearance 152 behind slider head 151a. Two other branches 166c
      and 166d of conduit 166 enter the housing of the slider 151 via ring
      channels 154 and 257 which, in the illustrated off-normal slider position,
      communicate with two axial recesses respectively defined by the three
      heads 151a, 151b, 151c. Another ring channel 155, vented to the sump, lies
      next to the ring channel 156 which adjoins the channel 157 communicating
      with feeder-line section 403. An extension 214a of branch line 214, lying
      between ring channels 153 and 156, is provided with a constriction 400
      designed to insure a sufficient supply of oil for brake B1F.
PAR  Also connected to the inlet 375 of brake B1 is a damper 370 whose housing
      373 contains a plunger 371 loaded by a compression spring 372 so as to
      yield in response to an initial pressure buildup in line 401. Housing 373
      is vented at 374, i.e. behind the plunger 371.
PAR  Finally, a conduit 222 terminating at plunger housing 163 behind the disk
      151 carries fluid pressure which may be a function of some controlling
      parameter and which in this specific instance is assumed to vary in
      response to the position of the accelerator or gas pedal so as to rise
      with increasing loads while being always less than the supply pressure in
      conduit 208. Reference may also be made in this connection to commonly
      owned U.S. Pat. No. 3,583,422.
PAR  With the system of FIG. 1 in its low-speed position corresponding to first
      gear, insufficient fluid pressure is applied to valves 70 and 90 to
      displace them against the restoring force of their respective springs 83
      and 105. Thus, only the clutch K1 is actuated at this time, conduit 210
      being cut off from pressure by the selector in its forward position. As
      the vehicular speed sensed by the pressure regulator increases, piston 71
      and slider 76 of valve 70 shift to the right whereby hydraulic fluid from
      supply conduit 208 reaches the line 213 and its branch 214. With the
      slider 151 of valve 150 initially in its normal position, in which the
      stop 151d contacts the left-hand end wall of its housing, the fluid in
      line 214 is free to flow at a relatively high rate into conduits 410 and
      403 to fill up the brakes B1F and B1. With brake B1F filling slightly
      faster than brake B1 in view of the constriction 400, a reaction pressure
      develops in the feedback line 166b which drives the slider 151 into its
      illustrated off-normal position. In this unstable position the slider
      heads 151a and 151b, by alternately cracking open the ring channels 153
      and 155, establish an equilibrium condition in which the fluid pressure in
      line 166 builds up gradually to a point where a component thereof,
      transmitted to plunger housing 163 via constriction 165a, suffices to
      displace the plunger 161 to the left against the force of spring 162
      whereupon the plunger, acting through disk 158, restores the original
      normal position of slider 151. Reference in this connection may be made to
      commonly owned U.S. Pat. No. 3,593,599.
PAR  In the illustrated position of unstable equilibrium, line 403 is cut off
      from line 214 by the slider head 151b but communicates with line 166
      through its spur 166d; thus, the same throttled fluid pressure acts at
      this stage upon brakes B1F and B1. If, now, the pressure in inlet 241
      rises sufficiently to move the piston 91 of valve 90 to the right, i.e. to
      upshift the system into its high-speed position, piston head 98b cuts off
      the ring channel 102 and interconnects the two ring channels 103 and 104
      whereby line 401 is vented to the sump at 104 so as to drain the brake B1
      and the associated damper 370. This draining operation is independent of
      the position of slider 151 and will therefore also occur if the upshift
      follows a return of the slider to normal.
PAR  The system of FIG. 2 differs from that of FIG. 1 by the provision of an
      ancillary valve 500 inserted between two sections 175a, 175b of the feeder
      line of brake B1: section 175a extends from ring channel 157 to a first
      port 500a of the cylinder of valve 500, whereas section 175b extends from
      a second port 500b  thereof to brake inlet 375. A third port 500c is
      vented to the sump whereas a fourth port 500d communicates with a branch
      215a of the feeder line 215 for clutch K2. Valve 500 has a piston 502
      biased by a spring 501 into its illustrated position in which ports 500a
      and 500b are connected so that oil can flow from valve 150 through line
      sections 175a, 175b to brake B1 and damper 370.
PAR  Upon an upshift into third gear, the rightward displacement of piston 91
      loads the clutch K2 as lines 213 and 215 are connected by the space
      separating slider heads 98a and 98b. The same fluid pressure now acts upon
      piston 502 which is thereby displaced to the right, against the restoring
      force of spring 501, to obstruct the line 175a while connecting the line
      175b to the sump at 500c. Again, as in the preceding embodiment, the brake
      B1 and the associated damper 370 are drained under the exclusive control
      of the 2-3 shift valve 90 independently of the position of control valve
      150.
PAR  The feeder line 401 of the brake B1 in FIG. 1 and the corresponding line
      216 in FIG. 2 are provided with restricted branch lines 401a and 216b,
      respectively, which extend from the supply conduit 208b and serve to fill
      these feeder lines with oil at low pressure, further limited by the
      respective constrictions 402 and 216a, in the low-speed position (piston
      71 retracted to the left) in which these lines are otherwise cut off from
      the fluid source working into conduit 208. This measure accelerates the
      actuation of brakes B1F and B1 upon a subsequent upshift.
PAR  In FIG. 3 we have shown additional elements of the planetary-gear
      transmission system served by the clutches K1, K2 and the brakes B1, B1F
      and B2. The system comprises an input shaft A, several intermediate shafts
      I, II, III disposed in nested coaxial relationship, and an output shaft
      IV. The clutches and brakes are schematically shown as including disks
      co-operating with hydraulically operable clamp jaws. Clutches K1 and K2
      are actuatable to connect input shaft A with intermediate shaft I or II,
      respectively, brakes B1F and B1 serve to arrest the intermediate shaft II
      whereas brake B2 fulfills the same function with reference to shaft III.
      Brake B1F is rendered unidirectionally effective by the interposition of a
      one-way coupling F, such as on overrunning clutch, between its disk and
      the shaft II. A similar one-way coupling G prevents reverse rotation of
      shaft III independently of brake B2.
PAR  Two planetary-gear assemblies include respective sun gears, S.sub.1,
      S.sub.2 keyed to shaft II, a first ring gear R.sub.1 keyed to output shaft
      IV, a second ring gear R.sub.2 keyed to shaft I, and a pair of carrier
      disks T.sub.1, T.sub.2 supporting planetary gears P.sub.1, P.sub.2
      respectively in mesh with gears S.sub.1, R.sub.1 and S.sub.2, R.sub.2.
      Planet carrier T.sub.1 is rigid with shaft III whereas planet carrier
      T.sub.2 is unitary with ring gear R.sub.1.
PAR  The following Table summarizes the engaged (+) and disengaged (-) positions
      of clutches K1, K2, brakes B1F, B1, B2, and one-way couplings F, G in the
      three forward-speed positions "low", "intermediate" and "high" as well as
      in reverse:
TBL          K1    K2      B1F      B1   B2   F   G                            
     ______________________________________                                    
     low       +       -       -      -    +    -   +                          
     intermediate                                                              
               +       -       +      +    -    +   -                          
     high      +       +       +      -    -    -   -                          
     reverse   -       +       -      -    +    -   -                          
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fluid-operated load-control system, in combination:
PA1  first, second and third fluid-actuatable drive-establishing means for
      controlling the torque ratio of a vehicular transmission;
PA1  a supply line;
PA1  first valve means for connecting said supply line to a source of
      high-pressure fluid in a basic position and to a drain in an alternate
      position;
PA1  further valve means in tandem with said first valve means controlling the
      admission of fluid from said supply line to said first drive-establishing
      means;
PA1  second valve means in tandem with said first valve means controlling,
      jointly with said further valve means, the admission of fluid from said
      supply line to said second drive-establishing means, said further valve
      means being effective in a normal position to admit fluid at a relatively
      high rate from said supply line to said first and second
      drive-establishing means, said further valve means being effective in an
      off-normal position to throttle the fluid flow from said supply line to
      said first and second drive-establishing means, said second valve means
      having a downshifting position for cutting off the fluid flow to said
      third drive-establishing means and an upshifting position for cutting off
      the fluid flow to said second drive-establishing means;
PA1  fluid-feedback means extending from said first drive-establishing means to
      said further valve means for displacing same from said normal to said
      off-normal position upon incipient pressure buildup in said first
      drive-establishing means;
PA1  biasing means opposing displacement of said further valve means by said
      fluid-feedback means;
PA1  throttled conduit means extending from said first drive-establishing means
      to said biasing means for exerting thereon a force-increasing action
      re-establishing said normal position upon a predetermined rise in the
      pressure of the fluid admitted to said first drive-establishing means; and
PA1  drain means for said second drive-establishing means effective in said
      upshifting position of said second valve means independently of the
      position of said further valve means for preventing concurrent
      pressurization of all said drive-establishing means.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said first and second
      drive-establishing means are respectively provided with a first feeder
      line and a second feeder line, said fluid-feedback means including a
      branch of said first feeder line, said drain means being inserted in said
      second feeder line.
NUM  3.
PAR  3. The combination defined in claim 2 wherein said further valve means
      comprises a housing provided with inlet means and with first and second
      outlets respectively connected to said first and said second feeder line,
      said outlets communicating with said inlet means in said normal position,
      and a slider in said housing disconnecting said second outlet from said
      inlet means and interconnecting said outlets in said off-normal position.
NUM  4.
PAR  4. The combination defined in claim 2 wherein said drain means comprises a
      cylinder with a first and a second port and a piston slidable in said
      cylinder, said second feeder line being divided into a first section
      extending from said further valve means to said first port and a second
      section extending from said second port to said second drive-establishing
      means, said piston interconnecting said first and second ports in said
      downshifting position but obstructing said first port and connecting said
      second port to a drain in said upshifting position.
NUM  5.
PAR  5. The combination defined in claim 4 wherein said first section is
      provided with a restricted connection linking same, at least in the normal
      position of said further valve means, to said source independently of said
      first valve means.
NUM  6.
PAR  6. The combination defined in claim 4 wherein said cylinder and said piston
      are part of said second valve means.
NUM  7.
PAR  7. The combination defined in claim 4 wherein said second valve means has a
      discharge port communicating with said supply line in said upshifting
      position, said discharge port being connected to said cylinder for
      shifting said piston against a restoring force acting thereon.
NUM  8.
PAR  8. The combination defined in claim 7, wherein said third
      drive-establishing means is connected to said discharge port for actuation
      in said upshifting position.
NUM  9.
PAR  9. The combination defined in claim 1 wherein said first drive-establishing
      means is a unidirectionally effective hydraulic brake and said second
      drive-establishing means is a bidirectionally effective hydraulic brake,
      said third drive-establishing means comprising a hydraulic clutch
      connectable by said second valve means to said supply line for actuation
      in said basic position of said first valve means and in said blocking
      position of said second valve means.
NUM  10.
PAR  10. The combination defined in claim 9 wherein said transmission includes
      an input shaft, an output shaft and planetary gearing for selectively
      establishing a low, an intermediate and a high speed ratio between said
      shaft, said brakes being conjointly engageable with a movable element of
      said planetary gearing to establish said intermediate speed ratio, said
      clutch upon actuation coupling said movable element with said input shaft
      to establish said high speed ratio.
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PAL  A pipe and tube end preparation apparatus for simultaneously cutting an
      inside and an outside chamfer on a tube end is herein disclosed. The
      apparatus generally includes a tube holder and a housing connected to the
      tube holder. A head carriage mechanism is connected to the housing. The
      head carriage mechanism is progressively axially movable with respect to
      the tube holder and the housing. A drive train is rotatably supported by
      the head carriage mechanism. A cutter head assembly is fixed to the drive
      train. The cutter head assembly includes an inside chamfer cutter and an
      opposed outside chamfer cutter, which acts as a cutting guide for the
      inside chamfer cutter. A tube end, which is to be prepared, is secured by
      the tube holder. The drive train rotates the cutter head assembly with
      respect to the tube end. The head carriage mechanism advances the rotating
      cutter head assembly into cutting engagement with the tube end, thus
      simultaneously forming an inside chamfer and an outside chamfer on the
      tube end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  From time to time, it is necessary to weld two pieces of tubing of the same
      diameter end to end. The ends of the tubing to be joined are prepared
      prior to welding in order to obtain a strong weld. It is good practice to
      prepare the tube ends by forming an inside and an outside chamfer on each
      tube end. The inside chamfers receive a chill ring; and the outside
      chamfers form a symmetric welding notch when the tube ends are abutted for
      welding.
PAR  In the power-generating industry, internal pressures of more than 1,000
      p.s.i. are sustained by boiler tube; such pressures are accompanied by
      high temperatures. Welds made in boiler tube would be called upon to
      withstand high pressures and temperatures.
PAR  The present methods of preparing boiler tube ends for welding are
      inefficient. A common method of preparing boiler tube ends for welding
      involves forming the inside chamfer and the outside chamfer in separate
      operations. The inside chamfer is formed by a conical cutter. The outside
      chamfer is formed by a device similar to the one herein disclosed, but
      having a single outside chamfer cutter. The present methods of preparing
      boiler tube ends are time-consuming because they involve two steps. Since
      the chamfer-forming operations are performed independently, there is a
      likelihood that the inside and outside chamfers will not be concentric;
      and may even be skewed. If the chamfers are non-concentric, skewed or
      both, the weld subsequently formed may have diminished structural
      integrity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a pipe and tube end preparation apparatus,
      which has a tube holder and a housing connected to the tube holder. A head
      carriage mechanism is connected to the housing. The head carriage
      mechanism is progressively axially movable with respect to the tube holder
      and housing. A rotary drive train is supported by the head carriage
      mechanism. A cutter head assembly, having an inside chamfer cutter and an
      opposed outside chamfer cutter, is connected to the drive train. The
      outside chamfer cutter acts as a cutting guide for the inside chamfer
      cutter. The tube holder and housing share a common central axis. The
      cutter head assembly rotates about the common central axis; and also moves
      axially with the head carriage mechanism.
PAR  In operation, a length of tube, having a tube end to be prepared, is
      secured in the tube holder. Rotational motion from a suitable external
      source is transmitted via the drive train to the cutter head assembly. The
      head carriage mechanism is advanced so as to bring the cutter head
      assembly into cutting engagement with the tube end to be prepared. As the
      cutter head assembly simultaneously cuts an inside chamfer and an outside
      chamfer on the tube end, the head carriage mechanism progressively
      advances the cutter head assembly a selected amount to complete the
      chamfer cuts.
PAR  It is a principal object of the present invention to provide a tube end
      preparation apparatus having an inside chamfer cutter and an outside
      chamfer cutter in which the outside chamfer cutter acts as a cutting guide
      for the inside chamfer cutter.
PAR  It is another object of the present invention to provide a tube end
      preparation apparatus having a pair of opposed chamfer cutters.
PAR  It is a further object of the present invention to provide a tube end
      preparation apparatus which will cut a chamfer concentric with the center
      of a tube.
PAR  It is a still further object of the instant invention to provide a tube end
      preparation apparatus which is portable and convenient to use.
PAR  It is a still further object of the present invention to provide a tube end
      preparation apparatus which is easy to control.
PAR  It is still another object of the instant invention to provide a tube end
      preparation apparatus which has easily replaceable chamfer cutters.
PAR  Other objects and uses of the present invention will become readily
      apparent to those skilled in the art upon a perusal of the following
      specification in light of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a tube end preparation apparatus,
      which is a specific embodiment of the present invention;
PAR  FIG. 2 is a cross-sectional view of the tube end preparation apparatus of
      FIG. 1;
PAR  FIG. 3 is a fragmentary side elevational view, showing a portion of the
      present invention in cross-section, with the chamfer cutters positioned in
      cutting engagement with a tube end;
PAR  FIG. 4 is an end view of a portion of the present invention, showing a
      fragmentary portion of the tube holder; and
PAR  FIG. 5 is a cross-sectional view, taken on Line 5--5 of FIG. 1, showing
      details of the chamfer cutters.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and especially to FIGS. 1 and 2, a tube end
      preparation apparatus embodying the present invention is generally
      indicated by numeral 10. (It is to be understood that the use of the word
      tube herein is generic and applies to pipe as well as to tube.) Tube end
      preparation apparatus 10 generally includes a tube holder 12. Tube holder
      12 is adapted for receipt of a circular cross-section tube. A housing 14
      is connected to tube holder 12. A head carriage mechanism 16 is insertably
      positioned within housing 14, and is axially movable therein. A drive
      train 18 is rotatably supported by head carriage mechanism 16. A cutter
      head assembly 20 is attached to drive train 18, and is rotatable with
      drive train 18 with respect to tube holder 12. Drive train 18 is adapted
      for receiving rotational energy from an external source and transmitting
      the rotational energy to cutter head assembly 20. When a tube end to be
      prepared is secured in tube holder 12, rotating cutter head assembly 20 is
      advanced into cutting engagement with the tube end by head carriage
      mechanism 16.
PAR  Tube holder 12 includes a split clamp ring 22, having a ring gap 24. A pair
      of perforated clamp ears 26 and 28 are welded adjacent ring gap 24. A
      tightening bolt 30 passes through clamp ear 26 and is threadedly received
      by clamp ear 28. A central axis 32 passes through split clamp ring 22. A
      plurality of triangular legs 34, 36 and 38 is welded to split clamp ring
      22 at equidistant points about split clamp ring 22. Split clamp ring 22 is
      oriented so that ring gap 24 is positioned opposite triangular leg 36.
      Legs 34, 36 and 38 extend from split clamp ring 22 parallel to central
      axis 32.
PAR  Housing 14 is of a generally cylindrical shape and has a centrally located
      cylindrical bore 40. Housing 14 has a top face 42, a bottom face 44 and a
      cylindrical outer wall 46. A plurality of perforated support ears 48, 50
      and 52 is welded flush with bottom face 44 to outer wall 46 of housing 14
      at equidistant points about housing 14. Legs 36 and 38 are connected,
      respectively, to support ears 50 and 52 by a pair of bolts 54 and 56. Leg
      34 is connected to support ear 48 in a similar fashion. Housing 14 and
      bore 40 are also concentric about central axis 32 with split clamp ring
      22.
PAR  A pair of arcuate posts 58 and 60 are formed coextensive with outer wall 46
      and extend perpendicularly from top face 42 of housing 14. A circular
      housing cap 62, having a circular central aperture 64, is held to arcuate
      posts 58 and 60 by a pair of threaded fasteners 66 and 68.
PAR  Head carriage mechanism 16 includes a threaded collar 70, having a
      plurality of threaded radial apertures 72, 74 and 76. Threaded collar 70
      is rotatably seated between housing cap 62 and top face 42. An elongated
      cylindrical threaded carrier sleeve 78, having a peripheral longitudinal
      groove 80, passes through aperture 64; threadedly engages threaded collar
      70; and is transversely supported by bore 40 of housing 14. A pair of lock
      pins 82 and 84, mounted in housing 14, engages longitudinal groove 80 of
      threaded carrier sleeve 78.
PAR  Drive train 18 includes an elongated cylindrical drive shaft 86, which is
      rotatably supported by threaded carrier sleeve 78. A cylindrical hub 88,
      adapted for engagement with a source of rotational motion such as a belt
      drive, is connected to one end of drive shaft 86. The end of drive shaft
      86, having hub 88 connected to it, is threaded to receive a pair of lock
      nuts 90 and 92. A sleeve cap 94 is connected to the other end of drive
      shaft 86. Lock nuts 90 and 92, and sleeve cap 94, are rotatable with drive
      shaft 86 and longitudinally support drive shaft 86 within threaded carrier
      sleeve 78.
PAR  Cutter head assembly 20 is connected to sleeve cap 94. Cutter head assembly
      20 includes a cutter head 96. An inside chamfer cutter 98, having a
      cutting edge 100, is secured to cutter head 96 by a plurality of cap
      screws 102, 104 and 106. Inside chamfer cutter 98 is positioned with
      cutting edge 100 at, approximately, a 10.degree. angle with central axis
      32. An outside chamfer cutter 108, having a cutting edge 110, is secured
      to cutter head 96, opposite inside chamfer cutter 98, in a similar
      fashion. Outside chamfer cutter 108 is positioned with cutting edge 110,
      at, approximately, a 52.degree. angle with central axis 32. Cutting edges
      100 and 110 are positioned opposite one another on cutter head 96, as is
      shown in FIG. 5. Cutter head assembly 20 is rotatable about central axis
      32.
PAR  Rotation of threaded collar 70 results in an axial or longitudinal movement
      of threaded carrier sleeve 78 along bore 40. Drive train 18 and cutter
      head assembly 20 move with threaded carrier sleeve 78. A clockwise
      rotation of threaded collar 70 moves inside chamfer cutter 98 and outside
      chamfer cutter 108 away from split clamp ring 22. A counterclockwise
      rotation of threaded collar 70 moves inside chamfer cutter 98 and outside
      chamfer cutter 108 toward split clamp ring 22. Threaded radial apertures
      72, 74 and 76 of threaded collar 70 are designed for the receipt of an
      appropriate moment arm to reduce the amount of effort required to produce
      a torque on threaded collar 70. Threaded carrier sleeve 78 is prevented
      from rotating by lock pins 82 and 84, which engage groove 80.
PAR  Referring now to FIG. 3, a piece of boiler tube 112, having an end 114
      which is to be prepared for welding, is inserted into split clamp ring 22.
      Tightening bolt 30 is turned clockwise, drawing clamp ears 26 and 28
      together, thereby narrowing ring gap 24 and securely centering boiler tube
      end 114 beneath cutter head assembly 20. A source of rotational motion
      116, such as a belt drive, is connected to hub 88, thereby effecting
      rotation of drive train 18 and cutter head assembly 20.
PAR  Threaded collar 70 is rotated counterclockwise, thus bringing rotating
      chamfer cutters 98 and 108 (and their respective cutting edges 100 and
      110) into cutting engagement with boiler tube end 114. Inside chamfer
      cutter 98 begins cutting an inside chamfer 118 on tube end 114; and
      outside chamfer cutter 108 begins cutting an outside chamfer 120 on tube
      end 114. Threaded collar 70 is again rotated clockwise so as to
      progressively advance chamfer cutters 98 and 108 to complete the formation
      of inside chamfer 118 and outside chamfer 120. Upon completion, threaded
      collar 70 is rotated counterclockwise to move cutter head assembly 20 out
      of contact with boiler tube end 114. Rotating drive train 18 and cutter
      head assembly 20 are stopped; and boiler tube 112 is removed from split
      clamp ring 22.
PAR  Since boiler tube 112 is held centered with, and perpendicular to, central
      axis 32, inside chamfer 118 and outside chamfer 120 are simultaneously
      formed concentric with tube end 114 and are not skewed.
PAR  It may be appreciated that cutting edge 110 operates at a markedly steeper
      cutting angle than cutting edge 100 and contacts a larger area of tube end
      114 than does cutting edge 100. The larger contact area traversed by
      cutting edge 110 provides more support for cutting edge 110 than the
      correspondingly smaller contact area provides for cutting edge 100. Since
      cutting edge 110 has a greater degree of support than cutting edge 100,
      cutting edge 110 is less likely to gouge tube end 114 than cutting edge
      100. Hence, cutting edge 110 provides positive control over cutter head
      assembly 20 and cutting edge 100 does not have an opportunity to gouge the
      smaller area which it engages.
PAR  As tube end preparation apparatus 10 is used, cutting edges 100 and 110 are
      worn down. Inside chamfer cutter 98 may be easily removed from cutter head
      96 for repair or replacement by backing off cap screws 102, 104 and 106;
      removing inside chamfer cutter 98; inserting a new inside chamfer cutter;
      and tightening cap screws 102, 104 and 106. Outside chamfer cutter 108 can
      be easily replaced in a similar fashion.
PAR  It may be appreciated that cutting uniform concentric inside and outside
      chamfers simultaneously on a tube end is a simple process with the present
      invention. One need only secure a tube end to be prepared in split clamp
      ring 22, supply rotational motion to hub 88 and progressively advance
      cutter head assembly 20 into cutting engagement with the tube end to be
      prepared to form such chamfers.
PAR  It may also be appreciated that the present invention is particularly
      adapted for in situ tube end preparation since it is portable; and, as
      mentioned above, easy to set up and use.
PAR  Although a specific embodiment of the herein-disclosed invention has been
      described in detail above, it may be appreciated that those skilled in the
      art may make various modifications and changes in the specific tube end
      preparation apparatus herein disclosed without departing from the spirit
      and scope of the present invention. It is to be expressly understood that
      the instant invention is limited only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable tube end preparation apparatus for preparing a tube end for
      welding comprising: a tube holder adapted for being fixedly mounted on the
      tube end to be prepared; a housing connected to said tube holder; said
      tube holder and said housing having a common central axis; a head carriage
      mechanism connected to said housing, said head carriage mechanism being
      movable with respect to said housing parallel to said central axis; a
      drive train rotatably supported by the head carriage mechanism and movable
      therewith, said drive train being rotatable about the central axis; and a
      cutter head assembly connected to said drive train for rotation about the
      central axis by said drive train, said cutter head assembly having a pair
      of diametrically opposed chamfer cutters, one chamfer cutter of said pair
      being adapted for forming an inside chamfer on the tube end, and the other
      chamfer cutter of said pair being adapted for forming an outside chamfer
      on the tube end.
NUM  2.
PAR  2. A portable tube end preparation apparatus as defined in claim 1 in
      which; the inside chamfer cutter has an inside chamfer cutting edge
      disposed at a shallow angle with the central axis; and the outside chamfer
      cutter has an outside chamfer cutting edge disposed with said central axis
      at a substantially greater angle than said inside chamfer cutter, said
      outside chamfer cutter acting as a cutting guide for said inside chamfer
      cutter.
NUM  3.
PAR  3. A portable tube end preparation apparatus as defined in claim 2 in which
      the outside chamfer cutting edge is disposed with the central axis at
      approximately five times the angle of said inside chamfer cutting edge.
NUM  4.
PAR  4. A portable tube end preparation apparatus for preparing a tube end for
      welding comprising: a split clamp ring adapted for connection with the
      tube end to be prepared; a first leg, a second leg and a third leg
      connected to said split clamp ring at equidistant points about said split
      clamp ring; a cylindrical housing having a centrally located bore, said
      cylindrical housing being connected to said first leg, second leg and
      third leg at equidistant points about said cylindrical housing; a threaded
      carrier sleeve positioned within said bore, said threaded carrier sleeve
      being capable of longitudinal motion through said bore; a threaded collar
      threadedly engaging said threaded carrier sleeve, said threaded collar
      being mounted in engagement with said housing, said threaded collar also
      being adapted to move said threaded carrier sleeve longitudinally within
      said bore when said threaded collar is rotated; an elongated drive shaft
      rotatably supported by and longitudinally movable with said threaded
      carrier sleeve; a hub connected to one end of said elongated drive shaft
      for rotatable engagement with an external power source; a cutter head
      connected to the other end of said elongated drive shaft, said cutter head
      being rotatable with said hub and longitudinally movable with said
      threaded carrier sleeve; an inside chamfer cutter removably connected to
      the cutter head, said inside chamfer cutter being adapted to form an
      inside chamfer on the tube end to be prepared; and an outside chamfer
      cutter positioned diametrically opposite said inside chamfer cutter and
      removably connected to the cutter head, said outside chamfer cutter being
      adapted to form an outside chamfer on the tube end to be prepared.
NUM  5.
PAR  5. A portable tube end preparation apparatus for preparing a tube end for
      welding as defined in claim 4, in which the split clamp ring, the
      cylindrical housing, the threaded carrier sleeve, the hub, the drive shaft
      and the cutter head are concentric about a common central axis.
NUM  6.
PAR  6. A portable tube end preparation apparatus as defined in claim 5 in
      which; the inside chamfer cutter has an inside chamfer cutting edge
      disposed at a shallow angle with the central axis; and the outside chamfer
      cutter has an outside chamfer cutting edge disposed with said central axis
      at a substantially greater angle than said inside chamfer cutter, said
      outside chamfer cutter acting as a cutting guide for said inside chamfer
      cutter.
NUM  7.
PAR  7. A portable tube end preparation apparatus as defined in claim 6 in which
      the outside chamfer cutting edge is disposed with the central axis at
      approximately five times the angle of said inside chamfer cutting edge.
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ABST
PAL  Glass ampules are individual hermetically sealed units containing liquid
      medication. Some United States manufactured ampules and a large proportion
      of foreign ampules are available as unscored. In order to open and
      withdraw the contents of such ampules they have to be scored. This is
      generally done with a small steel file.
PAL  The proposed invention consists of a guillotine type device wherein a small
      steel file is held in a slit arrangement in the lower and upper portion of
      the guillotine on which the ampule neck is rotated thereby scoring the
      ampule neck which is subsequently snapped off. The lower and upper parts
      of the guillotine have two (2) guide posts which permit the top portion
      thereof to move up and down to accomodate and score all size ampules from
      1cc to 50cc inclusive.
BSUM
PAR  The present invention concerns an ampule scorer.
PAR  There are known a number of ampule cutters or scorers such as e.g. in U.S.
      Pat. Nos. 1,584,572-Bellow; 2,199,807 Moreira; and 2,488,956-Yeskette.
PAR  All these ampule cutters score the glass in a superficial and uneven manner
      only and in order to score a deeper line, which is required to get a clean
      break of the glass, great pressure on the glass tube or ampule must be
      applied. It often happens that the ampule or glass tube breaks in the
      operator's hand, causing injury and waste.
PAR  In the Bellow Patent the chief drawback is the fact that the ampule can not
      be guided while being rotated to effect an exact scoring line. The same
      holds true for the Yeskett patent. While in the Moreira patent only glass
      tubes can be cut, it is not suitable for the scoring or cutting of ampules
      whose head has indentations at its neck, since this patent is adjustable
      for the length of glass tubes only which tubes all have the same diameter
      throughout.
PAR  It is the object of the present invention to provide means for scoring
      ampules of all sizes with a view to making the breaking open of said
      ampules easy, exact, and to prevent any jagged edges or breaking of fine
      pieces of glass, which could possibly impair the liquid contained in said
      ampules or injure the person handling it.
PAR  The invention consists in an ampule scorer comprising two elongated bodies,
      one being movable relative to the other along guide means, a flat file
      being removably inserted in the adjacent flat edges of said bodies in such
      manner that both files lie in one plane with their teeth facing each
      other, and remain in this position when one body is moved relative the
      other.
PAR  When an ampule is to be scored the two bodies are removed for a sufficient
      distance from each other so that the head of the ampule can be inserted
      between said files, the bodies are held one against the other without
      undue pressure and the ampule is turned between the two files so that a
      perfect scoring line can be effected.
DRWD
     The invention is illustrated, by way of example only, in the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of the ampule scorer according to the
      invention;
PAR  FIG. 2 is a plan view of one body thereof;
PAR  FIG. 3 is a partial view of a file and the sheath for its ends.
DETD
     The ampule scorer according to the invention comprises two bodies 1 and 2,
      having semi-circular cut-outs 3 and 4, respectively, in their longitudinal
      edge, as well as a slot 5 along the median line of said cut-out, the slot
      5 extending at either end of the cut-outs 3 and 4.
PAR  A file 6, 7, respectively, is inserted into slots 5 in such manner that its
      teeth 6a, 7a, respectively, lie substantially flush with the longitudinal
      surfaces of bodies 1 and 2. The bodies 1 and 2 are movable relative each
      other, pins 8, having removable stops 9 at their outer ends, extending
      through bores 10 in body 1 and being fixed within bores 11 in body 2 with
      their inner ends.
PAR  The length of the pin is such as to permit the bodies, i.e. the files to be
      removed from each other for a distance of at least 1- 11/4 inches, i.e.
      for a space which will accommodate any diameter ampule or glass tube.
PAR  According to a special feature of the invention, the files 6, 7 have very
      fine teeth and are positioned in the bodies so that the direction of the
      teeth 6a is opposite to that of teeth 7a.
PAR  In order to use the ampule scorer it is placed with its body 2 on a solid
      surface, i.e. a table or desk. The body 1 is moved upwardly along pins 8
      until enough space between files 6 and 7 is obtained to insert the head of
      an ampule therein. Thereafter a slight pressure is applied on body 1 and
      the ampule is moved in a reciprocal rotating movement, whereby a proper
      scoring line is obtained. Thereafter body 1 is lifted to remove the ampule
      and the tip of the head of the ampule can be broken off in a known manner.
PAR  In order to replace the files, the stops 9 are removed from pin 8 so that
      body 1 can be withdrawn, the worn files are slipped out of their slots 5
      and are replaced by new ones, whereafter body 1 is again threaded onto
      pins 8 and stoppers 9 are replaced.
PAR  In order to assure a perfect seat for the files their ends may be covered
      with sheaths 12 of any suitable material, even Scotch-Tape (T.M.)
PAR  Since some ampules are to be scored and broken off at the joint between
      their bodies and their neck, the provision of the cutouts 3 and 4, which
      should have at least a diameter of 11/8  inches to accommodate the largest
      size ampule, prevents any interference of the bodies with the shoulder of
      the ampule.
PAR  It can be seen that ampules of all known sizes can be easily and quickly
      scored with the ampule scorer of the simple construction above described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for scoring ampoules for subsequent breakage comprising two
      elongated body portions formed with facing semi-circular recesses, secured
      within the recesses are relatively thin files members lying in the same
      plane whose teeth are faced in opposite directions such that a
      contra-rotating motion imparted to the ampoule will evenly score the neck
      for subsequent breakage, said recesses shaped to accomodate various
      dimensioned ampoule tip bulges and body portions on opposite sides of said
      file members.
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PAL  Multiflanged extrusion preparation apparatus including means by which
      multiflanged elongated extrusions are aligningly fed to punch press
      operated dies which notch, trim, and otherwise prepare the extrusions for
      use in assembling and installing of fiberboard air handling ducts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a punch apparatus and more particularly to an
      apparatus for preparing elongated multiflanged extrusions for use in
      conjunction with fiberboard air handling ducts.
PAR  2. Description of the Prior Art
PAR  Air handling ducts of the type employed in heating and refrigeration
      systems have traditionally been formed of sheet metal, with a recently
      developed alternative being to form the ducts of insulative fiberboard. In
      many instances, the fiberboard ducts have an advantage over metal ducts
      due to such factors as weight, insulative properties, cost, and the labor
      involved.
PAR  However, fiberboard ducts have not achieved the acceptance they deserve due
      to the problems of assembling individual lengths of ducting and of
      interconnecting adjacent lengths thereof.
PAR  The fiberboard material employed in the air handling ducts is supplied in
      sheets, with the individual lengths of ducting being formed by
      longitudinally folding the sheet so that its opposite side edges are in
      contiguous abutting contact with each other and the resulting duct is
      either of square or rectangular cross sectional configuration. The
      abutting side edges of the fiberboard material are sealingly
      interconnected with tape, and the assembly of individual lengths of
      ducting into a complete duct system is accomplished in a similar manner by
      interconnecting adjacent lengths of the ducting with tape.
PAR  The use of tape as an assembly and closure material has, in many instances,
      been found to be unsatisfactory due to temperature, pressure and other
      factors causing the tape to lost its adhesive grip on the fiberboard
      material which, of course, will cause leakage of the duct system and in
      some cases can allow complete collapsing of the system.
PAR  Elongated multiflanged extrusions are now being employed in place of the
      above described tape for assembly and closure of the fiberboard ducts.
      Extrusions for this purpose are disclosed in U.S. Pat. No. 3,677,579,
      issued on July 18, 1972 to W. N. LaVanchy.
PAR  Briefly, a first type of extrusion, sometimes referred to as a longitudinal
      extrusion, is being employed for sealingly interconnecting the side edges
      of the fiberboard sheet to form the individual lengths of ducting.
PAR  Other configurations of extrusions, as determined by the type of
      interconnection desired, are being employed on the open ends of the
      individual ducts to facilitate interconnection of adjacent lengths of
      ducting. These latter extrusions may be referred to as joint extrusions.
PAR  Due to the great variations in lengths and cross sectional sizes of ducts,
      the above described extrusions are supplied in straight pieces which are
      individually prepared for installation and assembly when the specific
      sizes and configuration of the ducting are known.
PAR  Therefore, the longitudinal extrusions must be cut to the proper length and
      also must be provided with a recessed notch at each of their opposite ends
      to allow assembly of the joint extrusions to the fiberboard ducting.
PAR  The joint extrusions, which are also supplied in straight pieces, must be
      notched in specific locations along the length thereof to allow these
      extrusions to be bent into either the square or rectangular configuration
      suitable for mounting on the ends of the ducting. Also, the joint
      extrusions have a hanger flange which allows the assembled duct system to
      be suspendingly mounted therefrom. The hanger flange must be punched or
      otherwise provided with hanger holes at the proper locations.
PAR  Notching, cutting, and otherwise preparing the multiflanged extrusions for
      use with the fiberboard ducts is, in some instances, being accomplished
      with hand tools. Obviously, this is a very tedius, time consuming, and
      costly method, so a prior art apparatus for accomplishing these tasks was
      developed.
PAR  This prior art apparatus is a complex, slow operating and inadequately
      designed machine which has achieved only limited acceptance for those
      reasons as well as the cost which has placed this apparatus beyond the
      economic justification of many companies doing this sort of work.
PAR  Therefore, a need exists for a new and improved extrusion preparation
      apparatus which overcomes some of the problems of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The multiflanged extrusion preparation apparatus of the present invention
      includes an input channel and an output channel aligningly positioned on
      opposite sides of the workpiece supporting plate of a suitable punch
      press. These channels serve as a feeding means by which the extrusion
      workpieces are fed through and punched by one of two interchangeable die
      sets, with the particular die set being determined by the type of
      extrusion being processed.
PAR  Each of the die sets are demountably attachable to the work piece
      supporting plate of the punch press, and each includes a fixed bottom
      pedestal and a movable top plate. The fixed pedestal of each of the die
      sets includes a fixture die means especially designed to slidingly receive
      the extrusion and to supportingly position the extrusion for the punching
      operation. The top plate of each of the die sections is reciprocally
      movable toward the pedestal by means of the punch press and includes the
      cutting die means which is especially designed to punch the extrusion as
      required.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved extrusion preparation apparatus.
PAR  Another object of the present invention is to provide a new and improved
      extrusion preparation apparatus which is economical to manufacture and
      efficient to operate.
PAR  Another object of the present invention is to provide a new and improved
      extrusion preparation apparatus which prepares elongated multiflanged
      extrusions for use in assembling and installing air handling ducts of the
      type fabricated of insulative fiberboard.
PAR  Another object of the present invention is to provide a new and improved
      extrusion preparation apparatus which employs exchangeable die sets for
      preparing various types of elongated multiflanged extrusions for use in
      assembling and installing fiberboard air handling ducts.
PAR  The foregoing and other objects of the present invention, as well as the
      invention itself, will be more fully understood from the following
      description when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the multiflanged extrusion preparation
      apparatus of the present invention which illustrates the various features
      thereof.
PAR  FIG. 2 is a fragmentary perspective view of one type of multiflanged
      extrusion after having been processed by the apparatus of the present
      invention.
PAR  FIG. 3 is a fragmentary perspective view of another type of multiflanged
      extrusion after having been processed by the apparatus of the present
      invention.
PAR  FIG. 4 is a fragmentary perspective view of still another type of
      multiflanged extrusion after having been processed by the apparatus of the
      present invention.
PAR  FIG. 5 is a front elevational view of one of the die sets employed in the
      apparatus of the present invention.
PAR  FIG. 6 is a side elevational view of the die set shown in FIG. 5.
PAR  FIG. 7 is a sectional view taken on the line 7--7 of FIG. 5.
PAR  FIG. 8 is a sectional view taken on the line 8--8 of FIG. 6.
PAR  FIG. 9 is a front elevational view of another one of the die sets employed
      in the apparatus of the present invention.
PAR  FIG. 10 is a side elevational view of the die set shown in FIG. 9.
PAR  FIG. 11 is a sectional view taken on the line 11--11 of FIG. 9.
PAR  FIG. 12 is a sectional view taken on the line 12--12 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, FIG. 1 illustrates the
      multiflanged extrusion preparation apparatus of the present invention
      which is indicated generally by the reference numeral 10. The apparatus 10
      is shown to include an input channel 11 and an output channel 12 which are
      aligningly positioned on opposite side edges of a support plate 13. The
      support plate 13 may be a free standing structure as shown, or may be
      formed integral with a suitable punch press 14. In either instance, the
      support plate 13 serves as a carrying means for a die set 15. The die set
      15 is one of an interchangeable pair of die sets 15 and 16, with the die
      set 15 being shown in FIGS. 1, and 5 through 8, and the die set 16 being
      shown in FIGS. 9 through 12. The die sets 15 and 16 are demountably
      attachable to the support plate 13 and are suitably coupled to the punch
      press 14 for reciprocal operation thereby as will hereinafter be described
      in detail.
PAR  It is believed that a more thorough understanding of the objects and
      operation of the apparatus 10 of the present invention will be achieved if
      the design and purposes of the various types of multiflanged extrusions or
      workpieces, are known. Therefore, FIGS. 2 and 3 show extrusions 17 and 18,
      respectively, which are of the type referred to as joint extrusions, and
      FIG. 4 shows a longitudinal extrusion 19.
PAR  The multiflanged extrusion 17, shown in FIG. 2, is a U-shaped in cross
      section elongated member having an inner flange 20, an outer flange 21 and
      an interconnecting surface 22 which extends beyond the outer flange 21 to
      form a hanger flange 23. The inner flange 20, outer flange 21 and
      interconnecting surface 22 define an open channel 24 for receiving the
      edge of fiberboard ducting material (not shown). This edge of the ducting
      material (not shown) is formed either into a square or rectangular end
      configuration of the duct and thus, the extrusion 17 must be bent at
      various points along its length to conform to this end configuration.
      Bending of the extrusion 17 requires that a portion, between points A and
      B of the inner flange 20, be removed, a V-shaped notch 25 be formed in the
      interconnecting surface 22, and that a V-shaped notch 26 be formed in the
      hanger flange 23. It will be noted that the outer flange 21 is left intact
      so that complete severing of the extrusion will not occur. After removal
      of the portion between points A and B and forming of the notches 25 and
      26, the extrusion 17 can be bent into the dashed line position shown in
      FIG. 2 to form a square corner.
PAR  The extrusion 18 shown in FIG. 3 is H-shaped in cross section and has an
      inner flange 27, an outer flange 28 and a midpoint interconnecting surface
      29 which is coplanar with a hanger flange 30 extending from the midpoint
      of the outer flange 28. The H-shaped configuration of the extrusion 18
      defines back to back open channels 31 for receiving the open end edges
      (not shown) of two adjacent fiberboard ducting members (not shown). Thus,
      as was required with the extrusion 17, the extrusion 18 must be bent to
      conform to the end configuration of the lengths of ducting (not shown). To
      accomplish this bending of the extrusion 18, the portion between points C
      and D of the inner flange 27 must be removed, and V-shaped notches 33 and
      34 must be formed in the interconnecting surface 29 and the hanger flange
      30, respectively. As was the case with regard to extrusion 17, the outer
      flange 28 of the extrusion 18 is left intact, and the extrusion 18 is bent
      into the dashed line position to form a square corner.
PAR  It will be seen that both of the extrusions 17 and 18 are provided with
      oval shaped apertures 32 formed through their respective hanger flanges 23
      and 30. These apertures 32 are employed for installation purposes of the
      assembled ducting system (not shown) and may be formed simultaneously with
      the above described extrusion preparation.
PAR  The longitudinal extrusion 19, as shown in FIG. 4, has a main angle member
      35 with a secondary angle member 36 extending from one of the legs of the
      member 35. These angle members 35 and 36 are configured to define a pair
      of channels 37 and 38 which are adapted to receive the opposite side edges
      of a sheet of insulative fiberboard material (not shown) when that
      material is shaped to form a length of air handling duct (not shown). The
      extrusion 19 is supplied in elongated straight pieces and must be cut to
      the proper length and also must be notched at its opposite ends to allow
      mounting of the joint extrusions 17 or 18 on the ends of the duct (not
      shown). Thus, preparation of the extrusion 19 requires severing of the
      extrusion into predetermined lengths and requires that the secondary angle
      member 36 be formed with a notch 39 by removing the amount thereof which
      is shown in dashed lines in FIG. 4.
PAR  Referring now to FIGS. 5 through 8 wherein the die set 15 is shown as being
      mounted on the support plate 13, and as shown in FIG. 5 is aligningly
      disposed between the discharge end 40 of the input channel 11, and the
      receiving end 41 of the output channel 12.
PAR  The die set 15 includes a fixed pedestal 44 having a pair of vertical rods
      45 extending therefrom. The rods 45 serve as supporting guideways for a
      movable top plate 46 which is slidably journaled on the rods for
      reciprocal movement toward and away from the pedestal 44, as will
      hereinafter be described. The pedestal 44 also has a matrix or fixture die
      means 48 mounted thereon which guides movement of the workpieces into a
      predetermined path through the die set 15 and supports these workpieces
      for the punching operation as will hereinafter be described.
PAR  The fixture die means 48, as seen best in FIG. 8, includes a pair of
      support dies 49 and 50 and a backup die 51. The support dies 49 and 50 are
      mounted adjacent to the front edge 52 of the pedestal 44 and are spaced
      apart with respect to each other to provide a gap 53 therebetween. Each of
      the supporting dies 49 and 50 are provided with a rearwardly disposed
      portion 54 of their upper surface and a forwardly disposed portion 55
      thereof which are separated by a horizontally extending vertical channel
      56 formed in the dies 49 and 50. The forward portion 55 of each of the
      dies 49 and 50 is also formed with a vertically extending oval shaped
      aperture 57 therein. The backup die 51 is mounted on the pedestal 44 so as
      to be rearwardly disposed from the support dies 49 and 50 to provide a
      horizontally extending vertical passage 58 therebetween. The backup die 51
      is also provided with a vertically extending channel 59 intermediate its
      ends which is aligned with the gap 53 between the support dies 49 and 50.
PAR  To facilitate understanding of the movement guiding and supporting
      functions of the fixture die means 48, the positioning of the extrusion 18
      therein will now be described. The horizontally extending vertical passage
      58, between the support dies 49 and 50 and the backup die 51, is adapted
      to receive the inner flange 27 of the extrusion 18 which is oriented so
      that the midpoint interconnecting surface 29 rests on the rearwardly
      disposed portions 54 of the support dies 49 and 50. The hanger flange 30
      of the extrusion 18 will rest on the forwardly disposed portions 55 of the
      dies 49 and 50, and the outer flange 28 of the extrusion 18 is received in
      the horizontally extending vertical channels 56 formed in the dies 49 and
      50. It should be understood that the above described positioning of the
      extrusion 18 within the fixture die means 48 also applies to the extrusion
      17, as either of these extrusions can be prepared for assembly and
      installation within the die set 15. Thus, it may now be seen that the
      fixture die means 48 provides a horizontally extending workpiece
      supporting and movement path which is transverse to the gap 53 and channel
      59 thereof.
PAR  A spring loaded roller mechanism 60 is provided at the workpiece input end
      of the fixture die means 48 and another spring loaded roller mechanism 61
      is located at the workpiece output end of the fixture die means. The
      roller mechanisms 60 and 61 are mounted on the pedestal 44 and are
      disposed so that the rollers 62 thereof are biased, by suitable springs 63
      (one shown in FIG. 6), toward the backup die 51. These mechanisms 60 and
      61 are employed to load the workpiece into sliding engagement with the
      backup die 51 which is accomplished by the rollers 62 bearing on the lower
      edge of the inner flange 27 of the extrusion 18 or the lower edge of the
      inner flange 20 of the extrusion 17.
PAR  As seen best in FIG. 8 a U-shaped stripper 64 is provided on the backup die
      51, and that stripper is disposed so as to conform to and overlay the
      vertically extending channel 59 formed in the backup die. The stripper 64
      is provided with extending ends 65 which protrude laterally from the
      backup die 51 over the passage 58 between the backup die 51 and the
      support dies 49 and 50. The extending ends 65 of the stripper 64 prevent
      upward movement of the workpiece as will become apparent as the desription
      progresses.
PAR  Each of the support dies 49 and 50 have a stripper 67 mounted thereon, and
      these strippers 67 each have a cantilevered bar 68 which extends proximate
      the apertures 57 formed in the support dies 49 and 50 and also extend
      toward the gap 53 between these dies. The strippers 67 also serve to
      prevent upward movement of the workpiece as will become apparent as the
      description progresses.
PAR  As hereinbefore mentioned, the top plate 46 of the die set 15 is
      reciprocally movable on the vertical guide rods 45, and this movement is
      provided by a punch press mechanism 14. It should be apparent that various
      types of punch presses could be employed; however, it is preferred that an
      electric clutch operated flywheel type of press be employed.
PAR  The top plate 46 is provided with a boss 70 extending upwardly therefrom to
      which the punch press 14 is suitably coupled, and the plate 46 has cutting
      die means 72 depending from the downwardly facing surface thereof, so that
      the cutting die means 72 will be reciprocally movable in a path which
      transversely intersects the workpiece supporting and movement path formed
      in the fixture die means 48.
PAR  As best seen in FIGS. 6 and 7, the cutting die means 72 includes a first
      cutting die 73 which is mounted adjacent the front edge 74 of the plate
      46, and a second cutting die 75 that is spaced rearwardly from the first
      cutting die 73 to provide a recess 76 therebetween. The die means 72 also
      includes a pair of oval shaped punches 77, each positioned adjacent an
      opposite side of the first cutting die 73.
PAR  The first cutting die 73 has a pair of vertically extending angularly
      disposed surfaces 78 in a V-shaped configuration. This first cutting die
      73 is positioned in vertical alignment with the forward position of the
      gap 53 provided between the support dies 49 and 50 of the fixture die
      means 48. Thus, downward movement of the plate 46 will move the first
      cutting die 73 into the forward portion of the gap 53, and this movement
      will punch out the V-shaped notch 26 in the hanger flange 23 of the
      extrusion 17, or the V-shaped notch 34 of the hanger flange 30 of
      extrusion 18 depending on which of these extrusions is positioned within
      the die set 15.
PAR  The second cutting die 75 is also provided with a pair of vertically
      extending surfaces 80 which are angularly disposed to form a V-shaped
      configuration. This second cutting die 75 is positioned in vertical
      alignment with the rearwardly disposed portion of the gap 53 between the
      support dies 49 and 50 and also aligns with the vertically extending
      channel 59 formed in the backup die 51. Thus, upon downward movement of
      the plate 46, the second cutting die 75 will move into the rear portion of
      the gap 53 and the channel 59 of the backup die 51. It will be noted that
      when the second cutting die 75 moves downwardly as described above, it
      will also move into the passage 58 between the support dies 49 and 50 and
      the backup die 51. Therefore, when the extrusion 17 is positioned within
      the die set 15, the second cutting die 75 will punch the V-shaped notch 25
      in the interconnecting surface 22 of the extrusion 17, and also will
      remove the portion of material between the points A and B of the inner
      flange 20. Likewise, when the extrusion 18 is positioned within the die
      set 15, downward movement of the second cutting die 75 will punch the
      V-shaped notch 33 in the midpoint interconnecting surface 29, and will
      remove the material between the points C and D of the inner flange 27.
PAR  As hereinbefore described, the first and second cutting dies 73 and 75,
      respectively, are spaced apart with respect to each other to provide the
      recess 76 therebetween. This recess 76 is in alignment with the channel 56
      formed in the supporting dies 49 and 50 so that when extrusion 17 is
      positioned in the die set 15, its outer flange 21 which is positioned in
      the channel 56 will not be touched by either of the cutting dies 73 or 75.
      Also, the extrusion 18 is positioned in the die set 15, the outer flange
      28 thereof will be left intact. The recess 76 is somewhat larger than the
      thickness of the outer flanges 21 and 28, respectively, of the extrusions
      17 and 18, thus a protruding lip (not shown) portion of the
      interconnecting surfaces 22 and 29, respectively, will remain. The second
      cutting die 75 is provided with a protrusion 82 which notches the
      protruding lip (not shown) so that uniform bending of the extrusions 17
      and 18 will be possible.
PAR  The oval shaped punches 77 of the cutting die means 72 are in vertical
      alignment with the vertically extending aperture 57 formed in the front
      portions 55 of the supporting dies 49 and 50. These punches 77 will move
      into and out of the apertures 57 upon reciprocal movement of the top plate
      46, and thus may be seen to be employed to punch the oval mounting
      apertures 32 in the hanger flanges 23 and 30 of the extrusions 17 and 18,
      respectively, as determined by which of these extrusions is positioned in
      the die set 15.
PAR  Referring now to FIGS. 9 through 12 wherein the die set 16 is shown as
      being mounted on the support plate 13, and as shown in FIG. 9 is
      aligningly disposed between the discharge end 40 of the input channel 11,
      and the receiving end 41 of the output channel 12.
PAR  The die set 16 includes a fixed pedestal 84 having a pair of vertical rods
      85 extending therefrom. The rods 85 act as supporting guideways for a
      movable top plate 86 which is slidably journaled on the rods for
      reciprocal movement toward and away from the pedestal 84. The pedestal 84
      also has a matrix or fixture die means 88 mounted thereon which guides
      lateral movement of the workpieces into a predetermined path through the
      die set 16, and supports the workpieces for the punching operation as will
      hereinafter be described.
PAR  The fixture die means 88, as seen best in FIG. 12 includes a pair of
      supporting dies 89 and 90, and a backup die 91. The support dies 89 and 90
      are mounted adjacent to the front edge 92 of the pedestal 84 and the
      backup die 91 is disposed rearwardly therefrom. The support dies 89 and 90
      are spaced apart with respect to each other at their upper ends to provide
      a gap 93 therebetween. Each of the supporting dies 89 and 90 are formed
      with a base plate 94 which is directly mounted on the pedestal 84, an
      intermediate block 95 having a rearwardly extending cantilevered end 96,
      with the intermediate block 95 being mounted on the base plate 94, and an
      upper block 97 mounted atop the intermediate block 95. As seen best in
      FIGS. 10 and 12, the base plate 94 of each of the support dies 89 and 90
      extends rearwardly from the front edge 92 of the pedestal 84 into
      engagement with the backup die 91. The intermediate blocks 95 extend
      rearwardly in the same manner but terminate just short of coming into
      contact with the backup die 91 to pro ide a horizontally extending
      vertical passage 98 between the cantilevered end 96 of the intermediate
      block 95 and the backup die 91. The intermediate block 95 is also recessed
      on its bottom surface to form a horizontally extending horizontal passage
      99 between the cantilevered end 96 of the intermediate block 95 and the
      upper surface of the base plate 94. The vertical passage 98 and the
      horizontal passage 99 intersect and are normal to each other. The upper
      block 97 extends rearwardly from the front edge 92 of the pedestal 84 and
      terminates just short of the cantilevered end 96 of the intermediate block
      95, thus providing horizontally extending enlarged passage 100 between the
      upper block 97 and the backup die 91. The base plates 94 of the supporting
      dies 89 and 90 are separated from each other by a slot 101 which extends
      from the front edge 92 of the pedestal 84, and a slot 103 in the backup
      die 91 is in alignment therewith. An elongated aperture 102 is formed in
      the pedestal 84, and this aperture 102 is vertically aligned with the
      slots 101 and 103. The aperture 102 is provided so that metal cut from the
      workpiece can drop through this aperture 102.
PAR  To facilitate understanding of the movement guiding and supporting
      functions of the fixture die means 88, positioning of the extrusion 19
      therein will now be described. The vertical passage 98, between the
      cantilevered end 96 of the intermediate block 95 and the backup die 91,
      and the horizontal passage 99, between the cantilevered end 96 of the
      intermediate block 95 and the upper surface of the base plate 94, are
      adapted to slidingly receive the main angle member 35 of the extrusion 19.
      The main angle member 35 will extend upwardly through the vertical passage
      98 into the enlarged passage 100 so that the secondary angle member 36 of
      the extrusion is disposed within the enlarged passage 100 with one leg of
      the secondary angle member 36 resting on the upper surface of the
      intermediate block 95 and the other leg bearing on the rearwardly disposed
      end of the upper block 97. Thus, the movement of the workpiece is
      transverse with respect to the gap 93 and slot 101 of the support dies 89
      and 90 and is transverse to the slot 103 of the backup die 91.
PAR  The top plate 86 is provided with a boss 104 extending upwardly therefrom
      to which the punch press 14 is suitably coupled for providing the
      reciprocal movement of the top plate. The top plate 86 is provided with a
      cutting die means 106 depending from the downwardly facing surface
      thereof.
PAR  The cutting die means 106 is formed with a blade die 107 which is in
      vertical alignment with the slots 101 and 103 formed between the
      supporting dies 89 and 90 and between the backup die 91. Thus, downward
      movement of the top plate 86 will move the blade die 107 downwardly
      through the enlarged passage 100, through the vertical passage 98, and
      through the horizontal passage 99 into the slots 101 and 103, and will
      therefore sever the main angle member 36 of the extrusion 19 when that
      extrusion is positioned in the fixture die means 88.
PAR  The cutting die means 106 also includes a pair of wedge shaped dies 108 and
      109 which are preferrably integral with the blade die 107 and are
      positioned on opposite sides thereof. Each of the wedge dies 108 and 109
      are formed with a leading cutting edge 110 which is upwardly and laterally
      offset from the leading cutting edge 111 of the blade die 107.
PAR  The wedge dies 108 and 109 are in vertical alignment with the gap 93
      provided between the support dies 89 and 90 of the fixture die means 88 so
      that downward movement of the top plate 86 will move the wedge dies 108
      and 109 downwardly into the gap 93. The above described offset
      relationship of the wedge dies 108 and 109 with respect to the blade die
      107 is critical so that downward movement of the cutting die means 106
      will not bring the wedge dies into an intersecting relationship with the
      laterally extending paths of the vertical passage 98, the horizontal
      passage 99 or the rearwardly disposed portion of the enlarged passage 100.
      Therefore, when the extrusion 19 is positioned within the fixture die
      means 88, the main angle member 35 thereof will not be touched by the
      wedge dies 108 and 109 upon downward movement thereof, and these wedge
      dies will come into cutting contact only with that portion of the
      secondary angle member which is disposed within the gap 93.
PAR  Thus, the operation of the die set 16 can now easily be seen to sever the
      extrusion 19, into what may be defined as an outgoing length (not shown)
      and an incoming length (not shown), and simultaneously form a notch 39 in
      the secondary angle member 36 of the adjacent ends of the outgoing length
      and the incoming length.
PAR  While the principles of the invention have now been made clear in an
      illustrated embodiment, there will be immediately obvious to those skilled
      in the art, many modifications of structure, arrangements, proportions,
      the elements, materials, and components used in the practice of the
      invention, and otherwise, which are particularly adapted for specific
      environments and operation requirements without departing from those
      principles. The appended claims are therefore intended to cover and
      embrace any such modifications within the limits only of the true spirit
      and scope of the invention.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. An apparatus for punching an elongated multiflanged workpiece
      comprising:
PA1  a. a support plate;
PA1  b. die set means carried on said support plate for punching an elongated
      multiflanged workpiece when that workpiece is positioned therein, said die
      set means including a fixture die means having a workpiece supporting and
      movement path formed therethrough and cutting die means reciprocally
      movable in a path transverse to the workpiece supporting and movement path
      formed through the fixture die means;
PA1  c. the fixture die means of said die set means having a pair of support
      dies spaced apart with respect to each other to form a gap therebetween
      into which a portion of the cutting die means of said die set means is
      reciprocally movable, said pair of support dies each having an upper
      surface upon which portions of the multiflanged workpiece are slidingly
      movable in a path transverse to the gap between said pair of support dies,
      each of the upper surfaces of said pair of support dies having a
      horizontally extending vertical channel formed therein in which a portion
      of the multiflanged workpiece is slidingly movable in a path transverse to
      the gap between said pair of support dies;
PA1  d. the fixture die means of said die set means also having a backup die
      spaced from said pair of support dies to provide a horizontally extending
      vertical passage therebetween in which a portion of the multiflanged
      workpiece is slidingly movable in a path transverse to the gap between
      said pair of support dies, said backup die having a vertical channel
      formed therein which aligns with the gap between said pair of support dies
      and into which a portion of the cutting die means of said die set means is
      reciprocally movable;
PA1  e. input channel means on which the elongated multiflanged workpiece is
      slidably movable, said input channel means adjacent one side of said
      support plate and in workpiece directing alignment with the workpiece
      supporting and movement path formed through the fixture die means of said
      die set means;
PA1  f. output channel means on which the elongated multiflanged workpiece is
      slidably movable, said output channel means adjacent the opposite side of
      said support plate and in workpiece receiving alignment with the workpiece
      supporting and movement path formed through the fixture die means of said
      die set means; and
PA1  g. punch press means coupled to said die set means for reciprocally moving
      the cutting die means thereof.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein the fixture die means of said
      die set means further includes each of said pair of support dies having an
      aperture formed therein which extends vertically from their respective
      upper surfaces and into which portions of the cutting die means of said
      die means are reciprocally movable.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein the fixture die means of said
      die set means further comprises a stripper mechanism mounted on each of
      said pair of support dies, said stripper mechanisms each having a
      cantilevered bar which spacedly overlays a portion of the upper surface of
      their respective ones of said pair of support dies to prevent upward
      movement of the multiflanged workpiece when that workpiece is slidingly
      supported thereon.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein the fixture die means of said
      die set means further comprises a stripper mechanism mounted on said
      backup die, said stripper mechanism having at least one extending end
      which protrudes from said backup die so as to overlay the horizontally
      extending vertical passage provided between said pair of support dies and
      said backup die, said stripper mechanism for preventing upward movement of
      said multiflanged workpiece when that workpiece is slidably supportingly
      positioned in said die set means.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 wherein the fixture die means of said
      die set means further comprises a pair of spring loaded roller mechanisms
      each mounted adjacent a different one of said pair of support dies, said
      pair of spring loaded roller mechanisms engageable with the multiflanged
      workpiece for biasingly urging that workpiece toward said backup die when
      the multiflanged workpiece is positioned within said die set means.
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ABST
PAL  A support freely pivotal about a fixed vertical axis carries a fixed blade.
      A lever pivoted on this support carries a pivotal blade crossing the fixed
      blade. One end of this lever is connected via a spring to the support so
      as to pivot this lever in one direction and the other end of the lever
      carries a barrel-shaped roller engageable with the lobes of a continuously
      rotating cam which open and close the blades. A pair of guides to either
      side of the blade ride against respective warp filaments between which a
      cut is to be made so that these warp filaments pivot the entire support
      about its vertical axis as the blades are continuously and rapidly opened
      and closed to cut the fabric exactly between these two warp filaments.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a fabric-cutting apparatus for a loom.
      More particularly this invention relates to automatic scissors-type shear
      for subdividing a fabric along the length of its warp.
PAC  BACKGROUND OF THE INVENTION
PAR  A fabric is often produced on a loom having a width substantially greater
      than that which is desired in the finished goods. Frequently also the
      fabric is produced with a so-called false selvage which must be severed in
      the direction of the fabric warp from the fabric after weaving thereof. It
      is also known to deliberately drop several warp filaments and subsequently
      to transversely subdivide the fabric in the gap in the warp created by
      these dropped filaments.
PAR  Since the fabric normally advances at a relatively rapid rate from the
      preceding weaving, dyeing, or similar arrangement it is necessary to
      provide a fast-acting automatic shear to cut the advancing fabric along
      the desired warp line. In one known device an automatic cutter is provided
      which has a feeler that rides against the extreme outer edge of the
      fabric, with the blade or blades of the cutter spaced at a predetermined
      fixed interval from this outer edge. Although such a device is
      considerably more accurate than a simple fixed cutter, nonetheless minor
      variations in fabric width, often caused by unavoidable changes in weft
      tension or beating-up force allow a cut to be made which does not lie at a
      fixed distance from a given weft element so that an irregular fringe is
      produced. In such an arrangement it is also frequently very difficult to
      adjust the position of the cutter.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      fabric cutter.
PAR  Yet another object is the provision of an improved scissor-type automatic
      shear for cutting a fabric in the direction of its warp as it is
      continuously advanced in this direction.
PAR  A further object is to provide a cutter or shear which can readily be
      adjusted automatically to track between a given pair of warp filaments.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a device
      for cutting a fabric lengthwise between a pair of warp filaments as it
      advances continuously. This device comprises a support which carries a
      first blade and is pivotal about a vertical pivot axis. Guide means is
      provided including at least one feeler engageable with at least one of the
      warp filaments between which the cut is to be made for pivoting the
      support about the axis and thereby positioning the blade between the
      filaments. A second blade is pivoted on the support and means is provided
      for oscillating the second blade relative to the first blade for shearing
      the advancing fabric between the pair of filaments.
PAR  According to another feature of this invention the support is provided with
      a generally vertically oriented lever carrying the second blade and
      pivoted on the support about a horizontal axis. Between the upper end of
      the lever and the support there is provided a tension spring which urges
      the two blades of the shear together, and the bottom end of this lever
      carries a barrel-shaped roller having the shape of an ellipsoid of
      revolution with truncated ends. A continuously rotating cam has at least
      one lobe which on each revolution of the cam engages this roller and opens
      the shear.
PAR  According to yet another feature of this invention there is provided on the
      support an adjustable abutment against which the lever lies when out of
      engagement with the cam. This abutment is so positioned that the roller on
      the other end of the lever lies out of contact with the cam except when
      engaged by the lobe therof. Thus there is very little resistance to
      lateral displacement of the support and exact alignment between the pair
      of warp filaments between which the cut is to be made.
PAR  According to yet another feature of this invention the guide means is
      provided with a pair of feelers each constituted as a bent wire. One end
      of each wire is clamped on the support and the other end lies to a
      respective side of the blade and is positioned to run along a respective
      warp filament. These feeler ends adjacent the blades lie slightly
      downstream of the cutting portion of these blades. The clamp that secures
      the feelers to the support is adjustable so as to allow positioning of
      their ends at different spacings.
PAR  The cutting device according to the present invention therefore allows the
      blades exactly to track along the line between a given pair of warp
      filaments. In this manner it is possible to cut the fabric exactly between
      these filaments, even when the lateral or weftwise spacing of these two
      filaments varies somewhat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following, reference being made to the
      accompanying drawing, in which:
PAR  FIG. 1 is a side elevational view of the apparatus according to the present
      invention;
PAR  FIG. 2 is a top view of the apparatus of FIG.1;
PAR  FIG. 3 is a side elevation view of the support of the apparatus of FIG. 1;
PAR  FIG. 4 is a side elevational view of the lever and movable blade of the
      apparatus of FIG.1;
PAR  FIG. 5 is a top view of the lower end of the actuating lever of the
      apparatus; and
PAR  FIG. 6 is a top view partly in section illustrating the feelers of the
      apparatus.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 2 the apparatus according to the present invention
      comprises a support 1 pivotal in ball bearings 4 about a vertical axis A
      defined by a pin 2 fixed in a block 26 secured by means of an Allen screw
      27 on a fixed horizontal mounting shaft 3. Thus this horizontally
      elongated support 1 can swing about the vertical axis A and can be
      positioned anywhere along the rod 3.
PAR  On its outer end the support 1, as also shown in FIG. 3, is provided with
      blade 5 having a cutting edge 5'. Rivets 6 secure the blade 5 to the
      support 1 with the edge 5' inclined to the horizontal
PAR  An axle pin 7 pivotally carries a lever 8 to which is secured another blade
      10 by means of three rivets 9. These rivets 9, like the rivets 6, are
      angularly equispaced about an axis A' perpendicular to the axis A and
      defined by the axle pin 7. The blade 10 has a cutting edge 10' which
      normally lies horizontal and across the edge 5'. At its lower end the
      lever arm 8 is provided with a pivot pin 11 defining an axis A" parallel
      to the axis A' and carrying a barrel-shaped roller 12. A motor 28
      continuously rotates a shaft 14 carrying a two-lobe cam 13. The lobes 13'
      of this cam are engageable with the roller 12, but the lands 13" between
      these lobes 13' are normally engaged with the roller 12. This is effected
      by an abutment constituted by an eccentric disk 16 secured by means of a
      tightenable screw 25 to the support and engageable with the upper end of
      the lever 8. A tension spring 15 is connected between the support and the
      upper end of the lever 8 to normally urge the upper end of the lever 8
      back against the abutment 16, thereby bringing the roller 12 as close as
      possisble to the cam 13. Thus rotation of the cam periodically pivots the
      lever 18 against the force of the spring 15 and thereby oscillates the
      edge 10' across the edge 5'.
PAR  A roller 24 draws a web, here a fabric 22 having a pair of spaced-apart web
      filaments 20 and 21, through the apparatus, with that stretch of the web
      22 downstream down of the blades 5 and 10 being pulled into the mouth
      between these blades 5 and 10.
PAR  The support is further provided with clamping nuts 16 into which
      hook-shaped end 18a and 19a of a pair of feeler wires 18 and 19 are
      secured. The other ends 18b and 19b of these wires 18 and 19 are bent to
      extend vertically upwardly and lie on opposite sides of the blades
      slightly downstream of the location at which the edges 5' and 10' normally
      cross. The end 19b which is shaped so as to be semicircular in section,
      therefore rides against the weft filament 21, and the round end 18b of the
      wire 18 rides against the filament 20. This causes a fringe 23 to be
      produced which is always of identical length, as the guides 18 and 19
      cause the support 1 to pivot about its axis A, keeping the blades 5 and 10
      exactly aligned between the warp filaments 20 and 21.
PAR  The support 1 pivots very easily about the axis A because of the bearings
      4, and also because the roller 12 only periodically engages the lobes 13'.
      Thus very little force need be exerted against the ends 18b and 19b in
      order to pivot the support 1 and perfectly align the blades 5 and 10
      between the filaments 20 and 21.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for cutting a fabric lengthwise between a pair of warp
      filaments as it is advanced continuously, said device comprising:
PA1  a support carrying a first blade;
PA1  a pivot defining a vertical pivot axis for said support;
PA1  guide means including at least one feeler engageable with at least one of
      said pair of warp filaments for pivoting said support about said axis and
      thereby positioning said blade between said filaments;
PA1  a second blade pivoted on said support; and
PA1  means for oscillating said second blade relative to said first blade for
      shearing said fabric between said pair of filaments.
NUM  2.
PAR  2. The device defined in claim 1 wherein said guide means includes a pair
      of such feelers flanking said blades and each engageable with a respective
      one of said pair of warp filaments.
NUM  3.
PAR  3. The device defined in claim 2, further comprising a lever pivoted on
      said support about a blade axis generally orthogonal to the support axis
      and carrying said blade, said means for oscillating including a cam
      engageable with an end of said lever.
NUM  4.
PAR  4. The device degined in claim 3, further comprising holding means for
      positioning said feelers and locking same in place in areas to the side of
      and downstream of said blades relative to the direction of fabric advance.
NUM  5.
PAR  5. The device degined in claim 4 wherein said feelers are constituted of
      bent wires each having a feeler end positioned adjacent said blades and an
      attachment end fixed to said support by said means for positioning.
NUM  6.
PAR  6. The device defined in claim 3 wherein said end of said lever is provided
      with an elongated roller engageable with said cam and rotatable about an
      axis generally parallel to said blade axis.
NUM  7.
PAR  7. The device defined in claim 6, further comprising a spring connected
      between said lever and said support and stressed to urge said end of said
      lever toward said cam, and an adjustable abutment on said support
      engageable with said lever, said spring urging said lever toward said
      abutment, said abutment being positionable so that said end of said lever
      is engageable with said cam on rotation thereof.
NUM  8.
PAR  8. The device in claim 7 wherein said adjustable abutment includes a
      tightenable screw and an eccentric element securable by said screw to said
      support and engageable with said lever.
NUM  9.
PAR  9. The device defined in claim 8 wherein said cam has at least one lobe and
      is rotatable, whereby said lobe periodically engages said roller.
NUM  10.
PAR  10. The device defined in claim 7 wherein said lever is generally vertical
      and said second blade extends from said lever at said blade axis generally
      horizontally.
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ABST
PAL  A double-cut tube cutoff machine for severing steel tubing in such a way as
      to produce minimum deformation of the tube in the severed area. The
      machine comprises a base carrying opposing die jaws to clamp the tube, and
      a ram assembly which moves vertically and reciprocally relative to the
      base. The ram carries a sharp-pointed severing blade which actually cuts
      the tubing. A first cam arrangement synchronizes the opening and closing
      of the die jaws to clamp the tube during a transverse slotting operation
      as well as during the final severing step. A second cam arrangement
      synchronizes the motion of a cross slide to ram movement to drive a
      slotting blade transversely across the tube to notch or slot the top wall
      part way through prior to the severing operation. The slotting blade is
      carried in a blade holder which receives inserts of varying thickness so
      slotting blades of conversely varying thickness all pass over the
      workpiece in the plane of the severing blade.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to machines for severing steel tubing and the like,
      and more particularly to such a machine as will perform a tube cutoff
      operation with minimum resulting deformation of the newly formed tube
      ends.
PAC  BACKGROUND OF THE INVENTION
PAR  My U.S. Pat. No. 3,273,433, granted Sept. 20, 1966, discloses a machine for
      severing steel tubing and the like wherein an objective is the
      minimization of denting and deforming the tube as a result of the severing
      operation. The machine disclosed in my patent comprises a set of
      complemental die jaws which may be closed to clamp and hold the workpiece,
      a pair of slotting blades which travel in parallel across the tubing to
      cut shallow notches in the top and bottom tube walls, and a severing blade
      which descends vertically through the die jaw set to cut the tubing at the
      slotted location. The slotting of the tube walls in the plane of the
      severing knife minimizes the tendency of the severing knife to deform the
      tube. Thus, although the apparatus for performing the slotting operation
      results in added cost and complexity in the tube cutoff machine, the
      slotting eliminates the need for treatment of the tube ends for shape
      restoration purposes.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A principal objective of the present invention is to reduce the complexity
      and cost of the tube cutoff apparatus disclosed in my U.S. Pat. No.
      3,273,433 while at the same time retaining the basic advantages of the
      double-cut operation; i.e., a cutoff operation which involves both
      slotting and severing by respective means. In general, this is
      accomplished in a cutoff machine having a pair of complemental die jaws
      for clamping and holding a tubular workpiece relative to a machine base, a
      single slotting knife together with means for effecting the programmed
      displacement of the knife transversely of the workpiece, and a severing
      knife which is caused to descend through the slotted area to cleanly sever
      the workpiece.
PAR  A more specific objective of the present invention is the provision of a
      novel and improved cam assembly for synchronizing the transverse
      displacement of the slotting knife and associated components with the
      vertical displacement of a ram assembly relative to the machine base. In a
      preferred embodiment hereinafter disclosed in greater detail, the cam
      assembly comprises a curved track-like guide member substantially
      vertically depending from the ram assembly and movable therewith and a
      slide-follower assembly operatively associated with the cam track and the
      slotting knife for causing the slotting knife holder to slide across the
      base as the ram assembly translates through a slotting zone in the
      reciprocal cycle of movement characteristic thereof.
PAR  A still further objective of the invention is the provision of a
      substantially improved programming cam assembly to control the opening and
      closing of the die jaws and to synchronize such operations with the
      reciprocal cyclical displacement of the cutoff machine ram assembly. As
      will be hereinafter made more apparent, the cycle of ram assembly
      displacement includes a neutral zone wherein the ram assembly occupies a
      central vertical position relative to the base, a slotting zone which is
      vertically above the neutral zone, and a severing zone which is vertically
      below the severing zone. Moreover, it is a requirement that the die jaws
      are open only during the travel of the ram assembly through the neutral
      zone in the up-bound direction, i.e., the jaws must remain closed on the
      tubing as the ram assembly passes downwardly from the slotting zone to the
      severing zone. In the preferred embodiment of the improved programming cam
      assembly hereinafter described, a lost motion cam action is provided
      through the combination of upper and lower elongated cam members which are
      respectively associated with the ram assembly and base, and a rigid shaft
      which extends in common aligment through the cam members to produce the
      lost motion operation during the vertical cycle of reciprocal motion of
      the ram assembly. The die jaws are carried by die jaw holders or slide
      assemblies, each of which is provided with a cam follower engaging one
      side of the cam assembly. Whenever the two elongated cam members are in
      axial abutment, the die jaw holder cam followers are forced apart to hold
      the die jaws together, clamping the workpiece. Whenever the elongated cam
      members separate from one another and, at the same time, the lower of the
      two cam members is in a predetermined position, the cam followers engage
      the reduced cross-section area of the shaft, thus, to permit the die jaws
      to open.
PAR  A still further feature of the invention is the provision of a novel blade
      location assembly to permit the use of slotting blades and severing blades
      of varying size and thickness while at the same time preserving the
      uniplanar arrangement thereof; it being clear that the slotting and
      severing blade must lie in the same plane during cutoff machine operation
      to enjoy the benefit of the double-cut technique. As applied to the
      slotting blade, the novel arrangement comprises a slotting blade holder
      having a seat portion for receiving a trapezoidal slotting blade and a set
      of spacers of varying thickness which may be disposed in the seat area
      between the blade and the holder to ensure that the blade lies at a
      predetermined planar position relative to the die jaws during machine
      operation. Accordingly, blades and spacers may be provided in sets and
      used in a correlated fashion to permit different blades for different
      workpiece sizes and materials.
PAR  Various other features and advantages of the invention will become apparent
      upon reading the following specification which, along with the patent
      drawings, describes and discloses a preferred but illustrative embodiment
      of the invention in great detail.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a tube cutoff machine embodying the invention;
PAR  FIG. 2 is a top plan view of the machine of FIG. 1;
PAR  FIG. 3 is an end view of the machine of FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the blade holder and associated
      apparatus for the slotting blade;
PAR  FIG. 5 is a perspective view of the slotting blade holder;
PAR  FIG. 6 is a perspective view of a typical slotting blade spacer;
PAR  FIG. 7 is a perspective view of a slotting slide control cam;
PAR  FIG. 8 is a perspective view of the slotting blade slide;
PAR  FIG. 9 is a perspective view of one clamping die jaw holder;
PAR  FIG. 10 is a perspective view of another clamping die jaw holder;
PAR  FIG. 11 is an exploded view of the improved clamping program control cam
      arrangement; and,
PAR  FIG. 12A through 12C is a sequence of views of a schematicized and
      simplified representation of the cutoff machine in the various operational
      phases thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAC  FIGS. 1 - 3
PAR  Referring now to FIGS. 1 through 3, there is shown a cutoff machine 10 for
      selectively severing a tubular steel workpiece 20 and comprising a heavy,
      rigid and stationary base 12 and a rigid cam assembly 14 which is adapted
      for reciprocal vertical travel relative to the base 12 on guide pins and
      busings 15. Ram assembly 14 is driven through a reciprocal vertical path
      by suitable motive power means, the particular arrangement of drive power
      not being part of my present invention and, accordingly, not being
      described in detail. For an example of a ram assembly drive arrangement,
      reference may be taken to my previously-issued U.S. Pat. No. 3,273,433.
      Cutoff machine 10 further comprises a pair of complemental die jaws 16 and
      18 slidably disposed on the base 12 for clamping and holding the tubular
      steel workpiece 20, as best shown in FIG. 1. The workpiece 20 typically
      enters the die jaws 16 and 18 by displacement along axis 22, shown in FIG.
      2, and is clamped in place for the performance of the notching and
      severing operations hereinafter described.
PAR  The opening and closing of the die jaws 16 and 18 on the workpiece 20 is
      synchronized with the reciprocal vertical displacement of the ram assembly
      14 by means of a programming cam assembly 24, the details of which are
      hereinafter described. By way of general description, the programming cam
      arrangement 24 is such as to establish three operational zones of ram
      assembly displacement: (1) a neutral zone wherein the die jaws 16 and 18
      are opened to permit entry and removal of the workpiece 20; (2) a slotting
      zone which is vertically above the neutral zone and in which a slotting
      blade 26 is caused to pass transversely of the workpiece 20 to produce a
      shallow notch in the tube wall; and (3) a severing zone which is
      vertically below the neutral zone and in which a sharp, pointed severing
      blade 32 is caused to pass downwardly through the workpiece, severing it
      in the manner of a guillotine. As will be hereinafter be made more
      apparent, the further requirement which is satisfied by the programming
      cam arrangement is that the neutral zone is operational only during
      vertically upward travel of the ram assembly 14. It will be appreciated
      that the terms vertical, upward, downward, and other directional
      indicators are used in this application in a relative sense and have no
      absolute significance as the machine 10 may assume various orientations.
PAR  Machine 10 further comprises an essentially trapezoidal-shaped notching or
      slotting blade 26 which is carried by a blade holder 28 for horizontal
      sliding displacement relative to the base 12 and in a plane perpendicular
      to the axis 22 and common to the plane of the severing blade 32; i.e., the
      notching and severing blades pass through precisely the same plane in the
      workpiece 20. The horizontal and reciprocal motion of the slotting blade
      26 and the holder 28 is synchronized with the vertical movement of the ram
      assembly 14 by means of a second programming cam arrangement 30. This cam
      arrangement is also described in greater detail with reference to other
      figures in the drawings.
PAR  Describing now the apparatus of FIGS. 1 through 3 in greater detail, the
      left die jaw 16 is shown to comprise a machined steel die having a
      transversely extending central slot opening 33 to receive the slotting
      blade 26 and the severing blade 32 for access to the tubular workpiece 20.
      The die jaw 16 is removably secured to a left die jaw holder 34 also
      illustrated in solitary fashion in FIG. 10. Die jaw holder 34 is slidably
      disposed on the base 12 for movement toward and away from the workpiece
      axis 22 in laterally extending ways. Jaw holder 34 has spaced parallel
      wing portions 36 and 38, best shown in FIG. 10, each of which is provided
      with a bore 39 to receive a cam follower roller assembly 40. Tension
      spring anchors 42 are shown extending upwardly from the die jaw holder 34
      in both FIGS. 1 and 2 for purposes to be described.
PAR  Die jaw 18 is reversely similar in configuration to die jaw 16 and, hence,
      it is provided with the central slot opening 43 which is aligned with slot
      opening 33 to permit access of slotting and severing blades to the
      workpiece 20. Die jaw 18 is carried by die jaw holder 44 which is also
      shown in solitary fashion in FIG. 9. Die jaw holder 44 is also slidably
      disposed on the base 12 for movement along a line which is perpendicular
      to the workpiece axis 22. Holder 44, like holder 34, carries a cam
      follower roller assembly 46 which is parallel to, but spaced from, roller
      assembly 40 of die jaw holder 34. Spring anchors 48 extend upwardly from
      die jaw holder 44 and tension springs 50 extend between the anchors 42 and
      48 to urge the die jaw holders in such direction as to tend to open the
      die jaws 16 and 18; i.e., die jaw holder 44 is urged to the right, while
      die jaw holder 34 is urged to the left, as seen in FIG. 1. The
      interposition of the cam arrangement 24 between the follower rollers 40
      and 46, however, limits the allowable degree of travel according to a
      program hereinafter described in greater detail. The cam follower
      assemblies 40 and 46 may be of the type obtainable from McGill Bearings
      and marketed under the trade name "CAMROL".
PAC  FIGURES 11 & 12 -- DIE JAW CAM
PAR  Looking now to FIGS. 1, 11, and 12, the details of the cam arrangement 24
      which controls the opening and closing of the die jaws 16 and 18 are shown
      to include a first elongated, hollow cam member 54 having a rectangular or
      square outer cross-sectional configuration and a cylindrical central bore.
      The cam member 54 includes a flange portion 56 of increased diameter which
      facially abuts the end surface of a cam adaptor collar 58 which is
      press-fit into an aperture 60 in the ram 14. The hollow, cylindrical bore
      of cam member 54 is fitted with longitudinally spaced bronze bushings 62
      and 64 so as to realize a sliding relationship with a centrally located
      rigid shaft 66. The shaft 66 is provided with a threaded upper end portion
      to receive a stop washer 68 and a nut 70. Washer 68 bears against the end
      face of the cam member 54, such that vertically upward travel of the ram
      14 and the cam member 54 carries the shaft 66 along. Due to the rigid
      mechanical securement between cam member 54 and ram 14 in the area of the
      adaptor collar 58, it is apparent that the cam member 54 moves
      continuously and reciprocally with the ram assembly 14.
PAR  Programming cam assembly 24 further comprises a second elongate hollow cam
      member 72 which is slidably disposed in an aperture 74 extending
      continuously through the base and carrying rings 76. Cam member 72 is also
      of rectangular or square outer cross sectional configuration and is
      provided with longitudinal cylindrical central bore to receive a
      stepped-down portion 78 of shaft 66 therein. The bottom end of shaft 76 is
      provided with a threaded length to receive a stop washer 80 and a lock nut
      82. The step in shaft 66 provides an interfering fit with the cam member
      72 at the upper end and the stop nut 80 provides an interferring
      relationship with the cam member at the lower end. Accordingly, the shaft
      66 and the cam member 72 are effectively locked together to move
      vertically in an intermittent pattern.
PAR  In other words, the combination of the cam member 54 and 72 and the shaft
      66 produces a lost-motion connection between the upper and lower cam
      members whereby the upper cam member moves reciprocally and continuously
      while the lower cam member moves reciprocally and intermittently. The
      lower end of cam member 54 is provided with a notched working surface
      configuration 84 and the upper end of cam member 72 is provided with a
      complementally notched working surface configuration 86. Accordingly, the
      complementally notched configuration 84 and 86 interfit with one anther
      when the descent of the ram 14 brings the end surfaces of the two cam
      members together. It can be seen that the disposition of the lower cam
      member 72 in the aperture 74 places it centrally between the die jaw slide
      holder 34 and die jaw holder 44. In addition, the left and right flat
      working surfaces, as shown in FIGS. 1 and 12 of the aligned cam members,
      are centrally between and in engagement with the cam rollers 40 and 46.
      The effective transverse thickness or diameter of the cam members is such
      as to drive the rollers 40 and 46 apart against the force of the bias
      springs 50 thereby to displace the die jaws 16 and 18 toward one another
      to clamp the workpiece 20. On the other hand, the vertical displacement of
      the cam assembly 24 to a condition where the bare shaft 66 is between the
      rollers 40 and 46, permits the rollers to move toward one another under
      the action of the springs 50 to open the jaws to the extent of the
      difference in thickness between the cam members and the shaft 66. As
      hereinafter described in greater detail with particular reference to FIG.
      12, the disposition of the bare shaft 66 between the cam follower rollers
      40 and 46 occurs once during each complete cycle of ram displacement;
      i.e., during the traversal of the neutral zone in the upbound direction of
      ram displacement. Cam members 54 and 72 are square in section and each can
      be rotated at 90.degree. at periodic intervals and remounted to provide
      new unworn cam surfaces to the jaw clamp assembly. Thus, long life is
      provided.
PAC  FIGS. 3, 7, & 8 -- SLOTTED CAM
PAR  Looking now to FIGS. 1 through 3, 7, and 8, the details of the cam
      arrangement 30 which programs the horizontal sliding displacement of the
      notching or slotting blade 26 will be described. In the drawings, the
      slotting blade 26 is shown supported by a cross slide 90 which is slidably
      disposed in a cross slide base 92 which is in turn secured to the cutoff
      machine base 12 by means of machine screws. Cross slide base 94 is
      machined out to define a transversely oriented slide way 94 which receives
      the elongated base of the cross slide 90. Slide 90 is secured in the way
      94 by means of gibs 96 and 98 which are bolted to the cross slide base 92.
PAR  Cross slide 90 includes an upstanding portion 100 which is integral with
      the slide base and which includes a laterally projecting annulus 102
      having a cylindrical through bore 104. The bore is such as to receive a
      cam follower roller 106 and the securement means therefor.
PAR  A vertically depending track cam 108 is rigidly secured to the ram assembly
      14 in a position to be operatively engaged with the cam roller 106 of the
      slotting blade cross slide 90. Cam 108, as best shown in FIG. 7, is
      machined out to define an inner track 110 having opposite parallel working
      surfaces, the initial portion of which measured from the ram assembly 14
      is substantially, if not exactly, vertical and the lower portion of which
      measured from the cam assembly 14 is arcuate, the curve tending to take
      the track toward the workpiece axis 22 with increasing distance from the
      ram assembly 14 when the cam is installed on the ram 14. Cam 108 also
      includes a full length, vertical extension 112 which slidingly bears
      against the interior surface 114 of a vertically extending aperture in the
      base 12 to maintain the vertical alignment of the cam and to provide a
      force reaction surface during the working stroke of the slotting blade as
      hereinafter described.
PAR  The operative engagement between the cam follower roller 106 of the
      slotting blade cross slide 90 and the internal track 110 of cam 108 is
      such that the roller 106 is disposed in the track at all times so as to
      follow the horizontal component of track displacement which is associated
      with the vertical displacement of the ram assembly 14. It is apparent in
      FIG. 1 that the full descent of ram assembly 14 toward base 12 brings the
      roller 106 into the vertical portion of the internal track 110 and causes
      the slotting blade 26 and the associated holder 28 to be displaced to the
      right, as seen in FIG. 1; i.e., away from the workpiece axis 22. On the
      other hand, the full ascent of the ram assembly 14 is such as to bring the
      arcuate portion of the cam track 110 into operative engagement with the
      roller 106, thus, to drive the slotting blade 26 and the slotting blade
      holder to the left, as seen in FIG. 1; i.e., toward and across the
      workpiece axis 22. The vertical portion of the cam track 110 is associated
      with the neutral and severing zones of ram assembly displacement and the
      arcuate portion of the track 110 is associated with the slotting zone of
      ram assembly displacement. It can be seen that the opposite working
      surfaces of cam track 110 provide a positive mechanical drive for the
      cross slide 90 in both left and right transverse directions, as seen in
      FIG. 1.
PAC  FIGS. 1, 4, 5, 6, & 8 -- SLOTTING BLADE DETAILS
PAR  Looking now to FIGS. 1, 4, 5, 6, and 8, the details of the slotting blade
      and holder assembly and the association thereof with the cross slide 90
      will be described in greater detail.
PAR  Slotting blade holder 28, as best shown in FIG. 5, comprises a body of
      rigid material having a pair of parallel, elongated slots 116 which
      receive fastener bolts to secure the slotting blade holder to the
      upstanding portion 100 of the cross slide 90. A set of vertically spaced
      bolt holes 118 in holder 90 coact with the elongated slots 116 to provide
      for a series of vertical position adjustments of the blade holder relative
      to the cross slide and, accordingly, relative to the workpiece axis 22.
      Thus, different blade depth and different workpiece sizes may be readily
      accommodated.
PAR  Slotting blade holder 28 further comprises an extension portion 120 having
      a flat recessed blade-receiving face 122 bordered by blade seat surfaces
      124 and 126, the two surfaces intersecting at an acute angle which is the
      same as the angle included between intersecting edges of the substantially
      trapezoidal blade 26, as best shown in FIG. 1. Facial surface 122 and seat
      edges 124 and 126, thus, receive and accommodate the slotting blade 26 in
      a working position best illustrated in FIGS. 1 and 2. This position being
      slightly "nose down" so as to locate the point of the blade 26 at
      precisely the depth to which the workpiece wall is to be slotted.
PAR  It is also essential to precisely locate the slotting blade 26 in the
      vertical plane of the severing blade 32 and also within the plane defined
      by the slot openings 33 and 43 in the die jaws 16 and 18. To accomplish
      this, the recessed surface 122 of the slotting blade holder 28 is offset
      from the severing blade plane to receive a blade space 128 (FIG. 6) having
      peripheral edges 132 and 134 which abut the seat edges 124 and 126,
      respectively. Accordingly, the spacer 128 lies between the facial surface
      122 of the holder 28 and the slotting blade 26, as best shown in FIG. 4. A
      blade clamp 130 of a configuration similar to that of the spacer 128 and
      the slotting blade 26 is placed over the blade 26 and the entire
      sandwiched assembly is secured together by means of machine screws 136.
PAR  The preferred implementation of the invention involves furnishing a
      plurality of spacers all having the configuration of spacer 128 but having
      varying thicknesses to be associated with slotting blades of varying
      thickness; the thinner spacer is correlated with a thicker slotting blade
      and vice versa. By this provision, blades of varying thickness and
      strength may be substituted for one another to slot workpieces of varying
      density, hardness, and size while at all times maintaining the slotting
      blade 26 precisely in the plane of the severing blade 32. A similar
      arrangement is preferably provided for the severing blade 32.
PAR  As best illustrated in FIG. 1, a still further feature of the illustrative
      embodiment is the provision of a thrust plate 140 secured to the left side
      of the base 12 and projecting slightly above the surface of the base so as
      to engage the left edge of the die jaw holder 44 when the jaw 18 is in the
      closed position. Thrust plate 140, thus, braces the cam assembly 24 and
      associated components by reacting against the force generated during the
      working stroke of the slotting blade 26 and transmitted to the thrust
      plate 140 by workpiece 20, die jaw 16, holder 34, cam follower roller 40,
      cam member 72, cam follower roller 46, and holder 44. It has been found
      that the thrust plate 140 greatly strengthens and rigidifies the assembly
      and prevents loosening and wear of various components over a period of
      time.
PAC  OPERATION
PAR  For the purpose of describing the operation of the machine 10, FIGS. 12A,
      12B, and 12C have been prepared in a simplified and schematicized fashion
      to represent the respective positions of the machine components at the
      four principal operational positions as follows: FIG. 12A represents the
      position of the machine components at the start and stop positions
      (neutral zone of ram displacement), FIG. 12B represents the position of
      the components during the slotting stroke, and FIG. 12C represents the
      position of the machine element at the bottom of the severing stroke.
PAR  In FIG. 12A, it can be seen that the ram assembly 14 occupies an
      intermediate vertical position relative to base 12 and that both the
      severing and slotting blades 32 and 26, respectively, are out of
      engagement with the workpiece 20. Cam rollers 40 and 46 are separated only
      by the relative small diameter shaft 66, the cam members 54 and 72 being
      axially separated from one another. Accordingly, the springs 52 pull the
      rollers 40 and 46 of the die jaw holders together and open the die jaws 16
      and 18 to permit the workpiece 20 to be inserted and removed by
      longitudinal displacement along the axis 22. The cam follower roller 106
      of the slotting blade cross slide 90 is just entering the arcuate portion
      of the cam track in cam 108 and, hence, the slotting blade 26 is not yet
      in engagement with the workpiece 20. Assuming FIG. 12A is taken to
      represent the start position, the subsequent displacement of ram assembly
      14 is vertically upward.
PAR  It can be seen that the upward displacement of the ram assembly from the
      position represented by FIG. 12A to the position represented by FIG. 12B
      carries the severing blade 32 still farther away from the workpiece 20.
      Such displacement, however, causes the washer 80 on shaft 66 to lift the
      lower cam member 72 of cam assembly 24 until the cam member 72 is in
      engagement with and fully between cam follower rollers 40 and 46. Cam
      follower rollers 40 and 46 are, thus, displaced apart against the bias of
      the springs 52 to close the die jaws 16 and 18 on the workpiece 20. The
      workpiece 20 is, thus, securely clamped in place.
PAR  Ascent of the ram assembly 14 further causes the cam follower roller 106 to
      be displaced fully into the arcuate portion of the curving cam track to
      produce the horizontal displacement of the slotting blade cross slide to
      the left; i.e., from the position represented in FIG. 12A to the position
      represented in FIG. 12B. Slotting blade 26, thus, displaces transversely
      through and along the slot opening defined in the die jaws and produces a
      shallow, transverse slot in the upper wall of the workpiece 20. The force
      produced by the action of the slotting blade 26 on the workpiece 20 during
      the slotting operation is transmitted through the cam assembly 24 to the
      thrust plate 140, as previously described.
PAR  Continuous rotation of a crankshaft assembly which may be used to drive the
      ram assembly 14 through the reciprocal cycle of displacement reverses the
      direction of the ram assembly displacement and drives it downwardly from
      the uppermost position represented in FIG. 12B to the lowermost position
      or bottom of the stroke represented in FIG. 12C. Downward displacement of
      ram assembly 14 produces downward displacement of cam member 54 while the
      lower cam member 72 remains in the position of FIG. 12B until the notched
      coacting surfaces 84 and 86 abut one another. At this point, the two cam
      members 54 and 72 are essentially joined together to provide a continuous
      external set of cam surfaces to the cam follower rollers 40 and 45.
      Accordingly, as the ram assembly 14 continues on to the position of FIG.
      12C, a continuous cam surface is presented to the rollers 40 and 46
      holding them apart and, thus, holding the die jaws 16 and 18 in the closed
      position even though the ram assembly 14 passes through what was
      previously the neutral zone. Downward displacement of ram assembly 14
      carries the cam follower roller 106 of the slotting blade cross slide 90
      into the vertical portion of the cam track 110, thus, retracting or
      withdrawing the slotting blade 26 from the workpiece 20. The severing
      blade 52 descends in the fashion of a guillotine precisely in the plane of
      the now-formed slot in the workpiece 20 to sever the workpiece into two
      sections, each having well-formed ends which in the typical case require
      no subsequent treatment since tube end deformation is minimized, if not
      eliminated by the operation of the present invention.
PAR  Following the attainment of the bottom stroke position shown in FIG. 12C,
      the ram assembly 14 again reverses direction and moves back to the top
      position represented by FIG. 12A. In the course of reaching this position,
      the ascent of the ram assembly 14 lifts only the upper cam member 54, the
      shaft 66 tending to slide within the bronze bushings 62 and 64, and
      otherwise remaining in position with the lower cam member 72. As the cam
      members 54 and 72 separate axially, the shaft 66 between the cam rollers
      40 and 46 is again open to permit the rollers to move toward one another
      to open the die jaws 16 and 18. The severing blade 52 is lifted out of the
      severing area and the vertical portion of cam track 110 allows the
      slotting blade 26 to remain in the position represented by FIG. 12A.
      Accordingly, the newly severed workpiece sections may be withdrawn, the
      uncut portion of the workpiece advanced to the next severing position, and
      the cycle repeated as many times as desired. It is apparent that this
      process may be repeated continuously for tubing which emerges from a tube
      mill on a continuous basis.
PAR  It is to be understood that the invention has been described with reference
      to an illustrative embodiment and, accordingly, the foregoing description
      is not to be construed in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for severing a tubular workpiece comprising: a base for
      receiving the workpiece; a ram assembly reciprocable vertically and
      cyclically displaceable relative to the base; a severing blade carried by
      said ram assembly; workpiece clamping means on said base; actuator means
      operatively connected between said base and ram assembly for causing said
      clamping means to clamp the workpiece during a cycle of ram assembly
      displacement; slide means on said base carrying a slotting blade and
      having a work stroke in the plane of the severing blade and transversely
      of the workpiece for slotting an upper wall of the workpiece; cam follower
      means on said slide means; and, a vertically depending cam carried by said
      ram and engaging said follower means and being so configured to advance
      said slide means toward said workpiece only during vertical displacement
      of the ram assembly away from the workpiece, said workpiece clamping means
      comprising a pair of complemental die jaws, first and second slide means
      carrying respective jaws for sliding displacement relative to the base,
      and first and second cam follower means on respective slide means; the
      actuator means comprising a two-part lost motion cam assembly operatively
      interconnected between the ram and base and engageable with the first and
      second cam follower means to close the jaws on the workpiece, and stop
      means on the base and engaging one of the slide means when the die jaws
      are closed to react against force produced by the work stroke of the
      slotting blade and transmitted to the one slide means via the die jaw, the
      other slide means, the cam follower means, and cam assembly.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said ram assembly displacement
      includes a neutral zone, a slotting zone vertically above the neutral
      zone, and a severing zone vertically below the neutral zone, the cam being
      configured to advance the slide means toward the workpiece only as the ram
      assembly traverses the slotting zone.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein the cam comprises a rigid member
      secured to the ram, a vertical portion adjacent the ram, said vertical
      portion terminating in an arcuate portion which curves inwardly toward the
      workpiece with increasing distance from the ram.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein the rigid member defines a track
      having parallel opposite actuating surfaces, the slide means comprising a
      rigid slide member horizontally slidable on the base, the cam follower
      comprising a roller disposed in the track and engageable with said
      surfaces to roll thereover during vertical travel of the ram.
NUM  5.
PAR  5. Apparatus as defined in claim 1 wherein the stop means comprises a rigid
      plate mechanically secured to the base and interferingly engaging the one
      die jaw slide means.
NUM  6.
PAR  6. Apparatus as defined in claim 1 wherein the clamping means comprises a
      pair of complemental die jaws each having a transversely extending slot
      opening in the plane of the severing blade, the slotting blade slide means
      comprising a blade holder having a seat portion offset from said plane, a
      slotting blade in the seat portion and held thereby, and a spacer disposed
      in said seat portion and between the holder and the blade and of such
      thickness as to locate the slotting blade in the plane of the slot
      opening.
NUM  7.
PAR  7. In a cutoff machine for severing tubular workpieces wherein the machine
      comprises a base, a ram assembly reciprocally movable relative to the
      base, a slotting blade movable transversely across the workpiece, a
      severing blade carried by the ram in the plane of the slotting blade, and
      first and second clamping jaws for clamping the workpiece during slotting
      and severing operations, the improvement comprising a control cam assembly
      for synchronizing the opening and closing of the jaws with the movements
      of the ram assembly and including: a first elongated cam member carried by
      the ram assembly for continuous movement therewith, a second elongated cam
      member carried by the base for intermittent movement relative thereto, a
      rigid shaft of lesser cross sectional dimension than the cam members
      extending in common alignment through the first and second cam members and
      being slidable relative to the first cam member to produce a
      unidirectional lost-motion connection between the cam members, the
      clamping jaws having follower means on respective opposite surfaces of the
      control cam assembly to close the jaws when engaging the cam members and
      to open the jaws when engaging the shaft between the cam members.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein the cam members are of
      rectangular cross-sectional configuration to define flat working surfaces
      for engagement with the follower means.
NUM  9.
PAR  9. Apparatus for severing a tubular workpiece comprising: a base for
      receiving the workpiece; a ram assembly reciprocable vertically and
      cyclically displaceable relative to the base, wherein said ram assembly
      displacement includes a neutral zone, a slotting zone vertically above the
      neutral zone, and a severing zone vertically below the neutral zone; a
      severing blade carried by said ram assembly; workpiece clamping means on
      said base, wherein said clamping means comprises first and second
      complemental die jaws slidable on the base, and bias means for opening the
      jaws to receive and release a workpiece, actuator means operatively
      connected between said base and ram assembly for causing said clamping
      means to clamp the workpiece during a cycle of the ram assembly
      displacement, said actuator means comprising a first elongated cam carried
      by and vertically depending from the ram for continuous reciprocal
      movement therewith, a second elongated cam slidably carried by the base in
      vertical aligment with the first cam, and a shaft commonly operatively
      connected through the first and second cams to produce a lost motion
      connection between said cams, and cam follower means carried by respective
      die jaws and engageable with opposite vertical surfaces of the first and
      second cams during displacement thereof with the ram to close the die
      jaws, the upward extremity of travel of the second cam and the lower
      extremity of travel of the first cam being in operative engagement with
      the cam follower means for the die jaws to open the jaws only during
      upward displacement of the ram through the neutral zone; slide means on
      said base carrying a slotting blade and having a work stroke in the plane
      of the severing blade and transversely of the workpiece for slotting an
      upper wall of the workpiece; cam follower means on said slide means; and a
      vertically depending cam carried by said ram and engaging said follower
      means to advance said slide means toward said workpiece, the cam being
      configured to advance the slide means toward the workpiece only as the ram
      assembly traverses the slotting zone.
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ABST
PAL  A puching press with a very strong main swanneck frame having an upper arm
      carrying a punching head equipped with an actuating slide, and a lower arm
      provided with an anvil. A rotary turret is provided with a plurality of
      punches engageable selectively with the actuating slide by rotation of the
      turret, and the turret is also provided with a plurality of punching dies
      each corresponding to a punch and locatable over the anvil by synchronous
      rotation with the punches. The turret is mounted on a second swanneck
      frame disposed outside of the slot of the first swanneck frame.
BSUM
PAR  The present invention relates to punching or nibbling presses having a
      turret.
PAR  These presses comprise a swanneck frame defining, for the passage and
      movement of the metal sheet to be machined, a slot separating a lower arm
      from an upper arm. They also comprise a turret having two plates separated
      from each other and supporting, in facing relationship, movable punches
      and the corresponding dies, these plates being mounted to rotate about a
      common geometric axis on the frame, inside the slot and being able to be
      rotated selectively and in synchronism by a driving device. The lower arm
      of the frame constitutes an anvil for the selected die of the turret,
      brought into a facing relationship by the drive device. The upper arm of
      the frame guides a striker slide moved in vertical alternating translation
      by an appropriate device in order to actuate the punch of the turret
      associated with the selected die.
PAR  It is clear that owing to the bulk of the turret, its location inside the
      slot of the frame and the necessary presence of mechanisms controlling
      this turret, the swanneck is weakened.
PAR  Under these conditions, for a given depth of the slot, one is forced either
      to accept that the punching power of the punching press having a turret is
      reduced with respect to that of a simple punching press (i.e. without a
      turret) of the same dimensions, or to considerably reinforce the frame in
      order that it does not deform in the case of equal power.
PAR  Generally, in order to remain within acceptable limits of power, strength
      and cost price, designers manufacture punching presses having a turret,
      whereof the slot is less deep than that of simple punching presses. This
      does not prevent these presses having a turret from being relatively
      expensive.
PAR  It is the object of the present invention to remedy these drawbacks.
      Indeed, according to this invention, the press comprises, in combination:
PAR  FIRSTLY, A FIRST SWANNECK FRAME WHICH, SINCE IT IS PROVIDED SOLELY WITH THE
      STRIKER SLIDE AND ANVIL, HAS A SLOT OF SLIGHT HEIGHT ADAPTED TO THE
      PASSAGE OF THE THICKEST SHEETS AND IS THUS VERY COMPACT AND STRONG IN
      ORDER TO RESIST THE CUTTING FORCES,
PAR  SECONDLY, A SECOND SWANNECK FRAME LOCATED OUTSIDE THE FIRST AND WHEREOF THE
      ARMS SUPPORT THE TWO PLATES OF THE TURRET WHICH ARE DISPOSED IN A
      RELATIVELY HIGH SLOT OF THIS SECOND SWANNECK, WHICH MAY BE OF SLIGHT
      STRENGTH SINCE IT IS SUFFICIENTLY RIGID TO ENSURE PRECISE POSITIONING OF
      THE TURRET RELATIVE TO THE STRIKER SLIDE.
PAR  Under these circumstances, owing to the face that it is absolutely
      identical to a simple punching press, the punching press limited to the
      first swanneck frame has qualities at least as good as the latter: its
      strength, high punching power, considerable capacity (the width of the
      metal sheets depending on the depth of the slot) etc...
PAR  Therefore, either the performances of the press of the invention are
      improved in comparison with those of a conventional punching press having
      a turret of similar construction, or the construction of this press of the
      invention may be simplified and made more economical than that of a
      conventional punching press having a turret, which would aim for the same
      performances as a simple punching press of the same capacity.
PAR  In addition, the improvement, which is the object of the invention, makes
      it possible to transform any existing simple punching press into an
      automatic punching press having a turret, by simply mounting the second
      swanneck having a turret relative to the swanneck of the existing machine.
PAR  Furthermore, owing to the presence of a second swanneck, the table
      supporting the metal sheet to be machined during its movement, may be
      improved and its floor supports eliminated. This results in an improvement
      of the performances within the framework of automation and a decrease in
      the magnitude and cost of installation work.
PAR  In fact, according to the invention, a fixed member of the table is
      supported by the second swanneck frame and has a circular shape partially
      surrounding the turret and eccentric with respect to the latter opposite
      the first frame, whereas two movable lateral members of this table have a
      curved inner edge adjacent the outer edge of the fixed member and are
      integral with descending arms which are pivotally mounted on the second
      swanneck frame about a geometric axis parallel to that of the turret and
      centered on this fixed member, these arms being connected to a mechanism
      for symmetrical synchronous drive bearing against this second frame
      through the intermediary of a device for regulating the plane of symmetry
      of said moving members with respect to the plane defined by the axis of
      the turret and the pivot axis of said arms.
PAR  Various other features and advantages of the invention will become apparent
      from the following detailed description.
DRWD
PAR  One embodiment of the object of the invention is illustrated as a
      non-limiting example in the accompanying drawings.
PAR  In these drawings:
PAR  FIG. 1 is a partial elevational view, showing the punching press having a
      turret according to the invention, certain parts of which have been
      illustrated very diagrammatically and others have been eliminated or
      cut-away to facilitate and understanding of the arrangement,
PAR  FIG. 2 is a plan view relative to FIG. 1 and the illustration of which is
      also reduced for the same purpose,
PAR  FIG. 3 is a partial perspective view of the mechanism for driving the
      lateral movable members of the table.
PAR  FIG. 4 is a partial vertical sectional view taken on line IV--IV of FIG. 3.
DETD
PAR  The reference numeral 1 designates a punching press, whereof only the
      active end has been illustrated. However, the essential parts with which
      the means characteristic of the invention co-operate, are shown. This
      press 1, comprises a swanneck frame 2 having an upper arm 3 and a lower
      arm 4 separated by a slot 5. The height of the latter is relatively great
      at the front to facilitate the intervention of a turret 6. But this height
      corresponds to what it should be on a simple punching press and decreases
      towards the back to facilitate solely the passage and displacement of the
      metal sheet to be machined.
PAR  At its free end, the upper arm 3 is provided with a punching head 7 in
      which a striker slide 8 is guided to move in alternating vertical
      translation and is connected to a drive device transmitting the punching
      power. At its free end, the lower arm 4 is integral with an anvil 9 able
      to receive the punching force.
PAR  According to the invention, the turret 6 is mounted not in the main
      swanneck 2, but in an auxiliary swanneck frame 10 extending as an
      elongation of the former 2 and towards the outside.
PAR  The auxiliary frame 10 is supported by a foot 11 resting on the ground, as
      well as by the main swanneck 2. In fact, the lower arm 13 of this swanneck
      10 rests by means of a plate 14 on the anvil 9 and is fixed to the latter.
PAR  The arms 12 and 13 are sufficiently separated to define a space 15 in which
      the turret 6 may be housed and intervene freely. Opening into this space
      15 is a slot 16 extending to a coplanar manner, that of the same height
      (not shown in the drawing) of the main frame 2, these slots being
      sufficiently deep to allow, as above-mentioned, the passage and
      displacement of the metal sheet to be machined, both towards the front and
      towards the rear.
PAR  As is well known, the turret 6 comprises an upper plate 17 and a lower
      plate 18 integral with coaxial shafts 19 and 20 mounted to rotate
      respectively in the upper arm 12 and lower arm 13. The upper plate 17
      supports detachable punches 21, appropriately distributed with equal
      radial spacing from the shaft 19, which are vertically movable and able to
      be taken in charge selectively, during the rotation of this plate, by the
      slide 8.
PAR  Similarly, opposite the punches 21, the lower plate 18 supports
      corresponding dies 22 which, since this plate rests plumb with the slide 8
      on the plate 14, itself resting on the anvil 9, are perfectly capable of
      supporting the punching force when they are selected.
PAR  Naturally, a free space 23 is provided between the punches 21 of the upper
      plate 17 and the dies 22 of the lower plate 18, this free space being
      situated in the same plane as the slot 16 of the auxiliary frame and the
      corresponding slot of the main frame.
PAR  The two plates 17 and 18 must be able to be rotated strictly in
      synchronism, in order that the punches and dies are always opposite each
      other and, in addition, they must be able to be indexed accurately in
      order that the punch and die selected and arranged plumb with the punching
      head 7 extend strictly coaxially under the slide 8.
PAR  To this end, the plates 17 and 18 are placed under the dependence of a
      common driving device 24 (FIG. 2) which may be constituted by a
      speed-reduction group 25 whose output shaft is integral with two pinions
      26 connected by chains 27 to two other pinions 28 permanently meshing with
      toothed rings 29 integral with the plates 17 and 18 respectively. Thus,
      the latter may be driven in synchronism, i.e. be moved at the same time
      through the same angle.
PAR  This driving device 24 co-operates with a braking mechanism 30 comprising
      two pairs of shoes 31 able to grip two peripheral discs 32 and 33 of the
      plates 17 and 18, the shoes being moved by a common oleo-pneumatic control
      34.
PAR  The driving device 24 and braking device 30 also co-operate with an
      indexing device 35 comprising two fingers 36 and 37 movable in radial
      translation and able to co-operate selectively with housings 38 and 39
      provided in the periphery of the plates 17 and 18, these housings being
      distributed angularly in the same manner as the punches and dies. The
      fingers 36 and 37 are simultaneously actuated by a common pneumatic
      control 40 acting on a rocking lever 41 connected to the fingers 36 and 37
      by transmission rods 42 and 43.
PAR  Naturally, these three devices 24, 30 and 35 are supported by the auxiliary
      swanneck frame 10.
PAR  The result of the aforesaid is that the turret 6 as well as all the means
      controlling the latter are no longer integrated in the main swanneck frame
      2, but in an auxiliary swanneck frame 10.
PAR  Therefore, the main frame produces performances at least as good as those
      obtained with simple punching presses.
PAR  Naturally, it may be advantageous for improving the positioning accuracy of
      the turret 6 relative to the striker slide 8, to fix the upper arm 12 of
      the second swanneck 10 to a fitting 12a of the punching head 7 supported
      by the first swanneck 1.
PAR  Since the auxiliary frame exists, it is no longer necessary to anchor to
      the floor, the table intended to support the metal sheet to be machined,
      during its displacement.
PAR  Under these conditions, the table of the invention comprises a fixed member
      44 (FIG. 2) having a substantially circular shape centered on a geometric
      axis 45 extending in the plane of the geometric axes 46 of the turret and
      47 of the punching head, this axis 45 being located with respect to the
      axis 46, opposite the axis 47. Consequently, the member 44 fixed to the
      frame 10 partially surrounds the turret 6.
PAR  The table also comprises two lateral movable members 48 and 49 enlarging
      the support surface for the metal sheet to be machined. The inner edge 50
      of these members is curved concentrically with respect to the axis 45 and
      consequently follows the shape of the outer edge 51 of the fixed member
      44.
PAR  The lateral members 48 and 49 are integral with descending arms 52 and 53
      (FIGS. 1 and 3) which, at their lower ends, are provided with bushes 54
      and 55 mounted to pivot about a common pillar 56 fixed under the auxiliary
      frame 10 and extending along the aforesaid axis 45.
PAR  Furthermore, said moving members are connected to a synchronous drive
      mechanism 57, moving them symmetrically with respect to any plane.
PAR  If this plane of symmetry is the plane 58 passing through the axis of the
      shafts 19, 20 of the turret and through the axis 45 of the pillar 56 (FIG.
      2), the moving members 48 and 49 are able to occupy a front position 59
      (shown in full line), a rear position 60 (shown in broken line), and any
      intermediate position. In all these positions, said moving members 48 and
      49 are equidistant from the reference rule against which the metal sheet
      to be machined bears.
PAR  If the plane of symmetry is any plane, such as 61 (FIG. 2) forming an
      appropriate angle with the aforesaid plane 58, the moving members may
      occupy a position such as 62 (illustrated in dot-dash line) and are thus
      particularly capable of supporting a so-called unbalanced metal sheet, for
      example in the shape of a trapezium.
PAR  The mechanism 57 makes it possible to modify the orientation of this plane
      of symmetry 61 with respect to the mediam plane 58, then to pivot the
      moving members 48 and 49 by the same angle relative to this plane 61.
PAR  To this end, the mechanism 57 illustrated in FIGS. 3 and 4, thus comprises
      the pillar 56, on which are threaded and superimposed the bushes 54 and 55
      of the arms 52 and 53. These bushes are moreover interposed, in order to
      be able to pivot freely, between a shoulder 63 of the pillar and a nut 64
      screwed to the latter. Furthermore, they are integral with toothed conical
      sectors 65 and 66 respectively, concentric with respect to the axis 45 of
      the pillar and separated from each other.
PAR  The sectors 65, 66 mesh with a conical pinion 67 interposed therebetween
      such that the latter, whilst rotating about its fixed axis, pivots the
      arms 52 and 53 in opposite directions and through the same angle.
PAR  The pinion 67 is connected by means of a torque limiting member 68, to a
      speed-reduction group 69 supported by the ascending arm of a bracket 70,
      whose substantially horizontal arm is pivotally mounted about the axis 45
      and able to be locked, in any angular position, relative to the pillar 56.
PAR  In the example shown, the bracket 70 is integral with a cylindrical pivot
      71 intended to be engaged in a blind bore 72 of the lower end of the
      pillar 56, which is provided with a ring 73. Moreover, a screw 74 mounted
      in the ring is extended, at one end, by an actuating lever 75 and, at its
      other end, by a finger 76 passing through a hole 77 in the pillar and
      penetrating a groove 78 of the pivot. Thus, when the screw 74 is slightly
      loosened, its finger 76 prevents the axial translatory movement of the
      pivot 71 and prevents the bracket 70 from dropping. However, the latter is
      free to pivot, the pinion 67 thus rolling on the sectors 65 and 66,
      leaving them immobile. On the other hand, when the screw 74 is locked by
      abutment of the finger 76 against the base of the groove 78 of the pivot
      71, the rotation of the pinion 67 caused by the speed-reduction group 69
      has the effect of pivoting the sectors 65 and 66, thus the arms 52, 53 and
      the members 48, 49 through the same angle, in opposite directions.
PAR  In other words, in order to regulate the position of said members 48 and
      49, it is firstly sufficient to chose the plane of symmetry 61 (by
      unlocking the screw 74, rotating the bracket 70 and re-locking this
      screw), then to cause the arms 52 and 53 to pivot symmetrically (by
      controlling the speed-reduction group 69).
PAR  The invention is not limited to the embodiment illustrated and described in
      the aforesaid, since various modifications may be applied thereto, without
      diverging from its framework.
PAR  In particular, instead of the arms 12 and 13 of the auxiliary frame being
      aligned with the arms 3 and 4 of the main frame, it may be advantageous if
      their planes are parallel and offset laterally or even if they form an
      angle therebetween.
PAR  As will be appreciated by the artisan from the foregoing the invention
      provides a punch press unit 1 and a tool exchange unit with a swan neck or
      C-shaped frame 10, which tool exchange unit is fixedly connected to the
      punch press unit 1 for operation therewith. The punch press unit also has
      a swan neck or C-shaped frame 2, which frame 2 supports an anvil 9 and a
      ram associated with striker slide 8. The ram and anvil are in opposite
      spaced apart relation, and the ram is moveable relative to the anvil along
      a given path which is the axis 47. The C-shaped frames of the punch press
      and tool exchange units are disposed in laterally spaced relation to each
      other with the openings of both of these frames being in generally facing
      relation to each other even though the arms of these frames might be in
      parallel and offset planes, or in planes forming an angle.
PAR  The tool exchange unit is provided with turret means 6 supported by the
      frame 10 of such unit having rotation relative thereto about an axis which
      is fixed, to selectively position punch and die sets carried by the turret
      means 6 into registry with the ram and anvil of the punch press unit.
PAR  The tool exchange unit is provided with base means 11 disposed to engage a
      base surface, such as that upon which the punch press unit is mounted, to
      support thereupon at least a portion of the weight of the tool exchange
      unit, as is clearly indicated in FIG. 1, whereby the punch press unit need
      not bear the entire load of the tool exchange unit.
PAR  The improvements, which are the object of the invention, may be applied to
      punching and/or nibbling presses equipped with a punch support turret and
      dies and preferably to automatic and programmed presses, both as regards
      the selection of the punches and dies, as well as the displacement of the
      metal sheet to be machined.
CLMS
STM  I claim:
NUM  1.
PAR  1. A punch press apparatus comprising a punch press unit and a tool
      exchange unit fixedly connected to said punch press unit for operation
      therewith; said punch press unit having a C-shaped frame, an anvil
      supported by said frame, and a ram supported by said frame in opposite
      spaced-apart relation to the anvil and moveable relative thereto along a
      given path; said tool exchange unit having a C-shaped frame disposed in
      laterally spaced relation to the C-shaped frame of the punch press unit,
      the openings of said C-shaped frames being in generally facing relation to
      each other, said tool exchange unit having turret means supported by the
      frame of such unit for rotation relative thereto about a fixed axis to
      selectively position punch and die sets carried by the turret means into
      registry with said ram and anvil.
NUM  2.
PAR  2. A punch press apparatus according to claim 1 wherein the C-shaped frames
      of said punch press unit and tool exchange unit have respective upper arms
      and lower arms, and an arm of the punch press unit frame is connected to
      an arm of the tool exchange unit frame to precisely establish the position
      of the turret means rotation axis with respect to the ram movement path.
NUM  3.
PAR  3. A punch press apparatus according to claim 1 including table means
      supported by said tool exchange unit, said table means including at least
      one adjustable table member for supporting material to be worked.
NUM  4.
PAR  4. A punch press apparatus according to claim 1 wherein said tool exchange
      unit has a base means disposed to engage a base surface to support
      thereupon at least a portion of the weight of the tool exchange unit.
NUM  5.
PAR  5. A punch press apparatus according to claim 1 including powered indexing
      means connected to said turret means for positioning same angularly with
      respect to said ram and anvil.
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ABST
PAL  A circular saw blade provided with a circumferential zone which extends
      radially inside the saw blade teeth and has a reduced thickness relative
      to the saw blade, whereby the noise generated at high operational speeds
      is considerably diminished.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When the steel blade of a circular saw rotates at high speeds it generates
      a disturbing sound. As saw blades to-day operate at speeds of between 60
      and 90 meters per second and the tendency is to accelerate the speed even
      further, which seems possible in view of the increasingly improved
      constructions and materials, the need for noise-suppressed saw blades
      becomes more and more pronounced.
PAR  Several ways of solving this problem have been suggested. On the market
      exists for instance so-called sandwich saw blades consisting of two core
      discs put together, with a layer of paper (cellulose) or other suitable
      noise-suppressing material between them, these discs being welded at their
      peripheries to a toothed rim of hard metal. One disadvantage with this
      type of circular saw blades is that after a period of operational life
      with the saw blade working on tree trunks and similar materials, the
      noise-reducing material will gasify on account of the extremely high
      temperatures that occur locally on the blade, or else deteriorate in some
      other way, whereby the noise-reducing effect of the material is lost.
      Another suggested improvement is the boring of holes through the blade,
      whereafter the holes are filled with copper plugs. The noise-reducing
      effect is, however, comparatively small. In accordance with a third
      suggestion, noise-reducing screens are attached to the sawing machine
      proper at either side of the saw blade below the saw table, whereby the
      lower portion of the blade will rotate between the screens. One
      disadvantage of this arrangement is that when the saw blade is removed
      from its shaft or spindle, for instance when the saw teeth are to be
      reground, it is necessary to dismantle at least one of the two
      noise-reducing screens, usually the outer one.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The purpose of the present invention is to remedy the drawbacks enumerated
      above. The invention concerns noise-suppressed circular saw blades of the
      kind having teeth welded or brazed thereon and wherein the bottom portion
      of the gap between subsequent teeth extends to a point positioned closer
      to the saw blade centre than the radially inner end of the teeth. It is
      characteristic of the invention that the core disc of the saw blade is
      provided radially inside the teeth with a circumferential zone extending
      between the teeth gaps and having a thickness somewhat less than the
      thickness of the disc. The invention is based on the knowledge that the
      disturbing noise experienced during the operation of the saw blade largely
      is caused by compression of the air present in the gaps between the
      individual teeth. The aim then is to screen off the sound generator from
      the sound reproducer - as the sound generator being considered the teeth
      of the saw blade and as the sound reproducer the disc positioned radially
      inside the toothed rim of the saw blade. Thus, when the vibrations of the
      toothed rim, generated by the compression of the air, may be reduced, the
      level of the disturbing noise will be considerably reduced. Owing to the
      thinned-out zone in the saw blade the air in the teeth gaps may deflect
      and consequently no significant compression takes place inside the teeth
      gaps. Only small vibrations will occur in the toothed rim and as a result
      the operation of the saw blade will be quieter. The reduction of the
      thickness of the disc internally of the teeth also has a favourable effect
      in lowering the noise level of the latter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described more in detail in the following with
      reference to the accompanying drawings, wherein
PAR  FIG. 1 is a side view of a saw blade incorporating the noise-supressing
      arrangement in accordance with the invention, and
PAR  FIG. 2 illustrates on an enlarged scale a cross-sectional view along line
      II--II of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The circular saw blade illustrated in the drawings is imagined made of
      steel and having hard metal teeth 1. The gaps 2 between the teeth extend
      into the core disc 3 of the saw blade such that the bottom portions 4 of
      the gaps become positioned inside the inner end 5 of the teeth.
PAR  On either side of the core 3 is formed a circular groove 6, 7 the
      longitudinal medium line 8 of which is tangent to the bottoms 4 of the
      teeth gaps 2. The grooves 6, 7 are preferably ground into the core disc 3.
      The configuration of the bottom portions of the grooves 6, 7 (see FIG. 2),
      as seen in cross-sectional direction, follows a circular arc with the
      deepest point of the grooves positioned at the bottom portions 4 of the
      teeth gaps 2.
PAR  Adjacent teeth gaps 2 thus communicate with one another through the grooves
      6, 7. This means that air present in the teeth gaps 2 is able to deviate
      through the grooves 6, 7.
PAR  For a circular saw blade having an outer diameter of 450 millimeters and 90
      teeth 1 and a core disc 3 that is approximately 3.2 millimeters thick it
      has proved suitable to choose a width for the grooves 6, 7 of about 10
      millimeters and a depth therefor of appr. 0.6 millimeters. However, these
      groove widths may vary for various saw blade diameters between appr. 8 and
      12 millimeters and the groove depths between appr. 0.5 and 0.7
      millimeters. These dimensions may, however, be exceeded, dependent on the
      material of the saw blade. In some cases it may be sufficient to arrange a
      groove 6 or 7 on one side only of the core disc 3.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved noise-suppressed circular saw blade comprising teeth welded
      to said blade, gaps formed between subsequent ones of said teeth, the
      bottom portion of said gaps extending to a point closer to the saw blade
      centre than the radially inner end of said teeth, the improvement
      comprising a circumferential zone in the core disc of said saw blade, said
      zone positioned radially inside said teeth and having a thickness less
      than the thickness of said core disc and wherein a groove is formed in at
      least one of the surfaces of said saw blade, the bottom portion of said
      groove forming said zone and wherein the longitudinal medium line of said
      groove is essentially tangent to said bottom portion of said teeth gaps.
NUM  2.
PAR  2. An improved saw blade as claimed in claim 1, wherein the deepest point
      of said groove bottom portion is positioned at the bottom portion of said
      teeth gaps.
NUM  3.
PAR  3. An improved saw blade as claimed in claim 1, wherein the longitudinal
      medium line of said grooves is essentially a tangent to the bottom
      portions of said teeth gaps.
NUM  4.
PAR  4. An improved saw blade as claimed in claim 3, wherein the deepest point
      of said groove bottom portions are positioned at the bottom portion of
      said teeth gaps.
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ABST
PAL  This circular saw blade has a center disk and circumferential teeth
      segments secured to the center disk, for example, by welding. The center
      disk has two rows of circumferentially spaced radially outwardly extending
      lands. The two rows of lands are preferably axially spaced from each other
      by a circumferential groove. The lands in each row are circumferentially
      spaced by gaps, whereby the lands in one row are angularly displaced
      relative to the lands in the other row so that the lands in one row face
      the gaps in the other row. The teeth segments are provided with the same
      type of lands and gaps, but facing radially inwardly, whereby the lands
      contacting each other on both sides of the disk may be electronically
      welded from one side of the disk. Worn out segments may be easily removed
      by a cutting or grinding tool having an outer diameter somewhat smaller
      than the distance from one outer wall of a gap to the outer wall of the
      next adjacent gap.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  The present invention relates to circular saw blades and to methods for
      making and repairing such blades. More specifically, the invention relates
      to circular saw blades used in so called cold sawing machines for steel
      and non-ferrous metals. These sawing blades conventionally comprise a
      center disk made of cheaper material and teeth segments, hereafter simply
      referred to as segments. These segments are made of high alloy and
      hardened material removably secured to the center disk in such a manner
      that individual segments, which have been damaged or all segments which
      have been worn out may be replaced without limiting in any way the reuse
      of the center disk.
PAR  One quite well known and widely used releasable interconnection between the
      disk and the segments is produced by milling about 1/3 off along the
      circumference on both sides of the center disks so that a
      circumferentially extending center ridge is produced having a width
      corresponding to about 1/3 of the thickness of the disk. The radial width
      of the center ridge may, for example, be about 15 mm. A groove is machined
      into the inner edge of the segments to receive the center ridge of the
      disk. The reverse construction of the interconnection between the segments
      and the disk is also known. In other words, the center disk is provided
      with a circumferentially extending center groove instead of a ridge and
      the segments are provided with such a ridge fitting into the groove of the
      disk. In any event, the overlapping portions of the segments and disk are
      provided with holes, and rivets extend through these holes, whereby the
      rivet heads are countersunk on both sides of the saw blade. For example,
      the countersunk holes may have an opening angle of about 90.degree..
      Depending on the type of construction, the countersunk holes may be
      provided in the segments or in the disk. It is further known to precisely
      hold the segments in the plane of the disk by means of rivets extending
      through respective holes located where two adjacent segments abut each
      other. In other words, these holes extend partially through each of the
      two adjacent segments and this applies also to the countersunk holes. In
      order to replace individual segments or to remove all segments, it is
      necessary to punch-out the rivets.
PAR  The just described interconnection between disk and segments is rather
      expensive. Additionally, it is necessary that the holes through the disk
      along its circumference and the holes in the segments are rather precisely
      spaced in order to assure the necessary alignment and proper positioning
      of the segments.
PAR  In order to obviate the need for such rivet holes, especially in connection
      with so called discard saw blades attempts have been made to weld the
      segments to the disks either electrically or autogenously. However,
      difficulties have been encountered in connection with such welding
      attempts due to the fact that the segments expand especially in their
      longitudinal plane due to the welding heat. As a result, the end of a
      segment partially welded to the disk gaps away from the disk, thus making
      it difficult or impossible to properly complete the welding. This gapping
      away of the segments from the disk is in the plane of the disk. In
      addition, the welding heat causes tension forces at the welding location.
      These tension forces tend to bend the end of the segment not yet welded
      out of the plane of the disk toward the welding apparatus.
PAR  The just described difficulties have been reduced to some extent by welding
      the segments to the disk by means of an electron beam, whereby a
      substantially smaller heating zone is created. However, even such smaller
      heating zones do not entirely remove the difficulties of the bending of
      the segments.
PAR  It is well known that the tilting angle, that is, the angle between the
      bent end of the segment and the plane of the disk and the angle between
      the bent up end of the segment and the tangent to the circumference of the
      disk will depend in their size on the thickness of the two elements to be
      welded toghether. Such thickness in turn determines the energy necessary
      for the welding. As a result, the degree of bending out of the plane of
      the saw blade and also the degree of the bending radially outwardly will
      increase if the thickness of the elements to be welded together increases.
      To alleviate these problems it has been suggested, especially in
      connection with an electrical welding process to provide a circumferential
      centrally located groove in the disk, as well as in the segments, so that
      only respective circumferentially extending lands to the right and left
      are provided in the disk as well as in the segments. After the welding the
      grooves form a circumferentially hollow ring space in the finished saw
      blade. The purpose of these inner grooves is to reduce the material
      thickness at the welding location and thus to also reduce the above
      described bending of these segments. However, even this method leaves room
      for improvement.
PAR  Thus, it would be possible, especially in connection with a welding
      apparatus employing one electron beam on each side of the saw blade to
      perform the welding operation on both sides of the saw blade
      simultaneously, whereby the forces which cause the above bending would
      compensate each other. In this manner the segments would remain in the
      plane of the center disk. However, such an apparatus is rather expensive.
      Similarly, it would be possible to perform repeated welding steps
      simultaneously on both sides of the saw blade in order to reduce the
      applied welding energy. As mentioned, such machines capable of welding on
      both sides simultaneously either continuously or in sequential steps are
      rather expensive, in any event substantially more expensive than a welding
      apparatus capable of welding on but one side of the disk at a time.
      Besides, it has been found that the simultaneous application of welding
      beams from both sides of the saw blade results in an undesirable
      interfering between the two welding beams, since the beams penetrate
      respectively into the opposite land.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the above, it is the aim of the invention to achieve the
      following objects singly or in combination:
PAR  to provide a saw blade of the type described above in which the segments
      may be welded to the center disk by means of a single electron beam in an
      inexpensive manner, while simultaneously avoiding the above described
      difficulties;
PAR  to construct a saw blade in such a manner that the segments may be welded
      to the disk sequentially once on one side of the blade and then
      substantially on the other side of the blade by means of the same electron
      beam, which is to remain on one side of the blade and without the need for
      turning the blade around;
PAR  to assure that the segements will remain precisely aligned in the plane of
      the disk without bending or warping, by precisely controlling the quantity
      of the welding energy on both sides of the disk in rather narrow welding
      zones;
PAR  to divide the lands and gaps around the circumference of the disk and
      segments in such a manner that the number of gaps and lands of one segment
      will correspond to the respective number of any other segment, whereby
      these segments are not limited to any particular position along the
      circumference of the disk; and
PAR  to provide a method for repairing the present saw blades in a simple manner
      by simply cutting the interconnecting lands either preferably sequentially
      by means of rotating cutting tools such as disks having an outer diameter
      such that only one land at a time can be severed by one cutting disk.
PAC  SUMMARY OF THE INVENTION:
PAR  According to the invention there is provided a circular saw blade,
      especially for use in connection with so called cold sawing machines for
      steel and non-ferrous metals. The present saw blade comprises a center
      disk made of cheaper material and a plurality of teeth segments welded to
      the circumference of the disk by means of an electron beam. The teeth
      segments are made of high alloyed hardened material. Preferably, a
      centrally located groove is provided prior to the welding in the segments,
      said groove extending radially outwardly. Similarly, a groove is provided
      in the circumference of the disk, said groove extending radially inwardly.
      The axial width of each groove will, for example, be 1/3 of the blade
      thickness, so that on each side of the groove a flange will extend around
      the circumference of the disk, as well as along the inner circumference of
      the segments. The radial depth of these grooves will preferably be
      slightly larger than the width of the electron beam used for the welding.
      Further, according to the invention, the flanges in the disk and in the
      segments will be provided with gaps, for example, by a milling operation,
      whereby the gaps separate adjacent lands preferably in such a manner that
      the circumferential width of the gaps is wider than the respective width
      of the lands, both in the disk and in the segments. The lands in one
      flange are angularly displaced relative to the lands in one flange
      register with the gaps in the opposite flange and vice versa. This angular
      displacement is the same in the segments and in the disk. Due to this
      angular displacement and since the gaps are preferably wider in the
      circumferential direction than the lands, it is possible for the electron
      beam to reach the lands on the opposite side of the saw blade along the
      entire circumferential width of these lands.
PAR  According to the invention the just described circular saw blades are
      manufactured by first aligning the lands of the disk with the lands of a
      segment and securing the two elements in a chuck or vise in such a manner
      that the segments cannot tilt. Thereafter an electron beam is directed
      from one side only onto the successive welding zones, whereby
      alternatively the lands are welded on both sides of the saw blade. Upon
      completion of one welding sequence around the saw blade the latter may be
      removed from the chuck or vise with the segments welded thereto, whereby
      the segments are precisely aligned with the plane of the center disk of
      the saw blade due to the fact that only narrow zones along both sides of
      the saw blade have been welded in successive steps, whereby an equal
      welding energy was employed in each step.
PAR  According to the invention there is further provided a method for repairing
      damaged segments or replacing worn out segments. This is accomplished by
      severing the lands interconnecting the disk and the segments individually
      by means of a cutting tool such as a disk having such an outer diameter
      that it will sever one land at a time. Preferably the outer diameter of
      the severing disk will correspond to at least the circumferential width of
      a land and to not more than the circumferential width of two gaps and the
      respective land therebetween. Thus, the severing disk will penetrate at
      the most merely into the adjacent gaps.
DRWD
PAC  BRIEF FIGURE DESCRIPTION:
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a sector of the center disk and of a
      segment prior to their radial alignment relative to each other and prior
      to the welding by means of an electron beam;
PAR  FIG. 2 is a top view onto the developed circumferential surface of the
      segment illustrated in FIG. 1 and in the direction of the arrow I in FIG.
      1;
PAR  FIG. 3 is a side view of a sector of the saw blade after the welding as
      viewed in the direction of the arrow II in FIG. 1 and prior to the
      grinding of the saw teeth;
PAR  FIG. 4 is a partial sectional view through the saw blade along sectional
      line III--III in FIG. 3; and
PAR  FIG. 5 is a side view similar to that of FIG. 3, and illustrating
      additionally the severing tool for severing the lands interconnecting the
      disk and the segments.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS:
PAR  FIG. 1 illustrates a sector of the center disk 1 and a teeth segment 2
      located in the same plane as the disk 1 but radially spaced therefrom for
      illustration purposes. Preferably, the outer circumference of the disk 1
      is provided with a central groove having an axial width 3 and a radial
      depth 4 as best seen in FIG. 4. Similarly, the segment 2, which is not yet
      provided with the saw teeth has machined therein along its inner
      circumference facing the outer circumference of the disk 1 a central
      groove also having an axial width 3' and a radial depth 4'. Preferably,
      the radial depth 4' is somewhat larger than the radial depth 4, which may
      facilitate the severing operation. The outer circumference of the disk 1
      is provided in a milling operation with gaps 5, whereby rows of first and
      second lands 6 are produced. Similarly, the inner circumference of the
      segment 2 is machined or milled to provide gaps 5', which in turn separate
      rows of third and fourth lands 6'. Preferably, the circumferential width
      of the gaps 5 and 5' is somewhat wider than the circumferential width of
      the respective lands 6 and 6', whereby an electron beam arranged on one
      side of the disk only may reach a welding interface along the opposite
      lands along the entire circumferential width of such opposite lands. For
      example, the circumferential grooves in the disk 1 and in the segment 2
      may be produced by so called groove cutters. Prior to the welding the
      segments and disk are aligned relative to each other so that the lands 6
      and 6' in each row are axially aligned to contact each other.
PAR  FIG. 2 illustrates the developed circumferential surface of the disk 1
      showing the axial alignment of the gaps 5 with the lands 6 as well as the
      groove G having the axial width 3 and the radial depth 4. The view of FIG.
      2 incidentally is a view in the direction of arrow I in FIG. 1.
PAR  FIG. 3 illustrates a side view in the direction of the arrow II in FIG. 2.
      The sector of FIG. 3 shows the segments 2 welded to the disk 1, whereby
      the welding seams 7' along the interface between radially aligned lands 6,
      6' have a width 7. As in FIG. 2, FIG. 3 also makes it clear that the gaps
      5 are wider in the circumferential direction than the lands 6.
PAR  In order to further secure the segments 2 relative to each other, and in
      the plane of the disk 1 there are provided rivets 8 located at the radial
      planes where two adjacent segments abut each other. The sawteeth 9 are
      shown by dash-dotted lines since these saw teeth will be produced in a
      subsequent grinding operation.
PAR  FIG. 4 illustrates a preferred method for repairing the saw blades
      according to the invention, whereby FIG. 4 is a sectional view along the
      lines III--III in FIG. 3. Two severing disks or cutting grinders 10 and 11
      are employed, one on each side. The cutters 10 and 11 are located so that
      the cutting plane will extend somewhat radially outwardly or above the
      welding seam 7'. These cutting disks 10, 11 have a diameter ranging from
      at least the circumferential width of the lands to the circumferential
      width of two gaps and a land therebetween so that one land will be severed
      at a time. These cutters 10, 11 may be rotated around the center of the
      disk 1 so as to sequentially cut one land after the other. Basically, it
      does not make any difference whether one or two cutters are employed.
      However, if two cutters are employed, one on each side, these cutters will
      be somewhat angularly displaced relative to each other, as illustrated in
      FIGS. 3 and 5, so that each cutter may penetrate to a predetermined depth
      for the complete severing of a land. If only one cutter is employed, the
      saw blade will be turned around after the cutter has completed one circle,
      whereupon the cutter will again make one revolution around the center of
      the disk 1 for severing the lands on the opposite side of the saw blade.
PAR  In view of the above description of the severing by means of the cutters 10
      and/or 11 it will be appreciated that these cutters will completely
      penetrate into the adjacent gap. Thus, it is immaterial whether the
      adjacent gap is the last gap of the segment to be severed or the first gap
      of the segment remaining. It will be appreciated that in this manner all
      segments may be severed by the described rotation of the cutter 10, 11
      around the center of the disk 1. After the severing, the remaining land
      portions may be subjected to a grinding operation in order to provide
      again the original diameter of the center disk for the subsequent welding
      of one or more segments to the disk as described above. Thus, the original
      diameter may be reproduced by the grinding operation along one segment or
      all around the center disk.
PAR  FIG. 5 illustrates a side view with the cutter in two different angular
      positions. Thus, the cutter 10 will penetrate into the gap 13 after
      severing the land 12. Gap 13 is in the range of the segment 2 to be
      removed. On the other hand, when the cutter 10 has reached the position 14
      shown in dash-dotted lines in FIG. 5, the cutter will penetrate into the
      gap 16 within the range of the next adjacent segment when the land 15 has
      been severed.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a circular saw blade having a center disk with a circumference and a
      plurality of teeth segments with radially inwardly facing edges secured to
      said circumference of the center disk, the improvement comprising two rows
      of first and second lands extending along the circumference of the center
      disk and two similar rows of third and fourth lands extending along the
      inwardly facing edges of said teeth segments, gaps between adjacent lands
      in each of the rows, whereby the lands are circumferentially spaced from
      each other, said first lands axially registering with the gaps between the
      second lands and vice versa, said third lands axially registering with the
      gaps between the fourth lands and vice versa, said first and second lands
      radially registering along common interfaces with the third and fourth
      lands, and welding seams between the lands on the center disk and the
      lands on the teeth segments.
NUM  2.
PAR  2. The circular saw blade according to claim 1, wherein each of said gaps
      is defined by a bottom surface and the adjacent lands, said saw blade
      further comprising a first circumferential groove in the center disk
      between the rows of the first and second lands, said first groove having a
      width for axially spacing the first and second lands from each other, said
      first groove having a radial depth to reach somewhat below the bottom
      surfaces of the respective gaps, a second groove in said radially inwardly
      facing edges of said teeth segments, said second groove facing said first
      circumferential groove and having said width for axially spacing the third
      and fourth lands from each other, said second groove having a radial depth
      to reach somewhat below the bottom surfaces of the corresponding gaps.
NUM  3.
PAR  3. The circular saw blade according to claim 2, having a given thickness,
      said width of the first and second grooves corresponding to about one
      third of said given thickness, and said lands having in each row an axial
      thickness also corresponding to about one third of said given thickness.
NUM  4.
PAR  4. The circular saw blade according to claim 1, wherein the gaps and said
      lands each have a respective circumferential width whereby the
      circumferential width of the gaps is somewhat wider than that of the lands
      to provide full access for an electronic welding beam.
NUM  5.
PAR  5. The circular saw blade according to claim 1, further comprising
      fastening means between adjacent teeth segments.
NUM  6.
PAR  6. The circular saw blade according to claim 5, wherein said fastening
      means comprise countersunk heat rivets.
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PAL  A musical wind instrument of the type having a plurality of valves, the
      opening and closing of which is normally used to control the instrument
      frequency, is combined with a music synthesizer of the type including a
      voltage controlled oscillator. The voltage applied to the oscillator is
      controlled by means connected to the instrument valves so that the applied
      voltage varies in response to the opening and closing of the valves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electronic musical instruments and more
      particularly to an electronic wind brass instrument such as a trumpet.
PAR  Music synthesizers have, for some time, been used with various types of
      musical instruments such as organs and pianos. The music synthesizer is in
      effect a voltage controlled oscillator having associated with it a system
      of filters, and waveform and amplitude shapers used to produce output
      signals of a frequency corresponding to musical notes. Heretofore,
      synthesizers have been used primarily with organ type keyboards to control
      the applied voltage and hence output frequency.
PAR  There are many advantages to the use of the synthesizer rather than actual
      instruments to produce sounds. For instance, a synthesizer may be
      programmed to automatically produce notes in harmony with the notes being
      played. Another advantage is that the synthesizer's output is an
      electronic signal which may be used to drive an amplifier and speaker
      system for loud volume if required or an earphone arrangement which
      enables the musical instrument to be played without disturbing others.
      Similarly, the output of the synthesizer could be connected directly to a
      tape deck for recording without any audible signal produced until the tape
      deck is played back.
PAR  As stated, up until now, the use of a synthesizer has been limited to
      musicians having keyboard skills. There are, however, many talented
      musicians devoted to wind instruments such as the trumpet, cornet,
      flugelhorn, French horn, etc., who could also benefit from the use of the
      music synthesizer. Accordingly, it is a principal object of the present
      invention to provide an apparatus which allows a musician skilled in the
      use of a valved brass instrument to use his skills to play the music
      synthesizer.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by combining a music synthesizer of
      the type including a voltage controlled oscillator with a musical wind
      instrument of the type having a plurality of valves, the opening and
      closing of which is normally used to control the instrument frequency. A
      voltage source is connected to the synthesizer and means are connected to
      the voltage source and the instrument valves to control the voltage
      applied to the oscillator in response to the opening and closing of the
      valves. Means are also provided for altering the output frequency range of
      the synthesizer in response to the positioning of a multiposition switch
      which permits half octave shifts in the output frequency of the
      synthesizer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a perspective view of an electronic musical instrument in
      accordance with the present invention; and,
PAR  FIGS. 2, 3 and 4 are block diagrams showing various portions of the
      electronic circuitry of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following preferred embodiment of the present invention is directed at
      the use of a music synthesizer with a trumpet. It should be appreciated at
      the outset, however, that the present invention is not limited to a
      trumpet and indeed would apply equally to any wind instrument which is
      played by blowing into an appropriate mouthpiece whether the instrument
      relies on the air column per se to produce a sound (as with a trumpet) or
      on the vibrations of a reed to produce the desired sound (as with a
      clarinet or oboe).
PAR  Reference is now made to the drawings wherein the electronic musical
      instrument of the present invention is depicted. In the following
      description, similar components bear the same reference numeral with
      differing subscripts wherever possible. Thus, where the following
      description applies equally to all the different but similar components,
      the component reference numeral without any subscript will be used in
      place of repeating the numeral with each of the different subscripts.
      Thus, for example, when reference is made to "valve 28" it should be
      understood that the descriptive material applies equally to each of valves
      28a, 28b and 28c. In FIG. 1, a conventional trumpet 10 is shown. Attached
      to the trumpet and secured in place by a clamping screw and bolt
      arrangement 12 is a mounting block 14 carrying a plurality of switches.
      The mounting block is formed of two sections 16 and 18 secured together by
      plate 20 and screws 22. A multi-lead cable 24 extends from the switches
      for connection with a power source and a commercially obtainable musical
      synthesizer in a manner that will be described forthwith. In a successful
      practice of the invention, a synthesizer model  2720-2 available from PAIA
      Electronics Inc. of Oklahoma City, Oklahoma, was utilized with its
      associated power supply obtainable from the same source.
PAR  As will be noted from FIG. 1, there is a valve switch 26a, 26b, and 26c
      mounted on block 14 in registry with each valve 28a,  28b and 28c of the
      trumpet. To this end, mounting block sections 16 and 18 cooperate in
      defining cutouts to receive the valves 28. In normal use, the bottoms of
      the trumpet valves 28 are closed by removable caps. With the valve caps
      removed, the bottom of each of the valve rods 30 becomes exposed and
      accessible. A linkage, such as rod or pin 32, connects the bottoms of
      valve rods 30 with the actuating arms of valve switches 26 which
      preferably are of the quick response mercury or reed type. Thus, as the
      musician presses down on and releases the trumpet valve keys 34, the
      associated valve switches 26 close and open. Incidentally, it should be
      noted that removal of the valve caps does not in any way interfere with
      the normal operation of the trumpet so that the musician can continue to
      play his trumpet in a conventional manner, even when the mounting block 14
      is attached and connected to the trumpet as described above.
PAR  In addition to the valve switches 26, a multiposition switch 36 is also
      affixed to block 14. The function and operation of this switch will best
      be understood after the following brief description of the conventional
      operation of a trumpet.
PAR  In normal use, a trumpeter is able to obtain up to 7 notes from his
      instrument by varying the combination of keys 34 that he depresses. In
      addition, the range of the instrument can be altered by the musician
      varying his lip configuration on the mouthpiece of the instrument. A
      skilled musician, by varying his lip, can obtain four or five ranges of a
      half octave each with each range consisting of up to seven sequential
      notes obtainable by varying the pattern of keys depressed.
PAR  In accordance with the present invention, the range of the electronic
      instrument is changed by changing the position of the actuating arm of
      switch 36. To this end, switch 36 is conveniently placed on the mounting
      board on the mouthpiece side of the trumpet valves where it may be engaged
      by the musician's left thumb which is not used during the normal playing
      of the trumpet. A strap 38 is provided on the arm portion 40 of switch 36
      to secure the musician's thumb to the arm. In normal play, the left thumb
      of the trumpeter merely rests on the trumpet pipe 42 so that the musician
      loses none of his capability of playing the trumpet in a conventional
      manner even with his thumb strapped to switch 36.
PAR  It should be noted that the trumpet mouthpiece 44 is provided with an
      outlet stem 46. A mouthpiece provided with such an outlet stem is
      available from several commercial sources and is normally used to connect
      the trumpet to conventional amplifier systems. In accordance with the
      present application, the outlet stem 46 is connected to a "breath"
      actuated switch 48 which, in turn, is connected through a cable 50 to
      control a relay 52 (see FIG. 2) interconnecting a controlled voltage
      source 54 with the synthesizer 56 and more particularly to the voltage
      controlled oscillator of synthesizer 56. The "breath" actuated switch 48
      is of the type often used on microphones which automatically closes as
      soon as air passes over it. Thus, when a musician blows into the
      mouthpiece of the trumpet (whether or not an actual sound is produced) the
      switch 48 will be actuated to close relay 52 to apply the controlled
      voltage output of source 54 to the synthesizer 56.
PAR  As was previously mentioned, the heart of the electronic synthesizer 56 is
      a voltage controlled oscillator. That is, an oscillator whose output
      frequency is related to the magnitude of the driving voltage. In
      accordance with the present invention, each of the valve associated
      switches 26 is connected through a relay arrangement to a resistance
      element 58 as shown in FIG. 3 which, in turn, comprises a portion of a
      resistance bank 60. The resistance bank 60 extends between a first
      terminal 62 and a second terminal 64 connected to ground. The total
      resistance between terminals 62 and 64 depends upon those resistors 58
      brought into active connection between the terminals by virtue of their
      associated valve switches 26 being closed and hence their associated
      relays 66 being actuated in the manner shown in FIG. 3 and as will be
      described forthwith.
PAR  Terminal 62 of the resistance bank 60 is connected to the juncture of the
      controlled voltage source 50 and synthesizer 56 so that the resistance
      bank 60 is connected in parallel with the synthesizer. Thus, as should be
      apparent, the voltage to the synthesizer 56 varies with the resistance of
      bank 60 and accordingly the frequency or pitch of the musical output of
      the synthesizer can be varied by properly depressing the trumpet keys 34
      to vary the resistance of the bank. By properly choosing the values of the
      resistance elements 58, the output of the synthesizer will be a series of
      sequential notes obtained by depressing valve keys 34 in the same
      sequential manner as if the musician wanted to obtain the same run of
      sequential notes by playing the trumpet in a conventional way.
PAR  In order to obtain the desired range of values for resistance bank 60, each
      of the valve switches 26 is connected to a relay 66 having appropriate
      sets of contacts to make the required connections as shown in FIG. 3.
      Thus, when trumpet key 34a is depressed, switch 26a is closed so that
      relay contact arm 68a is lifted from its normally down position engaging
      the lower contact 70a to a raised position engaging the upper contact 72a.
      As a result, resistor 58d is connected between the terminals 62 and 64.
      Similarly, when the second trumpet key 34b is depressed relay arms 68b are
      lifted from their lower contacts 70b to engage their upper contacts 72b
      and when the third key 34c is depressed relay arms 68c are lifted from
      their lower contacts 70c to engage their upper contacts 72c. When trumpet
      keys 34a and 34b are both depressed, resistor 58b is connected between
      terminals 62 and 64 and so on as indicated on FIG. 3. As previously
      stated, relay 52 controls the connection between the controlled voltage 54
      and synthesizer 56 so that the output of the controlled voltage source 54
      is only applied to the synthesizer when the musician is blowing into his
      trumpet.
PAR  The frequency range of the output of synthesizer 56 is governed by the
      value of an RC circuit within the synthesizer 56 and particularly the
      value of the synthesizer timing capacitor. Referring to FIG. 4, it can be
      seen that the thumb operated switch 36 serves to interconnect one of the
      several timing capacitor circuits 74a, 74b, 74c or 74d with the remaining
      electronics 76 of the synthesizer 56. The particular timing capacitor
      circuit 74 connected to the remaining electronics is determined by the
      position of switch 36. The value of the timing capacitor circuits 74 are
      chosen so as to enable the musician to obtain sequential sections of the
      chromatic run by varying the position of the switch. Thus, the position of
      the multi-contact switch 36 determines the range of the synthesizer 56
      with the particular note (within the range) being determined by the value
      of the resistance bank 60 which, in turn, is governed by the particular
      keys of the trumpet that are depressed by the musician.
PAR  In operation, the musician turns on the unregulated power source which
      provides current for the relays 52 and 66 as well as an input to the
      controlled voltage source 54. The musician then either plays the trumpet
      in the usual manner thereby producing the usual trumpet sounds from the
      instrument or merely blows in the trumpet so as to produce no sound
      directly from the trumpet. In either event, the musician's breath actuates
      switch 48 as a result of which relay 52 is energized thereby connecting
      the output of the controlled voltage source 54 with the synthesizer 56.
      The fingering of the trumpet keys 34 (and therefore the opening and
      closing of valve switches 26) regulates the voltage applied to the
      synthesizer. This, in combination with the positioning of switch 36 which
      determines the timing capacitor circuit 74 of the synthesizer and hence
      the range of the synthesizer output results in a desired musical note
      being produced by the synthesizer. That note may or may not be the same as
      the note produced through the trumpet (if any note is produced through the
      trumpet). If the musician desires, the synthesizer may be connected to a
      speaker system to enable an audience to hear him play. Alternately, the
      synthesizer could be connected to earphones to enable him to practice in
      privacy or to a recording device for later playback. Thus, in accordance
      with the above, the aforementioned objects are attained. It should be
      realized that certain modifications could be made in my invention without
      departing from the scope of the invention as defined by the following
      claims. For example, the various relays 52 and 66 could be replaced with
      other types of switching devices to obtain the same end result. Also, in
      place of a complete trumpet, a mouth piece, valves and synthesizer could
      be utilized along with the controls described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination: a music synthesizer of the type including a voltage
      controlled oscillator to produce an output signal of a frequency
      determined by the voltage applied thereto, the frequency range of said
      output signal being controlled by the value of a capacitance circuit
      comprising a portion of said synthesizer;
PA1  a musical wind instrument of the type having a plurality of valves, the
      opening and closing of which is normally used to control the frequency of
      the note produced by said instrument when said instrument is played in a
      conventional manner; a voltage source connected to said synthesizer; means
      connected to said voltage source and said valves to control the voltage
      applied to said oscillator in response to the opening and closing of said
      valves;
PA1  a plurality of capacitance circuits, the value of each of said circuits
      being such as to produce a different frequency range for said synthesizer
      when interconnected to form said portion of said synthesizer; and
PA1  multiposition switch means interconnecting said plurality of capacitance
      circuits with said synthesizer whereby in each position of said switch a
      different capacitance circuit is interconnected with said synthesizer to
      comprise said portion of said synthesizer.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein said control means
      includes a variable resistor comprising a plurality of resistance
      elements, first and second terminals of said variable resistor, and switch
      means operatively connected to each of the valves of said plurality of
      valves to selectively connect said resistance elements to said terminals
      in response to the opening and closing of said valves.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein said variable resistor
      and synthesizer are connected in parallel to said voltage source.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein said instrument
      includes a mouthpiece, switch means capable of being activated by the
      blowing of air into said mouthpiece connected to said mouthpiece, and
      circuit means actuated by said aforementioned switch means interconnecting
      said voltage source with said oscillator whereby the output of said
      voltage source is connected to said oscillator when said aforementioned
      switch means is activated.
NUM  5.
PAR  5. The invention in accordance with claim 1 wherein said multiposition
      switch means is mounted to said instrument.
NUM  6.
PAR  6. The invention in accordance with claim 1 wherein the values of said
      capacitance circuits is such that the output range of said synthesizer
      with each of said capacitance circuits is one half an octave.
NUM  7.
PAR  7. The invention in accordance with claim 6 comprising at least four
      capacitance circuits connected to form adjacent positions of said
      multiposition switch means and the values of said capacitance circuits is
      such as to produce sequential half octave ranges for the output frequency
      of said synthesizer.
NUM  8.
PAR  8. The invention in accordance with claim 1 wherein said instrument
      comprises a trumpet.
NUM  9.
PAR  9. The invention in accordance with claim 8 wherein said multiposition
      switch is mounted to said trumpet on the mouthpiece side of the trumpet
      valves in position for engagement by the left thumb of a player of the
      trumpet.
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ABST
PAL  A bolt anchor construction for attaching metal plates to the roof of a mine
      tunnel. An expansion shell having a plurality of spaced metal fingers is
      telescopically mounted on a bolt. A camming plug is threadably mounted on
      one end of the bolt and is located within and engaged with the spaced
      fingers. A series of coined teeth is formed in the outer surface of each
      finger with the rear of the teeth forming a smooth, flat, tapered surface
      extending downwardly outwardly with respect to the inner surface of the
      fingers. The camming plug forces the fingers outwardly upon rotation of
      the bolt whereupon the teeth bite into the rock surrounding the drilled
      hole to attach the plates to the mine roof. A pair of spaced
      longitudinally extending bearing strips is formed on the inner surface of
      each finger for engagement with the camming plug, and the teeth smooth
      rear surfaces are located between the bearing strips and are free of
      projections to prevent bending with the plug.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to fastening devices and in particular to fastening
      devices having an expansion shell for gripping surrounding material to
      which an item is to be attached. More particularly, the invention relates
      to a bolt anchor construction for attaching metal plates to the roof of a
      mine tunnel in which the expansion shell has a plurality of fingers with a
      series of coined teeth for gripping the surrounding rock, and in which the
      fingers are expanded outwardly by a camming plug.
PAR  2. Description of the Prior Art
PAR  Numerous anchor bolt constructions and fastening devices have been devised
      for attaching articles together and in particular for attaching plates or
      other supports to surrounding rock, soil or strata. Examples of such
      anchor constructions are illustrated and described in U.S. Pat. Nos.
      1,139,712, 1,513,301, 1,772,064, 1,802,270, 2,667,099, 2,762,119,
      3,250,170, 3,315,557, 3,381,567 and 3,577,825. Most of these fasteners
      include a bolt having an expansion-type shell mounted thereon which is
      expanded outwardly into gripping contact with the walls of a drilled hole
      by a camming-type plug.
PAR  Expansion shells for such anchors are formed of malleable iron, stamped
      from metal sheets or hot formed in hot rolled steel sheets. The malleable
      iron shells present problems of breakage upon the fingers moving outwardly
      to grasp the surrounding walls of a drilled hole especially where voids or
      non-cylindrically shaped drill holes are encountered. The malleable iron
      shells also are expensive to produce in large quantities which are
      required for most mine installations. The hot rolled steel expansion
      shells eliminate much of the breakage problem, but also are expensive and
      difficult to produce in vast quantities.
PAR  Recently, expansion shells have been developed for such mine anchors which
      are stamped and coined from metal plates. Such stamping and coining
      procedures result in a strong, durable and inexpensive expansion shell,
      which can be mass produced more conveniently and economically than prior
      known shells. Problems, however, have been encountered with expansion
      shells of this type. The shell fingers have ribs or cross members
      extending transversely across the finger rear surface which form part of
      the camming plug bearing surfaces. The camming plug occasionally becomes
      tilted within the fingers while expanding the shell with the plug lower
      edged becoming engaged with such transverse ribs or projections,
      preventing complete advancement of the camming plug which is necessary to
      achieve maximum anchor holding power.
PAR  Thus, the need has existed for an anchor bolt construction having an
      expansion shell stamped, coined and formed from metal strips in which the
      inner surfaces of the shell fingers are free of projections or other
      transverse members in the vicinity of the camming surfaces to prevent
      binding of the camming plug.
PAR  No anchor bolt construction of which I am aware has an expansion shell
      stamped and coined from metal strips, which has inner finger bearing
      surfaces free of transverse members or other projections.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the invention include providing a mine roof anchor bolt
      construction which is stamped and coined from a continuous metal strip,
      rapidly, economically and in large quantities; providing an anchor bolt
      construction in which the expansion shell has a plurality of spaced
      fingers, each finger having a series of teeth coined in the outer surface
      thereof and in which the teeth rear surface forms a continuously smooth,
      uninterrupted, tapered surface extending downwardly outwardly in the inner
      finger surface; providing an anchor bolt construction in which the teeth
      are equal in cross-sectional configuration and thickness when taken on
      corresponding generally radial lines through the teeth, and in which the
      depths or pitch of the teeth are equal; providing such a construction in
      which the metal of two longitudinal strips extending along the sides of
      the teeth as well as a collar and stem portions of the expansion shell are
      relatively unworked and have a metal thickness equal to that of the virgin
      metal strip from which the expansion shell is formed; providing such a
      construction in which the tops of the fingers of the expansion shell are
      flared outwardly at approximately 4.degree. angles for receiving the end
      of the camming plug; and providing a construction in which the finger
      inner camming surfaces are free of transversely extending members and
      other projections which may engage the camming plug bottom edges causing
      binding of the plug within the expansion shell.
PAR  These objectives and advantages are obtained by the mine roof anchor bolt
      construction, the general nature of which may be stated as including a
      bolt having a threaded shank portion; a camming plug threadably engaged
      with said bolt for advancing along the threaded shank portion; an
      expansion shell including a plurality of metal fingers surrounding the
      bolt and engageable with the camming plug; the fingers each having outer,
      inner and side surfaces with a series of teeth being coined in each of
      said fingers and projecting outwardly from the outer finger surface; the
      teeth having smooth back surfaces tapered outwardly downwardly with
      respect to the finger inner surfaces; a pair of spaced generally planar
      bearing strips being formed in each of the finger inner surfaces and
      extending longitudinally adjacent the teeth side surfaces for engagement
      with the camming plug; the fingers inner surfaces being free of
      transversely-extending members between the plug bearing strips; the
      expansion shell having a collar and stem portions extending between the
      collar and fingers; the metal thicknesses of the collar, stem portions and
      longitudinal bearing strips being equal to each other and to the thickness
      of a virgin metal strip from which the expansion shell is formed; the
      teeth each having a major planar facet extending outwardly downwardly with
      respect to the shell finger and a minor planar facet extending upwardly
      outwardly with respect to the shell finger and forming a tooth crest at
      the junction with the major planar surface; and the teeth crests
      terminating in generally outwardly flared rounded ends.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention -- illustrative of the best mode in
      which applicant has contemplated applying the principles -- is set forth
      in the following description and shown in the drawings and is particularly
      and distinctly pointed out and set forth in the appended claims.
PAR  FIG. 1 is an elevational view showing the mine roof anchor bolt assembly,
      portions of which are in section and broken away, inserted within an
      opening in a mine roof prior to expansion;
PAR  FIG. 2 is a view similar to FIG. 1, showing the anchor bolt in expanded
      operating position;
PAR  FIG. 3. is an enlarged sectional view taken on line 3--3, FIG. 1;
PAR  FIG. 4 is an enlarged sectional view taken on line 4--4, FIG. 2;
PAR  FIG. 5 is an elevational view of the four fingers of the anchor bolt
      expansion shell shown in full lines, after stamping of a metal strip, and
      before final shaping;
PAR  FIG. 6 is an enlarged elevational view of the expansion shell in final
      folded position;
PAR  FIG. 7 is a bottom plan view of the expansion shell shown in FIG. 6;
PAR  FIG. 8 is a top plan view of the expansion shell shown in FIG. 6;
PAR  FIG. 9 is a sectional view taken on line 9--9, FIG. 8, showing the rear of
      one of the fingers of the expansion shell;
PAR  FIG. 10 is a sectional view taken on line 10--13, FIG. 6;
PAR  FIG. 11 is an enlarged fragmentary perspective view of the lower portion of
      one of the expansion shell fingers as shown in FIG. 6;
PAR  FIG. 12 is a sectional view taken on line 12--12, FIG. 10;
PAR  FIG. 13 is a sectional view taken on line 13--13, FIG. 10;
PAR  FIG. 14 is a sectional view taken on line 14--14, FIG. 10;
PAR  FIG. 15 is a greatly enlarged fragmentary sectional view of a portion of
      FIG. 10 showing one tooth of an expansion shell finger; and
PAR  FIG. 16 is a fragmentary sectional view similar to FIG. 10 prior to
      imparting a 4.degree. bend to the upper end.
PAR  Similar numerals refer to similar parts throughout the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The improved bolt anchor construction is indicated generally at 1 and is
      shown in FIGS. 1 and 2 attaching a metal reinforcing plate 2 to a roof 3
      of a mine tunnel. FIG. 1 shows bolt anchor assembly 1 located within a
      hole 4 drilled in mine roof 3 prior to being expanded to its holding
      position of FIG. 2. Bolt anchor assembly 1 includes as major components a
      bolt 5, an expansion shell 6, a camming plug 7, and a break-away type
      retaining nut 8.
PAR  Bolt 5 has a shank 9 with an upper threaded portion 10 and a head 11. A
      washer 12 preferably is located between head 11 and mine roof plate 2 when
      installing the roof plate. Retaining nut 8 is engaged with the lowermost
      threads of thread portion 10 to retain shell 6 in its assembled
      ready-to-use position in bolt 5 as shown in FIG. 1.
PAR  Improved shell 6 is shown in FIG. 5 in a flat prefolded condition after
      being stamped and coined in usual metal working procedures and prior to
      being folded into its final shape. The partial outline of the first finger
      13 of a second expansion shell is shown in dot-dash lines and is part of a
      metal strip 66 from which shell 6 is formed.
PAR  Shell 6 has four fingers 15, 16, 17 and 18 integrally joined at their lower
      ends to a collar 19 by stem portions 20, 21, 22 and 23 respectively (FIG.
      5). Collar 19 is folded along three imaginary lines 24 so that fingers
      15-18 provide shell 6 with a rectangular configuration as shown in FIGS. 7
      and 8. Each finger 15-18 is located perpendicularly with respect to the
      two adjacent fingers and diametically opposite the third finger. When in
      folded position, an opening 25 is formed between the unconnected ends of
      collar 19. The separated collar ends can be welded and connected by other
      means if desired. However, the metal of shell 6 has sufficient rigidity to
      maintain the folded rectangular configuration, thereby eliminating the
      need for an additional collar end connecting operation.
PAR  Fingers 15-18 extend generally longitudinally along and parallel with the
      longitudinal axis of shell 6 indicated at 28 in FIGS. 2, 7 and 8. The top
      portions of fingers 15-18 are bent outwardly at approximately 4.degree.
      angles (FIGS. 6 and 10) to provide a flared end to shell 6 for seating of
      camming plug 7 therein when bolt anchor 1 is in assembled position prior
      to installation in mine roof hole 4.
PAR  Fingers 15-18 preferably are identical in size, shape, and configuration,
      and thus only finger 15 is described in detail below and illustrated in
      the drawings. The following discussion with respect to finger 15 thus
      refers to fingers 16, 17 and 18 as well.
PAR  Finger 15 includes generally smooth outer and inner surfaces 29 and 30
      respectively, and side edges 31 and 32 extending therebetween. A series of
      teeth or toothed portion 26 is coined or cold metal formed in finger 15
      and extends longitudinally from outer finger end 27 to adjacent stem 20.
      Teeth 26 are spaced inwardly from side edges 31 and 32 and form
      longitudinal strips 29a and 29b therebetween in outer surface 29.
PAR  Teeth 26 project upwardly outwardly from outer surface 29 and consist of a
      series of seven teeth indicated generally at 33-39 in descending order
      downwardly along finger 15. Finger 15 may be formed with more or less than
      the seven fingers illustrated if desired, in order to achieve different
      holding and gripping qualities depending upon the type of rock into which
      bolt anchor assembly 1 will be inserted.
PAR  Topmost end tooth 33 includes a major planar facet 40 having a rounded top
      end configuration as shown in FIGS. 6 and 15, which conforms to finger
      outer end 27. Major facet 40 extends from top end 27 of finger 15
      downwardly outwardly therefrom and terminates at a tooth crest 41. A minor
      planar facet 42 projects downwardly inwardly with respect to major facet
      40 and merges with major facet 40 at a tooth crest 41 which extends
      transversely across finger 15.
PAR  The next six teeth 34-38 preferably are identical to each other and thus
      only tooth 34 is described in detail. Tooth 34 includes a major planar
      facet 43 extending outwardly downwardly from finger 15 and a minor planar
      facet 44 which extends downwardly inwardly from major facet 43. Facets 43
      and 44 terminate and form tooth crest 45 which extends generally
      transversely across tooth 34 terminating in outwardly flared, curved ends
      46 and 47. Teeth 34-38 differ only slightly from top tooth 33 in that
      major planar facets 43 do not have curved top ends as does tooth 33 and
      that crests 45 have outwardly flared ends.
PAR  Bottom tooth 39 is identical to teeth 34-38 except that the lower tooth
      portion 48 does not have a minor planar facet similar to facets 44 but has
      a generally rounded, curved configuration, as shown in FIGS. 6 and 10.
PAR  In accordance with the invention, teeth 26 are formed with a flat, smooth,
      longitudinally-extending back surface 49. Surface 49 is tapered downwardly
      outwardly with respect to finger inner surface 30 when teeth 26 are coined
      as shown in FIG. 16 prior to imparting the 4.degree. bend to the upper
      ends of the fingers.
PAR  After bending finger 15 from its straight position of FIG. 16 to its bent
      position of FIG. 10, back teeth surface 49 still is free of any
      transversely extending members or projections which could engage an edge
      of camming plug 7 and result in incomplete expansion of shell 6.
PAR  Surface 48 forms a pair of parallel, spaced, longitudinally-extending
      bearing strips 52 and 53 on inner surface 30 of finger 15 (FIG. 9) which
      engages the camming surfaces of plug 7. The lower end of teeth back
      surface 49 joins stem 20 in a generally rounded shoulder 54. The upper
      ends of bearing strips 52 and 53 taper inwardly and merge with the top end
      of surface 49 and finger end 27 shown in FIGS. 9 and 10.
PAR  In further accordance with the invention, the cross-sectional thicknesses
      and configurations of teeth 33-38 are equal. FIG. 15 is an enlarged
      sectional view of tooth 34 and portions of teeth 33 and 35 to illustrate
      the similarity between teeth 33 through 38 and the characteristics
      thereof.
PAR  The thicknesses of crests 41 and 45 of teeth 33-38 are equal as indicated
      at "B". Likewise, the corresponding teeth thicknesses taken at the
      junction of major planar facets 43 and minor planar facets 42 and/or 44 of
      the next below tooth indicated at "C" are equal for teeth 33-38. The
      heights or pitch of teeth 33-38 are indicated at "D" also are equal to
      each other. Thickness "B" of the teeth crests are formed so as to be equal
      to or preferably thinner than the thickness of longitudinal strips 52, 29a
      and 53, 29b.
PAR  Camming plug 7 is similar to camming plugs used for several known anchor
      bolt constructions, such as shown in U.S. Pat. No. 3,377,825. Plug 7 has a
      threaded bore 56 for engagement with threaded portion 10 of shank 9 and is
      formed with a plurality of tapered, flat sides 57, 58, 59 and 60 which are
      adapted to engage and slide along the longitudinal bearing strips 52 and
      53 of fingers 15-18. Plug 7 is threadably advanced along bolt 5 until it
      is firmly seated within the flared ends of fingers 15-18 (FIG. 1), with
      shell 6 being retained on bolt 5 by plug 7 and retaining nut 8, with
      fingers 15-18 surrounding bolt 5.
PAR  Bolt assembly 1 is installed in a mine roof 3 by inserting assembly 1
      through a hole 61 in roof plate 2 which aligns with hole 4 until washer 12
      is clamped between bolt head 11 and plate 2 as shown in FIG. 1. Bolt head
      11 then is rotated by a wrench or power tool which advances plug 7
      downwardly along threaded shank portion 10 expanding fingers 15-18
      outwardly whereby teeth 33-39 become embedded in the rock of the mine roof
      surrounding hole 4.
PAR  Shell 6 probably will move downwardly a short distance upon rotation of
      bolt 5 until teeth 33-39 become completely engaged with the surrounding
      rock, thereby stripping the threads of retaining nut 8 which is no longer
      required for operation of bolt anchor 1. A wire bale or various other
      retaining means may be used instead of nut 8 without affecting the concept
      of the invention.
PAR  Improved expansion shell 6 is formed by usual metal working, stamping and
      coining procedures, preferably in a high-tonnage metal press in a
      progressive die. A continuous metal strip is fed through the press which
      forms the finger outlines by notching areas 63, 64 and 65 between adjacent
      fingers as shown in FIG. 5. Teeth 26 then are coined by compression
      between the die components. The finger ends then are bent outwardly
      approximately 4.degree. followed by the subsequent step of partially
      closing the shell by bending collar 19 along the outer two imaginary bend
      lines 24. The final step consists of completely closing shell 6 to form
      the rectangular configuration of FIGS. 6-8, while generally simultaneously
      with the shell closing shearing shell 6 from strip 66 along shear line 67.
PAR  Upon working and coining teeth 26, the metal of collar 19, stems 20-23 and
      longitudinal strips 29a, 29b, 52 and 53 remains relatively unworked and
      has a thickness "E" (FIGS. 10, and 12-14) which corresponds to the
      thickness of the virgin metal strip from which shell 6 is formed. Teeth
      26, likewise are formed so that teeth crest thicknesses indicated at "B"
      are equal to or less than thickness "E".
PAR  Accordingly, the improved bolt anchor construction provides a mine roof
      anchor which can be produced economically and conveniently by cold working
      of metal strips eliminating hot metal working or malleable iron casting
      procedures heretofore required; provides a construction which is extremely
      strong and durable having hardened teeth which can bite into and grip
      surrounding rock surfaces without breaking due to minor indentations and
      variations in the cylindrical wall of the drilled hole; provides a
      construction with an expansion shell having a plurality of metal fingers
      with coined teeth, the back surfaces of which are flat, smooth areas free
      of transverse members or projections with which the lower edges of the
      camming plug could become engaged resulting in incomplete expansion of the
      shell within the drilled hole; provides such an expansion shell having a
      series of teeth formed in the shell fingers in which the thicknesses of
      the teeth crests are equal as is the metal thickness between adjacent
      teeth, and in which the heights or pitch of the teeth are equal; provides
      a construction in which the thicknesses of the teeth crests of the
      expansion shell are equal to or less than the thickness of the virgin
      metal strip from which the teeth are formed, and in which the metal of the
      stem, collar, and finger portions adjacent the series of teeth are
      relatively unworked during formation of the teeth; and provides a
      construction which eliminates difficulties existing in the prior art and
      which achieves the stated objectives and solves problems that have existed
      in the art.
PAR  In the foregoing description, certain terms have been used for brevity,
      clearness and understanding but no unnecessary limitations are to be
      implied therefrom beyond the requirements of the prior art, because such
      terms are used for descriptive purposes and are intended to be broadly
      construed.
PAR  Moreover, the description and illustration of the invention is by way of
      example, and the scope of the invention is not limited to the exact
      details of the construction shown or described.
PAR  Having now described the features, discoveries, and principles of the
      invention, the manner in which the improved mine roof bolt anchor
      construction is constructed, assembled and operated, the characteristics
      of the new construction, and the advantageous, new and useful results
      obtained; the new and useful structures, devices, elements, arrangements,
      parts, and combinations are set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Mine roof bolt anchor construction including:
PA1  a. a bolt having a threaded shank portion;
PA1  b. a camming plug threadably engaged with said bolt for advancement along
      the threaded shank portion;
PA1  c. an expansion shell mounted on the bolt;
PA1  d. the expansion shell including a plurality of metal fingers surrounding
      the bolt and engageable with the camming plug;
PA1  e. the fingers each having a free end and outer, inner and side surfaces;
PA1  f. a series of teeth coined in each of said fingers and projecting
      outwardly from the outer finger surface;
PA1  g. each finger inner surface having a pair of spaced generally planar
      bearing strips extending longitudinally adjacent the finger side surfaces
      engageable with the camming plug, and a single rectangular planar surface
      extending between said bearing strips;
PA1  h. the rectangular planar surface being tapered from the finger free end
      outwardly away from the bearing strips, and the teeth being coined from
      finger material displaced in forming said tapered planar surface, with the
      rectangular planar surface constituting a smooth back surface for the
      series of teeth and forming the entire area between the spaced bearing
      strips;
PA1  i. the majority of the teeth include major planar facets extending
      outwardly downwardly with respect to the outer finger surface and minor
      planar facets extending outwardly upwardly with respect to the outer
      finger surface;
PA1  j. and tooth crests being formed by the junctions of said major and minor
      planar facets and extending transversely with respect to the shell
      fingers.
NUM  2.
PAR  2. The construction defined in claim 1 in which the fingers each terminate
      at an end opposite of the finger free end in a collar, and in which each
      finger includes a stem portion extending between said collar and the
      teeth.
NUM  3.
PAR  3. The construction defined in claim 2 in which the rectangular planar
      teeth back surface of each finger extends between the outer free end of
      the finger and the stem portion.
NUM  4.
PAR  4. The construction defined in claim 3 in which a rounded shoulder extends
      between the teeth back surface and stem portion of each shell finger.
NUM  5.
PAR  5. The construction defined in claim 2 in which the metal thicknesses of
      the collar, stem portions, and bearing strips are generally equal; and in
      which said thicknesses are generally equal to the thickness of a virgin
      metal strip from which the expansion shell is formed.
NUM  6.
PAR  6. The construction defined in claim 1 in which the thicknesses of the
      teeth measured along corresponding radial lines generally are equal.
NUM  7.
PAR  7. The construction defined in claim 1 in which the teeth crests terminate
      in generally outwardly flared, rounded ends.
NUM  8.
PAR  8. An expansion shell for a mine roof bolt anchor construction of the type
      having a bolt with a threaded shank portion, in which a camming plug is
      threadably engaged with the bolt, in which the expansion shell is
      telescopically mounted on the bolt and engageable with the camming plug,
      and in which the shell is expanded outwardly upon advancement of the plug
      along the threaded shank portion within the expansion shell; the expansion
      shell including:
PA1  a. a collar and a plurality of metal fingers extending from said collar;
PA1  b. the fingers each having a free end and outer, inner and side surfaces;
PA1  c. a series of teeth coined in each of said fingers and projecting
      outwardly from the outer finger surface;
PA1  d. each finger inner surface having a pair of spaced generally planar
      bearing strips extending longitudinally adjacent the finger side surfaces
      engageable with the camming plug, and a single rectangular planar surface
      extending between the bearing strips;
PA1  e. the rectangular planar surface being tapered from the free finger end
      outwardly away from the bearing strips and forming the entire area between
      the spaced bearing strips and constituting a smooth back surface of the
      series of teeth, with the teeth being formed from finger material
      displaced in forming the planar back surface;
PA1  f. certain of the teeth each includes a major planar facet extending
      outwardly downwardly with respect to the outer finger surface and a minor
      planar facet extending outwardly upwardly with respect to the outer finger
      surface;
PA1  g. and tooth crests being formed by the junction of said major and minor
      planar facets, with the metal thicknesses of certain teeth crests being
      equal.
NUM  9.
PAR  9. The construction defined in claim 8 in which the metal thicknesses of
      the collar, stem portions, and bearing strips are generally equal; and in
      which said thicknesses are generally equal to the thickness of a virgin
      metal strip from which the expansion shell is formed.
NUM  10.
PAR  10. The construction defined in claim 8 in which the teeth crests terminate
      in generally outwardly flared, rounded ends.
NUM  11.
PAR  11. The construction defined in claim 8 in which a rounded shoulder extends
      between the teeth back surface and stem portion of each shell finger.
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ABST
PAL  A ramming device for shells by means of which the kinetic energy necessary
      for free flight through a Chamber of a gun is imparted to a shell having a
      base. The device comprises a ramming lever engaging behind the base of
      said shell and adapted to be driven in a swinging motion around a pivot
      point. The latter is guided in turn over a circular path such that the end
      of said lever which acts on said shell passes along an at least
      approximately linear path parallel to the axis of the bore of a barrel of
      said gun.
BSUM
PAR  The present invention relates to a rammer for projectiles.
PAR  For firing rounds of ammunition which are intended to be loaded
      individually, as is the case with large caliber guns, the projectile must
      be pushed into the barrel to such an extent that the projectile driving
      bands are seated firmly at the start of the barrel grooves. This can be
      done manually only with difficulty, particularly if the loading is to be
      carried out with a strong angle of inclination of the barrel, and there is
      the danger that the projectile will not be seated properly.
PAR  For this reason, ramming devices have already been designed in which the
      projectiles are pushed until held fast in the barrel rifling by means of a
      linearly guided hydraulically driven rammer. One such rammer is described
      in U.S. Pat. No. 3,120,785; this device has a hydraulic cylinder which is
      brought by means of a collapsible supporting device behind a projectile
      which has already been introduced into the chamber and is then actuated.
      The projectile is thereby imparted such force that after the completion of
      the movement of the piston it moves in free flight through the chamber and
      is seated fast at the beginning of the riflings.
PAR  However, the operating of this known ramming device is very cumbersome and
      time consuming. The device furthermore requires a relatively large amount
      of space behind the gun and (since it is not arranged on the elevatable
      parts of the gun) does not permit loading with a large elevation of the
      barrel.
PAR  The object of the present invention is to provide a projectile ramming
      device by means of which the kinetic energy necessary for free flight
      through the chamber is imparted to a projectile even in case of
      considerable elevation of the barrel which, while requiring only a small
      amount of space, brings the projectile far into the chamber. If a loading
      tray is provided for the projectile, the ramming device should be arranged
      in such manner that the projectile or shell is taken over by the ramming
      device from the end position of the loading tray.
PAR  This object is achieved in accordance with the invention by a ramming lever
      which engages behind the base of the shell and is driven in a swinging
      motion around a pivot which in its turn is moved along a circular path,
      and by a positive guiding of the two moving parts in such a manner that
      the end of the lever engaging the shell passes along a path which is at
      least approximately linear. With this construction one can obtain an
      optimally long guide path for the ramming lever with minimum extension of
      the members forming the device; preferably the ramming lever carried by
      the planet wheel of a planetary gear arrangement having a fixed sun wheel,
      the planet carrier being driven in rotation around the center of the sun
      wheel. An intermediate wheel is interposed between the sun wheel and the
      planet wheel to establish the proper direction of rotation of the planet
      wheel and allow the distance of the planet wheel from the sun wheel to be
      determined.
PAR  In principle, it is immaterial for the operation how the rotary drive of
      the planet carrier is produced. However, for considerations of space it is
      advantageous if the planet carrier is driven by a linearly moved rack
      which is in engagement with a toothed segment at the point of rotation of
      the planet carrier. The driving of the rack can be effected, for instance,
      by means of a hydraulic cylinder. The piston travel -- by suitable
      selection of the transmission ratios -- need of course only amount to a
      fraction of the length of the path of the ramming finger.
PAR  When a loading tray for the shells is present, all parts which form the
      ramming device can advantageously be arranged on the loading tray itself
      so that the swinging movement of the loading tray into the ramming
      position of the shell behind the breech of the gun is not impaired.
DRWD
PAR  The invention will be described in further detail below with reference to
      the accompanying drawing which shows a preferred embodiment:
PAR  FIG. 1 shows semi-diagrammatically and partly in section a side view of a
      ramming device in accordance with the invention;
PAR  FIG. 2 shows the device of FIG. 1, partially in section, looking at the
      back of the breech; and
PAR  FIG. 3 shows diagrammatically the position of the ramming lever and of a
      shell after the ramming.
DETD
PAR  A parallelogram linkage having the levers 10, 12 brings a loading tray 14,
      on which the shell is lies, from the loading position indicated in
      dot-dash lines into the ramming position shown in solid lines (FIG. 1).
PAR  The parts of the ramming device are arranged below the loading tray 14. As
      can be noted from FIG. 2, these parts -- except for the ramming lever 16
      itself -- are present in pairs and are arranged symmetrically on both
      sides of the ramming lever. The ramming lever 16 is arranged for swinging
      around a pin 18 and is rigidly connected to a gear wheel 20. (Here and in
      the following in all cases only one of the double symmetrical parts
      present will be described; the other part of the pair is then positioned
      as a mirror image on the other side of the ramming lever). The
      corresponding swivel bearing 22 is located at the free end of an arm 24
      whose other end is supported by bearing 26 in the loading tray.
PAR  The loading tray 14 is provided for this purpose with external ribs 28 on
      which the levers 10, 12 (not shown in FIG. 2) also act. Furthermore,
      internal ribs 30 are also welded below the loading tray 14, and a gear rim
      32 is seated on them. This gear rim 32 forms the sun wheel of a planetary
      gearing whose planet carrier is the arm 24 and whose planet wheel is
      formed by the gear wheel 20. In order to obtain the desired direction of
      rotation, an intermediate wheel 34 is provided which meshes with the sun
      wheel (gear rim 32) and the planet wheel (gear rim 20) and is supported at
      36 on the planet carrier (arm 24). The transmission ratio is so selected
      that upon rotation of the planet carrier from the position shown in FIG. 1
      into its vertical position the connecting line is also vertical; this line
      is defined as connection of the axle 18 with the axle of a roller (or, as
      shown, a double roller) 38 which is supported on the free end of the
      ramming lever and engages behind the base of the shell 15. The ramming
      lever 16 has at this end a tapered section referred to as the ramming
      finger, which is somewhat bent at an angle. Accordingly, the ramming lever
      must pass through the angle ".beta." during the same time that the planet
      carrier passes through the angle ".alpha.". With a proper selection of the
      distance between the axle 18 and the roller 38 the roller then moves along
      a relatively precisely straight path which is naturally parallel to the
      axis of the bore of the gun barrel.
PAR  For the driving of the planet carrier the latter is connected with a
      toothed segment 40 which is in engagement with a rack 42. The side of the
      rack which is opposite the toothing is supported in the loading tray by
      means of a plain bearing 44. The piston rod of a hydraulic cylinder 46
      which is provided with  fluid under pressure via a line 48 shown in FIG. 1
      acts on the end of the rack which faces away from the breech of the gun.
      The return of the ramming lever from the end position (FIG. 3) into the
      starting position (FIG. 1) can be effected by spring force or by reversing
      the hydraulic cylinder.
PAR  The line 48 is flexible since it must be guided on a fitting arranged
      permanently on the gun cradle (50) and therefore must be able to follow
      the swinging of the loading tray 14 into and out of the position shown in
      dot-dashed line in FIG. 1. On the cradle there is supported the barrel 52
      (merely indicated in the drawing) having the breech body 54 and
      furthermore the levers 10, 12 bearing the loading tray.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shell loading tray for the loading chamber of a gun having a barrel
      axially aligned with said loading tray swingably mounted behind said
      chamber for carrying a shell into a position in which said shell is
      axially aligned with said barrel;
PA1  a pivot mounted on said loading tray for circular movement relative thereto
      about an axis offset from the axis of said pivot;
PA1  a ramming lever mounted on said pivot for circular movement about the axis
      of said pivot, said lever having a finger engaging behind said shell for
      displacing same in free flight through said chamber;
PA1  guide means for said pivot and said lever imparting substantially linear
      movement to said finger parallel to the axis of said barrel upon rotation
      of said pivot and said lever; and
PA1  drive means for swinging said lever about said pivot and for swinging said
      pivot about said axis offset therefrom to propel said shell through said
      chamber.
NUM  2.
PAR  2. A ramming device for shells by means of which the kinetic energy
      necessary for free flight through a chamber of a gun is imparted to a
      shell having a base, comprising a ramming lever engaging behind the base
      of said shell and driven in a swinging motion around a pivot point movable
      along a circular path, and means positively guiding said lever and said
      pivot point such that the end of said lever which acts on said shell
      passes along an at least approximately linear path parallel to the axis of
      the bore of a barrel of said gun, said ramming lever being seated on a
      planet wheel of a planetary gearing including a fixed sun wheel and a
      planet carrier of which is driven in rotation around the center of said
      sun wheel, an intermediate wheel being arranged between said sun wheel and
      said planet wheel.
NUM  3.
PAR  3. The shell ramming device, as set forth in claim 2, wherein said planet
      carrier is driven by a linearly moved rack in engagement with a toothed
      segment at the point of rotation of said planet carrier.
NUM  4.
PAR  4. The shell ramming device, as set forth in claim 2, wherein the parts
      forming the ramming device are arranged on a loading tray to be swung into
      the ramming position.
NUM  5.
PAR  5. The shell ramming device, as set forth in claim 2, comprising a
      hydraulic drive for the movement of the ramming lever.
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ABST
PAL  An automatic firearm having a bolt which recoils upon each shot and an
      additional mass mounted for sliding parallel to the bolt and fastened to
      the bolt by an amplifying lever which is pivotally mounted on the bolt by
      a transverse pin and which has a resting surface adapted to come into
      contact with a stop surface which is stationary at the start of the recoil
      of the bolt. The amplifying lever is H-shaped. The cross bar of the H
      constitutes the transverse axis of pivoting of the assembly of the lever
      and the two vertical uprights constitute two symmetrical unit amplifying
      levers operating in parallel each capable of assuring a proper fastening
      together of the bolt and the additional mass. The assembly of the
      amplifying lever has complete symmetry with respect to the central plane
      perpendicular to its axis of pivot and lends itself to continuation of the
      firing in case of the breaking of one of the unit amplifying levers. The
      amplifying lever has a resting surface directed toward the rear adapted,
      upon the start of the recoil of the bolt, to come into contact with a stop
      surface rigidly fastened to a fixed portion of the firearm so as to impart
      to the amplifying lever a tilting movement which has the effect of
      accelerating the additional mass towards the rear. The arrangement imparts
      to the resting surface and the stop surface the shape of cylindrical
      sections of the same radius of curvature, so that the resting surface and
      stop surface cooperate by area contact when the recoil movement of the
      bolt commences.
BSUM
PAR  The present invention relates to automatic firearms the bolt mechanism of
      which comprises, in addition to a bolt which moves back upon each shot
      against the action of return means, an additional mass attached to said
      bolt via an amplifying lever which, upon the recoil of the bolt, imparts
      to said additional mass a speed of recoil which is higher than that of the
      said bolt, the imparting of this speed to the said additional mass having
      the effect of braking the recoil of the bolt (at least at the start of its
      recoil stroke) in proportions which are an increasing function of the
      value of the additional mass and the multiplication factor introduced by
      the amplifying lever.
PAR  The invention relates more particularly, since it is in this case that its
      application seems to be of the greatest advantage, but not exclusively,
      among automatic firearms of this type, to those of small caliber, and in
      particular those of the assault rifle or machine pistol type.
PAR  Experience has shown that the life of the bolt mechanism of this type of
      firearm depends to a large extent on the life of the amplifying lever and
      the stresses produced by said lever in the two parts with which it
      cooperates, namely the bolt and the additional mass associated with said
      bolt.
PAR  The object of the invention is specifically to provide a firearm of the
      type in question which is of increased life, this improvement resulting
      both from a modification in the structure of the amplifying lever proper
      and of an improved arrangement of the kinematic assembly consisting of the
      said amplifying lever and the various parts with which it cooperates (in
      particular the bolt and the additional mass).
PAR  The automatic firearm in accordance with the invention comprises, among
      other parts, a bolt which recoils upon each shot against the motion of
      return means and an additional mass mounted for sliding parallel to said
      bolt and fastened to said bolt via an amplifying lever which is pivotally
      mounted on the said bolt by a transverse pin and which has a resting
      surface adapted to come into contact with a stop surface which is
      stationary at the start of the recoil stroke of the bolt. The automatic
      firearm is characterized by the fact that its amplifying lever, seen in
      the direction of the axis of firing, has the shape of an H the horizontal
      cross bar of which constitutes the transverse axis of pivoting of the
      assembly of the lever in question and whose two vertical uprights
      constitute two symmetrical unit amplifying levers operating in parallel
      and each capable of assuring a proper fastening together of the bolt and
      the additional mass, due to which the assembly of the amplifying lever has
      complete symmetry with respect to the central plane perpendicular to its
      axis of pivot (elimination of any transverse tilting moment) and lends
      itself to continuation of the firing in case of the accidental breaking of
      one of the said unit amplifying levers.
PAR  Another arrangement of the invention, which is independent of the preceding
      one, relates to an automatic firearm with a recoiling bolt fastened to an
      additional mass by an amplifying lever having a resting surface which is
      directed towards the rear and adapted, upon the start of the recoil stroke
      of the bolt, to come into contact with a stop surface rigidly fastened to
      a fixed portion of the firearm so as then to impart to said amplifying
      lever a tilting movement which has the effect of accelerating the
      additional mass towards the rear, the said arrangement consisting of
      imparting to the said resting surface and the said stop surface the shape
      of cylindrical sectors of the same radius of curvature, so that these two
      elements (resting surface and stop surface) cooperate by area contact (in
      opposition to linear contact) when the recoil movement of the bolt
      commences, that is to say, when the rearward directed force applied to
      said bolt is maximum.
PAR  This arrangement makes it possible to reduce the specific pressures
      produced on the amplifying lever when its resting surface strikes against
      the fixed stop surface and thus at the same time reduce the risks of the
      said amplifying lever jamming.
PAR  Another arrangement of the invention, which is also independent of the
      preceding ones, concerns the resultant of the forces acting on the bolt at
      the start of the recoil stroke.
PAR  In accordance with this latter arrangement, in a firearm with a recoiling
      bolt fastened to an additional mass by an amplifying lever pivotally
      mounted on the bolt by a transverse pin and having a resting surface
      adapted to come into contact with a fixed stop surface at the start of the
      recoil stroke of the bolt, the relative positions of the front resting
      surface of the bolt on the cartridge in firing position, of the transverse
      pivot axis of the amplifying lever and of the two resting surfaces via
      which the said amplifying lever cooperates with the fixed stop surface and
      with the additional mass respectively are determined in such a manner
      that, at least at the start of the recoil stroke of the bolt (that is to
      say, when the pressures in the barrel of the firearm reach the highest
      values), the resultant of the forces produced on the bolt by the cartridge
      which has just been fired, by the additional mass and by the fixed portion
      of the firearms tends to flatten the rear portion of the bolt against the
      guide members of the bolt which are borne by the breech box, due to which
      the guiding of the bolt is improved, and the various plays of the bolt
      mechanism are constantly taken up in the same direction, all points
      contributing to assuring a constant amplification ratio and therefore
      uniformity of the firing.
PAR  This latter arrangement can advantageously be employed, from a structural
      standpoint:
PAR  -- by locating the bolt guide members at the level of the floor of the
      breech box,
PAR  -- by locating the transverse pivot axis of the amplifying lever below the
      axis of firing,
PAR  -- by causing the upper arm of the amplifying lever to cooperate with the
      additional mass by the resting of a convex protuberance forming part of
      said lever against a flat resting surface, perpendicular to the axis of
      firing, forming part of the said additional mass,
PAR  -- by causing the lower arm of the amplifying lever to bear the resting
      surface which is to cooperate at the start of the recoil stroke of the
      bolt with the fixed stop surface,
PAR  -- and by so shaping the zone of contact of the resting surface and the
      stop surface that the reaction exerted by the stop surface on the resting
      surface is directed horizontally or downward, but in no case upward.
PAR  In accordance with still another arrangement of the invention which is
      independent of the preceding ones, the amplifying lever of firearms of the
      type in question as well as the fixed stop surface with which the said
      amplifying lever cooperates at the start of the recoil stroke of the bolt
      are located to the rear of the cage intended to receive the clip of the
      firearm, which leads to a decrease in the frictional forces and greater
      uniformity of operation of the bolt mechanism of the firearm.
PAR  In accordance with still another arrangement of the invention which is
      independent of the preceding ones, the bolt of firearms of the type in
      question is guided, at the start of its recoil stroke, by resting surfaces
      located to the front and to the rear respectively of the cage intended to
      receive the clip of the firearm.
PAR  In accordance with still another arrangement of the invention which is
      independent of the preceding ones, the amplifying lever of the bolt
      mechanism of the firearm constitutes a rear retaining stop for the firing
      pin housed in the bolt, due to which firing is made impossible if one has
      forgotten to put the amplifying lever in place upon assemblying the said
      bolt mechanism.
PAR  In accordance with still another arrangement of the invention which is
      independent of the preceding ones, he recoiling portions of the bolt
      mechanism of firearms of the type in question are subjected to the action
      of elastic return means formed of a recoil spring housed in a housing
      which is slidably mounted on a guide rod which is integral with the barrel
      of the firearm and removably fastened to the additional mass forming part
      of the bolt mechanism due to which on the one hand the said return means
      can be lubricated once and for all and on the other hand the return means
      in question can remain on the firearm in case of the removal of the bolt
      mechanism.
PAR  Finally, in accordance with another arrangement of the invention, firearms
      of the type in question are provided with a recocking rod borne by the
      additional mass of the bolt mechanism of the firearm and having a spring
      pivoting hook adapted to cooperate, at the end of the closing stroke of
      the additional mass, with a stop which is rigidly connected with the
      barrel of the firearm. The hook and the stop cooperate by contact between
      inclined resting surfaces so arranged (with respect to their sizes and
      inclinations) that, with due consideration of the force of the spring of
      the hook, on the one hand, this hook remains in hooked position, despite
      the rebound forces acting on the additional mass upon its arrival into
      closing position, and, on the other hand, the hook frees itself from its
      support under the effect of the recoil force (which is far greater than
      the said rebound forces) produced by the firing of a cartridge.
PAR  This latter arrangement may advantageously be employed by arranging the
      hook in question in such a manner that the position of its center of
      gravity, in case of commencement of rebound of the additional mass, favors
      the tilting of the hook, by momentum, in the direction of hooking, which
      makes it possible to reduce the force of the hook return spring.
PAR  The hook in question can then advantageously be arranged in the form of a
      recocking member the release of which, taking place before the recocking
      maneuver proper, requires only a reduced force, since the force of the
      return spring for said hook is itself small.
DRWD
PAR  In order to illustrate the various arrangements indicated, a preferred (not
      not limitative) embodiment of the invention will now be described with
      reference to the accompanying drawings in which:
PAR  -- FIG. I shows, in elevation, with portions cut away and portions removed,
      an assault rifle developed in accordance with the invention, this firearm
      being shown with its bolt closed,
PAR  -- FIG. 2 shows the same assault rifle in the same manner, but this time
      with its bolt open,
PAR  -- and FIG. 3 finally is a cross section on a larger scale along the line
      III--III of FIG. 1.
DETD
PAR  The assault rifle shown in FIGS. 1 to 3 comprises a launching tube 1
      rigidly connected with a bolt box 2 in which there is provided a cage 3
      for the insertion of a clip.
PAR  The bolt mechanism of this assault rifle comprises essentially:
PAR  a movable bolt 4 mounted for longitudinal sliding in the bolt box 2 and
      resting on two resting surfaces located on the floor of its housing at the
      front and the rear of the cage 3,
PAR  a firing pin 5 mounted for longitudinal sliding in an axial recess 6
      provided in the bolt 4 and permitting the release of the firing pin 5
      towards the rear,
PAR  an additional mass 7 mounted for longitudinal sliding on the bolt 4, in the
      bolt box 2, said mass being fastened to said bolt by an amplifying lever 8
      which is articulated, by means of a transverse pin 8a, on the said bolt 4
      in a region of the latter located to the rear of the clip cage 3,
PAR  a stationary rear retention stop 9 arranged on the path of recoil of the
      lower arm of the amplifying lever 8, the contact surfaces of the stop 9
      and the arm having the shape of a cylindrical sector, the bisecting plane
      of which is horizontal when the bolt is closed (as in the case of FIG. 1),
PAR  a pivoting percussion hammer 10 adapted to cooperate with the firing pin 5
      when the bolt 4 arrives in position,
PAR  and a recoil spring 11 urging the bolt 4 and the additional mass 7 towards
      their closed position, said spring being interposed between on the one
      hand a rear stop 12 provided at the rear end and serving as guide for the
      said spring 11, and on the other hand a front stop 14 rigidly connected
      with a tubular element 15 fastened to the additional mass 7 by a removable
      transverse pin 16, the tubular element 15, which is guided at its ends by
      the rod 13, acting both as air-tight box for the recoil spring 11 (due to
      the sealing joints 17 provided at the ends of the rod 13) and as recocking
      rod, as will be more expressly indicated below.
PAR  In FIG. 3 there is shown on a larger scale the amplifying lever 8 which,
      seen in the direction of the axis of firing, has the shape of an H the
      cross bar of which, located below the axis of the tube 1, constitutes the
      pivot pin 8a of the said lever 8 and the uprights 8b of which constitute
      two identical unit amplifying levers resting via a convex protuberance 8c
      provided at their upper end against a flat resting surface 7a belonging to
      the additional mass 7 and oriented perpendicular to the axis of firing.
PAR  With such a bolt mechanism, the resultant of the forces acting on the bolt
      4 at the start of its opening stroke tends to bring the said bolt against
      the floor of the bolt box 2.
PAR  Moreover, the pivot pin 8a of the amplifying lever 8 is engaged
      transversely in a longitudinal groove 18 provided in the firing pin 5, the
      pivot pin 8a preventing the escape of the firing pin 5 towards the rear
      when the lever 8 is in place.
PAR  Finally, in order to prevent the rebound of the additional mass 7 upon
      closing and in order to permit the actuation of the recocking rod 15,
      there is provided at the front end of the said rod 15 a hook 19
      articulated on a transverse pin 20 and subjected to the action of a spring
      21 which tends to cause it to swing in such a manner that at the end of
      the closing of the additional mass, it comes over a hooking stop 22 which
      is rigidly connected with the barrel 1 of the firearm. The hook 19 and the
      stop 22 cooperate by means of inclined resting surfaces which remain in
      contact when rebound forces appear, but permit the release of the hook
      under the effect of the recoil forces, which are far greater than the
      rebound forces, applied to the moving portions of the bolt mechanism upon
      the firing of the shot.
PAR  The hook 19 is provided on its top with a recocking lever 19a and the
      center of gravity G of the pivoting assembly formed by the hook and the
      lever is located above the axis of pivot 20 so that, in case of
      commencement of rebound of the additional mass 7, the angular momentum of
      the said pivoting assembly tends to hold it in hooked position.
PAR  It should be noted that the hooking stop 22 may advantageously be
      adjustable longitudinally by having it borne by a thread 13a provided at
      the front end of the rod 13 and by providing two locking nuts 23 on said
      thread 13a on opposite sides of the stop 22.
PAR  As goes without saying and is furthermore already evident from the
      foregoing, the invention is by no means limited to those of its methods of
      application and embodiments which have been more particularly
      contemplated; rather, it covers all variants.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic firearm comprising:
PA1  a bolt which recoils upon each slot against the action of return means,
PA1  an additional mass,
PA1  an amplifying lever pivotally mounted on said bolt by a transverse pin,
      said amplifying lever having a resting surface adapted to come into
      contact with a fixed stop surface at the start of the recoil stroke of the
      bolt,
PA1  said additional mass being mounted for sliding parallel to said bolt and
      being fastened to said bolt by said amplifying lever, and
PA1  said amplifying lever, in the direction of the axis of firing, being
      symmetrical with respect to a central plane perpendicular to its axis of
      pivot and being in the shape of an H the horizontal cross bar of which is
      said transverse pin and the two uprights of which are two symmetrical
      parallel unit amplifying levers each capable of assuring a correct
      fastening of the bolt and the additional mass so that firing may be
      continued upon breaking of one of the two unit amplifying levers.
NUM  2.
PAR  2. An automatic firearm comprising:
PA1  a recoiling bolt,
PA1  an additional mass,
PA1  a stop surface rigidly fastened to a fixed portion of the firearm,
PA1  an amplifying lever having a resting surface directed towards the rear and
      adapted to come into contact, at the start of the recoil stroke of the
      bolt, with said stop surface rigidly fastened to a fixed portion of the
      firearm so as to impart to said amplifying lever a tilting movement having
      the effect of accelerating said additional mass towards the rear,
PA1  said recoiling bolt being fastened to said additional mass by said
      amplifying lever, and
PA1  said resting surface and said stop surface having the shape of cylindrical
      sectors of the same radius of curvature so that the resting surface and
      the stop surface cooperate by area contact when the recoil movement of the
      bolt commences when the rearward-directed force applied to the bolt is
      maximum.
NUM  3.
PAR  3. An automatic firearm comprising:
PA1  a recoiling bolt, said bolt having a front resting surface,
PA1  an additional mass,
PA1  a fixed stop surface,
PA1  an amplifying lever pivotally mounted on said bolt by a transverse pivot
      pin, said amplifying lever having a resting surface adapted to come into
      contact with said fixed stop surface at the start of the recoil stroke of
      the bolt,
PA1  said recoiling bolt being fastened to said additional mass by said
      amplifying lever,
PA1  a bolt box, said bolt box having guide members for said bolt, and
PA1  the relative positions of the front resting surface of the bolt on a
      cartridge in firing position, of the transverse pivot pin, of the
      amplifying lever, and of the resting surface by which the amplifying lever
      cooperates with the fixed stop surface and with the additional mass
      respectively are such that, at least at the start of the recoil stroke of
      the bolt, the resultant of the forces produced on the bolt by the
      cartridge which has just been fired, by the additional mass, and by the
      fixed stop surface tends to bring the rear portion of the bolt against the
      guide members, whereby guiding of the bolt is improved and different plays
      are constantly taken up in the same direction for assuring a constant
      ratio of amplification of the amplifying lever and therefore uniformity of
      firing.
NUM  4.
PAR  4. An automatic firearm as claimed in claim 3, wherein:
PA1  said bolt box has a floor and the guide members are at the level of the
      floor,
PA1  the transverse pivot pin of the amplifying lever is below the firing axis
      of the firearm,
PA1  said additional mass has a flat resting surface perpendicular to the axis
      of firing,
PA1  said amplifying lever has an upper branch and a convex protuberance, and
      the upper branch cooperates with said additional mass by the resting of
      said convex protuberance against said flat resting surface,
PA1  said amplifying unit has a lower branch, and the lower branch bears said
      resting surface, and
PA1  the contact area of said resting surface and said stop surface are shaped
      so that the reaction exerted by said stop surface on said resting surface
      is not directly upward.
NUM  5.
PAR  5. An automatic firearm comprising:
PA1  a recoiling bolt,
PA1  an additional mass,
PA1  an amplifying lever,
PA1  said recoiling bolt being fastened to said additional mass by said
      amplifying lever,
PA1  a fixed stop surface,
PA1  a cage for receiving a clip of the firearm,
PA1  said amplifying lever cooperating with said fixed stop surface at the start
      of the recoil stroke of the bolt, and
PA1  said amplifying lever and said fixed stop surface being to the rear of the
      cage so as to decrease frictional forces and for increasing the regularity
      of operation with the firearm.
NUM  6.
PAR  6. An automatic firearm comprising:
PA1  a recoiling bolt,
PA1  an additional mass,
PA1  an amplifying lever,
PA1  said recoiling bolt being fastened to said additional mass by said
      amplifying lever,
PA1  a cage for receiving a clip of the firearm, and
PA1  resting surfaces to the front and rear respectively of the cage for guiding
      the bolt at the start of its recoil stroke.
NUM  7.
PAR  7. An automatic firerarm comprising:
PA1  a recoiling bolt,
PA1  a firing pin housed in the bolt,
PA1  an additional mass,
PA1  an amplifying lever,
PA1  said recoiling bolt being fastened to said additional mass by said
      amplifying lever, and
PA1  said amplifying lever being a rear retention stop for the firing pin
      whereby firing is made impossible if one has forgotten to put the
      amplifying lever in place.
NUM  8.
PAR  8. An automatic firearm comprising:
PA1  a recoiling bolt,
PA1  an additional mass,
PA1  an amplifying lever,
PA1  said recoiling bolt being fastened to said additional means by said
      amplifying lever,
PA1  said bolt, mass, and lever being a movable unit,
PA1  a barrel,
PA1  a guide rod rigidly connected with the barrel and removably fastened to the
      additional mass,
PA1  an airtight housing slidably mounted on the guide rod,
PA1  a recoil spring housed in said housing, and
PA1  said movabie unit being biased by said recoil spring whereby said recoil
      spring need only be lubricated once and said recoil spring can remain on
      the firearm.
NUM  9.
PAR  9. An automatic firearm comprising:
PA1  a recoiling bolt,
PA1  an additional mass,
PA1  an amplifying lever,
PA1  said recoiling bolt being fastened to said additional means by said
      amplifying lever,
PA1  a recocking rod, said recocking rod having a pivoting hook, said hook
      having an inclined resting surface, said hook being biased by a spring,
PA1  a barrel,
PA1  a stop rigidly connected with the barrel, said stop having an inclined
      resting surface, and
PA1  said pivoting hook being adapted to cooperate, at the end of the closing
      stroke of the additional mass, with said stop, said hook and said stop
      cooperating by contact between their respective inclined resting surfaces
      so that said hook remains in a hooked position despite the rebound forces
      acting on the additional mass upon its arrival into closed position and so
      that said hook is released from its rest under the effect of the recoil
      force, which is far greater than the rebound forces, produced by the
      firing of a cartridge.
NUM  10.
PAR  10. An automatic firearm as claimed in claim 9, wherein:
PA1  said hook is positioned with its center of gravity so that, upon initiation
      of rebound of the additional mass, the hook pivots by momentum in the
      direction of hooking so that it is possible to reduce the spring force of
      the spring.
NUM  11.
PAR  11. An automatic firearm as claimed in claim 10, wherein:
PA1  said hook is a recocking member the release of which, taking place before
      recocking, requires only a small force since the spring force of the
      spring is small.
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ABST
PAL  A short-recoil operated automatic firearm is provided with a single locking
     ember for alternately (1) locking the breech bolt to the barrel while
      unlocking the barrel from the receiver, and (2) unlocking the breech bolt
      from the barrel while locking the barrel to the receiver. The locking
      member is a lever pivoted intermediate its ends on the barrel and
      comprising an arm engageable with an abutment (barrel buffer) on the
      receiver, an opposite arm having a notch engageable with a locking
      projection on the breech bolt, and an intermediate arm engageable by the
      bolt in its return movement to rotate the lever to bolt-locking (and
      barrel unlocking) position.
GOVT
PAC  GOVERNMENTAL INTEREST
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention is an improvement in automatic firearms of the
      recoil-operated type wherein the various operations of extracting,
      ejecting, loading and cocking are performed by the energy of the barrel
      and breech bolt recoiling in the receiver on firing, and particularly,
      recoil-operated firearms of the short-recoil type. In short-recoil
      operated automatic firearms, the breech bolt is locked to the barrel at
      the instant of firing and remains locked along a relatively short recoil
      path, after which the breech bolt is automatically unlocked from the
      barrel, the barrel stops recoiling, and the breech bolt continues its
      recoil, extracting and ejecting the spent cartridge case. The barrel may
      be returned immediately, by a return spring or recoil buffer, to its
      forward or battery position, or may be held in its recoil position, by a
      barrel lock, until the breech bolt returns.
PAR  The breech bolt may be held near its fully recoiled position by a trigger
      sear, and/or an automatic sear that is released by the cartridge feed
      mechanism. The trigger sear is held retracted by the trigger during fully
      automatic firing. When the breech bolt is released from both sears, it is
      moved forwardly by its drive spring and pushes or rams a cartridge, e.g.,
      from a belt, into the barrel chamber. At or about the point where the
      breech bolt engages the barrel, it is automatically locked to the barrel
      and, if the barrel has not yet returned to battery, the barrel lock is
      automatically released and the locked breech bolt and barrel return to
      battery position. Firing may occur automatically at any desired time after
      breech bolt locking, preferably during the barrel return in order to
      minimize the recoil action on the firearm mount.
PAR  The conventional short-recoil operated firearm has at least two separate
      locks, namely, at least one bolt lock and a barrel lock, which are
      critically timed. The timing of these locks is affected by excessive lock
      wear, and may be magnified by bolt-barrel bounce. When the timing is
      affected, the weapon functioning becomes erratic and may cease to operate,
      thus necessitating replacement of the locks as well as possible
      replacement of the lock operating cams.
PAR  In accordance with the present invention, the various bolt and barrel locks
      in a short-recoil operated automatic firearm are replaced by a single
      locking member comprising means for alternating locking the breech bolt
      and the barrel. In the embodiment illustrated as an example, the unitary
      bolt-barrel lock member is a lever pivoted intermediate its ends on the
      barrel, near the rear end thereof, and comprising a forward arm engageable
      with an abutment of the receiver, e.g., the barrel buffer, a rear arm
      having a hook portion engageable with a lateral projection on the breech
      bolt, and an intermediate arm engageable by the breech bolt in its forward
      motion to release the barrel lock from the receiver. The lock member is
      spring-pressed toward its barrel-locking position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 8 are right side views of a recoiling-barrel firearm
      embodying the invention, with the receiver shown in section, and showing
      the barrel and breech bolt in different positions relative to the receiver
     .
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1, for example, is a right side view of a recoil-operated automatic
      firearm embodying the invention, with a box-shaped receiver 1 cut-away in
      section to show a breech block or bolt 3 of generally rectangular cross
      section slidably mounted in the receiver 1 by means of two guide ribs 5 on
      each side of the bolt 3 which ride in grooves 7 (one shown) in the side
      walls of the receiver. A barrel 9 is slidably mounted in a forward tubular
      extension 3a of the breech bolt 3 by means of two guide ribs 11 (one
      shown) which ride in guide grooves (not shown) in extension 3a.
PAR  The barrel 9 extends through and is further guided by a barrel buffer 13
      which comprises a hollow cylindrical housing 15 rigidly mounted in a
      mating recess 17 in the forward end of the receiver 1 and containing a
      buffer spring 19. The rear end of spring 19 abuts a rear ring 21 which is
      slidable in housing 15 and is retained by an inwardly-extending flange 23
      on housing 15. The front end of spring 19 abuts a front ring 25 which is
      also slidable in housing 15 and is retained by a nut 27 threaded into
      housing 15. On recoil, a nut or ring 29 on the barrel engages the front
      ring 25 to compress the spring 19 and absorb most of the residual recoil
      energy of the barrel.
PAR  FIG. 1 shows the bolt 3 held in a rearward position by a sear 31 pivoted on
      the receiver and engaging the rear wall of a notch 33 in the upper surface
      of the bolt 3. When released from the sear 31, the bolt 3 will be moved
      forward by its drive spring (not shown) to transfer a live cartridge from
      a belt having links 37 into the barrel chamber (not shown) located within
      the extension 3a in FIG. 1. The barrel 9 is shown in recoil position,
      where it is prevented from moving forwardly by a lock member 39. Lock
      member 39 is a lever pivoted at 41 intermediate its two ends on a
      downwardly-extending portion of a band 43 integral with or attached to the
      barrel 9 in a region spaced rearwardly from the buffer 13. A
      forwardly-extending arm 45 of member 39 abuts the rear face of rear ring
      21 of the buffer, which rear face is inclined at an angle substantially
      normal to the arm 45. A portion 47 of the flange 23 of housing 15 is cut
      away to provide clearance for the arm 45 to move to barrel-unlocking
      position (FIGS. 4 and 5).
PAR  The present invention is an improvement over an experimental 40mm automatic
      grenade launcher, XM175, having two automatic bolt locks and a separate
      barrel lock, with the remainder of the receiver, breech bolt and barrel
      structure the same as that shown in FIG. 1-8. In the XM175 firearm, the
      sear 31 is an automatic sear which, when engaged by the bolt notch 33,
      moves forwardly slightly and initiates the cartridge feed mechanism. The
      feed mechanism then advances the next cartridge 35 in front of the bolt 3,
      as shown in FIG. 1, and the cartridge 35 pushes or ejects the spent case
      35a through the ejection slot 3b in the bolt 3 (see FIG. 8). At or near
      the completion of the cartridge feeding operation, the feed mechanism
      automatically releases the sear 31, allowing the bolt 3 to start forward
      as shown in FIG. 2. The cartridge feed mechanism and associated control
      linkages with the sear 31 have not been shown, because they do not form a
      necessary part of present invention.
PAR  FIG. 3 shows the barrel 9 still locked in recoil position by lock member
      39, and the breech bolt 3 with the forward edge 3c of extention 3a almost
      in contact with the barrel band 43. The bolt extension 3a is shown
      partially cut away in FIGS. 3-5 to show a downwardly-extending locking
      projection 49 thereon designed to interfit with an upwardly-facing hook or
      notch 51 on a rearwardly-extending arm 53 of locking member 39. The
      locking member 39 is biased counterclockwise toward barrel-locking (and
      bolt-unlocking) position by a coil spring 55 disposed in a recess 57 in
      band 43 and engaging an intermediate upstanding arm 59 on member 39 (FIG
      5). In FIG. 3, the forward end of projection 49 has just contacted the arm
      59 and is beginning to pivot the lever 39 clockwise, toward
      barrel-releasing position. FIG. 4 shows the parts an instant later in a
      position wherein the bolt edge 3c abuts the barrel 9, the bolt is
      positively locked to the barrel (by lock arm 53 engaging bolt projection
      49), the lock arm 45 is disengaged from the buffer 13, and the barrel has
      started to return to battery position.
PAR  FIG. 5 shows the locked bolt 3 and barrel 9 in firing position, preferably
      during the return motion. The cartridge may be fired by any conventional
      means, such as a firing pin and an actuating lever in the bolt
      automatically actuated by an abutment on the receiver, during the final
      return movement of the bolt. If firing should not occur, the barrel would
      continue its forward motion until stopped by a stop band 61 engaging the
      rear ring 21 of the buffer 13 (FIG. 1). During the entire return motion of
      the barrel and most of the subsequent recoil, the locking lever 39 is
      locked in bolt-locking position by the buffer housing 15, which prevents
      upward movement of arm 45.
PAR  After firing, the barrel 9 (while locked to the bolt 3) recoils to the
      position shown in FIG. 6, where it is stopped by engagement of the barrel
      nut 29 with the front ring 25 of buffer 13 and compression of spring 19
      (FIG 1). Just prior to this full-recoil position, the lock arm 45 is freed
      from buffer housing 15, and the lock member 39 is pivoted counterclockwise
      to bolt-unlocking and barrel-locking position by the spring 55 and the
      chamber pressure urging the bolt 3 to separate from the barrel 9. The
      locking surfaces of projection 49 and notch 51 are inclined to facilitate
      unlocking of the bolt 3. When unlocked, the bolt 3 continues to recoil to
      the full-recoil position shown in FIG. 7, where it is stopped by
      engagement of a spring buffer 63 thereon with a rear wall 65 of the
      receiver 1. During this continued recoil, the breech bolt extracts the
      spent case 35a from the chamber. Meanwhile, the buffer spring 19 returns
      the barrel 9 a short distance until stopped by arm 45 of the lock member
      39.
PAR  After recoil, the bolt 3 is returned by its drive spring and the buffer
      spring 65 to the position shown in FIG. 8 (and FIG. 1) where it is held by
      sear 31. Then, the cycle of loading, bolt-locking, barrel-unlocking,
      firing, recoil, bolt-unlocking, barrel-locking, extraction and ejection is
      repeated, as described above.
PAR  It will be understood that the sear 31 may be a trigger-operated sear, and
      the described (but not illustrated) interlocks between the sear and the
      cartridge feed mechanism may be omitted. Any suitable conventional
      cartridge feed mechanism may be used. Moreover, the barrel lock arm 45 may
      engage some fixed abutment in the receiver other than the barrel buffer.
      The various parts of the firearm may be made of any suitable metals or
      alloys, as is well known in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A short-recoil-operated automatic firearm comprising:
PA1  a receiver or frame;
PA1  a barrel slidably mounted on said receiver for reciprocation between a
      forward position and a rearward position;
PA1  a breech bolt slidably mounted on said receiver for reciprocation between a
      forward position, a rearward ejecting and loading position, and an
      intermediate position; and
PA1  a single lock element mounted on said barrel and alternately engageable
      with portions of said breech bolt and said receiver for (1) locking said
      breech bolt to said barrel in said forward positions while permitting the
      locked barrel and breech bolt to recoil on firing, and (2) locking said
      barrel to said receiver in said rearward barrel position while releasing
      said breech bolt to continue its recoil motion; said single lock element
      being a lever pivoted intermediate its ends on said barrel and comprising
      a forward end engageable with a rearwardly-facing abutment on said
      receiver and a rear end with a lateral locking notch engageable with a
      complemental lateral locking projection on said breech bolt.
NUM  2.
PAR  2. A firearm as in claim 1, wherein said lock element and said receiver
      include means for maintaining said lock element in breech bolt locking
      position during and after firing until just before said barrel reaches
      said rearward position.
NUM  3.
PAR  3. A firearm as in claim 2, wherein said maintaining means comprises a
      surface on said lock element which engages an outer surface on said
      receiver when said lock element is in breech bolt-locking position, said
      outer surface being elongated and parallel to the path of said barrel.
NUM  4.
PAR  4. A firearm as in claim 3, wherein said abutment on said receiver is the
      rear end of a cylindrical barrel recoil buffer, and said outer surface is
      the outer surface of said buffer.
NUM  5.
PAR  5. A firearm as in claim 1, wherein said lever further comprises a
      transverse arm intermediate the ends thereof which is engaged by the
      forwardly-moving breech bolt to pivot said lock element to
      barrel-releasing position.
NUM  6.
PAR  6. A short-recoil-operated atutomatic firearm comprising:
PA1  a receiver or frame;
PA1  a barrel slidably mounted on said receiver for reciprocation between a
      forward position and a rearward position;
PA1  a breech bolt slidably mounted on said receiver for reciprocation between a
      forward position, a rearward ejecting and loading position, and an
      intermediate position; and
PA1  a single lock element mounted on said barrel and alternately engageable
      with portions of said breech bolt and said receiver for (1) locking said
      breech bolt to said barrel in said forward positions while permitting the
      locked barrel and breech bolt to recoil on firing, and (2) locking said
      barrel to said receiver in said rearward barrel position while releasing
      said breech bolt to continue its recoil motion;
PA1  a spring biasing said lock element toward barrel-locking position
      independent of the motions of said breech bolt and barrel; and
PA1  means on said lock element actuated by the forward-moving breech bolt near
      said intermediate position for moving said lock element to
      barrel-releasing position.
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ABST
PAL  A differential servo-motor mechanism in which manual force is supplemented
      by power assistance, comprising, a housing, a pressure responsive wall in
      the housing, valve means associated with said wall and being movable
      relative thereto to control the differential pressure acting on said wall,
      an output member, a resilient element for normally urging the wall toward
      its rest position, and reaction means characterized by a plurality of
      reaction elements arranged to provide the reaction means in the form of
      levers each having first, second, third and fourth points spaced radially
      inward from each other and engageable with the resilient element, the
      wall, the output member and the valve means respectively. The wall is
      initially movable to transmit force through the second point under
      association of the resilient element to the output member independently of
      the valve means, the reaction element being distorted during initial
      movement of the wall in response to resistance of the output member to
      engage the reaction means with the valve means and transmit movement of
      the latter and the wall after the initial movement of the wall to the
      output member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to differential servo-motors and more particularly
      to the type of servo-motors used to operate the hydraulic brake systems of
      motor vehicles.
PAR  Various differential servo-motors have been proposed heretofore for use on
      automotive vehicle brake systems to enable the substantial manual effort
      for braking to come into play after actual braking begins as disclosed and
      described specifically in prior U.S. Pat. No. 3,013,533 in recognition of
      advantages of smaller initial manual force to initiate braking but of a
      relatively uniform relationship of manual force and power throughout the
      entire braking range.
PAR  In such servo-motors, the foregoing object and others are attained through
      an additional provision of a reaction element in the form of a large ring
      made of resilient, flexible material such as rubber in addition to the
      ordinary associating parts with an aim that powered effort supplied by the
      servo-motor in the early stage of braking will sufficiently overcome the
      unavoidable resistance of return springs and the friction of certain
      movable parts in the servo-motor, master cylinder and in the actuators and
      at the brake shoes of the foundation brake unit.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to provide a differential
      servo-motor having no additional reaction element but which can utilize
      the powered effort to overcome the initial resistances to braking so that
      manual effort comes into play after actual braking begins.
PAR  The foregoing object and others are attained according to at least one
      aspect of the present invention through a utilization of the ordinary
      restoring spring which is an unavoidable and customary part in this type
      of servo-motor.
PAR  In the disclosed embodiments, there are comprised a housing, a pressure
      responsive wall in said housing, valve means associated with said wall and
      being movable relative thereto to control the differential pressure acting
      on said wall, control means for manually moving said valve means, an
      output member, reaction means having first, second, third and fourth
      points spaced radially from each other and radially inward from said first
      points and engageable with the restoring spring, said wall, said output
      member and said valve means respectively, said restoring spring normally
      maintaining said fourth point spaced from said valve means, said wall
      being initally movable to transmit force through said second point under
      association of said resilient means to said output member independently of
      said valve means, said restoring spring being distorted during initial
      movement of said wall in response to resistance of said output member to
      engage said reaction means with said valve means and transmit movement of
      the latter and said wall after said initial movement of the wall.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view through the servo-motor with the
      master cylinder and the brake pedal shown in imaginary form;
PAR  FIG. 2 is a cross sectional view taken along the line II--II in FIG. 1; and
PAR  FIG. 3 is an enlarged view of a portion of FIG. 1.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  In FIG. 1, there is diagrammatically illustrated a differential pressure
      servo-motor embodying the present invention for particular use in
      hydraulic brake systems of automotive vehicles. In such systems, hydraulic
      fluid is delivered from a master cylinder 11 to actuators (not shown)
      which apply the brakes at the wheels (not shown). The master cylinder 11
      is operatively connected with the servo-motor of the invention as shown by
      the dotted line 12 by being bolted to a front housing member 13 by means
      of bolts 14. It should be noted that the master cylinder 11 is shown out
      of proportion to the servo-motor. An opening 15 at the central portion in
      the end face of the housing member 13 is for the purpose of provision of a
      fluid tight connection with an end portion 16 of the master cylinder 11.
      For such connection, a plurality of the bolts 14 are used for bolting
      together the wall of the housing member 13 and a flange 17 of the master
      cylinder 11. The above fluid tight coupling between the master cylinder
      and the housing member provides a subatmospheric pressure within the
      housing member 13 as hereinafter will be described in detail. These
      components are of conventional construction and their operation and use is
      so well known in the art that a detailed description is not required for a
      full understanding of the invention.
PAR  As seen in FIG. 1, a servo-motor 18 embodying the invention further
      includes a housing 21 formed of the housing member 13 and another housing
      member 19. Within the housing 21, a movable wall 20 responds to pressure
      differentials to move a rod 22 which actuates the master cylinder 11
      mounted on the housing 21. The pressure differential acting on the wall 20
      is under the control of a valve means 39 actuated manually through means
      of a line 23 connected to a brake pedal 24 as shown by dotted line 25 by
      ordinary known means (not shown).
PAR  The servo-motor 18 is of the known vacuum suspended type, that is, in its
      brake released condition, as shown in FIG. 1, vacuum or subatmospheric
      pressure exists in chambers 26 and 27 formed in the housing 18 at opposite
      sides of the wall 20 and the wall remains stationary. To actuate the
      motor, atmospheric air is admitted to the chamber 27 so that the pressure
      differential on the wall 20 moves it and the rod 22 to actuate the master
      cylinder 11. The source of vacuum pressure is provided by placing the
      intake manifold of an internal combustion engine (not shown) in
      communication with a passage 28.
PAR  The housing 21 is made up of the aforesaid forward housing member 13 and
      the rearward housing member 19 by joining the same together by means of
      screw 29. As described in the foregoing, the master cylinder 11 is
      fastened directly to the housing member 13 in position by the bolts 14 for
      the master cylinder piston (not shown) to receive the forward end of the
      rod 22. The forward end of the rod 22 is received within a corresponding
      recessed portion (not shown) in the rearward end of the master cylinder
      piston (not shown) normally in contact with the end of the rod.
PAR  A manual control member 30 is supported for axial movement in a bearing
      aperture 31 in the wall 20. A seal ring 32 is embedded in a corresponding
      groove in the control member 30 to provide a fluid-tight relation between
      the bearing aperture and the member. The rearward end of the member 30 is
      formed with a bore to provide an axially rigid connection with the
      spherical forward end of the line 23 by the clamping thereof. The other
      end of the member 30 is slidably received in a bore 33 formed in the
      rearward end face of the rod 22. The control member 30 is further provided
      with a stopper ring 34 which firmly sits in a groove in the member. The
      member 30 is normally spring biased to the right by a compression spring
      35 with the stopper ring 34 abutting the face of the wall 20. The spring
      35 is anchored at its right hand end by means of a washer 36 which engages
      a shoulder in the line 23 and at the other end by a collar 37 which
      engages a shoulder formed in the internal face of a hub portion 38
      extending rightward from the wall 20.
PAR  As will be seen in FIG. 1, the generally tubular or bellow-like valve means
      39 is formed of resilient material such as rubber and is provided with a
      compression spring 40 within its internal space to normally provide an
      expanding tendency for the valve means.
PAR  The valve member 39 has its right hand end clamped within an annular groove
      in the collar 37. An inserted ring member 42 is adapted to provide for the
      valve means 39 a better valve face 43 which cooperates with a valve seat
      44 formed at the right hand end of the control member 30. The valve face
      43 further cooperates with another valve seat 45 formed in the internal
      surface of the hub portion 38 alternately with the seat 44 as will be
      explained hereinafter.
PAR  From the foregoing, it will be apparent that all the aforesaid parts remain
      in the positions shown in FIG. 1 when the servo-motor 18 is in its rest
      position, that is, no braking force is applied to the vehicle wheels. It
      will be noted that the expanding force of the spring 35 overcomes the
      force of the spring 40 of the valve means 39 with the stopper ring 34
      abutting against the left end face of the wall 20 so that the control
      member 30 remains stationary. A rubber dirt cover member 46 is provided
      between the rearward housing member 19 and the manual control rod or line
      23. A ring member 47 provides a bearing for the hub portion 38 of the wall
      20 to fluid-tightly slide within the bearing. The left end edge of the
      cover member 46 is provided with an annular groove to provide a grip for
      the ring member 47. The collar 37 and the valve means 39 cooperate to
      define within the hub portion 38 two chambers 48 and 49. The chamber 48
      communicates with the atmosphere through air filters 50 and 51 and port 52
      of the cover member 46. The chamber 49 communicates through a passage 53
      with the chamber 27. The chamber 49 is communicated with or isolated from
      the chamber 26 through the valve assembly formed of the valve means 39 and
      the seat 45 and a passage 54. The chamber 49 is further communicated with
      or isolated from the atmosphere through the valve assembly formed of the
      valve means 39 and the seat 44, the interiors of the tubular valve means
      39 and the collar 37, the chamber 48, air filters 50 and 51 and the ports
      52. The valve face 43 of the valve means 39 is disposed in position to
      normally engage the inner valve seat 44. Under these conditions, the valve
      element 39 prevents communication between the chamber 27 and the
      atmosphere and permits communication between the chambers 26 and 27 by way
      of the path 54 and the annular chamber 49.
PAR  The valve seat 45 is disposed in the path of communication between the
      chambers 26 and 27. Consequently, movement of the control member 30 to the
      left from the position in FIG. 1 permits the valve face 43 to move until
      the valve face 43 is placed in engagement with the seat 45 and isolates
      the chambers 26 and 27 from each other. Slight additional movement of the
      control member 30 is effective to have the seat 44 become disengaged from
      the valve face 43 but remain in engagement with the outer seat 45. The
      chambers 26 and 27 remain isolated from each other but chamber 27 is
      placed in communication with the atmosphere through the passage 53,
      annular chamber 49 around the control member 30, past the disengaged valve
      assembly of the seat 44 and valve face 43, through the interiors of the
      valve means 39 and the collar 37, chamber 48, air filters 50 and 51, and
      the ports 52. This admits atmospheric air from the chamber 48 to chamber
      27 and causes a differential pressure to act on the wall 20 which causes
      movement of the latter to the left from the position shown in FIG. 1.
PAR  Movement of the wall 20 in response to differential pressure and movement
      of the control member 30 is transmitted to the rod 22 through force
      transmitting means 55 which includes a plurality of levers 56 disposed
      radially at angularly regular intervals and having their outermost ends or
      the first points abutting against edge portions 57 of the dished plate 58.
      The dished plate or spring retainer 58 is held in position relative to the
      wall 20 through means of bolts 59 screwed to the flanged portion 60 of the
      wall 20. The bolts 59 support the dished plate 58 so as to permit the same
      to slidingly axially move against the restoring spring 61 anchored at one
      end at the dished or retaining plate 58 and at the other end at the
      internal face of the front housing member 13. The inner parts of the
      levers 56 are adapted to engage a flange 62 of the rod 22 at its edge
      portion 63 as best shown in FIG. 3. The intermediate portions on the
      opposite sides of the levers 56 are adapted to engage supporting portions
      64 formed in the front side face of the wall 20 as best shown in FIG. 3.
      The levers 56 are held in position relative to the wall, dished plate 58
      and flange 62 of the rod 22, through the extending portions 65 (FIG. 2),
      flange 60 (FIG. 3) and a diametrically reduced end portion of the control
      member 30. It should be noted that in the position shown in FIG. 1, the
      innermost ends 66 of the levers 56 are held in spaced relation to the
      shoulder 67 of the control member 30 as best shown in FIG. 3 by the large
      compression restoring spring 61 (FIG. 1).
PAR  As shown in FIG. 1, the rearward housing member 19 is provided with studs
      68 by which the housing member may be connected to a portion of a vehicle,
      such as an engine compartment wall (not shown), in position to receive the
      link 23 from the brake operating pedal 24.
PAR  As best shown in FIG. 1, the wall 20 includes an annular diaphragm 69 the
      outer circumferential edge of which is clamped between the housing members
      15 and 19 while the inner circumferential edge is clamped fluid-tightly by
      an annular groove 70 formed in the wall 20.
PAR  In a released condition of the brakes, the servo-motor parts occupy the
      position shown in FIG. 1, that is, the wall 20 is in its rearward position
      with a plate 71 on the righthand face of the wall 20 engaged with the
      housing member 19 to limit rearward movement of the wall 20 by the
      restoring spring 61. In such condition, the valve means 39 is engaged with
      the valve seat 44 and disengaged from the other valve seat 45. This
      permits communication between chambers 26 and 27 but isolates them from
      the atmosphere in the chamber 48 so that the wall 20 remains stationary.
      At the same time, the lever ends 66 of the levers 56 are spaced from the
      shoulder 67 of the control member 30. It should be noted that the space
      between the valve member 39 and the seat 44 is smaller than that between
      the shoulder 67 and the innermost ends 66 of the levers 56.
PAR  Initial movement of the control member 30 to the left in response to manual
      effort applied to the pedal 24 causes the valve face 43 to approach and
      engage the outer valve seat 45 to isolate the both chambers 26 and 27 from
      each other. However, the valve seat 44 still remains engaged with the
      valve face 43 and chambers 26 and 27 are also isolated from the source of
      atmospheric air in the chamber 48. Under these conditions the valve means
      are disposed in a lap position, that is, an intermediate position in which
      any additional movement of the control member will result either in the
      actuation of the valve means 39 or in returning it to its original or rest
      position. During such initial movement, the shoulder 67 of the control
      member 30 also approaches but remains in spaced relation to the innermost
      ends of the levers 56.
PAR  Upon an additional leftward movement of control member 30, the valve seat
      44 becomes disengaged from the valve face 43 so that the chamber 27 is
      placed in communication with the atmospheric chamber 48 and permits free
      flow of fluid through the port 52, air cleaners 50 and 51, chamber 48,
      interiors of the collar 37 and the valve means 39, chamber 49, and passage
      53. Since subatmosphere air is maintained in chamber 26, the resulting
      differences in pressure at opposite sides of the wall 20 cause the latter
      to move to the left in the housing. The output member 22 yet remains
      stationary and as a consequence, the supporting portions 64 of the wall 20
      urges the lever ends 66 to pivot about the point of contact with the lever
      56 so that the innermost lever ends 66 approach the bearing shoulder 67 of
      the control member 30. During this pivoting movement of the lever 56, the
      large spring 61 is distorted and offers a resistance to pivoting of the
      levers 56. This results in a force being applied to the flange edges 63
      and the output rod 22 so that actuation of the master cylinder 11 is
      initiated. As pressure in chamber 27 increases and the wall 20 continues
      to move to the left, the reaction or restoring spring 61 is compressed
      further until the lever innermost ends 66 engage the shoulder 67 of the
      control member 30. During this period, the output of pressure from the
      master cylinder has increased and upon engagement of the levers with the
      shoulder 67, manual force applied to the control means 30 is added to the
      force produced by the moving wall 20. These forces are together applied to
      the levers 56 and consequently, the flange 62 and output rod 22 to
      increase the hydraulic output from the master cylinder.
PAR  It should be noted that before the engagement of the lever innermost ends
      66 with the shoulder 67, the reaction from the brakes of the vehicle is
      not transmitted to the control member 30 but is transmitted to the spring
      61 to be stored for compressive distortion of the spring 61. By selecting
      the gauge of the spring in design, reaction is prevented from being
      transmitted to the control member 30 until the powered effort overcomes
      the resistance of restoring spring 61 and the friction of certain movable
      parts in the servomotor, master cylinder and in the actuators and at the
      brake shoes of the foundation unit. It is true of selection of distances
      in design between the contacting points on the levers 56, too.
PAR  To increase the output of the master cylinder, that is, the force with the
      brakes are being applied, the pedal 24 must be further depressed by the
      operator. This continues the movement of the control member 30 and since
      the wall 20 is also moving in the same direction, the valve face 43
      remains disengaged from the inner seat 44 to admit atmospheric air to the
      chamber 27. As the hydraulic output increases, the hydraulic pressure in
      the master cylinder reacts against the rod 22 and the flange edge 63 from
      which a part of the reaction is transmitted through the levers 56 and the
      control member 30 to the pedal 24 while the remainder of the reaction is
      transmitted through the levers, supporting portions 64 to the wall 20. In
      this, the operator may accurately become aware of the degree to which the
      brakes have been applied, that is, the greater the hydraulic output and
      brake application, the greater will be the manual force required on the
      pedal 24.
PAR  After the brakes have been applied to the desired degree, pedal movement is
      stopped and foot pressure is maintained. As movement of the control member
      30 stops, the wall 20 continues to move a slight additional amount. This
      causes the valve face 43 to approach the inner seat 44 and to engage it so
      that communication between the atmospheric air supply and the chamber 27
      is interrupted. Chambers 26 and 27 at this time still remain isolated from
      each other and the difference in pressure acting on opposite sides of the
      wall is maintained to apply a constant force on the master cylinder and
      keep the brakes applied to the selected degree.
PAR  To release the brakes, foot pressure is released from the pedal 24. The
      wall 20 is held stationary by differential pressure and the hydraulic
      pressure in the master cylinder forces rod 22 to the right. Such force
      from the master cylinder is transmitted through the levers 56 to shoulder
      67 to move the control member 30 to the right and return the pedal 24
      toward its rest position. As member 30 moves, the inner seat 44 remains
      acting while the other outer seat 45 disengages from the valve element 39
      and the both chambers 26 and 27 become communicated each other through the
      passage 54, annular chamber 49 and the passage 53 as shown in FIG. 1 to
      reduce the pressure in chamber 27. The pressure differential acting on the
      wall 20 thus decreases and the reaction of the hydraulic pressure coupled
      with the force of the spring 61 returns the wall toward the right. When
      the wall reaches a position close to the rear housing member 19, the
      shoulder 67 of the member 30 returns toward its normal rest position and
      levers 56 pivot about the edge portions 63 of the flange 62 to permit the
      outermost ends of the levers to engage the face of the wall 20. The wall
      20 then engages the rear housing member 19 as shown in FIG. 1 at its plate
      71. Thereafter, movement of the control member 30 to its initial position
      is effected by spring 35 and limited by the stopper ring member 34.
PAR  An important function is performed in the early stage of brake application.
      It will be noted that initial pedal movement is used only for opening of
      the valve which results in power output until the innermost lever ends 66
      engage the shoulder 67 so that subsequent output is the sum of the forces
      applied to the levers 56. One of these forces is due to manual effort and
      another to differential fluid pressure acting on the wall 20.
PAR  The significance of the performance achieved by the present invention will
      be more readily understood by referring to FIG. 3 with reference to which
      the following reference characters are used as representing the
      followings.
PAR  A -- a distance between the edge 63 of the flange 62 of the rod 22 and the
      supporting portion 64 of the wall 20;
PAR  B -- a distance between the supporting portion 64 and the edge portion 57
      of the dished plate 58;
PAR  F -- A force established on the wall due to the pressure differential
      acting on the wall 20 during operation;
PAR  W -- a compressive force of the spring 61.
PAR  The pressure differential acting on the wall 20 establishes a force F A on
      the lever 56 which is opposite to another force B W established by the
      spring 61 on the lever. When a predetermined value of the pressure
      differential is attained, the force F A overcomes the force B W to pivot
      the levers 56 in the clockwise direction in the view against the
      compressive force of the spring 61. This causes the innermost ends 66 of
      the levers to approach the shoulder 67 of the control member 30, thus
      causing the opposite extremities of the levers 56 to move the dished plate
      57 from their inoperative or rest position in a leftward position. The
      bolts 59 provide axial sliding guide means for the dished plate 58 in such
      movement.
PAR  It is understood that by varying the ratio of A to B, the timed relation of
      the abutting of the innermost ends 66 to the shoulder 67 may be
      correspondingly advanced or delayed, in design, without unduly disturbing
      dimensions by any other associated parts of the servo-motor. This makes it
      possible in design to easily calculate a predetermined output in the early
      stages of brake application by varying disposition of the supporting
      portion 64 relative to the edges 57 and 63, so that manual effort comes
      into play after actual braking begins. This is true of calculation of the
      spring 61 in design, too.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A differential servomotor mechanism for use with a master cylinder and
      in which manual force is supplemented by power assistance, said mechanism
      comprising a housing 18, a pressure responsive wall 20, 69 in said
      housing, valve means 42, 43, 44, 45, 30 associated with said wall and
      being movable relative thereto to control the differential pressure acting
      on said wall, an output member 55,22 operatively connectable to the master
      cylinder 11 for delivering pressurized braking hydraulic fluid, restoring
      means including a retainer 58 and a resilient element 61 for normally
      urging said wall toward its rest position, said retainer and said wall
      being permitted a slight axial relative movement therebetween, reaction
      means 56 interposed between said output member and said wall and having
      first 57, second 64, third 63, and fourth 66 points spaced radially from
      outward to inward direction, said first, second, and third points being
      continuously held in contact with said retainer, wall and output member
      respectively, said fourth point engaging said valve means when braking is
      actually performed, said wall being initially movable to transmit force
      through said second point in assocation with said resilient element to
      said output member without affecting said valve means, said resilient
      element therely normally acting on said reaction means through said first
      point thereof and being distorted during initial movement of said wall in
      response to resistance of said output member to engage said reaction means
      with said valve means through said fourth point of said reaction means
      thereby transmitting both movements of said valve means and said wall to
      said output member through said third point of said reaction member.
NUM  2.
PAR  2. A differential servo-motor mechanism in which manual force is
      supplemented by power assistance, said mechanism comprising a housing 18,
      a pressure responsive wall 20,69 in said housing, valve means 42, 43, 44,
      45, 30 associated with said wall and being manually movable to control the
      differential pressure acting on said wall, an output member 55,22
      operatively connectable to the master cylinder 11 for delivering
      pressurized braking hydraulic fluid, restoring means including a retainer
      58 and a resilient element 61 for normally urging said wall toward its
      rest position, force dividing means 56 movable relative to said wall, said
      output member and said valve means and being engageable at spaced points
      with said wall and said valve means to transmit movement to said output
      member, said resilient element being interposed between said housing and
      said force dividing means 56 for acting on the latter at a portion spaced
      from said points to maintain said force dividing means normally in spaced
      relation to said valve means while urging said wall toward said rest
      position, said wall transmitting movement to said output member through
      one of said points in association with said resilient element without
      affecting said valve means during an initial stage of movement of said
      wall, said resilient element being distorted during subsequent movement of
      said wall to engage said valve means with said force dividing means and to
      transmit movement of said wall and said valve means together to said
      output member.
NUM  3.
PAR  3. A differential servo-motor mechanism in which manual force is
      supplemented by power assistance, said mechanism comprising a housing 18,
      a pressure responsive movable wall 20, 69 disposed in said housing, valve
      means 42, 43, 44, 45, 20 movable a predetermined distance to apply a
      differential pressure on said wall operative to move the latter relative
      to said valve means, restoring means including a retainer 58 and a
      resilient element 61 disposed between said wall and said housing, force
      dividing means including a plurality of radially spaced levers 56 having
      radially outermost ends 57 engaged via said retainer with said resilient
      element 61 and an intermediate portion 64 engaged with said wall, an
      output member 55, 22 engaged with said levers at a portion 63 thereof
      opposite to said outermost ends relative to said intermediate portion and
      operatively connectable to the hydraulic fluid brake master cylinder 11,
      said levers 56 having radially innermost ends disposed in the path of
      movement of said valve means and spaced from the latter a distance greater
      than said predetermined distance, said wall being movable in response to
      movement of said valve means over said predetermined distance to move said
      output member without affecting said valve means and distort said
      resilient element 61, said radially innermost ends of said levers being
      engaged with said valve means upon distortion of said resilient element
      for movement of said output member jointly by said wall and said valve
      means.
NUM  4.
PAR  4. A differential servo-motor mechanism in which manual force is
      supplemented by power assistance, said mechanism comprising a housing 18,
      an output member 55,22 operatively connectable to the hydraulic fluid
      brake master cylinder 11, wall means 20,69 including a wall movable in an
      initial range and in a final range, a follow up control valve means 42,
      43, 44, 45, 30 carried by said wall and being movable between positions
      balancing pressures at opposite sides of said wall to hold the latter
      stationary and establishing different pressures at opposite sides to move
      said wall, force transmitting means connecting said wall and said output
      member and including radially disposed levers 56 having intermediate
      points 64 continuously engaging said wall, resilient means including a
      spring 61 and a retainer 58, said retainer engaging said levers of
      outermost portions 67 thereof, said spring being interposed between said
      housing and said retainer, said spring acting between said housing and
      said levers at said outermost portions 57 of said levers to maintain
      radially innermost ends 66 of said levers spaced from said valve means,
      said output member engaging said levers at a point 63 intermediate said
      innermost ends and said radially outermost portions to pivot said levers
      relative to said outermost portions and distort said resilient means in
      response to movement of said wall in said first range, said innermost ends
      of said levers engaging said valve means in response to distortion of said
      resilient means for movement of said output member by unitary movement of
      said wall and said valve means.
NUM  5.
PAR  5. A differential servo-motor mechanism as set forth in claim 1 wherein
      said retainer 58 is of ring-form and said resilient element 61 is a coiled
      spring, said retainer being interposed between said resilient element and
      said first points 57 of said reaction means 56.
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PAL  A piston type fluid pump structure providing a selective variable operating
      fluid displacement, and including a piston having an operable travel,
      within a cooperable cylinder bore, through a pump stroke which may be of
      fixed length, a fluid supply port being provided which communicates with
      the interior of the cylinder bore when the piston is in a retracted
      position and a fluid outlet port communicating with interior of said bore
      through which fluid therein may be discharged during such pump stroke, an
      expansion chamber being provided in communication with the cylinder bore
      adjacent the discharge port therein, the effective volume of the expansion
      chamber being selectively variable whereby the output displacement of said
      pump structure may be varied by controlling the volume of said expansion
      chamber, and therewith the amount of fluid received therein during a pump
      stroke.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is directed to a structure enabling the rapid and simple
      adjustment of the operating capacity of a piston-type pump, for example
      pumps employed in the delivery of lubricant from a supply to a point of
      usage.
PAR  It will be appreciated that in the utilization of a piston-type pump as a
      lubrication delivery mechanism, it often becomes desirable to effect an
      adjustment of the amount of fluid discharged by the pump at each piston
      stroke, both for effecting changes in the volume of lubricant delivered to
      a specific mechanism as well as to enable adjustment of the pump for
      different types of mechanisms, thereby rendering the pump substantially
      universal in application.
PAR  Provisions have been made in prior pumps of this general type to achieve at
      least some degree of variation in the pump output.
PAR  Where the displacement piston of such a pump is actuated by hydraulic or
      pneumatic means, i.e. a pneumatic or hydraulic piston operatively
      connected to the displacement piston, the stroke adjustment may be
      achieved by the utilization of an adjustable stop which will physically
      limit the travel of the displacement piston during its pump stroke. The
      adjustable stop may, for example, be merely a simple threaded screw
      disposed in the path of the piston with the position of the free internal
      end of the adjustment screw thus determining the end of the piston travel.
      While this may be acceptable for a pneumatic or hydraulic structure,
      wherein the piston can be stopped at an intermediate point of its maximum
      stroke, where a mechanical drive is employed such as a "swash plate", or
      other mechanical linkage, the piston movement cannot conveniently be
      stopped at an intermediate point, and a more elaborate arrangement must be
      employed to adjust the volume to be delivered. In such case, adjustment
      can be effected by substitution of one swash plate for another but this
      change involves at least a partial dismantling of the pump structure.
      Another solution has involved the adjustment of the position of the
      cylinder, in which the displacement piston of the pump is reciprocable, so
      that the amount of operative travel of the piston in the cylinder can be
      varied thus adjusting the effective pump stroke.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is directed to the elimination of the disadvantages
      of the previous structures and to provide a simple adjustment which
      eliminates the wear experienced with a positive screw stop which is struck
      by the piston, and which does not involve the adjustment of the cylinder
      bore in which the displacement piston is reciprocable.
PAR  The invention is directed to a pump structure in which the travel of the
      displacement piston may be fixed, whereby any suitable means may be
      employed to reciprocate the piston, with the displacement volume being
      adjustable from zero to maximum volume, without adjustment or change in
      the stroke of the displacement piston, and with the volume being readily
      adjustable exteriorly of the pump structure by means of a simple adjusting
      member.
PAR  The desired results are achieved by the employment of an expansion chamber
      in communication with the interior of the cylinder bore carrying the
      displacement piston, into which expansion chamber a selectible portion of
      the displacement volume of the pump stroke may be received, with the
      remainder of the displacement volume being discharged through the outlet
      port of the pump structure. Thus by suitable adjustment of the effective
      volume of the expansion chamber, the volume discharged through the outlet
      port may be readily and accurately adjusted from zero to the full
      displacement volume of the displacement piston.
PAR  Adjustment in the effective volume in the expansion chamber may be achieved
      by providing a movable member which may, for example, form a wall of the
      expansion chamber and thus by its adjustment vary the effective volume
      thereof. In the preferred embodiments of the invention illustrated, such
      movable member comprises an adjustment piston which is movable in the
      expansion chamber, for example, being spring biased in minimum-volume
      position and adapted to be moved, in volume-increasing direction, under
      the action of fluid in response to movement of the displacement piston.
      Expediently, the control piston may have a maximum movement from a minimum
      volume position in which all fluid displaced by the displacement piston is
      discharged through the pump outlet port, to a maximum volume position in
      which all of the displaced fluid is accommodated in the expansion chamber
      and thus zero discharge flow. Adjustment of the pump output may be readily
      effected by a suitable stop member, for example, a threaded stop member,
      which determines the end of the volume-increasing movement of the control
      piston and thus the amount of fluid to be received in the expansion
      chamber. Preferably, the pump output is supplied at a predetermined
      pressure, for example, as determined by a suitable biased check valve,
      with the pressure required to discharge through the check valve being
      greater than the biasing force on the control piston whereby upon
      actuation of the displacement piston, the control piston will move in
      volume-increasing direction until it reaches the end of its adjusted
      travel, following which further movement of the displacement piston will
      result in discharge of fluid through the pump outlet port. The amount of
      fluid so discharged thus is the difference between the volume displaced by
      the displacement piston and the volume received in the expansion chamber.
      By rendering the control piston immovable at its minimum-volume position,
      the full volume displaced by the displacement piston will be discharged
      from the pump whereas, in the event the control piston is adjusted to
      permit movement thereof sufficient to enable reception in the expansion
      chamber of the total amount of displacement of the displacement piston,
      zero fluid flow will take place through the outlet port. Thus, by suitable
      adjustment of the control piston, the output of the pump may be
      continuously varied from zero to full output.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings wherein like reference characters indicate like or
      corresponding parts:
PAR  FIG. 1 is a longitudinal sectional view through a pump structure embodying
      the present invention;
PAR  FIG. 2 is a similar sectional view of a modification of the adjusting
      structure illustrated in FIG. 1; and
PAR  FIG. 3 is a sectional view similar to FIG. 2 of a further embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings and more particularly to FIG. 1, the reference
      numeral 1 indicates generally a pump body having a cylinder bore 2 therein
      in which is reciprocally carried a displacement piston 3, fluid being
      supplied to the bore 2 through a fluid inlet, indicated generally by the
      numeral 4, communicating with the bore 2 when the piston 3 is in a
      retracted position such as illustrated in FIG. 1. Fluid may be discharged
      from the bore 2 through a fluid outlet port 5, which in the embodiment
      illustrated is provided with a ball check valve, indicated generally by
      the numeral 6, and comprising a spherical valve member 7 biased in a
      closed position by a spring 8, the lower end of which, as illustrated in
      FIG. 1, is retained in operative position by a suitable expansion-type
      lock ring 9. Thus fluid will be discharged through the outlet port 5 when
      the fluid pressure in the cylinder bore 2 exceeds a predetermined minimum
      as determined by the spring 8.
PAR  For illustrative purposes the piston 3 is illustrated as being adapted to
      be actuated pneumatically or hydraulically by means of an associated
      cylinder 10 in which is reciprocally carried an actuating piston 11
      illustrated as being rigidly secured to the adjacent end of the
      displacement piston 3 with the latter being urged in retracted position,
      i.e. toward the left as viewed in FIG. 1, by a compression spring 12
      disposed in the cylinder 10 and bearing at one end on a suitable seal
      member 13, and at the opposite end on the piston 11. The latter may be
      provided with a sealing O-ring 14 or equivalent for preventing fluid flow
      between the cylinder wall and the adjacent circumferential face of the
      piston 11. The end of the cylinder bore 10 is adapted to be closed by a
      suitable cover plate 15 or the like, illustrated as having a fluid inlet
      port 16 by means of which air or liquid may enter the cylinder to actuate
      the piston 11 and thus advance the displacement piston 3 through a pump
      stroke, pressure being relieved behind the piston 11 through a suitable
      port 17 which in such case would be vented to atmosphere.
PAR  As illustrated, the body 1 is provided with a counterbore 18 which
      communicates with the adjacent end of the cylinder bore 2, with such
      counterbore opening on the righthand end of the body 1 as viewed in FIG.
      1, the outer portion of such counterbore being provided with internal
      threads 19. Disposed in the counterbore 18, and reciprocable therein is a
      control piston 20, the latter in the embodiment illustrated being provided
      with a suitable O-ring 21 or other sealing means preventing liquid flow
      between the side walls of the counterbore and the adjacent circumferential
      face of the control piston. The outer end of the counterbore is closed by
      a plug member 22, provided with external threads mating with the threads
      19, which is thereby firmly screwed to the body 1. The piston 20 in the
      embodiment illustrated, is urged toward the bore 2 by a compression spring
      23, having one end seated on the plug 22 and the opposite end seated on
      the adjacent face of the piston 20, with such movement of the piston being
      limited by the bottom face 24 of the counterbore.
PAR  Movement of the piston in the opposite direction toward the plug 22 is
      adjustably limited by an adjusting screw 25, threaded into the plug 22,
      with the free inner end of such screw adapted to form a stop for limiting
      movement of the piston 20. The adjusting screw 25 may be locked in any
      position of adjustment by means of a suitable lock nut 26 threaded
      thereon. The portion of the counterbore extending between the piston 20
      and the plug 22 is adapted to be vented by a suitable vent port 27.
PAR  It will be appreciated that the left-hand end of the counterbore 18
      adjacent the bore 2 and the piston 20 are cooperable to define an
      expansion chamber, the size of which is dependent on the amount of travel
      permitted of the piston 20, as determined by adjustment of the screw 25.
      Thus, assuming that the piston 20 is not locked in the position
      illustrated in FIG. 1 by the screw 25, but is thus permitted a
      predetermined amount of travel, as determined by the spacing between the
      inner end of the screw 25 and the adjacent end face of the piston 20, such
      travel being identified by the letter T in the drawing, operation of the
      embodiment illustrated in FIG. 1 is as follows:
PAR  With an adjustment of the control piston 20 as illustrated in FIG. 1, the
      displacement piston 3 will be at a predetermined point of retraction, for
      example that illustrated in FIG. 1, in which the inlet port 4 is at least
      partially exposed and thus communicates with the interior of the bore 2
      whereby the fluid to be pumped, for example a lubricant, may enter and
      fill the bore 2. At the same time the piston 20, in response to the action
      of the spring 23 will be at the extreme end of its travel toward the bore
      2. As the piston 3 begins its pump stroke it will initially cover the
      adjacent end of the fluid supply inlet 4, at which time the piston will
      begin its effective displacement stroke and thereupon exert pressure upon
      the fluid within the bore 2, which pressure will be opposed by the piston
      20 and spring 23 as well as the ball 7 and spring 8 of the check valve 6.
      The spring 23 is so calibrated that it will exert less operative force on
      the piston 20 than the spring 8 exerts on the check valve ball 7, so that
      initial displacement of fluid in the bore 2 will result in a corresponding
      displacement of the piston 20, moving the same to the right as viewed in
      FIG. 1 against opposition of the spring 23, and displaced fluid will thus
      be received in the expansion chamber formed by the counterbore 18 and the
      piston 20. Fluid will continue to be displaced into the expansion chamber
      until the piston 20 hits the adjacent end of the screw 25, thereby
      preventing further movement of the piston. As the displacement piston 3
      continues its pump stroke the pressure in the bore 2 will exceed the
      action of the spring 8 whereby fluid will be discharged through the outlet
      5, with the amount of fluid so discharged being the amount of displacement
      of the piston 3 after the piston 20 has seated on the screw 25.
PAR  The amount of fluid pumped through the outlet 5 thus is the difference
      between the total displacement of the piston 3, following closure of the
      inlet 44 to the end of the pump stroke thereof, and the volume of the
      fluid received into the expansion chamber during the travel of the piston
      20. As the screw 25 is turned into the plug 22, reducing the travel of the
      piston 20, a corresponding greater amount of fluid will be discharged
      through the port 5, and if the screw 25 is so adjusted that the piston 20
      is retained in its extreme end position illustrated in FIG. 1, the fluid
      discharged through the outlet 5 will correspond to the effective
      displacement volume of the piston 3. Likewise, the size of the counterbore
      18 and the maximum design travel of the piston 20 preferably will be such
      that the volume resulting from the maximum travel of the piston 20 toward
      the screw 25 will substantially equal the displacement volume of the
      piston 3, whereby all of the displaced fluid in the bore 2 would be
      received into the expansion chamber, in which adjustment the output would
      be zero. The pump thus would be continuously adjustable from zero flow to
      maximum merely by suitable adjustment of the screw 25.
PAR  It will be appreciated that while I have illustrated the association of a
      check valve or its equivalent with the outlet port 5, which check valve
      could be incorporated as an integral part of the pump structure or
      disposed at any suitable point in the outlet supply line, in some cases
      the internal resistance in the line or at the point of use of the fluid
      may be sufficiently great to exceed the force exerted by the spring 23, in
      which case the check valve structure could be omitted.
PAR  It will also be appreciated that while I have illustrated a pneumatic or
      hydraulic actuation of the drive piston, any suitable means may be
      employed therefor, for example mechanical, electrical, etc. and that
      regardless of the means of actuating the piston 3, the piston may be
      driven through a full stroke without any adjustment whatsoever in the
      length thereof. This is of course particularly true where mechanical
      means, such as a swash plate, or other means is employed which impart a
      stroke of fixed length to the piston.
PAR  FIG. 2 illustrates a modification of the construction illustrated in FIG.
      1, in which the plug 22' is in a form as a sleeve member having a bore 23
      therein, in which is carried the piston 20, movement of the piston toward
      the bore 2 being limited by a suitable internal lock ring 24'. The
      remaining components correspond to those of FIG. 1 and are likewise
      referenced. In this construction however, the junction between the plug 22
      and the body 1 is sealed by suitable means such as an O-ring 28 or the
      like.
PAR  Operation of the construction of FIG. 2 is basically identical to that
      described for FIG. 1. The construction of FIG. 2 is advantageous in that
      the adjusting structure comprising the plug 22', piston 20, spring 23,
      adjusting screw 25, etc. can be fabricated and assembled as a sub-assembly
      and merely inserted into the body 1.
PAR  FIG. 3 illustrates a further modification of the construction illustrated
      in FIG. 2, also utilizing a sleeve member 22' having the bore 18 therein
      in which the piston 21 is reciprocably carried. In this construction the
      screw 25 is replaced by a tubular housing member 25' which carries a
      plunger 29 adapted to bear on the adjacent face of the piston 20. The
      plunger 29 is urged in a direction toward the piston 20 by a compression
      spring 23, one end of which bears upon a plug 30, closing the outer end of
      the member 25', and at its inner end bears on a lock ring 31 disposed in
      an annular slot in the plunger 29, whereby the plunger 29 is urged in a
      direction toward the piston 20 and the latter in turn is urged to its
      fully extended position as illustrated in FIG. 3. In other respects the
      construction is similar to that illustrated in FIG. 2. It will be noted
      that the travel of the piston 20 in this case is determined by the spacing
      between the inner end of the housing 25' and the adjacent face of the
      piston 20 with the adjustment being determined by the amount the housing
      25' threaded into the sleeve member 22'. As previously described with
      respect to the construction illustrated in FIG. 1, and which is also
      applicable to FIG. 2, the spring 23 is so calibrated that the piston 20
      will move in chamber-increasing direction, and fluid will not be
      discharged through the outlet port 5 until the piston 20 has reached the
      end of its adjusted travel, i.e. engaged the adjacent end of the housing
      25'.
PAR  It will be appreciated that in all of the constructions illustrated the
      amount of fluid discharged from the pump structure is totally independent
      of the total travel, which may be of a fixed length, of the displacement
      piston 3 and is thus dependent entirely upon the adjustment of the control
      piston 20 and the distance which it may travel before fluid is discharged
      from the pump.
PAR  It will also be noted that the adjustment may be varied from substantially
      zero output to full output merely by the simple adjustment of the screw 25
      or housing 25', which may be readily accomplished without disassembly of
      the pump structure and which maybe accomplished while the pump is in
      operation.
PAR  Likewise, the structure embodies components which may be quite rugged in
      construction, and in the event disassembly of the control structure is
      necessary, for any reason, this may be readily accomplished and
      replacement made if necessary with an extremely short shut down period.
      Likewise in the construction of FIGS. 2 and 3, such replacement may be
      effected merely by substituting a single replacement subassembly, which
      may be adjusted for a desired output prior to assembly in the pump proper.
PAR  Having thus described my invention it will be obvious that although various
      minor modifications might be suggested by those versed in the art, it
      should be understood that I wish to embody within the scope of the patent
      granted hereon all such modifications as reasonably, and properly come
      within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In an adjustable positive displacement pump for discharging a
      selectively variable volume of fluid and having a pump body with a
      cylindrical wall forming a bore therein, a fluid displacement piston in
      said bore movable back and forth between a retracted position and an
      advanced position, a fluid inlet port and a fluid outlet port
      communicating with said bore, means including a control piston forming a
      fluid expansion chamber in communication with said bore adjacent said
      fluid outlet port, said control piston being movable to vary the volume of
      said fluid expansion chamber, externally adjustable abutment means
      engageable with said control piston for selectively limiting the movement
      thereof in a volume-increasing direction, means biasing said control
      piston in a volume-decreasing direction, check valve means in
      communication with said fluid outlet port for permitting fluid flow
      therethrough only when the fluid pressure in said bore exceeds a
      predetermined minimum outlet pressure, said control piston biasing means
      being operative to exert a force on said control piston which is less than
      said predetermined minimum outlet pressure whereby fluid will flow through
      said outlet port only after said control piston has engaged said abutment
      means, with the volume of fluid flow through said outlet port being
      determined by the effective volume of said expansion chamber in dependence
      upon the adjustment setting of said abutment means, wherein the
      improvement comprises the relationship between said inlet port and said
      fluid displacement piston whereby communication between said inlet port
      and said bore is established by said fluid displacement piston only when
      the latter is in its retracted position, whereby a vacuum condition is
      produced in said bore and in said expansion chamber as said displacement
      piston moves from its advanced to its retracted position to subject the
      control piston to a vacuum-created bias in a volume-decreasing direction
      to evacuate said expansion chamber and to draw fluid into said bore after
      said displacement piston has moved to its retracted position, and
      communication between said inlet port and said bore is blocked by said
      fluid displacement piston when the latter moves from its retracted
      position toward its advanced position.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said fluid inlet port is
      formed in said cylindrical wall.
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ABST
PAL  An automatic irrigation controller apparatus having a cam follower operated
      bank of pilot valves for operating selected pilot operated water valves
      throughout a watering or irrigation system is provided with a water
      powered means for receiving water under pressure from a source thereof and
      a member driven in a predetermined manner by the force of such water for
      driving a cam means to operate said cam followers via power transmission
      means between the water driven member and a cam shaft mounting said cam. A
      water piston is mounted in a cylinder with associated water valve means
      for selectively connecting the cylinder to a source of water under
      pressure and to a vent to provide a reciprocal movement for the piston, a
      return stroke for the piston being accomplished through the provision of a
      spring. A reciprocal piston movement is translated through a power
      transmission means including a drive ratchet wheel connected to the piston
      and a driven ratchet wheel connected to the cam shaft. An escapement
      mechanism is provided with a ring gear mounted about an engagement with a
      plurality of planetary gears mounted by a carrier about a sun gear driven
      by an input shaft of the apparatus connected to the cam shaft. Differences
      in the speed of rotation of the input shaft and the escapement means ring
      gear cause movement of the carrier which is connected to a valve
      restricting means for restricting the flow of water to the cylinder to
      regulate the speed of the water motor and rotation of the apparatus input
      shaft to that determined by the escapement mechanism.
PARN
PAR  This is a division of application Ser. No. 190,528 filed Oct. 19, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to controller apparatus used to produce a
      timed sequence of operations and more particularly to a drive mechanism
      therefor. Specifically, the present invention relates to a water powered
      drive means for operating an automatic controller apparatus, such as an
      irrigation control apparatus having a camming means mounted upon a camming
      shaft for engaging a plurality of control arms which in turn operate pilot
      valves associated with pilot operated water valves in an irrigation or
      watering system.
PAR  An automatic irrigation control apparatus is shown in U.S. Pat. No.
      2,821,434 of which I am a co-inventor, the disclosure of said U.S. Pat.
      No. 2,821,434 being incorporated herein by its reference. Generally
      stated, however, the automatic irrigation control apparatus of the
      aforesaid patent includes a bank of pilot water valves operated by a
      series of control levers, camming means for operating the levers, an
      electric motor drive means, generally a constant speed clock-type motor,
      and transmission and clutch means for selectively connecting the caming
      means to the constantly running motor drive means. As a cam on the caming
      means interferes with an associated control lever of this prior control
      apparatus, the control apparatus opened an associated pilot valve to allow
      water flow to a pilot operated water valve in a selected area of an
      irrigation system to initiate a watering or sprinkling operation therein.
      A timing or watering cycle therefor continued during the constant speed
      driving of the cam past a cam follower portion provided in the control
      lever, the length of the watering or sprinkling operation being adjustable
      through movement of the control lever. However, in this prior controller,
      as in other similar controllers heretofore available, the constant speed,
      clock-type motor has comprised an electric motor requiring electrical
      connections and, of course, a source of electric power.
PAR  In many installations of automatic irrigation control devices, for example,
      the control device is preferably located where it is convenient to connect
      it to the water lines of the irrigation or sprinkling system. Such
      location is frequently remote from a source of electric power and special
      electrical provisions must be made for installation of the controller.
      Further, the use of an electric motor drive for a controller apparatus
      requires various safety precautions be taken in the overall construction
      and operation of the device in order to minimize hazards accompanying the
      use of electrical power in association with water handling equipment.
PAR  It is therefore the primary object of the present invention to disclose and
      provide a water powered drive means for an automatic control apparatus.
PAR  It is another object of the present invention to disclose and provide a
      drive means for an automatic irrigation control apparatus which is powered
      by the water pressure normally available for operating sprinkling and
      watering devices in the irrigation system being controlled.
PAR  It is a still further object of the present invention to disclose and
      provide a water powered drive means for an automatic controller apparatus
      which drives such apparatus at a constant speed, as a clock-type electric
      motor would, without the need for electrical connections or electrical
      power.
PAC  SUMMARY OF THE INVENTION
PAR  Generally stated, the present invention in drive means for operating an
      automatic controller apparatus includes the provision of water powered
      means for receiving water under pressure from a source thereof and which
      has a member driven in a predetermined manner by the force of the water
      pressure for driving the controller apparatus input or power shaft in
      response to movement of the member through a power transmission means. The
      water powered means includes a cylinder for receiving water under pressure
      and the member preferably comprises a piston mounted for reciprocal
      movement within the cylinder. Spring means are provided for returning the
      piston to an initial position after each power stroke under action of the
      water pressure introduced into the cylinder.
PAR  Further, water valve means are provided in accordance with the present
      invention for selectively connecting the aforesaid water powered means to
      a source of water under pressure to alternately supply water to the
      cylinder and to vent the cylinder in order to relieve the water pressure
      therein. The valve means includes a valve reversing means for reversing
      the valve between such water supply and venting conditions and preferably,
      is provided with means for restricting the flow of water through the valve
      in order to regulate the speed of reciprocation of the piston within the
      cylinder. Speed control means are provided in association with an
      escapement mechanism for operating the aforesaid means for restricting
      water flow through the valve means in order to provide a constant speed
      timing drive for the controller apparatus through the water powered means.
PAR  A more complete understanding of the improvement in automatic control
      apparatus drive mechanism according to the present invention, as well as
      other objects and various advantages thereof, will become apparent to
      those skilled in the art from a consideration of the following detailed
      explanation of a preferred exemplary embodiment of the present invention.
      Reference will be made to the appended sheets of drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred exemplary embodiment of an
      automatic irrigation control apparatus driven by water powered means,
      according to the present invention, mounted in a pedestal and associated
      with underground water control lines shown in dotted line;
PAR  FIG. 2 is a plan view of the control panel of the exemplary embodiment of
      automatic irrigation control apparatus, according to the present
      invention;
PAR  FIG. 3 is a side view, partially in section, of the preferred exemplary
      embodiment of water powered means in the automatic irrigation control
      apparatus of FIG. 2 taken therein along the plane III--III;
PAR  FIG. 4 is a detail view, partially in section, of the preferred exemplary
      embodiment of water powered means for driving the exemplary control
      apparatus of FIG. 3 taken therein along the plane IV--IV showing the
      associated valve means reversing and restricting control arms in cylinder
      venting and inlet line restricting positions, respectively;
PAR  FIG. 5 is a sectional view of the valve means of FIG. 4 showing the venting
      and restricting positions for the valve shafts associated with said
      reversing and flow control arms;
PAR  FIG. 6 is a view of the apparatus of FIG. 4 showing the valve means
      associated reversing and flow control arms in cylinder supply and
      non-restricting flow positions, respectively;
PAR  FIG. 7 is a sectional view of the valve apparatus of FIG. 6 showing the
      positioning of the associated reversing and restricting valve members;
PAR  FIG. 8 is a detail view, partially in section, of the valve apparatus of
      FIG. 7 taken therein along the plane VIII--VII;
PAR  FIG. 9 is a detail view, partially in section, of the preferred exemplary
      embodiment of piston and cylinder means of the water powered means of
      FIGS. 4 and 6;
PAR  FIG. 10 is a detail view, partially in section, of the exemplary embodiment
      of control apparatus of FIG. 2 taken therein along the plane X--X;
PAR  FIG. 11 is a detail view, partially in section, of a portion of the
      apparatus of FIG. 10 taken therein along the plane XI--XI;
PAR  FIG. 12 is a detail view of a portion of the clutch mechanism of the
      apparatus of FIG. 10 taken therein along the plane XII--XII, showing the
      clutch holding pawl in unlocked condition;
PAR  FIG. 13 is a detail view as in FIG. 12, but showing the clutch holding pawl
      in a locked position;
PAR  FIG. 14 is a sectional view of the exemplary embodiment of automatic
      irrigation control apparatus of FIG. 3 taken therein along the plane
      XIV--XIV, the pilot valve illustrated being in a closed position and the
      operating lever in a nonoperating position;
PAR  FIG. 15 is a sectional view of the apparatus of FIG. 14 showing the
      operating lever positioned in a timing or operating position preparatory
      to being operated by the camming means;
PAR  FIG. 16 is a sectional view of the apparatus of FIGS. 14 and 15 showing the
      camming means engagement with the operating lever and the associated pilot
      valve in an open position;
PAR  FIG. 17 is a detail view, partially in section, of a camming means of the
      apparatus of FIG. 3; taken therein along the plane XIV--XIV; and
PAR  FIG. 18 is a detail view, partially in section, of a portion of a means for
      rapidly advancing the camming means between engagements with the operating
      levers, the partial sectional view of FIG. 18 being a continuation of the
      portion of said means for rapidly advancing shown in FIG. 16.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  The Exemplary Automatic Controller
PAR  An exemplary embodiment of the present invention in water powered means for
      operating an automatic controller apparatus will now be explained in
      detail in association with an exemplary control apparatus, which in the
      present disclosure comprises an automatic irrigation control apparatus
      having a cam follower operated bank of pilot valves for operating selected
      pilot operated water valves throughout a watering or irrigation system.
      Before explaining the construction and operation of the water powered
      means of the present invention, the overall operation and construction of
      the exemplary automatic control apparatus will be made. However,
      initially, it should be noted that the water powered drive means is
      indicated generally at 70 in FIGS. 2, 3, 4, and 6. A governor or speed
      control means 71 is associated with the water motor means, indicated
      generally at 72, with a motor output shaft 73 connected to the controller
      associated pinion gear 75. Shaft 73 may be considered to be an input drive
      shaft for the controller apparatus for driving the apparatus transmission
      and cam shafts via pinion 75, as hereinafter explained in detail. Further,
      the preferred exemplary embodiment of irrigation control apparatus to be
      now explained in detail is the subject matter of my co-pending application
      Ser. No. 190,530 for U.S. Patent entitled, "Automatic Controller Drive
      Mechanism", filed concurrently with the filing of this application, now
      U.S. Pat. NO. 3,735,779.
PAR  Referring first to FIG. 1, the exemplary embodiment of control apparatus of
      the present invention, indicated generally at 10, is of a size and
      configuration which suits it for mounting in a housing 11 supported on a
      pedestal 12 having a base 13. A cover plate 14 may be provided on the
      housing 11 to protect the control apparatus, indicated generally at 10,
      from the outside weather conditions. It should be noted that the pedestal
      and housing mounting of FIG. 1 is merely exemplary of one manner of
      installing the control apparatus of the present invention in association
      with control or pilot lines, as underground lines 15 through 18, shown in
      dotted line, running to various irrigation or sprinkling sections of an
      overall watering system. As will be explained in more detail hereinafter,
      the control apparatus, indicated generally at 10, is adapted to operate
      pilot valves in a predetermined timed sequence for selectively pressuring
      the lines 15 through 18 to operate pilot operated flow valves located in
      known manner in each of the system sections.
PAR  Referring now to FIGS. 2 and 3, the exemplary embodiment of control
      apparatus, indicated generally at 10, includes a face or mounting plate
      20, a rear or back plate 21, and a plurality of interconnecting partition
      walls 22, 23, and 24. The major portions of the partition walls 22, 23,
      and 24 may be molded integrally with the face plate 20 and be assembled to
      mating corresponding portions thereof formed integrally of the back plate
      21. Such assembly of front, back, and partition walls comprises a frame
      for mounting various operating portions of the control apparatus, the
      frame and operating portions being insertable into a housing such as
      housing 11 shown in FIG. 1.
PAR  As in my prior automatic irrigation control apparatus of U.S. Pat. No.
      2,821,434, a bank of pilot valves, indicated generally at 25, is operated
      by a corresponding number of control levers, indicated generally at 30,
      the latter being operated by camming means, indicated generally at 40,
      driven by a clutch and transmission means, indicated generally at 50,
      associated with a water powered motor 70.
PAR  Referring to FIGS. 3 and 14 through 16, particularly, the bank of pilot
      valves, indicated generally at 25, may be constructed as explained in my
      U.S. Pat. No. 2,821,434 and mounted between the partition walls 23 and 24
      of the present exemplary embodiment of apparatus with the outlet lines, as
      line 26, extending outwardly through scalloped portions of the frame
      sidewall portion 27. Portion 27 is preferably formed integrally of the
      back wall 21 via a molding operation. Further, most of the components of
      the present apparatus are preferably made of plastic molded parts to
      provide a less expensive apparatus than would otherwise be attainable with
      machined metallic parts. A water inlet line 28 is connected to an inlet
      portion of the bank of pilot valves and, upon selective operation of the
      pilot valves due to positioning of the operating levers, as more fully
      explained hereinafter, each one of the outlet lines 26 may be
      interconnected to the inlet line 28 through the associated pilot valve to
      operate each of the associated pilot operated flow valves in the various
      sections of the irrigation system.
PAR  A series of control levers for operating the individual pilot valves of the
      apparatus are provided as in my prior U.S. Pat. No. 2,821,434 and as
      explained generally herein with reference to FIGS. 3 and 14 through 16.
      The control levers, indicated generally at 30, each includes an operating
      tip 31 which fits in a slot 32 (FIG. 15) provided in the head 33 mounted
      to the valve pin 34 of the associated pilot valve 35. The knob end 36 of
      each operating lever is provided with a fulcrum 37 which is selectively
      locatable between the teeth of the slotted ratchet means 29 formed
      integrally of the front face plate 20. A fulcrum or index finger point 37,
      37' may be formed integrally of each of the knob ends 36 on either side of
      the lever body or shank 38 to engage between the continuous ratchet teeth
      extending across the face plate between the slots as seen in FIG. 2.
      Spring means, such as the coil spring 39, are provided on each control
      lever body, as seen in FIGS. 8 through 10, for biasing the lever knob
      associated fulcrums for index fingers 37 into the selected grooves in the
      ratchet means.
PAR  As can be seen by comparison of the showings of FIGS. 14 through 16, each
      control lever may be adjusted into different timing positions by moving
      its associated knob across the ratchet means 29 under the bias of the
      associated spring means 39. Through such positioning of each control
      lever, the length of engagement between the camming means and a cam
      follower formed in the lever is varied.
PAR  Camming means are provided in the exemplary embodiment, as indicated
      generally at 40, in FIGS. 3 and 17. Such means, in the exemplary
      embodiment, may include the provision of individual plastic molded cam
      shaft units 41 through 44 assembled in fixed relationship to one another
      and having integrally molded cams 45 through 48. The individual units 41
      through 44 may be molded with interlocking connections as seen in FIG. 3.
      As seen in FIGS. 14 through 16, the rotation of the cam means brings the
      individual cams 45 through 48 into engagement with a cam follower portion,
      as portion 49, on each of the control levers which are adjusted into a
      position other than the extreme "off" position of FIG. 14. When the
      control lever is moved into an operating position, as shown in FIG. 15,
      the cam 45 engages follower portion 49 to pivot the tip in 31 of the
      control lever about its fulcrum or index finger portions 37 to open the
      associated pilot valve and interconnect the water supply inlet line 28
      through the associated outlet line 26 to a selected pilot operated flow
      valve in the irrigation system via one of the pilot lines 15 through 18.
PAR  The camming means for operating the pilot valves, as hereinbefore
      explained, is mounted to and driven by a clutch, transmission, and drive
      shaft assembly including means therein which provide for a rapid
      advancement of the camming means between engagements with the various
      operating levers independently of the single motor drive.
PAR  Referring now to FIGS. 10 and 18, the camming means, including the
      individual camming units 41 through 44, are fixed upon a tubular axle or
      driven shaft 51. The outer end of shaft 51 is journaled in a bearing 52
      provided in an opening 52' formed in the outer partition wall 24 along one
      of the parting lines thereof between the upper portion of the partition
      molded integrally with the front plate and the lower portion of the
      partition molded integrally of the back plate. As seen in FIG. 10, an
      inner portion, spaced from the inner end of shaft 51, is journaled within
      the journal bearing 53 provided in an opening 54 formed in the partition
      wall 23 along a parting line between the upper and lower portions thereof.
      The journal bearings 52 and 53 may be assembled into their respective
      openings formed in the partition walls upon assembly of the front wall and
      its associated upper partition portions to the integrally molded back wall
      and lower partition portions. As will be explained in detail hereinafter,
      driven shaft 51 is driven by the transmission means, indicated generally
      at 50, and forms a part of the means for rapidly advancing the caming
      means between engagements with the respective control levers, indicated
      generally at 30, in accordance with the present invention.
PAR  The clutch and transmission means, indicated generally at 50, is driven by
      the water powered motor drive means of the present invention, indicated
      generally at 70, in the present exemplary embodiment of control apparatus.
      The transmission means includes a drive shaft 55 having one end journaled
      in journal bearing 56, fixed within an appropriate opening provided in
      partition wall 22, which mounts a spur gear 57 which meshes with and is
      driven by the motor driven pinion 75.
PAR  Means are provided for advancing the transmission drive shaft 55 and
      indicating the timed advancement thereof. In the exemplary embodiment,
      such means include the provision of a worm 58, which may be formed
      integrally of the drive shaft 55, which mates with a worm gear 59 mounted
      to the timing disk 60. As seen in FIGS. 2, 3, and 10, timing disk 60 is
      provided with a knob 61 for rotating disk 60 and a cantilevered arm or
      stud 62 having the worm gear 59 mounted on an end thereof for mating
      engagement with the worm 58. Rotation of drive shaft 55 under the
      influence of the water powered drive means 70 produces a timed rotation of
      timing disk 60. As seen in FIG. 1, the upper surface of timing disk 60 is
      provided with a ring of perforations to receive timing pins in selected
      locations corresponding to the hours of two days and two nights for a 48
      hour cycle. As will be explained hereinafter, the location of timing pegs
      oon the timing disk, as peg 63, causes a predetermined timed operation of
      a pilot valve operating cycle. Extra pegs, as pegs 64, may be mounted to
      appropriate pin holes provided in the face plate as seen in FIG. 2.
PAR  In accordance with the present exemplary embodiment, the transmission means
      is provided with clutch means and means for rapidly advancing the camming
      means relative to the transmission drive shaft 55 driven by the motor 70.
      COnsidering the clutch means first, and referring particularly to FIGS. 3
      and 10 through 13, the clutch means, according to the present invention,
      includes the provision of a clutch body, indicated generally at 80, and
      including an inner driven member 81 and an outer driving member 82. The
      outer driving member 82 is of bell shape having an inner concave bearing
      surface 83 and, as in the preferred exemplary embodiment herein, is formed
      integrally of the transmission drive shaft 55. The inner driven member 81
      is also of a bell shape having an outer convex bearing surface 84 sized to
      mate within the concave bearing surface 83 of member 82. Bell-shaped inner
      driven portion 81 is preferably a molded plastic part having an integral
      hollow tubular body or journal portion 85 which receives the inner end of
      cam means mounting and driven shaft 51 in a press fit relation. The
      bearing faces or surfaces 83 and 84 of the outer and inner bell-shaped
      members 82 and 81, respectively, are preferably lubricated, as through the
      provision of grease therebetween, to facilitate relative rotation
      therebetween during rapid advancing of the camming means between control
      lever engagements as hereinafter explained.
PAR  The clutch means is further provided with a locking pawl and ratchet wheel
      assembly for interconnecting the outer drive member 82 to the inner drive
      member 81 to cause rotation of the driven shaft 51 and associated cam
      shaft (units 41 through 44) by the drive motor 70 in response to actuation
      by the timing pin 63. A ratchet wheel 86 is preferably formed integrally
      about a peripheral rim 86' of the bell-shaped drive member 82 which is
      adapted to be engaged by a locking pawl 87 pivotally mounted by pin 88 on
      a radially extending flange 89 formed integrally of the inner bell-shaped
      driven member 81. The locking or holding pawl 87 is operated by an
      associated operating pawl 90 which is also pivotally mounted on flange 89
      by a pivot pin 91. Arcuate movement of operating pawl 90 is restricted due
      to the provision of a stop arm 92 adapted to engage stop 93, provided on
      flange 89, as best seen in FIG. 12. The holding pawl 87 is normally biased
      into a holding or ratchet engaging or locking position as seen in FIG. 13
      due to the bias of the spring means 94. However, prior to the initiation
      of a pilot valve operating cycle, a holding lever 95 is normally
      positioned in engagement with the arm 96 of operating pawl 90 (see FIG.
      12) to hold the locking or holding pawl in an unlocked position. With the
      pawl assembly in the position of FIG. 12, the rotation of transmission
      drive shaft 55 due to the continuous operation of timing motor 70 produces
      a timed rotation of the timing disk 60 but does not cause a rotation of
      the camming means via driven shaft 51 and clutch inner driven member 81
      until the holding pawl 87 is released through displacement of holding
      lever 95 away from arm 96 of the operating pawl 90.
PAR  The pawl assembly operating control arm 100, as best seen in FIGS. 3 and
      11, is mounted at one end 101 on a stud 102 secured in the boss 103 formed
      integrally of the underside of face plate 20. Arm 100, as best seen in
      FIG. 11, is normally biased by spring means 104 about the stud 102 into
      engagement with a stop 105 formed integrally of a housing 106 molded to
      the underside of face plate 20. The housing 106 is open in a quadrant
      thereof, defined by end walls 107 and 108, as seen in FIG. 3 to allow
      engagement between the depending timing pins, as pin 63 moving about
      within the housing, with a ramp 109 formed integrally of lever 100. As a
      timing pin 63 is moved by the timing disk 60 into engagement with the ramp
      portion 109 of lever 100, the lever 100 is pivoted about its pivot pin 102
      against the bias of spring 104 to move the lever portion 95 out of
      engagement with the operating pawl 90, said lever 100 moving from the
      position shown in solid line in FIG. 11 to the released position shown in
      dotted line in FIG. 11. Such movement of the control arm or lever 100 may
      also be effected by manually moving the start button 110 (FIG. 2)
      protruding out of the face plate 20 and which is connected to the free end
      111 of the control arm by a vertical pin 112.
PAR  It can be seen by the foregoing, that the cam means, indicated generally at
      40, may be placed in a timed rotational movement under the timing motor
      drive of motor 70 via the transmission shaft 55 when the start button 110,
      or a timing peg 63, moves control arm 100 to disengage the control arm
      lever 95 from arm 96 of operating pawl 90. On release of pawl 90, the
      holding or locking pawl 87 moves under its normal spring bias into the
      holding position of FIG. 13 wherein the inner driven bell-shaped clutch
      member 81 is engaged in driving relation with the outer bell-shaped clutch
      member 82. With the construction of the apparatus as thus far explained, a
      single speed of operation only for the camming means would be provided.
      Means are provided for rapidly advancing the camming means, indicated
      generally at 40, between engagements between the cams 45 through 48 with
      the various operating levers, indicated generally at 30, independently of
      the single timing drive motor 70 to provide for a rapid indexing of the
      cam means between control stations so that non-watering time for the
      control cycle is greatly reduced and a sequential timed watering operation
      for each area of the irrigation system can be produced in a virtually
      continuous watering operation. A preferred exemplary embodiment of such
      means for rapidly advancing the camming means relative to the operating
      levers independently of the single speed drive motor 70 and associated
      transmission drive shaft 55 will now be explained in detail.
PAR  Referring particularly to FIGS. 10 and 18, the exemplary embodiment of
      means for rapidly advancing the camming means between engagements with the
      pilot valve operating levers, indicated generally at 30, includes the
      provision of a means for receiving and storing energy during rotation of
      the transmission drive shaft 55 relative to the driven shaft 51, as when
      the holding pawl is in a released position as shown in FIG. 12, and for
      releasing said energy to rapidly advance the camming means between
      engagements with the operating levers when it is not necessary to overcome
      the resistance offered by the engagement between a camming means cam and
      an associated control lever, a certain amount of driving power being
      required to turn a cam passed a cam follower portion 49 of the control
      lever to move the associated pilot valve into an open position. Such means
      in the exemplary embodiment specifically includes the provision of a
      torsion spring means, indicated generally at 120 in FIGS. 10 and 18,
      within the driven shaft 51 and fixed to the transmission drive shaft 55.
      As seen in FIG. 10, one end 121 of the spring means 120 is located withhin
      an inner bore 122 of the transmission drive shaft 55 with an end eye
      portion 123 nonrotatably secured to shaft 55 via the cotter pin 124.
      Therefore, the one end 121 of the torsion spring means 120 is rotated by
      and with the transmission drive shaft 55 under the constant timing drive
      of motor 70 via the pinion and spur gears 75 and 57, respectively. As seen
      in FIG. 18, the portion 125 of the spring means 120, adjacent the end
      opposite the one end 121 in the exemplary embodiment, is provided with an
      enlarged outside diameter, relative to the main body of spring means 120,
      which is greater than the inside diameter of the driven tubular shaft 51
      when the spring means 120 is in a relaxed, unwound condition. The portion
      125 must, therefore, be press fitted into the bore 126 of driven shaft 51
      or wound to reduce its diameter during assembly thereinto. An end cap 127
      is provided to close the end through which the spring means 120 is
      normally inserted and which, in the exemplary embodiment, is journaled in
      a bearing 52 of the outside partition wall 24. In actual practice, it has
      been found that it is desirable to make the hollow cam or driven shaft 51
      of a 1/4 inch O.D. 0.035 wall seamless brass tube, alloy 330 or 218 with
      an inside diameter of 0.180 plus 0.005 and a minus 0.000. Further, it has
      been found desirable to knurl the outside diameter of the cam shaft or
      driven shaft 51 to facilitate retention of the molded plastic cam units 41
      through 44 which may be merely pressed thereon. In a preferred embodiment
      using the aforesaid brass tube for cam shaft 51, the torsion spring means
      120 consisted of a 0.018 diameter spring steel wire, close wound, spring
      with a 0--3 ounce initial tension and a right hand pitch. The main body
      portion of the spring had an outside diameter of between 0.170 and 0.180.
      The larger diameter portion 125 was provided with an outside diameter of
      between 0.188 and 0.192. (The aforesaid dimensions being in inches).
PAR  Prior to a pilot valve operating cycle initiation, the transmission shaft
      55 rotates relative to the stationary cam or driven shaft 51 as
      hereinbefore explained. With the spring means of the aforedescribed
      construction, the one end 121 will be rotated relative to the stationary
      enlarged diameter end 125 held within the stationary cam shaft 51.
      However, the continued twisting of the spring means causes a slight
      elongation thereof and a reduction in the outside diameter of the enlarged
      portion 125 until slippage between portion 125 and the surrounding
      stationary cam shaft 51 occurs. Therefore, energy is stored by spring
      means 120 during prepilot valve operating cycles due to the rotation of
      the transmission shaft 55 relative to the stationary cam shaft 51 which is
      ready to be used for rapid advancing of the cam means thereafter. Upon
      initiation of a pilot valve operating cycle, the clutch means, including
      the aforedescribed pawl assembly, causes concurrent rotation of the
      transmission shaft 55 and cam shaft 51 past the resistance offered by the
      individual control levers of the control levers indicated generally at 30.
      When a control lever, as lever 38 is positioned as shown in FIG. 15, the
      associated cam must force the lever 38 in a pivotal movement about its
      fulcrum 37 against the resistance due to the conventionally provided
      self-closing valve spring within the pilot valve 35. The spring means 120
      is chosen and the dimensions for the interference fit between the enlarged
      diameter 125 and the bore 126 of cam shaft 51 are chosen so that the
      spring means 120 cannot store sufficient energy to overcome the resistance
      offered by the control lever. It is, therefore, necessary to positively
      drive shaft 51 via the clutch and transmission means to complete a timing
      operation during which a pilot valve is held in open position.
PAR  However, when the cam, as cam 45 in FIG. 16, is in a non-interfering
      relation with the cam follower, as cam follower 49 in FIG. 16, of the
      associated control lever, then the spring means 120, in its effort to
      return to an untwisted condition, twists the cam shaft 51 via its enlarged
      diameter portion 125 to cause a rapid advance thereof until an engagement
      occurs between another cam on the cam means, indicated generally at 40,
      and an associated control lever cam follower, as 49 in FIGS. 14 through
      16.
PAC  THE EXEMPLARY WATER POWERED DRIVE
PAR  Referring now particularly to FIGS. 3 and 4 through 10, a preferred
      exemplary embodiment of the water powered drive means, in accordance with
      the present invention, for operating an automatic control apparatus will
      now be explained in detail. The drive means is indicated generally at 70
      with a speed control 71 operably connected to the water powered motor
      means of the present invention, indicated generally at 70. Speed control
      means 71 may comprise a conventional escapement mechanism within a housing
      74 which is mounted to a partition wall 22' of the controller frame. An
      internal ring gear 77 is connected via drive shaft 78 to the escapement
      mechanism in known manner to provide a clock-type, timing rotation for
      ring gear 77 under outside driving influence very much as the escapement
      mechanism in a watch operates to produced a timed movement of the main
      shaft thereof under the influence of the associated main spring. As
      hereinafter explained, the water powered drive means, indicated generally
      at 70, according to the present invention, is provided with means for
      connection to the ring gear 77 so that the water motor means can be
      controlled to drive input shaft 73 at a constant, timing speed for the
      controller apparatus.
PAR  As is particularly contemplated within the present invention, water powered
      means are provided for receiving water under pressure from a source
      thereof and such means includes a member driven in a predetermined manner
      by the force of such water to power the controller transmission means via
      a power transmission means interposed therebetween. In the preferred
      exemplary embodiment, such water powered means includes a water powered
      motor, indicated generally at 130 in FIGS. 4, 6, and 9, having a cylinder
      means 131 and piston means 132. Cylinder means 131 includes a base 133
      having a depending stud 134 secured in a port 135 formed in base 21 and a
      cylindrical body portion 136 seated in a peripheral groove 137 formed in
      base 133, as best seen in FIG. 9. Piston 132 is provided with upper and
      lower cylinder wall engaging lips 138 and 139, respectively, to provide a
      watertight seal between the piston and cylinder body 136. A connecting rod
      140 having a pointed rod end body 141 is associated, as seen in FIG. 9,
      with the piston base 142 which is formed concave to cause the pointed rod
      end body 41 to be centered relative thereto. As explained hereinafter, the
      connecting rod 140 is free to move upwardly and downwardly free of piston
      142, but under a power stroke of piston 142 during operation of the motor
      means, the connecting end body rod 141 will be centered in base 142 to
      provide a non-binding force transmitting means between piston 132 and the
      reciprocating ratchet arm to which the connecting rod is connected at its
      upper end. An inlet or fitting 143 is connected through port 144 in base
      133 to an inlet chamber 145 beneath the piston 132 to receive water under
      pressure from cylinder supply line 146 and force the piston 132 upwardly
      in cylinder 131 in a drive stroke from a first position as illustrated in
      FIG. 9 in solid line to a second elevated position shown in dotted line in
      FIG. 9.
PAR  Water valve means are provided in accordance with the present invention for
      selectively connecting the aforedescribed water powered means, including
      cylinder 131 and piston 132, to a source of water under pressure for
      supplying water thereto and for selectively venting the water powered
      means to relieve such water pressure therefrom. In the exemplary
      embodiment, such water valve means are indicated generally at 150 in FIGS.
      3, 4, and 6 and shown in sectional views in FIGS. 5, 7, and 8. Referring
      first to FIG. 8, the exemplary water valve includes a valve base 151, a
      valve body, 152, and a cover plate 153. The cover plate, body, and base
      members are held in assembled relation via fastening means, such as screws
      154, extending from the cover plate 153, through body 152 and flanges 155
      on base 151 into the controller apparatus frame partition wall 22. Valve
      body 152 is provided with an inlet line 156 connected by conduit 157 to a
      source of water under pressure, an outlet line 158 connected to vent or
      drain conduit 159, and a supply line 160 connected to the cylinder
      connected line 146. The three valve lines 156, 158, and 160 intersect in a
      common intersection, which in the exemplary embodiment, comprises a
      cylindrical bore 161 provided in the valve body 152. Valve shaft means
      having a flow regulating portion thereof are located at the intersection
      161. As best seen in FIG. 8, a valve shaft 162 having a cutoff portion or
      flow regulating portion 163 is rotatably mounted within the bore 161
      providing the common intersection for lines 156, 158, and 160. As seen by
      comparing FIGS. 5 and 7, rotation of valve shaft 162 selectively
      interconnects the cylinder means supply line 160 with the inlet line 156
      (FIG. 7) or the vent or drain line 158 (FIG. 5).
PAR  Means are provided for reversing the position of the valve shaft 162
      relative to the inlet and outlet lines in response to reciprocating
      movement of the piston 132 of the exemplary water motor indicated at 130.
      In the exemplary embodiment, such means include the provision of a valve
      control arm 164 connected via a bored boss 165 at one end to the valve
      shaft 162 for rotation of shaft 162 in response to arcuate movement of the
      free end 166 of arm 164 about the pivotal axis of shaft 162. The free end
      166 of arm 164 is connected via a bored boss portion 167 to an end 168 of
      spring means 169, as seen in FIGS. 4, 6, and 8, for reversing movement in
      response to reciprocating arcuate movement of lever 170 connected by lever
      arm 171 to the piston connecting rod 140. The spring means 169 has an
      opposite arm or end 172 connected to lever arm portion 173 of the lever
      170. As best seen in FIG. 10, lever 170 is journaled upon a journal
      bearing 174 fixed to shaft 73 such that lever 170 may be reciprocally
      rotated through a limited arc by the operation of piston 132 thereon
      through connecting rod 140 to cause movement of lever arm 173 between the
      two extreme positions of adjustment shown in FIGS. 4 and 6. In the
      position for arm 173 of FIG. 6, the spring means 169 biases valve arm 164
      in a full counter-clockwise direction against a stop surface 275 formed in
      body 152, the associated valve shaft 162 thereby being rotated into a
      cylinder line 160--supply line 156 connected position shown in FIG. 7. At
      the end of a power stroke for piston 132, as seen in dotted line in FIG.
      9, the lever 170 is moved into the position illustrated in FIG. 4,
      torquing arm 172 relative to arm 168 to cause reversing clockwise movement
      of arm 164 fully into the raised position of FIG. 4 wherein the associated
      valve shaft 162 is rotated into the cylinder line 160-vent or drain line
      158 connecting position of FIG. 5.
PAR  Mechanical means are provided, according to the present invention, for
      returning the piston means of the water powered motor means of the present
      invention to its initial starting position at the end of a drive means
      upon reversing of the valve means as aforedescribed. In the exemplary
      embodiment, such return means comprise the provision of the tension spring
      175 connected at its lower end 176 to the controller frame base 21 and at
      its upper end 177 to a hook or finger portion 178 formed in the outer end
      of lever arm 171. Upon movement of the lever 170 into the position of FIG.
      4 under the action of piston 132, and the consequent reversing of valve
      means 150 into the venting condition illustrated in FIG. 5, the tension
      applied by spring 175 to arm 171 causes the lever 170 to be returned to
      its initial position of FIG. 6 as the water beneath piston 132 is drained
      via line 158 and conduit 159. When piston 132 reaches its initial or first
      position of FIG. 9, the lever 170 has moved back to the position of FIG. 6
      and the reversing mechanism has thrown arm 164 overcenter, due to the
      spring arrangement illustrated, into the full open or supply line
      connected position for the valve shaft 162 illustrated in FIG. 7. Due to
      the use of the overcenter reversing mechanism provided by the spring means
      169 connected between arms 173 and 164, the rather slow movement of lever
      arm 173 is translated into a fast acting reversing motion for arm 164 to
      rapidly reverse the valve means as hereinbefore described.
PAR  Power transmission means are provided, in accordance with the present
      invention, for driving the controller apparatus power input shaft 73 (and
      pinion 75) in response to movement of the water powered means moving
      member, which in the exemplary embodiment comprises the piston 132. Such
      power transmission means, in the exemplary embodiment, are indicated
      generally at 180 and are best seen in FIGS. 3 and 10. Such means include
      the provision of a right hand or clockwise driving ratchet wheel 181 on
      the inward facing surface of lever 170. Such ratchet wheel 181 is
      preferably formed integrally of lever arms 171 and 173 to provide a single
      plastic molded ratchet-lever arm member rotatably journaled about the
      journal bearing 174 as aforedescribed. A second ratchet wheel 182 is
      provided with left hand ratchet wheel teeth 183 engaged on one side by
      said ratchet wheel 181 teeth and having right hand teeth 184 on the
      opposite side. Ratchet wheel 182 is preferably formed integrally of
      bearing 174 of a single plastic molded part and secured in non-rotating
      relation to shaft 173. From the foregoing, it can be seen that clockwise
      rotation of the ratchet-lever member 170 in FIGS. 4 and 6 will produce a
      corresponding clockwise rotational movement of ratchet 182 in an arcuate
      movement to advance controller apparatus input shaft 73 through a similar
      arc of rotation. In order to prevent counter-clockwise rotation of ratchet
      wheel 182 upon counter-clockwise reciprocation of ratchet-lever arm 170, a
      stationary ratchet wheel 185 is provided with an integral journal portion
      186 secured to the apparatus frame partition wall 22. Wheel 185 is
      provided with a plurality of left hand ratchet teeth on its outward facing
      surface to mate with the teeth 184 of the planetary ratchet. The ratchet
      182 thus is driven in a clockwise direction by the drive of ratchet-lever
      arm 170, while teeth 184 merely slide over ratchet 185 and, on reversing
      the movement of lever 170, the ratchet wheel teeth 184 engage the
      stationary ratchet 185 while the teeth or ratchet wheel 181 of lever 170
      ride over the ratchet teeth 183. Means are provided for biasing the
      ratchet teeth into engagement with one another and, in the exemplary
      embodiment, include the provision of a coil spring 187 bearing against
      ratchet arm 170, as seen in FIGS. 3 and 10, and spring 76.
PAR  In accordance with the present invention, means are provided for regulating
      the supply of water to the aforedescribed water powered means in order to
      control the speed of operation of the associated water motor, i.e., the
      speed at which piston 132, in the exemplary embodiment, moves upwardly in
      a power stroke. Referring to FIGS. 4 through 7, such means in the
      exemplary embodiment includes the provision of a second bore 190 in valve
      body 152 which intersects the inlet line 156 as seen in FIGS. 5 and 7.
      Bore 190 is preferably parallel to the bore 161. A second valve shaft 191,
      constructed with a cut-out or flow regulating portion adjacent an inner
      end thereof as in shaft 162, is provided to be rotated with bore 190
      between the flow restricting position of FIG. 5 and the non-restricting
      position of FIG. 7. As seen in FIG. 8, a second valve arm 192 is connected
      by a bored boss 193 at one end to an enlarged outer end portion of shaft
      191 with an opposite bored boss end 194 connected to regulating lever 195.
      Spring means 187 acts through carrier 205 and link 195 for urging the
      associated valve arm 192 into the raised position of FIG. 6 wherein the
      associated valve shaft 191 is in a line non-restricting position as
      illustrated in FIG. 7. The aforedescribed means for regulating the flow of
      water under pressure through inlet line 156, in the exemplary embodiment
      and according to the present invention, is further regulated by speed
      control means as hereinafter explained.
PAR  The speed regulating means provided in accordance with the present
      invention in association with the aforedescribed water inlet regulating
      means, is indicated generally at 200 in FIGS. 3, 4, 6, and 10. Such means,
      in the exemplary embodiment includes the provision of a sun gear 201
      secured to the drive shaft 73 via bushing 174 (FIG. 10). A plurality of
      planetary gears 202, 203, and 204 are mounted on a carrier 205 which in
      turn is rotatably mounted coaxially of sun gear 201 on shaft 73 via the
      bushing 174. The individual planetary gears 202, 203, and 204 are each
      rotatably mounted upon pins molded integrally of the carrier plate or disk
      205. Ring gear 77 is fitted over and about the planetary gears in
      teeth-engaging, driving relation as best seen in FIGS. 4 and 10. As noted
      hereinbefore, the escapement mechanism 71 restricts the speed of rotation
      for ring gear 77 to a predetermined maximum rate of rotation. Such maximum
      rate is chosen such that the drive imparted to the controller apparatus
      via input shaft 73 and pinion gear 75 will produce a rotation of the
      apparatus caming means, etc., in a timed sequence so that timing dial 60
      is rotated in clocklike manner.
PAR  From the foregoing description, it can be seen that rotation of input drive
      shaft 73 by the aforementioned water powered motor means will cause
      concurrent rotation of the sun gear 201 which is fixed onto bearing 174,
      which in turn is secured to shaft 73. Such rotation of sun gear 201 causes
      a corresponding, depending upon the gear ratio therebetween, rotation of
      ring gear 77 in like direction against the restraint of the associated
      speed governing or escapement mechanism 71. Such a drive of ring gear 77
      is effected through the planetary gears 202, 203, and 204. In the event
      that the speed of rotation of sun gear 201 exceeds that corresponding to
      the normal maximum drive allowed for ring gear 77 by the associated
      escapement mechanism 71, a relative rotation will occur between ring gear
      77 and sun gear 201 which will cause planetary movement of the planetary
      gears 202, 203, and 204 about sun gear 201. Such planetary movement of the
      planetary gears causes a corresponding rotational movement of the carrier
      disk or plate 205 which is connected by a pin 206 to speed control arm
      195. Therefore, fluctuations in the speed of sun gear 201 relative to the
      predetermined speed of rotation for ring gear 77 causes movement of
      carrier 205, lever arm 195, control arm 192 and the associated valve shaft
      191 to regulate the flow of water through inlet line 156 to the supply
      line 160 and supply conduit 146 to the cylinder means of the water motor.
      Carrier 205 may be biased into the position of FIG. 6 by connecting the
      inner end of coil spring 187 thereto and allowing the free end 187'
      thereof to abut a portion of the controller frame, front plate 20 in the
      exemplary embodiment.
PAR  From the foregoing detailed description of a preferred exemplary embodiment
      of the water powered drive means for a controller apparatus, according to
      the present invention, it can be seen that a controller apparatus can be
      powered in a timed driving manner without the need for electrical
      connections or electric motor means normally required in such apparatus.
      Where the controller apparatus is an irrigation or water sprinkling
      controller, as in the preferred exemplary embodiment herein, the water
      powered means may be driven by the same source of water under pressure as
      is available for operating the pilot valves and the sprinkling system. It
      should be apparent to those skilled in the art that the controller and
      drive means of the present invention is particularly suited for
      installation in remote locations where water is available for sprinkling
      but electrical power is not. Further, the elimination of electrical motor
      means eliminates the potential of electrical shorts, motor failure, or
      other hazards which accompany the use of electric power in association
      with water-handling equipment. It is, therefore, believed that the objects
      aforestated have been achieved by the water powered drive means and
      controller apparatus of the present invention. Further, the water powered
      drive means of the present invention has been illustrated herein in
      association with a preferred exemplary embodiment of irrigation controller
      apparatus. It should be remembered that other forms of controller devices
      may be driven by the water powered means of the present invention.
      Further, various modifications, adaptations, and variations may be made in
      the construction of such water powered means, the present disclosure being
      exemplary only, within the spirit and scope of the invention defined by
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drive means for operating an automatic controller apparatus having a
      power input shaft, comprising:
PA1  water powered means for receiving water under varying pressure from a
      source thereof and having a member driven by the force of said water
      thereon, said water powered means including means for supplying water to
      and exhausting water therefrom;
PA1  power transmission means for driving said controller apparatus shaft in
      response to movement of said member under the action of said water; and
PA1  speed control means for automatically controlling the speed of driving of
      said controller apparatus shaft under the force of said water powered
      means acting through said power transmission means to a predetermined
      rate, said speed control means including an escapement mechanism having a
      shaft having a maximum speed, means for driving said escapement mechanism
      shaft from said power transmission means responsive to the speed thereof,
      and control means movable in response to speed of said transmission means
      in excess of the maximum speed determined by the escapement mechanism.
NUM  2.
PAR  2. The drive means for operating an automatic controller as in claim 1
      wherein:
PA1  said water powered means includes a cylinder means for receiving said water
      under pressure and
PA1  said member comprises a piston means mounted for reciprocal movement in
      said cylinder means.
NUM  3.
PAR  3. The apparatus of claim 1, said power transmission means comprising means
      for intermittently driving said controller apparatus shaft.
NUM  4.
PAR  4. A water powered drive means in combination with an automatic control
      apparatus having a power input shaft and a connection to a source of water
      under varying pressure, comprising:
PA1  clutch means having a driven clutch member in driving relation with said
      shaft and a drive clutch member associated with said driven member for
      driving said shaft in a given rotational direction in response to
      oscillating movement of said drive clutch member;
PA1  a water powered reciprocating piston and cylinder means including means for
      supplying water to and exhausting water therefrom and means for connecting
      said cylinder means to said water source connection for causing said
      piston means to reciprocate under the varying pressure of water from said
      source;
PA1  means for connecting said piston to said drive clutch member; and
PA1  speed control means including an escapement mechanism provided in
      association with said clutch means for limiting the speed of drive of said
      driven clutch member to a predetermined rate.
NUM  5.
PAR  5. The apparatus of claim 4, said power transmission means comprising means
      for intermittently driving said controller apparatus shaft.
NUM  6.
PAR  6. A drive means for operating an automatic controller apparatus having a
      power input shaft, comprising:
PA1  water powered means for receiving water under varying pressure from a
      source thereof and having a member driven by the force of said water
      thereon;
PA1  power transmission means for driving said controller apparatus shaft in
      response to movement of said member under the action of said water,
      wherein said power transmission means comprises a driven ratchet wheel
      fixed to said input shaft, a drive ratchet sheel in mating one direction
      drive relation to said driven ratchet wheel, and connecting means for
      connecting said drive ratchet wheel to said member to drive said drive
      ratchet wheel in a uniform direction of rotation; and
PA1  speed control means provided in association with said power transmission
      means for automatically controlling the speed of driving of said
      controller apparatus shaft under the force of said water powered means
      acting through said power transmission means to a predetermined rate.
NUM  7.
PAR  7. The drive means of claim 6 wherein:
PA1  ratchet means are provided on said apparatus for preventing rotation of
      said driven ratchet wheel other than in said uniform direction of
      rotation.
NUM  8.
PAR  8. A water powered drive means in combination with an automatic control
      apparatus having a power input shaft and a connection to a source of water
      under varying pressure, comprising:
PA1  clutch means having a driven clutch member in driving relation with said
      cam shaft and a drive clutch member associated with said driven member for
      driving said cam shaft in a given rotational direction in response to
      oscillating movement of said drive clutch member;
PA1  a water powered reciprocating piston and cylinder means and means for
      connecting said cylinder means to said water source connection for causing
      said piston means to reciprocate under the varying pressure of water from
      said source;
PA1  means for connecting said piston to said drive clutch member, wherein said
      means for connecting said piston to said drive clutch member comprises:
PA1  a ratchet wheel and means for connecting it to said piston means for
      producing reciprocating movement of said racthet wheel in response to that
      of said piston means;
PA1  a planetary ratchet secured to said drive clutch member and positioned to
      be advanced in one direction by movement of said ratchet wheel in a first
      direction; and
PA1  a stationary ratchet provided on said control apparatus in position
      relative to said planetary ratchet for preventing movement of said
      planetary ratchet in a direction opposite to said one direction when said
      ratchet wheel moves in a direction opposite to said first direction, and
PA1  speed control means including an escapement mechanism provided in
      association with said clutch means forr limiting the speed of drive of
      said driven clutch member to a predetermined rate.
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ABST
PAL  There is provided an improved percussion hammer having tie cables
      connecting the base of the hammer body with the upper cylinder. Cable
      tensioning jacks are used for preloading the tie cables. Each cable
      tensioning jack includes a jack body having a central opening for securing
      a cable, and having an annular groove defining a jack cylinder closed at
      one end and open at the other. An annular jack piston is slidably received
      within the jack cylinder. The annular cylinder is pressurized to expand
      the jack. In one embodiment of the invention high pressure grease provides
      the source of pressurized fluid.
PARN
PAR  The present application is a continuation-in-part application of my
      application, Ser. No. 273,164, filed July 19, 1972, now abandoned.
BSUM
PAR  The present invention relates to a new and improved percussion hammer of
      the type having tie cables connecting the body base and the upper cylinder
      of the hammer for improved means for pretensioning of the tie cables.
PAR  Conventional percussion hammers such as are used for pile driving and the
      like normally include a ram reciprocally mounted on a hammer body movable
      between an upper cylinder assembly and a body base. Conventionally the
      base of the body is secured to the upper cylinder assembly by suitable tie
      means. One such means of tying the hammer base to the upper cylinder
      assembly is by use of tie cables interconnecting the hammer base and the
      upper cylinder assembly. Such cable ties must be prestressed equally to
      provide a hammer body resembling rigid construction. In the larger sizes
      of pile driving percussion hammers, such as those used in offshore
      operation and weighing in the range of 30 to 60 tons, it may be desired to
      prestress the cable ties to a final tension in the area of 40 tons for
      each cable tie. Heretofore difficulty has been experienced in the
      pretensioning of such cable ties.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved percussion hammer.
PAR  Another object of the present invention is the provision of a new and
      improved cable tensioning device particularly useful on pile driving
      percussion hammers.
PAR  Still another object of the present invention is the provision of a new and
      improved device for applying pretension to cable ties of percussion
      hammers.
PAR  Briefly, in accordance with these and other objects and advantages of the
      present invention, there is provided an improved percussion hammer using
      cable tensioning jacks. Each cable tensioning jack includes a jack body
      provided with a central opening for securing a cable end portion, and has
      concentrically therewith an annular groove defining an annular jack
      cylinder closed at one end and open at the other. An annular jack piston
      is slidably received within the jack cylinder. In accordance with the
      present invention the introduction of pressurized fluid into the closed
      end of the cylinder, or the bleeding of the fluid therefrom, will project
      or retract the jack piston. It has been found that the utilization of high
      pressure grease provides desirable operation. The high pressure grease may
      be introduced into the jack cylinder from a high pressure grease gun
      through a conventional type grease fitting having a one-way check valve
      incorporated therein. Thus, there is provided a cable tensioning jack
      which is particularly useful for pretensioning cable ties of a percussion
      hammer. The cable tensioning jack functions easily with a fluid source
      commonly available on sight, and permits close control of the pretension
      through regulation of the applied pressure into the jack cylinder.
DRWD
PAR  For a better understanding of the present invention reference should be
      made to the following detailed description taken in conjunction with the
      drawings in which:
PAR  FIG. 1 is a perspective view of a pile driving percussion hammer employing
      improved cable tensioning jack according to the present invention;
PAR  FIG. 2 is a fragmentary top plan view of the percussion hammer of FIG. 1
      illustrating a cable tensioning jack according to the present invention;
PAR  FIG. 3 is a cross section elevational view of the cable tensioning jack of
      FIG. 1 taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross sectional plan view of the cable tensioning jack taken
      along line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary cross sectional elevational view of the cable
      tensioning jack taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a plan view of the cable tensioning jack in combination with a
      manual jack; and
PAR  FIG. 7 is an elevational view of the jack combination of FIG. 6.
DETD
PAR  Referring now to the drawings, and particularly to FIG. 1, there is
      illustrated a pile driving percussion hammer 10 and employing cable
      tensioning jacks according to the present invention. The percussion hammer
      10 may be of any suitable design, and, for example, may be of the type
      illustrated in U.S. Pat. No. 3,566,977 granted Mar. 2, 1971 to George C.
      Wandell and assigned to the same assignee as the present invention. The
      percussion hammer 10 is operated by suitable working fluid, such as steam,
      in a known manner. As illustrated, the percussion hammer 10 includes a
      housing 12 having an upper housing or cylinder portion 12a and a lower
      housing or base portion 12b. The upper housing portion 12a defines a
      working cylinder closed at its upper end by a cylinder head 14 having
      means 15 permitting hoisting or support of the percussion hammer 10 by a
      crane or other suitable means for placement on top of a pile. Wire rope
      saddles 16 are provided on the illustrated embodiment so that the hammer
      may be hoisted or handled without attaching to the cylinder head if so
      desired. Also, the saddle 16 may be used for safety slings to prevent
      dropping of the hammer should the hammer hoisting cable break. The upper
      housing portion 12a additionally includes a steam chest having suitable
      valving (not shown) to provide the working cycling of the tool.
PAR  The housing 12 additionally includes the base portion 12b connected to the
      upper portion 12a by opposed side guide columns 22 and held together by a
      plurality of tie cables 25. Each of the tie cables 25 is secured to the
      base 12b at its lower end and extends through aperture 29 in a projection
      or jaw 12c of the upper housing 12a. A ram assembly 26 is adapted to be
      reciprocated vertically guided by the columns 22. A piston (not shown) in
      the cylinder is connected to the ram assembly 26 by a piston rod 27 which
      extends through suitable packing 28 in the upper housing unit 12a.
PAR  The operating cycle of the percussion hammer may be of any known type and
      may be of the type illustrated in the above identified United States
      patent granted to Wandell.
PAR  Commercially available percussion hammers of the type illustrated may weigh
      in the range of 30 to 60 tons, and in order to secure the base 12b with
      the upper housing portion 12a the tie cables 25 may be prestressed or
      loaded to a load of approximately 40 tons each. The preloading of the
      cables 25 may readily be accomplished in accordance with the present
      invention by suitable cable tensioning jacks 30 illustrated at the upper
      end of each cable.
PAR  Referring now to the jack 30 best illustrated in FIGS. 2 through 4, the
      jack 30 comprises a two piece jack body 32 formed of body portions 32a and
      32b. The body portions 32a, 32b are joined together to form an integral
      body, a hydraulic seal between the body portions being maintained by an
      O-ring 35 backed up by suitable back up rings 36 and 37. The body portions
      32a, 32b are held together by cap screws 38. A top cable end fitting 40 is
      secured to the upper end of the cable 25 and includes an externally
      threaded portion 40a provided with opposed flat portions 40b to provide
      for an attachment of the cable 25. The jack body 32 is provided with a
      central internally threaded opening 42 threaded onto the threaded portion
      40a of the top cable end fitting 40. Additionally, the jack body 32 is
      provided with an annular groove 44 concentrically positioned with the
      central opening 42 and defining an annular jack cylinder closed at its
      upper end and open at its lower end.
PAR  An annular jack piston assembly 46 is slidably received within the jack
      cylinder 44 and includes a ram portion 46a projectable through the lower
      open end of the cylinder 44. Thus, the piston assembly 46 is formed as a
      cylindrical open center or annular piston and includes two annular seals
      47, 48 retaining the hydraulic integrity in the cylinder. These two seals
      47, 48 are held in place on the piston by a retainer 49 attached to the
      piston in any suitable manner as by screws 50. The outer and inner side
      wall surfaces of the piston assembly 46 are provided with bronze slip
      rings 52, 53 to reduce friction and to act somewhat as piston rings in
      their locality. The ram 46a of the jack 30 bears against a suitable wear
      plate 72. Ingress of dirt or other foreign matter to the lower open
      segment of the cylinder 44 is prevented by a pair of wiper rings 54, 55
      closing the lower open end of the cylinder 44 between the cylinder wall
      thereof and the ram 46a. A cap 60 fits over the upper end of the jack body
      32, secured thereto by cap screws 61. The cap 60 serves to prevent backing
      up of the cap screws 38 holding the two jack body portions 32a, 32b
      together and further serves as protection of the thread projecting through
      the jack body 32. Additionally, a grease fitting 62 may be provided in the
      cap 60 for the introduction of grease serving to prevent rust from forming
      on the upper end of the threaded portion 40a of the end fitting 40.
PAR  To provide for the introduction of hydraulic fluid under pressure into the
      upper closed end of the cylinder 44 there is provided a series of
      passageways communicating with the upper closed end of the cylinder 44
      above the piston and adapted to receive pressurized fluid. Specifically,
      such passageways include a plurality of conventional grease fittings 65
      communicating with the upper closed end of the cylinder 44 by passage
      means 66. As is well known, the grease fittings 65 contain therein
      conventional one-way check valves, generally of the type including a
      spring loaded ball biased against a valve seat, and additionally includes
      a fitting nipple 65a for receiving the discharge end of a conventional
      grease gun. The one-way check valves within the grease fittings 65 permit
      ingress only of hydraulic fluid. A suitable bleed valve 70 is provided
      which, when opened, will release the fluid within the upper closed end of
      the cylinder 44.
PAR  The illustrated embodiment of the jack is preferably adapted to work with
      high pressure grease, generally available at construction sites and
      provided by a suitable grease gun (not shown) which will attach to the
      nipple 65a of the grease fittings 65. Such high pressure grease can be
      supplied at pressures in the range of 2500 p.si. and will serve to provide
      the working medium of the jack. One common form of grease suitable for use
      in the present jack is that generally available for lubricating bearings
      in inaccessible places and bearings wherein housings are not sufficiently
      tight to hold oil; and grease supplied as a semi-solid lubricant made by
      incorporating suitable soap such as lithium or barium soap into a mineral
      base will be quite satisfactory.
PAR  The operation of the improved cable tensioning jack 30 is believed clear
      from the above detailed description. However, briefly, when hydraulic
      pressure is applied through the grease fitting 65 into the upper closed
      end of the cylinder 44, the piston ram 46a bearing against the wear plate
      72 remains insitu and the jack body 32 moves upwardly applying tension to
      the end fitting 40 and correspondingly to the cable 25.
PAR  Advantageously, in the assembly of the cap 60 to the body 32 of the jack
      30, flat portions 60a on the cap 60 will line up with the flat portions
      40b on the threaded portion 40a of the end fitting 40. The wear plate is
      provided with corresponding flats 72a which also line up and engage the
      flat portions on the cable end fitting 40 preventing the cable fitting 40
      from radial rotation. Thus, after the application of the requisite
      pretensioning force to the cable 25, the cap is so located as to engage
      the flat portions 40b and the cap screws 61 are installed. The flat
      engagement against the cable fitting 40 of the wear plate 72 and of the
      flat engaging portion 60a of the cap 60 will prevent rotation of the jack
      body 32 thus preventing backing off therefrom during operation and
      consequent releasing of the cable tension. Of course, for interim cable
      tension adjustment it is not necessary to remove the cap 60, but only to
      apply additional hydraulic grease pressure through the grease fittings 65,
      and as the piston exerts the force to additionally tension the cable 25,
      the cap 60 and the jack body 32 act as one and the original
      anti-rotational relationship of the cap 60 to the wear plate 72 is
      maintained.
PAR  If it is desired to release the pressure on the jack 30, it is necessary
      only to open the bleed valve 70, releasing the high pressure grease within
      the closed cylinder portion 44.
PAR  To provide for further tensioning of a cable 25 after the maximum stroke of
      the jack 30 has been reached, it is of course necessary to hold the
      position of the cable end fitting 40 as attained, and to further increase
      the tension. This is readily accomplished by means of a manual jack 80,
      FIGS. 6 and 7. The manual jack 80 includes a jack plate 81 having a
      central, internally threaded opening and a plurality of smaller internally
      threaded openings 81a, 81b concentrically with the central opening 80a and
      radially outwardly of the jack body 32. Suitable jack screws 82 extend
      through the threaded openings 81b and bear against the wear plate. Thus,
      further tensioning of a cable 25 may readily be accomplished by first
      removing the jack cap 60 by removing the cap screws 61. The manual jack
      plate 81 is then threaded onto the threaded portion 42 of the cable end
      fitting 40 projecting above the jack 30 and the jack screws 82 are
      tightened down against the wear plate to hold the position of the end
      fitting 40. Now the bleed valve 70 may be opened to release the pressure
      on the jack piston assembly 46. The piston assembly 46 may be forced into
      a retracted position within the jack body 32 until it is in its
      furthermost withdrawn position. Then, with the jack plate 81 and jack
      screws 82 still intact, the entire cable tensioning jack 30 may be rotated
      downwardly toward the wear plate. This jack assembly is screwed down to
      the cable fitting until the jack piston 46 is again resting on the wear
      plate 72. At this point, the bleed valve 70 is closed and grease pressure
      is applied again to one or more of the grease fittings 65 with a high
      pressure grease gun and the process of jacking is repeated over again.
      When tension is applied the feet of the jack screws 82 will come clear of
      the wear plate and the jack plate and jack screws may readily be removed.
      At this time, the cap 60 may be replaced in its anti-rotational
      relationship with the flats of the cable fitting and cap screws
      reinstalled to complete the assembly.
PAR  It will be seen that there is provided a cable tensioning jack utilizing a
      source of grease under pressure commonly available at construction sites
      and providing for rapid and easy pretensioning or preloading of cable
      ties. Moreover, it has been found that a preload of 40 tons may readily be
      achieved by a cable tensioning jack wherein the annular piston assembly
      thereof has an inner effective diameter of 61/2 inches and an outer
      effective diameter of 9 inches by the application of hydraulic grease
      under a pressure of 2500 p.s.i.
PAR  While the present invention has been illustrated and described in a single
      embodiment it will be understood that numerous changes and modifications
      will occur to those skilled in the art, and it is intended in the appended
      claims to cover all such changes and modifications as fall within the true
      spirit and scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A percussion hammer for driving piles and the like comprising:
PA1  a housing having a cylinder portion and a lower portion;
PA1  a ram slidably mounted within said housing;
PA1  piston means slidably received within said housing and connected to
      reciprocate said ram;
PA1  a plurality of tie members interconnecting said cylinder portion and said
      lower portion, each of said tie members terminating in an externally
      threaded portion; and
PA1  a cable tensioning jack mounted on a portion of said housing for tensioning
      each of said tie members relative to said cylinder portion, each of said
      cable tensioning jacks including:
PA1  a jack body having an internally threaded central opening threaded on the
      externally threaded portions of its respective tie member and having
      concentrically therewith an annular groove defining a jack cylinder closed
      at one end and open at the other;
PA1  an annular jack piston slidably received within said jack cylinder and
      including a portion projectable through the open end thereof bearing
      relative to said cylinder portion;
PA1  pressurizing means for connection to a high pressure fluid source in
      communication with the closed end of said cylinder above said piston to
      provide for admission of pressurized fluid into said cylinder and
      preventing escape of fluid therefrom; and
PA1  a manual jack mounted on each of said tie members, each manual jack
      including a jack plate having a central opening, said externally threaded
      portions of each of said tie members being threaded into said central
      opening of one of said jack plates, said jack plates also having a
      plurality of jack screws in abutting engagement with said jack plate and
      said housing portion and concentrically positioned relative to said
      central opening of the respective jack plate radially outwardly of the
      respective cable tensioning jack.
NUM  2.
PAR  2. A percussion hammer as set forth in claim 1 and including a pair of
      annular seals respectively sealing the inner diameter and outer diameter
      of said annular piston portion and cylinder.
NUM  3.
PAR  3. A percussion hammer as set forth in claim 2 and further including a pair
      of annular wiper rings respectively positioned between the inner and outer
      diameters between said annular piston portion and cylinder.
NUM  4.
PAR  4. A percussion hammer as set forth in claim 1 wherein said pressurizing
      means includes a one-way valve comprising a grease fitting.
NUM  5.
PAR  5. A percussion hammer as set forth in claim 4 wherein said fluid is
      grease.
NUM  6.
PAR  6. A percussion hammer as set forth in claim 1 and including a cap for
      covering said jack body when said manual jacks are removed.
NUM  7.
PAR  7. A percussion hammer as set forth in claim 6 wherein said cable end
      fitting includes at least one flattened portion along its threaded length,
      and said cap includes flats engageably therewith thus locking the jack
      against rotation off the cable end fitting during use.
NUM  8.
PAR  8. A percussion hammer of the type adapted for driving piles and the like
      including a housing having a cylinder portion and a lower portion
      interconnected by a plurality of tie members each terminating in an
      externally threaded portion, a cable tensioning jack assembly mounted on a
      portion of said housing for tensioning each of said tie members, each of
      said cable tensioning jack assemblies comprising:
PA1  a jack body having a central opening for receiving a cable portion and
      having concentrically therewith an annular groove defining a jack cylinder
      closed at one end and open at the other;
PA1  an annular jack piston slidably received within said jack cylinder and
      including a portion projectable through the open end thereof;
PA1  pressurizing means for connection to a high pressure fluid source in
      communication with the closed end of said cylinder above said piston to
      provide for admission of pressurized fluid into said cylinder; and
PA1  a manual jack mounted on each of said tie members, each manual jack
      including a jack plate having a central opening for receiving one of said
      cable portions at a point above said jack body and having a plurality of
      jack screws in abutting engagement with said jack plate and said housing
      portion and concentrically positioned relative to said central opening of
      the respective jack plate radially outwardly of the respective cable
      tensioning jack.
NUM  9.
PAR  9. A percussion hammer of the type adapted for driving piles and the like
      including a housing having a cylinder portion and a lower portion
      interconnected by a plurality of tie members each terminating in an
      externally threaded portion, a cable tensioning jack assembly mounted on a
      portion of said housing for tensioning each of said tie members, each of
      said cable tensioning jack assemblies comprising:
PA1  a jack body having a central opening for receiving a cable portion and
      having concentrically therewith an annular groove defining a jack cylinder
      closed at one end and open at the other;
PA1  an annular jack piston slidably received within said jack cylinder and
      including a portion projectable through the open end thereof;
PA1  pressurizing means for connection to a high pressure fluid source in
      communication with the closed end of said cylinder above said piston to
      provide for admission of pressurized fluid into said cylinder;
PA1  securing means associated with said central opening for securing each of
      said jack bodies to its respective cable-portion;
PA1  said cable portion including a cable end fitting threaded on the outside
      and said securing means including internal threads in said central opening
      for threadingly receiving said cable end fitting; and
PA1  a manual jack mounted on each of said tie members, each manual jack
      including a jack plate having a threaded central opening adapted to screw
      onto the external threads of a respective said cable end fitting at a
      point above said jack body and having a plurality of jack screws in
      abutting engagement with said jack plate and said housing portion and
      concentrically positioned relative to said central opening of its
      respective jack body radially outwardly of the respective cable tensioning
      jack.
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ABST
PAL  Proper ventilation is achieved by exhaust fans which draw fresh air into
      the building through an inlet duct. The inlet opening is adjustable by a
      valve movable between generally open and closed positions and a movable
      deflector controls the direction of flow in accordance with the rate of
      flow to achieve even circulation. The valve and deflector position are
      controlled by an actuator responsive to the pressure differential between
      the inside and outside of the building. Preferably, the inlet opening is a
      longitudinal slot extending the length of the building along each side at
      the ceiling and the exhaust fans are positioned at the floor. Preferably,
      a louver in front of the opening controls the effective size of the
      opening and the deflection angle of flow into the building.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of application Ser. No. 308,692,
      filed Nov. 22, 1972, entitled ADJUSTABLE AIR INLET now U.S. Pat. No.
      808,960 issued May 7, 1974 which application is incorporated herein by
      reference.
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PAC  BACKGROUND OF THE INVENTION
PAR  A marked improvement in the production and growth rates of confined poultry
      or other livestock is noted if the confinement houses are regularly and
      evenly ventilated. As a result, the practice of providing some means of
      regulating the flow of air into and out of a confinement house has been
      widely adopted for some time. In accordance with the prior art known to
      Applicant, exhaust fans or the like are actuated in response to a
      temperature sensing apparatus which turn the fans on when a preselected
      temperature is reached. The exhausted air is replaced through various
      inlet arrangements generally positioned along the upper margin of the
      confinement house so that the fresh air flowing in is drawn downwardly
      over the livestock confined therein for exhaust beneath or along the lower
      margin of the building.
PAR  A principal disadvantage with present arrangements is the lack of a simple
      and yet meaningful control over the air inlet mechanism. At each level or
      rate of exhaust, there is a corresponding optimum inlet opening to provide
      the proper balance for replacement air. If the opening is larger than
      required, insufficient mixing is achieved. That is, the movement of the
      incoming air will be insufficient to reach the innermost and lowermost
      extremities of the building therefore causing an overcooling with respect
      to the livestock near the inlet ducts and insufficient cooling or
      ventilation with respect to the livestock removed from the inlet ducts. On
      the other hand, if the inlet opening is too small, the pressure
      differential across the inlet opening caused by the exhaust fans result in
      the inlet air flowing at a higher velocity than is desired. Thus, the
      distribution of fresh air into the confinement house is many times uneven
      and therefore results in the development of stagnant areas which are never
      properly ventilated.
PAR  One approach taught by the prior art is to vary the rate of flow by varying
      the inlet opening so that a given differential in air pressure between the
      interior of the building and atmosphere is automatically maintained
      throughout variations in air discharge rate. While this is desirous, it
      does not assure efficient and even ventilation since the inlet
      configuration will develop different stratifications and zones of air
      movement or even dead zones depending on the rate and volume of air flow.
      For example, air being sucked into a building through a window diffuses in
      all directions at approximately an 11.degree. angle losing most of its
      speed whereupon it is drawn directly to the fan leaving large areas within
      the building unventilated. By positioning the inlet opening at the
      ceiling, the rate of flow through the opening will maintain its speed
      longer because it is only diffusing in three directions (down, to the
      right and left) instead of four. It will still however develop undesirable
      zones of unventilated air space within the building.
PAR  Uneven distribution of fresh air results in an inconsistent production or
      growth rate by the livestock. Of equal importance, the inefficiencies
      resulting from the inaccuracies provided by present proposals has in many
      instances required utilization of more and heavier duty exhaust fans than
      would be required if the replacement air were properly and evenly
      distributed. This results in higher overall costs in the systems which
      costs are not negligible. Thus, there is a need in this art for a
      ventilation system which provides an easier and simple means which more
      efficiently distributes and mixes the fresh air flowing through the air
      inlet to prevent uneven distribution of the fresh air.
PAC  SUMMARY OF THE INVENTION
PAR  The ventilation of livestock confinement houses in general is achieved by
      providing one or more exhaust fans to withdraw air at varying rates in
      response to temperature changes and draw fresh air in from without the
      building through inlet ducts. Where the livestock is poultry, a particular
      arrangement is to elevate the poultry above the floor of the building and
      position the exhaust fans beneath the poultry with the air inlet ducts
      positioned above the poultry. This type of system is designed to withdraw
      stale air below the poultry where dung discharge devices are usually
      arranged while at the same time bringing fresh replacement air from above.
      Other types of arrangements can be utilized however and the poultry or
      livestock are not always elevated above the floor.
PAR  In accordance with the invention, a valve means is positioned in
      association with the air inlet duct and movable between a range of
      positions between a fully opened and fully closed position. Deflection
      means are also provided in association with the inlet duct and adjustable
      to control flow direction in association with rate of flow to provide a
      consistent even flow distribution throughout the building. Pressure
      sensitive actuator means automatically adjust the inlet opening and
      deflection means to maintain a generally consistent pressure differential
      between the interior and ambient building pressure.
PAR  In the preferred embodiment of the invention, the inlet duct includes a
      slot extending the length of the building on each side along the ceiling.
      A louver is positioned in front of the slot and movable to vary the inlet
      opening from the slot as well as the angle of inclination to deflect flow
      into the building as desired. The louver preferably is pivotally mounted
      along its lower margin to the wall of the building and the actuator means
      includes a cable arrangement which actuates movement of the louver into
      its desired position. Depending on the rate of flow, the angle of
      deflection is adjusted to achieve maximum and even penetration of fresh
      air throughout the building. The louver may be adjustable relative the
      wall to provide an arbitrary down-wash opening as well.
PAR  The automatic control of the inlet opening and angle of deflection of the
      air entering through the opening provides the first known complete control
      of inlet air and circulation thereof within measurable limits. By
      preselecting an arbitrary pressure differential, the inlet opening will
      automatically vary in accordance with the exhaust demand. Further, by
      automatically preselecting a corresponding angle of deflection of the air
      coming through the opening, consistent ventilation circulation is
      achieved. Significant cost reductions are achieved since operator
      monitoring is eliminated. In addition, maximum efficient utilization of
      the equipment is achieved thereby reducing the overall production costs
      involved.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevation view in cross section of a poultry house
      utilizing the invention;
PAR  FIG. 2 is a schematic plan view of the valve and control means provided by
      the invention;
PAR  FIG. 3 is an elevation view of the deflection means provided by the
      invention;
PAR  FIG. 4 is a fragmentary elevation view in cross section of an alternative
      embodiment of the invention;
PAR  FIG. 5 is an enlarged fragmentary cross section of the louver and support
      means illustrated in FIG. 4;
PAR  FIG. 6 is a perspective view of the louver hinge which fits into the
      support bracket illustrated in FIGS. 4 and 5;
PAR  FIG. 7 is similar to FIG. 4 and illustrates an alternative air inlet
      arrangement;
PAR  FIG. 8 is an elevation view of yet another alternative embodiment of the
      invention illustrating the preferred actuating mechanism of the invention;
PAR  FIG. 9 is an exploded fragmentary view illustrating the operation of the
      preferred actuating mechanism; and
PAR  FIG. 10 is an enlarged fragmentary perspective view of the bracket utilized
      in the preferred embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, building 10 illustrated in FIG. 1
      is specifically designed for raising poultry from their first day of
      existence until they are mature layers or broilers. A typical building of
      this type generally extends 100 yards in length and is approximately 60
      feet wide. Buildings extending longer or shorter exist and it should be
      appreciated that dimensions in this regard are not critical to the
      understanding or operation of the invention. A particular object of the
      invention is to provide a ventilation system which provides an even
      mixture and distribution of fresh air into and throughout the building.
      Although the invention is described with particular reference to a poultry
      house, it will be appreciated that the ventilation system described can be
      utilized in various different environments.
PAR  In a poultry house of the type illustrated in FIG. 1, the poultry are
      housed in a plurality of cages on a support frame 12 elevated above the
      floor 14 of the building. The cages 15 are generally comprised of woven
      wire which permits the free flow of air into and out of each cage. The
      floor 14 acts as a dung collection area for the poultry droppings which
      fall through the cage bottoms.
PAR  The building is shown having a roof 16 with an overhang 18 and a wall 20.
      The roof is inclined to facilitate water drainage and includes a layer of
      insulation 22. The walls 20 also include insulation at 24. While FIG. 1
      illustrates the house to be one large animal enclosing room, the building
      could have more than one room without departing from the concept of the
      invention.
PAR  Stagnant air is removed by one or more exhaust fans 26 positioned at
      approximately ground level on the outside of the building. An outlet duct
      28 through wall 20 draws the stagnant air from beneath the poultry cages.
      The exhaust fans are arranged in series along the building (usually in
      banks of 6) and each individual fan is operated by a motor 30 which is
      actuated by a temperature sensing mechanism (not shown) positioned within
      the building. Each individual fan is generally responsive to an individual
      sensing mechanism so that when a preselected temperature level is reached,
      at each particular sensing station (distributed throughout the building)
      each fan begins operating. A group of fans could be responsive to one
      sensor however. After the temperature falls to a preselected level, it is
      shut off. It will be appreciated that not all the fans necessarily operate
      simultaneously so that the exhaust rate may vary considerably. Preferably,
      an override is provided in connection with a timer so that in cold
      weather, the air is intermittently replaced even though the preselected
      temperature which turns the fans on is never reached. This assures the
      introduction of fresh air into the building even where cooling is not
      required. It will be appreciated that heaters are utilized in cold weather
      to maintain a generally constant tempeature level.
PAR  The removal of air within building 10 by the exhaust fans 26 reduces the
      pressure within the building relative to the ambient pressure outside the
      building. This causes the exhausted air to be replaced with fresh air
      through appropriate ducts provided between the inside and outside of the
      building. In a preferred aspect of the invention, the air inlet duct 32 is
      a continuous opening 34 extending the length of each side wall along the
      underside of overhang 18. A screen 36 filters the flow of outside air into
      the duct while preventing objects such as birds from gaining access to the
      building. Air duct 32 is bounded by the roofing structure and insulation
      22 to direct the flow through an opening 38 in ceiling 23. Opening 38
      similar to opening 34 likewise extends continuously the length of each
      side wall 20. Thus, the flow of air from outside the building to within
      the building follows essentially the direction of arrows 40 along the
      entire length of each side of building 10.
PAR  Opening 38 (FIGS. 1 and 2) has a maximum width indicated at "A". A valve 44
      is movable across opening 38 between a fully closed position wherein flow
      through opening 38 is prevented and a fully opened position wherein flow
      through opening 38 is permitted across its entire width.
PAR  Valve 44 (FIG. 2) is comprised of an elongated flat plate 46 movable
      relative to and along the plane of ceiling 23 to various positions for
      hindering the flow through opening 38. In the embodiment of FIGS. 1-3,
      plate member 46 extends in approximately 100 foot sections and is
      suspended from ceiling 23 by a plurality of longitudinally spaced brackets
      48 (FIG. 2) which suspends plate 46 immediately beneath ceiling 23.
      Brackets 48 limit the lateral movement from plate 46 between a fully
      closed position wherein the inner edge 50 of plate 46 is in abutment with
      side wall 20 of the building. This will effectively prevent any meaningful
      flow through duct 32 into the building although some leakage may be
      desired. The end of brackets 48 attached to ceiling 23 prevents plate 46
      from moving inwardly past a maximum point wherein the inner edge 50 of
      plate 46 is removed from hindering any flow through opening 38. In this
      position, the maximum cross-sectional flow area is available for air
      flowing through duct 32. A minimum opening may be desired to prevent
      damage to exhaust fans should they be operating under conditions where no
      opening would be provided.
PAR  Referring to FIG. 2, a pivot arm 52 is pivotally connected at one end to
      plate 46 and pivotally connected at the other end to ceiling 23 to provide
      pivotal as well as lateral movement of plate 46 across opening 38. A
      plurality of pivot arms 52 are provided to stablize plate member 46 which
      is supported by brackets 48.
PAR  To actuate valve 44, an actuator arm 54 is pivotally anchored at one end 56
      to plate member 46. The opposite end 58 is secured to the drive shaft 60
      of a motor 62 which when actuated rotates arm 54. The rotation of arm 54
      of course acts to move plate member 46 of valve 44 between the opened and
      closed positons. Rotation in a clockwise direction tends to open valve 44
      whereas rotation in the counter-clockwise direction tends to close valve
      44. Thus, the cross-sectional area of opening 38 can be varied between a
      fully closed and fully opened position by the simple actuation of a
      two-directional motor 62.
PAR  In accordance with the invention, valve 44 is actuated to vary opening 38
      in accordance with the pressure differential between the outside and
      inside of the building. Referring yet to FIG. 2, a sensor 64 having a
      diaphragm 66 detects the variation in pressure differential. Diaphragm 66
      is incorporated in a closed system having a vent 68 on one side leading to
      the atmosphere outside and a vent 70 on the opposite side of diaphragm 66
      opened to the inside of the building. Preferably, vent 70 extends
      essentially to the center of the building, the pressure at the center of
      the building being more reflective of the mean pressure throughout. Thus,
      as the pressure differential between the inside and outside of the
      building changes, diaphragm 66 will deflect accordingly in one direction
      or the other. Deflection of diaphragm 66 in one direction actuates a pair
      of contacts which will cause motor 62 to rotate actuator arm 54 in a
      clockwise direction to open valve 44 whereas deflection of the diaphragm
      in the opposite direction causes a set of contacts to close which causes
      motor 62 to rotate in the counter-clockwise direction to close valve 44.
PAR  Referring to FIG. 2, a single pull double throw switch 72 is provided for
      actuating motor 62. The operation of sensor 64 and switch 72 should be
      obvious. In the event, that the exhaust fan 26 begins exhausting air from
      the building, the pressure differential is detected by sensor 64 in that
      the evacuated air causes the air pressure in building 10 to become reduced
      thereby urging diaphragm 66 downwardly since the ambient pressure 68
      remains essentially constant. The downward deflection of diaphragm 66
      causes switch bar 74 to come into contact with contact 76 causing motor 62
      to rotate arm 54 in a clockwise direction to open openings 38. As the
      pressure across diaphragm 66 becomes neutralized, it will return to its
      neutral sensor position breaking contact between switch 74 and contact 76
      to stop motor 62 from running. Should the exhaust demand become greater
      yet, diaphragm 66 again will deflect downwardly to open valve 44 still
      further. In the event that the ambient pressure is less than the pressure
      within the building, diaphragm 66 will deflect upwards until switch 74 is
      in contact with contact 78. Closing of switch 74 in this fashion will
      cause motor 62 to operate in a counter-clockwise direction to close valve
      44.
PAR  The maintenance of a sub-ambient pressure within building 10 relative to
      the ambient pressure outside tends to cause some minimal flow of
      ventilating air regardless of the magnitude of air being exhausted by
      exhaust fans 26. A preselected sub-ambient pressure differential or vacuum
      or between 0.4 and 0.6 inches of water is preferred for raising poultry.
      It will be appreciated of course that in the event that the exhaust fans
      are not running, the sub-ambient pressure differential within the building
      may be lost since no further air is being removed from the building. In
      this position of course valve 44 would be in the fully closed position. An
      adjustment mechanism 80 is provided on a sensor 64 for preselecting the
      desired pressure differential. Rotation of adjustment mechanism 80 causes
      preselected deflection of diaphragm 66 in one direction or the other at
      which point switch 74 is completely opened.
PAR  Referring now to FIG. 3, a deflector 90 is shown for directing the flow of
      air through opening 38 horizontally out toward the center of building 10
      opposed to its otherwise natural movement directly down toward the
      poultry. It has been found that without some type of deflection means,
      over ventilation of portions of the poultry is achieved at the expense of
      less than ideal ventilation of other poultry throughout the building. In
      both instances, the poultry closest to the air inlet have an over supply
      of fresh air while the poultry furthest removed from the inlet (those in
      the center of building 10) receive little if any ventilation. As shown in
      FIG. 1, deflector 90 is pivotal between a position wherein it generally
      directs the flow of air through opening 38 in a horizontal direction to a
      non-deflecting position wherein it is vertically oriented (as shown in
      phantom). In the vertical position shown, deflector 90 has no effect on
      the air flow.
PAR  The innermost end 92 is preferably anchored to wall 20 for pivotal rotation
      relative thereto. In the preferred aspects, deflector 90 along with
      opening 38 extends longitudinally the length of wall 20. A cable 100
      anchored at one end to the upper side of deflector 90 is threadable
      through a pulley 102 anchored to ceiling 23 with the opposite end of cable
      100 being connected to a power winch 103 shown schematically in FIG. 1 for
      rotation to raise or lower deflector 90.
PAR  As the velocity of air flowing through opening 38 diminishes, it has been
      found desirable to elevate deflector 90 toward the position shown in FIGS.
      1 and 3 in order to direct the air flow coming in for thorough penetration
      to the various extremities of the building. On the other hand, as the
      velocity of air flowing through opening 38 increases, an intermediate
      setting is selected since the penetration caused by the air flow increases
      as a result of its velocity. Preferably, the actuation of the power winch
      103 which controls cable 100 is cooperatively associated with the position
      of valve 44 so that the desired angle of deflection is always maintained
      in relation to the size of opening "A". A chain 94 may be anchored at one
      end to the underside of deflector 90 with one of its links engaged by a
      hook 96 anchored to ceiling 23. In this fashion, a minimum deflection
      angle may be selected regardless of the flow condition.
PAR  To summarize briefly, sensor 64 is adjusted to maintain a preselected
      sub-ambient pressure condition within building 10. In the event that the
      exhaust fans 26 are not exhausting air to the atmosphere, valve 44 will
      generally be closed to confine the air within building 10 to maintain the
      sub-ambient pressure condition. Once one or more of the exhaust fans begin
      their operation in response to the temperature within the building
      reaching a preselected level, a demand for replacement air exists causing
      the pressure within building 10 to decrease. This causes downward
      deflection of diaphragm 66 closing switch 74 to operate motor 62 for
      opening valve 44. Depending on the amount of demand, valve 44 will be
      positioned at some intermediate position between fully opened and fully
      closed. The inclination of deflector 90 will also be suitably changed to
      maintain even penetration as the rate of flow changes.
PAR  Referring now to the embodiment of FIGS. 4-6, a modified valve and
      deflector arrangement 110 is provided in the form of a longitudinal louver
      112 similar to deflector 90 (FIGS. 1 and 3).
PAR  Louver 112 is positioned beneath opening 38 and supported by a bracket 114
      and both vary the overall opening for deflecting the inlet air flow
      through opening 38. Louver 112 extends the entire length of the building
      although it will be appreciated that it may be conveniently comprised of a
      plurality of sections to permit ease of handling, shipping and assembly. A
      plurality of spaced brackets 114 are designed to support the overall
      weight of louver 112 while at the same time permitting rotation relative
      thereto so that the deflection angle a can be varied to meet the
      particular needs directing the flow into the building. The angle of
      inclination is selected by a cable 116 secured to the upper end of louver
      112. Cable 116 in association with a pully 118 is preferably connected to
      a power winch (not shown) which automatically adjusts the angle of
      inclination and effective inlet flow opening as the pressure changes.
PAR  Louver 112 is pivotally supported by brackets 114 to provide ventilating
      flow into building 10 in two essential directions. The first direction is
      illustrated by arrow 120 which flow is generally directed in a horizontal
      or cross fashion toward the center of the building so that the ventilating
      air resulting therefrom is directed evenly over the poultry confined
      therebeneath. The flow past the upper margin 122 of louver 112 passes
      through a sub-opening 124 bounded by the upper margin 122 of louver 112
      and ceiling 23. The cross-sectional area of this opening can be varied in
      accordance with the adjustment of cable 116. Likewise, the deflection
      angle of the air passing through sub-opening 124 is selected in part by
      the operation of cable 116.
PAR  Flow through opening 38 is also directed generally vertically downward in a
      direction illustrated by arrow 126 to provide down-wash ventilation of the
      poultry therebeneath. The flow in this case is around the lower margin 128
      of louver 112 through a second sub-opening 130 defined by lower margin 128
      and wall 20. The cross-sectional area of sub-opening 130 is selected by
      movement of the lower margin 128 of louver 112 in a lateral direction
      provided by the unique mounting arrangement of louver 112 relative to
      bracket 114.
PAR  Bracket 114 is characterized in the preferred form by a general overall
      L-shape with the shorter leg portion 132 being used to anchor the bracket
      to wall 26. The longer leg portion 134 includes a plurality of laterally
      spaced openings 136, 138 and 140. Connected to the lower margin 128 of
      louver 112 is a plurality of tongues 142 spaced longitudinally along the
      lower margin of louver 112 at locations corresponding to that of brackets
      114. Each tongue 142 is comprised of a metal stamping having a first
      portion 144 secured to one side or the other of louver 112 by a pair of
      fastener elements 146 (FIG. 6) and a second portion 148 defining the
      operative tongue. Portion 148 is designed to selectively fit within one of
      the openings 136, 138 or 140 in order to select the desired magnitude of
      subopening 130. The two portions 144 and 148 of tongue 142 are inclined
      relative to each other so that the overall general direction of tongue
      portion 148 is vertical. The width of openings 136, 138 and 140 exceed
      that of tongue 142 so that the tongue and louver can pivot relative to the
      bracket.
PAC  OPERATION
PAR  Having described the structural details of the embodiment of FIGS. 4-6, the
      overall operation should be obvious. Upon a given exhaust demand, air flow
      is developed through inlet duct 32 for entry into building 10 through
      opening 38. The size of opening 38 is selected to accommodate the largest
      demand envisioned. The effective size of opening 38 is adjusted by the
      effect of louver 112 and the sub-openings 124 and 130 provided between
      louver 112 and the wall 20 and ceiling 23. The flow of air into the
      building is deflected by louver 112 in a general horizontal direction past
      the upper margin 122 of louver 112 through sub-opening 124 to develop a
      cross flow designed to permeate the inner extremeties of the building. At
      the same time, a portion of the inlet flow is directed through sub-opening
      130 past the lower margin 128 of louver 112 to develop down-wash flow over
      the poultry confined within building 10. The magnitude of the cross
      section of each sub-opening 124 and 130 is selected in the first case by
      positioning the upper margin 128 relative to ceiling 23 through the
      movement of cable 116 while the cross-sectional magnitude of sub-opening
      130 is selected by the particular opening 136, 138, 140 in which the lower
      margin 128 of louver 112 is seated. The angle of inclination of louver 112
      is selected primarily by the positioning of the louver through cable 116
      although it is in part determined by the particular opening in which the
      lower margin of louver 112 is seated. Thus, the bracket and cable-pulley
      arrangement 116, 118 cooperate together.
PAR  The embodiment of FIGS. 4-6 thus eliminates the separate valve arrangement
      44 illustrated in FIGS. 1 and 2. It will be appreciated that although
      openings 136, 138 and 140 of bracket 114 are all spaced from wall 20 so
      that there is a minimum down-wash flow, it would be possible to provide a
      bracket 114 wherein louver 112 could shut the down-wash flow off
      completely. The upper edge 122 of louver 112 of course can be brought into
      position to shut off the horizontal flow completely. Generally, it is
      desirable to assure a minimum opening to prevent any possible over stress
      on the exhaust motors.
PAR  Referring now to FIG. 7, an alternative embodiment to that illustrated in
      FIGS. 4-6 is shown. FIG. 7 illustrates a building 10a having an inlet duct
      32a directly through side wall 20a. Since the overall operation and
      arrangement is for the most part identical to that of the embodiment
      described in FIGS. 4-6, like numerals are utilized for like parts with the
      suffix a used to illustrate corresponding but modified elements. Inlet
      duct 32a is comprised of an opening 38a along the upper margin of wall
      20a. Thus, the initial direction of flow through inlet opening 38a as
      depicted by arrows 40a is in a horizontal direction rather than vertical
      as shown in FIG. 4. The cross flow and down-wash flow however, is
      identical to that shown in FIG. 4 as is the adjustment and control of the
      cross flow opening 124 and down-wash opening 130. As a general rule,
      however, the relative magnitude of these two openings in the embodiment of
      FIG. 7 will vary somewhat from that of FIG. 4 since the initial thrust of
      the air flowing into the building is in different directions. Thus, in the
      embodiment illustrated in FIG. 4, the overall magnitude of the down-wash
      opening 130 will generally be significantly less than that of the cross
      flow opening 124 whereas in the embodiment illustrated in FIG. 7, the
      opposite will tend to occur.
PAR  Referring now to FIGS. 8-10, an alternative embodiment is illustrated
      showing the preferred valve and deflector arrangement. In this embodiment,
      a plurality of closely spaced pivotal deflectors 160, 160a, 160b etc. are
      positioned closely adjacent each other immediately in front of the
      longitudinally extending inlet opening 38 or 38a as illustrated in FIGS. 4
      or 7. In other words, whether the flow of air is introduced through
      opening 38a (FIG. 7) directly through the side wall or from above through
      opening 38 through the ceiling, it is effected upon by the plurality of
      deflectors or louvers 160, 160a etc. FIGS. 9 and 10 shown the particular
      preferred installation of each louver 160. A triangularly shaped bracket
      162 having a pair of flanges 164, 164 a along one side is mounted to the
      wall by flanges 164, 164a. The bracket is comprised of identical sides 166
      and 168 which are spaced from each other forming an interior spacing 170.
PAR  A support bracket 172 somewhat similar to bracket 134 illustrated in FIGS.
      4, 5 and 7 is connected to bracket 164 and the wall by nails 174 or other
      appropriate fasteners. Bracket 172 provides the identical function to that
      described with regards to brackets 134 illustrated in FIGS. 4, 5 and 7. A
      plurality of louver spacing brackets 162 are thus anchored to the building
      wall at arbitrary spacings. In present installations, four foot spacings
      have proved to work quite well. The individual louvers such as louver 160
      is then pivotally anchored to the wall by tongues 174 which correspond
      generally to tongues 142 described in the preceding embodiment. The
      tongues are inserted in one of the openings 176, 177, 178 depending on the
      desired down-wash opening.
PAR  The louvers such as louver 160 are thus pivotally secured to bracket 172
      along their lower margin and depending on the angle of inclination of
      louver 160, the degree of effective opening through inlet such as inlets
      38 or 38a (FIGS. 4 and 7) will be varied.
PAR  The preferred mechanism for actuating and maintaining the angle of
      inclination of louvers 160, 160a etc. is comprised of a cable 180
      extending the length of the building through an appropriate opening 182
      (FIGS. 9 and 10). A plastic grommet 189 (FIG. 9) avoids abrasive wear as
      the cable is actuated. The cable is attached at one end to a motor and
      control mechanism 186 which causes the cable to be longitudinally pulled
      or released. The opposite end of the cable is attached to a spring 188
      secured by a hook 190 to a bracket 192 which provides constant tension on
      cable 180 so that when it is pulled in a direction to the right (FIG. 8)
      the spring is stretched so that when cable 180 is released, it will be
      moved to the left.
PAR  The actual movement of each louver is achieved by a plurality of secondary
      cables one of which is shown in FIG. 9 by the reference numeral 194. Cable
      194 is positively secured to cable 180 by a fastener 196 and inserted
      through a second opening 198 positioned close to opening 182 and threaded
      through the spacing 170 between each side 166 and 168 of bracket 164.
      Cable 194 is folded into two portions 200 and 202, with the free end of
      portion 200 being attached to the upper outer corner 204 of louver 160.
      Any conventional fastening means such as a threaded fastener 206 will
      anchor the free end of portion 200 to louver 160. The free end of the
      other portion 202 is in similar fashion attached to the adjacent louver a
      portion of which is shown in FIG. 9 as louver 160z. By so mounting each
      adjacent louver, when cable 180 is moved to the right (FIG. 9), it will
      cause louver 160 and the remaining louvers 160a, 160b etc. to be moved up
      towards a closed position which closed position will be achieved when
      louver 160 is essentially aligned with the bracket 162. Release of cable
      180 causes movement in the left direction as viewed from FIG. 9 by
      reasoning of spring 188. This releases the louvers for opening movement by
      their gravitional weight. It should be appreciated that the leg portion
      208 of bracket 172 is at a vertical inclined angle with respect to the
      wall so that the weight of each louver will cause it to move towards its
      open position. Depending on the design critera of the system, the louvers
      can be allowed to move to essentially any desired angle depending on the
      lengths of portions 200 and 202 of cable 194.
PAR  FIG. 10 illustrates a special plastic grommet 210 which is preferably
      mounted within opening 198 to reduce abrasive wear on cable 194. The
      plastic grommet has a pair of longitudinally spaced circumferential slots
      214, 214a separated by a rib 212 so that the portions 200 and 202 of cable
      194 are fed separately into the spacing 170 of bracket 162.
PAR  Having described the preferred valve and deflector arrangement of FIGS.
      8-10, its operation should be obvious. Each of the louvers 160, 160a etc.
      operate and are actuated in unison with each other to vary the degree of
      inlet opening as well as the deflection angle. It will be appreciated that
      the larger the opening, generally the lower speed. Hence, as the speed is
      decreased, the deflection angle is decreased so that the thrust of air
      flowing through the particular effective opening will continue to
      penetrate the innermost portion of the building. The motor and control
      arrangement 186 although not described in detail will be appreciated as
      being responsive to the differential pressure between the ambient pressure
      around the building and the interior pressure. The motor is conveniently
      located on the wall to provide appropriate taps outside and inside. The
      dimensions of FIG. 8 will be appreciated as being for purposes of
      illustration only and the continuous inlet opening extends generally the
      length of the building.
PAR  It has been mentioned previously that it is generally desirable to provide
      a stop of some type to prevent complete closing of the inlet opening to
      assure against unusual stress or damage to the exhaust fans should they be
      operating under a condition wherein demand is such that the opening be
      essentially closed. To assure against complete closing, stop spacers 220
      may be anchored to bracket 162 extending between each space bracket 162. A
      lower angular lip 222 extending at an angle to the wall prevents complete
      closing of the various louvers 160, 160 etc.
PAR  Having described various alternative arrangements, it will be appreciated
      that the initial set up of the system can be adjusted to a large degree to
      suit the particular size and dimensional requirements of the building. A
      smoke gun can be utilized to test the various circulation patterns
      throughout the building so that the correlation between inlet opening and
      deflection angle of the louver can be obtained. Once the system is
      adjusted, a fully automatic system is provided which will automatically
      adjust to the the various pressure differentials as the ambient pressure
      changes and at all times provide a constant even ventilating penetration
      throughout the building.
PAR  Although several embodiments have been shown and described in detail, it
      will be obvious to those having ordinary skill in this art that the
      details of construction of these particular embodiments may be modified in
      a great many ways without departing from the unique concepts presented. It
      is therefore intended that the invention is limited only by the scope of
      the appended claims rather than by particular details of construction
      shown, except as specifically stated in the claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for controlling and circulating the flow of ventilating air
      through an enclosed room in a building comprising, in combination: air
      inlet and outlet means from outside said building into said room, said
      inlet means comprising an opening extending substantially the entire
      length of at least one side of said room; exhaust means causing air
      outside the building to flow into said room through said inlet means and
      out said outlet means; valve means associated with said inlet means and
      operable between a generally open and generally closed position to admit
      or prevent flow through said inlet means, said valve means also being
      operable to positions intermediate said open and closed positions;
      deflection means adjustable relative said air inlet means to cause even
      distribution of air flowing through said inlet means through said room;
      sensing means for sensing the pressure differential between the ambient
      pressure outside said building and the pressure within said room; and
      control means responsive to said sensing means for actuating said valve
      means and deflection means to maintain a preselected pressure
      differential, said control means adjusting said deflection means in
      cooperative relationship to the position of said valve means to provide
      continuous and even distribution of air circulation through said room.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said valve means is a louver
      means associated with said opening, said louver means being movable
      relative said opening between said generally open and closed positions.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein said valve means comprises a
      plate positioned for sliding movement relative said opening.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said opening is a slot
      extending generally the length of one side of said room, said slot having
      a pair of spaced longitudinal spaced sides, said plate being positioned in
      front of said slot and movable in a plane parallel to the plane of said
      slot, said plate being movable longitudinally and arcuately so that the
      longitudinal sides of said plate are continually parallel with the
      longitudinal sides of said slot.
NUM  5.
PAR  5. The apparatus according to claim 1 wherein said opening comprises a slot
      extending substantially the entire length of said room along each side
      thereof, each said opening being positioned in the proximity of the
      transition between each side wall and ceiling.
NUM  6.
PAR  6. A ventilation system for an animal house having space side walls, spaced
      end walls, a floor and ceiling comprising, in combination: an air outlet
      duct; exhaust means for removing air from said house; an inlet duct for
      admitting replacement air into said house, said inlet duct including an
      opening in at least one of said walls; valve means in said inlet duct and
      movable between a generally open and closed position to generally permit
      or block air flow through said opening; deflection means adjustable
      relative said air inlet duct for even distribution of air flowing into
      said house through said inlet duct; actuating means for operating said
      valve and deflection means; and sensing means for sensing the pressure
      differential between the inside and outside of said house, said sensing
      means controlling the operation of said actuating means to open or close
      said valve means and adjust said deflection means to maintain a
      preselected constant pressure differential and provide continuous and even
      distribution of air circulation through said house.
NUM  7.
PAR  7. The system according to claim 6 wherein said valve means is a louver
      means associated with said opening, said louver means being movable
      relative said opening between said generally open and closed positions.
NUM  8.
PAR  8. The system according to claim 7 wherein said louver means is comprised
      of one or more plates slidable within or parallel to the plane of said
      opening to adjust the effective amount of opening, said deflection means
      comprising one or more louvers positioned within said house in front of
      said opening and being pivotally supported relative thereto to vary the
      deflection angle of air entering said house through said opening.
NUM  9.
PAR  9. The system according to claim 8 wherein said one or more plates and said
      one or more louvers are actuated simultaneously together in response to
      changes in the pressure differential between the inside and outside of
      said house.
NUM  10.
PAR  10. The system according to claim 6 wherein said opening defines an
      elongated longitudinal slot extending substantially the length of said one
      of said walls.
NUM  11.
PAR  11. A ventilation system for a poultry house having spaced side walls,
      spaced end walls, a floor and ceiling and poultry cage means elevated
      above the floor comprising, in combination: exhaust fans positioned
      beneath said cage means for removing air from said house; an inlet duct
      above said cage means for admitting replacement air into said house and
      drawing said air through said cage means, said inlet duct including an
      opening defining a slot means extending generally the length of at least
      one side of said house said slot means being positioned at the transition
      of the ceiling and said one side or end wall valve means in said duct and
      movable between a generally open and closed position to generally permit
      or block air flow through said opening; deflection means adjustable
      relative said air inlet duct for varying the direction of air flowing into
      house; sensing means for sensing the pressure differential between the
      inside and outside of said house; and actuating means responsive to
      changes in said pressure differential to open or close said valve means
      and adjust said deflection means to maintain a preselected constant
      pressure differential and provide continuous and even distribution of air
      circulation through said house.
NUM  12.
PAR  12. The system according to claim 11 wherein said valve means is a louver
      means associated with said opening, said louver means being movable
      relative said opening between said generally open and closed positions.
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ABST
PAL  A roof air vent having rails mountable about an opening in a roof for
      forming a support bracket for one or more perforated panels. A pair of the
      rails are parallel to one another for forming tracks in which the panels
      are inserted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to air vents, and particularly to an air
      vent usable for covering the vent openings in roof overhangs, and the
      like, in new and existing structures.
PAR  2. Description of the Prior Art
PAR  In buildings provided with overhanging roof constructions it is
      conventional to provide air vent openings in the under portions of the
      roof overhangs. These openings are generally covered by air vents that are
      susceptible to becoming rotted, torn, rusted, and the like, thus requiring
      occasional replacement.
PAR  Prior patents considered pertinent to this invention are as follows:
TBL  2,780,978          Feb. 12, 1957                                          
     2,803,185          Aug. 20, 1957                                          
     2,969,726          Jan. 31, 1961                                          
     3,051,071          Aug. 28, 1962                                          
     3,125,942          Mar. 24, 1964                                          
     3,256,654          June 21, 1966                                          
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a long lasting air vent
      constructed in sections that can be assembled over air vent openings in
      roof overhangs or other parts of a roof by an unskilled worker, such as
      the average homeowner, with a minimum of tools and effort when one wishes
      to replace rotted, torn, rusted, and other defective, existing air vents.
PAR  It is another object of the present invention to provide an air vent easily
      installable over roof air vent openings in new construction.
PAR  It is still another object of the present invention to provide an air vent
      which is long lasting and requires a minimum of maintenance.
PAR  These and other objects are achieved according to the present invention by
      providing an air vent having: rails mountable about an opening in a roof,
      and the like, for forming a support bracket; and a perforated panel
      arrangeable in the rails for covering the opening. If necessary, a
      plurality of perforated panels may be arranged in the rails for covering
      the opening.
PAR  The rails advantageously include a pair of parallel, side rail forming
      tracks, each of which has a web and a pair of spaced, parallel legs
      extending codirectionally from the web. One of the legs is advantageously
      longer than the other of the legs for providing a surface easily
      attachable to building structures such as soffit boards, and the like.
PAR  The perforated panel advantageously includes a perforated planar median
      portion bracketed by a pair of parallel flanges connected to the median
      portion in offset relationship thereto by transition portions. When a
      plurality of perforated panels is employed, adjacent flanges of the panels
      overlap one another.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, perspective view showing the arrangement of an air
      vent according to the present invention over a ventilator provided in the
      soffit of an overhanging roof.
PAR  FIG. 2 is a fragmentary, sectional view taken generally along the line 2--2
      of FIG. 1.
PAR  FIG. 3 is a fragmentary, sectional view taken generally along the line 3--3
      of FIG. 1.
PAR  FIG. 4 is a fragmentary, sectional view, showing a portion of FIG. 3 drawn
      to a larger scale.
PAR  FIG. 5 is an exploded perspective view showing an air vent according to the
      present invention.
PAR  FIG. 6 is an exploded perspective view similar to FIG. 5, but showing a
      modified embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to the drawings, a roof air vent 10
      according to the present invention has two pairs of rails 12 and 14
      mountable about an opening 16 forming a ventilator in the underside 17 of
      an overhanging roof. The opening 16 is advantageously provided in soffit
      boards 18 as illustrated. A plurality of perforated panels 20, 22, and 24
      (FIG. 5) are arrangeable in rails 12, 14 for covering opening 16.
PAR  Rails 12 include a pair of side rail forming, parallel racks, each having a
      web 26 and a pair of spaced, parallel legs 28 and 30 extending
      codirectionally from web 26. As can be appreciated from FIG. 2 of the
      drawings, leg 28 is longer than leg 30 for providing a surface permitting
      easy attachment of leg 28 to appropriate building structure. Rails 14
      include a pair of end rails similar in construction to the side rail
      forming tracks and arrangeable across the ends of the tracks. As can be
      appreciated from FIGS. 3 and 4 of the drawings, rails 14 each have a web
      32 from which extend codirectional and parallel legs 34 and 36. Further,
      like rails 12, the legs 34, 36 of rails 14 are of unequal length so that
      leg 34 will provide sufficient surface for tacking of the rails to
      suitable supporting structure.
PAR  Each panel 20, 22, and 24, it being understood that more than three or less
      than three such panels may be employed with rails, 121, 14, has a
      perforated planar median portion 38 bracketed by a pair of oppositely
      directed parallel, substantially planar flanges 40 and 42 connected to
      portion 38 in a known manner and in offset relationship therewith by
      transition portions 44 and 46. As can be appreciated, the panels may be
      formed as a single piece. As can best be seen from FIG. 3 of the drawings,
      the flanges 40, 42 are arranged in overlapping relationship one to the
      other when a plurality of panels are arranged in the tracks formed by
      rails 12.
PAR  When using a vent 10 according to the present invention with new building
      construction, an opening 16 is formed by pre-cutting a hole in soffit
      boards 18 which form the underside of the roof overhang. Rails 12 may now
      be nailed or stapled in a conventional manner along both of a pair of
      parallel sides of opening 16 to form a track for a panel or panels to
      slide into. Once the panels are in position, rails 14 may be nailed or
      stapled across the ends of rails 12. The rails may come in, for example,
      four foot lengths, with standard packaging of fifty rails per box.
PAR  The applicator, or person installing vent 10, may use a ladder (not shown)
      and the like to first apply two four foot lengths of rail 12 adjacent the
      sides of opening 16. Having received rails 12 in four foot lengths, he can
      either cut these tracks with scissors, and the like, to fit whatever size
      hole exists, or the applicator can butt the tracks end to end to form a
      continuous vent for longer lengths. Rails 14 are applied to one end by
      slipping the longer leg 34 under the track ends and the shorter leg 36
      over the top of the track ends as shown in FIGS. 3 and 4. Staples, and the
      like, in each corner tack the rails to the soffit board. Standard lengths
      of panels 20, 22, 24 are then cut to predetermined length with scissors,
      and the like, and thread into the tracks formed by rail 12. These panels
      are fitted snugly next to each other by overlapping the lips or flanges
      40, 42. The perforated median portion 38 of the panels is placed on the
      top side so that the last panel is over and against the longer legs of the
      rails 12 and 14, making it convenient to pin all three parts to the soffit
      board with one staple at both corners.
PAR  Rails 12, 14 and the various panels employed therewith may be constructed
      from, for example, rigid polyvinyl chloride such as that produced by B. F.
      Goodrich Chemical Company under their designation No. 8700A. This material
      has proven weathering characteristics and has an impact strength strong
      enough to withstand blows from a hammer, stapling gun, and the like.
      Further, this material comes in a permanent white color which may be
      painted to whatever color desired.
PAR  The perforations in median portion 38 may be, for example, 1/8 inch in
      diameter which conforms to FHA building code. There may be, for example, a
      line of eight holes followed by a line of nine holes alternating across
      the width.
PAR  When used in new building construction, holes 48 and 50 are provided in
      rails 12, 14. For such applications, the vent may be constructed in one
      piece in various sizes in the factory, and the aforementioned holes
      drilled prior to shipment. These nail holes 48, 50 provide a means for
      adhering the vent over openings in wood soffits and the like. In addition,
      the nail holes allow the vent to be used in stucco roof soffits by nailing
      the vent over wire lath into the joists associated therewith. When
      fabricated in a factory, the panels and rails may be fastened to one
      another in a suitable manner, such as by welding, to form an integral
      unit.
PAR  Thus, a vent 10 may be constructed in two forms. First, a factory made vent
      may be provided for being nailed in place by building contractors, and,
      second, a knock-down vent may be supplied in pieces for a homeowner, and
      the like, to use when repairing his roof air vents. The prefabricated
      vents may, of course, be used also by homeowners, and the like.
PAR  FIG. 6 shows an alternative embodiment of the invention, wherein a panel 52
      is, for example, wider than panel 24, and is turned lengthwise with
      respect to the rails so there will be, for example, only one panel, say,
      per foot of linear rail length. Further, the panels 52 might be made in
      various widths, and might be a flat panel 54 without flanges.
PAR  As can be appreciated from the above description and from the drawings, a
      roof air vent according to the present invention provides an easier way to
      repair an air vent existing in a roof. Further, since the vent according
      to the present invention is to be installed on the outer surface of the
      structure forming the ventilator, it is not necessary to remove any
      damaged vent originally installed on the inside surface of the ventilator.
      A vent according to the present invention eliminates need to remove,
      repair, and reinstall air vents originally placed on the outside of soffit
      boards, and the like, since the old vent may be merely removed and
      discarded when the new vent is put up. A vent according to the present
      invention provides a longer lasting vent than screen wire, and the like.
      The aesthetic properties of a vent according to the present invention will
      improve the appearance of a roof with which the vent is employed. A vent
      according to the present invention provides a single means for repairing
      any size, configuration, or type of vent, and may be provided in
      convenient kit form to facilitate carrying, storing, and use. A vent
      according to the present invention is the only repair means for vents
      available that allows an applicator to staple rather than nail or glue.
      Finally, the overlap of the lips or flanges provides a security against
      bug infiltration through the vent.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A roof air vent, comprising, in combination:
PA1  a. rails mountable about an opening in a roof for forming a support
      bracket; and
PA1  b. a perforated panel arrangeable in the rails for covering the opening,
      the rails including a pair of side rail forming, parallel tracks, each of
      the tracks having a web and a pair of spaced, parallel legs extending
      codirectionally from the web, with one of the legs being longer than the
      other of the legs for providing a surface attachable to a building
      structure, the rails further including a pair of end rails similar in
      construction to the side rail forming tracks and arrangeable across the
      ends thereof, the panel consisting of a perforated planar median portion
      bracketed by a pair of oppositely directed substantially planar parallel
      flanges connected to the median portion in offset relationship thereto by
      transition portions.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein there is a plurality of
      perforated panels arranged in the guide rails, with adjacent flanges of
      the panels overlapping one another, the flanges being arranged transverse
      of the rails, and abutting the other of the legs of the rails.
NUM  3.
PAR  3. A structure as defined in claim 1, in combination with a roof overhang
      having a ventilator opening provided in the soffit thereof, the rails
      being arranged about the opening.
NUM  4.
PAR  4. A structure as defined in claim 1, wherein there is a plurality of
      perforated panels arranged in the guide rails, with the flanges of the
      panels engaging the other of the legs.
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ABST
PAL  An air register of molded plastic material comprising a basic framework
      with slotted air openings, a pair of vanes journaled in the frame with
      means for opening and closing the vanes for the passage of a selected
      volume of air through the register; a pair of spur gears, one gear cast at
      an end of one vane and another integrally cast at an end of the other of
      said vanes, the gears being properly enmeshed for operation upon mounting
      the same to said framework and means for operating the gear train for
      movement of said vanes.
PARN
PAR  This is a continuation of application Ser. No. 254,380, filed May 18, 1972
      now abandoned.
BSUM
PAR  The present invention pertains to air registers generally, but more in
      particular to an air register for use in heating and cooling systems such
      as might be found in mobile homes where lightness and compactness of
      component parts might be appreciated.
PAR  One of the objects of the present invention is the provision of an air
      register which is light in weight and inexpensive to manufacture. The
      present invention meets these requirements in that it is made of plastic
      material having very high strength and being light in weight.
PAR  A further object of the invention is to provide a register with a minimum
      number of parts in order to reduce the cost of manufacture and assembly.
PAR  A still further object of the invention is the provision of an air register
      wherein the volume of air flowing through the same may be adjusted from
      maximum to minimum without affecting the direction of flow.
DRWD
PAR  Other objects of the invention will become apparent in the course of the
      following detailed description when viewed together with the accompanying
      drawing in which:
PAR  FIG. 1 is a front elevational view of the present invention in an air
      register.
PAR  FIG. 2 is a broken sectional view taken along lines 2--2 of FIG. 1.
PAR  FIG. 3 is a more-or-less exploded view of the two air vanes of the
      invention showing relative positions with respect to each other.
PAR  FIG. 4 is a detailed view illustrating the mechanism used to hold the vanes
      at various selected degrees of opening.
PAR  FIG. 5 is an enlarged cross sectional view taken along lines 5--5 of FIG.
      3.
PAR  FIG. 6 is a detailed view illustrating the manner of anchoring the ends of
      the vanes in the framework for rotative movement.
PAR  FIG. 7 is the reverse side of the complete unit as shown in FIG. 1 but more
      clearly illustrating the safety openings left between the vanes and the
      main framework when the register is in the closed position.
DETD
PAR  In the drawing numeral 10 designates what might be called the main frame of
      the register and which consists in a more-or-less flat strip molded in a
      rectangular configuration as shown and provided with spaced ribs 34 which
      define air openings 35. Around the frame 10 and projecting outwardly
      90.degree. therefrom is another continuous strip 11 molded integrally with
      the frame and serving as a brace to add strength and rigidity to the final
      assembly.
PAR  In FIG. 3 which is an exploded view of the vanes of the device, the upper
      view shows a vane designated by the numeral 12 while the other vane is
      designated by the numeral 13. The upper vane consists in an elongated
      plate 14 lying in a flat plane but given additional strength and rigidity
      by providing offsets 15 and 16 plus an additional rib 17 which are more
      clearly seen in the sectional view of FIG. 5. The vane 13 in the lower
      part of the FIG. is of similar construction in cross section as that of
      the upper vane 12.
PAR  At one end of the upper vane 12 is a spur gear 18 molded integrally with
      the vane 12 and provided with an extended shaft 19. It will be noted that
      a similar shaft extension 20 is provided on the opposite end of the vane.
PAR  The purpose of these extended shafts is more clearly illustrated in FIG. 6
      which shows them serving as journals in the brace 11 of the device to
      provide proper support to the vanes when in an operative position. To
      mount either of the vanes in the frame, it is only necessary to force the
      brace 11 outwardly at either end as illustrated by the dotted lines, then
      insert the shaft into a prepared hole. The resiliency which is inherent in
      the molded plastic will allow such yielding and yet will return the bent
      portion back to its original shape when such pressure is released.
PAR  Also molded integrally with the vane proper and positioned in axial
      alignment with the spur gear 18 and its shaft 19 is an operating segment
      21 consisting of an arcuate segment as illustrated in FIG. 5 with
      serrations 22 around the periphery thereof. On the outer face of the
      segment 21 are small projections 23 spaced both radially and
      circumferencially with respect to the axis of the shaft 19. The purpose of
      these projections may be seen by reference to FIG. 4 which shows one of
      them being held in a given rotative position around the shaft axis by a
      pair of stops 24 molded on the inner side wall of the brace 11 of the main
      framework. As can be seen here, when the segment 21 is rotated, one of the
      projections will abutt the outer edge of a stop 24 in interference.
      However, with an additional force applied to the rotative movement of the
      segment, the projection 23 will force one of the grid members inwardly as
      shown by the dotted line and permit the projection 23 to snap in between
      the two stops as shown on the drawing. Still an added force will remove
      the projection 23 from the stop and permit a further degree of rotation of
      the vane. Numeral 25 designates an additional stop molded on one of the
      grid members. This stop simply serves as a spacer and wear strip when
      being engaged by the segment 21 during the above described vane
      adjustment.
PAR  As before mentioned, the vane 13, illustrated in FIG. 3, is of similar
      construction to that of the vane 12 with a spur gear 26 being integrally
      cast at one end thereof and having a pair of stub shafts 27.
PAR  The operation of the register will be clearly understood while observing
      the detailed sectional view of FIG. 2. Here, the two vanes 12 and 13 are
      shown mounted in operative positions in the brace 11, with the sub-shafts
      of each being spaced so as to properly enmesh the two spur gears 18 and
      26. Note that when in such position the actuating segment 21 projects
      slightly above the face of the frame 10 so that when rotated as formerly
      described, the vanes will move in arcuate fashion as illustrated by the
      dotted lines, hence opening and closing the air passageway through the
      register frame 10. Since the angular positions of the vanes herein
      described are the factors in governing the amount of airflow, it is now
      understandable that air flowing simultaneously by both vanes from the back
      to the front side of the register will not substantially change its
      direction of flow. While such a feature may seem unimportant it will be
      remembered that when an air register is installed and the airflow
      regulated by volume, there is usually an air stream in a directional flow
      from the register outwardly into the room. The furniture or working area
      is then arranged to suit so that the air flow may or may not be felt. In
      constructions of the former art, when the adjustable vanes are regulated
      for a volume of flow, the direction is also changed, directing the air
      either toward or away from the area as originally planned.
PAR  Also shown in FIG. 2 is a pair of stop buttons 28 and 29 one affixed to the
      back side of each vane 12 and 13. These stops limit the rotation of the
      vanes to a position allowing maximum air flow through the register.
PAR  FIG. 7 is a rear view of the assembled register and shows how the two air
      controlling vanes are mounted in the frame with the two spur gears 18 and
      26 being enmeshed and the vane actuating segment 21 meeting in a slot 30
      provided in the lower vane 13. It can also be seen here that a space 31 is
      deliberately left around the perimeter of the vanes for a slight flow of
      air when the vanes are turned to a closed position, thus preventing an
      undue back pressure on the heating or air cooling system.
PAR  It cannot be overemphasized that each vane of the invention includes an
      integrally molded working gear as part of the casting which, when enmeshed
      with the other gear as described above, forms a complete working gear
      train. Also as noted, one of the vanes includes the adjusting segment 21
      as part of the vane as cast. Such construction goes far beyond the former
      art wherein similar devices include separate configurations for each
      separate part all of which must be finally joined by some means to other
      parts to make a workable assembly.
PAR  As aforementioned, the device is of molded plastic and is suitably braced
      to withstand the normal pressures that might occur by a person walking
      across the same or some item of furniture accidently contacting the same.
      It can be molded in any color to match any decor and is, of course,
      rustproof, since there are no metal parts. The device may be mounted in an
      opening by a pair of screws or nails using the cast holes 32 and 33 in the
      framework.
PAR  It is to be remembered that the illustration given has been by way of
      example only and that changes in actual construction could be made without
      departing from the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A molded plastic air register adapted to be mounted in a wall or floor
      opening, comprising:
PA1  a frame member provided with an open gridwork for the passage of air
      therethrough and a continuous integrally molded strip about said gridwork
      extending from one side of said frame member, and
PA1  a pair of vane members pivotally mounted on said frame member between
      opposing sides of said strip member by extensions integrally molded to
      said vane members to permit said vane members to move between positions
      providing a different restriction to the flow of air through said
      gridwork, said vane members including actuating means integrally molded
      therewith for moving said vane members between said positions, said
      actuating means including a gear integrally molded to the same end of each
      of said vane members, and an actuator integrally molded with one of said
      gears and extending into said gridwork to be actuated from the side of
      said frame opposite to that on which the vane members are mounted.
NUM  2.
PAR  2. The air register of claim 1 wherein said actuator is formed on the side
      of said one of said spur gears facing the vane member that is integrally
      formed therewith, and the other vane member includes a slot adjacent the
      spur gear formed integrally therewith for receipt of said actuator as it
      is operated to move said vane members.
NUM  3.
PAR  3. The air register of claim 1 wherein said vane members are mounted to
      move in an arcuate path in opposite directions.
NUM  4.
PAR  4. The air register of claim 1 wherein said actuator extends to where it is
      substantially flush with the surface of said gridwork.
NUM  5.
PAR  5. The air register of claim 1 further including stop means associated with
      said actuating means for providing interference to movement of said vane
      members between said positions whereby the vane members may be selectively
      positioned to provide a desired restriction to flow of air through said
      register.
NUM  6.
PAR  6. The air register of claim 5 wherein said stop means includes spaced
      projections integrally molded with one of said actuating means and said
      frame, and an interference member integrally molded with the other of said
      actuating means and frame, said projections and interference member
      adapted to be in substantial interference during actuation of said
      actuating means.
NUM  7.
PAR  7. The air register of claim 6 wherein said spaced projections are
      integrally molded with said actuating means.
NUM  8.
PAR  8. An air register adapted to be mounted in a wall or floor opening,
      comprising:
PA1  a frame member provided with an open gridwork for the passage of air
      therethrough and a continuous strip about said gridwork extending from one
      side of said frame member, and
PA1  a pair of molded plastic vane members pivotally mounted on said frame
      member between opposing sides of said strip member by extensions
      integrally molded to said vane members to permit said vane members to move
      between positions providing a different restriction to the flow of air
      through said gridwork, said vane members including actuating means
      integrally molded therewith for moving said vane members between said
      positions, said actuating means including a gear integrally molded to the
      same end of each of said vane members, and an actuator integrally molded
      to one of said gears and extending into said gridwork to be actuated from
      the side of said frame opposite to that on which the vane members are
      mounted.
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ABST
PAL  An electric grill appliance comprising a main body having a bottom wall,
      opposed side walls and a top plate of heat conductive material. The top
      plate has an outer cooking surface and an undersurface facing the bottom
      wall. At least one resistive heating element is secured directly to the
      undersurface for heating the top plate. The body is supported above the
      horizontal plane by support means. A container is removably secured under
      the bottom wall and has liquid collecting means extending outside one or
      more of the opposed side walls. The top plate has liquid dispensing means
      in at least one outside edge thereof to direct liquid on the top plate
      outer cooking surface into the liquid collecting flange of the container.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to an electric grill appliance and more
      particularly to an improved grill appliance of the portable type.
PAR  B. Description of Prior Art
PAR  Various type electric grill appliances have been heretofore provided.
      However, a great many of these are very difficult to clean and cooking fat
      collects on their cooking surface with no provision for dispensing these
      fats as they are released on the surface in the process of cooking. Some
      electric grill appliances are very difficult to clean primarily due to
      their construction. Still further, the grill plates of prior art
      appliances do not provide maximum heat transfer between the resistive
      heating elements and the plates.
PAC  SUMMARY OF INVENTION
PAR  It is an object of the present invention to provide an electric grill
      appliance which substantially overcomes all of the above-mentioned
      disadvantages.
PAR  It is a further feature of the present invention to provide an electric
      grill appliance having a cooking surface with liquid dispensing means
      whereby to collect liquids, such as fats, which are released by foodstuff
      in the process of being cooked.
PAR  It is a still further feature of the present invention to provide an
      electric grill appliance which is easily assembled, easy to clean and
      substantially economical to manufacture.
PAR  According to the above features, from a broad aspect, the present invention
      provides an electric grill appliance, comprising a main body having a
      bottom wall, opposed side walls and a top plate of heat conductive
      material. The top plate has an outer cooking surface and an undersurface
      facing the bottom wall. At least one resistive heating element is secured
      directly to the undersurface for heating the top plate. The body is
      supported above the horizontal plane by support means. A container is
      removably secured under the bottom wall and has liquid collecting means
      extending outside one or more of the opposed side walls. The top plate has
      liquid dispensing means in at least one outside edge thereof to direct
      liquid on the top plate outer cooking surface into the liquid collecting
      flange of the container.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The present invention will now be described with reference to the
      accompanying drawings which show a preferred embodiment of the invention
      and it is to be understood that obvious modifications can be made to parts
      thereof without departing from the scope of the invention as defined by
      the broad aspect thereof hereinabove mentioned.
PAR  FIG. 1 is a sectional fragmented view of a bottom body portion of the
      electric grill appliance of the present invention when viewed from the
      side;
PAR  FIG. 2 is a sectional side view of the electric grill appliance of the
      present invention hereinshown with bottom and top body portions;
PAR  FIG. 3 is a perspective view of the grill appliance;
PAR  FIG. 4 is a fragmented sectional view illustrating the positioning of the
      liquid collecting flange and the liquid collecting container relative to
      the grill plate; and
PAR  FIG. 5 is a sectional view of the top heat conductive plate.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly to FIG. 1, there is
      shown generally at 10, the electric grill appliance of the present
      invention. The appliance comprises a main body 11 having a bottom wall 12,
      opposed side walls 13 and a top cooking plate 14 constructed of heat
      conductive material, such as aluminum and having a top surface coating of
      "Teflon" (registered trade mark). The top plate 14 has an undersurface 16
      facing the bottom wall 12. At least one resistive heating element 17, of
      suitable configuration, is secured directly to the undersurface 16 for
      heating the top plate 14.
PAR  The heating element 17 is normally shaped in a serpentine configuration and
      provided with end prongs (not shown) for connection of the element in
      series in an electrical circuit. The resistive element 17 is provided with
      at least one flat surface 19 along the length thereof and this surface is
      positioned in facial contact with the undersurface 16 of the top plate 14.
      The heating element 17 is welded by a welding compound (not shown) to the
      top plate on the surface 16 with the welding compound having a melting
      point much higher than the maximum temperature that the top plate 14 will
      be subjected to by the heating element 17 or the combination of the
      heating element 17 and a further juxtaposed heating plate when a top body
      portion (described later) is juxtaposed on the main body 11.
PAR  As shown in FIGS. 1 and 4, a container or tray 20 is removably secured
      under the bottom wall 12 and is provided with liquid collecting means,
      herein a flange 21, extending outside one or more of the opposed side
      walls 13. The top plate 15 is further provided with liquid dispensing
      means in at least one outside edge 22 thereof to direct liquid 23 on the
      surface 15 of the top plate 14 onto the liquid collecting flange 21 of the
      container 20. As hereinshown, the liquid dispensing means is a slot 24
      formed in at least a portion of an edge 22 of the top plate 14 and
      extending beyond an associated one of the opposed side walls 13. The slot
      24 is located in the undersurface 16 adjacent the outer edge 22 of the
      extension of the top plate 14 whereby liquid will flow on and about the
      outer edge 22 and will be caused to flow to the outer edge undersurface
      and fall by gravity onto the liquid collecting flange 21 as the liquid
      cannot flow upwardly into the slot 24. Thus, the liquid will drip into the
      tray 20 as shown in FIG. 4. The section 18 of the side edge 22 may also be
      extended downwardly beyond the undersurface 16, instead of providing the
      slot 24. The liquid would, of course, be directed to this section 18.
PAR  As shown in FIG. 1, the top plate 14 is provided with opposed parallel
      edges 22 and an upstanding flange 25 is formed integrally with the top
      plate 14 and extending above the outer cooking surface 15 and disposed
      along the parallel edges 22 with the exception of the edge or edge portion
      having the liquid dispensing means. The top surface or cooking surface 15
      of the top plate 14 may also be provided with spaced apart ridges 26 (see
      FIG. 4) to provide a grilling effect on foodstuffs being cooked on the
      plate. When ridges 26 are provided a circumferential channel (not shown)
      is also formed about the inner top edges of the plate whereby fat from the
      foodstuff will flow along the channel to the outer periphery of the top
      plate having the dispensing means and be dispensed in the manner as
      above-described relative to FIG. 4.
PAR  As shown in FIG. 1, two opposed side walls 13 of the body 11 extend below
      the bottom wall 12 and are inwardly turned to provide opposed channels 30
      to slidingly receive the container 20 under the bottom wall 12. Support
      legs 31 are also secured to the channels 30 whereby to support the main
      body 11 above a horizontal plane so that the tray-like container 20 may be
      slidingly inserted and removed from underneath the main body without
      interference. Bearing surface means may also be provided within a
      convenient location in the channels 30 whereby to provide smooth insertion
      and removal of the tray 20. Also, although not shown, the tray 20 may be
      provided with handle means to facilitate manipulation thereof.
PAR  As shown in FIGS. 1 and 5, the top plate 14 is also provided with guide
      flanges 29 extending from the undersurface 16 and inwardly spaced from the
      outer edges 22 whereby to be received inside the side walls 13 of the main
      body 11 for securement to the side walls 13 by suitable fastening means,
      such as fasteners 28. Further, an undercut recess 32 is formed integral in
      the undersurface 16 of the top plate to define a conductive wall receiving
      channel 32' whereby to slidingly receive therein heat conducting flange
      33. The flange 33 is provided with a cavity 34 therein wherein to receive,
      in frictional contact, a heat sensing arm 35 of a thermostat 36 to control
      the temperature of the plate 14. The power supply for the heating element
      17 is normally provided through connections in the thermostat 36 and a
      plug in a side wall 13.
PAR  As shown in FIG. 5, in a further embodiment the top plate 14' is provided
      with two pairs of depending arms 38 and 39 each of which is defined by a
      vertical wall 40 and an inwardly facing wall 41 at the end thereof with
      each inwardly facing wall 41 of each pair of flanges facing each other to
      define opposed recesses 42 for frictional retention of portions of the
      heating element 17 therein. In this particular embodiment, the heating
      element 17 is provided with opposed flat surfaces 19 and the width of the
      recess 42 between the inner face of the horizontal wall 41 and the
      underface 16 is substantially equal to the width of the heating element 17
      whereby to retain the element 17 in tight frictional fit therein.
PAR  Referring now to FIG. 2, there is shown a top body portion 50 secured by
      hinge means 51 to the main body portion 11. The top body portion 50
      comprises a top wall 51, opposed side walls 52 and a detachable bottom
      plate 53 of heat conductive material. The bottom plate 53 has an outer
      cooking surface 54 and an undersurface 55 facing the top wall 51. At least
      one resistance heating element 56 is secured directly to the undersurface
      55 in the manner as above described relative to the top plate 14 of the
      main body portion 11. The outer cooking surface 54 is hereinshown formed
      with a plurality of spaced apart ribs 57. The hinge means 51 in
      combination with handle means 61 provides for the heat conductive plate 53
      of the top body portion 50 to be juxtaposed with the heat conductive plate
      14 of the main body 11.
PAR  As shown in FIG. 2, the spaced apart ribs 57 on the heat conductive plate
      53 have a flat upper surface 57' and outwardly tapering side faces 58
      depending therefrom and extending to a flat surface 59 between opposed
      ribs 57. The resistive element 56 is also connected in series with the
      element 17 through an outside flexible connection 60 as shown in FIG. 3.
PAR  Referring now to FIGS. 2 and 3, the hinge means 51 is illustrated as
      consisting of hinge members 70 provided at opposed corners on one side of
      the main body and extending substantially the full height of both the main
      and the top body portions. Each hinge member 70 consists of two sections,
      a channel section 71 and a follower section 72. The follower section 72 is
      shown in FIG. 5 and consists of a vertical wall section 73 having a flat
      face and a bore 74 extending therethrough whereby to connect the wall
      section 72 to a side wall 52 of the top body portion 50. A horizontal
      extension portion 75 extends from the top edge of the section 73 and
      constitutes a support leg. The opposite end of the follower section 72 is
      provided with a circular transverse recess 76 whereby to receive and
      retain a follower pin 77 extending therethrough and through a channel 78
      provided in the channel section 71.
PAR  The channel section 71 extends substantially longitudinally vertically for
      vertical displacement of the top body portion 50 relative to the main body
      portion 11. The channel section 71 is secured to the side wall 13 of the
      main body portion 11. The upper portion 79 of the channel 78 is outwardly
      curved whereby the top body portion 50 may be held hinged outwardly from
      the main body. The interconnection means 60 as shown in FIG. 3 consists of
      terminal housings 60' and a flexible channel 60" whereby to permit the top
      body portion 50 to be hinged outwardly.
PAR  As shown in FIG. 2, the support leg 75 extends outwardly from the side wall
      52 of the top body portion and terminates substantially in the same plane
      as the outer edge 80 of the hinge channel section 71. The channel section
      71 is further provided with a support leg section 81 at its bottom end and
      extending outwardly from the side wall 13 to also constitute a supporting
      leg having an outer edge lying in the same plane as the edge 80. Thus, it
      is possible to store the appliance vertically on the outer edges of the
      hinges.
PAR  The handle means 61 is provided with an interlocking connector 83 whereby
      to provide retention between handle sections 84 and 85. Thus, when the
      grill is stored in a vertical position as above described, the main body
      portion and top body portion will not separate. Of course, the handles
      also provide the means for opening the grill and for carrying same.
      Further, as shown, the handle section 85 is secured to a side wall 13 of
      the main body portion 11 whilst the handle section 84 is secured to an
      adjacent side wall 52 of the top body portion 50.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric grill appliance comprising a main body having a bottom wall,
      opposed side walls and a top horizontal plate of heat conductive material,
      said top plate having an outer cooking surface and an undersurface facing
      said bottom wall, at least one resistive heating element secured directly
      to said undersurface for heating said top plate, said body being supported
      above a horizontal plane by support means, a container removably secured
      under said bottom wall and having a liquid collecting flange extending
      outside one of said opposed side walls, a slot formed along a portion of
      an outside edge of said top plate extending beyond an opposed side wall,
      said slot being located in said undersurface adjacent the outer edge of
      said extension whereby hot liquid flowing on and about said outer edge
      will be caused to flow to the outer edge undersurface and be arrested to
      collect in droplets and fall by gravity onto said collecting flange and
      directed into said container under said bottom wall of said main body.
NUM  2.
PAR  2. An electric grill as claimed in claim 1 wherein said top plate has
      opposed parallel edges, an upstanding flange formed integrally with said
      top plate and extending above said outer cooking surface and disposed
      along at least three of said parallel edges, said container collecting
      flange being located below at least an edge free of said flange.
NUM  3.
PAR  3. An electric grill as claimed in claim 1 wherein two opposed side walls
      of said body extend below said bottom wall and are inwardly turned to
      provide opposed channels to slidingly receive said container therebetween.
NUM  4.
PAR  4. An electric grill as claimed in claim 1 wherein said resistance heating
      element is provided with at least one flat surface along the length
      thereof, said flat surface being secured in facial contact with said
      undersurface of said top plate.
NUM  5.
PAR  5. An electric grill as claimed in claim 4 wherein said heating element is
      welded by a welding compound to said top plate undersurface, said welding
      compound having a melting point higher than the maximum top plate
      temperature.
NUM  6.
PAR  6. An electric grill as claimed in claim 1 wherein said top plate
      undersurface is provided with opposed flanges having vertical arms equally
      spaced apart and an inwardly facing arm integrally formed with said
      vertical arm to define opposed recesses for frictionally retaining said
      heating element therealong.
NUM  7.
PAR  7. An electric grill as claimed in claim 1 wherein a heat conductive plate
      depends from said top plate undersurface, a thermostat secured to one of
      said side walls and having a heat sensing arm extending under said top
      plate and in frictional contact with a cavity in said heat conductive
      plate.
NUM  8.
PAR  8. An electric grill as claimed in claim 1 wherein a top body portion is
      hinged with said main body, said top body portion having a top wall,
      opposed side walls and a bottom plate of heat conductive material, said
      bottom plate having an outer cooking surface and an undersurface facing
      said top wall, at least one resistance heating element secured directly to
      said undersurface of said bottom plate, a hinge interconnecting said top
      body portion to said main body whereby both said top plate and said bottom
      plate cooking surfaces can be positioned in substantial juxtaposition.
NUM  9.
PAR  9. An electric grill as claimed in claim 8 wherein said outer cooking
      surface of at least one of said top plate or said bottom plate has an
      undulated surface formed by a plurality of spaced apart ribs having a flat
      upper face and outwardly tapering side faces depending therefrom and
      extending to a flat surface between opposed ribs.
NUM  10.
PAR  10. An electric grill as claimed in claim 8 wherein a hinge is provided at
      opposed corners on one side of said main body, said hinge extending
      substantially the full height of both said main and top bodies, leg
      supporting formations at opposed ends of said hinge whereby to support
      both said bodies upwardly from a common side wall, and a handle section
      secured to a side wall of each said bodies and opposite to said common
      side wall, said handle sections being provided with interlocking means.
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ABST
PAL  An apparatus for forming a stack of bales of predetermined size in which
      bales received singly from a baling machine are successively raised as
      each bale is received to form a vertical row, which, after attaining a
      predetermined height is moved laterally onto a slideway, said stack being
      formed by drawing a tying element around a predetermined number of rows
      after such number of rows has arrived on said slideway.
BSUM
PAR  This invention relates to apparatus for forming a plurality of bales into a
      stack of predetermined size.
PAR  The object of the invention is to provide convenient apparatus whereby a
      plurality of bales being delivered from an agricultural baling machine can
      be formed into, and secured together in a stack of predetermined size
      which can be handled by known machine.
PAR  Apparatus according to the invention comprises in combination a support for
      receiving successive bales singly from a baling machine, means for raising
      said support each time a bale is received thereby, catch means for
      retaining a bale in the position to which it is raised by the support
      until it is raised further by a succeeding bale being raised by the
      support, means for moving laterally onto a slideway a vertical row of
      bales resulting from the raising of a predetermined number of bales by the
      support, means for drawing a cord, or wire around the rows and for
      securing the cord, or wire around a predetermined number of rows to form a
      stack after said predetermined number of rows have been moved into the
      slideway.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side view of an example of the invention,
PAR  FIG. 2 is a plan view of the example seen in FIG. 1 looking in the
      direction of the arrow shown in the latter Figure and,
PAR  FIGS. 3 and 4 respectively are fragmentary side views showing the apparatus
      in different stages during the forming of the stack.
DETD
PAR  In the illustrated example the apparatus is shown in the form of a trailer
      vehicle which is adapted to be connected behind a conventional
      agricultural baling machine. However, it will be understood that the
      apparatus could be built into one vehicle to form part of the baling
      machine.
PAR  Referring to the drawings, there is provided a triangulated frame 10
      including a pair of parallel channel section side members 11 having their
      channels presented to one another and each inclined downwardly from the
      front of the vehicle to the rear so that their rear lower ends are close
      to the ground. The rear end of the frame 10 is supported by a pair of
      wheels 12 whilst the front end is supported by a pair of castor wheels 13
      so that the front end of the vehicle can follow closely behind a baling
      machine.
PAR  Extending longitudinally and parallel to the members 11, are a pair of
      strip metal members 14 which constitute a slideway for the stack of bales
      as will be described. Moreover, at the forward end of the frame is an
      angularly movable platform 15 which is pivotally mounted on the frame at
      16. The platform 15 can be moved from the position shown in FIG. 1 to the
      position shown in FIGS. 3 and 4 by means of a double-acting piston and
      cylinder unit 17 which is intended to receive motive fluid from the
      hydraulic system of a tractor vehicle towing both the baling machine and
      the apparatus being described. One end of the unit 17 is pivotally
      connected to a bellcrank lever 18 pivoted at 19 on the frame 10 and
      pivotally connected at its opposite end to a link 20 connected to the
      platform 15. The other end of the unit 17 is pivotally connected to an arm
      21 which is pivoted on the frame 10 at 22 and at its opposite end has a
      pin and slot or equivalent connection with a carriage 23 slidable
      longitudinally of the vehicle within the channels of the members 11. On
      the carriage 23 is an upstanding pusher plate 24 which carries a known
      form of string boxes 25 and a pair of associated hollow needles 26.
      Moreover, on the frame 10 is an agricultural knotter mechanism 27 of known
      type, within which the ends of the strings are retained.
PAR  At one side of the platform 15 is a spring-loaded arm which is pivoted at
      28 and has an upstanding end portion 29 which extends through an arcuate
      slot 30 in the platform 15 when the latter is in its lowered position seen
      in FIG. 1. The arm is held in the position shown in FIG. 2 against the
      action of its spring (not shown) by means of a catch 31 which is
      releasable by means of a latch 32 which is arranged to be struck by a bale
      as it slides down the platform 15 from the baling machine which delivers
      it in the approximate position shown in chain dotted lines at a in FIG. 2.
      Release of the catch 31 will allow the spring to cause the part 29 to move
      through the slot 30 and thereby turn the bale so as to be disposed
      transversely of the tractor as shown at b in FIG. 2. Actuation of the
      catch 31 also actuates a valve to direct hydraulic fluid to the unit 17 so
      as to extend the unit. At this stage, a catch 33 retains the carriage 23
      from movement so that the bellcrank lever 18 will rock to raise the
      platform 15 to the positions shown in FIG. 3 thereby moving the bale shown
      at b in contact with a guide plate 34 into the position of the bale shown
      at c in FIG. 3. As the bale moves into this position, it passes pivotal
      detents 35 which serve to hold the bale in the position c after the
      platform 15 is returned to the position shown in FIG. 1. As the platform
      moves to the position shown in FIG. 3, it comes into contact with the
      underside of the carriage 23 which prevents its further movement so that
      the pressure in the unit 17 builds up to a value such that a valve is
      actuated to reverse movement of the unit.
PAR  The ends of the strings come from rolls in the string boxes 25 and are
      retained in the knotter 27 so that as the bale moves into the position
      shown at c, the strings will be drawn from the boxes 25 to pass over the
      bale. Extension of the unit 17 to raise a bale to the position shown in
      FIG. 3 also effects resetting of the part 29 against the action of its
      spring.
PAR  When the next bale is received by the platform 15 the cycle is repeated so
      that a bale initially at the position c in FIG. 3 will be raised to the
      position shown at d by the succeeding bale moving into the position c.
      This cycle is repeated until a vertical row of bales of predetermined
      number which, in the example shown is 4, are disposed upon the detents 35
      on the carriage 23. As the fourth bale is fed into the position c to
      complete its vertical row of bales, the uppermost bale will lift an arm 36
      and thereby through the link 37 withdraw the catch 33. As a result, the
      pressure in the unit 17 will not build up to a value sufficient to reverse
      its movement and will continue to extend, thereby moving the carriage 23
      to the position shown in FIG. 4, thereby moving the vertical row of bales
      upon the carriage laterally onto the slideway 14. When the unit 17 is
      fully extended the pressure will again build up to a value sufficient to
      reverse the valve to reverse the direction of movement of the unit. In the
      position of FIG. 4 a spring-loaded latch 38 retains the carriage from
      returning. As a result, the first retraction of the unit 17 effects the
      lowering of the platform 15 to the position shown in FIG. 1, at which
      stage the latch 38 is released by a cable 39 to allow continued retraction
      of the unit 17 to return the carriage to the position of FIG. 1.
PAR  At opposite sides of the slideway 14 are upstanding posts 40 carrying the
      arm 36 and also spring teeth 41 which serve to hold the row of bales from
      tilting forwardly under the tension of the strings as the carriage 23
      returns to the position shown in FIG. 1.
PAR  The cycle is repeated until a predetermined number (five in the example
      shown), of vertical rows of bales have been moved laterally in a rearward
      direction onto the slideway 14. Associated with the knotter 27 is a
      counter which enables the knotter to actuate after the five rows have been
      moved onto the slideway. This knotter is a known form of agricultural
      knotter and is actuated by a pulley 42 which is driven by a cord 43
      interconnecting an extension 18a of the bellcrank lever 18 with a spring
      44. In order to enable the knotter to work the usual form of hollow
      needles 26 through which the strings pass are moved into the knotter 27 by
      the action of rollers 46 moving up inclined stays 47 as the carriage 23
      moves to the position shown in FIG. 4. It is to be understood that the
      needles 26 will move into a position to permit knotting each time the
      carriage is moved to the position shown in FIG. 4 but the knotting
      operation will only be effected after five rows have been moved onto the
      slideway due to the counter associated with the knotter.
PAR  It will be understood that after the knotting operation there is upon the
      slideway five vertical rows of bales which are secured together to form a
      stack and this stack will be moved rearwardly by the subsequent movement
      of successive rows until the stack is deposited on the ground from the
      rear end of the slideway 14.
PAR  It is to be appreciated that the cords and knotting devices can if desired
      be replaced by wires and twisting devices of known kind.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for forming a quantity of bales into a stack of predetermined
      size comprising in combination a support, a slideway on the support, a
      bale receiving platform pivotally mounted on the support between a raised
      bale discharge position in alignment with the slideway and a position in
      alignment with a baling machine for receiving a bale therefrom means for
      automatically raising said bale receiving platform to the bale discharge
      position each time a bale is received thereby, catch means on the support
      in position to engage the bale at the bale discharge position for
      retaining a bale in the position to which it is raised by the bale
      receiving platform into engagement therewith until it is raised further by
      a successive bale being raised by the bale receiving platform, means for
      automatically lowering the platform after the bale is engaged by the catch
      means for receiving a further bale, means for automatically moving
      laterally onto the slideway at least one vertical row of bales in response
      to the raising of a predetermined number of bales by the bale receiving
      platform and to permit further vertical rows of bales to be formed by the
      bale receiving platform, means for automatically drawing a binding element
      in response to the completion of a predetermined number of vertical rows
      and for automatically securing the binding element around the
      predetermined number of rows to form a stack after said predetermined
      number of rows have been moved onto the slideway.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein the means for raising the
      support includes a fluid actuated piston and cylinder unit which also is
      included in the means for moving a vertical row of bales laterally.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein there are means for
      mechanically linking one end of the unit to the bale receiving platform
      and there are means for linking the other end of the unit to a carriage
      slidably mounted on said support upon which said catch means are mounted.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein the lateral movement of a
      vertical row of bales is a movement rearwardly relative to the intended
      direction of travel of the apparatus and wherein the slideway inclines
      downwardly toward the rear of the apparatus to a position adjacent the
      ground.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein the means for automatically
      raising said receiving platform provides angular movement of the bale
      receiving platform about an axis near the front of the apparatus.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 wherein there are means for turning
      the bale upon the bale receiving platform through an angle to ensure that
      it lies in the desired alignment with respect to the apparatus prior to
      being lifted.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein the means for drawing and
      securing the binding elements includes means for retaining a bulk supply
      of binding element carried by said means for moving laterally to a
      slideway a vertical row of bales and securing means on the support
      retaining an end of said binding element at a location with respect to the
      vertical rows to secure the binding element to the bales.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said means for
      automatically drawing a binding element includes a counter interconnected
      with the securing means to actuate the securing means after a
      predetermined number of vertical rows of bales have been moved laterally.
NUM  9.
PAR  9. Apparatus in accordance with claim 1 in the form of a trailer vehicle
      with four ground wheels rotatably mounted on the support and the leading
      pair of which are castor wheels.
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ABST
PAL  A trash compactor is provided with manual controls for causing a compacting
      cycle and additional clock timer operated controls which can operate the
      compactor ram through a cycle with an extended delay period after a
      compacting stroke at some time of day when the compactor is unlikely to be
      in use for a substantial length of time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application relates to trash compactors, particularly for domestic
      use, and to a control system which causes the compactor to exert
      compacting pressure on trash within its receptacle for an extended period
      of time, to maximize the degree of compaction obtained. One arrangement
      for accomplishing this function manually is disclosed in U.S. Pat. No.
      3,722,404. Typical compactors to which the invention is applicable are
      disclosed in U.S. Pat. Nos. 3,734,009 and 3,756,144, both of which are
      assigned to the assignee of this application.
PAR  This application is related to copending U.S. application Ser. No. 506,695,
      filed concurrently herewith and assigned to the same assignee as this
      application.
PAC  SUMMARY OF THE INVENTION
PAR  A clock-timer unit is incorporated in the control circuits of a trash
      compactor. This unit is arranged to cause an operating cycle of the
      compactor with an extended dwell period after the compacting stroke of the
      ram. Such a cycle is started automatically at some pre-selected time of
      day when there is little use demand on the compactor, for example in the
      middle of the night. The cycle is completed by withdrawing the ram after
      the dwell period. The length of dwell can be selected by the clock-timer
      unit, or can be provided by delay circuitry having a predetermined delay
      time, or the retracting stroke of the cycle can be accomplished manually
      as when it is next desired to place some trash in the compactor
      receptacle.
PAR  The primary object of the invention is to provide such an automatic,
      extended dwell, compacting control in a trash compactor, particularly for
      domestic use, and to provide easily operated controls for that purpose.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the compactor with part of the housing
      broken away, showing the receptacle thereof in a noncompacting position
      and the ram shown fully retracted;
PAR  FIG. 2 is a representation of a control circuit for an embodiment of the
      present invention; and
PAR  FIG. 3 shows the control panel for the compactor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As seen in FIG. 1 of the drawings, the compactor includes an upstanding
      housing 12 having a reciprocating door 13 behind which a receptacle 14 is
      located over the base 15. As shown in FIG. 1, the door and receptacle 14
      may take the form of a drawer unit mounted on slides 16 for movement
      between a compacting position fully within the housing 12 and a
      noncompacting or loading position outwardly of the housing, as shown in
      dotted lines in FIG. 1. A ram 20 is also positioned in the housing and
      carries a motor 22 which, through a suitable drive chain such as shown in
      U.S. Pat. No. 3,734,009, drives sprockets 23 to cause the entire ram
      mounted assembly to move upwardly and downwardly along the stationary jack
      screws 24.
PAR  Thus, the ram is movable between a retracted position (as shown) wherein
      its lower surface clears an upper edge 26 of the receptacle, permitting
      the receptacle to be moved outwardly to a position where loading and
      unloading can occur, and a compacting position within said receptacle when
      the receptacle is fully positioned with the housing 12.
PAR  The drive motor 22 for the ram is provided with a starting and reversing
      control (FIG. 2) which will automatically initiate a cycle consisting of a
      compacting stroke of the ram, and a subsequent retracting stroke to the
      starting position. The compacting stroke ends after some predetemined load
      is imposed on the motor as it drives the ram in the compacting stroke.
      When the ram is away from its starting position the receptacle may be
      locked in the housing. Mechanism for this purpose is shown in U.S. Pat.
      No. 3,807,295 (Ser. No. 224,897, filed Feb. 9, 1972).
PAR  While the receptacle 14 is locked in position during initial compacting
      movement of the ram, access may still be had to a storage compartment 27
      of the compactor through the upper access door 28. Waste material,
      particularly small items such as milk cartons, bottles, cans, etc., can be
      deposited in the compactor, where they will rest in a small compartment
      formed by the inclined shelf 29 on the drawer unit and the protective wall
      30 in the housing 12, until such time as the receptacle 14 is moved
      outwardly of the housing. The shelf 29 also serves as the top of a bag
      storage compartment behind the door 13, and is shown in the open position.
      When the drawer unit is within the housing, the shelf 29 is pivoted
      downwardly and leads into the receptacle 14 by slightly overhanging the
      upper edge 26 of the receptacle. For more details, refer to U.S. Pat. No.
      3,756,144. As the receptacle 14 is moved toward the position shown in FIG.
      1, articles lying on shelf 29 will fall into the receptacle. The user,
      therefore, need not wait until the receptacle is unlocked, or until the
      ram is fully retracted, to deposit material in the compactor, but he is of
      course protected against injury, etc., by wall 28 during operation of the
      ram, since the compartment 27 is totally independent of the receptacle 14
      when the drawer unit is within the housing 12.
PAR  A normally open safety interlock switch 35 is mounted inside the front of
      the housing and is closed by a pin (not shown) on the door when the
      receptacle 14 is in its compacting position.
PAR  A further interlock is provided by the normally closed switch 40 which is
      wired in parallel with switch 35. Switch 40 is operated by an arm (not
      shown) carried by ram 20, and arranged such that the switch is opened
      until the ram lower surface is just below or within the upper edge 26 of
      the receptacle, for example, within about one inch of the edge 26. In
      other words, switch 40 is closed only when the ram has entered the
      receptacle and thus acts to prevent the drawer unit from being opened,
      intentionally or accidentally.
PAR  Referring to FIGS. 2 and 3, one embodiment of the control system is shown.
      Interlock switch 35 is closed only when the drawer is closed, and it
      controls all power to the unit together with key switch 45. Contacts are
      shown in the position with the drawer open, the ram up, motor stopped, and
      the key safety switch open. With the key switch 45 operated to close, and
      the drawer closed, pushing the start button 50 on relay 52 will close its
      contact 53 and apply power to the starting winding 55 of ram motor 22,
      through the motor's centrifugal starting switch 56, and through the
      contacts of a directional switch 60. A power circuit is also completed to
      main winding 62. The overload protector 63 is included in these circuits
      as protection for the motor.
PAR  The holding circuit for relay 52 includes its coil 54, manual stop switch
      65 which is normally closed, a normally closed ram-operated switch 67, and
      the normally open (when stopped) contacts of centrifugal switch 56. Switch
      67 is arranged to be opened momentarily by the ram only when it is nearing
      the top of its return stroke. This can be accomplished as disclosed in the
      related application Ser. No. 279,985, now U.S. Pat. No. 3,808,453. On the
      compacting stroke switch 67 is unaffected and remains closed, but on the
      upward retracting stroke the switch is momentarily opened just as the ram
      approaches its fully retracted position. Directional switch 60 is carried
      by the ram and is held in the position shown only when the ram is fully
      up. When the ram is in any other position, the blades of switch 60
      transfer to the contacts shown open.
PAR  Thus, as power is first applied the motor 22 starts in a direction to lower
      the ram in a compacting stroke. The motor immediately comes up to speed,
      since it is under only a slight load, and switch 56 transfers to seal in
      relay 52. However, transferring of the contacts of switch 60 has no effect
      on motor direction. This change in the direction switch prepares the
      circuit for reversing the motor as soon as the compaction stroke is
      resisted enough to slow the motor to a speed where switch 56 closes.
PAR  As explained in the related application Ser. No. 506,695, a manually
      operable selector switch 70 is connected across the normally open contacts
      of centrifugal switch 56. In its closed position, switch 70 bypasses these
      normally open contacts and the motor immediately reverses, withdrawing the
      ram. Near the end of the retracting ram movement switch 67 momentarily
      opens, deenergizing coil 54 of the starting relay and opening switch 53.
      The motor coasts to a stop past the actuation position of switch 67, so
      that it again closes. Switch 60 is moved to the position shown, such that
      the circuit is ready for the next compacting stroke, just before switch 67
      is actuated. In this mode of switch 70 the delay at the end of the
      compacting stroke is eliminated. After a compacting stroke begins switch
      40 closes, bypassing interlock switch 35 since the ram is now inside the
      receptacle. Thereafter, if stop switch 65, or key switch 45, is opened, or
      the motor overload protector 63 opens, the circuit energizing relay 52
      will be broken, and the motor will stop.
PAR  If selector switch 70 is opened, when the ram halts at the end of its
      compacting stroke, the power supply circuit to the motor will be opened
      since centrifugal switch 56 has transferred to its normally closed
      contact, and this breaks the holding circuit for relay 52. The ram
      maintains pressure on the trash in the container until the selector switch
      is closed and the start button 50 is again actuated. Then the holding
      circuit will be re-established and the motor will start in a direction to
      raise the ram, as previously explained. Thus the selector switch 70 can be
      said to have up (closed) or down (open) positions which correspond to
      where the ram is stopped after it begins a compacting operation.
PAR  In order to obtain the benefit of an extended period of pressure compaction
      of the trash, the present invention provides a clock-timer control which
      can produce a compactor cycle with an extended dwell period at the end of
      the compacting stroke. FIG. 3 shows the control panel of the compactor,
      with the various manually operable switches indicated by the same
      reference numerals as used in the FIG. 2 diagram. In addition, there is a
      clock 72 which is part of a conventional on-off timer clock mechanism 73
      shown in block form in FIG. 2. As is well known, such clock-timer units
      include a manually set control 75 for selecting a time when the
      clock-timer turns a control unit on, and a further manually set control 76
      which selects a later time at which the clock-timer unit shuts off the
      unit. Power to the clock-timer unit 73 is applied by connecting it between
      the supply lines L1-L2, and one control switch 80 of the clock-timer unit
      is connected in parallel with the push-button operated start switch 53,
      and another control switch 82 is connected in parallel with the up-down
      selector switch 70.
PAR  In operation, the on-time selector 75 may be set for some time of day when
      it is unlikely that the compactor will be used, and the off-time selector
      76 can be set for a somewhat later time. When the clock 72 reaches the
      selected on-time, it momentarily closes switch 80 of the clock-timer unit
      and this starts the compacting cycle in the same manner as if the button
      50 were pushed to close start switch 53. The ram then proceeds on its
      compacting cycle and stops, it being assumed that the switch 70 has been
      placed in the open or "down" position. When the clock reaches the time
      selected by the off-time selector 76, this causes both control switches 80
      and 82 to close momentarily, starting the ram on its retracting stroke and
      completing the cycle. Obviously, the operator can select the length of the
      dwell period for whatever is desired, and he can cause this extended cycle
      to occur in the middle of the night, or at some other time when it is
      unlikely the compactor will be needed for loading or unloading. It should
      also be noted that at all times the compartment 27 is available to receive
      small items of trash, since these can be loaded into the storage
      compartment even when the ram is operating or in its compacting position.
PAR  In addition, it is possible to utilize a somewhat simpler clock-timer unit
      which only initiates the beginning of the extended cycle, and the time of
      the delay period can be derived from other time delay controls, as
      explained for example in said copending application Ser. No. 506,695 , or
      the delay period can be terminated by causing the ram to be retracted
      manually, as by moving switch 70 to its "up" position. It is also possible
      to provide for several extended dwell compacting cycles at predetermined
      times of the day, for example by utilizing a clock-timer unit which
      actuates the control switch 80 at a number of different preselected times,
      and either by providing for additional joint operations of the control
      switches 80, 82 by the clock-timer unit, or by utilizing other delay
      devices as previously mentioned to determine the length of the ram dwell
      time.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control for a compacting machine having a receptacle for trash
      material and a ram mounted for compacting movement in a compacting stroke
      entering said receptacle and an opposite retracting stroke to a retracted
      starting position, a power supply, a reversible motor connected to drive
      said ram, a manually initiated cycle control circuit for said motor
      including a directional switch connected to cause forward and reverse
      operation of said motor in a cycle corresponding to the compacting and
      retracting strokes of said ram and a starting switch for operatively
      connecting said directional switch with said power supply;
PA1  the improvement comprising a timer unit having control means connected in
      said circuit to start said motor and to operate said ram independent of
      manual initiation through a compacting stroke at a predetermined time, to
      stop said ram upon completion of the compacting stroke, and to delay the
      retracting stroke of said ram for a substantial period of time.
NUM  2.
PAR  2. A control for a compacting machine having a receptacle for material to
      be compacted and a power operated ram mounted for cyclical movement in a
      compacting stroke entering said receptacle and an opposite retracting
      stroke to a starting position removed from said receptacle,
PA1  a reversible drive connected to said ram,
PA1  a directional switch connected to control forward and reverse operation of
      said drive corresponding to the compacting and retracting strokes of said
      ram,
PA1  and a control circuit incorporating said directional switch and operative
      to power said drive to move said ram to compact material in the receptacle
      and then to retract the ram and stop;
PA1  the improvement comprising
PA1  clock-controlled means incorporated in said circuit and operative to cause
      an automatic cycle of ram movement independent of manual initiation
      through compacting and retracting strokes and a delay period at the end of
      a compacting stroke of sufficient length to cause the compacted material
      to remain in the deformed compacted condition.
NUM  3.
PAR  3. A control for a compacting machine having a receptacle for trash
      material and a ram mounted for compacting movement in a compacting stroke
      entering said receptacle and an opposite retracting stroke to a retracted
      starting position, a power supply, a reversible motor connected to drive
      said ram, a manually initiated cycle control circuit for said motor
      including a directional switch connected to cause forward and reverse
      operation of said motor in a cycle corresponding the compacting and
      retracting strokes of said ram and a starting switch for operatively
      connecting said directional switch with said power supply;
PA1  the improvement comprising a timer unit connected to actuate said control
      circuit automatically at a preselected time independent of manual
      initiation to initiate a cycle and to stop said ram upon completion of a
      compacting stroke for a substantial period of time, and means operative to
      complete the automatically actuated cycle by retracting said ram at the
      end of said time period.
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ABST
PAL  A filter-dewatering-expression apparatus. Rotating helical blades of a
      screw conveyor compress and squeeze liquid from the sludge within
      structure which permits the liquid to escape therefrom, and discharge the
      dewatered solids out the end. The filter-dewatering medium which is held
      rigid by a frame may be a series of hoops or rings, separated and closely
      spaced, or may be a continuous wire, semicircular in cross section,
      closely wound into a coil, or may be a perforated screen. An imperforate
      filtrate collection housing surrounds this medium, and a vacuum pump is
      connected to the filtrate housing. A coil-spring wiping or cleaning blade
      may be held on the outside edge of the helical blade of the screw conveyor
      for continuous contact with the inside surface of the filter-dewatering
      medium, cleaning solids therefrom. Cleaning nozzles project out radially
      from the outer edge of the helical blades of the screw conveyor, spaced to
      discharge under pressure, a forceful blast of the air or other gas, steam,
      or water into the open area of the medium, to positively dislodge material
      therein and keep the medium unplugged, non-blinded, clean, and open. Air
      or steam may be added to the sludge within the structure by ports located
      in the screw conveyor shaft. A removable spiral shaft wrap may be rotated
      over and wound around, covering the screw conveyor shaft within the
      structure, threading the helical blade, to vary the inside configuration
      of the dewatering press. A plural-section screw conveyor may be utilized
      within the press, each section being capable of being rotated at different
      speeds of rotation.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 342,772,
      filed Mar. 19, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to filtration and dewatering of sludge and other
      slurry. Particularly it relates to an apparatus employing continuous
      filter-dewatering-expression under vacuum-compression.
PAR  Sludge may be defined as a semiliquid deposit or sediment having a total
      solids concentration of at least 2500 ppm.
PAR  Sludge handling and disposal is the most troublesome aspect of wastewater
      treatment, and it is often the most costly. The problem is increased with
      efficient wastewater treatment plants being built and operated today
      producing higher fractions of the waste impurities in the form of sludges
      than formerly were possible. Also, in advanced wastewater treatment, the
      use of chemicals produces great quantities of sludge, further complicating
      the sludge handling and disposal problem.
PAR  One step in sludge handling and disposal involves filtration or dewatering,
      to reduce the sludge moisture content, generally to a non-fluid form, to a
      degree which allows ultimate disposal by incineration, landfilling, or
      other methods. Heretofore, sludge filter-dewatering has been attempted
      principally by open-air bed drying, vacuum filtration, centrifugation, and
      mechanical separation. A brief comment on each of these techniques may be
      helpful to an understanding of the purpose and achievements of the present
      invention.
PAR  Open-air drying beds have become less and less attractive, due to reduced
      land availability and the lessening of public tolerance for techniques
      open to the atomsphere with the possibility of air pollution.
PAR  Vacuum filtration separates the insoluble solids from the liquid by using
      differential pressures created by a vacuum pump, to force the liquid
      through a porous medium carried on a rotating drum, on which the solids
      remain to form a cake. The filter medium, which requires replacement
      periodically, requires a substantial flow of washwater to prevent plugging
      or blinding of the open area. The vacuum filter involves large equipment,
      many moving parts, high operating horsepower, and is expensive to
      purchase, operate and to maintain.
PAR  Centrifuges require high speeds of revolution, typically ranging from
      approximately 2000 rpm to 4500 rpm. The insoluble solids of the feed
      slurry or sludge centrifugally settle against the bowl wall, and the
      liquid flows toward and out a central discharge. The solids are typically
      pushed out through discharge ports and collected from the bowl. The
      centrifuge cannot tolerate grit without excessive wear and requires large
      operating horsepower. They are expensive to purchase, to operate, and to
      maintain.
PAR  Mechanical separation has typically been sought by plate and frame filters,
      typically comprising an alternating series of empty rings that serve to
      contain the final filter cake. The plates are covered on both sides with
      cloth and are provided with drainage channels for removal of the filtrate.
      The frames are filled with a batch of slurry under pressure, and the
      filtrate escapes through the cloth and through the plate channels, while
      the frames are left filled with filter cake. At the end of each cycle, the
      press is opened and the cake is removed for further treatment or disposal.
      This is an intermittent or batch type of operation and therefore is
      associated with the high labor costs resulting from manual operation, so
      that the plate and frame filters are expensive to operate and very
      expensive also in first or capital costs.
PAR  A typical dewatering screw press of the prior art comprised a rotating
      screw fitting closely inside a horizontal slotted or perforated curb. The
      curb and screw were typically tapered toward the discharge end, in order
      to increase the pressure on the material being dewatered. The discharge
      end was partially closed by an adjustable cone to vary the discharge
      opening and thus to vary the pressure on the material within the
      dewatering press. Rotation of the screw conveyed the material toward the
      discharge end, and as the pressure increased, the liquid associated with
      the material was forced out through the slots or perforations in the curb.
      However, it has been found that the dewatering press of the prior art will
      not perform satisfactorily on sewage sludges, due to the plugging and
      blinding of the slots or perforations of the filter-dewatering medium or
      curb, by the small and stringy solids contained in sewage sludge. The
      prior art did not provide an effective method or apparatus for cleaning
      the slots or perforations without interrupting continuous dewatering.
      Also, the prior art of the dewatering press did not provide for a
      reduction of the initial or design open area or the perforations or slots
      in the curb without a complete change of the curb itself.
PAR  My earlier U.S. Pat. No. 3,695,173, issued on Oct. 3, 1972, provides an
      improved apparatus for filtration-dewatering of sludge continuously. It
      has a permanent filter-dewatering medium comprising a series of hoops or
      rings separated and closely spaced from each other and held together as a
      single unit by a frame, and apparatus for continuously cleaning the
      filter-dewatering medium while filtering or dewatering. To prevent
      plugging or blinding and interruption of continuous filtration or
      dewatering, cutter or slot cleaning blades are secured to the outer edge
      of the screw conveyor, projecting out radially and spaced to extend into
      the slots or spaces between the closely spaced filter rings or hoops. The
      fine solids which have entered and become wedged in the spaces between the
      filter rings tending to plug or blind the open area of the
      filter-dewatering medium and the small stringy portions of large solids
      which have entered the spaces between the filter rings, but cannot pass
      through and out due to the large portions of the solids being retained on
      the surface of the filter-dewatering medium, are dislodged and pass
      through and out with the filtrate with the cutting or cleaning action of
      the cutter or slot-cleaning blades, when the rotating helical blade of the
      screw conveyor along with the conveyed sludge or dewatered solids, cuts
      and scrapes away the solids retained on the filter-dewatering medium.
PAR  U.S. Pat. No. 3,695,173 also provides apparatus to decrease the initial or
      design open area of the filter-dewatering medium to prevent undue bleeding
      of the solids into the filtrate by the utilization of slot-reducing or
      space-bridging members or material which bridge or partially close or
      effectively reduce the open area or spaces between the closely spaced
      filter rings of the filter-dewatering medium when the sludge nature and
      consistency warrants.
PAR  An important object of this invention is to provide a greatly improved
      apparatus for filter-dewatering-expression of sewage sludge or other
      slurries. One aspect is directed to improved apparatus for preventing
      plugging and blinding of the filter-dewatering medium and interruption of
      the continuous filtration, dewatering, and expression.
PAR  A characteristic of the prior art dewatering screw presses was to employ an
      adjustable choke or cone at the discharge end of the press to vary the
      discharge opening and control the back pressure within the pressing
      chamber. It has been found, however, that for dewatering sewage sludge,
      the adjustable choke or cone at the discharge end of the dewatering press,
      by itself, will not provide for sufficient variation in back pressure
      within the press. U.S. Pat. No. 3,518,936 issued to Bredeson provides for
      adjustably controlling the backup pressure within the press at one or more
      points intermediate the inlet and discharge ends of the press with annular
      choke members. However, it has been found that while the intermediate
      choke does increase pressure upon the material at the point of application
      of the choke, after the material has been conveyed past the choke, the
      pressure will be reduced. Due to the large variation in the nature and
      consistency possible with sewage sludge, this cyclic increase and decrease
      in pressure upon the sludge has been ineffective in adjusting the back
      pressure within the press. The prior art does not provide for varying the
      inside configuration of the dewatering press to a great extent, decreasing
      the dewatering and compression volume within the press, nor changing the
      dewatering and compression rate within different portions of the press.
PAR  The present invention has the further object, therefore, of providing an
      apparatus for increasing the diameter of the combination sludge
      compression and dewatered solids discharge screw conveyor shaft, varying
      the inside configuration of the dewatering press, decreasing the
      compression volume within the press, changing the compression and
      dewatering rate within different portions of the dewatering press, and at
      the same time, decreasing the dewatered solids outlet, thereby varying the
      quantity and dryness of the dewatered solids discharged from the press.
PAR  A further object of this invention is to provide for regulating the
      quantity and dryness of the dewatered solids discharged from the press.
PAR  Other objects and advantages of this invention will be apparent from the
      ensuing disclosure and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a filter-dewatering-expression apparatus for
      dewatering sewage sludge and other slurries, and for dewatering-expression
      of filter or centrifuge cake resulting from conventional vacuum filters or
      centrifuges when a more thorough removal of liquid from the cake is
      desired.
PAR  The apparatus of this invention comprises a flow-impeding structure and a
      combination sludge compression and dewatered solids discharge screw
      conveyor. The flow-impeding structure preferably consists of an initial
      cylindrical portion, a following frustoconical portion, and a terminal
      cylindrical portion and is the filter-dewatering medium. It comprises
      either: a series of hoops or rings separated and closely spaced, held
      rigid by a frame; a continuous wire, semicircular in cross section,
      closely wound into a coil, held rigid by a frame; or a perforated screen
      held rigid by a frame. The rotating helical blades of the screw conveyor
      compress and squeeze liquid from the sludge within the structure through
      which the liquid escapes, and the screw conveyor discharges the dewatered
      solids out the end. An imperforate filtrate or liquid collection housing
      surrounds the structure, and a vacuum pump is connected to the filtrate
      housing. One end of the screw conveyor shaft is supported for rotation
      within the structure at the input end and the other end of the shaft
      protrudes the discharge end and is connected to a suitable source of
      power.
PAR  An important feature of the present invention is that a coil-spring wiping
      or cleaning blade is positioned on the outside edge of the screw conveyor
      helical blade to provide continuous contact between the wiping or cleaning
      blade and the inside surface of the filtering-dewatering medium. The
      spring action or tendency of the coil-spring blade to expand enables
      improved wiping action and cleaning of the solids from the inner surface
      of the medium.
PAR  Another significant feature of the invention is a series of cleaning
      nozzles that project out radially from the outer edge of the helical
      blades of the screw conveyor and are spaced to discharge, under pressure,
      a forceful blast of the air or other gas, steam, or water into the open
      area of the filter-dewatering medium to positively dislodge material
      therein and keep the filter-dewatering medium unplugged, non-blinded,
      clean, and open.
PAR  Air or steam may be added to the sludge within the structure, while it is
      operating, by ports located in the screw conveyor shaft.
PAR  A removable spiral shaft wrap may be rotated over and wound around,
      covering the screw conveyor shaft within the structure, threading the
      spiral-helical blade, to vary the inside configuration of the dewatering
      press so that the quantity and dryness of the dewatered solids discharged
      out the end can be varied.
PAR  A plural-section sludge compression and dewatered solids discharge screw
      conveyor may be utilized. Each section is capable of being rotated at
      different speeds of rotation to regulate the detention time of the sludge
      within the different portions of the structure, changing the dewatering
      and compression rate within the different portions of the dewatering
      press, therefore controlling the quantity and dryness of the dewatered
      solids discharged out the end. In one case, the helical blade section in
      the frustoconical and the terminal cylindrical portions of the structure
      is a continuous helical blade and is mounted on a covering shaft which
      slips over and is concentric to the central shaft of the two section screw
      conveyor. The helical blade section in the initial cylindrical portion is
      mounted on the central shaft of the screw conveyor. Both sections are of
      the same "hand" and may rotate in the same direction and at different
      speeds of rotation. Both shafts may be driven from the same end.
PAR  Cutter or annular slot-cleaning blades may be utilized with the
      filter-dewatering medium cleaning nozzles to assist in keeping the
      filter-dewatering medium clean and open, or they may be utilized
      separately.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic flow diagram, only partly representational, of a
      sludge-dewatering system embodying the principles of the invention.
PAR  FIG. 2 is a side elevational view, partially in section, of a
      filter-dewatering-expression press of this invention. It is on an enlarged
      scale with respect to FIG. 1.
PAR  FIG. 3 is a sectional view taken along the line 3--3 in FIG. 2.
PAR  FIG. 4 is a fragmentary sectional view of FIG. 2, showing a wearable
      replaceable leading edge or strip on the combination sludge compression
      and dewatered solids discharge screw conveyor.
PAR  FIG. 5 is a fragmentary sectional view of FIG. 2, showing the distribution
      pipes for the filter-dewatering medium cleaning nozzles.
PAR  FIG. 6 is a sectional view taken along the line 6--6 in FIG. 5, showing a
      distribution pipe and filter-dewatering medium cleaning nozzle within the
      spiral-helical blade or flight of the screw conveyor.
PAR  FIG. 7 is an enlarged view in perspective of one cutter or annular slot
      cleaning blade.
PAR  FIG. 8 is an enlarged fragmentary view, partially in section, of the large
      cylindrical portion of the filter-dewatering structure of FIG. 2.
PAR  FIG. 9 is a view similar to FIG. 8 of a modified form of the
      filter-dewatering structure used in the small-diameter cylindrical portion
      of FIG. 2.
PAR  FIG. 10 is a view similar to FIG. 8 of a modified form of the
      filter-dewatering structure.
PAR  FIG. 11 is a view in perspective similar to FIG. 8 of a modified form of
      the filter-dewatering structure.
PAR  FIG. 12 is an enlarged view in perspective of a filter-dewatering hoop or
      ring showing an annular slot-reducing or space-bridging member attached to
      a recessed surface or interior of the hoop or ring to reduce or partially
      close the space or annular opening.
PAR  FIG. 13 is a view in section taken along the line 13--13 in FIG. 12.
PAR  FIG. 14 is a fragmentary section view of a filter-dewatering hoop or ring
      and spring loaded wire for use as the filter-dewatering ring and annular
      space bridging or closing member respectively.
PAR  FIG. 15 is an enlarged view in perspective of a filter-dewatering ring with
      a rectangular access opening and plug.
PAR  FIG. 16 is an enlarged view in perspective of a filter-dewatering ring
      showing threaded pins and nuts for bolting to the support rods or
      reinforcing frame. An access hole and a set screw therefor are also shown.
PAR  FIG. 17 is an enlarged fragmentary view, partially in section, of a portion
      of the structure utilizing the filter-dewatering rings of FIG. 16, showing
      bolting of the rings to the support rods.
PAR  FIG. 18 is a fragmentary section view of a modified form of device showing
      air or steam ports in the screw conveyor shaft. The cutter or annular
      slot-cleaning blades are also shown.
PAR  FIG. 19 is a fragmentary sectional view showing a distribution pipe for the
      filter-dewatering medium cleaning nozzles in accord with a modified
      embodiment of the invention.
PAR  FIG. 20 is a sectional view along the line 20--20 in FIG. 19 showing the
      distribution pipe and a filter-dewatering medium cleaning nozzle within
      the outer edge of the spiral-helical blade of the screw conveyor.
PAR  FIG. 21 is a side elevational view, partially in section, of a
      filter-dewatering-expression press in accord with a modified embodiment of
      the invention.
PAR  FIG. 22 is a side elevational view, partially in section, of a
      filter-dewatering press having a modified form of the combination sludge
      compression and dewatered solids discharge screw conveyor, the screw blade
      being present only in the first two of the three major sections.
PAR  FIG. 23 is a side elevational view, partially in section of a
      filter-dewatering-expression press in accord with a modified embodiment of
      the invention wherein the filter-dewatering structure comprises a single
      helically wound wire specially processed.
PAR  FIG. 24 is a view similar to FIG. 23 of a modified form of press embodying
      the invention, having its filter-dewatering structure provided by a
      foraminous shell or screen.
PAR  FIG. 25 is a view similar to FIG. 23 of another modified form of press
      embodying the invention and having a cylindrical filter-dewatering portion
      in combination with a screw conveyor having a shaft that varies in
      diameter from a small-diameter entering portion to a large-diameter
      terminal portion.
PAR  FIG. 26 is a view similar to FIG. 23 of another modified form of press
      embodying the invention, wherein a plural-section screw conveyor is used
      to provide different speeds in each of two different portions of the
      press.
PAR  FIG. 27 is a view similar to FIG. 26 and represents a modification thereof,
      wherein the edge of the terminal portion of the screw does not wipe the
      terminal portion of the filter-dewatering structure but is spaced radially
      inwardly therefrom.
PAR  FIG. 28 is a view similar to FIG. 27 showing another modification, wherein
      the terminal portion of the screw is of opposite hand from the remainder
      of the screw.
PAR  FIG. 29 is a view similar to FIG. 26 having a somewhat different type of
      plural-section screw conveyor.
PAR  FIG. 30 is a view similar to FIG. 29 in which the terminal portion of the
      screw conveyor is spaced upwardly from the filter-dewatering structure, as
      in FIG. 27.
PAR  FIG. 31 is a view similar to FIG. 2 of another modified form of the
      invention.
PAR  FIG. 32 is a view in side elevation of a helical shape wrap shown in FIG.
      31 as part of the assembly.
PAR  FIG. 33 is a view similar to FIG. 2 wherein a coil-spring wiping or
      cleaning blade is provided along the outside edge of the screw conveyor.
PAR  FIG. 34 is a view taken along the line 34--34 in FIG. 33.
PAR  FIG. 35 is a fragmentary sectional view taken along the line 35--35 in FIG.
      33.
PAR  FIG. 36 is a view similar to FIG. 35 of a modified form of support for the
      coil-spring blade.
PAR  FIG. 37 is another view similar to FIG. 35 of another modified form of
      support and a modified type of coil-spring blade.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  THE GENERAL SYSTEM (FIG. 1):
PAR  FIG. 1 shows a general system embodying the principles of the invention.
PAR  The system comprises a filter-dewatering-expression press 40 having a
      generally imperforate filtrate or liquid collection housing 41, a
      filter-dewatering structure 42, and a combination sludge compression and
      dewatered solids discharge screw conveyor 43.
PAR  When the press 40 is used to process sludge, it may be connected to a
      sludge conditioning tank 44. The conditioning of slugde in tank 44 may be,
      for example, by chemical treatment, by polyelectrolyte addition, by heat
      conditioning, or by freezing. The conditioned sludge may flow under
      pressure via a variable speed pump 45 and a conduit 46, or may flow by
      gravity in the conduit 46 to the press 40.
PAR  When the press 40 is utilized for dewatering-expression of conventional
      vacuum filter or centrifuge cake, to achieve a more thorough removal of
      liquid from the cake, the sludge may be introduced to the press 40 via a
      screw conveyor feed system 47 (shown dotted) in lieu of the pump 45 and
      the conduit 46.
PAR  The filter-dewatering structure 42 of the press 40 has a filter-dewatering
      medium 48 and preferably comprises an initial cylindrical portion 50,
      which includes a sludge input end 51 and an inlet connection 52. The
      sludge input end 51 preferably has a removable end plate 251 to enable
      insertion of the screw conveyor 43 into and removal from the
      filter-dewatering structure 42. The sludge input end 41 may be machined to
      provide a recessed surface 252 for receiving and positioning the removable
      end plate 251 and may be locked in position by locking plates 253 and
      screws 254.
PAR  The cylindrical portion 50 is followed by a frustoconical portion 53, which
      in turn is followed by a smaller diameter terminal cylindrical portion 54,
      which includes a dewatered solids output opening 55. The filter-dewatering
      structure 42 disclosed in my earlier U.S. Pat. No. 3,695,173 may be used,
      wherein the filter-dewatering medium 48 comprises a series of hoops or
      rings 56, 56a, and 56b that are separated and closely spaced from each
      other and are held rigidly together as a single unit (as by heli-arc
      welds) to a reinforcing frame 57. Annular spaces 58 between the
      filter-dewatering rings 56, 56a, 56b provide escape passages through which
      liquid or filtrate can be forced but are not wide enough to permit escape
      of the solids. The filter-dewatering hoops or rings 56, 56a, 56b may be
      various widths and may be held apart at various spaces 58 of separation,
      to provide various open areas.
PAR  The imperforate filtrate or liquid collection housing 41 surrounds the
      structure 42 and collects the filtrate or liquid that was associated with
      the sludge and has a liquid or filtrate outlet 59.
PAR  A vacuum pump 60 and a gas-liquid separator 61 are connected to the
      imperforate outer housing 41 by a conduit 62. Both air and filtrate enter
      the separator 61, which may be any of well-known apparatus to separate the
      air or other gas from the liquid. The filtrate or liquid enters a filtrate
      pump 63 via a conduit 64 and is pumped away through a conduit 65, while
      the air or other gas enters the vacuum pump 60 via a conduit 66 and is
      exhausted away through a discharge conduit 67.
PAR  A motor 70 turns a shaft 75 of the conveyor 43. For initial startup of the
      filter-dewatering press 40, a startup cap 72 is preferably utilized to
      plug temporarily the normally open dewatered solids output opening 55 of
      the terminal cylindrical portion 54 of the structure 42. The startup cap
      72 is then screwed into position on a threaded sleeve 73, which is
      attached to the dewatered solids output opening 55. After dewatered solids
      accumulate sufficiently in the frustoconical portion 53 and the terminal
      cylindrical portion 54, the startup cap 72 is removed, to permit discharge
      of the dewatered solids by the rotating screw conveyor 43. Usually for
      initial startup, this takes only a few seconds.
PAR  Inlet pressure, when the pump 45 is utilized, raises the feed sludge above
      atmospheric, and along with the squeezing and pressing of the sludge which
      results during the conveyance and compression of the sludge through the
      filter-dewatering structure 42, a differential pressure is established
      between the sludge or other slurry within the structure 42 at a higher
      than atmospheric pressure and the filtrate collected from outside the
      structure 42 at less than atmospheric pressure, created by the vacuum pump
      60. Filtrate or liquid associated with the sludge is forced or expelled
      through the open area defined by the annular spaces 58 between the
      filter-dewatering hoops or rings 56, 56a, 56b of the structure 42, and is
      collected outside the structure 42 by the filtrate housing 41. The solids
      are deposited or retained on the inner surface of the structure 42, and
      are conveyed through the structure 42 for further compression and
      dewatering, and they pass relatively dry out the dewatered solids output
      opening 55, conveyed by the sludge compression and dewatered solids
      discharge screw conveyor 43.
PAR  This is the general system. Certain problems arise when practicing it that
      are solved by the present invention. The problems and the solutions will
      be better understood by considering the press 40 in more detail.
PAC  A SPECIFIC PRESS 40 IN MORE DETAIL (FIGS. 2-6 AND 33-37):
PAR  FIGS. 2 and 3 show the filter-dewatering press 40 in more detail and show
      the conveyor 43 in detail also.
PAR  The inner surface 74 of the filter-dewatering medium 48 is finished smooth
      as by grinding, to provide a flat or uniform dewatering and conveying
      surface. As one example, I have found that filter-dewatering hoops or
      rings 56 having a width of 0.250 inch and having a space 58 of separation
      of 0.008 inch with a 0.250 inch wall thickness can be readily fabricated
      and assembled, and gives optimum open area of the filter-dewatering medium
      48, for an excellent dewatered sewage solids production rate, with low
      solids in the filtrate, at low chemicals, for conditioning. The hoops or
      rings 56, 56a, 56b may be alloy steel or plastic.
PAR  The combination sludge compression and dewatered solids discharge screw
      conveyor 43 comprises a constant diameter central shaft 75 along its axis
      on which is mounted a spiral-helical blade or flight 76, conforming
      closely to the inner surface 74, of the filter-dewatering structure 42,
      providing a spiral-helical space or extrusion channel 77 defined by the
      space between the central shaft 75 and the inner surface 74 of the
      filter-dewatering structure 42 extending from the sludge input end 51 to
      the dewatered solids output opening 55. The blade or flight 76 may be of
      constant pitch or may have a variable pitch, as shown in FIG. 2, includes
      a feed portion 78, disposed within the sludge input end 51, a compression
      portion 79, and a dewatered solids discharge portion 80. The blade or
      flight 76 is continuous, or if desired, may be an interrupted helical or
      spiral flight arrangement. The screw conveyor shaft 75 is supported for
      rotation within the structure 42 at the sludge input end 51, by means of a
      shaft bearing and seal 81 attached to the removable end plate 251, or if
      desired, may be supported outside the input end 51 for rotation. The other
      end of the screw conveyor shaft 75 protrudes the dewatered solids output
      opening 55 and is connected to a suitable source of power, such as a
      variable speed reversing drive assembly 70. A wearable replaceable leading
      edge or strip 82, such as Teflon, rubber, or plasticized polyvinyl
      chloride material, may be provided and attached to the screw conveyor
      blade or flight 76 as shown in FIG. 4. However, the structure of FIGS.
      33-37 is preferred.
PAR  The filtrate collection housing 41 is sealed to the filter-dewatering
      structure 42 by seals 83 at the initial cylindrical portion 50 and at the
      terminal cylindrical portion 54.
PAR  The filter-dewatering structure 42 may have its rings 56, 56a, and 56b
      secured rigidly to the frame 57 by heli-arc welds 84 (FIGS. 2-4), and the
      frame 57 may comprise a longitudinally extending series of support rods 85
      with circular holding bands 86.
PAR  As an example of relative sizes, the following is given for a
      filter-dewatering-expression press 40 for dewatering sewage sludge:
TBL  Sludge input end inside diameter                                          
                                10"                                            
     Dewatered solids output opening inside diameter                           
                                 4"                                            
     Central shaft outside diameter                                            
                                 2"                                            
     Helical blade or flight pitch                                             
                                 4"                                            
     Filter-dewatering ring width                                              
                                 0.250"                                        
     Annular spaces between rings                                              
                                 0.008"                                        
     Length of initial cylindrical portion                                     
                                36"                                            
     Length of frustoconical portion                                           
                                24"                                            
     Length of terminal cylindrical portion                                    
                                14"                                            
PAR  With the structure so far described there is a problem of plugging or
      blinding of the open area of the filter-dewatering press 40 or the annular
      spaces 58 between the filter-dewatering hoops or rings 56, 56a, 56b of the
      filter-dewatering structure 42, and interruption of continuous
      filtration-dewatering.
PAR  The present invention solves this problem, preferably by providing, as
      shown in FIGS. 33-37, a coil-spring wiping or cleaning blade 87. This
      blade 87 may be positioned on the outside edge of the blade 76 by a series
      of guides 88. There is continuous contact between the coil-spring blade 87
      and the inside surface 74 of the filtering dewatering medium 48, due to
      the spring action or the expansion tendency of the blade 87. This
      continuous contact causes the wiping and thus the cleaning of solids from
      the inner surface 74.
PAR  The coil-spring wiping or cleaning blade 87 may be fabricated in any
      suitable manner or may be coiled from pieces of various dimensions.
      However, I have found that steel rod of rectangular cross section 0.041
      inches .times. 0.153 inches, coiled and then heat treated to provide a
      coil having an inside diameter slightly larger than the diameter of the
      screw conveyor blade 76 and having a pitch equal to the pitch of the screw
      conveyor 43, provides good contact for continuous wiping or cleaning
      without excessive pressure and without excessive wear of the inside
      surface 74 of the medium 48. The blade 87 may be a continuous helical coil
      or blade which extends along the entire radially outer edge of the spiral
      helical blade 76; one end of such a coil-spring blade 87 may be attached
      rigidly to the blade 76. Alternatively, there may be a series of shorter
      blades 87, each one following another, with one end of each attached
      rigidly to the blade 76. Rigid attachment at only one end enables the
      blade or blades 87 to be compressed, so that the screw conveyor 43 can be
      inserted with the blade 87 into the filter-dewatering structure 42; after
      insertion, the blade 87 tends to expand, due to its spring action, and
      provides the desired continuous contact with the surface 74, giving
      effective cleaning of the solids from the surface 74.
PAR  As shown in FIGS. 33, 34 and 35, the blade 87 may be positioned by the
      short guide clips 88, which are attached to the screw conveyor flight 76
      and allow compression and expansion of the blade 87. As the blade 87
      wears, its spring action continues to assure good contact with the surface
      74 and therefore good cleaning as the screw conveyor 43 rotates.
PAR  FIG. 36 shows an alternative structure, in which the blade 87 is positioned
      with a groove 89 of a helical blade 76a.
PAR  FIG. 37 shows an alternative spring blade structure. Here, a rubber or
      plasticized polyvinyl chloride or other plastic blade 98 contains a coil
      spring 99. The spring 99 provides the spring action or tendency to expand,
      while the plastic blade 98 does the actual wiping of the surface 74.
PAR  To assist in the cleaning of the annular spaces 58 between the
      filtering-dewatering rings 56, 56a and 56b, cleaning nozzles 90 may be
      utilized. These nozzles 90 may be an integral part of, or attached to the
      outer edge 91 of the helical blade or flight 76, projecting out radially
      and spaced apart. The nozzles 90 discharge, under pressure, a forceful
      blast of fluid (air or other gas, steam, or water) into the annular spaces
      58 between the filter-dewatering rings 56, 56a, 56b to positively dislodge
      material therein and keep the filter-dewatering medium 48 unplugged,
      non-blinded, clean, and open. The fine solids which have entered and
      become wedged in the annular spaces 58 between the filter-dewatering rings
      56, 56a, 56b tending to plug or blind the open area of the
      filter-dewatering medium 48, and the small portions of large solids which
      have entered the annular spaces 58 between the hoops or rings 56, but
      cannot pass through and out due to the large portions of the solids being
      retained on the inner surface 74 of the filter-dewatering medium 48 of the
      structure 42, are dislodged and pass through and out with the filtrate
      with the blasting or cleaning action of the filter-dewatering medium
      cleaning nozzles 90, when the rotating spiral-helical blade or flight 76
      of the screw conveyor 43, along with the coil-spring wiping or cleaning
      blade 87, cuts and scrapes away the solids retained on the inner surface
      74 of the medium 48.
PAR  The fluid (air or other gas, steam, or water) comes from a suitable fluid
      supply 92 (such as an air compressor, steam generator, or water supply)
      and enters the filter-dewatering press 40 via a conduit 93 (see FIGS. 1,
      2, 3 and 5), which is aligned with and sealed by a rotating union 94 to
      the hollow central shaft 75 at the sludge input end 51. A hole 95 in the
      sludge input end plate 251 of the structure 42 which is aligned with the
      conduit 93 and the hollow screw conveyor shaft 75 is utilized to provide a
      non-blocked passage for the fluid to enter the screw conveyor shaft 75.
      See FIGS. 2, 3, 5, and 6.
PAR  FIGS. 3, 5, and 6 illustrate distribution pipes 96 positioned within or
      being an integral part of, the helical blade or flight 76 of the screw
      conveyor 43. A filter-dewatering medium cleaning nozzle 90 is attached to
      each distribution pipe 96 at the outer edge 91 of the blade or flight 76.
      Numerous holes 97 in the hollow screw conveyor shaft 75 are utilized, each
      hole 97 being aligned with a distribution pipe 96 for distribution of the
      air or other gas, steam, or water to the filter-dewatering medium cleaning
      nozzles 90 from the fluid-filled hollow screw conveyor shaft 75.
PAR  FIGS. 2, 3, and 7 illustrate the nozzles 90 utilized with cutter or annular
      slot cleaning blades 100 like those of my earlier U.S. Pat. No. 3,695,173.
      These blades 100 assist the coil-spring wiping blade 87 of FIGS. 33-36 or
      the blade 98 of FIG. 37, and also assist the nozzles 90 in keeping the
      filter-dewatering medium 48 or annular spaces 58 between the
      filter-dewatering rings 56, 56a, 56b unplugged, non-blinded, clean, and
      open. The blade 87 or 98, the nozzles 90 and the blades 100, may, however,
      be utilized independently.
PAR  When the cutter or annular slot cleaning blades 100 are utilized, they are
      secured to the outer trailing surface 101 of the sludge compression and
      dewatered solids discharge screw conveyor helical blade or flight 76 by a
      cutter blade holder 102 with a spring loaded pin 103, as shown in FIGS. 2,
      7, and 18. The blades 100 project out radially and are spaced to extend
      and lock into their cutting or cleaning position in the annular spaces 58
      to positively dislodge material therein and keep the filter-dewatering
      medium 48 unplugged, non-blinded, clean, and open. The fine solids which
      have entered and become wedged in the annular spaces 58 between the
      filter-dewatering rings 56, 56a, 56b tending to plug or blind the open
      area of the medium 48, and the small portions of large solids which have
      entered the annular spaces 58 between the rings 56, 56a, 56b, but cannot
      pass through and out, due to the large portions of the solids being
      retained on the inner surface 74 of the medium 48, are dislodged and pass
      through and out with the filtrate, due to the cutting or cleaning action
      of the cutter or annular slot cleaning blades 100, when the rotating
      spiral-helical blade or flight 76 of the screw conveyor 43, especially
      when used with the blade 87 or 98, cuts and scrapes away the solids
      retained on the inner surface 74. The solids tending to clog or blind the
      annular spaces 58 may be forced back into the spiral-helical extrusion
      channel 77 by the cutting or cleaning action of the rotating blades 100,
      depending upon the angle of the blades 100 with respect to the
      filter-dewatering rings 56, 56a, 56b, for further pressing and dewatering
      and for capture within the dewatered solids that have discharged out
      through the dewatered solids output opening 55 in relatively dry form. The
      cutter-slot cleaning blades 100 are preferably spring steel-like material.
PAC  VARIOUS FORMS OF FILTER-DEWATERING MEDIUM (FIGS. 8-11)
PAR  FIGS. 8 through 11 show four different structures which may be used for the
      rings comprising the medium 48.
PAR  FIG. 8 is an enlargement of a portion of the filter-dewatering structure 42
      of FIG. 2, comprising a series of closely spaced circular
      filter-dewatering rings 56 which are rectangular in cross section. These
      rings 56 are in the larger cylindrical portion 50, but the rings in the
      other portions 53 and 54 could also be rectangular in cross section.
PAR  FIG. 9 is an enlargement of another portion of the structure 42 in FIG. 2,
      namely, the smaller-diameter terminal portion 54, comprising a series of
      closely spaced circular filter rings 56b, semicircular in cross section
      with the arc thereof facing outwardly to provide outwardly flaring spaces
      58 between adjacent rings 56b. In the frustoconical portion 53 of FIG. 2,
      the rings 56a are also shown as semicircular. The rings in the portion 50
      could also be semicircular in cross section.
PAR  FIG. 10 is a view like FIGS. 8 and 9 showing a series of closely spaced
      circular filter-dewatering rings 104 that are wedge-shape or trapezoidal
      in cross section. I have found that to obtain the maximum surface life and
      minimum plugging or blinding, from such rings 104, the sides of the wedge
      rings 104 should be sloped 5.degree. from the vertical. The
      filter-dewatering rings 104 may even be triangular shape in cross section
      and may make up the filter-dewatering medium 48 of the portions 50, 53 and
      54.
PAR  FIG. 11 is a perspective view of a series of closely spaced circular
      filter-dewatering rings 105, having a T cross section and a reinforcing
      frame 106 that is also T-shaped in cross section. The frame 106 comprises
      a series of longitudinally extending support rods 107 machined for
      positioning the filter-dewatering rings 105, and circular holding bands
      108 for holding the support rods 107 and the filter-dewatering rings 105
      rigid. The open area or annular spaces 58 between the filter-dewatering
      rings 105 may be varied with a change of support rods 107 utilizing the
      same hoops or rings 105. Disassemblage also enables replacement or
      resurfacing of the rings 105.
PAR  For greater solids capture within the filter-dewatering press 40, annular
      slot-reducing or space-bridging members 110 of my U.S. Pat. No. 3,695,173
      may be used for bridging or partially closing and reducing the annular
      space 58 between filter-dewatering rings 111 generally like the rings 56.
      See FIGS. 12 and 13. These slot-reducing members 110 are capable of
      backward or lateral movement when engaged by the cutter or annular
      slot-cleaning blades 100, if these are also utilized, enabling the
      cutter-slot cleaning blades 100 to pass and keep the annular spaces 58
      between successive filter-dewatering rings 111 clean or unclogged.
      However, the bridging or slot-reducing member 110 has the resilience to
      spring back to bridge or reduce the annular spaces 58 after passage of the
      cutter-slot cleaning blades 100. The ring 111 of FIGS. 11 and 12 is
      fabricated or machined to provide a recessed surface 112 on the interior
      of the filter-dewatering ring 111 for attachment of the slot-reducing or
      space-bridging members 110 and enables a smooth and uniform inner surface
      113, with the members 110 in place, for the rotation of the spiral-helical
      blade or flight 76 of the screw conveyor 43 and conveyed solids. The
      members 110 shown to bridge or partially close the annular spaces 58
      between the filter-dewatering rings 111 may be stainless steel bristles or
      other suitable material.
PAR  FIG. 14 shows a rectangular in cross section circular filter-dewatering
      ring 115 along with a spring-loaded rough-surfaced or crimped wire 116
      serving as an annular space bridging or closing member. The side 117 of
      the ring 115 which forms one edge of an annular space 58 that lies between
      it and another closely spaced ring 115 is preferably machined with a
      groove to accept and position the spring-loaded wire 116. By the spring
      action of the wire slot-reducing or space-bridging member 116, the wire
      116 is capable of backward or lateral movement when engaged by the cutter
      or annular slot cleaning blade 100 enabling the blades 100 to pass and
      keep the annular spaces 58 between the filter-dewatering rings 115 clean
      or unclogged and the wire slot reducing or space-bridging member 116
      springing back to bridge or reduce the annular spaces 58 after passage of
      the cutter-slot cleaning blades 100.
PAR  FIG. 15 shows a filter-dewatering ring 120 having a rectangular access
      opening 121 normally plugged or closed by a plug 122. The access opening
      121 enables entry or access into the filter-dewatering structure 42 at
      each filter-dewatering ring 120, for such work as cleaning the
      filter-dewatering medium cleaning nozzles 90; inserting, positioning, or
      replacement of cutter or annular slot cleaning blades 100; or just general
      inspection.
PAR  As shown in FIGS. 16 and 17, bolting of a modified form of a
      filter-dewatering ring 124 to a reinforcement frame 125 enables
      disassemblage. Bolting also enables the annular spaces 58 between
      successive rings 124 to be varied with a change of the reinforcing frame
      125, utilizing the same filter-dewatering rings 124. FIGS. 16 and 17 show
      threaded filter-dewatering ring bolts with nuts 126 for bolting and
      holding together the rings 124 and its reinforcing frame 125 as a single
      unit. Disassemblage also enables replacement or resurfacing of the side
      edges 127 of the rings 124 when the annular spaces 58 formed by successive
      rings 124 exceed an established permissible spacing 58 and also enables
      replacement of a wire slot-reducing or space-bridging member 116 that may
      be utilized with the filter-dewatering ring 115 of FIG. 11. FIG. 16 also
      shows a threaded round access hole 128, normally plugged or closed by set
      screws 129.
PAC  MODIFIED FORMS OF SCREW CONVEYOR SHAFTS (FIG. 18) AND CLEANING NOZZLES
      (FIGS. 19 AND 20)
PAR  FIG. 18 illustrates a modified form of a central shaft 130 for the sludge
      compression and dewatered solids discharge screw conveyor 43. The shaft
      130 has ports 131 for air, steam, or other fluid, and these ports 131 may
      be adjustable, which are an integral part of, or are secured into position
      on, to add air, steam, or other fluid, to the sludge within the
      filter-dewatering structure 42. The air or steam for the ports or
      adjustable outlets 131 may enter the filter-dewatering press 40 via the
      conduit 93 which is aligned with and sealed by a rotating union 94 to the
      hollow central shaft 130, as in FIG. 5. Air or steam not required for the
      filter-dewatering medium cleaning nozzles 90 can then enter the sludge via
      the ports 131 in the screw conveyor shaft 130 to maximize dewatering of
      sludge at minimum cost.
PAR  As an alternative, air, steam, or other fluid may be added directly to the
      sludge prior to the press 40 proper by injection into the sludge inlet
      conduit 46 or the inlet connection 52, eliminating the fluid outlets 131
      and utilizing the screw conveyor central shaft 75 of FIG. 2.
PAR  FIGS. 19 and 20 show another embodiment wherein numerous cleaning nozzles
      90 are connected to a common air or other gas, steam, or water
      distribution pipe 132. The distribution pipe 132 follows within a U-shaped
      outer edge 135 of a helical blade or flight 136 of the screw conveyor 43
      as shown in FIG. 20, or it may be attached to the outer trailing surface
      of the blade 136. The common distribution pipe 132 is connected to the air
      or other gas, steam, or water-filled hollow central shaft 75 of the sludge
      compression and dewatered solids discharge screw conveyor 43 via two holes
      133 in the shaft 75, one at the sludge input end 51 and the other at the
      dewatered solids output opening 55, for distribution of the air or other
      gas, steam, or water to the filter-dewatering medium cleaning nozzles 90.
      A blocking plate 134 may be utilized to close or seal the hollow screw
      conveyor shaft 75 toward the dewatered solids output opening 55.
PAC  APPLICATION OF DIFFERENT LEVELS OF VACUUM (FIG. 21)
PAR  Different levels of vacuum may be applied to the initial cylindrical
      portion 50, the frustoconical portion 53, and the terminal cylindrical
      portion 54, by valves 140 and conduits 141, as shown in FIG. 21. In this
      case, the imperforate filtrate or liquid collection housing 41 is divided
      into three individual compartments 142, 143, and 144, surrounding the
      initial cylindrical portion 50, the frustoconical portion 53, and the
      terminal cylindrical portion 54, respectively. This is done by partitions
      145, with each compartment having a liquid or filtrate outlet 146
      connecting a common header conduit 147 which is connected to the vacuum
      pump 60.
PAC  PRESSES HAVING MODIFIED FORMS OF SCREW CONVEYORS (FIGS. 22-25)
PAR  In each of the screw conveyors of FIGS. 22-25, the blade 87 or 98, though
      not shown here, is generally present.
PAR  FIG. 22 shows a modified form of press 150 in which the filter-dewatering
      structure 42 is in combination with a modified form of combination
      sludge-compression and dewatered-solids-discharge screw conveyor 151. The
      screw conveyor 151 has a spiral-helical blade or flight 152 mounted on a
      central shaft 153 and conforming closely to the inner surface 74, within
      the initial cylindrical portion 50 and the frustoconical portion 53 only.
      The spiral-helical blade or flight 152 does not continue within the
      terminal cylindrical portion 54, in order that there be a dewatered solids
      or plug within the terminal cylindrical portion 54. The coil-spring blade
      87 or 98 of FIGS. 33-37 and the cleaning nozzles 90 are preferably
      utilized along with the cleaning blades 100 in the initial cylindrical
      portion 50 and the frustoconiical portion 53. The open areas of the
      annular space 58 between the filter-dewatering rings 56b in the terminal
      cylindrical portion 54 tend to remain clean and open, particularly when
      the filter-dewatering rings 56b or 104 of FIGS. 9 or 10 are utilized, due
      to the divergence of the annular space 58 and the flushing action of the
      filtrate on the solids held by the knife blade edges of the rings 56b or
      104 and the movement of the dewatered solids in the terminal cylindrical
      portion 54 by the screw conveyor 151 ahead of it.
PAR  FIG. 23 illustrates another embodiment of this invention whereas the
      structure 42 comprises a continuous wire 154 closely wound into a coil and
      held rigid by a reinforcing frame 155, which is a series of support rods
      156 with circular holding bands 157 The continuous wire 154 is here the
      filter-dewatering medium corresponding to the medium 48. The wire 154 has
      its inner surface 158 finished smooth as by grinding, to one-half as thick
      as the diameter of circular wire, which may be the original wire. Hence,
      the wire 154 is semicircular in cross section, to provide a uniform inner
      surface 158 and a narrow continuous spiral diverging slot or opening 159
      for filtrate or liquid passage, and for easy conveyance and discharge of
      the dewatered solids. To prevent plugging or blinding of the narrow
      continuous diverging slot or opening 159, defined by the space between the
      successive windings of the continuous wire 154, the cleaning or wiping
      blade 87 or 98 and the cleaning nozzles 90 are preferably utilized, being
      an integral part of, or attached to the outer edge 91 of the screw
      conveyor helical blade or flight 76, projecting out radially and spaced to
      discharge under pressure, a forceful blast of the air or other gas, steam,
      or water into the continuous spiral slot or opening 159, to positively
      dislodge material therein and keep the filter-dewatering medium unplugged,
      non-blinded, clean, and open.
PAR  FIG. 24 shows another embodiment of this invention having a somewhat
      different filter-dewatering structure 160 in place of the structure 42.
      The structure 160 comprises a flow-impeding filter-dewatering screen 161,
      held rigid within and supported by, a perforated housing 162, reinforced
      with reinforcing rods 163 and circular holding bands 164. The perforated
      housing 162 comprises a perforated metal sheet or screen having an initial
      cylindrical portion 165, which is rigidly attached to a frustoconical
      portion 166, which is rigidly attached to a smaller diameter terminal
      cylindrical portion 167. The housing 162 has holes 168. The
      filter-dewatering screen 161 of FIG. 24 preferably is a stainless steel
      screen with opening 169.
PAR  The perforated sheet or screen used in fabrication of this housing 162 may
      be of various thicknesses and may have various hole diameters providing
      various open areas. I have found that one-eighth inch stainless steel
      sheeting having three-sixteenth inch diameter round holes 168 at
      one-fourth inch staggered centers will provide approximately 53 percent
      open area and that the three sections 165, 166, and 167, along with the
      reinforcing rods 163 and the circular holding bands 164, will provide
      strength to carry the load of solids and pressures developed within the
      structure 160 and can be readily fabricated. The thickness of the screen
      161, and the diameter and location of the perforations or openings 169 may
      be of various dimensions to provide various open areas and to define the
      size of particle which the screen 161 will retain. I have found that 0.015
      inch plate thickness screen 161 with 0.015 inch nominal round openings
      169, which provides approximately 22 percent open area, will have a good
      solids capture when dewatering sewage sludge, and can be readily
      fabricated. The screen 161 may be manufactured by an electrolytic etching
      process. The screen 161 may be designed so as to avoid plugging or
      blinding at the perforations 169 by oversize material. The perforations or
      openings 169 are a tapered conical hole, largely tapered from the outside.
PAR  As the solids are deposited or retained on the inner surface 169a of the
      filter-dewatering screen 161 with the filtrate being expelled from the
      structure 160 via the perforations 169 or open area of the screen 161 and
      the holes 168 of the housing 162, the rotating sludge-compression and
      dewatered-solids-discharge screw conveyor 43 (preferably provided with the
      blade 87 or 98) cleans and scrapes the solids from the inner surface 169a
      of the screen 161 and conveys the sludge and solids through the structure
      160 for further pressing and dewatering, and out the dewatered solids
      output opening 55, relatively dry. To assist the blade 87 or 98 in
      preventing plugging or blinding of the perforations 169 or open area of
      the filter-dewatering screen 161 and interruption of continuous
      filtration-dewatering, the cleaning nozzles 90 are utilized, being an
      integral part of, or attached to the outer edge 91 of the screw conveyor
      helical blade or flight 76, projecting out radially and spaced to
      discharge under pressure, a forceful blast of the air or other gas, steam,
      or water into the perforations 169 of the screen 161, to positively
      dislodge material therein and keep the filter-dewatering screen 161
      unplugged, non-blinded, clean, and open.
PAR  The fine solids which have entered and become wedged in the perforations
      169 of the screen 161, tending to plug or blind the screen 161, and the
      small portions of large solids which have entered the perforations 169 but
      cannot pass through anad out due to the large portions of the solids being
      retained on the inner surface 169a, are dislodged and pass through and out
      with the filtrate with the blasting or cleaning action of the screen
      cleaning nozzles 90, when the helical blade or flight 76, along with the
      coil-spring blade 87 or 98, cuts and scrapes away the solids retained on
      the inner surface 169a.
PAR  FIG. 25 illustrates another embodiment of this invention. Here, there is a
      press 170 comprising a filter-dewatering cylindrical structure 171 and a
      rotating screw conveyor 172 with a central shaft 173 that is tapered,
      increasing in diameter toward a dewatered solids output opening 174. As a
      result, the pressure or compression is increased upon the sludge, and
      filtration, dewatering, or expression can be achieved. The structure 171
      has a filter-dewatering medium 175 shown as the closely spaced circular
      filter-dewatering rings 176 rectangular in cross section, but any of the
      types of rigidly held closely spaced circular filter-dewatering rings
      previously illustrated may be used and it may comprise a rigidly held
      continuous wire like the wire 154 or a rigidly held filter-dewatering
      screen like the screen 161.
PAR  To prevent plugging or blinding of the open area of the filter-dewatering
      medium 175, the blade 87 or 98 and the filter-dewatering medium-cleaning
      nozzles 90 are utilized; the nozzles 90 may be an integral part of, or
      attached to the outer edge 177 of the screw conveyor helical blade or
      flight 178, projecting out radially and spaced to discharge, under
      pressure, a forceful blast of the air or other gas, steam, or water into
      the open area of the filter-dewatering medium 175, to positively dislodge
      material therein and keep the open area unplugged, non-blinded, clean, and
      open. The cutter or annular slot cleaning blades 100 may also be utilized
      where appropriate to assist blade 87 or 98 and the nozzles 90 in keeping
      the filter-dewatering medium 175 unplugged, non-blinded, clean, and open.
PAR  Additional filter-dewatering medium 180 (shown dotted in FIG. 25) may be
      attached to the structure 171 by bolts 181 to increase the length of the
      structure 171 toward the output opening 174, and (in conjunction with the
      tapered central shaft 173 of the rotating screw conveyor 172) this
      increases the pressure or compression upon the sludge and varies the
      quantity and dryness of the dewatered solids being discharged out the
      output opening 174.
PAC  PLURAL-SECTION SCREW CONVEYORS (FIGS. 26-30)
PAR  FIGS. 26-30 illustrate a group of modified embodiments of this invention
      wherein plural-section screw conveyors are utilized within a
      filter-dewatering structure. Here again, the blade 87 or 98 is preferably
      present, though not shown in the drawings. Each section of the screw
      conveyor is capable of being rotated at a different speed, and the
      difference in speeds is used to regulate the quantity and dryness of the
      dewatered solids being discharged from the press. A differential gear
      drive, such as a planetary gear drive may be used to obtain the
      differential speed desired. A double-shaft drive unit may be used to drive
      both shafts concentric to each other, so that each shaft and each conveyor
      section can have independent speed of rotation. The differential speed of
      rotation between the screw conveyor sections may be controlled
      automatically by a torque-sensing actuator device wired to the drive unit.
      The filter-dewatering structure 42 of FIG. 2 is shown; however, other
      filter-dewatering structures previously described may be used.
PAR  In FIG. 26, a press 200 comprises the structure 42 in combination with a
      screw conveyor 201. The screw conveyor 201 has a spiral-helical blade or
      flight 202 in the terminal cylindrical portion 54 of the
      filter-dewatering-expression press 200, the filtrate housing 41 not being
      shown. The blade 202 is the dewatered solids discharge screw conveyor
      section. The flight or blade 202 is mounted on an outer shaft 203 which
      slips over, is concentric to, and rotates around a reduced diameter
      portion 204 of a main shaft 205 for the screw conveyor 201. The shaft 203
      is supported for rotation relative to the shaft portion 204 by bearings
      206, and sealed by a seal 207 to the main shaft 205. There is a space 209
      between the shaft 203 and the shaft portion 204. The main shaft 205
      supports a spiral-helical blade or flight 208 in the initial cylindrical
      portion 50 and in the frustoconical portion 53 of the structure 42. This
      blade 208 may be referred to as the sludge feed and compression screw
      conveyor section, and it is a continuous spiral-helical blade; it follows
      closely the uniform inner surface 74 of the initial cylindrical portion 50
      and of the frustoconical portion 53. Both blades 202 and 208 of the screw
      conveyor 201 are of the same "hand," and rotate in the same direction of
      rotation. The helical blade or flight 202 follows closely the uniform
      inner surface 74 of the terminal cylindrical portion 54. The coil-spring
      wiping or cleaning blade 87 or 98 and the cleaning nozzles 90 are utilized
      as before along with cutter or annular slot cleaning blades 100 in the
      initial cylindrical portion 50 and in the frustoconical portion 53, and
      the cutter or annular slot cleaning blades 100 may be utilized in the
      terminal cylindrical portion 54. Also, a coil-spring blade 87 or 98 and
      cleaning nozzles 90 may be utilized in the terminal cylindrical portion
      54. The fluid for the nozzles 90 may be introduced into the space 209 and
      by using distribution pipes (not shown) to connect the space 209 to the
      nozzles 90.
PAR  FIG. 27 illustrates a press 210 which is like the press 200 of FIG. 26
      except that it has a spiral-helical blade or flight 211 in the dewatered
      solids discharge section 54 which does not follow closely the uniform
      inner surface 74 of the terminal cylindrical portion 54. Instead, the
      diameter of the spiral-helical blade or flight 211 is approximately
      one-half the diameter of the dewatered solids output opening 55. Its edge
      212 thus does not wipe the surface 74 but is spaced apart from it. No
      coil-spring blade 87 or 98, no cleaning nozzles 90, and no cutter or
      annular slot cleaning blades 100 are utilized in the terminal cylindrical
      portion 54.
PAR  FIG. 28 shows a press 215 much like the press 210 and differing only in
      that it has screw conveyor section 216 in the terminal cylindrical portion
      54 that is of different "hand" from the main screw conveyor 208 in the
      initial cylindrical portion 50 and in the frustoconical portion 53. The
      dewatered solids discharge screw conveyor section 216 in the terminal
      cylindrical portion 54 does not follow closely the uniform inner surface
      74, but its edge 217 spaced from it, like the diameter of the edge 212 of
      the screw 211 of FIG. 27. The spiral-helical blade or flight 208 may be an
      interrupted helical or spiral flight arrangement, and the helical blade or
      flight 216 may be replaced by a single flight ribbon. Preferably, a
      coil-spring wiping or cleaning blade 87 or 98 and cleaning nozzles 90,
      along with the cutter or annular slot cleaning blades 100, are utilized in
      the initial cylindrical portion 50 and in the frustoconical portion 53.
PAR  FIG. 29 shows a press 220 having another type of plural-section
      sludge-compression and dewatered-solids-discharge screw conveyor. A
      helical blade or flight section 221 in the frustoconical portion 53 and in
      the terminal cylindrical portion 54 is a continuous helical blade, and is
      mounted on an outer tubular shaft 222 which slips over, is concentric
      with, and rotates around a reduced-diameter portion 223 of a shaft 224.
      The shaft 222 is supported for rotation relative to the shaft portion 223
      by bearings 225 and is sealed by a seal 226. A screw conveyor section 227
      in the initial cylindrical portion 50 comprises a spiral-helical blade or
      flight mounted on the shaft 224. Both screw conveyor sections 221 and 227
      rotate in the same direction of rotation in this embodiment, and are both
      of the same "hand."  Both spiral-helical blades 221 and 227 follow closely
      the uniform inner surface 74 of the initial cylindrical portion 50 and of
      the frustoconical portion 53 and may follow closely the uniform inner
      surface 74 of the terminal cylindrical portion 54, as in FIG. 29.
      Preferably, a coil-spring wiping blade 87 or 98 and cleaning nozzles 90
      are utilized, along with the cutter or annular slot cleaning blades 100 in
      the initial cylindrical portion 50. Both a coil-spring blade 87 or 98 and
      cutter or annular slot cleaning blades 100 may be utilized in the
      frustoconical portion 53 and in the terminal cylindrical portion 54.
      Cleaning nozzles 90 may also be utilized in the portions 53 and 54 by
      conducting their fluid via the space 228 between the shaft 222 and the
      shaft portion 223 and by using distribution pipes (not shown) to connect
      the space 228 to the nozzles 90.
PAR  FIG. 30 shows a press 230 generally like the press 220 and differing only
      in that it has a spiral-helical blade or flight 231, which in the terminal
      cylindrical portion 54 does not follow closely the uniform inner surface
      74, but instead, in that portion has a diameter approximately one-half the
      diameter of the dewatered solids output opening 55. No coil-spring blade
      87 or 98, no cutter or annular slot cleaning blades 100, and no cleaning
      nozzles 90 are utilized in this terminal cylindrical portion 54.
PAR  The differential speed of rotation of the plural-section sludge compression
      and dewatered solids discharge screw conveyors and the counter pressure
      which can be created in the different portions of the structure 42 of
      FIGS. 26, 27, 29, and 30, and the counterdischarge effect as in FIG. 28
      when the screw conveyor sections 208 and 216 are of opposite "hand," along
      with other design parameters of the dewatering press enable regulation of
      the detention time of the sludge within the different portions 50, 53, and
      54 changing the dewatering and compression rates within the different
      portions 50, 53, and 54, therefore controlling the quantity and dryness of
      the dewatered solids discharged from the press.
PAC  ANOTHER MODIFIED FORM OF SCREW CONVEYOR (FIGS. 31 and 32)
PAR  FIG. 31 illustrates still another embodiment wherein the diameter of the
      central shaft 75 of the screw conveyor 43 may be increased if desired. For
      example, such an increase may be desired if the nature and consistency of
      the sludge to be dewatered warrants it. Increase in the diameter of the
      shaft reduces the volume within the filter-dewatering structure 42 or
      extrusion channel 77, and at the same time, decreases the dewatered solids
      output opening 55, increasing the pressure or compression upon the sludge
      and varying the quantity and dryness of the dewatered solids being
      discharged out the output opening 55. This can be done by one single
      adjustment or addition to the dewatering press 40, namely, by using a
      removable spiral shaft wrap 240, rotated over and wound around, covering
      the constant diameter central shaft 75, threading the constant-pitch
      spiral-helical blade or flight 76 of the screw conveyor 43, and held into
      position as by set screws 241. The blade 87 or 98, though not shown
      specifically in the drawings is preferably present.
PAR  FIG. 32 shows the removable continuous spiral shaft wrap 240 removed from
      the constant pitch spiral-helical blade or flight 76 of the constant
      diameter central shaft 75 of the screw conveyor 43. The wrap 240 has a
      spiral slot 242 for threading the constant pitch spiral-helical blade or
      flight 76. The shaft wrap 240 may be formed or rolled steel.
PAR  For the central shaft 75 of the screw conveyor 43 which has a variable
      pitch blade or flight 76, as in FIG. 2, the covering or shaft wrap 240 may
      be cut to fit, plasticized polyvinyl chloride or rubber material, wrapped
      or wound and held rigid as by set screws 241 of the central shaft 75,
      decreasing the volume within the structure 42 or solids extrusion channel
      77 and decreasing the dewatered solids output opening 55, increasing the
      pressure or compression upon the sludge or solids and varying the quantity
      and dryness of the dewatered solids being discharged out the output
      opening 55.
PAR  Pressures inside the filter-dewatering-expression press 40 may reach 2000
      lb./sq.in. or more. The exact pressure will depend upon the design
      parameters of the individual press and the nature and consistency of the
      sludge or slurry to be dewatered.
PAR  The speed of rotation of the sludge compression and dewatered solids
      discharge screw conveyor 43 may vary from about 10 rpm to over 200 rpm.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for dewatering sludge, including in combination:
PA1  a filter-dewatering shell having an initial portion, a succeeding portion
      and a terminal portion, each comprising means for exit of fluid and
      retention of solid particles,
PA1  filtrate collection means outside said shell and spaced therefrom for
      collecting filtrate,
PA1  central shaft means along the axis of said filter-dewatering shell, the
      distance between said shaft means and said shell being a constant maximum
      distance in said initial portion and decreasing in said succeeding portion
      to a minimum in said terminal portion,
PA1  wiping, compressing, and filter-cake-discharging means secured to said
      shaft means and wiping the inner surfaces of said shell,
PA1  power means for rotating said shaft means,
PA1  nozzle means on the outer edge of said wiping, compressing, and
      filter-cake-discharging means facing said shell, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out said means for exit.
NUM  2.
PAR  2. The device of claim 1 wherein said wiping, compressing, and
      filter-cake-discharging means comprises a spiral-helical blade provided
      with a coil-spring wiping blade positioned along the radially outer edge
      of said spiral-helical blade.
NUM  3.
PAR  3. The device of claim 2 wherein said spiral-helical blade is provided with
      radially outwardly extending conduits leading to said nozzle means, said
      shaft means having passage means connected to said conduits and comprising
      therewith part of said fluid supply means.
NUM  4.
PAR  4. The device of claim 2 wherein said coil-spring wiping blade comprises a
      metal spring rectangular in cross section with one end secured rigidly to
      said spiral-helical blade.
NUM  5.
PAR  5. The device of claim 4 wherein said wiping blade is positioned to one
      side of said radially outer edge of said spiral-helical blade by a series
      of guide clips secured to said spiral-helical blade.
NUM  6.
PAR  6. The device of claim 2 wherein said wiping blade comprises a continuous
      strip of plastic, rectangular in cross section and containing a
      coil-spring wire.
NUM  7.
PAR  7. The device of claim 2 wherein said spiral-helical blade has a groove in
      its said radially outer edge and said wiping blade is positioned therein.
NUM  8.
PAR  8. The device of claim 1 wherein said wiping, compressing, and
      filter-cake-discharging means comprises a spiral-helical blade provided
      with radially outwardly extending conduits leading to said nozzle means,
      said shaft means having passage means connected to said conduits and
      comprising therewith part of said fluid supply means.
NUM  9.
PAR  9. The device of claim 1 wherein said wiping, compressing, and
      filter-cake-discharging means comprises a spiral-helical blade with a
      conduit along its radially outer edge connected to said nozzle means, said
      shaft means having a passage therein connected to said conduit.
NUM  10.
PAR  10. The device of claim 1 wherein said shell comprises a series of metal
      rings spaced longitudinally from each other.
NUM  11.
PAR  11. The device of claim 10 wherein said rings are rectangular in cross
      section and are provided with side walls in one of which is a groove, and
      spring loaded wire means in said groove, for normally closing the space
      between adjacent rings but yieldable, said wiping, compressing, and
      filter-cake-discharging means carrying cleaning blades thereon that extend
      into said spaces.
NUM  12.
PAR  12. The device of claim 1 wherein said shell comprises a spiral-helical
      wire with its successive loops spaced apart.
NUM  13.
PAR  13. The device of claim 1 wherein said shell comprises a perforated metal
      sheet.
NUM  14.
PAR  14. The device of claim 1 having ports in said shaft means, said shaft
      means being hollow and forming part of said fluid supply means, whereby
      fluid issues from said ports as well as from said nozzle means.
NUM  15.
PAR  15. The device of claim 1 having vacuum means connected to said filtrate
      collection means.
NUM  16.
PAR  16. A device for dewatering sludge, including in combination:
PA1  a filter-dewatering shell having an initial portion, a succeeding portion,
      and a terminal portion, each comprising a series of longitudinally and
      closely spaced-apart generally circular loops that present a smooth inner
      surface interrupted only by the space between successive loops,
PA1  support means aligning and retaining all said loops in place,
PA1  filtrate collection means outside said shell and spaced therefrom for
      collecting filtrate,
PA1  central shaft means along the axis of said filter-dewatering shell, the
      distance from said shaft means to said shell being constant in said
      initial and terminal portions, the distance being shorter in said terminal
      portion than in said initial portion, the distance between said shaft
      means and said shell varying in said intermediate portion between the
      distance in said initial portion to that of said terminal portion,
PA1  wiping, compressing, and filter-cake-discharging means secured to said
      shaft means in said initial, succeeding, and terminal portions, and wiping
      the inner surfaces of said loops,
PA1  power means for rotating said shaft means,
PA1  nozzle means on said wiping, compressing, and filter-cake-discharging means
      facing spaces between said loops, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out said spaces between loops.
NUM  17.
PAR  17. The device of claim 16 wherein said shaft means includes passage means
      that is part of said fluid supply means and ports for venting fluid
      directly from said shaft means in addition to said nozzle means.
NUM  18.
PAR  18. The device of claim 16 wherein said loops comprise a series of metal
      rings.
NUM  19.
PAR  19. The device of claim 16 wherein said loops comprise helically wound
      wire.
NUM  20.
PAR  20. The device of claim 16 wherein said wiping, compressing, and
      filter-cake-discharging means comprise a spiral-helical blade provided
      with interior generally radially extending conduits leading to said nozzle
      means, said shaft means including a main conduit connected to said
      radially extending conduits, all said conduits comprising part of said
      fluid supply means.
NUM  21.
PAR  21. The device of claim 16 wherein said wiping, compressing, and
      filter-cake-discharging means comprise a spiral-helical blade with a
      radially outer edge, a conduit running along said outer edge and connected
      to said nozzle means, conduit means connecting said conduit to said shaft
      means, said shaft means having a passage for fluid connected to said
      conduit means and forming therewith and with said conduit part of said
      fluid supply means.
NUM  22.
PAR  22. The device of claim 16 wherein said wiping, compressing, and
      filter-cake-discharging means comprise a spiral-helical blade having a
      coil-spring wiping means positioned along a radially outer edge thereof.
NUM  23.
PAR  23. The device of claim 16 wherein said filtrate collection means comprises
      separate compartments for each of said initial, intermediate, and terminal
      portions, vacuum means, and separate valve means connecting each said
      compartment to said vacuum means.
NUM  24.
PAR  24. The device of claim 16 wherein said initial and terminal portions are
      cylindrical, said terminal portion being smaller in diameter than said
      initial portion, said intermediate portion being frustoconical to connect
      said initial and terminal portions, said shaft means being cylindrical.
NUM  25.
PAR  25. The device of claim 24 having a removable spiral wrap member for
      changing the diameter of said shaft means.
NUM  26.
PAR  26. The device of claim 16 wherein said shell is cylindrical throughout and
      said shaft means is cylindrical in said initial and terminal portions,
      being much larger in diameter in said terminal portion than in said
      initial portion, said intermediate portion being frustoconical to join
      said initial and terminal portions.
NUM  27.
PAR  27. The device of claim 16 having vacuum means connected to said filtrate
      collection means.
NUM  28.
PAR  28. A device for dewatering sludge, including in combination:
PA1  a filter-dewatering shell having an initial portion, a succeeding portion
      and a terminal portion, each comprising a series of longitudinally and
      closely spaced-apart generally circular loops that present a smooth inner
      surface interrupted only by the space between successive loops,
PA1  support means aligning and retaining all said loops in place,
PA1  filtrate collection means outside said shell and spaced therefrom for
      collecting filtrate,
PA1  central shaft means along the axis of said filter-dewatering shell, the
      distance from said shaft means to said shell being greatest and being
      constant in said initial portion and diminishing in said succeeding
      portion to a smaller constant distance in said terminal portion,
PA1  conveying and wiping means secured to said shaft means in said initial and
      succeeding portions, and wiping the inner surfaces of both said initial
      and succeeding portions,
PA1  power means for rotating said shaft means,
PA1  nozzle means on said conveying and wiping means facing the spaces between
      said loops, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out said spaces between loops.
NUM  29.
PAR  29. The device of claim 28 having said conveying and wiping means only in
      said initial and succeeding portions.
NUM  30.
PAR  30. The device of claim 28 having conveying means in said terminal portion
      spaced away from said inner surface.
NUM  31.
PAR  31. The device of claim 28 having vacuum means connected to said filtrate
      collection means.
NUM  32.
PAR  32. The device of claim 28 wherein said conveying and wiping means includes
      spiral-helical blade means having a radially outer edge and coil-spring
      blade means supported by said spiral-helical blade means adjacent said
      outer edge.
NUM  33.
PAR  33. A device for dewatering sludge, including in combination:
PA1  a filter-dewatering shell having an initial portion, a succeeding portion
      and a terminal portion, each comprising means for exit of fluid and
      retention of solid particles,
PA1  filtrate collection means outside said shell and spaced therefrom, for
      collecting filtrate,
PA1  a main shaft along the axis of said filter-dewatering shell in said initial
      and succeeding portions and having a reduced-diameter portion in said
      terminal portion in said terminal portion,
PA1  a secondary shaft rotatably mounted on said reduced-diameter portion of
      said main shaft in said terminal portion,
PA1  a main sludge compression blade secured to said main shaft in said initial
      and succeeding portions, said blade providing means for wiping the inner
      surfaces thereof,
PA1  a filter-cake-discharging blade secured in said terminal portions to said
      secondary shaft,
PA1  power means for rotating said shafts at different speeds relative to each
      other,
PA1  nozzle means on said main blade, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out said means for exit.
NUM  34.
PAR  34. The device of claim 33 having in addition
PA1  second nozzle means on said filter-cake-discharging blade, and
PA1  second fluid supply means for supplying said second nozzle means with
      fluid.
NUM  35.
PAR  35. A device for dewater sludge, including in combination:
PA1  a filter-dewatering shell having an initial portion, a succeeding portion
      and a terminal portion, each comprising means for exit of fluid and
      retenrion of solid particles,
PA1  filtrate collection means outside said shell and spaced therefrom, for
      collecting filtrate,
PA1  a main shaft along the axis of said filter-dewatering shell in said initial
      portion having a reduced-diameter portion in said succeeding portion and
      said terminal portion,
PA1  a secondary shaft rotatably mounted on said reduced-diameter portion of
      said main shaft in said succeeding and terminal portions,
PA1  a main sludge compression blade secured to saiid main shaft in said initial
      portion, and having means for wiping the inner surfaces thereof,
PA1  sludge compession and filter-cake-discharging blade secured in said
      succeeding and terminal portions to said secondary shaft,
PA1  power means for rotating said shafts at different speeds relative to each
      other,
PA1  nozzle means on said main wiping blade, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out said means for exit.
NUM  36.
PAR  36. The device of claim 35 having
PA1  second nozzle means on said sludge compression and filter-cake-discharging
      blade, and
PA1  second fluid supply means for supplying said second nozzle means with
      fluid.
NUM  37.
PAR  37. A device for dewatering sludge, including in combination:
PA1  a filter-dewatering shell having an initial portion, a succeeding portion,
      and a terminal portion, each comprising a perforate housing having an
      interior surface and a screen supported on said interior surface and
      itself having an inner surface,
PA1  filtrate collection means outside said shell and spaced therefrom for
      collecting filtrate,
PA1  central shaft means along the axis of said filter-dewatering shell, the
      distance from said shaft to said shell being constant in said initial and
      terminal portions, the distance being shorter in said terminal portion
      than in said initial portion, the distance between said shaft and said
      shell varying in said intermediate portion between the distance in said
      initial portion to that of said terminal portion,
PA1  wiping, compressing, and filter-cake-discharging means secured to said
      shaft means in said initial, succeeding, and terminal portions, and wiping
      the inner surfaces of said screen,
PA1  power means for rotating said shaft means,
PA1  nozzle means on said wiping, compressing, and filter-cake-discharging means
      facing said screen, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out the screen.
NUM  38.
PAR  38. The device of claim 37 wherein said wiping, compressing, and
      filter-cake-discharging means comprises a spiral-helical blade provided
      with a coil-spring wiping blade positioned along a radially outer edge of
      said spiral-helical blade.
NUM  39.
PAR  39. The device of claim 38 wherein said spiral-helical blade has interior
      generally radially extending conduits leading to said nozzle means, said
      shaft means including a main conduit connected to said radially extending
      conduits, all said conduits comprising part of said fluid supply means.
NUM  40.
PAR  40. The device of claim 37 having vacuum means connected to said filtrate
      collection means.
NUM  41.
PAR  41. A device for dewatering sludge, including in combination:
PA1  a filter-dewatering cylindrical shell comprising a series of longitudinally
      and closely spaced-apart generally circular loops that present a smooth
      inner surface interrupted only by the space between successive loops,
PA1  support means aligning and retaining all said loops in place,
PA1  filtrate collection means outside said shell and spaced therefrom for
      collecting filtrate,
PA1  a central shaft along the axis of said filter-dewatering shell and having
      an initial portion, a succeeding portion, and a terminal portion, said
      shaft being cylindrical in said initial portion and frustoconical in said
      intermediate portion, enlarging to a maximum diameter in said terminanl
      portion,
PA1  wiping, compressing, and filter-cake-discharging means secured to said
      shaft in at least said initial and succeeding portions, and wiping the
      inner surfaces of said loops,
PA1  power means for rotating said shaft,
PA1  nozzle means on said wiping, compressing, and filter-cake-discharging means
      facing the spaces between said loops, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out said spaces between loops.
NUM  42.
PAR  42. The device of claim 41 wherein said loops comprise a series of metal
      rings.
NUM  43.
PAR  43. The device of claim 41 wherein said wiping, compressing, and
      filter-cake-discharging means comprises a spiral-helical blade with a
      radially outer edge and a coil-spring blade secured to said spiral-helical
      blade at one end and positioned along said outer edge.
NUM  44.
PAR  44. The device of claim 41 wherein said loops comprise helically wound
      wire.
NUM  45.
PAR  45. The device of claim 41 wherein said wiping, compressing, and
      filter-cake-discharge means comprises a spiral-helical blade provided with
      interior generally radially extending conduits leading to said nozzle
      means, said shaft including a main conduit connected to said radially
      extending conduits, all said conduits comprising part of said fluid supply
      means.
NUM  46.
PAR  46. The device of claim 41 having vacuum means connected to said filtrate
      collection means.
NUM  47.
PAR  47. A device for dewatering sludge, including in combination:
PA1  a filter-dewatering shell having an initial portion, a succeeding portion
      and a terminal portion, each comprising a series of longitudinally and
      closely spaced-apart generally circular loops that present a smooth inner
      surface interrupted only by the space between successive loops,
PA1  said loops being metal with radial side walls, one of which has a groove
      therearound,
PA1  spring loaded wire means seated in said groove and yieldingly extending
      into said space between successive loops,
PA1  support means aligning and retaining all said loops in place,
PA1  filtrate collection means outside said shell and spaced therefrom for
      collecting filtrate,
PA1  vacuum means outside said shell connected to said filtrate collection
      means,
PA1  central shaft means along the axis of said filter-dewatering shell, the
      distance from said shaft means to said shell being greatest and being
      constant in said initial portion and diminishing in said succeeding
      portion to a smaller constant distance in said terminal portion,
PA1  wiping, compressing, and filter-cake-discharging means secured to said
      shaft means and wiping the inner surfaces of at least said initial and
      succeeding portions,
PA1  power means for rotating said shaft means,
PA1  cleaning blades mounted on said wiping, compressing, and
      filter-cake-discharging means and extending into the spaces between loops
      and forcing said spring loaded wire means to yield during rotation of said
      shaft means,
PA1  nozzle means on said wiping, compressing, and filter-cake-discharging means
      facing the spaces between said loops, and
PA1  fluid supply means for supplying said nozzle means with fluid for cleaning
      out said spaces between loops.
NUM  48.
PAR  48. The device of claim 47 wherein said wiping, compressing, and
      filter-cake-discharging means comprises a spiral-helical blade having a
      radially outer edge and a coilspring wiping blade positioned along said
      radially outer edge.
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ABST
PAL  In an automatic mail processing apparatus, the mail is fed one by one by a
      feeding mechanism to a transport path having a stamp detecting station and
      a canceling station. At the former station, each piece of the mail is
      scanned by a pair of detectors which determine the presence or absence of
      a stamp at the lower end portion of both surfaces of the piece of mail. In
      the absence of a stamp at the particular portion, the piece of mail is
      switched to another transport path where it is reversed for subsequent
      rescanning. When the reversed piece of the mail is fed back to the
      transport path, the operation of the feeding mechanism is temporarily
      stopped to prevent the reversed piece of the mail from meeting with
      subsequent pieces of the mail to be fed by the mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an automatic mail processing apparatus, and more
      particularly, to an automatic mail processing apparatus adapted to a post
      office of a medium or small scale.
PAR  A conventional automatic mail processing apparatus is designed, as clearly
      stated in an article titled "AUTOMATIC MAIL FACING AND CANCELLING
      APPARATUS" published in the Technical Journal of Nippon Electric Company,
      Limited, No. 94, Aug. 1969, pp 24 - 29, and in another article titled
      "AUTOMATIC LETTER FACING" compiled in the proceedings of the CONFERENCE ON
      BRITISH POSTAL ENGINEERING published by The Institute of Mechanical
      Engineers, 1970, to be adapted for installation in a large-scale post
      office wherein forty or fifty thousand or more pieces of mail such as
      envelopes and postcards are processed a day. For this reason, these
      conventional apparatuses necessarily have a complicated mechanism and
      control function therefor, and require a large space for installation.
      This makes the apparatus as a whole more expensive and its maintenance
      work more complicated and costly.
PAR  On the other hand, it has become necessary to mechanize the mail processing
      in a medium- or a small-scale post office with a processing capacity of
      less than thirty thousand pieces of mail. Such post office does not
      usually have sufficient space for installation of a large scale apparatus
      such as the above-mentioned conventional mail handling apparatus requiring
      large space for installation. Furthermore, it is not economical for such a
      post office to use a mail handling apparatus with a high processing
      capacity, e.g., a high processing speed as in the conventional apparatus.
      A reduced cost of manufacture is more important for such use even if the
      processing capacity is considerably sacrificed.
PAR  It is, therefore, an object of this invention to provide an improved
      automatic mail processing apparatus with a simplified mechanism adapted to
      a medium or a small scale post office.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is provided an improved automatic mail
      processing apparatus in which mail fed from a feeder to a postage stamp
      detector to detect postage stamps thereon for subsequent cancellation of
      the detected postage stamps by a canceler. Those pieces of mail on which
      postage stamps are not detected are reversed and then supplied again to
      the postage stamp detector.
PAR  The features and advantages of this invention will be better understood
      from the following detailed description of a preferred embodiment of this
      invention taken in conjunction with the accompanying drawings, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an embodiment of this invention;
PAR  FIG. 2 shows various positions assumed by the mail having postage stamps
      thereon; and
PAR  FIG. 3 is a block diagram of an electrical control unit of the embodiment
      shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an embodiment of this invention comprises a feeder 1
      designed to feed the mail one by one. Those pieces of mail which are of
      mechanically processable size are fed from the feeder 1 by a feeding belt
      2 one by one to a transport path 3 provided by a pair of conveyor endless
      belts 4. The mail held in a sandwich fashion between the conveyor belts 4
      supplied at a constant feeding speed to a postage stamp detecting station
      5.
PAR  The mail fed from the feeder 1 is classified into five positions (a), (b),
      (c), (d) and (e) according to the position of postage stamps thereon, as
      shown in FIGS. 2(a) through 2(e). In the position (a), the postage stamp
      is on the lower leading portion of the back surface of the mail with
      respect to the transporting direction shown by the arrow A, while in the
      position (b), the stamp lies on the lower trailing portion of the front
      surface. Similarly, in the position (c), it is on the upper leading
      portion of the front surface, while on the upper trailing portion of the
      back surface in the position (d). FIG. 2(e) shows the case where there is
      no stamp on the mail. The stamp detecting station 5 comprises a
      back-surface lower leading-portion stamp detector 5a for detecting the
      stamp on the mail as in the position (a) by scanning a lower portion on
      the back surface of the mail, and a front-surface lower-trailing portion
      stamp detector 5b for detecting the stamp as in the position (b) by
      scanning a lower portion on the front surface. These stamp detectors are
      provided on opposite sides, respectively, of the transport path 3. One
      example of these detectors 5a and 5b is described in the U.S. Pat. No.
      3,745,527, assigned to the assignee of this application and entitled
      "ELECTROOPTICAL DEVICE FOR DISCRIMINATING A PREDETERMINED PATTERN FROM
      OTHERS BY DETECTING PRESELECTED COLOR CHANGES IDENTIFYING THE PATTERN".
PAR  The postage stamps on the mail in the positions (a) and (b) are detected by
      the detectors 5a and 5b, respectively. Those pieces of mail, passing
      through the detecting station 5, are fed to a canceling station 6 having
      cancelers 6a and 6b which are provided downstream of the stamp detectors
      and adapted for the mail matters in the positions (a) and (b),
      respectively. The postage stamps on the pieces of mail in the positions
      (a) and (b) are canceled by the cancelers 6a and 6b, respectively, and the
      cancelers 6a and 6b are not actuated unless the postage stamp is detected
      in the detecting station 5. Thus, when the pieces of mail in the positions
      (c), (d) and (e) are passed through station 5, cancellers 6a and 6b will
      not be actuated.
PAR  The mail passed through the canceling station 6 is fed to a branching or
      switching station having branching devices 7, 9 and 10. One example of
      these branching devices 7, 9 and 10 is described in the U.S. Pat. No.
      3,724,657, assigned to the same assignee of this application and entitled
      "SWITCHING DEVICE FOR DELIVERING SHEET-LIKE ARTICLES".
PAR  The piece of mail in the position (a) is, after being canceled by the
      canceler 6a, switched from its transport path to a first branching path by
      the branching device 7 and fed to a first stacker 8. Similarly, the piece
      of mail in the position (b), canceled by the canceler 6b, is switched from
      its transport path to a second branching path by the branching device 10
      and fed to a second stacker 11. The pieces of mail in the remaining
      positions (c), (d) and (e) are switched to a return path 13 by the
      branching device 9. The canceling at the canceling station 6 and the
      switching from the transport path by the branching device 7, 9 or 10 are
      timed under the control of the unit shown in FIG. 3 in response to a
      detected signal from a light coupler 17 and a stamp signal from the
      detecting station 5 as will be described in detail hereinafter. The light
      coupler 17 is of the conventional type comprising a light source and a
      photodetector and is provided in the transport path 3 upstream of the
      stamp detectors 5a and 5b.
PAR  The mail switched to the return path 13 by the branching device 9 is passed
      through a reversing station 14 in the return path 13 for flipping over, or
      turning over a piece of mail. Therefore, the pieces of mail in the
      positions (c) and (d) are changed to the positions (a) and (b),
      respectively, by being passed through the reversing station 14. The
      reversed pieces of mail are fed to an aligning station 15 in the return
      path 13 to align the lower sides thereof with each other, and fed again to
      the transport path 3 and the detecting station 5 for the re-scanning of
      the lower portion of the reversed pieces of mail. The piece of mail
      aligning means are well known, see for example, U.S. Pat. No. 3,203,534,
      from the return path 13 is now in the position (a), (b) or (e).
PAR  When the mail is fed from the return path 13 to the transport path 3, the
      rotation of the feeding belt 2 of the feeder 1 is temporarily stopped in
      response to a detected signal from a light coupler 16 so as not to meet
      with the pieces of mail to be fed from the feeder 1. The light coupler 16
      is also of the conventional type similar to the light coupler 17. The
      pieces of mail which are in the positions (a) and (b) and fed to the
      transport path 3 are similarly processed, that is, subjected to the
      postage stamp detection by the detectors 5a and 5b, cancelled by the
      cancelers 6a and 6b, and fed to the stackers 8 and 11, respectively. The
      piece of mail in the position (e), after being fed from the return path 13
      and re-scanned, is fed to a third stacker 12 without actuating any of the
      switching devices 7, 9 and 10 in response to the detected signal from the
      light bar 16 and the signal from the detecting station 5.
PAR  Referring to FIG. 3, the electrical control unit of the embodiment shown in
      FIG. 1 includes the light coupler 17 composed of a lamp 17a and a
      photodetector 17b, and the detecting station 5 comprising the detectors 5a
      and 5b, a delay circuit 5c, AND circuits 5d and 5e and INHIBIT circuits 5f
      and 5g. When a piece of mail traverses the light from the lamp 17a, a
      signal 104 is obtained at the photodetector 17b. Then, the mail is fed to
      the detecting station 5 which produces detected signals 101, 102 and 103
      representing the positions (a) and (b) and the absence of a stamp on the
      lower side, respectively. In other words, when the pieces of mail in the
      positions (a) and (b) are fed to the detecting station 5, the signals 101
      and 102 are obtained from the detectors 5a and 5b, respectively, which are
      then reset by the signal 104 representing the immediately following piece
      of mail coming into the light coupler 17. The signals 101 and 102 are also
      applied to inhibit terminals of the INHIBIT circuit 5f so as to inhibit
      the signal 104 delayed by the delay circuit 5c. The delay time of the
      delay circuit 5c is defined to equal the time period in which a piece of
      mail is transported from the light coupler 17 to the detecting station 5.
      Therefore, the signal 103 is obtained from the INHIBIT circuit 5f when the
      piece of mail has no stamp on the lower portion, i.e., is in the position
      (c), (d) or (e).
PAR  The signals 101, 102 and 103 are applied through the AND circuits 5d and 5e
      and the INHIBIT circuit 5g to shift registors 31, 32 and 33, respectively,
      to which a clock pulse 105 is applied from a clock pulse generator 34.
      Because the clock pulse 105 is synchronized with the transportation of the
      conveyor belt 4, the shifting of the signals 101, 102 and 103 in the shift
      registors 31, 32 and 33 is also synchronized with the transportation of
      the conveyor belt or the mail. After the lapse of time during which the
      mail is transported from the detectors 5a and 5b to the cancelers 6a and
      6b, canceler driving signals 106 and 107 are obtained from the shift
      registors 31 and 32 and applied to canceler drivers 6c and 6d to actuate
      the cancelers 6a and 6b, respectively. Furthermore, when the mail
      transported from the detecting station 5 arrives at the branching devices
      7, 10 and 9 after application of certain numbers of the clock pulses to
      the shift registors 31, 32 and 33, driving signals 108, 109 and 110 for
      the branching devices 7, 10 and 9 are obtained from the shift registors
      31, 32 and 33 and applied to drivers 7', 10' and 9', whereby the mail is
      transported to the stackers 8 and 11 and to the return path 13,
      respectively.
PAR  The mail travelling through the return path 13 traverses the light from a
      lamp 16a, whereby a signal 111 is produced by a photodetector 16b. The
      signal 111 is applied to a delay circuit 35 and delayed by a length of
      time sufficient to prevent the piece of mail from the return path 13 from
      meeting with that to be fed from the feeder 1. The delayed signal 112 is
      applied to a belt driving means 2' to temporarily stop the movement of the
      conveyor belt 2 in the feeder 1 by activating, for example, a clutch not
      shown.
PAR  The signal 111 is also applied to a delay circuit 36 and delayed by a time
      period in which the mail is transported from the light coupler 16 to the
      detecting station 5. The delayed signal 113 is applied to an inhibit
      terminal of the INHIBIT circuit 5g so as to inhibit the signal 103 in case
      where no stamp on the mail from the return path 13 is detected. Therefore,
      in this case, the mail is fed to the stacker 12 without actuating any of
      the switching devices 7, 9 and 10.
PAR  Referring again to FIG. 1, the embodiment of this invention comprises a
      culling table 18 on which the mechanically processable mail is manually
      culled from those collected from mail-boxes. The mechanically processable
      mail is put into a U-shaped conveyor belt 19 and fed through an averaging
      means 20 for causing the mail to flow at a substantially constant rate to
      a stacker-feeder 21, as shown in the U.S. Pat. No. 3,604,702, assigned to
      the same assignee as this application and entitled "AUTOMATIC
      STACKER-FEEDER FOR A MAIL-HANDLING SYSTEM", in which the mail is
      temporarily stacked and then fed one by one.
PAR  The apparatus can be caused to scan at the detecting section 5 those pieces
      of mail from the return path 13 first, those from the stacker-feeder 21
      next and then those from the feeder 1, by installing a light coupler (not
      shown) for detecting the mail from the stacker-feeder 21. In this case,
      even if only a single piece of mail is detected by the light bar 16 in the
      return path 13, the feeding by the stacker-feeder 21 and the feeder 1 is
      stopped to allow the mail to be fed from the return path 13 to the
      detecting station 5 so that, the time needed for processing is inevitably
      increased to eventually lower the processing speed. To solve this problem,
      a stacker-feeder means identical to the stacker-feeder 21 may be installed
      in the return path 13, by which the mail is stacked until a predetermined
      amount of mail is stacked, and then fed one by one, while inhibiting the
      feeding from the feeders 1 and 21.
PAR  It should be noted here that the technical scope of the invention is not
      limited to the above exemplary embodiment. For example, the mail may be
      stacked in a larger number of groups into which the mail is classified
      depending on the kind of the mail (ordinary mail and express mail) or the
      kind of postage stamps. Such modification is readily achieved by
      installing the branching devices and the stackers in accordance with the
      number of groups. Many other variations will occur to those skilled in the
      art within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mail processing apparatus comprising:
PA1  means defining a mail transport path along which said mail is transported;
PA1  means for feeding said mail piece-by-piece to said mail transport path;
PA1  a pair of postage stamp detectors provided on both sides of said mail
      transport path;
PA1  a first light coupler provided in said mail transport path upstream of said
      postage stamp detectors and adapted to sense each piece of said mail
      passing thereby;
PA1  a pair of cancelers provided on both sides of said mail transport path
      downstream of said postage stamp detectors, each of said cancelers being
      adapted to be actuated at a predetermined time after each piece of said
      mail is sensed by said first light coupler;
PA1  means defining a return path;
PA1  means responsive to a failure of said postage stamp detectors to detect a
      postage stamp on each piece of said mail for switching said piece of mail
      from said transport path to said return path at another predetermined time
      after said piece of mail is sensed by said first light coupler;
PA1  means provided in said return path for reversing each piece of said mail;
PA1  a second light coupler provided in said return path to sense each reversed
      piece of said mail passing thereby;
PA1  means for aligning the lower sides of the reversed pieces of said mail with
      each other;
PA1  means for switching said reversed mail in said return path back to said
      mail transport path;
PA1  means for controlling the operation of said feeding means in response to
      each piece of said mail being sensed by said second light coupler; and
PA1  means responsive to a failure of said postage stamp detectors to detect a
      postage stamp on the reversed piece of said mail for removing said piece
      of mail from said mail transport path.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, in which said first and second
      light couplers each comprise a light source and a photodetector between
      which each piece of said mail is passed.
NUM  3.
PAR  3. The apparatus as set forth in claim 1, in which said first light coupler
      produces a reset signal for resetting said pair of postage stamp detectors
      in response to each piece of said mail being sensed thereby; a first delay
      circuit is provided for delaying the reset signal for a time period equal
      to that required to transport said mail from said first light coupler to
      said postage stamp detectors; a pair of AND circuits are provided having
      their inputs connected to the output of their associated postage stamp
      detectors and of said first delay circuit.
NUM  4.
PAR  4. The apparatus as set forth in claim 3, in which a pair of shift
      registers are provided having their inputs connected to the output of
      their associated AND circuits; a clock pulse generator is provided for
      supplying clock pulses to said pair of shift registers in synchronism with
      the transportation of said mail along said mail transport path; said pair
      of cancelers are adapted to be actuated in response to signals from their
      associated shift registers.
NUM  5.
PAR  5. The apparatus as set forth in claim 4, in which a first INHIBIT circuit
      is provided having two inhibit terminals connected to the outputs of said
      postage stamp detectors and one input connected to the output of said
      first delay circuit; a third shift register is provided having its input
      connected to the output of said first INHIBIT circuit and its output
      connected to said first-named switching means, said third shift register
      being also clocked by said clock pulse generator.
NUM  6.
PAR  6. The apparatus as set forth in claim 5, in which a second delay circuit
      is provided having its input connected to said second light coupler; a
      second INHIBIT circuit is provided for inhibiting the passage of the first
      INHIBIT circuit output to said third shift register in response to the
      output of said second delay circuit, the delay time of said second delay
      circuit being set to equal the time required to transport said mail from
      said second light coupler back to said postage stamp detectors.
NUM  7.
PAR  7. The apparatus as set forth in claim 1, in which said controlling means
      comprises a third delay circuit having its input connected to said second
      light coupler and its output to said feeding means.
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ABST
PAL  In an embossing press, a pair of rolls are arranged to be moved toward and
      away from one another to effect the embossing operation. Each embossing
      roll includes a number of drums with replaceable indicia plugs on their
      circumferential peripheries. The drums are detachably coupled to a shaft
      so that the drums can rotate with the shaft or can be uncoupled while the
      shaft continues to rotate. A drive system is connected to each of the
      shafts for rotating them through a predetermined angle of rotation. An
      arrestor set-up is associated with the drums for uncoupling each drum from
      its shaft so that a particular indicia plug is located in the operative
      position of the embossing rolls. A feeder mechanism directs a continuous
      length of sheet material into the operating position of the rolls and
      shearing blades, movably connected to the shafts, are arranged to cut the
      sheet materials into individual sections.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns embossing presses for embossing indicia upon
      sheet material, such as sheet metal, and, more particularly, it is
      directed to an embossing arrangement which permits the embossing indicia
      to be selectively located at the operating position of the rolls.
      Preferably, operation of the embossing rolls and selection of the indicia
      to be embossed can be performed from a remote location.
PAR  In the present invention the embossing press includes a pair of opposed
      embossing rolls each including a shaft to which a plurality of indicia
      drums are coupled so that each drum can rotate with the shaft and can be
      uncoupled to permit relative rotation between the drum and the shaft. The
      drums on one of the shafts has upstanding indicia located on their
      circumferential peripheries while the drums on the other shaft have
      corresponding complementary indented indicia on their circumferential
      peripheries. An arrestor device is associated with each of the drums and
      is selectively engageable with the drums to position a selected indicia in
      the operating position confronting a corresponding indicia on the
      corresponding drum of the other shaft. A drive system is connected to each
      of the shafts for driving the shaft and its associated drums through a
      predetermined angle of rotation from an initial rest position so that it
      is possible to move each of the indicia on the drums through the operating
      position of the embossing rolls. Means are associated with the embossing
      rolls for urging them toward one another so that sheet material introduced
      between them can be embossed with the indicia located on the drums in the
      operating position of the rolls.
PAR  The drums may be coupled together for rotation by means of friction,
      however, it is preferable to provide the coupling action by means of
      yieldable detents. The yieldable detents interengage each drum with its
      shaft and comprise a spring-loaded pawl or ball for each of the drums
      arranged to seat within one of a number of circumferentially spaced detent
      recesses. The spring-loaded pawl or ball can be located either in the
      shaft or the drum and, correspondingly, the detent recesses can also be
      located in either the shaft or drum. When the force holding the yieldable
      detent within a recess is overcome, it is possible to effect relative
      rotation between the shaft and the drum.
PAR  Conveniently, the detent recesses are formed in the inner periphery of each
      of the drums while the spring-loaded pawls or balls are located in radial
      recesses or bores in the circumference of the shaft.
PAR  For cooperation with the arresting device of each drum, the outer
      circumference of the drum may be provided with ratchetlike teeth.
      Conveniently, however, the outer surface of the drum is provided with
      radial blind arresting grooves or bores into which the arresting device
      can seat. Preferably, the arresting device for each drum consists of a
      plunger extensible into a selected one of the arresting grooves or bores
      to arrest the drum, with its corresponding indicia in the operating
      position, during rotation of the shaft by its drive.
PAR  The shaft drive means may comprise a hydraulic actuator for each shaft.
PAR  These hydraulic actuators are preferably doubleacting so as to be operated
      to rotate their shafts forwardly from their initial rest positions, and
      subsequently, after actuation of the pressure means and completion of an
      embossing operation, to return the shafts to their initial rest positions
      by reverse rotation.
PAR  Preferably, the press includes severing means arranged to be actuated by
      the means urging the embossing rolls together so that individual sections
      can be cut from a continuous strip or band of sheet material fed to the
      press for embossing, whereby indivisual embossed elements or plates can be
      produced from the continuous strip or band after embossment of each such
      length.
PAR  The severing means may comprise a pair of shearing bars one of which is
      mounted upon each shaft so that the bars can be displaced from their
      operative positions when the shafts are rotated forwardly from their
      initial positions, so that the bars will not obstruct the embossing
      operation and can be returned to their operating positions when the shafts
      are returned to their initial rest positions.
PAR  Each shearing bar may be mounted on its shaft by bearings which are also
      constrained to rotate with their shaft by a force which can be overcome to
      permit relative rotation between the bearings and the shaft, and stop
      means are provided for defining an inoperative position of each shearing
      bar.
PAR  The press of the invention preferably also includes means for feeding a
      continuous strip or band of sheet metal to be embossed so as to pass
      between the embossing rolls.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic front view, partly in section, of a preferred
      embodiment of the embossing press incorporating the present invention, the
      view being taken on the line 1--1 of FIG. 2;
PAR  FIG. 2 is a cross-sectional side view of the press taken on the line 2--2
      of FIG. 1;
PAR  FIG. 3 is a cross-sectional side view of one of the embossing rolls of the
      press of FIGS. 1 and 2, taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional front view of the feed means of the press of FIGS. 1
      and 2, on the line 4--4 of FIG. 2; and
PAR  FIG. 5 is a section through a guide forming part of the feed means of the
      press, taken on the line 5--5 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The illustrated embossing press embodying the present invention comprises a
      substantial base plate 10 from which project four upright guide posts 11,
      only three of which can be seen in the drawings. Each post 11 has a stop
      collar 12 secured about it at its bottom end where it connects with the
      base plate 10. A cross tie 13 connects the collars 12 of the two posts 11
      at the front of the press, the left hand side as viewed in FIG. 1, and a
      cross tie 14 correspondingly connects the collars 12 of the two posts 11
      at the rear of the press.
PAR  The two posts 11 at the one side of the base plate 10 serve as guides for
      lower and upper bearing bridges 15, 16, see FIGS. 1 and 2, and the two
      posts 11 at the other side of the base plate 10 serve as guides for lower
      and upper bearing bridges 17, 18, the lower bearing bridges 15 and 17
      having rest positions resting upon the stop collars 12.
PAR  Pressure means for the press includes a first double-acting hydraulic ram
      19 whose cylinder 20 is connected to the lower bearing bridge 15 by a
      bracket 21 and whose piston rod 22 is connected to the upper bearing
      bridge 16 by a bracket 23, as well as a second double-acting hydraulic ram
      24 whose cylinder 25 is connected to the lower bearing bridge 17 by a
      bracket 26 and whose piston rod 27 is connected to the upper bearing
      bridge 18 by a bracket 28.
PAR  The two lower bearing bridges 15, 17 support between them a lower embossing
      roll indicated generally by the reference numeral 29, and the two upper
      bearing bridges 16, 18 support between them an upper embossing roll
      indicated generally by the reference numeral 30. FIG. 1 shows the manner
      of mounting the upper embossing roll 30 in the upper bearing bridges 16,
      18. Roll 30 includes a shaft 31 with ends located in bearings 32 and 33
      held in bearing openings in the bridges 16, 18 by plugs 34 and 35. The
      lower embossing roll 29 includes shaft 26 (FIG. 2) whose ends are
      similarly mounted in the lower bearing bridges 15, 17.
PAR  As can be seen from FIG. 1, a plurality of indicia drums 37 are mounted on
      the shaft 31 of the upper roll 30, the drums are illustrated
      diagrammatically in FIG. 1 and in more detail in FIG. 3. From the latter
      it will be understood that each drum 37 has a number of radial grooves 38
      opening to its outer curved or circumferential surface, these grooves are
      equispaced and serve to accommodate indicia plugs 39. As illustrated,
      there are eight indicia drums 37, and each drum has thirteen radial
      grooves 38. The indicia provided in the present instance are numerals, so
      there are ten indicia plugs 39 on each drum 37, the other three grooves 38
      are unoccupied. As will be appreciated from FIG. 1, the indicia plugs 39
      are each secured into their respective grooves 38 at one end of the latter
      leaving the other ends thereof exposed to act as arresting grooves
      associated with the indicia plugs 39.
PAR  The ten plugs 39 set into each indicia drum bear the numerals 0 to 9,
      formed on the plugs 39 by indentation.
PAR  As can be seen from FIG. 3, each drum 37 is formed, in its inner curved or
      circumferentially extending surface juxtaposed to the shaft 31, with a
      succession of thirteen shallow detent recesses 40, each radially aligned
      with a corresponding one of the grooves 38. Co-operating with the
      circumferential row of recesses 40 are two detent balls 41 accommodated in
      the outer ends of radially extending blind bores 42 in the shaft 31 and
      urged outwardly by loading springs, not shown, accommodated in the bores
      42 which are approximately diametrically oppositely disposed in the shaft
      31.
PAR  The indicia drums 37 on the shaft 31 are accommodated between two bearing
      rings 43 and 44, of which the bearing ring 44 is a mirror image of the
      ring 43 whose details are shown in FIG. 2. Each ring 43, 44 has a radial
      shearing bar lobe 45 to which the ends of an upper transverse shearing bar
      46 are connected, the bar 46 has a hardened steel facing 47 set into its
      front edge and a rearwardly projecting foot 48 secured to its rear side.
PAR  Each ring 43, 44 also has a tangential stop lobe 49 formed integrally on
      it, the lobes 45 and 49 are approximately diametrically disposed.
PAR  The inner surface of each bearing ring 43, 44 is formed with two
      diametrically opposed detent recesses 50 with which detent balls 51
      cooperate, the balls are accommodated in the outer ends of radial blind
      bores 52 which also accommodate respective springs, not shown, which bias
      the balls 51 outwardly to engage within the recesses 50.
PAR  A gear 53 (FIG. 1) is secured to the shaft 31, between the bearing ring 44
      and the adjacent upper bearing bridge 18 and is in mesh with a gear 54,
      see FIG. 2, associated with a hydraulic actuator 55, FIG. 1, mounted on
      the upper bearing bridge 18. Hydraulic actuator 55 is a double-acting
      actuator which operates when hydraulic liquid is supplied thereto by one
      port, not shown, to rotate the shaft 31, and the drums 37 and the bearing
      rings 43 and 44, in a forward direction (which is counter-clockwise as
      viewed in FIG. 2) from an initial rest position wherein the parts are
      arranged as shown in FIG. 2, and when hydraulic liquid is supplied thereto
      by another port, also not shown, it rotates the shaft 31 in a return
      direction to its initial rest position.
PAR  In a similar manner, a plurality of indicia drums 56 are mounted on the
      shaft 36 of the lower roll. The drums 56 are similar in shape to the drums
      37 and have grooves in which indicia plugs are secured. These plugs differ
      from the form of the indicia plugs 39, already described, only in that the
      indicia carried thereby are mirror images of the indicia on the plugs 39
      and are upstanding from the outer surfaces of their plugs as compared with
      the indented indicia on the plugs 39. These drums 56 have detent recesses,
      similar to the recesses 40, not shown, which are set into the shaft 36 and
      are similar to the balls 41. Further, the drums 56 are disposed between
      bearing rings 57 and 58 having detent recesses 59 cooperating with detent
      balls 60 loaded by springs, not shown, in recesses 61 in the shaft 36,
      these bearing rings 57 having radial shearing bar lobes 62 to which the
      ends of a lower transverse shearing bar 63 are connected. This bar 63 has
      a facing 64 set into its rear face, but does not have a foot corresponding
      to the foot 48 of the upper shearing bar 46.
PAR  A gear 65, omitted from FIG. 1 for the sake of clarity, similar to the gear
      53 is secured to the shaft 36 between the bearing ring 58 and the adjacent
      lower bearing bridge 17 and meshes with a gear 66 associated with a
      hydraulic actuator 67 mounted on the lower bearing bridge 17.
PAR  Also located on the shaft 36, and freely rotatable thereon, is a chainwheel
      68 which is disposed between the bearing ring 57 and the adjacent lower
      bearing bridge 15, as well as a chainwheel 69 which is disposed between
      the bearing ring 58 and the adjacent gear 65, which, as previously
      explained, has been omitted from FIG. 1. The purpose of these two
      chainwheels 68, 69 will be described later.
PAR  Arrestor means for the indicia drums 56 of the lower roll 29 comprises a
      body 70 extending between the lower bearing bridges 15 and 17 in front of
      the lower embossing roll 29. Formed in the body 70 are two rows of bores
      71, not shown in FIG. 2, each of which accommodates a plunger 72, the tip
      of one of which can be seen in FIG. 2. Since there are eight indicia drums
      56 on the shaft 36, there are a corresponding number of bores 71 and
      plungers 72, and they alternate between the two rows so that for each of
      the indicia drums 56 there is a plunger 72 aligned with the series of
      arresting grooves on the outer circumferential periphery of the drum 56.
PAR  At each end of one of the rows of plungers 72, a bore 73, 74 is provided
      for receiving plungers 75, 76 aligned with the bearing rings 57, 58 in
      which arresting recesses 77, see FIG. 2, are provided.
PAR  Corresponding arrestor means, omitted from FIG. 1 for the sake of clarity,
      are provided for the upper embossing roll 30 and a body 78 with bores 79,
      plunger 80, and plungers for recesses 81 in the bearing rings 43 and 44.
PAR  Hydraulic lines, not shown, are provided between the bores 71, 73, 74 and
      79 and an operating mechanism, not shown, which may be computer-controlled
      and may, for instance include a manual keyboard. The operating mechanism
      is also connected to the two hydraulic actuators 55 and 67 above
      described.
PAR  Means for feeding material to the embossing press, indicated generally by
      the reference numeral 82 in FIG. 2 and illustrated in detail in FIGS. 4
      and 5, are provided at the front of the press for feeding a continuous
      strip or band 83 of sheet material, such as aluminum, to the press for
      embossment. This feed means comprises a pair of uprights 84 each of which
      is slotted at its upper end for slidably accommodating lower and upper
      bearing blocks 85, 86 in which the ends of shafts 87 and 88 of lower and
      upper feed rollers 89 and 90 are journalled. A crosspiece 91 extends
      across the tops of the uprights 84 and set therein are feed roller
      pressure adjusting screws 92 the lower ends of which pass onto
      telescopically enclosed compression springs 93 which in turn press down on
      the upper bearing blocks 86. An angle bracket 94 provided on one side of
      the crosspiece 91 supports a third hydraulic actuator 95, which is a strip
      feed actuator which rotates in one direction only. Such actuator 95 is
      coupled to one end of the shaft 87 of the lower feed roller 89.
PAR  Supported from the uprights 84 at the entry side of the nip between the two
      feed rollers 89, 90 are aligned guide channels 96 for guiding the strip or
      band 83 to the nip. At the exit side of such nip a guide plate assembly is
      located and it is shown in detail in FIG. 5. The guide plate assembly
      comprises a pair of spaced apart guide plates 97 defining a passage
      therebetween for the strip or band 83 to pass therethrough to emerge close
      to the space between the embossing rolls 29, 30. These guide plates 97 are
      secured at each side to apertured carrier plates 98 slidably located on
      the two posts 11 at the front of the press. As has been indicated
      diagrammatically at 99 in FIG. 1, centering springs are provided on the
      lower and upper bearing bridges 15, 16, 17, 18 and act on the guide plates
      97 to maintain the guide plate assembly at a mid level so that the strip
      or band 83 emerges substantially midway between the two embossing rolls
      29, 30.
PAR  The operating mechanism is also connected to the strip feed actuator 95.
PAR  Rearwardly of the embossing rolls 29, 30 a guideway 101 is secured to the
      lower bearing bridges 15, 17 for a take-off carriage 102 the upper surface
      of which is at a level slightly below the level at which the strip or band
      83 emerges from the guide plate assembly. The carriage 102 is connected to
      chains 103, of which one only is visible, which extend around the
      chainwheels 68, 69 on the shaft 36 of the lower embossing roll 29 and also
      around further chainwheels, not shown, disposed to the rear of the press.
PAR  The drawings illustrate all of the components of the press in their initial
      rest positions with the exception of the plungers 72 and 80 which are
      shown in extended positions and are withdrawn from the embossing rolls 29,
      30 in the initial position, as well as the strip or band 83 which is shown
      in FIG. 2 in an end position wherein the part projecting past the lower
      shearing bar 63 has been embossed. In its initial rest position, the strip
      or band 83 will have its leading edge aligned with the rear edge of the
      facing 64 of the lower shearing bar 63.
PAR  Assuming all the parts to be in the initial rest positions, the production
      of an embossed plate is effected as follows. Firstly the operating
      mechanism is operated to cause operation of the strip feed actuator 95 to
      feed the strip or band 83 to between the embossing rolls 29 and 30, for
      example initially by two steps each equal to a line spacing which is
      slightly greater than the heights of the indicia on the indicia drums 37,
      56. The strip or band 83 is stepped forward by two steps to ensure that
      embossing does not occur close to the leading edge of the strip or band 83
      and it will be understood, of course, that more than two steps forward can
      be effected, if desired.
PAR  Thereupon, the operating mechanism is actuated to set the indicia
      combination to be embossed by the press. This is done by selecting a
      desired indicia for each of the upper drums 37 and their corresponding
      lower drums 56. Thereupon, the operating mechanism is actuated to start
      the embossing operation. This initiates simultaneous operation of the two
      hydraulic actuators 55 and 67 which rotate the upper and lower shafts 31
      and 36 at identical rotational speeds, the upper shaft 31 rotating
      counterclockwise and the lower shaft 36 rotating clockwise as viewed in
      FIG. 2. Because the drums 37, 56 have their recesses 40 engaged by the
      balls 41, and the bearing rings 43, 44 and 57, 58 have their recesses 50,
      59 engaged by the balls 51, 60, the drums 37, 56 initially rotate with the
      shafts 31, 36, and the shearing bars 46, 63 are swung away from the
      positions illustrated in FIG. 2.
PAR  The operative position of each indicia plug 39 in the upper drums 37 is, of
      course, when such plug is at its lowermost position as close as possible
      to the lower embossing roll 29, that is to say when it is just above the
      rest position, shown in FIG. 2, of the lower shearing bar 63.
      Correspondingly, the operative position of each indicia plug on the lower
      drums 56 is when such indicia plug is at its uppermost position,
      substantially at the rest position of the lower shearing bar 63.
PAR  As the selected indicia on each such drum approaches its operative position
      the corresponding plunger 80 or 72 associated with the drum commences to
      extend, and engages into the respective groove 38 on the outer periphery
      of the drum. As a result, each drum 37 and 56 is positively arrested with
      its selected indicia in the operative position, whilst the shafts 31, 36
      continue to rotate to the full extent of the operation of the actuators 55
      and 67, which is just less than 360.degree.. The spring-loaded balls 41
      yield, of course, to permit this continued rotation of the shafts 31, 36
      relative the the drums.
PAR  As already mentioned, the shearing bars 46, 63 are swung away from their
      rest positions during rotation of the shafts 31, 36. These bars 46, 63 are
      able to swing only to a limited extent to fully withdrawn positions
      indicated in dotted lines at 46a, 63a in FIG. 2, as defined by abutment of
      the stop lobes 49 against the respective bodies 78 and 70 whereupon the
      plungers 75 are extended to engage in the recesses 81, 77 to lock the
      shearing bars 46, 63 in such withdrawn positions.
PAR  The selected indicia having been brought to the operative positions and the
      actuators 55 and 67 having reached the ends of their operations, operation
      of the rams 19, 24 is initiated. This causes the lower bearing bridges 15,
      17 to be raised and the upper bearing bridges 16, 18 to be lowered,
      equalization or such movement being achieved by an equalizing link 104
      indicated diagrammatically in FIG. 1. This operation of the rams 19, 24
      forces the embossing rolls 29, 30 against the strip or band 83 from
      opposite sides thereof and embosses the strip or band 83 with the selected
      indicia.
PAR  Thereupon, the rams 19, 24 are actuated to separate the embossing rolls 29,
      30; the actuators 55, 67 operate to return the shafts 31, 36 to their rest
      positions thereby bringing the indicia drums 37, 56 all back to their
      initial rest positions wherein stop teeth 105, see FIG. 3, on the drums
      37, 56 abut their respective shearing bars 46, 63.
PAR  The initial rest positions having been achieved, a further embossing
      operation or further embossing operations can be effected, or the embossed
      portion of the strip or band 83 can be severed from the rest of such strip
      or band 83. If further embossing is to be effected, the strip feed
      actuator 95 is operated to step the strip or band 83 forward as necessary,
      and indicia selection and embossing is effected in the same way as above
      described. If severance is required, the feed actuator 95 is operated to
      forward the strip or band 83 sufficiently to provide the desired length
      thereof projecting past the lower shearing bar 63, for example, as shown
      in FIG. 2, whereupon the rams 19, 24 are operated to cause the embossing
      rolls 29, 30 to move toward each other and the shearing bars 46, 63 to
      co-operate and shear off the embossed part of the strip or band 83, which
      part is caused, by the foot 48, to drop down on to the carriage 102.
PAR  The rams 19, 24 then separate the rolls 29, 30 and a take-off actuator, not
      shown, is operated to drive the chains 103 to transport the resultant
      embossed plate to a delivery location, not shown. The press is then ready
      for operation again in the manner described.
PAR  It will be understood that the operating mechanism for causing the
      operation of the press in the manner described may be such that each of
      the steps involved is initiated or effected manually, e.g., by pressing
      buttons, or that the required steps are stored in a programming
      arrangement which then becomes effective to cause the various steps to be
      carried out in the necessary sequence to achieve the desired end result.
PAR  The invention is not confined to the precise details of the foregoing
      example, and variations may be made thereto. For example, instead of the
      balls 51, 60 detents in the form of spring-loaded pawls, rollers or the
      like may be employed between the shafts 31, 36 and their drums.
PAR  Each of the grooves 38 in the indicia drums 37 and 56 may be replaced by a
      pair of bores of which one serves for the reception of the respective
      indicia plug and the other serves as a corresponding arresting bore for
      engagement therein of the respective plunger.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An embossing press comprising a pair of oppositely disposed embossing
      rolls, each said embossing roll comprising a shaft, a plurality of indicia
      drums mounted on said shaft with each said drum mounted opposite a
      corresponding said drum on the other said shaft, means for releasably
      coupling said indicia drums to said shaft for rotation of said drums with
      said shaft, said means permitting the uncoupling of said drums and said
      shaft on the application of a sufficient force, upstanding indicia mounted
      on and spaced angularly apart on the outer periphery of said drums of one
      said shaft, and complementary indented indicia mounted on and spaced
      angularly apart on the outer periphery of said drums of the other said
      shaft, shaft drive means operatively connected to each said shaft for
      rotating each said shaft and said drums thereon from an initial rest
      position through a predetermined angle of rotation so that all of the
      indicia on each said drum can be moved into an operative position
      confronting the corresponding indicia on the corresponding drum on the
      other said shaft, arrestor means for holding each of said drums in
      position, each said drum having a plurality of grooves formed therein to
      provide an interengagement location with said arrestor means for each
      indicia on said drum, said arrestor means being selectively engageable
      with said grooves for arresting each said drum with a selected indicia
      thereon in the operative position and confronting the corresponding said
      indicia on the corresponding said drum on the other said shaft, pressure
      means for urging the oppositely disposed embossing rolls toward one
      another under pressure for embossing with said indicia located in the
      operative positions, severing means operatively connected to said pressure
      means to permit individual sections of material to be severed from a
      continuous length of sheet material fed to the press for embossing so that
      individual embossed elements or plates can be produced after the
      embossment of the individual sections, said severing means comprising a
      pair of shearing bars, one of said shearing bars being mounted on one of
      said shafts and the other said shearing bar being mounted on the other
      said shaft so that said shearing bars are displaceable between their
      operative positions wherein they cooperate with one another, when the
      shaft are rotated forwardly from their initial positions, so that they
      will not obstruct the embossing operation and are returned to their
      operative positions upon return of said shaft to the initial rest
      position, bearings disconnectedly mounted on each said shaft for rotation
      therewith so that relative rotation between said bearings and said shaft
      can be accomplished, each said shearing bar is connected to said bearings
      for mounting said shearing baroon said shaft with which it is associated,
      and stop means arranged for defining an inoperative position of each said
      shearing bar.
NUM  2.
PAR  2. An embossing press comprising a pair of oppositely disposed embossing
      rolls, each said embossing roll comprising a shaft, a plurality of indicia
      drums mounted on said shaft with each said drum mounted opposite a
      corresponding said drum on the other said shaft, means for releasable
      coupling said indicia drums to said shaft for rotation of said drums with
      said shaft, said means permitting the uncoupling of said drums and said
      shaft on the application of a counter force, upstanding indicia mounted
      and spaced angularly apart on the outer periphery of said drums of one
      said shaft, and complementary indented indicia mounted on and spaced
      angularly apart on the outer periphery of said drums of the other said
      shaft, shaft drive means operatively connected to each said shaft for
      rotating each said shaft and said drums thereon from an initial rest
      position through a predetermined angle of rotation so that all of the
      indicia on each said drum can be moved into an operative position
      confronting the corresponding indicia on the corresponding drum on the
      other said shaft, remotely operated arrestor means for holding each of
      said drums in position, the outwardly facing surface of each said drum
      having a plurality of circumferentially spaced radially extending blind
      arresting grooves being positioned to provide an interengagement location
      on said drums for each indicia thereon for selectively interengaging with
      said arrestor means, said arrestor means comprises a body spaced radially
      outwardly from the outwardly facing surfaces of said indicia drums, a
      plunger displaceably mounted within said body for each said drum and each
      said plunger being extensible from said body toward its associated said
      drum into a selected one of said arresting grooves to hold said drum with
      its corresponding said indicia in the operative position, so that indicia
      thereon in the operative position confronts the corresponding said indicia
      on the corresponding said drum on the other said shaft, and pressure means
      for urging the oppositely disposed embossing rolls toward one another
      under pressure for embossing with said indicia located in the operative
      positions.
NUM  3.
PAR  3. An embossing press, as set forth in claim 2, wherein said means for
      coupling said drums to said shaft comprises yieldable detents in one of
      said drums and said shaft and cooperating recesses in the other of said
      drums and said shaft.
NUM  4.
PAR  4. An embossing press, as set forth in claim 3, wherein said yieldable
      detents each comprise a spring-loaded member cooperating with a
      circumferentially extending row of said detent recesses, each said recess
      is associated with a respective one of said indicia so that engagement of
      said spring-loaded member into any of said detent recesses holds said drum
      with said indicia associated with said detent recess in the operative
      position.
NUM  5.
PAR  5. An embossing press, as set forth in claim 4, wherein said detent
      recesses are located in the inwardly facing surface of said drum directed
      toward said shaft and said spring-loaded members are located in radially
      extending recesses in said shaft.
NUM  6.
PAR  6. An embossing press, as set forth in claim 2, including severing means
      operatively connected to said pressure means to permit individual sections
      of material to be severed from a continuous length of sheet material fed
      to the press for embossing so that individual embossed elements or plates
      can be produced by severing individual sections from the continuous
      lengths after the embossment of the individual sections.
NUM  7.
PAR  7. An embossing press, as set forth in claim 6, wherein said severing means
      comprises a pair of shearing bars, one of said shearing bars being mounted
      on one of said shafts and the other said shearing bar being mounted on the
      other said shaft so that said shearing bars are displaceable between their
      operative positions wherein they cooperate with one another, when the
      shafts are rotated forwardly from their initial positions, so that they
      will not obstruct the embossing operation and are returned to their
      operative positions upon return of said shaft to the initial rest
      position.
NUM  8.
PAR  8. An embossing press, as set forth in claim 2, wherein feed means are
      provided for feeding a continuous length of sheet material into position
      to be embossed between the embossing rolls.
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PAL  The unwind controller drum for metering web material into a web processing
      machine is positively driven by a positive, fixed-ratio drive train.
      Several drive ratios are selectively available, each differing only
      slightly from another to provide minute changes in the drive ratio from
      the drive to the unwind drum. The changes in drive speed are generally
      less than .05% to provide positively determined, finite adjustment of the
      rate that the web material is metered into the web processing equipment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to web processing equipment, and more particularly
      to machinery for preparing continuous business forms.
PAR  The preparation of continuous business forms has long provided unique and
      difficult challenges. The forms are prepared in substantial lengths and
      usually include several layers (e. g., a top original layer, an
      intermediate carbon, and a bottom copy). Each layer is normally separably
      joined to the others, and each individual form is joined to the next form
      in its own layer by lines of perforation, so that the forms may be used
      continuously and then separated one by one, as needed. This requires
      extreme accuracy in the manufacturing of these forms, since even the
      smallest dimensional errors may prove intolerably cumulative when repeated
      over the length of several hundred forms.
PAR  With conventional, single sheet (or single copy) printing, each page (or
      each few pages, as in a signature) is separated from the others, and at
      some point individually trimmed to size. In a typical press run,
      therefore, slight differences in size are customary and are accommodated
      routinely when the individual pages are sized.
PAR  Such is not the case, however, with continuous business forms. If the upper
      (original) copy of a business form is perhaps 0.001 inch longer than its
      corresponding duplicate (the one to be located beneath it), then a
      continuous roll of one thousand such forms will find the last upper
      (original) form shifted one inch out of registry with its corresponding
      lower (duplicate) form. Tolerances must actually be much closer than this,
      and it has therefore been common practice in the industry not to use
      conventional printing press methods, since they do not produce the
      accuracies required.
PAR  Much of the difficulty is in the paper itself: it is a physical material
      and therefore has a modulus of elasticity. It elongates when tensioned and
      returns when released. The amount is small but can be significant over the
      length of a roll of continuous forms. Similarly, variations in moisture
      content from one portion of the paper to another will lengthen the more
      moist portions. Typically, the edges of a roll of paper absorb moisture
      during storage, and the edges then run slack in the printing press. Also,
      the pressure upon the paper within the nip of the printing press elongates
      the paper transversely (crosswise).
PAR  In commercial presses for printing single pages, tensions from 2 to 10
      pounds per inch are commonly used to take up the slackness in the web
      edges and to provide the desired web control. Shortening of the web when
      such tensions are released is not a problem since the pages are
      individually cut to size. Tensions are also used in the production of
      continuous business forms, but are usually limited to 1/2 to 3 pounds per
      inch in order to limit elastic contractions when the web is released.
PAR  To see that the web behaves the same from one stage to the next in the
      printing of continuous business forms, additional precautions are taken.
      These include carefully varying the tension from stage to stage in the
      printing press, storing the web rolls under precise temperature and
      humidity conditions, running an entire printing operation in a single day
      to reduce environmental fluctuations, and so on. Where appropriate, the
      various layers of the multiple layer business form are taken from the same
      portion of the paper supply roll. (That is, the roll is often double or
      triple width, so that all forms printed on paper drawn from the right side
      of the roll are collated with forms drawn from the right side, those from
      the left are collated with others drawn from the left, and so on.) As a
      result of these precautions, the web can normally be controlled with a
      high degree of accuracy. U.S. Pat. Nos. 3,249,316 and 3,592,133, assigned
      to the assignee of the present invention, describe machinery used for
      precision web control during the printing process.
PAR  If a given length of paper is metered into a press, it follows that a
      corresponding length of paper will issue from the press. The precision
      unwind drums disclosed in the above patents meter the paper into the
      printing press at precisely controlled rates. In some operations, an
      unwind drum may accordingly be selected to deliver fractionally more paper
      than desired, and an adjustable snubber is then used to shorten the paper
      by tensioning it as it is fed onto the drum. By tensioning the paper, the
      snubber stretches it slightly while it is being metered by the drum, so
      the effective length of the paper is reduced when the tension is later
      released. By regulating the snubber, extremely minute changes in the rate
      that the paper is fed into the press (and hence the length of the paper)
      can be made.
PAR  Occasionally, operating conditions shift sufficiently that normal
      adjustments of the machinery fail to supply the web at the proper rate. As
      an example, seasonal fluctuations in temperature and humidity can combine
      so that no acceptable amount of snubbing will adjust the web properly.
PAR  To understand this problem, it must be recognized that changes in the web
      thickness can affect the rate the web is supplied by the unwind drum. That
      is, the velocity of the paper web is a function of the "effective radius"
      of the unwind drum (for a given rate of rotation). The effective radius of
      the drum is the radius of the drum as measured with respect to the neutral
      axis of the paper web. This axis includes generally about one-half the
      thickness of the paper since it is the axis within the web (in the
      direction of its thickness) on which the web neither shortens (compresses)
      or elongates (stretches) as it is wound onto the unwind drum. Obviously,
      in assuming a curved configuration around the drum, the inner surface of
      the web will necessarily be shorter than the outer surface, so that some
      shortening or elongation of one surface or the other must take place. At
      some point within the web (between or on one of the surfaces) neither
      shortening nor elongation will take place, and this is the neutral axis of
      the web. Since the neutral axis of the web usually changes with changes in
      the web thickness, the rate the paper is supplied by the unwind drum can
      be altered by changes in the web thickness as well as by changes in the
      drum diameter. The greater the effective radius, the faster the web is
      supplied.
PAR  In an attempt to compensate for environmental fluctuations, electric
      heaters were used in one unwind drum to increase its effective diameter by
      means of thermal expansion. Another attempt involved splitting the drum in
      half and using a jack screw to vary the drum diameter. Still another
      attempt employed three drums, each of one-half size, and each of slightly
      different diameter, so that the appropriate drum for the conditions
      present could be used. Another early attempt involved use of an infinitely
      variable drive to drive a large size drum. None of these worked. The drum
      could not be heated satisfactorily; it could not be split accurately;
      triple drums proved expensive and impractical; and the infinitely variable
      drives were too coarse and tended to hunt when used to drive large size
      unwind drums.
PAR  Thus there is still a need for a way to vary the effective diameter of the
      unwind drum, as needed, by an extremely accurate and precisely controlled,
      yet very minute amount, and to reduce the sensitivity of the unwind drum
      to changes in the thickness of the paper webs fed thereon.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a web infeed system for power
      driven web processing equipment. The system includes a drive connection
      between the printing press line shaft drive and the unwind drum drive
      gear. The drive connection has at least two independently selectable
      positive drive trains which may be selectively engaged for driving the
      unwind drum drive gear. The drive trains provide accurate, positive, and
      direct drive for the unwind control drum, but differ slightly in the rates
      they drive the drum. Adjacent rates are generally within .05% of each
      other, so that the change in the drive ratio for the unwind drum is over a
      narrow range less than approximately .05%. In the preferred embodiment,
      one of the positive drive trains provides a straight through drive in
      which the speed at the output is the same as the input. The other drive
      train provides a minute increase in speed on the order of .02%, thus
      increasing the rate of web feed. This has the same effect as an equal
      percentage increase in the radius of the drum, and can therefore
      compensate for extreme environmental fluctuations.
PAR  Thus, as in the above-mentioned U.S. Pat. Nos. 3,249,316 and 3,592,133, the
      unwind drum is directly and positively driven from the common line shaft
      drive which powers the entire printing press. Since all printing press
      stages are positively driven from the same, common line shaft, they are
      locked in precise synchronization. This means that even though the changes
      in speed provided by the present invention are extremely small, they are
      accurately impressed upon the unwind drum.
PAR  This is a substantial improvement over the prior art, since it provides an
      accurate, reliable, and inexpensive way to change the effective radius of
      the unwind drum by a precisely controlled amount. As suggested earlier,
      the need to alter the feed rate from that normally provided does not often
      arise. However, when a change is necessary, it must be very small and
      absolutely precise. The earlier attempts mentioned above, such as
      electrically heating the unwind drum, were expensive, unwieldy, and
      ultimately did not work.
PAR  The drive trains in the present invention employ compound idlers for
      compactness and economy. Each compound idler is an integral idler set with
      two separate axially displaced gears. The axially displaced gears of each
      compound idler rotate as a unit, and have the same or a slightly different
      number of teeth. A conventional idler produces no speed change. The
      compound idlers in the present invention produce speed changes in
      proportion to the slight differences in teeth between the two gears. A
      pair of compound idlers is then used in each drive train to produce
      extremely minute speed changes. A speed increasing compound idler and a
      speed decreasing compound idler are operated in tandem, with the ratios in
      the two compound idlers being almost but not exactly identical. The net
      increase (or decrease) is a function of the ratio of the changes caused by
      the two compound idlers, and is much smaller than that of either idler
      alone.
PAR  In the straight through configuration, a third compound idler is used in
      another drive train to provide exactly the reverse ratio of the other
      compound idler remaining in the drive train.
PAR  The compound idlers are supported adjacent a common idler wheel plate which
      is easily pivoted to form a drive train with one or the other of the
      selectable compound idlers, for changing the drive ratio as desired.
PAR  In the above-mentioned U.S. Pat. No. 3,249,316, an unwind drum of
      relatively large diameter is used, compared with the drum illustrated in
      the above-mentioned U.S. Pat. No. 3,592,133. In the present invention, a
      large unwind drum is similarly important. As discussed earlier, due to the
      extreme precision with which the web feed must be regulated, variations in
      web thickness are significant. More precisely, variations in the effective
      radius of the unwind drum alter the rate that the web is fed. Since the
      effective radius of the drum is the actual radius of the drum plus the
      distance from the drum surface to the neutral axis of the web, the greater
      the actual radius of the drum itself, the smaller the percentage change in
      the effective drum radius for a given absolute change in web thickness.
      Thus, the larger the drum, the less sensitive it is to changes in web
      thickness.
PAR  As an example, unwind drums having a radius of 17 inches to 18 inches have
      been used in conjunction with the selectively operable positive drive
      trains disclosed herein, and have satisfactorily handled paper webs over a
      thickness range of approximately .001 inches to .01 inches. Preferably,
      the webs which are fed should alter the effective radius of the unwind
      drum as related to the neutral axis of the web in an amount generally less
      than .05%. The ratio of the radius of the unwind control drum to the
      thickness of the web material fed thereon should therefore generally be
      greater than 1000 to 1. Of course, the present invention comprehends
      additional positive drive trains providing additional speed changes each
      less than approximately .05%, and these would prove particularly useful
      where it was necessary to use smaller unwind drums. However, such an
      arrangement is not preferred due to costs and complexity.
PAR  It is therefore an object of this invention to provide a web infeed system
      for web processing equipment in which the web infeed system includes an
      unwind control drum driven by at least two independently selectable
      positive drive trains having speed outputs which differ only very slightly
      in relation to one another, to effect controlled, precise, and minute
      changes in the rate that the unwind control drum is driven, and to provide
      an unwind control drum of relatively large radius for use therewith.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary and somewhat diagrammatic front elevational view of
      a web infeed system constructed in accordance with the present invention,
      and providing web to a lithographic printing press;
PAR  FIG. 2 is a fragmentary top view of the selectively operable drive
      connection on the backside of the FIG. 1 web infeed system;
PAR  FIG. 3 is a rear view of portions of the FIG. 1 web infeed system showing
      the speed increasing drive train position;
PAR  FIG. 4 is a top view schemmatic illustration of the FIG. 3 drive train;
PAR  FIG. 5 is a fragmentary view similar to FIG. 3 showing the straight through
      drive train position; and
PAR  FIG. 6 is a top view schemmatic illustration of the FIG. 5 drive train.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a web infeed system 10 for supplying a web 12 to web
      processing equipment 15, such as a rotary printing press. Press 15
      includes a printing couple 16 for performing repetitive printing
      operations on the web. The printing couple 16 has a pair of cylinders
      which print the web under pressure and drive it through a nip 17
      therebetween. A drive means 18 drives the entire line of web processing
      equipment including the web infeed system 10. The various stations of the
      web processing equipment 15 and the web infeed system 10 are driven by
      drive 18 through a common line shaft 19.
PAR  A web supply roll 20 is supported by a pair of movable frames 22, one of
      which is illustrated in FIG. 1. Frames 22 may be raised and lowered by a
      pneumatic cylinder 23 for loading web supply rolls 20 onto the web infeed
      system 10, as required.
PAR  As the web 12 unwinds from roll 20 it passes around a dancer roll 25.
      Dancer roll 25 is supported on the end of dancer roll arms 26, one of
      which rotates a set of unwind brake control gears 27. Dancer roll 25
      senses the tension on the web, and, as described more particularly in the
      above-mentioned U.S. Pat. No. 3,249,316, operates a variable braking means
      (not shown) to control the rate the web is supplied from web supply roll
      20. Roll 25 senses deviations from a predetermined web tension, and these
      are transmitted through the unwind brake control gears 27 to control the
      rate the web is supplied, so that the web is paid out on demand related to
      the requirements of the printing couple.
PAR  From the dancer roll 25, the web proceeds to a metering drum such as an
      unwind control drum 30. Drum 30 is of a large diameter relative to the
      thickness of the web material normally fed thereon. Preferably, the ratio
      of the radius of drum 30 to the thickness of the web material 12 is
      generally greater than 1000 to 1. The most commonly encountered web
      thicknesses range from approximately .001 inch to .01 inch, and the drum
      is of sufficiently large diameter that variations of stock thickness over
      this range will alter the effective radius of the drum 30 as related to
      the neutral axis of the web 12 in an amount generally less than .05%.
      Unwind drums having a radius in the range of 16 inches to 17 inches have
      been found satisfactory.
PAR  The web 12 is pressed and held firmly against the unwind control drum 30 by
      several spring loaded grippers 32. Grippers 32 assure sufficient
      frictional contact between the web and the drum so that the web does not
      slip as it is fed therearound.
PAR  The web remains in contact with the surface of drum 30 for almost its
      entire circumference to maximize frictional contact and to assure the best
      possible control over the web. Upon release from drum 30, the web proceeds
      to the web processing equipment 15 where the desired repetitive operations
      are performed.
PAR  For driving the unwind control drum 30, a platform 34 supports a right
      angle transmission 35 on the rear side of the web infeed system 10.
      Transmission 35 is driven by line shaft 19 to rotate a first drive gear 40
      supported thereon. The unwind control drum 30 itself is driven by an
      unwind drum drive gear 43 attached thereto near the first drive gear 40,
      and gear 40 and the unwind drum drive gear 43 are drivably interconnected
      by a selectable drive connection 45. Since the unwind control drum 30 is
      thus positively driven by the same drive 18 and line shaft 19 which power
      the remainder of the equipment 15, drum 30 is locked into synchronization
      with the entire line of web processing equipment.
PAR  Drive connection 45 includes two independently selectable positive drive
      trains having speed outputs which differ only slightly in relation to one
      another, generally within .05%. These drive trains employ selectable sets
      of compound idler wheels which change the drive ratio from the drive 18
      and shaft 19 to the unwind drum 30 over this narrow range, while providing
      accurate, finite, and positively determined adjustment of the rate of feed
      of the web material 12 by the unwind control drum 30.
PAR  FIGS. 3 and 4 illustrate the first drive train which, in this embodiment,
      provides a slight speed increasing ratio of approximately 1.000229 for the
      unwind control drum 30. FIGS. 5 and 6 illustrate the second drive train
      which provides no increase or decrease in the driving speed of the drum.
PAR  Drive connection 45 thus includes a first compound idler 50 mounted for
      rotation on the backside of the web infeed system 10. Idler 50 includes a
      first gear 50a mounted adjacent and meshed in driving relationship with
      the unwind drum drive gear 43, and a second gear 50b free of driving
      contact with the unwind drum drive gear 43.
PAR  An idler wheel plate 54 is mounted adjacent compound idler 50 for
      rotational movement on the same axis of rotation as that of idler 50.
      Plate 54 supports a second compound idler 55. Idler 55 has a first gear
      55a and a second gear 55b, and is mounted on plate 54 with the first gear
      55a meshed in driving relationship with the second gear 50b of the first
      compound idler 50.
PAR  A third compound idler 60 is similarly mounted for rotation on idler wheel
      plate 54. Idler 60 includes a first gear 60a and a second gear 60b and is
      mounted on plate 54 so that the first gear 60a is meshed with the second
      gear 50b of the first compound idler 50. However, the second and third
      compound idlers 55 and 60 are displaced from each other on plate 54 so
      that they are free of driving contact with each other. They are also
      mounted on plate 54 relatively close to the first drive gear 40, so that
      slight rotational movement of idler wheel plate 54 about the axis of the
      first compound idler 50 will selectively mesh either the second gear 55b
      of the second compound idler 55 or the second gear 60b of the third
      compound idler 60 in driven relationship with the first drive gear 40.
PAR  FIGS. 3 and 4 illustrate the drive train configuration which results when
      idler wheel plate 54 is rotated in a clockwise direction as viewed in
      FIGS. 3-6 (counterclockwise in FIG. 1). This defines a first position in
      which the second gear 55b of the second compound idler 55 is driven by the
      first drive gear 40, which in turn is driven by the main drive 18 through
      line shaft 19 and right angle transmission 35.
PAR  FIGS. 5 and 6 illustrate a second drive position in which idler wheel plate
      54 is rotated counterclockwise to disengage the second compound idler
      second gear 55b and to mesh the third compound idler second gear 60b in
      driven relationship with the first drive gear 40, completing a second
      drive train drivably connecting the unwind control drum 30 to drive 18.
PAR  Idler wheel plate 54 is moved between the first and second positions by
      turning a handle wheel 65 which is supported on a strap 66, and which
      includes a screw thread 67 threadably received through the center of
      handle 65. Shackle 68 is attached to screw thread 67 by a pin 75. Shackle
      68 is attached to plate 54 at a pivot 69, so that as handle 65 is rotated,
      it threads screw 67 through its center so that plate 54 is rotated
      counterclockwise as viewed in FIG. 3. Reverse rotation of handle 65
      threads screw 67 back through handle 65 and rotates plate 54 in the
      clockwise direction. Adjustable stops 71 are preset to limit the movement
      of plate 54 so that the second gears 55b and 60b of the second and third
      compound idlers are brought to precisely the proper positions of
      engagement with the first drive gear 40. A lock screw 73 may be tightened
      in a slot 74 in plate 54 to lock the plate after it has been moved to the
      first or second position.
PAR  In the illustrated embodiment, the first and second gears 50a and 50b of
      the first compound idler 50 have 66 and 67 teeth, respectively (indicated
      in the drawings by 66T and 67T). Gears 55a and 55b of the second compound
      idler have 66 and 65 teeth, respectively, and the third compound idler
      gears 60a and 60b have 67 and 66 teeth, respectively. Thus the first drive
      train between first drive gear 40 and the unwind drum drive gear 43
      illustrated in FIGS. 3 and 4 provides a speed increase between gears 40
      and 43 of approximately 1.000229. The second drive train illustrated in
      FIGS. 5 and 6 is straight through and provides no speed increase or
      decrease.
PAR  Both drive trains precisely lock the unwind control drum 30 onto the drive
      18 so that the speed of the unwind drum 30 is positively and accurately
      controlled. The increase in speed provided by the first drive train is
      extremely small, yet it is accurate and determined. Once the idler wheel
      plate 54 is moved from the second position (FIGS. 5 and 6) to the first
      position, the fractional increase in web delivery provided by the unwind
      control drum will be constant and dependable, without the need for any
      further adjustment or attention. This is equivalent to a minute increase
      in the effective radius of the drum 30 as related to the neutral axis of
      the web 12, and has never before been available.
PAR  To increase the versatility of the web infeed system 10, it is possible to
      use a first drive gear 40 of any appropriate size. In the illustrated
      embodiment gear 40 has 68 teeth (and unwind drum drive gear 43 has 176
      teeth). However, a first drive gear 40 of a different size may be fitted
      simply by shifting the right angle transmission 35 and its platform 34
      horizontally along line shaft 19, as required, to define new positions for
      selective engagement of the first drive gear with the second and third
      compound idler second gears 55b and 60b. Stops 71 are then adjusted to the
      new first and second positions for plate 54. As may be seen (FIG. 5), slot
      74 is much longer than necessary for a 68 tooth first drive gear 40, in
      order to accommodate first drive gears 40 of other sizes.
PAR  As may be seen therefore, the present invention provides numerous
      advantages. It is uncomplicated and inexpensive, yet accurate and highly
      reliable. It provides the equivalent of an extremely small increase in the
      effective radius of the unwind control drum 30 and is far more dependable
      and consistent than earlier attempts at such control. As indicated, the
      operational speed of the unwind control drum 30 is normally sufficient
      without a speed increase. On occasion, however, the effective radius must
      be increased, but only by an extremely small amount. With the present
      invention this is now possible.
PAR  Another advantage of the present invention is the considerable savings of
      space provided by the compound idlers. In the illustrated embodiment, the
      first position of FIGS. 3 and 4 accomplishes an extremely small increase
      using a total of only 264 teeth on the first and second compound idlers.
      This result is obtained by using a speed increasing ratio of 66 to 65 and
      using a speed decreasing ratio of 66 to 67. The net increase is the
      product of these fractions, which is orders of magnitude smaller than
      either taken alone.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of this invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a web infeed system for a rotary printing press having
PA1  a printing couple including a pair of cylinders adapted to print the web
      under pressure and drive the web through a nip formed by said cylinders,
PA1  drive means for driving said printing couple,
PA1  a web supply roll,
PA1  means supporting said supply roll for paying out the web on demand related
      to the requirements of said printing couple, and
PA1  a metering drum intermediate said web supply and said printing couple for
      unwinding the web from said supply and feeding it to said nip,
PA1  the improvement comprising:
PA1  drive train means connected to said metering drum with direct gearing from
      said printing couple drive means at independently selectable different
      speeds the outputs of which differ in relation to the input speed from
      said drive means generally within .05% of one another, said drive train
      means including:
PA1  a. an imput drive gear driven by said drive means,
PA1  b. a metering drum drive gear connected to rotate said metering drum,
PA1  c. one of said input and metering drum drive gears being a first drive gear
      and the other being a second drive gear,
PA1  d. a first idler set having at least two gears and being mounted adjacent
      said first drive gear with a first gear of said first idler set meshed
      with said first drive gear,
PA1  e. a second idler set having at least two gears and being mounted with a
      first gear thereof meshed with a second gear of said first idler set,
PA1  f. a third idler set having at least two gears and being mounted with a
      first gear thereof meshed with said second gear of said first idler set,
      said third idler set being free of driving contact with said second idler
      set,
PA1  g. means mounting said second drive gear adjacent the second gears of said
      second and third idler sets,
PA1  h. means for alternatively meshing said second drive gear with one or the
      other of the second gears of said second and third idler sets, and
PA1  i. one of said first and second idler sets providing a speed increasing
      ratio and the other a speed decreasing ratio to provide a net speed change
      which is the product of their ratios and is an increase or decrease of
      generally less than 0.5%.
NUM  2.
PAR  2. The web infeed system of claim 1 wherein said first drive gear is said
      metering drum drive gear and said second drive gear is said input drive
      gear.
NUM  3.
PAR  3. The web infeed system of claim 1 wherein said first drive gear is said
      input drive gear and said second drive gear is said metering drum drive
      gear.
NUM  4.
PAR  4. The web infeed system of claim 1 wherein said metering drum is of such
      large diameter that feed of web over a thickness range of approximately
      .001 inch to .01 inch alters the effective radius of said drum as related
      to the neutral axis of the web in an amount generally less than .05%.
NUM  5.
PAR  5. The web infeed system of claim 1 wherein said drive train means further
      comprises:
PA1  a. an idler wheel plate mounted adjacent said first idler set for movement
      about the axis of rotation thereof,
PA1  b. said second idler set being mounted on said idler wheel plate,
PA1  c. said third idler set being mounted on said idler wheel plate, and
PA1  d. means for moving said idler wheel plate between:
PA2  i. a first position wherein said second idler set second gear is meshed
      with said second drive gear, and
PA2  ii. a second position wherein said third idler set second gear is meshed
      with said second drive gear.
NUM  6.
PAR  6. The web infeed system of claim 1 wherein
PA1  a. said first gear of said first idler set has fewer teeth than said second
      gear thereof to provide an effective speed increasing gear ratio, and
PA1  b. said first gears of said second and third idler sets have more teeth
      than their respective second gears to provide effective speed decreasing
      gear ratios.
NUM  7.
PAR  7. The web infeed system of claim 1 wherein
PA1  a. said first gear of said first idler set has more teeth than said second
      gear thereof to provide an effective speed decreasing gear ratio, and
PA1  b. said first gears of said second and third idler sets have fewer teeth
      than their respective second gears to provide effective speed increasing
      gear ratios.
NUM  8.
PAR  8. The web infeed system of claim 1 wherein said means mounting said second
      drive gear adjacent said second and third idler sets is adjustable to
      accommodate second drive gears of various sizes for selective meshing with
      said second and third idler sets.
NUM  9.
PAR  9. The system of claim 1 further comprising means controlling the paying
      out of the web from said web supply, including:
PA1  a. means for sensing web tension between said supply and said drum, and
PA1  b. variable braking means operative to control the rate the web is supplied
      from said supply in response to deviations from a predetermined web
      tension as sensed by said web tension sensing means.
NUM  10.
PAR  10. The system of claim 1 wherein the number of teeth on the first gear of
      one of said idler sets differs from the number of teeth on the second gear
      thereof generally less than approximately 5%.
NUM  11.
PAR  11. The system of claim 10 wherein:
PA1  a. said first gear of said first idler set has 66 teeth,
PA1  b. said second gear of said first idler set has 67 teeth,
PA1  c. said first gear of said second idler set has 66 teeth,
PA1  d. said second gear of said second idler set has 65 teeth,
PA1  e. said first gear of said third idler set has 67 teeth, and
PA1  f. said second gear of said third idler set has 66 teeth.
NUM  12.
PAR  12. In a web infeed system for a rotary printing press having
PA1  a printing couple including a pair of cylinders adapted to print the web
      under pressure and drive the web through a nip formed by said cylinders,
PA1  drive means for driving said printing couple,
PA1  a web supply roll,
PA1  means supporting said supply roll for paying out the web on demand related
      to the requirements of said printing couple, and
PA1  a metering drum intermediate said web supply and said printing couple for
      unwinding the web from said supply and feeding it to said nip,
PA1  the improvement comprising:
PA1  drive train means connected to said metering drum with direct gearing from
      said printing couple drive means at independently selectable different
      speeds the outputs of which differ in relation to the input speed from
      said drive means generally within .05% of one another, said drive train
      means including at least two independently selectable drive trains, one of
      said drive trains having at least two gear sets, each having at least two
      gears, said gear sets being arranged in series driving relationship, one
      of said gear sets providing a speed increasing ratio and the other a speed
      decreasing ratio to provide a net speed change which is the product of
      their ratios and is an increase or decrease of generally less than 0.5%.
PATN
WKU  039384381
SRC  5
APN  133364&
APT  1
ART  221
APD  19710412
TTL  Pressure-armed explosive apparatus
ISD  19760217
NCL  5
ECL  1
EXA  Jordan; C. T.
EXP  Feinberg; Samuel
NDR  3
NFG  10
INVT
NAM  Anderson; Matthew E.
CTY  Ontario
STA  CA
INVT
NAM  Redmond; Stephen L.
CTY  China Lake
STA  CA
INVT
NAM  Horky; John W.
CTY  Naperville
STA  IL
INVT
NAM  Krolak; Leo V.
CTY  Northbrook
STA  IL
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  102  72
XCL  102 81
EDF  2
ICL  F42B 2516
ICL  F42C 1512
FSC  102
FSS  7.2;81;49.5;6
UREF
PNO  2809583
ISD  19571000
NAM  Ortynsky et al.
OCL  102  7.2
UREF
PNO  2926609
ISD  19600300
NAM  VanGoey et al.
XCL  102 81
UREF
PNO  2996985
ISD  19610800
NAM  Kratzer
OCL  102  7.2
UREF
PNO  3170398
ISD  19650200
NAM  Paulson et al.
OCL  102  6
UREF
PNO  3318241
ISD  19670500
NAM  Gould
OCL  102  7.2
UREF
PNO  3453960
ISD  19690700
NAM  Qualls
OCL  102 49.5
UREF
PNO  3646889
ISD  19720300
NAM  Davis
OCL  102  7.2
LREP
FR2  Sciascia; R. S.
FR2  Rubens; G. J.
FR2  Phillips; T. M.
ABST
PAL  An air droppable sealed warhead cannister capable of housing a plurality of
     omblets, each bomblet having a pressure-sensitive fuze capable of being
      controlled by the presence and absence of a predetermined pressure in the
      cannister.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ordnance devices, and more particularly to an
      air-droppable missile housing a plurality of individual bomblets having
      pressure-sensitive fuzes that can be armed and detonated automatically,
      independently of a spinning momentum.
PAR  Bomblets presently in use employ fuzes that are spin-armed aerodynamically
      by flutes formed on the outer surfaces of the bomblets. The reliance on
      spin arming of such fuzes is unacceptable for Navy use due to the hazard
      presented by accidental spillage on deck causing bomblet arming and
      firing. Recent Navy safety directives limit the use of spin-armed cluster
      weapons in that they cannot be brought back aboard an aircraft carrier by
      strike aircraft because of the hazard presented by an arrested landing. In
      such a sudden stop, the bomblets could spill out, roll across the deck and
      detonate through the spinning action. Similarly, a takeoff by an aircraft
      from a land-based runway in the presence of friendly personnel can also be
      hazardous. Another objection to spin-armed bomblet fuzes is that they
      require the bomblet to be oriented to the proper spin attitude and reach a
      minimum spin rate before arming is initiated. This requirement dictates a
      minimum release altitude to achieve bomblet arming which will most likely
      be undesirable in many future weapons. Still another disadvantage of
      spin-armed bomblets is that a hole forms in the center of the bomblet
      pattern on the ground due to magnus dispersion when released from high
      altitudes necessitating the overlapping of several bombing patterns to
      achieve maximum coverage.
PAC  SUMMARY OF THE INVENTION
PAR  The invention device utilizes a construction which eliminates many
      disadvantages associated with spin-armed ordnance. The device includes an
      airtight cannister section housing a plurality of bomblets each bomblet
      having a pressure-sensitive fuze. When the device has travelled a safe
      distance from the launch vehicle, means are initiated to admit a high
      pressure fluid, i.e., gas to the cannister section to activate each fuze
      to a "commit-to-arm" condition. When the device reaches the intended
      delivery area the cannister is burst open to disperse the bomblets. The
      drop in pressure in each fuze causes the fuze to advance to an "armed"
      condition. The fuzes have a built-in time delay to assure that the
      bomblets have been sufficiently dispersed from each other before they are
      activated to an "armed" condition; thus avoiding premature explosion by
      accidental collisions. Upon impact with the intended targets each bomblet
      is ignited.
PAR  A higher degree of safety is achieved with the pressure-armed invention
      fuze than is presently attained with spin-type fuzes which is an important
      criteria for ship-based strike aircraft deploying such ordnance devices.
      By committing all of the fuzes to arm simultaneously by a highly reliable
      weapon safety and arming device, rather than individually, the probability
      of inadvertent arming is much less, enhancing safety. An additional
      feature of the pressure-sensitive fuze is that the arming delay can be
      more accurately predicted lending itself more suitable for applications in
      future systems.
PAC  OBJECTS OF THE INVENTION
PAR  An important object of this invention is to provide an ordnance device
      having a plurality of pressure-sensitive bomblet fuzes which can be
      committed-to-arm simultaneously, and at a safe distance from the launching
      vehicle.
PAR  Still another object is to provide a predetermined delay in fully arming
      said fuzes after dispersal of said bomblets.
PAR  Other objects are to provide a safer fuze; to provide a fuze which will
      assure a more uniform dispersal pattern; to provide a fuze which does not
      rely upon a spinning moment for arming; and to provide a fuze that will
      occupy a volume less than 1 cubic inch.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an ordnance delivery device with the skin
      of the warhead section broken away to show the random packaging of the
      bomblets;
PAR  FIG. 2 is a diagrammatic view of the ordnance device in the launch phase;
PAR  FIG. 3 is a diagrammatic view of the ordnance device with the warhead
      section pressurized after travelling a safe distance from the launching
      vehicle;
PAR  FIG. 4 is a diagrammatic view of the ordnance device when the warhead
      section is burst to distribute the bomblets;
PAR  FIG. 5 is a diagrammatic view of the bomblets being dispersed over the
      target area;
PAR  FIG. 6 is a longitudinal section of the bomblet fuze in a "safe" position;
PAR  FIG. 7 is a bottom view of the piston taken along lines VII--VII of FIG. 6;
PAR  FIG. 8 is a partial upper section of the fuze with the piston advanced and
      rotated to a "commit-to-arm" position; and
PAR  FIG. 9 is a full longitudinal section of the bomblet fuze in an "armed"
      position wherein the firing mechanism is unlocked and released to initiate
      the explosive train upon impact with the target; and
PAR  FIG. 10 is a perspective view of the firing pin and release mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings where like reference numerals refer to similar
      parts throughout the figures there is shown in FIG. 1 an armament weapon
      10 which may be in the form of an air droppable, aerodynamic missile
      having a warhead section 12. A portion of the warhead section skin 14 is
      broken away to show the packaging of a plurality of bomblets 16 which can
      have any desired configuration. Each bomblet is provided with a
      pressure-sensitive fuze 18, the details of which are later described with
      reference to FIGS. 6-10 inclusive.
PAR  A gas generator 20 is mounted in missile 10 for pressuring the warhead
      section 12 to activate fuzes 18 through a weapon safety arming device 22
      which may be activated from a remote position such as the launching
      vehicle, i.e., aircraft (not shown). One or more linear explosive charges
      24 are disposed around warhead section 12 to open it and release the
      bomblets for a purpose presently to be described.
PAR  FIGS. 2 to 4 inclusive depict the operational phases of missile 10 from
      time of launch to time of deployment. In FIG. 2 the missile 10 is in the
      launch phase where both the weapon and the bomblets are in a "safe"
      condition.
PAR  After the missile 10 has travelled a safe distance from the launching
      vehicle, warhead section 12 is pressurized as shown in FIG. 3. As will be
      explained in detail, pressurizing seciton 12 automatically and
      simultaneously activates all the bomblet fuzes to a "commit-to-arm"
      condition.
PAR  In FIG. 4 missile 10 has reached the target area and linear explosive
      charges 24 are activated to burst the skin of the warhead, dispersing the
      bomblets. The release of the pressure in the warhead causes the fuzes to
      advance to an "arm" condition through a predetermined delay period which
      enables the bomblets to achieve an adequately safe dispersal pattern as
      shown in FIG. 5 before they are fully armed. This delay assures that the
      bomblets will not explode through accidental contact with other bomblets
      when initially dispersed.
PAR  The delay in a pressure-activated fuze can be accurately predetermined
      enabling this type of fuze to be used in a dual-mode ordnance system, that
      is, the warhead can be detonated as a compact unit against a hard point
      target or the bomblets dispersed for an area-type target. A spin-armed
      fuze cannot be used with this system because of the necessity of a low
      dispersal altitude.
PAR  Referring to FIG. 6 there is shown a preferred embodiment of a
      pressure-sensitive fuze 18 suitable for use in bomblets 16 (FIG. 1). Fuze
      18 comprises a cylinder 26 having a bore, in which is slidable a piston 28
      having a pair of spaced O-ring seals 30. A torsion-compression spring 32
      is positioned between one end of the cylinder and the piston to bias the
      piston, when the fuze is at the "commit" point, to an arming position
      (downward in FIG. 6). In place of a single spring two springs can be
      provided, one spring to exert a compressional force, the other spring a
      torsional force on the piston. The lower end of the piston 28 terminates
      in a semi-cylindrical extension 33 transversely housing a stab sensitive
      detonator 34.
PAR  Intermediately formed in cylinder 26 is a pair of oppositely disposed
      apertures extending therethrough into the cylinder which apertures serve
      as inlet ports 36 for the admission of pressurized fluid, preferably gas
      from generator 20 (FIG. 1), into the cylinder. With fuze 28 in a "safe"
      condition as illustrated in FIG. 6, each port 36 is normally blocked by a
      respective detent 38 integral with a detent body 39 transversely housed in
      a recess 40 of piston 28. Each detent 38 is biased outwardly by a
      compression spring 42 to a locking position to engage and block
      corresponding port 36. An O-ring 44 is provided around detent 38 to seal
      the port when mated therewith. The seating of detents 38 in ports 36
      provide a visual indication that fuze 18 is locked in a "safe" condition
      (FIG. 6) blocking ports 36 and preventing movement of piston 28. Detents
      38 are disposed in an opposing transverse orientation in piston 28 in
      order that shock loads caused by accidental dropping will not jar both
      detents loose at the same time. (The arrangement of detents 38 are rotated
      45.degree. in the drawings from the true position in order to show all of
      the details.)
PAR  For one specific application, detent spring 42 is designed to allow the
      detent to be withdrawn from port 36 to unlock piston 26 from the safe
      condition (FIG. 6) when the pressure in warhead section 12 (FIG. 1) has
      reached a minimum of 40 psi.
PAR  A longitudinally drilled duct 43 is provided in piston 28 extending from
      port 44 leading to the space around piston 28 between O-rings 30 to the
      lower (or high pressure) end of piston 28 through a gas restrictor 46, the
      purpose of which will be later described. Consequently, fluid pressure
      admitted through ports 36 will be admitted to the high pressure chamber 47
      to act on the bottom surfaces of piston 28 and force the piston upward
      against the action of arming spring 32.
PAR  One of the safety features of the present invention is to maintain
      detonator charge 34 in a safe position with respect to the firing
      mechanism until adequate arming pressure is developed in warhead cannister
      12 and released. This is accomplished by forming a U-shaped cam slot 48 on
      the outer surface of piston 28, the slot being engageable by a cam pin 50
      screwed or otherwise secured in the cylinder wall 26. As cylinder 26 is
      fixedly mounted within its corresponding bomblet, any rectilinear movement
      of piston 28 will cause a simultaneous rotational movement thereof
      depending on the slope of the cam slot.
PAR  Cam slot 48 is provided with two leg portions 48a and 48b; the former being
      substantially vertical and parallel to the longitudinal axis of the
      piston, the latter leg being angularly disposed. The two legs are
      connected by a horizontal base leg 48c. Port 44 is shown located in groove
      48 but could be otherwise located as long as it communicates with ports
      36.
PAR  As previously noted, when the fluid pressure in warhead section 12 builds
      up to 40 psi, detents 38 are fully depressed to unlock piston 28 from the
      cylinder. As the pressure builds up in chamber 47, piston 28 is moved
      upwardly to compress arming spring 32. When the pressure reaches 100 psi,
      piston 28 has travelled upwardly to a position where cam pin 50 enters
      portion 48c of the cam slot. Arming spring 32, exerting a torsional force
      on piston 28 in the direction of arrow 52, moves pin 50 laterally relative
      to the piston so that it is aligned with slot leg 48b. The fuze is now in
      a "commit-to-arm" condition (see FIG. 8). Locking detents 38 are likewise
      rotated away from their aligned position with respect to their ports 36.
      Prior to this condition if pressure is inadequate when pin 50 is still in
      slot portion 48a, the fuze will remain in a "safe" condition and return to
      the initial position (FIG. 6).
PAR  At an appropriate time in the operational deployment, depending on the
      selected target, the fluid pressure in cylinder 26 is dissipated to enable
      the fuze to complete the arming cycle. In the specific embodiment
      disclosed, this loss of pressure is achieved by bursting warhead section
      12 through linear explosive charges 24 to disperse bomblets 16, as is
      illustrated in FIG. 4. Piston 28 now commences a return stroke and as cam
      pin 50 rides in slot leg portion 48b, piston 28 commences to rotate, in
      the direction of arrow 52, (see FIG. 8) for the purpose of aligning
      detonator 34 with the firing mechanism.
PAR  The rate at which piston 28 travels in its return stroke (downward in FIGS.
      8 and 9) is controlled by the degree of throttling of the gas as it is
      exhausted from high pressure chamber 47. Gas restrictor plug 46 may be
      fabricated of sintered steel the porosity of which can be varied at the
      time of assembly to select the desired period of delay. For the specific
      embodiment illustrated, the Navy specification sets forth a time delay of
      0.050 to 0.200 seconds from the instant of removal of the arming pressure
      to the instant of fuze arming. The fuze was designed to provide arming
      upon a reduction of pressure to 15 psig after reaching "commit-to-arm"
      position.
PAR  When the high pressure gas acting on piston has been vented, piston 28 has
      moved downwardly to its lowermost position by the action of coiled spring
      32. The piston simultaneously is rotated by the pin and cam slot to align
      detonator 34 with a firing mechanism 54 and the fuze is in an armed
      position. When piston 28 is in the armed position, another spring loaded
      detent 53 is aligned with one of the ports 36 to lock the piston in
      position.
PAR  Firing mechanism 54, shown in FIGS. 6, 9, and 10, is mounted in the base
      portion 56 of cylinder 26, and comprises a firing pin 58 slidably mounted
      in a side wall of base portion 56 so as to be aligned transversely with
      the armed position of detonator 34. A compression firing spring 59 is
      adapted to propel firing pin 58 in to stab detonator 34 for initiating the
      firing train; spring 59 also having the function of preventing premature
      firing as will be described. The firing pin is controlled by a sear
      mechanism which includes a U-shaped base 60 (FIG. 10), a sear beam 61
      pivotally mounted on base 60 by a pin 62 riding in a notch 63. One side of
      notch 63 is formed vertical for a purpose presently to be described. The
      sear mechanism is provided with a ball pivot 66 seated in respective
      grooves in both the sear and the base of the cylinder. A roller 68 is
      mounted on sear 61 releasably to engage and restrain firing pin 58 under
      the compression force of firing spring 59.
PAR  The firing mechanism is maintained in a locked position by a U-shaped,
      upwardly bowed, safety spring 70 best shown in FIG. 10. The ends of spring
      arms 72 are constrained within a recess 74 in the base portion 56.
      Shoulder portion 76 of spring 70 is flat and normally interposed between
      sear beam 61 and base 59 to prevent the sear beam (and roller 68) from
      pivoting and releasing the firing pin (FIG. 10). When bowed spring 70 is
      depressed by piston extension 33 at the end of the arming stroke, sear
      beam is unlatched and firing pin 58 is in a fully armed position capable
      of initiating the explosive train upon impact with the intended target
      (FIG. 9).
PAC  OPERATION
PAR  FIGS. 2 and 6 illustrate the invention fuze in a safe condition wherein
      piston 28 is locked to the cylinder by detents 38. After missile 10 has
      reached a safe distance from the launching aircraft, warhead cannister 12
      is pressurized with gas or the like (FIG. 3) and the external surfaces of
      detents 38 are subjected to the pressure buildup. When the pressure
      reaches a minimum selected design pressure (i.e., 40 psi) detents 38 are
      sufficiently depressed into the piston to unlock it and simultaneously
      admit the gas to chamber 47. Piston 28 commences to move (longitudinally
      upwardly) to compress arming spring 32. When the gas pressure reaches a
      minimum selected design pressure (i.e., 100 psi) piston 28 has moved
      rectilinearly to where cam pin 50 reaches cam slot portion 48c at which
      position the piston simultaneously rotates in the direction of arrow 52.
      Piston 28 has rotated relative to pin 50 from a position where it was in
      alignment with leg 48a to a position in alignment with leg 48b. Thus, the
      fuze has been committed to be armed, referred to as a commit-to-arm
      position, and cannot in flight be restored to a safe position.
PAR  The commit-to-arm condition prevails until the missile 10 has reached the
      target area and, upon an appropriate signal to linear explosive charges
      24, warhead cannister 12 is burst open dissipating the high pressure
      condition existing in that section and dispersing bomblets 16. High
      pressure gas in fuze chamber 47 begins to vent successively through gas
      restrictor 46, line 43, and ports 44 and 36. The illustrated device is
      planned to have a time delay of approximately 50 to 200 msec from the
      instant of removal of the 100 psi pressure to the instant of fuze arming,
      depending primarily on the selection of the degree of porosity of gas
      restrictor 46. This delay will afford sufficient time for the bomblets to
      disperse without the likelihood of premature explosion by accidental
      collision (see FIG. 5). As the pressure in chamber 47 dissipates, piston
      28 under the cocked force of arming spring 32 begins its return arming
      stroke, the engagement of cam pin 50 and cam slot leg 48b causing piston
      28 to continue to rotate in the direction of arrow 52.
PAR  When the pressure in chamber 47 reaches 15 psig, piston 28 under the action
      of arming spring 32 has rotated to the full extent permitted by cam slot
      portion 48b, positioning piston extension 33 to align detonator 34 with
      firing pin 58 (see FIG. 9). Thus, detonator 34 has been moved from the
      safe position in FIG. 6 to the armed position in FIG. 9. Piston extension
      33 has also depressed bowed spring 70 to unlatch sear beam 61. Firing pin
      58 remains in the same position as in FIGS. 6 and 10, but in this
      condition the fuze is in a fully armed position in which firing pin is
      capable of setting off the explosive train upon impact of the bomblet with
      a target.
PAR  It should be noted that although sear beam 61 is unlatched, the front face
      of firing pin 58 by action of compression firing spring 59 bears against
      sear roller 68 biasing the vertical edge of sear beam notch 63 against
      sear pivot 62 which maintains ball 66 in a seated condition.
PAR  Armed position locking detent 53 has rotated and translated down to a
      position to engage one of the ports 36 to lock the fuze in an armed
      position (FIG. 9). In this latched position detent 53 is visible through
      its engaged port 36 to reveal the armed condition of the fuze. It is
      desirable that detent 53 have a color code of red, and detents 38 be
      colored green so that the respective condition of the fuze is readily
      apparent.
PAR  Upon impact of the bomblet with the target, regardless of force direction
      with any of the intended targets, the inertial forces eject sear ball 66
      from its seated position causing sear beam 60 to pivot and depress roller
      68 or inertial forces on the roller end of sear beam 60 cause it to
      rotate. Firing pin 58 is now released and under the force of spring 59 is
      propelled into aligned detonator 34 to initiate the firing train, as shown
      in FIG. 9.
PAR  The weapon system of this invention provides a means for delivering a
      plurality of bomblets, each having a pressure sensitive fuze which fuzes
      can be committed-to-arm simultaneously by an artificial environment
      controlled by a highly reliable weapon safety arming device, increasing
      odds against accidental ignition. Because of this reason and the fact that
      the fuze does not rely on aerodynamic spinning for arming, it is safer
      from accidental dropping especially for shipborne equipment. If the
      mission is aborted the weapon and contained bomblets need not be
      jettisoned as has been the practice with spin-armed fuzes, and can be
      returned to the launching platform. The pressure sensitive fuze enables
      the bomblets to be armed more precisely, i.e., when the delivery aircraft
      is at a predetermined distance. The fuze is small and compact and capable
      of mass production. A more predictable and adjustable time-delay in the
      final arming of the fuze can be readily chosen at the time of assembly.
      The firing mechanism enables the fuze to be exploded by any
      omni-directional impact force.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air-droppable sealed warhead cannister containing a plurality of
      bomblets each having a pressure sensitive explosive fuze provided with a
      fluid inlet port:
PA1  means including a power source connected to the cannister for pressurizing
      said cannister in flight with a fluid at a predetermined event by
      admitting fluid pressure through said port to activate the fuzes to
      commit-to-arm condition;
PA1  means for fragmenting said cannister at a second predetermined event to
      disperse said bomblets into the atmosphere, and exhaust said pressure in
      the fuze to the atmosphere through said inlet port;
PA1  means for advancing the fuzes to an armed position when said pressure is
      exhausted;
PA1  whereby all of said fuzes can be committed-to-arm simultaneously after the
      cannister has reached a safe distance from the launching platform, the
      fuzes being advanced to armed conditions when said cannister is fragmented
      and the bomblets dispersed.
NUM  2.
PAR  2. The combination of claim 1 wherein a pressure-releasable detent is
      provided in each fuze normally engaging said inlet port for latching said
      fuze in a safe condition until released by the fluid pressure.
NUM  3.
PAR  3. The combination of claim 2 wherein a second detent is provided to engage
      said fluid port when the fuze is advanced to the armed position to lock
      said fuze in said armed position.
NUM  4.
PAR  4. The combination of claim 1 wherein means are provided in the fuze to
      meter the exhausting fluid pressure to the atmosphere to provide a
      predetermined time delay in each fuze to insure safe dispersal of the
      bomblets from each other before the fuzes are finally armed.
NUM  5.
PAR  5. The combination of claim 1 wherein the fuze is provided with a firing
      mechanism, a spring member locking said fuze in a safe position, said
      spring member being depressed when said fuze is advanced to the armed
      position to unlock said firing mechanism.
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ABST
PAL  A device for safe containing mini-charge rounds and controlled dispersal of
     he rounds by tiers into a swarm of desired size and density when actuated
      by a fusing signal. The device utilizes chambered gas in a series of
      metered pressure drops to inflate diaphragms and develop controlled
      forces. These forces are imposed upon the mini-charge rounds to deploy the
      rounds from each tier by lateral force into radial patterns expanding at
      different rates to provide the pattern density required.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of small missile deployment. Present
      devices rely only on windstream to disperse their rounds and lack control
      in the orientation of the rounds in its own axis and its position in the
      spacial pattern.
PAC  SUMMARY OF THE INVENTION
PAR  This invention not only uses windstream force for partial operation but
      also uses gas dispensed through a series of metered pressure drops to
      inflate diaphragms and develop controlled forces. THe forces are imposed
      upon the mini-charge rounds to deploy the multi-tiered rounds into
      patterns expanding at varying rates.
PAR  This invention may be better understood from the following detailed
      description taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE shown is a sectional view of the device showing three
      tiers of mini-charge rounds in a sectional case.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference numeral 10 indicates a sectional enclosing case that is latched
      together at 12. The case encloses three tiers of mini-charge rounds
      identified as 14, 16 and 18. In each tier the rounds are held in a tight
      circular arrangement for assembling by a light retaining band 20 and are
      separated by stops 22. The lower tier 18 is supported on a gas generator
      24 which is ignited by primer 26. Both the latch 12 and primer 26 are
      connected to a fuse (not shown) for actuation thereby. A cylindrical tube
      28 is positioned on the gas generator for transmitting gas produced from
      the generator. The tube extends through the center of each tier to the
      upper end of case 10. Restrictions 30 are placed inside of the tube 28 to
      provide horizontal orifices 32, 34, 36, and 38 of progressively smaller
      diameters. The tube 28 is provided with lateral openings 40 at each tier
      level within the enclosing case. A resilient cylindrical diaphragm 42 is
      attached to tube 28 at points 44 and 46 of each tier level and encloses
      the lateral tube openings at their particular tier level. Through this
      arrangement, developed gas flows successively from the gas generator 24
      through orifices 32, 34, 36 and 38, taking controlled pressure drops
      through each orifice.
PAR  In operation an enclosing case is carried by a missile to a designated area
      and a signal from the fuse releases latch 12 and unlatches the case
      sections permitting it to fly off from the force of the windstream. The
      fusing signal also initiates the primer 26 which in turn ignites the gas
      generator 24. The developed gas flows successively through pressure drop
      orifices 32, 34, 36 and 38. As the gas builds up in tube 28 it is
      transmitted through lateral wall openings 40 to the sealed collapsible
      diaphragms 42, where it is enclosed and builds up a pressure force
      therein. THe pressure and force on each diaphragm is proportional to the
      pressure drops across the orifices. These pressure drops are selected to
      provide the force required to cause the diaphragms to expand and break
      bands 20 and to give motion to the rounds in respective tiers and form
      radially expanding tiers as desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for deploying multi-tiered charged rounds into radial patterns
      expanding at different rates therefrom, said device comprising: a
      sectional enclosing case; stops in said device to separate each tier of
      charged rounds from a succeeding tier; a gas generator associated with
      said case for producing gas; a tube disposed on said generator, said tube
      being provided with a plurality of lateral openings spaced longitudinally
      of said tube; a plurality of cylindrical resilient diaphragms, each
      diaphragm being attached to the tube at points enclosing a horizontal set
      of lateral tube openings and a plurality of internal restrictions in said
      tube that provide progressively sized horizontal orifices for developing
      the controlled forces to deploy said tiered rounds into radially expanding
      patterns.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein said sectional enclosing case
      is provided with a latch for holding and releasing said case into its
      separate sections.
NUM  3.
PAR  3. A device as set forth in claim 2 including a primer for igniting said
      gas generator.
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ABST
PAL  A propellant charge comprising a matrix of granular propellant having
      interspersed therethrough compacted molded bodies of propellant. The
      density of the granular propellant is less than the density of the molded
      propellant bodies. The use of the mixed propellant charge enables a
      cartridge case of given dimensions to be loaded with a greater weight of
      propellant thereby enabling the achievement of greater projectile
      velocities in any given gun-ammunition system.
PARN
PAR  This is a continuation of application Ser. No. 324,699 filed Jan. 18, 1973
      now abandoned.
BSUM
PAR  This invention relates to a propellant charge having a matrix of a granular
      propellant in which there are interspersed compacted high density molded
      bodies of propellant material, and to a cartridge utilizing such a
      propellant charge.
PAR  In any given gun-ammunition system there are certain fixed factors and
      certain variable factors. For a particular caliber system, the fixed
      factors usually arise from the gun: such as barrel length and diameter,
      chamber configuration and volume. The variable factors are usually
      associated with the ammunition, projectile weight and propellant, but
      there are certain fixed variables also involved, specifically the
      cartridge case must be compatible with the chamber configuration, thus
      fixing a specific volume for propellant and projectile. The projectile
      must conform to a specific diameter, thereby changing weight by either a
      length or mass variation. It is apparent that lighter weight projectiles
      have the potential for nigher velocities in any given system. However,
      after selection of a given projectile with specific dimensions, the
      propellant volume in the case, behind the projectile, becomes also fixed,
      leaving only the propellant as a variable.
PAR  In the firing of such a gun-ammunition system, an additional limitation of
      maximum pressure is arbitrarily assigned to insure against malfunction of
      or damage to the gun mechanism. The primary object in selecting the proper
      propellant is to obtain the maximum projectile velocity while not
      exceeding the pressure limit.
PAR  In view of the foregoing, it is apparent that, for a particular established
      gun-ammunition system, the propellant charge in the round of ammunition is
      the variable consituent which can be most readily modified to change
      ballistics of the system without requiring reworking of the entire system.
      Vast amounts of time and effort have been expended in the past toward
      finding a solution to the problem of obtaining maximum velocity of a
      projectile through modification of the propellant charge used to propel
      the projectile.
PAR  The basic propellant used in modern small arms ammunition is smokeless
      powder. A great variety of smokeless powders have been produced for use as
      propellants for small arms ammunition, the various smokeless powders
      displaying different burning rates, different physical characteristics,
      shapes, and the like. The efficiency of a particular smokeless powder as a
      propellant for a particular system with respect to velocity can be
      measured by plotting its pressure/time curve, with the area under the
      curve being proportional in general to the velocity achieved by combustion
      of the propellant assuming bore resistances and heat losses are
      equivalent. An ideal smokeless powder propellant would produce a
      pressure/time curve which would quickly rise to its peak pressure, remain
      at the peak pressure for substantially the entire burning time, and then
      quickly fall back to zero with adiabatic expansion of combustion gases at
      the end of the burning time so as to maximize the area under the curve,
      thus maximizing the velocity. In fact, however, smokeless powders, when
      burned, produce a pressure/time curve which rises rather gradually to peak
      pressure, remains at peak pressure a relatively short time period, and
      then gradually drops back toward zero with adiabatic expansion of the
      combustion gases produced.
PAR  For any given propellant charge in a predetermined gunammunition system,
      there is a maximum potential velocity which could be imparted to a
      projectile, were the propellant charge functioning in this ideal manner.
      This maximum potential velocity is, at present, not attainable in
      practice, and a system can be said to be performing quite well where 85-90
      percent of the maximum potential velocity is achieved. Maximum potential
      velocity for any given propellant can be plotted as a function of pressure
      for any given charge weight in any given system, and can also be plotted
      as a function of charge weight for any given pressure in a given system.
      In both cases, maximum potential velocity increases as pressure and charge
      weight increase.
PAR  Our solution to the problem of providing increased projectile velocity
      within any given gun-ammunition system is directed toward increasing the
      weight of the propellant charge which can be packed into a given volume,
      e.g. increasing the full case propellant charge weight. Conventional
      granular smokeless powder propellants have a packing density of no greater
      than about 1.00 gm./cc. Methods have recently been developed by which
      conventional granular smokeless powder propellants can be compacted into
      coherant bodies having a density of about 1.40 gm./cc. We have discovered
      that pellets of compacted smokeless powder can be mixed with granular
      smokeless powder propellant to provide a propellant mixture having a
      density of greater than 1.00 gm./cc. but less than 1.40 gms./cc. The size
      of the molded, compacted pellets should preferably be small compared to
      the dimensions of the cartridge case propellant chamber to provide maximum
      ease of loading the pellets into the casing, but should be large compared
      to the individual propellant granules of the granular constituent of the
      propellant mixture. The smokeless powder from which the molded pellets are
      made can be the same or a different formulation from the smokeless powder
      which forms the granular constituent of the mixed propellant of this
      invention.
PAR  As noted above, conventional granular smokeless powders can be said to be
      performing quite well if able to produce 85-90 percent of the maximum
      possible projectile velocity. Tests have shown, surprisingly, that the
      mixed propellant charge of this invention will also produce 85-90 percent
      of the maximum possible projectile velocity. Thus, due to the increased
      density of the mixed propellant charge as compared to a purely granular
      propellant charge, the mixed propellant charge will produce a higher
      projectile velocity in a given gun-ammunition system because a greater
      weight of propellant can be packed into the ammunition casing. It is
      hypothesized that the surprisingly favorable burning characteristics of
      the mixed propellant charge is the result of a delay in the ignition of
      the molded pellets, which once ignited, disintegrate and burn in the same
      fashion as the granular propellant. By way of demonstrating the increased
      propellant weight possible with the mixed propellant charge of this
      invention, a 30 mm WECOM cartridge cartridge was loaded solely with
      granular smokeless powder and was found to hold a full charge of 655
      grains. The same cartridge was then loaded with a mixture of molded
      propellant pellets of the same propellant and approximately 0.30 in.
      .times. 0.20 in. .times. 0.15 in., and the granular propellant and was
      found to hold a full charge of approximately 800 grains.
PAR  It is, therefore, an object of this invention to provide a smokeless powder
      propellant mixture which will produce increased projectile velocity in any
      given gun-ammunition system as compared to a purely granular propellant
      charge in the same gun-ammunition system.
PAR  It is another object of the invention to provide a propellant charge which
      will provide increased projectile velocity without undersirably increasing
      chamber pressure.
PAR  It is a further object to provide a propellant mixture of the character
      described which includes high density molded propellant pellets dispersed
      in a matrix of granular propellant.
DRWD
PAR  These and other objects and advantages of the invention will become more
      readily apparent from the following detailed description of a preferred
      embodiment of the invention when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a vertical sectional view of a cartridge loaded with the mixed
      propellant charge of this invention;
PAR  FIG. 2 is a perspective view of one of the molded slugs of propellant;
PAR  FIG. 3 is a plot of a representative pressure-time function produced by
      burning a conventional granular propellant charge; and
PAR  FIG. 4 is a graph showing pressure-velocity performance of conventional
      granular propellant charges as compared to the pressure-velocity
      performance of the mixed propellant charge of this invention.
DETD
PAR  Referring now to FIGS. 1 and 2, the cartridge includes a casing 2 to which
      a projectile 4 is secured. The basal end wall 6 of the casing 2 is
      provided with a primer recess 8 in which a conventional primer cap 10 is
      positioned. A flash hole 12 extends from the primer recess 8 into the
      interior propellant chamber 14 of the casing 2. The propellant which is
      packed into the propellant chamber 14 includes a plurality of molded high
      density slugs 16 of compacted smokeless powder which are relatively
      homogeneously dispersed throughout a matrix of loose granular smokeless
      powder 18. The slugs 16 are in the form of small platelets having flat
      side walls 20, rounded end walls 22, and flat top and bottom walls 24.
      While the slugs 16 are illustrated in the flat platelet geometric form, it
      will be understood that the slugs can be made in other geometric shapes
      without departing from the spirit of the invention.
PAR  Referring now to FIG. 3, there is shown a characteristic plot of a
      pressure-time curve produced by burning a conventional granular smokeless
      powder propellant. As previously noted, peak pressure can be increased by
      burning a larger amount of propellant, and the time point where peak
      pressure is reached can be delayed by burning slower burning propellants.
      In each case, however, the general form of the curve remains the same,
      e.g. as shown in FIG. 3.
PAR  Referring now to FIG. 4, there are shown plots of the pressure-velocity
      performance of conventional granular charges of smokeless powder having
      various burning rates. The curves A-G are calculated for a neutral burning
      pure nitrocellulose propellant in the granular form fired in a 30 mm WECOM
      system having no bore resistance and utilizing a 3,000 grain projectile.
      Curves A-G in FIG. 4 represent the performance of progressively slower
      burning all granular charges of conventional smokeless powders, and curve
      H represents the performance of a mixed propellant charge formed in
      accordance with this invention. Curve H is calculated from actual firings
      with a 30 mm WECOM system having two inches of no bore resistance and a
      3,000 grain projectile.
PAR  Specifically, curve A represents the performance of a 338 grain charge (0.5
      gm./cc. loading density) of a fast burning powder. It will be noted that
      this powder produces a quick rise in pressure without providing
      particularly high projectile velocities. A projectile velocity of about
      2340 is achieved at an undesirably-high chamber pressure of 70,000 psi. It
      is noted that an increase in the weight of the propellant charge used
      would merely increase the chamber pressure without significantly
      increasing the projectile velocity. Assuming that desirable chamber
      pressures are in the 30,000 to 40,000 psi range for this system, this
      propellant would only achieve projectile velocities of about 2160 fps to
      2260 fps.
PAR  Curve B represents the performance of a slower burning granular powder
      charge of 405 grains (.6 gm./cc. loading density). It will be noted that
      this powder, in the 30,000  to 40,000 psi range will produce projectile
      velocities of about 2220 fps to about 2380 fps.
PAR  Curve C represents the performance of a slower burning granular powder
      charge of 473 grains (0.7 gm./cc. loading density). This powder, in the
      30,000 to 40,000 psi range produces projectile velocities of about 2280
      fps to about 2480 fps.
PAR  Curve D represents the performance of a slower burning granular powder
      charge of 540 grains (0.8 gm./cc. loading density). This powder, in the
      30,000 to 40,000 psi range produces projectile velocities of about 2200
      fps to about 2510 fps.
PAR  Curve E represents the performance of a slower burning granular powder
      charge of 608 grains (0.9 gm./cc. loading density). This powder, in the
      30,000 to 40,000 psi range produces a projectile velocity of about 2100
      fps to about 2420 fps.
PAR  Curve F represents the performance of a slower burning granular powder
      charge of 675 grains (1.0 gm./cc. loading density). This powder, in the
      30,000 to 40,000 psi range produces a projectile velocity of about 2000
      fps to about 2300 fps.
PAR  Curve G represents the theoretical performance of a slower burning granular
      powder charge of 775 grains (1.1476 gm./cc. loading density). This
      theoretical charge weight was chosen because it equals a charge weight
      made possible by the use of the mixed propellant of this invention. This
      propellant only produced a projectile velocity of 2080 fps at 40,000 psi
      chamber pressure.
PAR  Curve H represents the performance of the mixed propellant charge of this
      invention which has a burning rate that is about equal to the burning rate
      of the propellant of Curve C. The mixed propellant charge of Curve H
      contained 775 grains (1.1476 gms./cc. loading density) of which 400 grains
      were in the form of compacted molded high density slugs, and 375 grains
      were in the granular form. The mixed propellant charge in the 30,000 to
      40,000 psi range produced projectile velocities of about 2500 fps to about
      2700 fps. Thus it will be noted that the mixed propellant charge of this
      invention will produce a higher projectile velocity at any given pressure
      than will the purely granular propellant charges of the prior art at the
      same pressure. Furthermore, the higher projectile velocity will be
      produced without a dangerously high increase in chamber pressure.
PAR  Testing has demonstrated that projectile velocity can be increased while at
      the same time lowering chamber pressure by selecting for the molded slugs
      a geometrical form which provides an increased surface area to weight
      ratio. One such geometrical form which has been demonstrated as
      accomplishing this result is a cylindrical slug having end walls provided
      with conical depressions.
PAR  The mixed propellant charge of this invention can be composed of a mixture
      of compacted slugs of smokeless powder propellant dispersed throughout a
      matrix of granular smokeless powder propellant, wherein the propellants
      forming the slugs and matrix are either the same or different propellants.
      The slugs may be coated completely or partially with a deterrent, or may
      be uncoated. The slugs may be made in a great variety of different
      geometrical shapes. The granular matrix may be deterrent-coated or
      uncoated.
PAR  Those skilled in the art will readily appreciate that the use of a mixed
      propellant charge having a granular smokeless powder component and a
      compacted smokeless powder component will provide a given gun-ammunition
      system with an increased projectile velocity due to the increased
      cross-sectional bulk density of the mixed propellant charge as compared to
      a purely granular propellant charge. Also the use of a mixed propellant
      charge permits the system to be varied by several new parameters for
      further tailoring of the system's performance. The two components may or
      may not be made of the same base propellant, and may or may not display
      the same ballistic characteristic. The two components may or may not be
      wholly or partially coated with combustion varying deterrents. The
      ignition of the molded component probably occurs at some time interval
      after ignition of the granular component, it apparently requiring more
      energy to ignite the molded slugs than is required to ignite the granular
      propellant, but once ignited, the molded slugs surprisingly burn in
      substantially the same manner as if they were in granular form.
PAR  Since many changes and variations of the disclosed embodiment of the
      invention may be made without departing from the inventive concept, it is
      not intended to limit the invention otherwise than as required by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A propellant charge for use in a cartridge, said propellant charge
      comprising a first constituent of compacted nitrocellulose base smokeless
      powder and a second constituent of loose granular nitrocellulose base
      smokeless powder, said propellant charge having a maximum packing density
      which is greater than about 1.0 gm/cc.
NUM  2.
PAR  2. A propellant charge for use in a cartridge, said propellant charge
      comprising a plurality of compacted bodies of nitrocellulose base
      smokeless powder dispersed in a matrix of loose granular nitrocellulose
      base smokeless powder, said propellant charge having a maximum packing
      density which is greater than about 1.0 gm/cc.
NUM  3.
PAR  3. A propellant charge for use in a cartridge, said propellant charge
      comprising a plurality of compacted bodies of nitrocellulose base
      smokeless powder substantially homogeneously dispersed throughout a matrix
      of loose granular nitrocellulose base smokeless powder to form a mixture
      having a maximum packing density which is greater than about 1.0 gm/cc.
NUM  4.
PAR  4. The propellant charge of claim 3, wherein the maximum packing density of
      said mixture is in the range of greater than about 1.0 gm/cc. to less than
      about 1.4 gm/cc.
NUM  5.
PAR  5. A cartridge comprising a casing, a projectile in said casing, a primer,
      and a propellant charge disposed in a chamber within said casing, said
      propellant charge including a first portion of compacted nitrocellulose
      base smokeless powder and a second portion of loose granular
      nitrocellulose base smokeless powder, said propellant charge having a
      maximum packing density within said casing chamber which is greater than
      about 1.0 gm/cc.
NUM  6.
PAR  6. A cartridge comprising a casing, a projectile secured to said casing, a
      propellant chamber in said casing adjacent said projectile, and a
      propellant charge within said propellant chamber, said propellant charge
      including a plurality of compacted bodies of nitrocellulose base smokeless
      powder dispersed in a matrix of loose granular nitrocellulose base
      smokeless powder, and said propellant charge having a maximum packing
      density which is greater than about 1.0 gm/cc.
NUM  7.
PAR  7. A cartridge comprising a casing, a projectile secured to said casing, a
      propellant chamber in said casing, and a propellant charge in said
      propellant chamber, said propellant charge comprising a plurality of
      molded bodies of nitrocellulose base smokeless powder substantially evenly
      dispersed throughout a matrix of loose granular nitrocellulose base
      smokeless powder, said propellant charge having a maximum packing density
      of greater than about 1.0 gm/cc.
NUM  8.
PAR  8. The cartridge of claim 7, wherein said propellant charge has a maximum
      packing density in the range of greater than about 1.0 gm/cc. to less than
      about 1.4 gm/cc.
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ABST
PAL  A continuous rod warhead which utilizes ribbon shaped rods plug welded
       toher at alternate ends to form a continuous rod bundle is used in
      terrain clearance. The warhead may either be dropped from an aircraft and
      contact exploded or hand placed and then exploded by any convenient means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a terrain clearing device and to methods for the
      use thereof. More particularly, this invention relates to an improved
      continuous rod warhead and to methods for its use in terrain clearance.
PAR  2. Description of the Prior Art
PAR  Continuous rod warheads are well known. A continuous rod warhead may be
      generally described as an explosive device having a continuous rod bundle
      affixed around the perimeter of an explosive charge. The rod bundle is
      constructed so that it may be either collapsed or expanded and is affixed
      around the charge in its collapsed configuration. When the charge is
      exploded, the blast causes the bundle to expand into a roughly circular
      projectile which is utilized to damage or destroy various targets. Prior
      art continuous rod bundles have primarily utilized hinge joints to attach
      the ends of the individual rods in the rod bundle together. A hinge joint
      is made up of a strong or primary weld at the immediate ends of two
      attached rods and a weak or secondary weld immediately adjacent to the
      primary weld. When a rod bundle is expanded, the rods spread outwardly
      from the hinge joints. If the welding has been done properly the secondary
      welds simultaneously give away during the expansion and, consequently,
      simultaneously place stress on the primary welds. If this occurs, the
      bundle will neatly expand into a roughly circular projectile. If, on the
      other hand, one of the secondary welds gives away too quickly placing
      immediate and violent stress on its adjacent primary weld, that portion of
      the rod bundle will be torn apart leaving a gap in the projectile pattern.
      Thus, it may be seen that the welding techniques required in the
      fabrication of hinge joints is necessarily sophisticated.
PAR  The need for quickly clearing bushes and trees from foliage covered terrain
      has long been recognized. For example, fire fighters need reliable methods
      for clearing access routes to forest fires and for providing fire breaks.
      Also, the various branches of the military service need reliable methods
      for quickly clearing wooded areas to provide helicopter landing zones,
      fire support bases, fields of fire, etc.
PAR  In the prior art, one method for clearing areas of foliage has been that of
      exploding a blast bomb just above the surface of the terrain. Blast bombs
      usually create large pits in the ground. Pits thus created make the areas
      unsatisfactory as helicopter landing zones. Pits also prohibit or hinder
      the passage of vehicles through an area thus cleared. Further, since such
      bombs explode above the ground they often merely topple or flatten the
      foliage at the points where it originally stood. When this results a large
      amount of cleanup time is required.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that another explosive device, namely, a continuous
      rod warhead utilizing ribbon shaped rods plug welded together at their
      ends is an excellent terrain clearing device. The continuous rod warhead
      of this invention is particularly advantageous in that it does not blast
      large pits in the ground. It is further advantageous in that the expanding
      rod bundle and the force of the explosion work together to completely
      clear the area immediately around the explosion site. The device is
      exploded on the surface of the ground and the expanding continuous rod
      bundle severs the foliage in a circular area around the site of the
      explosion. Simultaneously, shock waves from the explosion force the
      severed foliage away from the explosion site. Thus, once the warhead has
      been placed and detonated, or dropped from an aircraft and contact
      exploded, the area is immediately ready to be utilized as a helicopter
      landing zone, fire lane or fire break. The use of plug welded ribbon
      shaped rods to form the continuous rod bundle has been found to be
      particularly advantageous. Ribbon shaped rods bend easily during expansion
      of the bundle. This permits the use of single plug welds in fabrication
      and eliminates the necessity for more complicated hinge welding techniques
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the end of a rod suitable for plug welding;
PAR  FIG. 2 is a perspective view of the ends of two rods plug welded together;
      and
PAR  FIG. 3 is a cross sectional view of a continuous rod warhead according to
      this invention.
PAR  FIG. 4 is a section along lines A - A of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Going now to the drawing in which like or similar parts are indicated by
      like numerals, FIG. 1 is a perspective view of an end of a rod 11 suitable
      for plug welding. The rod contains a small hole 12 drilled therein.
PAR  FIG. 2 is a perspective view of the ends of two rods plug welded together.
      One rod 11 has a hole 12 drilled therein and is placed adjacent to a rod
      13 which has no holes drilled therein. The hole 12 in rod 11 is filled
      with welding material and the rods are firmly attached together.
PAR  To form a continuous rod bundle, a plurality of rods are plug welded
      together at alternate ends until a circular collapsed bundle is formed.
      Rod bundles may be made to have diameters almost any desired size. Once a
      bundle is fabricated it is ready to be placed in its collapsed condition
      around an explosive charge. Detonation of the explosive charge will then
      cause the rod bundle to expand outwardly into a circular projectile. In
      order to prevent adjacent rods from being explosively welded together when
      the explosive charge is detonated, it is preferable to have the individual
      rods in the collapsed bundle coated with a plastic material such as epoxy
      or with grease.
PAR  FIG. 3 is a cross sectional view of a continuous rod warhead according to
      this invention. The warhead is similar to prior art target destroying
      warheads with the exception that it contains a continuous rod bundle made
      up of plug welded ribbon shaped rods rather than hinge welded square rods.
      The warhead is made up of an interior tube 14 which contains a partition
      15 dividing its interior into two sections and supporting an explosive
      ignition charge 16. Encircling the tube 14 is a shaped explosive charge 17
      which is, in turn, encircled by an air space 18 and a second tube 19. The
      second tube is affixed in place around the shaped charge and attached to
      the interior tube by means of a filler plate 20 and an end plate 21. Welds
      are utilized to hold the plates and tubes in position. The filler plate
      has an opening 22 therein which permits pouring and casting of the shaped
      charge after the warhead has been assembled. Attached to the interior of
      the second tube is a form 23 which is utilized to give the desired shape
      to the shaped charge. Encircling both ends of the second tube are two
      collars 24 which abut against the ends of rod bundle 25 and help to hold
      the rod bundle in place around the exterior of the second tube. Encircling
      the rod bundle is an outer skin 26.
PAR  FIG. 4 is a cross section taken along lines A - A of FIG. 3. FIG. 4 shows
      the interior tube 14, which contains the ignition charge 16 and is
      encircled by the shaped charge 17, the form 23, the air space 18, the
      second tube 19, the rod bundle 25, and the outer skin 26 in that order.
PAR  In performance tests utilizing plug welded rod bundles made up of rods
      having 1/8 by 1 by 36 inch dimensions and a 50 pound shaped explosive
      charge of composition B explosive yielded the following results:
TBL                TABLE                                                       
     ______________________________________                                    
     Radius     No. of    No. of      Percent of                               
     (ft)       trees     trees cut   trees cut                                
     ______________________________________                                    
     10-20      22        22          100                                      
     20-30      13        12          92                                       
     30-40      18        17          94                                       
     40-50       8         7          88                                       
     ______________________________________                                    
PAR  The trees had diameters of up to about 12 inches. In addition to using
      composition B of the explosive composition C3, C4 and any other well known
      explosive can be used. Tests comparing square hinge welded rods with
      ribbon shaped plug welded rods showed that bundles utilizing plug welded
      ribbon shaped rods are superior to bundles utilizing square hinge welded
      rods. The welded bundles expanded more evenly into a smooth circular
      projectile than did the hinge welded bundles and the plug welded bundles
      exhibited less breakage in spite of the fact that the rod attachments were
      made by single welds rather than double (primary and secondary) welds.
      While rods having cross sectional sizes of 1/8 by 1 inch are specifically
      discussed above, other ribbon shaped rods having cross sectional sizes of
      up to about 1/2 inch by 2 1/2 inches may be used with equal facility.
PAR  The size of the explosive charge required depends upon the weight of the
      rod bundle. For larger rods, up to 1000 pounds of explosive are needed to
      cause the bundle to expand with sufficient force to sever trees. On the
      other hand with smaller, lighter rods only about 50 pounds of explosive
      are required.
PAR  The shaped explosive charge of this invention can be cast into the device
      in any well known manner and the materials of the tubes and skin can be
      any of those commonly used to manufacture continuous rod warheads.
PAR  To clear terrain with the above described continuous rod warhead, the
      warhead, is either hand placed roughly in the center of the area that is
      to be cleared or air dropped from an aircraft. If the warhead is air
      dropped, it is provided with a contact fuse at one end and stabilizing
      fins at the other end. The stabilizing fins are necessary to insure that
      the warhead will strike the ground in a substantially upright position
      with the contact fuse striking first. If the warhead is hand placed, any
      well known means is suitable for detonation. Naturally, a person
      detonating a hand placed warhead must take care to do so from a position
      well away from the warhead. The person should also remain under cover.
      Rods breaking loose from an expanding bundle are capable of flying many
      hundreds and even thousands of feet and are very lethal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for terrain clearance which comprises:
PA1  a. a shaped explosive charge contained around its outer surface by a liner
      which gives the desired shape to said charge;
PA1  b. a continuous rod bundle which can be collapsed and expanded and which is
      fabricated from ribbon shaped rods plug welded together at alternate ends,
      said rod bundle being disposed in its collapsed configuration around the
      periphery of said shaped explosive charge in a tube, there being air space
      between the interior of said tube and said form which gives the desired
      shape to said charge; and
PA1  c. means for detonating said shaped explosive charge.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said shaped explosive charge is
      composition B explosive.
NUM  3.
PAR  3. A method for clearing terrain of trees, said method comprising the steps
      of:
PA1  a. placing a terrain clearing device which utilizes a shaped explosive
      charge contained around its outer surface by a form to expand a continuous
      rod bundle fabricated from ribbon shaped rods plug welded together at
      alternate ends near the center of an area of the terrain which is to be
      cleared;
PA1  b. orienting said device so that when the continuous rod bundle is expanded
      it will expand parallel to the surface of the ground; and
PA1  c. detonating said shaped explosive charge whereby said continuous rod
      bundle expands and cuts down said trees.
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ABST
PAL  A keying system for interlocking the components of a beehive type
       project by set back force generated by firing of the projectile. Tubular
      spacing members having smooth rims are engraved by a pre-engraved plate
      upon the set back force to prevent rotation of the components and the pay
      load during trajectory of the projectile.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalty thereon.
BSUM
PAC  BACKGROUND
PAR  Projectiles of the beehive type consist of a shell in which the pay load,
      such as flechettes is divided into a number of axially aligned bays. The
      aforesaid pay load assembly must not rotate when the shell is spinning
      during its trajectory towards a target, else the balance of the shell is
      destroyed and tumbling will result in subsequent malfunction of its
      mission. An existing method consisted of pre-engraving both the spacer and
      the dividing plate of each of the number of bays in the projectile. This
      method entailed costly machining and was time consuming as well.
PAC  SUMMARY
PAR  The present invention provides for the engraving of the rims of the spacer
      members by the support, or dividing plate, which is provided with at least
      one serrated face. The support plates are non-rotatable or rotatable and
      upon set back force, the serrations engrave the rim of the spacer and
      interlock the components. This results in uniformly matched surfaces,
      ability to react higher loads, and reduced costs by virtue of the
      elimination of additional machining or forming processes for the
      projectile components. It is therefore a principal object of this
      invention to provide a simpler method of interlocking the components used
      to support and protect axially aligned bays of flechettes in a projectile.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side elevation of a projectile partly broken away to expose the
      position of the components of the invention;
PAR  FIG. 2 is a fragmentary detailed view in section, and greatly enlarged to
      illustrate the components before engraving;
PAR  FIG. 3 is an exploded perspective view of a spacing member and a support
      plate, the rim of the spacer shown before set back force;
PAR  FIG. 4 is a perspective view of the spacing element showing the rim as
      engraved after set back force; and
PAR  FIG. 5 is a side elevation of another projectile partly broken away to
      expose the position of the components of the invention.
PAR  FIG. 6 is a fragmentary perspective view in section of FIG. 5, enlarged to
      illustrate the components after engraving.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring in detail to the drawing and particularly to FIG. 1 wherein
      reference character 1 indicates a projectile of the beehive type in which
      the pay load of the projectile is divided into axially aligned
      compartments, or bays. As seen in FIG. 1, the pay load is flechettes 2.
      Each bay is housed in a tubular spacer 3 having a flush rim 4. Only two
      complete bays are shown, but it is obvious that the number of bays will be
      varied according to the length of the projectile. Each spacer 3 is
      separated from the adjacent spacer by a support plate 5 which consists of
      a disc having a ring of serrations 6 adapted to mate with the rim 4 of the
      spacer 3. Each disc 5 is so mounted to be non-rotatable in the projectile
      1. Any method will suffice and one such method may consist of a splined
      shaft 7 mounted axially in the projectile 1. Shaft 7 passes through a
      splined axial bore 8 in each disc 5 so that the disc, or discs may slide
      but not rotate, with the ring of serrations 6 facing the smooth rim 4 of a
      spacer 3, other bays being arranged in the same manner so that upon set
      back forces will transmit torque at each bay level.
PAR  When projectile 1 is fired from a weapon, not shown, the set back force
      occurring will cause support plates 5 fabricated of relatively hard
      material; e.g., steel, to be driven rearwardly so that serrations 6 on the
      plates 5 will engrave the smooth rims 4 of the spacers 3 fabricated of
      relatively soft material; e.g., aluminum, copper or brass, as at 9 and
      lock the entire assembly while projectile 1 is spinning. Thus, the
      assembly is locked together to enable transmission of torque and
      compressive loading to all components of the projectile to provide
      gyroscopic stability. The geometry of the serrations 6 is not critical
      since any rough surface on the support plate 5 would suffice, such as
      abrasive particles, etc. The surface area of rim 4 of the spacer may be
      adjusted, e.g., chamfered, to control the bearing area and hence the depth
      of engraving.
PAR  While only one rim of the spacer 3 is shown to be engraved, it is apparent
      that if support plate 5 were provided with serrations on both faces, it
      would be possible to engrave the leading rim of one spacer as well as the
      rearward rim of another.
PAR  FIG. 5 illustrates a projectile of the beehive type 10, wherein the payload
      of flechettes (shown in part by letter F) is contained in a series of
      axially aligned bays only four of which are completely shown, and wherein
      non-rotation of the load components within the projectile is accomplished
      without the use of the splined shaft or other means for non-rotatably
      mounting the support plates in the projectile. As seen in FIG. 5, each bay
      is housed in a tubular spacer 11 having flush rims 12 similar to that
      shown in FIG. 3. Each spacer 11 is separated from an adjacent spacer by a
      support plate 13, which consists of a disc having a ring of serrations 14
      on both faces, each mating with a rim 12 of spacer 11, as shown in detail
      in FIG. 6. The first support plate 13 is positioned on an annular shoulder
      or shelf 15 at the base and integral with the housing of the projectile
      10, and is followed by a spacer 11. Succeeding support plates 13 are
      positioned between pairs of spacers 11. An inner spacer 16 of cylindrical
      shape and having an axially aligned center hole 17 is inserted between
      pairs of support plates 13, if necessary, to prevent deformation of the
      plates by the load pressure generated by the set back force occurring when
      the projectile is fired. Each inner spacer 16 at one end has an extension
      18 of smaller diameter, which is inserted through a center hole 19 in
      support plate 13, and a cavity 20 at the other end, which receives the
      extension 18 of the succeeding inner spacer 16. The extension 18 of the
      first inner spacer 16 does not project beyond the rear face of the first
      support plate 13. Sufficient clearance between support plates 13 and inner
      spacers 16 is provided to permit engraving of rims 12 of spacers 11 and
      annular shelf 15 by the serrations on the support plates 13. The base of
      the projectile possesses an annular cavity 21 which contains a propellant
      charge 22 in a plastic bag. Channels 23 and 24 communicate with center
      hole 17 of inner spacers 16 and annular cavity 21.
PAR  When the projectile 10 is fired from a weapon (not shown), the resulting
      set back force drives the support plates 13 rearwardly, whereby the
      serrations 14 on the first support plate 13 engrave the annular shelf 15
      and rearward rim of adjacent spacer 11, and the serrations 14 on
      succeeding support plates 13 engrave the leading the rearward rims 12,
      resp. of each pair of adjacent spacers 13, thereby interlocking the
      spacers, support plates and projectile. When the projectile reaches the
      target area, a fuze initiates a detonator train therein (not shown), which
      ruptures the ogive 24 (shown in part) and sends a flash through the
      passage formed by center holes 17 and channels 23 and 24 to annular cavity
      21 containing propellant charge 22, which ignites and expels the pay load
      of flechettes F.
PAR  The arrangement and embodiment of the invention shown in FIG. 5 is
      preferred, since (1) it obviates use of the aforementioned splined shaft
      with its attendant additional machining operations, (2) it is stronger as
      it distributes the torque over a larger radius, which is important in
      large caliber projectiles, e.g., 105 mm and larger, and (3) it permits
      greater capacity of flechettes in each bay level.
PAR  The arrangement shown in FIG. 5 may be modified such that support plates
      serrated on both the forward and rearward faces may be placed, one each,
      between a pair of spacers in combination with a first support plate, which
      has serrations only on its forward face and is initially locked to the
      projectile by conventional keying means, e.g. square keys, pins and
      screws.
PAR  It is obvious that combinations of support plates serrated on one or both
      faces (rearward or forward) can be employed to obtain interlocking of
      spacers and support plates, which latter can be locked to the projectile
      by suitable keying means. Thus, support plates serrated on one or both
      faces and provided with means for locking same to the projectile, as
      illustrated above, can be alternated with spacers so that at least one
      serrated face of each supporting plate is in contact with and capable of
      engraving a rim of each spacer. The invention contemplates initially
      locking one or more of the support plates to the projectile by
      conventional keying means, e.g. splined shaft, and/or effecting the
      locking by setback force which causes the support plates to engrave the
      projectile as well as the spacers, as illustrated above, the arrangement
      being so selected that interlocking of all spacers and support plates and
      projectile is accomplished when the projectile is fired.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      method and detail of construction described for obvious modification will
      occur to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a spin-stabilized projectile including a divided
      payload; a keying system for said payload comprising a series of axially
      aligned spacing members, each said spacing member housing a portion of
      said payload, a series of axially aligned supporting members disposed, one
      each, between a pair of said spacing members, engraving means on at least
      one end of each said supporting member, at least one end with engraving
      means being in contact with each spacer, and means for locking said
      supporting members to the projectile, whereby setback force generated by
      firing of said projectile causes said supporting members to engrave the
      ends of said spacing members and interlock said divided payload against
      rotational movement during projectile spin.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein each said spacing member
      comprises a tubular housing having at least one flush rim.
NUM  3.
PAR  3. A system as set forth in claim 1 wherein each said supporting member
      comprises a disc and a ring of serrations carried by at least one side of
      said disc.
NUM  4.
PAR  4. A system as set forth in claim 1 wherein said locking means permits
      slidable movement of said supporting members in said projectile, and each
      said supporting member carries engraving means on the rearward end
      thereof, whereby set back force generated by firing of said projectile
      drive said supporting members rearwardly to engrave the forward ends of
      said spacing members and interlock said divided pay load to prevent
      rotation thereof during spin of said projectile in its trajectory.
NUM  5.
PAR  5. A system as set forth in claim 4 wherein said means for locking said
      supporting members comprises a splined shaft mounted axially in said
      projectile and passing axially through said supporting members, whereby
      said supporting members are mounted in a slidable and non-rotating manner
      thereon.
NUM  6.
PAR  6. A system as set forth in claim 1, wherein the first supporting member
      carries engraving means on its forward end and is disposed between the
      base of the projectile and the first spacing member, and each of the other
      supporting members has engraving means on both forward and rearward ends,
      at least the first supporting member being non-rotatably mounted in the
      projectile, whereby setback force generated by firing of the projectile
      causes said supporting members to engrave the ends of said spacing members
      and interlock said divided payload to prevent rotation thereof in the
      projectile during projectile spin.
NUM  7.
PAR  7. In combination with a spin-stabilized projectile including a divided
      payload; a keying system for said payload comprising a series of axially
      aligned spacing members, each said spacing member housing a portion of
      said payload, a series of axially aligned supporting members disposed, one
      each, between a pair of said spacing members and one between the base of
      said projectile and the first of said spacing members, and engraving means
      carried by both the forward and rearward ends of each said spacing member,
      whereby setback force generated by firing of said projectile causes said
      supporting members to engrave the ends of said spacing members and the
      base of said projectile and interlock said divided payload to prevent
      rotation thereof in the projectile during projectile spin.
NUM  8.
PAR  8. A projectile according to claim 7 wherein each said supporting member
      comprises a disc and a ring of serrations carried by both sides of said
      disc.
NUM  9.
PAR  9. A projectile as claimed in claim 8, wherein each said spacing member
      comprises a tubular housing having flush rims and the base of the
      projectile has an annular shelf with a smooth rim in contact with said
      first spacing member.
NUM  10.
PAR  10. A projectile according to claim 9, wherein said ring of serrations on
      each disc is equivalent in diameter to said smooth rims of said housings
      and said annular shelf.
NUM  11.
PAR  11. A beehive projectile comprising a plurality of axially aligned housings
      therein, a plurality of flechettes carried by each said housing, each said
      housing having smooth forward and rearward rims, a plurality of discs
      disposed, one each, between each pair of housings, and one between the
      base of the projectile and the first of said housings, a ring of
      serrations on both forward and rearward faces of each said discs, and an
      annular shelf having a smooth rim on the base of said projectile, whereby
      when said projectile is fired, setback force generated thereby will
      engrave said smooth rims on said housings and on said annular shelf on the
      base of the projectile and interlock said housings against rotational
      movement during projectile spin.
NUM  12.
PAR  12. A projectile as claimed in claim 11 wherein said ring of serrations on
      each said disc is equivalent in diameter to said smooth rims of said
      housings and projectile base.
NUM  13.
PAR  13. A beehive projectile comprising a plurality of axially aligned housings
      therein, a splined shaft mounted axially in said projectile, a plurality
      of flechettes carried by each said housing, each said housing having a
      flush forward rim, a plurality of discs slidably mounted on said shaft,
      said discs being disposed, one each, between a pair of housings and a ring
      of serrations on the rearward face of each said discs, whereby when said
      projectile is fired, setback force generated thereby will drive said discs
      rearward to engrave said smooth rims on said housings and interlock said
      housings against rotational movement during projectile spin.
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ABST
PAL  A logic module system comprising a plurality of cams adapted to be moved by
     xternal forces, such as ram air pistons, rate controlled springs, or the
      like. The cams are in contact with a spring loaded control member or
      plunger. Each individual cam is profiled to present a control surface to
      the plunger at specified time intervals or "windows." Dependent on the
      combined control surfaces present at any instant in time, the spring
      loaded plunger will respond in a prescribed manner to activate a series of
      mechanical elements, for example, as desired.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The mechanism disclosed herein is usable with the Gating Mechanism
      disclosed in Assignee's copending application Ser. No. 467,173 filed May
      6, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  The device according to the invention is designed to control and program
      the operation of several mechanical elements in a predetermined manner or
      sequence.
PAR  More particularly, the system described is designed to position a missile
      fuse device in the ARMED condition or the deactivated (DUD) condition
      depending upon the sequence of operations sensed by the missile fuse.
PAR  When a missile is carried by an aircraft, for example, there is always the
      possibility that the aircraft will crash on takeoff or that the missile
      will otherwise be dislodged inadvertently from the aircraft. In such
      cases, if the missile fuse is so constructed that the departure from the
      aircraft will cause an ARMED condition, any loose missile will be highly
      dangerous. It is considered advantageous, therefore, to employ a fuse
      which must sense or be dependent upon several factors happening in a
      particular order before the missile will be ARMED.
PAR  According to the present invention, a device is provided which is dependent
      on the sequence of events or environmental conditions experienced by a
      SAFE and ARM system and the motion of an arming plunger locks the system
      in the SAFE or ARM condition or deactivated (DUD) condition dependent upon
      the time of sensing and the presence or absence of sensing or the
      occurrence or non-occurrence of an environmental phenomenon.
PAR  In other words, if the right combination of events are sensed in the proper
      sequence, the system moves from the SAFE to the ARM condition. However, if
      the control surface profiles of various cams moved as a result of the
      events are improperly presented in timed sequence or not presented at all,
      the status of the device goes to a locked deactivated (DUD) condition in
      which the missile can be safely defused.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a fuse mechanism utilizing a logic module
      system according to the present invention showing the device in the SAFE
      position prior to launch;
PAR  FIG. 2 is a view similar to FIG. 1 wherein the mechanism is armed and
      locked;
PAR  FIG. 3 is a linear representation of the elements of the logic module
      system according to the invention in a SAFE position prior to launch;
PAR  FIGS. 4a, 4b and 4c represent sequential operation of the device of FIG. 3
      going from SAFE position to ARMED position;
PAR  FIG. 5 is a view similar to FIG. 3 showing the position of elements when
      timer action precedes sufficient motion of the rotor actuator cam;
PAR  FIG. 6 is a view similar to FIG. 3 showing the elements in position when
      the rotor actuator cam precedes timer actuation;
PAR  FIG. 7 is a view similar to FIG. 3 in which the elements indicate an
      overrunning of the timer cam;
PAR  FIG. 8 is a view similar to FIG. 7 indicating a DUD lock situation
      following the sequence shown in FIG. 7; and
PAR  FIG. 9 is a view similar to FIG. 7 showing the position of elements when
      the rotor actuator reverses from the position shown in FIG. 7.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  Shown generally at 10 in FIG. 1 is a schematic representation of a missile
      fuse, for example, designed to use the logic module system according to
      the invention. The fuse consists of a housing 12 having an air passageway
      or duct 14 passing therethrough. The housing 12 is arranged in the missile
      such that one end of passageway 14 is in a high pressure area or is
      furnished with ram air while the other end is in a low pressure area or
      exhaust. A second passageway or gate valve chamber 16 is located
      orthogonal to the duct 14 and communicates with an inner chamber 18
      containing the elements of the logic module system. During storage and at
      all times before operational flight of the missile, chamber 18 is
      hermetically sealed from air in duct 14 by means of a seal 20 of soft
      metal or the like across passageway 16.
PAR  The seal 20 is designed to be cut by gating valve member 22 which is
      closely fitted for sliding movement within valve chamber 16. This gating
      member 22 is held in an inactive position be means of a stop member 24
      which is, in turn, locked in place by an arming wire 26. Stop member 24 is
      biased by a spring 28 to a position free of interference with the movement
      of gating member 22 and the gating member is biased toward an actuated
      position by means of spring 30.
PAR  Within the fuse chamber 18 there are a rotor 34, a rotor actuator 36, a
      timer 38, and a plunger 40 cooperating with cam surfaces on the rotor,
      rotor actuator, and timer.
PAR  Rotor 34 carries a primer in an opening 42 provided therein which is out of
      line with the detonation train indicated by the dotted circle at 44. In
      the position shown, rotor 34 is locked by a cam 46 on plunger 40. The
      rotor actuator 36 and timer 38 are both locked by portions of gating
      member 22. Thus, rotor actuator 36 is held from rotation by means of
      cutout portions 48 and timer 38 is prevented from rotation by means of
      flattened portion 50.
PAR  Plunger 40 is urged by spring 52 toward a position unlocking rotor 34.
      Movement of plunger 40 from the position shown is prevented, however, by
      the end 54 of plunger 40 resting on the cam surface 56 of timer 38.
PAR  The timer 38 is urged in the direction of the arrow by a spring motor (not
      shown) and the rate of travel is controlled through a gear train and
      escapement mechanism 58 in a well-known manner.
PAR  The environmental sensor in the illustrated embodiment is a fluid motor
      consisting of a piston 60 confined in a cylinder 62 and dividing the
      cylinder into two chambers 64, 66. The piston 60 is shown sealed to the
      walls of piston 62 by means of a rolling rubber diaphragm 68. Any
      differential pressure between chambers 64 and 66 will tend to move piston
      60 and a piston shaft 70 is attached to piston 60 to transfer energy from
      piston 60 to rotor actuator 36 through a linkage 72. Shaft 70 is provided
      with an extension 74 which in the position shown, cooperates with a cutout
      portion 76 on rotor 34. With this arrangement, it is necessary for shaft
      70 to move upward in the direction of the arrow beside the shaft in order
      for the rotor 34 to move.
PAR  Energy to move rotor 34 from its position of rest is derived only by
      storage of energy in spring 78 by rotation of rotor actuator 36.
PAR  Differential pressure between chambers 64 and 66 of environmental sensor 32
      is accomplished by the introduction of fluid into and the exhaust of fluid
      from respective sides of piston 60 through passageways 80 and 82. This can
      only be accomplished when the gate member 22 has been moved to the
      position shown in FIG. 2. The two passageways 84, 86 in the gate member 22
      are sealed against the walls of chamber 16 when the gating member is in
      the position shown in FIG. 1. Rotor 34, rotor actuator 36 and clock cam 38
      have further locking surfaces 90, 92, 94, 96, 98, 100 and 102, the purpose
      of which will appear in the description of FIG. 2.
PAR  The device as shown in FIG. 2 is locked at an ARMED condition. In order to
      progress from the condition shown in FIG. 1 to the condition shown in FIG.
      2, the first requirement was the extraction of arming wire 26 from detent
      stop 24. When detent 24 was biased out of valve chamber 16 by means of
      spring 28, the valve member 22 was urged to its extreme right hand
      position as shown in FIG. 2 by its compression spring 30. In its travel
      from the FIG. 1 position to the FIG. 2 position the gating member 22 cut
      through the soft metal seal 20 and the cutout portion of the seal is
      illustrated jammed into the recess in housing 12.
PAR  In the FIG. 2 position, gating member 22 prevents passage of air directly
      through duct 14 but permits air to pass through passageways 86 and 82 into
      chamber 66 of piston 62. At the same time passageway 84 is placed in
      position to exhaust air from chamber 18 and thus from passageway 80 and
      chamber 64. This creates a differential pressure on respective sides of
      piston 60 and causes the piston to move in the direction of the arrows in
      FIG. 2. The action of piston 60 causes movement of shaft 70 and, through
      link 72 causes rotation of rotor actuator 36. Rotor 36 is enabled to move
      because valve member 22 moved away from surface 48 of cam 36. Movement of
      shaft 70 also removed arm 74 from surface 76 of rotor 34 thus removing at
      least one barrier to rotation of the rotor 34.
PAR  Rotor 34, however, remained locked by tab 46 on plunger 40 and plunger 40
      remained inactive because of the position of timer cam surface 56. But
      timer 38 was enabled by removal of valve member 22 from interference with
      surface 50 of the timer cam and the timer began moving in the direction of
      the arrow under the timed control of escapement 58. Initial rotation of
      valve actuator 36, therefore, stored energy in spring 78 tending to rotate
      rotor 34.
PAR  The timing of the movement of rotor actuator 36 and timer cam 38 at this
      time is critical. Thus if timer cam 38 advances until notch 96 is in place
      in front of end 54 of plunger 40 before movement of actuator cam 36, the
      end 54 of plunger 40 will enter the notch 96 and the cam 46' of plunger 40
      will enter the notch 92 in actuator 36 (see FIG. 1). This condition will
      lock the mechanism resulting in a DUD.
PAR  When a pressure differential is formed and rotor actuator 36 begins to move
      before clock cam 38 has presented notch 96 to the end 54 of plunger 40,
      the cam 46' will ride on the outer periphery of the cam surface of
      actuator 36 and the plunger 40 cannot move to the extent necessary to
      place the end 54 in notch 96 and the clock can continue to run.
PAR  Further movement of actuator 36 will cause the tab 46' to enter the notch
      94, at which time spring 78 will be stretched to its furthest extent. At
      the same time, tab 46' of plunger 40 will be removed from notch 91 in
      rotor 34 and the rotor will snap into a position wherein primer 42 will be
      directly in line with explosive train 44. As the plunger 40 continues to
      move, the end 54 of plunger 40 will reach the surface 97 on clock cam 38
      which will allow further movement of plunger 40 and entry of cam 95 into
      the notch 90 on rotor 34. When the clock cam 38 has rotated to the
      position where end 54 is in the notch 98 of clock cam 38, tab 46' of
      plunger 40 will be entirely within the notch 94 of actuator 36 and the tab
      95 will be entirely within the notch 90 of rotor 34 completely locking the
      system in an ARMED condition as shown in FIG. 2.
PAR  Turning now to FIG. 3, a linear system is generally indicated at 100. This
      system consists of a clock cam 112 movable under the influence of a stored
      energy means and under the control of a clockwork mechanism similar to
      that shown in FIG. 2. A cam actuator 114 is slidably situated alongside of
      clock cam 112 and is arranged to be moved by an environmental sensor such
      as shown at 32 in FIG. 2. A slide 116 which carries a primer (not shown)
      in a manner similar to rotor 34 in FIG. 2, is movable from a SAFE to an
      ARMED condition under the influence of energy stored by movement of
      actuator 114 in a manner similar to the device of FIG. 2.
PAR  Movement of slide 116 is prevented by plunger 118 unless a proper sequence
      of movement has been performed by clock cam 112 and actuator cam 114. Cams
      112 and 114 are both locked against movement by a detent lock member 120
      which has a tab 121 entering notches on both cams. Lock member 120 is
      retained in place by an arming wire or the like 122 and is biased to the
      unlocked position by a spring 123. Cams 112, 114 have a thickness and
      plunger 118 spans both thicknesses. Plunger 118 is biased against the
      surfaces of cams 112, 114 by a spring 124.
PAR  Movement of slide 116 to the right as shown in FIG. 3 is prevented by a
      raised surface 128 on plunger 118. Slide 116 also has a raised portion 130
      designed to interfere with surface 128 of plunger 118.
PAR  Clock cam 112 has a notch 132 into which plunger 118 will enter if the
      clock mechanism precedes movement of actuator 114. However, if movement of
      cam 114 properly precedes movement of clock cam 112, the plunger will not
      move upward until it arrives at surface 134 of the clock cam and in a
      normal situation will come to rest on surface 136.
PAR  Actuator cam 114 has a first surface 140 which is recessed from the normal
      surface 142 and which will allow plunger 118 to move into the slot 132 of
      clock cam 112 if the clock cam sufficiently precedes movement of actuator
      114. If cams 112 and 114 move in a normal manner, plunger 118 will be
      prevented from moving into slot 132 because of its contact with normal
      surface 142 of cam 114 and will not move upward until the groove 144 in
      cam 114 is presented in line therewith.
PAR  A normal sequence of events of cam operation is shown in FIGS. 4a through
      4c. In FIG. 4a, for example, the plunger is shown in line with slot 144
      and moving along surface 134 of the clock cam and the plunger has moved
      sufficiently upward to unlock the slide 116 for movement to the right as
      shown in this view.
PAR  In FIG. 4b, movement of plunger 118 is sufficient to begin locking action
      between surface 128 of plunger 118 and surface 130 of slide 116. The final
      position with all units locked in the ARM condition is shown in FIG. 4c.
PAR  When the sequence of events are incorrectly presented the system will lock
      up in a SAFE or DUD condition. Thus in FIG. 5, the plunger has entered the
      slot 132 of clock cam 112 and the system remains locked in a DUD condition
      with the surface 128 blocking movement of slide 116.
PAR  If the clock fails to function, the actuator cam can go to ARM as shown in
      FIG. 6 but no movement of plunger 118 is possible because of its position
      on the clock cam.
PAR  If the clock movement greatly precedes the movement of the actuator cam as
      shown in FIG. 7, the eventual lockup will occur as shown in FIG. 8 with
      the plunger 118 moving into the slot 144 of cam 114 but resting on the
      surface 146 of clock cam 112.
PAR  Should the energy output of the environmental sensor cause reverse motion
      of actuator 114, for example when the missile comes to rest, the plunger
      40 will be locked by movement into contact with surface 140 as shown in
      FIG. 9.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control mechanism comprising
PA1  environmental sensing means having an energy output;
PA1  actuation initiation means;
PA1  time delay means;
PA1  first, second and third cam means movable from an initial position to a
      final actuation position;
PA1  plunger means coacting with said first and second cam means and movable
      from an initial position blocking movement of said third cam means;
PA1  said first cam means being driven under control of said time delay means
      from an initial position blocking movement of said plunger means to an
      actuation position allowing finite travel of said plunger means;
PA1  said second cam means being driven by energy developed by said
      environmental sensing means from an initial position blocking movement of
      said plunger means to an actuation position allowing full travel of said
      plunger means;
PA1  said third cam means carrying said actuation initiation means and being
      connected to said second cam means through an energy storage means;
PA1  said plunger means blocking movement of said third cam means until energy
      has been stored in said energy storage means;
PA1  whereby, when said first and second cam means move into the actuated
      position, said plunger will move into a position unlocking said third cam
      means and allowing said third cam means to move into the actuation
      initiation position;
PA1  said first cam means being provided with an overrun control surface
      coacting with a forward end of said plunger means and effective therewith
      to block actuation in the event movement of said first cam means precedes
      movement of said second cam means by a finite amount.
NUM  2.
PAR  2. The control mechanism of claim 1 further including:
PA1  said plunger means having first and second contoured portions and an
      intermediate relieved portion; and
PA1  said third cam means having first and second surfaces coacting with said
      contoured portions respectively of said plunger means;
PA1  so that said third cam means is initially prevented from movement by
      coaction of said first contoured surface of said plunger and said first
      surface of said third cam means; and
PA1  said third cam means, when activated, is locked in actuated position by
      coaction of said second contoured surface of said plunger and said second
      surface of said third cam means.
NUM  3.
PAR  3. A control mechanism comprising:
PA1  environmental sensing means having an energy output;
PA1  actuation initiation means;
PA1  time delay means;
PA1  first, second and third cam means movable from an initial position to a
      final actuation position;
PA1  plunger means coacting with said first and second cam means and movable
      from an initial position blocking movement of said third cam means;
PA1  said first cam means being driven under control of said time delay means
      from an initial position blocking movement of said plunger means to an
      actuation position allowing finite travel of said plunger means;
PA1  said second cam means being driven by energy developed by said
      environmental sensing means from an initial position blocking movement of
      said plunger means to an actuation position allowing full travel of said
      plunger means;
PA1  said third cam means carrying said actuation initiation means and being
      connected to said second cam means through an energy storage means;
PA1  said plunger means blocking movement of said third cam means until energy
      has been stored in said energy storage means;
PA1  whereby, when said first and second cam means move into the actuated
      position, said plunger will move into a position unlocking said third cam
      means and allowing said third cam means to move into the actuation
      initiation position;
PA1  said plunger means having first and second contoured portions and an
      intermediate relieved portion; and
PA1  said third cam means having first and second surfaces coacting with said
      contoured portions respectively of said plunger means;
PA1  so that said third cam means is initially prevented from movement by
      coaction of said first contoured surface of said plunger and said first
      surface of said third cam means; and
PA1  said third cam means, when activated, is locked in actuated position by
      coaction of said second contoured surface of said plunger and said second
      surface of said third cam means.
NUM  4.
PAR  4. The control mechanism of claim 3 further including:
PA1  said first cam means being provided with an overrun control surface
      coacting with a forward end of said plunger means and effective therewith
      to block actuation in the event movement of said first cam means precedes
      movement of said second cam means by a finite amount.
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ABST
PAL  An improved IR decoy flare is provided which can be reliably fired from a
      rotechnic pistol. Reliability of ignition is provided simply and easily by
      inserting a cutting tool into the end of a star bore flare grain for a
      short distance to produce curled shavings from the inner surface of the
      grain.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present invention relates to cartridge type flares such as disclosed in
      Assignee's Co-pending application Ser. No. 766,039 filed Oct. 4, 1968.
PAR  A similar flare cartridge is also disclosed in Assignee's Prior Application
      Ser. No. 289,201 filed Sept. 14, 1972, now U.S. Pat. No. 3,782,285.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to flares and particularly to cartridge type
      flares.
PAR  More particularly the present invention is concerned with cartridge type
      flares which are constructed for high infra-red (IR) output.
PAR  The present invention was developed particularly for use with a bore-safe
      flare cartridge as disclosed in Assignee's Prior Applications listed
      above. In such a bore-safe flare, the flare grain is not ignited until it
      has cleared the muzzle of the launching device. It is desirable, however,
      that the flare be ignited as soon as possible after leaving the muzzle of
      the device and that it be ignited with a high degree of reliability.
PAR  According to the present invention, a hollow cylindrical cutting tool is
      forced into the end of the hollow flare grain for a short distance
      producing curled shavings. Obviously these shavings are more easily
      ignited than the solid end of the flare grain. By this simple technique it
      has been found that these decoy flares may be reliably fired from a
      pyrotechnic pistol or the like using a flare cartridge according to the
      bore-safe designs described above.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
PAR  FIG. 1 is an end view of a flare grain usable in the present invention;
PAR  FIG. 2 is a longitudinal cross sectional view of the flare grain taken
      along line II--II of FIG. 1; and
PAR  FIG. 3 is a view similar to FIG. 2 of a flare grain which has been cut by a
      cylindrical shaving tool.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  Flare grains used in pyrotechnic applications are typically configured as
      indicated generally by the numeral 10 in FIG. 1. The flare grain 10 which
      is pressed or extruded or otherwise manufactured from a pyrotechnic
      formulation 12, may have a bore 14 in the form of a star or other
      convoluted configured similar to the 8 point star as shown.
PAR  The central bore may be straight or tapered depending upon the mode of
      manufacture but generally the pattern is fairly regular as shown in FIG.
      2.
PAR  The flare grains used in this application are designed for internal
      ignition and it has been found that reliable ignition may be greatly
      enhanced by introducing a cutting tool such as a cylindrical knife into
      the end of the flare grain along the line 16 as shown in FIG. 3 to produce
      curled shavings 18. Where the bore of the grain is convoluted or alternate
      lands and grooves, the cutting tool is used to cut the lands away from the
      surface for a short way to produce the desired shavings. These shavings 18
      catch fire much quicker than the smooth surface of the grain as
      manufactured and this greatly increases the reliability of ignition of the
      flare.
PAR  Simply because a flare grain composition when ignited burns rapidly and
      gives off a desirable quantity of infra-red radiation does not mean that
      the composition necessarily ignites easily. Furthermore, it is highly
      desirable from a standpoint of safety in manufacture, shipping and
      storage, for example, to have a flare grain which does not ignite too
      easily. Where the flare cartridge is small, however, and the time for
      ignition is short a tradeoff of materials must be made to accomplish
      reliable ignition in the space and time afforded.
PAR  With the present invention, the range of materials usable in these flare
      devices is increased because of the reliable ignition of the curled
      shavings in the bore at the point of ignition.
PAR  Where the flare is to be used as a decoy for IR homing missiles, for
      example, the time span from initiation of ignition up to maximum infra-red
      output must be extremely short in order for the maximum radiation to be
      available while the flare is still in the field of view of the missile
      seeker.
PAR  From the forgoing it may be seen that a novel flare grain has been provided
      which is easily and reliably ignited in a short period of time and is
      highly suitable for use in a bore-safe cartridge flare for an IR decoy.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of producing a flare grain of greater ignition reliability
      comprising the steps of:
PA1  forming a pyrotechnic mix into a hollow cylindrical segment with a
      longitudinal bore;
PA1  cutting into one end of said segment along said bore to form curled
      shavings which remain attached to the surface of said bore.
NUM  2.
PAR  2. The method of claim 1 wherein said pyrotechinc mix is formed into a
      cylindrical segment having a convoluted bore.
NUM  3.
PAR  3. The method of claim 1 wherein said bore is formed with alternate lands
      and grooves and the lands are cut in one end of said bore to form said
      curled shavings.
NUM  4.
PAR  4. A flare grain comprising:
PA1  a hollow segment of pyrotechnic material having a longitudinal bore;
PA1  a partial counter bore in one end of said segment; and a plurality of cut
      curled protuberences in said counter bore.
NUM  5.
PAR  5. The flare grain of claim 4 wherein said segment of pyrotechnic material
      is cylindrical.
NUM  6.
PAR  6. The flare grain of claim 4 wherein said bore is convoluted.
NUM  7.
PAR  7. The flare grain of claim 4 wherein said flare grain is cylindrical, said
      bore is formed with alternate lands and grooves and the lands are cut in
      one end of said bore to form curled shavings remaining adhered to the
      inner surface of said bore.
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ABST
PAL  An overhead transportation system comprising for a depending and
      longitudinally traversible vehicle an overhead trackway as a pair of
      longitudinally slottedly vented tubular conduits maintained above the
      earth's surface with a series of pillars and having an overlying
      protective shield. The vehicle powering means comprises a pair of
      co-traversible jet engines situated within respective conduits and
      connected to the underlying vehicle with a dual-arms hangar means along
      which arms the engines' fuel-line extends. The trackway is lubricated from
      a longitudinally extending lubeline with syncronizeably operated nozzles
      spaced therealong and communicating with the conduit innerwall, and a
      longitudinally extending troughline collects the liquid lubricant, there
      being provision for re-cycling the lubricant for high-pressure
      re-injection into the conduits through said lubeline nozzles.
BSUM
PAR  Transportation systems having a depending vehicle longitudinally
      traversible along an overhead trackway are taught by the prior art,
      including inter alia U.S. Pat. Nos. 3,225,228 (Roshala- Dec. 21, 1965) and
      3,233,556 (McDonald- Feb. 8, 1966). Numerous problems have plagued prior
      art transportation systems including (but not limited to): the
      air-resistance offered to the high-speed depending vehicle and its
      appurtenances, providing a stable connection between the vehicle and the
      overhead trackway, lubrication and friction problems generally between the
      overhead trackway, protecting the workings of the system and particularly
      the trackway and powering means from weather and the ambient environment
      generally, and providing an aptly located efficient powering means for the
      traversible vehicle.
PAR  It is accordingly the general object of the present invention to provide an
      improved overhead trackway transportation system that overcomes noteworthy
      vexatious disadvantages and deficiencies attendant with prior art
      transportation systems, these objectives being alluded to in the
      accompanying drawing which depicts a representative embodiment overhead
      transportation system in accordance with the inventive concepts herein.
DRWD
PAR  In the drawing, wherein like characters refer to like parts in the several
      views, and in which:
PAR  FIG. 1 is a side elevational view of a typical longitudinal length portion
      of the representative embodiment overhead transportation system of the
      present invention.
PAR  FIG. 2 is a sectional elevational view taken along line 2--2 of FIG. 1.
PAR  FIG. 2A is a sectional elevational view taken along line 2A--2A of FIG. 1.
PAR  FIG. 3 is a sectional elevational view taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a longitudinally extending schematic view of the multi-nozzles
      lubeline and the co-extensive lubricant collection trough of a preferred
      liquid lubrication means for the trackway.
DETD
PAR  Generally defining the geographical pathway of the overhead transportation
      system S is a procession of numerous serially spaced earth-anchored
      pillars T each extending rigidly uprightly from the earth's surface E. For
      the leftwardly moving car-type vehicle C of FIG. 1, there are sequential
      destination pillars T(N+1), T(N+2), . . . T(N+M), in order. As best seen
      in FIGS. 2 and 2A, each of the pillars T is of 7-shaped cross-sectional
      shape including an earth-bound columnar part TW and a cross-bar part TY.
      Depending integrally downwardly from the cross-bar TY of each pillar T
      along a vertical post-axis 11 is a pillar post 10. Each pillar post as
      embodiment 10 is of inverted-T cross-sectional shape including a vertical
      spine 12 and a pair of laterally offset shoulders 13 herein including a
      spine-shoulder shelf 13A and an arcuate shoulder socket 14.
PAR  The overhead longitudinally extending trackway comprises a pair of
      substantially parallel and co-elevational tubular conduits 15 attached to
      the series of pillar posts 10 and located on opposite sides of the
      vertical post-axis 11. Preferably, each of the longitudinally elongated
      conduits 15 at the arcuate shoulder socket 14 nestably abuts thereat, and
      in this vein, each of the conduits 15 is of regular circular
      cross-sectional shape including an outerwall 17 and an innerwall 16.
      Herein, a threaded stud 19 is utilized to attach the tubular conduit
      internal side to pillar socket 14. The upper-hemiside of each tubular
      conduit 15, and preferably at the conduit cross-sectional zenith, is
      longitudinally continuously slottedly vented 18 whereby ambient air for
      the jet engines powering means can pass into slots 18 into conduits 15.
      Located on opposite sides of post-axis 11 is a pair of longitudinally
      extending protective shields 20 attached to the respective pillar posts 10
      and overlying the upper-hemiside vent 18 of the respective tubular
      conduits 15. Thus, the protective shields might prevent snow, rain, soot,
      and other weather or ambient environmental elements from reaching the
      conduit innerwalls 16. Preferably, the respective shields 20 have a
      free-end sufficiently laterally remote of pillar post 10 to overlie the
      entire conduit upper-hemiside. And for the desireably sectorially shaped
      shields, the free-end 21 defines an angular value 22 from pillar post
      connection exceeding 90.degree..
PAR  There is a selectable vehicle means, preferably comprising at least one
      passengers-carrying car C, that is positioned beneath and longitudinally
      traversible along the overhead dual-conduits trackway. Depending suspended
      car vehicle C has a roof portion D and is provided with a fuel-tank F. The
      powering means for propelling the vehicle C longitudinally comprises a
      pair of jet engines 25 situated within and traversible along the
      respective tubular conduits 15. Air for the jet engines 25 enters into
      tubular conduits 15 through slotted vents 18, and there is a fuel-line
      (e.g., 35) extending branchwise from the fuel-tank (F) to the respective
      jet engines 25, which are preferably of identical power thrust ratings.
      Connecting the jet engines with the vehicle so as to render them
      co-traversibly movable is a dual-arms hangar means e.g., 30. The
      respective hangar arms 30 are located on opposite sides of post-axis 11,
      each arm herein having a leadward-end 31 firmly attached to the jet engine
      upperside and extending from said jet engine 25 through the conduit
      slotted vent 18. From its slot-enclosed leadward-end 31, each arm 30
      extends (e.g., as 32) away from the pillar post 10, thence along the
      conduit external side, and finally the arm near its trailward-end is
      attached to the vehicle C). Herein, the two arms 30 converge downwardly
      from the conduit external side as arm segments 33 toward post-axis 11 and
      merge into a common hangar root portion 34, which root part 34 is herein
      attached to car roof D with angle-irons G. The branched fuel-line takes
      the form 35 shown i.e., located internally of the hangar means elements
      30-34.
PAR  At this juncture, it can be readily appreciated that lubrication of the
      conduits innerwall 16 is desirable to reduce friction between the conduit
      15 and the jet engine 25. Preferably, liquid lubricant 41 is injected 45
      under high-pressure toward the conduit innerwall 16 in timed
      synchronization with approach of the jet engine, as by utilizing a
      pressure-gauge 48 or analagous means for sensing the approach of the jet
      engine at a nozzle-station 45. For example, a lubeline 40 for carrying
      liquid lubricant 41 is attached to and is longitudinally co-extensive with
      each conduit outerwall 17. The liquid lubricant 41 might flow from a
      reservoir 42 via gear pump 44 to a high-pressure main-pump 43 (having
      check valve 43A), whereupon the lubricant is introduceably injected under
      high-pressure into lubeline 40. Nozzles 45 passing downwardly through
      conduits 15 are utilized for injecting high-pressure lubricant 41 toward
      innerwalls 16, there being a plurality of nozzle-stations 45 between
      consecutive pillars T and preferably spaced at regular -intervals 46
      therealong. Synchronization of the lubricant injection e.g., 42 as the jet
      engine 25 approaches a nozzle-station might be with a convenient sensing
      means (e.g. 48) which can momentarily actuate a valve means (e.g. 47)
      positioned between the lubeline 40 and each nozzle 45.
PAR  There is desireably means for recycling the liquid lubricant 41 which had
      already been utilized at the conduit innerwall 16. For recycling, one
      reservoir 42 and one high-pressure pump 43 might serve numerous
      nozzle-stations 45 along some finite-length of the overhead trackway 15.
      Spaced at increments along the lower-hemiside of each conduit 15 are
      drainage ports 51 for collecting re-cyclable oil lubricant 41R. Shown is a
      troughline 50 coextensive along the underside of and attached to each
      conduit 15, and communicating with ports 51. The oil 41R then flows along
      troughline 50 to the nearest oil reservoir 42, which lubricant is
      re-introduced under high-pressure (as by pump 43) into lubeline 40 for
      re-injection 45 into conduits 15.
PAR  From the foregoing, the construction and operation of the overhead trackway
      transportation concepts will be readily understood and further explanation
      is believed to be unnecessary. However, since numerous modifications and
      changes in these concepts will readily occur to those skilled in the art,
      it is not desired to limit the invention to the exact construction shown
      and described, and accordingly, all suitable modifications and equivalents
      may be resorted to, falling within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A trackway for an overhead transportation system of the general class
      comprising at least one car as a vehicle means depending from and
      longitudinally traversible along a trackway that is located above the
      earth's surface including a series of spaced pillars and each pillar
      having a post depending downwardly therefrom along a vertical post-axis,
      said transport system trackway comprising:
PA1  A. a pair of substantially parallel and co-elevational tubular conduits
      attached to a series of pillar posts and located on opposite sides of the
      vertical post-axis, the upper-hemiside of each conduit being
      longitudinally slottedly vented therethrough;
PA1  B. a pair of protective shields attached to the respective pillar posts and
      located on opposite sides of the vertical post-axis, each of said
      protective shields being longitudinally coextensive along and protectively
      overlying the upper-hemiside vent slots of the respective tubular
      conduits;
PA1  C. at least one lubeline coextensive along the outerwall of the respective
      tubular conduits and having serially spaced nozzles for high-pressure
      injection of lubricant fluid from each nozzle-station toward the conduit
      innerwall and operatively synchronizeable with the approaching vehicle;
PA1  D. a troughline coextensive along the lower-hemiside of and communicating
      with the innerwall of the respective tubular conduit for collection of the
      lubricant; and
PA1  E. means for recycling the lubricant fluid from the troughline back to the
      lubeline, said recycling means including a lubricant reservoir along the
      troughline and pump means for reintroducing the lubricant under high
      pressure into the lubeline.
NUM  2.
PAR  2. The overhead transportation system of claim 1 wherein each of the
      protective shields overlies the entire respective tubular conduits; and
      wherein there is a plurality of nozzle-stations between neighboring
      pillars and spaced at regular-intervals along the lubeline.
NUM  3.
PAR  3. The overhead transportation system of claim 2 wherein the tubular
      conduits are of circular cross-sectional shape; wherein each of the
      protective shields externally of the pillar post is of sectorial
      cross-sectional shape having an arcuate extent of more than 90.degree..
NUM  4.
PAR  4. The overhead trackway system of claim 3; wherein the arcuate internal
      side of the respective conduits nestably abuts against and is attached to
      the pillar post; and wherein the lubricant injection by each nozzle into
      the conduit is synchronized acccording to the increasing pressure exerted
      by the oncoming jet engine.
NUM  5.
PAR  5. The overhead trackway transportation system of claim 1 wherein the
      tubular conduits are of circular cross-sectional shape; and wherein there
      is a plurality of nozzle-stations between consecutive neighboring pillars
      and spaced at regular-increments along the lubeline.
NUM  6.
PAR  6. The overhead trackway system of claim 1 wherein the serially spaced
      pillars are of 7-shaped cross-sectional shape including an earth-bound
      columnar part and a cross-bar from which the pillar post integrally
      depends; wherein the two conduits nestably abut against and are attached
      to opposite sides of said depending pillar post; and wherein the conduit
      slotted vents are located at the zenith of the conduit upper-hemiside and
      also located below and spatially separated from said overlying protective
      shields.
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ABST
PAL  A rail car having an interior cavity and an end opening for loading and
      unloading lading. A pair of door assemblies, each of which includes a
      plurality of panels, each pivotally movable with respect to the other for
      closing at least a portion of the end opening. Pivot means for mounting
      each of the door assemblies are provided to move the door assemblies
      between their respective open position and closed position. The pivot
      means are mounted for movement toward and away from the interior of the
      rail car to permit storage of the door assemblies within the rail car when
      their panels are folded back upon one another. The means for moving the
      pivot means include a guide means in the form of a pair of parallel racks
      and co-operating pinions drivingly mounted on a common manually driven
      shaft, one rack and co-operating pinion each at the top portion and the
      bottom portion of the door assembly. The rack and pinions function to keep
      the top and bottom portions in register as the folded door assemblies move
      along tracks extending normal the opening into the interior of the car for
      storage. The pinion driving shafts are manually driven and include pawl
      means which hold the doors in storage until the pawl is automatically
      removed from the teeth of its associated pinion upon manual pulling out of
      the door assembly. Intermediate locking means on the edges of horizontally
      disposed lading deck members adjacent the opening are provided, as well as
      a final locking means which includes a plurality of cams pivoted for
      movement in unison on a common locking shaft. The shaft includes a locking
      flange by which vertically movable interference means can selectively
      restrain the locking flange to prevent rotational movement of the locking
      shaft for unlocking of the doors. A pivoted sealing lug and appropriately
      positioned adjacent apertures on the lug and member prevent movement of
      the interference member during transit of the car.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Broadly, it has been known that by using bi-folded doors, the ends of
      decked automobile transit rail cars can be closed. There has been a
      problem, however, that when the cars are opened, the doors can get outside
      the clearance diagram and be easily damaged. The doors should be able to
      be opened when the cars are coupled for access to the interior of the rail
      car and the lading. Also, when the operator has delivered an automobile to
      an upper deck, he must be able to reach a ladder; therefore, he must be
      able to get around the folded and stored door panels. After the car is
      loaded, the door must be operable from the ground; and, of course, the
      door must not jam when it is going into or out of storage.
PAR  The rail car of the present invention, with its novel door assemblies and
      door arrangements, can solve all of these problems as well as providing a
      positive lock of the doors in the folded back and stored condition. This
      is made possible by the use of three panels, which are pivoted on their
      marginal edges for swinging relative to each other. Two sets of the three
      panels are used to close and lock the opening. The panels fold back upon
      themselves on hinges along their edges and are pivotally mounted adjacent
      to the outer sides of the opening on means which permit them each to move
      as a folded three-panel unit into the interior of the car to stored
      condition, where they may be positively locked and automatically unlocked
      from the stored position selectively. The mechanism for accomplishing
      these desirable ends will be described in the Brief Description Of The
      Invention to follow.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention involves a rail car having an interior cavity defined
      partially by rail car side walls and an end opening for loading and
      unloading lading such as vehicles. Two door assemblies, each including a
      set of three panels are provided for closing the end opening. Each of the
      sets of panels closes one-half of the opening and folds upon the other
      panels of the set by means of hinges at the edges thereof for storage. The
      sets of door panels are each pivotally mounted adjacent the sides of the
      opening by means which can move on a track toward and away from the
      intermediate portion of the car to permit storage of the sets of folded
      panels along said rail car side walls.
PAR  The means for moving the pivot means includes a guide means in the form of
      a pair of rack and co-operating pinions drivingly mounted on a common
      manually driven shaft. One each of the pinions co-operates with racks
      adjacent the top and bottom portions of the set on the side walls of the
      rail car to keep the top and bottom portions of the set in register during
      travel along the track extending toward the intermediate portion of the
      car from the opening and upon which the door sets are supported for
      movement to and from the storage position. Each of the sets of panels are
      spring-biased in the direction of the closed as opposed to the open
      position.
PAR  The rail car has a plurality of horizontally disposed interior decks, each
      having cutouts and L-shaped cam clips mounted on the edge of the decks
      adjacent the end opening. Each set of door panels has mating, fixedly
      mounted latches to engage the cutouts and rotating latches to move behind
      a leg of the L-shaped cam clips to provide a preliminary locking to hold
      the panels against the edges of the interior decks. In addition, the
      middle of the deck edges at each level are provided with T-shaped cam
      clips, behind which the adjacent panel edges of the two panel sets lock
      against the deck.
PAR  The pivoted latches of each set are fixed on a common locking shaft which
      includes a locking flange so that an interference member, which is mounted
      for limited vertical movement, can be moved down in front of the locking
      flange to trap it between the door assembly and the interfering member
      thereby preventing rotation of the pivoted or final latches. A sealing lug
      pivots into position over the interference member to prevent its upward
      movement and to provide a place for sealing to insure that the car has not
      been opened during transit. The final and positive locking of the
      pivotally mounted latches is accomplished by having them arranged to cam
      in unison behind the L-shaped cam clips as the adjacent panel edge of the
      two sets are manually pushed into edge-to-edge relationship behind the
      T-shaped clip.
PAR  The shaft upon which pinions for alignment purposes are mounted have power
      wheels or cranks on the lower ends thereof. As each of the shafts are
      turned by means of its respective power wheel, a pawl rides over the teeth
      of a pinion until the door set is in stored condition along a side wall of
      the car. The power wheel drives by means of a projection on the shaft
      acting against a driving cam surface portion on the power wheel. An
      angular portion of the same cam surface is provided so that as the door is
      pulled out of the storage position, the power wheel moves axially, and in
      so doing, automatically removes the pawl from the teeth of the pinion by
      means of the outer top cam surface in driving connection with the pawl.
      Without this axial movement, of course, the pawl holds the pinions from
      moving on the rack and, therefore, holds the door set in its stored
      position. A chain or other tether is also provided so that the door set
      cannot swing beyond the clearance diagram. A lever may be provided for
      manual operation of the pivoted latch shaft.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a prospective view of a rail car constructed according to the
      principles of this invention.
PAR  FIG. 2 is a partial cross-sectional view taken along the lines 2--2 of FIG.
      1 showing the different door panel positions in phantom.
PAR  FIG. 3 is an end elevational view of one-half of the rail car of FIG. 1.
PAR  FIG. 4 is an enlarged fragmentary view of Area A of FIG. 3.
PAR  FIG. 5 is an enlarged fragmentary view of Area B of FIG. 3.
PAR  FIG. 6 is an enlarged fragmentary view of Area C of FIG. 3.
PAR  FIG. 7 is a cross-sectional view taken along the lines 7--7 of FIG. 3.
PAR  FIG. 8 is a cross-sectional view taken along the lines 8--8 of FIG. 5.
PAR  FIG. 9 is a cross-sectional view taken along the lines 9--9 of FIG. 3.
PAR  FIG. 10 is an enlarged fragmentary view of the Area D of FIG. 3.
PAR  FIG. 11 is an enlarged fragmentary view of the Area E of FIG. 3.
PAR  FIG. 12 is an enlarged fragmentary view of the Area F of FIG. 3.
PAR  FIG. 13 is a cross-sectional view taken along the lines 13--13 of FIG. 12.
PAR  FIG. 14 is a pictorial view of the mechanism of FIGS. 12 and 13 with the
      hinges and wheels eliminated to clarify the view.
PAR  FIG. 15 is a view taken along the lines 15--15 of FIG. 14.
DETD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
PAR  In the embodiment illustrated, the numeral 10 generally designates a rail
      car.
PAR  The rail car 10 has an end opening which has its left-hand half closed by a
      three-paneled door set 12 and its right-hand half closed by a
      three-paneled door set 14. The door panel sets 12 and 14 can be termed
      "tri-fold" door assemblies. On the side of the car adjacent the tri-fold
      door assembly 12 is a ladder 16. Car 10 is of the closed three-tier
      automobile transport type, including three decks into which ladings such
      as vehicles are stored for transit. The ladder 16 provides access to the
      upper decks.
PAR  The decks are generally known in the railroad industry as Decks A, B, and
      C, with Deck A being the lowermost deck and Deck C being the uppermost
      deck. As seen in FIG. 2, wherein the door panel set 14 is illustrated, the
      doors are capable of assuming many positions. In the illustrated full view
      position of FIG. 2, the door panel set 14 is closed. The tri-folded
      storage position within the car is shown in phantom, as is the tri-folded
      open position, and the partially extended open position. It will be seen
      from FIG. 1 that when, in the stored position, the door panel set of door
      assembly 16 which is the mirror image of set 14 will permit an operator on
      upper Decks B and C to bypass the folded back and stored doors and reach
      around to the ladder 16 for leaving the car. A description of the nature
      of the door assembly and how the positions illustrated in FIG. 2 are
      accomplished will accordingly follow.
PAR  Referring to door panel set 14 in FIG. 2, panels 18, 20, and 22 will be
      seen in a full top edge view in the closed position. Panels 18, 20, and 22
      are made of 16 gauge metal. The panels all have an elongated vertical
      reinforcing rib 24 formed therein and all of the panel edges 26 have an
      inwardly extending flange 28 for further stiffening purposes. The adjacent
      edges 26 of the three panels 18, 20, and 22 have hinges welded thereto.
      The panels 18 and 20 have an inwardly disposed hinge 30 with leaves welded
      to their respective and adjacent edges 26, and the panel 22 and the
      adjacent edge of panel 20 have an outwardly extending hinge 32 similarly
      welded to the adjacent edges 26 of these panels. Panel 22 has a hinge 34
      with an L-shaped leaf 36 welded to panel edge 26, and an angular Y-shaped
      leaf 38 fixedly mounted by welding to a pipe section 40. The hinge or
      pivot 34 permits swinging of the three panels out to a position parallel
      to the wall 42 of the car and beyond to a position where a chain 44 is
      fully extended. The chain prevents movement of the panels past the
      clearance diagram line 46, which is the point beyond which no portion of
      the car may extend because of the roadbed clearance. The chain 44 is
      affixed to the door assembly adjacent the stiffening rib 24 of the panel
      18 at a point 47 on the lower panel.
PAR  As seen in FIG. 2, as the door panels 18 and 20 are swung about an arc to
      the closed position, it will be seen that they assume less than a full
      line, edge-to-edge condition until just before they come to the fully
      closed position. Advantage is taken of this fact in locking the
      three-panel doors, and this action will be described in connection with
      FIG. 3 and its associated figures.
PAR  In FIG. 3 it will be seen that the panels 18, 20, and 22 are illustrated in
      the fully closed position. Between the adjacent panel edges 26, the panels
      have a plurality of hinges along their length. For instance, between the
      panels 18 and 20 there are four hinges 30; between the panels 20 and 22,
      there are four hinges 32; and between the pipe 40 and the panel 22, there
      are three hinges 34. As the hinge 30 swings through its 90.degree. from
      the open position to the closed position in closing of the door, the
      hinges 32 and 30 do not swing their full 180.degree.. Thus, the condition
      shown in phantom in the lower portion of FIG. 2 exists until the panel 22
      comes fully into engagement with the edges of the Decks B and C. As will
      be seen in FIG. 7, the panel 22 is held in engagement with Deck B, by a
      fixedly mounted latch 48. The latch 48 is mounted on the edge 26 of the
      panel 20 below the leaf of hinge 32 welded to that edge. The latch 48
      extends inwardly for a distance and then parallel to the inner surface of
      the panel 22 but spaced therefrom. As the hinge 32 finishes its entire
      180.degree. of swing and the panel 20 comes into engagement with the Deck
      B, the fixed latch 48 enters a cutout in the edge of Deck B, shown in
      phantom, to be outlined by a surface 50. This moon-shaped cutout has a
      re-entrant portion 52 in the edge of Deck B such that the latch means 48
      preliminarily locks the panels 20 and 22 against the Deck B edge. The
      shape of the cutout 50 and reentrant portion 52 is such that the surfaces
      of latch 48 can enter this locking engagement just as the full 180.degree.
      of pivot travel of the hinge 32 is completed. With the fixed latch 48
      being welded to the edge 26 of the panel 20, which is adjacent to the
      panel 22, these panels are preliminarily held until the final locking
      operation can be accomplished.
PAR  Before the final locking operation occurs, the leading edge 26 of panel 18
      comes into contact with T-shaped cam clips 54 mounted by welding to the
      edge of Decks B and C. As best seen in FIG. 9, the T-shaped cam slips 54
      have outwardly angled surfaces 56 on the wings of the tee which permit the
      edge 26 of the panel 18 to come into engagement between the Deck B and
      wing 56 of the cam clip. Thus with the edge 26 held by the T-shaped cam
      clip 54 and the preliminary locking being accomplished with fixed latch 48
      behind re-entrance portion surface 52 of the cutout 50, the three-door
      assembly is in condition for final locking.
PAR  As will be seen in Areas A, B, and C of FIG. 3 and FIGS. 4, 5, and 6, which
      are enlargements thereof, three openings are provided in the panel 20. The
      edges of the openings are appropriately stiffened by reinforcing frames
      58. Running vertically across each of these framed openings is a pivotally
      mounted locking shaft 60 which is journaled behind a plurality of mounting
      straps 62. At Areas A and B, as shown in FIGS. 4 and 5, there are within
      the framed panel openings, rigidly mounted to the shaft 60, final locking
      cams 64. The final locking cams 64 have a generally cylindrical portion
      surrounding shaft 60, and fixedly mounted thereon, and a laterally or
      transversely extending cam lobe or latch member 68.
PAR  Mounted on the deck, extending out over the edge, is an L-shaped cam clip
      70 with an elastomeric portion 72 of a material such as
      polytetrafluoroethylene, behind the outermost leg 74 thereof. The locking
      cam projection 68, being fixedly mounted on pivoting shaft 60, is provided
      with a rear surface 76 which can act against a cutout 80 in Deck B to cam
      itself into position. The force for doing this is applied manually to the
      outside of panels 18 and 20 in such a manner that as the panels come into
      contact with the Deck B, the camming projection behind the elastomeric
      block 72 into locking position. Because the camming locks 64 are rigidly
      mounted on the shaft 60, they move in unison into pockets 80 in the edge
      of both Decks B and C. The elastomeric material 72 acts both as a
      vibration dampener and a wear pad to assure a positive locking engagement
      and a minimum of vibration of the door assembly during transit of the rail
      car.
PAR  It will be seen that Area C has a cutout in door panel 18 adjacent to which
      the final locking shaft 60 extends, and a strap 62 in which the shaft is
      journaled. It will be noted in FIGS. 4 and 5 that because of the greater
      diameter of the portion 64 in the locking cam 68 than the journaled
      portion of the strap 62 that there can be no actual shifting of shaft 60.
      However, fillers and thrust washers 82 surround journal strap 62 in the
      Area C to perform the same function of holding the rod 60 against actual
      movement. Fixedly attached to the locking shaft 60 is a locking flange 84.
      The locking flange 84 rotates with the shaft 60 as it drives the camming
      portions 68 behind the L-shaped cam clips 70. When the final locking
      occurs and the locking cam 68 is behind the L-shaped cam clip 70 and its
      elastomeric material 72, the locking flange 84 extends laterally away from
      the shaft 60, parallel to panel 20 and adjacent thereto.
PAR  An interference member or lock bolt 86 is mounted for limited vertical
      movement by means of the reinforcing members 58 and straps 62. The
      interference member 86 has flanges 88 and 90 which limit its travel in the
      vertical direction, but within those limits, it is free to move into a
      position just outside of and adjacent to locking flange 84. Thus the
      locking flange 84 may be held in position between the panel 20 and the
      lower end portion of interference member 86.
PAR  At the top end of interference member 86, when it has fallen by gravity to
      the lowermost position, and adjacent to the flange 90 in face-to-face
      engagement, is a seal block 92. The seal block 92 pivots about a member 94
      into and out of the vertical path of the interference member 86. The
      interference member 86, being naturally at its lowest point of limited
      travel from gravity, thus is out of the way for the sealing block 92 to
      pivot, by means of gravity, into its path. The seal block 92 has a flange
      96 which then is in face-to-face engagement with the upper flange 90. With
      these two flanges in face-to-face engagement, apertures 98 and 100 come
      into alignment respectively for passage of a sealing wire to provide a
      manner of sealing the car to be sure, upon its arrival at its destination,
      that it has not been opened and tampered with.
PAR  In order to return the shaft 60 to unlock the car, the seal must be broken
      between flanges 90 and 98. The sealing block 92 pivots about pivot 94 and
      the interference member 86 moves upwardly to clear the locking flange 84
      for rotation. Once it is free to rotate, because it is fixedly mounted on
      locking shaft 60, the shaft 60 can rotate, and the locking cams 64 are
      free to move out from behind the L-shaped cam clips, thus freeing the
      locking cams or pivoting latches and permitting the panel 20 to move
      outwardly. As the panel 20 moves outwardly, the panel 18, because of its
      connection through hinges 30, moves its adjacent edge 26 outwardly and its
      leading or center edge 26 is permitted to come out from behind the portion
      of the leg 56 of the T-shaped cam clip. As this occurs, the hinge 34 is
      beginning its motion such that the fixed latching clip or latch 48 moves
      out from behind the re-entrance portion 52 of cutout 50 in Deck B freeing
      the panel 22 from Deck B. The folding back to the open position of the
      panels in face-to-face open position is then accomplished, and the doors
      can be moved into the storage position.
PAR  Thus having described the locking mechanisms illustrated in the embodiments
      of the invention, it should be noted that the movement of the shaft 60
      during the locking operation is springbiased by means of a spring 102
      which is best seen in FIG. 4. The spring 102 being welded at its ends to
      panel 20 biases cam latch members 68 in an open direction. In addition to
      the described manner of manually pushing on the doors to lock them, and
      for turning locking shaft 60 for unloading, a lever or grab plate 104 is
      provided on the lower end of shaft 60.
PAR  Area D of FIG. 3, as detailed in FIG. 10, illustrates the manner by which
      the top portion of the three-panel door assembly 14 is mounted to the car.
      The panel 22 and the hinge 34 associated with its edge 26 will be seen in
      the left-hand portion of FIG. 10. The pipe section 40 to which the
      Y-shaped leaf 38 of hinge 34 can be seen with the Y-shaped leaf 38 welded
      thereto.
PAR  A pinion shaft 106 is journaled within the pipe section 40 and is shown
      with thrust bearings 108 thereabout and pipe stop ring 109 rigidly mounted
      to the shaft 106. The upper end of shaft 106 has rigidly attached thereto,
      the pinion 110. Pinion 110 rotates with shaft 106 by means of its mounted
      relationship within the pipe 40 and the teeth thereof engage a rack 112.
      The rack 112 is a forged piece of metal and is mounted on a rack support
      plate 113 running parallel to the wall of the car horizontally and into
      the interior of the car.
PAR  The pipe section 40 is supported in position and holds the journalled shaft
      106 in position by means of a crank plate 114 and a roller 116 mounted
      thereon for travel along a retaining guide way 118 mounted behind the rack
      112.
PAR  FIG. 11 shows Area E of FIG. 3 in detail and illustrates the intermediate
      portion of shaft 106 with centrally located hinge 34. The spring 119 is
      biased to rotate panel 22 about hinge 34 toward the closed portion with
      the three folded panels 18, 20, and 22 as seen in phantom in the lower
      portion of FIG. 2.
PAR  FIG. 12 shows Area F of FIG. 3 in detail and illustrates the lower portion
      of door assembly 14's support and guide means. It should be viewed in
      conjunction with FIG. 13, which is a cross-section on the line 13--13,
      FIG. 14, which is a pictorial view of the same structure, and FIG. 15 a
      cross-section thereof.
PAR  A previously pointed out, shaft 106 is a vertically extending shaft which
      has pinion 110 at its top. A similar pinion 120 is mounted rigidly with
      regards to shaft 106 and co-operates with a rack 122. The rack 122 is
      coextensive and parallel to rack 112 and because the pinions 110 and 120
      are commonly mounted on the opposite ends of shaft 106, the top and bottom
      portions of door assembly 14 remain in register at all times and in
      particular during movement to and from the stored position at the inner
      end of racks 112 and 122. A rack support plate 123, similar to plate 113,
      supports rack 112.
PAR  Pipe section 40 to which lower hinge 34, through its Y-shaped leaf 38, is
      attached is separated from pinion 120 by thrust bearings 108. A crank
      plate 124 is provided with rollers 126 mounted thereon for travel along a
      retaining guideway 128 behind the rack 122.
PAR  Horizontally mounted below the rack 122 adjacent lower pipe section 40 is a
      track 130 which extends from the car opening to the interior of the car
      along wall 42. A fabricated plate roller cage 132 is mounted by means of
      welded bracket 134 to lower pipe section 40. A roller, mounted on pin 138
      movably supports the tri-fold door assembly 14 for movement along track
      130 to and from the storage position. The shaft 106 and pinions 110 and
      120 maintaining the top and bottom in register by co-operation with their
      respective racks 112 and 122.
PAR  The pinion 120 is engaged by a pawl 140 which acts to positively lock the
      pinion in the storage position at its innermost end of travel on the rack
      123. Because of the shape of the end portion 142 of pawl 140, the pawl
      slides over the teeth of pinion 120 as it rotates along rack 122 into
      storage position. Unless end portion 142 is rotated on pawl shaft 144 out
      of engagement with the pinion, however, reverse rotation is impossible.
PAR  Shaft 144, on which the pawl 140 rotates, is journalled in two plates 146
      which extend laterally outwardly from, and are welded to, lower pipe
      section 40. A spring 148 biases the shaft 144 so that pawl portion 142
      normally prevents rotation of pinion 120 for outward movement of door
      assembly 14.
PAR  The shaft 106 is manually driven by crank means in the form of a power
      wheel 150. A projection in the form of a pin 152 is mounted adjacent the
      end of shaft 106 for driving connection between the wheel 150 and shaft
      106 on which it is mounted. Upon rotation of power wheel 150 to move the
      folded door assembly 14 into the storage position along racks 112 and 122,
      and track 130, a cam surface portion 156 drivingly cooperates with pin 152
      to drive shaft 106. When all the way into the car interior in the storage
      position, the pawl 140 locks the doors in that position.
PAR  Upon desiring to move the folded door package 14 out of the storage
      position, the operator grasps one of the crank handles and pin 152 engages
      cam surface portion 160 of the wheel. Because of the angular shape of
      surface 160, the power wheel 150 is moved axially upwardly along the shaft
      106 for a limited distance as it rotates. At the end of its travel in said
      limited distance pin 152 engages a second cam surface portion 161 such
      that a positive driving connection between power wheel 150 and shaft 106
      is re-established for continued outward driving of the door assembly 14.
PAR  Mounted on the lower end of pawl shaft 144 for rotation therewith is a cam
      follower 162. Cam follower 162 has a laterally extending portion 164 in
      engagement with surface 170 of power wheel 150 acting on cam surface 160,
      surface 170 rotationally drives portion 164 radially away from shaft 160.
      This action automatically drives shaft 144 and pawl 140 away from pinion
      120, thereby freeing door assembly 14 for movement outwardly along rack
      122 from the stored position to the open position.
PAR  Having described the illustrated embodiment, we wish to state that it is
      not our intention to be limited thereto, but to be limited rather only by
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rail car having an interior cavity defined partially by rail car
      side walls and an end opening for loading and unloading lading:
PA1  a door assembly including panels for closing at least a portion of said end
      opening,
PA1  pivoted mounting means for moving said door assembly between an open
      position and a closed position,
PA1  means including guide means for moving said pivoted mounting means
      transversely in directions toward and away from the intermediate portion
      of said rail car to permit storage of at least a portion of said door
      assembly along said rail car side wall and means for selective removal of
      said portion therefrom.
NUM  2.
PAR  2. The rail car of claim 1 wherein means are provided to limit the maximum
      open position of said door assembly to a position substantially normal to
      said closed position and within the desired clearance diagram for said
      car.
NUM  3.
PAR  3. The rail car of claim 1 wherein said door assembly includes a plurality
      of panels each movable with respect to the other.
NUM  4.
PAR  4. The rail car of claim 3 wherein the panels are connected at adjacent
      edges for pivotal movement.
NUM  5.
PAR  5. The rail car of claim 4 wherein said panels are spring biased to at
      least one of said positions.
NUM  6.
PAR  6. The rail car of claim 1 wherein said door assembly includes a plurality
      of panels each movable with respect to the other and the length of
      transverse travel of said pivoted mounting means along said guide means is
      within said car and is sufficient to permit storage of all of said panels
      within said car when the pivoted mounting means are within said rail car
      in their maximum position of travel in the direction toward the
      intermediate portion of the rail car.
NUM  7.
PAR  7. The rail car of claim 1 wherein said guide means includes alignment
      means to maintain the top and bottom portions of said door assembly in
      register regardless of the position of the pivoted mounting means with
      respect to the intermediate portion of the rail car.
NUM  8.
PAR  8. The rail car of claim 1 wherein the means for moving said pivoted
      mounting means toward and away from the intermediate portion of said rail
      car includes in addition to the guide means, at least one track which
      extends normal to said opening and upon which said door assembly is
      movably supported.
NUM  9.
PAR  9. The rail car of claim 1 wherein said guide means includes at least one
      shaft mounted pinion and a co-operating rack.
NUM  10.
PAR  10. The rail car of claim 9 wherein the shaft upon which the pinion is
      mounted is manually driven by a power wheel.
NUM  11.
PAR  11. The rail car of claim 10 wherein the power wheel includes a first cam
      surface having a driving portion and said shaft has a projection for
      engaging said driving portion when the power wheel is rotated to drive the
      shaft and pinion and move said door assembly along said rack in a
      direction toward the intermediate portion of the rail car.
NUM  12.
PAR  12. The rail car of claim 11 wherein said pinion is engaged by a locking
      means and the first cam surface of the power wheel includes an angular
      portion which when engaged by the projection on the shaft during initial
      movement of the door assembly along said rack away from the intermediate
      portion of the rail car, drives the power wheel axially relative to the
      shaft, said axial movement disengaging the locking means from the pinion
      to permit said door assembly to be driven out with the pinion freely
      running on the rack.
NUM  13.
PAR  13. The rail car of claim 10 wherein the pinion is engaged by a force
      biased pawl, said pawl having a first surface portion such that during
      rotation of the pinion in a first direction as said door assembly moves
      toward the intermediate portion of the rail car said first surface portion
      of the pawl rides over the teeth of the pinion until said pivoted mounting
      means are within said rail car in their maximum position of travel in the
      direction toward the intermediate portion of the rail car, and a second
      surface portion such that when the pawl is in its force biased condition
      said second surface portion engages the pinion teeth and prevents movement
      of the pivoted mounting means in the direction away from the intermediate
      portion of the rail car by preventing the pinion from rotating in a second
      and opposite direction thereby holding the door assembly in storage
      position until such time as the pawl is moved against its force bias out
      of engagement with the pinion.
NUM  14.
PAR  14. The rail car of claim 13 wherein the power wheel has a second cam
      surface and the pawl is drivingly connected to a cam follower in
      engagement with said second cam surface such that said axial movement of
      said power wheel drives said cam follower and thereby said pawl drivingly
      connected thereto against said force bias thereby to free said pinion of
      said pawl to permit said pinion to rotate in said rack in a second and
      opposite direction of said one direction and thereby to permit said
      pivoted mounting means and door assembly to move in the direction away
      from the intermediate portion of said car, but out of the storage
      position.
NUM  15.
PAR  15. The rail car of claim 14 wherein the force bias acting on said pawl is
      a spring.
NUM  16.
PAR  16. In a rail car having an interior cavity and an end opening for loading
      and unloading lading:
PA1  a door assembly including a plurality of panels each pivotally movable with
      respect to the other for closing at least a portion of said end opening,
PA1  mounting means including pivot means for moving said door assembly between
      an open position and a closed position,
PA1  means for moving said mounting means toward and away from the interior of
      said rail car to permit storage of at least a portion of said door
      assembly within said rail car,
PA1  said means for moving said mounting means including guide means in the form
      of a pair of rack and co-operating pinions mounted on a common manually
      driven shaft, one each at the top portion and the bottom portion of the
      door assembly to keep said portions in register,
PA1  said means for moving said mounting means further including at least one
      track which extends normal to said opening and upon which said door
      assembly is movably supported.
NUM  17.
PAR  17. In a rail car having an interior cavity and an end opening for loading
      and unloading lading;
PA1  a door assembly including a plurality of panels each pivotally movable with
      respect to the other for closing at least a portion of said end opening,
PA1  mounting means including pivot means for moving said door assembly between
      an open position and a closed position,
PA1  means for moving said mounting means in a straight line toward and away
      from the end opening of said rail car to permit storage of at least a
      portion of said door assembly along said rail car side.
NUM  18.
PAR  18. The rail car of claim 17 wherein the plurality of panels are spring
      biased in the direction of the closed position.
NUM  19.
PAR  19. The rail car of claim 17 wherein the opening has a portion bounded by a
      horizontally disposed member with at least one re-entrant cutout in its
      marginal portion adjacent the opening, at least one fixedly mounted latch
      mounted on one of said door panels for movement into said cutout and
      behind an adjacent portion of said member to lock said panel against said
      member in closed position.
NUM  20.
PAR  20. The rail car of claim 19 wherein a plurality of said horizontally
      disposed members are defined by the edges of interior decks within said
      rail car, each of said edges having at least one of said cutouts and said
      assembly having a plurality of said fixedly mounted latches positioned for
      movement into a correspondingly positioned cutout, said fixedly mounted
      latches being mounted for movement in unison into said cutouts to lock
      said door assembly.
NUM  21.
PAR  21. The rail car of claim 20 wherein the shape and relative positions of
      the cutouts and latches are such that the latches engage and enter the
      cutouts upon manual forcing of said door panel into closed position.
NUM  22.
PAR  22. The rail car of claim 17 wherein the opening has a portion bounded by a
      horizontally disposed member with at least one projecting generally
      L-shaped cam clip with the planes defined by the legs of the L being
      oriented in a generally horizontal direction adjacent said opening, at
      least one pivotally mounted latch mounted on one of said door panels for
      movement behind one of the legs of said L-shaped cam clip to lock said
      panel against said member in closed position.
NUM  23.
PAR  23. The rail car of claim 22 wherein a plurality of said horizontally
      disposed members are defined by edges of interior decks within said rail
      car, each of said edges having at least one of said L-shaped cam clips and
      said door assembly having a plurality of said pivotally mounted latches
      positioned for movement behind a correspondingly positioned L-shaped cam
      clip, said pivoted latches being mounted upon a common pivotally mounted
      shaft for movement in unison behind said L-shaped cam clips to lock said
      door assembly.
NUM  24.
PAR  24. The rail car of claim 23 wherein the pivotally mounted shaft has a
      lever attached thereto to provide pivotal selective rotation of the shaft.
NUM  25.
PAR  25. The rail car of claim 23 wherein the shapes and the relative positions
      of the L-shaped cam clips and latches cam-shaped surfaces are such that
      said pivotally mounted shaft is rotationally driven toward the locked
      position as the latches engage and move behind one leg of the L-shaped cam
      clip upon manual forcing of said door assembly into closed position.
NUM  26.
PAR  26. The rail car of claim 23 wherein the pivotally mounted shaft has a lock
      flange fixedly attached thereto and projecting transversely thereof, an
      interference member mounted for selective limited vertical movement on a
      door panel adjacent to said lock flange and spaced from door panel by a
      distance sufficient for a portion of said lock flange to be received
      between said interference member and said door panel when said
      interference member is in its lowest position, a pivoted lock block means
      mounted to swing by gravity into the vertical path of said interference
      member as it rests by force of gravity in its lowest position, whereby
      rotation of said shaft to unlock said door can be accomplished only by
      pivoting said block means and moving the interference member upwardly out
      from in front of the lock flange thereby to free the lock flange and
      therefore to permit the pivotally mounted shaft to rotate to the unlocked
      position with said latches cleared from behind said L-shaped cam clips.
NUM  27.
PAR  27. The rail car of claim 22 in which the L-shaped cam clips have an
      elastomeric vibration dampening and wear resisting material on the
      backside of the leg of the L behind which the latch moves to provide the
      locking function.
NUM  28.
PAR  28. The rail car of claim 17 wherein the opening has a portion bounded by a
      horizontally disposed member with at least one projecting generally
      T-shaped cam clip with the planes defined by the legs of the T being
      oriented in a generally horizontal direction adjacent said opening, at
      least one panel edge being shaped and dimensioned for movement behind one
      of the legs of said T-shaped cam clip to lock said panel against said
      member in closed position.
NUM  29.
PAR  29. The rail car of claim 28, wherein a plurality of said horizontally
      disposed members are defined by edges of interior decks within said rail
      car, each of said edges having at least one of said T-shaped cam clips, at
      least one panel edge being shaped and dimensioned for movement in unison
      behind one of the legs of each of said T-shaped cam clips to lock said
      panel against said interior decks.
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ABST
PAL  The apparatus is used in a trolley conveying system for transporting
      various types of article, and in particular garments, between different
      locations. The apparatus comprises and is supported by a top load bar
      which has a detent plate supported therefrom by means of a yoke structure.
      The detent plate has a circular opening for accommodating a swivel
      assembly including an elongated support rod at the bottom thereof for
      holding articles preferably at either end thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to an article transporting
      apparatus. More particularly, the invention relates to such an apparatus
      which is for use with a standard garment trolley system.
PAR  The prior art conveying or supporting apparatus of the type disclosed
      herein is characterized by certain problems. For example, these prior art
      apparatus are sometimes unstable especially when articles are being
      transported between different levels in a building. Also, the supporting
      part of the apparatus is sometimes too easily rotatable and yet in other
      cases access to the supporting member is not provided in all directions.
PAR  Accordingly, one object of the present invention is to provide an improved
      article transporting apparatus which is preferably for supporting
      garments.
PAR  Another object of the present invention is to provide an article
      transporting apparatus that permits movement between different levels of a
      building without causing a rocking of the structure.
PAR  A further object of the present invention is to provide an apparatus for
      transporting articles and that is easily rotatable and yet is capable of
      being suitably locked in different predetermined positions.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention there is
      provided an apparatus for transporting articles by means of a trolley
      member. This apparatus comprises support means including means for
      receiving the trolley member so that the support means may travel with the
      trolley member. A plate is provided and has associated therewith, means
      for fixedly supporting the plate a predetermined distance below the
      support means. The plate is preferably square and is provided with a
      centrally disposed hole therethrough. The plate supports a swivel support
      assembly which includes a cap member having a flanged portion for
      engagement with a top surface of the plate and a main portion received by
      the opening in the plate and extending below the plate. The swivel support
      assembly also comprises an elongated bar and means including a pivot
      member interconnecting the elongated bar and a bottom end of the main
      portion of the cap member. The pivot member permits the elongated support
      to pivot relative to the cap member. The pivot member preferably includes
      a pair of resilient grommets that tend to damp the pivot action to prevent
      rocking motion. The upper portion of the cap member and the plate are
      preferably interlocked in detented positions but are permitted to rotate
      relatively through the full 360.degree..
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention should now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 shows one embodiment for the apparatus of the present invention;
PAR  FIG. 2 is a cross-section view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 shows one of the components of the apparatus, namely the cap member;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 2; and
PAR  FIG. 5 is a fragmentary view similar to a portion of the apparatus shown in
      FIG. 2 including means for attaching the apparatus to a trolley rod.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the apparatus of the present invention which comprises a load
      bar 10, yokes 12 and 14, cap member 16, and support bar 20. The load bar
      10 may have a cross-section as shown in FIG. 2. The bar 10 has end holes
      21 and 22 for facilitating attachment of the load bar to the trolley rod.
      The trolley rod is not shown in FIG. 1 but is depicted in the fragmentary
      view of FIG. 5. A pair of weight spreaders 24 and 26 may be suitably
      attached to the top of the load bar 10. These pieces are preferably made
      of metal and thus the weight spreaders 24 and 26 may be welded to the load
      bar 10. Similarly, the yokes 12 and 14 may be welded at their top ends to
      the load bar 10.
PAR  One of the yokes is shown in FIG. 2 and comprises a top section 28 which
      attaches to the load bar and a bottom section 29 which may be welded or
      attached by other suitable means to an outer edge 30 of support plate 32.
      The support plate 32 is also shown in FIG. 4 with the yokes 12 and 14
      secured at opposite sides thereof. As indicated in FIGS. 2 and 4, the
      plate 32 has two diametrically disposed apertures 34 and 36 which may be
      threaded to receive screw members 38 and 40. Each of the screw members
      includes a top circular ball section which protrudes above the top surface
      33 of the plate 32. The tops of these screws 38 and 40 are disposed to fit
      within corresponding diametrically disposed detents 42 and 44 in the cap
      member 16, shown in FIG. 3. This cap member 16 generally comprises a top
      portion 46 having the detents therein, an intermediate portion 48 which is
      of cylindrical shape and a bottom straight walled portion 50 which is
      shown in FIGS. 2 and 3. The portion 50 includes an aperture 51 for
      accommodating bolt 52. Bolt 52 typically has a nut 53 secured to the end
      thereof. A pair of rubber grommets 54 and 55 are assembled intermediate
      the bottom portion 50 and the arms 56 and 58. FIG. 1 shows the triangular
      shape of these arms. The arms 56 and 58 are suitably attached such as by
      welding at their bottom end to the support bar 20. Bar 20 has notches at
      opposite ends as shown in FIG. 1 for accommodating the basket 19 by means
      of a pair of hangers engaged by the notches.
PAR  FIG. 5 shows a fragmentary view of a portion of the apparatus depicted in
      FIG. 2. In this embodiment, the load bar 60 has an arcuate shape and the
      yoke 62 has a similar arcuate shape. FIG. 5 also shows the weight spreader
      64 and a garment pin 66 which fits through an aperture in the load bar 60
      and engages with a hole in the trolley rod 68. The garment pin 66 may have
      a hole drilled at the top end thereof for accommodating a clip pin 70
      which fits through the hole in the top end of the garment pin and prevents
      the apparatus from separating from the trolley rod. The trolley rod forms
      a part of a well known trolley system such as shown in U.S. Pat. No.
      3,742,738. So that the present invention is not obscured, the description
      of the known trolley system has not been discussed in any detail herein.
PAR  One of the important features of the present invention resides in the use
      of the grommets 54 and 55. This arrangement in association with the bolt
      52, provides a damping of rotation of the bar 20 thereby permitting the
      apparatus to move from one floor level to another without undue rocking.
      It is noted in this connection, as shown in FIG. 1, that with the
      triangular shape of the arms 56 and 58 and the size of the aperture in
      plate 32, that the assembly including the bar 20 can pivot freely through
      a small predetermined angle.
PAR  Another feature of the present invention is concerned with the detent
      arrangement that provides for a detented interlocking in predetermined
      positions between the non-rotatable plate 32 and the rotatable cap member
      16. In the preferred embodiment, the cap member 16 has four detents spaced
      at 90.degree. angles. When there is a load on the bar 20 this causes a
      positive engagement between the cap and plate therebelow when the detents
      are engaged by the screw members 38 and 40. This permits 360.degree.
      movement of the load bar 20 preventing unnecessary rotation by means of
      the detent arrangement.
PAR  Another advantageous feature of the present invention is that the apparatus
      can be used with the conventional garment pins. Thus, the apparatus can be
      readily removed from the trolley bar so that other use can be made
      thereof.
PAR  Having described the preferred embodiment of the present invention, it
      should now be obvious to those skilled in the art that numerous
      modifications can be made in this embodiment, all of which are
      contemplated as falling within the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article transporting apparatus supported by a trolley member and
      comprising;
PA1  support means including means for receiving said trolley member so that
      said support means may travel with the trolley member and a plate means
      having a hole therein,
PA1  and a swivel support assembly including a cap member having means for
      engagement with a top surface of the plate means, means slidable in the
      hole and a lower end extending below the plate means, a support bar means
      for pivotally supporting the bar from the lower extending end of the cap
      member, and resilient means disposed between the means for pivotally
      supporting and the lower extending end of the cap member for dampening
      rotation therebetween,
PA1  whereby the cap member is capable of movement relative to the plate means
      to permit relative turning therebetween.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said cap member includes a top flanged
      portion having a peripheral surface resting on the surface of the plate
      means about the hole.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the top flanged portion and the plate
      means each have mating interlocking means for selectively holding the cap
      member in different fixed positions relative to the plate means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the mating interlocking means comprises
      a rounded protrusion of the plate means and a detent of the top flanged
      portion.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the plate means includes two
      diametrically disposed threaded holes for accommodating screw members
      defining at one end the rounded protrusion.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the top flanged portion has four
      recessed detents spaced at 90.degree. intervals about the lower surface
      thereof.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the cap member also comprises a
      cylindrical center section for fitting within the hole in the plate means.
NUM  8.
PAR  8. The apparatus of claim 7 wherein the lower extending end of the cap
      member has a hole therein for accommodating a bolt which comprises the
      pivotally supporting means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the means for pivotally supporting also
      comprises a pair of triangularly shaped spaced arms connecting to the
      support bar and having a hole in their apex to accommodate the bolt.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said means for pivotally supporting
      includes a pivot pin and means connecting from the support bar and having
      a top end for receiving the pivot pin, said lower extending end of the cap
      member also having a hole for accommodating the pivot pin.
NUM  11.
PAR  11. An article transporting apparatus supported by a trolley member and
      comprising;
PA1  support means including means for receiving said trolley member so that
      said support means may travel with the trolley member, plate means having
      a hole therethrough and two diametrically disposed threaded holes, and
      screw members disposed in the threaded holes having one end defining a
      rounded protrusion extending above the top surface of the plate means,
PA1  a swivel support assembly including a cap member including a top flanged
      portion having a peripheral surface resting on the surface of the plate
      means and four detents spaced at 90.degree. intervals about the lower
      surface thereof for mating with the rounded protrusions, a cylindrical
      center section for fitting within the hole in the plate means, and a lower
      end extending below the plate means and having a hole therethrough,
PA1  a support bar,
PA1  a pair of triangularly shaped spaced arms connecting to the support bar and
      having a hole in their apex,
PA1  a bolt for passing through the holes in the arms and lower end for
      pivotally supporting the support bar,
PA1  and a pair of resilient grommets spaced between the arms and lower
      extending section of the cap member to dampen rotation between the arms
      and cap member.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the means for receiving the trolley
      member has holes at its opposite ends for receiving garment pins.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the support means further comprises a
      pair of yoke means interconnecting the receiving means and plate means.
NUM  14.
PAR  14. An article transporting apparatus supported by a trolley member and
      comprising;
PA1  support means including means for receiving said trolley member so that
      said support means may travel with the trolley member and a plate means
      having a hole therein,
PA1  and a swivel support assembly including a cap member having means for
      engagement with a top surface of the plate means, means slidable in the
      hole and a lower end extending below the plate means, a support bar and
      means for pivotally supporting the bar from the lower extending end of the
      cap member,
PA1  whereby the cap member is capable of movement relative to the plate means
      to permit relative turning therebetween,
PA1  said means for pivotally supporting including a pivot pin and means
      connecting from the support bar and having a top end for receiving the
      pivot pin, the lower extending end of the cap member also having a hole
      for accommodating the pivot pin,
PA1  and resilient means spaced intermediate the lower extending end of the cap
      member and the top end of the connecting means for dampening rotation
      therebetween.
NUM  15.
PAR  15. The apparatus of claim 14 wherein the connecting means includes a pair
      of triangularly shaped spaced arms.
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PAL  Two component parts of thermoplastic resin each being constructed with a
      deck board having integrally formed on one surface thereof a plurality of
      girders being disposed along opposite edge portions at each corner thereon
      and therebetween and along a line parallel to and midway between the edge
      portions and a multiplicity of ribs of lesser projection therefrom than
      the girders are readily assembled by melt adhesion to form a pallet for a
      fork lift which exhibits excellent strength and rigidity to bending.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 102,595,
      filed Dec. 30, 1970, now abandoned, for "Plastic Pallet and Method of
      Making The Same," which application is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to plastic pallet and more particularly to a
      pallet made of synthetic resin for use with a fork lift.
PAR  Heretofore, the material most commonly used for constructing a pallet for a
      fork lift has been lumber. However, lumber is not entirely satisfactory
      because of certain natural deficiencies, such as, for example, that the
      resources thereof as material are limited, its supply situation is
      unstable and a product made therefrom generally has poor chemical
      resistance and requires complicated manufacturing methods. Metallic
      pallets also are available, but they are expensive, and therefore, more
      recently, attempts have been made to produce a plastic pallet.
PAR  As is well known, however, the pallet for a fork lift is usually
      constructed from two sheets of deck board joined by parallel girder
      materials provided at their respective opposite edges and intermediate
      portions, whereby a space is provided between the girder portions for
      receiving the fork. Therefore, a shortcoming of a plastic pallet is that
      it compares unfavorably with the wooden or metallic pallet in the
      consideration of strength and resistance to bending because of the natural
      characteristics of plastic.
PAR  Also, since the pallet for a fork lift is, as described hereinabove, a
      hollow body having a fork-inserting mouth, a one-step molding process,
      such as, for example, an injection molding process using a thermoplastic
      material, would require a metallic mold equipped with a sliding core. One
      step injection molding of a pallet is very difficult, therefore, with
      conventional molding machines because they are so large.
PAR  Furthermore, it is difficult to obtain a plastic pallet which is
      characteristically comparable to the wooden or metallic pallets in bending
      strength, even by such means as compression molding, extrusion molding and
      the like, because the pallet for a fork lift has the particular
      construction described hereinbefore.
PAR  In addition, an enormous molding machine would be required for molding an
      item such as a pallet having large dimensions and weight, and, therefore,
      such a pallet becomes remarkably expensive, both for its high initial cost
      and for its general maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a plastic
      pallet for use with a fork lift having excellent bending strength
      characteristics.
PAR  Another object of the present invention is to provide a plastic pallet for
      use with a fork lift which is relatively low in cost and easy to
      manufacture.
PAR  Still another object of this invention is to provide a novel method for
      manufacturing a plastic pallet for use with a fork lift.
PAR  Yet another object of this invention is to provide a new and improved
      method of manufacturing a molded plastic pallet for use with a fork lift
      which embodies high bending strength characteristics comparable to those
      of other materials such as, for example, wood and metal.
PAR  The foregoing and other objects are attained by the present invention which
      provides a pallet for a fork lift constructed of a thermoplastic synthetic
      resin which structurally comprises two component parts of the
      thermoplastic synthetic resin being mutually melt adhered together at the
      respective bottom surfaces of girders provided thereon. Each of the
      component parts has a construction in which a plurality of girders are
      integrally formed on the surface of a deck board at the corner portions
      thereof and therebetween and in which numerous ribs lower in projection
      than the girders are also integrally formed with the deck board on its
      surface between the girders in a prescribed pattern.
PAR  All kinds of thermoplastic resin may be used as a material for
      manufacturing the pallet of the present invention.
PAR  For example, polyolefine resins such as polyethylene and polypropylene, and
      their copolymer resins, polystyrene resin, acrylonitrile-styrene resin,
      acrylonitrile-styrene-butadiene resin, polyvinylchloride resin, and the
      like, may be used. These plastic materials are most preferably molded in
      the form of a lower foamed body in such a manner that the surface layer is
      non foamed, although they may be molded in their usual form.
PAR  In the case of using a foam, any known foaming agent may be compounded into
      the resin, and also, if necessary, any conventionally used additives such
      as filler, pigment, plasticizer, and the like, may be compound therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings in which like reference
      characters designate like or corresponding parts throughout the several
      figures and wherein:
PAR  FIG. 1 is a perspective view of one embodiment of a pallet constructed
      according to the present invention;
PAR  FIG. 2 is a perspective view showing an aspect of manufacturing the pallet
      shown in FIG. 1;
PAR  FIGS. 3, 5, 7 and 9 show partial cross sectional views of deck boards of
      pallets having different rib arrangements, all being embodied by the
      present invention;
PAR  FIGS. 4, 6, 8, and 10 are cross sectional views taken along the lines A--A'
      of FIG. 3, B--B' of FIG. 5, C--C' of FIG. 7 and D--D' of FIG. 9,
      respectively;
PAR  FIG. 11 is a cross sectional view of another embodiment of the pallet of
      the present invention;
PAR  FIG. 12 is a cross section taken along the line E--E' of FIG. 11;
PAR  FIG. 13 is a perspective view of still another embodiment of a pallet
      constructed according to the present invention;
PAR  FIG. 14 is a perspective view showing an aspect of manufacturing the pallet
      shown in FIG. 13; and
PAR  FIGS. 15, 16, 17, and 18 show partial cross sectional views of deck boards
      of pallets having different rib arrangements, all being embodied by the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For manufacturing a pallet according to the present invention, two
      component parts forming the pallet and designated by the reference
      characters a and b in both the embodiments shown in FIGS. 2 and 14 are
      first separately molded, using any of the thermoplastic materials
      hereinbefore identified. The molding operation can be easily and
      inexpensively carried out using a conventional metallic mold. Of course, a
      high efficient molding method such as injection molding may be employed,
      if desired.
PAR  The component parts a and b of the embodiment shown in FIG. 2, respectively
      comprise upper and lower deck boards 1 and 1', each having projecting
      girders 2 and 2', respectively, being shown as three in number, integrally
      formed at the corners thereof and substantially midway therebetween along
      one edge, similar projecting girders 3 and 3', respectively, also being
      three in number and integrally formed at the corners and midway
      therebetween along the opposite parallel edge of the respective boards,
      and another set of girders 4 and 4', numbering three for each respective
      board and being integrally formed thereon along a line intermediate and
      parallel the two edges having the girders 2,2'2, 2'and 3, 3' thereon.
      Between the lines of girders 2, 3 and 4 and 2', 3' and 4' on the
      respective deck boards, reinforcing ribs 5 and 5' are integrally formed
      thereon for strengthening the boards.
PAR  In FIGS. 1 and 2, the reinforcing ribs 5 and 5' on the deck boards 1 and
      1', respectively, are arranged parallel to each other at equal intervals
      and in perpendicular relation to the girder lines. However, as shown in
      FIGS. 3 and 4, the ribs may be formed in a honey comb configuration, or as
      shown in FIGS. 5 and 6, a configuration of connected rosary-like ribs 5
      with straight line ribs 6 may be used. Furthermore, as shown in FIGS. 7
      and 8, the ribs 5 may be formed in a checker-like configuration, and if
      desired, diagonal ribs 5 and 6 running from perpendicular edge-splitting
      ribs 7 and 8, as shown in FIGS. 9 and 10 may be provided. Although these
      ribs protrude perpendicularly from the face of the deck boards, as shown
      in the respective cross sections, it is to be understood that they may be
      inclined, if desired.
PAR  On the other hand, in the embodiment shown in FIGS. 13 and 14, the
      component parts a and b respectively comprise upper and lower deck boards
      1 and 1', each having projecting girders 2 and 2', respectively,
      integrally formed along the full length of one edge, similar projecting
      girders 3 and 3', respectively, integrally formed along the full length of
      the opposite parallel edge of the respective boards, and girders 4 and 4',
      respectively, being integrally formed on each of the boards along aline
      substantially intermediate the two edges having the girders 2, 2' and 3,
      3' thereon. Between the lines of girders 2, 3 and 4 and 2', 3' and 4' on
      the respective deck boards, reinforcing ribs 5 and 5' are integrally
      formed thereon for strengthening the deck boards.
PAR  The reinforcing ribs 5 and 5' on the deck boards 1 and 1', respectively,
      are joined by another rib perpendicular thereto, thus being
      checkerboard-like in configuration, and are shaped so as to increase in
      width toward the central part between the girders, being a maximum width
      in the central part. The width of the ribs 5 and 5' can increase
      continuously as shown in FIGS. 15 and 16, in steps as shown in FIG. 17, or
      continuously and in a then changed increasing rate as shown in FIG. 18. In
      addition, all ribs between the girders may take such shape or only one
      part thereof need take such shape. This can be optionally decided
      according to the necessary strength depending upon the manner in which the
      pallet is used.
PAR  In the pallet embodiments shown in FIGS. 13 to 18, the ratio of the length
      X of the portion of the ribs 5 and 5' having an increased width to the
      total length l thereof is determined by obtaining such a value of x that,
      in the formula of equi-distributing load:
      ##EQU1##
      and the formula of concentrating load:
      ##EQU2##
      wherein the unit of x and l is cm, that of W is Kg, that of w is Kg/cm and
      that of M is Kg.cm, for a bar fixed at the both ends, and the value of the
      moment M is zero. The value of the ratio x/l is preferably above 0.5 more
      desirably above 0.65. The increasing rate of width in ribs 5 and 5' can be
      varied depending upon the state of use or number of ribs increasing in
      width, and also the location of the ribs 5 and 5' or arrangement is varied
      according to the state of use. Thus, the ribs may be increased in width at
      the portions near the ends of the pallet, or the ribs having increased
      width may be alternately arranged on every other line.
PAR  In the pallet embodiments shown in FIGS. 13 to 18, a rib 6 the same as or
      higher than the ribs 5 and 5' in height is preferably arranged in the
      central part between the girders because, when inserting the fork of a
      fork lift into the pallet, it will then not be caught on the ribs 5 and
      5'. Of course, such a rib construction need not be arranged in the central
      part or a number of such rib constructions may be arranged, if so desired.
PAR  Also, these ribs may be provided on both sides or on only one side of the
      deck boards, in any of the disclosed embodiments, however, preferably they
      are provided on the inside surface of the pallet body. Where the ribs are
      provided on the inside surface of the pallet body, the height of the ribs
      must of course be lower than that of the girders. Thus, a space for
      inserting a fork from a fork lift device is formed when the pallet is
      assembled. Many ribs provided on the surfaces of the deck boards serve to
      decrease the flexure of the pallet and to increase its strength when
      lifting the loaded pallet by the fork lift.
PAR  The component parts a and b for molding the pallet, which have been
      separately molded by conventional molding techniques, are then mutually
      melt adhered at the bottom or exposed surfaces of the respective opposing
      girders. The most common means for melt adhering the parts comprises
      contacting the bottom surfaces of the opposing girders of the parts a and
      b with the surface of a heating plate to melt the bottom surfaces, then
      removing the heating plate, and, after press adhering the bottom surfaces
      of the girders of the part a in the molten state with that of the part b,
      cooling them. As the heating plate, for example, a metallic plate coated
      with Teflon is preferably used and maintained at a temperature higher than
      the melting temperature of the component parts for molding.
PAR  In manufacturing the pallet for a fork lift in accordance with the present
      invention, as described hereinbefore, it is an indispensable requirement
      to melt adhere the part a for molding the pallet and the part b mutually
      at the bottom surfaces of the respective girders, and it is possible, only
      by such method, to manufacture a plastic pallet which is excellent in
      strength and low in flexure under loading and when being lifted by a fork.
PAR  Another method, for example, of manufacturing a pallet is by drilling a
      plurality of penetrating holes in the respective girders of the component
      parts a and b and mechanically joining the penetrating holes by a joining
      tool such as a bolt and nut. However, a pallet manufactured in this manner
      is low in strength and high in flexure when loaded and being lifted by a
      fork and, therefore, is lacking in practical value. In order to improve
      such properties, the deck board of the loaded upper surface has to be
      extraordinarily increased in thickness. Thus, the present melt adhering
      method has been found to overcome these deficiencies and is believed to be
      the only practical way of successfully obtaining the objectives of this
      invention. The manufacturing of the pallet in the present invention will
      be concretely illustrated with the following Examples.
PAC  EXAMPLE 1
PAR  1.5 part, by weight, of dinitrosopentamethylene tetramine as a foaming
      agent, 0.5 part, by weight, of talc, and 0.3 part, by weight, of pigment
      were mixed to 100 parts, by weight, of high density polyethylene and were
      injection molded to manufacture the component parts a and b, each of which
      had ribs 5 or 5', as shown in FIG. 1, and had an unfoamed layer in the
      surface and was 1100 mm. in length, 1100 mm. in width and 75 mm. in
      height.
PAR  The bottom surfaces of girders 2, 2', 3, 3', 4 and 4' of the component
      parts a and b so obtained were contacted with a Teflon coated heating
      plate heated to 180.degree.C to melt the bottom surfaces, and then the
      molten surfaces were pressed and adhered under a pressure of 0.5 Kg/cm
      .sup.2 for 5 minutes to obtain an assembled pallet of 1100 mm. in length,
      1100 mm. in width, and 140 mm. in height.
PAR  The maximum flexibility of the pallet was measured by taking two supporting
      points at intervals of 800 mm. in the direction of normally inserting a
      fork on the under-side of the assembled pallet so obtained and loading a
      uniformly distributed load of 1000 Kg. thereto, and the following result
      was obtained.
PAR  Further, the results of measurements on a flat deck board not having ribs 5
      and 5' are shown for comparison and on those having such constructions as
      shown in FIGS. 5, 7 and 9.
TBL  Construction of Deck Board                                                
                          Maximum Flexibility                                  
     ______________________________________                                    
     Flat Board           14 mm                                                
     Board in FIG. 1       5 mm                                                
     Board in FIG. 5       9 mm                                                
     Board in FIG. 7       7 mm                                                
     Board in FIG. 9       9 mm                                                
     ______________________________________                                    
PAR  Thus, the pallet of the present invention having the desired ribs on a deck
      board has been found to have improved bending rigidity. Also, the results
      of measurements on the strength of heat welded part were as shown in the
      following table:
TBL             Heat Welded                                                    
                           Unwelded                                            
     ______________________________________                                    
     Yield Strength*                                                           
                  160          144                                             
     Breaking Strength*                                                        
                  165          150                                             
     ______________________________________                                    
      *The measurement was conducted by bending test at a bending velocity of 3
      mm/min.                                                                  
PAR  That is, the present board was superior in strength to one integrally
      molded in one step.
PAC  EXAMPLE 2
PAR  1.1 part, by weight, of dinitrosopentamethylene tetramine as a foaming
      agent, 0.95 part, by weight, of assistant and 0.5 part, by weight, of
      pigment were mixed to 100 parts, by weight, of high density polyethylene
      and were injection molded at a temperature of 190.degree. to 210.degree.C
      to manufacture the component parts a and b, each of which was 1100 mm. in
      length, 1100 mm. in width and 85 mm. in height. The bottom surfaces of
      girders 2, 2', 3, 3',4 and 4' of the component parts a and b so obtained
      were contacted with a Teflon coated heating plate heated to 170.degree.C
      to melt the bottom surfaces, and then, after removing the heating plate,
      the molten surfaces were pressed and adhered under a pressure of 4.5
      Kg/cm.sup.2 for 2 minutes to obtain an assembled pallet of 1100 mm. in
      length, 1100 mm. in width and 160 in height. The flexibility of the pallet
      was measured by alternately placing six bales containing 20 Kg of
      fertilizer in two steps on the under-side of the assembled pallet so
      obtained and placing the same in three steps on the upper-side of the
      pallet and further placing a thick steel plate of 1000 mm .times. 1000 mm
      in size thereon and then loading a load of 10 tons thereon to measure a
      change in height of a fork lift inserting mouth. The result was as
      follows:
TBL  Height of fork lift inserting mouth                                       
                One having One having non-                                     
                tapered ribs                                                   
                           tapered (straight) ribs                             
     Non load   90.0 mm    90.0 mm                                             
     10 ton load                                                               
                83.5 mm    73.0 mm                                             
     Flexibility                                                               
                 6.5 mm    17.0 mm                                             
PAR  Obviously many modifications and variations of the present invention are
      possible in light of these teachings. For example, each of the girders 2,
      2', 3, 3', 4 and 4' may be hollow for lightening the weight of pallet, as
      shown by 7, 8 and 9 in FIG. 11. It is to be understood therefore that
      within the scope of the appended claims, the invention may be practiced
      otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A pallet of thermoplastic resin material for use with a fork lift
      comprising:
PA1  a pair of like component parts each having a deck board having an outer
      smooth and continuous planar surface whereby said pallet is reversible,
PA1  at least one girder integrally formed on each of said deck boards along
      each of a pair of opposite edge portions thereof and on the deck surface
      between said edge portions,
PA1  multiple reinforcing ribs integrally formed on said deck board and
      projecting therefrom a lesser distance than said girders,
PA1  said component parts being secured together by melt adhesion, with the
      girders of one being melt adhered to the corresponding girders of the
      other, and
PA1  wherein each of said girders comprises an oblong ring, said reinforcing
      ribs being disposed within and between said girders.
NUM  2.
PAR  2. A pallet for use with a fork lift comprising:
PA1  a pair of like component parts composed of a structure of lower foamed
      thermoplastic resin material having a non-foamed layer on the surface with
      each having a deck board and an outer smooth and continuous planar
      surface, whereby said pallet is reversible,
PA1  at least one girder integrally formed on each of said deck boards along
      each of a pair of opposite edge portions thereof and on the deck surface
      between said edge portions,
PA1  multiple reinforcing ribs integrally formed on said deck board and
      projecting therefrom a lesser distance than said girders,
PA1  said component parts being secured together by melt adhesion with the
      girders of one being melt adhered to the corresponding girders of the
      other, and
PA1  wherein each of said girders comprises an oblong ring, said reinforcing
      ribs being disposed within and between said girders.
NUM  3.
PAR  3. The pallet for a fork lift as set forth in claim 2 in which the ribs are
      arranged perpendicular to the girders.
NUM  4.
PAR  4. The pallet for a fork lift as set forth in claim 2 in which the ribs are
      formed in a honey comb configuration.
NUM  5.
PAR  5. The pallet for a fork lift as set forth in claim 2 in which the ribs are
      formed as rosaries connected by straight line ribs.
NUM  6.
PAR  6. The pallet for a fork lift as set forth in claim 2 in which the ribs are
      formed in a checker board pattern.
NUM  7.
PAR  7. The pallet for a fork lift as set forth in claim 2 in whcih the ribs
      include diagonal members intersecting perpendicular edge-splitting
      members.
NUM  8.
PAR  8. The pallet of claim 2 wherein at least a number of said ribs increase in
      width toward the central parts thereof between the girders and the ratio
      of the portion having increased width to the total length of said rib is
      more than 0.5.
NUM  9.
PAR  9. The pallet of claim 8 wherein the width of said at least a number of
      said ribs increases continuously to the central parts thereof.
NUM  10.
PAR  10. The pallet of claim 8 wherein the width of said at least a number of
      said ribs increases in step-like fashion toward the central parts thereof.
NUM  11.
PAR  11. The pallet of claim 8 wherein the width of said at least a number of
      said ribs increases continuously and in changed increasing rate toward the
      central parts thereof.
NUM  12.
PAR  12. The pallet of claim 8 wherein said at least a number of said ribs are
      said ribs most adjacent the ends of said pallet.
NUM  13.
PAR  13. The pallet of claim 8 wherein said at least a number of said ribs are
      alterate ones of said ribs along a line intermediate said girders.
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ABST
PAL  Solid wastes are dumped into a receiving pit and a conveyor transfers them
      to a separate station where salvage operations are performed. Adjacent the
      salvage station a saw cuts waste wood to manageable lengths, which is
      conveyed with the other wastes to a shredder for reduction in size, after
      which the entire waste batch passes through a magnetic separator where
      magnetically attractable materials are removed. A waste oil burner removes
      combustibles adhering to the magnetic materials. The sized wood and other
      solid wastes may then be optionally passed through a further sizing mill
      as well as further dehydration and then transported to one of a plurality
      of silos for temporary storage. Each silo can deliver wastes to any one of
      several rotary kilns. The kilns are operated at their input end in low
      oxygen with temperature control effected by feedback flue gases. Waste
      oils are the ignition fuel with hot air from an economizer promoting
      auto-ignition. Stoichiometric combustion occurs here with the temperature
      held below 2200.degree.F. to prevent production of harmful nitrogen oxide
      gases. After passing the kiln hot gases through a steam generator, they
      are fed back to several different stations in the facility to preheat and
      dehydrate the waste materials. As a final step, the gaseous output from
      the kilns is sent to a scrubber and thence to evaporation ponds where
      solid material from the gases is deposited. Heat from the process is used
      to generate steam for external utilization.
BSUM
PAR  The present invention relates generally to a facility for disposing of
      waste materials and process therefor, and, more particularly, to such a
      facility and process for converting waste materials to a form which can be
      readily disposed of, and is non-polluting.
PAC  BACKGROUND AND FIELD OF THE INVENTION
PAR  An ever increasing problem, particularly in urban areas, is the disposal of
      the solid and liquid wastes produced both by individuals and industries.
      Such waste materials can take a great variety of different forms and sizes
      and have a corresponding variety of different chemical compositions. For
      example, such wastes can be found to include paper, wood, metal, plastic,
      glass, garbage, grease, oils, soil and the like, either alone or in
      combined form. Certain of these materials break down easily on the
      application of heat (e.g., wood, paper and certain plastics), whereas
      others such as inerts, metals, earth and the like, for example, are
      relatively unaffected by heat except at very high temperatures. In any
      event, all of the waste materials, unless they can be reclaimed or
      recycled for future use, must be disposed of, since their presence in
      large accumulation is hazardous to the health and well being of humans.
PAR  One approach to waste disposal that has been frequently relied upon in the
      past is to utilize the waste materials for landfill. This, of course,
      presupposes the availability of the requisite amount of land suitable for
      this purpose. It is clear that many of the urban areas are simply not able
      to use this technique, either through a general shortage of available land
      for this purpose, or due to the fact that the distance of the available
      landfill areas from the waste disposal sources is prohibitively great.
PAR  Another technique which has been relied upon extensively in the past, but
      is no longer acceptable, particularly in urban areas, is that of
      incinerating the combustible waste materials. Incineration or open air
      combustion of waste materials, unfortunately, produces large amounts of
      polluting gases and gases containing suspended materials. In fact, most
      urban communities have now promulgated very strict ordinances controlling
      the release of such polluting materials into the atmosphere, and for this
      reason, incineration is no longer a feasible approach to waste disposal.
PAR  Still other approaches have included combinations of landfilling and
      incineration, as well as changing the form of the waste material by
      cutting or sizing to make it more amenable to further processing. In
      addition, salvage operations are frequently conducted to remove certain
      items from the waste batch for recycled use. Examples of a few such
      materials commonly reclaimed are metals, returnable bottles, certain types
      of plastic containers, rubber tires, paper base materials and apparatus
      such as refrigerators, washers, dryers or other appliances. The latter
      items not only may possess recyclable or resale value in themselves, but
      also could pose a handling problem by jamming or otherwise making the
      disposal equipment inoperative.
PAR  In all facilities where combustion oxidation has been used for waste
      disposal, it has been necessary in the past to provide additional fuel to
      achieve pyrolysis or incineration, e.g., oil or natural gas. This, of
      course, adds to the overall expense of a waste disposal operation, and, in
      many cases, raises it to prohibitively high levels. Also, of course, with
      the increasing shortage of fossil fuels, waste disposal systems based upon
      the need for use of such high quality fuels are neither economically
      feasible, nor, perhaps, even supportable at this time.
PAR  Certain types of solid waste materials are especially difficult to handle
      and in the past have necessitated special handling. For example, wood, as
      obtained from a demolished house or building, may not only come in rather
      large pieces of varying shape, but also has a high BTU output which must
      be taken into account in any process involving disposal by combustion
      oxidation. As will be described herein, the subject invention is
      particularly adaptable for the disposal of wood, and, in fact, utilizes it
      as a basic fuel for the heat destruction of other waste materials.
PAR  Still further, there are many inflammable liquid waste materials which must
      be disposed of. For example, there are so-called "light ends" produced in
      refineries as well as used solvents and cleaning agents from the dry
      cleaning industry which are highly inflammable and pose a unique disposal
      problem. In the past, it was considered necessary to store and dispose of
      such liquids spearately, due to their high volatility.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary aim and object of the subject invention to
      provide an improved facility and process for converting solid, and certain
      petroleum derived liquid and solid (coke) wastes to a non-pollutant,
      easily disposed of form.
PAR  Yet another object of the invention is the provision of a facility and
      process in which certain components of the waste materials are utilized as
      a fuel for reducing all the combustible waste components to a
      non-polluting form.
PAR  Yet another object of the invention is the provision of equipment and a
      process for the reduction of solid and liquid waste materials to a safely
      disposable form through stoichiometric combustion while maintaining the
      temperature of such materials below a range for producing nitrogen oxides.
PAR  A further object is the provision as in the described objects in which flue
      gases are used to maintain firing temperature below that at which
      undesirable nitrogen oxides are produced.
PAR  Still another object is the provision of equipment and a process for
      treating solid wastes generally and petroleum derived wastes attendant
      disposal thereof in which the waste materials are reduced in a rotary kiln
      fired by a fuel consisting of wood and light end petroleum products.
PAR  A still further object of the invention is the provision of a facility and
      process for disposing of liquid and solid wastes as in the described
      objects in which heat used in reducing the wastes is also used to produce
      useful quantities of steam.
PAR  In a facility practicing the process of the present invention, solid waste
      materials are carried to the facility site via trucks, for example, where
      they are dumped into a receiving pit. Auger or screw feeders move the
      solid waste onto a conveyor for transfer to a separate station where
      salvage operations are performed, e.g., removing reclaimable bottles.
      Adjacent the salvage station there is provided a power driven saw for
      cutting waste wood to predetermined manageable lengths. The cut wood and
      other waste materials minus the salvaged items are then conveyed to a
      shredder where the waste including wood are further reduced in size to
      relatively small particles and dehydrated, after which the entire waste
      batch passes through a magnetic separator where magnetically attractable
      materials are removed. A rotary burner removes paper or other combustibles
      that adhere to the magnetically attractable materials, fuel for this
      burner is liquid waste oil. After cleaning, the ferrous materials are then
      removed for shipping to a desired location.
PAR  The properly sized wood materials and other solid wastes are then
      optionally passed through a further sizing mill where they are also
      dehydrated further and then transported to one of a plurality of silos for
      temporary storage.
PAR  Each of the storage silos is interconnected to deliver the waste materials
      to any one of several rotary kilns. The kilns are operated at their inputs
      ends in a stoichiometric oxygen condition with temperature control
      effected by feedback flue gases. Waste oil materials act as the primary
      ignition fuel plus hot air from an economizer which promotes auto-ignition
      of many waste components. This establishes a sufficient temperature for
      stoichiometric combustion of the waste mass while maintaining the
      temperature below approximately 2200.degree.F. to prevent production of
      harmful nitrogen oxide gases. After passing the kiln hot gases through a
      steam generator, these gases are fed back to several different stations in
      the facility to preheat the waste materials and thereby remove moisture
      which is beneficial to the kiln operation and avoids the need to release
      the moisture at a single point giving rise to an objectionable cloud of
      moisture.
PAR  Steam produced through utilization of the kiln heat is transmitted via
      conduits to adjacent industries, for use in the waste disposal facility
      itself, or for generation of electric power. Although in many cases waste
      oils used as an auxiliary fuel in the kilns can be obtained in a form
      permitting direct firing in the kilns, in other circumstances they may
      require further processing before such use. For example, frequently waste
      liquid hydrocarbons when obtained are highly viscous and must be stored in
      tanks or separators from which the nonusable highly viscous components are
      removed, leaving the useful fuel materials. The nonusable waste material
      from the treating tanks or separators is frequently passed to a so-called
      mud pond.
PAR  As a final step in the process of the facility, the gaseous output from the
      rotary kilns after the heat has been exchanged in the steam boilers and
      further used as described, is sent to a scrubber and thence to evaporation
      ponds where solid material from the gases is deposited. Periodic removal
      of the sludge from the evaporation ponds is accomplished.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of the overall facility for practicing the
      waste disposal process of this invention.
PAR  FIG. 2 is a schematic flow diagram of the process of the invention.
PAR  FIG. 3 is a perspective view of a station for cutting wood to predetermined
      lengths prior to further processing.
PAR  FIG. 4 is a side elevational, partially sectional view of a sizing mill for
      reducing solid wastes to a given maximum dimension.
PAR  FIG. 5 is a perspective, elevational, partially sectional view of a
      magnetic separator.
PAR  FIG. 6 is a side elevational, sectional view of a rotary burner for
      removing combustible material from ferrous materials.
PAR  FIG. 7 is a sectional elevational view of a station at which particle sized
      inerts, e.g., soil, are removed.
PAR  FIG. 8 is a perspective, partially sectional view of a storage silo into
      which materials are received immediately prior to heat reduction thereof.
PAR  FIG. 9 is an end elevational sectional view of the storage silo of FIG. 8.
PAR  FIG. 10 is an enlarged, sectional, end elevational view of the conveyor
      rollers as used in the storage silo of FIGS. 8 and 9.
PAR  FIG. 11 is a perspective, partially sectional view of a rotary kiln as used
      in the facility of this invention.
PAR  FIG. 12 is an end elevational view of the entrance to the rotary kiln of
      FIG. 11.
PAR  FIG. 13 is a sectional, partially fragmentary view of the entrance end of
      the rotary kiln of FIG. 11.
PAR  FIG. 14 is a sectional, partially fragmentary view of the exit portion of
      the rotary kiln of FIG. 11.
PAR  FIG. 15 is a sectional, side elevation of a rotary kiln as in FIG. 11 and
      associated feed and control apparatus.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference now to both FIGS. 1 and 2, a description will be given of
      the major aspects of the facility and process of this invention for
      disposing of waste materials. Solid waste is conventionally picked up at
      the source location and transported to the disposal facility by trucks
      where they are unloaded into a dump pit 10. An exception to this is the
      large items of wood from a torn down building, for example, and which are
      delivered by separate vehicles to another location 11, also identified as
      Wood Demolition. Liquid wastes such as refinery wastes, "light ends",
      cleaning solvents and the like, are stored in suitable containers or tanks
      12 for use in the disposal process to be more particularly described later
      herein.
PAR  The dump pit 10 includes a pair of traveling feeders 13 and 14 which move
      the solid wastes onto a moving conveyor 15 which carries the wastes to a
      station 16 where salvage operations are conducted. That is, removal of
      paper, aluminum cans, bottles or other items which may be reclaimed or
      recycled. The salvaged items are removed from the waste material mass and
      handled separately.
PAR  As shown in FIG. 3, the wood demolition station 11 includes a plurality of
      circular saw blades 17 mounted on a common drive shaft 18 and arranged
      along the shaft at a predetermined spacing. Inclined conveyors 19
      cooperate with drag chains 20 on the unloading deck to move the wood 21
      against the saw blades for cutting to a predetermined maximum length. The
      cut wood drops onto a conveyor 22 and is merged with the waste materials
      from conveyor 23. By dumping from an end-unload truck, the wood will be
      generally oriented parallel to conveyor 19 grippers, thereby insuring
      proper conveyance to the blades for cutting.
PAR  The cut wood and other solid wastes from the salvage station are then
      transferred to a sizing mill or shredder 24 where the materials are
      reduced to a size considered maximum for optimal operation of this
      disposal process. Specifically, the mill includes a rotor 25 having teeth
      or shredding members 26 which engage and reduce all the waste materials to
      preferably less than about 4 inches across. A suitable rotative power
      source 27, such as an electric motor, diesel engine or steam turbine is
      provided. The sized waste is then fed by a horizontal screw 28 to an exit
      conveyor 29 through an air sealed plenum 30. Fan apparatus 31 induces an
      air draft in the direction of the arrow for removing dust and other small
      suspended material to the scrubber (to be described later) via conduit 32.
      The heavier materials temporarily entrained within the air stream from fan
      31 fall onto the exiting wastes as at 33.
PAR  Hot flue gases from a source to be described later are directed via a
      conduit 34 onto the solid wastes coming into the shredder to partially
      dehydrate them.
PAR  The properly sized wastes and wood are now conveyed via 29 to a magnetic
      separator 35 where ferrous materials are removed. Reference is now made to
      FIG. 5 for the following detailed discussion of magnetic separation. The
      conveyor 29 moves the wastes under and within attractive range of pick-up
      magnet 36 located on the opposite side of a moving continuous belt 37. The
      ferrous articles are magnetically held to the underside of belt 37 and
      thereby removed from conveyor 29 with the non-magnetizable wastes falling
      onto a further conveyor 38. The attracted ferrous articles are
      sequentially moved past a transfer magnet 39 and an oppositely poled
      discharge magnet 40 which ejects the ferrous articles onto a belt conveyor
      41. A force fan 42 directs pressurized air across the lower surface of
      belt 37 to remove any loosely held non-magnetizable matter from the
      ferrous articles, most commonly, paper.
PAR  Conveyor 41 routes the ferrous articles from the separator 35 to a rotary
      burner 43 (FIG. 6), where all combustible matter adhering to the metal or
      integrally related to it is removed. Specifically, the burner 43 includes
      a hollow tubular body canted with respect to the horizontal and rotated
      about its longitudinal axis. The ferrous articles are conveyed into the
      higher end of the burner and waste oils from 12 are fired in the lower
      burner end. Rotation of the burner assisted by mixing action of
      longitudinally extending vanes on the burner internal walls causes the
      ferrous materials to move along the burner tube and out the lower end for
      conveyance first to a shaker 44 and then to an accumulation station, e.g.,
      railroad siding, for transportation to a user or purchaser. The flue gases
      are removed via conduit 45 with conventional suspended matter suppression
      being accomplished as at 46.
PAR  As shown in FIG. 7, the waste materials on conveyor 41 are then transferred
      to a hooded enclosure 47 where they are dropped onto a rotating screen 48
      having a relatively fine mesh via which dirt and other inerts are removed.
      Specifically, the wastes are dropped into bins 49 having selectively
      openable lower doors 50 for loading directly into a truck, for example.
      Dust from the screen 48 is transferred through a conduit 51 to a scrubber
      to be described.
PAR  The solid wastes which are too large to be removed by the screen 48 pass
      out the lower end of the screen to a conveyor 52 where they are moved to a
      second sizing mill 53 where the material is reduced to a maximum dimension
      of about 1.5 inches, which has been found to be the preferable size for
      storage and heat reduction in the manner to be described. Although many
      types of wastes can be sized directly in one mill to the required 1.5
      inches, many other types cannot (particularly wooden timbers, beams and
      the like), and for that reason two step sizing in two mills may be used.
      The mill 53 can be identical in construction to the first mill 24 already
      described, except for the rotor which has teeth of a size and arrangement
      to produce the desired smaller sized particles. As in the case of the
      first mill, hot flue gases are fed back to the second mill for dehydrating
      the wastes.
PAR  The relatively small sized waste materials from the second mill 53 are now
      entrained in a hot dry air stream and transported along a conduit to
      so-called cyclone separators 54 located above several storage silos 55,
      one of which is depicted in FIGS. 7 and 8. More particularly, the silo
      includes trapezoidal side walls 56 joined together at their edges to form
      an enclosure with the walls flaring outwardly to a maximum at the bottom.
      A ceiling wall 57 closes the storage space and supports the separator 54
      from which waste materials to be stored are received. The outwardly
      sloping walls prevent wastes from bridging during storage within the
      silos.
PAR  A first pipe 58 extends vertically along the center line of one of the side
      walls 56 and across the ceiling wall 57, with a plurality of outlet pipes
      59 depending from the ceiling section. A feeder pipe 60 interconnects with
      58 and extends horizontally about at least three side walls 56 and has a
      plurality of outlets 61 disposed within the silo. Hot flue gases from
      burners to be described is pressurized and passed through the pipes 58 and
      60 for emission into the stored waste material mass of the silo to
      dehydrate the material and remove oxygen. The temperature of the
      dehydrating gases used here, as well as those fed back to the first and
      second sizing mills, is maintained below 360.degree.F., which is an
      empirically determined lowest auto-ignition temperature for solid wastes.
PAR  The lower portion of each silo 55 includes a conveyor assembly 62 which is
      readily removable from the silo as a unit to enable removing of the waste
      materials from the silo in the case of an emergency, e.g., breakdown of
      the conveyor assembly. In particular, the assembly includes a support
      frame 63 which is slidably received within the silo through an opening in
      the lower portion of a side wall 56. The conveyor upper surface includes a
      plurality of driven rollers 64 with fingers 65 on the roller peripheries
      which break up clumps of other large groupings of the wastes that may be
      produced during storage in the silo as they are passed therebetween to a
      lower screw conveyor (FIGS. 9 and 10).
PAR  The number and capacity of the silos is chosen to provide ample waste
      storage for the longest expected down-time. In the usual case, storage for
      three days is sufficient, since this will cover the situation where a
      non-work Monday or Friday is coupled with the weekend which may also be
      normal non-work days. Also, by having extra silo capacity, this permits
      continued operation when it is necessary to repair one of the silos or its
      included feed and conveyor apparatus.
PAR  A screw conveyor 66 selectively feeds the waste materials from the silos
      through separate sealed conduits to any one of several rotary kilns 66,
      one of which is depicted in FIG. 10. As shown there, the kiln includes a
      hollow, open-ended circular tube body 67 which is mounted for driving
      rotation about its circular axis by gears 68 and 69. From the kiln
      entrance end 70, for approximately one-half the kiln length, there are
      provided a plurality, (e.g., six), radially inward extending vanes or
      splines 71 on the body inner wall surface. The vanes taper from a maximum
      inward extension at the entrance end to a minimum at their inner terminus.
      The inner kiln wall surface from the center to the material output or exit
      end 72 is formed into a large number of closely spaced longitudinally
      extending corrugations 73.
PAR  With reference now to FIG. 15 in addition to FIG. 11, the kiln entrance end
      70 is enclosed by a plenum chamber 74 which is interconnected via conduit
      75 with the hot gases from the same kiln after they have fired a steam
      generation boiler (BOILER EXHAUST). Moreover, the various oil tanks and
      hydrocarbon treating tanks on the facility (FIG. 1) are provided with air
      ventilation, the final product of which is fed by conduit 76 into the air
      mix plenum 74. Both gaseous inlets via 75 and 76 are low in oxygen such
      that the combustion of the waste materials in the kiln entrance 70,
      ignited by a waste oil flame 77, approaches stoichiometric. Also, the
      combustible components of the ventilation air from the tank farm are
      themselves burned in the kiln, thereby eliminating an air pollutant.
PAR  As seen best in FIG. 15, the kiln tube 67 comprises two spaced parts
      arranged end-to-end with a circumferential manifold 78 enclosing the space
      79 between the parts. An annular wall 80 on the inner end of the kiln
      entrance part tapers axially into the kiln exit part, thereby preventing
      hot, oxygen-rich air supplied to the manifold 78 from, say, an economizer
      from entering back into the kiln entrance part and, instead, insures this
      air is added only to the kiln exit part to complete combustion.
PAR  In summary of kiln combustion, first stoichiometric combustion is achieved
      in the entrance part, followed by completed combustion in the exit part
      from additional oxygen added via the manifold 78. Moreover, kiln
      temperature is controlled so as not to exceed the temperature at which
      undesirable nitrogen oxides are formed by adjusting the boiler exhaust
      feedback. Maintaining kiln temperature below the prescribed maximum has
      the further advantage that materials such as low melting glasses and
      certain sands do not produce slagging of the kiln.
PAR  As combustion progresses in the kiln, radiant heat causes the ceramic
      lining to be hotter than the combustion gases, which lining aid combustion
      of the wastes as they are tumbled along the rotating kiln.
PAR  Summarizing kiln operation, waste oils are inserted and ignited at the
      entrance end of the kiln along with the incoming waste materials in a low
      oxygen atmosphere. Accordingly, substantial reduction of the waste
      materials takes place in the leading or front end of the kiln. Heated
      oxygen-rich air (350-450.degree.F.) obtained from an air economizer
      located at the exit ends of steam boiler heat exchangers is pressurized
      and introduced via plenum 78 into the kiln, providing a second stage of
      complete combustion. By this two-stage treatment, it is made possible to
      effect a relatively slow release of energy in the entrance portion of the
      kilns, which, in turn, controls the production of combustible gaseous
      effluents resulting from incomplete combustion.
PAR  As a further aspect, in the event that relatively hard to burn materials
      may exist in the waste materials being disposed of (e.g., rubber tires),
      gaseous or easily vaporized hydrocarbons may be added to the air in the
      plenum 74 to assist the combustion process.
PAR  As already noted, the heat produced in the rotary kilns is utilized in the
      production of steam which can either be used in the waste disposal
      facility itself or transmitted to adjacent industries for their use. In
      the event demand for the steam is less than production, a number of steam
      condensers 81 (FIG. 1) convert the unused steam into water for use in the
      facility, e.g., scrubbers.
PAR  The solid materials remaining after the two-stage firing in the rotary
      kilns are non-polluting and may be safely disposed of as land fill or any
      other suitable manner representing only a small amount in percent by
      weight of the original wastes. The gaseous products from the kilns are
      sent to a conventional scrubber 82 where they are water washed to remove
      suspended matter, the effluent being conduited to evaporation ponds 83.
      There are two such ponds so that when one must be dredged, the other may
      be used.
PAR  It is contemplated that liquid hydrocarbons in a variety of different forms
      may be provided to the facility and from which the light ends are obtained
      for firing the kilns. Tanks 84 are provided for storage on the facility
      along with appropriate equipment for separating out the desired light
      ends, e.g., separator 85, with the remaining material being delivered to a
      mud pond 86. In addition, separate supplies of caustic and acidic wastes
      are maintained for treating the liquid hydrocarbons as needed.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for non-pulluting disposal of solid wastes collected at a first
      location, which comprises:
PA1  moving said wastes along a predetermined path to a first station;
PA1  reducing the size of said wastes to a predetermined maximum in said first
      station;
PA1  firing said sized wastes in a reduced oxygen atmosphere at a temperature
      below about 2200.degree.F;
PA1  firing said materials a second time in an oxygen-rich atmosphere; and
PA1  feeding back hot gases components obtained from said second firing to
      selected points along the path of movement of said wastes prior to firing
      for dehydrating said wastes.
NUM  2.
PAR  2. Process for non-polluting disposal of solid wastes collected at a first
      location, which comprises:
PA1  conveying said wastes along a predetermined path through a plurality of
      stations;
PA1  reducing the size of said wastes to a predetermined maximum in one station;
PA1  stoichiometrically firing said sized wastes at a temperature below about
      2200.degree.F;
PA1  firing said materials a second later time in an oxygen-rich atmosphere; and
PA1  directing the gaseous components obtained from said second firing to
      selected stations along the path of movement of said wastes prior to
      firing to dehydrate said wastes.
NUM  3.
PAR  3. Process as in claim 2, including the further step of salvaging valuable
      components of the wastes prior to sizing.
NUM  4.
PAR  4. Process as in claim 6, including the further step of redirecting
      low-oxygen gaseous components from the second firing onto the wastes
      during the first firing.
NUM  5.
PAR  5. Process as in claim 2, in which the wastes are temporarily stored in a
      mass immediately prior to the first firing, and gaseous components from
      said second firing are conduited into the stored mass and released
      therewithin.
NUM  6.
PAR  6. Process for converting solid wastes and waste liquid hydrocarbons to a
      non-polluting form, which comprises:
PA1  adding a quantity of presized wood to the solid wastes;
PA1  passing said solid wastes and wood through a sizing mill to reduce the same
      to a predetermined maximum;
PA1   temporarily storing said sized solid wastes and wood;
PA1  dehydrating said stored wastes and wood;
PA1  placing said dehydrated wastes and wood in a rotating kiln;
PA1  storing the waste liquid hydrocarbons in ventilated tanks;
PA1  firing said wastes and wood in said kiln with said waste hydrocarbons and
      ventilation air from said tanks in an oxygen-starved atmosphere;
PA1  completing combustion of said wastes and wood in an oxygen-rich atmosphere;
      and
PA1  recirculating part of the gaseous materials obtained from the completed
      combustion into the oxygen-starved atmosphere of said kiln.
NUM  7.
PAR  7. Process as in claim 6, in which the gaseous products from the completed
      combustion are passed through a water bath to remove suspended matter
      therefrom before release to the atmosphere.
NUM  8.
PAR  8. Process as in claim 6, in which the temperature within the kiln while
      firing in an oxygen-starved atmosphere is maintained below about
      2200.degree.F.
NUM  9.
PAR  9. Process as in claim 6, including the further step of recirculating part
      of the gaseous materials from the completed combustion through the solid
      wastes and wood in the sizing mill.
NUM  10.
PAR  10. Process as in claim 6, including the following further steps between
      sizing and storing the wastes and wood, in the order given:
PA1  removing magnetizable items;
PA1  securing small particle non-combustibles; and
PA1  reducing the remaining wastes and wood in a second sizing mill to a second
      predetermined maximum.
NUM  11.
PAR  11. Process as in claim 6, in which hot gaseous products produced on
      completing combustion of said wastes and wood are used to power a steam
      boiler.
NUM  12.
PAR  12. Process for converting solid wastes and waste liquid hydrocarbons to a
      non-polluting form, which comprises:
PA1  storing the waste liquid hydrocarbons in ventilated tanks;
PA1  mixing the waste liquid hydrocarbons with the solid wastes;
PA1  stoichiometrically firing said mixture with ventilation gases from said
      tanks added thereto; and
PA1  subsequently firing said mixture in an oxygen-rich atmosphere.
NUM  13.
PAR  13. Process as in claim 12, in which there is further provided the step of
      redirecting low-oxygen gaseous components from the second firing onto the
      mixture during the first firing.
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ABST
PAL  Apparatus for collecting and disposing of refuse having a wheeled chassis
      carrying a hopper, shredder and fan for directing air and refuse to a
      cylindrical member preferably obliquely disposed with respect to the
      chassis. A hollow tube is disposed within the cylindrical member in
      generally co-axial relationship. The tube is provided with a plurality of
      apertures for directing flame therefrom against refuse within the interior
      of the cylindrical member. Washing apparatus is included to minimize
      contamination dispursal into the atmosphere.
PARN
PAR  This is a division, of application Ser. No. 393,021, filed Aug. 30, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the increasing recognition of ecological problems throughout the
      world, there has been particular emphasis placed on the rapidly expanding
      requirements for trash disposal as well as the minimization of effluents
      entering the atmosphere. Consideration has been given to various mobile
      vehicles which will burn refuse contemporaneously with a number of
      collections thereof and which have the advantages of reducing the volume
      of the refuse being collected and thereby the number of trips required to
      move the refuse to a disposal location. Such structures also have the long
      run advantage of reducing the capital expenditure for refuse equipment
      since a vehicle of this general type is capable of handling much larger
      volumes of refuse than traditional collection and compaction devices.
PAR  One such device is shown in Brandt et al U.S. Pat. No. 2,985,120 issued May
      23, 1961. The apparatus shown therein has not been widely accepted,
      however, because it did not provide for complete burning of refuse and did
      not adequately deal with the ash and smoke generated by such a process.
PAR  Accordingly, it is an object of the invention to provide a novel mobile
      furnace vehicle which will completely burn combustible refuse. It is a
      further object of the invention to provide apparatus which will produce a
      minimum of contamination of the air while reducing the volume of the
      refuse to as great an extent as possible.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the objects of the invention may be met by a
      mobile apparatus for collecting and burning refuse which comprises a
      chassis having wheels for movement between collection and disposal points
      which carries a hopper for receiving the refuse. A shredder communicates
      with the hopper for reducing the size of the refuse received by the
      hopper. Transfer means moves the shredded refuse into a cylindrical member
      having perforate skin allowing passage of ash therethrough and having
      first and second ends. The first end communicates with the transfer means.
      A fan urges air through the cylindrical member and a hollow tube is
      disposed generally co-axially with respect to the cylindrical member which
      has a plurality of apertures disposed substantially uniformly about the
      circumference. The apertures are sized for burning fuel supplied to the
      interior of the hollow tube from a separate fuel supply and control means.
PAR  Liquid supply and spray means are provided for wetting the ash after it has
      passed through the cylindrical member. The passage may be either through
      the apertures in the skin of the cylindrical member or axially all the way
      through to the opposite end thereof in response to separate means for
      urging at least some of the refuse through to the second end of the
      cylindrical member. Second transfer means are provided for moving the ash
      passing from the cylindrical member which urges that ash into a receiving
      means. A substantially closed housing is mounted on the chassis and
      encloses the cylindrical member, liquid spray means, second transfer means
      and a portion of the hollow tube.
PAR  A second fan is provided in fluid communication with the substantially
      closed housing to urge smoke from the interior thereof and into a
      purifying tank for washing the smoke.
PAR  In its preferred aspect the invention contemplates that the cylindrical
      member will be disposed in oblique relationship to the chassis with the
      first end higher than the second end. The fuel will be a liquefied gas
      which may be propane.
PAR  In another aspect of the invention, the apparatus is generally similar to
      that referred to above but a mesh conveyor belt is substituted for the
      cylindrical member and one or more hollow tubes are positioned above the
      mesh belt to provide the desired burning action.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially schematic elevational view of the apparatus of the
      invention;
PAR  FIG. 2 is a detailed partially schematic elevational view of an alternate
      embodiment;
PAR  FIG. 3 is a detailed view to an enlarged scale of the driving means having
      a cylindrical member shown in FIG. 1; and
PAR  FIG. 4 is a simplified side elevational view to a greatly reduced scale of
      a mobile vehicle in accordance with the invention showing a simplified
      chassis provided with wheels.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now in detail to the attached drawing, therein illustrated is a
      mobile furnace vehicle embodying the present invention and having a hopper
      generally designated by the numeral 10. The hopper 10 is located at the
      rear of the machine and is of conventional construction. Positioned next
      to the hopper is a shredder 12 so disposed so that refuse directed into
      the hopper 10 will continue into the shredder 12. The shredder will in a
      conventional manner reduce the particle size of the refuse reaching it and
      prepare the material for combustion process. Thereafter the shredded
      refuse is directed by means of a transfer means or belt 14 having rollers
      15. A fan 16 directs a positive flow of air along with the shredded refuse
      which is urged by gravity along a chute 17 to the center of a cylindrical
      member 18. The cylindrical member has a first or upper end 18a and a lower
      or second end 18b and in the preferred embodiment has a length of
      approximately 11 feet with various capacity machines. Obviously, the
      dimensions noted may change substantially without departing from the
      invention. The surface of the cylindrical member 18 is provided with a
      plurality of holes 19 extending between the interior and exterior surfaces
      and most preferably the holes 19 are disposed at closely spaced intervals
      and may be approximately five-eighths of an inch in diameter. A generally
      planar helical element 20 extends about the interior surface of the
      cylindrical member 18 in generally upstanding relationship to that
      interior surface. This helical element 20 provides a means for controlling
      the speed with which refuse is transferred through the cylindrical member
      18 so that a flame may be directed against it to provide uniform and
      complete burning. As oxidization occurs small particles of ash may be
      sifted through the holes 19.
PAR  Referring also to FIG. 3 there is shown in greater detail apparatus for
      driving the cylindrical member 18 about the axis thereof which includes a
      first spur gear 22 which engages in driving relationship a second spur
      gear 26 disposed about the circumference of the cylindrical member 18 in
      fixed relationship thereto. An auxiliary engine 24 is connected in driving
      engagement to the spur gear 22 for movement of the cylindrical member 18.
      Radial support for the cylindrical member 18 is provided by rollers 28,28
      which are fixed on supports 30,30 which are in turn held by suitable
      structure which has been omitted for simplicity. Rollers 28,28 engage
      support 28' fixed to the circumference of cylindrical member 18. It will
      be understood that a chain or belt drive may also be used without
      departing from the invention.
PAR  As best shown in FIG. 1 refuse that is not sifted through holes 19 is
      ejected from the lower end 18b of the cylindrical member and is directed
      by a second chute 32 to a second conveyor belt 34. The second conveyor
      belt 34 is carried on rollers 35,35 which are driven by mechanical
      connection from the auxiliary engine 24. The ash which is directed on the
      second conveyor belt 34 through the holes 19 and the end 18b of the
      cylindrical member 18 is sprayed from water spray outlets 36, 38 and 40
      which are respectively connected by conduits 32, 34 and 36 to a pump 48.
      Water entering the pump 48 is passed on the suction side thereof through a
      filter 50 as it passes out a water tank 52. An enclosure 54 is provided to
      limit the flow of gaseous products of combustion and to prevent accidental
      discharge of refuse. The enclosure has various ports therein including
      port 56 for loading of refuse, 58 for discharge of solid combustion
      products, 60 for passage of a hollow tube to be described hereafter and
      port 64 joins ducting 65. The ducting 65 has a fan 66 disposed within it
      for urging the gaseous combustible products into a purifying tank 68.
PAR  In the purifying tank the gaseous combustible products are washed
      preparatory to discharging. Spray manifolds 70,72 are provided therein to
      produce a mist of heavier spray within the purifying tank 68 to thoroughly
      cleanse the gaseous products. The water supplied to spray manifolds 70,72
      is routed through conduit 74 from pump 48. A drain line 76 is connected to
      the lower extremity of purifying tank 68 for return of water that has been
      used to the water tank. In some embodiments of the invention, the gaseous
      products after washing will be exhausted to the atmosphere. In other
      embodiments the gaseous products will be condensed by the spray and little
      if any gaseous discharge to the atmosphere will occur.
PAR  A fuel reservoir 77 is provided in fluid communication with a control which
      ordinarily will include a valve for modulating the flow of gaseous fuel to
      a hollow tube 79. The hollow tube 79 will have holes 79a disposed at
      closely spaced intervals about the circumference thereof which extends
      within the cylindrical member 18 in a generally co-axial relationship. In
      the preferred embodiment the fuel utilized will be propane although many
      of various liquefied fuels which become gaseous at ambient pressure will
      be suitable. Such fuels are particularly desirable since they require the
      least space for storage. A hydraulic pump 80 will drive the shredder 12.
      The drive for the conveyor belt 14 may be either mechanical from the
      auxiliary engine 24, hydraulic from the hydraulic pump 80 or electrical
      from a generator (not shown) driven by the auxiliary engine 24. Those
      skilled in the art will recognize that the precise manner of driving the
      apparatus is not a critical part of the invention.
PAR  Referring now to FIG. 2 an alternate embodiment is illustrated wherein a
      mesh conveyor belt 81 of flexible steel elements is provided to carry
      trash beneath one or more hollow tubes 86 disposed in closely spaced
      relationship. The conveyor belt 81 is carried by rollers 82,82 and a
      control 78 identical to that provided in the embodiment shown in FIG. 1 is
      provided with a first conveyor belt 34 supported on rollers 35 within a
      chamber 54 having outlet ports 64. Part of the ash residue left after the
      burning of the trash will filter through the first conveyor belt 34 to a
      second conveyor belt 81. A chute 88 directs the flow of any ash which does
      not filter through the conveyor belt 81 from the end of the first conveyor
      belt 34 on to the second conveyor belt 34. In all respects not illustrated
      the embodiment of FIG. 2 is identical with that shown in FIG. 1.
PAR  FIG. 4 illustrates in very simplified form a chassis having thereon an
      enclosure 54 and wheels 96 (not shown) to better illustrate mobility of
      the apparatus in the preferred embodiment.
PAR  In operation the apparatus of the invention may be fed by a plurality of
      other vehicles such as relatively small motor scooters with buckets for
      moving trash or in other larger embodiments may be fed by much larger
      trash trucks of a more conventional nature. In each case the trash from a
      given region, which may constitute a street, neighborhood or section of a
      city depending on the size of the apparatus involved, may be burned as the
      material is fed into the hopper 10. In some communities it may be
      desirable to utilize the apparatus of the invention at a fixed site
      without any attempt to move from one location to another. It may be
      desirable to continue the use of conventional refuse trucks to feed that
      installation. It will be understood that the hopper 10 and shredder 12 are
      sized to limit the rate of delivery of trash to the cylindrical member 18
      to prevent feeding at a rate which would prevent complete combustion
      during the available cycle time. The combustion process within the
      cylindrical member 18 will deposite ash on the conveyor belt 34 where the
      spray from water spray outlets 36,38,40 will cool the ash as well as
      avoiding any tendency for the ash to rise into the suction fan 66.
      Suitable means (not shown) are provided for igniting the fuel discharged
      from hollow tube 79 and these may be either a pilot light or electrical
      discharge means in accordance with apparatus well known in the art. The
      waste storage area which has been omitted for simplicity will be located
      beneath the structure shown in FIG. 1. Drain valves (not shown) are
      provided for flushing of the purifying tank and water tank. Similarly,
      means are provided for backflushing any residue which may accumulate in
      filter 50. Various instrumentations will be provided for showing the
      quantity and pressure of water in water tank 52 and the pressures at the
      outlets of water pump 48 and hydraulic pump 80. In some cases it may be
      desirable to install pressure drop instrumentation across filter 50 to
      avoid clogging thereof. A blow-off cover (not shown) may be provided on
      the upper surface of the enclosure 54 which will open in the event of
      explosive combustion of the fuel within the enclosure 54. This cover will
      avoid the dangers inherent in having such very rapid burning within a
      fixed structure.
PAR  Thus it can be seen from the foregoing detailed specification and drawing
      that the present invention provides a highly effective mobile furnace
      vehicle which will completely burn the refuse which is supplied to it and
      which will produce a minimum of effluent to the air. The apparatus may be
      simply and economically constructed and permit wide-spread adoption of the
      invention.
CLMS
STM  What I claim as new and desire to serve by letters patent of the United
      States is:
NUM  1.
PAR  1. A mobile apparatus for collecting and burning refuse comprising:
PA1  a chassis having wheels for movement between collection and disposal points
      and having thereon the following structures:
PA2  a hopper disposed on said chassis for receiving refuse;
PA2  a shredder communicating with said hopper for reducing the size of the
      refuse received by said hopper to particles suitable for burning;
PA2  a first transfer means for receiving refuse conditioned by said shredder;
PA2  a conveyor belt having a perforate generally planar surface for allowing
      passage of ash therethrough and having first and second ends, said first
      end communicating with said transfer means for receiving said refuse;
PA2  a fan communicating with said conveyor belt generally planar surface for
      supplying air;
PA2  a hollow tube disposed generally parallel with respect to said conveyor
      belt and having a plurality of apertures disposed substantially uniformly
      about the circumference being size for burning fuel;
PA2  a fuel supply and control means for supplying fuel to said hollow tube;
PA1  a liquid supply and a liquid spray means for wetting ash passing out of
      said conveyor belt through said perforate surface and said second end of
      said conveyor belt;
PA1  second transfer means for moving ash from said conveyor belt;
PA1  an ash receiving means disposed in communication with said second transfer
      means;
PA1  a substantially closed housing mounted on said chassis and enclosing said
      conveyor belt, liquid spray means, second transfer means and at least a
      portion of said hollow tube;
PA1  a second fan in fluid communication with said substantially closed housing
      for directing smoke from the area of said conveyor belt; and
PA1  a purifying tank for washing the smoke conducted by said second fan and in
      fluid communication therewith.
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ABST
PAL  A refuse feeder and charging system is provided for a solid waste
      destruction system wherein a high temperature disposal of waste materials
      occurs. In such a destruction system, waste materials must be fed or
      charged to the upper end of a vertical gasification chamber from which the
      waste materials move downwardly under the force of gravity as the
      combustible materials are converted to molten slag and resultant gases and
      vapors. The refuse feeder includes a storage hopper for uniformly feeding
      solid waste material contained therein to a conduit means which conveys
      the waste material to the aforesaid gasification chamber. The storage
      hopper further includes an inclined vibrating pan in the bottom thereof
      for facilitating the uniform conveyance of waste material to the conduit
      means and a first set of sealing doors which may be opened and closed for
      purposes of batch filling the storage hopper. The refuse feeder or
      charging system additionally includes a second set of sealing doors
      disposed between the storage hopper and the conduit means which normally
      open only during conveyance of waste material to the conduit means. The
      combination of the first and second set of sealing doors insures the
      sealing of the charging system from the ambient atmosphere so that a
      minimum amount of external air is entrained in the waste material fed to
      the destruction system. A third set of doors is provided on the conduit
      means which serves as an alternative method of feeding waste material
      directly into the conduit means and gasification chamber should the
      storage hopper and first and second set of doors be out of service for any
      reason. The third set of doors also provides a mechanism for pressure
      release should an explosion of any sort take place within the gasification
      chamber and connected conduit means thereby protecting the system from
      structural damage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a refuse feeder or charging system for
      a solid waste destruction system, and more particularly to a refuse feeder
      which is capable of uniformly charging solid waste material into the
      furnace portion of the destruction system. In addition, the refuse feeder
      of the present invention provides a charging system which is sealed from
      the outside atmosphere so that minimum outside air is entrained during the
      charging process.
PAR  The disposing of waste materials is a severe problem at the present time,
      due to the great variety and quantity of materials that must be disposed
      of, necessitating a highly flexible system which must be adapted in its
      operation to meet the most limitless compositional variety and quantity of
      waste material, while at the same time meeting all the existing and
      expected governmental policy requirements with respect to air and water
      pollution control.
PAR  Modern technology has generated a vast but anticipated quantity and variety
      of waste products and it is intended that the present invention will lend
      itself to means for disposing of this waste product in a rapid and
      efficient manner notwithstanding changes in composition of waste products
      which are bound to occur from time to time during the operation of the
      present invention. Due to the large volume of waste materials that must be
      handled, particularly in regions of high population density, substantially
      the only feasible manner of processing and disposing of waste materials is
      by combustion, landfill and open dumping. By far the most efficient and
      desirable of these methods is high temperature disposal if such can be
      carried out in a manner so that the products thereof are completely
      combusted.
PAR  For the disposing of waste materials by high temperature combustion,
      different types of apparatus have been developed in the prior art such as
      conventional grate-type incinerators and more modern shaft-type pyrolysis
      systems. Typically waste materials are fed or charged into the upper end
      of a vertical gasification chamber from which the materials move
      downwardly under the force of gravity as the combustible materials
      therebeneath are converted to gases, vapors, distillate, and molten slag.
      A preheated hot air blast together with the combustibles develops heat
      sufficient to produce a flame temperature which will melt glass, metals
      and the like so as to reduce the metals, glass etc. to a molten condition.
      Gaseous and vaporous byproducts may be withdrawn and mixed with additional
      air and completely burned in a secondary combustion chamber, and then
      passed through a waste heat boiler for extraction of thermal energy and
      finally through a particulate separation system before venting to the
      outside atmosphere.
PAR  In the solid waste combustion furnaces and destruction systems resulting
      from newer technology, the amounts of excess air required in the furnace
      has been reduced so that it is necessary to provide a totally sealed
      system to prevent unknown volumes of air from being entrained within the
      furnace structure. In addition, as in all prior art combustion furnaces,
      it is critical and therefore highly desirable to include a means for
      uniformly feeding or charging solid waste into the combustion system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a refuse
      feeding and charging system which is completely sealed from atmospheric
      entrainment of air.
PAR  Another object of the present invention is to provide a refuse charging
      system for a solid waste destruction system in which waste materials may
      be slowly fed to the furnace or gasification chamber of the destruction
      system while not delaying cranes or conveyor mechanisms transporting waste
      materials to the site of the destruction system.
PAR  A further object of the present invention is to provide a refuse feeder
      including a storage hopper which may be "batch filled" with refuse while
      semi-continuously feeding such refuse from the storage hopper into a solid
      waste disposal system of any type.
PAR  Still another object of the present invention is to provide the aforesaid
      charging system which allows operation of a solid waste disposal furnace
      under any positive or negative internal pressures without leakage of toxic
      pollutants to the atmosphere.
PAR  A still further object of the present invention is to provide a charging
      system including pressure relief means for protecting against possible
      internal explosions in a solid waste disposal furnace.
PAR  An additional object of the present invention is to provide a charging
      system primarily designed to automatically feed solid waste materials to a
      disposal furnace but including alternative means for feeding such solid
      waste even though the automatic feeding portion of the system may be out
      of service.
PAR  In summary, the present invention provides a refuse feeder for solid waste
      destruction systems in which the feeder includes a storage hopper having a
      first and second set of sealing doors movable between open and closed
      positions. The first door means is opened only for loading of the storage
      hopper with waste materials and at other times is normally closed so as to
      seal the internal portion of the hopper from the ambient atmosphere. The
      second door means is disposed on a side portion of the storage hopper and
      opens to allow the conveyance of waste material from the hopper to a
      conduit means leading to the gasification chamber of the destruction
      system. The second door is normally closed when the hopper is being filled
      or not in use so as to insure sealing of the conduit means from the
      ambient atmosphere. A third sealing door is provided in a sidewall of the
      conduit means as an alternative means for feeding waste material to the
      furnace.
PAR  The foregoing and other objects, advantages and characterizing features of
      the present invention will become clearly apparent from the ensuing
      detailed description of the illustrative embodiment thereof taken together
      with the accompanying drawings wherein like reference characters denote
      like parts throughout the various views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view in section of the refuse feeder of this
      invention taken about on line 1--1 of FIG. 2;
PAR  FIG. 2 is a top plan view of the apparatus constituting the present
      invention;
PAR  FIG. 3 is a transverse view in section of the storage hopper means of the
      feeder assembly as taken about on line 3--3 of FIG. 2; and
PAR  FIG. 4 is a transverse sectional view taken about on line 4--4 of FIG. 2 of
      the upper portion of the conduit means of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in detail to the illustrative embodiment depicted in the
      accompanying drawings, there is shown in FIG. 1 a refuse feeder or
      charging apparatus for a solid waste destruction system, such feeder
      generally being indicated as 10. The feeder includes a first set of
      sealing door means 12 mounted on top of a storage hopper 14, the latter
      being provided to receive waste materials for conveyance to a solid waste
      destruction system. As seen in FIGS. 1 and 2, the first sealing doors 12
      consist of two panels respectively pivoted or hinged about the side edges
      of the hopper 14. The two hinged panels of the first sealing doors are
      movable generally between an opened and closed position. A first drive
      means comprising the motor means 16 are connected to the door panels for
      operatively urging or moving the first set of doors 12 between the open
      and closed positions.
PAR  The storage hopper 14 further includes a pan means 18 and pan drive means
      20. Pan means 18 is mounted on spring means 22 and through the connection
      with the pan drive means 20 oscillates or vibrates to slowly urge waste
      material contained therein from the storage hopper into a conduit means 24
      adjacent to the bottom of the inclined surface of the pan means. The pan
      means 18, pan drive means 20 and spring mounting means 22 are known in the
      prior art. One type of such pan drive means 20 is a Jeffrey Feeder which
      operates on pulsating direct current produced by a metallic rectifier.
      Movement imparted to the pan means 18 results from the rotational movement
      of eccentric weights carried by the pan drive means.
PAR  A second sealing door means 26 is located intermediate to the storage
      hopper 14 and the conduit means 24. The second sealing door is hinged
      about its upper portion as shown in FIG. 1 and is movable from the closed
      position shown in FIG. 1 to the open position indicated in dotted lines in
      FIG. 1. The second sealing door is moved between its opened and closed
      positions by a second drive means 28 which is in driving connection with
      the door as shown in FIGS. 1 and 4. When the second door means is in a
      closed position, the communication between the storage hopper 14 in
      conduit means 24 is sealed off so that neither air nor waste materials
      will pass from the storage hopper into the conduit means, the latter
      leading to the gasification chamber of any one of the variety of solid
      waste destruction furnaces presently available.
PAR  A third sealing door 30 having two hinged portions is mounted on top of the
      conduit means as shown in FIGS. 1 and 4. The third sealing doors are also
      movable between a closed position shown in FIG. 4 and an open position as
      shown in dotted lines therein. The doors 30 are in driving connection with
      a third driving means 32 for driving the doors between the aforesaid open
      and closed positions. The third door means 30 can be utilized to feed
      waste materials directly into the conduit means 24 in the event that the
      storage hopper 14 and associated apparatus thereof become inoperable.
      Although ambient atmosphere would not be sealed off with respect to the
      conduit means 24 in such use of the doors 30, emergency loading of the
      conduit could still take place. In addition, the doors 30 also are
      provided to open in reaction to excessive internal pressure within the
      conduit means 24 which could result from an explosion of some sort taking
      place within the furnace shaft or gasification chamber of the destruction
      system. In such situations, the doors 30 would provide pressure release
      with respect to the system to protect against rupture of any one or more
      portions of such system.
PAR  In utilizing the refuse feeder of the present invention, a control means is
      provided for interconnecting and operationally controlling the first drive
      means, the second drive means, and the pan drive means. The specific
      structure and installation of such a control means for providing the
      operational interactions to be described hereinbelow would be apparent to
      one skilled in the art and, therefore, it is believed unnecessary to give
      any specific description of such control system hardware.
PAR  In respect to the operation of the components of the present invention,
      however, the doors 12 are used for loading of the hopper 14 and doors 26
      are used for controlling waste material to the conduit means 24. When the
      hopper is being filled, the second set of doors 26 are closed so as to
      seal the conduit means 24 from atmospheric entrainment of air through the
      open doors 12. When the hopper is empty a crane operator in a control room
      is signaled and the first set of doors 12 will automatically open for
      purposes of filling the hopper. The pan means 18 includes a selective
      weight setting for determining when the hopper is in a fully loaded
      condition. When the pan means senses a fully loaded condition, the doors
      12 will automatically shut and the feeder apparatus will wait for a signal
      from the solid waste destruction system calling for additional supplies of
      waste material. Upon receiving such signal, the second door 26 will open
      and the pan drive means will become energized to feed waste material into
      the conduit means 24. The pan means and drive means, therefore, such as
      the Jeffrey Feeder referred to hereinabove, provides a generally uniform
      feeding of the waste material to the conduit means and upon receiving a
      signal from the furnace means that a sufficient supply of combustible
      waste material has been received, the second door means 26 closes and the
      pan means 18 ceases to operate. As previously described, when the pan
      means 18 has fed a predetermined amount of waste material to the conduit
      means 24, the first door means 12 will automatically open subsequent to
      closing of the second door means 26 for subsequent batch filling of the
      hopper.
PAR  As mentioned above, the third door means 30 can be selectively opened to
      provide alternative feeding directly into the conduit means 24 should the
      hopper 14 and associated first and second door means for some reason
      become inoperable. In addition, the third door means 30 provides automatic
      pressure relief in the event of an internal explosion and consequent
      excessive internal pressure within the waste disposal system.
PAR  From the foregoing, it is apparent that the objects of the present
      invention have been fully accomplished. As a result of this invention, a
      refuse feeder is provided which can be utilized in a variety of waste
      disposal systems. Of significant importance is the fact that waste
      materials can be uniformly fed to the gasification chamber of a
      destruction system and that minimum atmospheric air entrainment occurs due
      to the existence of the first and second door means as described
      hereinabove.
CLMS
STM  I claim:
NUM  1.
PAR  1. A refuse feeder for a solid waste destruction system having a
      gasification chamber and conduit means for conveying solid waste materials
      to the gasification chamber in which the flame temperature of the waste
      materials is reached so as to reduce the waste materials to a molten
      condition with resulting gases and vapors being produced, and means for
      removing the molten waste material, resulting gases, and vapors from the
      system; said refuse feeder comprising:
PA1  a storage hopper means for receiving solid waste material wherein said
      storage hopper is adapted to communicate with said conduit means so as to
      urge waste material toward said conduit means,
PA1  first sealing door means movable between open and closed positions and
      being mounted on said storage hopper, said first sealing door means being
      normally in a closed position to seal the interior of said storage hopper
      means from the ambient atmosphere and being in an open position for filing
      of said hopper means with waste material, and
PA1  second sealing door means movable between open and closed positions and
      being mounted intermediate to said storage hopper means and said conduit
      means whereby said second sealing door means is in a normally closed
      position to seal said conduit means from said ambient atmosphere when said
      first sealing door means is in an open position.
NUM  2.
PAR  2. A refuse feeder as set forth in claim 1 wherein said storage hopper
      means includes a pan means in the bottom portion thereof for urging waste
      material toward said conduit means.
NUM  3.
PAR  3. A refuse feeder as set forth in claim 2 wherein said pan means is
      inclined towards said conduit means and includes a pan drive means for
      driving said pan means so that waste material is affirmatively urged
      towards said conduit means.
NUM  4.
PAR  4. A refuse feeder as set forth in claim 2 further including a first drive
      means connected to said first sealing door means and a second drive means
      connected to said second sealing door means, both said drive means
      respectively driving said door means between open and closed positions.
NUM  5.
PAR  5. A refuse feeder as set forth in claim 4 wherein said pan means includes
      a pan drive means for driving said pan means so that waste material is
      affirmatively urged towards said conduit means.
NUM  6.
PAR  6. A refuse feeder as set forth in claim 5 including control means for
      operationally interconnecting and controlling said first drive means, said
      second drive means, and said pan drive means so that said second door
      means will be closed when said first door means is opened, and said pan
      drive means will selectively operate when said first door means is closed
      and said second door means is open.
NUM  7.
PAR  7. A refuse feeder as set forth in claim 1 further including third sealing
      door means movable between open and closed positions and being mounted in
      an outer wall portion of said conduit means so that said third door means
      releases to an open position upon occurrence of excesive pressure within
      said conduit means.
NUM  8.
PAR  8. A refuse feeder as set forth in claim 7 including a third drive means
      connected to said third door means for selectively driving said third door
      means between open and closed positions so that said third door means may
      be used as an alternative to said storage hopper means for transferring
      waste materials to said conduit means.
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ABST
PAL  A rug pointer for looping material-yarn through the apertures of backing in
      checkerboard pattern, and comprised generally of a manipulatable body with
      an adjustably extended probe and a retractile stop; the probe having a
      concaved notch at its lowermost terminal end adjustable to project a
      determined distance from the lowermost terminal end of the body; the stop
      having a stop shoulder and points depending therefrom in spaced relation
      to the probe to engage over a member of the backing to lock the yarn in
      position for the full extension of the loop being formed by projection of
      the probe with the lowermost terminal end of the body stopped against the
      back of the loop thus formed.
BSUM
PAC  BACKGROUND
PAR  Hooked rugs and the like, such as needle point rugs with which this
      invention is particularly concerned are built upon a backing having
      apertures through which loops of yarn are forced by a needle. These rug
      pointing needles take various forms and porportions and have been threaded
      in many ways, whereby the point of the needle precedes the yarn which it
      draws through successive apertures. Such needles must be employed in
      various sizes so as to accommodate different yarns, and they must be
      constantly threaded and rethreaded so as to change yarn color etc. And,
      such needles do not in themselves limit or control the depth of looping,
      and additional apparatus must be employed for determining the height of
      the pile. Since creativeness is sought for in building of such rugs,
      facility of change and selective use of yarns and the adjustment of
      looping is sought for and accomplished as an object of this invention.
      With the present invention, yarns can be selectively changed as desired
      without threading as is the case with prior art needles, and the looping
      tool or pointer of the present invention can be adjusted and several such
      pointers used in drawing a pattern of loops through a backing and thereby
      sculpturing the rug pile.
PAR  The looping tool or pointer hereinafter described has utility in the making
      of rugs, chair cushion covers, various types of pads and decorative
      hangings; said tool being manipulated by the user who holds the same in
      the manner of a writing pen or pencil. The manipulated tool is engaged
      with the selected yarn that is placed over the backing, and the desired
      loops are drawn successively through the apertures in the backing by
      repeated downward or forward strokes which project the tool and loops of
      yarn through said backing. The depth or extent of loop penetration is
      adjustable within the tool per se, and unlike the prior art needles it
      does not require threading. The backing comprised of a checkerboard of
      apertures is available as a commercial product, with mesh dimensions as
      may be required.
PAR  The pointer of the present invention utilizes yarns and like materials for
      the building of rugs upon backings of mesh that provide apertures through
      which loops of the material are forced by the pointer. The usual device of
      this type requires threading of a needle or of an associated apparatus; it
      being an object of this invention to eliminate associated apparatus and
      the threading. With the present invention, a length of yarn is simply
      manipulated and placed in position and engaged by the pointer to be forced
      into position, and all to the end that material changes (yarn color, etc.)
      can be made with facility and without delay.
PAR  The usual pile controlling apparatus of such devices is complicated and
      cumbersome, and some devices control pile depth with the selected use of
      different needles and other tools such as screw drivers or awls, pliers,
      etc. In any case, complexity is to be avoided and the requirement of
      needle selection eliminated; it being an object of this invention to
      provide a pointer which is self sufficient to accommodate various
      materials without threading and adjustable as to depth of pile. With the
      present invention, any material or yarn capable of being forced through
      the backing apertures is accommodated by the pointer, and the length of
      the loops forced through the apertures by the pointer is adjustable so as
      to control the depth of pile.
PAR  It is a general object of this invention to provide a tool for manipulation
      by the user or artisan to force loops of material such as yarn through a
      backing mesh comprised of a checkerboard of adjacent apertures. It is a
      primary object to provide a probe that forces loops of the material-yarn
      through successive apertures, and a secondary and highly utilitarian
      object to adjustably control the extent of penetration of the loops to
      determine the ultimate depth of pile. With the present invention, there is
      a body for the convenient manipulation of the user and from which a probe
      projects an adjusted distance, and there is a depressible stop limited in
      its projection by the probe and engageable with the material to hold the
      same while a loop is extended by the probe. Accordingly, it is another
      object of this invention to provide a practical combination of the body,
      probe and stop by incorporating therewith certain other features as will
      be hereinafter described.
PAC  SUMMARY OF THE INVENTION
PAR  The pointer is a tool adapted to be manipulated by the user or artisan in
      creative designs applied to the building of rugs and the like from yarn
      materials applied to a backing in the form of a multiplicity of loops
      forced and extended through apertures in said backing. The backing is a
      uniform mesh of crossed or woven members, of substantial body and of
      planar form having flexibility. The mesh is a checkerboard of square
      apertures varying in dimension dependant upon the yarn to be anchored
      therein; and the yarn can vary widely in texture, construction and color
      dependent upon requirements of the artisan and the effect desired. A
      general object is to draw successive loops of yarn through adjacent
      apertures, working forwardly and to the left or right, as patterns and
      designs are developed loop by loop.
PAR  In accordance with this invention, the pointer is provided in the form of a
      tool having a body B for convenient manipulation, a probe P for engageably
      extending loops of yarn through each aperture of the backing, a stop S for
      securing the entry leg of each loop when drawing the exit leg thereof
      through the backing aperture, adjustment means A positioning the probe P
      relative to the body B, limit means L determining projection of the stop S
      relative to the probe P, spring means C projecting the stop S into
      engagement with limit means L, and guide means G rotatably orienting the
      stop S within the body B. In practice, the aforementioned elements of the
      pointer are plastic parts, with the exception of the spring means C that
      is a conventional metal spring. The assembled tool is of pencil-shape, an
      elongated assembly presenting a smooth unobstructed exterior with the
      active elements S and P exposed at one end and the adjustment means A
      exposed at the other end.
DRWD
PAC  DRAWINGS
PAR  The various objects and features of this invention will be fully understood
      from the following detailed description of the typical preferred forms and
      applications thereof, throughout which description reference is made to
      the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view of the pointer of the present
      invention.
PAR  FIG. 2 is an enlarged sectional view of the lower portion of the pointer
      illustrating the initial projection of a loop of yarn through a backing.
PAR  FIG. 3 is a side sectional view taken as indicated by line 3--3 on FIG. 2.
PAR  FIG. 4 is a view similar to FIG. 2 depicting a fully projected loop of yarn
      through the backing, and
PAR  FIG. 5 is a side sectional view taken as indicated by line 5--5 on FIG. 4.
DETD
PAC  PREFERRED EMBODIMENT
PAR  The body B is an elongated tubular element open at its opposite ends to
      exposure the elements S and P at its lowermost end and to exposure the
      element A at its uppermost end. In accordance with this invention the body
      B has a front and a back, the former being pointed at 10 for
      identification and the latter being flat at 11. As shown, the body is
      polygonal and preferably triangular in cross section, with converging
      sides 12 for a convenient finger grip in the hand of the user. The bore 13
      is also triangular, though it can be cylindrical, there being a reduced
      bore at 14 at the uppermost end that presents a shoulder 15. The lowermost
      front sides 12 are truncated at 16 for better exposure of the exit leg of
      the loops as they are formed.
PAR  The probe P is an elongated shaft element that rides within the stop S and
      positioned by the adjustment means A. The shaft 20 thereof is of straight
      cylinder form with its upper end threaded and its lower end 21
      transversely flattened and bent or turned toward the front of the body as
      it projects downward and forwardly. The lowermost transverse end 21 is
      concaved so as to present a notch centered therewith and adapted to guide
      the yarn centrally thereover. As shown, the transverse end 21 and its
      concaved configuration is well rounded so as to pass the yarn freely. In
      accordance with the invention, the lowermost concaved portion of member P
      projects a substantial distance from the lower terminal end 17 of the body
      B, said end being disposed in a plane normal to the longitudinal axis of
      the tool.
PAR  The stop S is an elongated cylindrical sleeve element with a bore 25
      therethrough to slideably pass the shaft 20 of probe P. The exterior of
      the stop can conform to the interior of the body B to freely slide
      therein, and is preferably round in cross section so as to slideably
      engage the three inner faces within said body. In accordance with this
      invention, the stop S is adapted to anchor the entry leg of the loop of
      yarn as initially depicted in FIGS. 2-3, and to continue to do so as
      depicted in FIGS. 4-5. Accordingly, the lowermost end portion of the stop
      is bifurcated into separate sides that will embrace the entry leg of yarn
      drawn therebetween as best illustrated in FIG. 3, there being a channel 27
      centered at the rear of and extending longitudinally of the stop cylinder
      to open at its lowermost extremity to form a pair of spaced points 28
      below a pair of stop shoulders 29 disposed in a common plane between said
      points and the rear side 22 of the probe P. The spaced points 28 that
      depend below the spaced shoulders 29 are significant as best illustrated
      in FIGS. 2 and 4, to bear upon the rearmost cross member of the mesh or
      webbed backing; in a manner to press the yarn between said points and the
      opposing rear side of the probe. The points 28 are upwardly divergent so
      as to have a cam action, and the lower flattened and curved portion of the
      probe is free within the stop cylinder to deflect forwardly so as to
      accommodate various diameters of yarn pressed there against by said cam
      action of the points 28. Thus, the entry leg of the yarn becomes locked
      and anchored in place when engaged as shown in FIGS. 2-5.
PAR  A feature of this invention is the adjustment means A that positions the
      probe P to project a determined distance from terminal end 17 of the body
      B. This adjustment determines the fully projected extent of the loop of
      yarn as shown in FIG. 4, when the terminal end 17 of body B stops against
      the back of the loop. Means A involves an internally threaded nut 30
      captured against the shoulder 15 by a spindle 31 held thereto by a
      shouldered knob 32 engageable with the top end 18 of body B. The spindle
      31 is rotatable in the reduced bore 14 and is pressed into the nut 30 to
      turn the same, so as to extend and/or retract the probe P. Thus, the
      extended position of the probe P from the lower terminal end 17 of body B
      is adjustably fixed.
PAR  The limit means L is provided to establish a minimal projection of the
      probe P from the stop shoulders 29 of the stop S, for the purpose of
      initiating a loop and which diminishes the preceding loop dependent upon
      the frictional characteristics of the yarn used. In most cases the
      preceding loop is diminished during the initial entry to a position
      approximating that shown in FIG. 2, and for this reason the fully extended
      loop of FIG. 4 is correspondingly projected to excess, thereafter to be
      correspondingly diminished. As shown, the means L comprises a slot 35 at
      the front of and extending longitudinally of the stop cylinder, and a pin
      36 projecting radially from the probe P and engaged therein. The slot 35
      terminates at the uppermost end of the stop cylinder where it is engaged
      by the pin 36 when the stop S is fully extended relative to the probe P.
      The slot 35 opens at the lower end of the stop cylinder and consequently
      the stop S follows the adjusted positioning of the probe P, being free to
      retract upwardly while the probe remains fixably positioned. Thus, the
      stop S can retract from the position shown in FIG. 2 to that shown in FIG.
      4.
PAR  Another feature of this invention is the spring C that projects the stop S
      to its limited projected positioning as shown in FIGS. 1, 2 and 3. An
      elongated annulus is provided between the body B and probe shaft 20, the
      means C being a helical compression spring 40 acting between the normal
      uppermost end face 41 of the stop cylinder and the normal lowermost end
      face 42 of the nut 30. Thus, the spring means C yieldingly urges the stop
      S to the extended position shown in FIG. 1.
PAR  Still another feature of this invention is the guide means G that rotatably
      positions the retractile stop S so that it remains faced toward the front
      of the tool. The channel 27 formed in the stop cylinder as hereinabove
      described is extended so as to serve the purpose of this means which
      includes a key 45 that projects radially inward from the body B to
      slideably engage in the said channel. The channel 27 terminates at the
      uppermost end of the stop cylinder where it is engaged by the key 45 when
      the probe P and stop S are fully extended as shown in FIG. 1. The probe P
      and stop S are half extended as shown in FIG. 2 (for a comparison), it
      being understood that they can be fully retracted (not shown). Thus, the
      stop S can be adjusted to project the stop shoulders 29 to the desired
      loop determining distance from the terminal end 17 of body B.
PAR  From the foregoing it will be seen that the elements of this rug pointer
      tool are easily manufactured and assembled, that the adjustments thereto
      are made with facility, and that the extent of each loop drawn through the
      rug backing can be controlled with exact determination without other aids,
      and all with freedom to change materials-yarn without threading or
      re-rigging of a supporting apparatus.
PAR  Having described only a typical preferred form and application of my
      invention, I do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to myself any modification
      or variations that may appear to those skilled in the art:
CLMS
STM  I claim:
NUM  1.
PAR  1. A pointer for looping yarn in the building of rugs and the like upon
      backings comprised of a multiplicity of apertures in checkerboard pattern
      defined by crossed members, and including; an elongated body having a
      lower terminal end, a probe fixedly positioned to extend from the lower
      terminal end of the body and having a concaved notch at its lower terminal
      end spaced from the lower terminal end of the body, a retractile stop
      normally projected to an extended position with a shoulder positioned
      intermediate the lower terminal ends of the probe and body respectively,
      and spring means engaged with and operable between the stop and a face in
      the body to yieldingly urge the stop to said extended position, whereby
      said shoulder of the stop is retractile to the lower terminal end of the
      body when engaged to hold against the entry leg of a loop of yarn while
      the exit leg of said loop is being fully extended.
NUM  2.
PAR  2. The rug loop pointer set forth in claim 1 wherein the body is tubular
      with the probe and stop carried therein to project from the lower terminal
      end thereof.
NUM  3.
PAR  3. The rug loop pointer set forth in claim 1 wherein the body is tubular
      and the probe fixedly positioned therein with the stop in the form of a
      sleeve slideably engaged over the probe and within the body.
NUM  4.
PAR  4. The rug loop pointer set forth in claim 1 wherein the body is tubular
      and the probe a shaft fixedly positioned in the body with the stop in a
      form of a sleeve slideably engaged over the probe shaft and within the
      body.
NUM  5.
PAR  5. The rug loop pointer set forth in claim 1 wherein the body is tubular
      and the probe a shaft fixedly positioned in the body with the stop in the
      form of a sleeve slideably engaged over the probe shaft and within the
      body and with limit means restricting projection of the stop sleeve to
      said extended position.
NUM  6.
PAR  6. The rug loop pointer set forth in claim 1 wherein the body is tubular
      and the probe a shaft fixedly positioned in the body with the stop in the
      form of a sleeve slideably engaged over the probe shaft and within the
      body and with a limit means in the form of a pin projecting from the probe
      shaft and engaged in a slot in the stop sleeve restricting projection of
      the stop sleeve to said extended position.
NUM  7.
PAR  7. The rug loop pointer set forth in claim 1 wherein the stop shoulder is
      adjacent one side of the probe and engageable over a cross member of said
      backing.
NUM  8.
PAR  8. The rug loop pointer set forth in claim 1 wherein the stop shoulder is
      adjacent one side of the probe with a depending point spaced from the
      probe and engageable over a cross member of said backing.
NUM  9.
PAR  9. The rug loop pointer set forth in claim 1 wherein the stop shoulder is
      adjacent one side of the probe with a divergently depending point spaced
      from the probe and engageable over a cross member to wedge the entry leg
      of the loop between said member and probe.
NUM  10.
PAR  10. The rug loop pointer set forth in claim 1, wherein the lower end
      portion of the probe is flattened, and wherein the stop shoulder is
      adjacent one side of the probe with a divergently depending point spaced
      from the probe and engageable over a cross member to wedge the entry leg
      of the loop between said member and the flattened portion of the probe.
NUM  11.
PAR  11. An adjustable pointer for looping yarn in the building of rugs and the
      like upon backings comprised of a multiplicity of apertures in
      checkerboard pattern defined by crossed members, and including; an
      elongated body having a lower terminal end, a probe having a concaved
      notch at its lower terminal end, adjustment means positioning the probe to
      extend a determined distance from and with its notched lower terminal end
      spaced from the lower terminal end of the body, a retractile stop normally
      projected to an extended position with a shoulder positioned intermediate
      the lower terminal ends of the probe and body respectively, and spring
      means engaged with and operable between the stop and a face in the body to
      yieldingly urge the stop to said extended position, whereby said shoulder
      of the stop is retractile to the lower terminal end of the body when
      engaged to hold against the entry leg of a loop of yarn while the exit leg
      of said loop is being fully extended.
NUM  12.
PAR  12. The adjustable rug loop pointer set forth in claim 11 wherein the body
      is tubular with the probe and stop and adjustment means carried therein to
      project from the terminal end thereof.
NUM  13.
PAR  13. The adjustable rug loop pointer set forth in claim 11 wherein the body
      is tubular and the probe positioned therein by said adjustment means with
      the stop in the form of a sleeve slideably engaged over the probe and
      within said body.
NUM  14.
PAR  14. The adjustable rug loop pointer set forth in claim 11, wherein the body
      is tubular, and wherein the adjustment means comprises a rotatable nut
      remote from said lower terminal end of the body, the probe being
      threadedly engaged in the nut and positioned thereby to extend said
      determined distance from the lower terminal end of the body.
NUM  15.
PAR  15. The adjustable rug loop pointer set forth in claim 11, wherein the body
      is tubular, and wherein the adjustment means comprises a rotatable nut
      captured to turn in the end of the body remote from said lower terminal
      end thereof, the probe being threadedly engaged in the nut and positioned
      thereby to extend said determined distance from the lower terminal end of
      the body.
NUM  16.
PAR  16. The adjustable rug loop pointer set forth in claim 11, wherein the body
      is tubular, wherein the adjustment means comprises a rotatable nut
      captured to turn in the end of the body remote from said lower terminal
      end thereof, the probe being threadedly engaged in the nut and positioned
      thereby to extend said determined distance from the lower terminal end of
      the body, and wherein the stop is in the form of a cylinder slideably
      engaged over the probe and within said body.
NUM  17.
PAR  17. The adjustable rug loop pointer set forth in claim 11, wherein the body
      is tubular, wherein the adjustment means comprises a rotatable nut remote
      from the lower terminal end of the body, the probe being a shaft
      threadedly engaged in the nut and postioned thereby to extend said
      determined distance from the lower end of the body, and wherein the stop
      is in the form of a sleeve slideably engaged over the probe shaft and
      within the body.
NUM  18.
PAR  18. The adjustable rug loop pointer set forth in claim 11, wherein the body
      is tubular, wherein the adjustment means comprises a rotatable nut
      captured to turn in the end of the body remote from said lower terminal
      end thereof, the probe being a shaft threadedly engaged in the nut and
      positioned thereby to extend said determined distance from the lower
      terminal end of the body, and wherein the stop is in the form of a sleeve
      slideably engaged over the probe shaft and within the body and with limit
      means restricting projection of the stop sleeve to said extended position.
NUM  19.
PAR  19. The adjustable rug loop pointer set forth in claim 11, wherein the body
      is tubular, wherein the adjustment means comprises a rotatable nut
      captured to turn in the end of the body remote from said lower terminal
      end, the probe being a shaft threadedly engaged in the nut and positioned
      thereby to extend said determined distance from the lower terminal end of
      the body, and wherein the stop is in the form of a sleeve slideably
      engaged over the probe shaft and within the body and with limit means in
      the form of a pin projecting from the shaft and engaged in a slot in the
      stop sleeve restricting projection thereof to said extended position.
NUM  20.
PAR  20. An adjustable pointer for looping yarn in the building of rugs and the
      like upon backings comprised of a multiplicity of apertures in
      checkerboard pattern defined by crossed members, and including; an
      elongated tubular body having a reduced bore at its upper end and open at
      its lower terminal end, a manually rotatable spindle extending through
      said bore and with a nut within the body, a probe threadedly engaged in
      the nut and having a concaved notch at its lower terminal end projecting
      to extend a determined distance from the lower terminal end of the body by
      turning said nut, a retractile stop sleeve slideably engaged over the
      probe and within the body and projected to an extended position determined
      by a slot of limited length therein engageable over a pin projecting from
      the probe, spring means engaged with and operable between the stop and a
      face on said nut to yieldingly urge the stop sleeve to said extended
      position and permitting retraction thereof, there being a channel
      extending longitudinally of the stop sleeve bifurcating the same for
      passing yarn therethrough into engagement with the probe, the bifurcated
      lower terminal end of the stop sleeve presenting a pair of spaced
      co-planar shoulders with depending points engageable over a member of the
      backing to hold the probe against the entry leg of a loop of yarn while
      the exit leg of said loop is being fully extended.
NUM  21.
PAR  21. The adjustable rug loop pointer as set forth in claim 20 wherein the
      points depending from the spaced shoulders are divergent with respect to
      the projecting probe, whereby the entry leg of yarn is wedged against the
      probe.
NUM  22.
PAR  22. The adjustable rug loop pointer as set forth in claim 20 wherein the
      end portion of the probe turns divergently from the points depending from
      the spaced shoulders divergently with respect to the projecting probe,
      whereby the entry leg of yarn is wedged between the points and the probe.
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ABST
PAL  An apparatus for advancing the feed frame of an automatic embroidery
      machine of the type incorporating two stepping motors which are drivingly
      connected with the feed or embroidery frame, each stepping motor bringing
      about a feed or advance of the feed frame in one direction. A control
      mechanism generates control pulses for each stepping motor as a function
      of the momentarily required feed displacement of the feed frame in each
      direction. The control mechanism embodies two switching circuits each of
      which is operatively associated with one of the stepping motors, and such
      switching circuits generate output pulses, the number of which is
      proportional to the number of pulses delivered to each switching circuit
      by a program storage and by means of which there is determined the
      magnitude of the momentarily required feed displacement in the
      corresponding direction.
BSUM
PAR  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      apparatus for feeding or advancing the feed or embroidery frame of an
      automatic embroidery machine incorporating two stepping motors which are
      drivingly coupled with embroidery frame, each stepping motor bringing
      about a feed or advance of the feed frame in one direction, there further
      being provided a control mechanism which generates control pulses for each
      stepping motor as a function of the momentarily required feed displacement
      of the feed frame in each direction.
PAR  In automatic embroidery machines of this type the feed or embroidery frame,
      in which there is clamped the portion of the embroidery material which is
      to be embroidered, is advanced between two stitching movements of the
      embroidery needles as a function of the prescribed embroidery pattern. The
      transport movement of the feed frame is composed of components sub-divided
      in two directions which normally are designated as the x-direction and the
      y-direction. The magnitude of such feed components are stored in a program
      storage, typically for instance a perforated tape.
PAR  It is a primary object of the present invention to provide an improved
      construction of apparatus for advancing the feed or embroidery frame of an
      automatic embroidery machine in a reliable and positively controlled
      manner.
PAR  Now in order to implement this object, and others which will become more
      readily apparent as the description proceeds, the previously mentioned
      apparatus of this development is manifested by the features that the
      control mechanism comprises two switching circuits operatively associated
      with the stepping or indexing motors and which switching circuits produce
      output pulses, the number of which is proportional to the number of pulses
      delivered to each switching circuit by a program storage and by means of
      which there is determined the magnitude of the momentarily required feed
      displacement in the corresponding direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein the single FIGURE schematically illustrates
      a block circuit diagram of the control apparatus for the stepping motors
      for the feed or advancement of the feed or embroidery frame of an
      automatic embroidery machine as contemplated by the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings both of the purely schematically illustrated
      stepping or indexing motors have been designated by reference characters 1
      and 2. Each of these stepping motors 1 and 2 drives, through the agency of
      a suitable and therefore not particularly illustrated coventional
      transmission or gearing, a likewise not particularly illustrated standard
      feed or embroidery frame of an automatic embroidery machine in one of two
      directions, normally disposed at right angles to one another and
      conveniently designated by reference characters x and y. Each of the
      stepping motors 1 and 2 receives its control pulses from an output
      switching circuit 3 and 4 respectively. The input of each output switching
      circuit is connected through the agency of a pulse scaling circuit 5 and 6
      respectively with the output A of a programable rate multiplier 7 and 8
      respectively. Such type circuit can be commercially obtained for instance
      from the well known United States concern Texas Instruments under their
      catalog number type Ser. No. 74167.
PAR  The one input E.sub.1 of each rate multiplier 7 and 8, which can be
      constituted by a number of terminals, is coupled with the one output of a
      perforated tape reader 9. This perforated tape reader 9 serves to read a
      perforated tape (not shown) at which there are stored the values of the
      desired displacement of the feed or embroidery frame in the x-direction
      and the y-direction.
PAR  The other input E.sub.2 of each rate multiplier 7 and 8 is operatively
      coupled with the output of a pulse oscillator 10 at which there is
      connected a counter 11. The output of this counter 11 is connected through
      the agency of a digital-analog converter 12 with an input of the
      oscillator 10. At a further input of the oscillator 10 there is connected
      a trigger switching circuit 13 which produces a trigger signal or pulse
      each time when the embroidery needles have moved out of the portion of the
      embroidery material which is to be embroidered.
PAR  At the output of the perforated tape reader 9 there appear signals which
      correspond to the x- and y- components of the feed displacement of the
      feed or embroidery frame and which are read off the perforated tape. These
      signals are delivered through the agency of the inputs E.sub.1 to the
      corresponding rate multipliers 7 and 8 respectively. At the other inputs
      E.sub.2 of the rate multipliers 7 and 8 respectively there appear the
      output pulses of the oscillator 10 which is turned-on by the trigger
      signals of the trigger switching circuit 13.
PAR  The mode of operation of each programable binary divider or rate multiplier
      7 and 8 is such that the number of pulses appearing at the output A is
      equal to the number of pulses applied to the input E.sub.2 multiplied by a
      factor which is proportional to the number of pulses applied to the other
      input E.sub.1.
PAR  Since the number of pulses applied to the inputs E.sub.1  and emanating
      from the perforated tape reader 9 corresponds to the momentarily required
      magnitude of the feed of the feed or embroidery frame in the x- and y-
      directions respectively, the number of pulses at the output A of each
      binary divider or rate multiplier 7 and 8 respectively, is proportional to
      the magnitude of the x- and y- components of the displacement.
PAR  The output of each rate multiplier 7 and 8 are delivered through the agency
      of the pulse scaling circuits 5 and 6 respectively to the output switching
      circuits 3 and 4 respectively.
PAR  By carrying out a scaling down operation in the pulse scaling circuits 5
      and 6 the pulse sequence produced by the binary dividers or rate
      multipliers 7 and 8 and having different intervals between successive
      pulses are converted into a pulse sequence of lesser differing pulse
      intervals or spacing.
PAR  In the output switching circuits 3 and 4 the pulses are transformed and
      amplified and delivered to the associated stepping motors 1 and 2. The
      shafts of the stepping motors 1 and 2 rotate by an amount which is
      proportional to the number of control pulses. The total angle of rotation
      of each shaft therefore corresponds to the magnitude of the associated
      component of the feed of the feed frame. The rotation of the stepping
      motor shafts is transmitted through the agency of the previously mentioned
      transmission as the feed movements in the x- and y- directions
      respectively to the feed or embroidery frame.
PAR  The pulses delivered by the oscillator 10 are also delivered to the counter
      11 and serve the purpose of resetting such from a predetermined number N
      back to null. If the counter 11 is reset to null then it generates an
      output signal which is delivered through the agency of the digital-analog
      converter 12 to the oscillator 10. By means of this signal the oscillator
      is turned-off. The oscillator 10 is again turned-on upon the arrival of
      the next trigger signal from the trigger switching circuit 13.
PAR  By means of the digital-analog converter 12 the frequency of the oscillator
      10 is influenced at the end of each feed movement in such a way that the
      feed or embroidery frame is not suddenly, rather gradually braked.
PAR  Upon the arrival of a trigger signal the oscillator 10 generates pulses of
      a predetermined first frequency f.sub.1. Then the pulse frequency is
      continuously increased until reaching a predetermined second frequency
      f.sub.2. Consequently, there is reached the result that the feed frame at
      the start of each feed movement is not suddenly, rather gradually
      accelerated.
PAR  The start of each feed movement of the feed frame must be matched or
      accommodated to the stitching movement of the embroidery needles. This is
      attained by means of the trigger switching circuit 13 which, as already
      mentioned, always then produces a trigger signal for the oscillator 10
      when the embroidery needles depart from the portion of the embroidered
      material after completion of the embroidering operation.
PAR  The time between two successive embroidery stitching movements of the
      embroidery needles is constant and determined by the drive of the
      automatic embroidery machine. Optimum conditions can be obtained if the
      time, during which the feed frame is moved, likewise remains constant
      independent of the magnitude of the feed movement. Now since the time for
      the resetting or counting back of the counter 11 from a predetermined
      number N to null is always the same the switch-in duration of the stepping
      motors also always remains the same, and specifically independent of the
      magnitude of the movement of the feed frame determined by the output
      signal of the perforated tape reader 9.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for feeding the embroidery frame of an automatic embroidery
      machine, comprising two stepping motors drivingly connected with the
      embroidery frame, each of said stepping motors bringing about a feed of
      the embroidery frame in one direction, a control mechanism operatively
      connected with said stepping motors, said control mechanism generating
      control pulses for each stepping motor as a function of the momentarily
      required feed displacement of the embroidery frame in each direction, said
      control mechanism comprising two switching circuits, each switching
      circuit being operatively connected with one of the stepping motrs, a
      program storage operatively connected with said switching circuits, said
      switching circuits generating output pulses, the number of which is
      proportional to the number of pulses delivered to each switching circuit
      by said program storage and by means of which there is determined the
      magnitude of the momentarily required feed displacement in the
      corresponding direction, said switching circuits comprising programable
      binary dividers, each binary divider comprising a rate multiplier and
      having a pair of inputs, a pulse oscillator, one input of each binary
      divider being operatively coupled with the program storage and the other
      input with the pulse oscillator, and a trigger switching circuit and a
      counter, the pulse oscillator being operatively connected with said
      trigger switching circuit and said counter, said trigger switching circuit
      generating a trigger signal for turning-on the pulse oscillator and said
      counter serving to switch-off the pulse oscillator after generating a
      predetermined number of pulses, and said pulse oscillator generating
      pulses of a first frequency upon the arrival of the trigger signal and
      continually increasing the frequency of the generated pulses up to a
      second value.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein each binary divider has an
      output, an output switching circuit provided for each binary divider, the
      output of each binary divider being operatively coupled with an associated
      one of said output switching circuits which as a function of the number of
      received pulses delivers control pulses to the associated stepping motor.
NUM  3.
PAR  3. The apparatus as defined in claim 2, further including a pulse scaling
      circuit connected in circuit between each binary divider and the
      associated output switching circuit.
NUM  4.
PAR  4. An apparatus for feeding the embroidery frame of an automatic embroidery
      machine, comprising two stepping motors drivingly connected with the
      embroidery frame, each of said stepping motors bringing about a feed of
      the embroidery frame in one direction, a control mechanism operatively
      connected with said stepping motors, said control mechanism generating
      control pulses for each stepping motor as a function of the momentarily
      required feed displacement of the embroidery frame in each direction, said
      control mechanism comprising two switching circuits, each switching
      circuit being operatively connected with one of the stepping motors, a
      program storage operatively connected with said switching circuits, said
      switching circuits generating output pulses, the number of which is
      proportional to the number of pulses delivered to each switching circuit
      by said program storage and by means of which there is determined the
      magnitude of the momentarily required feed displacement in the
      corresponding direction, said switching circuits comprising programable
      binary dividers, each binary divider comprising a rate multiplier and
      having a pair of inputs, a pulse oscillator, one input of each binary
      divider being operatively coupled with the program storage and the other
      input with the pulse oscillator, and a trigger switching circuit and a
      counter, the pulse oscillator being operatively connected with said
      trigger switching circuit and said counter, said trigger switching circuit
      generating a trigger signal for turning-on the the pulse oscillator and
      said counter serving to switch-off the pulse oscillator after generating a
      predetermined number of pulses, and said counter having an output, a
      digital-analog converter, said pulse oscillator having an input, the
      output of the counter being connected with the input of the pulse
      oscillator through the agency of the digital-analog converter which
      controls the frequency of the pulse oscillator, the counter after
      determining the predetermined number of pulses generated by the pulse
      oscillator producing a switch-off signal.
NUM  5.
PAR  5. The apparatus as defined in claim 4, wherein each binary divider has an
      output, an output switching circuit provided for each binary divider, the
      output of each binary divider being operatively coupled with an associated
      one of said output switching circuits which as a function of the number of
      received pulses delivers control pulses to the associated stepping motor.
NUM  6.
PAR  6. The apparatus as defined in claim 5, further including a pulse scaling
      circuit connected in circuit between each binary divider and the
      associated output switching circuit.
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ABST
PAL  A sewing machine cutting device consisting of a reciprocating blade located
      in a safe position below the machine work surface, and a descending
      operative member which urges the material to be cut into cutting relation
      with said blade. Cutting action is thus achieved without impact (as occurs
      with a guillotine cutter) and, most important, in a selected width that
      corresponds to the width of said descending operative member.
BSUM
PAR  The present invention relates generally to an improved sewing machine
      cutting attachment or device, wherein more particularly, the improvements
      thereof provide not only safe cutting or severing service, but also
      produce a severing cut in any selected width.
PAR  As generally understood, after the stitched attachment of a tape or the
      like to a product, such as a brassiere, it is necessary to sever the tape
      along the brassiere lower edge to thereby release the tape from its supply
      length. Said lower edge, however, may have portions on opposite sides of
      the tape which extend beyond the line where the severing cut should be
      provided and which therefore make it difficult to achieve a proper cutting
      position for a scissors-type cutter relative to the tape, unless the tape
      is cut with excessive length. Any such excessive length in the tape
      requires subsequent trimming, and thus increases costs.
PAR  The prior art practice of using a guillotine-type cutter is also not
      without shortcomings since the impact of the descending cutter against a
      flat support surface produces shock and vibration which ultimately results
      in malfunctioning of the sewing machine, particularly if this impact
      cutter is located directly behind the presser foot, and thus in close
      proximity to the operable parts of the sewing machine.
PAR  Broadly, it is an object of the present invention to provide an improved
      sewing machine cutting device overcoming the foregoing and other
      shortcomings of the prior art. Specifically, it is an object to achieve
      cutting or severing service by easing the material, from above, into
      cutting relation with the cutting implement, all as described in detail
      subsequently herein.
PAR  A cutting device for a sewing machine demonstrating objects and advantages
      of the present invention includes a work-engaging member advantageously
      mounted for descending movement on the sewing machine over the feed path
      of the work. Beneath, and oriented transversely of, the feed path is a
      reciprocating blade. In practice, the work is engaged by said descending
      member and moved into cutting contact with said reciprocating blade, it
      being further found that the width of the severing cut that is produced
      corresponds to the width of said member that engages and holds said work,
      thereby enabling a sized cut to be produced according to the width size
      selected for said member.
DRWD
PAR  The above brief description, as well as further objects, features and
      advantages of the present invention, will be more fully appreciated by
      reference to the following detailed description of a presently preferred,
      but nonetheless illustrative embodiment in accordance with the present
      invention, when taken in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 illustrates the cutting or severing performance of the cutting
      device hereof;
PAR  FIG. 2 illustrates the more restrictive cutting service or performance of a
      scissors-type cutting device exemplary of the prior art;
PAR  FIG. 3 is a diagramatic view illustrating the cooperative arrangement of a
      cutting device according to the present invention and a sewing machine;
PAR  FIGS. 4, 5 and 6 are side elevational views, partly in section,
      illustrating a typical sequence of movement in the component parts of the
      cutting device hereof; and
PAR  FIG. 7 is a plan view projected from FIG. 6, illustrating further
      structural details of the cutting device hereof.
DETD
PAR  Reference is now made to the drawing, and initially to FIGS. 1 and 2 which
      illustrate cutting service and performance typically required of sewing
      machine cutting attachments and devices. Specifically, there is shown in
      FIG. 1 the front portion of a brassiere 10 having a centrally located tape
      12 appropriately stitched thereto. Thus, after feed movement 14 of the
      work 10 beneath the sewing machine needles which results in the stitched
      attachment of the tape 12 thereto, it becomes necessary to sever the tape
      12 at a point along the brassiere lower edge 16. In accordance with the
      present invention, this severing cut is readily produced substantially
      coextensive with the edge 16, as at the location 18, thereby releasing the
      attached length portion of the tape 12 from its supply length 20. In
      subsequent operations, the raw edge 18 and bottom edge 16 will, of course,
      be appropriately finished with a covering tape or the like, to enhance its
      appearance. One of the significant aspects of the severing cut 18 is that
      it is produced in the tape 12 only for the width thereof, i.e., without
      notching or otherwise cutting into the adjacent portions 22 of the bottom
      edge 16. The manner in which this is achieved will be explained in detail
      subsequently.
PAR  In contrast to producing a severing cut at any selected width, as
      exemplified by the severed tape edge 18, use of the prior art alternative
      illustrated in FIG. 2 presents many difficulties. Specifically, to produce
      cut 18 in tape 12 using a pressure air or mechanically operated
      scissors-type implement 24, there are two serious and obvious
      shortcomings. First, it is obvious that it is difficult to position the
      scissors 24 in cutting relation to the tape edge 26 to start the severing
      cut 18. Second, the cutting edges 28 of the scissors 24 which extend
      beyond the tape 12 will obviously nick or cut the portion of the work, to
      which the tape 12 is attached, which is adjacent to the remote tape edge
      30. If instead of using a scissors 24, use is made of a guillotine type of
      cutter (not shown), the impact of this cutter against the sewing machine
      work surface or table ultimately results in malfunctioning of the sewing
      machine. This is particularly so if the location of the impact cutter is
      in close proximity behind the presser foot, sewing machine needles, feed
      dogs, and other operable parts of the sewing machine.
PAR  The improved sewing machine cutting device according to the present
      invention is illustrated in FIGS. 3-7, being generally designated 32
      therein. The location of the cutting device 32 is in close proximity to
      the operable parts of the sewing machine, generally designated 34. That
      is, in the feed direction 14, it is immediately behind the sewing machine
      needles 36 and presser foot 38. In fact, said cutting device 32 includes,
      as one of its operative elements, a work-holding member 40 appropriately
      mounted for descending movement on a rod 42 depending from the sewing
      machine main housing 34. As is clearly illustrated, the shape of member 40
      is such that the free or unattached end thereof presents a pair of
      spaced-apart depending bifurcated extensions 44 and 46 in facing relation
      to a cutting compartment, now to be described, which is strategically
      located just below the surface of the sewing machine table.
PAR  As may best be appreciated from FIGS. 4-7 in conjunction with FIG. 3, there
      is advantageously formed at the rear of the sewing machine throat plate
      48, the cutting compartment 50 bounded by facing walls 52 and 54. The
      previously noted extensions 44, 46 align with the compartment 50 and are
      arranged, in fact, to descend into the compartment 50 preparatory to
      producing the severing cut 18 in the tape 12.
PAR  Disposed for reciprocating movement centrally of the compartment 50 is a
      blade 56 having an upper cutting edge 58 thereon. Blade 56 extends through
      notches 60 in opposite sides of the compartment 50. In the operative
      central location of the blade 56, as clearly illustrated in FIGS. 4-7, the
      blade aligns with the clearance space 62 between the extensions 44 and 46.
      As a consequence, in response to the descending movement of the member 40,
      tape 12 and also work 10 to which it is stitched, are forced downwardly
      into the compartment 50. The materials 12, 10, as illustrated in FIG. 5,
      are stretched in spanning relation across the clearance space 62, while
      the adjacent portions are actually urged below the level of the blade edge
      58 by the descent of the extensions 44 and 46. In this manner, the
      materials 12, 10 are held in cutting relation with the reciprocating blade
      56 until, as illustrated in FIG. 6, the severing cut 18 is produced
      releasing the tape 12 from its supply length 20.
PAR  Not only is the foregoing severing cut 18 achieved without any impact, but
      as may best be appreciated from FIG. 7, the width of the severing cut
      produced in the tape 12 along the edge 18, as measured between the two
      reference points 62 and 64, are substantially the same width as that of
      the extensions 44, 46, as measured between the opposite sides 66 and 68
      thereof. Thus, in the illustrated embodiment, the severing cut 18 is
      produced for practically the entire width of the cutting compartment 50.
      However, if it is required, a severing cut, such as 18, can also be
      produced in any other selected width. For example, to produce such a
      severing cut in a smaller dimension such as, for example, half the width
      of the cutting compartment 50, use need only be made of correspondingly
      sized extensions 44, 46, each having side edges terminating, not at the
      locations 66 and 68, but rather at the locations 70, 72 (illustrated, for
      simplicity sake, only in connection with extension 44). Such a sized
      extension would produce a severing cut in a reduced width 74, since only
      this width of the tape 12 is moved into and held in cutting relation with
      the cutting edge 58 of the reciprocating blade 56. The portions of the
      material not actually pushed into cutting relation with the blade 56 by
      the extensions 44 and 46 have been found in practice to remain intact, and
      are thus substantially unaffected by the cutting action of the blade 56.
PAR  Although any appropriate means may be utilized to reciprocate the blade 56
      to produce the cutting action just described, for completeness sake one
      such mechanism, located beneath the work surface 75, will now be generally
      described. The same may include a remotely located crank 76 pivotally
      mounted at one end, as at 78, and at its other end engaging a pin 80 of a
      driving member 82 which is powered in rotation by a motor 84. Crank 76 is
      connected, as at 86, so as to impart reciprocating movement 88 to a
      connecting rod 90 which, at its opposite end, is detachably connected, as
      by means 92, to the blade 56. Attachment means 92 may be any one of a
      number of appropriate constructions which readily permits firm gripping of
      the blade 56, and also readily enables the release thereof preparatory to
      maintenance change of the blade when the edge 56 becomes dull. To this
      end, means 92 includes the threaded member 94 for tightening and loosening
      the grip that is exerted on the blade 56.
PAR  Not only may any appropriate means be utilized to urge blade 56 through its
      reciprocating movement, but any appropriate means may also be used to urge
      the member 40 from a clearance position, as illustrated, for example, in
      FIG. 4, through descending movement as described, which results in the
      forcing of the material to be cut into cutting contact with the
      reciprocating blade 56. Also, for completeness sake, it is diagramatically
      illustrated that the rod 42 is operatively connected, as at 96, to a
      connecting rod 98 which is centrally pivotally mounted at 100, and at its
      opposite end 102 has an operative connection to a pressure air operated
      cylinder 104. Whatever mechanism is utilized to urge the member 40 through
      its descending movement, it should be readily appreciated that such
      mechanism is easily capable of providing said descending movement, and of
      thus producing a severing cut, without any attendant impact. In other
      words, there is no shock or vibration produced by the contact of a
      descending cutting edge against a flat support surface, as is
      characteristic of a guillotine cutter. Also, the clearance position of
      member 40, and more particularly of the extensions 44, 46 thereof, as
      illustrated in FIG. 4, is in close proximity to the entrance opening of
      the cutting compartment 50, and this greatly minimizes any possibility of
      the operator or any other person in the vicinity of the sewing machine
      from making inadvertent contact with the reciprocating blade 56. The
      extensions 44, 46 to this extent therefore function as a closure for the
      cutting compartment 50 and thereby minimize any safety hazards associated
      with the reciprocating cutting blade 56.
PAR  For the foregoing and other reasons herein described, cutting device 32
      represents a safe sewing machine attachment for producing a severing cut
      in work being sewn by the sewing machine to any selected width. A latitude
      of modification, change and substitution is intended in the foregoing
      disclosure, and in some instances some features of the invention will be
      employed without a corresponding use of other features. Accordingly, it is
      appropriate that the appended claims be construed broadly and in a manner
      consistent with the spirit and scope of the invention herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination with a sewing machine having a work surface and means
      defining a feed path along said work surface for work being sewn by said
      sewing machine of a cutter for severing said work at the termination of
      the sewing interval, said cutter comprising wall means bounding a cutting
      compartment below said work surface and along said feed path, crank means
      located adjacent said feed path and extending into said cutting
      compartment, a blade operatively connected to be continuously reciprocated
      by said crank means disposed in said cutting compartment, a
      work-positioning member mounted on said sewing machine for selective
      descending movement into said cutting compartment for moving said work
      therewith into said cutting compartment, and depending bifurcated
      extensions on said work-positioning member adapted to urge and hold said
      work in spanning relation therebetween in cutting contact with said
      continuously reciprocating blade, whereby a severing cut is produced in
      said work for the length thereof in said spanning relation between said
      depending extensions.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein said work-positioning
      member normally has an elevated position relative to said cutting
      compartment which minimizes the exposure of said reciprocating blade so as
      to correspondingly minimize the safety hazard thereof.
NUM  3.
PAR  3. The combination as defined in claim 2 including a selectively detachable
      connection between one end of said blade and said crank means which is
      effective to permit maintenance changing of said blade incident to the
      detachment thereof from said crank means.
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ABST
PAL  An improved method of forming and a construction for a digitally openable
      container closure. Included therein is a container wall having an inwardly
      displaceable opening panel defined by a fracturable web which has been
      formed by selectively displacing metal adjacent a predetermined line
      substantially perpendicular to the surface of the container wall and by
      extruding metal between substantially parallel die surfaces which are
      disposed at an angle to the plane of the container wall. Formed
      concurrently therewith is an integral inclined deflectable portion
      projecting outwardly from the container wall adjacent the fracturable web
      and which deflectable portion is adapted to effect, in response to
      digitally applied inwardly directed pressure, a relative displacement
      between the rim of the panel and the lip of the adjacent container wall to
      selectively strain the web and initiate fracture thereof to permit inward
      displacement of an opening panel of greater extent than the size of the
      opening formed in the container wall by the separation of said panel.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of pending application Ser. No. 357,937, filed May 7,
      1973, which is a continuation-in-part of now abandoned application Ser.
      No. 281,541, filed Aug. 17, 1972.
BSUM
PAR  This invention relates to metal container closures and more particularly to
      an improved method and apparatus for forming and construction for a
      digitally openable container end closure that not only exceeds the
      stringent and competitively dictated present day commercial economic and
      preformance criteria but also satisfies all ecology based governmental
      regulations now extant.
PAR  The metal container industry and its ever increasing demands for thin sheet
      metal has been one of the major motivating factors in both the growth and
      strength of our domestic economy. At the present day, for example, about
      40 billion metal cans are fabricated each year alone to contain, preserve
      and transport beverages, such as soda and beer. Over the past 75 years or
      more, the ever increasing demands for product integrity backed up by
      governmental regulations and juridical pressures have, in an environment
      of continually increasing cost sensitivity, resulted in the development of
      commercially and competitively dictated interrelated economic and
      performance criteria of ever increasing stringency for metal containers.
      In the more recent years the competitive pressures attendant the
      fabrication of metal containers has been further complicated by the
      changing habits of the consumer and a marked increase in the long standing
      desire for metal containers that could be manually opened at the point of
      consumption without employment of auxiliary tools or the like. In the
      beverage field, such demand was recently satisfied, despite the existence
      of great numbers of suggested expedients therefor in the prior art and
      attendant unfavorable economic considerations, by the industry-wide
      fabrication of the Fraze type of pull tab easy open end closure. The
      widespread utilization of such type of end closures has, apart from the
      increased costs inherently attendant its fabrication due to increased
      metal content thereof and required multiple fabricating operations,
      created a serious ecology problem due to the hazards attendant the
      relatively sharp-edged removable tab portion thereof and the propensity of
      consumers to indiscriminately dispose of such tabs immediately following
      their separation from the container. In part, the problems attendant such
      indiscriminate tab disposition have resulted in the actual or contemplated
      banning of such closures in certain jurisdictions with the concommitant
      creation of problems of major magnitude for the can fabricators.
PAR  As noted above, the prior art, and notably the patentable art, is replete
      with hundreds of suggested expedients for achieving the long desired
      objective of simplified can opening, including many suggested expedients
      for can closures that can be digitally opened, i.e., manually opened
      without the use of auxiliary tools or the like. Included in such
      expedients were the use of container walls and end closures which included
      weakening lines or score lines defining tear strips or panels which could
      either be depressed into or pried out of a container to form either a vent
      or a pouring opening therein. Closures of this type are exemplarily
      disclosed in a number of United States patents including Newman U.S. Pat.
      No. 1,805,003, Fried U.S. Pat. No. 2,176,898, Asbury U.S. Pat. No.
      3,227,304, Asbury U.S. Pat. No. 3,246,791, Asbury U.S. Pat. No. 3,355,058,
      Klein et al U.S. Pat. No. 3,334,775, Foss et al U.S. Pat. No. 3,410,436,
      Punte U.S. Pat. No. 2,187,433, Punte U.S. Pat. No. 2,289,452, Punte U.S.
      Pat. No. 2,312,358, Punte U.S. Pat. No. 2,312,359, Fink U.S. Pat. No.
      2,119,533 and Punte U.S. Pat. No. 2,120,186. Such end closures have
      sometimes required the use of rigid tools, such as a coin or a fork, to
      rupture the score line around the removable panel in order to form an
      opening in the end closure. Several of such end closures have included
      embossments in the removable portion to facilitate opening of the
      removable portion by pressing or prying against such embossments.
PAR  It has also been suggested to form a weakening line in the form of a
      fracturable web in such a container closure by displacing metal along one
      side of a line at right angles to the initially undisplaced surface of the
      container wall in such a way that the edge defining the periphery of the
      removable wall portion underlaps the corresponding edge of the
      non-removable wall portion and has an abrupt change in cross-sectional
      wall thickness as is disclosed in Geiger U.S. Pat. No. 3,362,569. That
      patent discloses that the removable wall portion in such a closure has
      greater resistance against severance of the fracturable web as would be
      occasioned by internal pressure than it has against severance due to an
      opening force applied against the exterior surface of the portion. It has
      been found, however, that displacing metal at right angles to the surface
      of the sheet in the manner taught and disclosed in Geiger U.S. Pat. No.
      3,362,569 can cause small cracks in, or accidental severance of, the
      fracturable web that is formed, particularly in hard temper metal. Punte
      U.S. Pat. No. 2,187,433 suggests another expedient wherein a weakened
      thinned portion is formed in a container wall by thinning the wall between
      a rounded corner of a movable die member and a die surface disposed at a
      45.degree. angle to the axis of displacement of the movable die member.
      Other expedients suggested by the art for the formation of particularly
      shaped weakened areas are embodied in United States patents to Barrath
      U.S. Pat. No. 540,625, Fraze U.S. Pat. No. 3,291,336, Cookson U.S. Pat.
      No. 3,434,623,   Cookson U.S. Pat. No. 3,698,590 and Baumeyer et al U.S.
      Pat. No. 3,693,827.
PAR  Insofar as I an aware, none of these suggested expedients have apparently
      been able to satisfy the strigent and complementally interrelated economic
      and performance criteria necessary for widespread use on beverage and like
      containers. As evidenced by the span of years covered by the above noted
      patents, it has long been desired to have a container end closure or
      container wall with a removable portion in it which can be inwardly
      displaced from the end closure or wall without need for a separate tool or
      a pull tab attached to the removable portion. While the Fraze type of pull
      tab easy open end closure is, as noted above, presently in wide use
      despite its additional expense, the current ecology induced pressures make
      it desirable to utilize the concepts of the Geiger patent, but to provide
      a method of forming a fracturable web that is not subject or vulnerable to
      small cracks or failure therein and which satisfies the current strigent
      and complementally interrelated economic and performance criteria
      necessary for widespread commerical use.
PAC  SUMMARY OF THE INVENTION
PAR  This invention may be briefly described as including, in its broad aspects,
      the provision of an improved method and apparatus for forming and
      construction for a digitally openable container end closure. In such broad
      aspect it includes a container wall having a particularly contoured
      fracturable web defining an inwardly displaceable opening panel having an
      upper surface on the rim thereof intersecting the inner marginal edge of
      the lip of an adjacent particularly contoured deflectable portion in a
      first exposed corner and with the undersurface of said lip disposed in
      substantial alignment with said upper surface of said panel rim and
      intersecting the outer marginal edge of said rim in a second corner. The
      deflectable portion is integral with the container wall and projects
      outwardly from the plane of the container wall adjacent the fracturable
      web and is adapted to effect, in response to digitally applied inwardly
      directed pressure thereon, relative displacement of the lip and rim to
      strain the web and initiate fracture thereof.
PAR  In its narrower aspects the invention includes the formation of a
      fracturable web by moving metal adjacent a predetermined line
      substantially perpendicular to the surface of the sheet while squeezing a
      zone of metal along such line between substantially parallel die surfaces
      which are disposed at an angle to the plane of the container wall. Such
      squeezing of the container wall along the zone of metal extrudes metal
      laterally from such line to produce a bulge forming at least a part of
      said deflectable portion in the container wall which can be flexed to
      cause relative movement of the metal on opposite sides of the fracturable
      web and thereby facilitate initiation of rupture thereof.
PAR  Among the advantages of the subject invention are the provisions of a metal
      container closure construction that exceeds the stringent present day
      interrelated commercial economic and performance criteria and which also
      satisfies current ecology based governmental regulations. More specific
      advantages include the provision of a highly reliable end closure of
      markedly reduced metal content that can be fabricated with a minimal
      number of fabricating steps at extremely high production rates with simple
      tooling. Further advantages include the provision of an end closure that
      can be opened by application of modest amounts of digitally applied
      pressure without the use of auxiliary tools and the overcoming of ecology
      based objection to present day Fraze type severable pull tab closures
      through inward displacement of a closure panel sized to be larger than the
      resulting opening in the container wall.
PAR  The object of this invention is the provision of an improved method and
      apparatus for forming and construction for a digitally openable container
      end closure.
PAR  Accordingly, another object of the invention is to provide a tabless
      container wall which can be opened with the fingers.
PAR  Another object of the invention is to provide a method of forming a
      container wall with a fracturable web in it which can be easily ruptured
      when force is applied against one surface of the container wall.
PAR  Another object of the invention is to provide a method of forming a
      fracturable web in a container wall by displacing metal at right angles to
      the plane of the container wall while squeezing a zone of metal to prevent
      complete severance of the container wall during such displacement of
      metal.
PAR  A further object of the invention is to provide a method of deforming a
      sheet of metal to provide a selectively contoured fracturable web that can
      be ruptured without the need for a special tool or a pull tab attached to
      the severable portion of the sheet.
PAR  Another object of the invention is to provide a container wall with a
      fracturable web in it defining a removable panel and an adjacent flexible
      or deflectable bulge for displacing portions of the container wall to
      facilitate initiation of rupture of the web.
PAR  Another object of the invention is to provide a container wall with a
      fracturable web in it defining a removable panel with an edge portion of
      the removable panel and an adjacent edge portion of the container wall
      lying in substantially parallel planes, and further including a
      deflectable bulge in the container wall for selectively displacing
      portions of the container wall to cause relative movement of the metal on
      opposite sides of the fracturable web to initiate rupture or fracture of
      the web.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the invention will be more
      fully understood and appreciated with reference to the following
      description and the drawings appended hereto wherein:
PAR  FIG. 1 is a plan view of a can end of the invention,
PAR  FIG. 2 is an enlarged cross section through the can end of FIG. 1 taken
      along line II--II,
PAR  FIG. 3 is an enlarged cross sectional view of a can end of the invention
      seamed on a container and illustrating finger pressure applied to an
      outwardly domed or bulged panel to initiate rupture of the fracturable web
      in the can end,
PAR  FIG. 4 is a section view similar to FIG. 3 and showing the can end after
      opening,
PAR  FIG. 5 is a perspective view of an alternative embodiment of a closure of
      the invention,
PAR  FIG. 6 is a cross section through the closure of FIG. 5,
PAR  FIG. 7 is a cross section illustrating tools for deforming a container wall
      in accordance with the invention,
PAR  FIG. 8 is an enlarged cross sectional view of a portion of the tools from
      FIG. 7 illustrating an intermediate stage in the forming of a fracturable
      web in a container wall,
PAR  FIG. 9 is a cross sectional view similar to FIG. 7 illustrating further
      displacement of the die members in the formation of a fracturable web in a
      container wall, and
PAR  FIG. 10 is an enlarged cross sectional view of a portion of a presently
      preferred embodiment of a container wall constructed in accordance with
      principles of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, a container wall or can end 10 is shown which
      includes a substantially planar central panel 12, a peripheral groove 14
      around the panel, an upstanding wall 16 outwardly of the groove, a flange
      18 extending outwardly from the top of the upstanding wall and a curled
      edge 20 on the outer end of the flange. Such general construction of a
      peripherally chimed can end is typical of can ends which are adapted to be
      sealed on container bodies by conventional double seaming operations.
PAR  In order to facilitate understanding of the subject invention and in the
      interest of clarity, the terms "inwardly" and "outwardly" will be herein
      employed to delineate directions relative to the interior and exterior
      respectively of a cylindrical container having the end closure of interest
      mounted on the end thereof.
PAR  In accordance with this invention, can end 10 further includes at least
      one, and preferably two, inwardly displaceable opening panels 22 of equal
      size defined by weakening lines 24 in the form of fracturable webs in
      central panel 12. Panels 22 are designed to be opened by displacing them
      into a container on which can end 10 is sealed to form a pouring opening
      and/or a vent in the can end. In the embodiment selected for illustration
      in FIGS. 1 through 4, each fracturable web 24 may be C-shaped with a
      bridge of metal between the ends of the line providing a hinge 26 which
      prevents complete separation of the opening panel 22 from container end
      10. Hinge 26 between the ends of the fracturable web 24 may be slightly
      weakened by a shallow score line or the like, but may also be unweakened
      for some applications. In case of accidental rupture of the web 24 due to
      excessively high internal pressures in a container, hinge 26 will prevent
      complete separation of a removable panel 22 from can end 10. Hinge 26 also
      normally prevents the panel 22 from dropping into the container after
      inward displacement thereof.
PAR  It is a feature of a container end constructed in accord with the
      principles of this invention that at least a marginal edge portion 28 of
      opening panel 22 adjacent the fracturable web 24 be disposed with respect
      to an adjacent marginal edge portion 30 of central panel 12 on the other
      side of the web such that opposite faces of such two marginal edge
      portions 28 and 30 are disposed in nearly the same plane. In the
      embodiment selected for illustration in FIGS. 1-4, such displacement
      results in the top surface of the edge portion 28 of the opening panel 22
      being disposed in nearly the same plane as is the bottom surface of edge
      portion 30 of the adjacent portion of central panel 12 disposed on the
      other side of the fracturable web.
PAR  It is another feature of this invention that the central panel 12 has a
      bulge or bulges formed in it adjacent the fracturable web 24 as is best
      illustrated in FIGS. 2 and 9. As will be explained, flexing or other
      digitally induced displacement of such bulge or bulges, which constitute
      at least part of a deflectable portion of the container wall, facilitates
      rupture of the web 24 by producing relative movement of metal on opposite
      sides of the web to strain the residual metal and initiate its failure. In
      can end 10, a bulge 32 may be formed adjacent removable panel 22 or a
      bulge 33 may be formed within the opening panel 22, as will be described.
PAR  Depending on the intended use of a container end e.g. on pressurized or
      unpressurized cans or on automatically ventable cans; the adjacent
      portions of metal on opposite sides of the fracturable web 24 and the
      flexible deflectable portions 32 and 33 may be formed either outwardly or
      inwardly directed with respect to the initially undisplaced metal in the
      container wall. In the can end 10 illustrated in FIGS. 1-4, which is
      adapted to be sealed on a container for holding relatively high internal
      pressures, the marginal edge portion 28 of opening panel 22 has preferably
      been displaced downward with respect to the adjacent portion 30 of central
      panel 12 on the opposite side of the fracturable web so that the web will
      have a greater resistance against rupture due to internal pressure in the
      container than it will have against rupture due to external pressure
      applied against opening panel 22. The difference in resistance to rupture
      of a weakening line depending on the direction of force was previously
      broadly disclosed in the Punte and Geiger U.S. Pat. Nos. 2,187,433 and
      3,362,569, and is believed to result from an overlap of metal on opposite
      sides of a weakening line.
PAR  Deflectable portion 32 is preferably formed outwardly with respect to the
      initially undisplaced surface of can end 10 so that finger pressure
      applied against opening panel 22 or more desirably against said
      deflectable portion 32 will cause flexing and selective displacement
      thereof to facilitate initial fracture of the web 24 as will now be
      explained. As illustrated in FIG. 3, depressing the illustrated outwardly
      domed opening panel 22 causes flexing and displacement of at least
      portions of central panel 12. While not fully understood at the present
      time, it is believed that this flexing of portions of central panel 12
      causes relative movement of adjacent portions of metal on opposite sides
      of the fracturable web 24 to thereby stress and fracture the thin residual
      of metal constituting such web. Such flexing displacement of portions of
      container panel 12 is also believed to cause some bending of the thin
      residual of metal constituting the web to further contribute to the
      initiation of fracture thereof. As opening panel 22 is further depressed,
      the web 24 around the panel 22 continues to separate so that the panel may
      be hinged inwardly into the container as illustrated in FIG. 4. When both
      panels 22 have been so opened, one opening can be used for pouring or
      drinking from the container, and the other opening will vent air into the
      container.
PAR  FIGS. 5 and 6 illustrate another embodiment of a closure incorporating the
      principles of this invention which is particularly adapted for closing a
      bottle or other container for food which may be vacuum packed. Closure 34
      includes an end wall 36, a peripheral skirt 38 with a curled edge 40
      thereon for engaging under a retaining bead or lugs on a container. In
      accordance with this invention, closure 34 further includes an upwardly
      domed deflectable button 42 in end wall 36 and two fracturable webs 44
      formed in the button near its top. Fracturable webs 44 may be arcuate in
      shape and concave toward the periphery of the closure leaving a bridge 46
      of unweakened metal between the fracturable webs. In this embodiment of
      the invention, the metal between the fracturable webs 44 is preferably
      displaced outwardly with respect to adjacent metal on the opposite sides
      thereof as illustrated in FIG. 6.
PAR  When it is desired to open a container on which closure 34 is sealed,
      bridge 46 may be inwardly displaced to cause failure of at least one of
      webs 44 and thereby release the vacuum in the container. Releasing the
      vacuum in a container on which closure 34 is sealed will obviously
      facilitate removal of the closure from the container by freeing the
      closure to be more easily moved with respect to the container. It is
      believed that inward displacement of bridge 46 causes relative movement of
      metal on opposite sides of fracturable webs 44 to stress the thin residual
      of metal in the web and thereby facilitate initiation of its rupture.
PAR  FIGS. 7, 8 and 9 illustrate exemplary tools and a preferred method for
      forming the particularly contoured fracturable web in accordance with the
      invention. Such exemplary tools comprise an annular top die 48 and an
      annular bottom die 50 between which a sheet metal container wall 10 is
      introduced to have the fracturable web formed therein, an auxiliary outer
      die means 49 and an optionally employable inner doming tool 51 for
      controlling the direction in which deflectable portion 32 and domed
      opening panel 22 are formed in the container wall. Top die 48 has a first
      substantially planar horizontal bottom face or base surface 52, an inner
      face 53 inclined upwardly from base surface 52 to permit the formation of
      an upwardly domed opening panel, and a second and angularly disposed
      substantially planar metal extruding surface or face 54 which preferably
      extends outwardly from the first base surface at approximately a
      45.degree. angle, although limited angular departure therefrom may
      apparently be tolerated. The first base surface 52 and second metal
      extruding surface 54 of die 48 meet at a relatively sharp corner 56 so
      that a similar sharp corner will be formed in container wall 10.
      Preferably the corner 56 between the first and second die surfaces 52 and
      54 has a radius of less than 0.001 inch, but may tolerate a radius, as for
      example as would be occasioned by wear, of up to about 0.005 inch on tools
      for forming a fracturable web in rigid aluminum alloy container sheet
      having a thickness in a range of 0.010 inch to 0.015 inch which is typical
      of sheet used in the production of can ends.
PAR  Bottom die 50 has a first substantially planar base surface or top face 58,
      a downwardly inclined outer face 59 to permit the formation of a
      deflectable portion 32 externally adjacent the opening panel 22 and a
      second and angularly disposed substantially planar metal extruding surface
      or inner face 60 extending downwardly from the first base surface 58 at
      approximately a 45.degree. angle. Base surface 58 and metal extruding
      surface 60 also preferably meet at a relatively sharp corner 62 as do the
      die faces in top die 48. Metal extruding surfaces 54 and 60 on top and
      bottom dies 48 and 50 are preferably substantially parallel, although
      limited departure therefrom can apparently be tolerated. Inner doming tool
      51 may further have an upwardly projecting dome 64 on it to form an
      outwardly domed opening panel 22 which can be concurrently formed
      therewith. The auxiliary die means 49 and inner doming tool 51 may be
      integral parts of tools 48 and 50 respectively, or for ease of fabrication
      may be separate parts as illustrated, but are preferably moved as unitary
      assemblies during practice of the invention. Inner doming 51 may be
      omitted from the tools where the presently preferred inwardly domed
      opening panel 22 is to be formed.
PAR  Auxiliary outer die means 49 is disposed on the same side of container wall
      10 as is upper die member 48 and has a metal shaping base surface 49a
      facing the same general direction as does first base surface 52 of upper
      die member 48 and is in laterally spaced relation with the first base
      surface 58 on the lower die member 50.
PAR  As tools 48, 49, 50 and 51 (when included) are moved against container wall
      10 which has been introduced between the dies, metal from the container
      wall is first drawn or stretched over dome 64 on inner doming tool 51. As
      the dies continue to close, the first base surface 52 and the second metal
      extruding surface 54 of the top die member 48 are lineally displaced
      toward the second angularly disposed metal extruding surface 60 and first
      base surface 58 respectively of the second die member 60 and with the
      corners 56 and 62 being maintained in laterally spaced relation as
      described above. Following initial engagement of the top die member 48
      with interposed metal sheet, metal from container wall 10 begins to be
      displaced or moved by the base die surfaces 52 and 58 substantially
      perpendicular, or at right angles, to the initially undisplaced surface of
      the container wall. When base die surfaces 52 and 58 have closed to within
      approximately three-fourths to two-thirds of the thickness of container
      wall 10, metal begins to be extruded from between the angularly offset
      metal extruding surfaces 54 and 60 on the dies. Up to that point, the
      metal in container wall 10 is merely reformed around corners 56 and 62 on
      the dies.
PAR  As dies 48 and 50 continue to close with respect to one another, metal in
      container wall 10 is squeezed between the metal extruding surfaces 54 and
      60 of the dies to cause lateral flow or extrusion of metal away from the
      fracturable web while metal is also being displaced at substantially right
      angles to the initially undisplaced surface of the container wall. The
      described lineal displacement of the top die member 48 toward the lower
      die member 50 continues until the first base surface 52 thereof is
      disposed substantially coplanar with the first base surface 58 of the
      lower die member 50. It is believed that this lateral flow or extrusion of
      metal away from the fracturable web which is being formed is important in
      preventing cracks from forming in, and premature severance of the web. In
      the absence of such extrusion, metal may be sheared or cut by the tools as
      is done in typical blanking or punching operations in which the metal is
      separated or sheared along the line of the tools before the dies have
      completely penetrated the metal. The present invention substantially
      eliminates the formation of cracks or failures in the fracturable web
      because metal is extruded laterally away from the web during the right
      angle displacement of metal to cause lateral flow of metal approximately
      as fast as the metal is being displaced at right angles so that the metal
      is not sheared or separated by such right angle displacement. Experience
      to date indicates that in the practice of this invention, container ends
      of the type disclosed can be formed at high rates of press operation to
      produce  300 or more ends per minute per die set up with few or no
      defective can ends.
PAR  Lateral metal flow away from the fracturable web that is being formed also
      produces an increasing surface area of metal in a can end for forming the
      desired deflectable portion in the metal adjacent the web. As explained
      above, such deflectable portion 32 is believed to facilitate rupture of
      the fracturable web. In the tools illustrated in FIGS. 7-9, the auxiliary
      die means 49 and the inner doming tool 51 respectively control the
      direction in which the increased area of metal is formed so that
      deflectable portion 32 and domed opening panel 22 project outwardly with
      respect to the original undisplaced surface of the can end. Obviously, for
      other can ends or closure applications, similar tools could also control
      the metal working so that the bulges or deflectable portions would be
      formed downward (i.e., inwardly) on one or both sides of the fracturable
      web if desired.
PAR  After inner doming tool 51 has initiated outward doming of opening panel
      22, lateral extrusion of metal produced by the formation of fracturable
      web 24 further domes the opening panel so that the metal in the panel is
      spaced above dome 64 on the doming tool 51 as is illustrated in FIG. 9.
      Auxiliary die means 49 controls the formation of the preferred outwardly
      projecting deflectable portion 32 adjacent the fracturable web 24 by
      restraining the metal distal the fracturable web so that the metal bows
      upward over bottom die 50 as is also illustrated in FIG. 9. In forming the
      deflectable portion 32, the auxiliary die means 49 is lineally displaced
      to selectively move the base surface 49a thereof into predetermined
      longitudinally offset relations with the first base surface 58 of lower
      die member 50 in the direction of die displacement.
PAR  It is believed that lateral extrusion of metal during formation of the
      particularly contoured fracturable web 24 in accordance with the
      principles of this invention results in the formation of complex residual
      stresses in the web probably having a substantial component thereof in
      shear which may interact with the stresses produced by inward displacement
      of the deflectable portions to contribute in initiating rupture of the
      fracturable web. Such residual stresses apparently act within the
      fracturable web 24 to make it easier to initiate its rupture.
PAR  In the practice of this invention, the amount of lateral spacing x between
      the corners 56 and 62 in the horizontal direction may vary depending upon
      the alloy, temper and thickness of the metal in container wall, the angle
      of the metal extruding surfaces 54 and 60, and the residual thickness of
      metal to be left in the fracturable web among other factors. Such lateral
      spacing is preferably in the range of one-fourth to one-sixth of the
      thickness of the container wall in which the fracturable web is formed,
      but may be from 5% to 50% of the metal thickness for some applications. In
      the exemplary practice of the invention, an overlap x of die surfaces 54
      and 60 of approximately 0.0032 inch has been found to work well in forming
      a fracturable web in a container wall made from a sheet of hard temper
      aluminum base alloy 0.013 inch thick. In that example, the dies were moved
      toward one another until base surfaces 52 and 58 were within approximately
      0.001 inch of coplanar orientation. This produced a fracturable web with a
      thin residual of metal approximately 0.004 inch thick with no cracks
      therein.
PAR  FIG. 10 illustrates a presently preferred configuration of a metal end
      closure incorporating the principles of this invention. There is provided
      a central panel 12 having at least one circular and relatively rigid
      opening panel 22 contoured to include an inwardly domed center portion 33
      bounded by a rim 28 peripherally terminating in a fracturable web 24. The
      web 24 interconnects the rim 28 with a lip 30 of an integral outwardly
      projecting deflectable portion 32 of generally frusto-conical
      configuration surrounding the opening panel 22 in the adjacent portion of
      the container wall. Preferably, rim 28 has a substantially planar upper
      surface 70 which terminally intersects an angularly inclined surface 72
      defining the inner marginal edge of lip 30 of deflectable portion 32 in an
      exposed corner 74. Lip 30 has a substantially planar undersurface 76
      disposed in substantially coplanar relation with the upper surface 70 of
      rim 28 and which terminally intersects an angularly inclined surface 78
      defining the outer marginal edge of the rim 28 of the panel 22 in a second
      corner 80. The corners 74 and 80 are disposed in predetermined laterally
      spaced relation and define therebetween the lateral extent of the
      fracturable web 24.
PAR  Deflectable portion 32 in container end 10 is adapted to effect, in
      response to inwardly directed digitally applied pressure a relative
      displacement of lip 30 with respect to rim 28 to strain fracturable web 24
      and initiate fracture thereof to permit inward displacement of a separated
      opening panel of greater rim size than the size of the opening which is
      formed in the end. Such inwardly directed digital pressure is best applied
      against the end 10 adjacent web 24 and preferably against the raised lip
      30 of the deflectable portion 32 as is illustrated in FIG. 10. Such inward
      pressure against the deflectable portion 32 appears to move the lip 30
      relative to the rim 28 of the relatively rigid opening panel 22 to strain
      the fracturable web 24 and initiate fracture thereof. As pointed out
      above, the opening panel 22 is preferably of relatively rigid character to
      resist bending thereof and thereby insure that the displacement of the
      deflectable portion 32 will create sufficient relative displacement of the
      lip 30 thereof with respect to the rim 28 of the opening panel 22 to
      initiate web fracture. The lateral spacing corners of 74 and 80 are
      selected to define a web of at least a predetermined minimal extent
      sufficient to maintain its structural integrity during exposure to
      variations in the magnitude of the residual stress therein occasioned by
      normal container handling and usage and less than a predetermined maximum
      extent that would preclude said displacement induced fracture thereof in
      response to said digitally applied inwardly directed pressure.
PAR  While the mechanics underlying the mode of operation of the subject
      construction are not well understood at the present time, it is believed
      that complex residual stresses are introduced into the particularly
      contoured fracturable web by the metal displacement effected during the
      formation thereof. It is further believed that the relative displacement
      of the deflectable portion induced by the inwardly directed digitally
      applied pressure introduces a further complex stress pattern of varying
      character into said web and that localized web fracture is initiated by
      selectively located and probably localized interactions thereof with the
      formation-created residual stresses extant therein.
PAR  It is therefore seen that a container wall and a method of forming the same
      are provided which offer improved opening characteristics and improved
      resistance to the formation of cracks in the fracturable web in the
      container wall. Metal is moved substantially at right angles to the
      initially undisplaced surface of the container wall along the fracturable
      web while metal is extruded laterally away therefrom. The extrusion of
      metal causes lateral metal flow which is approximately as fast as the
      right angle displacement of metal during at least the latter part of the
      forming operation to thereby avoid shearing the metal, and further forms a
      deflectable portion in the container wall whose digitally induced
      displacement initiates web fracture.
PAR  The invention is particularly well suited for use with container walls made
      of work hardened aluminum base alloy sheet material in the thickness range
      of 0.010 inch to 0.015 inch and which is at least quarter hard, and
      preferably at least three-quarter hard temper or is of extra hard temper
      alloy which has been partially annealed as a result of heating it to cure
      a protective coating thereon. Quarter hard aluminum alloy sheet will
      generally have a yield strength which is at least one-half the yield
      strength for the same alloy in a full hard condition, and two or more
      times the yield strength for the product in a fully annealed or
      recrystallized condition. It is believed that such work hardened alloy
      sheet material is particularly well suited to practice of the invention
      because material of the specified hardness is required to assure
      conversion of the inwardly directed digitally applied pressures into
      selectively directed displacement of the lip of the deflectable portion
      relative to the rim of the relatively rigid opening panel. It is further
      believed that work hardened aluminum alloy will also result in the
      presence of greater residual stresses in the metal, both as to those
      introduced in the initial formation of the fracturable web and those
      introduced by relative metal displacement as described above.
PAR  Experience to date has indicated that opening panels having diameters in
      the range of about one-eighth inch to three-quarters inch provide adequate
      pour and venting rates and also result in adequate lateral metal extrusion
      during forming to produce deflectable portions of desired size and
      configuration. With respect to such deflectable portions, it is believed
      that an angle inclination in a range of about 5.degree. to 15.degree. to
      the general plane of an end closure provides an adequate toggle-like
      action to effect the necessary displacement of the lip portion relative to
      the opening panel rim portion to initiate web fracture.
PAR  Although a preferred embodiment of a container wall and a preferred method
      and apparatus for forming the same have been illustrated and described, it
      will be apparent to those skilled in the art that numerous variations
      could be made therein without departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the formation of a sheet metal container component having at least
      one inwardly displaceable opening panel and an outwardly projecting
      deflectable portion disposed in integral interconnected relation therewith
      by a selectively shaped, residually stressed, fracturable web, the steps
      of introducing a sheet of metal intermediate a first die member having a
      first substantially planar surface and a second and angularly disposed
      substantially planar metal extruding surface defining therewith a first
      obtuse corner at the locus of intersection therebetween and a second and
      correspondingly shaped die member having a first substantially planar base
      surface and a second and angularly disposed substantially planar metal
      extruding surface defining therewith a second obtuse corner at the locus
      of intersection therebetween, and with auxiliary die means disposed on the
      same side of the sheet as said first die member having a metal shaping
      base surface facing the same general direction as does said first surface
      of said first die member and in laterally spaced relation with said first
      surface of said second die member; lineally displacing said first die
      member towards said second die member to selectively move said first and
      second surfaces of said first die member into operative proximity with
      said second and first surfaces respectively of said second die member with
      said first and second corners of said die members laterally spaced from
      each other, and thereby engage said sheet to displace portions of the
      surface of said sheet at substantially right angles to the initially
      undisplaced surface thereof by action of said first planar surface of said
      first and second die members, and laterally extrude portions of said sheet
      within the locus of displacement thereof through the conjoint action of
      said first and second surfaces of said first and second die members to
      form said fracturable web, stopping said die member displacement when said
      first planar surface of said first die member is disposed substantially
      coplanar with said first planar surface of said second die member, and
      lineally displacing said auxiliary die means towards said second die
      member to selectively move said base surface thereof into predetermined
      longitudinally offset relation with said first surface of said second die
      member in the direction of die displacement to form said deflectable
      portion by the conjoint action thereof.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein said first die member and said
      auxiliary die means are lineally displaced against the upper surface of
      said container component to form a substantially planar upper surface on
      the rim of said opening panel which is substantially coplanar with a
      substantially undersurface on the inner lip of said deflectable portion.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein a sheet of at least
      three-quarter hard temper aluminum alloy is introduced intermediate said
      first and second die members which are closed against said sheet.
NUM  4.
PAR  4. In the formation of a sheet metal container component having at least
      one inwardly displaceable opening panel and an outwardly projecting
      deflectable portion disposed in integral interconnecting relation
      therewith by a fracturable web, the steps of introducing a sheet of metal
      intermediate a first die member having a first substantially planar metal
      extruding surface and a second and angularly disposed substantially planar
      metal extruding surface defining therewith a corner at the locus of
      intersection therebetween, and a second die member having a first base
      surface and a second and angularly disposed metal shaping surface, and
      with auxiliary die means disposed on the same side of the sheet as said
      first die memer having a metal shaping base surface facing a generally
      opposite direction from said first surface of said second die member and
      in laterally spaced relation therewith; lineally displacing said first die
      member towards said second die member to selectively move said first and
      second surfaces of said first die member into operative proximity with
      said surfaces of said second die member to engage said sheet and laterally
      displace portions thereof within the locus of displacement of said die
      surfaces by the conjoint action of said first and second surfaces of said
      first and second die members to form said fracturable web, stopping said
      die member displacement when the apex of said corner on said first die
      member is disposed in substantial alignment with said first surface of
      said second die member, and lineally displacing said auxiliary die means
      towards said second die member to selectively move said base surface
      thereof into predetermined longitudinally offset relation with said first
      surface of said second die member in the direction of die displacement to
      form said deflectable portion by the conjoint action thereof.
NUM  5.
PAR  5. Apparatus for forming a sheet metal container component having at least
      one inwardly displaceable opening panel and an outwardly projecting
      deflectable portion disposed in integral interconnected relation therewith
      by a selectively shaped, residually stressed, fracturable web, comprising
      a first die member having a first substantially planar base surface and a
      second and angularly disposed substantially planar metal extruding surface
      defining therewith a first obtuse corner at the locus of intersection
      therebetween, a second and correspondingly shaped die member having a
      first substantially planar base surface and a second and angularly
      disposed substantially planar metal extruding surface defining therewith a
      second obtuse corner at the locus of intersection therebetween, and
      auxiliary die means having a metal shaping base surface facing in the same
      general direction as the first surface of said first die member and
      disposed in laterally spaced relation with said first surface of said
      second die member, said first die member and said auxiliary die means
      being lineally displaceable relative to said second die member with said
      first and second surfaces of said first die member in generally opposed
      relation with said second and first surfaces respectively of said second
      die member, and with said first and second corners of said die members
      laterally spaced from each other, whereby displacement of said die members
      and said auxiliary die means against a sheet of metal positioned
      therebetween to a closed die position in which said first planar surface
      of said first die member is substantially coplanar with said first planar
      surface of said second die member and said base surface of said auxiliary
      die means is in longitudinally offset relation with said first surface of
      said second die member in the direction of die displacement will displace
      portions of the surface of said sheet at substantially right angles to the
      initially undisplaced surface thereof by action of said first planar
      surfaces of said first and second die members, and will laterally extrude
      portions of said sheet within the locus of displacement thereof through
      the conjoint action of said first and second surfaces of said first and
      second die members to form said fracturable web, and will form said
      deflectable portion by the conjoint action of said first surface of said
      second die and said base surface of said auxiliary die means.
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein said die members and die means
      are of generally circular configurations in concentric relation with one
      another.
NUM  7.
PAR  7. Apparatus as set forth in claim 5 wherein at least one of said first or
      second corners of said die members is interrupted at a location on the
      perimeter of the die members to form a hinge element on said displaceable
      panel having a greater thickness than said fracturable web.
NUM  8.
PAR  8. Apparatus as set forth in claim 5 wherein each of said second surfaces
      of said first and second die members is disposed at an angle of about
      45.degree. to said first surfaces of said dies to extrude metal between
      said second surfaces at about 45.degree. angle to the initially
      undisplaced surface of said sheet of metal.
NUM  9.
PAR  9. Apparatus as set forth in claim 5 wherein said first and second corners
      of said die members are laterally spaced less than 0.004 inch.
NUM  10.
PAR  10. Apparatus for forming a sheet metal container component having at least
      one inwardly displaceable opening panel and an outwardly projecting
      deflectable portion disposed in integral interconnected relation therewith
      by a fracturable web, comprising a first die member having a first
      substantially planar metal extruding surface and a second and angularly
      disposed substantially planar metal extruding surface defining with said
      first surface a corner at the locus of intersection therewith, a second
      die member having a first base surface and a second and angularly disposed
      metal shaping surface, an auxiliary die means having a metal shaping base
      surface facing in a generally opposite direction from said first surface
      of said second die member and in laterally spaced relation therewith, said
      first die member and said auxiliary die means being lineally displaceable
      relative to said second die member with said first and second surfaces of
      said first die member in generally opposed relation with said first and
      second surfaces of said second die member, whereby displacement of said
      die member and said auxiliary die means against a sheet of metal
      positioned therebetween to a closed die position in which said apex of
      said corner on said first die member is in substantial alignment with said
      first surface of said second die member and said base surface of said
      auxiliary die means is in longitudinally offset relation with said first
      surface of said second die member in the direction of die displacement
      will laterally displace portions of said sheet within the locus of
      displacement of said die surfaces through the conjoint action of said
      first and second surfaces of said first and second die members to form
      said fracturable web, and will form said deflectable portion by the
      conjoint action of said first surface of said second die and said base
      surface of said auxiliary die means.
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ABST
PAL  In an automatic steering system for directing a moving body, said system
       ng provided with reversibly-motorized depth steering gear including two
      motor reversing circuits, one, upon energization, setting said gear for
      climb and another, upon energization, setting said gear for dive, a
      pendulum mounted for swinging movement in either of two directions
      relative to said body and having contacts adapted to close one of said
      climb and dive circuits depending on the direction of said relative
      swinging movement, and a follow-up link transmitting steering movement of
      said motorized gear to said pendulum contacts thereby affecting the
      energization of said circuit.
BSUM
PAR  The invention relates to improvements in homing missiles and more
      specifically to an improved automatic steering system for directing a
      moving body equipped with steering gear toward a target source of wave
      energy. The system is intended for use in a self-propelled, deep
      underwater torpedo to be directed toward a submerged submarine, and
      operates on the echo ranging principle rather than from sound generated by
      the submarine itself.
PAR  Short pulses, or pings, of supersonic energy at a frequency of about 60 kc
      are sent out from a transducer, located in the forward portion of the
      torpedo head, at periodic intervals of 0.8 second. These supersonic waves
      hit the target, or any other object in their path, and upon being
      reflected back as echoes, reach vertically spaced sections of the
      transducer, now acting as hydrophones so as to generate dual signal
      voltages. An important object of the present invention is to provide means
      for deriving from said dual signal voltages the information necessary for
      steering the torpedo toward the target in depth, and for further utilizing
      said signal voltages to provide a novel off-on type of steering in
      azimuth.
PAR  Another important object is to provide means controlling operation of the
      torpedo, first during its initial dive, subsequently during target search,
      and finally during target pursuit. An initial dive phase is employed in
      order to bring the torpedo down below a safe ceiling as rapidly as
      possible, at which time fully operative target search ensues. During the
      target search, the torpedo is steered in a port circle so as to scan the
      surrounding region until the target is located. During the pursuit stage,
      the torpedo homes on the target directly in depth, and by an off-on
      process in azimuth.
PAR  A further object is the provision of improved means controlling operation
      of the torpedo to effect change from its initial dive phase to the search
      phase. During the initial dive, the torpedo descends quite steeply, while
      also executing a circular turn which is continued during the search phase.
      However, as the torpedo dives toward the ceiling depth at which it will be
      switched to a full search condition, its control system gradually reduces
      the pitch of the torpedo in increments of about 1.degree.  until the
      torpedo assumes a negative 2.degree. search angle at a depth of 60 to 80
      feet.
PAR  Another object of the invention is to provide means, operable in the event
      acoustic contact is made with the target during this initial dive period,
      to effect acoustic control in azimuth only, thereby introducing a modified
      form of pursuit until the torpedo penetrates the ceiling depth.
PAR  a further object is to provide improved means enabling the torpedo to home
      on a target in both azimuth and depth. This true pursuit condition can
      occur only after the torpedo reaches ceiling depth of about 60 feet. At
      this level, acoustic control of the depth steering equipment becomes
      enabled by action of a hydrostatic-pressure-operated "ceiling" switch.
PAR  A still further object is the provision of means functioning at depths
      below 225 feet to provide a special search action when the torpedo
      overshoots a deep target due to its inability to dive steeply enough to
      hit the target on the first pass. In this event the torpedo reverts to
      search, and the search angle is changed from negative to positive so that
      the torpedo makes a climbing search until the 225-foot depth is reached.
PAR  Another object is to provide means operable upon the reception of the first
      echo of sufficient duration and magnitude during the search phase, wherein
      the torpedo is normally turning in a port circle, to change the course of
      the torpedo from port to a starboard circle. This will eventually result
      in the loss of the echo signals since the torpedo will turn away from the
      target.
PAR  A further object is the provision of means operable, after expiration of a
      prescribed interval following loss of echoes, to cause the torpedo to
      resume its port circular turn until echoes are again received, whereupon
      the torpedo will again change its course to starboard. This process,
      called off-on steering, will continue until actual contact is made with
      the target. The right and left deviations produced by off-on steering are
      so small that the actual course is straight for all practical
      considerations.
PAR  Another object is to provide means for obtaining azimuth-steering
      information from the same echo signal voltages that control depth
      steering.
PAR  Another important object is to provide means for electronically detecting
      the phase difference between dual signals produced by a returning echo
      striking two vertically-spaced sections of the transducer, and utilizing
      the information thus obtained to steer the torpedo in depth toward the
      source of the echo.
PAR  A further object is the provision of a pendulum control system for depth
      steering which establishes the vertical reference axis and controls
      various dive angles and dive limitations by gravity.
PAR  Another object is to provide a follow-up link between the elevator and
      pendulum control system for minimizing pitch oscillation of the torpedo.
PAR  A further object is the provision of an improved dual channel system
      adapted to translate a phase difference between two input voltages into an
      amplitude difference in the dual output voltages.
PAR  Yet another object is the provision of an improved bridge circuit adapted
      to compare the relative magnitudes of two signal voltages and to detect a
      voltage in excess of a predetermined magnitude in either of said two
      signals.
PAR  A still further object is to provide azimuth steering gear with improved
      control circuits.
PAR  An additional object is the provision of depth steering gear with improved
      control circuits.
DRWD
PAR  Other objects and advantages of the invention will become apparent during
      the course of the following detailed description, taken in connection with
      the accompanying drawings forming a part of this specification, and in
      which drawings;
PAR  FIG. 1 is a block diagrammatic view of a preferred embodiment of the
      automatic steering system.
PAR  FIGS. 2A and 2B together form a diagrammatic view of the torpedo control
      panel wiring illustrating circuit details of the automatic steering
      system.
PAR  FIG. 3 is a diagrammatic view of the motorized steering gear and associated
      control circuits illustrating relay switching of steering information, the
      relays being shown in pursuit position with the target below.
PAR  FIG. 4 is a diagrammatic view of rudder and control gyroscope circuits
      preferably forming a part of the invention.
PAR  FIG. 5 is a diagrammatic view of a pendulum-controlled depth steering
      system preferably forming a part of the invention.
PAR  FIGS. 6 - 10 are diagrammatic views illustrating the active and inactive
      portions of the depth steering circuits under the five principle
      conditions of operation.
PAR  FIG. 11 is a diagrammatic view of range and angle blank circuits preferably
      forming a part of the invention.
PAR  FIG. 12 is a diagrammatic view of the elementary power circuits.
DETD
PAR  In the drawings which for the purpose of illustration show only a preferred
      embodiment of the invention, similar reference characters denote
      corresponding parts throughout the views.
PAC  THE TRANSMITTER CIRCUIT
PAR  In FIG. 2A, the numeral 10 designates output leads of the transmitter,
      having a master oscillator comprising the upper half 12 of a twin triode
      tube 13 in a Colpitts circuit wherein the condensers 14 - 16 and an
      inductance 17 determine the oscillator frequency, nominally about 60 kc.
      The oscillator output is coupled by a condenser 18 through parasitic
      suppressors 19, 20 to the input of two power amplifiers 21, 22 operating
      in parallel. The output of the power amplifiers is coupled to an
      electroacoustic transducer 23 by means of impedance matching circuits
      including inductances 24, 25 and condensers 26, 27. The transducer 23 may
      be of the magnetostrictive type and includes two sections 28, 29, one
      vertically spaced above the other. Pulses or pings are generated and
      amplified in the transmitter and sent out through the transducer whose two
      sections are connected in parallel during transmission by a pinger relay
      30 upon closing of its contact 31. The supersonic waves leave the
      transducer in a solid cone-shaped pattern approximately 28.degree. wide
      and 13.degree. deep. The pinger relay 30 itself is closed periodically by
      a pinger microswitch 32 (see FIG. 12) which is cam-operated through
      gearing (not shown) by the main motor 33 which drives the torpedo
      propellers. Closing of the pinger relay series contacts 34, 35 during
      transmission provides high voltage from the main dynamotor 36 for the
      plates 37, 37.sup.1 and screen circuits 38, 38.sup.1 of the power
      amplifiers 21, 22 and for the plate circuit of the oscillator 11.
PAC  THE RECEIVING CIRCUIT
PAR  During reception, the pinger relay series contact 41 provides a ground
      return 42 for the inductance 24, 25 in order to complete the input circuit
      from which echo voltages are applied to the dual channel receiver via
      leads 43. When sound waves reflected from a target somewhat above or below
      the axis of the torpedo strike the transducer, the voltages generated in
      its two halves 28, 29 are substantially equal in amplitude but differ in
      phase. These voltages are stepped up by the resonant circuits including
      the inductances 24, 25 and condensers 26, 27 and applied to the control
      grids 44, 45 of a twin-triode preamplifier stage 46 through coupling
      capacitors 47, 48. Special resistors 49, 50 offering low resistance to
      high voltage and high resistance to low voltage provide a grid return
      during reception and protect the twin triode 46 from injury during
      transmission. A voltage regulator 51, shown in FIG. 2B, supplies the lower
      half 52 of the twin triode 46 with plate voltage through a resistor 53
      connected to the lower channel 54 of the dual channel system. The upper
      half 55 of the twin triode is supplied with the plate voltage through
      another resistor 56. An inductance 57 connects the lower and upper
      channels 54, 58.
PAC  THE LAG LINE
PAR  The inductance 57 and the capacitors 59, 60 constitute a lag line 61
      interconnecting the two channels. The purpose of the lag line 61 is to
      convert the phase difference of the echo voltages applied to the input
      grids of the twin triode 46 into an amplitude difference. The end effect
      of the lag line action is the same as though two independent transducer
      field patterns or lobes were used in reception, substantially alike in
      configuration but having divergent axes of symmetry extending above and
      below the torpedo axis. The determination of target direction by
      comparison of echo signals as received by such divergent lobes is known as
      the simultaneous lobe comparison (SLC) technique.
PAC  TVG CIRCUIT
PAR  The voltages resulting from the lag-line transferal of phase-shifted
      voltages between the dual channels 54, 58 are applied to the control grids
      64, 65 of amplifier pentodes 66, 67 in the second stage amplifier 68.
      Here, the overall sensitivity of the amplifier is gradually increased
      during each interval between pings, in accordance with a predetermined
      time-variation-of-gain (TVG) characteristic imposed upon the radio
      frequency amplifiers in order to discriminate and isolate the target echo
      from the otherwise troublesome reverberation which would decoy the
      torpedo. This variation of gain in the TVG stage is accomplished by
      changing the dc bias on the grids 64, 65 of the pentodes 66, 67 by means
      of the time-voltage decay characteristics of a condenser 69 discharging
      principally through a resistor 70 to ground. In the example shown, the
      initial charge on the condenser 69 is obtained as follows: during
      transmission, a fraction of the radio frequency energy is taken from the
      screens 38, 38.sup.1 of the power amplifiers 21, 22 by a preset
      potentiometer 71, and is rectified by the lower half 72 of the oscillator
      tube 13, operating as a diode, thus negatively charging the condenser 69
      during each ping. Immediately after each ping, the condenser begins to
      discharge exponentially, thus increasing the gain of this stage. A TVG
      balance potentiometer 73 provides an adjustment for the proper tracking of
      the two channels to compensate for any initial unbalance in the variable
      gain characteristics of the amplifier. Further gain  adjustment of the two
      channels is provided by means of dual potentiometers 74, 74.sup.1 and a
      grounded potentiometer 75 in the grid circuits 76, 77 of the third stage
      dual amplifier 78 as shown in FIG. 2B.
PAC  COMPARATOR BRIDGE
PAR  Referring now to FIGS. 2B and 3, the resultant voltages delivered by dual
      amplifier 78, differing in sense and magnitude of imbalance as a result of
      lag line action and thus identifying target direction in depth relative to
      the torpedo axis, are rectified by a twin rectifier 79 and fed to a
      comparator bridge 80 which acts as interpreter and distributor of
      information necessary for correct rudder and elevator application. This
      comparator bridge affords a means of providing a first voltage
      proportional to the sum, and a second voltage proportional to the
      difference, of the rectified voltages from each channel. The former is
      used to control an echo tube 81 and the latter is used to control an
      elevator tube 82. If target echoes reach the transducer, irrespective of
      target direction and provided the resultant signal voltages exceed a
      predetermined threshold level, an echo trip relay 83 is de-energized and
      functions to control operation of the azimuth steering gear to produce a
      starboard turn. The comparator bridge 80 comprises resistor arms 84 - 87
      joined at corners 88 - 91. In this particular embodiment, the resistance
      of the right resistor arms 85, 86 is twice that of the left resistor arms
      84, 87. During reception, the right corner 90 is grounded by contact 41 of
      the pinger relay 30 through conductor 91.sup.1. The plates 92, 93 of the
      bridge diodes 94, 95 are each connected to the left corner 88 of the
      bridge, and the cathodes 96, 97 are connected, one to the upper corner 89
      of the bridge and the other to the lower corner 91. Potential from the
      left corner 88 is impressed through a resistor 98 on the control grid 99
      of the echo trip pentode. Potential from the lower corner 91 is impressed
      through resistors 100, 101 on the control grid 102 of the elevator pentode
      82.
PAR  In the illustrated embodiment, the diodes and comparator bridge are
      connected to convert the pulses of 60 kc/s voltage, delivered by the third
      stage amplifier 78, to a negative voltage pulse E.sub.R at junction 88 for
      application to echo tube 81. The magnitude of this voltage E.sub.R is
      proportional to the sum of rectified voltages E.sub.1 and E.sub.2, and the
      occurrence of this voltage is of course indicative of target acquisition.
      The voltage pulse E.sub.1 developed at junction 91 for application to
      elevator tube 82 is proportional to the difference of the rectified
      voltages E.sub.1 and E.sub.2, of a polarity dependent upon which of these
      rectified voltages is of larger amplitude, and therefore indicative of the
      target direction in depth relative to the torpedo axis. When the voltages
      E.sub.1 and E.sub.2 delivered by the two channels of rectifier 79 are
      equal, indicative of a target lying substantially in the azimuth plane
      extending through the torpedo axis, no voltage E.sub.L is present since
      the difference between the voltages E.sub.1 and E.sub.2 is zero. For a
      voltage E.sub.2 greater than E.sub.1, corresponding to reception of an
      echo from an up target, E.sub.L becomes positive. Conversely, for a
      voltage E.sub.1 greater than E.sub.2, corresponding to reception of an
      echo from a down target, E.sub.L becomes negative.
PAC  HORIZONTAL STEERING GEAR
PAR  In the off-on type of horizontal steering, the rudder is thrown right or
      left by the split-field reversible steering motor 105 shown in FIG. 4. In
      the search stage, when no echoes arrive at the transducer, the steering
      motor is energized through its port field 106 and contact 107 of the
      rudder relay 108 by -26 volts and the rudder is thrown to the left,
      corresponding to port circle steering.
PAR  When echoes reach the transducer, the left corner 88 of the comparator
      bridge becomes negative regardless of the direction from which the echoes
      arrive. Thereupon the normally conducting echo tube 81 is biased to cut
      off and the echo relay 83 is deenergized. The resultant opening of the
      echo relay contact 109 disconnects a 150-volt source of screen voltage
      from tube 81, causing it to remain locked out until the pinger relay 30,
      upon the next ping, applies 600 volts from the main dynamotor 36 through
      resitor 110 to the screen grid 111. The tube then returns to a conducting
      condition and the echo relay 83 closes and holds itself in until the
      reception of another echo.
PAR  When an echo is received and the echo relay 83 opens, its contact 112
      applies 150 volts through resistors 113, 114 in conductor 115 to the grid
      116 of the rudder tube 117 in one half of the twin triode 118. This tube
      118, normally cut off by the -48 volts applied to its grid 116 through the
      resistor 119, now conducts and closes the rudder relay 108. The rudder
      relay which has normally been applying -26 volts through its contact 107
      to the port circuit of the horizontal steering motor, now applies voltage
      through contact 120 to the starboard circuit 121 and causes the torpedo to
      turn in a starboard circle away from the target.
PAR  When the rudder relay 108 closes, a condenser 122, previously charged to
      300 volts through a resistor 123, is connected to the grid 116 of the
      rudder tube 117 by the rudder relay contact 124. This initial charge on
      the capacitor 122 is such that its discharge through the resistors 114,
      119 will keep the rudder tube conductive for about three ping intervals,
      thus providing a relay hold-in time of about 2.4 seconds as a result of
      one echo. If, as is normally the case, there are additional successive
      echoes, an added charge of 150 volts is applied to the capacitor 122 by
      each echo through the echo relay contact 112, and the rudder relay holds
      in until about one second after the last echo. The reason for the above
      time constant arrangement is to avoid sweeping through and losing the
      target if only one echo is received, as may be the case at maximum range.
      If additional echoes are received, the body will turn off for a longer
      interval, usually about five seconds, depending on the number of pings
      received, before again searching port.
PAR  The extent of rudder motor rotation in either direction is controlled by a
      gyroscope control system 125 shown in FIG. 4. The steering motor operating
      voltage is switched from a 26-volt source under the control of a pair of
      cams 127, 128 on the pinger switch shaft 129. Power is available for a
      period of about 200 milliseconds, once during each ping interval. The two
      cams perform certain range blank functions, and eliminate the need for a
      special gyro cam.
PAR  The power pulses having been passed through the cam switches are applied
      via one of the contacts 107, 120 of the rudder relay to either the port or
      starboard circuits 106, 121 of the rudder motor. Assuming that the torpedo
      is initially diving in a port circle, the gyro unit 125 moves its contact
      arm 130 toward the port position. When the rate of turn reaches the
      accepted value, say 8.3.degree. per second, corresponding to a circular
      course of about 140 feet radius for a torpedo speed of 12 knots, the port
      contact 131 closes, energizing the port relay 132. This opens the normally
      closed contact 133 to deenergize the port field 106. However, the contact
      arm 134 also closes a circuit to the starboard field 121, which reverses
      the direction of the steering motor 105. Oscillating control is thereby
      established at this setting of the gyro contact arm 130.
PAR  Upon receipt of echoes of sufficient magnitude and duration, the rudder
      relay 108 closes and the starboard contact 120 is closed. This drives the
      rudder motor 105 to starboard and the torpedo starts to turn in that
      direction. As soon as this happens, the gyro 125 moves its contact arm 130
      toward the starboard gyro contact 135 closing the circuit to the starboard
      gyro relay 136. Energization of this relay opens the rudder motor
      starboard contact 137 thereby deenergizing the steering motor. In this
      instance no oscillating action is involved, the motor upon being
      deenergized merely coasting for a short period and placing the rudder in
      suitable position for the less critical starboard turn.
PAR  When the torpedo has swept past the target on the starboard turn, it is
      desirable to return to the port turn as quickly as possible. This is
      accomplished by means of a contact 138 which short circuits the major part
      of a resistor 139 in series with the port field circuit 106. Hence, as
      soon as the rudder relay contact 107 closes for a port turn, the steering
      motor receives an increased voltage, driving it quickly in the port
      direction. As soon as the torpedo begins to turn, the starboard gyro
      contact 135 opens, deenergizing the starboard gyro relay 136 and thus
      breaking the short circuiting contact 138. Port steering then proceeds at
      normal speed. Limit switches 140, 141 are employed to limit steering motor
      travel in both directions.
PAC  DEPTH STEERING GEAR
PAR  Depth steering (see FIGS. 5-10) is also accomplished by a split-field,
      reversible type motor 150 like the one used in horizontal steering. Limit
      switches 151, 152 (see FIGS. 6-10) are likewise employed to limit motor
      travel. The power applied to this steering motor is switched by a pendulum
      control system 153 which acts to establish a vertical reference axis for
      various conditions and requirements of depth steering. Referring to FIG. 5
      which shows the pendulum control system 153 in relation to the elevator
      154 and the elevator steering motor 150, it is clear that the spaced
      spring contacts 155, 156 carried by the pendulum frame 157 on a pivot 158
      transversely of the torpedo, and the contact pendulum 159 depending from a
      support 160' intermediate the spring contacts 155, 156, constitute a
      single pole double-throw switch which is responsive to the pitch attitude
      of the torpedo except as modified by angular displacement imposed upon the
      pendulum frame 157 as will appear. When the torpedo travels horizontally,
      the elevators 154 assume a horizontal position and the pendulum frame 157
      hangs free with its two contacts 155, 156 spaced from the pendulum member
      159. Now, when the torpedo takes an unexpected dive, the pendulum member
      159 engages the forward spring contact 155 energizing the "up-elevator"
      winding 160 whereby the steering motor 150 raises the elevators to an "up"
      position. To reduce pitch oscillations, a follow-up link 161 is connected
      between the elevator linkage 162 and the pendulum frame 157. When the
      forward contact 155 closes the up-elevator circuit 160, the follow-up link
      161 tilts the pendulum frame 157 carrying the spaced contacts 155, 156.
      The result is that after an initial up-elevator action, the elevators
      begin to straighten as the torpedo is returning to horizontal, and when
      the torpedo reaches the horizontal position, the elevators are likewise
      horizontal. The dive angle of the torpedo can be controlled by varying the
      length of the follow-up link 161. For the usual target search angle, the
      length of the follow-up link is set by rotation of a screw 163 so that
      when the torpedo assumes the -2.degree. dive position, the pendulum frame
      157 hangs freely with its contacts 155, 156 equally spaced from the
      pendulum member 159. To hold a -2.degree. dive position may require the
      elevators on different torpedoes to be positioned at different angles. The
      present pendulum control system 153 produces a predetermined dive angle
      regardless of variations in body dynamics. A motor 164, called the
      pendulum motor to differentiate it from the steering motor, is employed to
      vary the length of the follow-up link, by means of the screw 163, thus
      giving the torpedo a desired angle of dive or climb. During the initial
      dive and search stages, the vertical course of the torpedo is set at the
      desired angle by microswitches 165, 166, 167 controlling the power applied
      to the pendulum motor 164, as illustrated in FIGS. 6, 7 and 10. When,
      however, echoes are received from a target, the pendulum motor 164 is
      controlled by the elevator relay 168 which itself is operated by the
      incoming signal. Various additional microswitches 169, 170, in either
      search or pursuit control, limit the dive and climb angle to predetermined
      values.
PAR  During the normal depth searching operation, the echo tube 81 and the
      elevator tube 82 conduct and their associated relays 83, 168 are therefore
      energized. The pursuit tube 171 also conducts so that its associated relay
      172 is closed and its contact 173 throws the pendulum control on the
      -2.degree. microswitch 165 as shown in FIG. 7, corresponding to the search
      condition.
PAR  When the echo relay drops out due to the receipt of an echo signal its
      contact 112 applies positive voltage to the rudder tube 117 and the rudder
      relay 108 pulls into the closed position shown in FIG. 3. The grid of the
      pursuit tube 171 is then connected to a -48 volt source by the rudder
      relay contact 174, and the tube is cut off. The pursuit relay 172 then
      drops out, and switches control of the pendulum motor 164 to the elevator
      relay 168 through pursuit relay contact 175 and echo relay contact 176.
      Since the capacitor 177, connected between the grid of the pursuit tube
      and ground, is also connected to the source of -48 volts during each
      reception, it must discharge through resistor 178 before the pursuit tube
      171 again conducts and the pursuit relay 172 pulls into the search
      position. This discharge time is of the order of 10 pings, or 8 seconds.
      Since echo sequences in a chase are closer together than 10 pings, the
      pursuit relay 172 normally is, during pursuit, in its open position
      corresponding to echo control, after the first echo is received.
PAR  Considering now an example in which the echoes come from a target below the
      axis of the body, this results in an increased signal, in the upper
      channel 58, and negative voltage on the lower corner 91 of the comparator
      bridge 80. This voltage is applied to the grid of the normally conducting
      elevator tube 82 through the isolating network resistors 100, 101 and cuts
      the tube off, deenergizing the elevator relay 168. Thereupon, the elevator
      relay contact 179 disconnects the regulated voltage source 150V. of screen
      voltage from the elevator tube 82, causing the relay to remain open until
      the pinger relay 30 closes on the next ping. A similar action takes place
      for the echo relay 83. FIGS. 3 and 8 show the relay positions during
      pursuit with the target below.
PAR  The elevator relay contact 180 provides -48 volts through the dive limit
      switch 169 associated with the control pendulum to the echo relay contact
      176, which in turn applies this voltage to the pendulum motor 164 through
      the pursuit relay contact 175, as shown in FIGS. 3 and 8. This is an
      interlocking feature, and assures that the elevator relay cannot assume
      control of depth steering unless the echo relay is opened by an incoming
      echo.
PAR  The power applied to the pendulum motor 164 is controlled by a cam-operated
      microswitch 181 gear driven by the main drive motor of the torpedo. The
      operation of this switch is so timed that it closes for only
      50-milliseconds duration just before a ping. Rotation of the pendulum
      motor during this 50-millisecond interval tilts the pendulum housing
      approximately 1.degree..
PAR  Since, in this example, the sense of information applied to the pendulum
      motor is "down-elevator", the pendulum frame 157 with its contacts is
      tilted one degree toward the head of the torpedo, so that, in order for
      the pendulum to resume its normal vertical position, the steering motor
      runs to pitch the torpedo downward 1.degree..  Successive echoes will
      repeatedly adjust the pitch angle of the torpedo at a rate of 1.degree.
      per echo until the torpedo moves on a dive angle aimed at the target.
PAR  If, on the other hand, the target is above the torpedo axis, the relays
      will be controlled to position the switches as shown in FIG. 9. The
      elevator relay cannot open since the lower corner of the comparator bridge
      is positive with each echo, the elevator tube 82 therefore remaining
      conductive. This causes the pendulum motor to tilt the pendulum frame 157
      toward the tail of the torpedo, and the torpedo therefore climbs
      incrementally at the rate of 1.degree. per echo.
PAR  The purpose of the search selector switch 167 illustrated in FIGS. 3 and
      6-10 is to take care of those situations where the torpedo overshoots a
      deep target due to inability to dive steeply enough. In such cases the
      torpedo loses contact at a point where it is probably below the submarine,
      and it is desirable for the torpedo to make a climbing search. The circuit
      change is accomplished by means of a pressure-operated switch set to
      transfer the search angle circuit, at a 225-foot depth, from the
      -2.degree. switch to the +3.degree. switch 170.
PAR  The four blanking circuits 185, 186, 187, 188 shown in FIG. 11 operate to
      disable the acoustic control by applying -26 volts to the screen grids of
      the tubes of the second stage of the receiver amplifier. These blanking
      circuits are switched into operation prescribed intervals, as measured
      from the end of the ping, by means of cams 189, 127, 128, 192 gear driven
      by the main drive motor synchronously with the pinger cam. Some of the
      circuits operate on range alone while others require a combination of
      range and pitch angle of the torpedo.
PAR  The circuit 185 actuated by cam 189 prevents echoes of a range less than
      125 feet from controlling the torpedo. As measured from the end of the
      transmitted pulse or ping, the switch operated by cam 189 remains closed
      during the period in which echoes from targets at ranges up to 125 feet
      would arrive, and thus disables the receiver from responding to targets at
      such ranges. Without such provision, the torpedo would tend to go around
      the bow of the target.
PAR  The circuit 188 is essentially a range closing system. Once an echo has
      been received from a range less than 500  feet, the acoustic range of the
      torpedo is subsequently reduced to 500 feet to prevent erroneous steering
      on echo reflections from the target to the ocean bottom and then to the
      torpedo. The range reduction to 500 feet remains effective until a short
      time after the torpedo loses contact with the target, in which case the
      range returns to normal. The operation of this part of the circuit may be
      examined by referring to the lower part of FIG. 11. The range blanking
      between 500 feet and 1800 feet is effected by application of voltage from
      the -26 volt line to the control panel when switch contacts 199 and 200
      are closed. Cam 192 closes contact 195 during periods corresponding to
      target ranges up to 500 feet and closes contact 199 during periods
      corresponding to target ranges of 500 feet to 1800 feet. Contact 200 is
      operated by blanking relay 196 and remains open until an echo from a
      target at range less than 500 feet is received, as will appear. The echo
      relay contact 193 closes periodically upon the reception of each echo, and
      opens near the end of each ping period. The pursuit relay contact 194
      likewise closes and remains so during its normal time cycle. When a target
      is acquired and its range is closed to less than 500 feet, the blanking
      relay 196 is energized through closed contact 195 and echo relay contact
      193. The blanking relay will seal itself in through its contact 197 while
      its contact 198 establishes a sustaining path around the
      periodically-opening echo relay contact 193. Thus the blanking relay will
      remain closed and the blanking circuit will be operative through the cam
      contact 199 and the blanking relay contact 200, to enable the acoustic
      control during periods corresponds to 500 foot range to maximum range in
      each successive interval. However, if acoustic contact with the torpedo is
      lost, the pursuit relay will close, after its time delay, opening the
      sustaining circuit to the blanking relay 196 and dropping it out. This
      opens the blanking relay contact 200 so that the range is extended to its
      normal value.
PAR  6.degree. and 9.degree. range-reducing circuits 187, 186 are intended to
      prevent spurious control in response to direct reflections from the ocean
      bottom, as tend to occur at excessive torpedo pitch attitudes. The
      1000-foot cam switch 201 operated by cam 127 closes against its lower
      contact during a period corresponding to ranges of 1000 to 2000 feet. The
      1500-foot cam switch 202 closes against its upper contact during a period
      corresponding to ranges of 1500 to 2000 feet, and against its lower
      contact 205 during a period corresponding to ranges up to 1500 feet. When
      the forward pitch of the torpedo reaches six degrees, the range of the
      torpedo is reduced to 1500 feet. This is accomplished through the closing
      of a circuit including the 1,000-foot cam switch 201, the 1,500-foot cam
      switch 202, and a mercury switch 203 which is adjusted to close when the
      torpedo body pitches downwardly at an angle of 6 degrees. When the pitch
      reaches 9 degrees, a similar action takes place through the closing of a
      circuit including the 1,000-foot cam switch 201 and another mercury switch
      204 set to close at a nine-degree downward pitch. The lower contact 205 of
      the 1,500-foot cam switch 202 leads to a switch arm of rudder relay 108
      and thus applies pulses of power to the gyro-rudder equipment illustrated
      in FIG. 4, as mentioned earlier.
PAR  Referring now to FIG. 12, the main source of power, for propulsive and all
      other purposes, is a rechargeable 48-volt storage battery grounded at its
      positive terminal. A tap 206 is taken off to provide 26 volts for
      operation of a majority of the auxiliary equipment. When the torpedo is
      moving through the water, the voltage at this 26-volt tap is approximately
      24 volts.
PAR  The electron tube heaters 207, the pinger relay 30, the main motor 33 and
      the exploder equipment 208 are energized by 48 volts. The 26-volt
      connection 206 supplies power to the dynamotor 36, main motor relay 209,
      steering motors 105, 150, control gyro 125, control pendulum 153 and
      associated components.
PAR  In view of the fact that the torpedo may be used either as an air launched
      or surface launched weapon, certain features are incorporated for starting
      its operation under either condition. For air launching, the start and
      warm-up switches 210, 211 are left in their off positions. The two arming
      switches 212, 213 are adapted to automatically close as the torpedo leaves
      the plane. A circuit is thereupon completed through the arming switch 212
      which applies power to the tube heaters 207 and pinger relay 30. The
      initially closed contacts 214, 215 of the pressure start switch 216 short
      circuit a part 217 of the resistance 218 in series with the heaters 207,
      applying about 1.5 times normal voltage to quickly bring the heaters up to
      operating temperature. As soon as the torpedo attains a depth of 18 feet,
      the pressure start switch 216 operates to open the short circuit across
      the heater series resistor 218 permitting normal energization of the
      heater circuit, and also closes the main motor relay 209, starting the
      motor 33 for propulsion and operation of the several cam switches. In
      addition, this pressure start switch action starts the dynamotor 36, thus
      providing the higher voltages for energization and operation of other
      torpedo circuits as shown and described.
PAR  For surface launching, there are two methods of arming the torpedo. The
      preferred method is to close the start and warm-up switches 210, 211 to
      the ON positions when an attack is imminent. This connects 48 volts to the
      circuit including tube heaters 207, but does not apply an over-voltage
      since this is now unnecessary. When the torpedo is launched, the arming
      switches 212, 213 are automatically closed, thus enabling the main motor
      33 and all auxiliary equipment so that the torpedo hits the water with its
      propeller turning and with its auxiliary equipment rapidly nearing a fully
      operative condition. The pressure start switch 216 does not play any part
      in this method.
PAR  In case a surface-launched torpedo attack is to be made but circumstances
      do not permit turning on the start and warm-up switches 210, 211, the
      torpedo is simply launched with only the arming switches 212, 213 closed
      as before by launching action, switch 213 now being ineffective however.
      The vertical velocity received by launching and the torpedo's negative
      buoyancy will cause it to sink to a depth of 18 feet. The pressure start
      switch 216 then operates to enable the main motor 33 and other circuits as
      before. However, the first method of surface launching as outlined above
      is preferred because the torpedo is running when it hits the water and the
      time between launching and start of search is considerably lessened.
PAR  Various changes may be made in the form of invention herein shown and
      described without departing from the spirit of the invention or the scope
      of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automatic steering system for directing a moving body, said system
      being provided with reversibly-motorized depth steering gear including two
      motor reversing circuits, one, upon energization, setting said gear for
      climb and another, upon energization, setting said gear for dive, a
      pendulum mounted for swinging movement in either of two directions
      relative to said body and having contacts adapted to close one of said
      climb and dive circuits depending on the direction of said relative
      swinging movement, and a follow-up link transmitting steering movement of
      said motorized gear to said pendulum contacts thereby affecting the
      energization of said circuit.
NUM  2.
PAR  2. In an automatic steering system for directing a moving body, said system
      being provided with reversibly-motorized depth steering gear including two
      motor reversing circuits, one, upon energization, setting said gear for
      climb and another, upon energization, setting said gear for dive, a
      pendulum mounted for swinging movement in either of two directions
      relative to said body and having contacts adapted to close one of said
      climb and dive circuits depending on the direction of said relative
      swinging movement, a follow-up link transmitting steering movement of said
      motorized gear to said pendulum contacts thereby affecting the
      energization of said circuit, means varying the length of said follow-up
      link including a pendulum-contact-positioning motor, and switch means
      actuated by displacement of said pendulum contacts from a given position
      relative to said body for energizing said pendulum motor in either of two
      senses depending on the direction of relative displacement of said
      pendulum contacts.
NUM  3.
PAR  3. In the automatic steering system specified in claim 2, means including
      an interrupter switch periodically disabling said two circuits to provide
      gradual setting of said depth steering gear.
NUM  4.
PAR  4. In an automatic steering system for directing a moving body, said system
      being provided with reversibly-motorized depth steering gear including two
      motor reversing circuits, one, upon energization, setting said gear for
      climb and another, upon energization, setting said gear for dive, a
      pendulum mounted for swinging movement in either of two directions
      relative to said body and having contacts adapted to close one of said
      climb and dive circuits depending on the direction of said relative
      swinging movement, a follow-up link transmitting steering movement of said
      motorized gear to said pendulum contacts thereby affecting the
      energization of said circuit, means varying the length of said follow-up
      link including a pendulum-contact-positioning motor, two circuits provided
      with separate switch means respectively actuated by displacement of said
      pendulum contacts in either direction from normal and reattack search
      angle positions relative to said body for energizing said pendulum motor
      in either of two senses depending on the direction of relative
      displacement of said pendulum contacts from said normal and reattack
      search angle positions, respectively, and a static pressure operated
      switch selecting one of said two circuits for use depending on the
      vertical position of said body.
NUM  5.
PAR  5. In combination, a self-propulsive acoustic-homing torpedo having
      steering gear controllable to effect turning movements of said torpedo,
      electro-acoustic conversion means adapted to provide signals corresponding
      to target sonic energy received in a directive field pattern extending
      forwardly from said torpedo, means normally operative to control said
      steering gear, in the absence of said signals, to establish a torpedo turn
      of preselected sense, and means operative in response to occurrence of
      said signals to control said steering gear to produce a torpedo turn of
      opposite sense, whereby to effect repetitive off-on homing action of said
      torpedo toward said target source of sonic energy.
NUM  6.
PAR  6. In combination, a self-propulsive acoustic-homing torpedo having
      steering gear controllable to effect turning movements of said torpedo,
      electro-acoustic conversion means adapted to provide signals indicating
      detection of a target source of sonic energy in a directive reception
      pattern extending forwardly from said torpedo, means normally operative to
      control said steering gear, prior to said detection and in the absence of
      said signals, to establish a torpedo turn of preselected sense, and means
      operative to control said steering gear, in response to occurrence of said
      signals and until expiration of a predetermined period following loss of
      said signals, to produce a torpedo turn of opposite sense, whereby to
      effect repetitive off-on homing action of said torpedo toward said target
      source of sonic energy.
NUM  7.
PAR  7. In combination, an acoustic homing torpedo which is self-propulsive
      along a thrust axis, said torpedo having steering gear which is
      controllable to effect torpedo turns in azimuth and to effect torpedo
      steering in a depth plane extending vertically through said thrust axis,
      means for providing a first signal indicating detection of a target
      encountered by a directive field pattern extending forwardly from the
      torpedo, and for providing a second signal having characteristics
      dependent upon and defining sense of direction, in said depth plane and
      relative to said thrust axis, of the target during detection thereof,
      means normally operative to control said steering gear, prior to target
      detection and in the absence of said first signal, to establish a turn of
      preselected sense, and means operative to control the steering gear, in
      response to occurrence of said first signal, to produce a turn of opposite
      sense and to steer the torpedo in depth toward said target in accordance
      with said second signal, whereby to effect target detection and homing
      action.
NUM  8.
PAR  8. In combination, an acoustic homing torpedo which is selfpropulsive along
      a thrust axis, said torpedo having steering gear which is controllable to
      effect torpedo turns in azimuth and to effect torpedo steering in a depth
      plane extending vertically through said thrust axis, means for providing a
      first signal indicating detection of a target encountered by a directive
      field pattern extending forwardly from the torpedo, and for providing a
      second signal having characteristics dependent upon and defining sense of
      direction, in said depth plane and relative to said thrust axis, of the
      target during detection thereof, means normally operative to control said
      steering gear, prior to target detection and in the absence of said first
      signal, to establish a search attitude in said depth plane and a search
      turn of preselected sense, and means operative to control the steering
      gear, in response to occurrence of said first signal, to steer the torpedo
      in depth toward said target in accordance with said second signal and to
      produce a turn of opposite sense, whereby to effect target detection and
      homing action.
NUM  9.
PAR  9. An acoustic homing torpedo system as defined in claim 8, wherein said
      means normally operative to control said steering gear establishes a dive
      attitude to produce a descending helical torpedo course during a target
      search phase, and means for also effecting such control to produce said
      dive attitude at depths less than a predetermined ceiling depth despite
      occurrence of said signals, whereby to prevent homing in said depth plane
      toward surface targets.
NUM  10.
PAR  10. In combination, an acoustic homing torpedo which is selfpropulsive
      along a thrust axis, said torpedo having steering gear which is
      controllable to effect torpedo turns in azimuth and to effect torpedo
      steering in a depth plane extending vertically through said thrust axis,
      means for providing a first signal indicating detection of a target
      encountered by a directive field pattern extending forwardly from the
      torpedo, and for providing a second signal having characteristics
      dependent upon and defining sense of direction, in said depth plane and
      relative to said thrust axis, of the target during detection thereof,
      means normally operative to control said steering gear, prior to target
      detection and in the absence of said first signal, to establish a turn of
      preselected sense, and means operative to control the steering gear, in
      response to occurrence of said first signal and until expiration of a
      predetermined period following loss of said first signal, to produce a
      turn of opposite sense and to steer the torpedo in depth toward said
      target in accordance with said second signal, whereby to effect target
      detection and homing action.
NUM  11.
PAR  11. In combination, an acoustic homing torpedo which is self-propulsive
      along a thrust axis, said torpedo having steering gear which is
      controllable to effect torpedo turns of fixed rate in azimuth and to
      effect torpedo steering in a depth plane extending vertically through said
      thrust axis, means for providing a first signal indicating detection of a
      target encountered by a directive field pattern extending forwardly from
      the torpedo, and for providing a second signal having characteristics
      dependent upon and defining sense of direction, in said depth plane and
      relative to said thrust axis, of the target during detection thereof,
      means normally operative to control said steering gear, prior to target
      detection and in the absence of said first signal, to establish a turn of
      preselected sense, and means operative to control the steering gear, in
      response to occurrence of said first signal and until expiration of a
      predetermined period following loss of said first signal, to produce a
      turn of opposite sense and to steer the torpedo in depth toward said
      target in accordance with said second signal, whereby to effect target
      detection and homing action.
NUM  12.
PAR  12. In combination, an acoustic homing torpedo which is self-propulsive
      along a thrust axis, said torpedo having steering gear which is
      controllable to effect torpedo turns in azimuth and to effect torpedo
      steering in a depth plane extending vertically through said thrust axis,
      means for providing a first signal indicating detection of a target
      encountered by a directive field pattern extending forwardly from the
      torpedo, and for providing a second signal having characteristics
      dependent upon and defining sense of direction, in said depth plane and
      relative to said thrust axis, of the target during detection thereof,
      means normally operative to control said steering gear, prior to target
      detection and in the absence of said first signal, to establish a search
      attitude in said depth plane and a search turn of preselected sense, and
      means operative to control the steering gear, in response to occurrence of
      said first signal and until expiration of a predetermined period following
      loss of said first signal, to steer the torpedo in depth toward said
      target in accordance with said second signal and to produce a turn of
      opposite sense, whereby to effect target detection and homing action.
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ABST
PAL  In a large ocean going oil tanker vessel having water ballast compartments
      that cannot be utilized for oil cargo also the amount of ballast water
      required to submerge the vessel to a predetermined ballast draft is
      reduced by cutting away a portion of the midbody of the hull starting at
      and extending below the predetermined ballast draft waterline on the
      sideshell, thereby reducing the amount of buoyancy in the hull that the
      ballast weight must overcome to sink the vessel down to the ballast draft.
BSUM
PAR  This invention relates to large ocean going tanker vessels that transport
      liquid such as petroleum crude or refined oil or other bulk cargoes from a
      loading port to a destination unloading port and then are required to
      return to a loading port without cargo, thereby making it necessary to
      take on ballast on the return voyage in order to sink the vessel
      sufficiently into the water to adequately submerge the propeller and make
      the vessel manageable, maneuverable and capable of withstanding wind and
      waves.
PAR  In the past, tankers have utilized water ballast in cargo oil tanks from
      which the oil had previously been discharged. The oil which had been
      emptied from the tanks left an oily residue on the inner surfaces and
      structural members of the tanks. This oily residue mixed into the water
      ballast with the result that when the water ballast was emptied from the
      cargo tanks into the sea to make the tanks available for another loading
      of cargo oil the discharged oily water ballast became a source of oil
      pollution of the seas. There is a worldwide effort to stop or minimize
      this pollution of the seas, and international maritime law relulations to
      this end are, or shortly will be, in effect.
PAR  Under these regulations tankers and bulk carriers will no longer be able to
      discharge oily ballast water into the sea. If large tanker vessels must
      take on ballast seawater, this ballast will be carried in separate or
      segregated ballast tanks into which no previous cargo oil or other product
      had been carried, so that when it is discharged back into the sea it will
      be clean ballast. If the ballast must be taken into cargo tanks under
      emergency weather conditions when ballast requirements are unusually great
      so that the ballast becomes dirty and cannot be purified, then the ballast
      will be discharged into shore tanks. In either case, ballasting a vessel
      becomes an added operational expense because the ballasting compartments
      constitute a permanent reduction in cargo space. The expense associated
      with ballast increases directly with the amount of ballast provided for
      and handled, which produces no revenue.
PAR  This invention is intended to reduce the amount of ballast space necessary
      to sink a vessel to a normally adequate ballast draft. There are no exact
      criteria for establishing universally what the ballast draft should be
      since this will vary with the size of vessel and conditions of sea and
      weather. In one determination, through collection of actual operating data
      for a large number of vessels over a long period of time, it has been
      empirically determined that a mean ballast draft of (0.02L + 2) meters,
      where L is the length of the vessel in meters, represents a generally
      acceptable average.
PAR  According to this invention, the amount of ballast seawater that must be
      taken on by the vessel to achieve a predetermined required ballast draft
      is reduced by cutting away a portion of the midbody of the vessel starting
      substantially at and extending below the required ballast draft waterline,
      thereby reducing the amount of buoyancy in the hull that the ballast
      weight must overcome to sink the vessel down to the ballast draft. Because
      the cutaway portion does not extend above the ballast draft waterline it
      does not reduce the cargo capacity of the vessel. Since the cutaway
      portion starts essentially at the ballast waterline it tends to maximize
      the volume of the hull which is cut away without reducing the cargo
      capacity of the vessel. In this manner, buoyancy is taken away from the
      hull form, thereby requiring less ballast or weight to submerge the vessel
      to a specified ballast draft, without reducing the cargo payload capacity
      of the vessel. Accordingly, starting at a waterline height of (0.02L + 2)
      meters above the hull baseline, or at a waterline height above the hull
      baseline determined by any other formula, the sideshell of the vessel is
      sloped downward and inboard to form a suitable angle with the hull
      baseline. An angle of slope of 30.degree. with respect to the baseline
      represents a practical angle from a shipbuilding consideration, although
      the slope with respect to the baseline can vary between 10.degree. and
      70.degree.. Other angular measures, or even curved cutaways, can be used.
      In any case, cutting away the hull starting at what is considered a
      general average ballast draft means that maximum buoyancy is taken away
      from the hull form, thereby requiring less ballast or weight to submerge
      the vessel to the ballast draft, without reducing the cargo carrying
      capacity of the vessel.
PAR  In addition to the cutaway of the hull buoyancy as described, a fixed
      ballast material of a higher density than seawater, such as cement or
      concrete, can also be installed in the tanker or bulk carrier. Use of a
      solid or liquid ballast which is denser than water will permit the
      required volume for ballast to be reduced by a factor which is the ratio
      of the density of water to the density of the heavier ballast. Adding the
      fixed weight means that more interior tank cubic capacity can be
      designated for cargo while still achieving the required ballast draft.
      However, use of a fixed ballast has the disadvantage that when the vessel
      is carrying payload, power is consumed to transport the fixed ballast.
      This is not the case with disposable water ballast.
PAR  The initial overall advantage of the cutaway hull of this invention is that
      less ballast water is required to be handled by the ship, and expenses and
      time associated with ballast water are accordingly reduced.
PAR  Another advantage is that since the capacity of the ballast tanks is
      reduced, the size of the vessel is likewise reduced so that there is a
      savings in construction cost.
PAR  Still another advantage relates to the practice of coating the internal
      surfaces of ballast tanks with a protective coating so that the salt water
      will corrode the steel. A reduction in ballast tank capacity in accordance
      with this invention will mean a saving in coating costs.
PAR  A further advantage is apparent because of a current proposal that tankers
      be designed with a double bottom to prevent outflow of oil to the sea in
      the event the bottom shell is ruptured due to grounding. This invention,
      with a large removal of the hull bottom, would greatly reduce the extent
      of the double bottom plating required, thereby effecting a large saving in
      construction costs.
PAR  A further potential advantage is that because of the cutaway feature there
      is a diminished protrusion of the lower hull below the waterline, thereby
      making the vessel less vulnerable to the possibility of striking a
      submerged object, damaging the hull and opening the tanks to the sea.
PAR  Another advantage of this invention is that since the displacement of the
      cutaway hull of this invention at the ballast draft will be substantially
      less than with a conventional hull with the same principal dimensions and
      about the same payload capacity operating at the same ballast draft, the
      cutaway hull will permit a significant increase in speed for the same
      amount of propelling power, or if the speeds of the two different types of
      hulls are kept the same, the cutaway hull will require less propelling
      power with the associated savings in fuel costs.
PAR  The effects of the various singular advantages of the cutaway hull are
      cumulative and the net results is that there will be a substantial savings
      in transportation costs in any commodity carried in such a vessel wherein
      separate, mutually exclusive and non-interchangeable ballast and payload
      compartments must be provided. This invention is particularly directed to
      vessels utilizing a liquid ballast, such as seawater, and a liquid
      payload, such as oil.
PAR  It is readily apparent that other cutaway configurations than illustrated
      herein will accomplish the principle and provide the advantages of the
      present invention.
DRWD
PAR  FIG. 1 shows a side view of a tanker with compartments designated only for
      a ballast.
PAR  FIG. 2 shows a top view of the tanker of FIG. 1.
PAR  FIG. 3 shows a tanker with a cutaway hull.
PAR  FIGS. 3A-3E show sectional views of the tanker of FIG. 3.
PAR  FIG. 4 shows a sectional view of a cutaway tanker.
DETD
PAR  FIGS. 1 and 2 show side and top views, respectively, of a tanker hull 10
      having a propeller 12 and a rudder 14. The inside of the hull is
      partitioned into compartments by means of a plurality of bulkheads of
      which longitudinal partitions of bulkheads 16 and 18 and transverse
      partitions or bulkheads 20 and 22 are typical. The bulkheads define
      individual separate compartments, of which the compartments employed for
      seawater ballast only are designated in FIG. 2. The compartments utilized
      for fuel oil to power the vessel are also designated in FIG. 2. The
      remaining compartments of which 24, 26 and 28 are typical, are utilized
      for payload oil cargo only.
PAR  FIG. 3 shows a side view of another hull 30 with positions A, B, C, D and E
      indicated along the length of the hull and with FIGS. 3A, 3B, 3C, 3D and
      3E indicating the progressively changed cross-sectional configurations of
      the hull at each of said positions.
PAR  FIG. 3A shows that at its forward section the hull is relatively narrow and
      sideshells 66 and 68 are curved over substantially their entire depths to
      enable the hull to break the water with a diminished resistance.
PAR  FIG. 3B shows that closer to its midbody, the hull becomes wider, but the
      sidewalls remained curved to retain a streamlined effect.
PAR  FIG. 3C shows the cross-section of the hull along the hull midbody. The
      midbody extends alont the longitudinal middle section of the hull for
      about 5 to 80 percent of the hull length, and typically for about 15 to 60
      percent of the hull length. The midbody need not be symetrical with
      respect to the exact mid-length of the hull. The midbody of the hull is
      the widest portion of the hull, it represents most of the displacement of
      the hull and has vertical or nearly vertical sideshells 32 and 34
      extending downwardly from deck 36 to the minimum mean ballast draft
      waterline 38 to enable the hull midbody to enclose the greatest possible
      payload volume. The cross-section hull configuration shown in FIG. 3C
      remains constant along substantially the entire midbody of the hull length
      indicated by the horizontal arrows under FIG. 3C.
PAR  FIGS. 3D and 3E show progressive changes in hull cross-sectional
      configuration in moving rearwardly from the midsection of the hull. FIGS.
      3D and 3E show that the hull progressively departs from the constant
      cross-section sideshell configuration and becomes progressively narrower
      with the sideshells assuming a progressively more curved configuration.
      This change in hull configuration enables the hull to direct displaced
      seawater towards propeller 40 in order to insure efficient propeller
      operation.
PAR  The midbody of the hull is the greatest longitudinal length of the hull
      along which the cross-section configuration of the hull remains constant.
      FIG. 4 represents a more detailed view of the midbody cross-section of
      hull 30 shown in FIG. 3C. As shown in FIG. 4, vertical, or nearly
      vertical, sideshells 32 and 34 (which are essentially parallel to each
      other) extend downwardly from deck 36 to ballast waterline 38. The bottom
      shell of the hull is indicated at 42 with bulkheads 44 and 46 extending
      between deck 36 and bottom shell 42 to define individual ballast and cargo
      compartments. The line 70, which is the line of bottom shell 42 extended,
      is the hull baseline and is the line from which drafts are measured and
      from which the slope angle of the cutaway is measured.
PAR  FIG. 4 shows that the sideshells 32 and 34 are vertical, or nearly
      vertical, from deck 36 to ballast waterline 38, which is at a distance 48
      from the bottom shell. Distance 48 represents the minimum mean ballast
      draft of the vessel and this distance is established by a formula, such as
      is discussed above. Inclined lines 50 and 52 define the cutaway hull
      configuration of this invention and extend between ballast waterline 38
      and bottom shell 42. Broken lines 54 and 56 represent the conventional
      midbody hull configuration so that the cutaway volumes 58 plus 60
      represent the reduced displacement and, therefore, the savings in ballast
      volume in the vessel to achieve a minimum ballast depth 48, without
      reducing the payload volume of the vessel. Arc 62 represents the angle of
      inclination with respect to the bottom shell of the cutaway sections.
PAR  FIG. 4 indicates that the fully loaded vessel is submerged along most of
      the depth of the sidewalls to a load waterline 62 which is at a load draft
      64. Load draft 64 is considerably greater than minimum mean ballast draft
      48 since it represents the draft of the vessel with all or most of the
      cargo compartments full, although the ballast compartments will generally
      be empty when the vessel is carrying a full payload in order to conserve
      power. As shown in FIG. 4, the volume enclosed by the hull above the
      ballast waterline is substantially greater than the volume enclosed by the
      hull below the ballast waterline.
PAR  It is to be noted that if cutaway lines 50 and 52 were to extend to some
      position 66 on the sideshell between the load waterline and the ballast
      waterline, the cutaway would disadvantageously reduce the payload capacity
      of the vessel while reducing the required ballast volume. On the other
      hand, if the cutaway lines 50 and 52 extended only to a position 68 below
      the minimum ballast waterline, the possible savings of ballast volume in
      accordance with this invention would be reduced. Therefore, by extending
      cutaway lines 50 and 52 directly to ballast waterline 38, the greatest
      reduction in ballast volume is achieved without incurring any reduction in
      payload capacity of the vessel.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tanker vessel having a hull and a minimum mean ballast draft depth
      line on said hull which is defined by a change in width of said hull along
      the midbody of the hull, the volume enclosed by said hull above said
      minimum mean ballast draft depth line being substantially greater than the
      volume enclosed by said hull below said minimum mean ballast draft depth
      line, the width of the midbody of said hull being substantially uniform
      above said minimum mean ballast draft depth line and the width of the
      midbody of said hull progressively decreasing from said mean ballast draft
      depth line to the bottom of said hull, the interior of said hull
      partitioned to define a plurality of separate compartments, some of said
      compartments designated for cargo and others of said compartments
      designated only for water ballast, the volume enclosed by said hull below
      said mean ballast draft depth line being substantially the sum of the
      volume of water displaced by the weight of the vessel plus the volume of
      the water in said water ballast compartments.
NUM  2.
PAR  2. The tanker vessel of claim 1 wherein said midbody extends along the
      longitudinal middle portion of said hull for about 5 to 80 percent of the
      hull length.
NUM  3.
PAR  3. The tanker vessel of claim 1 wherein said midbody is the widest portion
      of said hull.
NUM  4.
PAR  4. The tanker vessel of claim 1 wherein said midbody is the only region of
      the hull wherein the width is substantially uniform above said minimum
      mean ballast draft depth line.
NUM  5.
PAR  5. The tanker vessel of claim 1 including solid ballast.
NUM  6.
PAR  6. The tanker vessel of claim 1 wherein said midbody represents most of the
      displacement of the hull.
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PAL  Disclosed herein is a boat including a hull comprising a bottom surface
      including a panel having leading and trailing edges, together with forward
      and rearward bottom surface portions adjacent to the leading and trailing
      edges of the panel. Also included in the boat hull is structure pivotally
      mounting the panel to the boat hull forwardly of the stern of the boat
      hull for movement about a transverse axis between a first position wherein
      the leading and trailing edges of the panel merge with the forward and
      rearward portions of the bottom surface and a second position wherein the
      panel leading edge merges with the forward portion of the bottom surface
      and the panel trailing edge is spaced below the rearward portion of the
      bottom surface, together with means for pivotally displacing the panel
      between the positions.
PAL  The boat also includes a mast fixedly extending upwardly from the hull, an
      elongated spar, a rotatable eye and hook arrangement mounting the spar
      from the hull for pivotal movement about an axis extending lengthwise of
      the spar and for pivotal movement about a general horizontal axis between
      an upwardly extending raised position in generally parallel relation to
      the mast and a lowered position adjacent to the hull, a rigging connected
      to the mast for raising and lowering the spar between the raised and
      lowered positions, a sail connected to the spar, and rigging for rotating
      the spar to furl the sail thereon when the spar is in the raised position.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to boat hulls and, more particularly, to
      sail boat hulls and to power boat hulls.
PAR  The invention also relates to sail boat rigging.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a boat including a hull comprising a bottom surface
      including a panel having leading and trailing edges and forward and
      rearward bottom surface portions adjacent to the leading and trailing
      edges of the panel, together with means pivotally mounting the panel to
      the boat hull forwardly of the stern of the boat hull for movement about a
      transverse axis between a first position wherein the leading and trailing
      edges of the panel merge with the forward and rearward portions of the
      bottom surface and a second position wherein the panel leading edge merges
      with the forward portion of the bottom surface and the panel trailing edge
       is spaced below the rearward portion of the bottom surface, and means for
      pivotally displacing the panel between the positons. Thus, when the panel
      is in the first position, the bottom surface of the boat hull extends
      smoothly to provide a sailing hull and when the panel is in the second
      position, the panel forms at least a part of a planing surface.
PAR  In one embodiment in accordance with the invention, the panel is pivotally
      connected adjacent to the leading edge thereof to the boat hull. Also in
      accordance with the invention, the boat hull includes a fore and aft
      center line and the panel is located to one side of the center line and
      the boat hull further includes a second panel mounted in like manner to
      the first panel on the other side of the center line.
PAR  The invention also provides a boat including a mast fixedly extending
      upwardly from a hull, an elongated spar, means mounting the spar from the
      hull for pivotal movement about an axis extending lengthwise of the spar
      and for pivotal movement about a general horizontal axis between an
      upwardly extending raised position in generally parallel relation to the
      mast and a lowered position adjacent to the hull, together with means
      connected to the mast for raising and lowering the spar between the raised
      and lowered positions, a sail connected to the spar, and means for
      rotating the spar to furl the sail thereon when the spar is in the raised
      position.
PAR  In one embodiment in accordance with the invention, there is additionally
      provided means associated with the spar and removably connected to the
      mast for guiding furling of the sail on the spar.
PAR  The movable panel feature and the spar arrangement are preferably used
      together although the invention is not so limited.
PAR  One of the principal features of the invention is provision of a boat
      including a hull which can be selectively arranged for sail boating and
      for power boating.
PAR  Another of the principal features of the invention is the provision of a
      boat including a spar which can be pivoted about a transverse horizontal
      axis to move the spar between raised and lowered positions and which, when
      in the raised position, can be rotated about an axis extending lengthwise
      of the spar to furl and unfurl a sail connected to the spar.
PAR  Another of the principal features of the invention is the provision of a
      boat as described in the preceding papagraph, and further including means
      associated with the spar for guiding furling and unfurling of the sail on
      the spar.
PAR  Another of the principal features of the invention is the provision of a
      boat including, in combination, a hull which can be selectively arranged
      for sail boating and for power boating, and particularly planing power
      boating, and a spar which can be pivoted about a transverse horizontal
      axis between raised and lowered positions and which, when in the raised
      position, can be rotated about an axis extending lengthwise of the spar to
      furl and unfurl a sail connected to the spar.
PAR  Other features and advantages of the disclosed embodiment of the invention
      will become known by reference to the following drawings, general
      description, and claims.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view of a boat embodying various of the
      features of the invention.
PAR  FIG. 2 is a fragmentary view partially in section, of one portion of the
      boat hull shown in FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 2 in a different operating position.
PAR  FIG. 4 is a view taken generally along line 4--4 of FIG. 1.
PAR  FIG. 5 is a sectional view taken generally along line 5--5 of FIG. 1 with
      the left-hand portion thereof corresponding to the arrangement shown in
      FIG. 3 and with the righthand portion thereof corresponding to the
      arrangement shown in FIG. 2.
PAR  FIG. 6 is a fragmentary sectional view taken generally along line 6--6 of
      FIG. 1 with the left-hand portion thereof corresponding to the arrangement
      shown in FIG. 3 and with the righthand portion thereof corresponding to
      the arrangement shown in FIG. 2.
DETD
PAR  Before explaining the boat in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and the arrangement of the components set forth in the following
      description or illustrated in the drawings. The invention is capable of
      other embodiments and of being practiced and carried out in various ways.
      Also it is to be understood that the phraseology and terminology employed
      herein is for purpose of description and should not be regarded as
      limiting.
PAC  GENERAL DESCRIPTION
PAR  Shown in the drawings is a boat 11 which can be effectively operated as
      either a sail boat or as a motor or power boat. In this regard, the boat
      11 includes a hull 13 with a V-bottom formed, in part, by a center keel 15
      (See FIGS. 5 and 6) and a pair of laterally extending bottom surfaces 17
      and 19 which extend outwardly and upwardly from the fore and aft center
      line or keel 15.
PAR  Each of the bottom surfaces 17 and 19 respectively includes a part or panel
      21 which includes a generally planar under surface and which, adjacent its
      leading edge, is movably mounted about a transverse axis to the adjacent
      margin of the associated one of the bottom surfaces 17 and 19.
PAR  The parts or panels 21 are respectively movable between a first or raised
      position (See FIGS. 2 and the right-hand portions of FIGS. 5 and 6) in
      which their leading and trailing edges respectively merge smoothly with
      the adjacent forward and rearward portions 23 and 25 respectively of the
      respective bottom surfaces 17 and 19 so as to provide a continuously
      smooth "sailing" hull, and a second or lowered position (See FIGS. 3 and
      the left-hand portion of FIGS. 5 and 6) wherein the leading edges of the
      movable panels or parts 21 merge smoothly with the forward portions 23 of
      the bottom surfaces 17 and 19 and wherein the trailing edges of the
      movable panels 21 are spaced downwardly from the rearward portions 25 of
      the bottom surfaces 17 and 19 so as to provide a "planing" hull
      particularly adapted for power boating.
PAR  Any suitable means can be employed to mount the bottom surface panels 21
      and to displace the panels 21 between their respective positions. In the
      construction illustrated in FIGS. 2 and 3, laterally extending trunions or
      shafts 31 extend from the panels 21 into the laterally adjacent portions
      of the boat hull 13. In addition, respective cams 35 are mounted for
      rotation about respective axis parallel to the axis provided by the
      trunions 31 and between respective positions corresponding to the raised
      and lowered positions of the bottom panels 21. Fixed to the cams 35 are
      respective levers 37, whereby the cams 35 can be rotated so as to disperse
      the panels 21 to the lowered positions and so as to permit movement of the
      panels 21 to their raised positions in response to movement of the hull
      through the water or otherwise.
PAR  Any other suitable mechanical, hydraulic, or other system can be employed
      for selectively raising and lowering the bottom panels 21 relative to the
      bottom surfaces 17 and 19.
PAR  Forwardly of the cams 35, the hull 13 includes a transverse water tight
      bulkhead 41. Aft the movable panels, the hull 13 includes a central slot
      43 (See FIGS. 1 and 6) to facilitate mounting about a horizontal axis of a
      marine propulsion device 45 which can be an inboard installation or
      preferrably an outboard motor which can be raised out of the water or can
      be retained in the water with the drive in neutral to permit free wheeling
      of a propeller 47. If desired, means can be employed for measuring the
      rate of free wheeling propeller rotation to provide a navigational tool.
PAR  If desired, the marine propulsion device can be steerably mounted. If
      desired, a rudder 49 can be steerably mounted on the propulsion device aft
      of the propeller 47 to facilitate steering. Located forwardly of the
      partition or bulkhead 41 is a steering wheel or tilter 51 which can be
      operably connected to a steerable part of the marine propulsion device 45
      or to the tiller 49 to control steering.
PAR  Of course, when the boat 11 is power driven by the propulsion device 45,
      the propulsion device is located in lowered position with the propeller 47
      in the water.
PAR  For esthetic purposes, the stern 52 of the boat can extend across the
      central slot 43 to provide an uninterrupted stern. In addition, the
      central slot 43 can be provided with a removable hatch 53.
PAR  When in use as a sail boat, there is provided a main sail 61 extending from
      an elongated spar 63 which is mounted from the forward part of the hull 13
      for rotation about an axis extending lengthwise of the mast and for
      swinging movement about a horizontal axis between a lowered, generally
      horizontal storage position shown in dotted outline in FIG. 1 and a raised
      position shown in full lines FIG. 1. While other constructions could be
      employed, in the illustrated construction, the spar mounting means
      comprises an eye 65 which extends from a stud 67 rotatably mounted in the
      bow of the hull 13 and a hook 69 which extends from the bottom of the spar
      63 and passes through the eye 65, thus affording both rotation of the spar
      63 and swinging movement of the spar 63 about a horizontal axis between
      the raised and lowered positions.
PAR  The spar 63 is maintained in the raised position by a fixed mast 71 which
      extends upwardly and rearwardly from the bow of the boat 11 and which can
      be braced by a laterally spaced pair of stays 73.
PAR  The spar 63 is raised and lowered relative to the raised position in
      generally parallel relation to the mast 71 by a line 75 which is operably
      attached (through a guiding and furling means still to be described) to a
      central portion of the spar 63. The line 75 extends through or around a
      pulley or guide 77 at the top of the mast 71 and through an eye or guide
      79 adjacent to the bow of the boat 11 to a rearwardly located cleat 81 on
      the top deck 83.
PAR  Means are provided for rotating the spar 63 to furl and unfurl the sail 61
      when the spar 63 is in the raised position. While other constructions
      could be employed, in the illustrated construction, such means comprises a
      pulley or reel 91 mounted on the rotatable stud 67 and a line 93 which is
      fixed to the reel 91 and which extends aft through an eye or guide (which
      can be the eye or guide 79) to a rearwardly located cleat 95 on the top
      deck 83. When the sail 61 is unfurled from the spar 63, the line 93 is
      fully wound upon the reel 91 and thus, withdrawal of the line 93 from the
      reel 91 causes the spar 63 to rotate and to furl the sail 61.
PAR  Pulling rearwardly on one or more lines 97 connected to the rearward end of
      the sail 61 unfurls the sail 61 with consequent rotation of the spar 63
      and rewinding of the line 93 on the reel 91.
PAR  Means are provided for guiding furling and unfurling of the sail 61 on the
      spar 63. While other arrangements can be employed, in the illustrated
      construction, such means comprises (as shown best in FIG. 4) a pair of
      rollers 101 and 102 which are mounted for rotation about spaced axes
      extending parallel to the spar 63. More specifically, the rollers 101 and
      102 are located aft of the spar 63 and on each side of the spar 63 on an
      arcuately extending, rearwardly open element 103 which extends in
      partially encircling relation to the spar 63 and which is arcuately
      movable through a slot 105 in the aft end of a support member 107 adapted
      to be removably connected to a bracket or guide 109 adjacent the top of
      the mast 71 by any suitable means.
PAR  Pivotally connected to the arcuate element 103 on each side of the support
      member 107 are respective links 111 and 113 which are pivotally connected
      by spaced fore and aft cross links 115 and 117 which, in turn, are
      centrally pivotally supported by the support member 107. Thus, when one of
      the links 111 and 113 moves forwardly, the other of the links 111 and 113
      moves rearwardly, and the arcuate element 103 is circumferentially
      displaced to rock the axes of the rollers 101 and 102 from one side to the
      other of a fore and aft line extending through the spar 63. It is
      particularly to be noted, that the sail 61 extends between the rollers 101
      and 102 and thus the rollers 101 and 102 serve to guide rolling and
      unrolling of the sail 61 relative to the spar 63.
PAR  Preferably the hull 13 includes a cockpit 121 which can be covered by a top
      123 which, preferably, is removable. In addition, rearwardly of the
      cockpit 121 there is an arch support 125 adapted to support the rearward
      or upper end of the spar 63 when in lowered or storage position at a
      height above the cockpit 121 and above the top 123.
PAR  In still further addition, the hull 13 is provided with a pair of laterally
      spaced side boards 131 (only one shown) which can be selectively lowered
      during sailing operation.
PAR  When it is desired to use the boat 11 for sailing, the spar 63 is swung
      upwardly to its raised position and the sail 61 is unfurled by rearward
      movement of the lines 97. When it is desired to use the boat 11 as a motor
      boat, the sail 61 is first furled about the spar 63 by pulling on the line
      93 after which, the spar 63 is lowered to the storage position.
      Thereafter, the panels 21 are displaaced to the lower position and if not
      already lowered, the marine propulsion device 45 is positioned to place
      the propeller 47 in the water. The boat 11 is now conditioned for use as a
      power boat and the panels 21 provide a planing surface.
PAR  Various of the features of the invention are set forth in the following
      claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A boat including a hull comprising a transom, a bottom surface extending
      forwardly from said transom and including an opening located in forwardly
      spaced relation from said transom and having leading and trailing edges, a
      forward bottom surface portion which curves upwardly and forwardly from
      adjacent to said leading edge of said opening, and a rearward bottom
      surface portion which curves upwardly and rearwardly to said transom from
      adjacent to said trailing edge of said opening, a panel having leading and
      trailing edges, means pivotally mounting said panel to said boat hull for
      movement relative to said opening about a transverse axis between a first
      position wherein said leading and trailing edges of said panel merge with
      said forward and rearward portions of said bottom surface so as to provide
      a continuously smooth sailing hull, and a second position wherein said
      panel leading edge merges with said forward portion of said bottom surface
      and said panel trailing edge is spaced below said rearward portion of said
      bottom surface so that said panel forms part of a planing surface, and
      means for pivotally displacing said panel between said positions.
NUM  2.
PAR  2. A boat in accordance with claim 1 wherein said panel is pivotally
      connected adjacent to said leading edge thereof to said boat hull.
NUM  3.
PAR  3. A boat in accordance with claim 1 wherein said boat hull includes a fore
      and aft center line and said panel is located to one side of said center
      line and said boat hull further includes a second panel mounted in like
      manner to said first panel on the other side of said center line.
NUM  4.
PAR  4. A boat hull in accordance with claim 1 and further including a mast
      fixedly extending upwardly from said hull, an elongated spar, means
      mounting said spar from said hull for pivotal movement about an axis
      extending lengthwise of said spar and for pivotal movement about a general
      horizontal axis between an upwardly extending raised position in generally
      parallel relation to said mast and a lowered positon adjacent to said
      hull, means connected to said mast for raising and lowering said spar
      between said raised and lowered positions, a sail connected to said spar,
      and means for rotating said spar to furl said sail thereon when said spar
      is in the raised position.
NUM  5.
PAR  5. A boat in accordance with claim 4 and further including means associated
      with said spar and removably connected to said mast for guiding furling of
      the sail on said spar.
NUM  6.
PAR  6. A boat in accordance with claim 4 wherein said mast extends upwardly and
      rearwardly.
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ABST
PAL  A simulated marine vehicle is disclosed as being a sweeper of acoustic,
       psure, and magnetic energy responsive mines. It includes an exceedingly
      lightweight, substantially unsinkable hull composed of a plurality of air
      foam plastic compartments tandemly connected by means of unique fasteners,
      with a resilient fluid tight sealant therebetween. A suitable ballast
      material is disposed in the compartments of said hull, an insulated
      electromagnetic energy generating wire is mounted around said hull, and a
      motor-generator is mounted on said hull for timely effecting the
      electrical excitation of said wire.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to marine minesweepers and in
      particular is variable water displacement hull-like segmented structure,
      which when moved along a course within the range of pressure influence
      mines, effects a pressure signature that simulates that of a ship to the
      extent that it causes said pressure influence mines to be detonated,
      thereby causing said mine to effectively be swept. The sweeping thereof,
      of course, provides for safe passage for the real ships being simulated
      thereby. In even greater particularity, the subject invention constitutes
      a new and unique combination of watertight variable ballast hull segments
      and magnetic minesweeping apparatus which may be employed simultaneously
      to effectively clear both pressure and magnetically responsive mines from
      rivers, bays, estuaries, lakes, seas, oceans, or any other marine
      environments.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, air cushion vehicles, wooden ships towing sweep gear, marine
      vehicles employing underwater pontoons, towed water inflated bags, and the
      like have been employed in an attempt to simulate actual ship water
      pressure signatures sufficiently to effect detonation of pressure
      responsive marine mines. Also, numerous simulated ship hulls having
      various and sundry flotation apparatus connected thereto and perhaps
      filled or partially filled with ballast water have been so employed, too.
      The usual operational procedure used with respect to the aforesaid prior
      art devices is to tow, push, or drive them along a predetermined channel
      where it is desired that marine mines be neutralized, so that they will be
      mistaken for real ships and thereby cause said marine mines to explode in
      response thereto. For some purposes, the aforesaid prior art devices are
      quite satisfactory; however, in most instances they leave a great deal to
      be desired. For example, the hull size is usually limited and, thus, the
      scope of minesweeping operations is severely limited. Moreover, such hulls
      and such minesweeping gear could be sunk and, thus, block ship channels
      intended to be swept or become caught or fouled on other underwater
      objects, respectively. All are exceedingly difficult to handle and
      manipulate, navigate, and operate as necessary to be effective. The cost
      in both time and money is considerable, and usually people with a
      considerable degree of expertise in such operations are required if any
      minesweeping of value is to be accomplished.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is, in many instances, an improvement over the known
      prior art devices, in that it overcomes many of the disadvantages thereof.
      Briefly, it consists of an artificial decoy ship-type vessel which lends
      itself to being configured to provide simulated ship pressure signature of
      considerable scope, thereby enabling it to effect the detonation or
      neutralization of many different types of pressure responsive marine
      mines. It is constructed of any desired number -- the number depending on
      the ship signature to be simulated -- of lightweight plastic center
      sections that are easily connected together in tandem combined with
      substantially streamlined fore and aft bow and stern sections of
      substantially ship-like configurations. Said sections are connected
      together in a unique manner which facilitates the assembly thereof, as
      well as the repair thereof in the event one or more becomes damaged by
      mine explosions. Any or all of said sections may contain compartments
      which are open at the top, within which predetermined water ballast may be
      disposed, so as to effect the simulation of some particular displacement
      ship of the type intended to be protected by minesweeping operations.
PAR  In order to make the subject mine sweeping device even more versatile,
      provision may also be made to achieve magnetic mine sweeping operations at
      the same time pressure mine sweeping operations are accomplished. This may
      be done very simply by attaching a coil of wire to the assembled fore,
      center, and aft plastic sections in such manner that it extends around the
      entire assembled hull simulator at some position near the submerged bottom
      thereof and then electrically exciting said coil by means of a programmed
      electric generator.
PAR  From the foregoing brief description, it may readily be seen that, compared
      to most prior art devices, the instant invention is simpler, more
      versatile, less vulnerable to mine explosion damage, and cheaper to
      manufacture, operate and maintain, and, accordingly, constitutes an
      improvement thereover.
PAR  It is, therefore, an object of this invention to provide an improved marine
      minesweeper.
PAR  Another object of this invention is to provide an improved method and means
      for detonating pressure responsive marine mines.
PAR  Still another object of this invention is to provide an improved method and
      means for detonating magnetic responsive marine mines.
PAR  A further object of this invention is to provide an improved method and
      means for simultaneously sweeping pressure responsive, acoustic
      responsive, and magnetic responsive marine mines along a predetermined
      course.
PAR  Another object of this invention is to provide an improved method of
      constructing a ship, a ship simulator, or a ship-like decoy.
PAR  Still another object of this invention is to provide an improved method and
      means for simulating the underwater pressure signatures of many different
      ships and other marine or submarine vehicles.
PAR  A further object of this invention is to provide a minesweeper that is less
      vulnerable to mine explosions than most of the prior art devices.
PAR  Another object of this invention is to provide a marine minesweeping device
      that is easily and economically manufactured, transported, operated, and
      maintained.
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a quasi-pictorial view of the subject invention;
PAR  FIG. 2 is a perspective view of an intermediate hull section of the device
      of FIG. 1;
PAR  FIG. 3 is a perspective view of another intermediate hull section of the
      device of FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the center portion of an intermediate
      hull section of the device of FIG. 1;
PAR  FIG. 5 is a schematic pictorial view with parts broken away of two adjacent
      hull sections of the device of FIG. 1;
PAR  FIG. 6 is a schematic diagram of a section taken along A--A of the view of
      FIG. 5;
PAR  FIG. 7 is a combination elevational-cross-sectional view of one of the many
      fasteners incorporated in the subject invention to hold the hull sections
      thereof together in watertight fashion;
PAR  FIG. 8 is an end of the invention, particularly depicting the
      electromagnetic energy generated thereby;
PAR  FIG. 9 is a top view of FIG. 8, showing the mounting arrangement of the
      electromagnetic generator system thereof; and
PAR  FIG. 10 is a schematic pictorial view of the subject invention and the
      operational effects thereof in a marine environment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a water displacement type hull 11,
      which includes a front and bow section 12, a rear end stern section 13,
      and a plurality of intermediate ballast storing sections 14, the latter of
      which may be designed as necessary to carry whatever cargo or ballast or
      other materials are desired. The aforementioned bow and stern sections 12
      and 13 are preferably pointedly configured in a ship-like manner, so that
      they will be sufficiently streamlined for the hull to be moved through sea
      water or the like with minimum power required therefor. Minesweeping hull
      11, of course, contains a suitable propulsion and steering system, which,
      for example, may take the form of a simple outboard motor arrangement 15
      shown as being mounted on the aforesaid stern section 13. Each of the
      aforementioned plurality of intermediate hull sections 14 are respectively
      connected to adjacent ones thereof in a unique manner which provides a
      secure fastening between each thereof, so as to maintain the overall hull
      configuration. The method and means for effecting the fastening thereof is
      considered to be unique and, therefore, will be disclosed in greater
      detail subsequently.
PAR  The use to which this particular ship hull is put would determine the type
      of material of which it is made; however, in this particular instance
      since the subject invention is primarily intended to be a marine
      minesweeper all of hull sections 12, 13, and 14 are preferably made of a
      nonmagnetic material, such as, for instance, a foam plastic material which
      has been molded into the desired hull shape. Mounted on hull 11 is an
      electrical generator 16 which, as will be more fully discussed below,
      provides electrical energy via electrical conductor 17 which extend around
      the lower portion of hull 11 in such manner as, when electrically
      energized, produces an electromagnetic field thereabout.
PAR  The aforementioned intermediate hull sections 14, as previously suggested,
      are designed to carry water ballast, cargo ballast, or any other suitable
      ballast materials and, hence, may be designed in whatever manner would be
      optimum therefor. Furthermore, such intermediate sections may contain
      inner compartments and covered loading and unloading hatches 18, as
      required.
PAR  FIG. 2 is a representative embodiment of one of the aforesaid intermediate
      hull sections 14. At the opposite ends thereof are a pair of metallic
      plates 21 and 22, which include the attachment flanges for attaching
      adjacent intermediate sections together. Said attachment plates are bonded
      to a plastic center section 23 which, as previously indicated, is
      preferably of a molded foam plastic material, which contains closed air
      bubble cells and is very light in weight, so light in fact, that it would
      easily float on the surface of water even though the submerged portion
      thereof contained large holes, such as might be encountered in the event a
      marine mine is caused to be exploded in proximity thereto.
PAR  At this particular time, it would appear to be noteworthy that the size of
      hull 11 is a matter of design choice, with the selection of the
      intermediate sections 14 included therein being that number as would
      produce a hull length that, in turn, when properly ballasted, would
      stimulate whatever ship signature is believed would cause a marine mine to
      be exploded thereby. In other words, the design of hull 11 of the entire
      subject minesweeper should be such that it has a submarine pressure
      signature that simulates that of an actual ship or other vessel intended
      to be protected from marine mines.
PAR  As seen in FIG. 2, intermediate hull section 14 may be compartmented with
      several large compartments 24 and 25 having a plurality of small
      compartments 26 at the bottom thereof. In the event that hull 11 is
      extremely large, man holes 27 and 28 are located in the deck thereof which
      enable the human operators to travel down a ladder 29 or the like down to
      the lower compartment section. Also, the internal section of intermediate
      hull section 14 is so designed and made as to provide optimum strength
      characteristics for any given operational circumstances.
PAR  In this particular embodiment, end flange plate 22 is shown as having an
      annular groove 31 extending around the periphery thereof and bolt holes
      32, through which fastening bolts will be mounted in the manner discussed
      more fully below. The intermediate hull section 14 shown in FIG. 3
      likewise has a plurality of compartments adapted for storing ballast or
      other items necessary to the operation of the invention. In this
      particular arrangement, end flange 21 is shown having the lower portion
      thereof extending upwardly from the bottom of the hull section, so as to
      provide a water repelling section to within a given depth, that is
      dependent upon the amount of ballast used. Also, in this embodiment, an
      annular groove 34 is shown in the end of said flange plate 21 which is
      complementary with the annular groove of, say, any other intermediate hull
      section 14 fastened thereto.
PAR  As may be readily seen from the embodiment of intermediate section 14 of
      hull 11, the hull section shown is divided by a center wall 35 running
      vertically between the upper deck and the bottom thereof. This wall is, of
      course, optional, like that shown but not referenced in the section of
      FIG. 2 (which is also optional).
PAR  FIG. 4 discloses a typical cross-section taken through the foam plastic
      portion of one of the intermediate hull sections 14. Hence, it depicts the
      aforementioned center vertical wall 35, and, likewise, it shows that the
      hull section itself has, in this particular arrangement, a pair of cargo
      spaces 36 and 37 in which ballast materials 38 and 39 are respectively
      disposed. As a general rule, for minesweeping purposes, said ballast 38
      and 39 are water, sea water, or the like. In such instance, the levels
      thereof within cargo spaces 36 and 37 would most likely be substantially
      identical; however, in the event different types of ballast materials are
      employed as ballast 38 and 39, the level of one could be different from
      the level of the other, say, because the density of one might be different
      from the density of the other. Obviously, by one skilled in the art having
      the benefit of the teachings presented herewith would readily be able to
      make whatever selection of ballast materials as is necessary to effect a
      desired minesweeping or other pressure signature below the entirety of
      hull 11. Moreover, it would obviously be well within the purview of the
      artisan to select the proper ballast and/or cargo compartments and the
      structures for effecting the desired configurations thereof for any given
      operational purposes from this disclosure. Therefore, with the exception
      of the unique hull section attachment means (which will be discussed
      subsequently), this disclosure is not intended to be limiting in any
      manner whatsoever but, rather, it is intended to show one preferred
      representative embodiment of that portion of the invention.
PAR  Referring now to FIG. 5, there is shown an exploded view, with parts broken
      away, of two adjacent sections of hull 11 which more readily disclose
      annular groove 41, which is comparable to the aforementioned annular
      groove 34 of the structure of FIG. 3, and the elastic sealer, such as an
      O-ring 42 or the like, inserted therein. Interflange plate 43 is connected
      in any suitable manner -- as by bonding or the like -- to the plastic foam
      section 44. Also shown is a representation of typical means for fastening
      the two disclosed hull sections together in such manner that they will
      form a watertight joint thereat. For this purpose, a plurality of bolts 45
      are illustrated schematically which will extend through mating holes in
      the flange plate of the other intermediate hull section (not shown).
PAR  FIG. 6 is also a view of a typical fastening means that is shown as section
      A--A which is taken along section A--A of FIG. 5. Hence, it may be seen
      that bolts 45 extend through flange 43 and would extend through mating
      holes 46 if sections 47 and 48 are placed in abutment configuration with
      O-ring 42 inserted within peripheral grooves 41 and 49, respectively, of
      those end plates of hull sections herewith defined as being sections 47
      and 48, but which may, in fact, be either of bow and stern sections 12 and
      13, as well as intermediate section 14 of the hull of the subject
      minesweeper, as it is depicted in FIG. 1.
PAR  An exceedingly important aspect of the instant invention is the particular
      means that is used for fastening the hull sections together in such manner
      that they will be secure and waterproof. For the purpose of describing an
      imminently suitable device for effecting such fastening means, various and
      sundry reference numerals previously employed were also used in the
      structure of FIG. 7 for purposes of clarity. With this in mind, FIG. 7
      discloses end plates or end frames 21 and 22 which are the respective end
      frames of say the aforementioned intermediate hull section embodiment of
      FIGS. 2 and 3. As a result, said frames are intended to be attached in
      abutment with each other in such manner that a resilient O-ring 51 of
      rubber, neoprene, or the like, is compressed therebetween in grooves 34
      and 35 thereof for fluid sealing purposes. When so structured, of course,
      as depicted in FIG. 7, the lower ends of frames 21 and 22 constitute those
      portions thereof that are in proximity with the outer surface thereof (not
      shown).
PAR  A metallic cup 52 having an end flange 53 is attached as by welding 54 or
      any other suitable attachment means to frame 21. Disposed within said cup
      52 is a resilient membrane or plug 55 which is attached to the inner
      surface of said cup 52 in a secure manner. Although any securing means may
      be employed for such purpose, the inside configuration of cup 52 may be
      such that it has one or more inner extensions 56 having shoulders 57 which
      effectively prevent the movement of membrane 55 out of cup 52 when
      relative forces are applied thereto. A suitable bolt 58 is molded within
      resilient membrane 55 so that it, too, is securely mounted therein in such
      manner that, due to the resilience of membrane 55, relative movement may
      occur therebetween without breaking apart, even though considerable forces
      are respectively applied thereto. A pair of holes 61 are respectively
      located in plates 21 and 22 in alignment with each other and in alignment
      with the inside diameter of the aforementioned cup 52. Disposed therein is
      a metallic plug 63 having an end flange 64 and a tapered end 65, the
      former of which is intended to be in abutment with the surface of plate
      22, and the latter of which is intended to be extended through hole 61 and
      62 to the extent that it is in abutment with the aforesaid resilient
      member 55. Bolt 58, of course, has threads 66 over which is mounted a lock
      washer 67, and on which is screwed a suitable complementary nut 68.
PAR  When assembled as shown in FIG. 7, the combination of disclosed elements
      thereof, in actuality, becomes a new and unique method and means 69 for
      fastening any two objects together in such manner that there is some
      flexibility therebetween but, yet, is sufficiently rigid to constitute a
      very secure fastening thereof. In addition, in the event grooves similar
      to the aforesaid grooves 34 and 35 and a resilient sealer such as the
      aforementioned O-ring 51 is incorporated therein as shown, a fluid tight
      seal is effected thereat. Accordingly, the fastening means of FIG. 7
      appears to constitute a new and unique device which is highly effective in
      securely attaching the various and sundry hull sections of the subject
      minesweeper 11. Hence, it may readily be seen, that the structure of FIG.
      7 is a specific and detailed structural assembly which is equivalent of
      the symbolically represented fastener assembly depicted in FIG. 6.
      Consequently, it is imminently satisfactory for the purpose of effecting
      the assembly of the particular sections of hull 11.
PAR  In order to be a more effective marine minesweeper -- that is, in order to
      provide an improved method and means of simultaneously sweeping pressure
      responsive, acoustic responsive, and electromagnetic responsive marine
      mines -- the hull of minesweeper 11 contains the aforementioned electrical
      generator 16 which supplies electrical energy to insulated electrical
      wires 17, the latter of which extend around the periphery of the hull at
      some suitable location below the water line thereof. Such arrangement is
      illustrated schematically in FIGS. 8 and 9, wherein the reference numerals
      for the various parts thereof are respectively similar to those used for
      like parts in the aforementioned FIG. 1.
PAR  By referring to FIG. 8, it may be seen that the aforesaid electrical motor
      generator 16 is mounted on the top deck of hull 11 and electrical wires 17
      extend down along the side thereof and then around the bottom of the hull
      thereof in such manner as when electrically energized produces
      electromagnetic fields 71.
PAR  FIG. 9, of course, is a top view of the device of FIG. 8 and, thus,
      illustrates how electrical wires 17 are disposed around the hull of ship
      11 so that an electromagnetic field will be generated thereby when they
      are electrically energized. Of course, being only a schematic embodiment,
      the mounting means for said motor generator 16 and wires 17 may be any
      that are conventional and that will be suitable for such mounting
      purposes.
PAR  Referring now to FIG. 10 there is schematically shown a representative
      operational embodiment of the subject invention combined with its typical
      ambient environment. Also shown therein is some of the physical phenomena
      which are effected thereby and some of the particular devices that are, in
      turn, effected by said physical phenomena. Hence, minesweeper 11 which is
      constructed as previously disclosed in FIGS. 1 through 9 is shown as being
      driven through water 72 and along a course therein having say a
      magnetically responsive marine mine 73 laying on or partially submerged in
      the sea floor 74 and, perhaps, a pressure responsive marine mine 75
      likewise laying on or submerged in said sea floor 74.
PAR  For reasons which will become obvious during the discussion of the
      operation of the subject invention, a typical underwater pressure
      signature 76 is graphically portrayed under minesweeper 11, so as to show
      how the subject invention is effective in detonating pressure responsive
      marine mines. Furthermore, the aforementioned electromagnetic field 71 are
      likewise shown symbolically in FIG. 10, in order to disclose how they are
      transmitted or broadcast toward magnetically responsive marine mines, so
      as to effect the detonation thereof.
PAC  MODE OF OPERATION
PAR  In the art of marine minesweeping, it has been determined that it is
      exceedingly difficult to safely sweep, neutralize, or detonate marine
      mines which have been deployed and activated in such bodies of water as
      oceans, bays, estuaries, rivers, lakes, and the like. Therefore, it
      becomes exceedingly important to be able to sweep enemy mines during
      military operations and even our own mines when said military operations
      cease without involving extremely hazardous duty for those concerned and
      without necessitating the use of complex, expensive ship or ship-like
      structures which could be destroyed by the very mines which they are
      trying to sweep. Accordingly, the more simple and economical substitute
      for such minesweeping ships has been implemented by means of this
      invention and has been done so in a manner which is considerably more
      effective under some circumstances.
PAR  During actual minesweeping operations, as may be seen best in FIG. 10, hull
      11 is driven through water 72 by means of motor 15. Of course, as would be
      obvious to any one skilled in the art, hull 11 may be steered either by
      human or remote control, depending upon the particular situation involved.
      As minesweeping hull 11 is navigated along its predetermined course, due
      to the fact that it contains ballast 38 and ballast 39 it sinks to some
      particular draft depth, and, thus, generates pressure within the water
      below it in a manner somewhat similar to that depicted graphically by
      pressure signature curve 76. Of course, when the pressures thereof, the
      varying pressures thereof, or the relatively lack of pressures thereof,
      come in contact with the pressure responsive marine mine 75, due to its
      initial programming, it senses said pressures and interprets them as being
      produced by a real ship. As a result, it explodes as if it were destroying
      a real ship. However, due to the unique construction of hull 11, the
      explosion thereof does not ordinarily cause hull 11 to sink or even be
      damaged sufficiently to be put out of operation. This is primarily due to
      the fact that hull 11 is constructed of a plurality of plastic foam
      sections, each of which contain a large plurality of cellular trapped air
      bubbles within the plastic foam portions thereof. Hence, even if a hole is
      blown in the bottom of hull 11 within one or even several of the sections
      thereof, the buoyancy of hull 11 is still sufficient to enable it to float
      on water 72. In addition, in the event only a few of the, say,
      intermediate sections of hull 11 are damaged, they may be readily replaced
      in dry dock merely by the unfastening thereof and the substituting of new
      ones therefor. Due to the simplicity of this particular inventive concept,
      it is entirely possible that such minesweeping ship repair could be
      effected at or near the site of operations without too much difficulty,
      expense, or ancillary equipment needed therefor. Also, damaged hull
      sections requiring replacement can be removed and replacements therefor
      installed on station without the use of drydocking facilities. This can be
      accomplished by the proper ballasting and de-ballasting of the sections to
      be assembled together, with the fayings surfaces being drawn together by
      the securing bolts and tapered inserts. Accordingly, this increases the
      utility of the subject invention to a considerable extent over that which
      might occur with respect to the minesweepers of the prior art.
PAR  While minesweeping hull 11 is traversing its minesweeping course, it also
      generates and broadcasts electromagnetic energy 71 which impacts upon
      magnetically responsive marine mine 73 and causes it to detonate. Like the
      detonation of mine 75, the detonation of mine 73 may or may not damage the
      sections of hull 11; however, it has been found that, even though damaged,
      the damage thereto is usually not severe enough to put hull 11 out of
      commission, as far as minesweeping and cargo carrying operations are
      concerned.
PAR  At this time, it may also be noteworthy that although the subject invention
      is primarily intended as being an improved method and means of sweeping,
      detonating, neutralizing, and the like of marine mines, it has other
      utility, too. For example, due to its relative indestructability, under
      some circumstances it will facilitate the carrying of cargo within its
      ballast compartments over waters that have been mined in such manner as
      would otherwise destroy conventional boats or ships. Hence, it should be
      understood that the utility of the subject invention is not intended to be
      limited to minesweeping alone.
PAR  Moreover, as an adjunct to this invention, it would appear to be noteworthy
      that all inherent noises made thereby -- such as engine noise, propeller
      noise, towing noise, and the like -- tends to broaden the spectrum of
      signals which would contribute to the destruction of marine mines. Hence,
      when employed in conjunction with the aforementioned pressure and
      electromagnetic signatures, a composite minesweeping signature is
      effected.
PAR  In view of the foregoing, it may also be seen that the subject invention
      constitutes a new and unique hull assembly which constitutes an
      improvement over the various and sundry types of hull assemblies
      incorporated in various and sundry boats, ships, and other water vehicles,
      and especially in marine minesweepers.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawings.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marine minesweeper, comprising in combination:
PA1  a hull, having a plurality of unitary compartmental sections disposed along
      the longitudinal axis thereof, with adjacent ones thereof configured for
      complementary fits therebetween, adapted for being floated along a
      watercourse suspected of being mined with marine mines, the plurality of
      unitary compartmental sections of said hull including a bow section, a
      stern section, and at least one intermediate section connected between
      said bow and stern sections, with said at least one intermediate section
      having a foam plastic hull-configured intermediate portion containing
      cells of air bubbles and having a plurality of compartments separated by
      bulkheads, a first plate securely connected to the forward end of said
      foam plastic hull-configured intermediate portion parallel to the
      transverse axis thereof, and a second plate securely connected to the
      rearward end of said foam plastic hull-configured intermediate portion
      parallel to the transverse axis thereof;
PA1  means connected between adjacent ones of said plurality of unitary
      compartmental hull sections for the fastening thereof together in a secure
      abutting manner;
PA1  means disposed between and substantially around the periphery of said
      adjacently fastened hull sections for effecting a watertight seal thereat;
      and
PA1  ballast means of predetermined mass disposed in each of the plurality of
      unitary compartmental hull sections for effecting a predetermined draft of
      said hull within the aforesaid watercourse, as it is floated therealong.
NUM  2.
PAR  2. The device of claim 1, wherein said bow and stern sections include a
      rearward plate and a forward plate securely connected to the rearward and
      forward portions thereof that are parallel to the transverse axis of said
      hull, respectively.
NUM  3.
PAR  3. The device of claim 1, wherein said first and second plates each have at
      least one aperture extending therethrough.
NUM  4.
PAR  4. The device of claim 1 wherein said means disposed between and
      substantially around the periphery of said adjacently fastened hull
      sections for effecting a watertight seal thereat comprises a resilient
      ring.
NUM  5.
PAR  5. The device of claim 1, wherein said means disposed between and
      substantially around the periphery of said adjacently fastened hull
      sections for effecting a watertight seal thereat comprises:
PA1  a pair of grooves respectively disposed within adjacent ones of said
      unitary compartmental sections; and
PA1  a resilient O-ring disposed between said pair of grooves.
NUM  6.
PAR  6. The device of claim 1, wherein said ballast means of predetermined mass
      disposed in each of the plurality of unitary compartmental hull sections
      for effecting a predetermined draft of said hull within the aforesaid
      watercourse, as it is floated therealong, comprises water.
NUM  7.
PAR  7. The invention of claim 1, further characterized by:
PA1  a plurality of loading hatches respectively disposed in the plurality of
      unitary compartmental sections of the aforesaid hull; and
PA1  a like plurality of covers removably mounted over said loading hatches.
NUM  8.
PAR  8. The invention of claim 1, further characterized by means mounted on said
      hull for the driving and navigating thereof along the aforesaid
      watercourse.
NUM  9.
PAR  9. The invention of claim 1, further characterized by means attached to
      said hull for broadcasting electromagnetic energy substantially downwardly
      therefrom.
NUM  10.
PAR  10. The device of claim 9, wherein said means attached to said hull for
      broadcasting electromagnetic energy substantially downwardly therefrom
      comprises:
PA1  a self-contained motor-generator for generating electrical energy; and
PA1  an insulated electrical conductor mounted on and around the aforesaid hull
      below the water line thereof connected to said motor-generator for timely
      energization thereby.
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ABST
PAL  In a jib sail system, roller-furling and interchangeability of jibs is
      provided by utilizing a rotatable, slotted stay member, preferably
      aerodynamically shaped, and by providing at the top of the stay member a
      ratchet-latching mechanism so that tension on the jib halyard can be
      released thereby facilitating a swivel coupling attachment of the halyard
      to the head of the jib.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a jib sail system and more particularly to such a
      system which facilitates roller-furling of a raised jib and which permits
      jibs to be readily interchanged.
PAR  While roller-furling jib systems have been proposed heretofore, e.g. as in
      the jib-furling stay system disclosed in co-assigned U.S. Pat. No.
      3,611,969, such systems have required relatively elaborate and expensive
      swivel mechanisms to permit furling of the jib without twisting of the jib
      halyard.
PAR  Among the several objects of the present invention may be noted the
      provision of the jib sail apparatus which permits simple and reliable
      roller-furling of a jib sail; the provision of such apparatus which
      permits jib sails to be readily interchanged; the provision of such a
      system which reduces compression-loading of the mast of the sailboat in
      which the system is utilized; and the provision of such a system which is
      relatively simple and inexpensive. Other objects and features will be in
      part apparent and in part pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, sail-raising apparatus according to the present invention employs
      a stay member having therein an elongate slot of generally C-shaped
      cross-section. The stay member is mounted with respect to the bow and mast
      of the sailboat with which the apparatus is used to permit rotation of the
      stay member around its longitudinal axis. A carrier is slidable along the
      stay member and rotatable therewith, the carrier having means for
      attaching the head of a jib to permit hoisting of the jib by the carrier.
      Swivel means are provided for rotatably attaching a halyard to the carrier
      for hoisting of the carrier with the jib. At the upper end of the stay
      member is a rack and, on the carrier, a pawl is provided for engaging the
      rack. Thus, once the jib sail is raised, tension on the halyard may be
      released while the jib sail itself is held up under compression borne by
      the stay member itself. Accordingly, the stay member may be rotated with
      the hoisted jib without twisting the halyard, the halyard and the swivel
      bearings being substantially unloaded.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat diagrammatic view of the bow portion of a sailboat
      employing jib sail apparatus in accordance with the present invention;
PAR  FIG. 2 is a cross-section taken substantially on the line 2--2 of FIG. 1
      showing a composite rotatable stay assembly;
PAR  FIG. 3 is a side view of a partial joint in the stay assembly;
PAR  FIG. 4 is a side view of another form of joint in the stay assembly;
PAR  FIG. 5 is a side view illustrating a feed point in the slotted stay
      assembly;
PAR  FIG. 6 is a side view, with parts broken away, of a ratchet mechanism
      employed in apparatus of the present invention; and
PAR  FIGS. 7 and 8 show different positions of elements in the ratchet mechanism
      during its operation.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a sailboat 11 having a jib 13
      raised with its luff in a rotatable, slotted headstay member 15
      constructed in accordance with the present invention. In one preferred
      embodiment of the invention, the stay assembly 15 employs, as illustrated
      in FIG. 2, a conventional wire headstay 17 over which are assembled a
      series of interlocking aluminum extrusions 21, 22, and 23 which together
      comprise a doubly-slotted headstay member of essentially streamlined or
      oblate configuration. The central extrusion 21 is essentially tubular in
      cross-section and fits over the headstay wire 17. The extrusions 22 and 23
      on either side of the central extrusion 21 are provided with grooves which
      interlock with ribs 25 on the central extrusions. In this way, the
      composite stay member may be assembled by sliding the mating extrusions
      together.
PAR  In order to limit the length of extrusion needed, each type of extrusion
      may be made up in relatively short lengths, e.g. five feet, while a
      relatively long composite stay member can be made up by staggering the
      joints of the sections of the central extrusion 21 with the joints of the
      extrusions 22 and 23. This is illustrated in FIGS. 3 and 4. In general,
      the central extrusion 21, being generally tubular, possesses sufficient
      torsional rigidity to permit roller-furling as described hereinafter,
      while the extrusions 22 and 23 provide a joining of successive sections of
      the central extrusion 21 which prevents relative rotation between the
      successive sections.
PAR  The lower ends of the composite rotatable stay member comprising extrusions
      21, 22, and 23 are clamped to a drum-like roller-furling and swivel
      assembly 31. Each of the extrusions 22 and 23 includes a longitudinal slot
      having an essentially C-shaped cross-section, which opening or slot
      functions in generally the same manner as the C-shaped stay described in
      the earlier patent, that is, the slot receives a bolt-rope or bead 24
      formed on the luff edge of the jib sail used in conjunction with the
      roller-furling apparatus. Similarly, at one point along its length, each
      C-shaped slot is cut away or opened up, as illustrated at 35 in FIG. 5, so
      as to permit the bead to be introduced into the slot, the mouth of the C
      otherwise being narrow enough to retain the bead along the major portion
      of the length of the stay member 15. Suitable guides or feeders
      facilitating the raising of a jib may be employed as described in U.S.
      Pat. Nos. 3,658,025 and 3,759,210, also co-assigned with the present
      invention. The provision of two slots allows a second jib to be set.
PAR  The upper end of the composite stay assembly is provided with a ratchet
      rack 37 as illustrated in FIG. 6. Preferably, rack 37 is formed as a
      notched length of rod having a nominally circular cross-sectional shape
      which fits snugly within one of the C-shaped slots, the mouth of the slot
      being cut away slightly as illustrated to provide greater access to the
      notches. The rack 37 is locked in place by a series of pins as indicated
      at 39 in FIG. 6.
PAR  A carrier 41 is provided which fits over and is slidable along the
      composite stay member, the carrier and the composite stay member having
      essentially matching, non-circular cross-sections which cause the carrier
      to rotate with the composite stay member. The slider or carrier 41 carries
      a pair of apertured tabs 42 to which the head of the jib sail can be
      shackled, as illustrated. A freely rotatable swivel ring 45 is provided
      around the carrier and the ring carries an apertured tab 47 to which the
      jib halyard may be attached, again as illustrated.
PAR  The ring 45 is retained on the carrier 41 by a split collar 49 which is
      clamped on the upper end of the carrier. Collar 49 carries a hook 51 which
      is pivoted at 53 and is biased, by means of a spring 55, into engagement
      with the ratchet rack 37. As may be seen, hook 51 cooperates with the
      ratchet rack 37 so as to provide a means for latching the carrier into a
      jibraised position.
PAR  To permit the carrier to be lowered, the hook 51 carries a rocker element
      57 which is pivotally mounted on the hook itself as indicated at 59.
      Rotational movement of the rocker element 57 is limited by the shape of
      the cavity in the hook within which it is mounted. When the carrier is
      being raised, the rocker element does not significantly interfere with the
      expected operation of the hook 51, the spacing between the two fingers 56
      and 58 of the rocker element matches the spacing between successive
      notches in the rack 37 as illustrated in FIG. 7. Thus, the nose of the
      hook can fall into and engage one of those notches. If, however, the hook
      is advanced to a position just short of falling into one of the notches so
      that the lowermost finger 58 of the rocker has fallen into a notch but the
      hook 51 has not, and if the carrier is then lowered, the rocker element
      will rock over to a position as illustrated in FIG. 8 where the backside
      of the finger 58 acts as a ramp tending to lift the hook over the point of
      each notch so that the hook does not engage and does not impede the
      lowering of the carrier. Stated in other terms, the carrier is released
      for lowering by initially raising it about half a rack notch and then
      lowering.
PAR  The use of a ratchet latch in accordance with the present invention to hold
      the carrier and jib in raised position provides several advantages. When
      the hook 51 is engaged, tension can be let off the jib halyard.
      Accordingly, it is not necessary to provide expensive ball bearings to
      permit the halyard ring 45 to rotate with respect to the carrier 41 during
      rollerfurling of the jib sail, since the swivel is unloaded. This
      arrangement also reduces compression loading of the mast. Likewise, since
      the jib luff tension is not transmitted to the bow of the boat, the foot
      of the jib being attached directly to the drum mechanism which is in turn
      mounted directly on the bottom of the rotatable stay. Accordingly, no
      elaborate swivels are needed to mount the rotatable stay assembly 15 but
      rather it can rotate over the stay wire 17 on simple sleeves 62 of a
      plastic material such as that sold under the trade name Teflon. Axial
      travel of the rotating assembly 15 can then be constrained by simple
      swaged stops 63 bearing against washers 65 which contact the end of the
      composite rotating assembly.
PAR  In view of the foregoing, it may be seen that several objects of the
      present invention are achieved and other advantageous results have been
      attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it should be understood that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Jib-setting apparatus comprising:
PA1  a wire tension member;
PA1  a series of similar tubular extrusions adapted to fit over said wire, each
      of said extrusions being grooved on opposite sides thereof;
PA1  on one side of said series of tubular extrusions, a first series of
      extrusions each having a portion of generally C-shaped cross-section
      forming an elongate slot, the extrusions in said first series being
      grooved to engage and lock onto the grooves on said one side of the
      tubular extrusion with the abutting ends of extrusions in said first
      series being staggered with the abutting end of said series of tubular
      extrusions; and
PA1  on the opposite side of said series of tubular extrusions, a second series
      of extrusions each having a portion of generally C-shaped cross-section
      forming an elongate slot, the extrusions in said second series being
      grooved to engage and lock onto the grooves on said other side of the
      tubular extrusion with the abutting ends of extrusions in said second
      series being staggered with the abutting end of said series of tubular
      extrusions.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 further comprising;
PA1  a carrier slidably along the interlocked assembly of extrusions and
      rotatable therewith, said carrier having means for attachment of the head
      of a jib to permit hoising of the jib with the carrier;
PA1  swivel means rotatably mounted on said carrier and including means for
      attaching a halyard for hoisting said carrier;
PA1  at the upper end of said first series of C-shaped extrusions, a rack; and
PA1  on said carrier, a pawl for engaging said rack thereby to permit tension on
      said halyard to be released while said jib is held up under tension borne
      by said stay assembly, whereby said stay assembly may be rotated with a
      jib hoisted without twisting said halyard, the halyard being unloaded.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said rack comprises a member,
      nominally of circular cross-section, fitting within said C-shaped slot,
      said rack member having a series of notches therein facing outwardly.
NUM  4.
PAR  4. Sail-raising apparatus comprising:
PA1  a wire tension headstay member;
PA1  a series of similar tubular extrusions adapted to fit over said wire, each
      of said extrusions being grooved on opposite sides thereof;
PA1  on one side of said series of tubular extrusions, a first series of
      extrusions each having a portion of generally C-shaped cross-section
      forming an elongate slot, the extrusions in said first series being
      grooved to engage and lock onto the grooves on said one side of the
      tubular extrusion with the abutting ends of extrusions in said first
      series being staggered with the abutting end of said series of tubular
      extrusions;
PA1  on the opposite side of said series of tubular extrusions, a second series
      of extrusions each having a portion of generally C-shaped cross-section
      forming an elongate slot, the extrusions
PA1  in said second series being grooved to engage and lock onto the grooves on
      said other side of the tubular extrusion with the abutting ends of
      extrusions in said second series being staggered with the abutting ends of
      said series of tubular extrusions;
PA1  means for mounting said headstay member with respect to the bow and mast of
      a sailboat with which the apparatus is used, to permit rotation of said
      extrusions around said headstay member;
PA1  a carrier slidably along said extrusions and rotatable therewith, said
      carrier having means for attachment of the head of a jib to permit
      hoisting of the jib with the carrier;
PA1  swivel means rotatably mounted on said carrier and including means for
      attaching a halyard for hoisting said carrier;
PA1  at the upper end of said stay member, a rack comprising a member, nominally
      of circular cross-section, fitting within said C-shaped slot, said rack
      member having a series of notches therein facing outwardly; and
PA1  on said carrier, a pawl for engaging said rack thereby to permit tension on
      said halyard to be released while said jib is held up under tension borne
      by said extrusions, whereby said extrusions may be rotated with a jib
      hoisted without twisting said halyard, the halyard being unloaded.
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ABST
PAL  A coupling apparatus interposed between two vessels to connect such vessels
      in an articulated manner. The vessels may be components of a barge train.
      The coupling apparatus permits the barges to be individually removed from
      such train. The apparatus includes one or more resilient posts removably
      interposed between the vessels. The resiliency of the posts permits the
      posts to flex and bend for accommodating simultaneous relative movement in
      roll, pitch, yaw, surge and heave between the vessels resulting from wave
      action.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my U.S. Pat. application Ser. No. 399,423
      filed Sept. 21, 1973, now U.S. Pat. No. 3,822,667 issued July 9, 1974,
      which was a division of my U.S. Pat. application Ser. No. 251,021 filed
      May 8, 1972 now U.S. Pat. No. 3,799,100 issued Mar. 26, 1974, a
      continuation-in-part of Ser. No. 88,938 filed Nov. 12, 1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been heretofore proposed to provide a train of barges connected to
      one another by means of a quick-connect and disconnect hinge coupling,
      with the rearmost barge similarly connected to a propulsion unit which
      pushes the barges, and the assembly of barge train and propulsion unit
      comprising an articulated vessel. Such an articulated vessel would afford
      many important advantages in cargo handling and delivery as compared to
      the conventional single hull vessel. By way of example, individual barges
      could be loaded and discharged independently of the operation of the
      propulsion unit. Accordingly, cargo could be loaded and unloaded at times
      convenient to the consignor and consignee. It would not be necessary (as
      with a conventional single hull vessel) to proceed to individual docks or
      wharves for loading and discharge, nor would it be necessary to stand-by
      while loading and discharging at anchor in the stream. Also, it would not
      be necessary to proceed up and down rivers for cargo. Instead, such an
      articulated barge train could enter port, anchor and then proceed to
      disconnect individual barges for that port of entry and pick up barges
      ready to proceed to the next port of destination. In the case of a marine
      casualty involving grounding, collision or enemy action, it would be
      possible to disengage the damaged barge or barges from the train, with the
      remaining barges and the propulsion unit continuing the journey. Many
      other advantages could be obtained from the use of such an articulated
      barge train.
PAR  Applicant is aware of several United States Patents which have been issued
      directed to this concept, including, U.S. Pat. Nos. 45,700; 1,259,860;
      1,797,600; 3,035,536; 3,125,059; 3,257,986 and 3,494,318.
PAR  None of the articulated barge trains heretofore proposed have been
      commercially successful, however. It would appear that such lack of
      commercial success was due primarily to the heavy, bulky and expensive
      nature of the couplings interposed between the adjoining vessels, it being
      understood that such couplings must be capable of bending while
      withstanding compressive and tensive forces of large magnitudes, afford
      ready disconnectability of adjoining vessels, and yet permit the adjoining
      vessels to freely undergo simultaneous relative movement in roll, pitch,
      yaw, surge and heave due to the effect of wave action on the vessels.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the present invention to provide a force-transfer
      coupling apparatus interposed between two closely adjoining vessels which
      will accommodate relative movement between the vessels.
PAR  Another object is to provide an apparatus of the aforedescribed nature
      which permits such vessels to be readily disconnected from one another.
PAR  Another object is to provide a coupling apparatus of the aforedescribed
      nature which is relatively inexpensive of construction, foolproof in
      operation and capable of affording a long service life.
PAR  Yet another object of the present invention is to provide coupling
      apparatus of the aforedescribed nature utilizing resilient post means
      interposed between the vessels, with such post means being removably
      received within complementary socket means on said vessels, and with lock
      means being provided for removably retaining the post means within the
      socket means. The post means are sufficiently resilient to accommodate
      relative movement between the vessels, but have sufficient strength to
      transmit compressive and tensive forces from one vessel to the other while
      permitting the vessels to undergo simultaneous relative movement in roll,
      pitch, yaw, surge and heave.
PAR  It is an object of one form of the present invention to provide coupling
      apparatus of the aforedescribed nature having novel draft compensation
      means interposed between the adjoining vessels.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a barge train utilizing a preferred form of
      coupling apparatus embodying the present invention;
PAR  FIG. 2 is a side elevational view of said train;
PAR  FIG. 3 is a broken perspective view showing said coupling apparatus;
PAR  FIG. 4 is a side elevational view of the post member of said coupling
      apparatus;
PAR  FIG. 5 is a vertical sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a vertical sectional view taken in enlarged scale along line 6--6
      of FIG. 1;
PAR  FIG. 7 is a broken vertical sectional view taken along lines 7--7 of FIG.
      6;
PAR  FIG. 8 is a broken vertical sectional view showing the operation of the
      lock means of said coupling apparatus;
PAR  FIG. 9 is a top plan view of a portion of a barge train utilizing a second
      form of coupling apparatus embodying the present invention;
PAR  FIG. 10 is a vertical sectional view taken in enlarged scale along line
      10--10 of FIG. 9;
PAR  FIG. 11 is a vertical sectional view taken on line 11--11 of FIG. 10;
PAR  FIG. 12 is a horizontal sectional view taken in further enlarged scale
      along line 12--12 of FIG. 10;
PAR  FIG. 13 is a top plan view of the post member of FIG. 10 as such post
      member appears when it is in tension;
PAR  FIG. 14 is a vertical sectional view taken in enlarged scale on line 14--14
      of FIG. 13;
PAR  FIG. 15 is a top plan view of the post member of FIG. 10 when said post
      member is under compression;
PAR  FIG. 16 is a vertical sectional view taken in enlarged scale along line
      16--16 of FIG. 15;
PAR  FIG. 17 is a top plan view of the post member of FIG. 10 when such post
      member is disposed in a heaving condition;
PAR  FIG. 18 is a top plan view of the post member of FIG. 10 when such post
      member is in a bending position;
PAR  FIG. 19 is a third form of post member embodying the present invention;
PAR  FIG. 20 is a vertical sectional view taken in enlarged scale along line
      20--20 of FIG. 19;
PAR  FIG. 21 is a side elevational view of a retractable post member embodying
      the present invention, such post member being arranged in its stowed
      position;
PAR  FIG. 22 is a view similar to FIG. 21, but showing such post member disposed
      in a calm-water barge coupling position;
PAR  FIG. 23 is a view similar to FIG. 21, but showing such post member arranged
      in a rough-water barge coupling position;
PAR  FIG. 24 is a top plan view of a barge train of the type shown in FIG. 1,
      but provided with novel draft compensation means;
PAR  FIG. 25 is a side elevational view taken in enlarged scale along line
      25--25 of FIG. 24;
PAR  FIG. 26 is a broken top plan view of the draft coompensation means shown in
      FIG. 25;
PAR  FIG. 27 is a vertical sectional view taken along line 27--27 of FIG. 26;
PAR  FIG. 28 is an enlarged view of the encircled area of FIG. 27.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and particularly FIGS. 1 and 2 thereof, there is
      shown a barge train utilizing a preferred form of coupling apparatus
      embodying the present invention. The barge train includes a propulsion
      unit P and a plurality of closely adjoining barges B1, B2 and B3. The
      propulsion unit P may take the form of a conventional push or tug boat,
      while the barges are likewise of conventional construction. The bow of the
      push boat P and the stern of barge B1, the bow of barge B1 and the stern
      of barge B2 and the bow of barge B2 and the stern of barge B3 are
      interconnected by similar coupling apparatus A embodying the present
      invention.
PAR  Referring now to the remaining figures of the drawings, the coupling
      apparatus A includes resilient post means, generally designated 10;
      complementary attachment or socket means, generally designated 12, secured
      to the bow and stern of adjoining vessels; and lock means, generally
      designated 14 (shown in FIGS. 6, 7 and 8) that releasably retain the
      opposite ends of the post means 10 within socket means 12. The resilient
      nature of the post means 10 permit such post means to flex and thereby
      accommodate relative movement between the adjoining vessels while
      transferring compressive and tensive forces from one vessel to another. As
      indicated in FIG. 3, however, the post means are preferably sufficiently
      rigid as to be self-supporting in a horizontally extending position when
      one end of such post means is disconnected from an adjoining vessel.
PAR  More particularly, and referring now to FIGS. 4 and 5, the post means 10
      are each of like construction and include a cylindrical body 20 formed of
      a resilient material which is capable of transferring compressive and
      tensive forces of large magnitudes. A suitable resilient material is
      Neoprene. Other materials may be employed, however. Rigidly secured to the
      front and rear of the cylinder 20 are a front cap 22 and a rear cap 24
      both formed of a rigid, wear-resistant material such as steel. The portion
      of the caps 22 and 24 adjoining the front and rear ends of cylinder 20 are
      of generally hemispherical configuration defining knobs 26 and 28,
      respectively. The intermediate portions of the front and rear caps are
      formed with an annular groove, designated 30 and 32, respectively.
PAR  Referring now to FIG. 6, the socket means 12 of each vessel are of like
      construction and are secured to the bow and stern portions of each of the
      adjoining vessels. Each socket element includes a barrel 40 having its
      outer portion secured as by welding to the stern or transom of one of the
      vessels of the barge train in alignment with a bore 42 formed in such
      stern or transom. Each bore 42 is formed with a flared entry to facilitate
      guiding of the front or rear cap of each post 10 within the barrel 40. The
      inner end of each socket is of generally semi-hemispherical configuration
      approximately the configuration of the knobs 26 and 28 of the nose and
      tail caps 22 and 24. A transverse opening 44 is formed in the upper
      surface of each of the barrels 40 in vertical alignment with the locking
      grooves 30 and 32 of the nose and tail caps 22 and 24, respectively.
PAR  Referring now particularly to FIGS. 6, 7 and 8, the locking means 14 of
      each vessel are of like construction, with one such locking means being
      disposed in the bow and stern portion of each of the vessels of the barge
      train. Each locking means includes a horizontal latch bar 50 aligned with
      the openings 44 of each socket barrel 40. Suitable conventional bearings
      (not shown) are provided for supporting these latch bars 50 for rotation
      about their longitudinal axis. Such rotation can be effected by means of a
      conventional fluid-actuated cylinder and piston unit 54, with the piston
      rod thereof being pivotally connected to the free end of a crank arm 56.
      The opposite end of each crank arm 56 is rigidly affixed as by welding to
      the midportion of its respective bar 50, as shown in FIG. 7. Each latch
      bar 50 is formed with a pair of flats 58 and 60.
PAR  In the embodiment of the invention shown in FIGS. 1-8, four posts 10 and
      four complementary sockets 12 are shown. It should be understood, however,
      that the number of such posts and sockets may be varied in accordance with
      the size of the vessels and the expected sea conditions encountered
      thereby. It should be further noted that the construction of the posts 20
      may be varied. By way of example, the resilient cylinder 20 may be of
      tubular construction rather than solid construction.
PAR  In the operation of the aforedescribed coupling apparatus, normally one end
      of each of the posts 10 will be initially secured to the stern of one of
      the vessels of the barge train, as for example, barge B2 as indicated in
      FIG. 6. At this time the front cap 24 will be locked within its
      complementary socket 12 by means of the latch bar 50, such latch bar being
      positioned as shown in FIG. 6, with its flats 58 and 60 extending at an
      inclined angle relative to the longitudinal axis of the post 10. With the
      posts 10 extending from the rear of barge B1, push boat P will be moved
      towards the stern of barge B1 and the rear end of the posts 10 will be
      inserted within the sockets 12 of the push boat. During such insertion,
      the cylinder and piston unit 54 of the push boat will be arranged in their
      position of FIG. 8 so as to dispose the flats 58 and 60 of latch bar 50 in
      a horizontal plane outside the confines of barrels 40 so that latch bar 50
      is clear of the interior of the barrels. When the rear caps 22 of the
      posts 10 are fully inserted within their respective barrels 40, the
      cylinder and piston unit 54 of push boat P will be actuated so as to
      rotate the latch bar 50 to its position of FIG. 6. At this time the latch
      bar 50 will enter into the locking grooves 30 so as to positively lock the
      rear caps 22 of the posts 10 within their complementary recesses.
PAR  With the posts 10 securely retained within their complementary sockets 12,
      such posts can bend while transferring compressive and tensive forces
      between the push boat P and barge B1; between barge B1 and barge B2; and
      between barge B2 and barge B3. Concurrently, because of the resilient
      nature of the posts 10, the individual vessels of the barge train are free
      to undergo simultaneous relative movement resulting from the forces of the
      wind, waves, and perhaps currents, tending to make such vessels roll,
      pitch, yaw, surge and heave.
PAR  When it is desired to remove one of the vessels of the barge train from the
      train, the lock means 14 on either the vessel to be removed or on either
      of the vessels adjacent thereto will be actuated so as to rotate the latch
      bar 50 to its release position of FIG. 8. The posts 10 disposed within the
      sockets associated with such lock means can then be freely retracted from
      within their sockets. The provision of lock means 14 at each end of each
      vessel, permits not only flexibility of operation with respect to the end
      of the vessels from which the posts will be removed, but additionally it
      renders simple any necessary replacement of the posts 10.
PAR  If desired, tether lines may be utilized between adjoining vessels to
      permit fluid and/or electric power to be progressively transferred from
      push boat P to the barges as the latter are joined to the train.
PAR  Referring now to FIGS. 9-18, there is disclosed a second form of coupling
      apparatus embodying the present invention. In FIG. 9 there is shown a
      barge train including a plurality of closely adjoining barges B1', B2' and
      B3'. Each pair of barges is interconnected by a pair of like post members,
      generally designated 61, rather than four of such post members, as with
      the arrangement of FIGS. 1-8.
PAR  In FIGS. 10 and 12 a post member 61 is shown in its normal relaxed
      position. Each post member 61 includes a center body 62 formed of a
      resilient material, with such center body being rigidly affixed, as by
      bonding, to like rigid front cap 63 and similar rear cap 64. Extending
      axially outwardly of caps 63 and 64 are front and rear like main snubbers,
      generally designated 66 and 67, and comprising a plurality of like
      resilient rings 68 between which are sandwiched a plurality of like rigid
      metallic rings 70. Outwardly of and bonded to the outermost resilient ring
      68 of each main snubber is an annular backing plate 72 having a coaxial
      bore 73. Front and rear auxiliary snubbers, generally designated 74 and
      75, abut the outer surface of each plate 72.
PAR  Each auxiliary snubber includes a rigid cylindrical cage 76 within which is
      disposed an elongated tube 78 formed of resilient material. The outer end
      of each cage 76 is formed with a rigid cap element 80 of generally
      frusto-conical configuration. A tension element, such as a cable 82,
      extends coaxially through the post member 61, with the front and rear ends
      of such cable being rigidly secured, as by swagging, within an axial
      passage 84 formed in cap elements 80. Preferably, the length of cable 82
      is so selected that when post member 61 is in its relaxed position of
      FIGS. 9-12, cable 82 is prestressed sufficiently to apply compression to
      rings 68 and tube 78. It should be understood that all of the elements
      between front and rear cap elements 80 can undergo longitudinal movement
      relative to cable 82. Cable 82 serves to limit the longitudinal distance
      center body 62 can be stretched when post member 61 is placed in tension.
PAR  The post members 61 are received by like socket means, generally designated
      90 and 91, formed in the bow and stern portions of the adjoining barges.
      The socket means 90 and 91 are mirror images of one another and include a
      barrel 94 formed with a flared entry 96 to facilitate guiding of the caps
      80 thereinto.
PAR  Referring particularly to FIGS. 10 and 11, like front and rear
      guillotine-type lock means, generally designated 98 and 99, are interposed
      between each of the socket members 90 and 91 and their respective post
      members 61. Such lock means each include a vertical blade 100 which is
      vertically slidably carried within a vertical guideway 102 that extends
      upwardly from the intermediate portion of each barrel 94. The lower
      portion of each such blade is formed with an arcuate recess 104, which is
      selectively engagable with an external locking groove 106 formed in front
      and rear end caps 63 and 64 of post member 61. The blades 100 may be moved
      vertically either manually or by power-operated means (not shown).
PAR  Referring now to FIG. 14, each post member 61 is adapted to undergo
      bending, compression and tension in transferring compressive and tensive
      forces between adjoining barges, while such barges undergo simultaneous
      relative movement in pitch, heave, roll, yaw and sway. In FIG. 13 the post
      member 61 is shown resisting a load in tension applied by the blades of
      lock means 98. It will be noted that under a tension load the resilient
      rings 68 and tube 78 of the main and auxiliary snubbers 66 and 74,
      respectively, are placed in compression by means of caps 80 and cable 82.
PAR  Referring now to FIGS. 15 and 16, the elements of post member 61 are shown
      as they appear when such post member transfers compressive forces between
      two adjoining barges. Thus, it will be noted that the mid-portion of the
      resilient center body 62 will be squeezed radially outwardly. Upon this
      occurance, the cage 76 and its cap element 80 will move longitudinally
      outwardly relative to the rest of the other elements of the post member.
      Additionally, the resilient rings 68 and the resilient tube 78 are free to
      assume their relaxed configuration.
PAR  Referring now to FIG. 17, there is shown a top plan view of post member 61
      when the elements thereof are disposed in a heaving condition. It will be
      noted that because of the unconfined nature of the intermediate portion of
      the center body 62, such center body can readily flex to accommodate the
      relative sideward motion of the two adjoining barges. While only one of
      the post members is shown, it will be understood that the other post
      member of a pair thereof will flex in a similar manner.
PAR  Referring now to FIG. 18, there is shown a top plan view of one of the pair
      of post members 61 when the elements of such post member are arranged in a
      bending position so as to accommodate yaw between two adjoining barges.
      Again it would be clear that because of the unconfined nature of the
      center body 62, such center body can readily bend and concurrently stretch
      to accommodate such yaw. Concurrently, the other post member disposed at
      the opposite side of the adjoining barges will undergo concurrent bending
      and compression to accommodate yaw between the barges.
PAR  Referring now to FIGS. 19 and 20, there is shown a third form of post
      member, generally designated 101, embodying the present invention. Post
      member 101 includes a resilient center body 102. One end, as for example,
      the front end of such post member is provided with an end cap 105
      forwardly of which is disposed a main snubber 106, generally similar to
      the aforedescribed main snubber 68, but utilizing additional resilient
      rings 68' and metallic rings 70'. Forwardly of the main snubber 106 is
      disposed an auxiliary snubber 108 which is similar in construction to the
      aforedescribed auxiliary snubber 74, except that it is of greater length.
      The rear of opposite end of center body 102 is affixed to a rear end cap
      112 similar in construction to the front end cap 105. Outwardly of each
      end cap there is disposed a frusto-conical cap element 114 similar to the
      aforedescribed cap element 80. A cable 82 extends between cap elements
      114. With the arrangement of FIGS. 19 and 20 the snubbing action takes
      place solely to one side of the center body 102 rather than at both sides.
      It will be noted that the end caps 105 and 112 are provided with annular
      locking grooves 106' similar to those utilized in the apparatus of FIGS.
      9-18. The front and rear of post member 101 are respectively received
      within socket members 90' and 91' that are operatively associated with
      lock means 98' and 99' of the type described hereinbefore.
PAR  Referring now to FIGS. 21, 22 and 23, there is shown a post member 101 of
      the type disclosed in FIGS. 19 and 20 arranged so as to be longitudinally
      moveable within stern socket means, generally designated 150, of a barge
      B2'. Socket means 150 is generally similar to the aforedescribed socket
      means 90 and 91 including a barrel 152 formed with a flared entry 154 to
      facilitate guiding of the front cap 114 of post member 101 thereinto. The
      flared entry 104 faces aft from the transom 156 of barge B2'. The stern
      portion of barge B2' is formed with a front vertical guideway 158 for a
      guillotine blade 160 similar to blade 100 described hereinbefore. The
      blade 160 is selectively vertically movable into front slot 162,
      intermediate slot 164 and rear slot 166 formed in such barrel 152. In FIG.
      21 the locking blade 160 is shown extending downwardly through front slot
      162 and into an external front locking groove 170 of post member 101. At
      this time, the rear end of the post member is positioned generally in
      vertical alignment with transom 156 of barg B2'. This is the stowed
      position of the post member.
PAR  Referring now to FIG. 22, when it is desired to couple barge B2' to barge
      B1', post member 101 will be partially extended aft from the barrel 152 of
      socket means 150. This movement can be effected by first raising locking
      blade 160 from locking slot 170. Thereafter, post member 101 is urged
      rearwardly until slot 170 is in vertical alignment with guideway 158.
      Thereafter, locking blade 160 is lowered through intermediate slot 164 so
      as to engage locking groove 170.
PAR  Barge B1' is also provided with a vertical guideway 180 within which is
      vertically slidably carried a vertical locking blade 182. Locking blade
      182 is engagable with an external locking groove 184 formed in rear end
      cap 112 of post member 101. It should be understood that when the barges
      B1' and B2' are utilized under calm water conditions, the transoms thereof
      may be disposed relatively close together. This is the arrangement shown
      in FIG. 22.
PAR  Referring now to FIG. 23, when the barges are to be utilized under rough
      water conditions, it is desirable that their transoms be spaced farther
      apart than in calm water conditions. To achieve this result, post member
      101 will be extended further aft from its position of FIG. 22 so that
      locking blade 160 extends through rear recess 166 of barrel 152 and then
      into locking groove 170 of post member 101.
PAR  With respect to the utilization of the vertically moving locking blades 100
      and 160 into and out of their respective locking grooves, it should be
      noted that the blades may be readily withdrawn radially upwardly from
      their locking grooves independently of the relative attitudes of the
      barges. This is an important feature since it permits the barges to be
      readily uncoupled in an emergency situation. The same is true with respect
      to the locking arrangement shown in FIGS. 1-8 of the drawings.
PAR  It will be apparent that the post member shown in FIGS. 9-23 like those
      shown in FIGS. 1-8, are free to undergo compression and tension in
      transferring compressive and tensive forces between adjoining vessels
      while permitting the adjoining vessels to undergo simultaneous relative
      movement in roll, pitch, yaw, surge and heave. This is true because of the
      resilient nature of the center bodies of these post members and the fact
      that such center bodies are unconfined. Additionally, the resilient nature
      of the post members provide an impedance in the force path between the
      vessels wiich reduces the forces caused by relative motion therebetween
      and spreads these reduced forces over a longer time period. In this
      manner, the psot members adsorb, cushion, reduce and transfer forces
      without permitting a peak build-up to occur, as is the case with
      nonresilient couplings.
PAR  Referring now to FIGS. 24-28, there is shown a barge coupling apparatus
      similar to the type described hereinbefore except that draft compensation
      means are provided for one end of the post members 201 interposed between
      adjoining barges B1" and B2" and B3". The rear end of each post member 201
      is received within like stern socket means, generally designated 202, of
      barge B2" and B3". Post member 201 may be of similar construction to the
      aforedescribed post member 61, or alternatively post members 10 or 101.
      Socket means 202 are generally similar to the aforedescribed socket means
      90 including a barrel 204 formed with a flared entry 207 to facilitate
      guiding of the rear cap 206 of post member 201 thereinto. The bow portion
      of barge B2" is formed with a vertical guideway slot 208 for a guillotine
      blade 210 similar to blade 100 described hereinbefore. The blade 210 is
      selectively vertically moveable within slot 212, formed in barrel 204 by
      means of a lever 211 mounted on the deck of barge B2" above slot 208.
      Blade 210 is engagable with rear locking groove 209 of post member 201.
PAR  The stern portion of barge B1" is formed with bow socket means, generally
      designated 220, different than that described hereinbefore. Socket means
      200 includes a barrel 222 formed with a flared entry to facilitate guiding
      the front cap 224 of post member 201 thereinto. The barrel 222 is rigidly
      affixed to a vertically adjustable housing, generally designated 230,
      which is slidably disposed within a vertically extending cavity 232 formed
      at one side of the stern portion of barge B1". As indicated particularly
      in FIGS. 26 and 28, the corners of cavity 232 are provided with vertically
      extending pads 234 of Teflon or the like to facilitate vertical movement
      of housing 230. Vetical movement of housing 230 is effected by means of a
      length of chain 240 which extends upwardly from the top of housing 230
      around a sprocket 242, downwardly through a tube 244 and then upwardly to
      the lower end of housing 230. Sprocket 242 is mounted on the deck of barge
      B1" above housing 230 and tube 244. This sprocket 242 is provided with a
      handle 246 by means of which it can be rotated. Conventional lock means
      (not shown) are provided for selectively locking the sprocket 242 against
      rotation.
PAR  A vertically moveable locking blade 250 is vertically slidably disposed
      within a complementary slot 252 formed in the rear portion of housing 230.
      Vertical movement of this locking blade 250 is effected by means of a
      lever 254 similar to lever 205 mounted on the stern of barge B1" above
      slot 252. The locking blade 250 is selectively engagable with a front
      locking groove 254 formed in the front portion of post member 201.
PAR  The aforedescribed arrangement makes it possible to compensate for any
      differential in draft between barges B1" and B2". Accordingly, a heavily
      loaded and lightly loaded barge may be coupled together without requiring
      initial flexing of post member 201 since housing 230 may be set at the
      proper elevation to horizontally align socket 220 with socket 202. It will
      also be understood that
CLMS
STM  I claim:
NUM  1.
PAR  1. Force-transfer coupling apparatus interposed between two closely
      adjoining vessels, comprising:
PA1  post means having a generally elongated body formed of resilient material,
      said post means normally extending horizontally and longitudinally in a
      cantilever fashion relative to said vessels;
PA1  horizontally and longitudinally extending attachment means on the facing
      bow and stern portions of said vessels that receive the ends of said post
      means, the body of resilient material bridging the gap between said
      vessels;
PA1  means operatively associated with said attachment means securing said post
      means therewithin;
PA1  with said resilient material being free to undergo bending, compression and
      tension in transferring compressive and tensive forces between said
      vessels; and
PA1  means operatively associated with one of said attachment means to adjust
      the vertical position thereof relative to its respective vessel thereby
      affording draft compensation between said vessels.
NUM  2.
PAR  2. Force-transfer coupling apparatus as set forth in claim 1 wherein said
      last-mentioned means includes a housing that is vertically slidably
      supported by said respective vessel.
NUM  3.
PAR  3. Force-transfer coupling apparatus as set forth in claim 1 wherein said
      apparatus further includes lock means operatively associated with said
      attachment means and selectively engagable with the ends of said post
      means.
NUM  4.
PAR  4. Force-transfer coupling apparatus as set forth in claim 1 wherein said
      attachment means include a flared entry socket that telescopically
      receives the ends of said post means.
NUM  5.
PAR  5. Force-transfer coupling apparatus as set forth in claim 2 wherein said
      attachment means include a flared entry socket that telescopically
      receives the ends of said post means.
NUM  6.
PAR  6. Force-transfer coupling apparatus as set forth in claim 3 wherein said
      attachment means include a flared entry socket that telescopically
      receives the ends of said post means.
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ABST
PAL  Apparatus for mooring boats and being of the type which fixedly secures one
      end of the boat while simultaneously preventing pivoting of the boat about
      said one end in response to wind and wave forces acting on the boat. A
      fixed support platform is provided which includes a pair of spaced support
      elements, and at least one stretchable elastic member is supported between
      the spaced support elements. In the mooring of the boat, one end of the
      boat is positioned against the elastic members, and thereafter a plurality
      of lines are attached to opposite sides of the boat at points located
      remotely from said one end of the boat. The latter lines are placed in
      tension and are so orientated relevant to the boat that force components
      are provided which act parallel to the longitudinal axis of the boat and
      resiliently urge the boat against the elastic members so as to distend the
      member and provide a recess therein for embracing and fixedly securing
      said one end of the boat. Simultaneously, the tensioned lines provide
      force components acting transversely of the longitudinal axis of the boat
      to prevent pivoting of the boat about its first end.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to a method of mooring boats to a landing structure
      or the like by means of elastic stretch members, and also relates to
      mooring means.
PAR  The invention relates in the first place to the mooring of small boats,
      i.e., boats of up to about 10 tons. The mooring of such boats has been
      carried out in several different ways, and in the following some of the
      most common methods are briefly described.
PAC  BACKGROUND OF THE INVENTION
PAR  The swing mooring method, i.e., a method by which the bow of the boat is
      tied to a buoy, is probably the method being least damaging for the boat.
      The boat direction follows the wind direction. This method presupposes the
      possibility of reaching the boat, e.g., in a small dinghy. In a heavy sea,
      this may involve a risk. Further, when approaching the buoy, it may be
      difficult sometimes to catch the buoy. This method requires much space,
      and the boats and buoys may at times obstruct maritime traffic.
PAR  A good method of mooring a boat is to moore the bow to a buoy and the stern
      to a landing structure, for example by means of cross-mooring. Different
      methods, more or less practicable, are used for hauling the boat to the
      landing structure, for approaching and mooring. This method provides
      greater safety in embarking and disembarking, compared with the
      first-mentioned method, but swells and high seas must all the same be
      taken into account. Lately,mooring booms have come into use which project
      in long rows from both sides of a landing structure. The booms are often
      mounted pivotally onto the landing structure, and their outer end is
      supported on a floating body. The booms and the boat will thereby follow
      the movement of the water. The mooring ropes at the outer ends of the
      booms are only short rope pieces and, consequently, render the mooring
      unelastic and jerky. It may, therefore, at heavy cross-wind happen that
      the booms break and the boats are damaged. Floating landing structures and
      mooring booms are a relatively heavy investment, and it is, therefore,
      important to position the boats as close to each other as possible. Boom
      mooring is, therefore, unsuitable for sailing boats and also for larger
      power boats. As the boats do not move simultaneously, but with differences
      in time of some tenth of a second, the masts of the boats may hook one
      into the other. A further factor restricting the use of mooring booms is
      that all boats at one landing structure ought to have about equal size so
      as to have the same windage.
PAC  SUMMARY OF THE INVENTION
PAR  These restrictions and drawbacks are eliminated by the present invention,
      which is characterized in that the boat is held in place by resilient
      stretch members extending athwart the longitudinal direction of the boat
      and being elastic in its longitudinal direction, by which members only the
      bow and/or stern of the boat is moored, and that the boat is pressed
      against said members by at least one additional mooring means on each side
      of the boat. The mooring means according to the invention is characterized
      in that stretch members being elastic in the longitudinal direction of the
      boat are arranged athwart the longitudinal direction of the boat and
      capable of securing and mooring only the bow and/or stern of the boat, and
      at least one additional mooring means is provided on each side of the boat
      for pressing the boat against said resilient stretch members.
PAR  According to preferred embodiments of the invention, the resilient stretch
      members extend between two landing elements projecting from the base
      landing structure. Said members are disposed on the same level and/or on
      different levels and preferably consist of strong rubber bands. For safety
      reasons, for example two such bands may be arranged on the same level one
      after the other. At a fixed landing structure, it may be necessary to
      arrange several bands one above each other, in view of possible variations
      in the water level. Several bands above each other may also be desirable
      at a floating landing structure when the boat load is expected to vary
      considerably.
PAR  The additional mooring means may be resilient or non-resilient and may, for
      example, consist of nylon ropes or steel wires. In order to facilitate the
      mooring, they are hung on a suspension device, for example a hook, which
      is easily accessible. This accessibility may be further improved, if the
      projecting landing elements are extended by means of vertically adjustable
      rigid members, at the ends of which further mooring means are provided,
      possibly suspended on a hook, in such a manner, that the rigid members in
      normal position, i.e., resting position, are inclined outwardly and
      upwardly.
PAR  By providing the projecting landing elements with angular lever means, at
      the end of which the mooring rope is fastened, the boat after its mooring
      may be secured further by turning the lever, which is mounted pivotally.
      The lever may then be locked in this position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described in greater detail in the following, with
      reference to the attached drawings in which
PAR  FIG. 1 is a view seen from above of one embodiment of the invention
PAR  FIGS. 2 and 3 are a view of the side of the landing structure and,
      respectively, a lateral view along the edge of the landing structure
      according to another embodiment of the invention,
PAR  FIGS. 4 and 5 are a view of the side of the landing structure and,
      respectively, a lateral view along the edge of the landing structure
      according to still another embodiment of the invention,
PAR  FIGS. 6 and 7 are a view of the side of the landing structure and,
      respectively, a lateral view along the edge of the landing structure
      according to still another embodiment of the invention, and
PAR  FIG. 8 is a side view along the edge of the landing structure according to
      an additional embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a boat 1 moored to a base landing structure 2, which is
      provided with two projecting landing elements 7. Between said elements two
      resilient stretch members 3 in the form of rubber bands are povided which
      are 8 cm wide and 6 mm thick. The boat is driven againt the stretching
      members 3 and moored to ropes 6. The windward rope is fastened first, and
      the leeward rope thereafter. The position of the boat and of the resilient
      stretching members in fully stretched state are indicated by dotted lines.
      When mooring the boat at its bow, one pressure point at 4 and two
      draw-points at 22 are obtained. When mooring the boat at its stern, two
      pressure points at 23 and two draw-points at 22 are obtained.
PAR  FIGS. 2 and 3 show the base landing structure 2 with projecting landing
      elements 7. At the end of the projecting landing element 7 an upright post
      8 is provided, which carries a suspension means 9 for the mooring rope 6.
      Said rope 6 is secured in a loop 10, and three loops are arranged on
      different levels for being able to vary the mooring height. FIG. 2 shows
      also the resilient stretching member 3.
PAR  FIGS. 4 and 5 show the base landing structure 2 with projecting landing
      elements 7 and resilient stretching members 3. The suspension means for
      the rope 16 shown here is particularly suitable for single-handed mooring
      of a boat. The rigid arm 13, which may be said to be an extension of the
      projecting landing element 7, renders possible at the same time both the
      hanging-up and mooring of the rope 16. The upright post 14 is fixed in
      vertical position and the rubber band 15 holds the arm 13 in an
      outwardly-upwardly inclined position at rest. In secured position, when
      the 13 is substantially horizontal, the rubber band 15 increases the
      stability of the resilient mooring. The rope 16, in this way, is very
      easily accessible and, even when one is alone in the boat, one can easily
      approach a landing structure and moor. As an alternative the mooring means
      16 may be replaced by the rubber band 21, which may be stretched across
      the stern of the boat or some deckhouse or a projecting part of the boat.
      The arms 13 will also in this case assume an almost horizontal position.
PAR  FIGS. 6 and 7 show the base landing structure 2 with projecting landing
      elements 7. In this embodiment, the resilient stretching members 19 are
      applied one above each other and mounted in holders 18 on the side. The
      holder 18 may be supported pivotally in order to be adjustable to
      different bow or stern profiles. This embodiment is particularly adapted
      for fixed landing structures at which the water level may vary
      considerably.
PAR  FIG. 8 shows how the mooring rope 6 may be stretched after the boat has
      been moored in a provisional manner and one has disembarked. The rope 6 is
      attached to the end of an angular lever 11, which is pivotally supported.
      When the lever 11 is in a horizontal position, the rope 6 is only
      partially stretched. The lever being in a vertical position, the rope 6 is
      finally stretched (dotted position in the drawing). The degree of
      stretching can be adjusted as the rope 6 can be attached to different
      loops 10. The lever means 11 can be locked in the vertical position at 12.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for mooring boats and being of the type which fixedly secures
      one end of the boat while simultaneously preventing pivoting of the boat
      about said one end in response to wind and wave forces acting on the boat
      comprising:
PA1  a fixed support platform including a pair of spaced support elements, said
      support elements being rigidly affixed to said support platform
PA1  at least one stretchable elastic member supported between said spaced
      support elements and against which said one end of the boat is positioned
      upon mooring and with the logitudinal axis of the boat at approximately a
      right angle to said elastic member,
PA1  a pair of support members mounted on said support elements and positioned
      so as to respectively lie on opposite sides of said boat and with a
      spacing therebetween greater than the maximum expected beam of a boat to
      be moored at said apparatus,
PA1  and lines extending under tension from each of said support members to said
      boat on opposite sides thereof and at locations remote from said one end
      of said boat to provide force components which respectively act parallel
      to the longitudinal axis of the boat to resiliently urge said one end of
      the boat against said at least one elastic member to thereby distend said
      member and provide a recess therein for embracing and fixedly securing
      said one end of the boat while simultaneously the force components acting
      transversely of said longitudinal axis prevent pivoting of the boat with
      respect to said fixed support platform about its said one end.
NUM  2.
PAR  2. The apparatus of claim 1 which further includes a pivotable support for
      each said support member and resilient support means for manually holding
      each of said support members in a position extending upwardly and also
      outwardly toward the moored boat to facilitate convenient access to said
      lines during the mooring of the boat,
PA1  said resilient support means permitting pivoting of said support members
      downwardly and towards the boat as said lines are placed in tension. 10
NUM  3.
PAR  3. The mooring apparatus of claim 1 which further includes means for each
      said line operable to a condition to cause the tentioning of the
      respective line.
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ABST
PAL  A highly efficient system for propelling high speed water borne craft is
       closed. The use of an inclined shaft which permits an efficient machinery
      arrangement is facilitated by driving the vessel by a unique propeller
      which is designed to operate while partially submerged. The propeller is
      raked to maximize the horizontal thrust component produced as the
      propeller blades sweep through the water. The partially submerged
      propeller provides an attractive method for reducing appendage drag which
      is associated with traditional horizontal or inclined propeller shaft
      systems. Further, this concept and design represents a propeller system
      which unique among propeller systems produces near zero transverse forces.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a device for propelling high speed water borne
      craft. This device permits an efficient machinery arrangement within the
      craft and precludes the loss of efficiency associated with traditional
      fully submerged inclined shaft propellers.
PAR  Horizontal shaft arrangements have been used to increase the efficiency of
      the propellers thrust by allowing the propeller blades to be positioned at
      a right angle to the flow stream. When horizontal shafts were used,
      machinery arrangements were cumbersome, extra gears had to be used and
      loss of efficiency due to transverse forces in the gearing system
      occurred.
PAR  When inclined shafts are used, traditional fully submerged propellers were
      placed at a non-orthogonal and therefore inefficient angle to the flow
      stream. If a fully submerged raked propeller were used, only a small
      increase in efficiency would be provided by arranging the rake so that the
      blade of the propeller were perpendicular to the stream during the
      downward stroke of each blade, since during the upward stroke of each
      blade, much of the effectiveness of the propeller would be lost. Only a
      small portion of that loss of effectiveness is tempered by the fact that
      the upper portion of the stream would be disturbed by the passing of the
      strut or vessel itself.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a high
      speed ship propulsion system which has a high efficiency.
PAR  Another object of the invention is to provide a better machinery
      arrangement within the water borne vessel.
PAR  A further object of the invention is to provide seventeen or more per cent
      increase in the efficiency of a ship propeller system.
PAR  Another object of the invention is to provide a ship propeller system which
      produces forward thrust with near zero transverse forces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the inclined raked partially submerged propeller
      of this invention showing only two of the multiplicity of blades necessary
      in this invention.
PAR  FIG. 2 is a side view of the partially submerged propulsion system.
PAR  FIG. 3 is a comparative graph based on actual experimental results, of the
      efficiency of the power system of the instant invention at various shaft
      angles.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Although new types of engines in various forms of propelling machinery have
      been developed over the past several years the screw propeller remains the
      most common device for propelling marine vehicles. The drag associated
      with a body moving through a fluid increases geometrically with the speed
      of the body. Therefore, as the design speeds of marine vehicles increase,
      the drag associated with appendages to such a body required to support the
      propeller such as shafts, struts, etc., become a large portion of the
      total drag. The partially submerged propeller offers an attractive method
      for reducing the appendage drag while maintaining and even enhancing
      efficiency. With the use of this invention, appendage drag is virtually
      eliminated since struts, shaft, etc. are out of the water. It must be
      recognized that in many instances a propeller's submergence will vary as
      the vehicle's speed changes; therefore, a partially submerged propeller,
      as disclosed by this invention, should include the possibility of variable
      pitch during operation. The design submergence of the propeller may vary
      so that the propeller is submerged to its centerline or less. It is
      critical to the operation of this concept that the vessel and power system
      be designed to provide approximately 50% propeller submergence. A
      propeller designed in accordance with this invention may effectively
      operate in a range of 30 to 50% submergence.
PAR  By allowing only partial submergence of an inclined shaft propeller, the
      efficiency of the propeller is substantially increased and vertical forces
      are reduced when the propeller blade rake is equal to or greater than the
      shaft angle. These vertical forces are thrust components in traditional
      inclined shaft propeller systems which tend to raise the vessel stern out
      of the water. In a partially submerged propeller the center of thrust is
      well below the shaft axis. Though the partially submerged propeller
      generates large bending moments in the shaft, there is no tendency of the
      stern to rise as in traditional inclined shaft systems. Such vertical
      forces in traditional inclined shaft systems result in great energy
      losses.
PAR  A variety of variables exist in the consideration of the general concept
      disclosed by this invention. For example, the propeller pitch ratio,
      submergence, shaft angle and rake angle can be varied to produce a variety
      of performance results. The rake angle should be equal to or greater than
      the shaft angle. For example, when a blade is substantially perpendicular
      to the flow it should be in the "six o'clock" position. In the three and
      nine o'clock position, the blade should be at or near the rake angle to
      the flow and at the twelve o'clock position, the blade is out of the water
      and inclined substantially twice the rake angle. Startling increases in
      efficiency are realized with the use of the inclined rake partially
      submerged propeller since the drag associated with traditional propellers
      is extremely high at the high vessel speed for which the partially
      submerged propeller concept is designed.
PAR  This new concept of raked inclined partially submerged propeller has shown,
      for example, an improvement of 17% in efficiency based on actual
      experimental results. Actual measured reduction in vertical forces of as
      much as 50% were found. An important benefit of the use of this invention
      is a desirable machinery arrangment due to higher permissible shaft angles
      which raise the forward end of the shaft higher above the keel. Propellers
      which are designed pursuant to this invention require a multiple of blades
      to permit smooth operation of the craft. Until the advant of the propeller
      system of the instant invention, the transverse force produced by a
      propeller has been an inevitable and continuing source of efficiency loss.
      This transverse force acts in a horizontal plane and transversely to the
      shaft axis. In traditional propellers designed for full submergence the
      transverse force is produced by the change in effective pitch as any given
      blade travels around its circular path. When the propeller blade is on its
      downward stroke side of the circular path, it is producing high thrust due
      to the high pitch with respect to the flow stream thus producing a high
      transverse force. Upon its upward stroke, the effective pitch is decreased
      and the thrust is less with the result that the counter transverse force
      is small. The sum of the transverse forces is a large force which tends to
      pull a vessel off of its path. Therefore, this resultant transverse force
      must be continually compensated for by rudder action. The need for this
      compensation represents significant losses in efficiency.
PAR  On the instant propeller system, the inclination of the shaft,
      approximately 50% submergence and super cavitating blade structure combine
      to produce transverse forces which sum to near zero. When a propeller
      blade of the instant invention is on its downward sweep, it, like its
      traditional counterpart, produces a high transverse force. However,
      uniquely to this invention's design concept is the production of a higher
      counter transverse force upon upsweep. This force is produced since high
      thrust on the upsweep is produced by supercavitation flow retardation. The
      sum of these opposing transverse forces is approximately zero. Therefore,
      for the first time, a ship can be built which will remain on a true course
      when its rudder is aligned with the centerline of the ship. The result in
      terms of decreases in overall power consumption is significant.  As is
      well known, when a supercavitating propeller operates it creates a
      pressure field in the fluid about it and especially ahead of itself. In
      the case where the propeller is partially submerged, the pressure field is
      highly unequal and asymmetric. The high transverse forces which occur on
      the normal partially submerged propeller are caused in part by partial
      submergence but mostly by the asymmetric pressure fluid.
PAR  The instant invention reduces the transverse forces by attuning the
      instantaneous pitch of the propeller blade to the unequal pressure field.
      The procedure for doing so is to incline the shaft and rake the propeller
      blades, thus producing a varience of instantaneous pitch which will
      increase the flow retardation during upsweep by increasing the
      intermediate angle of the blade so that it produces a larger cavity, hence
      retarding the flow which counteracts the transverse force produced during
      downsweep.
PAR  In the design of a propeller, in accordance with this invention, with a
      selected shaft angle (.psi.), pitch ratio (P/D) and percent submergence
      (S), a unique rake angle (.alpha.) can be selected to produce
      substantially zero transverse forces during its operation.
PAR  FIG. 1 is a side view of the propeller of the instant invention showing
      only two of the multiplicity of blades necessary. The propeller blades 1
      and 2 are raked at an angle .alpha.. As shown by the drawing, the shaft is
      at an angle of .beta. with the horizontal. When a blade is in the six
      o'clock position, such as blade 2, it will be at a right angle to the flow
      stream. At the three and nine o'clock positions, the blades will be at the
      water line and at the rake angle to the flow stream. When blades are out
      of the water then they would, if fully submerged, as in a traditional
      propeller system, be at angles of attack greater than the rake angle. The
      maximum angle of twice the rake angle is reached when a blade is in the
      twelve o'clock position. If fully submerged, such a propeller
      configuration will produce a non-horizontal thrust component which would
      tend to raise the stern of the vessel. This problem is avoided by the
      instant invention since the thrust component is in the direction of motion
      of the vessel not along the shaft.
PAR  FIG. 2 is a side view of the ship propulsion system as it would appear in
      operation. Propeller hub 3 supports each of a multiplicity of blades 1 and
      2 (only two of the multiplicity of blades are shown for purposes of
      clarity). The shaft is inclined to allow for an efficient machinery
      arrangement without the otherwise necessary and inefficient gearing system
      or standard inclined shaft propeller system. The buoyancy of the vessel 5
      during operation is designed for 30 to 50% submergence of the propeller in
      accordance with the concept of the invention.
PAR  FIG. 3 is a graph of a raked partially submerged propeller of the instant
      invention showing the increased efficiency as the shaft angle approaches
      the rake angle.
PAR  The instant invention virtually eliminates inefficiency due to both
      vertical thrust components as well as transverse forces.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for propelling a surface ship with an inclined shaft raked
      multi-blade supercavitating screw propeller, comprising:
PA1  rotating a screw propeller in the range of 30 to 50% submergence in water;
PA1  producing a substantially horizontal thrust from blade interaction with
      water only during the lower 180.degree. of the circle of rotation of each
      blade;
PA1  producing a positive transverse thrust component during the first half of
      the duration of a blade's engagement with water; and,
PA1  producing a retarded flow and high negative transverse thrust component
      during the second half of the duration of a blade's engagement with water
      which is substantially equal to said positive transverse force.
NUM  2.
PAR  2. A method of propelling a surface ship with an inclined shaft raked
      multiple bladed propeller, comprising:
PA1  rotating a raked screw type propeller through four quadrants of a circle of
      rotation about a shaft, the first two quadrants, I and II, being above the
      water line and quadrants III and IV below the water line;
PA1  producing a substantially horizontal thrust with each blade during the
      third and fourth quadrants of rotation;
PA1  producing a high positive transverse force during the third quadrant of
      blade rotation;
PA1  producing a high negative transverse force substantially equal to said high
      positive force during the fourth quadrant of rotation; and,
PA1  producing substantially zero thrust during the first and second quadrant of
      rotation.
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PAL  A contra-rotating propeller system, particularly adapted for high speed
      water craft, is characterized by a movable support for at least one of two
      nominally-aligned and independently driven contra-rotating propellers. In
      a particular embodiment a forward propeller is driven by a forward engine
      via a forward drive shaft extending aftward and through the keel. The aft
      propeller is supported behind the forward propeller by a strut which
      serves as a rudder and as the housing for the aft propeller gear box. The
      forward and aft engines are preferably in longitudinal alignment to
      minimize hull width. The aft propeller strut is pivotable under control of
      the helm to effect steering.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to propulsion systems for water craft and,
      more particularly, to an improved contra-rotating propeller arrangement.
PAR  It has long been recognized that contra-rotating propeller systems have the
      advantage of eliminating the turning effect or rolling effect of torque
      produced by the action of a single propeller. If a single propeller is
      employed, for example, the craft rudder must be used to compensate for the
      propeller-produced torque. The rudder thus introduces a drag factor which
      reduces the propulsion efficiency of the engine. This problem becomes more
      important in high speed water craft wherein the torque produced by a
      propeller is greater and hence the compensatory effect of the rudder must
      be greater. Moreover in rough water at high speeds the submersion level of
      the craft is variable so that the torque balancing effect of a rudder is
      irregular and can cause oscillatory rolling of the hull. Contra-rotating
      propellers permit balancing of the torque produced by each propeller,
      together with the effect of flow past the propeller support struts, and
      permit attainment of much higher propulsion efficiency factors.
PAR  Unfortunately, prior art contra-rotating propulsion systems, such as
      disclosed in U.S. Pat. No. 3,469,556 to Campbell et al, have suffered from
      practical problems which have restricted the utilization of these systems,
      particularly for high speed water craft. One such problem has been
      mechanical complexity of the propeller drive system, the complexity
      leading to unacceptable mechanical failure rates.
PAR  Another problem with prior art contra-rotating propellers relates to the
      fact that torque balance is achieved only over a small range of relative
      propeller speeds. Most contra-rotating propellers are driven by the same
      engine which limits the propeller speed ratios attainable and thereby
      limits the flexibility of the propulsion system. In the aforementioned
      Campbell et al patent it is suggested that the contra-rotating propellers
      be driven independently by separate engines. This permits torque balancing
      over a wide variety of conditions; however, the Campbell et al arrangement
      introduces other limiting factors. For example, Campbell et al mount the
      contra-rotating propellers on concentric drive shafts. The concentric
      shaft arrangement provides a larger wetted surface than a single shaft and
      therefore produces additional drag. Moreover, Campbell et al require that
      the engines be disposed along opposite sides of the concentric drive
      shafts, thereby requiring a wider hull than is optimum for high speed
      craft. Specifically, it is known that the ability of a hull to pass at
      high speeds over rough water with minimum impact force is closely related
      to the slenderness ratio of the hull. If machinery considerations dictate
      hull width, optimum hull design for high speed operation must suffer.
      Further, since Campbell et al drive the concentric propeller shafts via a
      common gear box, a single failure in either the gear box or the shaft
      structure can disable both propellers.
PAR  Still another problem associated with prior art contra-rotating propeller
      systems relates to the fixed physical orientation between the two
      propellers. That is, whether driven by concentric drive shafts or
      positioned side-by-side, no prior art contra-rotating propellers are
      movable relative to one another and to the craft hull. This limitation
      eliminates a dynamic steering capability wherein a propeller would be
      pivotable to produce a controllable and dynamic steering force on the
      craft. In addition, the fixed orientation permits no adjustment of the
      thrust axis direction which is a valuable capability in craft with
      planing-type hulls. Moreover, the fixed orientation prevents simple
      removal of one propeller for low speed operation so that the non-operating
      propeller does not remain in the water to present unwanted drag.
PAR  It is also desirable in most water craft, and particularly in high speed
      planing hulls to have the center of gravity of the craft as low as
      possible so that the craft is more stable in the water. In prior art
      contra-rotating propeller arrangements the locations of the engines and
      gear boxes, as dictated by the propeller location, is other than optimum.
PAR  It is therefore an object of the present invention to provide a
      contra-rotating propeller system which eliminates all of the
      aforementioned disadvantages.
PAR  It is another object of the present invention to provide a contra-rotating
      propeller arrangement which is suitable for use in high speed water craft
      and has a minimal wetted surface area.
PAR  It is another object of the present invention to provide a contra-rotating
      propeller system which has a built-in dynamic steering capability.
PAR  It is still another object of the present invention to provide a
      contra-rotating propeller system in which the supports for the propellers
      are movable relative to one another.
PAR  It is another object of the present invention to provide a contra-rotating
      propeller system wherein each propeller is independently driven by a
      separate engine but wherein the propellers are so oriented that the
      location of the engines does not dictate the width of the hull.
PAR  It is yet another object of the present invention to provide a
      contra-rotating propeller system with completely independent propeller
      drive systems.
PAR  It is another object of the present invention to locate the engines and
      gear box of a contra-rotating propeller system as low as possible to
      provide a low center of gravity for the craft.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention two contra-rotating propellers are
      independently supported, one behind the other, beneath the aft end of a
      water craft. The aft propeller support is in the form of a streamlined
      strut which houses the aft propeller gear box. The strut is pivotable
      about a nominally vertical axis in response to helm control so that the
      aft propeller is pivoted to effect dynamic steering while the strut serves
      as a rudder. The absence of a fixed orientation between the two propellers
      permits thrust direction adjustments to be achieved. In addition, the aft
      propeller support strut can be readily rotated up and out of the water,
      and a temporary rudder attached to the vessel, in the event that
      single-engine drive is desired. Alternatively, the aft propeller support
      strut can be used as a rudder with the aft engine idle.
PAR  The propellers are driven by independent engines which can be aligned
      longitudinally in the hull to minimize hull width. The forward propeller
      is driven by a forward engine via a drive shaft which extends through the
      hull and is supported in front of the aft engine gear box. The position of
      the propellers and aft gear box beneath the keel, along with the freedom
      to locate the engines as low as possible, permits a low center of gravity
      to be achieved.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of specific embodiments thereof, especially when
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic illustration of a vessel employing the
      contra-rotating propeller arrangement of the present invention;
PAR  FIG. 2 is a partial plan view of one embodiment of the contra-rotating
      propeller arrangement of the present invention;
PAR  FIG. 3 is a detailed plan view of a portion of the embodiment illustrated
      in FIG. 2;
PAR  FIG. 4 is a partial plan view of a second embodiment of the contra-rotating
      propeller arrangement of the present invention; and
PAR  FIG. 5 is a detailed plan view of a portion of the embodiment illustrated
      in FIG. 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 1 of the accompanying drawings there is
      illustrated a vessel 10 employing a contra-rotational propeller
      arrangement 20. The propeller arrangement includes a forward propeller 21
      and an aft propeller 22 nominally located in a common vertical plane
      substantially along the longitudinal center line of the vessel. Forward
      propeller 21 is rotatably driven by engine 11 via shaft 13 which extends
      downwardly and rearwardly from engine 11 through the keel of the vessel to
      the location of propeller 21 proximate the aft end of the vessel.
      Propeller 22 is independently driven by engine 12 through various
      couplings including a gear box located in a support strut 23 for propeller
      22. Importantly, engines 11 and 12 are independent of one another and the
      linkages between the engines and their driven propellers are independent
      of one another. Therefore there is no reason to require that forward
      propeller 21 and aft propeller 22 be supported from the same structural
      member. In fact, in both embodiments disclosed herein, aft propeller 22 is
      free to pivot in a horizontal plane, under control of the vessel steering
      mechanism, without moving forward propeller 21. The vessel can thus be
      dynamically steered and still maintain the advantages of contra-rotating
      propeller operation.
PAR  Engines 11 and 12 are located in a common vertical plane extending
      longitudinally of craft 10. This plane is preferably the same plane
      containing the propellers 21 and 22 so that the entire drive system for
      both propellers is located along the longitudinal center line of the
      craft. When so positioned the propulsion system has minimum effect on the
      width requirement for the hull. Likewise, the engines 11 and 12 can be
      located as close to the keel of the vessel as required so that the center
      of gravity of the vessel can be made as low as possible.
PAR  Referring specifically to FIGS. 2 and 3 of the accompanying drawings for
      one specific embodiment of the present invention, aft propeller 22 is
      supported at the aft end of strut 23 which houses the aft propeller drive
      gear box. Strut 23 is in turn supported from the aft end of vessel 10 and
      projects to a depth below the keel of the vessel. Forward propeller 21,
      located proximate the rearward end of shaft 13, is disposed immediately
      adjacent but not in contact with the forward end of strut 23. Shaft 13 is
      supported for this purpose by means of strut 24 extending downward from
      the keel of the vessel.
PAR  A cylindrical fairing 26 is secured to the aft end of shaft 13 and includes
      an aft surface which is contoured to surround but not contact the nose of
      strut 23. Fairing 26 thus serves to provide a smooth transition for flow
      from forward propeller 21 to the streamlined strut 23. The entire aft
      strut assembly 23 is pivotable about a substantially vertical steering
      axis 30 by means of substantially any commonly available sterndrive tiller
      operated under the control of the vessel helm. As strut member 23 is
      rotated about axis 30, the nose of the strut remains within the confines
      of the recess in fairing 26 for small steering operations typical of high
      speed or cruising speed requirements. Therefore smooth flow conditions are
      maintained between the forward propeller and the aft propeller support
      structure under these conditions. When strut 23 is rotated, it rotates aft
      propeller 22 to thereby provide a dynamic steering effect for the vessel.
      In addition, strut 23 acts as a rudder with respect to flow past forward
      propeller 21.
PAR  The support for strut 23 includes a protective neoprene boot 27 extending
      horizontally and rearwardly from the aft end of the vessel and housing
      mechanical components. Strut 23 is secured to the aft end of this assembly
      and projects downwardly therefrom below the water line. The mechanical
      components, as is common for such stern drive units, include a double
      universal joint or similar mechanism which enables strut 23 to be rotated
      about a transversely-extending axis 28. In this manner the strut 23 and
      aft propeller 22 can be pivoted rearwardly and up out of the water and
      stowed so that they do not introduce drag when it is desired to drive the
      vessel solely with forward propeller 21. Under such conditions a temporary
      rudder may be attached to the vessel stern. Alternatively, single-engine
      operation may be effected by simply keeping aft propeller 22 idle and
      employing strut 23 as a rudder.
PAR  Referring to FIGS. 4 and 5 of the accompanying drawings, a second
      embodiment of the present invention is illustrated in detail.
      Specifically, the embodiment of FIGS. 4 and 5 is a modified version of the
      embodiment of FIGS. 2 and 3, both embodiments including forward propeller
      21, aft propeller 22, forward propeller drive shaft 13, rear propeller
      gear box 23, and steering axis 30. In FIGS. 4 and 5 the nose of the strut
      23 carries a ball joint assembly 31 which supports forward propeller 21.
      Specifically, ball joint assembly 31 includes a streamlined housing
      secured to the forward end of strut 23 and is provided with an internal
      longitudinally-extending bore 32 carrying a socket 33. The socket is
      arranged to receive a ball member 34 for universal movement within the
      socket. Ball 34 includes a central bore through which the drive shaft 13
      extends. Shaft 13 rotates freely within the bore of ball 34 and is
      water-lubricated by means of the ambient water within which the craft is
      located. When strut 23 and aft propeller 22 are pivoted about the
      nominally vertical steering axis 30, socket 33 pivots about ball member
      34. Consequently, for purposes of steering, the aft propeller 22 is free
      to pivot without corresponding movement of forward propeller 21. The
      relative advantages and disadvantages of the embodiment of FIGS. 4 and 5
      relative to the embodiment of FIGS. 2 and 3 shall be discussed below after
      a brief discussion of the general operation of both embodiments.
PAR  As described in the aforementioned Campbell et al patent, the use of
      contra-rotating propellers, independently driven, permits optimization of
      torque balance in the propulsion elements of the vessel whereby greater
      stability is achieved. Specifically, the ratio of the speeds of the two
      propellers for optimum torque balance varies with windage, wetted length
      of the vessel structure, sea conditions, etc. Unless the propellers can be
      independently controlled, the ratio of their rotational speeds cannot be
      optimized for these various conditions. Moreover, during heavy wind
      conditions a vessel tends to lean into the wind; the torque ratio, when
      separate engines are utilized, can be adjusted to overcome this problem.
      By effectively mechanically de-coupling the two propellers, as achieved
      with the present invention, the aforementioned advantages of using
      separate engines for the propellers are extended to permit dynamic
      steering of the vessel with greater vessel stability.
PAR  A primary advantage in the embodiment of FIG. 4 over the embodiment of FIG.
      2 resides in the deletion of support strut 24 for forward propeller
      driving shaft 13. When such a strut is used, it has greater wetted area
      and profile area than a simple nose cone configuration such as that of the
      assembly 31. The reduction in wetted area increases the hydrodynamic
      efficiency of the propulsion system. In fact, the nose cone configuration
      of assembly 31 rides in the wake of the forward propeller and acts as a
      fairing to guide flow smoothly from the forward propeller hub to the strut
      23. Strut 24, on the other hand, creates some turbulance in its wake and
      thereby has an adverse effect on the efficiency of the forward propeller.
      The resulting increase in hydrodynamic efficiency provided by the
      embodiment illustrated in FIGS. 4 and 5 is achieved at the expense of
      additional mechanical complexity relative to the structure of FIGS. 2 and
      3. It will be noted, for example, that the steering axis (i.e. the axis of
      steering shaft 30) does not coincide with the pivot point in ball joint
      assembly 31. Therefore, during a steering operation the forward propeller
      21 and its drive shaft 13 are moved a short distance transversely of the
      craft axis. This requires either a slight bending of the forward propeller
      drive shaft about a rigid bearing in the hull or the utilization of a
      flexible coupling in shaft 13 at the point where the shaft enters the
      hull. Such a flexible coupling, which may be a commercially available
      non-alignment type coupling, is schematically illustrated at 36 in FIG. 4.
PAR  It should be pointed out that the axes about which each of the propellers
      rotate need not be parallel to the water line of the craft. In fact, in
      the embodiments illustrated herein the forward propeller rotates about an
      axis which is approximately 10.degree. displaced from the water line. The
      particular angle is strictly one of choice and is determined by the nature
      of the vessel with which the propellers are to be used. For example,
      vessels with planing hulls benefit from the ability to change the thrust
      axis to permit the hull to plane at a more efficient angle. The absence of
      rigid mechanical coupling between the propellers permits proper selection
      of thrust angle for each propeller to thereby optimize thrust and minimize
      hydrodynamic drag for a particular vessel application. For example, if
      strut 23 is only partially pivoted about axis 28, the axis of rotation of
      the aft propeller 22 may be adjusted accordingly. This partial pivoting of
      the strut may be controlled during vessel operation to provide power trim
      as needed. In the case of the embodiment of FIG. 4, coupling 36 would
      provide sufficient "play" for shaft 13 to permit this type of movement of
      strut 23; however, it will be noted that a much greater freedom is
      provided in the embodiment of FIG. 2 wherein no axial constraint exists
      between the two propeller supports. It should also be noted that a splined
      shaft may be utilized in conjunction with shaft 13 in the FIG. 4
      embodiment if greater freedom of movement is desired. The important point
      is that the axes of rotation of the propellers may be controllably
      angularly misaligned to effect the desired power trim.
PAR  The propeller axes may also be mutually adjusted vertically for certain
      specific purposes. For example, the member designated 29 in FIGS. 2 and 4
      is conventionally known as a cavitation plate. Its function for low speed
      operation is to keep air out of the aft propeller area. At high speeds,
      however, it is desirable that plate 29 and part of the strut ride above
      the surface to reduce drag. This is efficiently effected by positioning
      forward propeller 21 vertically or orienting its shaft angle so that its
      wake controllably depresses the water surface proximate the aft propeller
      and thereby provides the designer with a measure of control over the
      submersion of strut 23. Such controlled positioning of the forward
      propeller is within the scope of the present invention.
PAR  My invention as thus described contemplates the mechanical decoupling of
      two independently driven contra-rotating propellers so that each may be
      pivoted independently of the other for purposes of steering and
      thrust-vectoring the vessel. This flexibility is achieved without
      sacrificing the attendant advantages of a contra-rotating propeller drive
      assembly, and in fact retains those advantages as well as the advantage of
      optimization of torque balance resulting from independent propeller drive
      sources. Moreover the use of completely independent power transmission
      paths to the two propellers permits the entire propulsion system (i.e.
      engines, drive shafts, gear box, propellers) to be located along the
      vessel centerline so that a minimum hull width can be obtained. Likewise
      the propulsion system components can be located as low as desired in the
      vessel to enhance vessel stability.
PAR  Strut assembly 23 may preferably be any of a number of standard and
      commercially available stern drive assemblies. As illustrated, aft
      propeller 22 is secured to the aft end of such assembly. It is possible,
      and such units are also commercially available, to have aft propeller 22
      secured to the forward end of strut assembly 23. Under such circumstances
      the aft propeller 22 is positioned directly behind forward propeller 21, a
      configuration which is advantageous for certain applications.
      Specifically, for this configuration the aft propeller is able to more
      completely compensate for rotational flow introduced by the forward
      propeller so that a more nearly pure overall axial flow can be achieved.
      Such axial flow is attainable over only a narrow range of velocities;
      however, over that velocity range the propulsion system is considerably
      more efficient than the peak efficiency obtainable with the aft propeller
      located at the aft end of strut 23.
PAR  It is mentioned herein that longitudinal alignment of the engines is
      advantageous for high speed craft because of the desirability of a narrow
      hull in such craft. It should also be mentioned that the engine
      positioning permitted by the present inventive concept is advantageous for
      slower craft. Specifically, if the engines are longitudinally aligned and
      placed lower in the hull, as permitted by my invention, a deeper deck and
      larger deck space is available. This is particularly advantageous for
      fishing boats and is also desirable for pleasure craft. Importantly, this
      added space can be made available without reducing engine size.
PAR  It should be noted that other known expedients can be employed to enhance
      the concepts of the present invention for particular applications. For
      example, it may be desirable to position the forward engine 11 further aft
      in the hull. This can be achieved by employing a conventional marine
      V-drive to redirect the energy transmission path. Or it may be desirable,
      in the embodiment of FIG. 2, to locate strut 24 aft of forward propeller
      21 but still not contacting aft strut 23. For any and all embodiments, it
      is apparent that standard commonly available components may be employed,
      thereby providing a considerable cost-saving over most contra-rotating
      propeller systems.
PAR  It should be further noted that certain standard components described and
      illustrated herein represent only specific embodiments for which
      substitution can be made. Specifically, the stern drive unit described
      herein need not take the configuration illustrated, but rather could be
      any commercially available or specially designed stern drive capable of
      pivoting about an axis such as axis 30 for steering and about an axis such
      as axis 28 for power trim.
PAR  While I have described and illustrated specific embodiments of my
      invention, it will be clear that variations of the details of construction
      which are specifically illustrated and described may be resorted to
      without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A contra-rotating propulsion system for a water craft having a hull
      defined along its bottom by a keel, said system comprising:
PA1  a forward propeller having blades disposed about a first axis of rotation;
PA1  an aft propeller having blades disposed about a second axis of rotation;
PA1  said first and second axes of rotation being vertically co-planar;
PA1  means for supporting said forward and aft propellers one behind the other
      below the depth of said keel in a manner to permit independent movement of
      at least one of said propellers relative to the other;
PA1  a first engine located in said hull;
PA1  first drive means coupling said first engine to said forward propeller for
      imparting forward motion to said craft by rotating the blades of said
      first propeller about said first axis of rotation;
PA1  a second engine located in said hull; and
PA1  second drive means entirely independent of said first drive means coupling
      said second engine to said aft propeller for imparting forward motion to
      said craft by rotating the blades of said second propeller about said
      second axis of rotation in contra-rotation to said forward propeller.
NUM  2.
PAR  2. The system according to claim 1 wherein said first engine is located in
      said hull forward of said forward propeller and wherein said first drive
      means includes a first drive shaft rotatably engaged by said first engine
      and extending generally rearwardly from said first engine through said
      keel to a location forward of said aft propeller, said first drive shaft
      being disposed concentrically about said first axis of rotation, said
      forward propeller being secured to said first drive shaft for rotation
      therewith.
NUM  3.
PAR  3. The system according to claim 2 wherein said support means includes a
      strut depending from said keel to support said first drive shaft.
NUM  4.
PAR  4. The system according to claim 2 wherein said support means includes: a
      strut depending from said craft, said aft propeller being secured to said
      strut at a location directly aft of said forward propeller; and means for
      selectively pivoting said strut and said aft propeller about a generally
      vertical axis to dynamically steer said craft, whereby said strut serves
      as a rudder.
NUM  5.
PAR  5. The system according to claim 4 wherein said second drive means
      includes: a drive gear box housed in said strut and mechanically coupled
      between said second engine and said aft propeller.
NUM  6.
PAR  6. The system according to claim 4 wherein said support means further
      comprises:
PA1  a ball joint assembly secured to the forward end of said strut, said ball
      joint assembly including a socket and a ball member engaged in said socket
      for universal rotation therein, said ball member having a bore extending
      therethrough and in which said first drive shaft extends and is freely
      rotatable about said first axis of rotation.
NUM  7.
PAR  7. The system according to claim 6 wherein said first and second engines,
      said forward and aft propellers, said first drive shaft and said gear box
      all reside in a common vertical plane extending longitudinally through the
      center of said craft.
NUM  8.
PAR  8. The system according to claim 7 wherein said first axis of rotation
      nominally subtends an acute angle relative to horizontal.
NUM  9.
PAR  9. The system according to claim 1 wherein said first and second engines,
      said forward and aft propellers, and said first and second drive means
      reside in a common vertical plane extending longitudinally through said
      craft.
NUM  10.
PAR  10. The system according to claim 1 wherein said first and second axes of
      rotation intersect in a common vertical plane when said forward and aft
      propellers are positioned to propel said craft in a direction parallel to
      its forward-to-aft dimension.
NUM  11.
PAR  11. The system according to claim 2 wherein said support means includes: a
      strut depending from said craft, said aft propeller being secured to said
      strut at a location directly aft of said forward propeller; and means for
      selectively pivoting said strut and said aft propeller about a generally
      horizontal axis to permit said aft propeller to be moved to a location
      above the surface of the water.
NUM  12.
PAR  12. The system according to claim 11 wherein said second drive means
      includes: a drive box housed in said strut and mechanically coupled
      between said second engine and said aft propeller.
NUM  13.
PAR  13. The system according to claim 11 wherein said first and second engines,
      said forward and aft propellers, said first drive shaft and said gear box
      all reside in a common vertical plane extending longitudinally through the
      center of said craft.
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ABST
PAL  A signal device combining a fluorescent or phosphorescent light tube and a
      slip on holder and which is designed to be thrown or dropped from a
      vehicle as a warning marker. The light tube is preferably of the
      chemically actuated type and the holder preferably has four resilient
      appendages serving to ensure that the device will assume an angular
      position of about 45.degree. when dropped.
GOVT
PAC  GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to Assignees' prior U.S. Pat. No. 3,784,796 and
      co-pending application Ser. No. 340,434 filed Mar. 12, 1973, Now U.S. Pat.
      No. 3,819,925 each disclosing chemical lighting devices usable with the
      Signal Device of the present invention.
PAR  Reference is also made to Assignees' co-pending applications Ser. Nos.
      454,877 and 454,878 filed of even date which disclose similar signal
      devices.
PAC  BACKGROUND OF THE INVENTION
PAR  Many kinds of emergency flares, flags, reflectors and the like have been
      devised and used, for example, to warn approaching motorists that a
      disabled vehicle is present along a highway. All of the known devices,
      however, take considerable time to deploy, many are fire hazards, and most
      are susceptible to the destruction of their effectiveness when struck or
      run over by passing vehicles.
PAR  On high speed highways, vehicles carrying flammable material are
      particularly hazardous when disabled without warning. It has often
      happened that the disabled vehicle has been struck before flares could be
      carried a safe distance from the vehicle and lighted or set up. Tragedies
      caused by these circumstances prompted the search for a signal device
      which could be easily and quickly deployed and which would be effective
      under all weather conditions day or night.
PAR  According to the present invention a device is provided which may be
      dropped or thrown from a vehicle or otherwise placed on the roadway
      without the necessity for taking time to "set up" the device. When used
      with a chemically actuated light tube, for instance, the signal device may
      be easily seen at great distances, is fire proof, and is not easily
      rendered ineffective by being struck or run over by passing vehicles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a typical chemical illuminating
      device useable in carrying out the present invention;
PAR  FIG. 2 is a plan view of one embodiment of a holder useable in carrying out
      the invention;
PAR  FIG. 3 is an assembled view in perspective of the device of FIG. 2 in use;
PAR  FIG. 4 is a plan view of a holder capable of being folded for storage;
PAR  FIG. 5 is a side elevation of the holder of FIG. 4;
PAR  FIG. 6 is a perspective view of the second embodiment of the invention.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  Shown in FIG. 1 generally designated by numeral 10 is a chemical lighting
      device having an outer cylindrical tube 12 of translucent material and
      containing a frangible ampoule 13 positioned inside the tube. The ampoule
      13 is maintained in position by an indentation 12' in tube 12.
PAR  Tube 12 is made of a durable non breakable material such as clear
      radiation-crosslinked polyolefinic plastic tubing. The ends of the tube
      are flattened and sealed by application of heat and the flattened ends may
      be pierced and the opening fitted with a grommet 18. The ampoule 13
      contains an activator material and is preferably made of glass which may
      be easily broken to effect mixing with the chemiluminescent material 15
      which substantially fills the remainder of the tube 12. The lighting
      device may also be of the type disclosed in assignee's prior U.S. Pat. No.
      3,764,796 referenced above. The chemical lighting device of the prior
      patent contains two ampoules. In other words, one ampoule contains a
      chemiluminescent material and the other ampoule contains an activator
      material. Since these chemical lighting devices are the inventions of
      others, applicants make no claim to invention of these devices per se.
PAR  Chemiluminescent materials usable as reactants in the light tube might be
      an oxalate ester such as bis(2,4,5
      -trichloro-6-carbopentoxyphenyl)oxalate,  and a fluorescer such as 9,10
      bis (phenylethynyl)anthracene.
PAR  A first embodiment of the slip-on holder for a roadside signal according to
      the present invention, is shown in FIG. 2 wherein the holder is generally
      designated by numeral 20. The holder consists of a plastic sheet 21 having
      a central opening 22 which is contoured to receive the light tube 12.
PAR  Opening 22 may be of any configuration effective to receive a light tube 12
      with sufficient friction to maintain the parts assembled. In FIG. 2 the
      opening is shown with a plurality of tabs 23 protruding into the otherwise
      circular opening. The holder 20 may be of any shape from circular to
      polygonal and may be of opaque, translucent or transparent material. The
      embodiment shown in FIG. 2 is cut from a square of translucent
      light-enchancing plastic about a quarter of an inch thick and is formed
      with a number of holes 25 around the center and holes 24 near the edges.
      At least two of the holes 24 are cut as shown at 26 to facilitate linking
      together two or more units. At least one end of light tube 10 may be
      provided with means for joining as shown at 27 in FIG. 3. A second
      embodiment is illustrated in FIGS. 4, 5 and 6 showing a holder 30
      comprising two substantially identical sections 31, 31' formed with slots
      33, 33'. The sections are fastened together through the slots by means of
      pins or rivets 37, 38 for limited relative turning movement to achieve the
      configuration shown in FIG. 6. Slots 33, 33' may be eccentric and the
      central openings may be non-circular to provide for gripping of the
      inserted light tube 10. Holes 34 may be provided near the ends of each
      section and may be slit for attachment purposes as shown at 36. Other
      means for attaching a plurality of holders or light tubes together is
      limited only by the imagination of the user.
PAR  The mating portions of the two sections 31, 31' may be provided with
      frictional surfaces such as serrations to maintain the sections in place
      when deployed.
PAR  The assembled devices are shown in FIGS. 3 and 6 in typical positions when
      deployed. Assuming that the ampoule or ampoules have been broken before
      assembly, the signaling device when thrown or placed on the roadway will
      give off light for the life of the chemical mixture. The holders are
      designed to maintain the light tube in an angular position on the roadway
      even when thrown or dropped from a moving vehicle.
PAR  Although the holders have been illustrated in combination with a particular
      chemical light member, it is obvious that any visual augmentation device
      of a similar size and shape could be used with the base member herein
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use as a signal device to be deployed upon a supporting surface, the
      combination comprising:
PA1  an elongated light member comprising a plastic tube containing
      chemiluminescent material means;
PA1  support means comprising at least one configured piece of resilient plastic
      sheet material, at least one edge portion of said plastic sheet material
      cooperating with said plastic tube to maintain said tube at approximately
      a 45.degree. angle to the surface upon which it is deployed;
PA1  said plastic tube being relatively compressible and said support means
      having a non-circular central opening fitting on said tube with sufficient
      friction to maintain said tube and said holder assembed with the holder
      intermediate the ends of said tube and orthogonal to the longitudinal axis
      thereof.
NUM  2.
PAR  2. The device of claim 1 wherein the support means is a configured sheet of
      light enhancing translucent plastic material about one quarter inch thick.
NUM  3.
PAR  3. For use as a signal device to be deployed upon a supporting surface, the
      combination comprising:
PA1  an elongated light member comprising a plastic tube containing luminescent
      material means;
PA1  support means formed of translucent sheet material and having at least one
      edge portion  cooperating with said plastic tube to maintain said tube at
      approximately a 45.degree. angle to the surface upon which it is deployed;
PA1  said plastic tube being relatively compressible;
PA1  said support means comprising two elongated segments of light enhancing
      translucent material centrally perforated with non-circular openings
      fitting on said tube with sufficient friction to maintain said tube and
      said holder assembled with the holder intermediate the end of said tube
      and orthogonal to the longitudinal exis thereof; and said segments being
      pivotally fastened so that when said segments are relatively rotated
      90.degree. with respect to each other a four pronged support configuration
      is achieved.
NUM  4.
PAR  4. A traffic signal marker comprising in combination;
PA1  an elongated tubular light member comprising a plastic tube containing
      chemiluminescent material means; and
PA1  a support member;
PA1  said support member comprising a slip on holder frictionally engaging said
      tube intermediate the ends and orthogonal to the longitudinal axis thereof
      and wherein said support member is formed of two elongated segments
      frictionally and pivotally assembled intermediate the ends thereof so that
      when said segments are relatively rotated 90.degree., a four pronged
      configuration is achieved whereby at least one edge portion of said
      elongated segments cooperate with said tubular light member in maintaining
      the signal marker in position.
NUM  5.
PAR  5. The combination of claim 4 wherein said support consists of a configured
      sheet of light enhancing translucent plastic material.
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ABST
PAL  A location indicating device comprises a container having two partitions
      therein forming three compartments. Each of the partitions has a hole
      therethrough. The container is open at one end at a first of the
      compartments and has a selectively openable cap covering the open end
      thereof and a hole formed through another end thereof at a second of the
      compartments. The third compartment is between the first and second
      compartments. Cord is provided in the second of the compartments extending
      at one end through the hole in the container. A grappling device is
      affixed to the end of the cord passing through the hole in the container.
      A valve is provided in the hole through the partition between the first
      and third compartments. A collapsed balloon in the first compartment has a
      neck part connected to the valve. The cord extends through the hole
      through the partition between the second and third compartments and is
      affixed to the valve in the third compartment. A valve in the container
      extends into the third compartment for filling the compartment with
      buoyant gas for filling the balloon via the valve when the cap of the
      container is opened.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a location indicating device.
PAR  Objects of the invention are to provide a location indicating device of
      simple structure, which is inexpensive in manufacture, is easily carried
      on the person of a user, is used with facility and convenience and
      functions efficiently, effectively and reliably to indicate the location
      of the user.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a schematic diagram of an embodiment of the location indicating
      device of the invention in use;
PAR  FIG. 2 is a schematic diagram of the embodiment of FIG. 1 in stored
      condition; and
PAR  FIG. 3 is a view, partly in section, and on an enlarged scale, of the
      embodiment of FIG. 1.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The location indicating device of the invention comprises a container 1
      having two partitions 2 and 3 therein forming three compartments 4, 5 and
      6. Each of the partitions 2 and 3 has a hole 7 and 8, respectively,
      thereto. The container 1 is open at one end 9 at the first compartment 4
      and has a selectively openable cap 10 covering the open end thereof, as
      shown in FIG. 3. A hole 11 is formed through the other end 12 of the
      container 1 at the second compartment 5, as shown in FIG. 3. The third
      compartment 6 is between the first and second compartment 4 and 5.
PAR  Cord 13 is stored in the second compartment 5 and extends at one end 14
      through the hole 11 in the container (FIG. 3).
PAR  A grappling device 15 is affixed to the end 14 of the cord which passes
      through the hole 11 of the container 1.
PAR  A valve device, which is a one-way valve 16 (FIG. 3), is provided in the
      hole 8 through the partition 3 between the first and third compartments 4
      and 6.
PAR  A collapsed ballon 17 is provided in the first compartment 4 and has a neck
      part 18 connected to the one-way valve 16. The cord 13 extends through the
      hole 7 in the second partition 2 and is affixed to the valve 16 in the
      third compartment 6.
PAR  A valve 19 in the container 1 extends into the third compartment 6 for
      filling said compartment with buoyant gas such as, for example, helium,
      for filling the ballon 17 via the one-way valve 16 when the cap 10 of the
      container 1 is opened.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A location indicating device, comprising
PA1  a container having two partitions therein forming three compartments, each
      of the partitions having a hole therethrough, the container being open at
      one end at a first of the compartments and having a selectively openable
      cap covering the open end thereof and a hole formed through another end
      thereof at a second of the compartments, the third compartment being
      between the first and second compartments;
PA1  cord in the second of the compartments extending at one end through the
      hole in the container;
PA1  grappling means affixed to the end of the cord passing through the hole in
      the container for clamping to an object;
PA1  valve means in the hole through the partition between the first and third
      compartments;
PA1  a collapsed balloon in the first compartment, the balloon having a neck
      part connected to the valve means, the cord extending through the hole
      through the partition between the second and third compartments and being
      affixed to the valve in the third compartment; and
PA1  a valve in the container extending into the third compartment for filling
      said compartment with buoyant gas for filling the balloon via the valve
      means when the cap of the container is opened.
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ABST
PAL  System and application head for depositing adhesives on surfaces to be
      bonded. The system includes a supply of adhesive and a pump for urging the
      adhesive through an outlet line leading from the adhesive supply. A
      regulator is situated in the adhesive outlet line to provide a
      substantially constant pressure in the adhesive flow to the downstream
      system components. An adhesive valve controls delivery of the adhesive to
      the application head. Means are provided for sensing when the surface to
      be bonded is in position adjacent to the application head to actuate a
      timer for controlling the valve whereby adhesive flows to the head for a
      predetermined period of time. Reverse pressure is then imposed to withdraw
      adhesive from the application head. The adhesive is deposited on the
      surface to be bonded during the time when the application head and the
      surface to be bonded are in cooperation. The head includes internal
      passages for directing adhesive therethrough to be applied to the surfaces
      to be bonded. An automatic flushing feature may be included upstream of
      the adhesive valve for fast removal of fast curing adhesives from the
      system after application thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for applying adhesives to end
      jointed or laminated beams and more particularly to an adhesive
      application system which deposits metered amounts of adhesive in well
      defined predetermined areas.
PAR  In the past, adhesive application systems have used disc rollers for
      depositing adhesives on surfaces to be bonded in beam end joining
      processes. No control was exercised over the amount of adhesive applied so
      that an excess amount of adhesive was delivered to the bonding surfaces by
      the application head, resulting in an accumulation of adhesive on adjacent
      beam surfaces where bonding was not intended. The delivery of excess
      adhesive to surfaces to be bonded both increases adhesive consumption and
      causes jointed assemblies in storage to bond to adjacent assemblies,
      requiring extra labor to thereafter separate them. In prior art methods an
      attempt was made to retrieve the excess adhesive for recirculation in the
      adhesive application system. This allowed contaminants to enter the
      adhesive stream and in some instances physical damage was imparted to the
      adhesive through shear forces imposed during pumping, thus materially
      reducing the adhesive characteristics.
PAR  A new system and application head is needed which precisely meters adhesive
      to the surface to be bonded, precluding the necessity for an adhesive
      recovery and recirculation system.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Surfaces to be bonded in jointed or laminated assemblies have specified
      contours upon which adhesive is deposited over predetermined areas by an
      application head having a contoured surface complimentary to that of the
      surface to be bonded. The application head has internal adhesive channels
      extending between the application head contoured surface and an adhesive
      plenum chamber. A quantity of adhesive is delivered to the plenum chamber
      in the application head by actuating an adhesive valve for a predetermined
      period of time to allow adhesive to flow. The adhesive valve is controlled
      by sensing means which senses the proximity to the head of the surface to
      be bonded and operates a timer which opens the valve for the predetermined
      period of time. The valve is fed adhesive through a pressure regulated
      line supplied by adhesive pumped from an adhesive supply.
PAR  In general it is an object of the present invention to provide an adhesive
      application system and head which deposits adhesive over specific areas on
      a surface to be bonded.
PAR  Another object of the present invention is to provide an adhesive
      application system and head which leaves the surfaces adjacent the
      surfaces to be bonded free of adhesive.
PAR  Another object of the present invention is to provide an adhesive
      application system and head which does not require recovery and
      recirculation of excess adhesive.
PAR  Another object of the present invention is to provide an adhesive
      application system and head which may be used with various types and forms
      of adhesive.
PAR  Another object of the present invention is to provide an adhesive
      application system and head which deposits a predetermined amount of
      adhesive on the surface to be bonded.
PAR  Another object of the present invention is to provide an adhesive
      application system and head which requires a minimum amount of time and
      materials for cleanup and shutdown.
PAR  Another object of the present invention is to provide an adhesive
      application system and head which eliminates the introduction of
      contaminants to the adhesive flow and eliminates shear forces within the
      adhesive which degrade adhesive characteristics.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiment has been set forth
      in detail in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the adhesive application system including an
      end joint adhesive application head.
PAR  FIG. 2 is a front elevational view of an end joint adhesive application
      head.
PAR  FIG. 3 is a side sectional view along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a top sectional view along the line 4--4 of FIG. 2.
PAR  FIG. 5 is an isometric exploded assembly view of the end joint adhesive
      application head.
PAR  FIG. 6 is a front elevational view of a laminated joint adhesive
      application head.
PAR  FIG. 7 is a side elevational view of the laminated joint adhesive
      application head.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a system for applying adhesive to surfaces to be bonded in the
      fabrication of jointed beams or other bonded structures is shown.
      Adhesives from a supply 11 are pumped by an adhesive pump 12 through an
      outlet line 13. Outlet line 13 may include a pressure regulator 14 which
      maintains adhesive pressure at a predetermined level for delivery to an
      adhesive valve 16. Adhesive from valve 16 is delivered at a predetermined
      flow rate through line 17 to an adhesive application head 18 when pressure
      regulator 14 is used.
PAR  Application head 18 has a contour side 19 and a plenum chamber side 21. A
      beam 22 having a surface to be bonded 23 is shown in FIG. 1 in cooperation
      with adhesive head 18. Note that the contour side 19 of head 18 closely
      matches the contours of the surfaces to be bonded 23 on beam 22. A beam
      position sensor 24 detects beam 22 when the surface 23 is in close spaced
      relationship with the contour side 19 of adhesive head 18. An output
      signal from beam sensor 24 is connected to timer 26 which is connected to
      adhesive valve 16 opening valve 16 for a predetermined period of time.
PAR  Adhesive supply 11 may be a pressure tank fitted with outlet line 13 in
      which pump 12 is an air pump for providing pressure to move the adhesive
      from the supply 11 through outlet line 13. Assemblies of this type are
      available under the Trademark VANSCO, 10 series or 20 series adhesive
      supply and pump. Pressure regulator 14 in line 13 may also be obtained
      under the Trademark VANSCO for regulating adhesive pressure at a value
      anywhere within the 0 to 125 PSI range. Adhesive valve 16 may be of the
      air operated type offered under the Trademark VANSCO identified as 47-01
      series actuator valves. The combination beam position sensor 24 and timer
      26 is typified by Trademark VANSCO Model No. 46-01-01. Beam position
      sensor 24 has an adjustable feeler arm which is physically contacted by
      the beam 22 to actuate timer 26 when beam 22 moves across head 18 thereby
      causing adhesive to be deposited onto the surface to be bonded 23. The
      timer 26 may be adjusted to provide an actuating pneumatic force for a
      predetermined period in a range typically from 10 milliseconds to 2
      seconds. Adhesive valve 16 is held open for the adjusted period of time.
      Since pressure regulator 44 delivers adhesive through line 13 to adhesive
      valve 16 at a predetermined flow rate, opening adhesive valve 16 for a
      predetermined period of time allows a predetermined volume of adhesive to
      flow through line 17 into the plenum side of adhesive application head 18.
      The metered volume of adhesive continues through head 18 to be dispensed
      over a predetermined area on the surface to be bonded 23.
PAR  Components in the adhesive application system shown in FIG. 1 need not
      necessarily be pneumatic. An electrical switch may be used for beam
      position sensor 24, and timer 26 connected thereto may be an electrically
      actuated device providing an electrical output signal. Adhesive valve 16
      may also be electrically actuated to open for predetermined periods of
      time as directed by timer 26 and adhesive pump 12 may be electrically
      energized.
PAR  In FIG. 2 a front view of adhesive application head 18 is seen looking into
      the contour side 19. Contour side 19 as seen in FIG. 3 is formed of a
      plurality of intercepting inclined and vertical planes having parallel
      lines of intersection describing fingers in this embodiment, and is
      complimentary to the surface to be bonded 23 which is shown on beam 22.
PAR  Referring to FIG. 2 again, a plurality of apertures 27 are shown centrally
      located in this embodiment for dispensing adhesive onto the surface to be
      bonded 23. In this embodiment three apertures are shown at each inclined
      plane of contoured surface 19 and one is shown intersecting each vertical
      plane. As may best be seen in the sectional view of FIG. 3 apertures 27
      are at one of the ends of a plurality of channels through the contour side
      19 of applicator head 18.
PAR  Plenum chamber side 21 of head 18 is formed to fit on the backside of
      contour side 19 by means of screws 28. A plenum chamber 29 is formed in
      plenum side 21 and an inlet hole 31 provides communication between plenum
      chamber 29 and the exterior of plenum side 21. A fixture 32 fits in inlet
      31 providing an adaptor for affixing line 17 whereby adhesive from
      adhesive valve 16 is delivered to plenum chamber 29.
PAR  A plurality of channels 33 extend from plenum chamber 29 to the root areas
      of the fingers shown on contour side 19. A plurality of channels 34 best
      seen in FIG. 4 extend from plenum chamber 29 to the tips of the fingers on
      contour side 19. Another plurality of channels 36 extend from plenum
      chamber 29 to a series of holes 37 formed perpendicular thereto and
      extending through the fingers on contour side 19. When holes 37 are
      drilled straight through the fingers on contour side 19 in one operation,
      plugs 38 are inserted in the ends thereof to prevent leakage of adhesive
      from head 18. Apertures 27 are therefore all in communication with plenum
      chamber 29 through channels 33, 34, 36 and 37. In this fashion adhesive is
      delivered to the surface to be bonded 23 on beam 22.
PAR  It should be noted that if pressure regulator 14 is used, a predetermined
      adhesive flow rate will result for a given adhesive. In such case opening
      valve 16 for a predetermined time by timer 26 will provide for a
      predetermined volume of adhesive to be dispensed from head 18. If pressure
      provided by pump 12 is within an acceptable range, then regulator 14 may
      not be necessary. In either event adhesive is dispensed from head 18 onto
      surface 23 beginning at a point on the surface 23 as determined by sensor
      24 and ending at a point on surface 23 as determined by timer 26 when beam
      22 is in cooperation with contour side 19 of head 18.
PAR  An exploded assembly of the applicator head 18 is shown in FIG. 5 clearly
      displaying the plenum chamber 29 in plenum side 21 and the fingerlike
      contours in this embodiment on contour side 19. It should be noted that
      the fingerlike contour as best seen in FIG. 3 is formed specifically to
      fit the cut, ground, impressed, cast or molded contour on the surface to
      be bonded 23. The shape of contour side 19 is understood to assume a
      closely matching or complimentary shape to the shape of the surface to be
      bonded 23. This consideration will influence the number and placement of
      channels extending between plenum chamber 29 and apertures 27 on the
      surface of contour side 19 from which adhesive is dispensed.
PAR  Adhesive application head 18 may be mounted on an adjustable or fixed
      bracket (not shown) or may be mounted on a reciprocating shaft or
      circulating chain (not shown) for positioning and retracting the head 18
      as required in some applications. In the embodiment seen in FIG. 5, beam
      22 moves in the direction of arrow 39 and surface 23 passes in close
      spaced relation to the fingers on contour side 19 of head 18. Adhesive is
      dispensed from head 18 onto the surface to be bonded 23 beginning at a
      point on surface 23 determined by beam position sensor 24 and ending at a
      point on surface 23 determined by the time period set in timer 26. No
      excess adhesive remains on the contour side 19 after adhesive is dispensed
      because a back pressure is applied by a feature included in valve 16 at
      the end of the application timing cycle which draws excess adhesive
      through the channels in contour side 19 toward plenum chamber 29.
      Consequently there is no need for an excess adhesive recovery and
      recirculation system, thus eliminating the possibility for contaminants to
      enter the adhesive stream. The possibility for adhesive compound damage
      due to pumping shear forces and diminution of adhesive properties is also
      eliminated.
PAR  Adhesive is applied at the precise moment when applicator head orifices 27
      and the surface to be bonded 23 are positioned in some predetermined
      position proximate to one another. In the disclosed embodiment adhesive is
      dispensed from orifices 27 after surface 23 has begun to pass by in the
      direction of arrow 39. A line or strip of adhesive is laid on surface 23
      along the direction of arrow 39 from each orifice 27. Taking the relative
      velocity between beam 22 and head 18 into account, timer 26 is set to stop
      dispensing of adhesive from head 18 prior to passage of surface 23 by
      orifices 27. A nominal separation between the surface to be bonded 23 and
      the orifices 27 on contour side 19 has been found to be 0.012 inches.
      Since adhesive application is begun and stopped at precise points on
      surface 23 a control is afforded which allows substantially no adhesive to
      accumulate on other surfaces of beam 22.
PAR  The disclosed system and application head requires only a minimal amount of
      time and materials for cleanup and shutdown. A quart or so of water or
      solvent and one to two minutes of time is all that is required to clean
      the adhesive application head 18 because excess adhesive is not dispensed
      for buildup on surfaces from which it must be cleaned prior to drying. A
      quick wiping of the fingerlike members on contour side 19 would suffice
      for this embodiment.
PAR  Any type of adhesive may be used with the system disclosed herein, such as
      single or plural component adhesives, hot melt adhesives, or powder type
      adhesives. Hot melt type adhesives may require the addition of heat
      sources to the applicator head 18. The use of powder type adhesives may
      require changes to be made in the diameters of the channels through
      contour side 19 and the apertures 27. The use of fluid type adhesives
      normally requires channel diameters and diameters at apertures 27 of 0.05
      inches nominal.
PAR  Another embodiment of the disclosed apparatus includes an automatic
      flushing system 41 which may be seen in FIG. 1. Flushing system 41
      provides flushing agent to the system upsteam of the adhesive valve 16.
PAR  Automatic flushing is desirable when fast curing adhesives are being used.
      Typically such adhesives are two component adhesives which are mixed just
      upstream of the adhesive valve 16. Curing time is in the range of 2 to 30
      minutes. Flushing is performed from the mixer 42 through all system
      components downstream thereof to prevent fouling of the system by the fast
      cure adhesive before normal cleanup is performed.
PAR  The system disclosed herein is useful for bonding laminated beam assemblies
      as well as end jointed beam assemblies. Applicator head 18 is specifically
      for one type of end jointed beam bonding application where the beam ends
      display the contour which is complemented by contour side 19 of head 18.
      FIG. 6 shows an applicator head 46 having a plenum chamber 47 and a
      contour side 48. Passages 49 communicate plenum 47 with contour side 48. A
      fitting 51, similar to fixture 32, fits in one end of plenum 47 providing
      an adaptor for affixing line 17 so that adhesive from adhesive valve 16 is
      delivered to plenum chamber 47. A plurality of valve bolts 52 are spaced
      along head 46 for longitudinal bolt adjustment between a closed and opened
      position for determining the length of plenum 47.
PAR  A guide bracket 53 depends from head 46 which is urged by means (not
      shown), such as a spring, into continuous contact with a surface 54
      contiguous with a surface to be bonded 56 on a beam 57 as seen in FIG. 7.
PAR  Adhesive admitted into plenum 47 passes only through those passages 49
      located upstream of the upstream valve bolt 52 which is closed. In this
      manner the width of a series of beads of adhesive from passages 49 applied
      to an adjacent surface to be bonded 56 is adjusted.
PAR  Passages 49 are typically .08 inches in diameter and may be spaced on .25
      inch centers in one embodiment. Head 46 carries valve bolts 52 spaced so
      as to allow adjustment of adhesive dispensing from passages 49 to serve
      surfaces 56 to be bonded typically ranging from 2 to 12 inches in width.
PAR  Reference to FIGS. 6 and 7 shows that contour side 48 provides an
      application surface which is cylindrical in shape. Referring to FIG. 7 it
      is seen that, in the application position, head 46 is oriented relative to
      the surface 56 so that the openings of passages 49 through contour side 48
      have one edge substantially tangent to surface 56. The system described
      heretofore, including beam sensor 24 and timer 26 operate to actuate
      adhesive valve 16 to supply adhesive to head 46 so that a bead of adhesive
      is laid on surface 56 for a predetermined length of beam 57. Guide bracket
      53 maintains constant lateral relative position with beam 57 as beam 57
      travels past head 46 in the direction indicated by arrow 58 in FIG. 7.
PAR  Applicator heads 18 or 46 may be of any material such as aluminum, brass,
      stainless steel, plastics, etc. A typical adhesive application head 18 for
      jointed beam applications may have a height of 2 inches. This is dependent
      on the thickness of the beam to be joined. The length of the head 18 from
      the inlet side to the application or contour side should be kept as short
      as possible to minimize fluid friction loss. A typical application head 46
      for laminated beam applications may have a width of 111/2 inches to serve
      beam section widths varying from 2 to 12 inches.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for applying adhesive to surfaces to be bonded having specific
      contours comprising means for containing a supply of adhesive, an outlet
      line connected to said supply of adhesive, a pump for urging the adhesive
      to flow through said outlet line, an adhesive valve for receiving and
      metering the adhesive, means for controlling said adhesive valve to pass
      adhesive flow for a predetermined time, whereby a predetermined quantity
      of adhesive is passed therethrough, an adhesive dispensing head mounted
      for relative movement with the surfaces to be bonded and connected to
      receive said predetermined quantity of adhesive, application surfaces on
      said dispensing head being formed of intersecting planar surfaces having
      parallel lines of intersection and closely matching the contours of the
      surfaces to be bonded, said adhesive dispensing head having a plurality of
      channels therein for conveying said predetermined quantity of adhesive
      therethrough to be dispensed at said application surfaces, and including a
      plenum chamber for receiving said predetermined quantity of adhesive, said
      plurality of channels including at least one separate channel for said
      plenum chamber to each of said planar surfaces and means for sensing when
      said application surfaces are in a predetermined proximate position
      relative to the surfaces to be bonded, said last named means being
      connected to actuate said means for controlling, whereby the surfaces to
      be bonded receive said predetermined quantity of adhesive along a
      predetermined length thereof while adjacent surfaces are maintained free
      of adhesive.
NUM  2.
PAR  2. A system for applying adhesive to surfaces to be bonded as in claim 1
      wherein said adhesive valve includes means for causing reverse flow of
      adhesive in said dispensing head immediately following said predetermined
      period of time.
NUM  3.
PAR  3. A system for applying adhesive as in claim 1 wherein said pump, adhesive
      valve and means for controlling are electrically actuated.
NUM  4.
PAR  4. A system for applying adhesive as in claim 1 wherein said adhesive valve
      is pneumatically operated.
NUM  5.
PAR  5. A system for applying adhesive as in claim 1 wherein said application
      surfaces have adhesive dispensing apertures formed therein by said
      plurality of channels, and wherein said means for sensing actuates said
      means for controlling when said adhesive dispensing apertures overlie a
      predetermined point on said surfaces to be bonded.
NUM  6.
PAR  6. A system for applying adhesive as in claim 1 wherein said application
      surfaces and said surfaces to be bonded are spaced nominally twelve
      thousandths of an inch apart when adhesive is dispensed.
NUM  7.
PAR  7. A system for applying adhesive as in claim 1 together with means for
      regulating adhesive pressure connected in said outlet line downstream of
      said pump, whereby said adhesive valve meters adhesive at a predetermined
      flow rate providing said predetermined quantity of adhesive when
      controlled open for a predetermined period of time by said means for
      controlling.
NUM  8.
PAR  8. A system for applying adhesive as in claim 1 together with means for
      adjusting said predetermined time whereby said predetermined length may be
      adjusted to selected lengths of surfaces to be bonded.
NUM  9.
PAR  9. A system for applying adhesive to surfaces to be bonded having specified
      contours comprising means for containing a supply of adhesive, an outlet
      line connected to said last named means, a pump for urging the adhesive
      through said outlet line, an adhesive valve for receiving and metering the
      adhesive, a timer connected to said adhesive valve for controlling said
      adhesive valve, an adhesive dispensing head connected to receive said
      metered adhesive, application surfaces on said dispensing head closely
      matching the contours of the surfaces to be bonded, said dispensing head
      having a plurality of channels therein for conveying said metered adhesive
      therethrough to be dispensed at said application surfaces, means connected
      to actuate said timer for sensing when said application surfaces are in
      cooperation with the surfaces to be bonded, whereby the surfaces to be
      bonded receive said metered adhesive while adjacent surfaces are
      maintained free of adhesive, means for mixing fast curing agents into said
      outlet line, and flushing means for providing flushing agent to said
      outlet line upstream of said means for mixing, whereby fast curing
      adhesive is flushed from said means for mixing, adhesive valve, and
      application head following application of adhesive.
NUM  10.
PAR  10. A head for applying adhesive to a contoured surface to be bonded to a
      complementary surface and adapted to be connected to an adhesive supply
      having a constant adhesive flow rate, comprising first and second body
      members, said first body member having a surface substantially
      complementary to the contoured surface and having a plurality of
      intersecting planar surfaces, means in said second body member for
      receiving adhesive, means for joining said first and second body members
      together, said first body member having a plurality of channels extending
      between said means for receiving adhesive and said substantially
      complementary surface for dispensing adhesive therefrom, at least one of
      said plurality of channels extending from said means for receiving
      adhesive to each one of said planar surfaces, means associated with said
      first and second body members and the contoured surface for providing a
      constant velocity therebetween, and means for sensing when said
      substantially complementary surface is juxtaposed with the contoured
      surface, said last named means operating to cause a predetermined amount
      of adhesive to be uniformly dispensed along the contoured surface.
NUM  11.
PAR  11. A head for applying adhesive as in claim 10 wherein said substantially
      complementary surface is positioned approximately 0.012 inches from the
      contoured surface for optimum application.
NUM  12.
PAR  12. A head for applying adhesive to a contoured surface to be bonded to a
      complementary surface and adapted to be connected to an adhesive supply
      having a constant adhesive flow rate, comprising first and second body
      members, said first body member having a surface substantially
      complementary to the contoured surface, said substantially complementary
      surface having intersecting planar surfaces forming fingers, means in said
      second body member for receiving adhesive, said last named means including
      a plenum chamber, means for joining said first and second body members
      together, said first body member having a plurality of channels extending
      between said means for receiving adhesive and said substantially
      complementary surface for dispensing adhesive therefrom, including
      separate channels to each one of said planar surface, means associated
      with said first and second body member and the contoured surface for
      providing a constant velocity therebetween, and means for sensing when
      said substantially complementary surface is juxtaposed with the contoured
      surface, said last named means operating to cause a predetermined amount
      of adhesive to be uniformly dispensed along the contoured surface.
NUM  13.
PAR  13. A head for applying adhesive as in claim 12 wherein said substantially
      complementary surface is positioned approximately 0.012 inches from the
      contoured surface for optimum application.
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ABST
PAL  This application discloses "wiping" of a liquid, molten zinc, for example,
      across the surface of a strip to which it adheres. A wiping fluid, such as
      steam, is directed from an orifice at the strip. A valve, preferably an
      elongated relieved bar is positioned adjacent and behind the orifice, and
      flow of wiping fluid is controlled by rotation of an elongated valve in
      the form of a relieved bar or cam.
BSUM
PAR  In the manufacture of steel mill products, it is common to coat a substrate
      such as a strip with another substance by dripping. A common example is
      the manufacture of galvanized sheets in which a steel strip may be passed
      through a bath of molten zinc by which the zinc is adhered to the strip.
      Thereafter the strip is cut into sheets.
PAR  In such processes, the liquid adhered to the substrate may not be uniformly
      distributed. As the liquid freezes on the strip a coating of variable
      thickness will be developed across the substrate.
PAR  I have invented new and useful improvements in wiping liquid from a moving
      strip which avoids problems previously encountered and produces a better
      product having a more even coating. I provide an enclosure extending
      transversely of the strip and past which the strip is moved. I provide
      orifice means in the enclosure directed toward the strip. Preferably said
      orifice means are in the form of an elongated slot extending over at least
      a substantial width of the strip. I further provide means to supply a
      wiping fluid to the enclosure under pressure. Said wiping fluid may, for
      example, be steam supplied from a plant steam line. I further provide
      valve means associated with said orifice and adjustable to selectively
      vary the flow of wiping fluid through the orifice means. Preferably said
      valve means are selectively variable along the length of said orifice
      whereby the flow of wiping fluid may be adjusted to issue from the orifice
      means with varying intensities at different points across the width of the
      strip. I further prefer that said valve means comprise elongated rotatable
      cam means.
PAR  Other details, objects and advantages of my invention will become apparent
      as the following description of the present preferred embodiment thereof
      proceeds.
DRWD
PAR  In the accompanying drawings I have illustrated a present preferred
      embodiment of the invention in which
PAR  FIG. 1 is a diagrammatic plan view of a strip between two wiping means;
PAR  FIG. 2 is a side elevation, also diagrammatic of the apparatus shown in
      FIG. 1;
PAR  FIG. 3 is a perspective view of one wiping apparatus as used in FIGS. 1 and
      2;
PAR  FIG. 4 is an end sectional view of the apparatus shown in FIG. 3 taken
      along line IV--IV; and
PAR  FIG. 5 is a partial side elevational view of a valve cam employed in the
      apparatus of FIG. 4.
DETD
PAR  A known method of galvanizing is by drawing strip through a galvanizing
      pot, thereby establishing a continuous hot dip process. The zinc which is
      deposited freezes as the strip is withdrawn and thereby forms the
      well-known galvanized material suitable for cutting into sheets and other
      or further fabrication.
PAR  In withdrawing the strip from the molten zinc the thickness of liquid zinc
      adhering to the strip often varies across the width of the strip. For
      example, the surface conditions at the edges are different than at the
      center where there is an extending surface in each direction. The
      conditions at the edge may cause a substantially heavier coating at the
      edges than at the center thus causing a nonuniform product.
PAR  In FIG. 1, strip 1 is shown being drawn upwardly toward the viewer from a
      zinc pot beneath. An enclosure is shown on each side of the strip. A
      wiping fluid such as steam issues from an extended orifice on each
      enclosure. The flow of steam directed toward the strip is shown by arrows
      3. A side view is shown in FIG. 2. The galvanizing pot 4, which may be an
      induction heated furnace, contains molten zinc to a level 5. The strip is
      drawn upwardly from the pot in the direction shown by arrow 6. The pot may
      be shrouded by a cover 4a. Enclosures 2 may be moved toward or away from
      the strip upon their supports.
PAR  One of enclosures 2 is shown in FIGS. 3 and 4. Each enclosure includes a
      main housing 7 which may be in one or several sections. A back wall 8 and
      end walls 9 cooperate with main housing 7 to form an enclosed space 10. A
      series of steam inlet ports 11 are drilled in the upper surface of
      enclosure 7 and are connected through flexible tubing to a plant steam
      line. An orifice 12 is formed in the side of housing 7 adjacent the strip.
      Orifice 12 is in the form of an elongated slot which extends from one end
      to the other of housing 7. If desired the slot can be of constant
      dimension, or it can be of varying size from point to point along its
      length. A circular bore 13 is formed in enclosure 7 behind orifice 12, and
      between the orifice and enclosed space 10. A round bar 14 is fitted in the
      bore and is revolvable in it. Lips 15 which form a part of the wall
      surrounding the bore are closer together than the diameter of bar 14 and
      prevent it from rolling into enclosed space 10.
PAR  Bar 14 is a rotary valve member whose rotation has a valve action to open
      and close a path between enclosed space 10 and orifice 12. It will be seen
      that in the sections of FIG. 4, the lower portion 16 is solid whereas the
      upper portion 17 has been cut away. In the positions shown there is a path
      for steam flow from enclosed space 10 around the solid portion 16 and
      through the relieved upper area through orifice 12. Rotation of bar 14
      will however, cause the area for steam flow to be reduced and then cut off
      if rotation continues.
PAR  The amount of solid bar 16 and the area 17 where the bar has been cut away
      may be varied to fit the circumstances. Moreover, the amount cut away may
      be selectively varied along the length of the bar. In that manner the
      steam flow may be different at different points along the length of
      orifice 12. Furthermore rotation of bar 14 may variably restrict and
      control the steam flow at varying points. FIG. 5 shows a side view of one
      portion of bar 14. An outer end 18 is of full diameter. Inwardly of that
      it is relieved as at 19. The relief may extend inwardly and be in varying
      amounts along the length of the bar as shown at 19.
PAR  Bar 14 may extend the entire distance of enclosure 7, or another bar 20
      (indicated in dotted outline) may also be placed in bore 13. Bar 14
      projects through an opening 21 in end wall 9, and a similar opening may be
      provided in the opposite end wall for a separate bar 20 or to provide a
      bearing surface for a single bar 14.
PAR  In operation enclosures 2 are moved toward or away from the strip as
      desired to obtain a proper velocity of steam on the strip 1. The steam
      effectively spreads and wipes the molten zinc on the strip to produce a
      uniform distribution. The wiping fluid, the steam jet, tends to distribute
      the molten zinc avoiding a build up on the edges, for example, and
      effectively "wiping" the strip even though it is not touched by anything
      other than the jet. Then as the zinc freezes, it will produce a coating of
      even thickness. Bar 14 may be arranged to give a variable intensity at
      various points across the width of the strip. In FIG. 5, for instance,
      there is substantially greater relief at the outer end of the bar so that
      more steam will be delivered to the outer edge of the strip. It will be
      apparent that other bars having different configurations can easily be
      exchanged to compensate for different or changed conditions. Also rotation
      of the bar can alter the steam delivery. Since there is a continual
      variation and almost infinite variety of conditions which can be met, bar
      14 is in effect a cam which operates to control the steam flow at an
      infinite number of points along the length of the orifice.
PAR  Over a period there may be different operating conditions which will make a
      change in steam flow or the distribution of the steam flow necessary or
      desirable. Bar 14 can readily be withdrawn and another bar of different
      configuration inserted in its place. If it is desired to run a smaller
      width of strip through the pot, a different bar having a shorter relieved
      area may be substituted thereby preventing steam from being jetted into an
      area where no strip is present. In the same manner one or several bars may
      be fitted axially into the bore in which the bar 14 is fitted.
PAR  While I have illustrated and described certain present preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited thereto and may otherwise variously be practiced within the
      scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for wiping liquid from the surface of a moving strip
      without contacting the strip and including an enclosure in proximity to
      the pass line of the strip and adapted to receive wiping fluid under
      pressure and orifice means formed in the enclosure and directed toward the
      strip, the improvement which comprises elongated valve means adjacent to
      and behind said orifice and coextending with at least a substantial
      portion of said orifice means.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 in which the elongated valve means
      includes bar means whose shape varies along the length thereof.
NUM  3.
PAR  3. Apparatus for wiping liquid, molten metal from the surface of moving
      metallic strip comprising:
PA1  an enclosure extending transversely of the strip to be wiped;
PA1  fluid supply means to said enclosure adapted for connection to a source of
      wiping fluid under pressure whereby wiping fluid is delivered inside said
      enclosure under pressure;
PA1  elongated fluid orifice means in said enclosure extending transversely
      across the strip positioned in proximity to the strip and disposed to
      direct wiping fluid issuing from the orifice against the strip moving past
      the enclosure;
PA1  fluid valve means within the enclosure disposed between the orifice and the
      fluid supply means to control passage of wiping fluid through the orifice
      means, said valve means comprising a rotatable member of irregular cross
      section placed in close proximity to the orifice and extending
      substantially parallel to the orifice from end to end of the orifice,
      incremental sections of the valve means thereby restricting flow through
      incremental lengths of the orifice, whereby in one position the valve
      means opens greater area between the fluid supply means and orifice than
      in another position of the valve means.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 having valve means extending across at
      least a substantial width of the strip.
NUM  5.
PAR  5. Apparatus as claimed in claim 3 in which the valve means include a
      rotary bar.
NUM  6.
PAR  6. The apparatus of claim 3 in which the valve means comprises an elongated
      relieved bar positioned adjacent the orifice, said bar being rotatable to
      selectively and variably limit flow of wiping fluid from the enclosure
      through the orifice means.
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ABST
PAL  A method and apparatus is given for uniformly coating particulate
      fertilizer material with small amounts of finely divided micro and/or
      secondary nutrients by forming the particulate base fertilizer material in
      a falling curtain, spraying the base material with a binder solution,
      finally mixing in an agitated bed the base material with the finely
      divided nutrients, thus giving a product of micro and/or secondary
      nutrients uniformly distributed over the surfaces of the particulate base
      fertilizer.
PARN
PAR  This is a continuation-in-part of co-pending Ser. No. 230,016, filed Feb.
      28, 1972, now abandoned, which is a division of Ser. No. 149,350, filed
      June 2, 1971, now U.S. Pat. No. 3,666,523 (1972). Ser. No. 149,350 is a
      continuation-in-part of Ser. No. 804,621, filed Mar. 5, 1969, now
      abandoned.
BSUM
PAR  The present invention relates to an improved apparatus for preparing a
      granular mixed fertilizer. More particularly, it relates to a novel
      procedure for preparing a mixed granular fertilizer containing uniformly
      distributed finely divided secondary nutrients or micronutrients or both
      on granular primary fertilizer materials.
PAR  In many farming areas of the world, including those of the United States,
      croplands have gradually become deficient in elements essential for
      adequate growth. Nitrogen, phosphorous, and potassium can be readily
      supplied to rejuvenate the soil by commercially available primary
      fertilizers. However, micronutrients and secondary nutrients consisting of
      such elements as copper, manganese, zinc, boron, iron, molybdenum,
      calcium, magnesium and sulfur among others have been found to be lacking
      in many soils. Such element deficiencies result in reduced crop yields,
      since optimum growth requires the presence in the soil of nearly all the
      above elements.
PAR  To provide all the essential elements to soil, it has been recommended that
      relatively small amounts of micronutrients or secondary nutrients or both
      be incorporated with primary fertilizers.
PAR  The art of applying coating of finely divided solids to particles, pellets,
      prills, granules, flakes and the like has been well developed in a wide
      variety of industrial areas ranging from breakfast cereals, drugs, animal
      feed supplements, ore reduction processes and fertilizers. Each area has
      encountered problems peculiar unto itself but all have been confronted
      with the basic problem of obtaining uniformity of coating, effective
      binding of finely divided solids to the substrate to which it has been
      applied, and elimination of caking of the materials in the blending or
      mixing equipment. Although major advances have been made in both processes
      and apparatus which produce relatively small quantities of coated
      materials, heretofore no entirely satisfactory method or apparatus has
      been available for uniformly coating large amounts of heavy granular
      materials with very small amounts of extremely finely divided solids, as
      for example, those employed in the production of finished fertilizers
      designed to provide the essential elements to the soil.
PAR  The need for such a system has become exceedingly apparent with the advent
      of high yield fertilization programs and the recognition that deficiencies
      in soil of specific elements, commonly referred to as micronutrients and
      secondary nutrients causes a marked depression in the yields of certain
      crops.
PAR  As crops and soils are widely varied and the need for a specific element or
      elements differs accordingly, it would be most desirable if a process
      could be developed which provided for the preparation of finished
      fertilizers on a prescription-type basis. To this end, liquid fertilizers
      have been suggested. However, limited solubility of micronutrients and
      secondary nutrients in fertilizer solutions and limited availability of
      application equipment are a deterrent to universal acceptability.
      Processes for chemically granulating fertilizers containing desired
      amounts of specific elements are available, but, in practice these
      processes do not lend themselves to preparation of fertilizers on
      individual prescription. Finally, where prescription manufacture has been
      attempted utilizing conventional equipment and simply adding the micro
      and/or secondary nutrients to the agitated bed of fertilizer and spraying
      or sparging the binder solution into the bed, caking of materials on the
      mixer and nonuniform distribution of the micro and secondary nutrients in
      the product has occurred.
PAR  It is, therefore, an object of the present invention to provide a novel
      apparatus for uniformly coating particulate material with small amounts of
      finely divided material. It is also an object of the invention to provide
      an apparatus for preparing finished granular fertilizers uniformly coated
      with exiguous amounts of extremely finely divided micronutrients and
      secondary nutrients, on an individual prescription basis.
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PAR  To properly show and describe the invention, the following drawings are
      given:
PAR  FIG. 1 is a side elevational view showing a preferred embodiment of the
      invention arranged schematically; and
PAR  FIG. 2 is an enlarged, partially sectional end elevational view of the gate
      control mechanism, falling fertilizer curtain and upper portion of the
      binder solution circuit as shown in FIG. 1.
PAR  FIG. 3 is an exploded view of the pressurized system employed for the
      introduction of the finely divided coating material to the mixer.
DETD
PAR  Now referring to FIG. 1, a hopper 11, preferably a cluster type wherein a
      variety of materials may be separately stored, is mounted above a weight
      hopper 13 (mountings not shown) in such manner as to permit deposition of
      materials from all bins of said cluster hopper in said weigh hopper. Each
      bin is equipped with an individually operating gate 12, which may be of
      conventional design but which provides a means for controlling the rate
      and quantity of material withdrawn from each bin. Weigh hopper 13 is
      essentially a conventional gravity feed design having inclined depending
      walls 14 terminating in a hopper chute 15 and is equipped with recording
      means for determining the weight of the material deposited therein. A flow
      control gate 16 is mounted at the terminus of said chute 15 and is of such
      design as to produce a metered flow of material in the form of a
      substantially uniform falling curtain or stream 17, as shown in FIG. 2,
      which is essential to the process of the present invention.
PAR  A gravity feed hopper 18 is mounted below the weigh hopper 14 in axial
      alignment with the longitudinal axis of the falling curtain from weigh
      hopper 13. Openings 19 are provided in opposing side walls of hopper 18
      below the bottom center line of the jaws of control gate 16 and opposite
      the faces of the falling curtain 17. Nozzle mounting brackets 20, affixed
      to the outer surfaces of the hopper walls, are positioned in such a manner
      as to locate (1) the central axis of the spray nozzles 21 (see FIG. 2) in
      alignment with the centers of opening 19 and (2) the nozzle tips a
      distance from the faces of falling curtain 17 sufficient to provide a fan
      spray pattern of binder solution of essentially the same width as the
      falling curtain. Overspray of the binder solution is generally undesirable
      since it leads to caking of binder and curtain material on the inner walls
      of hopper 18, while a spray pattern of substantially less width than the
      falling curtain results in incomplete treatment of curtain materials and
      may ultimately produce a coated product of less uniformity than could
      otherwise be obtained. In the preferred embodiment of the invention,
      nozzles 21, as have been specifically shown in FIG. 2, are positioned to
      direct the spray of binder solution in a flat fan spray pattern at an
      angle of approximately 90.degree. to the faces of the falling curtain 17.
      This angle may be adjusted as much as 45.degree. but best results appear
      to be obtained when the spray is applied at about right angles to the
      curtain. We have also determined that it is essential to the process of
      the invention that the binder solution is sprayed under sufficient force
      to penetrate at least 10 percent of the thickness of the falling curtain
      of material measured from the face or faces of the curtain. Best results
      are obtained with nozzles positioned opposite both faces of the curtain
      and penetration of the binder solution is approximately 50 percent of the
      thickness of the curtain from each face.
PAR  Binder solution is delivered to spray nozzles 21 under a predetermined
      pressure and for controlled periods of time through conduits 22 and 24
      connected to a storage vessel 23 containing binder solution. Conduit 24 is
      equipped with a three-way solenoid valve 25, a flowmeter 26 and a positive
      displacement pump 27 which maintains a fixed pressure in the binder
      solution circuit. A return line 28 having an adjustable needle valve 29,
      connects the solenoid valve 25 in conduit 24 with the binder storage
      vessel 23. A conduit 30 having a back pressure valve 31 and pressure gauge
      32 completes a recycle circuit with vessel 23, intersecting supply conduit
      24 between flowmeter 26 and pump 27. This circuit provides a means of
      regulating the pressure on nozzles 21 and acts as a pressure control and
      relief mechanism if pressure in the supply conduit 14 exceeds
      predetermined limits.
PAR  In operation, materials from the cluster hopper 11 are deposited in the
      weigh hopper in amounts calculated to give the desired material blend. The
      three-way solenoid valve 25 in the binder solution circuit is then
      positioned to circulate binder from vessel 23 through conduits 24, pump 27
      and conduit 28 back to vessel 23. The pump is actuated, back pressure
      valve 31 is adjusted to effect a desired pressure setting and needle valve
      29 set to permit the same flow through of binder solution as nozzles 21
      deliver at the operating pressure.
PAR  A mixer in the form of a tumbling drum 33, preferable of the type equipped
      with a shrouded conveyor 34 and positioned to receive the binder treated
      material from hopper 18, is then actuated. Finely divided coating material
      is charged to a blow case 35 in the coating circuit which is equipped with
      inlet and outlet valves 36 and 37 respectively and connected to mixer 33
      through conduit 38. Said conduit 38 terminates in an open orifice within
      the mixer 33, preferably in the vicinity of the central axis thereof.
      While charging the blow case with powdered coating materials, inlet and
      outlet valves 36 and 37 are closed. Valve 36 is then opened and the blow
      case pressurized through line 39. When the desired pressure is obtained,
      valve 36 is closed and the system is in operating condition. Control gate
      16 is then opened to permit a curtain of particulate material to begin
      dropping from the weigh hopper 14. As the curtain forms, solenoid valve 25
      is actuated directing the flow of binder solution from the recirculating
      circuit in the conduit 22 to nozzle 21. When sufficient sprayer material
      has entered the shrouded conveyor 34 to fill said conveyor and seal the
      mixer 33 against exhaust of the finely divided coated materials, valve 37
      is opened and said coating materials are injected under super atmospheric
      pressure into mixer 33. Said injection is accomplished with enough force
      to form a cloud of micronutrients in the chamber. Valve 37 is then closed
      and the binder treated material is permitted to blend with the coating
      materials which are present in the form of a cloud in the mixing chamber.
      As particulate material from the weigh hopper becomes exhausted, solenoid
      valve 25 is again actuated, spraying of the curtain is halted and binder
      solution is recycled to the storage vessel 23. Blending in the mixer is
      continued until coating of the particulate material is uniform. Feed screw
      40 of the shrouded conveyor is then reversed and the finished product is
      withdrawn from mixer 33 through the shrouded conveyor 34 and discharged
      through line 41, to storage.
PAR  FIG. 2 is a side elevation, partially broken away, illustrating a preferred
      embodiment of the control gate 16 in combination with hopper 18. This
      Figure further illustrates the preferred arrangement of the spray nozzles
      21 and the upper section of the binders solution circuit including
      conduits 22, and adjustable orifice needle valve 29. In the preferred
      embodiment of the control gate 16, there is provided a pair of clam shell
      jaws 42 mounted on pens 43 which are secured to the outer walls of shoot
      15. Said jaws may be operated by any controlled actuating means such as
      pneumatic pistons, gear train or the like herein not shown. Brackets 44
      are mounted on shoot walls 15 and are provided with stop pins 45 to limit
      the rotation of clam shell jaws 42 and control the thickness of the
      curtain 17 of particulate material withdrawn from the weigh hopper.
PAR  FIG. 3 is an exploded view of the pressurized system employed for the
      introduction of the finely divided coating material to the mixer. Said
      system comprises a blow case 35 having a conduit 39 connected to a
      pressurizing means such as a compressor, herein not shown, for providing a
      positive pressure in said blow case above the powdered material. An inlet
      valve 36 is provided in conduit 39 to control pressurizing gases
      introduced into said blow case and a moisture trap 46 located between the
      blow case 35 and the inlet valve 36 assures removal of moisture in the
      pressurizing fluid and prevents caking or bridging of the coating
      materials. Blow case 35 is preferably a gravity feed-type hopper
      terminating in a truncated cone 47 and an exit conduit 48. Outlet valve 37
      is located intermediate conduits 38 and 48 and controls egress of
      fluidized solids from the blow case. Conduit 38 terminates interiorally of
      the mixer or tumbling drum 33 below the shrouded conveyor 34. Said mixer
      is equipped with flights 49 which lift the particulate materials in the
      mixer blending them in a tumbling cascade. Shrouded conveyor 34 comprising
      a trough 50 located along the central axis of mixer 33 extends across
      substantially the full width of said mixer. A reversible screw 40 mounted
      in trough 50 carries the binder treated particulate material from hopper
      18 to the interior of mixer 33 where it is coated and blended. After
      blending, screw 40 is reversed and the coated materials are withdrawn from
      mixer. Product is passed to storage by gravity feed through conduit 41.
PAR  In accordance with the invention, a variety of granular fertilizer
      materials such as potash, triple superphosphate, diammonium phosphate,
      normal superphosphate, limestone, urea, or ammonium nitrate are loaded in
      separate bins of a cluster hopper. A binder solution, for example, a 30 to
      70% aqueous ammonium nitrate, urea, sodium lignin sulfonate or reducing
      sugar solution or other liquid fertilizers, is charged to the holding
      vessels in the binder solution circuit and a weighed amount of finely
      divided micronutrient or secondary nutrient material or a blend of such
      materials is charged to a powder hopper or blow case in the solids coating
      circuit which is then pressurized with air or an inert gas such as carbon
      dioxide or nitrogen. The finely divided material should be at least -100
      mesh and more, preferably from -200 to -400 mesh. Particularly well suited
      for the use in the processes and apparatus of the present invention are
      the binder solutions, micronutrients and secondary nutrients, described in
      the U.S. Pat. No. 3,353,949. After charging all circuits with materials,
      fertilizers from the individual bins are separately deposited in the weigh
      hopper in calculated amounts.
PAR  In addition to having the above specified mesh, the finely divided material
      should have a bulk density above about 1.2 g./ml. and preferably above
      about 1.5 g./ml. Where one employs materials having bulk densities below
      about 1.2 g./ml., problems of rat-holing occur. Rat-holing is the
      phenomenon wherein the pressurized gas blows a tunnel through the material
      to be conveyed, rather than causing it to flow. Where blends are employed,
      the average bulk density of the aggregate should be above about 1.2 g./ml.
      and preferably above about 1.5 g./ml. Accordingly, in selecting metal
      oxides, oxidized fume materials of low bulk densities should be avoided.
      They typically have densities of about 0.5 g./ml. Similarly, baghouse
      grade, by-product dusts having bulk densities of about 1.0 should be
      avoided, unless used in combination with heavier materials.
PAR  By applying the binder solutions to the fertilizer curtains, as previously
      described, loss of the finely divided material, equipment fouling and the
      formation of products having nonuniform coatings of nutrients are avoided.
      Where the binder solution and stream of finely divided material are both
      introduced into the mixing chamber, into which the fertilizer granules
      have been introduced for coating, adherence of the solid nutrients to the
      chamber walls occurs in favor of adherence to the granules. Using the
      process of the present invention, such spurious binding is avoided without
      undue sacrifice in the strength of the desired bond.
PAR  The liquid fertilizer solution (i.e., the binder solution) is prepared to
      circulate through the binder solution circuit, and the micronutrients are
      readied to be pressurized for the mixer feed operation.
PAR  The clam shell jaws are then opened from about 1 - 4 inches and preferably
      2 - 3 inches to form a curtain of fertilizer. Immediately after the
      curtain has formed, the binder solution is permitted to enter the spray
      nozzles 21. When the trough 50 of the shrouded conveyor 34 is filled with
      binder treatment fertilizer and the mixer effectively sealed against
      blowback, a charge of micronutrients, equivalent to about 1 to about 15%
      and more, preferably from about 1 to about 5% by weight of the fertilizer,
      is blown at a pressure from about 10 to 250 psig into the interior of the
      mixer through conduit 38. The cascading materials are permitted to blend
      until the entire charge of binder treated fertilizer is introduced into
      the mixture and until a uniform coating thereof is obtained. Just prior to
      exhaustion of the fertilizer from the weigh hopper, spraying is ceased.
      When uniform coating is achieved, screw 40 in the shrouded conveyor is
      reversed and the coated product is withdrawn from the mixture. In
      operation, about 1 to about 10% of the binder solution and generally about
      1 to about 5% by weight is all that is required to obtain uniform coating
      of the particulate fertilizer.
PAR  The following examples are intended to illustrate but are not intended to
      be limitative of the invention. Unless otherwise specified, the parts
      given are by weight.
PAC  EXAMPLE I
PAR  Employing the apparatus illustrated in FIGS. 1 and 2 and the process
      precisely described in the preferred embodiment, 1,112 pounds of
      diammonium phosphate, 1,860 pounds of triple superphosphate, 194 pounds of
      potash, 388 pounds of limestone and 400 pounds of potassium magnesium
      sulfate are charged to the weigh hopper from the individual bins of the
      cluster hopper. Forty pounds of a 50% aqueous solution of ammonium nitrate
      is used as the binder solution and 46 pounds of a micronutrient blend
      (average mesh size -300, tyler screen, bulk density above about 1.2
      g./ml.) of manganese oxide (54.55% Mn) and sodium borate (22% B) is used
      as the micronutrient coating material.
PAR  Five samples from the prepared product are taken and analyzed. The results
      obtained are recorded under sample numbers 1 A through E below. Two
      additional 4,000 pound batches are prepared in the identical manner as
      indicated above and two samples from each are taken, analyzed and reported
      below as samples 2 A and B and 3 A and B. The uniformity of product
      obtained by the process and with the apparatus of the invention is clearly
      evident from these data provided in Table I below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                          Phosphoric Acid    Total                             
                                                  Manga-   Magne-              
     Sample                                                                    
           Moisture                                                            
                Ammonia                                                        
                     Nitrogen                                                  
                          Avail.                                               
                               Insol.                                          
                                   Total                                       
                                        Potash                                 
                                             Sulphur                           
                                                  nese                         
                                                      Boron                    
                                                           sium                
     No.   %    %    %    %    %   %    %    %    %   %    %                   
     __________________________________________________________________________
     5-15-30                                                                   
           3.30 6.13 5.04 14.71                                                
                               0.15                                            
                                   14.86                                       
                                        31.92                                  
                                             2.71 0.40                         
                                                      0.035                    
                                                           2.40                
     21A                                                                       
     5-15-30                                                                   
           3.50 6.10 5.02 15.08                                                
                               0.00                                            
                                   15.08                                       
                                        33.05                                  
                                             2.55 0.39                         
                                                      0.045                    
                                                           2.40                
     21B                                                                       
     5-15-30                                                                   
           3.40 6.20 5.10 15.52                                                
                               0.10                                            
                                   15.62                                       
                                        32.75                                  
                                             2.64 0.37                         
                                                      0.037                    
                                                           2.10                
     21C                                                                       
     5-15-30                                                                   
           3.30 6.03 4.96 14.63                                                
                               0.02                                            
                                   14.65                                       
                                        33.20                                  
                                             2.77 0.45                         
                                                      0.030                    
                                                           2.28                
     21D                                                                       
     5-15-30                                                                   
           3.40 6.05 4.98 14.66                                                
                               0.10                                            
                                   14.76                                       
                                        32.30                                  
                                             2.81 0.30                         
                                                      0.035                    
                                                           2.58                
     21E                                                                       
     5-15-30                                                                   
           3.30 5.90 4.92 14.22                                                
                               0.00                                            
                                   14.22                                       
                                        32.45                                  
                                             2.62 0.47                         
                                                      0.035                    
                                                           2.58                
     22A                                                                       
     5-15-30                                                                   
           3.40 6.10 5.02 15.71                                                
                               0.02                                            
                                   15.73                                       
                                        31.85                                  
                                             2.41 0.42                         
                                                      0.035                    
                                                           2.52                
     22B                                                                       
     5-15-30                                                                   
           3.20 5.73 4.80 14.43                                                
                               0.00                                            
                                   14.43                                       
                                        33.20                                  
                                             2.69 0.44                         
                                                      0.035                    
                                                           2.64                
     23A                                                                       
     5-15-30                                                                   
           3.20 5.83 4.80 14.33                                                
                               0.00                                            
                                   14.33                                       
                                        32.15                                  
                                             2.68 0.42                         
                                                      0.035                    
                                                           2.46                
     23B                                                                       
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  To compare the process of the invention with techniques previously employed
      for the manufacture of finished fertilizers, a mixer as shown in FIG. 1
      above was charged with 377 pounds of diammonium phosphate, 667 pounds of
      triple superphosphate, 156 pounds of ammonium nitrate, 800 pounds of
      potash and 16 pounds of micronutrient, a blend of manganese oxide and zinc
      oxide, analyzing 31.3% Mn and 31.3% Zn, having an average bulk density
      above about 1.2 g./ml. 16 pounds of a 50% aqueous ammonium nitrate was
      then sprayed into the cascading bed of material and blended therewith.
      After blending the finished product was discharged from the mixer, sampled
      and analyzed. The results obtained are reported in Table II below where it
      can be seen that there is a wide variation in samples, especially with
      regard to zinc content.
TBL                TABLE II                                                    
     ______________________________________                                    
     Sample                                                                    
           H.sub.2 O                                                           
                   N       %P.sub.2 O.sub.5                                    
                                   K.sub.2 O                                   
                                          Zn     Mn                            
     ______________________________________                                    
     A     3.70    5.56    22.87   24.54  0.47   0.37                          
     B     3.70    5.64    22.98   24.62  0.22   0.35                          
     C     3.90    5.95    24.29   22.80  0.31   0.38                          
     ______________________________________                                    
PAR  The above precedure was repeated using the same quantities of fertilizer
      materials and similar apparatus. However, 60 pounds of zinc oxide and 0.25
      pounds of sodium molybdate, calculated to provide 2.25% zinc and 48 ppm.
      of molybdenum in the finished product were substituted for the
      micronutrient blend. Twenty pounds of 50% aqueous ammonium nitrate
      solution was substituted for the 16 pounds of such solution used in the
      above procedure. The prepared product was sampled and analyzed for zinc
      and molybdenum. These results are reported below.
TBL                TABLE III                                                   
     ______________________________________                                    
     Sample        % Zinc  ppm. Molybdenum                                     
     ______________________________________                                    
     A             1.50    45                                                  
     B             1.59    85                                                  
     C             1.62    55                                                  
     Calculated    2.25    48                                                  
     ______________________________________                                    
PAC  EXAMPLE III
PAR  Following the procedure of Example II a micronutrient coated (N.P.K.
      8-24-12) fertilizer was prepared by charging to a mixer of the type shown
      in FIG. 1, 484 pounds ammonium nitrate, 1,060 pounds triple
      superphosphate, 410 pounds of potash and 44 pounds of micronutrients. Said
      micronutrients having an average bulk density above about 1.2 g./ml. are
      prepared by admixing 11.9 pounds sodium borate, 17.2 pounds manganese
      oxide and 14.9 pounds of zinc oxide and calculated to provide a
      concentration of 0.06% boron, 0.25% manganese and 0.25% zinc in the
      finished fertilizer. After charging, 20 pounds of a 50% aqueous solution
      of ammonium nitrate was then sparged into the bed of cascading fertilizers
      and mixing was continued until the materials appeared to be having uniform
      consistency.
PAR  After blending, the finished product was discharged from the mixer and four
      50 pound samples analyzed. Upon completion of discharge it was noted that
      a substantial amount of caking had occurred on the interior surfaces of
      the mixer. The analyses of the prepared fertilizer, which is reported
      below, show that both the manganese and zinc content, obtained by the
      conventional method of coating herein used, are substantially below the
      levels of these materials added.
TBL                TABLE IV                                                    
     ______________________________________                                    
                      Calculated                                               
                                Found                                          
     Nitrogen Total   8         7.8                                            
     Phosphoric Acid  24        24.8                                           
     Available                                                                 
     Potash           12        15.1                                           
     Boron            0.06      0.073                                          
     Manganese        0.25      0.100                                          
     Zinc             0.25      0.148                                          
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for uniformly coating a granular fertilizer with a small
      amount of a finely divided nutrient material having an average bulk
      density above about 1.2 g./ml. selected from the group consisting of
      micronutrients, secondary nutrients and mixtures thereof comprising, in
      combination:
PA1  a. a hopper for storing granular fertilizer;
PA1  b. a control gate adapted to produce a metered flow of fertilizer from said
      hopper in the form of a falling curtain;
PA1  c. a storage vessel adapted to contain a binder solution;
PA1  d. nozzles disposed so as to provide spray of said binder solution below
      said gate, at opposite sides of said curtain so as to produce uniformly
      sprayed granular fertilizer;
PA1  e. conduits adapted with valve means so as to convey the binder solution at
      a desired pressure from said storage vessel to said nozzles;
PA1  f. a mixing chamber comprising a tumbling drum adapted to blend said
      sprayed fertilizer with said nutrient material;
PA1  g. a conveyor adapted so as to receive said sprayed granular fertilizer
      below said nozzles and to convey the fertilizer received into and from
      said tumbling drum;
PA1  h. a blow case equipped with a pressurizing means adapted to receive said
      nutrient material; and
PA1  i. a conduit adapted to inject said nutrient material into said tumbling
      drum under superatmospheric pressure from said blow case to form a cloud
      of nutrient material after said chamber is sealed with the sprayed
      granular fertilizer.
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ABST
PAL  A movable supporting device is disclosed for milking apparatus that
      includes a plurality of arms that are readily movable to position a claw
      during milking of a cow. A pair of spaced support arms are connected
      between vertically spaced pivots and the spaced arms have an angularly
      positioned spring therebetween. The two spaced arms are equal in length
      and joined to the pivots so that a pair of linking arms joined by an
      additional pivot are maintained horizontal regardless of the movement of
      the arms. In addition, a locking mechanism is shown connected adjacent to
      the vertically spaced pivots for locking the spaced arms in position when
      desired. A second pair of spaced support arms may also be utilized between
      the first pair of spaced arms and the linking arms. The milking claw is
      attached to the free end of the outer linking arm and since the device is
      movable in both horizontal and vertical axes, the claw can be readily
      moved as needed to facilitate milking of a cow. An automatic retraction
      device is also disclosed wherein hydraulic cylinders are utilized to move
      the arms upwardly and to rotate and fold the same with the upward movement
      being initially limited after a predetermined distance until the
      rotational and folding movement has progressed a predetermined distance.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a movable supporting device and more particularly
      relates to a movable supporting device for a milking apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  With the advent of the automatic milking machine, it has become necessary
      or at least desirable to support various components of the machine in
      order to facilitate milking and/or protect the animal to be milked from
      injury or undue annoyance. While many devices have been suggested and/or
      utilized heretofore for supporting various components, no such device has
      been successful heretofore in providing adequate support for the milking
      claw while still providing the necessary degree of flexability to allow
      the claw to be moved to follow movement of the cow during milking.
      Heretofore, it has been common either to provide minimal or no support for
      the milking claw or to provide a support with little flexibility and has
      not produced the most efficient results. While a few attempts have been
      made to provide a movable support for the milking claw, these supports
      have not allowed the degree of movement necessary.
PAR  While some of the prior art devices have utilized linking arms at least to
      some degree in providing support for the milking claw, such linking arms
      have not proved to be completely acceptable for the intended purposes and,
      more particularly, have not allowed the flexability desired and/or
      necessary. In addition, none of the supporting or linking arms heretofore
      suggested or utilized have included spaced parallel arms in attempting to
      achieve the desired result and none have provided a locking mechanism for
      such arms.
PAR  It has also been found desirable that the milking claw be withdrawn from
      the immediate milking area after milking has been completed. While various
      devices have also be suggested and/or utilized for causing retraction of
      the claw when the end of milking is signalled, these devices have likewise
      failed to be completely successful in accomplishing the intended purpose
      in an economical and dependable manner. In addition, none of the known
      devices cause retraction of the milking device by lifting, folding and
      rotating the device by means of separate actuating means.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an improved movable supporting device for milking
      apparatus that is economical yet dependable and provides a high degree of
      flexibility. The device includes one or more pairs of spaced parallel arms
      which may be locked in position and which maintain linking arms
      horizontally oriented regardless of movement of the spaced arms and hence,
      allow a milking claw attached to the linking arms to be readily moved as
      needed or desired. The device of this invention also includes an automatic
      retraction system that causes the arms to be lifted, folded and rotated by
      means of separate actuators to quickly and safely remove the milking claw
      from the immediate milking area.
PAR  It is therefore an object of this invention to provide an improved
      supporting device.
PAR  It is another object of this invention to provide an improved movable
      supporting device for milking apparatus.
PAR  It is still another object of this invention to provide an improved
      supporting device for milking apparatus that includes a pair of spaced
      parallel arms.
PAR  It is still another object of this invention to provide an improved movable
      supporting device for milking apparatus that is adapted to receive and
      support a milking claw and allow the same to be readily moved as needed or
      desired.
PAR  It is still another object of this invention to provide an improved movable
      supporting device for milking apparatus that includes a pair of linking
      arms supporting a milking claw and one or more pairs of spaced parallel
      arms maintaining said linking arms in horizontal position regardless of
      movement of the spaced arms.
PAR  It is still another object of this invention to provide an improved device
      for milking apparatus that includes a locking mechanism for holding a pair
      of spaced parallel arms in a desired position.
PAR  It is another object of this invention to provide an improved movable
      supporting device for milking apparatus that includes automatic retraction
      means.
PAR  It is still another object of this invention to provide an improved movable
      supporting device for milking apparatus that includes a retraction system
      having a pair of actuators one of which causes the arms of the device to
      be lifted and the other of which causes the arms to be folded and rotated.
PAR  With these and other objects in view which will become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel construction, combination and arrangement of parts substantially
      as hereinafter described and more particularly defined by the appended
      claims, it being understood that such changes in the precise embodiments
      of the herein disclosed invention are meant to be included as come within
      the scope of the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate complete embodiments of the invention
      according to the best mode so far devised for the practical application of
      the principles thereof, and in which:
PAR  FIG. 1 is a side view showing the improved movable supporting device of
      this invention and illustrating in dotted lines, how the device can be
      lifted and rotated as desired;
PAR  FIG. 2 is a perspective view showing in greater detail the pivot and
      locking means utilized with the spaced parallel arms included in this
      invention;
PAR  FIG. 3 is a cross-sectional view of the pivot and locking means taken
      across line 3--3 of FIG. 1;
PAR  FIG. 4 is a top view showing typically the improved supporting device of
      this invention positioned for milking of a cow;
PAR  FIGS. 5 through 8 are top views illustrating how the improved supporting
      device of this invention as shown in FIG. 1 can be manually folded and
      retracted;
PAR  FIG. 9 is a partial side view showing an alternate embodiment of the
      supporting device of this invention utilizing dual pairs of spaced
      parallel arms;
PAR  FIG. 10 is a partial perspective view showing an alternate embodiment of
      the supporting device of this invention wherein a rotational bias is
      included;
PAR  FIG. 11 is a perspective view showing one side of the improved milking
      apparatus of this invention having automatic retracting means incorporated
      therein;
PAR  FIG. 12 is a perspective view showing the opposite side of the improved
      milking apparatus as shown in FIG. 11 and having automatic retracting
      means incorporated therein; and
PAR  FIG. 13 is a partial top view of the switch and cam mechanism shown in FIG.
      12.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, the movable supporting device 14 of this
      invention is shown in FIG. 1 supporting a conventional milking claw 16
      having conventional milking, or teat, cups 18 attached to bowl 19 with the
      output from the bowl being conducted through tube 20 to central milking
      line 22 leading to a central collecting station (not shown), as is
      conventional.
PAR  Supporting device 14 is supported by a stationary supporting structure such
      as, for example, column 24 which can be a vertical column fixed to a frame
      and/or floor in conventional manner. As shown in FIG. 1, a first pivot
      means 28 includes a collar portion 30 that surrounds support column 24 and
      is constrained to rotation thereabout by means of stops 32 and 34 fastened
      to column 24 above and below collar 30. As also shown in FIG. 1, a
      vertically positioned plate unit 38 is connected to collar 30 and extends
      outwardly from the central portion thereof. As shown best in FIGS. 2 and
      3, plate unit 38 includes two spaced plates 40 and 42 having upper and
      lower pivots 44 and 46 therein. A pair of spaced parallel arms 50 and 52
      are connected to pivots 44 and 46, respectively, so that arms 50 and 52
      pivot about horizontal axes.
PAR  As also shown in FIGS. 2 and 3, a lock mechanism 56 is provided at plate
      unit 38 for locking arms 50 and 52 in any predetermined position. Locking
      mechanism 56 includes a nut 60 fixed to shaft 62 extending through plate
      unit 38 with the threaded end 64 of shaft 62 being received in an
      internally threaded aperture in rear plate 42. Shaft 62 preferably
      terminates in a conventional manner to facilitate rotation of shaft 62,
      such as, for example, by an L-shaped end portion 66 (as shown) or by a
      T-shaped end portion or knob (not shown). Rotation of the shaft in one
      direction causes plates 40 and 42 to be drawn toward one another to lock
      arms 50 and 52 in position therebeteen and rotation in the opposite
      direction allows the plates to increase the spacing therebetween to free
      arms 50 and 52 for pivoting.
PAR  As shown in FIG. 1, arms 50 and 52 are preferably of equal length and are
      maintained in spaced parallel relationship with the outward ends of arms
      50 and 52 being connected to a second pivot 70 and more particularly to
      vertical plate 72 thereof at pivots 74 and 76, respectively. Pivots 74 and
      76 preferably have a spacing therebetween equal to the spacing between
      pivots 44 and 46.
PAR  A collar 78 is connected to plate 72 of pivot 70 and has a vertical opening
      therein through which one of L-shaped linking arm 80 is received. The
      other end of L-shaped linking arm 80 has a short downwardly directed
      flange 82 thereon to facilitate connection to collar 84 of an additional
      pivot 86. Collar 84, like collar 78, has a vertical opening therein to
      receive a second L-shaped linking arm 88 the free end of which has an
      aperture 90 therein to receive hangar 92 of milking claw 16 to thus
      provide support for the milking claw.
PAR  As also shown in FIG. 1, hangars 94 and 96 may also be provided as desired
      to support milk line 20 and keep the same from making gound, or floor,
      contact. In addition, a spring 98 is connected between the spaced parallel
      arms 50 and 52. As shown in FIG. 1, spring 98 is preferably angularly
      connected with the two spaced parallel arms. Spring 98 neutralizes the
      gravity forces and is selected so that the arms will remain in position so
      long as no external force is placed thereto.
PAR  As can be seen from FIG. 1, arms 50 and 52 can be moved upwardly or
      downwardly and can be rotated by rotating collar 30 so that the milking
      claw can be moved as needed to follow a cow as the cow moves during
      milking. FIG. 4 illustrates typically how the supporting device might be
      oriented during milking. After milking is completed, the arm can be
      manually raised and/or rotated as desired and this is illustrated in
      dotted lines in FIG. 1. As indicated, raising and/or rotating of the
      support device does not effect the horizontal orientation of linking arms
      80 and 88, and it is a feature of this invention that arms 80 and 88 are
      maintained in a horizontal position regardless of the movement of arms 50
      and 52.
PAR  As shown in FIGS. 5 through 8, the supporting device shown in FIG. 4 (and
      shown without the presence of a cow in FIG. 5) may be manually rotated as
      desired, for example, by rotating arm 88 with respect to arm 80 (FIG. 6),
      and arm 80 may be rotated with respect to arms 50 and 52 to thus fold the
      supporting device as shown in FIG. 7. As shown in FIG. 8, the entire
      folded structure may then be rotated out of the way as desired. It is to
      be realized, of course, that FIGS. 4 through 8 are merely illustrative of
      one movement that can be accomplished with the device of this invention
      and the invention is not meant to be limited thereto.
PAR  As shown in FIG. 9, a second pair of spaced parallel arms 50' and 52' may
      be utilized if desired or needed. When utilized, arms 50' and 52' are
      connected at opposite ends to pivot about points 70' and 70" in the same
      manner as shown in FIG. 1 for pivoting of arms 50 and 52 on pivot plate 72
      at pivots 74 and 76. A spring 98' can also be utilized if desired or
      needed.
PAR  FIG. 10 illustrates an additional embodiment wherein rotational bias or
      tensioning is applied to the supporting device as needed or desired. As
      shown, a spring 99 is fastened as by screws 100 to column 24 and is
      spirally wound thereabout so that an upstanding flange 101 on plate unit
      38 contacts the spring as the plate unit is rotated in one direction
      (counterclockwise as shown) to place increasing bias thereon, the bias
      being decreased and thus eliminated as the plate unit is rotated in the
      opposite direction (clockwise as shown). The spring 99, as shown in FIG.
      10, can be modified as desired, as by a coiled wire spring, for example,
      and could be replaced by drag friction, for example, through the use of
      washers or the like in conventional fashion.
PAR  Referring now to FIGS. 11 through 13, an automatic retraction device is
      shown incorporated into the movable supporting device. As shown, in FIG.
      11, column 24 supports the device of this invention and has sleeve 30
      thereabout and constrained to rotation between stops 32 and 34. In
      addition vertical plate unit 38, which includes plates 40 and 42, is still
      utilized to pivot arms 50 and 52 about vertical axes and mechanical
      locking means 56 is also utilized in the same manner as described
      hereinabove with respect to the embodiment shown in FIG. 1, except that
      the locking mechanism preferably has a maximum amount of friction that can
      be imposed so that the friction can be overcome by the automatic
      retraction device. This can be accomplished, for example, by providing a
      spring washer (not shown) between nut 60 and plate 40 and a rotation limit
      (not shown) in plate 40 to limit the rotation of shaft 62. Also, pivot 70
      is utilized with plate 72 pivoting arms 50 and 52 about pivots 74 and 76
      in the same manner as described hereinabove with respect to FIG. 1, and
      linking arms 80 and 88 are likewise pivoted about vertical axes by means
      of pivots 70 and 86 in the same manner as described with respect to FIG.
      1. As shown in FIGS. 11 and 12, a stop flange 87 may be provided at the
      end of arm 80 at pivot 86 to prevent movement of arm 88 in a clockwise
      direction about a pivot where the arm forms a straight line. Milking claw
      16 is also shown connected to the end of linking arm 88 through aperture
      90 in the same manner as described hereinabove with respect to FIG. 1, and
      spring 98 is utilized between arms 50 and 52, again in the same manner as
      described hereinabove with respec to FIG. 1.
PAR  The automatic retraction device incorporated in the embodiment shown in
      FIGS. 11 through 13 includes a hydraulic cylinder 102 having fluid
      pressure inlet lines 104 and 106 which may be conventionally connected to
      a pressure source (not shown). Hydraulic cylinder 102 is mounted on collar
      30 as shown in FIG. 9 so as to be rotatable therewith. Cylinder rod 108 of
      hydraulic cylinder 102 is connected to arm 110 which in turn is connected
      to arm 50 with pivot 44 therebetween so that arms 50 and 110 pivot about
      pivot 44 (arms 50 and 110 may be integrally formed if desired). Thus, when
      cylinder rod 108 is depressed, arm 50 is pivoted upwardly. As arms 50 and
      52 are pivoted upwardly, rod 111 having lever 112 thereon, which lever in
      turn has wheel 113 thereon, is rotated as wheel 113 contacts arm 110 as
      arm 110 moves due to movement of arms 50 and 52. Rotation of rod 111
      causes limit switch 116 to be opened, limit switch 116 being mounted on
      collar 30. This causes a disruption of activation of hydraulic cylinder
      102 by terminating pressure thereto and temporarily precludes further
      upward movement of arms 50 and 52 of the supporting apparatus.
PAR  A second hydraulic cylinder 120, having hydraulic lines 122 and 124
      connected to a conventional pressure source (not shown), has a piston 126
      which depresses line 130 with a clevis 127 thereon. Clevis 127 has one end
      of lines 128 and 130 connected thereto, with line 128 being connected at
      its other end to arm 80 through spring 131 and with line 130 (having some
      slack therein when line 128 is taut) connected at its other end to stop
      34, with line 128 extending over pulley 132 and line 130 extending over
      pulleys 134 and 136. Thus, as clevis 127 on piston 126 is depressed by
      actuation of hydraulic cylinder 102, line 130 creates a pulling force on
      linking arm 80 and, after line 130 becomes taut, on stop 34 to cause arm
      80 to be folded and then rotated counterclockwise (as shown in FIG. 11) in
      a horizontal plane. Limit switch 116 rotates along with collar 30 (which
      rotates as the supporting device arms are pulled counterclockwise) and cam
      follower 142 connected to limit switch 116 rides on cam 144 (fixed to
      column 24) so that the switch is again closed after rotation has proceeded
      a distance sufficient such that the cam follower is in contact with a
      raised portion of the cam (see FIG. 12). Limit switch 116 is closed by the
      cam mechanism only after rotation has proceeded far enough so that the cow
      being milked has been cleared, after which upward movement of arms 50 and
      52 is resumed by again actuating hydraulic cylinder 102 by closing limit
      switch 116 by the cam mechanism. As shown by the dotted lines of FIG. 11,
      both upward movement and rotational movement then occurs to rotate arm 80
      (which folds the arms because of pivot 70), rotate arms 50 and 52 (after
      folding has occurred), and move arms 50, 52, 80 and 88 upwardly. Thus, the
      milking arm is automatically retracted from the immediate area of milking.
      Although not shown, it is to be realized, of course, that cylinders 102
      and 120 are preferably actuated in common and in conventional manner as,
      for example, by a signal from a flow sensor that milking has ceased and
      the milking apparatus should therefore be retracted. It is well known in
      the art to employ fluid flow sensors to sense the end of milking to
      automatically disconnect the teat cups 18 from the teats of the cow. This
      same signal can be utilized to actuate cylinders 102 and 120.
PAR  From the foregoing, it is to be appreciated that the device of this
      invention provides an improved movable supporting device that is
      particularly useful for milking apparatus and also provides a device that
      is particularly useful for automatic retraction of such a support and the
      milking apparatus connected therewith.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A movable supporting device for milking apparatus having a milking claw,
      said device comprising:
PA1  a stationary support column;
PA1  a first pivot means having a collar portion and a plate portion;
PA1  a first arm having one end connected to said plate portion of said first
      pivot means so that said first arm pivots about a first predetermined
      axis;
PA1  a second pivot means connected to the other end of said first arm;
PA1  additional arm means having one end receiving and supporting said milking
      claw and the other end connected to said second pivot means to that said
      additional arm means pivots about a second predetermined axis that is
      substantially normal to said first predetermined axis regardless of
      movement of said first arm; and
PA1  actuating means connected with said first and additional arms to control
      movement of the arms in at least one direction.
NUM  2.
PAR  2. The movable supporting device of claim 1 wherein said stationary support
      column is vertically positioned, and where said additional arm means is
      maintained in a horizontal position regardless of movement of said first
      arm.
NUM  3.
PAR  3. The movable supporting device of claim 1 wherein said device includes a
      parallel arm parallel to said first arm and connected between said first
      and second pivot means, and wherein said device also includes a spring
      connected between said parallel arms.
NUM  4.
PAR  4. The movable support device of claim 3 wherein said device includes third
      pivot means and second movable means having a second pair of spaced arms,
      said third pivot means and said second movable means being connected
      between said first movable means and said second pivot means with said
      third pivot means connecting one end of each of said second pair of spaced
      arms with the other end of each of said pair of spaced arms of said first
      movable means and with the other end of each of said second pair of spaced
      arms being connected with said second pivot means.
NUM  5.
PAR  5. The movable supporting device of claim 4 wherein said first and second
      movable means includes springs connected between said spaced arms of each
      of said movable means.
NUM  6.
PAR  6. The movable supporting device of claim 1 wherein said additional arm
      means includes second and third arms and third pivot means connecting said
      second and third arms so that both arms pivot about axes substantially
      normal to said first predetermined axis.
NUM  7.
PAR  7. The movable support device of claim 1 wherein said device includes
      locking means for locking said first arm in a predetermined position with
      respect to movement about said first predetermined axis.
NUM  8.
PAR  8. A movable supporting device for milking apparatus having a milking claw,
      said device comprising:
PA1  a vertical support column;
PA1  a first pivot means including a collar surrounding said support column and
      a vertically positioned plate unit attached thereto;
PA1  a pair of parallel spaced arms one end of each of which is connected to
      said plate unit to pivot about horizontal axes;
PA1  a spring angularly connected between said parallel arms;
PA1  a second pivot means connected to the other end of each of said parallel
      arms;
PA1  a third arm one end of which is connected to said second pivot means so
      that said third arm is horizontally disposed;
PA1  a fourth arm one end of which supports said milking claw; and
PA1  a third pivot means connected between said third and fourth arms so that
      said fourth arm is horizontally disposed; said third and fourth arms being
      maintained in said horizontally disposed position regardless of movement
      of said parallel arms.
NUM  9.
PAR  9. The movable support device of claim 8 wherein further including locking
      means connected with said first pivot means to releasably lock said
      parallel means against pivoting about said horizontal axes.
NUM  10.
PAR  10. The movable supporting device of claim 8 wherein said device includes
      rotational biasing means responsive to relative rotational movement
      between said collar and said column in one predetermined direction to
      effect a bias therebetween in the opposite direction.
NUM  11.
PAR  11. The movable supporting device of claim 10 wherein said rotational
      biasing means has a spring portion fixed to said columm and a spring
      contactable flange fixed to said collar, said spring and collar being
      positioned for contact during rotation in said one predetermined direction
      to cause said rotational bias to be applied.
NUM  12.
PAR  12. A movable supporting and automatic retraction device for milking
      apparatus having a milking claw, said device comprising:
PA1  stationary support means;
PA1  first pivot means mounted on said stationary support means;
PA1  first movable means including a pair of spaced arms connected at one end to
      said pivot means;
PA1  second pivot means connected to the other end of said spaced arms;
PA1  linking arm means having one end connected with said second pivot means and
      the other end receiving and supporting said milking claw whereby said
      apparatus may be readily moved;
PA1  first actuating means for causing said first movable means to be moved in a
      first predetermined direction; and
PA1  second actuating means for causing said first movable means and said
      linking arm means to be moved in a second predetermined direction
      substantially normal to said first predetermined direction whereby when
      actuated said first and second actuating means cause said arms to be
      automatically retracted.
NUM  13.
PAR  13. The movable supporting and automatic retraction device of claim 12
      wherein said device also includes means for limiting movement in said
      first predetermined direction until a predetermined amount of movement has
      occurred in said second predetermined direction and then causing
      resumption of said movement in said first predetermined direction after
      predetermined movement has occurred in said second predetermined
      direction.
NUM  14.
PAR  14. The movable supporting and automatic retraction device of claim 12
      wherein said movement in said first predetermined direction is vertical
      and wherein said movement in said second predetermined direction is
      rotation about a horizontal axis.
NUM  15.
PAR  15. The movable supporting device of claim 12 wherein said device includes
      locking means connected with said first pivot means for frictionally
      locking said arms of said pivot movable means for a selected position,
      said locking means including limiting means for limiting the frictional
      force applied in locking said arms in a selected position whereby said
      means can overcome said applied frictional force to thereby move said arms
      from said selected position upon actuation of said actuators.
NUM  16.
PAR  16. A movable supporting and automatic retraction device for milking
      apparatus, said device comprising:
PA1  stationary support means;
PA1  first pivot means mounted on said stationary support means;
PA1  first movable means including a pair of spaced arms connected at one end to
      said pivot means;
PA1  second pivot means connected to the other end of said spaced arms;
PA1  linking arm means having one end connected with said pivot means and the
      other end adapted to receive and support predetermined milking apparatus
      whereby said apparatus may be readily moved;
PA1  first actuating means for causing said first movable means to be moved in a
      first predetermined direction; second actuating means for causing said
      first movable means and said linking arms means to be moved in a second
      predetermined direction substantially normal to said first predetermined
      direction whereby when actuated said first and second actuating means
      cause said arms to be automatically retracted; and
PA1  means for limiting movement in said first predetermined direction until a
      predetermined amount of movement has occurred in said second predetermined
      direction, said limiting movement means including a rod actuated by said
      movement in said first predetermined direction and a cam mechanism for
      causing the resumption of said movement in said first predetermined
      direction after predetermined movement has occurred in said second
      predetermined direction.  pg,32
NUM  17.
PAR  17. The movable supporting device of claim 16 wherein said limiting
      movement means includes cables the longitudinal movement of each of which
      is controlled by said second actuator, one of said cables being connected
      to said locking arm means with a spring connected therebetween, and the
      other of said collars being connected to said stationary support means.
NUM  18.
PAR  18. A movable supporting and automatic retraction device for milking
      apparatus having a milking claw, said device comprising:
PA1  a vertical support column;
PA1  a first pivot means including a collar surrounding said support column and
      a vertical plate unit attached thereto;
PA1  a pair of parallel spaced arms one end of each of which is connected to
      said plate to pivot about vertical axes;
PA1  a spring angularly connected between said parallel arms;
PA1  a second pivot means connected to the other end of each of said parallel
      arms;
PA1  a third arm one end of which is connected to said second pivot means;
PA1  a fourth arm one end of which supports said milking claw;
PA1  a third pivot means connected between said third and fourth arms with said
      third and fourth arms being maintained in a horizontal position regardless
      of movement of said parallel arms;
PA1  a first hydraulic cylinder for causing said arms to be moved upwardly in a
      vertical direction when said first hydraulic cylinder is actuated;
PA1  a second hydraulic cylinder connected with one of said arms to cause said
      arms to be rotated about a horizontal axis when said second hydraulic
      cylinder is actuated; and
PA1  limiting means for limited upward vertical movement of said arms after a
      predetermined amount of movement has occurred until after a predetermined
      amount of rotational movement has occurred whereby when said hydraulic
      cylinders are actuated said arms of said device are automatically lifted
      and retracted in a predetermined manner.
NUM  19.
PAR  19. The movable supporting and automatic retraction device of claim 18
      wherein said third arm has a stop thereon engageable with said fourth arm
      to prevent said fourth arm from rotating past a point forming a straight
      line with said third arm.
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ABST
PAL  A bedding retainer to retain bedding in the stall for animals in a barn
      provides a passage through the retainer permitting fluids to drain from
      the stall through the retainer into the adjacent gutter for subsequent
      discharge.
BSUM
PAR  The present invention relates to a retainer for use in an animal stall to
      retain bedding within the confines of the stall, while at the same time,
      permitting drainage of urine and other liquids from the stall into the
      adjacent gutter for discharge.
PAR  It has become popular in husbandry, particularly in modern barns, to use a
      bedding retainer such as that disclosed in Canadian letters Pat. No.
      787677 issued June 18, 1968 to William T. Langdon, to constrain straw and
      bedding from shifting out of the stall into the gutter where it is spoiled
      for future use.
PAR  It has been found that such bedding retainers are effective for such
      purposes as they effectively provide a barrier along the total length of
      the stall opening toward the gutter.
PAR  It has been further found, however, that if water is spilled within the
      stall, or if the animal urinates into the stall rather than the gutter,
      such bedding retainer provides an effective seal along the stall opening
      against the drainage of the liquids resident on the stall floor into the
      gutter. Pooling of these liquids in the stall results, causing wet and
      spoiled bedding.
PAR  In dairy farms certain health authorities in North America where prior art
      bedding retainers have gained acceptance, have now refused to permit their
      installation in barns and in some cases have requested their removal
      because the pooling of swirl and animal waste in the stall permits
      infection and disease to breed with vigor. Such environment is not
      conducive to healthy animal stock nor good quality milk production, for it
      is known that in exceptional circumstances the milk from cows itself can
      become contaminated and become also a carrier of disease and bacteria,
      particularly when the animal is subjected to unsanitary conditions for an
      extended duration.
PAR  It is therefore an object to provide healthy husbandry conditions for
      cattle by the use of a device of simplified design which will on the one
      hand retain bedding in a stall while at the same time permitting drainage
      through the device of any liquids in the stall, to the adjacent gutter for
      discharge.
PAR  It is also an object of the present invention to provide a device of simple
      yet rigid construction which allows liquids to flow therethrough.
PAR  The invention therefore achieves a bedding retainer with liquid drainage
      facility permitting fluids to pass therethrough to the gutter but
      constraining bedding material in the stall.
PAR  The invention contemplates a device for use in retaining bedding in an
      animal stall while permitting drainage of liquids from the stall, the
      stall having a floor bounded by a gutter, the device comprising a
      horizontally elongated upright portion, a flange integral with the upright
      portion and extending laterally therefrom, a skirt depending from the
      upright portion below the plane of the flange, the improvement comprising
      a passage defined by the upright portion disposed in close proximity to
      the flange to permit the flow of liquids by the upright portion.
PAR  Particularly the passage consists of orifices serially disposed at the
      interface of the flange and the upright member.
PAR  When the retainer device is preferably formed from a single sheet of rigid
      material, the upright portion of the device has an inverted U-shape in
      transverse crossection, the flange extending from one upright arm and the
      skirt extending from one upright arm the passage includes means disposed
      along the skirt to provide drainage from beneath the inverted U-shape
      upright portion as well.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a bedding retainer, according to the
      embodiments of the invention, being fixed to the flooring of the barn.
PAR  FIG. 2 is a fragmentary perspective view of one embodiment in its occupied
      place in the stall.
PAR  FIG. 3 is likewise a fragmentary perspective view of an alternative
      embodiment of the invention.
PAR  FIG. 4 is yet another alternative embodiment.
PAR  FIGS. 5 and 6 are alternative styles of bedding retainers employing
      embodiments of the invention.
DETD
PAR  The bedding retainer, shown in the drawings, is generally indicated by the
      numeral 10 and is constructed of rigid sheet material such as galvanized
      steel and consists of an upright portion 11 formed by bending the sheet
      into a U-shape with two downwardly depending arms 12 and 13 and an arched
      crown 14. The free end portion of the arm 12 is bent laterally at right
      angles to form an outwardly extending flange 15 perpendicular to the
      upright portion 11. The other arm 13 extends downwardly below the plane of
      the flange 15 to form a depending skirt 16 terminating in a horizontal
      edge 17.
PAR  The bedding retainer 10 is secured to the stall floor 18 adjacent to the
      gutter 19 and extends across the whole opening of the stall. It is secured
      to the gutter wall 20 by lag bolts 21 which extend through retaining
      orifices 22 disposed adjacent to the horizontal edge 17 in the depending
      skirt 16; the flange 15 is likewise secured to the stall floor 18 by lag
      bolts (not shown) or other fastening devies, extending through aperatures
      23 disposed along the flange 15.
PAR  In order to provide drainage of liquids from the stall, so that the liquids
      may flow from the stall floor 18 through the bedding retainer 10 to the
      gutter 19 for discharge, a passage, as a series of drainage orifices 26,
      is provided near and preferably at the bend between the flange 15 and the
      arm 12 so as to intersect the same; a series of vertically disposed
      recesses or channels 27 may be provided, in the skirt portion, and depend
      from the plane of the flange. These latter depending channels 27 permit
      continual drainage of the liquids, which might accumulate in the region
      beneath the arched crown 14, into the gutter 19, and thus avoid "backup"
      of liquids back into the stall through the drainage orifices 26 which
      might occur if the secondary drainage channels 27 were not provided. In
      some applications, the channels 27 need not be provided since there will
      be enough clearance as a result of gutter wall surface irregularity to
      effectively permit drainage between skirt 16 and gutter wall 20.
PAR  The size, spacing and configuration of the orfices 26 may in certain
      applications be material. I have found that an oblong orfice of about 13/4
       .times. 5/16 inches (41/2  .times. 1/2 cm.) spaced 12 to 18 inches (30 to
      45 cm.) apart are adequate to permit the liquids to drain from the stall,
      yet inhibit bedding and other material from clogging the orfices while not
      significantly reducing the rigidity of the device when made with the
      preferred rigid materials such as galvanized sheet steel of about 1/8 inch
      (0.3 cm.) thickness.
PAR  Referring to FIG. 3 the oblong drainage orfices 26 may be disposed
      vertically rather than horizontally as shown in FIG. 2. Each has
      advantage. The oblong slots in the vertical permit effective drainage of
      liquids when there is an excessive pooling in the stall and help to drain
      the top portions of the bedding as well as the lower portion; however, I
      have found that where continual drainage of only small amounts of liquids
      are required oblong slots in the horizontal as that of the embodiment of
      FIG. 2 are preferred because of the greater drainage area afforded at the
      flange-arm bend.
PAR  Referring to FIG. 4, in order to preserve the mechanical strength of the
      bedding retainer, while therefore affording maximum drainage cross-section
      along the whole extent and depth of the bedding, the oblong drainage
      orfices 26 are alternatively disposed in the vertical and horizontal along
      the flange-arm bend. Such arrangement of drainage orfices affords
      satisfactory drainage of liquids under most severe conditions while
      preserving the mechanical strength of the bedding retainer 10. In such
      embodiment the oblong orfices have the size previously described but are
      placed at 12 inch centers although 18 inch centers may be also
      satisfactory.
PAR  Referring to FIG. 3 of the vertical recesses 27 which affords secondary
      drainage from beneath the inverted U-shaped upright portion to the gutter,
      the same may be replaced with skirt orifices 28 disposed to intersect the
      projection of the plane of the flange preferably, so that the orifices
      extend slightly above and below the projection of the plane of the flange
      15. This affords adequate drainage from beneath the arched crown 14 and
      inhibits pooling beneath the crown and hence backing up of these liquids
      into the stall from whence they came.
PAR  Referring to FIGS. 5 and 6, the drainage facility may also be provided in
      alternative designs of the bedding retainer, with equally effective
      results. It should be noted, that the size of the drainage orifices 28 or
      of the cross-sectional area of the channels 27 is not critical as each may
      be as small, in cross-sectional area, as one eighth inches square, as this
      area is normally sufficient to provide enough cross-sectional drainage
      area, from beneath the arched crown, to allow continual drainage of
      liquids from that region, when the channels are spaced, center to center,
      about 12 inches apart.
PAR  The retainer 10 may have the following suitable dimensions:
TBL                 Inches     Centimeters                                     
     ______________________________________                                    
     Height of upright                                                         
     portion (11)     3            7.5                                         
     Width between                                                             
     arms (12-13)     1            2.5                                         
     Radius of                                                                 
     crown (14)       1/2          1.2                                         
     Width of                                                                  
     flange (15)      4            10                                          
     Width of                                                                  
     shirt (16)       1.5          4.7                                         
     ______________________________________                                    
CLMS
STM  The embodiments in which an exclusive property or privilege is claimed are
      defined as follows:
NUM  1.
PAR  1. A device for use in retaining bedding in an animal stall while
      permitting drainage of liquids from the stall, the stall having a floor
      bounded by a gutter, the device comprising a horizontally elongated
      upright portion adapted to extend above the floor of the stall, a flange
      integral with the upright portion and extending laterally therefrom in the
      plane of the floor, a skirt depending from the upright portion that
      extends below the plane of the floor, the improvement comprising at least
      one passage extending through the upright portion to permit the flow of
      liquids to pass through the upright portion.
NUM  2.
PAR  2. The device of claim 1, including a plurality of orifices extending
      through the upright member and disposed near the lateral flange.
NUM  3.
PAR  3. The device of claim 2 in which spaced first and second parallel arms
      form said upright portion, said first arm being angulated laterally to
      provide said flange, said second arm extending downwardly to form said
      skirt, the passage including a plurality of orifices extending through the
      first arm and disposed near the lateral flange.
NUM  4.
PAR  4. The device of claim 2, wherein the orifices intersect the plane of the
      flange.
NUM  5.
PAR  5. The device of claim 2, wherein the orifices are oblong and intersect the
      plane of the flange.
NUM  6.
PAR  6. The device of claim 2, wherein the orifices are oblong and adjacent
      orifices are alternately disposed to intersect the plane of the flange.
NUM  7.
PAR  7. The device of claim 3, wherein the skirt defines vertical channels which
      communicate with the region between the parallel arms and hence provide a
      flow course for the fluid passing through the orifices in said first arm
      into said region to pass downwardly through said channels into the gutter.
NUM  8.
PAR  8. The device of claim 3, wherein a second set of a plurality of orifices
      extends through the second parallel arm to thereby provide a flow course
      for the fluid passing through the orifices in both arms to pass into the
      gutter.
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PAL  The invention relates to an egg incubator of the tunnel type comprising an
      entrance at one end and an outlet at the other and two sets of rails
      receiving two rows of trolleys carrying egg drawers which tip under the
      action of tilting parallelograms.
PAL  According to the invention, two sliding panels fitted with fans are each
      placed opposite a different row of trolleys, one at the entrance end, the
      other at the outlet end, in such manner as to create a longitudinal flow
      of stirring air, reversed by displacement of the panels during each
      charging or discharging.
BSUM
PAR  The present invention relates to an egg incubator of the tunnel type
      comprising an entrance at one end and an outlet at the other and two sets
      of rails receiving two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms.
PAR  According to the invention, two sliding panels fitted with fans are each
      placed opposite a different row of trolleys, one at the entrance end, the
      other at the outlet end, in such manner as to create a longitudinal flow
      of stirring air, reversed by displacement of the panels during each
      charging or discharging.
PAR  Each panel then changes its row in order to permit passage, and especially
      in order to reverse the direction of the flow of air so as to make the
      temperatures uniform and also to modify the blowing conditions on the
      first eggs.
PAR  The tilting parallelograms are preferably mounted on the trolleys in such
      manner that only the edges of the drawers oppose the original flow.
PAR  A forward movement mechanism of the trolleys is provided at the entrance
      end of the incubator for each of the rows of trolleys, so that these rows
      can be controlled separately.
PAR  Two tilting rakes with conjoint operation, are provided for a unit
      comprising two trolleys on one row and two other trolleys (adjacent the
      first) on the other row, these rakes being intended to actuate forks fixed
      to the tilting parallelograms of the egg drawers.
PAR  This unit is repeated several times in the machine, with two
      electro-mechanical controls having a synchronized action.
DRWD
PAR  Other characteristic features and advantages of the present invention will
      be brought out in the description which follows below, reference being
      made to the accompanying drawings in which:
PAR  FIG. 1 is a view in partial longitudinal section of an egg incubator in
      accordance with the invention;
PAR  FIG. 2 is a partial view in plan of this incubator;
PAR  FIG. 3 is a view looking on the top of the incubator;
PAR  FIG. 4 is a view in elevation and to a larger scale, taken at one of the
      extremities of the incubator;
PAR  FIG. 5 is a diagram showing partially and in perspective the overturning
      control of the egg drawers;
PAR  FIGS. 6 and 7 show in elevation and plan view respectively, an alternative
      form of construction of the aerator-conditioner-humidifier system.
DETD
PAR  In the form of embodiment shown, an egg incubator of the tunnel type 1
      according to the invention comprises an entry E at one end and an outlet S
      at the other, and two sets of rails 2 which receive trolleys 3 carrying
      egg drawers.
PAR  Two sliding panels 4, equipped with helicoidal fans 5 are each placed
      opposite a different row of trolleys, one at the extremity E and the other
      at the extremity S, in order to create a longitudinal flow of circulating
      air.
PAR  The direction of the flow may be reversed by simply sliding the panels 4,
      each panel then changing its row.
PAR  Deflector-coolers 4a can then be hung on the panels and during the changing
      of direction a set of rails reverses their position.
PAR  One or more movable curtains 6 hung in the longitudinal axis of the tunnel
      form two passages, in each of which is established the longitudinal flow,
      in the direction E-S for one passage and in the direction S-E for the
      other passage.
PAR  The panel 4 of the extremity S is also moved so as to permit separate
      forward movement of one or the other of the rows of trolleys.
PAR  The incubator comprises an aerator-conditioner-humidifier system 7 having
      two inlets 8 and 9 with regulating shutters 10 at the extremity E, and a
      number of distribution orifices 11 distributed in the central portion of
      the incubator. The inlets with automatic shutters are dependent on the
      heating operation and actuate the regulation of the humidity conditioner
      so as to obtain a heat-regulating effect by supplying a greater or less
      amount of heat. A re-cycling opening 12 provided on the upstream side of
      the turbine 13 of the system permits a powerful additional stirring effect
      to be obtained and permits the conditioner to work with humid air up to
      its normal rate.
PAR  Two pre-regulated outlets of air 14 and 15 with controlled shutters 16 and
      17 so as to provide a larger air outlet in case of need, are provided at
      the extremity S of the incubator. Only the outlet which faces the row of
      trolleys which remains free can operate; the other outlet which faces the
      other row with the interposition of the panel 4 with its fans 5, is
      necessarily closed in order to prevent a return of air by depression. The
      panel itself effects the closure of one or the other of the shutters 16
      and 17.
PAR  A forward movement mechanism for the trolleys is provided at the entrance E
      of the incubator for each of the two rows of trolleys, so that these rows
      can be operated separately.
PAR  Each advance mechanism comprises a rod 18 carrying pawls 19 which engage in
      teeth 20 fixed under the trolleys. The rod 18 is given a to-and-fro
      movement, so that in the direction E-S, the pawls 19 drive the teeth 20
      while in the opposite direction S-E, the pawls are withdrawn. The rod is
      actuated by a motor speed-reduction set 21 by means of a crank-handle 22
      and a crank-arm 23.
PAR  The trolleys carry the egg drawers which can tilt under the action of a
      control comprising parallelograms 24 and 25 coupled to each other and
      mounted on the trolleys in such manner that only the edge of the drawer is
      opposed to the longitudinal circulation flow. There is thus obtained a
      constant section of passage with a minimum loss of pressure and in
      consequence a fairly high speed of passage in order to render the
      temperatures homogeneous.
PAR  Two tilting rakes 26 and 27 with a single control are provided for a unit
      comprising two trolleys on one row and two other trolleys (adjacent the
      first) on the other row. These rakes are intended to actuate forks which
      are rigidly fixed on the parallelograms.
PAR  The trolleys are each provided with two front forks 28 and two rear forks
      29, only one of those located towards the interior close to the curtain
      being utilized every time.
PAR  The presence of the two other forks enables the trolleys to be utilized
      indifferently on one or the other row of trolleys.
PAR  The rake 26 actuates the right-hand rear fork of a trolley and the
      right-hand front fork of the trolley which follows immediately in the
      left-hand row of trolleys.
PAR  The rake 27 actuates the left-hand rear fork of a trolley and the left-hand
      front fork of the trolley immediately following in the right-hand row of
      trolleys.
PAR  The conjoint control of the two rakes 26 and 27 is constituted by a rod 30
      carrying a toothed rack 31 in engagement with a pinion 32.
PAR  At the same time as they pivot, the forks slide on the rakes, which makes
      it possible to obtain a maximum torque on the parallelograms for the same
      force at the toothed rack.
PAR  There exist several pairs of rakes 26 and 27 over the travel of the
      trolleys, and the various pinions 32 can be given a common control 33.
PAR  In order to change the tilting rakes, the forks of the trolleys are guided
      externally by guides 34. A device 35 for locking on the horizontal, acting
      on one of the parallelograms of the trolley, is provided in order to keep
      the drawers horizontal as soon as the trolley leaves the rails.
PAR  In the machine, this locking is annulled since the external guides of the
      forks are superimposed on the tilting rakes and therefore the forks cannot
      tilt.
PAR  The charging or discharging is effected by means of a vane conveyor and it
      is possible, in order to make this operation automatic, to provide a
      conveyor on the ground, following the complete circuit of the trolleys
      (egg compartment, incubator, transfer, washing, disinfection, return to
      the egg compartment).
PAR  The regulation of temperature is located close to the ventilator panels in
      order to be accessible; this is also the case for the heating elements.
PAR  Finally, the fans may of course be utilized as suction devices.
PAR  In accordance with an alternative form shown in FIGS. 6 and 7, the
      aerator-conditioner-humidifier system comprises a longitudinal duct in two
      sections 36a and 36b, enabling the ambient air taken from the centre of
      the machine to be re-cycled and injected at the extremities. Extractors 37
      push the air in each section and the depression created by these
      extractors permits fresh air to be drawn-in. The quantity of this fresh
      air is regulated by a shutter 38 synchronized with the air-outlet shutters
      39 and driven by a servo-motor which is in turn actuated towards closure
      or opening by the operation or non-operation of the relay of a front
      heating device.
PAR  In each section, front and rear, a heating section 40 and a spraying
      section 41 bring the re-cycled fresh air to the desired conditions of
      temperature and percentage humidity.
PAR  The percentage humidity is controlled by a single hygrostat, so that only
      the temperature of this moist air aids the regulation.
PAR  This temperature is therefore limited at a maximum by the various
      thermometers between the front and the rear, depensing on the position of
      the air-inlet shutter and which permit the injection of moist air which is
      colder at the rear than at the front (the eggs placed in the rear portion
      of the machine give-up heat while those located in the first half of the
      machine absorb heat).
CLMS
STM  I claim:
NUM  1.
PAR  1. In an egg incubator of the tunnel type comprising an inlet chamber at
      one end and an outlet chamber at the other and two sets of parallel rails
      adapted to receive two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms, two sliding panels equipped
      with fans, each placed opposite a different row of trolleys, one at the
      inlet chamber, the other at the outlet chamber so as to create a
      longitudinal flow of circulating air capable of being reversed by changing
      the positions of the panels, each panel then changing its row, at least
      one curtain forming two passages in each of which said longitudinal flow
      of air is established, the tilting parallelograms being mounted on said
      trolleys in such manner that only the edge of the drawers opposes said
      longitudinal flow of air thus obtaining a constant section of passage with
      a minimum loss of pressure and in consequence a fairly high speed of
      passage in order to render the temperatures homogeneous.
NUM  2.
PAR  2. An incubator as claimed in claim 1, and further comprising an
      aerator-conditioner-humidifier system including two sections enabling the
      ambient air to be re-cycled from the centre towards the extremities, so
      that a thermal compensation is obtained between the front and the rear of
      said incubator, the effect of cold induced by spraying of water
      attenuating the supply of heat from the eggs themselves at the end of the
      incubation period.
NUM  3.
PAR  3. In an egg incubator of the tunnel type comprising an inlet chamber at
      one end and an outlet chamber at the other and two sets of parallel rails
      adapted to receive two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms, two sliding panels equipped
      with fans, each placed opposite a different row of trolleys, one at the
      inlet chamber, the other at the outlet chamber so as to create a
      longitudinal flow of circulating air capable of being reversed by changing
      the positions of the panels, each panel then changing its row, at least
      one curtain forming two passages in each of which said longitudinal flow
      of air is established, the tilting parallelograms being mounted on said
      trolleys in such manner that only the edge of the drawers opposes said
      longitudinal flow of air thus obtaining a constant section of passage with
      a minimum loss of pressure and in consequence a fairly high speed of
      passage in order to render the temperatures homogeneous, an
      aerator-conditioner-humidifier system including at least one automatic
      shutter inlet controlled by the heating function and actuating the
      regulation of the conditioner located at the inlet of said incubator, and
      a plurality of distribution orifices distributed in the central portion of
      said incubator, a re-cycling opening being provided upstream of a turbine
      included in said system.
NUM  4.
PAR  4. In an egg incubator of the tunnel type comprising an inlet chamber at
      one end and an outlet chamber at the other and two sets of parallel rails
      adapted to receive two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms, two sliding panels equipped
      with fans, each placed opposite a different row of trolleys, one at the
      inlet chamber, the other at the outlet chamber so as to create a
      longitudinal flow of circulating air capable of being reversed by changing
      the positions of the panels, each panel then changing its row, at least
      one curtain forming two passages in each of which said longitudinal flow
      of air is established, the tilting parallelograms being mounted on said
      trolleys in such manner that only the edge of the drawers opposes said
      longitudinal flow of air thus obtaining a constant section of passage with
      a minimum loss of pressure and in consequence a fairly high speed of
      passage in order to render the temperatures homogeneous, two preregulated
      shutter outlets provided at the outlet of said incubator, the outlet
      facing the row of trolleys in front of which the panel carrying fans is
      placed being closed by its shutter, said fan-carrying panel effecting
      itself the closure of said shutter.
NUM  5.
PAR  5. In an egg incubator of the tunnel type comprising an inlet chamber at
      one end and an outlet chamber at the other and two sets of parallel rails
      adapted to receive two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms, two sliding panels equipped
      with fans, each placed opposite a different row of trolleys, one at the
      inlet chamber, the other at the outlet chamber so as to create a
      longitudinal flow of circulating air capable of being reversed by changing
      the positions of the panels, each panel then changing its row, at least
      one curtain forming two passages in each of which said longitudinal flow
      of air is established, the tilting parallelograms being mounted on said
      trolleys in such manner that only the edge of the drawers opposes said
      longitudinal flow of air thus obtaining a constant section of passage with
      a minimum loss of pressure and in consequence a fairly high speed of
      passage in order to render the temperatures homogeneous, an advance
      mechanism for said trolleys provided at the inlet of said incubator for
      each of the two rows of trolleys, so that these rows may be separately
      operated.
NUM  6.
PAR  6. In an egg incubator of the tunnel type comprising an inlet chamber at
      one end and an outlet chamber at the other and two sets of parallel rails
      adapted to receive two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms, two sliding panels equipped
      with fans, each placed opposite a different row of trolleys, one at the
      inlet chamber, the other at the outlet chamber so as to create a
      longitudinal flow of circulating air capable of being reversed by changing
      the positions of the panels, each panel then changing its row, at least
      one curtain forming two passages in each of which said longitudinal flow
      of air is established, the tilting parallelograms being mounted on said
      trolleys in such manner that only the edge of the drawers opposes said
      longitudinal flow of air thus obtaining a constant section of passage with
      a minimum loss of pressure and in consequence a fairly high speed of
      passage in order to render the temperatures homogeneous, an advance
      mechanism for said trolleys provided at the inlet of said incubator for
      each of the two rows of trolleys, so that these rows can be separately
      operated, each advance mechanism comprising teeth fixed under the
      trolleys, a rod to which is given a to-and-fro movement and which carries
      pawls coming into engagement with said teeth fixed under the trolleys.
NUM  7.
PAR  7. In an egg incubator of the tunnel type comprising an inlet chamber at
      one end and an outlet chamber at the other and two sets of parallel rails
      adapated to receive two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms, two sliding panels equipped
      with fans, each placed opposite a different row of trolleys, one at the
      inlet chamber, the other at the outlet chamber so as to create a
      longitudinal flow of circulating air capable of being reversed by changing
      the positions of the panels, each panel then changing its row, at least
      one curtain forming two passages in each of which said longitudinal flow
      of air is established, the tilting parallelograms being mounted on said
      trolleys in such manner that only the edge of the drawers opposes said
      longitudinal flow of air, thus obtaining a constant section of passage
      with a minimum loss of pressure and in consequence a fairly high speed of
      passage in order to render the temperatures homogeneous, forks rigidly
      fixed to the tilting parallelograms of the egg drawers, a plurality of
      pairs of rakes with conjoint operations provided on the path of said
      trolleys in order to actuate said forks, each pair of rakes being adapted
      to actuate the forks of a unit comprising two trolleys on one row and two
      other trolleys (in the vicinity of the first) on the other row, guiding
      devices being provided on said forks in order to change the actuating
      rakes during the forward movement of said trolleys.
NUM  8.
PAR  8. In an egg incubator of the tunnel type comprising an inlet chamber at
      one end and an outlet chamber at the other and two sets of parallel rails
      adapted to receive two rows of trolleys carrying egg drawers which tip
      under the action of tilting parallelograms, two sliding panels equipped
      with fans, each placed opposite a different row of trolleys, one at the
      inlet chamber, the other at the outlet chamber so as to create a
      longitudinal flow of circulating air capable of being reversed by changing
      the positions of the panels, each panel then changing its row, at least
      one curtain forming two passages in each of which said longitudinal flow
      of air is established, the tilting parallelograms being mounted on said
      trolleys in such manner that only the edge of the drawers opposes said
      longitudinal flow of air thus obtaining a constant section of passage with
      a minimum loss of pressure and in consequence a fairly high speed of
      passage in order to render the temperatures homogeneous, and cooling
      devices, which simultaneously operate as air deflectors, are moved with
      said panels.
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ABST
PAL  A steam generator has a preheater for preheating feed-water supplied from
      an external source, the preheater receiving its heat from the steam
      generator's heat exchanger. If the supply of feed-water to the steam
      generator is reduced while the heat exchanger maintains its heat output,
      the feed-water is overheated. To prevent this, some of the already heated
      feed-water in the steam generator is fed to the feed-water entering the
      preheater, this raising the feed-water's temperature relative to the
      temperature of the heat exchanger, reducing the rate of exchange of the
      heat from the heat exchanger to feed-water in the preheater, and by this
      control preventing overheating of the water in the preheater.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A steam generator for a pressurized-water reactor power plant is usually
      constructed with a vertical cylindrical feed-water casing having a top
      closed by a steam dome provided with a steam outlet and a bottom closed by
      a tube sheet in which are mounted the inlet and outlet legs of an inverted
      U-shaped tube bundle, the bottom of the tube sheet having inlet and outlet
      reactor water-coolant manifolds for circulating the coolant through the
      tube bundle via these inlet and outlet legs. The tube bundle is surrounded
      by a cylindrical shroud spaced radially inwardly from the casing to define
      a descent space, the bottom of the shroud having an opening via which this
      descent space connects with the shroud's interior. The casing has a
      feed-water input inlet maintaining a supply of feed-water in the casing,
      the feed-water rising within the shroud while heating, flowing from the
      top of the shroud and descending in the descent space to again ascend
      within the shroud. The top of the shroud usually has a steam-water
      separator which separates the steam vaporizing from the ascending water
      within the shroud and discharging separated water back into the descent
      space. This descending water retains a substantial amount of its heat.
PAR  To avoid thermal shock and provide increased efficiency, a feed-water
      preheater surrounds the lower end of the tube bundle's outlet leg and
      connects with a feed-water supply pipe line supplied with feed-water of
      adequate pressure for introduction to the generator's casing. This
      preheater receives its heat from the heat exchanger tube bundle's outlet
      leg and discharges preheated feed-water inside of the shroud above the
      tube sheet, thus avoiding thermal shock and increasing efficiency.
PAR  The rate the feed-water is fed depends on the steam output demand of the
      steam generator, and if this is reduced, the feed-water input rate must
      also be reduced. The heat exchanger is heated by the pressurized-water
      coolant from the reactor providing the heat exchanger with a substantially
      constant heat input. If the feed-water input rate must be reduced, the
      feed-water receives an excessive amount of heat from the heat exchanger
      during the preheating, thus overheating the feed-water, causing the
      feed-water to boil, and the feed-water with boiling precipitating out
      compounds inevitably included by the feed-water and which are corrosive
      with respect to the preheater and heat exchanger.
PAR  The above shows that there is a problem concerning the provision of some
      kind of control of the rate of heat exchange effected in the preheater
      between the heat exchanger and the feed-water going through the preheater
      at a flow rate reduced from a normal rate for which the steam generator
      and its preheater are designed.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to solve the above problem.
PAR  According to the invention, the problem is solved by when necessary for the
      control, removing some of the hot water descending in the descent space of
      the generator and introducing it to the feed-water entering the preheater.
      Thus, the preheater is fed with feed-water having a temperature
      substantially above its normal temperature with its feed at the higher and
      normal rate. However, because the rate of heat exchange between the heat
      exchanger's outlet leg and the feed-water flowing through the preheater
      depends on the temperature differential between the two, this increase in
      the temperature of the feed-water reduces this differential and,
      therefore, reduces the heat exchange rate, preventing the feed-water from
      overheating in the preheater.
PAR  The above effect is obtained by a pipe line connected to withdraw the hot
      water from the descent space at a substantial distance above the
      preheater, this pipe line via a pump connecting with the feed-water supply
      line going to the preheater. A valve in the pipe line, or other suitable
      means, controls the rate at which the hot water already heated within the
      generator, is withdrawn from the descent space and introduced to the
      feed-water supply pipe line. Under this control, the feed-water entering
      the preheater may be adjusted to a temperature lowering the rate of heat
      exchange between the heat exchanger and the feed-water in the preheater to
      a rate preventing boiling of the feed-water while flowing through the
      preheater.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing the single FIGURE schematically shows in
      vertical section a steam generator of the type described having a
      feed-water preheater, and diagrammatically illustrating an embodiment of
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the above drawing, the steam generator is of the type used in
      a pressurized-water reactor power plant.
PAR  This generator is designated as a whole by the numeral 1. The water coolant
      from the reactor enters the inlet manifold 2, passes through the inverted
      U-shaped tube bundle 3 having its tube ends mounted in the tube sheet TS,
      and leaves via the outlet manifold 4. The tube sheet TS closes the bottom
      of the feed-water space within the generator.
PAR  The tube bundle 3 is surrounded by the cylindrical shroud 6 on top of which
      the steam-water separators 7 are mounted, the separated water flowing
      downwardly into the descent space 8 formed by the radial interspacing of
      the shroud 6 and the generator's casing. A fine separator 11 for the steam
      is mounted below the steam output outlet 12 of the steam generator casing
      10, which encloses the feed-water.
PAR  The preheater is shown at 15 enclosing the outlet or cold leg 14 of the
      tube bundle 3, this preheater being connected with two feed-water input
      connection nipples 16 and 17 extending through the casing 10, each nipple
      having flow chokes 18.
PAR  The two feed-water inputs 16 and 17 feed the feed-water to the preheater
      15, the flow from the input 16 going upwardly through the preheater and
      the flow from the input 17 going downwardly, but in both instances the
      water is sinuously guided around and between the various tubes of the
      lower portion of the leg 14. It is to be assumed that the preheater 15 is
      or can be designed so that when the steam generator is producing its rated
      output of steam the feed-water is preheated and is introduced to the
      feed-water ascending within the shroud 6, without a boiling problem.
PAR  Via valves 20 and 21 feed-water inlets 16 and 17 are respectively connected
      with a feed-water supply line 22 which connects with an unillustrated
      source of feed-water under adequate pressure and which may be water
      condensed from steam exhausted by a consumer, such as a turbine or the
      like. A valve 23 connects the supply line 22 with a feed-water inlet 24 of
      the type supplying an annular perforated pipe surrounding the water
      separator 7 and feeding directly into the descent space 8. This is mainly
      for the purpose of maintaining more exactly the desired water level in the
      generator's casing 10 above the top of the tube bundle heat exchanger 3.
      If the normal feeding arrangement fails, the inlet 25 can be used as an
      emergency feed line.
PAR  According to the invention, the descent space 8 at a level substantially
      above the preheater 15 and representing a space containing the hot
      feed-water discharged by the separator 7, has a connection via a pipe line
      28 having an interposed control valve 29 and circulatingly powered by a
      pump 30, with the feed-water supply line 22. It is to be assumed that the
      pump 30 is driven by a motor and can be controlled as can the valve 29 and
      all of the other valves referred to.
PAR  If the steam generator 1 is operated under partial load, the danger exists
      below the given load level, such as below 50% of nominal loading, of the
      premature boiling of the feed-water flowing through the preheater 15. The
      feed-water flow rate must have its flow rate adjusted to the reduced
      production of steam and it, therefore, receives per unit of time a greatly
      increased amount of heat from the heat exchanger's outlet leg, the reactor
      coolant flow continuing through the heat exchanger.
PAR  Under the above conditions the pump 30 with the valve 29 open, or suitably
      controlled, is operated to remove the hot feed-water in the descent space
      8, via the pipe line 28, and introduce it to the feed-water supply line 22
      so that the temperature of the feed-water entering either of the inlets 16
      and 17, respectively under the control of the valves 20 and 21, is
      increased to a degree reducing the heat exchange in the preheater 15. At
      the same time the amount of feed-water flowing through the preheater is
      increased, because of the forced circulation obtained by the pump 30 from
      the descent space 8 through the preheater, up through the space within the
      shroud 6 and back down the descent space and to the pipe line 28.
PAR  It follows from the foregoing that boiling can be prevented in the
      preheater 15 when the steam generator is operated under a reduced load,
      both by the heating of the feed-water entering the preheater to reduce the
      heat exchange rate effected within the preheater and also by the increased
      flow rate of the feed-water effected by the circulation via 28 and 29,
      pump 30, line 22, valves 20 or 21 and the feed-water inlets 16 and 17.
      Control of the various valves depends on the conditions existing in the
      preheater.
PAR  Via the valve 23 and the input connection 24 the described arrangement may
      also be used to increase the temperature of any feed-water introduced via
      the inlet 24 for discharge into the descent space 8. This discharge is, of
      course, above the level from which the hot water is withdrawn via the pipe
      28.
PAR  Although not shown, the various valves and the pump control may be effected
      automatically by a suitable control system responsive to the conditions
      existing in the preheater.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steam generator having an upstanding feed-water casing with a steam
      output outlet and enclosing an upstanding heat exchanger radially enclosed
      by a shroud forming a feed-water descent space by being spaced from the
      inside of said casing and having top and bottom openings so feed-water in
      said casing circulates by rising within said shroud and descending via
      said descent space, a feed-water preheater being heated by a lower portion
      of said heat exchanger and discharging into said shroud, and a feed-water
      input pipe line for said preheater extending through said casing for
      connection with an external source of feed-water; wherein the improvement
      comprises means for removing feed-water from said descent space at a
      location above said preheater and introducing it to said feed-water input
      pipe line to increase the temperature and flow rate of feed-water fed to
      said preheater and thereby lower the rate of heat exchanged thereto from
      said heat exchanger.
NUM  2.
PAR  2. The steam generator of claim 1 in which said means comprises a pump
      having an intake connected by a pipe with said location and an output
      connected by a pipe with said feed-water input pipe line.
NUM  3.
PAR  3. The steam generator of claim 2 in which said one of said pump's
      connecting pipes includes a control valve.
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ABST
PAL  A dispenser for collapsible tubes which includes an elongate flexible
      plastic support for the collapsible tube having a flange on its lower end
      with an aperture through which the dispensing end of the tube extends. The
      flexible member has rows of generally rectangular apertures formed
      adjacent the opposite side edges thereof to serve as racks. A pair of tube
      squeezing rollers are journalled in a frame and are adapted to engage over
      the flexible member with the tube mounted thereon. One of the tube
      squeezing rollers has sprocket gears on each end thereof for engaging in
      the rack of the flexible member with the other roller having an annular
      groove at each end thereof into which the teeth of the first roller
      extend. A key on one end of the first roller is provided for rotating the
      rollers to move the frame downwardly on the flexible member with the
      rollers squeezing the front and rear of the flexible tube dispensing the
      contents therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to flexible tube dispensers of the type for
      forcing the contents of a flexible tube therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  The flexible tube dispenser in which a gear driven pair of squeezer rollers
      are moved downwardly over a flexible member supporting a collapsible tube
      thereon with the flexible member having racks for engagement by gears on
      the gear driven rollers.
PAR  The primary object of the invention is to provide an inexpensive
      collapsible tube dispenser having forced feed for ejecting the contents of
      the tube therefrom.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in light of the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of the invention;
PAR  FIG. 2 is a side elevation of the invention;
PAR  FIG. 3 is an enlarged transverse cross section taken along the line 3--3 of
      FIG. 1, looking in the direction of the arrows; and
PAR  FIG. 4 is a transverse cross section taken along the line 4--4 of FIG. 2,
      looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, wherein like reference characters
      indicate like parts throughout the several figures, the reference numeral
      10 indicates generally a collapsible tube dispenser unit constructed in
      accordance with the invention.
PAR  The unit 10 includes an elongate flexible member 11 having a flange 12
      integrally formed on the lower end thereof having an aperture 13 formed
      therein to permit the neck of a collapsible tube T to extend therethrough.
      The cap C of the collapsible tube T can be applied to the tube T with the
      tube T supported in the unit 10.
PAR  A plurality of generally rectangular apertures 14 are arranged along
      opposite side edges of the flexible member 11 in evenly spaced rows
      forming racks generally indicated at 15 along opposite side edges of the
      flexible member 11. The flexible member 11 has an aperture 16 in the upper
      portion thereof to permit the unit to be hung on a wall hook.
PAR  A squeezer member generally indicated at 17 includes a generally U-shaped
      frame 18 with spaced parallel arms 19 integrally formed thereon. A roller
      20 is journalled in the arms 19 at its opposite ends and has spur gears 21
      mounted thereon and adapted to engage in the racks 15 of the flexible
      member 11. A winding key 22 is secured to the roller 20 to permit the
      roller 20 to be rotated by hand.
PAR  A second roller 23 is journalled in the arms 19 at its opposite ends and is
      arranged in spaced apart parallel relation to the roller 20 as can be seen
      in FIG. 3. The roller 23 has a pair of annular grooves 24 adjacent the
      opposite ends thereof aligned with the spur gears 21 so that the spur gear
      21 can project through the rack apertures 14 in the flexible member 11
      extending into the grooves 24 as can be seen in FIG. 3.
PAR  In the use and operation of the invention a tube T is mounted on the unit
      10 with its neck extending through the aperture 13 and with the cap C
      engaging the neck to close the tube T. The squeezer member 17 is then
      engaged over the flexible member 11 and the upper end of the tube T with
      the spur gears 21 engaging in the rack apertures 14. The roller 23 is
      positioned on one side of the flexible member 11 while the roller 20 is
      engaged against the tube T on the other side of the flexible member 11.
      Rotation of the key 22 rotates the roller 20 and causes the roller 20 to
      move downwardly with respect to the tube T so as to dispense the contents
      from the tube T when the cap C is removed. After a suitable quantity of
      the contents of the tube T have been dispensed the rollers 20, 23 are
      moved upwardly slightly to relieve the pressure on the tube T and the cap
      C is replaced.
PAR  Having thus described the preferred embodiment of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collapsible tube dispenser comprising an elongate flexible plastic
      member for supporting a collapsible tube thereon, a frame, a plurality of
      rack forming apertures formed in a row down each of the opposite side
      edges of said flexible member, a pair of squeeze rollers journalled in
      said frame for engaging over the flexible member with the collapsible tube
      positioned thereagainst for squeezing the collapsible tube against the
      flexible member, hand rotatable spur gears rigidly mounted on one of said
      squeeze rollers for rotating said rollers to move said frame as said spur
      gears engage the rack apertures, a hand key rigidly secured to the roller
      carrying said spur gears, and annular grooves adjacent opposite ends of
      the second of said rollers with the spur gears on the other of said
      rollers engaging in said annular grooves.
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ABST
PAL  This disclosure teaches a direct fired heater with a double casing. The
      double casing includes a somewhat conventional inner casing having a
      burner penetrating therethrough and an outer casing spaced from the inner
      casing to form a passage in flow communication between the atmosphere and
      the burner. The outer casing surrounds the burner and is provided with an
      acoustic inner surface to minimize escape of noise. Design of refractory
      linings with respect to thickness and density allows for maintenance of
      skin temperature of the inner casing above the condensation ranges of
      SO.sub.2 and SO.sub.3.
PARN
PAC  CROSS REFERENCE
PAR  This is a continuation-in-part application with respect to our copending
      U.S. Pat. application No. 470,937 which was filed on May 17, 1974, now
      abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Conventional natural draft burners for direct fired heaters have air
      registers through which combustion air is admitted to a combustion chamber
      of the heater. Noise generated in the combustion chamber escapes via the
      air registers to environs of the heater and additional noise is generated
      by passage of the combustion air through the air registers. This
      additional noise also escapes to the environs of the heater. Further in
      conventional natural draft burners, fuel release devices are unshielded
      and they radiate additional noise which escapes to the environs of the
      heater.
PAR  Current environmental requirements make it necessary to add noise
      attenuating devices to natural draft burners, so as to limit escape of
      noise to the environs of the heater. Conventional noise attenuating
      devices limit escape of noise effectively, but they serve no other useful
      purpose and, therefore, they add to the cost of the furnace without
      benefiting thermal efficiency.
PAR  Fuels used in refineries and petrochemical plants frequently contain
      sufficient sulfur to present corrosion problems. One effective way to
      avoid sulfur corrosion in a heater is to operate the heater with its skin
      temperature above the H.sub.2 SO.sub.3 /H.sub.2 SO.sub.4 condensation
      range. However, such operation results in high heat losses from the heater
      to its environs and such operation cannot be maintained under all ambient
      conditions.
PAC  STATEMENT OF INVENTION
PAR  Problems of the prior art with respect to noise escape and sulfur corrosion
      are solved by this invention in a particularly novel, useful, unobvious
      and facile way. A direct fired heater is provided with an inner casing
      having at least one natural draft burner penetrating therethrough and an
      outer casing spaced from the inner casing to form a passage which
      communicates ambient air to the burner. The passage preferably should have
      an acoustic inner surface to dampen noise. Accordingly one object of this
      invention is to limit escape of noise from the combustion chamber and the
      burner, particularly low frequency noises generated in the combustion
      chamber.
PAR  Another object of this invention is to accommodate increase of the skin
      temperature of the inner casing by controlling thickness and density of
      its inner insulation lining. With the double casing arrangement of this
      invention, several ambient variables affecting skin temperature of the
      inner casing are eliminated so that it is feasible in practical terms to
      assure a skin temperature of the inner casing above the sulfur condensing
      range for all but lowest ambient temperatures. The higher skin temperature
      generally is provided by using a higher density refractory which
      coincidentally also has higher spall resistance, greater strength and
      lower porosity. The higher density refractory is less permeable to gas and
      will not permit corrosive gas to pass to the skin and will not accumulate
      as much gas nor condense acid which would attack the skin during a
      shutdown of the heater. Because effective thermal insulation of the skin
      of the inner casing is not necessary according to the present invention,
      low density refractory or two material refractory construction is not
      required and cost thereby is reduced. Generally speaking this expedient
      reduces refractory requirements.
PAR  Still another object of this invention is to provide the passage between
      the inner and outer casings with an acoustic surface. The interior of the
      outer casing can be lined with a thermally insulative and acoustic
      material, thereby to furnish (inter alia) an extremely effective heat and
      sound enclosure, optionally divided into chambers to create absorptive
      splitter attenuation. Because the outer casing generally is arranged about
      the inner casing, noise emitted from the combustion chamber through the
      skin of the inner casing is absorbed in the lining of the outer casing.
      Further, heat losses through the skin of the inner casing are recovered in
      preheating the combustion air which is drawn through the passage between
      the inner and the outer casings.
PAR  Still another object of this invention is to shield the skin of the inner
      casing from all ambient conditions, except air temperature (i.e. wind
      velocity, precipitation, etc.), thus permitting more effective control of
      the skin temperature of the inner casing.
PAR  Still another object of this invention is to obviate need for noise
      attenuating devices on burners.
PAR  Still another object of this invention is to preheat combustion air,
      thereby reducing fuel requirements.
PAR  Still another object of this invention is to improve thermal efficiency of
      the heater.
PAR  Still another object of this invention is to fabricate a heater of the type
      here contemplated employing inexpensive materials.
PAR  Still another object of this invention is to fabricate a heater of the type
      here contemplated which is simple to design, build and maintain.
PAR  Still another object of this invention is to fabricate a heater of the type
      here contemplated which is suited well otherwise to its intended functions
     .
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  The foregoing and other objects, features and advantages will be seen more
      fully from a detailed description of a preferred embodiment which follows
      and from claims which also follow, all viewed in conjunction with
      accompanying drawings wherein:
PAR  FIG. 1 is an elevational view of a vertical cylindrical heater according to
      the present invention.
PAR  FIG. 2 is an elevational view broken and partly sectioned to an enlarged
      scale of the heater of FIG. 1.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is an elevational view of a box type heater according to the present
      invention.
PAR  FIG. 5 is an elevational view broken and partly sectioned to an enlarged
      scale of the heater of FIG. 4.
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As seen best in FIGS. 2 and 5, a heater includes a vertical inner casing 11
      (cylindrical in FIG. 2 and boxlike in FIG. 5) with a bottom 12 and a top
      13 all of which enclose a combustion chamber 14. The heaters are supported
      on piers 15 by means of structural members 16 and they are provided with
      suitable platforming and associated ladders and stairs (not shown).
      Burners 17 penetrate via the bottom 12 into the combustion chamber 14. A
      convection box 18 is provided above the top 13 and a stack 19 is formed
      thereabove so that hot combustion gases pass from the combustion chamber
      14 through the convection box 18 and then up the stack 19. One or more
      process fluids pass through the heater generally in countercurrent
      noncontact heat exchange relationship with the hot combustion gases. A
      process fluid typically courses through a convection tube bundle 22 and
      then through radiant tubes 23 in the combustion chamber 14.
PAR  The crux of the present invention is to provide an outer casing 24 spaced
      from the bottom 12 and the inner casing 11 so as to form a passage 26 in
      flow communication between the atmosphere 27 and the burners 17.
      Preferably the outer casing 24 extends to the vicinity of the top 13 of
      the combustion chamber 14 and has an opening 28 through which ambient air
      is drawn. As best seen in FIGS. 2 and 5, the burners 17 are connected to a
      suitable fuel line 29 and have guns which discharge through ceramic blocks
      33. Combustion air registers control delivery of combustion air to the
      burners 17 in a manner well known in the art.
PAR  The inner casing 11 with an outer face 25 is lined internally with a
      refractory castable insulation 36. To protect the casing 11 from sulfur
      corrosion, it is desirable to keep the temperature of the casing 11 above
      the condensation range of sulfur oxides. Toward this objective, the
      density and thickness of the refractory castable insulation 36 and/or
      refractory brick 39 are designed accordingly. Design for such refractory
      insulations are well known in the art.
PAR  Escape of noise from the combustion chamber 14 and the burners 17 is
      controlled by enclosing access of air to the burners 17 via the passage 26
      and the opening 28. By this expedient, need for sound attenuating devices
      generally is obviated. Inner face 37 of the outer casing 24 preferably is
      provided with an acoustic and/or thermally insulative lining 38.
      Fiberglass at a density of about 3 pounds per cubic foot or mineral wool
      at a density of about 6 pounds per cubic foot are useful for lining 38 in
      that they are low density long fibered materials which have insulative
      properties and are capable of resisting high air velocities to which they
      are subjected in passage 26.
PAR  It will be understood by those familiar with heater design that wide
      deviations may be made from the preferred embodiment herein described,
      without departing from a main theme of invention set forth in the claims
      which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A direct fired heater comprising in combination: an inner casing
      enclosing a combustion chamber and having a first end, at least one burner
      communicating with the combustion chamber and penetrating the casing via
      the first end, and an outer casing spaced from the first end to form a
      passage in flow communication between atmosphere and the burner, said
      passage being provided with an acoustic and insulative surface.
NUM  2.
PAR  2. The heater of claim 1 with the inner casing being made of metal lined
      internally with refractory insulation.
NUM  3.
PAR  3. The heater of claim 2 with
PA1  the inner casing arranged vertically and
PA1  having at least one side,
PA1  the first end being the bottom of the casing,
PA1  the outer casing surrounding the bottom of
PA1  the inner casing and extending up the side.
NUM  4.
PAR  4. The heater of claim 3 with
PA1  the inner casing having a top,
PA1  the outer casing extending to the vicinity of the top.
NUM  5.
PAR  5. The heater of claim 4 with the burner having a register in flow
      communication between the passage and the combustion chamber.
NUM  6.
PAR  6. The heater of claim 5 with the inner casing a cylinder.
NUM  7.
PAR  7. The heater of claim 5 with the inner casing a square.
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ABST
PAL  The invention relates to a means for supporting a tube in a tube heater in
      such a manner that the tube can move bodily and the convolutions thereof
      can move individually.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to tube heaters such as those used in the
      petrochemical industry, and more particularly to mechanism for supporting
      the tube in such a heater. One type of tube that is used is in the form of
      a plurality of convolutions. As the fluid flows through the tube its
      temperature is raised, thus causing the tube to expand. Since this
      expansion is uneven from end to end of the tube some means must be
      provided to permit the convolutions of the tube to expand without setting
      up undue strains therein. Some operations require that the tubes discharge
      into a quench immediately adjacent to the point where the tube exits from
      the heater. Such a quench is fixed to a rigid support but, depending upon
      the type of mounting used, may also be subjected to expansion and
      contraction that is transferred to the tube.
PAR  It is an object of the invention to provide a mechanism for mounting a coil
      in a tube heater. It is a further object of the invention to provide means
      to mount a convoluted tube coil so that the convolutions thereof can move
      relative to each other.
PAR  In the apparatus, as disclosed, a tube is located in a heater midway
      between the walls thereof. The discharge end of the tube is rigidly
      attached to a quench while the entrance end is supplied from a source
      outside the heater. Between these points the tube is formed of a plurality
      of vertically extending convolutions each of which is independently
      supported. The supports are such that the entire tube can be moved
      vertically when this is required by expansion of the quench. The
      flexibility of the support means insures that no part of the tube will be
      subjected to undue strain.
PAR  The various features of novelty which characterize my invention are pointed
      out with particularity in the claims annexed to and forming a part of this
      specification. For a better understanding of the invention, however, its
      advantages and specific objects attained with its use, reference should be
      had to the accompanying drawings and descriptive matter in which I have
      illustrated and described a preferred embodiment of the invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a sectional view through a heater showing a coil and its
      supports, and
PAR  FIG. 2 is a section taken on a line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  There is disclosed a tube heater supported by a structural steel frame 1.
      The heater is erected in accordance with normal furnace practice and
      includes walls 2 in which are located burners 3, a floor 4, a roof 5, and
      end walls 6. The products of combustion produced by the burners are
      exhausted through a duct 7 in the upper portion of one side wall to a
      stack, not shown. In this case there are shown two vertically positioned
      coils of tube 8 and 9 that are located midway between walls 2. Fluid is
      supplied to the coils to their outer ends from below the floor 4. Fluid
      leaves the tubes at a common point 11 into a connection on the lower end
      of a quench 12 that is mounted between its ends on a portion of frame 1
      above the heater.
PAR  Each of the lower bends of each coil convolution has a short rod 13 welded
      to it. This rod extends loosely into a trough 14 formed in floor 4. Thus
      the lower bends of the coil may flex as required as the tube passes expand
      and contract, but are restrained by the sides of the trough from swinging
      toward or against sides 2 of the furnace.
PAR  The upper bends of each of the convolutions has welded to it a bar 15 that
      projects upwardly through a slot 16 formed in roof 5. The upper end of bar
      15 is connected by a link 17 to one end of a lever 18 that is pivoted at
      19. The other end of lever 18 supports a counterweight 21 sufficiently
      heavy to counterbalance the convolution of the coil to which it is
      attached.
PAR  Normally, the point where the outlet ends of the tubes connect to the inlet
      of the quench can be considered a fixed point of support. Actually,
      however, the lower end of the quench will move downwardly somewhat from
      its cold position when the heater is in operation to assume a position for
      a given temperature. This will adjust bodily the vertical position of both
      coils independently of any expansion of the tube passes. Such adjustment
      is permitted by counterweights 21.
PAR  When the furnace is in operation, fluid supplied to tubes 8 and 9, which is
      preheated, is brought up to its final temperature as it flows through the
      tubes before being discharged to quench 12. During the process temperature
      of the fluid gradually increases so that the various passes of the coil
      will reach different temperatures, thus causing different amounts of
      expansion. The individual supports for the upper bend of each coil
      convolution permit expansion as required. The lower bends of the coil
      convolutions are also free to move. Thus the coils can be moved bodily or
      the individual passes and convolutions can move freely with respect to
      each other.
PAR  Supporting the coils so that they are completely floating with each
      convolution free to move as it is required results in considerably less
      strain on the tube with a resulting longer life.
PAR  While in accordance with the provisions of the Statutes I have illustrated
      and described the best form of embodiment of my invention now known to me,
      it will be apparent to those skilled in the art that changes may be made
      in the form of the apparatus disclosed without departing from the spirit
      and scope of the invention set forth in the appended claims, and that in
      some cases certain features of my invention may be used to advantage
      without a corresponding use of other features.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tube heater including structure forming a heating chamber having
      oppositely disposed side walls, a floor and a roof, said roof having a
      slot extending lengthwise thereof substantially midway between said side
      walls, burners to heat said chamber, a coil having vertically disposed
      convolutions located substantially midway between said side walls, a
      support having a vertically movable portion above said slot, one end of
      said coil extending through said slot and being fixedly attached to said
      movable portion, a bracket attached to the upper end of each convolution
      and extending through said slot, and movable means to support a
      convolution of the coil connected with each bracket whereby the coil is
      supported to move as a whole and with each convolution being able to move
      separately.
NUM  2.
PAR  2. The combination of claim 1 in which said floor has a trough formed
      therein and extending lengthwise thereof substantially midway between said
      side walls, and a rod fixed to the lower end of each convolution of said
      coil and extending into said trough.
NUM  3.
PAR  3. The combination of claim 1 in which there are provided a plurality of
      similar tube coils, each having one end attached to said vertically
      movable portion.
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PAL  Disclosed herein is a rotary internal combustion engine comprising housing
      means defining, in series, first, second, third and fourth trochoid shaped
      rotor cavities in aligned relation to each other, a rotatably mounted
      crankshaft including, in series, first, second, third and fourth eccentric
      portions respectively extending through the first, second, third and
      fourth cavities, and with the first and fourth crankshaft eccentric
      portions aligned with respect to each other and with the second and third
      crankshaft eccentric portions aligned with respect to each other at an
      angular spacing of 180.degree. from the first and fourth crankshaft
      eccentric portions, together with first, second, third and fourth rotors
      respectively rotatably mounted on the first, second, third and fourth
      crankshaft portions and respectively rotatable in the first, second, third
      and fourth cavities so as to respectively provide first, second, third and
      fourth rotating chambers in which combustion takes place, gear means on
      the housing means and on the rotors for effecting relative rotation
      between the rotors and the crankshaft and between the crankshaft and the
      housing means in response to combustion in the chambers, and ignition
      means for simultaneously initiating combustion in the first and fourth
      chambers and for simultaneously initiating combustion in the second and
      third chambers after 180.degree. of crankshaft rotation subsequent to
      initiation of combustion in the first and fourth chambers.
PAL  Also disclosed herein is a rotary internal combustion engine comprising a
      lower housing assembly including housing means defining first and second
      trochoid shaped rotor cavities, a lower crankshaft portion rotatably and
      axially supported by the lower housing assembly, an upper housing assembly
      located above the lower housing assembly and including housing means
      defining third and fourth trochoid shaped rotor cavities, and an upper
      crankshaft portion solely supported for rotation in axial alignment with
      the lower crankshaft portion by the upper housing assembly, coupling means
      for connecting the upper and lower crankshaft portions so as to transmit
      axial and rotary loading from the upper crankshaft portion to the lower
      crankshaft portion, and means securing together the first and second
      housing assemblies with the coupling means connecting the upper and lower
      crankshaft portions.
PAL  Also disclosed herein is a crankshaft for a multi-rotor rotary internal
      combustion engine and including, in series, first, second, third and
      fourth cylindrically shaped eccentric portions with the first and fourth
      eccentric portions being in alignment with each other and with the second
      and third eccentric portions being in alignment with each other and offset
      from the first and fourth eccentric portions by 180.degree..
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to marine propulsion devices such as
      outboard motors. In addition, the invention relates generally to rotary
      internal combustion engines and, more particularly, to multi-rotor rotary
      internal combustion engines and to installations of such engines in marine
      propulsion devices. In addition, the invention relates to crankshafts for
      such multi-rotor rotary internal combustion engines.
PAR  Attention is directed to the U.S. Strang application Ser. No. 330,596 filed
      Feb. 8, 1973, and now abandoned, illustrating a marine propulsion device
      in the form of a low profile outboard motor including a watertight guard
      or bucket at the top of a lower unit and in encircling relation to an
      engine.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a rotary internal combustion engine comprising
      housing means defining, in series, first, second, third and fourth
      trochoid shaped rotor cavities in aligned relation to each other, together
      with a crankshaft rotatably mounted by the housing means and including, in
      series, first, second, third and fourth eccentric portions respectively
      extending through the first, second, third and fourth cavities, and first,
      second, third and fourth rotors respectively rotatably mounted on the
      first, second, third and fourth crankshaft portions and respectively
      rotatable in the first, second, third and fourth cavities so as to
      respectively provide first, second, third and fourth rotating chambers in
      which combustion takes place. The rotors and the eccentric crankshaft
      portions are angularly related to each other so as to provide rotational
      balance without counterweighting. In addition, the engine includes gear
      means on the housing means and on the rotors for effecting relative
      rotation between the rotors and the crankshaft and between the crankshaft
      and the housing means in response to combustion in the chambers.
PAR  More particularly, the invention provides a crankshaft in which the first
      and fourth eccentric portions are aligned with respect to each other and
      the second and third crankshaft eccentric portions are aligned with
      respect to each other at an angular spacing of 180.degree. from the first
      and fourth crankshaft eccentric portions.
PAR  The invention also provides a rotary internal combustion engine including
      housing means defining, in series, first, second, third and fourth
      trochoid shaped rotor cavities in aligned relation to one another,
      together with a crankshaft rotatably mounted by the housing means and
      extending through said first, second, third and fourth cavities, and
      first, second, third and fourth rotors rotatably mounted on the crankshaft
      and respectively rotatable in the first, second, third and fourth cavities
      so as to respectively generate first, second, third and fourth rotating
      chambers in which combustion occurs. In addition, the engine includes
      ignition means for simultaneously initiating combustion in the first and
      fourth chambers and for simultaneously initiating combustion in the second
      and third chambers after 180.degree. of crankshaft rotation subsequent to
      initiation of combustion in the first and fourth chambers, and gear means
      on the housing means and on the rotors for effecting relative rotation
      between the rotors and the crankshaft and between the crankshaft and the
      housing means in response to combustion in the chambers.
PAR  In further accordance with the invention, the engine includes a lower
      housing assembly including the first and second rotor cavities and an
      upper housing assembly including the third and fourth rotor cavities, and
      the crankshaft includes a lower portion in the lower housing assembly
      including first and second eccentric portions located at 180.degree. from
      each other, and an upper crankshaft portion in the upper housing assembly
      and including third and fourth eccentric portions located at 180.degree.
      from each other, together with coupling means on the upper and lower
      crankshaft portions and connecting the upper and lower crankshaft portions
      with the first and fourth eccentric portions in alignment with each other
      and with the second and third eccentric portions in alignment with each
      other.
PAR  In further accordance with the invention, the ignition means comprises a
      capacitor connected, in series, with each of two electronic switches each
      including a control terminal, with each of the electronic switches being
      connected to two ignition coils respectively including secondary ignition
      coils connected to respective spark plugs operably mounted in the first,
      second, third and fourth rotor cavities, a charge coil connected to the
      capacitor for charging thereof, a charge magnet rotated by the crankshaft
      in relation to the charge coil to effect charging of the capacitor, a
      trigger coil having opposite ends respectively connected to the control
      terminals of the electronic switches, and magnet means rotated by the
      crankshaft in relation to the trigger coil for producing in the trigger
      coil, for each rotation of the crankshaft, one pulse of one polarity and,
      after 180.degree. of crankshaft rotation, another pulse of the opposite
      polarity.
PAR  Still further, the invention provides a rotary internal combustion engine
      comprising a lower housing assembly including housing means defining first
      and second trochoid shaped rotor cavities, a lower crankshaft portion, and
      bearing means on the lower housing assembly for rotatably and axially
      supporting the lower crankshaft portion, together with an upper housing
      assembly located above the lower housing assembly and including housing
      means defining third and fourth trochoid shaped rotor cavities, an upper
      crankshaft portion, and bearing means on the upper housing assembly solely
      supporting the upper crankshaft portion for rotation in axial alignment
      with the lower crankshaft portion, coupling means for connecting the upper
      and lower crankshaft portions so as to transmit axial and rotary loading
      from the upper crankshaft portion to the lower crankshaft portion, and
      means securing together the first and second housing assemblies with the
      coupling means connecting the upper and lower crankshaft portions.
PAR  In further accordance with the invention, the lower crankshaft portion
      includes an annular shoulder engaging the bearing means in the lower
      housing assembly to provide the sole axial support for the crankshaft.
PAR  The invention also provides a crankshaft for a multi-rotor rotary internal
      combustion engine, which crankshaft includes, in series, first, second,
      third and fourth cylindrically shaped eccentric portions with the first
      and fourth eccentric portions being in alignment with each other and with
      the second and third eccentric portions being in alignment with each other
      and offset from the first and fourth eccentric portions by 180.degree..
PAR  In further accordance with the invention, the crankshaft includes a first
      portion including the first and second eccentric portions, and a second
      portion physically separate from the first portion and including the third
      and fourth eccentric portions, together with coupling means on the first
      and second crankshaft portions for connecting the first and second
      crankshaft portions to each other and with the first, second, third and
      fourth eccentric portions in series, and for transmitting torque
      therebetween.
PAR  One of the principal features of the invention is the provision of a
      four-rotor rotary internal combustion engine which is balanced without the
      aid of crankshaft counterweighting.
PAR  Another of the principal features of the invention is the provision of a
      rotary internal combustion engine including, in series, first, second,
      third and fourth aligned rotor cavities and ignition means for
      simultaneously initiating combustion in the first and fourth cavities and,
      after 180.degree. of crankshaft rotation, for simultaneously initiating
      combustion in the second and third rotor cavities.
PAR  Still another of the features of the invention is the provision, in a
      rotary internal combustion engine, of a split crankshaft including two
      physically separate portions, together with coupling means for connecting
      the physically separate portions to transmit axial and rotary loading, and
      means for axially supporting only one of the crankshaft portions from the
      engine.
PAR  Still another of the features of the invention is the provision of a
      crankshaft for a rotary internal combustion engine, which crankshaft
      includes, in series, first, second, third and fourth cylindrically shaped
      eccentric portions, with the first and fourth eccentric portions being in
      alignment with each other at an angular spacing of 180.degree. from the
      second and third eccentric portions.
PAR  Another of the principal features of the invention is the provision of a
      multi-rotor rotary internal combustion engine which incorporates
      substantially identically constructed housing members at least partially
      defining rotor cavities.
PAR  Still another of the features of the invention is the provision of a marine
      propulsion device in the form of an outboard motor including a multi-rotor
      rotary internal combustion engine.
PAR  Other features and advantages of the invention will become known by
      reference to the following drawings, general description, and claims.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially broken away, partially in
      section, and partially schematic of a marine propulsion device in the form
      of an outboard motor including a multi-rotor rotary internal combustion
      engine.
PAR  FIG. 2 is an exploded and enlarged perspective view of the crankshaft
      employed in the engine shown in FIG. 1.
PAR  FIG. 3 is a schematic wiring diagram of the ignition system employed in the
      engine shown in FIG. 1.
DETD
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of the
      construction and arrangement of parts set forth in the following general
      description or illustrated in the accompanying drawings, since the
      invention is capable of other embodiments and of being practiced or
      carried out in various ways. Also, it is to be understood that the
      phraseology or terminology employed herein is for the purpose of
      description and not or limitation.
PAC  GENERAL DESCRIPTION
PAR  Shown in the drawings is an outboard motor 11 which includes a propulsion
      unit 13 adapted to be connected to the stern of a boat by attachment means
      15 affording horizontal swinging or steering movement of the propulsion
      unit 13 relative to the boat and affording vertical swinging movement of
      the propulsion unit 13 relative to the boat. Any suitable construction can
      be employed for such attachment means 15.
PAR  The propulsion unit 13 comprises a lower unit 17 including a gear box 19
      which can include a reversing transmission 21 and which rotatably supports
      a propeller 23 adapted to be driven by the transmission 21. Extending at
      the top of the lower unit 17 to above the at-rest water line 25 is a
      bucket or water guard 27. Also, rigidly mounted on the top of the lower
      unit 17 within the bucket or water guard 27 is a rotary internal
      combusiton engine 29.
PAR  In accordance with a part of the invention, the rotary engine 29 is
      assembled from a vertically extending series of horizontally extending
      adjacent members, each of which includes one or more flat surfaces mating
      with the adjacent flat surface of the adjacently located member.
PAR  In accordance with another part of the invention, the engine 29 comprises
      two housing assemblies, each of which includes two rotor cavities. More
      particularly, the engine 29 includes a lower housing assembly 31
      comprising substantially identical lower and upper housing members 33 and
      35 respectively including wall means partially defining first and second
      or lower and upper trochoid shaped rotor cavities 37 and 39. Located
      between the lower and upper housing members 33 and 35 is an intermediate
      member 41 which further defines the lower and upper rotor cavities 37 and
      39. Located below the lower housing member 37 is a lower end wall member
      43 which further defines the lower rotor cavity 37, and located above the
      upper housing member 39 is an upper end wall member 45 which further
      defines the upper rotor cavity 39. The lower and upper housing members 33
      and 35, the intermediate member 41, and the lower and upper end wall
      members 43 and 45 are assembled in parallel relation to one another with
      the trochoid shaped cavities in aligned relation by any suitable means,
      such as a plurality of spaced bolts 49.
PAR  The engine 29 also includes an upper housing assembly 51 including lower
      and upper substantially identical housing members 53 and 55 which are also
      substantially identical to the housing members 33 and 35 and which
      respectively include wall means partially defining third and fourth or
      lower and upper trochoid shaped rotor cavities 57 and 59. Located between
      the lower and upper housing members 53 and 55 is an intermediate member 61
      which further defines the lower and upper rotor cavities 57 and 59.
      Located below the lower housing member 53 is a lower end wall member 63
      which further defines the lower rotor cavity 57, and located above the
      upper housing member 55 is an upper end wall member 65 which further
      defines the upper rotor cavity 59. The lower and upper housing members 53
      and 55, the intermediate member 61, and the lower and upper end wall
      members 63 and 65 are assembled in parallel relation to each other with
      the trochoid shaped cavities in aligned relation by any suitable means,
      such as a plurality of spaced bolts 69.
PAR  Extending vertically through the lower and upper housing assemblies 31 and
      51 is a crankshaft 71 which includes (See also FIG. 2) a lower crankshaft
      portion 73 extending through the lower and upper rotor cavities 37 and 39
      in the lower housing assembly 31, and an upper crankshaft portion 75 which
      is physically separate from the lower crankshaft portion 73 and which
      extends through the lower and upper rotor cavities 57 and 59 in the upper
      housing assembly 51.
PAR  More specifically, the lower crankshaft portion 73 is rotatably supported
      by an upper radial bearing 81 mounted in the upper end wall member 45 of
      the lower housing assembly 31, is radially supported by a lower radial
      bearing 83 mounted in the lower end wall member 43 of the lower housing
      assembly 31, and is axially supported along an annular shoulder 84 by a
      thrust bearing 85 mounted on the lower end wall member 43 of the lower
      housing assembly 31. The upper crankshaft portion 75 is rotatably
      supported by an upper radial bearing 91 mounted in the upper wall end
      member 65 of the upper housing assembly 51, and is also radially supported
      by a lower radial bearing 93 mounted in the lower end wall member 65 of
      the upper housing assembly 51. In accordance with another part of the
      invention, the upper crankshaft portion 75 is not axially supported by the
      upper housing assembly 51, but relies upon the axial support afforded to
      the lower crankshaft portion 73 by the thrust bearing 85.
PAR  The crankshaft 71 includes eccentric portions which are arranged so as to
      balance the overall engine without employment of counterweights. In this
      regard, the lower crankshaft portion 73 includes first and second or lower
      and upper eccentric portions 101 and 103 which are cylindrically shaped
      and which respectively extend in the lower and upper rotor cavities 37 and
      39 of the lower housing assembly 31, and the upper crankshaft portion 75
      includes third and fourth or lower and upper eccentric portions 111 and
      113 which are cylindrically shaped and which respectively extend in the
      lower and upper rotor cavities 57 and 59 of the upper housing assembly 51.
      Still more specifically, the first and fourth eccentric portions 101 and
      113 are aligned with each other, and the second and third eccentric
      portions 103 and 111 are aligned with each other but angularly offset from
      the first and fourth eccentric portions 101 and 113 by 180.degree..
PAR  Respectively rotatable in each of the first, second, third, and fourth
      rotor cavities 37, 39, 57 and 59 to thereby generate first, second, third
      and fourth rotatable combustion chambers in which combustion takes place,
      are first, second, third and fourth rotors 121, 123, 125 and 127 which are
      respectively rotatably mounted on the first, second, third and fourth
      crankshaft eccentric portions 101, 103, 111 and 113. Each of the rotors
      121, 123, 125 and 127 is generally triangular in shape.
PAR  Provided on each of the rotors 121, 123, 125 and 127 and on the associated
      housing assemblies 31 and 59 is gear means 131 for effecting relative
      rotation between the rotors 121, 123, 125 and 127 and the housing
      assemblies 31 and 59 and between the rotors 121, 123, 125 and 127 and the
      crankshaft 71 in response to combustion in the rotating chambers. In the
      illustrated construction, each rotor rotates once for each three
      revolutions of the crankshaft 71. In addition, the gear means 131 on the
      housing assemblies 31 and 51 are provided by bolting a gear member to the
      upper and lower end wall members of each housing assembly.
PAR  In order to operatively unify the crankshaft portions 73 and 75, coupling
      means 141 are provided therebetween in such manner as to maintain the
      crankshaft portions 73 and 75 in proper angular relation to each other, to
      resist bending therebetween, and to transmit torque. In addition, as
      already pointed out, the coupling means 141 transmits any axial load from
      the upper crankshaft portion 75 to the lower crankshaft portion 73. Any
      suitable coupling means can be employed. In the illustrated construction,
      the coupling means is provided by a splined female socket 142 in the upper
      end of the lower crankshaft portion 73 and by a mating splined projection
      143 which extends from the lower part of the upper crankshaft portion 75
      into the socket 142.
PAR  Means are also provided for securing together the upper and lower housing
      assemblies 31 and 51 with all of the trochoid shaped cavities 37, 39, 57
      and 59 in alignment with one another and with the lower and upper
      crankshaft portions 73 and 75 connected by the coupling means 141. In the
      illustrated construction, such securing means is provided by through bolts
      (not shown) extending through the upper and lower housing assemblies. In
      this last regard, the upper end wall member 45 of the lower housing
      assembly 31 includes pads or flat surfaces 144 which bear against
      cooperating flat surfaces 145 on the lower end wall member 63 of the upper
      housing assembly 51. As also can be seen from the drawings, the upper end
      wall member 45 of the lower housing assembly 31 extends forwardly above
      the guard or bucket 27 and is connected to the upper end of a kingpin 146
      forming a part of the beforementioned attachment means 15. At its lower
      end, the kingpin 146 extends into the lower unit 17 at 147.
PAR  The upper crankshaft portion 75 extends above the upper end wall member 65
      and is connected to a flywheel 149 which carries various components of an
      ignition means 151 for simultaneously initiating combustion in the first
      and fourth rotary chambers and for simultaneously initiating combustion in
      the second and third rotary chambers after 180 degrees of crankshaft
      rotation subsequent to the initiation of combustion in the first and
      fourth rotary chambers.
PAR  In this last regard, and as shown schematically in FIG. 3, the flywheel 149
      carries a plurality of charge magnets 153 which rotate past a charge coil
      155. At least one of the magnets 153 travels past the charge coil during
      each 180.degree. of crankshaft rotation. At one end, the charge coil 155
      is connected to the anode of a diode 157 having a cathode which, in turn,
      is connected to the first plate 158 of a charge capacitor 159. The other
      plate 160 of the capacitor 159 is connected to ground 161.
PAR  At its other end, the charge coil 155 is connected to ground 161 and to the
      anode of a diode 163 having a cathode which, in turn, is connected between
      the charge coil 155 and the anode of the diode 157. In turn, the first
      plate 158 of the capacitor 159 is also connected to electronic switches
      arranged in parallel. While other constructions could be employed, in the
      illustrated construction, the switches comprise two SCR's 167 and 169. In
      turn, the SCR 167 includes a cathode connected to two primary coils 171
      and 173 arranged in parallel and connected to ground 161. The respective
      primary coils 171 and 173 have associated therewith respective secondary
      coils 175 and 177 which are connected to ground 161 through respective
      spark plugs 181 and 183 which are respectively mounted in the housing
      members 33 and 55 and are operatively associated with the first and fourth
      rotating chambers.
PAR  The other SCR 169 includes a cathode connected to two primary coils 191 and
      193 arranged in parallel and connected to ground. The respective primary
      coils 191 and 193 have associated therewith respective secondary coils 195
      and 197 respectively connected to ground 161 through respective spark
      plugs 201 and 203 which are respectively mounted in the housing members 35
      and 53 and are operatively associated with the second and third rotating
      chambers.
PAR  The SCR 167 includes a control terminal or gate 205 which is triggered in
      response to a pulse of one polarity, and the other SCR 169 includes a
      control terminal or gate 207 which is triggered in response to a pulse of
      the other polarity. The gates 205 and 207 are respectively connected to
      the opposite ends of a trigger coil 211 mounted on a core 213 extending
      radially of an annular magnet 215 which is carried by the flywheel 149 and
      which includes one segment 217 of one polarity with an arcuate extent of
      approximately 180.degree. and further including a second segment 219 of
      the other polarity with an arcuate extent of approximately 180.degree..
      Accordingly, in operation, the ignition system 151 causes charging of the
      capacitor after every ignition and before the next ignition, causes
      simultaneous sparking or combustion initiation in the first and fourth
      chambers, and after 180.degree. of crankshaft rotation, causes subsequent
      simultaneous sparking in the second and third rotating chambers.
PAR  Various of the features of the invention are set forth in the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An internal combustion engine comprising a lower housing assembly
      including first and second trochoid shaped rotor cavities in aligned
      relation to each other, said lower housing assembly also including a
      thrust bearing, an upper housing assembly including third and fourth
      trochoid shaped rotor cavities in aligned relation to each other and to
      said first and second cavities, a crankshaft including, in series, first,
      second, third, and fourth eccentric portions respectively extending
      through said first, second, third, and fourth cavities, said crankshaft
      including a lower portion rotatably supported in said lower housing
      assembly and including first and second eccentric portions located at
      180.degree. from each other, said lower crankshaft portion also including
      an annular shoulder engaged with said thrust bearing to transmit axial
      loading from said lower crankshaft portion to said lower housing assembly
      and constituting the sole axial support for said crankshaft and an upper
      crankshaft portion rotatably supported in said upper housing assembly and
      including said third and fourth eccentric portions located at 180.degree.
      from each other, and coupling means on said upper and lower crankshaft
      portions for connecting said upper and lower crankshaft portions with said
      first and fourth eccentric portions in alignment with each other and with
      said second and third eccentric portions in alignment with each other and
      for transmitting axial loading from said upper crankshaft portion to said
      lower crankshaft portion, first, second, third, and fourth rotors
      respectively rotatably mounted on said first, second, third and fourth
      crankshaft portions and respectively rotatable in said first, second,
      third, and fourth cavities so as to respectively provide first, second,
      third, and fourth rotating chambers in which combustion takes place, said
      rotors and said eccentric crankshaft protions being angularly related to
      each other so as to provide rotational balance without counterweighting,
      and gear means on said housing means and on said rotors for effecting
      relative rotation between said rotors and said crankshaft and between said
      crankshaft and said housing means in response to combustion in said
      chambers.
NUM  2.
PAR  2. A rotary internal combustion engine in accordance with claim 1 wherein
      said first and fourth crankshaft eccentric portions are aligned with
      respect to each other and said second and third crankshaft eccentric
      portions are aligned with respect to each other at an angular spacing of
      180.degree. from said first and fourth crankshaft eccentric portions, and
      further including ignition means for simultaneously initiating combustion
      in said first and fourth chambers and for simultaneously initiating
      combustion in said second and third chambers after 180.degree. of
      crankshaft rotation subsequent to initiation of combustion in said first
      and fourth chambers.
NUM  3.
PAR  3. A rotary internal combustion engine including a lower housing assembly
      including first and second trochoid shaped rotor cavities in aligned
      relation to each other, said lower housing assembly also including a
      thrust bearing, an upper housing assembly including third and fourth
      trochoid shaped rotor cavities in aligned relation to each other and to
      said first and second rotor cavities, a crankshaft extending through said
      first, second, third, and fourth cavities, said crankshaft including a
      lower portion rotatably supported in said lower housing assembly and
      including first and second eccentric portions located at 180.degree. from
      each other, said lower crankshaft portion also including an annular
      shoulder engaged with said thrust bearing to transmit axial loading from
      said lower crankshaft portion to said lower housing assembly and
      constituting the sole axial support for said crankshaft and an upper
      crankshaft portion rotatable in said upper housing assembly and including
      third and fourth eccentric portions located at 180.degree. from each
      other, and coupling means on said upper and lower crankshaft portions for
      connecting said upper and lower crankshaft portions with said first and
      fourth eccentric portions in alignment with each other and with said
      second and third eccentric portions in alignment with each other and for
      transmitting axial loading from said upper crankshaft portion to said
      lower crankshaft portion, first, second, third, and fourth rotors
      rotatably mounted on said crankshaft and respectively rotatable in said
      first, second, third, and fourth cavities so as to respectively generate
      first, second, third, and fourth rotating chambers in which combustion
      occurs, ignition means for simultaneously initiating combustion in said
      first and fourth chambers and for simultaneously initiating combustion in
      said second and third chambers after 180.degree. of crankshaft rotation
      subsequent to initiation of combustion in said first and fourth chambers,
      and gear means on said housing means and on said rotors for effecting
      relative rotation between said rotors and said crankshaft and between said
      crankshaft and said housing means in response to firing of said chambers.
NUM  4.
PAR  4. A rotary internal combustion engine comprising a lower housing assembly
      including housing means defining first and second trochoid shaped rotor
      cavities, a lower crankshaft portion, and bearing means on said lower
      housing assembly for rotatably and axially supporting said lower
      crankshaft portion, an upper housing assembly located above said lower
      housing assembly and including housing means defining third and fourth
      trochoid shaped rotor cavities, an upper crankshaft portion, and bearing
      means on said upper housing assembly solely supporting said upper
      crankshaft portion for rotation in axial alignment with said lower
      crankshaft portion, coupling means on said upper and lower crankshaft
      portions for connecting said upper and lower crankshaft portions so as to
      transmit axial and rotary loading from said upper crankshaft portion to
      said lower crankshaft portion whereby said bearing means on said lower
      housing assembly provides the sole axial support for both said upper and
      lower crankshaft portions, and means securing together said first and
      second housing assemblies with said coupling means connecting said upper
      and lower crankshaft portions.
NUM  5.
PAR  5. A rotary internal combustion engine in accordance with claim 4 wherein
      said lower crankshaft portion includes an annular shoulder, and wherein
      said lower housing assembly includes a thrust bearing engaged with said
      annular shoulder to receive axial loading from lower crankshaft portion
      and constituting the sole axial support for said crankshaft.
NUM  6.
PAR  6. A rotary internal combustion engine in accordance with claim 4 wherein
      said lower crankshaft portion includes first and second eccentric portions
      located at 180.degree. from each other, wherein said upper crankshaft
      portion includes third and fourth eccentric portions located at
      180.degree. from each other, and said coupling means locates said first
      and fourth eccentric portions in alignment with each other and said second
      and third eccentric portions in alignment with each other.
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ABST
PAL  A concentric, valveless internal combustion engine is provided, consisting
      essentially of a rotary piston which revolves in a casing about a central
      shaft. The rotary piston contains combustion cavities distributed
      equidistantly around its perimetral wall surface. The casing contains
      combustion chambers and adjoining exhaust ports, and fuel intake manifolds
      in spaced relationship from one another. One or more means for igniting
      the fuel mixture is/are distributed at spaced intervals which are designed
      to provide timed ignitions of the fuel mixtures. Means are provided for
      starting the engine's rotation, and for feeding it a fuel-air mixture. As
      the piston rotates it carries the fuel mixture from the intakes to the
      points of fuel ignition, then to combustion chambers where the ignited
      fuel gases expand rapidly, and next to ports where the gases are exhausted
      from the engine. As the gases are formed the explosive force of their
      expansion against a certain portion of the engine housing and certain
      unique gate members causes the piston to rotate around the central shaft.
      The gate members are situated adjacent each combustion cavity. These gates
      are mounted for reciprocal movement radially into and out from the
      peripheral wall surface of the rotor. Sealing elements on the gates enable
      the gates to sweep the fuel-mixture to the combustion cavities, the gases
      being compressed en route with the help of shaped manifolds in the housing
      wall, and to sweep the burnt gases out of the combustion cavities and
      expansion chamber into and out through the exhaust ports.
BSUM
PAR  This invention has reference to rotary engines of the internal combustion
      type. More particularly, it pertains to multi-cycle engines in which each
      revolution results from several combustion cycles occurring in sequence.
PAR  It is a principal object of my invention to provide a concentric and
      valveless engine which may use either fuel with an ignition system or the
      diesel engine principle utilizing direct fuel injection and combustion by
      compression.
PAR  A further object of my invention is to provide a rotary piston design which
      eliminates the need for eccentric rotary devices, planetary gear systems,
      and complex machining of its prior art counterparts.
PAR  A still further object is to provide an almost continuous power impulse per
      revolution of the rotary piston member, which compares much more favorably
      than the three power impulses per revolution inherent in the leading
      pre-existing rotary engines.
PAR  The foregoing and other comparable objects are achieved by means of a
      concentric circular rotor or rotary piston operating in a casing therefor.
      In the designs utilizing an ignition system there is provided one or more
      sources of ignition through the casing wall at spaced intervals, one or
      more fuel intake manifolds, and one or more combustion chambers each of
      which leads into an adjacent and contiguous exhaust port through which
      gases are vented from the casing.
PAR  The rotor freely rotates around a central drive shaft. At equi-distant
      points around the perimeter of the rotor there are provided a number of
      arcuate-shaped compression/combustion gate members. Each gate member is
      mounted so as to move under centrifugal force or spring-loaded pressure
      radially outward from the peripheral surface of the rotor, and radially
      inward into arcuate radial slots in the rotor under the urging of cam-like
      portions of the casing's wall. At the radially outermost edge of each gate
      member there are provided gate sealing elements whose outer perimetral
      surfaces are sealingly in contact with the inner surface of the casing
      wall.
PAR  At symmetrically spaced intervals about the rotor's perimetral surface
      there are provided combustion cavities or pockets so shaped and designed
      that when a portion of one of them is adjacent the opening from a fuel
      intake manifold a portion of that pocket is adjacent the opening into a
      combustion chamber and/or its continguous exhaust port.
PAR  In FIG. 2 of the accompanying illustrations the overall appearance of the
      rotor may be seen as somewhat resembling a paddle wheel. The planar
      surface of the rotor may further be likened to that of a circular saw
      blade in which the spaces between the saw-like "teeth" portions are the
      combustion cavities or pockets. Between each adjacent pair of these
      pockets there is a slot in the rotor's peripheral surface which is
      elongated and whose longer dimension is in a circumferential direction.
      Each elongated slot serves to house a pair of pivot arms for one of the
      gate members when the gate is in the radially innermost extent of its
      travel. Each elongated slot at one end is perpendicular to and connects
      with an adjacent arcuate radial slot.
PAR  As the description of the invention proceeds its advantages over
      pre-existing engines will become apparent, particularly in view of the
      closer cooperation which it makes possible between the pocket-like
      combustion chambers and the rotor during the compression of the
      air-gasoline mixture, the ignition, the expansion of the combustion gases,
      and the scavenging of waste or spent gases.
DRWD
PAR  The design, construction and operation of my invention will be better
      understood from the detailed description which follows, particularly when
      reference is made to the following drawings, wherein:
PAR  FIG. 1 is a schematic diagram of the overall system of a machine
      incorporating the engine of the present invention in which there is
      utilized a super-charged, mechanically aspirated or pumped fuel system;
PAR  FIG. 1A is a modified version of the FIG. 1 system, there being no
      super-charger or pump. Instead, the fuel is naturally aspirated directly
      to the point of its ignition rather than being forced by the supercharger
      to the fuel intake manifolds;
PAR  FIG. 2 is a partial cross-section of the engine through the housing and
      rotor of the FIG. 1 version, the sectional showing being along a plane
      which is transverse the axis of the rotor's rotation;
PAR  FIG. 3 is a fragmentary section taken substantially on lines 3--3 of FIG. 2
      to show, in partial front elevation, a gate member and an adjacent portion
      of the casing in sealing relationship with each other;
PAR  FIG. 4 is a fragmentary view in perspective, of the rotor showing the
      apertures provided for receiving the reciprocating gate member and the
      attendant combustion chambers;
PAR  FIG. 5A shows, in fragmentary perspective, the functional end of the FIG. 5
      gate member modified to provide two oppositely placed projecting lips.
PAR  FIG. 5 is an isometric view of one of the gate members and its associated
      seals;
PAR  FIG. 6 is a perspective showing of the two-part sealing members of FIG. 5
      and their associated spring elements, both members and elements having
      been removed from one of the gate members;
PAR  FIG. 7 is a partial cross-section of the engine through the housing and
      rotor of the FIG. 1A version, the sectional showing being along a plane
      which is transverse the axis of the rotor's rotation; and
PAR  FIG. 8 is a fragmentary section taken substantially on lines 8--8 of FIG. 7
      to show the interrelationships of the gate sealing elements, the cam-like
      portion of casing, the manifold and the fuel intake.
DETD
PAR  Referring to the drawings, the general engine assembly 10 has an operating
      motor 12 shown in FIG. 1 provided with a conventional fuel ignition system
      14, an electric starting motor 16 for initially turning over the engine
      rotor, and a supercharger or compressor 18 for introducing a combustible
      mixture of fuel and air under pressure to the motor. Simply stated, the
      motor's operation consists in furnishing fuel from compressor 18 through a
      suitable supply line or intake means 19, then through the walls of
      manifolds 23 which are concentric with the cylindrical motor housing or
      casing 25 into the interior of the engine. Combustion of the fuel and
      expansion of the resulting gases takes place in the engine, thereby
      creating the power which applies a torque to turn the engine's central
      drive shaft 27, the spent gases being swept from the engine through
      exhaust ports 29.
PAR  More definitively explained, by reference to FIGS. 2-3-4-5-5A-6, two basic
      keys to the improved performance of the present invention over the prior
      art reside in the unique cylindrical rotor 31 and the arcuate gate members
      33. The rotor has, at equally spaced points around its perimetral surface,
      scooped-out pockets forming combustion cavities 35. For ease of reference
      the combustion cavities exposed in FIG. 2 have been labelled
      consecutively, from left to right, 35a-35e inclusive. Between each
      consecutive pair of such cavities is an elongated slot 37 which is
      positioned so that a consecutive series of such slots collectively form a
      regularly interrupted circumferential recess or channel around the
      peripheral wall of the rotor. At one end of each elongated slot 37,
      roughly perpendicular thereto and connected therewith, is an arcuate
      radially directed slot 39. The purpose for slots 37 and 39 will be
      discussed below.
PAR  The rotor 31 is secured to the motor's central drive shaft 27 by means of a
      hub member 41. The rotor proper and its hub are interconnected by canted
      vanes 43 which serve the further purpose of helping to direct outside air
      into the engine's interior for cooling purposes. The outside air is
      admitted through apertures 45, shown in circular configuration in FIG. 2,
      through the engine's end walls.
PAR  The arcuate gate members 33 have the configuration best shown in FIGS.
      5-5A-6. Each gate member consists of a housing 47 having a milled groove
      49 in which are fitted two interlocking sealing elements 51A-51B.
      Resilient members such as springs 53 are held between the interlocking
      surfaces of elements 51A-51B so as to provide each element with a lateral
      thrust acting as if to diverge them from each other. Optionally, but
      preferably, there may be provided projecting lips 55A-55B on the radially
      outward extremity of each of the sealing elements.
PAR  Projecting from the wall of each arcuate gate member 33 having the smaller
      of its two radii, almost perpendicular to that wall surface, are a
      substantially parallel pair of pivot arms 57. At the free extremity of
      each of those arms is an opening or hole 59 extending therethrough. The
      holes 59 in each pair of pivot arms are exactly the same shape and size
      and are in substantial axial alignment with each other. Passing through
      each pair of holes 59 is a pivot pin 61 which is mounted between the
      opposing end walls of the rotor, thereby providing a support for pivot
      arms 57 about which gate member 33 can pivot as it undergoes its
      reciprocal movement into and out from slots 37 and 39 of rotor 31.
PAR  Earlier, mention was made of the arcuate gate member's projecting lips
      55A-55B. When the gate member is retracted fully into slots 37 and 39 in
      the rotor member 31, lip 55A is seated entirely within recess 65 in the
      peripheral face of the rotor. If the gate member has the optional lip 55B
      it, too, is seated entirely within a corresponding recess (not shown) in
      the rotor's face. One or more passageways 67 are provided for ready
      communication between combustion pockets 35 and the lip-accommodating
      recess 65.
PAR  On the edges of the rotor are ring seals 69 (see FIG. 4) seated within
      accommodating grooves 70 therefor. Pins 71 are provided for securing seals
      69 in position. Notches 73 are cut into the rotor's peripheral wall
      surface to admit into each notch one of the arcuate gate members 33 at the
      same time that the gate's pivot arms 57 are admitted into corresponding
      slots 37. When each gate and its pivot arms are completely depressed into
      the rotor's wall surface, as seen in the first (on the extreme left) and
      last (on the extreme right) positions of the gate members laid bare in the
      FIG. 2 showing, the lip-like portion 55 (see FIG. 5) of the gate member is
      accommodated in recess 65 therefor as stated above. Ring seals 69, it will
      further be noted, matingly overlap each other (see FIG. 4) by their ends
      75. Serving to keep the gate members and their pivot arms and lips fully
      depressed into the rotor wall are the transitional portions of housing 25
      which have the cam-like "ogee" configuration 80 shown in FIG. 2. When the
      gate members are free of the urging to move radially inward provided by
      cam-like housing portions 80, springs or other resilient members 82, in
      conjunction with centrifugal force providing radial thrust outward,
      provide the thrust that urges the gate members to move radially outward to
      their fully extended positions which they have when they are in the
      vicinity of the gas exhaust and fuel intake ducts as shown in FIG. 2.
PAR  Ignition of the fuel-air mixture is provided by one or more spark plugs or
      other ignitors 90 mounted so as to extend through housing 25 wall. When
      more than one spark plug is employed they are located in timed
      circumferential relationship to each other and to the fuel intakes 19 and
      gas exhaust means 29 so as to provide the sparks which they emit at even
      intervals timed with the movement of the fuel mixture to the points where
      it is to be ignited.
PAR  With the various parts of the invention as illustrated in the drawings
      having each been described, a description of their cooperative functions
      may now be presented. Referring first to FIGS. 1-2, the electric starting
      motor 16 is turned on so as to commence turning central drive shaft 27 in
      clock-wise direction. Next, the fuel-air mixture is supplied under
      pressure through carburetor or supercharger 18, through fuel intake means
      19, inside the motor housing 25 expanded or transitional portions having
      the cam-like ogee configuration designated by reference character 80.
PAR  As the drive shaft rotates it likewise causes rotor 31 to rotate, and with
      the rotor the arcuate gate members 33 rotate whether in their fully,
      radially outward extended positions or in their intermediate or fully,
      radially inwardly depressed positions. In their radially outward, fully
      extended positions the gate members serve to sweep the exhaust gases out
      through exhaust ducts 29 and, further along in their clockwise movement
      with the rotor, they also seem to sweep the fuel mixture received through
      fuel intake means 19 to one of the combustion pockets 35 that has become
      positioned adjacent spark plug 90. Ignition and construction of the fuel
      mixture takes place in that pocket. Shortly afterward, as the clockwise
      movement of the rotor continues, that pocket is brought to the vicinity of
      the ogee portion 80 of the housing wall 25 whereupon the gases are enabled
      to escape by expansion out of the pocket and into the adjacent exhaust
      duct 29.
PAR  The thus emptied combustion pocket is moved on by further rotor rotation to
      a point where it is adjacent the next fuel intake means 19 where it
      receives a quantity of new fuel. Still futher clockwise movement causes
      the fuel to become compressed into the combustion pocket by virtue of the
      fact that the gate member adjacent to that pocket is being compressed into
      radial slot 39 by the cam-like action of ogee 80. As this occurs lips 55
      of the gate member are pushed into their accommodating recesses 65. Still
      further along in the rotary cycle, as the gate member is once again freed
      from the cam-like urging of housing wall 25, the exhaust gases in pocket
      35 start to escape through passageway 67 into recess 65 where some of the
      gases become trapped behind lips 55 and serve thereby to urge gate member
      33, together with the aid of springs 82 in conjunction with centrifugal
      force providing radial thrust outward, to extend fully out of slots 39.
PAR  As the arcuate gate members move reciprocally in and out of the rotor wall
      they are kept true in their travel by the parallel pivot arms 57 which
      pivot about pins 61. The slots 37 which serve to receive pivot arms 57
      when the gate members are depressed also receive some of the exhaust gases
      which pass through recess 65, but these gases also are purged through the
      exhaust means 29 when slots 37 are adjacent thereto.
PAR  For ease of reference and description, in FIG. 2 the combustion pockets
      have been designated consecutively, from left to right in a clockwise
      direction, as 35a, 35b, 35c, etc. In 35a there is a supply of fuel-air
      mixture which was admitted when that pocket passed by fuel intake means 19
      shown at the bottom of the drawing. By this point the mixture has been
      compressed by means of the arcuate gate member which preceded it having
      swept into the pocket all of the mixture it could hold under the given
      pressure and temperature conditions. When the rotor is moved a little more
      an instant later the mixture will pass beneath spark plug 90 to become
      ignited. Moments later the ignited mixture will reach the point
      represented by 35b and start to exhaust the gases caused by the ignition
      out through exhaust means 29. Helping this exhaustion step will be the
      gate member which follows into position adjacent the exhaust means. Then
      when the pocket reaches the position represented by 35c it is at a point
      where it will take on a new load of fuel air mixture from fuel intake 19
      and the cycle will be resumed again.
PAR  It should be understood that the gases formed upon ignition of the mixture
      expand into chamber 79 upon leaving the combustion pocket and moving
      through passageway 67 to exert force against the projecting lips 55A of
      the gate members, thereby agumenting the radially outward force applied to
      the gate member by centrifugal force and expansion of spring 82 so as to
      open the gate and maintain it in sealing relationship with the inner
      surface of housing wall 25. The force exerted by the expanding gases
      acting between the ogee portion of the housing and against the face of the
      gate member also imparts a torque to the rotor which is transmitted to
      shaft 27 so as to aid the shaft's clockwise rotation. It may be noted that
      as the gate member is forced open it moves in a direction away from the
      force generated by the gaseous products of combustion. In so doing the
      gate member presents a direct surface, in the form of the deflector
      surface formed by lip-like portions 55 of the gate members, which the
      combustion forces may act upon. At the same time there is presented a
      lesser negative force along the upper trailing canted surface of the gate
      member which acts to help close the gates.
PAR  As the rotor turns, the fuel mixture and gases are sealed from leakage in
      several ways. The ring seals 69 on the edges of the rotor itself serve for
      this purpose as they are in brush contact with the inner surface of
      housing wall 25. Springs 53 which provide divergent lateral thrusts to
      gate sealing elements 51A-51B serve to keep down leakage past the outsides
      of the arcuate gate member. The thrusts provided by springs 82 and the
      exhaust gases under gate member projecting lips 55, together with the aid
      of centrifugal force, serve to keep the radially outward leading edges of
      elements 51A-51B against the inner wall surfaces of housing 25, including
      ogee portions 80. Sealing of the fuel mixture in the combustion pockets by
      means of the gate member which follows each pocket has been explained
      previously.
PAR  As the motor operates heat is generated. For increased efficiency cooling
      of the motor is desirable. Aiding in such cooling by blowing of air under
      pressure are the vanes 43 which serve as spokes connecting the rotor to
      the hub 41. The apertures 45 provided through the end walls of the motor
      housing permit convenient entrance of the air to the vanes.
PAR  The actual configurations of the rotor or any of the designated and
      illustrated parts are illustrative only, and may be varied in numerous
      ways without departing from the spirit and scope of the invention. Mainly
      such variations will be in the nature of dimensional adjustments based
      upon the number of fuel and air intake manifolds and exhaust ports that
      are employed, the size of the engine proper, etc. The size, depth and
      breath of the combustion cavities or pockets can be empirically altered to
      suit different conditions caused by variations in the nature and efficacy
      of the fuel charges and the amount of torque imparted when those charges
      are ignited.
PAR  The compression ratio which is achieved when the fuel mixture is forced
      into and sealed in the combustion pockets is a function of the size of the
      compression/expansion chamber 79 (the expanded transitional portion of the
      housing) to the size of each combustion cavity 35. The illustrated design
      utilizes eight gates and combustion cavities which serve to provide 16
      power impulses per revolution. However, the shape and number may vary
      according to the application desired. The simultaneous compression and
      combustion equalizes bearing loads so as to prevent unnecessarily high
      ones from developing. Lubrication may be by oil mixed with the fuel or oil
      pumped through a drilled shaft and out to the gates, pivots and housing
      walls, or sprayed directly to the housing and rotor periphery. Cooling of
      the motor may be by water and/or the illustrated air-cooling system.
      Additional seals on the gates and rotor may be used if desired. The
      duration of intake, compression, combustion and exhaust may be shortened
      or lengthened by changing the housing and minifold configuration
      accordingly. More than one ignitor or injector may be used per
      ignition/combustion point.
PAR  In the FIG. 1A version of the invention the fuel is naturally aspirated.
      The exhaust and intake manifolds are modified from the FIG. 1 design and
      the supercharger is eliminated. Forced evacuation and induction is
      provided in lieu of the superchargers. The impact of these modifications
      is a 50 percent reduction in the number of power impulses per revolution.
      The modifications accomplish forced evacuation and induction in the
      following manner, which can best be explained by reference to FIGS. 1A, 7
      and 8. The general schematic for the motor assembly is designated as 110.
      The motor proper is 112 and the ignition system is 114. The electric
      starting motor is 116. The fuel intake means is 119 and the exhaust is
      120. Other pertinent parts to note are central drive shaft 122, rotor
      member 124, hub 126, vanes 128, cylindrical housing 130 having a manifold
      132 at the fuel intake zone and an auxiliary manifold 133 to enlarge the
      intake zone. The transitional portion 134 of manifold 132 has a cam-like
      configuration as shown.
PAR  An exhaust manifold 135 and an auxiliary exhaust manifold 136 are provided,
      each with transitional portions of cam-like configurations designated by
      137-138. A spark plug 140 is shown mounted so as to extend through the
      housing wall into the combustion chamber. The remaining parts may be
      identified as the housing end walls 142, the circularly spaced apertures
      144 in end walls 142, arcuate gate members 150 uniformly spaced
      peripherally about the circumferential face of rotor 124, springs 152,
      gate pivot arms 154, pivot pins 156 for the gates pivot arms, gate sealing
      elements 158 A-B, milled grooves 160 to retain elements 158, springs to
      provide side thrust to elements 158, projecting lips 164 on gate members
      150, combustion pockets 170 spaced around the peripheral surface of the
      rotor, recesses 172 adjacent the combustion pockets to accomodate lips
      164, communicating passageways 174 between combustion pockets 170 and
      recesses 172, arcuate slots 176 to receive gates 150, slots 178 to receive
      arms 154 of gates 150, ring seals 180 on the edges of the rotor, pins 182
      to secure seals 180, notches 184 to admit gates 150 overlapped ends 186 of
      ring seals 180, and grooves 188 to receive the ring seals. Each of these
      parts will be readily understood to perform the same functions of their
      counterparts which have been described in detail with reference to FIGS. 1
      and 2.
PAR  The compression, ignition and power application are identical to the
      previously described supercharged apparatus. The exhaust port preferably
      is somewhat elongated to allow the gates to be cammed into the closed
      position by the housing, but still having access to the exhaust port
      except for that gas which is contained in the rotor combustion cavity. The
      gate then is allowed to reopen in the elongated intake port section, and
      in opening there is created a larger area which must be filled by drawing
      in the fresh charge from the intake port. The fresh charge is therefore
      drawn into the compression chamber the same as in a four cycle engine and
      the cycle is then repeated.
PAR  In conclusion, it may be seen from the foregoing description that my
      invention basically consists of means for transporting a compressible
      combustible charge from the fuel intake to the point of combustion and
      subsequent expansion or reaction chamber, then exhaust. The engine, as has
      been made clear, is valveless and its main moving part is concentric.
      Unlike prior art rotary engine devices no mechanically actuated valve
      system is employed, nor is there any mechanically induced eccentric
      rotation of parts.
PAR  A highly critical and novel feature of the invention is the use of the
      series of arcuate-shaped gate members and combustion pockets equi-spaced
      about the periphery of the rotor. The reciprocatable gates serve to help
      sweep and compress the fuel-mixture into the combustion pockets, seal the
      pockets, and, being driven by the forces generated by combustion of the
      fuel, sweep the burnt gases out of the engine later as the rotor moves on
      to successive rotational positions. At the same time the gate members
      serve to seal against gas leakage between the rotor and the motor housing
      with a minimum amount of friction since the pivot arms eliminate the
      friction which the gates would have by bearing against the slots due to
      the compression and combustion forces if the pivot arms were not utilized.
PAR  As previously mentioned, and as will surely be apparent to those persons
      familiar with combustion engines and the diesel engine principle, the
      diesel principle may be utilized in the practice of this invention with
      some simple substitutions for various parts described above. Diesel oil
      is, of course, used in place of gasoline for the fuel. Diesel fuel,
      injectors and injector pumps are used in place of igniters and
      carburetors. And, finally, the compression ratio must be raised to the
      required levels to achieve combustion. The operation and function of all
      previously described parts and the engine itself will perform as presented
      in the preceding pages.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a valveless, concentric rotary internal combustion engine which
      imparts a rotary motion to a power shaft by the contained and directed
      expansion of its exhaust gases, a substantially hollow cylindrical housing
      having closed end walls and further having throughout its length main
      walls with cross-sectional dimensions consisting of two different radii,
      each main wall portion having the larger radius being gradually tapered at
      each of its circumferential extremities to a continuous juncture with the
      adjacent wall portion having the smaller radius, a central shaft rotatably
      mounted so as to extend axially between the two end walls of said housing,
      a cylindrically shaped rotary piston mounted within said housing so as to
      revolve about said central shaft with the piston's outer circumferential
      wall surface in piston-cylinder relationship to the interior surface of
      said housing's main wall portions having the smaller of the two radii, a
      plurality of combustion pockets spaced equally from each other around and
      depressed into the peripheral wall surface of said rotary piston, a
      plurality of slots extending radially inward from the peripheral wall
      surface of said rotary piston with each slot being located forward of an
      adjacent combustion pocket in the direction of rotation of said rotary
      piston, at least one passageway extending from a combustion pocket to the
      slot adjacent thereto so as to enable combustion gases to escape from the
      combustion pocket and expand into the adjacent slot, a gate member mounted
      for reciprocatable movement into and partially out from each said slot so
      that as the rotary piston rotates centrifugal force urges each gate member
      to move radially outward so that its outer extremity is constantly in
      contact with the interior main wall surfaces of said housing, at least one
      projecting lip near the radially outward extremity of the gate member
      which serves to trap gases escaping from the combustion chamber through
      the connecting passageway and adjacent slot which accommodates that lip in
      a manner which supplements centrifugal force in urging the gate member in
      a radially outward direction, a gas exhaust port leading from said
      housing's wall portion having the larger radius, a fuel inlet port located
      in the same housing wall portion forward of the exhaust port in the
      direction of rotation of said rotary piston, means for igniting fuel
      extending interiorly through the housing's main wall portions having the
      smaller radius, and means for starting the rotation of said central shaft
      and its attached rotary piston.
NUM  2.
PAR  2. The engine of claim 1 which is mechanically associated by means of a
      supercharger incorporated in the air intake system.
NUM  3.
PAR  3. The engine of claim 1 in which resilient means are located in each of
      said slots radially inward behind the gate member mounted therein so as to
      supplement centrifugal force in urging the gate member in a radially
      outward direction.
NUM  4.
PAR  4. The engine of claim 1 in which there are provided spring loaded seals on
      the peripheral edges of the rotary piston sealed within accommodating
      grooves therefor, pins for securing said seals in those grooves in proper
      sealing position, and overlapping ends of each seal serving to minimize
      leakage of the combustion gases past those seal ends.
NUM  5.
PAR  5. The engine of claim 1 in which each gate member has extending
      substantially perpendicular thereto an arm which is pivotably secured at
      the arm's other extremity to the rotary piston so as to aid in the
      radially inward and outward reciprocatable movement of the gate member
      with relation to the slot in which it is mounted.
NUM  6.
PAR  6. The engine of claim 5 in which there is provided an elongated slot
      within the peripheral surface of the rotary piston to receive
      substantially the full length of the gate member's arm when the gate
      member is withdrawn substantially entirely into its accommodating slot
      extending radially into the piston's peripheral wall surface.
NUM  7.
PAR  7. The engine of claim 6 in which there is further provided an elongated
      recess associated at one of its ends with the elongated slot and at the
      other of its ends with an adjacent combustion pocket, whereby combustion
      gases issuing from said pocket are readily directed by a connecting
      passageway through the recess and slot to the gate members's projecting
      lip.
NUM  8.
PAR  8. The engine of claim 1 in which each gate member has as its radially
      outward extremity a bearing surface which is in constant sealing
      relationship with the inner main wall surfaces of said housing.
NUM  9.
PAR  9. The engine of claim 1 in which each gate member is comprised of two
      inter-fitting sealing elements, and resilient means mounted between said
      elements so as to provide lateral thrusts to each element in opposite
      directions to each other so as to urge them into sealing relationships
      with the end walls of said housing.
NUM  10.
PAR  10. The engine of claim 1 in which each gate member and each accommodating
      slot therefor have arcuate shapes, with the gate member's and the slot's
      surfaces having the smaller radius preceding the surfaces of the gate
      member's and slot's larger radius as the piston is rotated.
NUM  11.
PAR  11. The engine of claim 1 in which there is provided a central hub which is
      mounted for rotation on the central shaft, and interconnecting spoke-like
      vanes connecting the piston to said central hub.
NUM  12.
PAR  12. The engine of claim 11 in which the vanes are canted so as to draft air
      into the interior of the engine to augment internal engine cooling.
NUM  13.
PAR  13. In a valveless, concentric rotary internal combustion engine which
      imparts a rotary motion to a power shaft by the contained and directed
      expansion of its exhaust gases, a substantially hollow cylindrical housing
      having closed end walls and further having throughout its length main
      walls with cross-sectional dimensions consisting of two different radii,
      each main wall portion having the larger radius being gradually tapered at
      each of its circumferential extremities to a continuous juncture with the
      adjacent main wall portion having the smaller radius, a central shaft
      rotatably mounted so as to extend axially between the two end walls of
      said housing, a cylindrically shaped rotary piston mounted within said
      housing so as to revolve about said central shaft with the piston's outer
      circumferential wall surface in piston-cylinder relationship to the
      interior surface of said housing's main wall portions having the smaller
      of its two radii, a plurality of combustion pockets spaced equally from
      each other around and depressed into the peripheral wall surface of said
      rotary piston, a plurality of slots extending radially inward from the
      peripheral wall surface of said rotary piston with each slot being located
      forward of an adjacent combustion pocket in the direction of rotation of
      said rotary piston, at least one passageway extending from a combustion
      pocket to the slot adjacent thereto so as to enable combustion gases to
      escape from the combustion pocket and expand into the adjacent slot, a
      gate member mounted for reciprocatable movement into and partially out
      from each said slot so that as the rotary piston rotates centrifugal force
      urges each gate member to move radially outward so that its outer
      extremity is constantly in contact with the interior main wall surfaces of
      said housing, at least one projecting lip near the radially outward
      extremity of the gate member which serves to trap gases escaping from the
      combustion chamber through the connecting passageway and adjacent slot
      which accommodates that lip in a manner which supplements centrifugal
      force in urging the gate member in a radially outward direction, a gas
      exhaust port leading from said housing's wall portion having the larger
      radius, a diesel fuel inlet port located in the same housing wall portion
      forward of the exhaust port in the direction of rotation of said rotary
      piston, and means for starting the rotation of said central shaft and its
      attached rotary piston.
NUM  14.
PAR  14. In a valveless, concentric, rotary internal combustion engine having a
      housing, a cylindrically shaped piston mounted for rotary movement in said
      housing, combustion pockets in the piston's peripheral wall surface
      opposed to the inner wall surface of the engine's housing, a variable
      volume working chamber defined by the inner surface of the engine's
      housing on one side and opposite thereto the piston's wall surface, said
      working chamber providing the space necessary for receiving the fuel and
      alternate compression of gases after the gases are ignited followed by
      exhaustion of the gases from the chamber, gate members pivotably mounted
      on said piston for substantially frictionless reciprocatable movement so
      as alternately to compress combustion gases in the piston's combustion
      pockets and permit the gases to be released therefrom, said gate members
      each having extending substantially perpendicular thereto an arm which is
      secured at the arm's other extremity to the rotary piston, at least one
      projecting lip near the radially outward extremity of the gate member
      which serves to trap gases emerging from the combustion pockets in a
      manner which supplements centrifugal force in a radially outward
      direction, elongated slots within the peripheral surface of the rotary
      piston to receive the gate member's arms, and elongated recesses each
      associated at one of its ends with an adjacent combustion pocket whereby
      combustion gases issuing from the pocket are readily directed by a
      connecting passageway through the recess and slot to the gate member's
      projecting lip.
NUM  15.
PAR  15. The engine of claim 14 in which the gate members have two major opposed
      surfaces, one facing in the direction of rotation of the rotary piston and
      the other facing away from that direction of rotation, the former surface
      aiding in the compression of the fuel-air mixture and the latter surface
      aiding in the expansion of the combustion gases and in the torque applied
      thereby to the rotary piston.
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ABST
PAL  In a fuel management system having an exhaust gas sensor located in an
      exhaust gas system of an internal combustion engine for controlling the
      fuel air ratio of the fuel mixture to the internal combustion engine, a
      detection system for detecting when the operating temperature of the
      exhaust gas sensor is within its normal operating range. In the preferred
      embodiment, an oxygen gas sensor having a voltage output above a first
      threshold level in a rich fuel mixture and a voltage output below a second
      threshold level in a lean fuel mixture is used for controlling the fuel
      air mixture to the internal combustion engine. When the oxygen gas sensor
      is below its normal operating temperature, the internal impedance of the
      sensor is such that the voltage generated by the sensor through its
      amplifier is extremely high. The detection system compares a timed
      developed output of the sensor to a temperature reference voltage and
      supplies a signal to enable the control function of the sensor when
      operating within its normal temperature range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to gas sensor operating systems in general and more
      particularly to exhaust gas sensors operating in a fuel injection system
      for determining when the operating temperature of the sensor is within its
      normal operating range.
PAR  2. Description of the Prior Art
PAR  In a preferred embodiment wherein an oxygen gas sensor is positioned in the
      exhaust system of an internal combustion engine for generating an output
      signal for controlling the air fuel ratio of the fuel mixture supplied to
      the engine, the sensor must be above a certain temperature in order to
      operate properly. If the oxygen gas sensor is below this temperature, the
      sensor operation is abnormal resulting in the internal combustion engine
      operating unsatisfactorily.
PAR  When an oxygen gas sensor in the exhaust system is operating below its
      operating temperature typically after a cold start or during a prolonged
      idle condition, its impedance is or will become very high. However during
      normal temperature operations its impedance decreases to a low value.
PAR  Several prior art control systems are used to control the output of the
      exhaust gas sensor circuit during the cold operation. One control system
      disables the output of the exhaust gas sensor when the engine coolant
      temperature is below a predetermined temperature level. In this system it
      is assumed that when the engine coolant temperature becomes sufficiently
      warm, the exhaust gas temperature is sufficiently high to heat the oxygen
      gas sensor to its operating temperature.
PAR  Another system is based strictly on a time signal. The timing circuit is
      initiated from the turn on of an ignition key and at the end of the
      predetermined time it is assumed that the exhaust gas sensor is at its
      operating temperature. The disadvantage of this particular system is that
      the time is an arbitrary value and is not able to cover all engine
      operations. In particular, in either of the above two systems if the
      internal combustion engine is operated at an idle condition for a
      sufficiently long period of time the operating temperature of the sensor
      would decrease and yet neither of the two systems would be able to detect
      the sensor temperature decreasing.
PAC  SUMMARY OF THE INVENTION
PAR  In the system to be described herein the system is responsive to the
      voltage changes during the operation of the gas sensor. If there are no
      voltage changes the gas sensor is determined by the system to be cold and
      the control circuit for the exhaust gas sensor is not allowed to control
      the fuel management system.
PAR  It is a principal object of the invention to monitor the operation of the
      exhaust gas sensor and allow it to control the fuel management system only
      when the sensor is within its normal temperature operating range.
PAR  It is another object of this invention to detect the operating temperature
      of an exhaust gas sensor by monitoring its output signals and not by any
      arbitrary engine operation or for a predetermined interval of time.
PAR  It is another object of this invention to provide a control system for
      monitoring the operating temperature of an exhaust gas sensor wherein the
      system automatically adjusts for any hot start condition of an internal
      combustion engine.
PAR  These and other objects of the invention will be understood from the
      following detailed description and drawings of a detection system for
      detecting the operating temperature of an exhaust gas sensor. The exhaust
      gas sensor is electrically connected to an amplifying circuit means for
      generating an output when the internal impedance of the sensor is reduced
      due to the heating of the sensor. The output of the amplifying circuit
      means is a voltage signal having a low voltage level when the sensor
      responds to the absence of a particular predetermined constituent gas in
      the exhaust gas and having a high voltage level when the sensor responds
      to the presence of a particular predetermined constituent gas.
      Electrically connected to the output of the amplifier means is a capacitor
      having a series resistance controlling the charging rate of the capacitor.
      The capacitor charges to the voltage magnitude the high voltage level
      output of said amplifier circuit means. The capacitor is discharged
      through a discharging control circuit when the output of the amplifier
      circuit means is at the low voltage level. Additionally the output of the
      capacitor is electrically connected to the inverting input of a
      comparator. The noninverting input of the comparator is electrically
      connected to a reference voltage representing the operating temperature of
      the sensor. A comparator compares the voltage level of the capacitor with
      the reference voltage and when the capacitor voltage exceeds the reference
      voltage the output of the comparator is an enabling signal for enabling
      the controlling function of the exhaust gas sensor.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of the temperature detection system for an
      exhaust gas sensor;
PAR  FIG. 2 is a schematic of the system of FIG. 1;
PAR  FIG. 3 is a diagram of the voltage waveforms at points A, B, and C of FIG.
      2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the Figs. by the characters of reference there is illustrated
      in FIG. 1 a block diagram of the system for detecting when an exhaust gas
      sensor 10 is operating within its normal operating temperature range. The
      output of the system point C in FIG. 2 is a signal for allowing the
      exhaust gas sensor 10 to control a fuel management system 12 and 13 only
      when the sensor 10 is within its operating temperature range.
PAR  The system of FIG. 1 as used in a fuel management system for an internal
      combustion engine comprises an exhaust gas sensor 10, an exhaust gas
      sensor amplifier circuit 14, a storage means 16, a storage discharge means
      18, a temperature level reference means 20, and a comparator 22. The
      output of the comparator is an electrical signal controlling the exhaust
      gas sensor control circuit 12 in the fuel management system.
PAR  The exhaust gas sensor 10 in the preferred embodiment is an oxygen gas
      sensor for sensing the presence of oxygen in an exhaust gas of an internal
      combustion engine. The oxygen gas sensor 10 generates a first voltage
      signal greater than a predetermined threshold level in the absence of
      oxygen and a second voltage signal less than a predetermined threshold
      level in the presence of oxygen when operating in its normal temperature
      range.
PAR  One property of an oxygen gas sensor is that at temperatures below the
      normal operating temperature, the internal impedance of the sensor is
      extremely high. As the temperature of the sensor warms up to its normal
      operating temperature, the internal impedance of the sensor drops from its
      extemely high value of approximately 100 megohms to its operating
      impedance on the order of one or two thousand ohms. In the exhaust system
      of an internal combustion engine, the normal operating temperature of the
      sensor is on the order of 600.degree. to 700.degree. F. and when the
      temperature goes below this level, the control function voltage of the
      exhaust gas sensor cannot be used in a fuel management system.
PAR  The oxygen gas sensor operating at or above the normal operating
      temperature, will generate in the absence of oxygen gas a signal above the
      threshold level. Typically, the first voltage signal level is
      approximately 800 millivolts. In the presence of oxygen, the exhaust
      oxygen gas sensor will generate a second voltage signal of approximately
      75 millivolts.
PAR  Referring to FIG. 2 the schematic of a control system of FIG. 1, the output
      of the sensor 10 is connected to the base lead 24 of a PNP transistor 26.
      The emitter lead 28 of the transistor 26 is electrically connected through
      a resistor 30 to a source of voltage A+. As previously indicated when the
      temperature of the sensor 10 is below its normal operating temperature,
      its internal impedance is very high. This high impedance coupled with the
      very small base current from the transistor 26 will develop a voltage
      signal at the emitter 28 of the transistor approximating the voltage
      source A+. As the sensor 10 warms up its internal impedance decreases and
      the voltage on the emitter 28 of the transistor 26 likewise decreases.
PAR  The emitter 28 of the transistor 26 is electrically connected through
      another resistor 32 to the inverting input 34 of a comparator 36. A
      capacitor 38 is also electrically connected to the inverting input 34 and
      ground and functions with the resistor 32 forming a filter network.
PAR  Electrically connected to the noninverting input 40 of the comparator 36 is
      a voltage reference 41 which is generated by means of a voltage divider 42
      connected to the source of voltage A+. This voltage reference 41 is equal
      to a voltage level intermediate the two voltage signal levels of the
      sensor 10 and is the predetermined threshold level. The output signal of
      the comparator 36 is a waveform signal 44 similar to that shown in the
      waveshape A of FIG. 3. This signal 44 is substantially a rectangular
      waveshape switching between a high and a low voltage level. The output
      signal 44 of the comparator 36 when the sensor 10 is below its operating
      temperature is at the low level. When the voltage output of the comparator
      36 is at the high voltage level the input to the comparator 36 on the
      inverting input 34 is below the threshold voltage 41 on the noninverting
      input 40.
PAR  The output signal 44 of the comparator 36 is electrically connected to the
      storage means 16 comprising a resistor 46 and a capacitor 48 network. When
      the output of the comparator 36 is high, the capacitor 48 begins to charge
      through the resistor 46 to the output of the comparator 36. The charging
      time constant is extremely long, such that the capacitor 48 is not charged
      up to the second voltage level until some period of time has lapsed. The
      junction 50 between the resistor 46 and the capacitor 48 is connected to a
      storage discharge means 18 and to the inverting input 52 of the comparator
      22.
PAR  The storage level discharge means 18 comprises a constant current source 54
      and a transistor 56 as illustrated in FIG. 2. The constant current source
      54 is a series circuit comprising a pair of resistors 57 and 58 and a
      diode 59 electrically connected between the source of voltage A+ and
      ground. The anode of the diode 59 is electrically connected to the base
      lead 60 of the transistor 56 which in the preferred embodiment is a NPN
      transistor. The collector lead 62 of the NPN transistor is electrically
      connected to the capacitor 48 and to the inverting input 52 of the
      comparator 22. The emitter lead 64 of the transistor 56 is electrically
      connected through a resistor 66 to ground.
PAR  The constant current source 54 supplys a predetermined amount of current to
      the base lead 60 of the transistor 56 to control the discharge of the
      capacitor 48. The time constant for the discharge of the capacitor 48 is
      determined by the size of the emitter resistor 66 and the amount of base
      current supplied by the constant current source 54.
PAR  The comparator 22 has its inverting input 52 electrically connected to the
      capacitor 48 and its noninverting input 68 is supplied with a temperature
      reference voltage signal V.sub.th generated from a voltage divider means
      connected across the source of supply and ground. The value of the voltage
      signal V.sub.th generated by the voltage divider is a voltage equivalent
      to or proportional with the normal operating temperature of the sensor.
PAR  The output of the comparator 22 is a normally high voltage signal 69 until
      the voltage level at the inverting input 52 exceeds the threshold level
      V.sub.th from the temperature reference signal means. This normally high
      output voltage signal 69 is electrically connected through a suitable
      resistance 70 and isolation diode means 72 to the control circuit
      controlled by the exhaust gas sensor. The function of the high voltage
      signal 69 from the output of the comparator 22 is to clamp or restrict the
      operation of the exhaust gas sensor control circuit 12.
PAR  The storage means 16 and the storage discharge means 18 operate together in
      such a manner to be similar to an asymmetrical integrator. In such an
      operation the charging rate of the capacitor 48 and the discharging rate
      of the capacitor are two different rates. In the preferred embodiment the
      discharge rate of the capacitor 48 is much longer than the charging rate
      of the capacitor.
PAR  Referring to FIG. 3, the three voltage waveform shapes are those of
      positions A, B, and C of FIG. 2. Voltage waveform A, is the output voltage
      signal 44 of the first comparator 36 and is a rectangular wave having two
      voltage levels. The time of the pulse width 74 is a function of the output
      of the exhaust gas sensor 10. Voltage waveform B illustrates the charging
      of the storage means and is taken at the collector of the discharge means.
      Also seen when the output signal 44 of the first comparator 36 is high the
      charging rate of the capacitor 48 is fast compared to the discharging rate
      of the capacitor when the output voltage signal of the comparator 36 is
      low.
PAR  Thus, as illustrated in FIG. 3, waveshape B, the capacitor 48 will charge
      up to the value V.sub.th of the threshold value representing temperature.
      The voltage waveshape C is the waveshape of the output signal 69 of the
      second comparator 22 and illustrates that when the voltage on the
      capacitor 48 exceeds the threshold voltage V.sub.th formed by the
      temperature level reference means 20 the output signal 69 of the
      comparator 22 switches from a high voltage or disabling signal to a low
      voltage or enabling signal.
PAR  As previously indicated the output of the typical oxygen gas sensor as used
      in the fuel management system exceeds 600 millivolts in the presence of an
      exhaust gas resulting from a rich fuel mixture to a level approximately 75
      millivolts in an exhaust gas mixture resulting from a lean fuel mixture.
      If the temperature of the sensor falls below the normal operating
      temperature the output of the first comparator 36 is driven low and allows
      the capacitor 48 to discharge through the discharge means 18 actually
      driving the output of the second comparator 22 to a high signal or
      clamping signal. An example of the comparators used are National
      Semiconductor Corporation's LM 2901 comparators.
PAR  In the normal operating temperature range, when the voltage output of the
      sensor 10 is at its first voltage signal or nominally 800 millivolts, the
      emitter of the transistor 26 is also at a high signal level. This high
      signal level results in a low voltage level output from the comparator 36
      and a high level output signal from the comparator 22.
PAR  There has thus been shown and described a detection system for detecting
      when the temperature of an exhaust gas sensor 10 is within its normal
      operating range. When the temperature of the sensor is below its operating
      range the output of the system is a voltage signal which is used to
      control the operation of the exhaust gas sensor control sensor circuit 12,
      as applied to a fuel injection electronic control system.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fuel management system for an internal combustion engine having an
      exhaust gas sensor for supplying a control signal to the fuel management
      control, a detection system for detecting when the temperature of the
      sensor is at its operating temperature to provide an enabling signal to
      the fuel management control system, said system comprising:
PA1  an exhaust gas sensor operable at a high sensor temperature for generating
      a first voltage signal in response to the absence of a predetermined
      constituent gas in the exhaust gas and for generating a second voltage
      signal in response to the presence of the predetermined constituent gas in
      the exhaust gas, said sensor having an internal impedance varying
      inversely with the temperature of said sensor from a very high impedance
      at its low, nonoperable temperature to a very low impedance at its high
      operating temperature;
PA1  an exhaust gas sensor amplifier circuit means electrically connected to
      said sensor, the output signal of said circuit means normally having a
      first voltage level when said sensor's internal impedance is very high
      corresponding to the low temperature of said sensor and said circuit means
      adapted to switch said output signal between said first voltage level and
      a second voltage level in response to said first and second voltage
      signals from said sensor;
PA1  storage means electrically responsive to said first voltage level from said
      circuit means for storing at a predetermined charging rate a voltage
      magnitude representing the temperature of said gas sensor;
PA1  storage discharge means electrically connected to said storage means and
      operable for discharging said storage means at a predetermined discharging
      rate, in response to said second voltage level from said circuit means;
PA1  temperature reference signal means for generating a threshold voltage level
      representing the normal operating temperature of said sensor; and
PA1  a comparator having one input electrically connected to said storage means
      and another input electrically connected to said temperature reference
      signal means, the output of said comparator being an enabling signal when
      the magnitude of the voltage level of said storage means is greater than
      said threshold voltage level.
NUM  2.
PAR  2. In a fuel management system according to claim 1 wherein said exhaust
      gas sensor is a sensor for sensing the presence of oxygen in the exhaust
      gas of the internal combustion engine, said sensor at its operating
      temperature generating said first voltage signal in the absence of oxygen
      representing a rich fuel mixture and generating said second voltage signal
      in the presence of oxygen representing a lean fuel mixture.
NUM  3.
PAR  3. In a fuel management system according to claim 2 wherein said operating
      temperature is greater than 600.degree.F and the threshold voltage level
      from said temperature reference signal means is intermediate said high and
      said low voltage level of said exhaust gas sensor amplifier circuit means.
NUM  4.
PAR  4. In a fuel management system according to claim 1 wherein said storage
      means comprises:
PA1  a resistor electrically connected at one end to the output of said exhaust
      gas sensor amplifier circuit means and
PA1  a capacitor electrically connected between the other end of said resistor
      and a reference voltage level, said resistor for controlling the charging
      current to said capacitor thereby regulating the charging rate of said
      capacitor.
NUM  5.
PAR  5. In a fuel management system according to claim 4 wherein said storage
      discharge means comprises:
PA1  a constant current source;
PA1  a transistor having its base lead electrically connected to said constant
      current source and its input circuit electrically connected to said
      storage means and its output circuit electrically connected in circuit to
      a reference voltage level;
PA1  said constant current source supplying sufficient base current to said
      transistor for controlling the discharge rate of said storage means
      through said input-output circuit of said transistor.
NUM  6.
PAR  6. In a fuel management system according to claim 5 wherein said charging
      rate is substantially greater than said discharging rate.
NUM  7.
PAR  7. In a fuel management system according to claim 3 wherein said internal
      impedance of said sensor at its low, nonoperable temperature is
      approximately 100 megohms and said internal impedance of said sensor at
      its operating temperature is approximately 1000 ohms.
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ABST
PAL  A reciprocating piston device has its pistons and cylinders arranged in a
      circle, each piston and each cylinder being rotatable about a common shaft
      to which power is directed or, alternatively, to which power is supplied
      depending on the use to which the device is put. For example, the device
      may be a fluid pump, a fluid motor, a diesel engine, a two cycle engine, a
      four cycle engine, or the like. In a preferred embodiment, two pistons and
      two cylinders form a part of a first rotor and two other pistons and two
      other cylinders form a part of a second rotor. Each piston forming a part
      of one rotor is mounted for reciprocal movement within a cylinder of the
      other rotor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention is a reciprocating piston device such as a fluid pump, a
      fluid motor, a diesel engine, a two cycle engine, a four cycle engine, and
      the like. Referring to a four cycle internal combustion piston engine by
      way of example, the device is conventional to the extent that the pistons
      are mounted for reciprocal movement within cylinders. It is unconventional
      in the sense that the pistons and cylinders are mounted on rotors and the
      entire piston-cylinder assembly moves in a circular path around a shaft.
PAR  There has been a movement in the internal combustion engine art toward
      rotary engines. Some of the latter have been of the Wankel type and have
      presented difficult problems in the sealing of gas chambers. Others have
      involved the use of impellers or pistons which move in annular channels
      wherein, for example, portions of the annular channels between successive
      impellers become combustion chambers or, for example, wherein a hollowed
      out portion of a leading piston together with the hollowed out portion of
      a follower piston forms a combustion chamber. Examples of the foregoing
      are the rotary engines disclosed by Sinnott in U.S. Pat. No. 3,282,258 and
      by Prochazka et al. in U.S. Pat. No. 3,304,921. This latter type of rotary
      engine also presents difficult sealing problems in that they require high
      leakage and high friction annular combustion chamber seals and sealing
      rings to slide over ports, slots, and surface edges leading to high wear
      situations.
PAR  There is, therefore, a need for a rotary engine which does not require such
      high leakage seals and wherein piston sealing rings contact only smooth
      surfaces. There is also a need for variable compression ratio operation
      for improved pollution control and operational flexability.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a reciprocating piston device wherein the piston-cylinder
      assemblies are arranged in a circular pattern, each piston and each
      cylinder being rotatable about a common shaft to which power is directed
      as in the case of an engine, or to which power is supplied from outside in
      the case of a fluid pump. For simplicity of description the invention will
      be described in detail with reference to a four cylinder, four cycle,
      internal combustion engine. Thus in a preferred embodiment, the engine
      comprises (a) a shaft; (b) a pair of rotor members mounted for successive
      alternate rotational movements around said shaft; (c) a pair of oppositely
      disposed cylinders as a part of each said rotor; (d) a pair of oppositely
      disposed pistons as a part of each said rotor, each piston of one rotor
      being positioned for reciprocal movement within a cylinder of another
      rotor to form a circular arrangement of piston-cylinder assemblies; (e)
      means for transmitting a torque from a rotating rotor to said shaft to
      effect angular rotation of said shaft in a predetermined direction; and
      (f) means for preventing rotation of a rotor in an angular direction
      opposite to that of the rotation of said shaft.
PAR  By way of example, the four piston-cylinder assemblies may be,
      respectively, in the following positions:
PAR  1. A first assembly wherein compression has taken place and following
      ignition, the power stroke has just begun.
PAR  2. A second assembly wherein the intake stroke has taken place and the
      compression stroke has just begun.
PAR  3. A third assembly wherein the exhaust stroke has just taken place and the
      intake stroke has just begun.
PAR  4. A fourth assembly wherein the power stroke has taken place and the
      exhaust stroke has just begun.
PAR  In the example, and as the power stroke takes place, the piston of said
      first assembly is moved angularly relative to its associated stationary
      cylinder, the cylinder of said second assembly is moved angularly relative
      to its associated stationary piston (compression), the piston of said
      third assembly is moved angularly relative to its associated stationary
      cylinder (intake) and the cylinder of said fourth assembly is moved
      angularly relative to its associated stationary piston (exhaust). In this
      sequence the two moving pistons and the two moving cylinders are part of
      the same rotor and effect a tangential force to the shaft upon which the
      rotor is mounted. Further, during the foregoing sequence the second rotor,
      of which the remaining two pistons and two cylinders are a part, remains
      stationary. During the next successive power thrust it is the first rotor
      which remains stationary and the second rotor which moves.
PAR  Although an engine will be described herein as comprising two rotors and
      four cylinders (the preferred embodiment), a larger number of rotors can
      be used to build an embodiment comprising, for example, six or eight
      cylinders in a single circular arrangement. It is preferred, however, that
      larger engines such as an eight cylinder engine, be constructed by
      mounting two of the four cylinder devices on a single shaft.
PAR  As will be described more fully hereinafter a suitable ignition system, a
      fuel inlet, and a combustion gas outlet are provided. A novel
      valve-in-piston arrangement for the exhaust of combustion gases will also
      be described.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded diagrammatic view, in perspective, of the engine of
      the invention with details omitted for clarity;
PAR  FIG. 2 is a diagrammatic view, in cross section, of the invention showing
      the piston-cylinder arrangement, a portion of the fuel inlet system, and a
      portion of the outlet for exhaust gases;
PAR  FIG. 3 is a diagrammatic view of an ignition system which is suitable for
      use in the engine of the invention; and
PAR  FIG. 4 is a view of the rotors of the engine of the invention taken along
      the line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring particularly to FIGS. 1 and 2, a first rotor 10 is shown as
      including a hub 11, oppositely disposed pistons 12, 14 and oppositely
      disposed cylinders 16, 18. A second rotor 20 is shown as including a hub
      21, oppositely disposed pistons 22, 24 and oppositely disposed cylinders
      26, 28. Hubs 11, 21 are mounted coaxially on shaft 30 in a manner such
      that piston 12 is positioned for reciprocal movement within cylinder 26,
      piston 14 is positioned for reciprocal movement within cylinder 28, piston
      22 is positioned for reciprocal movement within cylinder 16, and piston 24
      is positioned for reciprocal movement within cylinder 18.
PAR  The piston-cylinder assembly is encased in a cylindrical case 32 with
      suitable end plates 34 and 36 (see FIG. 4).
PAR  First rotor 10 is provided with oppositely disposed peripheral cam surfaces
      38, 40 and wedges 42, 44 to prevent counterclockwise rotation (as shown in
      FIG. 2) of the first rotor 10 relative to the case 32. Similarly, the
      second rotor 20 is provided with oppositely disposed peripheral cam
      surfaces 46, 48 and wedges 50, 52 to prevent counterclockwise rotation of
      the second rotor 20 relative to the case 32.
PAR  First rotor 10 is also provided with oppositely disposed hub cam surfaces
      54, 56 and wedges 58, 60 to effect a rotation of the shaft 30 in a
      clockwise direction when the first rotor 10 is moving in a clockwise
      direction (as shown in FIG. 2). Similarly, second rotor 20 is also
      provided with oppositely disposed hub cam surfaces 62, 64 and wedges 66,
      68 to effect a rotation of the shaft 30 in a clockwise direction when the
      second rotor 20 is moving in a clockwise direction.
PAR  Each cylinder head, such as the cylinder head 70 of cylinder 16 is provided
      with a valve 72, a valve seat 74, a spring 76 biasing the valve 72 to a
      closed position, and a pressure cylinder 78. A conduit 80 in the first
      rotor 10 joins pressure cylinder 78 with an conduit 82 for transmission of
      pressure therebetween.
PAR  Each piston such as piston 14 is provided with a valve 84, a valve seat 86,
      a spring 88 biasing the valve to a closed position, and a pressure
      cylinder 90. Conduit 82 extends through piston rod 92 and extends to
      cylinder 18 for pressure transmission therethrough.
PAR  Each hub such as hub 11 of first rotor 10, in addition to the pressure
      transmitting conduits 80, 82 leading respectively from pressure chamber 78
      and from pressure chamber 90, is provided with an annular groove 98 which
      joins holes 100 (see FIG. 4) in said plate 34 with a fuel conduit 102 for
      transmission of fuel therebetween. Seals, such as seal 104, contain the
      fuel between the fixed end plate 34 and the moving hub 11. Holes 110 in
      the periphery of the case 32 allow exhaust gases to flow from inside the
      case, away from the engine. Although not shown in the drawings, it is
      preferred that holes 110 extend completely around the periphery of case
      32.
PAR  Referring to FIG. 3 a wire 120 carries electric current to a slip ring 122
      insulated from and embedded in the inner surface of the case 32. A carbon
      or similar brush 124 is biased outwardly by a spring 126. A wire 128
      conducts current from the brush 124 to a fixed breaker point 130 adjacent
      a variable breaker point 132 on slide bar 133, the latter being biased
      toward the fixed breaker point 130 by spring 134.
PAR  A counterweight 136, adapted to move outwardly away from tension spring 138
      in response to increasing centrifugal force, bears against linkage 140 to
      slide bar 133.
PAR  A wire 142 conducts current to voltage increasing coil 144 and to spark
      plug 146.
PAC  DESCRIPTION OF OPERATION
PAR  Starting with cylinder 26 (a part of rotor 20) in which compression is
      assumed to be taking place the following events occur:
PAR  To effect compression cylinder 26 is moving clockwise (as shown in FIG. 2)
      and piston 12 is stationary. Meanwhile, movable breaker point 132
      (moveable with cylinder 26) is moving toward stationary, fixed breaker
      point 130 (movable with piston 12). When the air-fuel mixture in cylinder
      26 has reached a predetermined desirable compression ratio breaker point
      132 contacts breaker point 130 and ignition occurs.
PAR  Ignition in cylinder 26 imparts a clockwise force to piston 12 (and rotor
      10) and a counterclockwise force to cylinder 26 (and rotor 20). Piston 12
      moves clockwise but counterclockwise movement of cylinder 26 is prevented
      by the wedging action of wedges 50, 52 against cam surfaces 46, 48
      respectively. Movement of piston 12 angularly relative to cylinder 26
      moves breaker fixed point 130 away from breaker point 132 to interrupt the
      spark in spark plug 146.
PAR  As the fuel mixture in cylinder 26 is undergoing compression, as indicated
      above, rotor 20 is rotating clockwise carrying piston 22 in a clockwise
      direction in an intake stroke. Meanwhile cylinder 16 is stationary.
      Because of an increase in pressure in pressure cylinder 78, valve 72 is
      open to receive fuel therethrough. The increase in pressure in pressure
      cylinder 78 is effected by the simultaneous power stroke taking place in
      cylinder 18, as will be apparent as the description proceeds.
PAR  The fuel mixture enters the engine through holes 100 in the end plate 34,
      passes through the annular groove 98, through the conduit 102, and into
      cylinder 16.
PAR  As compression is taking place in cylinder 26 and intake of fuel is taking
      place in cylinder 16, exhaust is taking place from cylinder 28. Movement
      of rotor 20 effects the clockwise rotation of cylinder 28, piston 14 being
      stationary. Exhaust gas flows through open valve 84 in piston 14, through
      the inside of piston 14, into the spaces around the pistons and cylinders
      and through the holes 110 in case 32. Valve 84 is opened because of
      pressure in pressure cylinder 90, the pressure being derived from the
      power stroke in cylinder 18.
PAR  Similarly, as compression is taking place in cylinder 26, a power stroke is
      taking place in cylinder 18. Fuel combustion effects a clockwise force to
      piston 24 and to rotor 20. The pressure developed in cylinder 18 is
      transmitted through conduit 82 to the pressure cylinder 90 in piston 14
      and through conduit 80 to the pressure cylinder 78.
PAR  When ignition has occurred in cylinder 26 it, of course, becomes the site
      of the power stroke; when fuel intake has been completed in cylinder 16 it
      becomes the site of the compression stroke; when exhaust has been
      completed in cylinder 28 it becomes the site of the intake stroke; and
      when the power stroke has been completed in cylinder 18 it becomes the
      site of the exhaust stroke. In other words, that stroke which occurs in a
      given piston-cylinder assembly will then occur next in the piston-cylinder
      assembly in front of it in the direction of rotation.
PAR  As described above a power stroke involving, for example, piston 12 and
      cylinder 26 will effect the rotation of piston 12 and rotor 10 in a
      clockwise direction (as shown in FIG. 2), cylinder 26 and rotor 20 being
      held stationary by the wedging action of wedges 50 and 52 against cam
      surfaces 46 and 48 respectively. The clockwise rotation of rotor 10
      imparts a torque to shaft 30 by the wedging action of wedges 58 and 60
      against cam surfaces 54 and 56 respectively.
PAR  When the power stroke in cylinder 26 has been completed, and the next power
      stroke occurs in cylinder 16. This power stroke effects the rotation of
      piston 22 and rotor 20 in a clockwise direction while cylinder 16 and
      rotor 10 remains stationary because of the wedging action of wedges 42 and
      44 against cam surfaces 38 and 40 respectively. The rotation of rotor 20
      imparts a torque to shaft 30 by the wedging action of wedges 66 and 68
      against cam surfaces 62 and 64 respectively.
PAR  Referring to the ignition system, as illustrated in FIG. 3, it will be
      noted that the time of ignition relative to the degree of compression can
      be altered, first, by varying the setting of the slide bar 133 and the
      variable breaker point 132 relative to the fixed breaker point 130. If the
      breaker points 130 and 132 are set farther apart there will be a
      relatively greater compression of the fuel mixture in cylinder 26 prior to
      ignition. In this manner the engine of the invention is capable of
      operating under a variety of compression ratios.
PAR  Secondly, the compression ratio can be made responsive to changes in
      centrifugal force. As the rate of rotation of cylinder 26, for example, is
      increased during compression, the counterweight 136 swings outwardly to
      effect a displacement of linkage 140 to the left (as shown in FIG. 3), a
      movement of slide bar 133 to the left, and a relative widening of the gap
      between variable breaker point 132 and fixed breaker point 130. In this
      manner an increase in angular velocity of the cylinder results similarly
      in a higher compression ratio at ignition.
PAR  It will be apparent that linkage 140 can be mounted relative to
      counterweight 136 that an increase in centrifugal force will move linkage
      140 to the right. In this manner an increase in angular velocity of a
      cylinder results in a lower compression ratio at ignition.
PAR  Thirdly, the time of ignition relative to the compression ratio can be
      varied as a function of both centrifugal force and the original setting of
      the two breaker points. By way of example, a predetermined setting of the
      breaker points 130 and 132 can be made to provide a specific compression
      ratio at ignition and the latter ratio can then be varied up or down, as
      desired, by making the ratio responsive to changes, plus or minus, in
      centrifugal force.
PAR  When the foregoing adjustments have been made in a manner sufficient to
      attain the compression ratios of diesel engines, ignition can be dispensed
      with entirely and the device of the invention can be operated as a diesel.
PAR  In addition to the advantage of providing a selection of compression
      ratios, the engine of the invention does not present the usual sealing
      problem of rotary engines. The seals 104 separate "low pressure" chambers
      requiring a minimum of sealing from each other.
PAR  It will be apparent that the engine can be constructed with any desired
      cubic inch displacement. Similarly torque can be varied by positioning the
      pistons and cylinders farther from the hub of the rotors, giving the
      rotors a longer moment arm.
PAR  It will also be apparent to one skilled in the art that conversion of the
      device of the invention from a four cycle engine to a two cycle engine
      involves a mere rearrangement of the valve operations. In the case of
      fluid pumps torque is transmitted to the rotors by effecting the rotation
      of the case 32 by power supplied from the outside while the shaft 30
      remains stationery. When used as a pump two piston-cylinders are pumping
      while the other two are intaking fluid from within the case and around the
      cylinders. The fluid pump ramps are all pointed in a direction opposite to
      that shown in FIG. 2 for an engine and the pressurized fluid from the
      cylinders in the pressure strokes is directed through suitable small
      passages to the cams and wedges to lock the case 32 to the rotor to be
      moved and to lock the other rotor to the stationery shaft 30.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reciprocating piston device comprising:
PA1  a. a shaft;
PA1  b. a plurality of rotor members mounted on said shaft for successive
      alternate rotational movements around said shaft;
PA1  c. a pair of oppositely disposed cylinders as a part of each said rotor;
PA1  d. a pair of oppositely disposed pistons as a part of each said rotor, each
      piston of one rotor being positioned for reciprocal movement within a
      cylinder of another rotor to form a circular arrangement of
      piston-cylinder assemblies;
PA1  e. inlet valve means for the introduction of fluid into each said cylinder;
PA1  f. outlet valve means for the removal of fluid from each said cylinder;
PA1  g. means for imparting said alternate movements to said rotors;
PA1  h. means for preventing rotation of a rotor in an angular direction
      opposite to that of the rotation of another rotor; and
PA1  i. conduit means extending from each said assembly and establishing
      respectively fluid connection with said valve inlet means of the cylinder
      oppositely disposed to said assembly and with said outlet means of the
      cylinder following said assembly in said circular arrangement to effect
      the opening of both said valve means in response to an increase in fluid
      pressure in the cylinder of said assembly.
NUM  2.
PAR  2. The device as defined in claim 1 wherein there are two of said rotors.
NUM  3.
PAR  3. The device as defined in claim 1 wherein there are a plurality of said
      circular arrangements of piston-cylinder assemblies, the said arrangements
      being mounted coaxially on said shaft.
NUM  4.
PAR  4. The device as defined in claim 3, wherein there are two of said rotors
      in each said circular arrangement.
NUM  5.
PAR  5. The device as defined in claim 1 wherein said device is a fluid motor.
NUM  6.
PAR  6. The device as defined in claim 1 wherein said device is a fluid pump.
NUM  7.
PAR  7. The device as defined in claim 1 wherein said device is a two cycle
      internal combustion engine.
NUM  8.
PAR  8. A four cycle internal combustion engine comprising:
PA1  a. a shaft;
PA1  b. a plurality of rotor members mounted for successive alternate rotational
      movements around said shaft;
PA1  c. a pair of oppositely disposed cylinders as a part of each said rotor;
PA1  d. a pair of oppositely disposed pistons as a part of each said rotor, each
      piston of one rotor being positioned for reciprocal movement within a
      cylinder of another rotor to form a circular arrangement of
      piston-cylinder assemblies;
PA1  e. inlet valve means for the introduction of a combustion mixture into each
      said cylinder;
PA1  f. outlet valve means for the removal of exhaust gases from each said
      cylinder;
PA1  g. means for transmitting torque from a rotating rotor to said shaft to
      effect angular rotation of said shaft;
PA1  h. means for preventing rotation of a rotor in an angular direction
      opposite to that of the rotation of said shaft; and
PA1  i. conduit means extending from each said assembly and establishing
      respectively fluid connection with said valve inlet means to the cylinder
      oppositely disposed to said assembly and with said outlet means of the
      cylinder following said assembly in said circular arrangement to effect
      the opening of both said valves in response to an increase in gas pressure
      in the cylinder of said assembly.
NUM  9.
PAR  9. The engine as defined in claim 8 wherein there are two of said rotors.
NUM  10.
PAR  10. The engine as defined in claim 8 wherein there are a plurality of said
      circular arrangements of piston-cylinder assemblies, the said arrangements
      being mounted coaxially on said shaft.
NUM  11.
PAR  11. The engine as defined in claim 10 wherein there are two of said rotors
      in each said circular arrangement.
NUM  12.
PAR  12. The engine as defined in claim 8 and comprising an ignition device,
      said device comprising:
PA1  a. a first breaker point movable with a piston and connected to a source of
      electric current;
PA1  b. a second breaker point movable with the cylinder associated with said
      latter piston; and
PA1  c. a spark plug connected electrically to said second breaker point;
PA1  d. means to bring said breaker points into contact and to effect ignition
      by said spark plug; and
PA1  e. wherein the compression ratio of the fuel in said cylinder is determined
      by the timing of contact between said breaker points.
NUM  13.
PAR  13. The engine as defined in claim 12 and wherein said second breaker point
      is secured to a slide bar secured to said cylinder and adjustable relative
      thereto and to said first breaker point, said timing of contact being
      alterable by the adjustment of the position of said slide bar relative to
      said first breaker point.
NUM  14.
PAR  14. The engine as defined in claim 12 and including means responsive to
      centrifugal force to determine the time of contact between said two
      breaker points relative to the angular velocity of said cylinder.
NUM  15.
PAR  15. The engine as defined in claim 8 and including a fuel gas chamber in
      the hub of each said rotor for the receiving of fuel therein and conduits
      in each said rotor for the passage of said fuel from the rotor hub to the
      cylinders forming a part of said rotor.
NUM  16.
PAR  16. The engine as defined in claim 8 and including a case containing said
      engine; an exhaust gas chamber surrounding said piston-cylinder
      assemblies; and holes in the periphery of said case for the passage of
      exhaust gas from said chamber and said case.
NUM  17.
PAR  17. A four cycle internal combustion engine comprising:
PA1  a. a shaft;
PA1  b. a plurality of rotor members mounted for successive alternate rotational
      movements around said shaft;
PA1  c. a pair of oppositely disposed cylinders as a part of each said rotor;
PA1  d. a pair of oppositely disposed pistons as a part of each said rotor, each
      piston of one rotor being positioned for reciprocal movement within a
      cylinder of another rotor to form a circular arrangement of
      piston-cylinder assemblies;
PA1  e. valve means for the introduction of a combustion mixture into each said
      cylinder;
PA1  f. means for transmitting torque from a rotating rotor to said shaft to
      effect angular rotation of said shaft;
PA1  g. means for preventing rotation of a rotor in an angular direction
      opposite to that of the rotation of said shaft;
PA1  h. a valve seat in each piston which respectively defines an opening
      between the interior of each said latter piston and the gas chamber of its
      associated cylinder;
PA1  i. a normally closed valve member which cooperates with said valve seat to
      control the flow of exhaust gas from said chamber; and
PA1  j. a conduit joining said latter piston interior with the cylinder
      positioned ahead of said piston-cylinder assembly in said arrangement; and
PA1  k. wherein said valve is opened in response to an increase in gas pressure
      in said cylinder positioned ahead, said pressure being transmitted via
      said conduit.
NUM  18.
PAR  18. The engine as defined in claim 8 and including:
PA1  j. an ignition device wherein the compression ratio in said cylinder is
      responsive to changes in the angular velocity of said cylinder;
PA1  k. a hub in each said rotor;
PA1  l. a fuel gas chamber in each said hub for receiving fuel therein;
PA1  m. conduits in each rotor for the passage of fuel from said fuel gas
      chamber to the cylinders forming a part of said rotor;
PA1  n. a case containing said engine;
PA1  o. an exhaust gas chamber surrounding said piston-cylinder assemblies;
PA1  p. holes in said case for the passage of exhaust gas from said exhaust
      chamber and said case; and
PA1  Q. a gas seal separating said fuel gas chamber and said exhaust gas
      chamber.
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ABST
PAL  The invention relates to internal combustion engines of the reciprocal
      type, and more particularly to such engines in which the pressure for
      Diesel operation can be attained, or in which the power output of an
      Otto-cycle engine can be increased.
PAL  The present invention makes possible either a Diesel engine of
      approximately the same axial crank offset and overall dimensions as an
      Otto-engine of equal throughput, or an Otto-engine having a higher
      throughput with slightly increased overall size and axial crank offset.
PAL  The said gas supplies are impelled by two pressure inpellers which are
      synchronized to engine operation, a vertical pressure impeller receives a
      fuel-air mixture and the inverted pressure impeller receives air, a rotary
      metering pressure booster meters an amount of the fuel-air mixture and
      forces it under pressure into a pressure retaining chamber above the
      cylinder chamber ready to be released upon demand.
PAL  A second rotary metering pressure booster supplying auxiliary air acts to
      scavenge and cool the cylinders at the end of each power stroke, as the
      fuel-air mixture is released from the pressure retaining chamber into
      cylinder chamber, and as engine speed increases an increasing amount of
      the auxiliary air will be trapped in the cylinder chamber and compressed
      together with the fuel-air mixture gradually raising the initial
      compression as it is compressed into the combustion chamber where it is
      ignited.
BSUM
PAR  For an understanding of the distinctions and advantages of the present
      cycle internal combustion engine attention is directed to related factors
      in a conventional four-cycle internal combustion engine. In such
      conventional engines the initial compression is highest at the starting
      and during idling when the engine is not under load. As load is applied
      head pressure builds up cutting the vacuum cycle resulting in the lowering
      of initial compression, thus loss of power. To compensate for this the
      engine is speeded up to maintain power. As more load is applied more
      engine speed is required. Initial compression is the term used for a
      pressure buildup in the combustion chamber during the compression cycle
      prior to ignition. When such initial compression is lowered because of
      loss of vacuum cycle under load, power is lost and engine efficiency is
      lowered.
PAR  The expression "head pressure buildup", is one used to define pressure in
      engine cylinder after ignition and the power stroke, which is increased as
      the load is increased, thus building pressure of hot expanded partly
      burned and unburned gases which are trapped in the engine cylinder as the
      exhaust valve is closed. Because there remains trapped unburned gases
      under pressure in the cylinder, as load is increased, the piston must
      descend on the vacuum cycle a distance equal to several degrees of
      rotation before sufficient vacuum is created to draw in a new charge of
      fuel. This is one of the reasons why the conventional internal combustion
      engine has a relatively low efficiency factor. As load is increased on
      such an engine the head pressure continues to increase necessitating that
      the piston descend still further on the vacuum cycle before adequate
      vacuum can be created and this adds to the loss of engine efficiency.
PAR  The new charge of fuel is curtailed by reason of unburned trapped gas
      remaining in the combustion chamber, a factor causing a great loss in
      engine efficiency and contributing to the creation of pollutants such as
      oxides of nitrogen not readily subject to elimination by additives.
PAR  Inability of the conventional engine to acquire sufficient oxygen to
      completely burn a depleted fuel charge caused by the residue of half
      burned gas trapped in the combustion chamber, combined with the new charge
      of fuel in which an air supply is curtailed as a result of head pressure
      buildup causing loss of vacuum cycle thereby cutting air supply, is a
      circumstance adding to the pollution problem.
PAR  Among the objects of the present invention is to eliminate the inherent
      defects above made reference to that exist in present internal combustion
      engines.
PAR  It is an object of the present invention to provide a reciprocal type
      engine in which the intake volumes of substantially two working chambers
      are compressed into a single working power chamber.
PAR  Another object is to provide a reciprocating type engine as described in
      which two working pressure chambers intake simultaneously through two
      separate intake ports aided by two continuously operative pressure
      impellers to maintain continual pressure on the two liquid supply lines
      serving said pressure chambers.
PAR  A further object of the invention is that the said working pressure
      chambers are virtually rotary metering pressure booster chambers in said
      liquid supply lines making it possible for Diesel design and the boosting
      of power output in the Otto-cycle engine.
PAR  Still another object of the invention is to provide a reciprocal type
      engine as described capable of Diesel operation.
PAR  Still another object of the invention, an outstanding feature is the
      providing of a cool running air cooled Otto-cycle engine and the
      innovation of an air cooled Diesel engine while operating under heavy
      load, made possible by the act of compression and expansion creating an
      abundance of real cold air and fuel being forced through cylinders each
      operative cycle, cooling from the inside out eliminating the need for
      water pump and radiator and their accessories.
PAR  Another object of the invention is to provide a two-stroke engine which
      needs no vacuum cycle, all functions of which operate under continual
      varied pressures thereby as a result, among many of its accomplishments is
      that engine noises are minimized.
PAR  Another object of the invention is to provide a new and improved two-stroke
      internal combustion engine capable of delivering high torque at low engine
      speed wherein an increased load on the engine will not affect initial
      compression.
PAR  Another object of the invention is to provide a new improved two-stroke
      internal combustion engine which is of a structure and operation such that
      it is not necessary to increase engine speed to maintain power under load
      however, by increasing engine speed much greater power is produced.
PAR  It is a further object of the invention to provide a new and improved
      two-stroke internal combustion engine which operates without a vaccum
      cycle and therefore avoids need for oil rings on the pistons to prevent
      oil from being drawn from the crank case into the cylinder chamber.
PAR  Another object of the invention is to provide a new and improved two-stroke
      internal combustion engine wherein burned gas fumes or raw gasoline will
      not pass into the crank case.
PAR  Another object of the invention is to provide a new and improved internal
      combustion engine which runs relatively cleaner than conventional internal
      combustion engines, avoids carbon deposit in the combustion chamber, on
      the valve head or on the piston head and wherein carbon will not
      accumulate under the piston rings as a result of insufficient oxygen.
PAR  Also included among the objects of the invention is to provide a new and
      improved internal combustion engine in which the cylinder chamber is
      completely evacuated and scavenged after each power stroke.
PAR  Still another object of the invention is to provide a new and improved
      internal combustion engine which requires only one valve for each cylinder
      in a relationship and operational sequence such that in sequence very cold
      fuel-air charges are retained above the valve and no hot gases ever pass
      through the valve whereby the valve runs cool at all times.
PAR  Still another object of the invention is to provide a new and improved
      two-stroke internal combustion engine which maintains much greater
      efficiency without need for heating the fuel-air mixture before passing it
      along into the cylinder chamber where it will be compressed into the
      combustion chamber.
DRWD
PAR  With these and other objects in view, the invention consists in the
      construction, arrangement, and combination of the various parts of the
      device, whereby the objects contemplated are attained, as hereinafter set
      forth, pointed out in the appended claims and illustrated in the
      accompanying drawings:
PAR  FIG. 1 is a diagram of significant points in the two-stroke engine
      operation;
PAR  FIG. 2 is a longitudinal sectional view showing the engine in association
      with a conventional crank shaft;
PAR  FIG. 2a is a plan view of the top of the piston head;
PAR  FIG. 3 is a longitudinal sectional view of operating parts of the
      two-stroke internal combustion engine showing the positions of the parts
      at the beginning of a power stroke;
PAR  FIG. 4 is a longitudinal sectional view similar to FIG. 3 near the end of
      the power stroke;
PAR  FIGS. 5, 6, 7 and 8 are longitudinal sectional views similar to FIGS. 3 and
      4 but showing progressive small increments of movement of the piston in
      the opening of the exhaust and scavenging ports and the closing of said
      ports.
PAR  FIG. 9 is a longitudinal sectional view similar to FIG. 3 showing the
      piston position at closing of the valve, 10.degree. after the commencement
      of the compression stroke.
PAR  FIG. 10 is a longitudinal sectional view similar to FIG. 9 at near
      completion of the compression stroke showing position of piston at time of
      ignition when running at high speed, 10.degree. before top dead center.
PAR  FIGS. 11 and 12 are cross-sectional views of one of the rotary metering
      pressure boosters used with the engine, namely booster H.
DETD
PAR  In an embodiment of the invention chosen for the purpose of illustration
      there is shown a two-stroke internal combustion engine indicated generally
      by the reference character A mounted in a housing B for rotating a
      conventional crank shaft C by means of a conventional connecting rod D. A
      fuel-air mixture source E feeds a fuel-air mixture to the engine through a
      rotary metering pressure booster F and a scavenging air source G feeds
      scavenging air to the engine through a rotary metering pressure booster H.
      The various operating parts are interconnected by conventional means (not
      shown) so that they operate in properly timed relationship.
PAR  Except for positions of the moving parts and omission of conventional
      features all of FIGS. 3 through 10 inclusive are substantially the same as
      FIG. 2.
PAR  As shown in the drawing a power cylinder 10 has a piston 12 which
      reciprocates for driving the crankshaft C through the connecting rod D,
      previously made reference to. Cylinders 10 are normally arranged in a
      V-block formation, however, the engine can be built in an inline
      formation. All moving parts are synchronized with the crankshaft C in
      timed relationship by conventional means (not shown). All cylinders 10 are
      structurally the same and the pistons 12 operate in the same fashion
      therefore the details of only one will be described.
PAR  A combustion chamber 15 is formed between the engine head 13 and piston
      head 14, when piston 12 is at top dead center. A conventional spark plug
      at the location 16 serves to ignite the fuel-air mixture in the combustion
      chamber.
PAR  A large exhaust outlet 17 having multiple ports 17' through cylinder wall
      11 converging into said large outlet 17 extends outwardly from cylinder
      wall 11 and the multiple scavenging ports 18 feed through the cylinder
      wall 11 at a location diametrically opposite the said multiple exhaust
      ports 17'.
PAR  A baffle 60 on the piston head 14 of piston 12 is located spaced from
      cylinder wall 11 at the location of the scavening port 18 and in line with
      the scavenging port 18 when piston is at bottom of stroke as shown in FIG.
      6.
PAR  As shown the piston 12 is provided with a set of compression rings 27 and
      another set of rings 28 on skirt of piston 12 to prevent air from seeping
      into crank case 66 as the air under pressure in said ports 18' skirts
      piston 12 and passes out said exhaust ports 17' aiding in cooling piston
      12 and cylinder 10 this loss of air for a valuable cause is provided for.
PAR  A fuel pressure retaining chamber 19 is built into the engine head 13 to
      retain the oncoming fuel as pressure builds up for next fueling cycle. A
      pressure retaining valve 21 adapted to seat on valve seat 23 on underside
      of engine head 13 in combustion chamber area 15, valve 21 stem extends up
      through chamber 19 and on up slidingly through valve guide 24 on top of
      engine head 13. A spring 25 around guide 24, applying pressure between top
      of engine head 13 and keeper 26 on end of valve 21 stem drawing valve 21
      firmly against seat 23 sealing pressure retaining chamber 19, retaining
      said fuel for delivery on demand. Valve being operated by overhead cam
      (not shown).
PAR  To feed a fuel-air mixture to the cylinder chamber 10 from the fuel-air
      mixture source E use is made of a vertical pressure impeller 35 mounted on
      a rotating impeller shaft 36, the impeller shaft being journaled in a
      bearing 37. In an impeller housing 38, impeller blades 39 are constructed
      so as to draw from the fuel-air mixture source E and impell the mixture
      under pressure in a turbulent condition in vein 51', thoroughly dispersing
      and churning said mixture into gaseous particles creating a volatile
      fuel-air mixture which is forced through port 40 into a rotary metering
      pressure booster F, where the metered supply of said volatile mixture is
      compressed again the second time by the said rotary metering pressure
      booster F, as it is being forced through port 20 into pressure retaining
      chamber 19, from where it is released on demand into cylinder chamber 10.
      The said cylinder chamber 10 having been thoroughly scavenged and filled
      with cold clean air, as the volatile fuel-air mixture is released from
      said chamber 19 through pressure retaining valve 21, expanding as mixing
      with the clean auxiliary oxygen ladened air in cylinder chamber 10 further
      cracking the said volatile fuel-air mixture, increasing volatility,
      lightness, thus more readily vaporized. As the piston 12 compresses the
      prepared volatile fuel-air mixture the third time, as it is compressed in
      the combustion chamber 15 under drastically increased initial compression
      before ignition, producing a clean burning fuel delivering more miles and
      power on less fuel, producing a powerful Otto-cycle engine and/or a Diesel
      engine with clean emissions.
PAR  An extendable and retractable blade member 42 carried by a rotor 43 in the
      pressure booster chamber 41, its travel speed is one-half the travel speed
      of piston 12, therefore one end of the extendable and retractable blade 42
      preforms its function and then the other which serve to meter, compress
      and deliver quantities of said volatile fuel-air mixture through port 20
      into pressure retaining chamber 19. The direction of rotation of the blade
      member 42 is indicated by the arrow in FIG. 2 and the related figures.
PAR  Veins 44 in the wall of the booster chamber 41 extend from the mixture
      supply port 20 at a progressively diminishing depth in the direction of
      rotation of the blade 42. Veins 45 extend from the fuel-air mixture port
      40 at a progressively diminishing depth in a direction counter to the
      direction of rotation of the blade 42.
PAR  An inverted pressure impeller 50 also mounted on the impeller shaft 36
      serves to draw air from the air source G and forces the air into an
      annular vein 51 and thence on through port 52 into a booster chamber 53 of
      the rotary metering pressure booster H. In the booster chamber 53 is an
      extendable and retractable blade member 54 carried by and moved by action
      of a rotor 55 in the direction of the arrow shown within the booster
      chamber 53.
PAR  The travel speed of the extendable and retractable blade member 54 is
      one-half the travel speed of piston 12, therefore the ratio of piston 12
      travel to the blade member 54 is 2 to 1 prolonging the life of blade
      member 54 which serves to meter, compress and deliver large quantities of
      real cold air, made so by rapid compression and expansion, said air
      metered and delivered through scavenging ports 18 at the end of each power
      stroke, is of the amount equal to piston 12 displacement and the
      combustion chamber 15 area plus 5 cubic inches, sufficient to completely
      purge cylinder 10 and force residue out the multiple exhaust ports 17',
      and at the same time the real cold air is cooling cylinder 10 from the
      inside out.
PAR  As the piston 12 is at bottom dead center and the cylinder 10 is filled
      with clean oxygen ladened air, as previously mentioned, the pressure
      retaining valve 21 starts opening by mechanical means (not shown)
      admitting a real cold fuel charge from the pressure retaining chamber 19,
      which is also chilled by rapid compression and expansion, as the volatile
      mixture under pressure leaves chamber 19 expanding. The mixture is thus
      further cracked, increasing volatility, lightness and thus more readily
      vaporized. As the mixture expands into the said oxygen laden air and
      together the still incoming scavenging air and the fuel charge continues
      forcing the remaining residue out the exhaust ports 17'. As the scavenging
      port 18 closes, the incoming fuel continues forcing a portion of the clean
      scavenging air out of the multiple ports 17', as the piston 12 closes the
      exhaust ports 17'. The said volatile fuel is again compressed the third
      time by piston 12 into the combustion chamber 15 where it is ignited by
      spark plug 16 in the Otto-cycle engine.
PAR  The engine is started under relatively low initial compression, at electric
      starter speed. Immediately as engine starts, initial compression will
      increase to approximately 200 lbs. initial compression before ignitiion,
      and as engine speed is increased, initial compression will increase
      gradually as engine speed is increased, until reaching a levelling of
      speed of approximately 2300 RPM to 2800 RPM, obtaining initial compression
      of 300 to 350 lbs. before ignition. After levelling off, regardless of
      increased speed, initial compression remains at levelling off of pressure
      attained. As stated this performance can be increased or decreased by
      minor adjustments of pressure and quantity of auxiliary air made
      available.
PAR  Veins 56 in the wall of the booster chamber 53 extend from the cylinder
      scavening port 18 at a diminishing depth in the direction of rotation of
      the blade member 54. Similar veins 57 extend from the scavening booster
      port 52 at a progressively diminishing depth in a direction opposite to
      the direction of rotation of the blade member 54.
PAR  Details of the rotary metering pressure booster H for example, are shown in
      FIGS. 11 and 12 wherein a sleeve 61 on the interior which provides spacing
      means for spacing end-plates (not shown) for separating the booster
      chambers when more than one booster in line is required, said sleeve
      forming the booster chamber 53. In the rotor 55 which is preferably
      cylindrical, there is provided a transverse slot 62 for accommodation of
      the blade member 54. In practice the blade member consists of two blade
      elements 63 and 64 respectively, slidably contained in the slot 62 and
      biased outwardly so that outer ends slidably engage the interior of the
      rotary metering pressure booster chamber 53 by action of a spring 65. The
      blade member in its most contracted position is shown in FIG. 12, and in
      its most extended position in FIG. 11.
PAR  The two previously mentioned liquid gas supply sources E and G activated by
      two pressure impellers 35 and 50 deliver said liquid gases to two rotary
      metering pressure boosters F and H as described in present invention for
      boosting the power of and creating a cool running air cooled Otto-cycle
      engine of a given throughput which also makes possible an air cooled
      innovation for Diesel operation of equal throughput with the same axial
      crank offset and overall dimensions of the Otto engine, but
      understandably, increasing the strength of crankshaft C connecting rods D
      pistons 12, housing B, bearings and gearings to the rotary metering
      pressure boosters (some of the parts now shown). The Diesel engine is made
      possible because of the said liquid gas pressure supply units namely, the
      two rotary metering pressure boosters F and H in conjunction with the said
      vertical and inverted pressure impellers. The vertical pressure impeller
      35 will provide real cold air only for Diesel pressure buildup instead of
      the volatile fuel-air mixture, while the inverted pressure impeller
      continues to supply real cold auxiliary air for scavenging and cooling
      plus an additional amount of air to aid in pressure buildup producing a
      cool running air-cooled innovation for Diesel operation. A conventional
      available fuel injector is used for Diesel operation, taking the place of
      the electric spark plug 16 used for the Otto-cycle engine. Greater power
      can be obtained by increasing the size and number of cylinders and
      increasing the axial crank offset and overall dimensions will meet any
      demand for Diesel or Otto engine power plants.
PAR  The following is a description of operation of the invention:
PAR  The complete operation of the invention is shown sequentially in FIGS. 3 to
      10 with FIG. 1 as a supplementary guide chart, explanatory of the
      sequential movement. The invention is peculiar in that it has no vacuum
      cycle, therefore explanation of operation starts with ignition, that is,
      the power stroke.
PAR  In FIG. 3 first note the dotted line 14' which also shows in FIG. 4 as a
      level from which piston descended. The dotted line 14' is indicative of
      top dead center (TDC). In FIG. 3 TDC-M and TDC-N also are indicative of
      top dead center of rotor booster blades 52-F and 54-M. The piston 12 has
      moved down slightly as the crank axial offset just passed top dead center
      5.degree., shown in FIG. 1. Spark plug 16 has fired, expansion has moved
      piston 12 down on the power stroke to the position of FIG. 4, shown in
      chart FIG. 1 at 130.degree..
PAR  At this same time the vertical pressure impeller 35 is drawing fuel-air
      mixture from the passage E and forcing it into the vein 51' in a turbulent
      manner, thoroughly dispersing and churning said mixture into gaseous
      particles creating a volatile gaseous mixture, which is forced through
      port 40 into chamber 41 of rotary metering pressure booster F against the
      extendable and retractable motor booster blade 42 drive by rotor 43 in
      chamber 41 where it will be metered. The fuel in front of rotor booster
      blade 42 is being compressed and forced through port 20 into the pressure
      retaining chamber 19, in the cylinder head 13, where it will be retained
      for next demand for fuel. Chamber 19 is sealed by the pressure retaining
      valve 21, which is drawn against the valve seat 23 on underside of
      cylinder head 13 in the combustion chamber area 15, held by spring 25
      acting between exterior of cylinder head 13 and the keeper 26 on top end
      of valve 21 stem sealing pressure retaining chamber 19.
PAR  The lower end of the rotor booster blade 42 passes over vein 44 preventing
      pressure buildup on rotor booster blade 42. Also at the same time the
      inverted pressure impeller 50 is drawing air through the passage G and
      forcing said air into the vane 51 on through port 52 into chamber 53 of
      the rotary metering pressure booster H and against the retractable rotor
      booster blade 54 driven by rotor 55 where it can be metered. The air in
      front of booster blade 54 is being compressed for scavenging and cooling
      cylinder 10. Air that skirts around the piston 12 and passes out the
      multiple exhaust port 15 aids in cooling the piston 12. This loss of air
      serves a valuable purpose and is accounted for. The skirt rings 28 prevent
      air from seeping into the crankcase 66, shown in FIG. 2.
PAR  Dotted line 14' in FIG. 4 from which piston 12 descended defines the
      combustion chamber area 15. The piston 12 has moved down on the power
      stroke to the multiple ports 17' shown in chart FIG. 1 at 130.degree..
      Exhaust is starting to seep through the outlet 17 and the inverted
      pressure impeller 50 continues to force air through the port 52
      maintaining pressure in chamber 53 in booster H against rotor booster
      blade 54. As the air in front of blade 54 is being compressed in
      scavenging ports 18 of the chamber 53, and the upper end of rotor booster
      blade 54 is passing over vein 57 preventing vacuum drag on blade 54 till
      blade 54 reaches port 52. At the same time the vertical pressure impeller
      35, has been drawing fuel-air mixture through passage E forcing said
      volatile mixture through the port 40 into and maintaining pressure in
      chamber 41 of metering pressure booster F. The front of the booster blade
      42 is forcing a metered charge of said volatile mixture through port 20,
      into pressure retaining chamber 19 where it is retained. The lower end of
      rotor booster blade 42 passes over vein 45, preventing vacuum drag till
      blade 42 reaches port 40.
PAR  The multiple scavenging ports 18, as shown in FIG. 5, have been reached by
      the descending piston 12, note chart FIG. 1, 32.degree. before end of
      stroke. The spacious multiple ports 17' started opening as shown in FIG.
      4, and exhaust has been and is being rapidly expelled through outlet 17.
      The inverted pressure impeller 50 continues forcing air through port 52
      into and maintaining pressure in chamber 53 of metering pressure booster
      H. Air in front of booster blade 54 has reached peak pressure, indicated
      by air starting through scavenging ports 18, and is directed up by baffle
      60 on piston head 14.
PAR  The upper end of rotor booster blade 54 passes over the vein 57 preventing
      vacuum drag till blade 54 reaches port 52. The vertical pressure impeller
      35 continues drawing fuel-air and forcing said volatile mixture through
      port 40 into and maintaining pressure in chamber 41 of metering pressure
      booster F. A metered charge of said volatile mixture in front of booster
      blade 42 is forced through port 20 into pressure retaining chamber 19
      where it is retained waiting a demand for fuel. As the lower end of rotor
      booster blade 42 is passing over vein 45 it prevents vacuum drag until the
      booster blade 43 reaches port 40.
PAR  Piston 12, as shown in FIG. 6, has uncovered both ports 17' and 18 at the
      end of the stroke, note chart FIG. 1, permitting rapid expulsion of
      exhaust through ports 17' passing out outlet 17, as real cold air created
      by rapid compression and expansion has been passing through ports 18 since
      ports 18 started opening as shown in FIG. 5. Said baffle means 60 has been
      directing air upward, filling and purging the combustion chamber 15 and
      surging downward to ports 17', thoroughly scavenging and cooling cylinder
      10 and providing clean oxygen laden air to receive the incoming cold
      volatile fuel mixture.
PAR  Note that chart FIG. 1 indicates that the valve 21 starts opening at bottom
      dead center. The pressure impeller 50 continues maintaining air pressure
      in the chamber 53, and rotor booster blade 54 driven by rotor 55 continues
      forcing air through ports 18. The vertical pressure impeller 35 maintains
      pressure in chamber 41. The position of the rotor booster blade 42 driven
      by rotor 43 indicates that peak pressure has been reached in the rotary
      metering pressure booster F and arrows indicate the valve 21 is starting
      opening. The lower end of rotor booster blade 42 passes over the vein 45
      preventing vacuum drag on blade 42 until the blade 42 reaches port 40.
PAR  Piston 12, as shown in FIG. 7, has ascended, partly closing exhaust ports
      17' and the scavenging ports 18 are closing, note chart FIG. 1, 32.degree.
      past center line. Since the last position FIG. 6 where valve 21 was
      opening, during this interval of time both the scavenging air and the fuel
      charge together have been forcing residue through the multiple exhaust
      parts 17' and on out through outlet 17. The cold incoming volatile fuel
      from valve 21 continues to apply pressure forcing residue out ports 17'.
      The said cold volatile fuel is also created by rapid compression and
      expansion, further cracking said fuel before final compression and
      ignition. When the rotary metering pressure booster H has expended its
      charge, note that the rotor blade 54 is at edge of ports 18 and the upper
      end of rotor blade 54 has passed port 52. The rotary metering pressure
      booster H has therefore metered a new charge of air for scavenging and
      cooling the next power stroke. The inverted pressure impeller 50 continues
      forcing air through the port 52 into chamber 53 and maintaining pressure
      behind rotor booster blade 54 for still another power stroke.
PAR  The rotor blade 42 of the rotary metering pressure booster F, however,
      continues to force fuel through the passages into cylinder 10 and the
      vertical pressure impeller 35 continues drawing fuel-air mixture and
      forcing said volatile mixture through port 40 maintaining pressure in the
      chamber 41 of the rotary metering pressure booster F.
PAR  As shown in FIG. 8 the piston 12 is closing multiple exhaust ports 17'.
      Note on the chart FIG. 1 that the exhaust ports 17' are closed 50.degree.
      past the center line. The pressure retaining valve 21 is still open a
      trifle and fuel is still being forced through the passages to the cylinder
      10 by the upper end of the rotor blade 42 driven by rotor 43. The lower
      end of rotor blade 42 has passed the port 40, therefore the chamber 41 in
      the rotary metering pressure booster F has received its metered charge of
      said volatile mixture for next power stroke.
PAR  As the vertical pressure impeller 35 continues drawing fuel-air mixture
      through passage E and forcing mixture into vein 51' in a turbulent manner
      this produces a volatile mixture which is forced through the port 40
      maintaining pressure in the chamber 41 behind the rotor blade 42 in the
      booster F for still another power stroke. As rotor blade 54 driven by
      motor 55 in booster H is beginning to pass over vein 46, that prevents
      pressure buildup in front of rotor blade 54. The inverted pressure
      impeller 50 continues to force air through port 52 maintaining pressure in
      chamber 53 behind rotor blade 54 in booster H.
PAR  As shown in FIG. 9, the piston 12 has ascended 10.degree. more on the
      compression stroke. Note that on the chart FIG. 1 the pressure retaining
      valve 21 has closed 60.degree. past bottom dead center, being held firmly
      on the seat 23 by the spring 25 sealing the pressure retaining chamber 19
      ready for the oncoming metered fuel charge from the rotary metering
      pressure booster F. As the vertical pressure impeller 35 continues its
      function, the rotor blade 54 in booster H continues passing over vein 56
      preventing pressure buildups in front of rotor blade 54 and the inverted
      pressure impeller 50 continues its function.
PAR  As shown in FIG. 10, the piston 12 has ascended on the compression stroke
      to within 10.degree. of top dead center. Note that the chart FIG. 1 shows
      this position 10.degree. of top dead center. This is the ignition point
      when running the engine at high speed with the spark 16 fully advanced. At
      high speed as ignition takes place 10.degree. of top dead center the axial
      crank offset C' shown in FIG. 2 will have passed top dead center 5.degree.
      as note the showing on the chart FIG. 1, before expansion takes effect
      forcing the piston 12 down on the power stroke as shown in FIG. 4.
PAR  The lower end of the rotor blade 42 driven by the rotor 43 in the chamber
      41 of the rotary metering pressure booster F has just passed over the vein
      44 preventing pressure buildup in front of rotor blade 42. The upper end
      of rotor blade 42 is boosting the metered charge of volatile mixture
      through the port 20 into the pressure retaining chamber 19 to be retained
      for next fueling cycle.
PAR  As the vertical pressure impeller 35 continues drawing fuel-air mixture
      through passage E and forcing in turbulent manner into vein 51' thoroughly
      dispersing and churning said mixture into a volatile mixture, which is
      forced through the port 40 maintaining said volatile mixture under
      pressure in the chamber 41 of the booster F. As the inverted pressure
      impeller 50 continues to draw air through the passage G the air is forced
      into the vein 51 on through port 52 into and maintaining air pressure in
      the chamber 53 against the rotor blade 54 which is driven by the rotor 55
      of rotary metering pressure booster H and the rotor blade 54 is
      compressing air for scavenging next power stroke. The piston 12 is
      travelling its course and as air is compressed and some air will skirt
      piston 12 passing out the multiple exhaust ports 17' aiding in cooling
      piston 12 and cylinder 10. The skirt rings 28 will prevent air from
      passing into the crankcase 64 shown in FIG. 2. This loss of air has been
      provided for intentionally.
PAR  A high speed run as shown in FIG. 10, as above described, will take the
      place of FIG. 3 and from here on it is a repeat of the first starting run
      on which ignition took place 5.degree. past top dead center, as shown in
      chart FIG. 1 and in FIG. 3.
PAR  In addition to the basic operation as has just been described, it should be
      understood that as the engine speed is increased more of the scavenging
      air will be trapped in the cylinder chamber 10 and compressed, raising the
      initial compression, namely, the pressure in the combustion chamber area
      15 just before ignition. As engine speed continues to increase initial
      compression will continue to increase and more scavenging air is trapped.
      Engine speed and as a consequence piston travel, overtakes the travelling
      speed of air through given size metering ports under a given pressure, the
      pressure being maintained through the varying engine speeds by operation
      of the inverted pressure impeller 50 in conjunction with the rotary
      metering pressure booster H which varies with engine speed. As piston
      travel speed surpasses the travel speed of incoming scavenging air from
      pressure booster H more cool air is trapped in the cylinder gradually
      raiasing engine initial compression as the speed is increased.
PAR  In an engine of this design astronomical pressures may be obtained.
      Pressures of 300 to 350 lbs. in the combustion chamber before ignition is
      the top pressure advisable for an Otto engine type. This avoids the
      possibility of spontaneous combustion but approaches pressures prevalent
      in Diesel design. The initial compression can be increased or decreased by
      minor adjustments of pressures by the quantity of auxiliary air provided.
      By reason of design, peak pressures as have been indicated are reached.
      The engine levels off between 2300 to 2800 R.P.M. No further increase in
      pressure will develop, regardless of further increased engine speed.
PAR  The cooling action from rapid compression and expansion will cause frost on
      parts producing said action at high engine speeds, namely, at the area of
      the scavenging ports in cylinder wall in conjunction with booster H, and
      the area of the pressure retaining chamber in engine head in conjunction
      with booster F. Heat from the exhaut manifold can be redirected to said
      areas which may be too cool. The engine operation is such as to create a
      cool running engine while operating under heavy load. An ample supply of
      oxygen continues to be supplied inducing complete burning of the fuel
      coupled with there being a longer burning time by reason of a longer
      stroke and lowered RPM.
PAR  In an engine of the design herein described it is not possible for head
      pressure buildup to occur. The cause of head pressure buildup reference is
      set forth in paragraphs one and two of the Specification. This is a
      serious smog producing defect that has plagued the present four cycle
      conventional internal combustion engine since its conception, and which is
      the main cause of the low engine efficiency obtained in the conventional
      four cycle engine. The elimination of head pressure buildup in the engine
      herein described is achieved by the generous quantity of real cold
      scavenging air which not only evacuated all residue from the cylinders but
      also creates the cooling of the cylinders from within making it possible
      to eliminate the radiator and water circulating pump and their
      accessories. The arrangement makes possible a cool running air cooled
      Otto-cycle engine and also an air cooled Diesel engine of the same axial
      crank offset and overall dimensions as the Otto-cycle engine. This is made
      possible by the presence of said pressure impellers 50 in conjunction with
      the said rotary metering pressure boosters H.
PAR  The following will help set forth the outstanding principles in the
      conventional internal combustion engine and the recent development herein
      described and should be clearly understood.
PAR  Because of head pressure buildup that occurs in the present conventional
      internal combustion engine as load is applied there is a loss of vacuum
      cycle. Therefore the piston must descend on the vacuum cycle a distance
      equal to several degrees of rotation before sufficient vacuum is created
      to draw in a new charge of fuel mixture. The new charge of fuel is
      curtailed and depleated by the hot expanded partly burned and unburned
      gases remaining in the combustion chamber. This makes it impossible for
      the conventional internal combustion engine to ever receive 100 percent
      clean fuel charge equal to engine piston displacement.
PAR  In contrast to the foregoing, the new development herein disclosed is one
      in which it is impossible for head pressure to ever occur, because after
      each power stroke the cylinder is cleaned and cooled with a predetermined
      quantity of cold auxiliary oxygen laden air to receive the incoming
      fuel-air mixture. The amount of oxygen laden air is greater than the 100
      percent of piston displacement, the said fuel-air mixture being a
      predetermined quantity which never varies regardless of load applied,
      giving the assurance of continued power under increased load, though
      engine speeds may be varied as desired.
PAR  The structure and functioning of the engine of the specification
      exemplifies a method of operation wherein cold auxiliary air is provided
      for both a Diesel type machine and an Otto-cycle engine type for complete
      scavenging and cooling from within. Auxiliary air is supplied and makes
      possible an invalauable means of providing low initial compression in the
      combustion chamber for easy starting whereby, immediately upon starting,
      initial compression is drastically increased by the said metered supply of
      auxiliary air and volatile fuel-air mixture is forced into cylinder
      chamber, the instantly and drastically increasing power for quick pickup.
PAR  The fuel-air mixture and auxiliary air are predetermined metered
      quantities, and will not vary with engine speed or lead applied, thus
      eliminating of head pressure buildup which would otherwise reduce power
      and engine efficiency. As a consequence power will be maintained under the
      load without having to increase engine speed to maintain power. By
      increasing engine speed initial compression is increased, greatly
      increasing power while under load.
PAR  The invention provides the advantage that the necessary pressure for Diesel
      operation may be attained without increasing the overall dimensions of the
      engine, or that a greater throughput for Otto-cycle operation may be
      obtained. Further, no additional porting is required, and currently
      available injection and ignition systems and other accessories may be
      used. Additionally the crankshaft, drive shaft, couplings, gearing of
      rotors, engine block and/or housing can be made substantially stronger in
      the Diesel machine of the invention than in the corresponding Otto-cycle
      type.
PAR  Although the invention has been described in a preferred embodiment, it
      will be understood that it is not limited to the device shown and
      described, and that various changes and modifications may be made by those
      skilled in the art without departing from the scope of the invention. It
      is intended to cover all such modifications to the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a reciprocating two-stroke multiple cylinder internal combustion
      engine having a housing, a cylinder having a piston reciprocably mounted
      in the cylinder for movement alternately through compression and power
      strokes, said piston forming one end of a combustion chamber area when the
      piston is at top dead center, said cylinder having multiple exhaust ports
      through said cylinder wall and multiple scavenging air ports into said
      cylinder chamber, a supply port to said cylinder chamber for a fuel-air
      mixture, a pressure retaining chamber between said supply port and said
      cylinder chamber, and a pressure retaining valve means between said
      pressure retaining chamber and said cylinder chamber biased normally to
      closed position against pressure in said pressure retaining chamber, a
      fuel-air mixture supply line to said supply port including means for
      keeping said supply line under pressure, a continuously acting rotary
      metering pressure booster in said supply line having a metered capacity
      sufficient to fill said cylinder chamber when said piston is at the bottom
      of the stroke, a scavenging air line to said multiple scavenging ports
      including means for keeping said scavenging air line under pressure and a
      continuous acting rotary metering pressure booster in said scavenging air
      line having a metered capacity slightly in excess of said cylinder chamber
      when said piston is at bottom end of stroke, said second recited means
      being operable to cycylically supply scavenging air to said cylinder
      chamber at the end of the power stroke, said multiple exhaust and multiple
      scavenging ports being subject to opening and closing in response to
      movement of said piston, said rotary metering pressure boosters and said
      piston being operable in timed sequence to feed fuel-air mixture and
      scavenging air to said cylinder chamber sequentially.
NUM  2.
PAR  2. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein the metered capacity of the rotary metering pressure booster in
      the fuel-air supply line is of the capacity of the engine displacement
      plus the combustion chamber area.
NUM  3.
PAR  3. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein the metered capacity of the rotary metering pressure booster in
      the auxiliary scavenging air supply line is slightly in excess of the
      capacity of the engine displacement plus the combustion chamber area.
NUM  4.
PAR  4. A reciprocating two-stroke internal combustion engine as in claim 3
      wherein the excess is substantially 10%.
NUM  5.
PAR  5. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein the multiple exhaust ports and the multiple scavenging ports have
      positions relative to each other providing opening of the scavenging ports
      after the exhaust ports are partially open and before the exhaust ports
      are fully open.
NUM  6.
PAR  6. A reciprocating two-stroke internal combustion engine as in claim 5,
      wherein the positions of the multiple exhaust and scavenging ports provide
      full opening of the multiple scavenging ports when the multiple exhaust
      ports are fully open.
NUM  7.
PAR  7. A reciprocating two-stroke internal combustion engine as in claim 1
      wherein the position of the scavenging port is fully opened and starting
      to close whereby the baffle means has directed the scavenging air upwards
      filling and purging the cylinder chamber and surging downward into the
      cylinder chamber to the multiple exhaust ports thoroughly scavenging and
      providing clean oxygen laden air to receive the incoming fuel as the
      pressure retaining valve starts to open and together the scavenging
      auxiliary air and the incoming fuel charge continue to force residue out
      the multiple exhaust ports as the exhaust ports are closing.
NUM  8.
PAR  8. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein said means for keeping the fuel supply line and scavenging line
      under pressure comprises a continuously operating pressure impeller means
      in operating relationship with the piston, said pressure impeller means
      being in said fuel-air mixture supply line and said scavenging air line.
NUM  9.
PAR  9. A reciprocating two-stroke internal combustion engine as in claim 8,
      wherein the pressure impeller units comprise a vertical pressure impeller
      thereof in the fuel-air supply line and an inverted pressure impeller
      thereof in the scavenging air line.
NUM  10.
PAR  10. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein said rotary metering pressure boosters each comprise a housing
      having a booster chamber with a cylindrical wall and a rotor member of a
      diameter smaller than said booster chamber and rotatably mounted in said
      booster chamber, axes of the booster chamber and rotor member being offset
      with respect to each other, and an extendable and retractable blade means
      carried by said rotor member and extendable into engagement with the wall
      of said booster chamber whereby to establish the metered capacity of said
      rotary metering pressure booster.
NUM  11.
PAR  11. A reciprocating two-stroke internal combustion engine as in claim 10,
      wherein there is a vein in the wall of each booster chamber extending from
      the port exiting therefrom in the same direction as the direction of
      travel of the blade means whereby to inhibit pressure buildup.
NUM  12.
PAR  12. A reciprocating two-stroke internal combustion engine as in claim 10,
      wherein there is an inlet port in the wall of each booster chamber and a
      vein in the wall of each booster chamber extending upstream from said
      inlet port in the opposite direction from the direction of travel of said
      blade means whereby to inhibit vacuum effect.
NUM  13.
PAR  13. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein said piston has compression ring means at the end adjacent the
      piston head and ring means at the end opposite therefrom providing a
      non-ringed portion therebetween, said scavenging air port having a
      location in communication with said non-ringed portion during a
      substantial portion of the piston stroke whereby a portion of the
      scavenging air from the respective rotary pressure booster when under
      pressure skirts around the piston to the multiple exhaust ports thereby
      performing a valuable aid in cooling.
NUM  14.
PAR  14. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein there is a baffle on the head of said piston in communication with
      said scavenging ports at the end of each power stroke, said baffle being
      spaced from the wall of the cylinder in traverse alignment with the
      scavenging air port whereby to deflect scavenging air upward into said
      cylinder chamber.
NUM  15.
PAR  15. A reciprocating two-stroke internal combustion engine as in claim 1,
      wherein there is provided a pressure retaining chamber for fuel-air
      mixture in the engine head above the cylinder chamber, a pressure
      retaining valve in the head means comprising a valve seat in a transverse
      orientation in the cylinder chamber below said retaining chamber, and a
      valve guide means mounted on said engine head above said retaining
      chamber, a valve closing spring means acting between the exterior of
      engine head and the keeper on end of the valve stem holding the pressure
      retaining valve in closed position against buildup in said pressure
      retaining chamber, said valve opening with air flow by mechanical means.
NUM  16.
PAR  16. A reciprocating two-stroke combustion engine as in claim 9, wherein the
      said vertical pressure impeller provides a continual means for thoroughly
      mixing, churning and dispersing said fuel-air mixture into gaseous
      particles while under pressure creating a volatile gaseous fuel-air
      mixture.
NUM  17.
PAR  17. A reciprocating two-stroke combustion engine as in claim 15 wherein the
      said rotary metering pressure booster F provides an invaluable means of
      compressing the said volatile fuel-air mixture a second time in said
      retaining chamber until peak pressure is attained, then releasing said
      volatile fuel expanding, creating a real cold effect through compression
      and expansion, and at the same time further cracking and cooling said
      volatile fuel increasing volatility, lightness, thus more readily
      vaporized, in preparation for a third and final compression in the
      combustion chamber before ignition.
NUM  18.
PAR  18. A reciprocating two-stroke combustion engine as in claim 1, wherein the
      said inverted pressure impeller in conjunction with said rotary metering
      pressure booster H provides an indispensable means for supplying a metered
      amount of auxiliary air under pressure, and sequentially delivering said
      air into the cylinder chamber, expanding and thereby creating a means of
      supplying real cold air through compression and expansion for scavenging
      and cooling the cylinders of both Otto-cycle engine and Diesel machine
      from within.
NUM  19.
PAR  19. A reciprocating two-stroke combustion engine as in claim 18 wherein the
      said indispensable means comprises a means for supplying real cold air
      through compression and expansion for scavenging and cooling cylinders
      from within, whereby the said invaluable means is productive of a cool
      running, air-cooled, Otto-cycle and/or Diesel engine operation while under
      heavy load.
NUM  20.
PAR  20. A reciprocating two-stroke combustion engine as in claim 18 wherein the
      inverted pressure impeller is in operating association with said rotary
      metering pressure booster H for increasing engine initial compression as
      engine speed is increased, said means having a fluctuating action relative
      to engine speed delivering a metered predetermined quantity of air at a
      predetermined pressure through a given size port into cylinder chamber for
      scavenging and cooling whereby as engine speed and piston travel speed
      overtakes and surpasses the travel speed of the incoming air and a portion
      of the air will be trapped in the cylinder chamber and is compressed
      together with the incoming fuel increasing the initial compression before
      ignition ad whereby more air will be trapped as engine speed is increased,
      gradually increasing initially compression in combustion chamber until the
      levelling off point is reached, the said levelling off being governed by
      the said predetermined quantity of air provided, whereby subsequent
      thereto and regardless of further increased engine speed the initial
      compression gained will be retained.
NUM  21.
PAR  21. A reciprocating two-stroke combustion engine as in claim 16 for a
      Diesel engine wherein the volatile fuel-air mixture is air, and the fuel
      is injected into the combustion chamber just before ignition.
NUM  22.
PAR  22. A reciprocating two-stroke combustion engine as in claim 16 for an
      Otto-cycle engine wherein the fuel is a volatile gaseous fuel-air mixture,
      and said ignition is produced by an electric spark.
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PAL  An internal combustion engine comprising a first exhaust valve arranged in
      an exhaust port in the exhaust system of said internal combustion engine,
      and a second exhaust valve arranged in the exhaust port downstream from
      said first exhaust valve, the timing of the opening of the first exhaust
      valve being earlier than that of the second exhaust valve, whereby the two
      valves temporarily form a secondary combustion chamber therebetween.
BSUM
PAC  DISCLOSURE OF THE INVENTION
PAR  This invention relates to internal combustion engines and, in particular,
      to an improved exhaust system of a combustion chamber thereof.
PAR  The unburnt matter, i.e. unburnt hydrocarbon is confirmed as one of the
      noxious components in the exhaust gas discharged from a conventional
      gasoline engine. Regarding the cause of unburnt hydrocarbon discharge,
      though there have been many arguments, the following argument is the most
      predominant. That is, when the combustion flame is propagated in the
      combustion chamber and approaches the inner peripheral wall of the
      combustion chamber, the leading portion of the flame that is commonly
      called flame-front, is rapidly quenched owing to the step temperature
      differences between portions adjacent to the inner wall and portions
      nearest the flame of the combustion chamber. As a result of this, the gas
      mixture in the portions near the inner wall, hereafter referred to as the
      boundary layer (that is commonly called the quench zone), cannot be burnt
      and remains as unburnt hydrocarbon.
PAR  Unburnt hydrocarbon thus remaining in the boundary layer together with the
      burnt matter is discharged out of engine through an exhaust valve.
      Generally, the exhaust valve is set in such a way that it is opened
      immediately before the expansion stroke is over, that is, the piston
      reaches its bottom dead center (B.D.C.). It has been experimentally
      confirmed that the discharge mass flow rate of the unburnt hydrocarbon is
      highest immediately after the exhaust valve is opened and also,
      approximately at the end of the exhaust stroke and that the mass flow
      rates at both times are approximately equal to each other. It is thought
      that this initial unburnt hydrocarbon is discharged out of the engine for
      this reason mentioned above. The reason why the exhaust valve is opened
      before the piston reaches its B.D.C., as mentioned above, that is, the
      reason for providing so-called "valve timing" with a lead is so that the
      exhaust gas can be discharged by its own pressure. In other words,
      exhaustion during the expansion stroke is mainly produced by rapid
      pressure variation owing to the opening of the exhaust valve.
PAR  It will be easily understood from the above description that the amount of
      unburnt hydrocarbon, is determined by the thickness of the boundary layer
      which the combustion flame cannot reach. To reduce, therefore, the amount
      of unburnt hydrocarbon exhaust, the reduction of the boundary layer or its
      thickness is essential. However, to reduce the boundary layer or its
      thickness, it is required to increase the temperature and/or the pressure
      in the combustion chamber, which, in turn, inevitably involves undesirable
      problems such as increasing noxious NO.sub.x in the exhaust gas or
      promoting engine knocking. Therefore, it is very difficult, in practice,
      to apply a method which can be expected to directly reduce the amount of
      unburnt hydrocarbon exhaust.
PAR  In place of the method stated above which is intended to reduce the
      quantity of unburnt hydrocarbon exhaust, methods have been used involving
      secondary combustion of the unburnt hydrocarbon in the exhaust system in
      order to reduce the amount of unburnt hydrocarbon which is finally
      discharged out of the engine. However, in these methods or appropriate
      apparatuses, in order to secondarily burn the unburnt hydrocarbon, it is
      necessary not only to use a low air-fuel ratio but to supply new secondary
      air which, in turn, gives rise to an increase in the temperature of the
      exhaust gas and in fuel consumption.
PAR  The main object of the invention is to provide an internal combustion
      engine with a plurality of exhaust valves which can reduce the amount of
      the unburnt hydrocarbon.
PAR  Although the present invention also rests on the basis of an idea which is
      intended to secondarily burn the unburnt hydrocarbon in the exhaust
      system, the present invention may achieve its object without involving the
      previously mentioned drawbacks.
DRWD
PAR  The invention, other objects and advantages will become more apparent from
      the detailed description of the preferred embodiments presented below.
      Reference is made to the accompanying drawings, in which:
PAR  FIG. 1 shows a schematic view of an embodiment of the present invention;
PAR  FIG. 2 shows a schematic view of another embodiment of the present
      invention;
PAR  FIG. 3A and FIG. 3B show valve timing diagrams corresponding to FIG. 1 and
      FIG. 2 respectively; and
PAR  FIGS. 4A and 4B show operating mechanisms of the exhaust valves
      corresponding respectively to the first and second embodiments.
DETD
PAR  Referring now to FIGS. 1 and 3A both of which show a first embodiment of
      the invention, a mixture introduced into combustion chamber 3 through
      intake valve 2 arranged in intake port 1 is ignited by spark plug 4 and is
      burnt after compression by piston 11. During this time, as intake and
      exhaust valves are both in closed position, position 11 is moved
      downwardly to its bottom dead center (B.D.C.) by the combustion energy.
      Piston 11 is then moved upwardly to its T.D.C., forcing burnt gas together
      with the unburnt hydrocarbon into exhaust port 7 through exhaust valve 5.
      In this case, the exhaust valve 5 is preset by, for example, timing gears
      (not shown) in such a way that it is opened before piston 11 reaches its
      B.D.C. The reason for presetting is that exhaustion can be performed by
      the pressure of the exhaust gas itself.
PAR  According to the invention, in exhaust port or passage 7, another exhaust
      valve 6 is coaxially provided on exhaust valve 5. For convenience, exhaust
      valves 5 and 6 are hereinafter referred to as first exhaust valve 5 and
      second exhaust valve 6, respectively. Second exhaust valve 6 is slidably
      mounted to the valve stem of the first exhaust valve 5. Both valves 5 and
      6 may be individually operated by their own cams (not shown) or a single
      common cam 20 (see FIG. 4A).
PAR  Alternatively, second valve 5 may be formed integrally with first exhaust
      valve 5, though this is not shown. In this modification, the valve seat
      portion of the second valve 6 must be formed in such a way that the
      sliding length of valve 6 along the seat portion is longer than that of
      valve 5. In other words, even if the first exhaust valve 5 begins to move
      toward combustion chamber 3 and away from its valve seat portion and is in
      open portion, the second valve 6 is still in contact with its valve seat
      portion for a certain period, to temporarily form a secondary combustion
      chamber 12 between the two valves. Further movement of valve 5, and
      therefore, further movement of valve 6 places valve 6 in opened position.
      The above modification may be similarly effective when both valves 5 and 6
      are operated independently from each other, by providing a time variation
      between the valve timings of both valves.
PAR  The operation of the valves according to the present invention will become
      more apparent from FIG. 3A in which T.D.C. (0.degree.%) represents the top
      dead center of piston 11; B.D.C. (180.degree. %) the bottom dead center;
      small letters o, o' the opening of valves 5 and 6; small letters c, c' the
      closing of valves 5 and 6; V.sub.1 the first exhaust valve 5; V.sub.2 the
      second exhaust valve 6.
PAR  The first exhaust valve 5 is, as mentioned above, opened at the point
      indicated by 5.sub.o (preferably 70.degree.-110.degree. B.D.C.) before the
      piston the piston 11 reaches its B.D.C., preferably with earlier valve
      timing than that of a conventional exhaust valve. Preferably, the second
      exhaust valve 6 is set so that the valve opening timing is approximately
      equal to that of a conventional exhaust valve. That is, at point 5.sub.o,
      the first exhaust valve 5 is open but the second exhaust valve is still in
      closed position. The second valve 6 begins to open at point 6.sub.o.
      Accordingly, a timing delay corresponding to the crank angle .alpha.
      (preferably 20.degree. - 50.degree.) is provided between the two exhaust
      valves. Now, in an area corresponding to the crank angle .alpha., as the
      first valve 5 remains open and the second valve 6 remains in closed
      position, a new space comprising the secondary combustion chamber 12 and
      combustion chamber 3, which now communicates with chamber 12, is formed.
      Therefore, the unburnt hydrocarbon is discharged together with the burnt
      matter into a part of exhaust port 7 forming a secondary combustion
      chamber 12 through the first exhaust valve 5, but is not discharged out of
      the engine because the second exhaust valve 6 is in closed position.
      Accordingly, the unburnt hydrocarbon remaining in the boundary layer
      adjacent to the inner circumference of the combustion chamber 3 is, when
      discharged into the secondary combustion chamber 12 because of a rapid
      pressure change resulting from the opening of the first exhaust valve 5,
      mixed again with high temperature burnt gas to enable a more complete
      combustion. The remaining gas thus burnt is discharged into the exhaust
      passage and out of the engine through the second exhaust valve 6 when the
      valve is opened. In this case, as compared with the conventional four
      cycle engines, more momentary, rapid variations in temperature and
      pressure are provided by the fact that the first exhaust valve 5 is opened
      at an earlier time during the expansion stroke, thereby restricting the
      NO.sub.x level produced during the expansion stroke. The intake valve 2 is
      opened before the exhaust stroke is finished, that is, before piston 11
      reaches its T.D.C., though this is not shown, to utilize the inertia of
      the flowing mixture, in the same way as conventional four cycle engines.
      In FIG. 3A, it will be easily understood that the crank angles .alpha. and
      .beta. (preferably several degrees) which respectively correspond to
      opened timing difference (point 5.sub.o, 6.sub.o) and closed timing
      difference (point 5.sub.c, 6.sub.c) between the first exhaust valve 5 and
      second exhaust valve 6 may be optionally changed and that crank angle
      .alpha. is equal to crank angle .beta. when both exhaust valves are
      integrally constructed. In the event that both exhaust valves are operated
      independently from each other, it will also be possible to equalize the
      crank angle .beta. to zero, that is, to equalize the closed timing of both
      exhaust valves.
PAR  FIGS. 2 and 3B show another embodiment of the present invention. An
      internal combustion engine according to this embodiment is essentially
      similar to that of the first embodiment, except that the two exhaust
      valves 5 and 6 are independently provided and arranged in the second
      embodiment. However, both valves may be integrally or independently
      operated. In this embodiment also, the opening timing of the second
      exhaust valve 6 is substantially equal to that of the conventional exhaust
      valve and the opening timing of the first valve 5 is earlier than that of
      the second valve 6. In other words, the first exhaust valve 5, according
      to this invention, is opened earlier than the conventional exhaust valve
      which, in turn, is usually set in such a way that it is opened before the
      piston reaches its B.D.C.
PAR  The operation of an internal combustion engine according to the second
      embodiment will be explained in detail, referring to FIG. 3B. Essentially,
      the operation is similar to that indicated by FIG. 3A. That is, the first
      exhaust valve 5 is opened at point 5.sub.o after piston 11 begins to move
      downwardly. At this time, the second exhaust valve 6 remains closed. As a
      result of this, remaining unburnt hydrocarbon is burnt during the phase
      indicated by crank angle .alpha. which corresponds to the difference of
      opening timings between the first and the second exhaust valves 5 and 6.
      In the second embodiment, second valve 6 can to some extent be optionally
      arranged in the exhaust port with respect to the first valve 5, because
      the second valve 6 is formed independent of the first valve 5. Therefore,
      if a large-volume secondary combustion chamber is necessary, this second
      embodiment would be advantageous. The opening and closing timings of both
      exhaust valves 5 and 6 may be varied, for example, the second exhaust
      valve 6 may be closed at the same time as or later (point 6.sub.c ') than
      the first exhaust valve 5 and the first exhaust valve 5 may be opened at
      point 5.sub.o 'which is within a 90.degree. angle from T.D.C. In FIGS. 1
      and 2, 8 and 9 are conventional compression rings.
PAR  FIGS. 4A and 4B show operating mechanisms of the exhaust valves,
      corresponding respectively to the first embodiment (FIGS. 1 and 3A) and
      the second embodiment (FIGS. 2 and 3B). Each valve 5 and 6, is operated
      similar to the conventional exhaust valve. In FIG. 4A, the valve stem 22
      of the first exhaust valve 5 is first moved downwardly against valve
      spring 23, by cam 20 rotated with cam shaft 21, to open the first exhaust
      valve 5. When valve stem 22 is further moved downwardly, valve stem 24 of
      the second valve 6 is also moved downwardly against valve spring 25, by
      shoulder 27 of the valve stem 22 to open valve 6. 26 is the spring seat
      for valve spring 23 and 25. In this case, the timing difference between
      the two valves 5 and 6 can be easily controlled by controlling the
      distance between the shoulder 27 of valve stem 22 and the top surface of
      valve stem 24.
PAR  In FIG. 4B the operating mechanisms of the valves 5 and 6 are basically
      similar to that of FIG. 4A. The first exhaust valve 5 is opened by valve
      stem 22 which is moved downwardly against valve spring 23 by rotation of
      cam 20, and the second valve 6 is opened by valve stem 24 which is moved
      downwardly against valve spring 25 by rotation of cam 20'. The timing
      difference between the two valves 5 and 6 can be easily provided by
      changing the angular positions of cams 20 and 20' as shown in FIG. 4B.
PAR  An internal combustion engine according to the present invention, as stated
      above, makes it possible to decrease the amount of unburnt hydrocarbon
      which is finally exhausted out of the engine, since the engine has two
      exhaust valves, whereby a secondary combustion chamber is temporarily
      formed between the two valves and secondary combustion of the remaining
      unburnt hydrocarbon may occur therein. In addition to this, because the
      first exhaust valve is designed according to the invention, in a way such
      that it is opened earlier than the exhaust valve of a conventional four
      cycle engine, the first exhaust valve is opened before the temperature and
      pressure in the combustion chamber reach their maximum values, in other
      words, the values of the maximum temperature and pressure in the
      combustion chamber may be lower than those of conventional four cycle
      engines. As a result of this, the creation of NO.sub.x which is influenced
      by the above two factors can be decreased. It has been experimentally
      confirmed that the amount of the unburnt hydrocarbon which is exhausted
      out of the engine, in the internal combustion engine according to the
      present invention, is reduced by about half as compared to conventional
      four cycle engines.
CLMS
STM  I claim:
NUM  1.
PAR  1. A four-stroke cycle internal combustion engine of the type having a
      combustion chamber, carburetor means for introducing a combustible mixture
      of fuel and air into the chamber, a cyclically movable power member fitted
      in the chamber for expanding the effective volume of the chamber from a
      minimum value to a maximum value in response to combustion of the mixture,
      a fixed volume exhaust passage opening from the chamber, an exhaust
      manifold connected to the exhaust passage for conducting the exhaust gases
      from the combustion chamber to the outside atmosphere, a first exhaust
      valve postioned in the opening of the exhaust passage for passing all of
      the gases exhausted from the chamber into the exhaust passage, and means
      for opening the first exhaust valve during a predetermined portion of each
      cycle of power member movement commencing prior to the completion of the
      expansion stroke of the power member, wherein the improvement comprises:
PA1  a second exhaust valve arranged in the exhaust passage and spaced
      downstream from the first exhaust valve by a distance sufficient to form a
      fixed volume secondary combustion chamber in the exhaust passage sized
      smaller than the combustion chamber to hold a predetermined initial
      fraction of the flow of the exhaust gases from the combustion chamber that
      contain a high proportion of unburned and partially burned fuel components
      from the region adjacent to the walls of the combustion chamber and
PA1  means for opening the second valve to pass all of the gases admitted to the
      exhaust passage through the first valve to the exhaust manifold at a
      predetermined time after the opening of the first valve, said
      predetermined time being sufficient to permit further combusting of the
      unburned and partially burned components of the hot exhaust gases in the
      secondary combustion chamber.
NUM  2.
PAR  2. A four-stroke cycle internal combustion engine of the type having a
      combustion chamber, means for introducing a combustible mixture of fuel
      and air into the chamber, a cyclically movable power member fitted in the
      chamber for expanding the effective volume of the chamber from a minimum
      value to a maximum value in response to combustion of the mixture, an
      exhaust passage opening from the chamber, an exhaust system connected to
      the exhaust passage for conducting the exhaust gases from the combustion
      chamber to the outside atmosphere, a first exhaust valve positioned in the
      opening of the exhaust passage for passing all of the gases exhausted from
      the chamber into the exhaust passage, the first valve including a first
      valve stem, and means for opening the first exhaust valve during a
      predetermined portion of each cycle of power member movement commencing
      prior to the completion of the expansion stroke of the power member,
      wherein the improvment comprises:
PA1  a second exhaust valve arranged in the exhaust passage and spaced
      downstream from the first exhaust valve by a distance sufficient to form a
      fixed volume secondary combustion chamber in the exhaust passage sized
      smaller than the combustion chamber to hold a predetermined initial
      fraction of the flow of the exhaust gases from the combustion chamber that
      contain a high proportion of unburned and partially burned fuel components
      from the region adjacent to the walls of the combustion chamber, the
      second exhaust valve including a second valve stem arranged for slidable
      movement coaxially with respect to the first valve stem, and
PA1  means for opening the first valve and the second valve to pass all of the
      gases admitted to the exhaust passage through the first valve to the
      exhaust manifold at a predetermined time after the opening of the first
      valve including a single common cam driven in synchronism with the power
      member and means for coupling the cam to the first and second valve stems
      so that the opening timing of the first exhaust valve is earlier than that
      of the second exhaust valve, said predetermined time being sufficient to
      permit further combusting of the unburned and partially burned components
      of the hot exhaust gases in the secondary combustion chamber.
NUM  3.
PAR  3. The engine of claim 2 wherein the means for coupling the cam to the
      first and second valve stems comprises a stop member on one of said valve
      stems for engaging the other of said valve stems after the first valve
      stem has moved a predetermined distance in response to the cam sufficient
      to open the first valve, whereby further opening movement of the first
      valve stem causes the second valve stem to move and open the second valve.
NUM  4.
PAR  4. The engine of claim 2 wherein the second valve stem comprises a hollow
      tube, the first valve stem is slidably mounted within said hollow tube,
      and the means for coupling the cam to the first and second valve stems
      comprises a shoulder on the first valve stem spaced axially from the end
      of the tubular valve stem when both valves are closed so that movement of
      the first valve stem in response to movement of the cam will cause the
      first valve to open the second valve after the shoulder contacts the end
      of the second valve stem.
NUM  5.
PAR  5. A four-stroke cycle internal combustion engine of the type having a
      combustion chamber, carburetor means for introducing a combustible mixture
      of fuel and air into the chamber, a cyclically movable power member fitted
      in the chamber for expanding the effective volume of the chamber from a
      minimum value to a maximum value in response to combustion of the mixture,
      an exhaust passage opening from the chamber, an exhaust system connected
      to the exhaust passage for conducting the exhaust gases from the
      combustion chamber to the outside atmosphere, a first exhaust valve
      positioned in the opening of the exhaust passage for passing all of the
      gases exhausted from the chamber into the exhaust passage, and means for
      opening the first exhaust valve during a predetermined portion of each
      cycle of power member movement commencing prior to the completion of the
      expansion stroke of the power member, the means for opening the first
      valve including a first cam driven in synchronism with the power member,
      wherein the improvement comprises:
PA1  a second exhaust valve arranged in the exhaust passage and spaced
      downstream from the first exhaust valve by a distance sufficient to form a
      fixed volume secondary combustion chamber in the exhaust passage sized
      smaller than the combustion chamber to hold a predetermined initial
      fraction of the flow of the exhaust gases from the combustion chamber that
      contain a high proportion of unburned and partially burned fuel components
      from the region adjacent to the walls of the combustion chamber and
PA1  means for opening the second valve to pass all of the gases admitted to the
      exhaust passage through the first valve to the exhaust manifold at a
      predetermined time after the opening of the first valve including a second
      cam driven in synchronism with the power member, the first cam being
      preset in relation to the second cam to open the first exhaust valve
      before the second cam opens the second valve, said predetermined time
      being sufficient to permit further combusting of the unburned and
      partially burned components of the hot exhaust gases in the secondary
      combustion chamber.
NUM  6.
PAR  6. The engine of claim 1 wherein the means for opening the second valve is
      preset to open said valve immediately before the power member has
      completed the expansion stroke.
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ABST
PAL  The gasoline engine torque regulator described herein provides means of
      reducing the quantities of harmful oxides of nitrogen emitted via the
      exhaust of a four stroke cycle gasoline engine and also of increasing the
      efficiency of the engine at part load. These beneficial objects are
      achieved by adjustably delaying the closing of the engine intake valve as
      a means of controlling the engine torque, the opening of the intake valve
      remaining fixed. This manner of intake valve opening and closing can be
      achieved by adding to the conventional intake valve operating mechanism a
      dashpot device with a restricted flow passage and a check valve which
      allows free opening of the valve by the cam mechanism but retards closing
      of the valve by the valve return spring. With intake valve closing
      delayed, a portion of the air-fuel mixture, drawn into the engine cylinder
      during the intake stroke, is pushed back into the intake manifold during
      the compression stroke. As a result less air-fuel mixture remains in the
      engine cylinder and the engine torque is reduced, the extent of such
      torque reduction increasing as the intake valve closing is longer delayed.
      The engine compression ratio is reduced at reduced torque and, in
      consequence, gas temperatures during compression, combustion and expansion
      are reduced, producing a beneficial decrease in the quantities of oxides
      of nitrogen formed and subsequently emitted. Part load efficiency of the
      engine is increased because pumping work is essentially eliminated.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a division of my earlier application entitled, "Improved Gasoline
      Engine Torque Controller," Ser. No. 389,715, filing date, Aug. 20, 1973
      now Pat. No. 3,855,566, Joseph Carl Firey, Inventor. This division of the
      earlier application was requested by Examiner's first Office Action, dated
      May 1, 1974, and made final by Examiner's second Office Action, dated July
      8, 1974. The invention described and claimed herein is the non-elected
      species of the earlier application.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  An object of the gasoline engine torque controller described herein is to
      reduce the quantity of undesirable oxides of nitrogen emitted via the
      engine exhaust gas of a four stroke cycle, spark ignition gasoline engine
      when operated at part load, by methods which also increase the efficiency
      of the engine at part load. Other methods to reduce exhaust emissions of
      oxides of nitrogen are well known, such as exhaust gas recirculation and
      excess spark retardation, but these other methods reduce the efficiency of
      the engine whenever they are effective in reducing emissions of oxides of
      nitrogen.
PAR  Another object of this invention is to reduce the quantities of undesirable
      unburned hydrocarbons and carbon monoxide emitted via the engine exhaust
      gas of a four stroke cycle, spark ignition, gasoline engine at part load
      as compared to the quantities of such emissions from gasoline engines
      whose torque is controlled by the usual throttle plate.
PAR  Emissions of oxides of nitrogen, unburned hydrocarbons and carbon monoxide
      by gasoline engines are widely recognized as undesirable since they are
      air pollutants themselves and some of them participate actively in the
      creation of other types of harmful air pollutants. It is the reduction of
      these harmful air pollutants. It is the reduction of these harmful exhaust
      emissions which constitutes a principal benefit and improvement of this
      invention.
PAR  These and other beneficial objects of this invention are achieved by
      incorporating on the gasoline engine, as a torque regulator, a dashpot
      device which delays the closing time of the engine intake valve by an
      adjustable amount but does not change the opening time of the engine
      intake valve. Both pneumatic adjustable delaying dashpots and hydraulic
      adjustable delaying dashpots are described. In the normal operation of a
      four stroke cycle gasoline engine the intake valve is opened when the
      piston is at or near top dead center, and about to begin the intake
      stroke, and this valve is subsequently closed when the piston is next at
      or near bottom dead center and is ending the intake stroke. As intake
      valve closing is longer delayed, beyond this latter bottom dead center
      position of the piston, an increasing portion of the air-fuel mixture,
      drawn into the engine cylinder during the intake stroke, is pushed back
      into the intake manifold as the piston rises during the compression
      stroke. As a result less air-fuel mixture remains within the cylinder to
      be subsequently burned, the longer intake valve closing is delayed and the
      engine torque is correspondingly reduced. In this way engine torque and
      power output may be controlled by adjusting the delay of intake valve
      closing by use of the devices of this invention.
PAR  When engine torque is reduced by delay of intake valve closing, as
      described above, the compression ratio and thus the compression pressure
      and temperature are reduced. In consequence gas temperatures during
      combustion and expansion are also reduced. The undesirable oxides of
      nitrogen are formed during or soon after the combustion process and the
      quantities formed and surviving to be emitted with the exhaust gas
      decrease as the gas temperatures are reduced. In this way the devices of
      this invention reduce the emission of oxides of nitrogen at part load, the
      reduction being greater the greater is the reduction of torque by
      increasing delay of intake valve closure. Present designs of four stroke
      cycle gasoline engines control torque by throttling the air-fuel mixture
      on its way into the engine cylinder during the intake stroke and thus
      reduce the pressure of the mixture in the cylinder. But the compression
      ratio and gas temperatures are not reduced by throttling and, in
      consequence, the emissions of oxides of nitrogen remain high at part load.
PAR  Although delayed intake valve closing reduces the engine compression ratio
      it does not reduce the expansion ratio upon which the engine efficiency
      primarily depends. Thus, at part load, an engine using the devices of this
      invention does not operate upon the equivalent of an Otto cycle but
      operates rather upon the approximate equivalent of an Atkinson cycle. In
      this way the use of the devices of this invention on a gasoline engine
      achieves a reduction of the emissions of oxides of nitrogen.
PAR  The conventional throttling control of engine torque produces, at part
      load, an intake manifold pressure well below the exhaust manifold pressure
      and both power and efficiency are reduced by the loss due to pumping the
      gas against this difference in manifold pressure. When engine torque is
      controlled by delay of intake valve closure with the devices of this
      invention this pumping work loss does not occur since the pressure is
      essentially the same in both intake and exhaust manifolds. In this way the
      devices of this invention improve the part load efficiency of a gasoline
      engine by reducing or eliminating the pumping work loss. The conventional
      throttle plate for throttling control of engine torque maldistributes the
      unevaporated liquid portions of gasoline between the several cylinders of
      a multicylinder gasoline engine. In consequence the throttle plate causes
      some cylinders to operate too rich in fuel for the amount of air available
      in these cylinders and greatly increased quantities of unburned
      hydrocarbon and carbon monoxide are emitted via the exhaust gas of these
      cylinders. When torque is controlled by use of the devices of this
      invention no throttle plate is used and the aforementioned maldistribution
      of liquid gasoline and consequent increased exhaust emissions of unburned
      bydrocarbons and carbon monoxide do not occur. In this way the devices of
      this invention act to reduce undesireable emissions of unburned
      hydrocarbons and carbon monoxide at part load.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 shows the torque regulator in cross section.
PAR  FIG. 2 shows an alternate type of flow restrictor for the torque regulator
      of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The several forms of this invention are engine torque control devices
      incorporated into the usual intake valve, and its actuating mechanism, of
      a four stroke cycle gasoline engine in a manner to cause the intake valve
      to open at its usual time but to allow the intake valve to be closed later
      than its usual time by a delay interval adjustable from no delay to a time
      not later than the firing of the spark for ignition. Apart from the
      devices of this invention the remainder of the engine can be any one of
      the several different arrangements in common use for four stroke cycle
      gasoline engines except that a throttle plate is unnecessary in the intake
      pipe.
PAR  One form of this invention is the dashpot shown in cross section in FIG. 1.
      In FIG. 1 are shown the engine intake valve, 14, the intake valve return
      spring, 15, and the intake valve rocker arm, 16. Additionally shown in
      FIG. 1 are the intake valve spring button, 40, the valve keepers, 41,
      which secure the intake valve, 14, to the spring button, 40. The dashpot
      piston, 42, fits closely with sealing rings, 43, inside the dashpot
      cylinder, 44, and is fitted with a check valve, 45, check valve stop
      collar, 46, and large flow passages, 47. The intake valve stem, 48, fits
      closely with sealing rings, 49, to the ends of the dashpot cylinder, 44.
      The entire interior of the dashpot cylinder is filled with a fluid. The
      check valve, 45, is arranged to open readily and allow free flow of fluid
      through the flow passages, 47, when the intake valve is being opened, but
      to close fully and prevent return flow of fluid when the intake valve is
      being closed by the force of the valve spring, 15. Hence the intake valve
      is prevented by the dashpot from following exactly with the rocker arm,
      16, during the closing of the valve and the valve is thus held open. A
      bypass flow passage, 401, with adjustable flow restrictor, 402, provides a
      passage for the fluid to gradually return flow from one side of the piston
      to the other under action of the force of the valve spring, 15. In this
      way the intake valve will gradually close as fluid return flows through
      the bypass passage, 401, the time taken for the valve to close being
      adjustable by adjustment of the flow restrictor, 402. As the restriction
      of the flow restrictor, 402, is increased the return flow of fluid will be
      slowed, the intake valve will remain open for a longer time period after
      piston bottom dead center, a larger portion of the air-fuel mixture, drawn
      into the engine cylinder during the intake stroke, will be returned into
      the intake manifold by the rising of the piston on the compression stroke,
      a smaller portion of the air-fuel mixture will remain within the engine
      cylinder to be subsequently compressed and burned and the engine torque
      will be reduced. With the adjustable flow restrictor, 402, wide open the
      intake valve closes promptly with the rocker arm, 16, and full engine
      torque is developed. With the adjustable flow restrictor, 402, nearly
      closed the intake valve will close slowly and very little engine torque
      will be developed. It is in this way, by adjustment of the flow
      restrictor, 402, that the FIG. 1 form of this invention can adjust the
      torque output of the engine by adjustably delaying the closing of the
      intake valve.
PAR  Were the flow restrictor, 402, fully closed the intake valve would not
      close and, not only would intake manifold backfiring at the time of
      ignition spark be invited, but also the rising piston could strike the
      open intake valve causing mechanical damage. For these reasons it is
      essential that the flow restrictor, 402, be so arranged that some return
      flow can always occur over the full range of adjustment. This could be
      accomplished in several ways, as for example with a stop on the adjustment
      of the flow restrictor or a fixed small flow passage around the adjustable
      flow restrictor, 402.
PAR  To minimize bouncing and clattering of the intake valve rocker arm it may
      prove desireable to attach a rocker arm return spring thereto so that the
      rocker arm and associated push rods, if used, and intake valve tappet will
      follow the intake valve cam during the valve closing arc of rotation of
      the cam.
PAR  Various types of fluid can be used to fill the dashpot cylinder including
      both liquids, such as readily available engine lubricating oil, and gases,
      such as compressed air. Liquids with small variation of viscosity with
      temperature are preferred where it is desired that the torque adjustment
      not be greatly varied by variation of engine operating temperature.
PAR  A needle valve adjustable flow restrictor, 402, with threaded adjustment,
      403, and adjustment lever, 404, is shown in FIG. 1, but other kinds of
      flow restriction and adjustment mode may also be used. The adjustable
      viscous flow restrictor shown in FIG. 2 is an example of an alternate type
      of flow restrictor. The viscous flow restrictor is placed within the
      bypass flow passage, 401, and consists of a control bar, 51, slightly
      smaller in outside diameter than the flow passage, 401, and moveable,
      through the seal, 52, within the flow passage. When the control bar, 51,
      is moved in the direction, R, the length of viscous flow path for the
      returning fluid to traverse is increased and the flow restriction is
      increased. The restriction of return flow is decreased when the control
      bar, 51, is moved in the direction, U, and in consequence the intake valve
      closes more rapidly thus increasing the engine torque.
PAC  THEORY OF THE INVENTION AND HOW OBJECTS ARE ACHIEVED
PAR  The torque output and, at a particular engine RPM, the power output of a
      gasoline engine vary directly with the quantity of air-fuel mixture
      trapped by intake valve closure within the engine cylinder and also with
      the portion of the chemical energy of this air-fuel mixture which is
      converted to mechanical work by the subsequent compression, combustion and
      expansion of the operating process of the engine, i.e., the efficiency of
      the engine. Present gasoline engines utilize a fixed opening and closing
      time of the intake valve, at or near top dead center and bottom dead
      center respectively on the intake stroke, and hence the volume of air-fuel
      mixture trapped within the engine cylinder is essentially constant.
      Present engines vary the quantity of air-fuel mixture trapped in the
      engine cylinder and hence vary the torque by varying the pressure of this
      mixture at essentially a constant volume. To reduce torque the pressure of
      the air-fuel mixture is reduced by increasing the flow restriction of the
      throttle plate located in the intake manifold. The devices of this
      invention control torque by controlling the volume of air-fuel mixture
      trapped within the engine cylinder by intake valve closure, the pressure
      of this mixture being essentially constant at air intake pressure since no
      throttle plate is used on the engine. The devices of this invention
      decrease torque by decreasing the volume of air-fuel mixture trapped in
      the engine cylinder by adjustably delaying the closing of the intake valve
      beyond the usual piston bottom dead center time and thus a portion of the
      air-fuel mixture is displaced, by the piston, back into the intake
      manifold, the pressure of the air-fuel mixture remaining essentially
      constant at atmospheric pressure throughout the intake process and intake
      manifold. The beneficial objects of this invention are a result of this
      variable volume at constant pressure mode of torque control which differs
      from the constant volume at variable pressure mode of torque control used
      on present throttle controlled gasoline engines.
PAR  Since the volume of air-fuel mixture trapped within the engine cylinder is
      varied by the devices of this invention the volume compression ratio is
      also varied, decreasing as mixture volume and torque are decreased; the
      clearance volume at piston top dead center being fixed by the fixed
      proportions of the piston, cylinder, crankshaft and connecting rod. At
      decreasing torque and hence decreasing compression ratio the temperature
      of the gas within the cylinder also decrease and in consequence the
      quantity of undesirable oxides of nitrogen are decreased since these
      materials are known to be formed in lesser quantity as gas temperatures
      are decreased (see for example reference A).
PAR  On the other hand with the present throttle control of engine torque the
      volume compression ratio is fixed and, although the pressures decrease at
      decreased torque, the compression, and other gas temperatures remain high.
      In consequence the present throttle control produces much larger
      quantities of oxides of nitrogen at part load than does an engine using
      the devices of this invention for torque control. It is in this way that
      the devices of this invention achieve the beneficial object of reduced
      quantities of oxides of nitrogen emitted via the exhaust gas at part load,
      they reduce the gas temperatures prevailing during the engine process.
PAR  When the devices of this invention are used to control engine torque the
      compression ratio is reduced as torque output is reduced but the expansion
      ratio remains constant being determined by the fixed proportions of the
      piston, cylinder, crankshaft and connecting rod and the fixed time of
      exhaust valve opening. As torque is reduced, compression ratio is reduced,
      gas temperatures are reduced and compressed gas pressures are reduced
      including the pressure of the cylinder gas at exhaust valve opening. A
      particular value of engine torque therefore exists at which the cylinder
      gas pressure at exhaust is equal to atmospheric or exhaust manifold
      pressure and at this value of torque the engine will be operating on the
      more-complete-expansion process of the Atkinson cycle. The particular
      value of indicated engine torque at which an Atkinson cycle is obtained is
      about 25 percent of the maximum available indicated engine torque for an
      Otto cycle of the same expansion ratio and this corresponds roughly to the
      friction torque of a typical gasoline engine. In consequence a gasoline
      engine using the devices of this invention to control torque will operate
      on the equivalent of an Otto cycle at full torque, the equivalent of an
      Atkinson cycle at light load or idle torque and on the equivalent of an
      intermediate cycle at torque values intermediate between these limits. The
      present throttle method of controlling the torque of a gasoline engine
      does not change the compression ratio or the cycle and the engine operates
      on the equivalent of the Otto cycle at all loads.
PAR  The usual throttle controlled gasoline engine suffers a loss of efficiency
      at part load due to the necessity of pumping the gas from the reduced
      pressure in the intake manifold up to full atmospheric pressure in the
      exhaust manifold and this loss is inherent in the use of the throttle
      method of torque control. This pumping loss is very significant at part
      load (see for example reference B). When engine torque is controlled by
      use of the devices of this invention the intake manifold and exhaust
      manifold pressures are essentially the same since a throttle is not used
      and, in consequence, the pumping loss is virtually zero. In this way, by
      eliminating the pumping loss, the devices of this invention increase the
      efficiency of a gasoline engine at part load as compared to the present
      throttle controlled engine.
PAR  The present throttle control device consists of a throttle plate rotatable
      about an axis at right angles to the axis of a round section of the intake
      manifold immediately following the carburetor. At part load the throttle
      plate is inclined to the axis of the intake manifold section, and any
      unevaporated liquid gasoline coming from the carburetor is unequally
      distributed between the two flow edges of the throttle plate due to this
      inclination. Hence the liquid gasoline portions of maldistributed within
      the air mass and, as a result, some cylinders of the engine receive an
      air-fuel mixture too rich in fuel. Those cylinders receiving a too rich
      mixture will, upon combustion, inevitably produce excess unburned
      hydrocarbons and carbon monoxide, since there is not enough air in these
      cylinders for complete combustion, and these undesirable materials will be
      emitted with the exhaust gas from these cylinders. When the devices of
      this invention are used to control engine torque these excess emissions of
      unburned hydrocarbons and carbon monoxide due to throttle plate
      maldistribution are altogether avoided since no throttle plate is used and
      this is another beneficial object of this invention.
PAR  At part load an engine, using the devices of this invention for torque
      control, will, on the intake stroke, take in a full displacement volume of
      air-fuel mixture and then, during the portion of the compression stroke
      when the intake valve is held open, return a portion of this mixture into
      the intake manifold. In consequence the air-fuel mixture in the intake
      manifold flows first in one direction and then in the other. For a single
      cylinder engine this reversal of flow will carry all the way back into the
      carburetor venturi section and render the fuel metering function complex
      of proper adjustment. However for an engine of four cylinders or more and
      possessing an intake manifold common to all cylinders the flow reversal
      will not carry back into the carburetor venturi section since, when one
      cylinder is returning air-fuel mixture to the intake manifold on its
      compression stroke, another cylinder will be simultaneously drawing
      mixture from the manifold on its intake stroke. For this reason the
      devices of this invention are preferred for use on gasoline engines of
      four or more cylinders and possessing an intake manifold common to all
      cylinders.
PAR  The beneficial objects of this invention are only achieved at part load, as
      explained previously, and at full load operation the devices of this
      invention afford no advantage over the present throttle control of engine
      torque. However, in the majority of applications of gasoline engines, as
      for example in automobiles, the engine operates only occasionally at full
      load the bulk of the operating time being spent at part load. Thus
      utilization of the devices of this invention to control the torque of
      gasoline engines affords in actual service an improved means not only to
      reduce the undesirable emissions of oxides of nitrogen, unburned
      hydrocarbons and carbon monoxide, but also to improve the efficiency of
      the engine.
CLMS
STM  Having thus described my invention and how the several beneficial objects
      are achieved, what I claim as new and desire to secure by Letters Patent
      is:
NUM  1.
PAR  1. The combination of a four stroke cycle gasoline engine, complete with
      engine intake valves, intake valve closing springs, intake valve operating
      cams and linkage, wherein the improvement comprises connecting between
      each such engine intake valve and the frame of the engine a dashpot, one
      such dashpot for each intake valve;
PA1  said dashpot comprising a sealed end cylinder element, a piston element
      fitted snugly within said cylinder, said piston and said cylinder being
      moveable with respect to one another and one of them being secured to the
      engine frame with the other being secured to the engine intake valve, the
      two chambers of the cylinder created by the presence of the piston therein
      being filled with fluid and being sealed against leakage and being
      connected to each other by two flow passages, in one of which flow
      passages a one way check valve is placed and in the other of which flow
      passages an adjustable flow restriction is placed, said one way check
      valve opening fully to allow ready fluid flow between the two chambers of
      the cylinder when the engine intake valve is being opened by the intake
      valve operating cams and linkage but closing fully to stop fluid flow in
      the check valve equipped flow passage when the engine intake valve is
      being closed by the force of the valve closing spring so that fluid flows
      between the two chambers of the cylinder during the closing of the valve
      only through the flow passage containing the adjustable flow restriction;
      the closing of the engine intake valve being thus adjustably delayed, by
      delay of fluid flow through the flow restriction, beyond the usual intake
      valve closing time, said closing of the engine intake valve not to be
      delayed beyond the time of firing of the engine ignition spark by
      providing a minimum available restriction area in the flow restriction.
NUM  2.
PAR  2. The combination of a four stroke cycle gasoline engine complete with
      engine intake valves, intake valve closing springs, intake valve operating
      cams and linkage, wherein the improvement comprises adding a piston and
      cylinder dashpot device, one for each engine intake valve, connecting
      between said engine intake valve and the frame of the engine; said dashpot
      device comprising a stationary sealed end cylinder element secured to the
      engine frame, a moveable piston element fitted snugly within said
      cylinder, and secured to said engine intake valve, the two chambers of the
      cylinder created by the presence of the piston therein being filled with
      fluid and being sealed against leakage and being connected to each other
      by two flow passages, in one of which a one way check valve is placed, and
      in the other of which an adjustable flow restriction is placed; said
      piston element being secured via a piston rod, suitably sealed against
      leakage where it passes through the cylinder end walls, to the intake
      valve stem of the engine intake valve so that the piston moves with the
      intake valve; said check valve opening fully to allow ready fluid flow
      between the two chambers of the cylinder when the intake valve is being
      opened at the usual fixed time of piston near top dead center at the start
      of the intake stroke, but closing fully to stop fluid flow in the check
      valve equipped flow passage when the intake valve is closing under the
      action of the valve closing spring so that fluid flow between the two
      chambers of the cylinder occurs during the closing of the intake valve
      only through the flow passage containing the adjustable flow restriction;
      the closing of the engine intake valve being thus adjustably delayed by
      delay of fluid flow by the restriction beyond the usual closing time of
      piston near bottom dead center at the start of the compression stroke,
      said adjustment of delay acting to reduce engine torque as the intake
      valve closing is longer delayed; said closing of the intake valve not to
      be delayed beyond the time of firing of the engine ignition spark by
      providing a minimum available restriction area in the flow restriction.
NUM  3.
PAR  3. A dashpot device as described in claim 1 wherein the cylinder moves and
      is secured to the intake valve and the piston is stationary and is secured
      to the engine frame.
NUM  4.
PAR  4. A dashpot device as described in claim 1 wherein the piston and cylinder
      are replaced with flexible diaphragm units and sealed chambers.
NUM  5.
PAR  5. A dashpot device as described in claim 2 wherein the piston and cylinder
      are replaced with flexible diaphragm units and sealed chambers.
NUM  6.
PAR  6. A dashpot device as described in claim 1 wherein the fluid filling the
      two chambers is a liquid.
NUM  7.
PAR  7. A dashpot device as described in claim 1 wherein the fluid filling the
      two chambers is a compressed gas.
NUM  8.
PAR  8. A dashpot device as described in claim 2 wherein the fluid filling the
      two chambers is a liquid.
NUM  9.
PAR  9. A dashpot device as described in claim 2 wherein the fluid filling the
      two chambers is a compressed gas.
NUM  10.
PAR  10. A dashpot device as described in claim 4 wherein the fluid filling the
      two chambers is a liquid.
NUM  11.
PAR  11. A dashpot device as described in claim 4 wherein the fluid filling the
      two chambers is a compressed gas.
NUM  12.
PAR  12. A dashpot device as described in claim 5 wherein the fluid filling the
      two chambers is a liquid.
NUM  13.
PAR  13. A dashpot device as described in claim 5 wherein the fluid filling the
      two chambers is a compressed gas.
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PAL  A valve stem retainer provides improved frictional engagement between the
      retainer segments and the valve stem. The retainer includes a pair of
      retainer lock segments, each of the segments having a radius of curvature
      less than the radius of curvature of the valve stem on which the segments
      are installed. The segments are expanded by deformation elastically into
      conformity with the valve stem and when so installed, provide tight
      frictional engagement with the valve stem. The segments define, in a first
      position on the valve stem, a pair of diametrically opposed gaps along a
      portion of the periphery of the valve stem. For the improved results of
      the present invention, it was found that the ratio of the width of the
      pair of gaps to the radius of the valve stem should be carefully
      controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of valve stem locks for valves of internal
      combustion engines in which the geometry of a pair of lock segments is
      controlled with respect to the valve stem so that the segments
      frictionally resist removal from the valve stem.
PAR  2. Description of the Prior Art
PAR  Some countries require that trucks and buses be provided with engine brakes
      in addition to the normal brakes which act on the wheels or axles. Such
      engine brakes usually involve the use of a throttling valve located within
      the exhaust line. When such valve is closed, a back pressure builds up
      very rapidly in the exhaust line, and the effect of back pressure is to
      provide a significant braking force on the internal combustion engine. The
      pressurized exhaust line creates an unusual and extreme condition for the
      engine valve gear. There are extraordinary stresses placed on the entire
      valve gear of the engine and as a result, excessive vibration can occur
      between the valve, valve stem locks or keepers, the valve spring retainer
      and the valve spring. These vibrations can become so substantial that the
      valve spring and the spring retainer may surge (not be able to remain in a
      secured position) with respect to the valve stem locks even to the extent
      of the spring retainer becoming completely dislodged from engagement with
      the valve stem locks. This unfavorable dynamic condition results from
      irregular valve movement under the influence of exhaust line pressure,
      whereby a piston may actually contact the valve causing extreme
      acceleration thereof which may lead to the spring and spring retainer
      lagging behind the movement of the valve. Alternatively it is possible for
      the gas pressure in the exhaust system to act on the valve forcing it open
      and then releasing it at a time when the valve cannot return positively to
      seat on the valve operating cam. In either of these instances, the
      movement of the valve spring and spring retainer may become completely out
      of phase with movement of the valve so that the spring retainer becomes
      physically separated from the valve locks. In this extreme condition,
      parts of the valve retainer assembly built according to prior art,
      knowledge and practice may actually become dislodged and damage to the
      engine may result due, for example, to a valve dropping into the
      combustion area. While it is true that such damage will occur only under
      very unique and complicated circumstances, the catastrophic nature of the
      damage which may occur requires that steps be taken to prevent their
      occurrence.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a valve stem retainer lock assembly in which
      the geometry of the component parts is controlled to provide an improved
      frictional locking engagement between a pair of lock segments and the
      valve stem. Specifically, I have found that the radius of curvature of
      each of the lock segments should be less than the radius of curvature of
      the valve stem and preferably should be greater than about 0.98 times but
      less than 0.995 times the radius of the valve stem. When so dimensioned,
      the segments are clamped against the valve stem in tight frictional
      engagement due to elastically stored strain energy acting as a curved beam
      while defining a pair of diametrically opposed arcs along the periphery of
      the stem. In accordance with the present invention, assuming the segments
      to be centered on said valve stem the ratio of one-half of one of the
      pairs of arcs to the radius of the valve stem is set at less than 0.1 and
      preferably greater than 0.04 but less than 0.09. With these parameters, it
      was observed that a substantially improved locking engagement occurs
      between the lock segments and the valve stem.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAR  FIG. 1 is a view partly in elevation and partly in cross-section of a valve
      spring retainer and valve lock assembly produced in accordance with the
      present invention;
PAR  FIG. 2 is a partial sectional view of the assembly shown in FIG. 1, taken
      along line II--II;
PAR  FIG. 3 is a plan view illustrating the relative diameter between the locks
      and the valve stem prior to installation of the locks on the valve stem;
PAR  FIG. 4 is a fragmentary view on an enlarged scale illustrating the
      relationship of radii between the locks and the valve stem; and
PAR  FIG. 5 is a perspective view of a lock segment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a valve stem 10 of a poppet-type engine valve is provided with
      an annular seating groove 12 near the tip 14 thereof. A pair of identical
      valve locks 20 and 30 have annular bead portions 22 and 32, respectively,
      arranged to be seated within the groove 12. The retainer locks 20 and 30
      are conventionally made with a generally frusto-conical outer
      configuration and a tapering wall thickness as best illustrated in FIG. 1.
      The locks 20 and 30 each include lower portions 24,34 which define
      substantially semicylindrical surfaces 26,36.
PAR  The spring retainer 40 normally maintains the retainer locks 20 and 30
      elastically deformed and in contact with the valve stem 10 so that the
      beads 22 and 32 are seated within the groove 12. In the free condition of
      the retainer locks 20 and 30, illustrated in FIG. 3 of the drawings, the
      radius of curvature of the lock segments 20 or 30, identified at r.sub.2
      in FIGS. 2 and 3 is less than the radius of curvature of the valve stem 10
      identified r.sub.1 Specifically, I have found that for best results each
      of the segments 20,30 should have a radius of curvature greater than about
      0.98 times but less than about 0.995 times the radius of the circular
      valve stem 10.
PAR  In order to provide the benefits of the present invention, the retainer
      lock segments 20 and 30 do not, when positioned on the valve stem 10,
      extend about the complete periphery of the valve stem but instead define,
      when in the position of FIG. 2, diametrically opposed arcs having a total
      dimension of four (a) as shown in FIG. 2.  I have found that the ratio of
      one-fourth of the total arc, shown as (a) and which would be defined
      mathematically in terms of r.sub.1 as a=r.sub.1 (rad A) to the radius
      r.sub.1 of the valve stem 10, should be less than about 0.1 and preferably
      should be greater than 0.04 but less than 0.09.
PAR  Due to the difference between r.sub.2 and r.sub.1, it is, of course,
      necessary to deform the segments 20 and 30 in order to position such
      segments on the valve stem 10 as shown in FIGS. 1 and 2. By selection of
      the ratio of radii r.sub.2 r.sub.1 to produce an arc a within the
      parameters set forth above, it is possible to design lock segments which
      adhere to the valve stem 10 by producing a locking friction, force, s,
      (see FIG. 4) which is effective to retain the segments 20 and 30 on the
      stem 10 without further support. The friction force s is a function of the
      difference between radii r.sub.2 and r.sub.1 and the arc dimension a. Due
      to the inequality of free radii r.sub.2 and r.sub.1, the force n resulting
      from internal elastic stress in the segment 20, (see FIG. 4), does not
      pass through the center of the valve stem 10 thereby generating the
      friction force, s, which tends to support the segment 20 on the valve stem
      10 independent of any assistance from a spring retainer 40.
PAR  Referring now to FIG. 3, unassembled lock segments 20 and 30 are shown
      engaging the valve stem 10 at lines of contact 50 at the maximum extent of
      retention due to the friction force generated by the internal elastic
      stress within the segments 20,30 (free diameter of adherence). The free
      diameter of adherence, D+ D, shown in FIG. 3, can be calculated from given
      dimensions for r.sub.1, r.sub.2 and a as follows:
      ##EQU1##
PAR  The conditions for self-locking of the segments 20,30 appear to be that the
      ratio of the segment radius, r.sub.2, to valve stem stem radius, r.sub.1,
      is less than 1 and the ratio of arc a to valve stem radius, r.sub.1, and
      arc, a, to valve stem radius, r.sub.1, appear to be as follows:
PA1  0.98 &lt; r.sub.2 /r.sub.1 &lt; 0.995; and
PA1  0.04 &lt; a/r.sub.1 &lt; 0.090
PAR  The improved valve lock retainer of the present invention can be made of
      various materials, but I prefer to use a case hardened mild steel,
      particularly SAE 1010 as the material for the retainer lock segments. This
      material is sufficiently flexible and ductile to be resiliently deformed
      while still being resistant to the various stresses which occur on the
      retainer lock segments during the operation.
PAR  It should be evident that various modifications can be made to the
      described embodiments without departing from the scope of the present
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A valve lock retainer assembly comprising a pair of valve retainer lock
      segments, each of said segments having a radius of curvature less than the
      radius of curvature of a valve stem about which segments are to be
      received, at least one of said segments being deformed into mating
      engagement with said valve stem and providing frictional engagement as a
      result of elastically stored strain energy in said segment, each of said
      segments having a radius of curvature greater than 0.98 times but less
      than 0.995 times the radius of said valve stem.
NUM  2.
PAR  2. The valve lock retainer assembly of claim 1 in which each segment when
      installed on said valve stem circumscribes an arc of less than 180.degree.
      by a lesser arc and one-half of the ratio of the lesser arc to the radius
      of the valve stem is greater than 0.04 but less than 0.090.
NUM  3.
PAR  3. The valve lock retainer of claim 1 in which said segments are composed
      of a case hardened mild steel.
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PAL  Ignition system for an internal combustion engine including a pair of
      breaker contacts parallely connected with the primary coil of ignition
      coil means, one providing a normal ignition timing and the other a delayed
      timing, and a pair of time delay means, one having a normally closed
      contact and providing a predetermined time delay, and the other having a
      normally open contact and providing a longer predetermined time delay,
      said contacts in the time delay means being disposed in series between the
      primary coil and said other of the breaker points, whereby there is
      provided a normal ignition timing for a certain period after engine start,
      then a delayed ignition timing for a further certain period and thereafter
      again the normal ignition timing.
BSUM
PAR  The present invention relates to an ignition system for an internal
      combustion engine and more particularly to ignition control means
      therefor.
PAR  Recently, there have been proposed to provide various means for cleaning
      exhaust gas of an automobile engine. One of such means is a proposal to
      retard engine ignition timing during engine starting and warming-up
      periods. This proposal is made in view of the fact that the amount of air
      polluting substances such as hydrocarbon (HC) and carbon monoxide (CO) is
      increased during such periods, and therefore intended to increase the
      temperature of the exhaust gas by making combustion continue until the gas
      is introduced into the exhaust system so as to enhance the operation of an
      exhaust gas cleaning device such as a thermal reactor or a catalytic
      reactor. This proposal has been found effective to reduce the amount of
      unburnt constituents in the engine exhaust gas, however, it has also been
      experienced that retarding the ignition timing immediately after engine
      start has an adverse effect on the starting characteristics of the engine.
PAR  The present invention therefore has an object to eliminate the
      aforementioned problem of prior art.
PAR  Another object of the present invention is to provide means for retarding
      ignition timing during engine starting and warming-up periods without
      affecting engine starting characteristics.
PAR  The above and other objects of the present invention are achieved, in
      accordance with the present invention, by providing an ignition system for
      an internal combustion engine comprising ignition coil means including a
      primary and a secondary coils, ignition plug means connected with said
      secondary coil of the ignition coil means, electric power supply means
      connected with one end of said primary coil of the ignition coil means,
      and breaker means connected at one end with the other end of the primary
      coil, the other end of said breaker means being grounded, the improvement
      comprising first time delay means including a normally open switch contact
      which is closed after a predetermined time when the time delay means is
      energized, second time delay means including a normally closed switch
      contact which is opened after a second predetermined time which is longer
      than said first mentioned predetermined time when the second time delay
      means is energized, means for detecting that the engine is started and
      producing an engine start signal, means for receiving said engine start
      signal from said detecting means and simultaneously energizing the first
      and second time delay means, said breaker means including at least two
      parallely connected breaker contacts, one of the contacts being opened at
      a normal engine ignition timing and the other being opened at a timing
      later than said one breaker contact by a predetermined time, said switch
      contacts in the first and second time delay means being disposed in series
      between said primary coil of the ignition coil means and said other
      breaker contact, whereby ignition takes place at the normal ignition
      timing during said first mentioned predetermined time after engine start,
      then at the delayed ignition timing during said second predetermined
      timing and thereafter again at the normal ignition timing. In a practical
      design, the first time delay means may provide a time delay of about three
      seconds and the second time delay means may provide a time delay of about
      twenty-six seconds. According to a preferred mode of the present
      invention, a generator for an automobile on which the engine is equipped
      may be used as the engine start detecting means so that the output current
      of the generator is utilized as the signal for energizing the time delay
      means. A relay may be inserted into energizing circuit of the time delay
      means and connected with the output circuit of the generator.
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following descriptions of a preferred embodiments
      of the present invention taking reference to the accompanying drawings, in
      which;
PAR  FIG. 1 is a schematic wiring diagram of the ignition circuit in accordance
      with a preferred embodiment of the present invention; and,
PAR  FIG. 2 is a diagrammatical illustration of the opening timing of breaker
      contacts.
DETD
PAR  Referring to the drawings, particularly to FIG. 1, there is shown an engine
      ignition circuit which includes an ignition switch IS which is disposed
      between an electric power supply source, such as a battery E of an
      automobile, and an ignition coil device 1 having a primary coil 1a and a
      secondary coil 1b. The primary coil 1a is connected with a breaker device
      2 which includes a pair of parallel normally closed contacts 2a and 2b for
      normally grounding the associated end of the primary coil 1a. The breaker
      contacts 2a and 2b are cyclically actuated by cams 3a and 3b,
      respectively, which are driven by an internal combustion engine with which
      the ignition circuit is associated. The breaker device 2 has capacitors 4a
      and 4b which are disposed parallely with the breaker contacts 2a and 2b,
      respectively, for the purpose well known in the art. The secondary coil 1b
      of the coil device 1 is connected with an ignition plug 5.
PAR  According to a feature of the present invention, there is provided a first
      time delay circuit FT which includes a resistor r.sub.1 connected at one
      end with the power supply source E through the ignition switch IS. The
      other end of the resistor r.sub.1 is grounded through a capacitor C1. The
      time delay circuit FT further includes a transistor T1 which has a base
      connected through a Zener type diode ZD1 with said other end of the
      resistor r.sub.1. There is also provided in the circuit FT a relay R1
      including a normally open switch S1 and a solenoid Sol. 1. The solenoid
      Sol. 1 is connected between the power supply line and the collector of the
      transistor T1. The emitter of the transistor T1 is grounded. The base of
      the transistor T1 is also connected through a diode D1 and an indicating
      light L with the power supply line at the downstream side of the ignition
      switch IS. In the drawing, the reference D1' designates a diode disposed
      in parallel with the solenoid Sol. 1 of the relay R1.
PAR  There is also provided a second time delay circuit ST which is similar to
      the first circuit FT except that the switch S2 of the relay R2 is a
      normally open type and adapted to be closed by a solenoid Sol 2.
      Therefore, corresponding parts in the second circuit ST are designated by
      the same references as in the first circuit FT with an additive 2 as
      compared with the additive 1 in the first circuit FT. The indicator light
      L is grounded through a switch contact 7 of a relay 6 which includes a
      solenoid 8 connected with an output circuit of a generator 9. The
      generator is driven by the engine with which the ignition circuit is
      associated, so that is produces electric voltage when the engine has
      started to run through combustion. In each of the time delay circuits FT
      and ST, the delay time is determined by the values of the resistor r.sub.1
      or r.sub.2 and the capacitor C1 or C2. The time constant of the first
      circuit FT is smaller than that of the second circuit, and the contacts S1
      and S2 of the relays R1 and R2 in the circuits FT and ST are disposed in
      series between the primary coil 1a and the second breaker contact 2b.
      Further, in the ignition system, the cams 3a and 3b are so designed and
      interrelated that, as shown in FIG. 2, the breaker contact 2a is opened at
      a predetermined time before top dead center of the engine piston stroke
      while the breaker contact 2b is opened after a certain time delay from the
      opening of the contact 2a. Since the contact 2a remains open for a certain
      period, there is an overlap period in the operation of the breaker
      contacts 2a and 2b.
PAR  In operation, when the ignition switch IS is closed and the engine is not
      started or in other words, when the engine is not running through
      combustion of fuel, the contact 7 of the relay 6 remains closed so that
      the indicator light comes on indicating that the generator G is not in
      operation. When the engine is started and engine combustion takes place,
      electric voltage is produced by the generator 9 so that a current is
      supplied to the solenoid 8 of the relay 6 to open the contact 7. Thus, the
      indicator light is turned off and the capacitors C1 and C2 are changed
      from the power source E through the resistors r.sub.1 and r.sub.2,
      respectively. During this period, since the contact S1 is opened, the
      operation of the breaker point 2b does not have any effect on the ignition
      coil 1 and the ignition timing is determined only by the operation of the
      breaker contact 2a. Thus, the ignition takes place at a normal timing.
      After a predetermined time which is determined by the values of the
      resistor r.sub.1 and the capacitor C1, for example three seconds, the
      capacitor C1 is charged to a level sufficient to turn the transistor T1
      on. Thus, current is allowed to flow through the solenoid Sol. 1 whereby
      the contact S1 is closed. Thus, a grounding circuit of the primary coil 1a
      is completed through the normally closed contact S2, the now closed
      contact S1 and the breaker contact 2b, so that the operation of the first
      breaker contact 2a can no longer have any effect on the ignition coil 1.
      Therefore, the ignition timing is determined by the operation of the
      second breaker contact 2b and the ignition takes place at a delayed
      timing. After a further time delay, for example 26 seconds, the capacitor
      C2 is charged to a level sufficient to turn the transistor on whereby the
      solenoid Sol. 2 is energized to open the contact S2. Thus, the second
      breaker contact 2b is again brought out of connection with the primary
      ignition coil 1a so that the ignition timing is determined by the first
      breaker contact 2a.
PAR  From the above description, it will be apparent that the present invention
      provides novel means for controlling ignition timing of an engine during
      engine start and warm-up periods. According to the present invention, an
      engine is started with a normal ignition timing so that possibility of
      failure of engine start will substantially be eliminated. Further, after a
      predetermined time of the engine start, the ignition timing is retarded
      during a certain warm-up period whereby the amount of air polluting
      constituents in the engine exhaust gas can be remarkably decreased.
PAR  Although the invention has been shown and described with reference to a
      preferred embodiment, it should be noted that the invention is in no way
      limited to the details of the illustrated arrangements but changes and
      modifications may be made without departing from the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ignition system for an internal combustion engine having ignition
      coil means including a primary and a secondary coil, ignition plug means
      connected with the secondary coil of the ignition coil means, an electric
      power supply means connected with one end of the primary coil of the
      ignition coil means, and breaker means connected at one end with the other
      end of the primary coil, the other end of the breaker means being
      grounded, the breaker means including at least two breaker contacts
      connected in parallel to the other end of the primary coil, one of the
      contacts being opened at a normal engine ignition timing and the other
      being opened at a timing later than the one breaker contact by a
      preselected time to retard engine ignition, comprising: a first time delay
      circuit means including a normally open switch contact means, means for
      connecting said normally open contact means to the power supply to
      energize said normally open switch contact means for closing same after a
      first predetermined time delay; a second time delay circuit means
      including a normally closed switch contact means, means for connecting
      said normally closed contact switch means to the power supply to energize
      said normally closed switch for opening same after a second predetermined
      time delay, said second predetermined time delay being longer than said
      first predetermined time delay; means for detecting that the engine is
      started and producing an engine start signal; and means for receiving said
      engine start signal from said detecting means and simultaneously
      energizing said first and second time delay circuit means, said switch
      contact means of said first and second time delay circuit means being
      disposed in the series between the primary coil of the ignition coil means
      and the other breaker contact, whereby after engine start, said first and
      second circuit means are simultaneously energized and the primary coil is
      connected in a series with the one breaker contact to produce engine
      ignition at the normal ignition timing during said first predetermined
      time delay after which said normally open contact means is closed to
      establish a series connection between the primary coil and the other
      breaker contact to produce engine ignition at a delayed timing for a time
      until said second predetermined time delay has elapsed, which time is the
      difference between said first and second predetermined time delays, and
      thereafter said normally closed switch contact means is opened to again
      establish a series connection between the primary coil and the one breaker
      contact to again produce engine ignition at the normal ignition timing.
NUM  2.
PAR  2. Ignition system in accordance with claim 1 in which each of said time
      circuit delay means includes an R-C circuit, a transistor, and a solenoid
      for actuating an associated breaker contact when energized, each said
      solenoid being connected at one end with the power supply means, the other
      end of each said solenoid being grounded through said transistor which is
      turned on by means of said R-C circuit.
NUM  3.
PAR  3. Ignition system in accordance with claim 2 which further includes a
      grounding line having a relay disposed therein and connected in parallel
      with said capacitor of said R-C circuits in each of said time delay
      circuit means, said relay being energized by said engine start signal from
      the detecting means.
NUM  4.
PAR  4. Ignition system in accordance with claim 1 in which said detecting means
      is a generator which is driven by the engine with which the system is
      associated.
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ABST
PAL  A fuel system for an internal combustion engine employs fluid logic and
      amplifier devices for monitoring and processing pressures from both a
      venturi and inlet manifold to measure the air inducted into the engine and
      provides pneumatically controlled fuel injection in which fuel is metered
      in accordance with the air inducted into the engine by means of regulating
      the time duration of fuel injection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of fuel metering, it is known to measure the flow rate of
      induction air by means of a venturi section which provides a subambient
      pressure and to employ the subambient pressure for inducing flow of fuel
      across an orifice such that the flow of fuel is proportional to the flow
      of air. In practical systems for use with internal combustion engines, it
      is sometimes necessary to restrict the venturi throat more than would be
      desirable for proper breathing of the engine in order to provide a
      pressure signal of sufficient strength for inducing proper fuel flow in
      the typical operating range of the engine. Further it is generally
      accepted practice to provide an idle system for metering fuel at low
      speeds since at low speeds the flow rate of inducted air passing through
      the venturi section is not sufficient to provide an accurate metering
      signal. The venturi signal varies in the sense of being stronger at higher
      flow rates and weaker at lower flow rates.
PAR  It is also known to employ a subambient pressure signal derived from the
      intake manifold of an engine in combination with a fuel injector for
      metering fuel. The manifold pressure signal varies in the sense of being
      stronger at lower flow rates and weaker at higher flow rates.
PAR  Venturi pressure signals are typically employed with carburetor systems
      while manifold pressure signals are typically employed with injection
      systems. Thus, although venturi and manifold pressure signals vary in
      opposite sense, ordinarily they are not employed to complement each other
      because they are used in different fuel metering systems.
PAR  The prior art includes a fuel system as disclosed in U.S. Pat. No.
      3,687,121 wherein fluid logic means are connected for receiving a venturi
      pressure signal which can be subjected to amplification and modification
      for use with an injection system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to fuel systems for internal combustion
      engines and more particularly to a fuel system employing both venturi and
      manifold pressure signals for metering fuel. The fuel system of the
      present invention includes fluid logic apparatus for transforming
      dissimilar pressure signals indicative of fuel requirement to intermediate
      pressures of compatible character indicative of fuel requirement. The
      present system further includes means for comparing the intermediate
      pressures and selecting one or the other for regulating the metering of
      fuel by means of a fuel injector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a fuel system according to the present
      invention;
PAR  FIG. 2 is a view showing interior passages of a fluid amplifier used in the
      fuel system of FIG. 1;
PAR  FIG. 3 is a view showing interior passages of a fluid multivibrator used in
      the fuel system of FIG. 1;
PAR  FIG. 4 is a section view of a pneumatic amplifier inverter used in the fuel
      system of FIG. 1;
PAR  FIG. 5 is a section view of a pneumatic comparator amplifier used in the
      fuel system of FIG. 1;
PAR  FIG. 6 is a section view of a pneumatic capacitance filter used in the fuel
      system of FIG. 1;
PAR  FIG. 7 is a section view of a pneumatic trigger signal generating apparatus
      used in the fuel system of FIG. 1;
PAR  FIG. 8 is a view showing interior passages of a second fluid multivibrator
      providing control means for a fuel injector used in the fuel system of
      FIG. 1; and
PAR  FIG. 9 is a section view of a fuel injector used in the fuel system of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, there is shown a schematic block
      diagram of a fuel system according to the present invention, particular
      components of the system being shown in somewhat more detail in later
      FIGURES of the drawings.
PAR  The induction passages of an internal combustion engine are indicative by
      reference character 16 and include a venturi portion 17, a throttle plate
      18, and a manifold portion 19 below the throttle plate. A group of fuel
      injectors 20, 21, 22, 23, 24, 25 are shown connected to manifold portion
      19 for delivering fuel thereto. Each of the fuel injectors 20 through 25
      is connected to a source of fuel represented by sump 26, pump 27, and a
      common header 28 by means of connecting lines 30, 31, 32, 33, 34, 35. In
      additon, each injector is equipped with a respective control device 40,
      41, 42, 43, 44, 45 for regulating the injection of fuel into manifold
      portion 19.
PAR  The system includes a source of pneumatic fluid under pressure 50 which is
      connected by means of suitable conduits to each of a first fluid amplifier
      means 51, a second fluid amplifier means 52, a fluid multivibrator 53, a
      comparator device 54, and a pneumatic trigger signal generating means 55.
      Second fluid amplifier means 52 and comparator device 54 can be of a type
      employing a pneumatically actuated diaphragm for regulating a metering
      valve. In addition, the system includes a fluid capacitance device 56
      connected between multivibrator 53 and comparator 54, as well as a one-way
      check valve 57 between multivibrator 53 and capacitance 56, a one-way
      check valve 58 between fluid amplifier 52 and comparator 58, and a one-way
      check valve 59 between comparator 54 and control devices 40 through 45.
      Each of control devices 40 through 45 is connected by suitable conduits to
      the pneumatic fluid source 50, the trigger signal generating means 55, and
      to the output of comparator 54.
PAR  Referring now to FIG. 9 a typical fuel injector such as injector 20 will be
      described in more detail. The injector 20 includes a body 100 defining an
      inlet portion 101, an outlet portion 102, and a head portion 103. Inlet
      portion 101 includes an inlet port 104 having an internally threaded
      portion 105 adapted for connection to a source of fuel under pressure as
      indicated by reference characters 30, 28, 27 and 26 in FIG. 1. Inlet port
      104 further includes stepped cavities 106, 107 having a shoulder 108
      therebetween defining a valve seat. An orifice bushing 109 is secured in
      inlet port 104 by means of a retaining ring 110. A check ball 111 is
      located in cavity 106 and is normally seated against shoulder 108 by means
      of spring 112 forming a valve structure for controlling admission of fluid
      from cavity 106 to cavity 107.
PAR  Outlet portion 102 includes an externally threaded portion 113 adapted for
      connection to an inlet manifold portion 19 of an internal combustion
      engine. Outlet portion 102 includes stepped cavities 114, 115, 116
      communicating with internal cavity 107. A fuel jet bushing 117 is secured
      in cavity 115.
PAR  Head portion 103 includes a shallow cavity 118 communicating externally of
      body 100 by means of vent orifice 119. A diaphragm 120 is secured to head
      portion 103 covering cavity 118. A plunger 121 engages diaphragm 120 and
      extends through body 100 into cavity 107 having an end portion 122
      engageable with check ball 111 for unseating the ball from seat 108 when
      diaphragm 120 is deflected into cavity 118. A cover member 123 is secured
      to head portion 103 above diaphragm 120 and includes a control port 124
      and control cavity 125 above the diaphragm.
PAR  The operation of valve 20 is such that when a pneumatic control fluid under
      pressure is supplied to control port 124, diaphragm 120 is deflected
      downwardly into cavity 118 urging plunger 121 against check ball 111 in
      the unseating direction permitting fuel to flow from inlet portion 101 to
      outlet portion 102. The flow of fuel from inlet 101 to outlet 102, and
      therefore the injection of fuel into manifold 19, corresponds to
      deflection of diaphragm 120 which in turn corresponds to a rise and fall
      of pneumatic control pressure at control port 124. Thus intermittent
      control pulses supplied to control port 124 results in intermittent
      injection of fuel into manifold 19. As a result, it is possible to
      correlate fuel injection with the opening of an inlet valve in the engine
      by means of triggering the control pulses from an engine driven part such
      as a cam shaft. Furthermore, the amount of fuel injected into the manifold
      can be regulated by sustaining the time duration of the control pulse. A
      control device such as 40 for regulating the initiation and duration of
      control pulses can be mounted on cover member 123 in communication with
      control port 124.
PAR  Many forms of pneumatic trigger signal generating apparatus can be used
      with the fuel system of FIG. 1, and a preferred form of such apparatus is
      shown in FIG. 7. Trigger signal generator 55 includes a body 130 having
      sidewalls and an annular wall 131 which defines an apertured internal
      surface 132. Lower internal surface 133 together with a corresponding
      upper surface not visible in the section view of FIG. 7, and apertured
      internal surface 132 define a circular cavity 134 from which radial outlet
      passages 144 through 149 extend for connecton to conduits 74 through 79. A
      shaft 135 extends through a lower sidewall into cavity 134 and has a rotor
      136 connected thereto, rotor 136 being shown as semicircular in form. An
      external end of shaft 135 (not visible in the view of FIG. 7) is adapted
      for connection to a rotating part of an engine such as a cam shaft. Rotor
      136 has a particular wall 137 closely adjacent internal surface 132. Lower
      surface 133 includes an annular groove 138 communicating with an inlet
      passage 139 which is adapted for communication with a source of pneumatic
      fluid 50 through conduits 60, 67, such that pneumatic fluid is present in
      cavity 134. As rotor 136 is rotated in cavity 134, each of outlet passages
      144 through 149 is uncovered in turn by wall 137 and then covered by wall
      137 once each revolution of shaft 135. Pneumatic fluid flows from cavity
      134 to the uncovered passages, thus resulting in the generation of a
      pressure pulse in each of the passages once each revolution of the rotor,
      the pressure pulse being terminated once each revolution when the rotor
      again covers the port. Termination of pressures pulses is employed in
      control devices 40 through 45 to derive control pressures related to
      engine speed for operation of respective fuel injectors. As shown in FIG.
      7, rotor 136 is approximately semicircular in extent which results in a
      pulse duration of approximately half a rotation. The rotor may be formed
      to a greater or lesser angular extent where a different duration of pulse
      is desired. It should be noted that the pneumatic trigger pulses generated
      in apparatus 55 have a frequency or repetition rate related to engine
      speed and a duration related to engine speed and the shape of rotor 136.
      The trigger pulses formed by generator apparatus 55 are conducted
      respectively to control devices 40 through 45 which provide control pulses
      also having a repetition rate related to engine speed but have a duration
      related to engine load.
PAR  A control device 40 which is typical of control devices 40 through 45 is
      shown in FIG. 8 with a surface removed to reveal the internal passages
      thereof. The internal passages of control device 40 form three fluidic
      gating devices 151, 152, 153 of the OR-NOR type and a capacitance 154 in a
      fluidic multivibrator configuration. Gating device 151 includes a power
      port 156, a control port 157, and receiver legs 158, 159. Gating device
      152 includes a power port 161, a control port 162, and receiver legs 163,
      164. Gating device 153 includes a power port 166, a pair of control ports
      167, 168, and a pair of receiver legs 169, 170, receiver leg 169 including
      a dump port 171 and receiver leg 170 including an output port 172.
      Capacitance 154 is connected to control port 168 of gating device 153 and
      also to a source of bias pressure in conduits 87, 73 by means of passage
      173 which may include an adjustable fluid restrictor 174, if desired. The
      power ports 156, 161 and 166 of the gating devices are connected by means
      of passages 176, 177 to receive pneumatic fluid from source 50 by means of
      appropriate conduits such as 60, 61 66. Control port 157 of gating device
      151 is connected to receive a pneumatic trigger pulse from trigger signal
      generating means 55 as by means of conduit 74. The fluid capacitance 154
      is connected to receive a regulated bias pressure from passage 173 and
      conduits 87, 73.
PAR  The operation of multivibrator control device 40 is as follows. Each of the
      gating devices is so formed that the left hand receiver leg in each case
      is the preferred leg, that is to say, that unless a dominating pressure
      signal is present in the left control port, pneumatic fluid will flow from
      port 156 to leg 158, from port 161 to leg 163 and from port 166 to leg
      169.
PAR  When the pressure rise of a trigger pulse is received in control port 157,
      the jet from port 156 is switched to leg 159 and control port 162 which
      switches the jet from port 161 to leg 164 where it is dumped to ambient
      through port 178 and restrictor 179, at the same time the jet from port
      166 flows into leg 169 and escapes to ambient through dump port 171. When
      the trigger pulse is terminated, resulting in a pressure drop in control
      port 157, the jet from port 156 switches to leg 158 and control port 167
      which switches the jet from port 166 to leg 170, while at the same time
      the jet from port 161 switches to leg 163 flowing to control port 168 and
      capacitance 154 where it attempts to switch the flow from port 166 back to
      leg 169. The bias pressure level in capacitance 154 determines the time
      interval during which flow from jet 166 is allowed to remain in leg 170.
      Thus if the bias pressure level in capacitance 154 is low, the
      cancellation signal in leg 163 requires more time to build to an effective
      cancellation pressure in port 168 thus resulting in a long duration of
      control pulse in leg 170. On the other hand, if the bias pressure level in
      capacitance 154 is high, the cancellation pressure in port 168 builds
      rapidly to an effective cancellation level resulting in a short duration
      of control pulse in leg 170.
PAR  In summary, the control device receives pneumatic fluid from a power supply
      as by conduit 66, a bias pressure inversely related to engine load as by
      conduits 87, 73, and a pulsating pneumatic trigger signal related to
      engine speed as by conduit 74 and provides a series of pneumatic control
      pulses in output port 172 having a repetition rate related to engine speed
      and a time duration directly related to engine load. The termination of a
      trigger pulse in port 157 initiates a control pulse in port 172 and
      simultaneously generates a cancellation signal for the control pulse which
      is delayed by capacitance 154. The pneumatic control pulse formed in leg
      170 and output 172 is supplied to control port 124 of injector 20 to
      regulate the frequency and duration of fuel injection into manifold 19.
PAR  The bias pressure for the control device is supplied by a comparator device
      54 connected to a first circuit portion including devices 51, 53, 56 which
      processes a venturi pressure signal and to a second circuit portion
      including device 52 which processes a manifold pressure signal. The
      venturi pressure signal and manifold pressure signal differ in character
      from each other and vary in opposite sense with load.
PAR  For example, at idle conditions with throttle plate 18 nearly closed, the
      engine will attempt to evacuate manifold portion 19 creating a strong
      vacuum or subambient pressure below the throttle plate while at the same
      time very little air will flow through venturi 17 resulting in a very weak
      vacuum or subambient pressure in conduit 68. On the other hand at wide
      open throttle when the engine is consuming a large amount of air the
      vacuum or subambient pressure in the manifold portion is weak while a
      large amount of air is passing through the throat of venturi 17 resulting
      in a strong vacuum or subambient pressure in conduit 68. Thus the
      subambient pressures in the manifold and at the venturi throat can be said
      to vary in opposite sense with respect to the air consumed by the engine
      which is indicative of load and fuel requirement. Moreover, the pressure
      variations in the manifold and venturi throat differ in character inasmuch
      as the manifold pressure migrations vary approximately inversely with air
      requirement whereas the pressure migrations in the venturi throat vary
      approximately as the square of the rate of flow of the inducted air. The
      manifold pressure is indicative of load while the venturi pressure is
      indicative of both speed and load of the engine.
PAR  The first and second circuit portions transform the subambient venturi and
      manifold pressure signals respectively to first and second superambient
      output pressure signals of a compatible character varying in like sense
      with load. The first and second output signals are supplied to comparator
      54 which provides a bias pressure proportional to one of the first or
      second output signals. The first and second circuit portions are described
      in more detail hereinafter.
PAR  The first fluid amplifier 51 of the first circuit portion is shown in more
      detail in FIG. 2 and comprises a pair of proportional amplifiers 181, 182.
      Amplifier 181 includes a power port 183, a control port 184, a pair of
      bias ports 185, 186, a pair of dump ports 187, 188, and a receiver leg
      189. Amplifier 182 includes a power port 193, a control port 194, a pair
      of bias ports 195, 196, a pair of dump ports 197, 198, and a receiver leg
      199. The power ports are connected to a source 50 of pneumatic power fluid
      under superambient pressure by means of conduits 60, 61 and 62. Control
      port 184 is connected to receive a subambient pressure from the venturi
      throat by means of conduit 68. Receiver leg 189 is connected to control
      port 194, and receiver leg 199 is connected to multivibrator 53 by means
      of conduit 69. Bias ports 185, 186, 195, 196 are connected to ambient by
      means of trimming orifices which provide fluid resistances. Dump ports
      187, 188, 197, and 198 are open to ambient. The relationship between the
      output and input of a proportional amplifier can be characterized as
      including a linear region and a quadratic region. It is preferred to bias
      amplifier 181 for operation in its quadratic region by means of bias ports
      185, 186 and to bias amplifier 182 for operation in its linear region by
      means of bias ports 195, 196.
PAR  First fluid amplifier 51 operates in the following manner. A weak
      subambient pressure in conduit 68 and control port 184 results in a strong
      superambient pressure in receiver 189 which is conducted to control port
      194 where it tends to deflect the jet issuing from power port 193 away
      from receiver 199 resulting in a weak superambient pressure in receiver
      199 and conduit 69. A strong subambient pressure in conduit 68 and control
      port 184 tends to deflect the jet issuing from power port 183 away from
      receiver 189 resulting in a weak superambient pressure in receiver 189 and
      control port 194 which in turn permits more of the jet from power port 193
      to enter receiver 199 resulting in a strong superambient pressure in
      receiver 199 and conduit 69. Moreover, inasmuch as amplifier 181 is biased
      for operation in its quadratic region, the pressure migrations in receiver
      189 vary in accordance with the square root of pressure migrations in
      control port 184. The amplifier 182, being biased for operation in its
      linear region provides a response which is linear with the output of
      amplifier 181. Thus the pressure in receivers 189 and 199 are related to
      flow rate when the pressure at control port 184 is related to the square
      of flow rate. In summary, first fluid amplifier is connected to receive a
      subambient venturi pressure related to the square of flow rate and
      provides a superambient pressure related to flow rate to the multivibrator
      53.
PAR  The multivibrator 53 which is included in the first circuit portion is
      shown in more detail in FIG. 3. The internal passages of multivibrator 53
      form three interconnected fluid gating devices and, if desired, can have a
      configuration similar to that of a control device such as 40. The size and
      configuration of the internal passages in the multivibrator would be
      selected in accordance with pressure and flow in the portion of the system
      with which it is connected.
PAR  Multivibrator 53 includes three gating devices 201, 202, 203 and a
      capacitance 204. Gating device 201 includes a power port 206, a control
      port 207, and a pair of receiver legs 208, 209. Gating device 202 includes
      a power port 211, a control port 212, and a pair of receiver legs 213,
      214. Gating device 203 includes a power port 216, a pair of opposed
      control ports 217, 218, and a pair of receiver legs 219, 220. Receiver leg
      219 includes a dump port, and receiver leg 220 includes an output port
      222. Capacitance chamber 204 is connected to conduit 69 by means of a
      passage 223 which communicates with ambient by means of passage 225. The
      restrictors 224 and 229 in passages 223 and 225 provide for charging
      capacitance chamber 204 at a superambient pressure related to the pressure
      output of first fluid amplifier 51. The power ports 206, 211 and 216 are
      connected to pneumatic source 50 by means of conduits 60, 61, 64 and
      passages 226, 227.
PAR  Each of gating devices 201, 202, and 203 is biased toward a preferred
      receiver leg such that a jet issuing from power port 206 will flow into
      receiver leg 208 unless a pressure signal is present in control port 207,
      a jet issuing from power port 211 will flow into receiver leg 213 unless a
      pressure signal is present in control port 212, and a jet issuing from
      power port 216 will flow into receiver leg 219 unless a dominating
      pressure signal is present in control port 217. Control port 207 is
      connected to receive a pneumatic trigger pulse from signal generator 55 by
      means of conduits 74 and 80. As mentioned earlier in connection with the
      description of control device 40, trigger signal generator 55 provides a
      train of pneumatic pressure pulses which repeat as a function of engine
      speed. Each pulse provides a pressure rise when the pulse is initiated and
      a pressure drop when the pulse is terminated, the train of pulses provide
      a series of pressure rises indicative of engine speed and a series of
      pressure drops indicative of engine speed.
PAR  Multivibrator 53 operates in the following manner. When a trigger pulse is
      present in control port 207, the jet issuing from power port 206 is
      shifted to receiver leg 209 which then acts through control port 212 to
      switch the jet from power port 211 to receiver leg 214 where it exits to
      ambient through port 228 and restrictor 230. When the above condition
      exists, the jet issuing from power port 216 enters receiver leg 219 and
      exits to ambient through dump port 221. When the trigger pulse is
      terminated such that a pressure drop occurs in control port 207, the jet
      from power port 206 switches to receiver leg 208 which acts on control
      port 217 to switch the jet issuing from power port 216 into receiver leg
      220. Simultaneously the jet issuing from power port 211 switches to
      receiver leg 213 and flows to control port 218 and capacitance chamber
      204, providing a cancellation signal for switching the jet issuing from
      power port 216 back to receiver leg 219. The presssure in capacitance
      chamber 204 determines the time delay required to build the cancellation
      signal to a sufficient pressure to overcome the pressure in control port
      217 and permit the jet to switch away from receiver leg 220 to receiver
      leg 219. The time delay in switching from leg 220 to leg 219 is inversely
      related to the pressure in capacitance chamber 204. Thus if the pressure
      in chamber 204 is higher, the cancellation pressure in control port 218
      will build rapidly resulting in a short time delay. On the other hand, if
      the pressure in capacitance chamber 204 is lower, the cancellation
      pressure in control port 218 builds more slowly resulting in a long time
      delay.
PAR  Summarizing the operation of multivibrator 53, a pressure pulse is
      initiated in leg 220 and output port 222 each time a trigger pulse is
      terminated in control port 207. Each pressure pulse initiated in leg 220
      remains for a time duration inversely related to the pressure existing in
      capacitance chamber 204. Where the trigger pulses present in control port
      207 are indicative of engine speed as in revolutions per minute, and where
      the pressure in capacitance 204, as received from first fluid amplifier
      51, is indicative of flow rate of inducted air as in cubic feet per
      minute, the train of pressure pulses in output port 222 repeat as a
      function of engine speed in revolutions per minute, each pulse having a
      time duration proportional to the reciprocal of flow rate of inducted air
      as minutes per cubic feet. The train of pressure pulses from output port
      222 is conducted to a capacitance chamber 56 by means of a conduit 81
      where the series of pressure pulses is converted to a steady state
      pressure. The steady state pressure in chamber 56 is a superambient
      pressure which is inversely related to the quantity of air inducted into
      the engine per revolution. The steady state pressure can be stated in
      algebraic notation as follows:
      ##EQU1##
      The pressure in capacitance chamber 56 is conducted to comparator 54 by
      means of conduit 72.
PAR  The capacitance chamber 56 can be of very simple construction and is
      illustrated as a hollow body having a wall 231 defining an enclosed cavity
      232. An inlet port 233 is provided for connection to conduit 81, and an
      outlet port 234 is provided for connection to conduit 72.
PAR  Reviewing the operation of the first circuit portion, a subambient pressure
      in the venturi throat which is indicative of the square of the flow rate
      of air inducted into the engine, is processed through first fluid
      amplifier 51, multivibrator 53 and chamber 56 to provide a superambient
      intermediate output pressure which is inversely indicative of
      instantaneous engine load.
PAR  The second circuit portion includes second pneumatic amplifier valve 52 and
      conduits 70, 71, the second amplifier being shown in more detail in FIG.
      4. Second amplifier 52 includes an upper body member 236 and a lower body
      member 237 joined together as by cap screws 238 and securing the margins
      of a flexible diaphragm 239. Upper body member 236 includes a cylindrical
      cavity 241 having an adjustable spring seat 242 and spring 243 disposed
      therein. Spring seat 242 is adjustable with respect to cavity 241 by means
      of threaded stud 244 and can be secured in a desired position by means of
      lock nut 246. Spring 243 bears against spring seat 242 and diaphragm 239
      urging diaphram 239 downwardly as viewed in FIG. 4. Cavity 241 is
      intercepted by a port connected to conduit 70.
PAR  Lower body member 237 includes a cavity 247 below diaphragm 239 which is
      vented to ambient by means of passage 248. The lower body member also
      includes a inlet port 249 adapted for connection to pneumatic source 50 by
      means of conduits 60, 61 and 63, and an outlet port 251 adapted for
      connection to comparator 54 by means of conduit 71. A cross passage 252
      connects inlet port 249 with outlet port 251 and is intercepted by bore
      253. A plunger 254 is connected to diaphram 239 and extends into bore 253,
      the plunger being slideable in the bore in response to movement of
      diaphragm 239. Plunger 254 includes a grooved portion 256 which serves to
      regulate the flow of pneumatic fluid through passage 252 in accordance
      with the position of diaphragm 239.
PAR  The operation of second fluid amplifier 52 is as follows. Cavity 241 is
      connected to manifold portion 19 by means of conduit 70 such that
      subambient manifold pressure is present in cavity 241. Ambient pressure in
      cavity 247 and subambient pressure in cavity 241 urge diaphragm 239 and
      plunger 254 upwardly as viewed in FIG. 4 such that grooved portion 256
      permits flow of pneumatic fluid from inlet port 249 to outlet port 251.
      Grooved portion 256 acts to throttle flow through passage 251 which
      regulates the pressure at outlet port 251 in accordance with the position
      of diaphragm 239.
PAR  When the engine is operating at idle, the subambient pressure in manifold
      portion 19 is strong which results in maximum rise of diaphragm 239 and
      maximum superambient pressure in outlet port 251. Conversely at wide open
      throttle, the subambient pressure in manifold portion 19 is weak which
      results in minimum rise of diaphragm 239 and minimum superambient pressure
      in outlet port 251. The pressure in outlet port 251 is conducted to
      comparator 54 by means of conduit 71. Second fluid amplifier 52 thus
      receives a subambient pressure inversely indicative of instantaneous
      engine load and provides a superambient intermediate output pressure
      inversely indicative of instantaneous engine load.
PAR  It is to be noted that the intermediate output pressure from the first
      circuit portion and the intermediate output pressure from the second
      circuit portion are compatible with each other both as to the character of
      the signal and the sense of variation with changes in engine load. As a
      result, the two intermediate pressure signals can be directly compared
      with each other by comparator 54.
PAR  Further it is to be noted that a venturi pressure signal is strongest and
      most reliable at wide open throttle but tends to disappear near idle
      whereas the manifold pressure signal is strongest and most reliable at
      idle and tends to disappear as the engine approaches wide open throttle
      operation. The intermediate output pressures provided by the first and
      second circuit portions, when combined with each other, cover the entire
      operating range of the engine from idle to wide open throttle. The
      comparator device 54 is employed in the system for effectively combining
      the intermediate output pressures and providing a resulting bias pressure
      for the injector control devices.
PAR  Comparator device 54 is shown in more detail in FIG. 5. Comparator 54
      includes an upper body member 261, an intermediate body member 262, and a
      lower body member 263. Upper body member 261 includes a cavity 264, a
      first inlet port 266 for connection to conduit 72, a second inlet port 267
      for connection to conduit 71, and a bleed orifice 268 communicating the
      cavity 264 with ambient. If desired, an adjustable restrictor, such as a
      screw 269 having a point intercepting orifice 268, can be employed for
      adjusting the rate of flow through the orifice.
PAR  Intermediate body portion 262 includes a cavity 271 and a bleed orifice 272
      communicating cavity 271 with ambient. A flexible diaphragm 273 is secured
      around its margin between upper member 261 and intermediate member 262,
      having a movable central portion defining a wall between cavities 264 and
      271. Intermediate body member 262 also includes an inlet port 274 for
      connection to conduit 65, an outlet port 276 for connection to conduit 73
      and a passage 277 extending therebetween. The lower portion of
      intermediate body member 262 includes a second cavity 278 which is vented
      to ambient by means of an orifice 279. A bore 281 extends between cavities
      271 and 278 and also intercepts passage 277. A plunger 282 is connected at
      one end to diaphragm 273 and is slidable in bore 281 in response to
      movement of diaphragm 273. Plunger 282 includes a groove portion 283 which
      regulates flow through passage 277 in accordance with the position of
      diaphragm 273.
PAR  Lower body member 263 includes a cavity 284 having an adjustable spring
      seat 286 disposed therein. Spring seat 286 can be adjusted with respect to
      the cavity by means of a threaded stud 287 and secured in its adjusted
      position by means of lock nut 288. A passage 289 extends through portions
      of lower and intermediate body portions 263, 262 and communicates chamber
      284 with passage 277 adjacent outlet port 276. A second flexible diaphragm
      291 is secured about its outer margin between lower body member 263 and
      intermediate body member 262, having an inner movable portion secured to
      the other end of plunger 282. A spring 292 bears against spring seat 286
      and the diaphragm 291, urging the diaphragm and plunger upwardly as viewed
      in FIG. 5.
PAR  The operation of comparator device 54 is as follows. The first and second
      circuit portions are connected to chamber 264 for admitting the first and
      second intermediate output pressures thereto by means of inlet ports 266,
      267 and conduits 72, 71. The pneumatic fluid supplied to chamber 264 is
      constantly bled to ambient by means of orifice 268 such that diaphragm 273
      and plunger 282 act against biasing spring 292 as the pressure in chamber
      264 increases. As the pressure in chamber 264 increases, plunger 282 moves
      downwardly such that groove portion 283 presents less restriction in
      passage 277 with the result that the pressure of pneumatic fluid in outlet
      port 276 and conduit 73 increases. The pressure in outlet port 276 is fed
      back to the lower side of diaphragm 291 to prevent erratic oscillation of
      plunger 282 such that pressure changes in outlet port 276 are proportional
      to pressure changes in chamber 264.
PAR  A brief review of the operation of the fuel system is set forth below in
      terms of amount of air inducted into the engine. At wide open throttle,
      the engine inducts the greatest amount of air which results in a weak
      manifold pressure signal and a strong venturi pressure signal. The strong
      venturi signal is processed through first fluid amplifier 51,
      multivibrator 53, and capacitance chamber 56 to provide a low superambient
      first intermediate pressure which is present in chamber 264 and port 267
      where it acts on check valve 58 to shut off any second intermediate signal
      that might result from the manifold pressure. The first low intermediate
      pressure acts on diaphragm 273 and plunger 282 to provide a low
      superambient bias pressure in conduit 73 which cooperates with injector
      control devices such as 40 to provide a long time duration for each
      injection of fuel into manifold 19. Thus at wide open throttle the engine
      inducts the greatest amount of air and the injector provides a
      corresponding amount of fuel.
PAR  At part throttle, the engine inducts less air than at wide open throttle
      and both the venturi and manifold provide useable superambient pressure
      signals. In this case, first fluid amplifier 51, multivibrator 53 and
      capacitance chamber 56 process the venturi signal to provide a first
      intermediate superambient output pressure which is greater than the
      pressure produced at wide open throttle. At the same time, second fluid
      amplifier 52 processes the manifold pressure signal to provide a second
      intermediate superambient pressure which should be identical to the first
      intermediate pressure, however, in practice the two intermediate pressures
      may be slightly different in pressure level. The higher of the two
      intermediate pressures act on diaphragm 273 which reflects a corresponding
      back pressure in the other circuit portion which closes the corresponding
      check valve 58 or 57. Movement of diaphragm 273 in response to the
      prevailing intermediate pressure provides a bias pressure in outlet port
      276 and conduit 73 which is greater than the bias pressure at wide open
      throttle and this new bias pressure cooperates with the injector control
      devices to reduce the time duration of fuel injection. Thus at part
      throttle the engine inducts less air and the injector provides
      correspondingly less fuel.
PAR  At idle, the engine inducts very little air which results in a weak,
      unuseable venturi signal but a strong manifold signal. In this case,
      second fluid amplifier 52 processes the manifold pressure signal to
      provide a high superambient second intermediate pressure which prevails in
      cavity 264, the first intermediate pressure from the venturi having been
      shut off by check valve 57. The intermediate pressure in cavity 264 being
      high provides a high bias pressure in outlet port 276 and conduit 73 which
      cooperates with injector control to provide a very short time duration of
      fuel injection. Thus at idle when very little air is inducted into the
      engine, the injector provides correspondingly little fuel.
PAR  Thus a preferred embodiment of an improved fuel system has been shown and
      described in which plural indications of the amount of air inducted into
      the engine are employed for metering fuel to the engine over a range of
      operation from idle to wide open throttle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatically controlled fuel injection system for an internal
      combustion engine having air induction passages defining a venturi portion
      and a manifold portion, said system including,
PA1  a pneumatic fluid source,
PA1  a pneumatically actuated fuel injector connected to said pneumatic source
      and in fluid communication with a source of fuel and with said manifold
      portion of said engine, said injector being operable to admit fuel to said
      manifold portion in response to a pneumatic control pulse,
PA1  a control device communicating with said pneumatic source and with said
      injector including means for initiating said control pulse in response to
      a trigger signal and for sustaining said control pulse for a time interval
      inversely proportional to a bias pressure,
PA1  trigger signal generating means connected to said engine and communicating
      with said pneumatic source and with said control device providing a train
      of trigger signals having a frequency related to engine speed, and
PA1  bias pressure generating means communicating with said pneumatic source and
      with said control device including;
PA2  a first pneumatic circuit portion connected to receive a signal from said
      venturi portion and adapted to provide a first output signal indicative of
      fuel requirement,
PA2  a second pneumatic circuit portion connected to receive a signal from said
      manifold portion and adapted to provide a second output signal indicative
      of fuel requirement, and
PA2  comparator means connected to said first and second circuit portions and to
      said control device providing said bias pressure proportional to one of
      said first or second output signals indicative of fuel requirement.
NUM  2.
PAR  2. A pneumatically controlled fuel injection system according to claim 1,
      said first circuit portion including fluid logic means providing said
      first output signal in the form of a superambient pneumatic pressure, said
      second circuit portion including fluid amplifier means providing said
      second output signal in the form of a superambient pneumatic pressure,
      said comparator means providing said bias pressure proportional to said
      first output signal above a selected engine load and providing said bias
      pressure proportional to said second output signal below said selected
      engine load.
NUM  3.
PAR  3. A pneumatically controlled fuel injection system according to claim 1,
      said first circuit portion including first fluid amplifier means connected
      to receive a subambient signal from said venturi portion, said first fluid
      amplifier means being biased for producing a superambient signal
      indicative of flow rate of air entering said induction passages, said
      first circuit portion further including fluid multivibrator means
      connected for receiving said flow rate signal and transforming said flow
      rate signal to a series of pulses indicative of the reciprocal of flow per
      revolution, and capacitance means connected to said multivibrator
      filtering said series of pulses to provide said first output signal in the
      form of a superambient pneumatic pressure proportional to the reciprocal
      of air flow inducted into said engine per revolution, said second circuit
      portion including second amplifier means connected to receive a subambient
      signal from said intake manifold portion of said induction passage, said
      second fluid amplifier means providing said second output signal in the
      form of a superambient pneumatic pressure proportional to the reciprocal
      of air flow inducted into said engine per revolution.
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PAL  A fuel pumping apparatus for supplying fuel to an internal combustion
      engine is provided with a governor mechanism having weights which through
      linked means effect movement of a control rod to reduce the amount of fuel
      supplied to the engine. The weights are opposed by a governor spring and a
      maximum fuel stop is provided to control the normal maximum amount of fuel
      supplied to the engine. Releasable actuator means is provided to effect
      movement of the control rod to an excess fuel position, when it is
      required to start the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid fuel pumping apparatus for supplying fuel
      to internal combustion engines, the apparatus being of the kind comprising
      an injection pump operable in timed relationship with an associated
      engine, a fuel control rod movable to effect adjustment of the quantity of
      fuel supplied at each injection stroke, governor mechanism including a
      governor weight which is driven at a speed dependent upon the speed of the
      associated engine, a member movable by the weight, a governor spring for
      opposing movement of the member as the speed of the engine increases,
      operator adjustable means for adjusting the force exerted by the spring
      and link means connecting said member with the fuel control rod whereby
      for a given setting of the operator adjustable means, as the engine speed
      increases, the fuel control rod will be moved to reduce the amount of fuel
      supplied by the apparatus.
PAR  Such apparatus is well known, and there is usually incorporated in the
      governor mechanism a maximum fuel stop which can be temporarily put out of
      action to allow the supply of a larger or excess quantity of fuel for
      starting purposes. The movement of the control rod to effect this
      adjustment is achieved by firstly moving the maximum fuel stop and
      secondly by the operator moving the operator adjustable means in a
      direction to increase the force exerted by the governor spring.
PAR  In some forms of apparatus, the procedure described above is not effective
      to move the fuel control rod to the excess fuel position. This is because,
      in some forms of apparatus, an additional spring is interposed between the
      governor spring and said member and the movement of the end of the
      governor spring which is effectively connected to said additional spring,
      is limited by a stop. The action of the additional spring is to modify the
      fuel delivery of the apparatus. The additional spring is a relatively
      light spring, and is unable to provide sufficient force to effect movement
      of the fuel control rod to the excess fuel position when the maximum fuel
      stop is temporarily put out of action.
PAR  In other forms of apparatus, an adjustable fuel stop is provided and its
      position is determined by means of a device in one example, responsive to
      the pressure of air supplied to the engine air inlet manifold. The device
      incorporates a strong spring the force of which, even when the additional
      spring and stop mentioned in the proceeding paragraph is not provided,
      cannot be overcome by the governor spring. Even with apparatus of the kind
      specified, it is sometimes difficult to ensure that under all conditions
      the fuel control rod can be moved to the excess fuel position in the
      manner described.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide such an apparatus in a simple and
      convenient form, and in which the selection of excess fuel for starting
      purposes is facilitated.
PAR  According to the invention, in an apparatus of the kind specified, a
      releasable actuator is provided, said actuator when released, acting to
      effect movement of the control rod to the excess fuel position.
PAR  According to a further feature of the invention, fluid pressure operable
      means is provided to reset the actuator when excess fuel is no longer
      required.
DRWD
PAR  One example of a fuel pumping apparatus in accordance with the invention
      will now be described with reference to the accompanying drawings in
      which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of the apparatus,
PAR  FIG. 2 is a sectional side elevation of a practical form of the apparatus,
PAR  FIG. 3 is a plan view of the apparatus of FIG. 2 with parts removed for the
      sake of clarity, and
PAR  FIG. 4 is a sectional end elevation of the pump shown in FIGS. 2 and 3
      again with parts removed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 as mentioned, illustrates in diagrammatic form one example of an
      apparatus in accordance with the invention. Referring to FIG. 1, there is
      provided a drive shaft 10 upon which is mounted a cage (not shown)
      incorporating a plurality of governor weights 11. The governor weights are
      mounted on bell crank levers 12, and as the weights move outwardly, axial
      movement is imparted to a member 13. The member 13 is connected by means
      of a pivotal lever 14 to a fuel control rod 15 of a fuel pump shown at 16.
      As the weights move outwardly, the member 13 together with the lever 14
      effect movement of the fuel control rod in a direction to decrease the
      quantity of fuel supplied at each injection stroke of the apparatus.
PAR  Movement of the member 13 is resisted by a pair of springs 17, 18 and
      interposed between the springs is a spring abutment 19. The spring 18 is
      the governor spring and at its end remote from the abutment 19, it bears
      against a further abutment 20, the position of which is determined by a
      linkage 21 which in use, is connected to an operator control member, such
      for instance, as a throttle pedal.
PAR  When the operator adjustable means is moved to increase the force exerted
      by the governor spring, axial movement is imparted to the member 13, and
      the lever 14 is moved in a direction to increase the quantity of fuel
      supplied by the engine. During this movement, the weights are compressed,
      but as the speed of the engine increases, the weights will again move
      outwardly to reduce the quantity of fuel supplied. The movement of the
      abutment plate 19 when the operator adjustable means is moved to increase
      the force exerted by the governor spring 18, is limited by means of stops
      22. The spring 17 is provided for the purpose of shaping the speed/fuel
      characteristic of the apparatus and provides above a predetermined speed,
      a drooping characteristic.
PAR  In the example shown in FIG. 1, the maximum quantity of fuel which can be
      supplied to the engine at any particular time is determined by means of a
      stop 23 which is set by a screw 24 or it may be adjustable by means (not
      shown) responsive to the pressure of air supplied to the air inlet
      manifold of the engine.
PAR  When excess fuel is required for starting purposes, it is necessary to move
      the control rod 15 an additional amount, and usually this is effected in
      apparatus which does not incorporate the abutment 19, additional spring 17
      and stops 22, by moving the stop represented by 23 and then moving the
      abutment 20 so that the force exerted by the spring 18 is increased. This
      has the effect of moving the fuel control rod to an excess fuel position.
      In the apparatus described, however, it will be seen that the force
      exerted by the spring 18 on the lever 14 is limited by the fact that the
      abutment 19 contacts the stops 22, and the strength of the spring 17 is
      insufficient to reliably collapse the governor weights 11 and move the
      lever 14, together with the control rod 15 to an excess fuel position.
      This applies when a fixed maximum fuel stop is provided, and which is
      moved out of the way when excess fuel is required, and it applies
      particularly in the case in which such movement of the lever 14 must also
      be against the action of a spring contained in a maximum fuel control
      device. In order to overcome this difficulty, an actuator 26 is provided
      and this incorporates a movable member 27 for abutment with the lever 14
      and a release means 28. The actuator contains a strong spring, and when
      the release means is released, the member 27 is moved into contact with
      the lever 14 and effects movement of the lever 14 so that excess of fuel
      for starting purposes is provided.
PAR  Reference is now made to FIGS. 2 and 3 which show a practical embodiment of
      the apparatus described with reference to FIG. 1. With reference to FIGS.
      2 and 3, the drive shaft is again indicated at 10, and this is coupled to
      a cage 30 which encloses the governor weights 11. One only of these
      weights is illustrated, and it is pivotally mounted about an axis 31. The
      weight effects axial movement of a sleeve 32 which is the equivalent of
      the member 13 and the sleeve 32 is connected to a pivotal lever 33 which
      is equivalent to the lever 14. In addition, the sleeve is provided with a
      flange 34 against which bears a coiled compression spring 35 which is the
      equivalent of the spring 17. The other end of the coiled compression
      spring bears against an abutment plate 36 which is the equivalent of the
      abutment 19.
PAR  Mounted about a pivot axis 37 is a leaf spring 38 and this has bifurcated
      end portions 39 which bear against rollers 40 respectively, which in turn
      engage the abutment plate 36. The rollers 40 are carried upon a beam 41
      which is pivotally mounted about the axis 37. At its lower end, the beam
      is provided with generally axially extending portions 42 which carry the
      rollers 40 and which also carry abutment pegs 43 which can engage with a
      flanged sleeve 44 to limit the extent of movement of the beam 41 under the
      action of the spring 38. The abutment pegs 43 are the equivalent of the
      stops 22 shown in FIG. 1.
PAR  The force exerted by the spring 38 is determined by means of a manually
      adjustable roller 45, which is movable along a ramp 46. The roller 45 is
      connected to linkage including a lever 47 which is mounted upon a pin
      constituting the axis 37, with the pin extending to the exterior of the
      housing and mounting a further lever which, in use, is connected to the
      driver's throttle control of the vehicle. When the driver requires an
      increase in the engine speed, the roller 45 is moved downwardly as shown
      in FIG. 2 to increase the force exerted by the spring 38. This has the
      effect of moving the sleeve 32 together with the lever 33 in a direction
      so that the lever 33 moves in the clockwise direction. The end of the
      lever 33 remote from the sleeve 32 is connected to the valve element 48 of
      a servo 49, the latter including a piston 50 which is connected to a
      control rod 51 of the pumping apparatus. The valve element 48 is
      accommodated within the piston 50 and it acts when the apparatus is in
      use, as a follow-up servosystem. The fluid under pressure for actuating
      the servo is supplied to the apparatus through an inlet 52 from a
      convenient source of pressure on the associated engine.
PAR  The maximum demand which can be made by the driver is determined by a stop
      52 which is contacted by an arm 53 secured to the pin constituting the
      axis 37. As shown, the apparatus is set to provide the maximum demand. In
      addition, an idling stop 54 is provided and this is contacted by a surface
      defined upon the lever 47.
PAR  The maximum fuel stop is constituted by a pivotal plate 55, the position of
      which is preset by means of the screw 24, and is engaged by an arm 56
      forming part of an assembly carried by the valve element 48. As shown in
      FIGS. 2 and 3, the arm 56 is engaging at the plate 55, or in other words,
      the maximum fuel stop is operative to limit the amount of fuel which can
      be supplied to the engine. The arm is spring loaded to the position in
      which it is shown in FIG. 3 by means of a coiled tension spring 57, and is
      movable in an anti-clockwise direction, as seen in FIG. 3, to permit the
      fuel control rod to move towards the excess fuel position.
PAR  As shown in FIG. 3, an actuator 58 is provided, and which is the equivalent
      of the actuator 26 shown in FIG. 1. The actuator 58 includes a cup shaped
      piston element 59, which accommodates a coiled compression spring 60. The
      piston element includes an extension 61 for engagement with an angularly
      movable arm 62. The arm 62, when the actuator is released, is moved
      angularly in an anti-clockwise direction as shown in FIG. 3. The arm 62
      has a main body portion which can engage with the lever 33, but at its
      end, it is provided with a leaf spring 63 positioned for engagement with
      an arm 64 formed integrally with the arm 56. When the actuator is
      released, the arm 62 is moved angularly about its axis until a point is
      reached at which the leaf spring 63 engages the arm 64. Further movement
      of the arm 62 effects angular movement in an anti-clockwise direction as
      seen in FIG. 3, of the arm 56 thereby moving the latter out of engagement
      with the plate 55. Continued movement of the arm 62 brings it into
      engagement with the lever 33, and when this occurs, the lever 33 is moved
      angularly so that the control rod is moved to the excess fuel position.
      The strength of the spring 60 is chosen so that it can perform this task
      even if a maximum fuel control device containing springs is provided.
PAR  In order to release the piston element 59, a spring loaded pin 59a is
      provided and which engages with the base wall of the piston element. The
      pin 59a is retractable by means operable from the exterior of the
      apparatus. The piston element 59 is returned to the position in which it
      is shown in FIG. 3 by means of hydraulic pressure, which is supplied to
      the cylinder containing the piston element through a passage 65. The
      passage 65 communicates with the right hand side of the piston 50 which,
      when the associated engine is started, is supplied with oil under pressure
      by the fact that the valve element 48 is moved by the lever 33 to admit
      fluid under pressure to this side of the piston. Both the piston element
      59 and the piston 50 will therefore be subjected to fluid pressure, and
      the piston element 59 will be returned to the position in which it is
      shown in FIG. 3. During the return movement, the pin 59a moves into a
      position to intercept the return motion of the piston element 59 so that
      excess fuel is only selected when required by the operator or driver. It
      will also be observed that in the event the supply of fluid under pressure
      fails, then the lever 33 by its abutment with the arm 62 as the engine
      speed increases, can also effect movement of the piston element towards
      the position in which it is shown in FIG. 3 and sufficient to ensure that
      it assumes a latched state. During movement of the piston element by the
      governor, fluid will be drawn into the cylinder which contains the
      element. This is permitted by the provision of a one way valve 66 which
      can open in such circumstances, but which normally remains closed. When
      the release means is withdrawn out of the path of the piston element 59,
      fluid is displaced from its cylinder by way of the passage 65, and this
      fluid exerts a pressure on the piston 50 which will move it relative to
      the valve element 48. Such relative movement permits fluid to escape from
      the portion of the cylinder at the right hand side of the piston 50 and
      therefore the piston element 59 is free to perform the duty outlined above
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid fuel pumping apparatus for supplying fuel to an internal
      combustion engine, comprising an injection pump operable in time
      relationship with an associated engine, a fuel control rod movable to
      effect adjustment of the quantity of fuel supplied at each injection
      stroke, governor mechanism including a governor weight which is driven at
      a speed dependent upon the speed of the associated engine, a member
      movable by the weight, a governor spring for opposing movement of the
      member as the speed of the engine increases, operator adjustable means for
      adjusting the force exerted by the spring, link means connecting said
      member with the fuel control rod whereby for a given setting of the
      operator adjustable means, as the engine speed increases, the fuel control
      rod will be moved to reduce the amount of fuel supplied to the apparatus,
      a releasable actuator which, when released, acts to effect movement of the
      control rod to an excess fuel position, said actuator including a coiled
      compression spring, a piston which can be subjected to fluid pressure in
      order to compress the spring, a spring loaded pin to retain the piston,
      with the pin being operable from the exterior of the apparatus when excess
      fuel is required, a pivotal arm which can be engaged by said piston when
      said pin is released, with said arm pivoting under the action of said
      compression spring and engaging with part of said link means to effect
      movement of the control rod to the excess fuel position, a maximum fuel
      stop which acts to limit the movement of the control rod in the direction
      of increasing fuel during normal operation of the apparatus, and said
      pivotal arm having means for rendering said maximum fuel stop inoperative
      prior to the engagement of the arm with said part of the link means.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 including a pivotal member mounted
      on a part movable with the control rod, in which said means comprises a
      leaf spring mounted on the arm, with said leaf spring being positioned to
      engage said pivotal member mounted on a part movable with the control rod,
      said pivotal member, during normal operation of the appartus, engaging
      said stop to control the maximum amount of fuel supplied by the apparatus,
      said leaf spring when the arm is moved engaging said pivotal member
      thereby rendering said maximum fuel stop inoperative and allowing the
      control rod to move to the excess fuel position.
NUM  3.
PAR  3. The apparatus as claimed in claim 1 including a cylinder containing said
      piston, in which said piston can be moved against the action of the coiled
      compression spring to a latched position by the action of said weight in
      the event the supply of fluid under pressure to the cylinder containing
      the piston fails.
NUM  4.
PAR  4. The apparatus as claimed in claim 3 including a nonreturn valve which
      can open to permit movement of the piston by the weight.
NUM  5.
PAR  5. The apparatus as claimed in claim 4 including a fluid pressure operable
      servo for effecting movement of the control rod, with said servo including
      a servo valve, the setting of which is determined by said link means.
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ABST
PAL  A control lever and a flyweight assembly move a floating lever which
      determines the position of a control rod which controls the fuel injection
      volume. Novel means are provided to prevent the control lever from being
      displaced by the floating lever during engine braking.
BSUM
PAR  The present invention relates to a governor for a fuel injection pump for a
      Diesel internal combustion engine.
PAR  It has been proposed in the prior art to provide a governor assembly
      including a floating lever, the position of which is determined by a
      manual speed control lever and a flyweight assembly and which moves a
      control rod which controls the fuel injection volume. However, there is a
      major problem in the prior art design in that when engine braking is
      employed to slow down the vehicle, such as when moving downhill in low
      gear, although the vehicle operator has moved the control lever to the
      idling position, the action of the flyweights on the floating lever is
      such that the control lever will be moved thereby away from the idling
      position in the accelerating direction. This results in an unnatural
      sensation for the vehicle operator, and interferes with the engine braking
      operation. The present invention intends to provide novel means by which
      the control level will not unnaturally be moved by the floating lever
      during engine braking.
PAR  It is therefore an important object of the present invention to provide a
      governor for a fuel injection pump for a Diesel internal combustion engine
      by which the engine speed control lever and accelerator pedal are not
      moved from their idling position by the action of the governor floating
      lever during engine braking conditions.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more clear from the following detailed description
      taken with the accompanying drawings, in which directions such as
      "clockwise" and "rightward" refer to the invention as viewed in the
      respective drawings, and in which:
PAR  FIG. 1 is a longitudinal sectional view of a governor embodying the present
      invention;
PAR  FIG. 2 is a top view, partly in section, of a portion of the governor of
      FIG. 1; and
PAR  FIG. 3 is a diagrammatic view of the portion of the governor shown in FIG.
      2.
DETD
PAR  Referring now to FIG. 1, a governor embodying the present invention
      includes a casing 10 rotatably supporting therein a shaft 12 rotatably
      driven by a camshaft of a Diesel engine fuel injection pump (not shown).
      The shaft 12 carries flyweights 14 which are arranged to expand by
      centrifugal force developed by rotation thereof by the shaft 12 and
      axially move a shifter rod 16 rightward as the engine speed increases. The
      shifter rod 16 engages with the flyweights 14 by means of a thrust bearing
      18, and carries a pin 20. The shifter rod 16 is also formed with a right
      shoulder 16a, which engages with an idling spring 24. The preload of the
      idling spring 24 is adjustable by means of an adjusting nut 26. A tension
      lever 28 is rotatable about a fulcrum pin 30 supported by the casing 10,
      and is pivotally connected at one end to the pin 20. A pin 32 carried by
      the other end of the tension lever 28 is engagable with the right side of
      a spring seat 34, the other side of which is engagable with a medium speed
      governor spring 36 and a high speed governor spring 38. A spring seat 40
      is engagable with the other ends of the springs 36 and 38, and is slidable
      on a shaft or rod 42 as is the spring seat 34. The rod 42 is slidably
      supported by the casing 10 and has a shoulder 42a formed near its right
      end which is engagable with the left side of a spring seat 44 which is
      also engagable with a shoulder 10a of the casing 10.
PAR  A bushing 46 is fixed to the casing 10 and receives the rod 42
      therethrough. A compensating compression spring 48 is disposed inside the
      bushing 46, and engages at its right end with a nut 50 fixed to the end of
      the rod 42 and at its left end with the right side of the spring seat 44.
      The nut 50 is screwable along the rod 42 to provide a stroke S between its
      left side and the right side of the bushing 46. A spring 52 urges the
      spring seat 40 rightwards to eliminate play, and the rod 42 is formed with
      a shoulder 42b which is engagable with the left side of the spring seat
      40.
PAR  A stopper lever 54 is manually rotatable to stop the engine, and has an
      extension 56 extending integrally therefrom and carrying at its end a pin
      58. A link 60 is pivotally carried by the pin 58, and carries a pin 62 at
      its one end. The pin 62 is engagable with the left side of the spring seat
      40, and the right side of the other end of the link 60 is engagable with
      the left side of a pin 64 fixed to a control rod 66. The control rod 66 is
      formed with a rack (not shown) which is operatively connected to the fuel
      injection pump to control the volume of fuel injected therefrom into the
      Diesel engine. The rack of the control rod 66 may engage with control
      guadrants of control sleeves of fuel injection valves (not shown) of the
      fuel injection pump, or be connected to control the fuel injection pump in
      any other manner. The control rod 66 is moved leftward as shown by an
      arrow to increase the fuel injection volume.
PAR  A guide lever 68 is pivotal about the fulcrum pin 30, and is biased
      counterclockwise against the pin 32 of the tension lever 28 by yieldable
      means in the form of a spring 70, and a ball 72 fixed to the upper end of
      the guide lever 68 pivotally engages in a hole (no numeral) formed through
      one end of a floating lever 74. A ball 76 fixed to one end of a link 78
      pivotally engages in a hole (no numeral) formed through the other end of
      the floating lever 74. A pin 80 is fixed to the control rod 66, and
      pivotally supports the link 78.
PAR  Referring now also to FIG. 2, the floating lever 74 is formed with a
      longitudinal slot 74a, in which a pin 82 of an arm 84 is movably received.
      A control member or lever 86, which may be connected to an accelerator
      pedal of a vehicle through a suitable linkage (not shown), is fixed on a
      shaft 88 which is rotatably supported by the casing 10 by a bushing 90. An
      arm 92 is fixed to the shaft 88, and is engagable with a pin 94 extending
      from the arm 84. The arm 84 is urged by a spring 96 so that the pin 94
      engages with the arm 92. The control rod 66 is urged leftward by a
      starting spring 98.
PAR  The operation of the governor will now be described.
PAR  When the engine is shut down, the control lever 86 will be in its maximum
      counterclockwise position and the control rod 66 will be in its maximum
      upward position as shown in FIG. 2. To start the engine, the control lever
      86 is rotated to its maximum clockwise position to provide maximum fuel
      injection volume for starting. In FIG. 2, the control lever 86 is rotated
      clockwise and the arm 92 engages with the pin 94 to move the arm 84 and
      thereby the pin 82 clockwise. Since the engine speed is almost zero, the
      flyweights 14 will not be moved and the shifter rod 16 will assume its
      maximum leftward position in FIG. 1. Also as viewed in FIG. 1, the tension
      lever 28 will assume its maximum clockwise position.
PAR  The guide lever 68 will assume its maximum counterclockwise position as
      viewed in FIG. 1 due to the force of the spring 70, and the ball 72 will
      serve as a fixed pivot point for the floating lever 74. Referring now to
      FIG. 2, as the pin 82 is moved clockwise, it will exert a force on the
      floating lever 74 to pivot the same clockwise about the ball 72. This will
      cause the control rod 66 to be moved downward in the direction to increase
      the fuel injection volume by means of the link 78 and the starting spring
      98. When the position of maximum fuel injection volume is reached, the pin
      64 of the control rod 66 will abut against the link 60, which will in turn
      be rotated about the pin 58 until the pin 62 abuts against the spring seat
      40. Due to the high stiffness of the springs 36 and 38, further movement
      of the control rod 66 will be prevented.
PAR  After starting, the control lever 86 is rotated counterclockwise in FIG. 2
      to an idling position. The arm 84 is urged by the spring 96 to follow the
      arm 92, and the floating lever 74 is pivoted counterclockwise about the
      ball 72 by the pin 82. The control rod 66 is pulled upward thereby to an
      idling position.
PAR  The tension lever 28 and guide lever 68 normally rotate as a unit. As the
      engine speed approaches the idling speed, the flyweights 14 expand and the
      shifter rod 16 is moved rightward in FIG. 1 against the force of the
      idling spring 24. The guide lever 68 and tension lever 28 will then rotate
      counterclockwise. Referring to FIG. 2, counterclockwise rotation of the
      guide lever 68 will cause counterclockwise rotation of the floating lever
      74 about the pin 82. The control rod 66 will thereby be moved upward to
      reduce the fuel injection volume.
PAR  As the control lever 86 is rotated clockwise in FIG. 2 to increase the
      engine speed, the floating lever 74 is pivoted clockwise thereby about the
      ball 72, and the control rod 66 is moved downward to increase the fuel
      injection volume. As viewed in FIG. 1, as the engine speed increases, the
      tension lever 28 and guide lever 68 will be rotated counterclockwise by
      the flyweights 14 and the shifter rod 16. The pin 32 will urge the spring
      seat 34, springs 36 and 38 and spring seat 40 leftward against the force
      of the spring 52, which is weak, until the left side of the spring seat 40
      abuts against the shoulder 42b of the rod 42. The rod 42 will then be
      moved leftward against the force of the compensating spring 48, which
      serves to correctly determine the maximum fuel injection volume during the
      transition between idling and medium speed engine operation. After the rod
      42 has been moved leftward by a distance corresponding to the stroke S,
      the left side of the nut 50 will abut against the right side of the
      bushing 46, and further movement of the rod 42 will be prevented.
PAR  At or slightly before this point, the left side of the spring seat 40 will
      engage with the pin 62 and rotate the link 60 clockwise. If the control
      rod 66 should be thereafter moved leftward into engagement with the link
      60, further movement thereof will be prevented. It will be understood that
      the tension lever 28, spring seats 34 and 40, springs 36, 38, 48 and 52,
      rod 42 and link 60 serve to limit the maximum fuel injection volume to a
      point above which smoky exhaust gas would be produced, and that the
      floating lever 74 and associated parts serve to suitably adjust the fuel
      injection volume to an optimum value below the maximum allowable value
      based on the engine speed demand and instantaneous engine speed.
PAR  As the engine speed increases, and the tension lever 28 rotates further
      counterclockwise, the spring 36 and thereafter the spring 38 will be
      compressed between the spring seats 34 and 40. The maximum clockwise
      position of the link 60 will not change, however, indicating that the
      maximum fuel injection volume not producing smoky exhaust is constant
      above the engine speed at which the nut 50 engages with the bushing 46.
      The guide lever 68 rotating counterclockwise will rotate the floating
      lever 74 counterclockwise as viewed in FIG. 2 about the pin 82. The
      control rod 66 will be thereby moved upward to decrease the fuel injection
      volume as the engine speed increases since extra fuel is not required for
      further acceleration.
PAR  The condition of engine braking, such as when the vehicle is moving
      downhill, is illustrated in FIG. 3. Under this condition, the engine speed
      is high and the control lever 86 is in the idling position. The positions
      of the parts shown in solid line correspond to normal idling conditions,
      and the positions shown in broken line correspond to engine braking
      conditions, under which the engine is being used as a brake to slow down
      the vehicle. For simplicity of description, it will be assumed that the
      vehicle is initially coasting on a level portion of a highway with the
      control lever 86 in the idling position, and then starts moving downhill.
      The guide lever 68 will be rotated by the flyweights 14 from the position
      in solid line to the position in broken line since the engine will be
      driven by the vehicle wheels and the engine speed will increase. Since the
      control rod 66 is in the minimum fuel injection position, and cannot be
      moved farther to decrease the fuel injection volume, the pin 80 will serve
      as a fixed pivot point. The floating lever 74 and link 78 will move as
      shown. Since the pin 82 must at all times be within the slot 74a, the pin
      82 and arm 84 will be rotated clockwise. If the control lever 86 was
      fixedly rotatable with the arm 84 as in the prior art, the control lever
      86 would be rotated by the floating lever 74 clockwise in the direction to
      increase the fuel injection volume as described above. However, with the
      provision of yieldable means including the spring 96, the arm 84 is able
      to rotate clockwise but the control lever 86 will remain in the position
      shown in solid line. In the present example, the spring 70 is stiffer than
      the spring 96, so the latter will yield before the former. When the guide
      lever 68 has been moved to the position shown in broken line in FIG. 3,
      which is considered to be the operating limit of the floating lever 74 and
      with the control lever 86 in the idling position and the engine speed
      above a predetermined value, the spring 70 will yield, and further
      rotation of the guide lever 68 will be prevented even though the tension
      lever 28 continues to rotate. In this way, the floating lever 74 and link
      78 will not be broken by movement past their operating limit.
PAR  If desired, the spring 96 may be omitted and the arm 84 fixed for rotation
      with the shaft 88. In this case, as the engine speed rises, movement of
      the guide lever 68 and thereby the floating lever 74 and control lever 86
      will be prevented since the spring 70 will yield and the guide lever 68
      will not rotate counterclockwise in FIG. 1 even though the tension lever
      28 is rotated counterclockwise by the flyweights 14 and shifter rod 16.
      Thus, the unnatural phenomenon of the control lever 86 being moved by the
      floating lever 74 during engine braking is eliminated by the present
      invention.
PAR  To shut down the engine, the stopper lever 54 is rotated clockwise as shown
      in FIG. 1 to move the link 60 and control rod 66 to maximum rightward
      positions to completely shut off fuel injection.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A governor for an engine fuel injection pump comprising:
PA1  a fuel control rod adapted to be connected to the fuel injection pump to
      control the fuel injection volume;
PA1  flyweights;
PA1  governor spring means;
PA1  a manual engine speed control member; and
PA1  a first linkage operatively connecting the flyweights and the control
      member to the control rod, the first linkage comprising a tension lever
      having an intermediate fulcrum and being pivotally connected at one end to
      the flyweights and engagable at its other end with the governor spring
      means to connect the flyweights to the governor spring means in such a
      manner that the flyweights move against the force of the governor spring
      means as the engine speed rises, a guide lever pivotal about the same
      point as the tension lever, a floating lever rotatably connected at an
      intermediate point to the control member, the floating lever being
      pivotally connected at one end to the end of the guide lever and being
      pivotally connected at its other end to the control rod, and biasing means
      urging the guide lever to rotate with the tension lever, the biasing means
      normally operatively maintaining the guide lever in engagement with the
      tension lever and being arranged to yield and allow the tension lever to
      disengage from the guide lever when the control member is in a low engine
      speed demand position and the engine speed is above a predetermined value.
NUM  2.
PAR  2. A governor according to claim 1, further comprising yieldable means
      arranged to normally operatively connect the control member to the
      floating lever and to yield when the control member is in a low speed
      demand position and the engine speed is above a predetermined value to
      prevent the control member from being moved by the first linkage.
NUM  3.
PAR  3. A governor according to claim 1, in which the first linkage further
      comprises:
PA1  a first rod axially movable by the flyweights;
PA1  an idling spring, the first rod moving against the force of the idling
      spring as the engine speed rises, said one end of the tension lever being
      pivotally connected to the first rod;
PA1  a second rod slidable carrying thereon the governor spring means and first
      and second spring seats engagable with the opposite ends of the governor
      spring means, said other end of the tension lever being engagable with the
      first spring seat;
PA1  a first link pivotally connected at one end to said other end of the
      floating lever and pivotally connected at its other end to the control
      rod;
PA1  the governor further comprising a second linkage which includes:
PA1  a second link having an intermediate fulcrum and pivotally engaging at one
      end with the second spring seat and at the other end with the control rod;
PA1  the governor further comprising yieldable means which includes:
PA1  an arm rotatable about a fixed point and carrying a first pin slidable in a
      longitudinal slot formed through the floating lever and a second pin, the
      control member being engagable with the second pin when rotated in one
      direction; and
PA1  second biasing means to urge the arm in a direction to engage the second
      pin with the control member; whereby
PA1  when the control member is in the low engine speed demand position and the
      engine speed is above the predetermined value, the flyweights move the
      first rod to thereby move the tension lever, but the guide lever remains
      stationary against the force of the biasing means so that the control
      member remains in the low engine speed demand position.
NUM  4.
PAR  4. A governor according to claim 3, further comprising a stopper member
      pivotally connected to the fulcrum of the second link and being manually
      movable to move the second link and thereby the control rod to a position
      of substantially zero fuel injection volume for stopping the engine.
NUM  5.
PAR  5. A governor according to claim 3, further comprising a compensating
      spring, the second rod being movable within a limited range and being
      engagable with the compensating spring in such a manner that the
      flyweights move against the forces of the idling spring and the
      compensating spring in an engine speed range between idling and medium
      speed prior to moving against the force of the governor spring means.
NUM  6.
PAR  6. A governor according to claim 1, further comprising a second linkage
      engagable with the flyweights and the control rod to limit the fuel
      injection volume to a predetermined level above which smoky exhaust gas is
      produced.
NUM  7.
PAR  7. A governor according to claim 1, in which the governor spring means is
      in a substantially free state when the engine speed is zero.
NUM  8.
PAR  8. In a governor for an engine fuel injection pump having a fuel control
      rod adapted to be connected to the fuel injection pump to control the fuel
      injection volume, flyweights, governor spring means, a manual engine speed
      control member, a first linkage including an idling spring, a first rod
      axially movable by the flyweights and engaging at one end with the idling
      spring, a tension lever having an intermediate fulcrum and being pivotally
      connected at one end to the first rod, a second rod slidably carrying
      thereon the governor spring means and first and second spring seats
      engagable with the opposite ends of the governor spring means, the other
      end of the tension lever being engagable with the first spring seat so
      that the flyweights move against the force of the governor spring means as
      the engine speed rises, a guide lever pivotal about the same point as the
      tension lever, a floating lever, the guide lever being pivotally connected
      at its end to one end of the floating lever, a first link, one end of the
      first link being pivotally connected to the other end of the floating
      lever and the other end of the first link being pivotally connected to the
      control rod, a second linkage including a second link having an
      intermediate fulcrum and pivotally engagable at one end with the second
      spring seat and at its other end with the control rod, the improvement
      comprising:
PA1  biasing means urging the guide lever to rotate with the tension lever, the
      biasing means normally operatively maintaining the guide lever in
      engagement with the tension lever and being arranged to yield when the
      control member is in a low engine speed demand position and the engine
      speed is above a predetermined value to prevent the control member from
      being moved by the floating lever, and
PA1  yieldable means including an arm rotatable about a fixed point and carrying
      a first pin slidable in a longitudinal slot formed through the floating
      lever and a second pin, the control member being engagable with the second
      pin when rotated in one direction, and second biasing means to urge the
      arm in a direction to engage the second pin with the control member so
      that when the control member is in the low engine speed demand position
      and the engine speed is above the predetermined value, the flyweights move
      the first rod to thereby rotate the tension lever, but the guide lever
      remains stationary against the force of the biasing means so that the
      control member remains in the low engine speed demand position.
NUM  9.
PAR  9. The improvement according to claim 8, further comprising a compensating
      spring, the second rod being movable within a limited range and being
      engagable with the compensating spring in such a manner that the
      flyweights move against the forces of the idling spring and compensating
      spring in an engine speed range between idling and medium speed prior to
      moving against the force of the governor spring.
NUM  10.
PAR  10. The improvement of claim 8, further comprising a stopper member
      pivotally connected to the fulcrum of the second link and being manually
      movable to move the second link and thereby the control rod to a position
      of substantially zero fuel injection volume for stopping the engine.
NUM  11.
PAR  11. The improvement of claim 8, in which the governor spring means is in a
      substantially free state when the engine speed is zero.
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PAL  An ignition system for a two-cylinder engine is provided which comprises
      two ignition signal generators, two ignition coils and two spark plugs for
      each of the cylinders. The first ignition signal generator controls the
      first ignition coil and two of the spark plugs are connected in series
      with the first ignition coil. The second ignition signal generator
      controls the second ignition coil. The second ignition coil is connected
      in series with the other two spark plugs. The first and second ignition
      signal generators operate independently of each other and generate their
      ignition signals at different time instants. And, of the two spark plugs
      provided for each cylinder, one is a main spark plug and the other is a
      combustion promoting spark plug. The main spark plugs are simultaneously
      controlled by the first ignition signal generator and either one of two
      combustion promoting spark plugs is controlled, with a time delay, by the
      second ignition signal generator.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 382,112
      filed on July 24, 1973 now abandoned.
BSUM
PAR  The present invention relates to an ignition system for a rotary engine.
PAR  Rotary engines used in automotive vehicles are mainly of the two-rotor type
      (two-cylinder type) and moreover it has been customary to provide two
      spark plugs for each of the rotors in order to ensure an improved starting
      performance.
PAR  In the past, rotary engine ignition systems of this type have been usually
      provided with two distributors and two ignition coils to distribute the
      required ignition sparks to the four spark plugs and therefore they have
      the disadvantages of the entire ignition system becoming large in size and
      inconvenient servicing of the ignition system.
PAR  For this reason, in order to reduce the number of distributor units to one,
      one approach may be conceived in which two circuit breakers controlled by
      a common cam are disposed in the same plane within the distributor unit,
      whereby the two circuit breakers simultaneously produce the spark voltage
      in the two ignition coils so that the spark voltage produced in one of the
      ignition coils is applied to one spark plugs of the respective cylinders
      by the distributor and the spark voltage produced in the other ignition
      coil is applied to the other spark plugs of the respective cylinders which
      are connected in series with the other ignition coil. A drawback of this
      approach is that the atmospheric condition of the mixture in the vicinity
      of the location of one spark plug differs completely from that of the
      other spark plug in each cylinder with the result that the ignition
      quality of either one of the spark plugs is deteriorated causing the
      engine to fail to give the maximum power output and also giving rise to
      the emission of noxious exhaust gases.
PAR  The foregoing difficulties are overcome by the ignition system of this
      invention wherein two ignition signal generators adapted to operate
      independently of each other and generate ignition signals at different
      time instants with respect to each other, are arranged on the axis of a
      distributor assembly, whereby two ignition coils are controlled
      respectively by the two ignition signal generators to produce therein the
      spark voltages at different time instants with respect to each other.
PAR  In accordance with the present invention, the ignition system comprises a
      distributor assembly having arranged on the same axis thereof two ignition
      signal generators adapted to operate independently of each other and
      generate the ignition signals at different time instants with respect to
      each other whereby two ignition coils are controlled respectively by the
      two ignition signal generators to produce therein the spark voltages at
      different instants with respect to each other, and there is thus a
      remarkable advantage of applying the spark voltages to the two spark plugs
      provided for each cylinder at correct ignition instants and thus ensuring
      improved engine performance.
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PAR  FIG. 1 is an electric circuit diagram showing an embodiment of a
      two-cylinder engine ignition system according to the present invention.
PAR  FIG. 2 is a longitudinal sectional view of the distributor assembly used
      with the system of FIG. 1.
PAR  FIGS. 3, 4 and 5 are electric circuit diagrams showing a second, third and
      fourth embodiment respectively according to the present invention.
PAR  FIG. 6 is a longitudinal sectional view showing the construction of a
      circuit breaker used with the system of FIGS. 3 and 4.
PAR  FIGS. 7 and 8 are sectional views showing the construction of the
      respective cylinders of a rotary engine.
DETD
PAR  The present invention will be described in greater detail with reference to
      the illustrated embodiment. Referring first to FIG. 1, numeral 1
      designates a rotary engine comprising two cylinders 1a and 1b. The
      cylinder 1a is provided with two spark plugs Ta and La, while the cylinder
      1b is provided with spark plugs Tb and Lb. Numeral 2 designates a battery
      having its positive terminal connected to primary windings 3a and 4a of
      ignition coils 3 and 4, respectively. The other ends of the primary
      windings 3a and 4a are connected respectively to breaker arms or movable
      arms 7a and 8a of circuit breakers 5 and 6 whose stationary contacts 7b
      and 8b are connected to the negative terminal of the battery 2 and are
      also grounded. Numerals 9 and 10 designate distributor assembly shafts
      which rotate in association with the engine 1, C.sub.1 and C.sub.2 are
      suppressing capacitors with the capacitor C.sub.1 connected in parallel
      with the breaker arm 7 a and the stationary contact 7b, and the capacitor
      C.sub.2 connected in parallel with the breaker arm 8a and the stationary
      contact 8b. Of secondary windings 3b and 4b of the ignition coils 3 and 4,
      the secondary winding 3b has its one end connected to the other end of the
      primary winding 3a and the other end connected to the spark plugs Ta and
      Tb by way of a distributor brush 11a of a distributor 11 and segments or
      side electrodes 11b and 11c, respectively, and the other secondary winding
      4b is connected in series with the spark plugs La and Lb.
PAR  Referring now to FIG. 2, the mechanical construction of the distributor
      assembly comprising the circuit breakers 5 and 6 and the distributor 11
      will be described.
PAR  The two distributor assembly shafts 9 and 10 are integrally connected
      together by means of a recess 9a formed at the lower end of the shaft 9
      and a projection 10a formed at the upper end of the shaft 10, and the
      shafts 9 and 10 are rotatably supported respectively by bearings 15, 16
      and 17, 18 within housings 13 and 14, respectively. Mounted respectively
      on the distributor shafts 9 and 10 are centrifugal advance mechanisms 19
      and 20 whose cams 21 and 22 are movably fit respectively on the
      distributor shafts 9 and 10 to actuate respectively the breaker arms 7a
      and 8a of the circuit breakers 5 and 6. Vacuum-advance devices 25 and 26
      are connected respectively to movable plates 23 and 24 having respectively
      the circuit breakers 5 and 6 mounted thereon, so that the movable plates
      23 and 24 may be moved and displaced with respect to the cams 21 and 22 in
      proportion to the amount of vacuum in the intake manifold of the engine.
      The housings 13 and 14 are joined together with fastening screws 27.
PAR  A distributor rotor 28 having the distributor brush 11a is mounted on the
      cam 21, and detachably mounted on the housing 13 by a clamp 31 is a
      distributor cap 30 which comprises the side electrodes 11b and 11c
      disposed to face the distributor brush 11a and a center electrode 29 which
      supplies the spark voltage generated in the secondary winding 3b of the
      ignition coil 3 to the distributor brush 11a.
PAR  A second embodiment shown in FIG. 3 shows a circuit diagram without a
      distributor in comparison with the above first embodiment and the other
      elements of the construction are all the same as in FIG. 1.
PAR  A third embodiment shown in FIG. 4 differs from only a connection of
      ignition coils 3 and 4 in comparison with the above second embodiment.
      That is, ignition coils 3 and 4 comprise secondary windings 3b and 4b
      consisted of two coil members 3b' and 3b"; 4b' and 4b" whose common taps
      are grounded and spark plugs Ta and Tb; La and Lb are connected to the
      coil members 3b' and 3b"; 4b' and 4b" of the secondary windings 3b and 4b.
PAR  Referring now to FIG. 6, the construction of the above circuit breakers 5
      and 6 is described. Numeral 10 is a shaft of the circuit breakers which
      rotate in accordance with the engine and rotatably supported within a
      housing 14 by bearings 17 and 18. Cams 21 and 22 are moveably inserted in
      series with each other on the same axis and centrifugal advance mechanisms
      19 and 20 are mounted to drive the cams 21 and 22 in accordance with the
      number of rotations of the engine. Numerals 23 and 24 are plates for
      mounting breaker arms 7a and 8a; stationary contacts 7b and 8b of the
      circuit breakers 5 and 6 and supported by the housing 14. Numeral 41 is a
      cap.
PAR  The circuit breakers 5 and 6 may use a common circuit breaker cam 42
      instead of the above cam as shown in a fourth embodiment of FIG. 5. In
      this case, the breaker arms 7a and 8a are arranged opposite each other
      about the cam 42.
PAR  The internal construction of the rotary engine 1 is shown in FIGS. 7 and 8.
      The cylinders 1a and 1b respectively accommodate therein rotors 32 and 33
      of regular triangular shape whose apexes are connected with curved lines
      and the rotation of the rotors 32 and 33 is increased three times by gear
      units 34 and 35 and transmitted to a common output shaft 36. Numerals 37
      and 38 designate mixture intake ports and numerals 39 and 40 designate
      exhaust ports.
PAR  The above-described rotary engine 1 and the distributor assembly are
      associated with each other as follows. The rotors 32 and 33 are
      mechanically connected to the output shaft 36 in such a manner that the
      two rotors are angularly displaced from each other by 60.degree. so that
      the distributor shafts 9 and 10 are rotated at a reduced speed, i.e., at
      half the speed of the output shaft 36. Therefore, the rotational speed
      ratio among the rotors 32, 33, the output shaft 36 and the distributor
      shafts 9, 10 is 2 : 6 : 3. On the compression stroke shown in FIG. 7, the
      contacts of the circuit breaker 6 are opened inducing a spark voltage in
      the secondary winding 4b of the ignition coil 4. This spark voltage is
      simultaneously applied to the spark plug La of the first cylinder 1a and
      the spark plug Lb of the second cylinder 1b. At this time, the first
      cylinder 1a is on the compression stroke and thus the mixture is burned
      and exploded causing the rotor 32 to produce a power. At this time, the
      second cylinder 1b is in the condition shown in FIG. 8, i.e., it is not on
      the compression stroke. Therefore, the high voltage applied to the spark
      plug Lb is used wastefully and thus there is no ill effect on the engine
      1. At a time delayed by about 0.degree. to 50.degree. of the output shaft
      36 after the opening of the contacts of the circuit breaker 6, the
      contacts of the circuit breaker 5 are opened inducing a spark voltage in
      the secondary winding 3b of the ignition coil 3. At this time, as for FIG.
      1 the distributor brush 11a is located opposite to the side electrode 11a
      connected to the spark plug Ta of the first cylinder 1a and thus the spark
      voltage induced in the secondary winding 3b is applied to the spark plug
      Ta. The combustion of the mixture in the first cylinder 1a is promoted by
      the ignition action of the spark plug Ta.
PAR  On the other hand, in FIGS. 3, 4 and 5, the spark voltage is simultaneously
      applied to the spark plug Ta of the first cylinder 1a and the spark plug
      Tb of the second cylinder 1b. At this time, as mentioned above, the first
      cylinder 1a is on the compression stroke and thus the mixture is burned
      and exploded causing the rotor 32 to produce a power. At the same time,
      the second cylinder 1b is not on the compression stroke. Therefore the
      high voltage applied to the spark plug Tb is used wastefully and thus
      there is no ill effect on the engine 1.
PAR  When, in this condition, the rotors 32 and 33 rotate 60.degree. in the
      direction of the arrow, respectively, that is, when both of the
      distributor shafts 9 and 10 rotate 90.degree., the circuit breakers 6 and
      5, in this order, reopen their respective contacts so that the high
      voltage is produced in the secondary windings 4b and 3b of the ignition
      coils 4 and 3 in this order and thus the high voltages are applied to the
      spark plugs La, Lb and Ta in FIG. 1 and La, Lb, Ta and Tb in FIGS. 3, 4
      and 5. At this time, the rotor 32 of the first cylinder 1a is in the
      position shown in FIG. 4, while the rotor 33 of the second cylinder 1b is
      in the position shown in FIG. 3. Consequently, only the second cylinder 1b
      produces a power. Thereafter, each time the rotors 32 and 33 rotate
      60.degree. in the direction of the respective arrow, the high voltage is
      applied to each of the spark plugs La and Lb and to either the spark plug
      Ta or Tb at a slightly delayed ignition time instant, thereby causing the
      rotors 32 and 33 to produce power alternately. This power is transmitted
      to the wheel, for example, which is provided with the output shaft 36 and
      which is not shown.
PAR  While, in the embodiment described above, the ignition signal generators
      comprise the circuit breakers 5 and 6, and the opening and closing of the
      respective breaker contacts are controlled respectively by the cams 21 and
      22, it is of course possible to use ignition signal generators of the type
      which employs an inductor in place of the cam, and a magnet and a signal
      coil in place of the contacts, whereby the semiconductor switching
      elements such as transistors or thyristors connected in series with the
      primary windings of the ignition coils are controlled by the reshaped
      outputs of the ignition signal generators. Further, while, in the
      above-described embodiment, the two centrifugal advance mechanisms 19 and
      20 and the two vacuum-advance devices 25 and 26 are employed to vary the
      ignition timing of the two ignition coils 3 and 4 in accordance with the
      number of revolutions of the engine and the intake manifold vacuum, it is
      possible to primarily set the ignition timing of either one of the
      ignition coils.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ignition system for a two-cylinder engine comprising a first ignition
      signal generator, a first ignition coil controlled by said first ignition
      signal generator, a first pair of spark plugs connected in series with
      said first ignition coil, a second ignition signal generator operable
      independently of said first ignition signal generator to generate ignition
      signals at time instants different from those of said first ignition
      signal generator, a second ignition coil controlled by said second
      ignition signal generator, a second pair of spark plugs connected in
      series with said second ignition coil,
PA1  a first ignition time control means including a first centrifugal advance
      device operable in response to the number of rotations of the engine and a
      first vacuum advance device operable in response to an intake negative
      pressure, said first centrifugal advance device and said first vacuum
      advance device being coupled to said first ignition signal generator for
      varying the time of ignition signal generation by said first ignition
      signal generator in accordance with the number of rotations of the engine
      and the intake negative pressure, and
PA1  second ignition time control means being adapted to operate entirely
      independent from said first ignition time control means and including a
      second centrifugal advance device operable in response to the number of
      rotations of the engine and a second vacuum advance device operable in
      response to the intake negative pressure, said second centrifugal advance
      device and said second vacuum advance device being coupled to said second
      ignition signal generator for independently varying the time of ignition
      signal generation by said second ignition signal generator in accordance
      with the number of rotations of the engine and the intake negative
      pressure.
NUM  2.
PAR  2. An ignition system for a two-cylinder engine according to claim 1
      further comprising a distributor having a distributor brush connected
      between said second ignition coil and said second pair of spark plugs.
NUM  3.
PAR  3. An ignition system according to claim 2, wherein said first and second
      ignition signal generators and said distributor brush of said distributor
      are arranged on the same axis to form a distributor assembly.
NUM  4.
PAR  4. An ignition system according to claim 1, wherein ignition coils comprise
      secondary windings consisted of two coil members whose common taps are
      grounded respectively and each of said coil members of said secondary
      windings is connected to each of ignition plugs respectively.
NUM  5.
PAR  5. An ignition system according to claim 1, wherein each of said first and
      second ignition signal generators comprises a cam and movable arms
      actuated by said cam.
NUM  6.
PAR  6. An ignition system according to claim 5, wherein said first and second
      ignition signal generators employ said cam in common.
NUM  7.
PAR  7. An ignition system according to claim 1 further comprising a distributor
      assembly having a first shaft and a second shaft aligned along the same
      axis and mechanically coupled with each other integrally, said first and
      second shafts being associated with said first and second ignition signal
      generators respectively.
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ABST
PAL  An ignition system for use with an ignition coil and a source of
      alternating distributor pickup signals within an internal combustion
      engine. The system includes a zero crossing detector responsive to the
      distributor pickup signals and operative to generate a first timing
      signal, a complex ramp generator responsive to the first timing signal and
      operative to generate a second timing signal, a gate responsive to the
      first and second timing signals and operative to generate a constant
      ignition coil control signal over the normal operating range of the
      engine, and an output amplifier responsive to the control signal and
      operative to control charging and discharging of the ignition coil. A
      voltage control circuit is employed to switch the output amplifier on when
      the voltage at the ignition coil exceeds a predetermined value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This relates generally to internal combustion engine ignition systems and
      in particular, to an automotive ignition system that generates a constant
      ignition coil control signal over the normal range of operation of the
      engine.
PAR  2. Description of the Prior Art
PAR  An ignition system is utilized in internal combustion engines to provide
      ignition sparking potential to the spark plugs. The conventional ignition
      system commonly used today uses breaker points to periodically interrupt a
      current in the primary of an ignition coil. When the points are separated
      by, for example, the distributor camshaft, the current then flowing
      through the primary of the ignition coil decreases rapidly, inducing a
      high voltage in the coil secondary which is selectively connected via the
      distributor to an appropriate spark plug. At the spark plug, the high
      induced voltage ionizes the gap between electrodes which causes a
      compressed air/fuel mixture associated with the cylinder to ignite.
PAR  Although widely used, the conventional system is subject to variations in
      spark intensity and timing over the system lifetime due to combinations of
      the following factors: unpredictability of the rate of decrease of current
      in the primary due to variations in the arc formed at the contact regions
      of the points; changes in the current in the coil just before it is
      interrupted due to changes in resistance when the breaker points are
      closed; changes in ignition timing accuracy relative to crankshaft
      position due to mechanical wear of the cam follower and other components;
      changes in signal due to "point bounce" which is a form of harmonic motion
      set up by the points under certain speed/acceleration conditions; changes
      in the mechanical and electrical characteristics of the breaker points due
      to electrical, chemical, and mechanical stress; and wide variations in
      coil primary current due to changes in vehicle battery voltage, the series
      resistances in the coil primary current path, the ambient temperature, and
      the resistance of the breaker points.
PAR  Each of these factors affect the peak output voltage of the coil, and
      consequently the voltage presented to the spark plug. As a result the
      sensitivity of the system to changes in spark plug gap ionization
      potential is increased over its lifetime, which, in turn, causes a
      decrease in the effective spark plug life. It has been found that as plugs
      age, their tendency to misfire increases. Misfire adversely affects
      performance, economy and emissions output of the engine.
PAR  One type of automotive ignition system is limited to using a distributor
      magnetic pickup voltage waveform to establish on and off times of current
      through the primary winding of the ignition coil. To compensate for
      cycle-to-cycle error in the continuously varying pickup voltage, the
      system employs a feedback signal which is generated during one cycle of
      operation and used to control current generation in succeeding cycles.
      However, the system does not provide the degree of control desired with
      magnetic pickups which exhibit cycle-to-cycle errors.
PAR  Other types of ignition systems are found in U.S. Pat. No. 3,238,416 issued
      Mar. 1, 1966, and entitled "Semiconductor Ignition System" by G. D.
      Huntzinger et al., U.S. Pat. No. 3,487,822, issued Jan. 6, 1970, and
      entitled "Capacitor Discharge Ignition System", by A. G. Hufton et al.,
      U.S. Pat. No. 3,605,713, issued Sept. 20, 1971, and entitled "Internal
      Combustion Engine Ignition System", by P. D. LeMasters et al., and in
      copending U.S. continuation patent application Ser. No. 419,172, filed
      Nov. 26, 1973, and entitled "Automotive Ignition Control," by A. A.
      Adamian et al.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with this invention an ignition system for use with an
      ignition coil and a source of alternating distributor pickup signals
      within an internal combustion engine is disclosed. The system includes a
      zero crossing detector responsive to the distributor pickup signals and
      operative to generate a first timing signal, a complex ramp generator
      responsive to the first timing signal and operative to generate a second
      timing signal, a gate responsive to the first and second timing signals
      and operative to generate a constant ignition coil control signal over the
      normal operating range of the engine, and an output transistor responsive
      to the control signal and operative to control charging and discharging of
      the ignition coil. In addition, a voltage control circuit is employed to
      switch the output transistor on when the voltage at the ignition coil
      exceeds a predetermined value.
PAR  Among the advantages of the present invention is that the system is
      insensitive to variations in the wave form of the distributor pickup
      voltage.
PAR  Another advantage of the present invention is that information relative to
      the actual engine speed is derived from the previous zero crossing of the
      input wave form and used to develop an accurate control voltage for
      application to control the initiation of current through the primary
      winding of the ignition coil.
PAR  Still another advantage of the present invention is that the system
      provides an active circuit for limiting the maximum current in the primary
      winding of the ignition coil.
PAR  Still another advantage of the present invention is that the maximum
      voltage and power dissipation is controlled while energy levels are
      maintained.
PAR  Other advantages will be apparent to those skilled in the art having read
      the following detailed disclosure which makes reference to the several
      figures of the drawings.
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PAC  IN THE DRAWING
PAR  FIG. 1 illustrates a generalized schematic block diagram of the internal
      combustion engine ignition system in accordance with the present
      invention.
PAR  FIGS. 2, 2a and 2b illustrate a detailed schematic diagram of the ignition
      system of FIG. 1.
PAR  FIG. 3 illustrates a second embodiment of the ignition system of FIG. 1 in
      schematic block diagram form.
PAR  FIG. 4 illustrates in a detailed schematic diagram a portion of the
      ignition system of FIG. 3.
PAR  FIGS. 5 and 6 are timing diagrams illustrating the operation of the system
      shown in detail in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 of the drawings, the preferred embodiment of the internal
      combustion engine ignition system of this invention is set forth in a
      block diagram. The ignition system comprises a distributor pickup coil 10,
      a zero-crossing detector 12, a complex ramp generating means 14, or ramp
      generator, which is electrically connected to the zero-crossing detector
      12, slope modifier circuitry 16 connected in a feedback loop with the
      output terminal of the ramp generator 14 for controlling the output wave
      form of the ramp generator, and a gate 18 which is electrically connected
      to the zero-crossing detector 12 and to the complex ramp generator 14 for
      providing a dwell signal which drives an ignition coil 20 in an output
      circuit 22. A clamping circuit 24 connected in a feedback path between the
      output terminal of gate means 18 and the complex ramp generator 14 resets
      the complex ramp generator 14 during each ignition cycle. The output
      circuit 22 includes a switched constant current source 26, and a power
      output amplifying device 28 serially connected between constant current
      source 26 and a primary winding of the ignition coil 20 for amplifying the
      current applied to the ignition coil. An open secondary sense circuit 30
      and a voltage control circuit 32 are connected in a feedback path between
      the ignition coil 20 and the switched current source 26 for controlling
      operation of the switched current source 26 when an open circuit is
      detected in the secondary winding of the ignition coil, and a current
      sense circuit 34 and a power amplifier control circuit 36 are connected in
      a feedback loop between the output amplifying device 28 and the switched
      constant current source 26 for controlling operation of the current source
      26 as a function of current through the output device 28.
PAR  A battery 40 is connected to one end of the primary winding of the ignition
      coil 20 and provides a source of direct current voltage. A voltage
      regulator 42 is serially connected between the battery 40 and several of
      the circuit elements so as to provide a stable controlled direct current
      voltage to these elements for all ranges of battery voltage variations.
PAR  Referring now to FIG. 2 of the drawings, a detailed schematic diagram of
      the preferred embodiments of the ignition system of FIG. 1 is illustrated.
      It would be noted in the description that follows, a transistor is denoted
      by the letter Q followed by a number, transistors connected as diodes are
      designated by the letter Q followed by a number, a resistor by the letter
      R followed by a number, and other types of components by an identifying
      letter, such as C for a capacitor and D for a diode, followed by a number.
      Nodal points within the circuit and conductors are designated solely by a
      number.
PAR  The distributor pickup coil 10 comprises the low voltage circuitry of the
      distributor. For example, in an 8-cylinder, 4-cycle engine, distributor
      pickup coil 10 produces 8 electrical output pulses for every two complete
      rotations of the engine crankshaft. The particular wave form of the signal
      developed across pickup coil 10 is specified to the engine requirements.
      The distributor pickup voltage is illustrated in FIG. 5A. As illustrated
      therein, the voltage is an alternating voltage that is substantially
      cyclical, having a negative polarity over 30 percent of the cycle and a
      positive polarity over the remaining 70 percent of the cycle. The
      amplitude of the distributor pickup voltage is proportional to engine
      speed and, varies from approximately 50 millivolts peak-to-peak when the
      engine is being turned by the battery prior to starting, to about 100
      volts peak-to-peak, when the engine is running at about 6000 revolutions
      per minute.
PAR  The zero-crossing detector 12 comprises input resistors R1 and R2 which are
      serially connected between the opposite sides of the distributor pickup
      coil and an operational amplifier A1 and serve to reduce the voltage
      appearing at the input of the operational amplifier and to decrease the
      electrical loading of the pickup coil. Biasing resistors R3 and R4 are
      serially connected between a conductor 48, which carries the 5 volt
      regulated DC voltage, and circuit ground, which is illustrated by the
      conventional symbol for ground and designated by the numeral 50. The
      common junction between R3 and R4 is designated as node 51 and is
      connected in common with the input terminal of A1 that is joined to R2 and
      serves to bias the operational amplifier. Diodes D1 and D2 are connected
      across the input terminals of operational amplifier A1 with the cathode of
      D1 and the anode of D2 connected to node 51. The diodes clamp the input of
      operational amplifier A1 to protect the amplifier from high distributor
      pickup voltages, which occur when the engine is running at high speeds
      (and from high externally applied voltages.) Feedback resistor R5 is
      connected between the output terminal of amplifier A1 and resistor R1 and
      provides positive feedback to the input of A1 so as to insure that the
      operational amplifier operates in a saturated mode. Resistor R5 is
      designated in the art as a hysteresis resistor.
PAR  Functionally, the zero-crossing detector 12 converts the alternating input
      wave form applied to R1 and R2 into a first timing signal which comprises
      either of two logic states; a logical one if the input wave form is above
      a zero reference level, and a logical zero if the input wave form is below
      a zero reference level. Because the operational amplifier is operated in
      the saturated mode, distributor pickup signals of relatively small
      magnitude and of either polarity are effective to overpower the amplifier
      input, causing the logical output signals to switch states as the pickup
      signals pass through a zero crossing. Since only the zero crossings are
      utilized in developing a dwell signal, this ignition circuit is
      insensitive to most variations in the wave form of the distributor pickup
      voltage. It should be recognized that the signal appearing at the output
      of the operational amplifier is inverted with respect to the distributor
      pickup voltage.
PAR  In the preferred embodiment resistors R1 and R2 are 20K ohms, resistors R3
      and R4 are 1K ohms and resistor R5 is 1 megohm. The operational amplifier
      is one similar to that designated as Model 776 and manufactured by the
      Fairchild Camera and Instrument Corporation assignee of this invention.
      Accordingly, node 51 is biased at approximately 2.5 volts, and insures
      that the operational amplifier, A1, is biased within its operative range.
PAR  The output signal of the operational amplifier is applied through a
      serially connected interfacing resistor R6 to the base of an inverting
      transistor amplifier Q1. Bias resistor R7 connected between ground and the
      base of Q1 forms a voltage divider network with R6. The emitter of
      transistor-amplifier Q1 is grounded. A load resistor R8 is connected
      between bias conductor 48 and the collector of Q1, which is designated as
      node 52. Accordingly, when amplifier A1 is conducting the base to emitter
      junction of Q1 is forward biased, causing Q1 to conduct and applying the
      nearly zero volt ground potential on node 52. Similarly, if A1 is
      non-conducting then Q1 is also non-conducting and the regulated five volt
      bias voltage present on 48 is conducted through R8 to diode 52. Because of
      the two inverting stages (A1 and Q1), the voltage on node 52 is of the
      same polarity as the distributor pickup voltage and represents the output
      signal from the zero crossing detector 12. The wave form of this voltage
      is illustrated in FIG. 5B.
PAR  The voltage level on node 52 is conducted to one of the two input terminals
      of gate 18 and is also applied to the input of an inverter gate G1. The
      output of gate G1 is applied to the anode electrode of diode D3 which
      conducts only positive signals. A conductor connected to the cathode of D3
      serves as one of the input terminals of the zero-crossing detector means
      12 and is designated as node 54.
PAR  A voltage divider network comprising serially connected resistors R9, R10
      and potentiometer R16 is connected between conductor 48 and ground 50.
      Node 54, the junction between resistors R9 and R10 is connected by a
      conductor to a first input terminal of a comparator 56 so as to apply a
      high reference voltage thereto. R16 serves as a threshold setting
      potentiometer and its wiper is connected to an input terminal of a second
      comparator circuit 58 so as to apply a low reference voltage thereto. The
      terminals of potentiometer R16 are connected between the conductors 48 and
      50 such that the entire bias voltage is applied across the potentiometer
      resistor R16. In the preferred embodiment R9 is 1 megohm, R10 is 24K ohms,
      and R16 is 1K ohms.
PAR  Comparators 56 and 58 comprise a portion of the complex ramp generating
      means 14 and are included in a module, designated by the numeral 60.
      Module 60 is preferably the Fairchild Model 7360 Dual Ramp Generator. The
      module 60 includes a first controlled current source 62 that is
      interconnected between an input terminal 64 and one side of resistor R13.
      R13 comprises a portion of an external resistive network. The resistance
      of this external network determines the slope of the ramp and will be
      subsequently described in more detail. A second controlled current source
      66 is serially connected between input terminal 64 and a first terminal 68
      of semiconductor switch S1. A second terminal of switch S1 is connected to
      one terminal of a third controlled current source 70, its other terminal
      being grounded.
PAR  Resistor R11 is connected between input terminal 64 and ground and supplies
      the appropriate bias for the controlled current sources 62, 66 and 70. A
      ramp generating capacitor C1 is connected between terminal 68 and ground.
      The current sources 62, 66 and 70 provide current in the appropriate
      direction to develop the complex ramp voltage across C1 which appears on
      terminal 68 and which is converted into the output dwell signal used to
      drive the ignition coil. Terminal 68 is also connected to an input
      terminal of the first and second comparator networks 56 and 58,
      respectively, so as to apply the complex ramp voltage thereto for
      comparison with the high and low reference voltages, respectively. The
      output terminal of comparator 56 is connected to the S input of RS
      flip-flop 72 and the output terminal of comparator 58 is connected to the
      R input terminal of flip-flop 72. The set output terminal of flip-flop 72
      is applied through conductor 74 to energize switch S1 and also through a
      buffer network 76 to an output terminal 78. The buffer network 76 serves
      to provide the appropriate impedance levels to the following stages of the
      ignition circuit. The flip-flop 72 provides a memory for the ramp
      generator module which records and memorizes the direction in which the
      currents are flowing through capacitor C1.
PAR  Conductor 78 is connected to the second input terminal of gate means 18.
      The gate means 18 comprises serially-connected inverting gates G2 and G3
      which are arranged as a two-input AND gate. Accordingly, when the first
      timing signal applied on the first input terminal from node 52 of the zero
      crossing detector and the second timing signal applied on the second input
      terminal 78 are both in the high condition, the output of the AND gate
      appearing on terminal 82 will similarly be high. The output terminal 82 of
      gate means 18 is connected in a feedback path through resistor R17 to the
      base of transistor Q3. The collector of Q3 is connected to ground and the
      emitter is connected to terminal 68 of capacitor C1. Thus, when the output
      of the gate 18 is high, base drive current is applied to Q3, turning the
      transistor on in the inverse conduction mode and pulling the terminal 68
      at the output of C1 to approximately ground potential. Accordingly, C1 is
      reset to its initial zero voltage condition except for saturation offsets
      in the transistor Q3.
PAR  The slope modifying network 16 (See FIG. 1) interconnects the output
      terminal 78 and an input terminal of one of the controlled current sources
      62 of the ramp generator module 60 and comprises a resistor R15 connected
      to the base of switching transistor Q2. The emitter of Q2 is connected
      through resistor R12 to one side of resistor R13. The other side of R13
      and the collector of Q2 are connected to ground. A resistor R14 is
      connected between the five volt DC conductor 48 and conductor 78 so as to
      appropriately bias the output terminal. Accordingly, when the output
      signal of the ramp generating module is positive, base drive current is
      applied through R15 to turn on transistor Q2. Consequently, when Q2 is on,
      the external resistance connected to the controlled current sources 62, 66
      and 70 is the parallel combination of R12 and R13, which is necessarily
      lower than the resistance of R13. However, when Q2 is in the
      non-conducting state, the external resistance is the value of R13 only.
      The external resistance network is necessary because of the 30-70%
      alternating current pickup voltage wave form. The value of R12 is selected
      to insure that the slope of the complex ramp voltage will, if
      uninterrupted, intersect the 0 volt reference at the end of the cycle.
PAR  The operation of the ramp generating means 14 is described hereafter with
      reference to the wave forms illustrated in FIG. 6. FIG. 6A illustrates the
      complex ramp voltage across capacitor C1 that is present on terminal 68.
      The wave form includes an upward ramp, having a slope determined by the
      parallel resistance of R13 and R12, a downward ramp, having a slope
      determined by the resistance of R13, and a negative step to ground
      potential that occurs due to the clamping action of Q3 when the reset
      pulse is applied. The dotted line 92 represents the low reference voltage
      level applied to comparator 58. The dotted line 94 represents a
      continuation of the downward ramp and is shown to cross the zero reference
      base at the end of a cycle. Thus, for all constant engine speeds the
      modifier circuit insures that the cycle begins and ends at the zero
      reference base. It should be noted that by varying the slope, the
      threshold crossing time can be varied. Consequently, by appropriately
      selecting the resistances R12 and R13, this ignition circuit can be used
      for any cyclical alternating current distributor pickup voltage.
PAR  FIG. 6B illustrates the voltage wave form at the output of comparator 56.
      FIG. 6C illustrates the voltage wave form at the output of comparator 58.
      FIG. 6D illustrates the voltage wave form at the output of flip-flop 72.
      FIG. 6E has the same wave form as FIG. 6D and illustrates the voltage wave
      form at the output of the buffer circuit 76 that is present on conductor
      78.
PAR  In operation, at the beginning of a typical engine cycle, switch S1 is open
      and current source 66 applies current I1 to C1 so as to develop a time
      increasing voltage thereacross. As the voltage on capacitor C1 ramps
      upwardly, the zero crossing detector changes state and the reference
      voltage 90 goes low (near voltage 92). Consequently, flip-flop 72 goes
      high causing the output wave form on conductor 78 (FIG. 6E) to switch to
      the low condition, turning off Q2. As Q2 turns off, R12 is disconnected
      from its parallel connection with R13 so as to extend the slope of the
      ramp. As previously mentioned, the slope of the upward ramp is determined
      by the parallel combination of R12 and R13, and the slope of the downward
      ramp is determined by the value of R13 alone. In addition to causing the
      output wave form on conductor 78 to go low, as flip-flop 72 goes high, it
      causes a voltage to be applied through conductor 74 to switch S1, thereby
      closing the switch. Once S1 is closed, current source 70 is connected in
      series with source 66. These sources supply a current that is of a greater
      magnitude and of opposite polarity than the current supplied by source 66.
      Thus, the current flowing through capacitor C1 reverses direction and
      accordingly, causes a downward or negative voltage ramp of the terminal 68
      of capacitor C1.
PAR  The downward ramp continues until it reaches the lower reference threshold
      voltage 92 which is detected by comparator 58. At that time comparator 58
      goes low, causing flip-flop 72 to reset, and consequently, the output
      appearing on conductor 78 goes high, again switching S1 and causing the
      slope on the ramp to begin a positive excursion.
PAR  It should be noted that the output of gate G1 is applied to the input of
      comparator 56. Thus, when gate G1 is low, the comparator output is low.
      When this condition occurs the voltage across C1 is forced to begin
      ramping negatively. On the other hand, when the output of gate G1 is high,
      the ramping voltage at the output of C1 may go positive or it may not.
      Since C1 is always forced to return to the same initial condition
      (approximately zero volts) for each cycle of operation, the ramp voltage
      is substantially instantaneous and does not comprise any long-term
      averaging affects.
PAR  It should also be recognized that because of the amplitude variation of the
      distributor pickup voltage with respect to engine speed, the ignition
      circuit of this invention employs several modes of operation. Referring to
      FIG. 5 several voltage wave forms are illustrated. As previously described
      FIG. 5A illustrates the distributor pickup voltage wave form. FIG. 5B
      illustrates the logical level of the zero crossing detector means 12.
      FIGS. 5C, D, E and F illustrate circuit conditions during a first mode of
      operation which occur when engine speed is in the cranking speed and about
      500 engine revolutions per minute. In this mode the ignition coil remains
      ON for the maximum time.
PAR  FIGS. 5G, H, I and J illustrate circuit conditions during a second mode of
      operation which occurs when engine speed is in the approximate range
      between 500 and 1500 revolutions per minute. This range is the normal
      operating range of the engine and this mode is designated as the constant
      ON time mode since in this range the width of the control signal is
      constant.
PAR  FIGS. 5K, L, M and N illustrate circuit conditions during a third mode of
      operation which occur when engine speed is in the approximate range
      between 1500 and 6000 revolutions per minute. This mode is designated as
      the time proportioning mode which is further explained hereinbelow.
PAR  FIGS. 5C, G and K illustrate the voltage wave form of the complex ramp
      generator that appears across capacitor C1 and is present on terminal 68.
      It should be noted that the actual wave forms vary continuously with the
      engine speed and that the wave forms illustrated are selected as being
      representative of each particular mode of operation. However, in all modes
      of operation the slope of the ramp voltages is the same. FIGS. 5D, H and L
      illustrate the logic output state present on conductor 78 at the output of
      the complex ramp generating means 14. FIGS. 5E, I and M illustrate the
      output dwell signal present on terminal 82 at the output of gate means 18.
PAR  As illustrated, the ramp generator output has a logical one state during
      the time that the complex ramp voltage has a positive slope as in the case
      of FIG. 5H. The logical one state continues when the voltage maximum is
      reached, at which time the slope is zero as illustrated in FIG. 5C. Once
      the ramp voltage starts to decrease, the output switches to the logical
      zero state and continues in this mode until reset. After reset, the slope
      is zero whereupon the logical one state occurs. In FIG. 5L the output is
      continuously one, although the dependency upon the ramp voltage remains as
      described.
PAR  The dwell signal is a binary signal that switches from the logical 0 output
      state to the logical one output state at the time that C1 is reset to
      ground potential. The dwell signal returns to its logical 0 output state
      when C1 begins to ramp positively.
PAR  Referring again to FIG. 2, the output terminal 82 of the gate means 18 is
      connected to the input terminal of the switched current source 26 so as to
      provide an ignition coil control signal to the output stage. The direct
      current voltage source that supplies power to the output circuit 22 is
      designated by the numeral 40. It is understood that in a motor vehicle
      system the voltage source comprises a battery that is charged by a
      generator which can supply the ignition system of this invention when the
      battery is operating and the output voltage of the generator is greater
      than the battery voltage. The positive side of the battery B+ is connected
      with conductor 83. Biasing resistor R21 is connected between the conductor
      83 and terminal 82 so as to establish a reference voltage for application
      to the switched current source. Conductor 82 is also connected through a
      biasing resistor network and a compensating transistor Q6 to ground. The
      biasing resistor network includes voltage dropping resistor R3 which is
      serially connected to one side of the parallel combination of resistors
      R24 and R25. The other side of R24 and R25 is connected to the common base
      and collector terminals of transistor Q6. The common junction between
      resistors R23, R24 and R25 are connected to the base of current amplifying
      transistor Q7. R24 serves as a base biasing resistor for Q7 and R25 is a
      trimming resistor which allows the base potential to be accurately set. A
      zener diode D6 is connected between conductor 82 and ground so as to
      maintain the reference voltage on terminal 82. A temperature compensation
      network comprised of Q6, R24 and 25 is provided to further insure that the
      base potential on Q7 does not vary due to temperature fluctuations. It
      should be noted that Q6 and Q7 are both NPN transistors.
PAR  The collector of Q7 is connected through serially connected resistors R26
      and R36 to conductor 83 carrying the B+ voltage and through serially
      connected resistors R27 and R28 to ground. Conductor 83 is also connected
      through resistor R30 to the base of transistor Q10, and also to the
      collector of a grounded emitter transistor Q9. Transistors Q10 and Q11 are
      connected in a Darlington configuration which is well known in the art and
      may be either separate devices or single chip complex devices. The emitter
      electrode of Q11 is connected through bias resistor R31 to ground and to
      the emitter of Q7. A conductor 86 is connected to the collector of Q11 and
      is connected in common to one side of a primary winding L2 and a secondary
      winding L3 of the ignition transformer 20. The other side of the primary
      winding is connected to the positive terminal 83 of the battery. The other
      side of the secondary winding L3 is connected to coil harness circuitry
      that is external to the ignition system of this invention and is not
      shown.
PAR  The collector of Q7 is also connected to ground through serially connected
      bias resistors R27 and R28, the junction of these resistors being
      connected to the base of Q9. A diode D7 is connected across R28 to ground
      any negative signals present at the base of Q9. Functionally, Q9 serves to
      invert signals present at its base and to apply the appropriate voltage
      level to drive the Darlington transistor pair, Q10 and Q11. When Q7 turns
      on, the drive to the base of Q9 is shunted into the collector of Q7 and Q9
      turns off. This causes the battery potential to be applied through R30 to
      the base of Q10, which turns on Q10 and Q11. Thus, output current is
      conducted through the output conductor 86 to the primary winding L2 of the
      ignition transformer 20. The wave form of the coil output currents are
      illustrated in FIGS. 5F, 5J and 5N. It should be recognized that the time
      that the coil conducts corresponds to the time that the dwell signal is in
      the logical 1 state for the three modes of operation.
PAR  From the circuit diagram, it is noted that the circuit elements L2, Q10 and
      Q11, R31, Q7 and Q9 are connected in a circuit loop. These elements coact
      to produce a constant current through the coil primary. As the coil
      current increases, the voltage across R31 increases, thereby decreasing
      the conduction of Q7. This tends to create a constant current in the coil
      winding L2 as illustrated in FIGS. 5F and 5J. As previously mentioned, the
      current through coil L2 continues for the duration of the dwell signal. As
      the signal on conductor 82 goes low, the potential on the base of Q7
      drops, causing Q7 to turn off. Consequently, Q9 turns on, which causes Q10
      to turn off. At the time that Q10 turns off, a spark is produced in the
      secondary winding L3 and the magnetic field in the coil L2 collapses. The
      spark produced has a magnitude of over 20,000 volts.
PAR  Another feature of this invention is a protective circuit for preventing
      open circuits in the secondary winding from destroying portions of the
      ignition system. For example, if there is a failure of the secondary
      winding L3 of the open circuit type, then the output of Q11 appearing on
      conductor 86 tends to increase to a very high value so as to provide a
      discharge path for the coil primary L2. If this were to occur, then the
      coil harness (not shown) in the secondary circuit, the distributor cap
      wires to the spark plugs (not shown), and the Darlington transistor pair
      Q10 and Q11, could be damaged. In addition, extremely high voltage arcs
      would be set up across the ignition coil. The coil protection circuit
      comprises the open secondary sense circuit 30 and the voltage control
      circuit 32. The open secondary sense circuit 30 comprises a voltage
      divider network including serially connected resistors R35 and the
      parallel combination of R32 and R33 connected between conductor 86 and
      ground. The cathode of a zener diode D8 is connected to the junction of
      resistors R33 and R35. Accordingly, voltage present on conductor 86 is
      attenuated before application to the zener diode D8. The anode of D8 is
      connected to the base of transistor Q12 and to a high frequency bias
      network which comprises resistor R34 in parallel combination with
      capacitor C6 and serves to shunt high frequency signal components to
      ground. The collector of Q12 is connected to the base of Q9. Thus, when
      the voltage across R32 exceeds the breakdown potential of D8, voltage is
      applied to the base of Q12, turning on Q12 and diverting current from the
      base of Q9. This allows Q9 to turn off. Once Q9 turns off, base current is
      applied to the base of Q10 through R30, turning on Q10 which tends to
      stabilize its output voltage on conductor 86. Functionally, the circuit
      comprising Q9, Q10, Q11 regulates the voltage applied to the coil L2, and
      acts to dissipate the energy stored in the coil primary. Resistor R32 is a
      trimmer resistor used to regulate the voltage appearing at the zener diode
      D8. The base-biasing circuit comprising R34 and Q6 has a short time
      constant, so as to enable Q12 to react quickly to open circuits appearing
      at the secondary.
PAR  In the preferred embodiment, R35 is 100K ohms and the resistance of R32 and
      R33 in parallel is approximately 6K. D8 has a breakdown potential of 9
      volts. Thus, for example, if a 500 volt signal was present on conductor
      86, 12 volts would be applied to breakdown the zener diode D8.
PAR  Still another feature of this invention is a circuit operative to protect
      the ignition circuit from selected high battery voltages. In this circuit,
      a zener diode D10 is connected between one of the terminals of resistor
      R36 and the collector of transistor Q12, which in turn is connected to the
      base of Q9. D10 preferably has a 30 volt breakdown potential. Accordingly,
      if the battery voltage exceeds approximately 30 volts, then the zener
      diode D10 is turned on causing a positive voltage to be applied to the
      collector of Q12 and to the base of Q9, turning on Q9. Once Q9 turns on,
      Q10 turns off and prevents system operation at high battery terminal (line
      83) voltage, or under charging system malfunction. It is important to note
      that the direct connection from the collector of Q12 to the base of Q9
      bypasses the switched current source, i.e., Q7, and forces the output
      appearing on conductor 86 off. In effect, this unique feature enables the
      system to be shut down without dependency upon other portions of the
      circuit.
PAR  The voltage regulator circuit 42 is connected to conductor 83 which carries
      the positive battery potential B+. A diode D5 is serially connected to
      conductor 83 to prevent negative potential from being conducted to the
      ignition circuit and prevents circuit malfunctioning in case the battery
      terminals are reversed. The cathode of D5 is connected to one terminal of
      a biasing resistor R20 and to the collector of transistor Q5. The base of
      Q5 is connected to the other terminal of R20 and to the cathode of zener
      diode D4. The anode of D4 is connected to ground. The emitter of Q5 is
      connected to conductor 48 and provides the regulated 5 volt DC bias
      voltage thereon. A bypass capacitor C5 is connected between the emitter of
      Q5 and ground. Preferably, D4 is a zener diode having a breakdown voltage
      of about 5.6 volts. This diode in conjunction with resistor R20
      establishes the reference voltage of the voltage regulator.
PAR  Referring again to FIG. 5, in the first mode of operation, which begins
      with an ignition turn-off of the output amplifier device 28, the negative
      going distributor pickup signal drives the output of the zero crossing
      detector 12 to the logical zero state, which causes a positive ramp to be
      developed across C1. The ramp continues in the positive direction until it
      reaches an upper limit at a level approximately equal to the voltage of
      the regulated power supply. The voltage appearing across C1 remains
      clamped at this level until the next zero crossing of the distributor
      pickup voltage. As the distributor pickup voltage crosses zero and goes
      positive, the output of the zero crossing detector 12 is switched to the
      logical one state. Consequently, comparator 56 is activated, causing a
      pulse to be developed at the output of flip-flop 72 which is conducted on
      conductor 74 to activate switch S1. Accordingly, current source 70
      provides current in the negative direction to be applied to capacitor C1,
      thereby commanding the beginning of a negative ramp voltage across C1.
      Simultaneously, with the initiation of the negative ramp, transistor Q2 is
      deactivated, thereby removing R12 from the circuit and causing a change in
      the slope of the ramp. With this modified slope, C1 ramps linearly
      downwardly until the low reference threshold voltage of comparator 58 is
      reached. Once this level is reached, comparator 58 changes state which
      forces the output of the ramp generator 14 to the logical one state,
      operates reset transistor Q2, and switches the output condition of gate G2
      to the logical zero state. Inverting gate G3 then converts the output
      condition of gate G2 to a logical one condition which is applied on
      conductor 82 to the switched current source 26. Activation of the switched
      current source 26 drives the output device 28 into the on condition
      whereby current is supplied to the primary winding L2 of the ignition coil
      20.
PAR  When the distributor pickup voltage next crosses the zero reference level
      in the negative-going direction (referred to as the ignition command), the
      state of the zero crossing detector 12 switches to the logical zero state
      which changes the logical condition of the output signals appearing at the
      gates G1, G2 and G3. As G3 changes its state, the current flowing through
      the primary winding L2 is interrupted, thereby causing the spark voltage
      to be developed across the secondary winding L3, in what is commonly
      referred to as the beginning of a normal ignition event. As gate G3
      changes state, the transistor Q2 is turned off, thereby permitting C1 to
      begin another positive ramp. During this first mode of operation, the
      dwell time is relatively long to assure adequate charge time for the
      primar winding L2 under the lower battery voltage operating condition
      normally encountered during cranking.
PAR  As the engine speed increases, the time that C1 is positively clamped
      progressively decreases until the second mode of operation is reached. In
      this mode, which describes the normal operating range of the engine, the
      turn around of the C1 ramp is commanded by the output of the zero crossing
      detector before the ramp has had time to reach the positive limit. Once
      the peak voltage of the ramp is reached, the voltage across C1
      instantaneously begins to decrease linearly until the low reference
      threshold potential of comparator 58 is reached. At this time, a constant
      ignition coil control signal is generated. In accordance with this
      invention, because of the constant slope of the downward ramp, this
      control signal is on for a fixed amount of time regardless of the time
      required to charge and discharge C1. As in the first mode, the control
      signal acts to turn on the output device when this preselected voltage is
      reached. Since the control signal is constant, it serves to optimize the
      time that the output transistor conducts and thus minimizes the power
      expended by the system.
PAR  As engine speed further increases, as illustrated in FIGS. 5K through 5N,
      the peak voltage across C1 falls below the value required to operate
      comparator 58. Since comparator 58 is never activated, the output of the
      complex ramp generator 14 appearing on conductor 78 remains permanently in
      the logical one state. In this mode of operation, the output of the zero
      crossing detector 12 assumes complete control of the ignition function by
      its control on gate means 18. In this mode of operation, the transition
      times of the zero crossing detector controls the ratio of on time to off
      time for the output device 28.
PAR  There is illustrated in FIGS. 3 and 4 of the drawings a second embodiment
      of a portion of the ignition circuit made in accordance with the present
      invention. Many of the parts of the ignition system are identical in
      construction to like parts in the ignition system described above, and
      accordingly, there has been applied to each component of the ignition
      system illustrated in FIGS. 3 and 4, a reference numeral that corresponds
      to the reference numeral applied to the like part of the ignition system
      described above.
PAR  The fundamental difference between the ignition system of FIGS. 3 and 4,
      and the ignition system described above is the addition of a high
      frequency zero level modifier circuit, generally designated by the numeral
      100 in FIGS. 3 and 4. This embodiment is operative for distributor pickup
      voltages that are symmetrical in shape, having a negative polarity over 50
      percent of the engine cycle and a positive polarity over 50 percent of the
      cycle. The schematic block diagram of this embodiment is illustrated in
      FIG. 3 and comprises a distributor pickup coil 10, the high frequency zero
      level modifier circuit 100, the zero crossing detector 112, the complex
      ramp generator 114 and the output circuit 22. As in the first embodiment,
      a battery 40 is connected to the output circuit 22 and a voltage regulator
      circuit 42 is coupled to the battery 40 for developing a regulated 5 volt
      direct current potential for application to the zero crossing detector 112
      and the ramp generator 114. The high frequency zero level modifier circuit
      100 modifies the high frequency mode of operation of the ignition system
      by varying the reference level of detection as a function of frequency.
      The circuit 100 includes a resistor R50, a capacitor C50 and a diode D50,
      each having one end thereof connected in common with one of the terminals
      11 of the distributor coil 10. The other end of the elements R50, and D50
      are connected to one side of a resistor R52 and the other end of C50 is
      connected to resistor R51. The other side of resistor R52 is connected to
      ground through a resistor R55 and also to one side of resistor R54. The
      other side of R54 is connected to one of the input terminals of
      operational amplifier A1 and also to the regulated 5 volt supply conductor
      48 through resistor R53. R1 provides an impedance match in the input
      circuit of A1. The resistors R52, R53, R54 and R55 are suitably chosen for
      biasing the operational amplifier A1 in its linear region of operation and
      for causing the output level of A1 to be positive when no input signal is
      applied. The other side of resistor R51 is connected to node 51, at the
      input of amplifier A1. An input capacitor C51 is connected across the
      terminals of the distributor pickup coil 10. C51 serves to load the input
      and to prevent noise from causing false outputs from A1.
PAR  In operation, as the distributor pickup voltage goes positive, the diode
      D50 becomes forward biased, such that the pickup voltage is applied
      through the resistor R51, and through resistors R52 and R54, to the
      respective input terminals of the operational amplifier A1. Because the
      diode D50 conducts for all signals with positive slopes, the high
      frequency zero level modifier is ineffective. However, as the distributor
      pickup voltage swings to a negative slope, diode D50 becomes
      reverse-biased and nonconducting. Consequently, capacitor C50 begins to
      charge. As capacitor C50 charges, a voltage is applied to the junction 101
      through the voltage divider comprising resistors R50 and R51. Accordingly,
      a new zero threshold is established at the input terminals of the
      operational amplifier A1. Once the polarity is again reversed, R51
      provides a discharge path for the charge accumulated across C50 during the
      negative path of the cycle. As a consequence of the new zero threshold,
      the operational amplifier is caused to switch earlier in the wave form.
PAR  Functionally, R50, C50 and D50 form a frequency sensitive network which
      enables the high frequency modifying circuit to generate a synthesized
      negative zero crossing signal which replaces the true zero crossing
      signal. Although the input zero reference has been changed with the high
      frequency modifier circuit, the ignition event has not been changed and
      remains stable so as to fire at the positive sloped zero crossing.
PAR  Since the second embodiment employs a symmetrical distributor pickup
      voltage, the peak ramp voltage between the positive and negative slopes,
      occurs at the midpoint of the cycle. Accordingly, the slope modifier
      network 16 and the reset clamp circuit 24 have been deleted from this
      embodiment.
PAR  The operation of the ignition circuit subsequent to the zero detector 12 is
      similar to that previously described. More particularly, a switching
      network comprising the transistor Q15 and its associated biasing resistors
      R61, R62, R60, R65, R66 and R67 is included to produce a voltage to the
      comparator 56 within the complex ramp generator 114. A feedback path is
      provided between the output conductor 82 through a path comprising diode
      D12 to node 13 and through resistor R60 to the base of Q15. Similarly,
      biasing resistors R68 and R69 are applied to provide the desired slope of
      the ramp generator across capacitor C16. Transistor Q16 which is operative
      in response to output signals applied to conductor 82 appropriately clamps
      C16 when necessary.
PAR  Accordingly, an ignition system has been described which uses only the zero
      crossing of the alternating voltage input wave forms as reference points
      in developing the dwell signal. In the system, engine speed information is
      updated before each ignition event. Thus, on and off times of the output
      coil are determined on a cycle-to-cycle basis, so as to eliminate degraded
      performance under transient conditions.
PAR  From the above, it can be seen that a close-coupled ignition control system
      has been described which fulfills all of the objects and advantages set
      forth above.
PAR  While there has been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an engine having an ignition coil and a distributor
      for supplying an alternating signal, an ignition system comprising:
PA1  first means responsive to said alternating signal and operative to generate
      a first timing signal;
PA1  second means responsive to said first timing signal and operative to
      generate a second timing signal;
PA1  third means responsive to said first and second timing signals and
      operative to generate a constant ignition coil control signal over the
      normal operating range of said engine so as to effectively minimize the
      power expended by said ignition system, said control signal having a start
      transition controlled by said second timing signal and an end transition
      controlled by said first timing signal; and,
PA1  fourth means responsive to said control signal and operative to control the
      charging and discharging of said ignition coil.
NUM  2.
PAR  2. An ignition system as recited in claim 1 wherein said second means
      comprises:
PA1  a complex wave form generating means responsive to a first transition of
      said first timing signal and operative to generate an output signal having
      a first slope, and responsive to a second transition of said first timing
      signal and operative to change said output signal from said first slope to
      a second slope;
PA1  comparing means responsive to said second slope of said output signal and
      operative to generate a compare signal when said second slope equals a
      predetermined value; and
PA1  fifth means responsive to said compare signal and to said second
      transitions and operative to generate said second timing signal.
NUM  3.
PAR  3. An ignition system as recited in claim 1 wherein said first means
      includes a zero crossing detector.
NUM  4.
PAR  4. An ignition system as recited in claim 3 including means responsive to
      the frequency of said alternating signal and operative to vary the
      detection level of said zero crossing detector as a function of frequency.
NUM  5.
PAR  5. An ignition system as recited in claim 2 wherein said complex wave form
      generating means includes a capacitor, a first source of constant current,
      a second source of constant current and sixth means for selectively
      connecting said first and said second sources to said capacitor so as to
      develop said output signal.
NUM  6.
PAR  6. An ignition system as recited in claim 5 including first resistive
      means, second resistive means, and seventh means for selectively coupling
      said first and said second resistive means to said capacitor to form said
      first and said second slopes.
NUM  7.
PAR  7. An ignition system as recited in claim 1 wherein said fourth means
      includes a switchable current source that controls the current applied to
      said ignition coil and including eighth means responsive to the voltage
      developed at said ignition coil and operative to switch said switchable
      current source on when said voltage exceeds a predetermined value.
NUM  8.
PAR  8. An ignition system as recited in claim 7 wherein said eighth means
      includes a voltage divider network for attenuating the voltage developed
      at said ignition coil, a transistor for controlling the operation of said
      switchable current source, and a zener diode coupled between said voltage
      divider network and the base of said transistor, said zener diode serving
      to cause said transistor to conduct when the breakdown voltage of said
      zener diode is exceeded, whereby conduction of said transistor causes said
      switchable current source to turn on.
NUM  9.
PAR  9. An ignition system as recited in claim 8 and including means for biasing
      said base of said transistor, said biasing means being characterized as
      having a short time constant, such that said transistor reacts quickly
      when high voltages are developed at said ignition coil.
NUM  10.
PAR  10. An ignition system as recited in claim 8 wherein said system further
      includes a source of bias voltage which is connected to said ignition coil
      and means responsive to the level of said bias voltage and operative to
      switch said switchable current source on when said bias voltage exceeds a
      predetermined value.
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ABST
PAL  The invention relates to a breakerless ignition system with a magneto
      supply for use in an internal combustion engine. The system includes a
      transistorized circuit for interrupting the current flow in the primary
      winding of the coil to thereby produce the firing voltage in the secondary
      which is connected to the spark plug. The circuit includes either a single
      transistor, or two transistors in a Darlington arrangement, connected in
      series in the circuit of the primary winding. A switching transistor is
      connected to the control electrode of either the first transistor or the
      Darlington pair to be adaptable to turn it off. A first resistor has one
      end connected to the base of the switching transistor. A parallel
      resistor-capacitor combination is connected in series with a further
      resistor, and the serial combination is connected in parallel with the
      Darlington arrangement or the single transistor. The junction of the
      further resistor and the parallel combination is connected to the other
      end of the first resistor. The circuit is arranged so that the first
      transistor, or the Darlington pair, is biased on at the start of a cycle
      and the switching transistor is non-conductive. The capacitor charges up,
      through the parallel and further resistors, to turn the switching
      transistor on, which in turn turns off the first transistor, or Darlington
      pair. The time interval elapsed before the switching transistor turns on
      is dependent on a first time constant formed by the parallel and further
      resistors and the capacitor. The capacitor then discharges through the
      first resistor and the base-emitter path of the switching transistor until
      the voltage of the capacitor reaches a predetermined value at which the
      switching transistor is turned off. The second time interval is dependent
      on a second time constant formed by the first resistor, the resistance of
      the base-emitter path of the switching transistor, and the capacitor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a breakerless ignition system with a magneto
      supply for use in internal combustion engines. More specifically, this
      invention relates to such an ignition system wherein, as the speed of the
      engine is increased, the ignition voltage is increased.
PAR  2. Description of the Prior Art
PAR  It is known to use transistorized ignition circuits as shown in, for
      example, U.S. Pat. Nos. 3,034,018, Rosenberg, 3,297,009, Toshiyuki Saski
      et al, 3,581,725, Hemphill, 3,584,613, Krell, 3,696,257, Shano, and
      3,724,974 Kissel. All of the ignition systems as taught in these patents,
      obtain power from a DC source such as a battery.
PAR  It is also known to use ignition systems with a magneto supply instead of
      the battery. Such ignition systems would be used with smaller engines such
      as engines which drive chain saws, lawn mowers, snow blowers, etc. It
      would be advantageous to have an ignition system which provides higher
      firing voltages at higher speeds in such engines.
PAR  An ignition system using a magneto power supply is illustrated in U.S. Pat.
      No. 3,504,373, Strelow. However, the circuit used by Strelow is expensive
      in that it uses expensive Zener diodes. It is also a complex circuit in
      that it requires a large number of components, and it is bulky and of
      relatively large size for the same reason. In addition, the circuit design
      of Strelow is different from the circuit design of the instant
      application.
PAC  SUMMARY OF THE INVENTION
PAR  The above mentioned, and other disadvantages are overcome with the circuit
      of the instant invention which provides a high firing voltage at high
      engine speeds with a simple, inexpensive circuit of solid state
      construction.
PAR  In accordance with the invention, an ignition system for internal
      combustion engines comprises: spark plug means to be fired by said
      ignition system; ignition coil means having a primary winding and a
      secondary winding; said secondary winding being connected to said spark
      plug means; magnetic means linked magnetically with said ignition coil
      means and coupled to said engine so as to be moved relative to said
      ignition coil means and to thereby induce a voltage and current in said
      primary winding; first controlled electronic switching means having a
      controlled electrode for controlling the current flow through the
      switching path of said switching means, said switching path interrupting
      the circuit of said primary winding; second controlled electronic
      switching means having a controlled electrode for controlling current flow
      through the switching path of said second switching means; the switching
      path of said second controlled electronic switching means being connected
      to the controlled electrode of said first controlled electronic switching
      means; said second controlled electronic switching means comprising a
      conduction path between said controlled electrode of said second
      controlled electronic switching means and one side of the switching path
      of said second controlled electronic switching means; a first resistor
      connected, at one end thereof, to said controlled electrode of said second
      controlled electronic switching means; a second resistor and a capacitor,
      connected in parallel arrangement between the other end of said first
      resistor and said one side of the switching path of said second controlled
      electronic switching means; and a third resistor connected between the
      other end of said first resistor and a ground point; whereby, said first
      controlled electronic switching means will be biased into conduction at
      the onset by said induced voltage, and the second controlled electronic
      switching means will be non-conductive; and said capacitor will be charged
      by said induced voltage through said third and second resistors to bias
      said second controlled electronic switching means on after a first time
      interval which is dependent on the time constant formed by said third
      resistor, said second resistor and said capacitor, the change in state of
      said second controlled electronic switching means when it is turned on
      causing said first controlled electronic switching means to be turned off;
      said capacitor being discharged, when said second controlled electronic
      switching means is turned on, through said first resistor and said
      conduction path of said second controlled electronic switching means, so
      that the voltage of said capacitor drops to a level such that said second
      controlled electronic switching means is no longer conductive, whereby
      said second controlled electronic switching means is turned off, after a
      second time interval which is dependent on the time constant formed by the
      first resistor, the resistance of the conduction path of the second
      controlled electronic switching means and the capacitor, the first
      controlled electronic switching means being no longer turned off when the
      second controlled electronic switching means is turned off.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood by referring to the following
      description, together with the accompanying drawings in which:
PAR  FIG. 1 illustrates two alternate circuit arrangements for carrying out the
      invention; and
PAR  FIG. 2 is an illustration of a graph useful in explaining the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to the drawing, the magneto system is schematically illustrated
      as consisting of a permanent magnet PM mounted on a flywheel FW, which
      flywheel rotates about its center C with, for example, the crankshaft of
      the engine. As can be seen, the magnet occupies only some 60.degree. of
      the total circumference of the flywheel. The magnet passes adjacent pole
      pieces PP in the ignition coil IC. Primary winding PW and secondary
      winding SW are wound on the ignition coil, and the output of the secondary
      winding is connected across a spark plug SP. The primary winding is
      connected to a further circuit arrangement described below.
PAR  As is well known, the movement of the permanent magnet adjacent the pole
      pieces will induce a current or voltage in the primary winding of the form
      shown in FIG. 2, and the current or voltage will be transformed, in a
      ratio corresponding to the turns ratio of the windings of the ignition
      coil and carried by the secondary winding.
PAR  Referring to FIG. 2, it will be appreciated that this is the form of
      voltage or current which would exist if the circuit were not interrupted.
      Ta is the time during which the permanent magnet is passing adjacent the
      pole pieces. T is the time for a complete revolution of the flywheel.
      Point A is, for convenience, designated the beginning of a cycle.
PAR  Referring again to FIG. 1, transistors TR1 and TR2 are connected, in a
      Darlington configuration, in series in the primary winding circuit.
      Transistor TR3 controls the state of the Darlington pair to switch it out
      of conduction under predetermined conditions. Resistors R1 and R3,
      together with capacitor C1, provide a time delay to determine the
      switch-on time of TR3 and to insure that TR3 is never turned on before TR1
      and TR2, and resistor R2, capacitor C1 and the base-emitter path of TR3
      provide a time constant which determines the length of time that TR3
      remains turned on, as will be discussed below.
PAR  It will be appreciated that transistors TR1 and TR2 must be high voltage
      transistors because of the high voltages developed across them. A
      Darlington connection is preferred to provide high current complication.
PAR  Resistor R0 is a biasing resistor, and diode RC1 is provided to protect the
      transistors.
PAR  In operation, the circuit works as follows:
PAR  Because of the biasing arrangements, the voltage induced in the primary
      winding substantially at the beginning of a cycle will place a more
      positive potential at the base of TR2 than at its emitter, so that TR2,
      and thereby TR1, will be turned on (conductive). On the other hand, TR3
      will be nonconductive because the potential at its base is not positive
      enough to turn the transistor on.
PAR  With the Darlington pair turned on, the circuit of the primary winding is
      complete and current will flow through the primary winding. Because of the
      internal resistance of TR1 and TR2, a potential is developed between
      points X and Y, and capacitor C1 is charged by this potential so that the
      potential at the base of TR3 is increasing in a positive direction. At a
      time which is a function of the time constant formed by R1, R3 and C1, the
      potential at the base of TR3 will be positive enough to turn TR3 on. This
      will preferably happen at time substantially Tb in FIG. 2. When this
      happens, the Darlington pair will be turned off, and the current in the
      primary winding will be interrupted.
PAR  When the current is interrupted, the magnetic field in the primary will
      collapse, and a very large voltage will be induced in the secondary, and
      this large voltage will provide the firing power for the spark plug.
PAR  With the transistor TR3 turned on, the capacitor C1 will discharge through
      the resistor R2 and the base-emitter path of the transistor TR3. The time
      extent of the firing voltage is a function of the time constant formed by
      the elements C1, R2, and the resistance of the base-emitter path of TR3.
      When the voltage at the base of TR3 drops to a predetermined value, the
      transistor TR3 will be turned off so that the Darlington pair is no longer
      held off. The Darlington pair can now be turned on again at the start of
      the next cycle. TR3 will not turn off till or after time Tc in FIG. 2
      because of the second time constant.
PAR  The magnitude of the firing voltage is a function of the current which
      flowed in the primary before the primary path was interrupted. As is well
      known, the magnitude of this current will increase with the increasing
      speed of the permanent magnet through the coil IC. Thus, with the instant
      circuit, as the speed of the engine increases, there will be a propensity
      for the firing voltage to increase. This propensity is coupled with the
      time constant R1, R3, C1 to insure that TR3 will be turned on when current
      in the primary winding is at substantially a maximum. It will, of course,
      be appreciated that current through the primary in the present ignition
      system will rise and fall as the permanent magnet passes through the arms
      of the coil.
PAR  It is noted that, when the transistor TR3 is turned off, it cannot be
      immediately turned on again because of the time constant formed by the
      elements R1, R3, C1. Thus TR3 cannot be turned on again before the
      Darlington pair has been turned on.
PAR  It will be obvious that the Darlington pair could be replaced by a single
      transistor. In this case, the dotted line extending from the base terminal
      would replace the transistor TR2. In addition, it would be possible to use
      PNP transistors instead of the NPN transistor shown with appropriate
      circuit modifications.
PAR  Although only one embodiment was described, this was for the purpose of
      illustrating, but not limiting, the invention. Various modifications,
      which will come readily to the mind of one skilled in the art, are within
      the scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ignition system for internal combustion engines comprising:
PA1  a. sparking means for firing in response to said ignition system;
PA1  b. ignition coil means for generating a high voltage, said ignition coil
      having a primary winding and a secondary winding, said secondary winding
      being connected to said sparking means;
PA1  c. magnetic means for linking magnetically with said ignition coil means,
      said magnetic means being adapted to be moved relative to said ignition
      coil means and thereby to induce a voltage and current in said primary
      winding;
PA1  d. a first controlled electronic switching means having a controlled
      electrode for controlling current flow through a first switching path of
      said first switching means, said first switching path being in the circuit
      of said primary winding;
PA1  e. a second controlled electronic switching means having a controlled
      electrode for controlling current flow through a second switching path of
      said second switching means, said second switching path being connected to
      the controlled electrode of said first controlled electronic switching
      means;
PA1  f. a conduction path through said second switching means between said
      controlled electrode of said second controlled electronic switching means
      and one side of said second switching path;
PA1  g. a first resistor, having two terminals, connected, at one terminal
      thereof, to said controlled electrode of said second controlled electronic
      switching means;
PA1  h. a second resistor and a capacitor, connected in parallel arrangement
      between a second terminal of said first resistor and said one side of said
      second switching path; and
PA1  i. a third resistor connected between said second terminal of said first
      resistor and a ground point;
PA1  whereby, said first controlled electronic switching means will be biased
      into conduction at the onset by said induced voltage, and the second
      controlled electronic switching means will be non-conductive;
PA1  and said capacitor will be charged by said induced voltage through said
      third and second resistors to bias said second controlled electronic
      switching means on after a first time interval which is dependent on the
      time constant formed by said third resistor, said second resistor and said
      capacitor, the change in state of said second controlled electronic
      switching means when it is turned on causing said first controlled
      electronic switching means to be turned off;
PA1  said capacitor being discharged, when said second controlled electronic
      switching means is turned on, through said first resistor and said
      conduction path of said second controlled electronic switching means, so
      that the voltage of said capacitor drops to a level such that said second
      controlled electronic switching means is no longer conductive, whereby
      said second controlled electronic switching means is turned off, after a
      second time interval which is dependent on the time constant formed by the
      first resistor, the resistance of the conduction path of the second
      controlled electronic switching means and the capacitor, the first
      controlled electronic switching means being no longer turned off when the
      second controlled electronic switching means is turned off.
NUM  2.
PAR  2. An ignition system as defined in claim 1 wherein:
PA1  a. said first and second controlled electronic switching means comprise
      first and second transistors respectively, having base, emitter and
      collector electrodes;
PA1  b. said first and second switching paths of said first and second
      transistors, comprise paths between the emitter and collector electrodes
      of the first and second transistors respectively;
PA1  c. the conduction path of said second transistor comprises a path between
      the base and emitter electrodes of said second transistor; and
PA1  d. the collector electrode of said second transistor is connected to the
      base electrode of the first transistor.
NUM  3.
PAR  3. An ignition system as defined in claim 2 wherein said first resistor is
      connected to the emitter electrode of said second transistor;
PA1  and wherein the second resistor and capacitor are connected in parallel
      arrangement between the second terminal of the first resistor and the
      emitter electrode of the second transistor.
NUM  4.
PAR  4. An ignition system as defined in claim 3 and further comprising a third
      transistor having base, collector and emitter electrodes, said third
      transistor being connected in a Darlington arrangement with said first
      transistor whereby the collector electrode of said first transistor is
      connected to the collector electrode of said third transistor, and the
      base electrode of said first transistor is connected to the emitter
      electrode of the third transistor;
PA1  the base electrode of said third transistor being connected to the
      collector electrode of said second transistor.
NUM  5.
PAR  5. An ignition system as defined in claim 4 wherein each of said first,
      second and third transistors comprise NPN transistors.
NUM  6.
PAR  6. An ignition system as defined in claim 5 and further comprising diode
      means, having an anode electrode and a cathode electrode, in the circuit
      of said primary winding, the anode electrode of said diode being connected
      to the emitter electrode of said first transistor.
NUM  7.
PAR  7. An ignition system as defined in claim 2 further comprising a fourth
      resistor connected between the collector of said second transistor and
      ground, whereby proper biasing is established causing said first
      transistor to be on and said second transistor to be off at the onset of
      said induced voltage.
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ABST
PAL  A surface grinder having a grinding wheel mounted on a support and means
      for elevating the grinding wheel relative to a workpiece. A wheel dresser
      apparatus is mounted on the grinding wheel support. The wheel dresser
      apparatus includes a coarse adjustment means and a fine feed adjustment
      means for selecting the depth of dressing cut. Compensating means connects
      the fine feed adjustment means with grinding wheel support to move the
      grinding wheel towards the work the same amount as the depth of dressing
      cut.
PARN
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This application is a division of my pending application Ser. No. 394,506,
      filed Sept. 5, 1973.
BSUM
PAR  The present invention relates to a wheel dressing apparatus for surface
      grinders.
PAR  The present invention provides a wheel dressing assembly so associated with
      a surface grinder wheel head that the dressing tool of the wheel dressing
      assembly and the grinding wheel head are lowered in equal increments or
      amounts to maintain the accurate grinding wheel to workpiece relationship
      even though a wheel dressing operation may take place after the wheel head
      has been set. The necessity of resetting the wheel head after each wheel
      dressing is thereby eliminated. This is accomplished by a wheel dressing
      assembly mounted on the grinding wheel head and having a dressing diamond
      mount arranged for coarse adjusting movement to bring the dressing diamond
      head into engagement with the grinding surface of the grinding wheel and a
      fine adjusting movement to adjust the depth of dressing of the grinding
      wheel. A compensating means couples the fine feed dresser adjustment means
      with the mechanism that determines the depth of the total cut of the wheel
      to compensate for the depth of the dressing cut set by the fine feed
      adjustment means.
PAR  A feature of the invention is the provision of means for disengaging the
      compensating means from operative association with the wheel head so as to
      permit the diamond to be easily positioned on the peripheral surface of
      the grinding wheel without affecting the wheel head position.
PAR  A further feature of the invention is the provision of means for
      eliminating backlash in the positioning of the dressing diamond.
PAR  Further advantages and features of the invention will be apparent from a
      reading of the following specification and claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of a surface grinder having a wheel
      dresser assembly incorporating the structure of the present invention.
PAR  FIG. 2 is a side elevational view of the dresser assembly partially in
      section to show underlying details and showing the sleeve nut housing
      attached to the wheel head housing.
PAR  FIG. 3 is a top plan view partially in section of the apparatus shown in
      FIG. 2.
PAR  FIG. 4 is a cross-sectional view taken generally along the lines 4--4 of
      FIG. 3 with parts of the slide head broken away to show underlying details
      of structure.
PAR  FIG. 5 is a cross-sectional view taken generally along the lines 5--5 of
      FIG. 3.
PAR  FIG. 6 is a cross-sectional view taken generally along the lines 6--6 of
      FIG. 2.
PAR  FIG. 7 is a cross-sectional view taken generally along the lines 7--7 of
      FIG. 6.
PAR  FIG. 8 is an enlargement of a portion of FIG. 2.
PAR  FIG. 9 is an enlargement of a portion of FIG. 4.
PAR  FIG. 10 is an enlargement of a portion of FIG. 1, showing a section through
      the top mounting of the grinding wheelhead elevator screw.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIGS. 1 - 3 show a wheel dressing assembly 10 mounted on a surface grinder
      11. The grinder 11 comprises generally a frame 12. A head elevator screw
      13 is suspended from and rotated by a bevel gear 19 that is supported on
      the frame 12. The screw is splined to the gear by key 13a in keyway in the
      gear 19 and in the screw 13 to permit vertical raising movement of the
      screw to a limited degree. A nut 13c is threaded into the elevator screw
      13. The head of the nut 13c is larger than the diameter of the elevating
      screw 13 and limits the downward movement of the elevator screw in the
      bevel gear 19 by coming to rest on the top face of the beveled gear 19.
      The gear 19 is rotated by a bevel gear 20 turned by a hand control 18, all
      mounted on the frame 12 as disclosed in my above application.
PAR  A spindle or wheelhead housing 17 is supported from the screw 13 by a screw
      bushing 14 and guided or confined for vertical movement by the frame 12 in
      a conventional manner. The wheelhead housing 17 supports a
      spindle-wheelhead 15 that carries a spindle for a grinding wheel 16, and
      the driving motor (not shown) for rotating the spindle.
PAR  The surface grinder to which the present wheel dressing assembly is
      attached is essentially that shown in my co-pending application, Ser. No.
      268,017, filed June 30, 1972, now U.S. Pat. No. 3,822,512 to which
      reference is made and which disclosure is incorporated herein by
      reference. It includes a vertically extending jackscrew rod A that has a
      vertical pintal B formed at the upper end thereof, which extends into a
      socket at the bottom of the head elevator screw 13, the base of the pintal
      B being surrounded by a thrust bearing C which provides freedom of
      relative rotation between the two end to end members at all times, the
      pintal and socket relationship between the jackscrew rod A and the head
      elevator screw 13 permits relative vertical separation of the two while
      the pintal remains in guiding relationship in the bore of socket at the
      bottom of the head elevator screw. A jackscrew rod A is operated by an
      incremental mechanism D, more fully described in my above identified
      application, to raise the elevator screw 13 a selected amount, which is
      the total amount of the desired grinding cut. Raising of the elevator
      screw raises the wheel head 15 together with its associated parts,
      including the dressing apparatus, that is mounted on the wheelhead. The
      incremental mechanism D operates to back the jackscrew rod away from the
      head elevator screw 13 in selected increments for each swipe of the
      grinding wheel across the work, thus permitting selected depths of cut for
      each swipe, until the elevator screw 13 has lowered by the full amount
      that it had been raised by the jackscrew. Therefore, further backing away
      of the jackscrew rod is of no significance. This changes the distance
      between the spindle and a work table E that is mounted on the frame 12 and
      carries the work W that is to be operated upon back and forth in a
      prescribed manner as is customary in grinding machines. Adjustment of the
      wheelhead housing 17 vertically on the screw 13 changes the
      spindle-to-work-table distance. All of this is described in my above
      application and incorporated herein by reference.
PAR  The illustrated grinding machine is essentially the same as known
      constructions for manual grinding having the traveling worktable
      controlled by limit switches and associated components for running the
      worktable through a complete cycle each time it is actuated. In manual
      operation, the hand wheel 18 is adjusted to bring the grinding wheel 16
      into contact with the surface of the workpiece and then is advanced by the
      operator after each cycle of table operation until the desired depth is
      reached. In grinding operation in which the grinding wheel 16 is dressed
      between grinding cycles, the wheel dressing assembly 10 of the present
      invention is used.
PAR  The wheel dressing assembly 10 comprises generally a dressing head frame 21
      mounted on the wheelhead 15, a diamond head 22, a diamond mounting means
      23 on a diamond mounting positioning or elevating screw 24 for movement of
      the diamond mounting means toward the grinding wheel. The diamond mounting
      means carries a dressing diamond 25. The diamond mounting means is
      adjusted by a coarse adjusting means 26 for moving the diamond into
      engagement with the periphery of the grinding wheel. A diamond head
      mounting means 27 is provided for guiding the diamond horizontally across
      the periphery of the grinding wheel 16. A fine feed adjustment means 28 is
      incorporated for adjusting the depth of the act of dressing.
PAR  A compensating means 29 is selectively positionable into and out of
      association with the fine feed adjustment means 28 so as to operatively
      couple the fine feed adjustment means 28 with the elevator screw 13 of the
      surface grinder. The compensating means lowers the grinder wheel head 15
      an amount corresponding to the depth of cut set by the fine adjustment
      means 28.
PAR  The dressing head frame includes a bracket or cross slide 31 having a base
      32 from which there projects a side wall 33 and a rear wall 34. A vertical
      gusset 36 is located adjacent the front edge of base 32. The base 32 is
      mounted or fastened to the wheel head 15 by means of bolts.
PAR  As shown in particular in FIGS. 2 and 4, a truing means 37 for the dressing
      diamond is seated in a groove 38 formed on the underside of the base 32.
      The truing means 37 includes a first tapered adjusting plate or gib 39 and
      a complementary second tapered adjusting plate or gib 40 of which the
      tapered faces are in face-to-face sliding engagement. The first or upper
      gib 39 has an elongated slot 41 which accommodates the shank 42 of a bolt
      43 that passes through a hole in 32 and a pilot hole in 40, and screws
      into a threaded hole in the wheel head 15. A compression spring 44
      extending between the bolt head 44 and the base 32 yieldably holds the
      tapered face of the lower gib 40 in engagement with the upper gib 39. A
      gib screw 46 threaded in the base 32 and having a head 47 seated in a slot
      47 in the upper gib 39 serves to selectively position the upper gib 39
      relative to the lower gib 40. Adjustment of the upper gib 39 permits the
      sweep of the diamond 25 to be maintained in parallelism with the turning
      axis of the grinding wheel.
PAR  As shown in FIG. 4, the diamond mount 23 is located in an inclined
      counterbored hole 49 in the lower end of the diamond positioning or
      elevating screw 24 and is locked in its radially adjusted position by a
      set screw. The screw 24 is guided in a vertical bore 51 in the head or
      housing 22 and at its lower end is keyed against rotation in the bore 51
      by a key 52 (on a flat 52a formed on the screw 24) sliding in a
      longitudinal keyway 52b in the bore of the head 22. The upper end 53 of
      the positioning screw 24 is threaded and receives the coarse adjusting
      means 26.
PAR  The coarse adjusting means 26 as shown in particular in FIGS. 1, 2 and 9
      includes a positioning knob 54 which is captive against axial movement in
      the head 22 and actuates an adjusting nut 56 threaded on the positioning
      screw 24. The lower end of the knob 54 has slots 57 which accommodate the
      heads 58 of four, 90.degree. spaced apart retaining screws 59 of a spring
      pre-load anti-backlash assembly 61 (FIG. 9). The assembly 61 includes the
      nut 56, an annular spacer 62 having bores accommodating the shanks of the
      screws 59, the lower ends of which are threaded into a fine feed worm gear
      63. Springs 59 apply an upward biasing force against the nut 56 to prevent
      backlash. The adjusting nut 56, spring pre-load assembly 61 and the fine
      feed worm gear are held in axial position by means of a retaining ring 66
      which retains a spacer sleeve 67 supported on a thrust bearing assembly 68
      carried by the spacer 62. A second thrust bearing assembly 69 is seated on
      a co-shoulder 70 in the bore 51 of the head 22.
PAR  The adjusting nut 56 is free to rotate (when not restrained by the worm
      gear 63) while held captive against axial movement. The screw 24 is free
      to move axially while held against rotation by the key 52. The pre-load
      assembly 61 prevents back-lash of the screw 24. Turning the knob 54
      clockwise, drives the screw 24 axially downward through the adjusting nut
      56, to bring the dressing diamond into position for engagement with the
      periphery of the wheel 16.
PAR  The fine feed adjustment 28 comprises the worm gear 63 which is driven by a
      worm 72 fixed on a shaft 73. A knob 76 is coupled to one end of the shaft
      73 by a unidirectional clutch 76a for rotating the shaft when the knob is
      turned in one direction. The clutch slips completely when the knob is
      turned in the opposite direction, so that the knob turns the worm gear 63
      in only one direction.
PAR  The shaft 73 is mounted in a block or worm housing 77 having a recess 67
      which accommodates the worm 72. The block is pivotally mounted on a
      diamond head 22 on a pivot pin 79 for pivoting in a horizontal plane to
      selectively engage or disengage the worm 72 from the worm gear 63. The
      housing is retained by a disengage knob 81 on a shank 80 which is captive
      on the housing 77 and spring biased and threaded into the diamond head 22.
      When the worm 72 engages the worm gear 63 it locks the worm gear from
      being turned by the nut 56 through the knob 54.
PAR  As shown in FIGS. 1 - 3, coupled to the fine adjustment shaft 73 of the
      fine feed adjustment means 28, by means of a spring type helical coupling
      83, is one end of a splined coupling shaft 83 of the compensating means.
      The spring type coupling 82 is constructed in a well known manner to
      permit the block 77 carrying the worm 72 to be pivoted out of engagement
      with the worm gear 63. The diamond head is also permitted to be moved
      lengthwise relative to the fixed cross slide 31 by the splined connection
      83. Limiting the pivotal movement of the block 77 is a stop screw 84 of
      which the head 86 is operative to engage the block 77 at the desired limit
      of disengagement of the worm 72 and worm gear 73.
PAR  The head 22, as shown in FIGS. 4 and 5, is fixedly attached to one end of a
      square bar 87 of the diamond head mounting means 27. One end of the bar is
      supported for sliding movement in a slideway 88 defined between side wall
      33 and a plate 89. The diamond head 22 is tightly clamped against
      lengthwise sliding movement to the square bar by a clamping piece 90.
PAR  As shown in FIGS. 3 and 5 the square bar 87 is formed with a slot 91 which
      received a lug 92 diametrically extending from and fixed to an actuating
      rod 93. A pin 94 may be force fitted in the lug 92 to extend to the base
      of the slot 91. A handle knob 96 may be attached to the opposite end of
      the rod 93. The rod 93 is turnably journaled in the side wall 33 and the
      plate 89 so that upon rotation thereof, the square bar 87 is moved
      longitudinal thereby to move the head 22 and the diamond 23 fixed thereto
      across the periphery of the grinding wheel. Extensible bellows enclosing
      the bar 87 may be attached between the cross slide 31 and the head 22.
PAR  The compensating means 29 as shown in FIGS. 1 - 3 includes the coupling
      shaft 83 to one end of which there is suitably keyed a drive pulley 97.
      The drive pulley 97 drives by way of a belt 98 a driven pulley 99 which is
      fixed to a driven shaft 101. The driven shaft 101 is journaled at end end
      in the rear wall 34 and at the other end in a sleeve nut housing 102
      fixedly mounted on the wheelhead housing 17.
PAR  A worm 103 is fixed for rotation with the driven shaft 101 and meshes with
      a worm wheel 104. The worm wheel 104 is secured by screws 107 to a spacer
      106 which is threaded on the elevating screw bushing of sleeve nut 14. The
      sleeve nut 14 is retained against axial movement on the wheel head housing
      17 between thrust bearing assemblies 108.
PAR  In operation, the worm wheel 104 and the sleeve nut 14 are free to rotate
      while held capitve against axial displacement relative to the wheel head
      housing 17. The elevator screw 13 is held captive against axial
      displacement in the assembly of the bevel gears 19 and 20 while resistance
      to rotation of the screw 13 is accomplished by the friction between the
      screw 13 and the elevating screw sleeve nut bushing 14.
PAR  Upon rotating the dressing knob 76 clockwise, the elevating screw motor
      bushing 14 will be rotated through the drive comprising the coupling shaft
      83, pulley 97, belt 98, driven pulley 99, driven shaft 101, worm 103 and
      worm wheel 104. In view of the fact that the elevator screw 13 is not
      rotating, the rotating worm wheel 104 and bushing 14 cause the wheel head
      unit 15 and the dresser mounted thereon to drop under the force exerted by
      the weight of the wheel head 15.
PAR  The coarse adjustment means 26 may be operated only when the fine feed
      adjustment means 28 is disengaged. This is accomplished by unthreading the
      thumb screw 81 and rotating the block 77 about the pin 79 until the worm
      72 is out of engagement with the worm wheel 63. Rotating the coarse
      adjustment knob 54 causes rotation of the axially fixed coarse adjustment
      nut 56. Rotation of the nut 56 clockwise causes the non-rotatable
      positioning screw or diamond mounting means 24 to be moved downwardly
      until the diamond engages the grinding surface of the grinding wheel.
      Caution must be exercised in positioning the diamond because this is a
      coarse adjustment.
PAR  The fine feed adjustment means 28 is turned about the pin 79 until the worm
      72 again meshes with the worm wheel 63. The housing or block 77 is held in
      position by the thumb screw 81 which is threaded into the diamond head 22.
      The diamond dressing knob 76 is then rotated clockwise to one of the
      graduations on the knob to achieve the desired depth of dressing cut
      across the grinding wheel 16. Rotation of the knob 76 also rotates the
      worm 72 meshing with the worm wheel 63 held against axial movement in the
      diamond head. The worm wheel 63 which threadably receives the positioning
      screw 24 moves the latter axially downward the desired amount.
PAR  Adjustment of the fine feed adjustment means 28 is transmitted to the
      compensating means 29 via the coupling shaft 83 to the sleeve nut 14 as
      previously explained above. The wheel head 15 and the diamond 23 are
      lowered in equal increments thereby retaining the same distance
      relationship between the cutting edge and the workpiece even after wheel
      dressing.
PAR  Thereafter, the handle 93 is pulled or pushed so that the square rod 87
      carrying the diamond head 22 is moved in its guideway relative to the
      cross slide 31. The diamond 23 thus sweeps across the grinding surface of
      the wheel to make the desired dressing cut.
PAR  The next grinding cut may then be taken on the workpiece without making any
      manual adjustment of the wheel head 15 at the hand wheel 18 because of the
      adjustment made by the compensating means.
PAR  From the above description, it is apparent that the coarse adjusting means
      for adjusting the position of the diamond of the dressing tool establishes
      a zero or base position for the diamond from which the diamond is moved by
      the micro-adjusting means or fine adjusting means to determine the
      deviation in grinding wheel diameter due to the dressing action, the
      deviation from the base or zero position, which is the position in which
      the diamond has been placed by the coarse adjusting means.
PAR  An explanation will now be given of the operation of the machine above
      described.
PAC  OPERATION
PA0  1. establish Diamond/Wheel Position
PA1  1.1 Disengage Fine Feed.
PA2  Rotate the Disengage Knob 81 (FIG. 6) counter-clockwise until the fine
      adjusting Housing 77 swings to the stop position, bringing the worm 72 out
      of engagement with the worm gear 63.
PA1  1.2 Position Diamond.
PA2  Rotate the Diamond Positioning Knob 54 clockwise until the Diamond 23
      contacts the Wheel. Exercise caution as this is a coarse adjustment.
PA1  1.3 Rotate the Disengage Knob 81 (FIG. 6) clockwise to swing the Housing 77
      clockwise about pivot 79 to engage the Worm 72 with the worm gear 63.
      Rotate the Diamond Dressing Knob 76 clockwise in 45.degree. increments
      until the Worm Gear 73 and the Worm Wheel mesh.
PA0  1A. Principal of operation
PA1  1a.1 Worm Housing Disengagement.
PA2  As the Disengage Knob 81 is rotated counter-clockwise it threads itself
      from the Dresser Elevating Head 22 while the Worm Housing 77 pivots on pin
      79 until it engages a stop. The Spring Type Helical Coupling 83 allows the
      pivoting to occur without a physical disengage. The Diamond may now be
      downfed independent of the Wheel Head.
PA1  1A.2 Coarse Feed Diamond Adjustment.
PA2  The Diamond 23 (including its standard holder) is mounted in a counterbored
      hole in the Positioning Screw 24 to maintain centerline location and
      prevent axial deflection. The Positioning Screw 24 is guided vertically in
      the Dresser Head or Housing 22 and keyed against rotation. The Positioning
      Knob 54 drives the spring pre-loaded Adjusting Nut 56 (FIG. 9) through
      slots which engage the heads 58 of the Pre-load Assembly Retaining Screws
      59 that extend through guide holes in the nut and at their lower ends
      carry the find feed worm gear 63. The adjusting Nut, Pre-load Assembly and
      Fine Feed Worm Gear 63 are held in axial position with the thrust washer
      69 (FIG. 9) and Retaining Ring 67 (FIG. 4). The Adjusting Nut is free to
      rotate, while held captive axially, and the Positioning Screw is free to
      move axially while locked against rotation. Backlash is removed through
      the Pre-load Assembly. Rotating the Positioning Knob 54 clockwise drives
      the Positioning Screw 24 downward through the Adjusting Nut 56.
PA0  2. Dress the wheel
PA1  2.1 Traverse the Dressing Lever (item 58) to sweep the Diamond across the
      Wheel. The Dressing Knob 76 have five graduations; each equivalent to
      0.0005 Diamond movement. Rotate the Dressing Knob clockwise the necessary
      amount to obtain the desired Diamond downfeed. Sweep the Diamond across
      the Wheel. Repeat as required to obtain desired dress. The rate of
      dressing sweep and Diamond downfeed increment is dependent upon user
      experience.
PA0  2A. Principals of operation
PA1  2A.1 The Diamond Head Traverse.
PA2  The Diamond Head (item 1) is rigidly mounted to the square bar 87 which
      traverses in a cross slideway 88. The Traverse Bar, square for maximum
      rigidity, is positioned by the Dressing Lever 93 through an integral link
      which engages a slot in the Traverse Bar. The dressing sweep is controlled
      by the confinement of the link in the slot. The cross slideway surfaces
      are scraped for squareness and the proper Traverse Bar fit.
PA1  2A.2 Fine Feed Diamond Adjustment.
PA2  The Worm Wheel 63 is free to rotate (by the worn 72), while held captive
      axially through thrust washers 68 and 69. The Positioning Screw 24 is free
      to move axially while locked against rotation. Rotating the Dressing Knob
      76 clockwise drives the Positioning Screw downward through the threaded
      Worm Wheel. The Dressing Knob is connected through a Spline Coupling 83
      (which permits movement of the diamond head across the wheel 16 by the
      handle 93) to the Belt Drive 98 to the worm shaft 101 that drives the Worm
      103. The Worm 103 is pinned to the connecting shaft 101 and is in axial
      mesh with the Worm Wheel 104 through an Adjusting Lock Nut (item 24).
      Screws 107 secure the Worm Wheel to the Locknut 106 which retains the
      Elevating Screw Bushing in axial position with thrust washers. The Worm
      Wheel 104 is free to rotate while held captive axially. The Elevating
      Screw 13 is held captive axially while resistance to its rotation is
      accomplished through friction between the Elevating Screw and Elevating
      Screw Bushing. Rotating the Dressing Knob clockwise will rotate the
      Elevating Screw Bushing which coupled with a stationary Elevating Screw
      allows the Wheel Head to be lowered by its own weight such as in the
      principal of an escapement mechanism. The ratio between the Diamond
      Downfeed and Wheel Head Downfeed is 1:1.
PA0  3. Commence grinding
PA1  3.1 With the Elevating Handwheel, bring the Grinding Wheel to the top of
      the workpiece. Set the Elevating Slip Ring at zero. Determine amount of
      stock to be removed. Commence grinding.
PA0  4. Redress the wheel
PA1  4.1 Position the table so that the Grinding Wheel clears the workpiece.
      Repeat the dressing procedure outlined under paragraph 2. Commence
      grinding.
PA0  4A. Principals of operation
PA1  4A.1 Wheel to workpiece relationship maintained. The Diamond and Wheel Head
      are lowered in equal increments, as outlined under paragraph 2A.2, thereby
      maintaining the relationship between the wheel cutting edge and the top of
      the workpiece. This feature allows wheel dressing without changing the
      Wheel Head position with the Elevating Handwheel thereby maintinaing the
      original wheel to workpiece relationship and making it possible to remove
      a fixed amount of material without piece part inspection.
PA0  5. Diamond
PA1  The Diamond is mounted in the Positioning Screw (item 18) on the spindle
      centerline at an angle. As the Diamond point becomes dull, the Diamond is
      rotated within the Positioning Screw to generate a sharp diamond point for
      contact with the wheel.
PA0  6. Standard elevation positioning
PA1  As the Elevation Screw is rotated, the Worm Wheel (item 29) is locked
      against rotation by the Worm (103). The Elevating Screw is held captive
      axially by the Bevel Gear Assembly. Rotation of the Elevating Handwheel
      drives the Elevation Screw through Bevel Gears to raise or lower the Wheel
      Head 15.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wheel dresser assembly for a surface grinder, said assembly comprising
      a dresser elevation head, an elevating screw held in said head and having
      means for receiving and holding a dressing tool, means holding said screw
      in said head against rotation but permitting longitudinal dressing tool
      adjusting movement of the screw in said head, coarse adjusting means for
      moving the screw longitudinally to effect a first adjustment of the
      position of the tool, fine-feed adjusting means movable into and out of
      effective position for a fine longitudinal adjustment of the screw, and
      means included in the fine-feed adjusting means for disabling the coarse
      adjusting means when the fine-feed adjusting means is in its effective
      position, wherein the screw is held in said head by a nut through which
      the screw is threaded; a worm wheel secured to the nut, a gearing assembly
      included in the fine-feed adjusting means, said gearing assembly having a
      worm, and means mounting the assembly for movement to bring the worm into
      and out of engagement with the worm wheel.
NUM  2.
PAR  2. The combination of claim 1 wherein there is provided a spring pre-load
      anti-back-lash assembly between the worm wheel and the nut.
NUM  3.
PAR  3. A wheel dresser assembly for mounting on a grinding machine of the type
      that includes an adjusting member for adjusting the relationship between a
      grinding wheel and a work support of the machine, said dresser assembly
      including a dressing toolhead, means for securing a dressing tool to said
      toolhead, fine-feed adjusting means including an operator movable in one
      direction for moving the head to move the tool to increase the total
      extent of dressing, compensating means for connection to said adjusting
      member, said compensating means being coupled to the operator for movement
      as determined by the positioning of the tool by the fine-feed adjusting
      means in its movement in said one direction, and means included in the
      fine-feed adjusting means for disabling the same upon attempted movement
      of the fine-feed adjusting means operator in an opposite direction, and a
      spring pre-load anti-back-lash assembly backing the toolhead to permit
      backing movement of the toolhead against the spring when the load on the
      toolhead exceeds the spring pre-load.
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ABST
PAL  Apparatus for grilling with a heat storing arrangement, and a device for
      heating a grill grate and a grilling basin which contains a heat storage
      grate. Such apparatus which serves for grilling or roasting different
      foods, is supplied with a heating device which may consist of a coal
      burner or a heating element which may be operated by electricity or by
      gas. Such heating device is generally arranged in a grilling basin which
      is covered by a grill grate upon which the food to be roasted is put. For
      pre-heating and storing the heat to keep the food warm, a heat storage
      device may be attached.
BSUM
PAR  The invention relates to an apparatus for grilling with a heat storing
      arrangement and a device for heating a grill grate and a grilling basin
      which contains a heat storage grate. Such apparatus serves for grilling or
      roasting different foods like steaks, sausages, toast, chicken, etc. The
      apparatus is supplied with a heating device which may consist of a coal
      burner or a heating element which may be operated by electricity or by
      gas. Such heating device is generally arranged in a grilling basin or pot
      which is covered by a grill grate upon which the food to be roasted is
      put. For pre-heating and storing the heat to keep the food warm, a heat
      storage device may be attached.
PAR  In known prior constructions of grilling apparatus, such a heat storage
      device consists of an additional grate superimposed over the grill grate
      which serves to keep foods warm or to store them there. Furthermore, the
      known grilling devices of the prior art have a lid which is pivotally
      attached to the grill basin and which may be opened to the rear so that
      the grilling grate and heating grate are completely and freely exposed.
      Such an attachment has the result that any heat mounting from the heating
      device very rapidly by-passes the food and escapes without being used.
      Therefore the food stays hot on the lower part where it touches the grate
      but immediately cools off on its upper side.
PAR  It is therefore among the objects of this invention to utilize the heat
      storing means of the apparatus in such way that the heat generated by the
      heating device is utilized optimally, and also that the heat is effective
      from above upon the top portion of the food. In one embodiment of the
      present invention, a detour element is provided which covers the grill
      basin in such way that the warm air stream rising from the heating device
      is detoured to the grill basin.
PAR  Advantageously the detour element is a lid or hood which is adjustably
      attached to the grill basin and which can be stably positioned at
      different degrees of opening, and which in its closed position serves to
      cover the heating storage portion.
PAR  The hood together with the grill basin when in closed position constitute a
      unitary closed housing; however, the hood may be readjusted into different
      open positions so that it overlaps the grill basin backwardly to different
      degrees. In such an arrangement the secondary heat, which originates in
      the heating space, escapes upwardly through openings in the back wall of
      the heating space, and is then rerouted by the hood to heat from the top
      the foods which are disposed on the grate.
PAR  There is thus created a circulating warm air rotation within the hood which
      continuously entrains more warm and fresh air from the heating device.
      Such effect is mainly effected by burners, which radiate their primary
      heat forwardly. The secondary heat is that which is produced at the back
      of the burner; such secondary heat in prior devices escaped unused.
PAR  To attach the hood to the grill basin there is advantageously provided a
      pivotally adjustable link or arm on the grill basin to which the hood is
      likewise pivotally attached.
PAR  In another preferred embodiment of the present invention a gas guiding
      means with a radiation area adjacent the heating grate is attached to the
      grill basin. Such element guides the warm air stream under the hood, and
      on the other hand radiates warm air toward the food disposed on the
      storage warming grate. The bottom side of such gas guiding means, adjacent
      the heating arrangement may be provided with fins to aid in its heating.
      The warm air mounting from the heating device and passing between the fins
      is therefore once more re-heated. The fins and the passages or grooves
      therebetween act, in addition, as a convector and increases the velocity
      of the circulating warm air.
PAR  The advantages of the present invention are such that the foods to be
      grilled are not only kept warm from the bottom but are also evenly kept
      warm from the top. This means an optimal use of the heat generated by the
      heating arrangement, which means a better efficiency of the grill and
      furthermore makes possible the use of the grill for heating foods that
      especially require heating from the top, for example pizza, to have them
      ready in a short time.
PAR  Furthermore, the circulating warm air cycle prevents the escape of heat as
      well as cooking odors from underneath the food, and renders the cooking
      operation more pleasant to the person operating the apparatus.
DRWD
PAR  A preferred embodiment of the apparatus of the invention is described in
      the accompanying drawings, in which:
PAR  FIG. 1 is a view of the apparatus partially in elevation; and
PAR  FIG. 2 is a fragmentary sectional view of the gas guiding element, the
      section being taken along the line II--II in FIG. 1.
DETD
PAR  The apparatus of the invention is mounted upon a support made up of back
      and front housing part 1 and 3, respectively, which are pivotally
      connected by one or more hinges 2 and are selectively locked together by
      one or more locks or clasps (not shown). The housing 4 at the bottom
      encloses gas containers 5 and at the top has a grill pot or basin 9
      enclosing portion 6, a storage area 7, and a burner space 8. The burner
      space 8 is separated from the grill portion 6 and the storage area 7 by a
      gas guiding and connection element 10 to which the heating arrangement 11
      is attached.
PAR  Element 10 and heating arrangement 11 are constructed and connected so as
      to be easily mounted and taken apart, as for cleaning. The illustrated
      heating arrangement 11 is an infrared gas radiator from the heating
      surface 12 of which the primary heat is radiated into the grill space 6.
      The top of the grill space 6 is provided with a grill grate 13, and the
      storage area 7 is covered by a warming storage grate 14, foods 15, 15' to
      be grilled and kept warm being disposed on the respective grates.
PAR  On the upper rim of the back housing part 1 a hood 17 is pivotally attached
      by means of two links 16 on lower and upper joints 18, 19, respectively.
      In FIG. 1 the hood in a middle open position is shown by means of a solid
      line. The hood is shown in a closed position by a dash line, and is shown
      in a completely open position by a phantom or dot-dash line.
PAR  The attachment of hood 17 on the links 16 permits a selectively pivotal
      adjustment of the hood 17 with respect to the grill basin 9, friction in
      joints 18, 19 arising from the tension of the disc springs or spring
      washers (not shown) in such joints permitting the hood 17 to be maintained
      in a desired position from and including its fully closed and its fully
      open position. In the area of the burner space 8 on the back wall portion
      20 of the housing back 1, there are provided a lower entry opening 21 and
      an upper exit opening 22, for the airstream which flows toward and from
      the heating arrangement 11, respectively, as shown by the arrows in FIG.
      1.
PAR  When the apparatus is in operation, the heating surface 12 radiates the
      primary heat directly upwardly to the foods 15 disposed on grate 13. A
      reflector 23 mounted on grill basin 9 increases such heating power.
      Dripping fat is collected in a downwardly attached dripping plate 24.
PAR  According to the construction of heating arrangement 11, secondary heat is
      being guided backwardly and creates a warm air suction. Oxygen needed for
      the burning of gas is sucked in through the openings 21. The rising warm
      air hits the element 10, which reroutes it to the back wall 20, so that it
      may escape via the exit openings 22 from the burner space 8.
PAR  During operation of the apparatus, hood 17 more or less covers the grill
      basin 9, so that the ascending warm air is returned via the re-routing
      plane 25 of hood 17 in the direction of the grill basin 9 and so
      influences and heats from above the foods 15' disposed on grate 14. The
      intensity of such re-routed warm air may be regulated by adjusting the
      position of the hood 17, the upper surface 26 of the element 10 functions
      as a radiation plane from there additional heat is radiated against
      warming storage grate 14.
PAR  In a further preferred embodiment of the invention the element 10 is
      provided with fins or ribs 27 (FIG. 2), whereby the heating of the element
      10 by the burner 11 is carried out more efficiently.
PAR  Although the invention is illustrated and described with reference to a
      plurality of preferred embodiments thereof, it is to be expressly
      understood that it is in no way limited to the disclosure of such a
      plurality of preferred embodiments, but is capable of numerous
      modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a grilling apparatus which includes (a) a grill basin having forward
      and rear walls, (b) a heating element, grilling grate and heat-retaining
      warming storage grate operatively associated in the grill basin, (c) a
      hood having depending forward and rear walls defining a hollow channel
      opening toward the grill basin, and (d) means for pivotally mounting the
      hood to the grill basin for movement between a closed position and a fully
      open position with respect to the grill basin, the pivotal mounting means
      being located so that the rear wall of the hood overlaps the rear wall of
      the grill basin when the hood is pivoted away from the closed position,
      the pivotal mounting means comprising means for stably supporting the hood
      in a desired position intermediate the closed position and a fully open
      position, the improvement wherein the rear wall of the grill basin has
      openings therethrough for passage of a heated air stream out of the grill
      basin, whereby the overlapping portion of the hood chamber receives the
      heated air stream exiting from the rear wall of the grill basin via at
      least one of the openings therein when the hood is in an open position.
NUM  2.
PAR  2. Grilling apparatus according to claim 1, further comprising an air
      guiding and connecting plate coupled to the heating element and arranged
      on the grill basin below the warming storage grate to direct radiation
      toward the warming storage grate.
NUM  3.
PAR  3. Grilling apparatus according to claim 2, wherein the air guiding and
      connecting plate is provided with fins and interposed grooves on its lower
      surface adjacent the heating element.
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ABST
PAL  Cooking apparatus adapted for multi-purpose use as a grill, oven, stove or
      patio heater, and comprising a chamber formed by a lower housing section
      having upright walls and by a hinged cover for opening and closing the top
      of the chamber. The bottom of the chamber is open to admit a low velocity,
      large volume flow of fresh air into the chamber. A single gas burner
      extends lengthwise of the chamber adjacent the open bottom and can be
      regulated for cooking to produce a low, yellow-tipped blue flame which
      creates a narrow zone of incandescence in a much wider layer of
      incombustible bodies supported on a grate spaced above the burner. The
      cooking zone is spaced above the grate and contains one or more grills
      extending generally coextensive with the layer of incombustible material
      so that at least the major portion of the cooking area is horizontally
      offset out of vertical alignment with the zone of incandescence. The
      enclosure has a perimeter outlet smaller than the air inlet and located
      between the upper edges of the lower section walls and the overhanging
      side walls of the cover. The large volume air flow vertically upwardly
      through the vertically spaced zones is induced solely by convection
      currents generated by the burner and incombustible bodies, the latter
      serving as means for dispersing the heat, baffling the upward air flow and
      emitting radiant heat. Additional features include an exterior drip tray
      adapted to control admission of air to the chamber, an anti-flare grease
      diverter, a burner and grate subassembly which is readily removable and
      usable by itself as a fireplace heater, a cook-top cover and associated
      auxiliary cover.
PARN
PAR  This is a continuation of application Ser. No. 265,296, filed June 22,
      1972, abandoned.
BSUM
PAR  This invention relates to a cooking apparatus adapted for both indoor and
      outdoor cooking which can be simultaneously or alternatively used as a
      grill, a baking oven, a cooking stove, and an infra red patio or space
      heater. The apparatus is preferably heated or fired by gas.
PAR  Gas fired grills such as are commonly used outdoors have many problems in
      common such as burner burnouts, grease fire flare-ups, and cremated meat
      or foods. This is even more true in current outdoor gas grills wherein the
      gas burner and grate are enclosed in a housing having bottom, side and end
      walls and a hinged cover for almost completely closing off the top of the
      housing with only enough air outlet to meet carbon monoxide and other
      gaseous emission requirements of the American Gas Association (A.G.A.). In
      such gas grills the bottom of the housing is usually closed with the
      exception of narrow slots provided under the burners for admitting only
      enough air to support combustion. The burner is usually disposed close to
      the bottom so that there is very little air supply or circulation below
      the burner and also the grate covered with lava rock is set close to the
      burner so that the whole set-up in effect acts as a heat treating pot
      which subjects the burner to severe heating punishment and burn-outs.
PAR  Further, these prior art grills do not admit sufficient air into the grill
      housing to consume the grease so that the grease melts and has to be
      drained away or the grease, due to incomplete combustion, causes excessive
      smoke and flame flare-ups and cremation of food.
PAR  Further in the prior art grills the cover mates with the housing to
      substantially close the grill so that there is a minimum of exhaust
      venting. Hence, when the cover is closed, smoking ensues, grease flare-ups
      or fires are common, the meat is frequently cremated and the burner, grate
      and grill life is shortened. Accordingly, such prior art grills cannot
      usually be operated with the lid down because of the resultant grease
      flare-ups and fires and the cremation of the meat. Various manufacturers
      have suggested in the case of flare-ups to pour water on the fire to douse
      the flames and warn that the food must be carefully watched every three or
      four minutes while cooking to avoid cremated food. These manufacturers of
      prior art grills also usually advise against cooking with the top down or
      closed and advise frequent inspection of the food being cooked on the
      order of every four or five minutes in order to avoid destruction of the
      food by flare-ups and cremation.
PAR  It is an object of this invention to provide an improved grill or cooking
      apparatus which obviates or alleviates all the above mentioned problems
      and difficulties.
PAR  Another object of this invention is to provide a gas fired grill which even
      when heavily fatted meat, such as pork spareribs, is being broiled or
      grilled, and even with the top or cover of the grill housing down or
      closed, substantially no smoke will be produced, almost no grease
      flare-ups will occur and the meat will be grilled or cooked without fear
      of cremation and without need for watching the grill constantly during the
      cooking period.
PAR  A further object of the invention is to provide a grill apparatus which can
      be simultaneously used to grill food, such as meat, to bake or roast
      foods, such as pies, biscuits, and meats, and to cook on top of the
      housing such, for example, as boiling beans or other vegetables, frying
      ham, bacon, sausage, other meats and eggs, or at a lower temperature as a
      warming oven or to heat rolls, buns, etc.
PAR  Another object of this invention is to provide a grill having a gas burner
      with a greatly increased life and which is substantially free of burner
      burn-outs and smoke and grease flare-ups, and which avoids cremation of
      meat and other foods during the grilling or while cooking, and that is
      substantially free of blowing out in the wind.
PAR  It is a further obejct of the invention to provide a grilling apparatus
      wherein the gas burner unit is provided with an ample air supply below the
      burner which keeps the burner relatively cool and avoids any heat treating
      pot effect underneath the burner and thus prolongs the life of the burner.
PAR  This invention also contemplates a grill or cooking apparatus having a
      multiple level cooking capacity wherein the heat produced by the gas flame
      is substantially uniformly distributed within the grill housing and
      throughout its four corners, while maintaining a slightly higher
      temperature in the upper part of the grill housing so that grilling can be
      done on the upper grill with equal speed as the lower grill, if desired.
PAR  It is a further object of this invention to provide a gas fired grill
      wherein fat or other meat can be grilled or cooked with a minimum of
      shrinkage so that the meat even when well done is tender and juicy.
PAR  A further object of the invention is to provide a gas fired grill wherein
      the grate with its cover of incombustible material, such as lava rock, the
      burner and the valve controlling the flow of gas to the burner can be
      easily removed as a unit. This permits the unit to be used in an outdoor
      grill in the summertime, for example, and then removed in the wintertime
      to an indoor fireplace where it can be used for a romantic fire, for
      heating the room or for cooking purposes.
PAR  It is a further object to provide a grill housing which by use of a drop
      front permits observation and repositioning of object being cooked without
      the necessity of opening the top of the housing with its attendant loss of
      heat, and which enables food to be cooked or warmed on the top without
      disturbing such food.
PAR  It is a further object of the invention to provide a gas fired grill in
      which, due to an improved air flow feature of the invention, cooking can
      be done at a substantially lower temperature than is considered normal for
      a given kind of food and yet still much more rapidly and uniformly, and in
      which the juices can be volitalized and put back in the meat, thereby
      providing not only less shrinkage, but more tender and juicy meat.
PAR  It is a further object of the invention to provide a gas fired grill
      wherein the meat can be placed close to the fire with the top of the grill
      housing either closed or open without excessive smoking and with greatly
      reduced risk of fire flare-ups.
PAR  A further object of the invention is to provide a grill wherein the
      exterior of the walls (front, rear and end walls) of the housing are
      substantially below the temperature within the housing so that these walls
      can be painted with a paint that will stand up under such lowered
      temperatures.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings wherein:
PAR  FIG. 1 is a perspective showing one embodiment of a grill apparatus
      constructed in accordance with my invention shown with the cover down and
      in closed position and the front door pivoted up to closed position.
PAR  FIG. 2 is a perspective of my grill apparatus of FIG. 1 showing the inside
      of the apparatus with the cover up and the front door down.
PAR  FIG. 3 is an end view of the left hand side (as viewed in FIG. 1) of my
      grill apparatus.
PAR  FIG. 4 is a front elevation of my gas fired grill apparatus.
PAR  FIG. 5 is a vertical section along the line 5--5 of FIG. 3.
PAR  FIG. 6 is a vertical section along the line 6--6 of FIG. 4.
PAR  FIG. 7 is a horizontal section looking down on the bottom of my grill
      apparatus along the line 7--7 of FIG. 4.
PAR  FIG. 8 is a perspective view of one embodiment of the grate.
PAR  FIG. 9 is a perspective view of the removable heating unit consisting of
      the gas burner, gas valve, a second embodiment of the grate, and with the
      lava rock omitted for clarity.
PAR  FIG. 10 is a perspective view of a multi-section drip tray and wind
      diverter adapted for installation below the grill apparatus.
PAR  FIG. 11 is a side elevational view of a modified grill apparatus similar to
      that of FIGS. 1-7, except for its leg construction which is adapted to
      slidably support the drip tray of FIG. 10 disposed below the open floor of
      the grill in grease catching position.
PAR  FIG. 12 is a fragmentary vertical sectional view taken on line 12--12 of
      FIG. 11.
PAR  FIG. 13 is a perspective view of an anti-flare-up grease diverter shown
      resting on one of the grills of my grill apparatus.
PAR  FIG. 14 is a perspective view of a supporting enclosure for removably
      receiving the removable heating unit of FIG. 9 in a fireplace.
DETD
PAR  Referring more particularly to the drawings my grill apparatus comprises a
      housing or lower section having a front wall 1, rear wall 2, side walls 3
      and 4 and a cover 5. Cover 5 is hinged along its lower rear edge to the
      housing by rod 6 carried on perforated hinge ears 7 projecting rearwardly
      of the rear wall 2, the outer end of the rod 6 extending through opening 8
      in the side walls 9 and 10 of the cover 5. The hinge openings 8 are
      positioned, e.g., about an inch forward of the rear wall 11 of the cover
      5. Cover 5 also has a front wall and a flat top 13.
PAR  The housing or lower section of my grill apparatus, 1-4, and the cover 5
      are preferably made of cast aluminum but can be made of any other suitable
      metal such as cast iron or steel.
PAR  It has been customary in the prior art to permit only a minimum amount of
      air intake, i.e., just enough to support combustion, via a small inlet
      opening in the bottom of the housing, and to provide only a minimum area
      outlet near the top of the housing, i.e., again just enough to pass A.G.A.
      requirements on carbon monoxide and other gaseous content in the products
      of combustion. By contrast, in accordance with a principal feature of my
      invention, the grill apparatus is provided with relatively more inlet area
      at the bottom of the housing and relatively more air outlet area near or
      at the top of the housing than hitherto considered necessary or desirable
      in the prior art. Thus, as best seen in FIG. 7, the bottom of the housing
      is relatively more open, preferably being perforate over the major portion
      of the bottom area of the housing and with enough material left to make a
      structurally sound grid or floor 14 which can be provided with a socket
      15. Socket 15 is preferably integrally cast with and dependent from a flat
      center section 15' of floor 14 of the housing. One method of installation
      when the grill apparatus is used outdoors is to mount it on a post 16
      supported in the ground (FIG. 1), the upper end of which is telescoped
      into socket 15. Another method of support is to mount the grill apparatus
      on a table top, portable cart or other flat supporting surface. For this
      purpose the housing in the embodiment of FIGS. 1-7 is provided with four
      corner legs 19. When it is desired to mount the grill apparatus either
      indoors or outdoors on a table or other flat supporting surface, the legs
      support floor 14 of the housing an inch or more (preferably 2 inches)
      above such surface to provide an ample supply of air through the
      substantially open floor 14 to the inside of the housing.
PAR  The front wall of the housing is provided with a hinged door 20 which can
      be lowered to horizontal position (FIG. 2) to provide a shelf and access
      to interior without raising the cover. The door is provided with a pair of
      perforated hinge knuckles 21 and the front wall 1 of the housing is
      provided with a pair of spaced triangular hinge knuckles 22 which
      cooperate with a rod 23 and hinge knuckles 21 to hinge the door 20 along
      its lower edge to wall 1. The upper flat horizontal surfaces 24 of the
      lower hinge knuckles 22 serve as stops or rests for holding the door 20 in
      horizontal operating position (FIG. 2).
PAR  The cover 5 is provided with a boss 25 (FIGS. 3, 4, and 5) adjacent the
      forward ends of each of the side walls 9 and 10 which bosses overlap and
      rest on the top edges 26 of the associated side walls of the housing to
      support the lid along its forward edge when the lid or cover 5 is down,
      the lid 5 being supported along its rear wall by the hinge structure 6, 7,
      8. The front wall 12 of the cover 5 overhangs and thus is spaced outwardly
      of the upper edge of door 20 a sufficient distance such that the cover
      does not have to be opened to permit lowering of the front door.
PAR  With cover 5 in its lowered position it will be noted that the side walls
      9-11 (skirt) of the cover 5 clear the top edge 26 of the housing or lower
      section around its entire circumference. This clearance or gap 27 which
      exists when the cover is down forms the outlet for gases exiting the grill
      apparatus and consists of the lateral or horizontal spacing defined
      between the top edge of the rear wall 2, side walls 3 and 4 and the front
      wall 1 of the lower section of the housing, which define the inner
      boundary of the outlet, and the rear wall 11, side walls 9 and 10 and
      front wall 12 of the cover 5, which define the outer boundary. The area of
      this peripheral outlet may be varied but preferably is about half the
      total area of the air inlet openings controlling entrance of air into the
      housing, i.e., openings 17 and 18 in floor 14 in the embodiment of FIGS.
      1-7, to obtain the best performance. In one operational grill of a given
      size and constructed pursuant to the drawings herein, it has been found
      that best performance is obtained with approximately a total of about 45
      square inches of air inlet area in floor 14 or in the side inlet defined
      by the floor and drip tray embodiment of FIGS. 10-12 (under the bottom of
      the cooking area) and a total of about 221/2 square inches of outlet area
      around the top. However, improved performance, without any of the
      drawbacks of the prior art, is also obtained ranging downwardly to about
      15 square inches of air inlet area and 12 square inches of outlet area.
      These values of inlet and outlet area are predicated on a successful
      experimental unit which measures 13 inches wide by 19 inches long at the
      bottom; 15 inches wide by 20 inches long at the top; and 101/2 inches high
      from floor 14 to edge 26. The same ratios are preferably maintained in
      different sizes, although these dimensions represent about the most
      popular size for an outdoor grill. Increasing the outlet area relative to
      inlet area decreases the speed of the cooking, and with relatively more
      outlet than inlet area, meat cooked in the grill becomes more dried out
      and does not retain its juices nearly as well. However, the resulting
      increase in convection air flow through the grill does eliminate flare-ups
      and burner burnouts and maintains a relatively cool wall so that the
      outside finish does not deteriorate. While I prefer the inlet and outlet
      area ratio as previously described, with air flow coming in from below via
      the perforate floor 14, and gases exiting via the perimeter outlet, the
      high volume, low velocity burner-induced convection air flow effect can be
      produced by other inlet and outlet arrangements such as wall ports and
      cover ports, provided the relatively greater inflow area is below the
      burner or grate, and relatively greater air outflow area is above the
      grill or grills, but generally such side wall and/or top surface porting
      is not as effective in terms of overall performance and/or efficiency of
      operation and/or construction.
PAR  This clearance or gap 27 between the walls of the cover and the entire top
      edge of the lower section provides only a slightly restricted outlet
      through which the hot gases generated by the gas flame during the cooking
      operation are exhausted to atmosphere. The lower edge of the cover 5 can
      be approximately flush or even with the top circumferential edge 26 of the
      housing but preferably the side walls of the cover drop below and overhang
      the top edge 26 of the housing such as e.g. one-half inch or less. This
      provides a baffle which deflects the wind and protects the grill against
      the weather when outdoors. However, the important thing is that the outlet
      gap 27, along with the open bottom 14 of the lower section of my grill,
      assures a relatively large fresh air supply to, and air flow through, the
      housing of the grill at all times and a relatively unrestricted flow
      outwardly of the heated air along with the products of combustion through
      gap 27 to atmosphere. The venting of the cooking space about part or all
      of the perimeter of the housing is also believed to enhance uniformity of
      cooking even under widely varying cooking loads. It is this convection air
      flow principle which is believed to play an important role in overcoming
      and obviating the defects of the prior art grills enumerated above.
PAR  The side walls 3 and 4 of the housing are each provided with a lower set of
      bosses 28 (FIGS. 2 and 6) projecting inwardly from the side walls and an
      upper set of bosses 29 also projecting inwardly of the side walls. These
      bosses support conventional steel wire grills 30 and 31. Both grills 30
      and 31 may be used at the same time or either alone for grilling foods,
      such as e.g., steak, ribs, hamburgers, etc. or the lower grill 30 may be
      used for purposes above described while the upper grill 31 is
      simultaneously used for baking pies, cakes, biscuits, etc.
PAR  The housing also has supported therein a grate 32 (FIG. 8) comprising gull
      wing side portions 33 of welded mild or ordinary carbon steel wire and a
      removable center section defined by rectangular frame 34 with cross bars
      35 welded thereto. Center section 34 is made of stainless steel. The
      removable section 34 of the grate is positioned directly over the burner
      which is the area of highest temperature, e.g., in the area of
      1600.degree.F. Thus grate 32 complies with A.G.A. (American Gas
      Association) requirements, i.e., due to grate burnouts in the prior art,
      A.G.A. has required that any portion of a grate that is in the flame must
      be made of steel that will withstand 1600.degree.F. such as No. 304
      stainless steel. However, due to the fact that the grill of the invention
      is preferably operated with a "healing flame," i.e., a yellow tipped blue
      flame low in oxygen content, grate burnout is not a problem even with an
      all carbon steel grate. Nevertheless, in order to conform to A.G.A.
      requirements and at the same time create a large saving in manufacturing
      costs, the stainless steel center section 34 is provided where required
      and is detachable mounted by snap-on connectors to the main frame work of
      the grate, thereby avoiding the practically impossible task of welding
      stainless steel to mild steel. In accordance with another feature of my
      invention, a narrow band of flame is generated, preferably centrally of
      the housing, which in turn reduces the size of the stainless steel
      section, with attendant decreased cost as compared to prior art units with
      open flame spread substantially all over the bottom or in a wider area
      than contemplated by the present invention.
PAR  Grate 32 also comprises an outer generally rectangular frame 36 with two
      intermediate longitudinal stringer wires 37 welded at their ends to the
      transverse end portions 36' of frame 36. A series of short V-shaped formed
      wires 38 are welded at their outer ends to the longitudinal member 36" of
      frame 36 and at their inner ends to the associated stringer 37. The grate
      is also provided with handle portions 39 which keep the lava rock coals on
      the grate even when being transported. A U-shaped yoke 40 having a lateral
      extension support bracket 40'  is welded to and dependent from the raised
      center portion of transverse member 36' to provide a cradle support for
      the valve end of a gas burner 41. The blind end of the burner is similarly
      supported by a drop center strut 40" at the opposite end of the grate
      (FIG. 5). Burner 41 is in itself conventional, consisting of a uniformly
      round throughout its length metal tube having a row of equispaced holes 42
      extending along each side of the burner. By way of example, the burner can
      be made of a round steel tube 11/2 inches in diameter having 65 equispaced
      holes 42 on each side, half of the holes having a diameter of 1/32 inches
      and the other half being 1/64 inches in diameter, the holes of differing
      diameter alternating with one another over a length of 16 inches. If
      desired, a burner such as shown and described in the U.S. Pat. No. to
      Pierce 3,363,845, incorporated herein by reference, can be used.
PAR  The burner 41 is provided with a conventional hand-operated valve 43 which
      controls the flow of gas from any suitable gas source connected to the
      valve by tube 44 and a conventional quick disconnect 45. The gas can be
      supplied from a pressurized mobile tank of propane or from a municipal gas
      line in a city street. The quick disconnect is conventional and involves
      merely the turning of a ring through a few degrees or the pressing in of a
      lever to disconnect the pipe line 44 from the valve. Valve 43 is
      conventional and can be opened and closed fully or positioned at or turned
      to intermediate positions to control the rate of flow of gas.
PAR  In accordance with another feature of my invention, the grate 32 is
      completely covered by a bed of lava fragments or briquets 46 (FIGS. 2 and
      5) or other non-combustible fragments which become incandescent when
      heated by the gas flame and thus produce radiant heat. The layer or bed
      can also be made from ceramic non-combustible briquets such as described
      in my prior U.S. Pat. No. 3,227,149.
PAR  Preferably the burner 41 is operated with a yellow tipped blue flame which
      is low in oxygen, commonly called a healing flame, because it produced
      considerably less burning-out or oxidizing of the grate than an all blue
      gas flame which is oxygen rich and consumes the grate at a higher rate
      than a yellow tipped flame. However, a blue flame can be used with my
      grill.
PAR  The spacing of burner 41, grate 32, grills 30 and 31 one above the other
      can be varied substantially. The important factor is that the burner
      should be spaced a sufficient distance above the floor 14 so as to insure
      a sufficient air flow about the burner and through the lower section and
      out through the outlet gap 27. To this end the burner should be located
      preferably about 1 inch above the floor, but experiments have shown that
      it will function properly even lower due to the relatively open bottom and
      free air flow.
PAR  The grate 32 is preferably positioned about 2 inches above the burner. Two
      support bosses 47 on rear wall 2 and two support bosses 48 on front wall 1
      are located to support grate 32 at the desired elevation within the
      housing (FIGS. 6 and 7). The lower grill 30 is positioned about 2 inches
      above the grate and the upper grill 31 about 4 inches above the lower
      grill. The spacing of the burner, grate and lower and upper grills can be
      varied over wide limits but the above spacing has been found very
      satisfactory.
PAR  A cover 50, hinged as at 51 to the rear corner of walls 2 and 3 of the
      housing or lower section of my grill, is provided for the gas control unit
      43. This cover can also serve as a shelf, FIG. 1, and is radially
      swingable outwardly, FIG. 2, to permit access to the gas control unit.
PAR  In accordance with still another feature of my invention, a reflector of
      infra red heat rays, such as reflector 46 shown in my above specified U.S.
      Pat. No. 3,227,149, which is incorporated herein by reference, can be
      placed in back of the grate and along the back wall 2 and side walls 3 and
      4 of the lower section of my grill. Then with the gas burner on and the
      layer of briquets 46 heated to incandescence, the oven door 20 can be let
      down to shelf position, FIG. 2, preferably with the cover 5 in raised
      position the reflector will make an infra red patio heater out of my grill
      unit with an open fire to look at. With my unit it is also possible to
      cook and have a patio heater at the same time by leaving the door 20 open
      and cover 5 up since there is no spatter of grease to dirty the reflector.
      In the prior art, most if not all manufacturers, in an effort to
      distribute the heat, have had a burner in an H-shape, an X-shape, or some
      other shape providing open flame substantially over the entire length and
      breadth of the bottom of the cooking unit in an effort to distribute the
      heat evenly. However, such prior art arrangements have made it impossible
      to put meat on the grill without having the drippings from the meat fall
      into the open flame, thereby causing flare-ups and cremation of the meat.
      By using a single burner with a narrow flame and providing heat
      distribution by an increased and controlled air flow, I have made it
      possible to grill fat meat without flare-ups and meat cremation and
      through the use of the above combination, to actually cook such meats much
      more rapidly with a retention of juices, thereby producing a much better
      flavored and tender, juicy result.
PAR  Thus the use of a single gas burner 41 extending substantially throughout
      the length of my grill apparatus is an important feature of my invention
      because in operation when the gas is turned on the burner produces a flame
      about 2 inches wide and this flame in turn causes the lava rock to become
      incandescent throughout the length of the burner but only over a width of
      4 inches to 6 inches. Hence, in the example given (15 inches wide at the
      top of housing 3), the zone of incandescence of the lava rock layer, which
      is created in the cooking mode of operation of the burner, has a dimension
      transverse to the longitudinal dimension of the burner approximately no
      more than one-third the corresponding dimension of the grill 31. However,
      the remainder of the lava rock is heated to a lower temperature which,
      although sufficiently high to produce a light smoking effect when grease
      drops on the lava rock, is low enough to reduce or eliminate flare-ups.
      Hence, barbecue flavoring is obtained without the flare-up and cremation
      problems of the prior art.
PAR  Air flows in relatively large quantity and at low velocity through the open
      bottom of my grill housing and then with the heated gaseous products of
      combustion flows upwardly and outwardly through the outlet gap 27. This
      fluid flow is believed to obviate the insulating effect of stagnant
      trapped air close to the surface of the food being cooked and this
      increases the heat transfer input to the food, and also contributes
      considerably to the substantially uniform temperatures that obtain
      throughout the interior of my grill when the cover 5 and the door 20 are
      closed as shown in FIG. 1. Despite the limited and relatively laterally
      concentrated area of the heat generating zone due to the location of the
      burner along the center or at one side of the grill, the baffling, radiant
      heating and dispersing effect of the non-combustible layer of lava rock or
      the like when it becomes incandescent is believed to also materially
      contribute to the uniformity of temperature obtained throughout the
      interior of my grill housing.
PAR  My grill even when operated under A.G.A. testing conditions with the cover
      5 closed, and with 75 percent of the grill area covered with food and the
      burner turned to its highest flame condition, produced no substantial
      amount of carbon monoxide and the carbon monoxide produced was
      substantially less than that allowed by the A.G.A. Laboratories.
PAR  Referring to FIG. 9, a modified grate and burner subassembly 60 is
      illustrated which is supported in the grill housing in the same manner as
      grate 32 described previously. Grate 60 has a generally rectangular outer
      frame rod with longitudinal portions 62 and 64 joined to transverse end
      members 66 and 68. Members 66 and 68 have a gull wing configuration as
      viewed in end elevation, with a drop center portion 66' flanked by
      upwardly and outwardly inclined portions 70 and 72 which in turn are
      respectively connected to downwardly and outwardly sloping portions 74 and
      76 which extend downwardly to an elevation spaced about an inch above
      portions 66'. Portions 74 and 76 integrally connect to end portions 78 and
      80 respectively which again extend upwardly and outwardly to a junction
      with the lengthwise stringers 64 and 62 respectively. The peaks 82 and 84
      formed by the junction of portions 70-74 and 72-76 are disposed at an
      elevation above side stringers 62 and 64. A series of evenly spaced
      intermediate longitudinal stringers 86 are supported at their ends by and
      welded to portions 74 and 78 and 76 and 80, the stringers 86 are braced at
      midpoint by V-shaped supports 88 welded thereto. Grate 60 has, like grate
      32, a removable stainless steel center section 90 disposed in a horizontal
      plane above burner 41. Section 90 is made up of a series of uniformly
      laterally spaced longitudinally extending stringers 92 interconnected by
      three or more transverse braces 94 disposed at each of the ends and in the
      middle of stringers 92. The transverse braces 94 are long enough to extend
      over and rest on the innermost stringer 86 on each side section of the
      grate. The ends of two outermost stringers 92 which are disposed to
      overlie the peaks 82 and 84 of the end members 66 are bent downwardly to
      form snap-on hooks 96. These hooks are dimensioned to have a slight
      interference sliding fit with peaks 82 and 84 so that as grate section 90
      is pushed downwardly the hooks deflect slightly to provide the snap-on
      connection of section 90.
PAR  The ends of the grate are also provided with handle portions 98 which have
      a center section 100 extending horizontally about an inch above the
      elevation of section 90 and terminating in downwardly inclined portions
      102 which extend generally parallel to portions 74 and 76.
PAR  Grate 60 is thus adapted to retain a bed of lava rock or other incandescent
      material such as ceramic lumps which preferably is distributed evenly in a
      single layer over the upwardly arched perforate surface provided by the
      stringers 92 of the center section and the side stringers 86. The gull
      wing configuration of grate 60 also retains the outer edges of the bed of
      lava rock in place so that the entire burner and grate subassembly,
      including a load of lava rock thereon, can be readily removed from the
      grill housing and carried to a fireplace support and vice versa. The
      upwardly arched surface enables a single layer of lava rock to simulate a
      deep bed of coals in an economical and efficient manner in accordance with
      my prior U.S. Pat. No. 3,227,149 while at the same time supporting those
      rocks or coals located directly above burner 41 spaced therefrom by a
      distance of preferably two inches. Also, burner 41 is conveniently
      supported on the middle section of the drop center portion of the end
      member 66 so that no additional supporting structure is required for the
      burner.
PAR  As in the case of grate 32, grate 60, along with burner 41 and its
      associated valve control, is readily removable as a unit from the lower
      section of the housing by disconnecting the quick disconnect 45, then
      tilting the closed end of the burner upwardly while moving it endwise to
      draw the valve through a key-hole shaped side port 3a in housing wall 3.
      The grate and burner subassembly then can be placed directly in a home
      fireplace for winter use to provide a gas-fired fireplace burner. The
      ready removability of the grate and burner subassembly also facilitates
      cleaning of the same as well as the interior of the housing.
PAR  Referring to FIGS. 10-12, the legs 19' of the housing may be modified to
      provide three legs on each side as illustrated in FIGS. 11 and 12, with
      the three legs on each side joined at their lower ends to a common
      horizontal flange 110 which projects horizontally inwardly a short
      distance beneath the floor 14 of the housing and is spaced therebelow
      about two inches. The two flanges 110 provide support surfaces on which a
      pair of drip trays 114 and 116 (FIG. 10) may be slidably supported along
      their ends. Tray 114 is inserted from the front side 1 of the housing and
      tray 116 from the rear until their inner longitudinal edges abut centrally
      of the grill. Trays 114 and 116 have upturned edges 118 and 120
      respectively about 1/2 inch in height extending around the entire
      perimeter of each tray to form a liquid tight wall to contain the grease
      drippings on the flat horizontal bottom surfaces 117 and 119 of each tray.
      Trays 114 and 116 are suitably notched in their inner edges at 122 and 124
      to accomodate and closely encircle the center post 15 of the housing. Tray
      114 has a horizontal flange 115 extending from its inner edge 118,
      interrupted by notch 122, which projects over the inner edge 120 of tray
      116 (FIG. 11) in the abutted condition of the trays to prevent leakage of
      grease drippings where the trays abut.
PAR  Preferably, the rear edge 120' of tray 116 is made higher than the other
      upright edges 120 of the section, say about 3 to 4 inches, so that it can
      vertically overlap the bottom edge of the rear wall 2 of the housing to
      substantially block or baffle the space between such edge and the bottom
      of tray 116 when the tray is fully inserted into position beneath the
      housing (FIG. 11). If desired, tray 116 may be shortened so that baffle
      120' actually touches wall 2 when fully inserted. Edge 120' then serves as
      a wind baffle or shut-off when the grill housing is oriented with its rear
      wall 2 facing into and oriented perpendicular to the direction of the
      wind. The large lower side openings 128 and 130 defined horizontally
      between the legs 19' of the housing and vertically between floor 14 and
      trays 114 and 116, as well as the single opening of the same height which
      extends the full length across the front of the housing below the front
      wall 1, provide air intake openings which may have, if desired, a total
      area less than or in excess of the air inlet openings 17 and 18 in floor
      14. Hence the provision of the removable trays 114 and 116 need not
      interfere with or restrict the large volume, low velocity air flow
      principle of my grill construction, the air inlet control being performed
      in this event solely or primarily by openings 17 and 18. With this
      arrangement all of the grease drippings are caught on the trays at an
      elevation well below the floor 14 of the housing which, of course, is even
      further below the burner elevation and, hence, in a zone which is
      substantially at outside ambient temperature. Accordingly, there is no
      danger of grease flaring or burning as it collects on the trays. The trays
      are very easily removable for dumping of the grease and cleaning. The
      trays also can be used as collectors for natural juices in the event it is
      desired to make gravy, au jus or for basting.
PAR  If desired, the upright edges 118 and 120 of trays 114 and 116 can be
      varied in height so that side openings 128 and 130 and/or the associated
      front opening, rather than floor openings 17 and 18, serve as the primary
      or sole controlling entrance orifice to regulate the amount of air that is
      admitted to the inlet openings in the floor 14 of the housing. Adjustment
      of the air inlet openings 128 and 130 is accomplished more readily and
      economically in this manner than by varying the aperture pattern of floor
      14 of the housing. Thus, merely by providing a selection of trays with
      different side flange heights or by providing sliding or pivoted side
      flanges on the trays, the grilling unit can be modulated to suit various
      types of cooking and heating end uses as desired by the user without the
      need for varying the construction of the housing itself.
PAR  Referring to FIG. 13, another auxiliary feature of the present invention is
      the provision of an anti-splatter grease diverter or grilling tray 140
      which may be provided as an accessory to the grill of my invention to
      further augment its anti-flare-up characteristics and increase the usable
      grilling area. Tray 140 comprises a corrugated strip of sheet metal
      adapted to extend the full length of the top grill 31 or the bottom grill
      30 and to rest loosely on or snap onto the grill. The width of tray 140 is
      preferably coextensive with the front to rear dimension of the high heat
      flame zone of the subjacent burner 41. In the example given herein, this
      fore and aft dimension may be on the order of 4 inches. Tray 140 may be
      made flat, but preferably is a corrugated strip so as to have a series of
      peaks 142 and valleys 143 alternating in spaced relation longitudinally of
      the strip. If desired, the peaks 142 may be spaced to coincide with the
      front to rearwardly extending rods 144 of grill 31. One longitudinal edge
      of tray 140 is bent upwardly to form an upstanding flange 146 which may
      extend upwardly one-half to one inch above the level of the peaks 142.
PAR  In use, tray 140 provides a shield or a baffle which is adapted to underlie
      large pieces of meat such as the pork rib shank 150 indicated in phantom
      in FIG. 12, particularly when the non-ribbed flank portion 150' of the
      shank has not been trimmed off and it is desired to cook the same with the
      ribs. During operation of the grill any grease which melts from the
      portion of the cut of meat overlying tray 140 will drip downwardly onto
      the tray and then drain via the troughs provided by the valleys 143 to and
      over the right-hand edge of tray 140 as viewed in FIG. 13. The grease
      dripping from this edge will fall downwardly onto and/or through the layer
      of lava rock 46 beyond the incandescent radiant heating zone thereof and,
      if it drips further on down through the grate, it will miss the burner 41
      and travel on downwardly to the grease tray 114. Should the burner
      position be oriented differently than in the example shown herein, for
      example, being located farther toward the front or back of the grill
      housing, tray 140 can likewise be shifted to remain oriented vertically
      above the burner to prevent grease from dripping thereon. Tray 140 has
      been found to be very effective in further reducing the incidence of
      flare-up when grilling very greasy cuts of meat, such as pork ribs, which
      have in the past been extremely difficult to grill successfully in gas
      grills without constant supervision and watering of the lava rock.
PAR  A further feature of the present invention is best seen in FIG. 1 and
      comprises the provision of a special configuration on the top of the cover
      5 to provide a flat cooking surface 13. The upper edges of the
      convergently inclined side walls 9, 10, 11 and 12 of cover 5 extend a
      slight distance, say 1/4 or 1/2 inch, above the elevation of surface 13 to
      provide a marginal lip or bead 160 extending around all four sides of
      surface 13. Bead 160 may, if desired, be interrupted along the back edge
      of the cover by a plurality of say three weep slots 162. Cover 5 is then
      designed so that when it is in closed position surface 13 is oriented at a
      slight downward incline toward the rear of the housing so that rain water
      or water from melting snow will run off through the weep slots. Bead 160
      also serves to retain a rectangular five-sided auxiliary cover 164 (shown
      in phantom in FIG. 1) securely in place on top of cover 5. Enough heat is
      transferred through the sheet metal or cast aluminum material of cover 5
      when the grill is in operation to heat the space enclosed by cover 164 and
      surface 13 so that the same is effective to serve as a warming oven for
      buns or cooked food waiting to be served. Preferably cover 164 is made of
      stainless steel or other corrosion resistant metallic material and is
      provided with suitable handles (not shown).
PAR  It has also been found with the aforementioned experimental grill unit
      using a burner 41 with only about a 10,000 BTU maximum rated output that
      even without the auxiliary cover 164 in place enough heat is transmitted
      through the top wall of cover 5 to the cooking surface 13 to enable frying
      of raw sausage, bacon and eggs, as well as boiling vegetables, etc. Hence
      construction of cover 5 with the flat top cooking surface adds a large
      amount of cooking area to the unit at no extra cost. Such dual exterior
      frying and interior backing or barbecuing usage is practical because door
      20 can be lowered to tend the other food being cooked within the housing
      without requiring that the cover be raised, which would otherwise disturb
      the cooking being done on the flat top. In addition, the uniform heating
      obtained in the dome enclosed by cover 5, due in good measure to the large
      volume convection air flow being vented around most of or all of the
      perimeter of the cover via outlet 27, ensures that surface 13 will be
      heated relatively uniformly throughout its extent so that uneven cooking
      does not occur on surface 13.
PAR  From the foregoing description, it will now be apparent that the cooking
      apparatus of the present invention amply fulfills the aforestated objects
      while providing an economical, easy to operate and maintain unit capable
      of performing a multiplicity of functions in a highly efficient manner. In
      addition, greatly improved results are obtained from the standpoint of
      reducing or preventing grease fires and flare-ups and food cremation while
      retaining a juicy character to meats, fish and fowl barbecued or roasted
      in the unit.
PAR  It is to be noted that four vertically spaced zones of substantially equal
      lateral extent are provided within an enclosed space, i.e., (1) a
      combustion zone extending from floor 14 vertically to slightly above
      burner 41; (2) a radiant heat distribution and smoke generating zone
      occupied by grate 32 or 60 and lava rock 46 or equivalent material
      supported thereon; (3) a superimposed cooking zone occupied by the grills
      30 and 31; and (4) a venting zone (and auxiliary cooking zone in the case
      of large food items such as whole turkeys) defined primarily by the
      interior volume of cover 5 over the cooking zone. Also there is a
      relatively large subjacent air inlet area 17-18 extending laterally
      generally coextensively with the laterial dimensions of the aforementioned
      four vertically stacked zones and a cooperative perimeter outlet 27
      correlated in area to the inlet area generally intermediate in elevation
      the third and fourth zones. It is believed that this structure enables a
      single narrow source of heat to generate a large volume, low velocity
      fresh air flow solely by convection updraft through all zones which
      appears to promote more uniform cooking with cover 5 closed and also
      insures complete combustion for minimum generation of carbon monoxide
      gases. The confinement of the flame or heat generating zone to a narrow
      band fore and aft of the unit maximizes the area of the grill which can be
      used for barbecuing of meat directly on grill 30 and/or 31; i.e., only a
      narrow zone directly vertically aligned with burner 41 need be left vacant
      of meat in order to avoid substantially all chance of flare-up. However,
      even this narrow central zone of the grill can be utilized for meat
      barbecuing by adding the anti-flare or diverter tray 140, as explained
      previously.
PAR  The large inflow of fresh air percolating through the layer of lava rocks
      46 is effective at medium to low burner settings to maintain this material
      at a temperature which is sufficient to generate a light amount of smoke
      for imparting the traditional barbecuing flavor to the meat being grilled
      while at the same time keeping the lava rocks cool enough to avoid
      undesirable ignition of grease drippings on the rocks. The temperatures
      obtained in the third zone have a relatively high degree of uniformity
      laterally thereof, and the temperature gradient increases vertically
      through the third and fourth zones. These characteristics are believed to
      constitute and unexpected and surprising result in the gas fired barbecue
      grill art inasmuch as the art has generally taught that the flame should
      be well spread out over the floor and that the housing should be kept as
      closed as possible to smother food or grease combustion, allowing only
      enough air into the housing to supply secondary air to support combustion
      of the gas fuel being fed to the burner. However, despite a large flow of
      air through the grill of the invention, the same is relatively free of
      grease flare-ups even when left unattended for an extended period of time.
      The layer of lava rock, in addition to its smoke generating function, is
      also important during grilling to distribute the heat laterally from the
      narrow flame zone and to better heat the air percolating upwardly
      therethrough. The layer of lava rocks also serves as a baffle to spread
      out the rising column or columns of air and to separate the flame zone
      from the cooking zone.
PAR  It is within the scope of the present invention to vary the location of the
      burner 41, as for example placing it all of the way to the rear of the
      unit or all the way to the front of the unit, or even in an antechamber
      offset to the front or rear of the housing, and in such event to utilize a
      burner adapted to direct flames horizontally all in one direction into the
      housing and beneath the lava rocks. Even with this modification, the
      generally uniform heating is obtained in the third or cooking zone
      identified previously, and by thus offsetting the burner and incandescent
      zone of lava rocks can be shifted beyond the forward or rearward edges of
      the grills 30 and/or 31. The entire surface of the grill 30 and/or 31 can
      then be utilized for grilling or barbecuing of meat since grease
      dripplings therefrom cannot strike the incandescent zone of lava rock or
      the burner in its offset zone. However, the central location of the burner
      as illustrated herein is preferred because it is the most efficient
      location, either when cooking or when using the cooking apparatus as an
      infrared patio heater. During such heater usage the gas valve is turned
      all the way up to produce maximum heating, which broadens the zone of
      incandescence in the lava rock and produces a dancing flame fire through
      the lava rock having an attractive asthetic appearance.
PAR  It is also to be understood that when barbecuing, roasting, or grilling
      with cover 5 closed, burner 41 is normally turned down to say half open by
      suitably adjusting valve 43, and likewise the primary air adjuster on the
      burner is closed down to provide the aforementioned yellow "healing
      flame." Calrod or other type electrical heating elements, or other
      equivalent non-solid fuel heat sources, may be substituted for burner 41,
      being located in much the same manner. With either type of heat source,
      herein referred to as a burner, in conjunction with the lava rocks 46,
      barbecuing can be achieved much more efficiently and neatly, and with no
      loss in flavor, than can be accomplished with the use of a conventional
      coal or charcoal fired grill. If desired, hickory chips or other wood
      shavings can be sprinkled on the lava rocks to impart wood burning
      flavoring to the food being cooked.
PAR  The quick disconnect coupling 45 or 45' may be optional but its use
      augments the ease of conversion of grate unit 32 or 60 from its role as a
      heat source in the grill apparatus to a gas fireplace grate. As
      illustrated in FIG. 14, another desirable auxiliary piece of equipment
      comprises a fireplace grate support 160 which can be inexpensively
      provided to removably receive unit 32 or 60 in the fireplace hearth.
      Support 160 has a pair of upright sidewalls 162 and 164 braced at the rear
      by cross wires 166 and 168, at the bottom by cross wires 170 and 172 and
      at the front by a pair of horizontal rails 174 and 176 which serve as
      tracks to slidably receive door panels 178 and 180. Suitable brackets or
      struck-out-tangs 182 and 184 are provided on walls 162 and 164
      respectively upon which the end members 36'or 66'of grates 32 or 60 are
      adapted to rest. The rear brackets are preferably positioned higher than
      the front brackets such that the grate is inclined when resting thereon
      and hence is oriented to present an upwardly and rearwardly arched surface
      configuration. The upper edges of sidewalls 162 and 164 preferably extend
      slightly above handles 39 or 98 to hide the side edges of the grate from
      view, thereby enabling a single layer of lava rock to simulate a deep bed
      of coals whether or not the burner is ignited. Preferably, when the
      removable grate-burner-lava rock unit 32 or 60 is in use in the grilling
      apparatus, an artificial layer of simulated lava rock (not shown) made
      from styrofoam or other suitable inexpensive plastic material, is placed
      on brackets 182 and 184 to improve the appearance of the grate support and
      enclosure 160 during such periods of non-use.
PAR  It is to be further understood that experiments have shown that only a
      portion of the outlet 27 need be employed, such as along the front or rear
      of the housing, without seriously disturbing the uniformity of the heating
      obtained in the cooking zone. Likewise, the side openings 128 and 130 or
      front opening may be blocked off and yet relatively uniform air
      distribution appears to be obtained within the housing. Due to the cool
      temperatures obtained beneath burner 41, a gas supply line (not shown) can
      be run from center portion 15' (for connection to a supply line in post
      16) along floor 14 and down through an opening 17 to the exterior coupling
      45 or 45', which is another desirable feature because it retains easy
      access to control valve 43 and the adjacent primary air port shutter of
      burner 41 while enabling the grilling apparatus to be used with a post 16
      having a concealed supply line and swivel coupling therein, and thus to be
      easily turned to adjust to the prevailing wind conditions.
PAR  Hitherto, commercially available gas grills to common use and having an
      average overall size such as described elsewhere herein, have cooking
      areas ranging from 235 square inches to approximately 300 square inches.
      Even when two such units are combined as in the case of one recently
      advertised as the largest gas grill ever built (two complete units joined
      together) only 535 total square inches of cooking area have been provided.
      Due to unique construction and utilization of the flat top 13 for true
      cooking, the provision of drop door 20 for easy access to a large interior
      cooking area without lifting the lid 5, my air flow system which provides
      adequate heat throughout with a very low gas input, and a very inexpensive
      burner 41, a gas grill constructed pursuant to my invention provides 820
      square inches of cooking area at a much lower manufacturing and operating
      cost than anything known to me in the prior art while still utilizing a
      single average size housing. Accordingly, the invention achieves the
      further object of providing a much large capacity grill that can be
      effectively operated at a fraction of the gas input and manufactured at a
      greatly lowered cost as compared to any prior art grill of comparable
      capacity known to me.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cooking device comprising in combination an enclosure having upright
      walls defining a chamber having a top and a bottom, burner means in said
      chamber above said bottom, a perforate grate above said burner means, a
      layer of perforate incombustible material disposed on said grate adapted
      to be heated by said burner means to incandescence in at least a narrow
      portion thereof directly over said burner means, a cover for closing the
      top of said chamber, means for supporting food to be cooked above said
      grate and adapted to allow heated air to rise past the food, gaseous fluid
      outlet means extending along said upright walls of said enclosure spaced
      below the uppermost portion of said cover and above said food support
      means whereby said device is vented to atmosphere through said outlet
      means, and air inlet means in the vicinity of said bottom of said
      enclosure having an area greater than that of said outlet means and
      correlated therewith and said burner means such that atmospheric air is
      inducted from the outside atmosphere via said air inlet means solely by
      convection currents generated by operation of said burner means and is
      heated as it flows freely upwardly sequentially past said burner means and
      said layer of material, the heated air thence flowing upwardly past said
      food support means and outwardly via said outlet means to atmosphere, said
      inlet-outlet-burner correlation being such that said inducted air flows at
      low velocity but in sufficiently high volume to cause a constant
      circulation of heated air around the food cooking on said food support
      means whereby any stagnant cold layer of air adjacent the food is stripped
      away by said flowing air to thereby effect more efficient radiant and
      convection heating of the food.
NUM  2.
PAR  2. The cooking device set forth in claim 1 wherein said enclosure has a
      lower section open at the top thereof containing said burner means, grate,
      incombustible material and at least a portion of said food support means,
      and wherein said cover is openable and has a sidewall extending in the
      closed position of said cover in spaced relation with the top edge of the
      lower section to provide an open gap between the sidewall of the cover and
      the top edge of the lower section throughout at least the major extent of
      the perimeter of the open top of said lower section.
NUM  3.
PAR  3. The cooking device set forth in claim 2 including means for hinging said
      cover to the lower section and cooperating stop means on said cover and
      lower section for holding the cover in lowered position.
NUM  4.
PAR  4. The cooking device set forth in claim 3 wherein the cover is made of
      metal and has a flat imperforate top with the sidewall depending
      downwardly from said top.
NUM  5.
PAR  5. The cooking device set forth in claim 4 wherein the depending sidewall
      of the cover in lowered position extends in spaced relation below and
      outwardly of the upper edge of the lower section.
NUM  6.
PAR  6. The cooking device set forth in claim 5 wherein said incombustible
      material comprises a bed of non-combustible bodies on said grate which are
      made incandescent by heat generated by said burner means to provide a
      source of radiant heat, and said food support means comprises a grill
      adapted to receive the food to be cooked above said grate.
NUM  7.
PAR  7. The cooking device set forth in claim 6 wherein said burner means
      comprises a single gas burner in the form of a tube with gas outlets, said
      burner extending across said lower section below said grate such that the
      gas flames generated by said burner in the grill cooking mode thereof
      causes the noncombustible bed to have a zone of incandescence over the
      flame much narrower than said grill and the circulation of air and gaseous
      products of combustion upwardly through the lower section creates a
      generally uniform temperature laterally of the lower section at least in
      the vicinity of said grill when said cover is closed.
NUM  8.
PAR  8. The cooking device set forth in claim 7 including a second grill spaced
      above said first-mentioned grill in the upper area of said lower section,
      said first grill serving as a support for food being grilled and said
      second grill serving as a support for food being grilled, roasted or
      baked.
NUM  9.
PAR  9. The cooking device set forth in claim 1 wherein the flat imperforate top
      of the cover is heated and serves as an exterior cooking surface.
NUM  10.
PAR  10. The cooking device set forth in claim 9 wherein said device has an
      auxiliary cover open at the bottom resting at its lower edge of said cover
      to enclose a space above said flat top and to define therewith an
      auxiliary food warming or baking chamber.
NUM  11.
PAR  11. The cooking device set forth in claim 1 wherein said burner means is
      supported by the grate and provided with a disconnectable connection with
      its source of gas whereby said burner means, grate, and the bed of
      noncombustible bodies can be removed as a unit from the lower section when
      the cover is raised.
NUM  12.
PAR  12. The cooking device set forth in claim 1 wherein said air inlet means
      has approximately at least fifteen square inches of area and wherein said
      outlet means has approximately at least twelve square inches of area, said
      bottom has an area of approximately two hundres forty-seven square inches,
      said enclosure tapers upwardly and outwardly from said bottom to said
      outlet means and has a lateral area in the vicinity of said outlet means
      of approximately 300 square inches, and said outlet means is spaced
      approximately 10 inches above said bottom.
NUM  13.
PAR  13. The cooking device as set forth in claim 12 wherein said air inlet
      means is approximately forty square inches in area and said outlet means
      is approximately twenty square inches in area.
NUM  14.
PAR  14. The cooking device as set forth in claim 1 wherein said bottom
      comprises a perforated wall with the perforations in said wall defining
      said air inlet means.
NUM  15.
PAR  15. The cooking device as set forth in claim 1 wherein the area in square
      inches of said air inlet means is at least about 1/267 of the cubic inch
      volumetric content of said chamber and the area in square inches of said
      outlet means is at least about 1/333 of the cubic inch volumetric content
      of said chamber.
NUM  16.
PAR  16. The cooking device as set forth in claim 15 wherein said volumetric
      content of said chamber is approximately four thousand cubic inches.
NUM  17.
PAR  17. The cooking device as set forth in claim 1 wherein said enclosure has a
      lower section with a door opening therein and a door in said upright wall
      thereof for closing said door opening, said door being movable between a
      closed position closing said door opening in said upright wall and an open
      position exposing via the door opening said incombustible material and
      said food support means.
NUM  18.
PAR  18. The cooking device as set forth in claim 17 wherein said cover is
      openable and has a side wall extending in the closed position of said
      cover outwardly above the upper edge of said door in the closed position
      thereof to form a weather shielding overhang for said door, the lower edge
      of said cover sidewall in the portion thereof extending adjacent said door
      being spaced from the upper edge of said door in the closed position
      thereof a distance just sufficient to clear the path of travel of said
      upper edge of said door when the door is moved between its open and closed
      position whereby said door can be opened and closed without opening said
      cover.
NUM  19.
PAR  19. The cooking device as set forth in claim 18 wherein said cover has flat
      top adapted to serve as a cooking or warming surface and has a marginal
      bead extending about the perimeter thereof.
NUM  20.
PAR  20. The cooking device as set forth in claim 19 wherein said bead has drain
      openings therein along one portion thereof to serve as run-off openings
      for rain water collecting on said top surface.
NUM  21.
PAR  21. The cooking device as set forth in claim 20 including an auxiliary
      cover open at the bottom thereof and having a lower edge shaped to rest on
      said flat top and to nest closely within said bead.
NUM  22.
PAR  22. The cooking device as set forth in claim 14 wherein said enclosure has
      a plurality of legs extending therefrom below said bottom adapted to
      support said cooking device on a supporting surface with said bottom
      spaced thereabove.
NUM  23.
PAR  23. The cooking device as set forth in claim 1 wherein said bottom has
      openings therein defining at least in part said air inlet means, and said
      device includes means forming a flat surface spaced below and extending
      parallel to said bottom, and wherein said device includes supports adapted
      to define with said flat surface a series of vertical air inlet openings
      leading to the space below said bottom to feed outside air to said bottom
      openings.
NUM  24.
PAR  24. The cooking device as set forth in claim 23 wherein the area of said
      vertical air inlet openings is greater than the area of said bottom
      openings.
NUM  25.
PAR  25. The cooking device as set forth in claim 23 wherein said means forming
      said flat surface comprises drip tray means supported on said supports and
      adapted to catch grease drippings falling downwardly from said food
      support means through said layer of incombustible material and through the
      openings in said bottom.
NUM  26.
PAR  26. The cooking device as set forth in claim 25 wherein said bottom has a
      central portion with post connector means dependent therefrom adapted to
      connect to the upper end of an upright support post.
NUM  27.
PAR  27. The cooking device as set forth in claim 26 wherein said drip tray
      means comprises a pair of trays removably received on said supports with
      one tray insertable from one side of said enclosure and the other tray
      insertable from the opposite side of said enclosure, said tray being
      shaped to encircle said post connector means and to abut one another to
      form a catch basin laterally generally coextensive with the openings in
      said bottom.
NUM  28.
PAR  28. The cooking device as set forth in claim 27 wherein one of said trays
      has a horizontal flange along the inner edge thereof adapted to overhang
      the inner edge of the other one of said trays in the abutted condition
      thereof.
NUM  29.
PAR  29. The cooking device as set forth in claim 25 wherein said tray means
      includes upright flange means extending adjacent one or more of said
      vertical air inlet openings defined vertically between said bottom and
      said tray means and horizontally between said legs, said flange means
      being dimensioned to regulate the communication of said chamber with
      atmosphere to thereby cause said vertical air inlet openings to function
      as the primary flow controlling orifice of said air inlet means.
NUM  30.
PAR  30. The cooking device as set forth in claim 29 wherein said flange means
      includes an upright baffle extending along one edge of one of said trays
      and adapted to vertically overlap the associated one of said vertical air
      inlet openings in the inserted position of said one tray to serve as a
      windshield for said associated vertical air inlet opening.
NUM  31.
PAR  31. The cooking device as set forth in claim 1 wherein said grate comprises
      a framework constructed of metal rods oriented to from a supporting
      surface having a generally upwardly arched configuration from the front to
      the rear thereof, and wherein said burner means is disposed to extend
      below the uppermost portion of said arched supporting surface, said grate
      having means for supporting said burner such that said burner means and
      said grate can be removed from said enclosure as a unitary subassembly.
NUM  32.
PAR  32. The cooking device as set forth in claim 1 wherein said grate comprises
      a framework made up of metal rods including an outer peripheral mild steel
      rod having two longitudinally extending portions defining the front and
      rear edges of said grate and a pair of gull wire side edge portions each
      having two downwardly slanting wing sections and a drop center portion
      therebetween, a series of mild steel rods supported at their ends on said
      wing sections of said peripheral rod and extending longitudinally of the
      grate parallel to one another, said grate also comprising a center section
      made up of a series of stainless steel rods, means for detachably
      connecting said center section to said grate, said burner being supported
      on said drop center portions vertically below said center section of said
      grate.
NUM  33.
PAR  33. The cooking device as set forth in claim 32 wherein said grate has a
      pair of rods defining handle portions at each of the opposite longitudinal
      ends thereof, said handles being spaced above said side edge portions of
      said peripheral rod to retain said layer of incombustible material on said
      grate.
NUM  34.
PAR  34. The cooking device as set forth in claim 7 wherein said food support
      means includes an anti-flare grease diverter adapted to be positioned
      above and in horizontal alignment with said burner means, said diverter
      being generally coextensive in length with the length of said burner means
      and having a dimension transverse to its length generally coextensive with
      the narrow zone of incandescence of said incombustible material created
      when said burner means is being operated in the food grilling mode
      thereof.
NUM  35.
PAR  35. The cooking device as set forth in claim 34 wherein said diverter
      comprises a sheet metal member adapted to extend horizontally above and
      rest on said food support means and having an upright flange extending
      along one longitudinal edge thereof to serve as a dam for grease
      collecting on said diverter whereby the grease runs off said diverter
      along the other longitudinal edge thereof opposite said flange.
NUM  36.
PAR  36. The cooking device as set forth in claim 35 wherein said diverter
      comprises a sheet metal member having corrugations therein defining peaks
      and valleys extending transversely of said member.
NUM  37.
PAR  37. The cooking device as set forth in claim 36 wherein said grill is made
      up of evenly spaced metal rods extending transversely to the longitudinal
      dimension of said burner, and said diverter corrugations are dimensioned
      to coincide with the spacing of said grill rods whereby each peak of said
      diverter member is adapted to rest on an associated one of said grill
      rods.
NUM  38.
PAR  38. The cooking device as set forth in claim 1 wherein said upright walls
      of said enclosure comprise front and rear walls and a pair of oppositely
      disposed side walls, and said bottom is joined to the lower edges of said
      walls to form a box-like enclosure open at the top thereof, said cover
      comprising a flat top and side walls depending therefrom, said cover side
      walls comprising a front wall, a rear wall and a pair of oppositely
      disposed side walls respectively associated with the front, rear and side
      walls of said lower section of said enclosure, said walls of said lower
      section tapering outwardly and upwardly, said side walls of said cover
      tapering outwardly and downwardly, said cover having support means adapted
      to rest on the upper edges of said lower section walls in the closed
      position of said cover, said side walls of said cover overhanging at their
      lower edges the upper edges of said lower section walls and being spaced
      outwardly therefrom to define a perimeter gap therebetween forming said
      outlet means.
NUM  39.
PAR  39. The cooking device as set forth in claim 1 wherein said zone of
      incandescence of said layer created in the cooking mode of operation of
      said burner means has a dimension transverse to the longitudinal dimension
      of said burner means approximately no more than one-third the dimension of
      said food support means taken transversely of the longitudinal dimension
      of said burner means.
NUM  40.
PAR  40. The cooking device as set forth in claim 1 wherein at least the major
      portion of the cooking surface of said food support means is horizontally
      offset out of alignment with said zone of incandescence of said layer of
      incombustible material.
NUM  41.
PAR  41. The cooking device as set forth in claim 1 wherein said burner means is
      fueled by gas and has control means for regulating the amount of gas fuel
      and primary air admitted to said burner means and capable of adjustment to
      produce a yellow-tipped blue flame to generate a slightly reducing
      atmosphere in said chamber to thereby inhibit corrosion of said burner,
      food support means and grate.
NUM  42.
PAR  42. A cooking device comprising in combination an enclosure defining a
      chamber having four vertically stacked zones therein comprising a heat
      generating first zone, a heat dispersing and radiating second zone
      disposed immediately above said zone and containing incombustible air
      permeable means comprising a layer of incombustible bodies extending in
      the aggregate laterally generally coextensive with said cooking zone, a
      cooking third zone disposed immediately above said second zone containing
      food support means and a heat collecting fourth zone spaced immediately
      above said third zone, air inlet means in said enclosure comprising a
      perforate wall extending laterally generally coextensive with said layer
      and below said heat generating zone communicating said heat generating
      zone with the outside atmosphere below said heat dispersing zone, means
      defining a gaseous fluid outlet in said enclosure at an elevation
      generally between said third and fourth zones, and heat generating means
      comprising a single element burner in said first zone occupying only a
      minor portion of the lateral extent thereof, at least the major portions
      of said second and third zones being offset horizontally out of vertical
      alignment with said burner, the area of said outlet means being less than
      that of said inlet means and being correlated with the heat output of said
      burner and the dimensions of said enclosure to allow a low velocity
      relatively large volume flow of air to flow upwardly sequentially through
      said zones, said air current being generated solely by convection currents
      induced by the heat given off by said burner and said heat dispersing and
      radiating means.
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ABST
PAL  A grilling apparatus with a grilling tub which is provided with a support
      surface and a heating arrangement, which can be covered by a hood, and
      which is used for the grilling of foods. The instant invention provides an
      addition to the known grilling apparatus which allows, besides the
      grilling of the foods, also to bake the same and therefore make it
      possible to achieve a further utilization and optimal usage of the
      grilling apparatus. The grilling tub, above the heating arrangement, is
      provided with a bowl that has a closed bottom surface. This bowl can, in
      an advantageous manufacturing form, according to the invention, have
      indentations of a waffle-formed structure on the side that is facing away
      from the heating arrangement.
BSUM
PAR  This invention relates to a grilling apparatus with a grilling tub which is
      provided with a food supporting surface and a heating arrangement, which
      can be covered by a hood, and which is used for the grilling of foods such
      as sausages, steaks, chickens, etc. In known grilling apparatuses, the
      grilling tub has, on its upper open side, a grilling grate and a heat
      retaining grate on which the foods to be grilled are placed. The heat is
      thereby primarily led to the foods in the form of rays, directly from the
      heating arrangement to the surface of the being grilled product and
      conducting it to the inside while cooking it.
PAR  With a variety of foods as, for example, pizzas, corn on the cob, tomatoes,
      etc., it is desirable to bring them to a rather high temperature for
      cooking, so as to achieve a rather fast cooking process.
PAR  It is therefore the object of the instant invention to improve the known
      grilling apparatuses so as to allow it, besides grilling foods, also to
      bake the same and therefore make it possible to achieve a further
      utilization and optimal usage of the grilling apparatus.
PAR  In the grill of the present invention, the grilling tub, above the heating
      arrangement, is provided with a bowl that has a closed bottom surface.
      This bowl can, in an advantageous manufacturing form according to the
      invention, have indentations of a waffle-formed structure on the side that
      is facing away from the heating arrangement.
PAR  When using the grilling apparatus of the invention, the foods to be grilled
      are put upon the grilling grate and the foods to be baked are put into the
      bowl. The heating arrangement not only feeds rays over the heating surface
      which reaches the foods to be grilled, but there is also created a rising
      heat flow from the heating arrangement which heats the bowl from the
      bottom and cooks the foods therein in a relatively short time. Since the
      grilling tub is more or less covered by the hood, the whole grilling
      apparatus serves as a form of baking oven.
PAR  Furthermore, the bowl makes it possible, when using grease to fry several
      foods as, for example meats, so that again a fast cooking is achieved by
      direct contact of the food with the bottom surface. In view of the
      waffle-like structure of the bottom surface, the heat is led into the
      product to be cooked through the existing contact surface. Furthermore, it
      is possible to heat water in the bowl.
PAR  According to the invention, the bowl has furthermore a front plate
      extending downwardly into the bottom surface and on the opposite side a
      sloped back plate, so that, on the one hand, the heating surface of the
      heating arrangement is protected from dripping fat by the front plate,
      and, on the other hand, the sloped back plate leads the rising heat flow
      from the heating arrangement under the hood, which transfers this heat
      flow onto the foods that are put on the grilling grate.
DRWD
PAR  An example of the invention is illustrated in the drawings and is herein
      further described:
PAR  FIG. 1 shows the whole grilling apparatus in partial section;
PAR  FIG. 2 is an enlarged view in cross-section through a part of the bowl
      according to FIG. 1; and
PAR  FIG. 3 is an enlarged top view of a part of the bottom surface of the bowl
      according to FIG. 1.
DETD
PAR  As is shown in FIG. 1, the grilling apparatus consists of a grilling tub 1,
      in which a heating arrangement 2, preferably an infrared gas-emitter, is
      connected with a heating surface 3. On the upper, open side of the
      grilling tub 1, a main grilling grate 4 and an upper warming grate 4' are
      fastened for supporting foods 5. This upper, open side of the grilling tub
      1 can be covered by a hood 6, which is connected to the grilling tub 1 by
      hinge-brackets 7.
PAR  In the grilling tub at a certain distance above the heating arrangement 2
      there is affixed a bowl 8 by rest supports 9, so that it can easily be
      removed from the grilling tub.
PAR  The bottom surface 10 of the bowl 8 is provided with a pattern of
      indentations 11, so that a waffle-like structure with raised contact
      surface 12 is created.
PAR  On the front side, the bowl 8 is provided with a front plate 13, which
      extends downwardly over the bottom surface in such a way that the
      interspace between the bowl 8 and the heating arrangement 2 is completely
      covered. On the opposite side of the front plate the bowl is provided with
      a sloped back plate 14, which when the bowl is in inserted position,
      reaches to the back wall 15 of the grilling tub 1. This back wall 15 is
      interrupted by air inlet openings 16 and air exit openings 17.
PAR  When using the grilling apparatus of the present invention, the foods 5 to
      be grilled are put upon the grilling grates 4, and the foods 18 to be
      baked are put into the bowl 8. The heating arrangement 2 radiates
      radiation heat from the heating surface 3 upon the foods 5 to be grilled.
      The necessary air for burning is sucked into the grilling tub by the air
      inlet openings 16 and creates a heat flow upwardly which warms the bowl 8
      from the bottom and is led out again by the back plate 14 through the air
      exit openings 17 out of the grilling tub 1. Thereby the heat rises again
      upwardly and reaches the inside of the hood 6, which in the position
      illustrated in FIG. 1, extends backwardly over the back wall 15 of the
      grilling tub 1. Heat is again transferred thereby to the grilling and
      warming foods 5 as well as to the foods 18 to be baked, and achieves a
      fast cooking of these foods.
PAR  By the use of a bowl in a grilling apparatus it is possible, through the
      utilization of the secondary heat created by the heating arrangement 2, to
      grill as well as cook in the same apparatus, and thereby open up further
      methods of application. Since the bowl 8 can easily be removed from the
      grilling tub 1, it can easily be cleaned and maintained.
PAR  Although the invention is illustrated and described with reference to one
      preferred embodiment thereof, it is to be expressly understood that it is
      in no way limited to the disclosure of such a preferred embodiment, but is
      capable of numerous modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a grilling apparatus, a grill tub containing a heating element, a
      grilling element supported transversely to and above the heating element
      and forwardly thereof, a bowl have a closed, food supporting bottom
      surface exhibiting a pattern of indentations and mounted independently,
      directly above the heating element and transverse to the grilling element,
      the bottom surface of the bowl being directly heated by a first portion of
      the radiation from the heating element, means for deflecting a second
      portion of the radiation from the heating element toward the grilling
      element, a hood adjustably positioned above the grill tub for deflecting
      radiation incident thereon downwardly toward the bowl, and means including
      an aperture in one wall of the grill tub for directing a flow of heated
      air from the heating element toward the hood.
NUM  2.
PAR  2. Grilling apparatus according to claim 1, wherein the bowl has a front
      plate extending downwardly over the bottom surface of the bowl for
      deflecting drippings away from the heating element, the bowl having a
      sloped back plate on the opposite side for guiding the third portion of
      the radiation from the heating element.
NUM  3.
PAR  3. Grilling apparatus according to claim 1, wherein the bowl is removably
      affixed in the grilling tub.
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ABST
PAL  Forced hot air circulation is provided for a fireplace by a unit that can
      be "pushed" into place including a bank of lower tubes that are positioned
      in the firebox and provide a grate and including an outer housing lapping
      the margins of the firebox opening and having a lower manifold that feeds
      the forward ends of the lower tubes and having an upper register that
      connects to the forward ends of a bank of upper tubes. The lower tubes
      bend upwardly and are connected by a manifold to the upper tubes. The
      upper tubes are smaller and more numerous than the lower tubes and are
      arranged so that gas rising past the upper tubes must follow tortuous
      paths. Blowers are connected to the lower manifold.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION AND OBJECTIVES
PAR  Our invention relates to forced air circulation for fireplaces and, more
      specifically, to a "push in" unit having inner heat-exchanging tubes in
      the firebox and having an outer housing, outside the firebox, serving
      other functions.
PAR  Natural convection and forced air circulation means have been proposed
      before for fireplaces but variously lack features, found in our unit, we
      think to be desirable for the general potential market for such apparatus,
      including:
PAR  A. The unit should be capable of being installed in most fireplaces of the
      types found in residences today. In other words, the unit should be
      capable of being "pushed in" conventional fireplaces and should not
      require special construction or modification of existing or future
      fireplaces in order to be used. Installation should be about as simple as
      suggested by the "push in" descriptive term.
PAR  B. Only the heat-exchanging tubes should be positioned in the firebox.
      Heat-sensitive parts, such as blowers, wiring, etc., should be positioned
      outside of the firebox in areas of more moderate temperatures. Neither is
      there need to crowd the firebox space with other than heat-exchanging
      members, i.e., the general housing and closure can be on the hearth
      outside the firebox, as well as means for entry air manifolding and the
      exit air register. The concept of having air circulation means for a
      fireplace with part of the assembly on the hearth in front of the firebox
      appears to be new with us. An integral associated new concept is that it
      is possible to have a housing on the hearth outside of the firebox
      constructed so as to have minimum interference with normal viewing of a
      fire in the firebox. The former concept without the latter concept might
      have little if any appeal.
PAR  C. There is a large, usually unrealized potential for home heating from the
      surprising amount of heat available from a fire in a fireplace, provided a
      widely adaptable and economical forced air circulation unit can be
      provided.
PAR  The objectives of our invention include features (a), (b) and (c) above,
      briefly to provide a "push in" unit capable of ready use with conventional
      fireplaces, to dispose all structure outside of the firebox, on the
      hearth, except for heat-exchanging tubing, and to devise an economical,
      widely adaptable unit. Further objectives of our invention include to
      provide such a unit that will take advantage of substantially the full
      potential in heating a home of the heat available from a fireplace, to
      devise such apparatus of economical but durable construction, and to
      provide a design of attractive appearance that will permit viewing of the
      fireplace fire (one of the reasons for having a fireplace) much the same
      as with a fireplace without air circulation apparatus.
DRWD
PAR  Our invention will be best understood, together with additional objectives
      and advantages thereof, from the following description, read with
      reference to the drawings, in which:
PAR  FIG. 1 is a perspective view of a specific embodiment of our forced air
      circulation means, shown installed in a conventional fireplace.
PAR  FIG. 2 is a front view, on enlarged scale, with certain parts broken away
      in order to better reveal some of the structure.
PAR  FIG. 3 is a side elevational view, partly in section, taken generally on
      lines 3 -- 3 of FIG. 2.
PAR  FIG. 4 is a top view with certain parts broken away to better reveal some
      of the structure.
DETD
PAR  The fireplace 10 shown in the drawing is intended to be depicted as being
      of conventional design. It appears that the majority of fireplaces
      installed for a number of years (i.e., at least the post-World War II
      period) have been rather standardized to a limited range of proportions
      and dimensions, so that one-sized unit may be able to fit most of them, in
      the manner we have constructed ours. Out unit may fit many fireplaces of
      earlier times. Other proportions and larger sizes of fireplaces may be
      constructed, particularly in expensive homes, which one basic unit of our
      design will not fit. One factor that has tended to standardize fireplaces
      is the use of prefabricated steel fireboxes, etc., about which or within
      which masonry can be installed. One unit of our design can adapt to a
      certain range of firebox sizes. Of course we can provide more than one
      sized unit but it is advantageous to minimize numbers of sizes because of
      manufacturing and distribution considerations. Some prior air circulation
      designs for fireplaces have required special construction of the
      fireplaces, which, of course, limits application to new units, whereas our
      intention is to be able to slide the unit into place in conventional
      fireplaces, such as the one depicted.
PAR  Our fireplace forced air circulation unit 12 has a heat-exchanger section
      14 that is disposed in the fireplace firebox 16 and an outer housing 18
      that rests on the hearth 20 outside of firebox 16. Housing 18 is wider and
      taller than firebox 16 and laps the margins of the facing of the fireplace
      including the upper margin at 22 and the side margins at 24. Note that
      unit 12 is adaptable to any fireplace which does not exceed the housing
      dimensions in width and height of the outer dimensions of its firebox and
      which has a firebox at least as large in depth, height and width as
      heat-exchange section 14.
PAR  This means that the firebox can be substantially deeper, higher or wider
      than heat-exchanger section 14 (as long as it is not less deep, high or
      wide) and as long as it is not higher or wider than housing 18. It is not
      our intention that heat-exchanger section 14 exactly fit the firebox 16
      but rather that it not be too large for the common range of sizes of
      fireboxes. Exact fitting is not needed for the heat-exchanging function.
PAR  Housing 18 has sidewalls 30 and an upper register 32 supported therebetween
      faced with a grill 34. Housing 18 is shown with a shelf 35 and a backwall
      37 above register 32 but housing 18 instead could be constructed without
      this "step", with register section 32 higher and flush with the tops of
      sidewalls 30, as that matter relates more to appearance rather than to
      function. It will be understood that heated air exits from register 32.
PAR  Supported between sidewalls 30 is a manifold 36 that feeds room air to
      heat-exchanger section 14. A pair of electrically powered blowers 38,
      supported by housing 18 on either side, are directed to feed forced air
      from the room to manifold 36. Blowers 38 are covered by face plates 40 but
      are supported by other housing structure, which leaves the space between
      face plates 40 and blowers 38 open for feeding of air therebetween to the
      center inlets 42 of blowers 38. Blowers 38 can be of the well-known,
      economical squirrel-cage type. Preferably two blowers 38 are provided in
      order to obtain the desired maximum air output while using blowers of a
      size which fit within the space available in housing 18. One squirrel-cage
      type blower could be used but this would not provide the air flow we deem
      desirable unless a larger size is used that would require more housing
      space than is available in the design depicted and described. Two blowers
      also feed the tubes connected to manifold 36 more evenly than one would
      do.
PAR  A plug 44 is shown on the right for connection of an electrical cord 46 and
      a control switch 48 is shown on the left, in FIG. 2. The circuitry will be
      obvious. Control switch 48 can be a simple "on-off" switch. To vary the
      air and heating output, however, blowers 38 may have high and low speeds
      and switch 48 can have three positions: "off", "high speed" and "low
      speed."
PAR  At least one blower is needed in order to take advantage of the heat from a
      fireplace. Our unit would be operative to direct heated air into a room
      with merely natural convection air circulation but this would greatly
      limit air heating and would lead to tubing burnout, particularly in the
      grating, unless expensive tubing material were used. At the present time
      of fuel shortage and of increasingly expensive fuels, taking advantage of
      the heat available from a fireplace for house heating is particularly
      important. Little of the potential is realized with a conventional
      fireplace. Maximum practical utilization of the heating potential (with an
      economical construction) is provided with our unit in which there is
      forced air and in which heat-exchanging to the forced air stream is
      accomplished in the firebox by rather direct contact with the burning fuel
      and coals and with as much contact as is feasible with the heated gases
      rising from the fire (in addition to radiant heating of the
      heat-exchanger). If a home has a forced air furnace, the fan from that
      furnace (whether activated separately or in conjunction with running of
      the furnace) can help distribute air from register 32 to other parts of
      the house, and the amount of distribution will be partly influenced by the
      location of room outlet and return air registers relative to the location
      of the fireplace.
PAR  Turning now to the heat-exchanger section 14, a bank of spaced, juxtaposed
      tubes 50 are connected at one end to manifold 36, and have a first
      horizontally disposed grate section 52 defining a grate to support fuel to
      be burned and have a second upwardly (and somewhat forwardly) directed
      section 54 that extends to the upper portion of firebox 16.
PAR  A transverse member 56 is suitably attached to the rear of tubing section
      52 and has adjustable legs 58 on either end supporting the rear end of
      heat-exchanger 14. It will be observed that heat-exchanger section 14 can
      be installed by merely sliding it into place in firebox 16 until housing
      18 abuts the face of fireplace 10. Wood can be burned on grate 52, as
      shown, or other material can be burned such as coal or charcoal. Tubes of
      about 1.50 inch O.D. spaced about 0.50 inch apart are suitable. A fire on
      such a grate can burn down to a "nub." An ash tray 60 under grate section
      52 has a front wall 62 in the plane of the front of manifold 36 and
      providing a gap at 63 between tray 60 and manifold 36 for added air flow
      for combustion of fuel on grate 52. Ash tray 60 has handles 64 and is a
      convenience in disposing of ashes.
PAR  The upper ends of the upwardly extending section 54 of tubes 50 are
      connected together by a manifold 70. Manifold 70 is connected to register
      32 by a bank of upper tubes 72. These are preferably smaller and more
      numerous than tubes 50. As the gaseous products of combustion tend to cone
      somewhat in passing up to the fireplace flue 74, bank 72, as shown, does
      not need to be as wide as bank 50. A central gap 76 is left in tubes 72
      (i.e., about an inch) for access to handle 80 of damper 82 (or to an
      extension that may be secured to handle 80 for more convenient, lower
      access).
PAR  Whereas tubes 72 cannot block passage of the gaseous products of combustion
      from a fire on grate 52, the more "wiping" action of the gases on tubes 72
      the better. This is the reason that tubes 72 are arranged in three rows
      preferably having such density that, when viewed from above, tubes 72
      present substantially a complete heat-exchanging medium (without spacing).
      Actually, of course, the central row of tubes 72 substantially fill the
      projected space between upper and lower rows, but gases can pass tubes 72
      by following tortuous paths.
PAR  A preferred size of tubes 72 is about 11/8  inches O.D. and the spacing of
      tubes in each row is about 11/8 inches. This means that in plan view the
      tubes will appear to be centered at 11/8 inches (as the middle row fills
      in the spaces between the tubes of the top and bottom rows).
PAR  A fireplace screen 91 is indicated in FIG. 2, together with suitable
      supports 92. This is not illustrated in detail as the construction can
      follow conventional draw fireplace screens. It will be noted that screen
      91 along with housing members, form a complete spark arresting medium.
      Access for viewing of a fire in the fireplace, one of the reasons for
      having a fireplace, is rather comparable to viewing the fire in a
      fireplace without forced air circulation means, i.e., minimum viewing
      obstruction is involved consistent with the function of the air
      circulating unit 12. The open central housing portion 90 extends at least
      substantially from side to side of firebox 16, and in fact can extend
      farther, as illustrated. Open portion 90 extends about half of the
      vertical height of firebox 16, from a level near the grate upwardly. This
      means that the fire can be seen from viewpoints in an arc horizontally
      rather comparable to viewing of a conventional fireplace and the fire can
      be seen from viewpoints in a substantial arc vertically, i.e., in most
      sitting positions, and in most standing positions except those close to
      the fireplace. From particularly FIG. 4, it can be seen that the
      horizontal arc of viewing, in the illustration, of a fire on the grate, is
      substantially the same as with a conventional fireplace.
PAR  The operation of our unit 12 has been explained in the course of the above
      discussion, but will be briefly reviewed. The unit 12 can be installed
      merely by sliding or pushing it into most fireplaces. When a fire is
      lighted on grate 52, blowers 38 are operated to force air through manifold
      36, through grate section 52, up section 54, through manifold 70, through
      tubes 72 and out of register 32. The room air passing through the tubes
      picks up heat. The tubes are heated by conduction, convection, and
      radiation. The blowers are positioned in areas that are relatively
      temperate. The fire can be observed in much the usual manner. The unit 12
      utilizes about the maximum amount of heat in a firebox consistent with
      considerations of economy of manufacture, use in conventional fireplaces,
      and good fire viewing.
PAR  Having thus described our invention, we do not wish to be understood as
      limiting ourselves to the exact details of construction shown but instead
      wish to cover those modifications thereof that will occur to those skilled
      in the art after learning of our invention, and that properly fall within
      the scope of our invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Forced hot air circulation means to be installed in a room having a
      convention fireplace of the type having a firebox, having a hearth
      extending from inside the firebox to an outside hearth area in front of
      and wider than said firebox to extend to each side of said firebox, and
      having facings above and to the sides of said firebox, comprising:
PA1  a. a generally box-shaped sheet metal outer housing resting on said outside
      hearth area in front of said firebox and lapping at least the margins of
      said facings above said firebox and said facings to the sides of said
      firebox,
PA1  b. said housing having sidewalls aligned with and disposed in vertical
      planes normal to said facings to the sides of said firebox,
PA1  c. said housing having means supported between said sidewalls in the upper
      portion of said housing including a chamber located at least mostly
      outside of said firebox with air outlet means at its front to exhaust air
      into said room,
PA1  d. said housing having means supported between said sidewalls in the lower
      portion of said housing including an air ingress manifold located at least
      mostly outside of said firebox, and at least one blower located outside of
      said firebox having an inlet for room air and exhausting into said air
      ingress manifold,
PA1  e. said housing having an open central housing portion in front of said
      firebox and located between said chamber and said manifold and between
      said sidewalls and providing access to and viewing of said firebox, and
PA1  f. spaced, juxtaposed tubular means connected to said housing and including
      first lower generally horizontally disposed tubular portions connected to
      said manifold at their forward ends to receive air therefrom and extending
      rearwardly into said firebox defining a grate, second air transferring
      means connecting to the rear ends of said first tubular portions and
      extending upwardly to the upper portion of said firebox, and third upper
      tubular portions connecting to the upper end of said second air
      transferring means and extending forwardly and connecting to the rear of
      said chamber for exhausting of air to said room, thereby delivering a flow
      of heated air when a fire burns in said firebox.
NUM  2.
PAR  2. The subject matter of claim 1 in which said open central housing portion
      extends substantially at least from one side of said firebox to the other
      so that the fire can be seen from viewpoints in said room in an arc
      horizontally generally comparable to viewing of a conventional fireplace
      and in which said open central housing portion extends at least about half
      of the vertical height of said firebox from a level near to said grate
      upwardly so that the fire can be seen in said room from viewpoints in an
      arc vertically in most sitting positions and in most standing positions
      except those close to the fireplace.
NUM  3.
PAR  3. The subject matter of claim 1 in which said housing and said tubular
      means can be installed by merely pushing said tubular means into said
      firebox and by pushing said housing into abutment with said facings of
      said fireplace.
NUM  4.
PAR  4. The subject matter of claim 1 in which there is leg means supporting the
      rear end of said first tubular portions on said hearth in said firebox and
      in which there is a removable ash tray below said grate and having a front
      wall disposed in the bottom, central portion of said housing.
NUM  5.
PAR  5. The subject matter of claim 1 in which said first lower tubular portions
      and said second air transferring means are formed by a series of
      juxtaposed tubes extending rearwardly horizontally from said air ingress
      manifold to form said grate and then extending upwardly, a second manifold
      connecting the upper ends of said tubes, and said third upper tubular
      portions being formed by a bank of smaller tubes than said juxtaposed
      tubes, said smaller tubes being more numerous than said juxtaposed tubes
      and being arranged in a plurality of rows disposed so that when viewed
      from above said bank forms a substantially continuous heat exchanging
      medium, so that gas rising from a fire on said grate will follow tortuous
      paths in passing through said bank of tubes, said smaller tubes being
      connected at their rear ends to said second manifold and being connected
      at their forward ends to said chamber.
NUM  6.
PAR  6. The subject matter of claim 1 in which there are a pair of blowers
      connected to said air ingress manifold, each blower being located in said
      housing and between said sidewalls and said blowers being disposed on
      opposite sides of said air ingress manifold, said blowers having central
      inlets and there being face plates supported by said housing covering the
      fronts of said blowers and spaced therefrom to permit air access to said
      central inlets, and a draw fireplace screen having its upper edge
      supported by said housing and disposed to form a spark arresting medium
      including covering of said open central housing portion when drawn.
NUM  7.
PAR  7. Forced hot air circulation means to be installed in a room having a
      conventional fireplace of the type having a firebox, having a hearth
      extending from inside the firebox to an outside hearth area in front of
      and wider than said firebox to extend to each side of said firebox, and
      having facings above and to the sides of said firebox, comprising:
PA1  a. a sheet metal outer housing of substantial depth resting on said outside
      hearth area in front of said firebox and at least mostly outside of said
      firebox, and at least meeting the margins of said facings above said
      firebox and said facings to the sides of said firebox, said housing being
      self-supporting without attachment to said fireplace and being installed
      by sliding into place,
PA1  b. said housing having outside of said firebox an upper wall extending from
      side to side of said housing and sidewalls extending from top to bottom of
      said housing and air outlet means located under said upper wall and
      between said sidewalls in the upper portion of said housing to exhaust air
      into said room,
PA1  c. said housing having means supported between said sidewalls in the lower
      portion of said housing including an air ingress manifold, and at least
      one blower located outside of said firebox having an inlet for room air
      and exhausting into said air ingress manifold,
PA1  d. said housing having an open central housing portion in front of said
      firebox and located between said air outlet means and said manifold and
      between said sidewalls and providing access to and viewing of said
      firebox, and
PA1  e. spaced, juxtaposed tubular means connected to said housing and including
      first lower generally horizontally disposed tubular portions connected to
      said manifold at their forward ends to receive air therefrom and extending
      rearwardly into said firebox defining a grate, send air transferring means
      connecting to the rear ends of said first tubular portions and extending
      upwardly to the upper portion of said firebox, and third upper tubular
      portions connecting to the upper end of said second air transferring means
      and extending forwardly and connecting to said air outlet means for
      exhausting of air to said room, thereby delivering a flow of heated air
      when a fire burns in said firebox.
PATN
WKU  039384977
SRC  5
APN  5312795
APT  1
ART  344
APD  19741210
TTL  Apparatus for solar cooking
ISD  19760217
NCL  4
ECL  1
EXA  Yuen; Henry C.
EXP  Camby; John J.
NDR  2
NFG  6
INVT
NAM  Andrassy; Stella
STR  Ridge Road
CTY  Kingston
STA  NJ
ZIP  08528
CLAS
OCL  126270
XCL  126400
XCL   99423
EDF  2
ICL  F24J  302
FSC  126
FSS  270;271;400
FSC   99
FSS  423
UREF
PNO  1683266
ISD  19280900
NAM  Shipman
OCL  126271
UREF
PNO  2760920
ISD  19560800
NAM  Olsen
OCL  126270
UREF
PNO  2859745
ISD  19581100
NAM  VonBrudersdorff
OCL  126270
UREF
PNO  2909171
ISD  19591000
NAM  Lof
OCL  126270
UREF
PNO  3025851
ISD  19620300
NAM  Steinberg
OCL  126270
UREF
PNO  3171403
ISD  19650300
NAM  Drescher
OCL  126270
UREF
PNO  3236294
ISD  19660200
NAM  Thomason
OCL  165 48
UREF
PNO  3391688
ISD  19680700
NAM  Dery
OCL  126270
UREF
PNO  3463577
ISD  19690800
NAM  Friedberg
XCL  126270
LREP
FRM  Sperry and Zoda
ABST
PAL  Solar cooking apparatus is provided with a frame or base readily movable to
      locate the apparatus in a favorable exposure to the sun and embodies an
      oven provided with mirrors or reflectors arranged to direct the suns rays
      onto a food support or the like positioned within the oven. The oven
      itself is tiltable on the frame to follow the sun from morning to evening
      whereas the food support is movable within the oven to permit it to
      maintain a horizontal position in any tilted position of the oven.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The advent of the present energy crisis has increased the importance of
      alternative energy sources such as a solar radiation. This invention deals
      with an improved apparatus for making use of solar heat for cooking.
PAR  Solar ovens have been known in various forms since the latter half of the
      nineteenth century. The purpose of the present invention is to provide an
      apparatus for cooking by using solar heat which cooks in approximately the
      same amount of time as normal cooking apparatus and also imparts the
      desired texture, temperature and color to the foodstuffs.
PAR  2. Description of the Prior Art
PAR  One of the most basic problems with solar ovens is the inability to follow
      the daily movement of the sun in its' semi-circular path from the east to
      the west. Another difficulty with following solar movement is that
      throughout the day the angular altitide of the sun in the sky changes
      continuously. The sun reaches an apparent maximum height approximately at
      noon and is positioned intermediate between this maximum height and the
      horizon throughout the remainder of the day.
PAR  In association with this problem is the desire to maintain the platform
      upon which the food is cooking at a level attitude, irrespective of
      movement of the solar oven shell itself. It is desirable to maintain this
      level attitude throughout the day with the most simple apparatus possible.
      The simplicity is necessary since solar ovens are inherently fine
      instruments and need to be relocatable to be sheltered during periods of
      bad weather and during the night.
PAR  Solar ovens have historically suffered from a dependence upon weather
      conditions and a corresponding lengthy cooking period. On overcast days
      where solar rays are shielded by cloud cover for long periods of time the
      heat accumulated in the solar oven will be dissipated and the cooking
      activity will temporarily cease. Often the sun will remain clouded over
      for sufficiently long periods to prevent the cooking function, and even if
      the sun intermittently heats the oven, the result is a sufficiently cooked
      foodstuff but without the normally desired texture and coloring. It is for
      these reasons that solar ovens have been recognized up to the present time
      as a mere curiosity. The disadvantages have overshadowed the many
      advantages of solar ovens such as the elimination of fire hazards, kitchen
      odors and excessive household heat. These factors are all in addition to
      the fuel saving aspect of the solar oven. The present invention
      encompasses all these advantages and in addition overcomes the
      difficulties experienced in the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The solar cooking apparatus of the present invention embodies a frame or
      support which is readily movable to position the apparatus in the most
      favorably exposed location for receiving the sun's radiation. A solar oven
      is mounted on the frame and is supported on rollers or other bearing means
      which permit the oven to be tilted to various positions so as to permit it
      to receive the maximum amount of sunlight as the sun moves from east to
      west during the period when articles are to be heated or cooked.
PAR  The oven is formed to present a lower semi-cylindrical portion within which
      a food support or utensil is located. The food support is then provided
      with rollers or the like permitting the food support to be moved with
      respect to the oven so as to be maintained in a substantially horizontal
      position adjacent the center of the lower semi-cylindrical portion of the
      oven at all times and when the oven is tilted to any angular position to
      which it may be moved for effective exposure and reflection of the sun's
      rays into the oven. Further, the oven is provided with upwardly and
      outwardly inclined reflecting surfaces or mirrors for directing the sun's
      rays toward the interior of the oven and onto the food support or tray
      located in the approximate center of the oven.
PAR  A transparent cover or sheet of material formed of glass or plastic extends
      across the upper portion of the oven and serves to confine the heat
      produced by absorption of the suns radiation within the oven and about the
      articles on the food support. At the same time the cover shields the food
      from wind and air currents and protects it from access to flies, insects
      and dust to which it would otherwise be exposed.
PAR  In preferred forms of the invention special heat absorbing and transmitting
      covers are provided for the food support or utensil to facilitate the
      heating or cooking of particular foods or products within the solar oven.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustrating a typical embodiment of the present
      invention with a part thereof broken away;
PAR  FIG. 2 is a vertical sectional view of the apparatus illustrated in FIG. 1;
      and
PAR  FIGS. 3 to 6 are vertical sectional views through special forms of utensils
      and covers therefor adapted for use in the solar oven apparatus of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In that form of the invention chosen for purposes of illustration in the
      drawing, the solar cooking apparatus embodies a frame or support 2 which
      may be of any suitable construction. As shown, the frame is provided with
      wheels 4 and a handle 6 to enable the apparatus to be readily moved about
      to position it in a desired location where it will be effectively exposed
      to the sun. A leg 8 is secured to the frame 2 and engagable with the
      ground to hold the apparatus in a fixed position to which it has been
      moved.
PAR  The oven 10 is supported on the frame 2 and is formed with a lower portion
      12 which is preferably semi-cylindrical in shape and designed to rest upon
      rollers or other suitable bearing elements 14 mounted upon arcuate or
      semi-circular member 16 of the frame 2. The oven 10 preferably presents a
      concave inner reflecting surface 18 adapted to direct reflected rays of
      the sun inward toward the central portion of the oven. Additional
      reflecting surfaces 20 are provided on the inner surface of upwardly and
      outwardly extending members 22 located adjacent the upper edges 24 and 26
      of the semi-cylindrical lower portion 12 of the oven. The members 22 and
      their reflecting surfaces 20 may be adjustably movable if desired to most
      effectively concentrate the reflected rays of the sun on the articles to
      be heated within the oven.
PAR  The upper edges 24 and 26 of the oven project above the adjacent sides of
      the frame 2 when the oven is in its central or vertical position as shown
      in full lines in FIG. 2 but is tiltable as shown in dotted lines A and B
      direct the open upper portion of the oven toward the sun in the morning
      and afternoon or at other times and to position the additional reflecting
      surfaces 20 in the most effective locations for directing the sun's rays
      into the oven.
PAR  A tray or support 28 is located within the oven and provided with rollers
      or other bearing members 30 engagable with the concave inner surface 18 of
      the oven. The article support 28 is thus movable with respect to the oven
      10 so as to continuously maintain a horizontal position while the oven and
      its reflecting surfaces may be tilted or moved to positions which will
      serve to concentrate the sun's rays most effectively on any articles
      located on the support.
PAR  The oven is further provided with a transparent cover 32 which extends
      across the oven above the article support and may be hinged or connected
      at one edge thereof to the edge 24 of the oven while the opposite edge of
      the cover rests upon or is secured to the opposite edge 26 of the oven.
      The cover member 32 may be formed of glass, transparent plastic or other
      material which will effectively transmit the sun's rays and particularly
      the infrared rays which serve to develop heat upon contact with articles
      located on the support 28. The cover 32 not only serves to confine the
      heat produced within the oven but also serves to shield the interior of
      the oven from wind and air currents which might dissipate such heat and
      protects against the entrance of dust, flies or insects which could
      otherwise come in contact with food being cooked out of doors.
PAR  The construction thus provided is movable about to permit it to be located
      in the most favorable position to receive the direct rays of the sun while
      the oven itself is tiltable to focus the oven toward the sun and to change
      its position from time to time as the sun moves from east to west during
      the period required to heat or cook the articles on the support 28. At the
      same time the article support is held in a level horizontal position
      within the oven so that the articles being cooked or heated will not be
      displaced on the support and any drippings or other liquid from or about
      the articles on the support will not be spilled.
PAR  The article support 28 may serve as a cooking utensil and as shown in FIG.
      2 may be in the form of a pan within which a rack 34 is located whereas a
      marginal trough or other depressions 36 may be provided in the bottom of
      the pan to receive liquids and drain them away from the articles being
      cooked or heated. Further if desired the support or utensil 28 may be
      provided with a cover 38 having heat transmitting elements 40 in the form
      of pins or fins by which additional heat may be transmitted to or from the
      cover. Thus, as shown in FIG. 2, the cover 38 may be formed with upwardly
      extending fins 40 for conducting heat most effectively from the space
      above the support to the cover 38. However, if desired the cover may be
      inverted to conduct heat from the cover 38 directly to the food or
      articles 42 enclosed between the support 28 and the cover 38.
PAR  Other types of utensils or article supports may be employed and as shown in
      FIG. 3 the cover 44 may be of smaller area than the pan or utensil 46 so
      as to rest directly upon articles 48, such as meat patties, to cook them
      more rapidly and under limited pressure. At the same time, the cover 44
      may be provided with pins or heat transmitting elements 50 for increasing
      the area of the cover to which heat is transmitted to the articles within
      the utensil 46.
PAR  The utensil 52 shown in FIG. 4 is designed for heating water as a tea
      kettle and for this purpose forms an enclosure provided with an inlet
      opening 54 in which a stopper or cap 56 having the usual whistle element
      is located. Heat transferring pins or fins 58 project inwardly from the
      top and bottom of the enclosure to promote the transfer of heat to water
      in the utensil and a handle 60 is secured to the utensil to permit it to
      be tilted or handled in the same manner as a conventional tea kettle.
PAR  In the construction shown in FIG. 5 the pan or utensil 62 may be of any
      preferred shape but is provided in its base or elsewhere with an
      auxilliary heating element 64 including an electrical resistance device to
      which current may be supplied through conductors 66 under control of a
      switch 68 that may be operated manually or by sensing means such as a
      thermostat, electric eye or, the like. The construction thus provided
      renders it possible to maintain the utensil 62 at a desired or constant
      temperature at all times during a cooking operation and on cloudy or
      partially cloudy days when the sun goes under a cloud. At the same time
      the maximum utilization of solar heat and the maximum conservation of
      electrical energy is effected by the utilization thereof in combination as
      supplemental energy sources for heating and cooking purposes. In this way
      a minimum consumption of electricity is assured while controlled and
      uniform cooking temperatures may be maintained. In order to increase the
      efficiency of the apparatus further the over 10 is preferably provided
      with heat storage means such as thermal insulation extending about the
      sides of the semi-cylindrical lower portion 12 thereof as indicated at 70.
      In the alternative or in addition to such thermal insulation the oven may
      be provided with heat storage means in the form of a chamber or tubes 72
      containing a heat retaining liquid such as sodium sulfate, dehydrated
      castor oil or the like. In this way the temperature of the oven can be
      maintained at a constant and elevated temperature for long periods of time
      and during cloudy periods when the sun is temporarily obscured.
PAR  As illustrated in FIG. 6 the equipment of the present invention may be used
      for distillation purposes to purify water or for the development of low
      pressure steam or for other purposes. Thus the chamber 74 may be provided
      with a stopper 76 having a tube 78 passing through the same extending to a
      coil 80 located on the exterior of the apparatus where it may be
      positioned in the shade or in a tank 82 for delivering distillate to a
      receptacle 84 or the like. Such constructions are particularly adapted for
      use in disaster areas, deserts or wherever contaminated water is
      prevalent.
PAR  The constructions thus provided are highly efficient and practical and not
      only serve to utilize solar energy and to conserve fuels and energy which
      would otherwise be used, but also are found to retain and enhance the
      color, flavor and aroma of meats and other articles which are heated or
      cooked therein.
PAR  While typical and preferred forms of equipment embodying the present
      invention have been illustrated in the drawings and described above, it
      will be apparent that numerous changes and modifications may be made in
      the form, construction and arrangement of the elements of the combination
      employed. In view thereof it should be understood that the particular
      embodiments thereof disclosed are intended to be illustrative only.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solar cooking oven comprising
PA1  a. a frame;
PA1  b. an oven of concave configuration tiltably mounted on said frame to
      afford maximum exposure of the interior of the oven to solar radiation;
PA1  c. an article support located in said oven adjacent the center thereof;
PA1  d. and rollers located between said oven and article support to permit
      movement of said support to a horizontal position in any tilted position
      of said oven.
NUM  2.
PAR  2. A solar cooking oven as defined in claim 1 wherein reflecting elements
      are movably mounted adjacent the upper edges of said oven to direct solar
      radiations into the interior of said oven.
NUM  3.
PAR  3. Solar cooking apparatus as defined in claim 1 wherein:
PA1  a. rollers are located between said oven and said frame to permit said oven
      to be moved to various tilted positions for favorable exposure to the sun;
      and
PA1  b. additional rollers are located between said oven and food support to
      permit said food support to be maintained in a horizontal position when
      said oven is moved from one tilted position to another.
NUM  4.
PAR  4. Solar cooking apparatus as defined in claim 1 wherein said oven is
      provided with auxilliary heating means.
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ABST
PAL  In apparatus for deep fat frying, control circuitry is provided for
      regulating the temperature of heating elements. During cooking the heating
      elements are immersed in cooking fluid and are maintained at a selected
      temperature by an operating thermostat. Two high limit thermostats are
      provided to turn off the heaters if the temperature exceeds a
      predetermined safe limit. For cleaning, the heating elements are raised
      out of the cooking fluid and automatically disconnected from the operating
      and first high-limit thermostats. The heaters are cyclically actuated and
      deactuated by a thermal time delay relay, to gradually raising the heater
      temperature to achieve pyrolytic cleaning of the heating elements. The
      second high-limit thermostat turns off the heating elements when a
      predetermined temperature is reached, ending pyrolytic cleaning.
PARN
PAR  This is a division of application Ser. No. 479,661, now U.S. Pat. No.
      3,870,859, filed June 17, 1974.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a control system for frying apparatus. More
      particular, this invention concerns a thermstat control system for
      regulating and limiting the temperature of heating elements during cooking
      and pyrolytic cleaning cycles.
PAR  In deep fat frying system the electric heating elements often become coated
      with residues from the oil and cooked products after prolonged cooking
      periods. Cleaning the elements by hand is quite tedious and time
      consuming. Thus, the practice of burning off the elements, called
      pyrolytic cleaning, is sometimes employed. In pyrolytic cleaning the
      heating elements are raised to relatively high temperatures, usually
      between 600.degree. and 900.degree. F. Above about 1000.degree. F. the
      burner elements may discolor and oxidize, possibly resulting in permanent
      damage to the elements. Moreover, pyrolytic cleaning has been found to be
      safer and more effective if the temperature of the elements is raised
      gradually to allow slow burn-off to occur and decrease the possibility of
      damage to the heating elements and associated apparatus.
PAR  During cooking, malfunctions of the operating thermostat may cause
      overheating of the cooking fluid resulting in burning of the product,
      premature deterioration of the cooking fluid and even flash burning of the
      fluid. Thus, the cooking fluid temperature must be maintained below a safe
      temperature limit, usually about 475.degree. F. in order to insure a safe
      and efficient cooking operation.
PAR  The present invention concerns control apparatus for use in fyring systems
      to regulate and limit the temperature of heating elements during cooking
      and pyrolytic cleaning. A first control circuit is provided for
      maintaining the temperature of the elements below a first predetermined
      cooking limit. A second control circuit maintains the temperature of the
      heating elements below a second predetermined limit during pyrolytic
      cleaning of the elements. A function switch selectively connects said
      first control circuit or said second control circuit to the heater
      elements depending upon whether cooking or pyrolytic cleaning of the
      elements is desired.
PAR  In another aspect of the invention, a high-limit cooking thermostat is
      connected to a frypot heater to limit the cooking temperature of the
      heater. A high-limit burn-off thermostat is connected to the heater for
      maintaining the temperature of the heater below a higher temperature
      during pyrolytic cleaning. A switch operates to bypass the high-limit
      cooking thermostat during pyrolytic cleaning to allow the heater to rise
      to the higher temperature before being disconnected by the burn-off
      thermostat.
PAR  In accordance with a further aspect of the invention, identical first and
      second high limit thermostats are attached to heating elements in a
      frypot. The heating elements operate in cooking fluid during a cooking
      phase and can be raised out of the fluid and burned off during a pyrolytic
      cleaning phase. The first and second thermostats are both connected into
      the heater circuitry during the cooking phase in cooking fluid, and are
      set to open above a safe operating temperature limit. The second
      thermostat remains in the heater circuitry during the pyrolytic cleaning
      phase and is set to open above a higher temperature limit. A percentage
      relay cycles the heaters off and on to slow the temperature rise of the
      heater elements during pyrolytic cleaning, thereby protecting the elements
      from damage and improving the efficiency of the cleaning process. A manual
      reset switch is provided to prevent automatic recycling of the thermostats
      after the predetermined temperature limits have been exceeded. A function
      switch automatically disconnects the first thermostat when the heating
      elements are raised out of the cooking fluid and automatically reconnects
      the first thermostat when the heating elements are returned to cooking
      position in the fluid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a top perspective view of a frying apparatus incorporating a
      preferred embodiment of the present invention;
PAR  FIG. 2 is a top perspective view of the frying apparatus of FIG. 1 with the
      heater coils in raised position;
PAR  FIG. 3 is a side elevational partial view of the frying apparatus of FIG.
      1;
PAR  FIG. 4 is an enlarged fragmentary plan view of the lower coil of the frying
      apparatus of FIG. 1;
PAR  FIG. 5 is a sectional front view of the lower coil of FIG. 3 taken along
      line 5--5; and
PAR  FIG. 6 is a schematic diagram of the control circuitry for the frying
      apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, a frying apparatus 10 includes a rigid
      housing structure 12 supporting an upper panel 14. A cooking basin 16 is
      provided in the top of housing structure 12 behind front panel 14 for
      containing cooking fluid normally used in deep fat frying. A back panel 18
      extends vertically above the rear of cooking basin 16. A suspension plate
      20 is connected to extend horizontally across back panel 18 just above
      cooking basin 16. Plate 20 is positioned to suspend wire mesh cooking
      baskets (not shown) over the cooking fluid of basin 16.
PAR  A plurality of heating elements 22 are suspended horizontally near the
      bottom of cooking basin 16. Elements 22 include two upper coils 24 and 26
      and a lower coil 28. Each coil is mounted on two cross bar pieces 30 and
      32 by suitable straps 34. A pair of connecting rods 36 are integral with
      each coil and extend vertically up the back of cooking basin 16 to attach
      to a pivot piece 38 at the base of back panel 18. A lever arm 40 extends
      vertically down the back of cooking basin 16 and thence horizontally to
      pivotally connect to one of cross bar 32 at pivot point 42. A loop 44 is
      provided at the top of lever arm 40 for pulling the arm 40 to tilt heating
      elements 22 upward out of basin 16 as shown in FIG. 2.
PAR  As best seen in FIG. 3, an operating thermostat 50 is mounted on a sloping
      inner wall 15 of upper panel 14 and extends horizontally into the upper
      front portion of cooking basin 16. Thermostat 50 may be a differential
      expansion type having a separate heater 51 mounted below thermostat 50 on
      wall 15. The structure and function of thermostat 50 and heater 51 are
      more fully shown and described in my copending U.S. Pat. application Ser.
      No. 465,918 filed on May 1, 1974.
PAR  A temperature selector dial 52 is mounted on the front of upper panel 14
      for selecting the desired temperature for the operating thermostat 50. A
      heater light 54 is provided at the center of selector dial 52 to indicate
      the on-off status of the heating elements. A main on-off switch 56 is
      mounted on the right side of selector dial 52 and is provided with a main
      indicator light 58 therein. A high limit light 60 is mounted on the left
      side of selector dial 52 to indicate shut down of the heater elements
      because of excessive temperatures.
PAR  FIGS. 3, 4 and 5 disclose the heating elements 22 and associated
      thermostats in more detail. A first high limit thermostat 66 is connected
      above one side of lower coil 28 by a metal strap 68. A second high-limit
      thermostat 70 is further mounted above the other side of coil 28 by a
      metal strap 72. Thermostats 66 and 70 are preferably pressure bulb
      thermostats being filled with a temperature sensitive liquid, such as
      mercury, and having capillary tubes 67 and 71 running along lower coil 28
      and connecting rods 36 to back panel 18. Both thermostats have a
      "fail-safe" construction so that if the bulb or capillary leaks the
      thermostat switch will open. A manual reset switch (not shown) is provided
      in connection with thermostat 70 to prevent inadvertent automatic start-up
      after thermostat 70 has opened the circuit. The reset switch includes a
      hold-in relay which must be reset by hand before the circuit will be
      reactivated. First high-limit thermostat 66 is spaced further closer to
      lower coil 28 than second high-limit thermostat 70. Thermostat 66 is in
      series with operating thermostat 50 and functions during the cooking
      process to turn off heater elements 22 if the temperature of the cooking
      fluid exceeds a critical temperature, normally about 475.degree. F, to
      prevent danger to the operator and damage to the equipment. Second
      high-limit thermostat 70 is positioned further away from coil 28.
      Thermostat 70 operates as a back-up to thermostat 66 to cut off the
      heaters if the safe operating temperature is exceeded. Furthermore, second
      high-limit thermostat 70 is used during pyrolytic cleaning of the coils of
      heating elements 22 to turn off the elements after heating to a higher
      temperature. When the heating elements 22 are titled upward out of the
      cooking fluid as shown in FIG. 2, first high-limit thermostat 66 is
      disconnected from the circuit and second high-limit thermostat 70 allows
      the coils of elements 22 to reach a much higher temperature, about
      900.degree. to 1,000.degree. F, before being shut off.
PAR  As shown in FIG. 5, the distance D1 between first high-limit thermostat 66
      and lower coil 28 is somewhat less than the distance D2 between second
      high-limit thermostat 70 and lower coil 28. The distance D1 is critical
      for proper shut-down of the cooking circuitry at very low oil levels,
      especially when the oil level drops below the coils, as required in safety
      testing. Distance D1 must be accurately determined or fire may result.
      Distance D2 is also critical during pyrolytic cleaning. If D2 is too
      great, excessive element temperatures may damage the coils during
      burn-off. On the other hand, if second high-limit thermostat 70 is placed
      too close to the coils 28, premature shut-down of the heating elements 22
      may occur. Distances D1 and D2 are not as critical during cooking because
      the cooking fluid conducts the heat more readily. Although first
      high-limit thermostat 66 is closer to the coils, it has been found that
      second high-limit thermostat 70 will shut off the coils at about the same
      time. Both thermostats 66 and 70 are located above the heating elements in
      order to obtain accurate readings because of convection currents of the
      cooking fluid and the atmosphere.
PAR  FIG. 6 discloses the electrical circuitry 78 employed for automatically
      regulating and limiting the cooking and cleaning processes using apparatus
      10. Electrical inputs 80, 81 and 82 are connected to a contactor 84 having
      contacts 84a, 84b, 84c, 84d and a reverse contact 84e. Contactor 84 in
      turn is connectected through a contactor 86 having contacts 86a, 86b and
      86c, to heating elements 22 comprising upper coils 24 and 26 and lower
      coil 28. A contactor coil 88 is positioned to activate contactor 84, and a
      contactor coil 90 activates contactor 86. A circuit breaker 92 is
      connected between input line 82 and circuitry 78 to prevent damage from
      overloading. The other side of circuit breaker 92 is connected in parallel
      to a contact 84d of contactor 84 and a reset switch 96. An on-off switch
      56 is provided at the output of contact 84d and switch 96. Main indicator
      light 58 is connected between the on-off switch 56 and neutral. The second
      high-limit thermostat 70 is also connected between reset switch 96 and
      neutral through contactor coil 88.
PAR  The other side of on-off switch 56 is connected to a two-way function
      switch 98 having an upward position with post 100 for a cooking function
      and a downward position in contact with post 102 for a cleaning function.
      Connected to post 100 in series are first high-limit thermostat 66 and
      operating thermostat 50. On the other side of thermostat 50, connected in
      parallel, are a biasing heater 104 for use in conjunction with operating
      thermostat 50, heater light 54, and contactor coil 90. Connected to post
      102 of function switch 98 is a twoway percentage relay switch 106 having
      an upward burn-off position when in contact with a post 108 and a downward
      delay position when in contact with post 110. Connected to post 110 is a
      heater resistor 112 which operates in association with delay relay switch
      106. Heater resistor 112 is in turn connected to neutral. Reverse contact
      84e of contactor 84 is connected between circuit breaker 92 and neutral
      through high-limit light 60 and closes whenever thermostats 66 and 70 open
      contact 84 because of a high temperature condition.
PAR  In operation, power, usually 120 volts, is impressed on control circuit 78
      through inputs 80, 81 and 82. Circuit breaker 92 is normally closed. When
      reset switch 96 is depressed, contactor coil 88 is activated to close
      contacts 84a, 84b, 84c, 84d of contactor 84 and to open reverse contact
      84e. A circuit is maintained through second high-limit thermostat 70 by
      contact 84d which will continue to hold until interrupted by a power loss
      or a high temperature condition opening thermostat 70. The frying
      apparatus 10 is placed in operation by closing on-off switch 56. When
      heating elements 22 are positioned in cooking basin 16, switch 98 is in
      the upward cooking position in contact with post 100. Activating switch 56
      therefore energizes contactor coil 90 closing contactor 86 and supplying
      power to heating elements 22. Thermostats 66 and 50 are also actuated as
      well as biasing heater 104. The selected cooking temperature on selector
      dial 52 is maintained by operating thermostat 50 which turns heating
      elements 22 off and on.
PAR  Should operating thermostat 50 fail for any reason, first high-limit
      thermostat 66 will cut off contactor coil 90 and contactor 86 shutting
      down heating elements 22 as soon as a preselected temperature has been
      reached. As previously mentioned, the critical temperature is normally
      considered to be around 475.degree. F. above which danger or damage may
      occur. If contactor coil 90 welds or sticks shut, second high-limit
      thermostat 70 will open, dropping out contactor coil 88 and contactor 84
      to turn off heater elements 22 and prevent fire or damage.
PAR  When it is desired to clean the coils, the end loop 44 of lever arm 40 is
      grasped and pulled upward to tilt heating elements 22 out of the cooking
      fluid to a vertical position as shown in FIG. 2. This action automatically
      throws function switch 98 downward to contact post 102 in the cleaning
      position. Percentage relay switch 106 is normally downward against post
      110 in the delay position. A closed circuit is thus formed bypassing
      operating thermostat 50 and first high-limit thermostat 66. The
      temperature of heating elements 22 is allowed to rise to a pyrolytic
      burn-off level of about 600.degree. to 900.degree. F. During this rise in
      temperature, percentage relay switch 106 cycles between its burn-off
      position in contact with post 108 and its delay position in contact with
      post 110. After remaining in the delay position for about 20 seconds,
      heater resistor 112 reaches a temperature sufficient to throw the contacts
      of switch 106 to post 108 thereby energizing contactor coil 90 and heating
      elements 22. After cooling off, delay relay switch 106 again drops to make
      contact with lower post 110 in the delay position, turning off heating
      elements 22 and reactivating heater resistor 112. This cycling action
      provides for an approximate on time of 40% for the heater elements 22 and
      biasing heater 104 thereby slowing the rate of temperature rise of the
      heater elements 22.
PAR  In this manner, the pyrolytic burn-off of accumulated dirt, food and other
      debris on heater elements 22 is accomplished gradually and no risk is
      taken that damaging temperatures may be inadvertently reached. After
      several minutes of pyrolytic burn-off, the heater elements 22 will reach a
      temperature sufficient to open second high-limit thermostat 70 and
      deactivate contactor coil 88. Contactor 84 is thereby opened, turning off
      heating elements 22. As previously mentioned, thermostat 70 is provided
      with a reset switch which cannot automatically restart the circuit but
      must be manually reset. Normally sufficient burn-off has occurred by the
      time thermostat 70 opens the circuit that the cooking process may be
      resumed. Heating elements 22 are allowed to cool and then are returned to
      the cooking fluid by pushing lever arm 40 down. Reset switch 96 is then
      depressed to again begin the normal cooking operation.
PAR  It is understood from the foregoing description that the control system of
      the present invention provides several important advantages over other
      systems. By providing for pyrolytic cleaning of the heating coils,
      considerable delay, time and effort are eliminated. The coils need not be
      cooled down in order to clean the coils. The high-limit thermostats
      connected directly to the heating coils provide a simple means for
      protecting the coils during the cooking and cleaning processes. As
      previously indicated, the same type thermostats may be used for both
      applications by simply placing them different distances from the heating
      coils and setting them to cut off at different temperatures. By using
      these two thermostats, the possibility of damage to the coils or other
      equipment is avoided.
PAR  Moreover, the automatic operation of the thermostats eliminates any need
      for the operator to reach across the cooking fluid during cooking or near
      the heating coils during the pyrolytic cleaning to adjust or turn off
      controls thereby risking injury. The use of the thermal percentage delay
      relay insures that the temperature of the heating elements will not rise
      too rapidly during the pyrolytic cleaning phase but will gradually burn
      off the accumulated debris from the coils before being turned off by the
      second high limit thermostat. The manual reset circuit for the high-limit
      thermostats provides a fail-safe feature to prevent automatic restart when
      not desired. Moreover, the automatic operation of the function switch in
      response to movement of heating coils out of or into the cooking basin
      eliminates the need for further operator action.
PAR  Although a particular embodiment of the invention has been illustrated in
      the accompanying drawings and described in the foregoing detailed
      description, it will be understood that the invention is not limited to
      the embodiment disclosed but is capable of rearrangement, modification and
      substitution without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a food frying system the combination comprising:
PA1  a plurality of heater elements adapted for connection to a power source for
      heating cooking fluid in said system, said elements being pivotally
      attached to said system to rotate from a first position in said cooking
      fluid to a second position out of said fluid,
PA1  a first thermostat selectively electrically connected to said heating
      elements for maintaining said heating elements at a selected cooking
      temperature,
PA1  a second thermostat attached to and in selective electrical connection with
      said heating elements for turning off said elements when said elements
      reach a first predetermined temperature while in said first position,
PA1  a third thermostat attached to and in electrical connection with said
      heating elements for turning off said elements when said elements reach a
      second predetermined temperature while in said second position,
PA1  a thermal delay relay selectively connected to said heating elements for
      cycling said heating elements off and on while said elements are in said
      second position; and
PA1  a switch in said system for alternately connecting said first and second
      thermostats to said heating elements and disconnecting said thermal delay
      relay from said heating elements when said elements are in said first
      position and for connecting said thermal delay relay to said heating
      elements and disconnecting said first and second thermostats from said
      heating elements when said elements are in said second position.
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ABST
PAL  A method for introducing a valve into a vas deferens, according to which a
      continuous portion of the vas is deflected to form a pair of flaps while
      the vas is advanced onto opposed portions of the implanted valve, and
      these flaps engage each other and project laterally from the lumen of the
      vas. The flaps are fastened together so that they will grow together and
      maintain the free ends of the lumen adjacent an intermediate portion of
      the implanted valve.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a division of application Ser. No. 359,429,
      filed May 11, 1973, now U.S. Pat. No. 3,815,578 and entitled METHOD OF
      INSERTING AN IMPLANT INTO A PORTION OF A TUBULAR ORGAN WHOSE MUCOUS LINING
      HAS BEEN PARTIALLY REMOVED.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to implants to be introduced into the bodies
      of living beings, as well as to tools and methods utilized in connection
      with the introduction of such implants.
PAR  Although it is known to introduce into the body of a living being, such as
      a human being, artificial implants such as valves for reversibly
      interrupting the flow of a fluid in a tubular body organ, one of the most
      serious problems encountered in connection with such implants is that of
      securely maintaining the implant at the desired location in the body
      cavity. Because the implant is located in a body of living tissue,
      particular problems are encountered because while it is essential to
      secure the implant in the body of living tissue, at the same time it is
      necessary for nourishment to reach the living tissue, and living tissue
      has the property of adapting itself to forces which it encounters in such
      a way that peculiar problems are encountered in the securing of an implant
      in the interior of a body cavity. Furthermore, problems are encountered in
      connection with securely mounting an implant of this type in such a way
      that the flow of a body fluid can be reliably controlled. For example, in
      the case of a valve, it is essential to secure the valve in the body
      cavity in such a way that fluid cannot flow along the exterior of the
      valve, thus defeating the purpose of the valve.
PAR  Moreover, the physicians and surgeons who introduce the implant must have a
      considerable amount of skill in order to securely situate the implant at
      the desired location in a reliable manner according to conventional
      techniques. This required skill is relatively rare, so that with many
      surgeons the implant is situated in a body cavity without the assurance of
      a reliable securement of the implant.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      method for implanting which will contribute to elimination of the above
      drawbacks.
PAR  Thus, one of the primary objects of the present invention is to provide an
      implanting method according to which an exceedingly secure connection of
      the implant to the body cavity in the interior thereof will be achieved in
      a simple highly reliable manner which does not require a great amount of
      skill on the part of the individual who introduces the implant.
PAR  Also, it is an object of the present invention to provide an implanting
      method which will assure a reliable ingrowth of tissue into intimate
      contact with the exterior surface of the implant, to achieve not only a
      secure connection of the implant but also to prevent body fluid from
      flowing along the exterior of the implant.
PAR  According to the invention the body cavity is manipulated in such a way
      that it will not be subject to undesirable slack which could contribute to
      faulty operation of an implant.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a side elevation of a tool shown schematically in FIG. 1 during
      use of the tool, with a handle of the tool being fragmentarily illustrated
      in FIG. 1;
PAR  FIG. 2 fragmentarily illustrates an implant, FIG. 2 illustrating the
      relationship between the tool and the implant;
PAR  FIG. 3 is a transverse section of the tool of FIG. 1 taken along line 3--3
      of FIG. 1 in the direction of the arrows, the tool being shown by itself
      in FIG. 3;
PAR  FIG. 4 is a schematic longitudinal sectional elevation of a human vas
      deferens showing an implant of the invention situated in the vas deferens
      after it has been worked on by the tool of FIG. 1, with the implant of
      FIG. 4 having a special construction for fixing the vas deferens to the
      implant;
PAR  FIG. 5 is a transverse section of the implant of FIG. 4 taken along line
      5--5 of FIG. 4 in the direction of the arrows;
PAR  FIG. 6 is a fragmentary elevation of another embodiment of an implant which
      will accomplish the same results as that of FIGS. 4 and 5;
PAR  FIG. 7 is a developed view of a sheet from which the fastening means of
      FIG. 6 is made;
PAR  FIG. 8 is a fragmentary sectional elevation of the fastening means of FIG.
      6 and 7 showing in greater detail how it is mounted on the implant;
PAR  FIG. 9 is a schematic illustration of how part of a vas deferens is cut
      away prior to introduction of the implant, in accordance with a feature of
      the present invention; and
PAR  FIG. 10 is a schematic representation of how the vas deferens is treated
      after it has the condition shown in FIG. 9 so as to further contribute to
      the security of the mounting of the implant in the vas deferens.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is illustrated therein a tool 12. This tool 12
      is in the form of a reamer having an elongated shank 14 provided with an
      elongated reaming portion 16. The reaming edges of the elongated shank
      portion 16 are schematically illustrated in FIG. 1. As is apparent from
      FIG. 3, the reaming edges 18 of the shank portion 16 project so as to be
      able to remove material which in the illustrated example is a layer of
      mucosa which lines the lumen of the vas deferens 20 which is schematically
      illustrated in FIG. 1.
PAR  The tool 12 has at the shank 14 not only the reaming portion 16 but also an
      elongated tapered portion 22 which has a smooth exterior surface and which
      gradually tapers so that at its end distant from the reaming portion 16
      the portion 22 has a diameter smaller than the portion 16. At this end the
      portion 22 is followed by a subsequent smooth-surfaced portion 24 of the
      shank 14 which is of a constant diameter substantially smaller than that
      of the portion 16, and this portion 24 terminates in a substantially
      pointed tip 26, shown most clearly in FIG. 1. Thus, after the vas 20 is
      severed so that an elongated free end portion thereof, as illustrated in
      FIG. 1, is accessible, the physician or surgeon will introduce into the
      vas the shank 14 of the tool 12. For convenience in handling, the reaming
      portion 16 is fixed at its end distant from the portion 22 to a handle 28
      which can be grasped for ease of manipulation of the tool. The tip 26 and
      the portion 24 serves to guide the tool in the interior along the lumen 30
      of the vas 20, and when the right end of the handle 28 engages the free
      end of the vas 20, the reaming portion 16 will be situated as illustrated
      in FIG. 1 so that by rotation of the reamer, which is manually rotated by
      manual turning of the handle 28, it is possible to remove from the
      interior of the vas 20 a layer of mucosa along the portion R of the vas,
      as illustrated in FIG. 1.
PAR  The implant which is to be introduced into the vas is in the illustrated
      example a valve 32 which is fragmentarily illustrated in FIG. 2 and which
      is of a previously proposed construction. This valve 32 has the
      intermediate housing portion 34 in which a valve member is situated to be
      moved in order to open and close the valve 32. For this purpose the
      movable part of the valve has a stem 36 which projects beyond the
      intermediate portion 34 and which can be turned so as to open and close
      the valve.
PAR  At the intermediate portion 34 the valve 32 has a pair of oppositely
      directed tubular extensions 38 and 46. Extension 38 is shown in FIG. 2
      extending to the right from the intermediate portion 34. This tubular
      extensions 38 serves as the inlet or outlet for the valve when the valve
      is in its open position. As is illustrated in FIG. 2, the tubular
      extension 38 terminates in an elongated outer free end portion 40 which is
      formed with a slot 42 in order to prevent plugging of the open end of the
      tubular extension 38.
PAR  Between the intermediate portion 34 and its smooth-surfaced elongated free
      end portion 40, the tubular extension 38 carries a means 44 for promoting
      the ingrowth of tissue. It is to be understood that the tubular extension
      46 which is only fragmentarily illustrated in FIG. 2 as extending from the
      left from the intermediate portion 34 will have a construction identical
      with the tubular extension 38. Thus, both the extensions 38 and 46 have a
      means 44 for promoting the ingrowth of tissue. This means 44 in the
      illustrated example is of a filamentary construction and takes the form of
      fine wire which is wound around the tubular extension 38 and which is made
      of a material which is compatible with the human body. This is of course
      true of all of the materials used for the implant. This fine wire used for
      the means 44 for promoting the ingrowth of tissue can be gold or platinum,
      for example. However, the means 44 may also take the form of any suitable
      porous matrix such as porous metal compatible with the human body and
      sputtered onto the surface of the extension 38 in an evacuated atmosphere.
      Any of these constructions are possible for the pair of means 44
      respectively carried by the extensions 38 and 46 in order to promote the
      ingrowth of tissue. It is to be noted that this means 44 extends along the
      tubular extension 38 through the distance R which is the same distance R
      along the interior of the vas 20 from which the layer of mucosa is removed
      by the reamer 12. Thus, the extension 38 has a total length L, and the
      layer of mucosa is removed only along a distance corresponding to the
      distance R along the extension 38, so that when the implant is introduced
      into the vas, the elongated free end portion 40 will extend beyond the
      region from which the layer of mucosa has been removed by the reamer 12.
      Thus, the length of the reaming portion 16 is carefully selected to
      correspond to the distance through which the means 44 extends along the
      extension 38, and when this extension 38 is introduced into the vas, only
      that part of the lumen from which the layer of mucosa has been removed
      will engage the means 44. The remainder of the interior lining of the
      lumen beyond the means 44 will retain the mucosa layer, so that a layer of
      mucosa will indeed engage the elongated portion 40.
PAR  The extension 46 is treated in precisely the same way as the extension 38.
      Thus, the other free end of the vas which is not illustrated in FIG. 1
      also has a layer of mucosa removed by the tool 12 in precisely the same
      way so that when the extension 46 is introduced into the other part of the
      vas only the part of the lumen from which the layer of mucosa has been
      removed will engage the means for promoting the ingrowth of tissue which
      is carried by the extension 46. The elongated free end portion thereof
      which extends beyond the means for promoting ingrowth of tissue will
      engage the mucosa lining, as described above in connection with the
      extension 38.
PAR  Thus, referring to FIG. 4, it will be seen that the valve 32 is illustrated
      with its opposed extensions 38 and 46 respectively situated in the lumens
      of the pair of separated vas portions 20 and 50 which have been separated
      from each other by cutting through the vas prior to introduction of the
      implant 32. The vas portion 20 is shown with the mucosa layer 48 extending
      from the right end of the means 44 carried by the extension 38 for
      promoting ingrowth of tissue, so that the elongated free end portion 40 is
      in engagement with the mucosa lining 48. In the same way, the free end
      portion 40 of the extension 46 engages the mucosa lining 52 of the vas
      portion 50, this lining 52 extending only up to the means 44 which is
      carried by the extension 46.
PAR  As has been set forth above, one of the important factors in introducing an
      implant such as the implant 32 into the interior of a body cavity such as
      the interior of the tubular organ 20 or 50 is the reliable securing of the
      implant in its position in the interior of the body cavity. Experience has
      shown that the tissue of the vas portions 20 and 50 will vary rapidly grow
      into the pair of means 44 for promoting ingrowth of tissue, so that the
      tissue of the vas portions 20 and 50 will come into intimate tight
      engagement with the exterior surface of the extensions 38 and 46 at the
      interstices or pores of the means 44 which promotes the ingrowth of
      tissue. The removal of the mucosa lining at that part of the organ which
      engages, at its inner surface, the means 44 contributes in a highly
      remarkable manner to the rapid ingrowth of tissue in order to achieve the
      secure connection between the living tissue and the implant.
PAR  However, immediately after the implant has been introduced into the lumen
      of the tubular organ, it is desirable to maintain the tubular organ and
      the implant connected to each other until the tissue of the organ has an
      opportunity to grow into the means 44. Thus, it is possible to suture the
      vas portions 20 and 50 to each other in order to maintain them in the
      position shown in FIG. 4 until the tissue grows into the means 44 on the
      extensions 38 and 46. However, such suturing has proved to be a problem
      since many surgeons cannot perform the suturing in a fully effective
      manner. Furthermore, such suturing requires an increased time for the
      operating procedure, which is undesirable.
PAR  Therefore, the implant 32 is provided with a fastening means 54 capable of
      fastening the vas portions 20 and 50 onto the extensions 38 and 46 in a
      highly reliable manner which will maintain the implant in the position
      shown in FIG. 4 until the tissue grows into the pair of means 44, without
      requiring the inconvenient suturing or other measures which may be used to
      retain the components in the position shown in FIG. 4.
PAR  This fastening means 54 in the example of FIGS. 4 and 5 takes the form of a
      plurality of hooks 56 circumferentially distributed about each of the
      extensions 38 and 46, in the manner shown most clearly in FIG. 5. Thus in
      the illustrated example there are four hooks 56 circumferentially
      distributed about the extensions 38, and four additional hooks 56 are of
      course circumferentially distributed about the extension 46, in the manner
      shown in FIG. 5 according to which the hooks are uniformly distributed
      angularly about each extension. These hooks 56 are also made of a material
      which is compatible with the human vas such as gold or platinum, for
      example. The hooks 56 are of a substantially V-shaped configuration and
      are each provided with one leg extending along the exterior surface of the
      extension 38 or 46 and held onto the latter by the windings of the wire
      which forms the means 44, as illustrated in FIGS. 4 and 5. However, any
      other suitable mounting of the fastening means on the tubular extensions
      can be used. For example in the case where the means 44 takes the form of
      a porous matrix, the hooks 56 are initially positioned in engagement with
      the exterior surface of the tubular extensions and then the deposited
      matrix will itself serve to fix the hooks 56 to the exterior surface of
      each of the extensions 38 and 46.
PAR  It is to be noted that in addition to a leg which extends along and is
      fixed to the exterior surface of each extension 38, each hook 56 has an
      outer inclined leg 58 which terminates in a pointed free end. These
      inclined legs 58 of the hooks 56 are inclined in such a direction that
      they permit each extension 38 and 46 to be introduced into the lumen but
      will prevent removal of each extension. Any attempt at removal will only
      result in further digging of the hooks 58 into the tissue which forms the
      vas portions 20 and 50. Thus, these hooks will serve to provide an
      exceedingly secure connection between the vas portions 20 and 50 and the
      tubular extensions of the implant 32, so that there will be sufficient
      opportunity for the tissue to grow into the pair of means 44 to achieve
      the secure tight connection which will not only securely maintain the
      implant in the position shown in FIG. 4 but which will also reliably
      prevent any leakage of fluid along the exterior of the valve.
PAR  Of course, the fastening means 54 may have other constructions. For
      example, as is shown in FIG. 7, it is possible to provide a fastening
      means 60 formed from a thin sheet of metal 62 which is compatible with the
      tissue such as gold or platinum. Thus a fairly thin sheet of gold or
      platinum, for example, may have stamped therefrom sections having
      approximately the configuration shown in FIG. 7. It will be noted that
      these sections have a free jagged edge 64 which extends from a
      substantially rectangular portion 66, with the free edge 64 extending
      between a pair of oppositely inclined edge regions 68 which project from
      the substantially rectangular portion 66. The length of the means 60 is
      such that it can be wrapped at least once around the tubular extensions 38
      and 46 in the manner shown in FIG. 6. The wire which is used to form the
      means 44 can be wrapped around the cylindrical part 70 which is formed
      from the rectangular portion 66 of the sheet 62. The remaining part,
      because of the inclined edges 68 and the longer length of the jagged edge
      64 forms an outwardly flaring portion 72 terminating in the jagged edge 64
      which is thus spaced from the extension 38 and pointed toward the
      intermediate part 34 of the implant 32, as shown in FIGS. 6 and 8. Thus,
      the wire which forms the means 44 is securely wrapped around the
      cylindrical part 70 which is formed from the rectangular portion 62, and
      part of the wire of the means 44 is also surrounded by the flaring portion
      72 which terminates in the jagged edge 64. After the left portion of the
      wire is wound, as viewed in FIG. 6, the means 60 can be wrapped around the
      tubular extension 38, and then the remainder of the wire can be wrapped to
      secure the means 60 in the position shown in FIGS. 6 and 8. In the same
      way a means 60 is secured to the extension 46.
PAR  Therefore, with the embodiment of FIGS. 6-8 when the implant is introduced
      to the position shown in FIG. 4, the sharp points situated along the
      jagged edge 64 will dig into the tissue in order to provide an extremely
      secure mounting while retaining the implant in position within the body
      cavity in a manner which permits the tissue to grow freely into the means
      44 which promotes the ingrowth of tissue.
PAR  Thus, both of the embodiments 54 and 60 of a fastening means according to
      the invention enable the implant to be introduced with substantially no
      resistance into the interior of the tubular organ but prevents removal of
      the implant once it has been situated in the organ, enabling the tissue of
      the latter, particularly the part from which the mucosa layer has been
      removed, to freely grow into the interstices or pores of the means 44.
PAR  According to the invention, a vas deferens 76 which is schematically shown
      in FIG. 9, has an elongated portion cut away, this portion extending only
      up to the lumen 80, so that the vas 76 is left with an elongated
      continuous portion 82 as illustrated in FIG. 9. Then the tool 12 is
      introduced into the free ends of the lumen which are connected by the
      portion 82 in order to remove the mucosa layer as described above in
      connection with FIG. 1.
PAR  Thereafter, the implant is introduced, and this implant preferably has a
      fastening means, such as the fastening means 54 or the fastening means 60.
PAR  The elongated portion 82 of the vas is deflected away from the lumen 80 so
      as to be formed into a pair of flaps 84, as shown in FIG. 10, these flaps
      of course being integrally connected to each other at their common end 86
      which is distant from the vas 76. Then the flaps 84 are simply sutured
      together.
PAR  The result of this feature of the invention is that in addition to all of
      the advantages discussed above in connection with the other embodiments,
      the method of FIGS. 9 and 10 will take up any slack which might otherwise
      undesirably remain in the tubular organ such as the vas deferens. In
      addition, if it should happen that any sperm should be capable of
      traveling along the exterior of the valve, this sperm would necessarily be
      required to transverse the intermediate portion 34 of the implant 32.
      However, when the sperm reaches one or the other of the flaps 84, the
      sperm encounters in effect a path extending perpendicularly away from the
      lumen, and in this way the possibility of any sperm continuing from one to
      the other side of the implant is avoided to an even greater extent with
      the arrangement of FIGS. 9 and 10.
PAR  It is thus apparent that with the above features of the invention it
      becomes possible to secure an implant in the exterior of a body cavity in
      a highly reliable manner, while still making it possible to eliminate any
      inconveniences in the manipulations which must be performed by a surgeon.
      The features of the invention are of particular value in connection with
      the introduction of a valve into a vas deferens for reversibly preventing
      flow of semen-carrying fluid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for introducing a valve having an intermediate portion and
      tubular extensions respectively extending in opposite directions from said
      intermediate portion into a vas deferens of a living being, the step of
      removing a part of the vas deferens extending outwardly from the lumen
      thereof at only one side of the lumen so as to leave at the vas deferens a
      continuous portion extending between free ends of the lumen which are
      exposed by removing said part thereof, introducing the tubular extensions
      into the free ends of the lumen, respectively, deflecting the continuous
      portion of the vas deferens away from the lumen thereof to advance the
      free ends of the lumen toward the intermediate portion of the valve for
      pulling the vas deferens onto the opposite tubular extensions, forming
      from the deflected continuous portion of the vas deferens a pair of flaps
      which engage each other, which remain connected to each other at their
      outer ends which are distant from the lumen, and which project laterally
      from the lumen, and fastening the flaps together so that they will grow
      together and maintain the free ends of the lumen adjacent the intermediate
      portion of the valve.
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ABST
PAL  A hearing screening apparatus of the type for measuring hearing of a human
      subject by measuring the change in subject motor activity in response to
      an unexpected auditory stimulus. The apparatus includes an audio signal
      reproducer spaced from the subject and a motion transducer coupled to
      receive subject motor activity and having an output. Means is provided for
      recording the transducer output as a function of time. Control means is
      provided for recording subject base line motor activity and at a
      predetermined time simultaneously transmitting an auditory test signal
      stimulus via said reproducer and recording subject motor activity response
      to said test signal stimulus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an apparatus for hearing screening and
      a method for measuring the hearing response of a human subject. More
      particularly, this invention relates to an apparatus and method for
      utilizing said apparatus for measuring hearing of a human subject by
      measuring the change in subject motor activity in response to an
      unexpected auditory stimulus.
PAR  Although hearing screening of the human subject in the first few months of
      life is known in the art, such screening is on a subject-by-subject
      individual basis, requires highly trained personnel, the cost is excessive
      and the screening yields only subjective test results. Thus there is a
      need for an apparatus and method for hearing screening at substantially
      low cost without the necessity of highly trained personnel.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide an
      apparatus and method for hearing screening at greatly reduced cost,
      without requiring highly trained personnel and to yield objective test
      results.
PAR  It is a particular object of the present invention to provide an apparatus
      for hearing screening of human subjects with minimum intrusion in their
      environment and wherein the apparatus is automated to operate at
      predetermined levels and times within the environment.
PAR  It is a further particular object of the present invention to provide a
      method for measuring hearing of a human subject by subjecting the subject
      in its normal environment to predetermined testing levels at unexpected
      time periods for measuring the change in subject motor activity in
      response to the unexpected auditory stimulus.
PAR  The foregoing and other objects of the invention are achieved in a hearing
      screening apparatus, and method for utilizing said apparatus for measuring
      hearing of a human subject by measuring the change in subject motor
      activity in response to an unexpected auditory stimulus. The apparatus
      includes an audio signal reproducer spaced from the subject and a motion
      transducer coupled to receive subject motor activity and having an output.
      Means is provided for recording the transducer output as a function of
      time. Control means is provided for recording subject base line motor
      activity, and at a predetermined time simultaneously transmitting an
      auditory test signal stimulus via said reproducer and recording subject
      motor activity response to said test signal stimulus.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view, partly in cross-section, showing a portion of
      a hospital nursery environment, including plural standard nursery cribs
      and the hearing screening apparatus integrated with minimum intrusion into
      the nursery environment.
PAR  FIG. 2 is a representative output of the invention including plural
      measurement channels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the hearing screening apparatus is shown integrated to
      minimize intrusion in a nursery environment 10 including at least one
      standard nursery crib 11. Additional crib 12 may also be provided. Crib 11
      may be a standard nursery crib having a conventional base or support. Crib
      11 has a bottom wall 13 and spaced upstanding and generally confronting
      side walls 14 and 16. Crib 11 further includes end walls 17 and 18
      positioned to cooperate with walls 14 and 16 to enclose and form a
      box-shaped crib having an upwardly facing opening 19. Crib 11 is of
      suitable size to include comfort padding material such as a matress and
      bed clothing, on the inner walls thereof and further contain the human
      subject, such as a newborn baby and thereby present the subject with the
      normal nursery environment.
PAR  A motion transducer 22 is coupled to receive subject motor activity and may
      be positioned under the mattress, or on any of the walls of said crib. The
      transducer may be positionally located and mounted to particularly
      emphasize the monitoring of specific motor activity. The positional
      location partially determines the waveform frequency response of the
      detected subject motor activity by virtue of the coupling via the mass and
      elasticity of the crib structural components. It has been found that a
      motion transducer such as model No. 8101M15 Pixie Transducer (Endevco,
      Co., Pasadena, Calif.), may be first embedded in silicon rubber and then
      fastened to a steel strap, approximately one-eighth inch in thickness. The
      strap 23 having the transducer 22 affixed thereto is coupled to receive
      subject motor activity. It has been found that coupling the strap and
      transducer to bottom wall 13 generally underlying the subject central body
      portion emphasizes the response to the subject's respiratory movement.
      Transducer 22 has lead means 24 connected thereto to couple said
      transducer to external electrical circuitry. Lead means 24 may couple the
      transducer output to crib identifier 26 and via a common signal BUS 27 to
      remote control means 29 and indicating means 31. Crib identifier 26 may be
      conventional digital pulse generation circuitry providing a unique series
      of pulses from each identifier and the associated crib during operation of
      the apparatus. Crib identifier 26 may be omitted in the case of a single
      crib apparatus and lead means 24 coupled directly to remote control means
      29.
PAR  Control means 29 includes amplification and filtering means for amplifying
      and emphasizing the desired frequency range. Preferably a logrithmic
      amplifier may be used having suitable gain to amplify the output of
      transducer 22. A low frequency bandpass filter is connected to the output
      of amplifier 32 to emphasize the low frequency range output of transducer
      22. The output of the band pass filter 33 is coupled to the input of
      recording means 31 such as a multiple channel strip chart recorder.
      Control means 29 further includes timing means 35 for actuating the
      apparatus at predetermined times as will be later seen.
PAR  Control means 29 includes a transmit signal output 36 and a transmit signal
      BUS 37 which is connected to an audio signal reproducer 39. Audio signal
      reproducer 39 may be a loudspeaker placed to overly the opening 19 of crib
      11 and may be mounted in the nursery ceiling above said crib.
      Alternatively when only a single crib is to be used, such as for screening
      of higher-rise subjects in an ICU (Intensive Care Unit) nursery the
      transducer 22 may be positioned over the crib opening 19 and spaced from
      the subject.
PAR  Turning to operation of the apparatus, and the performance of a screening
      measurement, plural cribs 11 and 12 may be positioned to underly
      reproducer 39, with respective transducers 22 and 42 coupled via
      identifiers 26 and 43 to channels 1 and 2 of control means 29. Operation
      of the apparatus may be seen from the strip chart 31 output showing the
      timing diagram and sequence of the apparatus, FIG. 2. Upon initiation of a
      screening sequence, event output trace 44 is present as are the respective
      channels 1 and 2 outputs. Crib identifiers 26 and 43 at the initiation of
      a sequence are responsive to a pulse train generated by control means 29.
      For example, a sequence of seven pulses may be generated by control means
      29 and sent simultaneously via BUS 27 to all crib identifiers. The first
      of the seven pulses may be utilized to reset the logic in each of the
      respective crib identifiers 26 and 43. Each of the next 5 pulses, that is
      pulses 2-6, may be selectively transmitted or coupled through identifiers
      26 and 43 depending on the interconnection of circuitry included therein.
      Each identifier may include a 5-bit serial diode detector array capable of
      being connected to pass a unique combination of pulses. Identifier 26 may
      be connected to transmit or couple only the first of the 5 pulses,
      identifier 43 the first and second of the 5 pulses, and so on with the
      identifier associated with a seventh crib (not shown) transmitting pulses
      2-4 thus corresponding to a binary 111 signal. The respective pulse trains
      of each of the crib identifiers are transmitted via lines 24 and 27 to the
      appropriate channels of recorder 31. The seventh pulse generated by
      control means 29 serves to turn off the crib identifiers and switch the
      outputs of the respective transducers 22 and 42 back on the signal lines
      24 and 27.
PAR  After the identification sequence, the subject baseline motor activity
      trace is recorded, trace 48 representing an active subject and
      corresponding motor activity at channel 1 and trace 49 showing sleeping
      subject and a corresponding motor acvity at the output of channel 2. The
      baseline motor activity may be monitored, preferably for a period of
      approximately 10 seconds. Near the end of the subject's baseline activity
      a personnel warning tone such as a 40 db, SPL (sound pressure level)
      4KH.sub.z tone may be transmitted via reproducer 39 to prevent startling
      personnel that may be present in the nursery. Although the apparatus is
      adjusted to provide a uniform 92 db SPL level at the cribs, the intensity
      is of course greater for personnel who may be standing immediately under
      reproducer 39.
PAR  At event time 52, the 92 db SPL signal is initiated while simultaneously
      continuing to record the subject motor activity. The test signal stimulus
      may be administered for a period of approximately 1 second. Trace portions
      53 and 54, respectively, show the response by the subject to the
      unexpected signal stimulus. It has been found that a strong motor activity
      response within a four second time period 56 after the test signal is
      initiated indicates a "strong" response. A response within an additional
      two second period 57 indicates a "weak" response. The test cycle is then
      completed with respect to cribs 11 and 12 and the cycle may be later
      repeated and selectively administered at predetermined times dependent on
      the adjustment of timing means 35. For example twenty tests may be
      administered during a 24 hour period and may be administered in groups of
      four, spaced, for example, 8 minutes apart at times of 12 noon, 11 p.m., 3
      a.m. and 6 a.m. Thus it is clear that the subject will have his hearing
      tested thirty or more times during the hospital stay. Further it has been
      found that by spreading the test schedule over multi-hour periods, mainly
      at night when the nursery routine is least active and when most subjects
      will be in their cribs, a large enough sample per subject is obtained to
      statistically insure that each subject's behavioral response state will be
      optimal at least part of the time. Moreover, the apparatus may operate 24
      hours each day, and 7 days each week a period which would be excessively
      difficult and expensive to monitor with human observers.
PAR  The response recordings for given periods may be collected and scored.
      Further, untrained personnel can learn to score very quickly because
      little judgement is required on the part of the scorer. The scorer need
      only determine whether there is a change in motor activity which coincides
      with the test sound. It has been found that a subject may be considered to
      hear and thus pass the hearing screening test if his response rate is
      better than 20% or if two definite startle or arousal responses are
      present within a two second period after the test sound is initiated at
      event 52. Of course, "silent" tests may be interjected without the
      knowledge of the scorer to insure proper scoring. Moreover, subsequent
      follow-up with the parents and/or the physician or record, in addition to
      the compilation of statistical results will increase the long term
      predictability of the apparatus and the testing method.
PAR  It has been found that the type of sound does influence response rates. A
      cribside sound level of between 92 and 93 db SPL was initially selected
      because it yielded an average response rate greater than 30% and was
      within the range of stimuli used in prior art screening. It is believed
      that the approximate 90 db level is probably low enough to insure that
      most subjects with a hearing loss of more than 60-65 db will fail to
      respond. It has been found that the most effective sound stimuli is a 2-4
      kH.sub.z band of noise. A tone which was swept rapidly upwards from 2-4
      kH.sub.z for a period of about 50 miliseconds was also utilized. However
      it has been found that by comparison on the same population of subjects
      the noise band stimuli produced 44% and sweep tone 28% positive responses.
PAR  Thus it is apparent that there has been provided an apparatus and method
      for hearing screening at greatly reduced cost, without requiring highly
      trained personnel and yielding objective results. In particular an
      apparatus has been provided for hearing screening of human subjects with
      minimum intrusion in their environment wherein the apparatus operates at
      predetermined levels and times within the environment.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a hearing screening apparatus of the type for measuring hearing of a
      human subject by measuring the change in subject motor activity in
      response to an unexpected auditory stimulus, the apparatus comprising,
PA1  an audio signal reproducer disposed to stimulate the subject with audio
      energy,
PA1  means for supporting said human subject,
PA1  a motion transducer coupled to said support means serving to provide an
      electrical output signal responsive to movement of the support means
      responsive to movement of the human subject,
PA1  means for recording the transducer output as a function of time,
PA1  control means for recording a signal for the subject's baseline motor
      activity and at a predetermined time simultaneously transmitting an
      auditory test signal stimulus via said reproducer and recording a signal
      for the subject's motor activity response to said test signal stimulus.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said signal reproducer includes means
      providing a 2-4 kH.sub.z noise stimulus which ranges from 90 to 95 db
      sound pressure level.
NUM  3.
PAR  3. An apparatus as in claim 1 wherein the baseline recording time is
      approximately 10 seconds, the audio signal one second in duration, and
      said means for recording includes means providing a recorded response
      which includes a strong response period of 4 seconds from initiation of
      said test signal and a poor response period extending for an additional
      two second period.
NUM  4.
PAR  4. An apparatus as in claim 1 further comprising wherein a signal plural
      measurement channels including plural transducers coupled to plural
      support means and plural recording means, said apparatus simultaneously
      recording baseline activity, transmitting test signals and recording
      responses as a function of time for each channel together with
      identification means for each channel operative preceding said baseline
      recording.
NUM  5.
PAR  5. In a hearing screening apparatus for newborn babies of the type for
      measuring hearing of a baby by measuring the change in the motor activity
      of the baby in response to an unexpected auditory test signal, the
      apparatus comprising,
PA1  a crib,
PA1  an audio signal reproducer disposed to direct an audio signal to said crib,
PA1  a motion transducer coupled to the crib to detect movement of said crib,
      said transducer having an electrical signal output,
PA1  means for recording the transducer electrical signal output as a function
      of time,
PA1  control means for recording the baseline motor activity of a baby disposed
      in the crib and at a predetermined time simultaneously transmitting an
      audio test signal via said reproducer and recording the motor activity
      response of the baby to the test signal.
NUM  6.
PAR  6. An apparatus as in claim 5 wherein said signal reproducer includes means
      providing a 2-4 kH.sub.z noise stimulus which ranges from 90 to 95 db
      sound pressure level.
NUM  7.
PAR  7. An apparatus as in claim 5 wherein the baseline recording time is
      approximately 10 seconds, the audio signal 1 second in duration, and said
      means for recording includes means providing a recorded response which
      includes a strong response period of 4 seconds from initiation of said
      test signal and a poor response period extending for an additional 2
      second period.
NUM  8.
PAR  8. An apparatus as in claim 5 further comprising plural measurement
      channels including plural transducers coupled to plural cribs and plural
      recording means, said apparatus simultaneously recording baseline
      activity, transmitting test signals and recording responses as a function
      of time for each channel together with identification means for each
      channel operative preceding said baseline recording.
NUM  9.
PAR  9. In a method for hearing screening of a baby in a normal nursery baby
      crib environment utilizing a test signal reproducer, a motion transducer
      coupled to said crib for receiving the motor activity of the baby, control
      and recording means coupled to said transducer the method comprising,
PA1  recording the baseline motor activity of the baby, and simultaneously
      transmitting an auditory test signal of a predetermined level via said
      reproducer and detecting and recording the motor activity of the baby to
      said test signal.
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ABST
PAL  A catheter for the injection of liquid X-ray contrast media into the
      vascular systems of a patient, which is characterized in that the end of
      the catheter proximate its introduction into the patient terminates in a
      point and is bent at an angle near this point, and includes an outwardly
      directed aperture in the central region of the bend. The catheter
      facilitates renal aortography and selective arteriography to be
      simultaneously effected without the need of interchanging the catheter.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a catheter utilized for the injection of
      liquid X-ray contrast media into the vascular system of a patient for the
      implementation of renal aortography and selective arteriography.
PAR  The angiographic examination of the kidneys has presently become a basic
      routine in conjunction with the studies of patients who are, for example,
      affected by hypertension. In the case of hypertension, the examination
      primarily concerns itself with the main and lateral branches of the renal
      arteries.
PAC  DISCUSSION OF THE PRIOR ART
PAR  The customary method of exploration comprises the employment of different
      projections in renal aortography with the patient lying stretched out in
      order to provide visualization of the branches of the renal arteries. To
      this effect, radio-opaque media are introduced into the aorta through the
      intermediary of a straight catheter. When the patient exhibits
      pathological findings, the examination is supplemented by selective
      arteriography i.e. studies covering the pathological area. Only one artery
      can be examined at any time by the use of several projections. This method
      is not only time-consuming and troublesome for the patient but also
      exposes him to an increased hazard which are caused by the risk of
      complications.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention provides for a catheter for the
      injection of liquid X-ray contrast media into the vascular systems of a
      patient, which is characterized in that the end of the catheter proximate
      its introduction into the patient terminates in a point and is bent at an
      angle near this point, and includes an outwardly directed aperture in the
      central section of the bend.
PAR  It is, accordingly, an object of the present invention to provide a
      catheter facilitating renal aortography and selective arteriography to be
      simultaneously effected without the need of interchanging the catheter.
      Another object of this invention is to provide a novel catheter permitting
      a reduction in the number of projections required for the complete
      examination of a patient.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects and advantages of the invention will be better
      understood from the following detailed description, taken in conjunction
      with accompanying drawing, in which:
PAR  FIG. 1 shows a sectional view of a portion of a catheter constructed in
      accordance with the present invention; and
PAR  FIG. 2 illustrates a sectional view of a portion of a second embodiment of
      a catheter constructed in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the accompanying drawing which illustrates in FIGS. 1 and
      2 embodiments of the catheter, the latter comprises a generally flexible
      tubular member which terminates, at the end thereof proximate the
      introduction into a patient, in an open point 1, and forming a taper for a
      short distance. The catheter is bent near that end at an angle of about
      80.degree. so as to preferably correspond to the angle between the artery
      of the body and the renal artery. Within the central section the bent
      portion or length 2 the wall of the catheter includes an outwardly
      directed aperture 3, the aperture extending radially outwardly in the
      embodiment of FIG. 1, and laterally or sideways in the embodiment of FIG.
      2.
PAR  The diameters and lengths of the catheters illustrated coincide with the
      customary dimensions of normal catheters. The diameters of the apertures
      are so dimensioned with respect to each other whereby about 15% of any
      radiopaque medium conveyed through the catheter flows through aperture 3
      and roughly 85% through the opening in point 1. In a catheter having a
      diameter of 1.8 mm, the diameter of aperture 3 may be 1 mm while the
      opening in point 1 may have, for example, a diameter of 1.5 mm.
PAR  The aperture 3 is generally located at a distance of approximately 10 to
      18mm from the outlet opening of the catheter within the central region of
      the bent catheter portion 2.
PAR  An application of the catheter according to the present invention is
      illustrated in the following example:
PAR  A catheter of about 80 cm in length is introduced into a patient according
      to the Seldinger technique. The catheter is introduced so that point 1
      comes to rest on a level par with the orifice of the renal arteries of the
      kidney to be examined. About 30 ml radiopaque medium is then injected
      through the catheter under a pressure of 5 kp/cm.sup.2. In this manner
      information about the number of the renal arteries and any possible
      anomalies of their branches may be readily obtained. Subsequently,
      selective catheterizations are carried out with the same catheter by
      injecting 10 ml radiopaque medium at a pressure of 3 kp/cm.sup.2. In this
      connection, the renal artery to be catheterized, and concurrently a short
      segment of the aorta, as well as the renal artery on the opposite side of
      the aorta, are filled with contrast medium through the aperture 3. Two
      projections of the arteries are obtained in this manner by catheterization
      of the renal arteries, and by turning the patient through about 15.degree.
      so that the kidney which is to be catheterized is simultaneously rotated
      through about 15.degree. and thus displaced upwardly. These projections
      are obtained without producing any adverse effect on the intestinal
      arteries resulting, for instance, from an undesirable injection of
      contrast medium.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Catheter for the injection of liquid X-ray contrast media into the
      vascular system of a patient for the implementation of renal aortography
      and selective arteriography comprising a flexible tubular catheter member,
      one end of said catheter member terminating into a tapered point having an
      opening communicating with the interior of the catheter and adapted to be
      introduced into the patient, said catheter member being bent through a
      predetermined angle in proximity to said point end so as to form a first
      short linear portion between said tapered point and the bend and a second
      lengthier linear tubular portion, said first and second linear tubular
      portions subtending an acute angle therebetween, and through aperture
      means being formed in said catheter member in the central region of its
      bend intermediate said first and second linear tubular portions, said
      aperture means being dimensioned to facilitate flow therethrough of
      approximately one-seventh the quantity of the contrast media flowing
      through said catheter, and said first short linear portion being of a
      length so as to provide a predetermined distance between said opening at
      the tapered point and said aperture means whereby said catheter is adapted
      to be positioned in the renal artery of the patient for concurrently
      effecting renal aortography and selective arteriography.
NUM  2.
PAR  2. Catheter as claimed in claim 1, said catheter being bent so as to
      subtend an angle between the bent catheter member portions of about
      80.degree..
NUM  3.
PAR  3. Catheter as claimed in claim 1, said aperture means in said bent
      catheter member region being spaced from the pointed end of said catheter
      a distance of 10 to 18 mm.
NUM  4.
PAR  4. Catheter as claimed in claim 1, said bent catheter member portion being
      arcuately curved, and said aperture means being radially outwardly
      directed at the central region of said curved portion.
NUM  5.
PAR  5. Catheter as claimed in claim 1, said aperture means extending laterally
      with respect to the bending plane of said catheter member.
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ABST
PAL  A device for examining the heart is provided with a catheter adapted to be
      placed within the heart and including at one end thereof,
      circumferentially arranged, equidistantly distributed elements, serving
      for the transmission and reception of ultrasonic waves. The catheter has
      an axis and the elements have no directivity in a plane perpendicular to
      this axis. The elements are so dimensioned in axial direction that in a
      plane through the axis they do show directivity. An excitation device is
      provided which successively excites groups of adjacently arranged elements
      and time delays are provided for delaying the transmitted and received
      pulses for the elements of a group that the differences in travel times
      are compensated. An adder is provided for the summation of echo pulses and
      a device is provided for visually displaying the part of the examined
      heart surrounding the catheter.
PARN
PAR  This Application is a divsion of application Ser. No. 334,300 filed Feb.
      21, 1973, now U.S. Pat. No. 3,827,115, and claims the priority of my
      Applications filed in the Netherlands on Feb. 22, 1972 and Mar. 10, 1972.
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PAC  FIELD OF INVENTION
PAR  This invention relates to devices for examining a hollow organ, such as the
      heart, which devices are of the type which comprises a catheter which is
      to be placed inside the hollow organ and which is provided at its end with
      circumferentially arranged, equidistantly distributed elements, each of
      which serves both for the transmission and the reception of ultransonic
      waves.
PAC  BACKGROUND
PAR  A device of the type indicated above has been previously proposed
      comprising an intracardiac catheter provided near its end with four
      elements for the transmission of ultrasonic waves, which elements are
      spaced equiangularly apart at 90.degree. intervals and which each have
      some directivity. With the aid of this catheter, it is possible to
      transmit ultransonic waves in four different directions and to determine
      the distance to the heart wall from the time interval between the
      excitation of the elements and the reception of the echo pulse. If the
      entire heart wall is to be scanned, the catheter must be rotated about is
      axis, a procedure which is difficult to realize. It will therefore be
      clear that, with this catheter, it is not possible at any moment to
      completely visualize moving cardiac structures, such as heart walls and
      heart valves, surrounding the catheter. In principle, it would be possible
      to determine the dimensions of the heart in a larger number of directions
      by providing the catheter with a larger number of elements.
PAR  Techniques for determining the distance from object in one of a larger
      number of directions around an ultrasonic source are known in themselves
      from Sonar (Bom, Lancee, Algemene inleiding tot de echocardiografie, Het
      Ingeniemsblad, No. 3, 1972, p. 3-6). The possibility of applying Sonar
      Techniques to a heart catheter has also been touched upon in a paper
      presented to the British Medical Ultrasonics Group, at Glasgow,
      Great-Britain, Dec. 10, 1971, (Bom, Lancee, Technical Developments in
      echocardiographic apparatus). However, the dimensioning of the ultrasonic
      equipment for Sonar is such that without difficulty it can be provided
      with a large number of elements.
PAR  In contrast to the situation with Sonar, however, the dimensions
      permissible for a catheter are in the order of magnitude of millimeters,
      thus limiting the number of directional elements at the frequencies used
      for diagnostic purposes.
PAC  SUMMARY OF INVENTION
PAR  An object of the invention is to avoid this drawback and to provide a
      device with which the dimensions of a hollow organ can be determined in a
      large number of directions without it being necessary for the catheter to
      be rotated for this purpose.
PAR  The invention, moreover, provides a device with which it is possible at any
      moment to obtain a complete cross-sectional view of the part of the
      examined hollow organ surrounding the catheter. The device according to
      the invention is characterized by a large number of elements which show
      very little directivity in a plane perpendicular to the axis of the
      catheter, the elements being so dimensioned in axial direction that the
      major part of the acoustic energy in transmission is confined to a plane
      perpendicular to the axis of the catheter. An excitation device is further
      provided which successively excites groups of adjacently arranged elements
      at a rate of at least 15 times per second. There are time delays for so
      delaying the transmitted and the received pulses for the elements of a
      group that the differences in travel times among the elements for the
      pulses to or from a line lying in the plane perpendicular to the catheter
      axis and being, perpendicular to the center line of the group, are
      compensated. There is further an adder for the summation of the echo
      pulses brought into coincidence by the time delays. A device is used for
      visually displaying the part of the examined hollow organ surrounding the
      catheter, which device is controlled by the adder.
PAR  The groups of elements excited in successive cycles are preferably moved up
      one element with respect to each other. Moreover, it is preferred that
      each group consists of an even number of elements. The elements of a group
      are preferably divided into pairs of elements positioned symmetrically
      with respect to the center line, communal time delays being used for each
      pair both in the transmitting circuit and in the receiving circuit.
PAR  In one embodiment of the invention, all groups are gone through 150 to 200
      times per second, so that also the heart structures moving fastest can be
      continuously observed on the screen of a cathode ray tube.
PAR  The frequency of the ultrasonic waves is preferably in the range of 5-6 MHz
      and the number of elements may be, for instance, 30 to 40.
PAR  The selection of the groups is preferably effected by two electronic
      switching units which are controlled by a clock generator, one switching
      unit serving to excite the elements and the other to feed the echo pulses
      to a processing circuit. It is preferred that, from each clock pulse, a
      starting pulse is derived which via appropriate time delays controls the
      generators for the excitation, the echo pulses being fed via appropriate
      time delays to an adder which sums the coinciding echo pulses. As the
      strength of the echoes is dependent on the distance covered, it is
      recommended that the output signals are fed from the adder to an amplifier
      with a time-dependent amplification factor, which amplifier is controlled
      by the clock generator, as a result of which the differences in strength
      are compensated.
PAR  In order to make it possible for the catheter to be introduced into the
      hollow organ to be examined, it must in many cases have a diameter of not
      more than a few mm. As a result, extremely high demands are made on the
      manufacture thereof, particularly considering that within this small
      diameter a large number of elements are to be accommodated.
PAR  The device according to the invention can be manufactured by a method which
      provides a very satisfactory solution to this manufacturing problem. It is
      characterized in that the basic member is a substantially cylindrical core
      of insulating material, the outer surface of which is provided with a
      layer of conductive material which, by locally removing this material, is
      divided into two sections, a front and rear section, respectively, which
      are insulated from each other and in that, on part of the outer surface of
      said core, a hollow cylinder of piezoelectric material is placed, which
      cylinder is so polarized that in radial direction a thickness resonance
      takes place for the ultrasonic waves to be generated, the two cylinder
      surfaces being provided with electrodes in the form of layers, which are
      each connected to one of the sections of the conductive layer on the core,
      after which the piezoelectric cylinder and the outer part of the core are
      sawn through along a number of radial planes interspaced at equal angular
      distances, so that a number of separate elements are formed, one of the
      electrodes of each element being connected via the corresponding part of
      the conductive layer of the core to a corresponding feed wire and the
      other electrode being connected via the other part of the conductive layer
      to a communal conductor.
PAR  In an effective embodiment of the invention, the core is provided with a
      central bore through which either the communal conductor or the separate
      feed wires are passed. If the communal conductor is passed through the
      bore, it may be connected to the outer electrodes of the elements by means
      of a metal cap, which is attached to the leading end of the catheter.
PAR  If initially the conductive layer extends over the entire outer surface of
      the core, it must be removed from the end face on the side of the separate
      feed wires in order to prevent a short circuit between these wires.
PAR  In one form according to the invention, the piezoelectric cylinder is
      bonded to the core by means of an adhesive. Connecting the electrodes of
      the piezoelectric cylinder to the two parts of the conductive layer of the
      core may with advantage be done by soldering.
PAR  The catheter according to the invention may be connect to the catheter tube
      by means of a coupling member which engages with the rear part of the
      core. It is also effective that the core is at its leading end provided
      with an expanded part whose diameter is equal to the outer diameter of the
      piezoelectric cylinder.
PAR  In order to reduce cross-talk between the various elements to a minimum, it
      is recommended that the feed wires be passed through the catheter tube in
      bundles, care being taken that the feed wires of each group of elements
      all belong to different bundles.
PAR  For the sawing through of the piezoelectric cylinder and the outer part of
      the core, there are two methods. With the first method use is made of a
      circular saw and the core is provided with an end piece which during
      sawing may be clamped on the core and later on removed therefrom. With the
      second method use is made of a metal wire and the core is fixed between
      centers which are preferably formed by the ends of the communal conductor
      passing through the central bore of the core.
PAR  After the catheter has been made, it is preferably covered with a thin
      protective layer. For the acoustic matching of the object to be examined,
      it is of advantage to give said layer a thickness of 1/4 wave length, said
      layer preferably being of a material having a basis of expoxy-resin.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The invention is next further explained with reference to the accompanying
      drawing, which shows a few embodiments. In the drawing:
PAR  FIG. 1 is a view in perspective of a catheter used for the device according
      to the invention;
PAR  FIGS. 2 and 3 illustrate the directivity obtained by group-wise excitation
      of the transmitting elements;
PAR  FIG. 4 is a block diagram of a device according to the invention; and
PAR  FIGS. 5 and 6 are block diagrams of two variants of a detail of the device
      according to FIG. 4.
PAR  The method of manufacturing the catheter is illustrated in FIGS. 7-12 as
      follows:
PAR  FIG. 7 shows a catheter made according to the invention;
PAR  FIG. 8 is a longitudinal section of the catheter according to FIG. 7;
PAR  FIG. 9 shows a detail of the catheter according to FIG. 8;
PAR  FIG. 10 shows a variant of the construction according to FIG. 9;
PAR  FIG. 11 shows the sawing through of the piezoelectric cylinder with the aid
      of a circular saw; and
PAR  FIG. 12 shows the sawing through of the piezoelectric cylinder with the aid
      of a metal wire.
DETD
PAC  DETAILED DESCRIPTION
PAR  The catheter shown in FIG. 1 consists of a cylindrical body 1 containing a
      number of circumferentially arranged piezoelectric crystals or elements 2
      which are insulated from each other and resonate in radial direction at
      the frequency of the ultrasonic waves. These crystals have such a length
      that the sound is substantially confined to a plane perpendicular to the
      longitudinal axis of the cylindrical body 1.
PAR  FIG. 2 schematically shows the operation of the device during a first
      cycle. During this cycle the crystals K1-K4 are excited.
PAR  The crystals may be considered to be line source transmitters which emit
      sound waves in all radial directions. The distances from the crystals to a
      plane V1 positioned perpendicular to the center line of the group of
      crystals vary; namely for the crystals K1 and K4 the distance is longer
      than for the crystals K2 and K3. When the crystals are excited
      simultaneously, the echo pulses coming in parallel to the center line are
      consequently received at different moments. According to the invention,
      this difference in travel time is compensated by means of time delays, so
      that for the direction parallel to the center line of the group coinciding
      echo pulses are received which are added. As a result, a particularly
      strong sum signal is formed for the echo pulses coming in parallel to the
      center line. For echo pulses that come in from other directions, the
      differences in travel time have not been compensated so that the sum pulse
      for these echo pulses is considerably smaller. The resulting directivity
      is schematically referred to by the directional characteristic R1.
PAR  During the subsequent, cycle, which is illustrated in FIG. 3, the crystals
      K2-K5 are excited, resulting in a directivity referred to by the
      directional characteristic R2.
PAR  By having the group of excited crystals moved up one crystal position after
      each cycle, there will be obtained a rotating directional characteristic
      with which the entire circumference of the hollow organ can be scanned.
PAR  The device illustrated in FIG. 4 is controlled by a clock generator KG.
      This clock generator controls a logic circuit LC, which serves to select
      the groups, and also controls a pulse generator SP, which initiates the
      excitation of the crystals of the group selected. The generation of the
      excitation pulses and the distribution of these pulses over the crystals
      of the selected group is effected by means of a device A, which may be
      constructed in two different ways.
PAR  In the construction represented in FIG. 5 the starting pulse is fed to a
      series of delays V01, V02, etc. which each control a respective generator
      G1, G2. The pulses of each generator are fed to two inputs of the
      electronic switching unit S1, which is controlled by the logic circuit LC,
      which inputs belong to elements positioned symmetrically with respect to
      the center line of the group. The outputs of the switching unit S1 are
      connected to the crystals K1, K2, etc. respectively.
PAR  In the construction according to FIG. 6, the output pulses of the delays
      V01, V02, etc. are directly fed to the switching unit S1, the outputs of
      which are connected to a corresponding generator G1, G2, etc., each of
      which generators now excites one corresponding crystal.
PAR  According to FIG. 4 the echo pulses received by the crystals are fed via
      preamplifiers VV1, VV2, etc, to a second switching unit S2, which is also
      controlled by the logic circuit LC. The echo pulses received from the
      crystals positioned symmetrically with respect to the center line of the
      group are fed by the switching unit S2 respectively to adders 01, 02 etc.,
      which add the respective pulses. The output signal from each adder is fed
      to a time delay VP1, VP2 etc. which cause such a delay that, of the echo
      pulses coming in parallel to the center line of the group, the coinciding
      pulses are fed to the adder OT. The output pulses from the adder OT pass
      through an amplifier RV whose amplification factor increases as a function
      of time and which amplifier is controlled by the clock generator KG. As a
      result, the difference in strength as a function of the travel distance is
      compensated. Via the detector D, the signal received is fed to an organ
      IM, which controls the intensity of the cathode ray of a cathode-ray tube
      KB. The deflection members DX and DY of this cathode-ray tube are
      controlled by a deflection generator DG, which is connected to the clock
      generator KG. The deflection generator causes the cathode ray to be
      radially deflected from the center of the cathode-ray tube, the direction
      of the ray always corresponding to the center line of the selected group.
      In this way, a picture of the moving wall of the hollow organ examined is
      displayed on the screen of the cathode-ray tube.
PAR  The number of elements may be 32, the clock frequency being so selected
      that all groups are scanned about 160 times per second. This scanning
      frequency is so high that the eye will observe a continuous picture of the
      fastest moving heart structures. A suitable frequency of the ultrasonic
      waves is 5-6 MHz.
PAR  The manufacture of the catheter will now be illustrated with reference to
      the FIGS. 7-12.
PAR  In the catheter 1 according to FIG. 7 are a number of circumferentially
      arranged piezoelectric crystals 2. There may be, for instance, thirty-two
      or thirty-six of these elements. At the leading end, the catheter may be
      closed by a metal cap 3. The catheter is connected to a normal catheter
      tube by means of a coupling member 4.
PAR  The manufacture of such a catheter will be illustrated with reference to
      FIG. 8. The basic member in the manufacture is a substantially cylindrical
      core 5 of insulating material, which is covered with a conductive layer 6.
      The core may consist of, for instance, a synthetic material of the
      ABS-type, in which case the conductive layer may be applied in three
      stages, namely by applying a copper coating, which may be done chemically,
      and electroplating with a coating of nickel, and electroplating with a
      coating of gold. The total thickness of the layer may be about 40 microns.
PAR  It is also possible for the core to be made of epoxy resin to which a thin
      coating of aluminum may be applied by vaporization. At its leading end,
      the core is provided with an expanded portion 7 whose diameter is equal to
      the outer diameter of the circular array of elements to be provided. In
      the core, there is made a central bore in which a conductor 8 is secured
      which is at its leading end provided with a screw thread 9, with the aid
      of which the cap 3 is secured to the catheter. The conductive layer 6 is
      removed from a part 10 of the outer surface of the core on which the
      elements are to be placed, and from the conical end surface 11. If
      necessary, the conductive layer is also removed from the flat end face 12.
      It is also possible to use embodiments in which the core is initially
      provided with an end piece which is later on sawn off, in which case no
      conductive layer is present on the end face 12.
PAR  After the conductive layer in the above-indicated zones has been removed, a
      hollow cylinder 13 is placed on the core, which hollow cylinder is of a
      piezoelectric material and so polarized that, in radial direction,
      resonance will take place for the sound waves to be generated. The
      cylinder 13 is on its inner surface and on its outer surface provided with
      electrodes 14 and 15 in the form of a layer (see FIGS. 9 and lo)--. The
      cylinder 13 is bonded to the core by means of an adhesive 16. The outer
      electrode is soldered (17) to the leading part of the conductive layer of
      the core near the end of the catheter, whereas the electrode 15 is
      soldered (18) to the rear part of the conductive layer remote from the
      free catheter end. In order to facilitate soldering at said last-mentioned
      point, the core is locally provided with a groove 19.
PAR  It should be added that, in the construction according to FIG. 10, both
      ends of the piezoelectric cylinder 13 are bevelled as a result of which
      the solder 17 and 18 will come to lie within the circumference of the
      cylinder 13. There is no need then for the groove 19.
PAR  FIGS. 11 and 12 show two different methods of dividing the hollow cylinder
      13 of piezoelectric material into a large number of separate elements.
PAR  With the method according to FIG. 11, the core 5, on which the hollow
      cylinder 13 is placed, is fixed in a clamp 23. The core 5 already contains
      the central conductor 8 (see FIG. 8). Subsequently, an extremely thin,
      rotating diamond saw 24 is passed through the cylinder 13 in axial
      direction (see the horizontal arrow in FIG. 11). In the cylinder 13, a saw
      cut is formed having a width which may be in the range of 100 to 140 .mu..
      The depth of cut of the diamond saw is such that it also just removes the
      conductive layer 6 (see FIG. 8) which is on the part of the core 5
      opposite the inner wall of the coupling member 4.
PAR  After each saw cut, the core 5 with the hollow cylinder 13 is turned
      through a particular angle, depending on the number of elements to be
      provided. After having thus divided this cylinder 13 into the desired
      number of elements, part of the core 5 is sawn off in radial direction at
      22.
PAR  With the method according to FIG. 12, the core 5, with the cylinder 13 on
      it, is clamped up by means of the centering ends 25 and 26 of the central
      conductor 8. The cylinder 13 is now grooved with the aid of a hard metal
      cutting wire 27 which is guided by the rollers 28 and 29. The grooving is
      done by causing the workpiece 5, 13 to make a translation in the direction
      of the cutting wire 27 or by moving the cutting device 27, 28, 29 to the
      workpiece 5, 13.
PAR  On each of the sectors into which the conductive layer 6 has been cut at
      its rear end, a feed wire 20 is placed, which also may be done by
      soldering, as indicated in FIGS. 9 and 10. Each feed wire belongs to one
      particular element. A feed wire 21 is attached to the conductor 8 in the
      central bore of the core.
PAR  Subsequently, the metal end cap 3 is screwed on the conductor 8, as a
      result of which the outer electrodes of all the elements are connected to
      the feed wire 21. The catheter is connected to a catheter tube 30 of the
      usual construction by means of a coupling member 4, which engages with the
      rear part of the core 5. The feed wires 20 and 21 are passed through the
      catheter tube 30.
PAR  The feed wires 20 are assembled in a number of bundle which preferably each
      comprise a ground conductor, care being taken that the feed wires 20 of
      each group of elements all belong to different bundles. In this way the
      cross-talk between the various elements, which also act as receivers of
      the echo pulses, is reduced to a minimum.
PAR  The feed wire 21 is connected to ground, so that the outer electrodes of
      all the elements are grounded. In this way, the risk run by a patient is
      reduced to a minimum.
PAR  The catheter is finished by covering it with a thin protective coating,
      which may be done by repeatedly immersing it in a solution of polyurethane
      in a mixture of dioxan and tetrahydrofuran. In this way, a sealing coat is
      obtained which does not attack the blood or the tissue of the patient
      examined.
PAR  In order to match the acoustic impedance with that of the object to be
      examined, it may be of advantage to use a protective layer of a material
      having a basis of epoxy-resin, said layer having a thickness of 1/4 wave
      length.
PAR  Connecting the electrodes of the piezoelectric cylinder to the feed wires
      can be done with the aid of a solder having a low melting temperature, for
      instance: 60-95.degree.C, at which temperature the crystals are not
      depolarized, or by soldering for a very short time at a higher melting
      temperature or by making use of a conductive adhesive.
PAR  The catheter described is meant, in the first place, for examining the
      heart, the catheter being introduced into the heart through a blood
      vessel. An intracardiac catheter according to the invention was provided
      with 32 elements and had an external diameter of only 3 mm. Each element
      had a thickness d of 0.35 mm (in radial direction) and a length 1 of 5 mm
      (in axial direction of the catheter). However, the catheter may also be
      used for examining other hollow organs such as, for instance, the urinary
      bladder.
PAR  The above-described embodiment may still be varied within the scope of the
      invention. For instance, it is not essential that the end cap is attached
      to the catheter by means of a screw thread. For this purpose, use may be
      made of a different electrically conductive securing means. Furthermore,
      the provision of the central bore in the core for accommodating the
      connections is optional. Alternatively, the connections may be provided on
      the outside of the catheter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for examining a hollow organ, such as the heart, said device
      comprising a catheter having an axis and adapted to be placed inside the
      follow organ and including at an end, at least four circumferentially
      arranged, equidistantly distributed elements, each of which is adapted for
      the transmission and the reception of ultrasonic waves in successive
      transmission-reception periods, each of said elements having a width in a
      plane perpendicular to the axis of the catheter which is smaller than the
      wavelength of the ultrasonic waves such that they show substantially no
      directivity in a plane perpendicular to the axis of the catheter, the
      elements haveing axial dimensions which are larger than said wavelength,
      such that they do show directivity in a plane containing the said axis; an
      excitation device which successively excites groups of adjacently arranged
      elements at a rate of at least 25 times per second, each group having a
      center line; time delays for delaying the pulses transmitted and received
      during a transmission-reception period by the elements of a group so that
      the differences in travel times among the elements for the pulses to or
      from a plane perpendicular to the center line of the group are
      compensated; an adder for the summation of the echo pulses brought into
      coincidence by the time delays; and means controlled by the adder, for
      visually displaying the part of the examined hollow organ surrounding the
      catheter.
NUM  2.
PAR  2. A device as claimed in claim 1, said catheter comprising a plurality of
      conductive strips, a generally cylindrical core of insulating material,
      the said elements being disposed about the core, an inner electrode on
      each element electrically connected to a respective one of said conductive
      strips, said strips extending along the core away from the associated
      element towards one end portion of the core, a common conductive layer,
      and an outer electrode on each element electrically connected to said
      common conductive layer which is located on the other end portion of the
      core.
NUM  3.
PAR  3. A device as claimed in claim 2, in which the core is provided with an
      axial passage comprising an electrical lead in said passage connected to
      the common conductive layer.
NUM  4.
PAR  4. A device as claimed in claim 2 in which the core is provided with an
      axial passage, comprising a plurality of electrical leads in said passage
      connected to the said strips.
NUM  5.
PAR  5. A device as claimed in claim 2, in which the core is provided with an
      axial passage, said device comprising a metal cap and further comprising
      an electrical conductor in said passage connected to said metal cap which
      is located at the tip of the catheter, said cap being in electrical
      contact with the said common conductive layer.
NUM  6.
PAR  6. A device as claimed in claim 2 further comprising an adhesive and in
      which the elements are attached to the core by said adhesive.
NUM  7.
PAR  7. A device as claimed in claim 2 further comprising solder and in which
      the electrodes are connected by the solder to the associated conductive
      strips and to the conductive layer.
NUM  8.
PAR  8. A device as claimed in claim 2 in which the core includes a leading end
      and, at said leading end, a portion of external diameter equal to that of
      the circumferentially arranged elements.
NUM  9.
PAR  9. A device as claimed in claim 2 in which the core includes a coupling
      member located at a rear end portion of the core and adapted to connect
      the core to a catheter tube.
NUM  10.
PAR  10. A device as claimed in claim 1, in which the catheter includes a thin
      external protective coating.
NUM  11.
PAR  11. A device as claimed in claim 10 in which the coating has a thickness of
      1/4 wave length relative to the said predetermined wavelength.
NUM  12.
PAR  12. A device as claimed in claim 1 wherein each group consists of an even
      number of elements.
NUM  13.
PAR  13. A device as claimed in claim 12, wherein the elements of a group are
      divided into pairs of elements positioned symmetrically with respect to
      the center line, the elements of each pair co-operating with common time
      delays both in transmitting and in receiving.
NUM  14.
PAR  14. A device as claimed in claim 1 including thirty to forty of said
      elements.
NUM  15.
PAR  15. A device as claimed in claim 1, wherein said excitation device
      comprises means adapted to move up the groups of successively excited
      adjacent elements by one element after each transmission-reception period.
NUM  16.
PAR  16. A device as claimed in claim 1, wherein said excitation device
      comprises means for exciting all groups 150-200 times per second.
NUM  17.
PAR  17. A device as claimed in claim 1, comprising two electronic switching
      units, a clock generator, and a processing circuit, the selection of the
      groups being effected by said two electronic switching units controlled by
      said clock generator which generates clock pulses therefore, one of said
      switching units serving to excite the elements and the other to feed the
      echo pulses to said processing circuit.
NUM  18.
PAR  18. A device as claimed in claim 17, comprising means whereby from each
      clock pulse a starting pulse is derived which via selected of said time
      delays controls the excitation device, the echo pulses being fed via
      selected of said time delays to said adder which sums coinciding of the
      echo pulses.
NUM  19.
PAR  19. A device according to claim 18, comprising an amplifier with a
      time-dependent amplification factor controlled by the clock generator, for
      the output signals from the adder.
PATN
WKU  039385035
SRC  5
APN  5027187
APT  1
ART  335
APD  19740903
TTL  Achilles reflex test system
ISD  19760217
NCL  24
ECL  1
EXA  Cohen; Lee S.
EXP  Michell; Robert W.
NDR  2
NFG  4
INVT
NAM  Vis; Vincent A.
CTY  Brighton
STA  MI
ASSG
NAM  J. M. Richards Laboratories
CTY  Grosse Pointe
STA  MI
COD  02
CLAS
OCL  128  2N
XCL  307232
XCL  328110
XCL  328150
EDF  2
ICL  A61B  516
FSC  128
FSS  2 N;2 S;2.06 R;2.06 A;2.06 F
FSC  328
FSS  110;150
FSC  307
FSS  232
UREF
PNO  3322115
ISD  19670500
NAM  Richards
OCL  128  2N
UREF
PNO  3475062
ISD  19691000
NAM  Crittenden et al.
OCL  307232
UREF
PNO  3716799
ISD  19730200
NAM  Haass et al.
OCL  328150
UREF
PNO  3734082
ISD  19730500
NAM  Rawson
OCL  128  2N
OREF
PAL  Molcho et al., "Electronic Measurement of Achilles Tendon Reflex" IEEE
      Trans on Bio-Med Eng., Vol. 17, No. 4, Oct. 1970, pp. 353-355.
PAL  Bourne, "Meausrement of Achilles Tendon Reflex," Med. & Biol. Eng., Vol.
      10, No. 5, pp. 692-696, 1972.
PAL  Tuck, "Improved Measurement of Ach. Tendon Reflex," Med. & Biol. Eng., Mar.
      1974, pp. 170-173.
PAL  Roy et al., "Simple Linear Pulse to Pulse Cardiotech.", Med. & Biol. Eng.
      pp. 370-373, May 1974.
LREP
FR2  Haas, Jr.; Gaylord P.
ABST
PAL  A system for measuring the duration of the Achilles tendon reflex after the
      tendon has been tapped by a percussion hammer, the system including an
      input transducer which converts the reflex extension of the ankle joint to
      an electric signal which is fed to the input of an amplifier, the output
      of the amplifier being fed to a peak holder and to a comparator circuit. A
      portion of the signal from the peak holder is also fed to the comparator
      circuit which detects a crossover point of the two signals fed to the
      comparator. The first such crossover occurs during the hammer tap
      "artefact" and the second such crossover occurs during the relaxation
      phase of the reflex action. A timing device (such as an integrator)
      measures the time elapsed between the two crossovers and displays the
      result. The system also includes a reset switch which is interconnected
      with the peak holder, the flip flop, and the integrator circuits to reset
      those circuits and the system further includes an input offset compensator
      circuit, the output of the input offset compensator circuit being fed to
      the input circuit of the amplifier to provide sufficient current to reduce
      or increase the output of the amplifier to zero with zero input signal
      being fed to the input of the transducer.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE DISCLOSURE
PAR  This invention relates generally to an electrical apparatus adapted for use
      as a diagnostic aid in determining certain physical conditions of a
      patient, and more particularly, the present invention relates to an
      electrical apparatus which is designed to measure the reflex action of the
      Achilles tendon as an aid in the diagnosis of thyroid malfunctions and the
      treatment of those malfunctions.
PAR  The original concept for measuring the reflex duration of the Achilles
      tendon after it has been tapped by a reflex hammer consisted of a platform
      on which the patient's foot rested. Measurements of the reflex duration
      were made by observing the pressure changes on the platform under the
      foot. This pressure change could then be translated into a chart to form a
      permanent record for subsequent study and comparison. Certain subsequent
      systems utilized an apparatus which simplified the measuring of the reflex
      action and particularly utilized a strain-gauge transducer and an
      electro-optical system.
PAR  The concept of utilizing the reflex action of the Achilles tendon as an aid
      in the diagnosis of thyroid malfunctions and the like has been known in
      the past.
PAR  Certain prior art systems, for example, utilized a permanent magnet which
      is attached to the heel of the patient by use of adhesive tape. A
      measuring head, having a fixed electrical coil, is positioned a few inches
      from the magnet on the heel. The electrical coil in then connected to a
      standard ECG unit so as to produce a visual trace on a standard ECG chart.
      Thus, when the Achilles tendon is tapped with a reflex hammer, the
      movement of the magnet with respect to the coil will produce an impulse
      whose shape will determine the visual trace on the ECG chart.
PAR  Another prior proposed system involved the use of a noncontacting capacitor
      wherein the patient's foot is placed between the plates of the capacitor.
      The Achilles tendon is tapped with a percussion hammer and the reflex
      action is sensed by a change in capacitance of the capacitor. This change
      is applied to a detector system and a read-out is provided for the
      operator.
PAR  Finally, a system was introduced which utilized a photoelectric device,
      commonly referred to as the photomotograph, used in conjunction with a
      standard direct-writing electrocardiograph to permit a simple recording of
      foot movement. A tap on the Achilles tendon with a percussion hammer
      causes the patient's foot to move in the light beam, generating a change
      in photocell voltage which is then recorded on the electrocardiograph
      paper to give a time position plot of reflex action.
PAR  While these prior art systems have proved satisfactory, it has been found
      desirable to improve the systems for measuring the tendon reflex. With the
      system of the present invention, a simple office procedure is performed
      with ease and with a minimum expenditure of time by the physician. The
      procedure can be performed by the physician's assistant in a matter of a
      few moments and the results evaluated while the patient is still in the
      office. Thus, it is ideally suited for an out-patient type of operation in
      a physician's office. Further, it can be used as a test for screening
      thyroid patients and following their progress under medication.
PAR  Further, the test, as performed by the system of the present invention,
      could become a valuable part of the complete physical examination record
      which may be utilized for future comparison as is now commonly recommended
      for electrocardiograms. With this test, the physician can easily follow
      the patient's response to therapy, regardless of the type of therapy
      utilized.
PAR  Further, it has been suggested, for example, that one in every twenty
      persons in the United States have a malfunctioning thyroid glad and this
      condition causes the patient to carry a higher risk of heart attack, some
      cancers, and a sluggish functioning of the brain. For this reason, it has
      been suggested to institute mass screening tests to detect this condition
      in order that these people may receive the proper medical attention. The
      simplicity in performing the Achilles reflex test and its accuracy in
      screening hypothyroid patients particularly lends itself to such mass
      testing procedures.
PAR  With the system of the present invention, an input transducer is
      interconnected with the patient to provide an output signal indicative of
      the displacement of the foot in response to the tapping of the Achilles
      tendon with a percussion hammer. This transducer may take various forms,
      and for example, the photoelectric technique described above wherein a
      lamp and a condensing lens in one side of a U-shaped housing directs a
      beam of light on a photovoltaic cell on the other side of the U-shaped
      housing. The patient is then positioned in a kneeling configuration on a
      chair or specially designed kneeling bench. The unit is positioned so that
      the light beam is partially intercepted by the metatarsal region of the
      foot. Upon tapping the Achilles tendon with the percussion hammer, the
      patient's foot is caused to move in the light beam to generate the change
      in voltage from the photoelectric cell described above.
PAR  The output from the transducer is set to an input amplifier which amplifies
      the signal from the transducer. The output of the input amplifier is fed
      in one instance to a peak detector and holder circuit which is utilized to
      detect and hold the highest peak sensed before the peak holder is reset.
      The output of the peak holder is fed through a one-half voltage divider
      and then to the input circuit of a comparator circuit. The output of the
      input amplifier is also fed directly to the input of the comparator
      circuit wherein the two signals are compared to detect a cross-over when
      the output of the one-half peak voltage divider exceeds the output from
      the input amplifier. When this condition occurs, an output signal is
      generated by the comparator circuit.
PAR  This output signal from the comparator circuit is fed to a flip flop which
      is triggered to the opposite state with every positive going pulse edge
      from the comparator circuit. As will be seen from a further description of
      the drawings, positive going edges occur when the reflex wave form reaches
      one-half of its amplitude in the initial peak and subsequently reaches
      one-half of its amplitude in a subsequent peak. The output of the flip
      flop is fed to an integrator circuit which provides a time reading of the
      duration of the period during which the flip flop was triggered to its
      opposite state. This output is then fed to a meter or to some other type
      of output indicating device.
PAR  The system further includes an input offset compensator which is a circuit
      connected to the input amplifier for providing a compensating voltage for
      the input amplifier to force the input amplifier to provide a zero output
      signal when there is zero input from the transducer. The system further
      includes a reset switch which is connected to the input offset compensator
      circuit, the peak holder circuit, the flip flop circuit, and the
      integrator circuit to reset and initialize these circuits prior to taking
      a measurement.
PAC  OBJECTS AND BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Accordingly, it is one object of the present invention to provide a new and
      improved diagnostic instrument for medical use.
PAR  it is another object of the present invention to provide an improved
      diagnostic instrument for use in recording body response when outside
      stimulus is applied.
PAR  It is another object of the present invention to provide an improved
      instrument for use in diagnosing body malfunction.
PAR  It is still a further object of the present invention to provide an
      improved diagnostic instrument for timing the Achilles reflex in response
      to a tap on the Achilles tendon by a percussion hammer.
PAR  It is still another object of the present invention to provide an improved
      diagnostic instrument for measuring the Achilles reflex time of a patient
      as an aid in diagnosing malfunctioning of the thyroid.
PAR  It is still a further object of the present invention to provide an
      improved diagnostic instrument for use in connection with treating thyroid
      patients which includes an improved peak detector and amplitude cross-over
      detector circuit.
PAR  It is still a further object of the present invention to provide an
      improved diagnostic instrument for use in detecting thyroid malfunction
      which includes an improved input stage having an off-set compensator
      circuit.
PAR  It is still a further object of the present invention to provide an
      improved diagnostic system for use in conjunction with detecting thyroid
      malfunction in a patient which includes an improved reset system for the
      various subcircuits of the system.
PAR  It is still another object of the present invention to provide an improved
      diagnostic system for use in conjunction with treating thyroid patients
      which is inexpensive to manufacture, reliable in use, and simple to
      operate.
DRWD
PAR  Other objects, features, and advantages of the present invention will
      become apparent from the subsequent description and the appended claims,
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a time-position plot of the reflex action of a patient's foot in
      response to a tap on the Achilles tendon with a percussion hammer;
PAR  FIG. 2 is a block diagram of the preferred embodiment of the system of the
      present invention;
PAR  FIG. 3 is a timing chart illustrating the various voltage levels of certain
      portions of the block diagram of FIG. 1; and
PAR  FIG. 4 is a schematic diagram illustrating the specific details of the
      block diagram of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to FIG. 1, there is illustrated a time-position plot of the
      Achilles tendon reflex upon being struck by a reflex hammer. Particularly,
      the hammer tap occurs where indicated and the reaction of the Achilles
      tendon causes a foot reflex which initially peaks at a point 10, the
      amplitude then dropping to a negative value at a point 12. The muscle
      reacts to produce a peak contraction at 14, the trace then falling off to
      a half-relaxation point 16. It is this half-relaxation point which will
      become critical as will be seen from a further description. The trace then
      falls off to a level indicated at 18 until such time as a second hammer
      tap occurs. It is this trace which the system of the present invention is
      adapted to sense and to time certain intervals between certain portions of
      the trace. It should be noted that a hammer tap artefact occurs to produce
      a half-relaxation point, which point would occur at point 20.
PAR  Referring now to FIG. 2, there is illustrated a block diagram of a
      preferred embodiment of the system of the present invention. Particularly,
      the patient's foot is positioned in a transducer which may take a variety
      of configurations, as for example, the magnetic or optical systems
      described above. Upon striking the Achilles tendon of a patient with a
      reflex hammer, an input wave form 22 will be produced, which input wave
      form will be fed to an input conductor 24.
PAR  The input conductor 24 is connected to the input circuit of an input
      amplifier circuit 26, the output of the input amplifier circuit generating
      a wave form 30 which is identical to the wave form 22 with the exception
      that it is somewhat amplified. The wave form A is illustrated in FIG. 3 at
      30. The output of the input amplifier 26 is fed to the input circuit of a
      comparator circuit 32 by means of a conductor 34 and to the input circuit
      of a peak holder circuit 36 by means of a conductor 38.
PAR  The output of the peak holder circuit is fed through a voltage divider
      circuit 40 which includes a pair of resistors 42, 44, the center point of
      the resistors 42, 44 being tapped and connected to the input circuit of
      the comparator circuit by means of a conductor 46. Thus, the output of the
      peak holder rises to a sensed peak and is held there until a larger peak
      is sensed, in which case the output of the peak holder rises to the new
      peak. These amplitudes are then divided by means of the resistors 42, 44
      and fed to the tap conductor 46.
PAR  Referring to FIG. 3, it is seen that the wave form B from FIG. 2 and given
      reference numeral 50, as fed to the input circuit of the comparator
      circuit 32, rises to a level which corresponds to the sensing of the peak
      52. The wave form 30 then drops to some lower level below the wave form 50
      and then rises to a second peak 54. The signal level on wave form 50 does
      not rise until such time as the magnitude of the wave 30 rises above the
      peak 52 which occurs sometime after the second cross-over of the wave form
      50 and 30. The wave form 50 will then follow the wave 30 to the new peak
      54 and will maintain a level after the new peak 54. The wave form 30 then
      drops off and crosses the wave form 50. The cross-over at point 56 and at
      point 58 are critical to the circuit being described in conjunction with
      description of FIG. 2.
PAR  The comparator circuit 32 compares the input wave form A and the input wave
      form B, particularly waves 30 and 50, the comparator circuit detecting
      when the wave forms 30 and 50 cross with the wave form 30 going below the
      wave form 50. As noted in conjunction with the description of FIG. 3, this
      occurs at two points, particularly points 56 and 58. At each of these
      points 56 and 58, the comparator circuit 32 will switch states, the signal
      level following a curve C as indicated by wave form 60 in FIG. 3.
PAR  Thus, referring to FIG. 3, when the wave form 30 crosses-over the wave form
      50 at point 56, the output of comparator 32 will switch from a zero level
      to a positive level 62 by a sharp positive going edge. When the wave form
      30 again crosses the wave form 50 but going in the positive direction, the
      wave form 60 drops to the zero level again with a sharp negative going
      edge. Upon the crossing of the wave form 30 at point 58, a second positive
      going edge is created when the wave form 60 rises to the positive level at
      64. Thus, two positive going edges are created at cross-overs 56 and 58.
PAR  The wave form 60 is fed to the input of a flip flop circuit 66, the flip
      flop circuit, as will be seen from a description of FIG. 4, being
      responsive to positive going edges due to the fact that a steering network
      has been provided at the input circuit to the flip flop 66. Accordingly,
      at the cross-over 56, the flip flop 66 switches from a set state to reset
      state as indicated by wave form 70. The output of flip flop 66, as fed to
      conductor 72, goes from a zero level at 74, indicated on wave form D in
      FIG. 3, to a negative level in response to the generation of the positive
      edge at cross-over 56 (wave forms A and B in FIG. 3). Upon the occurrence
      second cross-over at 58, the flip flop again rises from a negative level
      to a positive level at 76 in response to the second zero going edge in
      wave form 60.
PAR  The output of the flip flop 66 is fed to the input circuit of an integrator
      circuit 80, the output of the integrator circuit going from a zero level
      to some positive voltage at 82 on FIG. 3 (wave form E), the level of wave
      form E at 82 being determined by the amount of time lapse between
      cross-over 56 and cross-over 58. Accrodingly, if cross-over 58 occurred a
      shorter period of time after cross-over 56, the voltage level 82 would be
      somewhat less due to the lesser duration of time permitted for the
      integrator circuit to operate. Correlatively, if the cross-over point 58
      occurred later than indicated, the voltage level 82 would be somewhat
      higher.
PAR  The output of integrator circuit 80 is fed to a meter output 84 which
      indicates the voltage level at 82 and thus provides a direct reading of
      the time lapse between cross-over 56 and cross-over 58. Thus, the circuit
      provides a direct read-out of the Achilles reflex time between
      half-relaxation points of the wave form A. A majority of authorities have
      found that the half-relaxation points are extremely reliable in providing
      an indication of the Achilles reflex time. Other authorities have relied
      on the time between the peaks 10 and 14, which may be measured by the
      system of the present invention with slight modification.
PAR  The circuit of FIG. 2 also includes an input offset compensator circuit 90,
      which circuit 90 provides an input signal to the input amplifier by means
      of a conductor 92, which signal will supply the input amplifier circuit 26
      with sufficient current to offset any generation of an output current when
      there is zero input from the transducer as fed to input conductor 24.
      Thus, the circuit 90 merely varies the voltage level on conductor 92
      either positive or negative, depending on the voltage required to preset
      the signal on conductors 34 and 38 to zero when there is no input being
      fed to input conductor 24.
PAR  The system also includes a reset switch circuit 94, which reset switch
      circuit is connected to the input offset compensator circuit by means of a
      conductor 96, to the peak holder circuit by means of a conductor 98, to
      the flip flop circuit 66 by means of a conductor 100 and to the integrator
      circuit by means of a conductor 102.
PAR  As will be seen from a description of FIG. 4, the reset switch is connected
      to the input off-set compensator to provide a connection between the input
      off-set compensator circuit and the input amplifier at the initial start
      of the measuring cycle. This will provide a circuit for holding input
      voltage at a set point to provide zero output from the input amplifier
      circuit 26. The reset switch is connected to the peak holder circuit to
      ground a capacitor within the peak holder circuit upon initializing the
      system. The flip flop is connected to the reset switch to ensure that the
      flip flop is set to a particular state when the system is initialized.
      Finally, the reset switch circuit 94 is connected to the integrator
      circuit 80 to ensure that an integrating capacitor connected in the
      integrator circuit 80 is fully discharged upon initializing the system.
PAR  Referring now to FIG. 4, there is illustrated the specific circuit details
      which correspond to the block diagram of FIG. 2. While the circuit
      components to be described form the preferred embodiment, it is to be
      understood that other circuit components could be utilized to perform the
      same function such as, for example, discrete components or printed circuit
      boards.
PAR  Specifically, the input signal from the transducer associated with the
      patient's foot is fed to the input conductor 24, which conductor 24 is
      connected to the input circuit of an operational amplifier 110 forming the
      input amplifier. The input amplifier 110 is connected in the typical
      manner wherein a positive source of 15 volt potential is connected to a
      terminal 112 and a negative source of potential is connected to the input
      terminal 114. The output of the operational amplifier is connected to a
      node 116 which provides an output signal which is identical to the input
      signal with the exception that the signal is amplified. The amplifier 110
      also includes a second input through a resistor 118 for a purpose to be
      explained hereinafter.
PAR  The output from the input amplifier 110 is fed to a peak detector and
      holder circuit 120 by means of a diode 122 and a conductor 124. The peak
      detection portion of the circuit includes a capacitor 126, which capacitor
      is grounded at one end thereof and the other end of the capacitor is
      connected to the conductor 124. The capacitor 126 will be charged in
      accordance with the output signal from operational amplifier 110 to a
      point where the signal peaks-out. Thereafter, the charge on capacitor 126
      will remain the ame until such time as the signal from operational
      amplifier 110 increases above the previous peak. At this time, the charge
      on capacitor 126 will again increase to detect any further increased peaks
      being fed thereto from the operational amplifier 110 prior to resetting
      the detector circuit.
PAR  The peak detector and holder circuit 120 further includes an operational
      amplifier 130 which includes a feed back circuit from the output thereof
      to the upper input by means of a conductor 132. The amplifier 130 is
      connected as a unity-gain amplifier and the conductor 132 ensures that the
      output from the amplifier 130 exactly follows the charge on capacitor 126.
PAR  The output of input amplifier 110 is also fed forward to an operational
      amplifier 134, which operational amplifier 134 is connected as a
      comparator circuit. The signal from operational amplifier 110 is fed
      thereto by means of a conductor 136, the other input of the operational
      amplifier 134 being connected to the peak detector and holder circuit 120
      by means of a voltage divider circuit 138 and a conductor 140.
PAR  The voltage divider circuit 138 includes a first and second resistor 142,
      144 the values of which are selected such that the voltage being fed to
      conductor 140 is one-half the magnitude of signal being fed to the voltage
      divider circuit 138 from the operational amplifier 130. In this way, the
      signal on conductor 140 will follow the wave form 50 described in
      conjunction with FIG. 3 and the wave form on conductor 136 will follow the
      wave form 30 also described in conjunction with FIG. 3. The voltage
      divider circuit 138 also includes a source of negative 15 volt potential
      connected to an input terminal 148, this potential being fed to the
      voltage divider circuit by means of a resistor 150. This latter circuit is
      provided to provide a negative off-set for the curve 150 to preclude any
      false readings from the comparator circuit 134 before the cross-over
      points 56 and 58 described in conjunction with FIG. 3.
PAR  The output of the comparator circuit 134 follows the curve 60 described in
      conjunction with the description of FIG. 3, this signal being fed to an
      output conductor 152, this latter conductor being connected to a flip flop
      circuit 154 through a bias circuit 156 and a diode steering network 158.
      The bias circuit includes a pair of resistors 160, 162, the upper end of
      resistor 160 being connected to a negative 15 volt potential and the lower
      end of resistor 162 being grounded. The diode steering network includes a
      pair of diodes 164, 166, these diodes being utilized to render the flip
      flop circuit 154 responsive to positive going edges as described in
      conjunction with curve 60 of FIG. 3.
PAR  The flip flops circuit 154 is a conventional flip flop and includes a pair
      of npn transistors 170, 172, which transistors are cross-coupled by means
      of circuit 174. The output of transistor 172 is cross-coupled to the base
      electrode of transistor 170 by means of a transistor 176, the transistor
      176 being connected in an emitter-follower configuration, the emitter
      electrode of transistor 176 being coupled through a resistor-capacitor
      network 177 similar to the cross-coupling network 174. In this way the
      output of the flip flop 154 follows the curve 170 and produces a sharp
      switching from one state to the other. The output of the flip flop circuit
      154 is connected to the collector-electrode of transistor 172 by means of
      a conductor 178 this output signal being fed to the input circuit of an
      operational amplifier 180, which operational amplifier 180 is connected in
      an integrator circuit. The connection between the output of flip flop 154
      and the input of integrator 180 is accomplished by means of a resistor 182
      and a diode 184, the diode 184 ensuring that the proper polarity signal is
      fed to the operational amplifier 180.
PAR  The operational amplifier 180 includes an integrating capacitor 186, which
      integrating capacitor is connected between the output of the operational
      amplifier 180 and the input thereof connected to diode 184. The other
      input of operational amplifier 180 is grounded through a resistor 188.
PAR  The output of the integrator circuit 180 is connected such that the output
      will follow curve 82 as described in conjunction with FIG. 3. Thus, as
      long as the flip flop circuit is in the reset state, the capacitor 186
      will charge to raise the level of the output of the operational amplifier
      180. This current output is fed to a meter 190 by means of a resistor 194.
      The opposite end of the meter 190 is grounded at 196.
PAR  Referring now to the upper part of FIG. 4, there is illustrated an input
      off-set compensator circuit 200 which includes an operational amplifier
      202. The operational amplifier 202 includes a feed back circuit in the
      form of a resistor 206. As will be seen from a further description of the
      reset circuit, the capacitor 204 is initially charged with a voltage which
      is representative of the output of the input amplifier 110. This charge
      will cause operational amplifier 202 to provide an output signal on a
      conductor 208 which is commensurate with the charge on capacitor 204. This
      conductor 208 is connected to the upper input circuit of the input
      amplifier 110 through the conductor 208 and a resistor 210 and the
      resistor 118. In this way the operational amplifier will provide a signal
      to ensure that the output of operational amplifier 110 is zero with a zero
      input signal impressed on conductor 24.
PAR  Referring now to a reset circuit 216, it is seen that the reset circuit
      includes a ganged switch 220 which has a plurality of blades 222, 224,
      226, and 228. The switch 220 is operated by means of a button (as
      illustrated) or a lever switch and the switch is mechanically devised such
      that all of the blades 222 - 228 contact the respective contact point
      simultaneously and break their respective contact points in a particular
      sequence. In accordance with the way that the circuit is devised, the
      contact points break in the order of contacts 222, 224, 226, and 228.
PAR  Referring specifically to the circuit details of the switch, it is seen
      that the blade 222 connects conductors 230, 232 together, the conductor
      230 being connected to the output of operational amplifier 110 through a
      resistor 234. The conductor 232 is connected to the upper end of capacitor
      204. Thus, when the switch blade 222 contacts its respective contact
      points, the output of operational amplifier 110 is connected to the
      capacitor 204 to charge the capacitor in accordance with the output of
      operational amplifier 110. This occurs when there is no input being fed to
      the input conductor 24.
PAR  The second contact blade 224 connects the capacitor 126, connected to the
      input of operational amplifier 130, to ground through a conductor 240, a
      conductor 242, and the switch blade 222 and the conductor 232 to ground
      through the capacitor 204, so that the capacitor is approximately ground
      when the switch is closed, there being a slight charge on the capacitor
      204 due to the output current flowing from the operational amplifier 110.
      However, capacitor 126 need only be approximately grounded due to the fact
      that the signal level being impressed on capacitor 126 far exceeds the
      signal level on capacitor 204.
PAR  The switch blade 226 is utilized to connect a pair of conductors 248, 250
      together, the conductors 248, 250 being connected across the capacitor 186
      connected in the integrator circuit associated with operational amplifier
      180. When the contact blade 226 engages the respective contact points, the
      capacitor 186 is short-circuited to discharge that capacitor.
PAR  The blade 228 is utilized to reset the flip flop circuit 154 to a initial
      state by grounding the base electrode of transistor 176. This is
      accomplished by connecting conductors 254, 256, and the conductor 178 to
      ground at 258 through the switch blade 228. Thus, when the blade 228
      contacts its respective contact points, the flip flop 154 is switched to
      the set state.
PAR  Accordingly, when the switch button is released, the charge on blade 222
      will initially disengage first to remove the source of potential from the
      capacitor 204. Thus, capacitor 204 will initially be set with a voltage
      which corresponds to the output signal from the operational amplifier 110
      with a zero input impressed on conductor 224. The blade 224 will release
      second to release the discharge path from capacitor 126. The switch blade
      226 will release third which discharges the capacitor 186 after the
      setting of the C voltage on capacitor 204 and the discharging of capacitor
      126. Finally, the set state of flip flop 154 is assured by releasing the
      blade 228 after the releasing of the other blades and the gang switch 220.
PAR  While it will be apparent that the preferred embodiment of the invention
      disclosed is well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for sensing the lapse of time between the peak contraction and
      the one-half relaxation point on a curve created by sensing the
      displacement of a foot in response to tapping the achilles tendon of the
      foot, the resulting curve having at least a first and second peak
      component having first and second peaks, the system comprising transducer
      means positioned to respond to the displacement of the foot and generating
      the curve, means connected to said transducer means for detecting a
      characteristic of the first peak of the curve and generating a first
      signal in response thereto and detecting the same characteristic of the
      second peak and generating a second signal in response thereto, said
      characteristic being relaxation points defined by a ratio of the
      characteristic point amplitude to the peak amplitude of said first and
      second peak components, bi-stable circuit means connected to said detector
      means having a first and second stable state, said bi-stable circuit means
      being in said first state in response to said first signal and being
      switched to said second state in response to said second signal,
      integrator circuit means including output means connected to said
      bi-stable circuit means and responsive to said first and second stable
      states, said integrator circuit means timing the period between said first
      and second characteristic and providing an output thereof, and reset
      circuit means connected to said detector means, bi-stable circuit means
      and said integrator circuit means for resetting said various means
      subsequent to the occurrence of said second characteristic.
NUM  2.
PAR  2. The improvement of claim 1 wherein said characteristics are a one-half
      relaxation point of said peak components.
NUM  3.
PAR  3. The improvement of claim 1 wherein said detector means includes a peak
      holder circuit connected to said transducer means and a feed-forward
      circuit connected in parallel with said peak holder circuit to feed said
      curve forward of said peak holder circuit.
NUM  4.
PAR  4. The improvement of claim 3 wherein said detector means includes
      comparator circuit means connected between said peak holder circuit and
      said parallel circuit and said bi-stable circuit means, said peak holder
      circuit means and said parallel circuit forming two inputs to said
      comparator circuit for comparison of signals from said feed-forward and
      said peak holder circuits.
NUM  5.
PAR  5. The improvement of claim 4 wherein said detecting means further includes
      an input amplifier connected in circuit before said peak holder circuit
      and said parallel circuit to receive said first and second peaks.
NUM  6.
PAR  6. The improvement of claim 5 wherein said peak holder circuit includes a
      voltage divider to establish said ratio of the characteristic amplitude
      point on said first and second peak components.
NUM  7.
PAR  7. The improvement of claim 6 wherein said comparator circuit means
      compares said ratio amplitude and said first and second curve amplitude
      peaks, said comparator circuit means generating an output signal in
      response to a relationship between said first peak amplitude and said
      ratio amplitude of said first peak component and another output signal in
      response to a relationship established between said second peak amplitude
      and said ratio amplitude of said second peak component.
NUM  8.
PAR  8. The improvement of claim 7 wherein said output signal sets said
      bi-stable circuit means in said first state and said another output signal
      sets said bi-stable circuit means in said second state.
NUM  9.
PAR  9. The improvement of claim 8 wherein said integrator circuit means
      includes an operational amplifier connected as an integrator and an output
      meter, said output meter indicating the voltage level at the output of
      said operational amplifier.
NUM  10.
PAR  10. The improvement of claim 9 wherein said reset circuit means includes a
      multi-poled switch connected to said bi-stable circuit means, said
      integrator circuit means and said peak holder circuit, a first set of said
      poles, when closed, setting said bi-stable circuit means to said first
      state, a second set of said poles setting said integrator circuit means to
      substantially zero and a third set of said poles setting said peak holder
      circuit to zero.
NUM  11.
PAR  11. The improvement of claim 10 wherein said system further includes an
      input off-set compensator circuit connected to said input amplifier said
      input off-set compensator circuit being selectively adjustable to provide
      a signal to said input amplifier to set the output of said input amplifier
      to zero when said curve is at a zero signal level.
NUM  12.
PAR  12. The improvement of claim 11 wherein said reset switch includes a fourth
      set of poles connected to said compensator circuit, said fourth set of
      poles, when closed, connecting said input off-set compensator circuit to
      said input amplifier.
NUM  13.
PAR  13. The improvement of claim 12 wherein said system includes means for
      actuating said poles in the order of said fourth set, said third set, said
      second set, and said first set.
NUM  14.
PAR  14. The improvement of claim 1 wherein said detector means includes a peak
      holder circuit and a feed-forward circuit connected in parallel with said
      peak holder circuit to feed said curve forward of said peak holder
      circuit.
NUM  15.
PAR  15. The improvement of claim 14 wherein said detector means includes
      comparator circuit means connected between said peak holder circuit and
      said parallel circuit and said bi-stable circuit means, said peak holder
      circuit and said parallel circuit forming two inputs to said comparator
      circuit means for comparison thereby.
NUM  16.
PAR  16. The improvement of claim 15 wherein said detecting means further
      includes an input amplifier connected in circuit before said peak holder
      and said parallel circuits to receive said first and second peaks.
NUM  17.
PAR  17. The improvement of claim 16 wherein said peak holder circuit includes a
      voltage divider to establish a preselected point on said first and second
      peak components.
NUM  18.
PAR  18. The improvement of claim 17 wherein said comparator circuit means
      compares said relaxation points and said first and second curve peaks,
      said comparator circuit means generating an output signal in response to a
      relationship between said first peak and said relaxation point on said
      first peak component and another output signal in response to a
      relationship established between said second peak and said relaxation
      point of said second peak component.
NUM  19.
PAR  19. The improvement of claim 18 wherein said output signal sets said
      bi-stable circuit means in said first state and said another output signal
      sets said bi-stable circuit means in said second state.
NUM  20.
PAR  20. The improvement of claim 19 wherein said integrator means includes an
      operational amplifier connected as an integrator and an output meter, said
      output meter indicating the voltage level at the output of said
      operational amplifier.
NUM  21.
PAR  21. The improvement of claim 20 wherein said reset circuit means includes a
      multi-poled switch connected to said bi-stable circuit means, said
      integrator circuit means and said peak holder circuit, a first set of said
      poles, when closed, setting said bi-stable circuit means to said first
      state, a second set of said poles setting said integrator circuit means to
      substantially zero and a third set of said poles setting said peak holder
      circuit to zero.
NUM  22.
PAR  22. The improvement of claim 21 wherein said system further includes an
      input off-set compensator circuit connected to said input amplifier, said
      input off-set compensator circuit being selectively adjustable to provide
      a signal to said input amplifier to set the output of said input amplifier
      to zero when said curve is at a zero signal level.
NUM  23.
PAR  23. The improvement of claim 22 wherein said reset switch includes a fourth
      set of poles connected to said input off-set compensator circuit, said
      fourth set of poles, when closed, connecting said input off-set
      compensator circuit to said input amplifier.
NUM  24.
PAR  24. The improvement of claim 23 wherein said system includes means for
      actuating said poles in the order of said fourth set, said third set, said
      second set, and said first set.
PATN
WKU  039385043
SRC  5
APN  5190819
APT  1
ART  335
APD  19741030
TTL  Method for measuring vagina dimensions
ISD  19760217
NCL  1
ECL  1
EXP  Howell; Kyle L.
NDR  1
NFG  4
INVT
NAM  Dickinson, III; Ben Wade Oakes
STR  2125 Broderick St.
CTY  San Francisco
STA  CA
ZIP  94115
INVT
NAM  Dickinson; Robert Wayne
STR  40 Maplewood Drive
CTY  San Rafael
STA  CA
ZIP  94901
CLAS
OCL  128  2S
XCL   33174D
XCL  128343
XCL  128361
EDF  2
ICL  A61B  510
FSC  128
FSS  2 S;361;344;343
FSC   33
FSS  174 D;178 F;178 R
UREF
PNO  901376
ISD  19081000
NAM  Roberts
XCL  128344
UREF
PNO  1413789
ISD  19220400
NAM  Schaff
OCL  128344
UREF
PNO  2854983
ISD  19581000
NAM  Baskin
XCL  128344
UREF
PNO  3081765
ISD  19630300
NAM  Kompelein
XCL  128344
UREF
PNO  3095871
ISD  19630700
NAM  Mann et al.
OCL  128  2S
UREF
PNO  3435826
ISD  19690400
NAM  Fogarty
OCL  128344
UREF
PNO  3661148
ISD  19720500
NAM  Kolin
XCL  128  2S
UREF
PNO  3706307
ISD  19721200
NAM  Hasson
OCL  128  2S
LREP
FRM  Flehr, Hohbach, Test, Albritton & Herbert
ABST
PAL  A trial and error method for measuring dimensions of the vagina and
      specifically the effective diameter of the vaginal sphincter muscle of an
      animal such as a dog or other female animal, using a plurality of
      measuring devices having a nose cone portion with a blunt free end mounted
      to an elongate handle, said nose cone portion including an intermediate
      ring of maximum diameter. The sphincter muscle diameter is determined by
      inserting said nose cone portion through the vulva until said intermediate
      ring passes anterior to the sphincter muscle and thereafter repeating the
      step of insertion with different measuring devices having increasingly
      larger diameters until a marked build-up of resistance to anterior
      movement of the device is detected upon contact of said intermediate ring
      with the sphincter muscle.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to our co-pending patent application, U.S. Ser. No.
      348,204, filed Apr. 5, 1973, entitled "Intra-Vaginal Device and Method",
      now U.S. Pat. No. 3,854,476.
PAC  BACKGROUND OF THE INVENTION
PAR  In an application entitled "Intra-Vaginal Device and Method," Ser. No.
      348,204, filed Apr. 5, 1973 now U.S. Pat. No. 3,854,476, incorporated
      herein by reference, an intra-vaginal contraceptive device is described
      which includes an elongate member with a disc disposed to the posterior
      end flexibly coupled to an extension element at the anterior end of the
      device. The illustrated extension element includes a flexible
      frusto-conical portion. The length of the overall device and the diameter
      of the frusto-conical portion vary depending upon the size of the animal's
      vaginal tract. Because of the size and shape of the disc which assists
      retention of the device, it would be time consuming and irritating to the
      animal to make size measurements by trial and error insertions of
      contraceptive devices of varying sizes. Thus, there is a need for a
      measuring device which accurately determines the appropriate size of the
      frusto-conical portion of the contraceptive device in a relatively short
      period of time without these disadvantages.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  It is an object of the invention to provide a method for the measurement of
      the diameter of the effective vaginal sphincter muscle and the vaginal
      lumen of an animal which includes such muscle.
PAR  It is a further object of the invention to provide a method of measuring
      the length of the animal's vagina.
PAR  It is another object of the invention to provide such a method for
      measuring the effective size of the contraceptive device described above.
PAR  In accordance with the above objects, a measuring device has been provided
      for insertion into the vagina of a female animal of the type having a
      vaginal sphincter muscle for purposes of measuring the muscle. The device
      includes handle means with an elongate stiff, shape-retaining portion and
      a nose cone concentrically mounted to the elongate portion. The nose cone
      has a blunted free end tapering in increasing radial extent to an
      intermediate ring of maximum diameter tapering from the ring in decreasing
      radial extent to the elongate portion to form opposed concentric
      frusto-conical portions meeting in a common base. The ring is defined as
      the section of maximum radial extension through the common base. The
      handle means is substantially longer than the nose cone to permit the ring
      to pass anterior of the sphincter muscle while being externally grasped.
      The nose cone is preferably formed of a flexible material to simulate the
      flexible frusto-conical portion of the contraceptive device set forth in
      the above co-pending application.
PAR  The above device is grasped by the handle and the nose cone portion is
      inserted through the animal's vulva into the animal's vagina until the
      intermediate ring passes anterior to the sphincter muscle. This step is
      repeated with different measuring instruments having intermediate rings of
      successively increased diameters. The effective diameter of the sphincter
      muscle for purposes of the present invention is the one measured by a
      device which causes a marked build-up of resistance against anterior
      movement transmitted to the grasped rod upon contact of the ring with the
      sphincter muscle and a distinct release of the resistance after passage
      through the muscle.
PAR  Additional objects and features of the present invention will be apparent
      from the following description taken in conjunction with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 3 are side elevational views, partially broken away, of
      different measuring devices according to the invention.
PAR  FIGS. 2 and 4 are cross-sectional views, partially broken away, of the
      devices illustrated in FIGS. 1 and 3, respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The measuring device of the present invention is utilized for measuring the
      sphincter muscle of a female animal of the type having its vagina
      terminating at the posterior end in a normally closed vulva and at the
      anterior end in a normally closed cervix with a vaginal sphincter muscle
      therebetween. Animals of the foregoing type include dogs, cats, hogs,
      horses, sheep, cows, and the like. The device is particularly well suited
      for use in the dog. Although it is to be understood that the invention
      also relates to measuring devices for animals, especially the cat,
      appropriate modifications are made to accomodate the difference of the
      internal anatomy of the cat's reproductive tract.
PAR  Referring to the drawing, a measuring device, generally designated by the
      number 11, is illustrated which includes a nose cone portion 12 and handle
      means in the form of an elongate rod portion 13. This latter portion is
      broken away to illustrate its relatively long length in comparison to the
      length of the nose cone. Rod portion 13 is typically at least two to four
      times longer than nose cone portion 12.
PAR  Nose cone portion 12 includes a blunted free end 12a tapering in increasing
      radial extent to an intermediate ring 12b of maximum diameter and from
      there in decreasing radial extent to contact the surface of the elongate
      portion 13 at edge 12c. Thus, the nose cone portion includes continuous
      opposed concentric frusto-conical portions meeting in a common base at
      ring 12b. To minimize irritation during use, substantial interruption in
      the continuity of the surface of the nose cone and the inserted segment of
      rod portion 13 is to be avoided.
PAR  Referring to FIG. 2, nose cone portion 12 defines an axially aligned recess
      14 with an opening through its rear end which receives one end of rod
      portion 13. Rod 13 includes axially spaced openings 13c which serve as a
      well for adhesive for firmly mounting the nose cone. Thus, liquid adhesive
      18 such as melted rubber (e.g., silicone rubber of the type produced by
      Dow Corning Corporation under the name Silastic rubber) is deposited in
      openings 13c and around the rod periphery to contact the inner surface of
      the nose cone and is solidified to form a solid adhesive bridge between
      the rod portion and the nose cone portion.
PAR  As set forth above, the present device is particularly useful in measuring
      the effective sphincter muscle of an animal so that an appropriately sized
      contraceptive device of the foregoing type may be used. Thus, to simulate
      this device and to minimize irritation during measurement, it is
      preferable to form nose cone portion 12 of a flexible material, such as
      natural or artificial rubber, e.g., Silastic rubber. In the device
      illustrated in the drawing, the rod portion 13 projects into the nose cone
      past ring 12b. The diameter of the inner surface of the ring is
      substantially larger than that of rod 13 so that the cross-sectional area
      simulates the corresponding cross-sectional area of the intra-vaginal
      device of our aforementioned co-pending application. Since the nose cone
      portion is formed of a flexible material, it is compressible at least in
      the area of the ring to minimize irritation during use.
PAR  The nose cone portion includes a front wall of enlarged thickness compared
      to the remainder of the wall to provide sufficient strength so that, upon
      meeting resistance, the front end 13b of elongate portion 13 does not
      pierce the nose cone.
PAR  The present measuring device is urged to the anterior of the vaginal
      sphincter muscle by grasping the same by rod portion 13. It includes
      sufficient rigidity to be shape-retaining against moderate resistance from
      the vaginal lining. For this purpose, the stiffness may be provided by
      forming hollow rod portion 13 of relatively stiff material such as nylon.
      This hollow configuration is illustrated in FIG. 4. In an alternate
      embodiment, elongate member 13 includes a relatively flexible exterior
      hollow rod with an internal solid stiffener 16.
PAR  Rod portion 13 also serves to measure the length of the animal's vagina.
      For this purpose, the device may be grasped by nose portion 12 while the
      free end of rod portion 13 is inserted into the animal's vagina. To avoid
      irritation during such measurement, a round soft plug 17 is seated at the
      free end of rod 13. It is suitably formed of the same type material as
      nose cone 12.
PAR  For measurement of the length of the animal's vagina, rod portion 13 is
      longer than the animal's vagina and includes externally visible spaced
      markings for measuring the length of the same. In the embodiment of FIGS.
      3 and 4, such markings are placed directly on the external surface of rod
      13. In the embodiment of FIGS. 1 and 2, such markings are made upon
      stiffener 16 and are externally visible through a translucent or
      transparent rod portion 13.
PAR  A device of the foregoing type is used in a trial and error method for
      measuring the effective diameter of the vaginal sphincter muscle. Thus,
      the free end of rod 13 is grasped as a handle and the nose portion is
      inserted through the animal's vulva into the animal's vagina until the
      intermediate ring 12b passes anterior to the sphincter muscle. It has been
      found that the effective sphincter muscle size for the contraceptive
      device is indicated when the measuring device causes a marked build-up of
      resistance against anterior movement transmitted to the grasped rod 13
      upon contact of ring 12b with the sphincter muscle and a distinct release
      of the resistance after passage through the muscle. Thus, the method
      includes repeating of the insertion step with different measuring devices
      having intermediate rings of successively increased diameters until one is
      found which causes such marked build-up of resistance and subsequent
      release.
PAR  It is apparent that the dimensions of the measuring device is varied to a
      great extent depending upon the size of the animal to be measured. For
      example, for use in the dog, ring 12b may vary from 8 to 50-60
      millimeters. It typically is in the range of 12 to 43 millimeters with an
      average size of 16 to 37 millimeters. The length of the device may vary
      from 25 millimeters to 200 millimeters. In general, the rod 13 is
      substantially longer than the length of the nose cone portion to permit
      the ring to pass anterior of the vaginal sphincter muscle. Thus, rod 13 is
      typically at least two to four times longer than the length of the nose
      cone portion.
PAR  The tapers of nose cone portion 12 may vary depending upon the animal to be
      measured. A typical range of tapers is from four to eight axial units for
      each radial unit of taper.
PAR  The diameter of the rod portion 13 may be varied. However, it has been
      found that if the outer diameter of the rod is greater than about 9
      millimeters, a length measurement will cause irritation unless plug 17
      includes a diameter larger than 9 millimeters.
PAR  Although the foregoing device has been illustrated with the handle in the
      form of a cylindrical rod, it is to be understood that other forms of the
      handle may be employed so long as the portion which is inserted into the
      vagina is of a shape which does not cause irritation. Also, the device may
      be formed with the nose cone portion and elongate portion in one piece so
      long as it is sufficiently rigid to permit insertion of the device. This
      embodiment is not preferable as the one in which the nose cone is formed
      of a relatively flexible material in comparison to that of rod 13. Also,
      if the shape of the portion of the device of our aforementioned
      application corresponding to the present nose cone portion is modified, as
      into an oval cross-section, the shape of the nose cone would be
      correspondingly modified.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a trial and error method for measuring the effective diameter of the
      vaginal sphincter muscle of an animal of the type having a vagina
      terminating at the posterior end in a normally closed vulva and at the
      anterior end in a normally closed cervix and having a vaginal sphincter
      muscle therebetween using a device with a nose cone portion having a
      rounded blunt free end mounted to an elongate handle, said nose cone
      portion including an intermediate ring of maximum diameter, the steps of
PA1  a. grasping one of said measuring devices by the handle and inserting the
      nose cone portion through the animal's vulva into the animal's vagina
      until said intermediate ring passes anterior to said sphincter muscle, and
PA1  b. repeating step (a) with different measuring devices having intermediate
      rings of successively increased diameters until a measuring device is
      tried which causes a marked build-up of resistance against anterior
      movement of the device upon contact of said intermediate ring with the
      sphincter muscle and a distinct release of the resistance after passage
      through the muscle.
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ABST
PAL  A biopsy aspirating device for gathering soft tissue samples comprising a
      syringe having a barrel, with a plunger sealingly received within the
      barrel to form a chamber with a controllably variable volume, and with a
      hollow sample-receiving needle mounted on a needle mounting boss attached
      to the barrel. The needle mounting boss has a bore formed therein to
      provide communication between the needle bore and the barrel with sample
      blocking means having an abutment surface thereon being provided to engage
      the sample and retain the sample in a position to prevent direct contact
      between the sample and the bore formed in the boss. The plunger is secured
      to the conventional gripping shaft, and the gripping shaft has means for
      releasably engaging the proximate end of the barrel at controllable axial
      dispositions therealong. In use, the needle is used to puncture the body,
      and the tip of the needle is advanced until it reached a point adjacent
      the organ from which the tissue is to be collected. At this point, the
      plunger is withdrawn and locked into engagement with the barrel, so as to
      form a partial vacuum within the barrel. The advancement of the needle is
      continued, thereby gathering a sample of tissue from the desired organ,
      with the tissue sample moving into the needle shank until contact is made
      with the abutment surface.
PARN
PAR  This is a continuation of application Ser. No. 497,903, filed Aug. 16,
      1974, now abandoned, which was a continuation-in-part application of Ser.
      No. 330,320, filed Feb. 7, 1973, now abandoned, and which application was
      a continuation-in-part of application Ser. No. 261,818, filed June 12,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an improved biopsy aspirating
      device for obtaining tissue samples, and more particularly, to an improved
      biopsy aspirating device particularly designed to gather tissue samples of
      soft tissue organs, such as liver, kidney, spleen, thyroid or the like.
      The apparatus of the present invention is particularly adapted to obtain
      tissue samples without requiring unusual surgical procedures, and without
      requiring that large openings be formed within the body; and is further
      adapted to retain such samples without exposing the sample structure to
      risk of damage due to the exertion of unusual forces upon the substance of
      the tissue sample.
PAR  At the present time, a variety of specific biopsy instruments are being
      utilized for obtaining biopsy test specimens from various organs, however,
      such instruments are normally cumbersome when being utilized for obtaining
      biopsy specimens from internally disposed organs which tend to bleed
      profusely when specimens are removed therefrom. It is deemed desirable,
      therefore, to utilize a device which reduces the complexity of the
      procedure for the operator, thereby reducing the risk of complications
      resulting therefrom; and also to utilize apparatus which neither damages
      nor destroys the specimen when obtained.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with the present invention, a biopsy aspirating
      device is provided which is specifically adapted for gathering soft tissue
      samples, and comprises a syringe having a barrel, a plunger which is
      sealingly received within the barrel to form a chamber with a controllably
      variable volume, and with a sample receiving hollow needle having a
      sharpened tip being disposed on the end of the barrel. The syringe is
      provided with needle mounting boss means for being received within the hub
      of the needle, with a bore being formed in the boss to provide
      communication between the needle bore and the barrel chamber with sample
      blocking means having an abutment surface thereon being provided along the
      boss to engage the sample and retain the sample in a position to prevent
      direct contact between the sample and the bore formed in the boss. The
      plunger is provided with a gripping shaft having locking means for
      retaining the plunger at a point removed from the base of the barrel, so
      as to maintain a controlled partial vacuum within the chamber. In use, the
      needle is inserted into the patient until the distal tip is disposed
      immediately adjacent the organ from which the sample is to be obtained.
      The plunger is then withdrawn or retracted within the barrel and locked in
      place so as to create an maintain a partial vacuum within the chamber.
      With the plunger retained in locked disposition, the needle is immediately
      advanced until the tip penetrates the organ, and when advancement ceases,
      the partial vacuum present in the chamber will extract the sample from the
      organ and draw it further into the needle bore until contact is made with
      the abutment surface. The abutment surface formed at the tip of the
      projection of the needle mounting boss prevents the sample from passing
      along the length of the needle and into contact with the opening of the
      bore formed in the boss, thereby preserving the integrity of the sample at
      a point within the needle bore and inwardly from the needle tip. If
      desired, after removal of the biopsy needle, a cauterizing device or
      cryoprobe may be inserted into the opening formed by the needle for the
      purpose of cauterizing the wound formed along the biopsy track.
PAR  Therefore, it is a primary object of the present invention to provide
      apparatus and technique for obtaining biopsy samples or specimens from
      soft tissue organs such as liver, kidney, spleen or the like, with means
      being provided for controllably positioning the sample against an abutment
      surface, thereby maintaining the integrity of the sample while
      continuously subjecting the sample to an aspirating force.
PAR  It is a further object of the present invention to provide apparatus and
      technique for obtaining biopsy samples or specimens from soft tissue
      organs pursuant to a simplified technique and without requiring those
      moderately extensive surgical procedures which may at times be required.
PAR  It is yet a further object of the present invention to provide improved
      apparatus and technique for obtaining biopsy samples or specimens from
      soft tissue organs wherein the sample is maintained in a condition free
      from exposure to unusual forces.
PAR  Other and further objects of the present invention will become apparent to
      those skilled in the art upon a study of the following specification,
      appended claims, and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the biopsy aspirating device
      fabricated in accordance with the present invention, and showing, in
      phantom, the disposition of the plunger and its gripping handle partially
      removed from the base of the barrel;
PAR  FIG. 2 is a view similar to FIG. 1 and showing the disposition of the
      plunger when removed a substantial distance from the base of the barrel;
PAR  FIG. 3 is an elevational view of the proximate end of the apparatus shown
      in FIGS. 1 and 2;
PAR  FIG. 4 is a detail sectional view, on a slightly enlarged scale
      illustrating the needle portion of the structure with a biopsy sample
      present in the needle bore, and with the barrel portion being shown
      partially broken away;
PAR  FIG. 5 is an exploded perspective view of a modified form of biopsy
      aspirating device structure and illustrating the structure of the device
      per se and a retained rod element which may be utilized to releasably hold
      the plunger in a predetermined disposition;
PAR  FIG. 5A is a vertical sectional view taken along the line and in the
      direction of arrows 5A--5A of FIG. 5;
PAR  FIG. 6 is a perspective view of an additional modification of the biopsy
      aspirating device;
PAR  FIGS. 6A and 6B are vertical sectional views taken along the line and in
      the direction of arrows 6A--6A of FIG. 6 and illustrating the plunger in
      open and locked positions respectively;
PAR  FIG. 7 is a vertical sectional view, partially broken away, taken through
      the diameter of the barrel, and illustrating the barrel and plunger
      assembly of the structure shown in FIG. 6;
PAR  FIG. 8 is a perspective view of a further modification of the biopsy
      aspirating device of the present invention;
PAR  FIG. 8A is a vertical sectional view taken along the line and in the
      direction of the arrows 8A--8A of FIG. 8;
PAR  FIG. 9 is a perspective view of the gripping shaft and plunger portion of
      the structure illustrated in FIG. 8;
PAR  FIG. 10 is a side elevational view of a modification of the biopsy
      aspirating device illustrated in FIGS. 1-5;
PAR  FIG. 11 is a side elevational view of the device shown in FIG. 10, but with
      the plunger being removed a substantial distance from the base of the
      barrel;
PAR  FIG. 12 is a sectional view taken along the line and in the direction of
      the arrows 12--12 of FIG. 10, and illustrating the disposition of the rod
      element when locked within the barrel to releasably hold the plunger in a
      predetermined disposition;
PAR  FIG. 13 is a sectional view similar to FIG. 12 and illustrating the plunger
      in unlocked disposition;
PAR  FIG. 14 is a detail sectional view, on a slightly enlarged scale,
      illustrating a modified form of the structure with a biopsy sample being
      present in the needle bore, and with the barrel portion being shown
      partially broken away;
PAR  FIG. 15 is a fragmentary detail sectional view showing a still further
      modified form of the structure with a bore and abutment surface being
      formed inwardly at the base of the boss; and
PAR  FIG. 16 is a view similar to FIG. 15 and illustrating the structure with
      the needle being removed therefrom.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the preferred embodiments of the present invention,
      particular attention is initially directed to FIGS. 1-4 of the drawings
      wherein one modification of the structure is illustrated in detail.
      Essentially, the biopsy aspirating device generally designated 10 includes
      a barrel member 11 having a plunger 12 sealingly received within the
      barrel and forming a chamber zone as at 13. A sample-receiving hollow
      needle 15 is provided having a sharpened tip 16 and a mounting hub 17 for
      locking onto the tip and of the barrel 11 with the sample-receiving hollow
      needle 15 having a shank portion interposed between the sharpened tip 16
      and the mounting hub 17. The tip end of the barrel 11 is compressible for
      grippingly engaging the inner diameter of the mounting hub 17 of hollow
      needle 15.
PAR  In other words, a needle mounting boss means 20 is arranged at the distal
      or tip end of barrel 11, with the boss means 20 extending from the barrel
      with needle hub-receiving surface 21 being disposed therealong. In
      addition, the boss 20 includes a projecting tip means 22 having an
      abutment surface 23 arranged at the free distal end thereof. In the
      modification illustrated in FIGS. 10-14 inclusive, the abutment surface is
      arranged along a generally flat or planar zone disposed at the free distal
      end of the boss means so as to provide a "blocking surface" which avoids
      exposing the tissue sample to an unusual concentration of forces or
      pressures. This feature will be discussed in detail hereinafter. In the
      embodiment illustrated in FIGS. 1-4 of the drawings, a continuous bore 25
      extends through the members 20 and 22 to provide communication between the
      interior of the needle 15 and the chamber 13.
PAR  It will be further observed that the tip means 20 is elongated and arranged
      to be received within the bore of the hollow needle shaft, particularly
      within the hub 17 and the shank portion as well. The bore 25 may be
      exceptionally small, and in particular, small relative to the inner
      diameter of the hollow needle 15. This prevents the biopsy specimen from
      entering the syringe. For example, this diameter may range from about 20%
      and 30% of the diameter of the shank of needle 15, the needle shank
      commonly having an inner diameter of about 0.05 inch. In the embodiment
      illustrated in FIGS. 10-14, the biopsy specimen is prevented from entering
      the zone which provides communication between the interior of the needle
      shank and the barrel chamber.
PAR  With continued attention being directed to FIGS. 1-4, it will be observed
      that plunger 12 is secured to gripping shaft 30, with gripping shaft 30
      extending outwardly from the barrel and terminating in disk 31. FIG. 3
      illustrates the gripping shaft 30 having an irregular external periphery
      or configuration, with the cross-section including a central shaft portion
      33 along with a pair of radially extending ears 34--34. The shaft portion
      33 along with the ears 34--34 are arranged to be received within the
      confines of bore 35 formed in plate 36, with the bore 35 including a
      central open portion along with radially extending members 34--34. The
      purpose for utilizing or providing the radially extending ears 34--34 will
      be made manifest hereinafter. With continued attention being directed to
      FIGS. 2 and 3, it will be seen that the radially extending ears 34--34 are
      provided for the purpose of engaging member 36 and holding or otherwise
      retaining the gripping shaft 30 in partially retracted position. This
      partially retracted disposition enables the user to reduce the pressure
      within the barrel 11, and thus establish a partial vacuum in the chamber
      communicating with needle 15. This partial vacuum assists in retracting
      the biopsy sample from the organ being examined, such as a sample 37, into
      the confines of needle 15.
PAR  As has been indicated, the technique normally employed in connection with
      the devices shown in FIGS. 1-4 is to initially advance the needle 15 into
      the body of the patient from which the biopsy sample is to be obtained,
      with the advancement of the needle continuing until a point is reached
      immediately adjacent or short of the pertinent organ. The gripping shaft
      is then retracted to a point at which the lugs will lock onto the surface
      of member 36, and the shaft is then rotated arcuately so as to engage the
      member 36 with the individual elements 34--34. The chamber 13 disposed
      within the barrel 11 is thereby evacuated and a partial vacuum is formed.
      The needle is then advanced further with a stabbing motion so as to
      contact or penetrate the pertinent organ, whereupon, when needle
      advancement ceases, the sample is extracted from the organ and drawn into
      the confines of the needle 15. Such a sample is shown at 37, as indicated
      in FIG. 4.
PAR  The remaining figures are provided for the purpose of illustrating modified
      forms of gripping shaft retention means. These various gripping shaft
      retention means are, of course, useful in connection with the modified
      structure illustrated in FIGS. 10-14 as well. With attention being
      directed to FIGS. 5 and 5A, the biopsy aspirating device generally
      designated 50 is provided with a barrel 51 and needle 52, along with a
      plunger (not indicated) and a gripping shaft 53. Spreader member 54 is
      utilized to retain the gripping shaft in retracted disposition in order to
      maintain the partial vacuum present within the confines of the barrel 51.
      Member 54 is provided with a pair of shaft gripping segments 55 and 56,
      spaced apart by a connecting bar 57.
PAR  The structure shown in FIGS. 6, 6A, 6B and 7 is essentially similar to that
      illustrated in FIGS. 1-4, with the exception of the plunger structure. In
      this device, the biopsy aspirating device generally designated 60 includes
      a barrel member 61 along with the hollow needle 62, with the plunger
      member 63 (see FIG. 7) being attached to gripping shaft generally
      designated 64. Gripping shaft 64 comprises a pair of right angularly
      disposed members 65 and 66, of generally rectangular configuration, and
      having a plurality of spaced notches such as the notches 67--67 formed
      therewithin. These notches will permit withdrawal of the gripping shaft
      and associated plunger from the barrel, with arcuate twisting permitting
      locking of the structure in the locking teeth 68--68, as shown in FIG. 6B.
PAR  Attention is now directed to FIGS. 8, 8A and 9 wherein a still further
      modification is illustrated. In this structure, the biopsy aspirating
      device generally designated 70 includes a barrel member 71 to which is
      attached the sample-receiving hollow needle 72, the structure being
      provided with the conventional plunger such as the plunger 63 (FIG. 7) to
      which is secured the gripping shaft generally designated 74. Shaft 74 is
      provided with a pair of longitudinally extending grooves 75 and 76, along
      with a pair of peripheral grooves 77 and 78. Locking teeth or ears 79--79
      are provided in the body of barrel 71 in order to engage the peripheral
      grooves 77 and 78.
PAR  In each of the structures illustrated in FIGS. 5-9 inclusive (which
      structures are adaptable for use in connection with those devices
      illustrated in FIGS. 1-4 inclusive as well as those illustrated in FIGS.
      10-14 inclusive), the structures are adapted to perform the biopsy
      technique previously discussed, that is, by initially penetrating the body
      and then establishing a partial vacuum within the chamber of the syringe
      barrel, and thereafter advancing the needle with a stabbing thrust,
      thereby extracting the tissue from the pertinent organ. Each structure is
      provided with means for releasably locking or releasably securing the
      gripping shaft in partially or fully extended disposition, so as to
      control the degree of partial vacuum within the confines of the chamber
      formed within the barrel prior to the final needle advance.
PAR  For achieving the results with the structure of the present invention, and
      with particular attention being directed to FIGS. 1, 4, 10 and 14, the tip
      end of the needle shank is tapered inwardly, as illustrated at 16 in FIG.
      1, this inward tapering being accomplished in order to provide a wider
      receptacle area in the bore for the sample than is available at the tip or
      cutting edge. In this connection, a tapering angle of between about
      5.degree. and 15.degree. is considered optimum.
PAR  Particular attention is now directed to FIGS. 10-14 of the drawings for a
      description of the modified form of device illustrated. The biopsy
      aspirating device generally designated 100 includes a barrel member 101
      having a plunger 102 sealingly received within the barrel and forming a
      chamber zone as at 103. A sample-receiving hollow needle 105 is provided
      having a sharpened tip 106 and a hub 107 for locking onto the tip end of
      the barrel 101 with the sample-receiving hollow needle 105 having a shank
      portion interposed between the sharpened tip 106 and the hub 107.
PAR  A needle mounting boss means 110 is arranged at the distal or tip end of
      barrel 101, with the boss means 110 extending from the barrel with needle
      hub-receiving surface 111 being disposed therealong. In addition, boss 110
      includes a projecting tip means 112 having an abutment surface 113
      arranged at the free distal end thereof. This abutment surface is
      generally flat and planar, and is arranged to eliminate exposure of the
      sample 114 to unusual concentrations of pressure or forces. It will be
      appreciated, therefore, that annular zone 115 is provided about the outer
      diameter of element 112 and between the inner surface of hollow needle 105
      and outer surface of element 112. A bore 117 extends between chamber 103
      and the annular zone 115 to provide communication between the interior of
      the needle 105 and the chamber 103.
PAR  Therefore, abutment surface 113 provides a blocking means to effectively
      prevent continued inner movement of tissue sample 114 without blocking the
      air flow channel with a small or minimal area of contact. This abutment
      surface further is useful in preventing the transfer of any portion of the
      tissue sample 114 to the interior of chamber 103 under the influence of
      vacuum.
PAR  With continued attention being directed to FIGS. 11, 12 and 13, it will be
      observed that plunger 102 is secured to gripping shaft 120, with gripping
      shaft 120 extending outwardly from the barrel and terminating in disk 121.
      A plurality of notches 122--122 are formed along the surface of radially
      extending blades 123, 124, 125, and 126 with these notches permitting
      controlled withdrawal of the gripping shaft and associated plunger from
      the barrel, with arcuate twisting permitting locking of the structure in
      the locking lugs 127 and 128, as illustrated in FIG. 13. In the
      disposition illustrated in FIG. 12, the notches 122--122 are shown in
      engagement with surfaces 127 and 128 respectively, with the solid portion
      of the individual radially extending members 123-126 inclusive being held
      against abutment surfaces 129 and 130. These surfaces are illustrated in
      detail in FIG. 13.
PAR  As is apparent, the modification illustrated in FIGS. 10-14 inclusive
      provides a modified form of abutment surface as well as a modified form of
      providing a bore which provides communication between the interior of
      chamber 103 and the interior of needle 105. This is accomplished without
      exposing the biopsy sample to risk of damage due to inadvertent
      introduction of the sample 114 through a communicating conduit. As such,
      the structure illustrated in FIGS. 10-14 is particularly adapted for use
      in connection with fragile organ structures.
PAR  Attention is now directed to FIGS. 15 and 16 of the drawings wherein a
      still further modified form of barrel boss-needle-abutment surface
      arrangement is illustrated. In this modification, the needle mounting boss
      means 132 is arranged at the distal or tip end of barrel 133, with the
      boss means 132 extending from the barrel and with a needle hub-receiving
      surface 134 being disposed therealong. Boss 132 has a bore formed therein
      as at 135, with an abutment surface 136 being arranged at the distal end
      of boss 132. In this arrangement, bore 135 is angularly disposed relative
      to abutment surface 136 so as to provide a "blocking means" which prevents
      the biopsy sample from making contact with the passageway or bore which
      provides communication between the plunger chamber and the interior of the
      needle. As such, exposure of the sample to an unusual concentration of
      forces or pressures is avoided.
PAR  FIG. 16 illustrates certain of the details of the structure with the needle
      having been removed therefrom for purposes of clarity of detail. The
      structure of FIG. 16 is accordingly that of FIG. 15 with the distinction
      being that the needle has been removed.
PAR  The operational features and characteristics of the embodiment illustrated
      in FIGS. 15 and 16 will, of course, be identical to that discussed in
      connection with the devices illustrated in FIGS. 1-14 hereinabove.
PAR  Conventional materials of construction may be employed in these devices,
      with conventional plastic molded barrels and gripping shafts being
      desirable. Rubber plugs may be employed for the plunger means, and normal
      needle materials may be employed for the sample-receiving needle
      structures. For a general structure having substantial versatility and
      utility, tubing having an outer diameter of 1.4 mm, with a wall thickness
      of 0.004 inch has been found to be desirable.
CLMS
STM  I claim:
NUM  1.
PAR  1. Biopsy aspirating means for gathering soft tissue samples comprising:
PA1  a. syringe means having a barrel having a proximate end and a tip end, a
      plunger sealingly received within such barrel and forming a controllably
      variable volume chamber, an elongated sample-receiving hollow needle
      mounted upon said barrel, with said needle having a sharpened piercing tip
      at the outer end and a mounting hub at the inner end thereof, and needle
      mounting boss means formed integrally in one piece with said barrel as an
      extension thereof and being disposed at the tip end of said barrel and
      having a shank portion extending from the tip end of said barrel and
      having a means for receiving the mounting hub of said sample-receiving
      needle adjacent the tip end of said barrel;
PA1  b. a gripping shaft coupled to said plunger and extending outwardly from
      the proximate end of said barrel, guide plate means disposed at the
      proximate end of said barrel and having an opening formed therein to
      receive said gripping shaft, said gripping shaft having locking lug means
      formed thereon and arranged to releasably engage the outer surface of said
      guide plate means for restraining inward travel of said plunger when
      disposed at a position removed from said barrel tip end;
PA1  c. said needle mounting boss means terminating in an axially disposed
      sample abutment surface, an axial bore formed within said needle mounting
      boss and providing communication between the variable volume chamber of
      said barrel and the bore of said hollow needle shaft, said axially
      disposed abutment surface being received within the bore of said hollow
      needle and being disposed along said needle shaft at a point inwardly from
      the piercing tip end of said needle and toward the inner end thereof.
NUM  2.
PAR  2. The means for gathering soft tissue biopsy samples as defined in claim 1
      and being particularly characterized in that said needle mounting boss
      means is compressible for grippingly engaging the inner diameter of the
      mounting hub of said needle.
NUM  3.
PAR  3. The means for gathering soft tissue biopsy samples as defined in claim 1
      being particularly characterized in that said locking lug means on said
      gripping shaft are radially spaced, and radially spaced locking lug means
      are formed on the outer surface of said guide plate for lockingly engaging
      the radially spaced locking lugs formed on said gripping shaft and wherein
      the radial spacing of each of said locking lug means facilitates free
      axial motion in one relative radial disposition, with locking being
      established between said gripping shaft and said guide plate in a second
      relative radial disposition.
NUM  4.
PAR  4. The means for gathering soft tissue biopsy samples as defined in claim 3
      being particularly characterized in that the locking lug means on said
      gripping shaft are radially extending ears, and the locking lug means on
      said guide plate are radially extending slots adapted to receive the
      locking lug means of said gripping shaft.
NUM  5.
PAR  5. The means for gathering soft tissue biopsy samples as defined in claim 3
      being particularly characterized in that the locking lug means on said
      guide plate are radially extending ears, and the locking lug means on said
      gripping shaft are radially spaced slots arranged at axially spaced
      dispositions along said gripping shaft.
NUM  6.
PAR  6. The means for gathering soft tissue biopsy samples as defined in claim 1
      and being particularly characterized in that the bore formed in said
      needle mounting boss means has a diameter approximately 20% to 30% of the
      inner diameter of the shank portion of said sample-receiving hollow
      needle.
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ABST
PAL  A blood pressure monitoring system is disclosed as comprising a pressure
      transducer coupled as by a catheter inserted into the blood vessels of a
      patient whose blood pressure is to be measured, for providing an output
      signal indicative of the patient's blood pressure, a filter for removing
      undesired high frequency components imposed upon the transducer output, a
      maximum peak detector, a minimum peak detector and a mean detector for
      providing outputs indicative respectively of the systolic blood pressure,
      the diastolic blood pressure and the mean blood pressure of the patient.
      Depending upon the desired indication, the output of one of the
      aforementioned detectors is coupled by a switch to a processing circuit
      for applying an output indicative of the patient's blood pressure for a
      selected period of time to a digital display.
BSUM
PAC  CROSS-REFERENCE TO CO-PENDING APPLICATION
PAR  Reference is made to co-pending application Ser. No. 486,855, entitled
      "Blood Pressure Monitoring System", filed July 9, 1974 in the name of
      Michael R. Birnbaum, now U.S. Patent No. 3,893,452.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to monitoring systems and particularly those systems
      particularly adapted to monitor the blood pressure of a patient.
PAR  2. Description of the Prior Art
PAR  There are many applications in which it is desired to provide a portable
      system capable of measuring the blood pressure of a patient. For example,
      when a patient is coupled to an aritificial kidney, a patient may lose
      approximately two to three quarts of water from his vascular system. If
      too much water is lost, the patient's blood pressure may drop rapidly,
      thereby endangering the patient's life. Therefore, it is necessary to
      closely monitor the patient's blood pressure during such treatment so that
      appropriate action may be taken if his blood pressure unduly varies.
PAR  In FIG. 1, there is shown a blood pressure waveform to be measured by the
      blood pressure monitoring system of this invention. As the heart muscle
      pumps blood through the vascular system, the blood pressure varies
      approximately in a manner as shown in FIG. 1, having maximum points
      indicative of systolic blood pressure and minimum points indicative of
      diastolic blood pressure. Systolic blood pressure may be defined, for the
      purposes of this application, as the peak force per unit area with which
      the blood is pushing against the artery walls when the ventricles of the
      heart are contracting, i.e. Point A of the waveform of FIG. 1. Diastolic
      blood pressure is the minimum pressure exerted by the blood upon the
      artery walls when the ventricles are relaxed, i.e. Point B as shown in
      FIG. 1. The mean blood pressure "M" as labeled in FIG. 1, is defined as
      the average pressure of the blood pressure waveform and is defined in
      accordance with the following equation:
      ##EQU1##
      where p(t) is the blood pressure as a function of time, and T is the
      period of cyclical waveform as shown in FIG. 1.
PAR  There are certain factors that affect blood pressure waveforms. Directly,
      arterial blood pressure is influenced by the blood volume within the
      arteries, which in turn is a function of the cardiac output and peripheral
      resistance. Therefore, any change in cardiac output or peripheral
      resistance may cause a change in the blood pressure waveform. Further, the
      cardiac output is equal to the stroke volume times the heart rate. As a
      result, any factor that tends to change the heart rate or stroke volume,
      tends to change the cardiac output. For example, an increase in cardiac
      output may result in a corresponding increase in blood pressure providing
      peripheral resistance stays constant. Peripheral resistance is defined as
      the fluidic resistance to blood flow. Any factor that increases the
      peripheral resistance, will result in an increase in the arterial blood
      pressure, assuming the cardiac output remains constant. The increase or
      decrease of the systolic, diastolic or mean blood pressure, and the
      amounts thereof, are indicative of designated mechanisms within the
      vascular system, thus indicating the status of the circulatory system.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a new and improved
      system for monitoring blood pressure and in particular the systolic,
      diastolic and mean blood pressures.
PAR  It is a more particular object of this invention to provide a portable
      blood pressure monitoring system that is capable of being manufactured at
      relatively low cost.
PAR  In accordance with these and other objects, there is provided blood
      pressure monitoring system comprising a pressure transducer coupled to the
      patient's body so as to measure his blood pressure, a filter for
      attenuating substantially any undesired, high-frequency components, and a
      maximum peak detector, a minimum peak detector and mean detector for
      respectively determining the systolic blood pressure, the diastolic blood
      pressure and mean blood pressure of the patient. A switch selectively
      couples the output of one of the aforementioned detectors to a processing
      circuit for applying a signal for a selected period to a display means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is made to the accompanying drawings for a more complete
      understanding of the subject invention and the manner in which the
      above-enumerated objects are accomplished:
PAR  FIG. 1 is a graph showing the approximate variations of normal blood
      pressure;
PAR  FIG. 2 is a schematic diagram of a blood pressure monitoring system in
      accordance with the teachings of this invention;
PAR  FIGS. 3A, 3B and 3C show the waveforms of selected signals as developed
      within the blood pressure monitoring system as shown in FIG. 2;
PAR  FIGS. 4A and 4B are a detailed circuit diagram of one illustrative
      embodiment of the blood pressure monitoring system as generally shown in
      FIG. 2;
PAR  FIG. 5 is a circuit diagram of the counter and display circuit for
      receiving the outputs of the blood pressure monitoring system as shown in
      FIG. 4; and
PAR  FIG. 6 is a sectioned, side view of a blood pressure transducer and
      associated catheter, capable of being incorporated into the blood pressure
      monitoring systems as shown in FIGS. 2 and 4.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With regard to the drawings and in particular FIG. 1, there is shown a
      waveform corresponding approximately to the variations in normal blood
      pressure. Typical values of systolic blood pressure are approximately
      110mm Hg to 150mm Hg and of diastolic blood pressure are approximately
      70mm Hg to 93mm Hg. Under certain abnormal situations, the systolic blood
      pressure may vary from 80mm Hg to 200mm Hg and the diastolic blood
      pressure may vary from 55mm Hg to 110mm Hg. In view of these
      considerations, the total range of pressure measurement desired is from
      55mm Hg to 200mm Hg. Incorporating an added margin for safety, the total
      pressure range of interest is considered to lie from 0mm Hg to
      approximately 250mm Hg.
PAR  In FIG. 2, there is shown in block diagram form a blood pressure monitoring
      system in accordance with the teachings of this invention capable of
      measuring and displaying the systolic, diastolic and mean blood pressure
      over a range of 0 to approximately 250mm Hg. In particular, such a system
      includes a pressure transducer 10 capable of providing an output that
      varies linearly with pressure. The pressure transducer 10 as generally
      shown in FIG. 2 is more fully illustrated in FIG. 6 as comprising a
      pressure transducer 96 of the type manufactured by National Semiconductor
      Incorporated under type designation LX1601 G or D. In use, the transducer
      96 is coupled to measure the blood pressure of a patient through a tube 82
      having one end to which is connected a needle or catheter 80 to be
      inserted into a blood vessel of the patient. A saline solution may be
      introduced through port 88 to provide a fluid pathway from the patient's
      blood to the transducer 96. The other end of the tube 82 is coupled to a
      housing 84 through an input port 86. The blood pressure is coupled to a
      membrane 90 by the saline pathway and from a second membrane 92 through a
      noncompressible, nonconductive fluid medium 94, such as silicone oil,
      contained within a housing 95, to the transducer 96. In particular, the
      pressure exerted against the membrane 90 is transferred through the second
      membrane 92 to the fluid medium 94, which in turn exerts a pressure upon
      the transducer 96 to provide an output indicative thereof. An
      annular-shaped flange 89 extends downwardly from the housing 84 and has a
      series of threads disposed upon the interior periphery thereof. In a
      cooperating fashion, the housing 95 has a set of threads on the exterior
      periphery thereof whereby the housing 84 may be screwed onto the housing
      95. As a result, after the blood pressure of one patient has been
      measured, the housing 84 may be simply removed and disposed of, and a new
      housing threadably coupled with respect to the transducer 96. Further, the
      second membrane 92 is supported by an annular member 91 secured to the
      interior periphery of the housing 95, whereby the membrane 92 is disposed
      into intimate contact with the membrane 90, when the housing 84 has been
      secured to the housing 95. As mentioned above, the output of the
      transducer 96 linearly varies with changes in pressure from 0mm Hg to
      approximately 250mm Hg; the National Semiconductor transducer referred to
      above is capable of providing a linear output within 1.5 percent over the
      total range with a sensitivity of 19.34 mV/mmHg. As indicated in FIG. 1,
      the output of the noted transducer 96 varies from 7.5V to 12.5V for such a
      variation in blood pressure.
PAR  The output of the pressure transducer 10 is applied to a filter 12 to
      remove certain undesired high-frequency components therefrom. In
      determining the desired frequency content of a signal being monitored,
      there are two assumptions made: (1) The fundamental frequency is a
      significant component; and (2) the upper frequency limit is placed at the
      Nth harmonic of the maximum heart beat rate of interest. The Nth harmonic
      is chosen as a compromise between noise rejection and the attenuation of
      the signal to be measured. The worst condition contemplated occurs during
      ventricular tachycardia, when a maximum heart rate of approximately 250
      beats per minute occurs. Varying the selected harmonic of the fundamental
      frequency results in a corresponding variation of the filter set point and
      the amount of signal attenuation by the filter. For example, where the
      maximum heart rate is determined as 250 beats per minute, the fundamental
      frequency of the pressure waveform is 4.17Hz. By setting the upper
      frequency limit at the seventh harmonic, approximately 95% of the signal
      passes through the filter, and the resulting filter set point is set at
      29.19Hz. If the filter set point is set at the tenth harmonic of the
      fundamental frequency, approximately 96% of the power is obtained and the
      filter set point of the filter 12 is 41.7Hz.
PAR  In a further embodiment of this invention, it is desired to permit
      adjustment of the maximum frequency passed by the filter 12. As will be
      explained in greater detail with respect to FIG. 4A, the filter 12
      includes resistors R1 and R2 which may be of the variable resistance type,
      whereby the frequency set point of the filter 12 may be adjusted. Thus, an
      operator would be able to set the filter point of filter 12 dependent upon
      the intrinsic rate of the patient. For example, if the intrinsic heart
      rate of the patient is 60 beats per minute (1Hz), the set point of the
      filter at the seventh harmonic is 7Hz. Likewise, for an intrinsic rate of
      120 per minute (2Hz), the filter set point is set at 14Hz for the seventh
      harmonic of the fundamental frequency. Further, the output of the
      transducer 10 may contain high-frequency artifact components due to
      inadvertent catheter movement. By variably setting the maximum frequency
      of the filter 12, the signal-to-noise ratio may be reduced, whereby the
      high-frequency components of such catheter movement may be minimized.
PAR  The output of the filter 12 is applied to each of a maximum peak detector
      14, a minimum peak detector 16 and a mean detector 18, the outputs of
      which respectively provide indications of the systolic blood pressure, the
      diastolic blood pressure and the mean blood pressure of the patient. As
      will be explained in detail later, the mean detector 18 takes the form of
      an integrator for providing a signal indicative of the average blood
      pressure of the patient in accordance with the equation (1), set out
      above. One of the outputs of the detectors 14, 16 and 18 is applied by a
      switch 20 selectively set to one of three positions a, b and c
      corresponding to the outputs of the maximum peak detector 14, the minimum
      peak detector 16 and the mean detector 18, respectively, to a
      voltage-controlled oscillator 22, the output of which varies at a
      frequency proportional to the amplitude of the selected input signal.
      Thus, in one illustrative embodiment of this invention, the output of the
      voltage-controlled oscillator 22 is adjusted to vary from 0 to 1,000 Hz
      for a corresponding output of the pressure transducer 10 varying from 7.5
      to 12.5V. Thus, an output of the voltage-controlled oscillator 22 of 1,000
      Hz indicates a blood pressure of 258.5mm Hg and an output of 0Hz indicates
      a measured blood pressure of 0mm Hg.
PAR  The output of the voltage-controlled oscillator 22 is selectively gated
      through a gate 24 to be received and counted by a counter 28; the count so
      derived is indicative of the blood pressure and is suitably displayed as
      upon a digital display 30. A clock circuit 26 generates a gating clock
      signal in the form of a series of gating pulses as shown in FIG. 3B, each
      having a pulse width of substantially fixed duration and selected to
      permit a plurality of cycles of the oscillator output corresponding to the
      maximum blood pressure of interest, i.e., 258.5mm Hg pass through the gate
      24 and to be counted by the counter 28. Thus, for a maximum pressure of
      258.5mm Hg corresponding to a signal output of 1,000 Hz signal, a gating
      pulse width of 258.5 msec is required.
PAR  Further, the clock circuit 26 generates a train of latch pulses as shown in
      FIG. 3C, to be applied to the counter 28, whereby the counter 28 transfers
      a signal indicative of the counted oscillator pulses to the digital
      display 30. In addition, the clock circuit 26 generates a clear signal
      having a square waveform and a period of 1.5 seconds, to be applied to the
      counter 28, whereby the counted information is cleared so that the next
      series of pulses may be entered and counted by the counter 28. The period
      of the clear and latch signals is selected in accordance with that period
      of time in which a set of digits as displayed upon the digital display 30
      may be recognized by a viewer and also in accordance with the minimum
      blood pressure to be monitored by the system. In this regard, it is noted
      that a heart pulse beat rate of 72 per minute is considered normal, but
      that well-conditioned athletes may have a heart rate as low as 50 beats
      per minute or 1 beat every 1.2 seconds. To accommodate a heart beat rate
      of 50 beats per minute, a sampling period and therefore a display period
      in excess of 1.2 seconds is required; in one illustrative embodiment of
      this invention, a sampling-display period of 1.5 seconds is provided as
      indicated in FIG. 3A. The gating pulse goes low after the clearing of the
      counter 28, whereby the counting of the train of pulses generated by the
      voltage-controlled oscillator 22 is initiated. After a period
      illustratively set at 258.5msec. in which pulses are counted by the
      counter 28, a latch pulse is generated thereafter to permit transfer of
      the pulse count to the digital display 30 for display thereby. The voltage
      controlled oscillator 22, the gate 24, the clock circuit 26, and the
      counter 28 serve as a processing circuit for providing a signal to the
      display 30 indicative of the patient's blood pressure.
PAR  In a further embodiment of this invention as illustrated in FIG. 2, the
      output of the maximum peak detector 14 is applied to a threshold amplifier
      19 which provides an output indicative of a maximum value of blood
      pressure above preselected critical limits, to actuate an alarm 21. In a
      similar fashion, the output of the minimum peak detector 16 is applied to
      a threshold amplifier 23, which provides an output indicative that a blood
      pressure value has been detected that is less than a preselected,
      acceptable limit. In turn, the output of the threshold amplifier 23
      energizes an alarm 25, whereby attention may be given to the patient whose
      blood pressure is being monitored. In a further aspect of this invention,
      a differentiating circuit 17 may also be associated with the maximum peak
      detector 14, whereby the rate of change of the systolic blood pressure
      signal may be measured and if in excess of a given rate as detected by the
      threshold amplifier 19, the alarm 21 is energized. In a similar fashion,
      the output of the minimum peak detector 16 may be associated with a
      differentiating circuit 27 for detecting the rate of change of the
      diastolic blood pressure. If the rate of change of the systolic blood
      pressure exceeds a given level as detected by the threshold amplifier 23,
      the alarm 25 is actuated. In this manner, the systolic and diastolic blood
      pressures, as well as their rates of change, may be monitored and if
      preselected maximum and minimum values of blood pressure or rates of
      change thereof are exceeded, alarms are actuated to bring assistance to
      the patient.
PAR  In FIG. 4, there is shown a detailed schematic drawing of an illustrative
      embodiment of the blood pressure monitoring system as shown
      diagrammatically in FIG. 2; the diagrammatic blocks shown in FIG. 2 also
      are shown in FIG. 4 and are similarly labeled and numbered. The output of
      the pressure transducer 10, not shown in FIG. 4, is applied to the filter
      12 through resistances R1 and R2 to the plus input of an operational
      amplifier 40. As mentioned above, the set point for the filter 12
      illustratively set in the range of 20 to 42 Hz, whereby those frequency
      components above the highest pulse beat of interest, are substantially
      attenuated. As set out below, the values of the capacitors C1 and C2 and
      the resistors R1 and R2 are set to provide the desired filter cutoff
      point.
PAR  The output derived from the filter 12 is applied to each of the maximum
      peak detector 14, the minimum peak detector 16, and the mean detector 18.
      The circuit construction of the detectors 14 and 16 are quite similar. In
      particular, the maximum peak detector 14 comprises an operational
      amplifier 42 upon which the filtered output is applied, and in turn, whose
      output is applied through a diode CR1 and resistor R3 to the plus input of
      an operational amplifier 44. The output of the operational amplifier 44 is
      in turn applied to the switch 20 and also fed back to the minus terminal
      of the operational amplifier 42. In operation, the filtered output is
      applied through the operational amplifier 42 to charge the capacitor C3 is
      accordance with the filtered output. The capacitor C3 charges to that
      maximum value of the blood pressure signal occurring within a sampling
      period determined by the clock circuit 26 in a manner to be explained in
      detail later. Generally, the maximum peak detector 14 is reset in response
      to the last signal generated by the clock circuit 26 and applied through a
      diode CR5 to actuate transistor Q2, which in turn renders conductive
      transistor Q1 to discharge the capacitor C3 to ground through diodes CR3
      and CR4. Thus, the capacitor C3 charges to a maximum value corresponding
      to the systolic pressure and at that point, discharge of the voltage
      stored on the capacitor C3 is prevented by the diode CR1. The maximum
      value as stored upon the capacitor C3 for that sampling period is applied
      through the operational amplifier 44 to the switch 20. Significantly, the
      operation of the maximum peak detector 14, and in particular the capacitor
      C3 and the diode CR1, serve not only to measure the peak or systolic value
      of blood pressure, but also to store the peak value for the remaining
      portion of the sampling period until the maximum peak detector 14 is
      reset.
PAR  As explained above, the sampling period is set according to that time
      period in which an indication of the blood pressure is displayed and also
      to permit at least one cycle of the blood pressure signal at the lowest
      pulse rate of interest, e.g. 50 pulses/minute, to be read within a
      sampling period. Illustratively, the sampling period is set at 1.5
      seconds.
PAR  A further concern in the design of the maximum peak detector 14 is the
      amount of output drift due to the input bias of the operational amplifier
      42 and the leakage occurring in the capacitor C3 and the diode CR1. As set
      forth below, operational amplifiers are available and values of CR1 and C3
      chosen to provide a leakage that is acceptable so that an accurate maximum
      systolic value blood pressure is provided, for the sampling rates of
      interest.
PAR  The filtered output also is applied to the minimum peak detector 16 and in
      particular to the plus terminal of an operational amplifier 46, the output
      of which is applied through a diode CR2 and a resistor R4, to charge
      capacitor C4 to a voltage indicative of the minimum or diastolic value of
      the blood pressure during a sampling period. In turn, the value of the
      capacitor C4 so charged, is applied to the plus terminal of the
      operational amplifier 48, the output of which is applied to the switch 20
      and also to the minus terminal of the operational amplifier 46. In a
      manner similar to that of the maximum peak detector 14, the minimum peak
      detector 16 is reset by a signal developed by the clock to render
      transistor Q4 conductive, whereby capacitor C4 is charged through
      transistor Q3 toward the supply voltage. The circuit difference between
      the minimum and maximum peak detectors 14 and 16 resides in the manner in
      which their diodes CR1 and CR2 are biased with respect to preventing the
      discharge of their corresponding capacitors C3 and C4. In the minimum peak
      detector 16, the diode CR2 is arranged so as to prevent the further
      charging of the capacitor C4 once a minimum value is stored thereon.
      Further, in resetting the minimum peak detector 16, the capacitor C4 is
      charged to a maximum value, from which it is discharged as the input
      signal applied through the operational amplifier 46 goes toward a minimum
      value during a sampling period.
PAR  In addition, the filtered output derived from the filter 12 is applied to a
      mean detector 18, which essentially comprises an integrating circuit made
      up of a resistor R5, a capacitor C5 and an operational amplifier 50. The
      output of the operational amplifier 50 provides an average value in
      accordance with equation (1), given above. The circuit of the mean
      detector 18 operates as an integrator if the frequency content of the
      signal is significantly greater than 1/R5 .times. C5; as set out below,
      the values of R5 and C5 are selected to insure that this condition is met.
PAR  The outputs of each of the detectors 14, 16 and 18 are respectively applied
      to the three terminals a, b and c of the switch 20. In operation, the
      operator selects the desired position of the switch 20 to provide upon the
      display 30 either the systolic, diastolic or mean value of blood pressure.
PAR  The selected output as derived from the switch 20 is applied to the
      voltage-controlled oscillator 22, the output of which is applied to the
      gate 24 and whose frequency varies as a function of the magnitude or level
      of its input signal. The input signal derived from switch 20 is applied
      through the resistor R8 to a pair of transistors Q5 and Q6, which act
      together as a constant current source to charge the capacitor C8. When the
      level of the voltage charged by capacitor C8 exceeds a reference level as
      determined by the biasing voltage developed upon resistor R15 and applied
      to the Vadj. terminal of a logic circuit or timer 52, the output goes to
      zero. At this point, the capacitor C12 begins to charge through resistance
      R17, thereby varying the voltage applied to the trigger terminal of the
      timer 52. When the trigger level exceeds the reference voltage as applied
      to the corresponding terminal of the timer 52, i.e., the voltage developed
      across resistors R14, R15 and R16, the output of the timer 52 goes high
      and remains high until the capacitor C8 charges to the voltage level Vadj.
      In this manner, the voltage-controlled oscillator 22 varies from low to
      high, and high to low, in accordance with the level of the input derived
      from switch 20. As the voltage level of the input increases, the faster
      capacitor C8 charges and as a result, the higher the frequency of the
      output as derived from the timer 52.
PAR  The output of the voltage oscillator is set to vary from 0 to 1,000 Hz for
      a range of blood pressure from 0 to 258.5mm Hg, and is applied to terminal
      a of the gate 24, illustratively taking the form of a C-MOS NOR gate 54.
      The NOR gate 54 is enabled or gated by a gating signal developed by a
      gating clock circuit 26b in a manner to be described later. Further, the
      output of the NOR gate 54 is applied to a counter and display circuit as
      more specifically described with respect to FIG. 5, hereinafter.
PAR  As described above, a latch or clock signal is provided by the clear clock
      circuit 26a in the form of a train of pulses whose period is in the order
      of 1.5 seconds. The period is set in order to permit at least one cycle of
      the blood pressure signal of the lowest pulse rate of interest, to be
      sampled, as well as to provide a display for a period that is easily
      recognizable. With respect to FIG. 4, the clear clock circuit 26a
      comprises a first, C-MOS NOR gate 56, the output of which is coupled to
      one of the inputs of a second similar NOR gate 58. The output of the NOR
      gate 58 is in turn connected through a capacitor C9 and the resistor R22
      to an input of the NOR gate 56. The point of interconnection between the
      resistor R22 and the capacitor C9 is coupled by a resistor R23 to each of
      the output of NOR gate 56 and the input of NOR gate 58. The clear clock
      circuit 26a is astable, i.e., free-running, at a frequency to achieve the
      desired sampling period. In operation, if a 1 signal is presented to the
      input of the NOR gate 58, its output is zero, thereby causing capacitor C9
      to charge through resistor R23 to which is applied a 1 or high signal.
      Once capacitor C9 has charged to the threshold level of NOR gate 56, i.e.,
      a high or 1 signal applied thereto, the output of NOR gate 56 goes low or
      0, thereby causing a discharge at capacitor C9 through resistor R23 until
      a zero is placed upon the NOR gate 56, at which time it changes its output
      state to 1.  Thus, the astable, clear clock circuit 26a provides a
      free-running signal of a defined period determined by the values of
      capacitor C9 and resistor R23, as will be set out specifically below. The
      output of the clear clock circuit 26a provides the clear signal which is
      used to reset the counter 28 and also to initiate the timing operations of
      the gating clock circuit 26b and the latch clock circuit 26c in a manner
      to be explained.
PAR  The gating clock circuit 26 receives the free-running clock signal as
      generated by the clear clock circuit 26a and shown in FIG. 3A; in
      particular, the free-running clock output is coupled through capacitor C11
      to a C-MOS NOR gate 60, the output of which is applied through a capacitor
      C14 to one of the terminals of a C-MOS NOR gate 62. The output of the NOR
      gate 62 in turn is applied to another input of the NOR gate 60. The
      capacitor C14 is charged through resistors R25 and R26. In operation, the
      pulse output of the clear clock circuit 26a is applied to the gating clock
      circuit 26b to apply a high or 1 signal to one of the inputs of the NOR
      gate 60, whereby its output is driven low. At this time, the capacitor C14
      is charged through the resistors R25 and R26 until the threshold level of
      the NOR gate 62 is reached, at which time its output is driven to 0 and as
      a result, the output of the NOR gate 60 is driven high. Therefore, an
      output is derived from the NOR gate 60 and is used as a gating pulse
      signal as shown in FIG. 3B to gate selectively the output of the
      voltage-controlled oscillator 22 through the gate 24 to be counted by the
      counter 28. As mentioned above, the pulse width of the gating pulse is set
      to permit a number of pulses as generated by the oscillator 22 to pass
      therethrough corresponding to the maximum blood pressure of interest.
      Illustratively, the substantially fixed period is set an an illustrative
      value of 258.5 msec. as determined by the values of the resistances R25
      and R26 and of capacitor C14, given particularly below.
PAR  Further, the output of the clock gating circuit 26b is applied to the latch
      clock circuit 26cto initiate its timing operation. The latch clock circuit
      26c takes the form of a monostable circuit comprising a NOR gate 64 having
      one terminal to which the gating signal is applied and whose output is
      applied through a capacitor C15 to one terminal of a NOR gate 66. The
      output of the NOR gate 66 is connected to the other terminal of the NOR
      gate 64 and provides one output of the latch clock circuit 26c to be
      applied to reset the maximum and minimum peak detector circuits 14 and 16.
      The capacitor C15 is charged by a positive voltage source through a
      resistor R21. The structure and operation latch clock circuit 26c is
      similar to that of the gating clock circuit 26b and the pulse width of its
      output signals is determined by the values of the resistor R21 and the
      capacitor C15, values of which are illustratively given below. In one
      illustrative embodiment of this invention, the values of the resistor R21
      and the capacitor C15 are set to provide an output clocking pulse of a
      width of 100 .mu.sec. A further output of the circuit 26c is taken from
      the output of the NOR gate 64 to provide a latch pulse signal to transfer
      data from counter 28 to the digital display 30, as shown in FIG. 2.
PAR  In FIGS. 3A, 3B and 3C, the timing relationships between the output of the
      clock circuits 26a, 26b and 26c are shown. In summary, the output of the
      clear clock circuit 26a is used to initiate the timing operation of the
      gating clock circuit 26b to generate a gating pulse signal of a pulse
      width of 258.5 msec. In turn, the output of the clock gating circuit 26b
      is used to initiate the operation of the latch clock circuit 26c to
      generate a latch pulse signal of a pulse width of 100 .mu.sec. In overall
      system operation, the digital display 30 is set at the same time that the
      pulses to be counted are gated through the gate 24. After the information
      has been gated and counted by the counter 28, the information is
      transferred to the digital display 30 in response to the latch signal. It
      is noted that the period of repetition of the gating pulse signals and the
      latch pulse signals is set in accordance with the astable, clear clock
      circuit 26a and in one illustrative embodiment of this invention is in the
      order of 1.5 seconds. As explained above, one of the outputs of the latch
      clock circuit 26c is used to reset the minimum and maximum peak detectors
      14 and 16. Thus, the free-running clear clock circuit 26a is used to
      control the period at which the blood pressure signal is sampled, and to
      control the gating of the voltage-controlled oscillator 22 to the counter,
      and to latch information from the counter to the digital display, without
      need for expensive peak detecting apparatus or for synchronizing the
      gating clocks to the detection of the minimum and maximum peaks of the
      blood pressure signal. As a result, the blood pressure monitoring system
      of this invention is greatly simplified and its cost significantly
      reduced.
PAR  With respect to FIG. 4, particular, illustrative values of the various
      components shown therein, as well as the designations of the logic
      circuits incorporated into the circuit of FIG. 4, are set forth below:
TBL  ELEMENTS           VALUE OR TYPE                                          
     ______________________________________                                    
     R1                   1M                                                   
     R2                   1M                                                   
     R3                   1K                                                   
     R4                   1K                                                   
     R5                   1M                                                   
     R6                   3K                                                   
     R7                   750K                                                 
     R8                   20K                                                  
     R9                   2K                                                   
     R10                  15K                                                  
     R11                  1M                                                   
     R12                  200K                                                 
     R13                  2K                                                   
     R14                  1K                                                   
     R15                  1K                                                   
     R16                  SEL(8K)                                              
     R17                  4.7K                                                 
     R18                  100                                                  
     R19                  1K                                                   
     R20                  10K                                                  
     R21                  100K                                                 
     R22                  2M                                                   
     R23                  SEL(680K)                                            
     R24                  10K                                                  
     R25                  SEL(100K)                                            
     R26                  300K                                                 
     C1                   .022 .mu.f                                           
     C2                   .01 .mu.f                                            
     C3                   1 .mu.f POLYCARB                                     
     C4                   1 .mu.f POLYCARB                                     
     C5                   1 .mu.f POLYCARB                                     
     C6                   1000 pf                                              
     C7                   330 pf                                               
     C8                   .1 .mu.f POLYCARB                                    
     C9                   1 .mu.f TANT                                         
     C11                  1000 pf                                              
     C12                  4700 pf                                              
     C13                  1000 pf                                              
     C14                  1 .mu.f TANT                                         
     C15                  1000 pf                                              
     Q1                   2N4401                                               
     Q2                   2N4401                                               
     Q3                   2N4403                                               
     Q4                   2N4401                                               
     Q5                   2N2484                                               
     Q6                   2N2907                                               
     CR1                  FD2473                                               
     CR2                  FD2473                                               
     CR3                  FD2473                                               
     CR4                  FD2473                                               
     CR5                  FD2473                                               
     CR6                  FD2473                                               
     CR7                  FD2473                                               
     CR8                  FD2473                                               
     CR9                  FD2473                                               
     40                   LM 324                                               
     42                   LM 324                                               
     44                   LM 312                                               
     46                   LM 324                                               
     48                   LM 312                                               
     50                   LM 312                                               
     52                   LM 322                                               
     54                   CD 4001A                                             
     56                   CD 4001A                                             
     58                   CD 4001A                                             
     60                   CD 4001A                                             
     62                   CD 4001A                                             
     64                   CD 4001A                                             
     66                   CD 4001A                                             
     ______________________________________                                    
       The logic elements illustratively designated above are designated in
      accordance with those types as manufactured by the National Semiconductor
      Corporation and RCA.
PAR  The latch pulse signal, the clear pulse signal and the pulses as generated
      by the voltage-controlled oscillator 22 to be counted are applied in one
      illustrative embodiment to a counter and display circuit as shown in FIG.
      5. The circuit of FIG. 5 differs from that illustrated in FIG. 2 in that
      the counting and display operations for a single digit are combined into a
      single logic circuit of the type TIL306 as manufactured by Texas
      Instruments. In particular, the pulses to be counted are applied to the
      clock terminal of each of the logic circuits 72, 74 and 76. In FIG. 5,
      there is shown three logic circuits 72, 74 and 76 capable of providing a
      digital display of three digits. In operation, the one's digit counter 72
      counts digits 1 to 9, after which the ten's digit counter 74 is pulsed
      once. In turn, when the ten's digit counter 74 has counted to 9, upon
      receipt of the next pulse, the ten's digit counter 74 is reset to 0 and a
      1 pulse is applied to the 100's digit counter 76. Upon receipt of the
      latch signal, the logic circuits 72, 74 and 76 display the indicated count
      upon their displays for a period terminating upon receipt of the next
      latch signal.
PAR  Numerous changes may be made in the abovedescribed apparatus and the
      different embodiments of the invention may be made without departing from
      the spirit thereof; therefore, it is intended that all matter contained in
      the foregoing description and in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for monitoring the blood pressure of a patient, said system
      comprising:
PA1  a. transducer means adapted to be coupled to the vascular system of the
      patient for providing an output indicative of the patient's blood
      pressure;
PA1  b. filter means having a variable limit set in accordance with the
      patient's heartbeat for removing a high portion of the undesired frequency
      components from the output of said transducer means, the set limit being
      high with respect to the patient's heart rate, said filter means passing a
      high portion of the signal components of a frequency corresponding to the
      patient's heart rate;
PA1  c. systolic detector means responsive to the output of said transducer
      means for providing a first output indicative of the maximum magnitude of
      the patient's blood pressure;
PA1  d. diastolic detector means responsive to the output of said transducer
      means for providing a second output indicative of the minimum magnitude of
      the patient's blood pressure;
PA1  e. display means for displaying an indication of the patient's blood
      pressure;
PA1  f. switch means for selecting one of the first and second outputs to be
      displayed; and
PA1  g. processing means responsive to the magnitude of the selected output for
      providing an output indicative thereof for a selected period to said
      display means.
NUM  2.
PAR  2. The system as claimed in claim 1, wherein there is further included mean
      detector means responsive to the output of said transducer means to
      provide a third output indicative of the mean blood pressure of the
      patient, and said switch means including means disposable to one of three
      positions to selectively apply one of the first, second and third outputs
      to said processing means.
NUM  3.
PAR  3. The system as claimed in claim 1, wherein said filter means filters
      signal components of a frequency corresponding to the Nth harmonic of the
      variable pulse beat rate of the patient to be monitored by said system,
      said Nth harmonic being set in the range of the seventh to tenth harmonic
      of the patient's heart rate.
NUM  4.
PAR  4. A system for monitoring the blood pressure of the patient, said system
      comprising:
PA1  a. transducer means adapted to be directly coupled to the vascular system
      of the patient for providing an output indicative of the patient's blood
      pressure;
PA1  b. filter means having a variable limit set in accordance with the
      patient's heart beat for removing a high proportion of the undesired
      frequency component from the output of said transducer means, the set
      limit of said filter means being high with respect to the patient's heart
      rate, said filter means passing a high portion of the signal components of
      a frequency corresponding to the patient's heart rate;
PA1  c. systolic detector means responsive to the output of said transducer
      means for providing a first output indicative of the maximum magnitude of
      the patient's blood pressure;
PA1  d. diastolic detector means responsive to the output of said transducer
      means for providing a second output indicative of the minimum magnitude of
      the patient's blood pressure;
PA1  e. display means for displaying an indication of the patient's blood
      pressure;
PA1  f. switch means for selecting one of the first and second outputs to be
      displayed by said displaying means; and
PA1  g. processing means responsive to the magnitude of the selected output as
      derived from said switch means, for providing an output indicative thereof
      for a selected period of time to said display means.
NUM  5.
PAR  5. The system as claimed in claim 4, wherein said transducer is of the
      catheter type.
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ABST
PAL  A portable heart monitoring apparatus incorporating unique structural and
      functional features. Electrodes carried on the apparatus capture
      electrical signals representing the functioning of a heart beating
      therewithin and provides sensible output indications corresponding to
      predetermined characteristics of the electrical signals and, hence, of the
      detected heartbeat. One of the sensible outputs provided is the selective
      actuation of either of two logic lights indicating whether the heartbeat
      is above or below respectively a predetermined beating rate. The unit is
      automatically turned on by merely holding the instrument in the user's
      hand and the selective actuation of the various operational modes may be
      conveniently made by selectively placing one of the hands's digits (such
      as the thumb) from one touch contact point to another. Part of the
      operation in the test mode involves the effective testing of the reserve
      battery power without actually loading the battery. Structurally, the
      device is convenient to hold in the hand and includes, on one side, a
      ground plane for establishing electrical contact with the user's hand. The
      ground plane structure is also formed as an open-sided storage compartment
      for the electrodes and is surrounded by a wrap-around structure for
      self-storing of the electrode leads.
BSUM
PAR  This invention generally relates to portable heart monitoring apparatus. It
      is related to commonly assigned, co-pending U.S. application Ser. Nos.
      55,647 filed July 17, 1970 now abandoned in favor of Ser. No. 296,841
      filed Oct. 12, 1972 as a continuation of Ser. Nos. 55,647; 311,835 filed
      Dec. 4, 1972 now abandoned in favor of Ser. No. 488,434 filed July 15,
      1974 as a continuation of Ser. No. 311,835 and Ser. No. 230,753 filed Mar.
      1, 1972; now issued as U.S. Pat. No. 3,792,700 and the disclosures of all
      of which are hereby incorporated by reference.
PAR  The apparatus is particularly suited for use in the method of treating
      coronary prone individuals between the time that heart attack symptons
      occur and qualified direct contact personal care can be administered which
      is disclosed in commonly assigned Sarnoff application Ser. No. 311,835
      filed Dec. 4, 1970 and its parent application Ser. No. 55,647 filed July
      17, 1970.
PAR  Portable heart monitoring apparatus, in general, has been proposed before
      in the prior art. For instance, U.S. Pat. No. 3,613,670 - Edenhofer
      describes a pocket size self-contained cardiac monitor for on-patient or
      central station monitoring providing visible and/or audible signals
      related to the beat of the patient's heart. As those in the art will
      appreciate, there have been other attempts to provide a portable heart
      monitor to permit early cardiac diagnostic capabilities either by the
      patient himself and/or in conjunction with a central diagnostic center
      through which the patient can communicate by an ordinary telephone
      communication link. Some of the above referenced commonly assigned
      co-pending applications describe and claim various features of such
      methods and/or instruments that have been discovered and found to be
      particularly advantageous. Some of these features are incorporated in the
      exemplary embodiment to be described below.
PAR  However, in addition, the exemplary embodiment of heart monitoring
      apparatus to be discussed below is believed to include many novel and
      unique functions and/or structural features which make it a particularly
      advantageous improvement over any prior portable heart monitoring unit.
PAR  The overall exemplary embodiment comprises a small portable electrical
      circuit for monitoring the heart rate and/or electrocardiogram signal.
      Preferably, an electrode is placed under each armpit of the user to
      provide input electrical signals representing the functioning of the
      beating human heart to a high-gain electronics circuit including filtering
      devices for separating artifact and/or noise signals from the desired
      heart muscle signals. Heart rate information, per se, is output as audible
      beats and/or as the lighting of one of two "logic lamps" depending upon
      whether the heart rate is below or above some predetermined cross-over
      level, such as 60 beats per minute. The electrocardiogram information is
      frequency modulated via a voltage controlled oscillator to provide a
      variable frequency audio output. In either case, the heart rate
      information and/or the electrocardiogram information in audio form may be
      conveniently transmitted over a normal telephone communication link to a
      central diagnostic center by merely dialing the diagnostic center and
      holding the audio output portion of the instrument in the proximity of the
      telephone audio transmitter.
PAR  Since the first few heart rate measurements made by the electronic circuits
      may be erroneous due to the normal settling time of the electronics, etc.,
      the exemplary embodiment to be described in more detail below incorporates
      a circuit for automaticaly suppressing all sensible output indications
      until sufficient time has passed to permit the electronics to settle down
      and provide reliable measurements. This may be accomplished by a simple
      timing circuit or by digital circuitry such as a counter which may count
      up to some predetermined number (e.g. 3-5) of the detected heartbeats
      before enabling the output circuitry.
PAR  Logic lights are arranged on one side of the instrument and the electrical
      circuitry attached thereto is adapted to cause one or the other of the
      logic lights to light depending upon whether the heart rate is above or
      below some predetermined level such as 60 heartbeats per minute. This
      indication, in turn, can be used by the patient as a self-diagnostic tool
      for injecting appropriate drugs to combat heart attack symptoms.
      Alternatively, it can be used in conjunction with a central diagnostic
      office to confirm instructions that are given over the telephone for
      self-administered drugs, etc.
PAR  However, if the subject's actual heart rate is very close to the crossover
      point (e.g. 60 beats per minute) it is conceivable that the two logic
      lights might oscillate or fluctuate in some undeterminable manner unless
      special precautions are taken. This is all the more so because of
      aberrations in the normal heartbeat pattern that are to be expected in
      much of the population.
PAR  Accordingly, the exemplary embodiment described below includes circuitry to
      prevent a logic light output from changing instantaneously. In particular,
      in the exemplary embodiment, the change from the high heart rate logic
      light to the low heart rate logic light is made only if two successive
      determinations of a low heart rate are detected. Similarly, if the low
      level logic light is energized, three successive determinations of a
      higher heart rate are required before the low rate logic light is
      extinguished and the high rate logic light is energized. As will be
      explained in more detail below, there are significant medical reasons for
      requiring such confirmation of changes in the heart rate before changing
      the output indications.
PAR  The exemplary embodiment includes a unique type of on-off switching
      arrangement which automatically turns the device on as soon as the user
      picks it up. Basically, this involves, in the exemplary embodiment, a
      conducting ground plate (which may be formed of a carbon loaded plastic
      material) on the backside of the case together with a plurality of
      separate conductive buttons or areas on the front side of the case
      respectively corresponding to the possible operational modes of the
      device. When the user just picks up the case, as in a normal holding
      position, his fingers will complete the electrical circuits from the back
      groundplate to one of the front conductive buttons thus selectively
      actuating the instrument in a particular desired operational mode. Very
      low current level logic circuits are utilized to detect the circuit thus
      completed by the user's hand so that when the instrument is not energized
      there is effectively almost no current drain on the battery. However, once
      these low current level logic circuits are changed in state (as by picking
      up the instrument), they turn on higher current level circuits actually
      utilized in the amplifiers, oscillators, output circuits, etc., of the
      device.
PAR  Besides considerable structural advantages for this particular arrangement
      of heart monitoring instrument, there is another very significant
      advantagement to such an arrangement. Since the device is entirely
      portable and unconnected to the usual grounding circuits, etc., for
      surpressing 60 cycle hum or other ambient ac noise, there is no available
      source of ground potential for use in the usual third wire grounding
      circuit to suppress such noise. However, since the groundplate on the back
      of the exemplary embodiment is, in use, in electrical contact with the
      human body of the user, this will in itself constitute a significant
      source of ground reference potential which can be used to constitute an
      effective third wire ground reference for reducing 60 cycle or other
      ambient ac noise in conventional ground return noise rejection circuits.
PAR  The exemplary embodiment is of small size and light weight so that it may
      be portably carried on the body of the user at all times and conveniently
      held in his hand when in actual use. It is quite a small physical package.
      Nevertheless, a significant audio output level is required for alerting
      the user and/or other persons since the device may be utilized in high
      ambient audio noise conditions. Furthermore, a sufficiently high audio
      output level is required for driving the usual telephone transmitters
      without any special acoustical coupling, etc. The usual loudspeaker
      arrangement not only requires a heavy transformer and draws a lot of
      electrical current but is a rather bulky apparatus. Accordingly, the
      exemplary embodiment to be described below has achieved a significant
      improvement by enhancing the audio output from the usual direct coupled
      low-current conventional earphone through providing it with a special
      acoustic output coupling in the form of an elongated tubular structure
      having a predetermined length.
PAR  Since the exemplary embodiment is battery powered, a battery testing
      procedure is provided. However, it is not the usual type of battery
      testing procedure which involves placing a large load across the battery
      and observing the voltage drop that results to test the reserve capacity
      of the battery. Normally, this type of loading is used in battery testing
      procedures and, if the battery cannot sustain such a large load and still
      produce its rated output voltage, it is determined that the battery needs
      to be replaced.
PAR  However, since the exemplary embodiment must have a long shelf life and
      maximum battery replacement intervals, etc., the testing procedure must
      put as little strain on the battery as possible. This is all the more so
      since the device is to be carried upon and used by a person having greater
      than usual concern for his heart activity and for the readiness of the
      device. Accordingly, such a person might be expected to continually
      trigger the battery testing device out of an excessive precaution, etc.,
      and, accordingly, the exemplary embodiment incorporates a very low current
      drain technique for testing the reserve battery capacity.
PAR  In essence, this technique involves a novel adaptation of otherwise normal
      circuitry included in the device to provide a regulated output voltage for
      the electronic amplifiers, oscillators and other circuits involved in the
      device. In conjunction with the voltage regulator, there is a normal
      safety circuit involving appropriate logic and voltage level comparison
      circuits whereby a reference voltage is effectively compared to the
      regulated output voltage and, if the regulated output voltage is not
      greater than the reference voltage, the whole circuitry is automatically
      shut down. In effect, the special technique involved is to raise the
      reference voltage temporarily during the testing cycle thus causing an
      automatic shut down of the unit if the voltage regulator fails to provide
      this temporary demand for an increased output voltage.
PAR  As can be appreciated, this special procedure does not put any substantial
      additional strain on the battery. Rather, it effectively only looks at the
      output of the voltage regulator and indicates when that output begins to
      drop to some level which is still above the minimum level that is usually
      permitted to exist for normal operation of the circuits. Thus, the user by
      testing the battery does not put any undue drain on the battery and always
      insures that there is, in fact, an appropriate "reserve tank" of energy in
      the battery.
PAR  Another unique and highly advantageous structural feature of the exemplary
      embodiment relates to the storage of the electrodes and attached wire
      leads. The physical configuration of the exemplary embodiment is such that
      the electrodes and their associated leads may be conveniently wrapped and
      stored right on the backside of the instrument. Furthermore, the
      electrodes are only frictionally lodged within an appropriate recess or
      open-faced storage compartment on the back of the instrument such that
      they may be easily shaken loose with one hand by the user. In addition,
      the permanently connected lead wires are stored by wrapping them about a
      wire-wrap structure disposed about the perimeter of the electrode storage
      compartment on the backside of the housing. Accordingly, both the wire
      leads and the electrodes can be conveniently wrapped about and snapped
      into the back side of the instrument thus providing a convenient and eye
      appealing storage capability, that is at the same time always ready for
      immediate access and use.
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PAR  Other advantages and features of the exemplary embodiment both in terms of
      functional characteristics and/or capability and/or structural features
      will become more readily apparent from the following detailed description
      of the exemplary embodiment taken in conjunction with the drawings, of
      which:
PAR  FIG. 1 is a fron view of the control and output side of the housing of the
      exemplary embodiment;
PAR  FIG. 2 is a view of the opposite or backside of the housing for the
      exemplary embodiment showing the wires and electrodes in their normal
      storage positions and showing a battery compartment portion of the housing
      partially opened;
PAR  FIG. 3 is another view of the housing backside on which the electrode and
      wire storage features are disposed showing the lead wires and electrodes
      as they appear outside the storage areas and in condition for use;
PAR  FIG. 4 is a vertical cross-section of the housing for the exemplary
      embodiment showing a special acoustic member therein for enhancing the
      audio output of the device;
PAR  FIG. 5 is a horizontal cross-section of the housing for the exemplary
      embodiment also showing the special acoustic member shown in FIG. 4.
PAR  FIG. 6 is a schematic diagram of exemplary control and voltage regulator
      circuits for the exemplary embodiment;
PAR  FIGS. 7 and 8 constitute a schematic diagram for electrical processing
      circuits of the exemplary embodiment;
PAR  FIGS. 9-14 are exemplary voltage level diagrams for various identified
      points in the exemplary circuits of FIGS. 6-8 for different operational
      modes of the exemplary embodiment, which voltage level diagrams are useful
      in explaining and understanding the operation of the circuits shown in
      FIGS. 6-8; and
PAR  FIG. 15 is a schematic diagram of an alternate exemplary embodiment for a
      portion of the circuitry shown in FIGS. 7-8.
DETD
PAR  The structural features of the housing for the exemplary embodiment are
      shown in FIGS. 1-5 where FIGS. 1-3 are drawn approximately to scale, while
      FIGS. 4-5 are drawn approximately to one and one-half scale.
PAR  A frontal view of one side of the housing is shown in FIG. 1. For purposes
      of discussion, this particular side of the housing will be referred to as
      the "front" side although, it should be apparent that designation as the
      front or back side is merely one of definition. However, it is the side
      shown in FIG. 1 that will normally be facing the user when the instrument
      is in use. Thus, the user will normally pick up the instrument in his hand
      in such a manner that the four fingers of the hand are on the "back" side
      of the instrument while the thumb is on the front side of the instrument
      and can be selectively placed on conductive areas 20, 22 or 24 which are
      respectively labeled in FIG. 1 as TEST, BEEP and ECG. By so doing, the
      user will complete an electrical circuit, through his hand, between a
      groundplate 26 (shown in FIG. 3) and a selected one of the conductive
      areas 20, 22 and 24 thus selectively activating the instrument in a
      desired mode of operation.
PAR  Preferably, the entire body or housing is formed from conventional plastic
      materials by conventional forming processes. The conductive groundplate 26
      may be formed by loading that portion of the plastic housing with carbon
      and/or by affixing a thin coating or layer of conductive material on this
      portion of the housing as should be apparent.
PAR  The front side of the housing is also provided with areas for providing
      sensible output indications related to the detected functioning of the
      heart. Accordingly, as shown in FIG. 1, medicament designating lights 28
      and 30 are provided and are distinguished from each other by differently
      shaped surrounding areas 32, 34 respectively, which surrounding areas 32
      and 34 may also be further distinguished by different color coding
      corresponding to similar color coding on two automatic injectors (now
      shown), for example, containing atropine and lidocaine that may be
      self-administered by the user depending upon which one of the logic lights
      28 or 30 is activated and/or upon instructions received from a central
      diagnostic center.
PAR  A further output indication provided from the front side of the instrument
      as shown in FIG. 1 is an audio output which issues forth from an audio
      output port 36 which, in the exemplary embodiment, comprises a series of
      slots formed in the front side of the housing.
PAR  The bottom portion of the housing comprises a slidable portion 38 which
      opens as shown in FIG. 2 to permit access to a battery 40 for powering the
      electrical circuits of the device. As shown in FIG. 2, the back side of
      the instrument also includes storage provisions for the electrodes 42 and
      44 as well as the lead wires 46, 48 respectively associated therewith. The
      electrodes 42 and 44 cooperate with an open-sided storage compartment 50
      (above and/or a part of the groundplate 26 in the exemplary embodiment)
      into which the electrodes are frictionally inserted in a flat side-by-side
      relationship as shown, for instance, in FIG. 2. A depending tab 52 is
      provided to physically separate the top portion of the two electrodes and
      to help define a stable storage position for each of the electrodes 42 and
      44 as should be apparent.
PAR  In the exemplary embodiment, the electrode leads 46 and 48 are permanently
      connected between the respectively associated electrodes 42 and 44 and a
      common exit port 54 (see FIG. 3) from the housing. Accordingly, an
      integrally formed wraparound storage structure 56 is provided about the
      outside perimeter of the storage compartment 52 on the back side of the
      housing for wrapping and storing lead wires 46 and 48 as shown in FIG. 2.
      As perhaps best seen in FIGS. 4 and 5, the wraparound storage structure 56
      in the exemplary embodiment comprises an easily accessible peripheral slot
      58 into which the lead wires can be wrapped.
PAR  Since, in the exemplary embodiment, the electrodes 42 and 44 are stored in
      a flat side-by-side relationship (as shown in FIG. 2), and since the
      permanently connected lead wires issue forth from a common exit port 54,
      the lead wires 46 and 48 in the exemplary embodiment have been dimensioned
      so as to have lengths which differ by essentially the width of one of the
      electrodes. That is, as seen in FIG. 2, the points at which the leads 46
      and 48 respectively connect to their electrodes 42 and 44 are physically
      separated by a horizontal distance that is approximately equal to the
      width of one electrode since the leads, as shown in FIG. 2, are
      approximately connected to the middle of each electrode member.
      Accordingly, lead 46 connected to electrode 42 is made just this much
      longer than lead 48 (as is shown approximately in FIG. 3) so that when the
      lead wires are wrapped about the storage structure 56 and the electrodes
      are stored within their storage compartments, there is no excess lead wire
      as should now be appreciated.
PAR  Another significant feature of the exemplary embodiment shown in FIGS. 4
      and 5 is the acoustic enhancement means 60. A conventional relatively low
      power audio output means such as an earphone which can be directly coupled
      to an electronic amplifier without the need for a transformer or the like
      is placed within a lower portion 62 such that the audio output is provided
      at the top side thereof or at the bottom end of an elongated tubular
      structure 64 having a predetermined length for acoustically coupling and
      enhancing the audio output from the earphone or the like so that the audio
      output provided from the top end of the elongated tubular structure 64 and
      through the audio output port 36 is sufficient to drive the conventional
      telephone transmitter and/or to be heard above ambient noise levels to be
      commonly expected. The length of the elongated tubular structure in 64 in
      the exemplary embodiment is approximately 1 11/16ths of an inch in length
      which has been found preferable for a median operating frequency of
      approximately 1700 Hertz. As should be apparent, different lengths for the
      elongated tubular structure 64 would be preferable for other median
      operating frequencies.
PAR  A schematic diagram of electrical circuits for the exemplary embodiment is
      shown in FIGS. 6-8. In general, FIG. 6 comprises control circuits while
      FIGS. 7 and 8 comprise processing and output circuits for receiving and
      processing electrical signals taken from a human body representing the
      functioning of a heart beating therewithin and for providing sensible
      output indications corresponding to a predetermined one or more
      characteristics of the electrical signals. Control signals developed in
      the circuits of FIG. 6 are utilized in the circuits of FIGS. 7-8 to
      achieve desired operating modes that will be discussed in more detail
      below. Furthermore, voltage level diagrams for various modes of operation
      are shown in FIGS. 9-14 and are quite helpful in understanding the
      operation of these exemplary electrical circuits. For instance, the
      voltage level diagrams of FIGS. 9-11 generally relate to the operation of
      circuits shown in FIG. 6 while the voltage level diagrams shown in FIGS.
      12-14 generally relate to the operation of circuits shown in FIGS. 7-8.
PAR  As should be apparent from the drawings, FIGS. 7 and 8 should actually be
      placed together and considered as one circuit diagram and the circuits
      shown therein will be discussed hereafter accordingly.
PAR  While the exemplary electrical circuits discussed below are shown as
      discrete component circuits, those in the art will recognize that it is
      preferable to actually realize such circuits or their equivalents with
      conventionally designed integrated circuit techniques thus permitting the
      described electronic functions to be achieved in the smallest possible
      physical space.
PAR  As shown in FIG. 6, there are essentially 7 outputs from the control
      circuits shown in the exemplary embodiment. The supply voltages Vcc2 and
      Vcc1 are provided to power all of the electrical circuits. Supply voltage
      Vcc1 is a regulated output voltage supplied to power the relatively higher
      power amplifiers, oscillators, flip-flops, drivers, etc. It is only
      supplied when the unit is activated in one of its three operational modes,
      namely, the BEEP mode, the ECG mode and/or the TEST mode. On the other
      hand, the supply voltage Vcc2 is directly connected via line 100, line 102
      and resistor 104 to the positive terminal of battery 40 and is thus
      supplied at all times regardless of whether the unit is activated or not.
      It is supplied only to those devices that are marked with asterisks in the
      drawings, which devices are special very low current devices (e.g. COSMOS
      circuits) which typically draw less than a microamp of current altogether.
      Accordingly, no really significant current is drawn from the battery 40 in
      its stand-by or inactivated state. It is only when these very low current
      level devices are triggered into one of the three modes of operation that
      the higher powered devices are activated and the supply voltage Vcc1 is
      provided.
PAR  The control outputs on lines 106, 108, 110, 112 and 114 are supplied to the
      circuits of FIGS. 7-8 and their effects will be discussed with respect to
      the circuitry of that figure. However, the generation of these control
      signals will now be discussed with respect to the circuit of FIG. 6. Also,
      as shown in FIG. 6, there is a signal supplied on line 116 from the
      circuit of FIGS. 7-8 to the circuit of FIG. 6.
PAR  The voltage levels depicted in FIGS. 9-11 at the output of various elements
      shown in FIG. 6 have been shown as simply low and high relative levels. As
      will be appreciated by those in the art, these levels might be of
      different sign and/or, one of the levels might be a reference potential
      such as ground. For ease of discussion in the remainder of this
      description, the high voltage level will be referenced as + while the low
      voltage level will be referred to as -.
PAR  In the quiescent or non activated mode (labeled off in FIGS. 9-11) the Vcc2
      power is supplied to the elements having an asterisk in FIG. 6 and, it
      will be seen that both of the inputs to NOR gates J4 and J7 are + thus
      making their outputs - and providing a - control voltage on line 112.
      Furthermore, all of the inputs to NAND gate J5 will be + thus making its
      output - and, since its output is connected to one input of the NAND gate
      J6, the output of gate J6 will be +. Since this + input is supplied to
      both of the NOR gates J8, J9, the control outputs on lines 108 and 110
      will both be - in the quiescent mode.
PAR  Similarly, both inputs to the NAND gate J3 will be + thus making its output
      - for the control signal provided on line 114 in the off mode. Since the
      output of NOR gate G6 (to be discussed with respect to FIGS. 7-8) is also
      - in the quiescent mode, the capacitor 118 will eventually charge as shown
      in FIG. 6 to cause transistors QH1 and QH2 to take on their conducting or
      saturation state, thus, effectively grounding the collector of transistor
      QH2 and providing another - input to the NOR gate H12. Accordingly, since
      the NOR gate H12 has two - inputs, its output will be + in the off or
      quiescent mode. Similarly, once capacitor 120 becomes charged transistors
      QH3 and QH4 will be in their conducting state thus effectively grounding
      the collector of QH4 on line 106 and providing a - control signal on this
      line as well.
PAR  When the operator's or user's hand bridges the ground plane 26 with any one
      of the conductive buttons 20, 22 or 24, resistors 122, 124 and 126 are
      sized (with respect to the maximum expected skin resistance between the
      plate 26 and buttons 20, 24 and 22, e.g., two megohms), such that at least
      one of the inputs to the NAND gate J5 will go - thus causing the output of
      J5 to go + no matter which one of the activated modes is involved. When
      this occurs, the NAND gate J6 may take on a different state than
      previously if the output on line 128 from the battery condition latch 130
      is +. That is, if the output of the battery condition latch is still +
      (indicating that a sufficient battery capacity is available), then the
      output of J6 will change whenever any one of the activated modes is
      indicated by the change in output from NAND gate J5 thus providing a -
      output from NAND gate J6 which, in turn, is presented as a - input to the
      NOR gates J8, J9. Thus, unless the normally negative outputs from NOR
      gates J4 and J7 are changed, the output from NOR gates J8 and J9 on lines
      108 and 110 will be changed from - to +.
PAR  Since, in the TEST mode, no change is made to the input of NOR gates J4 and
      J7 it follows that in the TEST mode the output on lines 108 and 110 goes
      positive.
PAR  However, in the BEEP mode it can be seen that the inputs to NOR gate J4
      will be changed from + to - thus causing one of the inputs to NOR gate J8
      to be + and inhibiting any change in the output of J8 such that the
      control signal on line 108 would remain negative in the BEEP mode. Of
      course, since in the BEEP mode no change is made in the inputs to NOR gate
      J7, the output on line 110 will switch from - to + in this mode of
      operation.
PAR  Similarly, when the ECG mode of operation is selected, the inputs to NOR
      gate J7 will go - thus causing its output to go + and inhibiting any
      change in the output of gate J9 thus causing the control signal on line
      110 to remain - while the control signal on line 108 is permitted to
      change to +.
PAR  Since both inputs to the NAND gate J3 are connected to buttons 22 and 24
      respectively, activation of the unit in anything other than the TEST mode
      will cause at least one of the inputs to go - thus causing the output from
      J3 to change from - to + when the unit is activated except in the TEST
      mode where it remains - because neither of the inputs to the NAND gate J3
      are affected in this mode of operation.
PAR  Accordingly, it can be seen that when the unit is activated to any of its
      three possible operational modes, the output from NAND gate J6 goes - thus
      turning on transistor QJ2 and activating the voltage regulator which will
      supply the voltage Vcc1 to the rest of the circuitry. Of course, if the
      output on line 128 from the battery condition latch 130 ever goes -, the
      NAND gate J6 will be inhibited from changing its output thus preventing
      the transistor QJ2 from ever turning on or conducting and thus preventing
      the supply voltage Vcc1 from ever being supplied to the remainder of the
      circuitry.
PAR  The magnitude of the regulated output voltage Vcc1 is controlled by the
      preset potentiometer 132 which adjusts the bias voltage supplied to the
      base of transistor QJ5 thus controlling the collector voltage of that
      transistor which, in turn, controls the base current for transistor QJ4
      which, in turn, controls the base current for the actual regulator
      transistor QJ1 which varies its effective conductivity as necessary to
      maintain regulated output voltage selected by the positioning of
      potentiometer 132.
PAR  In addition, transistor QJ3 is employed, effectively, as a voltage level
      detector which is connected to saturate or conduct whenever the voltage
      regulator transistors QJ5, QJ4 and QJ1 are unable to maintain the desired
      magnitude of regulated output voltage Vcc1 as determined by the base
      current for transistor QJ5. Whenever this insufficient battery capacity
      condition is indicated, transistor QJ3 conducts thus presenting a - input
      to the NAND gate J1 forming part of the battery condition latch 130. This
      negative input causes the output of J1 to change from - to + which, in
      turn, causes the output from NAND gate J2 on line 128 to change from + to
      - thus inhibiting any change in the output of gate J6 such that the
      transistor QJ2 can never be turned on to activate the voltage regulator
      and supply Vccl for the other circuitry. As can be seen, each time an
      attempt is made to activate the unit, the output of NAND gate J5 is
      utilized to reset battery condition latch 130.
PAR  The just described actuation and operation of the voltage regulator, etc.,
      will occur as described whenever the unit is activated in either the ECG
      or BEEP modes and the signal on line 114 from the output of NAND gate J3
      is + (as previously described) thus supplying an appropriate additional
      bias to the base of transistor QJ5, which, in addition to the setting of
      the potentiometer 132, determines the magnitude of voltage Vccl that is
      demanded by the voltage regulator circuitry. However, when the unit is
      activated in the TEST mode, the output from NAND gate J3 remains - thus
      preventing any extra bias current along line 134 to the base of transistor
      QJ5 and, in effect, this provides a temporary demand for an increased
      level of regulated output voltage Vccl. As should now be appreciated, if
      this temporarily increased demand is not met, transistor QJ3 will conduct
      and set the battery condition latch 130 thus inhibiting the output of gate
      J6 and preventing the transistor QJ2 from turning on.
PAR  Normally, when the unit is activated, the voltage level on line 116 from
      NOR gate G6 (see FIGS. 7-8) has a relatively high duty cycle of positive
      excursions (see FIG. 11). Accordingly, as will be appreciated from FIG. 6,
      the output of NOR gate H12 will be substantially maintained at a negative
      level and, until capacitor 120 discharges through resistors 136 and 138,
      transistors QH3 and QH4 will be turned to their non-conducting or off
      state thus providing a positive lamp inhibit signal on line 106 for a time
      duration determined by the discharge time constants of the
      resistance-capacitance circuit defined by capacitors 120 and resistors
      136, 138 as should now be apparent.
PAR  Furthermore, during operation, capacitor 118 will be charged opposite to
      the polarity shown in FIG. 6 thus readying the signal loss timer circuit
      comprising transistors QH1 and QH2 for operation. Accordingly, transistors
      QH1 and QH2 will be turned off for a time period determined by the RC time
      constant of capacitor 118 in combination with resistors 140 and 142. After
      this time period has passed, the other input to NOR gate H12 in FIG. 6
      will also be - thus causing the output of NOR gate H12 to be + and
      charging capacitor 120 as in the quiescent state so that the signal start
      timer is again ready to provide the lamp inhibit signal 106 as soon as the
      high duty cycle + signals on line 116 reappear thus inhibiting spurious
      responses even after the initial start-up or activation of the unit if the
      signal should be temporarily lost and then reappear.
PAR  The signal input to the electrical circuits originates at the left and
      right armpit electrodes 42 and 44 as shown in FIG. 7. These signals are
      input to conventional preamplification, filtering and signal conditioning
      circuits 200 which, inter alia, include differential amplifiers providing
      common mode rejection of AC signals such as 60 Hertz noise when used in
      combination with a ground reference potential provided by the contact
      plate 26 in contact with the user's body. The conventional amplification,
      and filtering circuits which provide a replica of the usual heartbeat
      signal 204 (e.g. the usual PQRST waveform pattern shown in FIG. 7) are
      supplied with power directly from Vccl on line 206 in the exemplary
      embodiment while other signal conditioning circuits which provide a single
      spike or pulse 208 on line 210 in response to each detected R portion of
      the heartbeat waveform are supplied with power Vccl through a transistor
      switch 202 which is controlled by the trigger drive on line 108 from NOR
      gate J8 in FIG. 6. Accordingly, whenever the control from NOR gate J8 is -
      and the regulated voltage Vcc1 is available, (ie., the BEEP mode) the
      switch transistor 202 will supply the signal conditioning circuits with
      voltage so that the spike waveforms 208 corresponding to each detected
      heartbeat will be provided on line 210.
PAR  Accordingly, the PQRST analogue waveform 204 will be provided on line 212
      in either the BEEP or ECG mode while the trigger pulses 208 corresponding
      to each detected heartbeat will appear on line 210 only in the BEEP mode.
PAR  The amplifier 214 has its input connected to receive the analoque PQRST
      signal thus controlling the magnitude of a similar analogue signal at its
      output on line 216 as determined by its gain which is controlled by the
      feedback resistor 218 and limited on both directions by the parallel
      connected back-to-back diodes 220 and 222 as will be appreciated by those
      in the art. The purpose of limiting the magnitude of the output signal on
      line 216 will soon become apparent.
PAR  As shown in FIG. 7, the analogue output from amplifier 214 is applied to
      control the frequency of a conventional voltage controlled oscillator 224
      which has a nominal or center frequency of 1700 Hertz and which is varied
      in frequency plus or minus 15% depending upon the input signal on line
      216. Accordingly, the output on line 226 will appear as waveform (1) shown
      above that portion of the diagram as a series of narrow pulses having an
      instantaneous frequency proportional to the instantaneous magnitude of the
      PQRST waveform.
PAR  As shown in FIG. 7, the amplifier 214 and voltage controlled oscillator 224
      are both supplied with power Vccl via a switching transistor 228 which is
      turned on whenever the output from NOR gate J9 (see FIG. 6) is - and the
      regulated supply voltage Vccl is supplied. As previously described, this
      condition occurs when the unit has been activated in the ECG mode.
PAR  A constant frequency oscillator (center frequency of 1700 Hertz) 230 is fed
      with supply voltage from an inverter 232 connected to the switched Vccl
      supply from transistor 228. Accordingly, whenever the Vccl voltage is
      being supplied to amplifier 214 and the voltage controlled oscillator 224,
      the constant frequency oscillator 230 is not supplied with voltage and is
      thus inoperative. Conversely, when the amplifier 214 and voltage
      controlled oscillator 224 are not being supplied with voltage via
      transistor 228, the constant frequency oscillator 230 is supplied with
      power and is thus operative to produce constant frequency pulses at 1700
      Hertz as shown at waveform 2 above this portion of the drawing in FIG. 7.
PAR  Whether the pulses on line 226 are of the variable frequency type 1 or
      constant frequency type 2, they are input to a squarewave generator 234
      (e.g., a toggle or flip-flop connected to change state each time it is
      triggered) to produce corresponding waveforms as shown in FIG. 7. The
      output from the squarewave generator 234 is then fed through a NOR gate
      236 onto an audio driver stage 238 which drives a conventional direct
      coupled earphone audio output device 240.
PAR  In the ECG mode, the control signal on line 112 (see FIG. 6) from NOR gate
      J7 is + thus causing the NOR gate H4 (see FIG. 7) to have a - output.
      Accordingly, the lower input to the NOR gate 236 shown in FIG. 7 is - in
      the ECG mode thus causing the gate 236 to be triggered at the variable
      frequency rate as indicated by waveform 1 in FIG. 7 and producing a
      variable frequency output from the audio device 240 having an
      instantaneous frequency related to the magnitude of the PQRST waveform as
      should now be apparent.
PAR  In the BEEP mode, the signal from NOR gate J7 is - thus causing gate H4 to
      have a + output except when its input on line 242 from a 50 millisecond
      monostable D1 goes positive. Accordingly, the NOR gate 236 is switched at
      the 1700 Hertz rate by waveform 2 only during the 50 millisecond time
      period when the monostable D1 causes the output from NOR gate H4 to go -.
      As also shown in FIG. 7, the 50 millisecond monostable D1 is triggered
      from the spikes 208 on line 210 once for each detected heartbeat so that,
      in effect, when the unit operates in the BEEP mode a 50 millisecond burst
      of 1700 Hertz audio energy is emitted from the audio output device to 40
      for each detected heartbeat.
PAR  As those in the art will appreciate, audio tones of approximately 2500
      Hertz should not be transmitted over conventional telephone circuits since
      they cause switching functions to occur. Accordingly, the gain of
      amplifier 214 is so limited by diodes 220, 222 as to prevent the control
      voltage to VCO 224 from ever producing oscillations of such frequency.
PAR  Although some of the voltage level diagrams in FIGS. 12-14 have been
      implicitly referenced heretofore, it will be increasingly helpful to refer
      to these figures during the following discussion of the rate detecting
      circuitry generally shown within dotted lines 244 in FIG. 7.
PAR  As previously discussed, the spikes 208 on line 210 trigger the 50
      millisecond monostable D1. In addition, these spikes also trigger a 200
      millisecond monostable D2 whose output is inverted by NOR gate H10 to
      provide an inverted input to NOR gate H11 before being again inverted by
      NOR gate G1 to trigger another monostable D3 whose period is variable
      depending upon the adjustment of preset parameters such as potentiometer
      246 within a range of approximately 657 to 1300 milliseconds. D3 is a
      monostable which is triggered by negative going transitions such that, for
      each detected heartbeat, there will be a positive going 200 millisecond
      pulse at the output of G1 followed by a positive going pulse at the output
      of monostable D3 having a duration determined by a preset parameter such
      as potentiometer 246. As will be seen, the setting of potentiometer 246 or
      selection of the delay for the monostable D3 effectively determines the
      cross-over point or rate for deciding whether a given heart rate is high
      or low. Typically, the rate may be set at a value such as 60 beats per
      minute by setting delay D3 to equal 800 MS so that the total delay of D2 +
      D3 equals the period between 60 beats per minute pulses.
PAR  So long as the heartbeats occur at a sufficiently rapid rate, one or the
      other of the inputs to NOR gate G2 will always be + thus keeping its
      output - as may be seen, for example in FIG. 12. At the same time, since
      pulses are appearing on line 248 (the output of monostable D3) the
      flip-flop 250 will have been reset such that its output Q.sub.1 goes + as
      shown in FIG. 12. Of course the output Q.sub.1 would also be - or just the
      opposite of Q.sub.1 as should be apparent. Accordingly, one of the inputs
      to NOR gate G.sub.5 will be constantly - when a high pulse rate is being
      processed while the other input will be switching from + to - with the
      output from the monostable D3 as should be apparent. Accordingly, the
      output of gate G5 will also vary between - and + levels to insure that
      flip-flop 252 has been similarly reset to provide a positive signal Q2 on
      line 254 indicating that a high pulse rate has been detected.
PAR  On the other hand, if a low pulse rate is being received, the interval
      between pulses or triggers 208 on line 210 will be such that both the 200
      millisecond monostable D2 and the preset monostable D3 will have timed out
      thus causing both of the inputs to NOR gate G2 to go - and thus causing
      the output of gate G2 to change between - and + levels as shown in FIG.
      12. As should now be apparent, this transitioning at the output of gate G2
      will result in the setting of flip-flop 250 and cause the signal Q1 to
      vary between + and - values as also shown in FIG. 12. Since one of the
      other of the inputs to gate G5 is now always +, its output will remain at
      a - level and thus flip-flop 252 will not be continually reset as was the
      case when a high pulse rate was being detected as previously discussed.
PAR  At the same time, the now variable output level from the gate G2 is applied
      via line 256 to the set input terminal of flip-flop 252 such that the
      output Q2 now goes + and Q2 goes - thus providing a + voltage on line 258
      indicating a low pulse rate occurrence.
PAR  As will be seen, the output from NOR gate G2 changes only when low pulse
      rates are detected and, since that output is presented through NOR gate G6
      to control the previously discussed gate H12 in FIG. 6, it will be seen
      that the signal on line 116 is constantly + when a high rate is being
      detected and has a very high duty cycle of + voltage level even during the
      low pulse rates unless the signal is lost altogether which, of course,
      serves as a sign that the signal has been lost as previously discussed
      with respect to the signal loss timer and signal start timer in FIG. 6.
PAR  In addition, during the TEST mode of operation, the voltage from NAND gate
      J3 (FIG. 6) goes - and, since this is provided as one of the inputs to NOR
      gate H8 in FIG. 7, it may be seen that gate H8 is enabled during the TEST
      mode of operation to change its output state from - to + in response to
      changes of + to - from the output of gate 6. Thus, in the TEST mode, when
      the signal on line 114 goes -, the output of gate H8 will go + and, after
      inversion by the NOR gate H13, will trigger monostables D1 and D2. The
      output of monostable D1 will then proceed to gate a 50 MS burst of 1700
      Hertz audio output through gate 236 as previously described while the
      monostable D2 will initiate a timing operation that will have to result in
      a determination of a low pulse rate since there is no following pulse on
      line 210.
PAR  However, as soon as the low pulse rate is detected, gates G2, G6, H8 and
      H13 will again change state thus triggering the same operation to repeat
      itself. Accordingly, as should now be apparent, the rate detection
      circuitry will be caused to effectively oscillate at a frequency exactly
      corresponding to the cross-over point (e.g. 60 beats per minute in the
      exemplary embodiment).
PAR  As already discussed, this will automatically test out the operation of the
      constant frequency oscillator, square-wave generator, gate 236 and audio
      output circuitry. In addition, as will become more apparent below, this
      testing procedure will also test the visual output related circuitry to
      insure that it is working properly and will, of course, permit one to
      externally observe or time the cross-over rate thus insuring that the
      monostable D3 has been properly adjusted. If out of adjustment, the rate
      being observed can be adjusted by adjusting the monostable D3 via means
      such as the potentiometer 246 until the desired cross-over rate has been
      achieved.
PAR  As should now be appreciated, the trigger signals 208 on line 210 are
      processed by the rate detecting circuitry 244 to result in a + signal on
      line 254 if the rate of heart-beats is in excess of a predetermined value
      and to produce a + voltage on line 258 if the detected rate is below that
      predetermined value. The circuitry shown in FIG. 8 then further operates
      upon these signals to insure that a spurious or premature change
      high-to-low or vice versa is not inadvertently permitted.
PAR  A low to high change inhibit means 300 and a high to low change inhibit 302
      are provided to insure that at least some predetermined number of
      successive high pulse rate detections or low pulse rate detections
      respectively are detected before the visual output signals are changed
      from high-to-low or from low-to-high respectively.
PAR  There are important medical reasons underlying the choice of different
      predetermined numbers for these inhibited rate change indications in the
      exemplary embodiment. For instance, assume that the heartbeat being
      monitored is approximately at the cross-over rate, e.g., 60 beats per
      minute. There are many hearts which produce ectopic beats which normally
      come slightly earlier than would be expected followed by a relatively
      longer pause to put the next beat at its regularly expected location in
      time. As will be appreciated, this slightly misplaced ectopic heartbeat
      will result in two successive time intervals that are respectively shorter
      and longer than the interval to be expected for the normal 60 beat per
      minute rate. Accordingly, the circuitry would first detect a high heart
      rate while measuring the first time interval and then immediately
      thereafter detect a low heart rate when examining the second time
      interval. Actually, the average heart rate is still approximately 60 beats
      per minute (i.e., slightly below 60 beats per minute which should produce
      a constant low rate output indication or slightly above 60 beats per
      minute which should produce a constant high rate output indication) and
      the output indications should not be changed merely because a single
      ectopic heartbeat has occurred. Medically, the occurrence of a single
      ectopic heartbeat is not significant for the purposes contemplated by this
      monitoring device. Accordingly, both of the circuits 300 and 302 should be
      adjusted to insure that at least two successive determinations of a change
      in the heart rate are required before the output indication is actually
      changed. In effect, this would ignore the single ectopic heartbeat.
PAR  On the other hand, if three ectopic beats occur in succession, this is
      medically defined as ventricular tachycardia and calls for an injection of
      the drug lidocaine. This, in fact, is important information so that if an
      average low heart rate is being detected the output indication should, in
      fact, be changed from a low to a high indication if three ectopic beats
      are detected in succession. Accordingly, the circuit which controls a
      change of output indication from a low-to-high indication should be
      adjusted to provide such a change whenever three successive high rate
      determinations are detected.
PAR  In effect, the circuits 300 and 302 in the exemplary embodiment shown in
      FIG. 8 are analogue time delay circuits having time constants with respect
      to a nominal cross-over rate (e.g., 60 beats per minute) that would
      require three successive determinations of a high heart rate before
      changing the output indication from low-to-high and two successive
      determinations of a low heart rate indication before changing the output
      from a high - to - low indication. As will be shown below in the
      discussion of FIG. 15, digital counting circuitry can also be used to
      inhibit unwarranted changes in high/low output indications.
PAR  To explain the operation of the circuit shown in FIG. 8, first assume that
      the device is operating and detecting a high heart rate so that there is a
      + signal on line 254 and a - signal on line 258. In the quiescent state,
      all the transistors QG3, QG4, QG5 and QG6 would be in the conducting state
      so that there would be a - level input on the lower input of gate G9 in
      FIG. 8. Similarly, since both of the inputs to gate G10 are -, there would
      be a + output from gate G10 applied to one of the inputs of gate G11
      which, in turn, would thus necessarily have a - output level. Now, assume
      that the detected rate has changed from this high value to a low value
      such that the + signal now appears on line 258 rather than line 254. It
      should be noted, that because of the pre-existing quiescent state,
      capacitor 304 is charged with a + voltage on the terminal connected to
      resistor 306 while capacitor 310 would be in a substantially uncharged
      state.
PAR  Accordingly, when the output of NOR gate G10 transitions negatively in
      response to receipt of a + voltage level on line 258, the transistors QG5
      and QG6 will be temporarily turned off for a time duration determined by
      the time constant of the capacitor 310 and resistors 312, 314 as should be
      apparent. Thus, for a temporary time period, a + voltage level signal will
      be presented to the lower input of NOR gate G9 in FIG. 8, insuring that
      the output of gate G9 remains - and that capacitor 304 remains charged as
      previously stated. Furthermore, since this temporary + voltage level is
      also connected to the lower input of gate G11, its output will be
      maintained in a - state just as previously existed when a high heart rate
      was being detected. Accordingly, as should now be apparent, there will be
      no change in the output indications for the time duration of the delay
      afforded by circuit 302.
PAR  If the low heart rate is still being detected after the time delay of
      circuit 302, then the output from transistor QG6 will again transition -
      thus causing gate G11 to change its output from - to + which, as will be
      seen, will cause a change from a high output indication to a low output
      indication. At the same time, since both of the inputs to NOR gate G9 are
      now -, its output will go + thus permitting the capacitor 302 to
      substantially discharge. Of course, since the output of NOR gate G10 is
      now -, capacitor 310 will charge in a manner similar to that previously
      described for capacitor 304.
PAR  Now, if the detected heart rate changes back from low-to-high a similar
      train of events will occur when the level on line 254 goes + and the level
      on line 258 goes -. Here, the output of NOR gate G9 will go - thus
      temporarily turning off transistors QG3 and QG4 for a time period
      determined by the discharge characteristics of capacitor 304 and resistors
      306, 308. Since transistor QG4 is temporarily turned off, a + input will
      temporarily be presented to gate G10 even though it has been removed from
      line 258 thus maintaining both of the inputs to gate G11 - and insuring
      that the + output from gate G11 remain temporarily at its pre-existing
      level for the time duration of the delay caused by circuit 300. When
      circuit 300 does time out (and assuming that the new high heart rate
      detection is still present as indicated by a + voltage on line 254 and a -
      voltage on line 258), then when transistor QG4 turns on at the end of this
      time duration, gate G10 will have two - inputs thus causing its output to
      transition to + and, in turn, causing the output of gate G11 to go - again
      thus changing the output indication from low to high.
PAR  In the exemplary embodiment where a nominal crossover rate of 60 beats per
      minute is utilized, the low-to-high change inhibit circuit 300 should be
      adjusted to provide a delay of slightly more than one second while the
      high-to-low change inhibit circuit 302 should be adjusted to provide a
      time delay of slightly in excess of two seconds. Since one time interval
      will have already been measured before a change is ever indicated on lines
      254 and 258, it should now be appreciated that these further time delays
      will produce the required count of two successive determinations of low
      heart rate before changing the output from a high indication to a low
      indication and three successive counts of a high rate determination when
      changing in the other direction.
PAR  As previously discussed, the output from gate G11 will be - when a high
      heart rate output indication is desired and + when a low heart rate output
      indication is desired. Accordingly, a - voltage level will be present at
      the middle input of NOR gate 350 whenever a high heart rate indication
      output is desired and, (because of NOR gate 352 operating as an inverter)
      a - voltage level will also be present at the middle input of NOR gate 354
      whenever a low heart rate output indication is desired.
PAR  Temporary reference to FIG. 7 should now be made for understanding the
      derivation of the lamp interval signals on line 356 and the test lamp
      interval signals on line 358. Reference can also be made to FIG. 14 for an
      understanding of the generation of these signals.
PAR  As can be seen, each detected heart beat will produce a trigger pulse 208
      which will, in turn, trigger a 50 millisecond output from monostable D1
      appearing on line 242 which is, in turn, connected as one input to the NOR
      gate H11. Another input to the NOR gate H11 is the inverted output of the
      200 millisecond monostable D2 which is triggered simultaneously with the
      50 millisecond monostable D1. Accordingly, the output of gate H11 will be
      a positive going pulse of 150 millisecond duration for each detected
      heartbeat. After inversion by the NOR gate H7, this would be a negative
      going pulse of 150 milliseconds appearing on line 356 (FIG. 8) to provide
      an enabling - lower input to each of the NOR gates 350 and 354 previously
      discussed. Since the upper input to these NOR gates 350, 354 is connected
      to the lamp inhibit signal on line 106 from FIG. 6, which is normally -,
      this means that one of the gates 350, 354 will be fully enabled to change
      its output from - to + depending upon which one receives a - input from
      gate G11 or gate 352 respectively. That is, if a high heart rate is being
      detected, gate 350 will be fully enabled for 150 milliseconds after each
      detected heartbeat to change its output from - to +. On the other hand, if
      a low heart rate is being detected, only NOR gate 354 will be fully
      enabled during this 150 millisecond time interval. As will be explained
      below, the lower enabled inputs to gates 360 and 362 is normally - so that
      the output of both of these gates is normally + thus preventing either of
      the LED's (Light Emitting Diodes) 364, 366 from conducting. However, if a
      high heart rate is detected, then, for the 150 milliseconds that the
      output from gate 350 transitions from - to +, the output from NOR gate 360
      will transition negatively thus causing the LED 364 to conduct for 150
      milliseconds during each heartbeat while the detected heartbeat rate is
      high or above the predetermined changeover frequency.
PAR  Similarly, the NOR gate 362 output is transitioned from + to - for 150
      milliseconds each heartbeat when the heart rate is below the predetermined
      level thus causing LED's 366 to emit light. Of course, the LED's 364 and
      366 are mounted so as to provide visual outputs 28 and 34 as previously
      discussed with respect to FIG. 1.
PAR  Referring back to FIG. 8, it will be recalled that the control signal on
      line 114 is - during the TEST mode of operation but + during the BEEP or
      ECG mode of operation. Accordingly, during the BEEP or ECG modes of
      operation, the output of gate H1 will be forced to a - level thus
      providing the normal quiescent - level on line 358 enabling the gates 360
      and 362 previously discussed with respect to FIG. 8. However, in the TEST
      mode, when the control signal on line 114 goes -, the output from gate H1
      will be the inverted output of gate H7 or, in other words, the same as the
      output from gate H11 which is a 150 millisecond positive going pulse for
      each detected heartbeat. As will be appreciated, since these 150
      millisecond positive going pulses are continually applied during the test
      mode on line 358 to the inputs of gates 360 and 362, the outputs of these
      gates will be transitioned to a - condition for 150 milliseconds thus
      causing both the LED's 364 and 366 to conduct and emit light thus
      performing an effective test of their operational capabilities in the TEST
      mode.
PAR  An alternate partial embodiment employing more digital circuitry is shown
      in FIG. 15. Here the flip-flops 250, 252 and analogue timers 300, 302 have
      been effectively replaced with a digital "high counter" and a digital "low
      counter."
PAR  In this embodiment, the lamp inhibit signal on line 106 is preferably
      shortened to about 25 MS to provide an initial resetting pulse to both the
      high and low counters as well as a new lamp inhibit latch as shown in FIG.
      15.
PAR  Input connections to gates G2 and H10 are as previously described in FIG.
      7. Circuit elements prior thereto in FIG. 7 are not repeated in FIG. 15
      for increased clarity. Accordingly, the output levels of G2 and H10 are as
      before stated.
PAR  Should the initial incoming pulse rate be high, G2 provides no reset pulses
      for the high counter and both counters thus begin to count the 200 MS
      pulse signals from H10. Following completion of the second input pulse,
      the Rate Latch (L1+L2) is initially set for low rate output. Upon
      completion of the third input pulse, the low counter is reset by the high
      counter, the rate latch is reset for high rate output and F/F6 output
      resets the lamp inhibit latch permitting operation of gates H5 and H6.
PAR  If the initial incoming pulse rate is low, G2 continuously resets the high
      counter. Upon completion of the second beat, the Rate latch is set for a
      low rate output. Upon completion of the third incoming pulse, F/F6 resets
      the lamp inhibit latch permitting operation of gates H5 and H6.
PAR  Should the initial incoming pulses consist of alternate high and low
      pulses, as can occur in a Bi-Gemini heart condition, it is preferred that
      the green lamp should come on unless it is superseded by a high rate
      determination.
PAR  In this case, the low counter will count up and since the high counter
      resets following alternate low rate pulses from G2, the rate latch will
      set up a low rate output.
PAR  Although only a few exemplary embodiments of this invention have been
      described in detail, those in the art will recognize that there are many
      possible variations and/or modifictions of the exemplary embodiments which
      do not depart from the new and improved features of the invention.
      Accordingly, all such variations or modifications are intended to be
      included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Heart monitoring apparatus comprising:
PA1  electrodes for electrically contacting a human body,
PA1  input signal conditioning means electrically connected to said electrodes
      for receiving and processing electrical signals taken from said human
      body, said signals representing the functioning of a heart beating
      therewithin, said input signal conditioning means including means for
      detecting each heartbeat cycle and for providing a trigger output pulse
      for each such heartbeat cycle,
PA1  rate detecting means connected to receive said trigger pulses; to provide a
      high rate output signal if successive trigger pulses are spaced closer in
      time than a predetermined time interval corresponding to a single
      predetermined change-over frequency and to provide a low rate output
      signal if successive trigger pulses are spaced farther in time than said
      predetermined time interval,
PA1  output means operatively connected for selectively providing a high output
      indication and a low output indication respectively signifying whether the
      heartbeat rate is higher or lower than said single predetermined
      change-over frequency,
PA1  low-to-high inhibit means operatively connected to said rate detecting
      means and to said output means for preventing any change from a low output
      indication to a high output indication unless at least three successive
      heartbeats occur at a rate higher than said change-over frequency, and
PA1  high-to-low inhibit means operatively connected to said rate detecting
      means and to said output means for preventing any change from a high
      output indication to a low output indication unless at least two
      successive heartbeats occur at a rate less than said change-over
      frequency.
NUM  2.
PAR  2. Heart monitoring apparatus as in claim 1 wherein said low-to-high
      inhibit means and said high-to-low inhibit means each comprise an analog
      time delay circuit means.
NUM  3.
PAR  3. Heart monitoring apparatus as in claim 1 wherein said low-to-high
      inhibit means and said high-to-low inhibit means each comprise a digital
      counting circuit means,
NUM  4.
PAR  4. Heart monitoring apparatus as in claim 1 further comprising:
PA1  a housing having first and second opposingly situated sides,
PA1  electrical circuit means comprising the means of claim 1 disposed within
      said housing for receiving and processing electrical signals taken from a
      human body, said signals representing the functioning of a heart beating
      therewithin and including said output means for providing a sensible
      output indication corresponding to a predetermined characteristic of said
      electrical signals,
PA1  said electrodes comprising first and second electrodes disposed outside
      said housing adapted for placement at spaced apart areas of a human body,
PA1  first and second lead wires respectively connecting said first and second
      electrodes outside the housing to said electrical input signal
      conditioning means inside the housing, and
PA1  an open-sided storage compartment disposed on the first side of said
      housing, said compartment having an outer edge sized to receive and
      holdingly engage said first and second electrodes therewithin in a
      side-by-side relationship.
NUM  5.
PAR  5. Heart monitoring apparatus as in claim 4 further comprising:
PA1  a wrap-around storage structure means for wrapping and storing said first
      and second lead wires thereabout, said structure being disposed about the
      outside perimeter of said storage compartment on the first side of the
      housing.
NUM  6.
PAR  6. Heart monitoring apparatus as in claim 5 wherein said first and second
      lead wires are of different lengths and permanently connected between the
      housing and the respectively corresponding electrodes to thus facilitate
      simultaneously storing the wires in said wrap-around storage structure
      means and storing said electrodes in said open-sided storage compartment
      on the first side of the housing.
NUM  7.
PAR  7. Heart monitoring apparatus as in claim 4 further comprising control
      means disposed on the second side of the housing for selectively
      controlling the operation of said electrical circuit means.
NUM  8.
PAR  8. Heart monitoring apparatus as in claim 4 wherein said output means
      includes means disposed on the second side of the housing for providing
      said sensible output indications thereat.
NUM  9.
PAR  9. Heart monitoring apparatus as in claim 4 wherein said electrodes are
      rectangularly shaped and wherein said open-sided storage compartment is
      shaped and sized for receiving said electrodes in a flat side-by-side
      storage configuration on said first side of the housing.
NUM  10.
PAR  10. Heart monitoring apparatus comprising:
PA1  electrodes for electrically contacting a human body,
PA1  input signal conditioning means electrically connected to said electrodes
      for receiving and processing electrical signals taken from said human
      body, said signals representing the functioning of a heart beating
      therewithin, said input signal conditioning means including means for
      detecting each heartbeat cycle and for providing a trigger output pulse
      for each such heartbeat cycle,
PA1  rate detecting means connected to receive said trigger pulses; to provide a
      high rate output signal if successive trigger pulses are spaced closer in
      time than a predetermined time interval corresponding to a single
      predetermined change-over frequency and to provide a low rate output
      signal if successive trigger pulses are spaced further in time than said
      predetermined time interval,
PA1  output means operatively connected for selectively providing a high output
      indication and a low output indication respectively signifying whether the
      heartbeat rate is higher or lower than said single predetermined
      change-over frequency,
PA1  low-to-high inhibit means operatively connected to said rate detecting
      means and to said output means for preventing any change from a low output
      indication to a high output indication unless at least a first
      predetermined number of successive heartbeats occur at a rate higher than
      said change-over frequency,
PA1  high-to-low inhibit means operatively connected to said rate detecting
      means and to said output means for preventing any change from a high
      output indication to a low output indication unless at least a second
      predetermined number of successive heartbeats occur at a rate less than
      said change-over frequency,
PA1  a housing having first and second opposingly situated sides,
PA1  said input signal conditioning means, said rate detecting means, said
      output means, said low-to-high inhibit means and said high-to-low inhibit
      means all being disposed within said housing for receiving and processing
      electrical signals taken from a human body, said signals representing the
      functioning of a heart beating therewithin and including said output means
      for providing a sensible output indication corresponding to a
      predetermined characteristic of said electrical signals,
PA1  a first electrically conducting area disposed on said first side of the
      housing,
PA1  a second electrically conducting area disposed on said second side of the
      housing and electrically insulated from said first conducting area, and
PA1  activation means electrically connected between said first and second
      electrically conducting areas for activating at least said output means by
      applying operating power thereto in response to the completion of an
      electrical circuit between said first and second electrically conducting
      areas through a human hand when holding said housing therein.
NUM  11.
PAR  11. Heart monitoring apparatus as in claim 10 wherein:
PA1  said output means disposed within said housing includes means for operating
      in a plurality of operating modes including a beep mode and an ECG mode
      and for providing a corresponding plurality of sensible output
      indications,
PA1  further comprising at least a third electrically conducting area also
      disposed on said second side of the housing but electrically insulated
      from said second electrically conducting area, and wherein said activation
      means is also connected to said third electrically conducting area and
      including means for selectively activating said means disposed in said
      housing in a particular one of its operating modes in dependence upon
      whether said human hand completes an electrical circuit between said first
      and second electrically conducting areas or between said first and third
      electrically conducting areas.
NUM  12.
PAR  12. Heart monitoring apparatus as in claim 11 wherein said output means are
      also disposed on said second side of the housing so that said sensible
      output indications can be conveniently observed while the thumb of said
      hand is selectively placed on said second or third electrically conducting
      areas to activate said means disposed in said housing in the desired
      operating mode.
NUM  13.
PAR  13. Heart monitoring apparatus as in claim 10 wherein one of said first and
      second electrically conducting areas is electrically connected to a common
      ground return connection for said means disposed in said housing whereby a
      human body associated with said hand effectively becomes a source of
      electrical ground or reference potential when the housing is held in said
      hand thereby facilitating the elimination of spurious electrical signals
      in said means disposed in said housing.
NUM  14.
PAR  14. Heart monitoring apparatus as in claim 13 wherein:
PA1  said electrodes comprise a pair of electrically conducting electrodes for
      placement at spaced apart areas of the human body and a corresponding pair
      of lead wires respectively connected thereto and wherein,
PA1  said first electrically conducting area on said first side of the housing
      comprises a storage compartment for said electrodes and there being a
      wraparound storage structure for said pair of lead wires provided about
      the outside perimeter of said storage compartment.
NUM  15.
PAR  15. Heart monitoring apparatus as in claim 10 wherein said activation means
      comprises means which consumes less electrical power than that consumed by
      the rest of said means disposed in said housing by at least a factor of
      ten.
NUM  16.
PAR  16. Heart monitoring apparatus as in claim 10 further comprising:
PA1  start-up inhibition means for temporarily inhibiting said output means
      after the rest of said means disposed in said housing has been activated
      by said activation means and thus preventing possibly spurious output
      indications during an initial start-up period.
NUM  17.
PAR  17. Heart monitoring apparatus comprising:
PA1  electrodes for electrically contacting a human body,
PA1  input signal conditioning means electrically connected to said electrodes
      for receiving and processing electrical signals taken from said human
      body, said signals representing the functioning of a heart beating
      therewithin, said input signal conditioning means including means for
      detecting each heartbeat cycle and for providing a trigger output pulse
      for each such heartbeat cycle,
PA1  rate detecting means connected to receive said trigger pulses; to provide a
      high rate output signal if successive trigger pulses are spaced closer in
      time than a predetermined time interval corresponding to a single
      predetermined change-over frequency and to provide a low rate output
      signal if successive trigger pulses are spaced further in time than said
      predetermined time interval,
PA1  output means operatively connected for selectively providing a high output
      indication and a low output indication respectively signifying whether the
      heartbeat rate is higher or lower than said single predetermined
      change-over frequency,
PA1  low-to-high inhibit means operatively connected to said rate detecting
      means and to said output means for preventing any change from a low output
      indication to a high output indication unless at least a first
      predetermined number of successive heartbeats occur at a rate higher than
      said change-over frequency,
PA1  high-to-low inhibit means operatively connected to said rate detecting
      means and to said output means for preventing any change from a high
      output indication to a low output indication unless at least a second
      predetermined number of successive heartbeats occur at a rate less than
      said change-over frequency,
PA1  a battery for supplying electrical energy,
PA1  a housing including means for carrying said battery therewithin,
PA1  a self-contained battery operated processing circuit comprising said input
      signal conditioning means, said rate detecting means, said output means,
      said low-to-high inhibit means and said high-to-low inhibit means all
      within said housing for receiving and processing electrical signals taken
      from a human body, said signals representing the functioning of a heart
      beating therewithin, and including said output means for providing a
      sensible output indication corresponding to a predetermined characteristic
      of said electrical signals,
PA1  a voltage regulator circuit means disposed within said housing and
      including means for operative connection with said battery and for
      supplying a regulated output voltage of predetermined magnitude therefrom
      to said processing circuit, and
PA1  battery test means within said housing for temporarily increasing said
      predetermined magnitude by a predetermined increment and means for sensing
      the increased magnitude and for thereby indicating a low battery power
      condition if the battery fails to have enough reserve capacity to supply
      the temporary demand for an increased regulated voltage output without
      substantially depleting the battery reserves during the testing process.
NUM  18.
PAR  18. Heart monitoring apparatus as in claim 17 further comprising:
PA1  latch circuit means within said housing operatively connected to said
      voltage regulator circuit means for automatically inactivating said
      processing circuit and maintaining it in an inactive state if the
      regulated output voltage falls below said predetermined magnitude whereby
      the operation of the battery test means will also automatically inactivate
      the processing circuit if the battery fails to have enough reserve
      capacity to supply the temporary demand for an increased regulated voltage
      output.
NUM  19.
PAR  19. Heart monitoring apparatus comprising:
PA1  a housing having first and second opposingly situated sides,
PA1  electrodes for electrically contacting a human body,
PA1  circuit means electrically connected to said electrodes and disposed within
      said housing for receiving and processing electrical signals taken from
      said human body via said electrodes, said signals representing the
      functioning of a heart beating therewithin and including output means for
      providing a sensible output indication corresponding to a predetermined
      characteristic of said electrical signals,
PA1  a first electrically conducting area disposed on said first side of the
      housing,
PA1  a second electrically conducting area disposed on said second side of the
      housing, and
PA1  activation means electrically connected between said first and second
      electrically conducting areas for activating said circuit means in
      response to the completion of an electrical circuit between said first and
      second electrically conducting areas through a human hand when holding
      said housing therein.
NUM  20.
PAR  20. Heart monitoring apparatus as in claim 19 wherein:
PA1  said circuit means includes means for operating in a plurality of operating
      modes including a beep mode and an ECG mode and for providing a
      corresponding plurality of sensible output indication,
PA1  further comprising at least a third electrically conducting area also
      disposed on said second side of the housing but electrically separate from
      said second electrically conducting area, and wherein
PA2  said activation means is also connected to said third electrically
      conducting area and including means for selectively activating said
      circuit means in a particular one of its operating modes in dependence
      upon whether said human hand completes an electrical circuit between said
      first and second electrically conducting areas or between said first and
      third electrically conducting areas.
NUM  21.
PAR  21. Heart monitoring apparatus as in claim 20 wherein said output means are
      also disposed on said second side of the housing so that said sensible
      output indications can be conveniently observed while the thumb of said
      hand is selectively placed on said second or third electrically conducting
      areas to activate said circuit means in the desired operating mode.
NUM  22.
PAR  22. Heart monitoring apparatus as in claim 19 wherein one of said first and
      second electrically conducting areas is electrically connected to a common
      ground return connection for said circuit means whereby a human body
      associated with said hand effectively becomes a source of electrical
      ground or reference potential when the housing is held in said hand
      thereby facilitating the elimination of spurious electrical signals in
      said circuit means.
NUM  23.
PAR  23. Heart monitoring apparatus as in claim 22 wherein:
PA1  said electrodes comprise a pair of electrically conducting electrodes for
      placement at spaced apart areas of the human body and a pair of lead wires
      respectively connected to said electrodes, and
PA1  said first electrically conducting area on said first side of the housing
      comprises a storage compartment for said electrodes and there being a
      wrap-around storage structure means for said pair of lead wires provided
      about the outside perimeter of said storage compartment.
NUM  24.
PAR  24. Heart monitoring apparatus as in claim 19 wherein said activation means
      includes means for consuming less electrical power than that consumed by
      said circuit means by at least a factor of ten.
NUM  25.
PAR  25. Heart monitoring apparatus as in claim 19 further comprising:
PA1  start-up inhibition means for temporarily inhibiting said output means
      after said circuit means has been activated by said activation means and
      thus preventing possibly spurious output indications during an initial
      start-up period.
NUM  26.
PAR  26. Heart monitoring apparatus comprising:
PA1  a battery for supplying electrical energy,
PA1  a housing including means for carrying said battery therewithin,
PA1  a self contained battery operated processing circuit means within said
      housing for receiving and processing electrical signals taken from a human
      body, said signals representing the functioning of a heart beating
      therewithin, and including output means for providing a sensible output
      indication corresponding to a predetermined characteristic of said
      electrical signals,
PA1  a voltage regulator circuit means including means for operative connection
      with said battery and means for supplying a regulated output voltage of
      predetermined magnitude therefrom to said processing circuit means, and
PA1  battery test means for temporarily increasing said predetermined magnitude
      by a predetermined increment including means for sensing the increased
      magnitude and indicating a low battery power condition if the battery
      fails to have enough reserve capacity to supply the temporary demand for
      an increased regulated voltage output without substantially depleting the
      battery reserves during the testing process.
NUM  27.
PAR  27. Heart monitoring apparatus as in claim 26 further comprising:
PA1   latch circuit means operatively connected to said voltage regulator
      circuit for automatically inactivating said processing circuit and
      maintaining it in an inactive state if the regulated output voltage falls
      below said predetermined magnitude whereby the operation of the battery
      test means will also automatically inactivate the processing circuit if
      the battery fails to have enough reserve capacity to supply the temporary
      demand for an increased regulated voltage output.
NUM  28.
PAR  28. Heart monitoring apparatus comprising:
PA1  a housing having first and second opposingly situated sides,
PA1  electrical circuit means disposed within said housing for receiving and
      processing electrical signals taken from a human body, said signals
      representing the functioning of a heart beating therewithin and including
      output means for providing a sensible output indication corresponding to a
      predetermined characteristic of said electrical signals,
PA1  first and second electrodes disposed outside said housing adapted for
      placement at spaced apart areas of the human body,
PA1  first and second lead wires respectively connecting said first and second
      electrodes outside the housing to said electrical circuit means inside the
      housing,
PA1  an open-sided storage compartment disposed on the first side of said
      housing, said compartment having an outer edge sized to receive and
      holdingly engage said first and second electrodes therewithin in a
      side-by-side relationship, and
PA1  a wrap-around storage structure means for wrapping and storing said first
      and second lead wires thereabout, said structure being disposed about the
      outside perimeter of said storage compartment on the first side of the
      housing wherein said first and second lead wires are of different lengths
      and permanently connected between the housing and the respectively
      corresponding electrodes to thus facilitate simultaneously storing the
      wires in said wrap-around storage structure means and storing said
      electrodes in said open-sided storage compartment on the first side of the
      housing.
NUM  29.
PAR  29. Heart monitoring apparatus as in claim 28 further comprising control
      means disposed on the second side of the housing for selectively
      controlling the operation of said electrical circuit means.
NUM  30.
PAR  30. Heart monitoring apparatus as in claim 28 wherein said output means
      includes means disposed on the second side of the housing for providing
      said sensible output indications thereat.
NUM  31.
PAR  31. Heart monitoring apparatus as in claim 28 wherein said electrodes are
      rectangularly shaped and wherein said open-sided storage compartment
      includes means for receiving said electrodes in a flat side-by-side
      storage configuration on said first side of the housing.
NUM  32.
PAR  32. Heart monitoring apparatus for use by a human user comprising:
PA1  a housing adapted in size and shape for holding by a human hand of said
      user,
PA1  two electrodes physically connected via electrical leadwires with said
      housing, said electrodes being adapted for electrical contact at two
      respectively corresponding spaced-apart body areas of said human user,
PA1  circuit means disposed within said housing for receiving and processing
      electrical signals taken from the body of said user via said electrodes,
      said signals representing the functioning of a heart beating within the
      user's body and including output means for providing a sensible output
      indication corresponding to a predetermined characteristic of said
      electrical signals,
PA1  said circuit means including at least one differential amplifier means
      having two differential inputs respectively connected to receive
      electrical signals from a corresponding one of said electrodes,
PA1  said differential amplifier means also having a reference input for
      providing suppression of common mode noise appearing on said differential
      inputs when connected with a suitable reference electrical potential, and
PA1  an electrically conducting area disposed on the outside of the housing in a
      position normally in contact with said human hand when held thereby,
PA1  said electrically conducting area constituting a third electrode being
      electrically connected to said reference input for said circuit means
      whereby the user's body associated with said hand effectively becomes a
      source of electrical ground or reference potential when the housing is
      held in said hand thereby facilitating the suppression of spurious common
      mode electrical signals in said circuit means from said signals
      representing the functioning of a heart beating within the user's body.
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ABST
PAL  An oral appliance for persons who have suffered facial burns to prevent
      shrinkage of the tissues around the mouth and lips during the healing
      process (microstomia). The appliance is adjustable to fit the patient's
      mouth and can be enlarged to progressively widen the opening of the mouth
      if shrinkage has already occurred. It may be employed to prevent shrinkage
      of the mouth and the lips by other causes (scleroderma, etc.).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Each year thousands of persons suffer burns as the result of accidents.
      Unfortunately, many of these individuals suffer extensive facial burns
      which result in scarring. During the healing process, the tissues around
      the mouth and the lips shrink. This shrinkage can permanently reduce the
      size of the mouth opening resulting in problems in eating, dental care,
      and speech as well as appearance. Presently, correction of microstomia
      requires surgical treatment. But the result may be functionally and
      cosmetically less than perfect, and the microstomia may recur. It is known
      that scars from burns can be remodelled by pressure. However, there is no
      known technique for retarding or preventing shrinkage of the tissues
      around the mouth and the lips. Because of the number of burn patients who
      suffer this deformity, there is a need for any technique or device which
      can help these persons, particularly if the technique or device is simple
      and inexpensive.
PAC  SUMMARY OF THE INVENTION
PAR  The invention employs a technique and device which will maintain the size
      of the opening of the mouth during the healing process in a simple
      painless manner. The device constructed according to the principles of the
      invention is preferably made in two different sizes, each of which is
      adjustable to fit the patient. Because of its adjustability, the device
      can also be used to progressively widen the oral opening if shrinkage has
      already occurred. The device of the invention is very simple consisting of
      two end members contoured to fit the lips at the sides of the opening of
      the mouth, the end members being connected by two bars which are movable
      to each other and which can be maintained in a desired relative position
      thus providing for adjustment of the distance between the two end members.
      The device is very simple and inexpensive to manufacture and is very
      simple to use so that the patient himself can use the device without
      assistance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view showing the device in place in the mouth; and
PAR  FIG. 2 is a perspective view of the device removed from the mouth.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  In FIG. 1 of the drawing, there is shown a frontal view of a patient with
      an oral appliance constructed according to the principles of the invention
      shown in place in the mouth of the  patient. As previously indicated, one
      of the primary uses for the invention is to prevent shrinkage of the mouth
      opening during the healing process where extensive facial burns have
      occurred. The lips and the tissues around the mouth are normally capable
      of being stretched when the mouth is opened to speak, eat, etc. However,
      because of the scarring left by facial burns the tissues are damaged and
      when the healing process is complete the tissues cannot be stretched to
      permit normal speech or eating. In other words, the size of the mouth
      opening will permanently shrink. The device of the invention is designed
      to slightly stretch the mouth opening and maintain it in that position
      during the healing process thus eliminating the shrinkage. The device,
      therefore, consists of two end members 10 and 12 each of which is
      contoured to fit the lips at the sides of the mouth. The end members 10
      and 12 therefore have outwardly extending wings 14 and 16 which fit inside
      of the mouth and outwardly extending exterior wings 18 and 20 respectively
      which fit along the lips outside of the mouth. Preferably, the inside
      wings 14 and 16 are larger than the exterior wings 18 and 20 so as to
      better maintain the device in place. The end members 10 and 12 have
      rounded smooth edges and no corners and are contoured so as to comfortably
      fit along the lips at the sides of the mouth. The end members 10 and 12
      therefore are preferably molded of plastic or other suitable material,
      which allows additions to the end members.
PAR  End member 10 has rigidly affixed to it a convexly curved bar 22 which has
      affixed to it at its opposite end an abutment member 24 that extends
      forwardly and substantially transversely to the curved bar 22. Abutment
      member 24 has an opening 26 extending transversely through it near its
      forward end which opening extends in a direction somewhat parallel to the
      bar 22. The opening 26 has slidably received therein a second curved bar
      28 which has one end rigidly affixed to end member 12 and has at its
      opposite end an abutment member 30 which extends rearwardly and
      substantially transversely to the curved bar 28. Abutment member 30 has an
      opening 32 extending transversely near its rearward end which opening
      slidably receives the curved bar 22. Thus, although each of the curved
      bars 22 and 28 are rigidly affixed to the end members, and end members 10
      and 12 are movable generally toward and away from each other as the curved
      bars 22 and 28 slide respectively in the openings 26 and 32 in the
      abutment members 24 and 30.
PAR  The curved bars 22 and 28 are preferably of the same length. Thus, the end
      members can be moved to an infinite number of relative positions between
      the closest position of approximately the length of one of the curved bars
      22 or 28 to the farthest position of approximately the combined length of
      the curved bars 22 and 28. Since the abutment members 24 and 30 are
      affixed to the ends of the curved bars 22 and 28 respectively, the
      abutment members will limit the distance to which the end members can be
      moved since the abutment members will serve as stops when they engage the
      end members 10 and 12 as the end members are moved closest to each other,
      and the abutment members 24 and 30 will engage each other when the end
      members are moved to the farthest extended position.
PAR  The relative movement between the end members 10 and 12 that is provided by
      the foregoing described construction provides for adjustment of the
      distance between the two end members 10 and 12 so that the appliance of
      the invention will fit the mouth of the patient. In order to maintain the
      relative position of the end members 10 and 12 in a preselected position
      to fit the mouth of a particular patient, I prefer to provide a set screw
      34 that is threaded into the forward end of the abutment member 24 so that
      the set screw 34 will engage that portion of the curved bar 28 that
      extends through the opening 26. If desired, a series of indentations 36
      can be provided in the forward end of the curved bar 28 each of which
      indentations 36 will provide a seat for the end of the set screw 34 when
      it is tightened thereby providing a positive lock to position the end
      members 10 and 12.
PAR  If desired, the abutment members 24 and 30 may each be provided with
      circumferential grooves 38 and 40, respectively. An elastic member (not
      shown) can then be placed in the grooves 38 and 40, and after removal of
      the set screw 34, the elastic member fitted in grooves 38 and 40 will
      contract and force the end members 10 and 12 apart. This will apply
      constant pressure through the end members 10 and 12 to the two corners of
      the mouth thus providing for continuous expansion and constant outward
      pressure mouth opening. An appliance, modified in this manner, can be used
      for the training of certain facial muscles. The facial muscles are trained
      and strengthened by working against the pressure of the elastic.
PAR  From the foregoing description it will be evident to those skilled in the
      art that use of the device of the invention provides a technique that
      enables correction and prevention of a serious deformity resulting from
      facial burns. If the appliance of the invention is used during the healing
      process, it can almost entirely eliminate shrinkage of the tissues that
      causes contraction of the opening of the mouth. The appliance also can be
      used for post-traumatic therapy in order to widen the opening of the mouth
      where shrinkage has already occurred. In this regard, the adjustability of
      the relative position of the end members 10 and 12 provides for
      progressive widening of the opening of the mouth with a minimum of pain
      and trauma to the patient. The appliance of the invention and the
      technique of its use represent a significant advance in the art, and
      although only the preferred embodiment of the appliance has been disclosed
      herein, it will be obvious to those skilled in the art that the technique
      of the invention can be employed using appliances different from that of
      the preferred embodiment. It is my intention, however, that all
      modifications and variations to the preferred embodiment disclosed herein
      are within the spirit and scope of the invention. It is, therefore, my
      intention that all such variations and modifications which are obvious to
      those skilled in the art will be included within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An oral appliance for treating patients with facial burns, said
      appliance comprising a pair of spaced-apart end members each having an
      outer wing and an inner wing joined together along a edge to form a
      concave-shaped end member with the wings extending outwardly away from the
      outwardly extending wings of the other end member, said end member being
      of a size to engage and fit the patient's lips only at opposite corners at
      the sides of the opening of the patient's mouth, and adjustable means
      connected to said end members at a place centrally of each of them and
      providing for adjustable relative movement between said end members to
      vary the distance between them, said adjustable means terminating at the
      place of connection to each said end member and lying entirely between
      said end members regardless of the relative position of said end members.
NUM  2.
PAR  2. The oral appliance of claim 1 in which said means connected to said end
      members includes means for maintaining a preselected relative position of
      said end members.
NUM  3.
PAR  3. The oral appliance of claim 1 in which said means connected to said end
      members includes means biasing said end members away from each other.
NUM  4.
PAR  4. An oral appliance comprising a pair of spaced-apart end members each
      shaped to fit the lips at opposite corners of the opening of the mouth,
      means interconnecting said end members and providing for adjustable
      relative movement between said members, said means including a first bar
      affixed to the first one of said end members and extending toward the
      other end member, a second bar affixed to the other of said end members
      and extending toward the first one of said end members, and an abutment
      member on the outer end of each of said first and second bars, each of
      said abutment members having an opening therein through which the bar
      connected to the other abutment member slidably extends.
NUM  5.
PAR  5. The oral appliance of claim 4 in which one of said abutment members has
      a set screw threadedly received therein, the end of said set screw
      extending through the abutment member into the opening therein where it is
      engageable with one of said bars slidably received in said opening,
      tightening of said set screw thereby holding the bar it engages in a fixed
      position in said abutment member so as to fix the relative position of
      said end members.
NUM  6.
PAR  6. The oral appliance of claim 5 in which said bars are slightly curved
      convexly so as to fit the natural curvature of the mouth when the
      appliance is in place in the opening of the mouth.
NUM  7.
PAR  7. The oral appliance of claim 6 in which each of said end members has a
      pair of outwardly extending spaced-apart wings, the inner wing being
      adapted to fit inside of the mouth and the exterior wing being adapted to
      fit outside of the mouth.
NUM  8.
PAR  8. The oral appliance of claim 7 in which the inner wing of each of said
      end members has a larger surface of contact with the inside of the mouth
      then the exterior wing has with the outside of the mouth.
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ABST
PAL  A lightweight, manually formable splint constructed of an underlying
      framework of aluminum wire alone or in conjunction with aluminum sheet,
      which is enclosed in polyethylene foam. The splint is especially designed
      for use in splinting hands.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of splints and is particularly directed
      to a new hand splint as hereinafter described.
PAR  2. Description of the Prior Art
PAR  In the past, many types of materials have been used to form splints for the
      support of parts of the body.
PAR  Wood has long been used as a readily available lightweight splinting
      material in conjunction with bandages to hold the splint in place on the
      part of the body to be supported. While wood has the advantage of
      lightweight, low cost and availability, it suffers disadvantages of
      nonconformity to the part of the body to be supported. Also, its rigid
      nature does not allow for change in form.
PAR  In an attempt to overcome some of these deficiencies, other materials have
      been used in place of wood. These have included for example, metal in
      various forms, as well as castable materials such as plaster and plastics.
      The substitution of such materials did provide certain advantages, mainly
      consisting of conformity to the body part to be supported. However, they
      added other disadvantages.
PAR  For example, the use of metals, plasters and the like increased the weight
      of the splint which is highly undesirable. In addition, the hardness of
      these materials caused pressure points to develop and did not allow for
      any compensation for swelling. The result was added discomfort to the
      patient.
PAR  The casting materials required considerable time, not only in the casting
      procedure, but also in the setting time. Also, heat was often required,
      which was not usually well tolerated by the patient. The rigid nature did
      not allow for swelling or change requiring frequent replacement of casts.
      These were also subject to soiling and disintegration if wet, so that
      bathing remained an irritating problem. Other types of splints required
      special tools for the forming thereof, adding also to the time required
      for fitting.
PAR  In the splinting of arthritic patients, it is desirable that splints be
      easily formed to the user's hand and at the same time be capable of
      further adjustment. Also, it is desirable that such a splint be readily
      removable for readjustment as well as for patient comfort and to allow
      bathing.
PAR  From the standpoint of comfort, it has been found to be desirable that a
      splint be well ventilated, soft and strong, yet light in weight, and have
      long-lasting, nonrustable parts. Until the present time, there has been no
      such splint available which has embodied all of the above described
      advantages.
PAC  SUMMARY OF THE INVENTION
PAR  The novel hand splint of the invention combines the strength, lightweight,
      non-rusting and malleable characteristics of aluminum with the soft,
      flexible nature of polyethylene foam. The combination of an aluminum
      framework for the splint which is enclosed in polyethylene foam allows for
      the rapid fitting of the splint to a hand on an individual basis. The
      splint then conforms to the hand being supported and allows for further
      forming and change as required. All initial and subsequent adjustments of
      the splint can be made by hand bending of the splint.
PAR  The polyethylene foam provides a cushioning action to the hand, wrist and
      forearm at points of contact. Thus, pressure problems are avoided. Also, a
      sliding distal holding piece allows for conformity of the splint to a body
      member intermediately between the ends thereof. This feature is very
      important.
PAR  The splint itself can be washed as desired due to the tough, durable,
      waterproof material of which it is made. Additionally, the screw
      attachment of its straps makes them more removable for laundering.
PAR  The inclusion of a screw collar in the aluminum framework allow straps to
      be secured simply by forcing a hole in the soft cotton material of the
      strap, placing it over a screw collar and attaching the screw.
PAR  Velcro patches on the fill ends of the straps and adhered to the foam,
      allow for adjustments to compensate for swelling of the body parts as well
      as for easy attachment and removal thereof. This is of particular
      advantage to arthritic patients who find buckles and snaps difficult to
      handle. Furthermore, the open design of the splint provides good
      ventilation to the body parts, minimizing discomfort from perspiration.
PAR  In addition to the above advantages, the unique design of the splint takes
      into consideration the anatomical shape of the hand and arm to allow
      motion of the thumb and fingers when possible while providing support. By
      holding the hand in a fixed position, support is also provided to the
      wrist.
PAR  The splints of the invention have been found particularly useful in the
      treatment of arthritis, burns, infectious neuronitis, spinal cord injury,
      hemiplegia, peripheral nerve injury, brachial plexus injury, and traumatic
      head injury.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more clearly understood by reference to the
      description below taken in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 shows a perspective view of a right hand splint according to the
      invention which is shown implaced on a user's arm;
PAR  FIG. 2 shows an underview of the splint alone with the straps removed as
      seen in the direction of lines 2--2 of FIG. 1; and details the major parts
      of the splint with the interior framework sketched in to show the
      construction thereof;
PAR  FIG. 3 shows another view of the splint of FIG. 1 as seen in the direction
      of lines 3--3 of FIG. 2;
PAR  FIG. 4 shows a cross section of the proximal holding piece of the splint of
      FIGS. 1 and 2 taken along lines 4--4 of FIG. 2;
PAR  FIG. 5 shows a cross section of part of the palm support piece of the
      splint of FIGS. 1 and 2 as shown in the direction of lines 5--5 of FIG. 2;
PAR  FIG. 6 shows a different embodiment of a right hand splint which has a
      framework made entirely of wire, and which shows the interior framework
      sketched in;
PAR  FIG. 7 shows a side view of the splint of FIG. 6 as shown in the direction
      of lines 7--7 of FIG. 6;
PAR  FIG. 8 shows a cross section of the distal holding piece of the splint of
      FIGS. 6 and 7 as seen from the direction 8--8 of FIG. 7;
PAR  FIG. 9 shows a partially broken away view of a right hand splint which is
      substantially the same as the splint of FIGS. 1 and 2, with the exception
      that the palm support piece is different, and the underlying framework is
      shown sketched in;
PAR  FIG. 10 shows a side view of the splint of FIG. 9 as seen in the direction
      of lines 10--10 of FIG. 9, and with the support framework shown sketched
      in;
PAR  FIG. 11 shows a somewhat schematic cross section of the palm piece of FIGS.
      1 through 3 as shown from the direction of lines 11--11 of FIG. 3;
PAR  FIG. 12 shows an enlarged detailed view of the proximal holding piece of
      the splint of FIG. 6 with the top foam layer removed, as shown in the
      direction of lines 12--12 of FIG. 8;
PAR  FIG. 13 shows a cross section of the distal holding piece of the splint of
      FIG. 2 as taken in the direction of line 13 of FIG. 2;
PAR  FIG. 14 shows an enlarged detailed view of the palm support piece of the
      splint of FIGS. 6 and 7 with the top foam layer removed, as shown
      generally in the direction of lines 14--14 of FIG. 7; and,
PAR  FIG. 15 shows a somewhat schematic plan view of the palm support piece of
      the splint of FIGS. 9 and 10 as shown from the direction of lines 15--15
      of FIG. 10, with the top foam layer removed to reveal the underlying
      framework.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The drawings show three different embodiments of the wire foam splint of
      the invention. Each of these embodiments shows a right hand splint, each
      of which includes three major parts or pieces. Two of the embodiments have
      a framework of wire and metal sheeting, and a third embodiment has a
      framework entirely of wire. The preferred metal is aluminum due to its
      light weight, low cost and malleability. The drawings will be described
      with specific reference to use of aluminum. It should be understood
      however, that certain other metals can be used in place of aluminum.
PAR  Referring to FIG. 1 there is shown a perspective view of a splint according
      to the invention secured to a right hand and forearm by means of straps
      16, 18 and 20.
PAR  As can be seen in greater detail in the underview of the splint shown in
      FIG. 2, the splint itself is formed of three major pieces: A palm piece 22
      which supports the hand and thumb; a distal holding piece 24; and a
      proximal holding piece 26. Each of these pieces is joined together by
      means of two metal wires 28 and 30, preferably of aluminum. The distal
      piece 24 and the proximal piece 26 are secured to the forearms. The palm
      piece 22 is secured to the hand and held in position by means of the
      distal and proximal piece 24 and 26.
PAR  For purposes of better adjustment and fit, the wires 28 and 30 pass through
      the distal holding piece 24 which can be slid along the wires 28 and 30.
      When the distal piece 24 has been placed in the desired position on wires
      28 and 30, it is anchored in place by means of tightening a screw 32.
PAR  The wires 28 and 30 which run parallel to the longitudinal axis of the arm
      give strength to the splint and permit sliding the distal piece for
      individual fit. Before the wires 28 and 30 come together at the palm piece
      22, they are bent at an angle to increase strength and avoid wrist contact
      which could cause pressure points.
PAR  Each of the pieces includes an underlying framework of metal, preferably
      aluminum sheeting, portions of which are crimped around the wires 28 and
      30 to secure them thereto.
PAR  A plastic foam material 34, which is preferably a polyethylene foam,
      encloses each of the splint portions 22, 24 and 26. The plastic foam 34
      provides a cushioning effect to the splint and should be flexible to
      provide forming of the splint pieces by bending of the framework without
      separation of the plastic foam from the splint.
PAR  While the preferred foam 34 is a polyethylene foam, other types of foam can
      be used. Examples include, but are not limited to, polypropylene foam,
      ionomer foam, polystyrene foam, polyurethane foam, PVC (Polyvinylchloride)
      flexible foam, and silicone foam. The above examples are not intended to
      be limitating, but only exemplative of the types of materials which can be
      used. Some of the above mentioned foams may require an adhesive to improve
      bonding of the foam layers together.
PAR  The advantages of the use of polyethylene foam include the characteristics
      of low water absorption, good energy absorption, water vapor barrier,
      compressability, smooth surface, temperature resistance of 100.degree. to
      180.degree. F., and a high ratio of tensile and shear strength to weight
      compared to other resilient foams. Furthermore, polyethylene foam is
      particularly desirable for use in the wire splint because it can be bonded
      to itself without any additional adhesive.
PAR  As shown in FIG. 2, the underlying framework of the major pieces 22, 24 and
      26 of the splint is sketched in. As above stated, each of these includes a
      metal sheet material, preferably aluminum, which is secured to the wires
      28 and 30, and then enclosed in foam 34.
PAR  Beginning with the palm support piece 22 of FIG. 2, it can be seen that the
      wires 28 and 30 are bent to provide support to the palm piece 22. In
      addition to the wires 18 and 20 in the palm piece 22, there is also a
      piece of aluminum sheet 36 which can be seen in greater detail in FIGS. 5
      and 11. The aluminum sheet 36 is secured to the wires 28 and 30 by means
      of crimping over portions of the aluminum sheet 36. These crimped over
      portions are indicated at 38 in FIGS. 5 and 11.
PAR  Surrounding the aluminum sheet and aluminum wire support framework in a
      sandwich arrangement, is the foam 34. In FIG. 11, the foam in the top
      section has been removed to better show the underlying wire within the
      sheet framework.
PAR  The palm support piece 22 is designed to conform to the anatomical
      structure of the hand. Thus, the palm piece 22 is designed to lie
      proximally to the distal palmar crease. This allows for full motion of the
      fingers through the metacarpophalangeal joints. In addition, the palm
      support piece 22 is bent to accommodate the curve of the palmer arch. The
      palm support piece 22 includes an upwardly extending wing 42, a lateral
      wing 40, and a downwardly extending thumb abduction piece 44.
PAR  As can be seen, with the hand in place in the splint in FIG. 1, the wing 42
      provides support to the metacarpal bones of the ulnar side of the hand. At
      the same time, the lateral wing 40 provides support to the metacarpal bone
      of the thumb. The thumb rests on and is held in place in an abducted
      position by means of the thumb abduction wing 44.
PAR  The design of the splint in FIG. 1 allows for free motion of the fingers
      and limited use of the thumb. Also, the relatively wide supportive surface
      avoids pressure points by distributing pressure over a wide area,
      contributing considerably to the comfort of the splint.
PAR  The palm support piece 22 also includes a screw 46 for purposes of
      anchoring a strap thereto. As shown in FIG. 1, a strap which has been
      doubled over itself to form straps 16 and 18 is secured at the doubled
      over portion to the underside of the distal holding piece 24. This is made
      possible by means of velcro strips 48 and 50 secured to the strap and to
      the foam padding respectively.
PAR  The strap 16 as shown, passes over the back of the hand and wrist to wrap
      around the carpal bones of the wrist. It is secured to the underside of
      the wing 42 of palm piece 22 by means of the screw 46 as shown in FIG. 2.
      The strap 18 wraps around the back of the forearm and passes through slot
      51 to hold it in place and is secured to the distal piece 24 by means of
      the screw 52.
PAR  After the splint has been properly fitted, the velcro strips 48 and 50
      allow for the easy one hand securement and removal of the splint whenever
      desired. The use of the double strap as above described takes advantage of
      the protruding portion of the ulnar bone to hold the straps in place and
      avoid slippage thereof.
PAR  As mentioned previously, the distal portion 24 of the splint helps to hold
      the splint in place by providing radial and ulnar contact to the forearm.
      It is angularly oriented to the longitudinal axis of the arm and to the
      wires 28 and 30. That is, the radial contact of the distal piece is closer
      to the hand than the ulnar contact. This angular placement is designed to
      keep the palmar support 22 from slipping distally.
PAR  The underlying framework of the distal piece 24 of the splint is shown
      sketched in, in FIG. 2. The support framework includes an aluminum sheet
      54 and a smaller stainless steel plate 56. The wires 28 and 30 are
      sandwiched between and clamped by aluminum sheet 54 and stainless steel
      plate 56.
PAR  The arrangement of the plate 56 and aluminum sheet 54 on either side of the
      wires 28 and 30, allow for sliding in either direction of the entire
      distal holding piece 24 along the wires 28 and 30. When the desired
      position has been reached, it can be held tightly in place by tightening
      screw 32 which passes through an unthreaded collar 33, foam 34, plate 56,
      and is anchored in the aluminum sheet 54 by means of a threaded collar 58.
      This arrangement can be seen in detail in the cross section of FIG. 13.
PAR  The proximal piece 26 which aids in positioning the splint on the forearm
      is shown in FIGS. 1, 2, 3 and in cross section in FIG. 4. The proximal
      piece 26 includes an underlying framework of aluminum sheet 60, portions
      of which 62 and 64 are crimped over tubes 63 and 65 which enclose the ends
      of wires 28 and 30. The ends of a U-shaped piece of wire 66 are fitted
      into the tubes 63 and 65 to meet wires 28 and 30 as shown. The U-shaped
      piece 66 is also held in place by means of the crimping over of portion 68
      of the sheet 60.
PAR  A screw 70 of the type used in the palm piece and the proximal piece passes
      through sheet 60 for purposes of securing strap 20 thereto. The screw 70
      is anchored by means of a threaded collar 72 as shown in FIG. 4. A pair of
      velcro patches 74 and 76 on the back of the proximal piece 26 are secured
      to the foam 34 and to the strap 20 respectively to allow for the easy
      attachment and removal of the strap 20. This can be seen in the cross
      section of FIG. 4.
PAR  The hand splint embodiment which is shown in FIGS. 9, 10 and 15 is
      essentially the same as that shown in FIGS. 1 through 3, with the
      exception that the palm support piece is different. The distal piece and
      the proximal piece are exactly the same. In FIGS. 9 and 10 the proximal
      piece is not shown in the drawing. Only the distal piece is shown. For
      purposes of clarity, the same numbering will be used for this support
      piece.
PAR  As shown in FIG. 9, the palm support piece has a major curved support area
      or platform 75 which generally conforms to the length and width of the
      hand. The platform 75 can be adjusted by bending it to the desired degree
      of flexion of the metacarpophalangeal and interphalangeal joints. On the
      sides, the platform 75 extends upwardly into wings 78 and 80. The wings
      cup the fingers and hold them in alignment avoiding deviation of the
      fingers. Beneath the curved platform 75 is a thumb abduction wing 82. An
      upwardly extending wing 84 provides support to the ulnar side of the hand.
PAR  The underlying aluminum sheet and wire framework is shown sketched in FIG.
      9 allows for bending at the line of the metacarpophalangeal and
      interphalangeal joints. As shown in FIG. 9 and detailed in FIG. 15, the
      framework of the splint includes aluminum wires 28 and 30 which are
      secured to an aluminum sheet 86 by means of crimped over areas 88 as
      shown.
PAR  The aluminum sheet 86 projects into the lateral wings 78 and 80 by means of
      projections 90; into the thumb abduction wing by means of projection 92;
      and into the lateral wing by means of projection 94. This arrangement can
      be seen by reference to FIG. 15 which shows the upper layer of
      polyethylene foam removed to more clearly show the underlying aluminum
      sheet and wire framework.
PAR  The splint of FIGS. 9 and 10 is provided with a velcro patch 96 on the
      underside of the finger platform. Another velcro patch 98 is provided on
      the underside of the thumb abduction wing 82. These velcro patches are
      used in conjunction with betapile straps which adhere to the velcro
      patches. The straps are used to hold the fingers on the platform 75 and to
      hold the thumb in place against the thumb abduction support wing 82.
PAR  The remaining strapping of the splint is the same as that described for the
      embodiment of FIG. 1. Thus, a pair of straps formed from a single folded
      strap as described for distal holding piece 24 of FIGS. 1 and 2 is secured
      to a velcro strip 48 at the point where it is folded over. One of the
      straps is then passed over the back of the arm and threaded through slot
      51 of distal holding piece 24 and secured by means of screw 52. The other
      strap is secured to the palm support piece 76 by means of a screw 100 in
      the lateral wing 84. The screw lies on the underside of the wing 84 and
      therefore has been shown only as being sketched in. It is secured in the
      framework by screwing into a threaded collar, not shown.
PAR  It should be mentioned here that in the two embodiments which have been
      described, that it has been found to be advantageous to tape any sharp
      areas in the aluminum framework with aluminum duct tape or equivalent, in
      order to prevent the possibility of the frame from wearing through the
      foam plastic exterior.
PAR  In the final embodiment, which is shown in FIGS. 6, 7, 8, 12 and 14, the
      splint has an underlying framework which is made up entirely of aluminum
      wire. The splint is similar to the above described embodiment in that it
      is comprised of three major parts or pieces: the palm support piece 102;
      the distal holding piece 104; and the proximal holding piece 106.
      Similarly, the palm support piece 102 has been designed to lie proximally
      to the distal palmar crease. The result is that full use of the fingers is
      possible when using the splint. Additionally, the distal holding piece 104
      is angularly oriented to the longitudinal axis of the arm in order to
      prevent support 102 from slipping distally.
PAR  As shown in FIG. 6, the underlying support framework has been sketched in.
      It can be seen that it is formed entirely of a wire 108 with taped areas
      110. These have been provided not only to cover up any sharp areas, but
      also to provide additional strength to the splint by holding together the
      wires as shown. As can be seen, the wire extends in a peripheral manner
      throughout the palm support piece 102, the distal holding piece 104, and
      the proximal holding piece 106.
PAR  This underlying framework composed of the wire 108 and tapes 110 is
      particularly detailed in FIG. 12 showing the distal holding piece 104 and
      in FIG. 14 showing the palm support piece 102.
PAR  As can be seen in FIGS. 6 and 7, the palm support piece 102 of the splint
      is bent to provide support to the palmar arch. The ends are bent upwardly
      into two wings 112 and 114 to provide support to the metacarpal bones of
      the index and little fingers of the hand. By this design, free movement of
      the thumb and fingers are possible while at the same time the hand is
      being supported.
PAR  The use of the wire makes this splint extremely light in weight and more
      malleable than the first two embodiments described.
PAR  The distal holding piece 104 is also bent into upwardly extending wings 116
      and 118 aiding securement to the wrist and forearm. Similarly, the
      proximal holding area is bent up to form wings 120 and 122.
PAR  On the underside of the support wings of the palm 102, distal 104 and
      proximal 106 pieces are velcro patches. These are used in conjunction with
      betapile straps 124 which by their nature adhere to velcro patches. In
      FIG. 7, velcro patch 126 can be seen under wing 112 of palm piece 102. In
      the distal holding piece 104, as well as under the proximal holding piece
      106, a velcro patch runs substantially under the entire support area.
      Thus, as shown in FIG. 7, velcro patch 128 extends under distal holding
      piece 104, and velcro patch 130 extends under proximal holding piece 106.
      This can be seen with greater clarity in FIG. 8.
PAR  Betapile straps provide a very soft, lightweight securement means which is
      capable of easy adjustment as well as attachment around the hand and arm.
PAR  It will be apparent that other fastening means can be used in place of the
      velcro pile straps, or velcro patches sewn to cotton straps as shown in
      the drawings. For example, buckles, snaps, buttons, hooks, and the like
      can be employed. However, these are not as preferred, since they do not
      provide the easy adjustment which is obtainable through the use of velcro
      patches.
PAR  Aluminum is most preferred as the framework metal because of its light
      weight in combination with the above mentioned advantages. Also, it is low
      in cost relative to other metals at this time. However, other lightweight
      reinforcing metals could be used in place of aluminum. Such metals should
      provide the strength and malleable characteristics of aluminum. Examples
      of such metals would include among others, copper, steel, brass and the
      like.
PAR  The wire splints shown in the drawings are for a right hand splint. Left
      hand splints would be the mirror image of the right hand splint.
PAR  Various modifications can be resorted to without departing from the spirit
      and scope of the invention as defined by the following dependent claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hand splint comprising:
PA1  a manually bendable support medium formed of a framework of metal, and
      having a pliant cushioning material enclosing at least the major portions
      of said framework;
PA1  said splint including as major pieces,
PA1  a palm piece, a distal piece and a proximal piece;
PA1  said palm, distal and proximal pieces being substantially arcuate in shape;
      and wherein,
PA1  said palm piece includes a palm support portion which is adapted to lie
      proximally to the distal palmar crease; and wherein;
PA1  said distal piece is angularly oriented relative to the longitudinal axis
      of an arm, is adapted to provide radial and ulnar contact, the radial
      contact being closer to the hand than the ulnar contact;
PA1  at least one longitudinally oriented connecting wires joining said major
      splint pieces; and,
PA1  straps attached to said hand splint to secure it to a hand and forearm.
NUM  2.
PAR  2. A splint as claimed in claim 1 wherein:
PA1  said framework support medium is formed entirely of a metal wire bent over
      on itself to provide two wire support in each of the major splint pieces;
      and,
PA1  at least two wire support in the longitudinal connecting portions of the
      splint.
NUM  3.
PAR  3. A splint as claimed in claim 2 wherein:
PA1  said two-wire support in said major splint pieces is substantially
      peripheral to said major splint pieces and is of aluminum; and wherein,
PA1  said cushioning material is polyethylene foam.
NUM  4.
PAR  4. A wire splint as claimed in claim 1 wherein:
PA1  each of said major splint pieces is connected by a two-wire support, said
      wire support being spaced apart through said distal and proximal splint
      pieces;
PA1  said proximal piece framework is formed of a piece of sheet metal bent to
      provide the support, a portion of which is secured to said wire support;
PA1  said distal splint piece being angularly oriented to the longitudinal axis
      of the splint providing radial and ulnar contact, the radial contact being
      closer to the hand than the ulnar contact, and including as the framework
      a pair of metal sheets between which the wire supports pass, one of said
      sheets being larger and acting as the supporting framework, the other
      being smaller and cooperating with said first sheet to clamp said wires;
PA1  locking means on said metal sheets to permit sliding of said sheets along
      said wire supports and subsequent securement thereto; and,
PA1  said hand support piece being formed of a bent metal sheet secured to said
      wire supports.
NUM  5.
PAR  5. A splint as claimed in claim 4 wherein:
PA1  said wire and sheets are formed of aluminum,
PA1  said foam is polyethylene foam; and,
PA1  said securing means comprises velcro patches secured to said foam and to
      said straps.
NUM  6.
PAR  6. A splint as claimed in claim 5 wherein:
PA1  one end of said straps is secured to a velcro patch on the underside of the
      support pieces while the other end of the straps is secured to the
      underside of said support pieces by means of a threaded collar and screw,
      the threaded collar of which passes through the foam cover of the
      underside of the splint and is secured to the underlying plate.
NUM  7.
PAR  7. A splint as claimed in claim 6 wherein:
PA1  said securement means further comprises:
PA1  a folded over strap secured at the fold to the radial side of said distal
      splint piece, a slot and a securing screw on the ulnar side of said distal
      splint piece, one of said straps passing through the slot and secured by
      the screw, the remaining strap passing over the back of the wrist and
      secured to the palm support piece by means of a securing screw on the
      underside thereof.
NUM  8.
PAR  8. A splint as claimed in claim 5 wherein:
PA1  the framework of said palm support piece is formed of a bent piece of
      aluminum sheet having an upwardly extending wing to support the ulnar side
      of the hand, a transverse section being proximal to the distal palmar
      crease, with a downwardly extending thumb abduction wing, and a lateral
      wing extending along the thumb metacarpal toward the body to hold the
      thumb in an abducted position; and,
PA1  said aluminum sheets of said palm and proximal splint pieces being secured
      to said aluminum wire by means of crimped over parts of said sheets around
      said wires.
NUM  9.
PAR  9. A splint as claimed in claim 5 wherein:
PA1  the framework of said palm support piece is formed of a bent piece of
      aluminum sheet having an upwardly extending wing to support the ulnar side
      of the hand, a transverse section in the form of a curved platform for the
      fingers and extending upwardly along the sides of the index and little
      fingers, and a downwardly extending thumb abduction wing; and
PA1  said aluminum sheets of said palm and proximal pieces being secured to said
      aluminum wire by means of crimped over parts of said sheets around said
      wires.
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My invention relates to an improved splint and, particularly, to an
      improved finger splint having means for applying a light traction to the
      splinted finger. The application of traction, i.e., a generally
      longitudinal tensioning force, to a broken limb or bone has been a long
      employed medical procedure in the treatment and healing of fractures.
      Generally, traction promotes proper healing and setting of the bone and
      also usually tends to alleviate pain resulting from the injury. Typically,
      the various types of traction devices in use are awkward and bulky
      mechanical contrivances. While they are suited for use by a relatively
      immobile bed-ridden patient, e.g. with a broken leg, their general bulky
      and awkward construction has not lent itself to use in applying traction
      to fingers or the like which are, of course, comparatively small and
      usually would not affect the patient's mobility. While smaller traction
      devices have been proposed in the prior art for applying traction to a
      splinted finger, they too have been relatively bulky and somewhat more
      complicated than is desirable. These devices have found little favor with
      the medical profession and, as a result, a broken finger usually is simply
      splinted without applying traction to the finger. This, of course, adds to
      the patient's discomfort. It is among the primary objects of the invention
      to provide an improved finger splint having means for applying a light
      traction to the splinted finger which avoids the foregoing and other
      difficulties in the prior proposed devices.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes an elongate splint having a pair of pressure
      sensitive strips of tape connected to one end of the splint. The splint is
      placed along the underside of the patient's finger and its rear end
      extends longitudinally across his palm where it may be secured by tape.
      The tape strips at the end of the splint are adapted to extend rearwardly
      from the outer end of the splint so that they may be attached to the sides
      of the finger, forwardly of the location of the fracture. The tape strips
      are connected to the outer end of the splint by movable means which
      enables the tape strips to be drawn forwardly under light tension after
      the splint has been secured to the hand thus applying a light traction to
      the end of the broken finger. Means also are provided for maintaining the
      desired amount of forward tension on the end of the finger by securing the
      tape strips in their tensioned position.
PAR  A general object of the invention is to provide an improved finger splint
      which includes means for applying a light  traction force to the end of
      the splinted finger.
PAR  Another object of the invention is to provide a traction finger splint
      which is compact and is no more bulky, in use, than a conventional splint
      having no traction means.
PAR  A further object of the invention is to provide an improved finger splint
      having traction means which is inexpensive and simple to use.
PAR  Still another object of the invention is to provide a finger splint of the
      type described which also provides additional protection to the end of the
      patient's finger.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will be
      understood more fully from the following further description thereof, with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a side elevation of the splint in proper orientation with regard
      to the patient's finger and hand and before the splint or the traction
      means is attached to the finger and hand;
PAR  FIG. 2 is a plan view of the improved splint;
PAR  FIG. 3 is an end view of the splint as seen along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevation similar to FIG. 1 illustrating the manner in
      which the splint and traction means are attached;
PAR  FIG. 5 is a plan view of the splinted finger and hand of FIG. 4;
PAR  FIG. 6 is a side elevation of a modified embodiment of the invention; and
PAR  FIG. 7 is a side elevation of a further embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1-3, the invention includes an elongate splint 10 having
      forward and rearward ends which is generally flat and is adapted to
      underlie the injured finger and extend across the user's palm as shown.
      The splint 10 preferably is made from a light deformable metal such as
      aluminum, or a deformable plastic so that it may be easily bent from its
      initially straight configuration, shown in phantom in FIG. 1, to a desired
      configuration which will fit comfortably against the patient's finger and
      palm as suggested in FIGS. 1 and 4. It may be noted that while a
      deformable type of splint generally is preferred, the invention may also
      be employed in connection with a more rigid type of splint, e.g., one made
      from wood.
PAR  A traction device, indicated generally by the reference character 12 is
      mounted to the forward outer end of the splint. In the illustrative
      embodiment of the invention, the traction device 12 is shown as including
      a generally L-shaped flexible member 14 which is secured to the outer end
      of the splint 10 by any suitable means. For example, the member 14 may be
      formed from a single piece of suitable flexible rubber or plastic having a
      first portion which may be molded directly onto the end of the splint 10.
      Alternatively, the member 14 may be molded separately and may be provided
      with a socket 16 in the first portion formed therein to receive the end of
      the splint 10 in secure engagement therewith. The member 14 includes a
      generally upwardly extending end portion 18 which may be flexed in a
      generally pivotal manner toward or away from the tip of the finger about
      the juncture region of the first and end portions as suggested in FIGS. 1
      and 4. The upwardly extending end portion 18 of the member 14 preferably
      has a substantial width so that it may generally cover the tip of the
      finger to protect it. A pair of adhesive tape strips 20 are firmly
      attached to the end portion 18 of the flexible member 14 so that they may
      extend rearwardly and along opposite sides of the injured finger as shown
      in FIGS. 4 and 5. In some instances it may be desirable to provide a third
      adhesive tape strip to underlie and be secured to the undersurface of the
      patient's finger, the third tape strip also being connected to the
      flexible member 14. The upper end of end portion 18 may be provided with a
      shoulder 19 if desired to help retain the tape strips 20 in position. The
      inwardly facing surfaces of the tape strips 20 are provided with a
      pressure sensitive adhesive and a variety of such pressure sensitive tape
      materials are commercially available. The tape strips 20 may be defined by
      a single strip which is wrapped about and secured to the end portion 18 of
      the member 14 as shown. It should be noted that the side tape strips 20
      may be attached to the member 14 by other means. Whatever means employed,
      however, the tape strip 20 should be movable slightly and generally
      longitudinally of the splint 10 in unison with movement of the upstanding
      end portion 18. The tape strips 20 preferably are fabricated from a
      relatively nonstretchable type of adhesive tape. In this embodiment of the
      invention, a tensioning tape strip 22 also is connected to the flexible
      upstanding portion 18 of member 14 and has a pressure sensitive adhesive
      coating on its inner surface 24 to enable the tape strip 22 to be wrapped
      underneath the splint 10 and be secured thereto as suggested in FIG. 4.
      The securing tape strip 22 may have a portion attached to the upper
      surface of the splint and the finger-facing surface of the member 14, and
      having a free end which can be wrapped about the outwardly facing surface
      of the member 14 and the underside of the splint 10. It should be
      understood, however, that the securing tape strip 22 may be connected to
      the member 14 by other means in a manner which will enable the device to
      operate in its intended manner.
PAR  In use, the splint 10 is bent from its straight configuration to one which
      conforms comfortably to the underside of the user's finger and palm. The
      rearward end of the splint 10 is then taped securely to the patient's hand
      by adhesive tape 26. The side tape strips 20 then are taped to the sides
      of the patient's finger forwardly of the location 28 of the fracture. With
      the side tape strips 20 secured to the end of the finger, the tensioning
      strip 22 is pulled slightly outwardly away from the finger as suggested by
      the arrow in FIG. 4 to apply a slight but sufficient traction to the
      finger. The tape strip 22 then is drawn downwardly and is wrapped about
      the underside of the splint and is firmly attached thereto by the pressure
      sensitive adhesive 24 as shown in solid in FIG. 4. It may be noted that
      before securing the side tape strips 20 to the sides of the finger, the
      end portion 18 of the member 14 may be flexed slightly inwardly toward the
      tip of the finger as suggested in FIG. 4 and by comparison with FIG. 1. By
      preliminarily flexing the tip 18 so that it extends generally
      perpendicularly from the splint, it is insured that the subsequent
      tensioning of the tape strips 20 will be applied to the end of the finger
      along a direction which is substantially longitudinal of the end of the
      finger.
PAR  From the foregoing it may be seen that the device and technique which it
      employs greatly simplify the application of traction to an injured finger.
      The invention avoids the use of awkward or somewhat complex mechanical
      devices which have retarded the use of traction in the treatment of
      injured fingers.
PAR  Various configurations may be employed for the member 14, the drawings
      showing but one such configuration. Other means may be employed for
      connecting the tape strips 20 to the member 14 to enable the tape strips
      20 to be drawn forwardly with the member 14 to apply traction. For
      example, the tape strips 20 could be embedded directly in the end portion
      18 during the molding procedure.
PAR  The invention may also be incorporated in the form of an attachment to a
      conventional splint. As shown in FIG. 6, the tip attachment may be
      fabricated from a single piece of molded rubber or plastic having a
      connective portion 30 and a deep longitudinal socket 16' formed therein to
      receive firmly the outer end of the splint 10. The connective portion 30
      preferably is elongated to enhance its firm connection to the end of the
      splint when it is slipped over the end of the splint. The flexible member
      18' is integral with and extends, at an angle, from the connective portion
      so that when secured to the splint the wall portion 18' will extend
      generally upwardly. The side tape strips 20 and securing tape strips 22
      then may be attached in the same manner as described above.
PAR  It may be noted that the simplicity of the device also enables the patient
      to adjust the degree of traction himself with ease simply by stripping the
      tape 22 from the bottom of the splint, retensioning the tape 22 and then
      reattaching it to the underside of the splint 10.
PAR  FIG. 7 shows a further embodiment of the invention in which the tensioning
      strip may be omitted, if desired. In this embodiment, the flexible tip 14"
      is also of a sufficient resilience such that the wall portion 18" will be
      biased firmly towards its relaxed position shown in solid. With this
      embodiment securely attached to the end of the splint 10 and with the
      splint taped securely to the patient's palm, the flexible, resilient end
      portion 18" is flexed toward the tip of the finger as shown in phantom.
      The side tape strips 20 then are attached to the sides of the finger while
      maintaining the resilient end portion 18" in its flexed configuration.
      When the finger has been taped as described, the inherent resilience of
      the end portion 18", will itself apply a light traction force to the end
      of the finger.
PAR  It should be understood that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other embodiments and
      modifications may be apparent to those skilled in the art without
      departing from its spirit or from the scope of the appended claims.
CLMS
STM  Having thus described the invention what I desire to claim and secure by
      Letters Patent is:
NUM  1.
PAR  1. An article for use in the treatment of an injured finger or the like
      comprising:
PA1  an elongate splint having an outer forwardly extending end;
PA1  an attachment member having a first portion attached to the outer end of
      the splint, said member including an upwardly extending end portion
      extending from said first portion of said attachment member, said member
      being flexible to enable said end portion to be flexed with respect to
      said first portion of the member and splint in a direction which is
      forwardly and away from the end of said finger;
PA1  finger attaching means connected to the upwardly extending end portion of
      said member and adapted to extend generally rearwardly therefrom for
      attachment to said finger; and
PA1  means for urging the upwardly extending end of the member in a generally
      forward direction and away from the end of the finger to a tensioned
      position.
NUM  2.
PAR  2. A device as defined in claim 1 wherein said means for urging the
      upwardly extending end of said member in said forward tensioned position
      comprises:
PA1  said end portion of said member being of resilient construction and having
      a relaxed configuration in which said end portion is disposed in a
      predetermined position, the end portion of the member being further
      flexible rearwardly of said predetermined position;
PA1  whereby when said finger attaching means is attached to said finger while
      said end portion is urged rearwardly from its relaxed configuration, said
      resilience of said end portion of said member will impart said
      longitudinal tensioning to said finger.
NUM  3.
PAR  3. An article as defined in claim 1 further comprising: the width of said
      end portion being approximately equal to the width of said finger.
NUM  4.
PAR  4. An article for use in the treatment of an injured finger or the like
      comprising:
PA1  an elongate splint having an outer forwardly extending end;
PA1  an attachment member having a first portion attached to the outer end of
      said splint, said member including an upwardly extending end portion and
      being constructed and arranged as to be flexible to enable said end
      portion to be urged at least away from the end of said finger;
PA1  adhesive tape finger attaching means connected to the end of said flexible
      end portion of said member and adapted to extend generally rearwardly
      therefrom for attachment to a finger associated with said splint;
PA1  said member being constructed and arranged as to be movable at least away
      from said finger and in a direction which is generally longitudinal of
      said splint to tension said finger attaching means generally forwardly;
      and
PA1  means for maintaining said member in said forwardly tensioned position,
      said tensioning means including a tape strip connected to said end portion
      of said member to enable said member to be urged away from said finger to
      a forwardly tensioned position and to be wrapped about said member and
      adhesively attached to the underside of said splint to secure said member
      in said forwardly tensioned position.
NUM  5.
PAR  5. An attachment for a finger splint or the like comprising:
PA1  a molded one piece member having a connective portion and an end portion
      extending at an angle from said connective portion, said connective
      portion having a socket formed longitudinally therein to receive the end
      of a finger splint and be secured to said finger splint;
PA1  said end member extending from said connective portion and being flexible
      with respect to said connective portion.
NUM  6.
PAR  6. An attachment as defined in claim 5 further comprising:
PA1  means defining an undercut shoulder at the forwardly facing surface of the
      end portion of the member, adjacent the outer end of the end portion.
NUM  7.
PAR  7. An attachment as defined in claim 5 further comprising:
PA1  the member being constructed so that its end portion also is resilient with
      respect to said connective portion.
NUM  8.
PAR  8. An improved finger splint comprising:
PA1  an elongate finger splint;
PA1  a molded, one piece member having a connective portion attached to one end
      of the splint and an end portion extending from the connective portion at
      an angle to the connective portion, the end portion being flexible with
      respect to the connective portion to enable the end portion to be pivoted
      with respect to the connective portion at the juncture region between the
      end and connective portions.
NUM  9.
PAR  9. An article as defined in claim 8 wherein the connective and end portions
      of the member define a generally L-shaped configuration.
NUM  10.
PAR  10. An article as defined in claim 9 wherein the end portion is flexible in
      both forward and rearward directions.
NUM  11.
PAR  11. An article as defined in claim 10 wherein the member is fabricated from
      a resilient material.
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PAL  A mouthpiece regulator for an underwater breathing apparatus utilizes a
      unitary valve member to perform both inhalation pressure sensing and inlet
      valve functions. The valve member includes a hollow stem that projects
      into an inlet chamber in the regulator housing. The stem end cooperates
      with a valve seat to function as an inlet valve. The valve member also has
      a wide flange at the other end of the stem. The flange divides the
      regulator interior chamber into two regions, one communicating with the
      mouthpiece, the other communicating via ports with the ambient
      environment. During inhalation the environmental air or water pressure
      exerted on the flange causes the inlet valve to open, supplying air to the
      mouthpiece via the hollow stem. At the end of inhalation, increased
      mouthpiece pressure and a bias spring together cause the unitary valve
      member to close the inlet valve. Exhaled gases are expelled via a flap
      valve covering exhaust openings through the flange.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a mouthpiece regulator for a self
      contained underwater breathing apparatus (scuba), and particularly to such
      a regulator employing a simplified inlet valve and inhalation pressure
      responsive structure.
PAR  2. Description of the Prior Art
PAR  A typical prior art scuba mouthpiece regulator includes (1) a diaphragm
      sensitive to inhalation/exhalation pressure changes during the breathing
      cycle, (2) an inlet valve that controls the delivery of breathable gas
      from the supply tank to the mouthpiece, and (3) a mechanical linkage
      interconnecting the diaphragm and the inlet valve to cause the valve to
      open during inhalation. The regulator also includes (4) a separate exhaust
      port and associated flap closure to exhaust the exhaled gas. This
      conventional organization is illustrated by the Dalla Valle mouthpiece
      regulator of U.S. Pat. No. 3,101,732.
PAR  While the above described regulator is quite efficient and is widely used,
      its complexity and relatively large number of components results in
      increased cost. An object of the present invention is to provide a
      mouthpiece regulator having significantly fewer components and simplified
      construction. Resultant benefits include reduced cost and improved
      reliability, this being of particular importance since life literally
      depends on proper functioning of the regulator during underwater use.
PAR  Another problem associated with prior art mouthpiece (second stage)
      regulators is that their operation is not independent of the incoming air
      pressure level. For example, the pressure of the supplied breathable gas
      may be exerted directly on the valve member that is controlled by the
      diaphragm linkage. As a result, regulator performance will vary somewhat
      as changes occur in the breathable gas pressure level supplied from the
      scuba tank and first stage regulator. Another object of the present
      invention is to provide a mouthpiece regulator that operates substantially
      independently of the incoming air pressure level.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objectives are achieved by providing a mouthpiece regulator
      in which the functions of diaphragm, linkage and inlet valve are combined
      into a unitary valve member. This valve member includes a cylindrical stem
      which projects into an inlet chamber in the mouthpiece housing. The stem
      end cooperates with a valve seat in the housing to function as the inlet
      valve.
PAR  The unitary valve member also includes a flange at the other end of the
      stem. This flange separates an interior chamber of the mouthpiece housing
      into two regions, one of which includes the mouthpiece opening. A spring
      in this region biases the valve member away from the mouthpiece and toward
      the position in which the stem end abuts against the valve seat to close
      the inlet valve. Ports in the housing sidewall admit ambient air or water
      into the interior region on the other side of the flange.
PAR  The area of the flange is sufficient so that when the mouthpiece pressure
      is reduced during inhalation, the ambient air or water pressure exerted on
      the opposite side of the flange will overcome the spring bias and cause
      the inlet valve to open.  Breathable gas flows through the cylindrical
      stem to the mouthpiece region of the regulator. Near the end of the
      inhalation cycle, increased pressure in the mouthpiece region balances the
      ambient pressure, and the spring causes the inlet valve to close.
PAR  Exhaled gases are exhausted via openings through the flange. A flap valve,
      attached to the unitary valve member, covers the exhaust openings on the
      side exposed to the environment. This one-way flap valve is urged open by
      the exhaled gases which are expelled from the regulator via the flange
      openings, the chamber region exposed to the environment and the sidewall
      ports.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A detailed description of the invention will be made with reference to the
      accompanying drawings wherein like numerals designate corresponding
      elements in the several figures.
PAR  FIG. 1 is a pictorial view of a self contained underwater breathing
      apparatus employing the inventive mouthpiece regulator.
PAR  FIG. 2 is a transverse sectional view of the mouthpiece regulator of FIG. 1
      as viewed along the line 2--2 thereof. The regulator is shown during the
      inhalation cycle with the inlet valve open.
PAR  FIG. 3 is a transverse sectional view like that of FIG. 2, except that the
      regulator is shown during the exhalation cycle with the inlet valve closed
      and the exhaust flap valve open to permit the outlet of exhaled gases.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following detailed description is of the best presently contemplated
      mode of carrying out the invention. This description is not to be taken in
      a limiting sense, but is made merely for the purpose of illustrating the
      general principles of the invention since the scope of the invention best
      is defined by the appended claims.
PAR  FIG. 1 shows an underwater breathing apparatus 10 employing the inventive
      mouthpiece regulator 11. The apparatus includes a supply tank 12 of
      breathable gas and an associated regulator first stage 13 used to reduce
      the very high tank pressure to a level on the order of 140 psi. Breathable
      gas at this pressure is supplied via an inlet hose 14 connected to the
      regulator 11 by an appropriate fitting 15. The regulator 11 is provided
      with a rubber or equivalent mouthpiece 16 that is held in the diver's
      mouth. The regulator 11 functions to supply breathable gas to the diver on
      demand during the inhalation cycle. During exhalation, the exhaled gases
      are exhausted from the regulator 11 through ports 17 in the regulator
      housing 18.
PAR  As shown in FIGS. 2 and 3, the regulator housing may be formed in two
      sections, 18a, 18b securely fastened by an appropriate annular clip member
      19. The section 18a includes an interior wall 21 which divides the housing
      interior into two parts, an inlet chamber 22 and an interior chamber 23.
      Breathable gas from the hose 14 is supplied to the inlet chamber 22 via a
      threaded projection 24 that receives the fitting 15.  Air supply to the
      mouthpiece 16 is controlled by a unitary valve member 25. This member 25
      includes a cylindrical stem 25a that extends through an opening 26 in the
      interior wall 21. The end 25b of the stem 25a cooperates with a valve seat
      27 to function as the inlet valve for the regulator 18. The valve seat 27
      simply may comprise a disk of plastic or like material rigidly mounted in
      a boss 18c formed in the regulator housing opposite the mouthpiece outlet
      28.
PAR  When the stem end 25b is spaced from the seat 27 as shown in FIG. 2,
      breathable gas can flow from the inlet chamber 22, past the stem end 25b,
      and through the stem interior 25c to the mouthpiece outlet 28, as
      indicated by the arrows 29. When the unitary valve member 25 is situated
      as shown in FIG. 3, the stem end 25b abuts against the seat 27 to block
      the flow of gas from the inlet chamber 22 to the mouthpiece outlet 28.
      Thus, the stem end 25b and the seat 27 together function as an inlet valve
      30 of the knife-edge type.
PAR  The unitary valve member 25 also includes a flange 31 extending from the
      other end 25d of the stem 25a. The periphery 31a of the flange 31 conforms
      to the inside shape of the housing sidewalls 32 defining the interior
      chamber 23. Thus the flange 31 divides the chamber 23 into two regions, a
      first region 23a communicating with the mouthpiece outlet 28, and a second
      region 23b communicating with the exhaust ports 17. The latter region 23b
      of course is exposed to the environment, and fills with water during a
      dive. An O-ring 33 around the opening 26 and an O-ring 34 at the periphery
      of the flange 31 respectively prevent leakage of water from the region 23b
      into the inlet chamber 22 or into the mouthpiece region 23a.
PAR  One or more exhaust openings 36 extend through the flange 31. These are
      covered by a resilient valve flap 37 situated within the region 23b. The
      valve flap 37 may comprise a generally annular shaped rubber or like
      member attached at its inner periphery to the stem 25a.
PAR  During exhalation (FIG. 3), the exhaled gases flow through the mouthpiece
      region 23a and through the exhaust openings 36, forcing the outer portion
      of the valve flap 37 to open away from the flange 31. This permits the
      exhaled gases to flow past the valve flap 37, through the
      environment-filled region 23b and out of the regulator 11 via the ports
      17, as indicated by the arrows 38.
PAR  A bias spring 40 situated in the mouthpiece region 23a urges the unitary
      valve member 25 toward the closed position shown in FIG. 3. Preferably,
      one end of the compression spring 40 seats on a shoulder 41 of the housing
      18 surrounding the mouthpiece opening 28. The other end of the spring 40
      abuts against the flange 31 radially outwardly of the exhaust openings 36.
PAR  Normally the force exerted by the spring 40 overcomes the counterforce
      exerted on the other side of the flange 31 by the ambient environment in
      the region 23b. However, during inhalation (FIG. 2) the pressure in the
      mouthpiece region 23a is reduced. As a result, the force exerted by the
      air or water in the region 23b is sufficient to overcome the spring 40
      pressure, and hence to move the unitary valve member 25 toward the
      mouthpiece 16 so as to open the inlet valve 30.
PAR  Near the end of the inhalation cycle, the pressure in the mouthpiece region
      23a increases. This increased pressure, together with the force of the
      spring 40, is sufficient again to overcome the counterforce of the ambient
      environment in the region 236. As a result, the unitary valve member 25
      again is urged to the closed position (FIG. 3), completing the inhalation
      cycle. During exhalation the pressure in the mouthpiece region 23a
      increases even more, so that the unitary valve member 25 remains in closed
      position as exhaled gases are expelled as described above.
PAR  Thus the unitary valve member 25 replaces the diaphragm, mechanical linkage
      and inlet valve of a prior art mouthpiece regulator. The result is a
      simpler, more reliable construction with fewer parts. Due to its
      knife-edge type configuration, operation of the inlet valve 30 is
      substantially independent of the incoming air or breathable gas pressure.
PAR  Should the incoming air pressure exceed some preset value, a relief valve
      42 will open to vent the excess pressure via a port 43. The relief valve
      42 consists of a spring 44 situated in an interior region 45 of the
      housing section 18a. The spring 44 biases a valve closure 46 into closing
      relationship with an aperture 47 between the inlet chamber 22 and the
      region 45, as shown in FIGS. 2 and 3. When the incoming air pressure is
      excessive, it forces the closure 46 away from the aperture 47, overcoming
      the spring 45 force. A vent path is provided via the aperture 47 and the
      port 43.
CLMS
STM  Intending to claim all novel, useful and unobvious features shown or
      described, the applicant claims:
NUM  1.
PAR  1. In the second stage regulator for scuba diving equipment:
PA1  a. a housing;
PA1  b. said housing having a partition dividing said housing into two
      compartments, namely, an inlet compartment and a control compartment;
PA1  c. a movable wall in the control compartment and dividing said control
      compartment into two separate chambers, namely an ambient chamber and a
      breathing chamber, the ambient chamber adjoining the inlet compartment;
PA1  d. a mouthpiece in open communication with the breathing chamber;
PA1  e. said movable wall having a relatively rigid tubular part open at both
      ends and fixedly, secured to said wall, one end of said tubular part being
      in continuous communication with said breathing chamber; said tubular part
      projecting through said ambient chamber through said partition and into
      said inlet compartment;
PA1  f. first seal means between said partition and said tubular part;
PA1  g. said housing having ports for admitting ambient fluid into said ambient
      chamber for exertion of pressure upon said movable wall;
PA1  h. spring means acting upon the wall and opposing the fluid pressure of
      said ambient chamber for urging said wall in a direction to project said
      tubular part through said partition; said spring means yielding to said
      ambient pressure upon a reduction of pressure in said breathing chamber;
PA1  i. second seal means in said inlet compartment and engaged by the other end
      of said tubular part to seal the tubular part;
PA1  j. means conducting breathable gases under pressure to said inlet
      compartment for passage through said tubular part and into said breathing
      chamber upon movement of said wall in a direction to move said tubular
      member from said second seal means;
PA1  k. means forming an exhalation valve from said ambient chamber;
PA1  l. said breathing chamber being otherwise sealed to confine flow to the
      tubular part, the mouthpiece, and the exhalation valve.
NUM  2.
PAR  2. The combination as set forth in claim 1 in which the effective area of
      the first seal means about said tubular part substantially equals the
      effective area of said second seal means at the end of said tubular part
      whereby the operation of said movable wall is substantially independent of
      the pressure at said inlet compartment.
NUM  3.
PAR  3. The combination as set forth in claim 2 in which said exhalation valve
      comprises a circularly extending flexible and resilient member mounted on
      said tubular part and located in said ambient chamber, said circularly
      extending member overlying ports in said movable wall.
NUM  4.
PAR  4. The combination as set forth in claim 1 in which said exhalation valve
      comprises a flexible and resilient flap carried by said movable wall and
      located in said ambient chamber, said flap overlying ports in said movable
      wall.
NUM  5.
PAR  5. The combination as set forth in claim 1, in which said movable wall is
      rigid and is guided by the housing for rectiliniar movement therein; and
      third seal means between said housing and said movable wall.
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ABST
PAL  A mask is provided with a breathing opening, directly in front of the outer
      end of which there is a chemical cartridge that is secured to the mask.
      The cartridge has an exhalation passage extending through it from front to
      back, with its rear end registering with the breathing opening. A check
      valve in the inhalation passage allows air flow only into the mask. In the
      exhalation passage there is a carbon dioxide removing and oxygen
      generating chemical. A breathing bag is supported by the cartridge and
      communicates with the front end of the exhalation passage. The mask is
      provided with an inhalation check valve allowing air being inhaled from
      the bag to bypass the chemical.
PARN
PAR  This application is a division of our copending patent application, Ser.
      No. 447,855, filed Mar. 4, 1974 now U.S. Pat. No. 3,893,459.
BSUM
PAR  Innumerable forms of breathing apparatus have been proposed. Some merely
      filter the air being breathed while others provide oxygen for the wearer
      of the apparatus. In closed cycle breathing apparatus, the user exhales
      through a chemical that removes carbon dioxide and generates oxygen that
      is then inhaled. Usually, such apparatus is intended for a relatively long
      period of use and therefore is rather large and cumbersome.
PAR  It is among the objects of this invention to provide closed cycle breathing
      apparatus for very short term emergency use, which is simple in
      construction, very compact, of minimal size and weight, and inexpensive.
DRWD
PAR  The invention is illustrated in the accompanying drawings, in which
PAR  FIG. 1 is a side view, partly in vertical section;
PAR  FIG. 2 is a rear view taken on the line II--II of FIG. 1;
PAR  FIG. 3 is a fragmentary side view, similar to FIG. 1, of a modification;
      and
PAR  FIG. 4 is a rear view, similar to FIG. 2 of the modification.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, a breathing mask 1 that may
      cover the entire face, but which preferably covers only the nose and
      mouth, is provided with a breathing opening that will generally be
      circular and the wall of which may be reinforced by providing it with
      inner and outer integral circular ribs 2. This opening is in the front
      side of the mask in most cases, although if two openings are provided they
      will be at opposite sides of the center of the mask. Plugged into the
      breathing opening is a chemical cartridge 3, which is shown cylindrical
      although it could be some other shape. The flat inner or rear wall 4 of
      the cartridge housing is solid, except for a central opening encircled by
      a rearwardly projecting flange 5 integral with the wall. The outer or
      front wall 6 is provided with a multitude of perforations and with a
      central opening coaxial with the opening in the rear wall but of smaller
      diameter. Rigidly mounted in this front opening is the front or outer end
      of a short tube 7 that extends back through the rear opening, with its
      rear end encircled by flange 5 that is spaced from the tube.
PAR  Mounted tightly on the flange and the rear end of the tube is a tubular
      boss 9 provided with a pair of concentric walls that are spaced apart but
      are rigidly connected at their rear ends inside the mask by integral
      radial struts 10. The outer wall of the boss encircles and tightly engages
      housing flange 5 to form tubular means, while the inner wall of the boss
      incircles and tightly engages the adjoining end portion of tube 7. The
      outer wall also tightly engages the encircling wall of the mask opening
      and forms a seal with it. This boss supports the cartridge housing close
      to or engaging the outer rib 2. The boss is secured to flange 5 and tube 7
      and forms part of the cartridge. Disposed inside boss 9 behind tube 7
      there is an inhalation check valve of any suitable construction, such as a
      flexible disc 11 provided with a central stem 12 extending forward through
      a hole in a spider 13 rigidly mounted in the boss. Such a valve will allow
      inhalation through the tube but prevent exhalation through it. Exhalation
      must therefore take place through the space between the two walls of the
      boss.
PAR  The cartridge housing contains a bed 14 of a chemical that will remove
      carbon dioxide from the breath and, due to the reaction of moisture in the
      breath with the chemical, generate oxygen. Such chemicals are well known
      and need not be described, potassium superoxide, sodium superoxide and
      calcium superoxide being some of them. The chemical bed is packed between
      the perforated front wall 6 of the cartridge and a perforated partition
      wall 15 encircling the central tube and parallel to the rear wall of the
      cartridge, but spaced a short distance in front of it. The space between
      these two walls permits air being exhaled into the cartridge to spread out
      over the rear surface of the chemical bed for uniform flow through it.
PAR  Another feature of this invention is that the front end of the cartridge
      extends into an opening in the back side of the upper part of a breathing
      bag 16. The wall of the bag opening is sealed against the side wall of the
      cartridge by means of a removable clamping band, such as an elastic band
      17, that presses the bag against the cartridge. The cartridge forms the
      sole support for the bag and is in turn supported solely by the mask.
PAR  It will be seen that when the wearer of this apparatus exhales, it will be
      through the passage containing the chemical and therefore carbon dioxide
      will be removed and oxygen will be added. This rejuvenated air leaving the
      perforated front wall of the cartridge will enter the bag. During
      inhalation the purified air from the bag will be drawn through the central
      tube 7 of the cartridge and through the check valve and into the mask. It
      has been found that this apparatus will quickly start to produce oxygen,
      even when used in a temperature as low as minus 20.degree.F. This is
      because of the close proximity of the chemical bed to the warm moist
      breath of the user, due to the fact that the cartridge is supported by the
      mask itself directly in front of the mask. The apparatus is small,
      lightweight and compact so that it is easy to carry. After it has been
      used, the cartridge can quickly be removed from the mask and bag, the boss
      9 of a new cartridge inserted in the mask opening, and the bag connected
      to the front of the new cartridge by means of the clamping band 17. A
      cartridge of the size shown in the drawings will sustain the wearer of the
      apparatus for about five minutes, which should give him time in most cases
      to reach a safe breathing location.
PAR  In the modification shown in FIGS. 3 and 4, a square chemical cartridge 20
      is shown and the boss 21 that contains the rear ends of the inhalation and
      exhalation passages is located nearer the top of the cartridge than its
      bottom. As before, the boss is plugged into a breathing mask 22. Mounted
      in the lower part of the cartridge and extending through its perforated
      front wall 23 is a chlorate candle 24 that can be ignited inside the bag
      25 by igniter 26 of conventional form operated by pulling a lanyard 27.
      The upper end of this lanyard is connected to the igniter and the other
      end is attached to the bottom of the bag. After the apparatus has been put
      on by the user, he pulls down on the bottom of the bag, which causes the
      lanyard to trip the igniter so that the candle will immediately start to
      produce oxygen. Such a candle is needed only when it is expected that the
      apparatus will be used below about minus 20.degree.F.
PAR  According to the provisions of the patent statutes, we have explained the
      principle of our invention and have illustrated and described what we now
      consider to represent its best embodiment. However, we desire to have it
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. Emergency breathing apparatus comprising a mask having an open inner
      side and a closed outer side and provided with a breathing opening in said
      outer side, a chemical cartridge outside the mask provided with a side
      wall and with a rear wall having an opening therein surrounded by tubular
      means extending into said breathing opening and tightly engaging the
      surrounding mask for supporting the cartridge therefrom, said tubular
      means being formed from a tubular flange and a tubular boss having an
      outer wall, said outer wall and flange being disposed in tight overlapping
      engagement with each other, the flange extending from the rear wall of the
      cartridge into said breathing opening, a breathing bag provided with an
      opening receiving said cartridge, the bag being sealed to the side wall of
      the cartridge, the cartridge having an inhalation passage therethrough
      connecting the inside of the bag with said breathing opening, said passage
      having a side wall spaced radially inwardly from said cartridge side wall,
      the inside of the cartridge around the inhalation passage forming an
      exhalation passage provided with an inlet adjacent the inner end of the
      inhalation passage and with an outlet inside the bag, said boss having an
      inner wall inside its outer wall and spaced therefrom to form part of the
      exhalation passage, the side wall of the inhalation passage including said
      inner wall of the boss and a tube extending through the cartridge and
      tightly engaging said inner wall, a check valve in said inhalation passage
      preventing exhalation through that passage, and a carbon dioxide removing
      and oxygen generating chemical in said exhalation passage and extending
      across the space between the side walls of the inhalation passage and
      cartridge in the path of air exhaled through the cartridge.
NUM  2.
PAR  2. Emergency breathing apparatus according to claim 1, in which said check
      valve is disposed in said boss.
PATN
WKU  039385132
SRC  5
APN  4304187
APT  1
ART  335
APD  19740103
TTL  Syringe filter and valve combination
ISD  19760217
NCL  11
ECL  1
EXP  Yasko; John D.
NDR  1
NFG  5
INVT
NAM  Hargest; Thomas S.
STR  1078 Winslow Drive
CTY  Charleston
STA  SC
ZIP  29412
CLAS
OCL  128218R
XCL  128218NV
EDF  2
ICL  A61M  500
FSC  128
FSS  221;218 N;218 NV;215;218 M
UREF
PNO  1363128
ISD  19201200
NAM  Kitaoka
OCL  128218NV
UREF
PNO  2893390
ISD  19590700
NAM  Lockhart
OCL  128218NV
UREF
PNO  3075525
ISD  19630100
NAM  McConnaughey
OCL  128218NV
UREF
PNO  3089490
ISD  19630500
NAM  Goldberg
OCL  128218NV
UREF
PNO  3370754
ISD  19680200
NAM  Cook et al.
XCL  128218M
UREF
PNO  3373743
ISD  19680300
NAM  Saffir
OCL  128218NV
UREF
PNO  3477432
ISD  19691100
NAM  Shaw
OCL  128218M
UREF
PNO  3736932
ISD  19730600
NAM  Satchell
OCL  128218R
UREF
PNO  3747812
ISD  19730700
NAM  Karman et al.
XCL  128218NV
FREF
PNO  733,447
ISD  19321000
CNT  FR
OCL  128218M
LREP
FRM  Dawson, Tilton, Fallon & Lungmus
ABST
PAL  An improved filter and valve assembly used in combination with a medical
      syringe for blocking, and thereby protecting a patient against, the
      infusion of particulate matter. The filter element is fixed within the
      bore of the syringe and a tubular valve body is secured within a central
      opening in the filter element. A flexible closure formed integrally with
      the tubular valve body opens and closes the valve passage, which serves as
      a filter by-pass, when the plunger of the syringe is raised (withdrawn)
      and lowered (depressed).
BSUM
PAC  BACKGROUND
PAR  U.S. Pat. No. 3,757,780 discloses a needle assembly for use with a syringe
      or other type of medical injector, the needle assembly including a movable
      filter element which shifts axially within the hub of the needle depending
      on the direction of liquid flow therethrough. To withstand such movement
      and the forces generated by fluid flowing through the hub, particularly as
      such fluid is being drawn into the syringe, the filter element or disc
      must be formed of a relatively rigid unyielding material, thereby severely
      limiting the selection of materials suitable for use in a structure having
      a movable filter.
PAR  Other patents illustrating the state of the art are U.S. Pat. Nos.
      3,757,779, 3,736,932, 3,722,697, 3,449,081, 1,539,314, 964,730, and
      128,257.
PAC  SUMMARY
PAR  An important aspect of the present invention lies in providing a syringe
      filter and valve combination having a by-pass function without at the same
      time being restricted to the use of rigid filter materials. Conventional
      filter materials of non-rigid character, such as non-woven materials, are
      suitable because the filter element is fixed in position within the
      syringe body. A valve, having a tubular valve body, extends centrally
      through the filter element and provides a passage for the preferential
      flow of fluid into the barrel of the syringe when the plunger is drawn
      outwardly or lifted. A flexible closure, preferably formed integrally with
      the valve body, is positioned at the upper end of the valve passage and
      closes that passage upon reversal of fluid flow. The injection fluid
      therefore follow a less direct route, passing through the immovable filter
      element as that fluid is forced by the plunger towards the needle mounted
      at the end of the syringe body.
PAR  In one form of the invention, the tubular valve body coacts with the
      syringe barrel to support the filter element within the bore of the
      syringe. The valve closure element may comprise an imperforate disc hinged
      to the upper end of the tubular valve body, the disc being larger than the
      diameter of the valve passage and seating against the upper end of the
      valve body to block the discharge of fluid through the valve passage, or
      it may comprise a flap arrangement formed at the upper end of the body,
      one of the paired flaps engaging the other to block the outflow of fluid
      through the valve passage when the syringe plunger is thrust inwardly or
      downwardly. Thus, in one case the closure element is braced in its closed
      position by the upper end of the valve body and, in the other case, by the
      opposing flap.
PAR  Other advantages, objects and features of the invention will become
      apparent as the specification proceeds.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a vertical sectional view of the lower portion of a syringe
      equipped with the filter-valve assembly of the present invention.
PAR  FIG. 2 is an exploded perspective view illustrating the filter and valve
      components.
PAR  FIG. 3 is a sectional view of a syringe similar to FIG. 1 but illustrating
      a second form of the filter-valve assembly.
PAR  FIG. 4 is an exploded perspective view of the filter and valve shown in
      FIG. 3.
PAR  FIG. 5 is an enlarged longitudinal sectional view of the valve structure of
      FIGS. 3 and 4.
DETD
PAC  DESCRIPTION
PAR  Referring to FIGS. 1 and 2, the numeral 10 generally designates a syringe
      having a syringe barrel 11 and a reciprocable plunger 12. The barrel is
      provided with a cylindrical bore 11a and has a bottom wall 13 merging with
      a reduced downwardly projecting neck portion 14. The neck is adapted to be
      coupled with the hub 15 of a conventional hypodermic needle 16. Since all
      of the structure so far described is entirely conventional and well known
      in the art, a more detailed description is believed unnecessary herein. A
      simple friction fit between the hub 15 and neck 14 is illustrated but
      other types of connections, such as a conventional Luer lock, may be used.
      Similarly, while end wall 13 is shown to be of sloping or frustoconical
      shape, other configurations, including simply a flat or planar end wall,
      might be provided.
PAR  An axial flow passage 17 extends between the upper and lower ends 14a and
      14b of the neck. The flow passage of the neck is preferably coaxial with
      the cylindrical bore 11a and communicates with both the bore and the
      interior of needle hub 15.
PAR  Filter element 18 is annular in shape and is dimensioned to fit tightly
      within the lower portion of bore 11a. As shown most clearly in FIG. 2, the
      filter element has an axial or central opening 19 extending therethrough.
      If desired, the filter may be formed of a relatively rigid material, such
      as sintered particles of plastic (such as polypropylene or polyethylene)
      but, as indicated above, a particularly advantageous aspect of the
      invention lies in the fact that non-rigid filtering materials, such as
      conventional non-woven fibrous materials, may be used. In most instances a
      tight frictional fit between the periphery of the filter and the inside
      wall of the barrel is believed sufficient to secure the filter in place as
      shown in FIG. 1; however, with highly flexible or resilient filter
      materials, it may be desirable to attach the periphery of the filter to
      the cylindrical bore by cement or by any other suitable attachment means.
      In any event, the filter element is formed of a foraminous material which
      has micropores of a sufficiently small size to block the passage
      therethrough of any particulate material considered objectionable in an
      injectable solution.
PAR  A tubular valve body 20 extends through the central opening 19 of the
      filter and has its cylindrical outer wall partly secured or sealed to the
      filter. An annular shoulder 21 bears against the undersurface of the
      filter to help support that filter as well as to contribute in blocking
      the passage of particulate matter along the central opening 19 where the
      filter material interfaces with the cylindrical surface of the valve body.
      The lower portion of the tubular valve body is provided with enlarged side
      openings 22 and, as shown in FIG. 1, the bottom of that body rests upon
      bottom wall 13 of the syringe.
PAR  The central passage 23 of the tubular valve body is in direct alignment
      with flow passage 17 of neck 14. At the upper end of the valve body is a
      disc-shaped closure 24 which is formed intergrally with the valve body and
      is joined thereto by hinge portion 25. When the closure is in its lowered
      or closed position as shown in solid lines in FIGS. 1 and 2, it seats or
      rests upon the upper end surface of the tubular valve body. The closure 24
      is normally in an unflexed closed condition; however, when fluid flows
      upwardly through valve passage 23 in response to lifting or withdrawal
      movement of the plunger, the closure flexes upwardly into the open or
      raised position indicated in the drawings by broken lines.
PAR  When the plunger is raised, fluid flowing upwardly through needle 16 and
      hub 15 tends to pass into the bore of the syringe through the flow passage
      23 of the valve body rather than through porous filter 18, partly because
      of the direct axial alignment between the flow passages of the valve body
      and neck and partly because closure 24 readily flexes upwardly into its
      broken-line position. Thus, particulate matter entrained in the fluid
      drawn into the syringe will tend to pass directly through the flow passage
      of the valve body rather than engage, and be restrained by, the
      undersurface of filter element 18. When the direction of movement of the
      plunger is reversed, the imperforate closure 24 returns to its normally
      closed position and fluid discharged from the syringe must pass through
      the filter element. Thus, the filter blocks the return flow of such
      particulate matter.
PAR  In the variation illustrated in FIGS. 3-5, the parts are essentially the
      same except for differences in the construction of the filter and valve.
      Filter 28 may be formed from any of the materials used in the fabrication
      of filter 18. The annular filter 28 has a central opening 29 extending
      axially therethrough. The undersurface of the filter element may be of
      frusto-conical shape to conform with the configuration of end wall 13 and,
      if desired, the filter element may be provided with a depending extension
      28a received within the flow passage of neck 15. A tight frictional fit
      may be sufficient to secure the filter element within the lower end of the
      bore but, if additional holding force is required, an adhesive or any
      other suitable attachment means may be used.
PAR  The upper end of bore 29 is preferably enlarged at 29a to receive the
      tubular valve body 30. As shown in the drawings, the lower portion of the
      body 30 is generally cylindrical in shape. The upper portion is
      transversely flattened to provide a pair of opposing flap portions 31
      which normally engage each other along a transverse seal line 32. The
      upstanding side edges of the respective flaps may be separable although
      preferably the flap elements of the closure are joined together along
      those edges. Normally the flaps assume the closed condition shown in solid
      lines in FIG. 5; however, when fluid is drawn into the syringe the upper
      edges of the flaps spread apart to permit such upward flow.
PAR  The body of the tubular valve may be secured in place within counter-bore
      29a by friction or, if necessary, by adhesives, heat sealing, or any other
      suitable attachment means. Like valve body 20 and closure 24, valve body
      30 and its integral closure means 31 may be formed of any suitable
      flexible material, preferably an inert plastic material selected from any
      of a variety of such materials well known in the art.
PAR  While in the foregoing certain embodiments of the invention have been
      disclosed in considerable detail for purposes of illustration, it will be
      understood that such details may be varied considerably without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A syringe having a barrel and a plunger slidable therein, said barrel
      having a cylindrical bore and having a bottom wall provided with an
      axially and downwardly projecting neck portion for rigid attachment to an
      injection needle, said neck portion having an axial flow passage
      communicating with said bore, wherein the improvement comprises
PA1  an annular filter element fixed within said bore adjacent said bottom wall,
      said filter element being formed from foraminous material capable of
      filtering objectionable particulate matter from injectable fluids, said
      filter element having a central opening extending therethrough, and a
      tubular valve body secured within said central opening having an axial
      valve passage and having a normally-closed one-way valve closure element
      disposed at the upper end of said valve passage and spaced a substantial
      distance upwardly from said neck portion, said closure element being
      flexible between an open position and a normal closed position, and means
      bracing said closure element in said closed position and preventing
      movement of said closure element into said open position in response to
      greater fluid pressures above said filter element than below the same,
      whereby, said closure element and said bracing means cooperate to block
      downward flow through said passage when said plunger is urged downwardly
      and to permit upward flow through said passage when said plunger is
      raised.
NUM  2.
PAR  2. The syringe of claim 1 in which said valve closure element is formed
      integrally with said body.
NUM  3.
PAR  3. The syringe of claim 2 in which said closure element and valve body are
      formed integrally from flexible plastic material.
NUM  4.
PAR  4. The syringe of claim 1 in which said valve body engages said bottom wall
      and supports said filter element within said bore.
NUM  5.
PAR  5. The syringe of claim 4 in which said tubular valve body is provided with
      side openings adjacent the lower end thereof for the flow of fluid
      laterally therethrough.
NUM  6.
PAR  6. The syringe of claim 4 in which said valve body is provided with an
      annular shoulder spaced below said closure element, said shoulder having
      lateral dimensions greater than the central opening of said filter element
      and engaging the underside of said filter element for supporting the same
      within said bore.
NUM  7.
PAR  7. The syringe of claim 6 in which said annular shoulder has transverse
      dimensions smaller than the diameter of said bore.
NUM  8.
PAR  8. The syringe of claim 3 in which said closure element comprises an
      imperforate disc hinged to the upper end of said tubular valve body and
      having a diameter larger than that of said valve passage.
NUM  9.
PAR  9. The syringe of claim 3 in which said closure element and said bracing
      means comprise a pair of flaps projecting upwardly and inwardly from the
      upper end of said valve body, said flaps being engagable with each other
      for sealing said opening to block the downward flow of fluid through said
      valve passage.
NUM  10.
PAR  10. The syringe of claim 9 in which said flaps are hingedly connected to
      each other along opposite side edges.
NUM  11.
PAR  11. A syringe comprising a barrel and a plunger slidable therein, said
      barrel having a cylindrical bore and having a bottom wall provided with an
      axially and downwardly projecting neck portion having an axial flow
      passage communicating with said bore, an injection needle rigidly attached
      to said neck portion, an annular filter element fixed within said bore
      adjacent said bottom wall, said filter element being formed from
      foraminous material capable of filtering objectionable particulate matter
      from injectable fluids, said filter element having a central opening
      extending therethrough and a tubular valve body secured within said
      central opening having an axial valve passage and having a flexible
      normally-closed valve closure element at the upper end of said valve
      passage spaced a substantial distance upwardly from said neck portion,
      said closure element being movable between a flexed open position and a
      normal closed position, means bracing said closure element in its closed
      position and preventing movement of said closure element into said open
      position in response to greater fluid pressures above said filter element
      than below the same, whereby, said closure element and said bracing means
      cooperate in automatically blocking downward flow through said passage
      when said plunger is urged downwardly and in permitting upward flow
      through said passage when said plunger is raised.
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ABST
PAL  A method and apparatus for washing the bladder of a patient with an
      indwelling catheter. The method comprises introducing the tip of a
      prefilled bladder washing device into the catheter, expelling the liquid
      from the device to the bladder, latching the device in its compressed
      position, maintaining the liquid in the bladder a predetermined amount of
      time and then unlatching the device, withdrawing the previously introduced
      liquid thereinto, and disposing of the device. Asepsis is assured by the
      present method. The apparatus has guiding and expansion and contraction
      means associated therewith as well as latching means that do not interfere
      with the operation of the device yet assures secure latching in the
      compressed position.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates to a method and apparatus for bladder irrigation. At
      the present time there exist no commercially acceptable methods and
      apparatus for aseptically washing the bladder of an individual with an
      indwelling catheter. The typical prior art procedure for bladder
      irrigation -- and example of which is set forth in pages D-1 to D-3 of
      Publication No. PKST 1035 of Pharmaseal Laboratories of Glendale
      California -- has been to remove the drainage tube from an indwelling
      catheter, fill, a disposable bulb-type or disposable piston syringe with a
      medication prescribed by a doctor [usually Neosporine], insert the syringe
      into the catheter and slowly inject it, clamp off the catheter, fill the
      syringe with irrigation fluid, insert the tip of the syringe into the
      catheter, remove the catheter clamp, inject the fluid, clamp off the
      catheter, refill the syringe again and repeat the procedure as many times
      as is necessary to substantially fill the bladder with irrigation liquid
      [usually about 150-200 cc; the syringes used are most often 50cc], after
      the final fill clamp off the catheter and allow the irrigation liquid to
      remain in the bladder the prescribed length of time and then remove the
      clamp and allow the fluid to drain into a disposable collecting basin, and
      reattach the drainage tube. To insure asepsis, if the syringe is ever laid
      down during the filling operations, it must be placed on a sterile
      surface. No matter what precautions are taken however, it is virtually
      impossible to prevent at least some air from being admitted to the bladder
      during the repeated refilling operations.
PAR  According to the method and apparatus of the present invention, a bladder
      may be washed completely aseptically. According to the method of the
      present invention, a prescribed medication may be introduced through the
      tip of a prefilled bladder washing device, mixing taking place in the
      washing device. The tip cover covering the tip of the bladder washing
      device is then removed and the tip of the device inserted into the
      catheter. The device has been prefilled to contain the amount of solution
      necessary to wash the bladder completely, The device is then compressed,
      introducing the liquid into the bladder. When the device has been
      substantially completely compressed, the device is locked in that
      position. After the passage of the prescribed length of time, the device
      is unlocked and expanded, whereby the fluid contained within the bladder
      is withdrawn into the body of the device. When withdrawal is complete, the
      device is removed from the catheter, capped again with its original cover,
      and disposed of.
PAR  As is readily apparent, the method and apparatus of the present invention
      have many advantages over the prior art method and apparatus. The main
      advantage of the method of the present invention is of course that there
      is virtually no chance of air or any contaminants being introduced into
      the bladder as a result of the bladder irrigating process. The method of
      the present invention is truly aseptic. Also, the time for performing
      bladder washing is reduced by the method of the present invention; there
      are no time-consuming syring filling and catheter clamping procedures.
      Fewer items need to be handled, thus resulting in a more simplified
      handling procedure. Since substantially the same amount of liquid will of
      necessity be withdrawn from the bladder as was introduced therein by the
      washing procedure, there is no chance of bladder collapse due to the
      withdrawal of too much liquid. Also, the medication can be introduced with
      the irrigating solution, thus they will be properly mixed before reaching
      the bladder and will have their maximum effectiveness. [there will be no
      concentrated medication introduced which might not have the desired
      effects or reach all the areas required]. Also with this method a
      mechanical bladder washing can be utilized in addition to the washing that
      results just from the presence of the solution by introducing and
      withdrawing the liquid alternately. Also, because the method is so
      aseptic, the need for an antibiotic medication to reduce the chances of
      infection might be obviated.
PAR  The apparatus of the present invention also has numerous advantages over
      prior art devices. Since only one element is needed, obviously space will
      be saved for storage purposes. The device is less expensive to manufacture
      than the composite equipment that it replaces [usually a disposable
      syringe, disposable collecting tray, disposable graduate with cover, and
      sterile field are necessary for prior art methods]. Also the device
      preferably has means thereon for guiding the tip portion of the device
      into the catheter and holding it steady while the fluid is being expelled
      therefrom, and means for facilitating expansion of the device to draw the
      liquid into it. The device is prefilled so that the chances of a mistake
      being made in the introduction of a particular volume of liquid will be
      reduced, and a syringe filling operation will not be necessary.
PAR  In the preferred embodiment of the bladder washing device according to the
      teachings of the present invention, the device is bellows-like for easy
      and effective expansion and compression, and the lock for locking the
      device in a compressed position is designed to securely hold the device in
      place while not interfering at all with the operation thereof. Prior art
      devices generally concerned with the introduction and drawing of liquids
      have not had the positive desirable features of the present invention
      which result in its suitability for a bladder washing operation [see U.S.
      Pat. No. 3,387,610, 2,428,577, 3,557,788 and 3,747,812 for example].
PAR  It is the principle object of this invention to provide a bladder
      irrigation method and apparatus that assures asepsis and does not have any
      of the other drawbacks of prior art devices. This and other objects of the
      invention will become clear from an inspection of the detailed description
      of the invention and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of an exemplary pre-filled bladder washing device
      according to the teachings of the present invention;
PAR  FIGS. 2a through 2c are top views of the device shown in FIG. 1 in various
      stages of compression thereof; and;
PAR  FIG. 3 is a perspective view of the bladder washing device shown in FIG. 1
      in place in a catheter and in its locked position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Preferred apparatus for practicing the method of the present invention is
      shown generally at 10 in FIG. 1. The bladder washing device 10 is composed
      of four main parts; a hollow prefilled body member 12, a tubular tip
      member 18, a removable cover 50 for tip 18, and cooperating locking
      portions, 38, 26, for locking the body member 12 in a compressed position
      thereof.
PAR  As shown in the drawings the body member 12 consists of a hollow structure
      prefilled with a suitable bladder irrigation fluid -- such as normal
      saline, Ringer solution, sterilized water etc. The bellows member 12 is
      expandable and compressable to vary the volume of liquid that may be
      contained therein. Under many circumstances, when following a bladder
      washing procedure, a certain volume of medication must be introduced into
      the bladder along with the liquid contained in the member 12. Provision is
      made within the member 12 for accepting such an extra volume of medication
      by insuring that the member 12 is not completely expanded when it is
      prefilled with liquid at the factory. Thus there is room within the member
      12 to receive medication introduced therein through tip cover 50 (as will
      be explained more clearly below), and premixing of the medication and the
      prefilled liquid occurs.
PAR  A tubular tip portion 18, having an opening 20 throughout the length
      thereof, is attached to one end of the member 12, and is in fluid
      communication therewith. The liquid within the member 12 is thus expelled
      through the opening 20 in tip 18 when the member 12 is compressed, and
      liquid is drawn into the member 12 through the tip 18 when the member 12
      is expanded. The tip 12 may be of any desired configuration as long as it
      corresponds to the configuration of the catheter to which it is to be
      connected in fluid engagement. A Luer tip would be preferred under many
      circumstances.
PAR  A means 50 is provided for covering the tip 18 after the member 12 has been
      prefilled and before use thereof. As shown in the drawings, the means 50
      is a clear latex tip cover having a portion 52 thereof shaped so that it
      may be easily grasped by a thumb and finger for easy removal however,
      other tip configuration may be employed. Medication may be injected
      directly through the tip cover 50 by a needle tip syringe, or the cover 50
      may be removed and the medication aseptically inserted into the body 12
      via a Luer tup of a syringe which cooperates with the passage 20 through
      the tip portion 18. If desirable, the interior portion of the cover 50 may
      be sized so that if fits over the drainage tube that will be removed from
      an indwelling catheter before the irrigating fluid may be introduced by
      the device 10.
PAR  Attached to the "top" portion of the bellows member 12 is a plate 22,
      terminating the end of the member 12, which plate 22 has locking
      projections 26 extending therefrom. These locking projections 26 cooperate
      with locking portion 38 of the member 35 terminating the other end of the
      body 12, as will be more fully explained hereinafter. Located on top of
      the plate 22 is a ring 30 adapted to receive the thumb of a person using
      the bladder washing device 10, whereby compression and expansion of the
      member 12 are facilitated.
PAR  Terminating the other end of the member 12 is the member 35. Member 35 has
      locking surfaces 38 formed therein for cooperation with the locking
      projections 26 of plate 22, and has a pair of ring-like portions 40
      adapted to receive two fingers of an individual using the bladder washing
      device 10. By inserting one's fingers into the ring portions 40, guidance
      of the tip 18 of the device 10 into a catheter is facilitated as well as
      steadying of the device while the bellows member 12 is being compressed or
      expanded. The rings 40 and locking surfaces 38 are so positioned that the
      device 10 can be positively latched in place while the operation of the
      device is not hindered.
PAR  As seen most clearly in FIGS. 2a-2c, when the device 10 is being used, and
      it is desired to compress the body member 12 and introduce the liquid
      contained therein into a bladder, the member 12 is compressed until the
      portions 26 of plate 22 abut or are just above the portion 35. Then the
      whole device 12 is twisted -- as shown in FIG. 2b -- until projections 26
      are out of the path of engagement with the portion 35. Then the member 12
      is further compressed, and the projections 26 are allowed to return to
      their normal position wherein they will engage the undersurfaces 38 of the
      portion 35 --  as shown in FIG. 2c. A view of the device 10 in this locked
      position while inserted in a catheter 60 is shown in FIG. 3.
PAR  Since the bellows member 12 is preferably constructed of resilient plastic
      rubber or other resilient material, it will tend to return to its original
      shape -- as shown in FIG. 1 -- after the locking portions 26, 38 for
      holding it into its locked position have been released. However, the
      normal resilient action will not be large enough to completely return it
      to its normal position and draw the liquid that had been introduced into
      the bladder back into the member 12; thus, the operator will use the ring
      portion 30 to pull up on the member 12 to expand it. Since the member 12
      will be able to hold only substantially as much liquid as it had therein
      when it was prefilled and had the medication introduced therein, there
      will be virtually no possibility for too much liquid being withdrawn from
      the bladder so that bladder collapse would ensue. Alternatively, in cases
      where it is anticipated that there will be a large amount of excess liquid
      in the bladder when the bladder washing operation has been completed (such
      as when the device 10 remains locked for a long period of time, such as 45
      minutes), provision can be made for this by prefilling and capping the
      member 12 at the factory while in a significantly compressed position.
      While this will not result in the introduction of any air into the system,
      it will allow enough room for medication that is to be introduced and for
      any excess liquid to be withdrawn from the bladder.
PAR  Although the apparatus has been shown in the drawings in what is presently
      conceived to be the most practical embodiment, it will be apparent to one
      of ordinary skill in the art that the method of the present invention may
      be practiced with other apparatus than that shown. For instance, different
      types of guiding means may be provided other than rings 40, a different
      means for facilitating compression and expansion of the member 12 may be
      provided other than the ring 30, different types of tips and tip covers
      may be provided, different locking positions could be used, and even a
      different type of volume expansion and contraction member may be provided
      than the bellows 12 (such as a piston and cylinder or a bulb) -- a bellows
      such as 12 is preferred however for ease of handling, ease of prefilling
      to the desired amount of inexpensive manufacture and the positive suction
      and expelling forces obtainable therewith.
PAR  The bladder washing operation of the present invention generally comprises
      the following main steps: The prescribed medication (if any -- the need
      for antibiotics may be obviated by the use of the aseptic system of the
      present invention) is introduced into the bladder washing device, the
      drainage tube is removed from the patient's indwelling catheter, and the
      tip cover of the bladder washing device is removed. Then a sealed
      air-tight communication is made between the tip of the device and the
      catheter, the prefilled volume of liquid in the device is introduced into
      the bladder via the catheter, the solution is maintained in the bladder
      for the prescribed length of time [which is usually about 20 - 30 minutes,
      but can be longer or only instantaneous] while the seal is maintained, and
      the solution is withdrawn while the seal is maintained. After withdrawal
      of the liquid -- and only then -- the seal is broken, and the device
      disposed of.
PAR  A detailed step-by-step procedure for practicing the present invention is
      as follows:
PAR  A. Check to see that the patient has an indwelling clean catheter, and
      aseptically disconnect the drainage tubing and drainage bag from the
      catheter.
PAR  B. Add the prescribed medication to the device 10 by injecting it through
      the tip cover 50 into the opening 20 through the tip 18. The medication
      and the prefilled liquid should then be mixed properly.
PAR  C. Remove the tip cover 50 from the tip 18, and either place the tip 50 on
      a flat surface for further use, or place it over the open end of the
      drainage tube that has been disconnected.
PAR  D. By grasping the rings 40 for guidance, insert the tip 18 into a female
      adapter of the catheter 60, thereby forming a seal between the tip 18 and
      the catheter 60 that is air-tight.
PAR  E. Still holding the rings 40 with the fingers, and inserting the thumb in
      the ring 30, compress the member 12 thereby expelling the liquid therefrom
      into the catheter.
PAR  F. If it is desired to mechanically wash the bladder in addition to
      introducing the irrigating liquid therein, the liquid will be withdrawn
      immediately after introduction by holding the rings 40 while pulling up on
      the ring 30 and then again introducing the liquid by pressing down on ring
      30. This procedure may be repeated as many times as necessary, and no air
      will be introduced thereby since the seal between the tip 18 and the
      catheter 60 will still be maintained. The liquid should not be introduced
      as rapidly as is possible, otherwise injury to the patient may result.
      There is no need to hold the device 10 as carefully as prior art devices
      to insure that air will not be introduced since the device is prefilled.
PAR  G. After mechanical washing, if it is desired to hold the liquid within the
      bladder a predetermined amount of time, the bellows 12 is compressed until
      the projections 26 on plate 22 abut or are just above the portion 35, then
      the bellows 12 are twisted by twisting ring 30 and plate 22, the bellows
      12 are further depressed, and the twisting force is relieved so that the
      projections 26 will engage the locking surfaces 38 of the portion 35. The
      device 10 will then stay in this latched position with the seal between
      the tip 18 and the catheter 60 maintained the prescribed amount of time.
PAR  H. When the time has passed, the device 10 is unlocked by again twisting
      ring 30 and plate 22 so that the projections 26 no longer engage the
      surfaces 38, the bellows 12 are expanded slightly (they will do so by
      themselves to a certain extent) by pulling up on the ring 30, the twisting
      force is relieved, and while holding the rings 40 the ring 30 is slowly
      pulled up whereby all the liquid previously introduced into the bladder
      will be drawn into the member 12.
PAR  I. After the member 12 is filled -- and only then -- the seal between the
      tip 18 and the catheter 60 is broken, and the drainage tube is attached to
      the catheter again.
PAR  J. The tip cover 50 may be again placed on the tip 18 of the device 10, and
      the device is disposed of. Note that as a result of practicing the present
      invention, this is the only thing that need be disposed of instead of a
      syringe, collecting tray, graduate with cover, and sterile field as is
      necessary when practicing the prior art procedures for bladder washing.
PAR  To provide for versatility in the type of bladder washing and irrigating
      procedures that will be employed, prefilled devices 10 may be provided in
      various sizes - usually a 150 cc and a 200 cc size. As mentioned above, it
      may also be desirable where the device will be left in longer than the
      normal 20-30 minutes of dwell time to provide a device 10 that has a
      potential volume a predetermined amount (such as 50cc) larger than the
      volume of irrigation solution to be used, and to fill the bellows 12 while
      the bellows are contracted that predetermined amount, and then to cap the
      tip 18 with the cover 50. Then more liquid can be withdrawn thereby than
      introduced therewith. Provision can always be made for the introduction of
      medication.
PAR  It will be readily apparent to one of ordinary skill in the art that a
      bladder washing method and apparatus have been herein disclosed that
      insure asepsis during a bladder washing prodedure, and have all of the
      other advantages mentioned over the methods and apparatus of the prior
      art. While the invention has been herein disclosed in what is presently
      conceived to be the most practical and preferred embodiments, it is to be
      understood that many modifications may be made therefrom within the scope
      of the invention; thus it is intended that the method and apparatus of the
      present invention cover all equivalents thereto within the scope of the
      invention, which scope is to be restricted only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for aseptically washing the bladder of an individual having an
      indwelling catheter, said apparatus comprising
PA1  a. means for aseptically washing a bladder, for facilitating mechanical
      washing action of liquid in washing a bladder, and for preventing removal
      of too much liquid from a bladder, said means comprising (i) a hollow body
      member having the interior thereof prefilled with a predetermined amount
      of liquid for washing a bladder, and having first and second ends thereof,
      (ii) a tubular tip portion extending from said hollow body member at the
      first end thereof and adapted to be attached to said catheter to allow
      liquid communication between the bladder and the hollow body member but to
      prevent air from being admitted thereto, (iii) means for contracting and
      expanding the volume of said body member from a first position wherein
      said body member is prefilled with liquid, to a second position wherein
      substantially all of said liquid is expelled from said body member, to a
      third position wherein said liquid is drawn back into said body member and
      said body member is substantially filled, and (iv) means for releasably
      locking said body member in said second position thereof wherein said
      volume thereof is contracted and the prefilled liquid therein is
      substantially expelled therefrom, said means including a plate having a
      pair of projections thereon, said plate terminating the second end of said
      body member and located exteriorly of said body member, and a pair of
      locking surfaces, said locking surfaces being spaced from but adjacent to
      the first end of said body member, said locking surfaces being disposed in
      the path of movement of said projections of said plate as said body member
      is moved from said first to said second position, said body member being
      twistable so that said projections may be moved out of interferring
      relationship with said locking surfaces, and after having moved past said
      locking surfaces said body member being twistable back into its normal
      path of movement so that said plate projections abut said locking surfaces
      whereby said body member assumes said second position whereby movement of
      said body member from said second position to said third position is
      prevented, and
PA1  b. means for maintaining said prefilled volume of liquid within said body
      member until use thereof.
NUM  2.
PAR  2. Apparatus as recited in claim 1 further comprising means for
      facilitating guidance of said tip portion into liquid communicating
      air-tight relationship with said catheter.
NUM  3.
PAR  3. Apparatus as recited in claim 1 further comprising means for
      facilitating contraction and expansion of said volume of said hollow body
      member.
NUM  4.
PAR  4. Apparatus as recited in claim 3 wherein said means includes a ring
      adapted to be engaged by a thumb, said ring attached to a portion
      terminating said body member at the end thereof spaced from said tip
      portion.
NUM  5.
PAR  5. Apparatus as recited in claim 1 wherein said means for maintaining said
      prefilled volume of liquid within said body member until use thereof
      includes a cover for said tip portion made of resilient material.
NUM  6.
PAR  6. Apparatus as recited in claim 1 wherein said body member comprises a
      bellows having two open ends, and a means for terminating each of said
      open ends of said bellows.
NUM  7.
PAR  7. Apparatus as recited in claim 1 wherein said apparatus is prefilled to
      less than its maximum liquid containing volume, provision thereby being
      made for introduction of a volume of medication or for withdrawal of an
      amount of fluid in excess of the amount that was introduces into said
      bladder.
NUM  8.
PAR  8. Apparatus for aseptically washing the bladder of an individual having an
      indwelling catheter, said apparatus comprising
PA1  a. means for aseptically washing a bladder, for facilitating mechanical
      washing action of liquid in washing a bladder, and for preventing removal
      of too much liquid from a bladder, said means comprising (i) a hollow body
      member prefilled with a predetermined amount of liquid for washing a
      bladder, (ii) means for contracting and expanding the volume of said
      hollow body member to alternately expell liquid from and draw liquid into
      said body member, (iii) means located exteriorly of said body member for
      locking said body member in a position thereof wherein said volume thereof
      is contracted and the prefilled liquid therein is substantially expelled
      therefrom and (iv) a tubular tip portion extending from said hollow body
      member and adapted to be attached to said catheter to allow liquid
      communication between the bladder and the hollow body member but to
      prevent air from being admitted thereto,
PA1  b. means for maintaining said prefilled volume of liquid within said body
      member until use thereof.
PA1  c. means for facilitating guidance of said tip portion into liquid
      communicating air-tight relationship with said catheter, said means
      comprising a pair of rings mounted on a portion terminating said body
      member adjacent said tip.
NUM  9.
PAR  9. A method of aseptically washing the bladder of an individual having an
      indwelling catheter, said method comprising the steps of
PA1  a. attaching the tip of a bladder washing device prefilled with bladder
      washing liquid in air-tight liquid communication with the indwelling
      catheter,
PA1  b. reducing the volume of said bladder washing device to cause said liquid
      therein to enter the catheter and bladder,
PA1  c. latching said bladder washing device in a reduced volume position,
PA1  d. maintaining said bladder washing device in its latched position a
      predetermined amount of time,
PA1  e. withdrawing said solution from said bladder by unlocking said bladder
      washing device and expanding the volume thereof, and
PA1  f. removing said bladder washing device from attachment with the catheter.
NUM  10.
PAR  10. A method as recited in claim 9 comprising the further step of
      introducing a predetermined amount of medication into said bladder washing
      device without allowing the entrance of air therein before attaching the
      tip of said device to said catheter.
NUM  11.
PAR  11. A method as recited in claim 9 comprising the further step of disposing
      of said bladder washing device after use thereof.
NUM  12.
PAR  12. A method as recited in claim 9 comprising the further steps of
      repeatedly alternately reducing and expanding the volume of said bladder
      washing device before locking it in a compressed position.
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ABST
PAL  A polymeric wall adapted to release drug at a controlled rate for a
      prolonged period of time from a reservoir comprising a drug and a carrier
      which is permeable to the drug and saturated therewith during said
      prolonged period of time, to a body environment or a drug receptor site,
      the wall comprising a mixture of a polymer which is biologically
      compatible with said environment or site and maintains its integrity while
      in contact therewith, has a glass transition temperature between ambient
      temperature and 150.degree.C, a crystallinity of 5% to 95%, or is rubbery,
      and is permeable to the drug but at a rate less than that of the carrier
      and as a minor constituent a polymeric additive such as a polyester
      prepared from a glycol and a dibasic acid, polyethylene glycol,
      chlorinated polyethylene or copolymers of ethylene and vinyl esters or
      vinyl esters or vinyl halides, the amount of additive being sufficient to
      make the permeability of the wall to the drug substantially different than
      the permeability of the polymer to the drug but still less than the
      permeability of the carrier to the drug.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 209,782, filed Dec. 20, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel drug-permeable polymeric wall adapted to
      release a drug at a controlled rate from a drug-containing reservoir to a
      body environment and to novel drug delivery devices including such a wall.
      It also relates to methods for increasing the permeability of polymers
      used to make such walls and methods for modifying the rate of drug release
      through such walls.
PAR  2. Description of Prior Art
PAR  Prior art drug delivery devices comprised of a drug dispersed in a solid
      matrix permeable to passage of the drug and surrounded by a polymer
      membrane, also permeable to passage of the drug but at a lower rate than
      through the matrix, have proven themselves capable of zero order drug
      release and represent a substantial improvement over previously proposed
      drug delivery devices. The drug release rate in these devices is
      controlled by using certain wall forming materials for releasing the drug,
      and the release rate for the drug is proportional to its diffusion
      coefficient in the wall and to the solubility of the drug in the wall. In
      making these drug delivery devices available to the art, these parameters
      are developed for each drug, and it has now been found that this can
      require a large number of wall forming materials for different drugs. This
      often adds considerable complexity to the design of drug delivery devices.
PAR  It is also known to the art to incorporate drug into certain types of
      liquid carriers, usually in microcapsule formulations, for example, as in
      U.S. Pat. No. 3,464,413. However, these microcapsules are not designed for
      the controlled release of drug for a prolonged period of time by using
      drug release rate controlling wall materials. The microcapsules are
      frequently crushable, and they merely function as drug carriers supplying
      their drug in bulk, and not in controlled amounts by rupture of the
      microcapsules. These types of capsules are not suitable for releasing drug
      at a controlled rate for a prolonged period of time.
PAR  The prior art also discloses incorporating conventional plasticizers in
      polymer walls of drug delivery devices (U.S. Pat. Nos. 3,630,200 and
      3,538,214) to increase the flexibility of such walls.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to provide means and methods for
      modifying the permeability of a drugpermeable polymeric wall adapted to
      release a drug at a controlled rate from a drug-containing reservoir to a
      body environment or a drug receptor site.
PAR  Another object of this invention is to provide drug permeable walls of
      unique polymeric composition which are adapted for use in drug delivery
      devices in which drug is released at a controlled rate from a
      drug-containing reservoir to a body environment by permeation through a
      polymeric wall. Correlatively yet another object is to provide improved
      drug delivery devices which include at least one of such walls.
PAR  The drug-permeable walls of this invention are adapted for use in the prior
      art devices which release a drug at a controlled, preferably substantially
      constant, rate from a reservoir comprising a carrier which is permeable to
      the drug and drug in an amount sufficient to maintain the concentration of
      drug in the carrier at saturation concentration during the life of the
      device to a body environment or drug receptor site by passing the drug
      through a drug release rate controlling polymer wall which is permeable to
      the drug but at a rate less than that of the carrier to the drug. They
      comprise a homogeneous mixture of (1) a polymer which is biologically
      compatible with said environment or site and maintains its integrity while
      in association therewith, has a glass transition temperature between about
      ambient (normal room) temperature and 150.degree.C, a crystallinity in the
      range of about 5% and about 95% or is rubbery and is permeable to the drug
      at a rate less than the carrier of the device and (2) a polymeric additive
      selected from the group consisting of certain polyesters prepared from a
      glycol and a dibasic acid, polyethylene glycol, chlorinated polyethylene
      and copolymers of ethylene and vinyl esters or vinyl halides, the amount
      of said additive in the mixture being sufficient to make the permeability
      of the mixture to the drug substantially different than the permeability
      of the polymer to the drug but still less than the permeability of the
      carrier to the drug.
PAR  The methods of this invention involve mixing the above defined polymeric
      additive into the above defined polymers in various amounts which provide
      mixtures thereof having a predetermined range of permeabilities to the
      drug.
PAR  Other objects, features, and advantages of the invention will be apparent
      to those skilled in the art from the detailed description of the invention
      which follows, taken in conjunction with the drawings, and the
      accompanying claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are not drawn to scale, but rather are set forth to
      illustrate various embodiments of the invention:
PAR  FIG. 1 is a perspective, cross-sectional view of a drug delivery device of
      the invention depicting a wall surrounding a reservoir;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of a drug delivery
      device of the invention illustrating two different walls surrounding a
      reservoir containing a drug;
PAR  FIG. 3 is a side, fragmentary view depicting a vaginal drug delivery device
      of the invention for releasing drug in a body orifice; and
PAR  FIG. 4 is a frontal, fragmentary view of a uterine cavity showing a drug
      releasing intrauterine device positioned in the cavity;
PAR  In the drawings and specification, like parts in related figures are
      identified by like numbers. The terms appearing earlier in the
      specification and in the description of the drawings, as well as
      embodiments thereof, are further described elsewhere in the disclosure.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Turning now to the drawings in detail, which are examples of various drug
      delivery devices of the invention, and which examples are not to be
      construed as limiting, one embodiment of a novel drug delivery device is
      indicated in FIGS. 1 and 2 by the number 10. In FIG. 1 drug delivery
      device 10 is comprised of a wall 11 surrounding a reservoir 12. Reservoir
      12 is comprised of a drug carrier 13 as shown in FIG. 1 and it contains a
      drug 14, or a mixture of drugs. Drug carrier 13 is a solid and it is
      permeable to the passage of drug 14, as by diffusion and/or connection.
      Wall 11 is formed of a mixture of polymer, defined briefly supra and in
      detail infra permeable to the passage of drug 14, as by diffusion, and a
      permeability modifying additive also defined briefly supra and in detail
      infra that causes the permeability of the wall to be materially different
      than the permeability of said polymer by itself and likewise causes the
      rate of passage of drug 14 through wall 11 to be materially different than
      if wall 11 was formed only of said polymer. The rate of passage of drug 14
      through wall 11 is lower than the rate of passage of drug 14 through solid
      drug carrier 13. Drug 14 consists of a portion which is dissolved in
      carrier 13 and an undissolved portion and is present within reservoir 12
      in an amount sufficient to maintain a saturation concentration of drug in
      the carrier throughout the use period of the device.
PAR  In operation, solid drug carrier 13 serves as a reservoir 12 by supplying
      dissolved drug 14 to wall 11 as drug molecules move through the carrier to
      bathe the inner surface of wall 11. Drug 14 present at the drug
      carrier/wall interface dissolves in and migrates through the wall
      ultimately reaching the outer surface of wall 11. As drug 14 leaves drug
      carrier 13, undissolved drug present in reservoir 12 dissolves in solid
      carrier 13 to maintain a saturation concentration of drug in the carrier
      for continuously supplying drug at substantially the same rate to wall 11.
      Thus, a substantially zero order drug release rate of specifically defined
      magnitude is obtained.
PAR  In FIG. 2, wall 15 comprising the remainder of device 10 is formed of a
      material impermeable to the passage of drug 14. Reservoir 12 of FIG. 2 is
      comprised of a drug carrier 13 containing a drug 14 or a mixture of drugs.
      Carrier 13 of FIG. 2 is a liquid carrier and it is permeable to the
      passage of drug 14 as by diffusion, or by convection, or by an occurrence
      of both. As in the embodiment of FIG. 1 drug 14 is present in the
      reservoir as a dissolved portion and an undissolved portion in an amount
      sufficient to maintain saturation concentration in the carrier during the
      use period of the device.
PAR  In operation, carrier 13 serves as a reservoir by supplying dissolved drug
      14 to wall 11 as molecules move through the carrier to bathe the inner
      surface of wall 11. Drug 14 present at the carrier/wall interface
      dissolves in and migrates through wall 11, the composition of which is the
      same as the composition of the wall of FIG. 1, ultimately reaching the
      outer surface of wall 11 for release to a drug receptor site. Wall 11 is
      substantially impermeable to carrier 13, and it remains in the reservoir.
      Additionally, the permeability of wall 11 per se to the diffusion of drug
      14 is lower than the permeability of liquid drug carrier 13 to the
      diffusion of drug 14 and passage through wall 11 thus acts as the rate
      limiting step for drug release from device 10.
PAR  FIG. 3 illustrates another drug delivery device of the invention. In FIG. 3
      there is illustrated a drug delivery device 10 designed for administering
      drug within a body opening, the vaginal canal, not shown. Drug delivery
      device 10 of FIG. 3 is comprised of a cylindrical body having a wall 11
      surrounding a reservoir 12. The cylindrical body is provided with a
      rounded entrant end 16 and at the opposite end 17 with a pull string 18
      for easy removal from the vaginal canal. Reservoir 12 is comprised of a
      drug carrier 13 containing drug 14. Drug carrier 13 is solid or liquid in
      nature. Drug carrier 13 is permeable, as by diffusion, to the passage of
      drug 14, which has limited solubility therein. As in the devices of FIGS.
      1 and 2 drug 14 consists of a dissolved portion and an undissolved portion
      and is present in an amount sufficient to maintain saturation
      concentration in the carrier 13 for the useful life of the device. Wall 11
      is made of a mixture of polymer and polymeric additive that is insoluble
      in body fluids, indigestible and non-erodible and it is permeable to the
      passage of drug 14, as by diffusion. In this device, as with the devices
      discussed above, wall 11 contains an effective amount of a permeability
      modifying additive that affects the rate of drug passage through wall 11,
      and the permeability of wall 11 to drug is lower than the permeability of
      carrier 13 to drug. Thus, passage of the drug through wall 11 is the rate
      controlling step for releasing drug from the drug delivery device.
PAR  In FIG. 4 there is graphically depicted an intrauterine contraceptive drug
      delivery device 10 prepared according to the spirit of the invention.
      Device 10, it will be seen, consists of a closed perimeter and an open
      central area and having geometric dimensions generally conforming to the
      internal shape of a uterus 20. The device generally has a pair of median
      sides 21 extending downwards into a second pair of sides 22 joined at an
      apex 23. The upper portion of device 10 has a pair of corresponding sides
      24 joined at an apex 25. Device 10 is adapted to be located within the
      uterine cavity 20 and when positioned therein, it contacts the sides 26 as
      well as the fundus uteri 27. Device 10 is capable of being substantially
      straightened by passing through a hollow instrument for positioning it in
      uterus 20. The device is also equipped with a pair of nylon or surgical
      threads 28, attached to its trailing end for manually removing the device
      from the uterus.
PAR  Device 10 of FIG. 4 is comprised of a wall 11 housing a reservoir 12.
      Reservoir 12 is comprised of a drug carrier medium 13 containing a drug 14
      in the portion's and amount hereinbefore described. The carrier confined
      in the reservoir serves several purposes for effectively releasing drug
      from the device. First, it contains a drug or a mixture of drug and it is
      permeable to the passage of drug so that drug in the carrier can migrate
      to wall 11. Secondly, the carrier contacts and bathes the inner surface of
      wall 11 for facilitating drug transfer from the carrier to the wall so
      that drug molecules can dissolve in and diffuse through the wall and
      migrate through it to the outer surface thereof. Thirdly, the carrier
      serves as a constant source of drug as it has a limited or varying degrees
      of solubility for drug or a mixture of drugs. Thus, the carrier is a
      constant source of drug because, as drug dissolves in the carrier and
      transfers from the carrier to the wall, undissolved drug dissolves in the
      carrier to insure a constant and uniform supply of drug until essentially
      all of the drug has been released by the device. This mechanism of
      continually replenishing the drug contributes to the device's ability to
      achieve a uniform substantially time independent release rate for the
      device throughout its use.
PAR  As in the above described embodiments wall 11 of the intrauterine
      contraceptive drug delivery device 10, is formed of a homogeneous mixture
      of release rate controlling polymer to continuously meter the flow of a
      contraceptively effective amount of a drug from reservoir 12 for release
      within uterus 20 and a release rate (permeability) additive whose presence
      in wall 11 materially affects the rate of drug release through the wall.
      That is, by controlling the amount of modifying agent in the wall the rate
      of drug release through the wall can be effectively controlled to
      predetermined rates, and this rate of drug release is lower than the
      passage of drug through and/or from the carrier, so that the former is the
      rate controlling step for drug release from the intrauterine contraceptive
      device. The depicted intrauterine drug delivery device is manufactured in
      a non-traumatising design for easy insertion into the uterine cavity. The
      device can be fabricated into assorted sizes, shapes, and thicknesses for
      adaptation to a wide variety of uteri.
PAR  While the above FIGS. 1 through 4 inclusive are illustrative of various
      drug delivery devices that can be made according to the invention, it is
      to be understood that these drug delivery devices are not to be construed
      as limiting, as the drug delivery devices of the invention can take a wide
      variety of shapes, sizes and forms for administering the drug at
      controlled rates to different areas of the body or to different drug
      receptor sites. For example, the invention includes external and internal
      drug delivery devices such as skin patches, sublingual or buccal drug
      delivery devices, peroral devices, arterial devices, nasal and ear drug
      delivery devices, suture materials, plastic heart valves, Starr-Edwards
      heart valves, hip joints, non-thrombogenic hydrocephalus shunt, bone pins,
      pessaries, prostheses, artificial glands, cervical rings, troches,
      intrauterine drug delivery devices of cylindrical, bullet, elliptical,
      circular, bulbous, loops, bows, or any other geometrical shape that
      readily lends itself to intrauterine placement such as Birnberg's Bow in
      U.S. Pat. No. 3,319,625; Comet in U.S. Pat. No. 3,256,878; Majzlin Spring
      in U.S. Pat. No. 3,397,691; Inhiband in U.S. Pat. No. 3,323,520; Bakunin
      in U.S. Pat. No. 3,405,711; Shamrock in U.S. Pat. No. 3,077,879; the ring
      with tail; Ota ring, and the like. In each instance, all of the drug
      delivery devices made according to the invention have a reservoir
      comprised of a drug and a drug carrier permeable to the passage of drug,
      as by diffusion and/or convection. The reservoir is surrounded by a wall,
      at least a portion of which is formed from a mixture of a polymer
      permeable to the passage of drug, as by diffusion, and a polymeric release
      rate modifying additive which significantly affects the rate of drug
      passage through the wall. The drug rate of release through the wall is
      lower than the rate of passage through the carrier, so that the drug
      release rate through the wall is the drug release rate controlling step.
      Also, all of the drug delivery devices are of appropriate known shapes and
      sizes for implantation, insertion or positioning in the desired body
      cavities or on tissues for administering of drug to the body or to a drug
      receptor site.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the practice of the present invention, it has now been
      found that the drug delivery devices which include the wall of the
      invention provide many important advantages over previously known drug
      delivery devices. One advantage of the device is the ease of construction
      of the drug delivery device by standard manufacturing techniques into
      devices of various sizes, shapes and forms for delivering drugs to a
      recipient. A more important advantage is that the invention wall may be
      used to provide a broad range of drug release rates by providing one or
      more devices having a reservoir, or more than one reservoir in a large
      multi-purpose device, wherein the reservoir contains a carrier or a
      mixture of carriers having varying degrees of solubility for a drug or a
      mixture of drugs and where the carrier simultaneously releases drug to the
      wall and dissolves replacement drug to maintain a constant supply of drug
      for release by the device.
PAR  Another important advantage of the invention resides in the drug delivery
      devices' ability to effectively control the rate of release of the drug
      from the device by providing a zero order (dM.sub.t /dt = constant) rate
      of drug release throughout the major portion of the drug release history.
      The drug time release pattern for the device of the invention is obtained
      by a selection of the drug release parameters, such as, the nature of the
      basic polymer component of the wall, the nature and amount of additive per
      area of wall, the nature of the drug carrier in the reservoir, and the
      kind of drug contained therein.
PAR  The above advantages and objects are achieved by the unique construction
      and operation of the device and its ability to transfer drug to a
      recipient or to a drug receptor site. In construction, the device can be
      viewed as a single unit constructed device comprising two structures
      acting in concert for effective drug administration to a host. One
      structure pertains to a wall formed of a drug release rate controlling
      polymer containing a drug release rate (permeability) modifying additive
      therein, and the other structure relates to a reservoir comprising a drug
      and a carrier of a material permeable to the passage of drug. The
      materials forming the wall and the drug carrier are chemically and
      structurally different within a single device and the rate of release of
      drug through the wall is lower than the rate of passage of drug in the
      drug carriers.
PAR  These two structures, comprising the unit drug delivery device, operate to
      effectively transfer drug from the device by first transferring drug from
      the carrier to the wall containing the release rate modifying additive,
      and secondly, by transferring drug through the wall to a drug recipient.
      The transfer of drug through the wall occurs by diffusion. In the
      diffusion process, the drug dissolves in the wall and then diffuses in the
      direction of lower chemical potential. At the second boundary, the outside
      of the wall, equilibrium is again established. When the boundary
      conditions on both sides of the wall are maintained constant, a steady
      state flux of the drug will be established which can be described by
      Fick's Law of Diffusion. The rate of passage of drug through the wall is
      generally dependent, in the case of diffusion, on the solubility of the
      drug in the wall, as well as on the diffusion coefficient. This means that
      selection of appropriate materials for fabricating the wall will be
      dependent on the particular wall, the media and the drug to be used.
PAR  The polymers which form the basic component of the wall are those which
      have physical and chemical properties suitable for the fabrication process
      and suitable for the use environment and through which the drug can pass
      at a controlled rate of release by the process of diffusion. In this
      regard they are biologically compatible with body fluids, tissues or
      organs, and essentially insoluble in body fluids, and non-erodible, with
      which they will come in contact. Generally, the use of rapidly dissolving
      materials or materials which are highly soluble, or which swell to lose or
      distort their predetermined shape, in body fluids is to be avoided since
      dissolution or loss of properties of the wall of the device would affect
      the constancy of the drug release, as well as the capability of the system
      to remain in place for certain uses for prolonged periods of time.
PAR  These polymers are approximately classified into three categories: (1)
      polymers whose glass transition temperatures are above room temperature
      (20.degree.-150.degree.C) and have low permeability to drugs because of
      low molecular mobility; (2) polymers which are partially crystalline
      (5-95%) and hence have low permeability to drugs; and (3) polymers which
      are rubbery, and whose glass transition temperatures are below room
      temperature, i.e. about 20.degree.C. In the latter category these rubbery
      polymers may be thermoplastic or thermosetting in nature. Such polymers
      are commercially available and include polyvinyl chloride, polyvinylidene
      chloride, polyvinyl fluoride, polyvinylidene fluoride, polyvinyl acetate,
      polyvinyl butyral, polystyrene, cellulose acetate, cellulose nitrate,
      ethyl cellulose, cellulose acetate butyrate, cellulose acetate propionate,
      polyurethane, butadiene/acrylonitrile copolymer, chlorinated natural
      rubber, styrene/butadiene copolymer, ethylene/propylene copolymer,
      ethylene/vinyl acetate copolymer, ethylene/vinyl chloride copolymer,
      polyethylene, polypropylene and polyalkyl acrylates in which the alkyl
      group is of 2 to 4 carbon atoms.
PAR  The polymeric release rate modifying additives that are homogeneously mixed
      with the above described polymers to form the walls of this invention are
      essentially insoluble in body, that is, animal fluids, nonvolatile and
      nonleachable and nonextractable from the polymer once they are blended
      thereinto. These additives are commercially available and include: (1)
      essentially linear olefinically saturated polyesters having a number
      average molecular weight of less than about 20,000,  preferably about 500
      to about 8,000, of a diol of 2 to about 7 carbon atoms or polyethylene
      glycol and a dibasic carboxylic acid of about 6 to about 15 carbon atoms
      in which the terminating group is a carboxyacyl group of about 2 to about
      18 carbon atoms or an alkoxy group of about 3 to about 15 carbon atoms.
      Such polyesters include those of the recurring general formula:
      ##SPC1##
PAL  wherein a is an integer from 2 to 4, inclusive, and b is an integer from 4
      to 13, inclusive. Typical diols which are used in such polyesters are
      alkylene glycols, e.g. ethylene glycol, diethylene glycol, triethylene
      glycol, propylene glycol, and alkane diols, e.g. 1, 3-butane diol, and 2,
      2-dimethyl -1,3-propane diol. Representative of such dibasic carboxylic
      acids are adipic, azelaic, sebacic, phthalic, isophthalic, terephthalic,
      pimelic, .alpha.,.omega.-dodecanoic and .alpha. ,.omega.-tridecanoic.
      Examples of such terminating groups are the acyl derivatives of fatty
      acids such as a lauryl, stearyl capryl and pelargonyl, acyl derivatives of
      aromatic acids such as benzoyl; and butoxy, octoxy, 2-ethylhexoxy, decoxy,
      nonoxy, isodecoxy and the like; (2) polyethylene glycols of about 200 to
      about 1,500 molecular weight; (3) ethylene-vinyl acetate copolymers of
      about 20 to about 40% by weight vinyl acetate and about 20,000  to about
      30,000 number average molecular weight; (4) chlorinated polyethylene of
      about 25 to 45% by weight chlorine and about 20,000 to about 30,000 number
      average molecular weight; (5) ethylene-ethylacrylate copolymers of about
      20% to about 40% by weight ethylacrylate and about 20,000 to about 30,000
      number average molecular weight; and (6) ethylene-vinyl chloride
      copolymers of about 25% to about 45% by weight chlorine and about 20,000
      to about 30,000 number average molecular weight.
PAR  The novel wall compositions of the invention are made by mixing one or more
      of the above described polymers with one or more of the above described
      additives. Such mixing may be carried out by conventional techniques and
      procedures well known in the art. The amount of additive in the mixture is
      sufficient to provide the mixture with a permeability to drug that is
      materially different, in nearly all instances materially greater, from the
      permeability of the polymer itself to drug. By varying the specific amount
      of additive mixtures of varying permeability may be readily made.
      Accordingly, permeability and drug release rate may be materially changed
      by a simple blending process rather than a complete change in the
      selection of polymer.
PAR  Generally the amount of polymeric drug release rate additive present in the
      mixture will be about 0.2 mg to 5.0 mg per cm.sup.2, preferably 1 to 2 mg
      per cm.sup.2, for a 1 to 5 mil thick wall, or about 0.016 g to 2.0 g per
      unit volume, that is, for each cc of wall. A typical additive
      concentration at these ranges, for example 0.1 g to 0.5 g for each cc of
      wall, will allow a corresponding drug release of 1 microgram to 100
      micrograms per hour.
PAR  The term "reservoir" as used in the specification and the accompanying
      claims generally refers to a "drug", a "drug carrier" or to a
      "medium-containing drug", that constantly bathes the inner surface of the
      drug release rate controlling wall and supplies drug thereto. That is, the
      reservoir is comprised of a drug carrier material saturated with dissolved
      drug, and undissolved drug in a form and amount sufficient to maintain a
      saturation concentration of drug throughout the carrier during the useful
      life of the device. The carrier is permeable to the passage of the drug as
      by diffusion and/or convection. The drug carrier medium used for the
      purpose of the invention is a solid, or a liquid, and it can be inorganic
      or organic, and of naturally occurring or synthetic origin. Examples of
      solid carriers comprised within the term solid are, for example, gelatin;
      starches; carbohydrates; solid extracts of Irish moss; ethylcellulose;
      cured polymers; silicone carbonate copolymers; hydrophilic polymers such
      as hydrophilic hydrogels of esters of acrylic acids; modified collagen;
      surface treated silicone rubbers; plasticized poly(vinylchloride); and the
      like. Representative of liquid carriers include ethylene glycol, liquid
      polyethylene glycols having a molecular weight of 200, 300, 400 and 600,
      fats and oils of plant, animal and marine origin such as almond oil,
      babassu oil, cocoa butter, corn oil, soybean oil, emulsions of gum arabic,
      water and ethyl cellulose, liquid glyceryl triesters of a lower molecular
      weight fatty acid, aqueous suspensions of poly(vinyl pyrrolidone), and the
      like. Further, for the purpose of this invention, the terms solid carrier
      and liquid carrier and the examples thereof are deemed as functional
      equivalents and they can also be generically termed "core" or "carrier".
      Remington's Pharmaceutical Sciences, pages 1627 to 1679, 1970, published
      by Mack Publishing Company, Easton, Pa.
PAR  The drug carrier medium comprising the reservoir, also has in addition to
      the properties described supra, limited solubility for contained drug or
      for a mixture of drugs. By limited solubility is meant that drug is
      soluble in given amounts in the carrier; that is, it comprises varying
      concentrations of drug dissolved in the carrier. Essentially, there is
      also an excess amount of undissolved drug present in the carrier. These
      varying limited solubility concentrations include solubilities such as
      soluble, sparingly soluble, slightly soluble, very slightly soluble, and
      almost practically insoluble. Generally, on a weight basis at 25.degree.C,
      the amount of drug dissolved in a carrier comprises a range of solubility
      of drug in the carrier of 1 part of drug to about 10 parts to 15,000 parts
      of carrier. Presently, when desired to obtain a zero order rate of drug
      release, the drug incorporated in the carrier is preferably sparingly
      soluble so as to maintain substantially the same thermodynamic activity of
      the drug throughout the release period.
PAR  The composition wall 11 is chemically and/or structurally different than
      the composition of the carrier. Both the wall and the carrier are
      permeable to the passage of drug but the rate of flow through wall 11 is
      lower than the rate through the carrier. Thus, the rate of passage of drug
      through the wall is the rate release controlling step for the device.
      Generally, for the practice of this invention, the ratio of the drug
      release rate through the drug carrier of the reservoir to the drug release
      rate through the wall containing the modifier should be from 1000:1  to
      2:1 and preferably from 10:1 to 200:1. Of course, the invention is not
      limited to these release rates, or compositional ranges, as the invention
      comprises lower or higher release rates from the drug carrier and lower
      and higher rates through the wall with the release rate through the wall
      lower than the release rate of the drug carrier. Thus, the invention
      provides that devices comprised of a carrier with various amounts of
      additive in the wall and activated by diffusion, can give different
      dosages of a drug by varying the characteristics of the respective
      materials to give controlled administration of a drug.
PAR  For the above discussed devices, because the reservoir serves to transfer
      drug molecules to all areas of the wall, the wall of the drug delivery
      system housing the reservoir remains substantially at the thermodynamic
      activity corresponding to that of the drug until substantially all of the
      drug has been released from the reservoir. Ordinarily, one would expect
      drug migration from the reservoir to cease when sufficient drug has
      entered the wall to establish an equilibrium; however, when the drug
      delivery system is in contact with body tissues or fluids, drug molecules
      are continuously removed from the outer surface of the wall. For optimum
      results, the rate of release of the drug through the wall should be less
      than the rate of clearance of migrated drug from the external surface of
      the device. This ensures that the drug administration rate is dependent on
      the rate of release of drug through the wall which can be controlled,
      rather than upon clearance of drug from the device in vivo, which can
      vary.
PAR  The rate of release of a drug through various materials, for example the
      release rate controlling wall, or a carrier, can easily be determined by
      those skilled in the art by standard procedures. In this manner,
      particular materials used as the device's wall for use as the drug release
      rate controlling barrier for release of drug from the reservoirs, as the
      carrier, can be scientifically selected. Various techniques, such as the
      transmission method, the sorption-desorption method, and the like, can be
      used as measurers of permeability. One technique that has been found to be
      accepted is to cast or hot press a film of the wall forming material to a
      thickness in the range of 1 to 60 mils. The film is used as a barrier
      between a rapidly stirred, for example, about 150 r.p.m., saturated
      solution of the drug and a rapidly stirred solvent bath, both maintained
      at constant temperature, typically 37.degree.C. Samples are periodically
      withdrawn from the solvent bath and analyzed for drug concentration. By
      plotting the agent's concentration in the solvent bath versus time, the
      permeability constant P of the material is determined by Fick's First Law
      of Diffusion.
      ##EQU1##
      wherein Q.sub.1 = cumulative amount of drug in solvent in micrograms at
      t.sub.1
PA1  Q.sub.2 = cumulative amount of drug in solvent in micrograms at t.sub.2
PA1  t.sub.1 = elapsed time to first sample i.e. Q.sub.1
PA1  t.sub.2 = elapsed time to second sample i.e. Q.sub.2
PA1  a = area of membrane in cm.sup.2
PA1  C = initial concentration of drug
PA1  h = thickness of membrane in cm.
PAL  By determining the slope of the plot,
      ##EQU2##
      and solving the equation using the known or measured values of A, C, and
      h, the permeability P constant in cm.sup.2 /time of the material for a
      given drug is readily determined. Procedures for determining the rate of
      drug release through the carrier can be easily used by following standard
      techniques known to the art as recorded in J. Pharm. Sci., Vol. 52, pages
      1145 to 1149, 1963; ibid. Vol. 53, pages 793 to 802, 1964; ibid. Vol. 54,
      pages 1459 to 1464, 1965; ibid. Vol. 55, pages 840 to 843 and 1224 to
      1239, 1966; Encyl. Polymer Sci. Technol., Vol. 5 and 9, pages 65 to 82 and
      794 to 807, 1968; the references cited therein, and the like.
PAR  The solubility of a drug in a liquid carrier can be determined by various
      art known techniques. One method consists in preparing a composition of
      the given drug and ascertaining by analysis the amount of drug present in
      a definite quantity of the liquid carrier. A simple apparatus for this
      purpose consists of a test tube of medium size fastened upright in a water
      bath maintained at constant temperature. The liquid carrier and drug are
      placed in the tube and stirred by means of a motor driven rotating glass
      spiral. After a given period of stirring, a definite weight of the liquid
      carrier is analyzed and the stirring continued for an additional period of
      time. If the analysis shows no increase of dissolved substance after the
      second period of stirring, the results are taken as the degree of
      solubility of the drug in the liquid carrier. Numerous other methods are
      available for the determination of the degree of solubility of a drug in a
      liquid carrier. Typical methods used for the measurement of solubility are
      chemical analysis, measurement of density, refractive index, electrical
      conductivity, and the like. Details of various methods for determining
      solubilities are described in United States Public Health Service Bulletin
      No. 67 of the Hygienic Laboratory; Encyclopedia of Science and Technology,
      Vol. 12, pages 542 to 556, 1971, McGraw-Hill, Inc., Encyclopaedic
      Dictionary of Physics, Vol. 6, pages 545 to 557, 1962, Pergamon Press,
      Inc., and the like.
PAR  The solubility of the drug in a solid carrier used for making a device
      broadly is determined by preparing a saturated solution of a given drug
      and ascertaining, by analysis, the amount present in a definite area of
      the carrier. For example, the solubility of the drug in the carrier is
      determined by first equilibrating the carrier material with a saturated
      solution of the drug at a known, temperature, for example 37.degree.C, or
      with a pure liquid drug if the drug is a liquid at 37.degree.C. Next, drug
      is desorbed from the saturated carrier material with a suitable solvent
      for the drug. The resultant solution for the drug then is analyzed by
      standard techniques such as ultraviolet, visible spectrophotometry,
      refractive index, polarography, electrical conductivity and the like, and
      calculating from the data the concentration, or solubility of the drug in
      the solid carrier.
PAR  The diffusion coefficient of a drug in a polymer is determined by
      techniques known to the art such as the transient state
      sorption-desorption method. The method is carried out by first soaking the
      membrane in a concentrated solution of a drug for sufficient time to reach
      equilibrium. Next, the membrane is removed from the solution and its
      surface wiped or rinsed to remove adhering drug solution. The membrane is
      then placed into a flask containing drug-free water and the amount of drug
      subsequently present in the water is measured at regular intervals as it
      comes out of the membrane until no more drug leaves the membrane. This
      procedure and the method for calculating the diffusion coefficient using
      this procedure is described in Diffusion in Polymers, Edited by Crank, J.
      and Park, G. S., Chapter 1, pages 1 to 37, 1960, published by Academic
      Press, Inc., London; and in Diffusion In Solids, Liquids, Gasses, by Jost,
      W., Chapter 1, pages 35 to 39, 1960, published by Academic Press, Inc.,
      New York; and the references cited therein. The diffusion coefficient of a
      drug in a membrane can also be experimentally determined by using similar
      procedures as described in Proc. Roy. Sci. London, Ser. A, Vol. 148, page
      1935; and J. Pharm. Sci., Vol. 55, pages 1224 to 1229, 1966.
PAR  The solubility of a drug in the wall of a device broadly is determined by
      preparing a saturated solution of a given drug and ascertaining, by
      analysis, the amount present in a definite area of the wall. For example,
      the solubility of the drug in the wall is determined by first
      equilibrating the wall material with a measured saturated solution of the
      agent at a known temperature and pressure, for example 37.degree.C and one
      atmosphere. Next, agent is desorbed from the saturated wall material with
      a suitable solvent for the agent. The resultant solution for the agent
      then is analyzed by standard techniques such as ultraviolet, visible
      spectrophotometry, refractive index, polarography, electrical conductivity
      and the like, and calculating from the data the concentration, or
      solubility of the agent in the material.
PAR  Using the procedures and formulas above described, one skilled in the art
      can design a drug dispensing device according to the invention by
      ascertaining the properties of the wall and carrier and then fabricating
      the device by selecting a carrier in which the drug has ascertained
      solubility and which is permeable to the drug but at a higher rate than
      the permeability of the wall to the drug. For example, by using the
      permeability coefficient, which is determined by using the above
      procedures and formulas, and which permeability coefficient is defined as
      the product of the diffusion coefficient, D.sub.w, of the drug in the wall
      and a distribution coefficient, K, which is a ratio of the solubility of
      the drug in the wall to the solubility of the drug in the saturated
      solution, the selection of materials for forming the wall and the carrier
      can be made for making a device according to the invention. For purposes
      of comparing the permeability of the wall to that of the liquid carrier,
      it is convenient to define the permeability as follows: P.sub.w = PC =
      D.sub.w S.sub.w wherein P, C and D.sub.w have the meaning as above
      described and S.sub.w is the solubility of the drug in the wall. The
      permeability of the carrier to the drug can similarly be defined as
      P.sub.c = D.sub.c S.sub.c wherein D.sub.c and S.sub.c are the diffusion
      coefficient and the solubility of the drug in the carrier. The solubility,
      S.sub.c, can be determined by cited methods. The diffusion coefficients of
      the drug in carriers will be in the range of 10.sup..sup.-6 to
      10.sup..sup.-5 cm.sup.2 /sec. The diffusion coefficient of the drug in the
      wall will be in the range of 10.sup..sup.-10 to 10.sup..sup.-8 cm.sup.2
      /sec. Thus, a selection of carrier materials such that P.sub.c &gt; P.sub.w,
      preferably P.sub.c .gtoreq.5 P.sub.w, is ascertained for preparing a
      delivery device. The symbols used herein have the conventional meaning,
      for example, the symbol "&gt;" means greater than and the symbol ".gtoreq."
      means greater than or equal to.
PAR  In the specification and the accompanying claims, the term "drug", broadly
      includes physiologically or pharmacologically active substances for
      producing a localized or systemic effect or effects in mammals including
      humans and primates, avians such as chicken and turkeys; valuable domestic
      household, sport or farm animals such as horses, dogs, cats, cattle, sheep
      and the like; or for administering to laboratory animals such as mice,
      monkeys, rats, guinea pigs; and the like. That is, the novel drug delivery
      device can be used for administering drugs that are physiologically or
      pharmacologically active at a point in near relation to the drug delivery
      device, or, for administering a systemically active drug which will
      produce a physiological or pharmacological response at a site remote from
      the point of application of the drug delivery device. The active drugs
      that can be administered by the drug delivery device of the invention
      include, without limitation: for example, drugs acting on the central
      nervous system, such as sedatives, hypnotics, psychic energizers,
      tranquilizers, and the like, drugs such as analgesics, anti-pyretics,
      antispasmodics, antimicrobials, hormonal agents, steroids, cardiovascular
      drugs, diuretics, neoplastic agents, hypoglycemic agents, and the like.
      Typical drugs are described in The Pharmacological Basis of Therapeutics,
      by Goodman and Gilman, 1970, Macmillan. Also, the drugs can be present as
      the pharmacologically acceptable derivatives, such as ethers, esters,
      amides, acetals, etc. that lend themselves to passage into the circulatory
      system. For highly water soluble drugs, it is preferable that the wall or
      the reservoir, or both be formed from a material that is substantially
      impermeable to water to essentially prevent dilution of the drug by
      absorption of body fluids into the device with an accompanying decrease in
      drug release rate. These derivatives can be prepared by art known
      techniques and then used in the practice of the invention. Of course, the
      drug derivative should be such as to convert to the active drug within the
      body through the action of body enzymes assisted transformations, pH,
      specific organ activities, and the like.
PAR  The amount of drug present in the reservoir, whether dissolved, partially
      dissolved or undissolved, is generally non-limited and it is an amount
      equal to or larger than the amount of a drug that on its release from the
      device is effective for bringing about the drug's physiological or
      pharmacological local or systemic effects. For example, the amount of drug
      present in the reservoir of a drug delivery device when the device is used
      for a period of time to achieve local or systemic effect is for various
      drugs, such as 11-desmethoxyreserpine about 5 to 140 mg in the reservoir;
      for aceptophenazine an amount in the reservoir of 100 to 400 mg; for
      methoxypromazine about 600 to 750 mg in the reservoir; for emcylamate a
      reservoir amount of 1.5 to 2.0 gm; for phenylglycodol a reservoir amount
      of 1.5 to 1.9 gm; about 160 to 250 mg of butabarbital in the reservoir;
      about 150 to 170 mg of chloradiazepoxide; from 0.5 to 1.2 gm of
      methsuximide; from 0.7 to 1.9 gm of ethosuximide; from 20 to 40 mg of
      hydrolazine; about 50 to 100 mg of totazoline; and the like. Generally,
      the drug delivery devices made according to the invention can contain from
      about 250 nanograms to 50 grams of drug for releasing it at a controlled
      rate of from about 25 nanagrams to about 25 grams of drug or larger
      amounts per day. Of course, other devices containing different amounts of
      drug for use for different time periods such as a week, month and year are
      also readily made by the invention.
PAR  It will be appreciated by those versed in the art that the unique drug
      delivery device of this invention can provide for the programmed delivery
      of drug at a rate of delivery characterized by a zero order time
      dependence for prolonged period of time; and, that the device therefore
      lends itself to administering an effective amount of drug needed for a
      therapeutic effect while essentially avoiding the presence of excessive
      amount of drug at the needed biological site. By a prolonged period of
      time is meant, as used herein, periods that embrace the time needed for a
      fast acting drug to effect its end up to periods that embrace the
      continual, uninterrupted, repetitious time of a long term drug delivery
      device. For example, the prolonged time can be one hour or more for drugs,
      like local anesthetics, analgesics, prostaglandins or the like, that are
      effective in nanogram and milligram amounts, or the like, to 3 years or
      longer for steroids released within the uterine cavity. Other examples
      include wherein the amount of drug in the reservoir can be 100 to 300 mg
      of thiopropazate for releasing 15 to 30  mg over a 24 hour period; 200 to
      400 mg in the reservoir of phenyltoloxamine for a release of 150 to 200 mg
      of papaverine in the reservoir for a topical release 30 to 75 mg over a 24
      hour period; 2.5 g to 4.0 g of mephenoxalone for a release of 1.0 to 1.5 g
      per day; 15 to 25 mg of tranylcypromane for a release of 10 to 15 mg as
      the standard dose; 1 to 2 gm of trimethadione present in the reservoir for
      a release administration of 0.5 to 1.0 g per day; prostaglandins for
      example PGE.sub.1, PGE.sub.2, PGA.sub.1, PGF.sub.2.sub..alpha. in amounts
      of 0.5 mg to 10 mg for release of 1 ng to 100 ng and the like; for
      progestogen or progesterone the administration in the uterus of 10 to 200
      .mu.g per day for release for 1 year to 3 years as an antifertility agent
      in a mature, child-bearing woman; an oral device administering 300 mg to
      600 mg per day of analgesic acetaminophen to a 60 to 70 kg adult male; and
      the like.
PAR  The drug delivery devices of the invention are easily fabricated by using
      standard techniques. For example, in one embodiment, the reservoir
      comprising the carrier and the drug is fabricated by standard techniques.
      For example, in one embodiment a precured liquid polymer can be mixed with
      the drug in solid, semi-solid, or liquid forms at the time of mixing, and
      then distributed therethrough by conventional methods, such as
      ballmilling, calendering, stirring, shaking, rollmilling, and the like,
      followed by curing to yield a solid carrier. Next, the solid carrier is
      coated by spraying, dipping, and the like with a material that contains a
      known concentration of drug release rate additive and can form the wall of
      the device. In another embodiment a pre-polymer and the drug are mixed and
      then charged into a drug release rate controlling wall that also contains
      known amounts of a drug release rate additive or a mixture of additives
      and then cured into a solid, and sealed therein. In another embodiment
      solid drug particles and solid carrier particles are compressed into a
      carrier and then charged into a wall to form a novel drug delivery device.
PAR  In another embodiment a liquid, pre-cured material and the drug are mixed
      charged into and cured in a highly permeable tube that is positioned
      within a release rate controlling wall. Alternatively, the tube can be
      coated with the wall material, or a prepolymer can be cast around the tube
      and finally cured to form the wall. The device can also be manufactured by
      first forming a mixture comprised of an additive, a resin and a solvent,
      casting the mixture as a film, and then evaporating the solvent and drying
      the film to produce a drug release rate membrane that can be laminated
      with drug confined between the laminae.
PAR  The wall material forming the device and having the reservoir contained
      therein can be formed to a given drug design by molding, casting,
      pressing, extruding, drawing, rotational molding, compression and transfer
      molding, or like standard processes of manufacture. Also, depending on the
      material used to form the wall, a monomers may be cured at this stage of
      manufacture. The ability to design and shape the wall into tubes, rods,
      discs, films, rings and other highly reproducible shapes of controllable
      composition, readily results in fabrication of drug delivery devices with
      controlled characteristics and thus overcomes a significant disadvantage
      of previously described devices. Other standard procedures, as described
      in Modern Plastics Encyclopedia, Vol. 46, pages 62 to 70, 1969; Plastic
      Technology, by Swanson, R. S., pages 59 to 229, 1965, published by
      McKnight and McKnight Publishing Col, Bloomington, Ill.; well known to
      those skilled in the art can be used to fabricate the drug delivery device
      of the invention.
PAR  The following examples are merely illustrative of the present invention and
      they should not be considered as limiting the scope of the invention in
      any way, as these examples and other equivalents thereof will become
      apparent to those versed in the art in the light of the present
      disclosure, drawings and the accompanying claims.
PAC  EXAMPLE 1
PAR  A drug delivery implant device shaped like a rectangle and comprised of a
      reservoir containing a drug in a carrier surrounded by a drug release rate
      wall containing a drug release rate modifying additive is manufactured as
      follows: first, 100 parts by weight of suspension grade
      poly(vinylchloride) resin is mixed with 60 parts by weight of a polyester
      modifier of butylene glycol and adipic acid terminated with stearic acid
      of 2000 m.w. and the two mixed ingredients dissolved in 700 parts by
      weight of tetrahydrofuran to form a solution with a viscosity of about
      5000 centipoises. Next, a film is formed by a doctor blade coating the
      solution onto a glass plate and allowing the solvent to air evaporate. The
      film is completely dried in an air oven at 50.degree.C for several hours.
      A drug delivery device is formed by charging steroid dispersed in an
      aqueous methyl cellulose carrier between two layers of the film and heat
      sealing the contacting edges to form a drug implant device.
PAC  EXAMPLE 2
PAR  A drug delivery device for administering drug comprised of a wall
      surrounding a reservoir containing a drug is formed as follows: first, 100
      parts of plastisol grade poly(vinyl chloride) is mixed with 100 parts of a
      liquid polyester modifier and 2 parts of di-octyl tin maleate and the
      ingredients mixed on a three-roll mill. The polyester modifier is a
      condensation polymer of 850 m.w. and is made from triethylene glycol and
      azelaic acid terminated with 2-ethylhexanol. The result is a thick cream
      which is cast by standard means, knife coating, on a siliconized paper
      substrate. The cast film is hot set by heating at 350.degree.F for five
      minutes to produce a transparent, glass clear film. The film is then cut
      into predetermined shape and used to surround a reservoir comprised of
      pilocarpine in an alginic acid gel carrier.
PAC  EXAMPLE 3
PAR  A drug delivery device comprised of a drug release rate wall surrounding
      and housing a reservoir containing a drug is manufactured as follows: to
      100 phr (parts per hundred) of polyvinyl acetate is added 25 phr of a
      liquid polyester modifier (a condensation polymer of a propylene glycol
      and terephthalic acid terminated by dodecyl alcohol, the polyester having
      a m.w. of 8,000) and 600 parts of methyl ethyl ketone and the ingredients
      are mixed until a clear homogeneous solution is attained. The resulting
      solution is then spread on a glass plate with a coating knife and the
      ketone is allowed to evaporate at room temperature. Final traces of
      solvent ketone are removed by heating to 40.degree.C for 4 hours in a
      vacuum oven. The resulting flexible film is stripped from the plate and
      used as a barrier membrane in the construction of drug delivery systems.
PAC  EXAMPLE 4
PAR  Following the procedure set forth in Example 1 a drug delivery device is
      prepared by repeating the described procedure except that 100 parts of
      polyvinylidene chloride and 35 parts of a polyester modifier, comprised of
      a condensation polymer of polyethylene glycol and phthalic anhydride
      terminated by stearic acid and m.w. 2,500 are dissolved in
      tetrahydrofuran, the membrane being made as described in Example 1.
PAC  EXAMPLE 5
PAR  Four hundred grams of low density (1.18) polyethylene is added to a
      laboratory size rubber and plastics mill (rolls 6 inches diameter, 13
      inches wide) and milled for 3 minutes at 165.degree.C. At this point is
      added 60 grams of a copolymer of ethylene and vinyl acetate of number
      average molecular weight 28,500 and a weight ratio of ethylene/vinyl
      acetate in the copolymer of 74/26. Milling is continued for 15 minutes to
      blend the modifier into the polyethylene. The resulting modified
      polyethylene is then extruded through a blow-film die to film thickness of
      2.5 mils. This film is then used as a barrier membrane in a drug delivery
      system.
PAC  EXAMPLE 6
PAR  Ten grams of cellulose acetate of 38.6% acetyl content and 1.5 grams of
      polyethylene glycol of m.w. 800 are dissolved in dimethyl formamide and
      the resulting modified cellulose acetate is cast as a film from this
      solution onto a teflon belt and is stripped off, when dry, as a 2 mil
      thick film, which is then used as a barrier membrane for controlled drug
      delivery.
PAC  EXAMPLE 7
PAR  Five hundred grams of isotactic polypropylene are milled for 3 minutes at
      175.degree.C on a standard 6 inches .times. 13 inches laboratory mill and
      to this mass of polypropylene is added 48 grams of chlorinated
      polyethylene of molecular weight 22,000 and chlorine content of 34.6%.
      Milling is continued for 15 minutes at 175.degree.C to effect
      homogenization. The modified polypropylene is then removed from the mill
      and is extruded through a flat die into a film 4 mils in thickness. This
      film is then used as a barrier membrane for controlled delivery of drug.
PAC  EXAMPLE 8
PAR  Six hundred grams of a copolymer of butadiene and acrylonitrile of 32%
      acrylonitrile content is mixed for 6 minutes at 65.degree.C on a standard
      6 inches .times. 13 inches laboratory rubber mill. At this point, at which
      time the rubber is smoothly banded on the mill rolls, 120 grams of a
      liquid polyester is added over a period of 6 minutes. The rubbery
      copolymer is cut and folded over intermittently to assure good blending of
      the polyester, which is made from a condensation reaction of
      1,3-butanediol with sebacic acid and terminated with n-octanol to give a
      molecular weight of 3,400. The resulting modified rubbery polymer is
      compression molded at 120.degree.C into a 4 mil film. This film is then
      used as a membrane barrier for controlled release of drug.
PAC  EXAMPLE 9
PAR  Four hundred grams of a copolymer of 95% ethylene and 5% propylene, by
      weight, is added to a standard 6 inches .times. 13 inches rubber roll mill
      and is milled for 3 minutes at 160.degree.C. To the copolymer is then
      added 40 grams of a copolymer of ethylene and ethyl acrylate of 18% ethyl
      acrylate content and number average molecular weight 30,000. Milling is
      continued for 15 minutes and the resulting modified copolymer is removed
      from the mill and pressed between heated (160.degree.C) platens into a
      film 4 mils thick. The platens are cooled while the film is under
      pressure, the pressure is released, and the film is stripped off. The film
      is then ready for use as a barrier membrane for controlled delivery of
      drugs.
PAC  EXAMPLE 10
PAR  Five hundred grams of low density (1.18) polyethylene is added to a
      laboratory size rubber and plastics mill (rolls 6 inches .times. 13
      inches) and milled for 3 minutes at 165.degree.C. At this point is added
      60 grams of a copolymer of ethylene and vinyl chloride of number average
      molecular weight 26,000 and a chlorine content of 36%. Milling is
      continued for 15 minutes to blend the modifier into the polyethylene. The
      resulting modified polyethylene is then extruded through a blow-film die
      to a film thickness of 2.0 mils. This film is then used as a barrier
      membrane in a drug delivery system.
PAR  In Table 1 there is set forth the drug release rate results obtained by
      varying the amount of additive present in a wall of a delivery device.
TBL                Table 1                                                     
     ______________________________________                                    
                                   Drug Release Rate                           
     Wall   Modifier       Amount  Micrograms per hr.                          
     ______________________________________                                    
     PVC.sup.1                                                                 
            Polyester      100     9                                           
     "      "              50      1                                           
     PVC.sup.2                                                                 
            Condensation polymer                                               
                           100     19                                          
            of adipic acid, a                                                  
            glycol, terminated                                                 
            by a monocarboxylic                                                
            acid                                                               
     "      "              75      8                                           
     PVC.sup.1                                                                 
            "              100     16                                          
     "      "              75      6                                           
     "      "              50      2                                           
     ______________________________________                                    
PAR  In Table 1, PVC.sup.1 is commercially available poly(vinyl chloride) sold
      as PVC-450 by Diamond-Shamrock Co., PVC.sup.2 is poly(vinyl chloride) Geon
      103-EP as sold by the B. F. Goodrich Chemical Company.
PAR  It will be understood to those versed in the art in the light of the
      present specification, drawings and accompanying claims that the invention
      makes available to the art both a novel and useful drug delivery device
      for administering a drug to produce a local or systemic physiologic or
      pharmacologic effect; as, the rate of release of drug administered from
      the device can be controlled to produce these effects, while
      simultaneously lessening or overcoming the undesirable effects frequently
      associated with the administration of drugs by prior art methods. It will
      be further understood to those versed in the art that many different
      embodiments of this invention can be made without departing from the
      spirit and the scope of the invention. Accordingly, it is to be understood
      that the invention is not to be construed as limited, but it embraces all
      equivalents inherent therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a drug delivery device for continuously administering a drug at a
      controlled rate for a prolonged period of time to a body site, said device
      comprising a reservoir containing said drug and a carrier permeable to
      said drug, the amount of said drug being sufficient to maintain saturation
      within said carrier during said prolonged period, and a wall surrounding
      said reservoir which is permeable to the drug but at a rate less than that
      of the carrier, whereby the drug is released from the reservoir by
      diffusion through the wall in which the drug dissolves in the material
      forming the wall and moves therethrough in the direction of lower chemical
      potential, the improvement comprising forming the wall from a composition
      comprising a mixture of:
PA1  A. a polymer which is rubbery with a glass transition temperature below
      about 20.degree.C, or is glassy having a glass transition temperature
      between about 20.degree.C and about 150.degree.C, or has a crystallinity
      between about 5% and about 95%; and
PA1  B. a polymeric additive which is essentially insoluble in body fluids, is
      nonvolatile and nonleachable and nonextractable from the polymer under the
      use conditions of the composition and is selected from the group
      consisting of:
PA2  a. essentially linear olefinically saturated polyesters having a number
      average molecular weight of about 500 to about 8,000 of a diol of 2 to
      about 7 carbon atoms or polyethylene glycol and a dibasic carboxylic acid
      of about 6 to about 15 carbon atoms in which the terminating group is a
      carboxyacyl group of about 2 to about 18 carbon atoms or an alkoxy group
      of about 3 to about 15 carbon atoms;
PA2  b. polyethylene glycols of about 200 to about 1,500 molecular weight;
PA2  c. ethylene-vinyl acetate copolymers of about 20% to about 40% by weight
      vinyl acetate and about 20,000 to about 30,000 number average molecular
      weight;
PA2  d. chlorinated polyethylene of about 25% to 45% by weight chlorine and
      about 20,000 to about 30,000 number average molecular weight;
PA2  e. ethylene-ethylacrylate copolymers of about 20% to about 40% by weight
      ethylacrylate and about 20,000 to about 30,000 number average molecular
      weight; and
PA2  f. ethylene-vinyl chloride copolymers of about 25% to about 45% by weight
      chlorine and about 20,000 to about 30,000 number average molecular weight,
      the amount of additive in the mixture being sufficient to make the
      permeability of the composition of the drug substantially different than
      the permeability of the polymer to drug but less than the permeability of
      the carrier to drug, said composition being biologically compatible with
      the site, essentially non-erodible, essentially insoluble in body fluids,
      and, if the drug is highly water soluble, substantially impermeable to
      water to essentially prevent dilution of the drug by absorption of body
      fluids into the reservoir.
NUM  2.
PAR  2. The improvement of claim 1 wherein said polymer is selected from the
      group consisting of polyvinyl chloride, polyvinylidene chloride, polyvinyl
      fluoride, polyvinylidene fluoride, polyvinyl acetate, polyvinyl butryal,
      polystyrene, cellulose acetate, cellulose nitrate, ethyl cellulose,
      cellulose acetate butyrate, cellulose acetate propionate, polyurethane,
      butadiene/acrylonitrile copolymer, chlorinated natural rubber,
      styrene/butadiene copolymer, ethylene/propylene copolymer, ethylene/vinyl
      acetate copolymer, ethylene/vinyl chloride copolymer, polyethylene,
      polypropylene and polyalkyl acrylates in which the alkyl group is of 2 to
      4 carbon atoms.
NUM  3.
PAR  3. The improvement of claim 1 wherein said amount of additive is 1 to 2 mg
      per cm.sup.2 of wall.
NUM  4.
PAR  4. The improvement of claim 2 wherein the amount of additive is 1 to 2 mg
      per cm.sup.2 of wall.
NUM  5.
PAR  5. The improvement of claim 1 wherein said polyester is of the recurring
      formula:
      ##SPC2##
PAL  wherein a is an integer from 2 to 4, inclusive, and b is an integer from 4
      to 13, inclusive.
NUM  6.
PAR  6. The improvement of claim 1 wherein said amount of additive is about 0.2
      mg to 5 mg per cm.sup.2 of wall.
NUM  7.
PAR  7. The improvement of claim 1 wherein the polymer is ethylene/vinyl acetate
      copolymer and the polymeric additive is an essentially linear olefinically
      saturated polyester having a recurring general formula
      ##EQU3##
      wherein a is an integer from 2 to 4, inclusive, and b is an integer from 4
      to 13, inclusive.
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ABST
PAL  An inhalation device having an elongate housing having one or more
      passageways for the passage of air therethrough. Each passageway, of
      relatively small diameter, opens into an emptying chamber, of relatively
      greater diameter, adjacent that end of the housing which is adapted for
      insertion into the mouth or nose of a user. Adjacent that end of the
      emptying chamber closest to the passageway(s), the housing has means for
      receiving or presenting a unit dose of powdered medicament for
      administration. During inhalation, the air stream passing over and
      directed into the powdered medicament holder entrains the powdered
      medicament which is then carried into the nose, throat or lungs of the
      user where beneficial or therapeutic action of the medicament occurs.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention is related to devices for the administration of powdered
      medicaments by inhalation. More particularly, this invention relates to an
      inhalation device having, in the essential aspects thereof, no moving
      parts, yet which is capable of causing a powdered medicament, held within
      a container inserted into, or adjacent, the device, to be rapidly and
      effectively dispensed from the container, entrained in the air stream
      being inhaled and, thusly, carried into the nose, throat or lungs of the
      user where beneficial action of the medicament occurs.
PAC  BACKGROUND OF THE INVENTION
PAR  Known, prior art inhalation devices include, for example, those shown in
      U.S. Pat. Nos. 988,352; 2,507,702; and 2,603,216; and Great Britain Pat.
      No. 1,118,431.
PAC  SUMMARY OF THE INVENTION
PAR  The inhalation devices of the present invention include an elongate housing
      having one or more passageways for the passage of air therethrough, one
      end of the housing being adapted for insertion into the mouth or nose of a
      user. The passageway(s) extending through the housing terminate in an
      emptying chamber adjacent the output end of the housing. Means are
      provided adjacent the intersection of the passageway(s) with the emptying
      chamber for receiving or presenting a unit dose of powdered medicament for
      administration by inhalation. As shown, the housing has a port adapted to
      receive and hold a powdered medicament-holding container from which the
      medicament is to be entrained in the air stream passing through the device
      during inhalation. The container port can be slightly tilted (up to about
      15.degree. from the vertical) toward the passageway(s) (i.e., away from
      the output end of the housing) if desired.
PAR  In one embodiment, an air stream tube disposed opposite the means for
      holding the container extends close to, or into, the container and, during
      inhalation, directs a stream of air, into the container which assists in
      causing the powdered medicament to be expelled from the container during
      the inhalation process. This embodiment is shown in FIGS. 1-3, described
      in greater detail below.
PAR  In a second embodiment, a plurality of passageways extend through the
      device toward the emptying chamber, and the separate air stream tube is
      replaced with an integral tube-like passageway through which a stream of
      air is drawn into the medicament-holding container upon inhalation. This
      embodiment is shown in FIGS. 4-6, described in greater detail below.
PAR  Container, as used herein, is intended to include any means by which a unit
      dose of medicament is presented to the device for administration. Capsules
      are the presently preferred form of container; however, it is contemplated
      that other forms would be equally suitable if appropriate structural
      modifications of the device, to accommodate the different carrier, are
      made as, and if, necessary.
PAR  The container, in one aspect of the present invention, is manually opened,
      just prior to insertion into the device, to expose the medicament as is
      necessary for entrainment during inhalation. Optionally, in another aspect
      of this portion of the invention, the device can have means associated
      therewith for automatically opening the container as it is inserted into
      the device or means to open the container after it has been inserted into
      the device. In either case, such means eliminate the need to manually open
      the container prior to insertion, and, thusly, reduce the possibility of
      inadvertent spillage of the medicament prior to inhalation.
PAR  It has been found that, with the inhalation devices of this invention, the
      powdered medicament held within the container is rapidly and efficiently
      entrained in the air stream passing through the device during inhalation,
      and, as such, is carried into the nose, throat or lungs of the user where
      beneficial or therapeutic action of the medicament occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and still further features and advantages of the present
      invention will become more apparent from the following detailed
      description, taken together with the accompanying drawings wherein:
PAR  FIG. 1 is a vertical cross-sectional view of one embodiment of an
      inhalation device of the present invention;
PAR  FIG. 2 is a cross-sectional view of the inhalation device of FIG. 1 taken
      along line 2--2 of FIG. 1;
PAR  FIG. 3 is an end view of the inhalation device of FIG. 1 taken along line
      3--3 of FIG. 1;
PAR  FIG. 4 is a vertical cross-sectional view of an alternate embodiment of the
      inhalation device of the present invention;
PAR  FIG. 5 is a cross-sectional view of the inhalation device of FIG. 4 taken
      along line 5--5 of FIG. 4; and
PAR  FIG. 6 is an end view of the inhalation device of FIG. 4 taken along line
      6--6 of FIG. 4.
DETD
PAR  In the discussion below, reference will be made to a capsule as the
      exemplary container for presenting the medicament to the device for
      administration. As set forth above, other containers are contemplated for
      use with the devices of this invention.
PAR  Referring to FIG. 1, there is shown an inhalation device 10 having a
      substantially cylindrical elongate housing 12 (as can best be seen in
      FIGS. 2 and 3). At one end of housing 12 is a mouthpiece 14 intended for
      insertion into the mouth of a user thereof. Mouthpiece 14 can be
      redesigned to permit insertion into the nasal passages or, if desired, an
      adapter (not shown) can be placed over the mouthpiece to permit nasal use.
      Adjacent mouthpiece 14 is an emptying chamber 16 connected at the inner
      end thereof to passageway 18 which, in turn, is connected, at the end
      thereof remote from emptying chamber 16, to incoming or entrance chamber
      20. Chamber 20 is an optional element of device 10 and can be eliminated
      if desired. Adjacent the lower, inner end of chamber 16, there is an
      opening or port 22 into which an opened capsule C, as shown in dotted
      outline in FIG. 1, is inserted prior to inhalation. Directly opposite port
      22 there is a cylindrical passageway 24 in which there is inserted a
      hollow air stream tube 26 which extends from adjacent the surface 28 of
      housing 12 to about or below an extension of the longitudinal axis of
      passageway 18 and, preferably, to below the top 30 of opened capsule C.
      Optionally, the air stream tube can be integrally molded into the device
      thereby eliminating the need for a separate passageway 24. During
      inhalation, air drawn through air stream tube 26 is directed into the
      halfopened capsule and assists in causing the medicament to be expelled
      from the capsule. Slanted surfaces 32 and 34 connecting cylindrical
      chambers 16 and 20 with cylindrical passageway 18, respectively, are also
      shown in FIGS. 2 and 3. The manner of connecting passageway 18 with
      chambers 16 and 20 can be more squared-off or streamlined, as desired, as
      long as the particular configuration selected is effective to cause the
      powdered medicament to be expelled from the capsule, in the desired number
      of inhalations, during the inhalation, medicament-administering process.
PAR  A further embodiment of the inhalation devices of the present invention is
      shown in FIGS. 4-6 where like numerals as used in FIGS. 1-3 are utilized
      to represent like elements. Referring to FIGS. 4-6, the inhalation device
      shown therein has four passageways 40, 42, 44 and 46 extending
      longitudinally between incoming or entrance chamber 20 and emptying
      chamber 16. The four passageways are essentially at the corners of an
      imaginary square extending concentrically along the longitudinal axis of
      device 10 between chambers 20 and 16. However, it is contemplated that
      other configurations, including more or less passageways, would be
      suitable to provide the air flow through the device to cause the powdered
      medicament to be expelled from a medicament-holding capsule properly
      inserted into port 22 prior to inhalation.
PAR  In use, the patient manually opens the medicament-holding capsule or other
      medicament-holding container, and inserts the half-opened,
      medicament-holding portion thereof into port 22 essentially to the
      position shown in dotted outline in FIG. 1. The mouthpiece is then taken
      into the mouth and, upon inhalation, the air flowing through the device
      causes the medicament in the capsule to be entrained in the air stream
      flowing through emptying chamber 16. In this manner, the medicament is
      carried through the mouth and into the throat or lungs of the user where
      beneficial or therapeutic action of the medicament occurs.
PAR  As set forth above, means can be provided to automatically open the
      medicament-holding container upon insertion thereof into port 22, or means
      can be provided to open the medicament-holding container after it is
      inserted into the device. For example, a slide having a sharp cutting edge
      can be manually pushed against the top of the medicament-holding
      container, while held within the device, to slice open the top thereof and
      thereby expose the medicament to be administered. Or the air stream tube
      can have a sharp pointed bulbous lower edge which will, upon insertion of
      the container into the port, cut through the top of the container thereby
      exposing the medicament. Air will still be directed into the container
      through the center, hollow portion of the air stream tube during
      inhalation, while the powdered medicament will be expelled from the
      container through the annular space between the outside diameter of the
      air stream tube and the inner edge of the hole cut in the upper surface of
      the container by the bulbous lower edge of the tube, which is now
      sufficiently below the top of the container to permit expulsion of the
      powdered medicament. These means and other means equivalent thereto, which
      eliminate the need to manually open the container prior to insertion
      thereof into the inhalation device, are considered to be within the scope
      of this invention.
PAR  The entire device can be made of metal but preferably is made of suitable
      plastic material, such as nylon, polyacetal and polypropylene. The air
      stream tube can either be plastic, such as those referred to above, or a
      metal tube, such as, for example, a surgical needle, etc. With the
      exception of the capsule or other medicament-holding container, the
      device, in its basic elements, is preferably of unitary construction,
      although multipiece construction is contemplated, especially where means
      are provided to open the medicament-holding container. The potentially
      unitary design of the device of FIGS. 1-3 and the unitary design of the
      device of FIGS. 4-6 permit each device to be manufactured quite readily,
      thereby effecting substantial cost reduction in the manufacturing process,
      without adversely affecting medicament administration during inhalation.
PAR  The physical properties (i.e., flow characteristics) of each medicament
      formulation will affect the ease or manner in which it is dispensed with
      these or other inhalation devices. However, for a given powdered
      formulation, varying the diameter of passageway 18, the positioning of
      port 22 (from the position as shown toward the open end of chamber 16),
      the diameter of tube 26 or the distance it extends above or below the
      longitudinal axis of passageway 18 or the device, the tilt of the
      container opening toward passageway 18 and the depth to which the
      container is inserted into the opening, and/or, in general, the overall
      configuration and shape of chambers 16 and 20 and the passageway(s),
      devices can be designed to deliver the medicament in a different number of
      inhalations or in a longer or shorter period of time, depending upon the
      nasal or lung capacities of each particular user. Quite obviously, no
      single device will be suitable for all persons requiring administration of
      powdered medicaments since, for example, people with differing lung
      capacities are known to generate flow rates from about 30 liters/minute or
      so to about 120 liters/minute or so through inhalation devices of this and
      known types. Nonetheless, the devices of this invention afford such
      variability, through proper selection of the various design parameters,
      that a device, embraced within the scope of this invention, can be
      designed for a particular patient-generated flow rate to deliver the
      medicament according to a certain set of pre-determined objectives (e.g.,
      slow or fast administration, one or more inhalations, etc.). The net
      result is that a family of devices, all embraced within the present
      invention, can be designed, each of which will deliver the medicament
      under a given set of selected administration conditions. Conversely, the
      devices of this invention can be designed to cover an extensive range of
      operating conditions, and thus be made suitable for use by a variety of
      persons having differing inhalation abilities or capacities.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it will be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. For
      example, as set forth above, the actual shape of the chambers 20 and 16
      can be modified, as by streamlining, or, if desired, chamber 20 can be
      eliminated in toto; passageway 18 (and chamber 20) can be eliminated in
      toto; the longitudinal passageway or passageways can be replaced by
      radially extending passagesays, etc. Additionally, other modifications may
      be made to adapt a particular situation, material or composition of
      matter, structural desirability, or then-present objective to the spirit
      of this invention without departing from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inhalation device comprising an elongate housing having a passageway
      for the movement of air therethrough, one end of said housing being an
      output end adapted for insertion into the mouth or nasal passages of a
      user thereof; said passageway terminating in an emptying chamber adjacent
      the output end of said housing, the cross-sectional area of said
      passageway being less than the cross-sectional area of said emptying
      chamber; means for receiving a medicament-holding container; and hollow
      means for directing a stream of air drawn therethrough during inhalation
      into an open medicament-holding container positioned within said container
      receiving means, whereby air drawn through said passageway and through
      said hollow means cooperate to cause the medicament in the
      medicament-holding container to be dispensed therefrom.
NUM  2.
PAR  2. The device of claim 1 wherein said container receiving means comprises a
      first opening in said housing adjacent said emptying chamber.
NUM  3.
PAR  3. The device of claim 2 wherein said first opening is tilted toward said
      passageway at an angle up to about 15.degree. from the vertical.
NUM  4.
PAR  4. The device of claim 1 wherein the axis of said passageway lies along the
      longitudinal axis of said housing.
NUM  5.
PAR  5. The device of claim 1 wherein said hollow means comprises a second
      opening in said housing and a hollow tube disposed therein, the tip of
      said hollow tube closest to said container receiving means extending below
      the longitudinal axis of said housing.
NUM  6.
PAR  6. The device of claim 5 wherein said tip of said hollow tube extends into
      the medicament-holding container held by said container receiving means to
      a point above the level of the medicament but below the top of the
      container, the diameter of said hollow tube being less than the opening in
      the top of the container whereby, during inhalation, the medicament is
      dispensed from the container through the space defined by the outer
      surface of said hollow tube and the inner surface of the opening in the
      top of the container.
NUM  7.
PAR  7. The device of claim 1 wherein said hollow means comprises a hollow
      tube-like passageway in said housing, the tip of said tube-like passageway
      closest to said first container receiving means extending below the
      longitudinal axis of said housing.
NUM  8.
PAR  8. The device of claim 7 wherein said tip of said hollow tube-like
      passageway extends into the medicament-holding container held by said
      container receiving means to a point above the level of the medicament but
      below the top of the container, the diameter of said hollow tube-like
      passageway being less than the opening in the top of the container
      whereby, during inhalation, the medicament is dispensed from the container
      through the space defined by the outer surface of said hollow tube-like
      passageway and the inner surface of the opening in the top of the
      container.
NUM  9.
PAR  9. The device of claim 1 wherein said emptying chamber and said passageway
      are substantially cylindrical.
NUM  10.
PAR  10. The device of claim 1 wherein said container receiving means is closely
      adjacent the interface between said passageway and said emptying chamber.
NUM  11.
PAR  11. The device of claim 1 wherein there are a plurality of passageways.
NUM  12.
PAR  12. The device of claim 1 wherein there are four passageways.
NUM  13.
PAR  13. An inhalation device comprising an elongate housing having a passageway
      for the movement of air therethrough, one end of said housing being an
      output end adapted for insertion into the mouth or nasal passages of a
      user thereof; said passageway connecting an entrance chamber and an
      emptying chamber adjacent the output end of said housing, the
      cross-sectional area of said passageway being less than the
      cross-sectional area of either said entrance chamber or said emptying
      chamber; a first opening in said housing adjacent said emptying chamber
      for receiving an open medicament-holding container; a second opening in
      said housing disposed opposite said first opening; and hollow means
      positioned within said second opening for directing a stream of air drawn
      therethrough during inhalation into an open medicament-holding container
      positioned within said first opening, whereby, during inhalation, air
      drawn through said passageway and through said hollow means cooperate to
      cause the medicament in the container to be dispensed therefrom.
NUM  14.
PAR  14. The inhalation device of claim 13 wherein said hollow means comprises a
      hollow tube, the tip of which closest to said first opening extends below
      the longitudinal axis of said housing.
NUM  15.
PAR  15. The inhalation device of claim 13 wherein said hollow means comprises a
      hollow tube, the tip of which closest to said first opening extends into
      the medicament-holding container held within said first opening to a point
      above the level of the medicament but below the top of the
      medicament-holding container, the diameter of said hollow tube being less
      than the opening in the top of the container whereby, during inhalation,
      the medicament is dispensed from the container through the space defined
      by the outer surface of said hollow tube and the inner surface of the
      opening in the top of the container.
NUM  16.
PAR  16. The inhalation device of claim 13 wherein said hollow means comprises a
      hollow tube integral with said housing.
NUM  17.
PAR  17. The device of claim 13 wherein said hollow means comprises a hollow
      tube not integral with said housing.
NUM  18.
PAR  18. The device of claim 13 wherein said first opening is closely adjacent
      the interface between said passageway and said emptying chamber.
NUM  19.
PAR  19. An inhalation device comprising an elongate housing having a plurality
      of passageways for the movement of air therethrough, one end of said
      housing being an output end adapted for insertion into the mouth or nasal
      passages of a user thereof; said passageways connecting an entrance
      chamber and an emptying chamber adjacent the output end of said housing,
      the aggregate cross-sectional area of said passageways being less than the
      cross-sectional area of either said entrance chamber or said emptying
      chamber; a first opening in said housing adjacent said emptying chamber
      for receiving a medicament-holding container; a second opening in said
      housing disposed opposite said first opening for directing a stream of air
      drawn therethrough during inhalation into an opened medicament-holding
      container positioned within said first opening, whereby, during
      inhalation, air drawn through said passageways and through said second
      opening cooperate to cause the medicament in the container to be dispensed
      therefrom.
NUM  20.
PAR  20. The device of claim 19 wherein said second opening terminates above the
      longitudinal axis of said housing.
NUM  21.
PAR  21. The device of claim 19 wherein said first opening is closely adjacent
      the interface between said passageways and said emptying chamber.
NUM  22.
PAR  22. The device of claim 19 wherein there are four passageways positioned at
      the corners of an imaginary square concentrically along the longitudinal
      axis of said housing.
NUM  23.
PAR  23. The device of claim 1 wherein said hollows means comprises a second
      opening in said housing and a hollow tube disposed therein, the tip of
      said hollow tube closest to said container receiving means extending to or
      above the longitudinal axis of said housing.
NUM  24.
PAR  24. The device of claim 1 wherein said hollow means comprises a hollow
      tube-like passageway in said housing, the tip of said tube-like passageway
      closest to said first container receiving means extending to or above the
      longitudinal axis of said housing.
NUM  25.
PAR  25. An inhalation device consisting of a housing having an output end
      adapted for insertion into the mouth or nasal passages of a user thereof;
      said housing having a hollow emptying chamber adjacent the output end
      thereof; means adjacent said emptying chamber for receiving a
      medicament-holding container; and hollow means for directing a
      concentrated stream of air drawn therethrough during inhalation into an
      open medicament-holding container positioned within said container
      receiving means, whereby air drawn through said hollow means during
      inhalation causes the medicament in the medicament-holding container to be
      dispensed therefrom.
NUM  26.
PAR  26. The device of claim 25 wherein said container receiving means comprises
      a first opening in said housing adjacent said emptying chamber, said first
      opening being tilted away from said output end at an angle up to about
      15.degree. from the vertical.
NUM  27.
PAR  27. The device of claim 25 wherein said hollow means comprises a second
      opening in said housing and a hollow tube disposed therein.
NUM  28.
PAR  28. The device of claim 25 wherein said hollow means comprises a hollow
      tube-like passageway in said housing.
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ABST
PAL  A teat cautery bullet or device for insertion through the teat orifice and
      into the papillary duct of an injured teat of a dairy cow or similar
      animal to control hemorrhaging and prevent formation of a blood clot in
      the teat orifice or papillary duct is formed by molding of solid material
      which is soluble by liquid in said teat to control such hemorrhaging and
      clotting. The device comprises a nose portion tapered to facilitate
      insertion, an integral neck portion tapered to facilitate retention, and
      an integral base portion to facilitate insertion and removal and of such
      width as to prevent passage or loss of the device upward into the teat
      sinus. The soluble material of which the device is molded may consist
      entirely of one or more soluble active ingredients, such as ferric
      ammonium sulfate, aluminum ammonium sulfate or aluminum potassium sulfate
      or may consist of a soluble mixture of one or more of the aforementioned
      soluble active ingredients and one or more soluble inert binder
      ingredients, such as amylon, amylum or amylopectin or other starches,
      which affect the consistency and the solubility of the device. In use, the
      internally disposed nose and neck portions dissolve before the externally
      disposed base portion and loss of the device into the teat sinus is
      prevented.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  This invention relates to a pharmaceutical device and composition for use
      in treating mammals. In particular, it relates to such a device in the
      form of a teat cautery bullet for insertion in the teat orifice of an
      injured teat of a dairy cow for purposes of dilation and treatment.
PAR  2. Description of the Prior Art
PAR  Traumatic injury, or the "stepped on teat", is a common problem in the
      dairy cow. Infection leading to mastitis and obstruction of the papillary
      duct which cause hard milking are frequent complications. Further damage
      to the teat results from leaving milking machines on too long. Blood clots
      form from the denuded mucosa of the papillary duct, and/or crushed teat
      sphincter muscle. Incisions, dilation by conical shaped instruments, or
      curettage of the papillary duct to enlarge the opening also result in
      hemorrhage and complications of healing.
PAR  Various devices and products are already known which are used in the
      treatment of teat injuries of dairy cows. For example, U.S. Pat. No.
      2,832,343 teaches a teat dilator which employs a wooden dilator member or
      core which is totally nonsoluble and is coated with an active ingredient,
      such as aspirin, and also a lubricant. Several varieties of medicated teat
      dilators are on the market which resemble a pipe cleaner stem with a
      medicated coating over the cloth covering. All of these are essentially a
      mechanical means of maintaining an open teat with a medicant added to
      retard infection.
PAR  U.S. Pat. No. 2,244,027 teaches a teat dilator which employs a bundle of
      nonsoluble internal elements made of stiffened flax or the like which is
      coated with a mixture of active ingredients.
PAR  U.S. Pat. No. 2,704,076 discloses a hollow plastic tubular device which
      serves as a mechanical means for providing an opening into or through the
      test orifice.
PAR  Silver nitrate applicators are used occasionally to control hemorrhage but
      their effectiveness is quite limited since they are not made in a form
      that can be retained in the teat sphincter.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the present invention there is provided a teat cautery
      bullet or device for insertion through the teat orifice and into the
      papillary duct of an injured test of a dairy cow or similar animal to
      control hemorrhaging and prevent formation of a blood clot in said
      papillary duct. The device is formed by molding of solid material which is
      soluble by liquid in said teat to release astringent and styptic
      ingredients. The device, which is of circular transverse cross-sectional
      shape and about 21 to 23 millimeters long, comprises a nose portion (about
      10 millimeters long) tapered to facilitate insertion, an integral neck
      portion (about 8 to 10 millimeters long and about 5 millimeters in maximum
      diameter) tapered to facilitate retention, and an integral base portion
      (about 3 millimeters long and about 6 millimeters in diameter) to
      facilitate manual insertion and removal and of such width as to prevent
      passage or loss of the device upward into the teat sinus. The soluble
      material of which the device is molded may consist entirely of one or more
      soluble active ingredients, such as ferric ammonium sulfate, aluminum
      ammonium sulfate or aluminum potassium sulfate or may consist of a soluble
      mixture of one or more of the aforementioned soluble active ingredients
      and one or more soluble inert binder ingredients, such as amylon, amylum
      or amylopectin or other starches, which affect the consistency and
      solubility of the device. In a preferred mixture the soluble active
      ingredient or ingredients comprise about 75% to about 99% of the total
      weight of the finished device and the soluble inert binder ingredients
      comprise about 1% to about 25% of the total weight of the finished device.
      In use, the internally disposed nose and neck portions dissolve before the
      externally disposed base portion, and loss of the device into the teat
      sinus is prevented.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is an elevational view partly in cross section of the teat of a cow
      with a cautery bullet or device in accordance with the invention applied
      thereto;
PAR  FIG. 2 is an enlarged elevational view of the cautery bullet or device of
      FIG. 1; and
PAR  FIG. 3 is an end elevational view taken on line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a cow's teat 10, including a teat
      orifice 12 at the outer end of a papillary duct 14 which leads to the teat
      sinus 16. A teat sphincter muscle 18 surrounds the duct 14 and contracts
      to close the duct.
PAR  A teat cautery bullet or device 20 in accordance with the invention is
      shown inserted through the teat orifice 12 and the papillary duct 14 and
      extending into the teat sinus 16 of an injured teat of a dairy cow or
      similar animal and is retained in place by the action of sphincter muscle
      18. The device 20 is formed by molding of solid material which is soluble
      by liquid in said teat to release an astringent and styptic solution to
      control hemorrhaging and prevent formation of a blood clot in the
      papillary duct 14. This permits a free stream of milk during the milking
      operation and allows the papillary duct 14 to heal with a more normal
      restoration of shape and function.
PAR  As FIG. 2 shows, the device 20, which is of circular transverse cross
      section, has a tapered nose portion 22 to facilitate insertion into the
      teat orifice 12 and through duct 14, a tapered neck portion 24 (integral
      with portion 22) to enable self-retention in the teat papillary duct 14,
      and a base portion 26 (integral with portion 24) of greater diameter than
      the widest portion of the nose portion 22 or neck portion 24 to facilitate
      gripping with the fingers for manual insertion and removal and to prevent
      loss of the bullet up into the teat sinus 16. Preferably, device 20 has an
      overall length (dimension a) of about 21 to 23 millimeters, with the nose
      portion length (dimension c) being on the order of 10 millimeters and the
      nose portion diameter (dimension b) being on the order of 5 millimeters.
      The neck portion length (dimension f) is on the order of from 8 to 10
      millimeters, whereas the maximum diameter of the neck portion (dimension
      b) is on the order of 5 millimeters and the minimum diameter of the neck
      portion (dimension d) is on the order of from 2 to 3 millimeters. The base
      portion diameter (dimension c) is on the order of 6 millimeters and base
      portion length or thickness (dimension g) is on the order of 3
      millimeters. Variations in the length and diameter of the neck portion 24
      can be made to accommodate anatomical variations in the size of papillary
      duct 14. The length of the neck portion (dimension d) is designed to fit
      the length of the papillary duct 14 of the cow. In practice, no individual
      animals were found which exceeded 10 millimeters length in this dimension.
PAR  The soluble material of which the device 20 is molded may consist entirely
      of one or more soluble active ingredients, such as ferric ammonium
      sulfate, aluminum ammonium sulfate or aluminum potassium sulfate (each of
      which has astringent and styptic properties) or may consist of a soluble
      mixture of one or more of the aforementioned soluble active ingredients
      and one or more soluble inert binder ingredients, such as amylon, amylum
      or amylopectin or other starches, which affect the consistency and
      solubility of the device. In a preferred mixture the soluble active
      ingredient or ingredients comprise about 75% to about 99% of the total
      weight of the finished device and the soluble inert binder ingredients
      comprise about 1% to about 25% of the total weight of the finished device
      20.
PAR  Official alum is listed as the alum salts of ammonium and potassium.
      However, Blakiston's NEW GOULD MEDICAL DICTIONARY also lists ammonioferric
      alum, also called ferric ammonium sulfate, as an astringent and styptic.
      The official alum (alumen), which may be ammonium alum, AlNH.sub.4
      (SO.sub.4).sub.2.12H.sub.2), or potassium alum,
      AlK(SO.sub.4).sub.2.12H.sub.2 O, both occur as colorless, odorless
      crystals or as powder, soluble in water, insoluble in alcohol, and are
      astringent. Each molecule of the alum crystal has 12 molecules of water
      bound to it. The ferric ammonium sulfate, FeNH.sub.4
      (SO.sub.4).sub.2.12H.sub.2 O, is astringent and styptic and is also known
      as ammonioferric alum, ferric alum or iron alum.
PAR  Regarding medicinal properties, the action of alum is as a protein
      precipitate, coagulant of fluids, and constrictor of tissues. In addition
      to being hemostatic, the coagulant effect is harmful to bacterial cells or
      other proteinaceous micro-organisms and hence has antiseptic qualities.
      Alum has been in use for a long time as a pickle ingredient in the
      preservation of meats and vegetables, presumably for its antibacterial
      properties. This is not its primary purpose in the application of the teat
      cautery bullet although it could be beneficial in the event aseptic
      procedure was broken. The astringent and styptic properties of the active
      ingredients produce the desired hemostatic effect.
PAR  Blakiston's medical dictionary lists both amylon and amylum as starch. The
      difference may be whether it is derived from wheat or corn, but the
      distinction is not clear. It is commonly marketed as cornstarch in this
      country.
PAR  In use, the internally disposed nose and neck portions 22 and 24,
      respectively, dissolve before the externally disposed base portion 26 and
      loss of the device 20 into the teat sinus is prevented.
PAR  The aluminum ammonium sulfate and aluminum potassium sulfate are forms of
      alum which may be melted and poured into a mold in a manner similar to the
      casting of many metal products to form device 20. After cooling, the
      material solidifies and retains its shape well. The inert ingredient is
      intended principally to dilute the active ingredient (thereby controlling
      solubility and dosage) and also to affect the hardness or consistency of
      the device 20.
PAR  The cornstrach was melted and blended with alum at temperatures ranging
      from 250.degree. to 300.degree.F. There is molecular water contained in
      the alum compound, and it will change to the liquid state upon heating
      without the addition of water. Starch is insoluble in cold water.
      Therefore, it would appear that heat is necessary to dissolve starch in
      alum in this application, although it is possible that one might arrive at
      another method of combining the two substances.
PAR  In actual tests up to 25% starch was combined or mixed in the hot liquid
      alum, with and without the addition of water (one to several drops), and
      no incompatibility between the two substances could be detected. The only
      detectable difference was in the final hardness and solubility of the
      bullet after it had cooled and solidified.
PAR  More specifically, the base portion 26 which is outside and exposed to air
      will dissolve at a slower rate than portions 22 and 24, or not at all, and
      if the device 20 is forgotten or left in place accidentally, it will
      simply fall out when a sufficient amount of the upper end has dissolved.
PAR  Dissolution of the bullet 20 will occur in one to four hours depending on
      (1) the diameter of the neck of the bullet, (2) how much the papillary
      duct is enlarged during the procedure, and (3) whether or not leakage of
      milk occurs around the bullet when it is in place in the duct.
PAR  The teat cautery bullet or device 20 is employed in practice as follows:
PA1  1. The affected quarter 10 should not be completely milked out prior to
      being operated upon. This provides for flushing of the teat sinus 16 and
      associated papillary duct 14 during the operation, and allows the operator
      to make a better judgment of the size of the existing opening 12 and what
      surgical procedure will best restore the desired size opening. It is
      important that a free stream of milk be obtained by hand milking pressure
      without excessive force.
PA1  2. Restraint of the animal can be by the method preferred by the operator.
      Conventional restraint by halter or nose lead on the head, and lifting of
      one hind leg by lariat rope with one end of the rope tied in a bowline
      knot just above the hock and the other end of the rope over an overhead
      beam is satisfactory.
PA1  Local injection of anesthetic may be indicated in some cases; however, it
      should be born in mind that such injections into the area of the teat
      sphincter will cause some distortion of the tissue and make judgment of
      the size of the teat orifice more difficult.
PA1  3. Aseptic technique with sterilized instruments is necessary.
PA1  4. Thoroughly cleanse teat 10 with detergent and water, dry, and apply
      merthiolate or other suitable antiseptic. Hand milk several streams of
      milk from the teat 10 to flush away residual disease organisms in the teat
      sinus 16 and papillary duct 14.
PA1  5. If the teat orifice 12 is closed completely, it may be first opened with
      a sharp intravenous needle, or scalpel equipped with, for example, number
      11 Bard-Parker blade. A partially obstructed duct 14 can be stretched
      slightly with a conical test dilator and then enlarged using quick strokes
      of a teat curette. If the test 10 has been split, sutures may be required
      to approximate the cut surfaces and retain the teat cautery bullet 20.
PA1  The teat 10 should be opened to the point that a free stream of milk is
      obtained by normal hand milking pressure. If the quarter has not been
      milked out, leaking may occur. Contraction of the tissues during healing
      will stop small leakages.
PA1  6. Insert the teat cautery bullet 20 into the teat orifice 12 and observe
      that it remains in place in the papillary duct 14. It may be left in place
      until the next milking period. A severely damaged teat 10 may still leak
      milk around the bullet 20. This can be tolerated so long as the bullet 20
      remains in place until hemostasis has been achieved.
PA1  7. Completely cover the end of the teat 10 with an antiseptic cream or
      ointment, such as merthiolate cream. The ointment should have enough
      viscosity to keep contaminants out of the wound.
PA1  One treatment is sufficient unless re-injury occurs. Re-injury and
      additional hemorrhage can of course occur, from the vacuum and pulsating
      effect of a milking machine on a badly lacerated teat. If discomfort is
      evidenced by the cow when the milking machine is applied, an alternate
      method of removing milk from the affected quarter is by the use of a
      sterilized milk tube or teat infusion cannula.
PAR  The procedure for aftercare is as follows:
PAR  The entire teat 10 should be thoroughly cleansed before milking to remove
      contaminants which may enter the teat during the milking operation.
      Continue use of antiseptic cream on the end of the teat immediately after
      milking until final healing has occurred. Parenteral and local antibiotic
      use is often indicated during the treatment of teat injuries. Milk should
      not be sold for human consumption until the withdrawal period has been
      observed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A teat cautery bullet shaped device for insertion through a teat orifice
      and into the papillary duct of an injured teat of a dairy cow or similar
      animal to control hemorrhaging and prevent formation of blood clots in the
      papillary duct, said device being formed of solid material having
      astringent and styptic qualities which is soluble by liquid in said teat
      to control such hemorrhaging and clotting, said device comprising a nose
      portion shaped to facilitate insertion, an integral neck portion shaped to
      facilitate retention by the teat sphincter muscles surrounding said
      papillary duct, and an integral base portion shaped to facilitate manual
      insertion and removal and to prevent passage or loss of the device upward
      into the teat sinus.
NUM  2.
PAR  2. A device according to claim 1 wherein said material consists entirely of
      at least one soluble active ingredient.
NUM  3.
PAR  3. A device according to claim 2 wherein said one soluble active ingredient
      is selected from a class of ingredients consisting of ferric ammonium
      sulfate, aluminum ammonium sulfate and aluminum potassium sulfate.
NUM  4.
PAR  4. A device according to claim 1 wherein said material consists entirely of
      a plurality of soluble active ingredients.
NUM  5.
PAR  5. A device according to claim 4 wherein each of said soluble active
      ingredients is selected from a class of ingredients consisting of ferric
      ammonium sulfate, aluminum ammonium sulfate and aluminum potassium
      sulfate.
NUM  6.
PAR  6. A device according to claim 1 wherein said soluble material comprises a
      soluble mixture of at least one soluble active ingredient and at least one
      soluble binder ingredient.
NUM  7.
PAR  7. A device according to claim 6 wherein said binder ingredient is starch.
NUM  8.
PAR  8. A device according to claim 7 wherein said starch is selected from a
      class consisting of amylon and amylopectin.
NUM  9.
PAR  9. A device according to claim 6 wherein said one soluble active ingredient
      is selected from a class of ingredients consisting of ferric ammonium
      sulfate, aluminum ammonium sulfate and aluminum potassium sulfate.
NUM  10.
PAR  10. A device according to claim 9 wherein said binder ingredient is starch.
NUM  11.
PAR  11. A device according to claim 10 wherein said starch is selected from a
      class consisting of amylon and amylopectin.
NUM  12.
PAR  12. A device according to claim 6 wherein said mixture comprises about 75%
      to about 99% by weight of said active ingredient and the remainder by
      weight being said binder ingredient.
NUM  13.
PAR  13. A device according to claim 1 which is of generally circular transverse
      cross section and wherein said nose portion is tapered and said neck
      portion is tapered.
NUM  14.
PAR  14. A teat cautery bullet or device of generally circular transverse cross
      section for insertion through a teat orifice and into the papillary duct
      of an injured teat of a dairy cow or similar animal to control
      hemorrhaging and prevent formation of blood clots in said papillary duct,
      said device being formed of solid material having astringent and styptic
      qualities which is soluble by liquid in said teat to control such
      hemorrhaging and clotting, said device comprising a nose portion tapered
      to facilitate insertion, an integral neck portion at least as long as said
      papillary duct and tapered to facilitate retention by the teat sphincter
      muscles surrounding said papillary duct, and an integral base portion
      shaped to facilitate manual insertion and removal and wider than said nose
      portion and said neck portions to prevent passage or loss of the device
      upward into the teat sinus.
NUM  15.
PAR  15. A device according to claim 14 wherein said material consists entirely
      of at least one soluble active ingredient.
NUM  16.
PAR  16. A device according to claim 15 wherein said one soluble active
      ingredient is selected from a class of ingredients consisting of ferric
      ammonium sulfate, aluminum ammonium sulfate and aluminum potassium
      sulfate.
NUM  17.
PAR  17. A device according to claim 14 wherein said material consists entirely
      of a plurality of soluble active ingredients.
NUM  18.
PAR  18. A device according to claim 17 wherein each of said soluble active
      ingredients is selected from a class of ingredients consisting of ferric
      ammonium sulfate, aluminum ammonium sulfate and aluminum potassium
      sulfate.
NUM  19.
PAR  19. A device according to claim 14 wherein said soluble material comprises
      a soluble mixture of at least one soluble active ingredient comprising
      about 75% to about 99% of the total weight of said device and at least one
      soluble binder ingredient comprising the remainder of the total weight of
      said device.
NUM  20.
PAR  20. A device according to claim 19 wherein said binder ingredient is
      starch.
NUM  21.
PAR  21. A device according to claim 20 wherein said starch is selected from a
      class consisting of amylon and amylopectin.
NUM  22.
PAR  22. A device according to claim 19 wherein said one soluble active
      ingredient is selected from a class of ingredients consisting of ferric
      ammonium sulfate, aluminum ammonium sulfate and aluminum potassium
      sulfate.
NUM  23.
PAR  23. A device according to claim 22 wherein said binder ingredient is
      starch.
NUM  24.
PAR  24. A device according to claim 23 wherein said starch is selected from a
      class consisting of amylon and amylopectin.
NUM  25.
PAR  25. A device according to claim 14 wherein said neck portion is about 8 to
      10 millimeters in length, wherein said neck portion tapers from a maximum
      diameter of about 5 millimeters to a minimum diameter of about 2 to 3
      millimeters, and wherein said base portion is about 6 millimeters in
      diameter.
NUM  26.
PAR  26. A device according to claim 25 wherein said nose portion is about 10
      millimeters in length and wherein said base portion is about 3 millimeters
      in length.
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ABST
PAL  The attachment unit for a spike equipped syringe is composed of first and
      second tubular portions connected together at their inner ends and
      extending from such connection in axially aligned relation. The bore of
      the first tubular portion has at its outer end a cylindrically shaped seat
      for the hub of the spike, and adjacent to such cylindrical seat a conical
      seat for the spike, the two seats forming between them an internal
      shoulder to properly register the spike in such first tubular portion.
      Connected at its inner end to said connection and enclosed in the inner
      end of the second tubular portion is a tubular needle mounting, the bore
      of which is in communication with the bore of the first tubular portion.
      One end of a needle cannula is secured in liquid-tight relation in the
      mounting bore and the cannula extends from such mounting and through the
      bore of the second tubular portion to a point beyond the outer end of such
      second tubular portion. The projecting end of the cannula is enclosed by a
      cup-shaped cap which fits on the outer end of the second tubular portion
      and is provided with a stop flange engageable with such outer end of the
      second tubular portion to prevent the needle engaging the closed end of
      the cap.
BSUM
PAR  This invention relates to a device for attachment to a syringe provided
      with a transfer spike.
PAR  Syringes of the indicated type are commonly employed for the packaging of a
      drug solution such as a concentrated additive solution to be introduced
      into solutions for intravenous therapy. The transfer spike which is
      usually a large plastic hollow instrument, is frequently employed on
      syringes filled with additives to facilitate a rapid transfer of the
      contents of such syringes, and also to prevent an inadvertent
      administration of the additive solution directly into a vein. Heretofore,
      intravenous solutions, such as physiological saline or glucose, were
      usually packaged in bottles with rubber closures which also serve as entry
      or dispensing ports and can be pierced by either a hypodermic needle or
      the aforesaid plastic spike for the purpose of introducing the additives
      into the intravenous solutions.
PAR  Recently there has been an increase in the use of plastic bags as
      containers for intravenous solutions. These plastic bags are generally
      provided at their bottoms with depending teat-like, dispensing and entry
      ports which are of such small dimensions that they will not accept a
      transfer spike. Accordingly, when an additive is packaged in a syringe
      equipped with a spike, it is usually necessary to transfer the additive
      from such syringe to a syringe having a hypodermic needle and then use the
      latter to discharge the additive into the solution contained in a plastic
      bag through one of its depending ports.
PAR  The principal object of the present invention is to provide an attachment
      for a transfer spike equipped syringe so as to enable the latter to
      asceptically transfer its contents directly into solutions contained in
      any type of bottle or plastic bag medicament container.
PAR  Another object of the invention is to provide an inexpensive, disposable
      unit capable of being readily attached to a plastic transfer spike
      provided on a syringe containing an intravenous additive and when so
      attached providing a suitable needle for the aseptic transfer of the
      additive directly into a solution contained in any type of intravenous
      solution container.
DRWD
PAR  Other objects of the invention, as well as the advantages and novel
      features thereof will become apparent from a perusal of the following
      description when read in connection with the accompanying drawings, in
      which
PAR  FIG. 1 is a vertical sectional view showing the attachment unit of this
      invention in the form it will be packaged; and
PAR  FIG. 2 is a similar view showing the unit of FIG. 1 attached to a common
      form of syringe spike and mounted on a known plastic bag entry port for
      transfer of the additive contained in the syringe into the intravenous
      solution contained in the plastic bag.
DETD
PAR  As is shown in the drawings, the attachment unit of this invention is
      generally tubularly-shaped and made of an integral piece of plastic or
      other suitable material. The integral plastic device illustrated comprises
      an end portion 10 for attachment to a known transfer spike 11 provided on
      a known type of disposable syringe 12 containing the additive to be
      discharged into the intravenous solution contained in either the usual
      type of bottle or plastic bag 13 used for this purpose. The spike 11 is
      usually made of a suitable plastic material such as "Delrin" and is
      constructed to readily form a tight seal when attached to the discharge
      nozzle 15 of a syringe and to bring this into communication with an
      enlarged passage 17 extending longitudinally through the needle-shaped,
      tapered, working end 18 of the transfer spike. In the example illustrated,
      the tapered needle-shaped end 18 of the spike is integral with a
      cylindrically shaped hub portion 19.
PAR  The spike attachment end portion 10 of the device or unit of this invention
      has a generally cylindrical external configuration of substantially
      uniform diameter, but the inner bore or longitudinally extending
      passageway through such end portion 10 is variably shaped. In the example
      shown, the outer end portion 25 of such passageway is cylindrically shaped
      and of such length and diameter that the entire spike hub portion 19 is
      snugly received therein with the shoulder 21 at the outer end of such hub
      portion 19 abutting against the terminal end of the attachment end portion
      10, as shown in FIG. 2 of the drawings. The portion 26 of the passageway
      adjacent to such cylindrically shaped portion 25 is conically shaped to
      provide a seat for the tapered portion of the spike needle end 18 which is
      adjacent to the hub 19. The outer end of the passage portion 26 has a
      diameter less than that of passage portion 25 so that an internal annular
      shoulder 27 is formed at the inner end of the passage portion 25. The
      internal shoulder 27 coacts with the shoulder 21 to properly position the
      hub portion 19 with respect to the attachment end portion 10. The inner
      portion 28 of the passageway through the attachment end portion 10 extends
      from the inner end of the conical seat 26 to a point beyond the piercing
      end of the spike 18 and is cylindrically shaped with a diameter greater
      than the exterior dimensions of the piercing end of the spike 18.
PAR  The inner end of passageway portion 28 communicates with one end of a
      reduced passage 30 extending through an internal tubularly shaped mounting
      31 for a piercing or penetrating needle 32. The mounting 31 is integrally
      connected at its base end to the inner end of the attachment end portion
      10 and projects outwardly from such connection and in aligned relation
      with such end portion 10 so as to be in effect an extension of the latter.
      The passages through the end portion 10 and mounting 31 are axially
      aligned and are connected by a conically shaped reduction 33 at the
      terminal inner end of passageway portion 28. Located in the passage 30
      adjacent to the reduced terminal passage portion 33 is a hypodermic type
      of needle 32. The needle 32 is permanently secured in passage 30 by
      molding or otherwise fixing it in a manner known to the art. The inner end
      of the needle cannula is thus secured in liquid-tight relation in the
      passage 30 but with its bore in communication with the passageway portion
      28.
PAR  Surrounding the mounting 31 and in spaced relation thereto is an elongated,
      tubular end portion 40 which is integrally connected at its inner end to
      the inner end of end portion 10 and to the connected end of the mounting
      31. The tubular end portion 40, end portion 10 and the mounting 31 have a
      common central longitudinal axis. The end portion 40 is substantially
      cylindrically shaped throughout its length and has a substantially uniform
      internal diameter approximating the external diameter of the end portion
      10. The end portion 40 extends from the base of the mounting 31 to a point
      substantially beyond the outer projecting end of such mounting, but short
      of the piercing end of the needle 32 so that the latter projects beyond
      the outer end of such attachment end portion 40. For purposes of sterility
      and as a protection against such projecting end of the needle during the
      handling of the attachment, the outer end of the attachment end portion 40
      is fitted with a protective cap 41. The cap 41 is constructed to enable
      its open end to be inserted into the open outer end of end portion 40 in
      the manner of a stopper and is provided with an outer shoulder 42 which
      may be formed by the ends of a plurality of longitudinally extending beads
      or ribs 43 so as to afford a more secure grip for manipulation of the cap.
      The shoulder 42 whether continuous, or interrupted by ribs 43 as shown, is
      located so that the cap is prevented from being inserted into the
      attachment portion 40 to the extent that the piercing end of the needle 32
      will come into contact with the outer end wall of the cap.
PAR  As previously indicated, the type of plastic bag 13 which serves as a
      container for an intravenous solution is generally hung on a standard when
      in use and is provided at its lower end with a plurality of depending,
      teat-like dispensing and entry ports, such as the teat-like, integral,
      tubular projection 45 shown in FIG. 2. of the drawings. The projection 45
      which is utilized as an entry port has inserted into its end and bonded
      thereto in a known manner one end of a short, plastic, tubular member 46
      which serves as a nozzle or extension for the projection 45. The tubular
      member or nozzle 46 is closed at its outer end by a cylindrical cap 47
      made of soft pliable plastic such as rubber. The cap 47 has a central
      passageway 48 of a diameter greater than the external diameter of the
      needle 32 and has at its open end an annular recess 49 which surrounds the
      passageway 48 and into which the outer end of the nozzle 46 is inserted in
      liquid-tight relation. The head or outer end of the cap 47 is formed to
      close the passageway 48 with a thin layer 50 of material that may be
      readily pierced by the piercing end of the needle 32, and hold the needle
      in liquid-tight relation.
PAR  It will be understood from the foregoing, that when the device of this
      invention is attached to a spike on an additive syringe in the manner
      previously described, the syringe may readily be connected to a plastic
      intravenous solution bag 13 by inserting an entry port 45 thereof into the
      open end of the attachment portion 40 until the cap 47 seats on the
      projecting end of the needle mounting 31 as is illustrated in FIG. 2 of
      the drawings. As the cap 47 is being inserted into the attachment portion
      40, the sharp end of needle 32 will pierce the thin layer or diaphragm 50
      of the cap and penetrate up through the extension 46 and into the entry
      port 45. In its passage through the extension 46 of the entry port, the
      needle penetrates a diaphragm 51 formed in such extension and functioning
      as a seal preventing the entry of the intravenous solution in the bag 13
      into the cap 47. Thus, there is little or no medicinal material in the
      extension 46 and cap 47 between the diaphragms 51, 50, respectively,
      thereof during the transfer of the additive from the syringe 12 into the
      intravenous solution contained in the bag 13. It will be seen therefore,
      that the present invention provides an attachment which enables the ready
      aseptic transfer of additives directly into an intravenous solution
      plastic bag from a spike equipped syringe. Since the one type of syringe
      can thus be readily utilized with any type of the presently used
      intraveneous solution containers, it will be evident that use of the
      attachment of this invention will effect a substantial saving in time and
      expense to nurses and hospitals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An attachment unit for medicinal syringes equipped with a transfer spike
      comprising first and second elongated tubular portions connected together
      at their inner ends and extending from such connection in axially aligned,
      opposed directions so that said first tubular portion provides at one end
      of the unit an entry passage for a syringe spike and said second tubular
      portion provides at the other end of the unit an entry passage for a
      tubular entry port of the plastic bag for medicinal material, the bore of
      said first tubular portion being formed at its outer end portion to
      provide a first seat snugly receiving one part of a syringe spike and
      adjacently to said outer end portion being formed to provide a second seat
      for another part of the spike, an internal shoulder formed in such bore
      between said first and second seats to properly register said spike parts
      on said seats, the bore of said first tubular portion having a length
      greater than the length of the spike insertable thereinto, tubular means
      providing a reduced passageway axially aligned with the bores of said
      first and second tubular portions and communicating at one end with the
      inner end of the bore in said first tubular portion, a needle cannula
      having one end located in said reduced passageway with its bore in
      communication with said first tubular portion bore, means for mounting
      said one end of the needle cannula in liquid-tight relation in said
      reduced passageway and with the remainder of said needle extending
      outwardly therefrom axially through the bore of said second tubular
      portion, the bore of said second tubular portion being formed to receive
      the tubular entry port of a plastic medicinal bag with such remainder of
      the needle extending through the bore of such port, and the outer end of
      said tubular means providing a stop seat for the terminal outer end of
      such entry port.
NUM  2.
PAR  2. An attachment as defined in claim 1, in which said first seat in the
      bore of said first tubular portion is cylindrically shaped, and the second
      seat in such bore is conically-shaped and terminates at a point spaced
      from the inner end of such bore, the outer end greater said second seat at
      said internal shoulder having a graeter diameter than the inner end of
      said second seat.
NUM  3.
PAR  3. An attachment as defined in claim 1, in which said tubular means has an
      exterior diameter less than the internal diameter of the bore of said
      second tubular portion so that the exterior surface of said tubular means
      is spaced from the inner wall of such bore by an annular recess in
      communication at its outer end with the portion of the bore of said second
      tubular portion beyond the outer end of said tubular means.
NUM  4.
PAR  4. An attachment as defined in claim 1, in which said needle cannula
      projects beyond the outer end of said second tubular portion, said unit
      including a cup-shaped cap having an open end portion engageable with the
      outer end of said second tubular portion to enclose the projecting portion
      of said cannula, and having stop means engageable with the terminal end of
      said second tubular portion to register said cap on said second tubular
      portion.
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ABST
PAL  A parenteral liquid bottle with a sealed leak testing chamber in its
      closure. This leak testing chamber has an opening sealed off by a
      protective thermoplastic-metal film with a permanently stretched section
      extending across the opening. This permanently stretched section of the
      film maintains either a "concave" or a "convex" shape without a pressure
      differential across the film. A vacuum source temporarily applied to an
      external surface of the film causes the film to "toggle" from its concave
      to its convex position indicating the chamber is properly sealed. Failure
      to so toggle indicates a leak in the chamber.
BSUM
PAC  BACKGROUND
PAR  Sterile medical liquid, such as parenteral solution, is commonly infused
      into a patient's vein from a container hanging above the patient. The
      sterile liquid flows by gravity through a tubular administration set
      connected at one end to the container and at an opposite end to a venous
      needle in the patient.
PAR  These sterile parenteral solutions, such as 5% dextrose, normal saline,
      etc. are frequently supplied to the hospital in sterilized containers.
      When these bottles are of the rigid glass type, a vacuum within the bottle
      can be used to test the hermetic seal at the bottle closure. One such
      testing device is a thin, latex disk fitting over an opening in a rubber
      stopper of an evacuated glass bottle. As long as the bottle holds the
      vacuum, the disk will show a visual deformation into the stopper opening.
      A leak in the bottle causes a vacuum loss and the latex disk resumes its
      undeformed shape.
PAR  Recently, thermoplastic bags and bottles have been proposed for intravenous
      solutions because of improved handling characteristics, reduced freight
      costs, easier disposal, etc. Such thermoplastic containers are not
      sufficiently rigid to continuously maintain a vacuum. Thus, a permanent
      vacuum within the bottle cannot be used as a leak test.
PAR  In parenteral solution bottles, it has also been proposed to provide an
      evacuated chamber between two metal caps fitted to a neck of a bottle. The
      vacuum within the chamber holds a top of an outer cap in a depressed
      state. If the vacuum is lost, the top of the outer cap will deflect
      outwardly indicating a leak. Such a preformed, 3-dimensional cap structure
      is expensive to manufacture. It is also difficult to precisely control the
      springiness of the top wall of the outer cap so that it will work
      properly.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the problem of previous leak testing
      structures that required a permanent vacuum to be maintained. In this
      invention, a sealed test chamber is formed in a closure system of a
      thermoplastic bottle. This sealed chamber includes a rigid tube, a
      puncturable diaphragm sealing an inner end of the tube and segregating the
      bottle's interior from the test chamber, and a deformaable film
      hermetically sealing an outer end of the tube. The chamber within the tube
      between the film and puncturable diaphragm does not require a vacuum to be
      maintained in this chamber when the chamber functions as a leak tester.
PAR  A flat film, which is a metal-thermoplastic laminate, is sealed to an outer
      end of the tube. The film is then permanently deformed into a concave
      shape that is maintained without a pressure differential across the film.
      A temporarily applied vacuum source to an outer furface of the film causes
      the concave film to "toggle" into a convex shape. This convex shape is
      maintained after the vacuum source is temporarily applied, this indicates
      the chamber is properly sealed. If the film does not toggle this indicates
      a leak in the chamber and the entire plastic bottle and closure system
      should be discarded.
PAR  The deformed film leak tester is very easy to manufacture because the film
      is assembled in a flat condition. There is no requirement for orienting or
      aligning a concave shape with an opening in a bottle closure. Also, the
      concave shape is precisely dimensioned to the rigid tube because it is
      concavely formed against the tube after the film has been sealed to the
      tube. Once the film has been so deformed on the tube, it will maintain
      either a "concave" or a "convex"  configuration without requiring a vacuum
      in either the test chamber or in the liquid containing bottle. The
      puncturable diaphragm seals an interior of the bottle from the test
      chamber and prevents pressure changes in the bottle, such as when the
      bottle is squeezed, from exerting a similar pressure change on the
      deformed film.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the sterile medical liquid bottle as
      it is supplied by the manufacturer to the hospital;
PAR  FIG. 2 is an enlarged perspective view of the top portion of the bottle
      showing the outer cap removed;
PAR  FIG. 3 is a further enlarged view, partially in section, of the closure
      structure with the outer cap removed;
PAR  FIG. 4 is a still further enlarged sectional view of the chamber showing
      the film deformed into a concave shape;
PAR  FIG. 5 is a sectional view similar to FIG. 4, but showing the film after it
      has been toggled into a convex shape;
PAR  FIG. 6 is a view similar to FIG. 5, but showing the concave nature of the
      deformed film during a leak test when the chamber has a leak;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 5; and
PAR  FIG. 8 is a front elevational view of the bottle during the procedure for
      leak testing.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to these drawings, FIG. 1 shows a laterally collapsable
      thermoplastic bottle 1 as it is supplied by the manufacturer to the
      hospital. The laterally collapsable thermoplastic bottle 1 has a
      relatively rigid base 2 and a relatively rigid dispensing neck structure 3
      that is connected to a relatively rigid shoulder of the bottle. The bottle
      has a tubular side wall with sufficient columnar rigidity to support the
      bottle upright as in FIG. 1, but will laterally deflect inwardly as liquid
      is dispensed through the bottle neck without the concurrent entry of air
      into the bottle. Fitting on this neck 3 is an outer cap 4. On a front of
      the bottle is a calibration 14a indicating a fill mark. There is also
      calibration 14b to show how much liquid has been dispensed to a patient.
      Between these calibrations is a label 14c.
PAR  In FIG. 2, the outer cap 4 has been ruptured at frangible sections such as
      5 and 6, and the outer cap removed to expose an inner closure. These
      frangible sections, 5 and 6, were connected respectively at 7 and 8 on the
      bottle neck. The outer closure is explained in more detail in my copending
      application entitled "Three Barrier Closure System for Medical Liquid
      Container," Ser. No. 445,834. Alternatively, this outer cap could be a
      frangible cap as explained in a copending application entitled "Frangible
      Closure System for Medical Liquid Container and Method of Making Same,"
      Ser. No. 338,685, invented by Pradip Choksi.
PAR  The inner closure system of FIG. 2 includes an upstanding collar 9 and a
      transverse wall 10. Connected to transverse wall 10 and integrally formed
      therewith are two upstanding rigid tubes, 11 and 12, which respectively
      define an outlet passage and an inlet passage. Sealed to the outer ends of
      tubes 11 and 12, which terminate in a common transverse plane, is a film
      13. Preferably film 13 is severed to form two sections so that a film
      section can be independently peeled back from either tube without
      disturbing the film's seal on the other tube. In FIG. 2, the term "SET"
      indicates the tube that is for attachment to an administration set. The
      term "MED" indicates a tube for additive medication injection.
PAR  The structure of rigid tubes 11 and 12 and their relationship to film 13 is
      shown in more detail in FIG. 3. Here the outlet tube shown generally as 11
      includes an exterior support tube 15 and an interior tube 16. It is
      interior tube 16 that has a passage defining chamber 17. The interior tube
      16 is hermetically closed at its lower end by a puncturable diaphragm 18
      and is hermetically sealed at its upper end by film 13. The outlet tube
      structure including interior tube 16 is adapted to connect to an
      administration set for dispensing the liquid contents of the bottle. The
      interior tube 16 has an annular rib extending below the diaphragm to
      prevent premature fracture of the diaphragm before an administration set
      is attached. This rib strengthens the juncture between diaphragm 18 and
      tube 16.
PAR  Sometimes it is desirable to add medication to the parenteral solution
      bottle. This is done through the rigid inlet tube 12 shown at the right
      portion of FIG. 3. This rigid inlet tube 12 has an internal chamber 20.
      This internal chamber is defined by film 13 sealed across an outer end of
      tube 12 and a puncturable resealable rubber diaphragm 21 spaced from and
      located below the film 13. When additive medication is to be added to the
      container, film 13 is peeled back from rigid inlet tube 12. A hypodermic
      syringe or additive container is used to puncture diaphragm 21 and inject
      the additive medication.
PAR  It is important to know that both of these rigid tube structures 11 and 12
      are similar in that they both define chambers shown respectively at 17 and
      20. both have sections of film 13 closing off upper end portions of the
      tubes. A transverse diaphragm closes off the respective tubes 11 and 12 at
      a distance spaced below film 13. These diaphragms are respectively 18 and
      21. For purposes of the deformable leak film indicator, both rigid tube
      structures 11 and 12 with their respective chambers 17 and 20 operate
      essentially the same. This is true even though chamber 17 is substantially
      larger than chamber 20.
PAR  For purposes of explanation, the operation of the deformable film leak
      indicator will be described with reference to rigid tube 11 and
      particularly its interior tube 16. In FIG. 4, interior tube 16 has a
      transverse puncturable thermoplastic diaphragm 18 that is not resealable
      after the puncture. The film 13 which closes off the upper end portion of
      interior tube 16 is orginally hermetically sealed to the two rigid tubes
      with the film in a flat condition as shown in FIG. 3. When initially
      applied, the film 13 has neither a concave nor a convex configuration.
      Thus, there is no requirement for orientation and alignment of a
      particular section of the film.
PAR  After film 13 has been sealed to the two rigid tubes as shown in FIG. 3, it
      is first covered by a vented cap (not shown) and then deformed into the
      concave shape as shown in FIG. 4. This is done by placing the unit in a
      steam sterilizer with an over-riding pressure from 30 psig to 40 psig (2.1
      to 2.8 Kg/cm.sup.2, gauge) at 240.degree. to 260.degree.F (116.degree. to
      127.degree.C). The film 13 in FIG. 4 spans an opening as shown by
      dimension a in FIG. 4. Preferably the upper end of interior tube 16 has a
      circular opening of from .300 inch to .500 inch (7.5mm to 12.5mm). The
      film preferably is a metal-thermoplastic laminate having a thickness from
      .002 inch to .008 inch (.050mm to .200mm). The ratio of the opening
      diameter of interior tube 16 to the film thickness preferably is in the
      range from 35 to 250. As the over pressure is applied in FIG. 4 during
      steam sterilization, the film 13 permanently deforms to a concave
      configuration as shown. This concave shape will be maintained by film 13
      after the pressure has been relieved. Thus, the concave configuration of
      the film can be maintained with equal pressure (i.e. atmospheric) on both
      the upper surface and the lower surface of film 13 after the bottle has
      been sterilized and returned to room temperature. Although the concave
      deformation of the film 13 in FIG. 4 may very slightly decrease the volume
      of chamber 17, this is considered to have an insignificant effect on
      changing the pressure in chamber 17 from atmospheric after the bottle has
      returned to room temperature.
PAR  After the bottle has been filled with parenteral solution and sterilized
      and the film 13 deformed into a concave configuration, the temporary
      vented cap (not shown) is removed and a leak test of chamber 17 is
      performed. This is done by subjecting the external surface of film 13 to a
      vacuum source 25 for a period of 1 to 5 seconds, as shown in FIG. 8. This
      vacuum source 25 is connected to a vacuum hood 27 by a vacuum line 26. As
      vacuum is pulled on the upper surface of film 13, the pressure on this
      upper surface is reduced from atmospheric, 14 to 15 psia (.98 to 1.05
      Kg/cm.sup.2, absolute), to a pressure on the external surface of between 1
      and 3 psia (.07 to .21 Kg/cm.sup.2, absolute). The air in chamber 17 is at
      atmospheric pressure and will push film 13 outwardly and "toggle" the film
      into a convex shape as shown in FIG. 5. After the vacuum has been
      relieved, film 13 will maintain its convex configuration to get a visual
      indication that the vacuum test has been performed and chamber 17 passed
      this leak test. After the leak test, outer cap 4 is fused to the bottle.
      Preferably this outer cap is sufficiently transparent for visually
      observing the dome shape of the film through the cap.
PAR  FIG. 6 shows that film 13 will not toggle from its "concave" position to
      its "convex" position if there is a leak in chamber 17 when the vacuum is
      pulled on the film's exterior surface. Film 13 will not toggle because the
      vacuum which creates a pressure of approximately 1 to 3 psia (.07 to .21
      Kg/cm.sup.2, absolute) on the film's exterior surface will exert this same
      pressure on the under side of film 13 through the leak passage. Thus, if
      the chamber 17 is vacuum tested as shown in FIG. 8 and the film 13 remains
      in a concave position, there is a leak in chamber 17 and the bottle should
      be discarded.
PAR  It is important for the "toggling" action of film 13 that the film have a
      sufficient stiffness to maintain the film in either the concave or the
      convex position without a pressure differential across the film. A film
      that is too thin and stretches too greatly will not structurally support
      the convex dome as shown in FIG. 5. A film that is not stretched enough
      will not visibly show a significant difference between a concave and
      convex position. A film that works very well for this particular purpose
      is a three-part film. As shown in the sectional view of FIG. 7, this
      three-part laminated film has an aluminum center layer 27, an outer
      thermoplastic polyester layer 28 and an inner thermoplastic high density
      polyethylene layer 29. The polyethylene layer 29 seals against the outer
      surfaces of rigid tube 11 and 12. Preferably the aluminum and polyethylene
      layers are each substantially thicker than the polyester layer 28. An
      example of a suitable combination is where the aluminum and polyethylene
      layers are each .002 inch (.050mm) thick and the polyester layer is .0005
      inch (.012mm) thick. This makes a combined thickness of the three-layer
      laminate of .0045 inch (.112mm). The combined thickness of the laminated
      film 13 could be in the range from .002 inch to .008 inch (.050mm to
      .200mm).
PAR  Although the description of the leak test has been described relative to
      chamber 17 in the outlet tube structure, the same leak test is
      simultaneously performed on the inlet tube structure 12.
PAR  It has been found that the above invention works very well when the bottle
      and closure with its rigid tube structures are formed of a
      propylene-ethylene copolymer thermoplastic.
PAR  In the foregoing specification and attached drawings, a specific example
      has been used to illustrate the invention. However, it is understood that
      persons skilled in the art can make certain modifications to this example
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A medical liquid container with a puncturable tubular connector for
      joining the container to a fluid transferring device, wherein the
      improvement comprises:
PA1  a combined connector and toggle leak tester that includes an upstanding
      thermoplastic tube with a passage and an outer end surface; a first
      thermoplastic barrier integrally formed with the tube and sealing off the
      tube's passage at a location spaced inwardly from the tube's outer end
      surface; a flexible film bonded at a manually peelable joint to the tube's
      outer end surface and forming a second barrier, said film being in a
      deformed state with one convex surface and one concave surface for
      toggling when a pressure differential is applied across the film, whereby
      the film can function as a leak tester and also be isolated from contact
      with the container's contents.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein the second barrier film
      toggles from a concave position to a convex position when its inner
      surface is subjected to atmospheric pressure of approximately 14 to 15
      psia (.98 to 1.05 Kg/cm.sup.2, absolute), and its outer surface is
      subjected to a temporary vacuum reducing the pressure on the outer surface
      to 1 to 3 psia (.07 to .21 Kg/cm.sup.2, absolute).
NUM  3.
PAR  3. The combination as set forth in claim 1, wherein the film is a
      metal-thermoplastic laminate.
NUM  4.
PAR  4. The combination as set forth in claim 3, wherein the film is a laminated
      sandwich of two thermoplastic layers having a metallic film laminated
      therebetween.
NUM  5.
PAR  5. The combination as set forth in claim 4, wherein the metallic film is
      aluminum, the thermoplastic layer forming the outer surface is a polyester
      thermoplastic, and the thermoplastic layer forming the inner surface is a
      high-density polyethylene thermoplastic.
NUM  6.
PAR  6. The combination as set forth in claim 4, wherein the rigid tube has an
      outer end and the passage through the tube has a diameter of .300 inch to
      .500 inch (7.5 to 12.5mm) and the film is bonded to the outer end of the
      rigid tube.
NUM  7.
PAR  7. The combination as set forth in claim 6, wherein the film has a
      thickness of from .002 inch to .008 inch (.050mm to .200mm).
NUM  8.
PAR  8. The combination as set forth in claim 1, wherein the deformed area of
      the film is generally circular and has a diameter to thickness ratio of 35
      to 250.
NUM  9.
PAR  9. The combination as set forth in claim 1, wherein the container has an
      inlet tube thereon with a puncturable resealable diaphragm forming said
      first barrier.
NUM  10.
PAR  10. The combination as set forth in claim 1, wherein the container includes
      a removable outer cap sealed to the container and encasing the film and
      rigid tube structures.
NUM  11.
PAR  11. The combination as set forth in claim 10, wherein the outer cap is
      sufficiently transparent for visually observing the convex film through
      the cap.
NUM  12.
PAR  12. The combination as set forth in claim 1, wherein there is an additional
      rigid tube connected to the container and this additional tube has a
      passage into an interior of the container; a first barrier hermetically
      sealing off the passage of the additional tube from an interior of the
      container; a flexible deformed film having an inner surface and an outer
      surface and providing a second barrier that seals off the passage of the
      additional tube at a location spaced outwardly from the first barrier so
      as to define a sealed chamber between the two barrier; said second barrier
      film on the additional tube having one surface concave and the other
      surface convex; and said second barrier film on the additional tube having
      a structure that can toggle between a generally concave position to a
      generally convex position in response to a temporary pressure differential
      applied across the film, thereby performing a leak test without the
      necessity of any significant vacuum maintained in either the sealed
      chamber of the additional tube or the interior of the container.
NUM  13.
PAR  13. In a thermoplastic medical liquid container having a tubular neck, the
      improvement of: a closure hermetically sealed across the container neck
      and having a rigid upstanding thermoplastic outlet tube with a dispensing
      passage therethrough; said outlet tube being sealed off by a first
      puncturable thermoplastic diaphragm integrally formed with the outlet
      tube; a rigid upstanding thermoplastic inlet tube connected to the closure
      and having an inlet passage therethrough; a puncturable resealable rubber
      diaphragm within the inlet tube and sealing off its passage; said outlet
      tube and inlet tube having outer ends terminating in a common plane; a
      three-layer thermoplastic-metal-thermoplastic laminate sandwich forming a
      film with inner and outer surfaces and one of the thermoplastic layers is
      hermetically sealed at a manually peelable joint to the outer ends of the
      thermoplastic outlet and inlet tubes; said deformable film having a
      visible concavoconvex deformation across the passage of each tube, said
      deformed film having a diameter to thickness ratio at each tube passage of
      from 35 to 250 and is capable of maintaining a visible concave or a convex
      configuration with equal pressure on inner and outer surfaces of the film,
      said film toggling from a concave configuration to a convex configuration
      when a temporary vacuum is appled to its outer surface; and a removable
      outer cap fitting over and enclosing the film and tube structure.
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ABST
PAL  Disclosed is a transfer unit for transferring a material within a
      container, the material being in either powdered or liquid form, to a
      second container having a diluent therein, to thereby form a solution. The
      unit includes a container for storing the material, a closure portion
      including a frangible diaphragm for sealing the container prior to use,
      the transfer member having dual channels therein, one for the transfer of
      material from the additive container to the second container, the other
      for passage of air into the second container. The unit is employed by
      inserting the transfer member through the closure in the second container,
      transferring the material within the container to the second container and
      thereafter removing the transfer unit. In the preferred embodiment, the
      closure portion and container is removable from the transfer member. The
      transfer member is therefore retained within the closure of the second
      container. The exterior projecting portion of the transfer member can be
      adapted to receive the tip of a syringe whereby solution within the second
      container can be removed. The transfer unit is particularly adaptable for
      transfer of the material therein to a second container sealed under a
      vacuum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With a container sealed with a puncturable stopper, it is difficult to add
      material thereto once the container is sealed. Material can be added to
      the diluent within the container by puncturing the stopper with the needle
      of a syringe and injecting the material within the syringe into the
      container. However, such a procedure is not very desirable for a number of
      reasons such as the possibility of coring of the stopper material by the
      needle whereby particles of the material may enter the syringe. While
      containers sealed by a puncturable stopper can be employed for a number of
      purposes or uses, such containers are quite commonly used for the
      packaging of medical solutions.
PAR  Oftentimes, in medical procedures for example, it is necessary to prepare a
      solution of a medicament by adding the medicament to sterile water or to
      another solution. In situations wherein the additive medicament exhibits
      some instability when in solution, the final solution cannot be prepared
      in final form since such solutions cannot be stored for sufficiently long
      enough periods to provide for handling and shipping of the premixed
      solution. In such cases, it is necessary to mix the additive medicament
      and sterile water or other diluent just prior to use. With medical
      solution containers incorporating a screw type enclosure, addition of the
      medicament can be accomplished by simply removing the screw cap, adding
      the medicament, and mixing the solution. However, most medical solutions
      are presently packaged in glass or plastic containers with the container
      being sealed by a puncturable closure or stopper. Consequently, specially
      designed packages are required in order to add medicaments to such
      containers, particularly if they are sealed under a vacuum.
PAR  Various additive containers are presently available, such as illustrated in
      U.S. Pat. No. 3,055,367 issued Sept. 25, 1962. With such containers, which
      include a piercing member for entry through the puncturable closure of the
      solution bottle, transfer of the medicament within the container is made
      by piercing the stopper in the solution bottle whereupon the vacuum
      therein will draw the medicament within the container into the bottle.
      Where the medicament is in powder form or the solution container is not
      under vacuum however, such containers do not ensure complete transfer of
      the powdered medicament into the solution bottle. Further, with such
      containers, in order to withdraw a portion of the mixed solution from the
      solution container, it is necessary to completely withdraw the additive
      container and enter the closure by means of a syringe to withdraw the
      desired amount of mixed solution. Entry of a needle through the closure
      raises the possibility of coring of the stopper material by the needle
      whereby particles of the material may enter the syringe. Further, after
      repeated entry through the stopper, there is a possibility of creating a
      hole or passageway through the stopper which could result in contamination
      of the solution within the container.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a container for transferring of a material
      within the container to a second container having a diluent therein. The
      unit comprises a container for storing the material, a closure portion
      including a frangible diaphragm for sealing the container prior to use,
      and a transfer member disposed within the closure for transfer of the
      material within the container to the diluent in the second container to
      thereby form a solution or mixture. The transfer member comprises a body
      portion having a point on either end, the body of the pin having dual
      channels therein, one for the transfer of material from the additive
      container to the second container, the other for the passage of air into
      the second container.
PAR  The unit is employed by piercing the closure of the second container with
      the projecting, pointed end of the transfer member. As further pressure is
      applied, the transfer member slides within the closure whereby the other
      end of the member pierces the diaphragm within the closure thereby
      providing a passageway for transfer of the material within the container
      into the second container. As the material is being transferred, air can
      enter the second container through the air channel in the transfer member.
      After transfer of the material within the container is effected, the
      container and closure portion can be removed, leaving the transfer member
      projecting from the closure in the second container. The portion of the
      transfer member projecting from the second container can be adapted to
      receive the tip of a syringe so that a portion of the mixed solution can
      be conveniently withdrawn from the second container. The transfer unit of
      the present invention is particularly adapted for the transfer of material
      to a second container which has been sealed under a vacuum such as for
      example, medical solution containers.
DRWD
PAC  DRAWINGS
PAR  The present invention can be better understood by reference to the
      following description and drawings in which:
PAR  FIG. 1 is a side elevational view, partially in cross section, illustrating
      the transfer member of the present invention;
PAR  FIG. 2 is a front elevational view of the transfer member as viewed along
      the line 2--2 of FIG. 1, and including a protective hood for covering the
      projecting portion of the transfer member;
PAR  FIG. 3 is a top plan view of the transfer member as viewed along the line
      3--3 of FIG. 1;
PAR  FIG. 4 is a bottom plan view of the transfer member as viewed along the
      line 4--4 of FIG. 1;
PAR  FIG. 5 is a side elevational view, partially in cross section, illustrating
      the transfer unit of the present invention as inserted in the closure of a
      vacuumized bottle prior to complete activation of the unit,
PAR  FIG. 6 is a cross sectional view taken along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a side elevational view, partially in cross section, illustrating
      the transfer unit of the present invention when fully activated, providing
      a passageway between the two containers;
PAR  FIG. 8 is a side elevational view illustrating the transfer member retained
      in the vacuumized bottle with the container and closure portion removed
      preparatory to withdrawing the mixed solution from the bottle;
PAR  FIG. 9 is a side elevational view, in cross section, illustrating another
      embodiment of the transfer unit of the present invention;
PAR  FIG. 10 is a top plan view of the transfer member portion of the transfer
      unit of FIG. 9 as seen along the lines 10--10 thereof;
PAR  FIG.11 is a perspective view of the closure portion of the transfer unit of
      FIG. 9; and
PAR  FIG. 12 is a side elevational view, in cross section, of a further
      embodiment of the transfer unit of the present invention. FIG. 11
PAC  DETAILED DESCRIPTION
PAR  The transfer unit 10 of the present invention can be used for the transfer
      of a material within the container thereof to a second container having a
      diluent therein to thereby form a solution. The material can be in either
      powdered or liquid form. The transfer unit 10 is particularly adapted for
      the transfer of a material into a second container sealed with a
      puncturable stopper. Preferably, the container portion 11 of the transfer
      unit 10 is made of a flexible material such as plastic so that the
      resultant container is squeezable. Since the transfer member portion 14
      includes a separate air channel therein, air can enter into the system
      when the transfer member 14 is inserted through the puncturable stopper so
      that the transfer of material is facilitated. While the transfer unit 10
      has a number of uses, to facilitate a better understanding of the
      invention, the transfer unit 10 and its application will be described in
      conjunction with the addition of an additive medicament to a medical
      solution container, which may be glass or plastic, either semirigid or
      flexible, sealed by a puncturable stopper, the glass or semirigid plastic
      containers generally being sealed under a vacuum while the flexible
      containers are sealed at atmospheric pressure.
PAR  Referring to FIG. 5, the transfer unit 10 of the present invention
      comprises a container 11 for storing the medicament prior to use and a
      closure portion 12 sealing the opening 13 in the container 11 and for
      retaining a transfer member 14 for transfer of the medicament within the
      container 11 to a second container which may be a vacuumized solution
      container. As best seen in FIG. 1, the transfer member 14 comprises a body
      portion 15 having two channels 16, 17 therein, one extending
      longitudinally the length of the body 15 to provide a passageway 16 for
      the transfer of medicament and diluent between the container 11 and the
      vacuumized container. The body 15 includes an angularly extending portion
      18 spaced between the ends of the transfer member 14, the second channel
      17 extending through the angularly extending portion 18 and the body 15 to
      the piercing end 19 and providing a passageway 17 for the entry of air
      into the second container as hereinafter described.
PAR  As illustrated in FIG. 1, the passageway 16 for the transfer of medicament
      and diluent between the container 11 and the second container has a
      stepped construction including portions 20, 21 of varying diameters. The
      cutting element 23 on the interior end 24 of the body 15 is constructed so
      as to receive the tip of a syringe, the interior diameter thereof thereby
      being fixed. To minimize the size of the body 15 and the piercing end 19,
      the passageway 16 is therefore stepped downwardly in size in comparison to
      the size of the cutting element 23 or interior end 24, as illustrated. The
      relative sizes of the fluid passageway 16 and the air channel 17 being
      selected to permit the entry of sufficient air during the transfer of
      material and diluent between the containers. Likewise, the air channel 17
      has portions 25, 26 of varying size, the angularly extending portion 18
      being adapted to receive a filter 46.
PAR  The body 15 of the transfer member 14 includes a piercing end 19 or point
      on the exterior end 22 of the body 15 and a cutting element 23 on the
      opposite or interior end 24 of the body 15. The cutting element 23
      comprises a tubular projection 27 extending from the body 15 and depends
      into the closure 12 when the unit 10 is assembled. Preferably, the
      projection 27 terminates in a sharpened end 28 to facilitate rupture of
      the closure diaphragm as hereinafter described. An annular flange 29
      projects from the body 15 of the transfer member 14 spaced from the
      interior end 24 of the body 15 and serves to aid in retaining the transfer
      member 14 within the closure portion 12.
PAR  As illustrated in FIG. 5, the closure portion 12 includes a body portion 30
      having a tubular section 31, the diameter of the tubular section 31 being
      such as to provide an interference fit with the diameter of the opening 13
      in the container 11, the tubular section 31 being disposed within the
      opening 13 to seal the opening. The transfer unit 10 includes a first
      locking means between the closure 12 and the container 11 and a second
      locking means between the closure 12 and the transfer member 14. The first
      locking means retains the closure 12 within the container 11 and is
      fabricated to firmly retain the closure 12 and container 11 in engagement.
      The second locking means can be fabricated to be releasable so that after
      entry of the transfer member 14 through the puncturable stopper, the
      second locking means can be released without releasing the first locking
      means. Such a construction will permit removal of the container 11 and
      closure portion 12 of the transfer unit 14 so that the transfer member 14
      can be retained within the stopper as hereinafter described. In the
      embodiment described, the second locking means can be made releasable
      without at the same time releasing the first locking means by adjusting
      the radial depth of the groove or undercut 39 on the inside wall of the
      closure 12.
PAR  The tubular section 31 includes an undercut 32 around the periphery
      thereof, spaced toward the exterior portion 33 of the closure 12, the
      undercut 32 mating with a ridge 34 formed in the opening 13 of the
      container 11 and projecting inwardly, the combination serving to retain
      the closure 12 within the opening 13 in the container 11 and comprising an
      example of the first locking means. Preferably, the tubular section 31
      includes a taper 40 on the end thereof to facilitate insertion of the
      closure 12 within the opening 13 in the container 11. The closure 12
      includes an enlarged portion 35 including a shoulder 36 for abutment with
      the finish 37 of the neck 38 of the container 11 when the closure 12 is
      inserted within the opening 13 in the container 11, the enlarged portion
      35 including an undercut 39 on the inside wall thereof for receiving the
      flange 29 of the transfer member 14. The interior end 24 of the transfer
      member 14 is received by a guide 41 within the closure member 12, the end
      of the guide 41 being sealed by a rupturable diaphragm 42. As illustrated,
      the guide 41 receives the cutting element 23, the tubular projection 27
      being slidably received therein, the guide 41 extending inwardly into the
      body 30 of the closure 12. Sealing rings 43, 44 extend around the inside
      of the guide 41 and engage the tubular projection 27 frictionally to
      prevent the leakage of fluid around the transfer member 14, aid in
      maintaining sterility and keep the transfer member 14 rigid during
      penetration of the stopper 49. The sealing rings 43, 44 also facilitate
      the separation of the transfer member 14 from the closure 12 as
      hereinafter described, as compared to an interference fit for example. A
      diaphragm 42 seals the guide 41 and in use, is broken by the sharpened end
      28 of the cutting element 23.
PAR  After the container 11 is filled with the desired medicament, the closure
      portion 12 and transfer member 14 are assembled together and the closure
      12 inserted within the opening 13 in the container 11. The annular
      undercut 32 in the tubular section 31 of the closure 12 and the opposed
      ridge 34 in the neck 38 of the container 11 serving to hold the two parts
      together and comprising an example of the second locking means. The
      closure portion 12, transfer member 14 and container 11 can be sterilized
      prior to filling the container 11. Preferably, the transfer member 14,
      hood 45, filter 46 and closure 12 are preassembled and sterilized, the
      assembly then being inserted into the sterilized, filled, container 11.
      All of the parts of the unit 10 can be made from a suitable plastic
      material, the container 11 preferably being flexible.
PAR  While most useful for the addition of a powdered medicament to a solution
      within a vacuumized bottle, the unit 10 also can be used for the transfer
      of a liquid material from the container 11 to a second container 48. With
      some materials, such as sodium thiopental which is useful as an anesthetic
      and is injected directly into a patient, a premixed solution cannot be
      prepared since sodium thiopental tends to degradate on extended storage.
      Such materials can be packaged in the container 11 of the present transfer
      unit 10 and then mixed with a diluent such as sterile water immediately
      prior to use. To use the transfer unit 10, a container 48 of sterile water
      is selected and the protective closure removed to expose the puncturable
      stopper 49. The protective hood 45 is then removed from the piercing end
      19 of the transfer member 14 and the transfer unit 10 is positioned in
      place with the piercing end 19 overlying the diaphragm portion 50 of the
      vacuumized container stopper 49. The transfer unit 10 is then forcefully
      thrust into the stopper 49, the piercing end 19 on the transfer member 14
      entering the container 48 through the diaphragm 50 as illustrated in FIG.
      5. Concurrently, the flange 29 of the transfer member 14 which is
      maintained in the closure 12 by means of engagement with the undercut 39,
      will be released thereby permitting the closure 12 and container 11
      portion of the transfer unit 10 to move downwardly along the flange 29 and
      body 15 of the transfer member 14. Concurrently the cutting element 23
      will slide within the guide 41, the sharpened end 28 of the cutting
      element 23 rupturing the diaphragm 42 whereby a pathway between the
      container 11 and the vacuumized container 48 is provided through the fluid
      channel or passageway 16 as best seen in FIG. 7. As soon as a pathway
      between the containers is provided, most of the powder within the
      container 11 will transfer into the second container 48. The container 11
      can then be squeezed to transfer the remaining portion of the medicament
      or if desired, the entire assembly can be inverted and the container 11
      squeezed to draw solution into the container 11 to rinse any remaining
      medicament from the container 11. The container 11 and closure portion 12
      of the transfer unit 10 are then removed by a twisting or bending motion
      which releases the flange 29 of the transfer member 14 from the closure
      portion 12, leaving the transfer member 14 positioned in the vacuumized
      container 48 as illustrated in FIG. 8. The protective hood 45 can then be
      placed over the interior end 24 of the transfer member 14 during storage
      to prevent contamination of the mixed solution during storage.
PAR  To withdraw a portion of the mixed solution from the solution container 48,
      the protective hood 45 is removed and the tip of a syringe (not shown) is
      inserted into the interior end 24 of the transfer member 14, the entire
      assembly is inverted and the desired volume of mixed solution drawn into
      the syringe through the passageway or fluid channel 16, air entering
      through the filter 46 and air channel 17. This procedure can be repeated
      to fill the desired number of syringes and the hood 45 can be replaced for
      storage of the solution until further amounts are required. While use of
      the transfer unit 10 has been described primarily in conjunction with the
      transfer of material therein to a second container sealed under a vacuum,
      the transfer unit 10 can likewise be used in conjunction with a second
      container which is not sealed under a vacuum. Although a pressure
      differential between the two containers facilitates the transfer of
      material from the container 11, the transfer can be effected without it.
      Under such conditions, the piercing end 19 of the transfer member 14 is
      thrust through the closure of the second container as previously
      described. Transfer of the material within the container 11 can then be
      effected by inverting the containers or otherwise permitting the diluent
      within the second container to enter the container 11 and thereafter
      emptying the contents of the container 11 into the second container.
      Fabricating the container 11 of a flexible plastic will permit
      manipulation of the container 11 and facilitate transfer in such cases.
PAR  FIGS. 9, 10 and 11 illustrate another embodiment 55 of the transfer unit of
      the present invention comprising a container portion 56, closure portion
      57, and transfer member 58. As with the embodiment of FIGS. 1 through 8,
      the transfer member 58 comprises an elongated body portion 59 having two
      channels 60, 61 therein, one extending longitudinally the length of the
      body 59 to provide a passageway 60 for the transfer of material and
      diluent between the two containers, the second channel providing a
      passageway 61 for the entry of air into the containers in use, the
      angularly extending portion 62 of the air channel 61 being covered by a
      suitable filter 63. On the interior end 64 opposite the piercing end 65 or
      point on the exterior end 66 of the body 59 is a cutting element 67
      comprising a projecting portion 68 extending from the body 59 and
      depending into the closure 57 when the unit 55 is assembled. The inside of
      the cutting element 67 is adapted to receive the tip of a syringe.
      Likewise, an annular flange 69 projects from the body 59 of the transfer
      member 58 spaced from the interior end 64 thereof and serves to retain the
      transfer member 58 within the closure portion 57 as hereinafter described.
PAR  As can be seen in FIGS. 9 and 11, the closure portion 57 comprises a body
      70 having a tubular section 71, the size of the tubular section 71 being
      such as to provide an interference fit with the opening 72 in the
      container 56 and is disposed therein to seal the opening 72. The opening
      73 within the closure 57 is sealed by a diaphragm 74 which during use of
      the transfer unit 55, is broken by the cutting element 67 of the transfer
      member 58 as hereinafter described to permit transfer of the material
      within the container 56 to the second container. An undercut 75 can be
      formed in the opening 73 within the closure 57, the undercut 75 receiving
      a ridge 76 formed in the cutting element 67 of the transfer member 58 to
      aid in keeping the transfer member 58 and closure 57 in engagement and
      prevent accidental activation of the unit 55. As best illustrated in FIG.
      11, the closure portion 57 includes an enlarged section 77 extending
      outwardly from the container opening 72, a slot 78 being formed in the
      enlarged portion 77, the upstanding wall 79 thereof including a shoulder
      80. The flange 69 of the transfer member, as seen in FIG. 10, is oblong in
      shape, and when assembled with the closure 57, is supported by the
      shoulder 80 thereof. When it is desired to use the transfer unit 55, the
      transfer member 58 is revolved 90.degree. to align the flange 69 with the
      slot 78 in the closure 57. The hood (not shown) is removed and the
      piercing end 65 of the transfer member 58 positioned in place overlying
      the closure or stopper of the second container. As previously described,
      the transfer unit 55 is then thrust downwardly to achieve entry through
      the stopper of the second container and permitting the cutting element 67
      to slide within the opening 73 in the closure 57 and puncture the
      diaphragm 74 thereof. Transfer of the material within the container 56 is
      then effected as previously described.
PAR  In the embodiment 82 illustrated in FIG. 12, comprising a transfer member
      83, closure 84 and container 85, the transfer member 83 likewise includes
      a body 86 having two passageways 96, 97 therein, and a cutting element 87
      projecting opposite from the piercing end 88. As illustrated, the transfer
      member 83 includes a cap portion 89 having threads 90 on the inside
      thereof for mating with similar threads 91 in the neck 92 of the container
      85. The closure 84 comprises a puncturable metal or plastic dam which is
      sealed over the opening 93 in the container 85 and includes a downwardly
      extending portion 94 which projects within the opening 93. The closure 84
      is crimped over the finish 95 of the container 85 to retain it in place.
      To use the transfer unit 82, the cap portion 89 is twisted permitting the
      cutting element 87 to engage the closure 84, puncture it, and thereby
      permit transfer as previously described. If desired, the cap 89 can be
      attached to the container 85 by means of a snap fit rather than threaded
      engagement.
PAR  In the embodiments illustrated in FIGS. 1 through 8 and 9 through 11, it is
      desirable to fabricate the interior and exterior ends of the transfer
      member of the same size so that the same hood will be interchangable with
      both ends. Accordingly, prior to use, the hood can be placed on the
      exterior or piercing end of the transfer member to protect the piercing
      end and maintain sterility during storage. After the transfer unit is put
      in use, in those embodiments wherein the transfer member is retained
      within the stopper of the second container, the same hood can then be
      placed over the interior end of the transfer member until it is desired to
      withdraw solution from the second container through the transfer member.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transfer unit for transferring a material from a first container to a
      second container, said transfer unit comprising:
PA1  a container having an opening for storing the material to be transferred, a
      closure sealing the opening in the container and a transfer member
      constructed and arranged for opening of the closure to permit transfer of
      the material from the first container to the second container;
PA1  said closure including a diaphragm section sealing the opening in the
      container with means affixing the closure to the container;
PA1  and means operatively associated with said closure or said container and
      said transfer member affording retentive movement of said transfer member
      toward said sealing diaphragm section of said closure and ready release of
      said transfer member from said closure;
PA1  said transfer member comprising an elongated body portion having two
      channels therein, one channel extending longitudinally the length of the
      body to provide a passageway for the transfer of the material between said
      containers, the other channel extending along said body and terminating
      outside of said closure to provide a passageway for the entry of air
      therethrough, the body of the transfer member including a piercing end on
      the end of the body projecting from the closure and a cutting element
      extending from the end opposite the piercing end of said body and
      receivable within the closure to open the closure and permit transfer of
      material between said containers, said cutting element disposed adjacent
      the end of said one channel and adapted to receive the tip of a syringe.
NUM  2.
PAR  2. The transfer unit of claim 1 wherein said means to readily release said
      transfer member from said closure is defined by a first locking means
      interconnecting the closure and the container and a second locking means
      between the closure and the transfer member.
NUM  3.
PAR  3. The transfer unit of claim 2 wherein the second locking means is
      constructed and arranged to release the transfer member without releasing
      the first locking means whereby the container and closure can be removed
      from the transfer member.
NUM  4.
PAR  4. A transfer unit for transferring a material from a first container to a
      second container, said transfer unit comprising:
PA1  a container having an opening for storing the material to be transferred, a
      closure sealing the opening in the container and a transfer member having
      an end portion disposed in the closure for transfer of the material from
      the first container to the second container;
PA1  said closure comprising a rupturable diaphragm section sealing the opening
      in the container, a guide extending inwardly into the closure for
      receiving the end portion of said transfer member with means affixing the
      closure to the container;
PA1  and means operatively associated with said closure or said container and
      said transfer member affording retentive movement of said transfer member
      toward said sealing diaphragm section of said closure and ready release of
      said transfer member from said closure;
PA1  said transfer member being disposed within the closure and comprising an
      elongated body portion having two channels therein, one channel extending
      longitudinally the length of the body to provide a passageway for the
      transfer of the material between said containers, the other channel
      extending along said body and terminating outside of said closure to
      provide a passageway for the entry of air therethrough, the body of the
      transfer member including a piercing end on the end of the body projecting
      from the closure, and a tubular projection extending from the end opposite
      the piercing end of said body and receivable within the guide in the
      closure for rupturing said diaphragm, said tubular projection adapted to
      receive the tip of a syringe adjacent the rupturing end for said
      diaphragm.
NUM  5.
PAR  5. The transfer unit of claim 4 wherein said means to readily release said
      transfer member from said closure is defined by a first locking means
      interconnecting the closure and the container and a second locking means
      interconnecting the closure and transfer member.
NUM  6.
PAR  6. The transfer unit of claim 5 wherein the second locking means is
      constructed and arranged to release the transfer member without releasing
      the first locking means whereby the container and closure can be removed
      from the transfer member.
NUM  7.
PAR  7. The transfer unit of claim 5 wherein the container has a neck defining
      an opening with a finish and the closure comprises a body portion having a
      tubular section, the diameter of the tubular section being coextensive
      with the diameter of the opening in the container, said tubular section
      being disposed within said opening, an enlarged portion extending from
      said tubular section and including a shoulder for abutment with said
      finish of the neck of the container when the closure is inserted within
      said opening, said guide disposed within the tubular section and
      projecting toward the enlarged portion for receiving the tubular
      projection extending from the body of the transfer member.
NUM  8.
PAR  8. The transfer unit of claim 7 wherein the first locking means for
      affixing the closure to the container comprises an undercut formed around
      the periphery of the tubular section of the closure, and a ridge formed in
      the opening of the container and projecting inwardly, said undercut and
      ridge being engageable to retain said closure within the opening in the
      container.
NUM  9.
PAR  9. The transfer unit of claim 8 wherein the transfer member includes an
      annular flange projecting from the body of said member and spaced from the
      interior end of the body.
NUM  10.
PAR  10. The transfer unit of claim 8 wherein the second locking means is
      constructed and arranged to release the transfer member without releasing
      the first locking means whereby the container and closure can be removed
      from the transfer member.
NUM  11.
PAR  11. The transfer unit of claim 10 wherein the transfer member includes an
      angularly extending portion spaced between the ends of said transfer
      member, the passageway for the entry of air extending through the
      angularly extending portion and the body to the piercing end to provide a
      passageway for the entry of air into the vacuumized container.
NUM  12.
PAR  12. The transfer unit of claim 11 further including an air filter disposed
      within the channel in the angularly extending portion of the transfer
      member to thereby filter any air entering the passageway therein.
NUM  13.
PAR  13. The transfer unit of claim 12 wherein the tubular projection extending
      from the body of the transfer member and receivable within the guide in
      the closure comprises a cutting element for piercing the diaphragm in the
      guide, the end of the tubular projection having a sharpened end.
NUM  14.
PAR  14. The transfer unit of claim 13 wherein the guide is defined by a sealing
      ring extending around the inside of the guide to frictionally engage the
      tubular projection of the transfer member and prevent the leakage of fluid
      around said transfer member, aid in maintaining sterility, and keep the
      transfer member in a rigid position.
NUM  15.
PAR  15. The transfer unit of claim 4 wherein the closure portion is defined by
      an enlarged section extending outwardly from the container opening, a slot
      being formed in the enlarged portion, the upstanding walls thereof
      including a shoulder, the transfer member including a flange extending
      therefrom, the flange being receivable within the slot in the enlarged
      portion, said flange engaging the shoulder in the closure portion prior to
      use of the transfer unit and being receivable within the slot when the
      transfer member is revolved to align the flange within the slot whereby
      the transfer member is movable within the closure portion to thereby
      permit the tubular projection thereof to engage the diaphragm within the
      guide in the closure and provide a passageway between the two containers.
NUM  16.
PAR  16. The transfer unit of claim 1 wherein the transfer member is defined by
      a cap portion for engagement with the neck of the container, the closure
      comprising a puncturable dam sealed over the opening in the container and
      including a downwardly extending portion projecting within the opening in
      the container, said dam being affixed to the finish of the container to
      retain it in place.
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ABST
PAL  A collecting bag for the collection of excretions from various body
      openings, both natural and surgical in nature, is disclosed. The
      collecting bag includes an inflatable collar which is inserted into a body
      opening prior to inflation, and which is then inflated in order to firmly
      anchor itself within that opening and prevent its inadvertent removal
      therefrom. Means are provided for inflating the collar from a point
      external the body. The inflating means comprises a channel located within
      the interior of the bag itself. Additional channel means is provided
      within the interior of the bag itself for use in the application of an
      enema.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 265,343, filed on
      June 22, 1972, now abandoned, for a FECAL BAG, in the names of Michael C.
      Ritota and Louis P. Mancini.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been recognized that there are many patients in hospitals,
      nursing homes, and other such institutions, as well as invalided, deformed
      or crippled persons who are not toilet-trained or whose bowel movements or
      defecation function are involuntary and uncontrolled so that their feces
      cannot be contained or retained. Furthermore, there are many patients who
      have, as a result of various diseases, required the performance of an
      ostomy, whereby an exit for the feces is created before it reaches the
      rectum. This exit, known as a stoma, therefore requires a collecting bag
      for use to collect feces exiting therefrom.
PAR  In addition, there are many female patients who have suffered various
      bladder infections, who have required the insertion of various tubes and
      other such means for collecting urine directly from their bladders.
PAR  In each of these cases these unfortunate conditions exist for a variety of
      known reasons, and each is not only of great inconvenience to the patient
      or persons who suffer from them, but additionally present many problems
      such as unpleasant odors, unsanitary conditions, increased nursing care,
      and generally extreme discomfort to the patient.
PAR  Various devices have been developed in each of these situations in order to
      act as collecting bags for the excretions connected with each of the body
      openings discussed above. Thus, in the case of a fecal bag, U.S. Pat. No.
      3,548,828 reveals a collecting appliance used in paraplegic and other
      bowel incontinent persons. This device, besides being impossible to
      produce commercially, suffers from many other serious shortcomings. Thus,
      the device of U.S. Pat. No. 3,548,828 cannot be inserted into the anus
      without causing extreme irritation to the patient, particularly since it
      does not present a smooth and regular surface to the body opening. In
      addition, this device suffers from other serious defects, such as leakage,
      etc. since it does not provide a smooth and/or continuous surface between
      the anchoring means 6 and the collecting bag 38. As can be seen clearly in
      FIGS. 3 and 4 of this patent, this device also requires that the patient
      have functioning sphincter muscles, and is adapted to contain an
      inflatable and deflatable adaptor means 12, quite apart from its anchoring
      means 6, which is inflated only during use, when the bag 38 is attached
      thereto, and which is deflated and closed by the functioning rectal
      sphincter muscles when the bag is removed and cap 36 is attached thereto.
      These difficulties which prevent the utilization of this device for
      patients who have completely lost control of these muscles, in addition to
      the extreme irritation caused by the neither smooth nor continuous outer
      surface of this device, particularly in view of tubes 22 and 19 which are
      used for inflation of its two inflatable portions, have rendered such
      devices totally useless.
PAR  Furthermore, the construction of these prior art devices have required the
      application of various adhesives in order to complete same, and the use of
      such materials in connection with such devices for insertion into the
      human body has been strictly forbidden by the Food and Drug
      Administration.
PAR  As for those patients who have had colostomies and require collection of
      fecal matter from a stoma, in the past this has been done by the adhesive
      attachment of various bags to the external surface of the stoma. These
      devices have therefore also resulted in serious consequences, including
      irritation and ulceration of the skin surface.
PAR  In connection with the collection of urine directly from a female bladder,
      this has, in the past, required the insertion of various devices directly
      into the bladder, and this has caused serious bladder infections.
      Specifically, the most commonly employed prior art device has included
      inflatable means for insertion directly into the bladder, and tubular
      means for removing urine therefrom. Again, insertion of any foreign matter
      into the bladder itself has consistently resulted in serious bladder
      infections.
PAR  In connection with the application of enemas, such as barium enemas, this
      has in the past been extremely difficult, particularly with incontinent
      patients who cannot control or prevent the release of barium material
      prematurely.
PAR  Therefore, in each of these cases, there has been an extreme and urgent
      need for the development of a collecting bag which overcomes these
      difficulties.
PAR  It is therefore an object of the present invention to provide a collecting
      bag which overcomes these and other problems associated with each of these
      prior art devices.
PAR  It is yet another object of the present invention to provide such a
      collecting bag which is both sanitary and easily disposable, and which is
      relatively simple to use and sufficiently cheap to manufacture in order to
      meet the single use, throw-away concept of modern day medicine.
PAR  It is yet another object of the present invention to provide a collecting
      bag which may be used continuously, and for long periods of time, without
      irritation to the body opening.
PAR  It is yet another object of the present invention to provide a collecting
      bag which can be easily replaced by relatively untrained individuals,
      without pain or other such difficulties to the patient, and which can be
      periodically inserted and removed without causing undue irritation or
      infection.
PAR  It is yet another object of the present invention to provide a collecting
      bag which may be inserted into a stoma and employed by ostomy patients,
      with all of the above-noted advantages.
PAR  It is yet another object of the present invention to provide a collecting
      bag which may be employed by females for insertion into the urethra for
      collection of urine therefrom.
PAR  It is yet another object of the present invention to provide a collecting
      bag which helps to eliminate odors and other such difficulties resulting
      from leakage associated with the involuntary and uncontrolled expelling of
      feces by such patients.
PAR  It is yet another object of the present invention to provide a collecting
      bag which eliminates the transmission of bacteria and bacterial
      infections, and which can be used in connection with the analysis of
      excretions from various body openings.
PAR  It is yet another object of the present invention to provide a collecting
      bag which may be used as a fecal bag even where the defecation function of
      the rectal or sphincter muscles has been completely lost due to local
      disease, local inflammatory disease as in the case of typhoid, cholera or
      dysentery, central nervous system defects or disorders, or other reasons
      whereby there is still sufficient rigidity in the wall of the rectal
      ampulla to offer support for any structure inserted for engagement
      therewith.
PAR  It is yet another object of the present invention to provide a collecting
      bag which may also be adapted to be used for the provision of an enema,
      such as a barium enema, again with all of the above-noted advantages.
PAR  It is yet another object of the present invention to provide a method for
      manufacturing each of the above-noted collecting bags.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a collecting bag is provided for
      use in the continuous collection of excretions from various body openings,
      including an inflatable collar having an inner diameter and an outer
      diameter, an elongated tubular member attached to the inner diameter of
      the inflatable collar, bag means connected to the end of the elongated
      tubular member remote from the inflatable collar, so that the bag means is
      disposed exterior to the body opening upon insertion of the inflatable
      collar into the body opening, means for inflating the collar from a point
      external to said body opening when the inflatable collar has been inserted
      in the body opening, and channel means connecting the means for inflating
      the inflatable collar to the inflatable collar, whereby the channel means
      is located within the interior of the bag means and of the elongated
      tubular member so that the channel means does not contact the body opening
      upon insertion of the inflatable collar into the body opening.
PAR  In one embodiment of the present invention wherein the collecting bag is to
      be used as a fecal bag, the inflatable collar is prepared in a manner so
      that upon inflation and expansion thereof frictional engagement with the
      ampulla wall of the rectum is provided to hold the fecal bag therein, so
      that the elongated tubular member extends through the anus, such that the
      bag means is located exterior thereto. Thus, the elongated tubular member
      forms a continuous channel from the inflatable collar to the bag means so
      that there is no leakage of any of the fecal matter to be collected during
      use thereof.
PAR  In another embodiment, where the collecting bag is to be employed for
      insertion into a stoma, the inflatable collar will be of a length so that
      upon inflation a firm anchorage upon the surface of the colon is obtained.
      Additionally, in this embodiment, the elongated tubular member will be of
      a sufficient length to extend from the stoma to the bag means exterior
      thereto.
PAR  In yet another embodiment of the present invention, when the collecting bag
      of this invention is to be used as a urine collecting bag for females, the
      elongated tubular member will include a projecting tubular member which
      will be inserted into the urethra upon insertion of the inflatable collar
      into the vagina.
PAR  Further, in accordance with the present invention, a method for
      manufacturing such a collecting bag comprising an inflatable collar and a
      bag means including an elongated tubular member is provided, wherein the
      collecting bag includes a smooth, continuous outer surface, and does not
      require the application of any adhesive in its construction, comprising
      preparing an inflatable collar by heat-sealing a first portion of said
      inflatable collar to a second portion of said inflatable collar, and
      attaching the inflatable collar to the bag means including an elongated
      tubular member by heat-sealing the end of said tubular member remote from
      said bag means to the inner diameter of said inflatable collar.
      Preferably, the bag means including an elongated tubular member will
      include an internal channel or keyway attached to an inflating means at
      the remote end of said bag means from said elongated tubular member, and a
      tubular conduit will be heatsealed to the upper portion of said inflatable
      collar for attachment to said keyway thus providing a channel for
      inflating and deflating the inflatable collar with air or a suitable
      liquid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational, partially sectional view of a collecting bag
      of the present invention employed as a fecal bag, illustrated in assembled
      position in the rectum of a patient;
PAR  FIG. 2 is a side sectional elevational view of a collecting bag of the
      present invention;
PAR  FIG. 3 is a top elevational sectional view taken along section 3--3 of FIG.
      2;
PAR  FIG. 4 is a side elevational partially sectional view showing manual
      insertion of the deflated inflatable collar of the collecting bag of the
      present invention into the rectum;
PAR  FIG. 5 is a plan view of a first portion of the inflatable collar of the
      present invention;
PAR  FIG. 6 is a plan view of a second portion of the inflatable collar of the
      present invention;
PAR  FIG. 7 is a partial plan view of the first and second portions of the
      inflatable collar of the present invention in sealed relationship;
PAR  FIG. 8 is a partial plan view of the inverted inflatable collar of FIG. 7;
PAR  FIG. 9 is a side elevational view, partly broken away, of the bag portion
      of a collecting bag of the present invention;
PAR  FIG. 10 is a partial sectional side view of an inflatable collar of the
      collecting bag of the present invention; in deflated orientation;
PAR  FIG. 11 is a partial sectional side view of an inflatable collar of the
      collecting bag of the present invention, in inflated orientation;
PAR  FIG. 12 is a perspective view of a portion of another form of a collecting
      bag of the present invention inserted into a vagina and a bladder; and
PAR  FIG. 13 is a partial elevational view of another collecting bag of the
      present invention shown inserted in assembled position in a stoma.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, in which like numerals refer to like portions
      thereof, FIG. 1 shows a fecal bag of the present invention assembled and
      inserted into the patient's rectum. The configuration of the rectum
      generally designated R of the patient includes the anal opening or anus 1
      provided with rectal or sphincter muscle generally designated 2 which in
      normal operation acts to hold the rectum closed. Inwardly of the anus the
      rectal passage 3 forms an enlarged space or ampulla 4 and then extends
      further into the body for connection to the end of the large intestine
      (not shown).
PAR  While the ampulla 4 of the rectal passage 3 is enlarged the wall thereof
      has sufficient rigidity, even where a complete loss of control of the
      sphincter muscle 2 has occurred, to permit frictional engagement therewith
      of a fecal bag device in accordance with the present invention, to be
      fully described below. In addition, since the collecting bag of this
      invention provides a smooth, continuous outer surface, particularly with
      respect to that portion thereof which is inserted with the rectum R, there
      is no irritation whatsoever between the collecting bag and the anus 1 of
      other portions of the rectum R.
PAR  Thus, referring to FIG. 2, a collecting bag, which in this drawing may be
      the fecal bag shown in FIG. 1, is generally designated 10, and generally
      has a unitary construction. The fecal bag 10 thus includes an insertable
      section 11 and a collecting section 12.
PAR  The insertable section 11 consists of an elongated tubular member 13,
      which, as shown in FIG. 1, will have a length sufficient to permit a
      portion thereof to extend external of the rectum when the insertable
      section 11 is disposed in assembled position, as shown in FIG. 1. The
      elongated tubular member 13 is preferably made of a medically approved,
      thin, pliable material such as a medically approved plastic, in the form
      of films of up to 8 mils or sheets of greater thicknesses, and having
      sufficient stiffness or sufficient strength to permit the insertable
      section to be passed through the anal opening into the rectum either by
      manual insertion as by squeezing the elongated neck together as
      illustrated in FIG. 4, or by means of some suitable insertion instrument.
      The ease of insertion may thus be facilitated by lubricants, oils or
      vaseline, or any other similar type substances which have no adverse
      effects upon the patient.
PAR  Materials which are presently medically approved include various plastics,
      as well as certain silicon compounds, such as the product sold on the open
      market under the trademark SILASTIC S-2000. Of the medically approved
      plastics, urethane and polyvinylchloride (PVC) are preferred, with PVC
      being most preferred.
PAR  In the case of the fecal bag shown in FIG. 2, the diameter of the elongated
      tubular member 13 will be in the range of from about 1 inch to about 11/2
      inches, which is the approximate maximum degree to which the anus will
      expand under normal pressure or under conditions where control of the
      rectal sphincter muscles has been completely lost. The length of the
      elongated tubular member will generally be in a range from about 21/2
      inches to about 4 inches, with an average length of about 3 inches.
PAR  The significance of this diameter and length is noted because the elongated
      tubular member 13 forms a connecting passage between the bag or collecting
      means 12 and the inflatable collar, generally designated 21.
PAR  The inflatable collar 21 itself, as can best be seen in FIGS. 2, 10 and 11,
      includes a first annular portion 50, and a second portion 51 including an
      annular portion 52, and a flangelike portion 53 which becomes
      substantially perpendicular to the annular portion 52 upon inflation, as
      shown in FIG. 11, thus forming a cup-like member about an inner aperture
      49. These two portions are heat-sealed together at heat-sealed joint 54 in
      order to form the inflatable collar, as will be discussed in more detail
      below with respect to the method of manufacturing the collecting bag of
      the present invention. Thus, since the annular portion 50 includes an
      inner diameter 56 and an outer diameter 58, and the second portion 51 of
      the inflatable collar 20 includes an inner diameter 57, upon heat-sealing
      of the substantially coextensive inner diameters 56 and 57 together, as
      shown at 59, an annular space 60 is formed, which annular space may now be
      inflated.
PAR  The collecting section 12 of the collecting bag of the present invention
      includes a bag portion 15 and the elongated tubular member 13. At the end
      of the elongated tubular member 13 remote from the bag 15 the inflatable
      collar 21 is attached. This is accomplished by means of heat seals at
      circular flange 16 (see FIG. 9) thus sealing the ends 58 and 53 of the
      first member 50 and the second member 52 of the inflatable collar 21 to
      the annular flange 16, at 59. In this manner a smooth, continuous outer
      surface is provided from the inflatable collar 21, which is inserted into
      the body opening such as the anus, through the elongated tubular member
      13, which extends into that body opening, and finally to the bag 15 which
      is located external from the body opening.
PAR  In order to pass any liquid, air or other gas to or from the annular space
      60 within the inflatable collar 21, for the purpose of inflating same, a
      conduit is provided. Thus, keyway 18 is provided within the interior of
      the collecting section 12, running from the upper portion of the elongated
      tubular member 13 along the inner wall of the collecting section 12,
      through bag 15, along its inner wall, as shown in FIGS. 2 and 3. The upper
      portion of keyway 18 ends in opening 19, into which is inserted tubular
      connector 20. The inflatable collar 21 is provided with an opening 22 to
      which is heat-sealed tubular conduit 23. The tubular connector 20 is
      inserted into the opposite end of tubular conduit 23 from that end which
      is heat-sealed to the opening 22 in the inflatable collar 21, so that a
      continuous closed passage is provided from the annular space 60 of the
      inflatable collar 21 through tubular conduit 23, tubular connector 20, and
      keyway 18, to the remote portion of bag 15. The outer diameter of tubular
      connector 20 must therefore be slightly smaller than the inner diameter of
      tubular conduit 23, so that it can fit snugly and permanently therein. At
      the bottom of bag 15 is provided a suitable bi-directional control valve
      means generally designated 24 which is thus readily available at a
      location exterior of the body opening when the collecting bag is in the
      assembled position, such as in the rectum as shown in FIG. 1 of the
      drawings. Most significantly, this entire apparatus which provided for the
      inflation and deflation of inflatable collar 21 is provided in a manner
      such that the smooth continuous outer surface of the collecting bag 10 is
      uneffected, so that there is no contact whatsoever between the body
      opening, such as anus 1, and the means for inflating and deflating
      inflatable collar 21, including channel or keyway 18.
PAR  Referring now to FIG. 13, an embodiment of the collecting bag of the
      present invention for use by patients who have had an ostomy, and who
      therefore now possess a stoma, is shown. In this embodiment, the main
      features of the collecting bag as described above with reference to a
      fecal bag for insertion in the anus are identical. However, for use in
      this application, it is necessary to modify the collecting bag, such as by
      altering the actual dimensions of inflatable collar 21 and elongated
      tubular member 13, in order to fit the particular circumstances of this
      use. Generally, a somewhat longer inflatable collar 21 is provided in
      connection with this application, since somewhat greater holding power may
      be required.
PAR  Thus, as shown in FIG. 13, in the situation where the patient has undergone
      a colostomy, and has been provided with a stoma 32, in his abdomen 33,
      which now functions as a replacement for his rectum, it again becomes
      necessary to attach a collecting bag in order to accomplish the results
      described above. As is shown in FIG. 13, the collecting bag of the present
      invention is inserted through the stoma 32 prior to inflation, and upon
      inflation of the inflatable collar 21 therewithin, the wall of the colon
      34 is expanded at the point of contact with the inflatable collar 21 so
      that the collecting bag is firmly anchored within the stoma 32. The
      elongated tubular member 13 thus extends from the stoma and the bag itself
      is fully exterior thereto. Again, a smooth unbroken surface is presented
      to the wall of the stoma and through the abdomen 33 so that no irritation
      whatsoever is caused thereupon. Again, the means for inflation of the
      inflatable collar 21 includes keyway 18 which is furnished along the inner
      wall of the elongated tubular member 13 and the bag 15, attached to valve
      member 24 at its end remote from the body opening or stoma 32, and to the
      inflatable collar in the manner shown in FIGS. 10 and 11, and described
      above, at its other end within the body opening. As can also be seen in
      FIG. 13, the bag portion 15 itself is of a somewhat shorter, wider shape
      in this case, again merely for purposes of convenience to the patient,
      etc.
PAR  An additional embodiment of the present invention is also shown in FIG. 13,
      and includes an additional keyway 35. While this embodiment will now be
      discussed, it should be noted that while it is only shown in conjunction
      with the collecting bag for use in conjunction with a stoma, it is fully
      applicable to the fecal bag described above. This embodiment, including
      keyway 35 disposed within the collecting bag along the inner surface of
      the elongated tubular member 13 and the bag 15, provides for the
      application of an enema through the collecting bag of the present
      invention without interfering with its primary purpose as described
      herein, and with ease and speed. The keyway 35 thus terminates in a
      one-directional valve 36 which may thus be connected to an enema
      dispensing bag. Thus, for example in the application of a barium enema,
      the barium liquid contained in a dispensing bag is attached to valve 36
      and applied therethrough, generally by gravity feed. At the end of the
      keyway 35 remote from this valve 36, a simple tubular opening 37 is
      provided within the end of the elongated tubular member adjacent the
      inflatable collar 21 so that the liquid is directed directly into the
      colon 34. It should also be understood that in place of keyway 35 a simple
      tube means may be provided within the collecting bag. At this point the
      elongated tubular member 13 of the collecting bag may be tied off, and in
      the case of a barium enema, the necessary X-rays, etc. may be taken. The
      tied-off portion may then be released, permitting the barium, or other
      enemator, to flow into the collecting bag.
PAR  Yet another embodiment of the present invention is shown in FIG. 12 hereof.
      In this embodiment, all of the essential features of the collecting bag
      described above are again included herein, including the inflatable collar
      21, elongated tubular member 12, and the collecting bag itself. While each
      of these is thus identical in principal to that described above, the
      actual function of this collecting bag is somewhat different. Also, the
      inflatable collar and bag may again be somewhat modified in shape or
      design, such as by further lengthening the inflatable collar 21 for firmer
      anchorage, etc. Thus, in this case, while the deflated collar and
      elongated tubular member are inserted into the vagina 38 upon inflation
      the purpose of this insertion is merely for such anchoring, and not for
      any actual collection of excretions through the opening 17 into the
      elongated tubular member 13, as is the case in the collecting bags
      described heretofore. Although the bag 15 itself is used for collecting
      urine, collection occurs through a separate semi-rigid tubular member 39
      which is attached through an opening 40 in the elongated tubular member
      13. In this manner, the semi-rigid tubular member 39 projects from the
      elongated tubular member 13 a substantial distance into the urethra 41, so
      that it can now collect any urine discharged from the bladder 42, without
      actually entering the bladder 42. This material then passes through the
      semi-rigid tubular member 39 into the collecting bag. In this manner,
      where such collection becomes necessary due to local infection, etc.,
      collection is accomplished without causing greater infection or
      irritation, in a simple and expedient manner.
PAR  Referring now to FIGS. 5 through 9, the method of the manufacture of
      collecting bag of the present invention will now be described. This method
      of manufacture thus results in the preparation of a collecting bag having
      a smooth, continuous outer surface, and one which does not require the
      application of any adhesive in order to construct same. The latter factor
      is of extreme significance in these medical applications since the
      appropriate government authorities will not permit such devices to result
      in the insertion of any adhesive joints into any of the body openings in
      question. Throughout this description it should be realized that the
      entire collecting bag, including all of its components will preferably be
      prepared from a thin, medically approved pliable plastic material, such as
      PVC or urethane plastics, and preferably these materials will be greater
      than 8 mils thick, such as from 8 to 12 mils thick. Referring specifically
      to FIG. 5, a first portion 50 of the inflatable collar of the collecting
      bag of the present invention is initially provided. This first portion
      comprises an annular disc, including an opening 44 therethrough, which
      will eventually act as the entrance port for collecting the excretion
      associated with the particular body opening with which the specific
      collecting bag to be manufactured is to be used. This first annular
      portion 50 of the inflatable collar 21 thus includes an inner diameter 56
      and an outer diameter 58, and may itself be prepared by application of a
      dye upon a flat film or sheet of the plastic material. The initial step in
      the preparation of the collecting bag of this invention thus comprises the
      application of a tubular conduit 23 to this first annular portion 50. This
      application of the tubular conduit 23 is accomplished by heat-sealing the
      end of tubular conduit 23 to one surface of this annular disc 50, as shown
      in FIG. 5, and by providing an opening 22 at the point of application,
      between the inner diameter 56 and the outer diameter 58 of the first
      portion 50 of inflatable collar 21. A second portion 52 of the inflatable
      collar 21 is shown in FIG. 6. This portion generally comprises an annular
      disc portion 52 and a transverse flange portion 47 extending
      perpendicularly from the outer diameter thereof. This second portion 52 of
      the inflatable collar 12 thus is of a dish shape, including a circular
      opening 49 therein corresponding to the opening 44 in the first portion 50
      of the inflatable collar. This second portion 52 itself is prepared from a
      flat sheet of the plastic material to be employed by vacuum forming this
      portion 52 into the shape shown in FIG. 6 employing male and female dye
      portions which are applied against the slightly heat softened plastic
      material. In order to prepare the inflatable collar 21 the first portion
      50 and the second portion 51 are joined together by merely placing the
      first portion 50 upon the outer rim 53 of the transverse portion 47 of the
      second portion 52 and heat-sealing the outer diameter 58 of the first
      portion 50 to the outer flange 53 of the second portion 51, in order to
      prepare the inflatable collar as shown in FIG. 7. The heatsealed joint is
      thus shown as 54 in that Figure. Subsequently, the entire inflatable
      collar 21 as shown in FIG. 7 is inverted, into the position shown in FIG.
      8. In this manner the heatsealed joint 54, which may now be trimmed, is
      now located within the interior of the inflatable collar, as shown in FIG.
      8, and the tubular conduit 23 is located on the exterior of the upper
      surface thereof. It can now be seen that the final inflatable collar,
      including annular space 60, may be prepared by heat-sealing together the
      corresponding inner diameters 57 and 58, into the configuration shown in
      FIGS. 10 and 11, where this heat-sealed portion is shown at 59. There is
      thus provided a completely closed annular collar, including an entrance
      port 22 connected to conduit 21 for the injection of air or suitable
      liquid for inflation of the collar. The last step, however, is preferably
      accomplished at the same time that the inflatable collar 21 is applied to
      the remaining portion of the collecting bag 15, as discussed below.
PAR  The remaining portion of the collecting bag of the present invention, as
      shown in FIG. 9, includes the bag portion 15 and the elongated tubular
      member 13. While the elongated tubular member 13 is shown as conical in
      shape in FIG. 9, it also may be cylindrical, as this shape is merely a
      matter of choice, depending on the particular circumstances and use
      required. This portion of the collecting bag of the present invention may
      itself be prepared from two flat films or sheets of plastic material to be
      employed. These two sheets are laid side by side, and appropriate dyes are
      applied to the surface thereof. The dyes heat-seal the two flat sheets
      together in the shape of the bag which is desired. In addition, the keyway
      18 may also be applied to the inside of the bag at the same time by
      applying an additional heat seal along the inner wall of keyway 18, so
      that the keyway itself is provided between this inner heat seal and the
      outer heat seal of the bag itself. The keyway 18 thus extends almost to
      the end of the elongated tubular member 13. Furthermore, at this point, it
      is preferred to heat-seal only the two side portions of the collecting bag
      15, leaving the bottom portion 65 open and unsealed. Further, a packet 66
      may also be formed at the bottom end 65 of the collecting bag 15 at this
      point, for subsequent insertion of valve 24 thereinto. In addition,
      tubular conduit 20 may now be attached to opening 19 at the end of keyway
      18 adjacent the open end 17 of the elongated tubular member 13. In order
      to finally prepare the finished collecting bag, the inflatable collar as
      shown in FIG. 8 is placed atop the end of the elongated tubular member 13,
      upon flange 16, and the three corresponding circular portions, represented
      by flange 16, and inner diameters 57 and 58, are heat sealed together as
      shown in FIGS. 10 and 11, at 59. The actual heat sealing of the inflatable
      collar 21 to the elongated tubular member 13 of bag 15 may thus be
      accomplished by placing the entire bag as shown in FIG. 9 over a dye or
      mandrel, through the open end at the bottom 65 of the bag. The end at
      flange 16 of the elongated tubular member 13 is thus draped over the end
      of the mandrel a short distance, and the inflatable collar 21 in the
      condition shown in FIG. 8 may thus be applied directly to that flange by
      heat sealing thereto in the manner described above. In order to finalize
      the bag it is therefore only necessary to close off the bottom 65 of the
      bag 15 by heat sealing the two sheets of plastic together at that point
      along the bottom edge thereof, and then inserting valve 24 into pocket 66
      preformed during the initial heat-sealing of the two flat sheet of plastic
      into the bag 15 itself. Finally, tubular member 20 may be inserted into
      tubular conduit 23, thus completing the closed connection between the
      annular chamber 60 of the inflatable collar 21 through keyway 18 to valve
      24.
PAR  A unitary continuous collecting bag, having a smooth continuous outer
      surface, including means for inflating and deflating the inflatable
      collar, which is entirely enclosed within the collecting bag, is thus
      provided.
PAR  It should also be understood that while the form of the invention shown in
      the drawings has such a unitary construction, it is also possible to
      provide a detachable collecting section, so that the inflatable collar and
      the upper portion of the elongated tubular member 13 may be in-dwelling,
      and the collecting section, including the bag 15 and the lower portion of
      the elongated tubular member 13 may be removable and replaceable. In this
      form of the invention, the construction is identical. In this
      construction, the two-piece form of the collecting bag includes a divided
      elongated tubular member, such that the upper portion thereof is provided
      with a connecting member, which cooperates with a connecting member
      similarly attached to the lower portion of the elongated tubular member,
      including the bag 15. This may be accomplished by means of mating
      surfaces, such as a shoulder, or an outer flange.
PAR  The collecting bag of this invention may also be provided with a tie-off
      means which merely includes a string, tape or other means so that upon
      removal of the collecting bag the elongated tubular member may be sealed
      off for sanitary purposes. Although the use of the collecting bag of this
      invention will now be obvious from the above description, simple reference
      is made to typical usage of same. Thus, particularly referring to FIG. 4
      hereof, the end of the elongated tubular member, including the deflated
      inflatable collar 21, is squeezed together, particularly because of its
      preparation from a suitable pliable material, and manually grasped as
      shown by the hand in FIG. 4. After suitable lubrication this insertable
      section may thus be inserted into the body opening, such as the rectum
      shown in FIG. 4. This section is then moved into the rectum until the
      inlet opening of the elongated tubular member 13 lies closely adjacent to
      the inner wall of the ampulla of the rectum. When the collecting bag is in
      this position any suitable liquid or gaseous means is connected to the
      valve 24 as shown by connecting means 48 in FIG. 9, and the inflatable
      collar is inflated. As the inflatable collar 21 expands it presses against
      the wall of the ampulla, and becomes firmly anchored therewithin,
      irrespective of the condition of the sphincter muscles 2.
PAR  The collecting bag may thus remain in position until it is desired to
      remove the device from the patient, and at that time by manipulating the
      valve, the water, air or other gas in the inflatable collar 21 can be
      allowed to escape, and since nothing now holds the collecting bag in the
      assembled position in the rectum, the fecal bag can be easily removed by
      sliding it therefrom.
PAR  The foregoing is considered as merely illustrative of the principals of the
      present invention. Changes and alterations will readily occur to those
      skilled in this art from the above disclosure, and it is therefore not
      desired to limit the invention to the exact construction described and all
      suitable modifications and equivalents are deemed to be covered by the
      scope of the invention as now claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collecting bag for use in the collection of excretions from body
      openings, comprising
PA1  a. an inflatable collar for insertion into said body opening, said
      inflatable collar including an inner surface and an outer surface, thereby
      forming a closed annular space between said inner and outer surfaces,
PA1  b. a continuous elongated tubular member having a first end and a second
      end, said first end being sealingly attached to said inner surface of said
      inflatable collar, so that the inner surface of said inflatable collar is
      attached to a portion of the continuous surface of said elongated tubular
      member,
PA1  c. bag means associated with the second end of said elongated tubular
      member remote from said inflatable collar, so that said bag means is
      disposed exterior to said body opening upon insertion of said inflatable
      collar into said body opening,
PA1  d. means for inflating said collar from a point external to said body
      opening when said inflatable collar has been inserted into said body
      opening, and
PA1  e. channel means for connecting said means for inflating said inflatable
      collar, the channel means being located along the interior of said bag
      means and said elongated tubular member so that said channel means does
      not contact said body opening upon insertion of said inflatable collar
      into said body opening.
NUM  2.
PAR  2. The collecting bag of claim 1 in which said elongated tubular member
      forms a continuous channel from said inflatable collar to said bag means
      so that there is no leakage of said excretions from said body opening
      during use.
NUM  3.
PAR  3. The collecting bag of claim 1 wherein said channel means comprises a
      keyway located along the inner wall of said bag means and said elongated
      tubular member.
NUM  4.
PAR  4. The collecting bag of claim 1 including means for providing an enema
      through the interior of said bag means and said elongated tubular member.
NUM  5.
PAR  5. The collecting bag of claim 4 wherein said means for providing said
      enema comprises channel means located along the interior of said bag means
      and said elongated tubular member, and includes valve means connected to
      the end of said channel means remote from said inflatable collar.
NUM  6.
PAR  6. The collecting bag of claim 1 prepared from a thin, medically approved
      pliable material.
NUM  7.
PAR  7. The collecting bag of claim 6 wherein said pliable material comprises a
      plastic selected from the group consisting of polyvinylchloride and
      urethane.
NUM  8.
PAR  8. The collecting bag of claim 1 including a semi-rigid collecting tube
      projecting from said elongated tubular member.
NUM  9.
PAR  9. The collecting bag of claim 1 wherein said inflatable collar comrpises a
      first annular member having an inner and outer diameter and a second
      annular member having an inner and outer diameter, said inner diameter of
      said first annular member and said inner diameter of said second annular
      member being sealingly attached, and said outer diameter of said first
      annualr member and said outer diameter of said second annular member being
      sealingly attached, thus forming said closed annular space therebetween.
NUM  10.
PAR  10. The collecting bag of claim 9 wherein said means for inflating said
      inflatable collar includes a tubular conduit connecting said channel means
      to a point on said inflatable collar between said inner and outer diameter
      of said first annular member.
NUM  11.
PAR  11. A fecal bag for use in the continuous collection of feces from the
      rectum, comprising,
PA1  a. an inflatable collar for insertion into said rectum, said inflatable
      collar including an inner surface and an outer surface, thereby forming a
      closed annular space therebetween,
PA1  b. a continuous elongated tubular member having a first end and a second
      end, said first end sealingly attached to said inner surface of said
      inflatable collar, so that said inner surface of said inflatable collar
      separates said closed annular space from said continuous elongated tubular
      member,
PA1  c. bag means associated with the second end of said elongated tubular
      member remote from said inflatable collar, so that said bag means is
      disposed exterior to said rectum upon insertion of said inflatable collar
      into said rectum,
PA1  d. valve means for inflating said collar from a point external to said
      rectum when said inflatable collar has been inserted into said rectum, and
PA1  e. channel means connecting said valve means to said inflatable collar,
      said channel means being located along the interior of said bag means and
      said elongated tubular member so that said channel means does not contact
      said rectum upon insertion of said inflatable collar into said rectum.
NUM  12.
PAR  12. The fecal bag of claim 11 including means for providing an enema
      through the interior of said elongated tubular member.
NUM  13.
PAR  13. The fecal bag of claim 12 wherein said means for providing said enema
      includes channel means located along the interior of said bag means and
      said elongated tubular member, and valve means associated with the end of
      said channel means remote from said elongated tubular member.
NUM  14.
PAR  14. The fecal bag of claim 11 adapted for insertion into a stoma.
NUM  15.
PAR  15. The fecal bag of claim 11 wherein said elongated tubular member is
      sealingly attached to a single point on said inner surface of said
      inflatable collar.
NUM  16.
PAR  16. The fecal bag of claim 11 wherein said inflatable collar comprises a
      first annular member having an inner diameter and an outer diameter, and a
      second annular member having an inner diameter and an outer diameter, said
      inner diameters of said first and second annular members being sealingly
      attached to adjacent points on said continuous elongated tubular member.
NUM  17.
PAR  17. A urine-collecting bag for use in the continuous collection of urine
      from a female urethra, comprising,
PA1  a. an inflatable collar for insertion into a vagina, said inflatable collar
      including an inner diameter and an outer diameter,
PA1  b. an elongated tubular member sealingly attached to said inner diameter of
      said inflatable collar,
PA1  c. bag means associated with the end of said elongated tubular member
      remote from said inflatable collar, so that said bag means is disposed
      exterior to said vagina upon insertion of said inflatable collar into said
      vagina,
PA1  d. valve means for inflating said collar from a point external to said
      vagina when said inflatable collar has been inserted thereinto,
PA1  e. channel means connecting said valve means to said inflatable collar,
      said channel means being located entirely within the interior of said bag
      means and said elongated tubular member so that said channel means does
      not contact said vagina upon insertion of said inflatable collar
      thereinto, and
PA1  f. tube means disposed upon said elongated tubular member for insertion
      into said urethra upon insertion of said inflatable collar into said
      vagina, so that urine is continuously collected from said urethra and
      transmitted into said elongated tubular member and said bag means upon
      insertion of said inflatable collar into said vagina.
NUM  18.
PAR  18. The urine collecting bag of claim 17 wherein said tube means comproses
      a semi-rigid tubular member disposed through the wall of said elongated
      member.
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ABST
PAL  A disposable multi-layer diaper of high absorptive capacity is provided
      which comprises as a first layer, a porous facing web to be brought into
      contact with an infant's skin. A second layer, in juxtaposition to the
      facing layer, is a highly porous, loosely compacted cellulosic batt having
      greater wettability than that of the facing web. The batt is slightly
      narrower than the facing layer to provide exposed side portions of the
      facing layer outwardly of the side edges of the batt. A third layer,
      integral with the second, is a continuous, paper-like, densified, higly
      compacted layer of the same cellulosic material as the second layer but of
      substantially smaller average pore size. The third layer is thickened in
      selected areas to provide an increased volumetric flow capacity for
      rapidly drawing fluid away from an initially wetted area and directing it
      to areas of the densified layer remote from the wetted area. The thickened
      areas may be coherent and unitary, or may include substantially fiber-free
      voids surrounded by fibrous strata. The final layer is an impervious
      backing sheet that is substantially coextensive with the facing layer, and
      which is adhered to the densified layer over a widely distributed area of
      adhesion and to the side portions of the facing layer beyond the edges of
      the batt. Opposite sides of the diaper are folded inwardly about first
      fold lines inwardly of the side edges of the batt, and the folded side
      portions are folded outwardly about second fold lines outwardly of said
      first fold lines, but inwardly of the side edges of the batt, to thereby
      provide thickened zones at opposite sides of the batt that include three
      thicknesses of batt material.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of my application
      Ser. No. 266,013, filed June 26, 1972, now abandoned which was a
      continuation-in-part of application Ser. No. 187,239, filed Oct. 7, 1971,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Disposable diapers have met with increased commercial acceptance in recent
      years primarily because of their convenience, as opposed to cloth diapers,
      which need to be laundered once soiled. Many different constructions have
      been proposed and used, and some have met with widespread commercial
      success in spite of certain inadequacies in functional properties.
PAR  One of the most serious prior art problems has been the inability to
      provide a suitable construction that would keep moisture away from the
      surface of the diaper which comes into contact with the infant's skin and
      thereby avoid skin irritation and infection. Commonly assigned Mesek et.
      al. U.S. Pat. No. 3,612,055 discloses several diaper constructions that
      function extremely well in keeping moisture away from an infant's skin,
      while at the same time handling a full volume discharge of urine.
PAR  These functions are accomplished by a multilayer diaper comprising, in
      order, a fibrous facing layer which is to be brought into contact with the
      infant's skin, a layer of highly porous, loosely compacted cellulosic
      batt, a paper-like densified, highly compacted cellulosic fibrous layer
      integral with the loosely compacted batt and an impervious backing sheet
      adhered to the densified layer throughout the interface therebetween. The
      facing layer is of porous construction and its fibers have less
      wettability for water than the fibers of the loosely compacted batt,
      resulting in a tendency for liquid to flow from the facing web into the
      batt. The densified fibrous layer has a smaller average pore size than the
      loosely compacted batt, resulting in a tendency for liquid to flow
      preferentially from the batt into the underlying densified layer rather
      than to other areas of the batt, thus tending to restrict wetting in the
      batt to an area of moderate size. Liquid flowing into the densified layer
      tends to spread laterally because of its wicking action and liquid which
      might pass through the densified layer during discharge (when flow is
      rapid) is held back by the impervious backing sheet for sufficient time to
      permit absorption to take place. Liquid in excess of the absorptive
      capacity of the densified layer is forced back by the impervious layer
      into the dry portion of the loosely compacted batt, thus utilizing the
      additional absorptive capacity therein.
PAR  The above-mentioned patent discloses basically two different types of
      absorbent panels, viz., those wherein the paper-like, densified layer
      extends continuously over a given area of the loosely compacted batt, and
      those wherein the paper-like densified layer is discontinuous and arranged
      in a preselected geometric pattern. The advantage of the absorbent
      structures within the latter group is the ability to provide
      directionalized fluid flow, i.e., the fluid tends to flow in the direction
      of the densified portions, as opposed to flowing into the loosely
      compacted portions of the absorbent panel. Thus, by utilizing an absorbent
      panel wherein the spaced densified portions extend in a lengthwise
      direction, the fluid flows preferentially along the densified portions to
      spread out longitudinally within the densified layer before spreading
      laterally and striking through at the side edges thereof. While absorbent
      panels having spaced densified portions provide increased ability to
      control and direct the flow of fluid, as opposed to a continuous
      paper-like, densified layer wherein the fluid flow is substantially equal
      in all directions, such structures have a reduced volumetric fluid storage
      capacity in the densified portions and somewhat reduced overall structural
      integrity, as compared to comparable structures having a continuous
      paper-like densified layer. Furthermore, because the spaced densified
      portions of the panel are separated by loosely compacted batt portions
      having limited wickability, the linear flow rate in the densified portions
      is far greater than the rate of lateral spread, with the result that fluid
      often reaches the ends of the densified portions before it spreads
      outwardly into previously unwet portions of the absorbent structure. This,
      of course, can result in fluid leakage at the ends of the absorbent panel.
PAR  In absorbent panels including a continuous densified layer of uniform
      thickness, because of the equal flow rate in all directions, it is
      possible for fluid to migrate to the side edges of the densified layer
      before it reaches the longitudinal edges thereof, with resultant fluid
      leakage at the sides of the product. Thus, both types of absorbent panels
      disclosed in the above mentioned patent have certain limitations.
PAR  The above-mentioned patent also discloses an arrangement which provides for
      improved sealing adjacent the thighs of an infant. To this end, the patent
      teaches that the facing layer may be wider than the backing sheet, with
      the edges of the facing layer being folded inwardly to make the facing
      layer substantially coextensive in size with the backing sheet and to
      provide increased thickness at the marginal side portions of the diaper.
      This latter construction not only provides for improved sealing, but also
      enhances the balance and feel of the diaper.
PAR  While diapers with the facing layer folded in the manner described above
      have functioned satisfactorily to produce the desired results, since the
      facing layer is the most costly component of the diaper, the improved
      sealing effect and improved feel have been obtained as a result of an
      increased amount of facing layer material, beyond that which otherwise
      would be required, and this has resulted in an increase in the cost of
      manufacturing the product, a matter of no small importance in a disposable
      diaper.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention represents a significant improvement upon diaper
      structures as disclosed in the above-mentioned patent, by providing an
      absorbent panel that includes a highly porous, loosely compacted fibrous
      cellulosic batt with an integral, continuous paper-like, densified,
      cellulosic fibrous layer which, in selected areas, is thickened with
      additional densified cellulosic fibrous material. The thickened and
      unthickened portions of the densified layer portion of the absorbent panel
      cooperate with one another to provide for increased flow of fluid within
      the densified portions of the absorbent structure by reason of a greater
      cross sectional area therewithin, thereby tending to cause a greater
      amount of the fluid passing through the facing layer and striking the
      loosely compacted batt portion of the absorbent panel to flow
      preferentially into the densified layer portion and then throughout the
      densified layer portion toward its outer edges.
PAR  The spaced thickened portions of the densified layer provide a mechanism
      which enables an increased volume of fluid to flow in the densified layer
      (as compared to the unthickened portions of the densified layer), and this
      fluid is rapidly transported into remote areas of the densified layer
      portion before it flows back into the loosely compacted fibrous batt
      portion of the absorbent panel. The thickened densified portions thereby
      make possible the utilization of substantially the entire absorbent
      capacity of the densified layer portion, i.e., the fluid is transported to
      both the side and longitudinal edges of the batt portion of the absorbent
      structure, before the fluid flows back into the loosely compacted batt
      portion of the absorbent structure.
PAR  The unthickened portions of the densified layer portion function as
      bridging regions which transport fluid from one thickened densified
      portion to another at a relatively rapid rate, although the volume of
      fluid that spreads from one thickened portion to another is less than the
      volume of fluid that is transported along the thickened portions
      themselves in a given period of time. However, as the spreading fluid
      reaches unwetted thickened densified portions, the increased volumetric
      flow capacity resulting from these thickened portions provides a means for
      rapidly taking up the fluid and causing it to spread out rapidly along the
      thickened portions and into previously unwet densified layer portions of
      the absorbent panel. Thus, by virtue of having a continuous paper-like
      densified portion with selectively thickened regions therein, a medium is
      provided for preferentially drawing fluid away from the loosely compacted
      batt of the absorbent panel, while enabling the fluid to spread outwardly
      in the entire densified layer at a relatively rapid rate by virtue of the
      increased flow rate along the thickened portions as well as from one
      thickened portion of the densified layer to another.
PAR  In one embodiment of the invention, the thickened portions of the densified
      layer are provided by spaced, parallel strips or lines of densified
      fibrous material that extend lengthwise of the structure. When the
      absorbent panel is wetted in the central region of the batt portion and
      the fluid flows into the densified layer of the absorbent panel, the
      thickened portions in that region function to rapidly transport the fluid
      lengthwise of the structure away from the initially wetted region, while
      the densified bridging portions between the thickened portions cause the
      fluid to spread laterally outwardly at a rapid rate, thus causing the
      fluid to encounter additional thickened portions of densified material,
      with resulting increased longitudinal flow. It will be appreciated with
      the above described type of structure, an arrangement is provided that
      will rapidly draw fluid away from an initially wetted region, and cause it
      to spread out and utilize the absorptive capacity of the entire densified
      layer portion prior to its flow back into the loosely compacted batt of
      the absorbent panel.
PAR  The above-mentioned densified strips or lines need not be continuous to
      provide the improved fluid directing function, and it has been found that
      lines formed of relatively closely spaced strips or sections have also
      functioned satisfactorily. Indeed, with this latter arrangement an
      extremely conformable and comfortable diaper is produced, which at the
      same time retains the desired fluid directing characteristics.
PAR  The cross-sectional area of the paper-like densified layer of absorbent
      panels that includes the thickened portions is greater than the
      cross-sectional area of a continuous paper-like densified layer with no
      thickened portions, or a discontinuous layer formed of spaced densified
      zones, with the result that an increased volumetric storage capacity is
      provided within the smaller capillary area densified layer portion of the
      present invention.
PAR  In the embodiment described above, the unthickened portion of the densified
      layer merges with the loosely compacted batt portion of the absorbent
      panel at a generally planar interface. The thickened portions of the
      densified layer extend beyond the said interface and into the interior of
      the batt portion to provide a three dimensional stregthening effect which
      markedly improves the structural integrity of the absorbent product. The
      increased strength imparted to the absorbent panel of the diaper is
      important not only in use when the structure resists the stress imposed by
      the absorbed liquid, but it is also of significance during the manufacture
      of the diaper, since it improves the handling capabilities enabling the
      diaper to be produced without difficulty by high speed machinery.
PAR  Furthermore, since the thickened densified portions extend into the batt
      portion of the absorbent panel, they are positioned closer to the facing
      layer and will be struck by fluid more quickly than the fluid would reach
      a densified layer of uniform thickness. As a result, the spread of fluid
      is initiated more quickly. The thickened densified portions may extend
      through the entire cross-sectional thickness of the batt, which gives the
      batt a marked increase in structural integrity. With this latter
      structure, sufficient stability is imparted to the batt to permit the use
      of lower densities in the loosely compacted portion thereof than
      heretofore thought possible. This, of course, enhances the drape and
      handle of the diaper, and makes it more comfortable to the infant. Thus,
      the diaper of the present invention has all of the advantages of the
      diaper structures disclosed in the above-mentioned patent, while having
      improved strength, increased fluid storage capacity, and improved fluid
      directing and absorbing properties.
PAR  Depending upon the amount of moisture applied and the degree of compaction,
      the thickened portions may be coherent and unitary, i.e. any zone within
      the thickened portion has a density greater than the density of the
      remainder of the absorbent product above the densified layer; or the
      thickened portions may include densified fibrous strata which surround
      pores or voids that are essentially free of fibers and which have a
      density that is substantially zero, and in any case substantially less
      than the density of the remainder of the absorbent product above the
      continuous densified layer. This latter type of densified structure
      provides an increased volumetric stroage capacity and an increased
      volumetric carrying capacity as compared to cohesive or unitary thickened
      portions containing the same total amount of fibers.
PAR  The diaper of the present invention also provides a means for increasing
      the sealing efficiency between the sides of the diaper and an infant's
      thighs, without substantially increasing the cost of the product and
      withou sacrificing any of the structural and functional advantages
      mentioned above. To this end, the batt layer of the diaper of the present
      invention is widened to an extent that it is only slightly narrower than
      the facing layer and backing sheet, so that when the side portions of the
      diaper are folded in the conventional manner, i.e., inwardly about a first
      fold line and outwardly about a second fold line, three thicknesses of
      batt material are provided at the side margins of the diaper. The batt
      layer, adding its thickness to that of the facing layer near the edge
      thereof, provides an efficient sealing mechanism around the thighs of an
      infant, and since the batt layer is composed entirely of inexpensive
      paper-making fibers, the improved sealing efficiency is provided with
      little or no increase in cost of the diaper. In this regard, for a desired
      volumetric storage capacity, a batt of predetermined thickness and width
      comprised of a given number of fibers was provided heretofore; and
      following the teachings of the present invention, the same volumetric
      storage capacity can be provided in a batt with the same overall density
      by utilizing the same number of fibers and making the batt slightly
      thinner. The wider and thinner batt also makes the diaper more comformable
      and easy to handle.
PAR  The batt portion of the diaper of the present invention may also be
      heavier, i.e., more dense, in the central region than at the side marginal
      edges to concentrate a large volume of fluid in the central region and
      thereby minimize leakage at the sides of the diaper. In this embodiment,
      when the batt is of a given absorptive capacity and has a given number of
      fibers, making the central region heavier inherently makes the side
      portions lighter than would be obtained in a batt or uniform density and
      thickness. The central region of the batt portion is preferably thicker
      than the side marginal edges thereof, and the relatively thin, low density
      side marginal edges enable the diaper to be wrapped into close conformity
      with the infant's thighs with a minimum of wrinkling. As a result, any
      tendency for skin irritation is minimized, even after the diaper has been
      worn for a prolonged period. Furthermore, fluid leakage from a saturated
      diaper is more effectively prevented, thus minimizing soilage of outer
      garments and bedding.
PAR  By virtue of increasing the width of the batt layer, the overall strength
      of the diaper is also significantly increased, since the densified portion
      of the batt layer provides an increased area that is available for
      adhering to the backing sheet. Moreover, since the entire batt layer is
      slightly thinner, the densified and selectively thickened integral
      portions add significantly to the strength of the batt itself,
      particularly when the thickened portions extend through a significant
      portion of the cross-sectional thickness of the batt.
PAR  The increased area of densified layer also provides for enhanced lateral
      and longitudinal liquid spread, as described above. Although the densified
      layer is closer to the side margins of the diaper than in previously known
      embodiments, there is nevertheless sufficient extension of the less
      wettable facing layer beyond the outer edges of the batt to effectively
      obstruct migration of fluid beyond the side edges of the diaper. In fact,
      the narrower side margins in the present diaper of facing fabric width
      over width of the batt is more than compensated for by the factors of batt
      construction (discussed above) tending to hold liquid in the central
      portion of the batt; and simulated use tests with weighted dolls have
      indicated that there is actually less tendency for marginal leakage in the
      diaper of this invention than in the prior diaper with the thicker,
      narrower batt.
PAR  The diaper with improved sealing, handle and feel characteristics may be
      provided without significant modifications to the equipment that has been
      utilized to manufacture diapers of the type disclosed in the
      above-mentioned patent. For example, to obtain the wider and thinner batt
      it is necessary only to grind a wider pulpboard, and to obtain the wider
      and thinner batt having a thickened central region it is necessary only to
      simultaneously grind one or more further pulpboards narrower than the
      wider pulpboard and centered with respect thereto. Since overall width of
      the diaper of the present invention is the same as that disclosed in the
      above-mentioned patent, the same apparatus that has been used in the past
      to effect the folding of the sides of the diaper can be utilized to fold
      the diaper of the present invention. Therefore, the cost of manufacturing
      the diaper having, when folded, three thicknesses of batt material at its
      side portions is not increased.
PAR  The apparatus for producing the selectively thickened densified layer of
      the batt portion may include spaced calander rolls for applying pressure
      to a fibrous web after it has been moistened to form a continuous
      densified layer on one side of the web, and a ribbed embossing roll which
      cooperates with a back up roll to form the thickened portions of the
      densified layer. In a diaper wherein the thickened densified portions of
      the batt extend completely through the cross-sectional thickness of the
      batt, the ribs on the embossing roll are spaced in close proximity to the
      periphery of the back up roll, and when the entire central region of the
      batt is thickened, the ribs in the center of the embossing roll may have a
      smaller outer diameter than the ribs at the outer portions of the roll.
      When the continuous densified layer is formed on the batt having the
      thickened central region, it is preferred to use cylindrical calendering
      rolls, since this results in the application of greater pressure to the
      central region of the batt to form a densified layer which is thickened
      throughout this area (in addition to the localized thickening derived from
      the embossing roll). The diaper which includes a batt having a continuous
      densified layer that is thickened throughout its center functions in an
      improved manner, as compared to a batt having a continuous densified layer
      of equal thickness, since the diaper is usually initially wetted in the
      central area, and the increased thickness of the densified layer provides
      a vehicle for more rapidly transporting a larger volume of fluid from the
      initially wetted area. The further thickened densified lines in the
      thickened central region of the continuous densified layer provide a still
      further means for directing fluid to remote areas of the densified layer.
      The thickened central portion of the continuous densified layer also
      increases the volumetric storage capacity of the densified layer, so that
      a larger volume of fluid can be retained in spaced relationship with
      respect to the facing layer of the diaper.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, with certain portions broken away, of an open
      unfolded diaper;
PAR  FIG. 2 is an enlarged partial cross section of the diaper of FIG. 1 taken
      along plane 2--2, illustrating the internal configuration structure;
PAR  FIG. 3 is a perspective view on a reduced scale of the diaper in its
      configuration after being put on the infant;
PAR  FIG. 4 is a simplified schematic view of the production line on which the
      diaper is made;
PAR  FIG. 5 is a perspective view, similar to FIG. 1, and illustrating a
      modified diaper structure;
PAR  FIG. 6 is an enlarged partial cross section of the diaper of FIG. 5 taken
      along plane 6--6;
PAR  FIG. 7 is an enlarged partial cross section, similar to FIG. 6, and
      illustrating a further modification including a thickened central batt
      portion;
PAR  FIG. 8 is a partial cross section of the diaper in its final folded
      condition;
PAR  FIG. 9 is an enlarged partial cross section of a further diaper
      modification;
PAR  FIG. 10 is a perspective view on a reduced scale of the diaper of FIG. 5 in
      its configuration after being put on an infant;
PAR  FIG. 11 is a simplified schematic view of the production line in which the
      diaper is made;
PAR  FIG. 12 is a top plan view, with certain portions broken away, of an open
      unfolded further embodiment of the diaper of the present invention;
PAR  FIG. 12a is a side elevational view of rolls that are used in the
      manufacture of the embodiment of FIG. 12;
PAR  FIG. 13 is an enlarged partial cross section of the diaper of FIG. 12 taken
      along plane 13--13;
PAR  FIG. 14 is a top plan view similar to FIG. 12, and illustrating a still
      further embodiment of the invention;
PAR  FIG. 14a is a side elevational view of a roll that is used in the
      manufacture of the embodiment of FIG. 13;
PAR  FIG. 15 is a photomicrograph of a cross section of a batt of yet another
      embodiment of the diaper of the present invention taken transversely to
      the length of the thickened line;
PAR  FIG. 16 is a photomicrograph of a batt as illustrated in FIG. 15 and taken
      in the direction of the thickened line;
PAR  FIG. 17 is a graph illustrating the relationship between compression force
      and water add-on in connection with the embodiment illustrated in FIGS. 15
      and 16; and
PAR  FIGS. 18-21 are graphs showing the relationship between compression force
      and density at various moisture add-on levels in connection with the
      embodiment illustrated in FIGS. 15 and 16.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail
      preferred embodiments of the invention and modifications thereof, with the
      understanding that the present disclosure is to be considered as an
      exemplification of the principles of the invention and is not intended to
      limit the invention to the embodiments illustrated. The scope of the
      invention will be pointed out in the appended claims.
PAR  Referring to the drawings, and particularly to FIGS. 1 and 2, the diaper
      assembly 10, when fully opened and laid out flat, comprises a lowermost
      water-impervious sheet 12 which is rectangular in shape, a highly
      water-absorbent fibrous pad, or batt 14, which is also rectangular in
      shape, but smaller than the impervious sheet and centrally disposed
      thereon, and an overlying facing layer 16 of fibrous material, which is
      also rectangular in shape, equal in dimension, and coterminous with the
      impervious sheet and in contact therewith in the marginal portions of the
      diaper extending peripherally beyond the absorbent pad, i.e., in the
      portions 16b and 12b of facing layer 16 and impervious sheet 12,
      respectively. The batt 14 has a continuous paperlike densified highly
      compacted lowermost fibrous layer 18 that includes spaced, parallel
      thickened densified portions 19. Densified layer 18 is adhered to the
      impervious sheet by bead lines of adhesive 22 substantially throughout the
      interface therebetween. Marginal portions 16b and 12b are also adhered to
      each other by bead lines 22.
PAR  In the preferred embodiment of the invention, moisture impervious sheet 12
      is formed of polyethylene having a thickness of approximately 0.001 inch.
      The sheet may be smooth, or may be embossed to improve its drape and feel.
      Other suitable flexible moisture impervious sheets may be used in
      accordance with the invention, such as, for example, polyethylene
      terephthalate sheets having a thickness of about 0.0005 inch.
PAR  Batt 14 is formed of loosely compacted short cellulose fibers, such as wood
      pulp fibers, or cotton linters, or mixtures thereof, which are primarily
      held together by interfiber bonds requiring no added adhesive, as is known
      in the art. Briefly, this batt is a low bulk density coherent web of
      loosely compacted cellulose fibers preferably comminuted wood pulp fibers
      in the form of so-called "fluff".
PAR  The term "short fibers," as used herein, refers to fibers less than about
      one-fourth inch in length, in contrast to "long fibers," or "textile
      length fibers" which are longer than about one-fourth inch in length, and
      generally are between about 1/2 and 21/2 inches in length. The former are
      substantially less costly than the latter. The classification of fibers by
      length may be carried out by the Clark Classification procedure described
      in the test manual of the Technical Association of Pulp and Paper Industry
      (TAPPI-T233 SU64).
PAR  The paper-like densified layer 18 of batt 14 is formed by a slight
      moistening of one surface of the batt followed by the application of
      pressure thereto. The nature of the batt and of its densified layer and
      the method of producing the same are described in U.S. Pat. No. 3,017,304,
      dated Jan. 16, 1962. The thickened densified portions 19 are formed by
      further compression of batt 14 while it is still moist, as will
      hereinafter appear.
PAR  The composite density of batt 14, including its densified layer 18, should
      be above about 0.07 gm./cc. and preferabbly between about 0.10 and 0.15
      gm./cc. The foregoing density values are applicable to the diaper as
      produced. In storage and handling, the loft or thickness of the batt is
      increased to some extent, resulting in lowered densities.
PAR  In the embodiment of FIGS. 1-3 facing layer 16 is made up of a mixture of
      fibers consisting predominantly of short cellulosic fibers such as wood
      pulp fibers or cotton linters, in amounts of about 75% to about 98%, the
      balance being textile length fibers such as rayon. Short cellulosic fibers
      such as wood pulp fibers or cotton linters are substantially less
      expensive than textile length cellulosic fibers such as cotton and rayon,
      and this low cost is a factor in reducing the cost of the facing layer
      component of the diaper of this invention.
PAR  In the facing layer, the short fibers are in uniform admixture with 2% by
      weight of textile length fibers, such as 1.5 denier rayon fibers uniformly
      cut to 11/2 inch length. The short and long fibers are randomly and
      substantially uniformly dispersed and bonded with a bonding agent such as
      a self-cross-linking acrylic emulsion. THe facing web is also treated with
      a wetting agent to partially counteract the water-repellency of the
      bonding agent and bring the facing layer to the desired degree of
      wettability. Facing layers of this character are described in greater
      detail in commonly-owned United States patent application Ser. No.
      729,784, now U.S. Pat. No. 3,663,348.
PAR  Facing layers suitable for use in this invention have fabric weights in the
      range of 1 to 5 oz./yd..sup.2 and densities less than 0.15 gm./cc.,
      generally in the range between 0.05 and 0.1 gm./cc. The dry strength of
      the facing layer, for a fabric having a weight of about 1.5 oz/yd..sup.2,
      is at least 0.15 lbs/in. of width in the machine direction and at least
      0.10 lbs/in. of width in the cross direction. The fabrics have unusually
      good elongation, loft, softness and drape characteristics in comparison to
      prior products incorporating any substantial amount of short fibers.
PAR  An important aspect of this invention is the provision for selective
      wettability among the above-described fibrous components of the diaper,
      such that the moisture is selectively drawn from the facing layer into the
      body of the batt and then from the body of the batt into the densified
      layer thereof.
PAR  The least wettable of the fibrous elements of the diaper of this invention
      is facing layer 16. However, even in the facing layer the ability to be
      wetted by water is desired. Water repellency in the facing layer is not
      desired since, at the desired fiber densities in the facing layer, water
      repellency can prevent the liquid from penetrating into the facing layer
      and the absorbent layers behind it, just as a tent fabric holds back
      penetration of rain water. For this reason, the facing layer is usually
      treated with a wetting agent, such as an anionic surfactant, to moderate
      and reduce the water repellency which may be imparted to the short and
      long fibers of the web by the bonding agent which bonds them into an
      integral layer. After treatment with a wetting agent, the facing layer is
      receptive to penetration by urine but remains less wettable than the batt.
PAR  The body of batt 14 is substantially more wettable than the facing layer
      and tends to draw liquid away from the facing layer. The individual fibers
      of the batt are extremely wettable, generally having liquid-fiber contact
      angles below about 15.degree. and approaching zero in the optimum
      embodiment, as described in detail in the above-mentioned application. The
      wickability, or preferential absorptivity of the body of the batt for
      water is limited, however, by its low density which results in a large
      effective capillary radius for the capillaries between adjacent fibers.
PAR  The pressure causing a liquid to enter a cylindrical capillary is expressed
      by the equation:
      ##EQU1##
      wherein P is the capillary pressure,
PA1  .gamma. is the surface tension of the liquid,
PA1  .theta. is the liquid-fiber contact angle, and
PA1  r is the capillary radius.
PAR  With a given liquid, the pressure (capillary force) increases with the
      cosine of the liquid-fiber contact angle (reaching a maximum where the
      angle is zero), and decreases with narrower capillary radii so that
      narrower capillaries will draw liquid from wider ones.
PAR  The relative wickability between facing layer 16 and the body of batt 14 is
      affected by both the relative densities of the layers and the relative
      wettability of the individual fibers in each layer. The facing layer is
      sometimes more dense than the body of the batt, tending to provide greater
      wickability in the facing layer, but even then the individual fibers of
      the batt have substantially smaller liquid-fiber contact angles than those
      of the facing layer, overcoming the density difference and providing a
      substantial overall increase in capillary pressure to absorb liquid into
      the body of the batt.
PAR  Densified fiber layer 18 of the batt provides the maximum capillary
      pressure because it combines the very low contact angle of the fibers of
      the batt with the high density (small capillary radius) of the densified
      fibers.
PAR  When urine is voided into an area in facing layer 16, it partially wets the
      facing layer and is absorbed therein, spreading out to a limited extent to
      form a roughly circular wetted zone therein. When the urine passes through
      the facing layer and comes into contact with the body of batt 14, it is
      preferentially absorbed into the body of the batt because of the enhanced
      wettability thereof. It spreads within the body of the batt to wet a
      roughly circular zone therein that is slightly larger than the wetted zone
      in facing layer 16. When the urine passes through the body of the batt it
      initially contacts one or more of the thickened densified portions 19 and
      the urine is strongly drawn into the densified layer 18 because of its
      high density and is spread laterally through a much larger zone, or to the
      edges of the batt, depending on the amount of urine passed. The urine is
      transported rapidly along lines 19, more rapidly than it is transported
      transversely across the densified bridging portions between the lines,
      with the result that the roughly circular zone in the initially wetted
      loosely compacted portion of the batt is distorted into a roughly oval
      zone in the densified portion of the batt.
PAR  The urine is transported relatively rapidly in all directions of the
      densified layer 18 because the densified layer is continuous over one face
      of the absorbent panel. However, the thickened portions 19 provide for an
      increased volumetric flow rate in the longitudinal direction to rapidly
      move a larger volume toward the ends of the absorbent structure. The
      bridging portions provided by the portions of the densified layer between
      the thickened portions rapidly transport the liquid away from the
      initially wetted area of the densified layer and into contact with
      previously unwetted thickened portions, with the result that liquid is
      rapidly drawn away from the initially wetted area and transported both
      longitudinally and transversely into substantially all portions of the
      densified layer.
PAR  On occasions when a substantial amount of urine has been voided, the
      densified layer becomes saturated and excess urine, aided by the presence
      of impervious sheet 12 and its adherence to the densified layer in a
      discontinuous pattern substantially throughout the interface therebetween,
      flows into the previously dry portions of the body of the batt, and
      finally into the previously dry portions of the facing layer. It is to be
      noted, however, that such flow from a saturated densified layer is from
      the outermost portions of the diaper inward so that most of the facing
      layer remains dry until all other fibrous portions of the diaper are
      saturated. The thickened densified portions provide for an increased
      cross-sectional area in the absorbent panel, as compared to a densified
      layer of uniform thickness or a plurality of spaced densified zones, with
      the greater cross-sectional area providing a capacity to abbsorb an
      increased volume of urine. THus, with the structure of the present
      invention more urine can be stored in the densified layer, and the
      tendency for urine to flow back into the batt or into the facing layer is
      resisted.
PAR  The densified layer of the batt, for the reasons explained above, creates a
      high capillary pressure which tends to move liquid away rapidly from the
      area of the original wetting. However, the speed of liquid migration is
      limited in the densified layer because of the resistance provided by its
      small capillaries. The composite batt used in this invention, with its
      densified layer in intimate contact with absorbent material of lesser
      density, provides improved speed of liquid migration over either the
      densified layer alone, or the uncompressed layer alone.
PAR  While it is not desired to be bound by any particular therory of operation,
      it is believed that the improvement in speed of liquid migration obtained
      by the cooperation of the dense and uncompressed layers of the batts used
      in this invention results from the proximity of the two layers and the
      fact that just adjacent to the high capillary pressure generated by the
      dense layer are the large capillaries of the uncompressed layer which can
      move larger quantities of the liquid with relatively little flow
      resistance.
PAR  There is also cooperation between the densified layer of the batt and
      impervious sheet 12 to which it is adhered. A voiding of urine usually
      takes place within a short time, and the rate of absorption of the diaper
      might be overwhelmed during this short period in spite of the diaper's
      ultimate capacity to absorb the amount of liquid voided and in spite of
      the relatively high rate of absorption obtainable for the reasons
      specified above. The impervious sheet serves to hold the urine and keep it
      from wetting the bed clothes or outer clothing so that the absorptive
      portions of the diaper can have the time to function. In addition, the
      impervious sheet serves as an anchor to stabilize the fluff portion of the
      batt against migration of the loosely compacted fibers, since the
      impervious sheet is adhered to the densified layer integral with the fluff
      portion of the batt, over a widely distributed area.
PAR  It is to be noted that the facing layer as assembled into the diaper is
      coterminous with the impervious sheet and there is no folding over of the
      impervious sheet to envelope any edge of fibrous material. Thus, there is
      no portion of the upper surface of the diaper which is covered with any
      plastic material, and no plastic material comes into direct contact with
      the infant's skin when the diaper is affixed in position by pins or tabs.
      Prolonged direct contact of plastic material with an infant's skin can
      cause irritation and infection but, nonetheless, is employed in prior art
      disposable diapers to provide an impervious seal to the infant's skin. The
      superior absorptive capacity of the diaper of this invention and its
      superior functioning make such plastic-to-skin contact unnecessary.
PAR  The diaper of this invention is normally packaged and sold in a folded
      condition as described in the abovementioned patent. Briefly, the side
      margins 12b and 16b of the impervious sheet 12 and the facing web 16,
      together with a portion of batt 14, are folded inwardly in a first fold to
      provide as the uppermost layer of the fold, a portion of the moisture
      impervious sheet. This sub-assembly is then folded outwardly along each
      edge in a second fold to cover the first folded portion and to expose the
      edge portion of the facing web as the upper layer of the double fold. In
      the preferred embodiment, each double fold at the edge of the diaper
      comprises approximately one-third of the resulting transverse dimension of
      the folded diaper, leaving approximately one-third of the width of the
      folded diaper as a central unfolded and uncovered portion.
PAR  The diaper is held in its folded condition by two small central spots of
      adhesive applied between the main body of the diaper and the overlying
      sides 16b of the facing web, one spot on each folded side of the diaper.
      When the diaper is to be put on the infant, the folds are opened on one
      side of each of the adhesive spots, and the open portion of the diaper is
      put under the infant's buttocks while the folded portion is raised into
      the crotch region. The final form of the diaper is shown in perspective on
      a reduced scale in FIG. 4. In one form of the invention, as illustrated in
      FIG. 4, the diaper is provided with adhesive tabs 26, each having a fixed
      end secured to the imprevious sheet 12 and a free end wherein the adhesive
      surface is covered with a facing sheet. The facing sheets are removed to
      expose the adhesive surfaces when the diaper is applied to the infant, as
      in the configuration shown in FIG. 4, and the free ends of the adhesive
      tabs are secured to opposite corners of the diaper.
PAR  Suitable fibrous structures for making the pads or batts 14 used in this
      invention are made from short cellulosic fibers obtained by the grinding
      or comminution of compacted wood pulp fibers or cotton linters. In the
      embodiment of FIGS. 1-3 where the thickened densified portions 19 extend
      only partially through the cross-sectional thickness of the batt 14, the
      compacted cellulosic material is preferably at a moisture content of 5-10
      weight percent (or is slightly moistened to bring it to that range) before
      being subjected to the grinding operation so that the fibers produced by
      grinding have sufficient moisture to have the capability of developing
      weak interfiber hydrogen bonds which give some coherence to the body of
      the batt. As will hereinafter be described in connection with the
      embodiments of FIGS. 7-10, when the thickened densified portions extend
      through a substantial portion of the cross-sectional thickness of batt 14,
      or completely through the cross-sectional thickness to the side of the
      batt opposite the side having the continuous densified portion, the batt
      is strengthened to an extent that the amount of moisture added to the
      cellulosic material can be reduced, or eliminated entirely.
PAR  The batts are initially formed by air blowing the slightly moist cellulosic
      fibers onto a support at a total weight of about 2 to about 10
      oz/yd..sup.2, and then subjecting the air blown fibers to heavy
      compression. The small amount of moisture which may, when required, be
      added to cellulosic pulpboard is uniformly distributed throughout the air
      blown fibers by the grinding and air blowing operations, and after
      compression, this moisture provides weak hydrogen bonding to give some
      integrity to the body of the batt.
PAR  The dense compacted paper-like layer or skin is prepared by moistening a
      surface of the cellulosic batt with a fine spray of water, and then
      subjecting the moistened batt to pressure. The formation of the densified
      skin on the cellulosic batt is believed to be due to the formation of
      strong hydrogen bonds between contacting moistened fibers, similar to the
      bonds between the fibers in paper. By the proper selection of the amount
      of moisture applied to the surface of the batt and by the proper selection
      of degree of compression imposed, the properties of the densified skin may
      be varied as desired. The thickness, density, strength and other
      characteristics of the densified skin will depend upon the unformity by
      which the moisture is applied, the depth to which it penetrates, and the
      degree to which the fibers are compressed. For example, by finely spraying
      about 0.0015 cc. of water per square centimeter of web surface and then
      exposing the web to a pressure of about 40 pounds per square inch, a
      suitable densified, coherent paper-like skin 18 is obtained on the surface
      of the web which has been moistened. The thickened densified portions 19
      may be obtained by subjecting the web to additional pressure, as by the
      use of an embossing roll, while the web is still moist, and the additional
      pressure is preferably several times higher than the pressure that is
      applied to form the densified layer 18.
PAR  The short fibers used in making batt 14 of this invention are generally
      entirely fibers of wood pulp or cotton linters. HOwever, other cellulosic
      fibers may be used as well as blends of cellulose fibers with other fibers
      such as silk, wool, nylon and cellulose acetate. Highly purified kraft
      paper pulp fibers have proven to be most satisfactory for most
      applications.
PAR  The diaper of this invention may be assembled in equipment such as that
      schematically shown in FIG. 3. A roll of compacted wood pulp 41 is
      provided to feed a source of short cellulosic fibers to grinding mill 42
      from which a stream of fibers is blown onto belt 43 as a layer 44 weighing
      between about 2 and about 10 oz/.yd..sup.2 The pulpboard normally has a
      moisture content of 5 to 10 weight percent, but if it is lower (as from
      prolonged exposure to a dry atmosphere) in producing the diaper of FIGS.
      1-3 the pulpboard may be slightly moistened before grinding in mill 42 to
      bring its moisture content within the desired range.
PAR  Mill 42 grinds the pulpboard into individual short fibers. However, in one
      preferred embodiment, some of the pulpboard fibers are not completely
      comminuted and remain joined to other fibers in small clumps, generally
      smaller than about one-fourth inch across. It has been found that the
      presence of such small clumps of fibers in the body of batt 14 provides
      islands of increased tenacity for holding liquid. When an infant's weight
      on one portion of the batt densifies that portion and tends to concentrate
      the liquid in the densified portion, the presence of clumps of fibers
      elsewhere in the batt tends to hold the liquid in place. Preferably from
      about 2 to about 10 weight percent of the fibers should be in the form of
      such clumps. The importance of the clumps diminishes as the height of
      thickened densified portions 19 increases, and the percent of fibers in
      the form of clumps may be at the low end of the above mentioned range when
      the thickened densified portions 19 extend substantially, or completely,
      through the cross-sectional thickness of the batt.
PAR  The air blown layer is passed under compacting roll 46 from which it
      emerges with enough integrity to sustain itself as a web without the
      support of belt 43. The web then passes through a pair of calender rolls
      47 for further compression and then under nozzle 48 which deposits a fine
      spray of moisture on the upper surface of the web. The moistened web then
      passes between another set of calender rolls 49 which exert heavy pressure
      on it to form a skin 51 on its upper surface.
PAR  The amount of moisture applied to the web may vary suitably from about
      0.0005 to about 0.03 cc. of water per square centimeter of web surface,
      depending on the thickness of the paper-like densified skin desired, with
      lesser amounts of moisture being used for thinner webs and very thin,
      papery skins and greater amounts for thicker webs and skins of greater
      thickness.
PAR  The amount of pressure applied by rolls 49 may vary from about 5 to about
      100 or more pounds per square inch, with the commercially preferable range
      being from about 10 to about 50 pounds per square inch. In a typical
      embodiment, the web is sprayed with about 0.0015 cc. of water per square
      centimeter of web surface and subjected to a pressure of about 40 pounds
      per square inch to obtain a densified, coherent papery skin of uniform
      thickness on the surface of the web which has been moistened. The amount
      of moisture is selected so that the web is still moist following formation
      of the skin 51. The web then passes between an embossing roll 52 and a
      back up roll 53 for formation of the thickened densified portions 19. Roll
      52 has a plurality of axially spaced, circumferentially extending rib-like
      projections 54 that bear upon the previously formed skin 51, and because
      of the residual mositure in the web and the increased pressure applied by
      projections 54, thickened densified portions 19 are produced.
PAR  The pressure applied by the projections 54 on the embossing roll also
      produces recesses 20 (FIG. 2) in alignment with thickened portions 19. As
      is evident from FIG. 2, the unthickened portions of the densified layer 18
      merge with the loosely compacted batt 14 at a generally planar interface
      21, and the thickened densified portions extend beyond interface 21 and
      into the loosely compacted batt 18 to give the absorbent panel a three
      dimensional strengthening effect.
PAR  In the absorbent web and in the batts cut therefrom, there are weak
      hydrogen bonds in the loosely compacted body of the batt providing
      sufficient strength to maintain the integrity of the batt in ordinary
      handling, and there are strong hydrogen bonds in the densified layer or
      skin to increase the cohesive strength of the composite. After the skin
      and the thickened portions are formed, the absorbent web comes into
      contact with a web of facing material 55 and is supported thereby while
      being cut by cutter 56 into individual batts 14. The facing material
      (previously prepared as described below) is fed from roll 57.
PAR  Polyethylene film 12 is fed to the assembly from roll 58, lines of adhesive
      being applied from applicator 59. As described above, the adhesive is
      applied as parallel lines or beads between the impervious sheet and the
      densified layer of the batt (or the facing layer in the marginal portion
      of the diaper). Adhesive may, if desired, be applied as a continuous layer
      between the polyethylene and the batt, but such application tends to
      provide excessive stiffness. The adhesive may also be applied in other
      patterns, such as spaced dots or other forms of so-called "island" bonds,
      but fairly close overall adhesion between the sheet and the batt is
      required and no portion of the polyethylene should be more than about 2
      inches from a point of adhesion. In the absence of such close overall
      adhesion, the polyethylene film may be separated from the densified layer
      to create substantial spaces in which uncontrollably large amounts of free
      liquid urine can accumulate.
PAR  After the facing material and polyethylene are brought into contact with
      opposite faces of the absorbent batts, the assembly is subjected to
      compression by rolls 60 and 61 to shape the diaper assembly, and the
      individual diapers are cut off by cutter 62.
PAR  If desired, adhesive applicator 59 may be omitted and adhesion between the
      polyethylene layer and the fibrous layers may be achieved by heat sealing,
      employing a suitable sealing element in the production line.
PAR  The facing layer, as described above, contains between 75 percent and 98
      percent by weight of short fibers, not exceeding about one-fourth inch in
      length. The average short fibers are from about one-sixteenth to about
      three-sixteenths inch in length. The facing layer is prepared by first
      forming a web of randomly laid dry fibers of the desired mix of short and
      long lengths, the web having a density from about 0.09 gm./cc. to about
      0.025 gm/cc measured by ASTM Method D-1777 at 0.16 lbs./in..sup.2
PAR  Facing layers, as described above, having weights between about 1 and about
      5 ounces per square yard are generally suitable for use in this invention.
      One particular facing layer which has been used with satisfaction is
      composed of approximately 15 percent textile-length fibers such as
      uniformly cut 11/2 inch 1.5 denier rayon fibers and 85 percent fibers of
      individualized second cut cotton linters. This facing layer is made on a
      web laying device to a weight of 2 oz./yd..sup.2 This layer is then
      conveyed into a bonder including a suction means, and a bonding agent such
      as a self-cross-linking acrylic emulsion is applied. One bonding agent
      which has been employed with considerable success is a latex of a
      polyethyl-acrylate copolymer containing small amounts of acrylonitrile and
      a cross-linkage monomer sold under the trademark HYCAR 2600 .times. 120.
      The bonding agent should preferably be of the low viscosity type with a
      viscosity less than 5 centipoises.
PAR  To avoid excessive water repellency, a surfactant, preferably an anionic
      surfactant, is included in the binder suspension. A typical surfactant
      which has been found to be suitable is the ionic sulfonated alkyl ester
      sold under the trademark TRITON GR-5.
PAR  The composition of the binder suspension and the amount of suction at the
      suction slot is controlled in a typical application so as to give the
      fabric a dry solids add-on of 6 percent based on the fabric weight, of
      which about 0.15 percent is the amount of surfactant. A suitable range for
      the amount of binder is from about 41/2 percent to about 9 percent, based
      on fabric weight.
PAR  The wet web is conveyed into a drying oven having a temperature of
      310.degree.-320.degree.F., where it is dried and the resin binder cured.
      The resultant material has a density of 0.05 to 0.07 gm/cc., and a dry
      strength of about 1.4 lbs./in. of width in the cross direction. The wet
      strengths are about 0.9 lbs./in. of width in the machine direction and
      about 0.5 lbs./in. of width in the cross direction.
PAR  The bonding agent in the facing layer tends to provide the layer with
      greater dimensional stability than the body of the batt which contains no
      bonding agent. When the diaper is wet with urine and the infant's weight
      is on a portion thereof, both the facing layer and the body of the batt
      will be compressed under the weight, but the body of the batt is more
      subject to compression because it contains no bonding agent. This
      increased compaction in the body of the batt enhances the margin of
      wickability which it normally has in comparison to the facing layer (even
      when dry and uncompressed) and tends to hold the liquid strongly against
      migration into the facing layer where it could wet the infant's skin.
PAR  If desired, the facing layer may be made with a veneer of long fibers on
      one or both surfaces thereof, in place of or in addition to the long
      fibers intermixed with the short fibers.
PAR  In another embodiment, the facing layer may be made substantially entirely
      of textile length fibers bonded together with a resinous bonding agent.
      This embodiment can provide a facing layer of greater strength, but it is
      not preferred because it is more expensive and because the strength of the
      short fiber containing facing material is adequate in most instances.
PAR  In all embodiments of the invention, the adherence of the impervious layer
      to the densified layer, continuously or discontinuously, over
      substantially the entire interface between them is important because it
      prevents substantial separation between the two and the creation of
      substantial spaces in which substantial amounts of free liquid urine can
      accumulate. The adherence of the impervious layer to the paper-like
      densified cellulosic layer effects a dimensional stabilization of the
      densified layer against transverse movement and thereby brings about a
      stabilization of the loosely compacted fiber fluff portion of the batt
      layer since the paper-like densified layer is integral with the fluff
      portion of the batt, and holding forces are transmitted from the
      dimensionally stable impervious layer through the widely distributed
      adhesive, to the densified layer, and thence to the fluff.
PAR  Turning now to the embodiments of FIGS. 5-10, diaper structures are
      illustrated therein that are similar to the embodiment of FIGS. 1-3, so
      that similar reference numerals, increased by 100, have been used to
      designate those elements in FIGS. 5-11 which correspond with those in
      FIGS. 1-3.
PAR  As with the previous embodiment, the diaper assembly 110, when fully opened
      and laid out flat, comprises a lowermost water-impervious backing sheet
      112 which is rectangular in shape, a highly water absorbent fibrous pad,
      or batt 114, which is also rectangular in shape, but slightly narrower
      than the impervious sheet 112 and centrally disposed thereon, and an
      overlying facing layer 116 of fibrous material, which is also rectangular
      in shape, equal in dimension, and coterminous with the impervious sheet
      and in contact therewith in the marginal portions of the diaper extending
      peripherally beyond the absorbent pad, i.e., in the portions 116b and 112b
      of facing layer 116 and impervious sheet 112, respectively. The batt 114,
      like batt 14, has a continuous paper-like densified highly compacted
      lowermost fibrous layer 118 that includes spaced, parallel thickened
      densified portions 119. Densified layer 118 is adhered to the impervious
      sheet by bead lines of adhesive 122 substantially throughout the interface
      therebetween. Marginal portions 116b and 112b are also adhered to each
      other by bead lines 122.
PAR  The embodiments of FIGS. 5-10 differ from the previously described
      embodiment in that the batt layer 114 of these embodiments is
      substantially wider than the batt layer 14, as can be observed by
      comparing FIGS. 1 and 5. For example, in the embodiment of FIGS. 1-3 the
      batt 14 is preferably spaced about 21/4 inches inwardly from the side
      marginal edges of facing layer 16; whereas in the embodiments of FIGS.
      5-10, the batts 114 are preferably spaced about 1/2 inch to about 1 inch
      from the side marginal edges of the facing layer, and most preferably
      about three-fourths inch. As is evident from FIG. 5, even though batt
      layer 114 is only slightly narrower than facing layer 116 and backing
      sheet 112, the facing layer and backing sheet do extend beyond the
      marginal side portions of the batt, as noted above, although by a
      significantly lesser margin than in the embodiment of FIGS. 1-3.
PAR  Even though batt layer 114 is significantly wider than batt layer 14, in
      batt 114 essentially the same number of fibers may be utilized to provide
      a comparable absorbent capacity in a layer of approximately the same
      density. This results in batt layer 114 being somewhat thinner than batt
      layer 14, which has the added benefit that the diaper 110 is somewhat more
      conformable and easier to handle. This enables the sides of the diaper,
      when taped or pinned in place around the torso of an infant, to closely
      conform to the thighs of the infant with a minimum of wrinkling; which not
      only makes the diaper more comfortable to the infant, but which also makes
      the sealing around the infants thighs more efficient.
PAR  Since the batt layer 114 is thinner, the integral densified and selectively
      thickened layer 118 lends increased strength and stability to the batt
      layer, since the densified layer comprises a larger percentage of the
      cross-sectional thickness of the batt. The widened densified layer also
      provides a greater area for adherence to the backing sheet 112, so that
      the overall strength of the diaper is also improved.
PAR  The diaper 110, when laid out flat, has the same lateral dimension as the
      diaper 10, so that when the diaper is folded into its final configuration
      for packaging, as shown in FIG. 8, the same apparatus heretofore utilized
      for folding the diaper 10 can also be used in connection with the diaper
      110. Referring to FIG. 8, which shows the marginal side portion of the
      diaper folded inwardly about a first fold line A, and outwardly about a
      second fold line B, it will be noted that the batt layer 114 extends
      outwardly beyond both fold lines A and B, so that in the final folded
      configuration, three thicknesses (114a, 114b and 114c) are provided at
      each side of the diaper. The three thicknesses of batt material provide
      for increased bulk at opposite sides of the folded diaper, and when the
      diaper is secured around the torso of an infant, the increased bulk
      provides for improved sealing around the thighs of an infant in the crotch
      area.
PAR  As noted above, the wider but thinner batt 114 can provide a desired
      absorbent capacity within the batt, by virtue of utilizing substantially
      the same number of fibers. Thus, the improved sealing effects attributable
      to the three thicknesses of batt material at the sides of the diaper and
      the closer conformity with the infant's thighs are achieved with little or
      no increase in cost of the diaper itself. As also noted above, since the
      transverse dimension of diaper 110 is the same as the transverse dimension
      of diaper 10, essentially the same apparatus that was utilized to
      manufacture diaper 10 can be used to manufacture the diaper 110. The wider
      but thinner batt 114 may be provided by feeding a wider roll of compacted
      wood pulp 141 (FIG. 10) to a grinding mill 142 to provide a stream of
      fibers upon belt 143 in a manner similar to that described in connection
      with FIG. 4. The remainder of the apparatus, as previously noted, can be
      the same.
PAR  The thinner batt 114 also enables the diaper as a whole to have less abrupt
      changes in thickness, and therefore the diaper is more comfortable to the
      infant. In certain instances, as in a diaper intended for periods of heavy
      discharge, the batt may have an increased thickness in the center thereof.
      Referring to FIG. 7, the reference numerals used therein are the same as
      those used in FIG. 6 to designate common elements, with the reference
      numerals in FIG. 7 being primed. In the past, when it was desired to
      provide a diaper with an increased volumetric storage capacity, a separate
      layer of batt material was provided, as described in the above-mentioned
      patent. This diaper structure functioned satisfactorily for its intended
      purpose, and the diaper of the present invention represents an improvement
      thereon by eliminating the need for a separate element, while at the same
      time providing a more gradual transition between the unthickened and
      thickened portions of the batt.
PAR  It will be noted in FIG. 7 that the batt 114' has a stepped cross-sectional
      configuration including thin, lightweight marginal sections 114'a,
      somewhat thicker, somewhat heavier intermediate sections 114'b, and a
      thickest, heaviest central section 114'c. In a diaper wherein the facing
      and backing layers extend beyond the sides of the batt by about 3/4", the
      batt sections 114'a may have a lateral dimension of about 3", while the
      batt sections 114'b have a lateral dimension of about 11/2", and the batt
      section 114'c has a lateral dimension of about 2". As is evident from FIG.
      7, there is a smooth transition between batt sections 114'a and 114'b and
      between batt sections 114'b and 114'c, and the gradually stepped unitary
      construction of the batt improves the handle and feel of the diaper,
      particularly as compared to a diaper that is thickened in its central
      region by the use of a separate batt layer. The weight (i.e.
      lbs/in..sup.2) of central sections 114'c is preferably about twice that of
      side sections 114'a, while the weight of intermediate sections 114'b is
      preferably about 11/2 times that of side sections 114'a. The contoured
      batt 114' is compressed during calendering to form the selectively
      thickened densified layer 118' (hereinafter described) so that the density
      of at least central section 114'c is increased relative to the density of
      side sections 114'a.
PAR  The batt arrangement illustrated in FIG. 7 may be provided by
      simultaneously feeding three rolls of wood pulp to a grinding mill. As
      shown in FIG. 11, roll 141 provides a first source of fibers, with roll
      139, which is narrower than roll 141 and centrally disposed relative
      thereto, providing a second source of fibers, and with roll 140, which is
      narrower than roll 139 and centrally disposed relative thereto, provides a
      third source of fibers. The compacted wood pulp materials from rolls
      139-141 may be simultaneously ground in mill 142 and deposited upon belt
      143 to thereby produce the contoured and centrally thickened batt 114'
      shown in FIG. 7.
PAR  The selectively thickened densified layer 118' is formed as described above
      by moistening the deposited web, and subjecting the web to calendering and
      embossing pressure. With reference to FIG. 11, the web from belt 143
      initially passes between compaction rolls 147, and a preselected quantity
      of moisture is applied to the surface of the web, as by nozzle 148. The
      web then passes between the nip of calendering rolls 149, and the present
      invention contemplates that the rolls 149 will be cylindrical in shape,
      even though the web has a stepped or contoured configuration. It has been
      found that by subjecting such a web to calendering pressure applied by
      cylindrical rolls, the densified layer 118' is thicker in the central
      region of the web than it is in the side margins thereof. By virtue of
      this construction, a larger volume of liquid can be retained in the
      central region of the diaper, as compared to a construction which includes
      a densified portion of uniform thickness.
PAR  The present invention also contemplates that the densified portion 118'
      which is thicker in its central region will also include a plurality of
      spaced, selectively further thickened portions, as in the previously
      described embodiments. To this end, while the surface of the batt is still
      moist, it is subjected to embossing pressure between an embossing roll 152
      and a backup roll 153, with the embossing roll 152 having spaced ribs 154
      thereon that produce longitudinally extending selectively thickened lines
      designated 119'a, 119'b and 119'c in FIG. 7. These spaced, selectively
      thickened densified portions preferably extend through a substantial
      portion of the cross sectional thickness of batt 114', and most
      preferably, these portions extend entirely through the cross-sectional
      thickness of the batt so as to be visible upon the surface of the batt
      opposite that including the continuous densified layer 118'. It should be
      noted that this latter feature is desirable in batts of uniform
      cross-sectional thickness, as well as in batts having a stepped
      construction as illustrated in FIG. 7. It should also be noted that in a
      batt having a stepped construction, the thicker densified portions 119'a
      are shorter than the thicker densified portions 119'b, which in turn are
      shorter than the thickened densified portions 119'c.
PAR  The upper portions, i.e. the portions adjacent facing 116', of such
      densified lines 119'a, 119'b and 119'c are spaced downwardly slightly from
      the upper surface of the batt to provide air gaps 123, which enhance the
      cushioning effect and overall feel of the diaper. Air gaps 123 are
      provided by virtue of the fact that embossing roll 152 is positioned
      beneath the batt, as compared to embossing roll 52, which is positioned
      above the batt, as is clear from FIG. 4. Embossing roll 152 is positioned
      closely adjacent to backup roll 153 to define a confined nip, whereat
      sufficient pressure is applied to the fibers on the unmoistened side of
      the batt to cause the moisture to wick through the entire cross-sectional
      thickness of the batt. Because of the pressure concentration between the
      smooth uncompressible surfaces of the ribs on the embossing roll and the
      facing surface of the backup roll, the upper ends of the thickened lines
      are given a density that is substantially the same as the density of the
      outer face of layer 118'. Since the fibers in the midportion of the
      thickened lines are compressed against one another, the density in the
      middle of the thickened lines is less than the density of the ends of the
      lines, or of the continuous skin 118', although the density of the middle
      of the lines is significantly greater than the density of the loosely
      compacted fluff portions adjacent the lines. The ribs 154 in the center of
      embossing roll 154 may have a reduced outer diameter, as compared to the
      ribs at the outer ends of the embossing roll, so that substantially
      uniform embossing pressure will be applied to the various portions of the
      batt.
PAR  In a batt construction which includes a continuous densified portion at one
      side thereof, with a plurality of spaced, selectively thickened further
      densified portions that extend completely through the cross-sectional
      thickness of the batt, a construction is produced which has significantly
      improved strength characteristics as compared to a batt having densified
      layers of uniform thickness, or even to a batt having a continuous
      densified layer that includes selectively thickened areas. The three
      dimensional strengthening effect attributable to the selectively thickened
      densified portion of increased height enables the remaining loosely
      compacted fluff portion of the batt to have a lower density than
      heretofore thought possible. In this regard, in the past in the production
      of batts of the type described herein the wood pulp starting material was
      premoistened prior to grinding, so that after the fibers were deposited in
      the form of a web and subjected to compaction, weak hydrogen bonds were
      formed in the loosely compacted batt portion to give the batt some degree
      of structural integrity. In producing batts wherein the selectively
      thickened densified portions extend either all the way through the
      cross-sectional thickness of the batt, or through a major portion of the
      cross-sectional thickness thereof, the step of premoistening the starting
      material is preferably eliminated entirely, so that the loosely compacted
      portion of the batt will be extremely light and fluffy. The overall
      density of the batt layer will be within the above mentioned range due to
      the presence of additional densified material within the densified lines
      of increased height, but the presence of the less dense loosely compacted
      portions makes the batt layer more comformable, and ultimately more
      comfortable to an infant when incorporated in a diaper. This improved
      property is obtained without sacrificing any volumetric storage capacity,
      since the batt layer can include approximately the same number of fibers
      as previously known comparable batts. In fact, diapers having a batt as
      desdribed above have been subjected to dunking tests, and have been found
      to have approximately the same volumetric storage capacity of diapers such
      as those illustrated in U.S. Pat. No. 3,613,055.
PAR  The thickened densified lines 119'a-.sup.+-'c, in addition to strengthening
      the batt, also provide a mechanism for transporting a larger volume of
      fluid from an initially wetted area to remote areas of the densified layer
      118', and in addition provide an increased storage capacity within the
      densified layer itself. As with the previously described embodiments, the
      portions of the densified layer 118' between the thickened lines
      119'a-119'c function as bridging portions, so that liquid migrating
      outwardly from an initially wetted area encounters additional thickened
      lines which cause the liquid to rapidly spread longitudinally of the batt.
PAR  While the backing layers 112' and 112, and the facing layers 116' and 116
      may be formed as described above in connection with the embodiments of
      FIGS. 1-3, the present invention also contemplates that specifically
      different facing layers may be utilized.
PAR  The facing layer may be an apertured nonwoven fabric formed, for example,
      in accordance with the teachings in commonly assigned U.S. Pat. Nos.
      2,862,251; 3,081,514 and 3,081,515, the disclosures of which are expressly
      incorporated herein by this reference. Briefly, such fabrics are
      foraminous structures wherein groups or groupings of fibers have been
      rearranged from a fibrous nonwoven starting web into positions surrounding
      less dense fabric portions by passage of a fluid through the starting
      material. For example, with reference to FIG. 9, where a foraminous facing
      layer 168 is shown, the less dense foramina 170 are readily visible, as
      are the fiber groupings 172 therearound. The fibers within the groupings
      are mechanically interlocked, and may be arranged into various patterns,
      as is well understood by those skilled in the art. A suitable binder may
      be utilized to help retain the fibers in their rearranged locations, as is
      also well understood by those skilled in the art. The fabric can be made
      of naturally occurring fibers, synthetic fibers or blends thereof. Typical
      facing layers made of a polyester material may have a weight of
      three-fourths oz./yd..sup.2 In instances where the foramina are relatively
      large and particularly when the facing is formed of a polyester material,
      a layer 174 of tissue or the like may be interposed between facing layer
      168 and batt 114 to prevent the short paper-making fibers to the batt from
      sifting through the facing.
PAR  It should be understood that the facing layer may be formed of nonapertured
      material, such as a nonwoven isotropic web, sponge, or the like.
PAR  The present invention also contemplates that the facing layer may be formed
      of a mixture of long and short fibers as described above, but with a
      non-ionic wetting agent being used to improve the wettability of the
      fabric. A typical surfactant that has been found to be particularly useful
      is a polyoxyethylene sorbitan monolaurate sold under the trademark TWEEN
      20. In a typical application, where the binder suspension gives the fabric
      a dry solids add-on of 6 percent based on the fabric weight 0.30 is the
      amount of the surfactant.
PAR  In all of the aforementioned facings, the materials should be relatively
      hydrophobic so as to retard wicking within the facing layer.
PAR  Referring now to FIG. 12, a further diaper embodiment 210 is illustrated
      therein which is similar to the previous embodiments in that it includes a
      porous facing layer 216, which may take the form of any of the previously
      described facing layers; an absorbent panel or batt 214, as set forth
      above; and a moisture impervious sheet 212, also as described above. Like
      the previous embodiments, batt 214 is formed of loosely compacted short
      cellulose fibers, such as wood pulp fibers, or cotton linters, or mixtures
      thereof; with batt 214 including a continuous paper-like densified highly
      compacted lowermost fibrous layer or skin 218 that includes spaced
      parallel, thickened densified portions 219 which extend completely through
      the cross-sectional thickness of the batt, as in the embodiments of FIGS.
      7-9. However, unlike the previously described embodiments, densified layer
      218 does not completely cover the side of the batt that is positioned in
      engagement with backing sheet 212. Instead, the continuous densified layer
      218 is limited to the central area of the batt, so that loosely compacted
      portions 214a are provided outwardly of the side marginal edges thereof.
      The loosely compacted strips 214a, which are of equal width and which
      extend from end to end of the batt 214 in the embodiment of FIG. 12, serve
      to slow up the spread of liquid, and minimize the possibility of liquid
      wicking beyond the sides of the batt.
PAR  Densified layer 218 is formed in the manner described above, i.e., by
      moistening one side of the deposited layer of fibers and then serially
      subjecting the layer to calendering pressure to form the continuous
      densified layer and then to embossing pressure to form the thickened
      densified portions 219. With reference to FIG. 12a, a calendering roll 249
      is shown therein which has a cylindrical configuration, and which has a
      length that is less than the width of batt 214. When the premoistened batt
      passes between roll 249 and a back up roll (not shown), the centralized
      continuous densified portion 218 is formed, and since so calendering
      pressure is applied to the side portions 214a of the batt, these portions
      remain loosely compacted. The batt layer, while still moist, then passes
      between an embossing roll 252 and a back up roll (not shown); andd spaced,
      circumferentially continuous ribs 254 on roll 252 form the thickened
      densified ribs or lines 219.
PAR  With the above described arrangement, where the calendering roll 249 and
      embossing roll 252 are narrower than the width of the batt 214, it is not
      critical to control the application of moisture to the batt and the entire
      surface of the batt can be moistened without having the densified portion
      218 extend completely to the side marginal edges of the batt. However, if
      desired, moisture may be applied to only the central portion of the batt,
      in which case it is not critical to control the width of the calendering
      and embossing rolls.
PAR  Referring now to FIG. 14, a still further diaper embodiment 310 is shown
      therein which is similar to the embodiment of FIGS. 12 and 13, so that
      similar reference numerals (increased by 100) have been used to designate
      the elements in FIG. 14 which correspond with those in FIGS. 12 and 13.
      The diaper 310 differs from the diaper 210 in that, in addition to having
      loosely compacted portions 314a outwardly of the sides of a central
      densified portion 318 on one side of the batt, batt 314 also has loosely
      compacted portions 314b outwardly of the ends of densified portion 318.
      This arrangement may be provided by subjecting the premoistened batt to
      embossing pressure between a back up roll (not shown) and an embossing
      roll 349 that is narrower than the batt and disposed centrally relative
      thereto, and which includes an axially extending portion 349b having a
      reduced diameter as compared to the remainder of the roll. Subsequent to
      calendering, the still moist batt layer passes between an embossing roll
      352 and a back up roll (not shown) to form the thickened densified
      portions 319. As is clear from FIG. 14 a, ribs 354 are circumferentially
      discontinuous to provide a reduced diameter portion 354b which corresponds
      with reduced diameter portion 349b. It will be understood that when the
      diaper 310 is formed on an assembly line, such as that shown schematically
      in FIG. 11, the devce that severs the batt layer into individual batts is
      synchronized with calendering roll 349 and embossing roll 352 to cut the
      uncompacted batt portions left by reduced diameter roll portions 349b and
      354b substantially medially thereof, so that the loosely compacted
      portions 314b at opposite ends of the batt are of substantially equal
      size.
PAR  It will be understood that with the arrangement described immediately
      above, loosely compacted batt portions 314a and 314b cooperate to provide
      substantially less dense zones that completely surround densified layer
      318 and which effectively limit the likelihood of urine wicking beyond the
      edges of the densified layer of the batt and spreading into other areas of
      the diaper. In addition to being formed as described above, the present
      invention also contemplates that the limited densified layer 319 may be
      formed by moistening only the central area of the batt, and then applying
      calendering and embossing pressure thereto. It should also be noted that
      rolls 349 and 352 could be coextensive in length with the width of the
      batt, so that the densified layer would extend completely across the width
      of the batt, with loosely compacted portions 314b being present outwardly
      of each end of the densified layer.
PAR  While the thickened densified lines 19, 119, 219 and 319 in each of the
      previously described embodiments have been illustrated as being continuous
      in length, it should be understood that the present invention is not
      limited thereto, since the thickened lines may also be discontinuous and
      formed, for example, by a plurality of relatively closely spaced thickened
      strips or sections. While it is not desired to be limited to any specific
      dimensions, the thickened densified strips may be about 11/2  inches long
      and separated from one another by about one-fourth inch. Most preferably,
      the thickened densified strips of adjacent lines are staggered relative to
      one another, so that the unthickened densified portions between the
      thickened strips are adjacent the midportions of the thickened strips of
      adjacent lines. Such discontinuous or intermittent thickened densified
      lines may be formed by subjecting a still moistened web having a
      continuous densified layer over a given area of one face thereof to
      embossing pressure applied by an embossing roll having a plurality of
      axially spaced ribs each defined by a plurality of circumferentially
      spaced rib segments that are adapted to form spaced thickened densified
      strips.
PAR  Diapers which include an absorbent panel having a continuous densified
      layer over a given area of one face thereof, with thickened intermittent
      or discontinuous lines formed therein, have been found to have improved
      feel and conformability, as compared to similar diapers having continuous
      thickened densified lines. The unthickened portions between the thickened
      strips provide less stiff zones, or in effect hinges, at a multiplicity of
      spaced locations within the diaper, to enable the diaper to be placed in
      close fitting conformity with the torso of an infant. Because of the
      improved inherent flexing capability of such a diaper, it is also more
      comfortable to the infant. Since the thickened densified strips are spaced
      relatively closely to one another, the strips of each line collectively
      cooperate to rapidly spread urine outwardly in the directions of the
      lines, so that the improved conformability and feel characteristics are
      provided with little or no loss in fluid directing properties. All of the
      thickened densified lines need not be discontinuous to provide the
      improved feel and conformability characteristics, and the present
      invention also contemplates that a combination of continuous and
      discontinuous thickened lines may be provided. Furthermore, the thickened
      densified strips of the discontinuous thickened lines, and the spacing
      between the thickened strips, need not be the same within each line, or in
      adjacent lines. It is desired that the thickened densified strips of the
      densified lines comprise from about 75% to about 95% of the total length
      of the lines.
PAR  The terms "thickened lines", "thickened regions" or "thickened portions",
      as used herein, are intended to refer to limited areas (as compared to the
      total area of the fibrous batt structure) in which at least some of the
      fibers above the continuous densified skin are more closely compacted than
      the fibers above the continuous densified skin in other areas of the
      fibrous batt structure, and the terms "thickened lines", "thickened
      regions" or "thickened portions" are meant to apply to both the coherent
      or unitary structures of FIGS. 1-14 and to structures having voids, pores,
      or gaps therein as shown in FIGS. 15-21. Within the areas designated as
      "thickened lines", "thickened regions" or "thickened portions", the
      densities (whether calculated on the basis of total volumes within these
      areas or on the basis of the volumes of the compacted portions without the
      voids) are higher than the density in other portions of the fibrous batt
      structure above the continuous densified skin. The "thickened lines",
      "thickened regions" or "thickened portions" as defined above can extend
      completely or partially through the cross-sectional thickness of the
      fibrous batt structure, it being understood that the amount of thickening
      is dependent upon the extent to which it is desired to rapidly transport
      fluid away from an initially wetted area and the degree to which it is
      desired to reinforce the fibrous batt structure.
PAR  With specific reference to FIGS. 15 and 16, the disposable diaper
      illustrated in cross section therein is generally of the type shown in
      FIGS. 1-3, and includes a facing layer 501 of the type disclosed in U.S.
      Pat. No. 3,663,348, a batt 500 as hereafter described, and designated in
      its entirety by reference numeral 500, and attached to the batt backing
      sheet 502, which may be formed of a polyethelene film or other suitable
      film. As with the previous embodiments, batt 500 includes a loosely
      compacted cellulosic fibrous portion at the side thereof adjacent the
      facing layer, and integral therewith on the opposite side, a continuous
      paper-like densified, cellulosic fibrous layer 504. The upper portion of
      batt 500 is formed of loosely compacted short cellulose fibers, such as
      wood pulp fibers, or cotton linters, or mixtures thereof, which are
      primarily held together by interfiber bonds requiring no added adhesive,
      as is known in the art. The batt is a low bulk density coherent web of
      loosely compacted cellulose fibers preferably comminuted wood pulp fibers
      in the form of so-called "fluff".
PAR  Batt 500 is subjected to embossing pressure subsequent to the formation of
      the densified layer or skin 504 by a ribbed embossing roll, such as that
      shown at 54 in FIG. 4, to form a plurality of spaced, parallel thickened
      densified lines 506. However, unlike the previous embodiments, lines 506
      are not coherent and unitary and instead, the moisture application and
      embossing forces are coordinated and controlled so that lines 506 have
      substantially fiber-free regions 508 therein, which may be termed "voids",
      "pores", "cells", "gaps", or "pockets".
PAR  As is evident by comparing FIGS. 15 and 16, lines 506 include a plurality
      of vertically spaced fiber-free regions 508 which are generally
      lens-shaped in transverse cross section (FIG. 15) and which are elongated
      in the direction of the lines (FIG. 16). The regions 508 are separated
      from one another by spaced fibrous strata 510 which are generally parallel
      with one another and with the opposite major faces of the batt 500, as can
      be best seen in FIG. 16. The strata 510 are of random or non-uniform
      length and merge together (and with the continuous densified portion 504)
      at longitudinally spaced locations 512 to completely enclose regions 508.
      As is also evident from FIGS. 15 and 16, regions 508 are of nonuniform
      cross-sectional dimension and length.
PAR  While it is not intended to be limited to any particular theory, it is
      believed that under certain selected moisture and pressure conditions
      (which may vary for different pulp fibers), as the batt dries subsequent
      to the embossing step, the hydrogen bonds which may have previously caused
      the lines to be cohesive or unitary begin to weaken due to the inherent
      recovery force of the fibrous mass, which cause the lines to separate as
      shown in FIGS. 15 and 16.
PAR  Batts such as shown in FIGS. 15 and 16 may also be produced by mechanically
      working a product having coherent or unitary lines, as by subjecting the
      product to bending and/or twisting forces, which cause certain of the
      hydrogen bonds to rupture, thus producing a product having thickened lines
      with dense fibrous strata surrounding substantially fiber-free regions.
PAR  While each of the strata 510 may have a density that is greater than the
      fibrous regions 514 at opposite sides of the lines 506, the density of the
      strata 510 is not necessarily uniform and the strata in the mid-portion of
      the batt may be less dense than the strata outwardly thereof.
PAR  It will be appreciated that with thickened densified lines having separated
      planes or strata of densified material, fluid will flow in the direction
      of the lines at a rapid linear rate, although the volumetric flow rate
      within each of the planes of densified material will, of necessity, be low
      because of the limited cross-sectional area in each plane. However, the
      voids or pores between the planes of densified material act as reservoirs
      into which excess liquid carried in the planes can be spilled, thereby
      providing an increased volumetric storage capacity and an increased
      volumetric carrying capacity, as compared to a cohesive or unitary line
      containing the same total amount of fibers.
PAR  Referring now to FIGS. 17-21, the graphs of these views illustrate the
      process conditions that are applicable to obtain thickened lines with or
      without voids for an NBF Kraft pulp available from Weyerhauser Company and
      which consists of approximately 80% Loblolly pine, 20% Ponderosa pine and
      traces of slash pine and which has a fiber classification of 54.6% + 12
      mesh, 23.5% + 28 mesh, 10.8 % + 48 mesh, 4.5% + 100 mesh, and 6.6% - 100
      mesh. The pulp board was ground in a Fitz mill and processed as shown in
      FIG. 4. The embossing roll was floatingly mounted and loaded with a dead
      weight, and the embossing roll was formed of metal with a main diameter of
      2.81 inches and a ring diameter of 2.94 inches, with a ring width of 0.125
      inches. The back-up roll was formed of metal and was fixedly mounted
      relative to the embossing roll, with the backing roll having a  diameter
      of 3,825 inches. For the purposes of FIGS. 17-20, void areas are those
      areas in excess of 0.05 m.m.
PAR  Referring first to FIG. 17, which is a plot with moisture add-on in
      increasing amounts as the abscissa and embossing force in increasing
      amounts as the ordinate, it should be noted that at those moisture and
      pressure conditions above line A, all of the thickened densified lines
      will be coherent and unitary, while at those moisture and pressure
      conditions below line A, the thickened densified lines will contain a
      percentage of regions substantially devoid of fibers. At increasing
      distances below line A, the percentage of samples having void regions
      increases, and above line B approximately 10% of the samples had void
      regions, while above line C approximately 20% of the samples had void
      regions. The samples that are graphed in FIG. 17 were taken immediately
      after production and at relatively low production speeds. Each sample
      below line A in FIG. 17 was observed to have void regions at given
      longitudinal sections thereof, and it is believed that void regions in up
      to 100% of the length of the densified lines of a given sample can be
      produced under certain process conditions including high-speed production
      runs where the time under pressure is short and the fibers have
      significant elastic recovery.
PAR  Turning now to FIGS. 18-21, which are plots with density in increasing
      amounts as the abscissa and embossing force in increasing amounts as the
      ordinate, the solid lines represent measurements that include the void
      regions, while the dotted lines represent measurements that exclude the
      void regions. The solid and dotted lines in each view represent [for
      moisture add-on per panel (103/4 inches .times. 143/4 inches of zero, 1
      gram, 2 grams and 4 grams, respectively] lines of demarcation between
      those samples wherein the thickened densified lines had voids and those
      samples wherein the thickened densified lines were solid or coherent. In
      connection with FIG. 18, it should be noted that the fibers are not bone
      dry and that there is enough moisture in the ambient atmosphere to enable
      some hydrogen bonding to take place.
PAR  While processing conditions for obtaining structures as shown in FIGS. 15
      and 16 have been given for only one specific type of fiber, it will be
      apparent to those skilled in the art that similar results can be obtained
      for different types of fibers, and that the specific reference to only one
      type of fibers is in no way meant to be limitative upon the invention.
PAR  It will be understood by those skilled in the art that variations and
      modifications of the specific embodiments described above may be employed
      without departing from the scope of the invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-layer diaper comprising: a porous facing layer in the form of a
      water-wettable bonded web of mixed long and short fibers; a highly porous,
      loosely compacted, cellulosic fibrous batt in face-to-face juxtaposition
      to said facing layer and having greater wettability to water than said
      facing layer; a paper-like, densified compacted cellulosic fibrous layer
      of relatively high wettability and relatively high fluid retentivity
      integral with said loosely compacted batt on the face thereof opposite the
      face in juxtaposition to said facing layer, said densified layer extending
      continuously over a given area of said batt and being of greater thickness
      dimension in selected regions, said regions of greater thickness dimension
      cooperating with the adjacent unthickened portions of said continuous
      densified layer to increase the fluid handling capacity of the densified
      layer and to direct the flow of fluid to selected areas of the densified
      layer, said regions of greater thickness dimension being integral with
      said densified layer and projecting into said loosely compacted batt to
      reinforce the same; and a water-impervious backing sheet adhered to said
      densified layer.
NUM  2.
PAR  2. The diaper of claim 1 wherein said densified layer is of generally
      uniform thickness throughout a major portion of said given area and merges
      with said loosely compacted batt at a generally planar interface.
NUM  3.
PAR  3. The diaper of claim 2 wherein the thickened regions of said densified
      layer extend beyond the plane of the interface between said batt and the
      continuous area of the densified layer and into said batt.
NUM  4.
PAR  4. The diaper of claim 3 wherein the outer face of densified layer includes
      recesses in alignment with said thickened regions.
NUM  5.
PAR  5. The diaper of claim 3 wherein the thickened regions of said densified
      layer are defined by relatively narrow zones spaced from and parallel with
      one another, and extending from end to end of said batt.
NUM  6.
PAR  6. The diaper of claim 1 wherein said densified layer extends continuously
      over one entire side of said loosely compacted batt.
NUM  7.
PAR  7. The diaper of claim 1 wherein said densified layer extends over a
      central area of one side of said loosely compacted batt to provide loosely
      compacted batt portions beyond the side edges of the densified layer area.
NUM  8.
PAR  8. The diaper of claim 7 wherein said densified layer area extends from end
      to end of said one side of said loosely compacted batt.
NUM  9.
PAR  9. The diaper of claim 7 wherein said densified layer area is spaced
      inwardly from the ends of said one side of said loosely compacted batt in
      addition to being spaced inwardly from the sides thereof.
NUM  10.
PAR  10. The diaper of claim 1 wherein said backing sheet and said facing layer
      are substantially rectangular and substantially coextensive, said batt is
      substantially rectangular, narrower than said backing sheet and facing
      layer, and centrally disposed with respect thereto to provide marginal
      portions of said diaper in which said backing sheet and said facing web
      are in direct contact with each other.
NUM  11.
PAR  11. The diaper of claim 1 wherein the selected thickened regions extend
      through a major portion of the cross-sectional thickness of the batt.
NUM  12.
PAR  12. The diaper of claim 1 wherein the selected thickened regions extend
      through the entire cross-sectional thickness of the batt.
NUM  13.
PAR  13. The diaper of claim 1 wherein the selectively thickened regions are
      provided by a plurality of spaced parallel lines, each line including a
      plurality of thickened strips separated by unthickened areas.
NUM  14.
PAR  14. The diaper of claim 13 wherein the thickened strips are substantially
      longer than the unthickened areas.
NUM  15.
PAR  15. A multi-layer diaper comprising: a porous facing layer in the form of a
      water-wettable bonded web of mixed long and short fibers, of which from
      about 75 to about 98 weight per cent are short fibers having a fiber
      length less than 1/4 inch and from about 2 to about 25 weight per cent are
      long fibers having a fiber length between about 1/2 and about 21/2 inches,
      said fibers being bonded together by a water-repellent bonding agent and
      coating with a surfactant; a highly porous, loosely compacted, cellulosic
      fibrous batt in face-to-face juxtaposition to said facing layer and having
      greater wettability to water than said facing layer; a paper-like,
      densified, compacted cellulosic fibrous layer of relatively high
      wettability and relatively high fluid retentivity integral with said
      loosely compacted batt on the face thereof opposite the face in
      juxtaposition to said facing layer, said densified layer extending
      continuously over a given area of said batt and being of generally uniform
      thickness throughout a major portion of said given area, said densified
      layer merging with said batt at a generally planar interface and including
      regions of greater thickness dimension than said major portion and
      extending beyond the plane of the interface and into said batt to
      reinforce the same, said regions of greater thickness dimension
      cooperating with the adjacent unthickened portions of said continuous
      densified layer to increase the fluid handling capacity of the densified
      layer and to direct the flow of fluid to selected areas of the densified
      layer, said regions of greater thickness dimension being integral with
      said densified layer; and a water-impervious backing sheet adhered to said
      densified layer by an adhesive discontinuously distributed over the entire
      interface between them, said backing sheet and facing layer being
      substantially rectangular and substantially coextensive and said batt
      being substantially rectangular, narrower than said backing sheet and
      facing layer and centrally disposed with respect thereto to provide
      marginal portions of said diaper in which said backing sheet and said
      facing layer are in direct contact with each other.
NUM  16.
PAR  16. A multi-layer diaper comprising: a porous, facing layer adapted to be
      positioned adjacent an infant; a highly porous, loosely compacted,
      cellulosic fibrous batt positioned in face-to-face juxtaposition with said
      facing layer, the side edges of said batt terminating inwardly of the side
      edges of said facing layer, said batt being of unitary construction and
      the central portion thereof having a greater thickness dimension than the
      side portions thereof, whereby said batt has a stepped cross-sectional
      configuration; a water-impervious backing sheet positioned in face-to-face
      juxtaposition with said batt, said backing sheet being generally
      coextensive with said facing layer, and said facing layer and said backing
      sheet being adhered to one another in marginal areas beyond said batt,
      opposite side portions of said diaper being folded inwardly about first
      fold lines inwardly of the side edges of the batt, said side portions also
      being folded outwardly about second fold lines inwardly of the side edges
      of the batt and outwardly of the first fold lines to thereby provide
      thickened zones at opposite sides of the diaper that include three
      thicknesses of batt material; and a paper-like, densified compacted
      cellulosic fibrous layer of relatively high wettability and relatively
      high fluid retentivity integral with said loosely compacted batt on the
      face thereof that is positioned in juxtaposition with said backing sheet,
      said densified layer extending continuously over a given area of said batt
      and having an increased thickness dimension in selected regions, said
      regions of greater thickness dimension cooperating with the adjacent
      unthickened portions of said continuous densified layer to increase the
      fluid handling capacity of the densified layer and to direct the flow of
      fluid to selected areas thereof, said regions of greater thickness
      dimension being integral with said densified layer and projecting into
      said loosely compacted batt to reinforce the same.
NUM  17.
PAR  17. The diaper of claim 16 wherein said densified layer extends over a
      central area of one side of said loosely compacted batt to provide loosely
      compacted batt portions beyond the side edges of the densified layer area.
NUM  18.
PAR  18. The diaper of claim 16 wherein the selected thickened regions extend
      through a major portion of the cross-sectional thickness of the batt.
NUM  19.
PAR  19. The diaper of claim 16 wherein the selected thickened regions extend
      through the entire cross-sectional thickness of the batt.
NUM  20.
PAR  20. The diaper of claim 16 wherein the batt includes portions of
      intermediate thickness between the central and side portions of the batt.
NUM  21.
PAR  21. The diaper of claim 16 wherein the densified layer is thickened in the
      central portion of the batt.
NUM  22.
PAR  22. The diaper of claim 16 wherein said facing layer is a self-sustaining
      nonwoven foraminous structure formed of mechanically engaged groups of
      fibers.
NUM  23.
PAR  23. A multi-layer diaper comprising: a porous facing layer adapted to be
      positioned adjacent an infant; a highly porous, loosely compacted,
      cellulosic fibrous batt in face-to-face juxtaposition to said facing layer
      and having greater wettability to water than said facing layer; a
      paper-like, densified compacted cellulosic fibrous layer of relatively
      high wettability and relatively high fluid retentivity integral with said
      loosely compacted batt on the face thereof opposite the face in
      juxtaposition to said facing layer, said densified layer extending
      continuously over a given area of said batt and being of greater thickness
      dimension in selected regions, said regions of greater thickness dimension
      cooperating with the adjacent unthickened portions of said continuous
      densified layer to increase the fluid handling capacity of the densified
      layer and to direct the flow of fluid to selected areas of the densified
      layer, said regions of greater thickness dimension being integral with
      said densified layer and projecting into said loosely compacted batt to
      reinforce the same; and a water-impervious backing sheet adhered to said
      densified layer.
NUM  24.
PAR  24. The diaper of claim 23 wherein said facing layer is a self-sustaining
      nonwoven foraminous structure formed of mechanically engaged groups of
      fibers.
NUM  25.
PAR  25. The diaper of claim 24 wherein a tissue layer is interposed between the
      facing layer and the batt.
NUM  26.
PAR  26. The diaper of claim 23 wherein the selected thickened regions extend
      through a major portion of the cross-sectional thickness of the batt.
NUM  27.
PAR  27. The diaper of claim 23 wherein the selected thickened regions extend
      through the entire cross-sectional thickness of the batt.
NUM  28.
PAR  28. The diaper of claim 27 wherein the thickened regions of said densified
      layer are coherent and unitary.
NUM  29.
PAR  29. The diaper of claim 27 wherein the thickened regions of said densified
      layer include spaced fibrous strata surrounding substantially fiber free
      voids.
NUM  30.
PAR  30. The diaper of claim 29 wherein said voids are substantially lens-shaped
      in transverse cross section.
NUM  31.
PAR  31. The diaper of claim 29 wherein said thickened regions include a
      plurality of vertically spaced voids separated by one another by
      vertically spaced strata.
NUM  32.
PAR  32. The diaper of claim 29 wherein spaced portions of said strata merge
      with one another.
NUM  33.
PAR  33. The diaper of claim 29 wherein the thickened regions of said densified
      layer are defined by relatively narrow zones spaced from and parallel with
      one another, and extending from end to end of said batt.
NUM  34.
PAR  34. The diaper of claim 33 wherein said strata extend in the direction of
      said zones.
NUM  35.
PAR  35. A multi-layer diaper comprising: a porous facing layer adapted to be
      positioned adjacent an infant; a highly porous, loosely compacted,
      cellulosic fibrous batt in face-to-face juxtaposition to said facing layer
      and having greater wettability to water than said facing layer, said batt
      being smaller than said facing layer and centered with respect thereto,
      the side margins of the facing layer extending beyond the sides of the
      batt by a distance of about 1/2 inch to about 1 inch, said batt being of
      unitary construction and having a central portion of greater thickness
      dimension than side portions thereof; a paper-like, densified compacted
      cellulosic fibrous layer of relatively high wettability and relatively
      high fluid retentivity integral with said loosely compacted batt on the
      face thereof opposite the face in juxtaposition to said facing layer, the
      central portion of said densified layer having an increased thickness
      dimension; and a water-impervious backing sheet adhered to said densified
      layer, said backing sheet being coterminous with said facing layer and
      secured thereto in the side margins thereof beyond said batt.
NUM  36.
PAR  36. The diaper of claim 35 in which said densified layer extends
      continuously over a given area of said batt and includes a plurality of
      spaced, parallel regions of increased thickness dimension to increase the
      fluid handling capacity of the densified layer and to direct the flow of
      fluid to selected areas of the densified layer.
NUM  37.
PAR  37. A multi-layer diaper comprising: a porous facing layer adapted to be
      positioned adjacent an infant; a highly porous, loosely compacted
      cellulosic fibrous batt in face-to-face juxtaposition to said facing layer
      and having greater wettability to water than said facing layer; a
      plurality of spaced, paper-like, densified compacted cellulosic regions of
      relatively high wettability and relatively high fluid retentivity integral
      with said loosely compacted batt, at least some of said densified regions
      extending through the entire cross-sectional thickness of the batt, so
      that paper-like zones are present on both major surfaces of said batt
      whereby said densified regions reinforce said batt; and a water-impervious
      backing sheet in face-to-face juxtaposition to said batt on the side
      thereof opposite from said facing layer.
NUM  38.
PAR  38. The diaper of claim 37 wherein said batt includes a continuous
      densified layer on the side thereof adjacent said backing sheet, with said
      spaced densified regions being integral with said densified layer.
NUM  39.
PAR  39. The diaper of claim 37 wherein said batt includes loosely compacted
      regions which extend through the entire cross-sectional thickness of the
      batt outwardly of at least some of said densified regions.
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ABST
PAL  A substantially rectangular disposable diaper having a longitudinal
      dimension defined between end margins and a shorter transverse dimension
      defined between side margins is prefolded and packaged in a unique
      configuration including a double-pleat fold on each side of the diaper.
      Each double-pleat fold includes an inner panel overlying a central section
      of the diaper and an outer panel overlying the inner panel. Each outer
      panel includes two wing sections; one on each side of a transversely
      extending medial line of the diaper. Therefore, the four wing sections of
      both outer panels are disposed in pairs of two; one pair being on each
      side of the transversely extending medial line. The two wing sections
      which are on the same side of the medial line diverge from each other in a
      direction from the medial line to an end margin of the diaper. The
      double-pleat folded diaper is folded along the transversely extending
      medial line to complete the prefolded configuration in which the diaper is
      packaged.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improvement in prefolded and packaged
      disposable diapers, and more specifically to a disposable diaper having a
      prefolded and packaged configuration which clearly indicates the proper
      manner of placing the diaper on a wearer.
PAR  2. Description of Prior Art
PAR  Prefolded and packaged disposable diapers are known in the prior art, as
      evidenced by the disclosures in U.S. Pat. Nos. Re 26,151, issued to Duncan
      et al; 3,426,756, issued to Romanek and 3,196,874, issued to Hrubecky.
PAR  U.S. Pat. Nos. Re 26,151 and 3,426,756 disclose disposable diapers having
      double-pleat folds at opposite sides thereof. Each double-pleat fold
      includes an inner panel and an outer panel, both of which are
      substantially rectangular when the diaper is packaged. The double-pleat
      folded diaper is folded in half along a transversely extending medial line
      into a substantially rectangular, or square configuration in which it is
      packaged for sale. In use the double-pleat folds should be left intact in
      the perineal region because they are intended to function as a dam when
      placed on a wearer to aid in retaining body fluids within the confines of
      the diaper. However, in many cases, a user, that is, a person diapering a
      wearer, completely opens the double-pleat folds prior to placing the
      diaper on a wearer because the square or rectangular prefolded
      construction of the diaper does not provide a clear, visible indication to
      the user that the folds should be left intact.
PAR  U.S. Pat. No. 3,196,874 discloses a diaper in which the sides are prefolded
      along lines intersecting the side margins of the diaper. The diaper is
      also prefolded along its transversely extending medial line, and thereby
      assumes a triangular-shaped configuraton simulating the configuration
      which should be maintained when the diaper is placed on a wearer. To
      further explain, when a diaper is placed on a wearer the medial region of
      the diaper is narrow because it is confined between the wearer's thighs in
      the perineal region, and the diaper widens toward the opposed ends thereof
      which encircle the front and back of the wearer. Thus, the
      triangular-shaped configuration simulates these dimensional relationships
      to visibly indicate that the side folds should be left intact when the
      diaper is placed on a wearer. However, when the diaper is unfolded along
      the transversely extending medial line for placement on a wearer the side
      folds may open up, even if tacked, and may not assume the desired folded
      configuration on the wearer without the aid of some manipulation of the
      diaper by the user. This manipulation may require considerable manual
      dexterity, especially when the user is placing the diaper upon a
      particularly active wearer, such as a young child. Additionally, the
      prefolded construction disclosed in this patent is somewhat complex, and
      requires fairly sophisticated converting equipment for forming the folds.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention a substantially rectangular diaper is
      prefolded and packaged in a unique configuration including a double-pleat
      fold on each side of the diaper. Each double-pleat fold includes an inner
      panel overlying a central section of the diaper, and an outer panel
      overlying the inner panel. The outer panel of each double-pleat fold
      includes two wing sections; one on each side of a transversely extending
      medial line of the diaper. Accordingly, the four wing sections of both
      outer panels are disposed in pairs of two; one pair being on each side of
      the transversely extending medial line. The two wing sections which are on
      the same side of the medial line diverge from each other in a direction
      from the medial line to an end margin of the diaper. The fold construction
      is completed by folding the diaper in half along the transversely
      extending medial line, and the diaper is packaged in this configuration.
PAR  The prefolded and packaged diaper of this invention has a flared
      configuration in plan view. More specifically, the diaper flares outwardly
      in a direction from the transversely extending medial fold line to the end
      margins of the diaper. This flared configuraton approximates the shape the
      diaper assumes when placed on a wearer, and thereby provides a visible
      indication to a person placing the diaper on a wearer that the
      double-pleat folds should be left intact in the perineal region when the
      diaper is placed on a wearer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a substantially rectangular disposable diaper
      prior to being prefolded in accordance with this invention and includes
      elements broken away to show details of construction;
PAR  FIG. 2 is a plan view of the disposable diaper of FIG. 1 after it has been
      partially prefolded in accordance with this invention;
PAR  FIG. 3 is a plan view of the disposable diaper after it has been further
      prefolded in accordance with this invention; and
PAR  FIG. 4 is a plan view of the disposable diaper showing its complete
      prefolded configuration for packaging.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to FIG. 1 a disposable diaper 10, prior to being prefolded
      according to this invention, is substantially rectangular in plan view,
      and includes a longitudinal dimension defined by opposed end margins 12
      and 14 and a shorter transverse dimension defined by opposed side margins
      16 and 18. The diaper shown in FIG. 1 includes a moisture-pervious facing
      layer 20, an absorbent inner core 22 and a moisture-impervious backing
      layer 24. The specific components of the disposable diaper 10 shown in
      FIG. 1 are for purposes of illustration only, and are well known to people
      skilled in the art. The disposable diaper 10 can include many different
      combinations of elements therein. The present invention relates
      specifically to the prefolded configuration of a disposable diaper which
      has a substantially rectangular configuration in plan view when in an
      unfolded condition.
PAR  Referring to FIG. 3, each side of the prefolded disposable diaper 10
      includes a double-pleat fold 26 including an inner panel 28 and an outer
      panel 30. If desired, the inner panels can be tacked at 31 by any suitable
      adhesive to retain them in a folded condition. Each outer panel 30
      includes two wing sections 32 and 34; one on each side of a transversely
      extendng medial line 36. The wing sections 32, which are disposed on one
      side of the transversely extending medial line 36, diverge in a direction
      from said medial line to end margin 12 of the disposable diaper 10. The
      wing sections 34, which are disposed on the opposite side of the medial
      line 36, diverge in a direction from said medial line to end margin 14 of
      the disposable diaper 10.
PAR  Referring to FIG. 4, the prefolded construction of the disposable diaper 10
      is completed by folding the diaper in half along the transversely
      extending medial line 36 is indicated by arrow 37. In the completely
      prefolded construction each wing section 32 and 34 extends outwardly
      beyond its underlying inner panel, whereby the diaper has a substantially
      flared configuration in plan view, being narrower adjacent the medial fold
      line 36 than adjacent the end margins 12 and 14 (only one end margin 12
      being shown in FIG. 4). The disposable diaper shown in FIG. 4 is
      considered "baby-shaped" and provides a visible indication to a person
      placing the diaper on a wearer that the double-pleat folds 26 should not
      be removed.
PAR  Referring to FIGS. 1 and 2, the double-pleat folds 26 are formed by folding
      side sections 38 and 40 of the disposable diaper 10 along longitudinally
      extending fold lines 42 and 44, as indicated by arrows 45 and 47, to form
      inwardly directed flaps 46 and 48 which overlie a central section 50 of
      the diaper. Each of the inwardly directed flaps 46 and 48 is folded back
      upon itself along angled fold lines 52 and 54 to form the outer panels 30,
      each of which includes the two wing sections 32 and 34 (FIG. 3).
PAR  Referring to FIG. 2, the angled fold lines 52 and 54 along which the
      inwardly directed flap 46 is folded are disposed at an acute angle .alpha.
      to the longitudinal axis 56 of the disposable diaper, and intersect the
      junction of the longitudinally extending fold line 42 and the end margins
      12 and 14, respectively. Likewise, the angled fold lines 52 and 54 along
      which the inwardly directed flap 48 is folded are disposed at an acute
      angle to the longitudinally extending axis 56 of the diaper, and intersect
      the junction of the longitudinally extending fold line 44 and the end
      margins 12 and 14, respectively. If desired, the acute angle .alpha. can
      be reduced so that the angled fold lines will intersect an end margin of
      the diaper intermediate the longitudinally extending boundaries of the
      flap which is folded.
PAR  To use the prefolded and packaged diaper 10 it is removed from the package
      and unfolded along the transversely extending medial line 36. In this
      condition the diaper 10 is ready to be placed upon a wearer without any
      requirement for the user to perform any difficult folding operations, i.e.
      the double-pleat folds remain intact, moreover the substantially flared
      configuration of the prefolded and packaged diaper provides a visible
      indication to a user that the double-pleat folds should not be removed
      from the diaper during application thereof about the torso of a wearer.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A prefolded and packaged disposable diaper which, in an unfolded
      condition, has a substantially rectangular configuration including a
      longitudinal dimension defined between end margins and a shorter
      transverse dimension defined between side margins, said prefolded and
      packaged diaper including:
PA1  A. a double-pleat fold on each side of the diaper; each double-pleat fold
      including an inner panel overlying a central section of the diaper and an
      outer panel overlying said inner panel, each outer panel including two
      wing sections extending outwardly beyond its underlying inner panel, one
      of said wing sections being disposed on each side of a transversely
      extending medial line of the diaper; the wing sections of both outer
      panels which are disposed on the same side of the transversely extending
      medial line diverging from each other in a direction from the transversely
      extending medial line to an end margin of said diaper; and
PA1  B. said disposable diaper being folded upon itself along the transversely
      extending medial line to dispose the wing sections of each outer panel in
      engagement with each other.
NUM  2.
PAR  2. The prefolded and packaged disposable diaper according to claim 1,
      wherein the inner panels of both double-pleat folds extend for
      substantially the full longitudinal extent of the diaper.
NUM  3.
PAR  3. The prefolded and packaged disposable diaper according to claim 1,
      wherein each inner panel is adhesively tacked to the central section of
      the diaper.
NUM  4.
PAR  4. A prefolded and packaged disposable diaper which, in an unfolded
      condition, has a substantially rectangular configuration including a
      longitudinal dimension defined between end margins and a shorter
      transverse dimension defined between side margins, said prefolded and
      packaged diaper including:
PA1  A. a double-pleat fold on each side of the diaper; each double-pleat fold
      including an inner panel and an outer panel overlying the inner panel,
      each inner panel extending for the full longitudinal extent of the diaper
      and having a transverse dimension defined between an outer longitudinally
      extending fold line which is substantially parallel to the longitudinally
      extending axis of the diaper and a pair of inner angled fold lines, each
      of said angled fold lines diverging away from the longitudinal axis of the
      diaper in a direction from the center of the diaper to an end margin of
      said diaper, each outer panel including two wing sections extending
      outwardly beyond its underlying inner panel, each wing section having a
      transverse dimension defined between one of said angled fold lines and a
      side margin of the diaper; and
PA1  B. said disposable diaper being folded upon itself along a transversely
      extending medial line for disposing the wing sections of each outer panel
      in engagement with each other.
NUM  5.
PAR  5. The prefolded and packaged disposable diaper according to claim 4,
      wherein each inner panel overlies a central section of the diaper and is
      adhesively tacked thereto.
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PAL  A mandrel of sponge rubber or gel has a tension element for withdrawing the
      mandrel from a graft tube grown from living tissue. In a first embodiment
      the tension element comprises a strip of cloth embedded in a sponge rubber
      mandrel. In a second embodiment the tension element comprises a rubber
      tube containing the sponge rubber and in a third embodiment the tension
      element comprises a rubber tube containing a gel. The mandrel assembly
      includes cloth reinforcing tubes surrounding the mandrel.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 368,811 filed June 11, 1973, on Apparatus for Growing Graft Tubes
      in Place, now U.S. Pat. No. 3,866,609; which is a continuation of my
      application Ser. No. 241,189 filed Apr. 5, 1972 on Apparatus for Growing
      Graft Tubes in Place, now abandoned; which is a division of my application
      Ser. No. 101,031 filed Dec. 23, 1970 on Method and Apparatus for Growing
      Graft Tubes in Place, now U.S. Pat. No. 3,710,777.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved mandrel and mandrel assembly for
      growing graft tubes of living tissue and to a method for making the
      mandrel.
PAR  In the related applications identified above, which are hereby incorporated
      by reference, a mandrel assembly having a pair of cloth tubes on a
      flexible silicone rubber mandrel is implanted in a living body to grow a
      graft tube in the place where it is to be used or to grow a transplantable
      graft tube which may be autogenous, homologous, or heterologous. Such
      graft tubes may be used as arteries, veins, esophagus, ureters, bile
      ducts, or trachea.
PAR  The mandrel assembly disclosed in said related applications has been used
      successfully for a considerable period of time by skilled surgeons. When
      the mandrel assembly is implanted in a living body, connective tissue from
      the body grows through the double layers of the cloth to thoroughly
      encapsulate the cloth and fill both an inner space between the inner cloth
      layer and the mandrel and an intermediate concentric annular space between
      the two layers of cloth.
PAR  The inner layer of cloth serves primarily as a spacer element to hold the
      outer layer of cloth away from the mandrel, and the filling of the inner
      and intermediate spaces just mentioned assists in this purpose. Thus, the
      outer layer of cloth provides a primary reinforcement to strengthen the
      graft tube adjacent its outer surface where reinforcement is most
      effective. The inner cloth tube also provides additional or secondary
      reinforcement, the two layers of cloth thereby greatly strengthening the
      wall of natural body tissue.
PAR  When the graft is grown in situ, or the place where it is to be used, the
      graft tube is completely vascularized and is a living part of the body
      when the ingrowth of tissue is complete and the mandrel withdrawn, leaving
      a lumen in the tube. The ends of the graft tube are then anastomosed to
      the tube or tubes of the body which the graft tube is to serve.
PAR  When the graft tube is to be transplanted to another location in the same
      body, or to a different body, it is similarly completely vascularized
      during its period of growth but upon transplant it must establish a new
      blood supply system and when the new blood supply is established, the
      graft becomes a living part of the body in which it is implanted.
PAR  The objects of the present invention are to provide an improved mandrel and
      mandrel assembly for growing a graft tube, to provide a mandrel and
      mandrel assembly which do not require as much skill on the the part of the
      surgeon, to provide a mandrel and mandrel assembly which will more
      consistently grow graft tubes of uniform quality, to provide a more
      compliant mandrel, and to provide a method for making a compliant mandrel.
PAC  SUMMARY OF THE INVENTION
PAR  The task of the surgeon is made less difficult and exacting by using a more
      compliant mandrel to form the lumen. A more compliant mandrel also
      provides greater flexibility for growing graft tubes for the different
      purposes mentioned above. In one form of construction a compliant mandrel
      is made of foam or sponge rubber which has a relatively soft and yielding
      texture. Since foam rubber is deficient in tension, a separate tension
      element may be incorporated in the mandrel in order to withdraw the
      mandrel from the graft tube when the growth of the graft tube is
      completed. This tension element may be a strip of cloth molded into the
      mandrel. A method for making such a mandrel is described in detail.
PAR  Other embodiments of compliant mandrel comprise a thin tube of silicone
      rubber filled with sponge rubber or silicone jelly. In such cases the
      silicone rubber tube provides the tension element for withdrawing the
      mandrel from the completed graft tube.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description of the
      preferred embodiments illustrated on the accompanying drawing. Various
      changes may be made in the details of construction and in the methods of
      fabrication and certain features may be used without others. All such
      modifications within the scope of the appended claims are included in the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary perspective view of a mandrel assembly with parts
      broken away to show a mandrel embodying the invention;
PAR  FIG. 2 is a longitudinal sectional view with parts broken away illustrating
      the method and apparatus employed in making the mandrel in FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 showing a modification of the mandrel;
      and
PAR  FIG. 4 is a view similar to FIGS. 1 and 3 showing a further modification.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a mandrel assembly having a compliant cylindrical mandrel 10
      inserted in an inner cloth tube 11 and an outer cloth tube 12. The
      reenforcing tubes 11 and 12 are preferably made of a knitted Dacron
      material which has been impregnated with a suitable stiffening agent such
      as silicone rubber vulcanized in situ as described in the related
      applications identified above. Tube 11 has an inside diameter slightly
      exceeding the outside diameter of mandrel 10, and tube 12 has an inside
      diameter slightly exceeding the outside diameter of tube 11.
PAR  When this mandrel assembly is implanted in a living body or placed in a
      suitable culture, living tissue grows through the porous tubes 12 and 11
      filling the annular space between these tubes and also filling the annular
      space between tube 11 and mandrel 10 whereby the tubes 11 and 12 form
      reenforcing members for a graft tube of living tissue.
PAR  Mandrel 10 has a smooth surface which casts a smooth lumen in the graft
      tube. The smooth surface on mandrel 10 is also essential for removal of
      the mandrel after the ingrowth of tissue through reenforcing cloth tubes
      11 and 12 has been completed. After being grown in a living body, the
      resulting graft tube may be used in the place where it is grown, it may be
      transplanted to a different location in the same body, or it may be
      transplanted to a different living body. When grown in a culture, the
      mandrel 10 is removed and the graft tube implanted where needed in a
      living body.
PAR  The present invention is concerned essentially with the mandrel per se.
      Mandrel 10 comprises an elongated cylindrical body of silicone sponge
      rubber 13 having a smooth outer surface. Since the sponge rubber lacks
      sufficient strength, an internal tension element 15 is provided for
      pulling the mandrel out of the graft tube after the ingrowth of tissue has
      been completed. In FIG. 1 the tension element 15 comprises a strip of
      cloth which is preferably a knitted Dacron tube similar to or identical to
      the tube 11 or the tube 12. Cloth element 15, however, is not impregnated
      with silicone rubber vulcanized in situ as are tubes 11 and 12.
PAR  FIG. 2 illustrates the method of making mandrel 10. A casting, molding of
      forming tube 20 is suspended in a vertical position. Tube 20 has an inside
      diameter equal to the desired outside diameter of the sponge rubber body
      13. The inside surface of tube 20 must be smooth so as to cast a smooth
      surface on the sponge rubber body. Tube 20 may be made of Teflon or vinyl
      plastic or it may be a glass tube coated on the inside with a suitable
      release agent. The upper end of tube 20 is fitted with a short length of
      rubber or transparent plastic tubing 21 and the lower end is similarly
      fitted with a piece of tubing 22.
PAR  Knitted Dacron tube 15 is carefully slit longitudinally and one end is tied
      in a knot 23. A weight 24 is attached to this end with a thread 25. Slit
      cloth tube 15 is lowered through the casting tube 20 until the knot 23 is
      disposed in tube 22 below the lower end of tube 20. Then a pin 26 is
      inserted through tube 22 and knot 23 and adjusted to as to position the
      knot on the center line of tube 20. Weight 24 is cut off and removed.
PAR  When the upper end of cloth 15 which is emergent from the upper end of tube
      21 is drawn upward with light tension as indicated by arrow 27, the slit
      tube is stretched slightly in a longitudinal direction causing it to curl
      or roll as shown, reducing its diameter. The upper end of cloth 15 is thus
      held carefully under a light tension in a position to place the cloth as
      close as possible to the center line of casting tube 20. The reduction in
      diameter by the curled configuration of cloth tube 15 resulting from the
      upward tension at 27 holds the cloth spaced away from the inside wall of
      tube 20.
PAR  A suitable sponge rubber may be made from Silastic No. 386 foam elastomer
      with catalyst No. 708 (stannous octoate) supplied by Dow Corning Company.
      These materials are mixed and injected under low pressure into the lower
      end of tube 22 producing a foaming mixture which rises up through casting
      tube 20.
PAR  At the same time, the mixture fills and completely impregnates the curled
      cloth strip 15, causing this tension member to be integrally interlocked
      with the entire length of the column of sponge rubber which results from
      the setting of the elastomer. The operation must be carried out so that
      the gas bubbles generated in the elastomer are small in size and
      completely enclosed by elastomer. The upward injection in the manner
      described prevents the inclusion of air bubbles in the elastomer. During
      injection cloth strip 15 is maintained in the center of casting tube 20.
PAR  When the elastomer has set, pin 26 is withdrawn, tubes 21 and 22 are
      removed, and the resulting mandrel 10 is pulled out of tube 20. Cloth
      strip 15 has a degree of longitudinal elasticity characteristic of knitted
      fabric which is desirable for the present purpose. When the mandrel 10 is
      to be withdrawn from a graft tube having living tissue encapsulating the
      reenforcing tubes 11 and 12 and filling the space between tube 11 and the
      mandrel, a pull exerted on one end of strip 15 stretches both strip 15 and
      sponge rubber body 13 to some extent, elongating the mandrel and slightly
      contracting its diameter and thereby releasing the mandrel from the grip
      of the surrounding tissue.
PAR  Also characteristic of knitted fabric, a relatively small amount of
      elongation causes the fabric to reach its limit of stretch so that the
      sponge rubber is not stretched to the point of rupture. The knitted
      configuration of loose loops of thread behaves as a loose chain. When the
      links are pulled tight on each other there is no further elongation of the
      fabric and the full tensile strength of the threads is developed for
      pulling the mandrel out of the graft tube without over-stressing the
      sponge rubber in tension.
PAR  In the modification in FIG. 3, the mandrel 10a has an external tension
      element 30 comprising a thin walled silicone rubber tube. This tube is
      filled with sponge rubber 31 which may be the same silicone sponge rubber
      indicated at 13 in FIg. 1. Tube 30 has a smooth external surface to cast a
      smooth lumen in the living tissue of the graft tube.
PAR  In the modification in FIG. 4, the mandrel 10b has an external tension
      element in the form of a silicone rubber tube as in FIG. 3. In this case
      the tube 30 is filled with a silicone rubber gel 32. The ends of tube 30
      are tied with ligatures 33 to retain the gel.
PAR  In the mandrel assembly in FIG. 3 the sponge rubber core 31 is
      significantly weak in tension. In the mandrel assembly in FIG. 4 the gel
      32 is substantially without any strength in tension. In each case the tube
      30 provides a tension element for withdrawing the mandrel from the graft
      tube. When a pulling force is exerted on one end of tube 30, the mandrel
      elongates slightly, producing a contraction of its diameter which
      facilitates withdrawal.
PAR  In the related applications referred to, the mandrel is a solid silicone
      rubber rod having only sufficient flexibility to move with movements of
      the body in which it is implanted as, for example, the movements of the
      knee and hip joints. Experience indicates, however, that far greater
      flexibility is desirable both to simplify the surgery and to accommodate
      implantation in other regions of the body in certain cases.
PAR  It is also found that in some cases a solid silicone rubber rod has too
      much longitudinal rigidity, causing movements of the ends of the rod when
      the rod is flexed. This impairs the quality and uniformity of the graft
      tube and complicates the surgery in order to insure good results. It is
      desired to have no longitudinal movement of the mandrel under bending.
PAR  The present mandrels 10, 10a and 10b avoid these difficulties. These
      mandrels are compliant to the body and substantially limp. This is true of
      the tension element in each embodiment as well as the body material of
      sponge rubber or gel. Bending does not produce longitudinal movement. Even
      when the location in the body causes the mandrel to be partially
      flattened, the quality of the graft tube is not impaired. Flattening does
      not diminish the circumferential dimension and the graft tube is free to
      resume circular shape with the full intended cross section area of the
      lumen available in use.
PAR  In the case of mandrel assemblies for growing tracheal and esophageal graft
      tubes, a tension element may not be necessary for pulling a sponge rubber
      mandrel out of the graft tube after the growth of the graft tube is
      completed. These graft tubes have much larger diameters and shorter
      lengths than graft tubes for blood vessels and the sponge rubber mandrels
      may be readily pushed out of the completed graft tubes.
CLMS
STM  Having now described my invention and in what manner the same may be used,
      what I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A mandrel assembly for growing a graft tube with living tissue,
      comprising an elongated compliant mass of material which may not have
      sufficient tensile strength for withdrawing the mandrel from said mandrel
      assembly after said graft tube has been grown, and a compliant tension
      element extending throughout the length of the mandrel and forming an
      integral part thereof for pulling the mandrel out of said mandrel assembly
      after said graft tube has been grown, an outer fabric tube on said
      mandrel, and an inner layer of porous material holding said fabric tube
      spaced away from said mandrel.
NUM  2.
PAR  2. A mandrel assembly as defined in claim 1, said tension element being
      disposed within said compliant mass of material.
NUM  3.
PAR  3. A mandrel assembly as defined in claim 2, said compliant mass of
      material comprising sponge rubber.
NUM  4.
PAR  4. A mandrel assembly as defined in claim 2, said tension element
      comprising a strip of cloth.
NUM  5.
PAR  5. A mandrel assembly as defined in claim 1, said tension element
      comprising a rubber tube containing said compliant mass of material.
NUM  6.
PAR  6. A mandrel assembly as defined in claim 5, said compliant mass of
      material comprising sponge rubber.
NUM  7.
PAR  7. The invention of claim 1, said inner layer of porous material comprising
      an inner fabric tube within said outer fabric tube.
NUM  8.
PAR  8. A mandrel for use in a mandrel assembly for growing a graft tube with
      living tissue, comprising an elongated compliant mass of material which
      may not have sufficient tensile strength for withdrawing the mandrel from
      said mandrel assembly after said graft tube has been grown, and a
      compliant tension element extending throughout the length of the mandrel
      and forming an integral part thereof for pulling the mandrel out of said
      mandrel assembly after said graft tube has been grown, said tension
      element comprising a strip of cloth disposed within said compliant mass of
      material, said strip of cloth comprising a longitudinally slit tube of
      said cloth.
NUM  9.
PAR  9. A mandrel as defined in claim 8, said slit cloth tube comprising a
      knitted material.
NUM  10.
PAR  10. A mandrel for use in a mandrel assembly for growing a graft tube with
      living tissue, comprising an elongated compliant mass of material which
      may not have sufficient tensile strength for withdrawing the mandrel from
      said mandrel assembly after said graft tube has been grown, and a
      compliant tension element extending throughout the length of the mandrel
      and forming an integral part thereof for pulling the mandrel out of said
      mandrel assembly after said graft tube has been grown, said tension
      element comprising a rubber tube containing said compliant mass of
      material, said compliant mass of material comprising a gel.
NUM  11.
PAR  11. A mandrel assembly for growing a graft tube with living tissue,
      comprising a sponge rubber mandrel, an inner cloth tube on said mandrel
      impregnated with silicone rubber which is vulcanized in the cloth leaving
      the cloth porous, and an outer cloth tube surrounding said inner tube and
      mandrel, said outer tube being impregnated with silicone rubber which is
      vulcanized in the cloth leaving the cloth porous.
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ABST
PAL  An electrically neutral, D.C.-induced cold plasma is used to cauterize
      tissue in the vicinity of a surgical incision. The incision may itself be
      formed by such a plasma.
BSUM
PAC  RELATED APPLICATIONS
PAR  Commonly assigned, copending application Ser. No. 79,840, filed Oct. 12,
      1970, now U.S. Pat. No. 3,903,891, discloses and claims methods and
      apparatus for plasma surgery. According to that application, a cold plasma
      is established and attenuated to a small cross section. This plasma is
      applied to tissue to produce an incision. The present application claims
      the additional discovery that an electrically neutral, D.C.-induced cold
      plasma is especially useful for surgical applications.
PAC  BACKGROUND OF THE INVENTION
PAR  Field
PAR  This invention relates to surgery, specifically that involving the
      application of plasma to tissue.
PAR  State of the Art
PAR  "Glow discharge" phenomena are well known. The most familiar applications
      of such phenomena are in lighting, e.g., in fluorescent, neon, sodium and
      mercury lamps. Glow discharge plasmas are often described as "cold
      plasmas" because the energy density and wall-heating effect of such
      plasmas are very low. Such plasmas may also be regarded as being at
      thermal nonequilibrium because their gas temperatures are
      characteristically much lower than their "electron temperatures." The term
      "electron temperature" denotes a temperature (usually several thousand
      degrees) corresponding to the energy possessed by the electrons in a
      plasma. It is commonly understood that the operating conditions productive
      of cold plasmas are high voltage (1 - 100kV) and low pressure (usually
      below 10 torr). The term "cold plasma," as used in the following
      specification and claims, is intended to include plasmas at thermal
      nonequilibrium which evidence a low wall-heating effect, whether or not
      such plasmas exhibit the appearance and other physical characteristics
      normally associated with the specific cold plasma and glow discharge
      phenomena heretofore recognized in the art. According to this invention,
      cold plasmas may be produced which possess a very high energy density, for
      example.
PAR  As used in this specification and in the appended claims, the term "plasma"
      is used in its broadest context and refers to an at least partially
      ionized gas, which may include molecules, atoms, ions, electrons and free
      radicals, each moving with a velocity dependent upon its mass and its
      temperature. (A plasma is regarded as at thermal equilibrium only when the
      distribution of its particle velocities is such that the average energy of
      each species is approximately the same.) The average energy of a particle
      (e.g., an electron) can be expressed as a temperature (e.g., "electron
      temperature") according to the relationship
      ##EQU1##
      where m is the mass of the particle, V is the root-mean-square velocity of
      the particle, k is Boltzmann's constant, and T is the absolute temperature
      of the particle. The term "plasma" includes gases ionized to a very
      limited extent, e.g., 0.1 percent of its molecules, although it is often
      preferred to refer to such gases as being in an "energized" state. The
      term "energized" gas refers to any gas, whether ionized or not, which is
      storing energy, as a result of the application of electrical energy, in a
      form capable of subsequent release as heat and/or light. This term thus
      includes a gas which is ionized, disassociated, or in an "excited" state,
      including the "metastable" state. A gas is considered to be in an
      "excited" state when an electron of an inner orbital shell of a species
      (molecules, atoms, and/or ions) has absorbed a quantum of energy so that
      it is at a higher-than-its-ground-state energy level with respect to the
      nucleus; it is considered to be in the "metastable" state when an inner
      electron is excited to a level from which the return to ground via
      electro-magnetic emission is of extremely low probability. A species in
      the metastable state generally loses its excess energy either by imparting
      kinetic energy to its surroundings or by exciting other molecules, atoms
      or ions.
PAR  The use of D.C. arc plasma for surgery is suggested by U.S. Pat. No.
      3,434,476, which discloses and claims apparatus intended for use as a
      surgical scalpel. The apparatus thus disclosed is apparently incapable of
      producing plasmas which are not substantially at thermal equilibrium. This
      instrument is reported to be unsafe for actual clinical use because it
      tends to char tissue. It is recognized in the disclosure of the
      aforementioned application Ser. No. 79,840 that plasmas of metastable
      noble gas are preferred for surgical applications. Heretofore, the
      advantages of electrically neutral, D.C.-induced cold plasmas for this
      purpose have not been suggested, however.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that many of the problems associated with plasma surgical
      techniques are obviated by the use of electrically neutral, D.C.-induced
      cold plasma. Such plasmas have sufficient energy to produce surgical
      incisions within tolerable time limits, but avoid the problems
      characteristic of hot plasma surgery. An important characteristic of the
      electrically neutral, D.C.-induced cold plasmas of this invention is their
      remarkable efficacy for cauterizing tissue in the vicinity of a surgical
      incision. This characteristic is extremely useful, enabling a surgeon to
      prepare a clean and sterile incision, free from interfering body fluids.
      Accordingly, the surgical techniques of this invention include embodiments
      in which the plasma is used solely for its cauterizing properties, as well
      as embodiments in which the plasma is relied upon both for producing a
      surgical incision and for cauterizing tissue in the region of the
      incision.
PAR  Although it is possible to produce an electrically neutral, rf-induced
      plasma, it is inefficient to do so. Moreover, rf plasma devices are less
      stable and impose far greater risks of accidental electrocution. Hot D.C.
      plasmas are of only minor utility for surgical applications because of the
      disadvantages referred to hereinbefore. The electrically neutral,
      D.C.-induced cold plasmas of this invention are highly stable and
      controllable. The characteristics of the plasma are variable over a wide,
      useful range by adjusting simple parameters, such as orifice diameter,
      orifice material, gas species, flow rate and power settings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which illustrate what is presently regarded as the best
      mode for carrying out the invention:
PAR  FIG. 1 is a graph showing a typical plot of voltage versus current and
      illustrates the manner in which power settings may be used to control
      plasma characteristics;
PAR  FIG. 2 is a graph showing typical plots of apparent flame temperature
      versus gas flow and illustrates how selection of carrier gas and flow
      rates influences plasma characteristics; and
PAR  FIG. 3 is a pictorial view, partially in section, of a D.C. plasma scalpel
      useful for the practice of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The surgical methods of this invention utilize plasmas represented by line
      c-d of FIG. 1. Although the exact voltage and current values represented
      by the curve will depend upon the particular gas being excited, the plot
      of FIG. 1 is generally illustrative of the behavior of any gas which might
      be used for plasma surgical applications.
PAR  When a potential is applied by a power source to a gas, e.g., Argon or
      Helium, the gas will carry very little current until the potential exceeds
      its ionization potential, designated b in FIG. 1. The gas will then
      ignite, and it will assume plasma characteristics dependent upon the
      current available to it from the power source. As can be seen from the
      drawing, increasing the power applied to the gas will result in very small
      increases in the voltage drop across the plasma but correspondingly large
      increases in the current carried by the plasma. The power settings are
      thus controlled to maintain current between the levels indicated B and D,
      respectively. Operation on the region b-c of the curve is less stable, so
      the power is desirably held sufficiently high to avoid operating in this
      region. If the current exceeds the level indicated D, the plasma assumes
      the characteristics of a hot plasma (region e-f of the curve).
PAR  Once it is recognized that the "cold plasma" region is preferred for
      surgery, an operator will have no difficulty in determining proper power
      settings for any surgical plasma gas. FIG. 1 also shows that a surgeon can
      control the amount of energy applied to tissue by increasing the power
      applied to the gas, provided the power level is held below the critical
      "arcing" level (point d) of the particular gas.
PAR  The temperature of the plasma may be controlled to a considerable degree,
      as illustrated by FIG. 2, by proper selection of the plasma gas and by
      adjusting the flow rate of the gas. As illustrated by FIG. 2, a cold
      Helium plasma will generally exhibit a much higher apparent temperature
      than will a cold Argon plasma. In either case, maximum cutting ability
      will correspond to the region of highest apparent temperature, which
      region will correspond to a relatively narrow range of gas flow rates.
      Similar curves can be easily developed for any desired surgical plasma
      gas. FIG. 2 illustrates the ease with which a surgeon can control the
      temperature of the plasma flame through the simple expedient of adjusting
      the gas flow rate. Moreover, substantially similar plasma flame
      temperatures are available at two different flow rates. A surgeon thus has
      the opportunity to select which flow rate he desires for a particular
      purpose. "Apparent temperature" is plotted on FIG. 2 because the data for
      the plots was obtained by thermocouple measurements. Because of the size
      of the thermocouple with respect to the plasma column, the thermocouple
      effect cannot reflect true temperatures, but only relative temperatures.
PAR  Other adjustments may be provided in the surgical handpiece, as illustrated
      by FIG. 3. The apparatus there shown comprises a generally cylindrical
      annular case 11 in open communication with an inlet 12 and outlet 13,
      respectively, for a cooling fluid, typically water. One end 11a of the
      case is sealed with an insulator 14 held in place by a cap 15 as shown.
      The opposite end 11b of the case contains a nozzle assembly, indicated
      generally 16. An anode assembly, indicated generally 17, extends through
      the insulator 14 and terminates within the nozzle assembly 16 as shown.
PAR  Coolant is introduced into inlet 12 and contacts the internal structure
      encasing the anode assembly 16. It then flows back through annular case 11
      and exits from the outlet 13.
PAR  The nozzle assembly 16 includes a cathode 20 at its extreme end, a
      constrictor section 21, a gas entry section 22 and an anode entry section
      23. These components are machined from nonconductive material, e.g., boron
      nitride, except for the cathode, which is of a selected conductive
      material. The anode assembly 17 includes a hollow conductive tube 24
      connected to a power supply by a conductor 25. The tube 24 is sealed at
      the cap end 24a to an anode connector 26. This connector has gas entry
      ports 27 which openly communicate with the interior of the tube 24. An
      anode 28 is conductively connected to one end 24b of the tube 24 which is
      sealed into the anode entry section 23 of the nozzle assembly 16 and
      terminates in the gas entry chamber 22a of the gas entry section 22. The
      wire anode 28 is thus centrally disposed in the nozzle entry chamber 21a
      of the constrictor section 21.
PAR  D.C. power and gas are both introduced to the handpiece through the
      connector 26. Gas enters the holes 27, flows down the tube 24 out gas exit
      ports 29 into the chamber 22a, from which it flows through channels 30
      into the nozzle entry chamber 21a adjacent the anode 28. The potential
      difference between the cathode 20 and the anode 28 ignites the gas to a
      plasma flame. The flame is attenuated by the nozzle throat portion 21b of
      the constrictor section 21 and exits through the orifice 20a of the
      cathode 20 (the nozzle exit) as an electrically neutral cold plasma,
      assuming that appropriate power settings are maintained as previously
      described.
PAR  Two useful control variables are available within the nozzle assembly.
      These are the orifice diameter of the nozzle and the material of
      construction of the cathode. Nozzle diameter influences the back pressure
      in the handpiece, resulting in a change in potential drop at the cathode.
      It has been found that increasing the orifice diameter by about fifty
      percent, from about 0.02 to about 0.03 inches, shifts the position of the
      line c-d of FIG. 1 up almost 100 volts. In practice, orifice diameters of
      between about 0.005 to about 0.05 inches have been found to be useful in
      surgical handpieces according to this invention. The power available in
      the handpiece from a fixed power source may be adjusted by changing the
      composition of the cathode. For example, approximately 50 percent more
      power is available using a tungsten cathode than is available when a
      copper cathode is used, corresponding to a 50 percent increase in the
      median glow region voltage.
PAR  In practice, a surgeon may prefer certain combinations of gas species, flow
      rate, orifice diameter, power settings and cathode composition based upon
      his own experience and the specific objective of the operation. In
      general, however, virtually any D.C.-induced, electrically neutral, cold
      plasma has utility for surgical applications, especially if the plasma is
      attenuated to sufficiently small cross section to permit a narrow region
      of contact between the plasma and the tissue being treated. The preferred
      plasma column diameter at present is between about 0.005 and 0.05 inches,
      corresponding to orifice diameters of approximately that size. Nichrome
      wire suffices as an anode material, whereas the cathode may be either
      copper, tungsten or other conductive material. Suitable surgical gases
      include Argon, Helium and sometimes Nitrogen, usually in admixture with
      one of the noble gases.
PAR  Reference herein to details of the preferred and illustrated embodiments is
      not intended to restrict the scope of the appended claims, which
      themselves recite those details regarded as essential to the invention.
PAR  As used herein, the term "ignite" should be understood to refer to the
      transformation of a gas to the plasma state under the influence of an
      electric field. This phenomenon is of course dissimilar from combustion.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for cauterizing tissue adjacent a surgical incision, which
      comprises:
PA1  establishing and maintaining an electrically neutral, D.C. -induced cold
      plasma of sufficiently small cross section to permit a narrow  region of
      contact between the plasma and tissue; and
PA1  applying the plasma to tissue adjacent a surgical incision to cauterize
      the same.
NUM  2.
PAR  2. A method according to claim 1, wherein the plasma is applied to tissue
      to both produce an incision and to cauterize the tissue adjacent the
      incision so produced.
NUM  3.
PAR  3. A method according to claim 1, wherein the plasma is established and
      maintained by applying D.C. power to a gas selected from the group
      consisting of Argon, Helium, Nitrogen and mixtures of two or more thereof.
NUM  4.
PAR  4. A method according to claim 1, wherein the diameter of the plasma is
      held to between about 0.005 and about 0.05 inches.
NUM  5.
PAR  5. In the method of performing surgery by contacting tissue with a plasma
      to form an incision, the improvement which comprises using an electrically
      neutral, D.C. -induced cold plasma to cauterize tissue in the region of
      the incision.
NUM  6.
PAR  6. The improvement of claim 5, wherein said electrically neutral, D.C.
      -induced cold plasma is also used to form said incision.
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ABST
PAL  A method and apparatus for electrically heating an acupuncture needle that
      has been inserted into a subject is disclosed. An applicator unit contains
      an electrical heating element thermally coupled to an acupuncture needle
      and directly to the skin adjacent to the acupuncture needle. Regulation
      and control of the heat supplied by the applicator unit is achieved
      through the control of electrical power supplied to the heating element.
      Either temperature or power control can be selected, and temperature
      indication is provided. In use, after the acupuncture needle has been
      inserted through the subject's skin, the applicator unit is attached to
      the acupuncture needle and regulated electrical power is applied to
      produce controlled heat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to acupuncture treatment of patients and in
      particular to a method and apparatus for controlling the heating and
      monitoring the temperature of inserted acupuncture needles.
PAR  The procedure of applying heat to an inserted acupuncture needle, known as
      moxibustion, has been practiced in Eastern countries for centuries and
      recently has been introduced to Western countries in conjunction with the
      art and science of acupuncture. In part, this procedure is the production
      of heat supplied to the inserted acupuncture needle by attaching a small
      amount of dried leaves of Artemisia Vulgaris, or wormwood, to the handle
      of the inserted needle and lighting it, or holding the lighted end of a
      cigar-shaped roll of the dried leaves against the needle to heat it. This
      heating procedure is continued for from 5 to 20 minutes. It is claimed by
      the practitioners of this procedure that the needles heated in this
      fashion have an enhanced physiological action.
PAR  Acupuncture treatments using these prior art methods of heating inserted
      acupuncture needles sometimes produce burns caused by hot ashes falling on
      the patient. Uneven burning and poorly constituted burning materials cause
      uncontrolled variations of the applied heat, resulting in variations in
      treatment effectiveness.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention permits the selection and application of controlled
      heat to inserted acupuncture needles to obtain optimum treatment
      conditions.
PAR  Briefly, heat is generated electrically and conducted to the site of an
      inserted acupuncture needle. Regulation and control of the heat is
      achieved through the control of the electrical power used to produce the
      heat. The rate of heat production can be selected and maintained by
      supplying a predetermined electrical power level to the heating element.
      Alternatively the temperature of the acupuncture needle is maintained by
      sensing the temperature at the site of the acupuncture needle and
      providing feedback information that will control the electrical power to
      maintain the temperature at the site of the acupuncture needle at the
      predetermined value. Indication of the acupuncture needle temperature is
      provided.
PAR  One object of the invention is to provide a safe and convenient means of
      supplying heat to an inserted acupuncture needle.
PAR  Another object of the invention is to supply an easily controllable heat to
      the inserted acupuncture needle for whatever length of time the operator
      desires.
PAR  A further object of the invention is to supply controlled heat to an
      inserted acupuncture needle wherein the temperature of the needle is
      maintained at a predetermined value.
PAR  Another object of the invention is to provide means for indicating the
      temperature of an inserted acupuncture needle.
PAR  It is a further object of this invention to provide a new and more modern
      method to heat an inserted acupuncture needle.
PAR  Another object of the invention is to supply controlled heat to the skin
      area adjacent to an inserted acupuncture needle.
DRWD
PAR  Other objects, features, and advantages of the present invention will
      become apparent upon a perusal of the following specifications taken in
      connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram which illustrates the principles of the
      invention.
PAR  FIG. 2 is a circuit diagram of an embodiment of the invention wherein the
      heat generated is maintained at a predetermined power level.
PAR  FIG. 3 is a circuit diagram of an embodiment of the invention wherein the
      temperature is maintained at a predetermined level.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The disclosed invention enables the application of safe and easily
      controlled heat to inserted acupuncture needles, and to the skin area
      adjacent to the inserted needles.
PAR  FIG. 1 is a schematic diagram that illustrates the principle of operation
      of this invention. Acupuncture needle 11 is inserted through the skin 12
      of animal tissue 13 shown for example as a human foot. Applicator 14 is
      positioned in close proximity to handle 15 of acupuncture needle 11. Heat
      applicator 14 contains an electrical heating element 16 and a heating
      element container made of a thermally conducting material 17. Heating
      element 16 may be composed of electrically resistive material such as
      Nichrome wire, or may be made of carbon or compressed graphite. Good
      electrical conductors such as copper wire can be used for heating element
      16 provided the wire size is sufficiently small so that its resistance is
      high compared to that of the electrical wires 19 and 20 which couple
      heating element 16 to power controller 21. Thermally conducting material
      17 conducts heat from heating element 16 to handle 15 of acupuncture
      needle 11. Heat is transmitted from handle 15, along acupuncture needle
      11, through skin 12 into animal tissue 13. Bakelite and Teflon materials
      have been found to be suitable for the thermally conducting material 17 of
      the heating element container. Other materials that have moderate heat
      transporting properties and good electrical insulating properties are also
      suitable for conducting material 17.
PAR  Electrical power from power source 22 is regulated by power controller 21
      and the regulated power is transmitted along wires 19 and 20 to heating
      element 16. The power level can be selected by the operator so that a
      predetermined power is supplied to heating element 16. Power source 22 may
      be batteries or a standard household power outlet.
PAR  Heat from electrical heating element 16 is also applied directly to skin 12
      by the thermal pathway provided by thermal conducting material 17 and
      thermal conductor 10. Although not understood, it appears the heat applied
      to the skin adjacent to the inserted acupuncture needle enhances the
      physiological action of the heated inserted acupuncture needle for certain
      treatments. The material and thickness of thermal conductor 10 is chosen
      to regulate the ratio of the heat transmitted into the tissue by
      acupuncture needle 11 and the heat transmitted by thermal conductor 10 to
      skin 12. To increase the amount of heat transmitted directly to skin 12,
      thermal conductor 10 may be removed so that the heat is transmitted
      directly to skin 12 by the thermal conducting material 17. To decrease the
      amount of heat transmitted directly to skin 12, thermal conductor 10 may
      be increased in thickness and made of a material of poor thermal
      conductivity. Felt material of one-fourth inch thickness has relatively
      poor thermal conducting properties and is suitable for thermal conductor
      10 when the direct thermal transfer to skin 12 is to be minimized. For
      intermediate values of heat transmission, thinner layers of felt material
      are suitable for thermal conductor 10.
PAR  Applicator 14 is fastened to needle handle 15 with clamp 18. Clamp 18 is a
      single wire of spring steel material that exerts a resilient force on the
      side of needle handle 15, holding it firmly against the thermally
      conducting material 17. The clamping arrangement and alternative clamping
      means are described below in connection with FIG. 2. Clamp 18 holds
      applicator 14 firmly in contact with thermal conductor 10 and holds
      thermal conductor 10 firmly in contact with skin 12 independent of the
      orientation of acupuncture needle 11 with respect to the vertical
      direction. If desired, applicator 14 may be clamped on handle 15
      sufficiently far from needle 11 so that applicator 14 does not make
      mechanical contact with thermal conductor 10 or skin 12 to thereby obtain
      minimum direct thermal contact with skin 12. In operation, applicator 14
      is supported and positioned by the inserted acupuncture needle 11.
PAR  FIG. 2 illustrates one embodiment of power controller 21 and heat
      applicator 14 of FIG. 1. Alternating current electrical power is supplied
      from a household power outlet through plug 31. Switch 32 controls the
      electrical power flow to the primary winding 33 of power transformer 34.
      The secondary winding 35 of power transformer 34 is coupled to the two
      electrical ends of potentiometer 37. One electrical end and the movable
      arm 38 of potentiometer 37 form output lines 19 and 20 respectively of the
      power controller. Pilot light 36 connected across transformer secondary 35
      indicates the presence of power.
PAR  Power transformer 34 is designed to receive a primary voltage equal to the
      household line voltage, typically 117 volts in the United States.
      Secondary winding 35 typically has an output voltage of 2.5 volts and a
      current rating of 2 amperes or more. Potentiometer 37 typically has a
      power rating of 5 watts and a resistance of 5 ohms. Heat applicator 41 is
      comprised of electrical heating element 42 wound upon cylindrical tube 43
      which in operation surrounds handle 39 of acupuncture needle 40. Heating
      element 42 is composed of approximately 10 inches of Nichrome wire, 0.012
      inch in diameter, and having a resistance of approximately 3 ohms.
      Cylindrical tube 43 is composed of Teflon Plastic and has an inside
      diameter sufficiently large to slip over the handle of a standard
      acupuncture needle, typically from 0.04 to 0.10 inch in diameter. Heating
      element 42 is held in place by Epoxy material 44 which is in the form of a
      cylinder with an outside diameter in the range of 0.2 to 0.5 inch. Larger
      external diameters result in excessive heat loss and excessive weight.
      Typical length of cylindrical tube 43 and Epoxy material 44 is in the
      range of 0.2 to 1.2 inches. Weight considerations favor the smaller
      dimensions for length and diameter of heat applicator 41. It has been
      found that applicator weights over 5 grams places an undesirable thrust on
      an inserted acupuncture needle when it is not aligned near the vertical
      direction.
PAR  Heating element 42 is electrically connected to the power controller by
      wire leads 19 and 20. Provision is made for additional heat applicators 45
      and 46 to be driven by the same power controller with separate control
      potentiometers 47 and 48, respectively.
PAR  Heat applicator 45 is constructed using a standard electronic circuit
      resistor 51, for example a carbon or metal film resistor as an electrical
      heating element. Resistor 51 has a resistance value of 3.9 ohms and a
      power rating of 1/4 watt. Power levels greater than 1/4 watt are readily
      dissipated by resistor 51 because the heat generated is quickly conducted
      away by main body 53. Resistor 51 fits snugly into hole 52 that has been
      drilled through main body 53 of heat applicator 45. Main body 53 may be
      composed of Bakelite material in the form of a right circular cylinder
      three-eighths inch in diameter and 0.8 inch in length. Bore 54 has a
      diameter of 0.09 inch and is designed to receive handle 57 of acupuncture
      needle 50.
PAR  Fixed to the main body 53 is a needle clamping means comprised of a rubber
      diaphragm 55 with hole 56 concentric with bore 54. In the absence of an
      acupuncture needle, hole 56 typically is 0.01 inch in diameter. In
      operation acupuncture needle handle 57 is forced through hole 56, the
      resilient diaphragm 55 clamping heat applicator 45 to acupuncture needle
      50. The weight of applicator 45 is approximately 2 grams permitting it to
      be supported in any position by inserted acupuncture needle 50.
PAR  Heat applicator 46, drawn in perspective, further illustrates the clamping
      means of FIG. 1 for fixing heat applicator 46 to acupuncture needle handle
      61. Spring steel wire 62, formed in the shape of the letter L is mounted
      with one end 64 in hole 65 and is held in place by screw 66. Spring wire
      62 applies a resilient thrust on acupuncture needle handle 61 clamping it
      between spring wire 62 and bore 67.
PAR  In operation, switch 32 of FIG. 2 is turned off and plug 31 inserted into
      the household current supply. Sterilized acupuncture needles 40, 50, and
      60 are inserted through skin 68 of animal tissue 69 by an acupuncturist.
      Heat applicators 41, 45, and 46 are slipped over the handles 39, 57, and
      61 respectively of the inserted acupuncture needles. Potentiometers 37,
      47, and 48 are set to obtain the desired power output and switch 32 is
      turned on. Should insufficient heat be generated at one acupuncture
      needle, for example needle 40, movable arm 38 of potentiometer 37 may be
      advanced to deliver more power to applicator 41. Should applicator 45
      apply too much heat directly to the skin, felt pad 49 may be inserted to
      reduce the direct thermal contact with the skin.
PAR  An alternative embodiment of the invention provides temperature feedback to
      maintain a constant predetermined temperature at the site of the
      acupuncture needle. Temperature sensor 25 of FIG. 1 provides electrical
      signals to power controller 21 to hold the temperature at temperature
      sensor 25 at a predetermined value. In operation temperature sensor 25 and
      needle handle 15 are either in direct contact or alternatively thermal
      contact is provided through thermal conducting material 17. Temperature
      sensor 25 is a thermistor or alternatively one junction of a thermocouple.
      Temperature indicator 26 displays directly the temperature being sensed by
      temperature sensor 25.
PAR  FIG. 3 shows an alternate embodiment of power controller 21 and heat
      applicator 14 of FIG. 1. Thermistor temperature sensor 71 is placed in
      direct contact with acupuncture needle 72 for example by slipping it over
      the needle shaft so it is positioned next to lead attachment clip 73.
      Thermistor 71 is connected to one arm of an electrical bridge circuit
      comprised of resistor 82 and potentiometer 83. Power is supplied to the
      bridge by battery 84. The bridge output at terminals 80 and 85 is applied
      to the input terminals of amplifier 86. The amplifier output 87 is applied
      to the base of transistor 88. Transistor 88 controls the current flow from
      the direct current power source 89 to the acupuncture needle 72.
PAR  In this embodiment heat is generated by passing the current through a short
      section 75 of needle 72 to the handle 74. The needle 72 is typically 0.009
      inch in diameter and made of stainless steel. Needle section 75 might
      typically be 0.25 inch long and have an electrical resistance of about 0.2
      ohm. An electrical current of 2 amperes or less will supply sufficient
      heating power for many applications. Transistor 88 is an NPN power
      transistor, such as types 2N3055, 2N4913, or 2N5301. Power source 89 is
      capable of delivering 3 amperes or more of direct current power with a
      terminal voltage of approximately 10 volts. Amplifier 86 has a voltage
      gain typically in the range of 1 to 100 and has a high input impedance.
PAR  In practice the dial of potentiometer 83 is calibrated directly in units of
      temperature. This is readily done since thermistor resistance R.sub.t is a
      known function of temperature, generally with higher resistance values at
      higher temperature. With high loop gain the bridge operates near its
      balance condition:
      ##EQU1##
      where R.sub.3 is the resistance of potentiometer 83 between points 85 and
      81 and R.sub.4 the resistance of potentiometer 83 between points 90 and
      85. Temperature indicator 91 is a voltmeter with very high input
      impedance. The output reading has been calibrated to read directly in
      temperature units. The output indication may either be an analog meter
      reading or a digital display 92.
PAR  In operation, needle 72 and thermistor 71 are suitably sterilized.
      Thermistor 71 is slipped over needle 72 and the needle inserted into the
      animal tissue at the desired point. Lead 19 is then attached by clip 73 to
      the needle just above thermistor 71, and lead 20 is attached by clip 76 to
      handle 74 of needle 72. The potentiometer 83 is set to the desired
      temperature, generally between 120.degree. and 150.degree. Fahrenheit. As
      the needle is cooled by heat conduction to the animal tissue the
      resistance R.sub.t of thermistor 71 decreases causing the positive voltage
      at point 80 at the inverting input of amplifier 88 to decrease, and the
      output voltage at 87 to increase. The increased voltage on the base of
      transistor 88 causes it to conduct current more heavily and thereby
      increase the power supplied to needle section 75. The electrical power
      dissipated by needle section 75 increases its temperature, tending to
      raise it to the initially set temperature value. The application of the
      present invention does not substantially change the treatment
      applicability, efficacy, or treatment times of conventional moxibustion.
      These factors can be found in standard reference works for acupuncture and
      moxibustion, such as L. T. Tan, M. Y.-C. Tan, and I. Veith "Acupuncture
      Therapy, Current Chinese Practice" Temple University Press, 1973; Stephan
      Palos "The Chinese Art of Healing" Herder and Herder, Inc., 1971; and H.
      Kinoshita "Modern Acupuncture and Moxibustion, Series No. 1, Neuropathy",
      Ido-No Nippon sha, Yokosuka, Japan, 1973; distributed by Wright-Okada,
      Inc., San Francisco, Cal.
PAR  Since many changes will be apparent to persons skilled in the art, the
      invention is to be limited only as indicated by the scope of the appended
      claims and their legal equivalents.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of heating an inserted acupuncture needle comprising the
      steps of:
PA1  thermally coupling said acupuncture needle to an electrical heating means,
PA1  detachably coupling said electrical heating means to said acupuncture
      needle for support and positioning, of said electrical heating means by
      said needle,
PA1  supplying electrical power to said electrical heating means thereby to
      generate heat,
PA1  controlling said electrical power supplied to said electrical heating means
      to control the amount of heat generated.
NUM  2.
PAR  2. The method of claim 1 wherein the step of controlling said electrical
      power comprises changing said electrical power in response to the
      temperature of said acupuncture needle.
NUM  3.
PAR  3. The method of claim 1 including the step of indicating temperature of
      said acupuncture needle.
NUM  4.
PAR  4. The method of claim 1 including the step of supplying heat to the skin
      adjacent to said inserted acupuncture needle.
NUM  5.
PAR  5. The method of claim 1 including the step of thermally coupling said
      electrical heating means to the skin adjacent to said inserted acupuncture
      needle.
NUM  6.
PAR  6. The method of claim 1 including the step of mechanically clamping said
      electrical heating means to said acupuncture needle.
NUM  7.
PAR  7. The method of heating a plurality of inserted acupuncture needles
      comprising the steps of:
PA1  thermally coupling each said acupuncture needle to a separate electrical
      heating means,
PA1  detachably supporting each of said electrical heating means by each of said
      acupuncture needles,
PA1  separately supplying and controlling electrical power to each of said
      separate electrical heating means.
NUM  8.
PAR  8. The method of claim 7 including the step of supplying heat to the skin
      adjacent to each of said inserted acupuncture needles.
NUM  9.
PAR  9. An instrument for acupuncture therapy of animal tissue comprising:
PA1  an acupuncture needle,
PA1  electrical heating means for thermally supplying heat to said acupuncture
      needle,
PA1  means mechanically detachably coupling said electrical heating means to
      said acupuncture needle for supporting and positioning of said electrical
      heating means by said needle, and
PA1  regulating means for regulating the amount of heat supplied by said heating
      means to said acupuncture needle for supply to said animal tissue.
NUM  10.
PAR  10. The apparatus of claim 9 including a thermal coupling means for
      providing a thermal pathway between said acupuncture needle and said
      electrical heating means.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said electrical heating means
      comprises resistance wire wound upon an electrically insulating tube, and
      said thermal coupling means comprises said electrically insulating tube.
NUM  12.
PAR  12. The apparatus of claim 10 wherein the combined weight of said
      electrical heating means and said thermal coupling means is less than 5
      grams.
NUM  13.
PAR  13. The apparatus of claim 10 including a second thermal coupling means
      providing a thermal pathway between said electrical heating means and the
      skin adjacent to said acupuncture needle.
NUM  14.
PAR  14. The apparatus of claim 9 wherein said regulating means controls the
      electrical power supplied to said electrical heating means.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said regulating means comprises an
      electrical power transformer, a potentiometer having two electrical ends
      and a movable arm, said two ends being coupled to the secondary winding of
      said transformer, and said movable arm of said potentiometer and one of
      said ends of said potentiometer being coupled to said electrical heating
      means.
NUM  16.
PAR  16. The apparatus of claim 9 including a temperature sensing means
      thermally coupled to said acupuncture needle, and means coupled to said
      temperature sensing means for indicating the temperature of said
      acupuncture needle.
NUM  17.
PAR  17. The apparatus of claim 9 including a temperature sensing means
      thermally coupled to said acupuncture needle, said temperature sensor
      means electrically coupled to said regulating means thereby to maintain
      said acupuncture needle at a predetermined temperature.
NUM  18.
PAR  18. The apparatus of claim 9 wherein said electrical heating means
      comprises an electronic circuit resistor.
NUM  19.
PAR  19. The apparatus of claim 9 including means for supplying heat to the skin
      adjacent to said acupuncture needle.
NUM  20.
PAR  20. The apparatus of claim 9 including clamping means mechanically fixing
      said electrical heating means to said acupuncture needle.
NUM  21.
PAR  21. An instrument for acupuncture therapy of animal tissue comprising:
PA1  a plurality of acupuncture needles,
PA1  a plurality of electrical heating means, each said electrical heating means
      thermally coupled to one of said acupuncture needles,
PA1  supporting means mechanically detachably fixing each said electrical
      heating means to one of each said acupuncture needles for supporting and
      positioning each of said electrical heating means by one of each said
      needles, and
PA1  a plurality of regulating means, each said regulating means controlling the
      electrical power supplied to one of said electrical heating means.
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ABST
PAL  An instrument for laparoscopic tubal cauterization includes: a grip member,
      a probe element attached to the grip member and a pair of electrodes
      carried by the probe element in such spaced relationship to one another as
      to avoid electrical short therebetween, the electrodes defining at one
      extremity a pair of tube-grasping portions. Means are provided on the grip
      member for electrically connecting the electrodes to an external power
      source and for allowing a current discharge between the tube-grasping
      portions of the electrodes whereby the tube grasped is cauterized.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an instrument for laparoscopic tubal
      cauterization.
PAR  Essentially, female sterilization involves cutting or blocking both
      fallopian tubes so that the egg released each month by the ovary cannot be
      reached and fertilized by the upwardly mobile sperm.
PAC  BACKGROUND OF THE INVENTION
PAR  Only recently, have new technologies emerged that promise to make female
      sterilization a short, outpatient procedure.
PAR  Laparoscopic sterilization already represents an outpatient procedure which
      may be done in some clinics and hospitals under local or general
      anaesthesia. Using specially designed instruments, including a laparoscope
      with fiber optic illumination, trained physicians can now see directly
      into the abdominal cavity and cut or block the fallopian tubes with only
      one or two small incisions.
PAR  Laparoscopic tubal cauterization consists basically in placing under the
      buttock and back of a patient a metal plate of fair dimensions which has
      been coated with a special conductive paste. This plate is electrically
      connected converting the whole body into one pole. An electro-surgical
      instrument, which has one extremity insertable in the abdominal cavity to
      contact a fallopian tube, represents the other pole. The gynecologist then
      causes a current discharge on the tube until it becomes completely blocked
      from coagulation.
PAR  The popularity of laparoscopic tubal cauterization is presently being
      tempered by a constant flow of reports on complications. Most of these
      complications are due to the fact that these electro-surgical instruments
      work on the principle of one electrode converting the body into one pole
      and the specific instrument being the other pole. Since the human body is
      a relatively poor electrical conductor, a huge input is needed to convert
      the body into one pole. As a result, it has been observed that there is
      quite a spillage of electricity by the instrument in the abdominal cavity
      thereby creating the danger of shock, cardiac arrest and even
      electrocution. The flow and direction of current is erratic and
      unpredictable and the very humid atmosphere inside the abdominal cavity
      and the serosity covering the organs increase the conductivity whereby
      production of intraabdominal sparking is made possible with secondary
      intestinal burning.
PAR  Outside the body, chemical burns resulting from the substance used for the
      preparation of the field between the skin and the plate have been found.
      Also, electrical burns from a malfunction of the unit and even actual fire
      burns with the use of a flammable material (alcohol) have occurred as a
      result of the production of a spark outside the body.
PAC  STATEMENT OF THE INVENTION
PAR  An object of this invention is the provision of an instrument which
      overcomes the above-noted disadvantages plaguing present electro-surgical
      instruments and which will enable such operations with a minimum of risk
      and inconvenience to the patient.
PAR  It is another object of the present invention to provide an instrument for
      laparoscopic tubal cauterization where the current discharge is greatly
      reduced. This is being achieved by providing an instrument where the two
      poles are used in a very localized area, that is directly on the grasped
      tube. Since the current passes directly through the tube from one terminal
      to the other, the coagulation is always under the control of the
      gynecologist.
PAR  The present invention therefore relates, in its broadest aspect, to an
      instrument which comprises: a grip member; a probe element having one end
      attached to the grip member; a pair of electrically conductive bipolar
      elements carried by the probe element in such spaced relationship to one
      another as to avoid electrical short therebetween, the bipolar elements
      having cooperating extremities defining tube-grasping portions; and means
      connecting each bipolar element to an external power source and for
      causing a current discharge between the tube-grasping portions whereby the
      tube grasped may be cauterized in its grasped area.
PAR  In one preferred form of the invention, the grip member is constructed in
      the form of a pistol with a finger actuatable slidable member mounted
      therein to effect the grasping and releasing movements of electrodes on
      the tube.
PAR  Yet, in another preferred form of the invention, the grip member is
      provided with a button so that the closing and interrupting of the circuit
      may be operated by the thumb of the gynecologist.
PAR  Another characteristic of the present invention is the provision of a
      detachable probe element. The disadvantage of presently used metallic
      probes is their cleaning and sterilization. The present invention provides
      a probe which may be easily assembled to a grip element and which may be
      disposed of after use.
PAR  The probe comprises an elongated sleeve member; a separator element
      slidably mounted in the sleeve member and made of an insulating material;
      a pair of electrodes mounted in spaced relationship to one another in the
      separator element, the electrodes having one end extending adjacent one
      open end of the sleeve member; and electrical connector means mounted to
      the opposite end of the separator element and receiving the opposite ends
      of the electrodes.
PAR  In a preferred form, the sleeve and separator element of the probe are made
      of a plastic material, such as nylon.
PAR  Other objects, purposes and characteristic features of the present
      invention will be, in part, obvious from the accompanying drawings and, in
      part, pointed out as the description of the invention progresses. In
      describing the invention in detail, reference will be made to the
      accompanying drawings, in which like reference characters designated
      corresponding parts throughout the several views and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional elevation view of a first embodiment of an
      instrument for laparoscopic tubal cauterization made in accordance with
      the present invention;
PAR  FIG. 2 is a cross-sectional elevation view showing, in part, the instrument
      illustrated in FIG. 1 with the electrodes in the opened position outside
      the probe element;
PAR  FIG. 3 is an enlarged view of one extremity of the probe element showing
      the electrodes in the opened position;
PAR  FIG. 4 is an end cross-sectional view taken along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional elevation view illustrating, in part, a second
      embodiment of the present invention;
PAR  FIG. 6 is a partly cross-sectional elevation view of a third embodiment of
      the present invention;
PAR  FIG. 7 is an elevation view of a fourth embodiment of the present invention
     .
DETD
PAR  Referring generally to the drawings, the instrument for use with
      laparoscopic tubal cauterization essentially comprises a grip member 10, a
      probe element 12 having one end attached to the grip member and a pair of
      electrically conductive bipolar elements or electrodes 14,16 which are
      carried by the probe element in a spaced relationship to one another. As
      it will be explained in greater detail hereinbelow, means are provided on
      the grip member 10 for electrically connecting the electrodes to an
      external power source and for generating a supply current to the
      electrodes.
PAC  DESCRIPTION OF FIRST EMBODIMENT
PAR  Referring now more particularly to the embodiment illustrated in FIGS. 1-4,
      the grip member 10 is shaped in the form of a pistol that includes a
      hand-gripping lower portion 18 and a probe-receiving upper portion 20,
      each portion defining a hollow housing.
PAR  The probe element 12 is shaped in the form of a tubular sleeve 22 with a
      flange 22a at one end thereof which is attached to a
      correspondingly-shaped extremity 20a of the grip portion 20 by appropriate
      fastening means 24. A separator element 26, made of a suitable insulating
      material, is slidably mounted inside sleeve 22. Diametrically spaced on
      the separator, a pair of flat metallic wires 14 and 16 extend inside the
      sleeve, preferably in parallel relationship to one another so as to avoid
      electrical short therebetween when current is supplied. A plug 28 is
      mounted to the end of the separator element 26 inside the housing of the
      upper portion 20 and is received in a socket 29 mounted in a recess 34 in
      the upper part of a slidable member 30. This member 30 has a
      fingerreceiving opening 32 at its lower part to permit actuation thereof
      in the longitudinal direction of the probe element. Electrical wires 38,40
      of a cable 36 extending through housing 18 connect the socket 29 to an
      external power supply source (not shown). As illustrated in FIG. 2 in
      dotted lines, the slidable member 30 is longitudinally displaceable so
      that the outer ends 14a and 16a of the electrodes project outside the open
      end 22a of the sleeve 22.
PAR  Also mounted on the grip member 20 are switch means 42 consisting of a
      button 44 and its connection 45 with conductors 46,48 which are
      electrically connected through appropriate relay means (not shown) with
      the external power source so that, upon actuation of the button 44,
      energization of the power source causes a current supply to the
      electrodes.
PAR  Referring more particularly to FIGS. 2 and 3, actuation of the
      finger-operated slidable member 30 in the longitudinal direction of the
      probe element causes electrodes 14,16 to move out of sleeve 22. The
      material chosen for the electrodes should be sufficiently flexible so
      that, as they exit from the sleeve end, they open up and space from one
      another to appropriately receive the tube to be cauterized. The
      tube-grasping portions of the electrodes have inwardly bent extremities or
      tips 14a,16a, the planes of which are offset relative to one another so
      that, as the separator 26 is drawn in the sleeve 22 as a result of
      actuating member 30, the tips will not come in contact thereby avoiding a
      short circuit during the tube grasping operation.
PAR  In the embodiment illustrated in FIG. 5, the instrument is identical to
      that illustrated in FIGS. 1-4, except that a cutter 50 is fixedly mounted
      to the extremity 22a of the sleeve whereby as the electrodes are drawn in
      the sleeve with a tube grasped therebetween it is also possible to cut the
      cauterized tube.
PAC  OPERATION OF THE INSTRUMENT
PAR  The operation of the instrument will be best understood by describing the
      procedure followed during a laparoscopic tubal cauterization. The patient
      is given general anaesthesia; a small incision is made in the inferior
      fold of the umbilicus and a Verres cannula is then inserted into the
      peritoneal cavity for CO.sub.2 insufflation. A sufficient quantity of
      CO.sub.2 is insufflated while the patient is in a steep Trendelenburg
      position. A trocar is then introduced into the abdominal cavity and the
      laparoscope inserted through its sleeve.
PAR  A secondary stabbed wound is made in the mid-line or the right or left
      lower quadrant of the abdomen and the probe 12 is introduced under direct
      vision. Once received in the abdominal cavity, the electrodes are opened
      up by actuating the slidable member 30 to a position shown in FIG. 2.
      There, a tube is grasped and the slidable member is drawn in the housing
      further securing the grasping engagement of the electrodes on the tube.
      The gynecologist then actuates button 24 which causes the power source to
      allow a current discharge between the electrodes 14,16 cauterizing the
      area of the tube which is grasped. The button is released once the
      gynecologist considers, through his laparoscope, the tube to be
      sufficiently coagulated. The procedure is repeated three or four times
      along the tube to insure maximum cauterization. The same procedure is
      repeated on the other tube. Then, the instrument is retracted and sutures
      are placed in the skin.
PAR  Instead of using the above described two stabbed wound technique, the
      gynecologist may also use a sleeve of smaller and longer calibre which he
      introduces through a channel provided in the operating laparoscope. This
      technique does not alter the essential characteristics of the construction
      of the present invention.
PAC  DESCRIPTION OF OTHER EMBODIMENTS
PAR  FIG. 6 illustrates an instrument similar to the one described above but
      where the probe element has been omitted from the drawings for clarity
      purposes; however, in this embodiment a spring 52 is mounted in the upper
      housing of the grip member and has one end bearing against the housing of
      the grip member and the other end bearing against the slidable member 30'.
      The provision of such a spring facilitates the release of the electrodes
      from the cauterized tube and is especially advantageous since there is
      usually a tendency of the electrodes to stick to the cauterized tube.
PAR  Another feature of the embodiment illustrated in FIG. 6 consists in
      providing a cavity 54 in that portion of the grip member which serves to
      receive the switch means 42'. This cavity enables to conceal the button
      44' thereby greatly reducing the chances of accidentally actuating the
      button.
PAR  Referring to FIG. 7, there is shown another embodiment of the present
      invention in schematic form but including all the essential elements. The
      grip member 10" includes a first tubular member 56 one end of which has
      finger-receiving opening 58 and the sidewall of which includes a pair of
      opposite longitudinal slots (not shown) to receive therein a slidable
      member 60 provided with a pair of finger-receiving openings 62,64. The
      probe element 12" is secured to member 56 while the electrodes 14",16" are
      electrically connected to and movable with member 60. Two male extensions
      70,72 are provided on member 60 and are adapted to receive corresponding
      female sockets. In this case, the actuation of the power source may be
      carried out by a foot pedal near the gynecologist.
PAR  In another preferred form of the invention, it is preferable to coat the
      extremities 14a,16a of the electrodes with a non-sticking material, such
      as TEFLON, to prevent the electrodes from sticking on the cauterized tube.
      The grip member and probe element should be made of a plastic material
      thereby reducing the danger of shock.
PAR  Although the invention as been described above in relation to a plurality
      of specific forms, it will be evident to the man skilled in the art that
      it may be refined and modified in various ways. For example, the
      electrodes could have their extremities shaped in the form of a bird's
      beak so that, after cauterization, the tube could be cut by actuation of
      the electrodes. It is therefore wished to have it understood that the
      present invention is not limited to interpretation except by the terms of
      the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Instrument for laparoscopic tubal cauterization by intra-abdominal
      cavity penetration comprising: a grip member; an elongated narrow probe
      element having one end removably attached to said grip member whereby said
      probe element may be disposed of after use; said probe element including a
      sleeve member; said sleeve member being shaped to be easily insertable
      through a small cut in the abdominal wall of said cavity and to reach a
      fallopian tube therein; a pair of electrically conductive bi-polar
      elements carried by said probe element within said sleeve member in such
      spaced relationship to one another as to avoid electrical short
      therebetween and longitudinally displaceable within said sleeve member;
      said elements having cooperating extremities defining tube-grasping
      portions; said extremities cooperating with the open end of said sleeve
      member for causing a strong squeezing action by said extremities
      externally on said tube being grasped; means on said grip member
      connecting each said member connecting each said bi-polar elements to an
      external power source and allowing a current discharge between the
      tube-grasping portions externally on the squeezed tube for complete
      coagulation of said tube.
NUM  2.
PAR  2. An instrument as defined in claim 1 wherein said grip member includes a
      housing and a slidable member therein, said bipolar elements being
      connected to said slidable member whereby actuation of said slidable
      member in the longitudinal direction of the probe element results in the
      sliding displacement of said bipolar elements in said sleeve member.
NUM  3.
PAR  3. An instrument as defined in claim 1 wherein said probe element include
      an insulating separator slidably mounted in said sleeve member; said
      bipolar elements being mounted to said separator, the cooperating
      extremities of said bipolar elements diverging outwardly outside the
      corresponding end of said sleeve member, said grip member including a
      housing and a slidable member mounted therein, said bipolar elements
      having their opposite extremities connected to said slidable member
      whereby actuation of said slidable member in the longitudinal direction of
      the probe element results in the sliding displacement of said bipolar
      elements in said sleeve member and in the contacting engagement of the
      outwardly diverging extremities of the elements with said corresponding
      end of said sleeve member whereby said tube-grasping portions of said
      elements are moved toward and away from each other.
NUM  4.
PAR  4. An instrument as defined in claim 1 further comprising fastening means
      for attaching said probe element to said grip member whereby said probe
      element may be removed therefrom.
NUM  5.
PAR  5. An instrument as defined in claim 2 further comprising spring means
      disposed in said housing of said grip member and acting on said slidable
      member for returning said slidable member after actuation thereof.
NUM  6.
PAR  6. An instrument as defined in claim 2 wherein said means on said grip
      member include wire means mounted in said housing of said grip member
      connecting said bipolar elements to said power source and actuator means
      for causing said power source to pass current to said bipolar elements.
NUM  7.
PAR  7. An instrument as defined in claim 6 wherein said grip member is
      pistol-shaped and includes a cavity in the outside wall to conceal said
      actuator means and to prevent accidental actuation thereof.
NUM  8.
PAR  8. An instrument as defined in claim 1 wherein said tube-grasping portions
      are covered with a layer of anti-adherent material.
NUM  9.
PAR  9. An instrument as defined in claim 1 wherein said elements have inwardly
      bent portions, the planes of which are offset in relation to one another
      so as to avoid contact therebetween during a tube grasping operation.
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ABST
PAL  Implanting and splicing articles and methods for living beings. When an
      implant is introduced into the interior of a body cavity mucosa is
      simultaneously removed from a lining of the body cavity, and the surface
      from which the mucosa is removed is placed in engagement with a structure
      for promoting the ingrowth of tissue while being immobilized with respect
      to this latter structure. Thus, the leading end of an implant which first
      enters the cavity carries an element which removes mucosa simultaneously
      with the introduction of the implant and which immobilizes the surface
      from which mucosa has been removed, the implant carrying just to the rear
      of the latter element a structure for engaging the surface from which the
      mucosa has been removed and promoting the ingrowth of tissue. In
      connection with splicing, the parts to be spliced are overlapped by an
      elongated member having a pair of spaced sets of barbs or the like for
      holding together and immobilizing the spliced parts, this elongated member
      also carrying a structure for promoting the ingrowth of tissue, and this
      latter structure engages the immobilized parts. Articles of this latter
      type may be designed either for surrounding the parts to be spliced when
      the latter are either solid or tubular or for being situated in the
      interior of the spliced parts when the latter are tubular.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of copending application
      Ser. No. 359,429, filed May 11, 1973, now U.S. Pat. No. 3,815,578, dated
      June 11, 1974 and entitled Body Implants and Implanting Tool and Method.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and articles to be used in
      connection with the treatment of living beings such as human beings.
PAR  In particular, the present invention relates to implanting and splicing
      methods and articles.
PAR  As a result of various surgical procedures, problems are frequently
      encountered in connection with healing of the living tissue so that a
      normal stable state of the tissue is achieved as soon as possible
      subsequent to the surgical procedures. Thus, in connection with an
      implant, living tissue is required to become securely united with the
      implant, and up to the present time difficulties have been encountered in
      achieving the secure mounting of an implant in the body of a living being
      in a convenient and rapid manner. The same considerations apply to
      surgical procedures which involve uniting of body parts such as ligaments,
      tendons, or tubular body parts such as arteries. In connection both with
      implanting and splicing procedures, artificial components are introduced
      into the body, and the presence of these components create problems. Thus,
      although it is known to provide such components with structures which will
      encourage the ingrowth of tissue in order to achieve a secure connection
      between the artificial components and the living tissue, it has been found
      that the optimum conditions in the relationship between the living tissue
      and the structure for promoting the ingrowth of tissue are not present
      with conventional surgical procedures. Moreover, in connection with the
      simple splicing of tubular body parts, such as the interconnection of
      parts of an artery at a location where the artery has been severed, the
      component which is introduced to effect the splice often occupies in an
      undesirable manner the interior of the interconnected tubular parts, with
      the result that the cross section of the area through which fluid is
      required to flow is undesirably diminished. Conventional interconnection
      of separated parts of tendons, ligaments, arteries, or the like by sewing
      them together with suitable sutures results undesirably in the formation
      of scar tissue and other thickenings or bulbous growths.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide
      methods and articles which will avoid the above drawbacks.
PAR  In particular, it is an object of the present invention to provide methods
      and articles which will greatly enhance the capability of living tissue to
      grow into a structure carried by a splicing element or implanted article.
PAR  It is furthermore an object of the present invention to provide methods and
      articles which will optimize the return of living tissue to normal stable
      conditions in a convenient rapid manner both with respect to the
      manipulations which must be performed by a surgeon as well as with respect
      to the healing process itself.
PAR  Thus, it is a more specific object of the present invention to provide
      methods and articles which will enable implants to be quickly and
      conveniently introduced into the body of a living being while at the same
      time achieving a security in the positioning of the implant in the
      interior of the body in a short time with minimum inconvenience on the
      part of the surgeon and patient.
PAR  It is moreover a further specific object of the present invention to be
      capable of splicing together separated parts of tendons, ligaments,
      arteries, or the like, with minimum inconvenience and skill on the part of
      the surgeon and with an assurance of return of the spliced parts to a
      normal condition in a minimum amount of time.
PAR  In accordance with an implanting method of the invention, when the implant
      is introduced into a body cavity which is lined with mucosa, the mucosa
      lining is removed simultaneously with the introduction of the implant and
      the surface from which the mucosa has been removed is immobilized and
      placed in engagement with a means for promoting the ingrowth of tissue. In
      a similar manner, when splicing together separated parts in the interior
      of the body, these parts are overlapped by an elongated member which
      carries a pair of spaced immobilizing means for immobilizing the
      overlapped parts so that they remain held together, and wherever it is
      considered desirable between the pair of immobilizing means the splicing
      member carries a structure for promoting the ingrowth of tissue to engage
      the spliced parts so that a secure connection between them is achieved.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic illustration of an implanting method and article
      according to the invention;
PAR  FIG. 2 is a schematic illustration of a further embodiment of an implanting
      method and article according to the invention;
PAR  FIG. 3 is a fragmentary schematic partly sectional illustration of a
      splicing method and article according to the invention;
PAR  FIG. 4 is a transverse section of the features illustrated in FIG. 3 taken
      along line 4--4 of FIG. 3 in the direction of the arrows;
PAR  FIG. 5 is a partly sectional fragmentary schematic illustration of a
      further embodiment of a splicing method and article according to the
      invention; and
PAR  FIG. 6 is a partly sectional fragmentary schematic illustration of yet
      another embodiment of a splicing method and article of the present
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention is illustrated by way of example in FIG. 1 in connection with
      an implant in the form of a valve capable of reversibly interrupting the
      flow of spermcarrying fluid through a vas deferens 10 which is
      schematically illustrated. However, it is to be understood that the
      invention is applicable to other implants, as will be apparent from the
      description which follows. Thus, it will be seen that in the illustrated
      example the implant 12 is in the form of a valve which has a central
      region 14 and a pair of elongated portions 16 and 18 extending in opposite
      directions from the central region 14. These elongated portions 16 and 18
      are of a hollow tubular construction, and the flow therethrough can be
      controlled by turning an internal bored valve member which turns in a
      known way within the central region 14 of the implant 12.
PAR  The illustrated vas deferens 10 has an interior lumen 20 lined with mucosa
      22. The elongated portions 16 and 18 of the implant 12 terminate in
      slotted free end regions 24 and 26, the illustrated slots being provided
      to prevent blocking of the hollow interiors of the tubular portions 16 and
      18. Prior to introduction of the implant 12, the vas 10 is surgically cut
      transversely only up to the lumen 20 so that in this way the vas 10 is
      provided with a notch 28 through which access is had to the lumen 20. The
      tubular portions 16 and 18 are introduced into the lumen one after the
      other so that the end portions 24 and 26 may be considered as the leading
      ends of the implant inasmuch as these are the ends which first enter into
      the interior cavity 20 which is lined with the mucosa 22 as pointed out
      above.
PAR  The elongated portions 16 and 18 of the implant 12 respectively carry means
      30 and 32 for promoting the ingrowth of tissue. Each of the means 30 and
      32 may take the form of a structure which has a large number of relatively
      small spaces into which tissue readily grows. For example, the means 30
      and 32 may be formed by fine gold or platinum wire wound around the
      portions 16 and 18 and forming a plurality of tiny interstices which form
      the spaces into which the tissue readily grows. In the illustrated
      example, however, the pair of means 30 and 32 each is in the form of a
      matrix having pores which form the spaces into which the tissue readily
      grows. Such a matrix may be formed by vapor-deposition of metal in a
      suitable evacuated atmosphere. For example gold may be sputtered onto the
      exterior surfaces of the portions 16 and 18 to form the porous matrixes 30
      and 32 which will act to promote the ingrowth of tissue.
PAR  It has been found that if the mucosa lining 22 is in engagement with the
      means 30 and 32 for promoting ingrowth of tissue, the tissue will not
      readily and rapidly grow into the ingrowth means. Therefore, in accordance
      with the invention the layer of mucosa 22 is removed, and in the
      illustrated example the removal of the mucosa lining 22 takes place
      simultaneously with the introduction of the implant into the body cavity.
      For this purpose the elongated portions 16 and 18 respectively carry a
      pair of mucosa-removal means 34 and 36. Each of the means 34 and 36 is in
      the form of a simple ring of a suitable metal, for example, having an
      inner cylindrical portion directly surrounding the tubular parts 16 or 18
      and an outer inclined portion providing each of the means 34 and 36 with
      the illustrated V-shaped cross section. Thus, the outer part of each of
      the means 34 and 36 tapers outwardly and rearwardly with respect to the
      direction of insertion of the implant. Moreover it will be noted that the
      pair of ingrowth means 30 and 32 extend from the central region 14 of the
      implant 12 all the way up to the mucosa-removal means 34 and 36,
      respectively.
PAR  When the above-described implant 12 is introduced through the cutout 28
      into the interior cavity 20, the leading end 24 or 26 is immediately
      followed by the mucosa removing means 34 or 36 which acts automatically to
      engage at its outer periphery the inner surface of the cavity, removing
      the mucosa layer 22 as the leading end 24 or 26 advances along the
      interior of the cavity 20. Thus the outer periphery of the means 34 or 36
      is relatively thin and sharp and easily scrapes away the mucosa layer 22
      so that the latter is pushed away from the inner surface of the organ 10
      in advance of the mucosa removal means. The surface from which the mucosa
      has been automatically removed in this way simultaneously with the
      introduction of the implant immediately comes into engagement with the
      exterior surface of the ingrowth means 30 or 32, so that there is no layer
      of mucosa to inhibit the ingrowth of tissue.
PAR  In the example illustrated in FIG. 1 the notch or cutout 28 extends only up
      to the lumen 20, so that part of the organ 10 remains uncut and
      uninterrupted along the region 38. Such an arrangement is of particular
      advantage since nerves which extend through the portion 38 will not be
      cut. However, such a procedure is also of advantage because the uncut and
      thus uninterrupted portion 38 serves to hold the organ 10 together
      preventing the surfaces from which the mucosa has been removed from moving
      with respect to the ingrowth means 30 and 32. The pressure of the outer
      edges of the mucosa removal means 34 and 36 against the inner surface of
      the organ 10 also serves to contribute to the immobilizing of the surfaces
      which engage the ingrowth means 30 and 32. Thus, with the tissue which
      engages the ingrowth means 30 and 32 immobilized and with the mucosa layer
      removed from this surface, an extremely rapid and profuse ingrowth of
      tissue takes place into the spaces of the pair of means 30 and 32,
      achieving in this way an extremely secure connection.
PAR  The embodiment of the invention which is illustrated in FIG. 2 is very
      similar to that of FIG. 1. Thus, the valve or implant 12 is of the same
      construction as the implant of FIG. 1. Also, the pair of means 30 and 32
      for promoting the ingrowth of tissue are identical with the means 30 and
      32 of FIG. 1. However, FIG. 2 illustrates a surgical procedure where the
      vas is completely cut through so as to have a pair of portions 10a and
      10b, and the elongated portions 16 and 18 of the implant 12 are separately
      introduced into these organ portions 10a and 10b.
PAR  The pair of mucosa-removing means 40 and 42 of FIG. 2 differ from the
      mucosa-removing means 34 and 36 of FIG. 1 in that the pair of means 40 and
      42 have jagged outer peripheral edges 44 and 46 provided with relatively
      sharp pointed teeth. With this construction when the elongated portions 16
      and 18 are introduced into the cavity 20, the pair of mucosa removal means
      40 and 42 will act in the manner described above to automatically remove
      the mucosa lining 22 as the leading ends 24 and 26 continue to advance
      along the interior cavity 20. However, with this construction since the
      portions 10a and 10b are no longer held together by the uninterrupted part
      38 shown in FIG. 1, the irregular edges 44 and 46 dig at their pointed
      regions into the tissue which forms the portions 10a and 10b and prevent
      them from being pulled apart from each other. The result is that with this
      construction also not only will the mucosa layer 22 be automatically
      removed simultaneously with the insertion of the implant, and the surface
      from which the mucosa has been removed will automatically engage the means
      30 and 32 for promoting the ingrowth of tissue, but in addition the outer
      jagged edge regions 44 and 46 form a pair of immobilizing means for
      immobilizing the surfaces from which the mucosa layer 22 has been removed
      so that these surfaces do not move with respect to the ingrowth means 30
      and 32. As a result of this immobilizing of the surfaces from which the
      mucosa layer has been removed, the embodiment of FIG. 2 also achieves an
      extremely rapid and highly profuse ingrowth of tissue into the tiny spaces
      within the pair of means 30 and 32 so as to provide an extremely secure
      connection in this way.
PAR  It is furthermore to be noted that in the particular example of FIGS. 1 and
      2 where the implant is in the form of a vas valve for reversibly
      interrupting the flow of fluid which carries sperm, the union of the
      tissue with the implant at the ingrowth means provides a highly effective
      seal at the exterior of the implant preventing any sperm from travelling
      along the exterior of the implant, so that the purpose of the implant
      cannot be defeated by sperm which bypass the implant.
PAR  As has been indicated above, the principles of the invention described
      above in connection with FIGS. 1 and 2 are generally applicable to all
      types of surgical procedures. Thus, the principles of the invention are
      illustrated in FIGS. 3-6 in connection with an implant which has the form
      of a tubular splicing element. Referring to FIG. 3, there are
      schematically illustrated therein a pair of tubular parts 50 in the
      interior of a living being. For example these parts 50 may form parts of
      an artery which has been cut through either accidentally or surgically,
      and FIG. 3 illustrates a method and article of the invention for
      interconnecting the parts 50. Thus, referring to FIG. 3 it will be seen
      that the article of the invention illustrated therein includes an
      elongated tubular member 52 made of any suitable metal or plastic which is
      compatible with the body and having at the region of its opposed ends,
      respectively, a pair of immobilizing means 54 each of which is in the form
      of a series of sharply pointed barbs distributed around the tubular member
      52 in the manner shown most clearly in FIG. 4. This member 52 may be made
      of a suitable plastic in which the inner ends of the barbs 54 are
      embedded, for example. It will be noted that the pointed free ends of the
      barbs 54 curve inwardly toward the central region of the tubular member
      52. In accordance with a further feature of the invention, the tubular
      member 52 carries at its exterior surface between the pair of immobilizing
      means 54 a means 56 for promoting the ingrowth of tissue, and this means
      56 may have the construction of either of the means 30 or 32 described
      above.
PAR  According to the method of the invention which is illustrated in FIGS. 3
      and 4, the opposed end regions of the member 52 are introduced into the
      hollow interiors of the parts 50, and the pointed outer ends of the barbs
      54 dig into the tissue which forms the tubular members 50 so as to prevent
      the latter from being pulled apart from each other. At the same time, the
      inner surfaces of the parts 50 which are overlapped by the tubular member
      52 and which are situated between the pair of means 54, come into
      engagement with the exterior surface of the means 56 for promoting the
      ingrowth of tissue, so that in this case also the tissue which forms the
      parts 50 grows rapidly and profusely into the tiny spaces of the means 56
      to provide an exceedingly secure connection with the embodiment of FIGS. 3
      and 4. It is to be noted that the free ends of the parts 50 may be located
      close enough to each other so that they will grow into each other, thus
      providing further security in the connection.
PAR  In the event that the nature of the parts 50 is such that the interior
      surfaces thereof are lined with mucosa, then of course the barbs 54 may be
      replaced with the elements 40 and 42 which serve to automatically remove
      the mucosa lining as well as to immobilize the tissue which engages the
      means 56, so as to enhance the ingrowth of tissue in the manner described
      above.
PAR  Of course, with the arrangement shown in FIGS. 3 and 4, the thickness of
      the parts 52 and 56 is exaggerated for the sake of clarity, and the hollow
      interior of the interconnected parts 50 is diminished in cross section
      only to a small extent with the article of the invention. However, it is
      possible to further reduce any disadvantage from diminishing the cross
      section of the interior of the interconnected parts 50 by making the
      element 52 as well as the barbs 54 of a material which disintegrates and
      disappears after elapse of a given period of time. Such materials are well
      known in the case of dissolving sutures, for example.
PAR  It is furthermore to be understood that the invention is not necessarily
      limited to implanting and splicing articles and methods where the implant
      or splicing article are introduced into the interior of a body cavity.
      Thus, FIG. 5 shows how the invention may be used in connection with the
      splicing of ligament or tendon parts 60. In this case the article of the
      invention includes an elongated tubular member 62 having opposed open ends
      through which the parts 60 are introduced into the interior of the tubular
      member 62, and these parts 60 may be introduced to such an extent that
      their ends are substantially in abutting relation and will grow together.
      The tubular member 62 thus is placed in overlapping relation with respect
      to the free end regions of the parts 60 which are to be spliced together.
PAR  In the example of FIG. 5 the tubular member 62 is provided at its interior
      with a pair of immobilizing means in the form of sets of barbs 64 which
      are also pointed inwardly although they are situated at the interior of
      the tubular member 62 as illustrated. The barbs 64 may be embedded at
      their outer ends in the material which forms the tubular member 62. In
      this case also between the pair of immobilizing means 64 the inner surface
      of the tubular member 62 carries a means 66 for promoting the ingrowth of
      tissue, this means 66 having the construction of the means 56, 30, or 32,
      for example.
PAR  Thus, with the embodiment of FIG. 5 the tendon or ligament parts 60 are
      simply introduced through the opposed open ends of the tubular member 62
      into the interior thereof, and the pair of immobilizing means 64 will act
      to prevent the parts 60 from moving out of the tubular member 62. At the
      same time the exterior surface of the parts 60 which are in the interior
      of the tubular member 62 comes into engagement with the means 66 for
      promoting the ingrowth of tissue, and because the surfaces which engage
      the means 66 are immobilized a rapid profuse ingrowth of tissue is
      assured. Thus the immobilizing means 64 serves in the same way as the
      means 54 of FIG. 3 not only to prevent the interconnected parts from
      moving apart from each other but also for immobilizing the surfaces which
      engage the means for promoting the ingrowth of tissue so as to enhance the
      rapidity and profusion of the ingrowth of tissue. Naturally if the nature
      of the parts 60 is such that there is a layer of mucosa which normally
      would be situated in engagement with the tissue ingrowth means 66, the
      pair of means 64 may be replaced by the pair of means 40 and 42 of FIG. 2
      which are provided at their outer edge regions with the immobilizing parts
      while at the same time being capable of automatically removing the layer
      of mucosa which thus is prevented from entering into the interior of the
      tubular member 62 beyond the immobilizing means, thus assuring that the
      surface of the tissue which engages the means for promoting the ingrowth
      of tissue is free of mucosa.
PAR  It is to be noted that the features illustrated in FIG. 5 are not limited
      to solid parts such as tendons or ligaments. Thus, FIG. 6 shows how the
      features of FIG. 5 may be utilized in connection with interconnecting a
      pair of parts 50 of the type shown in FIG. 3. Thus, FIG. 6 shows an outer
      tubular member 70 which may be identical with the member 62 except for its
      size, this member 70 carrying in the region of its opposed ends and in its
      interior the rings of barbs 72 which form the pair of immobilizing means,
      and in the illustrated example between the pair of immobilizing means 72
      the inner surface of the tubular member 70 carries a means 74 for
      promoting the ingrowth of tissue and having the construction of any of the
      above-described means for promoting the ingrowth of tissue. Thus, in this
      case the pair of tubular parts 50 will be introduced into the interior of
      the tubular member 70 through the opposed open ends thereof, and the
      extent of introduction of the parts 50 may be such that the free ends
      substantially abut against each other so that they will grow together. The
      barbs 72 dig into the tissue which forms the parts 50 so as to prevent the
      latter from being withdrawn from the tubular member 70, and at the same
      time the portions which engage the means 74 are immobilized so as to be
      incapable of moving with respect to the tissue ingrowth means 74. In this
      way a rapid profuse ingrowth of tissue is assured. In this case also if
      the nature of the parts 50 is such that there is a layer of mucosa which
      would otherwise become located between the tissue and the means 74, the
      pair of immobilizing means 72 could be constructed in a manner similar to
      the pair of means 40 and 42 so that they would function to remove the
      mucosa layer simultaneously with the introduction of the parts 50 while at
      the same time immobilizing the portions of the parts 50 which engage the
      means 74. Of course, when the parts 40 and 42 replace the parts 64 or 72,
      the tapering or flaring region extends inwardly from the circular part
      which engages in this case the inner surface of the tubular member 62 or
      70, and of course the inclination of the tapered part is such that it is
      inclined inwardly toward the interior of the tubular member 62 or 70 with
      the pointed or jagged free edge which functions as the immobilizing means
      being situated at the innermost edge of the means which functions both as
      the mucosa removal means and the immobilizing means.
PAR  Of course, the advantage of the arrangement shown in FIG. 6 as compared to
      that of FIG. 3 is that the interior of the parts 50 is not diminished in
      any way and these parts 50 communicate directly with each other so that
      there is no interruption or any diminishing of the cross section of the
      hollow interiors of the parts 50 so that an exceedingly effective splice
      can be achieved with the features of the invention which are illustrated
      in FIG. 6. Also, in the case of FIGS. 5 and 6 it is possible to construct
      the tubular members and the immobilizing means of materials similar to the
      known suturing material which dissolves away after a given period of time.
      This latter period of time is of course sufficiently long to permit the
      tissue ingrowth to take place to an extent sufficient to achieve the
      required secure connection.
PAR  While with the embodiments of FIGS. 5 and 6 there is an illustration of a
      means for promoting ingrowth of tissue, in some cases the nature of the
      tissue which forms the parts 50 and 60 is such that this tissue will very
      rapidly grow together at the abutting free ends of the parts which are to
      be spliced together. Thus, where this latter condition prevails it is
      possible to omit the means for promoting the ingrowth of tissue, and in
      this case the structure and method of the invention would involve only an
      outer tubular member having at its interior in the region of its opposed
      ends the pair of immobilizing means for immobilizing the parts which are
      overlapped by the tubular member so that the free ends of the parts 50 or
      the parts 60 can readily grow together to provide an exceedingly secure
      connection even without an ingrowth means.
PAR  It is thus apparent that a number of exceedingly great advantages are
      achieved with the features of the invention described above. It will be
      seen that the manipulations which a surgeon must perform are minimal and
      require minimal skill, so that an exceedingly great convenience and saving
      of time is achieved for the surgical procedure itself. In addition, the
      time which otherwise would be involved in removing a layer of mucosa is
      saved because of the automatic removal of the layer of mucosa
      simultaneously with the introduction of the implant or overlapping of the
      splicing element with the parts which are to be spliced together.
      Furthermore, an exceedingly secure connection is assured in all cases with
      minimizing of disadvantages such as those which would result from a
      reduction in the cross section of the interior of a tube along which a
      body fluid is required to flow. It is furthermore emphasized that the
      outstanding results which are achieved with the invention flow not only
      from the removal of the mucosa layer at a surface which engages a means
      for promoting the ingrowth of tissue but also from the immobilizing of
      this surface so that it does not move with respect to the means for
      promoting the ingrowth of tissue.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an implanting method, the steps of introducing an implant into a body
      cavity which is lined with mucosa while simultaneously removing mucosa
      from at least part of the cavity and placing in engagement with an inner
      surface of the cavity from which the mucosa has been removed a means
      carried by the implant for promoting the ingrowth of tissue.
NUM  2.
PAR  2. In a method as recited in claim 1 and wherein the means for promoting
      the ingrowth of tissue is placed in engagement with the inner surface of
      the cavity simultaneously with the removal of mucosa therefrom.
NUM  3.
PAR  3. In a method as recited in claim 1 and including the step of immobilizing
      the inner surface of the cavity which is placed in engagement with the
      means for promoting the ingrowth of tissue.
NUM  4.
PAR  4. In a method as recited in claim 1 and wherein the means for promoting
      the ingrowth of tissue is placed in engagement with the inner surface of
      the cavity simultaneously with the removal of mucosa therefrom, and
      including the step of immoblizing the inner surface of the cavity which is
      placed in engagement with the means for promoting the ingrowth of tissue.
NUM  5.
PAR  5. In a method as recited in claim 1 and wherein the implant is a valve and
      the cavity is the lumen of a vas deferens.
NUM  6.
PAR  6. In a method as recited in claim 5 and wherein the valve has a central
      region and a pair of elongated portions extending in opposite directions
      from said central region, the mucosa being removed along the lumen of the
      vas deferens from the central region of the valve up to locations adjacent
      free ends of the elongated portions of the valve, and said elongated
      portions of the valve carrying the means for promoting the ingrowth of
      tissue which engages the inner surface of the vas deferens from which
      mucosa has been removed simultaneously with introduction of the elongated
      portions of the valve into the lumen of the vas deferens.
NUM  7.
PAR  7. In a method for interconnecting a pair of adjoining internal body parts
      in the interior of a living being, the steps of placing an elongated
      member in overlapping relationship with respect to the pair of adjoining
      parts, immobilizing those portions of the adjoining parts which overlap
      said member so that the adjoining parts are held together by said
      elongated member and are maintained stationary with respect thereto, and
      placing between the elongated member and the immobilized portions of said
      parts which remain stationary with respect to said elongated member a
      means for promoting the ingrowth of tissue into tight intimate contact
      with a surface of said elongated member, said adjoining parts being hollow
      and said member being of a tubular configuration and inserted into the
      interior of said hollow parts, and removing mucosa from the interior of
      said adjoining parts at the portions thereof which are immobilized prior
      to placing said portions in engagement with said means for promoting the
      ingrowth of tissue.
NUM  8.
PAR  8. In a method for interconnecting a pair of adjoining internal body parts
      in the interior of a living being, the steps of introducing the adjoining
      parts into the interior of an elongated tubular member which has opposed
      open ends by inserting the adjoining parts into the interior of the
      tubular member respectively through the opposed open ends thereof until
      said parts are substantially adjacent each other so that the tubular
      member overlaps portions of said parts which are situated in the interior
      of said tubular member, immobilizing the portions of the parts which are
      situated in the interior of the tubular member by way of means carried by
      the tubular member so as to maintain the portions in the interior of the
      tubular member stationary with respect thereto, and placing in engagement
      with the immobilized portions of said parts which remain stationary with
      respect to said tubular member a means for promoting the ingrowth of
      tissue into tight intimate contact with an inner surface of said tubular
      member.
NUM  9.
PAR  9. In a method as recited in claim 8 and including the step of inserting
      said parts respectively through said open ends into said tubular member
      until free ends of said parts are substantially in abutting relationship
      with respect to each other.
NUM  10.
PAR  10. In a method as recited in claim 9 and wherein said parts are solid.
NUM  11.
PAR  11. In a method as recited in claim 9 and wherein said parts are hollow.
NUM  12.
PAR  12. In an implant which is to be introduced into the interior of a living
      being, an elongated portion having an exterior surface extending between
      its ends and terminating in a leading end which first enters into the
      interior of a body cavity when the implant is introduced, said elongated
      portion carrying at the region of said leading end thereof a means for
      removing a layer of mucosa simultaneously with the movement of said
      elongated portion into the cavity, and means for promoting the ingrowth of
      tissue carried by said elongated portion at said exterior surface thereof
      and extending from said mucosa removing means away from said leading end
      so that the surface of the body cavity from which mucosa has been removed
      engages said means for promoting the ingrowth of tissue.
NUM  13.
PAR  13. The combination of claim 12 and wherein said means for removing mucosa
      has an irregular free edge for digging into a wall which defines part of
      the cavity for immobilizing that part of the wall which engages the means
      for promoting the ingrowth of tissue.
NUM  14.
PAR  14. The combination of claim 13 and wherein said elongated portion forms
      part of a valve which is to be introduced into the lumen of a vas
      deferens.
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ABST
PAL  A medical-grade, flexible tube is provided with a plurality of
      circumferentially and longitudinally spaced, flexible, directional
      anchoring protrusions for allowing the catheter to be moved lengthwise
      along a passage in one direction but to resist movement lengthwise out of
      the passage. Lateral apertures are provided at both ends of the tube for
      providing a fluid path into and out of the ends of the tube. An additional
      protrusion is provided at one end of the tube to resist lengthwise inward
      movement of the tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to catheters and, more particularly, to indwelling
      ureteral catheters.
PAR  2. Description of the Prior Art
PAR  Indwelling ureteral stents or catheters have been used for ureteral
      drainage heretofore. The catheters were never widely accepted in the
      medical profession, however, since they frequently migrated out of the
      ureter, due primarily to peristaltic activity.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an indwelling ureteral
      catheter that resists lengthwise outward movement in a ureter.
PAR  It is another object of this invention to provide an indwelling ureteral
      catheter that resists lengthwise movement of the tube both inwardly and
      outwardly of the ureter.
PAR  It is an object of this invention to provide an indwelling ureteral
      catheter that can be maintained in place for long periods of time.
PAR  Basically, these objects are obtained by providing a flexible tube of
      sufficient strength to minimize collapse of the walls of the tube, a
      plurality of apertures adjacent opposite ends of the tube, and a plurality
      of circumferentially and longitudinally spaced, flexible, directional
      anchoring means provided on the tube for allowing movement of the tube in
      one direction but resisting movement of the tube in the opposite
      direction.
PAR  In the preferred embodiment, the anchoring means are laterally extending
      barbs of flexible silicone rubber pointed outwardly and lengthwise in a
      rearward direction so that, as the catheter is inserted into the ureter,
      the barbs fold easily down against the outer wall of the tube and provide
      little resistance to movement. Once in place, however, the barbs will flex
      outwardly into engagement with the wall of the ureter, providing a
      wedging, anchoring connection with the ureter.
PAR  In the preferred embodiment, an additional flexible wing is placed on the
      rearward end of the tube to lightly anchor the tube additionally against
      the less forceful inward migration caused by the ureter activity on the
      tube.
DRWD
PAC  DESCRIPTION OF THE FIGURES OF THE DRAWING
PAR  FIG. 1 is an enlarged side elevation, partially broken away for clarity, of
      a catheter embodying the principles of the invention.
PAR  FIG. 2 is a schematic isometric illustrating the catheter in place in a
      ureter.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As best shown in FIG. 1, the catheter includes an elongated flexible tube
      10, preferably of at least two sizes and lengths, approximately 15 and 23
      centimeters long and between 6.5 F and 9 F outside diameter. The tube is
      of sufficient wall strength to prevent collapsing, such as by using an
      adequately thick wall or by adding a wire support coil 12. The forward end
      of the tube is beveled and sealed to form a conical, closed tip 14. The
      tip may be of radiopaque material for X-ray detection and serves to guide
      the tube during insertion into a ureter. The opposite end of the tube is
      provided with substantially circumferential but spaced wings 16 of
      flexible but relatively stiff silastic material to prevent inward
      migration of the tube through the ureter but have the flexibility and
      ability to collapse when inserted through a cystoscope or other insertion
      instrument.
PAR  Adjacent either end of the tube are a plurality of openings 18 which
      provide drain passages into and out of the tube. The tube also has an end
      opening 20.
PAR  A plurality of circumferentially spaced, flexible, laterally extending
      barbs 22 are provided lengthwise along the central portion of the tube
      intermediate the opposite ends. These barbs point rearwardly and outwardly
      but are sufficiently flexible that forward movement of the catheter in the
      ureter causes the barbs to flatten against the tube, providing little
      resistance to movement. Once in place, however, the barbs will flex
      outwardly into engagement with the wall of the ureter to wedge against the
      wall and restrict rearward or outward movement of the tube along the
      ureter.
PAR  All of the parts of the catheter are made of medical-grade silicone rubber.
PAR  Use of the catheter is readily apparent. The preferred procedure for
      inserting the catheter is with the use of a wire stylet inserted through a
      uretal catheter guide.
PAR  As is readily apparent, the tube provides a soft but non-collapsing
      catheter designed to maintain urine flow for extended periods of time in
      renal or ureteral fistulas, and when the ureter is obstructed, including
      treatable metastatic cancer, benign disease, and where etiology of
      obstruction has not yet been established. Several other advantages in use
      of the catheter are: no incision, no appliance or external catheter,
      reduced hospital time and costs, no interference with subsequent
      management, reduced morbidity, relative simplicity and reversibility.
PAR  The dentate protrusions and wing or collar at the distal end of the tube
      discourage both expulsion and upward migration, minimizing the necessity
      for replacement of the catheter. They are not so rigid that removal is not
      possible, however.
PAR  While the preferred embodiment of the invention has been illustrated and
      described, it should be understood that variations will be apparent to one
      skilled in the art without departing from the principles herein.
      Accordingly, the invention is not to be limited to the specific embodiment
      illustrated.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An indwelling ureteral catheter comprising a medical-grade, flexible
      tube of sufficient strength to minimize collapse of the walls of the tube,
      a plurality of apertures adjacent opposite ends of the tube, and a
      plurality of circumferentially and longitudinally spaced, flexible,
      directional anchoring means provided generally adjacent the longitudinal
      center of the tube for allowing movement of the tube in one direction but
      resisting movement of the tube in the opposite direction, said anchoring
      means including soft, flexible, resilient, laterally and axial outwardly
      directed tips of a length sufficient to span the distance between the tube
      and the sidewall of the ureter and flexed radially outwardly with
      sufficient force to wedge against the sidewall of the ureter and hold the
      tube against axial outward movement caused by gravity or peristaltic
      activity, said tips having sufficient flexibility and softness to flatten
      outwardly against the tube during intentional outward movement of the tube
      during withdrawal so as not to penetrate the sidewall of the ureter,
      whereby the tube can be inserted into the ureter in one direction, remain
      lodged against outward movement caused by peristaltic activity, but be
      safely removed when required.
NUM  2.
PAR  2. The catheter of claim 1, said tube including a closed, smooth, conical,
      firm inner end for guiding the tube during insertion.
NUM  3.
PAR  3. The catheter of claim 2, said anchoring means further including
      laterally extending, flexible and collapsible wing means at the outer end
      of the tube for providing resistance to movement of the tube in the
      outward direction for reducing inward migration of the tube.
NUM  4.
PAR  4. The catheter of claim 1, including laterally extending, flexible and
      collapsible wing means at the outer end of the tube for resisting inward
      lengthwise movement of the tube in the ureter.
NUM  5.
PAR  5. An indwelling ureteral catheter for an obstructed ureter comprising a
      medical-grade, flexible tube of sufficient strength to minimize collapse
      of the walls of the tube, a plurality of apertures adjacent opposite ends
      of the tube, and a plurality of axially and radially outwardly tapered,
      relatively large anchoring tips secured to the outside of the tube, said
      tips being located in approximately the axial central third of the tube
      and being spaced circumferentially and axially so as to provide an anchor
      regardless of the circumferential and longitudinal location of the
      obstruction along the ureter, said tips having sufficient resiliency and
      length to wedge radially outwardly against the sidewall of the ureter, but
      sufficient softness to collapse when the tube is moved axially inwardly of
      the ureter and collapse and not penetrate the sidewall of the ureter when
      the tube is moved intentionally axially outwardly of the ureter for
      removal of the catheter.
NUM  6.
PAR  6. The catheter of claim 5, including laterally extended, flexible,
      circumferentially spaced wings attached to the axial outer end of the tube
      for resisting axial inward movement of the tube but being sufficiently
      flexible to collapse when intentionally radially compressed.
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ABST
PAL  A retention-type catheter adapted to be inserted, through the urethra, into
      the urinary bladder of a medical patient; the catheter including--in
      unitary relation--a primary tube for drainage of the bladder, a secondary
      tube for irrigation of the bladder, and an initially contracted but
      expansible retainer formed in the primary tube adjacent the tip thereof,
      the secondary tube being longitudinally movable relative to the primary
      tube and arranged to further serve as an exteriorly manually actuated,
      pull-push element operative to cause expansion and contraction of such
      retainer, respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, retention catheters capable of bladder drainage and irrigation,
      and having expandable retention means, have frequently been unduly complex
      or cumbersome, unstable, difficult to manipulate, and not wholly
      satisfactory in their functional characteristics. The catheter of the
      present invention was conceived by me in a successful effort to overcome
      such problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides, as an important object, a retention-type
      catheter, for insertion, through the urethra, into the urinary bladder of
      a medical patient; the catheter including, in unitary relation, a primary
      tube for drainage of the bladder, a secondary tube for irrigation of the
      bladder, and an initially contracted but expansible retainer formed in the
      primary tube adjacent the tip thereof, the secondary tube being
      longitudinally movable relative to the primary tube and arranged to
      further serve as an exteriorly manually actuated, pull-push element
      operative to cause expansion and contraction of such retainer.
PAR  The present invention provides, as another important object, a
      retention-type catheter, as above, which is simple and compact in its
      parts array, economical to manufacture, and extremely easy to manipulate
      and uses--this especially with the secondary tube--which is disposed
      mainly within the primary tube--having a dual purpose; i.e., firstly for
      bladder irrigation, and, secondly, to actuate the retainer.
PAR  The present invention provides, as a still further object, a practical,
      reliable, and durable catheter, and one which is exceedingly effective for
      the purpose for which it is designed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the catheter, with the retainer contracted; the
      view being foreshortened.
PAR  FIG. 2 is an enlarged sectional elevation of the same.
PAR  FIG. 3 is a view similar to FIG. 2, but shows the retainer expanded.
PAR  FIG. 4 is a fragmentary plan view on line 4--4 of FIG. 3.
PAR  FIG. 5 is an end view taken on line 5--5 of FIG. 4.
PAR  FIG. 6 is a cross section taken on line 6--6 of FIG. 2.
PAR  FIG. 7 is an end view on line 7--7 of FIG. 2.
PAR  FIG. 8 is a cross section on line 8--8 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings and to the characters of
      reference marked thereon, the catheter, of the present invention,
      comprises--in the main of soft, flexible rubber--an elongated primary tube
      1 having a closure tip 2 at its outer or forward end, and a relatively
      short but enlarged, tapered neck 3 at its rear end adapted for frictional
      plug-coupling to a drainage hose (not shown).
PAR  Within the confines thereof, and adjacent but initially spaced from the tip
      2, the primary tube 1 is formed with a hollow internal tip 4 having a
      plurality of side holes 5 in circumferentially staggered relation; the
      internal tip 4, from the holes 5 forward, being of an outside diameter
      somewhat less than the inside diameter of the primary tube 1 whereby to
      provide clearance therebetween as shown.
PAR  A secondary tube 6 is disposed within the primary tube 1 and extends the
      length of the latter except at the rear portion as will later appear. The
      secondary tube 6, which is of substantially less outside diameter than the
      inside diameter of the primary tube 1 to provide necessary clearance,
      passes in guided slidable relation through an axial or central opening 7
      in the internal tip 4, extends therefrom to, and in fixed relation
      through, the tip 2, and thence opens, as at 8, to the extremity of said
      tip 2.
PAR  A plurality of longitudinal "flashback" holes 9 are formed in the tip 2
      from end to end thereof and in circumferentially spaced relation about the
      related portion of the secondary tube 6.
PAR  The primary tube 1--in the zone of the free or clearance portion of tip 4
      and ahead thereof to the tip 2--is formed with a plurality of
      longitudinal, circumferentially arrayed slits 10 which define strips 11;
      the latter, of course, remaining end-connected to the primary tube. Such
      strips 11 initially lie in the normal plane of the primary tube 1, but,
      upon relative rearward movement of tip 2, such strips 11 fold or buckle
      outward and form an enlarged retainer, indicated generally at 12, of
      cruciate form in transverse elevation. As expanded (see FIGS. 3 and 8),
      the retainer 12 permits of liquid flow therethrough, into the internal tip
      4 from holes 5, and thence into the primary tube 1 rearwardly of said
      internal tip.
PAR  The tip 2 is drawn rearwardly, to expand the retainer 12 as above
      described, by imparting rearward longitudinal movement to the secondary
      tube 6, and then releasably securing the same against return motion in
      order to maintain said retainer expanded as long as required. Such
      rearward movement and securing of the secondary tube 6 is accomplished
      through the medium of the following arrangement:
PAR  Immediately ahead of the rear, tapered neck 3 of the primary tube 1, the
      latter includes--in communication therewith--a short, rearwardly divergent
      guide tube 13; the rear portion 14 of the secondary tube 6 curving and
      thence extending in slidable relation into said guide tube 13. Such rear
      portion 14 of the secondary tube 6 is, as shown, somewhat enlarged in
      diameter to prevent kinking under thrust, and engages in the guide tube 13
      in relatively close, anti-leak, sealing relation although remaining
      slidable therein.
PAR  The enlarged rear portion 14 initially extends only part way along the
      guide tube 13, and intermediate the ends of the latter bends into and runs
      out through an outwardly diagonal opening 15 in the outer wall of such
      guide tube. Exteriorly of the guide tube 13, the exposed rear end of the
      enlarged rear portion 14 of the secondary tube 6 is fitted, and
      bottom-communicates, with a socket head 16 initially closed by a removable
      plug 17 connected to the head 16 by a small, integral, flexible strap 18;
      the socket head initially resting on the side of said guide tube 13. In
      this position of the parts, the secondary tube 6 is disposed with the tip
      2 non-retracted.
PAR  From the opening 15 to the rear or free end of the guide tube 13, such tube
      is formed on the outer side with a longitudinal, open-ended slot 19; there
      being upstanding finger tabs 20 on the guide tube 13 at opposite sides of
      the slot 19.
PAR  In use of the described catheter, the latter is inserted through the
      urethra with the retainer then contracted as shown in FIGS. 1 and 2. Upon
      the tip 2 entering the bladder of the patient, urine will first escape
      through the "flashback" holes 9, and then flow in the primary tube 1, and
      from the latter into the drainage tube (not shown) coupled to the tapered
      neck 3 of said primary tube. This initial flow alerts the physician to the
      fact that entry into the bladder has been accomplished,
      and--thereupon--the retainer 12 is expanded in the bladder for the purpose
      of catheter retention. The manipulative steps employed to expand the
      retainer are as follows:
PAR  Firstly, the finger tabs 20 are engaged and spread apart (the guide tube 13
      being flexible and resilient) to increase the width of the slot 19; the
      socket head 16 then being grasped and pulled rearwardly, causing the
      adjacent part of the enlarged portion 14 of the secondary tube to be drawn
      rearward in, and to finally escape from the rear end of such slot. Nextly,
      the socket head 16 is abutted, in stop-relation, against the rear or outer
      end of the guide tube 13. When the socket head 16 is thus pulled
      rearwardly, a corresponding rearward movement--guided by internal tip
      4--is imparted to the secondary tube 6, and the tip 2 is shifted
      rearwardly a distance sufficient to expand the retainer; the socket head
      16, as then in its stop position against the guide tube 13, holding the
      secondary tube 6 and the tip 2 in retainer-expanding position. With the
      retainer 12 expanded, the catheter serves its normal drainage function,
      with urine passing through both the holes 9 and said expanded retainer.
PAR  Obviously, to release the retainer, it is caused to contract by merely
      reversing the steps, as above described, employed for expansion of the
      retainer.
PAR  As will be apparent, the secondary tube 6 serves, in effect, as a pull-push
      element in the manipulation attendant expansion and contraction,
      respectively, of the retainer 12.
PAR  With the catheter in place and the retainer expanded, irrigation of the
      bladder can be readily accomplished in the following manner:
PAR  The plug 17 is first removed from the socket head 16, and a supply tube
      (not shown) carrying a flow-regulated liquid (for bladder irrigation) is
      plug-connected to said socket head 16 and hence in communication with the
      secondary tube 6. After passage through the secondary tube, the liquid
      delivers from the discharge end 8 thereof and into the patient's bladder.
PAR  With the catheter constructed as described, it will be recognized that in
      addition to the advantage of drainage by one tube and irrigation by
      another tube, these functions can be simply and effectively performed,
      with the further advantage that the retainer can be expanded and
      contracted by means of said other tube--thus not only simplifying the
      unitary parts array and cost of the catheter, but also providing for
      greater ease of manipulation thereof.
PAR  From the foregoing description, it will be readily seen that there has been
      produced such a catheter as substantially fulfills the objects of the
      invention, as set forth herein.
PAR  While this specification sets forth in detail the present and preferred
      construction of the catheter, still in practice such deviations from such
      detail may be resorted to as do not form a departure from the spirit of
      the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a soft, flexible, retention-type catheter which includes a primary
      tube having an outer-end tip, and an initially contracted but expandable
      retainer formed in the tube adjacent the tip and adapted to be expanded
      and contracted by rearward and forward movement, respectively, of said
      tip; a relatively smaller diameter secondary tube disposed within the
      primary tube in longitudinally movable relation, the forward end of the
      secondary tube being secured to the tip and open thereat, and means
      connected to the rear end of the secondary tube exteriorly of the primary
      tube adapted for manipulation to impart such rearward and forward movement
      to the tip through the medium of said secondary tube serving as a
      pull-push element; the primary tube including, in communication and
      adjacent its rear end, a short, lateral, rearwardly divergent guide tube,
      the secondary tube extending into the guide tube in slidable relation, and
      said means being a head on the secondary tube at its rear end; said
      secondary tube initially leading out of the guide tube through a side
      opening therein intermediate its ends and with the head disposed
      exteriorly of and to the side of said guide tube, the tip then being in
      forwardly moved position with the retainer contracted, the guide tube
      having an open-ended, longitudinal slot therein extending from its rear
      end to such side opening, the slot being of a width to normally prevent
      the related portion of the secondary tube to move through such slot, the
      guide tube being flexible and resilient whereby to permit its manipulation
      to widen the slot sufficient for said related portion of the secondary
      tube to pass rearwardly through the slot to a position extending
      longitudinally within the guide tube and with the head abutting the rear
      end of said guide tube, the tip then being in a rearwardly moved position
      with the retainer expanded.
NUM  2.
PAR  2. In a soft, flexible, retention-type catheter which includes a primary
      tube having an outer-end tip, an initially contracted but expandable
      retainer formed in the primary tube adjacent the tip and adapted to be
      expanded and contracted by rearward and forward movement, respectively, of
      said tip, a relatively small diameter secondary tube disposed within the
      primary tube in longitudinally movable relation, the forward end of the
      secondary tube being secured to the tip and open thereat, and the rear end
      of the secondary tube exteriorly of the primary tube being adapted for
      manipulation to impart such rearward and forward movement to the tip
      through the medium of said secondary tube serving as a pull-push element;
      the improvement characterized by an internal tip formed in the primary
      tube adjacent but short of the outer-end tip, the internal tip having a
      central opening therein through which the secondary tube extends in
      slidable, guided relation.
NUM  3.
PAR  3. A catheter, as in claim 2, in which the internal tip is disposed in
      substantially the zone of the retainer, the latter when expanded
      permitting of liquid flow therethrough into the primary tube and to said
      intermediate tip, and such internal tip being hollow and having
      liquid-flow holes therein.
NUM  4.
PAR  4. A catheter, as in claim 3, in which the outer-end tip is formed with
      longitudinal "flashback" openings therethrough; the internal tip, from the
      openings therein and forwardly thereof, being free of and having
      liquid-flow clearance with the primary tube.
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ABST
PAL  A smoking material and the process of making the material so that the
      material serves as a smoke-producing substitute for smoking tobacco,
      regenerated tobacco, or the like, wherein the material is molded from a
      homogeneous aqueous mash of comminuted botanicals, binders and
      plasticizers with addition of nitrogen donors and flavoring compounds. The
      preferred additives are urea compounds of vanillin or paraffin being from
      the group consisting of vanillylidene-urea C.sub.9 H.sub.10 N.sub.2
      O.sub.3 and divanillylidene - urea C.sub.17 H.sub.16 N.sub.2 O.sub.3.
BSUM
PAR  The invention relates to a process for making a material serving as a
      smoke-producing composition for aromatic candles, smoking-tobacco
      substitutes and regenerates, and the like, by molding said material from a
      homogeneous aqueous mash with the addition of flavoring compounds. The
      invention also relates to the composition as thus made.
PAR  When tobacco substitutes are made for smoking, the mash contains parts of
      plants other than tobacco (comminuted botanicals), some chemicals, (e.g.
      binders and plasticizers), and sometimes also natural tobacco. By adding
      flavoring substances to the mash, acrid components of the smoke, which are
      caused by the presence of the plants other than tobacco, can be suppressed
      or limited in their effect upon the "taste". The known flavoring
      ingredients are vanillin and paraffin, which suppress the acrid component
      causing the rough taste, and leave a pleasant taste and aroma when
      smoking, and a satisfactory aroma in the air when burning a candle.
PAR  However, the addition of vanillin and/or paraffin to the aqueous mash can
      be disadvantageous. Thus, vanillin added to the smoke-producing material,
      or to the mash, has the undesirable property of sublimating out of the
      finished material in the shape of small white crystalline needles.
      Furthermore, because of its high vapor pressure, vanillin emits an intense
      unpleasant odor even under normal conditions, that is to say in the cold
      and while the material is not burning. If, on the other hand, the addition
      of vanillin to the mash is decreased to an extent that the odor and
      crystal formation are suppressed, the improvement in the taste when
      smoking is lost.
PAR  The addition of paraffin to the substitute material or to the mash has the
      inconvenience that in its pure state it is insoluble in water which
      prevents it from being uniformly distributed in the mash. Local
      concentrations may occur except where there is a quantity of paraffin
      below that required for the desired effect. At regions of local excess, an
      unpleasant greasy odor is emitted even when the composition is cold and is
      noticeable also during burning.
PAR  It is an object of the present invention to provide a process for making an
      improved smoke-generating composition which will overcome the drawbacks of
      the known processes.
PAR  It is a further object of the invention to provide a process for making a
      composition for aromatic candles, smoking tobacco, and regenerated
      tobacco, which, in the finished state will emit a pleasant odor when
      burned, and which will be free from any acrid flavor when smoked.
PAR  In accordance with the invention the above objects are achieved by adding
      to an aqueous homogeneous mash of the substances from which the finished
      products are to be obtained, the flavoring ingredient in the form of a
      urea compound. It has been found that in so proceeding it is possible to
      maintain the improved flavor, taste and aroma of the composition, while
      avoiding the shortcomings mentioned above. It is of particular advantage
      that the urea forming part of the flavoring compound, is an excellent
      nitrogen donor, the use of which provides nitrogen content corresponding
      to that of natural tobacco, a fact which is especially desirable where
      tobacco substitutes and regenerates are concerned, since a certain amount
      of nitrogen is desirable for a pleasant smoke.
PAR  The vanillin urea compounds to be used are vanillylidene urea and
      divanillylidene urea. These two compounds have a considerably lower vapor
      pressure than vanillin so that under normal conditions and with the
      concentrations here concerned, no undesirable vanillin odor will be
      noticed. This applies especially to divanillylidene urea which has a lower
      vapor pressure than vanillylidene urea and is therefore the preferred
      compound. It is also preferred because its vanillin content is higher than
      that of vanillylidene urea so that a smaller quantity thereof will serve
      the desired purpose.
EQU  Vanillylidene urea: C.sub.9 H.sub.10 N.sub.2 O.sub.3
EQU  Divanillylidene urea: C.sub.17 H.sub.16 N.sub.2 O.sub.3
PAL  The paraffin urea compound which can be used according to the invention is
      an addition compound which, unlike paraffin, is soluble in water and which
      does not emit an undesirable odor under normal condition. In paraffin
      urea, several urea molecules are added to each paraffin molecule so that
      the compound may be illustrated by the following formula
EQU  Paraffin-urea: C.sub.Y H.sub.2Y.sub.+2 . (CH.sub.4 N.sub.2 O).sub.x .
PAL  A compound according to this empirical formula with y=10 and x=8, and
      another compound with y = 4 and x = 4, are preferred for the use of the
      present invention. In the addition compound with the values y=10 and x=8,
      the paraffin-urea molecules are formed from a paraffin molecule with 10
      carbon atoms to which eight urea molecules are added. It was found that,
      in accordance with the invention, vanillin urea can be added in an amount
      calculated on the dry mash of 0.03 to 1% by weight vanillin, while the
      values for paraffin urea are 0.3-4% by weight paraffin; in both cases, no
      unpleasant odor component will be present in the finished substitute
      material. No annoying odor is noticed even when the mash has added thereto
      not only a dry amount of vanillin urea, ranging from 0.03 to 1% by weight
      vanillin, but also at the same time a dry amount of paraffin urea ranging
      from 0.3 to  4% by weight paraffin. It has further been found that with
      the mentioned concentrations, even with unfavorable conditions, acrid
      taste components in the smoke such as may be caused, for instance by
      burning cellulose, will be cut down to a significant extent.
PAR  When smoking or burning of the substitute material occurs, the added urea
      compound is decomposed in the incandescent zone. At that time, nitrogen is
      liberated from the urea component, which likewise acts to improve the
      flavor of the smoke.
PAR  The aqueous mash, in accordance with the present invention, preferably
      consists of 40 to 60% by weight of the dry ingredients comminuted
      botanicals, most advantageously cereal-grain wastes or chaff, not shells
      and tobacco wastes; 12 to 28% by weight of the dry ingredients of
      inorganic and organic compounds and fillers, especially magnesium formate,
      tartaric acid, potassium nitrate, ammonium phosphate and calcium
      carbonate; 6 to 16% by weight of the dry ingredients of binders such as
      cellulose or dellulosic compounds and pectin; 7 to 21% by weight of the
      dry ingredients of plasticizers, especially ethylene glycol and glycerol;
      5 to 15% by weight of the dry ingredients of flavorings such as fruit
      concentrates and caramel. As indicated, vanillin and paraffin are added as
      the urea addition compounds in the stated amounts.
DETD
PAC  EXAMPLE 1
PAC  a. Substitute for Smoking Tobacco
PAR  2000 Grams of wheat bran, 2000 grams of oat chaff, and 500 grams of
      cacaonut shells were ground in dry state and suspended to make a paste in
      30 liters of water. The paste is ground in wet state at a temperature of
      between 45.degree. and 55.degree.C. 600 Grams of magnesium formate, 150
      grams of tartaric acid, 300 grams of potassium nitrate, 300 grams of
      diammonium-hydrogen phosphate and 50 grams divanillylidene urea (obtained
      as described below) are stirred in the form of a powder into 30 liters of
      water, until all have been dissolved. To that solution, 600  grams of
      calcium carbonate, 1125 grams of NaCMC (sodiumcarboxymethyl cellulose) and
      50 grams of pectin are added with vigorous stirring. The solution is
      stirred vigorously for about 5 minutes and is then allowed to stand for 30
      minutes, while being briefly stirred every 5 minutes. Subsequently, 75
      grams of glyoxal of 40% are poured into the solution.
PAR  Into the so obtained solution, the above described paste is stirred and a
      mash is formed, into which are stirred 1350 grams glycerol, 150 grams of
      diethylene glycol, 1000 grams of concentrate of fruits, and 100 grams of
      caramel.
PAR  The mash is spread on an endless conveyor and made into a strong tobacco
      foil by drying; the foil has a vanillin content of about 0.5% dry weight,
      but does not display any noticeable vanillin odor nor can crystal
      formation be observed.
PAC  b. Preparation of Divanillylidene urea
PAR  3000 Grams of vanillin and 600 grams of urea, corresponding to about 2:1 in
      the molar ratio, are pulverized and mixed, and are heated with constant
      vigorous stirring to 115.degree.C. The heating occurs at a rate of
      10.degree.C in 5 minutes. Obtained is a yellow-brown melt of
      divanillylidene urea, which is cooled and powdered. The so obtained powder
      of divanillidylidene urea is also used in Example 5.
PAC  EXAMPLE 2
PAC  Substitute for Smoking Tobacco
PAR  The procedure is the same as described in Example 1, with the only
      difference that 60 grams of vanillylidene urea are stirred in instead of
      50 grams of divanillylidene urea. The vanillin content of the so produced
      tobacco substitute foil is likewise about 0.5% of dry weight. No vanillin
      odor or crystal formation are present in the finished substitute tobacco
      foil.
PAC  EXAMPLE 3
PAC  Substitute for Smoking Tobacco
PAR  The procedure is the same as in Example 1a, with the only difference that
      1000 grams paraffin urea of the empirical formula C.sub.10 H.sub.22 .
      (CH.sub.4 N.sub.2 0).sub.8 are used instead of 50 grams divanillylidene
      urea. The paraffin content of the substitute tobacco foil obtained is
      about 2% of dry weight. No paraffin odor is noticeable in the finished
      foil.
PAC  EXAMPLE 4
PAC  Substitute for Smoking Tobacco
PAR  The procedure is the same as in Example 1a, with the only difference that
      instead of 50 grams divanillylidene urea, 15 grams of vanillylidene urea
      and 1500 grams of paraffin urea of the formula C.sub.10 H.sub.22 .
      (CH.sub.4 N.sub.2 0).sub.8 are used. The vanillin content of the so
      obtained tobacco substitute foil is 0.1% of dry weight and the paraffin
      content 3% dry weight. Neither vanillin odor nor crystal formation are
      noticeable in the finished product, nor is a paraffin odor present.
PAC  EXAMPLE 5
PAC  Smoking Tobacco Regenerate
PAR  The procedure is the same as in Example 1, with the only difference that
      instead of 5000 grams chaff and shells, 5000 grams natural tobacco wastes,
      as obtained from the manufacture of cigarettes, are suspended. The molded
      regenerate foil has a vanillin content of about 0.5% dry weight. No
      vanillin odor and crystal formation noticeable in the finished regenerate
      foil.
PAC  EXAMPLE 6
PAC  Smoking Tobacco Regenerate
PAR  The procedure is the same as in Example 5, with the only difference that
      instead of 50 grams of divanillylidene urea, 8 grams of vanillylidene urea
      were added. The molded tobacco regenerate foil has in that case a vanillin
      content of about 0.06%/dry weight. No vanillin odor or crystal formation
      was observed in the finished foil.
PAC  EXAMPLE 7
PAC  Smoking Tobacco Regenerate
PAR  The procedure is the same as in Example 5, with the only difference that
      instead of 50 gram of divanillylidene urea, 150 grams of paraffin urea of
      the formula C.sub.4 H.sub.10 . (CH.sub.4 N.sub.2 O).sub.4 were added. The
      molded tobacco regenerate foil has a paraffin content of about 0.3% dry
      weight. No paraffin odor is noticeable in the finished regenerate foil.
PAC  EXAMPLE 8
PAC  Incense Candle
PAR  The composition as produced in Example 1 was made, except with three times
      the amount of potassium nitrate, and was formed into a conical candle and
      provided with a central wick. Neither a vanillin odor nor crystals of
      vanillin are found with the product which burns slowly with a pleasant
      odor.
PAC  EXAMPLE 9
PAC  Production of Divanillylidene urea
PAR  3000 Grams of vanillin and 600 grams of urea, corresponding to a molar
      ratio of about 2:1, are pulverized, mixed, and heated to 115.degree.C with
      constant vigorous stirring. The heating occurs at a rate of 10.degree.C in
      5 minutes. Obtained is a yellow-brown melt of divanillylidene urea which
      is cooled and pulverized. The so obtained divanillylidene urea in powder
      form is used as described in Examples 1a and 5.
PAR  The substance to be smoked or burned made in any of the examples will yield
      a smoke of pleasantly mild and aromatic odor.
CLMS
STM  I claim:
NUM  1.
PAR  1. A smoke-generating material, especially as synthetic or regenerated
      tobacco, which consists essentially of: 40 to 60% by weight of comminuted
      botanicals in the form of cereal-grain, nut, and tobbaco scraps and waste;
PA1  12 to 28% by weight of inorganic and organic fillers and compounds selected
      from the group which consists of magnesium formate, tartaric acid,
      potassium nitrate, ammonium phosphate and calcium carbonate;
PA1  6 to 16% by weight of cellulosic substances and pectin binders;
PA1  7 to 21% by weight of ethylene glycol and glycerol as plasticizers;
PA1  5 to 15% by weight of flavorings; and
PA1  0.03 to 1% by weight of a vanillin compound of urea selected from the group
      consisting of vanillylidene-urea C.sub.9 H.sub.10 N.sub.2 O.sub.3 and
      divanillylidene-urea C.sub.17 H.sub.16 N.sub.2 O.sub.3.
NUM  2.
PAR  2. The smoke-generating material defined in claim 1 further consisting of
      0.3 to 4% by weight of a paraffin compound of urea.
NUM  3.
PAR  3. In the production of a smoke-generating material in which an aqueous
      mash consisting essentially of comminuted botanicals, binders, fillers and
      plasticizers is molded and dried to form the material, the improvement
      which comprises adding to said mash a flavor-enhancer in the form of a
      definite vanillin-urea compound formed by melting vanillin and urea
      together, said compound decomposing upon burning of said material and
      being from the group consisting of vanillylidene-urea C.sub.9 H.sub.10
      N.sub.2 O.sub.3 and divanillylidene-urea C.sub.17 H.sub.16 N.sub.2 O.sub.3
      compound being added in an amount corresponding to 0.03 to 1% vanillin of
      the dry ingredients of the mash.
NUM  4.
PAR  4. The improvement defined in claim 3 wherein said compound is
      divanillylidene-urea C.sub.17 H.sub.16 N.sub.2 O.sub.3.
NUM  5.
PAR  5. The improvement defined in claim 3 wherein the flavor-enhancer includes
      0.3 to 4% by weight of a paraffin compound of urea.
PATN
WKU  039385329
SRC  5
APN  548538&
APT  1
ART  242
APD  19750210
TTL  Container cleaning apparatus
ISD  19760217
NCL  10
ECL  1
EXP  Bleutge; Robert L.
NDR  4
NFG  8
INVT
NAM  Babunovic; Momir
CTY  Des Peres
STA  MO
ASSG
NAM  Barry-Wehmiller Company
CTY  St. Louis
STA  MO
COD  02
CLAS
OCL  134 43
XCL  134126
XCL  134129
XCL  134152
XCL  198 19
EDF  2
ICL  B08B  302
FSC  134
FSS  129;43;125-126;131;152
FSC  198
FSS  19
UREF
PNO  2607361
ISD  19520800
NAM  Gerlach
OCL  134129
UREF
PNO  2655928
ISD  19531000
NAM  Herold
XCL  134126
UREF
PNO  3111131
ISD  19631100
NAM  Nekola et al.
OCL  134129
UREF
PNO  3129713
ISD  19640400
NAM  Read
XCL  134129
LREP
FRM  Gravely, Lieder & Woodruff
ABST
PAL  Apparatus for cleaning containers such as bottles for reuse in which the
      bottles are placed in carriers for movement along a horizontally directed
      path comprising means operably supporting the carriers for concurrent
      movement in a vertical path, and jets of cleaning fluid which follow a
      generally horizontal path and move from a starting position aligned with
      the bottles while the carriers with the bottles are in a vertically
      lowered position and return to the starting position while the carriers
      move the bottles upwardly in the vertical path. The apparatus includes
      means to coordinate the motions set out above and means to assure proper
      alignment of jets and bottles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to improvements in container cleaning apparatus,
      and for convenience will refer to bottles that require cleaning prior to
      reuse or bottles being introduced for the first time to usage.
PAR  In the prior patent of Nekola et al. U.S. Pat. No. 3,111,131 granted Nov.
      19, 1963 there has been disclosed fluid injecting means for cleaning
      bottles where the bottles are confined to move along a fixed path while
      the spray injection means is caused to move periodically toward and away
      from the bottles, as well as with and reverse to the bottle movement. The
      apparatus is subject to excessive wear and the motions required develop
      erratic and jerky responses so the cleaning results are not assured. The
      prior apparatus was arranged such that heavy masses were required to be
      moved with two distinct cyclic motions that introduced wear on the
      mechanism needed to produce the motions. It is also disclosed in said
      prior patent that the fluid supply arrived in hoses that had to be
      flexible and were subjected to the hostile enviroment of the rinsing fluid
      and compound movements and had a short service life.
PAR  It is, therefore, a principal object of this invention to provide apparatus
      that avoids the motion problems referred to and can operate at greater
      speed to yield a higher throughput per unit of time.
PAR  It is a further object to provide jet spray arrays for multiple bottle
      jetting with means to limit the motion of the the spray to one that is
      generally horizontally cyclic, and to employ a continually moving drive
      for the bottle carriers with sufficient looseness or slack in the area of
      the jet sprays such that the carriers are movable in a vertically
      oscillating cycle while advancing in regular order.
PAR  Another object of this invention is to provide common drive means for
      obtaining proper coordination between the horizontal cyclic motion of jet
      spray means with vertical cyclic motion of the carrier for the bottles to
      be jet cleaned and to incorporate counterbalancing means capable of
      storing energy at times during the vertical cyclic motion of the heavy
      assembly for moving the carriers.
PAR  A further object of this invention is to avoid the use of large lengths of
      flexible conduit and to minimize the replacement problem attendant upon
      conduits that deteriorate easily.
PAR  In a preferred embodiment the apparatus comprises a bottle carrier movable
      generally horizontally through a spray cleaning zone on supporting means
      that is adapted to move vertically for raising and lowering the carrier, a
      fluid spray means movable along a horizontal path in a forward and reverse
      cycle, and means to drive both the carrier in its vertical motion and the
      spray means in the horizontal path such that the carrier is enabled to
      move continuously through the cleaning zone. The apparatus includes means
      to assure alignment of the bottles and spray means, and counterbalancing
      means for absorbing the load of the means for lowering the carrier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A presently preferred embodiment of the container cleaning apparatus is
      shown in connection with an organization of components, wherein:
PAR  FIG. 1 is a fragmentary plan view of a portion of a machine in which the
      general arrangement of components may be seen;
PAR  FIG. 2 is a view of the apparatus as seen in elevation along line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a fragmentary section view of the apparatus seen along line 3--3
      in FIG. 2;
PAR  FIG. 4 is an enlarged plan view of a portion only of the components
      previously shown in FIG. 1;
PAR  FIG. 5 is a view taken along line 5--5 in FIG. 4;
PAR  FIG. 6 is a view taken along line 6--6 in FIG. 4;
PAR  FIG. 7 is a greatly enlarged and fragmentary view of the components
      previously seen in FIG. 5; and
PAR  FIG. 8 is a sectional view taken along line 8--8 in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  FIGS. 1 and 2 are general views of that portion of the bottle cleaning
      apparatus in which the arrangement of components is shown in plan and side
      elevation. The apparatus is mounted on and between the opposite side walls
      10 of the container rinsing fluid containing tank. A drive shaft 12 is
      carried by suitable bearings 13 and 14 secured to the respective tank
      walls 10. The element 15 delivers the power for operating mechanism to be
      described. The shaft at bearing 13 carries a double groove cam 16 for
      oscillating a bell crank 17 at the inside cam face and a bell crank 18 at
      the outside cam face. There is also shown generally in FIG. 1 the location
      of the large diameter sprocket wheels 19 and 20 arranged in opposed pairs
      and carried by bearings attached to the side walls 10. These sprockets
      carry and drive roller chains to be set forth presently.
PAR  Comparing FIGS. 2 and 3, it can be seen that each side wall 10 is formed
      with a window opening 21 having a sill flange 22 and an upper edge 23. The
      window 21 is located where observation of and adjustments may be made on
      the mechanism operatively disposed in the tank but responsive to external
      mechanism which consists of the following components. A pair of first
      cranks 24 are carried by bearings 25 (FIG. 3). These cranks and necessary
      bearings have duplicate parts on the opposite tank wall 10. A pair of
      idler links 26 are suspended from pivots 27 on side wall 10, and duplicate
      idler links 26 and pivots 27 are disposed on the opposite wall 10. The
      lower ends of the idler links 26 on both sides of the tank are aligned
      with each other and are located within the margins of the windows 21 in
      walls 10.
PAR  The first cranks 24 at wall 10 are interconnected by link 28 at the lower
      or free ends thereof, and the right hand crank 24 also has its free end
      connected to a drive link 29 which extends to and is connected with the
      inner bell crank 17. The first cranks 24 at opposite wall 10 are also
      interconnected by a link 28, and the right hand crank is also connected to
      one end of an idler link 29A. The opposite end of idler link 29A is
      connected to a free swinging arm 30 supported on wall 10. It can be seen
      that the cranks 24, links 28 and links 29 and 29A constitute a
      substantially symmetrical system movable upon power input to the cam 16
      and to the bell crank 17. This system of cranks 24 and the drive therefor
      will be related to other mechanism presently.
PAR  Referring to FIGS. 2, 3, 7 and 8, it is seen that the idler links 26
      adjacent the left hand side wall 10 are connected through pivots 31 to a
      longitudinal beam 32 so that the beam 32 is suspended from its opposite
      ends within the tank but in view of the window 21. The idler links 26 at
      the opposite wall 10 are connected in like manner to a similar beam 32.
      The near side idler link (FIG. 2) at wall 10 is connected to a link 33,
      and this link is connected to one arm 34 of a swing member 35 and the
      other arm 34A of the swing member is connected to the cam operated bell
      crank 18 by a link 36. Thus, the same cam 16 furnishes the drive to link
      29 and to link 36. The swing member 35 is fixed to a torque shaft 35A
      (FIG. 3) which extends to the opposite wall 10 to carry an arm 34B which
      like arms 34 is connected by link 33 to the beam 32 at that side.
PAR  In FIGS. 3, 5, 6, 7 and 8 it can be seen that the respective beams 32
      inside windows 21 in walls 10 support a superstructure which is made up as
      follows: each beam 32 carries a track 38 which is engaged by the lower
      edge of a plate 39. This plate is formed with extensions 40 projecting
      above the upper edge at spaced locations, and clips 41 are located at each
      extension to engage the plate and retain it on the beam. When the clips 41
      and track 38 are loosened the plate 39 can be slid along the beam 32 in
      either direction by means of a threaded shaft 42 turning in place in end
      supports 43 and running through a nut 44 fixed on the plate 39. The
      extensions 40 support suitable rollers 45 for supporting angle iron
      runners 46 of a tray 47 of bottle alignment cups 48. The tray 47 may be
      rolled out through the window 21 like a drawer when needed.
PAR  The plates 39 support a series of rails 50 directed across the width of the
      apparatus and spaced apart so as to underlie each row of alignment cups
      48. These rails 50 support fluid carrying pipes 51 at the inner ends
      thereof (FIG. 3) adjacent a fluid supply manifold 52. Each pipe 51 is
      provided with spaced notched tabs 53 fixed in position and directed with
      the notchs engaged on the rails 50 (FIG. 7). This manner of supporting the
      pipes 51 will assure proper alignment of the series of nozzles 54 spaced
      along the upper side of the pipes 51 with the cups 48. Fluid is supplied
      to the nozzles 54 through the manifold 52 from a main supply hose 55 which
      is flexible to accommodate the reciprocating motion of the assembly
      supported from the idler links 26.
PAR  In FIGS. 3 and 5 it can be seen that the external or first cranks 24 are
      connected to shafts 56 which extend across the inside of the tank between
      walls 10. Each shaft 56 carries a pair of second crank arms 57 (FIG. 6),
      the arms 57 being disposed adjacent the walls 10. These second crank arms
      57 are interconnected by arms 58 on roller chain supporting tracks 59. The
      supporting track 59 at each wall 10 has shaped lead-in and lead-out ends,
      respectively seen at 59A and 59B for a purpose to appear.
PAR  Looking now at FIGS. 1, 4 and 5, the tank walls 10 carry sprocket wheels 19
      and 20 arranged in pairs and located beyond the lead-out and lead-in ends
      59B and 59A of the tracks 59 which support the roller chain 60 carrying
      the bottle carriers 61 arranged with tandem pockets for the bottles. The
      sprockets 19 and 20 are spaced a sufficient distance so that the span of
      the roller chains 60 between them will have freedom to move vertically.
      Both pairs of sprockets 19 and 20 are driven by a power source in the
      apparatus not thought necessary to show.
PAC  OPERATION OF THE EMBODIMENTS
PAR  With reference to FIGS. 4 and 5, the roller chains 60 are trained over the
      sprockets 20 and 19 in order of travel from left to right. As the chains
      leave sprockets 20 they enter the shaped lead-in ends 59A of the tracks 59
      and exit at the shaped lead-out ends 59B on the way to sprocket 19. These
      chains 60 are connected to bottle carriers 61 wherein tandem aligned
      pockets 62 are provided to support the bottles or containers with the open
      mouth oriented downwardly. While the tracks 59 are open at the side to
      pass the carriers 61, the path of the carriers is fixed by the track
      position. However, the tracks 59 are suspended by drop links 58 (FIG. 6)
      from the overhead crank arms 57 located inside the tank, and these
      interior crank arms are in turn connected through shafts 56 to the
      external cranks 24. In the view of FIGS. 1 and 5, horizontal displacement
      of the drive link 29 and the idler link 29A will cause the cranks 24 to
      move about the axis of shafts 56 and this motion causes the internal crank
      arms 57 to move the roller chain tracks 59 in a vertical direction. The
      vertical motion of tracks 59 is not interfered with due to the slack in
      the roller chains 60 between the driven sprockets 19 and 20. Thus, the
      carriers 61 and the load of bottles in the pockets 62 will be caused to
      rise and fall with the oscillatory motion of the cranks 24. The
      oscillatory motion is obtained through the bell crank 17 following the
      contour of the cam groove 17A (only partly shown) in the cam 16. The bell
      crank 17 imparts its movement to the link 29, and while link 29 is being
      driven the opposite idler link 29A is performing the same movement.
PAR  In apparatus of this character the size of the carriers 61 and the full
      complement of bottles can weigh as much as several tons. The vertical
      motion imparted to this mass through the crank and link system described
      can impart significant stress on the structure and shock to bearings.
      Therefore, there is provided means to counterbalance the load in the form
      of energy springs 63 on each of the links 29 and 29A. The details of the
      spring 63 on link 29 will suffice for both, and in FIGS. 1 and 5 the link
      29 carries an abutment 64 for one end of the spring. The opposite end of
      spring 63 engages an abutment plate 64A which is secured to a bracket 65
      adjustably connected to the wall 10 by bolts 66 extending through slots
      67. The link 29 is free to move through the plate 64 toward the right as
      the link 29 raises the mass of the carriers 61 and the load of bottles,
      and the springs 63 give aid to this by pushing on the abutments 64 fixed
      on the links 29 and 29A. When, however, the links 29 move to lower the
      carriers 61 and bottles the springs 63 check the fall of this mass and act
      to counterbalance the weight. The adjustment provided by the bracket 65
      gives the springs 63 a range of counterbalancing effect.
PAR  While the cam groove 17A and crank 17 determines the vertical oscillations
      of the bottle carriers 61 aligned with the tracks 59, the cam groove 18A
      and crank 18, through link 36, swing means 35 and link 33, cause the idler
      links 26 to swing the beams 32 in a generally horizontal path of
      oscillatory movement. The length of the idler links 26, and the stroke of
      the bell crank 18 is chosen so that it will limit the tendency of the
      beams 32 to rise significantly on either side of a vertically pendent
      position of the idler links 26. Thus, the array of spray nozzles 54 and
      supply pipes 51, as well as the tray of cups 48, will move in a generally
      horizontal path and oscillate through a stroke that is made to match the
      width of either two or four rows of pockets 62. For instance with a
      two-row stroke, the array of nozzles and cups are moved rightwardly (FIG.
      5) a distance of one carrier width as measured between centers of the
      pockets 62 in the two rows, and then they are returned to the starting
      position and move rightwardly again the same distance for the next
      carrier. In the example shown in FIG. 5 there are rows of nozzles 54 for
      jetting bottles carried in four tandem carriers 61 which is eight rows of
      bottles. The supply of fluid at hose 55 may be continuous or intermittent.
PAR  When the motions of the bell cranks 17 and 18 are properly timed by the cam
      16 the carriers 61 will be lowered down to the array of the nozzles 54 and
      cause the bottles to engage in the cups 48 so as to positively align the
      mouth of each bottle over a nozzle. The distance travelled during the
      lowering of the carriers 61 is sufficient to cause the mouth of the
      bottles to engage and be supported by the cups 48 so that there is
      transfer of the weight of the bottles to assure positive alignment. If the
      cups 48 do not at first line up properly the threaded adjusting screw 42
      (FIG. 5) may be rotated as required to shift the entire array of nozzles
      54 and cups 48 relative to the supporting beams 32 after which the clips
      41 can be tightened to retain the adjustment. The forward travel of the
      nozzles 54 is timed to match the forward travel of the carriers 61, and
      the vertical motion of the tracks 59 is sufficient to momentarily transfer
      the weight of the bottles (not the carriers) on to the cups 48, thereby
      assuring proper alignment of the bottles over the jet spray nozzles 54.
PAR  The foregoing description relates to a presently preferred embodiment and
      one that is regarded to be most desirable. However, it is stressed that
      the principles of the coordinated motions of the means to cause the travel
      of the nozzles with the rise and fall of the bottle carriers may be
      incorporated in embodiments that represent modifications of the described
      structure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Container cleaning apparatus comprising a plurality of pocketed carriers
      for the containers to be cleaned, conveying means to move said carriers
      continuously through the apparatus, means defining a linear path of
      movement for said conveying means, fluid jet spray means adjacent said
      linear path, movable means operably supporting said spray means for
      forward and reverse movement in a generally horizontal path, drive means
      operably connected to said movable means to effect the forward and reverse
      movement of said spray means, and an operating connection between said
      drive means and said linear path defining means for periodically raising
      and lowering said carriers, said drive means and operating connection
      coordinating said forward movement of said spray means with lowering of
      said carriers and reverse movement of said spray means with raising of
      said carriers.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said conveying means is a chain, said
      linear path defining means is engaged by said chain to guide said
      carriers, and said operating connection between said drive means and said
      linear path defining means includes crank means having first arms movable
      horizontally and second arms movable vertically.
NUM  3.
PAR  3. The apparatus of claim 1 and including means for centering the
      containers in said pocketed carriers with said fluid jet spray means, said
      centering means acting upon the lowering of said carrier and the forward
      movement of said spray means supporting means to engage the mouth of the
      containers.
NUM  4.
PAR  4. The apparatus of claim 1 and including counterbalancing means operably
      engaged with said operating connection for raising and lowering said
      carriers, said counterbalancing means being effective on lowering
      operation of said carriers to absorb the weight thereof and assist in the
      raising thereof.
NUM  5.
PAR  5. The apparatus of claim 1 and including means operable between said fluid
      jet spray means and said movable supporting means therefor for shifting
      the fluid jet spray means to obtain alignment with the pockets of said
      pocketed carriers.
NUM  6.
PAR  6. Container cleaning apparatus comprising conveyor means extending through
      a cleaning zone of the apparatus, track means supporting said conveyor
      means in said zone, carriers for containers attached to said conveyor
      means so as to be propelled through said zone, said carriers supporting
      the containers in inverted positions, an array of cleaning fluid jetting
      nozzles disposed below the travel of said carriers through said zone,
      container centering means disposed above and in alignment with each of the
      nozzles in said array, support means for said nozzles and centering means,
      means to continuously move said conveyor means through said zone for
      transporting said carriers loaded with containers, first operating means
      connected to said track means for raising and lowering the track means and
      said carriers and containers, second operating means connected to said
      support for said nozzles and centering means for movement in directions
      with and reverse to the conveyor movement, drive means operably
      coordinating said first and second operating means for effecting the
      lowering of said track means with the forward movement of said support to
      bringing the inverted containers into said centering means to receive
      cleaning fluid from said jetting nozzles, and a cleaning fluid supply
      conduit connected to said array of nozzles.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said conveyor moving means is
      continuous to maintain movement of said carriers through the cleaning
      zone.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said first operating means includes
      resilient means operable upon lowering of said track means to store energy
      which is released to assist in the raising of said track means.
NUM  9.
PAR  9. The apparatus of claim 6 wherein said lowering of said track means
      toward said support means for said nozzles and centering means effects
      transfer of the weight of the containers to said support means, whereby
      positive alignment of nozzles and containers is assured.
NUM  10.
PAR  10. The apparatus of claim 6 wherein said conveyor means includes sprockets
      in spaced relation in said cleaning zone, roller chains trained over said
      sprockets and having slack in the span between said sprockets, and said
      track means engages only the slack of said roller chains so as to be able
      to raise and lower.
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ABST
PAL  Apparatus for automatically processing carrying trays having used culinary
      items and refuse thereon whereby desired operations, such as collection
      and cleaning of reusable culinary items (e.g. knives, forks and spoons),
      separation and disposal of waste, and cleaning of the trays can be
      effected without need for operating personnel. In preferred systems the
      apparatus automatically stacks the cleaned trays and sorts and collects
      the cleaned reusable culinary items by type so that the trays and the
      culinary items are readily available for reuse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods and apparatus for cleaning and sorting culinary items have
      been proposed heretofore. See for example U.S. Pat. Nos. 3,247,858;
      3,483,877; and 3,486,939. As pointed out in U.S. Pat. No. 3,486,939 most
      of these prior proposals have had limitations in operational capacity
      because of the inherent handling time involved in mechanically sensing and
      sizing the configuration of the object to be sorted or classified. Also,
      despite the use of various types of automated equipment these prior
      systems have required the presence of attendants to carry out manual
      sorting operations or the like.
PAR  The apparatus described in U.S. Pat. No. 3,486,939 which is designed to
      overcome prior limitations on operational capacity and reduce the number
      of attendants required in the operation, involves separating magnetically
      responsive chinaware from magnetically responsive silverware by passing
      the silverware through a grid which retains the chinaware, and then
      passing the separated items through a number of stations whereby the
      various articles are classified and isolated from each other. The
      silverware, for example, is passed through several magnetic stations of
      different field strengths, the effectiveness of the separations being
      dependent upon one type of silverware (e.g., spoons) being selectively
      removed from other magnetically responsive silverware by virtue of the
      strength of the particular magnetic field through which they pass. Thus
      for the silverware alone the use of three different magnetic stations of
      different field strengths is described. In addition, the system involves
      several operations in which operating personnel participate.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides, inter alia, automated scullery apparatus which, by
      virtue of its compactness and operating efficiency, is well suited for use
      in restaurants, cafeterias, hospitals, hotels, convention centers,
      correctional institutions, schools and in general, in all types of
      establishments or institutions, whether public or private, where food or
      refreshments are served. In the over-all systems of this invention trays
      carrying used culinary items or utensils, paper napkins, food waste and
      other refuse are passed into the apparatus, preferably at one end thereof,
      and thenceforth the apparatus performs a series of operations whereby at
      least the trays are cleaned--e.g., washed and dried--and collected,
      preferably at or near the opposite end of the apparatus, for dispensing to
      the patrons of the establishment. The waste material, which may include
      the used culinary items if they are disposable rather than reusable, is
      automatically collected and disposed of by the apparatus.
PAR  In the preferred systems of this invention at least some of the culinary
      items or utensils are reusable and in these embodiments the selected,
      reusable culinary items (preferably the silverware) are removed from the
      carrying trays by the apparatus and then refuse remaining on the trays is
      automatically removed therefrom and collected and dispensed with. The
      trays and preferably the selected reusable culinary items are subjected in
      the system to separate cleansing operations and thereafter are collected
      by the apparatus for dispensing to the patrons. In the course of these
      operations means are provided for classifying the culinary items according
      to like articles--spoons, knives, and forks, for example--and the
      classified articles are isolated each from the other. In this way the
      sorted articles are automatically collected for reuse after they have been
      washed and dried or otherwise suitably cleansed by the apparatus.
PAR  Although other suitable methods may be devised for selectively removing the
      reusable culinary items from the carrying trays and the other articles or
      debris thereon, it is preferable to employ magnetically responsive
      culinary items as the reusable items and to employ automated apparatus
      which magnetically removes such items from the trays. Particularly
      preferred magnetically-responsive culinary items and apparatus for use
      therewith are described hereinafter and in application Ser. No. 410,481,
      filed concurrently herewith, now U.S. Pat. No. 3,877,577.
PAR  Disposable culinary items for use in the apparatus of this invention are
      preferably fabricated from frangible material such as breakable plastics
      or the like. This facilitates their disposal as the apparatus can crush or
      grind them into comminuted form which can readily be disposed of by
      incineration or flushing operations.
PAR  Thus this invention in one particularly preferred form provides, inter
      alia, automated apparatus which takes in trays carrying dirty disposable
      dishes made from frangible material and reusable silverware. The apparatus
      automatically recovers, cleanses, separates and segregates the silverware
      according to type so that it is available for reuse by incoming patrons;
      dumps the dishes, food and other debris out of the trays; cleanses the
      trays; crushes or comminutes and disposes of the dirty dishes and other
      debris or waste; and collects and stacks the cleansed trays for reuse by
      incoming patrons. By virtue of the nature and sequence of the operations
      used it is possible, if desired, to enclose all such equipment in a
      relatively compact cabinet unit which can be utilized as the base of a
      serving table from which the patrons obtain fresh trays, silverware, food
      and beverages, napkins, etc., and to which the debris-laden trays are
      returned for automatic processing by the equipment. If desired the
      silverware may constitute a disposable culinary item and dishes or the
      like may constitute the culinary items selected for reuse. It is also
      possible to design systems in accordance with this invention in which both
      silverware and dishes constitute reusable items which are recovered,
      cleaned and segregated according to the type by the apparatus.
PAR  The above and other embodiments, aspects, features, advantages, objects and
      characteristics of this invention will become still further apparent from
      the ensuing description, appended claims and accompanying drawings wherein
      like characters of reference designate like parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the sequence of operations performed
      in a preferred over-all scullery system of this invention.
PAR  FIGS. 2A and 2B taken together constitute a side elevational view of
      preferred apparatus for carrying out the operations referred to in FIG. 1.
PAR  FIGS. 3A and 3B taken together constitute a top plan view of the apparatus
      of FIGs. 2A and 2B.
PAR  FIGS. 4 and 4A, 5 and 5A, and 6 and 6A depict preferred magnetically
      responsive silverware suitable for use with the apparatus of FIGS. 2A and
      2B, FIGS. 4, 5 and 6 representing top views and FIGS. 4A, 5A and 6A
      representing side views of the silverware.
PAR  FIG. 7 is an enlarged side view taken along line 7--7 of FIG. 3A of a
      preferred apparatus for automatically removing silverware from carrying
      trays and causing its transfer to a system for cleaning the silverware.
PAR  FIG. 8 is an enlarged frontal view of the apparatus of FIG. 7 taken along
      line 8--8 thereof.
PAR  FIG. 9 is an enlarged view of magnetic engagement between a magnetically
      responsive article of silverware (viz., a fork of FIGS. 4 and 4A) and a
      suspended magnetic lifter or finger of the apparatus of FIGs. 7 and 8 and
      also of the apparatus of FIGS. 11 and 12.
PAR  FIGS. 10A and 10B taken together constitute a side elevation taken along
      line 10--10 of FIGS. 3A and 3B depicting a system for automatically
      washing, rinsing, drying, collecting and sorting silverware transferred to
      the system by the apparatus of FIGS. 7 and 8.
PAR  FIG. 11 is an enlarged side view taken along line 11--11 of FIG. 3B of a
      preferred apparatus for automatically gathering the cleaned and dried
      silverware, classifying the silverware according to like articles,
      isolating the classified articles each from the other and causing transfer
      of the isolated articles to collection bins where they are available to
      patrons of the establishment.
PAR  FIG. 12 is an enlarged frontal view of the apparatus of FIG. 11 taken along
      line 12--12 thereof.
PAR  FIG. 13 is a block diagram illustrating the sequence of operations
      performed in a preferred over-all scullery system of this system differing
      from that illustrated in FIG. 1.
PAR  FIG. 14 is a block diagram illustrating another sequence of operations of
      this invention.
PAR  FIG. 15 is an enlarged detail view of a refuse flushing system preferably
      employed pursuant to this invention, the valve of the system being shown
      in closed position. FIG. 15A is a partial view of the system of FIG. 15
      showing the valve in open position.
DETD
PAR  In the foregoing brief description the "side" views in FIGS. 2A, 2B, 7,
      10A, 10B and 11 are designated as such in the sense that they represent
      views perpendicular to the principal direction of travel of the objects
      conveyed through the apparatus depicted, and the "frontal" views of FIGs.
      8 and 12 are so designated in the sense that they represent views looking
      in the same direction as the principal direction of travel of the conveyed
      objects. It will be appreciated, of course, that the apparatus may be
      situated in any suitable direction in the premises in which it is employed
      and accordingly, the terms "side" and "frontal" are not used and are not
      to be construed in a restrictive or limitive sense. Rather, they are to be
      considered merely as terms of convenience for description purposes.
PAC  DETAILED DESCRIPTION
PAR  A feature of this invention brought out by the sequence of operations
      referred to in FIGS. 1 and 13 is that reusable tray-carried culinary items
      (e.g., silverware utensils) are selectively removed from the trays at an
      early stage in the operation of the system. This facilitates subsequent
      processing in that refuse and other disposable materials remaining on the
      trays can be readily removed therefrom, and the trays can then be cleaned
      and collected by the apparatus for reuse. Further, selective removal of
      the reusable culinary items from the trays at an early stage in the
      operation enables these items to be promptly transferred to that portion
      of the apparatus which cleans, sorts and collects, or sorts, cleans and
      collects these items for reuse. In other words, rather than using a
      sequence of stepwise separations involving a series of manipulations or
      transfers from one conveyor to another as taught in U.S. Pat. No.
      3,486,939, the present system involves promptly making a selective
      separation of reusable culinary items followed by a gross separation
      between tray and residual contents thereof. Following these operations the
      several materials (trays, reusable items, and refuse) are concurrently
      handled with dispatch by durable, relatively simple apparatus so that high
      operating efficiency can be achieved without large capital investment or
      excessive operating costs.
PAR  By referring to FIGs. 2A, 2B, 3A, 3B 10A and 10B it will be seen that in
      general the automatic scullery apparatus of this invention comprises means
      for removing from carrying trays selected culinary items carried thereon;
      means for cleansing the culinary items removed from the trays; means for
      collecting the cleansed culinary items; means for releasing refuse
      remaining on the carrying trays after said selected items have been
      removed therefrom; means for cleansing the trays; and means for collecting
      the cleansed trays. In this apparatus it is desirable to further include
      means for comminuting refuse released from the carrying trays. As noted
      above the apparatus preferably includes means for classifying the removed
      culinary items according to like articles and isolating the classified
      articles each from the other. From a comparison of FIGS. 1 and 13 it will
      be seen that there are two particularly useful stages at which this
      classification can be effected--viz., the means for classifying the
      removed culinary items may be positioned so as to effect the
      classification of said items after they have been cleaned (FIG. 1) or it
      may be positioned to do this before they are cleaned (FIG. 13). In the
      latter case each type of classified article is kept isolated from the
      other type(s) during subsequent operations such as washing, rinsing and
      drying (note FIG. 13).
PAR  Reference to FIGS. 2A, 2B, 3A, and 3B also reveals that in the scullery
      apparatus of this invention the handling of the trays and refuse is
      preferably effected by apparatus which comprise means for removing refuse
      from carrying trays; means for washing the carrying trays; means for
      collecting and comminuting refuse removed from the carrying trays; means
      for automatically flushing comminuted refuse out of the apparatus; and
      means for collecting the washed trays. While various methods and apparatus
      may be used for removing the refuse from the carrying trays such as the
      tray tipping equipment described in U.S. Pat. Nos. 3,223,097 or 3,486,939,
      it is preferable to provide means which function by overturning the trays
      onto conveyor means, particularly conveyor means which have open spaces
      therein--such as, for example, two or three suitably spaced apart parallel
      endless belts traveling in the same direction and in the same horizontal
      plane at the same rate of speed, each being sufficiently narrow in width
      so that at least a portion of the refuse released from the overturning
      trays may pass through the open spaced conveyor means and thence to means
      for collecting the refuse. This feature of open spaced conveyors is
      illustrated in FIG. 3A. Besides facilitating the refuse collecting
      operation, such overturning permits the trays to be washed in the
      overturned position so that food or other debris can more readily be
      washed or rinsed away from the trays. Also, washing of the trays in the
      overturned position prevents water from being retained in the trays by the
      upstanding edges and/or recessed food-receiving areas which are common
      features of conventional serving or cafeteria-type trays. Furthermore, the
      washed trays can be easily dried and collected for reuse when carried to
      the collection station in overturned poisition. It will be noted that the
      use of open spaced conveyor means not only facilitates refuse collection
      but makes it possible to spray wash and then dry the trays in overturned
      position while they are traveling toward the tray collecting station. Note
      in this connection FIGS. 2A, 2B, 3A and 3B.
PAR  As FIGS. 2A and 14 indicate, it is particularly advantageous to utilize
      waste water from at least the tray washing means for flushing the
      comminuted refuse out of the apparatus. Besides conserving water, this
      feature takes advantage of the fact that in most tray washing operations
      it is desirable to employ hot water and effective soaps, detergents or
      other cleansing agents and such hot solutions help to keep the comminuted
      solids in suspension as well as cleanse the disposal system. An
      alternative is to effect the flushing with waste water from the cleansing
      system for culinary items removed from the trays, and this may be combined
      with the waste water from the tray washing operation, if desired. Also
      water used in rinsing the trays or the washed culinary items can be
      employed in the refuse flushing operation. In all such cases the flushing
      is done automatically and preferably on a periodic basis so that
      comminuted refuse is not allowed to excessively accumulate in the
      apparatus or associated drain pipes.
PAR  Turning now more particularly to the embodiments depicted in the Drawings
      trays carrying, inter alia, magnetically-responsive silverware are
      introduced into the apparatus through opening 10 where they are received
      and carried by endless conveyor 11 to silverware retriever 20 where the
      silverware is magnetically removed and processed as described in more
      detail hereinafter. Conveyor 11 is driven by any suitable power source
      (not shown) such as an electric motor or the like and travels in the
      direction shown in FIG. 2A by the arrows on an appropriate number of
      suitably placed rolls. In the system depicted, conveyor 11 is composed of
      several flexible narrow belts which are laterally spaced from each other
      by a suitable distance so that they can support and carry the trays and
      yet furnish openings therebetween for platform members 51 of tray inverter
      50 as well as openings through which refuse may pass when the trays are
      overturned by tray inverter 50 as described hereinafter. Alternatively,
      conveyor 11 may be composed of a web of belting having openings in the web
      of sufficient size to permit refuse to pass through such openings during
      the tray overturning operation of inverter 50. Further, it is possible to
      design the system so that nonperforate belting may be employed--e.g., by
      using two or more separate serially-arranged conveyors with suitable
      refuse-receiving gaps therebetween. It will be understood of course that
      when using alternative arrangements of this type platform members 51 will
      be positioned further downstream than shown so as to receive the trays as
      they leave a conveyor belt for overturning. These and other modifications
      in the apparatus herein described will become readily apparent to those
      skilled in the art as this description proceeds.
PAR  In the form depicted, tray inverter 50 is composed of platform members 51
      carried on arms 52, each of which has a counterweight 53 at its other end.
      Arms 52 are pivotally supported on spindle 54 and the entire unit is
      balanced such that when a tray encounters lip 55 the arms 52 pivot
      forwardly (as shown in FIG. 2A) whereby the tray is flipped over onto
      conveyor 11 so that the tray is in overturned position thereon. Once tray
      inverter 50 is relieved of the weight of the tray, counterweights 53 cause
      inverter 50 to return to its normal position with platform members 51 in
      horizontal tray-receiving position. As noted above and depicted in FIG.
      2A, the open spaces in conveyor 11 permit the refuse (disposable dishes,
      food waste, etc.) to pass through the conveyor and fall into a refuse
      collection bin defined in part by sloping walls 56, 57. The collected
      refuse is comminuted by a grinder 58 of any suitable type or design. Means
      (not shown) may be included in the bin for magnetically capturing any
      silverware items that may inadvertently pass through retriever 20 so that
      the times do not reach grinder 58. For example a deflector or baffle may
      be positioned over the grinder to direct the falling refuse toward wall 56
      so that the refuse slides on wall 56 on its way toward grinder 58 whereby
      suitably positioned magnets (for instance, a magnetic surface in or
      directly underneath wall 56) can attract and hold any stray silverware
      item for manual removal from the bin.
PAR  If desired, the tray inverter 50 may be equipped with sensing means (not
      shown) so that when a tray is suitably positioned on platform members 51
      for overturning, the power to conveyor 11 is temporarily disconnected or
      discontinued so that the conveyor 11 is stopped while the tray is being
      overturned and conveyor 11 does not resume operation until platform
      members 51 have returned to their normal horizontal tray-receiving
      position. In addition, the tray inverter 50 may be driven by driving means
      (not shown) which are actuated by a suitably positioned sensing device
      when a tray has reached the proper position for overturning. Another
      variant is to include sensing means (not shown) which cause conveyor 11 to
      be temporarily slowed down or stopped when each successive tray is within
      the operating range of silverware retriever 20.
PAR  In the embodiment depicted in the Figures the overturned trays are
      transferred by conveyor 11 to conveyor 12 which carries the overturned
      trays through washing system 60, rinsing system 70 and drying system 80.
      From the preceding description it will be appreciated that various
      different conveyor arrangements are suitable for use not only for conveyor
      11 but for conveyor 12 as well. Thus for either or both such conveyors use
      may be made of systems using parallel V-belts, parallel flexible chains,
      parallel flat belts, belts of link, and the like. Conveyor 12 is
      preferably composed of a flexible web made of mesh so that the web
      furnishes an open-spaced grid or network supporting and carrying the
      inverted trays, as this facilitates the washing and drying operations.
      However, any conveyor arrangement affording suitable openings for
      washings, rinsing, drying and/or drainage purposes, such as parallel
      narrow belts having suitable openings between them, are also satisfactory.
      It is not necessary to employ separate conveyors 11 and 12 as these can be
      connected to form one continuous endless conveying system. However, the
      use of separate conveyors 11 and 12 as shown is convenient, and it affords
      the opportunity for independent operation so that either conveyor may be
      temporarily stopped or slowed down as one or more operations are performed
      on the trays being carried thereby.
PAR  As the trays pass into the washing system 60 they preferably pass under
      flexible guard 18 which will force off of the overturned trays any
      disposable culinary items or other refuse that may have landed thereon by
      virtue of the overturning of a subsequent tray. The refuse dislodged by
      guard 18 tends to fall between conveyors 11 and 12 and thence to the
      refuse collection bin defined in part by sloping walls 56, 57 where it is
      comminuted by grinder 58.
PAR  Washing system 60 as shown is composed of inlet pipe 61, tank 62, eductor
      63, pump 64, riser 65, spray headers 66, catch basin 67 and flush tank 68.
      Inlet pipe 61 conveys water, preferably hot water, from a source (not
      shown) such as a boiler or the like through pump 64 which increases its
      pressure and delivers it through riser 65 to the spray headers 66. Tank 62
      contains a solution of soap, detergent or other suitable cleansing
      formulation which is metered into the incoming water by means of eductor
      63 so that the washing mixture is of the proper strength or concentration.
      In this way a powerful spray of hot cleansing solution impinges upon the
      trays as they proceed in overturned position through the washing system.
      Cleaning solution deflected or falling downwardly from the watertight
      cabinet wall 13 cleanses the bottom of the trays. Additional downwardly
      directed sprays (not shown) may be employed for this purpose if desired.
      Further, the sprays such as the spray headers 66 may be attached to riser
      65 by flexible couplings and caused to oscillate if desired. Also rotating
      brushes or other scrubbing members (not shown) may be included in washing
      system 60 should these be desired. Waste water containing the cleansing
      agent and matter washed from the trays falls into catch basin 67 and flows
      into flush tank 68. When float 14 within flush tank 68 reaches a
      predetermined level by virtue of the filling of the tank with this hot
      waste water, valve 15 or other suitable dispensing means is opened (to the
      position depicted in FIG. 15A) so that a cascade of this waste water runs
      down wall 56 and flushes comminuted waste through grinder 58 and into the
      drain or other waste receiving means (not shown). FIG. 15 shows in more
      detail one typical arrangement for opening valve 15 and keeping it open
      until flush tank 68 has emptied most of its contents at which point valve
      15 closes.
PAR  Next the overturned trays on conveyor 12 pass through flexible curtain 16
      into rinsing system 70, curtain 16 serving the function of keeping sprayed
      cleansing solution from entering into the rinsing system. Rinsing system
      70 as depicted involves line 72 and spray headers 75, as well as a
      continuation of catch basin 67. Water from inlet pipe 61 passes via line
      72 into headers 75 where it emerges as a spray to rinse the trays passing
      thereover on conveyor 12. The bottoms of the trays are rinsed by water
      deflected or dropping from cabinet wall 13 although here again extra
      sprays (not shown) may be provided for this purpose if desired.
PAR  Drying system 80 is the next station through which the overturned trays
      pass on their journey on conveyor 12. This system, as in the case of the
      other systems depicted, is susceptible to considerable variation in
      construction and operation. In the form depicted the trays pass through
      flexible curtain 17 and under electric heater 82 which effects the drying.
      Curtain 17 prevents the entry into drying system 80 of spray from rinsing
      system 70. The dried trays emerge from the drying system through gate 19
      which helps to retain the heat within drying system 80. Hot air blowers
      (not shown) or any other suitable drying system may be utilized.
PAR  The dried trays are then conveyed to a tray collecting system 85
      schematically depicted in FIG. 2B as comprising an expandable/contractable
      tray retainer 86 and rollers 87, 88. This or any other suitable
      arrangement receives and stacks the cleaned and dried trays at a
      convenient location for reuse. The trays may be stacked on edge (as shown)
      or they may be collected in horizontal position. However, it will be noted
      that because the trays are in inverted position as they approach
      collecting system 85, the edges of the trays help guide the trays into the
      nested position shown in FIG. 2B as each successive tray passes between
      rollers 87, 88 and the preceding tray held in forwardly sloped, upstanding
      position by the system. Accordingly, edgewise stacking as depicted is
      deemed preferable. It will be appreciated that in the system schematically
      depicted in FIG. 2B retainer 86 expands to accommodate each additional
      tray as it is received and contracts when one or more trays are removed
      from the stack.
PAR  As pointed out earlier in this detailed description of the apparatus
      depicted in the Figures, trays subjected to the various operations
      described above initially carry, inter alia, magnetically responsive
      silverware which is recovered for reuse. For this purpose it is of decided
      advantage to utilize silverware having at the end of the handle a
      generally spherically shaped magnetically responsive end portion, the
      balance of the article being essentially non-magnetically responsive.
      FIGS. 4, 4A, 5, 5A, 6 and 6A depict preferred silverware articles of this
      type wherein the spherical end portions are formed from iron or other
      suitable magnetic metals or alloys either in integral form (e.g., coated
      or uncoated solid or hollow spheres) or in finely divided form as a filler
      in an appropriate plastic matrix. The balance of the article is preferably
      fabricated from stainless steel or plastic material, although other
      non-magnetic metals or alloys are available and suitable for use. An
      important feature of such articles of silverware is that the magnetically
      responsive end portions--i.e., the spherical portions of the articles
      shown in FIGS. 4, 4A, 5, 5A, 6 and 6A--differ in cross-sectional size
      according to the article, like articles having end portions of like
      cross-sectional size. For example, the forks will all have spherical cross
      sections of one given dimension (Dimension A in FIG. 4), the spoons will
      all have spherical cross sections of another given dimension (Dimension B
      of FIG. 5), and the knives will all have spherical cross sections of still
      another dimension (Dimension C of FIG. 6). In these Figures the knives are
      shown as having spherical end portions of the largest cross-sectional size
      and the forks are shown as having spherical end portions of the smallest
      cross-sectional size, the spoons having spherical end portions of
      intermediate size--i.e., Dimension C is greater than Dimension B and
      Dimension B is greater than Dimension A. It will of course be readily
      apparent that any given type of article (knife, fork or spoon) may be
      assigned any given dimension--the allocation of dimensions to the articles
      is largely discretionary. The important feature is that whether of largest
      or smallest or of an intermediate size, all of one given type of article
      has a given cross-sectional size for its spherically shaped end portions
      and that particular size differs from the size assigned to another given
      type of article. It will also be appreciated that there may be as many
      different cross-sectional sizes employed as there are differing articles
      of silverware to be retrieved and sorted. For example if the silverware
      employed only involves forks and spoons, two different cross-sectional
      dimensions for the respective spherically shaped end portions will
      suffice. On the other hand six different cross-sectional dimensions would
      be involved when employing silverware made up of regular forks, salad
      forks, teaspoons, soup spoons, table spoons and knives.
PAR  Referring now to the operations involving the silverware, the system
      referred to in FIGS. 1, 2A, and 2B, 3A and 3B, and 10A and 10B involves
      use at the outset of silverware retriever 20, best seen in FIGS. 7 and 8.
      In essence retriever 20 comprises magnetic means for magnetically engaging
      the tray-carried silverware articles and removing them from the trays. In
      the form depicted retriever 20 comprises a rotating assembly made up of
      wheel 21 supporting at its periphery a plurality of spaced apart
      horizontal shafts 22, each of which in turn rotatably supports a plurality
      of fingers 23 depending downwardly therefrom. The retriever as depicted in
      FIGS. 7 and 8 has four shafts 22 spaced at 90.degree. intervals on wheel
      21 and each such shaft carries 10 fingers 23 so that the device
      illustrated has a total of 40 fingers. There can of course be any suitable
      number of such shafts and such fingers in the apparatus. The extremity of
      each finger 23 has a spherical magnet 24 for effecting magnetic engagement
      with a spherical end portion of an article of silverware carried on a
      tray. As shown by FIG. 9 the cross-sectional size of the magnets 24
      (Dimension D) is preferably smaller than the cross-sectional size of the
      smallest spherical end portion of the silverware employed (Dimension A of
      FIG. 4). Wheel 21 is rotatably supported on stationary axle 25 by hub 26
      and bearing 27, the fastening being effected by means of threaded stud 28
      and nut 29. The opposite end of stud 28 is welded or otherwise firmly
      attached to base plate 33 which in turn is suitably fastened to an
      appropriately braced or reinforced support. Washer 30 serves as a bearing
      surface between nut 29 and the interior of wheel 21. Rotation of wheel 21
      is effected by means of belt 31 and pulley 32, the latter being fastened
      around hub 26 so that the hub and wheel 21 rotate as a unit on bearing 27
      and its supporting axle 25 when belt 31 and pulley 32 are driven by a
      motor or other prime mover (not shown). To further reduce friction,
      bearing 37 is interposed between plate 33 and the outer end of hub 26.
      Preferably wheel 21 is rotated so that its lower portion travels toward
      the direction from which the trays come (note the arrows in FIG. 7). As
      shown by FIG. 8 silverware retriever 20 is positioned so that shafts 22
      extend across conveyor 11. In addition the elevation of the apparatus is
      arranged such that at the lowermost portion of their travel in their
      respective circular paths of travel each row of fingers 23 is able to
      sweep over the surface of a tray positioned on conveyor 11 and thereby
      enable the spherical magnets 24 to seek out the magnetically responsive
      spherical end portions of the silverware articles resting on the tray. It
      will be seen therefore that rotation of wheel 21 causes the fingers to
      sweep over the trays and as a result magnetic attachments are effected
      between spherical magnets 24 and the spherical end portions of the
      silverware such as is depicted in FIGS. 7, 8 and 9. Continued rotation of
      the wheel results in the magnetically attached silverware being lifted off
      of the trays and carried upwardly over the conveyor in arcuate paths in
      vertical planes parallel to the major axis of the conveyor, there being
      ten such planes for the silverware retriever depicted since ten fingers 23
      are shown on each shaft 22.
PAR  At a suitable elevation along these arcuate paths of travel there is
      supported a silverware disengager 34 composed of a plurality of upstanding
      dividers or walls 35 defining channels through which magnets 24 may pass.
      Hence for the apparatus depicted there are ten such channels. The walls 35
      are sloped toward each other in a vertical direction so that the top of
      each such channel is wide enough throughout its entire length to permit
      passage of finger 23 and the bottom of each such channel is wider than the
      larger or largest cross-sectional size (diameter) of the spherical end
      portions of the silverware employed in the operation. In addition the
      walls 35 converge toward each other either continuously or in incremental
      stages along the path of travel whereby the width of the channels
      progressively narrows continuously or in incremental steps or stages so
      that although magnet 24 can pass along an arcuate path throughout the
      entire channel, the spherical end portions of the magnetically engaged
      silverware articles cannot pass through the full length of the channels.
      Thus at the entrance to the channel the walls are sufficiently far apart
      so that irrespective of size any spherical end portion of a silverware
      article suspended as in FIG. 9 can enter into the channel belonging to the
      particular finger and magnet by which the article is carried. However at a
      suitable location along the path of travel the walls 35 close toward each
      other above and at the sides of the arcuate path through which magnets 24
      pass so that the channel is constricted and tapered to a sufficient extent
      that no spherical end portion of any magnetically-carried article of
      silverware may pass and further, either forwardly or upwardly. Since the
      magnets 24 are being pulled through their respective channels by fingers
      23, shafts 22 and wheel 21 rotating as a unit, the magnets are pulled away
      from the silverware articles which are then free to drop into chute 36. In
      short, walls 35 converge along the predetermined path of travel of the
      spherically-shaped end portions of the silverware until a location is
      reached at which the end portion can proceed no further (except
      downwardly). At this location the magnet 24 and the silverware articles
      are disengaged and the article drops to the chute 36.
PAR  It will be noted that since the cross-sectional sizes of the different
      articles of silverware differ from type to type there are a plurality of
      locations along the arcuate path of travel through the channels at which
      disengagement occurs. In other words, the articles with the larger or
      largest spherically shaped end portions are disengaged at a location
      closer to the entrance than the location at which the articles with the
      smaller or next smaller spherically shaped end portions are disengaged,
      and so on.
PAR  A variation in the design of disengager 34 involves shaping and positioning
      walls 35 so that magnets 24 actually emerge from the top of their
      respective channels at an appropriate location along their respective
      paths of travel. The channels are progressively narrowed by the opposed
      walls 35 as the location of magnet emergence is approached so that no
      spherical end portion of the silverware can reach the location of magnet
      emergence. As before, the result is that each item of silverware is
      "pinched off" by the walls and falls to chute 36.
PAR  The articles of silverware slide down chute 36 and drop onto conveyor 40
      fabricated from a flexible web of mesh having a small enough network to
      retain the silverware articles yet large enough to permit the passage of
      sprays therethrough. Conveyor 40 carries the silverware through washing
      system 90, rinsing system 100, drying system 110 and thence to silverware
      classifier 120. On passing into washing system 90 the silverware articles
      pass under flexible curtain 41 which helps keep the sprays confined to the
      desired area. Washing system 90 is composed of line 91, spray headers 92,
      catch basin 93 and return line 94. Line 91 receives washing solution from
      pump 64 and feeds it into spray headers 92 which cleanse the silverware by
      means of high pressure spraying. The spray headers may of course spray
      downwardly on the silverware should this be desired. Scrubbing means or
      soaking stations (not shown) can also be employed, if desired. Catch basin
      93 captures the waste water from the spraying operation and transfers it
      to return line 94 which empties into flush tank 68.
PAR  On leaving the washing system, the silverware passes under flexible curtain
      42, which serves the same type of function as curtain 41, and enters
      rinsing system 100 composed of line 101, spray headers 103 and an
      extension of catch basin 93. In this system the silverware is rinsed free
      of residual cleaning solution. Next the silverware is carried by conveyor
      40 under flexible curtain 43 into drying system 110 wherein drying is
      effected by means of electric heaters 115 or other suitable drying
      equipment. Thereupon the dried silverware is carried up an incline to the
      silverware classifier 120, best seen in FIGS. 11 and 12.
PAR  Classifier 120 is constructed and operates in essentially the same fashion
      as silverware retriever 20 described above. The principal differences
      between the two are that in classifier 120 the silverware is magnetically
      retrieved directly from conveyor 40 rather than from trays; three chutes,
      121, 123 and 125 are employed instead of one; and the device is utilized
      not only for retrieving the silverware but for sorting it automatically
      according to type. Thus for a detailed description of silverware
      classifier 120 reference should be had to the detailed description of
      silverware retriever 20. The feature to be noted at this juncture is that
      because of the progressive convergence of walls 35 along the arcuate paths
      of travel through the channels combined with the vertical inward taper of
      the channels the classifier is capable of disengaging the
      magnetically-carried silverware at various locations along the path, the
      location of the disengagement being governed by the cross-sectional size
      (diameter) of the end portion of the silverware article being carried.
      Since, in the system depicted, three types of silverware articles are
      employed (each type having spherically shaped end portions differing in
      cross section or diameter from the other two types) there are three
      different locations along the path of travel through the channels defined
      by walls 35 where disengagement occurs. The silverware articles with the
      largest spherical end portions (in this case, the knives) are disengaged
      at a location nearest to the entrance to the channels above chute 121 and
      thus drop into chute 121. The articles with the next smaller spherical end
      portions (here, the spoons) are disengaged further along the path of
      travel in the channels, namely, above chute 123 into which they drop. The
      articles having the smallest spherical end portions (in this instance, the
      forks) are disengaged near the end of the path of travel in the channels
      above chute 125 and fall therein. Thus the apparatus automatically and
      continuously retrieves, classifies and separates the silverware.
PAR  In the system depicted the cleaned and dried silverware articles, after
      sorting by type, slide in their respective chutes 121, 123, 125 into
      collection bins where they are available for reuse. Note FIGS. 2B and 3B.
PAR  It will of course be appreciated that the respective washing and rinsing
      systems are housed in appropriate watertight compartments. Also sensing
      means and automated valves may be incorporated in the apparatus to shut
      off the sprays in the washing and rinsing systems when their use is not
      required. The source of heat in the drying systems may be similarly
      automated.
PAR  The preferred scullery system of FIG. 13 may be arranged and constructed in
      very much the same fashion as the system described in detail hereinabove
      by substituting for silverware retriever 20, a silverware classifier 120
      with an appropriate number of chutes leading to a corresponding number of
      parallel conveyors with dividers between them so that the isolated
      classified articles are passed through a washing system such as system 90,
      a rinsing system such as system 100 and a drying system such as system
      110. Thereupon the dried articles can be conveyed directly to separate
      chutes leading to separate collections bins.
PAR  For simplicity FIG. 13 refers to classifying and isolating two types of
      culinary items (Type A and Type B which may be plates and spoons, knives
      and forks, etc.) and FIG. 1 refers to three classified and isolated types
      (Types A, B and C). Any reasonable number of different types can be sorted
      by properly designed systems of this invention, however. For further
      details on retrieving and sorting apparatus one may refer to my
      application Ser. No. Case 410,481, filed Oct. 29, 1973, now U.S. Pat. No.
      3,877,577.
PAR  FIG. 14 describes still another systems of this invention, one important
      aspect of which is the automatic, periodic flushing of the comminuted
      refuse out of the apparatus. FIGS. 15 and 15A illustrate an arrangement
      for effecting periodic flushing of this type. In this apparatus waste
      water from catch basin 67 returns to flush tank 68 via line 45 and waste
      water from catch basin 93 returns thereto via return line 94. Float 41 is
      fastened to an inside wall of tank 68 by arm 46 and pivot 47 so that the
      float rises and falls with the level of water within the tank. The valve
      15 shown closed in FIG. 15 and open in FIG. 15A is composed of pipe 48,
      hinged cap 39 which fits over the mouth of pipe 48, weight 44 toward the
      front end of hinged cap 39, and bottom-apertured cup 49 toward the back
      end of hinged cap 39. Cup 49 and arm 46 are connected by chain 38. When
      tank 68 has filled sufficiently the upward pull on arm 46 and chain 38 due
      to the rising of float 14 causes cap 39 to open so that it reaches the
      position shown in FIG. 15A, this movement being assisted by the rush of
      water into pipe 48 as cap 39 is opened. Also valve 15 is shaped and hinged
      so that it is near the point of balance when closed, and this further
      assists the movement from the closed position of FIG. 15 to the open
      position of FIG. 15A. When the level of the water falls below cup 49 the
      water therein passes through the aperture in the bottom thereof so that
      the downward moment of weight 44 tending to close the valve exceeds the
      downward moment of cup 49 tending to keep the valve open. Consequently,
      hinged cap 39 swings to a closed position and seals off the mouth of pipe
      48 so that flush tank 68 is again refilled and the cycle repeated.
PAR  It will be understood that cetain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims. By way of example, this invention can be applied to the
      classification and collection of culinary items and collection of carrying
      trays without necessarily subjecting any such articles to a cleaning
      operation by the apparatus. Such an apparatus comprises, for example,
      conveyor means for conveying carrying trays having thereon magnetically
      responsive culinary items; means for magnetically removing magnetically
      resonsive culinary items from trays on said conveyor means; means for
      classifying said removed items according to like articles and isolating
      said classified articles each from the other; means for overturning the
      carrying trays so that refuse may be released therefrom; means for
      collecting and comminuting refuse released from the overturned trays; and
      means for collecting the trays after they have been overturned. These and
      other variants will now be readily apparent to those skilled in the art on
      the basis of the foregoing description.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. Automatic scullery apparatus which comprises:
PA1  conveyor means for conveying carrying trays having thereon, inter alia,
      magnetically responsive culinary items;
PA1  means for selectively magnetically removing magnetically responsive
      culinary items from trays on said conveyor means while leaving
      nonmagnetically responsive residual contents on said trays; and
PA1  means for collecting and cleansing the removed culinary items.
NUM  2.
PAR  2. Apparatus according to claim 1 further including means for classifying
      the removed culinary items according to like articles and isolating the
      classified articles each from the other.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said means for classifying the
      removed culinary items effects the classification of said items after they
      have been cleansed.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said means for classifying the
      removed culinary items effects the classification of said items before
      they are cleansed.
NUM  5.
PAR  5. Automatic scullery apparatus which comprises:
PA1  means for conveying carrying trays having culinary items and refuse
      thereon;
PA1  means for magnetically engaging tray-carried magnetically responsive
      culinary items and removing said items from the conveyed carrying trays so
      that said items are selectively removed from the conveyed carrying trays
      and the refuse remaining thereon;
PA1  means for disengaging the magnetically engaged culinary items;
PA1  means for collecting and washing the disengaged culinary items;
PA1  means for removing from the carrying trays the refuse remaining thereon;
      and
PA1  means for cleaning the carrying trays.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the means for removing refuse
      from the carrying trays includes means for overturning the trays.
NUM  7.
PAR  7. Apparatus according to claim 5 including (a) means for collecting refuse
      removed from the carrying trays and (b) open spaced conveyor means for
      conveying the trays toward the means for cleaning the trays, the means for
      removing refuse from the trays including means for overturning the trays
      onto said open spaced conveyor means so that at least a portion of the
      refuse released from the overturning trays may pass through the open
      spaced conveyor means and thence to the means for collecting refuse.
NUM  8.
PAR  8. Apparatus according to claim 7 further including means for comminuting
      and flushing the refuse.
NUM  9.
PAR  9. Apparatus according to claim 5 including (a) means for collecting refuse
      removed from the carrying trays, (b) open spaced conveyor means for
      conveying the trays toward the means for cleaning the trays, and (c) open
      spaced conveyor means for conveying the trays through the means for
      cleaning the trays, the means for removing refuse from the trays including
      means for overturning the trays onto the open spaced conveyor means of (b)
      so that at least a portion of the refuse released from the overturning
      trays may pass through the open spaced conveyor means of (b) and thence to
      the means for collecting refuse, the means for cleaning the carrying trays
      including means for spray washing the trays in overturned position on the
      open spaced conveyor means of (c).
NUM  10.
PAR  10. Apparatus according to claim 9 further including means for comminuting
      and flushing the refuse.
NUM  11.
PAR  11. Apparatus according to claim 5 including means for classifying the
      culinary items according to like articles and isolating the classified
      articles each from the other.
NUM  12.
PAR  12. Automatic scullery apparatus which comprises:
PA1  conveyor means for conveying carrying trays having thereon, inter alia,
      table silverware having magnetically responsive end portions;
PA1  means for magnetically engaging said magnetically responsive end portions
      and removing said silverware from trays on said conveyor means;
PA1  means for collecting, washing and drying said removed silverware;
PA1  means for classifying said washed and dried silverware according to like
      articles and isolating said classified articles each from the other;
PA1  means for collecting and dispensing said isolated articles;
PA1  means for removing refuse remaining on the carrying trays after the removal
      of said table silverware therefrom;
PA1  means for collecting, comminuting and flushing refuse removed from the
      trays;
PA1  means for washing and drying the trays; and
PA1  means for collecting and dispensing the washed and dried trays.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein the magnetically responsive end
      portions of said table silverware differ in cross-sectional size, like
      articles having end portions of like cross-sectional size; and wherein
      said means for classifying said washed and dried silverware comprises:
PA1  magnetic means for magnetically engaging said washed and dried silverware
      by means of said end portions;
PA1   means for moving said magnetic means and engaged silverware along a
      predetermined path of travel;
PA1  means along said predetermined path of travel for disengaging said magnetic
      means and engaged silverware articles at one of a plurality of different
      locations, the location at which disengagement occurs being dependent upon
      the cross-sectional size of the end portion of the silverware article
      being disengaged; and
PA1  means associated with each location for collecting the articles disengaged
      at said location.
NUM  14.
PAR  14. Automatic scullery apparatus which comprises:
PA1  conveyor means for conveying carrying trays having thereon, inter alia,
      table silverware having magnetically responsive end portions;
PA1  means for magnetically engaging said magnetically responsive end portions
      and removing said silverware from trays on said conveyor means;
PA1  means for classifying said removed silverware according to like articles
      and isolating said classified articles each from the other;
PA1  means for collecting, washing and drying said isolated articles;
PA1  means for collecting and dispensing said dried isolated articles;
PA1  means for removing refuse remaining on the carrying trays after the removal
      of said table silverware therefrom;
PA1  means for collecting, comminuting and flushing refuse removed from the
      trays;
PA1  means for washing and drying the trays; and
PA1  means for collecting and dispensing the washed and dried trays.
NUM  15.
PAR  15. Apparatus according to claim 14 wherein the magnetically responsive end
      portions of said table silverware differ in cross-sectional size, like
      articles having end portions of like cross-sectional size; wherein said
      means for magnetically engaging said end portions and removing said
      silverware from the trays is magnetic means which moves the magnetically
      engaged silverware along a predetermined path of travel to said means for
      classifying said removed silverware; and wherein said means for
      classifying said removed silverware comprises:
PA1  means along said predetermined path of travel for disengaging said magnetic
      means and engaged silverware articles at one of a plurality of different
      locations, the location at which disengagement occurs being dependent upon
      the cross-sectional size of the end portion of the silverware article
      being disengaged; and
PA1  means associated with each location for collecting the articles disengaged
      at said location.
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ABST
PAL  An apparatus for washing cereals to wash them in a cereal washing tank by a
      jet water rotor. The invention includes collecting the water-cereal mix
      and removal of the heavier cereals from the mix which overflows a receiver
      to remove lighter weight wastes.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus for washing cereals.
PAR  An object of the invention is to wash cereals by pressured water, such as
      that of the water supply, without use of other power means in washing
      cereals.
PAR  Another object of the invention is to wash cereals continuously in small
      quantities as gradually supplied to a washing compartment from a supply
      hopper.
PAR  A further object of the invention is to provide an apparatus for separating
      washed cereals from slops and other unwanted matter by exhausting such
      unwanted matter.
PAR  Other objects of the invention are to provide an apparatus for washing
      cereals with a very small quantity of energy by washing them in small
      quantities; to wash continuously by supplying cereals from a hopper to a
      washing chamber; and to use two different zones in the apparatus for
      washing and separation actions.
PAR  An apparatus according to this invention has merit for washing cereals
      without causing them to crack or scratch each other owing to no
      application of large pressures thereto and by using minimum power in the
      washing action.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWINGS
PAR  This invention will be better understood from the following description
      taken, in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a vertical section of an illustrative embodiment of this
      invention;
PAR  FIG. 2 is a perspective, exploded view of the rotary wash chamber means of
      FIG. 1;
PAR  FIG. 3 is a horizontal section of the rotor member, taken on line 3--3 of
      FIG. 4;
PAR  FIG. 4 is a vertical section of the rotor member and support;
PAR  FIG. 5A is a perspective view of the screening member and 5B is a
      perspective view of the cylindrical body of the second wash chamber partly
      broken away.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to an apparatus for washing cereals and separating
      washed cereals from slops, impurities, and other undesirable matter.
PAR  Referring now to the drawings, there is illustrated therein a preferred
      embodiment of this invention.
PAR  The numeral 1 indicates a hopper, supported by a side wall 2 having an
      opening 3 at the lower end thereof, the hopper being of funnel shape.
PAR  The numeral 4 indicates a cereal-washing tank or chamber member positioned
      under the opening 3 of the lower part of the hopper, and having a cover 7.
      The cover 7 has an opening 5 at its center and many through slots 6, 6
      extending radially of the cover.
PAR  Over the opening 5 of the said cover 7, a conical supporting member 9 is
      positioned by flanges 10 on the cover, and the supporting member 9 fits
      against or is quite close to the side wall 8 of the lower part of the
      hopper 1.
PAR  The numeral 7' indicates an annular vertical flange outlining the opening 5
      of the cover 7.
PAR  The numeral 11 indicates a tube inserted through the lower center of the
      cereal washing tank 4, to which a hose 12 connects for connection to a
      water supply source such as a faucet.
PAR  The numeral 13 indicates a rotor carried by the tube 11 and designed so as
      to rotatingly move around a hole 14 bored in the tube 11. A jet hole 15 of
      suitable size is made in an indented wall of the rotor and the hole has an
      axis nearly perpendicular to a radius of the hollow tube 11.
PAR  The rotor 13 is positioned only a short distance from the opening 3 at the
      lower part of the hopper 1 to permit cereals to pass thereto. A head part
      16 of the tube 11 projects into the opening 3 to prevent cereals in the
      hopper 1 from freely continuously dropping out of the hopper.
PAR  The said rotor 13 is supported at the upper part and the lower part thereof
      by the head part 16 and a ring 17, respectively, for rotation on the tube.
PAR  The said rotor 13 is provided with an upstanding edge plate 18 at the outer
      circumference of the upper part thereof and with a control arm 19
      extending from the side thereof to regulate the rotation of the rotor 13
      as hereinafter described.
PAR  The rotation of the rotor 13 can be also controlled by making a small hole
      symmetric to the jet hole 15 in place of this control arm 19 which stirs
      the contents of the tank.
PAR  The numeral 20 indicates a conduit means made with a downward inclination
      engaging the outer circumference of the cereal washing tank 4, and having
      a narrow fore end or discharge spout 20a. Such conduit encompasses the
      tank 4 and is below its top edge.
PAR  The numeral 21 indicates a support with the upper part thereof fitted to
      the side wall 2 and feet 22, 22 fixed thereto.
PAR  The support 21 and the cereal washing tank 4, and its base 23, are fixedly
      supported by a plate 25.
PAR  The numeral 24 indicates a cylindrical body having an opening 29 at its
      upper end and being formed in a funnel shape 26 at the lower part thereof,
      at the center of which a small hole 27 is provided.
PAR  The said cylindrical body 24 is fixed to the wall body or support 21 by an
      attaching plate 28 to be positioned to receive discharge from the conduit
      20.
PAR  The numeral 30 indicates a screening or flow control member substantially
      formed in a funnel shape, with the upper part thereof fixed to the top of
      the cylindrical body 24 and open at its end 31. The member 30 is
      positioned at the middle axis of the cylindrical body 24 and extends
      downwardly in the cylindrical section of such body but terminates above
      its lower end.
PAR  The numeral 32 indicates an exhaust or overlow opening at the upper part of
      the side wall of the cylindrical body 24 and to which is connected a
      conduit 33.
PAR  The numeral 34 indicates a jet hole made at the fore end of a water supply
      tube 35 inserted through the side part of the cylindrical body 24, and
      positioned over the small hole 27. The said jet hole 34 is positioned so
      as to face toward the center of the small hole 27 but it may be made
      otherwise; that is, by boring several jet holes directed toward the side
      wall 27' of the small hole 27. The water supply tube 35 may connect to a
      hose 12 or be connected directly to the water supply faucet.
PAR  The water supply tube 35 is fixed to the said cylindrical body 24 by a
      bracket 36.
PAR  The numeral 37 is a collecting container.
PAR  Now, an explanation for use and the actions of this apparatus is to be
      made, and the opening 3 of the lower part of the hopper 1 is positioned
      close to the rotor 13 so as to receive the head part 16 of the tube 11
      therein when fitting the side wall 2 in the support 21. When cereals are
      put in the hopper 1, they fall to the opening 3 and are dropped onto the
      rotor 13 through the small gap between the opening 3 and the head part 16
      of the tube 11. But, after a certain quantity of cereals has dropped, then
      the rotor or its head 13 is filled with cereals to choke the opening 3.
      Such action is aided by the existence of the flange 18 on the rotor.
      Thereafter, cereals are prevented from dropping from the hopper 1. Then or
      beforehand, the hose is connected to the faucet of the water supply for
      release of water, water passing from the tube 11 to the rotor 13 through
      the hole 14 and being jetted from the jet hole 15 of the rotor 13.
PAR  By this reaction of the jet power, the rotor 13 is made to rotate, by which
      cereals on the rotor 13 are progressively dropped from a cutoff part of
      the rotor and fence plate 18' into the cereal washing tank 4. Then no
      cereal is on the rotor 13, or the head part 16 of the tube 11 and cereals
      in the hopper 1 will progressively and/or continuously slowly feed onto
      the rotor 13, as the opening 3 is cleared of prior cereal therein.
PAR  In such a way, cereals in the hopper 1 are slowly supplied continuously to
      the cereal washing tank 4 with the rotation of the rotor 13.
PAR  Cereals dropping in the cereal washing tank 4 are moved around and collide
      each other by water jetting from the jet hole 15 of the rotor 13 to flow
      around the cereal washing tank 4 with the water, thereby causing the
      cereal particles to be gradually washed and cleaned. At this time, the
      vertical flange 7' of the cover 7 retains cereals in the tank 4 so as to
      prevent them from flowing directly out of the opening 5 and to retain them
      for adequate washing. Moreover, during this time, water overflows the
      cereal washing tank 4 from the slots 6 and opening 5 of the cover 7 into
      the conduit 20 positioned around the cereal washing tank 4. If desired,
      the upper edge of the tank 4 can be lower than the upper edge of the cover
      flange 7' and the cover 7 be shaped to have its slotted peripheral portion
      lower than the top of such flange 7' but above the flat upper surface of
      the rotor 13. The washing can be nearly completed by this apparatus
      described above, and be completed by depositing them in a container to
      allow water to drip therefrom. But, as described below, cereals may be
      received in the container 37 after separating slops or other impurities
      therefrom. That is, together with the carrier water, cereals washed in the
      cereal washing tank 4 overflow to drop in order from the cover 7 through
      the conduit 20 to the screening member 30. Some cereal particles slip down
      into the cylindrical body 24 after colliding with the screening member 30
      and some of them drop directly into the cylindrical body 24 through the
      opening 31 of the screening member 30.
PAR  The small hole 27 of the cylindrical body 24 is formed so small in relation
      to the volume and quantity of washed cereals, slops and water flowing in
      that some washed cereals and slops will stay in the cylindrical body 24.
      The water supply tube 35 provides water under pressure so clean water is
      jetted from the jet hole 34 on the central axis of the small hole 27.
      Therefore, cereal particles are floatingly moved around in the cylindrical
      body 24 and sink to near the small hole 27 by their weight.
PAR  Then, the water being jetted at the small hole 27, even if slops or waste
      water are in the body 24, will be diluted rapidly. Moreover, cereals near
      the small hole 27 are washed by the jet water flow, simultaneously with
      which water and cereals are exhausted from the small hole 27 by the jet
      power and gravity to drop into the container 37 previously positioned
      under the hole 27.
PAR  In such a way, cereals flowing into the cylindrical body 24, having greater
      specific gravity than water, sink down near the small hole 27 to be
      exhausted from the small hole 27 by the auxiliary power of jet water from
      the jet hole 34. Hence, cereals and washing water flowing from the conduit
      20 gradually pass to and through the cylindrical body 24 together with
      water jetted from the jet hole 34. The water level in the body 24 in use
      gradually goes up to reach the overflow port 32, and the water exhausted
      through the conduit 33 increases in quantity.
PAR  Rice bran, dust, and the like, and other objects floating on the water are
      called "slops" and are in the cylindrical body 24 to exhaust progressively
      with the water from the upper part thereof by exhaust opening 32. Cereals
      together with clean water flow from the small hole 27.
PAR  Moreover, this apparatus can be used alone as a cereal washing apparatus by
      passing water and cereals in order through several units of this
      apparatus, or by repeatedly passing through them through one unit.
PAR  In such a way, during rotation of the rotor 13, cereals in the hopper 1 are
      continuously supplied and washed in the cereal washing tank 4 to be
      collected in the container 37.
PAR  When stopping a washing action, by stopping the water supply, rotation of
      the rotor 13 is stopped, causing cereals on the rotor 13 to choke the
      opening 3 of the lower part of the hopper 1 to stop the supply of cereals.
      When finishing a quantity of cereals, they are exhausted from the cereal
      washing tank by rotation of the rotor 13 to be ultimately collected in the
      container 37 for any desired further treatment.
PAR  The process includes collecting the water cereal mix in a chamber 24,
      controlling bottom discharge from the chamber to build up the volume
      therein and overflowing the chamber for discharge of slops. Also, means
      are positioned at the bottom of the hopper to provide limited continuous
      cereal discharge dependant upon the processing rate and automatically
      terminating cereal discharge when cereal is not progressing through the
      apparatus.
PAR  According to this invention described above, an apparatus is provided that
      is relatively simple and it automatically supplies cereals in quantity
      that can be washed continuously. Moreover, it is compact and light in
      weight.
PAR  While one complete embodiment of the invention has been disclosed herein,
      it will be appreciated that modification of this particular embodiment of
      the invention may be resorted to without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for washing cereals comprising in combination, a hopper of
      reduced size at the lower part thereof, and having an opening at its
      bottom, a cereal washing tank positioned under the opening and larger than
      the opening, the said opening being no lower than that of a cover on the
      tank, which cover has an opening therein, a hollow water supply tube
      projecting into the cereal washing tank, and a hollow rotor on said tube
      and connecting to said tube, the rotor having an upper vertically
      extending flange plate with a notch at the upper edge thereof and having a
      jet hole in the rotor for water discharge to rotate the rotor, and the top
      of the rotor extending into the opening in the lower part of the hopper to
      reduce the discharge area thereof.
NUM  2.
PAR  2. An apparatus as in claim 1 and including an open ended vertically
      positioned cylindrical member having a reduced area lower end with a
      relatively small discharge opening therein, a conduit collecting overflow
      cereal-water mix from said tank and flowing it to the upper end of said
      cylindrical member, and a jet water stream supply member extending into
      said cylindrical member for directing the stream towards said discharge
      opening to aid in discharge of cereal and clean water therefrom.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 wherein the rotor is equipped with a
      jet hole having an axis nearly perpendicular to a radius of the rotor.
NUM  4.
PAR  4. Apparatus as set forth in claim 1 wherein a control arm, to control the
      revolution of the rotor, is secured to and projects out at the side of the
      rotor.
NUM  5.
PAR  5. Apparatus as set forth in claim 1 wherein the revolution of the rotor is
      controlled by providing a small hole in the rotor at the position
      symmetrical to the jet hole.
NUM  6.
PAR  6. Apparatus as set forth in claim 1 wherein the cover fits over the cereal
      washing tank by aid of a holding member engaging the lower outer part of
      the hopper and projecting above the central opening.
NUM  7.
PAR  7. An apparatus as set forth in claim 1 wherein the cereals are supplied
      from the hopper only when dropping from the top of the rotor by the
      revolution of the rotor, and the rotor and the head part of the tube are
      positioned near to the lower opening of the hopper, and the rotor is
      positioned in the cereal washing tank below the upper edge thereof.
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ABST
PAL  A tube cleaning device including a water lance and a movable carriage with
      a driving mechanism for extending and retracting the lance, lance guides
      and a device for supplying water under pressure to the lance; the driving
      mechanism being located close to the lance tip when the lance is in its
      retracted position.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of our prior co-pending application Ser. No.
      278,565 filed Aug. 7, 1972, which is a continuation-in-part of and
      co-pended with, prior application Ser. No. 116,121, filed Feb. 17, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The interior of tubes which become fouled with deposits are commonly
      cleaned by inserting lances or pipes with spray tips thereon into the
      fouled tubes and applying water under pressure to the lance so that the
      water is jetted from the tip with sufficient velocity to clean the
      deposits from the interior of the tubes. Prior tube cleaning devices have
      been very cumbersome so that the tubes to be cleaned, such as, heat
      exchanger tubes, are brought to the device rather than bringing the device
      to the tubes. Further, the point of application of force to extend the
      lances has been at the end of the lance opposite its spray tip. Because
      the lances are usually relatively small in diameter and long, considerable
      support is required to avoid buckling of the lances as they are driven
      into the tubes.
PAC  SUMMARY
PAR  The present invention relates to an improved water jet type tube cleaning
      device.
PAR  An object of the present invention is to provide an improved tube cleaning
      device with a positioning of the lance drive to minimize buckling of the
      lance.
PAR  Another object of the present invention is to provide an improved tube
      cleaning device for cleaning tubes in a plant without having to remove the
      tube from their installed position in the plant.
PAR  A further object is to provide an improved tube cleaning device with lances
      which are easily and quickly inserted within the tubes of a tube and shell
      type heat exchanger to clean the interior of the tubes quickly and simply.
PAR  Still another object is to provide an improved tube cleaning device with
      lances that are simply guided with the proper spacing to enter the tubes
      to be cleaned.
PAR  Still a further object is to provide an improved tube cleaning device
      having a water lance to which sufficient axial force may be applied to
      force the lance through blocked tubes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages are hereinafter set forth and
      explained in the description of the structure shown in the drawings
      wherein:
PAR  FIG. 1 is a perspective view of the improved tube cleaning device of the
      present invention in position for cleaning the tubes of a heat exchanger.
PAR  FIG. 2 is a plan view of the lance drive and guiding structure with the
      carriage cover removed.
PAR  FIG. 3 is an elevation view taken along line 3--3 in FIG. 2 to illustrate
      the position of the lance driving means.
PAR  FIG. 4 is a partial elevation view taken along line 4--4 in FIG. 2 to
      illustrate the position of the lance driving means.
PAR  FIG. 5 is a partial sectional view illustrating the spray tip of a lance
      within a tube.
PAR  FIG. 6 is a perspective view of the lance positioning and guiding means.
PAR  FIG. 7 is a sectional view of the spring loading structure of the lance
      positioning means.
PAR  FIG. 8 is an elevation view of the lance spacing plate.
PAR  FIG. 9 is a partial sectional view of the lances being guided into tubes of
      a heat exchanger to show the function of the lance positioning means and
      the lance spacing plate.
PAR  FIG. 10 is a partial perspective view of the lance guiding means to show
      the spray containing chamber.
PAR  FIG. 11 is a perspective view of the lance and hose support to illustrate
      the manner in which it may be collapsed for moving.
PAR  FIG. 12 is a partial perspective view illustrating a modified form of tube
      cleaning device of the present invention illustrating another form of
      support for the outer ends of the lances.
PAR  FIG. 13 is an elevation view of a modified form of lance drive in which
      both rolls are powered.
PAR  FIG. 14 is an end view of the lances to show the modified form of lance
      manifold block.
PAR  FIG. 15 is an exploded view of a modified form of lance driving device to
      illustrate its component parts and the relative simplicity of its
      assembly.
PAR  FIG. 16 is a perspective view of the lance drive rollers and the adjustable
      roller loading. FIG. 17 is a perspective view of a modified lance guiding
      structure.
PAR  FIG. 18 is an elevation view of the lance guiding structure taken along
      line 18--18 in FIG. 17.
PAR  FIG. 19 is a perspective view of the modified lance support structure with
      portions broken away to show the lance water manifold connection.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The tube cleaning device of the present invention includes the lance
      driving and guiding device 10, the lance supporting device 12 and water
      means which delivers water to the water blasting spray lance 14. In FIG.
      1, the complete portable tube cleaning device is shown positioned for
      cleaning the tube and shell heat exchanger 16. The function of the
      cleaning device is to remove dirt and deposits from the interior of the
      tubes by inserting the lances 14 into the tubes of the exchanger 16 and
      delivering high velocity water jet sprays to the interior of the tubes as
      the lances 14 are moved into and retracted from the tubes. The lances 14
      are shown in their retracted position in FIG. 1 with their outer or
      manifold end being supported by the chains 18 from the arms 20 and 22 of
      the support device 12. The lances are supplied with water under high
      pressure by hose 24 to the manifold 26 on the outer end of the lances 14.
      The hose 24 is supported on the second arm 22 of the support device 12.
PAR  The arms 20 and 22 of the support device 12 each have a double pivot
      mounting about the pins 28 and 30 which connect the arms to the column 32
      and about the pins 34 and 36 which are positioned at an intermediate point
      on the arms as shown in FIGS. 1 and 11. This double pivot mounting allows
      the chain 18 and hose 24 to move with the lances 14 as they are driven
      into the tubes of the heat exchanger 16 providing support for and high
      pressure water to the lances.
PAR  The lance driving and guiding device 10 includes the base 38, the column 40
      supported by the horizontal carriage 42 on base 38 and the vertical
      carriage 44. The base 38 includes the parallel members 46 and the leg 48
      which is pivotally mounted to members 46 and extends rearwardly (away from
      exchanger 16) therefrom. The members 46 provide the ways for the rollers
      50 on carriage 42 so that carriage 42 is movable along the length of the
      members 46.
PAR  The vertical carriage 44 is movable vertically on the column 40 by rotation
      of crank 52 which drives the gear 54 by connection through the gear box 56
      and the gear 54 being in engagement with the rack 58 on the side column 40
      determines the position of carriage 44.
PAR  The lance driving means is supported on the carriage 44 under the cover 45
      and includes the driving roll 60 driven by suitable means as hereinafter
      described and the idler roll 62. As shown, rolls 60 and 62 are grooved to
      receive the lances 14 between them. The idler roll 62 exerts a force
      toward the driving roll 60 to assure driving engagement with lances 14.
      This force is controlled by rotating the screw 64 to preset the desired
      force exerted on roll 62 by the spring 66. The air motor 68 which is
      controlled by valve 70 connects through the gear box 72 to provide the
      driving means for the driving roll 60. The motor 68 is reversible so that
      the lances 14 may be positively driven axially in either direction. Air is
      supplied to valve 70 and motor 68 through the hoses 74.
PAR  The lances 14 as best shown in FIG. 2 extend through the bushings 76
      mounted in the bracket 78 and into engagement in the grooves of the rolls
      60 and 62. The guiding and positioning means receive the lances 14 on the
      opposite side of the rolls 60 and 62 and guide the lances 14 into the
      interior of the tubes to be cleaned. The guiding and positioning means
      includes a means for presetting the spacing of the lances to the tube
      spacing of the heat exchanger to be cleaned. Also, the guiding and
      positioning means assures that the lance guiding means are in alignment
      with the tubes before the lances are extended.
PAR  The lance guiding and positioning means includes the guide tubes 80 through
      which the lances 14 extend and the extendable arms 82 positioned on either
      side of the guide tubes 80. The lance spacing plate 84 is secured by
      screws 86 to tubes 80 and the arms 82 are slidable therethrough. The lance
      spacing plate 84 defines the four holes through which the tubes 80 and the
      arm 82 extend and the center-to-center distances, a in FIG. 8, are all
      equal and the same as the tube spacing of the tubes to be cleaned. To
      change the spacing of the lances 14 and the positioning arms 82, the
      screws 86 which lock the plate 84 on the tubes 80 are released and a new
      plate 84 having desired spacing is installed on tubes 80 and arms 82. The
      tapered indexing tips 88 are secured to the ends of arms 82. The tips 88
      by being tapered function to locate the guide 80 in alignment with tubes
      to be cleaned by entering an adjacent tube as best shown in FIG. 9. The
      arms 82 are actuated to extended position by the lever 90 so that the tips
      project beyond the end of the guide tubes 80. Also, the arms 82 are
      springloaded so that one may be extended while the other is retracted to
      align the lances with the outer two tubes in a row as shown in FIG. 9.
PAR  The spring loading structure for the arms 82 is shown in FIG. 7. This
      structure includes the bushing 92 threaded on the arm 82 and secured in
      the sleeve 94 which extends a portion of the way through the interior of
      the tubular mandrel 96. The rod 98 extends into the opposite end of the
      mandrel and terminates in the plug 100 within sleeve 94. The spring 102
      surrounds rod 98 and engages the inner end of sleeve 94 and the washer 104
      which is held on rod 98 by the pin 106. Thus, as level 90 is moved to the
      rear, the arm 82 are moved forward. If one or both of the indexing tips 88
      engage the tube sheet rather than within one of the tubes, the rod 98
      moves forward within the tubular mandrel 96 and sleeve 94, compressing
      spring 102 without damaging the tips 88 or the tube sheet of the heat
      exchanger 16.
PAR  The spray tips 108 on the lances are shown in FIG. 5. They thread into the
      forward end of the lances 14 and are provided with the forward opening 110
      to direct a high velocity water jet axially in the tube and the side
      openings 112 to direct high velocity water jets outward and to the rear.
      These high velocity jets are designed to perform a maximum amount of
      cleaning of the deposits from the interior of the tubes. When the tube
      cleaning device is in operation, it is generally preferred to keep the
      water flowing from the jets but because of the rearwardly directed
      openings, the operator and equipment are generally sprayed thoroughly
      unless some provision is made to dissipate the spray jets as the lances
      are removed from, and inserted into the next tubes to be cleaned. Wear the
      ends of each of the tubes 80, box structure 114 is secured in the tubes 80
      as best seen in FIG. 10. Each of the box structures 114 has a drain tube
      116 extending from the lower side thereof so that when the spray tips 108
      are withdrawn into the tubes 80, the water from the spray out the side
      openings 112 collects in the box 114 and drains out through the drain tube
      116. Thus, the box structure 114 functions as a chamber for containing and
      dissipating the high velocity water jets when the lance tips 108 are not
      within the tubes being cleaned.
PAR  The lance and hose support 12 is made to be collapsible as shown in FIG. 11
      so that it may be easily moved from one location to another. Support 12
      includes the base leg 118, the side legs 120 which are pivotally secured
      to leg 118, the column 32 which is pivotally secured to leg 118, and the
      arms 20 and 22 which extend from the section 122 which is pivotally
      mounted on the top of column 32. With all of these pivotal connections,
      the support 12 folds into a small bundle of substantially parallel members
      and by using aluminum structural members, the bundle is sufficiently light
      so that it may be carried by two men.
PAR  In operation, the lance driving and guiding device 10 is assembled in
      position for driving the lances 14 into the tubes of heat exchanger 16.
      The support device 12 is erected in its desired position in relation to
      the device 10. A supply of air is provided to the air hoses 74 so that the
      lances may be inserted through the bushings and are driven by the roll 60
      into the tubes 80. The lances 14 are supported by the chains 18 as they
      are inserted. When the lances 14 have been moved into tubes 80 a
      preselected distance so that their spray tips 108 are still within tubes
      80, the chain 124 is tightened and secured to the slot 126 in bracket 78.
      The chain 124 is also secured to the sliding double loops 128, which
      surrounds the lances 14 and to the manifold 26. Thus, this chain 124
      provides a stop to the retraction of the lances 14. This stop prevents the
      lances 14 from being completely withdrawn, from the tubes 80.
PAR  With the lances 14 installed the water under pressure supplied to the
      lances 14 through the hose 24 and the manifold 26, the carriage 44 is
      adjusted vertically and the carriage 42 is adjusted transversly so that
      the indexing tips 88 on arms 82 which have been extended by actuation of
      level 90 engage the tubes in heat exchanger 16 to position guide tubes 80
      in alignment with the tubes to be cleaned. The valve 70 is actuated to
      drive the lances 14 into the tubes. When the lances 14 have passed to the
      end of the tubes of heat exchanger 16, the valve 70 is reversed to retract
      the lances 14. The carriages 42 and 44 are then moved as required to
      position the lances 14 in alignment with the next tubes to be cleaned.
PAR  When the tubes of heat exchanger 16 have all been cleaned, the hoses 74 and
      24 are disconnected from the supply of air and water, the chain 124 is
      removed from the slot 126 and the lances 14 are completely removed from
      the driving and guiding device 10 and disconnected from the chain 18. The
      support device 12 is folded for moving to the next location where the tube
      cleaning device is to be used. The driving and guiding device may be
      disassembled by lowering carriage 44 and then jacking column 40 out of
      engagement with carriage 42. Leg 48 is folded against the members 46 and
      the device 10 may be moved as three separate pieces, the column 40, the
      carriage 44 and the carriage 42 and its ways. When moved to the next
      location, the device 10 is easily reassembled. In the event a longer
      column 40 is needed, a column having two sections with a suitable joint
      such as a pin and box joint therebetween may be used to allow the carriage
      44 to be positioned higher. In such instances, the length of chains 18
      should be adjusted to provide proper support for the lances.
PAR  The tube cleaning device illustrated in FIGS. 12, 13 and 14 is similar to
      the device previously described except that it is provided with a more
      uniform support for the lances along their entire length and also with
      dual driving rolls as distinguished from the one driving and one idling
      rolls previously described.
PAR  The improved lance support means are shown in FIG. 12 and 14 and include a
      tray 130 supported on standards 132 and from the drive unit 134 as shown
      and having the channels 136 secured to the outer edges of the troy 130.
      The channels 136 are positioned with their legs extending outwardly from
      tray 130. A plurality of hollow members, such as tubes 138 each having a
      longitudinal slot 140 extending along its length at the upper portion
      thereof are positioned on the tray 130. The lances 142 are adapted to
      slide through the tubes 138 and the slots 140 in each tube 138 are
      provided to allow the duct 144 to slide therein. Ducts 144 connect between
      each of the lances 142 and the manifold block 146 to deliver water to the
      lances 142 from the hose 147.
PAR  In order to minimize the resistance to movement of the lances 142, the
      manifold block 146 is supported by the carriage 148. The carriage 148 has
      wheels 150 which engage in the channels 136 and has structure 152
      connecting to the manifold block 146. The carriage 148 thus provides a
      rolling support for the manifold block 146 and the ends of the lances to
      which the block connects.
PAR  With this type of lance support, even extremely long lances will be
      supported against bending when a force is applied at one end tending to
      move the lance in a direction toward its other end. It should be noted
      that as shown the slots 140 in the tubes 138 should be smaller than the
      diameter of the lances 142 to avoid the movement of the lances out of
      their supported position within the tubes 138. The cross sectional shape
      of the hollow members may be of any convenient shape to accommodate one or
      more lances therein.
PAR  The improved lance drive 153 shown in FIG. 13 includes the same components
      as the device previously described except that it has been modified to
      deliver power to both rolls 154 and 156. The motor 158 connects to a gear
      train within the housing 160. The adjustable upper roll 154 and the lower
      roll 156 are both in driving connection with such rear train so that both
      rolls will impart motion to the lances. It should be noted that the rolls
      154 and 156 are designed to drive three lances at the same time while the
      previously described drive unit was shown driving only two lances. Such
      drive units may be made to drive four or more of such lances.
PAR  The modified lance driving and guiding device 200 and lance supporting
      device 202 illustrated in FIG. 15 are totally portable and comparatively
      easy to assemble and disassemble. The driving and guiding device 200
      includes the base 204 in which the base carriage 206 is movably mounted.
      The base carriage 206 is adapted to receive the pedestal or column 208 on
      which is mounted the vertically movable carriage 210 and the guiding and
      driving unit 212 is adapted to be mounted on the carriage 210. The lance
      supporting device 202 includes the pipe 214 which is supported at one end
      by the stand 216, and at the other end of insertion of the pin 218 into a
      hole (not shown) in the support 220 on the driving unit 212.
PAR  The base 204 includes the jack 222 which functions to raise or lower one
      side of the base 204 to provide the desired positioning of column 208.
      Also jack 222 by extending to the rear of base 204 provides additional
      reaction support to allow the lances to be forced with considerable force
      through clogged and blocked tubes.
PAR  The column 208 is suitably secured to the base carriage 206. Carriage 210
      is mounted on column 208 and includes the upwardly projecting pipe 224 and
      the table 226 on which the driving unit 212 is supported. The hand crank
      228 on driving unit includes a clutching connection with the gearing in
      the carriage 210 which allows the vertical position of the driving unit
      212 to be set by the hand crank 228.
PAR  The end of the pipe 214 supported on the driving unit 212 is open as shown
      to expose the lances entering the driving unit 212. The stand 216 is
      vertically adjustable so that the pipe 214 may be maintained substantially
      level at all vertical positions of the driving unit 212.
PAR  Since the function of the drive rollers is to impart sufficient force to
      the lances to allow them to be forced through clogged and blocked tubes,
      the rollers 230 and 232 are shown in FIG. 16 are provided with knurled
      grooves 234 and 236. An example of suitable knurling is provided in a 9/32
      inch radius, 3/32 inch deep groove by a number 3K00 coarse knurling tool.
      The screw 238 which extends through the threaded plate 240 on the case 242
      of driving unit 21 adjusts the force which the springs 244 exert to clamp
      the lances 246 between the rollers 230 and 232. In one unit, it was found
      that sufficient lance force could be developed by having a spring force on
      the rollers 230, 232 in the range from 52 pounds to 400 pounds. Such
      clamping force, together with the knurled engagement of the lances by the
      roller grooves, has allowed the development of lance forces of 270 pounds.
      In the rollers 230, 232 illustrated either one or both of the rollers may
      be driven as previously described.
PAR  A modified form of lance guiding device is illustrated in FIGS. 17 and 18
      which has lateral adjustability of the lance spacing. The guiding device
      248 includes the plate 250, the slotted hood 252, which is supported from
      the driving unit 212, the guide tubes 254, the guide sleeves 256, means
      for adjusting the lateral spacing of the guide sleeves, and the means for
      moving the guide tubes forward to engage their tapered tips 258 into the
      end of a tube bundle to be cleaned. The guide tubes provide support for
      the lances from a point adjacent to the drive rollers to the tubes being
      cleaned to assure that the lancers do not bend or buckle and to thereby
      assure that all of the force imparted to the lances by the drive rollers
      is exerted on the lance tips to force them through blocked or clogged
      tubes.
PAR  With hood 252 secured to the driving unit, the sleeves 256 are restrained
      against axial movement by the studs 260 which extend through the slots 262
      in hood 252 and are secured in position by nuts 264. Slight loosening of
      nuts 264 allow lateral movement of the sleeves 256 and thus this mounting
      of the guide sleeve provides the means for adjusting the lateral spacing
      of the guide tubes 254 and accommodating the spacing of the lances 246 to
      the tube spacing to be cleaned.
PAR  The level 266 is pivotally mounted to the lugs 268 on hood 252 and is
      connected by link 270 to the plate 250 to which the guide tubes 254 are
      secured by the studs 272. Thus as the lever 266 is moved in a
      counter-clockwise direction in FIG. 18 the guide tubes 254 are moved
      forward (to the right) to have their tips 258 engage within the tubes
      being cleaned. Opposite movement of the level retracts the guide tubes
      254.
PAR  The lances 246 are supplied with water as previously explained through the
      hose 274 and the manifold plug 276. The manifold plug 276 is adapted to
      slide freely within support pipe 214 and is provided with suitable
      passages communicating from the hose connection to the lances.
PAR  From the foregoing, it can be seen that the improved tube cleaning device
      of the present invention provides a drive for water jetting lances which
      is near the spray tip end of the lance when it is retracted. Also, the
      device provides for quick and simple alignment of the lances with tubes to
      be cleaned without having to remove the structure in which such tubes are
      positioned. The improved device also is easily disassembled and moved by
      men to render it portable in comparison to the tube cleaning devices of
      the prior art. Further, the device of the present invention provides
      sufficient driving force on the lances to allow them to be forced through
      blocked and clogged tubes, with the driving force being applied near the
      entrance to the tube being cleaned and with the lances being supported
      completely between the driving force and said tube entrance.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tube cleaning device, comprising:
PA1  at least one water jet lance,
PA1  means for extending and retracting said lance,
PA1  support means for said lance including an elongated slotted hollow member
      in which said lance is slidably positioned therein to prevent bending
      collapse of said lance when subjected to end loading, and
PA1  means for supplying water under pressure to said lance, said water supply
      means including a manifold block having means therewith for distributing
      said pressurized water to said lance and a duct mounted with said manifold
      block and said lance for conducting said pressurized water therebetween,
      wherein said elongated slotted hollow member having a slot formed therein
      slidably receives said duct adjacent thereto said slot.
NUM  2.
PAR  2. A tube cleaning device according to claim 1, wherein said support means
      further includes:
PA1  a tray for supporting said elongated slotted hollow member therewith.
NUM  3.
PAR  3. The tube cleaning device according to claim 2, further including:
PA1  a carriage mounted for movement on said tray for supporting said manifold
      block for movement therewith.
NUM  4.
PAR  4. A tube cleaning device, comprising:
PA1  a frame including opposing channel members adapted for alignment with the
      tubes of a heat exchanger or the like;
PA1  a tray mounted with said frame, said tray having a plurality of support
      tubes mounted therewith, said support tubes having slots extending
      longitudinally thereof;
PA1  a carriage mounted on said channels for movement along said channels;
PA1  a manifold mounted for movement with said carriage; and
PA1  a plurality of water jet lances mounted in said support tubes and affixed
      to said manifold through a plurality of ducts which extend from said
      manifold through said slots into fluid connection with said lances whereby
      said lances are mounted for movement with respect to said tray and said
      support tubes.
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ABST
PAL  1. The reduction of turbulent drag of fluids flowing through conduits such
      as pipelines, channels, troughs and streams, or of drag on an object which
      is moving relative to a fluid, which comprises adding to said fluid a
      mixture of soluble polymeric substances and of suspended fibers.
PAL  2. Process fluids, consisting of the above-mentioned mixtures of dissolved
      polymers and suspended fibers, which exhibit decreased pressure losses
      under conditions of turbulent flow as compared to the carrier liquid but
      which exhibit heat or mass transfer rates which are of the same magnitude
      as those of the unmodified carrier liquid. That is, process fluids for
      which the heat transfer rate per unit of pumping power required is greater
      than that exhibited by the carrier fluid.
GOVT
PAR  The Government has a right in this invention pursuant to Contract No.
      N-00014-70-A-D113-001 of the Department of the Navy.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a process for reducing the turbulent drag in
      conduits and around submerged objects by adding to fluids certain
      substances as well as to the fluid mixtures obtained thereby.
PAC  BACKGROUND OF THE INVENTION
PAR  Soluble polymeric additives have been known to reduce the drag, under
      turbulent flow conditions, and there is an extensive literature which
      treats this subject. For example, very high molecular weight additives
      such as polyethylene oxides, polyacrylamides, carboxymethycellulose and
      guar gum may result in high levels of drag reduction even at very low
      polymer concentrations. However these additives degrade very rapidly, due
      to the high stress levels to which they are subjected in the turbulent
      field, and hence are more useful in "one shot" applications, such as flow
      through a fire hose, than in flow through lengthy pipelines or other
      conducits. It has been determined that the mechanisms responsible for drag
      reduction using polymeric additives are located physically in or near the
      quasilaminar sublayer immediately adjacent to the solid surface. Although
      the reductions in drag obtainable using polymeric additives may be quite
      large the additives have not been extensively used: in addition to the
      problem of rapid degredation rate one notes that they are expensive and
      are less efficient in large scale systems than they are in a laboratory
      apparatus having small dimensions. Finally they are not of value as
      process fluids (as in a heat transfer loop in the chemical process
      industries) because, although the pumping power requirements are reduced
      below the levels exhibited by the unmodified carrier liquid, the heat
      transfer rates are reduced even more greatly. That is to say, the process
      fluid's efficiency, defined as the rate of heat transfer per unit of power
      expended, is lower for the drag-reducing solution than for the unmodified
      liquid. A comprehensive review of this entire subject of turbulent drag
      reduction has recently been provided by J. W. Hoyt in his article entitled
      "The Effect of Additives on Fluid Friction" Trans A.S.M.E. (J. Basic Eng.)
      94D, 258 (1972). He shows that the maximum reduction in drag observed to
      date, with polymeric additives, is in the neighborhood of 80%.
PAR  Separately, it has been known for a long time that small particles, such as
      dusts, sediments and paper pulp fibers, when suspended in a turbulent
      fluid, will also reduce the drag on an object or the gradient of the fluid
      head in conduits. The magnitude of the drag reduction obtainable using
      suspended solids has not been as dramatic as in the case of polymeric
      additives, and the mechanisms by means of which this drag reduction occurs
      with suspended solids have not been elucidated. Recently, J. W. Hoyt in
      his article "Turbulent Flow of Drag-Reducing Suspensions" Naval Undersea
      Center Report TP 299, San Diego (1972) has been able to show that the
      reduction in drag obtainable with some fibrous additives, e.g. glass
      fibers and asbestos particles, may be quite large and possibly worth
      exploiting.
PAR  R. C. Vaseleski has been able to show in his M.Ch.E. Thesis at the
      University of Delaware, May, 1973, that the use of fibrous additives
      affects the turbulence in the "turbulent core" in flow through a conduit;
      i.e., the region removed from the laminar sublayer adjacent to the wall.
      Correspondingly, in the case of flow around submerged objects these
      fibrous additives would be expected to influence the turbulent field at
      some distance from the submerged object. A most important result of these
      observations is that the observable drag reduction is not affected
      adversely by increasing the scale of the system, at a constant value of
      the Reynolds number.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that by ulitizing both fibrous and dissolved
      polymeric additives in a fluid one may achieve greater drag reduction than
      with either additive alone. Presumably this occurs because of some
      non-linear interaction of processes in the wall region which involve the
      polymeric additive and those in the external field or turbulent core which
      involve the suspended fibers. Hence, the effect of both additives is
      synergistic.
PAR  The following apparatus was used in determining the effect of additives on
      the turbulent drag in pipelines. A fluid storage tank with a stirrer and
      cooling coils was connected to a Moyno 2L10 bladeless pump that could
      force the fluid in turn through a Foxboro magnetic flow meter, a 30 foot
      section of pipe of selected diameter and then through a conduit back to
      the storage tank. Three 30 foot sections of rigid polyvinyl chloride pipe
      having inside diameters of 2.42, 4.87 and 7.03 cm respectively, were
      arranged in parallel so that by the use of valves any particular pipe
      section could be used. Manometer taps were provided in each pipe to enable
      measurement of the pressure drop as a function of flow rate through the
      pipes.
PAR  Water was used as the carrier fluid, and the tests were run using as the
      soluble polymer Separan AP30, a partially hydrolyzed polyacylamide
      manufactured by Dow Chemical Co., in its commercial form as well as in its
      degraded form as explained below. The fibers tested were two chrysotile
      asbestos fibers and a nylon fiber as more fully identified below.
      Viscometric measurements were performed on all fluids used by means of a
      capillary tube viscometer.
PAR  The choice of fibrous additives to be used was guided by the extensive data
      on fiber effectiveness published by Hoyt. The nylon fibers chosen were
      those obtainable from Microfibers, Inc. with a diameter of 20.mu. and an
      aspect ratio (fiber length/fiber diameter) of 100. One asbestos fiber was
      from Turner Brothers Asbestos Company and the other from Johns-Manville
      Company (labeled 3T12). Turner Brothers report their asbestos fibril
      diameter as 30-40nm and the mean aspect ratio to be 4 .times. 10.sup.4 ;
      no dimensions are available for the Johns-Manville asbestos.
PAR  The addition of surfactant was found to be desirable for the dispersion of
      asbestos fibers in water. The surfactant used in the two asbestos fiber
      suspensions was Aerosol OT obtained from Fisher Scientific Company. The
      concentrations of the surfactant in the solution was 0.8% for Turner
      Brothers fibers, as suggested by the manufacturer, and 0.25% for the
      Johns-Manville asbestos as recommended by Peyser (see the article entitled
      "The Drag Reduction of Chrysotile Asbestos Dispersions" in J. Applied
      Polymer Science 17, 421 (1973)). No attempts to minimize or optimize the
      quantities or choice of surfactant additive were made--conservatively
      large quantities, to assure good dispersion, were employed.
PAR  Since the results may be sensitive to degradation and to dispersion of the
      solids, the experimental techniques employed must be described
      exhaustively. For each test solution the storage tank was initially
      cleaned and filled with a weighed amount of water (about 700 kg.). In the
      earlier phases of the work, the fibers (and the surfactant for the
      asbestos fibers) were poured into the storage tank directly, and the
      suspension was stirred with a low speed mixer. In the later part of this
      study, when the polymeric additive was introduced, somewhat different
      procedures were used. Since both the Turner Brothers asbestos fibers and
      the polymer solution were shear-degradable, only experimental results
      using fresh samples were collected.
PAR  For the systems with polymer and nylon fiber suspensions, weighed amounts
      of polymer were sifted into the water in the storage tank. The polymer
      solution was then pumped through the test loop for 3 hours as a
      "pre-shearing" procedure before the fibers were added, so as to virtually
      eliminate the shear degradation problem. After the pre-shearing, nylon
      fibers were poured into the sheared polymer solution and dispersed
      moderately with a mixer. Finally, for the JM asbestos fibers, soap
      solution was prepared in the storage tank before the polymeric powder was
      sifted in and dissolved. The polymer-soap solution was then "pre-sheared"
      through the test loop for 8 hours. A well dispersed asbestos fiber
      suspension, which was prepared separately in about 45 kg. of soap
      solution, was then poured into the sheared polymer-soap solution for our
      tests. In order to save material and time, a new (higher) concentration of
      suspension was made up by making additions to the previous batch. In the
      solutions with polymer additive, no further polymer was added in these
      later stages. Thus, the polymer concentrations in the solutions with
      higher fiber concentrations were lower than the value (150 wppm) we
      report, having been reduced by about 10 ppm by each fiber addition.
PAR  The results of the experimental work are best shown in the attached
      drawings showing graphs of the experimental results.
DETD
PAR  FIG. 1 shows the actual (experimental) reduction in pressure drop plotted
      vs. the "friction velocity" of the fluid in the pipe. A zero percentage of
      drag reduction implies the usual behavior of Newtonian fluids--coincident
      with what practitioners of the art refer to as the "von Karman line" for
      turbulent flow inside smooth tubes. A 100% drag reduction would imply
      passage of the fluid through the pipe without any pressure losses
      whatsoever. The symbols S, M, and L refer to pipes having inside diameters
      of 2.4, 4.9 and 7.0 cm., respectively. All systems shown contain 0.25%
      wetting agent; the polymer used was Separan AP30 and the fibers were
      particles of JM asbestos 3T12. It is seen that at a friction velocity of
      10 cm/sec the fiber alone leads to a 15% drag reduction, the polymer alone
      to a drag reduction of about 40% and the two together to a reduction in
      drag of about 90%.
PAR  Similar results are shown in FIG. 2, for flow through the 2.4 cm pipe, in a
      dimensionless form common to this area of fluid mechanics. The friction
      factor f is a measure of the magnitude of the drag; large values of the
      ordinate 1.sqroot.f therefore imply a very low drag or a great reduction
      in the drag. The abscissa is a dimensionless flow rate. Referring to this
      figure one sees the usual curve for pure fluids (Newtonian fluids)
      supported by the measurements for water. The equation of Virk et. al.,
      referred to in the article entitled "The Ultimate Asymptote and Mean Flow
      Structure in Tom's Phenomenon" (Trans. A.S.M.E. (J. Applied Mech.) 37E,
      488 (1970)), is supported, though only roughly, by the data for fresh
      polymer solutions. This equation has been labeled as the "maximum possible
      drag reduction" asmyptote for polymeric additives. Turning to the sheared
      polymer data one sees that at an (abscissa) value of the dimensionless
      flowrate of 4000 the ordinate has a value of about 20. Addition of 800
      p.p.m. of fibers increases the ordinate to a level of 60 or more; such a
      3-fold change in 1.sqroot.f corresponds to a 9-fold change in the
      dimensionless pressure drop f. This figure also shows how the fibers may
      be added to a sheared (degraded) polymer solution which has amost no
      drag-reducing properties to produce a highly effective mixture.
PAR  The previous examples illustrated the behavior of a mixture of
      Johns-Mansville asbestos fibers, 3T12, with Separan AP30, a polyacrylamide
      manufactured by Dow Chemical Company. FIG. 3 depicts results for mixtures
      of this same polymer with an asbestos suspension obtained from Turner
      Brothers Asbestos Company, England. The systems contain 0.8% of the
      surfactant. FIGS. 4 and 5 show the results for the carrier fluid with
      nylon fibers, carrier fluid and polymer and a mixture of polymer and nylon
      fibers in the carrier fluid. FIG. 4 refers to 1,000 w.p.p.m. of fibers and
      FIG. 5 to 10,000 w.p.p.m. (1% by weight). The legends in FIG. 4 apply to
      FIG. 5. These systems did not require surfactant for dispersal of the
      fibers and so none was used.
PAR  The following two tables summarize these sets of results. It is seen that
      even though the polymer alone may not reduce the drag at all it still
      possesses the ability to augment the drag reduction of the fiber
      suspension. This is a most important observation: polymers, which are less
      effective (of lower molecular weight) may be employed and such polymers of
      lower molecular weight are much more resistant to degradation.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Reductions in Turbulent Drag Coefficient                                  
     in Polymer-Fiber Mixtures (JM Fibers)                                     
                           Percentage reduction in drag                        
                           coefficient obtained using                          
     Nominal      Fiber    Fiber                                               
                                Polymeric                                      
                                      Both                                     
     Pipe  Reynolds                                                            
                  Concentration                                                
                           Additive                                            
                                Additive                                       
                                      Additives                                
     Diameter                                                                  
           Number w.p.p.m.*                                                    
                           Alone**                                             
                                Alone**                                        
                                      Together**                               
     __________________________________________________________________________
     2.4 cm.                                                                   
           2 .times. 10.sup.5                                                  
                  200      2.5  64    73                                       
                  800      19.  64    92.5                                     
           10.sup.5                                                            
                  200      4.5  50    64                                       
                  800      21.  50    89                                       
     4.9 cm.                                                                   
           10.sup.5                                                            
                  800      18.  40    78                                       
     7.0 cm.                                                                   
           10.sup.5                                                            
                  200      13.  27    44                                       
                  800      22.  27    63                                       
     __________________________________________________________________________
      *Parts per million by weight.                                            
      **All systems contain 0.25% surfactant.                                  
TBL                                    TABLE II                                
     __________________________________________________________________________
     Reduction of Turbulent Drag Using Turner Brothers                         
     Asbestos or Nylon Additives                                               
                         Percentage reduction in drag                          
                         coefficient using: -                                  
                               Fresh                                           
     Nominal     Fiber   Fiber Polymeric                                       
                                     Both                                      
     Pipe  Reynolds                                                            
                 Concentration                                                 
                         Additive                                              
                               Additive                                        
                                     Additives                                 
     Diameter                                                                  
           Number                                                              
                 w.p.p.m.                                                      
                         Alone*                                                
                               Alone*                                          
                                     Together*                                 
     __________________________________________________________________________
     2.4 cm.                                                                   
           2 .times. 10.sup.5                                                  
                 200 TB  14-27**                                               
                               91    94                                        
           10.sup.5                                                            
                 200 TB  13-22**                                               
                               84    88                                        
     4.9 cm.                                                                   
           10.sup.5                                                            
                 200 TB  15-28**                                               
                               67    73                                        
                               Degraded                                        
     2.4 cm.                                                                   
           10.sup.5                                                            
                 1,000 nylon                                                   
                         15    36    63                                        
     4.9 cm.                                                                   
           5 .times. 10.sup.4                                                  
                 1,000 nylon                                                   
                         17     0    36                                        
     __________________________________________________________________________
      Polymer concentration: 150 w.p.p.m. in all cases.                        
      *The asbestos systems contain 0.8% surfactant, the nylon systems contain 
      none                                                                     
      **Level depends on extent of fiber degradation.                          
PAC  DESCRIPTION OF THE UTILITY OF THE INVENTION
PAR  Typically, the reduction in drag which is obtainable using polymeric
      additives is in the neighborhood of 50-80%, if the additives are highly
      efficient. The greatest reduction in drag obtained to date with a combined
      system is 95%. This represents a twenty-fold reduction in power costs, for
      conveying fluids through a pipeline. If the power supply is fixed one is
      able to increase the flowrate by a factor of approximately 3 with such
      large reductions in drag at a given flowrate.
PAR  Polymers of low molecular weight or suspended fibers are, by themselves,
      not especially attractive drag reducing additives since the drag reduction
      levels attainable are not very great under conditions of normal usage. In
      combination they possess an enormous advantage, however, over polymeric
      systems of high molecular weight, in their great resistance to
      degradation. This work has shown that by combining these systems one may
      obtain very large reductions in drag, while concomitantly exploiting their
      resistance to degradation. In long conduits the polymer or fibers may be
      added at stations along the pipe to replace material that becomes
      completely degraded.
PAR  It is well known to practitioners of the art that process fluids commonly
      used as heat mass transfer media in the chemical process industries
      exhibit resistances to heat transfer which are concentrated in the
      sublayer region immediately adjacent to the surface being heated or
      cooled, providing dimensionless groups known as the Prandtl or Schmidt
      numbers are appreciably greater than unity. All known homogeneous process
      liquids other than liquid metals fall into such a region of "high" Prandtl
      or Schmidt number. Additives which thicken this sublayer, such as
      dissolved polymers, would be expected to decrease the rates of heat
      transfer. This expectation has been confirmed and the engineering
      literature shows that the reduction in heat transfer rate is generally
      greater than the reduction in drag; i.e. polymeric drag reducing fluids
      are usually unsatisfactory process fluids in that the heat transfer
      obtainable per unit of pumping power expended is lower than in the case of
      the unmodified carrier liquid.
PAR  We have been able to show that the effect of fibrous additives tends to be
      concentrated on the "turbulent core" of the velocity field. Reductions in
      drag obtained in this way would not be expected to have any strongly
      deleterious effect on the heat transfer rates. Thus, systems containing
      suspended fibers and dissolved polymer may exhibit properties which are
      highly desirable from the viewpoint of a process fluid application.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for reducing the turbulent drag of a fluid in a conduit or
      around a submerged object which comprises adding to the fluid a soluble
      polymer and a dispersable non-soluble fibrous substance having an aspect
      ratio of at least 100.
NUM  2.
PAR  2. The process of claim 1 in which the carrier liquid contains 10-10,000
      p.p.m. of the suspended fibrous substance and 1-2,000 p.p.m. of the
      dissolved polymeric matter.
NUM  3.
PAR  3. A process of claim 1 in which the polymeric material used is chosen from
      the commonly-known inventory of satisfactory drag reducing polymeric
      additives but is of such a state of molecular weight or of degradation
      that, by itself, it exhibits little or no drag reduction in flow processes
      of a scale which are of practical interest.
NUM  4.
PAR  4. A process of claim 2 in which the polymeric material used is chosen from
      the commonly-known inventory of satisfactory drag reducing polymeric
      additives but is of such a state of molecular weight or of degradation
      that, by itself, it exhibits little or no drag reduction in flow processes
      of a scale which is of practical interest.
NUM  5.
PAR  5. A process, having as either its primary or important secondary purpose,
      the transfer of heat and/or mass from a process fluid stream in which a
      dissolved polymer and a dispersed non-soluble fibrous substance having an
      aspect ratio of at least 100 are added to the process fluid for the
      purpose of reducing the turbulent pressure drop required to pump the fluid
      stream.
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ABST
PAL  A method of preparing liquid mixtures of predetermined composition,
      particularly beverages, which comprises the steps of dosing components of
      the liquid mixture on the basis of weight and evacuating a mixing
      container to a pressure of less than 0.5 atm. abs. Then individual
      components of the liquid mixture are drawn into the mixing container by
      means of valves controlled in succession in dosing devices from storage
      containers which are under higher pressure than the mixing container.
PARN
PAR  This application is a continuation of Ser. No. 353,723 filed Apr. 23, 1973,
      now abandoned.
BSUM
PAR  The present invention relates to a method of preparing liquid mixtures of
      predetermined composition, and particularly beverages, in which the
      components are dosed by means of a dosing or metering device operating on
      a weight basis. Such methods serve for the hygienic preparation of liquid
      mixtures having a composition which is constant from one batch to the
      next. In this connection a high accuracy of the composition must be
      maintained since, for instance, the quality of the beverage is dependent
      to a considerable extent on the accuracy of its composition, and therefore
      exact conformity with the recipe.
PAR  In the known methods for the preparation of beverages, for instance
      refreshment drinks and other liquid mixtures which have a strongly
      predominant content of water as compared with the other components, the
      so-called beverage syrup is first of all prepared. The syrup consists
      essentially of a sugar solution, fruit acid, essences and base substances
      with which de-aerated water is admixed. This mixture can possibly be
      charged with CO.sub.2.
PAR  It has been found that it is advisable to use dosaging devices operating a
      weight basis both for the individual components upon the preparation of
      the beverage syrup and upon the mixing thereof with the other components,
      including the required quantity of water ("Monatsschrift fur Brauerei,"
      24, p. 186-189, 1971). By this method of operation, one can obtain a high
      degree of accuracy more easily, than with devices which operate on a
      volume basis and furthermore, the different substances do not come into
      contact with the measuring devices, as is necessarily the case in methods
      which operate on a volume basis.
PAR  In the known methods, the necessity of using stirring devices in the mixing
      containers and pumps for the conveying of the components constitutes a
      disadvantage. With both of them, problems as to material and cleaning
      arise.
PAR  The object of the present invention is to circumvent these difficulties. In
      accordance with the invention, this is done by first evacuating the mixing
      container to a pressure of less than 0.5 atm. abs., whereupon the
      individual components of the liquid mixture are drawn through valves
      controlled by the dosing or metering device one after the other into the
      mixing container from storage containers which are under a higher pressure
      than the mixing container.
PAR  Since the conveying of the individual liquids to the mixing container is
      effected by the pressure difference between storage and mixing containers,
      no equipment such as delivery pumps or the like is required in the
      apparatus for carrying out the method of the invention. Their function is
      taken over by the vacuum pump which is in any event present for the
      required degasification of the water used. In this way there is obtained
      the advantage that not only are conveying means saved, but in continuous
      operation the cleaning of the apparatus is considerably simplified and
      facilitated.
PAR  When working with components of high vapor pressure, for instance in the
      preparation of beverages having a vapor pressure at ambient temperature
      higher than the vapor pressure of water, the components and/or the mixture
      are preferably cooled in such manner that the vapor pressure of each of
      the components is below the pressure in the mixing container. In this way
      the evaporation of substantial portions of low-boiling components in the
      mixing container can be avoided.
PAR  In the preparation of many liquid mixtures, for instance pharmaceutical
      products, the apparatus for the preparation must not only be cleaned after
      every batch, but must also be made sterile by means of steam conducted
      through the system. In accordance with a further feature of the method of
      the invention, the steam for the sterilization can be utilized for
      producing the vacuum in the mixing container. This can be done in simple
      fashion in the manner that, after the air has been replaced in whole or in
      part by steam in the mixing container, the mixing container is closed and
      thereupon cooled, the vacuum resulting in the container from contraction
      of the vapor is used for drawing in the mixture components.
PAR  The cooling of the mixing container can be effected in any desired manner.
      For instance, by the dissipation of heat to the surroundings by convection
      and radiation, there is first obtained a slight cooling which is followed
      by a further cooling and condensation of vapor in the mixing container by
      the drawing in of a part of the water necessary for the preparation of the
      mixture. A rapid cooling and thus also a rapid production of the vacuum in
      the mixing container is obtained by distributing this water in finely
      divided form therein, for instance by drawing it in through spray heads.
PAR  After preparation of the liquid mixture, it can be cooled. After filling of
      one container, the dosing device can then be utilized for the preparation
      of a liquid mixture in another mixing container. In this connection it is
      immaterial whether similar or different liquid mixtures are prepared in
      the mixing containers which are operated alternately. Only a suitable
      programming of the electronic dosing controls is required for this. They
      can also be used without difficulty for automatically switching from one
      mixing container to the other and for carrying out the switching tasks
      corresponding to the instantaneous conditions of the mixing containers
      (empty, full, etc.).
PAR  In many liquid mixtures, for instance beverages, the proportions by weight
      of different components in the mixture which consists predominantly of
      water are relatively small. In the preparation of such liquid mixtures, it
      is advantageous to employ the method of the invention twice by premixing
      the components of smaller weight proportion in a first mixing container
      and preparing the final liquid mixture in a second mixing container, the
      first mixing container taking the place of a storage container.
PAR  In accordance with a further development of the invention, those components
      which constitute the smaller proportion by weight and which can be
      premixed, for instance, in a first mixing container are first introduced
      into the second mixing container in which the final liquid mixture is
      prepared, while thereafter the larger-proportion component, consisting
      generally of water, is introduced.
PAR  Several inlet openings for this component are advantageously provided on
      the mixing container and so arranged and dimensioned that the entrance of
      this component effects a strong eddying of the mixture, so that a
      homogeneous liquid mixture is obtained. If the large component is water,
      as in most cases, a part of this water is advantageously introduced
      through the system of the feedlines of the other components in such a
      manner that traces of the smaller components remaining in these passages
      are washed into the mixing container.
DRWD
PAR  One embodiment of an apparatus for carrying out the method of the invention
      is shown diagrammatically in the sole FIGURE of the accompanying drawing.
DETD
PAR  The smaller-proportion components are premixed in the first mixing
      container 1 and the final liquid mixture, i.e. the finished product, is
      prepared in the second mixing container 2 and/or 2'.
PAR  Before the final mixing can commence, at least the mixing container which
      is to be placed in operation first must be evacuated. The first mixing
      container 1 and the second mixing container 2 and/or 2' are preferably
      evacuated in a single operation. For the induction by suction of the
      individual components of the liquid mixture to be prepared, a pressure
      (suction) of 0.5 atm. abs. in the mixing container is generally
      sufficient. If readily volatile components are to be used, it may be
      advisable, in order to obtain high speeds of delivery, to place the
      storage containers under pressure instead of using a correspondingly
      reduced pressure in the mixing container. This measure frequently does not
      result in any additional technical expense, since the components which are
      used are stored in their storage containers under a CO.sub.2 atmosphere in
      order, for instance, to protect them from oxidation.
PAR  Upon the starting up of the apparatus shown, the vacuum pump (not shown)
      commences operation and for instance, via the line 19 which is provided
      also for the supplying of water and the valves 16, 16', 17 and the outlets
      15, 15', can be connected to the mixing containers 1, 2 and 2', the
      outlets 10 and 10' being open. After the vacuum predetermined for the
      mixing container 1 has been reached or after a time of pumping which can
      be determined, for instance by a time relay, the outlets 10 and 10' are
      closed.
PAR  If a report is obtained that the mixing containers 2 and 2' are empty, the
      outlets 15 and 15' of the mixing containers 2 and 2' as well as the valve
      9 are closed. The valves 16 and 16' are in position A.
PAR  The mixing of the small weight components which are present in the storage
      containers 3, 4 and 5 is now effected in the mixing container 1 in the
      manner that first a valve associated with one of said storage containers,
      for instance the valve 6, opens. After the predetermined quantity of
      liquid present in the storage container 3 has passed into the mixing
      container 1, the valve 6 closes, the valve 7 opens, and liquid is added
      from the storage container 4. The addition of liquid from the storage
      container 5 proceeds in corresponding fashion via the valve 8 which is
      controlled by the closing device in the same manner as the valves 6 and 7.
PAR  The mixing process in the mixing containers 2 and/or 2' can start
      simultaneously with the mixing in the mixing container 1 by supplying via
      line 20 an additional component into the mixing container 2 via the valve
      11, for instance, with valve 12 open. After the premix has been prepared
      in the mixing container 1, the small components by weight contained
      therein can be brought into the mixing container 2 and/or 2' by opening
      the outlets 10 and/or 10'.
PAR  Finally, the component which constitutes the largest proportion in weight,
      namely the water, is added. It is first fed in a coarse stream from the
      line 21 via the valve 9 and the outlet 10 or 10' into the mixing
      containers 2 and 2' via the outlet 15 or 15' and from the line 19 via the
      valve 17 and the valve 16 or 16'. This coarse stream of water produces an
      intense mixing and washes all traces of liquid out of the lines leading
      from the valves 6, 7 and 8 to the mixing container 1, the container
      itself, and the lines and valve connecting it with the mixing containers 2
      and 2'.
PAR  The precise dosaging of the quantity of water to be added is effected via
      the lines 13 and 14 or 13' and 14' respectively. The finished product
      obtained is to be bottled via the outlet 15 or 15' of the valve 16 or 16'
      which is in position B and the valve 18 after the product has possibly
      been charged with CO.sub.2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a beverage consisting predominantly of water and
      including a plurality of other components, said method comprising the
      steps of:
PA1  a. metering quantities of each of said other components by weight into
      respective storage receptacles and pressuring each of said storage
      receptacles with CO.sub.2 ;
PA1  b. evacuating a premixing container and a mixing container simultaneously
      to a pressure of at most 0.5 atm. abs.;
PA1  c. successively communicating at least two of said storage receptacles with
      said premixing container to induce the respective components to pass by
      suction from said storage receptacles into said premixing container;
PA1  d. connecting said premixing container to said mixing container to induce
      by suction the contents of said premixing container to empty into said
      mixing container;
PA1  e. thereafter drawing water by the suction in said mixing container into
      the latter and at least in part through said premixing container for
      mixture with said components in said mixing container; and
PA1  f. discharging the mixture of said components with water from said mixing
      container.
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ABST
PAL  A control valve is disclosed which includes first and second valves. An
      inverted pendulum is operative with the valves such that when the pendulum
      rotates in one direction the first valve is opened and the second valve is
      closed, and when the pendulum rotates in the opposite direction the valve
      operation is exactly opposite. An electromagnetic device may also be
      operative with the inverted pendulum which device when energized causes
      the inverted pendulum to rotate in one direction or the other. The
      inverted pendulum may also be rotatably biased for holding one valve
      opened and the other valve closed. The control valve may be used in any
      number of control systems and is especially suited for use as a master
      control valve in a vehicle braking system.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to copending applications entitled "Acceleration
      Controlled Braking System", Ser. No. 437,404, filed Jan. 28, 1974, now
      Pat. No. 3,885,836 on behalf of Thomas H. Putman and William O. Osbon; and
      "Braking System For A Multi-car vehicle", Ser. No. 437,449, now Pat. No.
      3,899,216 filed Jan. 28, 1974, on behalf of Thomas H. Putman. Each of the
      referenced applications is assigned to the assignee of the present
      invention.
PAC  BACKGROUND OF THE INVENTION
PAR  There is always a need for novel valve apparatus, and in particular valve
      apparatus which may perform diverse control functions. For example, in the
      vehicle braking arts there is a need for a master control valve which
      responds to a reference braking signal in conjunction with sensed
      deceleration of the vehicle for smoothly controlling the application of
      the brakes on the vehicle.
PAR  According to the present invention a control valve is disclosed which is
      believed to meet the general requirements for a control valve as well as
      the specific requirements of a master control valve for a vehicle braking
      system.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention valve apparatus is disclosed which
      includes first and second valves. An inverted pendulum is operative with
      the first and second valves and which when rotated in one direction tends
      to close the first valve and open the second valve, and when rotated in
      the opposite direction tends to open the first valve and close the second
      valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic and block diagram representation of a vehicle braking
      system according to the present invention;
PAR  FIG. 2 is a schematic representation of a master control valve suitable for
      use in a vehicle braking system as illustrated in FIG. 1;
PAR  FIG. 3 is a horizontal section taken along the line III--III of FIG. 2
      illustrating the direction control valve portion of the master control
      valve;
PAR  FIG. 4 is a partial vertical section of FIG. 2 defined by the section line
      IV--IV of FIG. 3 and illustrating the forward control valve portion of the
      master control valve;
PAR  FIG. 5 is a horizontal section taken along the line V--V of FIG. 2
      illustrating a top view of both the forward and reverse control valve
      portions of the master control valve;
PAR  FIG. 6 is a vertical section of FIG. 2 defined by the section line VI--VI
      of FIG. 3 illustrating the reverse control valve portion of the master
      control valve;
PAR  FIG. 7 is a vertical section taken along the lines VII--VII of FIG. 2 which
      section is in a plane perpendicular to the plane of the section
      illustrated in FIG. 6;
PAR  FIG. 8 is a schematic diagram of a brake valve which may be used as the
      brake valve which is generally set forth in FIG. 1;
PAR  FIG. 9 illustrates a multi-car vehicle system according to the present
      invention;
PAR  FIG. 10 illustrates a car coupler which includes a force transducer for
      sensing the coupling forces acting on the coupler, which coupler may be
      used in a multi-car vehicle system as set forth in FIG. 9;
PAR  FIG. 11 is a schematic diagram representation of a linear differential
      transformer which may be used as the force transducer illustrated in FIG.
      10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is illustrated a vehicle braking system 2 which may be
      housed in one vehicle car operating alone or in a multi-car vehicle
      system. A master control valve 3 includes an inertial mass (not shown)
      which controls the application of brakes on the one vehicle car. The
      inertial mass, which may take the form of an inverted pendulum, is
      responsive to a sensed deceleration of the vehicle car as well as to a
      reference braking signal for controlling the application or release of the
      vehicle car brakes. The master control valve includes first and second
      valves (not shown) which respond to the movement of the inertial mass for
      controlling their respective valve conditions. When the inertial mass
      moves in one direction the first valve tends to move toward one valve
      condition and the second valve tends to move toward the opposite valve
      condition. For example, the first valve may tend to move towards a closed
      valve condition and the second valve may tend to move towards an open
      valve condition. When the inertial mass moves in the opposite direction
      the first and second valves reverse their respective valve conditions. The
      first valve controls the brakes when the vehicle car is traveling in one
      direction, and the second valve controls the brakes when the vehicle car
      is traveling in the opposite direction.
PAR  The master control valve 3 receives fluid under pressure at a first input 5
      via a line 6 from a hydraulic power supply 4 at supply pressure P.sub.s.
      The fluid at supply pressure P.sub.s is also supplied to inputs 7 and 8 of
      a front brake valve 9 and a rear brake valve 10, respectively via a line
      11. The master control valve 3 includes a return path for fluid to the
      supply 4 via a line 12, which return path is also common to the front and
      rear brake valves. The fluid at pilot pressure P.sub.p appearing at the
      output 13 of the master control valve 3 is applied to the inputs 14 and 15
      of the brake valves 9 and 10 respectively for controlling the operation of
      same.
PAR  A direction control signal is applied to the master control valve 3 from a
      vehicle controller 16. The direction control signal determines whether the
      first or second valve receives fluid P.sub.s from the supply 4. The
      direction control signal may have one of two values determined by the
      direction of travel of the vehicle car. If the direction control signal
      has the first value the first valve receives fluid P.sub.s, and if the
      direction control signal has the second value, the second valve receives
      the fluid P.sub.s. The direction of travel of the vehicle car is readily
      determined by the use of a direct current (DC) tachometer or the like as
      is well known in the art. Suitable control logic in the controller 16
      determines the value of the direction control signal as determined by the
      orientation of the vehicle car relative to the vehicle travel path. That
      is, if the vehicle car is oriented in one direction relative to the travel
      path and the orientation of the vehicle car is then changed, with the
      vehicle car being commanded to travel in the same direction along the
      travel path as before the change of orientation, the value of the
      direction control signal must also be changed as to be complementary to
      its prior value.
PAR  The master control valve also receives a reference signal from the vehicle
      controller 16. This reference signal is a reference braking or
      deceleration signal which informs the master control valve of the amount
      of braking needed at a given moment of time. The derivation of a reference
      signal in a vehicle controller is well known in the art and so will not be
      set forth in detail. For example, the reference signal may be derived from
      a potentiometer or the like which provides a direct current (DC) signal
      output having a magnitude indicative of the desired braking level. When
      the vehicle car is oriented in one direction relative to the vehicle
      travel path and the vehicle is to move in a forward direction the
      reference signal will be at a positive DC level, and when the vehicle car
      is to move in the opposite direction the reference signal is at a negative
      DC level. When the orientation of the vehicle car is reversed relative to
      the vehicle travel path the sign of the reference signal is reversed for
      the two directions of travel along the vehicle travel path. The reference
      signal is applied via a line 17 to a first input 18 of a summing amplifier
      19, and is also applied by a line 20 to the other cars in a multi-car
      system when the vehicle controller on the car is used as the master
      controller. The reference signal is coupled to the other cars by a common
      train line as is well kmown in the art. The usual practice is that the
      head-end car serves as the master controller, and for descriptions that
      follow it will be assumed that the braking system for the car shown is for
      a single car which also functions as the master controller for the other
      cars in the multi-car vehicle system. The second input 20 of the summing
      amplifier 19 receives a direct current signal from a demodulator 21 which
      demodulates the alternating current signal output from a coupler
      transducer 22 which is located in and forms part of the coupler on one end
      of the vehicle car. The transducer 22 senses a coupling force acting on
      the coupler and provides a signal having a phase and amplitude which is
      indicative of this coupling force. If this coupling force tends to
      accelerate the vehicle car, the signal provided to the input terminal 20
      is at a level which tends to cause the braking system to release the
      brakes on the vehicle car so the coupling force may be reduced to zero.
      Conversely, if the sensed coupling force tends to decelerate the vehicle
      car the signal applied to the terminal 20 is at a level which tends to
      cause the braking system to apply the brakes on the vehicle car so the
      coupling force may be reduced to zero. The input terminal 23 of the
      summing amplifier 19 receives a signal input from a demodulator 24 which
      is provided an alternating current signal input from a coupler transducer
      25 which forms part of the coupler on the other end of the vehicle car.
      This coupler transducer and demodulator system operates in a like manner
      to the coupling system formed by the demodulator 21 and the transducer 22.
      It follows therefore that the signal applied to the input terminal 23 must
      be inverted by the summing amplifier 19 since the coupling forces sensed
      by the respective transducers are opposite when providing the same
      polarity output. That is, when the transducer 22 senses a coupling force
      which tends to accelerate the vehicle, the transducer 22 provides an
      output signal which is substantially the same as the output from the
      transducer 25 when latter transducer senses a coupling force which tends
      to decelerate the vehicle. This will be explained in more detail later.
      The summing amplifier 19 provides an output signal to an input 26 of the
      master control valve 3. This signal is a modified reference signal for
      controlling the movement of the inertial mass in the master control valve.
      It may be seen that if the vehicle car is operating as a single unit that
      there is no signal input to the terminals 20 and 23, and the modified
      reference signal applied to the master control valve is therefore
      substantially identical to the reference signal appearing at the output of
      the vehicle controller. If however, the vehicle car is operating in a
      multi-car vehicle system the signal inputs to the terminal 20 and 23 are
      indicative of the coupling forces acting on this vehicle car, with the
      idea being to reduce the sum of these coupling forces to zero such that
      each vehicle car is supplying its own braking effort as a function of the
      sensed coupling forces. As will be explained later, if one of the vehicle
      cars loses its brakes the other vehicle cars in the system pick up the
      braking effort required for bringing the multi-car vehicle to a smooth
      stop in relation to the sensed coupling forces.
PAR  The fluid at pilot pressure P.sub.p appearing at the output 13 of the
      master control valve varies from 450 to 1200 pounds per square inch (psi).
      The vehicle car brakes are applied when this pressure is at 450 psi and
      the brakes are released as the pressure increases to 1200 psi when the
      braking effort is then essentially zero. The brake valves 9 and 10 respond
      to the fluid at pilot pressure P.sub.p such that when the pilot pressure
      is 450 psi the brake pressure P.sub.b is substantially 1500 psi, with
      P.sub.b decreasing to zero psi when P.sub.p reaches 1200 psi. It is seen
      therefore that as P.sub.p inccreases P.sub.b decreases and vice versa. The
      brake valves 9 and 10 receive a slip spin signal from the controller 16
      via lines 27 and 28, respectively. Whenever the slip spin signal is
      present the brakes are released. The output fluid at brake pressure
      P.sub.b from the front brake valve 9 is applied to brake cylinder 29 and
      30 for controlling their respective operations. These cylinders may for
      example be situated and function with the two wheels on the front of the
      vehicle car. P.sub.b from brake valve 10 is supplied to brake cylinders 31
      and 32 which function with the brakes situated on the two rear wheels of
      the vehicle car.
PAR  Essentially the braking system disclosed is comprised of a valve means
      which includes first and second valves. An inertial mass is also included
      which controls the valve condition of the first and second valves. The
      first valve moves toward one valve condition and the second valve moves
      toward the opposite valve condition in response to the inertial mass
      moving in one direction, with the first and second valves reversing
      respective valve conditions in response to the inertial mass moving in the
      opposite direction. The inertial mass moves in either the one or the
      opposite direction in response to the vehicle decelerating, and the
      inertial mass is also responsive to a provided reference signal which has
      a magnitude indicative of the desired braking effort for the vehicle. When
      the reference signal changes in one sense, the inertial mass moves in the
      one direction, and in response to the reference signal changing in the
      opposite sense the inertial mass moves in the opposite direction. The
      brakes on the vehicle car are applied an amount determined by the
      respective valve conditions of the first and second valves as controlled
      by the inertial mass.
PAR  FIG. 2 illustrates in more detail the master control valve 3 set forth in
      FIG. 1. The valve 3 is pivotally mounted by a pin 34 and a bracket
      assembly 35 to a framework 36 of the vehicle car. A housing 37 is secured
      to a direction valve 38 portion of master control valve 3 by suitable
      fastening means such as bolts (not shown). A base member 39 is secured to
      the direction valve 38 and has placed therein a pilot valve assembly 40
      and a balance piston assembly 41. A support member 42, which is mounted on
      base member 39, has an arm 43 pivotally attached thereto by a pin 44. An
      arm 162 is attached to the arm 43 for rotational movement therewith. A
      plunger mechanism 45 attached to the arm 162 contacts a piston assembly 46
      of the balance piston 41 when the arm 43 rotates in a counterclockwise
      direction. A plunger assembly 47 attached to the arm 162 includes a valve
      occluding means such as a ball 48 is seated in the valve seat of the valve
      40 when the arm 43 is rotated in a clockwise direction. The function of
      the valve 40 and the piston assembly 41 will be described in more detail
      shortly. A pilot valve and balance piston assembly similar to that
      illustrated is situated directly behind the assemblies shown with their
      positions reversed, as is more clearly illustrated in FIG. 6. An inertial
      mass 48 is comprised of a U-shaped steel member 50, which includes legs
      50' and 50" which comprise permanent magnets, and which is attached to the
      arm 43 and an arm 199 as illustrated in FIG. 6. A soft iron core member 49
      is also attached to the member 50. It is seen that the arm 43 and the
      inertial mass 48 function as an inverted pendulum since the center of
      gravity of the system is above the pivot point 44. A voice coil assembly
      51 is mounted on a support bracket 52, with the voice coil 51 being wound
      such that the iron core 49 moves towards the coil 51 as the arm 43 rotates
      in a clockwise direction and moves away from the coil 51 when the arm 43
      rotates a counterclockwise direction. The coil 51 receives the modified
      reference signal via a line 26 which is connected to conductors 53 which
      are seated in an insulated cap assembly 54. Wires 55 are connected between
      arms 56 and the conductors 53. Contacts 57 of the arms 56 are in contact
      with contacts 58 of arms 60 which are connected to the coil 51 for
      energizing same. The contact arrangement is used so that the top of the
      master control valve may be removed for servicing. As was stated
      previously if the vehicle car is to travel in a forward direction as
      illustrated by the arrow 62 the modified reference signal has one sense,
      namely a positive DC level, and if the vehicle is to travel in a reverse
      direction the sense of the modified reference signal is opposite, that is
      a negative DC level. The system is such that if the modified reference
      signal is zero the vehicle is to be braked and as the reference signal
      increases in magnitude the vehicle is braked to a lesser extent or not at
      all. It is to be appreciated that other force transducer systems such as
      pneumatic systems or the like may be used in the practice of the invention
      for responding to the reference signal. A damping mechanism such as a
      dashpot 62 is mounted on the arm 43 for rotationally damping the movement
      of the arm 43. The inverted pendulum system shown is operational in the
      fluid medium supplied to and passed from the valve system of the master
      control valve.
PAR  The direction valve 38 controls the application of supply fluid at pressure
      P.sub.s to the master control valve and the removal of fluid at pilot
      pressure P.sub.p from the master control valve. The master control valve
      is shown in a static or at rest position. Normally, the master control
      valve is pivoted either to the left or to the right, as will be explained
      shortly. A bracket support assembly 63 is secured to the vehicle frame 36
      by suitable fastening means such as bolts (not shown). A stop member 64 is
      adjustable within the frame 63 and is locked in place by a nut 65 which
      may be adjusted to position the end of member 64 a predetermined distance
      from the bracket 63. Another stop member 66 is adjustable within a bracket
      67 and is locked in place by an adjusting nut 68 which determines the
      position of the stop member 66. An arm 69 is secured to the direction
      valve 38 by suitable fastening means (not shown), and attached to the arm
      69 is a member 70 which is connected to the bracket 63 by way of a spring
      71. The tension of spring 71 is sufficient to pull the arm 69 in a
      leftward direction such that it is pressed against the stop member 64,
      thereby rotationally biasing the arm 43 in a clockwise direction under the
      force of gravity which tends to seat the ball 48 in the valve seat of the
      valve 40. A solenoid 72 is secured to the vehicle frame 36 by suitable
      fastening means (not shown), which solenoid is energized via the line 33
      by the direction signal. The solenoid arm 73 is attached to the arm 69 by
      an adjustment screw 74. When the solenoid 72 is energized by the direction
      signal the arm 73 is pulled toward the right overcoming the bias force of
      spring 71, and the arm 69 is brought to rest against the stop member 66.
      The arm 43 of the inverted pendulum then rotates in a counterclockwise
      direction rotationally biasing the arm 43 thereby tending to remove the
      ball 48 from the valve seat of the valve 40. The rotation of the master
      control valve in either instance is on the order of 11.degree.. It is seen
      that when the solenoid 72 is energized that a plunger 75 on the direction
      valve 38 is pressed against the vehicle frame 36, thereby changing the
      valve condition of the direction valve 38 relative to its valve condition
      when the solenoid 72 was deenergized. The detailed functioning of the
      direction valve 38 will be explained shortly.
PAR  When the vehicle car is traveling in the forward direction as indicated by
      the arrow 62 the solenoid 72 is energized, overcoming the stiffness of the
      spring 71 which in turn urges the arm 69 against the stop member 66. The
      plunger 75 on the direction valve 38 places the valve 38 in such a
      condition that fluid at supply pressure P.sub.s is supplied to the pilot
      valve 40 and the balance piston 41. The pilot valve and balance piston for
      reverse direction of travel (as shown in FIG. 6) receives no fluid at this
      time. Fluid at pilot pressure P.sub.p is transmitted from the direction
      valve by way of the valve 40 at this time, as will be made more clear
      shortly. If the vehicle is traveling in the reverse direction, solenoid 72
      is deenergized, the arm 69 is urged against the stop member 64 by the
      spring 71 and the valve 40 and the balance piston 41 for the forward
      direction of travel receives no fluid. The pilot valve and balance piston
      assembly for the reverse direction of travel as shown in FIG. 6 now
      receives fluid for controlling the brake. The operation of both valve and
      piston assemblies will be described in detail shortly.
PAR  Refer now to FIG. 3 which is a section of the direction valve 38 taken
      along the line III--III of FIG. 2. The valve 38 may take the form of a
      spool valve and is comprised of a valve housing 76 which is attached to a
      manifold assembly 77 by suitable fastening means such as bolts (not
      shown). It is to be appreciated that an O-ring assembly or the like is
      positioned between the valve housing 76 and the manifold assembly 77 such
      that there is no fluid leakage. A spool assembly 160 comprised of three
      lands is attached to the plunger mechanism 75. The spool assembly 160 is
      shown at an at rest or static position for a condition similar to that
      illustrated in FIG. 2. The spool assembly 160 is slidably engaged in a
      bore 78 within the housing 76 and is sealingly fitted therein by O-rings
      79. When the solenoid 72 is deenergized the spring 80 as controlled by the
      adjustment nut 81 urges the spool assembly 160 against a stop member 82
      which is sealingly secured to the housing 76 by bolts 83 and 84,
      respectively. It is seen that when the piston is to the right-most
      position, as just described, the input 5 which supplies supply fluid at
      pressure P.sub.s communicates with a passage 85 via the bore 78 which
      passage is connected to the reverse valve assembly on the master control
      valve as will be explained shortly. The pilot pressure P.sub.p fluid
      output from the reverse valve assembly of the master control valve is
      returned to a port 86 communicating with a chamber 87 and through a
      passage 88 to supply fluid at pilot pressure P.sub.p at the output 13
      which is connected to the brake valves. Conversely, when the solenoid 72
      is energized the arm 75 is pressed against the vehicle frame 36 which
      urges the spool assembly 160 leftward against the manifold 77 such that
      the P.sub.s input 5 is coupled to a passage 89 which communicates with the
      forward valve portion of the master control valve as will be explained
      shortly. A port 90 is now in communication with the forward section of the
      master control valve and returns fluid at pilot pressure P.sub.p to the
      cavity 87, through passage 88 to the output 13, and in turn to the brake
      valves.
PAR  It is seen therefore that when a direction signal has one value namely zero
      volts the solenoid 72 is deenergized and the direction valve 38 supplies
      fluid at supply pressure P.sub.s to the master control valve reverse valve
      assembly via the passage 85 and receives fluid at pilot pressure P.sub.p
      via the port 86, which is transmitted to the chamber 87 and through the
      passage 88 to the brake valves via the output 13. Conversely when the
      direction signal is at a second level namely a positive voltage the
      solenoid 72 is energized and the direction valve assumes a second valve
      condidtion and the fluid at supply pressure P.sub.s is supplied to the
      direction valve forward valve assembly via the passage 89, and receives
      fluid at pressure P.sub.p from the master control valve through the port
      90, which is transmitted to the chamber 87, and through the passage 88,
      and to the brake valves via the output 13.
PAR  Refer now to FIG. 4 which illustrates the first valve section, namely the
      forward valve section of the master control valve 3. It is assumed that
      the vehicle is to travel in a forward direction as illustrated by the
      arrow 62 and that the solenoid 72 is energized such that the arm 75 of the
      direction valve 38 is pressed against the vehicle frame 36 (see FIG. 2).
      The direction valve is in such a condition therefore that the spool
      assembly 160 is moved in a leftward direction and is pressed against the
      manifold assembly 77, such that fluid at the supply pressure P.sub.s
      appearing at the input 5 is communicated through the passage 89 of the
      direction valve (see FIG. 3) and is then supplied to the master control
      valve. Returning to FIG. 4, the passage 89 is receiving fluid at pressure
      P.sub.s at this time which is supplied to a metering orifice 91 of the
      pilot valve assembly 40 and to a balance piston assembly 41. The fluid
      passed by the metering orifice 91 is at the pilot pressure P.sub.p for the
      forward direction of travel. This passes through the throat 93 and the
      valve seat annulus of the valve 40 and communicates with the interior of
      the housing of the master control valve 3. Fluid at pilot pressure P.sub.p
      is also communicated through a passage 94, which is the pilot pressure
      output for the forward direction of travel, and which communicates with
      the port 90 of the direction control valve 38 (see FIG. 3).
PAR  When the system is biased for forward direction of travel, the arm 43 is
      rotationally biased in a counterclockwise direction such that the ball 48
      is removed from the valve seat of the valve 40 and the assembly 45 is in
      contact with the balance piston 95. In such a condition the pilot pressure
      in the passage 94 is essentially 450 psi which is a minimum pilot pressure
      which results in 1500 psi pressure output from the brake valve causing the
      brakes to be applied. This is a failsafe consideration for system
      operation such that the vehicle brakes are always applied until the
      rotational bias applied is overcome by sufficient reference current being
      applied to the voice coil of the inverted pendulum. It is seen therefore
      that in absence of current being applied to the voice coil the brakes are
      applied on the vehicle. Assume that current is now applied to the voice
      coil such that the arm 43 is caused to rotate in a clockwise direction
      such that the ball 48 is seated in the valve seat of the valve 40. When
      this occurs the pilot pressure in the passage 94 increases to a maximum
      value, on the order of 1200 psi which results in a decrease of brake
      pressure P.sub.b such that the brakes are released on the vehicle. When
      the vehicle car is moving, and has excessive deceleration for one reason
      or another it is seen that the excessive deceleration force causes the arm
      43 to rotate in a clockwise direction which tends to cause the ball 48 to
      be seated which in turn increases the pilot pressure in the passage 94
      which causes pilot pressure to increase therefore releasing the brakes as
      will be explained in more detail in relation to FIG. 8. This type of
      action results in smooth braking effort for bringing the vehicle to a
      smooth stop.
PAR  The balance piston 41 produces a force on the arm 43 which tends to oppose
      the torque exerted on the arm 43 by the pilot pressure applied against the
      ball 48. This in part results in the brake pressure being substantially
      unaffected by changes in supply pressure as will be explained later. The
      balance piston 95 is self-centering as it is tapered such that the
      diameter of the bottom portion is on the order of 1,000th or 2,000th of an
      inch less than the diameter of the top portion. The ball 48 is also
      self-centering in the valve seat due to the hydrodynamic forces acting on
      it. The area A.sub.p which is the area of the opening at the top of throat
      93, and the area A.sub.b which is the area of the balance piston each have
      a predetermined size for reasons which will subsequently be set forth.
PAR  It is seen for forward movement of operation that the first valve assembly,
      namely the forward valve assembly, is receiving fluid from the direction
      control valve via the passage 89. When the forward valve is in the first
      valve condition, namely open, the pilot pressure is at a minimum value
      such that the vehicle brakes are applied, and conversely when the valve is
      in a second valve condition, namely closed, the pilot pressure increases
      to a maximum value and the vehicle brakes are released. A stand pipe 96 is
      illustrated in FIG. 4, which pipe returns fluid from the interior of the
      master control valve housing to the return output 12 of the direction
      control valve (see FIG. 3).
PAR  FIG. 5 is a section taken along the line V--V of FIG. 2 such that a top
      view may be seen of the first and second valve assemblies, namely the
      forward and reverse valve assemblies. The forward pilot valve 40 and the
      forward balance piston 41 are illustrated, with the forward valve 40 shown
      in communication with the pilot pressure passage 94 which communicates
      with the port 90 of the direction control valve. The reverse pilot valve
      97 is shown in communication with the passage 85 which communicates with
      the port 86 of the direction valve. Also shown is the balance piston 98
      for the reverse valve assembly. Arms 43 and 199 which support the inertial
      mass are also illustrated. It now may be more readily seen how the forward
      valve 40 receives supply pressure P.sub.s only when the solenoid 72 is
      energized, and conversely the reverse valve 97 receives supply pressure
      P.sub.s only when the solenoid 72 is deenergized. If however the
      orientation of the vehicle relative to the vehicle travel path were
      changed, likewise the energization of the solenoid 72 would be changed.
      That is, solenoid 72 would be deenergized if the vehicle were to travel in
      the forward direction and would be energized if the vehicle were to travel
      in the reverse direction along the vehicle travel path.
PAR  In FIG. 6 there is illustrated the second valve section of the master
      control valve assembly, namely the reverse section. An arm 199 is
      pivotally mounted on a support member 100 by way of a pin 101. Attached to
      the arm 199 is an arm 102 which has a plunger mechanism 103 which engages
      the balance piston 99 of the balance piston assembly 98 when the arm 199
      is rotated in a clockwise direction. Included is a plunger mechanism 104
      having a valve occluding means such as a ball 105 therein which is seated
      in the valve seat of the valve assembly 97 when the arm 199 is rotated in
      a counterclockwise direction. A webb 107 is formed between the arm 43 and
      the arm 199 for supporting the dashpot 62. A piston 108 is housed in the
      body of the dashpot 62 for movement therein, and attached thereto is a
      stiff wire 110 which is secured to support member 52 by means of a
      securing means 109. The piston 108 moves inwardly in the body of the
      dashpot when the pendulum rotates in a clockwise direction, and moves
      outwardly when the pendulum rotates in a counterclockwise direction. A
      bimetal plate 111 is attached to one end of the dashpot 62 by means of a
      screw 112. A small parallel plane opening formed by the plate 111 and an
      opening 113 allows fluid to be expelled from the dashpot. The bimetal
      strip 111 responds to the temperature of the fluid surrounding the dashpot
      for permitting a different amount of fluid to escape from the opening.
      This results in damping the inverted pendulum substantially independent of
      the temperature of the fluid. The time constant for the damping system
      will be on the order of 1 second or so which results in good system
      stability.
PAR  When the vehicle car decelerates while traveling in the reverse direction
      the inverted pendulum tends to rotate in the counterclockwise direction
      due to the vehicle car deceleration thereby tending to close the pilot
      valve 97. The force acting on the pendulum due to the deceleration is the
      mass (m) of the pendulum times the deceleration (a) and the force is
      acting in the same direction as the REVERSE arrow pointing leftward at the
      bottom of FIG. 6. The mass (m) is on the order of 5 pounds or so. Since
      the pendulum is rotationally biased in a clockwise direction, the bias
      force is m .theta. g acting in the direction opposite to the deceleration
      force, where m is the mass, .theta. is the angle of rotation, and g is
      gravity. The current flow through the coil 51 caused by the modified
      reference signal must be in a direction such as to produce a force tending
      to aid the rotation of the inverted pendulum due to deceleration. The
      force arises by interaction of the voice coil current and the radial air
      gap field. It follows that the sum of the deceleration force and the
      reference force must tend to equal the bias force, that is the sum of the
      forces equal zero, to result in smooth deceleration and braking of the
      vehicle car. It is readily apparent that the forces acting on the pendulum
      and the current flow through the coil are complementary for forward
      direction of travel.
PAR  FIG. 7 is another sectional view of the master control valve which is
      essentially a side view wherein the balance piston 41 for the forward
      system is seen and the pilot valve 97 for the reverse system is seen. This
      helps to more clearly illustrate the fact that one pilot valve tends to
      close when the other pilot valve tends to open and vice versa.
PAR  Refer now to FIG. 8 which illustrates a brake valve 114 which is suitable
      for use as the brake valves 9 or 10 of FIG. 1 when practicing the present
      invention. The brake valve 114 receives fluid at pilot pressure P.sub.p at
      an input port 115, and fluid at supply pressure P.sub.s at an input port
      116, with fluid at brake pressure P.sub.b being supplied at an output port
      117. The return of fluid from the brake valve to the hydraulic power
      supply is from port 118. The brake valve comprises an inlet valve 119 and
      an exhaust valve 120. These valves are in equilibrium except during
      transient pressure changes. An increase in pilot pressure P.sub.p results
      in a decrease in brake pressure since the exhaust valve 120 opens due to
      the increase in pilot pressure which results in fluid escaping from cavity
      121 through the return line to the output port 118. When enough fluid
      escapes such that the brake pressure has decreased sufficiently, the
      system returns to equilibrium. If on the other hand pilot pressure tends
      to decrease, the inlet valve 119 tends to open allowing fluid at supply
      pressure P.sub.s to enter the cavity 121. Once the brake pressure then
      increases to a sufficient value, this pressure causes the inlet valve 119
      to close returning the system to equilibrium. If a slip spin signal is
      present, the coil 150 is energized pulling the ball 151 towards input 116
      blocking passage of fluid P.sub.s to the brake valve and venting areas
      A.sub.3 to the return thereby opening exhaust valve 120 which drains fluid
      from cavity 121 thereby releasing the brakes on the vehicle car.
PAR  The choice of the areas designated Al, A2, and A3 on the inlet and exhaust
      valve results in the brake pressure P.sub.b being uneffective by changes
      in supply pressure P.sub.s. This is so due to the areas A.sub.b and
      A.sub.p on the master control valve, as set forth in FIG. 4, also being
      properly chosen. This is more clearly seen in relation to the following
      mathematical expressions which show that the brake pressure P.sub.b is
      independent of supply pressure P.sub.s if the previously mentioned areas
      are properly chosen.
PAR  Force on pendulum due to P.sub.s and P.sub.p (See FIG. 4)
EQU  F = P.sub.p A.sub.p - P.sub.s A.sub.b                      (1)
PAL  relation of pressures acting on brake valve (See FIG. 8)
EQU  P.sub.s A.sub.3 = P.sub.p A.sub.2 + P.sub.b A.sub.1        (2)
PAL  solving for P.sub.b from (2)
      ##EQU1##
      solving for P.sub.p from (1)
      ##EQU2##
      substitute (4) in (3)
      ##EQU3##
      It is seen that P.sub.b dependency on P.sub.s may be eliminated if the
      following relationship holds true from (5):
      ##EQU4##
PAR  This occurs if the following holds
      ##EQU5##
PAR  When (7) is met, it follows from (5) that
      ##EQU6##
PAR  From the above it is seen that the brake pressure (P.sub.b) is not effected
      by variations in supply pressure (P.sub.s) when the ratio of A.sub.3
      /A.sub.2 on the brake valve is equal to the ratio of A.sub.b /A.sub.p on
      the master control valve. This therefore obviates the need for an
      expensive regulated source of fluid when practicing the present invention.
PAR  Refer to FIG. 9 which illustrates a multi-car vehicle comprised of vehicle
      cars 122, 123 and 124. Each of these vehicle cars includes a vehicle
      braking system as set forth in FIG. 1, with the control braking system
      being illustrated by the blocks 125, 126 and 127 respectively in the
      vehicle cars 122, 123, and 124. The inverted pendulum for each vehicle car
      is shown external to the control braking block for clarity of explanation
      and is numbered as 128, 129 and 130 in the respective cars. The cars are
      coupled together in a conventional manner with each coupler in each car
      including a force transducer such that the coupling forces acting on the
      respective couplers may be sensed for modifying the braking reference
      signal applied to the master control valve in each vehicle car. The
      coupling forces acting on the respective cars are related to a force
      F.sub.c as follows:
PAR  For car 123;
EQU  F.sub.c = C(T.sub.a - T.sub.b)                             (1)
PAR  For car 122;
EQU  F.sub.c = +C(T.sub.b)                                      (2)
PAR  For car 124;
EQU  F.sub.c = -C(T.sub.a)                                      (3)
PAR  Where F.sub.c, which acts on the inverted pendulum, is proportional to the
      resulting coupling force acting on a given car. T.sub.a and T.sub.b are
      coupling forces acting on the cars as set forth in FIG. 9. For example
      T.sub.a is the coupling force acting between cars 123 and 124, and T.sub.b
      is the coupling force acting between the cars 122 and 123 and C is a
      system constant. Since car 123 has coupling forces acting on each of its
      respective couplers it follows that the resulting coupling force felt by
      the vehicle car is the sum of the two forces. The general rule adopted is
      that a coupling force acting on the front of a vehicle car which tends to
      accelerate the vehicle car should tend to release the brakes on the
      vehicle car and vice versa, whereas a coupling force acting on the rear of
      a vehicle car which tends to decelerate the vehicle car should tend to
      apply the brakes on the vehicle car and vice versa. Therefore T.sub.a is a
      positive force for car 123 whereas it is a negative force for car 124, and
      T.sub.b is a negative force for car 123 whereas it is a positive force for
      car 122. Since the couplers on each end of a given vehicle car are
      identical in construction, it follows that a force tending to produce a
      tension in the coupler, that is a force acting outwardly from the car
      would produce like signals at each coupler. Since these forces are
      opposing it follows that the force T.sub.b for car 123 should be inverted
      in accord with the force equation for car 123. FIG. 1 illustrates how this
      is accomplished as the force T.sub.b is sensed by the transducer 25,
      demodulated by the demodulator 24, and is applied to the inverting input
      of the summing amplifier 19. On the other hand the coupling force acting
      on the coupler A is applied to a demodulator 21 and to a noninverting
      input 20 of the summing amplifier 19 of FIG. 1. It is seen therefore that
      the summing amplifier 19 performs the mathematical operation set forth by
      the force equation for vehicle car 123 such that the reference signal
      applied to the input terminal 18 of the summing amplifier 19 is modified
      an amount determined by the respective coupling forces act on the car 123
      for controlling the movement of the inverted pendulum 129 on the car 123
      thereby controlling the amount of braking on the car 123. Similar analysis
      shows that cars 122 and 124 respond in a like manner. In the event a given
      car in a multi-car vehicle loses its brakes the other cars will take up
      the necessary braking by sensing the coupling forces to result in a smooth
      braking for the vehicle car system. It is seen that the effect of the
      coupling force feedback is to reduce the coupling forces acting between
      cars essentially to zero such that each car supplies braking effort
      proportional to its own mass.
PAR  Refer now to FIG. 10 which illustrates a coupler 130 which may be used in
      the practice of the present invention. A coupler housing 131 has an end
      member 132 which is secured to the vehicle car in a well known manner, and
      a coupling member 165 which is used to couple with a coupler on another
      vehicle car in a well known manner. A member 133 is slidably mounted in
      the housing 131 for movement therein depending upon the coupling force
      acting on the coupler member 165. An elastomeric pad device 134 is
      comprised of alternate steel plates 135 and rubber sections 136, and at
      each end thereof belleville springs 137 are mounted between the housing
      and the elastomeric pad devices for constraining the movement of the
      member 133 a predetermined amount within the housing 131. A force
      transducer such as the linear differential transformer 138 has its coil
      structure 139 secured to the housing 131 by bracket assembly 140. A
      movable core section 141 is secured to the movable member 133, for
      movement therewith, by a bolt arrangement 142. The core member 141
      therefore is displaced within the coil member 139 an amount determined by
      the movement of the member 133. The linear differential transformer
      provides an alternating signal output the phase and amplitude of which is
      dependent upon the position of the core 141 within the coil structure 139
      as will be explained in more detail shortly.
PAR  FIG. 11 illustrates schematically the linear differential transformer 138
      set forth in FIG. 10. The transformer 138 has a primary winding 143 with a
      center tap 144 which is connected to one side of an alternating current
      source 145, with the other side of the source being connected to the
      respective ends of the primary winding. The secondary winding 146 of the
      transformer is connected to the input of a demodulator 147 which may for
      instance be used as the demodulator 21 or 24 as set forth in FIG. 1. When
      the core member 141 is centrally positioned as illustrated, which is
      indicative of a zero coupling force condition, there is essentially no
      current induced in the secondary winding 146 since the current flow
      through each side of the primary winding 143 with respect to the center
      tap 144 produces equal an opposite current flow in the secondary winding
      146. If however the core member 141 is moved in a leftward direction,
      which is indicative of compression of the coupler, there is a greater
      amount of current flow induced in the secondary 146 in one direction which
      results in a phase condition which results in the demodulator 147
      providing a negative signal output, and when the coupler 141 is pulled
      outwardly that is in the righthand direction, which is indicative of
      tension in the coupler, a current flow is produced in the opposite
      direction in the secondary coil 146, with the demodulator 147 providing a
      positive direct current output. It is well known in the art how to
      properly connect the linear differential transformer 138 to the
      demodulator 147 such that the demodulator 147 provides the proper polarity
      output signal for required system operation.
PAR  In summary a novel master control valve has been disclosed which may form
      part of an acceleration control braking system for a single vehicle car.
      In a multi-car vehicle system, the vehicle braking system on each car
      responds to the coupling forces acting on the respective car for modifying
      a common reference braking signal for effecting the braking such that the
      coupling forces acting between cars is substantially reduced to zero.
CLMS
STM  We claim:
NUM  1.
PAR  1. Valve apparatus comprising, in combination:
PA1  a base member;
PA1  first and second fluid input ports seated in said base member;
PA1  first and second fluid output ports seated in said base member;
PA1  first and second valves seated in opposite ends of said base member, with
      said first valve connected to said first fluid input port and said first
      fluid output port, and with said second valve connected to said second
      fluid input port and said second fluid output port;
PA1  a pendulum rotatably attached at one end thereof to said base member, and
      including an arm attached thereto at an angle with respect to the
      longitudinal axis of said pendulum, including first and second valve
      occluding means attached to the respective ends of said arm and aligned
      with said first and second valves respectively for being seated in or
      unseated from said first and second valves respectively as said pendulum
      rotates in one direction and the opposite direction respectively;
PA1  a magnet attached to the other end of said pendulum; and
PA1  a coil situated adjacent said magnet which when energized produces a
      magnetic field which either attracts or repels said magnet such that said
      pendulum rotates in either said one or said opposite direction.
NUM  2.
PAR  2. The combination claimed in claim 1, including:
PA1  a source of fluid under pressure;
PA1  valve means, having an input connected to said source and also including an
      output, for providing fluid to said first fluid input port and for
      receiving fluid at said output from said first fluid output port when said
      valve means is in one condition, and for providing fluid to said second
      fluid input port and for receiving fluid at said output from said second
      fluid output port when said valve means is in the other condition.
NUM  3.
PAR  3. The combination claimed in claim 2 including:
PA1  means for damping the rotational movement of said pendulum.
NUM  4.
PAR  4. The combination claimed in claim 3 including:
PA1  means for tilting said base member such that said pendulum rotates whereby
      said first valve occluding means is seated and said second valve occluding
      means is unseated or vice versa.
NUM  5.
PAR  5. Valve apparatus comprising, in combination:
PA1  first and second valves;
PA1  an inverted pendulum operative with said first and second valves and
      rotatable in one direction to close the first valve and open the second
      valve and rotatable in the opposite direction to open the first valve and
      close the second valve; and
PA1  direction valve means in communication with said first valve when said
      direction valve means is in a first condition and in communication with
      said second valve when said direction valve means is in a second
      condition.
NUM  6.
PAR  6. The combination claimed in claim 5, including:
PA1  a transducer operative with said inverted pendulum, and energizable to
      cause said inverted pendulum to rotate in one of said one and said
      opposite directions.
NUM  7.
PAR  7. The combination claimed in claim 6, including:
PA1  means for rotatably biasing said inverted pendulum such that said first
      valve is closed and the second valve is open and vice versa.
NUM  8.
PAR  8. Valve apparatus comprising, in combination:
PA1  a base member;
PA1  first and second valves seated in said base member;
PA1  a pendulum rotatably attached at one end thereof to said base member and
      including means for closing said first valve and opening said second valve
      in response to said pendulum rotating in one direction, and for opening
      said first valve and closing said second valve in response to said
      pendulum rotating in the opposite direction;
PA1  a transducer operative with said pendulum and energizable to cause said
      pendulum to rotate in said one or said opposite direction; and
PA1  direction valve means in communication with said first valve when said
      direction valve means is in a first condition and in communication with
      said second valve when said direction valve means is in a second
      condition.
NUM  9.
PAR  9. The combination claimed in claim 8, including:
PA1  means for damping the rotation of said pendulum.
NUM  10.
PAR  10. The combination claimed in claim 9, including:
PA1  means for rotatably biasing said pendulum such that said first valve is
      closed and said second valve is open or vice versa.
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ABST
PAL  An apparatus for leading off air from liquid, preferably blood, and for
      measuring the flow of liquid through the apparatus which comprises two
      chambers separated by a partition formed with a throughflow aperture. One
      chamber is movable in relation to the other chamber and adapted, in
      relation to the amount of liquid in one or the other chamber, to control a
      valve regulating the build-up of pressure in the apparatus.
BSUM
PAR  This invention relates to an apparatus for leading off air in connection
      with the measuring of the flow of a liquid, for instance blood through an
      artificial kidney, said apparatus having an inlet chamber and an outlet
      chamber for the liquid, which chambers are separated from one another by a
      partition formed with a throughflow aperture for the liquid, the flow
      being measured by measurement of the liquid level in the inlet chamber.
PAR  In measuring, particularly of the flow of blood through an artifical
      kidney, apparatuses of this type have not functioned with satisfactory
      reliability to exclude that so-called air embolism arises during
      measurement. A fully controlled flow prevails when a patient is subjected
      to a dialysis treatment. Blood is sucked from the patient by means of a
      hose pump and the blood is pumped through a dialysis filter. The blood
      then passes a wholly closed bubble trap before it is sent back into the
      patient's body. If a leakage arises on the suction side of the pump air,
      instead of blood will be pumped under maintained pressure through the
      dialysis filter and via the bubble trap into the patient's body. In such a
      case the patient will immediately die from so-called air embolism, i.e. a
      clot containing air has entered the patient's blood stream. Such a leakage
      can arise for instance when the hose connection to the dialysis apparatus
      at the patient's body slips out of its fastening without anybody noticing
      it, as the patient may be sleeping.
PAR  The apparatus according to the present invention eliminates this serious
      drawback primarily in that there is provided between the outlet chamber
      and the ambient atmosphere a valve which from unactuated open position is
      adjustable into closed position by the liquid entering through the inlet
      chamber and thereby actuating the position of the inlet chamber. By this
      arrangement, the measuring device can be manufactured in a very simple and
      inexpensive manner, which is of particularly great importance when the
      device is used for measuring the flow of blood in a dialysis apparatus in
      which the measuring device is of the single-use type. The measuring device
      is also advantageous in that it provides, when used in a dialysis
      apparatus not only a measurement of the flow through the apparatus but
      also a separation of the bubbles in the liquid, the flow of which is
      measured, whereby the construction of the dialysis apparatus can be highly
      simplified.
DRWD
PAR  Embodiments of the invention will be more fully described hereinbelow and
      with reference to the accompanying drawings in which
PAR  FIG. 1 shows the measuring device when the outlet chamber is in
      communication with the atmosphere and no liquid flows through the
      measuring device;
PAR  FIG. 2 shows the measuring device when the communication between the outlet
      chamber and the atmosphere is interrupted and a liquid flows through the
      measuring device;
PAR  FIG. 3 shows a modified embodiment of the device,
DETD
PAR  The apparatus illustrated in FIGS. 1 and 2 is intended for leading off air
      and for measuring the flow of blood in an artificial kidney. Blood is
      sucked from the patient by means of a hose pump (not shown) and is pumped
      through a supply pipe 1 to an inlet chamber 2. The supply pipe 1 is
      inserted in an upper wall 3 of an outlet chamber 4 which is in the form of
      a tube and entirely encloses the inlet chamber 2. An outlet pipe 6 is
      inserted in the bottom 5 of the outlet chamber 4. Both the inlet chamber
      and the outlet chamber are made from transparent material.
PAR  The inlet chamber 2 is formed as a graduated measuring tube. A hinge 7
      fixed to inner wall of the outlet chamber 4 in the uppermost portion
      thereof, supports the inlet chamber 2 so that it can pendulate from an
      outwardly swung position to a vertical position. The inlet chamber 2 has
      an open top part 8 which is positioned beneath and close to the point
      where the supply pipe 1 opens into the outlet chamber 4. The bottom 9 of
      the inlet chamber 2 is provided with an outlet aperture 10 for permitting
      the blood dammed up in the inlet chamber 2 to flow into the outlet chamber
      4.
PAR  The movement of the inlet chamber 2 from its outwardly swung position to
      its vertical position takes place against the action of a spring 12 by the
      weight of the blood 11 dammed up in the inlet chamber 2. The spring 12 is
      a relatively thin leaf spring having a shape similar to an L. The upper
      half of the spring 12 is parallel with the side wall of the outlet chamber
      4 and formed with a hole 13 which registers with a hole 14 in the side
      wall 4 when the spring 12 is shifted up and down in a guide provided on
      the inner side of the side wall of the outlet chamber 4. The lower half of
      the spring 12 is bent out towards the lower part of the inlet chamber 2
      and fastened thereto.
PAR  When no blood flows through the measuring device the inlet chamber 2
      occupies the outwardly swung position (the FIG. 1 position) by the action
      of the spring 12.
PAR  When the flow of blood commences the inlet chamber 2 is filled with blood
      11 up to a level corresponding to the actual flow. By the weight of the
      blood 11 dammed up in the inlet chamber 2 a torque is produced about the
      hinge 7 so that the inlet chamber 2 will take the position illustrated in
      FIG. 2. As a result, the hole 13 movable with the spring 12 is moved past
      the hole 14 in the side wall of the outlet chamber 4 so that air cannot
      pass from the outlet chamber 4 into ambient atmosphere, but a pressure is
      built up in the measuring device. Under this pressure the blood 15 exiting
      from the inlet chamber 2 through the outlet aperture 10 to collect and
      form a blood level 16 in the lower part of the outlet chamber 4, is caused
      to flow through the outlet pipe 6 to the bubble trap and filter of the
      dialysis apparatus and from there flows back into the patient's body.
PAR  Should a leakage arise on the suction side of the pump, the hose pump will
      suddenly pump air and the flow of blood to the inlet chamber 2 ceases. The
      blood already contained in the inlet chamber 2 flows down into the outlet
      chamber 4. When the inlet chamber 2 has been emptied to a certain level,
      said chamber will take an oblique position by the action of the spring 12.
      When the spring 12 has been adjusted the holes 13 and 14 in the spring 12
      and the outer chamber 4, respectively, will establish an open
      communication to the atmosphere outside the outlet chamber 4 so that the
      pressure will sink in the outlet chamber and in the entire circuit of the
      dialysis apparatus and the patient. The air pumped by the hose pump will
      freely exit into the atmosphere through the valve formed by the holes 13
      and 14 and will not be forced into the patient's body. Since no pressure
      will build up, the blood level 16 in the outlet chamber 4 will be
      maintained almost unaltered and air cannot escape through the outlet pipe
      6.
PAR  The holes 13 and 14 functioning as a valve will entirely prevent the risk
      that air is pumped into the patient's blood stream, which must be
      considered to be extremely valuable since the number of dialyses solely in
      Europe today amounts to about 1.8 millions and to an equal number in the
      USA and since risks of air embolism must be considered to exist in all of
      these dialyses.
PAR  The apparatus illustrated in FIG. 3 certainly differs in structural respect
      from the embodiment shown in FIGS. 1 and 2, but it functions in a similar
      way.
PAR  In FIG. 3 a supply pipe is designated 1'. The supply pipe opens at the
      upper open end of an inlet chamber 2' which preferably is graduated and is
      carried by a float 17 having guides. The float 17 and the inlet chamber 2'
      are contained in a housing 8 which is preferably made of a transparent
      material and provided at the bottom with an inlet 6'. The inlet chamber 2'
      at the bottom has an outlet aperture 10' which connects the interior of
      the chamber with the free space 19 in the housing 18 corresponding to the
      outlet chamber. The free space 19 surrounds the float 17 and the inlet
      chamber 2' and substantially has the same volume as said inlet chamber.
PAR  The upper end of the inlet chamber is provided with a transverse flange
      13'. The upper portion 21 of the housing is formed as a neck and surrounds
      the inlet chamber. Said upper portion 21 is closed by means of a cover 22
      through which extends the supply pipe 1'. Said cover also has a connecting
      socket 23 for a pressure gauge and a venting pipe 14'.
PAR  The venting pipe 14' extends some distance into the space beneath the cover
      and is intended for cooperation with the aforesaid transverse flange 13'
      of the inlet chamber, the inwardly facing end surface of the pipe 14'
      functioning as a valve seat against which the surface of the flange can be
      sealingly pressed.
PAR  The embodiment illustrated in FIG. 3 briefly functions as follows.
PAR  Blood enters the inlet chamber 2' through the supply pipe 1' and flows from
      said chamber into the space 19 in the housing 18. When the space 19 of the
      housing has been filled to the contemplated level the float 17 and thus
      the inlet chamber 2' are raised, the flange 13' of the inlet chamber
      closing the venting pipe 14 so that the contemplated build-up of pressure
      can take place.
PAR  Should an interruption of the blood supply occur through the supply pipe 1'
      the space 19 will be gradually emptied. As a result, the float 17 sinks
      and the venting pipe is opened so that no pressure build-up can take place
     .
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. For use in a closed-circuit pressurized conduit system through which
      blood is pumped from a patient through an artificial kidney or like
      treatment apparatus and returned to the patient, an apparatus for leading
      off air and preventing the build-up of air pressure in the system and for
      measuring the flow of blood through the system, said apparatus comprising
      an inlet chamber and an outlet chamber, inlet means adapted to be
      connected in the conduit system for directing the blood being pumped
      therethrough into said inlet chamber and outlet means adapted to be
      connected in the conduit system for directing blood from said outlet
      chamber into the conduit system, orifice means in the bottom portion of
      said inlet chamber providing a flow path from said inlet chamber into said
      outlet chamber, normally open vent means for venting said outlet chamber
      to atmosphere, said vent means including valve means operable between an
      open and a closed position, valve actuating means responsive to the level
      of blood in one of said chambers for moving said valve means to the closed
      position to permit build up of system pressure in said outlet chamber and
      to move said valve to the open position to vent said second chamber to
      atmosphere upon the blood level in said one chamber dropping below a
      predetermined level, and blood level measuring means carried by said inlet
      chamber indicating the level of blood above said orifice means and thereby
      providing a visible flow rate indication.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said valve actuating means
      comprises said inlet chamber, said inlet chamber being mounted for
      movement within said outlet chamber in response to the level of blood in
      one of said chambers to move said valve between said open and said closed
      positions.
NUM  3.
PAR  3. The apparatus as defined in claim 1 further comprising float means
      mounted in said outlet chamber and adapted to be floated by blood
      collected in said outlet chamber, said float means supporting said inlet
      chamber for movement therewith.
NUM  4.
PAR  4. The apparatus as defined in claim 1 further comprising pivot means
      pendulously supporting said inlet chamber within said outlet chamber,
      resilient means urging said inlet chamber for movement about said pivot
      means from its normal at-rest position, said pivot means being located
      such that the weight of blood in said inlet chamber rotates said inlet
      chamber against the action of said resilient means to thereby move said
      valve from said open to said closed position.
NUM  5.
PAR  5. The apparatus as defined in claim 4 wherein said resilient means
      comprises an elongated spring means having one end formed as a slide
      member of said valve means, the other end of said spring means engaging
      and being movable by said inlet chamber under the weight of blood
      collected therein.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said spring means is a
      generally J-shaped leaf spring.
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ABST
PAL  The present invention comprises a vacuum-operated fluid-collection bottle
      and system including a serially connected tandem system. Dual vacuum
      bosses for a representative bottle, one being valved, in multiple-boss
      covers may be used as respective automatic shut-off and tandem-fill means,
      with the non-applicable boss being releasably capped off. Two of the three
      conduit portions of the cover may be connected together through
      appropriate valving system so that either or both may be effective in
      supplying vacuum communication to the interior of the bottle at selected
      height levels. Valving means pre-determine maximum fluid height within the
      bottle, either automatically or by valve adjustment. A representative
      bottle may include fluid inlet and vacuum ports of differing
      level-dimension, to aid the lower vacuum port to close off or to conduct
      outwardly body-fluid while maintaining the inlet port above the bottle
      fluid level.
PARN
PAR  This is a continuation of application Ser. No. 187,275, filed Oct. 7, 1971,
      now abandoned, which is a continuation-in-part of Ser. No. 876,438, filed
      Nov. 13, 1969, now U.S. Pat. No. 3,620,408.
BSUM
PAR  The present invention relates to fluid collection bottles and, more
      particularly, to a new and improved bottle construction which maximises
      effective vacuum seal and optimises versatility in use, whether as a
      single fluid collection bottle or as a bottle insert for a tandem bottle
      collection system.
PAR  There are a number of important features in the present invention and which
      are advantageous over and an advancement upon prior-art collection
      bottles. In the first place, the bottle, including as it does a container
      and a cover, incorporates means built into the container and cover which
      afford ready attachment of the container in such a manner that a maximum
      vacuum seal is formed as between the container lip and the cover. This is
      to be accomplished by virtue of the inclusion of a bead portion in the
      upper margin of the container and a cover portion receiving the bead such
      as greater than half of the bead and lip area are contained in a recess of
      such nature that the mutual fitting provides a long line of seal areas as
      between the container lip and the cover. In order to effect the same most
      advantageously, tapered, interior annular surfaces are provided the cover
      such that the exterior portion of the bead and also the interior edge or
      margin of the container lip are progressively cammed into place so that
      the cover will snap over the bead to retain the bead in place within the
      cover.
PAR  Secondly, the invention includes multiple port openings for the cover, one
      opening being for body fluid reception by way of example, another being
      for vacuum connection and a possible third being for vacuum connection as
      well. This is important where tandem systems are contemplated. The second
      vacuum port may be capped when desired.
PAR  Advantageously, there is incorporated into the system suitable valving
      means for either permitting or, alternatively, automatically shutting-off
      vacuum connection to the interior of the bottle when a particular fluid
      level has been achieved. Additionally, the vacuum ports may be connected
      together in a valving arrangement as hereinafter illustrated such that
      maximum fluid level is pre-determined in one-container, with addditional
      fluid automatically being pumped into a second container, or, the second
      container may be shut off relative to the vacuum communication. A number
      of possible advantages and techniques are accommodated by the present
      invention as hereinafter pointed out, through valving both automatic
      and/or selective.
PAR  Additionally, the bottle's vacuum port connected or connectable to a vacuum
      pump is disposed above the lower extremity of the fluid inlet port so as
      to aid fluid flow to and/or through the vacuum port while maintaining the
      spacing of the inlet port above the maximum fluid level in the bottle.
PAR  Accordingly, a principal object of the present invention is to provide a
      new and improved fluid collection bottle and system.
PAR  Another object is to provide a vacuum-operated fluid bottle having plural
      vacuum ports, one having automatic shutoff means, to accommodate automatic
      fill of successive bottles in a tandem system and, alternatively,
      automatic shut-off of a single bottle or a selected bottle of a tandem
      system.
PAR  An additional object is to provide a plurality of communication means for
      covers of vacuum-operated fluid containers.
PAR  An additional object is to provide valving means for automatically
      pre-determining maximum height level of fluid contained within a
      particular bottle and, in addition, to selectively admit or reject fluid
      flow of additional fluid entering the bottle into a second fluid
      container, by way of example.
PAR  An additional object is to provide in or for a vacuum system a fluid
      collection bottle having a vacuum port, connectable to a vacuum pump, and
      disposed lower than the fluid inlet port thereof.
PAR  An additional object of the invention is to provide an improved valving
      means in a body fluid collection bottle which accommodates a wide variety
      of uses.
DRWD
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view, partially cut away, of a fluid collection
      bottle constructed in accordance with the principles of the present
      invention and forming one embodiment thereof.
PAR  FIG. 1A is an enlarged detail taken along the line 1A--1A in FIG. 1,
      illustrating a slight modification of the bottle shown in FIG. 1 and
      showing a preferred structural arrangement of the engagement of the
      container of the bottle with its cover or lid.
PAR  FIG. 2 is an enlarged fragmentary section taken along the line 2--2 in FIG.
      1.
PAR  FIG. 2A is a view similar to FIG. 2, but illustrates a control valve as
      being "open" instead of "closed," as shown in FIG. 2.
PAR  FIG. 3 is an enlarged fragmentary section similar to FIG. 2, illustrating
      another embodiment of the invention so far as container cover construction
      is concerned.
PAR  FIG. 3A is a view similar to FIG. 3 but illustrates the control valve being
      "open," indicated by the letter O rather than "closed" as indicated by the
      letter C in FIG. 3.
PAR  FIG. 4 illustrates an alternate form of the invention as to the cover or
      lid thereof; in particular, the FIG. 4 embodiment includes a float valve
      which is either locked out of engagement with its valve seat or is free to
      slide to valveclose position as shown in FIG. 4A.
PAR  FIG. 4A is a fragmentary view similar to FIG. 4, illustrating that when the
      valve stem of the embodiment shown in FIGS. 4 and 4A is unlocked, then the
      valve stem is free to move to allow the valve thereof to seat properly, so
      as to thereby interrupt vacuum communication with the interior of the
      bottle; that is done automatically, if desired, through the incorporation
      of a float in the system.
PAR  FIG. 5 is an elevation of a series of fluid collection bottles connected in
      series or tandem and coupled to a vacuum pump.
DETD
PAR  In FIG. 1 container 10 includes tapered sidewall 11 and a spherically
      configured, concavo-convex bottom portion shown here as upwardly convex
      bottom 12. Also included is an outwardly protruding margin 13 cooperating
      with depending lip 14 of cover 15. The details of this co-engagement will
      be described hereafter.
PAR  Of special importance in the present invention is the design of a
      dome-shaped cover 15. In the embodiment of the invention shown in FIG. 1,
      cover 15 includes tube 16 and tubular member 17. These may be either
      integral with top portion 18 of cover 15 or may comprise separate parts
      adhered to the sides of cooperating apertures formed in top portion 18.
      Thus, tube 16 may comprise simply a tubular boss as illustrated in FIG. 2.
PAR  Tubular member 17 includes inverted L-configured tubular portion 19 and
      tubular valve portion 20. These two are connected to conduit portion 21,
      tubular valve portion 20 integrally and tubular portion 19 via union 22.
PAR  Union 22 may comprise a portion of valve 23 having butterfly valve gate 24
      actuated by handle 25; the latter is connected thereto by a stem 26. In
      the condition shown in FIG. 2, the valve closes the passageway P as
      between tubular portion 19 and conduit 21.
PAR  It is noted that tubular valve portion 20 is of any fluid-rise-responsive
      valve time such as a cloggable filter or preferably a movable element
      valve such as the one shown, and may include ball valve 28 which is
      constructed to serve as a float. Vacuum orifices 29 and 30 are provided in
      portion 31 of tubular valve portion 20. Also indicated is a valve seat 32
      for float valve 28.
PAR  Where the fluid bottle 23 of FIG. 1, comprising container 10 and cover 15,
      is used simply as a single unit in a body fluid collection system, by way
      of example, then the body fluid hose 33 will be connected to the tube or
      tubular boss 16 and will be routed to area of the patient upon which
      surgery is being or has been performed, by way of example.
PAR  Hose 34 will be connected to a pressure reduction system such as a vacuum
      pump VP. When the pump is turned on, then the air will be exhausted out of
      the interior bottle 23 via apertures 29 and 30. This reduction in pressure
      will be accompanied by a flow of body fluid through the hose 33 into the
      interior of the container, as seen in FIG. 2. A rise in the liquid level
      will ultimately advance float ball 28 upwardly, so that the same will seat
      against the valve seat 32. The same shuts off air flow through apertures
      30 and 29 so that further liquid flow is precluded. Thus, the level A of
      the fluid is predetermined by the raising of float valve 28.
PAR  If several body fluid collection bottles are connected in tandem, in a
      manner hereinafter explained, such that a subsequent bottle is to be
      filled upon the filling of the initial bottle 23, then the valve gate 24
      will be turned 90.degree. by the handle 25 in a manner illustrated in FIG.
      2A. In such event, the reduced pressure or vacuum condition of hose 34
      will be translated, as through tube portion 19, such that additional
      liquid flowing through tube or tubular boss 16 will follow the direction
      of arrow B, through tubular portion 19 and through the now-open valve to
      hose 34. During this entire process it will be seen that the ball valve
      remains seated. Thus, and depending upon the placement of the lower end E
      of tubular portion 19, the rise in liquid level, owing to the opening of
      the valve at 24, will not be appreciable.
PAR  When the fluid collection bottle 23 of FIG. 2A is again to be used simply
      as a single fluid collection unit, then the valve 23 will be returned to
      its closed position, as shown in FIG. 2.
PAR  In FIG. 3 alternate cover 15A is indicated. The same is shown to be
      provided with a body fluid admittance boss 38, tubular vacuum boss 39, and
      an inverted L-configured tubular member 40. The latter is shown to be
      provided with a float 41 affixed by stem 42 to valve 43. Valve 43 seats in
      a valve seat 44 to close passageway communication between opening 45 and
      opening 46.
PAR  Tube 34 is again connected to a vacuum pump. This time, there is a second
      fluid collection bottle 47 connected through on-off shut-off valve 48 to
      the tubular boss 39.
PAR  Fluid collection bottle 47 of FIG. 3, a cover only on one of the same being
      shown relative to the detailed fluid level and valve construction, may be
      constructed such that a third tubular boss may be capped at C as desired.
      This is illustrated relative to the upper fluid collection bottle 47 shown
      in schematic diagram form only in FIG. 3.
PAR  The operation of the structure shown in FIG. 3 is as follows. Body fluid
      hose 33 will conduct body fluid through the tubular boss 38 into the
      interior of the bottle, that is, lower bottle 47. The liquid level rises
      so as to produce an upward vertical translational movement of the float
      41. The same, in being fixedly secured by stem 42 to valve 43, will cause
      the latter to rise to its seat 44, thereby shutting off vacuum tube
      communication via apertures 45 and 46 to the interior of the bottle.
      However, the vacuum generated by the vacuum pump VP in FIG. 3 will be
      translated through the upper bottle 47 and valve 48, providing the latter
      is open, such that additional liquid flow, via tubular boss 38 into the
      interior of the lowermost bottle 47, will be carried upwardly through
      tubular boss 39 and through 48 into bottle 47. In the upper bottle 47 the
      tubular boss 39 is capped.
PAR  Referring to FIG. 3, if it is desired that solely the lowermost bottle 47
      be operative in the blood collection system, then valve 48 in FIG. 3 will
      be closed, in which event the fluid level will be that determined by the
      physical characteristics of float 41 when valve 43 is seated. When valve
      48 is open, then additional body fluid advancing in the direction E in
      FIG. 3A, will cause the fluid level to rise slightly in the lowermost
      bottle 47, with the fluid or liquid advancing upwardly through the
      now-open valve 48 into the next bottle 47 shown in reduced schematic view.
PAR  In FIG. 4, the collection bottle is now supplied with a cover 50 having
      body fluid receiving boss 51 and tubular unit 52 including inverted
      L-configured tubular portion 53, valve portion 54 and tubular base portion
      55. A locking boss 56 of conventional design may be incorporated in the
      construction of portion 55. Thus the same may include a slotted opening 57
      and an undercut opening 58, the same accommodating pin 59 and stem 60.
      Stem 60 is provided a ball shaped handle 61, extends to valve 62 and is
      securely fastened thereto. Valve 62, in turn, is connected by rigid stem
      63 to float 64.
PAR  The operation of the structure in FIG. 4 is as follows. When the structure
      is locked in place so that valve 62 is displaced from its seat 65, then
      the float 64 will not rise with the rising body of liquid within the
      bottle, but instead will permit the fluid level to fill to a level E';
      thereupon, the body liquid will be sucked upwardly through tubular portion
      53 and out the hose 34 to the vacuum pump connected thereto, or, the
      liquid may advance outwardly through hose 34 to another liquid collection
      bottle connected in tandem to the bottle shown in FIG. 4.
PAR  Where the valve in FIG. 4 is unlocked, see FIG. 4A, so that float 64 is
      effective to advance upwardly and downwardly, then the fluid level within
      the bottle in FIG. 4A raises the float 64 upwardly so that valve 62 seats
      at seat 65. This shuts off vacuum communication, in connection with the
      interior of the fluid collection bottle, so that the fluid level is
      established at F in FIG. 4A.
PAR  The fluid collection bottles connected in tandem or series as indicated in
      FIG. 5 may individually take the form shown in any of several embodiments
      such as the fluid collection bottle 23 in FIGS. 1, 2 and 2A, fluid
      collection bottle 47 in FIGS. 3 and 3A, or the fluid collection bottle 59
      in FIGS. 4 and 4A, by way of example. Accordingly, body fluid from the
      patient will enter at 33 into the fluid collection bottle on the extreme
      left in FIG. 5, and with the valves V of the fluid collection bottles No.
      1 and No. 2 being open and the valve for collection bottle No. 3 in FIG. 5
      being closed, fluid will advance upwardly, to the "fill" level in
      collection bottle No. 1, and, at that level, and since the level of the
      vacuum port 19 is lower than that of the fluid inlet port 16, will be
      shunted via collection tube CT1 to collection bottle No. 2. The latter
      will fill, and then additional body fluid will be pumped by the vacuum
      pump through collection tube CT3 to collection bottle No. 3. The valve V
      of collection bottle No. 3 will be closed in the manner illustrated in
      FIG. 2, for example. Then the last bottle (No. 3) will fill and shut off
      when full.
PAR  If for any given reason any particular body fluid collection bottle No. 1
      is chosen to collect fluid only and not to permit additional fluid to pass
      into a subsequent bottle, then the valve V, corresponding to valve 23 in
      FIG. 2, may simply be closed. The same likewise is accomplished
      automatically by the valve construction illustrated in FIG. 4A and in the
      condition shown in FIG. 4A. Such is accomplished by an automatic rise of
      float 64. This particular bottle can be removed with its tubing and a new
      bottle added. Hence, and in fact, any particular bottle may be removed and
      a new bottle replaced in its system at any given time in the body fluid
      collection process, this by the appropriate actuation of the valves V in
      FIG. 5 corresponding to valve 23 in FIG. 2A, 23 in FIG. 3, and valve 62 in
      FIG. 4A, the latter two of which operate automatically.
PAR  An optimum construction in connection with lid securement with the margin
      13 of the container 10 is illustrated in FIG. 1A. Margin 13 is shown to
      include laterally protruding bead portion 66. Cover 15' in FIG. 1A is very
      slightly modified relative to the cover 15 in FIG. 1. The same includes
      peripheral flange portion 66' integral with lip 67. Lip 67 includes
      annular recess 68 and peripheral seat protuberance 69. Inwardly tapered,
      annular, inner, bead means camming surface 70 is tapered to provide for
      the easy reception of bead 66 upon insertion of the latter through the
      tapered interior of the cover, as supplied by tapered surface 70, so that
      bead 66 will fit in place. Seal protuberance 69 further serves a vacuum
      seal seat which, with upwardly tapered deformable surface 71 being
      slightly tapered, will provide a camming action for the 90.degree.
      interior "corner" 72 of container margin 13 and a surface into which said
      "corner" will bite upon the application of vacuum.
PAR  In operation, when the lid or cover 15' is inserted over container 10, the
      lid 15, in being formed of slightly resilient plastic, by way of example,
      will cause the bead 66 to ride up tapered surface 70 until the bead snaps
      into the bead seat 68. During a latter part of this time the edge 72 will
      likewise slide down cam surface 69, to provide a seating engagement of the
      bead 66 with seat 68 and yet provide an effective 3-surface-contact
      sealing area including not only the bead seat but also the surface 71 and
      the flat lip area L. When vacuum is applied to the interior of a bottle
      constructed in accordance with the disclosure of FIG. 1A, a highly
      effective vacuum seal is created. The bottle construction preferably takes
      the form shown in FIG. 1, by way of example. This is to say, the lid or
      cover is spherically, concavo-convexly configured, e.g. dome-shaped, and
      the bottom 12 is likewise dome-shaped or convex upwardly. When a vacuum of
      any degree is initially applied to the bottle construction, the
      dome-shaped character of bottom 12 will not tend to distort as might be
      the case in the case of a flexible or pliable plastic were the bottom
      simply horizontal. Correspondingly, as to the cover or lid 15, the
      compressive strength of the same forms an effective "arch" to counteract
      atmospheric forces tending to collapse the cover. If desired, stiffener
      ribs R having rectilinear lower edges, see FIG. 1, may be incorporated in
      the lid construction as shown in FIG. 1. The outer termination of these
      ribs should be spaced from the sealing area, particularly at 71 and 72 in
      FIG. 1A so that the application of vacuum to the bottle will urge the lid
      downwardly at that area at which the seal to the container becomes
      effective. Thus, strength of the cover, with its contour, will permit the
      same to retain its nominal configuration.
PAR  Relative to the embodiment shown in FIGS. 3 and 3A, it will be seen that,
      if so desired, the automatic valve shut-off portion of the cover may be
      capped, as by a rubber cap C', in lieu of provision the hose 34, and the
      bottle unit used simply in a tandem or single bottle system such that,
      when bottle 47 (lowermost) fills, fluid will automatically be routed to
      tandem bottle 47 (uppermost) by way of example. It is apparent that valve
      48 may accordingly be totally eliminated where desired. Optionally, of
      course, the remaining vacuum conduit may be capped off by rubber cap C".
      This will be done with solely a single bottle as used and where the
      valving portion thereof is effective to provide automatic fluid flow
      shut-off for this bottle. Thus, and with continuing reference to FIGS. 3
      and 3A, either of the vacuum conduits 39, 40 may be capped off, so as to
      provide for either the automatic successive filling of a series of bottles
      or for the filling of a single bottle (or the last bottle of a tandem
      series) having an automatic vacuum shut-off.
PAR  Referring to FIGS. 2 and 2A, by way of example, the cross-sectional area of
      aperture 30 or its equivalent should not be less than that of aperture 29,
      otherwise evacuation of the bottle might per se inadvertently tend to
      raise ball 28.
PAR  In FIG. 4, a cap H may be used having a self-sealing membrane through which
      the valve stem 60 passes. In FIG. 4A, ball 61, whether accessible or in an
      enclosure, may serve as an indicator, indicating that the float has been
      raised to the pre-determined "fill" fluid level.
PAR  Ideal materials used in moulding or otherwise fabricating the cover and
      container are polyethylene and polystyrene. Where the cover is resilient
      and flexible, especially at the bead receiving area, then the bead of the
      container will easily snap into the bead recess area and be sealingly
      retained in place by the depending flange of the cover.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention and its
      broader aspects.
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STM  We claim:
NUM  1.
PAR  1. A vacuum-fillable, liquidcollection bottle having an upper region and a
      fluid inlet port, and overflow port, a vacuum port at said upper region,
      said vacuum port being provided with fluid-level operated valve means for
      automatically shutting off air communication solely through said vacuum
      port when liquid within said bottle reaches a predetermined level, said
      overflow port having a depending, liquid-receiving extremity disposed at
      said predetermined level, said fluid inlet port being disposed above said
      predetermined level and above said overflow port extremity, and a vacuum
      pump connected to said vacuum port and selectively coupled to said
      overflow port, said overflow port being constructed for selective closure
      and, therefore, selective uncoupling from said vacuum pump.
NUM  2.
PAR  2. The bottle of claim 1 wherein said fluid inlet and overflow ports each
      include upstanding, flexible conduit extensions.
NUM  3.
PAR  3. The bottle of claim 1 wherein said bottle includes valve means
      operatively interposed between said overflow port and said vacuum pump.
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ABST
PAL  A shaft seal for a check valve having a shaft rotatably disposed within a
      valve housing. The shaft seal is disposed within a recess defined within
      the interior of the valve housing between a bushing member and the shaft.
      Disposition of the seal within the recess permits accumulation of foreign
      matter precipitate to occur without deleterious clogging of the clearances
      between the shaft and the bushing, thus permitting free rotational
      movement of the shaft. A plurality of sharp-edged grooves disposed on the
      surface of the shaft provide a flow path for guiding the foreign matter
      precipitate into the recess. A flushing fluid opening is provided within
      the valve housing to permit introduction of a flushing fluid into the body
      recess.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to check valves, and in particular, to an improved
      shaft seal for use on a check valve.
PAR  2. Description of the Prior Art
PAR  It is well known in the nuclear steam power generation art that water used
      in the closed turbine loop of a nuclear steam power plant must be
      chemically treated through the addition of certain additives. Such
      additives, including phosphates, are required in order to provide
      protection for the materials utilized to fabricate the various elements
      comprising the closed turbine loop. Such protection is especially required
      in order to protect the material used to fabricate the steam generator
      element from deleterious effects caused by passage therethrough of overly
      caustic secondary water.
PAR  Of particular benefit is phosphate, which, when added to the secondary
      water, combines with free hydrogen molecules carried therein to prevent
      the secondary water from becoming overly caustic and thus to prevent
      damage to the metals used in fabricating various elements of the closed
      turbine loop. However, as is well known to those skilled in the art,
      phosphate is soluble in water. Thus, phosphate is carried by the moisture
      in the steam throughout the entire system. The presence of phosphate in
      solution is troublesome in valving, and is especially troublesome within
      the turbine main stop valve.
PAR  The turbine main stop valve is usually a clapper or a check type valve
      which is utilized in series with a plug-throttle valve. Both the check
      valve and the plug valve are usually interposed between the steam
      generator and the turbine elements of the closed turbine loop. The
      plug-throttle valve is a non-zero leakage valve which indicates that some
      leakage flow can occur therethrough. Thus the primary cut-off function
      devolves upon the check or clapper valve. If this valve fails, the
      possibility of damage to the turbine element due to occurrence of an
      overspeed condition increases.
PAR  The present clapper valve has a valve shaft rotatably disposed within a
      valve housing. The valve shaft supports a valve disc which moves from an
      open to a seated position within a valve chamber defined by the interior
      of the housing. A bushing member is tightly fitted about the shaft between
      the housing and the shaft. A leakoff gland is disposed within the housing.
      The leakoff gland is connected to a condenser element and is typically at
      a pressure lower than that of the atmosphere.
PAR  Presently, sealing means are disposed between the shaft and the bushing at
      a point on the valve shaft adjacent the bushing yet still within the valve
      chamber. With the valve disc in the open position, the seal is fully
      engaged, and thus a flow of steam from the valve chamber to the gland
      condenser is to be prevented by the shaft sealing means.
PAR  However, the shaft seal as presently employed at time does not seal
      effectively. As a result, a flow of steam passes from the valve chamber,
      through the close clearance between the valve shaft and the bushing, to
      the leakoff. It is well known to those skilled in the thermodynamic art,
      that the throttling of wet steam from a first pressure to a lower pressure
      in the presence of a constant temperature will drive the steam into the
      superheat region. It is also well known that steam in the superheat region
      is unable to hold materials carried in solution thereby. Since the steam
      which leaks past the present shaft seal in check valves contains dissolved
      foreign matter, especially phosphate, in solution, the throttling of such
      leakage steam at the present seal interfaces results in the deposition of
      phosphate precipitate adjacent to the location of the shaft and the
      present bushing.
PAR  Such deposition of phosphate precipitate accumulates and eventually causes
      the narrow clearances between the shaft and the bushing to close. It is
      apparent that such accumulation of phosphate precipitates increases the
      amount of torque required to close the valve. In practice, it has been
      observed that the deposits are sufficient to cause the valve to fail to
      operate entirely. Such accumulation of phosphate precipitates are usually
      insidious, in that the effect of their accumulation is not known or
      discernible by any method other than an attempt to close the valve.
PAR  The buildup of such deposits can be eliminated in a variety of ways.
      Provision of a better shaft seal, for example, so that a leakage flow does
      not occur will solve the problem. However, provision of a perfect sealing
      device between a rotatable shaft and a shaft support is very difficult.
PAR  The problem may also be overcome by eliminating the moisture content in the
      steam supply or eliminating the presence of foreign matter within the
      secondary water. Since total elimination of the moisture content in the
      steam supply is also an untenable solution, the remaining alternative is
      to eliminate the presence of foreign matter from the secondary water. But
      as mentioned above, this solution is impractical since it would also
      eliminate the method by which the metals used to fabricate various
      elements in the closed turbine loop are protected from caustic agents.
PAC  SUMMARY OF THE INVENTION
PAR  This invention discloses an improved shaft seal for a check valve. The seal
      interface is provided by abutting corresponding surfaces of a shoulder
      located on the bushing with a journal located on the valve shaft. The seal
      interface is disposed within a recess defined between the bushing and the
      shaft. The recess provides an accumulation volume having a relatively
      large clearance between the shaft and the bushing in order to accommodate
      deposition of foreign matter precipitates which occur due to throttling of
      the leakage flow at the seal interface.
PAR  In addition, a plurality of spiral grooves is disposed on the surface of
      the shaft and provides communication between the recess and the valve
      chamber. Such grooves have a sharp cutting edge thereon and provide a flow
      path for high velocity leakage flow to carry precipitates into the recess.
      A fluid flush opening is provided within the valve housing to permit
      introduction of a flushing fluid into the recess.
PAR  It is an object of this invention to provide a shaft seal device for a
      check valve and to dispose this shaft seal within a body recess large
      enough to permit accumulation of precipitated foreign matter without
      impairing operation of the valve itself.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a check valve constructed according to the
      teachings of the invention;
PAR  FIG. 2 is a sectional view taken along line II--II in FIG. 1;
PAR  FIG. 3 is an expanded view of a portion of FIG. 2; and,
PAR  FIG. 4 is a view taken along line IV--IV in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout the following description, similar reference characters refer to
      similar elements in all figures of the drawings.
PAR  Referring now to FIGS. 1 and 2 of the drawings, sectional views of a check
      valve 10 embodying the teachings of this invention are illustrated. In the
      figures, the check valve 10 has a valve casing generally indicated by
      reference numeral 12 mounted on a support pedestal 14. The valve casing 12
      comprises a valve chamber housing member 16 and a valve servo support
      housing member 18. The valve chamber housing member 16 and the valve servo
      support housing member 18 are securely fastened together by suitable
      fastening means, such as studs and nuts 20. Suitable valve control means
      such as a valve servo (not shown) is mounted onto the servo support
      housing 18 by mounting bolts 22. Although fabrication considerations
      dictate the use of a valve chamber housing member 16 and a valve servo
      support housing member 18, it is to be understood that these
      aforementioned housing members provide an integrated valve casing 12
      supporting and protecting the interior components of the check valve 10.
PAR  The valve chamber housing member 16 defines an inlet orifice 24 and an
      outlet orifice 26, both the inlet 24 and the outlet 26 communicate with a
      valve chamber 28 disposed within the valve chamber housing member 16. A
      valve seat 30 is disposed on the interior of the valve chamber housing
      member 16 adjacent the outlet 26. For ease of of assembly, the valve
      chamber housing member 16 is open at the top and has a top cover plate 32
      secured thereto by suitable attachment means, such as studs and nuts 34.
PAR  A valve shaft 36, having a first end 38 and a second end 40 (FIG. 2) is
      rotatably supported within the valve casing 12. The first end 38 of the
      valve shaft 36, which is the left-hand end of the shaft 36 as viewed in
      the drawings, is rotatably mounted within a support aperture 41 disposed
      within a bearing cover 42. The bearing cover 42 is attached to the valve
      chamber housing member 16 by suitable attachment means, such as studs and
      nuts 43. A first bushing 44 surrounds that portion of the shaft 36 which
      is supported within the aperture 41.
PAR  The second end 40 of the shaft 36, which is the right-hand end of the shaft
      36 as viewed in the drawings, is rotatably supported within an aperture 46
      within the servo support housing member 18. A second bushing 48 surrounds
      that portion of the shaft 36 which is supported within the aperture 46.
PAR  The shaft 36 extends through a bore 50 which is disposed through the servo
      support housing member 18. The bore 50 is lined with a first straight
      bushing 52 and a second straight bushing 54. The first straight bushing 52
      is disposed in the bore 50 adjacent to the valve chamber 28. Both bushings
      52 and 54 are tightly fitted within the bore 50.
PAR  A leak-off orifice 56 is disposed within the valve servo support housing
      member 18 and is connected to a condenser element (not shown). The
      condenser element is typically maintained at a pressure lower than that of
      the atmosphere.
PAR  Within the valve chamber 28, the valve shaft 36 is surrounded by a first
      collar portion 58 and a second collar portion 60 of a valve arm member 62.
      The first collar portion 58 surrounds the shaft 36 adjacent the first
      bushing 44. The second collar portion 60 surrounds the shaft 36 adjacent
      to the first straight bushing 52.
PAR  As best seen in FIG. 1, the valve arm portion 62 is attached within the
      valve chamber 28 to a valve disc member 64. The disc member 64 has a stem
      66 protruding from the backside thereof. The stem 66 engages the valve arm
      62 and both the stem 66 and the valve arm 62 are securely affixed by
      suitable attachment means such as a nut 68.
PAR  The valve disc 64 is movable within the valve chamber 28 from an open
      position to a seated position. When in the open position within the valve
      chamber 28, as illustrated by the dotted line in FIG. 1, the stem 66 abuts
      against a valve stop 70 disposed within the top cover plate 32. When in
      the seated position within the valve chamber 28, the valve disc 64
      contacts the valve seat 30 and isolates the inlet orifice 24 from the
      outlet orifice 26.
PAR  As best shown in FIG. 2, the valve arm 62 is secured to the valve shaft 36
      by key members 72. In addition, the valve shaft 36 is secured to a servo
      linkage 74 near the second end 40 of the shaft 36. The servo linkage 74 is
      fastened to the shaft 36 through a shaft collar 76 and servo keys 78.
PAR  It is thus apparent that the valve disc 64 is movable from an open to a
      seated position within the valve chamber 28 in response to a predetermined
      signal from a valve control means (not shown). The valve control means
      initiates an appropriate signal to the servo linkage 74. The linkage 74
      transmits a force to the valve shaft 36 through the shaft collar 76 which
      is affixed to the shaft 36 by the servo keys 78. The force is transmitted
      from the shaft 36 to the valve disc 64 through the key members 72 to the
      valve arm 62. As seen from FIG. 1, a rotation of the valve shaft 36
      through an arc of 90.degree. will move the valve disc 64 from the open to
      the seated position within the valve chamber 28.
PAR  When mounted within the closed turbine loop, comprising, at least, a series
      configuration of turbine elements, condenser, reheater and steam generator
      (not shown), the check valve 10 is utilized as a turbine main stop valve.
      The check valve 10 is usually utilized in conjunction with a plug-throttle
      valve. However, the plug-throttle valve is a non-zero leakage valve and
      for this reason is not suitably adapted for use as a turbine stop valve.
      Thus, the primary cutoff function of stopping the flow of elastic fluid
      passing from the steam generator into the turbine elements is performed by
      the zero leakage check valve 10.
PAR  It is well known to those skilled in the nuclear steam generator art that
      certain chemical substances are added to the secondary water utilized in
      the steam side of a nuclear steam power plant in order to inhibit
      deleterious effects to the metals used to fabricate the various elements
      of the closed turbine loop. Such precautions are especially necessary to
      protect the materials used to fabricate the steam generator element
      disposed within the turbine loop.
PAR  However, some of the chemical additives, especially phosphate, are soluble
      in water, and are thus carried through the closed turbine system by the
      moisture within the steam. The phosphates combine with the free hydrogen
      available within the secondary water to limit the acidity of the secondary
      water, and thus protect the metal used to fabricate the elements
      comprising the steam system.
PAR  In the prior art, a shaft seal is disposed between the shaft and the first
      straight bushing. The seal is disposed about the shaft between the second
      collar of the valve arm and the first straight bushing. The prior art seal
      is comprised of a stellite ring surrounding the valve shaft and a
      spherical washer disposed about the valve shaft adjacent to the first
      straight bushing. The seal faces in the prior art seal occurred at the
      interface between the stellite ring and the spherical washer and at the
      interface of the spherical washer and the first straight bushing. In
      addition, the stellite ring, although it is shrunk-fit on the shaft, often
      becomes loose and results in a third seal face which occurs at the
      interface of the shaft and the stellite ring. It can be appreciated that
      the present seal used in the prior art check valve is not completely
      effective.
PAR  Since the prior art seals are not completely effective, a flow of saturated
      steam carrying foreign matter in solution therewith passes between the
      valve chamber and the leakoff disposed within the valve casing. Since the
      seal is ineffective, and since there is a steam flow past the seal, a
      throttling effect occurs at the present seal faces. The effect of
      throttling the wet steam from the steam generator across the seal faces
      with a constant temperature results in driving the steam into the
      superheated region. Steam in the superheated region cannot maintain
      phosphates and other foreign matters in the solution. Thus, when the wet
      stream is throttled across the seal face adjacent the first straight
      bushing, the steam becomes superheated and the phosphate carried therein
      precipitates out. Continued precipitation results in an accumulation of
      foreign matter, commonly phosphates, in the area of the prior art shaft
      seal. Such an accumulation has the effect of inhibiting rotation of the
      shaft whith the attendant possibility that the valve disc will be unable
      to move from the open to the seated position within the valve chamber.
PAR  Several methods of circumventing the problem have been suggested by the
      prior art. For example, provision of a better shaft seal at the present
      seal location has been suggested. Also, if either the moisture content of
      the steam flow or the phosphate content of the secondary water within the
      steam system were eliminated, the problem can be overriden.
PAR  However, both fabrication of a perfect shaft seal is the space provided or
      the total elimination of moisture from the main steam supply are very
      difficult with the current state of the art. Also, for reasons explained
      above, the phosphates and other chemical treatments cannot be eliminated
      from the secondary water. It is therefore an object of this invention to
      provide an improved shaft seal and to locate this improved shaft seal in a
      position within the valve casing 12 so as to provide a sufficient volume
      to accommodate accumulation of phosphate and other foreign deposits if
      they should develop and preclude such accumulation from detrimentally
      affecting operation of the check valve 10.
PAR  Referring now to FIG. 3, an expanded view of a portion of the check valve
      10 shown in FIG. 2 is illustrated. In FIG. 3, a shaft seal embodying the
      teachings of this invention and overcoming the problem of deposition of
      foreign matter along the shaft is illustrated.
PAR  As seen in FIG. 3, the first straight bushing 52 is shown as having a first
      axial portion being within a first predetermined tolerance of the shaft 36
      from a first point 80 to a second point 82 along the shaft 36. The shaft
      36 and the first straight bushing 52 are in mutual contact between the
      first point 80 and the second point 82. From the second point 82 to a
      third point 84 the shaft 36 and the first straight bushing 52, a second
      axial portion of the bushing 52 are within a second predetermined
      tolerance of each other.
PAR  In FIG. 3, the first axial portion of the bushing 52 fits the shaft 36 with
      a closer tolerance than the second axial portion of the bushing fits the
      shaft. That is, the distance, or tolerance, between the second axial
      portion of the bushing 52 and the shaft 36 is greater than the distance
      between the first axial portion of the bushing 52 and the shaft 36. From
      the second point 82 to the third point 84, the shaft 36 and the first
      straight bushing 52 define a recessed area 86. The recess 86 communicates
      with the gland leakoff 56 which is disposed within the valve casing 12.
PAR  A shaft seal generally indicated at 88 is disposed between the shaft 36 and
      the first straight bushing 52. The seal 88 is disposed within the recess
      86 and comprises the interface between a shoulder 90 on the straight
      bushing 52 and a journal 92 located on the shaft 36 as seen in FIG. 3. The
      seal 88 disposed within the recess 86 divides the recess 86 into a first
      region 86A and a second region 86B. The first recess region 86A appears to
      the left of the seal 88 while the second recess region 86B appears to the
      right of the seal 88, when viewed in FIG. 3. The seal 88 between the
      shoulder 90 and the journal 92 is established when the valve disc 64
      occupies the open position (FIG. 1).
PAR  The seal 88 taught by this invention has only one seal interface resulting
      from the contact of the shoulder 90 of the first straight bushing 52 and
      the journal 92 of the shaft 36. It is well known to those skilled in the
      seal art that the probability of seal failure is directly proportional to
      the number of seal faces utilized by the seal in question. It is apparent
      then, that by reducing the number of seal faces in the seal 88 taught by
      this invention to one, the shaft seal between the shaft 36 and the first
      bushing 52 will be improved over the seal utilized by the prior art.
PAR  Since the seal 88 is located within the recess 86, and is thus disposed
      downstream of the position of the seal in the prior art, the stellite ring
      and the spherical washer which were necessary elements of the seal
      heretofore used have been eliminated. It is apparent from an examination
      of FIG. 2 that the shaft 36 is subjected to a bending load at two places
      thereon. The shaft 36 is subjected to a bending load adjacent the second
      end 40 because the coupling between the servo links 74 and the shaft 36
      occur near the second end 40. The shaft 36 is also subjected to a bending
      stress near the points of attachment of the valve arm 62 to the shaft 36.
      Thus, in the prior art, the shaft seal is located adjacent a point of
      application of bending stress to the shaft 36. Since this is so, the
      spherical washer is needed to allow for the shaft 36 to deflect and still
      mate with the first bushing 52. However, since the seal 88 taught by this
      invention is located at a point along the shaft 36 where the shaft
      deflection is restricted the need for a spherical washer element in the
      shaft seal is eliminated.
PAR  In addition to the improvement in sealing which is provided by only one
      seal interface, location of the shaft seal 88 within the recess 86 has an
      added improvement over the shaft seal utilized by the prior art. Assuming
      that the shaft seal 88 provided by the teachings of this invention is not
      a perfect seal, some leakage flow from the valve chamber 28 to the
      sub-atmospheric leakoff 56 is to be expected. Since this leakage flow will
      contain precipitate in solution, the throttling effect across the shaft
      seal 88 will occur adjacent the shaft seal 88 and thus precipitate matter
      caused by such throttling will be deposited within the recess 86, either
      in the recess region 86A to the left of the seal interface 88 or in the
      recess region 86B which is disposed to the right of the seal 88.
PAR  Steam which leaks from within the valve chamber 28 through the close
      tolerance between the shaft 36 and the first bushing 52 will not be driven
      into the superheated region. Therefore, any phosphates carried in solution
      in the moisture of the steam remain in solution until throttling occurs
      adjacent the seal 88 located within the recess regions 86A and 86B. Since
      precipitation of the phosphates in solution will occur adjacent the seal
      88, the result of accumulation in the larger tolerances of the recess
      regions 86A and 86B will be less deleterious than the accumulation of the
      phosphates which have occurred to valves in the prior art.
PAR  It is seen that since the phosphate will precipitate within the larger
      recess regions 86A and 86B, the accumulation of such phosphates will not
      interfere with the operation of a valve embodying the teachings of this
      invention to the extent such accumulations affect valve operation in the
      prior art. A valve utilizing a seal disposed before the first bushing
      would, as in the prior art, tend to cause the accumulation of deposits in
      the area of close tolerance between the shaft and the bushing.
PAR  To recapitulate, since the seal interface between the shoulder 90 and the
      journal 92 is established while the valve disc 64 is in the open position
      within the valve chamber 28 (FIG. 1), to assume that a leakage flow will
      occur past the seal 88 is to assume that even while the valve disc 64 is
      in the open position, the seal interface is not completely closed. Thus,
      the leakage flow from the valve chamber 28 to the gland leakoff 56 will be
      throttled in the area of the seal 88. Any accumulation of precipitate
      would thus occur within the recess regions 86A and 86B. Since, however,
      the exact location of such accumulation of precipitate cannot be
      accurately predicted, the recess 86, which is that volume that lies
      between the shaft 36 and the bushing 52 from the second point 82 to the
      third point 84 on the shaft 36, is located both to the left and to the
      right of the shaft seal 88, as viewed in FIG. 3, as indicated by recess
      regions 86A and 86B, respectively. The recess regions 86A and 86B provide
      a sufficient clearance volume to accommodate accumulation of phosphate
      buildup whether they are to occur to the left or to the right of the seal
      interface 88.
PAR  The shaft 36 has disposed thereon a plurality of spiral grooves 96. The
      grooves 96 have a sharpened edge thereon and circumscribe the shaft 36 a
      predetermined number of times. The grooves 96 communicate both with the
      valve chamber 28 and the first recess region 86A through machining
      releases 98 and 100, respectively.
PAR  As is best seen in FIG. 4, each of the predetermined number of grooves 96
      is disposed a predetermined distance 102 from each other along the surface
      of the shaft 36. The spiral grooves 96 provide a flow path between the
      valve chamber 28 and the recess 86 so that should any precipitate form in
      the leakage flow upstream of the shaft seal 88 will be swept by the high
      velocity leakage flow in the grooves 96 into the first recess region 86A.
      In addition, rotation of the shaft 36 through a 90.degree. arc, that is,
      through an arc sufficient to move the valve disc 64 from an open to a
      seated position (FIG. 1) will cause the sharpened edges of the spiral
      grooves 96 to abrade against the first bushing 52 with a scraping action,
      thus removing any foreign matter precipitates which may form in the close
      tolerance region between the shaft 36 and the first bushing 52 and between
      the first point 80 and the second point 82. Any precipitate thus scraped
      from this close tolerance region will be conducted into the spiral groove
      96 and swept by the high velocity leakage flow within the grooves 96 into
      the first recess region 86A.
PAR  It is thus seen that a valve utilizing a seal taught by this invention will
      have an improved sealing capability over valves utilizing seals taught by
      the prior art. If however, the seal interface taught by the present
      invention is not perfect, a leakage flow can be expected in the area of
      the seal 88 when the valve disc 64 is in the open position. However, any
      precipitate which does form in the area of the seal 88 will accumulate in
      the recess regions 86A and 86B. Precipitate which formed in the close
      tolerance region between the shaft 36 and the bushing 52 will be carried
      into the first recess region 86A by the high velocity leakage flow in the
      spiral groove 96. Thus it is seen that the grooves 96 acting with the
      first recess region 86A will provide a region wherein the accumulation of
      foreign matter precipitates will not be deleterious to the check valve 10.
      When shaft 36 is rotated through an arc of 90.degree., that is, through an
      arc sufficient to move the valve disc 64 from the open to the seated
      position, the sharpened edges of the spiral grooves 96 are so disposed as
      to scrape the entire close tolerance region between the shaft 36 and the
      bushing 52. Thus, any foreign matter precipitate which has not been
      deposited in the recess 86 will be scraped by the sharp edges of the
      groove 96 and conducted into the recess 86 through the spiral groove 96.
      It is thus seen that failures of the valve 10 to respond to a closing
      signal initiated by valve control means (not shown) due to the
      accumulation of foreign matter precipitates between the shaft 36 and the
      first bushing 52 are eliminated by a valve using a seal taught by this
      invention.
PAR  As an added feature of this shaft seal, the possibility that the valve arm
      collar could abrade against the spherical washer used in the prior art is
      eliminated. If, in the prior art, the valve collar abrades against the
      bushing, a large steam thrust could occur and the valve would not close in
      response to a closing signal from the control means. Also, the possibility
      of abrasion between the spherical washer and the valve collar would
      greatly reduce the possibility of a seal occurring at all in the prior
      art. A valve 10 utilizing a seal taught by this invention and having a
      machine release 104 disposed on the arm 60 eliminates either possibility
      from occurring.
PAR  A further additional feature of a valve 10 having a seal as taught by this
      invention is the inclusion of a flush fluid connected 106 disposed within
      the valve housing 12. The flush fluid connection 106 communicates with
      both the recess regions 86A and 86B and with the leakoff 56. It is evident
      that an external supply of clean steam or water can be applied to the
      recesses 86A and 86B thus permitting any accumulated foreign deposits
      which are water soluble to be so dissolved. Deposits which dissolve in the
      flush supply introduced into the recess regions 86A and 86B through the
      flush fluid connection 106 are withdrawn therefrom through the leakoff 56.
PAR  Although such a flush fluid connection 106 could not be utilized during
      operation of the turbine system due to the possibility of thermal
      distortions, provision of such a flush connection 106 would preclude the
      necessity of dismantling valve 10 in order to eliminate any deposits which
      may accumulate within the recess regions 86A or 86B. Thus, the valve 10
      utilizing a seal taught by this invention can be cleaned and deposits
      collected within the recess regions 86A or 86B eliminated without
      necessitating dismantling of the valve 10. Provision of such a flush fluid
      connection 106 will consequently eliminate the down time necessary to
      clean a valve 10.
PAR  It is seen that a valve 10 having a shaft seal 88 constructed according to
      the teachings of this invention provides an improved seal over that
      utilized by the prior art. In addition, provision of a recess 86 within
      which the shaft seal 88 is disposed provides a useful volume in which
      accumulation of foreign matter precipitates can be accommodated without
      deleterious effects on operation of the valve 10. Also, provision of a
      plurality of spiral grooves 96 which communicates with the valve chamber
      28 and the recess 86 provide a flow path in which any foreign matter
      precipitate can be conducted into the recess 86.
PAR  Provision of a flush fluid connection 106 which communicates with the
      recesses 86A and 86B and with the leakoff 56 provides a capability for
      introducing a solvent into the recess 86 for dissolving any foreign matter
      precipitate collected within the recess 86. Consequently, a valve 10
      utilizing a seal 88 taught by this invention, can be cleaned and
      accumulated deposits removed without dismantling of the valve casing 12.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A check valve comprising:
PA1  a valve casing,
PA1  a valve shaft rotatably disposed within said valve casing,
PA1  said casing having a first axial portion having a first predetermined
      tolerance fit with said shaft, said casing having a second axial portion
      having a second predetermined tolerance fit with said shaft, said second
      axial portion being contiguous with said first axial portion, said second
      tolerance fit being of a dimension greater than said first tolerance fit,
      and,
PA1  sealing means for providing a seal between said casing and said rotatable
      shaft, said sealing means being disposed adjacent said second axial
      portion of said casing,
PA1  said casing having a valve chamber defined therein and said shaft having a
      groove disposed on the surface thereof, said groove having a sharp edge
      thereon, said groove having a first end and a second end, said first end
      of said groove communicating with said valve chamber, and said second end
      of said groove being disposed on said shaft at a point other than those
      points on said shaft lying within said first axial portion of said valve
      casing.
NUM  2.
PAR  2. The check valve of claim 1, wherein said second axial portion of said
      casing and said surface of said shaft define a region wherein said casing
      and said second axial portion of said casing are separated by a dimension
      equal to said second tolerance fit, and, wherein said sealing means is
      disposed within said region.
NUM  3.
PAR  3. The check valve of claim 2,
PA1  wherein said second end of said groove terminates at a point on said shaft
      lying within said second axial portion of said casing,
PA1  wherein said valve shaft has a valve disc thereon movable from an open to a
      seated position, and,
PA1  wherein said sealing means are engaged within said region when said valve
      disc is in the open position.
NUM  4.
PAR  4. The check valve of claim 1, wherein said second end of said groove
      terminates at a point on said shaft lying within said second axial portion
      of said casing.
NUM  5.
PAR  5. A check valve comprising:
PA1  a valve casing having a valve chamber defined therein,
PA1  a rotatably disposed valve shaft member supported by said valve casing,
PA1  a valve disc secured to said valve shaft, said valve disc moving from an
      open to a seated position within said valve chamber when said shaft member
      is rotated a predetermined amount,
PA1  a bushing member disposed in close contact with said valve casing and said
      valve shaft, said bushing having a first predetermined axial portion
      thereon having a first predetermined close fit with said shaft, said
      bushing having a second axial portion thereon having a second
      predetermined tolerance fit with said shaft, said second axial portion of
      said bushing being contiguous with said first axial portion of said
      bushing, said second tolerance fit being of greater dimension than said
      first tolerance fit, said bushing and said shaft defining a recess
      therebetween within said second axial portion, said valve chamber adjacent
      to said first axial portion of said bushing, and,
PA1  sealing means for providing a seal between said valve shaft and said
      bushing, said sealing means being disposed within said recess,
PA1  said sealing means comprising a shoulder disposed on said valve shaft and a
      shoulder on said bushing corresponding to said shoulder on said shaft,
      said shoulder on said valve shaft abutting said shoulder on said bushing
      when said valve disc is in the open position, the abutment of said
      corresponding shoulders being disposed within said recess.
NUM  6.
PAR  6. The check valve of claim 5, wherein said valve casing has a leakoff
      opening therein, said leakoff opening communicating with said recess, and,
PA1  said shaft has a groove disposed on the surface thereof, said groove
      communicating with said chamber and said recess, said groove having a
      scraping edge thereon, said scraping edge of said groove scraping against
      said bushing when said valve disc moves from the open to the seated
      position within said chamber.
NUM  7.
PAR  7. The valve of claim 6 wherein a fluid flush connection is disposed within
      said valve casing, said fluid flush connection communicating with said
      recess and said leakoff.
NUM  8.
PAR  8. The check valve of claim 5, wherein said valve casing has a leakoff
      opening therein, said leakoff opening communicating with said recess,
PA1  said valve disc being moved from the open to the seated position within
      said chamber when said valve shaft is rotated through an arc of
      90.degree.,
PA1  said valve shaft having a predetermined number of spiral grooves disposed
      on the surface thereof, said spiral grooves communicating with said
      chamber and with said recess, said spiral grooves having a sharpened edge
      thereon, said spiral grooves being disposed so that said sharpened edges
      of said grooves scrape against said bushing when said valve disc is moved
      from the open to the seated position
NUM  9.
PAR  9. The valve of claim 8, wherein there are four spiral grooves disposed on
      said shaft, said spiral grooves circumscribing said shaft a predetermined
      number of times.
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ABST
PAL  In a plural range pressure regulator construction having a spring for
      acting on a flexible wall of the construction to provide one pressure
      range for the regulator construction when the spring is in a certain
      position thereof and for being stored in a removable cap of the
      construction so that the spring will be in another position thereof and
      will not act on the wall so as to permit the regulator construction to
      provide another range thereof, the improvement wherein the spring has a
      spring retainer secured to one end thereof with the spring retainer being
      adapted to be snap-fitted onto a projection of the cap whereby the cap and
      spring are removed in unison from the housing when it is desired to change
      the operating position of the spring.
BSUM
PAR  This invention relates to an improved plural range pressure regulator
      construction and cap assembly therefor.
PAR  It is well known from U.S. Pat. No. 3,825,029 to Genbauffe, that a pressure
      regulator construction can be provided wherein one of the springs thereof
      can be stored in an out-of-the-way position in a removable cap of the
      pressure regulator construction so that the spring will not act on the
      flexible wall thereof in order to permit the regulator construction to
      have one pressure range thereof with that stored spring being adapted to
      be disposed in another position in the regulator construction to act on
      the wall of the regulator construction and thereby provide another
      pressure range thereof.
PAR  However, it has been found according to the teachings of this invention
      that when removing such cap from such a plural range pressure regulator
      construction, there is a tendency for the cap and spring to become
      separated and thereby result in a losing of the spring during the
      changeover of the pressure regulator construction from one operating range
      thereof to another operating range thereof.
PAR  Therefore, it is a feature of this invention to provide improved means for
      maintaining the removable cap and changeover spring of the plural range
      pressure regulator construction secured together so that the same can be
      removed in unison when the spring is in at least one of the operating
      positions thereof.
PAR  In particular, one embodiment of this invention provides a plural range
      pressure regulator construction having a spring means for acting on a
      flexible wall of the construction to provide one pressure range for the
      regulator construction when the spring means is in a certain position
      thereof and for being stored in a removable cap of the construction so
      that the spring means will be in another position thereof and will not act
      on the wall so as to permit the regulator construction to provide another
      pressure range thereof. Securing means are provided for securing the
      spring means to the cap when the spring means is in either of the
      positions thereof whereby the spring means is adapted to be removed from
      the housing of the construction in unison with the cap when the cap is
      removed therefrom and the spring means is in either of the positions
      thereof.
PAR  Accordingly, it is an object of this invention to provide an improved
      plural range pressure regulator construction having one or more of the
      novel features set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide an improved cap assembly for
      such a plural range pressure regulator construction or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawing forming a part thereof and wherein:
PAR  FIG. 1 is a cross-sectional view of the improved pressure regulator
      construction of this invention with the changeover spring thereof being in
      one operating position thereof.
PAR  FIG. 2 is a view similar to FIG. 1 and illustrates the changeover spring in
      a stored condition thereof.
PAR  FIG. 3 illustrates the removable cap and changeover spring of the pressure
      regulator construction of FIG. 1 in the removed condition thereof.
PAR  FIG. 4 is a view similar to FIG. 3 and illustrates the removable cap and
      the changeover spring thereof when removed from the pressure regulator
      construction of FIG. 2.
PAR  FIG. 5 is an exploded perspective view of the various parts of the
      removable cap and changeover spring construction.
PAR  FIG. 6 is a fragmentary cross-sectional view taken on line 6--6 of FIG. 3.
PAR  FIG. 7 is a fragmentary perspective view of the removable collar and spring
      of the regulator of FIG. 1.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to provide a plural range
      pressure regulator construction for a fuel burning apparatus, it is to be
      understood that the various features of this invention can be utilized
      singly or in any combination thereof to provide a plural range biasing
      means for other devices as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of the uses of this invention.
PAR  Referring now to FIG. 1, the improved plural range pressure regulator
      construction of this invention is generally indicated by the reference
      numeral 10 and is of generally the same type of pressure regulator
      construction fully disclosed and claimed in the aforementioned U.S. Pat.
      No. 3,825,029 to Genbauffe.
PAR  The plural range pressure regulator construction 10 comprises a housing
      means 11 having an inlet 12 and an outlet 13 interconnected together by
      the resilient valve seat means 14 that is adapted to be controlled by a
      valve member 15 disposed on the inlet side of the valve seat 14 and being
      interconnected by a stem 16 thereof that projects through the valve seat
      14 to a flexible diaphragm or wall 17 carried by the housing means 11 and
      cooperating therewith to define a chamber 18 on the outlet side of the
      diaphragm 17 and another chamber 19 on the other side 20 of the diaphragm
      17 for a purpose hereinafter described.
PAR  The other side 20 of the diaphragm 17 has a metallic backup plate 21
      secured thereto by the stem 16 of the valve member 15 in the manner
      illustrated with the backup plate 21 having a plurality of upwardly bent
      tabs 22 to provide a spring retaining function as will be apparent
      hereinafter.
PAR  The housing 11 has an internally threaded bore portion 23 leading to the
      chamber 19 thereof and defining a storage space 24 for a purpose
      hereinafter described, the storage space 24 having its upper end closed by
      a removal cover member or end cap 25 threaded to the threaded portion 23
      and having an annular flange 26 thereof adapted to abut against the top
      surface 27 of the housing 11 to limit the amount of insertion of the cover
      member 25 into the housing means 11.
PAR  A first spring retainer 28 is of an annular configuration and has its outer
      periphery 29 formed in such a manner that the same can be threaded into
      the threaded portion 23 of the housing 11 and thus be positioned in a
      preselected axial position therein in the manner illustrated in FIGS. 1
      and 2.
PAR  Another annular spring retainer 30 of this invention is adapted to be
      loosely disposed in the threaded portion 23 of the housing 11 and be
      carried by the end cap 25 in the two positions illustrated respectively in
      FIGS. 1, 3, and 2, 4.
PAR  In particular, the spring retainer 30 has a central opening 31 passing
      therethrough and is cut and formed in such a manner that the same defines
      a plurality of inwardly directed radially disposed flexible tongues 32
      that are disposed in a circular array in the opening 31 and are adapted to
      snap fit into an annular recess 33 formed in a central projection 34 of
      the end cap 25 which is adapted to project centrally into the storage
      space 24 of the housing means 11 in the manner illustrated in FIGS. 1 and
      2. The projection 34 of the end cap 25 has a camming surface 35 adjacent
      the recess 33 to facilitate the snap fitting of the tongues 32 of the
      spring retainer 30 into and out of recess 33 thereof. The spring retainer
      30 also has a plurality of outwardly directed tangs 36 adjacent the
      opening 31 thereof for a purpose hereinafter described.
PAR  The other annular spring retainer 28 also has a central opening 37 passing
      therethrough and defining a cylindrical flange 38 extending therefrom.
PAR  A biasing means of this invention is generally indicated by the reference
      numeral 40 and comprises a pair of coiled compression springs 41 and 42
      adapted to be substantially concentrically disposed in the housing means
      11 in the manner illustrated in FIG. 1 with the lower ends 43 and 44 of
      the springs 41 and 42 respectively bearing against the backup plate 21 of
      the flexible wall 17 to act in a direction to tend to open the valve
      member 15 away from the valve seat 14 for a purpose that will be apparent
      hereinafter, the lower end 44 of the outer spring 42 nesting within the
      tabs 22 of the backup plate 21 whereby the tabs 22 provide a spring
      retaining function for the spring 42.
PAR  The upper end 45 of the outer spring 42 encircles the cylindrical flange 38
      of the threaded spring retainer 28 and bears against the under surface 46
      thereof in the manner illustrated in FIGS. 1 and 2.
PAR  The upper end 47 of the inner spring 41 encircles the tabs 36 of the spring
      retainer or collar 30 and bears against the under surface 48 thereof, the
      tabs 36 being staked over the last coil of the spring 41 at the end 47
      thereof to fasten that end 47 of the spring 41 to the spring retainer or
      collar 30 for a purpose hereinafter described.
PAR  In this manner it can be seen that when both springs 41 and 42 are
      assembled in the housing means 11 in the manner illustrated in FIG. 1, the
      spring retainers 28 and 30 support the upper ends 45 and 47 of the springs
      42 and 41 while the lower ends 43 and 44 thereof respectively act against
      the flexible wall 17 of the pressure regulator construction 10 to tend to
      move the valve member 15 away from the valve seat 14 with a certain force
      that is the sum of the forces of the two springs 41 and 42 acting
      downwardly in FIG. 1.
PAR  Thus, when a fuel source is interconnected to the inlet 12, such as an LPG
      fuel source, the fuel passes through the open valve seat 14 to the outlet
      13. However, the pressure of the fuel passing through the valve seat 14
      builds up in the chamber 18 and acts against the other side 49 of the
      flexible wall 17 in opposition to the force of the springs 41 and 42 and
      tends to move the valve member 15 upwardly in FIG. 1, and, thus, close the
      valve seat 14. In this manner, the pressure of the fuel in the chamber 18
      and, thus, in the outlet 13, is maintained at a certain pressure value
      regardless of the pressure value of the fuel being directed to the inlet
      12 of the housing means 11 as the position of the valve member 15 relative
      to the seat 14 will assure that the fuel pressure in the chamber 18 and
      being directed to the outlet 13 will remain at a certain pressure level as
      determined by the combined force of the springs 41 and 42 in a manner well
      known in the art.
PAR  When it is desired to change the pressure range of the pressure regulator
      construction 10 to another pressure range thereof, such as for being
      interconnected to a natural gas fuel source, the cap 25 is unthreaded from
      the threaded portion 23 of the housing 11 and removed therefrom whereby
      the collar or spring retainer 30 that is snap fitted to the projection 34
      of the cap 25 and its interconnected inner spring 41 are removed in unison
      therewith in the manner illustrated in FIG. 3. Thus, once the cap 25 is
      completely removed from the housing 11, there is no change that the spring
      41 will be separated from the end cap 25 to become lost until the operator
      turns over the assembly of the interconnected spring 41 and retainer 30 to
      insert the coiled spring 41 into the storage space 24 of the end cap 25 in
      a concentric manner about the projection 34 thereof as illustrated in FIG.
      4 and pushes inwardly on the collar 30 to again snap fit the tongues 32
      thereof into the recess 33 of the end cap 25 whereby the spring 41 is
      compressed between the snap-fitted retainer 30 and end cap 25 as
      illustrated in FIG. 4 to become again a self-contained unit which is
      adapted to be rethreaded into the bore 23 of the housing 11 in the manner
      illustrated in FIG. 2.
PAR  Accordingly, when the pressure regulator construction 10 is in the
      condition illustrated in FIG. 2, it can be seen that only the compression
      spring 42 is now acting in a downward direction on the flexible wall 17 so
      that the valve member 15 is moved away from the valve seat 14 by only the
      force of the compression spring 42 whereby the pressure regulator
      construction 10 will tend to maintain a lesser pressure value of the fuel
      in the chamber 18 and thus, at the outlet 13 thereof than when both the
      springs 41 and 42 were utilized in the manner illustrated in FIG. 1.
PAR  Therefore, it can be seen that this invention provides an improved plural
      range pressure regulator construction that can readily be converted from
      one pressure range thereof to another pressure range thereof merely by
      changing the direction or position of one spring assembly thereof from a
      stored condition thereof as illustrated in FIG. 4 to an active force
      applying position thereof as illustrated in FIG. 3 in a simple and
      effective manner without fear of losing the changeover spring 41 as might
      occur when utilizing the dual range pressure regulator construction of the
      aforementioned U.S. Pat. No. 3,825,029 to Genbauffe.
PAR  Thus, when it is desired to convert the regulator construction 10 from the
      condition illustrated in FIG. 2 back to the condition illustrated in FIG.
      1, the end cap 25 is removed as illustrated in FIG. 4 and the collar 30 is
      unsnapped from the projection 34 of the end cap 25 so that the assembly of
      the collar 30 and spring 41 can be changed around to be snapped back on to
      the projection 34 of the end cap 25 in the manner illustrated in FIG. 3.
      Thereafter, the assembly of FIG. 3 is replaced into the bore 23 of the
      housing 11 so that the lower end 43 of the inner spring 41 will again bear
      against the backup plate 21 of the flexible wall 17. Thus, both springs 41
      and 42 will now act on a movable wall 17 for the reasons previously set
      forth.
PAR  Of course, the chamber 19 of the pressure regulator construction is adapted
      to be interconnected to the atmosphere in any desired manner. For example,
      in the embodiment illustrated in the drawings, the housing means 11 is
      provided with the passage means 51 leading from a chamber 19 to the
      exterior of the housing means 11 and having a suitable restrictor 52
      disposed therein to slow down the movement of the diaphragm 17 from its
      various operating positions in much the same manner as a dash pot
      arrangement or the like.
PAR  Thus, it can be seen that this invention not only provides an improved
      plural range pressure regulator construction, but also this invention
      provides an improved cap assembly such a plural range pressure regulator
      construction or the like.
PAR  While the form of this invention now preferred has been described and
      illustrated as required by the Patent Statute, it is to be understood that
      other forms can be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a plural range pressure regulator construction having a spring means
      for acting on a flexible wall of said construction to provide one pressure
      range for said regulator construction when said spring means is in a
      certain position whereof and for being stored in a removable cap of said
      construction so that said spring means will be in another position thereof
      and will not act on said wall so as to permit said regulator construction
      to provide another pressure range thereof, the improvement comprising
      securing means for securing said spring means to said cap when said spring
      means is in either of said positions thereof whereby said spring means is
      adapted to be removed from the housing of said construction in unison with
      said cap when said cap is removed therefrom and said spring means is in
      either of said positions thereof.
NUM  2.
PAR  2. In a plural range pressure regulator construction as set forth in claim
      1, the further improvement wherein said spring means is detachably secured
      to said cap by said securing means when said spring means is in either of
      said positions thereof whereby said spring means can be removed from said
      cap.
NUM  3.
PAR  3. In a plural range pressure regulator construction as set forth in claim
      2, the further improvement wherein said securing means comprises a spring
      retainer against which one end of said spring means is adapted to bear.
NUM  4.
PAR  4. In a plural range pressure regulator construction as set forth in claim
      3, the further improvement wherein said spring retainer has snap-fit means
      for snap-fitting to said cap to detachably secure said spring retainer to
      said cap.
NUM  5.
PAR  5. In a plural range pressure regulator construction as set forth in claim
      4, the further improvement wherein said snap-fit means of said spring
      retainer comprises a plurality of tongues of said spring retainer that are
      disposed in a circular array.
NUM  6.
PAR  6. In a plural range pressure regulator construction as set forth in claim
      5, the further improvement wherein said cap has a central projection
      against which said tongues of said spring retainer are adapted to
      snap-fit.
NUM  7.
PAR  7. In a plural range pressure regulator construction as set forth in claim
      3, the further improvement wherein said one end of said spring means is
      secured to said spring retainer so as to be carried thereby.
NUM  8.
PAR  8. In a plural range pressure regulator construction as set forth in claim
      7, the further improvement wherein said spring means is substantially
      conical in configuration with said one end being the smaller end thereof.
NUM  9.
PAR  9. A removable cap assembly for a plural range pressure regulator
      construction having a spring means for acting on a flexible wall of said
      construction to provide one pressure range for said regulator construction
      when said spring means is in a certain position thereof and for being
      stored in a removable cap of said construction so that said spring means
      will be in another position thereof and will not act on said wall so as to
      permit said regulator construction to provide another pressure range
      thereof, said assembly comprising said cap, said spring means, and
      securing means for securing said spring means to said cap when said spring
      means is in either of said positions thereof whereby said spring means is
      adapted to be removed from the housing of said construction in unison with
      said cap when said cap is removed therefrom and said spring means is in
      either of said positions thereof.
NUM  10.
PAR  10. An assembly as set forth in claim 9 wherein said spring means is
      detachably secured to said cap by said securing means when said spring
      means is in either of said positions thereof whereby said spring means can
      be removed from said cap.
NUM  11.
PAR  11. An assembly as set forth in claim 10 wherein said securing means
      comprises a spring retainer against which one end of said spring means is
      adapted to bear.
NUM  12.
PAR  12. An assembly as set forth in claim 10 wherein said spring retainer has
      snap-fit means for snap-fitting to said cap to detachable secure said
      spring retainer to said cap.
NUM  13.
PAR  13. An assembly as set forth in claim 12 wherein said snap-fit means of
      said spring retainer comprises a plurality of tongues of said spring
      retainer that are disposed in a circular array.
NUM  14.
PAR  14. An assembly as set forth in claim 13 wherein said cap has a central
      projection against which said tongues of said spring retainer are adapted
      to snap-fit.
NUM  15.
PAR  15. An assembly as set forth in claim 11 wherein said one end of said
      spring means is secured to said spring retainer so as to be carried
      thereby.
NUM  16.
PAR  16. An assembly as set forth in claim 15 wherein said spring means is
      substantially conical in configuration with said one end being the smaller
      end thereof.
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ABST
PAL  Fluid control systems for controlling machine tool operations or other
      automated mechanical devices. An unlimited number of multiple function
      systems can be assembled from a basic simple function system employing
      two-way relay valves which, in their normally blocked state, have a
      "controlled leakage" venting feature effective to prevent any leakage to
      outlet and possible system malfunction. Fluid memory can also be built in
      the system. Simple relay valves, limit valves, pressure control relay
      valves, time delay relay valves and other variations in spool and slide
      form provide controlled leakage.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to automatic control systems. It deals more
      particularly with automatic control systems of the fluid type which
      utilize fluid control relay valves for logic and sensing purposes.
PAC  BACKGROUND OF THE INVENTION
PAR  Automatic control systems for industrial machinery and the like are, of
      course, well known. The most widely used automatic control systems are
      electrical and employ conventional circuitry including electro-mechanical
      relays, push-button switches, selector switches, limit switches and
      pressure switches and the like to initiate, control and terminate
      operation of the machine.
PAR  Just coming into prominence in recent years as an alternative to electrical
      systems are automatic control systems which employ pressurized fluid;
      i.e., either positive or negative (vacuum) pressure as a motive force.
      Fluid control systems of this type have the advantage of being virtually
      shock and explosion proof, requiring minimal shielding. Furthermore, the
      service life of fluid control system components, control valves, for
      example, far exceeds that of electrical relays and the like.
PAR  The automatic fluid control systems presently available are severely
      limited in complexity and flexibility, however, by problems heretofore
      thought to be inherent in their make-up and, consequently, insoluble. As a
      result, these fluid control systems have found relatively limited use
      compared to the wide-spread utilization of automatic control systems using
      electro-mechanical relays with isolated pole electrical contacts, pressure
      switches, etc., to perform logic and control power functions.
PAR  As will hereinafter be discussed in relation to the system embodying
      features of the present invention, the problems heretofore though to be
      inherent in fluid type automatic control systems reside basically in the
      construction and utilization of the control valves employed. Accordingly a
      brief discussion of basic, conventional valve constructions is a valuable
      preface to an understanding of the present invention and its advantages.
PAR  The most commonly used types of directional, fluid control, relay valves,
      for example, are spool valves, slide valves, and poppet valves. Spool
      valves and slide valves are shear-action devices incorporating a movable
      valve element which slides across fluid flow paths to control flow between
      adjacent ports. The poppet valve on the other hand, is a seating action
      device which includes a movable member adapted to seat and obstruct a flow
      path whereby flow between adjacent ports is controlled.
PAR  A spool valve utilizes a valve body containing a cylindrical bore having a
      plurality of cylindrical valve sealing surfaces spaced along its axis,
      with valve ports normally extending radially through the body into the
      communication with the bore between the sealing surfaces. The spool
      includes a plurality of cylindrical lands which selectively mate with the
      valve sealing surfaces in the bore as the spool is moved axially, so as to
      control the flow of pressurized fluid between the ports. The valve sealing
      surfaces (or the spool) might incorporate sealing O-rings, for example, to
      improve the seal between the spool and valve body bore or, in the
      alternative, a precision sliding fit may be established between the bore
      and the spool to limit leakage between the ports.
PAR  The slide valve utilizes a valve body having a precision, lapped surface
      with holes or slots intersecting the surface. The holes or slots lead to
      separate ports in the valve body. A movable element referred to as a
      "slider", having a precision, lapped surface, with slots or connecting
      holes in the surface, alternatively connects or blocks the flow of
      pressurized fluid between ports as the slider is moved relative to the
      body surface. Leakage between the ports is limited by the small amount of
      clearance afforded at the precision, lapped surfaces.
PAR  Finally, the poppet valve includes a body having an axial bore formed
      therein with annular seats in the bore between its opposite end ports. A
      spool which incorporates annular surfaces designed to coact with the
      annular seats in the body moves axially in the bore and selectively blocks
      flow between the ports.
PAR  Automatic control systems of the fluid type presently in use all employ
      standard valves of the aforedescribed character. The spool valve is most
      commonly used. As previously implied, however, these standard spool
      valves, slide valves, and poppet valves all have a common failing which
      places severe limitations on their use in an automatic, sequential control
      system and, accordingly, limit the type of logic which can be performed by
      conventional systems. Unless these standard valves are used as three-way
      valves, with the output passage of a normally blocked pressure path
      connected to a hydraulic tank, in the case of a liquid system, or to
      atmospheric pressure in the case of an air system, any leakage in the
      valve between the ports tends to build up pressure at the output port. The
      result is a false signal which may cause the system to malfunction.
      Because of this valve function requirement, present systems are limited in
      complexity and flexibility, as heretofore has been pointed out. This is
      one reason why a large percentage of the automatic control systems in
      present use are electro-mechanical systems.
PAR  It follows that thousands of trained technicians throughout the world are
      familiar with the abstract symbols and schematic diagrams used for
      automatic electrical control systems employing electro-mechanical relays.
      Because fluid control system valves and valve functions, as they are
      presently known, cannot be functionally interchanged with
      electro-mechanical isolated pole relays, pressure switches, limit
      switches, selector switches and push button switches and the like, the
      understanding and use of the fluid control systems by technicians trained
      in the conventional automatic electrical control systems has been
      extremely difficult, if not impossible. As a result, the utility and
      serviceability of present fluid control systems has been severely limited.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved,
      automatic, fluid control system which retains the long service life and
      safety features of presently known fluid control systems yet assures a
      flexibility and serviceability which is greater than that which can be
      obtained with electrical control systems. It is another object to provide
      an improved, automatic, fluid control system which has these advantages in
      flexibility and serviceability, yet is considerably simpler and less
      expensive then fluid control systems presently in use. Still another
      object is to provide an automatic fluid control system which lends itself
      to simple diagramming using abstract electrical symbols whereby the system
      may be designed, understood and serviced by personnel already technically
      trained on automatic electric control systems.
PAR  A further object is to provide an automatic fluid control system which
      utilizes isolated pairs of two port, flow paths, either normally blocked
      or normally passing to signal pressure, to control system functions. Yet a
      further object is to provide an improved fluid control system wherein
      fluid control signals may readily be teed together. Another object is to
      provide a fluid control system which has a pressure memory capability.
PAR  Still a further object is to provide an improved fluid control device for
      an automatic fluid control system which prevents leakage of pressurized
      fluid from one port of a pair of normally blocked ports to the other of
      said ports. Another further object is to provide improved fluid control
      devices in an automatic fluid control system which prevent leakage of the
      pressurized fluid between pairs of adjacent ports.
PAR  Another object is to provide an improved fluid control relay wherein pairs
      of ports, or contacts as they would be designated in electrical systems
      parlance, are non-oriented; i.e., it does not matter to which port of a
      set of ports the pressure or absence of pressure (vacuum) is applied.
      Still another object is to provide improved fluid control relay wherein
      the pairs of ports or contacts are isolated to prevent signals from
      adjacent pairs of ports or contacts from intermixing.
PAR  Additional specific objects of the invention include the provision of a
      number of improved fluid control devices and system components. These
      comprise a fluid selector valve, a fluid push-button valve, a fluid
      pressure sensing relay wherein snap action is provided, a fluid time delay
      relay wherein snap action is provided, a fluid limit valve, or switch in
      electrical system parlance, wherein snap action is provided. They also
      include an improved fluid conduit fitting.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention, including its construction and method of operation, together
      with other objects and advantages thereof, is illustrated more or less
      diagrammatically in the drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view of a four-pole relay;
PAR  FIG. 2 is a transverse sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a transverse sectional view taken through a four-pole relay
      similar to that shown in FIGS. 1 and 2, with the relay modified for
      balanced spool operation with equal opposed pressurized areas;
PAR  FIG. 4 is a longitudinal sectional view of a balanced spool, three-pole
      relay;
PAR  FIG. 5 is a transverse sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a longitudinal sectional view of a relay with displaced contacts;
PAR  FIG. 7 is a longitudinal sectional view of a snapaction, time delay relay;
PAR  FIG. 8 is a longitudinal sectional view of another embodiment of a
      snap-action, time delay relay;
PAR  FIG. 9 is a longitudinal sectional view of a snapaction, pressure control
      relay;
PAR  FIG. 10 is a longitudinal sectional view of a cam operated, snap-action
      fluid limit valve;
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 10.
PAR  FIG. 12 is a longitudinal sectional view of a fluid control relay with an
      internal latching contact;
PAR  FIG. 13 is a longitudinal sectional view of a relay with elastomeric seals
      and a spool orientation pin;
PAR  FIG. 14 is a transverse sectional view taken along line 14--14 of FIG. 12;
PAR  FIG. 15 is a longitudinal sectional view of a cartridge type relay with
      integral tube connectors on the housing;
PAR  FIG. 16 is a transverse sectional view taken along line 16--16 of FIG. 15;
PAR  FIG. 17 is a transverse sectional view taken through an alternate form of
      cartridge type relay;
PAR  FIG. 18 is a longitudinal sectional view of the relay shown in FIG. 17;
PAR  FIG. 19 is a longitudinal sectional view of a slide valve type relay;
PAR  FIG. 20 is a sectional view taken along line 20--20 of FIG. 19 showing, for
      purposes of illustration, the position of slot chambers in the lower
      surface of the slider;
PAR  FIG. 21 is a transverse sectional view taken along line 21--21 of FIG. 19;
PAR  FIG. 22 is a transverse sectional view taken along line 22--22 of FIG. 19,
      with the slider actuated;
PAR  FIG. 23 is a longitudinal sectional view of another form of slide valve
      type relay;
PAR  FIG. 24 is a sectional view taken along line 24--24 of FIG. 23;
PAR  FIG. 25 is a sectional view taken along line 25--25 of FIG. 23;
PAR  FIG. 26 is a transverse sectional view of a rotary fluid selector valve;
PAR  FIG. 27 is a longitudinal sectional view of the valve shown in FIG. 26;
PAR  FIG. 28 is a longitudinal sectional view of a two-position push-button
      valve in its normally blocked position;
PAR  FIG. 29 is a view similar to FIG. 28 with the valve in its normally passing
      position;
PAR  FIG. 30 is a longitudinal sectional view of a three-position push-button
      valve in its normally blocked position;
PAR  FIG. 31 is a longitudinal sectional view of another form of a
      three-position push-button valve;
PAR  FIG. 32 is a longitudinal sectional view of a fluid conduit fitting
      assembly embodying features of the invention;
PAR  FIG. 33 is a schematic diagram of an automatic fluid control system
      embodying features of the invention;
PAR  FIG. 34 is a longitudinal sectional view of an energy storage device
      embodying features of the invention; and
PAR  FIG. 35 is a schematic diagram of a simplified fluid control system
      incorporating pressure memory capabilities embodying features of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The automatic fluid control system embodying features of the invention is
      best understood by first describing the construction and operation of
      various components which might be incorporated in a system. To this end,
      FIGS. 1-32 and 34 illustrate such components. One form of the system
      itself is then illustrated schematically at 2000 in FIG. 33. Another form
      of the system is, in turn, illustrated at 3000 in FIG. 35.
PAR  Regarding the component devices of the system embodying features of the
      present invention, although they fall generally within the category of
      fluid power valves, there are no standard or commonly-used fluid power
      symbols available for abstractly representing them in an automatic control
      system assembled according to the invention. Since in the present
      invention these devices provide functions analogous to those provided by
      components used in a corresponding manner in automatic electrical control
      systems, however, the abstract symbols and nomenclature commonly used to
      describe and diagram electrical circuits and components can be and are
      used. This is one of the many advantages of the system.
PAR  Accordingly, a two port, normally blocked relay valve is designated by the
      same symbol () which is used to denote an open electrical relay contact;
      i.e., one which will block the flow of current. A two port normally
      passing relay valve is designated by the same symbol () used to denote a
      normally closed electrical contact; i.e., one which will pass a flow of
      current. Sets of two-port valves are referred to as poles or contacts.
      Thus, a relay valve with four sets of two port valves is referred to as a
      four-pole relay. Symbols for limit valves, time-delay relay valves,
      pressure sensing valves, push-button valves and selector switch valves
      will be identical to those normally given corresponding electrical
      components. With specific reference to the system as a fluid system, the
      term pressurized fluid as used throughout is intended to include liquids,
      gases, and vacuum or partial-vacuum conditions.
PAR  Now, referring specifically to the drawings, and particularly to FIGS. 1
      and 2, a basic component of the system 2000 embodying features of the
      invention is a multiple pole fluid relay. In FIGS. 1 and 2, a four-pole
      fluid relay embodying features of the invention is illustrated generally
      at 110. The relay 110 is designed with one normally blocked pole and three
      normally passing poles. When it is actuated, in a manner hereinafter
      discussed, it alternatively provides one passing pole and three blocked
      poles. As will subsequently be recognized, however, the relay might
      comprise any number of poles having any combination of normally blocked
      and passing states.
PAR  The relay valve 110 comprises a valve body 111 having a valve spool 112
      axially slidable in a valve bore 113 extending through the body 111. Caps
      114 and 115 close opposite ends of the bore 113 and each are apertured, as
      at 116, for reasons hereinafter discussed. A coil spring 117 is disposed
      between the cap 115 and that end of the spool 112 adjacent the cap 115,
      effective to normally urge the spool 112 into the position seated against
      the cap 114, as shown in FIG. 1.
PAR  The spool 112 has four annular grooves 121 formed in its outer surface in
      axially spaced relationship. With the spool 112 "normally" seated against
      the end cap 114, three of these grooves 121a, 121b, and 121c are in
      alignment with identical cross passages 122a, 122b, and 122c extending
      through the valve body 111.
PAR  The cross passages 122a-c each define oppositely disposed inlet-outlet
      ports in the valve body 111. The ports 122a-c associated with the spools
      annular grooves 121a-c in FIG. 1 are normally passing, as illustrated.
PAR  A fourth annular groove 121d is formed in the spool 112 axially spaced from
      the groove 121c one and one-half times (11/2 ) the normal axial spacing of
      the grooves 121. Accordingly, with the spool 112 positioned as illustrated
      in FIG. 1, the groove 121d is not in alignment with another set of cross
      passages 122d or ports in the valve body 111, since the ports 122d are
      axially spaced uniformly with the ports 122a-c. Thus, the ports 122d are
      normally blocked.
PAR  In a system 2000 (see FIG. 33) embodying features of the invention, the
      aperture 116 in the end cap 114 of the valve 110 is connected to signal
      pressure. The aperture 116 in the end cap 115 is, on the other hand,
      connected to atmosphere in the case of a compressed air system, as this
      one is.
PAR  Application of signal pressure through the aperture 116 in the cap 114
      energizes the relay valve 110 and moves the spool 112 against the end cap
      115, compressing the spring 117 and changing the state of the individual
      relay poles. The ports 122d are opened by communication around the groove
      121d, while the ports 122a-c are blocked.
PAR  Regardless of which position the valve spool 112 is in, however, normally
      blocked ports, the ports 122d in the valve setting illustrated in FIG. 1,
      for example, cannot pass signals through leakage of fluid from inlet to
      outlet around the valve spool 112 circumference. This is true because the
      valve 110, constructed according to the present invention, has five
      annular venting grooves 128 a-e formed around the inner surface of the
      valve bore 113 in axially spaced relationship along the length of the
      bore. Each groove 128 a-e is exhausted, vented to atmosphere in the case
      of an air pressure system, through a vent port 129, best seen in FIG. 2.
PAR  The annular venting grooves 128 a-e are each spaced axially a predetermined
      distance "d" from the next adjacent port 122 a-d in the valve body 111.
      The distance "d", which is slightly less than one-half (1/2) the distance
      axially between adjacent ports 122 a-d, is substantially less than the
      circumferential distance "D" illustrated in FIG. 2 between opposite ports
      122d, for example. Accordingly, leakage fluid takes the shortest path from
      the inlet port side of the normally blocked ports 122d to either vent
      passage 128d or 128e. No leakage to the normally blocked outlet port 122d
      around the spool 112 semi-circumference dimension "D" can take place and
      build up pressure in the line connected to that output port. The relay
      valve 110 thus prevents leakage induced malfunctions with its own
      "controlled leakage" function. In the system 2000 hereinafter discussed,
      no false signal can thus be caused by leakage.
PAR  When signal pressure on the pressure end of the spool 112, as hereinbefore
      described, the inlet-outlet ports 122 a-c are blocked and the ports 122d
      are passing. Release of pressure permits the spring 117 to return the
      spool 112 to its normal position where the reverse is true for each set of
      ports 122 a-d. The annular venting grooves 128 a-e connected to
      corresponding vent ports 129 provide venting isolation between each set of
      poles and between the signal source inside the cap 114 and the poles 122d.
PAR  To achieve a balance of fluid forces and reduce friction in a relay valve
      such as the valve 110, a balanced arrangement of the input-output ports
      122a-d can be built into the valve. Referring to FIG. 3, a valve 210
      otherwise identical to the valve 110 but modified to provide this balance
      is illustrated in section. The section is taken at the same place in a
      modified valve 210 as the section 2--2 in FIG. 1. In the valve 210,
      components corresponding to those of the valve 110 are identified by
      corresponding reference numerals plus 100 digits.
PAR  The valve 210 is characterized by providing two common line inlet-outlet
      ports 222d' and 222d.sup.2 at right angles to each other in the same plane
      disposed transverse to the axis of the valve 210. Similar arrangements of
      other inlet-outlet ports are provided. Thus, as seen in FIG. 3, the ports
      222d', for example, are arranged vertically through the valve body 211
      while the ports 222d.sup.2 are arranged horizontally, and so forth. The
      vent ports 229 are placed identically to those in the valve 110. The spool
      212 is subject to balancing radial pressures along its axis by this
      arrangement of inlet-outlet ports. The leakage path "D" is still
      substantially longer than the path "d" (see FIG. 1) so no pressure
      building leakage occurs.
PAR  Another form of balanced spool relay valve is illustrated generally at 310
      in FIGS. 4 and 5. Here components corresponding generally to those of the
      valve 110 are identified by corresponding reference numerals plus 200
      digits.
PAR  The relay valve 310 is illustrated as a 3-pole fluid relay designed with
      three normally blocked poles. When it is actuated, it alternatively
      provides three passing poles, as would be expected.
PAR  The valve 310 comprises a valve body 311 having a valve spool 312 slideable
      in a bore 313. Caps 314 and 315 close opposite bore ends and are apertured
      at 316. A spring 317 biases the spool 312 to the left in FIG. 4.
PAR  The spool 312 has six annular grooves 318a-f formed in its outer surface
      defining seven annular lands 319a-g. The grooves 318a, c and e are of
      equal width. The grooves 318b, d, and f are also of equal width, but that
      width is twice the width of the grooves 318a, c, and e. The lands 319a-g
      are, on the other hand, all of the same width; i.e., identical to the
      width of each of the grooves 318a, c, and e.
PAR  The valve body 311 is pierced vertically, as seen in FIGS. 4 and 5, by
      three sets of standard inlet-outlet ports 322a-c. Each set of ports 322a-c
      is staggered in that the upper ports 322a.sup.1, 322b.sup.1, and
      322c.sup.1 are axially displaced a distance equal to the width of the
      lands 319a-g from the opposite lower ports 322a.sup.2, 322b.sup.2, and
      322c.sup.2.
PAR  Each port 322a.sup.1, 322b.sup.1, and 322c.sup.1 is normally aligned with a
      corresponding one of the grooves 318a, c and e, respectively. Each port
      322a.sup.2, 322b.sup.2, and 322c.sup.2 is, on the other hand, normally
      aligned with a corresponding one of the grooves 318b, d, and f,
      respectively.
PAR  Application of signal pressure through the aperture 316 in the cap 314
      energizes the relay valve 310 and moves the spool 312 against the end cap
      315. Each set of ports 322a-c are opened by communication through a
      corresponding one of the grooves 318b, d, and f.
PAR  When each pole of the relay valve 310 is in its normally passing
      relationship, then obviously there is no problem with leakage developing
      between the inlet and outlet ports. With the ports normally blocked,
      however, as illustrated in FIG. 4, such leakage would be undesirable and,
      as hereinbefore pointed out, could be disastrous. The relay valve 310 is
      constructed according to the present invention to obviate such a
      possibility.
PAR  According to the invention, identical annular grooves 328b-g are formed in
      the annular surface of the lands 319b-g. In this light, it will be noted
      that the land 319a does not have an annular groove formed in its outer
      surface. The grooves 328b-g are V-shaped in cross-sectional configuration
      and each communicates through a radially extending aperture 329 with an
      axially extending passage 330 in the spool.
PAR  Considering the blocked ports 322a.sup.1, and 322a.sup.2 in FIG. 4, it will
      be seen that before leakage can take place between them; i.e., across the
      width of the land 319b, the leaking fluid will vent from the groove 328g
      through aperture 329 to the passage 330 and atmosphere in this
      illustration.
PAR  Turning now to FIG. 6, in some fluid control circuits it is desirable to
      have signals passed by a multiple pole relay wherein the signals are
      slightly out of time-phase. The relay valve 410 is capable of producing
      such a result, and embodies features of the invention. Once again, valve
      components corresponding to those of previously described valves bear
      corresponding reference numerals plus an additional 100 digits.
PAR  The relay valve 410 comprises a body 411 having a spool 412 slideable in a
      bore 413, with caps 414 and 415, apertured at 416, closing the bore ends.
      A coil spring 417 normally biases the spool 412 against the cap 414.
PAR  The valve 410 is a two-pole relay with both poles normally blocked. The
      spool 412 contains two annular grooves 421a and 421b, axially spaced from
      each other a predetermined distance less than the axial distance between
      two sets 422a and 422b of radially extending ports. As a result,
      communication between the ports 422b through the annular groove 421b takes
      place before communication by the ports 422a is opened through groove 421a
      as the spool 412 moves to the right in FIG. 6.
PAR  According to the invention, the valve 410 also prevents transmission of
      leakage signals. To this end, annular grooves 428a, b and c vented
      radially of the body 411 through apertures 429 are provided. Once again,
      since pneumatic system is under consideration here, the apertures 429 vent
      to atmosphere.
PAR  The valve 510 illustrated in FIG. 7 is broadly similar to the valve 410 in
      that it is constructed and arranged for operation of poles out of
      time-phase. In the valve 510, which defines a two-pole relay, with one of
      the poles normally passing and the other normally blocked, the "early"
      communication of a leading set of poles is utilized to initiate what is
      known as "snap action" operation.
PAR  With the valve 510, a fluid input signal line 540 is connected to aperture
      516 in the end cap 514 of the valve body 511 and has a restricted flow
      orifice 541 of conventional construction disposed in it. The ports 522c
      forming the leading set of poles are connected back to the input line 540
      by return lines 542.sup.1 and 542.sup.2. The line 542.sup.2 returns
      unrestricted to the line 540 upstream of the orifice 541. The line
      542.sup.1 returns unrestricted to the line 540 downstream of the orifice
      541 through one of its branches and to a point upstream of the orifice
      through another of its branches containing a check valve 545.
PAR  In operation, when incoming fluid pressure is applied in the line 540,
      fluid under pressure flows through the restricting orifice 541 at a
      prescribed slow rate and gradually urges the spool 512 to the right
      against the bias of spring 517. When the groove 521c reaches the ports
      522c, incoming fluid from the line 542.sup.2 by-passes the orifice 541
      through the line 542.sup.1 into the input line 540 downstream of the
      orifice. Movement of the spool 512 is rapidly accelerated toward the end
      cap 515.
PAR  Upon removal of fluid pressure in the input line 540, the pressurized fluid
      in the line 542.sup.1 by-passes the restricted orifice 541 through the
      check valve 545 to instantaneously release the spool 512 and permit it to
      return under the urging of the spring 517. The valve 510 prevents
      transmission of leakage signals in a manner identical to the valve 410.
      Venting grooves 528a, b and c and venting apertures 529 vent leakage to
      atmosphere.
PAR  Referring now to FIG. 8, another time-delay relay valve is illustrated
      generally at 610. Again, generally corresponding components are identified
      by reference numerals corresponding to those previously used on the
      various valve components of the valves 110, 210, 310, 410 and 510
      hereinbefore discussed, plus yet another 100 digits. Accordingly, the 600
      series of digits is utilized as reference numerals as the 700, 800, etc.
      series will subsequently be used on other spool valve constructions
      embodying features of the invention.
PAR  The valve body 611 in this case includes a spool 612 slidable axially in
      the bore 613 closed at one end by an end wall 614 and at the other end by
      a cap 615. Apertures 616 are provided in the wall 614 and cap 615 and a
      coil spring 617 normally urges the spool 612 toward the wall 614.
PAR  Opposite the wall 614 from the spool 612 in the body 611 is a variable
      volume chamber 630 in a suitable housing. The chamber 630 volume is made
      variable by a vertically movable upper wall 631 having an annular O-ring
      seal and a manual, screw 632 adjustment. The housing above the wall 631 is
      vented to atmosphere through an aperture 634.
PAR  An inlet pressure line 640 is connected through a restricted orifice 641 to
      an aperture 616a in the variable volume chamber 630. Return lines
      642.sup.1 and 642.sup.2 connect ports 622b in the valve body 611 to the
      inlet line 640, the line 642.sup.1 downstream of the orifice 641 and the
      line 642.sup.2 upstream of the orifice 641.
PAR  The cross-sectional area of the spool 612 and the spring force exerted by
      the spring 617 are so related that when pressure is applied to the inlet
      line 640, the spool 612 will move to the right to compress the spring 617
      at some time before the pressure in the chamber 630 reaches a valve which
      establishes a ratio to the value of the incoming signal pressure known as
      the "critical back pressure ratio." This ratio is 0.53 for compressed air.
      In explanation, the rate of flow of a gas between two chambers is constant
      until the downstream pressure reaches a ratio to the upstream pressure
      equalling the critical back pressure ratio. At this point, the rate of
      flow becomes proportional to the pressure differential between the
      chambers until the pressure is equalized.
PAR  Thus, the time-delay before operation of the valve 610 is initiated will be
      proportional to the volume of the chamber 630, with the cross-sectional
      area of the spool 612 and the spring force of the spring 617 being fixed.
      Adjustments in this volume will proportionally vary the time required for
      the spool 612 to shift to shift once pressure is imparted to the input
      line 640.
PAR  Again, the axial spacing of the grooves 621a and 621b in the spool 612 is
      slightly less than the axial spacing of the ports 622a and 622b.
      Accordingly, the groove 621b affords communication through the port 622b
      before the ports 622a communicate through the groove 621a. Snap action of
      the spool follows by the immediate introduction of full-line pressure
      through the line 642.sup.1 downstream of the orifice 641 in a manner
      hereinbefore discussed in relation to the valve 510. Venting to atmosphere
      without leakage through normally closed ports is again afforded by venting
      grooves 628a and 628b, and apertures 629, in a manner also discussed
      previously.
PAR  A variable pressure control relay valve 710 embodying features of the
      invention is illustrated generally in FIG. 9.  The valve 710 is a two-pole
      relay valve with both poles normally blocked. The valve 710 includes a
      body 711 having a spool 712 slidable in its bore 713. An end cap 714
      closes one end of the bore 713 and a wall 715 closes the other end of the
      bore, the cap 714 and wall 715 each being apertured at 716.
PAR  The wall 715 forms one side of a pressure divider unit 730 comprising a
      body 731 having a spool 732 vertically adjustable in a bore 733 by an
      adjustment screw 734. The spool 732 has an annular groove 735 formed
      intermediate its opposite ends which defines lands 736 and 737 on opposite
      sides of the groove.
PAR  The bore 733 below the land 737 is vented to atmosphere at 738. A pressure
      inlet port 739 to the bore 733 in alignment with the annular groove 735 in
      the spool 732 is provided in the body 731. An annular recess 716a is
      formed around the inner surface of the bore 733 in alignment with the
      aperture 716 to the bore 713 of the valve body 711.
PAR  In operation, a known or standard fluid pressure is introduced to the
      pressure divided body 731, at the groove 735, through the port 739. Fluid
      under pressure leaks along the surface of the land 737 to the recess 716a
      and communicates through the aperture 716 to the valve bore 713 at the end
      of the valve spool 712 opposite the pressure inlet port 716 in the cap
      714. The pressure developed in the valve body 711, and effective on the
      valve spool 712 in this way, is proportional to the length of the spool
      land 737 in engagement with the bore 733 between the recess 716a and the
      groove 735. It will be recognized that this contact length can be adjusted
      readily with the screw adjustment 734. Thus, an adjustable pressure is
      provided to be used as a standard against which an incoming signal at the
      aperture 716 in the cap 714 can be compared.
PAR  In operation, beginning with no signal pressure in the cap 714, the spool
      712 is held against the cap by the standard pressure, as pre-adjusted.
      When signal pressure at the aperture 716 in the cap 714 reaches the
      adjusted standard pressure, the spool 712 moves to the opposite end of the
      bore 713 against the wall 715, changing the state of the relay poles 722a
      and 722b. When the signal pressure is removed, the spool 712 returns to
      its original position.
PAR  According to the invention, the valve body 711 is again provided with
      venting grooves 728a, 728b and 728c. These grooves vent to the atmosphere
      through apertures 729 and provide leakage paths which prevent transmission
      of leakage fluid through normally blocked ports 721a and 721b.
PAR  Referring now to FIGS. 10 and 11, a limit valve embodying features of the
      invention and having "snap action" capability is illustrated generally at
      810. The valve is a camactuated, single-pole valve with the single pole or
      contact normally blocked. The valve 810 includes a body 811 having a spool
      812 slidable in its bore 813. An end cap 814 closes one end of the bore
      813 and an end cap 815 closes the opposite end. The caps 814 and 815 are
      each apertured at 816.
PAR  A coil spring 817 between the cap 815 and the spool 812 urges the spool
      into engagement with a cam actuator shaft 818, or rather the flat cam
      surface of a cut-out 819 in the shaft. Rotation of the shaft 818 by a cam
      roller mechanism 820 is effective to move the spool 812 toward the cap 815
      against the bias of the spring 817.
PAR  The spool 812 has two annular grooves 821a and 821b formed in its outer
      surface in axially spaced relationship. For reasons hereinafter discussed,
      the groove 821b is substantially wider than the groove 821a, as will be
      noted. With the spool 812 in its normal, uncammed position, the groove
      821a is displaced to the left of cross-passages 822a, as seen in FIG. 10.
      In turn, the groove 821b is displaced to the left of a cross-passage 822b.
      The grooves 821a and 821b are in axial alignment, in this position, with
      annular venting grooves 828a and 828b in the bore 813.  The grooves 828a
      and 828b are vented to atmosphere, in the case of an air pressure system,
      through identical vent ports 829.
PAR  When the fluid motor piston rod which positions a cutting tool, for
      example, reaches a prescribed limit and engages the roller mechanism 820,
      it rotates the shaft 818, moving the spool 812 against the bias of the
      spring 817. Before the groove 821a abecomes aligned with the
      cross-passages 822a, which define the inlet-outlet ports of the valve's
      single pole, the wider groove 821b  reaches the cross-passages 822b. The
      inlet side of the cross-passages 822b is connected to signal pressure so
      that when the groove 821b reaches it, signal pressure immediately is
      effective in line 840, through the aperture 816 in the cap 814, on the end
      of the spool 812 opposite the spring 817. The spool 812 is immediately
      "snapped" against the cap 815, fully compressing the spring 817, and
      aligning the groove 821a with the cross-passages 822a. The inlet-outlet
      ports defined by the cross-passages 822a become passing, and fluid under
      pressure is transmitted through the valve to a power valve or the like.
PAR  When the piston rod retracts, assuming signal pressure has been removed
      from cross-passage 822b, the spring 817 is effective to drive the spool
      812 against the flat surface of the groove 819 in the shaft 818, rotating
      it back to its normal position. The ports 822a are immediately blocked and
      fluid flow through the valve stops. The limit valve 810 is in its normal,
      blocked state once again.
PAR  With the valve in its normal, blocked state, it cannot malfunction by
      passing fluid under pressure from inlet to outlet ports 822a because it is
      constructed according to the invention to provide a "controlled leakage"
      path. More precisely, the leakage path axially of the valve bore 813
      between the cross-passages 822a and the venting groove 828a is shorter
      than the semi-circumferential distance around the spool 812 between these
      inlet-outlet ports. The same is true of the distance axially of the bore
      813 between the cross-passages 822b and the venting groove 828b, so that
      inadvertent "snap action" of the valve into its passing state cannot be
      effected by pressure leakage across the ports 822b.
PAR  A two-pole fluid control relay valve with an internal latching path is
      illustrated generally at 910 in FIG. 12. The valve 910 comprises a valve
      body 911 having a valve spool 912 axially slidable in a valve bore 913
      extending through the body 911. Caps 914 and 915 close opposite ends of
      the bore 913 and each are apertured, as at 916. A coil spring 917 between
      the cap 915 and that end of the spool 912 is effective to urge the spool
      912 toward the cap 914.
PAR  The spool 912 has three annular grooves 921a, 921b and 921c formed in its
      outer surface in axially spaced relationship. With the spool 912 seated
      against the end cap 914, these grooves 921a, 921b and 921c are out of
      alignment with cross-passages 922a and 922b, and single radial passage
      922c, respectively. In this position of the spool, the grooves 921a, 921b
      and 921c are in alignment with annular venting grooves 928a, 928b, and
      928c, respectively, in the valve bore 913. These venting grooves are
      vented to atmosphere through corresponding vent ports 929.
PAR  Extending axially through the spool 912, from the end of the spool adjacent
      the cap 914, is a passage 932. The passage 932 joins a radial passage 933
      in the spool which opens into the groove 928c, as illustrated.
PAR  A signal pressure line 940 is connected to the aperture 916 in the cap 914
      through a normally blocked push-button valve 941. By-passing the
      push-button valve 941 and connected to the single radial passage 922c is a
      single line 942.
PAR  When a pressure signal is applied to the signal port 916 by closing the
      push-button valve 941, the spool 912 moves to the right against the bias
      of the spring 917. The passages 932 and 933 are not large enough to permit
      sufficient pressure build-up to prevent this actuation. With the spool 912
      in its actuated position, an alternate source of pressure for maintaining
      it in this position is provided through the line 942, the single radial
      passage 922c, the groove 921c, and the passages 932 and 933. This is true
      even though the push-button valve 941 is released and becomes normally
      blocked again. Since only leakage from the pilot port 916 to the venting
      groove 928c must be made up to maintain the relay in the energized state,
      the passage way 932 and 933 can be very small in diameter; i.e., less than
      0.05 inches.
PAR  With the spool 912 in its actuated position, the two sets of ports 922a and
      922b are in their passing state. When the valve 910 is once again in its
      normal, unactuated state, the controlled leakage function of the grooves
      928a, 928b and 928c, with their venting apertures 929, prevents
      malfunctions according to the invention in a manner hereinbefore
      discussed.
PAR  The relay valve 1010 illustrated in FIGS. 13 and 14 provides the controlled
      leakage feature hereinbefore discussed in relation to other valves
      embodying features of the invention. It is distinguished from valve 110,
      for example, substantially only in the fact that its embodies diametral
      passages 1021a and 1021b in the spool 1012 rather than annular grooves. As
      a result, the spool 1012 must be fixed against rotation about its axis and
      this is accomplished by a pin 1030 fixed to the end of the spool 1012 and
      received in an aperture guide 1031 in the cap 1015 of the valve.
PAR  In addition, the cross-passages 1022a and 1022b defining the inlet-outlet
      ports of the two-pole relay valve are sealed relative to the spool 1012 by
      small O-rings 1035 seated in counterbores encircling the cross-passages.
      Controlled leakage or venting grooves 1028a, 1028b and 1028c communicate
      with the atmosphere through venting ports 1029.
PAR  FIGS. 15 and 16 illustrate a three-pole relay valve 1110 also providing the
      controlled leakage feature of the invention. In essence, it is
      distinguished from the relay valve 110 substantially only in that it
      comprises molded plastic shell segments 1111a bonded together around a
      metal sleeve body 1111 with O-ring seals therebetween. The spool 1112 is
      slidable in the sleeve body 1111.
PAR  As illustrated, fluid porting to the body 1111 is afforded through
      integrally molded port fittings 1135. An elastomeric ring 1136 at the end
      of the spool 1112 opposite the coil spring 1117 is provided as a spool
      stop and also prevents leakage of pressurized fluid when signal fluid is
      applied at the signal port 1116.
PAR  The four-pole relay valve 1210 illustrated in FIGS. 17 and 18 is quite
      similar to the valve 1110. It is also constructed according to the
      invention insofar as providing controlled leakage to prevent malfunction
      is concerned. In essence, it is distinguished from the relay valve 1110
      only in that it is a fourpole relay and employs a metal body 1211 and a
      spool 1212 mounted in a thermo-plastic housing 1211b. As in the valve 1110
      of FIG. 15, O-rings are used to seal between the housing 1211a and the
      body 1211. Approximately 0.005 inch clearance between the body 1211 and
      housing 1211a assures stress isolation of the body when the housing is
      mounted.
PAR  FIGS. 19-25 illustrate slide relay valves embodying features of the
      invention. Since these valves are basically different than the spool
      valves, the reference numeral correspondence hereinbefore discussed does
      not apply. One form of slide relay valve embodying features of the
      invention is a two-pole relay valve illustrated generally at 1310 in FIGS.
      19-22 and another two-pole relay is illustrated generally at 1410 in FIGS.
      23-25.
PAR  The slide relay valve 1310 comprises a sub-plate 1311, a slider 1312, a
      cover plate 1313, an actuator piston 1314, and a pair of coil springs 1315
      and 1316.
PAR  Referring first to the sub-plate 1311, it will be seen that two pairs of
      elongated apertures 1321a and 1321b are formed in its upper surface. The
      apertures 1321a communicate through passages 1322a with the exterior of
      the sub-plate 1311 where they form the inlet-outlet ports for one-pole or
      contact of the valve. The apertures 1321b communicate in the same way with
      the exterior of the plate 1311 by passages 1322b which form the
      inletoutlet ports of the second pole or contact.
PAR  Venting passages 1328 and 1329 extend vertically through the sub-plate 1311
      to its upper surface, as illustrated, and are displaced longitudinally of
      the sub-plate from both pairs of apertures 1321a and 1321b. The distance
      "d" between the passage 1328 opening and either of the ports 1321a is less
      than the distance "D" between opposite ones of the ports 1321a, however,
      as will be noted. The same relationship exists between the venting passage
      1329 opening and the apertures 1321b.
PAR  The slider 1312 has two transversely elongated slot chambers 1325a and
      1325b formed in its lower surface. The opposed surfaces of the sub-plate
      1311 and the slider 1312 are precision lapped to provide a sliding seal by
      techniques well-known in the art.
PAR  In its de-energized or blocked state, the slot chambers 1325a and 1325b are
      aligned with and in communication with the vent passages 1328 and 1329,
      respectively. In this blocked state, because of the relatively shorter
      distance "d" than the distance between opposed ports "D", an alternate
      venting leakage path is provided which prevents a pressure signal at a
      normally blocked inlet port from communicating with its corresponding
      output port or with an adjacent set of ports.
PAR  The slide valve 1410 illustrated in FIGS. 23-25 is quite similar in
      construction to the valve 1310 illustrated in FIGS. 19-22. Its slider 1412
      is moved by an end mounted piston 1414 against the bias of a coil spring
      1416, and is held down by a leaf spring 1415. The operation and advantages
      inherent in the valve construction 1410 embodying features of the
      invention are substantially identical to those of the valve 1310.
PAR  The valves illustrated in FIGS. 26-31 may be characterized as mechanally
      operated control valves. The valve 1510 illustrated generally in FIGS.
      26-27 is a rotary selector valve. The valve 1610 illustrated in FIGS. 28
      and 29 is a two-position, spring-return, push-button valve. The valve 1710
      illustrated in FIG. 30 is also a push-button valve, but can be actuated in
      either direction. The valve 1810 illustrated in FIG. 31 is also a
      double-acting valve, but is a normally passing control valve.
PAR  Referring again to FIGS. 26 and 27, the valve 1510 comprises a valve body
      1511 having a cylindrical bore 1513 therein. A rotary spool 1512 is
      received in the bore and the spool and bore are precision machined for
      sealing engagement.
PAR  The bore 1513 is intersected by cross-passages 1520 which define the inlet
      and outlet ports of the valve. The spool 1512 is equipped with a
      cross-passage 1521 for purposes of establishing communication between the
      inlet and outlet ports 1520 when the spool is rotated to line the
      cross-passage 1521 up with these ports. Symmetry allows either port to
      function as an inlet port or an outlet port, of course.
PAR  As seen in FIG. 27, annular grooves 1525 and 1526 are formed in the bore
      1513, axially spaced from the ports 1520 by a distance "d". These annular
      grooves are vented to atmosphere, in the case of a pneumatic device,
      through the corresponding vent holes 1529.
PAR  It will be seen that the segmentally circumferential distance "D" between
      opposite ports 1520 around the spool 1512 is greater by a substantial
      distance than the distance "d". In the normally blocked state of the valve
      1510, the leakage path from the pressurized port 1520 to the grooves 1525
      or 1526 is thus substantially shorter than the leakage path to the
      opposite port. Thus, controlled leakage to vent prevents the pressurized
      fluid from reaching the unpressurized portand inadvertently actuating a
      machine tool, for example.
PAR  The push-button valve 1610 comprises a valve body 1611 having a bore 1613
      therethrough. A spool 1612 is axially movable through the bore against the
      bias of a coil spring 1617. Transversely extending passages 1620 in the
      body 1611 define inlet-outlet ports. An annular groove 1621 on the spool
      1612 places the normally blocked ports 1620 in communication with each
      other, thus changing the valve state from blocked to passing, when the
      spool is moved to the position shown in FIG. 29, against the bias of
      spring 1617.
PAR  With the valve in its normally blocked state, however, the leakage distance
      between ports 1620 is substantially the same as the segmentally
      circumferential distance "D" illustrated in FIG. 26, for example. On the
      other hand, the leakage path from either one of the ports 1620 to
      atmosphere, axially along the bore 1613, is substantially less, as
      indicated at "d". Accordingly, controlled leakage from a pressure port to
      atmosphere in the normally blocked valve 1610 is provided according to the
      invention to prevent system malfunction.
PAR  Referring now to FIG. 30, the double-acting pushbutton valve 1710 comprises
      a body 1711 having a bore 1713 in which a spool 1712 is axially slidable.
      Transversely extending passages 1720 define inlet and outlet ports through
      the body 1711. The spool 1712 has two axially spaced, annular grooves 1721
      formed therein. With the valve in its normally blocked state these grooves
      1721 are axially aligned with annular venting grooves 1725 and 1726 formed
      in the bore 1713. The venting grooves are vented to atmosphere, in the
      case of a pneumatic system, through venting ports 1729.
PAR  With the valve 1710 in its normally blocked state, as illustrated in FIG.
      30, the leakage paths from either one of the ports 1720 to either one of
      the venting grooves 1725 or 1726 is substantially circumferential leakage
      path around the spool 1712 between the ports. Accordingly, controlled
      leakage to atmosphere takes place, forestalling leakage between the ports
      with possible system malfunction results.
PAR  The valve 1810 illustrated in FIG. 31 is a normally passing, double-acting
      push-button valve. Its body 1811 has a bore 1813 extending therethrough
      and a spool 1812 axially slidable in the bore. The body 1811 has aligned
      transverse passage 1820 therethrough which form inlet and outlet ports
      communicating with the bore 1813.
PAR  A single annular groove 1821 is formed around the spool 1812 substantially
      intermediate its ends. With the groove 1821 aligned with the ports 1820 as
      illustrated in FIG. 31, the valve is normally passing.
PAR  Bracketing the ports 1820 in the bore 1813 are a pair of annular venting
      grooves 1825 and 1826. The venting grooves 1825 and 1826 are vented to
      atmosphere, for example, through the venting ports 1829.
PAR  With the valve 1810 in its normally passing state, obviously leakage is not
      a factor. When it is moved to either of its two positions wherein the
      valve is in a blocked state, however, without the annular venting grooves
      1825 and 1826 it would be possible for fluid under pressure to leak
      between ports 1820 and inadvertently activate a machine tool, for example.
      With the valve 810, regardless of which position the spool is in the axial
      distance "d" between the ports 1820 and a venting groove 1825 or 1826 is
      substantially less than the segmentally circumferential distance around
      the spool 1812 between ports. Controlled leakage to vent is provided,
      forestalling malfunction.
PAR  The valves discussed as embodying features of the invention are all
      utilized in systems such as the system 2000 (see FIG. 33), interconnected
      with pressure sources and power devices, for example, by fluid conduits.
      In this regard, invention also is embodied in a connection between such
      conduits and valve fittings, for example.
PAR  Referring to FIG. 32, a connection is illustrated between the free end of a
      thermo-plastic conduit tubing 1910 and a fitting 1911 in a valve body or
      the like. The fitting 1911 has a frusto-conical bore section 1915 formed
      at the free end, with a taper of 21/2.degree. (5.degree. included angle).
      At the inner end of the bore section 1915 is a larger diameter bore
      section 1916, cylindrical in cross-sectional configuration, forming an
      annular shoulder 1917 between the bore sections.
PAR  The inside diameter of the frusto-conical bore section 1915 at its outer or
      free end is X. The inside diameter at the inner end of the frusto-conical
      bore section 1915, adjacent the shoulder 1917, is Y. Y is smaller than X.
PAR  As illustrated, the end of the thermo-plastic tubing 1910 extends through
      the opening at the free end of the frustoconical bore section 1915, into
      the larger diameter bore section 1916. The outside diameter of the
      thermo-plastic tubing 1910 is A. The dimension A is greater than the
      dimension Y but less than the dimension X.
PAR  In operation, the free end of the tubing 1910 is inserted freely into the
      open end of the frusto-conical bore section 1915. As the tubing 1910 is
      forced inwardly, interference results and the free end of the tubing is
      radially compressed until it reaches and is forced past the shoulder 1917.
      At this point, the free end of the tubing 1910 expands radially behind the
      shoulder 1917, as seen at 1920.
PAR  Fluid pressure in the tubing 1910 forces the tubing to seat tightly within
      the frusto-conical bore section 1915, against its surface, and also to
      seat tightly against the circular edge of the shoulder 1917. The tubing
      1910 is, in effect, locked in the fitting 1911. A substantial amount of
      force is necessary to pull the tubing 1910 out of the fitting 1911. The
      tubing 1910 is retained by a substantial retention force even when there
      is no fluid pressure within the tubing.
PAR  Employing one or more of the aforesaid valve devices or modifications
      thereof, including a multiple pole relay valve such as shown at 110 in
      FIGS. 1 and 2, for example, an automatic fluid control system embodying
      features of the present invention can readily be constructed. FIG. 33 is a
      schematic diagram of a relatively simple automatic fluid control system
      2000 for a typical industrial application.
PAR  In keeping with the foregoing discussion of advantageous features of the
      invention, standard electrical symbols have been used to identify
      components in the control system 2000. All of the components have been
      labeled with appropriate symbols and each separate fluid flow path within
      the control system has been given an identifying number 1, 2, 3, etc.,
      shown in this manner: .sup.2, for example also corresponding to standard
      electrical practice. In addition, to facilitate fast and simple reference
      to various flow paths, valves and functions of the system 2000, a series
      of numbered reference lines 1-16 are disposed down the right side of the
      system schematic. The following description refers to these lines.
PAR  The system 2000 is schematically illustrated as inclusive of only the
      "signal" circuit, in accord with standard industry practice. The "power"
      circuit is not illustrated. As is well-known, however, it is understood
      that the power components receive fluid under pressure from the power
      source and discharge it to exhaust; i.e., atmosphere or tank.
PAR  First, the system 2000 includes a source of fluid under pressure identified
      by the reference letter P.sub.s. This system pressure source P.sub.s,
      which might be an air compressor and reservoir, supplies the system 2000
      through the flow path 1 (line 1).
PAR  A flow path 2 provides the system's connection to atmosphere. In this
      light, it has been pointed out that the invention is being described in
      terms of an air pressure system and, in such case, the flow path 2 is
      connected to atmosphere. When a hydraulic system is used, however, the
      flow path 2 would be connected to a hydraulic tank or a hydraulic
      reservoir.
PAR  For ease of description and clarity, the exhaust flow path 2 is shown with
      a triangular symbol .gradient. attached to its free end. In description of
      the system 2000, all flow paths with this symbol .gradient. attached at a
      free end are understood to be connected to the exhaust flow path 2; i.e.,
      to atmosphere in the present description or to a tank reservoir in a
      hydraulic system, for example.
PAR  The system 2000, as will hereinafter be explained in detail, contains a
      plurality of multiple pole relay valves embodying features of the
      invention. These relay valves are, in this system, of the type illustrated
      at 110 in FIGS. 1 and 2. With the system 2000 at rest, as shown in FIG.
      33, all relay valves are in their de-energized state. The system 2000 also
      contains push-button valves and limit valves. The limit valves in the
      system are shown with the machine elements of the system in position to
      start the next machine cycle.
PAR  The automatic machine cycle selected for illustration in the system 2000 is
      typical of many which might be controlled by a system embodying features
      of the invention. Initially, a metal part to be machined, for example, is
      placed in position manually in a machine tool. The machine operator then
      depresses a start button in the system 2000, causing the machine to clamp
      the part in a prescribed working position. After the part has been
      clamped, a machining head moves forward to drill or bore a hole, for
      example. When the machining head reaches its full forward position, a
      time-delay is effected by the system 2000 to insure that the drilling
      operation is completed. The machining head then automatically retracts and
      the part is unclamped. The operator then manually removes the workpiece.
PAR  As has been pointed out, the system 2000 described is a relatively simple
      one design for an actual industrial application. It actually comprises
      multiples of a basic system circuit embodying features of the invention. A
      virtually unlimited variety of systems embodying features of the
      invention, each of which is considerably more simple, maintenance-free,
      and less expensive then generally similar fluid control systems
      hereinbefore known, can be assembled from the basic components and systems
      of the invention.
PAR  Turning now to a description of the arrangement of components and operation
      of the system 2000, with the control system power source P.sub.s connected
      to flow path 1, and a selector valve ISV in the "auto" position shown,
      fluid under pressure is present in the flow path 1 and the flow path 3.
      Manual actuation of a spring-returned push-button valve 1PB (line 1)
      allows fluid to enter the flow path 4 and energize the control relay valve
      CRA. Two normally blocked contacts of the relay valve CRA change to their
      passing state, one permitting fluid under pressure to enter the flow path
      5 and the other (line 2) completes an alternate fluid flow path to the
      valve CRA to hold it in its energized state even though the push-button
      valve 1PB is released. Three normally passing CRA contacts (lines 5, 8,
      and 12) change state to block flow to the flow paths 19, 20 and 21 in the
      manual sub-system, the operation of which is hereinafter discussed.
PAR  To start the automatic machining sequence, another push-button valve 3PB
      (line 3) is closed (see "cycle start"). Pressurized fluid flows from the
      now pressurized flow path 5 through the push-button valve 3PB into the
      flow path 6 (line 3). Because the tool's machining head is, at this time,
      in its retracted position and the workpiece clamps are open, the
      retraction travel limit valves 1LV and 2LV (line 3) are actuated; i.e.,
      urged into their passing positions, permitting fluid under pressure to
      flow through flow paths 7 and 8 to energize the control relay valve 1CR
      (line 3). A normally blocked 1CR contact (line 4) changes to its passing
      state and establishes an alternate flow path to the flow path 8 to hold
      valve 1CR energized. Accordingly, releasing the push-button 3PB has no
      further effect.
PAR  Fluid under pressure may now flow through another passing 1CR contact from
      the flow path 5 to the flow path 9 (line 6), thus energizing a clamping
      valve 1P. The clamping valve 1P is, in the system 2000, a conventional
      double piloted, two-position, four-way valve, with the pilot ports
      1P.sub.A and 1P.sub.B. Still another 1CR contact, moving to its passing
      state, vents flow path 10 (line 7), which is connected to the opposite end
      of the spool (not shown) in the clamping valve 1P, thus allowing the spool
      of the clamping valve 1P to shift.
PAR  As the piston of the clamping cylinder (not shown) controlled by the
      clamping valve 1P begins to extend, it releases the limit valve 2LV (lines
      3, 16) venting flow paths 6 and 7. A pressure controlled relay valve 1PV
      (line 9) is connected to the pressurized end of the clamping cylinder.
      While the clamping piston is moving with only frictional resistance
      restraining movement, the pressure in the pressurized end of the clamping
      cylinder is low, and the pressure controlled relay valve 1PV remains
      blocked. When the clamping piston engages and clamps the workpiece,
      however, the pressure immediately rises in the pressure end of the
      clamping cylinder and energizes the pressure controlled relay valve 1PV,
      closing its single contact; moving it to a passing state.
PAR  Pressurized fluid is thus allowed to flow from the flow path 5 through
      another 1CR contact (normally blocked but now passing) into the flow path
      11, through the pressure control relay valve 1PV, and into the flow path
      12 (line 9). Fluid under pressure in the flow path 12 energizes the
      multiple pole relay valve 2CR. A holding circuit through the flow path is
      established as its relay contact 2CR (line 10) changes to its passing
      state. A 2CR contact (line 4) vents flow path 8, deenergizing control
      relay valve 1CR. A 2CR contact (line 11) closed to its passing state also
      allows pressurized fluid to enter flow path 13 and energize the power
      valve 2P while shifting the power valve spool and compressing the return
      spring. At the same time, another passing 2CR contact (line 13) allows
      pressurized fluid to enter the flow path 14 from the flow path 5. This
      pressurized fluid in the flow path 14 is, however, blocked by the normally
      blocked contact of the limit valve 3LV (line 13).
PAR  The power valve 2P causes the tool head actuator cylinder (not shown) to
      extend its operating piston rod, the extension of which releases the limit
      valve 1LV (lines 3, 15). When the machine head piston rod reaches its full
      forward position, it actuates the limit valve 3LV, closing this normally
      blocked valve and allowing pressurized fluid to enter the signal port of
      the time-delay relay valve 1TR (line 13) through flow path 15. After the
      pre-set time-delay period of the valve 1TR has passed, the time-delay
      relay valve 1TR contacts change state.
PAR  One of the time-delay relay contacts 1TR (line 9) changes state to vent
      flow path 12. Another 1TR contact (line 12) changes state to vent flow
      path 13, thus deenergizing the power valve 2P and allowing the spool
      return spring in its power valve to return the power valve 2P to its
      normal position. Another 1TR contact (line 15) allows pressurized fluid to
      enter flow path 16 where it is blocked by the open limit valve 1LV, which
      was released when the machine head moved forward. A last 1TR contact (line
      14) changes state to establish an alternate flow path to hold the valve
      1TR energized.
PAR  The change of state of the spool in the power valve 2P causes the machine
      head cylinder to retract its piston rod, releasing the limit valve 3LV
      (line 13). When the machine head piston rod reaches its full retracted
      position, it actuates the limit valve 1LV (lines 3, 15), allowing
      pressurized fluid to flow from flow path 5 through flow path 16 and into
      flow path 17, thus energizing the control relay valve 4CR. A holding
      contact 4CR (line 16) of the valve is utilized to complete an alternate
      flow path from flow path 5 to flow path 17.
PAR  Another 4CR contact (line 6) vents the flow path 9. Yet another 4CR contact
      (line 7) allows pressurized fluid to flow from the flow path 5 into the
      flow path 10, actuating the clamping valve 1P (line 7), and causing the
      clamping valve spool to return to its reset condition. Another 4CR contact
      (line 13) vents flow path 15, de-energizing the time-delay relay 1TR.
PAR  The clamping valve 1P then causes the clamping cylinder piston rod to
      retract. When the clamping valve 1P removes pressure from the end of the
      clamping cylinder connected to the signal port of the pressure control
      relay valve 1PV (line 9), the valve is de-energized and its relay opens.
      The clamping cylinder piston rod reaches its full retracted position and
      actuates the limit valve 2LV (lines 3, 16), venting the flow path 17 and
      de-energizing the control relay valve 4CR (line 15). This completes the
      automatic machine cycle.
PAR  If a malfunction such as the breakage of a cutting tool should occur during
      the aforedescribed automatic cycle, it is desirable to retract the machine
      head operator piston rod to prevent additional damage to the machine. In
      the event of such an emergency, the machine operator depresses the
      "Emergency Stop" pushbutton valve 2PB (line 2) which vents flow path 4
      allowing control relay CRA to be de-energized, thus changing the state of
      all contacts of CRA.
PAR  The normally blocked (CRA) contact between flow path 3 and flow path 4
      prevents source pressure from entering flow path 4. The normally blocked
      CRA contact between flow path 3 and flow path 5 prevents source pressure
      from entering flow path 5, while the normally passing CRA contact between
      flow path 5 and exhaust vents flow path 5.
PAR  The remaining normally passing CRA contacts vent flow paths 9, 10 and 13,
      respectively, through the manual sub-system components. Since power valve
      2P is of the spring return variety, it is immediately de-energized and the
      machine head piston rod is retracted, thus preventing additional damage.
PAR  It is often desirable to provide an automatic machine with a manual mode of
      operation for purposes of set-up and tool adjustment. With selector valve
      1SV (line 2) in the "manual" (dotted line) position flow path 1 is
      connected to flow path 18 and pressurized fluid is available at three-way
      push-button valves 4PB, 5PB and 6PB for manual operation of the clamp
      valve and the head valve through flow paths 19 and 20 (clamp valve) and
      flow path 21 (head valve).
PAR  Another type of system embodying features of the invention has a capacity
      for pressure "memory". What is pressure memory? A brief introduction to
      and description of the concept is made more simple with reference to a
      pressure memory element 2910 of the type (see FIG. 34) used in a hydraulic
      control system (not shown). The pressure memory element 2910 comprises a
      body 2911 having a spool 2912 slidable in a bore 2913. The spool 2912 is
      urged against end cap 2914 by a spring 2917. When a pressurized liquid is
      introduced to the element through port 2916 in end cap 2914, the spool
      2912 is urged against the end cap 2915, compressing the spring 2917.
PAR  The fluid in a hydraulic control system may be considered incompressible
      from an energy storage standpoint. In such a system, energy stored in
      spring 2917 may be utilized to displace the fluid stored in the memory
      element 2910 and operate or "drive" relays, power valves or other control
      devices. If a fluid under an equal or greater pressure is introduced
      through the port 2916 in the end cap 2915 before and during the
      application of pressure at the opposite end of the spool 2912 he memory
      element will be inhibited and will not function in the normal manner. This
      "inhibit" function is often useful in automatic control systems.
PAR  Referring now to FIG. 35, a system 3000 utilizing a compressed gas as the
      control system power source permits the memory element to consist merely
      of a chamber of sufficient volume to store the compressed gas needed to
      drive succeeding logic and power devices. In some instances, tthe volume
      within the tubing connecting control elements will be sufficiently large
      to provide a memory element. This is particularly true in systems with a
      short cycle time where the residual or memory pressure will not bleed down
      before it is utilized for control purposes.
PAR  The simple automatic control system 3000 utilizes pressure memory elements
      and other control and power devices according to the present invention.
      This system 3000 is illustrative only and it should be understood that the
      versatility and complexity of any system constructed according to the
      present invention is limited only by the requirements of a particular
      application.
PAR  In general, the sequence of operations for the system 3000 is begun by the
      machine operator depressing the "Start" push-button. A first cylinder (not
      shown) is actuated and its operator piston rod extends. The cylinder then
      retracts its operator piston rod. A second cylinder (not shown) then
      extends and retracts its operator piston rod. The machine cycle is
      completed.
PAR  Turning now to a more detailed description of the components and the
      operation of system 3000, the limit valve 1LV is actuated by the piston
      rod of the first cylinder when it is in its retracted position. The limit
      valve 2LV is actuated by the piston rod of the first cylinder when it is
      in the fully extended position. The limit valve 3LV is actuated by the
      piston rod of the second cylinder when it is in the fully extended
      position.
PAR  The power valves 1P and 2P are conventional pilot-operated, 2-position,
      spring-returned, 4-way valves which operate the first and second cylinders
      (not shown), respectively, in a manner thoroughly familiar to those
      skilled in the art. The memory element 1M is a fixed volume chamber or an
      elongated fluid conduit, as previously described.
PAR  Starting with the first cylinder piston rod retracted, the second cylinder
      piston rod retracted and the control system power source PS connected to
      the flow path 1, manual actuation of the push-button 1PB allows
      pressurized fluid from the flow path 1 to enter the flow path 4, thereby
      energizing the power valve 1P. Releasing the push-button 1PB disconnects
      the flow path 1 from the flow path 3 but causes no further action.
PAR  The power valve 1P causes the first cylinder piston rod to extend,
      releasing the limit valve 1LV, which disconnects the flow path 3 from the
      flow path 4 and vents the flow path 3. A normally blocked contact on the
      limit valve 1LV also disconnects the flow path 5 from the flow path 6.
PAR  The first cylinder piston rod, when fully extended, actuates the limit
      valve 2LV, thereby connecting the flow path 4 to exhaust (atmosphere or
      tank), venting the pilot area of the power valve 1P and causing the power
      valve 1P to be de-energized. The actuation of the limit valve 2LV connects
      the flow path 1 to the flow path 5, allowing pressurized fluid to flow
      into the flow path 5 and the memory element 1M. The power valve 1P causes
      the first cylinder piston rod to retract, releasing limit valve 2LV, and
      thus disconnecting the flow path 4 from the flow path 2. The flow path 5
      is disconnected from the flow path 1. Stored energy is present in the flow
      path 5 and memory element 1M, however, in the form of compressed gas.
PAR  The first cylinder piston rod, when fully retracted, actuates the limit
      valve 1LV, which connects the flow path 3 to the flow path 4. The limit
      valve 1LV also connects the flow path 5 to the flow path 6, allowing
      pressurized fluid to flow from the memory element 1M and the flow path 5
      into flow path 6, thus energizing the power valve 2P. The power valve 2P
      causes the second cylinder piston rod to extend. When the second cylinder
      is fully extended, the limit valve 3LV is actuated, thereby connecting the
      flow path 6 to the flow path 2. This vents the flow path 5 and the flow
      path 6, de-energizing the power valve 2P.
PAR  The power valve 2P then causes the second cylinder piston rod to retract,
      releasing the limit valve 3LV. This completes the automatic cycle of the
      system 3000.
PAR  It should be re-emphasized here that the systems 2000 and 3000 are
      illustrated with their signal circuit conduits and components present but
      their "power" conduits and components absent. This is in keeping with
      standard industry practice for representing fluid control systems with
      fluid motors and conduits connecting them to signal components, source and
      exhaust not shown, all in the interest of simplicity.
PAR  It has previously been pointed out that one advantage inherent in systems
      embodying the present invention is that standard electrical control system
      symbols and notations can be used with the systems. Technicians familiar
      with electrical systems can immediately solve and work with these fluid
      systems. In line with this concept, the symbol .fwdarw. is employed to
      identify fluid pumps and compressor and the like, the counterparts of
      transformers or generators in electrical systems. FIG. 35 illustrates this
      symbol application in a dotted line alternative power connection for the
      system 3000.
PAR  A relatively wide range of valves which incorporate the "controlled
      leakage" feature of the invention have been described in detail. The
      system 2000, for example, employs a number of these valves, or variations
      thereof.
PAR  The control relay valves CRA, 1CR, 2CR and 3CR all include features of the
      invention embodied in relay valve 110. The alternative relay valve
      constructions 210, 310, 1010, 1110, 1210, 1310 and 1410 also embody
      features of the invention which make them eminently suitable for use in a
      system 2000 or 3000, for example.
PAR  The limit valves 1LV, 2LV and 3LV might be cam operated limit valves such
      as illustrated by the valve 810. The "snap action" feature may be
      employed, if desired, but is not critical to the basic limit valve
      operation, of course.
PAR  It must also be reiterated that certain of the valves illustrated in the
      system are conventional. The power valves 1P and 2P are two-position,
      four-way valves of well-known construction, the valve 1P being
      double-piloted as has been pointed out, and the valve 2P being
      single-piloted and spring returned.
PAR  The two-position push-button valves 2PB, 4PB, 5PB and 6PB may also be
      conventional in construction; i.e., they need not incorporate the
      "controlled leakage" feature which is a feature of the invention, while
      valves 1PB, 1SV and 3PB preferably include the controlled leakage
      features. The pressure controlled relay valve 1PV and the time-delay relay
      valve 1TR of the system 2000 would preferably be valves such as the
      aforedescribed valves 710 and 610, respectively.
PAR  While several embodiments described herein are at present considered to be
      preferred, it is understood that various modifications and improvements
      may be made therein.
CLMS
STM  What is desired to be claimed and secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A fluid control system, comprising:
PA1  a source of fluid under pressure,
PA1  first and second pilot operated relay valves each having a pilot port for
      receiving fluid under pressure from said source to operate the relay
      valve,
PA1  first valve means in its blocked state connected between said source and
      said pilot port of said first relay valve,
PA1  said first valve means including vent means effective to vent fluid under
      pressure from said source which would otherwise leak through said valve to
      said pilot port while said first valve means is in its blocked state,
PA1  actuating means for changing the state of said first valve means to a
      passing state,
PA1  second valve means in its blocked state connected between exhaust means and
      said pilot port of said first relay valve,
PA1  actuating means for changing the state of said second valve means to a
      passing state,
PA1  said first relay valve having at least one pair of inlet and outlet control
      ports normally in the blocked state, with the inlet port connected to the
      source of fluid and the outlet port operably connectable to the pilot port
      of the second pilot operated relay valve, and
PA1  said first relay valve including vent means effective to vent fluid under
      pressure from said source which would otherwise leak through said valve to
      said outlet port while said control ports are in the normally blocked
      state.
NUM  2.
PAR  2. A fluid control system in accordance with claim 1, wherein said first
      relay valve includes a second pair of inlet and outlet ports normally in
      the blocked state, the inlet port of said second pair being connected to
      the source of fluid and the outlet port being connected to the pilot port
      of said first relay valve so that said second pair of ports when unblocked
      will provide a holding circuit for said first relay valve.
NUM  3.
PAR  3. The fluid control system of claim 2 further characterized in that:
PA1  a. said first and second valve means are normally in a blocked state.
NUM  4.
PAR  4. The fluid control system of claim 3 further characterized in that:
PA1  a. said first normally blocked valve means is a two-way valve.
NUM  5.
PAR  5. The fluid control system of claim 4 further characterized in that:
PA1  a. said second normally blocked valve means is a two-way valve.
NUM  6.
PAR  6. The fluid control system of claim 5 further characterized in that:
PA1  a. said actuating means for said first normally blocked two-way valve
      comprises mechanical means.
NUM  7.
PAR  7. The fluid control system of claim 5 further characterized in that:
PA1  a. said actuating means for said second normally blocked two-way valve
      comprises mechanical means.
NUM  8.
PAR  8. The fluid control system of claim 5 further characterized in that:
PA1  a. said actuating means for said first normally blocked two-way valve
      comprises fluid pressure means.
NUM  9.
PAR  9. The fluid control system of claim 5 further characterized in that:
PA1  a. said actuating means for said second normally blocked two-way valve
      comprises fluid pressure means.
NUM  10.
PAR  10. The fluid control system of claim 1 further characterized in that:
PA1  said venting means in each of said first valve means and said first relay
      valve includes a leakage path to exhaust having a length which is less
      than the length of any leakage path between said source and the respective
      outlet ports.
NUM  11.
PAR  11. A fluid control system in accordance with claim 2, wherein said first
      valve means is a two-way valve having means normally urging the same to
      its blocked state and wherein momentary actuation of said actuating means
      for said first valve means will operate the first relay valve and cause
      the pairs of ports of said first relay valve to be changed to a passing
      state.
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ABST
PAL  A valve having means for measuring leakage through the valve. The valve
      body has a small heater in the leakage flow path downstream of the
      upstream seal and a heat sensor upstream of the downstream seal in the
      leakage path; fluid that leaks past the upstream seal is heated and its
      presence detected by the heat sensor which then indicates the fact that
      the valve is leaking.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for Governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many piping networks wherein it is necessary to determine if the
      valves in the network are leaking. For example, pipes in ships and nuclear
      power plants have safety valves in them which are also used in cases of
      emergencies to stop all flow through the pipes. Naturally, these safety
      valves must not leak when they are closed. Since these valves are usually
      not used except in emergencies, they sometimes deteriorate due to lack of
      use. Therefore, it is standard practice to leak test these valves at
      periodic intervals.
PAR  The usual way to leak check a valve requires that the valve be closed and
      the pipe downstream of the valve be drained and connected to a leakage
      measuring device to determine the amount of leakage past the valve. This
      means that flow through the pipe is stopped, which means that the system
      incorporating that pipe is shut down. Many other pipes are usually also
      connected to this pipe downstream of the valve, which must also be shut
      off. However, their shut-off valves might also leak, and contribute to the
      flow past the leakage measuring device. Therefore, two valves in series in
      each of these connected pipes must be closed in order to completely
      prevent flow through these pipes. Numerous valves in interfacing systems
      thus have to be shut down, especially when cooling systems are involved.
      The ship must therefore be alongside a tender, in drydock, or in a
      shipyard when valves are leak checked by this method. The present
      invention allows these valves to be leak checked while the pipeline is in
      use, thereby preventing the need for shutting down the whole system when
      the valves are checked.
PAC  SUMMARY
PAR  Briefly, the present invention is a valve that has a small heater in the
      leakage flow path and a heat sensor downstream of the heater but still in
      the leakage flow path. Fluid that leaks past the valve seal is heated by
      the heater; when it reaches the heat sensor its presence is indicated by
      rise in temperature. The valve can be calibrated to give a quantitative as
      well as a qualitative indication of leakage.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel
      valve.
PAR  It is a further object to provide a valve which has within it a means for
      indicating the presence or absence of leakage through the valve.
PAR  It is a further object to provide a valve having means for indicating the
      quantity of leakage flow through it.
PAR  Other objects and advantages of the present invention will be obvious from
      the following specification and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of a ball valve according to the present
      invention.
PAR  FIG. 2 is a cross section of a gate valve according to the present
      invention.
PAR  FIG. 3 is taken on line 3-3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a ball valve 10 having a leakage detector according to the
      present invention. The valve, of conventional construction except for the
      leakage detector, is comprised of body halves 12 and 14 which are held
      together by bolts 16, which enclose ball closure member 18 between them.
      The valve is shown in the closed position; to open the valve, the ball 18
      would be rotated 90 degrees by turning stem 20 in the direction indicated,
      which would align passage 22 in ball 18 with the passages 24 in the valve
      body halves. Seals 26 and 28, which are composed of any preferred sealing
      material, normally prevent the leakage of fluid through the valve when it
      is closed. Gap 30 between ball 18 and the valve body is the path followed
      by any fluid which leaks past the seals.
PAR  With flow through the valve as shown by arrow 32, seal 26 is the upstream
      seal. Directly downstream of this seal is the heater 34 which completely
      surrounds ball 18 perpendicular to the axis of passage 24 as shown and
      which heats any fluid which leaks past seal 26. Heater 34 may be any type
      of heater but is preferably a small electric resistance heater which is
      flush with the inside contours of valve body half 12. It does not project
      into gap 30 in order to prevent contact between it and ball 18. Electrical
      leads 36 are connected to any convenient power source to energize the
      heater.
PAR  Temperature sensor 38 is placed just upstream of downstream seal 28 as
      shown; this can be any form of temperature sensing device which completely
      surrounds ball 18 perpendicular to the axis of passage 24 although the
      preferred device is a thermocouple. Electrical leads 40 are connected to
      any form of readout device or alarm system compatible with the particular
      thermocouple being used.
PAR  Operation of the device is as follows. The valve is closed and a
      temperature reading is taken at temperature sensor 38 to determine the
      normal operating temperature of that part of the valve. Next, heater 34 is
      turned on and the temperature measured by sensor 38 is allowed to
      stabilize at a higher level; this level will be determined by the
      characteristics of heater 34, but it will be lower than what would be
      measured at heater 34 due to conduction losses through the body of the
      valve. If only the presence or absence of leakage through the valve is
      desired, all that is necessary is to look for a temperature rise at
      thermocouple 38; no rise indicates no leakage. The amount of temperature
      rise will give a qualitative idea of the amount of leakage without
      calibration; that is, the higher the rise, the greater the amount of
      leakage. If desired, the valve can be calibrated for known upstream
      pressures, ambient temperatures, etc. in order to get a temperature
      reading that can be correlated to quantity of leakage flow.
PAR  FIGS. 2 and 3 show a gate valve 42 which incorporates the present
      invention. Gate valve 42 is of conventional design except for the addition
      of heater 44 and temperature sensor 46 as shown. Flow is in the direction
      of arrow 48. The leakage flow path is shown by arrows 50. Heater 44
      surrounds the inlet to the valve, hence all leakage past the upstream seal
      will be heated; likewise, heat sensor 46 surrounds the outlet from the
      valve and will detect the flow of any heated leakage fluid within the
      valve. The operation of the leakage detection system of this valve is the
      same as the operation of the system in the case of the ball valve.
PAR  It is possible that the leakage detector can be used while the valve is
      open and fluid is flowing through it; however, if the fluid is at a
      temperature that is considerably above or below ambient, the temperature
      increase due to the heater may be neglible even with large leakage flows.
      In this case the valve will have to be closed before the leak check is
      made.
PAR  It will be obvious that the principles of the present invention can be
      applied to any other type of valve that has a leakage flow path that is
      separate from the main flow path; all that is required is a heater in the
      upstream portion of the leakage path and a thermocouple or other type of
      temperature sensor in the downstream portion of the leakage path. As with
      the ball and gate valves, a rise in temperature when the valve is closed
      and the heater is energized indicates that the valve is leaking.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve comprising:
PA1  a body;
PA1  a closure element within said body;
PA1  sealing members between said valve body and said closure element; and
PA1  means within said valve body for determining the leakage of the fluid of
      the main fluid flow controlled by said valve, between said closure element
      and said sealing members.
NUM  2.
PAR  2. A valve as in claim 1 wherein said means for determining said leakage
      includes means within said valve body for heating said leakage fluid.
NUM  3.
PAR  3. A valve as in claim 2 including means within said valve body for
      determining the temperature of said leakage fluid.
NUM  4.
PAR  4. A valve as in claim 3 wherein said means for heating said leakage
      comprises an electric resistance heater.
NUM  5.
PAR  5. A valve as in claim 4 wherein said means for determining the temperature
      of said leakage comprises a thermocouple.
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ABST
PAL  An underground station is provided with an access cover assembly including
      a frame extending about an access opening and a cover hingedly attached to
      said frame. A support member is attached to said frame and extends about
      the periphery of the access opening. Attaching members are slidably
      mounted to said support member so that they may be positioned to any
      desired location about the periphery of the access opening. Fastening
      means are provided for fixing said attaching members at desired locations
      about the support member and for fastening station accessories to the
      attaching member so that the accessories may be mounted in preferred
      locations in a particular station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to underground stations and more particularly
      to an underground station having an access cover with a versatile
      attaching frame.
PAR  2. Description of the Prior Art
PAR  Underground stations such as pumping stations require access openings which
      are usually closed by access covers formed from a strong rigid material
      such as steel. The more sophisticated covers are mounted in a welded frame
      which is cast into a concrete slab formed about the access opening. The
      access covers are mass produced and mounted in the frame without regard to
      the specific requirements of a particular pumping station. Various
      accessories such as guide holders, cable holders, chain hooks, ladders,
      fluid level sensors and power outlets are commonly mounted to the access
      cover frame. The frame is provided with predrilled mounting holes disposed
      in predetermined locations for the purpose of mounting these accessories.
      Threaded nuts are usually welded on the rear side of the frame in
      alignment with predrilled holes for receiving accessory mounting bolts.
PAR  Experience has shown that in many instances the nuts are misaligned and do
      not coincide with the predrilled holes so that the accessory mounting
      bolts cannnot be threaded into the nuts. Unfortunately, this condition is
      usually discovered after the frame is cast into the concrete slab and the
      problem may not be corrected without breaking the concrete away to gain
      access to the rear side of the mounting frame. This has proven to be an
      expensive and time consuming operation in addition to substantially
      degrading the overall appearance of the pumping station after the concrete
      is repaired.
PAR  The frames are mass produced with a number of mounting holes disposed in
      predetermined locations without regard to the preferred requirements of a
      particular pumping station. The prior art access covers lacked the
      versatility that is desired for simplifying installation and obtaining the
      most efficient station installation. The hinges were attached to the frame
      on a predetermined side without regard to the pumping station location
      which resulted in problems if an obstruction happened to be located in the
      access area.
PAR  To provide the most efficient pumping station, the previously mentioned
      accessories should be mounted in locations that can be determined only
      after the pumping station locations are completely surveyed. The preferred
      locations for the junction boxes for power cables and sensor cables will
      be dictated by the location of the power source at the station. The pumps
      used in the station usually require level sensors that are preferably
      mounted in an area remote from the fluid inlet where turbulence is usually
      experienced. Thus, it is important to have the flexibility to be able to
      locate the sensors in the area of least turbulence. The pumps themselves
      should be mounted in a location convenient to the discharge outlet.
PAR  Thus, the prior art access covers not only resulted in problems with
      misaligned mounting holes, they also lacked the necessary flexibility for
      proper installation of an efficient pumping station.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an underground station such as a pumping
      station including an access cover that is inexpensive and has the
      necessary versatility to provide an efficient and well designed station.
      The access cover includes a cover frame having a support member formed
      about the periphery of the access hole. Threaded attaching members are
      slideably mounted to the support means and may be positioned to any
      desired location for receiving accessory fastening bolts.
PAR  The versatility provided by the invention allows for the rapid installation
      of an efficient pumping station wherein the level sensors may be
      positioned in an area of least turbulence and the junction boxes for the
      sensor cables and power cables may be positioned near the power source.
PAR  In one embodiment of the invention, an adaptor is utilized for mounting a
      hinge so that the cover may be mounted to open in the preferred direction
      most suited to the area surrounding the pumping station.
PAR  Thus, each accessory may be located in its preferred position which can be
      selected during installation of the pumping station.
PAR  The difficulties experienced with misaligned mounting holes are obviously
      eliminated by the use of the present invention. The frame can be cast in
      concrete without fear of misaligned holes or concern over the best
      orientation of the frame.
PAR  In a preferred embodiment, the frame is manufactured from commercially
      available components which are merely welded together to form standard
      sized covers.
PAR  Thus, the present invention provides an inexpensive access cover
      manufactured from standard commercially available components. The
      invention provides the flexibility required for well designed pumping
      stations since it may be adapted to any particular local condition. The
      need for substantial inventories of various types and shapes of special
      access covers may be eliminated since the present invention is adaptable
      to a variety of needs. The difficulties experienced with predrilled
      mounting holes are entirely eliminated thereby saving installation time
      and expense.
PAR  The primary objective of the present invention is to provide an efficient
      underground pumping station at the lowest possible cost.
PAR  Another objective of the present invention is to provide an inexpensive
      access cover.
PAR  Another objective of the present invention is to provide an access cover
      including a cover frame adapted to mount a plurality of pumping station
      accessories.
PAR  Another objective of the present invention is to provide an access cover
      having a cover frame wherein accessories may be mounted in any desired
      position without the need for predrilled mounting holes.
PAR  The foregoing and other objectives and advantages of the present invention
      will become more apparent from the following description and the
      accompanying drawings wherein one embodiment of the present invention is
      described.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, is a perspective view of an underground pumping station shown
      partially in section.
PAR  FIG. 2, is a vertical section showing the frame and cover of the present
      invention.
PAR  FIG. 3, is a vertical section of the present invention.
PAR  FIG. 4, is a vertical section showing the present invention including a
      hinge mounting bracket.
PAR  FIG. 5, is a vertical section showing another embodiment of the present
      invention.
PAR  FIG. 6, is a vertical section of another embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a typical underground pumping station
      having a sump basin including a concrete floor 10, side walls 12 and a
      concrete cap 14. A liquid inlet opening 16 is provided at a predetermined
      position within the basin wall and a pair of liquid discharge outlets 18
      are also provided in the wall at predetermined locations. An accesss cover
      assembly 20 having a cover plate 22 and a frame 24 is cast in concrete cap
      14. During installation, the concrete cap is formed within an enlarged
      opening into which the cover assembly 20 is positioned and thereafter
      grouted in place.
PAR  Discharge pipes 26 are permanently mounted in the sump basin and each have
      one end attached to a liquid discharge outlet 18 and another end attached
      to an automatic discharge connection adaptor 28 which is fixedly mounted
      to the sump floor 10. Extending from each of the automatic discharge
      connection adaptors 28 are a pair of vertically disposed guide bars 30
      which are supported on their upper ends by upper guide bar brackets 32
      mounted to frame 24. A pair of electrical submersible pumps 34 are
      slideably disposed on guide bars 30 and have discharge outlets adapted for
      automatic connection to the discharge connection adaptors 28 when lowered
      into the sump basin. Lifting chains 36 are provided for lifting the pumps
      out of the sump basin. When not in use, the chains 36 are connected to
      chain hooks 38 attached to frame 24. Power cables 40 connect pumps 34 to a
      junction box 42 mounted to frame 24 for providing power to the pumps. The
      power cables are preferably suspended from a cable hanger 44 also
      connected to the frame 24. A plurality of float type level sensors 46 are
      suspended from a sensor control box 48 also mounted to the frame 24.
PAR  A review of FIG. 1 will clearly indicate that it is desirable to mount the
      sensor control box 48 at a position remote from the liquid inlet opening
      16 so that the float type sensors 46 are not adversely effected by the
      turbulence created by incoming liquid. The automatic discharge connection
      adaptors 28 must be positioned adjacent the liquid discharge outlets 18.
      Thus, the particular position of the upper guide bar brackets 32 depend
      upon the location of the liquid discharge outlets 18. The preferred
      position for mounting junction box 42 and cable hanger 44 will be dictated
      by the location of the power source for the pumping station. Thus, it is
      desirable to provide a frame 24 wherein the accessories may be mounted at
      any location depending upon the configuration of and local conditions
      surrounding a particular pumping station.
PAR  Referring to FIG. 2, there is shown a vertical section of a portion of a
      cover assembly 20 mounted in a concrete cap. In a preferred embodiment, a
      cover 22 is formed of 1/8 inch checkered steel plate having steel
      re-enforcing braces 50 welded to the underside thereof for providing
      additional strength and rigidity. Hinges 52 are provided having one leaf
      attached to the cover 22 and a second leaf attached to the frame 24.
PAR  Frame 24 comprises an angle iron member 54 having one leg thereof welded to
      an upper side of a channeled support member 56 having a channel 58 and a
      slot 64 formed on an exposed side therreof. The slotted channeled support
      member may be a commercially available product such as a P1000 channel
      manufactured by Unistrut Corporation or a VA-1 channel manufactured by
      Versabar Corporation. These channels may be made of steel, stainless steel
      or aluminum depending upon design requirements. Disposed within the
      channel 58 is a sliding attachment member in the form of a threaded nut 60
      adapted to receive a fastening blot 62 through slot 64. An accessory 61 is
      mounted between bolt 62 and channeled support member 56. It is desirable
      to provide a resilient member such as spring 66 between nut 60 and the
      rear wall of the channel to facilitate positioning of the nut in the
      channel. The resilient member is preferably attached to the sliding nut.
PAR  Frame 24 may be formed in a rectangle by welding straight frame sections
      together at right angles as shown in FIG. 3 or if desired could be formed
      of curved materials to provide a circular or oval shaped access cover.
PAR  Referring to FIG. 3, a straight frame section 24a is welded to another
      frame section 24b at weld points 25 for forming a rectangularly shaped
      frame. Referring to FIG. 4, a hinge mounting bracket 68 is shown for
      providing flexibility in the positioning of the hinges to the desired
      location in the pumping station.
PAR  In a simplified embodiment of the present invention shown in FIG. 5, the
      frame 24 is formed of two angle iron members 70 and 72 welded together to
      provide a frame member 70 and a support member 72 having a depending
      flange 74 extending about the periphery of the frame. A mounting clamp 76
      is slideably disposed about the frame 24 and may be fixed in any desired
      location by tightening bolt 78. Clamp 76 has a threaded opening for
      receiving accessory mounting bolt 80. The embodiment of FIG. 5 is shown by
      way of example as having a depending flange. It is to be understood that
      said flange could be horizontally disposed or could be extending upwardly
      depending upon design preference.
PAR  Referring to FIG. 6 there is another embodiment of the present invention
      wherein angle iron support member 72 has a leg 82 disposed upwardly and an
      attaching member 84 is disposed in a channel formed between leg 82 and one
      leg of angle iron 70. Attaching member 84 has a shoulder 86 adapted to
      ride on leg 82. Resilient material 88 is disposed between angle iron
      support member 72 and leg 82 for holding member 84 in place. Fastening
      bolt 90 engages an accessory 92 and is threaded into member 84 thereby
      securing member 84 in place on leg 82 and attaching accessory 92 to the
      frame.
PAR  The invention should not be construed to be limited to any particular
      configuration of mounting frame but rather towards the broader concept of
      providing an underground pumping station having an access cover assembly
      wherein the desired accessories may be positioned at any desired location.
PAR  Thus, the present invention allows for the construction of an efficient
      underground pumping station wherein the components and accessories may be
      positioned in the most desirable locations. The efficient operation of the
      pumping station is a direct result of the versatile access cover assembly
      which allows proper positioning of components. The cover assembly is
      manufactured from inexpensive commercially available components and
      eliminates the problems encountered with the prior art access covers
      relating to misalignment of components while being less expensive.
      Installation time is considerably reduced since the installer need not be
      concerned with the exact alignment of components. Thus, the present
      invention provides a more efficient pumping station at a lower cost than
      those heretofore available.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An underground pumping station, comprising:
PA1  a sump basin including a liquid inlet, a liquid outlet and a top having an
      access opening;
PA1  a pump disposed in said basin and having a discharge outlet connected to
      the liquid outlet of the basin;
PA1  a cover frame fixedly mounted in the top of the basin and extending about
      the periphery of the access opening;
PA1  a support member attached to said cover frame and extending about the
      periphery of the access opening;
PA1  a cover hingedly attached to one of said cover frame and support member for
      closing said access opening;
PA1  attaching members slidably mounted to said support member whereby the
      attaching members may be positioned to any desired location on the support
      member; and
PA1  fastening means for engaging said attaching members and accessories to be
      mounted in the pumping station whereby said attaching members are fixed at
      a desired location on the support member and the accessories are attached
      thereto in the preferred location for a particular pumping station.
NUM  2.
PAR  2. A pumping station as described in claim 1, wherein the support member
      comprises a flange extending from said frame, said flange being engaged by
      the attaching members in cooperation with the fastening means.
NUM  3.
PAR  3. A pumping station as described in claim 2, wherein the attaching members
      comprise clamp members slideably disposed on said flange and said
      fastening means includes means for fixing said clamp at a desired location
      on said flange and means for attaching accessories to said clamp member.
NUM  4.
PAR  4. A pumping station as described in claim 1, additionally comprising
      resilient means associated with said attaching members for slideably
      securing said attaching members to said support member.
NUM  5.
PAR  5. A pumping station as described in claim 1, wherein said support member
      comprises a channeled member having a longitudinal slot formed along an
      exposed side thereof and extending about the periphery of the access
      opening, said attaching members being slideably disposed in said channel
      and adapted to engage an inner surface of said channeled member, said
      fastening means extending into said slot for engaging the attaching
      members, whereby an accessory may be disposed between the fastening means
      and the channeled member and secured thereto by said fastening means.
NUM  6.
PAR  6. A pumping station as described in claim 5, additionally comprising
      resilient means disposed between said attaching members and a rear wall of
      said channeled member so that the attaching members are slideably held
      against the slotted side of the channeled member.
NUM  7.
PAR  7. A pumping station as described in claim 1, additionally comprising hinge
      mounting brackets attached to said support member by said attaching
      members and fastening means, said cover being hingedly attached to said
      brackets.
NUM  8.
PAR  8. An access cover assembly, comprising:
PA1  a frame member defining an access opening in the access cover assembly;
PA1  a support member attached to said frame member and extending about the
      access opening;
PA1  a cover hingedly attached to one of said frame member and support member
      for closing said access opening;
PA1  attaching members slidably mounted to said support member to be located at
      any desired position on the support member; and
PA1  fastening means for engaging said attaching members and fixing said
      attaching members at a desired location on the support member, whereby an
      accessory used with the cover assembly may be attached to the support
      member in a preferred location by said fastening means.
NUM  9.
PAR  9. An access cover assembly as described in claim 8, wherein the support
      member comprises a flange extending from said frame, said flange being
      engaged by the attaching members in cooperation with the fastening means.
NUM  10.
PAR  10. An access cover assembly as described in claim 9, wherein the attaching
      members comprise clamp members slideably disposed on said flange and said
      fastening means includes means for fixing said clamp at a desired location
      on said flange and means for attaching accessories to said clamp member.
NUM  11.
PAR  11. An access cover assembly as described in claim 8, additionally
      comprising resilient means associated with said attaching members for
      slideably securing said attaching members to said support member.
NUM  12.
PAR  12. An access cover assembly as described in claim 8, wherein said support
      member comprises a channeled member having a longitudinal slot formed
      along an exposed side thereof and extending about the access opening in
      the frame, said attaching members being slideably disposed in said channel
      to engage an inner surface of said channeled member, said fastening means
      extended into said slot for engaging the attaching members, wherein an
      accessory may be disposed between the fastening means and the channeled
      member and secured thereto by said fastening means.
NUM  13.
PAR  13. An access cover assembly as described in claim 12, additionally
      comprising resilient means disposed between said attaching members and a
      rear wall of said channeled member so that the attaching members are
      slideably held against the slotted side of the channeled member.
NUM  14.
PAR  14. An access cover assembly as described in claim 8, additionally
      comprising hinge mounting brackets attached to said support member by said
      attaching members and fastening means, said cover being hingedly attached
      to said brackets.
NUM  15.
PAR  15. An access cover assembly for an underground pumping station of the type
      in which a number of station accessories are suspended from the access
      cover assembly, comprising:
PA1  a frame member defining an access opening the access cover assembly;
PA1  a cover hingedly attached to said frame member;
PA1  a track member formed on said frame member and extending about the access
      opening;
PA1  a cover hingedly attached to one of said frame members and track member for
      closing said access opening;
PA1  attaching members slideably mounted to said track member for positioning at
      any desired location about the access opening; and
PA1  fastening means for fixing the attaching members at a desired location and
      for attaching accessories to the access cover assembly.
NUM  16.
PAR  16. An underground pumping station, comprising:
PA1  a sump basin including a liquid inlet, a liquid outlet and a top having an
      access opening;
PA1  a pump disposed in said basin and having a discharge outlet;
PA1  a cover frame fixedly mounted in the top of said basin and extending about
      the periphery of the access opening;
PA1  a support member attached to said cover frame and extending about the
      periphery of the access opening;
PA1  a cover hingedly attached to one of said cover frame and support member for
      closing said access opening;
PA1  attaching members slidably mounted to said support member whereby the
      attaching members may be positioned to any desired location on the support
      member;
PA1  fastening means for engaging said attaching members and for mounting
      accessories in the pumping station, whereby said attaching members are
      fixed at a desired location on the support member and the accessories are
      attached thereto in the desired location for a particular pumping station;
      and
PA1  means for supporting said pump in said basin, said supporting means being
      connected to the support member at a selected position by said slidably
      mounted attaching members and fastening means so that the pump discharge
      outlet is aligned with the sump basin liquid outlet.
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ABST
PAL  A faucet includes a valve cartridge having a housing with an inlet and
      outlet thereto. A valve plate is movable in the housing with respect to a
      fixed valve seat to control the quantity of fluid delivered from the inlet
      to the outlet. A bearing plate is positioned against the valve plate, a
      handle being provided on a handle bearing support to control the valve
      plate. A gasket between the valve seat and the housing is preloaded to
      provide a fluid-tight seal between the valve plate and the valve seat and
      a predetermined amount of friction therebetween. In manufacturing such a
      valve cartridge wherein the housing and the handle bearing support are
      formed of plastic, the parts are assembled and an ultrasonic welding
      mechanism is operated fixedly to secure the handle bearing support to the
      housing.
PAL  It is preferable that the valve cartridge have a cylindrical housing in
      which the valve means are located and a base which carries the housing
      having its periphery confined within the periphery of the housing, and
      being recessed to define flange means for accepting fasteners used in
      mounting the valve cartridge.
PAL  Where the valve cartridge is to be used to control the quantity and ratio
      of two liquids, two inlets to the housing would be provided. A fluid
      control member is usable in one orientation to admit one liquid to one
      inlet and the other liquid to the second inlet. By changing the
      orientation of such fluid control member, the liquid from the first duct
      is delivered to the second inlet, and the liquid from the second duct is
      delivered to the first inlet.
PARN
PAR  This is a division, of application, serial No. 313,824, filed December 11,
      1972, now U.S. Pat. No. 3,854,493.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The desirability of using valve cartridges has been recognized. An example
      is the cartridge disclosed in U.S. Pat. No. 3,533,436. However, the
      cartridge disclosed in that patent has external gaskets which are deformed
      to provide a seal for the cartridge while it is being mounted. Also, the
      diameter of the cartridge must be sufficient to accommodate the passage of
      screws extending longitudinally therethrough and into the faucet. The
      screws, when tightened, cause the gaskets to deform and thus provide the
      necessary seal. The valve seat and valve plate have diameters somewhat
      less than the over-all diameter of the cartridge, so that there is
      sufficient room for the screws to pass through the cartridge near the
      periphery thereof, but not through the valve seat and valve plate.
      Moreover, the patented cartridge does not have integral therewith a
      diverter which would enable the cartridge to be used in single-spray
      attachment applications or tub-shower applications.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to a valve cartridge usable in faucets or
      the like, to a method for making such valve cartridge, and to a fluid
      control member to select which fluids are to be delivered to which of the
      valve cartridge inlets.
PAR  It is an important object of the present invention to provide a replaceable
      valve cartridge which can be installed without any adjustment so as not to
      require a plumber's assistance.
PAR  Another object is to provide a valve cartridge which has fluid-tight and
      long-lasting seals therein.
PAR  Still another object is to provide a valve cartridge which is inexpensively
      constructed, so that it can be discarded when the elements thereof have
      become worn.
PAR  Yet another object is to provide a valve cartridge in which the housing and
      the base portion thereof are constructed of plastic.
PAR  A further object is to provide a valve cartridge which includes a housing
      in which is disposed a fixed valve seat, a movable valve plate, and a
      bearing member secured to the housing, the seal between the valve plate
      and the valve seat being fluid-tight and having a predetermined amount of
      friction therebetween by virtue of the cartridge having been preloaded.
PAR  A still further object is to provide a valve cartridge which can be
      assembled in a faucet or the like simply and rapidly.
PAR  A yet further object is to provide a replaceable valve cartridge which
      consumes a minimum space in the faucet in which it is mounted.
PAR  Yet another object is to provide a valve cartridge having a plastic housing
      containing a fixed valve seat, a movable valve plate, and a plastic
      bearing secured to the housing by ultrasonic welding.
PAR  Another object is to provide a valve cartridge having molded as a part
      thereof a diverter duct which may or may not be used, as desired, without
      modification of the cartridge.
PAR  Another object is to provide an improved method for making a valve
      cartridge.
PAR  Still another object is to provide a method for making a valve cartridge in
      which the gaskets thereof are preloaded with a predetermined force to
      insure seats that are fluid-tight and have a predetermined amount of
      friction therebetween.
PAR  In summary, there is provided a valve cartridge comprising a housing having
      a support surface, the support surface having inlet and outlet ports
      extending therethrough, gasket means on the support surface, a valve seat
      on the gasket means and having a sealing surface and at least two holes
      respectively in registration with the ports, a valve plate having a
      sealing surface and a bearing surface and fluid control means in the
      sealing surface, the sealing surfaces being in slidable engagement with
      each other, and bearing means having a bearing surface in sliding
      engagement with the bearing surface of the valve plate, the valve plate
      being slidable between the valve seat and the bearing means to vary the
      position of the fluid control means to control the quantity of fluid
      delivered from the inlet port to the outlet port, the bearing means being
      factory-affixed to the housing to preload said gasket means with a
      predetermined force to provide a fluid-tight seal between the sealing
      surfaces and a predetermined amount of friction therebetween.
PAR  In a more specific form, the bearing means includes a bearing plate and a
      handle support which carries a handle operatively connected to the valve
      plate for effecting sliding movement thereof. Also, the valve cartridge
      may have a solid base portion in the housing with the upper surface
      thereof defining the aforementioned support surface.
PAR  Another form of the invention includes a method of making the valve
      cartridge comprising the steps of providing a housing which includes a
      support surface having two recesses therein and inlet and outlet ports
      therethrough respectively communicating with the recesses, placing two
      gaskets respectively in the recesses so as to protrude beyond the support
      surface, providing a valve seat having a sealing surface and at least two
      holes, placing the valve seat in the housing and on the gaskets, providing
      a valve plate having a sealing surface and a bearing surface and fluid
      control means in the sealing surface, placing the valve plate in the
      housing so that its sealing surface rests on the sealing surface of the
      valve seat, placing the bearing means in the housing so that its bearing
      surface rests on the bearing surface of the valve plate, applying pressure
      to the bearing means to compress the gaskets and thereby provide a
      fluid-tight seal between the sealing surfaces and a predetermined amount
      of friction therebetween, and affixing the bearing means to the housing.
PAR  In a specific form of the method, ultrasonic energy is applied to embed the
      bearing means in the housing.
PAR  In another form, the valve cartridge comprises a generally cylindrical
      housing having a chamber therein, inlet and outlet ports in the housing
      for the chamber, valve means in the chamber for controlling the quantity
      of fluid delivered from the inlet port to the outlet port, control means
      extending from one end of the housing for controlling the valve means, and
      a base integral with the housing and extending from the other end thereof
      and having the periphery thereof confined within the periphery of the
      cylindrical housing, a recess in the base defining flange means on the
      portion of the base disposed away from the housing, the flange means
      having at least one opening extending therethrough for receiving a
      fastener to mount the cartridge.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof, will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a faucet in which is mounted a valve
      cartridge incorporating therein the features of the present invention;
PAR  FIG. 2 is a view in vertical section through the faucet of FIG. 1 on an
      enlarged scale, but with only the exterior of the valve cartridge being
      visible;
PAR  FIG. 3 is a view like FIG. 2, but on an enlarged scale and with the valve
      cartridge also in vertical cross section to expose the elements thereof;
PAR  FIG. 4 is a view in horizontal cross section taken along the line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a view in horizontal cross section taken along the line 5--5 of
      FIG. 3;
PAR  FIG. 6 is a view in horizontal cross section taken along the line 6--6 of
      FIG. 3;
PAR  FIG. 6A is a view in horizontal cross section taken along the line 6A--6A
      of FIG. 3;
PAR  FIG. 7 is a view in horizontal cross section taken along the line 7--7 of
      FIG. 3;
PAR  FIG. 8 is a top plan view of a fixture used in assembling the valve
      cartridge;
PAR  FIG. 9 is a schematic view taken along the line 9--9 of FIG. 8, with a
      portion of the valve cartridge having been broken away to expose the
      interior thereof and with an ultrasonic welding horn being shown in
      phantom; and
PAR  FIG. 10 is a greatly enlarged view of the area within the circle designated
      10 in FIG. 9.
DETD
PAR  Referring now to FIGS. 1 to 7 of the drawings, there is shown a faucet,
      generally designated by the number 100, including a pedestal 101 for
      mounting on a sink or other suitable location. As can be seen in FIGS. 2
      and 3, an opening 102 is formed in the pedestal 101 for accommodating
      water inlets as will be described hereinafter. A casing 103 which is
      generally cylindrical in shape and circular in cross section has a spout
      104 protruding therefrom and being integral therewith. The spout 104 is
      hollow and defines a passageway 105 for the flow of liquids to an aerator
      106 mounted on the end of the spout 104. The casing 103 is mounted on the
      pedestal 101 there being provided a plastic wear ring 107 between the
      casing 103 and the pedestal 101.
PAR  Disposed within the casing 103 and mounted upon the pedestal 101 and
      overlying the opening 102 is a substantially solid base 110 which is
      generally cylindrical in shape and circular in cross section. A channel
      111 is formed in the periphery of the base 110. The base 110 is provided
      with a set of three ducts 112, 113, and a third duct not shown but located
      directly behind the duct 112, as viewed in FIG. 3. The duct 112 has an
      increased diameter portion 114, and the duct 113 has an increased diameter
      portion 115. Similarly, the third duct not shown also has an increased
      diameter portion. A fluid inlet conduit 116 is fitted into the duct 112,
      and a second fluid inlet conduit 116a is fitted into the duct directly
      behind the duct 112. Preferably, the valve cartridge of this invention is
      adapted for use with hot and cold water faucets, whereby the fluid inlet
      conduits 116 and 116a will respectively deliver cold and hot water to the
      valve cartridge. There is also provided a diverter conduit 117 in the duct
      113, which furnishes an outlet for water from the valve cartridge, as will
      be described hereinafter. When a diverter mechanism is not used, a block
      113a may be used as shown. Disposed in the top surface of the base 110 is
      a set of three threaded bores 118 at 120.degree. intervals and slanted
      inwardly to facilitate the threading of screws thereinto. An elastomeric O
      ring 119 is provivded in the channel 111 to provide a water-tight seal
      between the base 110 and the casing 103.
PAR  Mounted on top of the base 110 and within the casing 103 is a valve
      cartridge designated generally by the numeral 120. The valve cartridge 120
      includes a housing 120a which is generally cylindrical in shape and
      circular in cross section and includes a substantially solid base 121 the
      bottom of which merges into feet or flanges 122 having the upper surfaces
      thereof sloped slightly downwardly and outwardly, the flanges being within
      the confines of the housing 120a. There is provided a hole in each one of
      the flanges 122 which hole is inclined slightly and is in registration
      with the associated bore 118 on the base 110. The portion of the housing
      120a over each flange 122 is cut out or recessed at 123 to enable the
      assembler to gain access to attach the valve cartridge 120, as will be
      described hereinafter. The top of the base portion 121 defines a support
      surface 124, which has therein three recesses 125, 126 and 127. The
      recesses 125 and 126 are substantially egg-shaped in outline (see FIG. 6
      particularly), and the recess 127 is almost circular in outline. The
      recesses 125, 126 and 127 are arranged in a generally-triangular pattern
      about the vertical axis of the housing 120a, with the recesses 125 and 126
      being disposed toward the spout side of the housing 120a and with the
      recess 127 being disposed away from the spout side of the housing 120a.
      Formed in the recess 127 is a fluid outlet port 128 communicating with a
      cylindrical bore which defines a main outlet 129 and has its longitudinal
      axis disposed generally normal to the axis of the housing 120a. The outer
      end of the main outlet 129 defines a mouth 130 which is threaded to
      receive a suitably-formed nut. Communicating with the main outlet 129 is
      an L-shaped diverter duct 131, the axis of the shorter leg being aligned
      with the axis of the main outlet 129 and the axis of the longer leg
      disposed parallel to the axis of the housing 120a. Also formed in the
      support surface 124 is a pair of inlet ports 132 and 133 through which
      will pass respectively the cold and hot water if the valve cartridge 120
      is used in a hot and cold water faucet. The inlet port 132 communicates
      with the cold water duct 134, and the inlet port 133 communicates with the
      hot water duct 135 (see FIG. 7).
PAR  The portion of the housing 120a above the support surface 124 is hollow and
      defines a chamber 140. The inside surface of the housing 120a is offset
      outwardly about one half way up to define a shoulder 141. Near the outer
      end of the housing 120a is a further offset in the inside surface of the
      housing 120a to define a second shoulder 142. A channel 143 is formed in
      the outer surface of the housing 120a near the outer end thereof. Four
      slots 144 (FIG. 5) are formed at 90.degree. intervals in the upper edge of
      the housing 120a to a depth approximately equal to the width of each slot.
      The slots 144 are used in assembling the valve cartridge 120, as will be
      described hereinafter. Disposed in the recesses 125, 126, and 127
      respectively are gaskets 150, 151 and 152, each conforming to the shape of
      the associated recess. Prior to assembly the gaskets protrude above the
      support surface 124.
PAR  Disposed in the chamber 140 and overlying the gaskets 150, 151, and 152 is
      a valve seat 160 in the form of a disc. The valve seat 160 has a flat
      planar upper surface 161, a flat planar lower surface 162, and a
      cylindrical side surface 163 interconnecting the upper and lower surfaces
      161 and 162. The side surface 163 has a circumference only slightly less
      than the circumference of the chamber 140, whereby the valve seat 160 fits
      snugly within the chamber 140 and against the inner surface of the housing
      120a. The side surface 163 of the valve seat 160 has three tabs (not
      shown) spaced therearound and extending outwardly therefrom and
      respectively received in suitably-formed grooves (not shown) in the inner
      surface of the housing 120a for preventing rotational movement of the
      valve seat 160 within the chamber 140. Formed in the valve seat 160 and
      extending therethrough is an inlet hole 164, an oulet hole 165, and a
      further inlet hole which is not shown, the inlet hole 164 being aligned
      with the duct 134, the inlet hole not shown being aligned with the duct
      135, and the outlet hole being aligned with the outlet port 128. The valve
      seat 160 rests against the support surface 124 of the housing 120a so as
      to deform the gaskets 150, 151, and 152, thereby providing a fluid-tight
      seal between the valve seat 160 and the support surface 124.
PAR  A cylindrical valve plate 170, is disposed in the chamber 140 and overlies
      the valve seat 160, the valve plate 170 having a flat planar upper surface
      which defines a bearing surface 171, a flat planar lower surface which
      defines a sealing surface 172, and a cylindrical side surface 173
      interconnecting the bearing surface 171 and the sealing surface 172 at the
      peripheries thereof. The valve plate 170 has a diameter substantially less
      than the diameter of the chamber 140, whereby the valve plate 170 is
      movable laterally within the chamber 140. In the surface 171 of the valve
      plate 170 is formed a centrally-disposed, generally-rectangular recess 174
      having a depth preferably less than one-half of the thickness of the valve
      plate 170 for a purpose to be explained below. The sealing surface 172 of
      the valve plate 170 has formed therein a fluid control means in the form
      of a recess 175 defining a mixing cavity for the valve structure. In the
      preferred embodiment, the recess 175 has a vertical depth of approximately
      one-half the thickness of the valve plate 170 and is generally T-shaped in
      outline. The recess 175 is so positioned in the valve plate 170 as to be
      registrable with the upper ends of the inlet and outlet holes in the valve
      seat 160 for controlling the fluid flow therethrough.
PAR  Overlying the valve plate 170 and contacting the bearing surface 171
      thereof is a disk-like bearing plate 180 shaped complementary to the wall
      of the housing 120a and in closely-spaced relationship with the inner
      surface thereof. The bearing plate 180 has a flat planar upper surface 181
      and a flat planar lower surface which defines a bearing surface 182, and a
      cylindrical side surface 183. Centrally disposed in the bearing plate 180
      is an opening 184 extending therethrough, which is substantially circular
      in cross section and has dimensions substantially greater than the
      dimensions of the rectangular recess 174 in the upper surface 171 of the
      valve plate 170. The bearing plate 180 seats firmly on the shoulder 141.
PAR  Overlying the bearing plate 180 and contacting the upper surface 181
      thereof is an annular bearing support, generally designated by the numeral
      190, having an upper surface 191, a lower surface 192 and a cylindrical
      outer side surface 193. Formed in the upper end of the side surface 193 is
      an annular, outwardly-protruding lip 194. A centrally-disposed opening
      extends through the bearing support 190 and defines an inner cylindrical
      surface 195. The diameter of the side surface 193 is slightly less than
      the diameter of the inside surface of the housing 120a in the region
      between the shoulders 141 and 142 so as to fit snugly thereagainst. The
      diameter of the lip 194 is slightly greater than the diameter of the
      inside surface of the housing 120a in the region between the shoulder 142
      and the outer end of the housing 120a so as to fit snugly thereagainst and
      to rest on the shoulder 142. A pair of pivot pins 198 is respectively
      disposed in corresponding openings in the bearing support 190, the
      longitudinal axes of the pivot pins 198 being horizontally aligned along
      the diameter of the bearing support 190 and each of the pins 198 extending
      radially inwardly of the inner surface 195 substantially to the side
      surface 193. Four slots 199 (FIG. 5) are formed at 90.degree. intervals
      through the bearing support 190.
PAR  Disposed within the bearing support 190 is a handle bearing 200 which is
      generally cylindrical in shape and has an upper surface 201. Equidistantly
      spaced about the circumference of the handle bearing 200 and extending
      radially outwardly therefrom are four extensions 202a. Two of the
      extensions 202a have openings therein for receiving the inner ends of the
      pivot pins 198, whereby the bearing member 200 is pivotally mounted on the
      bearing support 190. Centrally disposed in the handle bearing 200 is an
      opening 203 having its axis generally parallel to the axis of the housing
      120a. The opening 203 is defined by two facing lower walls 204 which are
      slanted downwardly and outwardly, and two facing upper walls which are
      directed upwardly and outwardly. The juncture of the lower wall 204 and
      the upper wall 205 on each side of the opening 203 defines an edge 206.
      The sides 207 of the opening 203 are disposed generally vertically.
PAR  A control lever arm generally designated by the numeral 210, includes a
      vertically extending lower stem 211 and an integral upper stem 212 which
      is smaller in diameter than the lower stem 211. A coupling member 213 has
      a stud 216 projecting therefrom and frictionally engaged in a suitably
      formed bore in the lower end of the stem 211. The coupling member 213 has
      a curved side surface and a flat bottom surface. The coupling member 213
      fits in the lever recess 174 in the valve plate 170 for transmitting
      motion of the lever arm 210 to the valve plate 170 for controlling
      operation thereof, as will be described more fully hereinafter. The lower
      stem 211 carries a pivot pin 217, the longitudinal axes of the pivot pin
      217 being horizontally aligned along the diameter of the lower stem 211
      and each extending radially outwardly therefrom. The outer ends of the
      pivot pin 217 are respectively disposed in bores formed in the handle
      bearing 200, which pin 217 extends normal to the vertical sides 207. The
      lever arm 210 is therefore pivotal about an axis defined by the pin 217 so
      as to be pivotal  between limits defined by the slanted walls 204 and 205.
      As previously described, the handle bearing 200 is pivotal about an axis
      defined by the pivot pins 198, so that the lever arm 210 being carried by
      such handle bearing 200 is also pivotal about the axis defined by the
      pivot pins 198. Thus, the lever arm 210 is pivotal in two directions, one
      normal to the other, that is, about the axis defined by the pivot pin 217
      and about the axis defined by the pivot pins 198.
PAR  Disposed on the upper portion of the housing 120a is a cover 220 which has
      a hemispherical outer surface 221, the upper end of which defines a
      rectangular opening 222. The cover 220 has a depending skirt 233, the
      inner surface of which conforms to the outer surface of the housing 120a.
      A pair of tongues 224 is formed on the inner surface of the cover 220 and
      projects inwardly. Slots are formed in the inner ends of the tongues 224
      for receiving screws 225 therethrough. The screws 225 pass through the
      tongues 224 downwardly and outwardly and engage in threaded openings in
      the bearing support 190.
PAR  Finally, there is provided a handle 230 having a cover plate 231, the inner
      surface of the cover plate 231 being shaped complementary to the outer
      surface 221 of the cover 220 and being adapted for sliding engagement
      therewith. The handle 230 includes a boss 232 extending downwardly from
      the cover plate 231 and a hand grip portion 233 extending upwardly. A bore
      extends through the boss 232, the cover plate 231 and the hand grip
      portion 233 and frictionally receives the upper stem 212 of the lever arm
      210.
PAR  The details of assembly of the valve cartridge 120 will be described in
      detail hereinafter. For the moment it is sufficient to note that pressure
      is applied to the bearing plate 180 to cause the valve seat 160 to deform
      the gaskets 151, 152 and 153 to provide fluid-tight seals between the
      valve seat 160 and the support surface 124. The bearing support 190 is
      then secured in place. The residual force exerted by the gaskets 151, 152
      and 153, plus the pressure of the water in the conduits 116 and 117 causes
      the sealing surface 161 of the valve seat 160 to engage the sealing
      surface 172 on the valve plate 170 and provide a fluid-tight seal
      therebetween. Also, the bearing surface 171 on the valve plate 170 firmly
      engages the surface 182 on the bearing plate 180 which rests on the
      shoulder 141.
PAR  The amount of preloading on the gaskets 151, 152 and 153 should be such as
      not to unduly inhibit movement of the valve plate 170 in respect to the
      valve seat 160. Thus, what is desired is that the seal between the sealing
      surfaces 161 and 172 be fluid-tight, on the one hand, and have a
      predetermined amount of friction therebetween, on the other. In such
      cases, the user will exert a substantially constant force when he actuates
      the handle 210, whereby the "feel" to the user remains constant. Moreover,
      the "feel" does not vary substantially over the life of the cartridge.
PAR  It is to be understood that the distance between the shoulder 141 and the
      bottom of the recess 125, together with the thicknesses of the plates 160
      and 170 determine the amount of "squeeze" imparted to the gaskets 151,
      152, and 153, which, in turn, contribute substantially to the seal between
      the sealing surfaces 161 and 172 and the amount of friction therebetween.
      A 15 per cent squeeze in the gaskets 151, 152, and 153 would be typical.
PAR  Because the bearing support 190 is factory-affixed to the housing 120a, the
      optimum pressure between engaged seals can be achieved. Thus, the
      installer is not given the opportunity to provide a pressure between
      adjacent seals which either is insufficient to achieve good sealing
      between engaged sealing surfaces or is so much as adversely to affect the
      feel of the valve cartridge 120. Since no field adjustments are required,
      installation of the valve cartridge 120 can be effected without the
      services of a plumber. In fact, it is contemplated that such a valve
      cartridge can be installed by the home owner.
PAR  In a preferred form of the valve cartridge 120, the valve seat 160, the
      valve plate 170, and the bearing plate 180 were all formed of alumina.
      Preferably the housing 120a and the bearing support 190 are formed of
      plastic, and the lip 194 of the bearing support 190 is ultrasonically
      welded to the adjacent portion of the housing 120a by embedding the lip
      194 into such housing 120a. Since the entire base portion 121 of the
      housing 120a is formed of plastic as is the rest of the housing 120a, the
      valve cartridge 120 will be less expensive to manufacture and therefore
      can be discarded when the seals between the engaged sealing surfaces have
      worn. The task of merely removing a worn valve cartridge 120 and replacing
      it with a fresh one will be a great deal less expensive to perform than
      the procedure used today of replacing the seals and other worn elements.
PAR  Another advantage of the construction described is that both the main
      outlet 129 and the diverter duct 131 may be molded into the solid base
      portion 121. A standard diverter mechanism (not shown) can be placed in
      the main outlet 129, in which case the block 113a is removed. The diverter
      mechanism operates in the usual way to permit the water to flow through
      the passage 136 and out of the spout 105, when the valve provided with the
      spray head is not actuated. When the spray-head valve is actuated, the
      diverter mechanism will cause the water to flow through the diverter duct
      131 to the spray head. If the valve cartridge is to be used in an
      installation not requiring a spray, the block 113a would be provided and
      the diverter mechanism not utilized. In such case, water will flow through
      the passage 136 and out the spout 105. It is to be understood that the
      block 113a is merely exemplary. Alternatively, for example, in an
      installation not requiring a spray, the base 110 need not be provided with
      the duct 113 or the conduit 117 therein.
PAR  In assembling the valve cartridge 120 into the faucet 100, such cartridge
      is mounted on the base 110, such that the duct 134 is aligned with the
      duct 112, the duct 135 is aligned with the duct in which the conduit 116a
      is disposed, and the diverter duct 131 is aligned with the duct 113. In
      this position, the attachment holes in the flanges 122 will be aligned
      with the bores 118 in the base 110. Screws 145 are inserted and threaded
      into the respective holes, thereby attaching the housing 120a to the base
      110. Because the holes are inclined, the screws 145 are also inclined and
      the heads are more easily reached by a tool. A set of three gaskets 147 is
      mounted as shown to provide a fluid-tight seal between the adjacent ducts.
      A particular advantage in the cutouts 123 is that the over-all diameter of
      the housing 120a may be less than would be required if the screws which
      attach the valve cartridge 120 extended through the entire housing 120a.
      Instead, by providing cutouts 123 and fastening the screws 145 at an
      incline as indicated, the volume of space devoted to the screws is
      minimized without sacrificing ease in attachment. Because the screws 145
      are inclined, the installer of the valve cartridge 120 may more easily
      engage a tool with the screws 145. In installing the valve cartridge, the
      screws 145 are first secured to the base 110 as indicated. The plastic
      wear ring 107 is then placed in position, followed by slipping onto the
      outside of the valve cartridge 120 the casing 103. The cover 220 is then
      positioned, so that the skirt 223 rests on the upper end of the casing
      103. The screws 225 are then passed through the tongues 224 and engaged in
      the bearing support 190, thereby securing the cover 220 in place. Finally,
      the handle 230 is fitted onto the lever arm 210 by a set screw or the
      like.
PAR  As described above, the valve seat 160 is permanently positioned within the
      housing 120a, so that the two inlet holes (only 164 is shown) are aligned
      respectively with the inlet ports 132 and 133; and the outlet hole 165 is
      aligned with the outlet port 128. Thus, a path is provided for
      uninterrupted flow of cold and hot water respectively from the inlet
      conduits 116 and 116a to the surface 172 of the valve plate 170. The valve
      plate 170 is slidably movable between the valve seat 160 and the bearing
      plate 180 throughout the adjacent portion of the chamber 140. This
      movement of the valve plate 170 is accomplished by manual actuation of the
      handle 230. As described above, the handle 230 may be actuated to pivot
      the lever arm 210 about two axes perpendicular to each other to control
      the quantity of fluid from the inlet conduits 116 and 116a delivered to
      the outlet port 128. Moving the handle 230 among the positions indicated
      by the phantom lines in FIG. 3 varies the volume of water delivered to the
      outlet port 128. Pivoting the handle 230 about the pin 217 and farthest to
      the left (as viewed in FIG. 3) as limited by the right-hand surface 204
      and the lefthand surface 205, to the "full-off" position, moves the valve
      plate 170 farthest to the right, so that no portion of the recess 175 is
      aligned with the inlet holes in the valve seat 160 and thus no water is
      delivered to the outlet port 128. On the other hand, pivoting of the
      handle 230 farthest to the right, as limited by the left-hand surface 204
      and the right-hand surface 205, to the "full-on" position, causes the
      entire area of the inlet holes in the valve seat 160 to be aligned with
      the recess 175, whereupon maximum volume of fluid is delivered from the
      valve seat 160 through the recess 175 to the outlet port 128.
PAR  Pivoting the handle 230 farthest to the right, as viewed in FIG. 1 to the
      "cold" position, thereby pivoting it clockwise about the pivot pins 198,
      causes the recess 175 to be in full alignment with one inlet hole 164 and
      fully out of alignment with the other inlet hole in the valve slot 160.
      Accordingly, only the cold water in the conduit 116 flows into the recess
      175, while none of the hot water in the conduit 116a flows into such
      recess. In such case the water in the outlet port 128 is cold. Pivoting
      the handle 230 farthest to the left, as viewed in FIG. 1, to the "hot"
      position, thereby pivoting it counterclockwise about the pivot pins 198,
      causes the recess 175 to be fully out of alignment with the one inlet hole
      164 and in full alignment with the other inlet hole in the valve seat 160.
      Accordingly, only the hot water in the conduit 116a flows into the recess
      175, while none of the cold water in the conduit 116 flows into such
      recess. In such case, the water in the outlet port 128 will be hot. Any
      intermediate position between the afore-mentioned full-on, full-off, cold
      or hot positions may be achieved to provide any temperature and volume of
      water at the outlet port 128. Further details as to the precise manner in
      which the recess 175 operates to control the ratio and quantity of water
      delivered to the outlet may be had by reference to U.S. Pat. No. 3,667,503
      assigned to the assignee of the instant application.
PAR  Turning now to FIGS. 8 and 9, the details of the method by which the valve
      cartridge 120 is made will be described. For that purpose, there is
      provided a fixture 250 having a base 251 with a raised central portion
      251a. Around the periphery of the base 251 are at least two
      diametrically-opposed cylinders 252 respectively having associated
      therewith pistons 253. The pistons 253 carry a disk 254 having a central
      opening 255 therein. Four presser elements 256 are formed on the inner
      surface of the disk 254 at equidistantly-spaced points therearound and
      protruding individually therefrom. Each presser element 256 includes a
      finger 257 directed horizontally inwardly, and a finger 258 on the inner
      end of the finger 257 directed downwardly. There is also provided an
      ultrasonic welding horn 259 associated with the fixture 250.
PAR  In assembling the valve cartridge 120, three gaskets 151, 152, and 153 are
      placed respectively in the recesses 125-127 of the support surface 124. As
      can be seen, the upper ends of the gaskets 150-152 protrude above the
      support surface 124. The valve seat 160 is then dropped into the chamber
      140 of the housing 120a so as to rest on the upper surfaces of the gaskets
      150-152 whereby the lower surface 162 of the valve seat 160 is spaced from
      the support surface 124. The valve plate 170 is then dropped into the
      chamber 140 of the housing 120a, 122 so that the lower sealing surface 172
      thereof rests on the sealing surface 161 of the valve seat 160. Then the
      bearing plate 180 is dropped into the chamber of the housing 120a, so that
      the bearing surface 182 rests on the bearing surface 171 of the valve
      plate 170. As can be seen, the bearing surface 182 is spaced from the
      shoulder 141 on the housing 120a. The lever arm 210 is assembled on the
      handle bearing 200 which is, in turn, assembled on the bearing support
      190. The combination of these three elements is then dropped into the
      chamber 140 of the housing 120a such that the lip 194 of the bearing
      support 190 rests on the shoulder 142 of the housing 120a (see FIG. 10).
      The slots 199 in the bearing support 190 are respectively aligned with the
      slots 144 in the housing 120a. It should be noted that the lower surface
      192 of the bearing support 190 is spaced from the upper surface 181 of the
      bearing plate 180 but does rest on the shoulder 142.
PAR  The partly-assembled valve cartridge 120 is then placed on the raised
      central portion 251a of the fixture 250 as indicated and the four presser
      elements 256 are positioned as shown. Specifically, the finger 258 of each
      presser element will fit in the space between the bearing support 190 and
      the handle bearing 200, so that the lower end thereof engages the upper
      surface 181 of the bearing plate 180. The finger 257 on each of the
      presser elements 256 is arranged horizontally and disposed in a slot 144
      in the housing 120a and in the laterally aligned slots 199 in the bearing
      support 190. The four cylinders 252 are then actuated to withdraw the
      pistons 253, thereby pulling down the disc 254, causing the fingers 258 to
      exert pressure on the bearing plate 180. This pressure is translated by
      the valve plate 170 and the valve seat 160 to deform the gaskets 151, 152,
      and 153, until the bearing plate 180 seats on the shoulder 141. Thus,
      there will be provided a fluid-tight seal between the sealing surfaces 161
      and 172 and a predetermined amount of friction therebetween.
PAR  While the presser elements 256 are operating on the bearing plate 180, the
      ultrasonic horn 259 is positioned on the outer surface of the bearing
      support 190 and transmits ultrasonic energy thereto. The horn 259 vibrates
      the lip 194 downwardly so that it becomes embedded into the housing 120a
      to define a "new shoulder" at 142a. The lower surface 192 of the bearing
      support 190 will then contact the upper surface 181 of the bearing plate
      180 to hold the bearing plate 180 in the condition established by the
      presser elements 256. When the presser elements 256 and the horn 259 are
      thereafter removed, the relationship between the sealing surfaces 161, 172
      and the bearing surfaces 171, 182 is retained by virtue of the ultrasonic
      weld appearing between the bearing support 190 and the housing 120a. The
      valve cartridge 120 is now completed and may be used in the faucet 100
      depicted in FIGS. 1 to 7. However, it should be understood that the valve
      cartridge 120 finds use in a number of other installations such as, for
      example, in a tub and/or a shower.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it is to be understood that various
      changes and modifications may be made therein, without departing from the
      spirit and scope of the invention, and it is intended that all such
      changes and modifications be covered as fall within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A faucet comprising a faucet base, a hollow casing mounted on said
      faucet base, a cover for said casing, a spout carried by said casing and
      having a passageway therethrough communicating with the interior of said
      casing, and said faucet base having at least one fluid inlet, and a valve
      cartridge in said casing and including a generally cylindrical housing
      having a chamber therein, inlet and outlet ports in said housing for said
      chamber, valve means in said chamber for controlling the quantity of fluid
      delivered from said inlet port to said outlet port, control means
      extending from one end of said housing for controlling said valve means,
      said housing having a valve base portion at the other end thereof, the
      maximum outer diameter of said valve base portion being no greater than
      the maximum outer diameter of any other portion of said housing, said
      valve base portion having a plurality of recesses extending laterally
      thereinto and defining flange means at the adjacent end of said housing,
      said flange means having at least one opening extending therethrough,
      means passing through said opening from said recess for attaching said
      flange means to said faucet base, said inlet port being in registration
      with the fluid inlet of said faucet and said outlet port being in
      communication with the interior of said casing.
NUM  2.
PAR  2. The faucet set forth in claim 1, wherein said faucet base has a diverter
      outlet, said valve base having a diverter port therein communicating with
      said outlet port and with said diverter outlet, whereby fluid delivered to
      said outlet port can be diverted through said diverter port to said
      diverter outlet.
NUM  3.
PAR  3. The faucet set forth in claim 1, wherein said attachment means include a
      plurality of screws passing through said attachment flange and into said
      faucet base.
NUM  4.
PAR  4. The faucet set forth in claim 1, wherein said attachment means includes
      a plurality of screws passing through said attachment flange and into said
      faucet base, said screws being inclined to facilitate attachment.
NUM  5.
PAR  5. The faucet set forth in claim 1, and further comprising gasket means
      between said faucet base and said valve base to provide a fluid-tight seal
      between said faucet base and said valve base.
PATN
WKU  039385477
SRC  5
APN  4609549
APT  1
ART  341
APD  19740415
TTL  Pressure regulator
ISD  19760217
NCL  21
ECL  1
EXA  Miller; Robert J.
EXP  Schwadron; Martin P.
NDR  2
NFG  8
INVT
NAM  Jones; Leon
STR  15081 Moran St.
CTY  Westminster
STA  CA
ZIP  92683
RLAP
COD  74
APN  336186
APD  19730227
PSC  01
PNO  3811467
CLAS
OCL  137488
XCL  137DIG8
EDF  2
ICL  F16K 1500
ICL  F16K 3112
FSC  137
FSS  494;526;550;506;529;535;101;116.5;488;DIG. 8
FSC  119
FSS  14.44;14.41;14.51;14.18;14.43
FSC  251
FSS  61.5;251;284;294
FSC  240
FSS  8.2
FSC  141
FSS  35
UREF
PNO  3794062
ISD  19740200
NAM  Auwerter
OCL  137488
UREF
PNO  3811467
ISD  19740500
NAM  Jones
OCL  137494
LREP
FR2  Gausewitz; Richard L.
ABST
PAL  A large vacuum pump is connected through a vacuum line to the cow milking
      apparatus, and a vacuum regulator is employed to admit into the line the
      amount of ambient air necessary to maintain the line pressure (and thus
      the pressure at the milking apparatus) constant within very narrow limits.
      The vacuum regulator comprises an air valve to control the admission of
      ambient air, and which is itself controlled by a light bias spring (having
      a low spring rate) and an opposed diaphragm. One side of the diaphragm is
      subjected to pressure generally equal to line pressure, whereas the other
      side of the diaphragm is subjected to pressure of air within a stabilizing
      and regulating dome. Adjustable means responsive to the pressure
      differential between the dome and ambient are provided to admit into the
      dome sufficient air to maintain the dome pressure constant. Furthermore,
      means are provided to bleed air through the diaphragm, thus maintaining
      substantially constant the pressure drop thereacross. The air valve is
      constructed with large radial ports which admit air radially over the thin
      edge of a slide valve, and in response to only a small valve movement. The
      very stable and controlled dome pressure, the substantially constant
      pressure drop across the diaphragm, the light bias spring, and the
      described air valve construction cooperate to result in extreme
      sensitivity and low-inertia operation and thus in very close regulation of
      line pressure.
PARN
PAR  This is a division of application Ser. No. 336,186, filed Feb. 27, 1973,
      now U.S. Pat. No. 3,811,467.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field  of milking machine systems.
PAR  2. Description of Prior Art
PAR  The regulation of vacuum in cow milking machine systems is, at present,
      generally poor. Thus, for example, when air is drawn into the vacuum line
      through one or more sets of teat cups, the pressure increase (vacuum
      decrease) in the system may be so great that the teat cups fall from the
      udders of large numbers of cattle. Conversely, the pressure may at times
      be so low (vacuum so high) that the teats are injured. There exists a
      major need for a milking machine system capable of milking large numbers
      of cows, and wherein the pressure (vacuum) stays substantially constant,
      at all times, regardless of such factors as the drawing-in of air through
      the teat cups for one, or a number of, cows.
PAR  The vacuum regulators in prior-art milking systems were normally
      high-inertia devices which sensed the pressure at regions of high air
      velocity--which velocity created localized pressure changes and thus
      resulted in errors. Because of the high inertia, changes in line pressure
      could not be compensated for with sufficient rapidity. Prior-art
      regulators in milking systems were also characterized by the presence of
      air valves which were affected by air flow velocity and which could not
      pass volumes of air adequate to compensate rapidly for sudden changes in
      line pressure. Such regulators required major axial movement of the air
      valves, with consequent excessive changes in the forces exerted by the
      biasing springs. Furthermore, such biasing springs were often undesirably
      large and heavy. These, and other, factors resulted in the unsatisfactory
      pressure regulation outlined in the preceding paragraph.
PAR  There exist large numbers of vacuum regulators in arts not related to
      milking machine systems. Such regulators are, insofar as applicant is
      aware, unsatisfactory in the milking machine art. There are numerous
      reasons for this, including one or more of the following: (a) Such vacuum
      regulators are not adapted to handle the high-flow and dynamic conditions
      present in large milking systems. (b) Such regulators were of the "series"
      type, which would, if incorporated in a vacuum line to a milking machine,
      create major problems relative to cleaning of the regulator and relative
      to danger of damage to the vacuum pump. (c) Such regulators were of
      complex, and thus expensive, construction.
PAC  Summary of the Invention
PAR  In the present milking machine system, the pressure (and vacuum) regulator
      is not in series with the vacuum line, being instead adapted to admit the
      amount of ambient air necessary to maintain the desired line pressure. The
      regulator incorporates an air valve which is operated by a diaphragm and
      by an opposed light bias spring. To determine the set point of the system,
      one side of the diaphragm is exposed to the air within a dome. The dome is
      supplied with air from the ambient atmosphere, through a
      pressure-determining inlet valve which is adjustable to cause the dome
      pressure to remain constant at any desired level. Air from the dome is
      bled through the diaphragm, thus causing the pressure drop thereacross to
      be substantially constant. The other side of the diaphragm is exposed to a
      sensing chamber, into which the air is bled. Such chamber communicates
      selectively with a plurality of regions of the milking machine system,
      which regions are characterized by relatively low air velocity.
PAR  The air valve has a plurality of low-inertia wheels which move axially in
      conjoint manner, in sliding contact with the wall of the valve chamber.
      Such wall incorporates many large radial air ports which, when not blocked
      by the wheels, admit air from the ambient atmosphere. The ports associated
      with one wheel are offset relative to those associated with the other, so
      that simultaneous unblocking of both sets of ports is prevented. The wheel
      regions over which air flows when entering the ports have very thin radial
      dimensions, thus reducing to a minimum the effects of air velocity on
      valve operation.
PAR  The pressure-determining inlet valve to the dome is of an improved
      construction which maximizes control of pressure while improving shelf
      life.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the present milking machine system, the
      milking machine and vacuum pump being shown schematically;
PAR  FIG. 2 is an enlarged vertical sectional view of the pressure-regulating
      portion of the milking machine system, portions of the dome being broken
      away;
PAR  FIG. 3 is a horizontal sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical sectional view corresponding to the central region of
      FIG. 2, but showing the air valve in an open position;
PAR  FIG. 5 is a greatly enlarged view showing one region of the showing of FIG.
      4, the air valve being less open;
PAR  FIG. 6 is an enlarged view showing a check valve which bleeds air from the
      dome through the diaphragm to the sensing chamber; and
PAR  FIGS. 7 and 7a are enlarged vertical sectional views showing two
      embodiments of the air-inlet and regulating valve to the dome.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout this specification and claims, to minimize confusion, reference
      is normally made to "pressure"  instead of "vacuum", even though the
      "pressure" is less than atmospheric. Thus, the pressures referred to in
      the specification are absolute pressures as distinguished from gauge
      pressures, namely psia as distinguished from psig.
PAR  Referring first to FIG. 1, a cow milking machine system is illustrated to
      comprise a milking machine 10 which is connected by a vacuum line 11 to a
      vacuum pump 12. The milking machine may incorporate large numbers of teat
      cups as well as milk traps, valves, etc. The vacuum line 11 may be very
      long and may also incorporate valves, bends, etc. The vacuum pump 12 is
      often a high power high-volume pump which exhausts air from the line 11 to
      the atmosphere. A typical pump for a large system has on the order of 5-35
      horsepower and is able to pass 100-300 cubic feet per minute of air. The
      milking machine system may be adapted to milk large numbers (for example,
      30) of cows simultaneously.
PAR  Vacuum pump 12 is so operated that it will always attempt to draw on line
      11 a greater vacuum than that which is desired to be present in the line.
      Therefore, to control the line pressure, ambient air is introduced into
      the line in the proper amount to cause the line pressure to be set at a
      fixed value which is regulated within narrow limits by the present
      invention. This value is, because of the introduction of ambient air,
      higher than that which the vacuum pump 12 is attempting to achieve. The
      ambient air is introduced by a pressure (and vacuum) regulator 13 which is
      described in detail below.
PAR  Pressure regulator 13 comprises a cup-shaped body 14 over which is secured,
      by screws 15, a diaphragm-mounting ring 16. A large dome 17 is sealingly
      mounted on ring 16, as by welding, and has incorporated in the upper
      portion thereof an air-inlet and pressure-controlling valve 18. A
      diaphragm 20 is mounted across the lower end of the dome, having its edge
      portion sealingly mounted between mounting ring 16 and the rim of body 14.
PAR  The peripheral region of diaphragm 20 is not confined in any way except at
      the extreme edge, so that friction is minimized. The remaining regions of
      the diaphragm are confined between diaphragm plates 21 which comprise
      lightweight metal members. The dome 17, diaphragm 20 and ring 16 define a
      large "dome chamber" 22 which is highly important to the present pressure
      regulator.
PAR  An air valve 24 is mounted below body 14, and comprises a cylindrical body
      25 having a diameter substantially less than that of body 14. The upper
      end of body 25 is secured by screws 26 to the body 14, whereas the lower
      end of body 25 is suitably and sealingly connected by coupling means 26a
      to a Tee 27 (FIG. 1) in vacuum line 11. If desired, a check valve (not
      shown) may be incorporated below air valve 24, for example in Tee 27, to
      insure against upward movement into the regulator 13 of water which is
      used for washing the milking machine and vacuum pump. Such check valve
      only permits downflow of air from the regulator 13 to the vacuum line,
      without permitting major amounts of reverse flow.
PAR  An annular groove or recess 28 is provided on the exterior of cylindrical
      body 25. Mounted around the body 25, and encompassing groove 26, is an
      annular air filter 29 having end rings 30. A mounting ring 31 is
      threadedly associated with body 25, beneath groove 28, and bears against
      the lower end ring 30 to thereby force the upper end ring against the
      underside of the cup-shaped body 14. Thus, all air which passes to the
      region of annular groove 28 is filtered.
PAR  Two rows 32 and 33 of radial air ports 34 are provided at longitudinally
      spaced regions along the valve body 25. Each port row 32 and 33 extends
      circumferentially of the body 25, and lies generally in a plane
      perpendicular to the axis of such body. As shown in FIG. 3, the radial
      ports 34 in each row are not circular but instead are circumferentially
      elongated slots having large cross-sectional flow areas.
PAR  First and second "wheels" 36 and 37 are mounted within body 25 and
      respectively adjacent the port rows 32 and 33, lying in spaced parallel
      planes which are perpendicular to the axis of valve body 25. The wheels
      are so designated because of their shapes; they do not rotate. Each is a
      relatively lightweight metal element having spokes 38 (FIG. 3), a hub 39
      and an axially-elongated rim 41. The exterior surface of each rim 41 is
      cylindrical and is in sliding contact with the cylindrical interior
      surface of valve body 25. The spokes 38 define between them large-area air
      openings 42 (FIG. 3) through which air may flow into the vacuum line 11
      after entering through radial ports 34.
PAR  The hubs 39 of the first and second wheels 36 and 37 are axially elongated
      and are fixedly secured, as by brazing or welding, to the exterior surface
      of an axial stem 43 which is mounted at the axis of valve body 25. One
      portion of stem 43 extends slidably through a central opening in the
      bottom wall of body 14. The lower end of the stem extends slidably through
      a wheel-shaped stem guide 44, the latter having a central hub, radial
      spokes and a peripheral rim which is locked by a snap ring 46 to body 25.
PAR  The upper end of stem 43 extends through central openings in diaphragm
      plates 21 and in diaphragm 20. A retaining cap 47 is mounted over the
      upper stem end, and seats on the upper diaphragm plate 21 so as to force
      the lower diaphragm plate against a shoulder on the stem. Thus, when a
      screw 48 is threaded downwardly through the cap and into the stem, the
      upper stem end is locked to the diaphragm assembly.
PAR  When the pressure in dome chamber 22 exceeds that in the chamber beneath
      the diaphragm assembly (which chamber is numbered 49 and may be termed the
      "sensing chamber"), the diaphragm assembly and the stem are forced
      downwardly and move the valve wheel rims 41 sufficiently far that air is
      admitted through ports 34. An axially-mounted helical compression spring
      51 is supported at its lower end on stem guide 44 and is seated at its
      upper end on the under portion of the lower valve wheel 37. Thus, spring
      51 is a biasing spring which opposes the diaphragm and tends to cause
      closing of the air valve.
PAR  Spring 51 is relatively light and has a low spring rate; therefore, the
      bias exerted by the spring does not change to a considerable extent in
      response to the relatively small axial shifting of the valve wheels 36 and
      37. Spring 51 is somewhat preloaded, for example to about 14 pounds in a
      valve wherein the diameter of the diaphragm 20 is about 6 inches and the
      diameter of each valve wheel 36 and 37 is about 3-1/2  inches.
PAR  Although it is very important that the operation of the present vacuum
      regulator be fast, the amount of friction should not be so low that there
      is excessive overtravel of the valve elements, with resultant possibility
      of instability. To prevent such operation, a damping means 52 is mounted
      around the lower end of stem 43. The damping means 52 comprises a Teflon
      ring 53 which is split at one point about its circumference, and has
      mounted therearound in an external groove therein a helical tension spring
      54, the latter tending to squeeze the ring around the stem to thus
      introduce friction between the inner cylindrical surface of ring 53 and
      external cylindrical surface of the stem. The amount of such squeezing,
      and thus the amount of friction increase, is determined by the tension of
      the spring 54. The ring 53 is prevented from moving, since the lower
      portion thereof is seated on stem guide 44 and the upper portion thereof
      is held down by spring 51.
PAR  To additionally prevent valve instability, etc., the degree of registry of
      the upper valve wheel 36 with its associated row 32 of ports 34 is caused
      to be different from the degree of registry of the lower valve wheel 37
      with its associated port row 33. Referring particularly to FIG. 5, it will
      be noted that the upper valve wheel 36 is still blocking its associated
      ports 34, at the same time that the lower valve wheel 37 has partially
      opened relative to its associated port row. Thus, all of the introduction
      of air is (when the valve is in the FIG. 5 position) through the lower
      port row 33. When further air introduction is required, the valve wheel
      assembly will move down an additional amount so that air will be admitted
      simultaneously through both rows 32 and 33 of ports 34, as shown in FIG.
      4.
PAR  It will thus be seen that the present air valve assembly is capable of
      admitting large amounts of air in response to only small axial shifting of
      the wheels 36 and 37, which small axial shifting does not change
      substantially the bias force exerted by spring 51. However, the
      relationship is such that only the required amount of air is admitted, and
      tendencies toward instability are minimized. If desired, additional wheels
      and associated port rows may be provided above or below those shown in the
      drawings.
PAR  It is important to minimize the tendency of the inrushing air (through
      ports 34) to affect the positions of valve wheels 36 and 37, since such
      positions should be determined solely by the spring 51 and by the
      diaphragm assembly. Because the air flow through ports 34 is radial, and
      because the air openings 42 are very large and the spokes 38 are small
      (FIG. 3), there are little or no direct pressure affects exerted by the
      air relative to the wheels 36 and 37. However, the air which passes
      radially-inwardly over the upper edges of rims 41 does tend to create low
      pressure regions and to "suck" the rims upwardly. To minimize this effect,
      the upper edge regions of the rims are beveled so that the extreme upper
      edges are very small in radial dimension. Because of such beveling, the
      upward (sucking) force exerted when the air flows radially inwardly
      through ports 34 is minimized.
PAR  It is also important that the movements of the diaphragm do not alter
      substantially the pressure present in dome chamber 22. Therefore, the dome
      is caused to be sufficiently large that the diaphragm movements will
      effect only a small percentage change in dome volume, and thus only a
      slight change in dome pressure. The number of cubic inches in dome chamber
      22 should be at least several times the number of square inches in the
      area of the diaphragm. In the illustrated embodiment, this factor is about
      6 (cubic inch dome volume about 6 times the square inch diaphragm area).
PAR  Proceeding next to a description of the air-inlet and pressure-controlling
      valve or regulator 18, this is best shown in FIG. 7, and comprises means
      to maintain substantially constant the air pressure in dome chamber 22.
      Furthermore, the constant pressure in chamber 22 is maintained a
      predetermined constant pressure differential below the pressure of the
      ambient atmosphere.
PAR  Valve 18 comprises a body 56 which is extended downwardly through an
      opening in dome 17, and is externally threaded at the lower portion
      thereof to receive an internally threaded conduit 57. At the lower end of
      conduit 57 is mounted a bellows-supporting ring 58 to which is sealed the
      lower end of a bellows 59 having a horizontal plate 60 at the upper end
      thereof. The bellows 59 acts as a spring to bias the plate 60 upwardly.
PAR  The extent of upward movement of bellows plate 60 is determined by an
      adjustable screw 61 which is threaded downwardly through a
      downwardly-protuberant central boss portion 62 of valve body 56. The lower
      end of screw 61 has a frustoconical surface 63 and a downwardly-extending
      cylindrical bellows guide portion 64 which extend into a central opening
      66 in the bellows plate.
PAR  A chamber 67 is defined below valve body 56, within conduit 57 and above
      the bellows 59. The only way for air to enter such chamber 67 is through
      passages 68 in the valve body, the upper ends of such passages
      communicating through air filters 69 with the ambient atmosphere. The
      filters 69 are secured in place by suitable snap rings or other securing
      means, numbered 70.
PAR  When the set screw 61 is threaded upwardly to such position that the spring
      force exerted by bellows 59 is barely sufficient to seat plate 60 on
      surface 63, then the bellows will tend to open when the pressure in dome
      chamber 22 is only a small amount below atmospheric pressure. On the other
      hand, when set screw 61 is threaded downwardly to compress the bellows 59
      to a considerable degree, then then the pressure in dome chamber 22 must
      reduce by a major amount (below that of the ambient atmosphere) before the
      plate 60 will be shifted off of seat 63 so that air may be introduced
      through opening 66 and into dome chamber 22.
PAR  The air in dome chamber 22 is not static, since there is a slow but
      substantially continuous flow therethrough from the ambient atmosphere
      through opening 66 to the chamber 22, and from the chamber 22 into the
      sensing chamber 49. The latter flow is through a small-diameter bleed port
      72 (FIG. 6) in the diaphragm assembly 20-21. A flap valve 73 in the form
      of a rubber element having a very small bias is provided at the lower
      surface of the diaphragm assembly over the port 72, and serves to permit
      downward bleeding of air from chamber 22 to chamber 49 but to prevent
      substantial upward passage of air or water. The valve 73 performs the
      function of insuring that any wash water which is passed through the line
      72 in order to clean the same of milk does not find its way upwardly into
      the dome 22.
PAR  After the air has bled through port 72 into the sensing chamber 49, it is
      passed through one of two alternately-employed sensing means. The first
      may be termed the "direct sensing means" and comprises ports 75 (FIG. 2)
      in stem 43 and which pass air from sensing chamber 49 to an axial passage
      76 in the stem. The lower end of passage 76, when plug 81 is removed,
      communicates with the Tee 27 associated with line 11 (FIG. 1), so that the
      lower end of the passage 76 is responsive to the pressure in the Tee and
      thus in the line 11.
PAR  In some large systems the line 11 is long and may incorporate various
      valves, bends, etc., causing the pressure at the milking machine 10 to be
      substantially different from that at the regulator 13. In such systems, it
      is often desirable to employ a "remote sensing means" comprising a conduit
      77 which communicates with a port 78 in body 14 and thus with the sensing
      chamber 49. The conduit 77 extends to any suitable point in line 11, for
      example to a region adjacent the milking machine 10 as shown in FIG. 1.
PAR  When direct sensing is desired, a valve 79 in conduit 77 (FIG. 1) is caused
      to be shut, and the axial passage 76 in stem 43 is open and communicates
      with the Tee 27. Conversely, when remote sensing is desired, valve 79 is
      opened and a plug 81 (FIG. 2) is mounted in the lower end of stem 43 and
      secured in position as by a cotter pin.
PAR  The port 72 through the diaphragm assembly is caused to be sufficiently
      large that it will not tend to become clogged by dust, etc., and to be
      sufficiently small that a pressure differential may exist between the
      pressure in dome chamber 22 and the pressure in sensing chamber 49. In the
      exemplary valve wherein the diameter of diaphragm assembly is about 6
      inches and that of the valve wheels 36 and 37 about 3-1/2 inches, the
      diameter of port 72 may be (for example) 0.040 inch.
PAR  The diameter of the central opening or port 66 in bellows plate 60 must be
      sufficiently large to satisfy air flow through port 72 in the diaphragm
      assembly. Thus, sufficient air may be admitted through port 66 to permit
      the diaphragm assembly to move upwardly and downwardly under the influence
      of the pressure in sensing chamber 49 (relative to that in the dome
      chamber) and under the influence of spring 51. In the present example, the
      diameter of port 66 may be 0.067 inch.
PAC  OPERATION
PAR  Let it be assumed that the system as shown in FIG. 1, that the vacuum pump
      12 is not in operation, and that everything is initially at atmospheric
      pressure (about 15 psia).
PAR  In the previously-stated example, wherein the preload of spring 51 is 14
      pounds, and the diameter of diaphragm 20 is 6 inches, the area of the
      diaphragm is approximately 28 inches. Because of these relationships, a
      pressure differential across the diaphragm assembly of a little more than
      1/2 psi causes the diaphragm to shift downwardly and initiate opening of
      the air valve.
PAR  As soon as vacuum pump 12 is started in operation, the reduced line
      pressure is transmitted through the operative one of sensing conduits 76
      or 77 to the sensing chamber 49, and quickly causes the pressure
      differential across the diaphragm to be above 1/2 psi. The diaphragm is
      then sucked downwardly and effects partial opening of the air valve, so
      that air is drawn in through various ports 34 and through the Tee 27 into
      the vacuum line.
PAR  As the line pressure continues to decrease, the pressure in sensing chamber
      49 decreases, and this decrease is reflected (due to flow through port 72)
      by a corresponding decrease in the pressure in dome chamber 22. Thus, for
      example, the pressure in the dome chamber always remains about 1/2 psi
      above the pressure in sensing chamber 49.
PAR  It follows that the pressures will decrease until the "set point" of Valve
      18 (FIG. 7) is reached, which may (for example) occur when the dome
      pressure is 9 psia. Reaching of such set point causes the bellows plate 60
      to move downwardly off seat 63 and thereby admit air into the dome through
      port 66. This initiates a "floating" operation of the bellows plate
      relative to seat 63, whereby sufficient air is admitted to cause the dome
      pressure to remain substantially constant at (for example) 9 psia.
PAR  Although the dome pressure is now 6 psi less than atmospheric, the pressure
      drop across the diaphragm has remained substantially constant at (for
      example) 1/2 psi. Thus, the downward pressure exerted by the diaphragm on
      stem 43, and on the valve wheels 36 and 37, remains constant and balances
      the upward pressure exerted by bias spring 51. This balanced relationship
      results in the inflow of the proper amount of air through various ports 34
      to cause the pressure line 11 to remain substantially constant.
PAR  Let it be assumed, for example, that the line pressure reduces slightly
      from the desired substantially constant value. The reduction in line
      pressure is transmitted through the operative one of conduits 76-77 to
      sensing chamber 49, which decreases the pressure in chamber 49 and permits
      the diaphragm assembly to move downwardly and open valve wheels 36 and 37
      to a greater extent relative to the associated ports 34. Additional air is
      therefore drawn in through ports 34 to the line, to compensate for the
      decrease in pressure.
PAR  Conversely, let it be assumed that the line pressure increases momentarily
      relative to the desired substantially constant valve. The increase is
      transmitted through one of the conduits 76-77 to sensing chamber 49, and
      causes upward movement of the diaphragm (which upward movement is aided by
      the bias spring 51). The valve wheels 36-37 are then closed to an
      additional extent relative to their associated ports 34, thus reducing the
      inflow of air through the air valve means and causing a lowering of the
      line pressure.
PAR  As previously noted, if the change in line pressure is small, only the
      lower one (37) of the valve wheels is operated to open the associated
      ports 34 in the lower port row 33, since the upper wheel 36 remains in
      blocking relationship to its associated port row 32. However, a relatively
      extreme change in line pressure will cause both rows of ports to be at
      least partially unblocked, to thereby rapidly compensate for the pressure
      change.
PAR  It is pointed out that there is a large air flow through the line, and a
      large and rapid air flow through the ports in one or both rows 32-33.
      Furthermore, there is a substantially continuous flow of air through the
      diaphragm port 72 and also through port 66 in the bellows plate. The air
      flow through the port 66 is modulated by vibratory upward and downward
      movement of the plate 60 which creates a modulating and regulating action
      to maintain the dome pressure constant within very close limits (such as,
      for example, 0.05 psi). This very constant dome pressure creates a
      substantially constant pressure in the line 11, despite various factors
      (such as drawing in of air through one or more sets of teat cups, and such
      as variations in the operation of the pump 12, etc.). With the described
      system, the line pressure may be maintained constant within about 0.1 psi,
      for example.
PAR  The constant line pressure is highly important in creating the correct
      amount of suction for milking purposes, and preventing injury to the teats
      of the cows' udders, and preventing dropping of the teat cups off all of
      the cows being milked despite large amounts of air inflow through sets of
      teat cups, etc.
PAR  It is to be noted that the degree of movement of stem 43 and of the valve
      wheels 36 and 37 is very small, for example, less than 0.050 inch per 100
      cfm (cubic feet per minute) flow change, this being possible because of
      the large port area which can be uncovered in response to such small
      movement. It follows that the change in the spring rate of spring 51 is
      extremely small, which small change (when coupled with the constant
      pressure drop across the diaphragm assembly) causes very close regulation
      of the pressures. It also follows that the diaphragm movement is small,
      and this when coupled with the large dome volume assures a substantially
      constant dome pressure.
PAR  When it is desired to change the line pressure, it is merely necessary to
      turn the set screw 61 (FIG. 7). This is accomplished very easily. There is
      thus readily achieved a new set point in dome pressure, which results in a
      new set point in the line pressure.
PAC  EMBODIMENT OF FIG. 7a
PAR  The embodiment of FIG. 7a is identical to the embodiment previously
      described, except for the construction of the portion of
      pressure-regulating valve 18 which is adjacent bellows plate 60.
PAR  Referring to FIG. 7a, the lower end of adjustable screw 61a does not have
      the portions 63 and 64 of the previous embodiment, being instead provided
      with a radial flange 90 which has a depending peripheral skirt 91. A soft
      ring 92, formed of a soft elastomeric material, is bonded to the upper
      surface of bellows plate 60 in encompassing relationship to opening 66.
      The upper-central portion of the ring is caused to be protuberant in order
      to form a Seat 93 for the lower (radial) surface of screw 61a.
PAR  The vertical dimension of skirt 91 is caused to be slightly less than the
      vertical dimension of ring 92 (including seat 93). Therefore, seat 93
      engages the screw end prior to the time that the lower edge of the skirt
      is engaged by plate 60. When the skirt 91 is engaged by plate 60, for
      example when the system is not in operation, the skirt prevent excessive
      compression and "setting" of the elastomeric part 92-93. Thus, the "shell
      life" of the present valve is improved.
PAR  The valve of FIG. 7a is believed to operate better than that of FIG. 7,
      particularly in locations where there is not much vibration. The valve of
      FIG. 7a achieves an extremely close and reliable regulation of dome air
      pressure.
PAR  The foregoing detailed description is to be clearly understood as given by
      way of illustration and example only, the spirit and scope of this
      invention being limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure regulator for Tee connection to the line which extends
      between the vacuum pump and the milking machine of a cow milking machine
      system, said pressure regulator comprising:
PA0  a. air valve means to admit atmospheric air into said line,
PA0  b. a diaphragm connected to said air valve means,
PA0  c. spring means connected to said air valve means and biasing the same
      toward closed condition,
PA0  d. means to define a dome chamber on one side of said diaphragm,
PA1  said one side of said diaphragm being such that an increase in the air
      pressure in said dome chamber relative to the air pressure on the other
      side of said diaphragm causes said disphragm to oppose said spring means
      and to open said air valve means, and a decrease in the air pressure in
      said dome chamber relative to the air pressure on said other side of said
      diaphragm causes said diaphragm to aid said spring means in closing said
      air valve means,
PA0  e. means to admit atmospheric air into said dome chamber and to maintain
      the air pressure in said dome chamber at a predetermined constant value
      substantially below atmospheric pressure,
PA0  f. means to bleed air from said dome chamber to said line, and
PA0  g. means to subject said other side of said diaphragm to the air pressure
      of said line,
PA1  whereby said air valve means is caused to admit into said line sufficient
      atmospheric air that the pressure in said line remains substantially
      constant.
NUM  2.
PAR  2. The invention as claimed in claim 1, in which said means recited in
      clause (f) comprises means to maintain the air pressure on said other side
      of said diaphragm at a substantially constant differential below the air
      pressure in said dome chamber.
NUM  3.
PAR  3. The invention as claimed in claim 1, in which said means recited in
      clause (f) comprises means to bleed air from said dome chamber to said
      other side of said diaphragm.
NUM  4.
PAR  4. The invention as claimed in claim 3, in which said bleed means comprises
      a small opening in said diaphragm, and in which a check valve is provided
      to minimize flow of fluid through said small opening in a direction toward
      said dome chamber.
NUM  5.
PAR  5. The invention as claimed in claim 1, in which means are provided to
      define a sensing chamber one wall of which is said other side of said
      diaphragm, and in which said means recited in clause (g) effects selective
      connection between said sensing chamber and the region of said line
      adjacent said air valve means, and between said sensing chamber and a
      region of said line remote from said air valve means.
NUM  6.
PAR  6. The invention as claimed in claim 1, in which the volume of said dome
      chamber is large in comparison to the diameter of said diaphragm.
NUM  7.
PAR  7. The invention as claimed in claim 1, in which said bias spring has a low
      spring rate, and in which said air valve means moves only a small distance
      in shifting between said one position and said opposite position.
NUM  8.
PAR  8. The invention as claimed in claim 1, in which said air valve means
      comprises a cylindrical conduit connected to said line in Tee
      relationship, a valve wheel mounted coaxially in said conduit and having a
      cylindrical rim portion in axially slidable engagement with the interior
      cylindrical surface of said conduit, and a set of radial ports provided
      through the wall of said conduit, said ports being adapted to be blocked
      by said rim when said valve wheel is in one axial position in said
      conduit, and to be unblocked when said valve wheel is in another axial
      position in said conduit.
NUM  9.
PAR  9. The invention as claimed in claim 8, in which the edge of said wheel
      rim, over which air passes in entering through said ports, has a small
      radial dimension, thereby minimizing the suction effect created by air
      flow through said ports.
NUM  10.
PAR  10. The invention as claimed in claim 8, in which a second and
      corresponding valve wheel and an associated set of radial ports provided
      in said air valve means, said second valve wheel having an axial position
      to its set of ports which is somewhat different from the axial position of
      said first-mentioned valve wheel relative to its set of ports.
NUM  11.
PAR  11. The invention as claimed in claim 1, in which adjustable means are
      provided to create a predetermined amount of friction in said air valve
      means.
NUM  12.
PAR  12. The invention as claimed in claim 1, in which said means recited in
      clause (e) comprises a flexible resilient element one side of which is
      exposed to atmospheric pressure and the other side of which is exposed to
      the pressure in said dome chamber, a portion of said element having an
      opening therein to admit atmospheric air into said dome chamber, in which
      an adjustable element is mounted opposite said opening, and in which a
      soft annular seat is provided coaxially of said opening and interposed
      between said adjustable element and said portion, said seat preventing air
      flow through said opening when said portion is near said adjustable
      element, said seat permitting air flow through said opening when said
      portion is relatively remote from said adjustable element.
NUM  13.
PAR  13. The invention as claimed in claim 12, in which said seat is sealingly
      secured to said portion of said flexible resilient element.
NUM  14.
PAR  14. The invention as claimed in claim 12, in which said flexible resilient
      element is a bellows.
NUM  15.
PAR  15. The invention as claimed in claim 12, in which stop means are provided
      to determine the maximum degree of compression of said soft seat.
NUM  16.
PAR  16. The invention as claimed in claim 15, in which said adjustable element
      is a screw having a flange at the end thereof, and in which said stop
      means is a skirt on said flange and adapted to be engaged by said portion
      of said flexible resilient element.
NUM  17.
PAR  17. A pressure regulator for Tee connection in the line which extends
      between the vacuum pump and the milking machine of a cow milking machine
      systm, said pressure regulator comprising:
PA0  a. a conduit connected to said line in Tee relationship,
PA0  b. air valve means to admit atmospheric air into said conduit,
PA0  c. spring means connected to said air valve means to urge the same toward
      closed position preventing admission of atmospheric air into said conduit,
PA0  d. a diaphragm connected to said air valve means,
PA0  e. wall means provided on the side of said diaphragm rmote from said
      conduit,
PA1  said wall means defining a dome chamber,
PA0  f. means to admit atmospheric air into said dome chamber and to maintain
      the pressure in said dome chamber at a predetermined substantially
      constant level below that of the ambient atmosphere,
PA0  g. means to effect communication between said line and the side of said
      diaphragm adjacent said conduit, and
PA0  h. means to effect bleeding of air from said dome chamber to said adjacnet
      side of said diaphragm and to maintain the air pressure on said adjacent
      side of said diaphragm at a predetermined substantially constant pressure
      differential below that in said dome chamber,
PA1  whereby the pressure in said line is caused to be substantially constant
      level at a level which is related to the pressure in said dome chamber.
NUM  18.
PAR  18. The invention as claimed in claim 17, in which said spring means is a
      relatively lightweight spring having a low spring rate, in which said
      diaphragm is a large-area diaphragm, and in which said diaphragm and said
      spring substantially counterbalance each other when there is only a
      relatively small pressure drop across said diaphragm.
NUM  19.
PAR  19. The invention as claimed in claim 17, in which said means recited in
      clause (f) comprises a bellows having a bellows plate at one end thereof,
      said bellows plate having an opening therein, one side of said bellows
      communicating with the ambient atmosphere, the other side of said bellows
      communicating with said dome chamber, said opening in said bellows plate
      introducing air from the ambient atmosphere into said dome chamber, and in
      which the spring force of said bellows tends to seat said plate on an
      adjustable screw having a tapered seat portion which partially penetrates
      said opening in said bellows plate.
NUM  20.
PAR  20. The invention as claimed in claim 17, in which said conduit has a
      circumferential row of radial air ports therethrough, and in which said
      air valve means comprises a lightweight valve wheel the rim of which has a
      cylindrical exterior surface in sliding contact with the interior
      cylindrical wall of said conduit adjacent said air ports.
NUM  21.
PAR  21. The invention as claimed in claim 20, in which the edge of said rim
      over which air passes when entering said ports has a small radial
      dimension.
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PAL  A tidal flap valve adapted to be located in sea walls, storage tank walls
      or banks of tidal rivers or other water courses in which the liquid level
      varies, the valve comprising a flap or closure member supported on a frame
      by a flexible hinge, the frame defining an opening and adapted for
      attachment to a substantially vertical wall about an opening therein, the
      hinge being protected against damage by being disposed in a substantially
      enclosed space defined by a portion of the frame and a portion of the
      closure member.
BSUM
PAR  This invention relates to tidal flap valves of the kind usually comprising
      a flap or closure member hinged on a substantially vertical wall above an
      opening therein so that the flap lies over the opening. Although the term
      tidal flap valve is used herein to define and describe the invention, such
      valves may be located in sea walls, storage tank walls or banks of tidal
      rivers or other water courses in which the liquid level varies. The weight
      of the flap normally keeps it closed over the opening but should fluid
      pressure of, for example, sewage or other effluent, build up sufficiently
      in a passage leading to the opening to overcome the weight of the flap,
      then the latter opens under said fluid pressure and allows the effluent to
      escape. However, should a greater pressure be exerted on the outer side of
      the flap, for example, by a high tide, then the flap is closed firmly
      against the opening and fluid in the passage cannot escape until the
      pressures on both sides of the door are equalised, for example, when the
      tide ebbs.
PAR  One problem often experienced with such valves is that there is a tendency
      for the hinge arrangement above the flap to become corroded or damaged,
      thus rendering the valve inoperative, so that the flap may become jammed
      in a closed or partially open position. This can result in an excessive
      build-up of effluent in the passage with the flap closed, so that a sewer
      or sewers connected therewith become filled and overflow, or alternatively
      surging of fluid in the passage resulting from a reverse flow of water
      from the outer side of the valve into the passage when the flap is open.
PAR  Furthermore, it is common for such valves to suffer damage to the hinge
      arrangement as a result of vandalism.
PAR  It is of particular importance to ensure that the valve remains freely
      operable at all times to avoid the dangers to health which can be caused
      by an inadequate disposal of effluent.
PAR  It is therefore an object of the present invention to provide an improved
      tidal flap valve wherein the above mentioned problems are overcome or at
      least alleviated.
PAR  Thus, according to the present invention there is provided a tidal flap
      valve, comprising a frame defining an opening and adapted for attachment
      to a substantially vertical wall about an opening therein, and a closure
      member for said opening supported on said frame by a flexible hinge
      attached to said frame and said closure member, said hinge being disposed
      for protection against damage in a substantially enclosed space defined at
      least by a portion of said frame and a portion of said closure member.
PAR  Preferably said hinge is so attached to said frame and said closure member
      as to provide at least two fulcrum points about which said closure member
      is arranged to pivot relative to said frame.
DRWD
PAR  An embodiment of the invention will now be described, by way of example
      only, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation of a tidal flap valve made in accordance with
      the invention;
PAR  FIG. 2 is a side elevation thereof;
PAR  and FIG. 3 is an enlarged vertical section taken on line III--III of FIG. 1
     .
DETD
PAR  The flap valve generally comprises a frame having an opening therein, and a
      flap hinged to the frame and adapted to close the opening and a passage
      about which the frame is adapted to be secured, with the opening in
      alignment with the passage and the hinged portion above the opening, out
      of which passage effluent may flow through the opening to a region
      containing a liquid the level of which varies, the opening being disposed
      below the highest level reached by the liquid, at a desired height above
      an average level of the liquid in said region.
PAR  More particularly, and with reference to the drawings, the valve comprises
      an annular frame 10 made of a suitable plastics material, having a central
      opening 11 and an axially extending preferably integral tubular member 12.
PAR  A circular flap 13 is hingedly attached, as will be further described, to
      the frame 10 above the opening 11 so that in its lowermost position it is
      arranged to cover the open end of the tubular member 12, thus completely
      to occlude the opening 11. The open end of the member 12 is so arranged
      that when the frame is secured to a vertical wall it presents a seating
      for the flap, which is inclined outwardly and downwardly so that the
      weight of the flap assists in keeping it firmly seated in a closed
      condition.
PAR  The flap 13 has a radial extension 14 in one circumferential region. Bolted
      to said extension 14 on the side thereof adjacent the frame is one leg 19
      of a U-shaped flexible hinge member 15, the other leg 20 of which is
      bolted to the frame. A rigid backing strip 16 ensures a firm attachment of
      the hinge member 15 to the flap 13. A similar backing strip 17 is provided
      for attachment of the hinge member 15 to the frame 10, said strip 17 being
      integral with a casing member 18 having a top wall and two side walls
      which extend outwardly from the frame 10 in a direction parallel to the
      axis of the tubular member 12 to a position substantially aligned with
      said flap, and which form a casing around said radial extension of said
      flap. As shown in the drawing casing member 18 and the flap extension 14
      effectively combine to protectively enclose the flexible hinge.
PAR  The frame 10 including the tubular member 12 is preferably moulded from
      rigid PVC. The flap 13 may be of asbestos-impregnated PVC or any other
      material selected for its strength properties. The hinge member 15 is of a
      flexible plastics material having corrosion resistant properties such as
      polyurethane, and the casing member 18, its integral backing strip 17 and
      the backing strip 16 may be of a suitable non-corrosive metal, or rigid
      plastics material. It will be understood that the material or materials
      from which the various parts of the valve are formed will be selected in
      accordance with the conditions which they must withstand in use.
PAR  In use, the flap 13 is normally maintained in a closed position by its own
      weight. When there is a sufficient build-up of fluid pressure in the
      passage leading to the valve the flap 13 is caused to open to allow fluid
      to escape to the region outside of the valve. When the fluid pressure
      behind the flap is insufficient to open same, or when there is a greater
      pressure of fluid on the other side of the flap, for example when the
      water level outside the valve is above the latter, the flap is maintained
      in its closed position, thus preventing escape of fluid from the passage.
PAR  The flexible hinge member 15 provides two fulcrum points, one at the base
      of each leg, so that the flap may pivot about a general locality defined
      by the hinge member as a whole.
PAR  As the hinge member 15 is substantially enclosed by the flap 13, the frame
      10 and the casing member 18, it is protected against damage by natural
      causes and is inaccessible, thus to prevent wilful damage as a result of
      vandalism. There is a small clearance between the base of the side walls
      of the casing member 18 and the outer surface of the tubular member 12,
      thus allowing escape of water from the area within the casing member.
PAR  It will be appreciated that the specific gravity of the flap is arranged to
      be greater than that of the liquid in the region outside of the valve, and
      is preferably arranged to have a ratio of between 1.03 and 2.00.
PAR  It is not intended to limit the invention to the above example only, many
      variations such as might readily occur to one skilled in the art being
      possible without departing from the scope of the invention.
PAR  For example, although the valve has been described as being generally
      circular in form the actual shape is a matter of choice in accordance with
      the particular application of the valve.
PAR  Furthermore, if required the flap may be other than a one-piece
      construction and may include two or more different materials so assembled
      that the overall specific gravity of the flap may be selected in
      accordance with the conditions of use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tidal flap valve comprising a frame defining a flow opening and
      adapted to be fixedly mounted over a registering opening in a
      substantially vertical wall, a closure member for said flow opening, a
      flexible hinge interconnecting an upper part of said closure member to
      said frame at an upper part of said flow opening, and a casing member
      projecting from said frame at said hinge, said frame and casing members
      and the upper portion of said closure member being cooperatively formed
      for defining a substantially enclosed space wherein said hinge is disposed
      for protection against damage and undesired access while permitting
      operational movement of said closure member about said hinge.
NUM  2.
PAR  2. A tidal flap valve according to claim 1, wherein said hinge is so
      attached to said frame and said closure member as to provide at least two
      fulcrum points about which said closure member is arranged to pivot
      relative to said frame.
NUM  3.
PAR  3. A tidal flap valve according to claim 1, wherein said frame has an
      axially projecting tubular portion at said flow opening, the upper part of
      said tubular portion being disposed below and adjacent said hinge.
NUM  4.
PAR  4. A tidal flap valve according to claim 3, wherein said tubular portion is
      formed integrally with said frame.
NUM  5.
PAR  5. A tidal flap valve according to claim 3, wherein the outer end of said
      tubular portion is inclined such that said tubular portion tapers towards
      said hinge.
NUM  6.
PAR  6. A tidal flap valve according to claim 3, wherein said closure member
      closes against the outer open end of said tubular portion to close said
      flow opening.
NUM  7.
PAR  7. A tidal flap valve according to claim 1, wherein said hinge comprises a
      flexible U-shaped element, and means is provided whereby the legs of said
      element are secured respectively to said frame and said closure member.
NUM  8.
PAR  8. A tidal flap valve according to claim 1, wherein said casing member has
      a top wall and two side walls extending outwardly from said frame to cover
      a portion of said closure member and the upper part of said closure member
      extends between said side walls.
NUM  9.
PAR  9. A tidal flap valve according to claim 1, wherein said closure member has
      an extension disposed within said casing member, means securing a portion
      of said hinge to said extension, and means securing a further portion of
      said hinge to an adjacent region of said frame.
NUM  10.
PAR  10. A tidal flap valve according to claim 1, wherein said frame is of a
      rigid plastics material.
NUM  11.
PAR  11. A tidal flap valve according to claim 1, wherein said closure member is
      of asbestos-impregnated polyvinylchloride.
NUM  12.
PAR  12. A tidal flap valve according to claim 1, wherein said hinge is of a
      flexible plastics material.
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ABST
PAL  A single differential area piston with annunciator flag and coacting
      malfunction indicia scale is capable of monitoring a relatively large
      number of malfunction or shut-down points on a compressor or the like. The
      annunciator piston responds to leakage of an operating fluid medium caused
      by venting to atmosphere of a particular malfunction sensor on a
      compressor or like machine with which the annunciator is connected. The
      annunciator or indicator additionally operates shut-down and start-up
      control instrumentalities for the monitored machine. A great
      simplification in tubing, tubing connections and venting means is obtained
      in comparison to the prior art.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluid annunciators for monitoring malfunctions in engines, compressors and
      other machines are known in the prior art including piston-type
      annunciator devices which monitor plural conditions or functions of the
      machine and indicate any given malfunction at a shut-down point on the
      machine. Examples of the patented prior art are U.S. Pat. Nos. 3,682,129
      and 3,720,182. The device of the latter patent, which is somewhat typical
      of the known prior art, requires a separate annunciator device or piston
      indicator for each malfunction point on a machine being monitored. As a
      result, the tubing and connections for the operating fluid medium, whether
      air, gas or liquid, is comparatively complex and costly as is the
      annunciator mechanism proper. In comparison, the present invention
      provides a much simpler annunciator and shut-down control of the fluid
      type for compressors, engines and similar machines, in which a single
      differential area piston and an associated flag and indicia scale is
      capable of responding to a relatively large number of malfunction points
      or sensors on a machine being monitored when any of the sensors vents to
      the atmosphere and thereby provides a leakage of fluid to which the single
      piston indicator of the invention responds in a unique way. Up to 10
      malfunction points can easily be accommodated by the improved annunciator
      device.
PAR  The annunciator is embodied in a simplified and unitary assemblage which
      includes a piston chamber having plural leakage ports for connection with
      malfunction sensors on the machine being monitored. The assembly also
      possesses a flag chamber having an adjacent indicia window for the
      mounting of malfunction identification indicia specific to a particular
      machine function, such as pressure, temperature or liquid level. An
      annunciator flag moving with the single differential area piston coacts
      with the indicia means to directly indicate the particular malfunction
      which resulted in the shut down of the machine. The single piston and flag
      unit also serves to directly activate a control means for the monitored
      machine such as a multi-way valve or an equivalent electrical control.
PAR  Other features and advantages of the invention will become apparent during
      the course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a partly schematic view of a fluid annunciator device and
      shut-down control for compressors, engines or the like.
PAR  FIGS. 2, 3 and 4 are operational sequence views, partly in cross section,
      of a differential area piston annunciator device and associated indicia
      means employed in the invention.
PAR  FIG. 5 is an exploded perspective view of the annunciator and control
      assembly separated from the remainder of the system.
PAR  FIG. 6 is a schematic view showing a typical overall system in which the
      invention is utilized to monitor machine malfunctions and operate
      associated control or shut-down means.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail wherein like numerals designate like
      parts, and referring first to FIG. 1, a fluid operating medium which may
      be air, gas or liquid from a source 10 under suitable pressure, such as
      40-80 psi, is delivered simultaneously through conduits 11 and 12 to an
      inlet port 13 of cylinder body 14 and to the "in" port 15 of a
      conventional three-way valve 16. As shown in FIG. 1, the fluid medium is
      blocked at the normally closed in port 15 but enters the cylinder body 14
      through the port 13, applying force against the top side of a piston 17
      mounted for axial movement in the cylinder body, driving this piston
      downwardly, as will be further described. The piston has an upper reduced
      diameter section 18 defining an effective annular marginal working area 19
      on the top of the piston 17 exposed to the working fluid entering the
      chamber from the port 13. The top wall 20 of the cylinder body forms a
      positive stop to limit upward travel of the piston, and the piston rod 21
      is sealed by an O-ring seal 22 where it passes through the end wall 20.
PAR  The lower face of piston 17 is recessed centrally at 23, defining a second
      working face or area on the bottom of the piston which is a somewhat
      larger area than that defined by the annular face 19. A small port or
      orifice 24 connects the two working faces 19 and 23, allowing the pressure
      on the top and bottom of the piston to be equalized at certain times, as
      will be further described. An annular skirt portion 25 of piston 17
      surrounding the recess 23 is adapted to abut the bottom end wall 26 of the
      cylinder body 14 to positively limit downward movement of the piston in
      the cylinder.
PAR  The side wall of cylinder body 14 has a plurality of longitudinally
      equidistantly spaced sensing ports 27 formed therethrough for connection
      with fluid conduits 28 leading to and connecting with a corresponding
      number of conventional malfunction sensors 29, 30 and 31 on an engine,
      compressor or like machine 32. The malfunction sensors 29, 30 and 31 are
      adapted to sense variables such as pressure, temperature and liquid level
      and the like. Any practical and required number of different malfunction
      sensors may be accommodated by the sensing ports 27 whose number may be
      varied in the invention up to about 10 ports in the cylinder body 14.
      Three such ports 27 are shown in use with three malfunction sensors in the
      illustrative schematic of the invention in FIG. 1. When conditions of
      excessive pressure or temperature or low liquid level exist in the machine
      32 requiring immediate shut-down thereof, the particular sensor 29, 30 or
      31 through its normally closed valve 33 will vent to atmosphere, and this
      venting will immediately be reflected as a leakage of fluid from cylinder
      14 through a particular one of the sensing ports 27, as will be further
      described.
PAR  The machine 32 being monitored, such as a natural gas compressor or an
      engine, receives gas or fuel for operating through a line 34 from a
      normally closed two-way diaphragm valve 35 connected with a gas or fuel
      source 36. Another pressure line 37 communicates with the diaphragm
      chamber 38 of valve 35 and is also connected with the "out" port 39 of
      normally closed control valve 16.
PAR  The rod 21 of annunciator piston 17 carries a suitable flag 40, such as a
      colored disc, which passes adjacent to a malfunction indicia scale or
      panel 41 on a window covering the flag chamber of the apparatus, to be
      further described. When a particular malfunction occurs in the machine 32
      and is sensed by one of the elements 29, 30 or 31, annunciator piston 17
      will assume a malfunction indicating position in the bore of cylinder 14
      and the flag 40 will stop at a particular indicia or malfunction
      designation on the panel or chart 41 to indicate a high pressure, high
      temperature or low level condition, or some other malfunction of the
      machine requiring immediate shut down. As will be described, the
      annunciator device in addition to visually indicating a particular one of
      a number of possible malfunctions of the machine 32 will automatically
      cause machine shut down and thus the operational capability of the
      invention is twofold. Additionally, as may now be noted, the invention
      requires only one annunciator piston and cylinder and one associated flag
      to monitor quite a large number of variables in a particular machine and
      this is in contrast with some prior art systems employing separate pistons
      or like annunciator means for each function or variable being monitored.
      Such prior art systems are naturally more complicated and costly and also
      less efficient than the present invention which is characterized by
      extreme simplicity and compactness.
PAR  Referring next to FIG. 5, this figure shows the physical components of the
      annunciator assembly shown somewhat shcematically in FIG. 1. To clarify
      the structure of the annunciator device or assembly discussed in
      connection with FIG. 1, it may be explained that the cylinder body 14 for
      the annunciator piston 17 is embodied in a machine block or body which
      contains the cylinder bore for the piston. Conveniently, a threaded
      terminal sleeve 42 on the lower end of body 14 receives a threaded closure
      cap 43 whose end wall forms the limiting abutment for piston skirt 25,
      this end wall being previously identified at 26. The previously-described
      sensing ports 27 are physically embodied in a plurality of threaded
      openings in the cylinder body 14 which may receive nipples 27' or other
      suitable fittings which connect with the conduits 28.
PAR  Another threaded end terminal 44 of cylinder body 14, or equivalent
      connecting means, is assembled with a second block-like body portion 45
      which has a side opening chamber 46 for the reception therein of the
      movable flag 40 and piston rod 21. The upper end portion of the element 45
      may house the three-way control valve 16 whose port means 15 and 39,
      previously described, may be embodied in fittings or nipples, or
      equivalent passage means. An actuator button 47 for valve 16, FIGS. 1 and
      5, projects into the top of chamber 46 and is adapted to be contacted by
      an adjustable screw actuator 48 carried by the rod 21 above the flag 40.
      This adjustable element 48 is not shown in the schematic of FIG. 1.
PAR  The previously noted indicia card or panel 41, which may be a partly
      transparent element adapted to carry printed strips, is placed in a seat
      49 formed at the open side of chamber 46 and is held in place by a
      suitable cover plate 50 and fastening means 51, the cover plate having a
      window opening 52. When the parts shown in FIG. 5 in an exploded condition
      are assembled, the annunciator device is embodied in a highly compact
      slender elongated assembly which is convenient to handle and install.
PAR  FIGS. 2, 3 and 4, together with FIG. 1, illustrate the operational cycle of
      the invention, and FIGS. 2, 3 and 4 are also partly schematic in nature.
      Referring to these figures, when pressurized fluid from the source 10 is
      delivered to ports 13 and 15 as previously noted, such fluid will be
      blocked at the normally closed port 15 but will enter the cylinder chamber
      above piston 17 acting on the top surface 19 and driving the piston and
      the indicator flag 40 downwardly toward the bottom end wall 26. If all of
      the sensing ports 27 are blocked or in a non-leaking condition, the piston
      skirt 25 will bottom against the wall 26 and due to the action of orifice
      24, the pressure in the bottom recess 23 and on the top face 19 of the
      piston will be equalized. When this occurs, piston 17 will move up in the
      cylinder due to the previously described differential areas on its top and
      bottom and eventually upward travel of the piston will cease when the
      element 18 abuts cylinder top wall 20. At this point, the adjustable
      element 48 on piston rod 21 will have engaged the start button 47 of the
      integral three-way control valve 16. This conventional valve now operates
      to place the in port 15 in communication with the out port 39 and the
      pressure fluid is conveyed through line 37 to the diaphragm chamber 38 of
      fuel or gas supply valve 35, opening this valve and admitting gas or fuel
      through line 34 to the machine 32, compressor, engine or the like. This
      permits the machine to operate in a normal manner.
PAR  If any of the malfunction sensors 29, 30, etc., reaches its preset stress
      point with regard to a variable such as pressure or temperature, it will
      automatically vent to atmosphere through its valve 33 causing leakage at
      the particular sensing port 27 with which it is connected. This leakage of
      pressure below the piston 17 will cause the piston to descend in the
      cylinder chamber because of the greater fluid pressure now acting on the
      top of the piston. As illustrated in FIG. 4, the piston will descend until
      its skirt 25 reaches and partly covers the sensing port 27 where fluid
      leakage is occurring due to the venting of the associated sensor on the
      machine 32. The skirt 25 will partially close the sensing port 27 and
      reduce the vented flow or leakage and the previous balance of forces on
      the piston 17 will be re-established because a slightly lower-than-normal
      pressure is being exerted on the larger lower piston face while a higher
      pressure is being exerted on the slightly smaller top effective face of
      the piston. When the pressures on the piston are thus balanced, it will be
      locked at the indicating point relative to the port 27 where leakage is
      taking place, and the flag 40 will correspondingly be located at the
      proper point on indicia panel 41 to indicate the nature of the
      malfunction.
PAR  Simultaneously, the element 48 carried by the piston rod 21 above the flag
      has now moved away from actuator button 47 and the valve 16 returns to its
      normally closed condition shown in FIG. 1 and pressure fluid flowing to
      the diaphragm chamber 38 is blocked causing closing of supply valve 35 and
      shutting down of the machine 32. The piston 17 and flag 40 will remain
      locked in the indicating position until the system is reset for start up.
PAR  In this connection, a complete system embodying the invention is shown
      schematically in FIG. 6 and this system may now be briefly described. A
      substantial part of the system in FIG. 6 is also shown in FIG. 1 including
      the monitored machine 32, sensors 29, 30 and 31, fuel supply valve 35,
      annunciator cylinder 14 with piston 17, and flag 40 and three-way control
      valve 16 with actuator button 47. FIG. 6 additionally contains a manual
      and pressure-operated three-way valve 53 including a button 54 which is
      pushed to start up the system and pulled to achieve a stopped condition.
      This valve 53 receives working fluid from the source 10 and is connected
      in the supply conduit 11 leading to the inlet port 13 of cylinder 14. In
      FIG. 6, the valve 53 is positioned so that the working fluid cannot enter
      the line 11 leading to the cylinder 14, or is in its normally closed
      position relative to the cylinder. However, pressurized fluid can enter
      the line 12 leading to the in port of three-way valve 16 and this valve is
      also in the normally closed position with no fluid entering the line 37.
      Therefore, the valve 35 is closed and no gas or fuel is going to the
      machine, compressor or engine 32.
PAR  Additionally, in FIG. 6, a bypass line 55 for working fluid interconnects
      the line 37 on the down-stream side of valve 16 with the push button 54 in
      order to supply pressure to hold the start-up valve 53 open during the
      active cycle of the system. To start up the system, the button 54 is
      pushed to shift the valve 53 to the open position allowing fluid from the
      source 10 to pass through line 11 to the inlet port 13 of cylinder 14. The
      resulting, previously described, movement of the piston 17 will result in
      opening the valve 16 so that fluid from the line 12 may pass to lines 37
      and 55 to enable starting up of the machine 32 by the opening of valve 35
      and to maintain the start-up valve 53 open by pressure from the line 55.
      The operation of the annunciator device forming the main subject matter of
      the invention and shown particularly in FIG. 1 and FIGS. 2-4 has been
      described in detail and need not be repeated.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An annunciator and shut-down control for machines equipped with
      malfunction sensors of the fluid venting type, comprising a cylinder body
      having a working fluid inlet near one end thereof and plural side wall
      malfunction sensing ports communicating with the chamber of the cylinder
      body and adapted for connection with automatic venting means of said
      malfunction sensors, a piston within the bore of the cylinder body having
      differential areas on the opposite sides thereof in said bore, said piston
      having an orifice communicating with said differential areas whereby fluid
      pressure on opposite sides of the piston in said bore may be equalized, a
      piston rod secured to the piston and extending beyond one end of the
      cylinder body and having a position indicator secured thereto for movement
      therewith, a malfunction indicia means positioned near said rod and
      indicator and cooperating with the indicator when the piston is stopped in
      said bore at a particular malfunction indicating position to indicate
      directly the nature of the malfunction and where located relative to the
      cylinder body and said sensing ports, a machine start-up and shut-down
      control valve including an actuator button located in the path of movement
      of said piston rod and adapted to be engaged by the latter, said control
      valve having in and out ports for connection respectively with a working
      fluid supply and a conduit leading to a supply valve for a machine being
      monitored, said working fluid inlet of the cylinder body adapted for
      connection with said working fluid supply.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said malfunction sensing ports are
      spatially arranged relative to indicia components on said malfunction
      indicia means so that a particular indicating position of said piston and
      position indicator will faithfully indicate a correctly corresponding
      indicia component on said malfunction indicia means.
NUM  3.
PAR  3. The apparatus of claim 1, and said cylinder body including end walls
      forming limit stops for said piston, one side of said piston having a
      central projection adapted to abut one of said end walls to limit movement
      of the piston in one direction and the other side of said piston having a
      recess which defines a marginal piston skirt adapted to abut the other end
      wall of the cylinder body, the effective area on said one side of the
      piston surrounding said projection being slightly smaller than the
      effective area at the other side of said piston defined by said recess,
      and said piston orifice interconnecting said differential effective areas.
NUM  4.
PAR  4. The apparatus of claim 3, and said marginal piston skirt adapted to
      automatically seek out one of said side wall sensing ports through which
      fluid leakage from the bore of the cylinder body is occurring responsive
      to the venting of a machine malfunction sensor and partially interrupting
      such leakage to an extent that a temporary unbalance of fluid pressure on
      the differential areas at the opposite sides of said piston is corrected
      and equalized to lock the piston and said position indicator at a given
      indicating position.
NUM  5.
PAR  5. The apparatus of claim 4, and a manual reset means having a fluid
      connection with said working fluid inlet of the cylinder body and operable
      to release said piston from a fluid pressure locked position in said
      cylinder bore.
NUM  6.
PAR  6. The apparatus of claim 1, and said position indicator on said piston rod
      comprising a visual indicator disc adapted for alignment with spaced
      indicia portions of the malfunction indicia means.
NUM  7.
PAR  7. The apparatus of claim 6, and a housing body portion secured to the
      cylinder body and having a chamber receiving said piston rod and position
      indicator movably, said chamber having an open side, and said malfunction
      indicia means comprising an indicia panel mounted on said housing body
      portion in covering relation to said chamber open side, the cylinder body
      and housing body portion forming an assembled unit.
NUM  8.
PAR  8. The apparatus of claim 7, and said machine control valve mounted on the
      housing body portion with said valve actuator button projecting into one
      end of said chamber of the housing body portion in the path of movement of
      the piston rod.
NUM  9.
PAR  9. The apparatus of claim 8, and an adjustable actuator element on the
      leading end of the piston rod adapted to contact said control valve
      actuator button during extension of the piston rod in the chamber of the
      housing body portion.
NUM  10.
PAR  10. The apparatus of claim 9, and separable means to couple said cylinder
      body in assembled relationship with the housing body portion and with the
      bore of the cylinder body coaxial with said body portion chamber receiving
      said piston rod and position indicator.
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ABST
PAL  A solution dispensing proportioner utilizing a varyingly pressurized
      solvent and a solute having a vagrant negative gauge pressure and a tracer
      that is detectable in proportion to its concentration. The proportioner
      aspirates the solute and tracer through a conduit, which may have metering
      flow valves ahead of the confluence in one embodiment, and then for a
      progressive check of the proportion of the solution after confluence by
      comparing the light transmissivity of the inflowing solute and the
      outflowing solution, respectively. The viewing is through windows in close
      proximity to each other where the relative depths of the flowing streams
      of solute and solution, as viewed, are substantially inversely
      proportional to the desired percentage of solute in the solution as
      corrected for a null point traverse by adjusting the solute valve to
      provide the ratio desired for the solute and solvent in the final
      solution. The tracer supply is variable to optimize the null point
      appraisal,
BSUM
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PAC  BACKGROUND OF INVENTION
PAR  Heretofore, the proportioning and dispensing of liquids has had to depend
      essentially upon batch mixtures of pre-measured ingredients, with their
      accompanying usual unused overage waste, if any degree of accuracy is
      required, or, upon aspirating hand sprayers where accuracy is immaterial.
      Moreover, aspiration and entrainment of a solute must be accomplished
      after discharge directly to the air to avoid backflow contamination
      condemned in most states.
PAR  The pressure upon the solute in conventional non-positive displacement type
      dispensers is vagrant. It can range rather widely down to a deep vacuum
      depending on the lift height from the solute supply or its controlled flow
      rate. Also, undesirable degradation of the ratio can occur in continuous
      flow mixes with any variation in the pressure of either the solvent or
      solute, or both, which sometimes occur with depletion. Although momentary
      or slight changes may not be series because ratio accuracy can be
      objectionably degraded unless carefully watched when using a municipal
      water supply system that might have a wide range of pressures and with
      different solute supplies stored in containers.
PAR  Rapid, accurate and reliable ratio and monitoring adjustments are desired
      but have not been available, particularly with the serious degradation of
      the ratio occurring with recurrent clogging of the solute supply or with
      proportioners of the aspirating type.
PAR  Moreover, when utilizing municipal water pressure, many continuous
      proportioning, instant mixing and dispensing devices can tolerate but very
      little pressure change without a correcting means because many municipal
      pressures are already quite low. Even a slight change can make a big
      difference in accuracy with wide variation in water pressure.
PAR  To correct these difficulties, the user must be able to monitor and control
      the radio intermittently or continuously and accurately; the apparatus
      must be portable and readily viewed; should be easily readable and
      preferably utilize ambient light for illumination. Moreover, it should
      provide a continuously fresh sampling and quick read-out, if desired, to
      indicate any ratio degradations occurring and permit rapid null point
      traverse corrections.
PAR  Structurally and functionally, the instrument must be substantially
      attitude and altitude insensitive; capable of a self-purging of any
      foreign matter in all sections of its assembly, namely, the solvent and
      solute supply sections and the solution output sections; and, desirably,
      must be light, rugged, and easily handled.
PAR  Moreover, as disclosed in said Hechler applications, with the development
      of aspirating sprayers which are acceptable for utilizing various
      municipal water pressures because they do not create backflow
      contamination problems, a wide range of solutions at various ratios can
      now be applied, many of which due to potency or criticality require quite
      accurate ratio indication and control if control is possible.
PAC  SUMMARY OF INVENTION
PAR  In the present invention a device is disclosed for mixing a solute stream
      and a solvent stream both of which may be at fluctuating pressures and
      flow rates, to produce a flowing solution of desired concentration and
      means are provided for optically monitoring energy transmitting properties
      of the effluent solution with those of the incoming solute stream itself
      regardless of variations in its tracer intensity of concentration. Both of
      the streams pass separately through individual transparent chambers. The
      depth of the solute chamber, which is adjustable, constitutes that
      fraction of the depth of the solution chamber whereby the light
      transmitting properties of both are substantially the same at the desired
      mixing ratio for the ingredients, the flow rate of at least one of the
      liquids being adjustable to assure this in the solution.
PAR  With the present invention the tracer concentrate can be shipped and used
      either directly or with a dilution thereof, in any determined ratio, to
      form the solute to be used or, since many solutes are not furnished with
      tracers, and even though some are, the present invention further
      contemplates supplying a tracer to the solute and, if desired, varying the
      amount of tracer to optimize its visual comparison level either for a
      continuous monitoring of the desired proportion ratio or for a periodic
      check, the actual quantity of tracer used at any given time being
      otherwise inconsequential. Thereafter, knowing the desired sprayer
      dispensing ratio, either one of two embodiments can be employed. For
      instance, where the ratio is to be constant, either a spacer rated for
      that ratio can be positioned between the solute viewing window and a
      background light-diffusing window of the solute chamber to provide an
      exactly known chamber depth or space through which the solute flows before
      confluence, or, the known depth of the chamber can be manually varied at
      will for monitoring a range of different ratios. Moreover, a prism
      arrangement can be used to bring perception of the comparison windows
      close together for one eye for sharper null point comparison of the
      solution and solute used therewith without moving the monitor back and
      forth with respect to the eye.
PAR  In these embodiments, a flow rate control valve may be located between the
      solute viewing chamber and a source of a rapidly flowing colored solute
      supply. Then comparably if the tracer appears darker in the solute chamber
      than that in the solution viewing chamber, the solution is "lean " and the
      valve is adjusted in an opening direction until the tracer effects match
      in transmissivity. On the other hand, if the color in the solution chamber
      is darker, the solution is too "rich" and the valve is adjusted in the
      closing direction until the tracer effects match in appearance. Thereby
      the effect of the valve is continuous and quickly ascertained.
PAR  On the other hand, when the embodiments are used as a monitor for low flow
      rates the relative depths can be varied to determine the existing ratio of
      a particular solution as related to a depth scale. Then, if there is a
      slight mismatch manual exploration can indicate when the unknown ratio is.
      When the tracer effects match, the ratio is correct or determined; namely,
      that which is indicated by the relative depths, or, the valve adjustment,
      has been accomplished for a particular adjustment.
PAR  It will be appreciated that treated windows can be used which with the
      energy transmissivity of the tracer provides a shade of darkness and color
      blend observation.
PAR  In order to provide a wide range of adjustments the depth of the solution
      chamber is preferably determined to be as great as possible to handle a
      low ratio as well as a quite high ratio of mixtures. For instance, a one
      inch depth in the solution chamber will enable a 0.010 spacing in the
      solute chamber to check a 1 to 99 ratio in the manner above indicated. Two
      and 3 inch depths may be readily provided and the adjustment range of
      solute chamber thereby extended. If solutes or solutions dispensed are to
      be a fixed ratio, spacer disks can be used. Possible variations or fading
      of tracers from batch to batch is non-consequential. The matching of the
      tracer is against itself as its own continuing standard.
PAR  More particularly, an object of this invention by way of example is to
      provide an optical monitor that operates continuously and provides a
      substantially immediate indication as to the correctness of the ratio
      regarding the number of parts of solute to the number of parts of solvent
      in the solution being mixed. This is accomplished by means of a relative
      comparison of the tracer effects of a solute pre-treated with a tracer
      with those of a solution of said solute as both pass through windowed
      scanning chambers for light i.e. detectable energy transmissivity
      comparison where the relative depths of the liquids in the chambers are in
      the desired ratio. The checking is irrespective of the tracer used, its
      intensity or a variation as long as it can absorb as well as transmit
      detectable energy such as light through the solute chamber.
PAR  Other objects include a visual monitor which is simple in construction,
      light enough to be mounted on a hand held dispenser, and can be easily
      cleaned, purged and serviced by owners unskilled mechanically, for use
      with a wide range of chemicals in which the user has the discretionary
      control over the performance and operation as well as accuracy of the
      device and solution.
PAR  A further object of the invention is to provide a tracer injecting device
      for solutes lacking a tracer for the purposes of proportioning and
      comparing, no degree of its dispensing accuracy being necessarily required
      other than to optimize the comparison at the monitoring windows which can
      vary substantially without actually affecting the accuracy of the
      comparison and the ratio.
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PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a perspecive view of a device with a comparator embodiment of the
      invention in operative position as manipulated in use.
PAR  FIG. 2 is an enlarged longitudinal fragmented sectional view through the
      gun handle portion of the equipment shown in FIG. 1 with the elements in
      respective positions for full flow of both solvent and solute.
PAR  FIG. 2A is a sectional view of a modification of the base fitting shown in
      FIG. 2.
PAR  FIG. 3 is a top plan view of the monitor portion of the embodiment.
PAR  FIG. 4 is a sectional view taken on line 4--4 in FIG. 3.
PAR  FIG. 5 is a sectional view taken on line 5--5 in FIG. 4.
PAR  FIG. 6 is a sectional view taken on line 6--6 in FIG. 4.
PAR  FIG. 7 is a side elevational view partly in section showing the
      adjustability of the monitor.
PAR  FIG. 8 is a section taken on line 8--8 in FIG. 4.
PAR  FIG. 9 is an exploded view of a depth adjustment arrangement illustrated in
      FIG. 7.
PAR  FIG. 10 is a view similar to FIG. 1 illustrating a portable supply of
      concentrated tracer mounted by itself in position on the gun if colored
      solution is all that is desired.
PAR  FIG. 11 is a view similar to FIG. 10 illustrating the cooperating relation
      of the portable tracer supply and the monitor if tracer is added to
      optimize comparison.
PAR  FIG. 12 is an enlarged central sectional view of the structure of the
      portable tracer supply.
PAR  FIG. 13 is a section taken upon line 13--13 in FIG. 12.
PAR  FIG. 14 is a section taken longitudinally of the adjustable valve for the
      tracer supply.
PAR  FIG. 15 is a partially exploded perspective view of a unitized monitor and
      tracer supply showing the hose connections and method of attachment to a
      proportioning gun.
PAR  FIG. 16 is a partially exploded plan view of the monitor shown in FIG. 15.
PAR  FIG. 17 is a sectional view taken upon line 17--17 in FIG. 16 showing the
      preferred tracer supply valve construction.
PAR  FIG. 18 is a vertical sectional view taken centrally through the monitor
      with the exploded parts of FIG. 15 secured ready for operation.
PAR  FIG. 19 is a side elevational view taken from the front of the monitor
      shown in FIG. 15 as indicated by line 19--19 in FIG. 16.
PAR  FIG. 20 is a sectional view taken on line 20--20 in FIG. 16.
PAR  FIG. 21 is an enlarged perspective view of the snap ring means for holding
      the windows in place.
PAR  FIG. 22 is a section taken upon line 22--22 in FIG. 20.
PAR  FIG. 23 is an exploded view of the elements involved in the cam adjusting
      piston.
PAR  FIG. 24 is a diagrammatic illustration of the respective elements and their
      operation in the unitized embodiment.
DETD
PAC  DESCRIPTION OF INVENTION
PAC  SOLVENT SUPPLY AND FLOW CONTROL
PAR  As more particularly disclosed in the foregoing Application for Letters
      Patent and referring to FIG. 1 herein, a portable mixing and dispensing
      device 10, used for soft flow output without a nozzle or for a hard stream
      discharge with a nozzle 12, has a unitary housing 11 providing an
      anti-contamination venting chamber 16, mounted in the chamber
      automatically interacting flow control vent valves 14A and 14B, and a
      manual control valve 18 along with a backflow check valve 15 having a
      common seat member 15A between them to selectively control forward flow
      and automatically prevent backflow therethrough. They operate to provide
      flow only when the solvent (water) supply pressure is above a
      predetermined positive working gauge pressure and vent the chamber when
      the pressure falls below a predetermined gauge pressure while there still
      is substantial gauge pressure present in the chamber, thus providing a
      positive flow during operation yet preventing any possibility of backflow
      until the chamber is fully vented to prevent it.
PAR  Also a solute supply valve 22 connected to a solute supply is provided that
      is selectively actuatable simultaneously with the manual flow control
      valve 15 so that either plain solvent or a wide variety of chemical
      solutions can be discharged merely by selective engagement at 17 of the
      solute flow control valve 79 as later described with the solvent control
      valve 18.
PAR  In controlling the solvent flow the outer end of the main valve stem 18A
      extends in an axial direction through an opening 42 in a cross-wall
      portion 43 having a V-ring seal therein which seals the stem as terminally
      exposed to atmosphere in the housing recess 46. As disclosed and described
      in Hechler Ser. No. 418,899, now U.S. Pat. No. 3,862,640, manual actuation
      of the flow control valve assemby is by push rod 48 reciprocably mounted
      on the housing 11. The front end of the push rod 48 is reversely formed to
      provide a thumb handle 52 and the rear end carries a T-shaped head 50
      thereon whose lower end engages the valve stem and actuates the valve stem
      portion 18A where it projects into the recess 46.
PAR  A full flow passage from the solvent flow control and check valves leads
      around the recess 46 and leads to a downstream chamber 21 in which the jet
      pump 24 having two sections 24a and 24b that operate in tandem within a
      utilizing shell 54 handles different chemicals and proportions. The jet
      pump 24 is terminally sealed and held in the housing between seals 55, by
      either the nozzle 12, or the monitor 156, and a collar 58 received on the
      respective end thread 60 of the housing 11 or monitor 32. The space around
      the jet pump assembly 24 serves as a solute receiving chamber.
PAR  Furthermore, for purposes of illustration, representative embodiments of a
      series arrangement is shown herein connected to the outlet of a garden
      hose 20 to utilize municipal water as a source of solvent whose pressure
      ranges from 15 to 100 p.s.i.g. Variations in this pressure can further
      vary the ratios of the resulting solutions. These variations compound the
      difficulty of maintaining a ratio and other ways are present including
      consideration of viscosities, etc. The present invention is primarily
      concerned with the solute supply and its control as though the solvent
      supply provides a set factor. It contemplates monitor 32 and control
      arrangement 31 to assist in manually maintaining a constant ratio under
      widely varying municipal water and solute supply pressure changes.
      Preferably, the monitor 32 is conveniently supported in full sight at the
      outlet end 36 of the device 10 between the jet pump 24 and nozzle 12 and
      is connected between the solute supply tank 30 and solute supply valve 22
      ahead of the jet pump 24. Its controls are adaptable for either right or
      left hand operation.
PAC  SOLUTE SUPPLY AND FLOW CONTROL
PAR  For the purpose of providing substantial constancy of the solute withdrawal
      pressure reflected in the mixture ratio of the first state 24A of the
      pump, the storage tank may be a conventional bottle or container 30 and
      may be supported close to the level of the housing for portability and to
      minimize the lift height of the dip tube 39 of the solute. For this
      purpose a short flexible hanger strap as shown in Hechler, Ser. No.
      443,831 is secured to the gun housing to carry the solute bottle and a
      short translucent tube 38 is provided between the dip tube 39 and a
      corrector means ultimately leading to the jet pump.
PAR  As shown in FIG. 1, the dispenser may be manipulated by one hand, either
      right or left, with the fingers around the housing 11 as a handle so that
      a person's thumb 41 is disposed in place to operate the manual flow
      control valve 14A having a stem 14B. Thereby, with the garden hose 20 and
      supply tube 38 being flexible, a person can manipulate, aim and direct the
      spray 13 in any direction or at any orientation without need for lifting
      or lowering the container 30.
PAR  Although the solute supply tube 38 could lead directly to the space 62 from
      the dip tube 39 and be manually attached and detached for the intermittent
      dispensing of water alone, contact of some insecticides and other solutes
      with a person's skin can cause injury or be dangerous to life itself. It
      is preferred to valve the solute simultaneously with the water through the
      selective connection 17, as already mentioned, and for this purpose the
      solute valve unit 22 is located on top of the housing just rear of the
      main valve actuator thumb handle 52.
PAR  A valve chamber 66 in the valve housing 25 has two cylindrical portions 67
      and 68 of different diameters separated by a tapering shoulder 69. The
      larger portion 68 opens towards the front of the gun where it receives an
      L-shaped conduit fitting 70 (FIG. 2) to T-shaped fitting 70T (FIG. 2A)
      whose inner end 71, or leg, is of the full housing diameter and is
      rotatively sealed in the mouth 72 of the valve chamber under negative
      gauge pressure during operation. The inner end 71 of the members 70 serves
      as a cut-off valve port land 73. The end of the arm 23 serves as a nipple
      that can be adjustably positioned over 180.degree. on either side for the
      convenient attachment of a semitransparent solute supply hose 75 where the
      prime of the solute can be visually checked at a glance.
PAR  The modification 70T of the fitting 70 is essentially a T-fitting with the
      head end of the passage 61 in the leg portion providing a valve port 51
      where it intersects the arm openings. A rotary valve 59 is mounted in the
      second arm with a slight frictional taper sealed journal 49 with an
      externally exposed screwdriver kerf 65, which also serves as an indicator,
      and a hollow inner end defining an L-passage 63 therethrough. A ring
      element 71 at the inner end journals the inner end so that the lateral
      opening coacts with the cylindrical concavity of the valve port 51. With
      this arrangement the T-fitting can be displaced 180.degree. for left or
      right hand operation, and the rotary valve 59 is subjected to negative
      gauge pressure at the port for holding the valve in position. If the
      T-fitting is used in place of the L-fitting with a double stage pump, the
      valve 63 preferably is left wide open. Once adjusted either open for a two
      stage pump or partially closed for a single stage pump its repeated
      adjustment is rarely needed but can be made by one hand holding a
      screwdriver and the other hand the device 10 where the comparison windows
      can be viewed.
PAR  The solute outlet openings 76 are disposed between the valve land 73 and
      the shoulder 69. A spool-like valve member 78 carries at one end a poppet
      valve head 79 coacting with the valve port 73 as a cut-off valve. Spaced
      from the poppet valve 79 and slidably engaging the smaller portion 67 of
      the valve chamber at all times in sealed relation is a piston 80 which
      confines communication between the L-fitting 70 and openings 76 to the
      larger chamber 68. The effective area of the piston 80 is substantially
      greater than the port area of the valve 73.
PAR  A valve stem 82 extends rearwardly out through an opening 83 in the rear
      end wall 84 of the valve housing 25 and selectively coacts with the T-head
      arm 50 to be optionally latched thereto by rotary movement of the solute
      valve 79 for either dispensing a mixture, if latched, or if unlatched, to
      be free from movement by the T-head arm 50 of the push rod 48 for
      dispensing solvent alone at the time the main valve 14A is opened by the
      push rod 48.
PAR  A mild effort coiled spring 88 interengaging the rear wall 84 of the
      housing and the valve wall 78 urges the valve to hold its closed position.
      This spring cooperates with any vacuum condition that may develop on the
      solute supply which may occur because of the aspirating effect of the
      jetflow of water when the main valve 14A is actuated by the push rod. In
      this connection, the area of the valve wall exposed to atmosphere is
      greater than that of the solute valve port 73 so that any drop in pressure
      in the large cylinder 68 will predominately hold the valve 79 closed.
      Therewith, during operation, the valve chamber with solute flowing is
      under moderate subatmospheric pressure and the load on the push rod can be
      quite modest. If solvent alone is being dispensed there is no solute
      vacuum load involved with the push rod even though the negative gauge
      pressure of the unsatisfied aspirating effect is quite deep.
PAC  PROPORTIONING AND MIXING
PAR  As noted, the valve compartment 68 empties into the space 62 where the jet
      pump unit 24 has one or more pumps. Two are illustrated by sections 24A
      and 24B which are arranged within a unitizing shell 54 for ready
      interchangeability for handling different chemicals or provide different
      proportions or flow rates. The exterior of the shell is spaced from the
      cylindrical wall of the space 62 in the housing as sealed at opposite ends
      with respect thereto by seals 55, as already described, to provide a wide
      inlet range for solute to accommodate all jet pump sizes. Otherwise, when
      not operating, this space is open to atmosphere through the first stage
      gap 27 and the diverging walls of both pumps.
PAR  A common inlet to the jet pumps for the solvent such as water from a
      municipal supply hose 20 is indicated at 21 and the solute is supplied to
      the solute space 62 through openings 76 from the nipple 70 which can carry
      a flow adjusting valve as described.
PAR  Each pump generally includes an entrance for the water under pressure
      followd by converging walls of the jet nozzle 26 that converts pressure
      into jet flow energy and terminates in a throat at the gap 27. The flow of
      solute to the gap 27 is induced by aspiration at the gap and provides a
      negative gauge pressure on the solute supply in relation to lift height or
      controlled flow restriction. This relationship can be multiplied in
      parallel or in series arrangements. Thus, the negative gauge pressure can
      approach a deep vacuum condition as low as one or two p.s.i.a. depending
      upon the lift height of solute from a supply tank 30, or its rate of flow,
      or both, and can substantially vary the ratio proportion of the resulting
      solution mathematically in any one of several ways. Leading from the gap
      is a larger passage for mixing having diverging walls 24A which converts
      turbulence back to pressure. The ultimate ratio is then completed in the
      second stage pump in which the diverging walls can be shortened if a soft
      flow discharge is desired for the mixture.
PAR  Thus, the solute is aspirated, diluted and mixed with solvent at a given
      primary ratio approximately 1 to 3 for optimum accuracy and said mixture
      at a substantially constant pressure is then further diluted for the final
      ratio, mixed for discharge at the outlet 87 of the housing in the required
      ratio, and dispensed ultimately through the nozzle 12. Any substantial
      degradation of efficiency i.e. pressure drop, which structural design may
      be required is divided essentially equally between the two stages in a
      design involving length and size of a downstream passage having conical
      shape portion with an included angle of approximately 6.degree.. The first
      stage pilots the second stage for best overall results since pressure and
      flow rate therebetween are substantially constant.
PAR  The joint action of the jet pumps, accordingly, are capable of dispensing a
      quite accurately proportioned solution at optimum efficiency through a
      fixed nozzle at the output end at constant pressures and rates of flow
      well above 5 p.s.i.g. Below this pressure the springs and the valves in
      the valve chamber 18 act, as already described, and the solvent chamber is
      safety vented to prevent contamination backflow.
PAC  PROPORTION RATIO MONITOR
PAR  Proportions do change, or changes are desired from time to time, with
      different pressures and different solutes and means are provided in the
      present invention for monitoring.
PAR  If a homogeneous radiation transmitting absorbing medium disposed between
      parallel planes normal to a parallel beam of energy is considered to be a
      plurality of contiguous layers of uniform thickness, each layer absorbs
      the same fraction of the radiation energy incident on it. (Lambert's Law).
      Each individual molecule of the absorbing material absorbs the same
      fraction of the radiation upon it no matter whether the molecules are
      closely packed in a concentrated solution or highly dispersed in a dilute
      solution, (Lambert-Beers Law). This is subject of course to variables in
      temperature, wave length of radiation and the solvent and subject to only
      parallel rays being used which requires scientifically sophisticated
      lighting, lenses and fast dyes.
PAR  In the present invention these variables are minimized virtually to zero by
      a contiguous proportioning, mixing and monitoring of the ratio being
      accomplished in a fraction of a second, almost simultaneously, at a speed
      engendered by the safety anti-backflow positive working pressure provided
      for the invention for adequately high rates of solvent flow during
      operation. Moreover, fadable dyes can be used as well as fast dyes.
PAR  Ample lumens of scattered rays without parallel beam lensing equipment are
      available from ordinary light sources to illuminate target windows of the
      invention from which scattered rays are emitted directly into and through
      two homogeneous bodies of radiation absorbing media of different
      thicknesses or transmissivities disposed between parallel planes. Also as
      distinguished from being parallel (Lambert-Beers), the rays passing from
      the illuminated targets to the pupil of the operator's eye converge in the
      absorption media in frustum patterns F of different heights and pass
      through reduced openings located approximately three inches from the
      targets with the eye E (FIG. 24) located approximately twenty inches from
      the targets. Although the increasingly narrower area of the successive
      "layers" in each frustum, which are due to the angles of light
      convergence, may in effect comparatively diminish the resultant "fraction"
      of absorption factor that is found with theoretically parallel rays, this
      diminishment factor is substantially counteracted by the acuteness of
      convergence angles marginally increasing the distance of travel of the
      converging rays through the absorbing media.
PAR  No lenses are required, only a simple prism P may be used in one line of
      sight to converge it to the other at said twenty inches merely to avoid
      the need of moving the eye back and forth in comparing the targets.
      Thereby, the relative ratio of solvent and absorbing material in the
      resulting solution can be checked quickly and accurately with the
      absorbing material itself at a controlled transmissivity thickness. The
      convergence angle is small enough that possible marginal darkening of any
      image is not visually significant. If much wider-target areas were
      required, the parallel windows can be convexly curved on a radius equal to
      the viewing distance if desired.
PAR  For these purposes, a monitor 32 is provided between the nozzle 12 and the
      outlet end 36 of the housing along with a solute flow control 31 with a
      single stage pump for applications where an accurate ratio proportioning
      must be assured at the gap 27 of a jet pump regardless of changes in
      pressures of solvent or solute, or both, Moreover, the monitor in one of
      its embodiments 56 (FIG. 11) serves to operate with pre-dyed solutes and
      an auxillary dye supply, if necessary, whereas in the other embodiment 156
      (FIG. 15) a concentrated F.D.A. approved dye tracer reservoir is a part of
      the monitor in which the tracer is injected with solutes intermittently or
      continuously when bulk solutes are not adequately pre-dyed.
PAR  In the monitor embodiments 32 and 56, a housing 92 is provided having
      concentric chambers 94 and 96 (FIG. 7), one of which is supplied with
      solute and the other with the solution being dispensed. Preferably, the
      housing is molded to be open at both ends with a conduit 97 (FIG. 8)
      extending from the outside through the outer wall 93 and through the
      cylindrical chamber 94 and inner wall 95 to conduct solute through the
      inner chamber 96. The conduit 97 terminates externally with nipples 98 to
      receive hoses 75 and 38 or 146 in sealed relation. The nipple connections
      are protected by sleeves 99. The outer wall of the housing is externally
      shaped on one side with a female coupling 101 to be secured to the
      discharge end 36 of the housing and on the other side of the housing
      receives the nozzle 12 as secured to a male threaded coupling 102 so that
      the solution passes laterally through the outer chamber around the inner
      chamber before being discharged through the nozzle 12.
PAR  Precisely spaced ring windows 104 and 106 are provided at opposite ends of
      the housing and rest on internal flanges or shoulders on the walls forming
      the chambers 94 and 96. The upper ring window 104 (FIG. 4) is preferably
      transparent and rests on shoulders 107 as sealed by O-rings 107A and held
      in place by retainer sleeves 108 terminally heat fused at 89 with the
      walls 93 and 95 in a unitized construction.
PAR  The ring window target area 105 is a portion of a single translucent member
      100 that closed the lower ends of both chambers as supported on the
      shoulders 108 on the outer wall 93 and resting against the lower end 109
      of the inner wall 95 as sealed by O-ring 110. The margins of the member
      100 and the outer wall 93 are heat fused as at 111 in unitized relation
      after assembly to provide a flange 91 that protects the member 100 from
      being scratched. The central portion of the member 100 serves as a target
      window 112 for the inner chamber 96. The translucency is for admitting
      uniformly diffused light as a background screen serving as a target, and
      the transparency for clear viewing.
PAR  The inner face of the inner wall 95 is cylindrical to provide a sealing,
      sliding and rotational supporting surface 113 which as formed also has an
      offset 114 defining a micrometrically correctable cam follower 115 thereon
      for spacing it a predetermined distance from the window 112. A viewing cup
      116 is received in the inner chamber 96 and comprises a sleeve 117
      rotatably and slidably engaging the surface 113 with its lower edge
      defining a spiral cam 118 of approximately 300.degree. engaging the cam
      follower 115 for axial displacement thereby upon relative rotation.
PAR  An upper transparent window 120 for the inner chamber is carried at the
      lower end of the sleeve 117 and comprises a transparent section of a glass
      rod 119, polished on opposite ends, that is secured to and extends below
      the sleeve 117 to provide a solute flow space 121 around it as well as
      between the windows 112 and 120. The upper end of the sleeve 117 has a
      flange 122 on it to serve as the manual actuator of the cam for the
      comparator control 34. Relative rotation between the cam 118 and follower
      115 varies the depth of the central chamber by raising or lowering the
      viewing cup 116 and this can be measured in lineal increments but
      preferably in increments indicating relative depth proportions between the
      inner and outer chambers 96 and 94, respectively.
PAR  For this purpose radial graduation markers 123 (FIG. 6) may be provided on
      the inner face of the lower window 112, and a single market 124 on the
      upper window 120 to determine the mixture proportion desired, or, to check
      to see what proportion is being provided if the monitor windows do not
      match either purposefully or as a happenstance. It is appreciated that
      spacers (not shown) of either a regular thickness or odd thickness for set
      proportions can be dropped in place between the windows 112 and 120 with
      or without the cam operation being used.
PAR  The sealing relation between the viewing cup 116 and inner wall surface 113
      is by a grease type film essentially inert to chemicals expected to be
      handled. In the arrangement other viewing cup restraint is not required.
      Accordingly, the viewing cup can be easily removed and returned to
      operative position. Any solution under pressure is confined to the outer
      chamber 94 having fixed walls while the inner chamber 96 is subjected to a
      negative gauge pressure due to aspiration which holes the viewing cup in
      place and the cam elements in contacting relation. Moreover, it is readily
      possible to match the spiral cam suitably if any cam slippage might be
      incurred during operation.
PAR  As already noted, the ON-OFF control of the volume of solute delivered in a
      given time, whether referred to by "rate" or "quantity" may be associated
      with the fitting 70 as a part thereof but one embodiment comprises an
      adjustable needle type valve 31 telescoping in a sleeve for use with a
      single stage pump. One of the connecting conduits is a resilient hose 75A
      that engages both valve elements so that they can be axially adjustable
      resiliently with respect to each other in the hose 75A while the other
      hose portion 75B is secured to only one of the elements to complete the
      hose connection 75. Adjustment of the valve is not frequent and in the
      position shown it is the least likely to be accidently distrubed. Thus,
      adjustment of flow to provide a proper mixture proportion does not
      materially change the negative gauge pressure in the inner chamber 96 that
      is generally subject to the lift height of the solute notwithstanding a
      possible occasion when the solute supply might be above the level of the
      comparator.
PAR  Thereafter, once it is determined what the ratio of the proportion is to be
      and the solvent has been treated with a tracer, the depth of the solute
      chamber 96 can be set exactly in relation to the fixed depth of the outer
      chamber 94 in that ratio desired for the solution. Then when the solvent
      supply is turned on at the main valve 14A the adjustment of the metering
      valve 31 can be made and corrected from time to time so that the tracer
      effects observed in the chambers 94 and 96 match. Thereby, a correct ratio
      proportion of the solute and solvent can be assured at all times to
      prevent any degradation of the mixture due to changes in pressures and
      relative heights. Furthermore, for versatility, the proportion ratio can
      be held very close for any one of a number of ratios and such ratios can
      not only be standardized in the chemical industry to supply less diluted
      solutes but the selections can be made regardless of the trademark or
      government required coloring of the solutes.
PAR  In the case of a set ratio, the metering valve 31 in its ultimate function
      adjusts the ration and counteracts any critical changes in pressures on
      solvent or solute by controlling the flow rate of the solute, or, varying
      the pressure drop across it with respect to the solute aspiration
      pressure. Briefly, a null point adjustment related to the relative chamber
      depths determines the ratio, the metering valve corrects for pressure
      situations and viscosity, and in combination with the nozzle output
      controls the rate of flow.
PAR  An example would be to maintain the same proportioning ratio when changing
      the size of the jet pump or pumps. The meter valve can be quickly adjusted
      empirically to assure the ratio desired merely by comparison of the
      appearances at the two windows.
PAR  It is to be noted in this connection that the color density in a space
      0.010 deep would be and appear to be the same as its color density in a
      solution one inch deep that has a 1 to 99 parts ratio, or 1% proportion, a
      thorough progressive mixture as provided herein having been assured before
      the optical comparison.
PAR  Furthermore, if a ratio is required to be accurate within plus 5% and
      negative 0%, the depth adjustment in the solute chamber can be increased
      appropriately 2.5% and the null point matching can be kept within the
      desired range as where it is important that a dilution should not exceed a
      certain ratio. On the other hand, if solute must be kept below a certain
      ratio, the depth adjustment in the solute chamber could be increased
      enough to stay within the safe limit.
PAR  It is also to be noted that since the adjustment of the solute depth is
      micrometric, it may be well to have the solute chamber depth at a
      determined constant and adjust the depth of the solution chamber. This
      would be macrometric with a greater degree of ultimate accuracy.
PAC  TRACER SUPPLY
PAR  It has been noted herein that the amount of tracer in a solute is not
      essentially critical and can be supplied either originally with the
      solute; or, it can be later added to supplement characteristic trademark
      coloring supplied with the solute; or, it can be completely supplied as an
      additive at the time of dispensing where the solute provided has no
      pre-added tracer. It is preferred to add a tracer at the time of
      dispensing so that a specific or special form of energy transmission for
      selected sensors can be used, if desired, to provide the optimum level of
      energy detection for determining the exact proportion or matching in the
      comparator chambers as already described.
PAR  Referring to FIGS. 10, 11 and 12 a device for adding a highly concentrated
      tracer in small amounts to the solute is illustrated in FIG. 12 for use
      separate from a comparator (FIG. 10) or, along with the comparator 32
      (FIG. 11).
PAR  The tracer supply device includes a unitary container 130 which can be used
      as a throw-away member and has a T-shaped coupling section 131 which is
      secured directly to the outlet end 36 of the gun housing 11 by a female
      coupling 101A, and, it has a male thread 60A at its outlet end for
      connection to the monitor 32 or nozzle 12. The nozzle 12 provides a back
      pressure on the solution being discharged through it to provide a positive
      pressure on the lateral passage 133 which leads to a cylindrically walled
      tracer chamber 134 ahead of a pressure sealing flange 135A on a freely
      moving piston 135 that bears downwardly on the supply of tracer 136 stored
      below it.
PAR  At the bottom of the chamber an outlet passage 137 leads to a needle valve
      138 whose outlet 139 connects to a through passage 140 that terminates at
      opposite ends in identical nipples 141 and 142 to receive the hose 38 on
      either nipple and the hose 75 on the other nipple (FIG. 10) or conduit 146
      (FIG. 11). The needle valve 138 is manually operated by an indicator
      member 143 and sealed by an O-ring 144. The valve stem and seal 144 can
      either be exposed to conduit 137 upstream of the confluence or it can be
      located as shown downstream thereof depending on whether the O-ring 144 is
      to be exposed primarily to the tracer or solute, respectively. It is to be
      noted that the device illustrated can be molded as a two unit housing
      which will receive the piston 135 and be heat sealed at the joint 145 to
      form the chamber 134. The valve 138 with the O-ring is then installed and
      the tracer chamber 136 below the piston 135 first exhausted of air by
      pressure applied above the piston 135 and then filled with liquid tracer
      through the passage 140 by then applying a vacuum above the piston 135.
      Thereafter, the valve 138 is closed to seal a charged package of
      concentrated tracer 136.
PAR  In operation a pressure differential across the piston 135 will not exist
      until the solution is being dispensed. The back pressure will be developed
      by the nozzle 12, and, a negative pressure will exist in the solute
      passage 140. Thereafter, if necessary, valve 138 adjustment will provide
      the tracer intensity that optimizes the comparison of the amount of solute
      that is being introduced into the solution.
PAR  In FIG. 10 the embodiment is illustrated in which the monitor 32 and the
      dye supply device are connectable in tandem between the jet pump 24 and
      the nozzle 12. In FIG. 11 the relative positions which includes the
      monitor 32 are substantially immaterial as long as the solute supply hose
      38 is connected to one of the nipples 141 and 142 of the tracer supply and
      the other nipple is connected by hose 146 to one of the nipples 98 on the
      monitor with the other nipple connected to the conduit 75 which in turn is
      connected to the fitting 70 as already described.
PAR  With solute flowing through the hoses 38, 146 and 75 and solvent flowing
      through the jet pumps 24, both solute and solution will be flowing through
      the monitor 32. Solution flowing under pressure through passage 140 will
      then develop, as already explained, a pressure effective upon the piston
      135 ahead of the conduit 132. This effect will be almost immediate with
      the opening of the main valve 18 in the gun if adequate working pressure
      is present on the solvent supply.
PAR  Thereupon, the needle valve 138 can be opened to bleed tracer into the
      solute and such will be mixed to provide a coloring for the inner chamber
      96 and the outer chamber 94 of the monitor 32. If the tracer effect is not
      bright or dark enough for optimum comparison conditions, the valve 138 is
      adjusted until such conditions are presented. Then if a mismatch clearly
      appears, the restriction means 31 or rotary valve 59 can be adjusted to
      provide the desired mixture proportion as already described or the viewing
      cup (34 and 116A) can be adjusted until the existing ratio is indicated. A
      conically wound wire 186 is provided in the conduit 146 to assure
      homogeneity of solute being viewed in the comparison compartment.
PAC  UNITIZED COMPARATOR AND TRACER SUPPLY
PAR  Referring to FIGS. 15-24 the arrangement illustrated in FIG. 11 is a
      unitization of the monitor and tracer supply. It also includes means for
      making momentary checks on the proportioning as well as with continual use
      of the tracer in a dispensing operation.
PAR  The monitor-tracer modification unit 156 has a molded housing 157 defining
      three contiguous circular compartments 158, 160 and 162 (FIG. 20) open at
      both ends, with two adjacent ones, 158 and 160, closed at the top by
      circular transparent viewing windows 164 and 166 and the lower ends of all
      the three compartments closed by translucent circular windows 165, 167 and
      169 either fritted or coated to provide scattered light viewing targets.
      All windows and closures are supported between snap rings 168 (FIG. 20)
      received in spaced grooves 170 and are edge sealed by O-rings 171 received
      in intermediate grooves 172. The rings 168 are split on an angle 174 and
      the outer corner notched as at 175 to receive a screwdriver bit for
      removal.
PAR  The compartment 158 rotatively receives a hollow viewing cup 116A (FIG. 23)
      that has a transparent window 176 at its lower end. A spiral cam rib 118A
      (FIG. 23) formed on the side of the cup 116A coacts with an eccentrically
      adjustable follower 179 rotatably mounted on the wall of the compartment
      156 for manual actuation to vary the effective space between the windows
      165 and 176 (FIG. 20). A low friction deformed seal 178, seals the cup
      116A at the compartment wall for its adjustable movement. This movement is
      accomplished manually by finger contact through side openings 180 (FIG.
      19) in the compartment wall where also is displayed a mixture ratio scale
      182 on the wall of the cup 116A. Negative gauge pressure generally
      maintains cam engagement in its adjusted position. As viewed in FIG. 15 an
      elevated outlet nipple 184 located through the wall of chamber 158 is
      connected by hose assembly 75 to the fitting 70 or 70A (FIG. 1) to assure
      removal of all bubbles from the space 121 between the windows 165 and 176.
PAR  Referring to the low friction seal 178 and FIGS. 20 and 23 sectionally
      illustrating it, a flat ring seal member is cut from a sheet of moderately
      soft elastomer having a thickness approximately 1/32 in. The radial groove
      210 provided in the cup 116A is of substantial depth and one wall adjacent
      thereto is relieved as at 211 to a radial depth from 1/32 in. to 3/64
      inches with an axial length of 3/32 inches for a cup 116A approximately 1
      inch in diameter leaving a square corner 215. The hole in the washer is
      substantially less than the inside diameter of the groove 210 and therefor
      is stretched substantially when installed. The free edge 212 then folds
      down towards the relief 211 to a steep conical shape with the edges
      forming a cylindrical flange 213 without any wave form in the edge. The
      seal 178 must be thin and the corner 215 quite severe leaving a space for
      the seal to occupy that is only a few thousandths of an inch which
      measurement is approximately the clearance of the cup itself from the
      cylindrical wall.
PAR  The middle compartment 160 provides a full flow passage 199 from the gun
      housing 11 and outlet 87 through the chamber 160 to the nozzle 12, it
      being noted (FIG. 18) that the threads on outlets 87 and 186 of the gun 11
      and comparator 156 are right hand threads as indicated by RH and the inlet
      threads 187 of the comparator 156 and nozzle 12 have left hand threads
      marked LH to avoid improper orientation of the three parts. An advantage
      is derived by the RH threads being a little longer than the LH threads so
      that make-up by matingly threaded couplings 173 can be started one turn on
      the RH threads and then receive the LH thread engagement for the rotation
      and tightening of the couplings 173 while the parts are being assembled as
      held in proper orientation while the coupling is tightened. If desired,
      the nozzle 12 thread can be RH without need for coupling, depending on the
      economics of manufacture.
PAR  The third compartment 162 serves as a tracer supply reservoir 201 having
      vertically spaced inlet and outlet nipples 190 and 192, respectively,
      located near the bottom window 169. A partition 194 inside the compartment
      162 between these openings defines the tracer reservoir 201 above it and
      has a backflow check valve 196 closed by a spring 198 which opens with
      pressure-flow of solute from above it through inlet nipple 190 to outlet
      nipple 192 to develop a flow pressure drop across the check valve that is
      constant.
PAR  A piston 200 mounted in the tracer reservoir 201 is subjected to the higher
      pressure on its lower side and carries a tracer supply 202 on its upper
      side that is subjected to said lower pressure through an adjustable
      metering and shut off valve 204 (FIGS. 15-17) in a conduit 205 that
      interconnects the upper part of the reservoir 201 to the outlet nipple
      192. Another low friction seal 178 is provided on the piston 200 which
      requires only a few ounces pressure differential to move the piston. The
      pressure differential thereby provided serves to induce the introduction
      of tracer 202 into the solute as metered by the valve 204. This valve has
      telescoping members. The cylindrical frictional fit between two elements
      hold the set of the valve and one of the elements 204A (FIG. 17) carries a
      tapered valve seat 204S, the other 204B carries the needle member 204N.
PAR  Relative movement of the parts of the valve 204 is accommodated by the
      flexible hose 205 which interconnects fitting 206 carried by a transparent
      closure member 207 which in turn is marginally received by snap rings 168
      and an O-ring seal 171 to seal the tracer reservoir 201. The closure
      member 207 includes in guided relation a hollow cup 208 telescopically
      receiving the upper end of the rod 209 carried by the piston 200 which
      serves as a visible indicator of the amount of tracer 202 remaining in the
      reservoir 201.
PAR  Referring to FIG. 20 the upper end of the closure member 207 is externally
      tapered at 217 so that it can be wiped clean, when desired, and is also
      internally tapered at 218 to receive the nozzle of a tracer replenishing
      supply container when required (not shown). The wall of the nipple fitting
      206 is internally tapered at 220 to mate with the taper 217 in sealed
      supporting relationship. Above the tapered securement the wall terminates
      internally in a valve chamber 221 enclosing a ball 222 that is held in
      place by a valve seal ring 223 that is pressed into place against a
      shoulder 224. The outlet from the chamber 221 is through a nipple 225
      receiving the hose 205. Whenever the supply of tracer is to be supplied,
      the closure 201 is removed to receive the tracer replenishing nozzle and
      then returned to place without need for touching any tracer covered
      surfaces.
PAR  In operation, reference is made to FIG. 24 where water under municipal
      pressure as a solvent is supplied through the gun housing 11 under at
      least 5 p.s.i. as controlled by the main valve 18 through venturii gaps 27
      and 86 of the jet pump, and from there through the compartment 160. Solute
      is supplied under atmospheric pressure through the tracer chamber 201
      beneath the piston 200, through the pressure differential valve 196, past
      the outlet of the tracer valve 204 and through the cammed variable space
      195 between the windows 165 and 176 in compartment 158, then into conduit
      75, through the ratio valve 31 and the manual valve 73 to the venturii gap
      27 where it is mixed with the solvent. Varying the valve 31 varies the
      negative gauge pressure at the gap 27 and thereby varies the mixture
      passing through compartment 160 between windows 166 and 167.
PAR  If the solute has adequate pre-added tracer in it for making the comparison
      of light transmissivities viewed through windows 164 and 166 the tracer
      valve 204 can remain closed because matching the light transmissivity of
      the liquids in compartments 158 and 160 indicated the ratio being
      dispensed as read on the cammed scale 182 and as provided by the
      adjustment of valve 31. In fact, the paths of flow of solute and solution
      being the same as described with the respective connections of the tubes
      38, 146 and 75, then, in event added tracer is not desired, at all, the
      monitor can either be removed or the solute tube 38 can be connected
      directly to the monitor solute inlet nipple 190, and the tube 75 to the
      outlet nipple 192 in which event the manual valve 31 is untouched and the
      needle valve 204 is closed tight. On the other hand, if the pre-added
      tracer is dim, or there is none pre-added, the tracer metering valve 204
      can be opened and adjusted to provide any intensity of tracer coloring
      desired, and, matching of energy transmissivity can be accomplished with
      great accuracy.
PAR  The matching is accomplished either by adjustment of the valve 54 or the
      piston 116A by cam movement as mentioned and is viewed through the windows
      164 and 166. The ratio of thicknesses of the liquids viewed indicates the
      mixture ratio of the dispensed liquid.
PAR  The window 164 preferably is a prism converging the viewing sight centers
      for the eye at about 18 inches for convenience of viewing without the
      operator moving his head back and forth for the comparison.
PAR  By utilizing the pressure of the solvent is aspirating the solute their
      ratio will remain substantially constant under given flow control openings
      and by utilizing a modest pressure differential developed with the solute
      flow a tracer may be supplied to the solute through a variable orifice at
      a feed rate to optimize the amount of tracer for purposes of the
      comparison relating to the ratio or proportion of solute to solvent which
      can be completed within seconds between the introduction of the tracer and
      the making of the comparison.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solution dispensing system comprising:
PA1  means for supplying solvent under a pressure differential in a confined
      flowing stream;
PA1  means for supplying solute under a pressure differential in a confined
      flowing stream having an energy transmissivity different from that of the
      solvent;
PA1  means for continuously mixing said streams in a proportioned ratio to
      dispense a stream of flowing solution; and
PA1  means for monitoring said proportioned ratio including chambers having
      different depths disposed in close proximity for comparing the energy
      radiation transmissivity of said flowing streams of solute and solution at
      relative radiation transmitting depths related to a desired percentage of
      solute in the solution.
NUM  2.
PAR  2. The dispensing system defined in claim 1 defining:
PA1  means for adjusting relative rates of flow of said solvent and solute for
      varying the energy transmissivity comparison of the flowing solute.
NUM  3.
PAR  3. The dispensing system defined in claim 1 including:
PA1  means for introducing to the solute a tracer to provide said energy
      transmissivity and including a source, and, flow control valve means for
      varying the flow rate of the tracer to optimize the comparison level for a
      null point traverse.
NUM  4.
PAR  4. The device defined in claim 1 including means for adjusting the relative
      flow depths in said flowing streams to vary the energy transmissivity
      comparison of the flowing solute.
NUM  5.
PAR  5. The device defined in claim 1 including:
PA1  substantially parallel spaced windows determining said solute depth; and
PA1  means for adjusting the relative distance between the first mentioned
      windows to vary the energy transmissivity of the solute flowing
      therebetween.
NUM  6.
PAR  6. The device defined in claim 1 including means for introducing a tracer
      to said solute prior to said mixing for optimizing the comparison level of
      the energy transmissivities.
NUM  7.
PAR  7. The device defined in claim 1 in which said monitoring means includes
      illuminated target areas behind each flowing stream at said relative
      depths and closely disposed viewing windows defining the relative depths
      of said flowing streams.
NUM  8.
PAR  8. The device defined in claim 1 in which said monitoring means includes a
      cam for varying the relative depths of said flowing streams to provide a
      null point for comparison of the energy radiation transmissivities of the
      flowing streams at said depths.
NUM  9.
PAR  9. A system of the class described comprising a housing having an elongated
      mixing compartment having an inlet for a solvent under pressure, and an
      outlet for a solution:
PA1  means for conducting solute to said compartment, including a conduit
      defining at least in part a flow passageway of ascertainable depth between
      opposing windows;
PA1  means including flow of solvent under pressure into said compartment
      inducing flow of solute through said conduit between said opposing windows
      and into said mixing compartment;
PA1  means in said compartment for mixing the solute and solvent in pressure
      differential flow induced proportions, to form a solution under positive
      pressure at said outlet; and
PA1  conduit means connected to said outlet for discharging said solution
      defining at least in part a flow passage of ascertained depth between
      opposing windows closely disposed to the other opposing windows for
      comparison of energy transmissivities of the solute at said depths related
      to their proportion in said solution.
NUM  10.
PAR  10. The system defined in claim 9 including adjustable flow valve means in
      said conduit for varying the flow of the respective liquid therethrough to
      vary the viewable energy transmissivities of the solute with respect to
      that of the solution between their respective opposing windows.
NUM  11.
PAR  11. The system defined in claim 9 including means for adjusting the depth
      between at least one set of said opposing windows.
NUM  12.
PAR  12. The system defined in claim 11 in which the adjusting means comprises a
      cam and follower interconnecting and varying the depth between said
      opposed windows.
NUM  13.
PAR  13. The system defined in claim 10 in which the flow valve means varies the
      relative flow between the solvent and solute entering the mixing chamber.
NUM  14.
PAR  14. A solution dispensing system comprising:
PA1  means for supplying the solvent under pressure in a confined flowing
      stream;
PA1  means for supplying solute under pressure in a confined flowing stream;
PA1  means for progressively mixing said streams in a proportioned ratio to
      dispense a stream of flowing solution;
PA1  means for monitoring said proportioned ratio including closely disposed
      chambers for viewing the light transmissivity of said streams of solute
      and solution flowing at relative depths indicative of a desired percentage
      of solute in the solution;
PA1  means for correcting relative rates of flow of said solvent and solute for
      a null point traverse in said comparison; and
PA1  means for introducing to said solute a tracer including a source and a flow
      control valve for varying the flow rate of the tracer to optimize the
      optical level of the null point traverse.
NUM  15.
PAR  15. The system defined in claim 14 in which said tracer introducing means
      includes a pressure reduction valve in the solute supplying means
      providing a pressure drop across said tracer source for introducing the
      tracer into the flowing stream of solute.
NUM  16.
PAR  16. The system defined in claim 14 in which said monitoring means comprises
      spaced viewing windows one of which is movable with respect to the other;
      and
PA1  an adjusting element supporting one of the windows to vary the stream depth
      therebetween.
NUM  17.
PAR  17. A solution sprayer comprising:
PA1  means for supplying water flowing under pressure;
PA1  flow control means aspirating a solute usually flowing under negative gauge
      pressure and mixing it with said water flowing under positive pressure;
PA1  means for supplying and controlling the flow of a tracer to said solute to
      optimize the null point comparison of the energy transmissivity of the
      solute and the solution with respect to their tracer content at different
      relative depths of flow; and
PA1  means for comparing the energy transmissivity of the solute and solution
      for a null point comparison including scale means indicating relative
      depths of flow of solute and solution.
NUM  18.
PAR  18. A monitoring device comprising adjacent chambers each having inlet and
      outlet connections for conducting flowing fluids separately through them,
      said chambers having:
PA1  translucent target windows at adjacent ends of said chambers transmitting
      uniform illumination and transparent windows at the viewing ends of said
      chambers opposite thereto defining adjacent viewing areas for optical
      comparison;
PA1  said transparent windows being spaced different distances from their
      respective target windows;
PA1  means for locating one of the transparent windows a predetermined distance
      from its target window to provide an ascertained ratio of the relative
      different distances;
PA1  means for supplying one of the chambers with a flowing stream of a visually
      distinctive solute; and
PA1  means for supplying the other chamber with a flowing stream of a solution
      containing a controlled ratio of said solute.
NUM  19.
PAR  19. The monitoring device defined in claim 18 in which said other
      transparent window is slidably adjustable with respect to its translucent
      window and includes graduated cam and follower means indicating the
      relative spaced distance between them.
NUM  20.
PAR  20. A monitor comprising two closely disposed viewing chambers each having
      a pair of spaced windows therein defining a depth of a mixture of solute
      and tracer between one pair and a mixture of the solute and a solvent
      between the other pair, one of said windows of each pair being translucent
      and exposed to the same lighting to provide uniformly illuminated targets
      emitting scattered rays of lights through said respective mixtures as
      viewed through the other window of each pair; and
PA1  the viewing areas of said other window effectively being of lesser size
      than the targets and defining truncated volume areas providing rays of
      light converging towards viewing points spaced upon approximately parallel
      axes.
NUM  21.
PAR  21. The monitor defined in claim 20 including a prism in the path of at
      least one of said converging rays to deflect it to converge with the other
      axis at a point for viewing both targets at a single point.
NUM  22.
PAR  22. In a device of the class described a housing having three separate
      compartments two of which have light transmitting windows at opposite ends
      one of which is adjustably mounted, and each of the two compartments
      having an inlet and an outlet for conducting flowing fluids between their
      respective windows,
PA1  the third compartment having a partition with a valve port therethrough and
      defining above it a tracer reservoir with an outlet at its top, an inlet
      opening above it, the partition and a valve outlet chamber below it having
      an outlet opening in communication with one of said two compartments,
PA1  differential pressure responsive valve means in said outlet chambers
      normally closing said valve port,
PA1  piston means above said inlet opening subject to the pressure above the
      valve means, and
PA1  valve means interconnecting said top outlet and said outlet opening.
NUM  23.
PAR  23. The device defined in claim 22 in which said piston includes a normally
      flat washer with its outer marginal edges folded normal to the center
      thereof into a recess on the piston below a square corner with the
      clearance between the piston and wall of the compartment a few thousandths
      of an inch greater than the thickness of said washer for minimal friction
      with the wall.
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ABST
PAL  A general anesthesia rebreathing system comprised of a disposable portion
      adapted to be easily coupled to and decoupled from a permanent portion.
      The system is designed so as to minimize the structural complexity and
      cost of the disposable portion while assuring that the disposable portion
      includes all elements which are likely to contaminate gases inhaled by a
      patient. The disposable portion includes conventional breathing tubing for
      coupling a source of fresh gas, as from an anesthesia machine, to a
      patient and in addition an overflow tube for coupling the patient end of
      the system to an overflow (pop-off) valve, preferably mounted on the
      machine and constituting part of the permanent portion.  The overflow tube
      entrance is located close to the patient end of the system and in
      communication with the tubing which conveys expired gas to a reservoir,
      such as a conventional breathing bag, mounted at the machine end. The
      arrangement assures that the patient's initially expired dead space gas is
      conveyed by the tubing to the reservoir with subsequently expired alveolar
      gas being exhausted through the overflow tube and pop-off valve. By
      preferentially exhausting alveolar gas in this manner, the need for using
      CO.sub.2 absorber material within the system is minimized. The use of an
      overflow tube as described, to preferentially exhaust alveolar gases is
      applicable to both circle and single tube anesthesia rebreathing systems.
      The reservoir can be squeezed to assist the patient' s breathing, either
      manually by the attending anesthetist or mechanically by a machine
      commonly known as a ventilator. For optimum performance, the pop-off valve
      is operable in two different modes, i.e. (1) as a manually controlled
      variable orifice and (2) as an automatically controlled valve responding
      to a positive control pressure. The source of control pressure is
      selectable by the attending anesthetist dependent on the type of
      ventilation being employed, i.e. spontaneous, manually assisted, or
      mechanically controlled. In order to isolate the ventilator from the
      patient's gas, the reservoir preferably comprises a container formed by a
      flexible outer wall containing a flexible septum therein defining two
      isolated chambers. The ventilator communicates with one chamber and the
      other chamber communicates with the anesthesia system tubing. As the
      ventilator pressurizes the first chamber, the flexible septum between the
      chambers transmits the pressure to the other chamber and thereby to the
      patient's airway.
PARN
PAR  This is a division of application Ser. No. 218,337, filed Jan. 17, 1972 and
      now U.S. Pat. No. 3,814,091.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for administering general
      anesthetics in the gaseous state and more particularly to an anesthesia
      rebreathing system, comprised of a permanent portion and a disposable
      portion:
PAR  The use of conventional general anesthesia administration apparatus
      inherently involves the danger of cross contamination between patients,
      sometimes with fatal results. Typically, such apparatus, for example an
      anesthesia circle, is comprised of one way valve controlled inspiratory
      and expiratory tubes communicating between an anesthesia machine providing
      fresh gases, and a patient. The inspiratory and expiratory tubes generally
      communicate with the patient's lungs via a tubular Y-piece and a mask or
      endotrachael tube. At the anesthesia machine end of the system, the
      expiratory tube normally communicates with the upper end of a canister of
      CO.sub.2 absorber material. The lower end of the canister is coupled to
      the machine end of the inspiratory tube and to a gas reservoir such as a
      breathing bag. The fresh gas input from the anesthesia machine is usually
      coupled to the inspiratory tube close to the breathing bag. On expiration,
      the patient's gas is channeled through the one way valve in the expiratory
      tube to the CO.sub.2 absorber material. On inspiration, the patient's
      gases are pulled through the inspiratory tube via the one way inspiratory
      valve, from the breathing bag and fresh gas supply. A pop-off valve is
      normally located proximate to the CO.sub.2 absorber canister for
      exhausting expired gas.
PAR  It will, of course, be readily appreciated that in the utilization of such
      anesthesia apparatus, various parts of the apparatus are exposed to gas
      expired by the patient, who, if infected, will transmit bacteria
      throughout these parts. It has been found that cultures taken from such
      patient exposed parts will grow bacteria after the apparatus has been
      subjected to such cleaning procedures as are considered practical for each
      particular part of the apparatus.
PAR  In recognition of the foregoing contamination problem, recent attempts have
      been made to sufficiently reduce the cost of anesthesia apparatus so that
      most of the patient exposed parts can be discarded after a single use.
      Generally, these attempts have merely involved fabricating conventional
      apparatus in an inexpensive manner so that disposal is economically
      feasible. Such attempts have not, however, been too successful because
      cost reduction has not been sufficiently significant and because such cost
      reduction has necessitated the introduction of performance compromises
      which have often adversely affected the reliability and ease of use of
      various parts, such as the pop-off valve.
PAR  Accordingly, one of the important objects of the present invention is to
      provide an anesthesia rebreathing system comprised of a disposable portion
      and a permanent portion configured so as to minimize the structural
      complexity and cost of the disposable portion, while assuring that the
      disposable portion includes all elements which are likely to contaminate
      gas inhaled by a patient.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved general anesthesia
      administration system incorporating disposable circuit apparatus for
      coupling a permanent system portion to a patient. In accordance with a
      first embodiment of the invention, the circuit constitutes what is
      generally referred to as a circle, including both inspiratory and
      expiratory tubes. In accordance with a second embodiment of the invention,
      the circuit utilizes a single tube alternately used for inspiration and
      expiration. This second type of circuit is often referred to as a Magill
      type circuit. In accordance with the preferred embodiment of the
      invention, the permanent system portion is designed so that it can be used
      interchangeably with both circuit embodiments.
PAR  In accordance with an important aspect of the invention, both circuit
      embodiments incorporate an overflow tube whose entrance communicates with
      the tubing carrying expired gas, close to the patient. The overflow tube
      exits at an overflow (pop-off) valve which can thus be located close to
      the anesthesia machine whereat it can be conveniently controlled by the
      attending anesthetist and can, preferably, constitute part of the
      permanent system portion. By locating the overflow tube entrance close to
      the patient, the overflow tube is able to function to preferentially vent
      alveolar gases, rich in CO.sub.2, through the pop-off valve, and to save
      dead space and unbreathed gas, rich in O.sub.2, within the tubing and
      reservoir for rebreathing. As a consequence, the maximum amount of
      CO.sub.2 is vented, thus substantially eliminating the need to use
      CO.sub.2 absorber material. The unidirectional flow in (away from patient)
      and the length (i.e., approximately 3 feet) of the overflow tube prevents
      the pop-off valve from contaminating gas inspired by the patient.
PAR  Both circuit embodiments incorporate a reservoir having flexible walls.
      Dead space gas initially expired by a patient is conveyed through the
      breathing tube to the reservoir with subsequently expired alveolar gas
      being conveyed through the overflow tube of the pop-off valve. As a
      consequence of the pop-off valve constituting part of the system permanent
      portion, a refined and highly reliable pop-off valve mechanism can be
      afforded while still minimizing the cost of the disposable circuit.
PAR  The reservoir wall is flexible so as to enable the patient's breathing to
      be assisted by squeezing the reservoir. Squeezing can be accomplished
      manually or with a mechanical ventilator. In accordance with a preferred
      embodiment of the invention, the reservoir is formed by a flexible outer
      wall having a flexible septum mounted therein so as to define two isolated
      chambers. The first chamber is intended to communicate with a mechanical
      ventilator and the second chamber is intended to communicate with the
      circuit tubing. As the ventilator pressurizes the first chamber, the
      pressure is transmitted to the second chamber via the flexible septum and
      thereby to the patient's airway without contamination of either the
      mechanical ventilator by the patient or the patient by the mechanical
      ventilator.
PAR  In accordance with a further feature of the invention, the pop-off valve is
      preferably selectably operable in two different modes; i.e., (1) as a
      variable orifice pressure relief valve or (2) as a balanced valve which
      closes in response to a positive control pressure, the mode being defined
      by the control pressure applied which can be selectively derived by the
      anesthetist from different sources dependent on the type of ventilation
      being employed; i.e., spontaneous, manually assisted, or mechanically
      controlled.
PAR  In accordance with a still further feature of the invention, a section of
      elastic material is preferably incorporated in the circuit tubing in
      communication with the pressure within the tubing. The elastic section
      stretches as pressure builds up within the circuit thereby preventing
      sudden step like increases in pressure which could be injurious to a
      patient's lungs. Use of the elastic section permits the use of inexpensive
      reservoirs having inelastic walls of plastic, for example, instead of
      requiring elastic wall, e.g., rubber, reservoirs which should otherwise be
      used to prevent sudden pressure increases.
PAR  In accordance with a still further aspect of the invention, an overpressure
      relief means is incorporated in the circuit, preferably close to the
      patient end, to maximize protection of the patient's lungs against
      accidental rupture due to overpressure malfunction in the rest of the
      system. In a first embodiment, an overpressure relief valve is formed
      within a housing common to the expiratory valve and Y-piece tubing
      coupling the mask or endotracheal tube to the breathing and overflow
      tubes. In a second embodiment, the previously mentioned elastic section is
      sealed to the breathing tube by an elastic band which stretches and leaks
      when the pressure within the breathing tube becomes excessive.
PAR  In accordance with a still further aspect of a preferred embodiment of the
      invention, an audible alarm means is incorporated in the overpressure
      relief means for alerting the anesthetist when an overpressure condition
      exists.
PAR  Although, the need for using CO.sub.2 absorber material is substantially
      eliminated in systems in accordance with the invention, in order to
      accommodate special circumstances and preferences of individual
      anesthetists, a CO.sub.2 absorber canister is provided which can be used
      in the circle system at the option of the anesthetist. The canister is
      preferably constructed so as to be easily inserted in series with, and
      just upstream from, the inspiratory valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of a general anesthesia rebreathing system
      embodiment in accordance with the present invention illustrating both the
      disposable and permanent portions system;
PAR  FIG. 2 is an enlarged perspective view better illustrating the disposable
      portion of the system of FIG. 1 and the interface between the disposable
      and permanent portions;
PAR  FIG. 3 is a schematic flow diagram of an anesthesia circle system in
      accordance with the invention;
PAR  FIG. 4 is a schematic flow diagram of a single tube (Magill type)
      anesthesia circuit system in accordance with the invention;
PAR  FIG. 5 is a side view, partially broken away, illustrating in detail the
      interface region of the system of FIG. 2 between the disposable and
      permanent portions;
PAR  FIG. 6 is a plan view, partially broken away, illustrating the interface
      region of the system shown in FIG. 5;
PAR  FIGS. 7A and 7B are sectional views taken substantially along the plane
      7--7 of FIG. 5 respectively illustrating two different positions of the
      controller valve for coupling system pressure and ventilator pressure to
      the pop-off valve control port;
PAR  FIG. 8 is a sectional view taken substantially along the plane 8--8 of FIG.
      5 illustrating a third position of the controller valve;
PAR  FIG. 9 is a sectional view taken substantially along the plane 9--9 of FIG.
      5 illustrating the valve element in the controller valve for varying the
      pop-off valve exhaust orifice;
PAR  FIG. 10 is a developed view illustrating the relationship between the
      controller valve spool element and the pop-off valve exhaust orifice;
PAR  FIG. 11 is a side elevational view illustrating both the inspiratory valve
      structure and mounting unit for coupling the disposable anesthesia circuit
      to the system permanent portion;
PAR  FIG. 12 is a perspective view of the mounting unit shown in FIG. 11;
PAR  FIG. 13 is a perspective view of the inspiratory valve structure shown in
      FIG. 11;
PAR  FIG. 14 is a side elevational view partially broken away illustrating the
      patient end of the circuit and more particularly a preferred Y-piece
      embodiment containing the expiratory valve and overpressure relief valve;
PAR  FIG. 15 is a sectional view taken substantially along the plane 15--15 of
      FIG. 14;
PAR  FIG. 16 is an enlarged sectional view taken substantially along the plane
      16--16 of FIG. 15 illustrating the details of an overpressure relief
      valve;
PAR  FIG. 17 is a sectional view taken substantially along the plane 17--17 of
      FIG. 14;
PAR  FIG. 18 is a sectional view of a preferred form of reservoir in accordance
      with the present invention for isolating a mechanical ventilator from a
      patient's gas;
PAR  FIG. 19 is a sectional view taken substantially along the plane 19--19 of
      FIG. 18;
PAR  FIG. 20 is a side elevational view illustrating the manner in which the
      reservoir of FIGS. 18 and 19 is structurally incorporated in the system
      and further illustrating the incorporation of a canister of CO.sub.2
      absorber material between the reservoir and inspiratory valve;
PAR  FIG. 21 is an enlarged vertical sectional view taken through the CO.sub.2
      absorber canister of FIG. 20;
PAR  FIG. 22 is a horizontal sectional view taken substantially along the plane
      22--22 of FIG. 21;
PAR  FIG. 23 is a perspective view similar to FIG. 2 except, however,
      illustrating the utilization of an elastic section for the purpose of
      preventing sudden pressure increases within the system;
PAR  FIG. 24 is a sectional view taken substantially along the plane 24--24 of
      FIG. 23;
PAR  FIG. 25 is a sectional view taken substantially along the plane 25--25 of
      FIG. 24;
PAR  FIG. 26 is a vertical sectional view similar to FIG. 24 illustrating a
      modified form of elastic section which functions to provide overpressure
      relief;
PAR  FIG. 27 is a sectional view taken substantially along the plane 27--27 of
      FIG. 26.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is now called to FIG. 1 which illustrates a general anesthesia
      rebreathing system in accordance with the present invention. Briefly, the
      rebreathing system as shown in FIG. 1 includes a substantially
      conventional anesthesia machine 10 which enables the attending anesthetist
      to meter and mix appropriate anesthetic agents which are then delivered to
      a supply hose 12 at an appropriate pressure, up to 50 psig. The gases
      supplied through hose 12 are then delivered through, what is generally
      referred to as an anesthesia circuit 14, to the patient. The anesthesia
      circuit 14 functions to:
PAR  1. Carry the gases to the patient and communicate with the patient's airway
      via a mask or endotrachael tube;
PAR  2. Serve as a reservoir between the varying flow in and out of the patient
      and the constant rate of supply;
PAR  3. Eliminate excess gas from the system;
PAR  4. Reduce the inspired concentration of CO.sub.2 to acceptable levels; and
PAR  5. Enable the patient's breathing to be assisted or controlled by manual or
      mechanical means.
PAR  The machine 10 is normally provided with sleeves 15 for holding a mounting
      arm 16 which functions as a support for the anesthesia circuit and
      pressure gauge 18.
PAR  As has been previously pointed out herein, it is extremely difficult and
      impractical to fully sterilize all patient exposed parts of an anesthesia
      system after each use. As a consequence, it has long been recognized that
      utilization of anesthesia equipment presents a potential hazard of cross
      contamination between patients. In recognition of this potential hazard,
      efforts have been made in the prior art to fabricate the patient exposed
      parts sufficiently inexpensively to make disposal after a single use
      economically feasible. These attempts thus far have been only moderately
      successful because the required cost reductions have compromised
      performance and reliability. The present invention is directed to an
      anesthesia system designed to minimize the complexity and cost of the
      disposable portion while retaining within the disposable portion all of
      the elements which are likely to contaminate patient inspired gas.
      Briefly, in accordance with the present invention, two embodiments of
      disposable anesthesia circuits are disclosed which can interchangeably be
      easily coupled to a common permanent system portion. The two anesthesia
      circuit embodiments represent modifications of circuits commonly known as
      (1) an anesthesia circle and (2) a single tube anesthesia circuit (Magill
      type). In accordance with the present invention, the permanent system
      portion is comprised of the machine 10 including up to the free end of the
      mounting arm 16. The disposable portion of the system mates easily via a
      quick disconnect coupling to the free end of the mounting arm 16.
PAR  More particularly, with continuing reference to FIG. 2, the circuit 14 is
      coupled to the mounting arm 16 by a mounting unit 20 which will be
      described in greater detail hereinafter. The mounting arm 16 has an
      overflow (commonly referred to as a "pop-off") valve 22 mounted near the
      free end thereof. As will be seen hereinafter, the operational mode of the
      valve 22 is selectable by the anesthetist by operation of a manual
      controller valve 24.
PAR  The mounting arm 16 and the elements fixed thereto, e.g., the pop-off valve
      22 constitute part of the permanent or reusable portion of a system in
      accordance with the preferred embodiment of the invention. The circuit 14
      constitutes the disposable portion and includes all of the hardware
      elements between the mounting unit 20 and the patient airway communication
      means, e.g., face mask 26. Briefly, the mounting unit 20 quickly connects
      and disconnects to the mounting arm 16 and provides gas flow paths
      therethrough to carry the gas supplied by hose 12 through the circuit 14
      to the mask 26 and to carry CO.sub.2 rich gases expired by the patient to
      the pop-off valve 22. The circuit illustrated in FIG. 2 constitutes an
      anesthesia circle and the flow path therethrough will be discussed in
      connection with FIG. 3. To facilitate identification of elements, it is
      pointed out that the circuit 14 of FIG. 2 includes an inspiratory valve 28
      which passes fresh gas supplied from the hose 12 by the arm 16, through an
      inspiratory tube 30, to a Y-piece 32 coupled to the mask 26. Also in
      communication with the inlet side of the inspiratory valve 28 is a gas
      reservoir or breathing bag 34.
PAR  The Y-piece 32 is also coupled to the inlet end of an expiratory tube 36
      which has an expiratory valve in series therewith (not shown in FIG. 2).
      The outlet end of the expiratory tube 36 is coupled to the mounting unit
      20 and communicates with the inlet side of the reservoir 34.
PAR  As will be better appreciated hereinafter, in accordance with a significant
      aspect of the invention, the circuit includes an overflow tube 38
      extending from the Y-piece 32 back to the mounting unit 20 where at it is
      in turn coupled to the input port of the pop-off valve 22.
PAR  Attention is now called to FIGS. 3 and 4 which respectively constitute
      schematic flow diagrams of two circuit embodiments in accordance with the
      present invention; namely (1) an anesthesia circle (FIG. 3) and (2) a
      single tube Magill type circuit (FIG. 4). Prior to considering the gas
      flow paths through these two circuits, it is important to recognize that
      the gas exhaled by a patient can appropriately be considered to consist of
      dead space gas and alveolar gas. The dead space gas enters only the mouth,
      nose, and large passages in the lungs and does not interact with the blood
      flowing through the lungs. Therefore, dead space gas leaves the patient as
      it enters except for changes in temperature and humidity. It gives up no
      oxygen (O.sub.2) or anesthetic agent and takes up no carbon dioxide
      (CO.sub.2).
PAR  On the other hand, alveolar gas does interact with the blood of the lung
      and it leaves the patient depleted in O.sub.2 and rich in CO.sub.2. In an
      adult having a tidal volume of 500 cc, 150 cc is normally dead space gas
      and 350 cc is normally alveolar gas. The circuits for FIGS. 3 and 4 in
      accordance with the present invention are configured so as to retain the
      dead space and unbreathed gases within the system and preferentially vent
      the CO.sub.2 rich alveolar gases through the pop-off valve 22. Thus, with
      a fresh gas inflow above 4 liters per minute, the inspired CO.sub.2
      concentration remains acceptably low without requiring the use of CO.sub.2
      absorber material within the system.
PAR  Attention is now specifically called to FIG. 3 which depicts the flow paths
      through an anesthesia circle circuit embodiment in accordance with the
      present invention. Dashed line 40 in FIG. 3 represents the interface
      between the disposable portion to the left and the permanent portion to
      the right. Fresh gas is supplied through tube 42 shown in FIG. 3 to the
      inlet side 43 of inspiratory valve 28. The fresh gas enters via a small
      orifice (not shown) with a high pressure drop across it thus preventing
      any flow to and contamination of the permanent portion by the patient's
      expired gas. The inlet side of inspiratory valve 28 also communicates with
      the reservoir 34. The inspiratory valve permits gas flow therethrough only
      in the direction indicated by the arrow shown at the outlet side thereof,
      thus allowing gas to be inspired by a patient from the inspiratory tube
      30. Gas expired by the patient is applied to the inlet side of expiratory
      valve 44. The outlet side of expiratory valve 44 communicates with the
      previous mentioned overflow tube 38 and expiratory tube 36. The other end
      of expiratory tube 36 communicates at the anesthesia machine end of the
      system with the reservoir 34. The machine end of the overflow tube 38
      communicates with the pop-off valve 22 constituting part of the system
      permanent portion.
PAR  In the operation of the anesthesia circle of FIG. 3, fresh gas flows into
      the circle via tube 42 and the inspiratory and expiratory valves 28 and 44
      keep the flow around the circle undirectional. When the patient breathes
      in or the reservoir 34 is squeezed, the inspiratory valve 28 opens, the
      expiratory valve 44 closes, and fresh gas and gas from the reservoir 34
      and inspiratory breathing tube 30 flow into the patient's airway via mask
      26. When the patient breathes out, either spontaneously or because the
      pressure on the reservoir has been relaxed, the expiratory valve 44 opens
      and the inspiratory valve 28 closes and gas flows from the patient to the
      expiratory breathing tube 36 into the reservoir 34. At the same time,
      fresh gas enters via the fresh gas inlet 42 and flows primarily into the
      reservoir.
PAR  At some point during expiration during spontaneous ventilation, the
      reservoir 34 becomes full and the gas near the patient end of the circuit
      starts flowing through the overflow tube 38 and out the pop-off valve 22,
      which during spontaneous ventilation, merely functions as a variable
      orifice pressure relief valve with an opening pressure of 1 cm of H.sub.2
      O. This gas which is the last to leave the patient is alveolar gas which
      is rich in CO.sub.2. The dead space gas, exhaled by the patient prior to
      expiration of the alveolar gas, is either further up the expiratory tube
      or in a distensible reservoir when the alveolar gas is exhaled.
PAR  Operation during manually assisted ventilation, i.e., when squeezing the
      reservoir, is similar to operation during spontaneous ventilation.
      However, flow out of the overflow tube 38 occurs during inspiration, i.e.,
      when the reservoir is being squeezed, due to the pressure in the system.
      An alternative and preferred method of operation during manually assisted
      and controlled ventilation is to automatically positively close the
      pop-off valve 22 during inspiration when the reservoir is squeezed and
      permit it to open during expiration. As will be seen hereinafter when the
      operation of the pop-off valve is explained in connection with FIG. 5, an
      operational mode for the pop-off valve can be selected by the anesthetist
      such that when system pressure increases in response to the reservoir
      being squeezed, the pop-off valve 22 is sealed closed. Relaxation of the
      pressure on the reservoir 34 reduces the pressure within the circuit so
      that on expiration by the patient, the dead space gas will initially flow
      through the expiratory tube and into the reservoir 34 with the
      subsequently expired alveolar gas then flowing through the overflow tube
      38 out the pop-off valve 22.
PAR  Thus, in summary, during spontaneous ventilation, the pop-off valve
      preferably comprises merely a variable orifice pressure relief valve which
      opens in response to pressure within the system. During manually assisted
      or controlled ventilation, the pop-off valve preferably seals closed in
      response to pressure within the system, i.e., inspiration.
PAR  As will be seen hereinafter, the operational mode of the pop-off valve 22
      is determined by the pressure applied to a control port 47 thereof. This
      control pressure is selected by the anesthetist by manual control of a
      three way controller valve 24. The valve 24 enables any one of three
      control pressures to be available at an output port 49 for application to
      the pop-off valve control port 47 for determining the pop-off valve
      operational mode. Briefly, the control input port 47 of the pop-off valve
      22 can be exposed to ambient pressure via valve 24 and tube 50. In this
      position of the three way valve, the pop-off valve 22 will function merely
      as a variable orifice pressure relief valve. During manually assisted or
      controlled ventilation, in order that the pop-off valve seals closed
      during inspiration, the valve 48 is positioned so as to couple tube 52 to
      the pop-off valve control port 47 to apply system pressure thereto. When
      using a mechanical ventilator, and the preferred reservoir embodiment, to
      be discussed hereinafter in connection with FIGS. 18-20, the pressure
      provided by the ventilator can be coupled through tube 54 and valve 24 to
      the pop-off valve control port 47 to again assure that the pop-off valve
      22 is closed when the system is being pressurized during inspiration.
PAR  Attention is now called to FIG. 4 which represents a schematic flow diagram
      of a single tube anesthesia circuit often referred to as a Magill type
      circuit. A Magill type circuit is characterized by the utilization of a
      single breathing tube 60 in lieu of the inspiratory and expiratory
      breathing tubes 30 and 36 of a circle system as shown in FIG. 3. Thus, gas
      flow through the breathing tube 60 of FIG. 4 is alternately toward the
      patient on inspiration and away from the patient on expiration. The Magill
      type circuit of FIG. 4 does not require the utilization of the
      unidirectional inspiratory and expiratory valves as is characteristic of
      the circle system of FIG. 3.
PAR  During spontaneous ventilation, using the system of FIG. 4, as the patient
      breathes in, he draws fresh gas from the inlet tube 60 and the reservoir
      64. On expiration, his initially expired gas, constituting the dead space
      gas, will flow back through the breathing tube 60 to the reservoir 64. As
      the reservoir 64 becomes full, the subsequently expired alveolar gases
      will flow via the overflow tube 66 to the permanent pop-off valve 22. As
      has been previously pointed out, the permanent system portion can be used
      interchangeably with both the circle and single tube circuits of FIGS. 3
      and 4.
PAR  During spontaneous ventilation utilizing the circuit of FIG. 4, the
      previously discussed pop-off valve 22 is operated in a variable orifice
      pressure relief mode by applying ambient pressure from tube 50 via three
      way valve 24 to the control port 47 of the pop-off valve. When ventilation
      is assisted or controlled by squeezing the reservoir 64, it is necessary
      to operate the pop-off valve 22 so that it seals closed in response to a
      pressure increase during inspiration of otherwise CO.sub.2 rich gas will
      be retained within the system and fresh gas will exit through the pop-off
      valve. This operational mode is selected by applying either system
      pressure from tube 52, via valve 24, to the pop-off valve control port 47
      or by applying ventilator pressure via tube 54 and valve 24 to the control
      port 47.
PAR  Attention is now called to FIGS. 5 and 6 which illustrate the structural
      details of the free end of the mounting arm 16 and the mounting unit
      circuit portion 20 which couples to the arm 16.
PAR  The mounting arm 16 is provided with a nipple 70 extending from the
      underside thereof for coupling to the previously mentioned fresh gas
      supply hose 12. The nipple 70 communicates with a fresh gas passageway 72
      extending parallel to the elongation of the arm 16. The passageway 72
      opens at a front face 74 of the arm 16. An angular recess 76 is formed in
      the passageway 72 near face 74 and retains an O-ring 78 therein for
      sealing around a male tube member of the mounting unit 20 adapted to
      project into the passageway 72.
PAR  In addition to the passageway 72, the mounting arm 16 includes a passageway
      80 which also opens at the front face 74 of the arm 16. An annular recess
      82 is formed in passageway 80 near face 74 and it too retains an O-ring 84
      for sealing around a male tube member of mounting unit 20, to be discussed
      hereinafter.
PAR  As was indicated with reference to FIGS. 4 and 5, the three way controller
      valve 24 functions to control the operational mode of the pop-off valve
      22. The controller valve 24 is manually operable to selectively
      communicate any one of the three previously mentioned control sources to a
      control port of pop-off valve 22. In a first position, ambient pressure is
      applied to the control port, in a second position circuit pressure is
      applied to the control port and in a third position, ventilator pressure
      is applied to the control port. As will be seen, means are provided for
      automatically assuring that the pop-off valve output orifice is fully open
      when either circuit or ventilator pressure is applied to the control port,
      corresponding to the operational modes used during manually assisted and
      controlled ventilation. On the other hand, when applying ambient pressure
      to the control port primarily used during spontaneous ventilation, means
      for varying the size of the pop-off valve output orifice are automatically
      moved into appropriate position.
PAR  With continuing reference to FIGS. 5 and 6, the pop-off valve 22 includes
      an input port 92 extending through externally threaded nipple 93, an
      output port 94, and the previously mentioned control port 47. The nipple
      93 is threaded into the arm 16 and communicates the input port 92 with the
      circuit pressure in passageway 80. The output port 94 is coupled by a
      short tube 95 to an exhaust input port 96 in the housing of controller
      valve 24. The control port 47 is coupled by a short tube 97 to previously
      mentioned port 49 of the controller valve 24.
PAR  The pop-off valve 22 includes a housing comprised of upper portion 98
      threaded into lower portion 99 which in turn is threaded into nipple 93. A
      flexible diaphragm 100 is held around its circumference between opposed
      surfaces of housing portions 98 and 99. Disc 101, bearing against the
      underside of the diaphragm, has a rod 102 depending therefrom. The rod 102
      extends through, in sealed relationship, a fixed wall 103 and into a
      recess defined in boss 104 formed in valve leaf 105. A coil spring 106 is
      contained around rod 102 between wall 103 and disc 101.
PAR  In operation of the pop-off valve 22, when ambient pressure is available on
      the upper surface of diaphragm 100, the spring 106, will force the rod 102
      to the position shown in FIG. 5, in which its end is spaced from the
      bottom of the recess in boss 104 of valve leaf 105. As a consequence,
      valve leaf 105 which normally rests on and seals against knife edge 107 on
      nipple 93 will be lifted when the pressure within passageway exceeds a
      first threshold, e.g., 1 cm of H.sub.2 O, to permit gas flow from
      passageway 80 out through port 94.
PAR  On the other hand, when a positive pressure is applied to the upper surface
      of diaphragm 100 (from the circuit or ventilator via the controller valve
      24, as will be discussed hereinafter), the diaphragm 100 will be bowed
      downwardly to bottom rod 102 in the recess in boss 104 thereby positively
      sealing valve leaf 105 against knife edge 107. It is pointed out that the
      active area of diaphragm 100 is greater than the active area of valve leaf
      105 and as a consequence, the valve leaf 105 will be sealed closed when
      equal pressures are applied through the control port 47 and input port 92
      and the pressure on the diaphragm exceeds a second threshold, e.g., 5 cm
      of H.sub.2 O.
PAR  The controller valve 24 functions to enable an anesthetist to selectively
      apply either ambient pressure, circuit pressure or ventilator pressure to
      the control port 47 for operating the pop-off valve in the aforedescribed
      manner. As will be seen, when ambient pressure is applied, the controller
      valve 24 also enables the anesthetist to vary the size and thus the flow
      rate out of the pop-off valve output port 94. When circuit pressure or
      ventilator pressure is applied, the output port 94 is left fully open.
PAR  The controller valve 24 comprises a spool valve having a housing comprised
      of an upper portion 107' threaded onto a lower portion 108. Lower portion
      108 has an externally threaded nipple 109 threaded into arm 16. Nipple 109
      has a central bore therethrough which communicates the exhaust input port
      96 through arm 16 to nipple 110. A system exhaust hose 111 is intended to
      be coupled into nipple 110 for carrying exhausted gas away, preferably out
      of the operating room, to prevent any adverse effect upon the personnel
      present.
PAR  From what has previously been said, it should be recognized that three
      different pressure sources (including ambient) are applied to the input
      side of controller valve 24 for selective coupling by the anesthetist to
      the port 49 for communication through tube 97 to the pop-off valve control
      port 47. One of these three sources comprises circuit pressure
      (corresponding to tube 52 in FIG. 3) which is available through nipple 112
      via a hose 113 from nipple 114 in communication with passageway 80 through
      arm 16. A second of the sources is derived from ventilator pressure
      (corresponding to tube 54 in FIG. 3) through nipple 115 and will be
      discussed in greater detail in connection with the description of FIGS.
      18-20.
PAR  Communication from either nipple 112 or nipple 115 to port 49 is controlled
      by the position of a spool 116 mounted for rotation within lower housing
      portion 108. Spool 116 has a shaft 117 coupled thereto which in turn is
      connected to a knob 118 available for manual rotation by the anesthetist.
      The inner surface of housing portion 108 is provided with annular recesses
      118 and 119 each of which retains an O-ring 120. Spool 116 is provided
      with a slot 121 extending around a portion of the circumference thereof of
      sufficient length to bridge the distance between nipples 112 and 115 and
      port 49. More particularly, with the spool rotated to the position of FIG.
      7A, slot 121 will communicate nipple 115 with port 49. When spool 116 is
      rotated to the position of FIG. 7B, slot 121 communicates nipple 112 with
      port 49. In order to facilitate the anesthetists positioning of the spool,
      the knob 118 is preferably provided with a pointer 122 which can be
      appropriately detented in two positions.
PAR  In order to selectively communicate a third pressure source, i.e., ambient
      (corresponding to tube 50 of FIG. 3) with port 49 the spool 116 is
      provided with an additional slot 123 extending greater than 180.degree.
      around the circumference thereof. The slot 123 is vertically displaced
      from the slot 121 but is still able to communicate with port 49 (see FIG.
      8) as a consequence of the provision of vertical slot 124 in communication
      with port 49. Slot 123 communicates with ambient pressure via passageway
      126 through the spool 116, shaft 117 and knob 118. Inasmuch as it is
      necessary to prevent communication between slots 121 and 123, the spool
      circumferential surface and the lower housing portion inner surface are
      correspondingly tapered and a spring 127 is provided around shaft 117 to
      seat the spool in the tapered housing so that the housing inner surface
      seals the slots.
PAR  As previously pointed out, it is desirable to enable the anesthetist to
      variably control the flow out of the pop-off valve exhaust port 94 when
      the pop-off valve is being operated in the pressure relief mode to assure
      the maintenance of an adequate gas supply within the circuit. On the other
      hand, when the pop-off valve is being operated in the balanced mode it is
      desirable that the pop-off valve exhaust be wide open. In order to
      accomplish this, the spool is provided with a valve member 128 depending
      from the lower end thereof and shaped so as to variably cover the port 96
      as the knob 118 and spool 116 are rotated. The variable covering of the
      port 95 can best be seen in the developed view of FIG. 10 which shows how
      the valve member 128 wipes across the port 96. Note that the valve covers
      the port 96 only when slot 123 communicates with port 49 and is remote
      from and has no effect on the port 96 when the slot 121 is in
      communication with port 49.
PAR  The front face 74 arm of the mounting arm 16 is provided with a pair of
      forwardly projecting pins 130 each of which has an annular groove 131
      formed therein at the forward end thereof. These pins 130 are utilized to
      align and retain the mounting unit 20 relative to the arm 16 so as to
      provide mechanical support and gas flow communication therebetween.
PAR  Attention is now called to FIGS. 11 and 12 which better illustrate the
      mounting unit 20. The mounting unit 20 comprises a structure defining
      internal passageways and terminating in male nipples adapted to
      communicate with female fittings on mating parts. More particularly, the
      unit 20 defines a large vertical bore 132 terminating in male nipples 133
      and 134 which preferably comprise 22 millimeter outer diameter tapered
      fittings. The nipple 134 is intended to be received in the upper opening
      of the reservoir 34 as represented in FIGS. 5 and 7. The nipple 133 is
      intended to project into a correspondingly tapered fitting defined within
      the housing of inspiratory valve 28 as is also represented in FIGS. 5 and
      7. Also in communication with the large bore 132 is nipple 136 which is 22
      millimeters in diameter. This fitting is intended to project into the
      expiration breathing tube 36 as is represented in FIGS. 2, 5 and 6. Nipple
      135, which also opens into large bore 132 is adapted to project into and
      communicate with passageway 72, in arm 16, as shown in FIG. 6. The
      mounting unit 20 further includes a nipple 138 which is adapted to project
      into and communicate with the passageway 80 in the mounting arm 16. Nipple
      138 communicates with a passageway 140 extending straight through the
      mounting unit 20 and terminating in a nipple 142 intended to be coupled
      into overflow tube 38 as represented in FIGS. 2 and 6.
PAR  The mounting unit 20 is provided with a pair of parallel channels 150
      extending along the underside thereof as shown in FIG. 12. A resilient
      finger 152 is formed in the mounting unit 20 immediately adjacent the
      channel 150 for locking into the annular groove 131 formed on the pins 130
      of mounting arm 16. That is, in order to couple the disposable anesthesia
      circuit to the permanent mounting arm, the channels 150 of the mounting
      unit 20 are placed on the pins 130 and then the mounting unit 20 is pushed
      toward the front face 74 of the mounting arm 16 until the resilient
      fingers 152 of the mounting unit 20 lock into the annular grooves 131 on
      the pins 130. This action positions the nipples 135 and 138 of the
      mounting unit 20 in the passageways 72 and 80 of the mounting arm 18 with
      seals being achieved by O-rings 78 and 84.
PAR  Still referring to FIG. 5, the inspiratory valve 28 is a unidirectional
      valve which permits gas flow upwards from the nipple 133 on mounting unit
      20 through the inspiratory valve 28 and out through the exhaust port
      within the nipple 160. Inspiratory valve nipple 160 is also preferably a
      22 millimeter diameter fitting adapted to receive the inspiratory tube 30
      thereon as represented in FIGS. 2 and 5.
PAR  The inspiratory valve 28 is comprised of a two piece housing including a
      cover 162 and a lower portion 164. The lower portion 164 is provided with
      a cylindrical tapered wall 168 defining a central opening into which the
      male nipple 133 is force fit as shown in FIG. 5. A knife-edge 170 is
      formed on the upper edge of wall 168 for cooperation with a valve leaf
      172. A trough 174 formed around wall 168 communicates with the exhaust
      port defined within tapered nipple 160. In the operation of the
      inspiratory valve 28, in response to a positive pressure differential from
      the lower to the upper side of valve leaf 172, as seen in FIG. 5, the
      valve leaf 172 will be lifted so as to provide communication between the
      bore 132 of the mounting unit 20 and the exhaust port defined within
      inspiratory valve nipple 160. The inspiratory valve cover 162 is provided
      with a depending pin 176 which limits the movement of the valve leaf 172.
      The edges of the cover 162 are adapted to be received within an annular
      recess 178 formed in the lower portion of the inspiratory valve housing in
      sealed relationship.
PAR  From the foregoing, the interface between the disposable anesthesia circuit
      and the permanent portion at the machine end of the system should be
      appreciated. The configuration of the disposable mounting unit 20 is such
      that it can be easily and quickly connected and disconnected from the
      permanent system portion as the permanent portion is used with successive
      patients.
PAR  Attention is now called to FIGS. 14-17 which illustrate a preferred Y-piece
      embodiment 32 to be employed in a system in accordance with the present
      invention. The preferred Y-piece embodiment 32 functions to couple a mask
      elbow 200 or endotracheal tube adaptor to the breathing tubes 30 and 36
      and overflow tube 38. As shown in FIG. 14, the mask elbow terminates in a
      15 millimeter tapered fitting adapted to seat in sealed relationship
      within the bore 202 defined at the entrance to the Y-piece 32. The Y-piece
      32 defines a curved passageway 204 terminating in a nipple 206 adapted to
      be secured to the patient end of the inspiratory tube 30. The upper
      portion of the Y-piece 32, as shown in FIG. 14, includes both the
      expiratory valve and an overpressure relief means.
PAR  More particularly, the bore 202 of the Y-piece 32 communicates with a
      chamber 208 through passageway 210. Chamber 208 is defined by three solid
      walls 212, 214, and 216 and by a fourth wall constituting a valve leaf
      218. The valve leaf 218 has two pins 220 and 222 thereto which are
      received and retained within pin wells 224 formed within the Y-piece
      housing. The face 226 of walls 212 and 214 is curved to define a valve
      seat surface. When the valve leaf 218 is in its quiescent state, as
      represented in FIG. 15, it is slightly stressed in bowed relationship
      about an axis through pins 220 and 222. As a consequence, the valve leaf
      218 bears against and conforms to the valve seat surface 226. The valve
      leaf 218 of course prevents gas flow from right to left in FIG. 15 since
      pressure on the right side of valve leaf 218 merely better seats the valve
      leaf. On the other hand, in response to a positive pressure differential
      from the left to the right side of valve leaf 218, as seen in FIG. 15 the
      valve leaf 218 bends about the axis through pins 222 and 224 there by
      permitting gas flow around the edges of the valve leaf. When the valve
      leaf 218 opens under pressure, it communicates the chamber 208 with male
      nipples 230 and 232. As represented in FIG. 15, nipple 230 is intended to
      fit into and seal with expiratory tube 36 and male nipple 232 is intended
      to fit into and seal with overflow tube 38.
PAR  In accordance with a preferred embodiment of the invention, the Y-piece 32
      additionally includes an overpressure relief means 240 which thereby is
      located close to the patient and thus provides maximum protection against
      lung rupture which could otherwise occur due to overpressure malfunction
      in the system. The overpressure relief means 240 communicates with member
      208 and is comprised of a cup shaped recess 244 formed in the outer
      surface of wall 216 (FIG. 16). Apertures 242 extend through the wall 216
      from the cup shaped recess 244 to the chamber 208. An elastic valve member
      246 is provided which includes a central shaft portion 248 which extends
      through the wall 216 in the center of the cup shaped recess 244. A small
      flange 250 is formed on one end of the shaft 248 and a larger flange 252
      is formed on the other end. A pull tab 253 extends axially from the small
      flange 250 remote from the shaft 248. The elastic valve member 246 is
      installed into the position shown in FIG. 16 by pulling the tab 253 to the
      right through the central opening in the cup portion 244. As a consequence
      of the external surface 254 on the flange 250 being tapered and as a
      consequence of the elastic qualities of the valve member, the flange 250
      can be pulled through the central hole to arrive at the position
      illustrated in FIG. 16. In this position, the flange portion 252 will
      conform to the cup shape of the recess 244. When in the quiescent
      condition shown in FIG. 16, the shaft 248 of the valve member 246 will be
      under slight stress thereby pulling the valve flange 252 tightly against
      the recess 244 and sealing the apertures 242. However, as the pressure in
      chamber 208 increases, it will bear outwardly (toward the left in FIG. 16)
      against the valve flange 252. This action will distort the shape of the
      valve flange 252 and stretch the shaft 248 thereby permitting flow through
      the apertures 242 and relieving pressure from the chamber 208 and thus
      from the entire circuit. As gas escapes through apertures 242 past valve
      flange 252, it will produce an audible alarm as the flange 252 vibrates.
PAR  Attention is now called to FIGS. 18 and 19 which illustrate a preferred
      reservoir embodiment in accordance with the present invention. As has been
      previously mentioned herein, the reservoir thus far referred to, can
      constitute a conventional single compartment breathing bag. However,
      although such a bag might be adequate for spontaneous and manually
      assisted ventilation, it would not be satisfactory for controlled
      ventilation where the reservoir is squeezed by a mechanical ventilator
      since the ventilator would then be exposed to the patient's gas and would
      constitute an avenue for cross-contamination between patients.
PAR  Accordingly, a reservoir 300 is provided, as illustrated in FIGS. 18-20,
      which isolates the ventilator from the patient's gas. The reservoir 300
      includes a pair of hermetically isolated chambers which respectively
      communicate with the anesthesia circuit and the ventilator. The reservoir
      300 preferably is formed utilizing three layers of vinyl sheeting 302, 304
      and 306 which are welded to each other and to fittings 308 and 310. The
      fitting 310 communicates with a chamber 312 formed between sheets 302 and
      304 and the fitting 308 communicates with a chamber 314 formed between the
      sheets 304 and 306. The fitting 308 is a 22 millimeter fitting adapted to
      force fit onto tapered male nipple 132 of the mounting unit 20 as
      represented in FIGS. 6 and 7. The fitting 310 is provided with a terminal
      taper 311 intended to be force fit into the end of a corrugated tube 320
      which inturn is coupled to a mechanical ventilator (not shown).
PAR  In the use of the ventilator isolator reservoir 300 of FIGS. 18-20, the
      ventilator will periodically pressurize the chamber 312. The pressure on
      the isolating septum sheet 304 will be transmitted to the chamber 314
      thereby producing a correlary pressure within the inspiratory breathing
      tube 30. The outer sheets 302, 304, 306 of the reservoir 300 of FIG. 18
      and 19 should be thin, flexible and inelastic. The exterior contour of the
      reservoir 300 is preferably similar to the contour of conventional
      breathing bags so that the "feel" is similar. The septum sheet 304 is
      preferably contoured similar to sheets 302 and 306 so that it may sweep
      the entire volume of reservoir 300 with minimal pressure differential
      across the septum sheet. Preferably, the septum sheet 304 should be a
      visible color and at least one outer sheet should be transparent so that
      volume changes caused by movement of the septum sheet can be readily
      observed by the attending anesthetist. By providing the reservoir 300 with
      thin and flexible outer walls, it will function as a conventional
      breathing bag during manually assisted ventilation since it can be readily
      squeezed by the anesthetist and the conventional feel will only be
      minimally modified by the presence of the septum sheet 304.
PAR  It has previously been mentioned with respect to the operation of the
      pop-off valve 22 that it is preferable, under conditions of controlled
      ventilation, to make the pop-off valve responsive to ventilator pressure.
      That is, it will be recalled that when the system is pressurized by the
      ventilator during inspiration, it is desirable to close the pop-off valve.
      It will further be recalled that for this purpose, reference was made to a
      tube 54 in FIG. 2 coupled to the input side of the three way controller
      valve 24, i.e., to nipple 115 in FIG. 6. In order to communicate the
      ventilator pressure to the nipple 115, a nipple 322, in communication with
      chamber 312, is provided within sheet 302 of reservoir 300. One end of the
      tube 54 fits onto the nipple 322. Alternatively, pressure may be supplied
      to tube 54 from a side port nipple on the tapered 22 millimeter male
      fitting 311 which connects corrugated tube 320 to the ventilator chamber
      312 of the reservoir 300.
PAR  It has been previously pointed out that utilization of the overflow tube in
      the manner indicated to preferentially vent alveolar gases eliminates the
      need to use CO.sub.2 absorber material under most circumstances. However,
      it has also been recognized that special circumstances (e.g., fresh gas
      inflow less than 4 liters per minute) or personal preferences of the
      anesthetist may dictate that CO.sub.2 absorber material be used. In
      accordance with a preferred embodiment of the invention, a canister 350
      (FIG. 20) is provided for optional incorporation between the tapered male
      nipple 133 of the mounting unit 20 and the tapered female opening in
      inspiratory valve 28.
PAR  Reference is now directed to FIGS. 21 and 22 which illustrate the details
      of the CO.sub.2 absorber material canister 350. The canister 350 includes
      a cylindrical central portion 352 whose bottom wall 354 is perforated at
      356 around an unperforated central portion 360. A fluid guide ring 361 is
      provided 360. the undersurface of wall 354 around the central portion 350.
      A perforated plate 362 fits over and covers the cylindrical container 352.
      The plate 362 is held in place by a cover 364 having a depending flange
      366 which defines an inwardly projecting annular ring 368 adapted to lock
      against outwardly projecting annular ring 370 on the central portion 352.
      The cover 364 is provided with a tapered 22 millimeter male fitting 372,
      identical to the fitting 130 on the mounting unit 20, and consequently
      receivable in the female opening defined in the housing of the inspiratory
      valve 28.
PAR  An annular flange 374 is formed on the lower surface of the wall 354 as
      shown in FIG. 21. The outer surface of the flange 374 has an outwardly
      projecting annular rim 376 adapted to mate with and lock against an
      inwardly projecting annular rim 378 formed on a sump collector unit 380.
      The sump collector unit 380 is comprised of a housing defining a
      cylindrical female opening 382 for receiving the tapered male fitting 130
      of the mounting unit 20. A trough 384 is formed around the fitting 382 and
      functions as a sump to collect caustic fluids generated during operation
      and to prevent accidental spillage or flow to the patient. As a
      consequence of making the central portion of wall 354 solid, and by
      providing the fluid guide ring 361, any caustic fluid generated will be
      directed into the sump and not into the breathing system.
PAR  Although utilization of systems in accordance with the teachings of the
      present invention to preferentially exhaust alveolar gas virtually
      eliminates the need to use CO.sub.2 absorber material, it has been shown
      that such material can be easily incorporated into the system when
      desired. When CO.sub.2 absorber material is employed, it is of course
      depleted at a very slow rate. It is further pointed out that where
      desired, as in situations of long duration surgery, two or more CO.sub.2
      canisters of the type shown in FIGS. 21 and 22 can be incorporated in
      series within the system between the mounting unit 20 and the inspiratory
      valve 28.
PAR  In order to minimize the cost of the disposable portion of the anesthesia
      system, it is preferable to construct the reservoir of plastic material
      rather than rubber. However, since plastics are inelastic, they permit
      rapid and excessive pressure build-up in the patient's airway. In
      recognition of this hazard, respected authorities have suggested that only
      rubber breathing bags be utilized. The advantage of using a rubber
      breathing bag, as contrasted with a bag of inelastic material, is that as
      the pressure in the breathing circuit increases, the rubber bag stretches
      and therefore the pressure increases less rapidly and there is more time
      for the anesthetist to recognize and abort the developing danger.
      Moreover, as a rubber bag increases in size, a maximum pressure is reached
      beyond which greater distention results in a decreasing pressure within
      the bag and by like reasoning within the patient's airway. Proper design
      of the bag volume, wall thickness, and material elasticity can assure that
      the peak pressure is within a safe range.
PAR  Although the foregoing advantages of rubber breathing bags are recognized,
      it has also been recognized that such bags are relatively difficult and
      expensive to fabricate. In view of this, attention is now called to FIGS.
      23-25 which illustrates a construction which permits utilization of
      inelastic material breathing bags and yet which also retains the
      advantageous characteristics of rubber breathing bags.
PAR  More particularly, as shown in FIGS. 23-25, a section of elastic tubing 400
      is mounted around one of the breathing tubes with the ends of the elastic
      tube secured and sealed to the breathing tube 402 at 404 and 406. An
      opening 408 is formed within the breathing tube 402 in order to
      communicate the inside of the elastic tube section 400 with the interior
      of the breathing tube. As a consequence of the foregoing construction, the
      elastic tube 400 will act as a balloon and by properly selecting the
      physical parameters (length, material thickness and elasticity) the
      elastic section will protect the patient in the same manner as an
      inelastic breathing bag. However, the cost of the elastic section 400 plus
      a plastic breathing bag is considerably less than the cost of an elastic
      breathing bag. Moreover, with conventional anesthesia layout, the elastic
      tube 400 is more likely to be located in a position at which it can be
      observed by the attending anesthetist.
PAR  In accordance with a further modification of the invention as shown in
      FIGS. 26 and 27, the elastic tube 400 of FIG. 24 can be modified to
      function as an overpressure relief means, thus constituting an alternative
      to the incorporation of the overpressure relief means within the Y-piece
      as shown in FIGS. 14-16. In order to incorporate an overpressure relief
      means within the elastic section 400, an elastic band 410 is mounted
      around the section 400 between the sealed ends 404 and 406 and the section
      400 is slit at 412 between the band 410 and one end. Preferably, some
      filler material 411 is provided between corrugations beneath the band 410.
      As the pressure within the breathing tube 402 increases, the tube 400 will
      stretch and at a certain point stretch the elastic band 410 away from the
      breathing tube so as to permit leakage beyond the band 410. The gas leaked
      beyond the band 410 is then relieved through the slit 412. Preferably, as
      the gas is relieved through the slit 412, the material adjacent the slit
      acts as a reed and creates an audible alarm to advise the anesthetist of
      the overpressure condition.
PAR  From the foregoing, it should be appreciated that a general anesthesia
      rebreathing system has been disclosed herein comprised of a disposable
      portion and a permanent portion and configured so as to minimize the cost
      and complexity of the disposable portion, while including therein all of
      the elements likely to produce cross contamination.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Overflow valve means useful in a general anesthesia rebreathing system
      including a breathing circuit, for exhausting gas therefrom, said overflow
      valve means comprising:
PA1  a valve housing having an input port, a control port, and an exhaust port
      and including means for communicating said input port with the gas
      pressure in at least a portion of said circuit;
PA1  valve element means in said housing normally operative to permit gas flow
      from said input port to said exhaust port in response to a positive
      differential pressure thereacross exceeding a first threshold;
PA1  means responsive to a control pressure applied to said control port
      exceeding a second threshold for closing said valve element means and
      preventing said normal operation thereof; and
PA1  controller means for selectively coupling different pressure sources to
      said control port, said controller means including at least first and
      second input ports and an output port;
PA1  means coupling said controller means output port to said valve housing
      control port;
PA1  said controller means further including manually actuatable means movable
      between first and second positions for respectively communicating said
      first and second input ports with said output port and means responsive to
      said manually actuatable means for varying the rate of gas flow through
      said valve housing exhaust port.
NUM  2.
PAR  2. The overflow valve means of claim 1 wherein said valve element means
      includes a valve leaf mounted so as to be movable between open and closed
      positions and wherein said means responsive to a control pressure includes
      diaphragm means responsive to said control pressure exceeding said second
      threshold for holding said valve leaf in said closed position.
NUM  3.
PAR  3. The overflow valve means of claim 2 wherein said diaphragm means
      includes a diaphragm having one surface exposed to said control port; and
      wherein the area of said valve leaf exposed to said input port is less
      than the area of said diaphragm exposed to said control port.
NUM  4.
PAR  4. The overflow valve means of claim 1 wherein said controller means
      includes an exhaust input port and wherein said means responsive to said
      manually actuatable means varies the rate of gas flow through said exhaust
      input port; and
PA1  means coupling said valve housing exhaust port to said controller means
      exhaust input port.
NUM  5.
PAR  5. The overflow valve means of claim 1 wherein said means for varying the
      rate of gas flow is operable only when said manually actuatable means is
      in said first position.
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ABST
PAL  A regulated fluid tap particularly useful as water trickler nozzle includes
      an inlet tube, a housing enclosing the tube outlet, and a regulating
      member disposed within the housing and set into vibratory movement, by the
      flow of the fluid, toward and away from the tube outlet to close and open
      the outlet. The flow of the fluid is thereby regulated to a slow trickle
      without the need for a circuitous path or small openings which can be
      easily clogged. Two embodiments are described: in one, the regulating
      member is of ring-shape and vibrates radially of the tube; in the other,
      the regulating member is of disc-shape and vibrates axially of the tube.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a regulated tap for fluid conduits such as
      water pipes, and particularly to a tap useful as a water trickler nozzle.
PAR  There are many applications for regulated taps for fluid conduits. One such
      application gaining widespread use is in trickle irrigation, wherein a
      trickler nozzle is tapped to a water supply pipe to provide a slow flow or
      trickle of irrigating water. The trickler nozzles presently used are
      generally characterised by the provision of a circuitous path or small
      openings for the water in order to have the water exit in a slow trickle.
      Such nozzles are costly to produce and easily become clogged.
PAC  SUMMARY OF THE INVENTION
PAR  In the above referenced Divisional Application, there are described
      fluid-flow control devices comprising a conduit member connectable to a
      source of pressurized fluid to be controlled and including an inlet
      opening, an axial passageway, and an outlet opening through which the
      fluid flows; and a regulating member movable towards and away from the
      conduit member outlet opening to close and open same and thereby to
      control the flow of fluid therethrough. An important feature of the
      devices therein described is that the face of the conduit member in which
      the outlet opening is formed is curved, and the face of the regulating
      member closing the outlet opening is also curved but with a different
      curvature from that of the conduit member face. The arrangement is such
      that the curved regulating member face diverges from the curved conduit
      member face outwardly from the periphery of the outlet opening formed in
      the latter face to provide a spacing between the two curved faces which
      increases from the periphery of the outlet opening outwardly thereof.
      Thus, as the regulating member moves away from the conduit member outlet
      opening, the velocity gradient produces a pressure gradient which is lower
      at the periphery of the outlet opening than outwardly thereof, and which
      therefore tends to move the regulating member towards the conduit member
      outlet to close same. This pressure gradient acts with the fluid force to
      set the regulating member into vibratory movement towards and away from
      the conduit member outlet opening during the flow of fluid therethrough.
PAR  The present invention provides fluid-flow control devices of the foregoing
      type which are particularly useful as water trickler nozzles.
PAR  According to the present invention, the regulating member is unattached and
      is freely supported so as to be freely movable with respect to the conduit
      member, the latter being a tube formed with the axial passageway. The
      device further includes a housing enclosing the regulating member and the
      outlet of the conduit member tube, the housing being formed with an outlet
      opening and the regulating member being freely movable between the tube
      and the housing.
PAR  In one described embodiment of the invention, the tube is formed with a
      radial passageway extending through its wall and communicating at its
      inner end with the axial passageway, the outer end of the radial
      passageway consituting the tube outlet opening. In this embodiment, the
      regulating member is in the form of a ring having an inner diameter
      slightly larger than the outer diameter of the tube and surrounding same
      at the radial opening, the vibratory movement of the ring being in a
      radial direction with respect to the tube to close and open the radial
      opening thereof.
PAR  In a second preferred embodiment described below, the tube axial passageway
      extends completely through the tube and forms an axial outlet therefrom,
      and the regulating member is disposed within the housing axially of the
      tube so as to be set into vibratory movement axially of the tube toward
      and away from the tube outlet.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The two described embodiments of the invention are illustrated in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal sectional view of one form of regulated water tap
      constructed in accordance with the invention:
PAR  FIG. 2 is a transverse sectional view along lines II--II of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view corresponding to FIG. 1 but
      illustrating a variation;
PAR  FIG. 4 is a longitudinal sectional view of a second form of water trickler
      nozzle constructed in accordance with the invention;
PAR  FIG. 5 is a top plan view of the water conducting tube in the trickler
      nozzle of FIG. 4;
PAR  FIG. 6 is a bottom plan view of the water conducting tube of FIG. 4; and
PAR  FIG. 7 is a longitudinal sectional view of a modification of the nozzle of
      FIGS. 4-6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The regulated water tap illustrated in FIGS. 1 and 2 is intended
      particularly for use as a water trickler nozzle tapped to a plastic water
      supply pipe 2. The tap includes a tube 4 having throughgoing axial bore 6.
      One end of the tube 4 is frustroconically tapered, as shown at 8, to
      facilitate its insertion into an opening formed in the wall of the water
      supply pipe 2. Above tapered portion 8, tube 4 is formed with an annular
      groove 10 for seating therein the wall of the plastic supply pipe 2. One
      end of groove 10 is defined by an annular wall 12 extending at right
      angles to the axis of the tube and joined to form a sharp edge 14 with the
      tapered portion 8 of the tube. The other end of groove 10 is defined by an
      annular disc 16 integrally formed with the tube.
PAR  Above disc 16, tube 4 is formed with a radial opening 18 communicating with
      axial bore 6. The upper end of the tube is threaded as shown at 20.
PAR  Annular disc 16 cooperates with a cap 21 to define a housing 22 surrounding
      the upper end of tube 4. Cap 21 is attached by means of a nut 24 threaded
      onto the upper tube end 20 and engageable with the cap to force it against
      the annular disc 16. Nut 24 also closes the upper end of the tube. An
      outlet opening 26 is formed in the wall of cap 21 opposite to radial
      opening 18 in tube 4.
PAR  Disposed within housing 22 is a regulating ring 30 having an inner diameter
      slightly larger than the outer diameter of tube 4, and an outer diameter
      slightly smaller than the inner diameter of housing 22. As shown, ring 30
      is interposed between and aligned with radial opening 18 in tube 4 and
      opening 26 in housing 22. It is unattached and freely movable between the
      tube and housing, but is dimensioned so that it will limit to close
      opening 18 before it can limit to close outlet opening 26. It will be seen
      that since the regulating ring 30 is of a smaller inner diameter than the
      outer diameter of the tube 4, in both limit positions of the regulating
      ring 30 its inner surface forms a curved face which diverges from the
      outer curved face of the tube, to provide a spacing between the two curved
      faces which increases from the periphery of the outlet opening 18
      outwardly thereof.
PAR  Ring 30 is dimensioned with respect to tube 4 and housing 22 such that when
      water flows through radial opening 18 of the tube, the ring will be set
      into a vibratory movement towards and away from the radial opening 18.
PAR  An explanation of what is believed to be the interplay of forces producing
      this vibratory movement is described in the above-referenced Divisional
      Application. Briefly, since the curvature of the outer face of tube 4 is
      greater (i.e. its radius of curvature is smaller) than the curvature of
      the inner face of ring 30 aligned with opening 18, the spacing between the
      two curved faces when the ring is against the tube is at a minimum at the
      periphery of opening 18 and increases from the periphery of the opening
      outwardly thereof. Thus, when the ring is against opening 18 it is pushed
      away from it by the fluid flowing through that opening, and as it moves in
      the opening direction, a pressure gradient is produced by the velocity
      gradient of the fluid flowing between the two faces of ring 30 and tube 4,
      the velocity being higher and the pressure therefore being lower at the
      periphery of opening 18 than outwardly thereof. The lower pressure around
      opening 18 tends to move ring back towards the tube to close the opening.
      This pressure gradient thus acts with the force of the pressurized fluid
      at opening 18 to set the ring into vibratory movement towards and away
      from the tube outlet opening 18 during the flow of the fluid through the
      tube, and thereby decreases the fluid flow to a trickle. For purposes of
      example, ring 30 may have an inner diameter of 4.5 mm and an outer
      diameter of 9.0 mm; tube 4 may have an outer diameter of 4 mm, a radial
      opening 18 of 1 mm diameter, and an axial passageway 6 of 2 mm diameter;
      and housing 22 may have an inner diameter of 10 mm. Such a tap was found
      to have an output of about 15 litres/hour, which output was fairly (but
      not necessarily exactly) uniform with a supply line pressure varying from
      1 - 4 atmospheres.
PAR  If smaller or larger outputs are desired, the dimensions of the foregoing
      elements would be appropriately modified, but as a rule it is generally
      desirable that the inner diameter of ring be about 10 - 20% larger than
      the outer diameter of the tube, and the outer diameter of the ring be
      about 10-20% smaller than the inner diameter of the housing.
PAR  Outlet opening 26 in the housing may be very large and actually does not
      influence to any significant extent the quantity of water issuing from the
      tap. For example, the whole side of the housing 22 may be opened if
      desired. Radial opening 18 may vary in size, according to the flow rate
      desired, and this opening as well as outlet opening 26, may be
      non-circular, e.g., in the form of rectangular openings or slots.
PAR  Further, instead of closing the end of tube 4 by nut 24 (or by other
      means), that end may be left open and connected to supply water to one or
      more additional taps attached in series to the tap illustrated.
PAR  Since openings 18 and 26 in the regulating unit illustrated may be
      relatively large, even with very slow flow rates, they are less
      susceptible to clogging. Should the device become clogged, for example by
      a particle lodged in opening 18, the user can usually clear it by merely
      pushing a pointed instrument through outlet opening 26 to force ring 30
      away from opening 18, whereupon a large quantity of water will flow
      through that opening into the housing and out through outlet 26, washing
      away the clogging matter. Therefore it is usually not necessary to
      dissemble the unit in order to clean it of clogging matter. Should it
      nevertheless be desired to disassemble it, this may conveniently be done
      by unthreading nut 24 to remove housing 22.
PAR  FIG. 3 illustrates a variation wherein the housing 122 is press-fitted onto
      annular disc 116 of the tube 104. The construction and operation of the
      device are otherwise the same as described with respect to FIGS. 1 and 2.
PAR  FIGS. 4 and 5 illustrate a second form of water trickler nozzle tapped to a
      plastic water supply pipe 202. The nozzle includes a tube 204 having a
      throughgoing axial passageway 206. One end of tube 204 is frustroconically
      tapered, as shown at 208, and is formed with a pair of radial cross slits
      209. The tapered end facilitates the insertion of the tube into an opening
      formed in the wall of the water supply pipe 202 and the cross slits 209
      decrease the possibility of clogging that end of the tube when water
      passes from the supply pipe into axial passageway 206.
PAR  Above the tapered portion 208, tube 204 is formed with an annular groove
      210 for seating the wall of the plastic supply pipe therein. One end of
      groove 210 is defined by an annular wall 212 extending at right angles to
      the axis of the tube, and the other end of groove 210 is defined by an
      annular ring 214 formed integrally with the tube. The outlet end 216 of
      the tube is of convex configuration and is circumscribed by ring 214. Ring
      214 is formed with a plurality (four being shown, see FIG. 5) of the
      openings 218 for a purpose to be described below.
PAR  A dome shaped cap 220 is fixed to ring 214, as by having the ring
      press-fitted into an annular groove formed on the inner wall of the cap.
      Ring 214 and cap 220 define a housing 222 enclosing the outlet end 216 of
      the tube.
PAR  Disposed within housing 222 is a disc-shaped regulating member 224, there
      being sufficient space within the housing to permit free axial movement of
      this member toward and away from the tube outlet end 216. Face 226 of
      regulating member 224 adjacent tube outlet end 216 is of concave
      configuration and engages the convex tube outlet end 216, whereas the
      opposite face 228 of the regulating member is of convex configuration
      conforming to the concave inner surface 229 of cap 220. Regulating member
      224 is further formed with an upstanding boss 230 receivable in a recess
      232 formed centrally of the inner surface of cap 220.
PAR  The radius of curvature of concave face 226 of regulating member 224 is
      slightly larger than that of the convex tube outlet end 216. Thus, when
      the regulating member engages the tube outlet end 216, it will contact the
      same centrally of that end, i.e. at the outlet end of axial passageway
      206, while the outer or peripheral portion of the concave face of the
      regulating member will be spaced from the corresponding portion of the
      convex tube outlet end. As one example, the radius of curvature of convex
      face 216 may be 5 mm and that of the concave face 226 may be 6 mm.
PAR  It has been found that when water issues from the end of the axial
      passageway 206 and impinges on the concave face 226 of regulating member
      244, it sets the regulating member into vibration, moving same axially of
      the tube rapidly toward and away from the tube outlet end 226 to close and
      open the axial passageway 206. It is believed that this is brought about
      by the same interplay of forces as in the FIGS. 1-3 embodiment described
      above.
PAR  Thus on the one hand, the water flow through axial passageway 206, being at
      a higher velocity centrally of the regulating member where the water
      impinges thereon than at the outer edges where the increased space
      decreases the velocity, results in a low pressure area centrally of the
      regulating member at the inner face, and a higher pressure at the outer
      face, tending to move the member against the outlet of passageway 206. On
      the other hand, when the opening is thus closed, the tube water pressure
      acting on the inner side of the regulating member tends to move it away
      from the opening.
PAR  Whatever the explanation, this construction, as well as that of the FIGS. 1
      - 3 embodiment, was found to produce the foregoing vibratory movement in
      the regulating member causing same to open and close the outlet opening in
      a very rapid manner.
PAR  Boss 230, moving within recess 232, guides the regulating member 224 during
      this vibratory movement. The water leaves the interior of the housing
      through outlet openings 218, the total area of which (four being shown)
      should be greater than the area of the outlet end of passageway 206.
PAR  FIG. 7 illustrates a variation in this construction, wherein the outlet end
      of tube 314 (corresponding to tube 204 in FIGS. 4 - 6) is formed with a
      concave configuration 316, and the confronting face of the regulating
      member 324 is formed with a convex configuration 326. In this case, the
      radius of the curvature of the convex face 326 of the regulating member is
      smaller than that of the concave face 316 of the tube outlet end. In
      addition, the housing outlet openings 318 are formed in the cap 320 rather
      in the tube outlet end 316. The operation of the device of FIG. 7 is
      otherwise the same as described with respect to FIGS. 4 - 6.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid-flow control device comprising a conduit member connectable to a
      source of pressurized fluid to be controlled and including an inlet
      opening, an axial passageway, and an outlet opening through which the
      fluid flows, and a regulating member movable towards and away from the
      conduit member outlet opening to close and open same and thereby to
      control the flow of fluid therethrough; the regulating member being
      unattached and freely supported by the device so as to be freely movable
      within limit positions with respect to the conduit member; the face of the
      conduit member in which the outlet opening is formed being curved, and the
      face of the regulating member closing the outlet opening also being curved
      but with a different curvature from that of the conduit member face, such
      that in said limit positions of the regulating member, its curved face
      diverges from the curved conduit member face outwardly from the periphery
      of the outlet opening formed in the latter face to provide a spacing
      between the two curved faces which increases from the periphery of the
      outlet opening outwardly thereof, whereby as the regulating member moves
      away from the conduit member outlet opening to permit the fluid to flow
      therethrough, a pressure gradient is produced which is lower at the
      periphery of said opening than outwardly thereof, and which therefore
      tends to move the regulating member towards the conduit member outlet to
      close same, said pressure gradient acting with the fluid force to set the
      regulating member into rapid vibratory movement towards and away from the
      conduit member outlet opening during the flow of fluid therethrough.
NUM  2.
PAR  2. A device according to claim 1, wherein the conduit member is a tube
      formed with the axial passageway, the device further including a housing
      enclosing the regulating member and the outlet of the conduit member, said
      housing being formed with an outlet opening, the regulating member being
      freely movable between the tube and the housing.
NUM  3.
PAR  3. A tap according to claim 2, wherein the tube axial passageway extends
      completely through the tube and forms an axial outlet therefrom, and
      wherein the regulating member is disposed within the housing axially of
      the tube to set into vibratory movement axially of the tube toward and
      away from said tube outlet.
NUM  4.
PAR  4. A tap according to claim 3, wherein said regulating member is
      substantially of disc shape, and wherein, during the vibratory movement of
      the regulating disc, one face thereof engages and limits against said tube
      outlet, and the opposite face thereof engages and limits against the inner
      surface of the housing.
NUM  5.
PAR  5. A tap according to claim 4, wherein the face of the regulating disc
      opposite to that engageable with the tube outlet is formed with an
      upstanding boss receivable in a recess formed in the inner surface of the
      housing.
NUM  6.
PAR  6. A tap according to claim 3, wherein said housing comprises an annular
      ring carried by the tube outlet, and a cap attached to said ring.
NUM  7.
PAR  7. A device according to claim 2, wherein the tube is formed with a radial
      passageway through its wall communicating at its inner end with its axial
      passageway, the outer end of the radial passageway constituting said
      outlet opening; and wherein the regulating member is in the form of a ring
      having an inner diameter slightly larger than the outer diameter of the
      tube and surrounding same at the radial opening thereof, the housing
      outlet opening being on the side thereof opposite to the radial opening in
      the tube, said ring being disposed within the housing in alignment with
      the outlet opening of both the tube and the housing, the outer diameter of
      the ring being slightly smaller than the inner diameter of the housing,
      the vibratory movement of the ring being in a radial direction with
      respect to the tube to close and open said radial outlet opening thereof.
NUM  8.
PAR  8. A tap according to claim 7, wherein said housing is defined by an
      annular disc fixed to said tube, and a cap attached to said disc by a nut
      threaded to the tube and engageable with the cap to force same against the
      disc.
NUM  9.
PAR  9. A tap according to claim 7, wherein said ring has an inner diameter of
      about 10 - 20% larger than the outer diameter of the tube, and an outer
      diameter of about 10 - 20% smaller than the inner diameter of said
      housing.
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ABST
PAL  A valve having a valve body, a valve cavity, a first opening and a second
      opening with a valve member rotatably positioned within the valve cavity.
      The valve member may have a generally cylindrical hollow configuration
      with an end opening in alignment with the first opening, and a side
      opening with the valve member positioned for rotation to bring the side
      opening into or out of alignment with the second opening. A seal means is
      supported by the valve member in slidable contact with the valve cavity
      with the seal means enclosing the end opening and side opening of the
      valve member.
PAL  The valve body may also include a valve member opening in alignment with
      the valve member. A removable closure member is positioned over the valve
      member opening. On removal of the closure member, the valve member may be
      removed from the valve cavity by withdrawing the valve member through the
      valve member opening.
PAL  The valve body may also include a third opening with rotation of the valve
      member providing flow communication between the first and second openings
      or between the first and third openings. The seal means may enclose the
      second and third openings when the side opening of the valve member is in
      communication with either of the second or third openings.
BSUM
PAR  The present invention pertains to a valve with a valve member having a
      generally cylindrical hollow configuration rotatably positioned within a
      valve body. The valve body includes first and second openings and a cavity
      in engagement with the valve member. An end opening in the valve member is
      in alignment with the first opening and a side opening in the valve member
      may be brought into or out of alignment with the second opening in the
      valve body. A seal means supported by the valve member is in slidable
      contact with the valve cavity with the seal means enclosing the end
      opening and the side opening. Thus, on rotation of the valve member, the
      side opening is brought into alignment with the second opening in the
      valve cavity to provide flow communication between the first and second
      openings while maintaining a positive seal between the valve member and
      the valve cavity about the end opening and side opening.
PAR  The valve body may also include a valve member opening positioned in
      alignment with the valve member with the valve member opening positioned
      generally opposite to the first opening in the valve body. A removable
      closure member is positioned over the valve member opening. On removal of
      the closure member, the valve member may then be withdrawn from the valve
      cavity through the valve member opening. This provides easy maintenance of
      the valve without having to disconnect the valve body from the piping with
      which it may be joined.
PAR  The present valve may also include a third opening in the valve body with
      rotation of the valve member providing flow communication between either
      the first and second openings or the first and third openings. When the
      valve contains a third opening, the seal means may enclose the third
      opening as well as the end opening and side opening in the valve member.
PAR  In providing a seal between the valve member and the valve cavity, the
      exterior surface of the valve member may include a first groove positioned
      about the end opening and a second groove positioned about the side
      opening with a portion of the second groove being common to the first
      groove. With seal means retained in the first and second grooves, the seal
      means lying in the common portion of the first and second grooves, thus,
      serves a common function in maintaining a positive seal with respect to
      both the end opening and side opening.
PAR  Additionally, a third groove may be formed in the exterior surface of the
      valve member with the third groove positioned about a third opening in the
      valve body when the side opening of the valve member is in alignment with
      the second opening in the valve body. A portion of the first groove may be
      common to the second groove, a portion of the first groove may be common
      to the third groove, and a portion of the second groove may be common to
      the third groove.
PAR  A first continuous seal member may be positioned in the second groove and a
      second continuous seal member may be positioned in the third groove. The
      first seal member will lie in the portion of the first groove which is
      common to the second groove. Similarly, the second continuous seal member
      will lie in the portion of the first groove which is common to the third
      groove. In this manner, the first and second continuous seal members may
      function to form a positive seal about the second and third openings in
      the valve body and also to form a positive seal about the first opening in
      the valve body. In forming a seal about the first opening in the valve
      body, the continuous seal members will also form a seal about the end
      opening in the valve member in alignment with the first opening in the
      valve body.
DRWD
PAR  In further illustrating an embodiment of the invention, reference is made
      to the enclosed drawing in which:
PAR  FIG. 1 is an exploded view of a valve with a substantially cylindrical
      valve member positioned for rotation within a valve body with seal means
      on the valve member to maintain a positive seal between the valve member
      and openings in the valve body;
PAR  FIG. 2 is a partial sectional view of the valve of FIG. 1 illustrating
      grooves in the exterior surface of the valve member with seals positioned
      within the grooves;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1 to illustrate a
      groove in the exterior surface of the valve member with inward projections
      adjacent the groove opening for retention of a seal member within the
      groove, and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 1 to illustrate
      the retention of two seals within a grooved region in the surface of the
      valve member which is common to separate grooves which contain the
      individual seals.
DETD
PAR  Turning to FIG. 1, a valve 2 includes a valve body 4 with a valve member 6
      retained within the body. The valve member 6, which is of a hollow,
      generally cylindrical construction, may be inserted within the valve body
      4 through a valve member opening 8. After insertion of the valve member 6
      within the valve body 4, the valve member is retained within the body by a
      removable closure 10. The closure 10 may be secured to the valve body 4
      through any convenient means such as screws 12 which pass through
      apertures in the closure and engage threaded openings 14 in the valve
      body.
PAR  The valve body 4 includes a first opening 16, a second opening 18, and a
      third opening 20. The valve member 6 includes a side opening 24 and an end
      opening 22 in alignment with the first opening 16. On rotation of valve
      member 6 within the valve body 4, the side opening 24 may be brought into
      or out of alignment with either the second opening 18 or third opening 20.
      With side opening 22 in alignment with the third opening 20, liquid may
      flow through the valve 2 in the direction of the arrows denoted B. Liquid
      entering the first opening 16 may, thus, flow through end opening 22, side
      opening 24 and be discharged through the third opening 20. Liquid may, of
      course, also flow in the reverse direction, entering the valve 2 through
      third opening 20 and being discharged through the first opening 16.
PAR  On rotation of valve member 6 from its position indicated in FIG. 1, the
      side opening 24 may be brought into alignment with the second opening 18.
      With valve member 6 in this position, liquid may flow through the valve 2
      in the direction indicated by arrows C with liquid entering through first
      opening 16, flowing through openings 22 and 24 in valve member 6, and
      being discharged through second opening 18. Again, of course, the flow of
      liquid may be reversed with liquid entering through second opening 18 and
      being discharged through the first opening 16.
PAR  The valve member 6 includes a closed cylindrical surface 26 which may be
      positioned opposite the side opening 24. Thus, when side opening 24 is in
      alignment with the third opening 20, the flow of liquid through second
      opening 18 is blocked by the surface 26. Conversely, when side opening 24
      is in alignment with second opening 18, the flow of liquid through the
      third opening 20 is blocked by surface 26.
PAR  In forming a seal between the valve member 6 and valve body 4, a first
      groove 28, a second groove 30, and a third groove 32 may be formed in the
      exterior cylindrical surface of the valve member. As indicated, the first
      groove 28 surrounds end opening 22 in the valve member 6. Similarly,
      second groove 30 surrounds the side opening 24 while third groove 32 is
      positioned to surround either the second opening 18 or third opening 20
      depending upon the position of the valve member 6.
PAR  The grooves 28, 30 and 32 have certain portions which are in common. Thus,
      the portion of second groove 30 which is positioned transverse to the axis
      of valve member 6 adjacent the end opening 22 is common to the first
      groove 28. Similarly, the transverse portion of third groove 32 adjacent
      the end opening 22 is common to first groove 28. The portions of second
      groove 30 and third groove 32 which are parallel to the axis of the valve
      member 6 are joined with the joined portions being common to both second
      groove 30 and third groove 32.
PAR  A first continuous seal member 34 is positioned within second groove 30 and
      a second continuous seal member 36 is positioned within third groove 32.
      Due to the construction of grooves 28, 30 and 32, the portion of the seal
      member 34 which lies in groove 28 performs a dual function in serving to
      maintain a positive seal about end opening 22 and also about side opening
      24. Similarly, the portion of the seal member 36 which lies in the first
      groove 28 performs a dual function in providing a seal about end opening
      22 and about second opening 18 or third opening 20 depending upon the
      position of valve member 6 within the valve body 4.
PAR  The portions of the first and second seal members 34 and 36 which are in
      juxtaposition in the common region where grooves 30 and 32 are joined also
      perform a dual function. In the common region, the effect of seal members
      34 and 36 reinforces each other so as to form a double seal between second
      opening 18 and third opening 20.
PAR  To provide rotation of valve member 6 within valve body 4, a handle 38 may
      be provided with the handle connected to a crank end 40 which extends
      through an aperture 42 in the closure 10 to engage a crank opening 44 in
      the valve member. With the crank end 40 in engagement with crank opening
      44, as indicated in FIG. 1, movement of handle 38 in the direction of the
      arrow A will cause a corresponding rotation in the crank end 40 which is
      also indicated by an arrow denoted A. Rotational movement of crank end 40
      will, in turn, cause rotational movement of valve member 6 in the
      direction of an arrow denoted A. If handle 38 is moved in a direction
      opposite to that indicated by arrow A, this will, of course, cause a
      corresponding opposite rotation of crank end 40 and valve member 6.
PAR  In rotatably positioning valve member 6 within the valve body 4, a
      positioning groove 46 may be provided on the undersurface of closure 10. A
      stop screw 48 in the end surface of valve member 6 is retained within
      groove 46 such that the degree of rotation permitted the valve member is
      determined by terminus surface 50 and terminus surface 52 which demark the
      ends of the groove. With side opening 24 in alignment with third opening
      20, as indicated in FIG. 1, the stop screw 48 will contact terminus
      surface 50. On rotation of the valve member 6 in the direction of the
      arrow A, the stop screw 48 is moved to the position indicated in phantom
      line drawing as 48'. At this point, stop screw 48 contacts the terminus
      surface 52 and the side opening 24 is then in alignment with second
      opening 18 such that the openings 16 and 18 are in flow communication.
PAR  When the stop screw 48 is positioned within groove 46 at a point
      intermediate terminus surface 50 and terminus surface 52, all of the
      openings 16, 18 and 20 will be in flow communication since a portion of
      side opening 22 will communicate with third opening 20 while a portion of
      the side opening communicates with second opening 18. The valve 2 is not
      generally designed for operation in this position and, thus, the stop
      screw 48 will generally be positioned at the ends of the groove 46 in
      contact with either surface 50 or surface 52.
PAR  FIG. 2 is a partial sectional view of the valve 2 in assembled condition
      with the parts of the valve positioned as indicated in FIG. 1. With the
      valve member 6 positioned within valve body 4, the exterior cylindrical
      surface of the valve member is positioned closely adjacent a cylindrical
      surface 49 defined by valve member opening 8 and also adjacent an
      upstanding cylindrical support surface 51 adjacent first opening 16. The
      upper end surface of valve member 6 also lies closely adjacent to the
      undersurface of closure 10 while the lower end surface of the valve member
      slidably engages a support surface 53 positioned adjacent opening 16.
PAR  With the valve member 6 positioned as shown in FIG. 2, the portions of seal
      members 34 and 36 which lie in planes transverse to the axis of the valve
      member are in contact with either cylindrical surface 49 or cylindrical
      surface 51. A partial cylindrical surface 55 formed within the valve body
      4 is positioned closely adjacent the outer surface of the valve member 6.
      Contact of the seal members 34 and 36 with surface 55 provide a positive
      seal about the side opening 24 and a positive seal between the second
      opening 18 and third opening 20.
PAR  The handle 38, as described previously, is connected to crank end 40
      through aperture 42. In securing handle 38 to the crank end 40, the crank
      end may be made integral with a crank arm 54 which extends through
      aperture 42. The crank arm 54 may be secured within an aperture 56 in
      handle 38 by any convenient means such as a pin connection 58. With crank
      arm 54, thus, held within handle 38, a lower handle surface 62 contacts an
      upper surface 60 of a supporting boss 64 on the closure 10. A seal member
      59, such as an O-ring, may be positioned about the arm 42 between the
      lower surface of closure 10 and the upper surface of the crank end 40 to
      provide a seal around aperture 42.
PAR  FIG. 3, which is a sectional view taken along line 3--3 of FIG. 1, shows an
      enlarged view of the second groove 30 with the first continuous seal
      member 34 positioned within the groove. As shown, the groove 30 includes
      inward projections 66 formed by the groove sidewalls 68 adjacent the
      opening into the groove. The inward projections 66 grip the seal member 34
      which is conveniently made of a resilient material such that the seal
      member can be pressed into groove 30 and held in place by projections 66.
PAR  FIG. 4 is a sectional view of the common region formed by joinder of the
      grooves 30 and 32 and is taken along line 4--4 of FIG. 1. The third groove
      32, as well as first groove 28, may contain inward projections of the type
      illustrated in FIG. 3. Thus, in the common region formed by joinder of
      grooves 30 and 32, an inward projection 70 of the groove 32 may coact with
      the inward projection 66 on groove 30 in retaining seal members 34 and 36
      within the common region. Both seal members 34 and 36 may be formed of a
      resilient material such that the seal members may be forced into position
      in the common region formed by grooves 30 and 32 and held therein by
      projections 66 and 70.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve comprising:
PA1  a valve body having a cavity, a first opening, a second opening and a third
      opening;
PA1  a valve member rotatably positioned within said cavity;
PA1  said valve member having a generally cylindrical exterior surface and a
      hollow configuration with an end opening in alignment with said first
      opening;
PA1  a side opening in said valve member positioned at substantially a right
      angle with respect to said end opening with the valve member positioned
      for rotation about a cylindrical axis to bring the side opening into or
      out of alignment with the second opening or the third opening so as to
      establish flow communication between said first and second openings or
      between said first and third openings;
PA1  said side opening having a width which is sufficient to span the distance
      between said second and third openings such that the valve is always open
      with flow communication being provided between said first opening and both
      said second and third openings when the valve member is in an intermediate
      position in which said side opening is out of alignment with said second
      opening and out of alignment with said third opening;
PA1  a first groove in said exterior surface positioned in a substantially
      uniform spaced relation with respect to said end opening;
PA1  a second groove in said exterior surface positioned in a substantially
      uniform spaced relation to said side opening;
PA1  a portion of said second groove positioned at substantially a right angle
      to said first groove and a portion of said second groove being common to
      said first groove;
PA1  a third groove in said exterior surface;
PA1  said third groove positioned in a substantially uniform spaced relation
      about said third opening when said side opening is in alignment with said
      second opening;
PA1  said third groove positioned in a substantially uniform spaced relation
      about said second opening when said side opening is in alignment with said
      third opening;
PA1  said second groove positioned in a substantially uniform spaced relation
      about said third opening when said side opening is in alignment with said
      third opening;
PA1  a portion of said third groove positioned at substantially a right angle to
      said first groove;
PA1  a portion of said third groove being common to said first groove;
PA1  seal means retained in said first, second and third grooves;
PA1  the portion of said second groove which is substantially perpendicular to
      said first groove being common to the portion of said third groove which
      is substantially perpendicular to said first groove;
PA1  the seal means in the common portion of said second and third grooves
      performing a dual function of forming a positive seal about said side
      opening and also forming a positive seal between said second and third
      openings;
PA1  the seal means in the common portion of said first and second grooves
      serving a common function of maintaining a positive seal about both said
      end opening and said side opening;
PA1  the seal means in the common portion of said first and third grooves
      serving a common function of maintaining a positive seal about said end
      opening while maintaining a positive seal about said second or said third
      openings depending upon the rotational position of the valve member, and
PA1  said common portion of said second and third grooves being positioned
      approximately midway between said second and third openings when said
      valve member is rotated to a position in which said side opening is in
      alignment with either said second or said third openings.
NUM  2.
PAR  2. The valve of claim 1 including
PA1  stop means associated with said valve member to fix the rotational position
      of said valve member with said side opening in alignment with either said
      second or said third opening.
NUM  3.
PAR  3. The valve of claim 2 including
PA1  a valve member opening in said valve body in alignment with said valve
      member;
PA1  said valve member opening positioned generally opposite said first opening,
      and
PA1  a removable closure member positioned over said valve member opening,
PA1  whereby said valve member may be removed from the valve cavity by removing
      the closure member and withdrawing the valve member through the valve
      member opening.
NUM  4.
PAR  4. The valve of claim 1 including
PA1  a constricted opening in said first groove;
PA1  a constricted opening in said second groove;
PA1  a constricted opening in said third groove, and
PA1  said seal means retained within said first, second and third grooves by
      engagement with said constricted openings.
NUM  5.
PAR  5. The valve of claim 1 wherein said seal means includes:
PA1  a first continuous seal member positioned in said second groove;
PA1  a second continuous seal member positioned in said third groove;
PA1  said first seal member lying in the portion of said first groove which is
      common to said second groove, and
PA1  said second seal member lying in the portion of said first groove which is
      common to said third groove.
NUM  6.
PAR  6. The valve of claim 5 including
PA1  a constricted opening in said first groove;
PA1  a constricted opening in said second groove;
PA1  a constricted opening in said third groove, and
PA1  said first and second continuous seal members positioned on said exterior
      surface and retained within said second and third grooves by engagement
      with said constricted openings.
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ABST
PAL  A device providing gas-powered logic responsive to a sensor such as a gas
      discharging type level probe and actuating valving controlling flow of
      liquid to be dispensed; and adapted to valving either for a volatile,
      especially cryogenic liquid utilizing the liquid's vapor pressure from a
      free gas space in a storage vessel top region as a power source both for
      control function and for the liquid transfer through a valve to a
      receiver, or with use of a separate gas supply for powering the probe,
      logic and amplifier, valving which applies liquid transferring pressure to
      a free gas space of a source vessel or vents the same for liquid transfer
      cut off, for volatile or non-volatile liquid.
BSUM
PAR  The present invention relates to a controller device particularly useful in
      controlling transfer of volatile or non-volatile liquids, but especially
      advantageous for volatile cryogenic liquids, such as liquid air, nitrogen,
      oxygen, hydrogen or helium to be transferred intermittently from a source
      vessel usually to a receiving vessel where a certain level of liquid is to
      be maintained within a certain range.
PAR  The present invention will be discussed in terms of the use of and handling
      of liquid nitrogen, though it is to be understood that it may have
      application in other environments and with other volatile, especially
      cryogenic, liquids, with certain aspects of the invention also having
      utility with respect to operations even with non-volatile liquids.
PAR  In the operations utilizing cryogenic liquids it is often necessary to
      maintain a certain liquid level or level range in a receiving vessel where
      the level is continuously dropping due to evaporation. Thus in high vacuum
      equipment, liquid nitrogen may have to be maintained in a Dewar flask
      surrounding a vapor trap on the vacuum line, requiring constant operator
      attention to replenish the liquid nitrogen as needed.
PAR  Obvious and well known risks, inconveniences, and other disadvantages of
      manual handling of flasks for transferring any cryogenic liquid have led
      to development of automatic systems to deliver the liquid as needed to
      maintain the desired receiver minimum level.
PAR  Because of the extremely low liquid temperatures, ordinary pumps and other
      components of glass, metal and other common materials are less desirably
      used; and therefore transfer systems are common wherein a gas from a
      pressurized source, such as nitrogen from a pressure cylinder, is applied
      through appropriate control and reducing valves to the cryogenic liquid
      surfaces in a closed source vessel to expel it through a delivery line to
      the receiver. Now this has been done at times under manual control, and
      also by liquid level control means sensing the level in the receiver, to
      actuate automatically a valve in the transfer-powering gas line; or where
      the liquid source is continuously gas-pressurized, to operate a solenoidal
      valve in the liquid delivery line.
PAR  Such non-manual transfer expedients have been attended by various awkward
      or undesirable features, as in relatively high costs or complexity, in
      required external power sources, such as an electric power or a gas
      pressurizing source; and with certain liquified gases, especially liquid
      hydrogen or oxygen, in some aspects of required construction or
      components, or in the very use of electric power, which should as far as
      possible be avoided from safety considerations.
PAR  In brief, the present invention provides a gas energized controller device
      which is reliable, compact, comparatively low in costs of manufacture,
      maintenance and use. The device as well can conveniently as a unit
      incorporate valving means for use in dispensing a cryogenic liquid to a
      receiver and maintaining therein at least a certain minimum level. One,
      and a preferred form, uses the vapor pressure of the gas deriving from the
      evaporating liquid as a liquid "pumping" or propelling power source and
      also as an operating medium and power source in the liquid level sensing
      and liquid delivery control system, thus obviating need of any external
      pressurized gas source or electric power source to move the liquid, or
      even of use of the electric power in the control powering system; the more
      remote power source, of course, being the heat of the environment. A
      second controller form, basically identical with the first, is appropriate
      where a separate external pressure gas source is to be used for level
      sensing and valved for liquid pumping.
PAR  It is then the general object of the present invention to provide an
      improved gas energized controller device.
PAR  Another object is to provide a gas energized controller and operated
      valving unit for use in automatically dispensing volatile especially
      cryogenic, liquids to a receiver where a certain liquid level or range is
      to be maintained.
PAR  Another object is to provide a controller device of the type described
      which is responsive to back pressure signals of a gas type level sensing
      probe to initiate and terminate liquid transfer flow.
PAR  Another object is the provision of a controller device of the type
      described which may be operable independently of external power sources
      other than ambient environmental heat in controlling transfer of a
      cryogenic liquid from a supply vessel to a receiver where a certain
      minimum liquid level is to be maintained.
PAR  Another object is the provision of a controller of the type described which
      in a practical sense is self-powered both for moving a cryogenic liquid
      from a supply vessel to a receiver vessel and also for operation of means
      sensing the need for and accordingly initiating and terminating the
      delivery of the liquid to the receiver.
PAR  Still another object is to provide a controller which is quite compact and
      simple in structure, while adapted to provide quasi-snap-action valving in
      the initiation and termination of liquid delivery.
PAR  A still further object is the provision of a controller form of the type
      described which when used in a self-powered transfer system (i.e., with a
      portion of the evaporating liquid used as both a liquid-moving power
      supply and as a power supply for the control system) is adapted to close
      clustering of a plurality of controllers on one supply vessel serving
      several receivers; and to provide other cluster-forming components of
      convenient form.
PAR  Still another object is to provide a transfer system controller containing
      a minimum of moving parts.
DRWD
PAR  Other objects and advantages will appear from the following description and
      the drawings wherein:
PAR  FIG. 1 is an axial or longitudinal sectional view of a unit embodying the
      present invention, partially exploded with a valving sub-assembly adapted
      to handle a liquid to be dispensed;
PAR  FIG. 1A is a fragmentary view showing a modification of FIG. 1 for a
      normally closed valving device;
PAR  FIG. 2 is a fragmentary view corresponding to FIG. 1, but with a second
      form of valving sub-assembly adapted to control application of a gas
      pressure above cryogenic liquid in a supply flask for liquid transfer
      purposes;
PAR  FIG. 3 is a somewhat generalized representation of a fluidic sensing and
      cryogenic fluid supply system utilizing plural controllers of the form
      appearing in FIG. 1 clustered on a header or manifold arrangement for
      controlling cryogenic fluid delivery from one source vessel to a plurality
      of traps or other use sites;
PAR  FIG. 4 is a fragmentary view of a gap adjustment means;
PAR  FIG. 5 is a fragmentary sectional view showing a modification of an
      actuator rod structure;
PAR  FIG. 6 quasi-schematically presents a modification of FIG. 1;
PAR  FIG. 7 is a schematic diagram of a dual probe.
DETD
PAC  GENERAL ORGANIZATION
PAR  One embodiment of the invention is represented in FIG. 1 by a controller
      device C comprising a larger basic assembly U of fluidic amplifier
      sections and an associated liquid valving sub-assembly V-L, which basic
      assembly is adapted as well to use of the gas-valving sub-assembly V-G of
      FIG. 2; and even to ready removal of one and substitution of the other
      sub-assembly. However, the basic assembly components of FIG. 1 may be
      fabricated as a controller unit with either form of valving sub-assembly,
      but not intended for such changeability.
PAR  In FIG. 1, the basic assembly U, in stricter sense the control unit,
      comprises a cylindrical body or block 11 (e.g., of aluminum)
      concentrically recessed at one end to receive a molded (e.g., of Buna-N)
      elastomeric signal responsive or sensor diaphragm 12, and an aluminum
      cover plate disc 13 held by a bowed internal C-ring or retainer 14; the
      body being also concentrically recessed at the other to receive a
      precision spacing and sealing O-ring 16 of Buna-N, a second elastomeric
      diaphragm 17 also of Buna-N, here at times termed a "power diaphragm", and
      a closure plate disc 18 secured by a bowed internal C-ring or retainer 19
      and also carrying the valving sub-assembly V-L actuated by unit U. Plate
      18 is upwardly rim-flanged at 18f, the more effectively to clamp
      peripherally the diaphragm 17.
PAR  Thus the secured cover plates with the body recesses form diaphragm
      receiving chambers spanned and divided by the diaphragm. Internal gas
      passageways are provided as hereinafter described from the powering or
      energizing gas supply connection spud 20 to the sensor gas space with it
      sensing gas probe connection spud 21 on one side of diaphragm 12, to a
      vented space on the other side thereof, and to a power diaphragm operating
      gas space above diaphragm 17.
PAR  Inward from its peripherally clamped portion, a rolling diaphragm the
      diaphragm 12 conventionally has a molded-in concentric convoluted
      formation of somewhat U-shaped cross-section which establishes an
      effective spring constant of the diaphragm for displacements within
      designed range. Diaphragm 17, for the limited valve actuating
      displacements involved in these applications of FIGS. 1 and 2, is not
      shown as a rolling diaphragm, which is appropriate in a controller unit U
      capable of greater diaphragm excursions for more universal application.
PAR  O-ring 16 may be made of any relatively stiff resilient elastomer, offering
      compressibility suitable to its spacing and sealing functions. Also in
      diaphragm 17, a top side peripheral flat spacer bead as in 12, may be used
      rather than the separate O-ring 16. Of course, for oxygen service all
      components, especially the diaphragms, O-ring, and gasket components, must
      be oxygen-compatible from safety and durability considerations.
PAC  LIQUID VALVING--FIG. 1
PAR  Valving sub-assembly V-L comprises a body 25 including a stainless steel
      body extension tube 25a at its top end coaxially secured to the stainless
      steel plate disc 18 in or aligned with a central disc aperture, and in the
      stainless steel body block 25b at its bottom end having an axial liquid
      inlet passage 26, terminating internally at or through the 45.degree.
      beveled inlet valve seat 27, from which communication to the lateral
      radial liquid outlet or discharge port 28 in branch 28a is controlled by a
      shouldered Kel-F valving member 29, biased toward normally open position
      by helical compression spring 30.
PAR  The valve body lower or liquid inlet end 26a and the end of liquid outlet
      branch 28a are respectively provided with connector means or fittings 31,
      32 for suitable metal or elastomer tubing, to connect the same to a liquid
      supply vessel and to a receiving vessel as in FIG. 3. An operating push
      rod 34 received with sliding clearance in tube 25a to project slightly
      above the valve supporting housing plate 18, opposite diaphragm 17, is
      shiftable, by the latter, in a mechanical output applying valve closing
      thrust to the rounded upper end of valve member 29. The length of body 25a
      is selected to space the liquid-traversed portion of the valve well away
      from the top plate 18, i.e., from the basic unit U, and rod 34 is
      preferably made with an appropriate material and section to minimize heat
      transmission to that portion from the rest of the device. For this
      purpose, rod 34 is a thin-walled stainless steel tube with closed ends.
PAC  GAS VALVING--FIG. 2
PAR  The gas valving sub-assembly V-G of FIG. 2 in mechanical essentials is
      similar to that of FIG. 1, but since it is not traversed by cryogenic
      liquid, the body 25 of valve V may be quite short, with elimination of the
      long push rod, and the valving member accordingly having a diametrically
      reduced elongation 29a to project slightly above plate 18 to accept the
      unit's mechanical output. The connector means, here shown as simple
      gasketed plastic-tubing-connecting spuds at inlet 31a and at outlet 32a
      threaded into female-threaded inlet and outlet body passages, are selected
      for the tubing or lines required by the gas pressure to be handled by the
      valve V. Here however, the valve may be a commercially available normally
      open three-way valve; that is, for an open position of the valving member,
      the gas outlet 32a is put in communication with inlet 31a; but for an off
      position it is cut off from the inlet 31a and put into communication with
      vent apertures 35 to the atmosphere. A variable flow resistor 31r may be
      in effect included in the inlet 31a; and a connector 33 may be provided in
      a threaded hole through plate 18 for a feedback line tubing connection 33f
      to the gas delivery line 32b by which 32a discharges to the supply Dewar
      to be pressurized. A feedback line flow resistor 33a may be incorporated
      in connector 33.
PAC  CONTROLLER DETAILS
PAR  The lower end recess of body 11 as shown is a plain shallow flat bottom
      cylindrical bore, internally circumferentially grooved at 41 to receive
      the retainer C-ring 19 at such spacing from the flat recess bottom,
      relative to the thickness of disk plate 18, of diaphragm 17 and of O-ring
      16, that the latter are held in sealed relation relative to the body; the
      plate 18 in effect clamping the diaphragm 17 peripherally against ring 16,
      and thus resiliently compressing 16 and 17, and as a bottom wall defining
      a working chamber or gas space for diaphragm 17. To the bottom side of the
      latter there is vulcanized or adhesively bonded a concentric stiffening
      disk 17a, the more effectively to apply the gas-pressure generated force
      against stem or rod 34 (or to the projecting end 29a of the valve member
      in FIG. 2), and also to limit reduction of the effective diaphragm area
      near the end of the diaphragm descent by a stretching of diaphragm
      material downwardly past the rod end into contact with the plate 18. The
      composite diaphragm structure 17--17a will usually be referred to as the
      power diaphragm and at times only by the reference numeral 17.
PAR  Similarly the top plate 13 serves to clamp the diaphragm disk 12
      peripherally against an inner counterbore shoulder 42a formed between the
      shallow flat-bottomed cylindrical inner recess space 42 and the larger
      radial shoulder 43 of the cover-receiving outer counterbore 44 internally
      circumferentially grooved at 45 for retainer 14. Plate 13 bottoming on
      shoulder 43 clamps the sensor diaphragm periphery which on its upper side
      has a continuous rib located over shoulder 42a; and thus a sensor gas
      working space 12s is provided between the under-face of plate 13 and the
      diaphragm upper face.
PAR  The energizing gas inlet passage 47, threaded for the energizing gas supply
      tubing connector or spud 20, is radially extended in a reduced inner end
      47a as a communicating passageway intersecting a small axial branch
      passage 48, having a bottom part 48b opening downwardly to a power
      diaphragm gas operating space 49 above diaphragm 17, and a top part 48t
      opening upwardly to a vented space 42 below diaphragm 12, through the
      flat-topped conical central boss 51, in effect a seat for sensor diaphragm
      12 as a valve member relative to passage 48t. The flat finished top of
      boss 51 is slightly below the level of shoulder 42a to provide a normal
      gap or working clearance below the diaphragm. Space 42 in turn
      communicates with ambient atmosphere through radial vent passage 52,
      presenting a quite large flow area as compared with 48t.
PAR  A needle valve plug 56, having a threaded engagement and an O-ring seal
      respectively with a threaded inner part and an unthreaded outer part of a
      radial bore 54, is diametrically aligned threaded outer part of a radial
      bore 54, is daimetrically aligned with and tool-adjustable relative to the
      mouth of 47a as a seat, for timed overfill setting purposes to be
      explained. An ancillary adjustment may be provided by an O-ring sealed
      screw plug 36 threaded in a bore 37 as an adjustable volume chamber
      communicating with, and hence effectively a part of, space 49.
PAR  From a vertical communicating passage 58 drilled through shoulder 43 to
      energizing gas inlet passage 47, gas passes over the diaphragm rib to the
      top working area of the diaphragm via a milled inner face recess of plate
      13, or through an aligned fixed fluidic resistor element 59 cemented
      therein as shown, and thus to the plate port 61 provided with the
      threaded-in liquid level sensing connector spud 21. By a hole in plate 13
      and a locating pin in shoulder 43, alignment is maintained between passage
      58 and the outer end of the milled groove or of resistor 59 therein.
PAR  The resistor 59 may also be a selected length of precision capillary tubing
      sealed in passage 58; or it may take the form of a variable resistor, by
      including a needle valve plug, e.g., threaded into plate 18 or body 11 to
      cooperate with passage 58 or a port thereof, thereby forming an adjustable
      restriction, primarily as a simpler manufacturing expedient to obtain the
      required fluid resistance.
PAR  Though the body 11 of the unit U may be made from various materials, even
      of a dimensionally stable plastic, whereby much of the shape required may
      be obtained in an "as molded" piece to minimize machining, where the total
      device is to include a valve handling cryogenic liquid, a metal is
      desirable, e.g., aluminum which is not only relatively cheap to work as
      well as in material cost, but also affords a "reverse heat sink" feed a
      small amount of heat into the upper end of the body tube to hold back the
      advance of frosting or icing.
PAC  NORMALLY CLOSED MODIFICATION OF UNIT C--FIG. 1A
PAR  Whereas in the unit of FIG. 1, the liquid valve is normally open,
      fragmentary FIG. 1A shows a modification where it is normally closed; like
      or analogous parts being designated by identical or similar reference
      characters. A modified valving member 29a is biased, by valve spring 30a,
      toward a normally closed position on a downwardly projecting male conical
      or beveled seat 27a coaxially formed at the top of the somewhat enlarged
      inlet passage 26 of the liquid valve body block 25b. The inlet end element
      26a not only is a male threaded closure for the spring and valving chamber
      afforded by the enlarged inlet passage, but also has a coaxial annulus or
      recess to locate the spring lower end.
PAR  A central bottom pilot boss on the valve head similarly locates the spring
      upper end, while the seat-engageable head upper shoulder surface is
      beveled or is formed as part of a sphere. Primary guidance of the valve
      member is provided by the freely sliding reciprocable engagement of the
      round or reduced shank portion of the valve member in a coaxial bore
      beyond the flow space to outlet 28. The shank projects into the tube 25a
      sufficiently for the bottom of rod 34 to contact its rounded upper end
      with endwise operating clearance from the body block. The power diaphragm
      17 is centrally supported by a stiffening disk 17a; which as also in FIG.
      1 may either be secured on the top end of 34 or bonded on 17.
PAR  Since the power diaphragm in FIG. 1A must depress rod 34 to open the liquid
      valve, the controller unit portion U is likewise modified to achieve this
      result in response to the probe signals which are effective to open the
      valve in FIG. 1, in the manner to be later described in detail only
      relative to FIG. 1; it being understood that, mutatis mutandis, in general
      the net operation is similar.
PAR  In FIG. 1A, the power diaphragm energizing gas, again passing through
      appropriate fixed resistor or variable resistor means, such as the
      previously described needle valve, is delivered through passage 48p to
      operating gas chamber 49 from which it passes subject to control of sensor
      diaphragm 12, through central passage 48d between chamber 42 and the
      freely vented chamber 42. Here the seat boss 51a is formed in chamber 49
      about the bottom end of passage 48d, rather than at the top of the FIG. 1
      passage 48 which there may be considered an extension of chamber 49. The
      venting control by 12 is attained through a light vent valving element 53
      comprising, for cooperation with seat 51a, a valving head disc 53a, a
      support stem 53b, extending with ample flow clearance through vertical
      passage 48d, and on the stem upper end a disc 53c parallel to 53a;
      sub-assemblies being used, e.g., with stem 53b being in two endwise
      threaded parts, to enable assembling into body 11. The sensor diaphragm 12
      bears against disc 53c, with increasing back pressure probe signals to
      increase venting of 49 by correspondingly depressing 53a away from 51a
      against the normal closing bias of spring 53f interposed between 53c and
      the bottom of chamber 42, where a coaxial recess or pilot lip locates the
      spring bottom.
PAR  Before describing the particulars of operation, it is observed that because
      of the efficiency of the controller device and its quite small dimensions,
      several units C may be quite conveniently used in a cluster on one supply
      Dewar vessel arranged as in FIG. 3, which is described below, for liquid
      valving.
PAC  ADJUSTABLE MODIFICATION OF UNIT U-- FIG. 4
PAR  In the control unit U, between sensing diaphragm 12 and seat boss 51,
      adjustability of the normal gap may be provided as in FIG. 4 by the simple
      expedient of a central screw 51s in alignment with boss 51 threaded
      gas-tight through the top plate 13 or a fitting therein to bear on and
      centrally pre-load the diaphragm 12.
PAC  LIQUID VALVING-- DESENSITIZATION-- FIG. 5
PAR  Desensitization to variations, in characteristics of valved liquids and in
      characteristics of delivery lines, is obtainable by making the lower side
      or valve side of the power diaphragm 17 effectively of smaller area than
      the top side, that is, in terms of areas exposed to pressures of gas
      originating in the system. This can be conveniently done by grooving a top
      end cap of rod 34 to receive an O-ring 34 slideably sealing to the valve
      body tube, and providing a vent duct 50w in the housing structure between
      the power diaphragm and the upper end of the actuating rod 34 as shown in
      FIG. 5. Neglecting the clearance sealed by the O-ring, the only area acted
      upon by closure-opposing discharge line back pressures thus is the end
      area of the rod. This area can be quite conveniently designed to be on the
      order of 1/4 to 1/5 of the gas working area of the diaphragm; and though
      still exposed to a considerable liquid and liquid vapor pressure back
      pressures, by virtue of the smaller area, the rod offers a correspondingly
      smaller valve closing resistance to diaphragm action than would be the
      case in FIG. 1 where the lower side of the diaphragm exposed to such
      pressures in space 50 substantially equals that of the top side.
PAR  Consequently the proportional effect of downstream line characteristics or
      pressure changes is likewise correspondingly reduced. This in effect then
      can extend the effective adjustment or range obtainable by the use of the
      needle valve 56. Furthermore this permits valving of the delivery
      discharge line to permit a wider range of delivery time selection, quite
      apart from the needle valve adjustment.
PAR  A similar result may be attained by providing, in the valve tube wall of
      the liquid valving form, a precision bleed or gas vent valve which limits
      the back pressure in the valve body, and therefore the pressure applied to
      the bottom of the power diaphragm, arising from nitrogen vapor pressue in
      the valve. This is shown, for example, in FIG. 1A, with the tubular member
      25a at a location remote from the valve seat 27a and proximate to the unit
      body 11, having an adjustable precision bleed device 25p connecting the
      tubular bore to the atmosphere. A limiting factor here is the fact that in
      a longer delivery cycle, after the main valve body has been chilled,
      liquid nitrogen rising in the valve would then start to discharge from the
      bleed valve.
PAC  LIQUID VALVING-POWER GAS SOURCE MODIFICATION-- FIG. 6
PAR  In the quasi-schematic representation of FIG. 6, a line 90, connected to a
      lateral nipple 91 on the inlet connector 26a, and including a needle valve
      92, runs to the powering gas inlet spud or connector 20 of unit U; whereby
      some liquid under Dewar pressure passing to needle valve 92 in controlled
      small amount may be vaporized by heat absorbed in the line 90, thus to
      supply the operating gas required; a gas pressure controlling pop-off
      valve 93 then being connected to the line on the gas side of 92. Valve 92
      may advantageously be incorporated in the element providing nipple 91.
      This modification enables a more compact simpler arrangement of the
      controller and associated lines whether connected directly to a supply
      Dewar, or to a manifold shut off valve such as 73 in FIG. 3 on a simpler
      liquid riser or discharge tube of the Dewar.
PAC  LIQUID VALVING CLUSTERING MANIFOLD FIG. 3
PAR  In FIG. 3, showing a clustering manifold device, A disc base plate 70 is
      secured to a Dewar flask casing neck flange by screws 70s through
      interposed bias springs to clamp the rubber stopper 70a of a supply flask
      represented at S in a fragmentary and generalized manner. A gas supply
      manifold tube 71, centrally penetrating disc 70 and also the stopper 70a
      to terminate in gas-tight communication with the flask gas space, is
      connected and sealed gas-tight at its upper end about and coaxially
      supports a smaller diameter, bottom-reaching liquid supply riser tube 72.
      The riser top end is connected by threaded coupling means at 72f to the
      bottom inlet of a manifold type liquid supply shut-off valve 73. A
      longitudinally adjustable sealed connection preferably is made by a tubing
      connecting type arrangement at 71a including a male threaded part on the
      end of 71, a female-threaded collar theron and a gripping sealing ferrule
      therebetween, by which riser tube 72 passed therethrough can be releasably
      gripped and sealed at selected position without swaging the ferrule into a
      permanent position.
PAR  Valve 73 here has four threaded lateral outlets, e.g., as at 73b to
      directly receive the liquid inlet ends of and thereby mount respective
      units C. For assembly simplicity, the valve liquid inlet end is
      male-threaded to couple with a female connector fitting 72f on the end of
      the liquid supply riser tube.
PAR  On the length of gas tube 71 above base plate or disc 70, hence below valve
      73, there are threaded and gasketed or otherwise secured into
      diametrically located holes a pressure gauge 75 and a settable poppet or
      pressure-establishing relief valve 76 (typically set for say 4 to 6 psig,
      but desirably settable up to about 25 psig); and at a lower level, four
      equi-angularly spaced tubing connection spuds 77 are similarly threaded
      and gasketed to afford respective gas take-off points for tubing 78 to the
      inlet connections 20-47 of respective controllers C. Advantageously an
      ancillary similar spud 77a is provided by which a newly connected supply
      Dewar may be immediately pressurized by connection with an external gas
      source for operation without waiting for the flask to attain operating gas
      pressure level by internal evaporation. Preferably the connection elements
      77, 77a are known assemblies each including a valve shutting off gas flow
      when not in use, such as a "quick connect" type fitting.
PAR  This arrangement thus results in a close cluster of the controllers and
      their gas supply tubing about the top of the Dewar liquid supply vessel S,
      with the liquid shutoff valve handle easily accessible for hand
      manipulation. From each unit C in the cluster, a sensor probe P in a
      respective receiver vessel R and also a liquid delivery line or tube 81
      run to each point of use.
PAR  The cluster hardware unit above described, namely, manifold liquid valve
      73, liquid riser tube 72 with gas manifold tube 71 and its associated
      gauge 75, regulator relief valve 76 and connectors 77, 77a, can be simply
      connected to a Dewar in which the closure has a tubular discharge nipple,
      by the simple expedient of a short rubber tube connector clamped to the
      bottom of gas tube 71 and to the top of the nipple; the latter having the
      riser tube 72 inserted therethrough into the flask. On the other hand,
      where the flask closure is a rubber or other elastomeric plug or stopper
      radially expended to a circumferential seal with the flask mouth by axial
      compression between end plates developed by a nut and an axial
      through-bolt, the gas tube 71 in which 72 is coaxial may extend into or
      through and be sealed to a bore through the bolt or may be an integral
      part of the bolt structure.
PAC  OPERATION LIQUID VALVING-- FIG. 1
PAR  The operation of the liquid valving unit of FIG. 1 is conveniently
      discussed relative to FIG. 3. With the supply vessel stopper gas-tight,
      under normal heat leakage conditions and hence nitrogen evaporation, gas
      pressure builds up to the poppet valve setting, say 6 psig., in the free
      gas space above the liquid surface, thus applying gas through the gas
      manifold to each controller at 6 psig. Also, the vessel gas pressure is
      tending to force liquid up the riser tube and through the open liquid
      supply manifold valve 73 to the liquid inlet of each unit C which
      functions independently of the others as next described. However, if an
      appropriate separate gas supply is available, the source may be
      conveniently pressurized immediately to operating level by a connection to
      the ancillary spud 77a.
PAR  In the unit C, energizing gas supplied by a tube 78 is delivered through
      47, 58, 59, 12s, 61 and the tubing 80, conveniently at a rate of 10cc/min.
      or less established by the fluidic resistor 59, to the gas type sensor
      probe P in the receiving vessel R where liquid nitrogen is to be
      maintained within a level range or at a desired level, the region or
      position of which is established by the position of the probe lower open
      end. The energizing gas is also applied through 47a and 48b, and in space
      49, to the inner or top face of power diaphragm 17. When the unit is
      transferring, and the sensor diaphragm well spaced from the seat at 51,
      the gas consumption would, of course, be greater, e.g., 50cc/min.
PAR  Assuming R initially empty or the liquid level for some reason well below
      the probe end, there is only a very low back pressure (which may be
      considered a zero signal pressure) in space 12s on the top side of
      diaphragm 12, so that gas is permitted to escape freely from 48t through
      space 42 and vent 52. The space 49 is not to be under sufficient pressure
      to actuate the liquid control valve to off position against the opening
      bias of spring 30. Thus, for example, if the bias is equivalent to 0.75
      psi on the diaphragm 17 when the member is in totally closed position,
      therfore bore resistance at 48t must be such that pressure drop through
      bore 48t is less than 0.75 psi for the highest flow to be had through the
      needle valve. Accordingly liquid nitrogen is delivered from the supply
      vessel S through V-L and delivery tubing 81 into vessel R.
PAR  On initial fill, when the nitrogen level in the receiver vessel reaches the
      tip of and closes the probe P (neglecting consideration of some back
      pressure change due to proximity sensing which is quite small due to the
      low flow rate), a small but sharp pressure rise or "step" from zero occurs
      due to liquid surface tension and viscosity effects, after which back
      pressure builds up linearly in 12s corresponding to the liquid level
      change. These back pressure rises, in effect feedback signals from the
      probe to the sensor-responsive diaphragm 12, cause corresponding downward
      displacements of 12 toward seat boss 51 with throttling of gas flow from
      48t. This in turn results in pressure rises in 48, hence in space 49 which
      act on power diaphragm 17 to apply force through rod 34 on valve member
      29. With a complete sealing of passage 48t by diaphragm 12, the pressure
      in 49 rises to the gas supply pressure, assumed for example, as 6 psig.
      However, there is an inherent time delay in the pressure response in 49,
      due to gas compressibility and the finite time required for gas flow into
      49, the magnitude of which delay is determined by the setting of needle
      valve plug 56 for a given structure; with of course increase of the volume
      of space 49 by power diaphragm displacement increasing the flow time
      required.
PAR  With the supply pressure at 6 psig, for the example given, at a sensor back
      pressure or feedback signal of 1/2 inch water (about 0.7 inch liquid
      nitrogen), the sensor diaphragm 12 starts to move toward the seat 51, and
      of course narrows the gap with increasing back pressure, i.e., with
      increasing depth of liquid at the probe, thus as a fluidic amplifier, to
      control the application (for liquid valve closing) of the much higher
      pressure on the order of 6 psig; and development of a comparatively high
      valve-closing force.
PAR  Actually under the steady-state conditions of liquid flow through the
      full-open valve, in addition to the bias of the valve spring, the valve
      closing action of diaphragm 17 is opposed by pressure in the closed body
      of the valve applied to the bottom of 17, namely, the vapor pressure of
      the nitrogen and liquid back presssure due to the resistance of the
      delivery line on the output side of the valve, (e.g., say a total of about
      3 psig.). Hence, for the assumed closing-opposed bias and pressure
      conditions, a valve closing motion does not begin until a pressure of 3
      psig is developed on diaphragm 17; and then the resisting force of the
      spring builds up with valve closing motion to the equipvalent of 0.75
      psig.
PAR  It is apparent that the valve shut-off point can be shifted by selection of
      the bias spring and by the value of the downstream resistance of the
      liquid delivery line, hence by the selection of a constriction resistance
      therein.
PAR  The tendency here then normally would be a slow linear response, and as
      closure-opposing forces were overcome, with valve member 29 more or less
      slowly approaching full seating and closure with final flow ending up in
      small dribbles; though under the circumstances of closing this is not so
      objectionable as during opening, since the delivery path is already
      chilled by the prior flow, and nitrogen loss by evaporation is not so
      extensive.
PAR  With low flow rates in controller passage 48t, Bernoulli force effects are
      in practice negligible as diaphragm 12 approaches the end face of seat 51.
      However, with actual closing of 48t by the diaphragm, the pressure in 48,
      hence 49, does rise sharply to gauge pressure, 6 psig in the situation
      assumed by way of example.
PAR  If the valve has not been closed by other effects, this closure of 48t by
      the diaphragm 12 represents an ultimate closing operating point; the
      actual operating point being selectable by choice of the spring constant
      in the diaphragm 12, and of the gap size between seat 51 and the
      diaphragm, implicitly then by the effective height of 51 in a given
      structural situation in the unit U, the probe, the valve, especially the
      spring bias, and delivery line resistance. Adjustment of the normal gap
      may be made in the modification of FIG. 4 by use of the central screw 51s.
PAR  By operation with the gap pre-set to a small value, the valve actuation may
      be based upon the previously described small sharp pressure rise or step
      upon closure of the probe tip by liquid and an opening when it becomes
      uncovered, though for cryogenic liquids this is usually undesirable
      because of icing elsewhere adverted to.
PAR  However, be operating conditions such that before 12 seats on 51 the
      pressure developed in 49 is effective to start overcoming the
      closing-resisting force (e.g., 3.0 psig above stated) and to start to
      bring valve member 29 toward closed position, the throttling of the liquid
      flow decreases the vapor pressure and liquid back pressure component of
      the total force resisting the closing, (e.g., to 2.9 psig), rendering the
      closing pressure more effective for closing motion, causing further
      throttling effect, and in retrograde fashion, as it were, by feedback
      within the valve, accelerating the closing in a quasi-snap action manner,
      and this despite the increasing spring resistance. When the valve is
      closed and the discharge line back pressure has dropped to zero, and with
      the nitrogen vapor pressure dissipated after drainage and evaporation, the
      full force developed by the pressure in space 49 acting on the diaphragm
      17 minus of course the spring force is effective to hold the valve member
      closed.
PAR  Actually a timed over-fill, that is, continued delivery after valve opening
      at a point where the probe tip is still covered, is advantageously
      achieved by the setting of needle valve plug 56; in other words, a control
      of a delivery started preferably before the nitrogen in the receiver has
      dropped below the probe tip, and terminated when a selectable higher level
      is restored. With increase of the flow rate from 47a, the overfill time is
      shortened; that is, the permitted level range is shortened. For increased
      flow rates allowed by the needle valve, then due to the increased pressure
      drop across the resistance of the fine bore branch at 48t, (on order of
      0.013 inch diameter), and a consequent higher pressure toward the power
      diaphragm chamber, the power diaphragm is more heavily biased toward valve
      closure.  A similar change of situation results from increased supply
      pressure; which, however, even up to 25 or 30 psig supply, for the
      disclosed sensor chamber--seat aperture area ratio involved at the sensor
      diaphragm, on the order of 10.sup.4, has no practical effect in the turn
      on point.
PAR  Thus in a 6 inch diameter Dewar receiver with a small unit of this type, an
      8 inch level difference was obtainable as one extreme; yet at the other
      extreme, the unit could be so set that a level could be readily held
      within a much closer range, e.g., = 0.020 inches; and in fact, contrary to
      certain theoretical considerations for the sensing system, held within a
      quite minor fraction of the latter value, when the end surface of boss 51,
      about the mouth of passage 48t, was reduced to a circular "knife edge".
PAR  With needle valve 56 set for delivery of about 50 cc/min from the 6 psig
      nitrogen gas supply and with 10 cc/min flow to the sensor, for example,
      the level was being held at .+-. 1/16 of an inch, in the particular
      instance the valve turning on when the nitrogen liquid level dropped to
      3/4 inch probe tip immersion, with turn-off when the level had risen to
      7/8 inches.
PAR  Since throttling needle valve adjustment by 56 becomes erratic when
      adjusted to low flow, the volume of the space 37, hence the effective
      space of 49 can be changed as needed, when the erratic flow condition is
      approached, either by setting of plug screw 36 or, with 36 removed, by
      screwing into the threaded passage a connector of a selected commercially
      available precision volume component. A volume increase has the same
      effect as a further throttling of the gas flow, since either change
      increases the time required to effect any given increment of pressure
      change.
PAR  With drop in the receiver vessel nitrogen level by evaporation as the probe
      line back pressure decreases in the space 12s, the withdrawal of diaphragm
      12 from the seat boss 51 and corresponding gas flow increase from 48t
      causes a slow drop of the pressure in 48 and hence in space 49, in a more
      or less linear response to the level drop. Thus the force exerted by
      diaphragm 17 on the push rod 34, therefore on valve member 29, is
      gradually decreasing. Ordinarily the valve would tend to open initially
      very slightly and gradually, beginning when the pressure in 49 had dropped
      to 0.75 psig for the assumed example conditions and spring force, and
      would for some time undesirably allow liquid nitrogen to enter the now
      warm delivery tubing in tiny amounts there to evaporate as waste.
PAR  However, upon that dropping pressure reaching 0.75 psig, in such initial
      discharge from the inlet passage 26, a droplet or so passes member 29 to
      encounter above the valve seat relatively "hot" metal of body tube 25a,
      and is instantly flashed into vapor, developing in the space between rod
      34 and member 29 a transient pressure of about 25-30 psi which instantly
      shifts rod 34 and hence diaphragm 17 upward; followed quickly by wide
      opening of the valve member 29 under opening bias of spring 30, in what
      amounts to a snap-action opening. The relatively closed system between rod
      34 and tube 25a sealed to diaphragm 17 through flanged plate 18 enables
      this snap-action.
PAR  On initial installation for a given controller in a particular environment
      and equipment set up, the probe is temporarily clamped well down in the
      receiving vessel R, and the system gas and liquid supplies turned on to
      deliver liquid nitrogen to R. The liquid level on the probe at turn-off is
      marked; and so also, after evaporation to a turn-on, the lower level for
      this turn-on is marked on the probe. Thereafter the probe is finally
      clamped with the lower ("turn-on") mark located at the height of the
      desired minimum liquid level in the vessel. If the height of the turn-off
      point is not acceptable for the higher level in the vessel, then the
      needle valve setting is varied as required to bring the turn-off point,
      "fill" or "maximum" level to the height desired. If perchance on the
      initial fill, the controller does not turn off the valve, a momentary
      supply shut off valve closure with immediate reopening will stabilize
      operation, so that as cycling is carried on through evaporation, to turn
      on and fill, the second cycle fill will be found to terminate
      automatically as intended.
PAC  OPERATION -- GAS VALVING
PAR  The valve form of FIG. 2 advantageously handles gas as the valved fluid, in
      a liquid dispensing system where a separate gas source supplies the
      energizing gas used for sensing, amplification and liquid pumping; and the
      supply Dewar delivery is effected by applying such external gas pressure
      in the gas space of the supply vessel to expel liquid through a riser; and
      the flow is abruptly terminated by not only cutting off the applied
      pressure but by then also quickly venting the pressurized space.
PAR  In such case the level sensing probe is connected as previously to the
      controller unit as 21; the external gas pressure source is connected both
      to the logic amplifier gas inlet 20 and also to the inlet 31a; while the
      outlet connector 32a is connected to the sealed Dewar supply vessel gas
      space, which consequently may be pressurized from 31a or vented by the
      valve action. Though the application of pressure from an external gas
      source is here relied on for moving the liquid out of the Dewar, the
      controller action is basically the same, apart from a type of snap-action
      to be described for FIG. 1. However, feedback from the Dewar pressurizing
      and venting line is advantageously used as will be later described.
PAR  The gas valving device represented by FIG. 2 is quite useful for
      controlling liquid helium levels, using an external energizing gas source
      for the sensor probe and actuator energization, and to pressurize the
      liquid helium source vessel, rather than the liquid valve of FIG. 1, since
      the low heat of vaporization for liquid helium dictates rather that it be
      moved directly from the source vessel to the site of use, with a minimum
      contact with warm bodies such as valves. For liquid hydrogen either the
      "self-powered" application (FIG. 1) or externally pressurized approach
      (FIG. 2) may find advantageous use.
PAR  In the case of the device of FIG. 2, applied to control of cryogenic liquid
      level in a receiver which is supplied from a Dewar pressurized from an
      external gas supply to effect delivery and vented to cut off delivery,
      with the gas valve V-G controlling the gas supply and the venting, the
      feed back connection, described as includable in the FIG. 2 structure, is
      useful. As the normally open biased gas valve opens somewhat, the pressure
      in the line 32b is applied through feedback line 33f to the underside of
      the power diaphragm, additively with the valve opening bias, accelerating
      the valve opening for rapid application of the supply gas pressure to the
      supply vessel. This ensures against a partial shift of the valve member to
      a stable position venting the gas inlet, without sufficiently pressurizing
      the supply vessel to effect any transfer, again promoting a quasi-sharp
      action in the valve opening. Usefully there is an adjustable resistance in
      the inlet line, which may be incorporated as a valve in the inlet
      connection of the gas valve.
PAR  Such feedback connection and resistor also may readily be incorporated
      internally in the valve assembly, so that in addition to the sensor line,
      only one tube from valve outlet to supply vessel, and a second from
      external gas supply to gas inlet, are required.
PAR  Experience has shown that with use of a sensing probe of the described type
      in a Dewar, if the liquid nitrogen level is permitted to drop below the
      probe tip, atmospheric moisture may condence on the uncovered tip as frost
      or more solid ice to an extent causing erratic performance or even
      blocking and rendering the probe and thereby the entire sensing system
      useless.
PAR  Therefore it is desirable that the controller be designed to turn on say
      when the level has dropped to about 3/4 of an inch above the probe tip, a
      quite safe level from the view point of frosting and the precision or
      reproducibility of the turn-on operation attainable by the invention.
PAR  It is noted incidently that a phase separator is advantageously used at the
      discharge end of the delivery line from the liquid valve in the usual
      environment of use. For heat absorbed by the delivery line after each
      delivery cycle evaporate nitrogen at the leading end of the advancing
      column of the next delivery, until the line is chilled, usually resulting
      in a considerable initial blast or discharge of gaseous nitrogen for as
      long as 30 seconds, the force and extent of which in some situations can
      sweep from the receiver vessel, a large residual liquid nitrogen volume
      often many times the volume which would be required to maintain the level
      in response to the probe signal.
PAR  Especially where a universal controller unit U is desired, adapted to
      diverse actuator applications, or even though intended for say handling of
      a particular liquid such as nitrogen, yet where there may be quite
      different delivery line characteristics in length, bends, bore diameters,
      etc., which affect the fluid flow pressure drop, then advantageously for
      such liquid valving purposes, the unit is desensitized to such variations
      and applications with other advantages as previously noted.
PAR  Considerable desensitization is obtainable by use of the modification of
      FIG. 5, wherein the lower side or valve side of the power diaphragm 17
      effectively has a smaller area exposed to the system-originated pressures
      than does the top side.
PAR  It may be noted that with various non-volatile non-cryogenic liquids where
      sensitive level control is desired, devices of the present invention may
      have quite advantageous application. Thus a level of a molten salt, or
      molten caustic or a molten metal such as sodium, an acid such as
      concentrated sulfuric acid or hot corrosive solutions, may be required to
      be controlled in a container by addition of further liquid as in a
      processing bath where there is loss by carry-out on objects treated, or by
      reaction. In such cases, a gas type level sensing probe may be again used,
      obviously with the probe itself being constituted of material resistant to
      the liquid and the energizing gas inert bath in sense of chemical
      reactivity and of solubility acceptable for the purpose. The actuator unit
      U then may serve as a very sensitive device operated with a low gas
      consumption to actuate a gas valve similar to V-G, directly controlling
      flow from a source under gravity or other pressure head, to actuate a
      switch controlling a remote valve or a relay for the latter, or perhaps a
      solid feeding device feeding the solid form of the molten bath material.
PAC  DUAL PROBE -- FIG. 7
PAR  Because of the sensitivity of the controller unit U, and the inherent cycle
      hysteresis it is advantageously used with dual probe sensor
      configurations, (see FIG. 7) with the sensor line from 21 feeding gas
      through a Tee device to respective probe lines 80a, 80b, the probes
      P.sub.1, P.sub.2 of which either are set at different levels in one vessel
      as in FIG. 6 for generating additive signals when the liquid level reaches
      the respective probe tips (or a particular level above each), or are
      disposed in respective vessels for comparing the relative levels therein.
      In such arrangements, an adjustable resistor 83 in the line to the higher
      level probe is provided to balance or otherwise adjust the resistance
      (hence flow) therein relative to the inherent resistance (hence flow) in
      the line to the lower level probe, at a selected reference level or
      immersion of the latter, which yet leaves the higher probe uncovered. For
      overall adjustments, a variable resistor is also located in the sensor
      line feeding the Tee similar to resistor 59 in function; and a further
      variable resistor may of course be included in the line to the lower
      probe.
PAR  However, for greater flexibility of use and adjustment, the particular
      configuration of FIG. 7 is advantageous. There the gas delivery from a gas
      source line 78a to both probes is made adjustable by supplying energizing
      gas not only through the supply passage 47 to the needle valve 56, but
      through a branch 58a (internal or external of the control unit) also to
      variable probe flow level adjusting resistors 85, 86 by which it is
      applied respectively to the low level probe line 80a, and through resistor
      83 to the high level probe line 80b.
PAR  The back pressures are taken directly from the low level probe line 80a and
      through variable resistor 87 from the upstream side of the high level
      probe line resistor 83, to be applied jointly to the sensor diaphragm 12s,
      e.g., through sensor connector 21.
PAR  Though the several resistors and appropriate passages can be provided in a
      unit U for this purpose so that a single gas supply connection may be used
      at 20, with an additional probe connector say for 80b, conveniently these
      may be all incorporated in an auxiliary unit D. In such a unit D, there
      are respective probe line connectors for 80a and 80b; a gas supply
      connection for 58a where there is external Tee branching of the gas supply
      line (or also an additional connector for a line to connector 20 where the
      auxiliary unit internally provides the branching of the supply rather than
      an external Tee); and finally a single signal line connector for a line to
      sensor connector 21. In case an auxiliary unit D is thus used, then for
      unit U as shown and previously described, the resistor 59 would be given
      an infinite resistance; i.e., the internal passage 58 to sensor diaphragm
      top space 12s is blocked.
PAR  With the probes in one vessel, the sensor system is adjusted so that the
      signal generated back pressure (i.e., feedback) in the sensor line to the
      controller is low enough to start delivery when the liquid level has
      dropped to a point a selected distance just above the lower probe tip.
      With the rising level as the liquid transfer continues, the increased head
      increases the feed back pressure, even though there is a continued gas
      discharge from the not yet immersed higher probe. Upon the liquid level
      reaching the latter, the increasing back pressure exhibits a sharp rise of
      "step" which can effect a quick and definite turn-off of the liquid valve.
PAR  It may be noted that the controller may be easily made sensitive enough for
      use with a "static pressure" response to changing level, i.e., where there
      is a volume of non-flowing gas trapped in the sensor chamber, the probe
      line, probe and sensed liquid; the gas of course being compatible, i.e.,
      non-reactive with and insoluble in the liquid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas energized fluidic controller unit responsive to gas pressure
      signals to produce a mechanical motion output, said controller unit
      comprising:
PA1  a housing including a body and providing
PA2  a first chamber for a sensor diaphragm, and
PA2  a second chamber for a power diaphragm;
PA1  a sensor diaphragm mounted in the body and spanning said first chamber to
      define
PA2  a sensor gas space on one side of the sensor diaphragm;
PA1  a sensor signal gas line connection on the housing
PA2  communicating with said sensor gas space
PA2  to shift the sensor diaphragm responsively to sensor signal gas pressure;
PA1  a power diaphragm mounted in the body and spanning said second chamber to
      define on one side of the power diaphragm
PA2  a power diaphragm operating gas space;
PA1  an energizing gas connection on the body as a gas inlet and in constant
      communication with said operating gas space and sensor gas space a venting
      passageway in said body from said operating gas space to atmosphere;
PA1  venting controlling means including said sensor diaphragm for controlling
      flow of gas through said venting passageway to atmosphere responsive to
      sensor signal gas pressure thereby varying gas pressure in said operating
      gas space to shift the power diaphragm;
PA1  means supported by said housing including a shiftable element opposed to
      the said other side of the power diaphragm and shiftable by the power
      diaphragm for the mechanical motion output of the unit.
NUM  2.
PAR  2. A unit as described in claim 1, wherein
PA1  the sensor diaphragm divides said first chamber to define therein also
PA2  a vented space, on the other side of the sensor diaphragm, having a vent
      outlet to atmosphere;
PA1  the power diaphragm divides said second chamber to define therein
PA2  a second space, on the other side of said power diaphragm, wherein
PA2  said shiftable element is engaged by the power diaphragm;
PA1  said venting passageway is provided by an energizing gas branch passageway
      in said body
PA2  opening at one end to said power diaphragm operating gas space and at its
      other end opening to said vented space;
PA1  said venting controlling means comprising
PA2  a seat boss formation through which said other end of the branch passageway
      opens to the vented space, and
PA2  the said other side of said sensor diaphragm normally spaced from said boss
      to provide a flow gap
PA2  whereby movement of the sensor diaphragm varying the gap varies gas flow
      from said branch passageway to the vent outlet;
PA1  a communicating passageway in said body from said inlet, opening to, and
      intermediate said ends of, said branch passageway through a mouth thereby
      to provide said constant communication; and an adjustable needle valve
      member in said body controlling gas flow through said communicating
      passageway mouth to said branch passageway.
NUM  3.
PAR  3. A unit as described in claim 1, wherein
PA1  the power diaphragm divides said second chamber to define therein
PA2  a second space, on the other side of said power diaphragm, wherein
PA2  said shiftable element is engaged by the power diaphragm;
PA1  said venting passageway is provided by a passageway in said body
PA2  opening at one end to said power diaphragm operating gas space and at its
      other end opening through a vent outlet to atmosphere;
PA1  said venting controlling means further comprising
PA2  a seat boss formation through which the last said passageway opens to said
      operating gas space, and
PA2  a valving element cooperative with and biased toward said seat boss and
      engaged with said sensor diaphragm,
PA2  whereby movement of the sensor diaphragm varying a gap between said valving
      element and said seat boss varies gas flow from the power diaphragm
      operating gas space to the vent outlet;
PA1  a communicating passageway in said body from said inlet, opening to said
      operating gas space thereby to provide said constant communication; and
PA1  a selected resistance or an adjustable needle valve member in said body
      controlling gas flow through said communicating passageway to said
      operating gas space.
NUM  4.
PAR  4. A gas energized fluidic controller unit as described in claim 1, and
      particularly adapted to use in response to gas pressure signals from a
      sensor such as gas type probe discharging gas and developing back pressure
      changes as signals corresponding to events changing the fluidic resistance
      through the sensor, and further including:
PA1  a communicating passageway in said body from the energizing gas connection,
      to said sensor gas space to provide sensor gas flow to a sensor such as a
      probe connected to said sensor signal gas line connection.
NUM  5.
PAR  5. A unit as described in claim 4, wherein
PA1  a flow resistor is incorporated in said communicating passageway.
NUM  6.
PAR  6. A unit as described in claim 5, wherein
PA1  said flow resistor is a needle valve type variable resistor incorporated in
      said body.
NUM  7.
PAR  7. A unit as described in claim 1, wherein
PA1  a liquid flow control valve, having a liquid inlet, a liquid outlet and a
      reciprocating valve member, is supported by said housing, and includes as
      said shiftable element an element effecting valve member reciprocation
      from a valve normal position to a valve non-normal position.
NUM  8.
PAR  8. A unit as described in claim 2, wherein
PA1  a gas flow control three-way valve, having a gas valve inlet, a gas valve
      outlet, a gas valve vent and a reciprocating valve member, is supported by
      said housing and includes as said shiftable element an element effecting
      valve member reciprocation from a valve normal position to a valve
      non-normal position;
PA1  said gas valve inlet being closed from the valve outlet and vent and said
      outlet open to the valve vent when the valve member is at closed position;
PA1  said valve inlet being open to the valve outlet and the outlet closed from
      the vent when the valve member is at open position.
NUM  9.
PAR  9. A unit as described in claim 2, including
PA1  means on said housing for adjustably pre-loading said sensor diaphragm to
      establish the maximum gap available relative to said seat boss.
NUM  10.
PAR  10. A unit as described in claim 2, wherein
PA1  said body includes an ancillary chamber in communication with said power
      operating diaphragm gas space, and adjustable means to vary the volume of
      the ancillary chamber, thereby to vary the effective volume of the last
      said gas space.
NUM  11.
PAR  11. A unit as described in claim 1, wherein
PA1  both said diaphragms include an elastomeric operatively shiftable diaphragm
      portion,
PA1  and further including a stiffening disc for the elastomeric
PA1  shiftable portion of said power diaphragm interposed between, and secured
      to one of, said shiftable element and said power diaphragm.
NUM  12.
PAR  12. A unit as described in claim 7, wherein
PA1  said liquid flow control valve comprises a valve body portion having
PA2  one end connected to the said body of the unit and
PA2  a valve bore having one end opening through said one end of the valve body
      portion into a second space defined on the other side of the power
      diaphragm in the second chamber;
PA1  said liquid inlet being located at the other end of the body portion and
PA2  opening endwise to said bore through a valve seat formation coaxially
      disposed in the other end of the bore,
PA1  said liquid outlet opening laterally from said bore at a location proximate
      to said seat,
PA1  said valve member reciprocating in said bore between a closed position
      against, and open positions away from, said seat,
PA1  said valve member biased open away from said seat,
PA1  said shiftable element comprising a rod element slideably supported in said
      bore between said valve member and said power diaphragm.
NUM  13.
PAR  13. A unit as described in claim 12, wherein
PA1  the said one end of the valve bore is in sealed communication with
PA1  said second space of the power diaphragm chamber.
NUM  14.
PAR  14. A unit as described in claim 12, wherein
PA1  said rod element is slideably sealed to the valve bore;
PA1  said second space is vented to atmosphere; and
PA1  said rod element has a diameter smaller than the diameter of the
      operatively shiftable portion of said power diaphragm, thereby to
      desensitize the valving action by reduction of the movable element area
      exposed, when the valve is open, to pressures in the valve bore arising
      from outlet line flow back pressure and liquid vapor pressure of the
      valved liquid, against which said power diaphragm must operate on closing.
NUM  15.
PAR  15. A unit as described in claim 8, wherein
PA1  said second space of the unit is closed by a housing component supporting
      the said gas control valve;
PA1  said unit being provided with a gas pressure feedback line connection
PA2  opening into said second space and
PA2  adapted for connecting to a pressure tap in a gas discharge line from the
      gas valve.
NUM  16.
PAR  16. A gas energized fluidic control unit as described in claim 2, wherein
PA1  the housing body comprises a cylindrical block having in opposite end faces
      coaxial recess formations
PA2  adapted to receive respective disc-like cover members to define a said
      first chamber and a said second chamber,
PA2  each said recess formation having an internal circumferential groove for
      receiving a respective cover retainer ring;
PA1  respective said diaphragms are in the recess formations;
PA1  and said unit includes
PA1  means located in each said recess formation for supporting the respective
      diaphragm clamped therein by the respective cover member;
PA1  cover members in the respective recess formations and spring type retainer
      rings therefor securing the same in diaphragm clamping disposition;
PA1  a longitudinal central axial small diameter bore opening at its opposite
      ends to end walls of the respective recess formations, as said branch
      passageway,
PA2  said branch passageway opening to the recess formation providing the said
      first chamber through a conical seat boss engageable by the sensor
      diaphragm;
PA1  said body having a vent passage extending from the sensor
      diaphragm-receiving recess formation outwardly to atmosphere to provide
      the vent outlet for said vented space,
PA2  said vent passage being greater in flow cross section than said branch
      passageway,
PA1  said body at a location intermediate the ends thereof having a first
      lateral bore with an energizing gas connecting fitting screwed into the
      outer end thereof,
PA1  the said communicating passageway opening from said lateral bore through a
      said mouth to the branch passageway,
PA1  a second lateral bore in said body intersecting the branch passageway at
      the region of said mouth and having
PA2  a threaded portion and
PA2  a said needle valve element threadably engaged therein to present a needle
      valving portion extending into and co-operating with said mouth to control
      flow of energizing gas from the energizing gas inlet connection into the
      branch passageway.
NUM  17.
PAR  17. A gas energized fluidic control unit as described in claim 16, wherein
PA1  the recess formation providing said cover member for recess formation
      providing said first chamber has a passage therethrough provided with a
      sensor signal gas line connection fitting; and
PA1  the cover member for the other recess formation provides support for said
      means including said shiftable element,
PA1  the shiftable element being slideably supported perpendicular to said power
      diaphragm.
NUM  18.
PAR  18. A unit as described in claim 16, including
PA1  a second communicating passageway extending from the said first lateral
      bore to the region endwise outward of the normal disposition of the plane
      of the sensor diaphragm; and
PA1  means providing communication from the last said passageway to said sensor
      gas space.
NUM  19.
PAR  19. A unit as described in claim 16, including
PA1  a threaded laterally opening bore in the body block inwardly communicating
      with the power diaphragm operating gas space;
PA1  and, in the last said bore, a threadably engaged plug rotatably slideably
      sealed therein;
PA1  whereby upon axial shift of the plug the effective volume of the power
      diaphragm operating gas space is varied.
NUM  20.
PAR  20. A gas energized unit as described in claim 16, including a threaded
      laterally opening bore in the body block inwardly communicating with the
      power diaphragm operating gas space and closed by a threaded plug and
PA1  adapted upon removal of said plug for connection of a precision volume
      component increasing the effective volume of the power diaphragm operating
      gas space.
NUM  21.
PAR  21. A unit as described in claim 13, wherein
PA1  said valve body includes a tubular member providing the major longitudinal
      extent of the valve body bore;
PA1  the length, cross section and thermal conductivity of material used in said
      tubular member being selected for a low heat leakage to the valve seat
      region;
PA1  said tubular member at a location remote from the valve seat and proximate
      to the unit body having an adjustable precision bleed device connecting
      the tubular bore to atmosphere.
NUM  22.
PAR  22. A unit as described in claim 7, further including
PA1  a lateral nipple on the liquid inlet of said liquid flow control valve, as
      a branch receiving liquid as well as said valve;
PA1  means providing a fluid flow passage from said branch to said connection on
      the body serving as an inlet for energizing gas;
PA1  a needle valve in said fluid flow passage; and
PA1  a pressure controlling vent valve connected to the fluid flow passage at a
      point between the needle valve and the said connection on the body;
      whereby through ambient heat transferring to liquid in said fluid flow
      passage, a needle valve controlled amount of a cryogenic liquid fed to the
      said liquid inlet is vaporized to supply energizing gas for the unit.
NUM  23.
PAR  23. A gas energized fluidic controller unit responsive to gas pressure
      signals to produce a mechanical motion output, said controller unit
      comprising;
PA2  a housing including a body block coaxially recessed at opposite ends
      affording a first and second recess, and a first and a second cover plate
      for said recesses thereby providing at said recesses respectively,
PA2  a first chamber for a sensor diaphragm, and
PA2  a second chamber for a power diaphragm;
PA1  a sensor diaphragm mounted in and spanning said first chamber to define
PA2  a sensor gas space on one side of the sensor diaphragm;
PA1  a sensor signal gas line connection on the housing
PA2  communicating with said sensor gas space
PA2  to shift the sensor diaphragm responsively to sensor signal gas pressure;
PA1  a power diaphragm mounted in and spanning said second chamber to define, on
      one side of the power diaphragm,
PA2  a power diaphragm operating gas space;
PA2  an energizing gas connection on the body as an energizing gas inlet, and
      passageway means in the housing putting said gas inlet in constant
      communication respectively
PA2  with said operating gas space to provide operating gas pressure in the
      operating gas space and
PA2  with said sensor gas space to provide sensor signal gas to said sensor
      signal gas line connection through the sensor gas space whereby variations
      in flow resistance of a sensor probe connected to the sensor signal gas
      line connection develop sensor signal gas back pressure variations
      appearing in said sensor gas space;
PA1  a venting passageway in said body from said operating gas space to
      atmosphere;
PA1  venting controlling means including said sensor diaphragm for controlling
      flow of gas through said venting passageway to atmosphere responsive to
      sensor signal gas pressure thereby varying gas pressure in said operating
      gas space to shift the power diaphragm;
PA1  means supported by said second cover plate including a shiftable element
      opposed to the said other side of the power diaphragm and shiftable by the
      power diaphragm for the mechanical motion output of the unit.
NUM  24.
PAR  24. A unit as described in claim 23 with said passageway means including
PA1  a first passage in said body at one end communicating with the energizing
      gas connection and other end opening through an aperture in a cover-plate
      supporting shoulder at the first recess,
PA1  a bridging passage in the said first cover plate with one coinciding with
      said aperture and other end opening into the said sensor gas space; and
PA1  a flow restriction device in said bridging passage.
NUM  25.
PAR  25. A unit as described in claim 24, wherein the sensor diaphragm divides
      said first chamber to define also
PA1  a vented space, on the other side of the sensor diaphragm, having a vent
      outlet to atmosphere;
PA1  the power diaphragm divides said second chamber to define therein
PA2  a second space, on the other side of said power diaphragm,
PA1  wherein
PA2  said shiftable element is engaged by the power diaphragm;
PA1  said venting passageway is provided by an energizing gas branch passageway
      in said body
PA2  opening at one end to said power diaphragm operating gas space and at its
      other end opening to said vented space;
PA1  said venting controlling means comprises
PA2  a seat boss formation through which said other end of the branch passageway
      opens to the vented space, and
PA2  the said other side of said sensor diaphragm normally spaced from said boss
      to provide a flow gap
PA2  whereby movement of the sensor diaphragm varying the gap varies gas flow
      from said branch passageway to the vent outlet;
PA1  a communicating passageway in said body from said inlet, opening to and
      intermediate said ends of, said branch passageway through a mouth thereby
      provides said constant communication with said operating gas space; and
PA1  an adjustable restriction in said body controls gas flow through said
      communicating passageway mouth to said branch passageway.
NUM  26.
PAR  26. A gas energized fluidic control unit as described in claim 23, wherein
PA1  the housing body comprises a cylindrical block having, in opposite end
      faces to define said recesses, coaxial recess formations
PA2  adapted to receive respective disc-like members as said cover plates,
PA2  each said recess formation having an internal circumferential groove for
      receiving a respective cover retainer ring;
PA1  respective said diaphragms are clamped in the recess formations; and said
      unit includes
PA1  means located in each said recess formation for supporting the respective
      diaphragm clamped therein by the respective cover member;
PA1  cover plate members in the respective recess formations and spring type
      retainer rings therefor securing the same in diaphragm-clamping
      disposition.
NUM  27.
PAR  27. A unit as described in claim 23, wherein
PA1  a liquid flow control valve, having a liquid inlet, a liquid outlet and a
      reciprocating valve member, is supported by said second cover plate, and
      includes as said shiftable element an element effecting valve member
      reciprocation from a valve normal position to a valve non-normal position.
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PAL  Valvair Corp., Non Locking Manual Override, Drawing K162-001, 14 Mar. 1960.
LREP
FRM  Price, Heneveld, Huizenga & Cooper
ABST
PAL  A fluid valve especially adapted for manually controlling pilot valves and
      other fluid valves. The manual override valve includes an axially
      slideably movable plunger which is contained and recessed within a fluid
      passageway in the valve. Slide bar positioning means are included for
      holding the plunger in a predetermined axial position to control fluid
      flow through the fluid passageway. The slide bar and plunger are color
      coded for visual determination of the plunger position. For safety
      considerations, the override valve requires two-hand operation using a
      probe smaller than the override valve passageway in which the plunger is
      mounted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to manually operated fluid valves for controlling
      the operation of other fluid valves and, more particularly, to a manually
      operated fluid valve which is designed to require two-hand operation to
      prevent accidental actuation.
PAR  Manually operated fluid valves for controlling the operation of other fluid
      valves are well known. Such valves have been used with pilot valves
      providing a manual substitution for the operation thereof in order to
      control a main fluid valve during set up, testing, or other operations of
      the main valve. However, I have discovered that such prior known override
      valves could be accidentally actuated making their use in certain
      applications less desirable.
PAR  First, prior known manual override valves for pilot valves have been
      operable using only one hand. Modern safety considerations dictate against
      such singlehanded operation in order to prevent inadvertent operation of
      the main fluid valve. Similarly, the prior known valves could be
      inadvertently struck or bumped initiating operation of the main fluid
      valve and hence some piece of machinery controlled by that fluid valve at
      undesired times thereby creating a safety hazard.
PAR  It has also been discovered that it is advantageous in certain applications
      to provide means for locking an override valve in one position and to
      provide for simple removal of such locking apparatus. Although certain of
      the prior known valves could be locked in one position to continuously
      "override" a pilot valve, conversion of such prior valves to remove the
      locking apparatus was often extremely difficult and impractical.
PAR  Further, it has been found advantageous to determine the position of the
      manual override valve from a large distance away from the pilot and/or
      main valve. The actual valve position of the prior known override valves
      is extremely difficult to determine from any more than a short distance
      away.
PAR  Thus, I have determined the need for a valve which is capable of being
      converted from locking to nonlocking modes, which is compatible with
      safety requirements to prevent inadvertent operation thereof by bumping or
      with one hand, and which provides for accurate determination of its
      position from large distances away from the valve.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the purpose of the present invention to provide a
      manually operable override valve especially adapted for use with
      solenoid-operated pilot valves in order to manually control the operation
      of a main fluid valve with which the pilot valve is associated. The valve
      protrudes only minimally from the pilot valve and precludes either one
      hand or accidental operation thereof. The valve may be locked in its
      actuated position and the locking means are easily removable without
      removing the entire valve such that the valve cannot be locked. The valve
      may be momentarily actuated either with or without the locking apparatus.
      In addition, the valve is color coded such that its condition in either
      actuated or nonactuated positions is visually determinable quickly at a
      glance from great distances. Although especially useful in pilot valves,
      the invention, because it is a three-way valve, has a multitude of fluid
      power applications.
PAR  In the preferred embodiment, the override valve includes a first fluid
      passageway in which a plunger is slidably mounted. The plunger is axially
      movable between a first axial position in which one of its ends is
      contained within the first fluid passageway adjacent a surface of the
      valve body, and a second axial position in which the same end is recessed
      behind the said surface. Accidental or inadvertent operation of the
      plunger is precluded since none of the plunger structure protrudes beyond
      the valve body. In its two respective axial positions, the plunger permits
      and prevents fluid flow between one end of the first passageway and
      second, intersecting, fluid passageway.
PAR  Positioning means are also included for holding the plunger in its second
      axial position and for releasing the plunger such that it may move to its
      first axial position. Axial movement limiting means for retaining the
      plunger within the first passageway are also included.
PAR  In the preferred embodiment, the positioning means include a slide bar
      having a first aperture which allows the plunger to pass therethrough and
      a second aperture which allows access to the plunger for release from its
      second axial position. The end of the plunger, as well as the slide bar,
      are color coded such that the valve position may be determined quickly
      from large distances.
PAR  Either of two types of biasing means are utilized with the invention to
      hold the slide bar in its two positions. One embodiment includes a
      separate leaf spring fitted against the slide bar. The other embodiment
      includes a pair of elongated spring members formed integrally with the
      valve body.
DRWD
PAR  These and other objects, advantages, purposes, and features of the
      invention will become more apparent from a study of the following
      description taken in conjunction with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partially broken away, illustrating the manual
      override valve invention in cross section and mounted within a typical,
      solenoid-operated, pilot valve;
PAR  FIG. 2 is a front elevation of a first embodiment of the manual override
      valve taken along plane II-II of FIG. 1;
PAR  FIG. 3 is a sectional view of the override valve taken along plane III--III
      of FIG. 2;
PAR  FIG. 4 is another sectional view of the valve taken generally transverse to
      the view shown in FIG. 3 along plane IV--IV of FIG. 2;
PAR  FIG. 5 is a sectional front elevation illustrating the slide bar
      positioning means taken along plane V--V of FIG. 3;
PAR  FIG. 6 is another sectional front elevation illustrating one form of the
      biasing means for the slide bar taken along plane VI--VI of FIG. 3;
PAR  FIG. 7 is a sectional view of a second embodiment of the override valve;
      and
PAR  FIG. 8 is a sectional front elevation of the valve embodiment of FIG. 7
      illustrating another form of the biasing means for the slide bar taken
      along plane VIII--VIII of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in greater detail, FIG. 1 illustrates a first
      embodiment of the manual override valve 10 mounted in a typical
      solenoid-operated pilot valve assembly 12. Pilot valve assembly 12
      includes a solenoid 14 and a vertically reciprocable armature valve 16
      within the core of the solenoid. When the solenoid 14 is not actuated, the
      armature valve 16 drops vertically into the position shown in FIG. 1. When
      in this position, fluid pressure is admitted through passageway 18, passes
      through the open override valve 10 and on through fluid passageways 20,
      22, and 24. Fluid from passageway 24 passes through the opening 26 (since
      the armature has dropped) along the sides of armature 16, and on out
      through passageway 28 to a main fluid valve associated with the pilot
      valve (not shown). Electrical actuation of solenoid 14 pulls armature 16
      up thereby closing opening 26 and preventing the fluid flow through the
      aforementioned passageways. However, without actuating solenoid 14, the
      flow through the several fluid passageways may be controlled with manual
      override valve 10 to block the fluid passage between passageways 18 and 20
      as will be more fully described below.
PAR  As is best seen in FIGS. 2-4, the first embodiment of the manual override
      valve 10 includes an elongated valve body 30 including a longitudinal
      passageway or bore 32 extending from one end of the body to the other and
      including open ends 34 and 36. Body 30 has an enlarged head 38, threads 40
      along its medial section for securing the body in the pilot valve 12 and
      an annular O-type sealing ring 42 mounted in a suitable recess 44 adjacent
      its end adapted to be received internally within pilot valve 12. A pair of
      cross passages or bores 46 (FIG. 3) and 48 (FIG. 4) circumferentially
      spaced 90.degree. from one another extend through the valve body 30 at
      reduced diameter portion 50 thereof. Bores 46, 48 intersect the
      longitudinal passageway 32 to provide fluid communication therebetween.
      The longitudinal passageway 32 is circular in cross section and includes a
      larger diameter portion 32a passing through the head 38 of the valve body
      as well as a portion 32b having a lesser diameter extending from the end
      of the larger diameter portion 32a to the opposite end 36 past passageways
      46 and 48.
PAR  Received within the longitudinal passageway 32 is an axially movable
      plunger 52 including ends 51 and 53 and two right cylindrical portions 54
      and 56 each of which has a circular cross section. Section 56 is received
      within larger diameter portion 32a of longitudinal bore 32 while the
      smaller diameter cylinder 56 extends into the lesser diameter portion 32b
      of the longitudinal bore. Spaced shoulders 58 and 60 define an annular
      recess 62 adjacent end 53 of the plunger. Recess 62 receives an annular,
      toric, 0-type sealing ring 64 as is best seen in FIGS. 3 and 4.
PAR  The diameters of portions 54 and 56 of plunger 52 are respectively less
      than the corresponding diameters of portions 32a and 32b of longitudinal
      bore 32. The diameter of annular shoulder 58 is slightly less than the
      diameter of portion 32b of the bore but larger than the diameter of
      cylindrical portion 56. Toric 0-ring 64 is selected to be of a slightly
      greater outside diameter than the diameter of portion 32b such that it
      resiliently seals and prevents the flow of fluid through portion 32b when
      it is mounted in recess 62. When the plunger 52 is held in its closed or
      actuated position shown in FIG. 3, 0-ring 64 prevents the passage of fluid
      between the cross bores or passageways 46 or 48 and the end 36 of the
      longitudinal passageway. However, when plunger 52 is in its nonactuated or
      open position (FIG. 4), the 0-ring seals portion 32b of the passageway on
      the opposite side of the cross bores or passageways 46 and 48 such that
      fluid flow is prevented between those passageways and end 34 of the
      longitudinal bore. Fluid can thus flow between end 36 of bore 32 and
      passageways 46 and 48 when the plunger is in its open position. It will be
      understood that when the plunger is in its closed position (FIG. 3), fluid
      may exhaust from passageways 46 and 48 along the sides of the plunger and
      out opening 34 in the longitudinal bore. Such operation is known as
      "3-way" operation in the field of fluid valves.
PAR  In order to limit the axial movement of plunger 52 in bore 32, a pin 66 is
      received in a suitable aperture extending transversely through the valve
      body 30 and through an elongated slot 68 formed in one side of the larger
      diameter portion 54 of plunger 52. Slot 68 may be formed in the center or
      on the opposite side of plunger 52. Pin 66 will be accordingly positioned
      depending on the location of the slot in the plunger. Slot 68 includes
      ends 70 and 72. When end 70 contacts the side of pin 66 as shown in FIG.
      4, plunger end 51 is flush with the end of the valve body as shown and
      prevents plunger 52 from sliding out of bore 32. Similarly, end 72
      contacting the opposite side of pin 66 prevents the plunger from sliding
      out of passageway 32 beyond its closed position shown in FIG. 3. Normally,
      however, end 72 does not contact the side of pin 66 in the closed position
      since fluid pressure in passageway 18 of the pilot valve against end 53 of
      the plunger and forces the plunger against a portion of the slide bar
      positioning means 80 as will be more fully described hereinafter.
PAR  As is best seen in FIGS. 2, 3, and 5, the slide bar positioning means for
      holding plunger 52 in its closed or actuated position (FIG. 3) include an
      elongated slide bar 82 slidably reciprocally mounted in a slot 84
      extending entirely through enlarged head 38 of valve body 30. Slide bar 82
      includes a series of interconnected apertures 86, 90, and 92. These
      apertures limit the reciprocal movement of the slide bar, allow passage of
      the plunger therethrough to its open position (FIG. 4), and hold the
      plunger in its actuated or closed position (FIG. 3).
PAR  Slot 86 receives a reciprocation-limiting, screw 88 at the top of enlarged
      head 38. Slot 86 flares into circular aperture 90 which has a
      cross-sectional area sufficiently large to allow the passage of the larger
      diameter portion 54 of plunger 52 therethrough. Circular aperture 90
      continues into elongated slot 92 opposite slot 86. Slot 92 is formed by
      two flanges 94 of a thickness less than that of the remainder of slide bar
      82, which flanges extend from the opposite sides of a circular recess 96
      on the rear side of the slide bar. Recess 96 has a diameter slightly
      larger than that of the largest diameter portion 54 of plunger 52 such
      that the end 51 of plunger 52 seats therein as shown in FIG. 3 when the
      plunger is in its closed or actuated position.
PAR  Slide bar 82 also includes a wider portion 82a  at the bottom thereof (see
      FIGS. 2 and 5) forming shoulders 98 on either side of the slide bar.
      Shoulders 98 abut shoulders 100 formed in slot 84 such that sliding
      movement of the slide bar is halted exactly when slot 92 and recess 96 are
      in alignment with the plunger 52. Limitation on the sliding movement in
      the opposite direction is provided by the abutment of screw 88 with the
      closed end of the slot 86.
PAR  One of two types of biasing means are included in positioning means 80 to
      bias the slide bar against the forward side of slot 84 to hold the slide
      bar either (a) with circular aperture 90 in alignment with the plunger or
      (b) with slot 92 in alignment with the plunger and shoulders 98 and 100
      abutting one another. The two types of biasing means account for the sole
      difference between the two embodiments of the invention.
PAR  The first embodiment of the invention (shown in FIGS. 1-6) includes a
      separate formed, leaf spring 102 best seen in FIGS. 3 and 6. Leaf spring
      102 has a general cross-sectional shape of a shallow V with the ends 104
      and 106 of the spring being turned outwardly. An aperture 108 is formed in
      the center section of the spring and has a diameter sufficiently large to
      allow the largest diameter portion 54 of plunger 52 to pass therethrough.
      Shoulders 110 are included on either side of the spring to locate it
      appropriately with respect to shoulders 100 and slots 84. A small aperture
      112 is provided in the upper portion of the spring to locate the spring
      with respect to set screw 88. As will be seen in FIG. 3, the medial
      portion of the spring engages the slide bar on either side of the plunger
      and forces it against the forward side of slot 84 with sufficient force to
      hold it in position. The force of the spring is only large enough to hold
      the slide bar in the desired position and does not obstruct sliding
      movement of the slide bar.
PAR  Referring to FIGS. 7 and 8, a second embodiment 120 of the manual override
      valve is illustrated including a second form of biasing means for the
      slide bar 82. Embodiment 120 is similar in all respects to embodiment 10
      of the manual override valve including valve body 30, plunger 52, and
      slide bar 82. The second type of biasing means includes a pair of
      elongated spring members 122 formed within slot 84. As seen in FIGS. 7 and
      8, spring members 122 are molded integrally with the valve body 30 and
      extend from the upper portion of slot 84 outwardly and downwardly through
      slot 84 on either side of plunger 52. Members 122 include outwardly
      rounded portions 124 (FIG. 7) on the ends thereof which rounded portions
      engage the rear surface of the slide bar biasing it against the forward
      side of slot 84 to hold it in the desired position. Spring members 122 are
      molded simultaneously from the same material as valve body 30.
PAR  An additional aspect of the invention is that the end 51 of the plunger 52,
      as well as the slotted bar 82, are color coded for visible determination
      of the position of the plunger 52 from large distances. The plunger face
      51, as well as the lower portion of the slide bar extending approximately
      from the lower boundary of circular aperture 90 to the bottom of portion
      82a of the slide bar, are both tinted green. Accordingly, when the plunger
      is in its open position with face 51 flush with the end of the valve body
      30 and with circular aperture 90 in slide bar 82 in alignment with the
      plunger such that lower portion 82a protrudes below the enlarged head 38
      (shown in phantom in FIG. 5), the green portions will be highly visible to
      anyone from a great distance thereby indicating that the valve is open. In
      this position, the plunger 52 may be momentarily depressed for actuation
      of the main fluid valve associated with the pilot valve in which the
      override valve 10 or 120 is mounted by using any suitable probe or
      instrument of a size smaller than the diameter of longitudinal bore 32.
      Fluid pressure acting against the end 53 of plunger 52 from passageway 18
      (FIG. 1) will return the plunger 52 to its open position (FIG. 4)
      preventing the exhaust of any fluid through opening 34 of bore 32.
PAR  The closing and locking of valve 10 or 120 requires the use of two hands.
      Plunger 52 is moved axially toward end 36 of bore 32 with one hand again
      using a probe smaller than bore 32 while the other hand is used to slide
      slide bar 82 to the position shown in FIG. 3. Fluid pressure from fluid
      passageway 18 forces plunger 52 back toward end 34 of bore 32 after
      movement of bar 82 such that end 51 seats in circular recess 96 in the
      manner described above.
PAR  When locked in this actuated position, the upper end of slide bar 82 is
      visible (FIGS. 2, 3, and 5) and is tinted red indicating the valve is
      closed. When the red end of bar 52 is visible, the green tinted end 82a of
      bar 82, as well as the face 51 of plunger 52, are both depressed and
      hidden from view. The protruding red end of bar 82 is visible from large
      distances. The slide bar cannot be moved when end 51 is seated in recess
      96 and the only method for returning the plunger to its open position is
      to again utilize a probe smaller than the width of slot 92 to force the
      plunger rearwardly against the fluid pressure acting on end 53. At the
      same time, the operator's other hand is used to return the slide bar to
      its other position with circular aperture 90 in alignment with the
      plunger.
PAR  Preferably, valve body 30 and plunger 52 are molded from a high-strength,
      wear-resistant, resilient synthetic, thermoplastic material such as nylon
      plastic filled with 30 per cent glass fibers dispersed therethrough to
      reduce creep in the molded members. In embodiment 120 of the valve, the
      spring members 122 are integrally molded simultaneously with valve body 30
      from this same material. Plunger 52 may also be made from machined
      aluminum and other plastics or metals. Leaf spring 102 is preferably
      formed from a resilient, spring material such as phosphor bronze, Sae No.
      77C.
PAR  Accordingly, it will now be understood that either embodiment 10 or 120 of
      the manual override valve provides a safe, easy-to-use three-way manual
      override for pilot and other fluid valves. Accidental actuation of the
      valve is prevented by the recess of the plunger 52 within bore 32 although
      the valve may be quickly and simply actuated with the insertion of a probe
      smaller than the bore. The slide bar positioning means holds the plunger
      in its actuated position. The color coding of the plunger and slide bar
      provide a highly visible means for determining the position of the plunger
      quickly, at a glance, from large distances.
PAR  While several forms of the invention have been shown and described, other
      forms will now be apparent to those skilled in the art. Therefore, it will
      be understood that the embodiments shown in the drawings and described
      above are merely for illustrative purposes and are not intended to limit
      the scope of the invention as defined by the claims which follow.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A fluid valve means for manually controlling the operation of another
      fluid valve comprising: a valve body portion having a first passageway
      terminating at one end at a surface and at the other end adapted to
      communicate with a fluid source; a second fluid passageway intersecting
      said first passageway and adapted to communicate with a fluid passageway
      of the fluid valve it is adapted to control; a plunger axially movably
      mounted in said first passageway and being movable between a first axial
      position in which one of its ends is contained within said first
      passageway adjacent to the said surface of said valve body and a second
      axial position in which said one end is recessed behind said surface of
      said body; said plunger in said first axial position permitting fluid flow
      between said other end of said first passageway and said second
      passageway, and said plunger in said second axial position preventing
      fluid flow between said other end of said first passageway and said second
      passageway; positioning means for holding said plunger in said second
      axial position; and axial movement limiting means for preventing said
      plunger from extending out of said first passageway; said positioning
      means including an elongated member slidably mounted for movement between
      first and second positions across the path of axial movement of said
      plunger; said member including a pair of apertures, one of said two
      apertures having a width less than the width of said plunger, said one
      aperture being in axial alignment with said plunger when said member is in
      said second position and said plunger is in said second axial position,
      the other of said two apertures being in alignment with said plunger when
      said member is in said first position and said plunger is in said first
      axial position.
NUM  2.
PAR  2. The fluid valve of claim 1 wherein said body portion includes a slot
      extending therethrough generally transverse to said first fluid
      passageway; said elongated member comprising a slide bar mounted in said
      slot and including means for limiting the sliding movement thereof to said
      two positions in said slot; biasing means in said slot for holding said
      slide bar in said two positions.
NUM  3.
PAR  3. The fluid valve of claim 2 wherein said biasing means includes a leaf
      spring secured in said slot.
NUM  4.
PAR  4. The fluid valve of claim 2 wherein said biasing means includes at least
      one elongated spring member in said slot, said spring member being formed
      integrally with said valve body.
NUM  5.
PAR  5. The fluid valve of claim 1 wherein said elongated member includes two
      ends, one end having a first color and visibly projecting from one side of
      said body when said slide bar is in said second position and said one
      aperture is aligned with said plunger; said other end having a second
      color and visibly projecting from the opposite side of said body when said
      slide bar is in said first position and said second aperture is aligned
      with said plunger; said one end of said plunger also having said second
      color.
NUM  6.
PAR  6. The fluid valve of claim 1 wherein said elongated member includes a
      recess located adjacent the periphery of said one aperture for receiving
      said one end of said plunger.
NUM  7.
PAR  7. The fluid valve of claim 1 wherein said plunger includes a portion
      having a cross-sectional area smaller than the cross-sectional area of the
      portion of said first passageway receiving said portion whereby fluid can
      exhaust from said second passageway around said plunger portion and out of
      said one end of said first passageway when said plunger is in said second
      axial position.
NUM  8.
PAR  8. The fluid valve of claim 1 wherein said plunger has a longitudinal axis;
      said axial movement limiting means comprising an elongated slot extending
      generally parallel to said longitudinal axis of said plunger and a pin
      extending through said body and said slot.
NUM  9.
PAR  9. A manual override fluid valve for controlling other valves comprising a
      body having a longitudinal bore passing therethrough with first and second
      open ends and a cross bore passing transversely through said body and
      intersecting said longitudinal bore; a plunger axially movably mounted in
      said longitudinal bore, said plunger having first and second ends and
      being movable between a first axial position in which its first end is
      contained within said longitudinal bore adjacent said first open end
      thereof and a second axial position in which said first end is recessed
      behind said first open end, said plunger in said first axial position
      permitting fluid flow between said second end of said longitudinal bore
      and said cross bore, and said plunger in said second axial position
      preventing fluid flow between said second end of said longitudinal bore
      and said cross bore; positioning means for holding said plunger in said
      second axial position including slidable means movable between first and
      second positions for engaging said first end of said plunger, said
      slidable means being mounted for reciprocation across and through said
      longitudinal bore and including an aperture allowing access to said
      plunger through said longitudinal bore but holding said plunger in said
      second axial position when said slidable means is in said second position;
      and means for limiting the axial movement of said plunger for preventing
      said plunger from extending out of either end of said longitudinal bore.
NUM  10.
PAR  10. The override valve of claim 9 wherein a portion of said plunger has a
      cross-sectional area less than the cross-sectional area of the portion of
      said longitudinal bore receiving said portion of said plunger whereby
      fluid can pass through said longitudinal bore and out said first open end
      around said plunger.
NUM  11.
PAR  11. The override valve of claim 10 wherein said portion of said
      longitudinal bore has a circular cross section; said portion of said
      plunger being a right circular cylinder having a diameter less than the
      diameter of said portion of said longitudinal bore.
NUM  12.
PAR  12. The override valve of claim 9 wherein said plunger includes an annular
      sealing member mounted adjacent said second end of said plunger.
NUM  13.
PAR  13. The override valve of claim 9 wherein said plunger has a longitudinal
      axis; said axial movement limiting means comprising an elongated slot
      extending generally parallel to said longitudinal axis of said plunger and
      a pin extending through said body and said slot.
NUM  14.
PAR  14. The override valve of claim 9 wherein said positioning means and
      slidable means comprise a slot extending generally transverse to said
      longitudinal bore through said body, a slide bar mounted for sliding
      movement in said transverse slot and extending out of said body, said
      slide bar including said aperture and a second sperture, said second
      aperture having a cross-sectional area larger than that of said plunger
      whereby said plunger can pass therethrough; means for biasing said slide
      bar against one side of said transverse slot; and means for limiting the
      sliding movement of said slide bar in said transverse slot whereby said
      first end of said plunger can move to a position flush with said first
      open end of said longitudinal bore when said slide bar is in said first
      position and said second aperture is in alignment with said plunger.
NUM  15.
PAR  15. The override valve of claim 14 wherein said aperture is a slot
      extending through said slide bar and having a width less than the width of
      said plunger.
NUM  16.
PAR  16. The override valve of claim 14 wherein said sliding movement limiting
      means for said slide bar include abutting shoulders on said transverse
      slot and said slide bar.
NUM  17.
PAR  17. The override valve of claim 14 wherein said slide bar includes two
      ends, one end having a first color and visibly projecting from one side of
      said body when said slide bar is in said second position and said one
      aperture is aligned with said plunger; said other end having a second
      color and visibly projecting from the opposite side of said body when said
      slide bar is in said first position and said second aperture is aligned
      with said plunger; said first end of said plunger also having said second
      color.
NUM  18.
PAR  18. The override valve of claim 14 wherein said biasing means include a
      leaf spring secured in said transverse slot, said leaf spring including an
      aperture allowing said plunger to pass therethrough.
NUM  19.
PAR  19. The override valve of claim 14 wherein said biasing means includes a
      pair of elongated spring members formed integrally with said body in said
      transverse slot, said spring members projecting into said slot from one
      side thereof on either side of said plunger.
NUM  20.
PAR  20. The override valve of claim 14 wherein said body and said spring
      members are molded integrally together from a snythetic plastic material.
NUM  21.
PAR  21. The override valve of claim 9 wherein said aperture in said slidable
      means has a width less than the widths of both said longitudinal bore and
      said plunger.
NUM  22.
PAR  22. The override valve of claim 9 wherein said slidable means includes a
      recess located adjacent and around the periphery of said aperture on the
      surface of said slidable means facing said plunger for receiving said
      first end of said plunger when said plunger is in said second axial
      position.
PATN
WKU  039385566
SRC  5
APN  4239148
APT  1
ART  341
APD  19731212
TTL  Faucet
ISD  19760217
NCL  17
ECL  12
EXA  Spiegel; H. J.
EXP  Cline; William R.
NDR  3
NFG  5
INVT
NAM  Hicks; Glenn W.
STR  2749 N. 75th St.
CTY  Milwaukee
STA  WI
ZIP  53210
CLAS
OCL  1376364
XCL  137607
EDF  2
ICL  F16K 1118
FSC  137
FSS  625.17;636.4;607;625.49;636.1-636.3;614.16;614.17;614.18
FSC    4
FSS  192
FSC  251
FSS  325
UREF
PNO  613041
ISD  18981000
NAM  Kamerer
OCL  251325
UREF
PNO  2177349
ISD  19391000
NAM  Corbin, Jr.
OCL  137636.4
UREF
PNO  2766774
ISD  19561000
NAM  Mornard
OCL  137636.3
UREF
PNO  3190309
ISD  19650600
NAM  Staat et al.
OCL  137636.4
UREF
PNO  3437112
ISD  19690400
NAM  Church
OCL  137636.3
UREF
PNO  3828821
ISD  19740800
NAM  Dotter
OCL  137636.4
FREF
PNO  799,188
ISD  19580800
CNT  UK
OCL  137607
FREF
PNO  1,195,882
ISD  19700600
CNT  UK
OCL  137637
LREP
FR2  Wiviott; Fred
ABST
PAL  A faucet of the type for controlling volume flow of fluids therethrough and
      for further controlling and varying the temperature of said fluids as
      determined by the operator of the faucet, for the purpose of effecting
      mixing of cold and hot water or cold and hot fluids whereby the resultant
      temperature may be selected from the temperature of the cold fluid supply
      to the temperature of the hot fluid supply or therebetween.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The prior art relative to the field within which the present invention lies
      involves fluid flow and control faucet devices and such prior art
      discloses a trend toward construction of faucets having very simple design
      both as to use and also as to their maintenance; yet, manufacturers of
      these volume-type faucets continually seek an improved and more economical
      construction, and in addition further seek improvement of quality and
      durability. There are many types of such faucets; however, single-handle
      and regular faucet constructions such as those disclosed in patents issued
      to G. W. Hicks as U.S. Pat. Nos. 3,511,277 and 3,677,516 are of the type
      permitting economical and efficient manufacture. Various other patents are
      referred to in these issued patents. A dependable, economical, efficient
      single handle mixing faucet remains an article of demand within the
      plumbing industry. This present invention relates to an improved
      construction for such a mixing faucet. Durability, ease of manufacture,
      assembly and reliability of this device become important factors in the
      market place.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in providing a fluid control device which
      permits up and down motion of the faucet stem to regulate flow of fluid as
      to its volume from a closed position of the faucet to a maximum fluid flow
      position of the faucet and, by rotation of the faucet stem provides for
      the mixing of a cold fluid such as water from the regular cold water
      supply, together with the hot fluid provided from a heated fluid supply,
      and further provides for the flow of fluid through the faucet at its true
      cold or normal fluid temperature or at its full hot or heated fluid supply
      temperature. The disclosed faucet provides for fluid pressure balance
      within the faucet yielding a long life with extensive use and operation.
      As is the case with the faucet disclosed in U.S. Pat. No. 3,677,516 this
      faucet eliminates many problems which are present in existing faucets,
      such as changing washers, seating problems, etc.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional side view of the faucet in its assembled
      position and having the faucet shut-off for no fluid flow;
PAR  FIG. 2 is a cross-sectional side view (partial) of the assembled faucet,
      taken at approximately 90.degree. from the cross-sectional view position
      shown in FIG. 1; the faucet remains in its shut-off position;
PAR  FIG. 3 is a cross-sectional plan view taken on line 33 of FIG. 2;
PAR  FIG. 4 is a cross-sectional plan view taken on line 44 of FIG. 2;
PAR  FIG. 5 is a cross-sectional plan view taken on line 55 of FIG. 2.
DETD
PAR  Referring to the drawings in detail, the faucet housing 1 formed of yellow
      brass or a non-absorbent plastic has a hollow chamber area which
      accommodates the spool cage 7. Juxtaposed atop said spool cage 7 and
      cooperative with same is cage retainer 2 screws 28, seated in the cage
      retainer 2, are threaded at 63 into accommodating threaded holes in the
      housing 1 to secure the spool cage 7 between the housing 1 and cage
      retainer 2.
PAR  The spool cage 7, housing 1 and cage retainer 2 have, slidably inserted
      therein a pair of valve spools 3; each valve spool 3 is cylindrical in
      shape and has a closed end which fits within the valve spool chamber 31 or
      32. O-rings 27, encircling each valve spool 3, provides seal means between
      the lower end of the valve spool and the bottom of the spool chamber 31 or
      32. The valve spool 3 is hollow from its top opening 37 to a point just
      above the O-rings 27. Also, at the point above O-rings 27, each valve
      spool 3 has a taper 64, also cylindrical in shape, as shown in the
      drawings which forms a spool flow chamber between the tapered cylindrical
      wall 64 of the valve spool and the cylindrical valve spool chamber 31.
      Valve spool seals 11 at the upper end of each spool flow chamber (when the
      faucet is in its closed position) and valve spool seals 11 A at the upper
      surface area of the spool cage 7 are spaced apart by the depth of spool
      cage 7. The channel 36 in each valve spool 3 opens at 37 (its upper end)
      for the flow of fluids as the faucet is operated.
PAR  A housing stop plug 6 has movably inserted therethrough valve stem 8. Pin
      21 prevents rotation of the housing stop plug 6 with respect to the
      housing 1. O-ring 25 provides a seal between the inside of housing 1 and
      the housing stop plug 6. O-ring 26 provides a seal between the valve stem
      8 and the housing stop plug 6 through which it passes. Attached to the
      lower end of the valve stem 8, in its assembled condition is the valve
      spool holder 4 and immediately above said valve spool holder 4 is the
      valve control plate 13. Valve seats 10, one for each valve spool 3, are
      between the lower flat surface of the valve control plate 13 and the top
      37 of the valve spools 3. A washer 5, together with a screw 19, retain the
      valve spool holder 4 in a fixed relationship with the valve stem 8 (as to
      up and down motion) and yet permits rotation of the valve stem 8, together
      with valve control plate 13, simultaneously in the manner later described.
      Valve control plate 13, as shown in FIG. 3 has a cold water opening 39
      therethrough and a hot water opening 40 therethrough. As shown, by
      position A in FIG. 3 the position of cold water opening 39 is aligned with
      valve spool chamber 32; hot water opening 40 in valve control plate 13 is
      not in alignment with valve spool chamber 31, thus preventing hot water
      flow, through said faucet because valve spool chamber 31 is closed by the
      bottom flat closed surface portion of the valve control plate 13 being
      seated against valve seat 10, a Teflon coated or formed seal. Valve spool
      holder 4 thus insures movement of the valve spools 3 simultaneously with
      movement, up and down, of the valve stem 8, and the valve spool holder 4
      further permits rotational motion of the valve control plate 13 in unison
      with rotation of the valve stem 8.
PAR  Valve handle 49 is screwed or otherwise secured in a removable manner to
      valve stem 8 and a removable cap 50 covers the screw or securing means and
      also normally provides for abbreviated instructional information for the
      operation of the faucet.
PAR  Faucet valve stem 8 has a flat section along a part of its length at 41
      which accommodates a similarly dimensioned hole 45 in valve limit arm 12.
      Adjustable set screws 18 are provided and project from the valve limit arm
      12 and provide adjustable limits as to rotation of the vale stem 8,
      together with valve control plate 13, between the stops provided by pins
      22 seated and fixed in housing stop plug 6. Adjustment of screws 18
      permits setting the faucet for local hot and cold water temperatures.
PAR  The pin channels 51 formed in valve control plate 13 permit a snug relation
      between the valve control plate 13 and the valve seats 10 of each valve
      spool 3 when the pin 23 is inserted through valve stem 8. It is clear from
      the disclosure and description that as the handle 49 is raised or lowered,
      the entire valve stem 8, valve control plate 13, spool seals 10, valve
      spools 3, valve spool holder 4 simultaneously are raised or lowered;
      likewise, as handle 49 is rotated in either raised or lowered position of
      the stem 8 the valve control plate 13 rotates with the handle 49; however,
      the valve spool holder 4, and valve spools 3 remain in fixed position
      (relative to said rotation of the valve stem 8).
PAR  In the assembly of the faucet, spout body 14 encircles housing 1, and has
      gaskets 15 between the spout body 14 and the sink cover 62 and between the
      spout body 14 and the housing nut 9 threaded at 56 and which housing nut 9
      becomes the final closure for the faucet. As shown in FIG. 2 the fluid
      flow inlet port 29 and inlet port 30 become threaded or otherwise
      connected to the pressurized fluid system. In the case of a water system,
      the water, with the faucet turned on for cold water would have the valve
      control plate 13, as in FIG. 3 position A, with cold water opening 39 in
      alignment with opening 37 of valve spool chamber 32, the water having
      flowed through the water inlet port 30, through inlet channel 61,
      subsequently through flow channel 59, into the chamber area formed by
      tapered valve spool section 64 and the wall of valve spool chamber 32. At
      that time, the handle 49 of the faucet has been raised a distance, thereby
      raising the valve spools 3, together with their piston-shaped ends 55 and
      openings 35 (of which there are three in each valve spool) to open valve
      spool chamber 31 and 32 to flow channels 58 and 59 through openings 52 and
      53 respectively. Fluid enters the chamber provided between section 64 of
      the spool and the valve spool chamber walls. This permits cold water to
      flow upwardly within the channel 36 of the valve spool 3 past cold water
      opening 39 in the valve control plate 13 and into the mixing chamber 48,
      which because of upward movement of the stem 8 is now smaller in volume
      than that shown in FIG. 2 or FIG. 1. After flow progresses into mixing
      chamber 48 the water flows into the peripheral chamber 38 through the cut
      back sections 54 to fill the peripheral chamber 38 and then subsequent
      emission and flow through the spout 16 of spout assembly 17. O-rings 24,
      one upper and one lower relative to chamber section 38 as shown in FIG. 1,
      seal the spout assembly from leaks and because of gaskets 15 permit
      rotation of the spout assembly 17 relative to the faucet housing 1. In
      FIG. 2 and in FIG. 5 the openings into the valve spool chambers 31 and 32
      are identified by numerals 53 and 52.
PAR  In the view of valve control plate 13, FIG. 3, the piece is formed with
      three spacers 46 which are integral with the valve control plate 13 and
      properly space and locate the member 13 within the housing chamber against
      the inner wall section 47 thereof; thus the valve control plate 13,
      through rotation of the handle 49 causes rotation of the valve control
      plate 13 with relation to the valve seats 10 and the housing 1 itself. Hot
      water opening 40 in valve control body plate 13 may be formed in a manner
      shown in FIG. 3, whereby the counterrotational movement of the handle 49
      causes alignment on a gradual basis between the hot water opening 40 and
      the valve seat 10 or valve spool chamber 31 as in FIG. 3 which provides
      for flow of hot water. The handle 49 can then be rotated counterclockwise
      to a position shown as B in FIG. 3 whereby only hot water then flows up
      through the channel 36 of the valve spool 3 providing hot water flow
      through valve spool chamber 31 of FIG. 3. As such, the cold water is shut
      off and the hot water is fully on; obviously positioning the valve control
      plate 13 at various locations between full cold and full hot provides for
      a mixing of varying amounts of hot with cold fluid and thereby the mixing
      chamber areas 48 and 38 will receive both hot and cold, as provided, and
      emit a mixed temeratured fluid from the spout 16. Openings 52 and 53 of
      FIG. 2 are the openings provided to the valve spool chambers 31 and 32
      from the fluid inlet ports 29 and 30.
PAR  In the formation of spool cage 7 and the providing of flow channels 58 and
      59 the subsequent necessity for plugs 33 and 34 becomes apparent; FIG. 5
      shows the location of these plugs for directing fluid flow into the valve
      spool chambers 31 and 32 to the channels 36 of the valve spools 3. FIG. 2
      shows the method by which screws 28 securely hold in position spool cage
      7, cage retainer 2 with respect to the housing 1 of the faucet assembly.
      Seal means such as O-rings may be provided between housing 1 and the
      bottom surface of spool cage 7 to properly seal fluid flow through inlet
      ports 29 and 30.
PAR  Since fluids cannot be compressed, a provision must be made to permit
      escape and flow of fluid below the piston shaped ends 55 of the valve
      spools 3 as the handle action closes the fluid flow through the faucet.
      This is accomplished by providing weep holes 42, one in each valve spool
      chamber 31 and 32, which in turn connects through channels 44, shown in
      FIG. 5, to the cut back 54 chamber areas of the faucet. Inlet channels 60
      and 61 shown in FIG. 2 and FIG. 5 are alligned channel portions of housing
      1 and spool cage 7. The provision of the weep holes 42 and 43 provide for
      the pressure balance within the faucet when in operative position and also
      permit the downward motion of the handle 49, and in turn the seating of
      the valve spools 3 as shown in FIG. 1, to their closed or off position,
      with the greatest simplicity of effort. The seals 11 and 11 A, together
      with O-rings 27 and O-ring 26 cause frictional action during up and down
      action of the handle 49 to provide a positive setting in any up or down
      position or any positive position therebetween.
PAR  Positioning of housing Nut 9 properly, also with proper engineering design,
      provides for the exact compressing of valve seats 10 and seal means O-ring
      26.
PAR  In operation, and in description of the various parts of the faucet it
      becomes obvious that up and down motion causes variation in volume flow
      through the faucet and rotation of the handle 49 to a proper position will
      provide for flow of all cold fluid, all hot fluid or any mixture of
      proportionate parts thereof inbetween these extremes. Also, it is clear
      that in the case of a residence use, after the user has found the general
      location of handle 49 to provide the proper degree of temperature mixture
      of hot and cold, subsequent operation of the faucet at other times merely
      requires up and down motion of the handle to provide varying degrees of
      volume flow. The further the valve spool 3 becomes positioned so as to
      have the taper portions 64 of the valve spool 3 upward of the lower valve
      spool seal 11 the greater volume flow of fluid. The faucet can be
      assembled such that the cold water fluid flow is always on as the handle
      49 is lifted; thus the operation would go from a normally cold water flow
      as the handle is lifted and rotation of the handle in direction A--A of
      FIG. 3 would provide for progressive mixing of hot water with the cold
      water and subsequently after full rotation the hot water opening 40 is at
      position B of FIG. 3 and cold water opening 39 is closed.
PAR  In FIG. 5 of the drawings the openings 53 to the valve spools 3 into their
      open valve spool chambers 31 and 32 are shown with the valve spools in an
      upward and open position, showing that fluid through channels 60 and 61
      enters the valve spool cahmbers 31 and 32 as previously described when the
      valve control plate 13 is positioned with respect to the valve seats 10 at
      the uppermost end of the valve spools 3.
PAR  The views in the drawings are approximately double scale, however they
      depict a form of the present invention. Obviously various materials in the
      plastics family may be used in the manufacture of the parts. Improvements
      in plastic materials such as Lexan and the like have permitted
      construction of the faucet almost entirely out of plastic.
PAR  Although but a single embodiment of the present invention has been
      illustrated and described, it will be apparent to those skilled in the art
      that various changes and modifications may be made therein without
      departing from the spirit of the invention or from the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve assembly comprising:
PA1  a housing defining a mixing chamber,
PA1  an outlet port formed in said housing and communicating with said mixing
      chamber,
PA1  means defining at least two elongate chambers within said housing each of
      which is closed at one end and has an inlet port formed intermediate the
      ends thereof,
PA1  hollow plug means slidably disposed within each said elongate chambers for
      movement between first and second positions, each said plug means having a
      first closed end, a second end open to siad mixing chamber and a lateral
      opening to its associated elongate chamber, each said plug means closing
      its chamber inlet port when in its first position and movement of each
      said plug to a second position resulting in gradual alignment of its
      lateral opening and its chamber inlet port to establish a flow path from
      said inlet port to said mixing chamber through said plug means,
PA1  valve operating means for moving said plug means within said elongate
      chambers, and
PA1  closing means rotatably engageable with the open ends of said plug means
      for selectively closing said open ends of said plug means to fluid flow.
NUM  2.
PAR  2. The assembly set forth in claim 1 wherein said closing means comprises
      rotatable plate means engaging said open ends of said plug means and
      having a plurality of openings therethrough and oriented whereby rotation
      of said plate means causes said openings to be selectively aligned with
      said open plug ends.
NUM  3.
PAR  3. The assembly set forth in claim 2 further comprising seal means
      intermediate said open plug ends and said closing means.
NUM  4.
PAR  4. The assembly set forth in claim 1 wherein valve stem means engage said
      plug means and said closing means.
NUM  5.
PAR  5. The assembly set forth in claim 4 wherein said closing means comprises
      plate means engaged by said valve stem means, said plate means engaging
      said open plug ends and having a plurality of openings therethrough
      whereby rotation of said valve stem means causes said plate means to
      rotate to selectively align said openings with said open plug ends, said
      stem means also comprising means engaging said plug means whereby
      longitudinal movement of said stem means causes movement of said plug
      means within said elongate chambers.
NUM  6.
PAR  6. The assembly set forth in claim 5 wherein said elongate chambers are
      generally cylindrical and at least the ends of said plug means are also
      generally cylindrical and of substantially the same diameter as said
      elongate chamber means, each plug means including an intermediate portion
      of reduced diameter and said lateral openings in said plug interior being
      through said reduced diameter portions, and
PA1  each said plug means closing its chamber inlet port when said plug means is
      in its first position and movement of said plug means to its second
      position causing said reduced diameter portion to align with its chamber
      inlet part to permit fluid flow therefrom to said plug interior through
      said lateral opening.
NUM  7.
PAR  7. The assembly set forth in claim 6 wherein each said portion of reduced
      diameter is cylindrical and tapered from a diameter substantially equal to
      said elongate chamber diameter whereby movement of said plug means causes
      a gradual alignment of said chamber inlet port to fluid flow.
NUM  8.
PAR  8. The assembly set forth in claim 7 wherein said plate means openings are
      arranged whereby when said plate means is in a first position one of said
      openings is fully aligned with the open end of one of said plugs and when
      in a second position another of said openings is fully aligned with the
      open end of another of said plugs and wherein during rotation of said
      plate means from said first to said second position said one plug end is
      gradually closed to fluid flow and said another plug end is gradually
      opened to fluid flow.
NUM  9.
PAR  9. The assembly set forth in claim 8 further comprising resilient seal
      means intermediate said open plug ends and said plate means.
NUM  10.
PAR  10. The assembly set forth in claim 1 further comprising fluid flow conduit
      means coupling the end of said elongate chambers and said mixing chamber.
NUM  11.
PAR  11. The assembly set forth in claim 1 further comprising seal means for
      each of said plug means within said elongate chambers for preventing fluid
      flow to said mixing chamber other than through said plug means.
NUM  12.
PAR  12. A mixing valve comprising:
PA1  means defining a hollow housing,
PA1  means within said housing defining a pair of cylindrical valve chambers
      closed at their lower ends and open at their upper ends to the interior of
      said housing, one of said chambers having a cold water inlet port formed
      intermediate the ends thereof and the other of said chambers having a hot
      water inlet port formed intermediate the ends thereof,
PA1  hollow cylindrical valve spool means slidably disposed within each chamber,
      said spool means being closed at their lower ends and open at their upper
      ends to said housing interior and each having at least one lateral opening
      therethrough coupling its associated chamber with said spool means
      interior, each said spool means closing one of said water inlet ports to
      fluid flow when in a first lowered position and the lateral opening in
      each spool permitting flow through its associated port when said spool
      means is in a second raised position,
PA1  rotatable body means disposed within said housing for selectively opening
      and closing said open ends of said spool means to fluid flow,
PA1  means engaging said spool means for moving said spool means from said first
      to said second position; and
PA1  outlet port formed in said housing.
NUM  13.
PAR  13. The invention set forth in claim 12 wherein said body means includes
      first and second spaced apart openings constructed and arranged whereby
      when in a first position a first one of said openings is in registry with
      the open end of one valve spool means and when in a second position the
      second one of said openings is in registry with the open end of said other
      valve spool means and wherein during rotation of said body means from said
      first to said second position said body member gradually closes said one
      valve spool means opening to fluid flow and gradually opens said other
      valve spool means opening to fluid flow.
NUM  14.
PAR  14. The invention set forth in claim 13 further comprising stem means
      engaging both said body means and said valve spool means.
NUM  15.
PAR  15. The invention set forth in claim 14 and assembly further including seal
      means for preventing fluid flow from said chamber inlet ports to said
      housing interior other than through said lateral openings, the interiors
      of said spool means, and said openings in said body means.
NUM  16.
PAR  16. The invention set forth in claim 15 wherein each said spool means
      includes an intermediate portion of gradually diminishing diameter whereby
      a fluid chamber is formed between the intermediate portions of said spool
      means and said chamber means, each said lateral opening is located at such
      portion, the dimensions of said fluid chamber gradually increasing as said
      spool means are raised from their first to their second positions.
NUM  17.
PAR  17. The invention set forth in claim 16 wherein conduit means couple the
      closed end of said elongate valve chambers to said housing interior.
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PAL  A fluidic device using a free jet in which a control nozzle or nozzles
      terminate within the emitter jet, is disclosed. Positioning the ends of
      the control nozzles within the emitter jet avoids jet distortion when
      acted upon by control fluid for deflection. In the preferred embodiment,
      geometric symmetry is provided, either with control nozzles in pairs
      disposed opposite to each other, or another control member, such as a rod,
      disposed opposite to each control nozzle. A receiver for preventing air or
      gas entrainment is also disclosed. The device provides high efficiency,
      low noise, and operates with low pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fluidic device which utilizes a liquid jet in
      gaseous surroundings, herein referred to as a free jet.
PAR  Conventional fluidic devices generally utilize a submerged jet, whereby the
      jet fluid is identical to the fluid surrounding the jet stream. The
      submerged jet entrains fluid from the surroundings as it passes from the
      emitter nozzle to one or more receiver passageways, thus reducing the
      energy recovered in the receiver passageways. Fluidic devices of this kind
      require a substantial pressure head of fluid and are inherently of very
      low efficiency. When the jet stream is turbulent, a further performance
      limitation associated with the high turbulent noise levels in the received
      flows is noted.
PAR  A free jet, for example, a liquid jet operating in air, has the potential
      to eliminate many of the disadvantages of the submerged jet. However, to
      date, the potential of the free jet has not been realized because of the
      tendency of the jet to break up or distort when a control jet interacts
      with it.
PAR  In processes involving liquids, it would be advantageous to be able to use
      the process fluid itself to perform the control function in order to avoid
      mechanical - fluidic interfacing, as is presently required.
PAC  SUMMARY OF THE INVENTION
PAR  The deflection of a free jet differs considerably from that of a submerged
      jet. When a free jet flows from a nozzle into air or other gaseous
      surroundings, a substantially constant diameter jet is produced. The free
      jet is confined by the liquid - gas interface by means of surface tension.
      Because surface tension effects dominate over viscous effects, Weber
      number, rather than Reynolds number, has been found to provide a suitable
      scaling criteria.
PAR  It is an object of the present invention to provide a fluidic device which
      provides high efficiency, low received noise levels, and operates under
      low pressure head.
PAR  Another object is to provide a fluidic device utilizing a free liquid jet
      controlled by liquid signals.
PAR  Another object of the present invention is to provide means for deflecting
      a free liquid jet that preserves a coherent substantially uniform jet
      downstream from the region where deflection of the jet is effected.
PAR  It is a further object of the present invention to provide means for
      receiving a liquid jet which provides higher pressure recovery with higher
      flow recovery.
PAR  The above objectives are met by a fluidic device comprising; an emitter
      nozzle operative to issue a liquid emitter jet having a Weber number of
      from 8 to 70, control means comprising a control nozzle that terminates
      within the emitter jet and disposed a distance of less than five jet
      diameters downstream from the emitter nozzle and being operative to issue
      a control jet for deflecting the emitter jet, and receiver means spaced
      downstream from the emitter for receiving the emitter jet.
PAR  In a preferred embodiment of the invention, the control means includes a
      control member disposed diametrically opposite the control nozzle. This
      control member may be in the form of a second control nozzle or a solid
      rod. The device may also include additional control nozzles and control
      members.
PAR  Also, in a preferred embodiment of the invention, the receiver means
      comprises an orifice plate disposed substantially perpendicular to the
      emitter jet and has one or two receiver passageways extending downstream
      therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generalized schematic representation of a liquid fluidic device
      according to the present invention, illustrating the positioning of the
      control nozzle and its effect on the emitter jet without the supply of a
      control liquid.
PAR  FIG. 2 shows the device of FIG. 1 with a control liquid supplied to the
      control nozzle.
PAR  FIG. 3 is a partly sectional elevation of a proportional fluidic amplifier
      in accordance with the present invention.
PAR  FIG. 4 is a plan view of the receiver shown in FIG. 3 taken along the lines
      denoted by IV--IV.
PAR  FIG. 5 is a partly sectional elevation of a fluidic NOR gate in accordance
      with the present invention.
PAR  FIG. 6 is a plan view of the receiver shown in FIG. 5 taken along the lines
      denoted by VI--VI.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1 and 2, the basic fluidic device 1 comprises an
      emitter nozzle 2, a control nozzle 3 and a receiver 4. In operation, a
      liquid is supplied to the emitter nozzle such that it issues a free jet 6
      having a Weber number of from 8 to 70. The control nozzle 3 is disposed
      such that one end 5 partially obstructs, or terminates within, the emitter
      jet 6 which causes the emitter jet to be deflected as is shown in FIG. 1.
      As shown in FIG. 1, maximum emitter jet flow is received by receiver 4
      when no control flow is supplied to the control nozzle 3. With control
      flow to nozzle 3, the deflection of emitter jet 6 is reduced and less
      fluid is received by receiver 4. In FIG. 2, sufficient control fluid is
      supplied to control nozzle 3 so that no flow is received by receiver 4.
PAR  The positioning of the control nozzles as described, that is, terminating
      within the emitter jet, prevents emitter jet breakup, turbulence or
      distortion when interacted upon by control fluid.
PAR  As previously indicated, proper operation of the present device requires
      emitter jet flow with a Weber number of from 8 to 70. Below a Weber number
      of 8, breakup of the emitter jet 6 is probable, whereby the stream leaving
      the emitter nozzle 2 becomes unstable, and forms a stream of droplets
      before reaching the receiver 4. Above 70, emitter jet 6 may possess a
      disintegrating interface between the liquid and surrounding gas, and spray
      results which reduces the amount of received flow. It should be noted that
      a Weber number of 70 is beyond the laminar flow range.
PAR  Preferably, the emitter nozzle will have a length ten times the diameter,
      but no less than 5 times, this nozzle portion being substantially uniform
      in diameter, or slightly convergent. Such a nozzle provides that emitter
      jet flow is partially developed, or has a nonuniform velocity profile as
      it leaves the emitter nozzle 2 and intercepts the control nozzle.
PAR  The embodiment of FIGS. 1 and 2, having only one control nozzle, is not
      symmetrical and therefore, variations in emitter flow will cause changes
      in the received output. In most applications, this will be a disadvantage.
      In the following embodiments, sensitivity to emitter flow variations is
      avoided by the symmetrical arrangement of control elements.
PAR  FIG. 3 illustrates a fluidic proportional amplifier 10 which comprises an
      emitter nozzle 11, two control nozzles 12 and 13, receiver 14 and suitable
      supporting structure 15. As in the embodiment of FIGS. 1 and 2, the
      control nozzles 12 and 13 terminate within the emitter jet 16 so that the
      action of control flows through the nozzles serves only to deflect the jet
      stream 17 and not to cause jet breakup, turbulence or distortion. The
      deflection of jet 17 by control flows through nozzles 12 and 13 is
      controlled by the differential flow rate in these two said control
      nozzles.
PAR  The control nozzles should be disposed as near as possible to the emitter
      nozzle, where the emitter jet is still partially developed, that is,
      before it reverts to a uniform velocity profile. Preferably, the control
      nozzle will be less than five emitter jet diameters downstream from the
      emitter nozzle, measured to the control nozzle centerline.
PAR  Minimum distortion and maximum gain are obtained with the distance from the
      end of the control nozzle to the emitter jet centerline being from 0.1 to
      0.2 times the emitter jet diameter.
PAR  Preferably, the control nozzles are circular in cross-section and have a
      diameter equal to the emitter nozzle. Further, it is desirable that the
      control nozzles 12 and 13 have a uniform smooth cylindrical outer surface
      with a free length of at least two diameters to allow uniform and
      unobstructed wetting of the outer surfaces 22 and 23.
PAR  While the control nozzles 12 and 13 are shown to be at right angles to the
      emitter nozzle 11, this angular relationship is not necessary. It is
      necessary, however, that the control nozzles be substantially horizontal,
      or aligned such that liquid flow does not occur along the nozzle surfaces
      away from their wetted ends.
PAR  The interaction region 20 should be vented or open to a gaseous atmosphere,
      normally air, so as not to impede the normal flow of gaseous atmosphere
      therethrough. Also, the supporting structure 15 should not impede emitter
      jet flow or restrict the formation of wetted surfaces of the control
      nozzles and the receiver 14.
PAR  Referring to FIGS. 3 and 4, receiver 14 comprises orifice plate 30 and
      receiver passageways 31 and 32. Passageways 31 and 32 which are adjacent
      to each other, extend downstream from the orifice plate 30.
PAR  The orifice plate 30, as can be best seen in FIG. 4, has an orifice 33 that
      is elongated in the plane of the control nozzles 12 and 13. The orifice 33
      defines the entrance to the passageways 31 and 32 and preferably has a
      major dimension of not greater than two emitter nozzle diameters and a
      minor dimension of not greater than the emitter nozzle diameter.
PAR  The orifice plate 30 comprises a substantially flat surface that surrounds
      the entrances to passageways 31 and 32 so as to provide for the formation
      of a pool of liquid 34 of sufficient diameter to prevent the intrusion of
      gas into the receiver passageways 31 and 32.
PAR  The receiver described above requires vertical orientation since the pool
      of liquid is maintained only if the orifice plate is substantially
      horizontal.
PAR  An alternative receiver, not requiring vertical orientation, comprises a
      receiver passageway that has sufficiently high impedance to exclude gas
      therefrom.
PAR  The output of proportional amplifier 10 is a pressure and flow differential
      in the receiver passageways proportional to the difference in fluid
      pressures in control nozzles 12 and 13. In operation, a pressurized fluid
      with a Weber number between 8 and 70 is supplied to emitter jet 11 to form
      a free jet stream 16. Control fluid, supplied to control passageways 12
      and 13, acts on the free jet 16 to deflect it proportionally to the
      difference in pressure in the control nozzles. If the pressures are equal,
      the stream will not be deflected and most of the fluid stream 16 will
      enter receiver 14 with a substantially equal percentage of fluid entering
      passageways 31 and 32, thereby providing a zero pressure differential
      output. If, for example, the pressure in control nozzle 12 is greater than
      that in control nozzle 13, the jet 16 would be deflected so that a greater
      proportion of the fluid stream would exit through receiver passageway 32
      than through receiver passage 31.
PAR  The gain of the proportional amplifier can be changed by changing the
      length from the emitter nozzle to the receiver. Generally, the longer this
      distance, the higher the gain. It is generally desirable, however, that
      this distance be no longer than 50 nozzle diameters, as the free jet
      stream 16 becomes marginally stable at greater length. Also, signal
      transport delay associated with the length of time required for a control
      differential signal to be transported to the receiver, will increase with
      increased length from emitter to receiver. A compromise between high gain
      and good dynamic performance has been found to require that the distance
      from the emitter nozzle exit to the receiver orifice plate be within the
      range of five to 20 nozzle diameters.
PAR  Preferably, the receiver passageways 31 and 32 have circular cross-sections
      with an entrance portion at orifice plate 30 having a diameter no greater
      than that of emitter nozzle 11. It is preferable that passageways 31 and
      32 have either a uniform, or slightly divergent cross-section so as to
      provide diffusion of received flow and minimum impedance.
PAR  Means may be provided for catching and containing liquid which does not
      enter receiver passageways or which spills from the receiver orifice
      plate.
PAR  FIG. 5 illustrates an embodiment of the invention suitable as a NOR logic
      element. As in the previous embodiments, the fluidic device 40 comprises
      an emitter nozzle 41 which emits an emitter jet 42 having a Weber number
      between 8 and 70. Two control nozzles 43 and 44 are mounted on one side,
      and terminate within the emitter jet 42. Symmetrically opposite to the
      control nozzles 43 and 44 are two additional control members 45 and 46
      without passageways. The control members 45 and 46 have outer wetted
      surfaces geometrically similar to that of the control nozzles 43 and 44
      but do not have passageways for emitting fluid.
PAR  Receiver 47 is substantially coaxially aligned with free jet stream 42.
      Orifice plate 48 defines the entrance to the receiver, having an outer
      diameter at least twice the diameter of the orifice 49. Preferably, the
      orifice diameter is no greater than the emitter nozzle diameter. As in the
      embodiment of FIGS. 3 and 4, orifice plate 48 provides for a puddle
      formation above the entrance to the receiver 47 to prevent gas
      entrainment.
PAR  In operation, the digital amplifier shown in FIG. 5 acts as an active two
      input NOR gate. In the absence of control flows through either control
      nozzle 43 or 44, the emitter jet stream 42 will be undeflected and a
      substantial portion of the jet will be received by receiver 47. The
      presence of a control flow in either, or both, control nozzles will
      deflect the jet such that less fluid will be received by the receiver.
PAR  If desired, additional inputs can be provided for the NOR gate shown in
      FIG. 5, by providing additional control nozzles together with
      symmetrically opposite control rods. All such additional control nozzles
      will be disposed on one side of the emitter jet and the associated control
      rods will be disposed on the opposite side of the jet, so that control
      flow thorugh one control nozzle will not interfere with flow through any
      other nozzle, whereby any or all control flows will produce a deflection
      of the jet away from the receiver entrance.
PAR  Other embodiments and modifications, in addition to those discussed above,
      are intended to be included within the scope of the present invention. For
      example, a rectifier may be provided by replacing the receiver 14 of FIGS.
      3 and 4 by one with a single passageway as in FIG. 5. In operation, the
      difference in flow to the two control nozzles will result in a
      proportional reduction in the emitter flow received by the receiver.
PAR  The present invention may be adapted to provide other known logic functions
      and may also be used in three dimensional fluidic devices wherein
      additional receivers, control nozzles and control members, as necessary,
      would be provided.
PAR  The present invention will be suitable in a variety of applications, and
      particularly for applications involving liquids wherein control of liquid
      flow is required.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid fluid operated control device comprising:
PA1  a. an emitter nozzle for coupling to a liquid supply source and operative
      to issue a free liquid emitter jet having a Weber number of from 8 to 70;
PA1  b. control means comprising a control nozzle disposed such that one end
      thereof terminates within the emitter jet, said nozzle being disposed a
      distance of less than five emitter jet diameters downstream from the
      emitter nozzle, said nozzle being operative to issue a control jet for
      deflecting the emitter jet; and
PA1  c. receiver means spaced downstream from the emitter for receiving the
      emitter jet.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the receiver means comprises an orifice
      plate disposed substantially perpendicular to the emitter jet, and has a
      receiver passageway extending downstream therefrom.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the diameter of the orifice is equal to
      or less than the diameter of the emitter nozzle.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the orifice is elongated and two
      receiver passageways extend downstream therefrom.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the receiver comprises a receiver
      passageway having an impedance to flow sufficient to exclude the reception
      of gas.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the control means further comprises a
      control member disposed such that one end thereof terminates within the
      emitter jet substantially symmetrically opposite to the control nozzle.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said control member comprises a second
      control nozzle.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said control member comprises a solid
      member having an outer wetting surface geometrically similar to the
      opposing control nozzle.
NUM  9.
PAR  9. The apparatus of claim 6 comprising two parallel control nozzles and two
      opposing parallel control members.
NUM  10.
PAR  10. The apparatus of claim 1 wherein the control nozzle has a substantially
      cylindrical outer wetting surface.
NUM  11.
PAR  11. The apparatus of claim 10 wherein the control nozzle has a free wetting
      length of at least two control nozzle diameters.
NUM  12.
PAR  12. The apparatus of claim 1 wherein the length of the emitter nozzle is at
      least five nozzle diameters.
NUM  13.
PAR  13. The apparatus of claim 1 wherein the end of the control nozzle
      terminates at a distance of from 0.1 to 0.2 times the emitter jet
      diameter, from the emitter jet centerline.
NUM  14.
PAR  14. The apparatus of claim 1 wherein the receiver means is disposed from
      five to 20 emitter nozzle diameters downstream from the emitter.
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ABST
PAL  Corrugated, flexible, metal duct formed of a helically wound strip of
      lightweight metal characterized by a pair of interlocked U-shaped seam
      elements which constitute one leg of a common corrugation of contiguous
      convolutions of the strip and extend radially throughout the length of
      that leg so that the areas at the base of each U-shaped seam element abuts
      against the adjacent corrugation leg and is locked against separation
      thereby. Apparatus which makes such duct through the use of rollers only
      and void of any mandrel means is also shown.
BSUM
PAR  This invention relates to corrugated flexible, cylindrical ducts. More
      particularly, it relates to a corrugated, flexible, cylindrical duct made
      from a single strip of metal and having interlocking seam structures so
      constructed and arranged as to preclude separation of the adjacent
      convolutions of the metal strip through either axial compression or
      tension. It also relates to apparatus for making such a duct which is
      characterized by the absence of any mandrel means.
PAR  There is a very substantial need for flexible metal ducts which can be
      manufactured of very lightweight metal such as aluminum of light gauge
      which can be bent about a sharp radius and cannot be readily separated at
      the seams thereof through either axial compression or tension. There is a
      substantial need for such a duct in the heating industry as well as in the
      automobile industry, and many other industries in which duct is required
      to be bent or flexed about sharp corners for any one of a number of
      reasons. The invention described herein discloses and claims a corrugated,
      flexible metal duct made of such material, and having seam structure so
      constructed and arranged as to permit flexing or bending about a
      relatively small radius and offering substantially greater resistance to
      separation at the seam thereof as the result of axial compression or
      tension than similar duct as heretofore known.
PAR  The advantages of flexible duct are well-known. The advantages of metal
      flexible duct are particularly desirable in view of the resistance of the
      metal to heat and other physical conditions which tend to weaken or
      destroy the duct. The light weight and durability of metal such as light
      gauge aluminum makes such duct particularly attractive, but its acceptance
      has been hindered and inhibited because of the tendency of the seams made
      from such material to separate upon appreciable axial tension and
      particularly axial compression.
PAR  It is a general object of my invention to provide an improved corrugated,
      flexible, cylindrical metal duct having improved features with respect to
      flexibility and durability because of its unique seam structure.
PAR  A further object is to provide a machine constructed and arranged to
      manufacture such a duct in a simple, inexpensive and rapid manner from a
      single strip of lightweight metal such as light gauge aluminum.
PAR  A more specific object is to provide a novel and highly improved
      corrugated, flexible, cylindrical metal duct having seam structure which
      constitutes one leg of a common corrugation of contiguous convolutions of
      the strip of metal from which the duct is made, the axis of the seam
      extending parallel to that leg to thereby facilitate flexing of the duct.
      A still more specific object is to provide an improved cylindrical duct
      made from a single strip of sheet metal in which the contiguous
      convolutions of the helically wound strip are connected by a seam
      comprised of two interlocked U-shaped seam elements, the areas of these
      elements at the base thereof abutting against the adjacent leg of the
      adjacent corrugation of the contiguous convolution of the strip so as to
      lock the seam against separation as a result of axial compression.
PAR  Another object is to provide a machine for making a cylindrical,
      corrugated, flexible metal duct from a single strip of sheet metal by
      helically winding the latter and forming an interlocked seam constituting
      a common leg of a corrugation and extending throughout the length of that
      leg, the machine being characterized by the absence of a mandrel.
PAR  Another object is to provide a machine constructed and arranged to form a
      corrugated, flexible, cylindrical metal duct from a single strip of light
      gauge sheet metal in which the formation of the helically wound duct is
      accomplished through the use of only a plurality of rollers and a single
      fixed die member.
DRWD
PAR  These and other objects and advantages of the invention will more fully
      appear from the following description, made in connection with the
      accompanying drawings, wherein like reference characters refer to the same
      or similar parts throughout the several views, and in which:
PAR  FIG. 1 is a schematic fragmentary sectional view taken through the rollers
      which initially engage the strip of metal and form the first corrugation
      therein;
PAR  FIG. 2 is a schematic fragmentary sectional view showing the construction
      of the second set of rollers which engage the strip of metal and the shape
      into which the strip is formed thereby;
PAR  FIG. 3 is a schematic fragmentary sectional view taken through the third
      set of rollers encountered by the strip of metal in the machine and
      showing the corrugations induced therein thereby;
PAR  FIG. 4 is a schematic fragmentary sectional view of the fourth set of
      rollers through which the strip of metal pases as it moves through the
      machine and showing the corrugations induced thereby;
PAR  FIG. 5 is a schematic fragmentary sectional view of the fifth set of
      rollers which work the strip of metal as it passes through the machine,
      showing the corrugations therein and the initial step in the formation of
      a seam element from the marginal portions of the strip;
PAR  FIG. 6 is a schematic fragmentary sectional view of the sixth set of
      rollers through which the strip of metal passes as it moves through the
      machine and showing the completion of one of the seam elements at one side
      of the strip and the initial step in the formation of the seam element at
      the opposite side of the strip.
PAR  FIG. 7 is a schematic fragmentary sectional view showing the seventh set of
      rollers through which the strip of metal passes as it moves through the
      machine and illustrating the next step in the formation of the strip;
PAR  FIG. 8 is a schematic fragmentary sectional view of the eighth set of
      rollers encountered by the strip of metal as it moves through the machine
      and showing completion of the corrugations and the seam elements in the
      strip;
PAR  FIG. 9 is a vertical sectional view on enlarged scale taken through the
      fixed die member which provides the final shaping to the seam elements
      preparatory to the passage of the metal strip through the forming rolls;
PAR  FIG. 10 is a schematic view illustrating the co-relation of the strip and a
      contiguous convolution immediately after it is initially shaped and prior
      to the initial seam forming operation;
PAR  FIG. 11 is a schematic sectional view of the strip and contiguous
      convolution shown in FIG. 10 immediately after it has passed through the
      initial seam forming operation;
PAR  FIG. 12 is a schematic sectional view taken through the same strip and
      contiguous convolution as shown in FIGS. 10 and 11 immediately after the
      final seam forming operation performed by the finishing rolls;
PAR  FIG. 13 is a schematic sectional view taken on an enlarged scale through
      the seam of a portion of the spiral duct after it has been formed and
      showing the seam of FIG. 12 on an enlarged scale;
PAR  FIG. 14 is a pictoral view in perspective illustrating the manner in which
      a metal strip is directed into a spiral shape and the seam element of the
      initial convolution thereof is presented and disposed within the seam
      element at the opposite side of the strip just prior to being presented to
      the seam forming rollers.
PAR  FIG. 15 is a perspective view of the forming head which induces the spiral
      curvature and forms the seam from the seam elements to produce the spiral
      duct;
PAR  FIG. 16 is a fragmentary top plan view of the machine which is utilized to
      produce the duct shown in FIGS. 1-14;
PAR  FIG. 17 is a diagrammatic front elevational view of the machine shown in
      FIG. 15 for clarification; and
PAR  FIG. 18 is a diagrammatic perspective view of the machine utilized to
      produce the duct shown in FIGS. 1-14
DETD
PAR  As shown in FIG. 18, the spiral duct 20 is formed upon a machine indicated
      generally at 21 from a roll 22 of a strip 23 of metal such as light gauge
      aluminum. The strip 23 is first passed through eight separate pairs of
      corrugating rollers indicated by the numerals 24-31 inclusive. The first
      pair of rollers 24 induce an initial corrugation at the center of the
      strip 23 as shown in FIG. 1. The second set of rollers 25 produce a
      deformity at either side of the central corrugation as shown in FIG. 2.
      The third set of rollers 26 complete the two corrugations at either side
      of the central corrugation and further deform the strip initially
      immediately outwardly therefrom as shown in FIG. 3.
PAR  The fourth set of rollers, as shown in FIG. 4 complete the corrugations
      initiated by the rollers 26 (as shown in FIG. 3). This completes the
      forming of the corrugations in the strip of metal 23. The pairs of rollers
      28, 29, 30 and 31 in FIGS. 5-8 inclusive further deform the strip of metal
      23 to produce seam elements 32 and 33 on the opposite side edge portions
      of the strip. It will be noted that the two seam elements 32, 33 extend in
      opposite directions and are supported by supporting structure which
      extends parallel to the general plane of the strip but at the opposite
      ends of the corrugation so that they are vertically spaced as the strip 23
      leaves the pair of rollers 31. It will be noted that the rollers 24-31 are
      rotatably mounted in sequence upon a frame indicated by the letter F.
PAR  Also mounted upon the frame F immediately behind the rollers 31 and
      receiving the strip 23 therefrom is a fixed die member indicated generally
      by the numeral 34. This die member 34 is tunnel-like in structure and,
      accordingly, has an entrance 35 and an exit 36. The side walls 34a and 34b
      thereof are vertical at the entrance 35 so as to receive the vertically
      extending seam elements 32 and 33 without difficulty. The side walls 34a
      and 34b, however, converge inwardly toward the exit 36 to the position and
      relationship shown in FIG. 9 so that as the metal strip 23 passes through
      the die 34, the seam element 33 is bent inwardly and the downwardly
      extending seam element 32 is likewise bent inwardly as shown. Thus, the
      side wall 34a converges inwardly and upwardly, while the side wall 34b
      converges inwardly and downwardly from the entrance toward the exit.
PAR  As the metal strip 23 is driven by the powered rolls 24-31 inclusive
      through the die 34 and leaves the exit 36 thereof, it passes between a
      pair of powered rolls 37-38 as shown in FIGS. 15-18 inclusive. The details
      of these rolls can best be seen in FIG. 11. These rolls 37-38 aid in
      moving the strip 23 forward to engage a rotatably mounted curvature
      inducing roller 39. It will be noted that this roller 39 is mounted
      directly ahead of the two rollers 37 and 38 but in slightly elevated
      relation thereto so that its strip engaging surface 40 is vertically
      displayed from the plane of the metal strip 23 as it passes between the
      rollers 37-38. This surface 40 induces a curvature into the metal strip 23
      causing it to move upwardly to a point where it is engaged by the
      rotatably mounted rollers 41 and 42 which continue to direct the metal
      strip in a cylindrical helical path. It will be noted that each of the
      rollers 37-38 and 41-42 have corrugations formed theron which correspond
      and compliment the corrugation induced in the strip 23 by the rollers
      24-31 inclusive so as to facilitate the direction and movement of the
      strip therethrough and thereby.
PAR  As the strip is continued to be powered through the machine by the rollers
      24-31 and 37-38 and continues to be curved and directed in a spiral path
      by the rollers 39, 41 and 42, it progresses to a point where the initial
      convolution 43 engages the strip 23 as best illustrated in FIG. 14 and
      FIG. 10. It will be noted by reference to these figures that the seam
      element 32 is brought downwardly so as to overlap and extend just inwardly
      of the upstanding seam element 33 of the strip 23. Thus the two seam
      elements are brought into overlapping position preparatory to the
      formation of the seam, the initial step of which is illustrated in FIG.
      11, and is accomplished by the free end portions of the rollers 37-38
      which, it will be noted by reference to FIG. 11, are provided with a
      cooperative rib and groove which is somewhat wider than the ribs and
      grooves of these rolls which compliment the corrugations of the strip 23.
      As the strip 23 and the initial convolution 43 move through the outer end
      portions of the rollers 37 and 38 the seam element 32 is reversed upon its
      supporting structure as is the seam element 33 to produce a seam indicated
      generally by the numeral 44. This seam 44 extends initially at an angle of
      approximately 30.degree. off horizontal, as shown in FIG. 11. It will be
      noted that it consists of a pair of U-shaped seam elements produced by the
      reversal of the elements 32-33 upon their supporting structure so that the
      element 33 extends into the U-shaped seam element formed by the element 32
      and its supporting structure and vice versa.
PAR  As the first convolution 43 moves along with the strip 23 upwardly, the
      seam 44 which connects the two passes between a pair of rotatably mounted
      finishing rollers 45, 46 which are also powered and complete the seam 44
      by compressing the same and causing it to extend at an angle of
      approximately 70.degree. to the horizontal or general plane of the strip
      23. It will be noted that when so formed the seam 44 constitutes a common
      leg of adjacent corrugations at either side thereof and that it extends
      throughout the length of that leg. It will also be noted that the point of
      juncture of the two legs of each of the U-shaped seam elements abuts
      against the adjacent leg of the adjacent corrugation. This can best be
      seen by reference to FIG. 13 where the point of juncture of the two legs
      of the U-shaped seam element which includes the element 33 abuts against
      the adjacent leg at the point indicated by the numeral 47, and the
      U-shaped seam element which includes the element 32 abuts against the
      adjacent leg at the point indicated in FIG. 13 by the numeral 48. Thus,
      the adjacent legs of the adjacent or contiguous corrugation in each
      instance locks the two U-shaped seam elements together so that they cannot
      be separated by either axial compression or tension. I have found that
      this structure is particularly effective in preventing separation of the
      seam in readily deformable metal such as light gauge aluminum. I have also
      found that by forming the seam as best shown in FIG. 13 so as to extend
      parallel to the leg of the corrugation, the spiral duct so formed can be
      bent upon the relatively sharp radius as compared to ducts which are
      formed with other types of seams where the seam has a component extending
      parallel to the axis of the duct and tranversely of the leg of the
      corrugation.
PAR  It will be noted that the rollers 37-39, 41, 42, 45 and 46 are all mounted
      upon a mounting head indicated generally by the letter H, which is best
      shown in FIG. 15. This mounting head includes a base plate P which is
      removably mounted upon the frame F by four bolts 49. Mounted upon the base
      plate P is an upstanding rigid support plate 50 which is disposed adjacent
      four uprights 51 which in turn support a vertically adjustable bearing 52
      which rotatably mounts the powered roller 45. As shown, the roller 46 is
      mounted upon the support 50 as is each of the powered rollers 37, 38. The
      roller 39 is rotatably mounted upon the plate P as best shown in FIG. 15.
PAR  It will be noted that the rollers 45 and 46 are mounted so that the axis
      thereof extends at a slight angle to the path of movement of the strip 23
      so as to extend parallel to the axis of the spiral duct 20 as it is formed
      and so as to properly direct the tube 20 and complete the formation of the
      seam 44. It will likewise be noted that the two rollers 41 and 42 are
      adjustably mounted on the support 50 and that the axis thereof likewise
      extends at a slight angle to the support 50 and the direction of movement
      of the trip 23 so as to direct the first convolution 43 of the strip in a
      spriral path so that the element 32 will be properly brought into position
      relative to the element 33 of the strip 23 so as to extend in overlapping
      relation just inwardly thereof as best shown in FIG. 11. These rollers 41
      and 42 are adjustably mounted so as to facilitate adjustment thereof to
      properly direct the first convolution 43 of the strip so that the duct
      forming operation may be continuous.
PAR  The gear train mechanism for the various driven rollers as hereinbefore
      described has not been shown since the construction of the same is well
      known throughout the art, and thus it has been omitted for the sake of
      brevity.
PAR  It will be noted by reference to FIGS. 11-13, that the flexible corrugated
      cylindrical tube constructed as hereinbefore described is comprised of a
      helically wound strip of formable material such as light gauge aluminum
      wherein the strip has longitudinally extending corrugations formed therein
      and has marginal portions supported at opposite sides thereof and reversed
      upon itself in opposite directions (elements 32 and 33) to form a U-shaped
      seam element at each side of the strip. It will also be noted that the
      free edge of each of these marginal portions (32, 33) is received between
      the leg of the adjacent seam element of the convolution of the strip which
      is contiguous thereto. These two U-shaped elements cooperatively define a
      radially extending seam which constitutes a common leg of a corrugation
      for the contiguous convolutions of the strip. Moreover, each of the seam
      elements extend into the bottom of the valley of the adjacent corrugation
      of the contiguous convolution of the strip and abuts against the other leg
      of the adjacent corrugation in locked-in relation. Thus, the one U-shaped
      seam element extends into the valley of the corrugation and abuts at 47
      against the adjacent leg of that corrugation and the other seam element
      extends into the valley of the other corrugation and abuts against the
      adjacent leg thereof as at 48. Thus each of the seam elements is locked
      into position by the adjacent leg of the corrugation into the valley of
      which that seam element extends. It will be noted that the marginal
      portions of the strip are reversed upon themselves in opposite direction
      to form the two U-shaped seam elements.
PAR  Mounted upon the frame F and extending laterally therefrom is a cut-off
      table 53 which receives and supports the duct 20 as it is formed.
      Positioned below the level of the cut-off table and a short distance from
      the forming head is a cut-off saw assembly 54 which is capable of movement
      of the saw element 55 upwardly and downwardly through a distance of
      approximately one and one-half inches vertically relative to the tube 20.
      When the assembly is in its retracted position the saw element is below
      the tube, and when the desired length of tube has been formed, it will
      automatically cut-off the desired length of duct. This is accomplished
      through the use of a microswitch 56 which is electrically connected with
      the saw motor 57, a variable speed motor 58, and a solenoid or cylinder
      59. The latter functions to elevate the saw assembly 54 by tilting the
      same about its axis of pivot 60. The microswitch 56 is adjustable to any
      desired position along the length of the table 53 so that any
      predetermined lengths of tube may be prepared, the desired length being
      determined by the distance between the saw assembly 54 in its retracted
      position and the position of the microswitch 56.
PAR  The saw assembly 54 is mounted on the pivoting table 61 which pivots about
      the axis 60. This pivoting table moves forwardly and backwardly on two
      roll shafts 62 and 63. It is driven by a level wind screw 64 which, as
      shown, is driven by the motor 58. A microswitch 65 limits the forward
      movement of the saw assembly 54, and a stop switch 66 limits the movement
      of the saw assembly in the opposite direction. A variable speed control
      box indicated by the numeral 67 controls the speed of the motor 58 as
      desired. It is desirable to change the speed of this motor in the event a
      change in the size of the ducts being manufactured is made, for then, of
      course, the tube will be made at a different number of feet per minute.
PAR  When the end of the tube 20 engages the microswitch 56, the latter
      energizes the motor 57 and the motor 58 which in turn drives the saw and
      the level wind screw 64. At the same time the solenoid 59 is activated by
      the microswitch 56 so as to cause the saw assembly 54 to commence to pivot
      about the pivot 60 and raise the saw element 55 into engagement with the
      underside of the tube 20. Since the platform 61 is driven by the level
      winding screw 64, it moves with the duct 20 as the latter progresses along
      the table 53. The saw element 55 proceeds to cut through the underside of
      the tube 20, and since the latter is rotating as it leaves the forming
      head, the entire tube is cut within a distance of approximately 3 or 4
      inches. Shortly thereafter the saw assembly engages the microswitch 65
      which shuts off the motor 57 and de-energizes the solenoid or cylinder 59
      so that the saw table will lower out of cutting position. The motor 58
      continues to run and drive the level wind screw so that the saw assembly
      54 will return to its original position and thereat trip the microswitch
      66 which stops the operation of the motor 58 and its driven level wind
      screw 64. As soon as the section of the tube 20 has been severed by the
      saw element 55, the operator lifts and removes the section which has been
      cut off and the saw assembly remains in position until the next section of
      duct engages the microswitch 56. At that point the entire procedure will
      repeat itself. This permits the machine to be operated continuously with
      only one man required to operate the same, and leaves sufficient time for
      him to carton the duct for shipment.
PAR  It will, of course, be understood that various changes may be made in the
      form, details, arrangement and proportions of the parts without departing
      from the scope of the invention which consists of the matter shown and
      described herein and set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corrugated cylindrical tube comprised of a strip of formable material
      helically wound into contiguous convolutions and defining a tube having
      adjacent circumferentially extending corrugations therein, said
      corrugations each having a bottom bounded by opposed radially extending
      legs, said strip having marginal portions each with a free edge supported
      at opposite sides thereof and reversed upon itself in opposite directions
      to form a U-shaped seam element at each side thereof having opposed legs,
      the free edge of each of said marginal portions being received between the
      legs of one of said seam elements of the convolution of said strip
      contiguous thereto and thereby cooperatively defining a radially extending
      seam and comprising a common leg of a corrugation for the contiguous
      convolutions of said strip, each of said seam elements extending into the
      bottom of the adjacent corrugation of the contiguous convolution of said
      strip and abutting against the other leg of said adjacent corrugation in
      locked-in relation.
NUM  2.
PAR  2. A corrugated cylindrical tube comprised of a strip of formable material
      helically wound into contiguous convolutions and defining a tube having
      circumferentially extending corrugations therein, said corrugations each
      having a bottom and being bounded by opposed radially extending legs the
      radial length of which determine the depth of said corrugations, said
      strip having marginal portions each with a free edge and being supported
      at opposite sides of said strip and being turned back into overlying
      relation to opposite faces of said strip, said free edge of each of said
      marginal portions being received between the turned back marginal portion
      of the convolution of said strip contiguous thereto and its supporting
      structure, and cooperatively defining therewith one leg of a corrugation
      of the tube and also defining therewith a radially extending seam
      extending substantially throughout the length of said corrugation leg.
NUM  3.
PAR  3. The structure defined in claim 2 wherein each of said marginal portions
      of said strip has a juncture point at which it is supported by the
      remainder of said strip and wherein each of said marginal portions at its
      said juncture point is disposed within and bears against the bottom of a
      corrugation of the convolution of the strip contiguous thereto.
NUM  4.
PAR  4. The structure defined in claim 2 wherein the structure supporting each
      of said marginal portions extends to the bottom of a corrugation of a
      convolution of the strip contiguous thereto and abuts against the same.
NUM  5.
PAR  5. The structure defined in claim 2 wherein the structure supporting each
      of said marginal portions of a seam extends to the bottom of a corrugation
      of the convolution of the strip contiguous thereto and parallel and
      adjacent to one leg thereof and is prevented from movement relative to the
      other marginal portion by the opposite leg thereof.
NUM  6.
PAR  6. The structure defined in claim 2 wherein the supporting structure of
      each of said marginal portions is carried by a leg of a corrugation of
      said strip and bears against the corrugation leg of the strip contiguous
      thereto which carries the other marginal portion.
NUM  7.
PAR  7. The structure defined in claim 2 wherein said radially extending seam
      extends at an angle of approximately 70.degree. relative to the axis of
      the tube.
NUM  8.
PAR  8. The structure defined in claim 2 wherein the said supporting structure
      of each of said marginal portions is carried by an adjacent corrugation
      leg of said strip and said radially extending seam extends between said
      carrying legs and is locked therebetween thereby.
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ABST
PAL  A method of increasing the length of tuft to be woven into an Axminster
      carpet on a gripper loom. After the yarns have been drawn-off the yarn
      carriers by relative movement between the yarn carriers and the grippers,
      means, such as a finger mounted on the knife box, is caused to traverse
      the loom ahead of the knife and successively engage the drawn-off yarns
      thereby increasing the length of the tufts.
BSUM
PAR  This invention relates to the method of increasing the tuft length in an
      Axminster gripper loom without making major adjustments to the gripper and
      or yarn carrier movement.
PAR  It has previously been the practice in gripper Axminster type looms to
      increase the tuft length with a gripper draw-off and fixed yarn carriage.
PAR  The present invention is designed to produce any lengths of tuft within the
      normal practical limitations of the loom in question.
PAR  This invention is based on the gripper method of inserting tufts into a
      foundation structure woven concurrently with the tuft insertion and has
      particular application for looms with a movable yarn carriage.
PAR  According to the invention there is provided a method of increasing the
      tuft length in an Axminster gripper loom having yarn carriers and a
      gripper associated with each carrier comprising drawing yarn off the
      carriers, after the grippers have closed on the yarns, by relative
      movement of the carriers and grippers, increasing the drawn-off length of
      the yarns by engaging said yarns with means movable relative to both
      carriers and grippers and subsequently cutting said yarns.
PAR  In a preferred embodiment of the invention, a pile lengthening finger, for
      example of metal, is attached to the knife box assembly in close proximity
      to the knife. The pile lengthening finger is ahead of the cutting knife
      and the distance between the finger and the cutting knife is predetermined
      but variable depending upon the amount of pile yarn required to form a
      tuft.
PAR  The method according to the invention can be applied to conventional looms
      without affecting the loom speed or the mechanical efficiency thereof.
DRWD
PAR  Specific embodiments of the invention will now be described by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1A shows a knife block knife in side and end elevation;
PAR  FIG. 1B shows a pile lengthening finger in side and end elevation;
PAR  FIG. 1C shows the knife and pile lengthening finger of FIGS. 1A and 1B
      combined in both side and end elevation;
PAR  FIG. 2 is a diagrammatic representation of the lengthening of pile yarn;
PAR  FIG. 3A is a knife box assembly with pile lengthening finger in side
      elevation;
PAR  FIG. 3B shows the assembly of FIG. 3A in part sectional side elevation, and
PAR  FIGS. 4A-4C are diagrammatic representations of the carrier movement
      compared with that of a conventional carrier.
DETD
PAR  In making a carpet on the gripper Axminster method of manufacture it is
      normal practice after the grippers have closed on the plurality of pile
      yarn threads selected by the jacquard and presented to the grippers for
      either the yarn carriers to move away from the gripper the required
      distance to provide sufficient yarn for the tuft length required, or
      alternatively, for the grippers to move away from the yarn carriers to
      provide sufficient yarn for the tuft length required.
PAR  When long pile or Rya type carpets are produced the distance that either
      the grippers or the yarn carriers must move to provide the yarn required
      for the tuft length is far greater than normal practice.
PAR  When the yarn carriers move away from the grippers to provide pile yarn for
      long tufts, there is greater possibility of variation in tension between
      the yarn carrier and the yarn supply package, with a detrimental effect on
      quality and production.
PAR  When the grippers move away from the carrier to provide pile yarn for long
      tufts, the radial movement of the grippers presents a less favourable
      angle of the pile yarn to the comb and cutting knife than in normal
      practice.
PAR  This invention allows sufficient pile yarn to produce long tufts with only
      conventional movement of the yarn carriers or gripper mechanism.
PAR  Referring to FIG. 1A a brass knife block 10 has a steel cutting knife 12
      attached to it. A pile lengthening finger is shown in FIG. 1B and
      comprises a flat strip 14 having a foot 16 at one end thereof and a
      mounting plate 18 at the other end which is receivable in a recess 20 in
      the block 10. The free end of the foot is tapered to a point 22.
PAR  The knife block 10 is mounted on a knife box assembly 24 (FIGS. 3A and 3B)
      in the usual way, but the pile lengthening finger is held in place by
      means of a spring loaded clamping plate 26 attached to the knife box.
PAR  As in conventional looms the knife box is adapted to move in a knife slide
      28 to which a comb 30 is attached. It can be seen in FIGS. 3A and 3B that
      when the knife block moves along the slide (from right to left as viewed
      in FIG. 3A) to cut pile yarn threads that are in between the teeth of the
      comb, the foot of the pile lengthening finger moves ahead of the knife and
      engages in the pile yarns to increase the length thereof prior to cutting.
PAR  This action can be seen more clearly in FIG. 2 which shows diagrammatically
      a yarn carrier 31 for pile yarns 32a-32m, which have been withdrawn from
      the carrier by grippers 34a -34m by an amount sufficient to produce low
      pile tufts. The knife 12 has already moved across the comb to sever the
      first two pile yarns 32a and 32b, but yarn 32c which has not yet been cut
      is engaged by the foot of the pile lengthening finger to withdraw
      additional yarn from the yarn carrier and provide a high pile tuft.
PAR  It will be understood that the shape of the pile lengthening finger and its
      position relative to the knife may be varied so as to provide lengths of
      tufts as desired. Thus, for example if the pile lengthening finger is
      moved away from the knife the tuft length is increased and if it is moved
      nearer the knife the tuft length is reduced.
PAR  A further advantage of the invention when used in conjunction with yarn
      carriage movement for producing tuft length in that through reduced
      movement of the yarn carrier away from the grippers, less variation in
      tension between the carrier and the pile yarn supply package occurs on
      pile yarns that have not been selected for the current row of pile being
      produced. This advantage is illustrated in FIGS. 4A-4C which are
      diagrammatic representations of the gripper, yarn carrier and pile yarn
      supply package.
PAR  FIG. 4A is the neutral position with a gripper 34 engaging with pile yarn
      32, supported in carrier 31.
PAR  40 is a yarn guide and 42a and 42b are pile yarn supply bobbins.
PAR  44 is a pile yarn that has not been selected for insertion into the carpet.
PAR  FIG. 4B shows the movements that take place for producing conventional pile
      on movable carriage looms, with the gripper 34 holding pile yarn 32.
      Carrier 31 has moved away from the gripper a sufficient distance to
      produce conventional low pile, and pile yarn 44, through not being
      selected has produced an amount of slackness between carriere 31 and yarn
      guide 40 and slackness to a lesser extent between yarn guide 40 and supply
      package 42b.
PAR  FIG. 4C shows the movements that take place for producing long pile on
      movable carriage looms with the gripper 34 holding pile yarn 32.
PAR  Carrier 31 has moved away from the gripper a significantly greater distance
      to produce long pile, and pile yarn 44, through not being selected has
      produced a much greater amount of slackness between carrier 31 and yarn
      guide 40, as compared to FIG. 4B.
PAR  With the use of a pile lengthening finger to produce long pile, the carrier
      movement would be the same as illustrated in FIG. 4B, with less slackness
      in the yarn than is illustrated in FIG. 4C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of increasing the tuft length in an Axminster gripper loom
      having yarn carriers and a gripper associated with each carrier,
      comprising the steps of:
PA1  a. gripping a plurality of yarns in the grippers,
PA1  b. drawing yarn off the yarn carriers by relative movement between the
      carriers and grippers,
PA1  c. moving a cutting knife across the yarns to cut them, and
PA1  d. moving a finger across the yarns simultaneously with movement of the
      cutting knife, the finger engaging each yarn and drawing additional yarn
      off its respective carrier prior to cutting of that yarn by the cutting
      knife.
NUM  2.
PAR  2. A method as defined in claim 1 including the step of adjusting the
      distance between the finger and cutting knife prior to operation of the
      loom.
NUM  3.
PAR  3. In an Axminster gripper loom having relatively movable yarn carriers and
      grippers for drawing lengths of yarn from the yarn carriers, an assembly
      comprising:
PA1  a. a cutting knife movable across the yarns to cut them, and
PA1  b. a finger spaced forwardly of said cutting knife with respect to the
      direction of movement of the knife during cutting, said finger being
      movable with said cutting knife for engaging each yarn, to draw additional
      yarn off its respective carrier, before said cutting knife engages and
      cuts that yarn.
NUM  4.
PAR  4. In an Axminster gripper loom, an assembly as defined in claim 3 wherein
      the spacing between said finger and cutting knife is adjustable.
NUM  5.
PAR  5. In an Axminster gripper loom, an assembly as defined in claim 3
      including a block movable crosswise of the yarns, said block carrying both
      said cutting knife and finger.
NUM  6.
PAR  6. In an Axminster gripper loom, an assembly as defined in claim 5
      including a recess in said block, said finger having a portion slidably
      arranged within said recess.
NUM  7.
PAR  7. In an Axminster gripper loom, an assembly as defined in claim 6
      including means resiliently pressing said finger portion against said
      block to hold said finger portion in any desired position of adjustment
      within said recess.
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ABST
PAL  An apparatus for the mechanical operation of thread or yarn guides in
      textile making machines. The apparatus includes selectors arranged
      longitudinally of the guides, and by means of pulses supplied from
      outside, the selectors are adapted, by form-closed engagement with the
      guides, to prevent and, in the absence of an engagement, to permit the
      guides being carried along by continuously reciprocating operating means.
      The apparatus also includes spring means which tend to move the guides out
      of such an engagement with the selectors as will prevent the guides being
      carried along by the operating means.
BSUM
PAR  This invention relates to an apparatus for the mechanical operation of
      thread or yarn guides, such as hooks, shafts, and/or heddles or needles,
      or elements connected therewith, selectors at the one ends of the guides
      being adapted in response to external pulses to respectively permit and
      prevent shifting of the thread or yarn guides from given positions, and
      pairs of locking studs at the yarn or thread guides being adapted in
      response to the positions of the selectors to be respectively locked to,
      and left unactuated by, continuously reciprocating operating means which
      cause the shifting of said guides and are equipped with locking means.
PAR  In textile technics use has been made for many years of two different
      shedding principles, viz. the so-called double-lift fully open shed and
      the closed shed principles. Of these, the first-mentioned principle is the
      most advantageous for the following reasons. It requires half the number
      of revolutions per weaving cycle, it implies smaller acceleration and
      deceleration forces for the moving mechanisms, it provides a more quiet
      run, results in reduced wear of mechanical details, and permits a higher
      shedding or thread operating frequency.
PAR  These two shedding principles are utilized in two different kinds of
      shedding machines, viz. jacquard machines and dobbies.
PAR  Jacquard machines have hitherto been dependent upon gravity acceleration
      since the downward movement of the thread guides or the heedles is brought
      about by freely depending counterweights. This is highly disadvantageous
      in that the acceleration and the deceleration, respectively, cannot exceed
      the value 1 g.
PAR  This disadvantage is eliminated in a dobby where the heddles in each shaft
      are collectively and positively operated in both directions. Therefore,
      dobbies can work more rapidly than jacquard machines.
PAR  In machines where each shaft shall operate many warp threads of high thread
      tension and/or realize a very high change of shed frequency, the point
      load on the hooks and the dobby knives cooperating therewith, however,
      becomes considerable.
PAR  The said disadvantages of the two prior-art shedding principles are fully
      overcome by the present invention. According to the invention, the
      operating means are so arranged as to be capable, when the locking studs
      are engaged with them, of positively shifting the thread or yarn guides in
      both directions into as well as out of two extreme positions and also into
      and out of a center position; the thread or yarn guides in their
      respective positions determined by the selectors are under the action of
      spring means tending to move the guides away from the respective
      positions; the distances between, on the one hand, the locking studs and
      catches arranged at the guides and cooperating with the selectors, and, on
      the other hand, the dead centers of the operating means and portions of
      the selectors engaging said catches are so dimensioned that when the
      operating means reach their respective extreme positions, the thread or
      yarn guides are shifted a short distance against the action of the
      respective spring means so that a form-closed engagement between the
      locking studs and the selectors is cancelled, the yarn or thread guides
      being carried along by the operating means in the event that the position
      of the selector has been changed, while the locking engagement between the
      guide and the selector, should the selector remain in the earlier
      position, is only momentarily interrupted and the operating means returns
      without actuating the respective thread or yarn guides.
PAR  Among the further advantages gained by the present invention it should be
      mentioned that the apparatus is readily adjusted to various warp thread
      pitches, that is permits being rapidly rearranged to various passes or
      harness mountings, and that it is of a low overall height.
DRWD
PAR  Embodiments of the apparatus according to the invention will be more fully
      described hereinbelow and with reference to the accompanying drawings in
      which:
PAR  FIGS. 1 to 8 diagrammatically show operating devices associated with a pair
      of thread or yarn guides, the component parts being shown in different
      positions;
PAR  FIGS. 9 and 10 show cross sections, on a larger scale, of the lower portion
      of a modified embodiment of a selector usable in the device shown in FIG.
      1;
PAR  FIGS. 11 and 12 likewise in section and on a larger scale show the selector
      illustrated in FIGS. 9 and 10 in its entire extension; with the component
      parts shown in different positions in FIGS. 9 to 12;
PAR  FIG. 13 diagrammatically shows how a thread or yarn guide can be joined
      together with the aid of extension members so that one such guide can
      operate several guides, i.e. hooks, heddles or needles;
PAR  FIG. 14 diagrammatically shows a perspective view of how the joining
      illustrated in FIG. 13 can be provided;
PAR  FIG. 15 in side view and partly in section shows the design of a guide
      usable in conjunction with the device in FIG. 14;
PAR  FIG. 16 diagrammatically shows how spaced apart thread or yarn guides in a
      weaving machine can be actuated;
PAR  FIG. 17 shows a side view of a dobby equipped with the apparatus according
      to the invention;
PAR  FIG. 18 shows a top plan view of the dobby in FIG. 17;
PAR  FIGS. 19, 20 and 21 partly in section show portions of the operating means
      of the apparatus in different positions of adjustment;
PAR  FIGS. 22 and 23 diagrammatically show two different possibilities of
      locating an apparatus according to the invention relative to a weaving
      machine;
PAR  FIG. 24 shows the symbols occurring in FIGS. 1 to 12, and 19 to 21; these
      symbols visualizing the movements of component parts in the apparatus.
DETD
PAR  The symbols in FIG. 24 have the following meanings:
PA1  I = thread or yarn guide at its upper dead center (upper shed)
PA1  Ii = thread or yarn guide at its lower dead center (lower shed)
PA1  Iii = thread or yarn guide on its way downwards
PA1  Iv = thread or yarn guide on its way upwards
PA1  V = thread or yarn guide at standstill
PA1  Vi = thread or yarn guide at its lower dead center
PA1  Vii = thread or yarn guide at its upper dead center
PA1  Viii = operating means on its way upwards
PA1  Ix = operating means on its way downwards
PA1  X = locking stud at its right-hand dead center
PA1  Xi = locking stud at its left-hand dead center
PA1  Xii = selecting pulse
PA1  Xiii = limited vertical movement or play
PAR  Component parts having the same or similar function have been marked with
      the same general reference numerals in the specification and in the
      drawings, and structural differences of such component parts have been
      indicated by various indices.
PAR  Two thread or yarn guides having mechanical operating devices are
      diagrammatically illustrated in FIGS. 1 to 8, and the various component
      parts are shown in the positions they occupy and in the combinations of
      movement and position, respectively, which arise during movement between
      the extreme positions, i.e. from upper shed to lower shed when the open
      shed system is utilized.
PAR  In the embodiment of FIGS. 1 to 8 use is made of selectors each of which
      consists of a substantially U-shaped yoke 1.sub.1 and 1.sub.2,
      respectively. Each yoke can swing between two positions against the action
      of a spring 12 by pulses supplied by a selector assembly (not shown). Each
      yoke has an arm 1a with a transversely cut, downwardly facing end, and an
      arm 1b likewise with a downwardly facing end 13 which presents a slanting
      guide surface inclined towards the first mentioned arm. A transverse
      hook-like abutment surface is arranged inside said guide surface and in
      its turn merges in a guide surface which slants in the same manner as the
      first-mentioned guide surface.
PAR  A pair of thread or yarn guides 2.sub.1 and 2.sub.2, can be hooks, heddles,
      needles or the like. As will appear from the foregoing, said guides,
      however, are preferably connected together with a plurality of hooks or
      the like and are movable through holes in fixed planes or bars 3, 4 and 5.
      The two upper bars 3 and 4 are designated return bars while the lower bar
      5 is designated supporting bar.
PAR  Locking studs 6.sub.1, 7.sub.1 and 6.sub.2, 7.sub.2, respectively, are
      fixed to each guide 2.sub.1, 2.sub.2 and, as will be described in the
      following, the locking studs are adapted for actuation by the operating
      means A and B.
PAR  Pairs of springs 8.sub.1, 9.sub.1 and 8.sub.2, 9.sub.2, respectively, are
      disposed on each guide between the fixed planes or the return bars 2 and
      3, more precisely on either side of abutments fixed to said guide. Said
      springs can engage the planes 3 and 4.
PAR  Catches are disposed at the upper end of the guides. Each catch is in the
      form of a head 10.sub.1 and 10.sub.2, respectively, which has a planar
      upper side and an obliquely outwardly and upwardly inclined guide surface.
      A short distance beneath the head 10 each guide has a further catch
      11.sub.1 and 11.sub.2, respectively, which has a downwardly facing planar
      abutment surface and an obliquely downwardly and outwardly facing guide
      surface.
PAR  Each operating means A and B, respectively, includes locking plates
      A.sub.1, B.sub.1 and A.sub.2, B.sub.2, respectively, which are
      reciprocally adjustable in the transverse direction by means of curved
      bars or the like and which are vertically movable by means of a mechanism
      shown in FIGS. 17 and 18. Holes are formed in each of the locking plates,
      and the edges 15 of said holes serve as abutment surfaces for the locking
      studs 6 and 7 of the guides 2. Each operating means is adapted to actuate
      a plurality of guides.
PAR  The aforementioned springs 8 and 9 have the task of returning the guides
      from their extreme positions, i.e. from the upper shed and lower shed
      position, respectively. The springs are kept slightly compressed against
      their respective return bars when the guides turn against the respective
      return bar.
PAR  In the event that the guide means are connected with shafts joined to many
      heddles the tension in the warp 16 and 17 can be exploited as a return
      spring force. At least one of the return springs can thus be dispensed
      with.
PAR  The selectors can occupy two different positions. When a guide pulse is
      supplied the selectors 1 swing against the action of the spring 12 to the
      right in the drawing, the arm 1a preventing the guide 2 associated with
      the selector from being moved upwardly. In the absence of a guide pulse
      the selector is kept in its left-hand position by the spring 12, the guide
      being allowed to move upwardly, whereas a downward movement thereof is
      prevented by the engagement between the abutment surface of the hook 13
      and the catch 11 of said guide.
PAR  The function of the apparatus shown in FIGS. 1 to 8 will now be described
      more in detail. In FIG. 1 the operating means A and B approach their upper
      and lower dead centers, respectively. In the preceding weaving cycle the
      selector 1.sub.1 occupied the latching position for the upward movement of
      the guide 2.sub.1. A new pattern pulse is already actuating the selector
      1.sub.1, for which reason the arm 1a is in latching engagement with the
      head 10.sub.1. The lowermost catch 7.sub.1 of the guide means 2.sub.1 is
      urged downwardly by the locking plate B.sub.1 of the operating means B
      when the latter approaches its lower dead center. The return spring
      8.sub.1 is already being compressed against the return plate 4. The guide
      2.sub.2 is urged upwardly towards its upper dead center by the upper
      operating means A, the return spring 9 being compressed against the return
      plate 3. The arm 1b of the selector 1.sub.2 is moved to the right in the
      drawing by the engagement between the slanting guide surfaces of said bar
      and the catch 11.sub.2 during the remainder of the movement towards the
      upper dead center.
PAR  In FIG. 2 the pattern pulse still actuates the selector 1 so that is
      remains in its left position. The guide 2.sub.1 now is at its lower dead
      center under the action of the operating means B. A play is shown between
      the arm 1a and the head of the guide 2.sub.1.
PAR  The guide 2.sub.2 is at its upper dead center and the slanting guide
      surface of the catch 11.sub.2 has urged the right-hand arm 1b of the
      selector 1.sub.2 outwardly. No pulse actuates the selector 1.sub.2, for
      which reason the arm 1b by the action of the spring 12 returns to its left
      position when the guide turns back downwardly because of the cooperation
      between the spring 9.sub.2, the catch 6.sub.2 of the guide 2.sub.2 and the
      locking plate A.sub.2 of the operating means A. If, however, a pattern
      pulse had actuated the selector the arm 1b thereof would have remained in
      its right position.
PAR  In FIG. 3 the operating means A and B are on their way downward and upward,
      respectively. The locking plate B.sub.1 has left the locking stud 7.sub.1
      of the guide 2.sub.1, but the return spring 8.sub.1 now urges the guide
      2.sub.1 upwardly from the return plate 4 against the arm 1a of the
      selector and retains it in said position, i.e. in the lower shed, until a
      new selecting cycle begins immediately ahead of the position shown in FIG.
      6.
PAR  The operating means A with its locking plate A.sub.2 has left the locking
      stud 6.sub.2 of the guide 2.sub.2. By its engagement with the return plate
      3 the return spring 9.sub.2 keeps the catch 11.sub.2 of the guide 2.sub.2
      in fixed engagement with the hook-shaped abutment surface 13 of the arm 1b
      of the selector 1.sub.2. The guide 2.sub.2 is now retained in the upper
      shed position while the operating means A and B move to their lower and
      upper dead centers, respectively.
PAR  When the operating means A and B have reached their positions shown in FIG.
      3 the locking plate A.sub.1 begins to move to the left from its right dead
      center. The locking plate B.sub.2 at the same time moves from its right
      dead center towards its left dead center.
PAR  The said movements have been completed in FIG. 4. All locking plates are at
      their left dead centers. If the guides 2.sub.1 and 2.sub.2 had not been
      latched, the return springs 8.sub.1 and 9.sub.2 would have respectively
      raised and lowered the guides 2.sub.1 and 2.sub.2 so that said guides with
      their locking studs 7.sub.1 and 6.sub.2 had been given the same respective
      movements upward and downward as the operating means A and B from the
      respective lower and upper dead center in FIG. 2.
PAR  The locking studs 7.sub.1 and 6.sub.2 had then been applied against the
      locking plate B.sub.1 and the locking plate A.sub.2, respectively, during
      their movements up to a position corresponding to that shown in FIG. 5. In
      the position shown in FIG. 4 the locking plates A.sub.1 and B.sub.2 have
      been moved to the left. The locking studs 7.sub.1 and 6.sub.2 would then
      have been locked between the locking bars B.sub.1 and B.sub.2 and A.sub.1
      and A.sub.2, respectively, in the operating means B and A, respectively,
      and been pulled by said means to the opposite dead centers. Thus, the
      guide means 2.sub.1 would have been positively moved from the lower shed
      to the upper shed while the guide 2.sub.2 would have been moved from the
      upper shed to the lower shed.
PAR  Between the positions shown in FIG. 5 and FIG. 6 the locking plates A.sub.2
      and B.sub.1 in the operating means A and B, respectively, are moved to the
      right so that the locking studs 6.sub.1 and 7.sub.2 as well as the locking
      studs 7.sub.1 and 6.sub.2 of the guides 2.sub.1 and 2.sub.2 can pass in
      between the hole edges 15 of said plates.
PAR  In FIG. 6 the operating means A and B are closest to each other, that is at
      the lower and the upper dead center, respectively. During the shedding
      phases shown in FIGS. 5, 4 and 3 the guides 2.sub.1 and 2.sub.2 have been
      at standstill in their upper shed and lower shed positions, respectively.
      In FIG. 6 the locking bar A.sub.1 has caught up with, and pulled the
      locking stud 6.sub.1 of the guide 2.sub.1 downwardly, whereby the return
      spring 8.sub.1 has been tensioned at the same time as the arm 1a of the
      selector 1.sub.1 has been released. The spring 12 has moved the selector
      to the left since no pattern pulse actuates the selector.
PAR  The guide 2.sub.2 is in its uppermost position and the catch 11.sub.2 has
      urged the right arm 1b of the selector 1.sub.2 outwardly. A short time
      before, a pattern pulse has actuated the selector so that it remains in
      said position. The return spring 9.sub.2 keeps the guide 2.sub.2 pressed
      against the locking plate B.sub.2 which now begins to travel vertically
      downward. Because of the pressure of the spring 9.sub.2 against the return
      plate 3 the guide 2.sub.2 is carried along in the downward movement of the
      operating means. The catch 11.sub.2 can now go past the hook at 13 on the
      right arm 1b of the selector 1.sub.2.
PAR  In the position shown in FIG. 7 the catch 11.sub.2 goes past the
      hook-shaped engagement surface at 13. Because of remaining tension in the
      return springs 8.sub.1 and 9.sub.2 the guides 2.sub.1 and 2.sub.2 are now
      carried along by the operating means A and B in the movements to the upper
      shed and lower shed, respectively. When the operating means A and B are on
      their way upward and downward, respectively, between the positions shown
      in FIG. 7 and FIG. 5 and while the spring tension of the springs 8.sub.1
      and 9.sub.2 is still in effect, the locking bars or plates A.sub.2 and
      B.sub.1 are moved back to their right dead centers. All locking plates
      A.sub.1, A.sub.2, B.sub.1, B.sub.2 now occupy the position shown in FIG.
      5.
PAR  Until the upper positions according to FIG. 4 are reached the locking studs
      6.sub.1 and 7.sub.2 are arrested between the locking plates A.sub.1,
      A.sub.2 and B.sub.1, B.sub.2 , respectively. When the operating means are
      on the same level as in their position according to FIG. 3 the locking
      plates A.sub.1 and B.sub.2 have been moved back to their right dead
      centers.
PAR  In the position shown in FIG. 8 the left-hand thread or yarn guide has
      occupied the same height position, i.e. the upper shed position, as that
      occupied by the guide 2.sub.2 in FIG. 1, while the right guide in the
      first mentioned position has arrived in the same position as the guide
      2.sub.1 in FIG. 1. Thus, the guides and the warp threads 16 and 17 have
      been moved from the upper shed to the lower shed, and vice versa.
PAR  For half a cycle, i.e. the movements from FIG. 2 to FIG. 6 inclusive the
      warp threads 16 and 17 have remained in open shed; during the remaining
      movements change of shed has taken place.
PAR  FIG. 8 shows that a pattern pulse actuates the arm 1a of the selector. This
      means that, when the guide 2.sub.1 moves upward to its upper dead center,
      the arm 1b will be urged outward to the right and be retained in this
      position by the pressure pulse. The guide 2.sub.1 will thus not be hooked
      up but will accompany the operating means A downward into the lower shed
      position. The guide 2.sub.2, on the other hand, will be moved upward to
      the upper shed since no pattern pulse occurs.
PAR  In the modified embodiment of the selector shown in FIGS. 9-12 a thread or
      yarn guide is designated 2.sub.1 as in the earlier embodiment. Catches
      10a, 10b, 10c, 11a and 11b are provided in this modified embodiment. In
      structural respect, the catches differ from those illustrated in FIGS. 1
      to 8 in that each of them has two parallel guide and engagement surfaces,
      respectively, which are oblique to the longitudinal and transverse
      direction of the guides. In the catches 10a, 10b and 10c the inclination
      of the surfaces is opposed to that of the catches 11a and 11b.
PAR  The selector device includes a laterally open sleeve-like member 20 in
      which runs the upper end of the guide 2.sub.1, and a selector 1 which is
      loosely mounted at the upper end so as to permit being swung between two
      positions. A leaf spring actuates the selector and tends to keep it close
      to the guide 2. The selector 1 is of light weight and adapted to be
      shifted against the action of the spring 12 by compressed air which is
      brought to act against the side of the selector facing the guide 2. At the
      lower end of the selector there is formed a latching recess which is
      constituted by two abutment surfaces which are parallel with those of the
      catches 11a and 11b. The lower end of the selector has a similarly located
      guide surface. A further recess having two surfaces parallel with the
      engagement surfaces of the catches 10a, 10b and 10c lies beyond the first
      mentioned recess and is separated from it by an intervening projection 19.
      A projection 18 having an upper guide surface parallel with the upper
      abutment surface of the upper recess is arranged above said recess.
PAR  FIG. 9 shows the thread or yarn guide 2 in the lower shed position. The
      guide is blocked against upward movement in that the catch 10b is engaged
      in the recess beneath the projection 18. FIG. 10 shows the guide 2 at the
      lower dead center. The catches 10a, 10b and 10c do not at their downward
      movement engage in any of the latching recesses of the selector 1 as said
      selector 1 is swung aside as a result of the latching means engaging the
      guide surfaces. Thus, in the position shown in FIG. 10 the catch 10c by
      its engagement with the projections 18 and 19 has urged the selector 1 to
      the right against the action of the leaf spring 12. In the presence of a
      pattern pulse, i.e. if compressed air actuates the selector, said selector
      will remain in the position shown in FIG. 10, the guide 2 being also
      capable of moving upward and going past the catch of the selector. The
      guide can thus be moved upward as long as the compressed air actuates the
      selector. When the guide has reached its upper dead center, i.e. the upper
      shed position, in FIG. 12 and is on its way downward, one of the lower
      catches 11a, 11b of the guide can engage the lower recess of the selector
      1, i.e. the recess in the projection 21, provided no pattern pulse
      actuates the selector so that it is moved to the left.
PAR  The embodiment illustrated in FIGS. 9 to 12 can also produce a so-called
      pure shed. As will appear from FIGS. 9 and 10 as well as from FIGS. 11 and
      12 the catches 10a, 10b and 10c are of a configuration and inclination
      other than the catches 11a, 11b and 11c. This configuration has been
      chosen to allow the catches to cooperate with the recesses in the
      projections 18 and 21 of the selector. It should be mentioned that the
      projections 18 and 21 have the same function as the arms 1a and 1b of the
      selector shown in FIGS. 1 to 8.
PAR  FIGS. 13 and 14 illustrate how thread or yarn guides 2 actuated by
      selectors and operating means of the type already described can be
      connected with a plurality of hooks, heddles or like means 2X which
      actuate warp threads or the like 16X and 17X. In the Example shown in FIG.
      13 four flexible cords or the like 22 are fixed to a head 200 disposed at
      the lower end of the guide 2. The cords 22 run in guide sleeves 23 from a
      plate corresponding to the lowermost plate 5 in the apparatus according to
      FIGS. 1 to 8, to a common guide plane 25 formed by a plurality of
      transverse strips 24 in which mating recesses are provided, said guide
      plane being disposed between bars 26. The guide plane 25 is variable
      within broad limits by rearrangement or exchange of the strips 24.
PAR  FIG. 15 shows how flexible heddles 2Y are connected to the flexible cords
      and the guide sleeves 23. A movable sleeve 27 is passed onto each of the
      guides 2, more particularly the end thereof which extends downward through
      the guide plane 25, and the end of the heddle connected to the cord 22
      running in the guide 23 is fixed to the lower end of said movable sleeve
      27. The sleeves 27 and the heddles 2Y are guided by a number of supporting
      plates 28, 29, 30 and 31 which in turn are passed with intervening springs
      34 onto fixed guide pins 33. In normal operation the plates 26, 28, 29, 30
      and 31 are kept spaced apart by the springs 34. Whenever it is necessary
      to get at a heddle, for instance when a warp thread has ruptured, the
      plates 28-31 can be compressed in an upward direction, whereafter the
      heddle in question can readily be bent aside, permitting the requisite
      measures to be taken.
PAR  FIG. 16 diagrammatically shows how it is possible, from an operating means
      of the kind earlier described and in an optional manner, to pull the
      guides 23 with the cords 22 from the plate 5 to the guide plane and from
      there to the heddle 2Z in dependence on the desired pattern or pass. By
      shifting heddles or groups of heddles with associated guides through
      180.degree. it is possible to provide so-called return or point pass and
      by other rearrangement it is possible to obtain other pass combinations,
      such as mixed passes, grouped passes etc. The construction of the
      apparatus also permits an easy exchange and connection of prepared cord
      and guide units which produce desired passes.
PAR  The apparatus according to the invention can be used in a dobby and FIGS.
      17 and 18 illustrate an example of the mechanical construction of such a
      dobby.
PAR  In FIG. 17, 36 designates a unit which comprises selectors similar to those
      shown in FIGS. 1 to 8 or 9 to 12. The thread guides are designated 2 and
      the operating means A and B, as before. The warp threads to be guided
      carry the designations 16 and 17.
PAR  Above, or alternatively beneath, the warp two supporting beams 37 and 38
      are mounted to a machine frame. Bearings 39 for a driven rotary shaft 40
      are provided at mutual spacings on the beam 38. Bearings for a further
      shaft 41 are mounted to the beam 38, and said shaft which is transversely
      movable carries a number of rockers 141. The rockers are rockable
      alternately in one and the other sense by means of crank or curve
      mechanisms 140 provided on said shaft 40. Links 241 are connected to each
      of said rockers and are in turn coupled to levers 42 carrying the
      operating means A and B. The levers 142 are pivoted to holders 43' which
      in the warp direction are movably fastened to brackets 43 mounted to the
      beam 37. The guides 2 are connected to the shafts 44 through which the
      warp threads 16 and 17 are run.
PAR  Even though the selector unit 36 can include return plates and return
      springs similar to those described in connection with FIGS. 1 to 8, it is
      readily seen that the return springs can be dispensed with in the machine
      here illustrated. In fact, the warp thread tension in the upper shed and
      the lower shed, respectively, usually is a sufficient return force.
PAR  The selector unit 36 can be supplied with pulses mechanically,
      pneumatically, hydraulically or electromagnetically. Reference numeral 45
      in FIGS. 17 and 18 indicates pulse transmitting means.
PAR  The hooks are here connected in sequence to the shafts 44 and the apparatus
      produces a so-called pure shed.
PAR  It will be apparent from FIG. 17 that the operating means A and B occupy
      slanting positions so that all warp threads in the upper shed and the
      lower shed 16 and 17, respectively, will lie on the same level. The guides
      2 must therefore occupy different heights in the selecting positions. For
      this reason, like in the examples according to FIGS. 9 to 12, the guides 2
      have been provided with a plurality of catches and of these catches those
      of suitable position will enter into engagement with the hook-like
      abutment surfaces of the selectors. The selector device can thus latch or
      arrest the guides on different levels.
PAR  The function of the operating means A and B incorporated in the earlier
      described embodiments is elucidated in FIGS. 19, 20 and 21. Each of the
      means A or B which can be supported for instance by levers pivoting up and
      down such as in FIG. 17, comprises two laterally movable operating plates
      A.sub.1 and B.sub.1, respectively. At least on one side the ends of the
      planes run along a curved path designated C. In dependence on the
      configuration of the curved path none of the plates, both plates, one
      plate or the other plate, is shifted laterally.
PAR  In FIG. 19 the upper plate A.sub.1 is unactuated whereas the lower plate
      A.sub.2 is shifted. This means that the locking studs 6 or 7 and the guide
      2 has been carried along by the engagement between the locking stud and
      the edge of the hole 15 in the plate A.sub.2 to the upper dead center
      illustrated, but that the corresponding edge of the hole in the plate
      A.sub.1 goes past the locking stud without actuating it and thus without
      actuating the guide 2, when the operating means turns and moves downward.
PAR  Both operating plates A.sub.1 and A.sub.2 are shifted in FIG. 20, the guide
      means 2 being carried along in both upward and downward movements.
PAR  In the position shown in FIG. 21 the situation is opposite to that shown in
      FIG. 19, and the guide 2 is thus carried along to the lower dead center,
      but is not carried along in the upward movement of the operating means.
PAR  The function of the operating means B corresponds to what has been
      described for operating means A.
PAR  FIGS. 22 and 23 diagrammatically illustrate how the mechanical operating
      mechanism according to the invention can be mounted in jacquard machines.
      In FIG. 22 the apparatus generally designated 0 has been placed obliquely
      beneath the jacquard machine proper and the guide 23 for the cords
      actuating the heddles have been pulled laterally and up to the weaving
      machine. With the use of the apparatus according to the invention one is
      not any more bound to the hitherto customary location of the selecting,
      operating and guide means, and the jacquard machine can therefore be made
      considerably less bulky.
PAR  The embodiment shown in FIG. 23 is slightly reminiscent of the conventional
      embodiment nowadays applied, but it brings the advantage that the
      apparatus 0 can be placed for operating purposes in a more readily
      accessible and appropriate manner and be connected with the loom by
      flexible guides 23.
PAR  While the invention has been described in several preferred embodiments
      with reference to the specification and drawings it is readily seen that
      it can be modified in several ways within the spirit and scope of the
      appended claims.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An apparatus for the mechanical operation of yarn guides comprising,
      selectors mounted at one end of the yarn guides, said selectors being
      operable in response to external pulses to respectively permit and prevent
      shifting of the said yarn guides from given positions, a pair of locking
      studs on each of said yarn guides, operating means continuously
      reciprocating between extreme dead center positions for shifting said yarn
      guides, said operating means including means for engaging said locking
      studs for positively shifting said yarn guides in both directions into and
      out of two extreme positions and a central position, spring means tending
      to move said yarn guides from said extreme positions, cooperating catch
      means on said yarn guides and on said selectors for releasably retaining
      said yarn guides in said extreme positions, said locking studs being
      adapted in response to the position of the associated selector to be
      respectively locked to and left unlocked from said operating means, the
      distance between said catch means on said yarn guides and said locking
      studs and the distance between said dead center positions of said
      operating means and said catch means on said selectors being such that as
      said operating means reaches said dead center positions, said yarn guides
      are moved a short distance against the action of said spring means whereby
      a form-closed engagement between said studs and selectors is canceled,
      said yarn guides being carried along by said operating means in the event
      that the position of the selector has been changed by an external pulse,
      while the locking engagement between the yarn guide and selector is only
      momentarily interrupted and the operating means returns without actuating
      the respective yarn guides when the selector position remains unchanged.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein the yarn guides in turn are
      further provided with guide means movable in both directions with the aid
      of the operating means.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein the yarn guides are
      connectable both individually and groupwise with a number of elements such
      as hooks, shafts, and heddles or needles.
NUM  4.
PAR  4. An apparatus as claimed in claim 3, wherein said elements connectable
      with said yarn guides are provided with flexible extensions running in
      flexible guide means and connecting the respective element with the yarn
      guide actuated by the operating means.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, wherein said flexible guide means
      and said elements are relatively shiftable in order to permit changing
      their relative positions.
NUM  6.
PAR  6. An apparatus as claimed in claim 1, wherein said operating means
      comprises bars movable by rockers in both directions and through which the
      yarn guides pass, said bars each comprising pairs of adjacent profile
      members engaging and relatively shiftable by fixed cam members, said
      profile members of said bars being formed with openings which in one
      position of shift permit the bars to be moved along said yarn guides
      without engaging with said locking studs of said yarn guides, in another
      position produce engagement upon movement in both directions, in a third
      position produce engagement with said locking studs upon movement in one
      direction only and in a fourth position produce engagement with said
      locking studs upon movement in the opposite direction.
NUM  7.
PAR  7. An apparatus as claimed in claim 2 further comprising relatively
      shiftable lateral support means having openings therein, said yarn guides
      passing through said openings.
NUM  8.
PAR  8. An apparatus as claimed in claim 7, wherein said lateral support means
      comprises loose strips formed with recesses, and wherein rows of such
      strips separated by preferable resilient spacers are provided on different
      levels along said guide means.
NUM  9.
PAR  9. An apparatus as claimed in claim 7 wherein the guide means and the
      lateral support means arranged at said yarn guides are reversible whereby
      it is possible, for instance in weaving machines, to modify the pattern
      produced.
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ABST
PAL  A loom provided with a supply bobbin from which a weft thread can be drawn
      in which between the supply bobbin and a fluid pressure means for
      inserting the weft thread in a shed, there is located means for forming a
      loop of variable size for storage purposes. The loop-forming means is
      provided with a guide track which extends substantially transversely of a
      theoretical rectilinear weft thread track between the supply bobbin and
      the weft thread inserting means, and a guide member operably related to
      the guide track and being movable to and fro on the guide track and
      transversely of the theoretical rectilinear track away from the
      rectilinear track for guiding the weft thread and movable back again, with
      the guide track being arranged so that the return movement of the guide
      member is also transversely of the theoretical rectilinear track so that
      the weft thread is guided during the return movement from the guide
      member.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of copending application Ser. No. 200,955
      filed Nov. 22, 1971 now abandoned.
BSUM
PAR  The invention is applicable to a loom, equipped with a weft thread feeding
      means, in which the weft thread is drawn off a storage bobbin, with the
      object of so storing the weft, that the weft is deflected from its
      rectilinear course, thereby forming a loop of variable size.
PAC  PRIOR ART
PAR  In a known apparatus of this type, the weft thread is blown, prior to a
      pick, into a cylinder closed on one of its sides with a loop thereby being
      formed in the weft thread. The cylinder is located between a stationary
      storage bobbin and a thread brake. While a pick is being produced, the
      loop is drawn out of the cylinder and is stretched. The presence of the
      loop ensures that the weft thread does not have to be completely drawn
      from the storage bobbin when a pick is being produced, as a store of weft
      threads is thereby made available to the pick. When a weft thread has been
      inserted, the thread brake is closed, thereby determining the length of
      the weft thread inserted into the shed. When the length of the warp
      threads are thus determined by means of a thread brake, this represents a
      drawback since it is only possible to achieve a relatively low accuracy
      with respect to the lengths of these weft threads. The reason for this is
      the differing extent to which slip of the weft thread occurs.
PAR  The known apparatus does not permit one specific type of weft thread to be
      stored, from a number of storage bobbins and has the further disadvantage
      that, due to the fact the storage takes place pneumatically, the weft
      thread from which the loop is formed is not guided during the process of
      storing the weft and of removing the weft from the storage. The result
      thereof is that, in yarn having a high degree of twist, the two parts of a
      loop may become twisted together, with consequent crimping and formation
      of snarls. During the insertion of a weft thread into a shed, formed on a
      loom, it is not possible to remove crimping and kinks in the thread which
      results in defective woven fabrics being obtained or, alternatively, it
      may even be impossible to insert the weft.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a weft thread feed
      device of the type described which enables the weft thread which is to be
      stored to be given improved guidance.
PAR  It is proposed, according to the present invention, to provide a weft
      thread feed device of the type set forth in which a deflecting or quiding
      member is provided, preferably located downstream of a thread draw-off
      roller, which continuously rotates for drawing off weft thread, and over
      which the weft thread is guided, with the deflecting or guiding member
      being defined by a roller capable of movement back and forth along a guide
      path extending transversely of the rectilinear path of movement of the
      weft thread.
PAR  A brake for controlling the length of the weft thread can be eliminated due
      to the positive mode of guidance of the deflecting member and the loop
      formed in the weft thread. The advantage of eliminating a brake thread is
      combined with the further advantage that the length of the weft thread can
      be accurately controlled. There is only a relatively small tendency to the
      formation of knots and locally thickened portions, for example, in the
      case of fancy ply yarns, etc.
PAR  Further advantages reside in the simple construction of the feeding device,
      in its operational reliability, and the elimination of wear caused by
      friction resulting upon braking the thread.
PAR  The weft draw-off roller, the speed of which is preferably steplessly
      adjustable, continuously draws off thread from the storage bobbin. The
      speed at which the thread is drawn off is considerably lower than the
      speed at which the weft thread is inserted into the shed for making a
      pick. The thread drawn off prior to making a pick, is employed for forming
      the loop, with the deflecting or guiding member being deflected from the
      theoretical line of the rectilinenar course of movement of the weft
      thread. While a pick is being made, the deflecting or guiding member is
      moved back, so that both weft threads which are already stored and thread
      which is drawn off while a pick is being made, are available for insertion
      into the shed.
PAR  The insertion of the weft thread into a shed takes place, for instance, by
      means of grippers, although it preferably takes place pneumatically with
      means known per se. The free end of the weft thread moves through the shed
      following the movement of the deflecting or guiding member. Thus, the
      deflecting or guiding member guides the weft thread both while the weft
      thread is being stored and also while the weft thread is being removed
      from the storage. It is possible to eliminate the use of the thread brake,
      because the speed of movement of the deflecting member can be so
      controlled, during storage of the weft thread, that the amount of thread
      stored does not exceed the amount of weft thread drawn off from the
      storage bobbin.
PAR  The guide track may be defined as, for example, a track along which the
      deflecting member can move back and forth. Preferably, the guide track is
      defined by a continuously rotating endless chain, laterally stretched on
      one of its longitudinal sides, since a continuously rotating part is
      preferred to a part which merely executes reciprocating movement.
PAR  A particularly satisfactory embodiment of the invention is if the chain is
      guided so as to describe curves, caused by the passage of the chain around
      guide rollers which are located between two rollers provided for guiding
      the endless chain and on the side of the chain lying closer to the warp
      thread present in the loom. In this way, it is possible to vary the speed
      at which the deflecting member is moved back and hence the speed of the
      weft thread in the shed while a pick is being made through the shed. In
      other words, the weft thread can, in this fashion, be given variable
      speeds, according to particular requirements, while a pick is being made.
PAR  There is further provided a color changing device, known per se, between a
      group of storage bobbins and the guide track, with the color changing
      device serving to feed a selected weft thread to the deflecting member. In
      this case, a thread clamp is also provided for each weft thread and is
      positioned upstream or in front of the color changing device. By virtue
      thereof, it is possible alternately to insert weft thread of different
      color or type so that the type of weft thread used for each pick can be
      determined in advance, and can be stored with a high degree of accuracy of
      control over its length, with these weft threads then being individually
      inserted into the warp thread on the loom subsequent to storage.
PAR  Conveniently, a weft insertion nozzle is provided for each weft thread,
      with each nozzle having an associated fluid infeed duct which can be
      closed by a valve, and a thread clamp is provided for each weft thread and
      is positioned between the nozzle and the guide track. The insertion of the
      weft threads takes place by means of a fluid and in a manner known per se,
      for example, a gas (air) or a liquid (water) may be used for this end.
PAR  It is not possible, with known looms, to store a selected color from any
      one of a number of storage bobbins. It is, however, possible to select a
      specific color of weft thread in this manner by employing the present
      invention, that is to say the positively guided rotatable deflecting or
      guiding member, while constant lengths of weft thread are maintained.
PAR  In one embodiment, use is made of two thread clamps in addition to the
      deflecting member, which is commonly used for all colors of the weft
      thread. These components are all positioned along the path of movement of
      the weft thread. Thread clamps of this type serve to free and grip the
      weft threads in turn for storing or for insertion into a shed for a pick,
      with the releasing and gripping actions being effected at specific times
      during the loom working cycle. In this manner, it is ensured that, with
      the use of such thread clamps, the thread does not have to be braked when
      it has been travelling at a high speed. Hence, it is possible to prevent
      slip of the weft threads, with the frictional wear resulting from such
      slip. The thread clamps do not affect the length of the loop of weft
      thread, formed for storage purposes, but control the movement of the weft
      thread to and from the storage loop, formed by the deflecting or guiding
      member. The opening and closing of the thread clamps always takes place
      when the weft thread, which passes through the clamps, has come to a stop.
      As a consequence, a multi-color device of this type does not have the
      drawbacks or disadvantage of the decreased accuracy of length of the weft
      threads, if the weft thread is formed with knots (snarls) or regions of
      increased or reduced thickness, or if fancy ply yarns are employed as weft
      thread.
PAR  In an apparatus of this type, constructed for the insertion of weft thread
      of different color, it is also possible to eliminate a continuously
      rotating weft draw-off roller. In a loom modified in this manner, the weft
      thread is drawn off in a positively controlled fashion from the particular
      storage bobbin being used at any given time, with the weft thread being
      directly drawn off from the storage bobbin by the continuously rotating
      deflecting member. There is provided, for controlling the colors of the
      weft threads to be inserted into the successive sheds formed, a color
      changing device, which may, for example, be constructed in accordance with
      German patent specifications Nos. 1282567 or 1257695. A color changing
      device of this type is located between the two thread clamps and upstream
      of the weft deflecting member.
PAR  Synchronously with the control of the individual colors by the so-called
      color changing apparatus, the two thread clamps which are associated with
      each weft thread color, are so moved that, at the start of the storage
      process effected by rotating the weft deflecting member, the thread clamp
      arranged at the input side is opened, while the thread clamp arranged at
      the output side is closed by the automatically functioning control
      connection. In this manner, it is ensured that the weft thread cannot be
      withdrawn from the weft inserting nozzle. The control of the two thread
      clamps, which work in opposite directions to each other, and which are
      together provided for a single weft color, is exercised, for example, by a
      cam which rotates at the same speed as the weft deflelcting member, and
      also at the same speed as the loom per se, or the sley, which constitutes
      part of the loom and which serves to beat up the weft thread. A weft
      inserting nozzle is provided for each of a number of different colors in
      which weft thread is stored on the storage bobbins. Each of the nozzles is
      individually supplied with air when the corresponding color of thread is
      to be picked, or when the storage loop is to be smoothed out during the
      insertion of the weft thread into a shed. Air valves are provided to
      control the air fed to the nozzles and, similar to the thread clamps, are
      actuated synchronously with the color changing apparatus.
DRWD
PAR  The invention will now be described with more particularity with reference
      to the accompanying drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective, partly broken away, of a weft thread feed
      device provided with weft draw-off rollers,
PAR  FIG. 2 is a perspective view of a weft thread feed device provided with a
      color changing device, and thread clamp, and
PAR  FIG. 3 is a perspective view of a weft thread feed device provided with a
      device for clamping the weft thread.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, it will be seen a thread 102 is drawn, by a draw
      roller 103 and at a constant speed, from a bobbin 101, with the draw
      roller 103 being driven in a counter-clock-wise direction at a constant
      speed. The thread 102 is completely coiled around the draw roller 103.
PAR  If the thread 102 was not deflected in its travel downstream of the draw
      roller 103, the thread would describe a rectilinear path of movement in
      the area located downstream of the roller 103, with such rectilinear path
      being indicated by a dot-dash line 105.
PAR  Also located downstream of the draw roller 103 is an endless chain of
      flexible belt means 106 which is guided around upper and lower guide
      rollers 107. A line intersecting the center axis of the guide rollers 107
      extends at a right angle to the rectilinear path 105 indicating a
      theoretical path of movement of the thread. The line intersecting the
      center axes of the guide rollers 107 could, however, include an angle
      other than 90.degree. with respect to the line 105. The endless chain 106
      is driven by drive means (not shown) and rotates continuously in a
      counter-clockwise direction.
PAR  The chain 106, on its side remote from the draw roller 103, is guided,
      between the upper and lower rollers 107, over guide rollers 108 so that
      the chain or flexible belt means 106 departs from a rectilinear path of
      movement and describes a curved or arcuate path in the zone of the rollers
      108. The particular contour of these curves in the path of movement of the
      chain 106, depends upon the particular arrangement selected for the
      rollers 108, and upon the particular alterations in speed which the end of
      the weft thread is to undergo when it is being inserted into a shed 109
      produced on the loom.
PAR  A deflecting member 110 is arranged on a link of the chain 106 and extends
      at a right angle to the circulatory path of movement of the chain. The
      deflecting member 110 is illustrated as a pin carrying flange end pieces
      110a, with the thread 102 being guided between the flange end pieces.
      Alternatively, the deflecting member could be defined by a rotating eye
      from which the thread would not be able to jump. The thread, guided by the
      deflecting member 110, forms a loop 111, whose size depends, at any given
      time, on the momentary position of the deflecting member 110. The loop 111
      starts at the draw roller 103 and ends at a nozzle 113 from which it is
      pneumatically inserted into the shed 109.
PAR  It should be noted that the weft thread 102 is continuously guided
      alongside the deflecting member 110 and is never drawn off from the
      deflecting member. The deflecting member 110 moves upwardly with the weft
      thread, when there is no insertion into the shed 109, and moves downwardly
      with the weft thread when there is insertion into the shed.
PAR  The draw roller 103 constantly draws the weft thread from the bobbin 101,
      even when there is no insertion into the shed. The deflecting member 110
      can, therefore, move upwardly without the free end of the weft thread
      being drawn out of a nozzle 113.
PAR  As will be apparent from FIG. 2, it is also possible to clamp the free end
      of the weft thread when the deflecting member moves upwardly and no
      special draw roller is provided.
PAR  Referring to the weft thread feed device shown in FIG. 2, for the sake of
      simplicity, there is illustrated only two storage bobbins 114.
PAR  Of course, the device could be modified to include more than two storage
      bobbins.
PAR  Each weft thread 115 is fed, from two stationary storage bobbins 114, to an
      associated nozzle 116, by means of which the weft thread can be inserted
      into a shed. Compressed air can be fed, in a manner known per se, and by
      way of a feed duct 117, to each nozzle 116, with the compressed air
      serving to blow a weft thread from the nozzle. A valve 118 is provided for
      each feed duct 117 and, in one position, allows a passage of air into the
      nozzle 116, with control of the valve being effected by means of a linkage
      127 which can be shifted, for example, by a magnet.
PAR  The endless chain 106 is guided over suitable upper and lower rollers 107
      and the chain carries a weft thread deflecting member 119. The deflecting
      member 119 and the chain 106 are so arranged that the deflecting member
      119 can pass by a weft thread 115 which is moving rectilinearly from a
      storage bobbin 114 to a nozzle 116, without entraining the weft thread.
      The deflecting member 119 is of suitable profiled configuration and can be
      of the type shown in FIG. 1. The endless chain 106 is driven in such a
      fashion around one of the rollers 107, that the deflecting member 119
      makes one complete circulation, on its associated chain link, for each
      beaking-up action executed by a sley 104 illustrated in FIG. 1, but not
      shown in FIG. 2.
PAR  A color changing device 120 is located between the storage bobbins 114 and
      the weft thread deflecting member 119, or the endless chain 106. The
      device 120 is driven by suitable means (not shown) so that it functions
      synchronously in step with the sley 104. The color changing device 120 is
      provided with an eye 121 for each weft thread 115, with an associated one
      of the weft threads being arranged to be guided through each of the eyes
      121. Each eye is fixed to a linkage 122, by means of which the eye can be
      caused to move back and forth so that the weft thread, guided by the eye,
      first crosses the path of movement of the deflecting member 119 and on a
      subsequent movement runs to the outside of the path of movement of the
      member 119.
PAR  A thread clamp 123 is provided for each weft thread and is positioned
      between the nozzles 116 and the endless chain 106, with the thread clamp
      incorporating a stationary clamping part and a movable clamping part. The
      movable clamping part has movement imparted thereto via a linkage 124. A
      further thread clamp 125 is also provided for each of the weft threads,
      and is located between the storage bobbins 114 and the eye 121. The
      further clamp 125 also includes a stationary clamping part and a movable
      clamping part which can be moved by a linkage 126.
PAR  The valves 118 and the clamps 123, 125, are controlled via a linkage 127,
      122, 124, and 126 as follows:
PAR  The deflecting member 119 is lifted from the vicinity of the lower guide
      roller 107 and approaches one of the stretched weft threads 115. The color
      changing device 120 draws the weft thread 115, by means of an eye 121,
      onto the weft deflecting member 119. As soon as the weft thread has been
      drawn out into the form of a loop, the clamp 123, located on the side of
      the nozzles, is closed, and clamp 125, located on the side of the storage
      bobbin is opened. When the deflecting member 119 has reached the upper
      guide roller 107, at which point the weft thread has undergone the maximum
      degree of deflection from its theoretical rectilinear path of movement,
      the clamp 125 is closed, and the clamp 123, together with the valve 118
      associated with the nozzle 116, opened.
PAR  The valve 118 is re-closed when the deflecting member 119 has reached the
      lower roller 107, at which point of time the whole loop of weft thread has
      been inserted into the shed. The color changing device 120 now pulls the
      weft thread, which has just been the subject of a pick, away from the path
      of movement of the deflecting membere 119 and moves the next weft thread
      into the path of movement of the deflecting member 119.
PAR  FIG. 1 illustrates a further feature of the present invention and it can be
      seen that the nozzle 113 can be pivoted by its front free end about a
      vertical axis. For this purpose, the nozzle 113 is arranged to be
      pivotable on a plate 128 and the free front end of the nozzle is guided in
      a fork 130 via a pin 129. The fork 130 is arranged on the sley 104 and
      hence the free front end of the nozzle 113 moves together with the sley.
PAR  Also a rotating knife 131 is located in the area of the shed 109 at which
      the inserted weft thread is beaten-up, and the knife is driven by a
      suitable drive means 132. A weft thread, which has been inserted into the
      shed 109, can thus be held in the nozzle 113, until it has been beaten-up,
      or in other words, worked into the fabric of the warp threads. The thread
      is only cut off by the rotating knife 131 after the thread has been
      beaten-up by the sley 104 so that a weft thread clamping device can be
      eliminated.
PAR  It will be appreciated that the weft thread feed device illustrated in FIG.
      1 is distinguished by the feature that the front free end of the nozzle
      113, serving to insert weft threads into newly formed sheds, can be moved
      back and forth, in step with the movements of the sley 104, to and from
      the area of the shed at which the weft thread is beaten-up against the
      rear edge of the fabric being woven. In more detail, the front end of the
      nozzle 113 is moved, in the course of this reciprocating movement, to a
      theoretical extension, or extension in space, of the point in the shed at
      which the beating-up action occurs. The knife 131, serving to sever weft
      threads, also lies at the rear edge of the fabric being woven. Moreover,
      the nozzle 113 serving to insert the weft thread, is arranged to be
      pivotable about the vertical axis at one of its ends, while at its other
      end, it is attached to the sley 104.
PAR  In FIG. 3, a thread 102 is drawn off from a bobbin (not shown) at a
      constant speed by means of a draw roller 103. An endless chain 106 is
      positioned downstream of the draw roller 103 and is guided by upper and
      lower guide rollers 107. A weft deflecting member 110 is fixed to one link
      of the chain 106 and the weft thread, guided over the deflecting member
      110, forms a loop 111 which ends at a nozzle 113. The drive of the chain
      106 is such that the deflecting member 110 executes one complete
      revolution for each beating-up action performed by the sley 104. A yoke or
      fork 130 is arranged on the sley and a pin carried by the front free end
      of the nozzle 113 is guided within the fork. For other details of
      components of this particular embodiment, attention is called to the
      detailed description of FIG. 1.
PAR  A guide roller 133 is pivotally mounted, in front of the nozzle 113, at the
      upper end of an arm 134, and the lower end of the arm is pivotable on a
      pin 135 which also carries a roller 136. The roller 136 is capable of
      being driven, so that the roller 136 can drive, via an endless belt 137,
      the guide roller 133 over which the weft thread is guided. A roller 138 is
      located on an extension of the arm 134, and is held, by means of a spring
      139 against the periphery of a cam 140 which is rotated in step with the
      working movements of the loom as a whole.
PAR  A plate shaped anvil 141 is positioned on the side of the sley 104 opposite
      to the nozzle 113, with the anvil being mounted on a swivel arm 148 in the
      upper portion of the sley. More specifically, it is mounted in the
      vicinity of the reed. The anvil 141 lies in the path of movement of the
      weft and an elongate hammer 142 is provided opposite the anvil 141. The
      hammer 142 lies in the upper portion of a swivel arm 143 which is
      rotatable at its lower portion about an axis 144 which lies in front of
      pivot axis 145 of the sley 104. The swivel arm 148 is also pivotable about
      the axis 145.
PAR  The hammer 142 is held together with the swivel arm 143 by means of a
      spring 146 against a stationary stop 147. The anvil 141, together with the
      swivel arm 148, is connected to the sley 104 by means of a spring 149,
      with the anvil being held by such spring so that it is shiftable in the
      upper reed of the sley. A downwardly extending cutter 150 is positioned
      stationarily on the reed and can swivel relative to a further cutter 151.
      The cutter 151 is held in its open position by a spring 152 engaging the
      sley 104, and closes when it comes into contact with a stationary stop
      153.
PAR  A suction tube 154 is positioned to the rear of the hammer 142 and anvil
      141. The hammer 142 and the anvil 141 together constitute a weft thread
      clamp, in conjunction with components provided for their actuation. The
      blades 151, 150 constitute a thread severing device.
PAR  The roller 133 rotates, during operation, about its own axis and swivels
      about the shaft 135. The suction tube 154 grips the weft thread, after the
      weft thread has been inserted into the shed 109 and thus tensions the weft
      thread. The weft thread is then securely gripped by the anvil 141 and the
      hammer 142. The roller 133 then tensions the weft thread and a beating-up
      action is performed by the sley 104, on the weft thread which has thus
      been inserted into the shed. The severing device 150, 151 cuts the weft
      thread between the edge of the fabric being woven and the clamp, after the
      weft thead has been beaten-up by the sley. When the clamp is again opened,
      the severed weft thread end is removed from the suction tube 154.
PAR  The roller 133 lies at a point at which the weft thread is deflected by an
      angle of about 90.degree. and performs a rocking motion either in the
      direction of the arrival of the thread or in the direction of departure of
      the thread from the roller 133. As is clear in FIG. 3, the roller 133
      rocks in the direction in which the weft thread leaves the roller 133 and
      the roller 133 is driven so that its circumferential speed amounts, at its
      maximum value, to the speed of the weft thread. The thread clamp is moved
      and actuated by the sley 104 and has an axis of rotation such that it is
      moved, relative to the sley, in the direction of the weft thread severing
      means 150, 151, with the result that the thread is carried by the clamp
      into the severing means. The severing means is positioned on the reed and
      is closed by the stationary stop 153.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a loom provided with weft thread supply bobbin means for weft thread
      and a warp shed into which constant lengths of weft thread are to be
      inserted, continuously operated draw roller means for drawing the weft
      thread from the supply bobbin means, fluid-pressure, weft inserting means
      for fluid-expressing and inserting weft thread in the warp shed, said draw
      roller means and said fluid-pressure weft inserting means defining a
      rectilinear path of travel therebetween, and continuously operated weft
      thread deflecting means located between said draw roller means and weft
      thread inserting means continuously forming a weft loop of variable size
      for storage and supply purposes, said weft thread deflecting means
      including endless belt means having a path of travel movable substantially
      transversely from and beyond the rectilinear weft thread path of travel
      between the continuously operated draw roller means and the weft thread
      inserting means, a deflecting member on the endless belt means movable
      therewith and engaging with the weft thread during movement of the endless
      belt means both toward and away from the rectilinear path of travel of
      said weft thread thereby positively controlling the variable size weft
      thread loop during both formation of the loop and insertion of the weft
      thread into the warp shed.
NUM  2.
PAR  2. In the loom as claimed in claim 1 in which the draw roller means and
      endless belt means are movable in the same direction.
NUM  3.
PAR  3. In the loom as claimed in claim 2, in which said endless belt means
      comprises link members and includes upper and lower guide rollers, further
      guide rollers located laterally of the lower guide roller in the side
      thereof remote from the draw roller means, and said link members trained
      about said guide and further guide rollers, with the link members
      following a rectilinear path between the upper and lower guide rollers on
      the side adjacent the draw roller means and a curvilinear path on the side
      remote from the draw roller means.
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ABST
PAL  Disclosed is an apparatus and method for the distribution of composite
      mixtures into an initially open mold, such as the components utilized in
      the manufacture of frictional components containing asbestos. The
      apparatus includes a hopper or reservoir for holding and dispensing the
      mixture onto a collection surface and, suitable means for moving the
      collection surface relative to the hopper. A deflector is mounted below
      the hopper, while supply and feed rotors, separated by a reciprocator
      means are carried within the hopper. Means are further provided for
      driving the deflector, rotors and reciprocator. The apparatus may further
      include means for sweeping and levelling the composite mixture in the
      mold. The preferred method of operation includes the steps of cavitating
      the mixture within the reservoir, comminuting agglomerations of the
      mixture therein, feeding the mixture through apertures in the reservoir,
      further comminuting agglomerations outside of the reservoir and, moving
      the collection surface relative to the hopper.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus and method for filling
      initially open molds with non free-flowing composite mixtures and is
      particularly suitable for the preparation of frictional components such as
      transmission bands, brake shoes and brake blocks, clutches and similar
      articles utilizing asbestos.
PAR  Such frictional components have customarily been prepared by hand filling a
      mold, the area of which may be greater than the desired articles, with a
      composite mixture which includes asbestos fibers, a suitable resin and
      other powdered components. A given weight of mixture is carefully
      distributed over the entire area of the mold so as to obtain a layer of
      uniform thickness and density. The mixture is then compacted under
      pressure, subsequently cured in an oven and ultimately cut into specific
      shapes for an intended purpose.
PAR  One of the principle problems resulting from this procedure involves the
      non-uniform thickness and non-uniform density of the sheet of frictional
      material and consequently, the smaller frictional components. Variances in
      thickness are attributable to the non free-flowing nature of the mixture
      which make it difficult to spread the material evenly over the entire
      surface of the mold. Levelling is usually accomplished by sight and with
      the aid of brushes and various flat instruments which the operator uses to
      spread the mixture. However, even though the surface appears to be level,
      such procedures usually do not produce a uniform density throughout the
      thickness of the charge of material distributed in the mold.
PAR  Were the composite mixture entirely powdered, control over the thickness
      might be possible, however, the mineral asbestos is added in its fibrous
      state, each fiber inherently possessing a C-shape. These fibers have a
      natural tendency to link with one another forming small agglomerations
      which are not readily separable and which therefore form into small lumps
      and rolls throughout the mixture as it is being dispersed over the mold.
      When such a mixture is subjected to pressure sufficient to compress its
      volume to approximately 20 percent of its original thickness, those areas
      in which the material thickness had been greater become more firm and hard
      than the surrounding areas which had been lower, initially. Furthermore,
      those areas in which the density had been non-uniform are preserved
      subsequent to compression.
PAR  One method of compensation for the non-uniform thickness is to add more of
      the composite mixture to each mold and then grind away the upper and lower
      surfaces of the frictional sheet, subsequent to curing, to produce a sheet
      of uniform thickness. Such a procedure is obviously wasteful of material,
      for example a thickness of a sheet produced in this manner, having a
      maximum cured thickness of 0.120 inches will have a thickness of 0.045
      inches subsequent to grinding to eliminate waviness on the surface.
PAR  Although the final article, pressed, cured and ground, may have a uniform
      thickness as measured, the wear rate of the article during use is uneven,
      as obviously the original low areas or "soft spots" are more readily worn
      away than the areas of greater density. And, while it is desirable for the
      entire frictional surface to engage mating surfaces during performance, it
      is the original high, now column-like, areas which support or transfer a
      significant amount of the force being applied, this having the effect of
      decreasing the total functioning surface area of the friction component.
      Thus, some components may be cut entirely from soft spots and will wear
      out quickly, others may be cut from areas of greater density and will have
      a greater than normal life, and still others may have combinations of
      both. Such variations in density in the final sheet of frictional material
      may be observed by the skilled operator by feel, e.g., flexing and bending
      the sheet, or by X-ray techniques. Unfortunately, such procedures do not
      eliminate the problem or the resulting waste.
PAR  In order to eliminate problems pertaining to thickness, various devices for
      mechanically filling the mold have been devised. These are generally
      related by being designed to spread a layer or layers of the composite
      mixture from a hopper or similar container. The width of the layer as
      dispensed is usually equal to the width of the mold and then either the
      mold or hopper traverses a distance equal to the length of the mold.
      Notwithstanding the utility of the concept, such apparatus may be operable
      with powders, but cannot evenly dispense a mixture containing asbestos
      fibers inasmuch as the fibers agglomerate within the hopper forming
      bridges above the dispensing end and consequently, areas of little or no
      material in the mold.
PAR  Modification of such apparatus may be made to impart more of a shaking to
      the mixture in an attempt to eliminate bridging and agglomeration.
      However, mixtures employed for frictional articles can actually be shaken
      out of admixture. Thus, it has been found that too violent a treatment
      will cause the heavier particles in such a composite mixture, e.g.,
      copper, to separate out and fall into the mold prior to the movement of
      the components of lower density. Furthermore, uneven flow through the
      hopper often produces voids which are ultimately covered, producing areas
      of lower density which areas then form "soft spots" in the final article.
      Obviously, articles of non-uniform density will possess undesirable wear
      characteristics.
PAR  Prior art directed toward devices for dispensing solid particles extends to
      an early reissue U.S. Pat.. No. 7,555, which discloses reciprocating
      slides for removing lumps in the hopper and U.S. Pat. No. 773,616 for a
      fertilizer sower. More recent patents include, U.S. Pat. Nos. 2,689,597;
      2,683,619; 3,487,508; and, 3,599,283 which disclose various means for
      distributing materials into molds or similar articles. Although the
      foregoing patents are addressed to the problems of uniform distribution,
      none has been found suitable for a composite mixture usable in the
      manufacture of frictional components, as evidenced by the fact that
      preferred production manufacturing techniques still involve manual
      distribution.
PAR  In addition to the purely mechanical problems attendant distribution of
      asbestos containing mixtures, it is known that asbestos fibers are
      injurious to health when inhaled and therefore, the minimization of close
      contact with the material, such as occurs during spreading and levelling
      of a charge manually, would be highly beneficial to the operator.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method and
      apparatus for distributing non-free-flowing composite mixtures into molds.
PAR  It is a further object of the present invention to provide a method and
      apparatus for distributing non-free-flowing composite mixtures into molds
      without the formation of agglomerations, compacted material or voids
      therein.
PAR  It is a still further object of the present invention to provide a method
      and apparatus for distributing composite mixtures in layers of uniform
      density and thickness and whereby the volume of the charge can be
      controlled.
PAR  It is yet another object of the present invention to provide a method and
      apparatus which eliminates the conventional hand-techniques heretofore
      necessary for the preparation of frictional components, as well as
      potential danger to the health of the operator, and which produces a sheet
      of frictional material and resulting components which have more uniform
      physical properties than those of similar materials produced according to
      existing methods with existing apparatus.
PAR  These and other objects of the present invention will become apparent from
      the following specification and claims.
PAR  In general, the apparatus for the distribution of composite mixtures onto a
      collection surface or mold includes a reservoir or hopper for holding the
      mixture and which dispenses it via apertures onto the collection surface.
      Means are provided for moving the collection surface relative to the
      reservoir. A deflector is mounted below the reservoir, while first and
      second rotors separated by a reciprocator means are carried within the
      reservoir. Means are further provided for driving the deflector, rotors
      and reciprocator.
PAR  The preferred method of operation of the present invention includes the
      steps of cavitating the mixture within the reservoir, comminuting
      agglomerations of the mixture therein, feeding the mixture through the
      apertures in the reservoir, further comminuting agglomerations outside of
      the reservoir and, moving the collection surface relative to the reservoir
      for receipt of the mixture.
PAR  The apparatus may further include means for levelling, selectively engaging
      the upper surface of the mold to sweep away excess material and to impart
      a final levelling to the mixture contained therein. The various motors and
      drive means also included in the apparatus and described herein set forth
      preferred modes of operation and it is to be understood that alternative
      drive systems could be employed without departing from the present
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the present invention, partially in section,
      depicting the collection surface or mold, the reservoir and the various
      movable components associated with the reservoir for the movement and
      uniform distribution of composite mixtures;
PAR  FIG. 2 is a side elevation of the present invention taken from the side
      opposite the side set forth in FIG. 1 and depicting part of the drive
      system employed;
PAR  FIG. 3 is a frontal elevation of the present invention depicting the mold,
      the reservoir and a means for moving one with respect to the other;
PAR  FIG. 4 is an enlarged cross section through the reservoir and the area
      immediately therebelow, depicting the first and second rotors, deflector
      and reciprocator;
PAR  FIG. 5 is a top plan view of the reciprocator depicted in FIG. 7;
PAR  FIG. 6 is a frontal elevation of the reciprocator depicted in FIG. 7;
PAR  FIG. 7 is a side elevation of the reciprocator;
PAR  FIG. 8 is a top plan view of the deflector depicted in FIG. 4;
PAR  FIG. 9 is a side elevation of the deflector depicted in FIG. 8;
PAR  FIG. 10 is a top plan view of the bottom of the reservoir depicting the
      apertures therein;
PAR  FIG. 11 is a cross sectional view of the reservoir bottom depicted in FIG.
      10;
PAR  FIG. 12 is a frontal elevation, partially in section, of a preferred means
      for levelling, the rotary brush element, and the structure which enables
      it to selectively engage the mold and operate;
PAR  FIG. 13 is a frontal elevation of the reciprocator mounted within the
      hopper and a portion of the driving linkage therefor;
PAR  FIG. 14 is a top plan view of the drive linkage for operating the
      reciprocator;
PAR  FIG. 15 is a side elevation, partially in section, depicting the mold in
      the extreme outboard position or, to the left of the hopper as viewed in
      FIG. 1, and further depicting a drive system for moving the mold relative
      to the hopper;
PAR  FIG. 16 is a side elevation, partially in section, depicting the mold in
      its extreme inboard position, that is, the farthest point of movement
      underneath the hopper, not shown; and,
PAR  FIG. 17 is a schematic view of the mold and its sequential movement through
      the apparatus according to the preferred method of operation, the
      sequences being separated vertically in views A, B and C, for clarity.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus, indicated generally by the numeral 20, includes a suitable
      frame, generally 21, a mold or similar collection surface 22, for
      receiving the composite mixture, a hopper or reservoir 23 for supplying
      the composite mixture and a deflector 24, mounted below the hopper 23.
      Inside the hopper 23, first and second rotors 25 and 26 are provided as is
      a reciprocator 28. Additionally, a rotary brush 29 may be provided for
      final levelling of the composite mixture in the mold 22. Various motors
      and drive systems are also included as will become apparent hereinbelow.
PAR  Referring to FIGS. 1-3, the frame 21 includes right front leg 31, right
      rear leg 32, left front leg 33 and left rear leg 34. Upper and lower
      horizontal members 35 and 36 connect legs 31 and 32 so do horizontal
      members 38 and 39 between legs 33 and 34. The legs 31-34 are laterally
      separated by similar front and rear members such as lower rear member 40
      upper rear member 41 (FIG. 16), upper front member 42 (FIG. 15) and a
      lower rear member not shown. Vertical support members 43, 44, 45 and 46
      are provided between horizontal members 35, 36 and 38, 39 respectively.
      Other horizontal members are provided for increased rigidity and to
      provide structure over which the mold 22 may be moved as will be described
      subsequently.
PAR  A flat bed, indicated by the numeral 47, is carried above upper horizontal
      member 35 consisting of corner plate 48 which rests on bars 49 and 50, and
      deflector and hopper mounting plate 51 resting on bars 52, 53, 54 and 55.
      A similar bed, indicated by the numeral 56, is carried above upper
      horizontal member 38 consisting of corner plate 57 on bar 58, end slide
      plate 59 on bar 60, center slide plate 61 on bars 62 and 63, end slide
      plate 64 on bar 65, deflector drive mounting plate 66 on bar 68 and hopper
      drive mounting plate 69 on bars 70, 71 and 72.
PAR  The hopper 23 is mounted above the beds 47 and 56 by upright channel
      members 75 and 76 on the left side of the apparatus 20, and by similar
      members, 77, and another which is not shown, on the right side. Four
      smaller channel members 78, 79, 80 and one not shown are joined together
      by welding or other suitable means to form a box framework, mounted upon
      the upright members, which aids in support of the hopper 23. The hopper 23
      may be fabricated of any suitable metal and may be welded to the channel
      members 75, 76, 77 and 78-80, or removably connected thereto with bolts.
PAR  Inside the hopper 23, as best depicted in FIG. 4, are mounted the rotors 25
      and 26 and the reciprocator 28. The upper, or supply, rotor 25, consists
      of a central axle 81 for rotation, a large diameter tube 82 concentrically
      mounted with respect to the axle 81 via hub 83, and four rotor blades, two
      of which 84, 85 are short and are mounted 180.degree. from each other on
      the tube 82, and two of which 86, 88 are longer and are mounted at
      90.degree. from blades 84, 85 on the tube 82. The design of the supply
      rotor 25, i.e., large diameter tube and comparatively short blades, is
      necessary to attain a low volume displacement. Additionally, the supply
      rotor 25 functions as a movable baffle, first to support much of the
      weight of the mixture which would otherwise clog the hopper by compacting
      and secondly, by moving, the blades continually cutting away a small
      portion of the mixture to be fed through the hopper. Alternating short and
      long blades insure the continuing movement of the material by changing the
      effective diameter of the rotor 25 whereas a fixed diameter rotor could
      compact the material against the hopper walls, interrupting flow through
      the hopper.
PAR  The second, or feed, rotor 26, has a smaller diameter than rotor 25, and as
      depicted in FIG. 4, may comprise a solid, square central body 89 with four
      identical blades 90 extending therefrom at 90.degree. angles from each
      other. The feed rotor 26 is positioned within the narrow discharge neck 91
      of the hopper 23 and is dimensioned so that the blades 90 pass relatively
      close, e.g., one-eighth inch, to the hopper walls 92 and 93 of the neck 91
      and the hopper bottom plate 94.
PAR  The reciprocator 28, depicted in FIGS. 4-7, may be formed from a tubular
      rod 95 extending across the width of the hopper 23 and interposed between
      rotors 25 and 26. A plurality of equispaced fingers 96 are affixed to the
      rod 95 which is non-rotatably mounted through the inner sidewalls 98 and
      99 of the hopper 23. The fingers 96 are generally horizontally disposed
      and each mounts a thin trapezoidally-shaped blade element 100, the angled
      edge of which is inclined approximately 45.degree. so as to be in parallel
      alignment with the rear sloping wall 97 of the hopper 23.
PAR  A second set of fingers 101, equispaced from each other and generally
      perpendicular to the fingers 96, are also affixed to the rod 95. Each
      finger 101 is preferably interspaced between each pair of fingers 96, and
      each mounts a thin rectangularly-shaped blade element 102 which is carried
      within the throat 91 of hopper 23. The rod 95 is reciprocated between the
      sidewalls 98 and 99 via a mechanism hereinafter described.
PAR  The hopper bottom plate 94 is semi-circular in cross section, having a
      diameter slightly greater than that of the feed rotor 26. The bottom 94
      may be removably mounted to the base flange 103 of the hopper via bolts
      passing through flanges 104 and 105. The bottom plate 94 is preferably
      thinner than the surrounding walls of the hopper 23 which has been found
      to facilitate the desired objective of uniform distribution, and contains
      a plurality of elongated slots 106 through which the composite mixture is
      distributed.
PAR  Mounted directly underneath the hopper bottom plate 94 and extending the
      length thereof, is the deflector 24 which includes an elongated plate 107
      carrying a plurality of thin, generally rectangular elements 108,
      perpendicularly disposed with respect to the plate 107 and having a length
      which extends across the hopper bottom plate 94. The plate 107 is
      removably mounted with bolts or screws to a deflector bracket 109 which is
      in turn pivotally connected via mounting plate 110 to a bell-crank 111.
      The deflector 24 is mounted between supports 112 on bed 47 and 113 on bed
      56. Twin shafts 114 and 115 pass through supports 112 and 113, parallel to
      the angle plate 109. Guiding blocks 116 and 118, having bores for the
      passage of shafts 114 and 115, are affixed to both ends of the deflector
      bracket 109 and, as depicted in FIG. 3, a short space is provided between
      the support 112 and block 118 and the support 113 and block 116 to allow
      the deflector bracket 109 and attached deflector 24 to reciprocate in a
      non-rotatable manner underneath the hopper bottom plate 94. Further angle
      brackets 119 and 120 may be affixed between supports 112 and 113 for the
      protection of the operator.
PAR  The elements 108 of the deflector 24 are juxtaposed immediately below the
      apertures 106 of the hopper bottom plate 94 so that reciprocation of the
      deflector 24 causes a wiping action of the elements 108 across the
      apertures 106. This action helps to break up any agglomerations in the
      mixture which might otherwise form as it is fed through the apertures 106
      by the rotor 26. The thinness of the hopper bottom plate 94 and proximity
      of the rotor blades 90 thereto also helps to minimize formation of such
      agglomerations.
PAR  The driving mechanism for the deflector 24 is depicted in FIGS. 2 and 3.
      The bell crank 111 is pivotally connected to one end to the mounting plate
      110 with a clevis pin 121, and at the opposite end to a pivot arm 122 via
      a similar clevis pin 123. Another clevis pin 124 pivotally mounts the bell
      crank 111 to a clevis bracket 125 which is carried by mounting plate 66 of
      the bed 56 and through which the pivot arm 122 passes.
PAR  The lower end of pivot arm 122 is connected to the upper surface of a
      bearing housing 126 which connection may be threaded to facilitate
      adjustment of the height of arm 122. A housing cap 127 is removably
      connected to housing 126 for access to a suitable roller bearing, not
      shown, which fits over the end of drive shaft adapter 128. A drive shaft
      129 is keyed to the adapter 128 eccentrically, so that upon rotation of
      the shaft 129 the eccentric rotation of the adapter 128 will act as a
      crankshaft to urge the housing 127 and pivot arm 122 to reciprocate
      vertically thereby imparting a horizontal or lateral reciprocation to the
      deflector 24. The drive shaft 129 is supported by pillow blocks 130 and
      131 and is provided with a gear 132 which meshes with a drive gear 133
      from gear reduction unit 134 which is in turn connected to the output
      shaft 135 of a motor 136.
PAR  The second rotor 26 is driven by a timing pulley 137 affixed to the rotor
      axle 138 which passes through the side walls 99-99' of the hopper and
      upright channel member 76. A timing belt 139 passes over pulley 137 and a
      lower pulley 140 which is connected to a speed reduction unit shaft 141
      driven by another motor 142.
PAR  With reference now to FIGS. 2 and 13, the drive system for the reciprocator
      28 shall be described. The reciprocator 28 is mounted on a reciprocator
      shaft 143 which passes through apertures in the hopper side walls 98 and
      99. The shaft 143 is journalled at the right side of the hopper 23 in a
      bushing 144 carried by bushing mount 145 in the hopper outer side wall 98'
      and support member 77. Likewise, at the left side of the hopper, the shaft
      143 is journalled in a bushing 146 carried by a bushing mount 147 in the
      hopper outer side wall 99' and support member 76.
PAR  The shaft 143 is held between a split linkage clamp 148 which is bolted
      together and also holds two linkage support arms, 149 and 150 which pass
      through bushings 151 and 152, respectively, carried by bushing mount 142.
      A linkage shaft 153 connects the arms 149 and 150 to a crank arm 154 which
      is itself connected by a pin 155 to an eccentric collar 156. A spacer 158
      may be interposed between the collar 156 and crank arm 154 and bearings,
      not shown, may be carried by crank arm 154 for pins 153 and 155. The
      collar 156 is mounted on the end of an output shaft 159 with a key 160.
PAR  The shaft 159 is supported in pillow blocks 161 and 162 which are bolted to
      drive mounting plate 163 having vertical support plates 164 and 165. The
      shaft 159 is in driven engagement, via coupling 166 with the output shaft
      168 of motor 169 mounted by support plate 165. A sprocket 170 affixed to
      the shaft 159 drives a sprocket 171, via chain 172, on a gear reduction
      unit 173 carried by drive plate 163. A second chain 174, connects a
      sprocket on the rear side of reduction unit 173 with a sprocket 175 which
      is carried by the rotor axle 81. Rotation of the motor output shaft 168
      serves to drive the first rotor 25, at reduced rpm, as well as drive the
      reciprocator 28 in the manner described hereinabove.
PAR  As the composite mixture is fed through the hopper 23, it is to be
      deposited, uniformly, upon the collection surface 22. While it would be
      possible to pass the hopper and various moving components over the
      collection surface, in the preferred embodiment, the collection surface is
      driven, in a reciprocating manner, underneath the bottom of the hopper.
PAR  The collection surface or mold 22 includes a removable platen 180 and a
      removable rectangular frame 181 having front, rear and sidewalls 182, 183,
      184 and 185, respectively, which fit over the platen 180, as depicted in
      FIGS. 3, 15 and 16. The platen 180 rests upon inner and outer end, and
      center carriage plates 186, 188 and 189, respectively, which in turn are
      fastened to a carriage 190 with bolts such as 191 and 192. The front and
      rear walls 182 and 183 of the frame 181 preferably extend down over the
      inner and outer end carriage plates 186 and 188 to insure that both the
      platen 180 and frame 181 lie totally flat.
PAR  The front edge of carriage 190 bears a notch 193 extending approximately
      across the center third of its length and a similar notch 194 is provided
      at the rear edge thereof. The purpose of the notches 193 and 194 is to
      permit lifting plates 195 and 196 to engage the frame walls 182 and 183
      and elevate the frame 181 in a desired manner described hereinbelow. The
      lifting plates 195 and 196 are selectively activated by piston rods 198
      and 199, respectively, from pneumatic cylinders 200 and 201. A third
      pneumatic cylinder 202 activates platen locators 203 which pass through
      notches 204 in the left side of carriage 190 to facilitate proper
      positioning of the platen 180 on the carriage plates 186, 188 and 189.
PAR  As depicted in FIGS. 15 and 16 the spacing between carriage plates 188 and
      189 forms a track 205, a similar track 206 being formed between carriage
      plates 186 and 189. A pair of rollers 208 and 209 are mounted in the
      underside of left frame sidewall 184 and guide the frame 181 along the
      tracks 205 and 206, as do a similar pair of rollers, not shown, mounted in
      the underside of right frame sidewall 185. When the mold 22 is in a "load"
      position (FIG. 1) and has been filled with the composite mixture, removal
      from the apparatus 20 is achieved by pushing the frame 181 and underlying
      platen 180 to the left of the apparatus as depicted in FIG. 3. The rollers
      208-209 and tracks 205-206 enable the mold 22 to be removed in this
      manner.
PAR  Affixed to the underside of the carriage 190 are outer left and right
      roller mounting brackets 210 and 211. Each bracket 210 and 211 is provided
      with a pair of carriage rollers, one horizontally, axially disposed,
      rollers 212 and 213 (FIG. 3) respectively, and one vertically, axially
      disposed, rollers 214 and 215 respectively. A similar pair of roller
      mounting brackets and carriage rollers are mounted beneath the inner left
      and right ends of the carriage 190, the bracket 216 and rollers 218 and
      219 being depicted in FIGS. 15 and 16.
PAR  The horizontally, axially disposed rollers 212, 213, 218 run upon left and
      right carriage guideway tracks 220 and 221 which are mounted inside of the
      outer frame 21 on support members 222 and 223, respectively. Similarly,
      vertically, axially disposed rollers 214, 215, 219 run between the tracks
      220 and 221 to center the carriage 190 and mold 181 as they reciprocate.
PAR  The carriage and mold 181 are driven along the tracks 220 and 221 from the
      outboard position (FIG. 15) to the inboard position (FIG. 16) by a chain
      224 the ends of which are fastened in a suitable manner to chain connector
      bracket 225 which is bolted to the underside of carriage 190. The chain
      224 rotates around an inner sprocket 226 on a shaft 228 journalled within
      a pair of pillow blocks 229 which are mounted directly upon a movable
      carriage drive plate 230, and an outer sprocket 231 on a shaft 232
      journalled within a pair of pillow blocks 233 and 234 also mounted on
      carriage drive plate 230.
PAR  Affixed to the underside of drive plate 230 via motor bracket 235 is a
      hydraulic or other suitable motor, 236 with a chain sprocket 238 and chain
      239. The chain 239 drives a sprocket 240 mounted on the outer sprocket
      shaft 232 which in turn drives the chain 224. A limit switch 241 is
      carried by drive plate 230 and is activated by a plate 242 affixed to the
      underside of carriage 190. Activation of the switch 241 causes the motor
      236 to reverse and the carriage 190 to be driven inwardly, to the position
      depicted in FIG. 16. Behind the inner sprocket 226 is another limit switch
      243 and activating plate 244 which again reverse the rotation of motor 236
      and direction of carriage travel.
PAR  The carriage drive plate 230 is also provided with an inner and outer pair
      of roller mounting brackets and rollers, left outer bracket and roller
      250, 251, right outer bracket and roller 252, 253, (FIG. 3) left inner
      bracket and roller 254, 255 and right inner bracket and rollers, not
      shown. The rollers 251, 253, 255 center the carriage drive plate between a
      second pair of guideway tracks 256 and 258 which are mounted on a
      horizontal support member 259 connected to supports 222 and 223. A second
      set of rollers 260 and 261 are provided above and below guideway track
      256, mounted in bracket 262 affixed to the outer left side of drive plate
      230. A similar set, 263 and 264, are mounted in bracket 265 affixed to the
      inner left side of drive plate 230. Identical rollers and brackets are
      mounted above and below guideway track 258, such as bracket 266 in FIG. 3,
      and all rollers enable the carriage drive plate 230 and related carriage
      drive components to move beneath and relative to the carriage 190.
PAR  Reciprocation of the carriage drive plate 230 is facilitated by a hydraulic
      locating cylinder 268 which is connected with a pin 269 to an eye bracket
      270 affixed to upper rear support member 41. The piston rod 271 from
      cylinder 268 is joined to a clevis 272 which is connected with a pin 273
      to a bracket 274. The bracket 274 is affixed to the underside of carriage
      drive plate 230 so that upon extension of the piston rod 271 the plate 230
      will be driven outwardly, below carriage 190. The purpose for the
      reciprocation of carriage drive plate 230 shall be hereinafter set forth
      with reference to the description of the preferred method of operation.
PAR  With reference now to FIG. 12, the preferred means for levelling, or rotary
      brush 29 and associated drive mechanism, shall be described. The brush 29
      may be any suitable fiber, and as depicted in FIG. 1, the fibers are
      oriented radially from a core 280, concentric with the brush shaft 281.
      The shaft 281 is journalled in left and right pillow blocks 282, 283. The
      right pillow block 283 rests upon an adjustable brush bracket rod 284
      which is moved vertically by an air cylinder 285. The brush bracket rod
      284 passes through a bushing 286 carried in brush guide bracket 288 which
      is in turn fastened to hopper mounting plate 289. A cylindrical stop 290
      is interposed between the base of pillow block 283 and the bushing 286 to
      limit the drop of brush 29 onto the upper surface of the mold frame 181.
PAR  The left pillow block 282 is affixed to the top of a bearing block 291 and
      is movable vertically therewith by adjustable brush bracket rod 292 and
      air cylinder 293. The brush bracket rod 292 passes through a bushing 294
      carried in brush bracket guide 295 which is bolted to frame members 38 and
      296. A cylindrical stop 298, similar to the stop 290, is interposed
      between the block 291 and bracket guide 295.
PAR  A shaft 299 is journalled in bearing block 291 and carries a spur gear 300
      at its left end and a drive wheel 301, of urethane or similar material, at
      its right end. When the brush 29 is in the down position and is ready to
      sweep across the mold surface, the drive wheel is in frictional engagement
      with a corner extension plate 302 which is carried by the left side of
      carriage 190. Reciprocation of the carriage 190 and mold 22 beneath the
      hopper 23 and brush 29 cause the wheel 301 to rotate which in turn drives
      the spur gear 300. The spur gear 300 meshes with and drives a smaller
      diameter spur gear 303 mounted on the left end of brush shaft 281.
      Rotation of the gear 303 causes the brush 29 to rotate as the mold 22
      passes underneath.
PAR  A wiping blade 304 extends laterally from an adjustable mounting plate 305
      which is fastened to brackets at both ends, such as bracket 306 connected
      to a crossmember 308. The blade 304 engages the entire length of the brush
      29 when the brush is lowered down onto the mold 22 and its purpose is to
      prohibit large deposits of the composite material from accumulating on the
      brush.
PAR  Excess material deposited in the mold 22 is swept in front of the brush 29
      during reciprocation of the mold therebelow in order to leave a level
      surface behind the brush. Material swept off of the mold 22 is caught in
      collection hoppers 309 and 310 provided within the frame 21 underneath the
      hopper 23 and brush 29. The material so collected may be removed from the
      hoppers manually or automatically with a vacuum system communicating
      therewith.
PAR  Also carried within the frame 21 are filters and lubricating reservoirs for
      the various pneumatic systems, gauges, lines, valves and the like all
      indicated generally by the numeral 315, as well as various electrical
      components, not shown.
PAR  Having now set forth the various components of the apparatus 20, a
      preferred method of operation shall be described with particular reference
      to FIG. 17.
PAR  The composite material employed for the preparation of frictional
      components and which is distributed by the apparatus 20 into the mold 22
      is generally known and comprises components such as copper powder,
      asbestos fibers, powdered phenolic resin, baryites a mineral filler, and
      rubber dust. These components are combined in desired proportions, mixed
      in an acceptable manner until a fairly uniform density is obtained and
      then placed in the reservoir or hopper 23 either manually or by means of a
      suitable automatic feed.
PAR  The hydraulic locating cylinder 268 is activated to drive carriage drive
      plate 230 to the farthest outboard, or LOAD, position, indicated generally
      by the letter A in FIG. 17. At the same time the chain 224 drives the
      carriage 190 to its farthest outboard position. Activation of pneumatic
      cylinder 202 raises the platen locators 203 for the accurate placement of
      platen 180 upon carriage plates 186, 188 and 189, after which the locators
      are lowered and the frame 181 is positioned onto the platen.
PAR  Having prepared the mold to receive the composite mixture, the hydraulic
      cylinder 268 is retracted partially, drawing carriage drive plate 230 and
      carriage 190 inwardly to the FEED position, indicated generally by the
      letter B in FIG. 17. When the carriage 190 is to the left, or outboard
      position, of view B, contraction of the cylinder 268 ceases and activation
      of the motor 236 to drive chain 224 commences whereby the carriage shall
      reciprocate between the outboard and inboard positions, the latter being
      depicted in phantom, underneath the hopper 23.
PAR  As the carriage 190 and mold 22 are reciprocated under the hopper 23, the
      rotors 25 and 26, reciprocator 28 and deflector 24 are activated. The
      molds are generally charged with the mixture by volume and the apparatus
      20 is regulated so that layers having a thickness of approximately 5/32 of
      an inch will be deposited during each pass of the mold 22 under the hopper
      23. Thus, utilizing a typical mold having a height of 5/8 of an inch,
      filling could be accomplished in two complete cycles, each cycle
      collecting two layers, one from outboard to inboard and another during the
      return to outboard. Of course, the mold could be filled in a different
      number of cycles and molds of varying heights may be selected.
PAR  Inside the hopper 23, a typical size of which has a capacity of about 3 and
      1/2 cubic feet, the supply rotor 24 is driven at a relatively low speed,
      e.g., 2-3 rpm, preferably clockwise, as depicted by the arrow in FIG. 4,
      while the reciprocator 28, which functions to cause cavitation beneath the
      rotor 24, oscillates at a moderate rate, e.g., 60 per minute. The feed
      rotor 26 is driven considerably faster than the supply rotor 25 and
      preferably in the opposite direction therefrom. The deflector 24 is
      oscillated underneath the hopper bottom 94 at a rate faster than the
      reciprocator 28. By varying the rpm of the feed rotor 25 and the
      oscillations of the deflector 24, the requisite number of cycles to fill
      the mold 22 may be changed. The mold itself is driven beneath the hopper
      23 at a speed of approximately 0.2 to 0.5 feet per second. It is intended
      that the various parameters set forth herein are merely recited as
      exemplary, it being understood that the optimum rates of movement of the
      components may be determined based upon such variables as mold volume or
      the composition of the mixture itself.
PAR  After the mold and carriage have traveled the requisite number of cycles
      and the mold is filled, the hydraulic locating cylinder 268 is further
      contracted to the BRUSH position, indicated generally by the letter C in
      FIG. 17. The pneumatic cylinders 285 and 293 are now activated to bring
      the brush 29 down onto the mold frame 181. As reciprocation of the mold
      and carriage again commences, between outboard and inboard positions, by
      activation of the hydraulic motor 236, movement of the carriage 190 causes
      the brush to rotate, sweeping excess material from the upper surfaces of
      the mold 22 and producing a level surface thereacross. After at least one
      cycle under the brush 29, the cylinders 285 and 293 extend, withdrawing
      the brush, and the locating cylinder 268 is extended to return the
      carriage drive plate 230 to the LOAD position, while the carriage 190 is
      driven to the left or extreme outboard as depicted in view A.
PAR  In the LOAD position, the mold 22, i.e., plate 180 and frame 181, is pushed
      off the apparatus 20, to the left of FIG. 3, to a standard press (not
      shown) utilized in the manufacture of frictional components of the type
      discussed hereinabove. The press compresses the composite mixture, without
      heat, at a pressure of approximately 375 psi, to a thickness of
      approximately one-fifth its original dimension. Subsequent to compression,
      the "pre-formed board" within the mold is returned by sliding the mold 22
      back onto the apparatus 20, the mold rollers 208, 209 and tracks 205, 206
      facilitating this step. Activation of pneumatic cylinders 200 and 201
      causes lifting plates 195 and 196 to engage the mold frame 181, and
      elevate it above the plate 180. At this stage an operator may manually
      lift the platen 180 and pre-formed board from the apparatus 20 for
      subsequent pressing and curing. Such lifting may be accomplished by
      placing one hand under the platen at an opening, indicated by the numeral
      320 (FIG. 1) between the plates 48 and 51 of bed 47. The apparatus 20 is
      now ready to receive another platen 180 and continue operating in the
      manner set forth.
PAR  In addition to the flat mold 22 described in conjunction with the apparatus
      20, it would also be possible to employ molds having contoured surfaces.
      Furthermore, by varying the speed of movement of the mold with respect to
      the hopper, the thickness across the component may be increased or
      decreased as desired. The apparatus could be readily programmed to
      facilitate such movement by combination with other suitable equipment.
PAR  Thus it should be evident that the disclosed apparatus and the method of
      operation carry out the objects of the invention set forth above. As
      apparent to those skilled in the art, modifications can be made without
      departing from the spirit of the invention herein disclosed and described,
      the scope of the invention being limited solely by the scope of the
      attached claims.
CLMS
STM  In the claims:
NUM  1.
PAR  1. Apparatus for the distribution of composite mixtures onto a collection
      surface comprising:
PA1  a reservoir containing the mixture and having apertures through which the
      mixture is distributed onto the collection surface;
PA1  means for moving the collection surface relative to said reservoir;
PA1  a deflector mounted below said reservoir;
PA1  said reservoir having;
PA2  first and second rotors;
PA2  reciprocator means interposed between said  first and second rotors for
      comminuting agglomerations of the mixture; and,
PA1  said apparatus further including means for rotating said first and second
      rotors and for driving said deflector and said reciprocator means.
NUM  2.
PAR  2. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein said reservoir comprises:
PA1  a hopper having inclined front and rear walls;
PA1  a discharge neck at the lower end of said hopper joining said inclined
      walls; and,
PA1  a relatively thin bottom plate carrying said apertures and attached to said
      discharge neck.
NUM  3.
PAR  3. Apparatus for the distribution of composite mixtures, as set forth in
      claim 2, wherein said deflector is mounted in close proximity to said
      bottom plate and said second rotor is mounted within said discharge neck.
NUM  4.
PAR  4. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein said means for moving the collection surface relative to
      said reservoir includes:
PA1  a movable carriage mounting the collection surface;
PA1  track means for guiding movement of said carriage;
PA1  a drive plate mounted below said movable carriage; and,
PA1  drive means carried by said drive plate and engaging said carriage for
      reciprocating said carriage and said collection surface with respect to
      said drive plate.
NUM  5.
PAR  5. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein said deflector comprises:
PA1  an elongated plate; and,
PA1  a plurality of elements perpendicularly disposed with respect to the plate
      and having a length which extends across said reservoir apertures.
NUM  6.
PAR  6. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein said first rotor carries at least two radially extending
      blades, one of said blades being longer than the other.
NUM  7.
PAR  7. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein said second rotor has at least one radially extending
      blade and a diameter less than that of said first rotor.
NUM  8.
PAR  8. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein said reciprocator means comprises:
PA1  a rod extending across the width of said reservoir and non-rotatably
      mounted therein;
PA1  a plurality of generally horizontally disposed fingers extending from said
      rod;
PA1  a plurality of generally vertically disposed fingers extending from said
      rod; and,
PA1  a like plurality of blade elements carried by said horizontally and said
      vertically disposed fingers.
NUM  9.
PAR  9. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, further comprising:
PA1  means for levelling selectively engageable with a portion of said
      collection surface.
NUM  10.
PAR  10. Apparatus for the distribution of composite mixtures, as set forth in
      claim 9, including:
PA1  a movable carriage upon which the collection surface is mounted; and,
      wherein said means for levelling comprises:
PA1  rotatable brush means and
PA1  drive means carried thereby selectively engaging said movable carriage
      whereupon movement of said carriage causes rotation of said brush means.
NUM  11.
PAR  11. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein said means for moving the collection surface relative to
      said reservoir includes:
PA1  a movable carriage mounting the collection surface;
PA1  a drive plate mounted below said movable carriage; and,
PA1  drive means carried by said drive plate and engaging said carriage for
      reciprocating said carriage and said collection surface with respect to
      said drive plate,
PA1  said apparatus further comprising:
PA1  means for reciprocating said drive plate and drive means carried thereon
      with respect to said carriage.
NUM  12.
PAR  12. Apparatus for the distribution of composite mixtures, as set forth in
      claim 11, wherein said means for reciprocating said drive plate is a
      hydraulic cylinder.
NUM  13.
PAR  13. Apparatus for the distribution of composite mixtures, as set forth in
      claim 1, wherein the collection surface comprises:
PA1  a mold having a platen and
PA1  a removable frame fitted thereover forming side walls;
PA1  and wherein said apparatus further includes:
PA1  means for selectively elevating said frame above said platen.
NUM  14.
PAR  14. A method for the distribution of composite mixtures onto a collection
      surface from a reservoir having a plurality of apertures comprising the
      steps of:
PA1  cavitating the mixture within said reservoir;
PA1  comminuting agglomerations of the mixture within said reservoir;
PA1  feeding the mixture through said apertures;
PA1  further comminuting and distributing the mixture as it exits from said
      apertures; and,
PA1  moving the collection surface relative to said reservoir to receive the
      mixture fed therefrom.
NUM  15.
PAR  15. A method for the distribution of composite mixtures, as set forth in
      claim 14, further comprising the step of:
PA1  levelling the composite mixture deposited in the collection surface.
NUM  16.
PAR  16. A method for the distribution of composite mixtures, as set forth in
      claim 14, in which the step of moving the collection surface relative to
      said reservoir is accomplished by reciprocating the collection surface
      over a drive plate and underneath said reservoir.
NUM  17.
PAR  17. A method for the distribution of composite mixtures, as set forth in
      claim 16, further comprising the step of:
PA1  reciprocating said drive plate and said collection surface underneath said
      reservoir.
NUM  18.
PAR  18. A method for the distribution of composite mixtures, as set forth in
      claim 16, wherein the collection surface includes a platen and a removable
      frame fitted thereover further comprising the step of:
PA1  selectively elevating said frame over said platen.
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ABST
PAL  A funnel comprises a downwardly tapered generally frustoconical shell and a
      tube extending along the axis of the shell and having an open lower end
      adjacent the lower outlet of the shell and an upper end above the upper
      mouth of the shell. The tube is straight and is formed between its ends
      with a lateral opening. A pair of arms support a sleeve in the center of
      the shell which embraces the tube, this sleeve being formed with a
      downwardly extending skirt surrounding the tube at the level of the
      lateral opening. The tube is limitedly axially displaceable relative to
      the shell and is provided at its upper end with a handle engageable with
      the support sleeve and at its lower end with an upwardly tapered valve
      body sealingly engageable in the outlet of the funnel so as to prevent
      fluid flow therefrom. The funnel is filled with a liquid when the valve
      body is lifted up against the outlet, then the funnel is set on a vessel
      to be filled and the valve body and tube are lowered in order to allow the
      liquid to flow out of the outlet opening while allowing air in the vessel
      to escape upwardly through the tube. Liquid entrained by the upwardly
      rising air exits from the tube at the lateral opening and does not
      sprinkle the user.
BSUM
PAC    FIELD OF THE INVENTION
PAR  The present invention relates to a funnel. More particularly this invention
      concerns such a funnel which is provided with an air-bleeding tube and
      with a valve at its outlet.
PAC  BACKGROUND OF THE INVENTION
PAR  There is known a funnel which comprises a downwardly tapered frustoconical
      shell having at its lower end a narrow outlet and at its upper end a wide
      mouth. A tube is provided at the axis of this frustoconical shell and
      extends substantially through it such that its lower end projects beyond
      the outlet and its upper end above the mouth. This tube is slidable
      limitedly within the shell and is supported adjacent its upper end by a
      spider or the like. A handle is provided on the upper end of the tube and
      an upwardly tapered frustoconical valve body on the lower end so that when
      the handle is lifted the valve body blocks the outlet of the funnel,
      whereas when the handle is lowered fluid within the shell may flow out
      from the outlet thereof. During such filling operation air trapped within
      a vessel over which the shell is engaged may exit upwardly through the
      hollow tube.
PAR  It is known to provide a spring between the handle and the sleeve guiding
      and journaling the tube so as to urge the valve body into engagement with
      the outlet under normal conditions. The handle is formed with a bore in
      line with the central passage of the tube so that air bleeding out of the
      vessel being filled comes straight up.
PAR  A substantial disadvantage with such a structure is that a certain amount
      of liquid is entrained by the upwardly rising stream of air and is
      projected from the upper end of the tube. This problem is particularly
      bothersome when one is filling a vessel having a relatively narrow neck. A
      contributing factor to this problem is that the liquid that pours into the
      vessel forms a tubular screen around the valve body so that the air
      flowing upwardly through this body must inherently pass through this
      screen and therefore entrains a certain amount of liquid. When the liquid
      is an acid or other potentially dangerous substance this situation can
      constitute a relatively grave danger.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      funnel. Another object is the provision of such a funnel which is safer to
      use than the above-described type.
PAR  Yet another object is to provide a funnel which is not likely to sprinkle
      the user with the liquid as it is being poured into a vessel.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention by forming
      the bleeder tube between its ends with the lateral opening and providing a
      shield on the support which is spacedly adjacent the opening. Thus liquid
      entrained by the upwardly rising column of air is projected from the tube
      at the opening and is deflected by the shield back into the shell. Even if
      the upper end of the tube is left open the considerable decrease in
      velocity of the rising column of air as it reaches these lateral openings
      will effectively prevent the liquid from exiting from the upper end of the
      tube.
PAR  In accordance with another feature of this invention the frustoconical
      valve body provided at the lower end of the tube is formed at its lower
      end with an outwardly extending flange of circular axial projection and
      rectangular cross section. The diameter of this flange is greater than the
      inner diameter of the outlet opening at the bottom of the funnel so that
      liquid issuing therefrom is deflected radially outwardly and therefore
      broken up such that the chance of entraining this liquid is greatly
      decreased.
PAR  According to this invention the shield is constituted as a skirt formed on
      the lower side of a sleeve slidably receiving the tube and carried by two
      arms at the upper end or mouth of the frustoconical shell constituting the
      body of the funnel. The entire assembly is made of a synthetic resin such
      as a polycrylate like Nylon.
PAR  In the lowered position of the tube, that is with its handle resting
      against the top of the sleeve, the lateral opening according to this
      invention is below the sleeve and at the level of the skirt projecting
      downwardly therefrom.
PAR  According to yet another feature of this invention the cap or handle at the
      top of the vertically limitedly displaceable bleeder tube plugs or blocks
      the upper end of this tube so that all of the air bleeding out of the tube
      must pass through the lateral opening and any possibility that liquid be
      projected from the upper end of the tube through the handle onto the user
      is obviated.
PAR  The funnel according to the present invention therefore operates surely and
      eliminates the possibility that the liquid being introduced into a vessel
      or the like is sprinkled on the user. In spite of this additional
      safeguard the fabrication costs of the funnel are not increased, also
      liquid which otherwise often would be wasted by being projected completely
      away from the funnel is directed back into it.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages will become more
      readily apparent from the following description, reference being made to
      the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of the funnel according to the present
      invention;
PAR  FIG. 2 is a large-scale and partly sectional view of detail of the funnel
      shown in FIG. 1; FIG. 3 is a large-scale and partly sectional view
      illustrating the lower end of the funnel during a filling operation; and
PAR  FIG. 4 is a large-scale view of a detail of an alternative arrangement
      according to the present invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1 a funnel 1 has a downwardly frustoconical shell 2 with a
      narrow lower end 3 and a wide upper mouth 4. A sleeve is aligned with the
      axis A of the shell 2 and is supported at the mouth 4 by a pair of arms 6
      seated adjacent the upper rim 7 of the shell 2.
PAR  A hollow cylindrical tube 8 is fitted at its upper end 10 with a handle or
      cap 11 which rests with its lower edge 9 on the upper surface 12 of the
      sleeve 5 in the lowered position of the tube 8 illustrated in FIGS. 1-3.
PAR  As shown in FIG. 2 the sleeve 5 has an upper portion 13 which engages
      snugly about the tube 8 and has an inner diameter d which allows the tube
      to slide axially in this sleeve 5. In addition the sleeve has a lower
      section 14 whose inner wall 15 has a diameter D somewhat larger than the
      diameter d. In the lowered position of the tube 8 a pair of lateral
      openings 17 diametrically opposed at a region 16 of the tube 8 are below
      the sleeve portion 13 and at the level of the sleeve portion 14 for
      reasons which will be described below.
PAR  The lower end 3 of the shell 2 as shown in FIG. 3 has an inner wall 18 with
      a diameter D' which is somewhat greater than the diameter d of the tube 8
      so as to define a space therewith. This tube 8 carries at its lower end 19
      an upwardly tapered frustoconical valve body 20 which is formed with a
      bore 21 that accepts this lower end 19 and is cemented thereto. The valve
      body 20 is formed with an outwardly flared frustoconical hole 22 in line
      with the passage extending through the tube 8. An outwardly extending
      rectangular-section flange at the lower end of the body 20 has an outer
      diameter D" which is somewhat greater than the diameter D'.
PAR  When the lower end 3 is inserted past the rim 26 of the neck 24 of a bottle
      indicated at 25 in FIG. 3 it seals tightly therewith. Liquid is filled
      into the shell 2 as shown by arrow 27 and flows downwardly as indicated by
      arrows 28 through the lower end 3. The flange 23 deflects the liquid
      outwardly as shown by arrows 29 and air driven up in the bottle 25 comes
      up into the opening 22 as shown by arrows 30 and issues from the top of
      the tube through the hole 31 in the cap 11. Liquid entrained by the
      upwardly moving column of air will be expelled from the holes 17 and
      deflected by the shield or skirt 14 back into the funnel body.
PAR  When the liquid in the bottle 23 reaches the desired level 32 the handle is
      lifted upwardly in the direction of arrow 33 so as to raise the valve body
      20 toward the lower rim 34 of the lower end 3 and thereby prevents further
      fluid flow out of the lower end 3.
PAR  A scale 35 is provided inside the funnel so as to allow the user to fill it
      to the desired level, and then decant its contents into a bottle or even
      to decant only a predetermined quantity. With the funnel according to the
      present invention it is possible to lift the entire arrangement from a
      bottle just filled without having to then deal with a dripping funnel that
      must quickly be moved to the next vessel.
PAR  As shown in FIG. 4 it is possible to provide the cap 11' which has a solid
      handle portion 36 that blocks the upper end 37 of the tube 10 and only
      allows fluid flow out of the lateral openings 17 formed therein. Such an
      arrangement is useful with dangerous chemicals, such as acids, as it
      completely eliminates the possibility that the user will be sprinkled with
      the fluid.
CLMS
STM  I claim:
NUM  1.
PAR  1. A funnel comprising:
PA1  a downwardly tapered shell having a narrow lower outlet and a wide upper
      mouth;
PA1  a tube extending substantially through said shell and having an open lower
      end adjacent said outlet and an upper end above said mouth, said tube
      being straight and formed between said ends with a lateral opening;
PA1  a support on said shell spanning said mouth holding said tube around said
      upper end thereof; and
PA1  a downwardly extending tubular annular skirt on said support spacedly
      surrounding said tube at the level of said opening whereby fluid rising in
      said tube and issuing from said opening is deflected by said shield into
      said shell.
NUM  2.
PAR  2. The funnel defined in claim 1, wherein said shell is a body of
      revolution having an axis, said tube lying on said axis and being
      limitedly axially displaceable, said funnel further comprising an upwardly
      tapered valve body at said lower end of said tube and engageable sealingly
      in said outlet in a lifted position of said tube.
NUM  3.
PAR  3. The funnel defined in claim 2, further comprising a handle on said upper
      end of said tube above said sleeve and engageable therewith in a depressed
      position of said tube.
NUM  4.
PAR  4. The funnel defined in claim 3 wherein said handle is formed with a
      throughgoing hole registering with the passage through said tube, whereby
      fluid in said tube can issue therefrom through said handle.
NUM  5.
PAR  5. The funnel defined in claim 3 wherein said handle blocks said upper end
      of said tube, whereby fluid entering said lower end of said tube can leave
      said tube only through said opening.
NUM  6.
PAR  6. The funnel defined in claim 3 wherein said valve body is formed with an
      outwardly directed fluid-deflecting flange extending substantially
      orthogonally from said axis.
NUM  7.
PAR  7. The funnel defined in claim 3 wherein said valve body is formed with a
      downwardly flared opening communicating and aligned with the passage
      through said tube.
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ABST
PAL  A quick-release coupling suitable for refueling racing cars and the like
      which avoids jamming of the coupling parts during rapid disconnection in a
      condition of misalignment between the coupling parts. A housing connected
      with a fuel receptacle includes an open passage in which is positioned a
      valve seat. A plunger is resiliently biased against the downstream side of
      the valve seat to close it. A hollow probe connected to a fuel supply,
      such as a dump can, includes a nose connected to the probe by a stem. A
      sliding sleeve surrounding the probe is resiliently biased into sealing
      contact with the nose to prevent fluid flow outwardly of the nose. During
      coupling, the probe is inserted into the passage so that the nose contacts
      the plunger to unseat it from the valve seat while at the same time
      bringing an outer surface of the sleeve into sealing relation against the
      upstream side of the valve seat. Further inward movement of the nose
      unseats it from the sleeve, thereby enabling fluid flow through the probe
      and valve seat into the receptacle. To prevent the nose jamming against
      the downstream side of the valve seat during withdrawal if the probe is
      withdrawn in an axially misaligned relation to the passage, a joint is
      provided in the stem enabling the nose to deflect so that it can pass
      easily out of the passage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a quick-release fueling coupling which is
      suitable, for example, for use in refueling racing automobiles and in
      other applications requiring rapid connection and disconnection of a
      liquid supply to a liquid receptacle. In particular, the invention relates
      to an improved fueling coupling of a similar type to that disclosed in the
      pending application of Ray E. Mingus and Ross M. Stuart for "Non-Latching,
      Dry-Break Fluid Coupling," Ser. No. 377,337 filed July 9, 1973, now U.S.
      Pat. No. 3,866,638 assigned to the same assignee as the present
      application.
PAR  In automobile racing, it is important to refuel very rapidly during pit
      stops and refueling is often performed using either dump cans or overhead
      fueling rigs. A dump can is a hand-held container of 8-12 gallon capacity
      having a funnel-like spout which is inverted and placed against the inlet
      of the automobile fuel tank. An overhead rig includes a flexible hose with
      an outlet pipe which is coupled manually to the inlet of the fuel tank.
      Using either of these systems, there is a problem of spillage of fuel
      which can occur when the spout of the dump can (or the outlet pipe of the
      overhead rig) is applied to the tank inlet and when it is subsequently
      removed.
PAR  The aforementioned application of Mingus et al discloses a dry-break
      coupling which can be rapidly connected and disconnected and which
      minimizes spillage of fuel. Such prior coupling includes a housing
      connected to the vehicle tank defining an open-ended passage in which is
      positioned a valve seat. A spring-loaded plunger is resiliently biased
      against the downstream side of the valve seat to close it. A probe,
      connected to the refueling source, is provided with a nose connected to
      the probe by a stem. A sliding sleeve surrounding the probe is resiliently
      biased into sealing contact with the nose to prevent fuel flow outwardly
      of the probe. During refueling, the probe is inserted into the passage
      whereupon the nose forces the plunger away from the valve seat while at
      the same time the end of the sleeve seats against the upstream side of the
      valve seat. Further inward motion of the probe, causing the nose to pass
      through the valve seat, unseats the nose from the sleeve so that fuel can
      flow through the probe and the valve seat into the receptacle.
PAR  Although such prior coupling has proved generally satisfactory, certain
      problems could be encountered from time to time. For example, after the
      nose has passed through the valve seat, it is in a position where it may
      become trapped or jammed against the downstream side of the valve seat if
      the probe is hurriedly withdrawn at a time when it is substantially out of
      axial alignment with the passage.
PAR  Another problem with the prior device could arise during withdrawal because
      the plunger seated on the downstream side of the valve seat at a time when
      the nose and adjacent portions of the sleeve were still seated on the end
      of the plunger and the upstream side of the valve seat, respectively,
      leaves no substantial void space between them. Such a condition, with
      atmospheric pressure acting on the opposite side of the probe, could
      create a suction lock between the coupling parts requiring a substantial
      outward pull (in the order of 75-100 pounds) to pull the probe out of the
      passage.
PAC  SUMMARY OF THE INVENTION
PAR  A quick-release fueling coupling, constructed in accordance with the
      invention, is intended to eliminate the possibility of the probe element
      of the coupling from becoming trapped against the downstream side of the
      valve seat when the probe is withdrawn at any axial inclination to the
      passage. In addition, the probe and plunger are so constructed as to avoid
      creating a suction condition between them in their engaged condition,
      which could hinder easy withdrawal of the probe.
PAR  In more detail, the quick-release coupling includes a housing connected
      with the fuel tank having a passage in which is situated a valve seat. A
      plunger, resiliently biased against the downstream side of the valve seat,
      closes it. A hollow probe connected at one of its ends to the fuel supply
      (e.g., a dump can) is provided with a nose connected to the probe by a
      stem. A sliding sleeve surrounding the probe is resiliently biased into
      sealing contact with the nose to prevent fluid flow through the probe.
      When the probe is inserted into the passage, the nose comes into contact
      with the plunger and unseats it from the valve seat. On continued
      insertion, the leading end of the sleeve reaches the upstream side of the
      valve seat, at which point further progress of the sleeve is arrested.
      Continued motion of the nose through the valve seat thereupon unseats the
      sleeve from the nose so that fuel can flow through the throat into the
      fuel tank. In the present invention, significant features are provided to
      facilitate rapid withdrawal of the probe from the housing once fueling is
      completed without the possibility of trapping the nose in the valve seat
      and without the creation of a suction zone tending to resist movement of
      the probe out of the passage.
PAR  To achieve the desirable result of preventing trapping of the nose, a
      universal joint is interposed in the stem, permitting the nose to pivot
      about two mutually perpendicular axes extending at right angles to the
      axis of the probe.
PAR  In an auto racing situation, the problem of trapping the nose behind the
      valve seat is particularly aggravated by a phenomenon which may be termed
      "rocking out." As the driver commences to accelerate the vehicle from rest
      on leaving the pit area, the mechanic may still be holding the dump can in
      the engaged fueling position. The jump forward of the vehicle causes an
      initial, relative angular motion, the rocking out, between the axis of the
      probe and the axis of the housing, preliminary to separation of the probe
      from the housing. It is in this initial phase that the nose of the probe,
      still positioned on the far side of the valve seat, can become trapped
      behind it due to the angular change in position caused by the rocking out.
PAR  With the present invention, if the nose becomes trapped behind the
      downstream side of the valve seat, the nose can pivot freely in whichever
      direction is necessary to let it ride along the downstream side of the
      valve seat and out through the throat of the valve seat without hindrance.
PAR  To prevent the end of the probe from becoming held in position in the
      passage by suction, the plunger is provided on its upstream side with a
      projection which extends a substantial distance upstream beyond the throat
      when the plunger is seated against the downstream side of the throat.
      Thus, as the probe commences to withdraw from the coupled position in
      which the sleeve is seated against the upstream side of the throat, the
      throat remains open while the probe withdraws. While the throat remains
      open, fluid, such as air, gaseous vapor and fuel, can pass through the
      throat to the upstream region below the nose within the passage to relieve
      any suction which might otherwise develop, thereby avoiding the
      development of pressure forces which could resist removal of the probe.
      The axial extent of the probe is such that the plunger does not seat
      against the valve seat to close the same until the probe has substantially
      reached the open end of the passage and can clear the same.
PAR  The foregoing, and other advantages and aspects of the invention are more
      fully described in the detailed description hereafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A quick-release fueling coupling constructed in accordance with the
      preferred embodiment of the invention is illustrated in the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view showing the use of a quick-release coupling
      according to the invention, for transferring fuel from a dump can to the
      tank of a racing automobile;
PAR  FIG. 2 is a cross-sectional, side view of the quick-release coupling shown
      in FIG. 1, showing an initial stage of engagement of the coupling parts
      prior to passage of fuel from the supply into the tank;
PAR  FIG. 3 is a cross-sectional, end view of a portion of a housing forming a
      part of the coupling shown in FIG. 2, taken along the lines 3--3 therein;
PAR  FIG. 4 is a cross-sectional, end view of a probe forming a part of the
      coupling shown in FIG. 2, taken along the lines 4--4 therein;
PAR  FIG. 5 is a cross-sectional, side view of the coupling shown in FIG. 2, but
      with the parts of the probe and housing shown in a fully coupled
      condition; and
PAR  FIG. 6 is a cross-sectional, side view on an enlarged scale of a portion of
      the probe and housing shown in FIG. 5, during a stage of withdrawing of
      the probe from the housing while the probe and housing are axially out of
      alignment.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 of the drawings, a quick-release fueling coupling
      constructed in accordance with the preferred embodiment is shown being
      utilized during the refueling of a racing automobile 2 by a pit mechanic
      4.
PAR  The coupling includes a male probe element 6, which is attached to a
      conventional dump can 8. The dump can is a cylindrical drum having a
      funnel-like spout 10, which is turned during the fueling operation to face
      towards the vehicle fuel tank. The can 8 is vented by a convoluted, hollow
      tubing handle 12, connected to and communicating with the opposite end of
      the dump can. The other part of the fueling coupling comprises a female
      housing 14, connected with the automobile fuel tank.
PAR  The special advantages of the quick-release coupling of the present
      invention are that the probe can be rapidly withdrawn from the housing,
      even in a misaligned condition, without any risk of trapping portions of
      the probe 6 within the housing 14 and without the development of suction
      forces which might tend to hinder rapid withdrawal of the probe from the
      inlet.
PAR  The previously mentioned housing 14 is fixedly secured to the automobile
      and the probe 6 (FIG. 2) is secured to the outlet spout of the dump can
      (or to the outlet tube on the hose of an overhead fueling rig). The
      housing 14 is a generally cylindrical metal shell having a passage 16
      extending axially through it which communicates at its inner end with the
      interior of the tank and is open at its outer end. A constricted annular
      valve seat 18 within the passage is spaced from the open end. A throat 20,
      through the valve seat 18, is closed by a valve plunger 22 which is
      resiliently biased against the lower, or downstream, side of the valve
      seat by a compression spring 24.
PAR  The probe 6 includes a hollow tubular upper body 26 connected by flexible
      tubing 28 to the spout of the dump can. At its downstream end, the probe
      body 26 receives a stem 30 which extends axially from the probe body 26
      and supports a solid nose member 32 in spaced, concentric relation to the
      probe body 26. A sliding sleeve 34 mounted on the stem portion of the
      probe includes a resilient deformable collar 36 at its foward end which
      seats in sealing relation against the convexly curved upstream side of the
      nose member 32. The stem 30 comprises a three-legged extrusion (FIG. 4)
      with the legs disposed equally at 120.degree. and each having a flange at
      its outer end contoured to slidingly support the sleeve 34 for axial
      motion. The stem 30 can, if desired, be of other cross-sectional
      configurations, such as square or triangular, for example. The sleeve 34
      is biased resiliently against the nose member by a surrounding spring 38
      which extends between the sleeve and the probe body 26. A flexible bellows
      is secured at one of its ends to the exterior of the sleeve 34 and at its
      opposite end to the probe body to prevent escape of fluid around the
      probe.
PAR  During coupling, the probe is forced through the open end of the passage 16
      in the inlet housing, bringing the nose 32 into contact with the plunger
      22, as shown in FIG. 2. Further inward movement of the probe unseats the
      plunger from the downstream side of the valve seat 18, opening a path to
      the fuel tank, although fuel cannot flow out of the probe at this time
      because the collar 36 is still seated against the nose 32. Further inward
      movement of the probe brings the resilient collar 36 into contact with the
      upstream side of the valve seat 18, whereupon further inward progress of
      the sleeve relative to the housing is prevented. As continued pressure is
      applied to the probe, the nose passes through the throat 20 of the valve
      seat, unseating itself from the resilient collar 36 so that fuel can flow
      from the dump can into the fuel tank.
PAR  Of particular interest in the context of the present invention, is
      structure to prevent the nose 32 from becoming trapped or jammed against
      the downstream side of the valve seat during subsequent withdrawal of the
      probe if the probe should subsequently be withdrawn in an axially
      misaligned relationship to the axis of the passage 16 (FIG. 6). Such
      structure comprises a universal joint 40 mounted in the stem 30 between
      the nose member 32 and the probe body 26. The universal joint enables the
      nose member to pivot about at least two mutually perpendicular axes
      perpendicular to the axis of the probe so that the nose can deflect
      relative to the probe in such a manner to enable it to slide along the
      downstream side of the valve seat and pass easily through the throat
      without impeding the withdrawal of the probe from the inlet housing. As a
      result, ease of disconnection of the probe is greatly enhanced and the
      possibility of such mishaps as the driver leaving the pit with the probe
      still engaged with the automobile is avoided.
PAR  Considering the universal joint 40 (FIG. 6) in more detail, the nose 32 is
      provided at its center on the upstream side with an axially extending boss
      44. The boss 44 has opposed, parallel flat sides which slidingly abut the
      inside faces of two arms 46 of a first yoke 48. A pin 50 extends through
      the arms 46 and the projection 44 to connect the first yoke 48 to the boss
      44. At its upstream end, the first yoke 48 is provided with two arms 52
      supporting a pin 54 extending in a direction perpendicular to the pin 50.
      In its central portion extending between the arms 52, the pin 54 has an
      enlarged central region 55. Similarly, the stem body 42 is provided at its
      downstream end with a boss 56 (FIG. 5) on which is mounted a second yoke
      58 connected thereto by a pin 60. The second yoke 58 also has a pair of
      second arms 61 (FIG. 6) which support a pin 62 which passes through the
      enlarged central region 55 of the pin 54 at right angles thereto, thus
      creating a gimbal-type universal joint. Other types of universal joint,
      such as a ball and socket joint, can alternatively be used.
PAR  To contain the pins 50 and 60 securing the first and second yokes to their
      associated bosses, a spring 66 extends around and along the portion of the
      stem extending between the nose member 32 and the stem body 42. The spring
      66 is sufficiently closely coiled adjacent its ends to prevent the pins
      securing the yokes, as well as the pins 54 and 62 from moving out of their
      mountings.
PAR  An additional function performed by the spring 66 is to exert a
      self-centering action on the nose member 32 which acts to realign it
      concentrically with the probe when the deflecting force exerted by
      engagement with the downstream side of the valve seat has ceased. This
      self-centering action is further assisted by the self-centering action of
      the collar 36 acting on the symmetrically curved upstream surface of the
      nose member 32.
PAR  A further significant feature of the invention resides in the configuration
      of the plunger 22 which is intended to avoid the trapping of the probe
      within the inlet housing due to the creation of vacuum on the downstream
      side of the probe as it is withdrawn. Some prior couplings have been
      designed to cause the plunger to close on the valve seat while the end of
      the sleeve was still located on the upstream side of the valve seat and
      the nose was flush against the end of the plunger, in order to provide a
      substantially void-free contact between the end of the probe and the
      upstream side of the valve seat and the plunger. With such an arrangement,
      atmospheric pressure acting on the opposite side of the probe and collar
      could create a net pressure force acting in a direction towards the
      interior of the inlet housing of a substantial magnitude, as much as
      75-100 pounds, which would continue to act throughout the withdrawal of
      the probe until the probe cleared the opening.
PAR  To avoid this, and hence make probe withdrawal easier, the plunger 22
      (FIGS. 2, 5 and 6) of the invention is configured to maintain an opening
      between the valve seat 18 and the plunger until the probe has
      substantially cleared the inlet housing, thereby enabling fluid from the
      interior of the tank (such as air, fuel, vapor, and/or fuel) to flow
      through the downstream side of the withdrawing probe, thereby relieving
      any vacuum on the downstream side of the probe which could hamper
      withdrawal. In more detail, the probe 22 is configured as a generally
      streamline-shape main body having: an upstream end 72 which is rounded and
      seals against the valve seat, an intermediate portion 73 of generally
      uniform diameter, and a tapering rear portion 74. Extending forwardly from
      the forward portion of the main body is a cylindrical projection 76 having
      a closed forward end concavely dished to conform to the convex curved
      surface of the nose member 32. The axial length of the projection 76 is
      sufficient to hold the upstream end 72 of the plunger 22 out of contact
      with the downstream side of the valve seat 18 until such time as the nose
      member 32 is about to clear the inlet housing. In the preferred
      embodiment, the inlet housing 14 is provided with a beveled rim 80 (FIG.
      2) leading into the passage 16, and it is not until the nose member
      reaches approximately to the beveled portion 80 during withdrawal that the
      upstream end 72 of the plunger seats on the downstream side of the valve
      seat 18. Prior to seating, fluid from the interior of the tank can flow
      through the valve seat between its downstream side and the adjacent
      portion 72 of the plunger to prevent the creation of vacuum on the
      downstream side of the probe as it is withdrawing.
PAR  To ensure a liquid-tight seal of the plunger body against the valve seat, a
      circular O-ring 84 (FIG. 6) is mounted in a groove in the downstream side
      of the valve seat 18 and extends into sealing contact with the upstream
      end 72 of the plunger in its seated condition.
PAR  In the preferred embodiment, the forward portion 72 of the main body of the
      probe and the projection 76 are formed integrally from sheet metal and are
      secured by bonding, welding or the like to the remaining portions of the
      main body comprising another sheetmetal shell.
PAR  The plunger 22 is open at its rear end and a rearwardly open metal cylinder
      86 (FIG. 2) extends axially within and is fixedly connected to the plunger
      body. Loosely received within the cylinder 86, extending outwardly through
      its open end, is a compression spring 88 which extends over and around a
      stationary, axially extending, guide rod 90. The guide rod 90 is mounted
      on a support beam 92 which extends diametrically across the interior of
      the housing 14 at its rearward end and is fixedly secured thereto. In use,
      as the plunger is depressed, the cylinder 86 telescopes about the guide
      rod 82, with the spring 88 becoming compressed (FIG. 5).
PAR  Although the invention has been described with reference to one preferred
      embodiment, it will be appreciated that many additions, deletions,
      substitutions and modifications may be made withough departing from the
      spirit of the invention described herein and defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A releasable coupling for connecting a fluid supply unit to a fluid
      receiving unit to minimize spillage of fluid during coupling and
      uncoupling, comprising:
PA1  a housing connected with one of the units;
PA1  a passage in said housing communicating with the one unit and having an
      open end;
PA1  a valve seat in said passage having upstream and downstream sides facing
      toward and away from the open end thereof, respectively;
PA1  a plunger resiliently biased against the downstream side of said valve seat
      to close the same;
PA1  a tubular probe connected at one of its ends with the other of the units;
PA1  a nose;
PA1  a stem connected to said probe supporting said nose in concentric, spaced
      adjacent relation to the opposite end of said probe;
PA1  a sliding sleeve surrounding said probe resiliently biased into sealing
      contact with said nose at one end of said sleeve to prevent fluid flow
      outwardly of said probe, said probe being insertable into said passage to
      move said nose against said plunger thereby unseating the same from said
      valve seat, insertion of said probe seating an outer peripheral surface of
      said sleeve against the upstream side of said valve seat, further inward
      movement of said nose through said valve seat separating said sleeve from
      said nose to enable fluid flow through said probe and said valve seat; and
PA1  joint means mounted in said stem for enabling said nose to move freely out
      of concentric alignment with said probe thereby enabling said nose to move
      out of a trapped position against the downstream side of said valve seat
      when said probe is withdrawn in a condition of axial misalignment relative
      to said passage.
NUM  2.
PAR  2. A releasable coupling as defined in claim 1, wherein said joint means
      comprises:
PA1  a universal joint mounted in said stem enabling portions of said stem on
      opposite sides of said joint to pivot relative to each other about at
      least two mutually perpendicular axes at right angles to the axis of said
      stem.
NUM  3.
PAR  3. A releasable coupling as defined in claim 1, further including:
PA1  self-centering, sealing surfaces on said nose and said one end of said
      sleeve whereby, when said sleeve engages said nose, said nose is biased to
      a condition of concentric alignment with the axis of said probe.
NUM  4.
PAR  4. A releasable coupling as defined in claim 1, further including:
PA1  an enlarged shoulder on said stem spaced on an opposite side of said joint
      means from said nose facing theretowards; and
PA1  a spring surrounding said stem and said joint means extending between said
      shoulder and said nose, said spring exerting a biasing action tending to
      center said nose concentrically with said stem.
NUM  5.
PAR  5. A releasable coupling for connecting a fluid supply unit to a fluid
      receiving unit to minimize spillage of fluid during coupling and
      uncoupling, comprising:
PA1  a housing connected with one of the units;
PA1  a passage in said housing communicating with the one unit and having an
      open end;
PA1  a valve seat in said passage having upstream and downstream sides facing
      toward and away from the open end thereof, respectively;
PA1  a plunger resiliently biased against the downstream side of said valve seat
      to close the same, said plunger including:
PA2  a main body positioned concentrically in said passage, said main body
      adjacent its upstream end seating against the downstream side of said
      valve seat,
PA2  a projection mounted on said main body extending through said valve seat in
      an upstream direction;
PA1  a tubular probe connected at one of its ends with the other of the units;
PA1  a nose;
PA1  a stem connected to said probe supporting said nose in concentric, spaced
      relation adjacent relation to the opposite end of said probe;
PA1  a sliding sleeve surrounding said probe resiliently biased into sealing
      contact with said nose at one end of said sleeve to prevent flow outwardly
      of said probe, said probe being insertable into said passage to move said
      nose against said projection thereby unseating said main body from said
      valve seat, insertion of said probe seating an outer peripheral surface of
      said sleeve against the upstream side of said valve seat, further inward
      movement of said nose through said valve seat separating said sleeve from
      said nose to enable fluid flow through said probe and said valve seat,
      said projection, during withdrawal of said probe, holding said main body
      out of sealing contact with the downstream side of said valve seat until
      after said sleeve has moved out of sealing contact with the upstream side
      of said valve thereby avoiding the creation of a vacuum impeding
      withdrawal of said probe from said passage.
NUM  6.
PAR  6. A releasable coupling as defined in claim 5, wherein said main body is
      of generally streamline-shape having its wider dimension at the upstream
      end and wherein said projection is generally cylindrical and extends
      vertically to a location spaced above the upstream side of said valve seat
      when said main body is seated against the downstream side of said valve
      seat.
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ABST
PAL  A fluid dispensing nozzle, e.g., a nozzle for a gasoline station filling
      pump, is provided with a trigger retaining mechanism which allows an
      operator to retain the nozzle trigger member in its operative position by
      exerting a continuous relatively low manual force in contrast to the
      relatively high manual force required to operate the trigger member. The
      trigger member automatically returns to its inoperative position
      immediately upon release of the manual force on the trigger retaining
      mechanism. The fluid dispensing nozzle is particularly suitable for use in
      self-service gasoline filling stations.
BSUM
PAR  The present invention relates to a fluid dispensing nozzle and, more
      particularly, to a gasoline dispensing nozzle provided with a trigger
      retaining mechanism which enables an operator to easily retain its trigger
      member in an operative position by continuous application of a relatively
      low manual force.
PAR  Self-service gasoline filling stations have been placed in operation to
      allow automobile drivers to purchase gasoline themselves without the
      assistance of a service station attendant. A primary objective of
      self-service filling stations is to make it more convenient for drivers to
      fill their cars with gasoline. Self-service filling stations provide the
      advantage of eliminating the need to wait for an attendant to operate a
      gasoline filling pump. Thus, it has been contemplated that self-service
      filling stations will permit drivers to obtain gasoline more conveniently
      and with less delay than from conventional gasoline filling stations.
      Further, in connection with self-service stations, it has been proposed to
      provide automatic gasoline filling pumps operable by coins or credit
      cards. The use of automatic gasoline filling pumps completely eliminates
      the need for a service station attendant to handle cash or credit card
      purchases and thus further expedites the purchase of gasoline by
      automobile drivers.
PAR  A drawback which has discouraged more widespread use of self-service
      gasoline filling stations is the difficulty of inexperienced personnel to
      operate a conventional gasoline dispensing nozzle. Typically, a
      conventional gasoline dispensing nozzle includes an operating lever which
      requires a substantial amount of manual force to move the lever to its
      operative position to open the nozzle for gasoline flow. The conventional
      nozzle has been purposely designed to require a relatively large manual
      operating force to reduce the possibility of inadvertent operation of the
      nozzle. This design feature has made it necessary for the operator to
      exert a relatively large manual force on the operating lever to obtain a
      continuous flow of gasoline through the nozzle.
PAR  Although latching devices with automatic shutoff features have been
      developed in the prior art, the latching devices have been generally
      complex in operation and unacceptable for use in self-service filling
      stations by an inexperienced operator unfamiliar with the conventional
      gasoline dispensing nozzle. These latching devices have contributed to the
      difficulty of operation of the gasoline dispensing nozzle and have further
      discouraged use of self-service gasoline filling stations by the average
      driver.
PAR  Furthermore, because of the dangers associated with pumping of gasoline by
      inexperienced operators, some jurisdictions have declared it illegal to
      use any type of latching device on conventional gasoline dispensing
      nozzles in self-service filling stations. As a result, the driver who
      desires to take advantage of the convenience of self-service gasoline
      filling stations has been able to operate the gasoline dispensing nozzle
      only by continuously exerting a substantial manual force on the operating
      lever. Consequently, to make self-service gasoline filling stations more
      readily acceptable to the average driver, it is essential to provide a
      conveniently operated gasoline dispensing nozzle which eliminates the need
      for exertion of a continuous, relatively large manual force for its
      operation.
PAR  In addition, it is extremely desirable to provide a manually operable
      retaining mechanism for the trigger member of a gasoline dispensing nozzle
      which allows an operator to retain the trigger member in its operative
      position by exerting a relatively low manual force in comparison with the
      relatively large manual force required to move the trigger to its
      operative position. To comply with the legislative requirements
      prohibiting latching devices in self-service gasoline dispensing nozzles,
      the retaining mechanism must not, however, actually latch the trigger
      member in its operative position but must allow the trigger to return
      automatically to its inoperative position immediately upon release.
PAR  In accordance with the present invention, a fluid dispensing nozzle
      including a valve to control the flow of fluid through the nozzle is
      provided with a trigger member mounted on the nozzle for movement by a
      relatively high manual force between an inoperative position and an
      operative position to actuate the valve and control the fluid flow through
      the nozzle, and retaining means operable by a continuous relatively low
      manual force for holding the trigger member in its operative position.
      Preferably, the nozzle includes a trigger mechanism comprising a manually
      operable trigger member pivotally mounted on the nozzle and normally
      biased to an inoperative position and a manually operable trigger
      retaining mechanism mounted on the nozzle and operable by a continuous
      relatively low manual force for engaging the trigger member upon movement
      of the trigger member to its operative position to enable an operator to
      retain the trigger member in its operative position by continuous
      application of the relatively low manual force.
PAR  The invention provides a trigger retaining mechanism which permits
      adaptation of a conventional gasoline dispensing nozzle for easy operation
      by inexperienced personnel. The trigger retaining mechanism allows an
      operator to conveniently hold the trigger member of the nozzle in its
      operative position by merely exerting a continuous, relatively low manual
      force on the retaining mechanism. It thus eliminates the difficulty of
      operation of conventional gasoline dispensing nozzles which have
      previously discouraged widespread adoption of self-service gasoline
      filling pumps at service stations.
PAR  The accompanying drawings illustrate preferred embodiments of the present
      invention and, together with the description, serve to explain the
      principles of the invention.
DRWD
PAR  Of the drawing:
PAR  FIG. 1 is a side elevation, partially cutaway, of a gasoline dispensing
      nozzle incorporating a trigger retaining mechanism constructed according
      to the principles of the present invention;
PAR  FIG. 2 is an enlarged side view, partially in section, of the gasoline
      dispensing nozzle of FIG. 1 illustrating the trigger retaining mechanism
      in its operative position;
PAR  FIG. 3 is an enlarged side view, partially in section, of a portion of a
      gasoline dispensing nozzle, similar to the nozzle of FIG. 1, which
      includes an alternative embodiment of the trigger retaining mechanism;
PAR  FIG. 4 is an enlarged side view, partially in section, illustrating the
      trigger retaining mechanism of FIG. 3 in its operative position;
PAR  FIG. 5 is an enlarged side view, partially in section, of a gasoline
      dispensing nozzle including another embodiment of the trigger retaining
      mechanism;
PAR  FIG. 6 is an enlarged section illustrating the trigger retaining mechanism
      of FIG. 5 in its inoperative position; and
PAR  FIG. 7 is an enlarged section illustrating the trigger retaining mechanism
      of FIG. 5 in its operative position.
DETD
PAR  Referring to FIG. 1, a fluid dispensing nozzle 20, e.g., a gasoline
      dispensing nozzle, includes a nozzle body 22 provided with an inlet
      passage 24 which threadably receives a bushing 26 to connect a flexible
      hose 28 extending from a gasoline dispensing pump (not shown). Nozzle 20
      includes a discharge spout 30 from which gasoline supplied through
      flexible hose 28 is discharged from the nozzle. A normally closed valve,
      generally 32 (FIG. 2), is provided to control the flow of gasoline through
      the nozzle. The valve includes a displaceable actuator 34 which projects
      downwardly through an opening provided in nozzle body 22 and operates a
      valve member 36 to control gasoline flow. A strong coil spring 38 normally
      biases valve member 36 to a closed position.
PAR  Fluid dispensing nozzle 20 is provided with a trigger mechanism including a
      trigger member or operating lever 40 pivotally mounted for movement
      between an inoperative position and an operative position to actuate the
      valve and control the gasoline flow through the nozzle. A first end 42 of
      operating lever 40 is pivotally connected by a pin 44 to the lower end of
      a plunger or trip rod 45 of an automatic shutoff device located adjacent
      to valve actuator 34. The shutoff device is described in detail in U.S.
      Pat. No. 3,603,359, issued on Sept. 7, 1971, and forms no part of the
      present invention. Operating lever 40 extends from pivot pin 44 underneath
      valve actuator 34 and includes a second, free end 46 extending rearwardly
      away from the valve actuator. A coil spring 48 is interposed between
      nozzle body 22 and operating lever 40 to normally bias the operating lever
      downward to an inoperative position out of engagement with the valve
      actuator. Coil spring 48 is relatively weak in strength in comparison with
      coil spring 38 of the valve.
PAR  A hand or trigger guard 50 is secured to nozzle body 22 to shield operating
      lever 40. The rear end of trigger guard 50 is split into two spaced
      vertical legs 51.
PAR  Coil spring 38 of valve 32 exerts a relatively large downward bias force on
      valve member 36 which must be overcome upon upward movement of operating
      lever 40 into engagement with valve actuator 34 to operate the valve. As a
      result, a relatively high manual force is required to move operating lever
      40 to its operative position (FIG. 2) to open the valve and permit the
      flow of gasoline through the nozzle.
PAR  In accordance with the invention, the fluid dispensing nozzle includes
      retaining means operable by a continuous relatively low manual force for
      holding the trigger member in its operative position. Preferably, this
      means comprises a manually operable trigger retaining mechanism mounted on
      the nozzle and operable by a continuous relatively low manual force for
      engaging the trigger member upon movement of the trigger member to its
      operative position to enable an operator to retain the trigger member in
      its operative position by continuous application of the relatively low
      manual force.
PAR  As shown in FIG. 1, the retaining mechanism is embodied as a first
      retaining member or rocker arm 52 supported for pivotal movement by a
      pivot pin 54 mounted on trigger guard 50 rearwardly of operating lever 40.
      The rocker arm is located between vertical legs 51 of the trigger guard. A
      tension spring 56 is secured to rocker arm 52 and anchored to trigger
      guard 50 to normally maintain the rocker arm in a horizontal orientation.
      A first end 58 of rocker arm 52 extends into the path of movement of free
      end 46 of operating lever 40 and supports a roller 60. A second end 62 of
      the rocker arm extends in the opposite direction and supports a roller 64.
PAR  The retaining mechanism also includes a second retaining member 66
      supported for pivotal movement by a pivot pin 68 mounted on trigger guard
      50 above pivot pin 54. The second retaining member is also located between
      vertical legs 51 of the trigger guard. Retaining member 66 includes a
      first arm 70 extending toward second end 62 of rocker arm 52 and a second
      arm 72 extending toward operating lever 40. A coil spring 74 is interposed
      between nozzle body 22 and second arm 72 of retaining member 66 to
      normally bias the retaining member into a first position out of engagement
      with first latching member or rocker arm 52 (FIG. 1). In this first
      position of second retaining member 66, its first arm 70 is biased against
      a stop member 76 located between vertical legs 51 of trigger guard 50 and
      out of engagement with roller 64 on second end 62 of the rocker arm.
PAR  A finger operated plunger 78 is mounted on operating lever 40 in alignment
      with the inner end of second arm 72 of retaining member 66. The plunger
      includes a shaft 80 slidably received in an opening 82 provided in the
      operating lever and an enlarged disc 84 is provided at the upper end of
      shaft 80. A coil spring 86 is interposed between disc 84 and operating
      lever 40 to normally bias plunger 78 upward relative to the operating
      lever.
PAR  In operation of the gasoline dispensing nozzle of FIG. 1, an operator
      manually grips nozzle body 22 and operating lever 40 and exerts pressure
      on the operating lever to raise it against the bias of coil spring 48 from
      its inoperative position (FIG. 1) into engagement with valve actuator 34.
      Further upward movement of operating lever 40 displaces valve actuator 34
      and valve member 36 upward against the action of coil spring 38 to open
      valve 32 and allow gasoline to flow from hose 28 into inlet passage 24 and
      out of discharge spout 30. The gasoline flow will continue as long as
      operating lever 40 is held in its operative position.
PAR  During upward movement of operating lever 40, its free end 46 moves into
      engagement with roller 60 on first end 58 of rocker arm 52 and pivots the
      rocker arm in a clockwise direction about pivot pin 54 to move the roller
      and first end of the rocker arm out of the path of movement of the free
      end of the operating lever. At the same time, disc 84 of plunger 78 moves
      into contact with the inner end of second arm 72 of retaining member 66 to
      pivot the retaining member in a clockwise direction about pivot pin 68
      against the action of coil spring 74 to move first arm 70 of the retaining
      member into alignment with roller 64 on second end 62 of rocker arm 52.
      When free end 46 of operating lever 40 moves out of engagement with roller
      60, tension spring 56 returns rocker arm 52 to its normal, horizontal
      orientation with roller 64 in engagement with the lower end of arm 70. If
      the manual pressure on operating lever 40 is relaxed, the operating lever
      moves downward, primarily under the action of coil spring 38, and its free
      end 46 moves downward into engagement with roller 60. Thereafter, as long
      as the operator applies continuous manual pressure to plunger 78 to hold
      retaining member 66 in its second position (FIG. 2), i.e., with its first
      arm 70 in engagement with roller 64, rocker arm 52 is held in its normal,
      horizontal orientation with roller 60 in engagement with free end 46 of
      operating lever 40 to retain the operating lever in its operative
      position.
PAR  The amount of manual force required to retain retaining member 66 in its
      second position in engagement with first latching member or rocker arm 52
      is determined by the strength of coil spring 74 and the mechanical
      advantage provided by arm 72 to compress the spring. The strength of coil
      spring 74 and the distances of the coil spring and plunger 78 from pivot
      pin 68 are selected so that, by exertion of a comparatively low manual
      force on plunger 78, in contrast to the high manual force required to move
      operating lever 40 to its operative position, it is possible to retain
      second retaining member 66 in its second position in engagement with the
      first latching member or rocker arm 52. Thus, the level of manual force
      required to retain operating lever 40 in its operative position is
      considerably less than the initial manual force required to move the
      operating lever from its inoperative position to its operative position.
PAR  When it is desired to terminate operation of the gasoline dispensing
      nozzle, the operator merely releases his grip on operating lever 40 and
      plunger 78. Coil spring 74 pivots retaining member 66 in a counter
      clockwise direction about pivot pin 68 to return the retaining member to
      its first position with its first arm 70 against stop member 76 and out of
      alignment with roller 64 on rocker arm 52. Simultaneously, coil spring 38
      returns valve member 36 downward to its closed position and urges valve
      actuator 34 against first end 42 of operating lever 40 to move the
      operating lever downward. When valve member 36 moves into engagement with
      its valve seat, the downward motion of the valve member and actuator rod
      34 is terminated. However, the action of coil spring 48 on the first end
      of operating lever 40 continues the downward movement of the operating
      lever until it returns to its inoperative position (FIG. 1).
PAR  During the downward movement of operating lever 40, its free end 46 engages
      roller 60 on rocker arm 52 and pivots the rocker arm in a counter
      clockwise direction about pivot pin 54 to move the roller and first end 58
      of the rocker arm out of the path of movement of the free end of the
      operating lever. Thereafter, when free end 46 of the operating lever moves
      downward out of engagement with roller 60, tension spring 56 returns
      rocker arm 52 to its normal, horizontal orientation.
PAR  FIGS. 3 and 4 illustrate an alternative embodiment of the trigger retaining
      mechanism including a thumb actuated linkage which allows an operator to
      hold the operating lever of the gasoline dispensing nozzle in its
      operative position. The elements of the nozzle which are identical to the
      corresponding elements of FIGS. 1 and 2 are identified by the same
      reference numerals used above.
PAR  As shown in FIG. 3, the linkage includes a thumb actuated lever 90
      supported for pivotal movement by a pivot pin 92 mounted on nozzle body
      22. Lever 90 includes a first end 94 which extends forwardly from pivot
      pin 92. A flange 96 extends laterally from first end 94 of lever 90 to
      allow the operator to actuate the lever with his thumb. Lever 90 also
      includes a second end 98 which extends rearwardly from pivot pin 92.
PAR  A retaining member 100 is supported for pivotal movement by a pivot pin 102
      mounted on trigger guard 50. Retaining member 100 includes a first arm 104
      extending downward toward roller 64 on first end 62 of rocker arm 52 and a
      second arm 106 extending in a generally horizontal direction toward
      operating lever 40. The inner end of arm 106 is pivotally connected to
      second end 98 of thumb actuated lever 90 by a link 108. A coil spring 110
      is interposed between nozzle body 22 and second arm 106 of retaining
      member 100 to normally bias the retaining member to its first or
      inoperative position with its second arm 106 against a stop member 112 on
      the trigger guard and its first arm 104 out of alignment with roller 64.
      Coil spring 110 surrounds a cylindrical projection 114 provided on the
      nozzle body which serves as a stop for arm 106 to define the second or
      operative position of retaining member 100.
PAR  In the operation of the gasoline dispensing nozzle of FIGS. 3 and 4, an
      operator manually grips nozzle body 22 and operating lever 40 and exerts
      pressure on the operating lever to raise it against the bias of coil
      spring 48 from its inoperative position (FIG. 3) into engagement with
      valve actuator 34. Further upward movement of operating lever 40 displaces
      valve actuator 34 and valve member 36 upward against the action of coil
      spring 38 to open the valve and allow gasoline to flow through the nozzle.
      The gasoline flow will continue as long as operating lever 40 is held in
      its operative position.
PAR  During upward movement of operating lever 40, its free end 46 moves into
      engagement with roller 60 on first end 58 of rocker arm 52 and pivots the
      rocker arm in a clockwise direction about pivot pin 54 to move the roller
      and first end of the rocker arm out of the path of movement of the free
      end of the operating lever. When free end 46 of the operating lever moves
      out of engagement with roller 60, tension spring 56 turns rocker arm 52 to
      its normal, horizontal orientation.
PAR  The operator next applies downward pressure on flange 96 of thumb actuated
      lever 90 to pivot the lever in a counter clockwise direction about pivot
      pin 92. The pivotal movement of thumb actuated lever 90 is transmitted to
      retaining member 100 by link 108 to pivot the retaining member in a
      clockwise direction about pivot pin 102. Retaining member 100 is thus
      moved from its first position (FIG. 3) to its second position (FIG. 4),
      i.e., with second arm 106 in engagement with the lower end of projection
      114 and the lower end of first arm 104 in engagement with roller 64. If
      the manual pressure on operating lever 40 is subsequently relaxed, the
      operating lever moves downward, primarily under the action of coil spring
      38, and its free end is moved downward into engagement with roller 60.
      Thereafter, as long as the operator applies continuous manual pressure to
      thumb actuated lever 90 to hold retaining member 100 in its second
      position (FIG. 4), rocker arm 52 is held in its normal, horizontal
      orientation with roller 60 in engagement with free end 46 of operating
      lever 40 to retain the operating lever in its operative position.
PAR  The amount of manual force required to retain retaining member 100 in its
      second position is determined by the strength of coil spring 110 and the
      mechanical advantage associated with thumb actuated lever 90 and first arm
      106 of retaining member 100. The strength of coil spring 110 and the
      mechanical advantage of the linkage are selected so that, by exertion of a
      comparatively low manual force with his thumb of flange 96 of lever 90, in
      contrast to the high manual force required to move operating lever 40 to
      its operative position, it is possible for an operator to hold retaining
      member 100 in its second position. Thus, the level of manual force
      required to retain operating lever 40 in its operative position is
      considerably less than the initial manual force required to move the
      operating lever from its inoperative position to its operative position.
PAR  When it is desired to terminate operation of the gasoline dispensing
      nozzle, the operator merely releases his grip on operating lever 40 and
      removes his thumb from flange 96. Coil spring 110 pivots retaining member
      100 in a counter clockwise direction about pivot pin 102 to return the
      retaining member to its first position with its first arm 104 against stop
      member 112 and out of alignment with roller 64 on rocker arm 52. In
      addition, thumb actuated lever 90 pivots in a clockwise direction to its
      initial, unactuated position. Simultaneously, coil spring 38 returns valve
      member 36 downward to its closed position (FIG. 3) and urges valve
      actuator 34 against operating lever 40 to move the operating lever
      downward. When valve member 36 moves into engagement with its valve seat,
      the downward motion of the valve member and actuator rod 34 is terminated.
      However, the action of coil spring 48 on operating lever 40 continues the
      downward movement of the operating lever until it returns to its
      inoperative position.
PAR  During the downward movement of operating lever 40, its free end 46 engages
      roller 60 on rocker arm 52 and pivots the rocker arm in a counter
      clockwise direction about pivot pin 54 to move the roller and first end 58
      of the rocker arm out of the path of movement of the free end of the
      operating lever. Thereafter, when free end 46 of the operating lever moves
      downward out of engagement with roller 60, tension spring 56 returns
      rocker arm 52 to its normal, horizontal orientation.
PAR  FIG. 5 illustrates a gasoline dispensing nozzle including another
      embodiment of the trigger retaining mechanism. The elements of the nozzle
      which are identical to the corresponding elements of FIGS. 1 and 2 are
      identified by the same reference numerals used above.
PAR  As shown in FIG. 5, the retaining mechanism includes a manually operable
      lever 120 provided with an elongated cover-like portion 122 which conforms
      to the exterior of inlet passage 24 of nozzle body 22. A first arm 124
      extends forwardly from cover-like portion 122 and is bent to conform to
      the exterior of the nozzle body around the valve. The front end of arm 124
      is connected to nozzle body 22 by a pivot pin 126 to support lever 120 for
      pivotal movement relative to the nozzle body. A second arm 128 extends
      downwardly from the rear end of cover-like portion 122 of lever 120.
PAR  A plunger mechanism, generally 130, is provided on hand guard 50 adjacent
      to the rear, free end of operating lever 40. As shown in FIG. 6, the
      plunger mechanism includes a hollow, cylindrical sleeve 132 mounted in a
      cylindrical bore 134 provided at the rear of trigger guard 50. Sleeve 132
      includes a central, cylindrical bore 136, a first, enlarged counterbore
      138 extending inwardly from its front end to define an annular shoulder
      140, and a second, enlarged counterbore 142 extending inwardly from its
      rear end to define an annular shoulder 144. The rear end of sleeve 132
      extends outwardly beyond the rear edge of trigger guard 50. A slot 146 is
      provided at the top of sleeve 132 to allow second arm 128 of lever 120 to
      extend inside the sleeve.
PAR  A hollow, cylindrical support 148 is slidably received within central
      cylindrical bore 136 of sleeve 132. A circular plate 150 is secured to the
      rear end of cylindrical support 148. The lower end of second arm 128 of
      lever 120 includes a nub 152 for engaging circular plate 150. A coil
      spring 154 is interposed between annular shoulder 144 and circular plate
      150 to normally bias cylindrical support 148 rightward to maintain plate
      150 against nub 152. A split ring 156 is received in a groove provided at
      the front end of cylindrical support 148. Ring 156 serves as a stop member
      which, in cooperation with annular shoulder 140, limits the extent of
      rightward movement available to cylindrical support 148.
PAR  As shown in FIG. 6, the hollow interior of cylindrical support 148 includes
      a central cylindrical bore 158 extending inwardly from the front end of
      the cylindrical support. An enlarged counterbore 160 extends inwardly from
      the rear end of cylindrical support 148 to define an interior annular
      shoulder 162.
PAR  A generally cylindrical plunger 164 is slidably received within cylindrical
      bore 158 of support 158. Plunger 164 includes an annular flange 166
      extending laterally from its rear end. A coil spring 168 is interposed
      between plate 150 and the rear end of plunger 164 to normally bias the
      plunger leftward with its flange 166 in engagement with annular shoulder
      162. The front end of plunger 164 is provided with an inclined cam surface
      170. The free end of operating lever 40 is provided with a roller 172
      which, as explained below, operates in cooperation with plunger mechanism
      130 to retain the operating lever in its operative position.
PAR  Preferably, a keying arrangement (not shown) is provided to prevent
      rotation of cylindrical plunger 164 about its axis relative to cylindrical
      support 148. For example, plunger 164 can be flattened on one side and a
      corresponding flat surface can be provided in bore 158 of the support to
      prohibit relative rotation. Similarly, another keying arrangement (not
      shown) may be provided to prevent rotation of cylindrical support 148
      relative to sleeve 132.
PAR  In operation of the gasoline dispensing nozzle of FIG. 5, an operator
      manually grips the nozzle around inlet passage 24 and applies manual
      pressure simultaneously to operating lever 40 and lever 120. Operating
      lever 40 moves upward from its inoperative position (FIG. 5) to its
      operative position to displace valve actuator 34 upward to open valve 32
      and allow gasoline to flow from hose 28 into inlet passage 24 and out of
      discharge spout 30. Simultaneously, lever 120 pivots downward in a
      clockwise direction about pivot pin 126 to move its second arm 128
      downward and leftward relative to sleeve 132 to move cylindrical support
      148 leftward against the action of coil spring 154. As shown in FIG. 7,
      the front end of plunger 164 is thus moved into the path of movement of
      the free end of operating lever 40.
PAR  If operating lever 40 moves upward to its operative position prior to the
      inward movement of plunger 164, the plunger merely moves underneath roller
      172 by virtue of the leftward movement of cylindrical support 148. If, on
      the other hand, plunger 164 moves into the path of movement of the free
      end of operating lever 40 prior to movement of the operating lever to its
      operative position, roller 172 engages inclined cam surface 170 to move
      the plunger rightward against the action of coil spring 168 to allow the
      plunger to be displaced out of the path of movement during further upward
      movement of operating lever 40. When operating lever 40 is moved upward to
      its operative position with roller 172 out of engagement with inclined cam
      surface 170, coil spring 168 returns the plunger leftward underneath
      roller 172. The strength of coil spring 168 is selected to allow plunger
      164 to be easily displaced during the upward movement of the operating
      lever.
PAR  With plunger 164 located beneath roller 172 at the free end of operating
      lever 40, the operator can release the pressure on the operating lever and
      maintain it in its operative position by exerting the relatively low
      manual force on lever 120 to maintain plunger 164 beneath roller 172. The
      amount of force required to maintain the plunger in its retaining position
      is determined by the strength of coil spring 154 and the mechanical
      advantage provided by lever 120. The strength of coil spring 154 and the
      lengths of lever 120 and arm 128 relative to pivot point 126 are selected
      to require only a relatively low manual force, in contrast to the
      relatively high manual force required to move operating lever 40 to its
      operative position, to maintain the plunger in its retaining position to
      hold the operating lever in its operative position. Thereafter, when it is
      desired to terminate operation of the gasoline dispensing nozzle, the
      operator merely relaxes the pressure on lever 120. Coil spring 154 moves
      cylindrical support 148 rightward to return plunger 164 to its
      non-latching position out of engagement with roller 172 on the free end of
      operating lever 40. The operating lever returns downward under the action
      of coil springs 38 and 48 to its inoperative position to close the valve.
PAR  Each of the embodiments of the present invention provides a trigger
      retaining mechanism for a gasoline dispensing nozzle which eliminates the
      requirements for an operator to continuously exert a substantial manual
      force on the trigger member to operate the nozzle. Although a relatively
      high level force is required for initial movement of the trigger member to
      its operative position, the trigger retaining mechanism permits the
      operator to retain the trigger member in its operative position by merely
      exerting a continuous, substantially reduced manual force. Thus, the
      trigger retaining mechanism is particularly desirable for use in
      connection with self-service gasoline filling pumps to enhance the appeal
      of self-service filling stations to the average automobile driver.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described, and modifications may be made in the details of the
      disclosed embodiments of the trigger retaining mechanism without departing
      from the principles of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a manually operable fluid dispensing nozzle
      including a valve to control the flow of fluid through the nozzle:
PA1  a trigger member mounted on the nozzle for movement by a relatively high
      manual force between an inoperative position and an operative position to
      actuate the valve and control the fluid flow through the nozzle; and
PA1  retaining means operable by a continuous relatively low manual force for
      holding said trigger member in its operative position and for
      automatically releasing said trigger member for return to its inoperative
      position upon termination of the relatively low manual force.
NUM  2.
PAR  2. In combination with a manually operable gasoline dispensing nozzle
      including a valve to control the flow of gasoline through the nozzle:
PA1  a manually operable trigger member pivotally mounted on the nozzle and
      normally biased to an inoperative position, said trigger member being
      movable by a relatively high manual force to an operative position to
      actuate the valve and control the flow of gasoline through the nozzle; and
PA1  a manually operable trigger retaining mechanism mounted on the nozzle and
      operable by a continuous relatively low manual force for engaging said
      trigger member upon movement of said trigger member to its operative
      position to enable an operator to retain said trigger member in its
      operative position by continuous application of the relatively low manual
      force and for automatically releasing said trigger member for return to
      its inoperative position upon termination of the relatively low manual
      force.
NUM  3.
PAR  3. A manually operable gasoline dispensing nozzle provided with a normally
      closed valve to control the flow of gasoline through the nozzle,
      including:
PA1  a manually operable lever pivotally mounted on the nozzle for operating the
      valve, said lever being normally biased to an inoperative position and
      movable by a relatively high manual force to an operative position to open
      the valve and allow flow of gasoline through the nozzle;
PA1  a first retaining member pivotally mounted on the nozzle for engaging said
      lever in its operative position; and
PA1  a second retaining member mounted on the nozzle and manually operable by a
      relatively low manual force upon movement of said lever to its operative
      position for holding said first retaining member in engagement with said
      lever to prevent return movement of said lever to its inoperative position
      during continuous application of the relatively low manual force to said
      second retaining member.
NUM  4.
PAR  4. A trigger mechanism for a manually operable gasoline dispensing nozzle
      including a normally closed valve provided with a displaceable actuator to
      control the flow of gasoline through the nozzle; comprising:
PA1  an operating lever including a first end pivotally mounted on the nozzle
      adjacent to the valve actuator and a second, free end extending away from
      the valve actuator, said operating lever being normally biased to an
      inoperative position out of engagement with the valve actuator and movable
      by a relatively high manual force to an operative position into engagement
      with the valve actuator to open the valve and permit the flow of gasoline
      through the nozzle;
PA1  an arm pivotally mounted on the nozzle and engageable with said free end of
      said operating lever upon movement of said operating lever to its
      operative position; and
PA1  a manually operable retaining member being normally biased to a first
      position out of engagement with said arm and movable by a relatively low
      manual force to a second position in engagement with said arm to enable an
      operator to hold said arm in engagement with said free end of said
      operating lever to retain said operating lever in its operative position
      by continuous application of the relatively low manual force to said
      retaining member.
NUM  5.
PAR  5. The trigger mechanism of claim 4, wherein:
PA1  said arm includes a first end extending into the path of movement of said
      free end of said operating lever and a second arm extending in the
      opposite direction; and
PA1  said retaining member is pivotally mounted on the nozzle adjacent to said
      arm and normally biased to a first position out of engagement with said
      second end of said arm, said retaining member being manually movable to a
      second position in engagement with said second end of said arm by a
      relatively low manual force upon movement of said operating lever to its
      operative position to hold said first end of said arm in engagement with
      said free end of said operating lever to retain said operating lever in
      its operative position during continuous application of the relatively low
      manual force to said retaining member.
NUM  6.
PAR  6. The trigger mechanism of claim 5, which includes:
PA1  a plunger mounted on said lever and movable into engagement with said
      retaining member upon movement of said operating lever to its operative
      position to enable an operator to hold said retaining member in its second
      position to retain said operating lever in its operative position by
      application of the relatively low manual force to said plunger.
NUM  7.
PAR  7. The trigger mechanism of claim 5, which includes:
PA1  a thumb actuated lever pivotally mounted on the nozzle above said operating
      lever, said thumb actuated lever including a first end provided with a
      thumb engageable portion and a second end connected to said retaining
      member to enable an operator to hold said retaining member in its second
      position to retain said operating lever to its operative position by
      application of the relatively low manual force to said thumb engageable
      portion.
NUM  8.
PAR  8. A trigger mechanism for a manually operable gasoline dispensing nozzle
      including a normally closed valve provided with a displaceable actuator to
      control the flow of gasoline through the nozzle, comprising:
PA1  an operating lever including a first end pivotally mounted on the nozzle
      adjacent to the valve actutator and a second, free end extending away from
      the valve actuator, said operating lever being normally biased to an
      inoperative position out of engagement with the valve actuator and movable
      by a relatively high manual force to an operative position into engagement
      with the valve actuator to operate the valve and control the flow of
      gasoline through the nozzle;
PA1  a plunger mechanism mounted on the nozzle adjacent to said free end of said
      operating lever and including a slidable plunger normally biased to a
      first position away from said free end of said lever and movable to a
      second position located in the path of movement of said free end of said
      operating lever; and
PA1  a plunger actuating lever pivotally mounted on the nozzle and operable by a
      relatively low manual force for moving said plunger into the path of
      movement of said free end of said operating lever to enable an operator to
      retain said operating lever in its operative position by continuous
      application of the relatively low manual force to said plunger actuating
      lever.
NUM  9.
PAR  9. The trigger mechanism of claim 8, wherein said plunger mechanism
      includes:
PA1  a hollow cylindrical support slidably mounted on the nozzle adjacent to
      said free end of said operating lever for supporting said plunger therein
      for slidable movement relative to said support;
PA1  first spring bias means for normally biasing said support away from said
      free end of said operating lever to maintain said plunger in its first
      position out of the path of movement of said free end of said operating
      lever; and
PA1  second spring bias means for normally biasing said plunger toward said free
      end of said operating lever to permit said plunger to be displaced out of
      the path of movement of said free end of said operating lever during
      movement of said operating lever between its inoperative position and its
      operative position.
NUM  10.
PAR  10. The trigger mechanism of claim 9, wherein:
PA1  said plunger includes an inclined cam surface cooperable with said free end
      of said operating lever to displace said plunger out of the path of
      movement of said free end of said operating lever during movement of said
      operating lever from its inoperative position to its operative position.
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ABST
PAL  An articulated, four-wheel drive tree harvesting machine includes a front
      frame section upon which a felling boom assembly, a delimber assembly, and
      a feed assembly are mounted. The felling boom assembly is operable for
      severing a tree and lowering it into a generally horizontal position. The
      tree is released into the opened knives of the delimber assembly which
      close to encircle the trunk and into the opened feed rolls of the feed
      assembly which close to engage the trunk. The feed rolls are then
      rotatably driven to draw the tree trunk through the knives while the
      felling boom may be operated to sever and position a second tree. Two
      solenoid-operated valves control the operation of hydraulic cylinders
      which respectively open and close the delimber knives and open and close
      the feed rolls. Two other solenoid operated valves respectively control
      the operation of a clutch and a transmission to drive the feed rolls in a
      forward or reverse direction of rotation. A delimbing sequence and cycle
      may be automatically or manually controlled. Once the sequence is chosen,
      the frame sections are in line, and the cycle initiated, electronic logic
      circuitry will energize the appropriate solenoids to either close the
      knives, then close the rolls, and then engage the drive or close the
      rolls, then engage the drive, and then close the knives. Upon completion
      of the delimbing cycle, the cycle may be reset so that the electric logic
      circuitry will open the knives and rolls. Manual control circuitry is
      provided to permit individual control of the solenoids by
      manually-actuated switches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a tree harvesting machine and more
      particularly to a control system to be used in a tree harvesting machine
      of the type disclosed in U.S. Pat. No. 3,833,034 granted to Menzel et al
      on Sept. 3, 1974, and having the same assignee as the present application.
PAR  The tree harvesting machine disclosed in the above-identified patent
      includes a delimber assembly having openable and closable delimber knives
      and a feed assembly having openable, closable and rotatable feed rolls. A
      boom located on the machine includes a felling head which severs a tree
      which is then positioned by the boom in the delimber and feed assemblies
      in a delimbing position. The delimber and feed assemblies include
      solenoids which actuate valving for controlling hydraulic cylinders to
      position the delimber knives and feed rolls through solenoid actuated
      valving and hydraulic cylinders, and include solenoids which actuate
      valving for controlling hydraulically operable clutch and reversing means
      in the feed roll drive transmission to selectively effect forward and
      reverse driving of the feed rolls.
PAR  In the past, only manual, individual control of the valves, clutch, and the
      transmission were possible which required the operator's attention at the
      delimber and feed assemblies during the delimbing cycle. The operator was
      not free to select or cut other trees while the delimbing cycle was in
      operation and this reduced the cycle time and hence the cost effectiveness
      of the entire machine. Further, the sequencing of the delimbing cycle was
      controlled manually for each cycle rather than being automatically
      selectable which further reduced the cycle time.
PAR  Further, past systems relied on limit switches or proximity sensors to
      initiate different portions of the cycle. A system of this sort is
      disclosed in the U.S. Pat. No. 3,586,078 granted to Hamilton on June 22,
      1971. The disadvantage of this system is the remote wiring and additional
      switching required as compared to a time cycled system.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a control system
      for a tree harvesting machine for automatically controlling the delimber
      and feed assembly operations to thereby decrease the cycle time and thus
      provide for cost effective harvesting and delimbing of trees.
PAR  The control system includes electrical circuitry for automatic control of
      the delimbing operation in a selectable sequence of closing and opening
      the knives, closing and opening the rolls, and engaging and disengaging
      the drive to the rolls. The electrical circuity also provides for manual
      switch control of the operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective overall view of a tree harvesting machine embodying
      the control system of the present invention.
PAR  FIG. 2 is a schematic diagram of the control system showing conventional
      elements symbolically.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, therein is shown a tree harvesting machine, as is
      known in the art and as exemplified in U.S. Pat. No. 3,833,034 granted to
      Menzel et al, indicated in its entirety by the reference numeral 10. The
      harvester 10 is constructed so as to be highly maneuverable in most
      conditions of terrain found in forested areas and for this purpose
      includes an articulated chassis comprising front and rear frame sections
      12 and 14, respectively, which are connected together for relative
      movement about a vertical pivot axis defined by pin means, shown partially
      at 16. The front and rear frames are supported by front and rear pairs of
      driven ground engaging wheels 18 and 20, respectively.
PAR  Mounted on the rear frame section 14 is a prime mover 22 including an
      engine and related transmissions for the engine powered functions of the
      harvester 10.
PAR  Mounted on the forward end portion of the front frame section 12 is a
      delimber assembly 30 which includes an upwardly open V-shaped knife 32 and
      a pair of pivotally openable and closable delimber knives 34. The knives
      34 which have the knife edges facing forward open to allow a tree trunk to
      be placed on the V-shaped knife 32 and then close to encircle the tree
      trunk.
PAR  A tree feed assembly 40 is located rearwardly of the delimber assembly 30
      for propelling a tree trunk rearwardly when the trunk is encircled by the
      delimber assembly 30 thereby causing the limbs to be severed from the
      trunk. The feed assembly 40 includes a pair of feed rolls 42 which are
      provided with spikes (not shown) or some other means for aggressively
      engaging a tree trunk and which are mounted for being swung about
      respective vertical axes spaced from vertical longitudinal axes thereof so
      as to be movable away and towards one another to respectively receive and
      engage a tree trunk. The two feed rools 42 are driven by the prime mover
      22 in a conventional manner so as to be selectively and reversibly
      rotatable about their longitudinal, vertical axes.
PAR  Mounted on the rear portion of the front frame section 12 just forwardly of
      the pivot pin 16 is a felling boom assembly 46. A felling head 48 is
      carried by the boom assembly 46 at the end opposite the mounting. The
      felling head 48 severs a tree and grasps it so that the trunk may be
      manipulated by the boom assembly 46 so as to drop the butt end portion of
      the trunk on to the V-shaped knife 32 of the delimber assembly 30 when the
      delimber knives 34 are in their open, tree trunk receiving position.
PAR  A control system for controlling the delimber assembly 30 and the feed
      assembly 40, as will hereinafter be described, is designated in its
      entirety by the reference numeral 50. The control system 50 includes five
      major sections each of which will hereinafter be described: a power
      circuitry section 60, a manual control circuitry section 70, an automatic
      control circuitry section 80, a logic circuitry section 110, and an
      actuator section 250.
PAR  The power circuitry section 60 and the logic circuitry section 110, as is
      fully described below, include a plurality of AND and OR gate logic
      circuits coupled to a plurality of bi-stable flip-flop circuits for
      correlating manually and automatically initiated input signals for
      controlling the proper sequence of operation of the delimber assembly 30
      and the feed assembly 40. The AND and OR gate circuits and the flip-flop
      circuits are all conventional circuits and are illustrated in block form.
      The AND gates may be of any type having a plurality of input connections
      and a single output connection which permit electrical flow between the
      input and output connections only when there is an input at all the input
      connections. The OR gate likewise may be of any type having a plurality of
      input connections and a single output connection which permit electrical
      flow between the input and output connections when there is an input at
      one or more of the input connections. The flip-flop circuits may be of any
      type having "set" and "reset" inputs S and R and "set" and "reset" outputs
      Q and Q' and operable for alternately switching a source of electrical
      energy to the "set" and "reset" outputs Q and Q' in response respectively
      to electrical pulse inputs to the "set" and "reset" input connections S
      and R and maintaining the switched position and output in the absence of
      further electrical inputs.
PAR  The power circuitry section 60 controls the power for the control system 50
      and is connected to any suitable source 62 of electrical energy such as a
      battery. The source 62 is connected by a lead 64 to a fuse 65 and thence
      to an ignition switch 66 which selectively connects and disconnects the
      fuse 65 with a main power lead 68 of the power section 60.
PAR  The manual control circuitry 70 includes a three-position rocker switch or
      mode switch 72 which is connected by a lead 73 to the main power lead 68.
      The mode switch 72 selectively connects or disconnects the lead 73 from a
      manual control lead 74 in a "manual" position and an automatic control
      lead 75 in an "automatic" position. The automatic control lead 75 is
      connected to internally grounded, memory-switching circuitry 76 of known
      circuit configuration by a lead 77 and an automatic operation indicator
      light 78. The output of the memory-switching circuitry 76 is connected to
      conventional voltage regulating circuitry 79 which supplies regulated
      power in a conventional manner to the logic circuitry section 110.
PAR  The automatic control circuitry section 80 includes a normally open,
      three-position, momentary contact, toggle switch or start switch 82 which
      is connected to the manual control circuitry section 70 by the automatic
      control lead 75. The start switch 82 is selectively movable between "set"
      and "start" positions to respectively disconnect and connect the automatic
      control lead 75 to a main set lead 84 and to a main start lead 169.
PAR  The main set lead 84 is connected to the input of a latching OR gate 86 in
      the power section 60. The output of the OR gate 86 is connected by a lead
      88 to a latching solenoid 90. The latching solenoid 90 is operatively
      connected to a normally open, two-position latch switch 92 which is
      closable to connect the main power lead 68 to a power lead 94. The
      latching solenoid 90 when energized closes the latching switch 92. The
      power lead 94 is connected by a lead 96 to the input of a latching AND
      gate 100, the output of which is connected by lead 102 to the input of the
      latching OR gate 86.
PAR  The logic circuitry section 110 includes a first set lead 112 which is
      connected to the main power lead 84. The first set lead 112 is connected
      by a logic power switching lead 114 to the memory-switching circuitry 76.
      The lead 112 is further connected to the inputs of OR gates 120, 122, 124,
      and 126. The outputs of the OR gates 120, 122, 124, and 126 are connected
      respectively to the "reset" inputs R of a close-knives flip-flop 130, an
      open knives flip-flop 132, close rolls flip-flop 134, and an open rolls
      flip-flop 136 which are respectively in turn connected by an automatic
      close-knives lead 140, and automatic open-knives lead 142, an automatic
      close-rolls lead 144, and an automatic open-rolls lead 146 to a
      close-knives OR gate 150, an open knives OR gate 152, a close-rolls OR
      gate 154, and an open-rolls OR gate 156. The automatic close rolls lead
      144 is further connected by an automatic engage-drive lead 148 to a
      engage-drive OR gate 158, the output of which is connected to a
      conventional timer, drive timer 159. The drive timer 159 is of the type
      which receives a continuous input and after a predetermined interval of
      time provides a continuous output unitl the input ceases.
PAR  The logic circuitry section 110 further includes a second set lead 160
      which is also connected to the main power lead 84. The second set lead 160
      is connected to the inputs of a start OR gate 162 and a reset OR gate 163,
      the outputs of which are connected to the "reset" inputs R respectively of
      a start lockout flip-flop 164 and a reset lockout flip-flop 165. The "set"
      input S of the start lockout flip-flop 164 is connected by a lead 166
      which is connected to the output of a start lockout OR gate 167, the
      inputs of which are connected by a lead 169 and a lead 170, to the
      automatic close-knives lead 140 and the automatic close-rolls lead 144,
      respectively. The "set" input S of the reset lockout flip-flop 165 is
      connected by a lead 171 to the automatic open-rolls lead 146. The Q'
      outputs of the flip-flops 164 and 165 are connected by leads 172 and 173
      respectively to the inputs of a start AND gate 174 and a reset AND gate
      176.
PAR  The output of the start AND gate 174 is connected to the "set" input of a
      conventional main timer 178. The main timer 178 may be of any type having
      "set" and "reset" inputs S and R and a single output and operable for
      producing a pulse after a time delay in response to an electrical pulse
      signal being connected to the "set" input S and being resettable in
      response to an electrical pulse signal being connected to the "reset"
      input R. The main timer 178 is further changeable to provide two different
      time delays upon receipt of an additional input signal as will be
      hereinafter explained. Connected to the output of the start AND gate 174
      is a lead 179 which is connected to the input of the reset OR gate 163.
      Connected to the output of the reset AND gate 176 is a lead 180 which is
      connected through a lead 181 to the input of a timer OR gate 182. The lead
      is further connected to the "set" input S of the rolls-open flip-flop 136.
      A lead 183 further connects the lead 181 to the inputs of the OR gates 120
      and 124, and to the "set" input S of the open-knives flip-flop 132.
PAR  The output of the reset AND gate 176 is likewise connected to the "set"
      input S of another conventional timer, reset timer 184. The reset timer
      184 may be of any type having "set" and "reset" inputs S and R and a
      single output and operable for producing pulse after a time delay in
      response to an electrical pulse signal being connected to the "set" input
      S and being resettable in response to an electrical pulse signal being
      connected to the "reset" input R.
PAR  The output of the main timer 178 is connected by a lead 185 to the input of
      an OR gate 186, the output of which is connected to the "set" input S of
      the close-rolls flip-flop 134. Connected to the lead 185 by a lead 186 is
      an OR gate 188, the output of which is connected to the "set" input S of
      the close-knives flip-flop 130.
PAR  The output of the reset timer 184 is connected by a lead 192 to the input
      of the OR gate 122 and by a lead 194 to the input of the OR gate 126. The
      lead 192 is further connected by a lead 196 to the input of the start OR
      gate 162.
PAR  Also connected to the second set lead 160 is a lead 200 which is connected
      to the input of a timer OR gate 182, the output of which is connected to
      the "reset" input R of the main timer 178.
PAR  Referring now to the automatic control circuitry section 80, there is shown
      a power lead 204 which connects the main power lead 94 to a normally open,
      frame-in-line switch 206. The switch 206 is connected by a lead 210 to the
      input of the start AND gate 174. Also connected to the lead 210 is a
      frame-in-line indicator light 208 which is lighted when the switch 206 is
      closed.
PAR  Referring again to the manual control circuitry section 70, therein is
      shown a power lead 212 connected by a driver power lead 214 to the main
      power lead 94 in the power circuitry section 60. The power lead 212 is
      connected to a two-position, three-way, close first switch 216 which
      selectively interconnects the power lead 212 to a lead 218 in a "close
      knives first" position and a lead 220 in a "close rolls first" position.
      The lead 218 is connected to the input of a knives-first AND gate 222. The
      output of the knives-first AND gate 222 is connected by a lead 224 to the
      input of the OR gate 188. The lead 220 is connected to the input of a
      rolls-first AND gate 226. The output of the rolls-first AND gate 226 is
      connected by a lead 228 to the input of the OR gate 186. The inputs of the
      knives-first AND gate 222 and the rolls-first AND gate 226 are connected
      together by a lead 230 which is further connected to the lead 179. The
      lead 220 is further connected by a timer-change lead 232 to the time
      changing input of the main timer 178.
PAR  Referring again to the automatic control circuitry section 80, therein is
      shown a normally-open three-position, momentary-contact toggle switch or
      stop switch 245 which selectively interconnects the main power lead 94 to
      a reset lead 246 in a "reset" position and an inverter lead 247 in a
      "stop" position.
PAR  The inverter lead 247 is connected to the input of a conventional inverter
      circuit 248 which provides an output as long as there is no input of the
      inverter circuit 248 is connected to the input of the latching AND gate
      100.
PAR  Referring now to the actuator section 250, this section is connected to the
      power circuitry section 60 by the aforementioned driver power lead 214
      which is connected to supply power to a close and an open knives, a close
      and an open rolls, and an engage drive and a reverse drive driver circuits
      260, 262, 264, 266, 268, and 270, respectively.
PAR  The close-knives driver circuit 260 is connected to the output of the OR
      gate 150 of the logic circuitry section 110 and selectively connects and
      blocks the driver power lead 214 to and from a solenoid lead 276. The
      solenoid lead 276 is connected to a close-knives solenoid 278 which
      positions a delimber control valve 280 on one side of a neutral, ports
      blocked position to connect a fluid pump 290 and a reservoir 292 to a
      first port in the head end and a second port in the rod end, respectively,
      of a delimber hydraulic cylinder 282 which is connected at head and rod to
      conventional delimber actuator links illustrated in block form by 284
      which are in turn connected to the knives 34.
PAR  The open-knives driver circuit 262 is connected to the output of the OR
      gate 152 and selectively connects and blocks the driver power lead 214 to
      and from a solenoid lead 296. The solenoid lead 296 is connected to an
      open-knives solenoid 298 which positions the delimber control valve 280 on
      the other side of the neutral position to connect the fluid pump 290 and
      the reservior 292 to the second and first ports, respectively, of the
      delimber hydraulic cylinder 282.
PAR  The close-rolls driver circuit 264 is connected to the output of the OR
      gate 154 and selectively connects and blocks the driver power lead 214 to
      and from a solenoid lead 306. The solenoid lead 306 is connected to a
      close-rolls solenoid 308 which positions a feed roll control valve 310 on
      one side of a neutral, ports blocked position to connect the fluid pump
      290 and the reservoir 292 to a first port in the head hydraulic cylinder
      312 which has its rod connected to a conventional feed actuator linkage
      illustrated in block form by 314 which is in turn connected to both feed
      rolls 42.
PAR  The open-rolls driver circuit 266 is connected to the output of the OR gate
      156 and selectively connects and blocks the driver power lead 214 to an
      from a solenoid lead 316. The solenoid lead 316 is connected to an open
      rolls solenoid 318 which positions the feed roll control valve 310 on the
      other side of the neutral position to connect the fluid pump 290 and the
      reservoir 292 to the second and first ports, respectively, of the feed
      hydraulic cylinder 312.
PAR  The engage-drive driver circuit 268 is connected to the output of the drive
      timer 159 and selectively connects and blocks the driver power lead 214 to
      and from a solenoid lead 326. The solenoid lead 326 is connected to an
      engage-drive solenoid 328 which positions a drive control valve 332 on one
      side of a normal position wherein the reservoir 292 is connected to a
      clutch actuator 334 to a second position wherein the fluid pump 290 is
      connected to the clutch actuator 334 which acts to respectively disengage
      and engage a conventional clutch 330. The clutch 330 engages to connect
      the prime mover 22 to conventional feed roll gearing illustrated in block
      form by 333 which drives the two feed rolls 42.
PAR  The reverse driver circuit 270 is connected to a reversing output lead 340
      and selectively connects and blocks the driver power lead 214 to and from
      a solenoid lead 336. The solenoid lead 336 is connected to a reverse-drive
      solenoid 338 which positions a reversing control valve 342 on one side of
      a normal position wherein the reservoir 292 is connected to a transmission
      actuator 344 to a second position wherein the fluid pump 290 is connected
      to the transmission actuator 344 which acts to respectively deactivate and
      activate a conventional reversing portion of the transmission in the prime
      mover 22. When the transmission actuator 344 is deactivated, the prime
      mover 22 driving through the clutch 330 rotates the feed rolls 42 in a
      normal, forward direction of rotation which propels a tree trunk
      rearwardly of the harvester 10 through the rolls 42 and, when the
      transmission actuator 344 is activated, the feed rolls 42 are reverse
      driven to eject a tree trunk forwardly of the harvester 10.
PAR  Referring again to the manual circuitry control section 70, the mode switch
      72 when switched to a manual position will interconnect the lead 73 to the
      manual control lead 74 which is connected to a manual power lead 350 which
      is connected to a conventional pulse timer circuit 360. The pulse timer
      circuit 360 is of any type which will produce output in response to a
      continuous signal input. The pulse timer circuit 360 is connected by a
      pulse timer lead 362 to the input of the latching OR gate 86.
PAR  The manual power lead 350 is further connected to a manual knives switch
      370, a manual feed rolls 372, a manual feed drive switch 374. The manual
      knives switch 370 selectively interconnects and disconnects the manual
      power lead 350 with a manual close-knives lead 376 and a manual
      open-knives lead 378 which in turn are connected to the inputs of the OR
      gates 150 and 152, respectively. The manual feed rolls switch 372
      selectively interconnects and disconnects the manual power lead 350 with a
      manual close-rolls lead 382 and a manual open-rolls lead 384 which in turn
      are connected to the inputs of the OR gates 154 and 156, respectively. The
      manual feed drive switch 374 selectively interconnects and disconnects the
      manual power lead 350 with a manual drive engagement lead 392 and a manual
      reverse drive lead 394 which are connected to the inputs of the OR gate
      158. The manual reverse drive lead 394 is further connected to the
      reversing output lead 340.
PAR  To operate the harvester 10, the operator switches on the ignition switch
      66 to connect the electrical power source 62 to the mode switch 72. When
      automatic control of the delimbing cycle is desired, the operator switches
      the mode switch 72 from the center "off" position to the "automatic"
      position thereby connecting the source 62 to the memory-switching
      circuitry 76 and the start switch 82.
PAR  At initial start up, the start switch 82 is momentarily closed to the "set"
      position to provide a momentary contact between the automatic control lead
      78 and the main set lead 84 to produce a pulse set signal. The set signal
      is sent to the latching OR gate 86 which produces an output to energize
      the latching solenoid 90 long enough to close the latch switch 92 to cause
      a current flow to the lead 96 which provides an input to the latching AND
      gate 100. The latching AND gate 100 in response to the input from the lead
      96 and the normally present output of the inverter 248 in the absence of a
      singal from the stop switch 245 provides an output to the input of the OR
      gate 86 which "latches" or maintains the closed position of the latch
      switch 92.
PAR  The set signal further switches the memory-switching circuitry 76 to an
      "on" condition to connect the source 62 to the voltage regulating
      circuitry 79 and thence to the logic circuitry section 110. The
      memory-switching circuitry remembers the pulse signal to turn "on" and
      light the light 78, and responds to the opening of the mode switch 72 from
      the "automatic" position or the opening of the ignition switch 66 to block
      the source 62 from the logic circuitry section 110. The set signal
      simultaneously provides an input to the OR gates 120, 122, 124, and 126
      which in turn provide reset inputs to the flip-flops 130, 132, 134, and
      136, to switch their respective outputs Q to zero. The set signal further
      provides an input to the OR gates 162 and 163 to produce outputs therefrom
      to the start and reset lockout flip-flops 164 and 165 to provide outputs
      Q' to provide inputs to the start and reset AND gate 174 and 176. The set
      signal further provides an input to the timer OR gate 182 which provides
      an output to reset the main timer 178 and an input to reset the reset
      timer 184.
PAR  Once the power circuitry section 60 and the logic circuitry section 110
      have been set, the operator drives the harvester 10 into a position
      between a number of trees and straightens out the articulated vehicle.
      When the rear and front frame sections 12 and 14 are in line, the
      frame-in-line switch 206 is closed which lights the frame-in-line
      indicator light 208 and connects the source 62 to the input of the start
      AND gate 174.
PAR  The operator then selects a suitable tree, and, depending upon how far up
      on the tree stem the branches start, switches the close first switch 216
      to close the knives first or to close the feed rolls first. For example,
      if the branches are close to the point where the tree is to be cut, it
      would be desirable to close the delimber knives 34 before the feed rolls
      42 to sever limbs as soon as the trunk starts into the feed rolls 42.
      Conversely, if the tree trunk is relatively clear of branches until far up
      from the place where the tree will be cut, it would be desirable to switch
      to close the feed rolls 42 first and then close the delimber knives 34. If
      the knives 34 are to be closed first, the close first switch 216 will
      connect the source 62 to the input of the AND gate 222 and, if the feed
      rolls 42 are to be closed first, the source will be connected to the input
      of the AND gate 226.
PAR  Upon selection of the tree, the boom assembly 46 is activated so as to
      position the felling head 48 at the base of the tree trunk. The felling
      head 48 cuts and grips the tree trunk so that it may be manipulated by the
      boom assembly 46 to position the butt of the tree trunk between the feed
      rolls 42.
PAR  To initiate the automatic delimber cycle, the operator momentarily closes
      the start switch 82 to the "start" position to connect the automatic
      control lead 75 to the main start lead 169 to provide the necessary input
      pulse to produce an output pulse from the start AND gate 174. The output
      from the start AND gate 174 activates the main timer 178 to start the
      running of a period of time, approximately 1.1 seconds, before an output
      pulse signal will be produced. The output from the AND gate 174 further
      provides an input to the reset OR gate 163 to switch the reset lockout
      flip-flop 165 to provide an input to the reset AND gate 176. The output of
      the AND gate 174 still further provides inputs to the AND gates 222 and
      226.
PAR  When it is desired to close the delimber knives first, the close first
      switch 216 is switched to connenct the power lead 212 to the input of the
      AND gate 222. With the outputs from the start AND gate 174 and the switch
      216, the AND gate 222 is activated to provide an input to the OR gate 188.
      The output of the OR gate 188 provides a set input to the close-knives
      flip-flop 130 which switches to provide an output at Q to the input of the
      OR gate 150. The output at OR gate 150 activates the close-knives driver
      circuit 260 to cause the close-knives solenoid 278 to be energized to
      position the delimber control valve 280 so as to connect the fluid pump
      290 and the reservoir 292 to the delimber hydraulic cylinder 282 to urge
      the delimber actuator links 284 to close the knives 34.
PAR  The output from the close-knives flip-flop 130 further provides an input to
      the OR gate 167 to set the start lockout flip-flop to stop the output at
      Q' to the input of the start AND gate 174 and thus prevent subsequent
      activation by additional start pulse signals.
PAR  The output of the main timer 178 after 1.1 seconds in response to the
      output of the start AND gate 174 provides an input to the OR gate 186
      which provides an output to the "set" input S of the close-rolls flip-flop
      134. The close-rolls flip-flop 134 in turn switches to produce an output
      to Q the input of the OR gate 154. The resulting output of the OR gate 154
      activates the close-rolls driver 164 to cause the close-rolls solenoid 308
      to be energized to position the feed roll control valve 310 so as to
      connect the fluid pump 290 and the reservoir 292 to the feed hydraulic
      cylinder 312 to urge the feed actuator linkage 314 to close the feed rolls
      42.
PAR  The output of the close-rolls flip-flop 134 further provides an input to
      the OR gate 158. The output of the OR gate 158 is provided to the driver
      timer 159. After a predetermined delay of 1.1 seconds, an output signal is
      provided by the driver timer 159 to the engage-drive solenoid 328 to cause
      the clutch 330 to engage and the prime mover 22 to rotate the rolls 42.
PAR  Thus, the control system 50 automatically closes the delimbing knives and
      after a first predetermined delay closes the feed rolls, and after a
      second predetermined delay starts the rotation of the feed rolls.
PAR  When it is desired to close the feed rolls first, the close first switch
      216 is switched to connect the power lead 212 to the input of the AND gate
      226. With the outputs from the start AND gate 174 and the switch 216, the
      AND gate 226 is activated to provide an input to the OR gate 186. The
      output of the OR gate 186 provides a set input to the close rolls
      flip-flop 134 which switches to provide an output at the Q to the input of
      the OR gate 154. The output of OR gate 154 activates the close-rolls
      driver circuit 264 to cause the close rolls solenoid 308 to be energized
      to urge the feed rolls closed as aforein described. The output of the
      close-rolls flip-flop 134 further switches the start lockout flip-flop 164
      to its zero output at Q' position and engages the clutch 330 after a time
      delay as aforein described.
PAR  The closing of the close-first switch 216 to the feed rolls first position
      also provides a pulse signal through time change lead 240 to the main
      timer 178 to change the length of time delay. After a predetermined delay
      of 2.2 seconds, sufficient for the rolls 42 to close and the drive 330
      clutch to engage, the main timer 178 produces a signal in response to the
      start signal which acts to produce an output from the OR gate 188 which
      provides a set input to the close knives flip-flop 130. The output from
      the close knives flip-flop 130 sets the start lockout flip-flop 164, and
      closes the knives 34 as aforein described.
PAR  After a tree trunk has passed through the delimber assembly 30 and the tree
      feed assembly 40 and has been completely delimbed, it falls to the ground.
      The operator then prepares for the next tree which has been selected and
      cut during the delimbing cycle by momentarily closing the stop switch 245
      to the "reset" position to connect the main power lead 94 to the reset
      lead 246. The momentary closing provides a reset signal to the reset AND
      gate 176. Since the set and start signals have provided an output at Q' of
      the reset lockout flip-flop 165, the reset AND gate 176 is activated to
      provide an input to the timer OR gate 182 which in turn provides a reset
      input to the main timer 178.
PAR  The output of the reset AND gate 176 further provides inputs to the OR
      gates 120 and 124 which produce outputs to reset the close-knives
      flip-flop 130 and the close-rolls flip-flop 134 and zero their outputs at
      Q. The output from the reset AND gate 176 further provides set inputs to
      the open-knives flip-flop 132 and the open-rolls flip-flop 136. The
      open-knives flip-flop 132 provides an output to the OR gate 152 which in
      turn switches the open-knives driver circuit 162 to energize the open
      knives solenoid 298 to position the delimber control valve 280 to cause
      the delimber hydraulic cylinder 282 to open the knives 34. Similarly, the
      open-rolls flip-flop 136 provides an output to the OR gate 156 which
      switches the open-rolls driver circuits 266 to energize the open-rolls
      solenoid 318 to position the feed roll control valve 310 to cause the feed
      hydraulic cylinder 312 to open the feed rolls 42.
PAR  The output of the open-rolls flip-flop 136 further provides a set input to
      the reset lockout flip-flop 165 which switches the output at Q' to zero
      eliminating one of the inputs necessary to the reset AND gate 176 and thus
      preventing subsequent activation by additional reset pulse signals until a
      start signal is received.
PAR  The output of the reset AND gate 176 further provides a set input to the
      reset timer 184 which in turn produces an output pulse after a delay of
      1.1 seconds which resets the start lockout flip-flop 164, resets the
      open-knives flip-flop 132, and resets the open-rolls flip-flop 136.
PAR  Thus, with the delimbing cycle reset, the harvesting machine 10 is ready to
      receive another tree trunk between the feed rolls 42 and for another
      automatic delimbing cycle to be started.
PAR  In the automatic mode, there are two primary ways of stopping the delimbing
      cycle. The first is by momentarily closing the start switch 82 to the
      "set" position which automatically provides reset signals to the
      flip-flops 130, 132, 134, and 136, and thus zeroing their outputs so that
      the solenoids 278, 298, 308, 318, 328 and 338 are de-energized allowing
      the control valves 280, 310, 332, and 342 to be returned to their ports
      blocked or reservoir connected positions, respectively. The second way is
      to momentarily close the stop switch 245 to the "stop" position which will
      connect the source 62 to the inverter circuit 248. The connection inverts
      the inverter circuit 248 output and deactivates the latching AND gate 100
      which will de-energize the latching solenoid 90 and open the latch switch
      92 to shut off power to the control system 50. It should be noted that a
      third way of stopping the cycle and the entire harvester 10 is by opening
      the ignition switch 66.
PAR  For manual operation of the knives, the feed rolls, and the feed roll
      drive, the operator switches the mode switch 72 to the "manual" position.
      In the manual position, the mode switch 72 connects the source 62 to the
      pulse timer 360 which emits a pulse signal to the input of the OR gate 86
      to momentarily energize the latching solenoid 90 and close the latch
      switch 92. The latch switch 92 is held closed by the latching solenoid 90
      long enough for the source 62 acting through the latching AND gate 100 and
      the latching OR gate 86 to energize the latching solenoid 90. This
      arrangement permits electrical power cutoff to the actuator section 250 by
      means of the "stop" position in the stop switch 245 even when in the
      manual mode of operation.
PAR  In the manual position, the mode switch 72 further connects the source 62
      to the manual knives switch 370, the manual feed rolls switch 372, and a
      manual feed drive switch 374. By selectively closing the switches 370 and
      372, the operator can individually close and open the knives 34 and the
      feed rolls 42. By closing the manual feed drive switch 374 to the
      "engage-drive" position, the operator connects the input of the OR gate
      158 to the source 62. The output of the OR gate 158 provides an input to
      the drive line 159 to engage the clutch 330 after the 1.1 second delay. By
      closing the manual feed drive switch 390 to the "reverse drive" position,
      the operator connects the source 62 to the input of the OR gate 158 as
      above and also connects the source 62 to the reverse-drive driver circuit
      270 to reverse the prime mover 22 transmission. Thus, the transmission is
      reversed and then, after 1.1 seconds, the drive is engaged.
PAR  While the invention has been described in conjunction with a specific
      embodiment, it is to be understood that many alternatives, modifications,
      and variations will be apparent to those skilled in the art in light of
      the aforegoing description. Accordingly, it is intended to embrace all
      such alternatives, modifications, and variations which fall within the
      spirit and scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a tree harvesting machine having main frame means elongated in a
      normal fore-and-aft direction of travel supported by ground engaging
      means, delimber means mounted on the forward end portion of said frame
      means for receiving and encircling and delimbing a tree as the latter is
      fed endwise therethrough, feed means mounted on said frame means behind
      said delimber means for receiving and engaging and propelling a tree
      through said delimber means, and extendable and retractable tree handling
      means mounted on said frame means for manipulating a tree into a position
      for introducing the butt end portion thereof into said delimber and feed
      means, a control system comprising: control means for producing a start
      and reset signals; logic means connected to the control means responsive
      to the start signal to provide a close-delimber, a close-feed, and an
      engage-drive outputs and responsive to the reset signal to provide an
      open-delimber and an open-feed outputs; delimber actuator means
      operatively associated with the delimber means responsive to the close-
      and open-delimber outputs to position the delimber means between its
      respective encircling and receiving positions; feed actuator means
      operatively associated with the feed means responsive to the close- and
      open-feed outputs to position the feed means between its respective
      engaging and receiving positions; and normally disengaged drive means
      operatively associated with the feed means responsive to the engage-drive
      output to engage to drive the feed means to propel a tree through the
      delimber means.
NUM  2.
PAR  2. The tree harvesting machine as claimed in claim 1 wherein the logic
      means includes means for sequencing the outputs to provide the
      close-delimber output first, the close-feed output second, and the
      engage-drive output third.
NUM  3.
PAR  3. The tree harvesting machine as claimed in claim 2 wherein the control
      means includes manually operable means for providing a close-feed first
      signal and the logic means includes change means operatively associated
      with the sequencing means to provide the close-feed output first, the
      engage-drive output second, and the close-delimber output third.
NUM  4.
PAR  4. The tree harvesting machine as claimed in claim 1 wherein the control
      means includes means for pulsing the start and reset signals; and said
      logic means includes lockout means responsive to an initial pulse start
      signal to activate a first portion of the logic means responsive to an
      initial pulse reset signal and to the close-delimber and close-feed
      outputs to deactivate a second portion of the logic means responsive to
      the initial start signal and responsive to the initial pulse reset signal
      to activate said second portion and to the open-feed output to deactivate
      said first portion.
NUM  5.
PAR  5. The tree harvesting machine as claimed in claim 1 wherein the control
      means includes means for providing a set signal and the logic means
      includes means responsive to the set signal to block the outputs.
NUM  6.
PAR  6. The tree harvesting machine as claimed in claim 1 wherein the main frame
      means includes front and rear frame means pivotally interconnected; the
      control means includes means for sensing and providing an in-line signal
      to the logic means when the front and rear frame means are in line in the
      fore-and-aft direction; and the logic means includes means responsive to
      the absence of the in-line signal to block the outputs.
NUM  7.
PAR  7. The tree harvesting machine as claimed in claim 1 wherein said control
      means further includes manual circuitry means connected to the logic means
      and having manually operable mode means selectable for deactivating at
      least a portion of the logic circuitry means and activating manual control
      means for permitting the first, second, and third actuator means to be
      controlled by selective operations of said manual control means.
NUM  8.
PAR  8. In a tree harvesting machine having main frame means elongated in a
      normal fore-and-aft direction of travel supported by ground engaging
      means, delimber means mounted on the forward end portion of said frame
      means for receiving and encircling and delimbing a tree as the latter is
      fed endwise therethrough, feed means mounted on said frame behind said
      delimber means for receiving and engaging and propelling a tree through
      said delimber means, and extendable and retractable tree handling means
      mounted on said frame means for manipulating a tree into a position for
      introducing the butt end portion thereof into said delimber and feed
      means; a control system comprising: control means for producing a start
      and reset signals; logic means connected to the control means responsive
      to the start signal to provide a closedelimber, a close-feed, and an
      engage-drive outputs and responsive to the reset signal to block the
      close-delimber, the close-feed, and the engagae-drive outputs and to
      provide an open-delimber and an open-feed outputs and subsequently to
      block the open-delimber and open-feed outputs; delimber actuator means
      operatively associated with the delimber means responsive to the open- and
      close-delimber outputs to position the delimber means between its
      respective receiving and encircling positions; feed actuator means
      responsive to the open- and close-delimber outputs to position the feed
      means between its respective receiving and engaging positions; and feed
      drive means operatively associated with the feed means responsive to the
      engage-drive output to engage to drive said feed means to propel a tree
      through said delimber means.
NUM  9.
PAR  9. The tree harvesting machine as claimed in claim 8 wherein the logic
      means includes means responsive to the start signal to provide a
      close-delimber signal; the logic means further includes means responsive
      to the close-delimber signal to provide a close-delimber output; the logic
      means further includes means responsive to the start signal to provide a
      delayed close-feed signal after a first predetermined delay; the logic
      means further includes means responsive to the delayed close-feed signal
      to provide the close-feed output; and the logic means further includes
      drive timer means responsive to the close-feed output to provide a delayed
      engage-drive signal after a second predetermined delay; and the drive
      timer means includes means responsive to the delayed engage-drive signal
      to provide the engage drive output whereby the outputs are sequenced with
      the close-delimber output first, the close-feed output second, and the
      engage-drive output third.
NUM  10.
PAR  10. The tree harvesting machine as claimed in claim 9 wherein the control
      means includes close first means for selectively providing or not
      providing a close-feed first signal; the logic means further includes
      means responsive to the start signal and the close-feed first signal to
      block the close-delimber signal and to provide a close-feed signal; the
      logic means further includes means responsive to the close-feed signal to
      provide the close-feed output; the logic means further includes means
      responsive to the start signal and the close-feed first signal to provide
      a delayed close-delimber signal after a third predetermined delay; the
      logic means further includes means responsive to the delayed
      close-delimber signal to provide the close-delimber output whereby the
      outputs are sequenced with the close-feed output first, the engage-drive
      output second, and the close-delimber output third.
NUM  11.
PAR  11. The tree harvesting machine as claimed in claim 8 wherein the control
      means includes means for pulsing the start and reset signals; said logic
      means includes lockout means responsive to an initial start signal pulse
      to activate a first portion of the logic means responsive to an intial
      reset signal pulse and to the close-delimber and close-feed outputs to
      deactivate a second portion of the logic means responsive to the initial
      start signal pulse and responsive to the initial reset signal pulse to
      activate said second portion and to the open-feed output to deactivate
      said first portion.
NUM  12.
PAR  12. The tree harvesting machine as claimed in claim 8 wherein the control
      means includes means for providing a set signal and the logic means
      includes means responsive to the set signal to block the outputs.
NUM  13.
PAR  13. The tree harvesting machine as claimed in claim 8 wherein the main
      frame means includes front and rear frame means pivotally connected, the
      control means includes means for sensing and providing an in-line signal
      when the front and rear frame means are in line in the fore-and-aft
      direction, and the logic means includes means responsive to the absence of
      the inline signal to block the outputs.
NUM  14.
PAR  14. The tree harvesting machine as claimed in claim 8 wherein the control
      means further includes manual circuit means connected to said logic
      circuitry means and having manually operable mode means selectable for
      deactivating at least a portion of said logic circuitry means and
      activating manual control means for permitting the first, second, and
      third actuator means to be controlled by selective operation of said
      manual control means; said manual control means including means for
      providing a reverse-drive output; and the drive means includes actuator
      means responsive to the reverse-drive output to reverse the drive to the
      feed means to propel a tree out of the delimber means.
NUM  15.
PAR  15. In a tree harvesting machine having main frame means elongated in a
      normal fore-and-aft direction of travel supported by ground engaging
      means, delimber means mounted on the forward end portion of said frame
      means and including fluidly actuated knife means for receiving and
      encircling and delimbing a tree as the latter is fed endwise therethrough,
      feed means mounted on said frame means behind said delimber means and
      fluidly movable for receiving and engaging a tree and including rotatable
      roll means engageable with main drive means for propelling a tree through
      said delimber means, and extendable and retractable tree handling means
      mounted on said frame means for manipulating a tree into a position for
      introducing the butt end portion thereof into said delimber and feed
      means, a control system comprising: a source of electrical energy;
      automatic control means connected to the source for producing a start and
      reset signals; logic circuitry means connected to the source including
      means responsive to the start signal for selectively providing
      sequentially a close-delimber, close-feed, and engage-drive electrical
      outputs and the close-feed, engage-drive, and close-delimber electrical
      out-puts and including means responsive to the reset signal to block the
      close-delimber, close-feed and engage-drive electrical outputs and to
      provide and subsequently to block an open-delimber and open-feed
      electrical outputs, delimber actuator means operatively associated with
      the logic means and the delimber means including driver means responsive
      to the close- and open-delimber electrical outputs to selectively connect
      the source to solenoid means for actuating valve means to connect a source
      of fluid pressure to actuate means to fluidly actuate the knife means
      between its respective encircling and receiving positions; feed actuator
      means operatively associated with the logic means and the feed means
      including driver means responsive to the close- and open-feed electrical
      outputs to selectively connect the source to solenoid means for actuating
      valve means to connect the source of fluid pressure to actuator means to
      fluidly move the feed means between its respective engaging and receiving
      positions; and feed drive means operatively associated with the logic
      means and the roll means including driver means responsive to the
      engage-drive electrical output to selectively connect the source to
      solenoid means for actuating valve means to connect the source of fluid
      pressure to actuator means to engage the roll means to the main drive
      means for rotating the roll means to propel a tree trunk through said
      delimber means.
NUM  16.
PAR  16. The tree harvesting machine as claimed in claim 15 including manually
      operable close-first means connected to the logic circuitry means for
      selectively providing a close-knives first and a close-rolls first signal;
      said logic circuitry means including gate means connected to the automatic
      control means and the close first means responsive to the start and
      close-knives first signals to provide a close-knives signal and responsive
      to the start and close-rolls first signals to provide a close-rolls
      signal; said logic means further including main timer means connected to
      the gate means responsive to the start signal to provide a first delayed
      start signal after a first predetermined delay and to the start and
      close-rolls first signals to provide a second delayed start signal after a
      second predetermined delay; said logic means further including reset timer
      means connected to the automatic control means responsive to the reset
      signal to provide a delayed reset signal after a third predetermined
      delay; said logic means further including switching means connected to the
      gate means and the main timer means responsive to the close-knives signal
      or the first delayed signal to provide the close-delimber output and
      responsive to the close-rolls signal or the second delayed signal to
      provide the close-feed output and responsive to the reset signal to block
      the close-delimber and close-feed out-puts and to provide the
      open-delimber and open-feed outputs; and responsive to the delayed reset
      signal to block the open-delimber and open-feed outputs; said logic means
      further including drive timer means connected to the switching means
      responsive to the close-rolls output to provide an engage-drive signal
      after a fourth predetermined delay; and said drive timer means includes
      means responsive to the engage-drive signal to provide the engage-drive
      output.
NUM  17.
PAR  17. The tree harvesting machine as claimed in claim 15 wherein the
      automatic control means further includes momentary contact means for
      momentarily providing the start and reset signals; the logic circuitry
      means includes start lockout means responsive to the close-delimber and
      close-feed outputs to deactivate the start signal responsive means and to
      the delayed reset signal to activate the start signal responsive means;
      and the logic circuitry means further includes reset lockout means
      responsive to the open-feed output to deactivate the reset signal
      responsive means and to the start signal to activate the reset signal
      responsive means.
NUM  18.
PAR  18. The tree harvesting machine as claimed in claim 16 wherein the
      automatic control means further includes means for providing a set signal
      and the switching means includes means responsive to the set signal to
      block the outputs.
NUM  19.
PAR  19. The tree harvesting machine as claimed in claim 16 wherein the
      automatic control means further includes means for providing a stop signal
      and means operatively associated with the source responsive to the stop
      signal to block the connection of the source to the logic means and the
      driver means.
NUM  20.
PAR  20. The tree harvesting machine as claimed in claim 16 wherein the main
      frame means includes front and rear frame means pivotally interconnected;
      the automatic control means includes means for sensing and providing an
      in-line signal when the front and rear frame means are in line in the
      fore-and-aft direction; and the logic circuitry means includes means
      responsive to the absence of the in-line signal to block the start signal
      from the gate means and the main timer means.
NUM  21.
PAR  21. The tree harvesting machine as claimed in claim 16 wherein the
      automatic control means further includes manual circuit means connected to
      said logic circuitry means and having manually operable mode switch means
      connected to the source and selectable for deactivating at least a portion
      of said logic circuitry means and activating manual control means for
      controlling the first, second, and third actuator means by selective
      operation of said manual control means.
NUM  22.
PAR  22. In a tree harvesting machine having main frame means elongated in a
      normal fore-and-aft direction of travel and supported by ground engaging
      means; delimber means mounted on the forward end portion of said frame
      means for delimbing a tree as the latter is fed endwise therethrough; said
      delimber means including knife means being mounted for pivotal movement
      between an open and closed postions for respectively receiving and
      encircling a tree trunk whereby the knife means will shear the limbs from
      the trunk as the trunk is pulled through the encircling knife means; said
      knife means being movable by a first extendable and retractable hydraulic
      actuator means having first and second work port means arranged such that
      the actuator means will be placed in neutral mode when both work port
      means are blocked, in a first active mode for moving the knife means to
      the closed position when the first and second work port means are
      respectively connected to a source of fluid pressure and a reservoir, and
      in a second active mode for moving the knife means to the open position
      when the second and first work port means are respectively connected to
      the source of fluid pressure and the reservoir; feed means mounted on said
      frame means behind said delimber means for propelling a tree through said
      delimber means; said feed means including roll means being mounted for
      swinging movement between an open and closed positions for respectively
      receiving and engaging a tree trunk; said roll means being swingable by a
      second extendable and retractable hydraulic actuator means having first
      and second work port means arranged such that the actuator means will be
      placed in a neutral mode when both work ports are blocked, in a first mode
      for moving the roll means to the closed position when the first and second
      work port means are respectively connected to the source of fluid pressure
      and the reservoir, and in a second mode when the second and first work
      port means are respectively connected to the source of fluid pressure and
      the reservoir; said feed means further including roll drive means
      operatively associated with the roll means and being engaged and
      disengaged for respectively rotating and not rotating the roll means to
      propel and not propel a tree trunk; said roll drive means being engaged
      and disengaged by a third extendable and retractable hydraulic actuator
      means having work port means arranged such that the actuator means will be
      placed in a first mode for engaging the roll drive means when the work
      port means is connected to the source of fluid pressure and in a second
      mode for disengaging the roll drive means when the work port means is
      connected to the reservoir; first, second, and third shiftable valve means
      connected respectively to the first, second, and third actuator means and
      further connected to the source of fluid pressure and the reservoir; said
      first and second valve means being shiftable among first, second, and
      normal neutral positions for respectively placing said first and second
      actuators in their corresponding first, second, and neutral modes; said
      third valve means being normally in a second position and shiftable to a
      first position for placing said third actuator in its corresponding second
      and first modes; and extendable and retractable tree handling means
      mounted on said frame means for manipulating a tree into a position for
      introducing the butt end portion thereof into said delimber and feed
      means; an electrical control system for selectively controlling the
      shifting of said valve means, comprising: first and second solenoid means
      connected to each of said first and second valve means and being
      selectively energizable for respectively shifting the associated valve
      means to its first and second positions; first solenoid means connected to
      the third valve means to its first position; driver means having a
      separate energizing connection means joined to each solenoid means; said
      driver means including power input connection means; a source of
      electrical current being connected to said power input connection means;
      logic circuitry means having separate output connection means joined to
      each driver means and including electrical signal responsive switching
      means for providing outputs to the driver means for selectively connecting
      or blocking said power input connection means to or from said energizing
      connection means; said logic circuitry means further including a plurality
      of control signal input connection means connected to said switching
      means; a plurality of normally open input signal switch means including
      manually closable switch means being located between and connected to said
      control signal input connection means and said source of current; said
      manually closable switch means including start and reset manual switch
      means; said start manual switch means closable for commencing a delimbing
      cycle by connecting an electrical signal to said switching means for
      switching the latter to provide the outputs to the driver means to connect
      said source of current to said first solenoid means of said first, second,
      and third valve means for placing the first, second, and third actuators,
      respectively, in their first modes; said reset manual switch means
      closable for resetting the delimbing cycle by connecting an electrical
      signal to said switching means for switching the latter to block and
      provide the outputs to the driver means to respectively block said source
      of current from said first solenoid means of said first, second, and third
      valve means and connect said source of current to said second solenoid
      means of said first and second valve means for placing said first, second,
      and third valves in their second modes, and subsequently to block said
      source of current from said second solenoid means of said first and second
      valve means for respectively placing said first and second valves in their
      neutral modes.
NUM  23.
PAR  23. The tree harvesting machine as claimed in claim 22 including
      close-first circuitry means connected to said control signal input
      connection means and having manually operable close-first switching means
      connected to said source and selectable for deactivating at least a first
      portion of said logic circuitry means for sequencing the second, third,
      and first actuator means to be positioned first, second, and third,
      respectively, and activating at least a second portion of said logic
      circuitry means for sequencing the first, second, and third actuator means
      to be positioned first, second, and third, respectively, and for
      deactivating said second portion of said logic circuitry means and
      activating said first portion of said logic circuitry means.
NUM  24.
PAR  24. The invention as claimed in claim 22 wherein the start and reset manual
      switch means include means for pulsing the start and reset signals; said
      logic circuitry means includes start lockout means responsive to the
      output to the driver means to connect the source of current of said first
      solenoid of said first or second valve means to deactivate at least a
      first portion of said switching means responsive to the start signal
      pulses and responsive to the reset signal to activate said first portion;
      and said logic circuitry means includes reset lockout means responsive to
      the output to the driver means to connect the source of current to said
      second solenoid of said second valve means to deactivate at least a second
      portion of said switching means responsive to the reset signal pulses and
      responsive to the start signal to activate said second portion.
NUM  25.
PAR  25. The invention claimed in claim 22 wherein the manually closable switch
      means further includes set manual switch means; said set manual switch
      means closable for readying said logic circuitry means for a delimbing
      cycle by connecting an electrical signal to said switching means for
      switching the latter to block the outputs to the driver means to block
      said source of current from said first and second solenoid means of the
      first and second valve means and the first solenoid means of the third
      valve means.
NUM  26.
PAR  26. The tree harvesting machine as claimed in claim 22 wherein the manually
      closable switch means further includes stop manual switch means for
      providing a stop signal; and including power control means connected
      between the source and the power input connection means and switching
      means responsive to the stop signal to block the source from the power
      input connection means and switching means.
NUM  27.
PAR  27. The tree harvesting machine as claimed in claim 22 wherein the main
      frame means includes front and rear frame means pivotally interconnected;
      the normally open input signal switch means further includes an in-line
      switch means closable in response to the front and rear frame means being
      positioned inline in a fore-and-aft direction to provide an electrical
      frame in-line signal to said switching means; and said switching means is
      responsive to the absence of the frame in-line signal to block the outputs
      from the driver means to block said source of current from said first
      solenoid means of said first, second, and third valve means.
NUM  28.
PAR  28. The tree harvesting machine as claimed in claim 22 wherein the normally
      open input signal means further includes manually operable mode switch
      means selectable for deactivating at least a portion of said logic
      circuitry means for controlling the first, second, and third actuator
      means by the start and reset manual switch means and activating manual
      delimber cycle control means connected to the switching means for
      controlling the first, second, and third actuator means by selective
      operation of said manual delimber cycle control means.
PATN
WKU  039385671
SRC  5
APN  4560051
APT  1
ART  324
APD  19740329
TTL  Tractor mounted log splitter
ISD  19760217
NCL  6
ECL  1
EXA  Bray; W. D.
EXP  Schran; Donald R.
NDR  2
NFG  4
INVT
NAM  Dircksen; Arnold D.
STR  Rte. 1
CTY  Spring Valley
STA  OH
ZIP  45370
INVT
NAM  Dircksen; David H.
STR  Rte. 1
CTY  Spring Valley
STA  OH
ZIP  45370
CLAS
OCL  144193A
XCL  144193E
XCL  214 85
EDF  2
ICL  B27L  700
FSC  144
FSS  2 N;193 R;193 A;193 D;193 E
FSC  214
FSS  85
UREF
PNO  2656050
ISD  19531000
NAM  Best et al.
XCL  214 85
UREF
PNO  2656195
ISD  19531000
NAM  Martin
XCL  214 85
UREF
PNO  3077214
ISD  19630200
NAM  Brukner
OCL  144193A
UREF
PNO  3280864
ISD  19661000
NAM  Spannenberg
OCL  144193A
UREF
PNO  3319675
ISD  19670500
NAM  Bles, Sr.
OCL  144193A
UREF
PNO  3760515
ISD  19730900
NAM  Morgan
XCL  144  2N
UREF
PNO  3760854
ISD  19730900
NAM  Worthington
OCL  144193A
UREF
PNO  3780779
ISD  19731200
NAM  Guy
OCL  144193A
LREP
FR2  DeArment; Phillip L.
ABST
PAL  The log splitter includes a contilivered I-beam that connects at one end to
      a three point tractor hitch. An hydraulically activated pusher plate
      slides along the I-beam to engage one end of a log placed on the beam and
      drives the log through a wedge-shaped splitting member having two angles
      of divergent. The tractor supports and adjusts the elevation of the log
      splitter and provides the fluid drive therefor. A ramp secured to the
      I-beam assists in loading heavy logs onto the splitting surface and to
      support the I-beam on the ground.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a device for splitting logs and more particularly
      relates to a log splitting device which derives its support and power from
      a tractor.
PAR  An object of the present invention is to provide a low cost, highly
      effective log splitting device which is supported by the power hitch of a
      tractor and connects to the hydraulic system of the tractor for power.
PAR  Another object of the present invention is to provide a new and improved
      log splitting device utilizing a two divergence angle wedge-shaped
      splitter member to improve the log splitting operation particularly when
      the logs are "green."
PAR  A further object of the present invention is to provide a new and improved
      log splitter that is supported as a contilever from the
      hydraulically-operated power hitch of a tractor to enable the log splitter
      to be positioned, for example, on the ground when splitting large logs and
      at convenient working height when splitting smaller logs.
PAR  The recent energy shortage has dramatically increased the demand for
      firewood and consequently increased the demand for powered log splitters.
      The present invnetion addresses such demand and provides a relatively
      inexpensive and mobile log splitter that can be mounted on the power hitch
      of a tractor. This arrangement eliminates the requirement for the splitter
      to be self-supporting and permits connection to the hydraulic system of
      the tractor thus eliminating the need for a self-contained power plant for
      the splitter.
PAR  The log splitter comprises an I-beam connected at one end to the power
      hitch of a tractor. A double-acting hydraulic ram connected to the
      hydraulic system of the tractor pushes a log past a double-divergent angle
      wedge for improved splitting of the log.
DRWD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  In the drawings:
PAR  FIG. 1 is an elevational view of the tractor-mounted log splitter according
      to the present invention and illustrating two vertical positions of
      adjustment of the splitter;
PAR  FIG. 2 is a plan view of the device of FIG. 1;
PAR  FIG. 3 is a sectional view taken substantially along the line 3--3 of FIG.
      2; and
PAR  FIG. 4 is a sectional view taken substantially along line 4--4 of FIG. 1.
DETD
PAR  The preferred embodiment of the log splitter according to the present
      invention includes a log splitter indicated generally by the reference
      numeral 10. The log splitter 10 includes a support or base member 12 which
      may be constructed from I-beam 14.
PAR  The upper surface 16 of I-beam 14 supports log L to be split as illustrated
      in FIG. 1. Log L is advanced toward splitting means or wedge-shaped member
      18 by a double-acting hydraulic ram means 20.
PAR  Ram means 20 includes a pusher plate 22 mounted for sliding movement along
      surface 16. Plate 22 bridges surface 16 and includes a vertically
      extending, log engaging surface 24, two depending skirt portions 26 having
      inwardly extending end portions 27 and a flange portion 29 for connection
      to the free end of piston rod 30. The plate 22 slides relative to I-beam
      14 and skirts 26 and end portions 27 prevent lateral and vertical
      separation of the plate 22 from I-beam 14 during operation. Plate 22 is
      driven in opposite directions by piston rod 30. Piston rod 30 is driven by
      fluid in cylinder 32 in the usual manner.
PAR  Cylinder 32 is secured to one end of beam 14 in a suitable manner, as
      illustrated. Fluid is selectively delivered to each end of cylinder 32 by
      fluid hoses 34, 36. Hoses 34, 36 are connected at one of their ends to
      cylinder 32 and at their opposite ends to fluid outlet 38 of the hydraulic
      system 40 of tractor T.
PAR  Hydraulic system 40 represents a convential hydraulic system present on
      many tractors to power implements. Control lever means (not illustrated)
      control delivery of fluid to cylinder 32 to move ram 30 in opposite
      direction to drive log L into wedge 18 and to retract to permit loading of
      another log L on surface 16.
PAR  Wedge 18 improves the splitting action of logs by presenting two wedge
      portions 42, 44 (FIG. 2). Wedge portion 42 has a smaller angle of
      divergence than does wedge portion 44 as clearly shown in FIG. 2. Wedge
      portion 42 is more narrow to aid in the initial penetration of log L.
      After initial penetration, log L moves into contact with wedge portion 44
      which causes a rapid separation of the log halves resulting, in most
      instances, in an immediate splitting of the entire log.
PAR  Such a wedge arrangement has been found to be of particular utility in
      splitting "green logs" and logs having long stringy fiber. The types of
      logs are difficult to split and the double-divergent wedge 18 affects
      rapid splitting of these logs. Obviously the wedge is also very effective
      in splitting the less difficult logs by accelerating the splitting time
      required per log.
PAR  Log splitter 10 is supported for vertical movement as a cantilever by
      tractor T. Tractor T has a commonly designated "three point hitch"
      comprising two power actuated links or arms 46, 48 and one adjustable
      length link or arm 50. Arms 46, 48, 50 are pivotally connected at one end
      to tractor T as illustrated. Note that powered arms 46, 48 are connected
      to and driven by fluid power system 40.
PAR  The other ends of arms 46, 48, 50 are pivotally connected to the apexes 52,
      54, 56 (FIG. 4) of generally triangular-shaped connector means or frame 58
      by removable connector pins 60. Frame 58 is suitably secured such as by
      bolts or welding to one end of beam 14 and is supported by vertical struts
      62 and horizontal struts 64 as illustrated.
PAR  After log splitter 10 is connected to tractor T, link 50 is adjusted to
      orient frame 12 horizontal. Control lever 66 is moved to elevate frame 12
      for transporting the log splitter to the work site and to adjust the
      working height of frame 12. Two positions of adjustment of frame 12 are
      illustrated in FIG. 1. The full line position illustrates the frame 12
      resting on the ground where large diameter logs can be most conveniently
      loaded and split. When smaller diameter logs are to be split, frame 12 can
      be elevated to a convenient working height.
PAR  A pair of ramps 68 (FIG. 3) are provided as an aid in rolling heavy logs
      onto surface 16. The ramps 68 are suitably secured to the web of I-beam 14
      such as by bolting as illustrated or by welding. Sufficient clearance is
      provided between skirts 26 and end portions 27 so that the ramps do not
      interfere with movement of the pusher plate 22. The ramps 68 also function
      as stabilizers for the frame 12 when resting on the ground.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A log splitter adapted to be supported by and operated from a tractor
      comprising an I-beam providing a base member adapted to support a log to
      be split, a connector frame at one end of said base member to effect
      cantilevered support of said base member from a tractor, log abutment
      means slidably mounted on said base member adapted to engage one end of a
      log, a wedge-shaped member on said base in opposed relation to said
      abutment means and adapted to engage the opposite end of a log, drive
      means on said base having power transfer means connectable to a tractor
      power system and operatively connected to said abutment means for sliding
      said abutment means on said base member to thereby effect relative
      movement between said abutment means and said wedge-shaped member to force
      said wedge-shaped member through a log, and ramp means connected to the
      web of said I-beam and extending outwardly and downwardly therefrom to
      facilitate the rolling of a log onto said base member and to stabilize the
      base member when resting on the ground.
NUM  2.
PAR  2. A log splitter as defined in claim 1 wherein said abutment means
      comprises a plate extending vertically from and slideable along said base
      member and reversible fluid operated ram supported on said base and
      connected to said plate.
NUM  3.
PAR  3. A log splitter as defined in claim 2, wherein said plate further
      includes depending skirt portions terminating in inwardly extending end
      portions disposed beneath the upper flange of the I-beam on opposite sides
      of the web thereof for guiding the plate in movement along said base
      member.
NUM  4.
PAR  4. A log splitter as defined in claim 1 wherein said connector frame
      includes three connection areas arranged at the apex of a triangle.
NUM  5.
PAR  5. A log splitter as defined in claim 1, wherein said ramp means comprises
      a pair of plates secured to opposite sides of said web.
NUM  6.
PAR  6. A log splitter as defined in claim 1, wherein said wedge-shaped member
      includes first and second portions arranged to successively engage the
      log, said second portion having an angle of divergence greater than the
      angle of divergence of said first portion.
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ABST
PAL  An apparatus for debarking logs has a plurality of longitudinally spaced
      frames each of which carries a pair of horizontally and transversely
      spaced upper wheels and at least one lower wheel below and between the
      upper wheels. At least one conveyor element is spanned over the wheels in
      each frame and has a pair of inner stretches defining a V in line with the
      inner stretches of the other frame and forming therewith a log-receiving
      cradle. At least one of the wheels, preferably the lower wheel is driven,
      and it is possible either to tip the frames so as to unload the logs or to
      cant them about vertical axes relative to the longitudinal direction of
      the logs so as to move the log along the apparatus.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an apparatus for removing bark, phloem,
      and the like from logs. More particularly this invention concerns as
      apparatus for spinning an elongated log about its longitudinal axis while
      a tool removes the bark and external fibers therefrom.
PAC  BACKGROUND OF THE INVENTION
PAR  Prior to the reduction of a log into planks, beams, and like semifinished
      pieces, it is necessary to remove the bark, phloem, and other outside
      fibers from the log. This is usually effected by supporting the elongated
      log horizontally and rotating it on its longitudinal axis as a tool, such
      as described in U.S. Pat. No. 3,351,109, is displaced longitudinally
      relative to the log. This debarking tool rips off all of the bark and
      outer fibers from the rapidly rotating log as the log and the tool move
      relatively to each other longitudinally. It is known to displace the logs
      under a fixed tool, or to displace a tool the length of the fixed log.
PAR  As it is being debarked the log is usually supported in the nip between two
      sets of rotating wheels or disks which are each rotatable about a
      respective horizontal axis parallel to the axis of the other set. The
      disks are rotated in the same rotational sense and are spaced apart by a
      distance determined by the diameter of the log being treated.
PAR  A considerable disadvantage of this system is that it is necessary
      carefully to space the set of disks apart according to the log size. If
      they are spaced too far apart the log will drop down between them and if
      they are too close together the log will tend to jump off the apparatus.
PAR  Another disadvantage of this known system is that a log which is not
      relatively straight or is otherwise of uneven contours strikes the disks
      extremely hard at certain locations as it is rotated at high speed. This
      causes rapid wear of the machine, and even occasionally damages it so
      badly that it is necessary to stop the operation and repair or replace one
      of the disks before continuing.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      apparatus for debarking a log.
PAR  Another object is the provision of such a device which does not present the
      above-described adjustment problem.
PAR  Yet another object is to provide an apparatus for rotating a log as it is
      debarked which is not readily damaged by a nonstraight log.
PAC  SUMMARY OF THE INVENTION
PAR  This object is attained according to the present invention in an apparatus
      for rotating a log for removal therefrom by a tool of bark and the like
      and comprising at least two longitudinally and horizontally spaced frames,
      a pair of horizontally and transversely spaced upper wheels on each of the
      frames, at least one lower wheel on each of the frames below and between
      the respective upper and lower wheels, and at least one endless conveyor
      element spanned over the wheels on each frame and having a pair of inner
      stretches defining a V in line with the inner stretches of the other frame
      and forming therewith a log-receiving cradle. The inner stretches in
      accordance with this invention lie at an angle of between 60.degree. and
      120.degree. to each other and approach each other within a fraction of an
      inch at most at the lower end. Thus a log will lie in this cradle formed
      by these endless conveyor elements at a height of different diameters.
      Small-diameter logs will ride relatively low in the cradle and
      large-diameter logs relatively high, this difference being readily
      compensated for by the bark-removing tool.
PAR  According to another feature of this invention two such conveyor elements
      are provided along with two such lower wheels, both of the lower wheels
      being rotatable about a common horizontal axis. Each belt is spanned over
      a respective upper and lower wheel so that the inner stretch formed by the
      one belt crosses the inner stretch formed by the other, thereby reducing
      the gap between them to nothing so that it is impossible for a log to drop
      between them.
PAR  In accordance with another feature of this invention a single conveyor
      element is used at each frame and the structures are each defined between
      a respective upper wheel and a respective lower idler wheel that deflects
      the belt inwardly to reduce the nip between them to a fraction of an inch
      at most.
PAR  In accordance with yet another feature of the present invention the two
      frames are tippable about a horizontal axis passing advantageously through
      the rotation axis of the lower wheels. Thus the apparatus is pivoted until
      one of the stretches lies generally horizontally so that the log can
      readily be rolled off. This is a considerable advantage over the prior-art
      systems using separate throwing arms for pushing the log out from between
      the debarking support disks.
PAR  The frames according to a further feature of my present invention are all
      linked together and pivotal about respective vertical axes passing up
      through the center of the V formed by the inner structures of each frame.
      In this manner the rotation frames of the endless conveyor belt can be
      arrayed at a slight angle to the longitudinal direction of the log so as
      to cause the log to move longitudinally through the apparatus as it is
      rotated.
PAR  The apparatus according to the present invention therefore does not require
      any adjustment to accommodate logs of different diameters. Thus it is
      possible to simply provide it at one end of a loading chute so as to
      debark logs of whatever diameters as they arrive. It can also be provided
      on a wagon that is passed under the debarking tool and is then sent off to
      the various sorting boxes for loading of the stripped log into the
      appropriate box. In addition due to the use of the endless conveyor belts
      it is possible for the apparatus according to the present invention to
      strip logs of nonstraight contours. This is possible because the belts,
      chains, cables or other endless conveyor elements are not rigid and can
      therefore accept a certain amount of flexion without breaking.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages of the invention will
      become more readily apparent from the following description, reference
      being made to the accompanying drawing in which:
PAR  FIGS. 1, 2, and 3 are side, top, and end views, respectively, of an
      apparatus according to the present invention;
PAR  FIG. 4 is a view similar to FIG. 3 illustrating the machine in another
      operative position;
PAR  FIG. 5 is a top view of another arrangement in accordance with this
      invention; and
PAR  FIG. 6 is an end view of yet another apparatus according to the present
      invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The apparatus according to the present invention as shown in FIGS. 1-3
      comprises a base plate 1 which may be fixed underneath a movable debarking
      tool or may be movable under a fixed debarking tool 15 as described in
      U.S. Pat. No. 3,351,109. The arrangement is adapted to receive
      small-diameter logs 2 or large-diameter logs 3 (FIG. 3) and has a pair of
      support frames 11 whose arms 12 support at their upper ends upper pulley
      wheels 6. In addition each frame 11 is provided below and between its
      upper wheel 6 with a pair of coaxial pulley wheels 7 rotatable about an
      axis 9 parallel to the horizontal axes 13 of the upper wheel 6. Each frame
      11 is also provided with a pair of belts 4 and 5 each spanned over a
      respective upper wheel 6 and a respective lower wheel 7. The belts 4 and 5
      have inner stretches 4a and 5a which cross at 8 so that it is impossible
      for a log to drop down between these two belts 4 and 5.
PAR  A motor 16 drives a horizontal shaft 9 which is also the rotation axis for
      the four lower pulleys 7 and which is journaled to both sides of each
      frame in lugs 10 secured to the base plate 1. In this manner the belts 4
      and 5 all move with an identical peripheral speed and pulleys 7 are all
      rotated in the same sense so that one of the inner stretches 4a and 5a
      will always be moving down while the other is moving up.
PAR  As shown in FIG. 4 a hydraulic cylinder 17 is operable so as to tilt the
      two frames 11 in a direction 15 from which a position in which these two
      frames are symmetrical about a vertical plane passing through axis 9 into
      a position wherein the one stretch 4a lies generally horizontally. In this
      tipped position a log lying in the cradle formed by the four inner
      stretches readily is rolled off of the device and into a processing chute
      or the like.
PAR  The arrangement shown in FIG. 5 uses the reference numerals of FIG. 1 and
      FIG. 4 for identical structure. In this arrangement however each of the
      frames 11 is pivotal about a vertical axis 14 on the base plate 1. This
      arrangement has no single continuous shaft 9 but a short stub shaft 9a
      interconnected by telescoping shafts 9d connected to ends of the stub
      shafts by universal joints 9c. In addition one arm 12 of each of the
      frames 11 is extended at 12a and connected to an actuating link 11a
      operated via a pneumatic cylinder 11b. Thus the frames 11 can all be set
      so that the endless chains or belts 4 and 5 rotate in respective and
      parallel planes and are either perpendicular to the longitudinal axis A of
      the apparatus or at a slight angle thereto such as shown in FIG. 5. In
      this latter position it is possible to advance a log placed in a cradle
      formed by the three frames 11 in a direction as shown by arrow B. The
      angle at which the frames 11 are set determines the speed of advance.
      Indeed it is impossible with such a device to reverse the direction of
      travel in case it is desired to pass the log again underneath the
      debarking tool in the opposite direction.
PAR  The arrangement shown in FIG. 6 is also similar to that shown in FIGS. 1-4
      but here a single belt 4' is used which is spanned at the nip 8 over two
      idler wheels 6a and then over a single central lower pulley 7'. The nip 8
      in this arrangement is therefore only a fraction of an inch so that it is
      impossible for a log to become wedged therein. The belt 4' also passes
      over an outside idler wheel 6b. Such an arrangement is advantageous
      because the axial or longitudinal length of each frame 11 is greatly
      reduced and it is possible to provide these frames 11 only a few inches
      apart for the debarking of very short logs.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for rotating a log for removal therefrom by a tool of bark
      and the like, said apparatus comprising:
PA1  at least two longitudinally and horizontally spaced frames;
PA1  a pair of horizontally and transversely spaced upper wheels on each of said
      frames;
PA1  at least one lower wheel on each frame below and between the respective
      upper wheels;
PA1  at least one endless conveyor element spanned over the wheels on each frame
      and having a pair of inner stretches defining a V in line with the inner
      stretches on the other frame and forming with the other inner stretches a
      log-receiving cradle;
PA1  drive means for displacing said element to rotate a log received in said
      cradle, two such lower wheels and two such conveyor belts each being
      spanned over a respective upper wheel and a respective lower wheel are
      provided on each frame, said lower wheels of each frame being coaxially
      coupled.
NUM  2.
PAR  2. The apparatus defined in claim 1 further comprising means for tipping
      said frames jointly about a horizontal longitudinal axis below said
      cradle.
NUM  3.
PAR  3. The apparatus defined in claim 1 wherein said stretches are straight and
      define an angle between 60.degree. and 120.degree..
NUM  4.
PAR  4. An apparatus for rotating a log for removal therefrom by a tool of bark
      and the like, said apparatus comprising:
PA1  at least two longitudinally and horizontally spaced frames;
PA1  a pair of horizontally and transversely spaced upper wheels on each of said
      frames;
PA1  at least one lower wheel on each frame below and between the respective
      upper wheels;
PA1  at least one endless conveyor element spanned over the wheels on each frame
      and having a pair of inner stretches defining a V in line with the inner
      stretches on the other frame and forming with the other inner stretches a
      log-receiving cradle;
PA1  drive means for displacing said element to rotate a log received in said
      cradle each frame being provided with a pair of idler wheels above and to
      either side of the respective lower wheel and below and between the
      respective upper wheels, said element of each frame passing between the
      respective idler wheels and around the respective lower wheels, said
      stretches being defined between the upper wheels and the idler wheels.
NUM  5.
PAR  5. The apparatus defined in claim 4 further comprising means for tipping
      said frames jointly about a horizontal longitudinal axis below said
      cradle.
NUM  6.
PAR  6. The apparatus defined in claim 4 wherein said stretches are straight and
      define an angle between 60.degree. and 120.degree..
NUM  7.
PAR  7. An apparatus for rotating a log for removal therefrom by a tool of bark
      and the like, said apparatus comprising:
PA1  at least two longitudinally and horizontally spaced frames;
PA1  at least one lower wheel on each frame below and between the respective
      upper wheels;
PA1  at least one endless conveyor element spanned over the wheels on each frame
      and having a pair of inner stretches defining a V in line with the inner
      stretches on the other frame and forming with the other inner stretches a
      log-receiving cradle;
PA1  drive means for displacing said element to rotate a log received in said
      cradle; and
PA1  means for tipping said frames jointly about a horizontal longitudinal axis
      below said cradle, said lower wheels lay coaxial with the longitudinal
      tipping axis.
NUM  8.
PAR  8. The apparatus defined in claim 7, further comprising a shaft lying on
      said tipping axis and carrying said lower wheels.
NUM  9.
PAR  9. The apparatus defined in claim 7 wherein said stretches are straight and
      define an angle between 60.degree. and 120.degree..
NUM  10.
PAR  10. An apparatus for rotating a log for removal therefrom by a tool of bark
      and the like, said apparatus comprising:
PA1  at least two longitudinally and horizontally spaced frames;
PA1  at least one lower wheel on each frame below and between the respective
      upper wheels;
PA1  at least one endless conveyor element spanned over the wheels on each frame
      and having a pair of inner stretches defining a V in line with the inner
      stretches on the other frame and forming with the other inner stretches a
      log-receiving cradle;
PA1  drive means for displacing said element to rotate a log received in said
      cradle; and
PA1  means for pivoting said frames jointly and in the same sense about
      respective vertical axes passing through the frames and the cradle; and
PA1  a plurality of shafts carrying said lower wheels and a plurality of shaft
      connectors and universal joints interconnecting said shafts for joint
      rotation of said lower wheels.
NUM  11.
PAR  11. The apparatus defined in claim 10 wherein said means for pivoting
      includes an extension arm on each frame and a link interconnecting the
      ends of said arms.
NUM  12.
PAR  12. The apparatus define in claim 10 further comprising means for tilting
      said frames jointly about a horizontal longitudinal axis below said
      cradle.
NUM  13.
PAR  13. The apparatus defined in claim 10 wherein said stretches are straight
      and define an angle between 60.degree. and 120.degree..
NUM  14.
PAR  14. An apparatus for rotating a log for removal therefrom by a tool of bark
      and the like, said apparatus comprising:
PA1  at least two longitudinally and horizontally spaced frames;
PA1  a pair of horizontally and transversely spaced upper wheels on each of said
      frames;
PA1  a pair of lower wheels each associated with a respective one of said upper
      wheels and mounted on at least one of said frames;
PA1  at least one endless conveyor element spanned over said wheels and defining
      a pair of straight inner stretches defining a V with the inner stretches
      converging toward an apex at said V to form a log-receiving cradle, said
      upper and lower wheels spanning said stretches tightly between them to
      form the legs of the V; and
PA1  drive means for displacing said element to rotate a log received in said
      cradle.
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ABST
PAL  A handbag is disclosed which has particular utility for carrying personal
      objects therein, as well as serving as a cushion. The handbag is
      constructed with padding on the outside of the article carrying
      compartment. The padding serves to protect the articles therein when the
      handbag is used as a cushion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to handbags and more particularly to a
      combination handbag and cushion.
PAR  There are numerous prior art devices which disclose pillows or the like and
      which are formed with compartments for receiving articles, such as radios,
      handkerchiefs, and the like. Examples of such articles are U.S. Pat. Nos.
      to Bounds, 2,962,731; Beehler, 2,293,530; and Ritchey, 2,618,790. In
      addition, it is known that there are portable cushions which include a
      small compartment for carrying an item such as illustrated in Faulkner,
      Jr., 2,580,904. None of the prior art devices, however, permits the
      carrying of a multitude of personal items such as is carried by most women
      in their purses and handbags.
PAR  Accordingly, it is an object of this invention to provide an attractive
      handbag which may be used as a cushion.
PAR  Another object of this invention is to provide a handbag which is simple in
      construction, neat in appearance and which provides ample room for
      carrying personal articles therein.
PAR  A further object of this invention is to provide a handbag which provides
      protection for the articles therein when being used as a cushion.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a handbag for carrying personal articles and
      protecting such articles when the handbag is used as a cushion. Padding is
      secured between the lining and the outside covering of the handbag. The
      padding serves to protect the articles carried within the chamber defined
      by the lining.
PAR  Other objects, details, uses and advantages of this invention will become
      apparent as the following description of an exemplary embodiment thereof
      presented in the accompanying drawings proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show a present exemplary embodiment of this
      invention in which:
PAR  FIG. 1 is a perspective view of the handbag as typically carried;
PAR  FIG. 2 is a perspective view of the handbag of FIG. 1 being used as a
      cushion;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is an elevational view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a fragmentary sectional view showing the method of securing the
      sides of the handbag together; and
PAR  FIG. 6 is a view taken along line 6--6 of FIG. 3 with the lining partially
      broken away to show the padding.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Reference is now made to FIGS. 1 and 2 of the drawings, which illustrate an
      exemplary embodiment of the improved handbag of this invention, which is
      designated generally by the reference numeral 10. The handbag 10 is
      comprised of an article carrying member 12 to which is attached by
      suitable means a carrying means, such as a hand or shoulder strap 14. The
      strap 14 may be secured to the section 12 by any suitable means. In the
      present embodiment, each end of the strap 14 is secured by rivets or the
      like 16 on swivel rings 18. The rings 18 are secured to the section 12 in
      a known manner, as will be described hereinbelow.
PAR  Referring particularly to FIG. 3, it can be seen that the article carrying
      section 12 is formed with a pair of outside surfaces or covers 20 and 22.
      The outside covering may be made of any suitable material such as leather,
      plastic, heavy fabric, or the like. A liner 24 defines the article
      carrying chamber of the handbag 10. The liner 24 may include pockets or
      the like (not shown) for receiving articles such as a wallet, comb,
      mirror, etc., rather than having all of the articles carried merely being
      loose in the defined chamber. The liner is secured to the upper edges 26
      and 28 of the respective covers 20 and 22 by suitable means such as
      sewing. In addition, closure means such as a zipper 30 is secured thereto
      so that the handbag 10 may be closed. It is obvious that other closure
      means such as snaps or hooks could also be utilized. The zipper is secured
      to the respective edges 26 and 28 by known means such as stitching.
PAR  In order to serve as a cushion and to protect the articles therein when the
      handbag is being used as a cushion, pads 32 and 34 are respectively
      secured, as by way of example, gluing, to the inside surfaces of covers 20
      and 22. The pads 32 and 34 may be of any cushioning-type material such as
      foam rubber or the like.
PAR  As seen in FIGS. 1 and 2, the handbag 10 may be provided with trim or
      decorative designs. The trim and decorations are put on the respective
      covers before the padding is secured thereto. Thus, in the example given,
      the triangles and circular design 36 may be multicolored patches of
      material and either flat or padded. These designs, depending on the
      materials used, may be secured to the outer cover by any suitable means
      such as sewing, gluing, riveting, etc., depending on the material and
      style of the handbag. The lacing 38 may be in any desired pattern. Once
      the decorative designs and/or lacing is placed on the outer covering, the
      respective pads are secured to the inside of the cover.
PAR  As best seen in FIGS. 3 and 5, the respective outer covers 20 and 22 are
      provided with allowance edges 42 and 44. The allowance edges 42 and 44 are
      used to form the seam which is secured together by stitching or the like
      in order to join the respectve halves of the handbag together. Piping or
      cording 40 may be used to provide a finished looking seam. As seen in FIG.
      5, the covers are turned inside out or inverted such that the outer
      surfaces of each are facing each other (as shown in phantom). The piping
      40 may be inserted therein and the allowance edges 42 and 44, with the
      piping covering edge placed therebetween, secured by sewing or the like.
      When this is completed, the respective covers 20 and 22 are inverted, as
      shown by the arrows. The lining 24 and zipper 30 are then added as
      hereinbefore described.
PAR  Flaps 46 secure the rings 18 to the article carrying section 12, as seen in
      FIG. 1. Each of the flaps 46 is doubled over through the ring and thence
      secured by means such as rivets or the like 48. In this regard, the flap
      46 also received an extended portion of the piping 40 and further engages
      an edge or corner of the section 12. The lower pair of rivets thus secure
      the flap 46 to the respective covers 20 and 22.
PAR  As seen in FIGS. 2 and 4, the handbag 10 can be used as a cushion on any
      bench seat or the like 50. FIG. 4 is an elevational view of the handbag
      being used as a cushion. In FIG. 4 the zipper is partially open and a
      personal article 52 is seen to be in place between the respective sides of
      the handbag. The padding material between the lining 24 and the covers 20
      and 22 prevents the article from being damaged.
PAR  It can be seen from the above description that Applicant has provided a new
      combination handbag and cushion which is neat and simple in construction,
      functions as a handbag and also as a cushion. Articles need not be removed
      from the handbag when used as a cushion due to the padding cushion.
      Accordingly, the objectives hereinbefore set forth have been accomplished.
PAR  While a present exemplary embodiment of this invention has been illustrated
      and described, it will be recognized that this invention may be otherwise
      variously embodied and practiced by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination handbag and cushion comprising first and second outside
      wear-resistant covers forming the exterior sides thereof, a one piece
      U-shaped liner comprising a closed lower portion and first and second side
      portions, said first liner side portion having its upper peripheral edge
      secured to the upper peripheral edge of said first outside wear-resistant
      cover, said second liner side portion having its upper peripheral edge
      secured to the upper peripheral edge of second outside wear-resistant
      cover, a zipper fixedly secured between the upper peripheral edges of said
      first and second outside wear-resistant covers to provide access to the
      interior of said handbag, allowance edged being provided on the remaining
      peripheral edges of said first and second outside wear-resistant covers,
      said allowance edges of said first and second outside wear-resistant
      covers being secured together, piping means contained within said secured
      allowance edges, cushioning means for protecting objects carried within
      said handbag from damage when the article is used as a cushion and further
      providing comfort for the user when seated thereon, said cushioning means
      comprising a first cushion pad fixedly secured to said first outer
      wear-resistant cover between said first outer wear resistant cover and
      said first liner side portion, and a second cushion pad fixedly secured to
      said second outer wear-resistant cover and said second liner side portion,
      said cushion pads covering the entire area of said outside wear-resistant
      covers, a level central bottom portion, substantially parallel to said
      upper peripheral edge, said bottom portion having upwardly and outwardly
      extending end portions connected with substantially vertical side edges
      whereby objects placed within said handbag will fall to the bottom and be
      directed by said upwardly outwardly extending portions toward said level
      central bottom portion thereby concentrating said objects in a smaller
      area and facilitating locating said objects by the user, and a strap
      secured to said device for transporting the device when used as handbag.
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ABST
PAL  A novel dual purpose golf club head cover that not only serves to protect a
      club head from rusting, and becoming scratched or chipped, but also
      provides an ample skirt of absorptive material that the golfer can use for
      wiping his ball, club or hands. This invention finds particular
      application in connection with putters, for when on the green and his ball
      is in need of cleaning, the golfer can clean his ball as well as his
      putter without soiling his clothing, despite the fact that he is separated
      from the golf cart and the towel customarily found thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to a golf club head cover in the general nature of
      the protective devices utilized by golfers in order to protect their clubs
      from physical damage as well as from the elements. However, these prior
      art devices were intended to serve no other purpose than to prevent
      collision between adjacent clubs, to lessen the tendency of the clubs to
      rust, and in some instances to identify the individual clubs.
PAC  SUMMARY OF THE INVENTION
PAR  Golfers for many years have utilized a variety of protective coverings for
      their clubs, with most golfers preferring to use individual devices on the
      heads of their clubs in order to minimize undesirable contact between the
      clubs during the time they are being transported. These coverings have
      been made of many different materials, including leather, plastic, cloth,
      and the like, and often are of a decorative nature so as to enhance the
      appearance of the golfer's bag.
PAR  Many golfers carry a towel that is removably secured to their golf bag so
      that they will have a ready means for wiping their ball and clubs from
      time to time, as well as their hands in the event they become muddy or wet
      from perspiration. In addition, other golfers having frequent need for the
      use of a towel carry a towel on their belt. However, in the event of a
      lady golfer, who may not be wearing a belt, the carrying of a towel may
      become burdensome, and she therefore tends to leave the towel fastened to
      her bag, golf cart or the like.
PAR  As is known, golf carts and other wheeled devices are forbidden to travel
      on the greens of most if not all golf courses, and this of course means
      that any golfer that is not carrying a towel on his or her person may
      leave the cart on a nearby cart path and then walk onto the green before
      realizing that he or she is in need of a means for wiping the ball.
      Conditions making it essential to clean the ball are wet greens, wet sand
      in traps, and fertilizer on the greens. As is also known, when on the
      green it is permissible to use a ball marker to mark the spot where the
      ball lies, lift the ball, and then proceed to wipe same before putting.
      However, at this point, if the towel has been left on the cart, any
      convenient item of clothing or even putting the ball to the mouth becomes
      the means by which most golfers proceed to clean their ball, for to return
      at this point to the cart for the towel means that golfing companions as
      well as the following party will be delayed.
PAR  Therefore, in accordance with this invention, I have provided a novel dual
      purpose golf club head cover that not only protects the club to which it
      is applied, but also provides a full skirt portion that serves as an ideal
      means for wiping the hands, the club and the ball. Although not limited to
      being used on any particular club, my invention is ideally suited for use
      on the putter in that, as previously mentioned, the golfer is often
      separated from his or her towel when on the green, and when the ball is on
      the green is of course the very time that it is particularly desirable to
      have a towel for wiping the ball.
PAR  The novel golf club head cover in accordance with my invention involves a
      head-engaging portion, a narrowed "waist" portion, and an elongate skirt
      portion that may hang loosely around a considerable portion of the length
      of the shaft of the club, or alternatively may be fastened in closely
      surrounding relationship around the shaft. Velcro or other quick fastening
      means may be utilized in order to cause the skirt to furl around the club
      shaft when the club is not in use.
PAR  By constructing my novel club head cover of terry cloth or other
      appropriate washable material such as toweling, not only is damage to the
      club head prevented, but the club cover itself becomes a ready means for
      enabling the golfer to prepare for putting. Then, after the game is over,
      the cover can be removed, washed, dried, and thereafter returned to the
      club head.
PAR  Advantageously, the skirt portion is of substantial enough size as to
      provide ample room for a club or organizational emblem, or to serve as a
      support for various advertising, thus making it possible for the
      management of a golf course or a manufacturer to obtain free advertising
      by distributing decorative golf club covers in accordance with my
      invention to its patrons.
PAR  It is therefore a principal object of my invention to provide a novel dual
      purpose golf club head cover.
PAR  It is another object of my invention to provide a golf club head cover that
      not only protects the club upon which it is utilized from many different
      types of damage, but also enables the golfer to keep suitable toweling
      close by at all times, especially when he is on the green and separated
      from his or her golf bag.
PAR  It is still another object of my invention to provide a low cost yet highly
      effective golf club head protector and ball cleaning device that is of
      large enough size as to enable it to bear a club emblem or serve as a
      support for advertising.
PAR  It is yet still another object of my invention to provide a golf club head
      cover that is effective for two or more purposes, attractive in its
      appearance, of low cost, and reusable after washing.
PAR  These and other objects, features, and advantages will be more apparent
      from a study of the appended drawings in which:
DRWD
PAR  FIG. 1 is a side elevational view of my novel golf club head protector in
      position on a club, showing the elongate skirt in full position;
PAR  FIG. 1A and FIG. 1B are cross sectional views showing a typical manner in
      which the material constituting the cover is hemmed;
PAR  FIG. 2 is a side elevational view generally along the lines of FIG. 1, but
      with portions of the head cover removed to reveal internal configuration,
      and the head of a putter;
PAR  FIG. 3 is a cross sectional view taken along lines 3 -- 3 in FIG. 1 in
      order to reveal internal construction of the head portion of the club
      cover, but without the club in place;
PAR  FIG. 4 is a view of the novel club cover after it has been cut out of
      absorbent, washable material, but before it has been sewn together;
PAR  FIG. 4A and 4B are cross-sectional views taken along lines 4A -- 4A and 4B
      -- 4B in FIG. 4 in order to reveal the velcro portions that may be used in
      order that the skirt may on occasion be maintained in a furled position;
PAR  FIG. 5 is a side elevational view of the skirt, showing the manner in which
      it is gathered at the "waist" by use of elastic or the like in order to
      inhibit displacement of the cover from the head of the club;
PAR  FIG. 5A is another view of hem detail of the skirt of FIG. 5;
PAR  FIG. 6 is a side elevational view to a smaller scale than FIG. 1, in which
      view the skirt does not closely surround the shaft of the club;
PAR  FIG. 7 is a view differing from FIG. 6 in that the club head has been
      turned 180.degree. in order to reveal the emblem that may be used on the
      skirt, and the velcro that may be employed;
PAR  FIG. 8 is a view of the skirt in which the velcro portions have been
      brought closely together and joined so as to cause the skirt to remain in
      a closely furled position;
PAR  FIG. 9 is a cross sectional view taken along lines 9 -- 9 in FIG. 8 and
      revealing the manner in which the skirt closely clings to the club shaft
      when the velcro portions have been joined; and
PAR  FIG. 10 is an exploded view to a larger scale of a ball-marker arrangement
      that may be used on the head-engaging portion of my novel cover.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning to FIG. 1, it will there be seen that I have shown a primary
      embodiment of my dual purpose club cover 10, which cover involves a
      club-head-engaging portion 12, a narrowed "waist" portion 14, and an
      elongate skirt portion 16. The cover 10 is of course designed to fit upon
      a golf club, such as a putter 20, with the skirt portion 16 typically
      being of such size as to be able to extend away from the shaft 24 of the
      club to a considerable extent, as indicated in FIG. 1.
PAR  FIG. 2 reveals how the club-head-engaging portion 12 fits closely around
      the head 22 of the club, and how the "waist" portion 14 rather closely
      fits around the shaft 24 of the club. Elastic material may be sewn into
      the cover at the "waist" location 14, as indicated in FIGS. 1 and 2, in
      order that the head portion 12 of the cover will fit snugly around the
      club head 22, and resist dislodgment. This use of elastic or stretch
      thread is by way of example only, for other arrangements, such as a draw
      string can be used instead, if such be preferred.
PAR  The skirt portion is of ample dimensions, so as to be usable for wiping a
      golf ball or club prior to putting, for example, and may be employed in
      the manner of a towel either while installed on the club, or after it has
      been removed therefrom. Typically, the skirt portion extends away from the
      head-engaging portion 12 for a distance approximately equal to or greater
      than a major dimension of the head-engaging portion, such as a left-right
      dimension of the portion 12 shown in FIG. 1. In the usual instance, the
      golfer removes the cover 10 from the club, wipes the ball, and then
      proceeds to putt, in that order. By virtue of the disclosed arrangement,
      the golfer always has a ball-wiping means conveniently available just
      before putting, despite the fact that he or she is on the green and
      therefore separated from the towel customarily to be found on the golf bag
      or golf cart. FIG. 1 also reveals the fact that I may wish to use Velcro
      on the skirt, as at 18, in order to make it possible to furl the skirt.
PAR  FIGS. 1A and 1B reveal hem details, and may be seen to involve turkish
      cloth, terry cloth or other toweling type material, in which a hem may or
      may not be used. As is obvious, the cover should be of washable material.
PAR  FIG. 3 reveals a cross-section of a typical head-engaging portion of my
      novel cover, and as there will be noted, I prefer to stitch the portions
      constituting the left and right halves of the cover together, using
      internal seams.
PAR  Turning to FIG. 4, it will there be seen that I have illustrated a typical
      club cover after it has been cut out of toweling or other absorbent,
      washable material, but before it is sewn together to create the
      configuration shown and discussed earlier. As will be apparent, the club
      head-engaging portions involve left and right elongate portions 32a and
      32b that are sewn together in the manner previously mentioned, in order to
      create an enclosure that fits in a close and appropriate manner around the
      head of the club. Quite obviously, the portions 32a and 32b would be of
      suitably larger dimension if intended for use on a club larger than a
      putter. The neck portion 34 must of course be large enough to permit entry
      of the club head. Inasmuch as I prefer to have a waist portion that is
      elasticized, I sew elastic, or preferably stretch-thread along the top
      edge 35 of the skirt, before proceeding to sew the edges of the halves of
      the head portion together. The skirt portion 36 may be generally
      rectangular as shown in FIG. 4, although it may be shaped differently in
      order to achieve the amount of fullness desired. Complimentary pieces of
      Velcro 38a and 38b may be secured at suitable locations near the hem of
      the skirt portion, such that upon the sides of the skirt being brought
      together, the velcro portions will interfit and hold the skirt in a
      properly furled manner. An emblem such as shown at 37 in the example
      revealed in FIG. 4 may be sewn, glued, or otherwise attached to or
      employed on the skirt. Advertising of various forms may also be used.
PAR  FIG. 4A and FIG. 4B show the complimentary types of velcro used, which
      serve to hold the skirt on occasion in the furled position. FIG. 5 reveals
      the skirt portion of my device after the top has been drawn together, such
      as by the use of stretch thread, elastic or the like. This arrangement
      makes it possible to have on the one hand an ample amount of skirt
      material, and on the other hand a tight enough "waist" portion as to
      prevent displacement of the upper part of the cover from the head of the
      club.
PAR  FIG. 6 reveals the skirt portion of my novel cover in a position residing
      down along the shaft 24 of the club. As will be apparent, the skirt
      extends at least one club head length below the "waist" portion, and for
      example, the skirt may be two or three club heads in length, or more.
PAR  FIG. 7 shows the club turned 180.degree. in order to reveal the utilization
      of the club emblem on the skirt, and the use of velcro in order that the
      skirt can be closely furled around the shaft of the club.
PAR  In the showing in accordance with FIG. 8, the velcro portions on the skirt
      have been brought together and joined so as to cause the skirt to reside
      around the shaft in a closely fitting manner. Note FIG. 9 wherein the
      manner in which the skirt is folded or furled is revealed in considerable
      detail.
PAR  It is to be noted that the velcro can be so located that the skirt portion
      of my novel cover can extend around a plastic tube of the type frequently
      used in golf bags, and the cover fastened around the outside of the tubes.
      This would be done at the time the clubs are being put away. Then, when
      the club is to be used again, the velcro portions are pulled apart, thus
      to release the plastic tube so the club can be removed from the bag.
PAR  If stretch thread is used at 35, it may be applied by hand or by a sewing
      machine, with the stitching preferably being accomplished from the "wrong"
      side of the material. Then, the sewing of the head-engaging portion of the
      cover is commenced, typically at the waist portion, working toward the
      head portion. However, there is no reason why the part of the head portion
      remote from the waist could not be sewn first. Typically, the sewing of
      the left and right halves 32a and 32b stops short of the elasticized
      portion. After the stitching is complete, the head-engaging portion 12 is
      turned inside out to expose the exterior of this portion.
PAR  The sewing being accomplished, the ends of the stretch thread are grasped
      and pulled so as to bring about a gathering of the top of the skirt
      portion, thus to create the gathering shown in detail in FIGS. 1, 2 and 5.
      Typically, the waist portion 14 is a club head length down from the
      uppermost edge of the head portion 12.
PAR  Although I could use other means than elastic at the waist to prevent
      displacement of the head portion 12 from the head of the club, I prefer
      the use of elasticized means inasmuch as it makes it possible for the
      player to remove the cover or replace same in a minimum of time.
PAR  As shown in FIGS. 6 and 7, the head portion of the cover may be provided
      with "eyes" 42 in the form of ball markers held in the appropriate
      positions by suitable means such as by the use of ring shaped magnets sewn
      or otherwise attached to the cloth of the cover. FIG. 10 shows a magnet 44
      and a ball marker 46, latter being of ferric metal, or at least having
      ferric metal in the location that contacts the magnet. To use, the ball
      marker is pulled away from the magnet, and then later replaced. In the
      interests of economy, only the outermost portions of the members 44 need
      to be magnetic material.
PAR  As should now be apparent, my novel cover is a boon to most golfers in that
      it enables him or her to have a ball wiping means easily available on the
      putter, accomplished at very little expense beyond the cost of ordinary
      club head covers having no ball-cleaning means thereon. While the size of
      the skirt portion preferred may vary from golfer to golfer, most prefer
      skirt lengths that are from one to three times the measurement of a major
      dimension of the club-head engaging portion of my novel cover, as shown in
      FIG. 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dual purpose club head cover serving not only to protect the club, but
      also providing a means readily available to the golfer for wiping the ball
      and club prior to play, said cover comprising a head-engaging portion, an
      elasticized waist portion below said head-engaging portion adapted to
      grasp the shaft of the club, and a skirt portion extending below said
      waist portion for a considerable extent, said head-engaging, waist, and
      skirt portions being made from a single piece of absorbent material, said
      skirt portion being of a length approximately equal to or greater than the
      length of the head-engaging portion of said cover, thereby providing the
      golfer as easily available ball wiping surface, said skirt portion being
      of sufficient lateral dimension as to extend loosely around the shaft of
      the club, and means for enabling a user to secure said skirt portion in a
      furled condition about the shaft of the club.
NUM  2.
PAR  2. The dual purpose club head cover as defined in claim 1 in which the
      single piece of absorbent material is made of toweling.
NUM  3.
PAR  3. A dual purpose golf club cover serving not only to protect the club, but
      also providing a means readily available to the golfer for wiping the ball
      prior to play, said cover comprising a head-engaging portion, said
      head-engaging portion being of a dimension as to conform to the
      configuration of the head of the club, and a skirt portion extending below
      said head-engaging portion and along the shaft of the club for a
      considerable extent, said skirt portion being of a length approximately
      equal to or greater than the length of the head-engaging portion of the
      cover, and being of a lateral dimension sufficient to extend loosely
      around the shaft of the club, said head-engaging portion being made to
      resemble the head of an animal, and ball markers are utilized as the eyes
      of such head.
NUM  4.
PAR  4. The dual purpose golf club head cover as defined in claim 3 in which an
      emblem is employed on the exterior of said skirt portion.
NUM  5.
PAR  5. The dual purpose golf club cover as defined in claim 3 in which said
      head-engaging portion and said skirt portion are made from a common piece
      of material.
NUM  6.
PAR  6. The dual purpose golf club cover as defined in claim 5 in which said
      common piece of material is toweling.
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ABST
PAL  There is disclosed a nut construction embodying an insert which provides
      for sealing and locking by damping vibration, the action of sealing being
      translated to locking by the formation of the insert.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is a principal object of this invention to provide an insert for use in
      the cavity of a nut, which insert is formed peculiarly and of a particular
      material so that as the sealing action takes place, the locking action
      will likewise be entered into, the locking action depending upon vibration
      damping to be particularly effective, the material of which the insert is
      made being most responsive to forces transmitted during the sealing action
      for the purposes hereof.
PAR  A further object of the invention is to provide an insert of the material
      which has substantial lubricity, and a particularly excellent elastic
      memory, such that as the sealing action takes place, simultaneous movement
      of portions of the insert will be the result, causing the insert to have
      certain areas move into engagement with threads of a member upon which the
      nut of the invention is mounted, and thereby in effect virtually reduce to
      nothing the translation of vibratory forces to the nut which would tend to
      unlock the same in many circumstances.
PAR  Another object of the invention is to provide an insert which has a sealing
      collar, spaced from a conical portion, the conical portion in turn being
      adapted to enter into engagement with the threads of a male device upon
      which the nut is mounted, the insert being in turn mounted in the cavity
      of the nut, such that longitudinal movement of portions of the insert is
      translated into inward movement likewise by the formation of the cavity
      and by the elastic nature of the insert caused to engage and in effect
      insulate the threads from translating the vibratory forces thereof to the
      nut such that unlocking action would result.
DRWD
PAR  Other and further objects of the invention will be understood from a
      consideration of the specification appended hereto and disclosed in the
      drawing wherein:
PAR  FIG. 1 is a plan view of a nut prior to insertion of the insert thereinto a
      cavity provided.
PAR  FIG. 2 is a vertical sectional view, taken about on the line 2--2 of FIG.
      1, looking in the direction of the arrows to show the configuration of the
      nut.
PAR  FIG. 3 is a top plan view of the sealing and locking insert of the
      invention.
PAR  FIG. 4 is a sectional view, taken about on the line 4--4 of FIG. 3, looking
      in the direction of the arrows.
PAR  FIG. 5 is an enlarged fragmentary view of the nut, a male threaded device
      upon which the nut is mounted, the member from which the male threaded
      device extends and with which sealing action is desired, with the insert
      in the position just prior to initial tightening action.
PAR  FIG. 6 is a view similar to FIG. 5, but with tightening action having been
      effected on the part of the nut, with the fragmentary areas showing in
      enlarged and somewhat exaggerated detail, the action of the seal in its
      sealing and locking movement as partly accomplished.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the disclosure herein is embodied in a nut body 1,
      being of hex form in somewhat conventional practice, having the usual
      threads 2 therein, suggested in FIG. 2, with a cavity generally denoted 3
      at the upper end, this cavity including a cylindrical section 4 and a
      conical portion 5, extending inwardly toward the axis of the body from the
      inner end of the section 4, the axis being denoted 6.
PAR  The section 4 is provided with knurled portions 7 therearound of
      substantial depth and sharpness.
PAR  The cavity conical portion 5 is arranged so that the conical plane is at an
      angle of 30.degree. with respect to a plane perpendicular to the axis 6 as
      suggested in FIG. 2.
PAR  Referring now to FIGS. 3 and 4, the insert which provides the vibration
      damping and sealing action is disclosed as including a ring-like member 8
      at the upper end of which is a sealing collar 9 arranged so as to extend
      upwardly from the ring-like member 8, the collar 9 being of roughly or
      approximately one-half the thickness of the seal 8 and extending upwardly
      sufficiently so as to be clearly discernable.
PAR  At the lower end of the seal 8 is a conical portion 10, which conical
      portion is arranged so that the plane thereof lies at about 25 degrees
      with respect to a plane at right angles to the axis of the seal, the axis
      being denoted 11.
PAR  The seal 8 is intended to be emplaced in the nut body 1 so that the
      periphery 12 thereof, the same being cylindrical, will in turn engage with
      the knurled area 7 of the nut body and thus be rotatively fixed with
      respect thereto.
PAR  It should be noted as is more clearly shown in enlarged form in FIG. 5 that
      the inner periphery of the seal 8, designated 13, likewise cylindrical, is
      normally spaced substantially from the tips of the threads 14 which are in
      turn a part of a male threaded device 15. Thus, when the nut body 8 is
      rotated with the seal, and lock member 8 in place, no rotative restraint
      will be imparted to the nut body by engagement of the seal with the
      threads 14.
PAR  However, when the sealing collar 9 engages with the surface 16 from which
      the male threaded device 15 extends, there will be imparted to the seal
      and locking member 8 an axial longitudinal force which will in turn cause
      the lower end of the seal as shown, and the lower end of the seal and
      locking device to move into engagement with the threads 14 as suggested in
      FIG. 6.
PAR  This is a result of the distortion and pressure exerted on the seal at the
      upper end as suggested in FIG. 6, whereby tightening action imparted to
      the nut body will in turn cause the seal and locking member 8 to engage
      with a number of threads in such a manner as to adequately dampen the
      translation of vibration thereto, which vibration would normally act to in
      turn cause the nut body to rotate into an unloosened condition.
PAR  Thus, in effect, there is provided a damping by the seal and locking member
      8 as well as a sealing action against the surface 16, this being a
      combination result of the formation of the insert itself.
PAR  FIG. 6 is a somewhat intermediate position, it being appreciated that
      further tightening action on the part of the nut body 1 will in turn cause
      a further movement of the material from which the seal is made and
      increased damping action on the part of the seal and insert 8.
PAR  It will be understood that the sealing collar 9, by reason of its
      configuration and relatively smaller area than that of the insert
      generally speaking as viewed from the top, will cause the lower end of the
      insert 8 to move as suggested more quickly than would otherwise be the
      case.
PAR  Thus, the sealing and damping or locking action will be enhanced and since
      the material from which the insert is made being particularly chosen
      because of its elastic memory, and lubricity, will return to a position
      substantially as shown in FIG. 5, when the nut is loosened upon the intent
      of the user so to do.
PAR  For this purpose, the material from which the insert is made is
      polytetrafluorethylene, this having the particular excellent quality of
      elastic memory, and having been found to be particularly good in providing
      the damping reaction necessary to effect desired locking action of the nut
      body in carrying out its function.
CLMS
STM  I claim:
NUM  1.
PAR  1. In sealing and locking means of the class described, in combination, a
      nut body having threads internally thereof, a male threaded device
      engaging the internal threads, an insert cavity in one end of said body,
      said cavity including a cylindrical section and a conical portion
      extending inwardly toward the axis of the body from the inner end of the
      section at a first angle, said section being knurled, and an insert of
      material having an excellent elastic memory and lubricity in said cavity
      with a conical portion at one end lying at a lesser angle than that of the
      cavity conical portion mentioned for the entire peripheral extent thereof,
      the planes of said portion and section intersecting at the inner end of
      the section aforesaid, the conical section of the insert comprising the
      locking element thereof, said insert having a central opening defining a
      cylindrical inner surface, the diameter of said inner surface being
      slightly greater than that of the root diameter of the internal threads,
      said insert extending from the cavity, a sealing collar integral with the
      insert extending oppositely from the conical portion, said collar being
      cylindrical with the inner surface thereof being axially aligned with said
      inner surface of said insert and of a wall thickness of the order of
      magnitude of one-half the wall thickness of the insert, and of
      substantially less longitudinal extent than the body of said insert, the
      end surface of said collar and a surface on said male threaded device
      having engaging complimentary flat surfaces, each normal to the axis of
      the body.
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PAL  A pneumatic tire provided with a plurality of slots which are provided in
      tread grooves and extend in the transverse direction of the grooves but at
      a suitable spacing from each other for the purpose of confining between
      the slots the growth of cracks produced in the grooves, so that each crack
      is prevented from growing up to an extent exceeding the spacing between
      the slots.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to a pneumatic tire and more particularly to a
      pneumatic tire for suppressing or preventing the growth of cracks
      developing in tread grooves.
PAR  In general, with the pneumatic tire having a tread pattern of a rib type or
      a lug type, it has been experienced that there have inevitably developed a
      plurality of minute or hair cracks at the stress-concentrating points in
      the grooves due to injuries caused by stepping on a nail or a sharp edged
      stone during the service of a tire or due to the chemical deterioration or
      fatigue of tread rubber due to the action of ozone. More particularly,
      since a tension is applied to the bottom portions of tire grooves having a
      tread pattern of a rib type in the widthwise direction of a tire, i.e., in
      the direction of a rotary axis of a tire, there are produced stress
      concentrations at the ends of cracks, resulting in promoting the growth of
      cracks produced in the grooves in the lengthwise direction thereof. In
      this manner, the cracks grow up gradually with the use of a tire,
      eventually resulting in vital damages for a tire, such as tread
      separation, rib tearing, burst and the like.
PAR  There have been proposed many attempts which prevent the growth of cracks
      developing in tread grooves. The measures taken as those attempts are (1)
      considerations given to the composition of the tread material consisting
      of rubber composition so as to afford the crack-growth-resisting property
      thereto, (2) cyclical change in the level of the bottom portions of the
      grooves by providing corrugated bottom portions for the grooves A, as
      shown in cross section in FIG. 1 or projecting portions B of ribs which
      are formed on the side walls of grooves A and have obtuse corners as shown
      in FIG. 2, rather than the use of the ribs having acute corners, thereby
      avoiding the stress concentrations, and (3) considerations in design of
      the profile of the entire tire so as to avoid the stress concentration in
      the bottom portions of the grooves, etc. However, it was found that those
      attempts have met only partial success in preventng cracks.
PAR  It is a principal object of the present invention to provide a tire which
      prevents vital damages or injuries due to the growth of cracks created in
      the tread grooves.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a pneumatic tire in
      which a plurality of slots provided in tread grooves extend in the
      transverse direction of the grooves but at a suitable spacing from each
      other for the purpose of confining the growth of cracks in the grooves
      between the slots, whereby the cracks will not grow to a degree that
      exceeds the spacing between the slots, i.e., that may be deemed as a vital
      damage for the tire. This confines within a given range the distribution
      of the stress concentrations which promote the growth of cracks developing
      in the bottom portions of a tire, thereby preventing the propagation of
      the stress concentrations beyond such range or confine.
PAR  These and other features and objects of the present invention will be
      apparent from a reading the ensuing part of the specification in
      conjunction with the accompanying drawings which indicate the embodiments
      of the present invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are partial cross-sectional and plan views of the prior art
      tread pattern which is intended to avoid the stress concentration in the
      tread grooves of a pneumatic tire, respectively;
PAR  FIG. 3 is a partial perspective view of a pneumatic tire having a rib type
      tread pattern, embodying the present invention;
PAR  FIG. 4 is a cross-sectional view of the pneumatic tire, taken along the
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken along the line 5--5 of FIG. 4;
PAR  FIG. 6 is a cross-sectional view taken along the line 6--6 of FIG. 4;
PAR  FIG. 7 is a cross-sectional view, taken along the line 7--7 of FIG. 4;
PAR  FIG. 8 is a partial plan view of a tire tread showing various
      configurations of slots which are provided in the tire grooves for
      interrupting the propagation of stress; and
PAR  FIG. 9 is a partial perspective view of a pneumatic tire having a lug type
      tread pattern, embodying the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A tire shown in FIG. 3 is of a general construction of the conventional
      tire of this kind, which includes beads 12, a carcass 13 terminating at
      the respective beads 12, side walls 14, a tread 15 and a breaker 16
      serving as a reinforcing layer between the carcass 13 and the tread 15.
      The tire shown is provided with a rib type tread pattern, with a plurality
      of ribs 17 extending in the rotating direction of the tire, while grooves
      18, (18a to 18d) are defined between the adjoining ribs 17.
PAR  Provided in bottom portions 19 of the respective grooves are a plurality of
      stress interrupting slots 20 which extend in the transverse direction at a
      right angle to the lengthwise direction of the grooves, i.e., in the
      lengthwise direction of the grooves. There are shown in FIG. 3 slots 20
      having varying lengths and provided in the respective grooves 18a to 18d.
      However, this is intended to give such variations in a single figure, and
      thus it should not be construed that the arrangement of the slots having
      varying lengths for the respective grooves of the tire are necessary for
      practicing the present invention. The slots 20 are generally provided in
      the bottom portions 19 of the grooves, since cracks are apt to take place
      in the bottom portions of the tread grooves. However, the lengths (FIG. 5)
      of the slots 20 may be equal to the width of the groove, as in the slots
      20 provided in the groove 18a shown in FIG. 3. Alternatively, as shown in
      slots 20 provided in the grooves 18b and 18c, the lengths of the slots 20
      may extend from the bottom portions of the grooves to the wall portions
      thereof, for coping with the cracks developing in the aforesaid wall
      portions and growing along the wall portions. Still furthermore, as in the
      slots 20 provided in the groove 18d, the lengths of the slots may be such
      as those located in the center portion of the grooves and short of the
      widths of the grooves. In other words, the length 1 of the slots 20a is
      shorter in dimension than the width a (FIG. 5) of the grooves. Yet
      furthermore, as shown in FIGS. 4, 6 and 7, the lengths of the slots 20b
      may extend up to the mid-point of the walls of grooves, while the slots
      20c may extend up to the top edges of the walls of the grooves, i.e., the
      top surface of the tread, that is, the top surface of the rib 17. Still
      alternatively, those types of slots may be combined for use for a single
      groove 18b (FIG. 3) or for a single tire. It is preferable that the
      lengths of the slots be selected depending on the types of expected
      cracks, whose types are governed by the shapes and widths of grooves that
      are determined by the types and sizes of the tires.
PAR  Meanwhile, the depths of the slots should be greater than those of the
      cracks which would be normally caused for the aforesaid reasons. This is
      particularly important to insure interruption or stoppage of the
      propagation of cracks beyond the slots. However, the depths of slots
      should not be such as those reaching the reinforcing layers such as
      breaker 16 or carcass 13. This gives damages to the breaker or carcass,
      with the attendant failure to insure safety of a tire itself. Accordingly,
      it is desirable that the minimum depth be somewhat greater than 1 mm of
      crack depth which would be normally expected in the bottom portions of
      grooves. On the other hand, it is preferable that the maximum depth of the
      slot should be less than 4/5 D. In this respect, meant by D (FIG. 5)
      herein is a distance covering from the bottom portion of the groove to the
      top boundary of the breaker 16. The above limitation of 4/5 D is
      determined from the results of experiments for preventing damages in the
      breaker due to concentrated stresses of a value exceeding the design
      value, which stresses are caused due to the interferance between the
      stress normally produced in the neighborhood of the bottom of a groove and
      the stress normally produced in the neighborhood of a breaker. For the
      aforesaid reasons, the depth d of slot 20 should fall in the range of 1 mm
       d 4/5 D. The value of the depth of a slot which is deemed as being most
      reasonable from viewpoint of the practical application is about 1/2 D.
PAR  The width w (FIG. 4) of the slot 20 should be not more than 2 mm,
      preferably about 1 mm, for avoiding the widthwise enlargement of the slot
      provided in the bottom portion of a groove due to the tension acting in
      the circumferential direction of a tire. In case the width w exceeds 2 mm,
      then there occurs a tendency for cracks to take place in the neighborhood
      of the slot 20.
PAR  The pitch p (FIG. 4) of the slot 20 depends on the dimension of cracks
      allowable for a specific tire from viewpoint of the performance thereof.
      Cracks of a length less than 5 mm is considered not to be harmful for the
      performance of a tire. On the other hand, when the pitch of the slots is
      less than 5 mm, the bottom portion of the grooves is possibly damaged,
      when a molded tire is taken out from a vulcanization-molding machine. For
      this reason, the minimum value of the pitch p of the slot should be 5 mm.
      On the other hand, the cracks of a length exceeding 20 mm is a vital
      defective for the performance of a tire, so that the maximum value of the
      length of cracks should be 20 mm. Thus, the pitch p should be limited
      within the range of from 5 mm to 20 mm.
PAR  The slot 20 has a U-shaped cross section throughout its length, and as
      shown in FIG. 8, the slot 20 extends linearly in the direction transverse
      to the groove 18 or in a corrugated pattern (FIG. 8b) in terms of the plan
      view. On the other hand, the depth of the slot 20 may follow a saw-tooth
      or corrugated pattern in its plan view, as far as the depth of the slot is
      in the aforesaid numerical range.
PAR  The slots having the aforesaid length, depth, pitch and configuration may
      be formed in a tire, at a time of vulanization molding of the tire, by
      using a mold, in which such indentations are provided beforehand.
      Alternatively, such slots may be provided according to a suitable method,
      after the vulcanization of a tire.
PAR  With a tire of a rib type, cracks tend to take place in the grooves in the
      circumferential direction of a tire, while the growth of cracks are
      promoted at positions, in which large stress concentration takes place.
      However, as has been described earlier, slots 20 are provided in the
      grooves in the direction transverse to the grooves, i.e., in the direction
      at a right angle to the direction of cracks, so that the aforesaid
      influence of the stress may be neutralized to a great extent. This is
      particularly effective in the case where the end of a crack approaches the
      slot 20 due to its growth, and as a result the growth of the crack may be
      suppressed. Furthermore, when the end of a crack reaches a slot, the
      growth of the crack may be stopped at the slot. Another advantage of the
      slots which are placed at a desirable pitch as close as 5 to 20 mm is that
      there may be achieved a satisfactory distribution of stresses, so that not
      only the growth of cracks may be stopped, but also the development of
      cracks themselves may be suppressed to a great extent.
PAR  Table 1 compares the result of tests given to tires having slots in the
      tread grooves with those of tires free of such slots The dimensions of the
      tires used in the aforesaid tests are as follows:
     size                10.00 to 20                                           
     depth of groove     18 mm                                                 
     distance D from the bottom of the groove                                  
     to the top boundary of the breaker                                        
                         8 mm                                                  
     type of tread pattern                                                     
                         rib type                                              
     The dimensions of slots are given as follows:                             
     length (l)          10 mm                                                 
     width (w)           1 mm                                                  
     depth (d)           0 mm (Sample 1),                                      
                         0.5 mm (Sample 2),                                    
                         1.0 mm (Sample 3),                                    
                         3.0 mm (Sample 4)                                     
     pitch               9 mm                                                  
PAL  The aforesaid slots extend in the direction at a right angle to the
      lengthwise direction of grooves.
PAR  The length of the initial crack was 6 mm and the crack was artificially
      provided in the direction in parallel with the length of the groove.
PAR  The tire was mounted on a rotary drum and rotated at a peripheral speed of
      60 km/h under the conditions of a tire load of 2,700 kg and tire air
      pressur of 8 kg/cm.sup.2.
TBL                                    Table 1                                 
     __________________________________________________________________________
     (Lengths of cracks at varying running distance)                           
                 Sample 1                                                      
                       Sample 2                                                
                            Sample 3                                           
                                   Sample 4                                    
     Running distance (km)                                                     
                 d=0 mm                                                        
                       d=0.5 mm                                                
                            d=1.0 mm                                           
                                   d=3.0 mm                                    
     __________________________________________________________________________
        0        6.0   6.0   6.0   6.0                                         
      2,000      8.5   8.2   8.0   7.2                                         
      5,000      9.9   9.0   8.8   7.7                                         
     10,000      11.2  9.8   9.0   8.9                                         
     15,000      14.3  12.5  9.2   9.0                                         
     20,000      18.0  16.0  10.5  9.0                                         
     __________________________________________________________________________
PAR  As is apparent from Table 1, the crack grew to a length of 9.9 mm at a
      running distance of 5,000 km in the case of the sample 1 which was free of
      slots. In contrast thereto, in the case of the sample 2 having slots of a
      depth of 0.5 mm, the length of the crack was found to be 9.0 mm at a
      running distance of 5,000 km. In this respect, it should be noted that the
      aforesaid length (9 mm) of the crack is equal to the pitch (9 mm) of the
      slots, thus proving that the growth of the crack has been stopped at the
      position of the slot.
PAR  It was at a running distance of 10,000 km, when the length of a crack in
      sample 2 grew to the length of 9.8 mm close to the length 9.9 mm which was
      the length of the crack taking place in the sample 1 at a running distance
      of 5,000 km. In the case of the sample 3 having an initial crack of a
      depth of 1.0 mm, the length of the crack was found to be 9.0 mm at a
      running distance of 10,000 km, while in the case of the sample 4 having an
      initial crack of a depth of 3.0 mm, the length of the crack was proved to
      be 9.0 mm even at a running distance of 20,000 km, thus indicating the
      stoppage of growth of a crack within the pitch of the slots. This
      apparently substantiates that the growth of a crack is effectively stopped
      by the provision of slots.
PAR  While the features of the present invention have been described with
      reference to pneumatic tires having a tread pattern of a rib type, the
      present invention may also be applied to the pneumatic tires having a
      tread pattern of a lug type. With the lug type tire, cracks develop in the
      widthwise direction of the tire, while the force to promote the growth of
      cracks acts in the circumferential direction of the tire, unlike the case
      with the rib type tire. For this reason, the slots 20 provided in the
      bottom portions of grooves 18 in the transverse direction of the grooves
      as shown in FIG. 9 extend in the circumferential direction of the tire 10.
      The length, depth, width, shapes in cross section and plan view of slots
      are the same as those shown in FIG. 1 to 8.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatic tire provided with a tread defined by walls having grooves
      therein and a reinforcing layer placed under said tread, characterized in
      that said grooves are provided with a plurality of slots in their bottom
      portions, said slots extending in the direction at a right angle to the
      lengthwise direction of said grooves, said slots extending completely
      about the bottom of said grooves up to the mid-point of the walls of said
      groove through corner and center portions of the bottom portion of the
      groove for preventing the growth of cracks created in said bottom portion,
      the depth of said slots being not more than 4/5 the distance covering from
      the bottom surface of said groove to the top boundary of said reinforcing
      layer but not less than 1 mm, the width of said slots being not more than
      2 mm, and the pitch of said slots being not more than 20 mm but not less
      than 5 mm.
NUM  2.
PAR  2. A pneumatic tire as set forth in claim 1, wherein said slots extend
      linearly in its plan view.
NUM  3.
PAR  3. A pneumatic tire as set forth in claim 1, wherein said slots extend
      relative to one another in a corrugated pattern in plan view.
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ABST
PAL  A combination comprising a wheel having a tire mounting rim and a pneumatic
      tire capable of being run in a deflated condition, the bead portions of
      the tire being cemented onto the bead seats of the rim with an epoxy
      adhesive so that the bead portions will remain on the bead seats when the
      tire is run without any inflation.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The invention of this application is related to that of the copending
      application for patent application Ser. No. 410,695, filed Oct. 29, 1973,
      by James W. Messerly and Joe A. Powell on a Tire With Run Flat Capability.
PAC  BACKGROUND OF THE INVENTION
PAR  Throughout the entire history of pneumatic tires, users have been plagued
      with the problems caused by loss of air, either through punctures or slow
      leaks. Such loss of air meant having to change the tire before the user
      could drive any further, as running on a flat tire would have caused
      severe damage to the tire. It could also have damaged the rim of the wheel
      and other parts of the running gear because the conventional pneumatic
      tire, when deflated and run in that condition tends to leave the rim and,
      if it remains on the rim, provides an inadequate cushion against shocks
      from the road.
PAR  A pneumatic tire has been developed which has the ability to be run in a
      totally deflated condition without damaging the rim or sustaining damage
      itself. While this tire represents a great advance over the prior art, its
      successful operation is largely dependent on its bead portions staying on
      the bead seats of the rim when it is run without any inflation.
PAR  A further problem of pneumatic tire-wheel assemblies is the occasional
      slippage of the tire circumferentially on the wheel under high torque
      conditions.
PAR  The principal object of this invention is, therefore, to provide a wheel
      and tire assembly such that the bead portions of the tire will remain
      affixed to the wheel and prevent displacement even when the tire is run
      without inflation.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an assembly of a vehicle wheel and a pneumatic
      tire, capable of running in deflated condition, the tire having its bead
      portions cemented onto the rim of the wheel with an adhesive. In general,
      the run-flat tire used is a tubeless radial tire, provided with an
      internal lubricant. The wheel can have any of the conventional rim
      configurations now in use with tubeless tires. The adhesive can be any
      known epoxy adhesive formulation preferably having some elasticity that
      will cure within a reasonable time after being applied. Preferably, the
      tire has a layer of cellular rubber inside the air impervious liner which
      is itself covered by a thin layer of a solid substance having a low
      coefficient of friction and which serves as a lubricant in the run-flat
      condition of the tire.
PAR  When the bead portions of the run-flat tire are cemented onto the rim of
      the wheel, the tire and wheel operate as an integral unit with no relative
      displacement between the parts. Moreover, the tire can then be run in a
      completely deflated condition for many miles without sustaining damage
      either to itself or the rim. The function of the cement is to keep the
      bead portions of the tire firmly attached to the bead seats of the rim
      during such operation. This function is critical, because if the bead
      portions of the tire separate from the rim, damage will most probably
      result to both elements.
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PAC  THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a cross section of one embodiment of the tire of this invention;
PAR  FIG. 2 is a fragmentary cross section on a larger scale to show more
      clearly the placement of the tire bead adhesive after it has been applied
      and the bead portion of the tire positioned on the bead seat of the rim;
      and,
PAR  FIG. 3 is a fragmentary section of the tire and rim of FIG. 1 to show how
      the tire will collapse when it is mounted on a rim and is supporting the
      weight of a vehicle while the tire is in a deflated condition.
DETD
PAC  DETAILED DESCRIPTION
PAR  A presently preferred embodiment of this invention, as shown in FIG. 1 of
      the drawings, includes a radial cord passenger car tire having an aspect
      ratio of about 60, that is, the radial height of the inflated tire from
      the heel of the beads to the outer surface of the tread is about 60
      percent of the maximum width from the surface of one sidewall to the
      other.
PAR  This particular tire is made with two plies of rubber covered radially
      extending cords of a nearly inextensible textile material, such as
      polyester cords. The innermost ply 10 is wide enough to be turned around
      the bead core for a substantial distance terminating on the outer surface
      of the bead portion. The second ply 11 laps the turnup of the first ply
      and extends under the base of the bead. The bead contains a wire grommet
      or core 12. Across the portion of the tire which is intended to engage the
      road, there is a belt of two plies of rubber covered steel cords 13 and 14
      with the cords in each ply set at an angle of 20.degree. to 30.degree. and
      preferably about 25.degree. to the circumferential midplane of the tire in
      the finished tire. The outermost ply 14 of steel cords is slightly
      narrower than the radially inward one. A tread 15 of abrasion-resistant
      rubber composition extends across the road-engaging surface outside of the
      belt plies of steel cords and is molded with a suitable non-skid pattern.
      The sidewalls are likewise covered with rubber of a suitable thickness for
      protecting the reinforcing cord plies.
PAR  In accordance with this invention, the tread 15 merges gradually at the
      shoulders 16 onto the sidewall rubber, and the portion of the sidewall
      rubber in the shoulder area is of nearly the same thickness as the tread
      rubber.
PAR  Radially inwardly from the shoulder 16, nearly as far toward the axis of
      the tire as the widest part of the reinforcing cord structures in its
      inflated condition, there may be a scuffing rib 17. However, if a scuffing
      rib is present, it is preferred that it be located in a particular zone of
      the tire sidewall. The zone in which the scuffing rib is to be located
      will depend on the proportions and cross-sectional contour of the tire.
PAR  Pneumatic tires are always designed to seat on rims within a certain
      relatively narrow width range of rim from heel to heel of the bead seats.
      If the tire, or a section of such a tire is placed on a rim which it was
      designed to fit with the tire beads properly located on the bead seats,
      and if the tread is squeezed toward the rim until the tire is completely
      flattened with the inner surface of the tire near the shoulders engaging
      an inner surface near the tips of the rim flanges, a fairly sharp fold
      will appear in the sidewall, as indicated in FIG. 3. The location of such
      a fold should be determined and the scuffing rib 17, if any, should be
      located radially outward from the fold. Otherwise stated, the sidewall
      rubber on the outer surface of the tire should be of a minimum thickness
      at the location of the fold and should not include a scuffing rib or other
      thickened structure at that location.
PAR  The sidewall rubber in the direction toward the axis of the tire adjacent
      to the scuffing rib 17 is of smallest thickness and increases gradually in
      thickness toward the rim-engaging surfaces at the tire beads so that a
      substantial rim cushion 18 is present between the reinforcing cords and
      the margin of each of the rim flanges when the tire is mounted. The
      cushion is constructed so that the thickness is greatest in the location
      of the rim flange and decreases in the direction of the beads so that the
      cushion at the heel and under the base of the bead is of small thickness
      for firm engagement and sealing of the bead to the rim.
PAR  The tire which is being described is a tubeless tire and therefore contains
      an essentially air-impervious liner 19 consisting in large part of butyl
      rubber, chlorinated butyl, or other suitable elastomer resistant to
      diffusion of air.
PAR  Inside of the liner layer 19 is a cushioning layer of cellular rubber 20 of
      substantial thickness covering the entire inner surface from nearly the
      toe of one bead to nearly the toe of the opposite bead. The cellular
      rubber layer 20 must be of a material which adheres strongly to the next
      adjacent layer, which in this case, is the tire liner, and has a high
      strength and resilience so that it will not tear or chafe or crack when
      subjected to intense flexure, pressure an rubbing. It also must be capable
      of forming and containing bubbles of nitrogen or other suitable gas to
      enhance its cushioning ability. A presently preferred material for this
      purpose is butyl rubber either alone or blended with reclaimed butyl or
      chlorinated butyl, or either of the latter together with natural rubber or
      its true synthetic equivalent. However, other elastomers having
      essentially the same properties can be used instead, including
      vulcanizable ethylene-propylene rubbers and polyether rubbers.
PAR  Both the nature of this internal cushion of cellular rubber 20 and its
      thickness are of importance for proper performance of the tire in an
      uninflated condition. The thickness should be increased in approximate
      proportion to the maximum dimensions of the tire so that it will be
      substantially thicker for large sizes than for small ones and should also
      be increased in approximate proportion to load so that a thicker internal
      cushion will be present in tires of the same sizes but designed for
      carrying heavier loads.
PAR  For example, a tire of BR 60-13 size with Load Range B is designed for
      loads of about 890 lbs. (405 kg.) at 20 psi (1.3 Atm.) inflation pressure
      to a maximum of 1,150 lbs. (520 kg.) at 32 psi (2.1 Atm.).
PAR  In such a tire of the construction described above, a conventional liner 19
      is used, of a thickness of about 0.08 in. (2 mm.), consisting primarily of
      diffusion resistant olefin polymer rubber, such as a blend of about 50
      parts by weight of chlorinated butyl rubber, and 56 parts of reclaimed
      butyl rubber of about 50 percent rubber content with 22 parts of other
      hydrocarbon polymer rubbers, together with 50 parts of thermal carbon
      black, 16 parts of softening oil, 2 parts of tackifying resin, 0.5 parts
      of fatty acid, 5 parts of zinc oxide, 0.25 parts sulfur (either as free
      sulfur or the sulfur content of a sulfur donor), and vulcanization
      accelerators which will bring about vulcanization under the conditions
      stated below. This liner composition adheres firmly to the usual cord ply
      coating compositions, both during the tire building operation and after
      vulcanization.
PAR  The cellular rubber 20 is built into the tire to be the innermost layer, as
      a sheet of unvulcanized material of initially about the same thickness as
      the impervious liner. Thus, with a liner of the thickness stated above,
      the sheet of material which is to be expanded to become cellular rubber
      may have an original thickness, before expansion, either less or greater
      than the liner thickness, but preferably slightly greater, in the range of
      0.10 to 0.12 in. (2.5 to 3 mm.) for satisfactory performance after loss of
      inflation air. The cellular rubber composition is made from generally the
      same constituents as the liner 19 with modifications to facilitate
      expansion to a well-vulcanized product of several times its original
      volume. Specifically, 32 parts by weight of polyisoprene, 42 parts of
      chlorinated butyl rubber, and 52 parts of reclaimed butyl rubber of about
      50 percent rubber content are mixed, together with about 50 to 80 parts of
      mineral filler (depending on density), 17 parts of general purpose furnace
      black, 15 parts of softener oil, 2 parts of fatty acid, 5 parts of zinc
      oxide, 2 parts of tackifying resin, 0.22 parts sulfur (as free sulfur or
      in a sulfur donor), with vulcanization accelerators which will bring about
      vulcanization under the conditions stated below, and 6 parts of
      azobisformamide masterbatched with 2 parts of rubber.
PAR  The azobisformamide is a commercially available blowing agent which
      decomposes, releasing nitrogen gas, at temperatures in the range from
      about 320.degree. to 390.degree.F. (160.degree. to 200.degree.C.).
PAR  In the process of manufacturing the tire, the sheet of cellular rubber
      composition 20 (in its unexpanded condition) about 0.10 in. (2.5 mm.)
      thick, and of a width sufficient to extend completely across the inner
      surface of the tire to positions near the toe of the bead on either side,
      is placed centrally on the tire building drum and its ends are joined. The
      liner 19, in a wider width which will cover the entire inner surface of
      the tire from at least the heel of one bead to the heel of the other bead,
      is then placed over the cellular rubber layer 20, followed by the radial
      cord plies 10 and 11 and the usual bead subassembly including a wire
      grommet 12 on either side, with the margins of the cord plies wrapped
      around the beads in the usual way. From this stage on, the tire can be
      completed by any conventional procedure, depending on the choice of belt
      cord angles and on equipment available. For example, the one-stage process
      may be used in which the belt plies 13,14 are successively placed over the
      radial cord body, followed by abrasion-resistant rubber in thicknesses
      proper for forming the outer surfaces, including the tread 15, shoulders
      16, scuffing rib 17, sidewall cover and rim cushion 18, with expansion of
      the green tire to the toroidal shape being effected in the vulcanizing
      press. Alternatively, the two-stage process may be used in which the belt
      plies 13,14 are separately assembled (either with or without the sidewall
      and tread rubber), and the radial cord body is expanded into the belt as a
      separate operation (immediately followed by application of sidewall and
      tread if not already present) before introduction in the vulcanizing
      press.
PAR  The compositions described above are designed for vulcanization in a press
      in which an internal bladder containing steam and/or hot water under
      pressure at about 338.degree. to 405.degree.F. (170.degree. to
      208.degree.C.) forces the tire against a mold heated to about
      338.degree.F. (170.degree.C.) for about 25 to 15 minutes. At conclusion of
      the vulcanization, the pressure is released by venting the steam or hot
      water from the bladder, whereupon the cellular rubber immediately expands
      to several times its original volume, by the formation therein of a
      multiplicity of gas-containing closed cells, and the completed tire is
      removed from the mold.
PAR  A low coefficient of friction is essential on the actual exposed inside
      surface of the tire so that the relative motion between the inside of the
      shoulder portion of the tire and the facing part of the bead area of the
      tire when run in its deflated collapsed condition will not create
      destructive forces resulting in tearing or chafing or heating of the
      surfaces. Such a low coefficient of friction may be provided after
      vulcanization has been completed by covering the exposed surface of the
      cellular rubber with a very thin film 21 of slippery material of low
      molecular weight.
PAR  It is preferred to give the tire an internal coating which may extend over
      the entire exposed surface of the cellular rubber but need only be in the
      crown of a solid, fluent polyethylene of melting point about 170.degree.F.
      (77.degree.C.), and weight average molecular weight about 1000 to 3000 and
      preferably about 2000. This material has the consistency of a stiff grease
      which will not liquify and flow to the bottom of the tire when warm, nor
      crack and peel when cold, but will flex with the tire under normal
      operating conditions. This can be brushed or spread on in a molten
      condition in a quantity to supply a uniform film thickness of not over
      about 0.02 in. (0.5 mm.) produced by a total weight of about 7 oz. (200
      g.).
PAR  The wheel can be any of those which are normally used in the art. As a
      particular example, FIG. 3 shows a tire in a deflated condition mounted on
      a wheel having a rim with a "hump" type bead seat. The rim has side
      flanges 26. Side flanges 26 each slope radially downward to a bead seat
      24. Each bead seat declines at an angle of approximately 5.degree.
      relative to the axis of the wheel until it terminates at a safety hump 27
      which is a small cylindrical surface interposed between the bead seat and
      the center well portion 25 of the rim.
PAR  In order to carry out the invention, the bead seats 24 and inside surfaces
      of flanges 26 are thoroughly cleaned and the tire is then mounted on the
      rim. Before the tire is inflated, the bead portions of the tire are pushed
      away from the flanges and an adhesive 28 is applied to each bead seat. The
      bead portions of the tire are then properly seated on the bead seats 24
      and in engagement with the flanges 26 whereupon the tire is inflated.
      After the adhesive has cured, the tire is then ready to be mounted on the
      automobile.
PAR  In operation, the cellular layer 20 in the tire performs a dual function.
      In case of puncture by an object extending through the layer, the gas
      entrapped in the closed cells cause those cells adjacent the object to
      expand into the region vacated by the object as it is withdrawn sealing
      the resulting opening and preventing loss of the inflation air from the
      tire. However, if the tire goes flat because the puncture is not
      completely sealed, or for any other reason, the inflation air is lost from
      the tire, operation of the assembly on a vehicle can continue with the
      tire running in flat condition. Under this condition, the layer 20 and
      lubricant 21 prevent injury to the assembly while the retention of the
      tire on the rim is assured by the adhesive 28.
PAR  In a preferred embodiment of the invention, the adhesive is an epoxy
      sealant formulation made by mixing about 100 parts by weight of diglycidyl
      ether of p,p'-isopropylidene bisphenol (sold by the Shell Chemical Corp.
      under the trade name Epon 828) with approximately 10 parts per weight of
      triethylenetetraamine (TETA) per 100 parts by weight of Epon 828. This
      composition should be mixed immediately before it is applied to the bead
      seats and its cure rate is such that the tire should be ready to mount on
      the rim within an hour of its application. The cure rate can be varied
      according to how much TETA is used. Five parts by weight of TETA to 100
      parts by weight of Epon 828 results in a much slower curing time while a
      ratio of 15 parts by weight of TETA to 100 parts by weight of Epon 828 is
      much quicker to dry.
PAR  In addition to the epoxy formulation described above, Epon 828 can be used
      with dibromo polybutadiene, which is sold generally under the name of
      Polysar RTV Rubber by the Polysar Corporation. Alternatively, Epon 828 can
      be used with a liquid polysulfide polymer of 4000 average molecular weight
      having a viscosity of 400 poise at 25.degree.C., which is sold as Thiokol
      LP2 by the Thiokol Chemical Corp.
PAR  Although certain specific epoxy formulations have been given by way of
      example, the invention is not limited to use of any particular
      formulation, other than by the requirement that the formulation have good
      affinity for rubber and metal and not deteriorate in the presence of
      water. Also, while it is preferable that the tire of the invention have a
      cushion layer on the interior of the air impervious liner, the invention
      in its broadest aspects encompasses an assembly in which the tire does not
      have such a layer. Moreover, it is not essential that the rim have a
      circumferential rib or hump axially inward of each bead seat. These and
      other adaptations and modifications of the assembly, which will be readily
      apparent to those skilled in the art, are all encompassed within the ambit
      of the invention, the scope of which is defined in the attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination comprising:
PA1  a. a wheel having a tire-mounting rim with axially spaced bead seats;
PA1  b. a pneumatic tire mounted on the rim having
PA2  1. a carcass reinforced with radially extending cords, the carcass having
PA3  i. two axially spaced bead portions in which the carcass terminates
PA3  ii. two axially spaced sidewall portions, one adjacent to each bead
      portion, and
PA3  iii. a crown portion intermediate the sidewall portions,
PA2  2. a circumferentially extending restrictive belt radially outwardly of
      said carcass at the crown portion,
PA2  3. a tread radially outwardly of said belt, and
PA2  4. a layer of closed cell cellular elastomeric material
PA2  5. a layer of substance on the radially inner side of said cellular
      elastomeric material said layer of substance having a coefficient of
      friction sufficient to prevent tearing, chafing or heating of the internal
      sidewall and bead portions of the tire when run in a completely deflated
      condition, in which the tire is flattened against the rim and portions of
      the internal surface of each sidewall are folded axially outwardly into
      contact under the weight resting on the tire and both said layers covering
      the entire inner surface of the bead portions, sidewall portions and crown
      portion;
PA1  c. an adhesive cementing the bead portions of said tire to the bead seats
      of said rim to prevent separation of the beads and rim when the tire is
      run in the completely deflated condition.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein the layer of closed cell,
      cellular elastomeric material is such that the tire is self sealing.
NUM  3.
PAR  3. The combination as defined in claim 1 wherein said layer of substance is
      polyethylene.
NUM  4.
PAR  4. A combination as defined in claim 1 wherein said adhesive is an epoxy
      formulation which comprises diglycidyl ether of p,p'isopropylidene
      bisphenol and a material selected from the group consisting of
      triethylene-tetraamine, dibromo-polybutadiene and a liquid polysulfide
      polymer of 4000 average molecular weight.
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PAL  A vulcanizable rubber mixture for tire treads containing a rubber,
      preferably vulcanizable with sulfur, silica filler, plasticizer oil, a
      sulfur containing organosilane, sulfur and an accelerator comprising one
      or two polybutadiene rubbers in an amount of 20 to 100 weight % of the
      total elastomer, one or two rubbers other than a polybutadiene of the
      group consisting of synthetic rubber and natural rubber in an amount of 80
      to 0 weight % of the total elastomer, plasticizer oil in an amount of 40
      to 100 parts by weight per 100 parts by weight of rubber, at least one
      bis-[alkoxysilylalkyl]-oligosulfide in an amount of 0.1 to 25 parts by
      weight per 100 parts by weight of rubber, sulfur and/or sulfur donors in
      an amount of about 0.2 to 8 parts by weight per 100 parts by weight of
      rubber, and at least one vulcanization accelerator in an amount of about
      0.1 to 8 parts by weight per 100 parts by weight of rubber, as well as in
      a given case other customary ingredients in the usual amounts employed in
      the tire industry, e.g., anti-agers, dyes, pigments, adhesive additives,
      activators and waxes. The preferred vulcanization accelerators are sulfur
      containing triazines disclosed in Westlinning U.S. Pat. No. 3,801,537.
FNT  *at least one active silica filler in certain amounts
PARN
PAR  This application is a continuation-in-part of our application Ser. No.
      514,318, filed Oct. 11, 1974 and now abandoned.
BSUM
PAR  The present invention is directed to special vulcanizable rubber mixtures
      used in the production of tire treads which are designed for vehicle tires
      with marked skid resistance on wet, snow covered, and, especially, icy
      streets.
PAR  Most automobile tires used at the present time for the prevention of skids
      and slipping by vehicles on streets covered with ice or dangerously packed
      snow are winter tires having hard steel studs, the so-called studded
      tires.
PAR  The use of the studded tires, especially the large number of motor vehicles
      provided with studded tires has substantial disadvantages. There arise
      large and widely broadened street surface damage by formation of flanged
      grooves with new dangers, as for example, the known aquaplaning. Besides
      the studded tires have industrial travel disadvantages. They cause
      increased braking distance and have an unfavorable curve stability. Also,
      the prescribed speed limits for vehicles for the reduction of road surface
      damage, which vehicles are equipped with studded tires either do not
      eliminate the exhibited disadvantages or do not reduce them substantially.
      The use of studded tires in the warmer times of the year besides is not
      only useless, but also brings with it dangers for the vehicle and
      passenger and causes the depicted road surface injury.
PAR  There have been numerous attempts for the improvement of the adhesion of
      tires to wet streets, to ice and packed snow and to increase the abrasion
      coefficient of the tire tread surface. It is close to the problem to
      loosen ice by producing a mechanical effect on ice. Thus for example
      coarse foreign particles are worked into the tread surface mixture. For
      example, there are used small stones, cement particles, walnut shells,
      hard rubber, steel chips or steel wool, etc. These precautions, however,
      use only a little or not at all or even lead partially to a deterioration
      of, the tire tread properties.
PAR  Also, there has been tried increasing the adhesion of tires to icy streets
      through the composition of the mixture of the tread, however, there cannot
      be produced decisive or desired improvement, the rut safety of the studded
      tires on icy streets until now either could not be attained or nearly
      attained. Furthermore, there also remained the important problem of
      solving how to prepare a vehicle tire which is rut safe in winter time as
      well as in transition times, especially on ice and snow covered streets.
PAR  Also, it is known to prepare a tire tread from a vulcanizable rubber
      mixture consisting of a rubber, a finely divided reinforcing silica
      pigment and a coupling agent (German Offenlegungsschrift No. 2,062,883)
      and the similar Hess U.S. Pat. No. 3,768,537. In Hess and the
      Offenlegungsschrift, the general formula exceedingly numerous coupling
      agents are listed, but only a few individual coupling agents are named
      which are silanes containing sulfur in the molecule. The
      mercaptopropyltrimethoxysilane and the corresponding triethoxy silanes
      tested in the examples of the Offenlegungsschrift and Hess are apparently
      the only silanes tried in practice. The rubber mixtures serving for the
      production of the treads besides the coupling agent and the silica pigment
      have no specific constituents and ratios. As advantageous properties of
      the disclosed tread mixtures in contrast to the known state of the art
      there were mentioned shortened cure time and improvements in regard to
      viscosity, the modulus values, compression set and particularly hysteresis
      or the heat build up, and tear strength.
PAR  Surprisingly, there has now been discovered a tire tread mixture and a tire
      tread produced therefrom or a tire provided with such a tire tread surface
      which has a skid safety equal to that of a studded tire having at the same
      time customary steel stud projections of 1.2 mm and which even exceeds the
      studded tire in several properties.
PAR  The new vulcanizable rubber mixture for tire treads contains a rubber,
      preferably vulcanizable with sulfur, silica filler, plasticizer oil, a
      sulfur containing organosilane, sulfur and an accelerator comprises one or
      two polybutadiene rubbers in an amount of 20 to 100 weight % of the total
      elastomer, one or two rubbers other than a polybutadiene of the group
      consisting of synthetic rubber and natural rubber in an amount of 80 to 0
      weight % of the total elastomer, at least one active silica filler in
      certain amounts plasticizer oil in an amount of 40 to 100 parts by weight
      per 100 parts by weight of rubber at least one
      bis-[alkoxysilylalkyl]-oligo-sulfide in an amount of 0.1 to 25 parts by
      weight per 100 parts by weight of rubber, sulfur and/or sulfur donors in
      an amount of about 0.2 to 8 parts by weight per 100 parts by weight of
      rubber, and at least one vulcanization accelerator in an amount of about
      0.1 to 8 parts by weight per 100 parts by weight or rubber, as well as in
      a given case other customary ingredients in the usual amounts employed in
      the tire industry, e.g., anti-agers, dyes, pigments, adhesive additives,
      activators and waxes. In a given case the mixture can contain reinforcing
      black in an amount of 0.1 to 50 parts by weight per 100 parts by weight of
      rubber.
PAR  The rubber mixture of the invention contrary to all expectations, has,
      surprisingly, in spite of the extraordinarily high amount of filler such a
      low viscosity that it is easily worked and especially is extrudable and
      therefore because of its properties can be used in the customary
      industrial machinery employed today in tire factories. It is just as
      surprising that the mixture in spite of the very high proportion of filler
      and additionally high amount of plasticizer oil can be so vulcanized with
      success that the vulcanizate has the necessary properties in regard to
      tear resistance, tearing strength and the like without the need for carbon
      black being present, and the treads or tires produced from the new mixture
      in spite of the unusual composition of the mixture display an excellent
      and unexpected favorable behavior on wet, ice-covered and/or snow smooth
      streets.
PAR  These outstanding properties can only be produced by the use of
      oligosulfidic silanes. Essential constituents of the rubber mixture are
      silanes of the general formula:
EQU  I  Z--alk--S.sub.n --alk--Z  in which:
PAL  Z is:
      ##EQU1##
      and in which R.sub.1 is an alkyl group of 1 to 4 carbon atoms, a
      cycloalkyl group with 5 to 8 carbon atoms or phenyl and R.sub.2 is an
      alkoxy group with 1 to 8, preferably 1 to 4, carbon atoms, a cycloalkoxy
      group with 5 to 8 carbon atoms. All the R.sub.1 and R.sub.2 groups can be
      the same or different. Alk is a div alent hydrocarbon group with 1 to 8
      carbon atoms. It can be a straight or branched chain. Preferably alk has 2
      to 4 carbon atoms and n is a number of 2 to 6, preferably 2 to 4. Alk can
      also be an unsaturated or cyclic hydrocarbon group.
PAR  The bis-[alkoxysilylalkyl]-oligosulfides can be made according to Belgian
      Pat. No. 787,691 and corresponding Meyer-Simon U.S. application 277,043,
      filed Aug. 1, 1972, now U.S. Pat. No. 3,842,111. The entire disclosures of
      the Belgian patent and the Meyer-Simon U.S. application are hereby
      incorporated by reference and relied upon as is the disclosure of Thurn
      U.S. application 415,176 filed Nov. 12, 1973 now U.S. Pat. No. 3,873,489
      and which is a continuation-in-part of said Meyer-Simon application.
      German Offenlegungsschrift P 2255577 has a disclosure similar to Thurn.
PAR  Examples of such oligosulfide compounds useful in the invention include
      3,3'-bis(trimethoxysilylpropyl)disulfide,
      3,3'-bis(triethoxysilylpropyl)tetrasulfide,
      3,3'-bis(trimethoxy-silylpropyl) tetrasulfide,
      2,2'-bis(triethoxysilylethyl) tetrasulfide,
      3,3'-bis(trimethoxysilylpropyl)trisulfide, 3,3'-bis(tributoxysilylpropyl)
      disulfide, 3,3'-bis(trimethoxy-silylpropyl)hexasulfide,
      3,3'-bis(trioctoxysilylpropyl) tetrasulfide,
      3,3'-bis(trihexoxysilylpropyl) disulfide,
      3,3'-bis(tri-2"-ethylhexoxysilylpropyl)trisulfide,
      3,3'-bis(triisooctoxy-silylpropyl)tetrasulfide,
      3,3'-bis(tri-t-butoxysilylpropyl) disulfide, 2,2'-bis(methoxy diethoxy
      silyl ethyl)tetrasulfide, 2,2'-bis(tripropoxysilylethyl)pentasulfide,
      3,3'-bis(tricyclo-hexoxysilylpropyl)tetrasulfide,
      3,3'-bis(tricyclopentoxysilylpropyl)trisulfide,
      2,2'-bis(tri-2"-methylcyclohexoxysilylethyl)-tetrasulfide,
      bis(trimethoxysilylmethyl)tetrasulfide, 3-methoxy ethoxy propoxy silyl,
      3'-diethoxybutoxysilylpropyl-tetrasulfide,
      2,2'-bis(dimethylmethoxysilylethyl)disulfide, 2,2'-bis(dimethyl sec.
      butoxy-silylethyl)trisulfide, 3,3'-bis(methyl butylethoxysilylpropyl)
      tetrasulfide, 3,3'-bis(di-t-butylmethoxysilylpropyl)tetrasulfide,
      2,2'-bis(phenyl methyl methoxysilyethyl)trisulfide, 3,3'-bis(diphenyl
      isopropoxysilylpropyl)tetrasulfide, 3,3'-bis(diphenyl
      cyclohex-oxysilylpropyl)disulfide,
      3,3'-bis-(diethoxymethylsilyl-propyl)tetrasulfide, 2,2'-bis(methyl
      dimethoxysilylethyl) trisulfide, 2,2'-bis(methyl
      ethoxypropoxysilylethyl)tetra-sulfide, 3,3'-bis(diethyl
      methoxysilylpropyl)tetrasulfide, 3,3'-bis(ethyl di-sec.
      butoxysilylpropyl)disulfide, 3,3'-bis(propyl
      diethoxysilylpropyl)disulfide, 3,3'-bis(butyl dimethoxysilylpropyl)
      trisulfide, 3,3'-bis(phenyl dimethoxy-silylpropyl)tetrasulfide, 3-phenyl
      ethoxybutoxysilyl 3'-trimethoxysilylpropyl tetrasulfide,
      4,4'-bis(trimethoxysilylbutyl) tetrasulfide,
      6,6'-bis(triethoxysilylhexyl)tetrasulfide,
      3,3'-bis-(diethoxyphenylsilyl-propyl)tetrasulfide,
      4,4'-bis(trimethoxysilyl-buten-2-yl)tetrasulfide,
      4,4'-bis(trimethoxy-silylcyclohexylene)tetrasulfide,
      5,5'-bis(dimethoxymethyl-silylpentyl)trisulfide,
      3,3'-bis(trimethoxysilyl-2-methyl propyl)tetrasulfide,
      3,3'-bis(dimethoxyphenylsilyl-2-methylpropyl) disulfide.
PAR  In regard to their sulfur contents the silanes which can be used can
      deviate from the stoichiometrically calculated content so that n in
      general formula I can be fractional or whole numbers, for example or
      preferably between 2.8 and 4.2.
PAR  The polymer component which must be present in the new rubber mixture is a
      polybutadiene rubber (BR), or a mixture of two polybutadienes. In most
      cases, it is necessary to add one or two additional types of rubbers as
      components of the mixture. For this purpose rubbers with the lowest
      possible glass point are especially well suited. In this sense, there are
      preferably mentioned natural rubber (NR), synthetic rubbers on the basis
      of isoprene (IR) (i.e., polyisoprene such as cis-polyisoprene) and
      trans-polypentenamer). Furthermore, there are suited rubbers from
      butadiene and styrene (SBR), especially copolymerizates of so-called
      "Low-Mooney" quality, which are SBRtypes with low Mooney-viscosities (See
      DIN German Industry Standard 53523, ASTM d 1646-62 or BS British Standard
      1673:3:1951) which are obtainable in commerce and are characterized as
      such, nitrile rubber (butadiene-acrylonitrile copolymer), butyl rubber,
      halogenated butyl rubber such as chlorinated butyl rubber or brominated
      butyl rubber, ethylene-propylene-non-conjugated diene or polyene
      terpolymers, e.g., ethylene-propylene-cyclooctadiene terpolymer,
      ethylene-propylene-norbornadiene terpolymer,
      ethylene-propylene-dicyclopentadiene terpolymer and
      ethylene-propylene-cyclododecatriene terpolymer and the like synthetic
      rubbers which advantageously are vulcanizable with sulfur. Of the BR-type
      rubbers there are added especially those of middle molecular weight,
      preferred are those with a high cis-1,4-content, e.g. 30 to 99% cis.
PAR  Preferably, there are included two types of rubbers in the new rubber
      mixtures, for example, BR and SBR or BR and NR, or BR and IR. The amount
      of BR is 20 to 100 weight percent, especially 30 to 90, preferably 50 to
      85 weight percent of the elastomer component in the rubber mixture; the
      remaining elastomer component in the amount of 80 to 0 weight percent can
      be another type of rubber, either a synthetic rubber other than BR or it
      can be natural rubber.
PAR  The selection of active fillers and their amount is of especial importance.
      Foremost of the fillers are the silicas known to be used in the rubber
      processing industry, preferably an active or reinforcing silica, in highly
      dispersed form, which for the greatest part or essentially consist of
      silicon dioxide. Especially useful are precipitated silicas of high purity
      and activity with BET-surface areas between 50 and 300 m.sup.2 /g and
      average primary particle sizes over about 10 millimicrons. Additional
      silica fillers which can be used are the known pyrogenically produced
      silicates. Mixtures of silica-fillers can also be employed with advantage.
      In case the silica filler is the only type of filler present in the
      mixture, must be added in an amount of more than 40 parts by weight
      preferably more than 80 parts per 100 parts by weight of rubber in order
      to guarantee the desired good wet skid resistance of the finished tire in
      spite of the high proportion of polybutadiene in the mixture. The amounts
      of silica filler in the mixture are preferably larger than the amounts of
      carbon black customary until now in tire treads whereby in and of itself
      the processing of the rubber mixture for example in regard to the
      viscosity no longer would be possible and also the industrial value levels
      of the vulcanizate (tensile strength, tear resistance, etc.) would not be
      attained if a bis(alkoxysilylalkyl)oligo-sulfide were not present in the
      rubber mixture. The upper limit of the silica component can vary according
      to the desired properties of the mixture and vulcanizate, they can be
      fixed by one skilled in the art. Suitably the amount of filler can be in
      the range between 40 and 200 parts, preferably between 80 and 130 parts by
      weight, still more preferably between above 90 and 120 parts by weight per
      100 parts by weight of rubber.
PAR  It has been found suitable in many cases to previously mix well the
      oligosulfidic silane with a portion of the activated silica, for example,
      in equal parts by weight and then to add this silane-silica to the
      remaining constituents of the rubber mixture. The silica and silane can be
      admixed in the manner disclosed in the aforementioned Thurn application
      415,176. The oligosulfidic silane can also be admixed with the rubber and
      the plasticizer oil.
PAR  It can be especially advantageous if activators are added to the rubber
      mixture. Among such are basic activators or also materials designated as
      fillers-activators, for example diphenyl guanidine, hexamethylene
      tetramine, o-tolyl guanidine, triethanolamine, cyclohexyl amine,
      diethylene glycol and other appropriate known guanidines, amines or
      polyvalent alcohols. The amounts of these basic activators to be used
      depending on the amount of filler are chosen to be between 0.2 and 8 parts
      by weight per 100 parts of the white filler.
PAR  In a desired case, for example, for the purpose of coloring there can also
      be added carbon black into the rubber mixture of the invention. It is
      generally worked into the mixture in amounts between about 0.1 and 50
      parts by weight per 100 parts by weight of rubber, in a given case in even
      smaller amounts. There can be used any of the types of carbon black,
      especially those customarily employed in the rubber industry for treads.
      For example, there may be mentioned HAF-blacks and especially ISAF
      blacks.*
FNT  *In case a carbon black is present in the mixture, the quantities of the
      silica filler mentioned above may be lowered to 20 parts by weight per 100
      parts by weight of rubber.
PAR  The plasticizer oil is an important component of the new rubber mixture, as
      is also the proportion of plasticizer oil in the mixture. The amount
      should be in the range of about 40 to about 100 parts by weight per 100
      parts by weight of rubber, preferably between 50 and 80 parts by weight
      per 100 parts of rubber. Preferably, plasticizer oils, which is also
      designated as process oils, added are of the naphthenic oil type.
      Especially advantageous are plasticizer oils having a setting point
      between 0.degree. and -60.degree.C., preferably between -10.degree. and
      -55.degree.C. There can also be added plasticizer oils of highly aromatic
      nature, in a given case also those which are of aromatic nature. There can
      also be added with advantage mixtures of different plasticizer oils. The
      plasticizer oils of processing oils are as a rule petroleum fractions,
      which in a given case can be still further modified chemically. Such oils
      are hydrocarbon in nature.
PAR  The bis-(alkoxysilylalkyl)oligosulfide is generally worked into the rubber
      mixture in amounts of 0.1 to 25 parts by weight, preferably in amounts of
      0.1 to 15 parts by weight, per 100 parts by weight or rubber.
PAR  As adhesive additives there are understood known materials or mixtures
      which during the vulcanization cause a good binding of the rubber mixture
      to the materials used in the tire production such as metals or textiles,
      e.g., polyesters, such as polyethylene terephthalate, as well as, for
      example, steel cords, textile fiber cords, glass cords, bead cords and the
      like which are added in customary amounts.
PAR  The new rubber mixtures preferably contain sulfur for vulcanization, in a
      given case sulfur donors as well as the known
      N,N'-dithiobis-hexahydro-2H-azepinone-(2) and 2-benz-thiozyldithio
      N-morpholide, both together calculated in customary amounts of about 0.2
      to about 5 parts by weight per 100 parts by weight or rubber, as well as
      at least one vulcanization accelerator, likewise in the customary amounts
      of about 0.1 to 8 parts by weight per 100 parts by weight of rubber. For
      special purposes the vulcanization can also be carried out with peroxides,
      for example, dicumyl peroxide.
PAR  There are special advantages according to the invention if there are added
      as accelerators in the sulfur vulcanization sulfur containing triazines
      which are described in German patent application P 1669954 (corresponding
      to French Pat. No. 1,564,112 or British Pat. No. 1,201,862) or Westlinning
      U.S. Pat. No. 3,801,537. The entire disclosure of the Westlinning U.S.
      patent is hereby incorporated by reference and relied upon. An example is
      bis-(2-ethylamino-4-diethylamino-triazinyl-6)-disulfide, in a given case
      in combination with other known accelerators, as for example, diphenyl
      guanidine.
PAR  Thus the triazine group containing accelerators have the formula:
      ##EQU2##
      wherein R.sup.1 and R.sup.3 are each selected from the group consisting of
      hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl and substituted
      alkyl, alkenyl, cycloalkyl, phenyl and, aralkyl wherein the substituents
      are selected from the group consisting of --OH, --OR and --CN, R being
      alkyl with up to 18 carbon atoms, R.sup.2 and R.sup.4 are each selected
      from the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl, phenyl,
      aralkyl and substituted alkyl, alkenyl, cycloalkyl, phenyl and aralkyl
      wherein the substituents are selected from the group consisting of --OH,
      --OR and --CN, R being alkyl with up to 18 carbon atoms, X is selected
      from the group consisting of hydrogen,
      ##EQU3##
      R.sup.6 being selected from the group consisting of hydrogen, alkyl,
      aralkyl and cycloalkyl and R.sup.7 being selected from the group
      consisting of alkyl, aralkyl and cycloalkyl and wherein R.sup.6 and
      R.sup.7 together may also form a cycloaliphatic ring having from 5 to 7
      carbon atoms in the ring and from 5 to 10 carbon atoms, including lower
      alkyl, attached to the ring or wherein R.sup.6 and R.sup.7 may be linked
      by a member of the group consisting of --O--, --S-- and
      ##EQU4##
      and wherein the number of carbon atoms in R.sup.1, R.sup.2, R.sup.3,
      R.sup.4, R.sup.6, and R.sup.7 is as follows:
     alkyl          up to 18 carbon atoms                                      
     alkenyl        up to 6 carbon atoms                                       
     cycloalkyl     from 5 to 7 carbon atoms                                   
     aralkyl        from 7 to 9 carbon atoms                                   
PAL  Thus there can be used 2-ethylamino-4-diethylamino-6-mercapto triazine and
      other mono mercapto triazines of formula II where X is hydrogen such as
      those in the following Table 1.
PAR  Also there can be used bis triazines containing disulfide linkages such as
      bis-(2-diethylamino-4-anilido) triazine,
      2,4-bis-ethylamino-6-n-butyldithio-triazine,
      2,4-bis-diethylamino-6-benzyl-dithio-triazine,
      2,4-bis-diethyl-amino-6-(benzothiazol-2-yl-dithio)-triazine and other
      ditriazines of formula III such as those in Table 2.
PAR  Other suitable triazines include
      2,4-bis-diethylamino-6-cyclohexyl-sulfenamido-triazine and similar
      triazines of formula IV as set forth in Table 3.
PAR  There can be employed any of the triazines set forth in Westlinning U.S.
      Pat. No. 3,801,537, column 7, line 46 to column 8, line 50.
TBL                TABLE 1                                                     
     ______________________________________                                    
     R.sub.1 R.sub.2   R.sub.3   R.sub.4                                       
     ______________________________________                                    
     H       CH.sub.3  H         C.sub.3 H.sub.7 -i                            
     H       C.sub.2 H.sub.5                                                   
                       H         C.sub.3 H.sub.7 -i                            
     H       C.sub.2 H.sub.5                                                   
                       C.sub.2 H.sub.5                                         
                                 C.sub.2 H.sub.5                               
     H       C.sub.3 H.sub.5                                                   
                       H         C.sub.3 H.sub.5                               
     H       C.sub.3 H.sub.7 -i                                                
                       H         CH.sub.2 CH.sub.2 OH                          
     H       C.sub.6 H.sub.5                                                   
                       H         C.sub.6 H.sub.5                               
     CH.sub.3                                                                  
             C.sub.6 H.sub.5                                                   
                       CH.sub.3  C.sub.6 H.sub.5                               
     C.sub.2 H.sub.5                                                           
             C.sub.2 H.sub.5                                                   
                       C.sub.2 H.sub.5                                         
                                 C.sub.2 H.sub.5                               
     H       CH.sub.2 CH.sub.2 OH                                              
                       H         CH.sub.2 CH.sub.2 OH                          
     CH.sub.2 CH.sub.2 OH                                                      
             CH.sub.2 CH.sub.2 OH                                              
                       CH.sub.2 CH.sub.2 OH                                    
                                 CH.sub.2 CH.sub.2 OH                          
     H       C.sub.6 H.sub.5                                                   
                       C.sub.2 H.sub.5                                         
                                 C.sub.2 H.sub.5                               
     H       C.sub.18 H.sub.37                                                 
                       H         C.sub.18 H.sub.39                             
     H       C.sub.2 H.sub.5                                                   
                       H         C.sub.4 H.sub.9                               
     CH.sub.3                                                                  
             CH.sub.3  H         C.sub.2 H.sub.5                               
     H       C.sub.4 H.sub.9 -n                                                
                       H         C.sub.4 H.sub.9 -n                            
     C.sub. 2 H.sub.5                                                          
             C.sub.2 H.sub.5                                                   
                       H         C.sub.4 H.sub.9 -i                            
     H       C.sub.3 H.sub.5                                                   
                       H         C.sub.4 H.sub.9 -n                            
     C.sub.6 H.sub.11                                                          
             C.sub.6 H.sub.11                                                  
                       H         C.sub.2 H.sub.5                               
     H       CH.sub.3  H         CH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3          
     C.sub.3 H.sub.5                                                           
             C.sub.2 H.sub.5                                                   
                       H         CH.sub.2 CH=CH.sub.2                          
     H       C.sub.2 H.sub.5                                                   
                       H         CH.sub.2 C.sub.6 H.sub.5                      
     H       C.sub.2 H.sub.5                                                   
                       H         CH.sub.2 CN                                   
     H       CH.sub.2 CH.sub.2 CN                                              
                       H         CH.sub.2 CH.sub.2 CN                          
     C.sub.2 H.sub.5                                                           
             C.sub.2 H.sub.5                                                   
                       H         (CH.sub.2).sub.2 OCH.sub.3                    
     C.sub.3 H.sub.7                                                           
             C.sub.3 H.sub.7                                                   
                       H         (CH.sub.2).sub.2 OCH.sub.3                    
     H       C.sub.6 H.sub.11                                                  
                       H         C.sub.6 H.sub.11                              
     H       C.sub.6 H.sub.11                                                  
                       H         H                                             
     H       C.sub.6 H.sub.11                                                  
                       C.sub.6 H.sub.11                                        
                                 C.sub.6 H.sub.11                              
     H       C.sub.2 H.sub.5                                                   
                       H                                                       
     ______________________________________                                    
PAC  Formula III:
      ##EQU5##
TBL                TABLE 2                                                     
     ______________________________________                                    
     R.sup.1    R.sup.2    R.sup.3    R.sup.4                                  
     ______________________________________                                    
     C.sub.4 H.sub.9 -n                                                        
                C.sub.4 H.sub.9 -n                                             
                           H          C.sub.2 H.sub.5                          
     C.sub.2 H.sub.5                                                           
                C.sub.2 H.sub.5                                                
                           H          C.sub.2 H.sub.5                          
     C.sub.2 H.sub.5                                                           
                C.sub.2 H.sub.5                                                
                           C.sub.2 H.sub.5                                     
                                      C.sub.2 H.sub.5                          
     C.sub.2 H.sub.5                                                           
                H          H          C.sub.4 H.sub.9 -i                       
     ______________________________________                                    
PAC  Formula IV:
      ##EQU6##
TBL                TABLE 3                                                     
     ______________________________________                                    
                 R.sup.6                                                       
                 N.angle.                                                      
                 R.sup.7                                                       
     I           N(C.sub.2 H.sub.5).sub.2                                      
     I           NH--C.sub.6 H.sub.11                                          
                 C.sub.6 H.sub.11                                              
                 N.angle.                                                      
                 C.sub.6 H.sub.11                                              
     I                                                                         
     I                                                                         
     II          NH--CH.sub.2 --C.sub.6 H.sub.5                                
     ______________________________________                                    
PAR  Preferably there are also used in the mixture of the invention an organic
      acid, as for example stearic acid, benzoic acid or salicylic acid, as well
      as in a given case zinc oxide or lead oxide in customary amounts. It is
      also advantageous to incorporate into the mixtures of the invention known
      assistants such as stabilizers against oxidative influences and fatigue
      inhibitors as well as anti-agers and/or ozone stabilizers in the customary
      amounts. In a given case there can be added to the mixture other known
      additives in the rubber processing industry such as pigments, dyes, other
      known filler-adhesive improvers, waxes, activators and the like in
      customary amounts.
PAR  The production of the rubber mixtures as well as the shaping, e.g., by
      injection and the vulcanization take place according to the customary
      procedures and with the help of known apparatuses which are customary in
      the rubber industry.
PAR  The invention also includes the mixing process. This process for the
      production of vulcanizable rubber mixtures for tire treads based on
      rubbers preferably cross-linkable with sulfur, silica-filler, plasticizer
      oil, sulfur containing organosilane, sulfur and accelerater is
      characterized in that there are mixed to homogeneous distribution one, or
      in a given case, two polybutadiene rubbers in an amount of 20 to 100
      weight percent of the elastomer component, one or two rubbers other than
      polybutadiene from the group consisting of synthetic rubbers and natural
      rubbers in an amount of 80 to 0 weight percent of the elastomer component
      in the rubber mixture, activated silicafiller in an amount of more than 80
      parts by weight per 100 parts by weight of rubber, plasticizer oil in an
      amount of 40 to 100 parts by weight per 100 parts by weight of rubber, at
      least one bis(alkoxy-silylalkyl)oligosulfide in an amount of 0.1 to 25
      parts by weight per 100 parts by weight of rubber, sulfur, as well as in a
      given case sulfur donors together in an amount of 0.2 to 8 parts by weight
      per 100 parts of rubber and at least one vulcanization accelerater in an
      amount of about 0.1 to 8 parts by weight per 100 parts by weight of rubber
      as well as in a given case additional additives in the tire industry in
      the customary amounts such as anti-agers, fatigue inhibitors, ozone
      stabilizers, antioxidants, dyes, pigments, adhesive additives, activators
      and waxes.
PAR  The mixing itself is advantageously carried out in a kneader according to
      the so-called "Upside-Down-Process." The subsequent processing of the
      rubber mixture suitably takes place by injection with help of known
      injection apparatus.
PAR  The subsequent shaping and vulcanization can be carried out in the range of
      between about 100.degree.C. and about 300.degree.C., preferably at
      130.degree.C. to 240.degree.C. For this purpose the usual vulcanization
      apparatus employed in the tire industry is employed.
PAR  Unless otherwise indicated, all parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  Two mixtures according to the invention had the following compositions.
TBL                      Mixture 1                                             
                                Mixture 2                                      
                         Parts  Parts                                          
     ______________________________________                                    
     Low-Mooney-styrene-butadiene-rubber                                       
                           30.0     30.0                                       
     (Mooney-viscosity 30)                                                     
     Polybutadiene-rubber with a                                               
      98 % cis-1,4 content 70.0     70.0                                       
     Precipitated active silica having a                                       
      specific surface area measured                                           
      according to BET of 130 m.sup.2 /g                                       
      and an average primary par-                                              
      ticle size of 28 millimicrons                                            
      (Ultrasil VN2 of Degussa)                                                
                           95.0     114.0                                      
     Bis-(3,3'-triethoxysilylpropyl)-                                          
      tetrasulfide         5.0      6.0                                        
     Zinc oxide            3.0      3.0                                        
     Stearic acid          1.0      1.0                                        
     Highly aromatic hydrocarbon                                               
      plasticizer oil (setting point)                                          
                           48.0     69.0                                       
      .+-. 0.degree.C)                                                         
     Anti-ager, N-isopropyl-N'-phenyl-                                         
      p-phenylenediamine   1.2      1.2                                        
     Anti-ager, phenyl-.beta.-naphthylamine                                    
                           1.2      1.2                                        
     Benzylthiazolyl-2-cyclohexyl-                                             
      sulfenamide          1.2      1.2                                        
     Diphenyl guanidine    3.15     2.8                                        
     Tetramethyl thiurame monosulfide                                          
                           --       0.1                                        
     Sulfur                2.0      2.0                                        
                           260.75   301.5                                      
     ______________________________________                                    
PAR  Both of these mixtures and their vulcanizates were compared with a
      conventional winter tire mixture "A" for a tread of a market tire of
      German production and with following black containing mixture "B" and
      their vulcanizates.
PAC  MIXTURE B
TBL                         Parts                                              
     ______________________________________                                    
     Oil-extended styrene-butadiene rubber                                     
                              96.5                                             
     cis-1,4-polybutadiene    30.0                                             
     ISAF-carbon black (Corax 6 of Degussa)                                    
                              75.0                                             
     Zinc oxide               4.0                                              
     Stearic Acid             1.2                                              
     Highly aromatic hydrocarbon plasticizer oil                               
                              15.0                                             
     Anti-ager, N-isopropyl-N'-phenyl-                                         
      p-phenylenediamine      1.5                                              
     Anti-ager, phenyl-.beta.-naphthylamine                                    
                              1.5                                              
     Benzythiazolyl-2-cyclohexyl-sulfenamide                                   
                              1.2                                              
     Sulfur                   1.6                                              
                              227.5                                            
     ______________________________________                                    
PAR  In the tests and the resulting test results the following abbreviations
      were used:
TBL  Abbreviation                                                              
              Designation         Measured In                                  
     ______________________________________                                    
     t.sub.5  Mooney-scorch time  Minutes                                      
     t.sub.35 Mooney-cure time    Minutes                                      
     ML4      Mooney plasticity at 100.degree.C.,                              
              standard rotor testing                                           
              time 4 minutes                                                   
     sp.grv.  Specific gravity    g/cm.sup.3                                   
     VZ       Vulcanization time  Minutes                                      
     VT       Vulcanization temperature                                        
                                  .degree.C.                                   
     AF       Tensile strength    kp/cm.sup.2                                  
     M300     Modulus 300%        kp/cm.sup.2                                  
     BD       Elongation at break %                                            
     bl.D.    Remaining elongation after                                       
              break               %                                            
     E        Rebound             %                                            
     SH       Shore A - Hardness  --                                           
     EF       Resistance to tear                                               
              propagation         kp/cm                                        
     A        Abrasion (also "DIN                                              
              abrasion")          mm.sup.3                                     
     .DELTA.T Temperature increase (see                                        
              Goodrich Flexometer)                                             
                                  .degree.C.                                   
     ______________________________________                                    
PAC  TESTING STANDARDS
PAR  The physical tests were carried out at room temperature according to the
      following standard specifications.
PAC  (DIN = German Industrial Standard)
TBL  Tensile strength, elongation at break                                     
      and stretching value on                                                  
      6 mm large rings        DIN 53504                                        
     Tear propagation resistance                                               
                              DIN 53507                                        
     Rebound                  DIN 53512                                        
     Shore A hardness         DIN 53505                                        
     Specific gravity         DIN 53550                                        
     Mooney Test              DIN 53524                                        
     Goodrich-Flexometer (Determination of the                                 
      heat build up, .DELTA.T)                                                 
                              ASTM D 623-62                                    
     Abrasion                 DIN 53516                                        
PAR  The vulcanizates were always produced in a steam heated multiple plate
      press at the stated vulcanization temperatures.
PAC  PROPERTIES OF THE UNVULCANIZED MIXTURES
TBL  Mixture    A        B        1      2                                     
     ______________________________________                                    
     t.sub.5 (130.degree.C)                                                    
                18.5     29.6     15.4   14.0                                  
     t.sub.35   22.2     33.3     20.1   17.4                                  
     ML4        60.0     64.0     60.0   67.0                                  
     Sp.grv.     1.16     1.15     1.21   1.23                                 
     ______________________________________                                    
PAC  PROPERTIES OF THE UNVULCANIZED MIXTURES
PAR  The vulcanization took place at 160.degree.C.
TBL  Mixture                                                                   
          A       B       1       2                                            
     VZ   20  40  20  40  20  40  20  40                                       
     __________________________________________________________________________
     ZF   160 166 169 169 162 151 121 113                                      
     M300 71  65  56  56  57  56  42  43                                       
     BD   555 620 658 690 653 615 715 677                                      
     bl.D.                                                                     
          --  --  24  23  35  28  50  40                                       
     E    29  29  28  27  35  35  24  25                                       
     SH   59  58  56  56  67  67  67  70                                       
     EF   21  19  13  14  30  27  28  27                                       
     A    66  --  86  --  74  --  111 --                                       
     __________________________________________________________________________
PAC  Goodrich-Flexometer-Tests
PAR  Vulcanization Temperature 160.degree.C. Vulcanization Time 40 Minutes.
TBL  Stroke             0.250                                                  
     Frequency          30 Hz                                                  
     Specific load      11 kg                                                  
     Measuring Temperature                                                     
                        Room temperature                                       
     Running Time       25 minutes                                             
TBL  Mixture                                                                   
            T in .degree.C                                                     
                      Static   Dynamic                                         
                                      Compression Set                          
                Compression in %                                               
                            in %                                               
     ______________________________________                                    
     A      136       14.6     36.0   25.8                                     
     B      149       16.1     36.2   27.3                                     
     C      79        15.4     32.0   25.9                                     
     D      87        19.4     37.5   34.2                                     
     ______________________________________                                    
PAR  From the four mixtures (1 and 2 according to the invention, A and B
      according to the state of the art) there were prepared treads and in turn
      tires prepared. These tires were then tested on a passenger car on the ice
      of an artificially iced road as well as on the wet track of a street
      provided with a rough asphalt coat and the results compared with each
      other. The tests took place with the same car. The tires tested all had
      the same pattern. They were first used on a circular road having an
      effective diameter of 20 meters (circular road test, 4 measuring rounds,
      travel time measured).
PAR  Secondly in the braking test carried out at a starting speed of 30
      kilometers per hour the distance to complete stopping was measured
      (braking retardation by braking distance measurement in meters).
PAR  Thirdly, the acceleration test took place by travelling a measured stretch
      of 22 meters from a standing start with the highest possible acceleration
      (time measured in seconds and the final speed measured after 25 meters).
      The artificial ice had a surface temperature of 0.degree. to
      -3.5.degree.C. The air temperature at 0.8 meters above the ice upper
      surface was +2 to +4.degree.C.
PAR  The testing of the tires on a wet roadway took place on a watered asphalt
      circular road. At an effective diameter of 67 meters there were travelled
      four measured rounds in each test. The travel time in seconds was measured
      with the help of a light barrier. In the braking tests on a wet roading
      travelling was at a starting speed of 50 kilometers/hour or 80
      kilometers/hour and then complete stopping was measured on the watered
      rough asphalt road. The braking distance in meters was measured and the
      average retardation determined.
PAR  The temperature of the road on the upper surface was 11.degree. to
      20.degree.C. and the air temperature 9.degree. to 19.degree.C.
PAR  From all the measured values there were calculated average acceleration,
      circular acceleration or retardation values and from these the .mu. value
      (also called coefficient of function). For evaluation there was always set
      as equal to 100 the coefficient of friction (as average) for tires of
      mixture A. From the remaining coefficient of frictions the following
      evaluations were obtained.
TBL  __________________________________________________________________________
     TEST                                                                      
     On Ice                    On Wet Roadway                                  
     Mixture                                                                   
          Circular Road                                                        
                   Braking                                                     
                        Acceleration                                           
                               Circular Road                                   
                                        Braking                                
     __________________________________________________________________________
     A    100      100  100    100      100                                    
     B     95       95   96    100      104                                    
     1    110      116  105     95       94                                    
     2    129      121  121     98       95                                    
     __________________________________________________________________________
PAR  From the values there are derived the following results.
PAR  The specified coefficient of friction or .mu. values in percent of the skid
      tests on ice for the tires produced from mixtures of the invention showed
      considerable improvement in the resistance to skidding on ice. The
      observed increase of skid resistance on ice was repeatedly found to be
      well reproducible. These types of good values of skid resistance on ice
      were not previously known. There was found therewith a tread quality which
      is capable of replacing the presently produced and used studded tires with
      equally favorable properties on ice.
PAR  The passenger automobile winter tires referred to for the comparison tests
      were produced for several years in Germany and are obtainable in commerce.
      They possess a tread quality (mixture A) designated as very good. This
      mixture A was specially developed for tires having favorable skid
      properties on ice with a calibrated ratio of ice and wet skid resistance.
      In order to make a comparison with a carbon black filler containing
      composition in addition to mixture A there was made the comparison with
      the carbon black containing tread mixture B as representative of a
      composition which at present is frequently customary in the production of
      passenger automobile tires. These mixture B tires in their skid properties
      on ice are about as unfavorable as the mixture A tires. In contrast to the
      mixture A, tires prepared according to the invention have an improvement
      in ice skid properties of 30%. This can only be obtained by the
      compositions of the invention.
PAC  EXAMPLE 2
PAR  Another mixture according to the invention had the following composition:
     MIXTURE 3              Parts by weight                                    
     ______________________________________                                    
     Natural Rubber ML 4 approx. 40                                            
                            30                                                 
     cis-1,4-Polybutadien (98 % cis-1,4)                                       
                            70                                                 
     Precipitated active silica having a                                       
     specific surface area measured                                            
     according to BET of 200 m.sup.2 /g and                                    
     an average primary particle size                                          
     of 18 millimicrons                                                        
     (Ultrasil VN 3 of Degussa)                                                
                            103                                                
     HAF improved                                                              
     (Corax 4 of Degussa)   5                                                  
     Bis-(3,3'-triethoxysilylpropyl)-                                          
     tetrasulfide           8                                                  
     Zinc oxide             4                                                  
     Stearic acid           1                                                  
     Naphthenic hydrocarbon                                                    
     plasticizer oil (setting point -28.degree.C)                              
                            70                                                 
     Anti-ager, N-isopropyl-N'-phenyl-                                         
     p-phenylenediamine     1,5                                                
     Anti-ager, phenyl-.beta.-naphthylamine                                    
                            1,5                                                
     Diphenyl guanidine     3,5                                                
     Bis-(2-ethylamino-4-diethylamino-                                         
     triazine-6-yl)-disulphide                                                 
                            2                                                  
     Sulfur                 2                                                  
                            301,5                                              
     t.sub.5 (130.degree.C) 11,4                                               
     t.sub.35 (130.degree.C)                                                   
                            15,5                                               
     ML 4                   51                                                 
     spec. gravity          1,18                                               
     ______________________________________                                    
PAC  Properties of the vulcanized Mixture
PAR  The vulcanisation took place at 150.degree.C/20'
TBL  Tensile Strength   kp/cm.sup.2                                            
                                 133                                           
     Modulus 300        kp/cm.sup.2                                            
                                 62                                            
     Elongation at Break                                                       
                        %        577                                           
     Perm. Set after Break                                                     
                        %        35                                            
     Resilience         %        34                                            
     Shore-Hardness     --       68                                            
     Tear Resistance    kp/cm    31                                            
     Abrasion           mm.sup.3 61                                            
PAC  Skid-test against Mixture 2
TBL  Mixture   On Ice        On Wet Roadway                                    
               Circular Road                                                   
                        Braking                                                
                             Braking                                           
     __________________________________________________________________________
     2 (of exempl.1)                                                           
               100      100  100                                               
     3         98       94   99                                                
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Another mixture according to the invention had the following composition:
TBL  MIXTURE 4              Parts by weight                                    
     ______________________________________                                    
     Natural Rubber ML 4 approx. 40                                            
                            30                                                 
     cis-1,4-Polybutadien (98 % cis-1,4)                                       
                            70                                                 
     Precipitated active silica having a                                       
     specific surface area measured                                            
     according to BET of 200 m.sup.2 /g and                                    
     an average primary particle size                                          
     of 18 millimicrons                                                        
     (Ultrasil VN 3 of Degussa)                                                
                            60                                                 
     ISAF improved                                                             
     (Corax 7 of Degussa)   60                                                 
     Bis-(3,3'-triethoxysilylpropyl)-                                          
     tetrasulfide           2,5                                                
     Zinc oxide             4                                                  
     Stearic acid           1                                                  
     Naphthenic hydrocarbon                                                    
     plasticizer oil (setting point -28.degree.C)                              
                            72                                                 
     Anti-ager, N-isopropyl-N'-phenyl-                                         
     p-phenylenediamine     1,5                                                
     Anti-ager, phenyl-.beta.-naphthylamine                                    
                            1,5                                                
     Diphenyl guanidine     1,5                                                
     Bis-(2-ethylamino-4-diethylamino-                                         
     triazine-6-yl)disulphide                                                  
                            2                                                  
     Sulfur                 2                                                  
                            308,0                                              
     t.sub.5 (130.degree.C) 21,2                                               
     t.sub.35 (130.degree.C)                                                   
                            26,0                                               
     ML 4                   74                                                 
     spec. gravity          1,17                                               
     ______________________________________                                    
PAC  Properties of the vulcanized Mixture
PAR  The vulcanisation took place at 160.degree.C/20'
TBL  Tensile Strength   kp/cm.sup.2                                            
                                80                                             
     Modulus 300        kp/cm.sup.2                                            
                                48                                             
     Elongation at Break                                                       
                        %       450                                            
     Perm. Set after Break                                                     
                        %       32                                             
     Resilience         %       24                                             
     Shore-Hardness     --      65                                             
     Tear Resistance    kp/cm   15                                             
     Abrasion           mm.sup.3                                               
                                76                                             
PAC  Skid-test against Mixture A and B
PAR  (Mixtures A and B being conventional mixtures for the production of winter
      tires containing carbonblack as the only filler.
TBL  Mixture   On Ice             On Wet Roadway                               
             Circular Road                                                     
                        Braking   Braking                                      
     ______________________________________                                    
     A         100          100       100                                      
     B         100           96       100                                      
     4         115          116       102                                      
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vulcanizable rubber mixture suitable for skid resistant tire treads
      comprising (1) a rubber, 20 to 100% of the total rubber being
      polybutadiene rubber and 80 to 0% of the rubber being a sulfur
      vulcanizable synthetic rubber other than polybutadiene or being natural
      rubber, (2) silica filler in an amount of 20 to 200 parts by weight per
      100 parts of rubber with the proviso that if carbon black is also present
      the amount of silica is 40 to 200 parts by weight per 100 parts of rubber,
      (3) plasticizer oil in an amount of 40 to 100 parts by weight per 100
      parts of rubber, (4) sulfur or a sulfur donor in an amount of 0.2 to 8
      parts by weight per 100 parts of rubber, (5) an accelerator in an amount
      of 0.1 to 8 parts by weight per 100 parts of rubber, and (6) 0.1 to 25
      parts by weight per 100 parts of rubber of a sulfur containing
      organosilane having the formula Z--alk--S.sub.n --alk--Z in which
      ##EQU7##
      ##EQU8##
      in which R.sub.1 is alkyl of 1 to 4 carbon atoms, cycloalkyl of 5 to 8
      carbon atoms or phenyl, R.sub.2 is alkoxy of 1 to 8 carbon atoms or
      cycloalkoxy of 5 to 8 carbon atoms, alk is a divalent hydrocarbon group of
      1 to 8 carbon atoms, and n is a number of 2 to 6.
NUM  2.
PAR  2. The mixture of claim 1 wherein said polybutadiene is 30 to 90% of the
      total rubber the balance being a different sulfur vulcanizable rubber.
NUM  3.
PAR  3. The mixture of claim 2 wherein said different sulfur vulcanizable rubber
      is a polymer of a conjugated diene.
NUM  4.
PAR  4. The mixture of claim 3 wherein the different sulfur vulcanizable rubber
      is natural rubber, polyisoprene, butadiene-styrene copolymer,
      butadiene-acrylonitrile copolymer, polychlorobutadiene, butyl rubber,
      chlorobutyl rubber, bromo-butyl rubber or ethylene porpylene non
      conjugated polyene terpolymer.
NUM  5.
PAR  5. The mixture of claim 1 wherein n is about 2.8 to 4.2.
NUM  6.
PAR  6. The mixture of claim 1 wherein Z is (3).
NUM  7.
PAR  7. The mixture of claim 6 wherein R.sub.2 is alkyl of 1 to 4 carbon atoms.
NUM  8.
PAR  8. The mixture of claim 7 wherein the organosilane includes
      bis-(3,3'-triethoxysilylpropyl)tetrasulfide.
NUM  9.
PAR  9. The mixture of claim 6 wherein the rubber is a mixture of 30 to 90%
      polybutadiene and 70 to 10% of butadiene-styrene copolymer.
NUM  10.
PAR  10. The mixture of claim 9 wherein the rubber is a mixture of 50 to 85% of
      polybutadiene and 50 to 15% of butadiene-styrene copolymer, n is about 2.8
      to 4.2 and R.sub.2 is alkyl of 1 to 4 carbon atoms.
NUM  11.
PAR  11. The mixture of claim 9 wherein the rubber is a mixture of 30 to 90%
      high cis'-1,4-polybutadiene and 70 to 10% of a Low
      Mooney-styrene-butadiene rubber.
NUM  12.
PAR  12. The mixture of claim 1 wherein the rubber is a mixture of 30 to 90%
      polybutadiene and 70 to 10% of sytrenebutadiene copolymer.
NUM  13.
PAR  13. The mixture of claim 1 wherein the rubber is a mixture of 30 to 90%
      polybutadiene and 70 to 10% of natural rubber.
NUM  14.
PAR  14. The mixture of claim 1 also including 0.1 to 50 parts of carbon black
      per 100 parts of rubber.
NUM  15.
PAR  15. The mixture of claim 1 wherein at least a part of the organosilane is
      present as a surface coating on the silica.
NUM  16.
PAR  16. The mixture of claim 1 wherein the accelerator includes a sulfur
      containing triazine compound having the formula
      ##EQU9##
      wherein R.sup.1 and R.sup.3 are each selected from the group consisting of
      hydrogen, alkyl, alkenyl, cycloalkyl, phenyl, aralkyl and substituted
      alkyl, alkenyl, cycloalkyl, phenyl and aralkyl wherein the substituents
      are selected from the group consisting of --OH, --OR and --CN, R being
      alkyl with up to 18 carbon atoms, R.sup.2 and R.sup.4 each selected from
      the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl, phenyl,
      aralkyl and substituted alkyl, alkenyl, cycloalkyl, phenyl and aralkyl
      wherein the substituents are selected from the group consisting of --OH,
      --OR, and --CN, R being alkyl with up to 18 carbon atoms, X is selected
      from the group consisting of hydrogen,
      ##EQU10##
      R.sup.6 being selected from the group consisting of hydrogen, alkyl,
      aralkyl and cycloalkyl and R.sup.7 being selected from the group
      consisting of alkyl, aralkyl and cycloalkyl and wherein R.sup.6 and
      R.sup.7 together may also form a cycloaliphatic ring having from 5 to 7
      carbon atoms in the ring and from 5 to 10 carbon atoms, including lower
      alkyl, attached to the ring or wherein R.sup.6 and R.sup.7 may be linked
      by a member of the group consisting of --O--, --S-- and
      ##EQU11##
      and wherein the number of carbon atoms in R.sup.1, R.sup.2, R.sup.3,
      R.sup.4, R.sup.6 and R.sup.7 is as follows:
TBL  alkyl          up to 18 carbon atoms                                      
     alkenyl        up to 6 carbon atoms                                       
     cycloalkyl     from 5 to 7 carbon atoms                                   
     aralkyl        from 7 to 9 carbon atoms.                                  
NUM  17.
PAR  17. The mixture of claim 16 wherein X is formula III.
NUM  18.
PAR  18. The mixture of claim 17 wherein the triazine is
      bis(2-ethylamino-4-diethyl-amino-triazinyl-6)-disulfide.
NUM  19.
PAR  19. The mixture of claim 1 wherein the plasticizer oil is a naphthenic oil
      having a setting point of 0.degree. to -60.degree.C.
NUM  20.
PAR  20. The mixture of claim 19 wherein the naphthenic oil is present in an
      amount of 50 to 80 parts per 100 parts of rubber.
NUM  21.
PAR  21. The mixture of claim 20 wherein the rubber is a mixture of 50 to 85%
      polybutadiene and 50 to 15% of butadiene-styrene copolymer, the
      organosilane is present in an amount of 1 to 15 parts per 100 parts of
      rubber.
NUM  22.
PAR  22. The mixture of claim 1 wherein 0.2 to 8 parts of basic activator is
      present per 100 parts of rubber.
NUM  23.
PAR  23. A tire tread comprising the vulcanized mixture of claim 1.
PATN
WKU  039385752
SRC  5
APN  566280&
APT  1
ART  311
APD  19750409
TTL  Pneumatic tires
ISD  19760217
NCL  5
ECL  1
EXP  Hoffman; Drayton E.
NDR  1
NFG  4
INVT
NAM  Boileau; Jacques
CTY  Clermont-Ferrand
CNT  FR
ASSG
NAM  Compagnie Generale des Etablissements Michelin, raison sociale Michelin
      & Cie
CNT  FR
COD  03
PRIR
CNT  FR
APD  19740411
APN  74.12898
CLAS
OCL  152362R
XCL  152354
EDF  2
ICL  B60C 1500
ICL  B60C  902
FSC  152
FSS  362 R;354;356;357
UREF
PNO  3253639
ISD  19660500
NAM  Travers
OCL  152362R
UREF
PNO  3297073
ISD  19670100
NAM  Black et al.
OCL  152362R
UREF
PNO  3406733
ISD  19681000
NAM  Boileau
OCL  152362R
UREF
PNO  3861442
ISD  19750100
NAM  Bertrand
OCL  152362R
FREF
PNO  2,082,484
ISD  19711000
CNT  FR
OCL  152362R
FREF
PNO  2,165,810
ISD  19731000
CNT  FR
OCL  152362R
LREP
FRM  Brumbaugh, Graves, Donohue & Raymond
ABST
PAL  The durability and stability of the beads of a radial ply pneumatic tire
      are improved by making the tensions acting on the main radial carcass ply
      and on the portion thereof folded over the bead ring different from each
      other and having the tension acting on the main radial carcass ply greater
      than the tension acting on the folded-over portion.
BSUM
PAR  The present invention relates to improvements in pneumatic tires. More
      particularly, it concerns improvements in pneumatic tires of the type with
      radial carcass reinforcement combined with a crown reinforcement
      comprising at least two crossed plies.
PAR  The rings used in the beads of such tires generally, due to their
      substantial mass of materials of high mechanical properties, make an
      important contribution to the stability of the beads. Arranging these
      materials in suitable manner is sufficient to impart to the rings a
      certain torsion rigidity without thereby decreasing their resistance to
      tension. Thus, so-called bundle-rings are used as bead rings. They are
      made by winding a continuous filiform element on a special form. In this
      manner, one can obtain bead rings having meridian cross sections which are
      elongated in the axial direction of the tire or whose largest cross
      sectional dimension is inclined in the direction of the conicity of the
      beads. This type of bead ring has a better torsion rigidity than the
      so-called cabled bead rings. The latter have a relatively low torsion
      stability due to their approximately circular cross section and the
      helical arrangement of the filiform elements which serve to produce them.
      On the other hand, for the same cross section of material, the cabled bead
      rings have a rupture resistance which is definitely greater than that of
      the bundle-rings, since the stresses are better distributed over all of
      the elements. This is the reason why the applicant's French Pat. No.
      2,082,484 achieves a favorable compromise between the two fundamental
      types of bead rings mentioned above by proposing a so-called triangulated
      bead ring. The composition of this ring includes at least two cabled rings
      so as to form, together with a third ring, an assembly which is very
      torsion rigid. However, this assembly is relatively space consuming and
      also results in the construction of massive, large beads.
PAR  With respect to the carcass reinforcement with its main plies and their
      folded-over portions, it in general provides only a rather modest
      contribution to the torsion rigidity of the beads. This is particularly
      true in the rather customary case in which the carcass reinforcement
      comprises only a single ply of metal cables or a small number of plies of
      metal or textile elastic cables. Recourse is then had to the addition of
      auxiliary plies in the beads. However, such a structure is space
      consuming, expensive to manufacture and subject to damage in travel by
      virtue of its very complexity. Furthermore, when the tires of the above
      type are used in the form of so-called tubeless tires, the beads not only
      serve as static joints between the tire and the rim but also have the
      mission, in operation, to remain in contact with the rim whatever the
      extent of bending of the side walls which are particularly flexible in
      radial tires. In this case, the beads are particularly stressed in
      operation.
PAR  The known bead structures are both large and stiff in order to assure their
      longevity and stability.
PAR  Taking into account the drawbacks enumerated above, the object of the
      present invention is to provide a bead structure for radial carcass tires
      which practically disregards the torsional rigidity of the bead rings and
      is directed essentially at cooperation of the main ply or plies of the
      carcass together with their portion folded around the bead ring or rings.
PAR  The invention is based on the fact -- revealed by the research work of the
      applicant -- that in order to obtain enduring and stable beads it is
      necessary first of all to make the tensions acting, on the one hand, on
      the main ply or plies and, on the other hand, on their folded-over part
      different from each other. Then it is necessary that the tension which
      acts on the main ply or plies be greater than that acting on their
      folded-over part. These two conditions must be satisfied when the tire,
      mounted on a rim, is inflated to its normal pressure, but is not under
      load.
PAR  For this purpose, the pneumatic tire in accordance with the invention,
      having a crown reinforcement formed of at least two crossed oblique plies
      of cables and a carcass reinforcement comprising at least one ply of
      radial cables the portion of which folded around the bead ring terminates
      in a part which is parallel to the carcass reinforcement, is characterized
      by the fact that:
PAR  a. the equilibrium curve of the carcass reinforcement passes between the
      center of gravity of the radial cross section of the bead ring and the
      point of contact of the carcass ply with the radial cross section of the
      bead ring, and
PAR  b. the end of the radius from which the folded-over portion assumes an
      arrangement parallel to the carcass reinforcement is located at a distance
      from the center of gravity of the radial cross section of the bead ring of
      between 1/5 and 1/3 of the height of the pneumatic tire on its rim.
PAR  By equilibrium curve of the carcass reinforcement there is meant the path,
      as seen in meridian section, taken by the carcass reinforcement of the
      inflated carcass at the pressure of normal use of the tire, but not under
      load. This equilibrium curve is obtained on basis of the usual relations
      and complying with the customary conditions. These conditions are the
      radius at the crown of the tire and the maximum axial width of the
      carcass, as well as the width and diameter of the rim on which the tire is
      to be mounted.
PAR  In accordance with the invention, the carcass reinforcement deviates from
      the equilibrium curve, in the direction towards the bead ring, from the
      point defined by feature (b) above, where the reinforcement and its
      folded-over portion cease being parallel to each other. Geometrically this
      point is defined by the intersection of the equilibrium curve with a line
      parallel to the axis of rotation of the tire drawn at a distance equal to
      the sum of the radius of the rim and of a length which in accordance with
      the invention is between 1/3 and 1/5 of the height of the tire on its rim,
      this radius and this height being those contemplated by the standards.
PAR  The carcass reinforcement, as well as its folded-over portion, deviate, in
      accordance with the invention, from the neutral fiber, thus forming a
      rigid triangulated assembly the small side of which is represented
      physically by the bead ring and the other two sides by the carcass
      reinforcement and the folded-over portion thereof.
PAR  Depending on whether the terminal part of the foldedover portion, parallel
      to the carcass reinforcement, is arranged at an axial distance greater
      than or less than said reinforcement, there is obtained a side wall of
      less or greater flexibility and the difference in stiffness between the
      bead structure in accordance with the invention and the adjacent portion
      of the side walls will be greater or smaller. Therefore, when the said
      terminal part of the folded-over portion is brought against the carcass
      reinforcement, the side walls of the tire reach optimum flexibility.
PAR  The nondeformable nature of the node, radially outside the bead ring, of
      the triangulated bead structure in accordance with the invention goes also
      hand in hand with the decrease in the axial distance between the carcass
      reinforcement and the terminal part of the folded-over portion of the
      latter and reaches an optimum when said terminal part is brought against
      the carcass reinforcement. It is indispensable also that the said terminal
      part of the folded-over portion be immobilized in suitable manner with
      reference to the carcass reinforcement so that, in accordance with the
      basic principle of the invention, the tension acting on the carcass
      reinforcement is greater than that acting on the folded-over portion. For
      this reason it should be seen to that the terminal part of the folded-over
      portion parallel to the carcass reinforcement extend over a certain radial
      height.
PAR  In order to remove the end of this terminal part from the deformations of
      great amplitude to which the side wall of the tire is subjected, it is
      preferable to extend the terminal part of the folded-over portion in such
      a manner that its end is placed between the carcass reinforcement and the
      corresponding edge of the crown reinforcement. Such a preferential
      arrangement gives remarkable results in the case of lightened
      reinforcements such as those described in French Pat. No. 2,165,810,
      particularly by using elastic cables or wires as reinforcement elements
      for the carcass. The folded-over portion of the carcass reinforcement
      extended to beneath the corresponding edge of the crown reinforcement can
      then be considered an element of the carcass reinforcement which
      participates completely in the resistance of the carcass while exercising
      in the bead the functions which are imparted to it as a result of the
      invention.
PAR  In accordance with the purpose in view, which is to be independent of the
      rigidifying action of the bead ring, the structure in accordance with the
      invention is particularly suitable for cooperation with a bead ring of the
      cabled type described above. The use of a cabled bead ring affords several
      advantages. As stated above, a cabled bead ring is more resistant to
      rupture, for an equivalent cross section of metal, and therefore has a
      smaller cross section than a bundle-ring. This results in a substantial
      decrease in the width of the base of the bead as well as a lightening of
      the bead ring, which has an effect on the weight of the beads and then on
      that of the tire. Despite the reduction in the width of the base, such a
      bead has remarkable stability and endurance.
PAR  Due to the practically circular cross section of the cabled bead rings, the
      designing of the rings in accordance with the invention is facilitated.
      The center of gravity of such a ring is a matter of fact located
      substantially at the center of its cross section. If furthermore:
PAR  -- the diameter of such a bead ring is equal to a,
PAR  -- the distance from the center of gravity of its cross section to the
      point where the folded-over portion becomes parallel to the carcass
      reinforcement is equal to b,
PAR  -- the ratio between the tension acting on the carcass reinforcement and
      that acting on the folded-over portion is equal to k, k in accordance with
      the invention being greater than l, then the distance x from the center of
      gravity of the cross section of the bead ring to the point (located
      between this center of gravity and the point of contact of the carcass
      reinforcement with the bead ring) through which the equilibrium curve or
      neutral fiber of the carcass reinforcement must pass, may be calculated by
      the equation
      ##EQU1##
PAR  This equation can be extrapolated to a bead ring of any cross section in
      the following manner. It is sufficient to replace the width a by the
      length of the projection of the cross section of the bead ring on a
      straight line passing through the center of gravity of this cross section
      and perpendicular to the tangent to the equilibrium figure of the carcass
      reinforcement at the level of the bead ring, the distance b being selected
      in the manner described above.
PAR  The bead structure in accordance with the invention may of course comprise
      narrow plies cooperating with the rubber which customarily forms the base
      and the axially outer portion of the bead in contact with the rim, in
      order to increase the life of this rubber.
PAR  The following description of embodiments of the invention is given with
      reference to the accompanying drawings and is intended to facilitate an
      understanding of the invention, these examples of course being in no way
      limitative.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a radial cross section through a bead of the type produced prior
      to the invention,
PAR  FIG. 2 is a radial cross section on the same scale as FIG. 1 of a bead in
      accordance with the invention,
PAR  FIGS. 3 and 4 illustrate the calculation and outline of the bead structure
      shown in FIG. 2, the bead occupying its customary place on a rim.
DETD
PAR  FIG. 1 shows a bead 1 and the adjacent portion 2 of the side wall of a tire
      (not shown). The carcass reinforcement 3 is formed of a single ply of
      radial cables with a folded-over portion 4 around the bead ring 5.
PAR  The bead ring 5 of the bundle type (details not shown) has a polygonal
      cross section which is elongated in the axial direction. It therefore has
      an appreciable torsion resistance. The folded-over portion 4 is relatively
      short and is reinforced by means of an auxiliary ply 6 of cables which are
      oblique with respect to the circumferential direction of the tire. In
      order to obtain a satisfactory life, the folded-over portion 4 is
      separated from the carcass ply 3 by a thick mass of rubber 8. The same is
      true of the stiffening ply 6 which, starting from the region 7 where the
      wrapping around the bead ring 5 terminates, moves away from the
      folded-over portion 4. The ply 6 is also isolated from the outer wall 9 of
      the bead by a large thickness of rubber 10.
PAR  Comparing FIG. 1 with FIG. 2 which illustrates, on the same scale as FIG.
      1, a bead structure in accordance with the invention for a tire of the
      same dimension, a large decrease in the volume of the bead 21 of FIG. 2
      and in particular of the width of the base 29 can be noted. As can be
      seen, the carcass ply 3 moves around the bead ring 25 and the folded over
      portion 24 becomes parallel to the ply 3 in a region 23 of the side wall 2
      adjacent to the bead 21. The bead ring 25 is of the cabled type and
      therefore relatively subject to torsion. The terminal part 26 of the
      folded-over portion 24 is, in the example shown, not only parallel to but
      also against the carcass ply 3, that is to say the ply 3 is separated from
      the terminal part 26 of its folded-over portion 24 only by a thickness of
      rubber less than the diameter of the cables. As can be seen, the carcass
      ply 3, the bead ring 25 and the folded-over portion 24 form a triangular
      structure. The top of this structure, located at the level of the zone 23,
      is consolidated by the terminal part 26 of the folded-over portion 24
      which is both parallel to the ply 3 and extended over a certain length in
      the side wall. The zone 23 thus constitutes the radially inner limit of
      the zone of flexure of the side wall. Due to the invention, this limit can
      be selected purposely without harming the life of the bead structure.
PAR  The cross section of the bead ring can also be reduced due to the
      arrangement in accordance with the invention, in view of a more uniform
      stressing of the wires constituting it. It is thus that in a tire for
      large tank trucks with an ordinary bead, such as that shown in FIG. 1, a
      maximum stress which is a multiple of the minimum stress is found from one
      axial end to the other of the cross section of the bead ring. On the other
      hand, in a tire of the same dimensions having a bead in accordance with
      the present invention, such as that shown in FIG. 2, it is found that the
      stresses in the bead ring are distributed practically symmetrically.
      Moreover, in a special case in which in the customary bead one employed a
      bead ring comprising 72 steel wires of 1.55 mm. diameter distributed over
      a cross section having an axial width of 23 mm. to obtain a satisfactory
      rupture resistance of the bead ring, it is sufficient in a tire with bead
      in accordance with the invention to employ a bead ring of 42 steel wires
      of 1.55 mm. diameter distributed in a polygonal cross section of only 12.3
      mm. axial width. However, if the 72 wire ring of the known tire is
      retained in the tire in accordance with the invention, then its rupture
      resistance is increased by about 30% due to the fact that it is working
      under difficult conditions.
PAR  By adapting a bead structure in accordance with the invention to a radial
      carcass reinforcement in accordance with an equilibrium figure such as
      that defined by the well-known equation
      ##EQU2##
      one proceeds in the manner illustrated in FIG. 3 in the case of an
      extremely stressed bead of a tire intended to be mounted on a rim with
      inclined seat such as that contemplated by the standards.
PAR  There is first of all selected a rim of profile 31 taking into account the
      radius R.sub.s at the crown and the radius R.sub.e at the equator E of the
      tire which it is desired to produce. Thereupon the bead ring 35 with the
      carcass reinforcement 33 and its folded-over portion 34 are positioned
      with respect to the bead seat 32 on the rim. One then selects the lower
      limit 36 of the zone of flexure of the side walls in such a manner that
      the distance between the radius R.sub.T corresponding to the center of
      gravity 37 of the bead ring and the radius R.sub.F establishing said lower
      limit is included, in accordance with the invention, between 1/3 and 1/5
      of the height H of the tire on the rim, as defined by the standards. One
      can then draw an equilibrium curve 39 for the carcass passing through the
      center of gravity 37 of the bead ring 35. In accordance with the
      invention, however, in order to obtain greater tension on the carcass
      reinforcement 33 than on the folded-over portion 34 it is necessary that
      the equilibrium curve 40 of the carcass pass between the point 37, which
      is the center of gravity of the bead ring 35, and the point of contact 38
      of the carcass reinforcement 33 with the bead ring 35. In order to
      increase the tension on the carcass reinforcement 33, it is sufficient to
      increase the distance from the equilibrium curve 40 to the center of
      gravity 37. This distance is defined on a line 41 of slope (.phi..sub.T +
      90.degree.) with respect to the axis of the tire and passing through the
      center of gravity 37 of the bead ring 35 by the length of the segment
      defined by the center 37 and the point of intersection 42 of the line 41
      with the equilibrium curve 40. The angle .phi..sub.T itself is established
      by equation (2) above in which the radius R has been replaced by the
      radius R.sub.T of the center 37 of the bead ring 35. Moreover, the length
      x can easily be calculated by means of equation (1) as a function of the
      ratio k of the tension of the carcass reinforcement 33 and the tension of
      the folded-over portion 34. Thus, for instance, for a length a of the
      projection of the cross section of the bead ring 35 on the line 41 equal
      to 2 cm. and a distance b equal to 6 cm. between the center 37 and the
      lower limit point 36 of the zone of flexure, the length of the segment x
      must be equal to 0.8 cm. for a ratio k of 1.5, that is to say for a
      tension which is distributed 60% over the carcass reinforcement 33 and 40%
      over the folded-over portion 34.
PAR  The word "cable" used in the specification and the claims is to be
      understood as designating any type of filiform element formed by one or
      more wires.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pneumatic tire with a crown reinforcement formed of at least two
      crossed oblique plies of cables and a carcass reinforcement comprising at
      least one ply of radial cables the portion of which folded around the bead
      ring terminates in a part which is parallel to the carcass reinforcement,
      the improvement which comprises:
PA1  a. the equilibrium curve of the carcass reinforcement passes between the
      center of gravity of the radial section of the bead ring and the point of
      contact of the carcass ply with the radial cross section of the bead ring,
      and
PA1  b. the end of the radius from which the folded-over portion assumes an
      arrangement parallel to the carcass reinforcement is located at a distance
      from the center of gravity of the radial section of the bead ring of
      between 1/5 and 1/3 of the height of the pneumatic tire on its rim.
NUM  2.
PAR  2. The pneumatic tire defined by claim 1 wherein the terminal part of the
      folded-over portion parallel to the carcass reinforcement is placed
      against said carcass reinforcement.
NUM  3.
PAR  3. The pneumatic tire defined by claim 1 wherein the end of the terminal
      part of the folded-over portion parallel to the carcass reinforcement is
      arranged between the corresponding edge of the crown reinforcement and the
      carcass reinforcement and the carcass reinforcement together with its
      folded-over portions is composed of elastic cables.
NUM  4.
PAR  4. The pneumatic tire defined by claim 1 wherein the bead rings are of the
      cabled type.
NUM  5.
PAR  5. The pneumatic tire defined by claim 1 wherein the distance x from the
      center of gravity of the cross section of the bead ring to the equilibrium
      curve of the carcass reinforcement is defined by the equation
      ##EQU3##
      in which a is the length of the projection of the cross section of the
      bead ring on a straight line passing through the center of gravity of this
      cross section and perpendicular to the tangent to the equilibrium figure
      of the carcass reinforcement at the level of the bead ring, b is the
      distance from the center of gravity of the said cross section to the point
      where the folded-over portion becomes parallel to the carcass
      reinforcement, and k is the ratio, greater than 1, between the tension
      acting on the carcass reinforcement and the tension acting on the
      folded-over portion.
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ABST
PAL  A divided or one piece wheel rim comprising two tire bead retaining flanges
      with inclined bead seating portions and a substantially flat well base
      portion positioned therebetween. A radially inwardly tapering groove being
      provided adjacent the toe portion of an associated tire bead.
BSUM
PAR  This invention relates to rims for pneumatic tires, and particularly but
      not exclusively to rims for use in a pneumatic tire and rim assembly of
      the kind described in the specification of co-pending patent application
      Ser. No. 276,449 of July 31, 1972 now U.S. Pat. No. 3,859,429.
PAR  Application No. 276,449 now U.S. Pat. No. 3,857,429 relates to a rim and
      tire assembly which incorporates a flat-based rim of relatively narrow
      width compared to the width of the associated tire tread, the beads of the
      tire being provided with extended rubber toe portions which are of
      specific value in preventing the beads from moving from their seats when
      the tire is deflated.
PAR  In the specification of the co-pending application referred to above, a rim
      is illustrated in which a groove is provided adjacent the "outboard" tire
      bead (i.e. the outboard tire bead relative to a vehicle to which the tire
      is fitted) to co-operate with the extended toe portion of the bead so as
      to resist displacement of that bead from its seat.
PAR  It is an object of the present invention to provide a rim profile having
      particular advantages for use in such an assembly.
PAR  According to the present invention, a rim for a pneumatic tire comprises an
      outboard rim part and an inboard rim part, the profile of the outboard rim
      part considered in a plane containing the axis of the rim comprising, in
      sequence, a radially extending bead retaining flange having a radially
      outer edge which is turned axially outwardly of the rim to provide a
      support surface of substantial axial width for the sidewall of a pneumatic
      tire, a curved seating region for the heel of a tire bead extending into a
      frusto-conical bead seating region tapering radially inwardly towards the
      axially inner region of the rim and extending axially inwardly to a
      radially inwardly curving bead toe seating region having a radius of
      curvature in the range 5 to 9 millimeters; the curved toe seating region
      terminating in a plane spaced axially at a distance in the range 18 to 20
      millimeters from the plane of the inner surface of the bead retaining
      flange, the inboard rim part being joined to the outboard rim part in the
      plane of termination of the said curved toe seating region and when
      considered in a plane containing the axis of the rim having a profile
      adjacent said plane of termination which substantially mirrors that of
      said curved toe seating region and leads into an axially extending base
      portion having a diameter lying in the range 2 to 3 millimeters less than
      the nominal rim diameter as measured at the point where the plane of the
      inner surface of the bead retaining flange joins a line tangential to the
      inclined bead seating portion, the base portion terminating in a second
      frusto-conical bead seating region which increases in diameter towards the
      end remote from the outboard rim part, the second bead seating region
      terminating in a curved heel seating region and tire bead retaining flange
      the profiles of which considered in a plane containing the axis of the rim
      substantially mirror the corresponding profiles of the outboard rim part,
      the bead seating region of each rim part being inclined radially inwardly
      at an angle of 5.degree.to the axis of the rim.
PAR  Preferably, in order to provide adequate support for the sidewalls of a
      deflated tire, the axially extending portions of the bead retaining
      flanges have an axial width of at least 10 millimeters, and a radius of
      curvature (concave towards the axis of the rim) of 12 to 16 millimeters in
      the radially outermost region thereof, the radially outermost region
      merging through a shoulder region with the radially extending portion of
      the flange, the shoulder region having a radius of curvature of 7 to 9
      millimeters.
PAR  Throughout the specification the words "axial" and "axially" are understood
      to refer to a direction parallel to the axis of rotation of the wheel, and
      the words "radial" and "radially" are understood to refer to a direction
      perpendicular to the axis of rotation of the wheel.
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PAR  One embodiment of the invention will now be described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is an axial cross-sectional view showing part of a rim in accordance
      with the invention having a pneumatic tire seated thereon,
PAR  FIG. 2 is an enlarged view of a part of FIG. 1;
PAR  FIG. 3 is a further cross-sectional view of the tire and rim assembly, and
PAR  FIG. 4 is a cross-sectional view of an alternative type of rim assembly.
DETD
PAR  The rim comprises a narrower outboard rim part 1 secured to a broader
      inboard rim part 2 by means of flanges 3 and 4 formed respectively on the
      two rim parts. The joint between the rim parts is sealed and the rim parts
      are held together and secured to a disc portion 20, by means of studs and
      nuts shown in FIG. 3 and as described in the specification of co-pending
      patent application Ser. No. 370,707 of June 18, 1973 now Pat. No.
      3,880,219.
PAR  A pneumatic tire having beads 5 and 6 reinforced with inextensible bead
      wires 7 and 8 respectively is seated on the rim. The tire beads 5 and 6
      incorporate extended toe portions 9 and 10 respectively which are of
      unreinforced rubber and which tend to lie naturally in the configuration
      as illustrated for the toe 9, which enters a groove 11 of tapering
      cross-section which is formed at the joint between the two rim parts.
PAR  The rim illustrated has a diameter, measured to the line D-D (of FIG. 1) of
      350 millimeters, and an axial width W of 105 millimeters, measured between
      the inside surfaces of the bead retaining flanges 12 and 13 respectively
      (A--A to B--B). In the following description of the rim, references to the
      contour and dimensions of the rim profile are intended to apply to the
      radially outer surface of the rim.
PAR  The bead retaining flange 12 of the narrow rim part 1 comprises an axially
      turned outer edge which provides a broad support surface for the sidewall
      of a deflated tire. The profile of the outer edge of the flange 12 is
      formed with a radius of curvature of 14 millimeters in the region between
      the dotted lines P and Q in FIG. 2, merging into a shoulder portion Q-R
      having a radius of curvature of 8 millimeters.
PAR  The curved shoulder portion Q-R merges into a radially extending portion
      R-S which is then joined to the frusto-conical bead seating portion T-U by
      a curved heel seating region S-T having a radius of curvature of 6
      millimeters.
PAR  The axial length of the bead seating region T-U is 7 millimeters, and the
      angle which its axial cross-sectional profile makes with the axis of the
      wheel is 5.degree..
PAR  The bead seating region T-U extends to a position, indicated by the dotted
      line U, spaced axially at a distance of 12 millimeters from the plane A--A
      of the inner surface of the flange 12. The narrow rim part 1 then
      terminates in a radially inwardly curving toe seating region U-V having a
      radius of curvature of 6 millimeters which leads into the flange 3 along
      the plane of termination C--C.
PAR  The broad rim part 2 comprises a curved portion W-X having a similar
      profile to that of the portion U-V and leading into an axially extending
      base portion X-Y (see FIG. 1). A second bead seating region Y-Z makes an
      angle of 5.degree.with the axis and extends for an axial length of 8
      millimeters from the position Y which is spaced axially at a distance of
      14.2 millimeters from the inside surface of the flange 13 (line B--B).
PAR  The heel seating region J, radial flange portion K and axially turned
      portion L of the broad rim part 2 are substantially identical with the
      corresponding portions of the narrow rim part 1 and will not be described
      in detail.
PAR  It has been found that a rim formed with a profile as described above
      provides an effective mounting arrangement for a tire designed to be
      capable of running while deflated for a limited period. The shallow
      curvature of the outer parts of the rim flange, achieved by the merging of
      two surfaces of differing radii, is of particular value in supporting the
      sidewalls of the deflated tire, while the groove 11 provides a firm
      anchorage for the extended toe 11 of the outboard tire bead 5, preventing
      the tire from moving on the rim and thus losing directional stability. The
      profile and dimensions of the bead seating regions and, particularly, of
      the groove 11 are critical to the performance of the tire/wheel
      combination in the deflated condition, and the rim profile and its
      dimensions as described above has been found to be outstandingly effective
      in resisting axial movement of the outboard tire bead from its seat.
PAR  Axial movement of the inboard tire bead in an outboard direction is also
      resisted by the extended toe 10 which can slide easily over the rim base
      portion X-Y in the inboard direction, i.e. towards the flange 13, but can
      only be moved with difficulty in the outboard direction.
PAR  The following table of rim dimensions are examples of individual sizes of
      rims as described above.
TBL  ______________________________________                                    
     A          B             C           D                                    
     ______________________________________                                    
     310         80           18          307.5                                
     325         90           20          322.5                                
     350        105           20          347.5                                
     350         90           20          347.5                                
     375        105           20          372.5                                
     375        135           20          372.5                                
     400        135           20          397.5                                
     ______________________________________                                    
PAL  All dimensions in millimeters.
PAR  KEY
PA1  A = the nominal rim diameter
PA1  B = the axial width of the rim shown as W in FIG. 1.
PA1  C = the distance between the plane of termination of the curved bead toe
      seating region of the outboard rim part to the plane of the inner surface
      of the bead retaining flange of the same rim part (the distance between
      A-A and C-C of FIG. 2).
PA1  D = the diameter of the axially extending base portion of the inboard rim
      part.
PAR  Although in the embodiment described above and illustrated in FIGS. 1 to 3,
      a rim of the divided type is utilized, the rim may equally be formed in
      one part with the groove 11 for the bead toe formed integrally with the
      rim base, (as shown in FIG. 4). In a one part rim of the above type, the
      rim (not shown) is originally provided with a shallow well portion (not
      shown) which allows the tire to be fitted in the conventional manner. The
      well is subsequently axially deformed to form a groove for the toe of the
      bead. The rim is then detachably secured to a disc portion 21
      substantially as shown in FIG. 4 of the drawings.
PAR  While the rim design described above is of particular value in use with a
      tire having an extended bead toe as described, and the axially turned
      outer edges of the bead retaining flanges provide good support for the
      sidewalls of a deflated tire; the rim in accordance with the invention is
      also well suited to use with an internal tire tread support which is
      designed to take the load when the tire is deflated. Such a support may be
      an annular member, for example of light but rigid plastics material fitted
      around the base of the rim and bridging the space between the beads or may
      comprise an annular plate fitted between the rim parts and having an
      axially turned flange to support the tread of a deflated tire as described
      in the specification of co-pending patent application No. 392,558 of Aug.
      29, 1973. In both of these cases one or both of the tire beads may be held
      in position by the tread support; in the case of the flange-type support
      the portion of the support fitted between the rim parts will serve to
      retain the outboard tire bead on its seat.
CLMS
STM  Having now described my invention, what I claim is:
NUM  1.
PAR  1. A rim for a pneumatic tire and rim assembly which may be used when the
      tire is in a deflated state comprising an outboard rim part and an inboard
      rim part detachably secured together, the profile of the outboard rim part
      considered in a plane containing the axis of the rim comprising, in
      sequence, a radially extending bead retaining flange having a radially
      outer edge which is turned axially outwardly of the rim to provide a
      support surface of substantial axial width for the sidewall of a pneumatic
      tire, a curved seating region for the heel of a tire bead extending into a
      frusto-conical bead seating region tapering radially inwardly towards the
      axially inner region of the rim and extending axially inwardly to a
      radially inwardly curving bead toe seating region having a radius of
      curvature in the range 5 to 9 millimeters; the curved toe seating region
      terminating in a plane spaced axially at a distance in the range 18 to 20
      millimeters from the plane of the inner surface of the bead retaining
      flange, the inboard rim part being joined to the outboard rim part in the
      plane of termination of the said curved toe seating region and when
      considered in a plane containing the axis of the rim having a profile
      adjacent said plane of termination which substantially mirrors that of
      said curved toe seating region and leads into an axially extending base
      portion having a diameter lying in the range 2 to 3 millimeters less than
      the nominal rim diameter as measured at the point where the plane of the
      inner surface of the bead retaining flange joins a line tangential to the
      inclined bead seating portion, the base portion terminating in a second
      frusto-conical bead seating region which increases in diameter towards the
      end remote from the outboard rim part, the second bead seating region
      terminating in a curved heel seating region and tire bead retaining flange
      the profiles of which considered in a plane containing the axis of the rim
      substantially mirror the corresponding profiles of the outboard rim part,
      the bead seating region of each rim part being inclined radially inwardly
      at an angle of 5.degree.to the axis of the rim.
NUM  2.
PAR  2. A rim according to claim 1 wherein the curved heel seating region of
      each rim part has a radius of curvature in the range within 5 to 7
      millimeters, the bead seating region has an axial length of in the range 5
      to 10 millimeters and extends axially inwardly to a position at a distance
      from 10 to 15 millimeters from the plane of the inner surface of the bead
      retaining flange, the second frusto-conical bead seating region having an
      axial length in the range of 6 to 10 millimeters.
NUM  3.
PAR  3. A rim according to claim 1 wherein the axially extending portions of the
      bead retaining flanges have an axial width of at least 10 millimeters
      measured from the axially outermost portion of the flange to the plane of
      the inner surface of the bead retaining flange, and a radius of curvature
      (concave towards the axis of the rim) within the range 12 to 16
      millimeters in the radially outermost region thereof, the radially
      outermost region merging through a shoulder region (Q-R) with a radially
      extending portion of the flange, the shoulder region (Q-R) having a radius
      of curvature within the range 7 to 9 millimeters and the bead retaining
      flanges having a radial height in the range of 16 to 18 millimeters
      measured from a line joining the point of measurement of the nominal rim
      diameter of both rim parts.
NUM  4.
PAR  4. A vehicle wheel comprising a rim according to claim 1 having a disc
      portion attached thereto.
NUM  5.
PAR  5. A tire and wheel assembly comprising a pneumatic tire mounted on a wheel
      according to claim 4.
NUM  6.
PAR  6. A tire and wheel assembly comprising a wheel according to claim 1 having
      a tire mounted thereon, said tire having a pair of beads with bead heels
      seated on said curved seating regions and at least the outboard bead
      having a toe portion extending radially inwardly of the associated heel
      portion as a radially inwardly directed annulus with the distal end
      thereof projecting into said curving bead toe seating region.
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PAL  Doors such as garage doors are commonly mounted with respect to a door
      opening so as to be capable of being moved between a closed position in
      which such a door extends vertically across the opening and an opened
      position in which such a door extends substantially horizontally adjacent
      to the top of the door opening. An auziliary door such as a screen door
      for enclosing such an opening when such a principal door is in an opened
      position may be mounted on such a principal door so that it is capable of
      being moved along with the principal door between the opened and closed
      positions of the principal door and so that it can be moved to enclose the
      door opening when the principal door is in an opened position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention set forth in this specification is primarily directed to the
      combination of so-called overhead doors such as garage doors with
      auxiliary screen doors which can be utilized to close off a door opening
      when the principal door is in an opened position. The invention, however,
      is considered to be capable of being utilized with other than garage
      and/or screen doors.
PAR  The nature of the problem to which the invention set forth herein is
      directed can be best explained by referring to the utilization of many
      garages. Although in theory a garage is intended to be utilized in storing
      items such as vehicles in fact garages are commonly utilized for many
      other purposes. Frequently they are employed as workshops. Frequently they
      are employed as leisure areas. Because of the manner in which most garages
      are constructed they seldom have adequate ventilation and/or illumination
      for such various secondary uses.
PAR  As a consequence of this when garages are commonly employed for secondary
      purposes as are indicated in the preceding discussion it is commonplace
      for the doors to such garages to be left open. This is disadvantageous for
      several reasons. Since a garage is normally constructed so that its
      principal door is accessible from a street there is always the possibility
      of thievery occurring should a garage with its principal door opened be
      left unattended. Also, when such a door is left open there is the problem
      of insects and/or various types of animals entering such a door to the
      detriment of any person in a garage and/or any items within a garage.
PAR  A recognition of these factors has lead to a recognition of the
      desirability of providing an auxiliary screen door or an auxiliary screen
      door structure for use with conventional garage doors when such
      conventional doors are in an opened position. An understanding of the
      invention does not require a detailed consideration of such prior
      structures. Such prior structures are considered to be undesirable for one
      or more of a variety of different reasons. Frequently they are
      comparatively expensive and/or hard to install. Frequently they have been
      constructed so as to be disadvantageous because of the possibility of
      damage. It is considered that certain of them have been inconvenient to
      use.
PAC  SUMMARY OF THE INVENTION
PAR  An objective of the present invention is to overcome various problems and
      limitations of prior door structures employing an auxiliary door. An
      objective of the present invention is to provide overhead type doors such
      as are commonly utilized in garages with an auxiliary door such as a
      screen door which can be utilized to enclose a door opening when the
      principal door is in an opened position. Further objectives of the present
      invention are to provide door structures as described which may be
      fabricated and installed at a comparatively nominal cost, which may be
      easily and conveniently used as herein explained, and which are capable of
      giving prolonged, reliable performance with minimal maintenance. Another
      objective of the invention is to provide door structures as indicated in
      this specification which utilize existing overhead doors and which, hence,
      are advantageous in that they do not requite new and/or specially
      constructed principal doors.
PAR  In accordance with this invention these various objectives are achieved by
      providing in the combination of a principal door a first mounting means
      for supporting the principal door, a door frame defining a door opening,
      the first mounting means supporting the principal door so that it is
      capable of being moved between a substantially vertical closed position
      and a substantially horizontal opened position, an auxiliary door, an
      auxiliary mounting means for supporting the auxiliary door, the auxiliary
      mounting means supporting the auxiliary door so that it is capable of
      being used between a substantially closed position in which it extends
      across the door opening and an opened position, the improvement which
      comprises: the auxiliary mounting means supporting the auxiliary door on
      the principal door so that the auxiliary door is moved concurrently with
      the principal door when the principal door is moved between its closed and
      opened positions, and supporting the auxiliary door so that when the
      principal door is in its opened position the auxiliary door can be moved
      relative to the principal door from an opened position adjacent to the
      principal door to the closed position of the auxiliary door.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A formalized summary of this type is best considered with reference to
      various specific structures embodying the concepts expressed in the
      summary. In the drawings:
PAR  FIG. 1 is a front elevational view of a presently preferred embodiment or
      form of one of such structures;
PAR  FIG. 2 is a partial cross-sectional view on an enlarged scale taken at line
      2--2 of FIG. 1;
PAR  FIG. 3 is a partial front elevational view corresponding to FIG. 1 in which
      both a principal door and an auxiliary door are shown in an opened
      position;
PAR  FIG. 4 is a partial cross-sectional view taken at line 4--4 of FIG. 3;
PAR  FIG. 5 is a partial cross-sectional view on an enlarged scale taken at line
      5--5 of FIG. 4;
PAR  FIG. 6 is a partial cross-sectional view taken at line 6--6 of FIG. 5;
PAR  FIG. 7 is an enlarged detail view of part of the structure visible in FIG.
      4;
PAR  FIG. 8 is a partial cross-sectional view taken at line 8--8 of FIG. 7;
PAR  FIG. 9 is a partial front elevational view of a modified embodiment or form
      of a door structure in accordance with this invention;
PAR  FIG. 10 is a partial cross-sectional view taken on an enlarged scale at
      line 10--10 of FIG. 9;
PAR  FIG. 11 is a front elevational view of a third embodiment or form of a door
      structure in accordance with this invention;
PAR  FIG. 12 is a side elevational view showing a fourth embodiment or form of a
      door structure of this invention, this view being taken along a vertical
      plane just inside of a door jam and showing part of the door opening in
      section;
PAR  FIG. 13 is an enlarged detail view of a part of the structure visible in
      FIG. 12;
PAR  FIG. 14 is a partial cross-sectional view on an enlarged scale taken at
      line 14--14 of FIG. 13; and
PAR  FIG. 15 is a partial cross-sectional view taken at line 15--15 of FIG. 14.
DETD
PAR  The various structures illustrated in these drawings embody certain
      concepts or principles as are set forth and defined in the appended
      claims. From a consideration of the different views of the drawing it is
      believed that it will be apparent that these concepts or principles can
      easily be embodied in a number of somewhat differently constructed door
      structures through the use or exercise of routine design or engineering
      skill.
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1 through 8 of the drawings there is shown a door structure 10 in
      accordance with this invention in use in connection with a door jam 12 in
      a conventional building 14. This door jam 12 defines what may be
      considered as a conventional garage door opening 16 which is adapted to be
      closed by a conventional principal door 18. This door 18 is a rigid,
      single panel door and is mounted by a conventional mounting structure 20
      so that it can be rotated between a closed position in which it extends
      substantially vertically across the door opening 16 and an opened position
      in which it extends substantially horizontally adjacent to the top of the
      door opening 16. In all figures of the drawings in which the door 18 is
      illustrated it is shown in an opened position. In this opened position it
      extends across a part of the door jam 12 as indicated in FIG. 4.
PAR  In accordance with this invention the door 18 is used with an auxiliary
      screen door 22 which is adapted to enclose the door opening 16 as shown in
      FIG. 1 when the screen door 22 is in an opened position. This door 22 is
      adapted to be located along and generally parallel to the door 18 as
      indicated in FIGS. 3 and 4 when it is in a closed position. This screen
      door 22 includes a first section 24 and a second section 26. Each of the
      sections 24 and 26 is adapted to cover substantially one-half of the door
      opening 16. These sections 24 and 26 include conventional frame members 28
      and screens 30. These sections 24 and 26 are connected by means of hinges
      32 so that the section 26 may be folded in such a manner as to lie against
      the section 24. A conventional sliding bolt 33 may be used to hold the
      section 26 with respect to the jamb 12.
PAR  If desired, either the first section 24 or the second section 26 may be
      constructed so as to include a secondary screen door 34 which can be
      opened and closed in a conventional manner when the door 22 is in an
      opened position. This secondary screen door 34 is shown as being mounted
      on the first section 24 in a conventional manner. When the secondary
      screen door 34 is used it may be either mounted upon the section 24 or 26
      upon which it is used on hinges 36 or in such a manner that it may be slid
      back and forth. No mechanism is shown for slidably mounting such a
      secondary screen door 34 since such sliding mechanisms are well known and
      form no part of the present invention.
PAR  Channels 38 are mounted on the door 18 for use in supporting the screen
      door 22. These channels 38 are in effect in the nature of tracks which
      serve to support rollers 40 so that these rollers 40 may be moved along
      the lengths of these chanels 38. The rollers 40 are carried upon
      conventional axles 42 which in turn are carried by generally "U" shaped
      brackets 44. These brackets 44 are provided with aligned holes 46. Support
      rods 48 extend through these holes 46. Preferably coil springs 50 are
      located about the rods 48 and are held under a degree of compression
      through engagement with the brackets 44. These springs 50 will normally
      tend to bias the rods 48 in an upward position when the door 18 is in an
      opened position. These rods 48 have bent ends 54 remote from the stops 52
      which are pivotally connected to the screen section 24 through the use of
      clamps 56.
PAR  Because of their function, if desired each assemblage of a roller 40, an
      axle 42, and a bracket 44 may be referred to as a carriage or a carriage
      means (not separately numbered). Similarly, the rods 48 may be regarded as
      means for mounting the screen door 22 on such carriage means. Also the
      springs 50 may be referred to as biasing means because of their function
      as hereinafter indicated. This function is related to the utilization of
      the screen door 22.
PAR  When the screen door 22 is being moved from its closed position as shown in
      FIG. 1 the section 26 is folded so as to overlie the section 24. Although
      it is not necessary conventional means (not shown) such as a fastener may
      then be used to lock these two sections 24 and 26 together. In order to
      further move the screen door 22 to an opened position the door 22 will
      then be manipulated so as to move the rollers 40 out of depressed portions
      58 of the channels 38 and to move these rollers 40 along the lengths of
      these channels 38 until the rollers 40 are positioned substantially
      adjacent to what may be regarded as the upper edge 60 of the door 18. It
      will be realized, however, that this edge 60 is elevated substantially the
      same distance as what may be referred to as a lower edge 62 of the door 18
      when this door 18 is in an opened position as the screen door 22 is being
      moved to its opened position.
PAR  When the rollers 40 reach stops 64 at the ends of the channels 38 adjacent
      to this upper edge 60 the entire door 22 may be easily pivoted to a
      position as indicated in FIGS. 3, 4 and 5 of the drawings. Normally the
      screen door 22 will be sufficiently light in weight so that it can be
      rotated in this manner with little difficulty. As this occurs the section
      26 will tend to engage auxiliary brackets 66 carried by the brackets 44 so
      as to cause a force to be exerted so as to cause a force to be exerted
      which will tend to compress the springs 50 in such a manner as to
      accommodate the entire door 22 so that it will be disposed substantially
      parallel to the channels 38 and the door 18.
PAR  At this point the door 22 may be pulled a short distance generally toward
      the edge 62 so as to cause bent rods 68 mounted upon the first section 24
      to move into bent notches 70 on small brackets 72 supported by the door
      18. As this occurs the door 22 will be moved to a position in which a
      lower edge 74 on it is generally above a hook 76. This hook 76 is mounted
      on the door 18 adjacent to the lower edge 62. At this point the door 22
      may be released so as to allow the rods 68 to slide downwardly within the
      notches 70. At this point the hook 76 will assist in supporting the door
      22. This will serve to "lock" or hold the screen door 22 upon the door 18
      so that this door 18 may be opened and closed in a conventional manner.
PAR  With this structure whenever the door 18 is in an opened position the
      screen door 22 may be lifted upwardly by engagement adjacent to the lower
      edge 62 and may be then pushed slightly toward the upper edge 60 so as to
      release the rods 68 from the notches 70 and so as to space the door 22
      from the hook 76. At this point the door 18 is preferably pulled so as to
      cause the rollers 40 to move forwardly along the channels 38 until such
      time as these rollers 40 move into the depressed portions 58 serving as
      locating means. Further movement of the rollers 40 in this direction is
      preferably prevented by other stops 78 mounted on the channels 38. When
      the rollers 40 are in this position the door 22 may be lowered so as to
      extend substantially vertically. With the preferred construction
      illustrated this door 18 will then be generally within the door opening
      16. At this point the section 26 may be unfolded from the section 24 so
      that this door 22 will substantially close the door opening 16.
PAR  In this closed position of the door 22 there is a possibility that some
      insects could enter into the building 14 in the limited space between the
      doors 18 and 22. In case this insect problem might be significant it is
      possible to mount on the door 18 generally transverse to the channels 38
      an elongated flexible flap 80 which will engage the sections 24 and 26 of
      the door 22 when the door 22 is in a closed position. This flap 80 is
      sufficiently long to extend completely across the door 18.
PAR  In FIG. 9 of the drawings there is shown a modified door structure 100
      which is very closely related to the door structure 10. In the interest of
      brevity those portions of the door structure 100 which are identical to
      various portions of the door structure 10 and which are unnecessary to an
      understanding and/or description of the door structure 100 are either not
      illustrated and/or described herein or are indicated in the drawing and,
      where necessary for explanatory purposes, are indicated in the
      specification by the numerals previously used to designate such parts
      preceded by the numeral "1".
PAR  The door structure 100 differs somewhat from the door structure 10 inasmuch
      as it is intended to be utilized with a door 118 possessing a truss-like
      stabilizing rod 102 adjacent to its lower edge 162. This rod 102 is
      located in such a position that the section 126 of the screen door 122
      cannot be pivoted with respect to the section 124 in the same manner in
      which the section 26 of the door 22 can be pivoted with respect to the
      section 24.
PAR  The upper edge 104 of the section 124 carries an elongated channel 106 of a
      type conventionally utilized in connection with overhead supported doors.
      This channel 106 is connected to the door section 126 by conventional
      carriages 108 of a type normally used with such a channel 106. This
      structure permits the section 126 to be moved linearly with respect to the
      section 124 so that the two sections 124 and 126 can be handled together
      as a unit in the manner previously described. To obtain this manner of
      operation the sections 124 and 126 must be parallel to one another and
      preferably they are located so that the section 126 moves substantially
      against the section 124 as the section 126 is manipulated.
PAR  In FIG. 11 of the drawings there is shown another modified door structure
      200 which is also very closely related to the door structure 10. In the
      interest of brevity those portions of the door structure 200 which are
      identical or substantially identical to various portions of the door
      structure 10 and which are unnecessary to an understanding and/or
      description of the door structure 200 are either not illustrated and/or
      described herein or are indicated in the drawing and, where necessary for
      explanatory purposes, in the specification by the numerals previously used
      to designate such parts preceded by the numeral "2".
PAR  The door structure 200 differs from the door structure 10 in that the
      screen door 222 used is an elongated "unit" or rigid door which is not
      sectionalized. When an elongated auxiliary door 222 of this type is used
      it is considered advisable to employ three different channels 238 and
      three different sets of parts for one with the channels 238 as will be
      apparent from the aforegoing so as to support the door 222 at both of its
      ends and along its middle (neither ends nor middle numbered).
PAR  In FIGS. 12 through 15 of the drawings there is shown a further modified
      door structure 300 of the present invention which is adapted to be
      utilized in connection with a door opening 302 defined by a door jamb 304
      in a building 306. This door structure 300 includes a conventional
      sectionalized principal door 308 consisting of a plurality of rectilinear
      rigid panels 310 joined in side-by-side relationship in such a manner that
      these panels 310 may be pivoted with respect to one another. These panels
      310 carry small brackets 312 holding rollers 314 which ride within tracks
      316 mounted on the building 306. These tracks 316 extend vertically along
      the jamb 304 and then curve so as to extend horizontally into the interior
      of the building 306. It is to be understood that two of the tracks 316 are
      used and that these tracks 316 are disposed in parallel planes generally
      on opposite sides of the door opening 302.
PAR  Inasmuch as the construction of the door 308 and inasmuch as the mounting
      of this door 308 on the tracks 316 are conventional, it is not considered
      necessary to further describe either this door 308 or the tracks 316. In
      accordance with the present invention the panel 310 which is in the
      uppermost position when the door 308 is closed is secured to two parallel
      extension plates 318. These plates 318 extend parallel to the tracks 316
      and in effect serve as elongated extensions on the particular panel 310
      noted. These plates 318 are provided with elongated slots 320 which serve
      more or less as bearings for pins 322. These pins 322 are carried upon
      what may be regarded as "free" ends of elongated (not separately numbered)
      rigid angles or structural members 324 formed so as to include roller
      channels or tracks 326. The ends (not separately numbered) of the angles
      324 remote from the pins 322 are supported by hinges 328 on the lowermost
      portion (not separately numbered) of the lowermost of the panels 310 when
      the door 208 is in a closed position.
PAR  This structure is designed so that the pins 322 can slide within the slots
      320 as the door 308 is moved from a closed position as shown in FIG. 12 to
      an opened position in which it extends substantially horizontally as it is
      supported by the tracks 316. It will be realized that as the door 308 is
      moved between these opened and closed positions that the distance between
      the portions (not separately numbered) of the door 308 which are farthest
      removed from one another will change. As a consequence of the pins 322
      sliding within the slots 320, the angles 324 can move with the door 308 as
      it is moved between these opened and closed positions.
PAR  With the door structure 300 an auxiliary screen door 330 is carried by the
      channels 326 as the door 308 is moved between these opened and closed
      positions. This door 330 is constructed so as to utilize the usual framing
      members 332 and screening 334. If desired it can be constructed so as to
      include a secondary door (not shown) corresponding to the door 34. The
      door 330 is mounted on the channels 326 through the use of small brackets
      336 holding rollers 338 which ride within the channels 326. These brackets
      336 and channels 326 can be considered as carriages. Normally the door 330
      is prevented from pivoting relative to the angles 324 as the door 308 is
      moved through the use of a small wing nut type fastener 340 connecting the
      door 330 to one of the angles 324.
PAR  The use of the door structure 300 is essentially very similar to the
      utilization of the door structures previously described. When the door 308
      is in an opened position the fastener 340 may be disengaged so as to allow
      the door 330 to swing downwardly as it is supported by the rollers 338 in
      the channels 326 to the portions of these channels closest adjacent to the
      jamb 304. Normally the channels 326 will slope downwardly at a moderate
      angle as the door 330 is moved in this manner, since normally the door 308
      will only be opened to a sufficient extent to expose substantially all of
      the door opening 302.
PAR  When the rollers 338 travel as far as they can before hitting stops 344
      within the channels 326 the door 330 may be pivoted downwardly to a closed
      position in which it substantially extends across all parts of the door
      opening 302. When the door 330 is to be opened it may be rotated from this
      closed position and pushed so as to move the rollers 338 in the channels
      326 until such time that it can be further manipulated in an obvious
      manner so as to engage the fastener 340. Although it is not normally
      necessary auxiliary fasteners or latches may be utilized to hold the door
      308 in an opened position as the door 330 is manipulated and/or to secure
      the door 330 in a closed position.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the combination of a principal door, first mounting means for
      supporting said principal door, a door frame defining a door opening, said
      first mounting means supporting said principal door so that it is capable
      of being moved between a substantially vertical closed position in which
      it extends across said door opening and a substantially horizontal opened
      position adjacent to the top of said door opening, an auxiliary door, an
      auxiliary mounting means for supporting said auxiliary door, said
      auxiliary mounting means supporting said auxiliary door so that it is
      capable of being moved between a substantially vertical closed position in
      which it extends across said door opening and an opened position in which
      it does not extend across said door opening, the improvement comprises:
PA1  said auxiliary mounting means serving to support said auxiliary door on
      said principal door so that said auxiliary door is moved concurrently with
      said principal door when said principal door is moved between its closed
      and opened positions,
PA1  said auxiliary mounting means also supporting said auxiliary door on said
      principal door so that when said principal door is in its opened position
      said auxiliary door can be moved relative to said principal door from an
      opened position adjacent to said principal door to said closed position of
      said auxiliary door.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein:
PA1  said auxiliary door is a screen door,
PA1  said principal door comprises a single, rigid panel,
PA1  said auxiliary mounting means pivotally connects said auxiliary door with
      said principal door so that when said principal door is in its opened
      position said auxiliary door may be pivoted downwardly from said principal
      door to its closed position,
PA1  said auxiliary mounting means includes support means for holding said
      auxiliary door along and adjacent to said principal door so that said
      auxiliary door can be moved concurrently with said principal door when
      said principal door is moved between its closed and opened positions.
NUM  3.
PAR  3. The combination claimed in claim 2 wherein:
PA1  said auxiliary mounting means also includes track means on said principal
      door and roller carriage means for movement along said track means on said
      auxiliary door,
PA1  said carriage means engaging said track means so that said auxiliary door
      may be moved with respect to said principal door as it is moved between
      its opened and closed positions,
PA1  said carriage means permitting said auxiliary door to be moved with respect
      to said principal door so as to be located adjacent to and along one side
      of said principal door when said auxiliary door is in said closed position
      and permitting said auxiliary door to be pivoted to said opened position.
NUM  4.
PAR  4. The combination claimed in claim 3 wherein:
PA1  said track means include locating means for positioning said carriage means
      relative to said principal door so that said auxiliary door is located
      within said door opening.
NUM  5.
PAR  5. The combination claimed in claim 3 wherein:
PA1  said auxiliary door comprises two door sections, said sections being
      capable of being moved relative to one another so that one of said
      sections overlies the other of said sections, said auxiliary mounting
      means serving to hold said auxiliary door in said closed position of said
      auxiliary door with said sections overlying one another.
NUM  6.
PAR  6. The combination claimed in claim 5 wherein:
PA1  said sections are pivotally connected to one another so as to be capable of
      being pivoted with respect to one another.
NUM  7.
PAR  7. The combination claimed in claim 5 wherein:
PA1  said sections are slidably connected to one another so that one of said
      sections may be slidably moved with respect to the other of said sections
      along a linear path.
NUM  8.
PAR  8. The combination claimed in claim 1 wherein:
PA1  said auxiliary door is a screen door, said screen door having a secondary
      screen door located therein, said secondary screen door being of smaller
      dimension than said auxiliary door.
NUM  9.
PAR  9. The combination claimed in claim 1 wherein:
PA1  said auxiliary door is a screen door,
PA1  said principal door comprises a plurality of rigid panels joined in
      side-by-side relationship so that said panels may be pivoted with respect
      to one another,
PA1  said first mounting means supports said panels so that said panels move
      along a curved path as said principal door is moved between said opened
      and closed position of said principal door,
PA1  said auxiliary mounting means includes rigid elongated channel means, said
      channel means being mounted on said panels so as to accommodate a change
      in distance between remote panels of said principal door during movement
      of said principal door between said opened and closed positions, and
PA1  said auxiliary mounting means also including roller carriage means engaging
      said channel means, said roller carriage means supporting said auxiliary
      door on said channel means, so that said auxiliary door can be moved
      between its opened and closed positions,
PA1  said auxiliary mounting means also including support means for holding said
      auxiliary door with respect to said channel means so that said auxiliary
      door can be moved concurrently with said principal door as said channel
      means are moved when said principal door is moved between its closed and
      opened positions.
NUM  10.
PAR  10. The combination claimed in claim 9 wherein:
PA1  said channel means are pivotally connected to one of said panels at one
      extremity of said door and are movably connected to another of said panels
      furthest remote from one of said panels so as to be capable of
      accommodating a change in distance between said one of said panels and
      said other of said panels.
NUM  11.
PAR  11. The combination claimed in claim 10 wherein:
PA1  said auxiliary mounting means also included extension means connected to
      said other of said panels and,
PA1  said connection between said other of said panels and said panels means
      comprises a sliding connection between said extension means and said
      channel means.
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PAL  Foundry moulds or cores are made by putting a mixture of foundry sand and
      acid-hardenable binder into a mould or core box, hardening the binder by
      passing an acidic gas through the mixture, removing the mould or core from
      the box and applying to its surface a material which will neutralise or
      adsorb acidic gases. The neutralising or adsorbent material permits
      avoidance of the health hazard of emission of acidic gas from the mould or
      core on storage or during use.
BSUM
PAR  A variety of binders has been used for binding together particles of
      foundry sand in making foundry moulds and cores and a variety of catalysts
      has been used to set the binders. Gaseous catalysts have been proposed for
      use with organic binders in U.S. specification No. 3,145,438 and would
      have certain advantages; when these are used the mixture of sand and
      binder would be put into the core or mould box and the gaseous catalyst
      then passed through the mixture. The gaseous catalysts suitable for use
      with organic binders are strongly acidic gases e.g. hydrogen chloride.
PAR  According to the present invention a foundry mould or core is made by a
      method comprising putting a mixture of foundry sand and a binder
      hardenable by use of an acidic catalyst into a core or mould box, passing
      an acidic gas through the mixture thereby causing the binder to harden,
      removing the core or mould from the box and applying to the surface of the
      core or mould a composition comprising a material which will neutralise
      acidic gases or which will adsorb such gases.
PAR  In U.S. specification No. 3,145,438 the gaseous acidic catalysts would have
      had the disadvantage of giving rise to serious health and corrosion
      hazards since, on casting, the temperature of the liquid metal would
      result in rapid discharge of gaseous catalyst trapped in the core or
      mould. Also, we have found that even under normal ambient conditions,
      acidic gas tends to volatilise from the gassed core or mould once it is
      removed from the box.
PAR  The acidic gases set the binders catalytically and the amount of gas
      theoretically required to lower the pH sufficiently for adequate setting
      is very small. In practice however since the binder is, before setting,
      dispersed as a very thin liquid layer amongst a large volume of sand
      particles, more gas is required than the theoretical amount to produce a
      given lowering of the pH of the binder. The amount of gas required in
      practice can however readily be determined by simple experiments. The
      amount of gas used may be controlled in practice by the time that a valve
      is opened that releases acidic gas from a container into the mixture in
      the box. Important factors influencing the amount of gas needed and thus
      the time that such a valve needs to be kept open are, for a particular
      gas, a particular binder and a particular ratio of binder to foundry sand,
      the pressure at which the gas is supplied to the box, the temperature, the
      size and shape of the core or mould and the permeability of the mixture in
      the box.
PAR  The introduction of the acidic gas into the mixture can be effected in
      various ways. Thus, the gas can simply be forced in at superatmospheric
      pressure from a container or can be supplied at substantially atmospheric
      pressure and drawn into the mixture by application of a vacuum to an
      outlet from the core or mould box. Either of these procedures can be
      modified by first supplying the acidic gas in such a manner that it does
      not initially spread throughout the mixture in the box and then supplying
      air, either under pressure or drawn in by application of a vacuum to an
      outlet from the box, to distribute the acidic gas throughout the mixture.
      This modification can be of value in ensuring uniform distribution of the
      acidic gas in the mixture without using more acidic gas than is needed for
      the hardening. The vacuum technique is of value since it avoids any risk,
      during the gassing procedure, of harmful acidic gas escaping into the
      atmosphere.
PAR  The particular gassing procedure used has, we have found, an effect on the
      amount of gas needed. Thus, we have found that, for example, in one
      particular case hydrogen chloride gas had to be supplied at a pressure of
      20 lbs per square inch for 5 seconds in order to give complete hardening
      whereas if the gas were supplied at the same pressure for only 11/2 to 2
      seconds to a duplicate sample but air then supplied at 20 to 30 lbs per
      square inch for 3 seconds complete hardening again resulted. In such a
      test using hydrogen chloride gas followed by compressed air it was found
      that the gas sample contained 0.3% by weight of hydrogen chloride. The
      sample was left in the open at a temperature of 8.degree.C and a relative
      humidity of 60% and was observed to emit hydrogen chloride gas for a
      period of 80 minutes as determined by litmus paper held 1 inch above the
      sample.
PAR  In the method according to the invention the hazards arising from the use
      of gaseous acidic catalysts are minimised in that, when acidic gases are
      discharged on or before, casting, these are neutralised or adsorbed, at
      least partly, by the neutralising or adsorbent material.
PAR  Suitable neutralising materials are usually inorganic materials such as
      metallic oxides, hydroxides e.g. of barium, calcium, sodium and potassium,
      carbonates e.g. of barium, calcium, sodium and potassium and certain
      silicates e.g. of sodium and potassium. These materials may be applied in
      solution or suspension and suitable solvents or suspending media include
      water, alcohols e.g. isopropyl alcohol and mixtures thereof.
PAR  With certain neutralising materials the gas may form a hygroscopic salt
      e.g. calcium chloride or sodium sulphite. This may be harmless if, for
      example, the core is to be used directly after being made and the mould is
      not made of green sand, i.e. a mixture comprising foundry sand, clay and a
      relatively high proportion of water. In cases where the presence of
      hygroscopic salts is undesirable their formation can be avoided by choice
      of an appropriate neutralising material e.g. potassium or barium hydroxide
      rather than calcium hydroxide when hydrogen chloride gas is used.
PAR  Instead of or in addition to a neutralising material an adsorbent material
      may be used. Active carbon and silica gel are suitable. These materials
      can be applied in suspension and suitable suspending media are as
      mentioned above for the neutralising materials. If a composition
      comprising both a neutralising material and an adsorbent material is used
      the former may be in suspension or solution whilst the latter is in
      suspension.
PAR  The amount of neutralising material and/or adsorbent material needed can
      readily be determined by simple experiment: as some of the acidic gas will
      remain in the interior of the core or mould even on casting, not all of
      the acidic gas present will need to be neutralised or adsorbed in order to
      prevent the health and corrosion hazards. As indicated above, the
      neutralising material and/or adsorbent material may be applied in the form
      of a liquid composition and this will usually contain 30 to 50% by weight
      of solids. The liquid compositions may be applied by spraying or painting
      or swabbing: in the case of spraying it is convenient to use more dilute
      suspensions or solutions than with other techniques of application of the
      compositions.
PAR  The liquid compositions applied desirably contain a resin soluble in an
      organic solvent e.g. an alcohol present in the composition. Suitable
      resins include ester resins and other resins used in the paint industry.
      We have found that the use of such resins is advantageous in that it
      increases the adherence of the materials applied to the surface of the
      core or mould: this advantage is particularly significant when the
      material applied includes an adsorbent material.
PAR  When the liquid compositions used comprise water it is desirable after
      application of the composition to apply heat to drive off some at least of
      the water. The heat can be applied by use of a torch or blow-lamp or by
      use of an oven positioned above the core or mould.
PAR  If the composition applied is a suspension it is generally desirable to
      include an anti-settling agent to impart stability to the suspension.
      Other materials may also be included in the compositions e.g. graphite or
      mineral blacking which behaves similarly to graphite.
PAR  The particular nature of the binder used in making cores or moulds in
      accordance with the invention is not of importance in the invention except
      insofar as the advantages only apply where the binder used is one
      conveniently hardenable by an acidic catalyst. Such binders are usually
      organic ones, a variety of resins being known for this purpose and being
      conveniently hardenable by acidic catalysts. Particularly satisfactory
      binders are resin condensates, e.g. a condensate, in oligomeric form, of
      formaldehyde with one or more of furfuryl alcohol, phenol and urea: some
      free furfuryl alcohol may also be present. Such binders are normally used
      in the form of aqueous compositions, e.g. solutions, containing from 1 to
      30% by weight of water: they are usually employed in an amount of 1 to 5%
      by weight based on the weight of foundry sand, preferably from 1.2 to 2%
      by weight based on the weight of foundry sand.
PAR  The effect of binders of the type described above can be improved by the
      inclusion of a silane preferably of general formula R'Si(OR).sub.3 in
      which R' is a C.sub.2 -C.sub.6 alkylene group bonded to an amino, epoxy,
      mercapto, hydroxy, hydroxy-C.sub.1 -C.sub.6 alkylamino, amino-C.sub.1
      -C.sub.6 alkylamino, C.sub.2 -C.sub.6 alkenyl or C.sub.2 -C.sub.6 alkenyl
      carboxy group and the groups R may be the same or different and are
      selected from C.sub.1 -C.sub.6 alkyl and C.sub.1 -C.sub.6
      alkoxy-substituted-C.sub.1 -C.sub.6 alkyl. Desirably the amount of silane
      used is 0.05 to 0.5% by weight, preferably 0.1 to 0.2%, based on the
      weight of aqueous resin condensate composition.
PAR  Examples of suitable acidic gases which can be used in the method according
      to the invention are hydrogen chloride, sulphur dioxide and sulphur
      trioxide.
PAR  There are certain advantages in having the mixture of foundry sand and
      binder in fluid condition when it is put into the core or mould box.
      Conveniently this can be achieved by including with the mixture of foundry
      sand and binder a foaming agent and foaming the aqueous phase before this
      mixture is poured into the box. In order to provide sufficient aqueous
      phase for foaming of this to render the entire composition fluid some
      water may need to be added in addition to that normally present in the
      binder composition itself. The foaming agent will generally be used in an
      amount of 0.1 to 0.5% by weight based on the foundry sand. Suitable
      foaming agents include alkali metal organic sulphates and sulphonates.
DETD
PAR  The following are examples of compositions useful in the method according
      to the invention and the manner in which they are used.
PAC  EXAMPLE 1
TBL  Mineral Blacking  64     parts by weight                                  
     Calcium hydroxide                                                         
     (commercial grade)                                                        
                       30     parts by weight                                  
     Resin             5      parts by weight                                  
     Anti-settling agent                                                       
                       1      part by weight                                   
PAR  The above components were formed into a suspension having a 40% by weight
      solids concentration in isopropyl alcohol. The resin used was an estertype
      resin soluble in isopropyl alcohol and the anti-settling agent used was
      CVP anti-settling agent (Cray Valley Company Limited).
PAC  EXAMPLE 2
TBL  Mineral Blacking 50 parts by weight                                       
     Precipitated calcium                                                      
     carbonate        50 parts by weight                                       
PAR  The above components were formed into a suspension having a 50% by weight
      solids concentration in water. After application of such a composition the
      core or mould should be heated to remove at least the bulk of the water.
PAC  EXAMPLE 3
TBL  Potassium hydroxide                                                       
                     20      parts by weight                                   
     Barium hydroxide                                                          
                     30      parts by weight                                   
     Active carbon   5       parts by weight                                   
     Graphite        40      parts by weight                                   
     Resin           4.5     parts by weight                                   
     Anti-settling agent                                                       
                     0.5     parts by weight                                   
PAR  The above components were formed into a suspension having a 35% by weight
      solids content in isopropyl alcohol. The resin and anti-settling agent
      were as in Example 1.
PAC  EXAMPLE 4
TBL  Sodium silicate  50 parts by weight                                       
     Mineral Blacking 40 parts by weight                                       
     Water            10 parts by weight                                       
PAR  The above components were formed into a suspension. The sodium silicate
      used was Crosfield 112 sodium silicate. The suspension was suitable as
      such for application or could be diluted with further water before
      application. If the water content were to be increased substantially the
      core or mould should subsequently be heated to remove at least most of the
      water.
PAC  EXAMPLE 5
TBL  Mineral blacking     64                                                   
     Barium Hydroxide     30                                                   
     Resin                 5                                                   
     Antisettling agent    1                                                   
PAR  The above components were formed into a suspension having a 35% by weight
      solids content in isopropyl alcohol. The resin and antisettling agent used
      were as in Example 1.
PAR  The term foundry sand is used throughout this specification to mean not
      only those inorganic aggregates commonly referred to as sand and useful in
      making foundry moulds and cores but also other aggregates of inorganic
      matter of natural or synthetic origin suitable for this purpose e.g.
      olivine, chromite and zircon.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for making foundry moulds or cores comprising putting a mixture
      of foundry sand and a binder hardenable by use of an acidic catalyst into
      a mould or core box, passing an acidic gas through the mixture thereby
      causing the binder to harden, removing the mould or core from the box and
      applying to the surface of the mould or core a composition comprising a
      material which will neutralise acidic gases or which will adsorb such
      gases, said composition being applied in an amount effective to neutralise
      or adsorb at least a substantial proportion of the acidic gases released
      from the mould or core before and during casting.
NUM  2.
PAR  2. The method according to claim 1 in which the binder is a resin
      condensate, in oligomeric form, of formaldehyde with one or more of
      furfuryl alcohol, phenol and urea.
NUM  3.
PAR  3. The method according to claim 2 in which the resin condensate is used in
      the form of an aqueous composition containing from 1 to 30% by weight of
      water and is used in an amount of 1 to 5% by weight based on the weight of
      the foundry sand.
NUM  4.
PAR  4. The method according to claim 1 in which the acidic gas is a gas
      selected from the group consisting of hydrogen chloride, sulphurdioxide
      and sulphurtrioxide.
NUM  5.
PAR  5. The method according to claim 1 in which the composition applied to the
      surface of the mould or core includes a resin in solution in an organic
      solvent.
NUM  6.
PAR  6. The method according to claim 1 in which the composition applied to the
      surface of the mould or core is a suspension containing an anti-settling
      agent.
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PAL  Bearings including a layer of a bearing metal, e.g. a lead/tin alloy, in
      which continuous or discontinuous carbon fibres are incorporated and are
      concentrated at or near the bearing surface. The proportion of carbon
      fibres at or near the bearing surface is from 2 to 60 .sup.v /o.
PAL  A method of making shell bearings of this type comprises providing a trough
      of a backing material for the bearing carrying a continuous longitudinal
      tow of carbon fibres, pouring into the trough a molten bearing metal at a
      temperature at which it wets the carbon fibres, and cooling and
      solidifying the bearing metal with the carbon fibres incorporated therein.
      The carbon fibres may be coated, e.g. with copper, to enable them to be
      more readily wetted by the molten bearing metal.
BSUM
PAR  This invention relates to bearings in which carbon fibres are incorporated
      in or near the bearing surface, and to a method for the continuous
      manufacture of such bearings. Difficulty arises in incorporating the
      carbon fibres in the bearing metal at or near the bearing surface, and
      this is solved, according to the invention, by an infiltration process, in
      which either the fibres are especially treated to render them wettable by
      the bearing metal, or special bearing metal alloys are used which are
      capable of wetting carbon fibres which have not been subjected to this
      special treatment. An alloy is said to wet carbon fibre if the contact
      angle between the two is less than 90.degree..
PAR  The incorporation of carbon fibre uniformly in bearing metal is known. We
      have found that similar improvements may be obtained at reduced cost by
      incorporating the carbon fibre non-uniformly in the bearing metal layer.
PAR  According to one aspect of the present invention, there is provided a
      bearing, e.g., a solid bearing or a shell bearing, including a layer of a
      bearing metal in which either continuous or discontinuous carbon fibres
      are incorporated, preferably but not necessarily parallel to the bearing
      surface, wherein the carbon fibres in the surface layer of bearing metal
      are concentrated at or near the bearing surface.
PAR  According to another aspect of the present invention, there is provided a
      shell bearing including a layer of a bearing metal in which continuous
      carbon fibres are incorporated parallel to, and at a controlled distance
      from, the bearing surface.
PAR  The bearing metals with which the present invention is concerned are soft
      metals or alloys based on tin, lead or aluminium, which melt preferably
      within the range of 170.degree. to 200.degree.C. Of particular interest
      are lead/tin alloys, optionally containing minor proportions of other
      ingredients.
PAR  There are two main types of carbon fibre, known as type I and type II. Type
      I are high modulus fibres with typical properties U.T.S. 0.25 - 0.3
      .times. 10.sup.6 psi, and Youngs modulus 56 - 60 .times. 10.sup.6 psi.
      Type II are high strength fibres with typical properties U.T.S. 0.35 - 0.4
      .times. 10.sup.6 psi, and Youngs modulus .about.30 .times. 10.sup.6 psi.
      If one is more interested in improving the strength of bearings than their
      moduli, it is preferable to work with type II fibres. There is no reason,
      however, why type I fibre should not be used as an alternative.
PAR  The proportion of carbon fibres which are incorporated in the bearing metal
      may vary from 1 to 75 .sup.v /o, preferably from 2 to 60 .sup.v /o. Carbon
      fibres are included to reinforce the bearing metal and, where this is the
      only object, an appropriate range may be from 2 to 25 .sup.v /o,
      preferably 5 to 12 or 15 .sup.v /o. However, in addition to their
      reinforcing action, the carbon fibres may, if they are present in
      sufficient quantity, confer desirable lubricating properties if the normal
      lubricant system should prove inadequate, e.g., during start-up in
      automobile engines. In order to achieve this further effect, the carbon
      fibres should be present in the bearing metal in an amount of from 25 to
      60 .sup.v /o, preferably 35 to 50 .sup.v /o. This invention is not
      concerned with non-lubricated bearings of the kind in which the sole
      lubrication is intended to be provided by the carbon in the bearing
      surface.
PAR  It will be appreciated that, if the carbon fibres are to exert their
      maximum effect, they should be uniformly distributed close to the bearing
      surface but embedded in the bearing metal. One method by which such a
      distribution can be achieved is described below.
PAR  The invention also provides a process for the manufacture of shell
      bearings, which process comprises providing a trough of a backing material
      for the bearing carrying a continuous longitudinal tow of carbon fibres,
      pouring into the trough a molten bearing metal at a temperature at which
      it wets the carbon fibres, and cooling and solidifying the bearing metal
      with the carbon fibres incorporated therein.
DRWD
PAR  There follows a more specific description of one embodiment of this
      process, reference being made to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional side elevation of a continuous production line,
      and
PAR  FIG. 2 is a cross-section on the line 2-2 in FIG. 1 of the shell bearing
      produced.
DETD
PAR  Both drawings are diagrammatic, the vertical dimension having been expanded
      for clarity.
PAR  Referring to the drawings, a trough of any suitable backing material, e.g.
      22 cm. tinned steel strip, having a flat bottom 10 and turned up at the
      edges at 11, is passed continuously forward (from left to right in FIG. 1)
      along the production line. Carbon fibre 12 is drawn from a supply 13 and
      spread by means of a roller 14 across the entire width of the trough 10.
      The trough passes through a furnace 15 in which molten bearing metal 16 is
      poured in to the desired depth, e.g. 1 mm. After leaving the furnace 15,
      the bearing metal 16 is rapidly cooled and solidified by passage through a
      water quench 17. Finally, the full trough is up and the pieces shaped and
      machined as necessary into shell bearings.
PAR  The carbon fibres, being of lower density than the bearing metal, tend to
      rise to the surface of the molten metal. It is desirable that the fibres
      should approach, but should not actually reach, the surface before the
      system is frozen by solidification of the bearing metal. The following
      factors affect, and can be varied to control, this rate of rising:
PAR  a. the tension applied to the carbon fibre tow,
PAR  b. the speed of movement of the trough,
PAR  c. the distance between the point where the molten metal is poured into the
      trough and the quench, and
PAR  d. the net density of the carbon fibres (this may be altered if the fibres
      are coated, as is more fully described below).
PAR  These factors are all interdependent, but for fibres plated with
      .about.2-21/2.mu.m of copper, i.e. with an overall density of
      .about.6g/cc, tensions of only 1-10gms. suffice. Suitable trough speeds
      are .about.5m/min, with 50cms separation between the furnace outlet and
      cooling spray.
PAR  For this process to be successful, it is essential that the bearing metal
      should be poured into the trough at a temperature at which it wets the
      carbon fibres but does not react rapidly and substantially with them.
      Conventional lead/tin bearing metals do not, in general, wet untreated
      carbon fibres at temperatures below those at which rapid and substantial
      reaction takes place. It is, however, possible to mitigate this difficulty
      by modifying either the carbon fibres, or the bearing metal, as will now
      be more fully described.
PAR  One method comprises providing the carbon fibres with a coating such that
      they are wettable by the bearing metal, and incorporating the coated
      fibres by infiltration into the bearing metal under conditions such that
      the coated fibres are wetted by the molten bearing metal.
PAR  The coating on the carbon fibres will generally be of a metal. It is known
      that coatings of metals, e.g. copper of nickel, may be provided on carbon
      fibres by electroplating. It is also possible to provide coatings by
      vapour phase deposition or other techniques.
PAR  When the coated fibres are incorporated in the molten bearing metal, the
      coating tends to diffuse into the bearing metal. It is desirable that the
      coating should not diffuse away completely before the bearing metal has
      solidified, as the bare fibres would no longer be wetted by the bearing
      metal. On the other hand, the coating is quite expensive, and there is no
      need to provide it in a thickness greater than that necessary to ensure
      that the fibres remain incorporated in the bearing metal until it
      solidifies. We have found electroplated copper coatings of from 0.5 to 5.0
      microns thickness, preferably 1 to 2 microns, to be suitable.
PAR  The nature of the coating needs to be correlated with the nature of the
      bearing metal, and with the temperature at which infiltration is effected.
      Copper coated carbon fibres are wetted by lead, tin and mixtures of the
      two provided that high enough temperatures are used. But the minimum
      wetting temperatures for lead/tin alloys are lower than those for the pure
      metals, and we prefer to use alloys containing from 20 to 80 .sup.w /o of
      lead and from 80 to 20 .sup.w /o of tin, particularly alloys containing
      from 30 to 70 .sup.w /o of lead and from 70 to 30 .sup.w /o of tin. It is
      desirable to effect infiltration at comparatively low temperatures to
      minimise both the rate of diffusion of the coating from the fibres and
      also the possibility of reaction between the metal and the carbon fibres.
      The preferred lead/tin alloys can often be infiltrated at temperataures
      below 300.degree.C. However, the fibres are most rapidly penetrated at
      temperatures in the region of 450.degree.C. Above this temperature the
      copper coating is quickly dissolved off, and substantially below this
      temperature, the liquid alloy lacks sufficient fluidity to effect good
      penetration of the fibres.
PAR  The contact angles of various lead-tin alloys at various temperatures with
      copper-coated carbon fibre are set out in the following table:
TBL  Lead-tin alloy                                                            
     Sn%        100 80  72  62  50  40  20  0                                  
     PB%        0   20  28  38  50  60  80  100                                
     Contact                                                                   
     angle                                                                     
     __________________________________________________________________________
     20.degree. --  --  450 280 295 320 470 --                                 
     30.degree. 365 300 260 265 285 305 435 590                                
     60.degree. 290 250 235 250 275 290 400 540                                
     90.degree. 245 225 220 240 270 285 380 480                                
     __________________________________________________________________________
     Melting                                                                   
     point      230 200 190 180 210 230 275 320                                
     __________________________________________________________________________
PAR  Copper-coated carbon fibres are also wetted by aluminium and aluminium/tin
      alloys at temperatures below 700.degree.C.
PAR  Another method of overcoming the wetting difficulty referred to above is to
      use as a bearing metal either:
PAR  a. an alloy based on tin, optionally in admixture with lead, containing a
      small proportion of titanium, vanadium or hafnium, or
PAR  b. an alloy based on aluminium containing a small proportion of chromium,
PAL  the composition of said bearing metal being such that it wets uncoated
      carbon fibres at temperatures below those at which rapid and substantial
      reaction takes place with the carbon fibres.
PAR  The contact angle between a tin --1 .sup.w /o titanium alloy and vitreous
      carbon is 136.degree. at 700.degree.C. and 68.degree. at 800.degree.C.
PAR  The contact angle between a tin -- 1 .sup.w /o vanadium alloy and vitreous
      carbon is 98.degree. at 825.degree.C. and 82.degree. at 925.degree.C.
PAR  The contact angle between a tin -- 1 .sup.w /o hafnium alloy and vitreous
      carbon is 100.degree. at 815.degree.C. and 70.degree. at 925.degree.C.
PAR  At temperatures of this order, it does appear that wetting is not due to
      metal carbide formation.
PAR  It will be appreciated that these bearing alloys can be used in the process
      for the manufacture of shell bearings hereinbefore described, with the
      advantage that the carbon fibres do not have to be specially coated before
      use. For this purpose we prefer to use tin-based alloys containing from
      0.5 to 5.0 .sup.w /o of titanium, vanadium or hafnium.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the continuous manufacture of carbon fiber reinforced
      shell bearings which process comprises:
PA1  a. providing a continuous casting furnace and spaced therefrom, a cooling
      station comprising a water quench;
PA1  b. supplying continuously to said furnace a continuous trough of a backing
      material;
PA1  c. supplying longitudinally of the internal base of said trough in said
      furnace continuous carbon fibers in the form of a tow, the fibers of said
      tow being supplied across the width of said trough;
PA1  d. supplying in said trough in said furnace, molten bearing metal at a
      temperature at which it wets said carbon fibers, whereby said carbon
      fibers are incorporated in said molten bearing metal;
PA1  e. passing said trough containing said molten bearing metal and
      incorporated carbon fibers from said furnace to said cooling station,
      during which passage the carbon fibers rise through said molten bearing
      metal to approach the surface of said molten bearing metal; and
PA1  f. cooling and solidifying said molten bearing in said cooling station by
      quenching with water to form the shell bearing product in the form of a
      continuous strip of bearing metal containing incorporated therein
      continuous carbon fibers concentrated near the surface of said bearing.
NUM  2.
PAR  2. A process for the continuous manufacture of carbon fibers reinforced
      shell bearings which process comprises:
PA1  a. providing a continuous casting furnace and spaced therefrom, a cooling
      station;
PA1  b. supplying continuously to said furnace a continuous trough of a backing
      material;
PA1  c. supplying longitudinally of the internal base of said trough in said
      furnace continuous carbon fibers in the form of a tow, the fibers of said
      tow being supplied across the width of said trough;
PA1  d. supplying in said trough in said furnace, molten bearing metal at a
      temperature at which it wets said carbon fibers, whereby said carbon
      fibers are incorporated in said molten bearing metal;
PA1  e. passing said trough containing said molten bearing metal and
      incorporated carbon fibers from said furnace to said cooling station,
      during which passage the carbon fibers rise through said molten bearing
      metal to approach the surface of said molten bearing metal; and
PA1  f. cooling and solidifying said molten bearing metal in said cooling
      station to form the shell bearing product in the form of a continuous
      strip of bearing metal containing incorporated therein continuous carbon
      fibers concentrated near the surface of said bearing.
NUM  3.
PAR  3. A process as claimed in claim 2, wherein the carbon fibres have been
      provided with an electroplated copper coating from 0.5 to 5.0 microns
      thick.
NUM  4.
PAR  4. A process as claimed in claim 2, wherein the bearing metal is a lead/tin
      alloy containing from 30 to 70 .sup.w /o of lead and from 70 to 30 .sup.w
      /o of tin.
NUM  5.
PAR  5. A process as claimed in claim 2, wherein the bearing metal is a
      tin-based alloy containing from 0.5 to 5.0 .sup.w /o of titanium vanadium
      or hafnium.
NUM  6.
PAR  6. A process as claimed in claim 2, wherein the carbon fibres have been
      provided with a coating such that they are more readily wettable by the
      bearing metal.
NUM  7.
PAR  7. A process for the continuous manufacture of carbon fiber reinforced
      shell bearings in which the bearing metal is a tin based alloy containing
      from 0.5 to 5.0 weight percent of titanium, vanadium or hafnium, which
      process comprises:
PA1  a. providing a continuous casting furnace and a cooling station;
PA1  b. supplying to said continuous casting furnace a continuous trough of
      backing material;
PA1  c. supplying longitudinally in said continuous trough in said continuous
      casting furnace continuous carbon fibers in the form of a tow and said
      bearing metal in the molten form at a temperature at which said molten
      bearing metal wets the carbon fibers whereby the carbon fibers are
      incorporated into said molten bearing metal; and
PA1  d. passing the trough containing molten bearing metal and said incorporated
      carbon fibers through the casting furnace to the cooling station and
      cooling and solidifying the bearing metal to form the shell bearing
      product in the form of a continuous strip.
NUM  8.
PAR  8. A process as claimed in claim 7 wherein the carbon fibers have been
      provided with a coating such that they are more readily wettable by said
      bearing metal.
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ABST
PAL  In a continuous metal casting plant which includes a casting wheel which
      has a peripheral groove, a metal endless band which winds partially about
      a portion of the circumference of the casting wheel so as to define a
      casting chamber for receiving molten metal and a crucible which is
      provided with nozzle for delivering the molten metal, the improvement
      being that the band is supported and tensioned by a pair of movable
      structures adapted to slide along a track, each structure having a
      shoulder and a plurality of rollers. One structure is fixedly secured to
      the track, and the other structure is movable by means of a piston
      actuated by sensitizers of the band via charge or load cells. The band is
      maintained pressed against the casting chamber of the wheel by means of
      two band presser means disposed on opposite sides of the wheel, each band
      presser means being mounted on an independently movable carriage which
      carries a multi-hinge arm and its associated pulley.
BSUM
PAR  This invention relates to an improved continuous metal casting plant, and
      more particularly to a continuous metal casting plant which is provided
      with separate and movable operating mechanical units which are adapted to
      ensure the use of casting wheels of different diameters.
PAR  As is well known, continuous metal casting plants as used heretofore, such
      as Bessemer, Properzi, Rigamonti plants and the like, are built of
      mechanical structures assembled in rigid units, generally called "casting
      machines".
PAR  These conventional casting plants show considerable operating limitations
      due to their rigid structure, which unquestionably involves a relatively
      fixed spacing between its various component parts. In particular, in the
      aforesaid casting machines, the length of the endless band which is wound
      partially about the casting wheel is determined by the structure of the
      machine itself, and therefore it is not suited for casting wheels of
      different diameters.
PAR  Consequently, the endless band is subjected to very frequent operating
      cycles, which involve a reduced lifetime for the endless band.
PAR  The limited extension of the endless bands makes it almost impossible to
      operate a continuous compensation of their elongation due to their certain
      expansion due to thermal effects caused by the molten metal;
PAR  For this reason, in conventional casting plants, there is a forced
      continuous tendency to resort to the use of steel bands, which have a
      sufficiently low linear expansion factor.
PAR  This solution leads, however, to the fact that generally speaking, the
      casting chambers (or throats) are formed of materials having heterogeneous
      material walls and uneven and varying thicknesses between the walls and
      the band.
PAR  It may be recalled here that copper or its alloys are generally used for
      the construction of the wheel, and steel is used for the band.
PAR  Furthermore, in conventional casting plants, the casting wheels are
      normally of a preset diameter, and the positioning devices of the other
      component parts of the casting plants are rather complex and only
      relatively movable.
PAR  On the other hand, it should be stressed here that the machines being at
      present commercially available which use wheels of various diameter
      require complicated modifications, dismantlings and re-placement parts for
      changing from one diameter to another.
PAR  Finally, in the same conventional casting machines, the melting crucibles
      and nozzles pertaining to unit mechanical constructions always waste an
      appreciable amount of time for their assembly, disassembly, replacement
      and positioning.
PAR  The execution of these mechanical operations implies likewise the stopping
      of the casting plant which results in consequent serious damages to the
      continuity of the operating cycle.
PAR  The above-mentioned disadvantage and other practical inconveniences are
      remedied by the continuous casting plant according to the present
      invention.
PAR  In the continuous casting plant of this invention, the return rollers of
      the endless band may be in fact caused to slide along a proper track,
      which may be placed, according to requirements, above or below the
      operating surface.
PAR  Of the aforesaid return rollers, one is fixedly secured to the most
      suitable position; whereas, the other one is conveniently maintained under
      tension and acts substantially as a band-stretching or tensioning roller.
PAR  Consequently, in the continuous casting plant of this invention, it is
      possible to use bands made from copper or copper alloys, since the
      elongations of the bands themselves are automatically compensated for. The
      pair of units which press the band against the casting wheel are further
      movable, too, they being preferably sliding over a track in line with the
      casting axis.
PAR  By this arrangement, it is possible to quickly replace the band and use
      wheels of different diameters.
PAR  In the continuous casting plant of this invention, furthermore, the
      crucible-nozzle units consist of movable mechanical structures, provided
      with connecting members and hinges adapted to adjust the height of the
      nozzle, the inclination and the crucible swing. The units are further
      displaceable, generally on small wheels, and one provided with proper hook
      levers for fastening the units to the floor in operating position. These
      and further characteristic features of a functional and constructional
      nature of the continuous metal casting plant according to the present
      invention could be better understood from the following detailed
      description taken in conjunction with the accompanying drawings; in which:
DRWD
PAR  FIG. 1 shows an embodiment of the continuous metal casting plant of this
      invention in a schematic front view;
PAR  FIG. 2 shows the embodiment of FIG. 1 in a cross-sectional view; and
PAR  FIG. 3 shows an alternative embodiment with the return rollers of the
      endless band placed underneath the operating surface.
DETD
PAR  Referring now particularly to the reference numerals contained in the
      figures on the accompanying drawing, the continuous metal casting plant
      according to the present invention includes a casting wheel 1 which is
      mounted on a hub 2.
PAR  The hub 2 is placed underneath the operating surface, and casting wheels of
      different sized diameters are adapted to be fixedly secured on hub 2, as
      required by the particular structure involved in the casting plant.
PAR  Above the operating surface, there are placed pairs of tracks 17, along
      which units 3 are adapted to slide, including essentially a crucible 3a
      provided with a nozzle 18. More particularly, the units 3 are mechanical
      assemblies which are provided with members and hinges which are adapted to
      ensure a variation, according to requirements in the height, inclination
      and swing of the crucible 3a which is supported by the units.
PAR  The units are generally displaceable on small wheels 19 and are further
      provided with proper hook levers for fastening the units 3 to the floor
      when they are in operating position. Preferably, the fastening is carried
      out by engaging the hook levers in holes provided on the operating floor
      in the vicinity of the casting wheel 1.
PAR  It should be noted here that the availability of spare units 3 permits the
      option of previously preparing the crucibles 3a so that the replacement of
      the crucibles themselves may take place in a very short time.
PAR  The replacement in fact does not require special modifications and/or
      displacements, expect for the removal of the unit 3 which is replaced by
      the approach of a new unit. In the same simple manner, it is possible to
      change the casting point, should a wheel 1 of different diameter be used;
      in such event, it will in fact suffice to vary the height and, if
      necessary, the inclination of the crucible 3a on the units 3.
PAR  Underneath the operating surface, there is disposed a band pressing unit 4
      which comprises a multi-hinge arm that is adapted to ensure an exact
      positioning of the guide pulley 20.
PAR  On the opposite side of the axis of the hub 2, there is placed a second
      unit 5, which is likewise provided with hinges and guide pulley 20 and
      which may also incorporate the stripper of the cast bar or the rolled
      strip.
PAR  The aforementioned band-pressing units 4 and 5 are preferably mounted on a
      carriage 21 which slides over the tracks 22 and is helically connected via
      one or more threaded bushings 23 to a female screw 24 which is actuated by
      means of a handwheel 25.
PAR  The moveability of band-pressing units 4 and 5 ensures both a quick change
      of the endless band 6 and its use without the need for conversions of the
      wheels 1 of different diameter.
PAR  The casting band 6 is not subject to particular length limitations and may
      be made of material having a high linear expansion factor, such as copper
      and its alloys.
PAR  More generally speaking, the band 6 may be made of material having linear
      expansion factor closely matching the material used for making the casting
      wheels 1.
PAR  The band 6 is supported by a pair of structures 8 and 9 which slide along a
      horizontal track 7. The track 7 is generally elevated above the wheel 1
      and may rest on pillars 26, or hung to the ceiling, or otherwise installed
      depending on the individual requirements. The track 7 may further extend
      an indefinite length being only practically limited by the space available
      on the site.
PAR  The sliding structurs 8 and 9 are provided with shoulders 10 which are
      fitted with a plurality of loose rollers 11 or pulleys for guiding the
      band 6.
PAR  The structure 8 is preferably tangentially positioned relative to the
      horizontal diameter of the wheel 1 and its casting point by means of
      suitable fastening members which may be constituted of, for example, pairs
      of pressure screws which are actuated by the handwheel 28.
PAR  The structure 9 is then in turn, positioned depending upon the length of
      the band 6 and the desired tension to be imparted thereto, thus
      automatically adjusting the band.
PAR  To this end, some of the rollers 11a are movable and serve as sensors,
      which continuously control the tension of the band 6 via proper load
      cells.
PAR  The load cells displace electronically the structure 9 by means of a piston
      9a mounted integrally the track 7 so as to compensate for changes in
      length of the band 6 resulting from heat expansion.
PAR  It should be noted here that in view of the mobility of the structures 8
      and 9, the band 6 may be used also after eventual cuttings and removal of
      worn out portions until it reaches the minimum permitted size. The wheel
      carrying hub 2 is driven by the speed reducer 12, via the shaft 13, and is
      mounted on two or more support means 29.
PAR  According to an alternative embodiment form (FIG. 3) of this invention, the
      movable structures 8 and 9 may be accommodated in a hole 30, and they may
      slide along a track 7 on the ground, thus making possible the use of a
      tunnel 14 for straightening and conditioning the band 6.
PAR  In this case, the band 6 is supported on the working surface by a pair of
      shoulders 15 and 16 which is provided with a plurality of loose rollers
      11.
PAR  The shoulders 15 and 16 rotate about the pivots 31 in order to ensure a
      variation in the position of the band 6 in relation to the diameter of the
      wheel 1 and the casting point.
PAR  The continuous metal casting plant of this invention has been described and
      illustrated by way of non-limiting embodiment examples and demonstrate the
      novel and innovative features characterizing its increased functional
      character, so that several changes and modifications as well as
      improvements may be introduced therein, without departing from the very
      spirit of this invention, it being understood that any such changes and
      modifications or improvements shall be deemed as falling into, and
      appertaining to, the scope and protection of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for the continuous casting of elongated metal elements from
      hot molten metal, a combination comprising a casting wheel having an axis
      and a peripheral groove; a metallic endless band entrained about a portion
      of the circumference of said wheel so as to overlie said groove in said
      portion and define a casting chamber therewith; crucible means including a
      nozzle for admitting hot molten metal into said casting chamber;
      band-tensioning means including a horizontal track and a pair of
      band-supporting members slidable on said track and each having roller
      means for entraining said band at locations spaced from said wheel, said
      band-tensioning means also having means for fixedly securing one of said
      members to said track and control means for moving the other of said
      members along said track, said control means including sensor means for
      sensing the tension of said band and piston means connected with said
      other member and cooperating with said sensor means to move said other
      member away from said one member and thereby maintain said band tensioned;
      and a pair of band-presser means disposed on opposite sides of said axis
      for respectively pressing said band against the circumferential surface of
      said wheel, each of said band-presser means having a movable carriage, a
      multi-hinged arm and a pulley on said arm.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said crucible means further
      comprises at least one crucible having wheels adapted for movement on an
      operating surface located substantially at the level of admission of said
      hot molten metal into said casting chamber; and further comprising
      adjusting means on said crucible means for adjusting the position of said
      one crucible relative to said operating surface.
NUM  3.
PAR  3. A combination as defined in claim 2; and further comprising locking
      means having hooks for fixedly securing said crucible means to said
      operating surface when said one crucible is in operating condition
      adjacent said casting chamber.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said casting wheel and said
      band are both constituted of a metal material having substantially equal
      thermal expansion factors.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said band and said casting
      wheeel are constituted of a metal material selected from the group
      consisting of copper and its alloys.
NUM  6.
PAR  6. A combination as defined in claim 2, wherein said horizontal track of
      said band-tensioning means is located above said operating surface.
NUM  7.
PAR  7. A combination as defined in claim 6, and further comprising a pair of
      support pillars, and wherein said horizontal track of said band-tensioning
      means is supported from below by said pair of pillars.
NUM  8.
PAR  8. A combination as defined in claim 6; and further comprising an elevated
      ceiling support, and wherein said horizontal track of said band-tensioning
      means is supported from above by said ceiling support.
NUM  9.
PAR  9. A combination as defined in claim 2, wherein said horizontal track of
      said band-tensioning means is located underneath said operating surface,
      and wherein said roller means entrains said band at spaced locations
      disposed at opposite sides of said axis.
NUM  10.
PAR  10. A combination as defined in claim 9; and further comprising means for
      straightening said band on said horizontal track, said straightening means
      comprising an elongated member having a longitudinal socket which is
      adapted to receive and straighten said band as it passes therethrough.
NUM  11.
PAR  11. A combination as defined in claim 1; and further comprising additional
      casting wheels, each having differently-sized diameters and a hub portion
      adapted to interchangeably mount said additional casting wheels on said
      axis, and wherein said movable carriage of each of said band-presser means
      is movable in order to firmly press said band against a selected one of
      said casting wheels mounted on said axis.
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PAL  A plant for melting hollow metal ingots comprising means including at least
      one side core to shape openings with a horizontal axis in the ingot; and a
      hollow consumable electrode having at least one through slot along its
      length, which slot has a width and length sufficient to accommodate said
      side core with a clearance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to plants and apparatus for the electroslag
      melting of hollow metal ingots, e.g. those similar in geometry to power
      fitting casings having a longitudinal space in communication with holes in
      connecting pipes arranged transversely to the longitudinal axis.
PAR  The present invention is aimed at providing maximum geometric similarity of
      an ingot and a finished article which feature making possible a decrease
      in production costs of shaped articles.
PAR  A method for the manufacture of hollow metal ingots by electroslag melting
      in a cooled outfit (means) is presently known, and which comprises a base
      plate mounting, a means (a mould) for shaping an external side surface of
      the ingot with a means (a mandrel) disposed coaxially therewith, and
      adapted for shaping an internal side surface of the ingot. A mandrel is
      introduced into an outfit melting space from either above or below.
PAR  The mandrel in adapted for introduction into the melting space from above,
      and is fitted with elements through which it rests on the upper end of the
      means (mould) for shaping the external surface of the ingot.
PAR  The above elements, disposed transversely to the longitudinal axis of the
      outfit, interfere with the introduction of the hollow consumable electrode
      into the melting space.
PAR  In this connection the hollow metal ingots may only be melted by using
      consumable electrodes with a solid and comparatively small cross-section
      so as to enable their introduction into the space between the mould and
      the mandrel with a clearance.
PAR  The hollow consumable electrodes are utilized in plants wherein the mandrel
      is introduced from below through an opening in the base plate. However,
      the above plants are not suitable for melting ingots which would ensure a
      maximum similarity in geometry to the finished articles, e.g. having
      conduits in connecting pipes.
PAR  The melting of hollow metal ingots with openings on their side surface
      would necessitate reducing the scope of their machining.
PAR  The prior art inventors believe that openings on the side surfaces of such
      ingots can be utilized coupled with the aid of mandrels introduced into
      the outfit melting space through the holes in the wall of the means for
      shaping the external side surface of the ingot being melted. However, the
      side mandrels representing the outfit elements would be disposed
      transversely to the direction of motion of the consumable electrode in the
      course of fusing thereof, and thereby hampering the introduction of the
      hollow consumable electrode into the melting space.
PAR  It is due to these problems that at present the casings for the fittings
      employed in nuclear power engineering are welded from separate stampings
      or forgings. All this results in a considerable increase in the cost of
      articles being produced. Moreover, the metal of such articles does not
      always features adequate strength and homogeneity.
PAR  Due to a growing demand for shaped ingots for articles utilized in
      different branches of industry, a need has arisen to eliminate the above
      difficulties, and to solve electroslag melting problems involving
      high-quality metal ingots, and thus ensuring maximum similarity in
      geometry to the finished articles, e.g. to the power fitting casings with
      openings in their side surface (in connecting pipes).
PAR  The known plants for electroslag melting of hollow metal ingots are not
      adapted for melting shaped ingots with openings on their side surface.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the invention is to provide a plant for the
      electroslag melting of hollow metal ingots ensuring the production of
      ingots with openings on their side surface, such as the openings in the
      connecting pipes of power fitting casings.
PAR  Another no less important object of the invention is to provide a reduction
      in the cost of melting said ingots.
PAR  Still another object of the invention is to diminish the scope of machining
      of such ingots.
PAR  Said and other objects are achieved by providing a plant for electroslag
      melting of hollow metal ingots, comprising a supporting metal structure
      with a carriage movable vertically thereon, and carrying an electrode
      holder with a consumable electrode fastened thereto, an outfit means
      having at least a single element disposed transversely to the direction of
      movement of said electrode in the course of its fusing within a space
      bounded by a base plate, and a means mounted thereon and adapted for
      shaping the external side surface of the ingot, coupled with a means
      positioned coaxially therewith, and adapted for moulding the internal side
      surface of the ingot, with the plant using, according to the invention, a
      hollow consumable electrode having at least a single through slot directed
      along its length, with the slot width and length being sufficient to
      accommodate with a clearance for the above element of the outfit.
PAR  According to the invention, the plant furnished with the hollow consumable
      electrode of a new shape is adapted for melting hollow metal ingots by
      introducing a mandrel into the melting space from above with the electrode
      slots being located accordingly on the side of the outfit elements. In
      this case the elements holding the mandrel in place, and those moulding
      the openings in the side surface of the ingot, are so disposed that they
      are enclosed in the corresponding slots of the hollow consumable
      electrode.
PAR  The outfit element for shaping an opening in the side surface of the ingot
      can be made as a mandrel to be introduced into the melting space through
      an opening in the wall of the means for shaping the external side surface
      of the ingot being melted.
PAR  The above embodiment of the aforesaid element is most simple in terms of
      its design and, in spite of its transverse arrangement within the melting
      space, renders the process most effective due to the presence of the slots
      in the hollow consumable electrode.
PAR  An electroslag melting plant can be furnished with a hollow consumable
      electrode which is a tube provided with the above-mentioned through slots.
PAR  This is a most simple embodiment of a hollow consumable electrode,
      according to the invention.
PAR  The above plant may be also fitted with a hollow consumable electrode
      compiled of metal rods butting against one another and drawn apart (open)
      at the place where the above-mentioned outfit element is located.
PAR  In this case the metal rods may be utilized for producing a consumable
      electrode of any given diameter.
PAR  It is likewise expedient that the consumable electrode employed in the
      electroslag melting plants may also be composed of the metal rods having a
      round cross-section.
PAR  The rods with the round cross-section have found wide application, and are
      readily available for use as the electrodes.
PAR  It is desirable that a consumable electrode made up of metal rods having a
      rectangular cross-section be used in the above-described plants.
PAR  The consumable electrode manufactured from the rectangular rods is
      convenient for use when melting ingots having a rectangular cross-section.
PAR  According to the invention, the hereinbefore described possible embodiments
      of a plant for the electroslag melting of hollow metal ingots by making
      use of consumable electrodes, and appropriate outfits therefore, make it
      possible to diminish materially the cost of ingot production featuring
      maximum similarity in geometry to that the finished articles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be better understood from a consideration of a
      detailed description of exemplary embodiments thereof, taken in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 shows a plant for the electroslag melting of hollow metal ingots by
      using mandrels and a hollow consumable electrode introduced from below and
      into a cooled outfit to melt the ingot (a longitudinal sectional view of
      the outfit, mandrels, and of the consumable electrode);
PAR  FIG. 2 is a side view with a fragmentary cutaway view of the consumable
      electrode on the side of a through slot;
PAR  FIG. 3 is a top view of the consumable electrode made up of metal rods
      having a round cross-section drawn apart at the location of the two side
      mandrels;
PAR  FIG. 4 is a top view of the consumable electrode compiled of metal rods
      having a rectangular cross-section drawn apart at the location of the two
      side mandrels.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A plant for the electroslag melting of hollow metal ingots, comprising a
      supporting metal structure 1 (FIG. 1) with a carriage 2 movable thereon
      and mounting an electrode holder 3 which carries a hollow consumable
      electrode 4. The electroslag melting process is effected in a cooled
      outfit (means) having a means 5 for shaping an external ingot surface, a
      means 6 for shaping an internal ingot surface and a base plate 7.
PAR  The aforesaid outfit has side mandrel elements 8 arranged in a melting
      space transversely to the direction of motion of the hollow consumable
      electrode 4 in the course of fusing. The above hollow consumable electrode
      4 (FIG. 2) has a through slot 9 directed along its length.
PAR  The hollow consumable electrode 4 can be made as a tube 10 or compiled of
      metal rods 11 (FIG. 3) butting against one another and drawn apart (open)
      at the location of outfit elements i.e. side mandrels 8 (FIG. 1). The rods
      11 (FIG. 3) may have a round cross-section, and may be positioned round
      the circumference.
PAR  For melting hollow ingots having a rectangular cross-section, it is
      expedient that metal rods 12 (FIG. 4) having a rectangular cross-section
      be used.
PAR  In this case if the consumable electrode 4 is compiled of separate metal
      rods 11 (FIG. 3) or 12 (FIG. 4), the latter are attached with their upper
      ends to the electrode holder 3.
PAR  In the herein-described exemplary embodiment the shaping means 6 is
      introduced through the base plate 7, but in other possible embodiment, it
      can be introduced from above and resting on the upper end of the means 5
      with the help of members (not shown in the drawing) disposed transversely,
      and inserted into the slots 9 of the consumable electrode 4.
PAR  The electroslag melting of a hollow ingot 13 (FIG. 1) in the electroslag
      melting plant is accomplished, according to the invention, in the
      following manner:
PAR  The means 5 for shaping the external side surface of the ingot 13 is
      mounted on the base plate 7. The means 6 for shaping the internal side
      surface of the ingot 13, depending on its design, is introduced either
      from below into the outfit melting space through an opening in the base
      plate 7, or from above to be fixed on the upper end of the means 5. The
      mandrels 8 for shaping the opening in the side surface of the ingot 13 are
      introduced into the outfit melting space through the openings in the walls
      of the means 5. The mandrels 8 are introduced until the faces of their
      free ends come in contact with the side surface of the mandrel means 6 for
      shaping the space located along the longitudinal axis of the ingot 13.
PAR  Next, the hollow consumable electrode 4 is fixed in the electrode holder 3
      which in turn is held by the carriage 2. Following that the hollow
      consumable electrode 4 is introduced into the melting space between the
      means 5 and means 6 by shifting the carriage 2 along the metal structure
      so that additional outfit elements -- the mandrels 8-are placed with a
      clearance within the electrode slots 9. After that a slag bath 14 is
      established in the melting space, and an electric current is passed
      through the hollow consumable electrode 4, and the base plate 7. During
      the passage of the electric current through the slag bath 14, heat is
      evolved therein with the hollow consumable electrode 4 melting off under
      the effect of this heat and thus forming a metal pool 15 crystallizing
      into the ingot 13 upon cooling.
PAR  As the lower section of the consumable electrode 4 dipped into the slag
      bath 14 melts off, the electrode 4 is lowered by shifting the carriage 2
      along the metal structure 1. In this case the hollow consumable electrode
      4 does not come in contact with the mandrels 8, insofar as the above
      electrode 4 is provided with the through slots 9 directed longitudinally
      along its axis. The length and width of said slots 9 ensures the
      displacement of the hollow consumable electrode 4 with the proper
      clearance, as it melts off, and in relation to the mandrels 8.
PAR  Where the hollow consumable electrodes 4 employed in the plant are compiled
      of rods having a round 11 or rectangular 12 cross-section, the electroslag
      process of melting the ingot 13 is effected in a similar way.
PAR  When the herein-proposed plant for the electroslag melting of hollow metal
      ingots, using the above-described apparatus and the hollow consumable
      electrodes, was tested, an ingot was produced for a power fitting casing
      fitted with openings (conduits) in connecting pipes, with the diameter of
      each conduit being equal to 160 mm, and the length of the conduit 150 mm.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A plant for electroslag melting of hollow metal ingots, comprising: a
      supporting structure; a carriage mounted on said supporting structure
      movably in the vertical direction; an electrode holder fastened on said
      carriage; means for casting a hollow metal ingot including a base plate, a
      mold arranged on said base plate, and a core secured on said mold; at
      least one side core for shaping a cavity opening to the external side
      surface of the ingot, said core being inserted through the mold; a hollow
      consumable electrode having at least one through slot along its length,
      which slot having a width and length sufficient to accommodate said side
      core with a clearance.
NUM  2.
PAR  2. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 1, wherein said hollow consumable electrode is a tube provided with
      said through slot.
NUM  3.
PAR  3. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 1, wherein said hollow consumable electrode is made up of metal rods
      butting against one another and drawn apart at the point where said side
      core is located.
NUM  4.
PAR  4. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 3, wherein each of said metal rods has a round cross-section.
NUM  5.
PAR  5. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 3, wherein each of said metal rods has a rectangular cross-section.
NUM  6.
PAR  6. A plant for electroslag melting of hollow metal ingots comprising: a
      supporting structure; a carriage mounted on said supporting structure
      movably in the vertical direction; an electrode holder attached on said
      carriage; means for casting a hollow metal ingot including a base plate, a
      mold and a core, all located on said base plate; at least one side core
      for shaping a cavity opening to the external side surface of the ingot,
      said side core being inserted through the mold; a hollow consumable
      electrode having at least one through slot along its length and having a
      width sufficient to accommodate said side core with a clearance.
NUM  7.
PAR  7. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 6, wherein said hollow consumable electrode is a tube provided with
      said through slot.
NUM  8.
PAR  8. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 6, wherein said hollow consumable electrode is made up of metal rods
      butting against one another and drawn apart at the point where said side
      core is located.
NUM  9.
PAR  9. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 8, wherein each of said metal rods has a round cross-section.
NUM  10.
PAR  10. The plant for electroslag melting of hollow metal ingots as claimed in
      claim 8, wherein each of said metal rods has a rectangular cross-section.
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ABST
PAL  An arrangement for the continuous manufacture of metal ingots by
      progressive crystallization below a slag layer in a mold open at the
      bottom. Below the bottom edge of the mold, there are distributed along the
      periphery of the mold, several blocking elements moveable in the direction
      of the ingot surface. The edges and surfaces facing the ingot are adapted
      to the shape of the ingot cross section, and the blocking elements may be
      sectors of an annular ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a device for the continuous manufacture of
      metal ingots by progressive crystallization underneath a slag layer in a
      mold open at the bottom.
PAR  A large number of such devices is known in the art. They are used for the
      manufacture of metal ingots whose length is greater than the length of the
      casting mold. An example is the so-called electro-slag remelting process.
      Here one or more melt-off electrodes are remelted continuously by a molten
      slag layer whose area of contact with the slag layer constitutes a melt
      pool of varying depth. Melt-off electrodes, liquid slag and the
      crystallizing ingot are contained within a cylindrical or slightly conic
      liquid-cooled mold whose bottom consists of the ingot. The continuous
      operation can be maintained by uniform or stepwise drawing-off of the
      ingot in the downward direction with the mold at rest or by raising the
      mold with the ingot at rest. The melt-off electrodes are fed into the slag
      layer as they are consumed. The heat of fusion (melting heat) is produced
      by the current flow between the melt-off electrodes and the ingot through
      the slag layer.
PAR  The state of the art also includes another method where the temperature of
      the slag layer is maintained by permanent electrodes. The metal required
      for crystallizing the ingot is poured in the melted state through the slag
      layer. Such methods are designated as bottom slag foundry methods.
      Naturally, combinations of the two methods are conceivable.
PAR  Crystallization of the ingot inside the mold is caused by continuous heat
      withdrawl by cooling agents which are circulated within a hollow space in
      the mold. Other cooling locations are the ingot surface already protruding
      from the mold, and the area of contact of the ingot with a similarly
      cooled base. At the start of the crystallization process, this base also
      constitutes the lower terminal surface of the mold. As a result, there is
      an appreciable temperature gradient between the melted zone and the bottom
      edge of the mold. Because of the laws of physics, this results in an
      appreciable transverse contraction of the ingot increasing in the downward
      direction. Hence the ingot, viewed lengthwise, has a slightly conical
      shape. The increasing contraction appreciably impairs the sealing action
      of the ingot which, according to the above, constitutes the lower breech
      of the mold.
PAR  It is possible to provide limited compensation by a suitable conic shape of
      the mold. However, because of the rigidity of the mold possible time
      variations in the contraction are beyond control. Similarly, in the same
      melting device, different alloys must be remelted which result in
      different melting parameters with other consequences during the course of
      the process. Again, the rigidity of the device design does not permit an
      arbitrary adaptation to the changed melting parameters. It is also
      possible that through irregularities in the melting process there occur
      disturbances caused by the fact that appreciable quantities of slag and/or
      metal pass through the annular gap between mold and ingot into the space
      below. Among these are, for example, the local overheating of the slag,
      migration of the liquid-solid boundary of the melt, and cracks in the slag
      layer forming at the surface of the mold and on the ingot surface. Aside
      from the fact that this may endanger personnel and damage the device, such
      an occurrence will in most cases interrupt the melting process which then
      cannot be started again. The result is that that section of the ingot
      produced at high cost must be rejected or be used for inferior purposes.
PAR  A time-wise change of the temperature profile in the mold will appear very
      frequently with the so-called "hot topping" phase. As is well known, "hot
      topping" plays a considerable part in the manufacture of ingots, because
      only in this manner is it possible to eliminate or reduce the formation of
      faults in the ingot part produced last. Through "hot topping" a liquid
      phase will be maintained as long as possible in the center of the ingot
      surface during continuous, but reduced supply of liquid metal. Otherwise,
      head contraction cavities might form which would lead to the rejection of
      an appreciable part of the upper ingot end. As a result of the reduced
      heat inflow during this part of the process, the transverse contraction of
      the ingot even increases. Hence the annular gap is enlarged and the danger
      of a breakthrough of slag and/or molten metal increases. With larger ingot
      diameters there may easily appear an annular gap several centimeters wide
      causing considerable problems with respect to prevention of run-out of
      slag or molten metal. The difficulties are increased if the several
      electrodes used during the remelt process proper are replaced during the
      "hot topping" phase by a single electrode. This results in an appreciable
      change in the width/depth ratio of the melt pool.
PAR  Since the single "hot topping" electrode is located in the ingot axis, the
      boundary zones of the ingot are subject to more intensive cooling.
      Allowance must be made for the fact that the temperature gradient curve
      within the ingot surface, because of the better thermal conductivity of
      the metal, is much steeper than that inside the liquid slag. This is of
      particular significance because the slag above the ingot end is in the
      molten state for quite some time, and there is the danger that it may run
      through out the annular gap between mold and ingot.
PAR  Accordingly, it is an object of the present inventin to modify and improve
      a device of the initially described type in such a way that breakthroughs
      or flowout of liquid slag or molten metal is prevented.
PAR  Another object of the present invention is to provide an arrangement of the
      foregoing character which is simple in design and construction, and
      economical in operation.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention are achieved by providing that several
      blocking elements, moveable in the direction toward the ingot surface, are
      distributed below the mold bottom edge along the periphery of the mold.
      The edges or surfaces of these bolcking elements facing the ingot are
      adapted to the shape of the ingot cross section.
PAR  The device, according to the present inventin, can be used in the following
      manner. The danger of slag or metal breakthrough during the melting phase
      before the "hot topping" is relatively small and, as evident from
      experience, "run-outs" hardly occur. Hence it suffices to hold the device,
      according to this invention, ready for operation and, at the first sign of
      danger, to bring it up to the ingot by automatic control devices or by
      hand. It is recommended that the blocking elements be brought in contact
      with the ingot, only during the "hot topping" phase. It is, of course,
      also possible to have the blocking elements in contact with the ingot
      during the entire remelting process.
PAR  It is expedient to provide elastic elements between the blocking elements
      and their associated drives. At the same time, one may use a drive with
      inherent elasticity, as, for example, a pneumatically actuated pressure
      cylinder. The result is that even with unevenness in the ingor surface,
      the blocking elements are in contact with the ingot surface so that the
      outflow of slag and/or metal stops at the latest when the blocking
      elements are contacted. In this manner, the outflow of the above matter
      into the space below is safely prevented so that the crystallization
      process can come to an end without endangering operating personnel and the
      device.
PAR  The number of blocking elements can be varied within wide limits. However,
      with an increased number of blocking elements, deviations from the regular
      geometric shape of the ingot can be compensated more easily without
      unallowable wide gaps appearing elsewhere. For an ingot of circular cross
      section, eight blocking elements have been found to be expedient and
      sufficient. The blocking elements are shaped as sectors of an annular
      ring. The air gaps between the individual sectors are dimensioned in such
      a way that the sectors can be moved slightly beyond the minimum ingot
      diameter in the direction of the ingot axis. Narrow air gaps do not in any
      way impair the effectiveness of the present invention. The sectors of an
      annular ring, as far as their effectiveness is concerned, constitute a
      blocking ring sufficiently sealing against possible breakthrough of melted
      metal. For the manufacture of rectangular or square ingots, four blocking
      elements are sufficient; the corner points of the blocking elements must
      be provided with a certain overlap.
PAR  In accordance with an extension of this invention, it is expedient that the
      drive elements and the support of the blocking elements be fastened to the
      mold. As a result, provision of a support frame or a mounting platform in
      the narrow space between the mold bottom edge and mold bottom becomes
      superfluous. In order to save space, the drive elements may be located
      parallel to the mold axis. A transmission of the drive movement parallel
      to the axis to the radial direction of motion of the blocking elements, is
      accomplished by transmission angles. By fastening the blocking elements or
      supporting them on the mold, the gaps necessary for the movement can be
      reduced to a minimum.
PAR  The effectiveness of the present invention is already guaranteed when the
      blocking elements are made solid and have a certain thermal capacity.
      However, especially when producing large-size ingots, it is expedient to
      make the blocking elements hollow and to provide them with connections for
      a cooling agent. In this manner, the blocking elements can be kept to a
      temperature which is essentially equal to the ambient temperature.
      Possible liquid breakthroughs, upon contact with the cooled blocking
      elements, are immediately stopped by solidification and thus increase the
      sealing action.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical sectional view through an electro-slag remelting
      device during the remelting process or the ingot build-up through several
      melt-off electrodes, in accordance with the present invention; and
PAR  FIG. 2 is a sectional view through the device in accordance with FIG. 1
      parallel to the mold bottom edge, or, a top view of the individual
      blocking elements and their driving elements.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a liquid-cooled mold 1 is made of copper-- with a hollow space 2
      through which liquid flows. The mold rests with its flange 3 on a fixed
      furnace frame 4; further details are omitted for the sake of clarity. The
      device is shown in a phase immediately before terminating the remelting
      process during which ingot 5 was formed. The upper end of ingot 5 contains
      a melt pool of liquid metal 6, on top of which a slag layer 7 floats. Two
      melt-off electrodes 8, connected to a power source, are immersed in the
      slag layer. Neither the power source nor the electrode clamping device are
      subjects of this invention and are, therefore, omitted for the sake of
      clarity.
PAR  The melt-off electrodes 8 are remelted through the slag layer 7 to the melt
      pool 6 and consequently into ingot 5. Because of the resulting continuous
      change of the masses of electrodes and ingot, both ingot and electrodes
      have relative freedom of motion. After its crystallization, ingot 5 is
      subject to increasing contraction. As a result, an annular gap 13
      progressively increasing in the vertical direction, is formed between
      ingot 5 and mold 1. This annular gap is at least partially filled with
      solidified slag which covers ingot 5 with a slag layer 14 and remains
      adhering to the ingot. During the normal remelt phase, the slag layer 14
      supports the seal between mold 1 and ingot 5.
PAR  For the purpose of lowering ingot 5, it rests on a supporting frame 9. This
      supporting frame can be moved up and down by means of worm-gear spindles
      10 and spindle nuts 11. On the supporting frame 9 there rests a mold
      bottom 12. At the start of the remelt process, this mold bottom tightly
      seals the bottom side of mold 1.
PAR  Below the mold bottom edge 15, there are distributed along the periphery of
      mold 1, several blocking elements 16 which can be displaced in the
      direction toward the ingot surface. The edges and surfaces facing the
      ingot are adapted to the shape of the ingot cross section. The blocking
      elements 16 are supported by means of rollers 17 on guide rails 18. These
      guide rails are part of an additional furnace frame 19.
PAR  On the furnace frame 19, for each of blocking elements 16, an associated
      drive element 20 in the form of a pneumatic cylinder is located.
      Compressed air is supplied through lines 21. Transmission of the piston
      movement of drive element 20 to the associated blocking element 16 is
      accomplished by a push rod 22. As already described, it is also possible
      to guide blocking elements 16 and to fasten drive elements 20 along the
      mold 1. However, then the push rods 20 must be angular transmission
      levers. In this case, the furnace frame 19 can be dispensed with.
PAR  In FIG. 2, identical parts, as in FIG. 1, are provided with identical
      designators, so that repetition here is superfluous. It is also evident
      that blocking elements 16 are constructed as sectors of an annular ring,
      and are combined into an annular ring, as far as their spatial position is
      concerned. The direction of motion of the blocking elements is indicated
      by the arrows shown. This, in turn, indicates that the drive elements also
      must be directed radially in relation to the ingot axis. It is also
      evident that, because of the circular cross section of ingot 5, the edges
      facing the ingot are adapted to the shape of the ingot cross section,
      i.e., have the radius of the ingot to be produced. In the Figure only one
      of the blocking elements 16 is shown with connections 23 for a cooling
      agent (water). It is to be understood that connections 23 are also
      provided for the remaining blocking elements, and that blocking elements
      16 extend radially in such a way that the annular gap between the ingot
      surface and the hollow space in the mold is tightly sealed. An expedient
      overlap between the blocking elements and the mold bottom edge is
      provided.
PAR  Whereas the drawings show a remelt process with two melt-off electrodes,
      the invention's principle is not necessarily confined to a certain number
      and type of electrodes. It can also be successfully used with permanent
      electrodes and piecemeal charging, and for pouring the metal into the mold
      in the liquid state.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. An arrangement for continuous production of metal ingots by progressive
      crystallization below a slag layer in a mold comprising, in combination, a
      mold having an open bottom; and a plurality of blocking elements
      immediately below the bottom edge of the mold and distributed along the
      periphery of the mold, said blocking elements being moveable in the
      direction of the ingot surface, the edges and surfaces of said blocking
      elements facing the ingot being adapted to the shape of the ingot cross
      section, an annular gap prevailing between the ingot surface and the
      hollow space in the mold, said annular gap being substantially tightly
      sealed by said blocking elements.
NUM  2.
PAR  2. The arrangement as defined in claim 1 wherein said blocking elements
      comprise sectors of an annular ring.
NUM  3.
PAR  3. The arrangement as defined in claim 1 including driving means for
      driving said moveable blocking elements in the direction of said ingot
      surface; and support means for supporting said blocking elements.
NUM  4.
PAR  4. The arrangement as defined in claim 1 including cooling means connected
      to said blocking elements for cooling said blocking elements, said
      blocking elements having hollow bodies for conducting cooling agent from
      said cooling means therethrough.
NUM  5.
PAR  5. The arrangement as defined in claim 4 wherein said cooling agent
      comprises water.
NUM  6.
PAR  6. The arrangement as defined in claim 1, wherein said blocking elements
      are moveable in the direction transverse to the longitudinal axis of the
      ingot.
NUM  7.
PAR  7. The arrangement as defined in claim 1 including means for cooling said
      mold.
NUM  8.
PAR  8. The arrangement as defined in claim 1 including roller means on which
      said blocking elements are moveable; and guide rail means for guiding said
      roller means.
NUM  9.
PAR  9. The arrangement as defined in claim 3 wherein said driving means for
      said blocking elements comprises pneumatic cylinder means.
NUM  10.
PAR  10. The arrangement as defined in claim 1 wherein said blocking elements
      extend radially so that an annular gap between the ingot surface and the
      interior wall of said mold is substantially sealed.
NUM  11.
PAR  11. The arrangement as defined in claim 1 including driving means for
      driving said moveable blocking elements in the direction of said ingot
      surface; and support means for supporting said blocking elements, said
      blocking elements comprising sectors of an annular ring; cooling means
      connected to said blocking elements for cooling said blocking elements,
      said blocking elements having hollow bodies for conducting cooling agents
      from said cooling means therethrough, said cooling agent comprising water,
      said blocking elements being moveable in the direction transverse to the
      longitudinal axis of the ingot; means for cooling said mold; roller means
      on which said blocking elements are moveable; and guide rail means for
      guiding said roller means, said driving means for said blocking elements
      comprising pneumatic cylinder means, said blocking elements extending
      radially so that an annular gap between the ingot surface and the interior
      wall of said mold is substantially sealed.
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ABST
PAL  A method for producing and concomitantly winding continuous metal filament
      in which a quenching wheel is used as a quenching element and in which
      sufficient pressure is exerted on the filament just beyond the point of
      solidification to counteract the tensional stress exhibited by the winder
      on the filament.
PARN
PAR  This is a division of application Ser. No. 348,814, filed Apr. 6, 1973, now
      U.S. Pat. No. 3,856,974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improvement in the production of
      continuous metal filaments of indefinite length which are normally wound
      on spools. More specifically, for the purposes of the invention, filament
      is herein used to represent a slender body whose transverse dimensions are
      much less than its length. In the present context, the filaments may be
      ribbons, sheets, wires or irregular cross-sections.
PAR  During recent years, researchers developed various methods directed to the
      formation of metal filaments which avoid the inherent difficulties of
      previous casting and rolling techniques. These methods include, for
      example, melt extraction and chill block spinning.
PAR  Melt extraction connotes a process wherein a cold quenching wheel rotates
      at high velocity in "kissing", i.e. skimming, contact with a liquid metal
      surface. The molten metal wetting the wheel is carried up out of the
      molten bath, where it solidifies and thereby shrinks away from the wheel
      and is flung off by centrifugal action. The melt extraction techniques
      discussed herein are to be distinguished from other extraction methods
      such as those described in U.S. Pat. No. 1,025,848 to Wagner and U.S. Pat.
      No. 2,074,812 to Sendzimer, which primarily employ a casting technique in
      which the cold wheel is substantially immersed in the liquid metal and in
      which the rotational velocity of the wheel is appreciably lower than in
      the melt extraction.
PAR  Chill block spinning is exemplified by U.S. Pat. No. 905,758 to Strange and
      Pim, U.S. Pat. No. 2,825,108 to Pond, U.S. Pat. No. 2,886,866 to Wade, and
      U.S. Pat. No. 2,899,728 to Gibbons. In this process, a free jet of molten
      material is impinged upon a moving chilled quenching surface, preferably a
      rotating wheel. The molten jet is solidified in the form of a ribbon or
      sheet and is flung away from the rotating chill surface by centrifugal
      action.
PAR  One important disadvantage in the melt extraction and chill block spinning
      processes as presently employed is that they produce long, but not
      genuinely continuous filaments. The flinging action which removes the
      filament from the wheel induces an oscillating or whipping motion in the
      filament which inevitably causes breakage. Presently filaments are
      produced with a maximum length of only about 300 meters. Continuous metal
      filaments in the range of 1,000 to greater than 30,000 meters in length
      are required for such applications as strapping, springs, filament-wound
      vessels, aerospace skins and the like.
PAR  An additional problem encountered in the melt extraction and chill block
      spinning process is that of winding the lengths of filament formed. The
      incorporation of a tension regulated winder or similar collecting device
      into the system results in a great amount of stress being transmitted back
      to the solidification zone, a factor which contributes to the breakage of
      the filaments. Since the "down time" caused by rethreading the filaments
      onto the winder after breakage is considerable, the metal filaments must
      be wound in a separate operation. There is obviously a need for a method
      to produce continuous lengths of metal filaments which can be wound
      concomitantly with production.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to produce continuous metal
      filament, or ribbon or sheet.
PAR  It is another object to produce a continuous filament or sheet which can be
      automatically collected in a neat coiled package concomitantly with its
      production.
PAR  These and other objects and advantages will become apparent from the
      description and examples provided herein.
PAR  Accordingly, this invention is directed to an improvement in the production
      of metal filaments, ribbons or sheets. In the production of these
      materials using a rotating wheel as the quenching source, the improvement
      comprises establishing a tension-free zone by positioning a pressure
      exerting means in nipping contact with the quenching source beyond the
      point of solidification; ideally, just at the point where shrinkage of the
      filament causes detachment from the quenching source. In an additional
      aspect of the invention, the filament can then be directed from the
      nipping means and wound on a tension controlled winder or other collecting
      means such as a spinning bucket. Thus, the nipping action isolates the
      fragile filament or sheet in the solidification zone from the tension
      exerted by the winder. The continuous tension exerted by the winder and/or
      tension regulating mechanism used in conjunction with the winder prevents
      whipping, thereby avoiding filament breakage and enabling production of a
      truly continuous filament.
PAR  The nipping means employed may be any device having freedom of movement and
      capable of exerting sufficient pressure on the solidifying filament to
      counteract the stress transmitted by the winder and also by inherent
      centrifugal and gravitational forces thereby preventing breakage. The
      device may be in the form of a bar, a blunt blade or preferably, a cold
      wheel freely rotating or driven at the same surface velocity as the quench
      wheel. In this regard, it is to be noted that the role of the nipping
      device is not merely that of a "guide". It is intrinsic to this invention
      that pressure be exerted by the device onto the solidifying filament and
      not merely that the filament be guided around the device. The mere
      positioning of a guide wheel at the point of solidification does not
      prevent breakage of the filament since it does not counteract the
      centrifugal or gravitational forces or the tensional stress transmitted by
      the winder. The arrangement of the invention requires, as an essential
      facet, freedom of movement so that the nipping device can readily adapt to
      use in forming filaments of various thickness and does not have to be
      individually adjusted.
PAR  The amount of pressure which the device exerts upon the filament depends
      upon the magnitude of the winding tension and the coefficients of friction
      between the filament and the quench roller and between the filament and
      nip roller. The relationship between those quantities is expressed by the
      following inequality:
      ##EQU1##
      wherein P is the applied nipping pressure represented in lbs/inch of
      filament width. T is the winding tension in lbs/inch of filament width.
      .mu.QR and .mu.NR are the coefficients of friction between the filament
      and the quench roller and the filament and the nip roller respectively.
PAR  This novel method for producing continuous wound filaments could be easily
      adapted to any process for preparing filaments in which the quenching step
      is carried out on a chill wheel, drum, etc. and the filament is separated
      after solidification by centrifugal force.
PAR  This method is particularly useful in very high speed forming operations
      where formation and subsequent winding occurs very rapidly and a great
      amount of stress is transmitted to the solidifying filament.
PAR  While this application is directed to the use of the nipping pressure means
      in conjunction with the use of a tension regulating winder, it is obvious
      that the invention also includes the production of long or continuous
      filaments which are not wound concomitantly with their production but are
      collected in another manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates diagrammatically an apparatus which uses a wheel melt
      extraction in conjunction with a nipping wheel in accordance with the
      invention to produce continuous filaments. FIG. 1a illustrates the
      relationship of the melt extraction wheel, nip roller and filament during
      start-up.
PAR  FIG. 2 represents a modified apparatus in accordance with the invention in
      which a molten jet is extruded onto a chill wheel before being acted upon
      by the nipping roll.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 are representative of the novel aspects of the present
      invention. In FIG. 1, a cold wheel 10 rotates in "kissing" contact as
      shown at 12 with surface 17 of a liquid metal 18 confined in a suitable
      reservoir 11. The molten metal solidifies on the surface 19 of the wheel
      10 and is carried up out of the reservoir 11, and at a point 13 at which
      it begins to shrink away from the wheel 10 it comes into contact with a
      second cold wheel 14 which exerts a nipping pressure (between wheels 10
      and 14) on the filament 15. The filament 15 is then continuously drawn by
      a conventional tension control device 16 and wound onto a roller 20. The
      position of the nipping roller 14 and the pressure which it exerts on the
      filament 15 are controlled by means of a pressure exerting mechanism such
      as an air cylinder operating through a conventional connecting link
      between the roller 14 and the cylinder (not shown).
PAR  During start-up of the process, the nipping roller 14, as shown in FIG. 1a
      is swivelled to a remote position. Rotation of the quenching wheel 10 is
      initiated and the level of liquid metal 18 in the reservoir 11 is raised
      by opening a valve from a supplemental reservoir (not shown). When the
      liquid metal 18 contacts the quench wheel 10, at the contact point 12,
      formation of the metal filament commences. The filament is flung away by
      centrifugal action at the point 13 and the nipping roller 14 is then
      converged toward quenching wheel 10 so that the filament 15 is held
      between these rotating elements and the filament is conveyed via a tension
      control regulator 16 to a winder.
PAR  The pressure exerted by the nipping roller 14 on the filament 15 isolates
      the fragile solidification zone 12 to 13 from the tension of the winding
      arrangement and prevents filament breakage from this source and/or from
      "whipping" of the filament as it is drawn by the winder. The metal
      filament 15 is then continuously wound up in packages whose lengths are
      determined only by the capacity of the winder. Molten metal is admitted to
      the reservoir 11 to maintain the continuous filament forming process.
PAR  Moderate changes in the rotational speed of the quench roller 10 or changes
      in the thickness of the filament do not substantially affect the winding
      process or continuity of the filament. As noted hereinabove, an air
      cylinder or other suitable positioning and/or pressure applying device may
      be used to hold the nip roller against the quench roller thereby
      permitting the filament thickness to vary without reduction of nipping
      pressure.
PAR  In FIG. 2, an alternate apparatus is employed to provide a similar result.
      In FIG. 2, the melt 28 is contained in an insulated container 29 provided
      with heating element 31. During start-up of the process, the nipping
      roller 24 is swiveled to a remote position in a manner as described in
      connection with FIG. 1a. Rotation of the quenching wheel 21 is initiated
      and inert gas 34 is admitted to the melting container or vessel 29. A
      molten jet 32 is extruded from a suitable opening 33 in the bottom of the
      container 29 and impinges upon the rotating quench wheel 21 to form a
      filament 30. The filament has a tendency to be flung away by centrifugal
      action at that point 23. The nipping roller 24 is converged on wheel 21
      and the solidified filament 25 is conveyed to a tension controlled windbar
      26 to a storage roller 27 as previously described in connection with FIG.
      1.
PAR  The nipping rollers 14 and 24 are preferably freely rotating, lightweight
      devices supported by roller bearings. They may comprise a solid cylinder,
      a hollow cylinder, or a composite cylinder. A desirable configuration has
      been found to be a composite hollow cylinder having an outer shell
      consisting of a material of a high coefficient of friction bonded to an
      inner annular tube of high strength. The high coefficient of friction of
      the outer material permits the use of lower nipping pressures as expressed
      by equation (1). The use of an annular core of high strength permits
      construction of a nip roller of low movement of inertia. The outer
      material must also be resistant to the temperatures of the solidified
      filament at the point of contact.
PAR  Included among the materials suitable for use in the outer shell of the
      nipping wheel used in the practice of the present invention are any
      materials which are wear resistant under the temperatures of use.
      Illustrative examples include organic impregnated woven asbestos-brass
      wire compositions manufactured by Raybestos-Manhattan Corporation and
      designated as US98 and US2010. The inner core may be steel or similar high
      strength material.
PAR  The wind-up mechanism may be used alone or in conjunction with a separate
      tension regulating device as 16 and 26. If the wind-up mechanism is used
      alone, it should contain a means of regulating tension as for example by
      means of a slip clutch on the winding drum. Alternatively, separate
      tension regulating devices may be employed; illustrative devices could be
      counter-balanced, spring-loaded or balanced by means of an air cylinder.
PAR  The invention will be further described in the following illustrative
      examples:
PAC  EXAMPLE 1
PAR  A grey iron alloy containing 3.4 weight percent carbon, 2.2 weight percent
      silicon, 0.6 weight percent manganese, 0.2 weight percent phosphorus and
      0.01 percent sulfur was melted at 1200.degree.C. in a conventional
      apparatus for melt extraction similar to that depicted schematically in
      FIG. 1. However, a nip roller similar to roller 14 was not utilized.
PAR  The quenching wheel was constructed of oxygen free high conductivity copper
      of 8 inch outside diameter and provided with internal channels for the
      circulation of cooling water. Cooling water was admitted through a rotary
      union on one side of the hollow quenching wheel shaft and was withdrawn
      through a rotary union on the opposite side. The face width of the
      quenching wheel was one inch.
PAR  Rotation of the quenching wheel was commenced at 1800 revolutions per
      minute. The level of the grey iron melt in the crucible was raised by
      opening a valve to the connecting reservoir. The liquid metal surface was
      brought into "kissing" contact with the rotating quench wheel. A
      solidified filament of 1 inch width and 0.0001-0.008 inch thickness was
      formed on the face of the quench wheel and was flung away by centrifugal
      action. The arcuate path of the solidified filament commenced at a tangent
      to the surface of the quenching roll, traveled upward at an angle of
      30.degree.-60.degree. to the horizontal, reached a point of maximum
      elevation and finally turned downward and fell into a catch basin on the
      floor. The path of the filament was severely affected by "whipping"
      oscillations induced by random changes in the point and angle of departure
      of the filament from the quench roll. The filament remained continuous for
      periods of several seconds until at irregular intervals the oscillations
      caused the filament to break off near the quench roll.
PAR  The filament was seized near the point of departure from the quench roll
      and guided to engage the winder. At filament tensions of 1-100 grams
      filament oscillations persisted causing eventual breakage. During the
      periods between breaks, only relatively unsatisfactorily loosely wound
      filament was produced. With higher winding tension the filament ruptured
      in the solidification zone immediately as it was connected to the winder.
PAC  EXAMPLE 2
PAR  The apparatus of Example 1 was modified by utilizing a nipping roller 14 as
      depicted in FIG. 1. The nipping roller was of 4 inch overall diameter and
      consisted of a 4 inch diameter hollow steel cylinder of one-quarter inch
      wall thickness. In addition, the nip roller was of 2 inch face width and
      was supported by a one-half inch steel shaft mounted on roller bearings.
      It was freely rotatable.
PAR  The melt extraction process was started with grey iron alloy as described
      in Example 1. The nip roller 14 was swiveled to the remote position
      depicted in FIG. 1a, the path of the centrifugally flung filament passed
      above and between the quench roll and the nip roll. The nip roller was
      then actuated to the "closed" or converged position by means of an air
      cylinder which pressed the filament against the quenching wheel with a
      force of 30 pounds. This pressure was chosen by reference to equation (1)
      as will be explained below. The filament was seized as it passed through
      the nip zone and guided to engage the winder. The filament was then
      continuously wound without interruption at 10 pounds tension. Tight,
      uniform packages of grey iron ribbon 1 inch wide by 0.008 inch thickness
      were produced for 8 hours without experiencing a break.
PAR  The coefficients of dynamic friction for several metal systems are given by
      The Handbook of Chemistry and Physics, 51st Edition, pp. F15-F17. The
      coefficient of friction between grey iron and steel is 0.4. The
      coefficient of friction between steel and a copper film (8 kg. load) is
      given as 0.2. Taking the latter to be the same as the friction coefficient
      between grey iron and copper, the necessary minimum nip roll pressure was
      obtained from equation (1) by making the following substitutions.
EQU  T = 10 lbs/in
EQU  .mu.QR = 0.2
EQU  .mu.NR = 0.4
PAL  from equation (1)
      ##EQU2##
EQU  P .gtoreq. 16.67 lbs/in To provide a margin of safety, the nip roll
      pressure was set at 30 pounds.
PAC  EXAMPLE 3
PAR  An alloy formulated to be amorphous upon quenching was charged in an
      apparatus for chill block spinning similar to that depicted schematically
      in FIG. 2. However, no nip roller was provided. The quenching wheel was an
      annular cylinder 16 inch O.D. .times. 15 inch I.D. .times. 2 inch face
      width construction of oxygen free high conductivity copper. Steel end
      plates and a center supporting shaft were attached to the copper cylinder.
      The supporting shaft was of 11/2 inch O.D. and 1/2 inch I.D. Its interior
      communicates with the interior of the quenching wheel. Cooling water was
      circulated through the steel shaft and the interior of the quenching
      wheel.
PAR  The alloy to be spun consisted of 38 atomic percent iron, 39 atomic percent
      nickel, 14 atomic percent phosphorus, 6 atomic percent boron and 3 atomic
      percent aluminum. It was melted in an argon atmosphere at 1000.degree. C.
      The quench wheel was set into motion at 1800 rpm and the molten alloy
      extruded through an orifice of 0.010 inch diameter at 300 cm/sec. The
      molten jet traversed a one inch air gap and impinged upon the surface of
      the rotating quench wheel. A solidified filament 0.025 inch wide by 0.002
      inch thick was formed and was flung away by centrifugal action. The path
      of the solidifed filament commenced at a tangent to the surface of the
      quench wheel, traveled downward at an angle of 30.degree.-60.degree. to
      the horizontal and terminated on the laboratory floor.
PAR  The filament was seized near the point of departure from the quench roll
      and guided to engage the winder. Attempts were made without substantial
      success to wind the filament continuously under controlled tension. At
      filament tensions of 1-10 grams filament oscillations persisted causing
      eventual breakage. During the periods between breaks, only an
      unsatisfactorily loose filament winding was produced. With higher winding
      tensions the filament was torn apart in the solidification zone
      immediately as it was connected to the winder.
PAC  EXAMPLE 4
PAR  The apparatus of Example 3 was modified by provision of a nipping roller
      depicted as 24 in FIG. 2. The nipping roller 24 was of 4 inch overall
      diameter and consisted of a 4 inch diameter hollow steel cylinder of
      one-quarter inch wall thickness. Roller 24 comprised a 2 inch face width
      and was supported by a one-half inch steel shaft mounted on roller
      bearings. The nip roller was freely rotatable.
PAR  The chill block spinning process was started using the alloy described in
      Example 3. The nip roller 24 was swiveled to a position removed from chill
      roll 21 until the path of the centrifugally flung filament passed above
      and between the quench roll 21 and the nip roll 24. The nip roller was
      then actuated to the "closed" or converged position as shown in FIG. 2, by
      means of an air cylinder (not shown) which pressed the filament against
      the quenching wheel with a force of 5 pounds. This pressure was chosen by
      reference to equation (1) as explained below. The filament was seized as
      it passed through the nip zone and guided to engage the winder. The
      filament was then continuously wound without interruption at 1 pound
      tension. Tight uniform packages of metal ribbon 0.025 inch wide by 0.002
      inch thickness were produced for 8 hours without experiencing a break.
PAR  The coefficients of dynamic friction for several metal systems are given by
      The Handbook of Chemistry and Physics, 51st Edition, pp F15-F17. The
      coefficient of friction between cast iron and steel is 0.4. The
      coefficient of friction between steel and a copper film (8 kg load) is
      given as 0.2. Taking these to be the same as the friction coefficient
      between the alloy spun here and the necessary steel and copper, minimum
      nip roll pressure was obtained from equation (1) by making the following
      substitutions.
EQU  T = 1.0 lbs/in.
EQU  .mu.QR = 0.2
EQU  .mu.NR = 0.4
PAL  from equation (1)
      ##EQU3##
EQU  P .gtoreq. 1.67 lbs/in. To provide a margin of safety, the nip roll
      pressure was set at 5 pounds.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for the production of a solid metal filament from a
      molten source using a quenching wheel as a quenching element, the
      improvement which comprises a pressure exerting means for pressing the
      metal filament against the quenching wheel at a point just beyond the
      point of solidification of the filament on the quenching wheel, thereby
      creating a tension-free zone and inhibiting premature detachment of the
      filament from the quenching wheel.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the pressure exerting means is a cold
      nipping wheel.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the nipping wheel rotates on an axis
      substantially parallel to the axis of the quenching wheel.
NUM  4.
PAR  4. The apparatus of claim 1 which includes a tension regulating collecting
      device.
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ABST
PAL  Apparatus for continuous casting of metal bars, in which the metal bar is
      formed in a cooled mould, extracted therefrom by roller trains, cooled
      during extraction and along its path of extraction the metal bar is
      subjected to the action of the fluid in an airtight chamber, the fluid
      having a pressure such as to compensate the hydrostatic internal pressure
      in the metal bar to reduce pressure and stress on the roller trains.
PARN
PAC  CROSS-RELATED APPLICATION
PAR  This application is a division of copending application Ser. No. 260,733
      filed June 8, 1972, now issued as U.S. Pat. 3,848,656 and claims the
      priority of the application filed in Switzerland on June 9, 1971.
BSUM
PAR  This invention relates to apparatus for continuous casting of metal strands
      such as, more particularly steel slabs.
PAR  In a conventional process for the production of steel strands the outer
      portion of the steel is allowed to solidify in a water-cooled copper mould
      to form a skin of a certain thickness, and the steel strand thus obtained
      is conveyed along and between two series of rollers while it is being
      cooled until it has completely solidified. The cooling is effected first
      by means of water jets and then by natural heat radiation and convection.
      The path of the steel rod, which initially is inclined and curved, is
      gradually diverted into a horizontal plane by the roller trains.
PAR  This process has, however, some disadvantages such as:
PA1  1. as it is necessary to use a great many heavily loaded rollers, the
      apparatus required for carrying out the process is heavy and bulky;
PA1  2. the life of the rollers is limited to but a few days;
PA1  3. the metal strand tends to bulge between the rollers due to the effect
      exerted by the hydrostatic ("ferrostatic") internal pressure; the bulging
      brings about the well known metallurgical disadvantages such as fissures
      and cracks, etc; in order to reduce the bulging a great number of rollers
      is required; therefore, a great mechanical force is required to move the
      metal strand;
PA1  4. the surface available between the rollers for cooling the metal strand
      is limited;
PA1  5. the speed of movement of the metal strand is limited to about 1 m/min.
PAR  It is an object of the present invention to eliminate the aforementioned
      disadvantages in continuous casting of metal strands, particularly steel
      slabs, in which the metal strand is formed in a cooled mould and extracted
      from the mould by roller trains, the metal strand being cooled during
      extraction until it has completely hardened. To achieve this object, the
      present invention contemplates subjecting the surface of the metal bar,
      all along its path of extraction, to the action of a fluid having about
      the same pressure as the hydrostatic internal pressure of the metal bar.
PAR  Thus, the present invention contemplates counterbalancing the hydrostatic
      pressure acting on the skin of the metal strand by the pressure of a
      gaseous medium located outwardly of the metal strand, instead of the
      rollers used for this purpose in the conventional processes. Consequently,
      the rollers in the present invention only serve as guide rollers and
      therefore their number and size may be considerably reduced and they may
      be spaced further apart. The fluid pressure acting on the surface of the
      strand reduces the bulging between the rollers and therefore the force
      required for moving the strand can be considerably reduced, particularly
      since the rollers are no longer subjected to the hydrostatic internal
      pressure of the metal strand, acting perpendicularly to their axes.
      Thereby roller wear is considerably reduced and their life is extended.
      This further permits increase in their speed of rotation, resulting in an
      increase of the speed of movement of the metal strand and consequently in
      an increase of the production capacity.
PAR  Although various gaseous mediums may be used, steam is most advantageous as
      it can be produced at the desired pressure and at low cost by spraying
      water on the surface of the metal strand. Thus, for example, the heat
      emanated by a metal slab of 30 .times. 200 cm, moving at a speed of 1
      m/min., permits to produce about 15 kg of steam per second.
PAR  Also air may be used as a gaseous medium although its use necessitates the
      employment of a compressor of a very high power. Also a mixture of air and
      steam may be used, but such a mixture is less advantageous than pure
      steam.
PAR  The invention contemplates apparatus for continuous casting of strands
      including a mould, mould cooling means, a set of guide rollers arranged to
      guide the strand coming out of the mould along a desired path, and means
      for cooling and advancing the strand along its path, an improvement
      wherein at least in a portion of the zone of solidification of the strand
      after the mould, the set of guide rollers is arranged in an airtight
      chamber provided with injection nozzles for cooling liquid, a seal at each
      of its ends, and at least one outlet opening equipped with flow control
      valve means.
DRWD
PAR  The apparatus of the present invention will now be described in detail with
      reference to the accompanying drawings which schematically show two
      embodiments of the apparatus with some variations thereof and in which:
PAR  FIG. 1 is a longitudinal sectional view of a first embodiment of the
      apparatus;
PAR  FIG. 2 is a section taken on the line II--II of FIG. 1;
PAR  FIG. 3 is an illustrative diagram;
PAR  FIG. 4 is a part perspective view of a variation of the apparatus shown in
      FIG. 1;
PAR  FIG. 5 is a schematic longitudinal section of a variation of the apparatus
      shown in FIG. 4;
PAR  FIG. 6 is a schematic longitudinal section of another variation of the
      apparatus shown in FIG. 4;
PAR  FIG. 7 is a schematic transverse section through a particular embodiment of
      the injection device;
PAR  FIG. 8 is a plan view showing the elements of the injection device of FIG.
      7;
PAR  FIG. 9 is a sectional view, on a larger scale, showing a member of the
      injection device of FIG. 7;
PAR  FIGS. 10, 11 and 12 are part longitudinal sections through the apparatus of
      FIG. 1, illustrating its operation, and
PAR  FIG. 13 is a longitudinal section through a second embodiment of the
      apparatus comprising only a horizontal portion.
DETD
PAR  The apparatus shown in FIG. 1 together with a cast metal slab 11 comprises
      a conventional mould 1 of the type commonly used for continuous casting of
      steel slabs, an airtight chamber comprising, a series of compartments 2a
      to 2g forming an inclined portion of the apparatus and separated from one
      another by slab encircling parallel horizontal partitions, 3a to 3f, and a
      compartment 4 separated from the compartment 2g by a horizontal partition
      3g and forming a horizontal portion of the apparatus. Approximately in
      their central portion the partitions 3a to 3g are provided with an
      aperture 33a to 33g having the shape of the cross section of the metal
      slab 11 cast and a size larger by a few millimeters than this cross
      section so as to provide some limited play for the passage of the metal
      slab. The compartment 4 is closed at its free end by a wall 5 having an
      aperture provided with an outlet seal 6 permitting the metal slab 11 to
      pass freely without any substantial leak of gaseous medium from the
      interior of the compartment 4 to the outside. The partitions 3a to 3g are
      spaced from one another by about 20 centimeters.
PAR  Rollers 9 are placed with their axes horizontally in the compartments 2a to
      2g and the compartment 4 to guide and straighten the cast metal slab. The
      number of rollers 9 may obviously also be different from that shown in
      FIG. 1, and in particular it may be smaller than that shown, but at any
      rate it is smaller than the number of rollers in the conventional
      apparatus for continuous casting of steel slabs. Each of the compartments
      2a to 2g is provided with at least two injection nozzles 10 arranged one
      on each side of the metal slab 11. The number of injection nozzles 10 in
      the compartment 4 depends on its length, in the illustrated embodiment
      there are 20 injection nozzles.
PAR  Each of the compartments 2a to 2g is connected to the adjacent one by a
      pressure control valve means, comprising a by-pass valve 14a to 14g in the
      present case. The compartment 2a is provided with a fluid outlet aperture
      13 provided with a flaw control valve 13a.
PAR  In the illustrated apparatus the gaseous medium utilized is steam produced
      in situ by injection of hot water through the injection nozzles 10 into
      the compartments 2a to 2g and 4. The operation of the apparatus is as
      follows:
PAR  By means of a casting ladle, not shown in the drawings, a jet 12 of molten
      metal, for example, liquid steel having a temperature in the order of
      1500.degree.C, is cast into the mould 1. The steel slab coming out of the
      mould 1 transversing the apparatus shown in FIG. 1 from top to bottom and
      from left to right, is cooled on its way and thereby solidified
      progressively from outside toward its inside. When the steel slab leaves
      the mould 1 it is almost completely liquid apart from a thin deformable
      skin on its outer surface and when it leaves the apparatus at the outlet
      seal 6 it has completely solidified into an indeformable rigid block.
PAR  On the other hand, in the inclined portion of the apparatus the metal slab
      is mainly liquid. The portion of the metal bar located between the dash
      lines shown in FIG. 1 is the liquid sump inner portion of the metal slab.
PAR  In the compartments 2a to 2g and 4 the water injected through the injection
      nozzles 10 is vaporized on contact with the metal slab 11 and with the
      walls of these compartments to which some of the heat emitted by the metal
      slab is transmitted. In this manner in each of the compartments 2a to 2g
      and 4 a pressure is produced which is equivalent to the mean value of the
      ferrostatic pressure of the portion of the metal slab traversing the
      respective compartment. The temperature of the metal slab in the
      compartment 2g is in the order of 1000.degree.C and its ferrostatic
      pressure is about 5 to 10 bars. In the compartment 2a the hydrostatic
      pressure of the metal slab is of the order of 1 bar. The pressure of the
      steam increases progressively by steps from the compartment 2a to the
      compartment 2g so as to counterbalance the ferrostatic pressure of the
      metal slab along its path through said compartments. The temperature at
      which the water enters each of the compartments is adjusted to a value
      near the steam saturation temperature corresponding to the pressure
      required to prevail in the respective compartment, i.e., a value between
      100.degree. and 180.degree.C. In this manner any undesired steam
      condensation is avoided which might occur if an amount of water much
      higher than the amount of produced steam were injected.
PAR  The diagram of FIG. 3 illustrates the internal ferrostatic pressure PH of
      the metal slab and the pressures of the steam (gaseous medium) PF acting
      on the metal slab in the various compartments 2a to 2g and 4 of the
      apparatus. As shown in FIG. 3, the steam pressure in each compartment is
      constant and its value corresponds to the mean value of the internal
      ferrostatic pressure of the portion of the metal slab in the respective
      compartment.
PAR  The part perspective view of FIG. 4 shows a variation of the apparatus of
      FIG. 1, in which the space of the compartment 4 which is not occupied by
      the metal slab 11 is longitudinally divided into two portions, i.e., an
      upper portion 4a and a lower portion 4b, by a pressure loss device or
      dynamic joint formed by a plurality of horizontal partitions 8 which in
      the illustrated embodiment are five in number and arranged around the
      metal slab 11 so as to form labyrinths 7. A by-pass pressure control valve
      14h (FIG. 5) connects the two portions 4a and 4b.
PAR  This variation permits to obtain below the metal slab a gaseous medium
      pressure different from that above the metal slab. Thus, by producing, for
      example, below the metal slab 11 a pressure higher than that above the
      metal slab the latter is still better supported and guided and so the
      number of guide rollers can be further reduced.
PAR  The part view of FIG. 5 shows another variation of the apparatus without
      the metal strand. In addition to the pressure loss device of the variation
      described above, this variation comprises a steam recycling system
      including a condenser 15 provided with a cooling fluid circuit 16, a pump
      17 and a conduit 18 for feeding the hot water produced by the condenser 15
      to the injection nozzles 10 (not shown in FIG. 5). The arrows indicate the
      flow direction of the steam in the chamber and that of the water produced
      by condensation of the steam. The temperature of this water is in the
      order of 105.degree.C at the outlet from the condenser 15 in which the
      pressure is therefore slightly higher than atmospheric.
PAR  The apparatus shown in FIG. 6 is similar to that of FIG. 5, but comprising
      additionally a second steam recycling system including a steam condenser
      19 provided with a cooling fluid circuit 20, a pump 21 and a conduit 22
      for re-introduction of the hot water into the apparatus. A second flow
      control valve 23 permits steam at high pressure to be removed from the
      compartment 2g and to be introduced into the condenser 19. The water at
      the outlet of the condenser 19 has a temperature of about 140.degree.C.,
      whereas the temperature of the water at the outlet of the condenser 15 is
      again 105.degree.C.
PAR  The transverse section of FIG. 7 shows a compartment of the apparatus
      provided with a special type of water injection device formed by injection
      boxes 24 containing injection nozzles 25 connected through a conduit 26 to
      the source of water under pressure. The arrows indicate the flow direction
      of the produced steam. The pressure of the steam in the boxes 24 is higher
      than the pressure in the rest of the compartment. This injection device
      permits improvement in the supporting and guiding of the strand and can be
      used either in all or only some of the compartments of the apparatus. In
      the horizontal portion of the apparatus formed substantially by the
      compartment 4 this injection device may be used, for example, only below
      the strand.
PAR  FIG. 8 shows the arrangement of the injection pots 24 with respect to one
      another. This staggered arrangement avoids the formation of permanent
      deformations in the skin of the strand. The injection pots 24 may also
      have a different shape than that shown in FIG. 7, for example,
      rectangular, oval or some other shape.
PAR  FIG. 9 shows an injection box 24 provided with a rim 27 in the form of a
      labyrinth pressure reducing device which permits a more progressive and
      regular distribution of the pressure exerted by the steam on the surface
      of the metal slab 11.
PAR  FIGS. 10, 11 and 12 show the means used for setting the apparatus of the
      present invention into operation. For this purpose an articulated dummy
      bar 28 is provided which at one end has a dummy bar head 29 with a surface
      corresponding to the cross section of the metal slab 11. Before starting
      operation of the apparatus, the head 29 closes the mould 1 as shown in
      FIG. 10. The other end of the articulated dummy bar 28 is connected to
      appropriate means, not shown, for exerting a pulling force on the
      articulated dummy bar 28. In the lower portion of the apparatus, the
      articulated dummy rod 28 passes along a channel provided in the interior
      of a rigid rod 30 of the same cross section and weight per unit of length
      as the metal slab 11. The rigid rod 30 is likewise connected to
      appropriate means, not shown, for pulling it in the direction of movement
      of the metal slab 11.
PAR  The apparatus operates in the following manner: Initially the apparatus is
      in the position shown in FIG. 10. Then the mould 1 is filled with steel.
      The steel is allowed to form on its outer surface a skin which is thick
      enough to permit the slab 11 to be withdrawn. Then the slab 11 is pulled
      out while the mould 1 is supplied with a sufficient amount of liquid
      steel. The pressure in the compartments 2a to 2g and the compartments 4a
      and 4b is adjusted to a value corresponding to that of the ferrostatic
      pressure of the head of the slab 11. Thus, in the postion shown in FIG.
      11, the ferrostatic pressure of the head of the slab 11 in the compartment
      2a is about 1.2 bars and the pressure in the compartments 2a to 2g is
      adjusted to this same value of 1.2 bars. In the position shown in FIG. 12,
      the head of the slab 11 has reached the compartment 4a and pressure in the
      compartments 2a to 2g increases by successive increments so as to
      counterbalance the ferrostatic pressure of the slab 11, the values of this
      pressure being, for example, 1.2 bars, 1.4 bars, 1.6 bars, 1.8 bars, etc.
      Thus, the weight of the cast steel slab 11 in each compartment is
      compensated by the pressure of the gaseous medium and the only force that
      need be applied is the force required to cause the slab 11 to advance from
      one compartment to another. When the head of the slab 11 arrives at the
      point of its path where the horizontal portion thereof meets the curved
      portion, the rigid rod 30 which hitherto had remained stationary is moved
      towards the outlet seal 6 and a difference in pressure is produced between
      the compartment 4b and the compartment 4a, which difference is sufficient
      to lift the rigid rod 30 and thus the cast steel slab 11 and is produced
      by feeding into the compartment 4b a fluid under pressure, for example,
      air or steam supplied respectively by a compressor or an auxiliary boiler,
      not shown. When the head of the cast steel slab 11 arrives in the vicinity
      of the outlet seal 6, water is introduced through the injection nozzles 10
      (FIG. 1) and the apparatus is operated in the usual manner.
PAR  The embodiment of the apparatus shown in FIG. 13 has no curved portion.
      Instead of the mould 1 of the conventional design this apparatus has a
      mould composed of a refractory ceramic portion 32 having no particular
      cooling means, and a portion 33 provided with cooling means. As a
      variation this embodiment of the apparatus may also comprise a pressure
      loss device of the type indicated by 7 and 8 in FIGS. 4 to 6. It may also
      be provided with a fluid injection device of the type shown in FIGS. 7 to
      9 either on both sides of the cast metal slab 11 or only on its lower
      side.
PAR  The apparatus of the present invention may also be used either in only the
      curved portion or the horizontal portion of the cast metal path with the
      other portion constructed in the conventional manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for continuous casting of strands, particularly steel
      strands, including a mould, mould cooling means, a set of guide rollers
      arranged to guide the strand coming out of the mould along a desired path,
      and means for cooling and advancing the strand along its path, an
      improvement wherein at least in a portion of the zone of solidification of
      the strand after the mould, the set of guide rollers is arranged in an
      airtight chamber provided with injection nozzles for cooling liquid, the
      chamber having opposite ends with a seal at each end and at least one
      outlet opening equipped with flow control valve means, said guide rollers
      being arranged to guide the strand coming out of the mould along a first
      path in which the strand has a vertical component of travel and then along
      a second substantially horizontal path, said airtight pressurized chamber
      surrounding the rollers in said first path being divided into compartments
      separated from one another by horizontal partitions each provided with an
      opening for the passage of the strand, each compartment being provided on
      both sides of said path with at least one said injection nozzle for
      cooling liquid, said compartments being connected to one another through
      pressure control valve means.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the openings for the passage of
      the strand in said partitions separating said compartments are so
      dimensioned that there is little clearance between the edge of each
      opening and the strand and said clearance decreases progressively in the
      direction of movement of the strand.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein said pressure control valve
      means comprises by-pass valves.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein the portion of said airtight
      pressurized chamber surrounding the rollers forming said substantially
      horizontal path is divided longitudinally into an upper and a lower
      portion by a pressure reducing device arranged on each side of the passage
      of the strand.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein said pressure reducing device
      comprises horizontal partitions each provided with an opening for the
      passage of the strand.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein at least one said injection
      nozzle is arranged in an injection box.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein said injection box is provided
      with a rim constructed as a labryinth pressure reducing device.
NUM  8.
PAR  8. Apparatus as claimed in claim 6 wherein said injection boxes are
      arranged in staggered arrangement in front of at least one of the major
      surfaces of the strand.
NUM  9.
PAR  9. Apparatus as claimed in claim 1 wherein said outlet opening is arranged
      in the vicinity of the mould, and comprising a recycling system for steam
      connecting said valved outlet opening to said injection nozzles.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 wherein said recycling system for steam
      comprises a condenser having an inlet connected to said valved outlet
      opening and an outlet connected through a pump to said injection nozzles.
NUM  11.
PAR  11. Apparatus as claimed in claim 1 comprising a second valved outlet
      opening located in the downstram portion of said first path and connected
      through a second steam recycling system to the injection nozzles located
      in said path.
NUM  12.
PAR  12. Apparatus as claimed in claim 1 wherein said first path is curved.
NUM  13.
PAR  13. Apparatus as claimed in claim 1 wherein said first path is vertical.
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ABST
PAL  A mechanism for opening and closing the mold of a battery grid casting
      machine which includes a reciprocable slide to which the movable mold half
      is directly connected for movement in unison therewith. A cam mounted on
      and movable with the slide is arranged to engage a cam follower within the
      first three-quarters of the slide stroke. The cam follower is operatively
      connected with knock-out pins on the stationary mold half to eject the
      cast grid during the opening stroke of the movable mold half.
BSUM
PAR  This invention relates to a battery grid casting machine and, more
      particularly, to a mechanism for ejecting the cast battery grid from the
      mold.
PAR  From the standpoint of economy it is desirable to operate a grid casting
      machine on the shortest time cycle which is practical. This time cycle may
      be generally divided into three successive intervals; namely, filling the
      mold, solidication of the grid and mold opening and closing. The grid is
      ejected from the mold during the mold opening and closing interval.
      Accordingly, the quicker the grid can be ejected from the mold and out of
      the path of travel of the movable mold half, the shorter the time interval
      required for opening and closing the mold.
PAR  Another economic factor involved in the design of a battery grid casting
      machine resides in the simplicity of the machine and its durability.
      Durability is important from the standpoint of the frequency of repair and
      servicing.
PAR  The present invention has for its object the provision of a grid ejection
      mechanism for a grid casting machine which is of economical design from
      the standpoint of both a short cycle time and simplicity and durability of
      the machine itself.
PAR  More specifically, in the grid ejection mechanism according to the present
      invention a cam is mounted on a reciprocating slide employed for opening
      and closing the mold. The cam moves bodily with the slide. A cam follower
      is mounted at a fixed location on the machine so that it is engaged by the
      cam before the slide has traversed more than three-quarters of its stroke
      in the mold opening direction. The cam follower is momentarily operated by
      the cam to reciprocate a plurality of grid knock-out pins on the
      stationary half of the mold so that the grid is ejected from the
      stationary mold half during the first three-quarters of the travel of the
      movable mold section away from the stationary mold section. With this
      arrangement the timing of the grid ejection mechanism is such that the
      ejected grid will not contact the moving half of the mold and ample time
      is afforded for the grid to drop down out of the path of the moving mold
      half on the return stroke thereof. This enables opening and closing of the
      mold in a minimum time interval without interference with the ejected
      grid. It is important to avoid contact between the ejected grid and the
      moving mold section to avoid distortion of the fragile grid and also to
      avoid accidental contact between the ejected grid and the fragile corked
      surface of the mold.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a plan of a mold opening mechanism for a battery grid casting
      machine employing the grid ejecting mechanism of the present invention;
PAR  FIG. 2 is a side elevational view of the mechanism illustrated in FIG. 1;
PAR  FIG. 3 is a sectional view along the line 3--3 in FIG. 2;
PAR  FIG. 4 is a fragmentary sectional view along the line 4--4 in FIG. 2; and
PAR  FIG. 5 is a fragmentary vertical sectional view illustrating the grid
      ejection mechanism.
DETD
PAR  Referring first to FIGS. 1 and 2, there is illustrated at 10 a mold back or
      support which is fixedly mounted on the frame of a battery grid casting
      machine by means of brackets 12. The entire mold opening and closing
      mechanism is supported by mold back 10. A pair of upper support bars 14
      are fixedly mounted on the rear face of mold back 10 and project
      rearwardly therefrom. The rear ends of support bars 14 are interconnected
      by a transverse bar 16. The supporting structure also includes a pair of
      lower support bars 18 of circular cross section which are fixedly attached
      to the rear face of mold back 10. At their rear ends support bars 18 are
      interconnected by a transverse bar 20. Adjacent the central portion
      thereof bars 16 and 20 are interconnected by a pair of spaced vertically
      extending tie bars 22 on which an air cylinder 24 is fixedly supported.
PAR  Lower support bars 18 serve as guide bars for a slide, generally designated
      26. Slide 26 comprises a base plate 28 which transversely spans support
      bars 18 and has bushings or bearings 30 attached to the underside thereof
      at its outer ends which are slideably arranged on bars 18. On its top face
      base plate 28 fixedly supports a pair of outboard brackets 32 and a pair
      of spaced inboard brackets 34 (FIG. 3). Brackets 32, 34 are formed with
      transversely aligned openings through which a cross rod 36 extends. Cross
      rod 36 is locked on slide 26 by a pair of bushings 38 provided with set
      screws which enable the bushings to be fixedly clamped on the cross rod.
PAR  Referring now more particularly to FIG. 4, cylinder 24 has a piston rod 40
      extending horizontally between tie bars 22. To the outer end of rod 40
      there is attached an extension 42 extending through a cross bar 44 which
      spans and is connected to the rear ends of upstanding brackets 34. The
      rear end of extension 42 is formed with an enlarged head 46 which bears
      against the rear face of cross bar 44. A coil spring 48 encircling
      extension 42 is retained in a compressed state against the front face of
      cross bar 44 by a pair of lock nuts 50 on the forward end of piston rod
      extension 42. By means of this arrangement piston rod 40 is connected with
      slide 26.
PAR  The opposite ends of cross rod 36 are connected as at 52 with the rear ends
      of a pair of drawbars 54. Drawbars 54 extend forwardly beyond mold back 10
      at each side thereof and are interconnected, as at 56, with lugs 58
      attached to the opposite sides of a movable mold half 60. The stationary
      mold half 62 is fixedly mounted on mold back 10 and supports a pair of
      pilot pins 64 on which the movable mold half 60 is slideably supported.
      When cylinder 24 is actuated to open the mold, slide 26 is shifted
      forwardly on bars 18 and cross rod 36, acting through drawbars 54,
      displaces the movable mold half 60 from the closed position shown in solid
      lines in FIG. 1 to the broken line position. The distance through which
      the movable mold half 60 is displaced is designated S in FIG. 5, which is
      also the distance through which slide 26 is displaced on bars 18.
PAR  A cam plate 66 extends across and is mounted on the upper ends of brackets
      34. Cam plate 66 has a cam surface 68 thereon which slopes upwardly and
      rearwardly to a high point 70 and then downwardly and rearwardly as at 69.
      Since cam plate 66 is mounted on the slide 26 it reciprocates bodily with
      the slide. The operation of the grid ejecting mechanism is controlled by
      cam surfaces 68, 69. This mechanism includes a cross rod 72 journalled at
      each end in bearings 74 which are mounted on brackets 76. Brackets 76 are
      in turn fixedly mounted on support bars 14 and the outer ends of the upper
      cross bar 16. At the central portion thereof cross rod 72 has a pair of
      spaced arms 78 fixedly mounted thereon and extending generally
      horizontally forwardly therefrom. Between the distal ends of arms 78 there
      is pivotally supported, as at 80, a depending lever 82. A cam follower
      roller 84 is journalled at the lower end of lever 82. Cam follower 84 is
      disposed in the path of travel of cam surface 68. Lever 82 is free to
      swing about its pivot axis 80 in a clockwise direction as viewed in FIGS.
      2 and 5. However, a stop plate 86 limits the pivotal movement of lever 82
      in a counter-clockwise direction to the position shown in solid lines in
      FIG. 5. Two additional pairs of spaced arms 88 are also fixedly mounted on
      cross rod 72 outboard of the central arms 78. These arms depend vertically
      downwardly. Between the lower ends of each pair of arms 88 there is
      pivotally supported the rear end of a generally horizontally extending
      link 90. The forward ends of links 90 are pivotally connected to pins 92
      projecting laterally outwardly from an auxiliary slide 94.
PAR  Slide 94 comprises a pair of spaced apart upright bars 96 spanned and
      integrally connected by a horizontally extending cross bar 98. Slide 94 is
      guided for movement horizontally toward and away from the rear face of
      mold back 10 by a pair of pilot pins 100 press fitted into mold back 10
      and received within bushings 102 mounted on the cross bar 98. Adjustable
      headed screws 104 are threaded into the upper and lower ends of upright
      bars 96 and project horizontally forwardly toward the rear face of mold
      back 10. Within mold back 10 there is arranged a pair of vertically
      extending, laterally spaced knock-out bars 106 which are slideably
      supported by guide pins 108. Guide pins 108 are axially aligned with the
      heads of screws 104. Within the stationary mold half 62 there are
      slideably arranged pairs of upper and lower knockout pins 110. The rear
      ends of these pins are interconnected by cross bars 112 which are adapted
      to be abutted by the vertical knock-out bars 106. Pins 110 are biased to a
      retracted position by coil springs 114, the extent of retraction being
      limited by adjusting screws 116 (FIG. 1). In the retracted position
      knock-out pins 110 have their forward ends flush with the rear face of the
      cavity 118 in stationary mold half 62.
PAR  In operation cylinder 24 is cyclically actuated to open and close the mold.
      When actuated the piston rod 40 is displaced axially forward to shift
      slide 26 forwardly and thereby cause the movable mold half 60 to be
      displaced from the solid to the broken line position illustrated in FIG.
      1. Cam follower 84 is located relative to the retracted position of slide
      26 so that when the mold has travelled not more than three-quarters of its
      stroke in the opening direction the cam follower is engaged by cam surface
      68 of plate 66. This distance is designated s in FIG. 5. The inclination
      of lever 82 is such that when roller 84 engages the upwardly and
      rearwardly inclined cam surface 68 the resultant force tends to pivot
      lever 82 in a counter-clockwise direction. However, since pivotal movement
      of lever 82 in a counter-clockwise direction is prevented by stop bar 86,
      as roller 84 rides up this inclined surface arms 78 are pivoted upwardly
      about the axis of cross rod 72. When the roller reaches the high point 70
      of the cam, arms 78 are displaced to the position shown in broken lines in
      FIG. 5. Since arms 78 and arms 88 are angularly fixed relative to each
      other it follows that as arms 78 swing upwardly links 90 are displaced
      forwardly producing a corresponding displacement of slide 94. Thus, pins
      108 are abutted by the heads of screws 104 and cause the knockout pins 110
      to be projected forwardly and thereby eject the grid 120 from the
      stationary mold half 62.
PAR  It will be observed that in the arrangement shown the extent to which slide
      94 is displaced forwardly is only a small fraction of the stroke of the
      movable mold half 60. For example, if the stroke S is about three inches,
      then the distance s is not more than about 21/4 inches, preferably not
      more than about 2 inches, and the stroke of the knockout pins 110 is not
      more than about one-quarter inch. As cam follower 84 rides over the
      downwardly and rearwardly sloping cam surface 69 the resultant force is
      such as to pivot lever 82 in a clockwise direction. When this occurs arms
      78, under the biasing force of springs 114, immediately swing downwardly
      until arms 88 engage stop screws 119 to enable pins 110 to retract. Thus,
      a slight and sharp retraction stroke is imparted to pins 110 immediately
      upon reaching their fully projected position. This enhances the quick and
      clean separation between the grid and the ends of knock-out pins 110.
PAR  By actuating the knock-out pins within the first three-quarters (and
      preferably between one-half and two-thirds) of the stroke of the movable
      mold half it will be appreciated that the grid is ejected from the
      stationary mold half long before the movable mold half reaches the fully
      open position. Experience has shown that when the knock-out pins are
      actuated in this fashion the grid is ejected from the mold without hitting
      the movable mold half; and, before the movable mold half returns
      substantially towards its closed position, the grid has dropped
      sufficiently downwardly so that its upper edge clears and is disposed
      below the lower edge of the moving mold half. Thus, this arrangement
      enables the mold to be opened and closed within a very short interval of
      time. In addition, the ejecting mechanism is of simple and durable
      construction so that the frequency of repair and servicing is reduced to a
      minimum.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a battery grid casting machine which includes a stationary mold
      member and a movable mold member movable through a predetermined distance
      toward and away from the stationary mold member to open and close the
      mold, the combination comprising, a reciprocating mechanism connected to
      the movable mold member and movable through said predetermined distance to
      open and close the mold, said stationary mold member having a plurality of
      reciprocable grid knock-out pins thereon movable from a retracted to a
      projected position for ejecting a cast grid from the stationary mold
      member, means for actuating said pins and means operatively
      interconnecting said reciprocating mechanism with said actuating means and
      operable during the first half to three-quarters of the mold opening
      stroke to shift said pins to the fully projected position within said
      fraction of the mold opening stroke and thereby eject the grid.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein said pin actuating means
      includes a shaft rockable about a fixed axis to actuate said pins, an arm
      fixed on said shaft, a cam follower supported by said arm and a cam
      mounted to reciprocate with said reciprocating mechanism, said cam
      follower lying in the path of travel of the cam and being engaged by the
      cam to rock said shaft and thereby actuate said pins.
NUM  3.
PAR  3. The combination set forth in claim 2 wherein said reciprocating
      mechanism is reciprocable in a generally linear path.
NUM  4.
PAR  4. The combination set forth in claim 3 wherein the stroke of said
      knock-out pins in moving from the retracted to the projected position is
      substantially less than one-quarter of said predetermined distance.
NUM  5.
PAR  5. The combination set forth in claim 1 including means for operatively
      disconnecting said pin actuating means from said reciprocating mechanism
      when the pins reach their fully projected position and means biasing said
      pins to their retracted position whereby said pins are retracted by said
      biasing means before the movable mold member reaches the end of its stroke
      in the opening direction.
NUM  6.
PAR  6. In a battery grid casting machine which includes a stationary mold
      member and a movable mold member movable through a predetermined distance
      toward and away from the stationary mold member to open and close the
      mold, the combination comprising, a rectilinearly movable slide, means for
      moving said slide through a predetermined stroke from a retracted to an
      extended position, said movable mold member being connected with said
      slide for movement in unison therewith, said movable mold being shifted
      from the closed to the open position when the slide moves from the
      retracted to the extended position, a cam bodily movable with said slide,
      a plurality of grid knock-out pins on said stationary mold member
      projectable in the direction of separation of the mold members to eject a
      cast grid from the stationary mold member, a cam follower rockably
      supported on a fixed axis extending transversely of the direction of
      movement of said slide, said cam follower being located in the path of
      travel of said cam and being operatively connected with said grid
      knock-out pins to actuate the pins when the slide is shifted a
      predetermined distance in the mold opening direction.
NUM  7.
PAR  7. The combination set forth in claim 6 including a shaft extending
      transversely of the path of travel of the slide for pivotal movement about
      said fixed axis, a first arm fixed to said shaft and supporting said cam
      follower, a second arm fixed to said shaft and adapted to oscillate upon
      interengagement of said cam and cam follower and linkage means operatively
      connecting the distal end of the second arm with said grid knock-out pins.
NUM  8.
PAR  8. The combination set forth in claim 7 wherein said linkage means includes
      a slide assembly slideably mounted for movement in the direction of
      separation of said movable mold member, said slide assembly being adapted
      to engage said grid knock-out pins to actuate the same and a link
      pivotally connecting the distal end of said second arm and said slide
      assembly.
NUM  9.
PAR  9. The combination set forth in claim 7 including a lever pivotally
      supported at one end on the distal end of said first arm, said cam
      follower being mounted on the other end of said lever, means limiting
      pivotal movement of said lever in one direction to a predetermined
      position relative to said first arm such that, when the cam urges said
      lever to pivot beyond said predetermined position, said arm rocks about
      the axis of said shaft, said lever being free to pivot in the opposite
      direction relative to said first arm.
NUM  10.
PAR  10. The combination set forth in claim 9 wherein said cam is shaped to urge
      said lever beyond said predetermined position when it encounters the cam
      follower as the slide moves from the retracted to the extended position.
NUM  11.
PAR  11. The combination set forth in claim 10 including means biasing said
      knock-out pins to the retracted position so that when the cam urges said
      lever to pivot in said opposite direction said biasing means at least
      partially retract said pins.
NUM  12.
PAR  12. The combination set forth in claim 11 wherein said cam follower is
      spaced from said cam when the slide is in the retracted position a
      distance corresponding to not more than three-quarters of the stroke of
      the slide.
NUM  13.
PAR  13. The combination set forth in claim 11 wherein said cam follower is
      spaced from said cam when the slide is in the retracted position a
      distance corresponding to one-half to two-thirds of the stroke of the
      slide.
NUM  14.
PAR  14. The combination set forth in claim 11 wherein said cam is shaped to
      first urge said lever in a direction beyond said predetermined position
      whereby to project said pins when the cam initially encounters the cam
      follower and to thereafter urge the machine in the opposite direction as
      the cam travels past the cam follower whereby to cause said biasing means
      to at least partially retract said pins.
NUM  15.
PAR  15. The combination set forth in claim 6 wherein said cam follower is
      spaced from said cam when the slide is in the retracted position a
      distance corresponding to between one-half and three-quarters of the
      stroke of the slide.
NUM  16.
PAR  16. The combination set forth in claim 6 wherein said cam follower is
      spaced from the cam when the slide is in the retracted position a distance
      corresponding to between one-half and two-thirds of the stroke of the
      slide.
NUM  17.
PAR  17. The combination set forth in claim 15 wherein said cam is shaped to
      cause said cam follower to rock first in one direction to project said
      pins and then in the opposite direction to at least partially retract said
      pins as the cam travels past the cam follower.
NUM  18.
PAR  18. The combination set forth in claim 15 wherein said cam is shaped to
      produce a stroke of said pins which is only a fraction of the remaining
      stroke of the slide after the cam engages the cam follower.
NUM  19.
PAR  19. The combination set forth in claim 15 wherein said cam is provided with
      a rise and a fall in the direction of travel of the slide.
NUM  20.
PAR  20. The combination set forth in claim 19 wherein the extent of rise in the
      cam is such as to produce a stroke of said knock-out pins which is only a
      fraction of the remaining stroke of the slide after the cam engages the
      cam follower.
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ABST
PAL  A dual hinge mounting for both a rotary air screen unit of the blanking
      type and its associated condenser or other heat-radiating core, and by
      means of which the screen unit and core may be swung to accessible
      positions for servicing in situ. The screen unit and core are individually
      pivoted on separate axes and, in combination with their hinge connections
      and a connecting strap between them, establish an articulated
      parallelogram-like linkage arrangement whereby they move in unison to and
      from their servicing positions. A novel concealed dual latch arrangement
      which holds the screen unit in its operative position is accessible
      through a pair of hand holes in the mounting.
BSUM
PAR  The improved rotary air screen unit or device comprising the present
      invention has been designed for use primarily in connection with the air
      cooling sytems of an internal combustion engine which is associated with
      an agricultural implement such as a harvesting combine. The invention is
      however capable of other uses and the present rotary air screen device
      may, if desired, with or without modification, be employed in connection
      with the cooling systems of all manner of combustion engines, whether the
      same be automotive or stationary. Irrespective of the particular use to
      which the invention may be put, the essential features thereof remain
      substantially the same.
PAR  The invention is particularly concerned with rotary air screen devices of
      the blanking baffle type which is widely used in connection with
      harvesting combines and wherein the screen is in the form of a rotary
      cup-shaped cylindrical member which is driven by the air current derived
      from the engine fan, and the device carries an internal baffle which, in
      effect, blanks off a part of the surface of the screen so as to create a
      pressure drop at the blanked off region, to the end that foreign particles
      such as dust or the like which accumulate on the screen during rotation
      thereof will drop from the screen when they pass beneath the blanked off
      area.
PAR  Rotary air cleaning screens of the type under consideration, when used in
      connection with a harvesting combine, usually perform the dual service of
      cleaning the cooling air which passes through and around both the
      combustion engine, water radiator and the air conditioning system
      condenser core, these two heat exchange devices being mounted in the
      vicinity of the opening across which the rotary screen unit extends.
      Heretofore, such arrangements have beeen difficult to service in that it
      is necesary to remove the rotary screen proper so that the operator may
      reach through the framework opening to gain access to either the radiator
      or the condenser core. Where only the screen requires attention it must be
      removed from its installed position.
PAR  The present invention is designed to overcome the abovenoted limitation
      that is attendant upon the construction and use of present day rotary
      screen units and, toward this end, the invention contemplates the
      provision of a pivoted screen support which is of dorrlike construction
      and is hingedly connected to one edge of the framework opening so that it
      may swing about the hinge axis between an inner "closed" position wherein
      the screen registers with the framework opening, and an outer "open" where
      it swings away from the framework and exposes the inner side of the screen
      and its associated functional adjuncts. The invention further contemplates
      a separate pivotal mounting for the condenser core and a linkage
      connection between the door-like support and condenser core causes the
      latter to move outwardly to an exposed position at the same time that the
      support and its associated rotary screen are moved to their outer
      position. To avoid inadvertent or accidental movement of the support to
      its open position, a novel concealed latch mechanism which is disposed
      within the combine framework opening is accessible through a pair of hand
      holes for purposes of release.
PAR  The provision of a rotary air screen device such as has briefly been
      outlined above, and possessing the stated advantages, constitutes the
      principal object of the present invention. Other objects and advantages of
      the invention will readily suggest themselves as the following description
      ensues.
PAR  In the accompanying two sheets of drawings forming a part of this
      specification, one illustrative embodiment of the invention has been shown
     .
DRWD
PAR  In these drawings:
PAR  FIG. 1 is a side elevational view of an axial flow-type combine to which
      the present rotary air screen device is applied, a major portion of one
      side wall being removed to reveal the crop-gathering means, the
      crop-feeding means, the crop-impelling means, the axial threshing and
      separating means, the grain cleaning and handling means, and the residue
      discharge means, the view illustrating generally the positional
      relationship of the engine and its associated rotary air screen;
PAR  FIG. 2 is a fragmentary side perspective view of the rotary air screen
      device, showing the same installed upon the combine and in its operative
      position;
PAR  FIG. 3 is a perspective view similar to FIG. 2, showing the rotary air
      screen device in its "open" position;
PAR  FIG. 4 is a reduced top plan view, largely schematic in its representation,
      of the structure shown in FIG. 2;
PAR  FIG. 5 is an enlarged plan view of a latch mechanism employed in connection
      with the invention; and
PA1  Fig. 6 is a side elevational view of the structure shown in FIG. 5.
DETD
PAR  Referring now to the drawings in detail and in particular to FIG. 1, an
      axial flow-type combine is designated in its entirety by the reference
      numeral 10, the combine being of the general type shown and described in
      U.S. Pat. No. 3,481,342, granted on Dec. 2, 1969 and entitled "Axial
      Flow-type Combine." The combine 10 involves in its general organization a
      chassis or body portion 12 having vertical side walls 14, the body portion
      being supported by a pair of relatively large drive wheels 16 in the front
      region of the combine, and a pair of steerable or dirigible wheels 18 at
      the rear of the combine. The combine further includes an operator's
      platform and cab 20, a crop-gathering header 22, a feeder 24, a grain
      elevator 26 and an engine 28. A grain tank (not shown) is enclosed within
      the walls of the body portion 12.
PAR  As in the case in connection with axial flow-type combines of the character
      under consideration, the axial threshing and separating means are embodied
      in a single unit in the form of an elongated and generally cylindrical
      member 30 in the form of a rotor casing having a rotor 32 mounted therein.
      The forward end of the rotor 32 carries a vaned impeller 34 of the helix
      type. Other conventional components not specifically related to the
      present invention, and which are more or less schematically disclosed
      herein, are the blower 40, grain auger 42 leading to the aforementioned
      grain elevator 26, and a tailings auger 44, these components being
      enclosed within a lower casing section 45 beneath the chassis or body
      portion 12. Enclosed beneath the cylindrical rotor casing and within the
      body portion 12 is an elongated generally flat endless conveyor which
      received separated grain from the concave and grate sections of such
      member and conducts such grain rearwardly for discharge onto a chaffer
      sieve 48. Such sieve is reciprocated in a fore and aft direction so as to
      pass grain and tailings to a grain sieve 50 which also is reciprocated to
      separate the grain from the tailings so that the grain passes through such
      sieve and into the grain auger 42 while the tailings are delivered
      rearwardly to the tailings auger 44. The grain in the auger 42 is
      delivered by elevator means (not shown) to the grain tank, while the
      tailings are returned to the rotor casing 30 by elevator means (likewise
      not shown). A terminal beater 52 which is disposed beneath the rear end of
      the rotor casing 30 prepares a straw residue for discharge from the
      combine rearwardly thereof.
PAR  Still referring to FIG. 1, the elongated cylindrical rotor casing 30
      extends along the longitudinal axis of the combine 10 and the forward end
      thereof is provided with a frusto-conical transition section 54 which is
      so termed because it represents a funnel-like entrance mouth by means of
      which material that is fed rearwardly from the feeder 24 in the form of a
      relatively wide mat is shrunk, so to speak, and caused to enter the
      remaining rearward portion of the rotor casing for threshing and
      separating functions which are performed within the casing upon the
      material.
PAR  The impeller 34 is provided with a vane arrangement which closely mates
      with the inner frusto-conical surface of the transition section 54. The
      material which enters the truly cylindrical portion of the casing 30 is
      processed as it travels forwardly, the threshed grain escaping from the
      casing through the apertured bottom which is made up of a concave 56 and a
      grate 58. The straw and other waste material is conducted rearwardly from
      the separating region of the casing 30 and enters an expansion chamber 72
      which exists by reason of a discharge chute 70 that opens downwardly and
      provides a straw discharge outlet 60 in the lower region of the casing 30
      at the extreme rear end thereof. The rotor 30 is journalled for operation
      within the casing 30 and is provided with an axial rotor shaft 90 which is
      supported at its forward end in a transverse bar 82 forming a part of the
      chassis 11. Rotor blades 104 having rasp bars 110 extend longitudinally
      and are carried on spiders mounted on the rotor shaft 66. Helical
      transport fins 62 on the upper surface of the casing 30 function to index
      the material axially through the casing. The rotary air screen device 120
      of the present invention appears in dotted lines in FIG. 1 since it is
      disposed on the right hand side of the combine.
PAR  The arrangement of parts thus far described, with the exception of the
      rotary air screen device 120, is purely conventional and no claim is made
      herein to any novelty associated with the same, the novelty of the present
      invention residing rather in the construction of such device 120 and the
      manner in which it may be manipulated.
PAR  Referring now to FIGS. 2, 3 and 4, the rotary air screen device 120 of the
      present invention is adapted to be installed in a generally rectangular
      opening 122 which is provided in the right hand side wall 124 of the
      combine chassis 12 near a rearwardly facing wall 126. A pair of hand holes
      128 are formed in the wall 126 and serve a purpose that will be made clear
      presently. A door or panel 130 having a circular opening 132 therein fits
      within the opening 122 and is adapted to close against a jamb 133 (FIG.
      3), the door being hingedly connected by a piano-type hinge 134 (FIG. 2)
      which is coextensive with the front vertical edge of the opening 122.
PAR  Operatively installed within the opening 132 and projecting outwardly
      therefrom is a rotary screen assembly 135 including a screen proper 136,
      the screen being of generally cup-shape configuration and embodying a
      circular outer wall 138 which is provided with radial reinforcing ribs
      139, and a cylindrical wall 140. This screen unit 135 per se is of the
      general type shown and described in U.S. Pat. No. 3,475,883, granted on
      Nov. 4, 1969 and entitled "Rotary Screen Seal." The details of such screen
      unit 135 have not been fully disclosed herein and for a full understanding
      thereof reference may be had to such patent which, by reference thereto is
      hereby incorporated in and made a part of the present application insofar
      as its disclosure is consistent therewith. For purposes of description
      herein it is deemed sufficient to state that a fixed supporting structure
      within the confines of the screen serves to rotatably support the latter
      so that its rim portion closes the opening 132. A series of fan-like
      blades 138 are secured to the screen for rotation in unison therewith and
      are affected by the inrush of air through the opening 32 incident to the
      fan blades which are associated with the engine 28 so that when the engine
      is in operation the screen 136 is constrained to rotate.
PAR  The supporting structure within the screen also serves fixedly to support a
      baffle sheet 140 in the shape of a cylindrical arc near the bottom of the
      screen, the function of the baffle being to stop the flow of air through a
      segment of the screen and thus permit dust and debris adhering to the
      outer surface of the screen to fall by gravity from the screen.
PAR  Mounted within the combine body portion 12 a short distance behind the
      opening 122 is the usual heat exchange radiator 146 for the water system
      of the engine 28 while the heat exchanger or core 148 normally assumes a
      position immediately in front of the radiator 146 but is adapted to
      automatically swing outwardly through the opening 122 when the panel 130
      is moved to its outer position. Accordingly, the outside rear vertical
      corner edge of the core 148 is pivotally connected by a hinge 150 (FIG. 4)
      to a fixed part of the combine so that the core may swing outwardly from
      the full line position of FIG. 4 to the dotted line position. The outside
      rear corner edge of the core is connected to the panel 130 by upper and
      lower floating tie rods 152 and 154 (FIGS. 3 and 4). Thus it will be noted
      that the condenser core 148 and panel 130, in combination with the tie
      rods 152 and 154 (considered collectively), establish in effect a four-bar
      linkage wherein the portion of the combine framework between the hinges
      134 and 150 (FIG. 4) constitute a fixed link, the core and panel
      constitute a pair of swinging links, while the tie rods 152 and 154
      (considered collectively) constitute a free floating link.
PAR  Considering such four-bar linkage, and referring to FIG. 4, it will be
      observed that when the panel 130 is in its closed position, the four-bar
      linkage described above is nearly collapsed so that the panel and core
      assume positions of close proximity to each other. When the panel 130 is
      extended to its dotted line position, the four-bar linkage defines a
      trapezoid where the core and panel are parallel and spaced apart. In this
      outer position of the panel and core, both the interior of the screen 136
      and the core are readily accessible for servicing.
PAR  Means are provided for latching the panel in its closed position across the
      opening 122, such means comprising upper and lower clevises 160 which are
      fixedly attached to the outer edge region of the panel 130 and which
      cooperate with respective latch elements 162 (FIGS. 5 and 6) of
      hook-shaped construction and which are pivoted near their hooked ends on
      vertical pins 164 carried in bracket 166 welded to plates 168 which are
      provided on the jamb 133. Handles in the form of T-heads 170 on the distal
      ends of the latch elements 162 are accessible through the hand holes 128
      for manipulation.
PAR  When it is desired to service one or more of the three components, namely
      the radiator 146, core 148 or screen 135, access to these components may
      be had by reaching through the hand holes 128 and effecting unlatching of
      the panel by releasing the clevises from the latch elements 162, after
      which the latter may be swung to its open position, thus exposing such
      components for attention. After servicing operations are complete, the
      panel may be restored to its operative closed position and the latch
      elements 162 caused to hook over the medial portions of the clevises 160,
      the latching operations being effected through the hand holes 128.
PAR  The invention is not to be limited to the exact arrangement of parts shown
      in the accompanying drawings or described in this specification as various
      changes in the details of the construction may be resorted to without
      departing from the spirit of the invention. For example, although the
      panel 130 has been shown and described herein as being swingable about a
      vertical axis, it is within the purview of the invention to apply the
      hinge 134 to a horizontal edge of the opening 122 so that the panel may be
      operated by raising or lowering the same. Therefore, only insofar as the
      invention has particularly been pointed out in the accompanying claims is
      the same to be limited.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle having a body provided with a generally rectangular air
      intake opening, said vehicle embodying an internal combustion engine
      having a fixed heat exchange radiator, and an air conditioning system
      including a movable heat exchange condenser core, said radiator being
      fixedly mounted within said body in the vicinity of said opening and said
      core being normally disposed outwardly of the radiator immediately behind
      said opening and within said body, a generally rectangular panel having
      one edge thereof hingedly connected to said body and capable of swinging
      movement between a normally closed position wherein it covers the opening
      and an open extended position wherein it uncovers the opening, said core
      being pivotally mounted on said body for swinging movement between its
      normal position and an extended position wherein it projects outwardly of
      said opening, said panel being formed with a relatively large central
      opening therein, a rotary air screen of the blanking baffle type carried
      by said panel and cooperating with said central opening, and means
      operatively connecting said panel and condenser core for swinging movement
      in unison between their normal and extended positions, said means
      comprising at least one tie rod pivotally connected at one end to the
      panel and at the other end to the outer edge region of the core, and
      wherein the panel and condenser core are pivoted to the vehicle body for
      swinging movement about respective closely spaced parallel axes and the
      portion of the body which extends between said axes, in combination with
      said core, panel and tie rod, define, in effect, an elongated four-bar
      linkage which, when the panel and core are in their normal positions is
      substantially collapsed, and when the panel and core are extended define a
      trapezoid.
NUM  2.
PAR  2. A vehicle as set forth in claim 1, wherein cooperating releasable latch
      means are provided on said panel and body and within the latter for
      maintaining the former in its normally closed position, and a hand hole is
      formed in the body for rendering said latch means accessible.
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ABST
PAL  A tension fastener for quick-mounting an oil cooler in stacked relationship
      on one side of the radiator or condenser in an automotive or other engine
      system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is in the field of oil coolers for cooling transmission oil,
      engine oil, power steering oil or the like in an automotive or other
      engine system.
PAR  2. Description of the Prior Art
PAR  Heat exchangers are employed extensively for supplemental cooling of oil
      employed in connection with engine systems, including but not limited to
      automatic transmission fluid, power steering fluid, and engine lubricating
      oil. In automotive internal combustion systems, such oil coolers are
      employed in addition to the conventional engine coolant radiators and air
      conditioner condensers. A widely used heat exchange system employing such
      an oil cooler in an automotive internal combustion engine system is
      disclosed in U.S. Pat. No. 3,315,464, issued Apr. 25, 1967 to Perez M.
      Hayden.
PAR  Because of space limitations and accessibility to good air flow, it is
      desirable to mount such an oil cooler in generally parallel, stacked
      relationship to the engine coolant radiator or air conditioner condenser,
      and this is true both for original equipment or "O.E.M." installations and
      for field or "after market" installations.
PAR  Traditionally, such oil coolers were bracket-mounted, which was undesirably
      expensive and time-consuming, requiring that the oil coolers be supplied
      with clamps, straps, nuts and bolts, washers, metal screws, and the like,
      and this type of mounting required extensive installation time.
PAR  Since it is desirable both because of the availability of suitable space in
      an otherwise generally crowded environment and because of the good flow of
      cooling air, to mount such an oil cooler in association with either the
      engine coolant radiator or the air conditioner condenser, it would also be
      desirable to mount the oil cooler directly on the radiator or condenser so
      as to take advantage of the pre-existing fixed mounting thereof in the
      engine system. There have been prior attempts to thus directly mount the
      oil cooler on the radiator or condenser utilizing standard flat nylon
      cable ties, but these attempts have in general involved almost as much
      difficulty and expense as the traditional bracket mounting of the coolers.
      Thus, available cable ties have only been sufficiently long to go through
      the condenser and the oil cooler, and not through all three of the
      radiator, condenser and oil cooler. Since the available space between the
      radiator and condenser is generally inadequate for insertion of a hand to
      manipulate the cable tie, it was usually necessary to unbolt the condenser
      from the radiator in order to gain access for threading the cable ties
      through the condenser, and thence through the oil cooler for tying the
      cooler to the condenser. Even then, each cable tie connection required the
      use of a plurality of the ties and washers. The flat construction of the
      cable ties permitted gross lateral bending thereof which would have
      precluded pushing them through both the radiator and condenser to avoid
      unbolting the condenser from the radiator, even if the ties had been long
      enough. Also, with the flat cable ties, lining up the condenser and oil
      cooler fins for reception of the cable ties was often difficult, and if
      the condenser and cooler fins were disoriented, as for example being
      arranged 90.degree. apart, then a quick twist of the flat cable ties was
      required, which sometimes was not practical.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing problems in the art, it is a general object of the
      present invention to provide a novel fastening system which enables an oil
      cooler to be quick-mounted directly on an accessible free side of a
      radiator or condenser without the use of conventional brackets, and
      without requiring that the condenser be unbolted from the radiator.
PAR  Another object of the invention is to provide a novel tension fastener for
      mounting one generally flat perforate structure on another such structure
      in generally parallel, stacked relationship, the fastener being
      sufficiently long to extend through the stacked perforate structures, and
      having substantial column strength and being generally rigid against gross
      lateral bending in all lateral directions so that it may simply be pushed
      through the plurality of perforate structures from one side of the stack.
PAR  Another object of the invention is to provide a novel fastening system for
      the quick mounting of one finned heat exchanger in stacked or "piggyback"
      relationship with one or more other finned heat exchangers, which embodies
      a combination of a novel elongated tension member adapted to be pushed
      through the stack of heat exchangers from one side thereof, resilient
      compression pad means engageable between the first mentioned heat
      exchanger and its immediately adjacent heat exchanger, and tensioning nut
      means engageable over a free end of the elongated tension member for
      applying tension force in the tension member in opposition to compression
      force in the compression pad means so as to provide a stable, padded
      mounting of the heat exchanger.
PAR  The invention utilizes a novel tension fastener for biasing a plurality of
      perforate structures toward each other. In the typical environment of the
      invention, the tension fastener is employed for mounting an oil cooler on
      an accessible free surface of a radiator or condenser in an engine system,
      with resilient pad means engaged between the oil cooler and the adjacent
      radiator or condenser for biasing them apart in opposition to tensioning
      force in the tension fastener for stability and cushioning of the
      mounting. The tension fastener includes an elongated, thin, generally
      straight tension member which is sufficiently long and thin to extend
      through perforations in all of the stacked structures, including the oil
      cooler and either a radiator or a condenser, or including the oil cooler
      and both a radiator and a condenser where both are present. The elongated
      tension member, although thin enough to pass through the spaces between
      adjacent cooling fins, has substantial column strength and is generally
      rigid against gross lateral bending in all lateral directions so as to
      enable it to be pushed through the stacked heat exchangers. A pair of
      abutment members is adapted to be secured at spaced positions along the
      length of the tension member on opposite free sides of the stacked
      structures, one of the abutment members preferably being an enlarged head
      proximate one end of the elongated tension member, and the other abutment
      member being longitudinally movable on the tension member toward the other
      abutment member into a tensioning position at which it is lockable onto
      the tension member so as to bias the oil cooler in its mounted position on
      the adjacent heat exchanger. Opposed knurled or resilient gripping faces
      are provided on the abutment members for gripping the generally fragile
      exposed edges of the heat exchanger fins to prevent them from slipping and
      bending, and thereby to prevent damage to the fins and loosening of the
      tension fastener.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will become more apparent in view
      of the following description wherein;
PAR  FIG. 1 is an exploded perspective view showing one form of tension fastener
      according to the invention;
PAR  FIG. 2 is an exploded perspective view similar to FIG. 1, showing another
      form of tension fastener according to the invention;
PAR  FIG. 3 is an enlarged fractional plan view taken on the line 3--3 in FIG. 1
      particularly illustrating cog locking means on the elongated tension
      member of the fastener;
PAR  FIG. 4 is a transverse section taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is an axial section taken on the line 5--5 of FIG. 1 illustrating
      one form of nut member employable in the present invention;
PAR  FIG. 6 is an axial section similar to FIG. 5, but illustrating another form
      of nut member employable in the invention;
PAR  FIG. 7 is an elevational view of the nut member shown in FIG. 6, with the
      gripping element portion thereof shown in phantom;
PAR  FIG. 8 is an axial section similar to FIGS. 5 and 6, but illustrating
      another form of nut member employed in the present invention;
PAR  FIG. 9 is an enlarged, fragmentary elevational view taken on the line 9--9
      of FIG. 5, illustrating the knurled gripping face on the nut member of
      FIG. 5;
PAR  FIG. 10 is a perspective view illustrating one of the compression pads
      employed with the invention, showing a pressure sensitive adhesive surface
      partially revealed;
PAR  FIG. 11 is an elevational view illustrating a typical mounting of an oil
      cooler on a radiator in accordance with the present invention, with two
      typical alternative mountings illustrated in phantom lines;
PAR  FIG. 12 is an enlarged vertical section taken on the line 12--12 of FIG.
      11;
PAR  FIG. 13 is a further enlarged vertical section taken in the circle
      designated 13 on FIG. 12; and
PAR  FIG. 14 is a diagrammatic view illustrating in solid lines a common
      position for mounting an oil cooler in accordance with the present
      invention, and illustrating in phantom lines two alternative mounting
      positions.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, and at first particularly to FIGS. 1, 3, 4, 5
      and 9 thereof, the form of the invention shown in these figures includes
      an elongated tension member 10, an enlarged abutment member 12 integrally
      formed on one end of the tension member 10, and a nut member 14 forming a
      second abutment member which is longitudinally slidably engageable on and
      along the elongated tension member 10. The elongated tension member 10 is
      preferably at least about 10 inches long, which provides it with
      sufficient length to extend through a stacked array of three heat
      exchangers if necessary, including an engine coolant radiator, an air
      conditioner condenser, and an oil cooler which is to be supported on
      either the radiator or the condenser. The elongated tension member 10 must
      be quite thin along its entire length so that it can be pushed through the
      perforations defined between adjacent cooling fins in each of the heat
      exchangers. It is preferred that the elongated tension member 10 be not
      greater than about one-eighth inch thick in any lateral direction along
      its entire length, which will permit it to be pushed through the
      perforations defined between adjacent fins in most automotive type
      radiators and condensers, and in most currently available oil coolers
      designed for use in connection with automotive engine systems. Some
      radiators employ 14 fins per inch, and even though a one-eighth inch
      thickness of the tension member 10 is somewhat greater than the initial
      spacing between fins, adjacent fins can be somewhat bowed apart by
      insertion of the tension member 10 without adverse effect to the strength
      or functioning of the radiator. A typical oil cooler such as those
      manufactured by Hayben Trans-Cooler, Inc. of Corona, California, may have
      as many as 10 cooling fins per inch, but these also may be slightly bowed
      apart by insertion of the elongated tension member 10 without adverse
      effect.
PAR  Since an important advantage of the present invention over prior mounting
      systems is that the elongated tension member 10 be capable of being pushed
      from one side of the stack all of the way through a stacked array of
      either a radiator or a condenser and an oil cooler, or of all three of
      these heat exchangers, so as to simplify installation, and in particular
      to avoid any requirement that a condenser be unbolted from a radiator in
      an existing system, it is essential that despite the substantial length
      and the thinness of the elongated tension member 10, it be generally
      straight, that it have substantial column strength, and that it be
      generally rigid against gross lateral bending in all lateral directions.
      These requirements are met by making the elongated tension member of a
      generally rigid material, and by having the lateral dimensions of the
      elongated tension member 10 of the same order of magnitude in all lateral
      directions. A suitable generally rigid material for the elongated tension
      member 10 is a generally rigid plastic such as nylon, polypropylene or the
      like, which has good tensile strength. Because of the great length of the
      elongated temsion member 10, even though it is of generally rigid
      material, it will nevertheless have enough lateral flexibility to
      accommodate any misalignments which may occur between proximate
      perforations in the adjacent heat exchangers as it is being pushed between
      them. By having the lateral dimensions of the same order of magnitude in
      all lateral directions there will be no preferential bending tendency in
      any particular direction such as there would be with a generally flat
      strap member, and hence the elongated tension member 10 will invariably
      penetrate an accessible perforation in a heat exchanger when it is being
      pushed from one heat exchanger to the other, and there will be no tendency
      for the leading end of the elongated tension member 10 to curl off to the
      side and not enter the accessible perforation.
PAR  This general uniformity of thickness in all lateral directions will also
      permit the elongated tension member 10 to be readily pushed through the
      heat exchangers without twisting thereof regardless of disorientation
      between generally rectangular cross sections of successive heat exchanger
      perforations, whereby there is no required particular relative orientation
      between successive heat exchangers. This permits an oil cooler to be
      mounted in any favorable position of orientation relative to the heat
      exchanger structure upon which it is mounted. For example, as seen in
      FIGS. 11 and 12, the oil cooler 16 may be oriented relative to the
      radiator 18 upon which it is mounted so that the oil cooler fins 20 are
      aligned with the radiator fins 22; or alternatively, the oil cooler
      designated 20a in FIG. 11 may be oriented so that its fins are at right
      angles to the radiator fins, or the oil cooler 20b in FIG. 11 may be
      arranged with its fins at some other angle of orientation to those of the
      radiator 18.
PAR  In the form of the invention illustrated in FIGS. 1, 3, 4, 5 and 9, the
      locking means that is engageable between the elongated tension member 10
      and the nut member 14 is in the form of cog means 24 extending along both
      of the lengths of the elongated tension member 10, and mating deflectable
      latch means 26 disposed within axial opening 28 in the nut member 14.
      Although any desired cog means may be provided along the length of the
      elongated tension member 10, the particular cog means shown on the tension
      member 10 comprises a series of regularly spaced ribs or cogs 30 extending
      along opposite sides of the elongated tension member 10 so that the
      tension member 10 has the general form of a double rack. The deflectable
      latch means 26 exposed within the axial opening 28 in nut member 14 is of
      frusto-conical configuration, having its root commencing proximate the
      forward gripping face 32 on the nut member 14, with the latch means
      extending rearwardly and inwardly to a free latching edge 34 disposed
      generally adjacent the rear surface 36 of the nut member 14.
PAR  After the elongated tension member 10 has been pushed through the stack of
      heat exchangers, the nut member 14 is engaged over the free end 38 of
      elongated tension member 10 and pushed along the tension member 10 with
      the deflectable latch means 26 ratcheting over the cog means 24 until the
      nut member 14 is seated against exposed fins of a heat exchanger, at which
      position the free latching edge 34 of latch means 26 will be engaged
      against an opposed pair of the ribs or cogs 30 of the cog means 24. This
      locked position of the parts is illustrated in FIGS. 12 and 13 of the
      drawings.
PAR  The free end 38 of elongated tension member 10 is provided with a lead-in
      taper as illustrated in FIG. 1 primarily to facilitate entry of the
      elongated tension member 10 into successive heat exchangers when the
      tension member 10 is pushed through them, but also to facilitate entry
      into the deflectable latch means 26 in the nut member 14.
PAR  As best illustrated in FIGS. 5 and 9, the forward gripping face 32 on nut
      member 14 is of knurled construction. The opposed forward gripping face 40
      of the other abutment member 12 is similarly knurled. These opposed,
      knurled gripping faces on the abutment members enable the abutment members
      to positively grip the generally fragile exposed edges of the heat
      exchanger fins as illustrated in FIG. 12 so as to prevent the fins from
      slipping and bending, which not only prevents possible damage to the fins,
      but also prevents release of tension forces applied in the elongated
      tension member 10, and possible consequent loosening of the fastener.
PAR  FIGS. 2, 6 and 7 illustrate an alternative form of the invention, wherein
      the elongated tension member 10a has a generally smooth surface along its
      entire length, and is round in cross section, and the nut member 14a
      embodies a Tinnerman type spring sheet steel gripping element 26a molded
      into the nut member 14a and having free latching edge portions 34a exposed
      within the axial opening 28a of the nut member 14a. The sharp latching
      edge portions 34a of the Tinnerman type gripping element 26a will dig into
      the otherwise generally smooth surface of the elongated tension member 10a
      to latch the nut member 14a in its locked tensioning position on the
      elongated tension member 10a. The nut member 14a is engaged over and
      pushed along the elongated tension member 10a to this tensioning position
      in the same manner as the nut member 14 is pushed on and along its
      elongated tension member 10.
PAR  FIG. 8 illustrates a further form of nut member designated 14b which is
      similar in construction to the nut member 14 shown in FIG. 5 in its
      latching means, but which has a resilient forward gripping face 32b
      provided by a layer 42 of elastomeric material that is bonded to the body
      portion of the nut member 14b. This elastomeric layer 42 allows the edges
      of cooling fins to seat into the forward gripping face 32b and thereby be
      restrained against slipping and bending.
PAR  FIGS. 10, 11 and 12 illustrate the resilient compression pad means which
      forms a part of the present invention. At least three, and preferably
      four, resilient compression pads 44 are engaged between the oil cooler 16
      and adjacent heat exchanger 18 for biasing the heat exchangers 16 and 18
      apart in opposition to tensioning force in the tension members 10, so as
      to provide stability and cushioning in the mounting of the cooler 16 on
      the heat exchanger 18. The compression pads 44 are provided of sheet
      elastomeric material as for example closed cell foam neoprene, and may be
      of square and rectangular shape as shown, or may be of any other desired
      shape. Preferably, four of the compression pads 44 are disposed between
      corner portions of the cooler 16 and heat exchanger 18 against which it is
      mounted, as illustrated in FIGS. 11 and 12. However, the desired
      tensioning of the elongated tension member 10 and separation and padding
      of the heat exchangers may be accomplished by utilizing only three of the
      compression pads 44 distributed in nonaligned relationship, or
      alternatively any desired number of the compression pads 44 in excess of
      four may be utilized.
PAR  It is preferred to provide at least one of the flat surfaces of each
      compression pad 44 with a pressure sensitive adhesive 46 as shown in FIG.
      10, which can be protected prior to use by tear-off cover means 48. This
      greatly facilitates assembly by permitting preliminary adhesive mounting
      of the compression pads 44 in the desired positions on the oil cooler 16
      before the oil cooler 16 is mounted on an adjacent heat exchanger such as
      the radiator 18 shown in FIGS. 11 and 12.
PAR  After such preliminary adhesive mounting of the compression pads (usually
      four in number) on the oil cooler 16, the oil cooler 16 is loosely placed
      in operative position against the adjacent side of the heat exchanger such
      as radiator 18 upon which the oil cooler is to be mounted, and then one or
      more of the fasteners are operatively engaged to secure the oil cooler 16
      in position. For a small oil cooler 16, generally one of the fasteners
      will be sufficient, and it will be applied generally at a central position
      on the oil cooler 16. For larger oil coolers 16, two of the fasteners will
      generally be sufficient, disposed in spaced-apart relationship to each
      other as generally illustrated in FIG. 11. In general, any number of the
      fasteners may be utilized as required for secure mounting of the oil
      cooler on an adjacent heat exchanger.
PAR  After the compression pads 44 have been preliminarily adhesively bonded to
      the oil cooler 16 and the cooler 16 disposed loosely against the adjacent
      side of the heat exchanger 18 upon which it is being mounted, the
      fasteners are engaged into position by simply inserting the free, lead-in
      ends 38 thereof into perforations defined between fins at the other side
      of the heat exchanger 18, and pushing the elongated tension member 10
      through the heat exchanger 18 and thence through the oil cooler 16,
      utilizing the enlargement of the fixed abutment member 12 as a handle for
      the pushing movement. When each elongated tension member 10 has been
      pushed all of the way through the plurality (two or more) of heat
      exchangers, such as the heat exchangers 18 and 16, then the nut member 14
      is engaged over the free end 38 of the elongated tension member 10, and
      pushed along the tension member 10 until it engages against the exposed
      side of the oil cooler 16. Tension can be applied by simply pulling
      outwardly on the free end portion of the elongated tension member 10, so
      as to seat the fixed abutment member 12 against the back side of heat
      exchanger 18, while at the same time pushing forwardly on the movable nut
      member 14 and hence also upon the oil cooler 16, until the compression
      pads 44 are compressed as illustrated in FIG. 12. Then, with the latching
      means engaged between the nut member 14 and the elongated tension member
      10, when the parts are released, the pads 44 will be in compression, and
      the elongated tension members 10 will be in tension. The mounting of the
      oil cooler 16 is thus very stable, and able to withstand a considerable
      amount of vibration and shock as generally occurs in automotive
      applications, without the mounting becoming loosened or fin edges of the
      heat exchangers becoming damaged.
PAR  The installation may be completed by cutting off unused lengths of the free
      end portions of tension members 10 adjacent to the nut members 14 as
      illustrated in FIGS. 12 and 13.
PAR  FIG. 14 illustrates several alternative mounting positions for an oil
      cooler in an automotive engine environment. Conventionally, in an
      automotive engine system having an engine 50, there will be disposed
      forward of the engine in succession an engine coolant radiator 52, and an
      air conditioner condenser 54 that is disposed in spaced relationship
      forwardly of and generally parallel to the radiator 52. A preferred
      mounting position for an oil cooler 56 is shown in solid lines in FIG. 14,
      wherein the oil cooler 56 is mounted according to the present invention on
      the exposed forward side of the condenser 54. In this position, the
      fasteners of the present invention will be engaged from the rear of the
      radiator 52 and pushed successively through perforations in the radiator
      52, the condenser 54 and oil cooler 56, with the fixed abutment members 12
      disposed behind the radiator 52, and the nut members 14 disposed in front
      of the oil cooler 56. Alternatively, the fasteners may be pushed from
      front to rear, with the fixed abutment member 12 in front of the oil
      cooler 56, and the nut member 14 applied to the rear of radiator 52.
PAR  An alternative position 56a of the oil cooler is shown in phantom behind
      the raditor 52, in which case the fasteners of the invention may also be
      engaged either from the front or from the rear as described in connection
      with the solid line oil cooler 56. A still further alternative position
      56b of the oil cooler is shown in phantom immediately in front of the
      radiator 52, in which position it is preferred to unbolt the condenser 54
      from its mounting relative to radiator 52 to facilitate engagement of the
      fasteners of the present invention through only the oil cooler 56b and
      radiator 52, and not through the condenser 54. Another alternative
      position that is not illustrated would be to mount the oil cooler against
      the rear side of condenser 54, which also would be most easily
      accomplished by unbolting the condenser 54 from its mounting relative to
      radiator 52, and then engaging the fasteners of the invention only through
      the oil cooler and the condenser 54.
PAR  Although two specific types of locking means have been disclosed between
      the movable abutment member and the elongated tension members, it is to be
      understood that other forms of locking means may be employed within the
      scope of the invention, which enable the nut member to be moved
      longitudinally over and along the elongated tension member and cinched up
      into its locking or tensioning position. For example, if desired the cog
      means on the elongated tension member may comprise external threads on the
      elongated tension member 10, with the nut member 14 being provided with
      mating internal threads.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a power system having an engine, heat exchanger structure comprising
      at least one generally flat heat exchanger mounted in fixed relationship
      to said engine for cooling liquid associated with said engine, and a
      generally flat oil cooler structure for cooling oil associated with said
      engine, said structures being of the type having fins and perforations
      arranged generally normal to the general planes thereof,
PA1  a fastening system for mounting said oil cooler structure in stacked
      relationship on one side of said heat exchanger structure, which comprises
PA1  an elongated, thin, generally straight tension member which is sufficiently
      long and thin to extend through perforations in said structures and to
      project beyond the free sides of the structures in stacked relationship,
PA1  said tension member having substantial column strength and being generally
      rigid against gross lateral bending in all lateral directions so as to
      enable it to be pushed through said structures in stacked relationship,
PA1  a pair of abutment members adapted to be secured at spaced positions along
      the length of said tension member on opposite free sides of said structure
      in stacked relationship,
PA1  at least one of said abutment members being longitudinally movable on said
      tension member toward the other abutment member into a tensioning position
      of the fastening system wherein said tension member is placed under
      tension between said abutment members,
PA1  and locking means engageable between said movable abutment member and said
      tension member for locking them in said tensioning position.
NUM  2.
PAR  2. A fastening system as defined in claim 1, which includes resilient
      compression pad means engaged between said structures so as to bias said
      structures apart in opposition to tensioning force in said tension member.
NUM  3.
PAR  3. A fastening system as defined in claim 2, wherein said compression pad
      means comprises at least three non-aligned compression pads.
NUM  4.
PAR  4. A fastening system as defined in claim 3, wherein said oil cooler
      structure is generally rectangular,
PA1  and said compression pad means comprises four compression pads disposed
      proximate the respective corners of said oil cooler structure.
NUM  5.
PAR  5. A fastening system as defined in claim 2, wherein said compression pad
      means comprises foam elastomeric material.
NUM  6.
PAR  6. A fastening system as defined in claim 1, which includes a plurality of
      said tension members and their respective pairs of abutment members,
PA1  said tension members being disposed in generally parallel, spaced
      relationship.
NUM  7.
PAR  7. A fastening system as defined in claim 1, wherein the lateral dimensions
      of said tension member are of the same order of magnitude in all lateral
      directions so as to enable the tension member to be pushed through said
      structures without twisting thereof regardless of disorientation between
      perforations of the respective structures.
NUM  8.
PAR  8. A fastening system as defined in claim 1, wherein said tension member
      comprises plastic.
NUM  9.
PAR  9. A fastening system as defined in claim 1, wherein one of said abutment
      members comprises a head integrally formed on said tension member
      proximate one end thereof,
PA1  and the other abutment member comprises a nut member engageable on said
      tension member from the other end thereof.
NUM  10.
PAR  10. A fastening system as defined in claim 9, wherein said other end of
      said tension member comprises a lead-in taper to facilitate insertion
      through said structures.
NUM  11.
PAR  11. A fastening system as defined in claim 9, wherein said locking means
      comprises cog means on said tension member extending along a substantial
      portion of its length, and gripping means in said nut member engageable
      with said cog means.
NUM  12.
PAR  12. A fastening system as defined in claim 11, wherein said gripping means
      comprises deflectable latch means in said nut member.
NUM  13.
PAR  13. A fastening system as defined in claim 12, wherein said latch means is
      generally frusto-conical in configuration.
NUM  14.
PAR  14. A fastening system as defined in claim 11, wherein said cog means and
      gripping means comprise threads.
NUM  15.
PAR  15. A fastening system as defined in claim 11, wherein said locking means
      comprises a Tinnerman type gripping element in said nut member.
NUM  16.
PAR  16. A fastening system as defined in claim 1, wherein at least one of said
      abutment members includes a generally transversely arranged gripping face
      directed toward the other abutment member and adapted to engage against
      one of said structures.
NUM  17.
PAR  17. A fastening system as defined in claim 16, wherein each of said
      abutment members includes one of said gripping faces.
NUM  18.
PAR  18. A fastening system as defined in claim 16, wherein said gripping face
      comprises generally knurled surface means.
NUM  19.
PAR  19. A fastening system as defined in claim 16, wherein said gripping face
      comprises a layer of elastomeric material.
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ABST
PAL  A feedwater heater has a condensate inlet, and a flow distributor
      cooperatively associated with the condensate inlet, a plurality of
      U-shaped tubes forming a tube bundle, a vent condenser portion enclosing a
      portion of the cold leg of the tube bundle and a trough centrally disposed
      within the tube bundle to provide deaeration of the condensate. The trough
      has its lengthwise opening in fluid communication with the cold leg
      portion of the tube bundle and one end thereof in fluid communication with
      the vent condenser for channeling the non-condensibles to the vent
      condenser where they are vented from the feedwater heater.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to feedwater heaters and more particularly to
      deaerating feedwater heaters utilized in nuclear steam power plants.
PAR  2. Description of the Prior Art
PAR  Steam generated by nuclear boiling water reactors, BWR, and utilized in
      turbo-generators to produce electrical power, contained from 10 to 30 part
      per million, ppm, of free oxygen resulting from the disassociation of
      water, which occurs as the water passes through the radioactive
      environment of the nuclear reactor and is heated to form steam. As the
      steam is passed through the turbine a portion thereof is extracted and
      utilized in feedwater heaters for regenerative feedwater heating. Free
      oxygen flowing with the extracted steam becomes dissolved in the condensed
      steam in the shell side of the feedwater heaters. As a result, the
      feedwater drain condensate contains from one to eight ppm of dissolved
      oxygen depending on the efficiency of the feedwater heater venting system.
      It has been the practice to cascade the feedwater drains back to the
      condenser, where deaeration can be accomplished. However, to improve the
      cycle efficiency of the BWR steam cycles, it is desirable to accumulate
      the feedwater heater condensate drains from several feedwater heaters in
      one heater and then pump the condensate drain fluid from this heater
      directly into the feedwater system. However, to do this, and prevent
      deleterious effects in the reactor and associated equipment, the oxygen
      concentration of the condensate drain fluid pumped into the feedwater
      system must have its oxygen content lowered to a range of approximately 70
      parts per billion, ppb, to one ppm depending on the cycle. Thus, the one
      feedwater heater in which the condensate drain fluid is collected must
      have effective means disposed therein for deaerating the condensate drain
      fluid and removing the non-condensibles therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  In general, a feedwater heater adapted to remove non-condensible gases from
      condensate drain fluid fed thereto, when made in accordance with this
      invention, comprises a tubular shell portion, a plurality of tubes forming
      a tube bundle so disposed in the shell that feedwater flows through the
      tubes when the heater is operating, a steam inlet nozzle disposed in the
      shell, a condensate drain fluid inlet nozzle also disposed in the shell
      and impingement protecting means disposed adjacent the condensate drain
      fluid inlet nozzle for protecting the tubes against direct impingement of
      the influent condensate drain fluid. The feedwater heater also comprises
      means for dispersing the influent condensate drain fluid, the dispersing
      means being so disposed to effectuate admixing of the dispersed condensate
      fluid and influent steam. Such a feedwater heater also comprises vent
      condensing means disposed adjacent at least a portion of the tubes
      receiving influent feedwater for condensing steam from the non-condensible
      gases and venting the latter and a trough extending lengthwise along the
      tubes, the trough being in fluid communication with the vent condenser and
      the tube bundle, whereby when the heater is operating, influent steam
      admixes with the dispersed condensate drain fluid driving the
      non-condensible gases out of solution and the steam and non-condensible
      gases flow via trough to the vent condenser, wherein steam is condensed
      and non-condensible gases are vented from the feedwater heater.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and advantages of this invention will become more apparent from
      reading the following detailed description in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a feedwater heater made in accordance with
      this invention;
PAR  FIG. 2 is a sectional view taken on line II--II of FIG. 1;
PAR  FIG. 3 is a sectional view of an alternative feedwater heater made in
      accordance with this invention;
PAR  FIG. 4 is a sectional view taken on line IV--IV of FIG. 3; and
PAR  FIG. 5 is a sectional view taken on line V--V of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, FIG. 1 shows a vertically disposed
      deaerating feedwater heater 1 comprising a tubular shell portion 3 having
      a flanged and dish head portion 5 forming a lower end closure, and a
      spherical head portion 7 forming an upper end closure. A tube sheet 9 is
      made integral with the spherical head 7 and a plurality of U-shaped tubes
      11 form a tube bundle, the ends of the tubes extend through the tube sheet
      and are fastened thereto by rolling, welding or other means.
PAR  The flanged and dished head 5 has a condensate drain nozzle 12 centrally
      disposed therein. The condensate drain nozzle 12 is in communication with
      the lower end of the shell and drains condensate therefrom.
PAR  The spherical head 7 has a dividing plate 13 angularly disposed therein to
      form a feedwater inlet chamber 15 and a feedwater outlet chamber 17, and
      to provide space for a manway 18. A feedwater inlet nozzle 19 is disposed
      in the spherical head in fluid communication with the feedwater inlet
      chamber 15. A feedwater outlet nozzle 21 is disposed in the spherical head
      7 in fluid communication with the feedwater outlet chamber 17. Thus, the
      inlet and outlet chambers 15 and 17, respectively, form headers for the
      tube bundle so that the feedwater flows through the tubes 11 to form a
      cold leg portion, the portion on the right in FIG. 1, and a hot leg
      portion, the portion on the left as shown in FIG. 1.
PAR  Steam inlet nozzles 23 are disposed in the shell 3 so as to admit steam
      thereto. Impingement plates 25 are disposed adjacent the steam inlet
      nozzles 23 to prevent the influent steam from impinging directly upon the
      tubes 11.
PAR  A conduit drain inlet nozzle 27 is disposed in the shell for admitting
      condenstate drain fluid thereto. A flash chamber 29 is disposed in the
      shell adjacent the condensate drain fluid inlet nozzle 27. The flash
      chamber 29, as shown in FIGS. 1 and 2, comprises an arcuate plate 31
      disposed generally parallel to the shell 3 and adjacent the nozzle 27; a
      pair of side plates 33 and 34 seal welded to the shell 3 and arcuate plate
      31. A top plate 35 forms the top of the chamber 29 and a bottom perforated
      plate 37 is disposed on the bottom of the chamber so as to disperse the
      influent condensate drain fluid collected in the flash chamber 29. The
      steam inlet nozzles 23 are disposed to cooperate with the perforated plate
      37 so that the dispersed influent condensate drain fluid admixes with the
      influent steam in a counterflow relationship to produce a scrubbing action
      on the dispersed condensate drain fluid and thereby liberate the entrained
      oxygen.
PAR  A vent condenser 39 is disposed in the shell adjacent the tube sheet 9, the
      vent condenser 39 has walls 41 which cooperate with the shell 3 to
      encompass at least a portion of the coldest part of the cold leg portion
      of the tube bundle as it encloses that portion of the tube bundle
      receiving the influent feedwater. The vent condenser 39 has a vent nozzle
      43 and a plurality of baffles 45 disposed therein so as to cause the fluid
      flowing therethrough to follow a sinuous path over the tubes to condense
      steam therefrom as the fluid flows to the vent nozzle 43 and is vented
      from the feedwater heater. A J trap or loop seal 46 drains condensate from
      the vent condenser 39.
PAR  A U-shaped vent channel or trough 47 is centrally disposed within the tube
      bundle so that the side walls 49 extend into the cold leg portion of the
      tube bundle, thus, the lengthwise opening of the trough 47 is in fluid
      communication with the entire length of the cold leg portion of the tube
      bundle. The upper end of the trough 47 is in fluid communication with the
      vent condenser 39 via an opening 51 in one of the walls 41 adjacent the
      tube sheet to provide oxygen scavenging of the entire tube bundle and
      prevent the formation of high oxygen concentration in the main condensing
      zones of the feedwater heater. With the walls 49 of the trough 47
      extending into the cold leg portion of the tube bundle a maximum amount of
      steam is removed from the non-condensibles flowing via the trough 47 to
      the vent condenser 39.
PAR  A plurality of tube supports and condensate collecting plates 55 are
      disposed transverse to the tube bundle and at regular intervals along its
      length. The condensate collecting plates 55 have a dam 57 extending
      upwardly from approximately 1/2 of the outer periphery thereof causing the
      condensate of flow from only one side thereof. The condensate collecting
      plates 55 have a central opening 59 extending therethrough. The opening is
      adapted to accommodate the trough 47 which passes therethrough. A dam 61
      extends upwardly from one edge of the opening 59 to prevent condensate
      from running into the trough 47. The dam 57 is disposed adjacent the hot
      leg portion of the tube bundle.
PAR  The above mentioned components are cooperatively associated to disperse the
      condensate drain fluid so that it comes into contact with the influent
      steam, whereby the condensate, which collects in the bottom of the shell,
      is subjected to a maximum amount of oxygen scavenging resulting in a low
      concentration of oxygen in the condensate and the non-condensibles are
      removed via the trough 47 from all portions of the shell, providing a
      primary venting and condensing stage throughout the heater and then the
      non-condensibles flow through the vent condenser portion, which acts as a
      second condensing zone. The non-condensibles are then vented from the
      heater to produce a condensate having a very low quantity of free oxygen.
PAR  FIGS. 3, 4 and 5 show a horizontally disposed deaerating feedwater heater
      71 which comprises a tubular shell portion 73, a flanged and dished head
      75 forming a closure for one end thereof and a spherical head portion 77
      forming a closure of the other end thereof.
PAR  The spherical head portion has a tube sheet 79 associated therewith and a
      plurality of tubes 81 which are disposed lengthwise in the shell and have
      their ends disposed to pass through the tube sheet and be fastened thereto
      by rolling, welding or other means.
PAR  A feedwater inlet nozzle 82 and a feedwater outlet nozzle 83 are disposed
      in the spherical head along with a dividing plate 84 forming a feedwater
      inlet chamber and a feedwater outlet chamber which act as headers for the
      tubes, whereby the feedwater flows through the tube bundle forming a cold
      leg portion and a hot leg portion thereof.
PAR  A condensate drain fluid inlet nozzle 85, a steam inlet nozzle 87 and a
      condensate drain outlet nozzle 89 are disposed approximately 90.degree.
      apart adjacent the central portion of the shell. The condensate drain
      fluid inlet nozzle 85 is disposed in the upper portion of the shell 73 and
      the condensate drain outlet nozzle is disposed in the lower portion of the
      shell 73.
PAR  An impingement plate 91 is disposed generally parallel to the shell and
      adjacent the inlet nozzles 85 and 87 to prevent the influent fluids from
      impinging directly upon the tubes 81. The portion of the impingement plate
      91 adjacent the condensate drain inlet nozzle 85 is disposed to cooperate
      with side walls 93 to form a tray, one of the walls has a plurality of
      V-shaped notches 95 disposed therein forming weirs. The weirs are disposed
      slightly above the steam inlet nozzle 87 causing the condensate drain
      fluid to be dispersed and flow downwardly into the region in which the
      influent steam enters the vessel causing admixing of the two fluids to
      effectively scour the influent condensate drain fluid to liberate
      entrained oxygen therefrom. A vent condenser 91 is disposed adjacent the
      tube sheet 79 and encompasses a plurality of the coldest tubes. The vent
      condenser 91 comprises a vent nozzle 98, walls 99 and baffles 101 which
      cooperate to cause the fluid flowing therethrough to follow a sinuous path
      over the cold tubes 81 to remove condensate from the non-condensibles
      flowing through the vent condenser 91 prior to the non-condensibles being
      vented through the vent nozzle 98.
PAR  A drain pipe 103 is in fluid communication with the lower portion of the
      vent condenser 91 and extends downwardly to below the top of the level of
      the condensate drain fluid maintained in the lower portion of the shell of
      the heater to provide a seal leg for draining the condensate from the vent
      condenser 91.
PAR  A U-shaped vent channel or trough 105 is centrally disposed within the tube
      bundle and has side walls 107 that extend into the cold leg portion
      thereof, thus, the lengthwise opening of the trough 105 is in fluid
      communication with the entire length of the cold leg portion of the tube
      bundle. One end of the trough 105 is in fluid communication with the vent
      condenser 97 via an opening 109 in the wall 99 of the vent condenser 97 to
      provide oxygen scavenging of the entire tube bundle and to prevent the
      formation of high oxygen concentrations in the main condensing zone of the
      heater.
PAR  A baffle 111 is disposed lengthwise between sections of the cold leg
      portion of the tube bundle to cause steam to flow across the cold leg of
      the tube bundle before it enters the trough 105 and thereby condense the
      maximum amount of steam flowing with non-condensibles.
PAR  The feedwater heater herein before described has components which are
      cooperatively associated to disperse the condensate drain fluid so that it
      comes into contact with the influent steam thus, the condensate, which
      collects in the bottom of the shell, has been subjected to a maximum
      amount of oxygen scavenging, resulting in a low concentration of oxygen in
      the condensate, and the non-condensibles are removed via the trough from
      all portions of the shell. Such a heater has a primary vent condensing
      stage throughout the tube bundle, which maintains a low concentration of
      oxygen in the main condensing zone and provides a second vent condensing
      area prior to the non-condensibles being vented therefrom, whereby the
      condensate drain effluent from the heater has a very low quantity of free
      oxygen therein and the heater operates efficiently.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feedwater heater adapted to remove non-condensible gases from
      condensate drain fluid fed thereto, said heater comprising a tubular shell
      portion; a plurality of tubes forming a tube bundle so disposed in said
      shell portion that feedwater flows through the tubes when the heater is
      operating to form a cold leg portion and a hot leg portion; a steam inlet
      nozzle disposed in said shell; a condensate drain fluid inlet nozzle
      disposed in said shell; impingement protecting means disposed adjacent
      said condensate drain fluid inlet nozzle for protecting the tubes against
      the direct impingement of said influent condensate drain fluid; means for
      dispersing said influent condensate drain fluid; said dispersing means
      being so disposed to effectuate admixing of the dispersed condensate drain
      fluid with influent steam; vent condensing means disposed to encompass a
      portion of the cold leg and having baffles disposed therein to cause the
      fluid flowing therethrough to follow a sinuous path over the tubes in
      order to condense steam from non-condensible gases and means for venting
      the non-condensible gases therefrom; and a single U-shaped trough
      generally centrally disposed with respect to the tube bundle and generally
      extending lengthwise along the entire length of the tube bundle, said
      trough being in direct fluid communication with the vent condensing means
      and with the cold leg portion of the tube bundle, said trough having leg
      portions each of which extend into the cold leg portion of the tube
      bundle, subtending a portion of the tubes therein, whereby, when the
      heater is operable influent steam advixes with the dispersed condensate
      drain fluid driving the non-condensible gases out of solution, and the
      steam and non-condensible gases must flow over tubes of the cold leg
      portion to enter the trough and then flow via the trough to the vent
      condensing means, wherein steam is condensed and non-condensible gases are
      vented from the feedwater heater.
NUM  2.
PAR  2. A feedwater heater as set forth in claim 1, wherein the vent condensing
      means is disposed adjacent the feedwater inlet end of the cold leg portion
      of the tube bundle.
NUM  3.
PAR  3. A feedwater heater as set forth in claim 1 wherein the axis of the shell
      is generally vertically oriented and the vent condensing means is disposed
      adjacent the upper end of the shell.
NUM  4.
PAR  4. A feedwater heater as set forth in claim 3, and further comprising a
      plurality of tube support plates generally disposed transverse to the
      tubes, whereby condensate collects on said support plates and flows over
      the edge thereof cascading from plate to plate and thereby exposing the
      condensate to the scavenging action of steam supplied via the steam inlet
      nozzle.
NUM  5.
PAR  5. A feedwater heater as set forth in claim 4, wherein the tube support
      plates have a collar disposed adjacent one portion of the periphery
      thereof whereby the condensate flows over only that portion adjacent the
      portion having the collar.
NUM  6.
PAR  6. A feedwater heater as set forth in claim 5 wherein the support plates
      have a central opening disposed therein and the trough passes through the
      central opening and one edge of said opening having a collar for
      preventing condensate from flowing from said plate into said trough.
NUM  7.
PAR  7. A feedwater heater as set forth in claim 1, wherein the impingement
      protecting means is also disposed adjacent the steam inlet nozzle to
      protect the tubes against direct impingement of influent steam.
NUM  8.
PAR  8. A feedwater heater as set forth in claim 7, wherein the impingement
      protecting means comprises side walls forming a tray for collecting
      influent condensate drain fluid and the means for dispersing said influent
      condensate drain fluid comprises a plurality of notches in the wall of
      said tray, said notches being disposed above said steam inlet nozzle.
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ABST
PAL  A drilling tool connected in a drilling string includes a pressure
      responsive rotatable ball valve for enabling drilling fluid flow down the
      bore of a drill string which automatically rotates closed for blocking
      flow through the bore of the drill string when incipient pressure
      conditions indicate the direction of flow through the bore may be
      reversed. Means for releasably locking the ball in the open position in
      response to a preselected directional pressure to enable the running of
      other tools and the like through the bore of the drilling string are
      provided. The drilling tool may be employed for controlling an undesired
      flowing stream of fluid from the bore of the drilling string by stabbing
      the tool to connect with the drilling string utilizing a stabbing member
      which is removed after connecting to enable the ball valve to rotate
      closed to control the flowing stream.
PARN
PAR  This is a division of application Ser. No. 201,878 filed Nov. 24, 1971, now
      U.S. Pat. No. 3,783,942.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of a new and improved inside blowout
      preventor.
PAR  Use of back pressure or check valves connected in a drilling string to
      automatically control well blowouts inside the pipe or drill string has
      previously been undesirable during drilling operations because of the
      tendency to restrict the flow of circulating drilling fluid and to
      interfere with the running of other well tools through the bore of the
      drill string. These valves operated in response to the pressure in the
      bore of the drilling string which required that the drilling string be
      filled with drilling fluid from above the valve as the drill string was
      lowered into the drill hole increasing non-productive trip time. When used
      in continuous drilling operations these valves also tended to be eroded or
      otherwise worn or damaged by the circulating drilling fluid wherein they
      were often rendered inoperable to block flow up the bore of the drill
      string when required to do so. This problem of reliability was especially
      true of the inside blowout preventers that were initially stabbed into the
      drill string to control an existing blowout flow and were not removed
      until after the well pressure was controlled by establishing circulation
      of denser drilling fluid.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a new and improved inside blowout preventer.
PAR  The drilling tool includes a tubular member adapted for connection in a
      drilling string having a bore therethrough for communicating with the bore
      of the drill string. A rotatable ball type valve is movably disposed in
      the bore of the tubular member for automatically controlling the flow of
      circulating drilling fluid through the bore of the drill string in
      response to movement of a pressure responsive piston means. The ball is
      rotated open when the pressure in the bore of the tool for enabling the
      desired flow through the bore exceeds the well pressure adjacent the
      drilling tool by a predetermined value. A means for urging keeps the ball
      rotated closed until existence of the desired flow pressure conditions. A
      releasable locking means utilizing preselected directional pressure in the
      bore of the tubular member locks the ball in the open position to enable
      the running of other tools through the bore of the drilling tool if
      desired. The ball may also be releasably locked open by a stabbing member
      for enabling a stabbing connection of the drilling tool in a drill string
      having an upwardly flow therethrough for controlling the flow from the
      drill string.
PAR  Another object of the present invention is to provide a new and improved
      inside blowout preventer.
PAR  Yet still another object of the present invention is to provide a new and
      improved pressure responsive inside blowout preventer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B are side views, partially in section, illustrating the
      drilling tool of the present invention in the closed position.
PAR  FIGS. 2A and 2B are views, similar to FIGS. 1A and 1B respectively,
      illustrating the drilling tool in the open position;
PAR  FIGS. 3A and 3B are views, similar to FIGS. 2A and 2B, respectively,
      illustrating the drilling tool locked open before removal of a locking
      plug;
PAR  FIG. 4 is a view similar to FIG. 3A, illustrating the drilling tool with an
      unlocking plug positioned therein prior to unlocking; and
PAR  FIG. 5 is a view similar to FIG. 3A, illustrating the drilling tool with a
      stabbing sleeve installed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is directed to FIGS. 1A and 1B where the drilling tool of the
      present invention is generally designated 10. When connected in a drilling
      string the tool 10 enables desired circulating flow of drilling fluid down
      the bore of the drill string to a drill bit. When a well blowout occurs
      which reverses the direction of flow through the bore of the drill string
      the tool 10 will block flow through the bore of the drill string.
PAR  As illustrated in FIGS. 1A and 1B, the drilling tool 10 of the present
      invention includes a tubular member or flow control housing 20 which is
      connected in the drilling string (not illustrated) to form a portion
      thereof. The tubular member 20 has a threaded pin connection 21 at the
      lower end for connecting the tubular member 20 with a portion of the
      drilling string below the drilling tool 10 and a threaded box connection
      22 at the upper end for connecting with a portion of the drilling string
      above the drilling tool 10.
PAR  The tubular member 20 has longitudinal bore 24 extending therethrough which
      is aligned with and communicates with the bore (not illustrated) of the
      drill string. The bore 24 provides a flow passage for enabling circulation
      of drilling fluid down the bore of the drill string through the drilling
      tool 10 to the ports of a drill bit as is well known in the art. The bore
      24 is formed by an inner surface 25 of the tubular member 20 which is
      defined in greater detail, commencing from the box connection 22 by a
      threaded portion 25a, a constant diameter portion 25b having a locking
      recess 25c therein, a threaded portion 25d, a constant diameter portion
      25e, a lower annular limit shoulder 25f, a vent portion 25g, a seal
      portion 25h having a recess 25i therein, a threaded portion 25j and a
      constant diameter portion 25k having a rasied threaded portion 25m. The
      tubular member 20 has a flow channel vent opening 25n formed therethrough
      adjacent the constant diameter vent portion 25g to enable communication
      between the well annulus area adjacent an exterior surface 26 of the
      tubular member 20 and the bore 24.
PAR  Disposed in the bore 24 adjacent the constant diameter surface 25e is a
      movable bore closure means designated 30. The bore closure means 30
      includes a ball member 31 having a bore 32 therethrough for enabling flow
      when aligned with the bore 24 of the tubular member 20 and a pivot means
      33 for imparting rotation to the ball 31 when the ball 31 is moved
      longitudinally in the bore 24. The ball 31 is movable from a transverse or
      closed position (FIG. 1) blocking flow through the bore 24 of the tubular
      member 20 to an aligned or open position (FIG. 2) enabling flow of fluid
      through the bore 24 of the tubular member 20. The ball member 31 includes
      an outer spherical surface 31a having a pair of circular parallel flat
      portions 31b with each of the flat portions 31b having an elongated radial
      extending recess 31c formed therein for imparting rotational movement to
      the ball 31. The pivot means 33 includes a pair of corresponding pins 34
      threadedly secured with the tubular member 20 for ease of assembly, at an
      eccentric location and extending within the corresponding recess 31c to
      rotate the ball 31 when the ball 31 moves longitudinally in the bore 24.
      The pins 34 carry an O-ring 34a to seal the pin 34 to the tubular member
      20 to block leakage of fluid therebetween.
PAR  The drilling tool 10 includes a pressure responsive piston means 40
      operably connected with the ball 31 for effecting movement of the ball 31
      to and from the open and closed positions. The piston means 40 is disposed
      in the bore 24 for moving longitudinally between an upper position
      rotating the ball 31 closed, illustrated in FIGS. 1A and 1B, and a lower
      position rotating the ball 31 open, illustrated in FIGS. 2A and 2B, in
      response to urgings thereon. The piston means 40 preferably includes an
      upper sleeve member 41 and a lower sleeve member 42 threadedly secured
      together at 43 (FIG. 1B) for ease of assembly. The piston sleeve 41 is
      concentrically positioned between the ball 31 and the tubular member 20
      adjacent the constant diameter inner surface portion 25e of the tubular
      member 20. The piston sleeve 41 has a pair of longitudinal slots or
      windows 41a formed through the sleeve 41 to provide longitudinal movement
      enabling clearance to the piston sleeve 41 about the fixed pivot pins 34
      extending into the recesses 31c in the ball 31. The slots 41a have an
      upper and lower end surface 41b and 41c, respectively, defining the length
      of the slot 41a. The piston sleeve 41 mounts thereon a portion of the bore
      closure means 30 including a seat ring 35 mounted concentrically above the
      ball 31 and having a replaceable seating element 35a which engages the
      spherical surface 31a of the ball 31 for blocking flow of fluid upwardly
      through the bore 24 about the outer surface 31a of the ball 31. The seat
      ring 35 has an O-ring 35b to seal between the annular seat ring 32 and the
      piston sleeve 41 for blocking the passage of fluid therebetween.
PAR  The piston means 40 includes a movement upper limit stop means comprising a
      stop ring 45 threadedly secured to the tubular member 20 by threads 25d
      for engaging the sleeve 41 in the upper position with a downwardly facing
      tapered annular shoulder surface 45a. The stop ring 45 has an O-ring 45b
      to seal the stop ring 45 to the surface 25e of the tubular member 20 to
      block leakage of fluid therebetween. The sleeve 41 engages the ring 45
      with a corresponding upwardly facing tapered annular shoulder surface 41d
      and seals thereto in the upper position with an O-ring 41e carried on the
      surface 41d to block passage of fluid between the ring 45 and the piston
      sleeve 41. The sleeve 41 has a plurality of annular labyrinth sealing
      openings 41f formed in a sleeve guide collar 41g for limiting the passage
      of fluid between the piston 41 and the surface 25e of the tubular member
      20 when the piston sleeve 41 moves to and from the upper and lower
      positions.
PAR  As illustrated in FIG. 2B, the piston means 40 includes a movement lower
      limit stop means comprising a stop ring 46 located adjacent the shoulder
      25f of the tubular member 20. The stop ring 46 is secured in the bore 24
      by pin member 46a threadedly engaged with the tubular member 20 extending
      within a recess 46b of the ring 46. The pin 46a is sealed by an O-ring 46c
      with the tubular member 20 to prevent leakage of fluid therebetween. The
      stop ring 46 has an upwardly facing tapered annular shoulder 46d for
      engaging the sleeve 41 in the lower position. The sleeve 41 has a
      corresponding downwardly facing tapered annular shoulder 41h for engaging
      the stop ring 46 and which carries an O-ring 41i for blocking passage of
      fluid between the sleeve 41 and the stop 46 when the sleeve 41 is in the
      lower position.
PAR  The lower piston sleeve 42 is sealed to the upper sleeve 41 by an O-ring
      43a to prevent leakage of fluid therebetween to provide a straight through
      flow conduit or wash pipe through the lower portion of the well tool 10.
      The concentric sleeve 42 is sealed to the tubular member 20 by a Chevron
      packing 47 to prevent leakage of fluid therebetween. The packing 47 is
      secured in the recess 25i by a ring keeper member 47a threadedly engaged
      with the threaded portion 25j of the tubular member 20.
PAR  As illustrated in FIG. 2B, the well tool 10 includes a means for urging
      movement of the ball 31 to the closed position when the pressure in the
      bore 24 exceeds the pressure adjacent the well tool 10 by less than a
      predetermined value comprising a spring means 50. The spring means 50 is
      concentrically positioned about the lower portion of piston sleeve 42 for
      urging the piston means 40 to move upwardly. Urging of the spring 50 is
      transmitted through a ring keeper member 50a to the piston means 40 by
      engagement of the concentrically mounted keeper 50a with the downwardly
      facing annular shoulder 42a of the sleeve 42. The lower end of the spring
      50 is mounted with the tubular member 20 by engaging a ring keeper member
      50b threadedly secured to the tubular member 20 at the threads 25m. The
      lower portion of the sleeve 42 engages a ring member 50c mounted with the
      keeper 50b for guiding the longitudinal movement of the sleeve 42 to
      prevent misalignment and binding of the sleeve 42.
PAR  The bore closure means 30 includes a means for spacing the ball 31 from the
      seat ring 35 prior to commencing to rotate the ball 31 which is mounted on
      an upwardly facing upper annular shoulder surface 42b of the sleeve 42
      includes a ring member 36 and an annular shaped longitudinally expanding
      spring means 37. The ring 36 is positioned above the spring ring 37 to
      engage the lower spherical surface 31a of the ball 31 to impart the
      upwardly urging of the spring means 37 to the ball 31 to move the ball 31
      into sealing engagement with the seat ring 35. When the upwardly urging of
      the spring 37 is overcome and the spring 37 is compressed the ball 31 is
      enabled to move downwardly to a spaced position from the seat ring 35.
PAR  The concentric arrangement of the piston sleeves 41 and 42 and the tubular
      member 20 form an annular expansible chamber 48 therebetween for urging
      the piston means 40 to move upwardly to rotate the ball 31 closed in
      response to the pressure in the chamber 48. The chamber 48 is located
      beneath the annular shoulder 41h for urging the sleeves 41 and 42 upwardly
      in response to the pressure adjacent the exterior surface 26 of the
      tubular member 20 communicated into the chamber 48 through the flow
      passage 25n. The effective surface area of the shoulder surface 41h on
      which the pressure in the chamber 48 urges varies depending upon the
      position of the piston means. When the piston means is in the upper
      position (FIG. 1B) the thickness of the annular effective surface area
      extends from the seal of the chevron packing 47 with the sleeve 42 to the
      outer edge of the surface 41h. When the piston means 40 moves to the lower
      position the annular effective surface area is reduced by the O-ring 41i
      effecting a seal with the surface 46d to block communication of the
      pressure in the chamber 48 to the outer portion of the surface 41h. By
      increasing the pressure responsive effective surface area for urging the
      piston means 40 to move upwardly when the piston means 40 commences to
      move upwardly a snap action movement will be imparted to the piston means
      40 to move the ball 31 closed.
PAR  The pressure in the bore 24 above the ball 31 for enabling the desired flow
      down the bore of the drilling string urges downwardly on the piston means
      40 on an upwardly facing pressure responsive annular effective surface
      area formed by the shoulder surface 41d of the sleeve 41 extending
      outwardly from the sealing location of the O-ring 35b. When the piston
      means 40 is in the upper position, the O-ring 41e effects a seal with the
      upper stop ring 45 to block communication to the outer portion of the
      surface 41d which reduces the thickness of the annular effective surface
      area. The initial downward movement of the piston means 40 breaks the seal
      and extends the effective surface area to the outer edge of the surface
      41d to provide an increased urging for imparting an opening snap action to
      the piston means 40 and the ball 31.
PAR  As illustrated in FIG. 1A, the tubular member 20 includes a sleeve member
      60 secured therein by the threads 25a to form a flow passage through the
      bore 24. The sleeve 60 is blocked from threadedly disengaging with the
      tubular member 20 by engagement with a threaded lock pin 61. The lock pin
      61 carries an O-ring 61a to seal the pin 61 to the tubular member 20 to
      prevent leakage of fluid therebetween. The sleeve 60 is sealed to the
      surface 25b of the tubular member 20 by an O-ring 60a to block passage of
      fluid therebetween.
PAR  A means for releasably locking the bore closure means 30 in the open
      position in response to a preselected directional pressure in the bore 24
      is also included in the drilling tool 10. The means for releasably locking
      the ball 31 in the open position includes a locking detent means 70, a
      latch assembly 80, and the annular recess 25c in the surface 25b of the
      tubular member 20. The lower portion of the sleeve 60 is stepped by a
      smaller outer surface constant diameter portion 60b to form an annular
      space between the surface 60b and the surface 25b of the tubular member 20
      for receiving the locking detent means 70 and the latch assembly 80. The
      sleeve 60 has an annular recess 60c formed in the surface 60b for carrying
      an expansible detent ring 62 preventing inadvertant movement of the latch
      assembly 80. A plurality of downwardly extending flukes 60d having
      openings therebetween are spaced from a port 60e for communicating fluid
      pressure from the bore 24 into the annular space between the surface 60b
      and the surface 25b of the tubular member 20.
PAR  The detent means 70 includes a movable detent snap ring 71 having a gap
      therein to enable the ring 71 to expand and contract radially. This
      enables the ring 71 to move outwardly into the detent receiving annular
      recess 25c when aligned therewith.
PAR  The movable latch assembly 80 includes a ring-shaped detent latching member
      81 and a latch assembly movement control sleeve 82 concentrically disposed
      in the bore 24 between the surface 60b and the surface 25b. The detent
      latch ring 81 is movable between an upper or released position (FIG. 1)
      and a lower or locked position (FIG. 3B) in response to a directional
      pressure in the bore 24 to lock the detent ring 71 in the recess 25c. The
      ring 81 has a plurality of upwardly extending flukes 81a for engaging an
      annular shoulder 60f with the sleeve 60 to provide a movement upper limit
      stop for the ring 81. When the ring 81 is in the upper position the flukes
      81a are located adjacent port 60e in the sleeve 60 for enabling
      communication of the pressure in the bore 24 to the openings between the
      flukes 81a. The flukes 81a are notched at 81b for enabling communication
      among the plurality of fluke openings to communicate the pressure in the
      bore 24 to the entire upwardly facing annular fluked surface 81a for
      urging the latch member 81 to move downwardly in response to the pressure
      in the bore 24. The latch member 81 includes a constant diameter outer
      surface 81c having a stepped smaller diameter portion 81d adjacent the
      lower shoulder 81e for locking the detent 71 in the recess 25c. The ring
      81 has a smaller diameter inner surface portion 81f positioned adjacent
      the sleeve 82 for concentrically mounting the sleeve 82 and the ring 81
      while enabling relative movement therebetween. The sleeve 81 forms a
      downwardly facing annular shoulder 81g connecting the lower constant
      diameter surface portion 81f when an upper portion 81h for providing a
      pressure urging surface on the sleeve 81. The ring 81 carries an O-ring
      81i to seal to the surface 60b of the fixed sleeve 60 to prevent leakage
      of fluid between the ring 81 and the sleeve 60. The ring 81 mounts a pair
      of O-rings 81j to seal the outer surface 80c of the ring 80 to the surface
      25b of the tubular member 20 to block passage of fluid therebetween.
PAR  The sealing of O-rings 80i and 60a forms an expansible or variable capacity
      chamber 83 communicating with the bore 24 of the tubular member 20 through
      the port 60e. As illustrated in FIG. 3A, the chamber 83 is defined in
      greater detail by a portion of surface 25b of the tubular member 20, the
      surface 60b and 60f of the fixed sleeve 60 and the upper fluked surface
      81a of the ring 81. A preselected directional fluid pressure from the bore
      24 communicated through the port 60e into the expansible chamber 83 will
      urge on the upper surface 81a of the ring 81 to move the ring 81
      downwardly.
PAR  The sleeve 82 is longitudinally movable relative to the tubular member 20
      between the upper or released position and the lower or locked position.
      The sleeve 82 has an upper inner larger constant diameter surface portion
      82a which concentrically mounts the sleeve 82 adjacent the surface 60b of
      the fixed sleeve. The sleeve 82 has an upwardly facing annular shoulder
      82b which engages the downwardly extending flukes 60d of the sleeve 60 to
      provide a movement limit upper stop for the sleeve 82 while enabling
      communication of the pressure from the bore 24 through the openings
      between the flukes 60d to the surface 82a. The lower inner constant
      diameter surface portion 82c of the sleeve 82 is preferably of at least
      the same diameter as the bore 32 of the ball 31 to provide a full bore
      opening through the tool 10. The sleeve 82 has a lower annular shoulder
      82d which engages an inner annular shoulder 41j of the piston sleeve 41
      when the sleeve 82 moves downwardly as will be explained. The sleeve 82
      has a plurality of radially outwardly extending flukes 82e to assist in
      guiding the longitudinal movement of the sleeve 82 while enabling fluid
      pressure communication through the openings between the flukes 82e. The
      flukes 82e also control the movement of the detent ring 71 to align with
      the recess 25c and engage the locked detent 71 to lock the piston means 40
      in the lower position. The sleeve 82 has a port 82f formed therethrough
      immediately above the shoulder 82b for enabling communication from the
      bore 24 through the openings between the flukes 60d and through the port
      82f to the concentric area adjacent the exterior of the sleeve 82. The
      sleeve 82 has an annular recess 82g formed in the upper inner surface 82a
      which aligns with an expansible snap ring 62 located in the recess 60c of
      the sleeve 60 when the sleeve 82 is in the upper position. The movement of
      the snap ring 62 into the recess 82g prevents the sleeve 72 from any
      inadvertent movement from the upper position.
PAR  As illustrated in FIG. 2A, fluid pressure in the bore 24 communicated
      through the opening between the plurality of flukes 60d and through the
      port 82f in the sleeve 82 is communicated into a variable capacity or
      expansible chamber 84. The fluid pressure in the chamber 84 will urge on
      the downwardly facing surfaces 81d, 81e and 81g of the ring 81 to urge the
      ring 81 to move upwardly in response to the pressure in the chamber 84.
      Because the effective surface areas on which the pressure in the chambers
      83 and 84 urge on the latch member 81 are the same size, no movement of
      the latch 81 will be effected as long as the pressure in the bore 24 is
      communicated into both the chamber 83 and the chamber 84.
PAR  Fluid pressure in the bore 24 communicated through the port 82f is also
      communicated to urge downwardly on the upwardly facing effective surface
      area of the piston sleeve 41 to urge movement of the piston means 40
      downwardly until the shoulder 41h engages the shoulder 46d of the lower
      stop ring 46.
PAR  As illustrated in FIGS. 3A and 4A, a bridge plug means 105 is included in
      the means for releasably locking the bore closure means 30 in the open
      position and is used to control movement of the latch means 70 by
      controlling communication of pressure in the bore 24 in the predetermined
      manner through either the port 82f or the port 60e. The ports 82h and 60e
      are spaced a sufficient distance on an inner surface 60g of the sleeve 60
      to enable the plug means 105 to establish a seal therebetween.
PAR  As illustrated in FIG. 3A, the means for releasably locking the ball 31 in
      the open position includes a locking bridge plug means 110 for
      communicating a preselected directional pressure into the chamber 83 to
      urge on the latch ring 81. The locking plug 110 includes a fluted seating
      collar 110a having a lower shoulder surface 110b engaging an upwardly
      facing shoulder 60g of the sleeve 60 for positioning the locking plug 110
      in the bore 24 of the tubular member 20. The seating collar 110a is fluted
      to enable communication of the pressure in the bore 24 above and below the
      seating shoulder 110a. The locking plug 110 carries an annular packing
      ring 110c to seal the locking plug 110 to the surface 60g of the sleeve 60
      between the port 60e and the fluted portion 60d when the seating shoulder
      110b engages the shoulder 60h to block communication of the pressure in
      the bore 24 above the locking plug 110 to the chamber 84. By pumping or
      lowering the locking bridge plug 110 down the bore of the drill string to
      seat within the bore 24 of the drilling tool 10, a subsequent increase in
      the pressure in the bore of the drill string above the plug 110 will be
      communicated through the port 60e and will be blocked from communicating
      through the port 82f to effect a downward pressure urging on the ring 81.
      A fishing neck 110d secured to the upper portion of the locking plug 110
      enables retrieval of the bridge plug 110 from the bore 24 of the drilling
      tool 10 by a wire line operation after locking the ball 31 open.
PAR  The means for releasing the ball 31 from the locked open position includes
      a cross-over or releasing plug means 120, illustrated in FIG. 4, for
      communicating a preselected directional pressure to move the latch
      assembly 80 to release the locking detent 71. The releasing plug 120 is
      positioned in the bore 24 of the tubular member 20 by lowering the plug
      120 down the bore of the drill string. The releasing plug 120 includes an
      exteriorly extending annular collar 120a having a downwardly facing
      annular seating surface 120b for engaging the upwardly facing shoulder 60g
      of the sleeve 60 to block downwardly movement of the plug 120 as well as
      positioning a plurality of packing or seal rings 120c, 120d and 120e to
      effect seals in the drilling tool 10. The packing ring 120c seals between
      the releasing plug 120 and the inner surface 60h of the sleeve 60 above
      the port 60e while the packing ring 120d seals between the locking plug
      120 and the sleeve surface 60h below the port 60e to prevent fluid leakage
      therebetween. The packing ring 120e seals between the plug 120 and the
      inner surface 82c of the sleeve 82 below the port 82f to block
      communication of the fluid pressure from the chamber 84 with the bore 24
      below the plug 120. The plug 120 includes a vertical extending channel
      120f which communicates the pressure in the bore 24 above the plug 120 to
      a horizontally disposed port 120g in the plug 120 communicative with area
      between the packing rings 120d and 120e. The fluid pressure between the
      packing rings 120d and 120e is communicated through the openings between
      the flukes 60d and through the port 82f into the chamber 84 for urging the
      latch ring 81 to move upwardly to release the detent 71 from the recess
      25c. The releasing plug has a horizontal port 120h located between the
      packing rings 120c and 120d communicating with a vertical extending exit
      channel 120i for communicating the chamber 83 and the bore 24 of the
      tubular member 20 below the unlocking plug 120. The unlocking plug 120 has
      a fishing neck 120j secured to the upper portion of the plug 120 to enable
      retrieval of the bore plug 120 from the bore 24 of the tubular member 20
      by a wire line fishing operation after releasing the ball 31.
PAR  As illustrated in FIG. 5, the tool 10 includes a stabbing means 130 for
      controlling an undesired flowing stream of fluid from the bore of the
      drill string by enabling connection of said tubular member with the drill
      string and thereafter enabling said ball 31 to rotate closed. The stabbing
      means 130 includes a stabbing sleeve or tubular lock member 131 having a
      left handed thread 131a for engagement with a thread 60i on the fixed
      sleeve 60 to secure the sleeve 131 concentrically in the bore 24 of the
      tubular member 20. The initial engagement of the threads 60i and 131a also
      engages a lower shoulder 131b of the tubular member 131 with the annular
      shoulder 82b of the detent sleeve 32 in order that rotation of the sleeve
      131 to move the threads 131a and 60f into complete engagement also moves
      the sleeve 131 downwardly along with engaged detent sleeve 82 to rotate
      open the ball 31. The sleeve 131 has a longitudinal bore 131c aligned with
      the bore 24 to enable flow through the bore 131c when the sleeve 131 is
      secured in the tubular member 20.
PAR  The use and operation of the present invention provides the driller of a
      well with flexible protection against inside the drill pipe blowouts
      during drilling operations previously available only through the use of a
      plurality of drilling tools. The drilling tool 10 may be connected for
      automatically controlling the direction of flow in the drill pipe in the
      drill string at any location, but preferably it is connected a short
      distance above the drill bit. When lowering the drill string into the well
      the rotatable ball 31 may be locked open to enable the drilling fluid
      within the drill hole to flow up the bore of the drill string eliminating
      the need of filling the bore of the drill string from above the drilling
      tool 10 to prevent collapse of the drilling string. The rotatable ball
      valve 31 is then unlocked, as will be explained, prior to commencing
      drilling operations to enable automatic pressure responsive operation of
      the drilling tool 10. The driller may, by installing the stabbing sleeve
      131, maintain the drilling tool 10 on the rig floor and stab the tool 10
      in the drilling string for controlling the flow only after a blowout flow
      or kick has occcurred.
PAR  The drilling tool 10 is in the condition illustrated in FIG. 1A, when
      connected in the drilling string prior to commencing drilling operations.
      The piston means 40 is urged upwardly by the spring means 50 to rotate the
      ball 31 to the closed position. The latch 81, the detent ring 71 and the
      sleeve 82 are all in the upper position and are held there against
      inadvertent movement by the snap ring 62. The driller to establish
      circulation of drilling fluid prior to commencing drilling, will increase
      the pressure of the drilling fluid supplied to the bore of the drill
      string by the mud pumps. This pressure will be communicated through the
      bore of the drill string to the bore 24 of the tubular member 20 above the
      closed ball 31.
PAR  This increased pressure in the bore 24 is communicated through the openings
      between the flukes 60d and the port 82f into the expansible chamber 84 and
      through the port 60e into the expansible chamber 83. Because this pressure
      is urging on equal effective surface areas of the latch member 81 the
      pressure urgings on the latch member 81 is equal and offsetting and the
      latch member 81 remains in the position illustrated in FIG. 1A.
PAR  As the pressure of the circulating fluid in the bore 24 above the ball 31
      is increased to a pressure greater than the pressure in the bore 24
      beneath the ball 31, the pressure urging on the upper surface 31a of the
      ball 31 urges the ball 31 which engages lower ring member 36 to move
      downwardly when the pressures overcome the upwardly urging of the spring
      37. This initial movement spaces the spherical surface 31a of the ball 31
      from the seating surface 35a of the seat ring 35 to prevent scarring or
      other damage to the ball 31 or seating surface 35a when the ball 31 is
      rotated. This movement also tends to equalize the pressure in the bore 24
      urging on the ball 31 before commencing to impart rotation to the ball 31
      enabling the longitudinal movement of the ball 31 to be effected by a
      smaller urging pressure.
PAR  The pressure communicated through the port 82f is also communicated through
      the openings between the flukes 32e of the sleeve 82 into the lower
      portion of the expansible chamber 84. This pressure urges downwardly on
      the piston means 40 on the upwardly facing annular effective surface area
      of the piston sleeve 41 not sealed by the O-ring 41e.  The piston sleeve
      41 and the detent sleeve 82 are not sealed therebetween, hence there is
      some communication of fluid pressure where these sleeves adjoin between
      the expansible chamber 84 and the bore 24.
PAR  The pressure in the bore 24 above the ball 31 when increased sufficiently
      will urge movement of the ball 31 and the piston means 40 downwardly
      overcoming the upwardly urging on the piston means 40 of the spring 50 and
      the well pressure in the chamber 48. As the piston means 40 commences to
      move downwardly the O-ring 41e moves from sealing contact with the
      shoulder 45b to enable the pressure in the bore 24 above the ball 31 to be
      communicated along the outer surface of the upwardly facing effective
      surface area of piston means 40 to the labyrinth opening 41f. This
      increases the downwardly urging on the piston means 40 to insure that the
      piston means 40 moves downwardly and does not flutter or hesitate when
      moving between the upper and lower positions. As the piston means 40 moves
      downwardly the expansible chamber 43 below the shoulder 41h providing
      upwardly urging on the piston means 40 by the well annulus pressure is
      reduced in size. Fluid within the chamber 48 is vented into the well
      annulus adjacent the exterior surface 26 of the tool 10 through the port
      25 n in the wall of the tubular member 20. The piston means 40 will
      continue to move downwardly until the shoulder 41h engages the shoulder
      46d of the lower stop 46 which is sealed therebetween by the O-ring 41i.
      This seal reduces the downwardly facing pressure responsive effective
      surface area of the piston means 40 for urging the piston means 40
      upwardly communicating with the well pressure.
PAR  The downwardly movement of the piston means 40 by the pressure in the bore
      24 above the ball 31 also moves the ball 31 downwardly. The downward
      longitudinal movement of the ball 31 relative to the fixed eccentric pins
      34 imparts a 90.degree. rotation to the ball 31 to rotate the ball 31 from
      the closed position (FIG. 1A) to the open position (FIG. 2A). Reference is
      made to my copending application, Ser. No. 72,034, filed Sept. 14, 1970
      now abandoned, which illustrates in greater detail the rotational movement
      of the ball 31 to and from the open and closed positions upon longitudinal
      movement of the ball 31 relative to the fixed eccentric pins 34.
PAR  The downwardly movement of the piston means 40 to rotate ball 31 open
      compresses the spring 50 which continues to impart a constant upwardly
      urging to the piston means 40. By sealing the housing 20 to the sleeve 42
      with packing 47, a net upwardly facing pressure responsive surface area on
      the piston means 40 for the pressure in the bore 24 to urge the piston
      means 40 to move downwardly in response to the pressure in the bore 24 is
      provided. This arrangement enables the ball 31 to remain in the open
      position as long as the pressure in the bore 24 downwardly urging on the
      effective surface area so formed is greater than the combined upwardly
      urging of the spring 50 and the well annulus pressure adjacent the
      exterior of the drilling tool 10 communicated through the channel 25n into
      the expansible chamber 43.
PAR  Should the pressure of the drilling fluid circulated down the bore 24 of
      the drill string be reduced or the pressure in the annulus of the well
      communicated through the port 25n be increased, such as by a blowout, the
      ball 31 will be automatically rotated closed to control the flow of fluid
      through the bore 24. The differential pressure urging on the piston means
      40 will be reduced by either occurrence which will enable the urging of
      the spring 50 to move the piston means 40 upwardly to rotate the ball 31
      closed. The upwardly movement of the piston means 40 will engage the ring
      36 carried by the sleeve 42 with the ball 31 for moving the ball 31
      upwardly. The upwardly movement of the ball 32 relative to the fixed pins
      34 extending within the recesses 31c will rotate the ball 31 90.degree.
      from the open position (FIG. 2) to the closed position (FIG. 1). By
      sensing the incipient pressure changes between the bore 24 and the well
      annulus the ball 31 will be automatically rotated to the closed position
      to block upwardly flow of fluid through the bore 24 of the tubular member
      20.
PAR  When it is desirable to run a well tool through the bore of the drill
      string or when lowering the drilling string into the well, the ball 31 may
      be locked open to provide a full bore opening through the tubular member
      20. The locking plug 110 is lowered down the bore of the drill string
      until the shoulder 110b seats upon the shoulder 60g to position the plug
      110 in the tubular member 20. The pressure in the bore of the drill string
      above the plug 110 is then increased and communicated through the openings
      between the flukes 110a of the locking plug 110 to the port 60e. The fluid
      pressure is communicated through the port 60e into the expansible chamber
      83 to urge downwardly on the upwardly facing surface 81a of the latch 81
      for moving the latch 81 downwardly. Use of the plug 110 preselects the
      direction that the increased pressure will act on the latch ring 81
      because the increased pressure in the bore 24 above the plug 110 is also
      blocked from communicating into the expansible chamber 102 by the packing
      110 c which eliminates the normal offsetting pressure urging on the latch
      81.
PAR  The downwardly urging of the pressure in the chamber 83 on the latch ring
      81 will move the latch ring 81 downwardly to engage detent 71 with the
      lower shoulder 81e to move the detent 71 and latch 81 downwardly together
      until the lower shoulder of the detent 71 engages the upper shoulder of
      the guide flukes 82e of the detent sleeve 82. This urging will then force
      movement of the snap ring 62 from the recess 82g  into the recess 60c to
      enable the engaged latch 81, detent 71 and sleeve 82 to move downwardly.
      The downwardly movement of the sleeve 82 engages the shoulder 82d with an
      annular shoulder 41j of the piston means 40. The downwardly urging of the
      pressure in the chamber 83 on the latch 81 will then be used to overcome
      the upwardly urging of the spring 50 and the well annulus pressure in the
      chamber 48 to move the latch ring 81, the detent 71, the detent sleeve 82,
      the piston means 40 and the ball 31 downwardly. The downward movement of
      the ball 31 relative to the pivot pins 34 will rotate the ball 90.degree.
      to the open position.
PAR  When the ball 31 is rotated open the detent 71 is aligned with the recess
      25c in the surface 25b of the tubular member 20 and will move outwardly
      into the recess 25c enabling the latch ring 81 to move downwardly to the
      locking position illustrated in FIG. 3A. With the detent 71 locked
      outwardly into the recess 25c by the shoulder 81d of the ring 81 a
      subsequent reduction of the pressure in the chamber 83 will leave the ball
      31 locked in the open position. The upper shoulder of the plurality of
      flukes 82e engages the lower shoulder of the detent 71, latched in the
      recess 25c to block upwardly movement of the sleeve 82. The engagement of
      the shoulder 41j of the piston sleeve 41 and the shoulder 82d of the
      locked sleeve 82 blocks upwardly movement of the piston means 40 in
      response to upwardly urgings thereon. The locking plug 110 may be
      retrieved from the bore 24 of the drilling tool 10 after locking the ball
      31 open by connecting a fishing tool with the fishing neck 110d for
      removing the plug 110. Other well tools may then be run through the bore
      24 of the tubular member 20 as desired or the drilling string may be
      lowered into the well to fill the drilling string with drilling mud in the
      well.
PAR  After completion of the running of the other tools through the bore of the
      drill string and the tubular member 20, the driller may desire to return
      the drilling tool 10 to automatic pressure responsive operation. As
      illustrated in FIG. 4, this is accomplished by dropping or lowering the
      unlocking plug 120 down the bore of the drill string until the shoulder
      120b of the unlocking plug 120 is seated on the shoulder 60g to position
      the plug 120 in the bore 24 of the well tool 10. The driller then
      increases the pressure in the bore of the drill string above the plug 120
      which is communicated through the channel 120f and the ports 120g and 82f
      into the expansible chamber 84. T is increased pressure in the chamber 84
      urges upwardly on the downwardly facing portions 81d, 81e and 81g of the
      latch ring 81 to move the latch 81 upwardly to the position illustrated in
      FIG. 4. The plug 120 blocks communications of this increased pressure in
      the bore 24 to the surface 81a in the chamber 83 to provide a preselected
      directional pressure urging on the latch ring 81. Fluid within the
      expansible chamber 83 is vented by the plug 120 through port 120h and
      channel 120i into the bore 24 of the tubular member 20 below the plug 120
      to enable upwardly movement of the latch 81 from the detent 71.
PAR  The pressure introduced into the expansible chamber 84 by use of the
      unlocking plug 120 will also urge downwardly on the piston means 40 to
      maintain the piston means 40 in the lower position and the ball 31 in the
      open position. When the pressure in the bore of the drill string above the
      plug 120 is reduced, the spring 50 and the pressure in the chamber 48 will
      urge the piston means 40 to move upwardly to rotate the ball 31 closed.
      The engagement of the sleeve 41 of the piston means 40 with the sleeve 82
      will force the detent 71 to move out of the recess 25c enabling the sleeve
      82 and detent 71 to move upwardly until the recess 82g aligns with the
      detent 62 which will then expand outwardly into the recess 32g to block
      subsequent inadvertent movement of the sleeve 32. The unlocking plug 120
      is then retrieved from the bore 24 to enable resumption of drilling
      operations.
PAR  Should the driller desire for any reason not to connect the drilling tool
      10 in the drill string for automatic operation the tool 10 may still be
      utilized as an inside blowout preventer. By using the stabbing sleeve 131,
      illustrated in FIG. 5, the drilling tool 10 may be connected or stabbed in
      the drill string while an upwardly flow or kick is occurring in the bore
      of the drill string. To prepare the drilling tool 10 for stabbing, for
      annular shoulder 131b of the sleeve 131 is inserted into the bore 24 at
      the threaded box 22 end. The mating left handed threads 131a of the
      tubular member 131 and the threads 60i of the sleeve 60 are brought into
      engagement and the tubular sleeve 131 is manually rotated using handles
      131d to move the sleeve 131 further into the bore 24 of the tubular member
      20. As the shoulder 131b moves toward the threaded pin end 21 of the
      tubular member 20 it engages the upwardly facing annular shoulder 82b of
      the sleeve 82 for moving the sleeve 82 downwardly. As the sleeve 131
      continues to move into the bore 24, the detent ring 62 is forced inwardly
      from the recess 82g into the recess 60c of the sleeve 60 to enable the
      sleeve 82 to move downwardly. The lower shoulder 82d of the sleeve engages
      the shoulder 41j of the piston sleeve 41 to move the ball 31 and the
      piston means 40 downwardly. As illustrated in FIG. 5, when the threads 60i
      and 130a are fully engaged the sleeve 131 has forced the piston means 40
      to the lower position to rotate the ball 31 to the open position. The
      drilling tool 10 is maintained in this condition on the floor of the
      drilling rig when the tool 10 is to be stabbed into the drilling string.
PAR  When an upwardly flow or kick occurs in the bore of the drill string, the
      drilling tool 10 is ready for stabbing in the drill string. With the ball
      31 in the open position, the threaded pin connection 21 may be stabbed
      into an upper box connection of the drill string. With the full bore
      opening of the drilling tool 10 provided by the open ball 31 and the
      sleeve 131, only a minimum amount of interference with the stabbing
      operation will be caused by the upwardly flowing stream of fluid from the
      bore of the drill string. When the threaded pin connection 21 is stabbed
      into and the tool 10 rotated to fully engage with the threaded box
      connection of the drill string, the handles 131d may be used to rotate the
      tubular member 131 to remove the sleeve 131 from the bore 24 of the
      drilling tool 10. By making the threads 60i and 131a a left handed
      engagement, rotating the tubular member 131 to disengage threads 131a and
      threads 60i, the sleeve 60 will not inadvertently disengage from threads
      25a. Because the fluid pressure in the bore 24 exhausting to the
      atmosphere above the tool 10 urging downwardly on the piston means 40 is
      less than the combined upwardly urging of the spring 50 and the
      atmospheric pressure in the chamber 48, the spring 50 will urge the piston
      means 40, the ball 31 and the sleeve 82 to move upwardly as the sleeve 131
      is removed from the bore 24. The upward movement of the ball 31 rotates
      the ball about the fixed pins 34 back to the closed position to control
      the undesired flowing stream of fluid in the bore 24 of the tubular member
      20. The ball 31 rotates closed to block the flow prior to disengagement of
      the threads 60i and 130a in order that the sleeve 131 will not be blown
      violently from the bore 24 by the flow. The upwardly movement of the
      piston means 40 also moves the sleeve 82 upwardly to align the recess 82g
      with the detent 62 to enable the detent 62 to expand outwardly into the
      recess 82g to secure the sleeve 82 against subsequent inadvertent
      movement.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drilling tool apparatus adapted for connection in a drilling string to
      control undesired flow through the bore of the drill string including:
PA1  a tubular member having a longitudinal bore extending therethrough and
      means for connection at its upper and lower ends in a drill string with
      said longitudinal bore in alignment with the bore of the drill string for
      forming a longitudinal flow passage through said tubular member;
PA1  bore closure means movably disposed in said bore of said tubular member for
      movement to and from an open position for enabling flow of fluid through
      said longitudinal bore of said tubular member and a closed position for
      blocking flow of fluid through said longitudinal bore of said tubular
      member;
PA1  means operably connected with said bore closure means for effecting
      movement of said bore closure means to the open and closed positions, said
      means including:
PA1  piston means forming a longitudinally extending flow passage aligned with
      said longitudinal bore of said tubular member for providing a longitudinal
      flow path through the drilling tool and having a first pressure responsive
      surface exposed to fluid pressure in said bore of said tubular member
      above said bore closure means for urging on said first pressure responsive
      surface to effect movement of said piston means in a first direction for
      moving said bore closure means to the open position to enable flow of
      fluid through said longitudinal bore;
PA1  means sealing with said first pressure responsive surface for increasing
      the pressure responsive surface area exposed to the fluid pressure as said
      piston means commences to move in a first direction to move said bore
      closure means from said closed to said open position for moving said bore
      closure means in said bore to control flow of fluid through said bore
      wherein the fluid pressure in said bore effects positive movement of said
      bore closure means to the open position;
PA1  said piston means having a second pressure responsive surface for urging
      movement of said piston means in a second direction for moving said bore
      closure means to the closed position;
PA1  a flow channel formed in said tubular member and extending from a location
      on an exterior surface of said tubular member to communicate the pressure
      adjacent said tubular member with said second pressure responsive surface
      wherein the pressure adjacent said tubular member urges said piston means
      to move in the second direction and said bore closure means to move to
      block flow through said bore of said drill string;
PA1  means mounted with said tubular member for urging movement of said piston
      sleeve in the second direction to move said bore closure means to the
      closed position to predetermine the pressure in said bore of said tubular
      member exceeding the pressure adjacent the exterior of said tubular member
      communicated into said expansible chamber to commence to move said piston
      means in the first direction; and
PA1  said piston means carrying said bore closure means when moving in the first
      direction for effecting movement of said bore closure means relative to
      said piston means to move said bore closure means to the open position.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, wherein said bore closure means
      includes a ball-type valve member having an opening therethrough for
      rotational movement to and from open and closed positions.
NUM  3.
PAR  3. The apparatus as set forth in claim 1, including:
PA1  means for locking said bore closure means in the open position wherein said
      bore closure means is rendered inoperative to control flow through the
      bore of the drill string.
NUM  4.
PAR  4. The apparatus as set forth in claim 1, wherein:
PA1  said piston means includes a piston sleeve movably disposed in said bore of
      said tubular member and having a first pressure response surface area
      exposed to fluid pressure in said bore for urging movement of said piston
      sleeve in a first direction to operate said bore closure means to the open
      position in response to the urging of the pressure in said bore for
      enabling the desired flow.
NUM  5.
PAR  5. The apparatus as set forth in claim 4, wherein:
PA1  said piston sleeve and said tubular member form an expansible chamber
      therebetween;
PA1  said second pressure responsive surface for urging movement of said piston
      means in the second direction to operate said bore closure means to the
      closed position in response to the pressure in said expansible chamber,
      and
PA1  a flow channel formed in said tubular member and extending from a location
      on an exterior surface of said tubular member to communicate the pressure
      adjacent said tubular member with said expansible chamber wherein the
      pressure adjacent said tubular member urges said bore closure means to
      move to block flow through said bore of said drill string.
NUM  6.
PAR  6. The apparatus as set forth in claim 5, wherein:
PA1  said bore closure means includes a rotatable ball-type valve member having
      an opening therethrough for movement to and from the open position
      aligning said opening with said bore and the closed position with said
      opening positioned for enabling said ball-type valve member to block flow
      through said bore when said piston sleeve member moves in response to the
      urgings thereon.
NUM  7.
PAR  7. The apparatus as set forth in claim 1, wherein:
PA1  said bore closure means having a ball-type valve member and an upper seat
      means mounted concentrically above the valve member and engageable with
      the valve member for blocking passage of fluid around said valve member.
NUM  8.
PAR  8. The apparatus as set forth in claim 7, wherein:
PA1  said bore closure means having a means for urging said valve member into
      engagement with said upper seat means.
NUM  9.
PAR  9. The apparatus as set forth in claim 8, wherein:
PA1  said urging means being movable relative to the upper seat means to provide
      spacing of said valve member from engagement with said upper seat means
      when said urging means on said bore closure means is overcome.
NUM  10.
PAR  10. The apparatus as set forth in claim 1, wherein:
PA1  said second pressure responsive surface includes means sealing with said
      second pressure responsive surface for increasing the pressure responsive
      surface area exposed to the fluid as said piston means commences to move
      in said second direction to move said bore closure means from said open to
      said closed position for moving said bore closure means in said bore to
      control flow of fluid through said bore wherein the fluid pressure
      adjacent said tubular member effects positive movement of said bore
      closure means to the closed position.
NUM  11.
PAR  11. A drilling tool apparatus adapted for connection in a drilling string
      to control undesired flow through the bore of the drill string including:
PA1  a tubular member having a bore therethrough and adapted for connection at
      its upper and lower ends in a drill string with said bore communicating
      with the bore of the drill string for forming a flow passage through said
      tubular member;
PA1  bore closure means disposed in said bore of said tubular member for
      movement to and from an open position for enabling flow of fluid through
      said bore of said tubular member and a closed position for blocking flow
      of fluid through said bore of said tubular member;
PA1  means operably connected with said bore closure means for urging movement
      of said bore closure means to the open and closed positions said means
      including:
PA1  piston means having a pressure responsive surface exposed to fluid pressure
      for urging on said pressure responsive surface to effect movement of said
      piston means for moving said bore closure means to control flow of fluid
      through said bore;
PA1  means sealing with said pressure responsive surface for increasing the
      pressure responsive surface area exposed to the fluid pressure as said
      piston means commences to move for moving said bore closure means to
      control flow of fluid through said bore wherein the fluid pressure effects
      positive movement of said bore closure means to the other position to
      control the flow; and
PA1  stabbing means removably mounted with said tubular member for controlling
      an undesired flowing stream of fluid through the bore of the drilling
      string by enabling connection of said tubular member with the drilling
      string with said bore closure means maintained in the open position to
      form a full bore opening bore flow path and thereafter enabling said bore
      closure means to move to the closed position by removing said stabbling
      means from said tubular member wherein the undesired flowing stream is
      controlled.
NUM  12.
PAR  12. A drilling tool adapted for connection in a drill string to control
      undesired flow through the bore of the drill string including:
PA1  a tubular member having a bore therethrough and adapted for connection at
      its upper and lower ends in a drill string with said bore in alignment
      with the bore of the drill string;
PA1  bore closure means movably disposed in said bore of said tubular member for
      movement to and from an open position enabling flow of fluid through said
      bore of said tubular member and to and from a closed position blocking
      flow of fluid through said bore of said tubular member;
PA1  piston means operably connected with said bore closure means for urging
      movement of said bore closure means to the open position when the pressure
      in said bore for enabling the desired flow exceeds the pressure adjacent
      said tubular member by a predetermined value;
PA1  said piston means includes a piston sleeve movably disposed in said bore of
      said tubular member and having a first pressure response surface area for
      urging movement of said piston sleeve in a first direction to operate said
      bore closure means to the open position when the pressure in said bore for
      enabling the desired flow exceeds the pressure adjacent said tubular
      member;
PA1  said piston sleeve and said tubular member form an expansible chamber
      therebetween;
PA1  said piston sleeve having a second pressure responsive surface for urging
      movement of said piston means in a second direction to operate said bore
      closure means to the closed position in response to the pressure in said
      expansible chamber;
PA1  a flow channel formed in said tubular member and extending from a location
      on an exterior surface of said tubular member to communicate the pressure
      adjacent said tubular member with said expansible chamber;
PA1  means mounted with said tubular member for urging movement of said piston
      sleeve in the second direction to move said bore closure means to the
      closed position when the pressure adjacent the exterior of said tubular
      member communicated into said expansible chamber by less than the
      predetermined pressure;
PA1  said bore closure means includes a ball-type valve member operably
      connected with said piston sleeve and having an opening therethrough for
      rotational movement to and from the open and closed positions when said
      piston sleeve member moves in response to the urgings thereon;
PA1  a seat ring mounted for movement with said piston sleeve and having a
      sealing surface engaging said ball member for blocking flow of fluid
      between said ball and said seat ring when said ball is in the open and
      closed positions; and
PA1  means for spacing said ball member from said sealing surface of said seat
      ring prior to commencing to effect rotation of said ball member to the
      open position wherein the spacing movement of said ball member protects
      said sealing surface from wear.
NUM  13.
PAR  13. A drilling tool adapted for connection in a drill string to control
      undesired flow through the bore of the drill string including:
PA1  a tubular member having a longitudinal bore extending therethrough and
      means for connection at its upper and lower ends in a drill string with
      said longitudinal bore in alignment with the bore of the drill string;
PA1  bore closure means movably disposed in said bore of said tubular member for
      movement to and from an open position enabling flow of fluid through said
      longitudinal bore of said tubular member and to and from a closed position
      blocking flow of fluid through said bore of said tubular member;
PA1  piston means operably connected with said bore closure means for urging
      movement of said bore closure means to the open position when the pressure
      in said bore for enabling the desired flow exceeds the pressure adjacent
      said tubular member by a predetermined value;
PA1  said piston means includes a piston sleeve movably disposed in said bore of
      said tubular member and having a first pressure responsive annular surface
      area for urging movement of said piston sleeve in a first direction to
      operate said bore closure means to the open position when the pressure in
      said bore for enabling the desired flow exceeds the pressure adjacent said
      tubular member;
PA1  said piston sleeve and said tubular member form an expansible chamber
      therebetween;
PA1  said piston sleeve having a second pressure responsive annular surface for
      urging movement of said piston means in a second direction to operate said
      bore closure means to the closed position in response to the pressure in
      said expansible chamber;
PA1  a flow channel formed in said tubular member and extending from a location
      on an exterior surface of said tubular member to communicate the pressure
      adjacent said tubular member with said expansible chamber;
PA1  means mounted with said tubular member for urging movement of said piston
      sleeve in the second direction to move said bore closure means to the
      closed position when the pressure in said bore of said tubular member
      exceeds the pressure adjacent the exterior of said tubular member
      communicated into said expansible chamber by less than the predetermined
      pressure;
PA1  said bore closure means includes a ball-type valve member operably
      connected with said piston sleeve and having an opening therethrough for
      rotational movement relative to said piston sleeve to and from the open
      and closed positions when said piston sleeve member moves in response to
      the urgings thereon;
PA1  said ball member moves along the longitudinal axis of said bore of said
      tubular member when rotating to and from the open and closed positions;
PA1  means sealing with said pressure responsive surface for increasing the
      first pressure responsive surface area exposed to the fluid pressure in
      said bore as said piston means commences to move for moving said bore
      closure means to the open position to enable flow of fluid through said
      bore wherein the fluid pressure effects positive movement of said bore
      closure means to the open position to control the flow;
PA1  said piston sleeve concentrically positioned in said bore of said tubular
      member between said ball member and said tubular member; and
PA1  means operably connecting said ball member with said piston sleeve for
      providing relative movement of said bore closure means to said piston
      means when said piston sleeve moves in the first direction.
NUM  14.
PAR  14. A drilling tool adapted for connection in a drill string to control
      undesired flow through the bore of the drill string including:
PA1  a tubular member having a bore therethrough and adapted for connection at
      its upper and lower ends in a drill string with said bore in alignment
      with the bore of the drill string;
PA1  bore closure means movably disposed in said bore of said tubular member for
      movement to and from an open position enabling flow of fluid through said
      bore of said tubular member and to and from a closed position blocking
      flow of fluid through said bore of said tubular member;
PA1  piston means operably connected with said bore closure means for urging
      movement of said bore closure means to the open position when the pressure
      in said bore for enabling the desired flow exceeds the pressure adjacent
      said tubular member by a predetermined value;
PA1  said piston means includes a piston sleeve movably disposed in said bore of
      said tubular member and having a first pressure responsive surface area
      for urging movement of said piston sleeve in a first direction to operate
      said bore closure means to the open position when the pressure in said
      bore for enabling the desired flow exceeds the pressure adjacent said
      tubular member;
PA1  said piston sleeve and said tubular member form an expansible chamber
      therebetween;
PA1  said piston sleeves having a second pressure responsive surface for urging
      movement of said piston means in a second direction to operate said bore
      closure means to the closed position in response to the pressure in said
      expansible chamber;
PA1  a flow channel formed in said tubular member and extending from a location
      on an exterior surface of said tubular member to communicate the pressure
      adjacent said tubular member with said expansible chamber;
PA1  means mounted with said tubular member for urging movement of said piston
      sleeve in the second direction to move said bore closure means to the
      closed position when the pressure in said bore of said tubular member
      exceeds the pressure adjacent the exterior of said tubular member
      communicated into said expansible chamber by less than the predetermined
      pressure; and
PA1  means movably mounted with said tubular member for releasably locking said
      bore closure means in the open position by operating movement of said
      releasable locking means actuated by the direct application of fluid
      pressure in a predetermined manner to effect locking or releasing movement
      wherein said bore closure means is releasably rendered inoperative to
      control flow through the bore of the drill string.
NUM  15.
PAR  15. The apparatus as set forth in claim 14, wherein said means for
      releasably locking said bore closure means in the open position includes:
PA1  a. said bore of said tubular member defining a surface having a recess
      therein;
PA1  b. a latch assembly movably disposed in said bore of said tubular member
      for movement when a preselected directional pressure urges thereon to and
      from a released position enabling pressure responsive movement of said
      bore closure means and to and from a locking position for blocking
      movement of said bore closure means from the open position to the closed
      position; and
PA1  c. a detent member movably mounted with said latch device and adapted to
      move into said recess when said latch device is in the locking position,
      said detent member latched in said recess by said latch assembly to secure
      said latch assembly in the locking position when the preselected
      directional pressure for locking said bore closure is reduced wherein said
      bore closure means is rendered inoperative to control flow through the
      bore of the drill string.
NUM  16.
PAR  16. The apparatus as set forth in claim 15, wherein said latch assembly
      includes:
PA1  a. a detent latching member having a first pressure responsive surface area
      for urging said latch assembly to the locking position in response to the
      preselected directional pressure urging thereon and a second pressure
      responsive surface area for urging said detent latching member to release
      said detent from said recess in response to the preselected directional
      pressure urging thereon;
PA1  b. a latch assembly movement control sleeve movably disposed in said bore
      of said tubular member for forming a first expansible chamber therebetween
      for providing pressure urging to said first pressure responsive surface of
      said detent latching member through a first passageway formed in said
      sleeve to communicate the pressure in said bore of said tubular member
      with said first pressure responsive surface, said sleeve and said tubular
      member forming a second expansible chamber therebetween for providing
      pressure urging to said second pressure responsive surface of said detent
      latching member through a second passageway formed in said sleeve to
      communicate the pressure in said bore of said tubular member with said
      second pressure responsive surface for normally providing equal pressure
      urging on said detent latching member; and
PA1  c. said first passageway and said second passageway spaced a sufficient
      distance to receive a plug means therebetween to control the directional
      pressure urging on said latch device wherein the operating movements of
      said latch device are effected.
NUM  17.
PAR  17. A drilling tool adapted for connection in a drill string to control
      undesired flow through the bore of the drill string including:
PA1  a tubular member having a bore therethrough and adapted for connection at
      its upper and lower ends in a drill string with said bore in alignment
      with the bore of the drill string;
PA1  bore closure means movably disposed in said bore of said tubular member for
      movement to and from an open position enabling flow of fluid through said
      bore of said tubular member and to and from a closed position blocking
      flow of fluid through said bore of said tubular member;
PA1  piston means operably connected with said bore closure means for urging
      movement of said bore closure means to the open position when the pressure
      in said bore for enabling the desired flow exceeds the pressure adjacent
      said tubular member by a predetermined value;
PA1  said piston means includes a piston sleeve movably disposed in said bore of
      said tubular member and having a first pressure responsive surface area
      for urging movement of said piston sleeve in a first direction to operate
      said bore closure means to the open position when the pressure in said
      bore for enabling the desired flow exceeds the pressure adjacent said
      tubular member;
PA1  said piston sleeve and said tubular member form an expansible chamber
      therebetween;
PA1  said piston sleeve having a second pressure responsive surface for urging
      movement of said piston means in a second direction to operate said bore
      closure means to the closed position in response to the pressure in said
      expansible chamber;
PA1  a flow channel formed in said tubular member and extending from a location
      on an exterior surface of said tubular member to communicate the pressure
      adjacent said tubular member with said expansible chamber;
PA1  means mounted with said tubular member for urging movement of said piston
      sleeve in the second direction to move said bore closure means to the
      closed position when the pressure in said bore of said tubular member
      exceeds the pressure adjacent the exterior of said tubular member
      communicated into said expansible chamber by less than the predetermined
      pressure; and
PA1  stabbing means for moving said piston sleeve to overcome said urging means
      for controlling an undesired flowing stream of fluid from the bore of the
      drilling string by enabling connection of said tubular member with the
      drilling string with said bore closure means maintained in the full open
      position to form a full opening flow path and thereafter enabling said
      bore closure means to move to the closed position wherein the undesired
      flowing stream of fluid is controlled.
NUM  18.
PAR  18. The apparatus as set forth in claim 17, wherein said stabbing means
      includes a stabbing member removably secured in said bore of said tubular
      member for engaging said piston sleeve to maintain said bore closure means
      in the open position, said bore closure means moving to the closed
      position when the stabbing member is removed from said bore wherein the
      undesired flowing stream of fluid is controlled.
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ABST
PAL  Disclosed is a process for recovering petroleum from subterranean, viscous
      asphaltic or bituminous petroleum-containing formations, including
      subterranean tar sand deposits. A zone of gas permeability is established
      in the formation first, such as by fracturing or gas sweeping a section of
      the formation. Oxidizing gas such as oxygen, air, oxygen enriched air,
      ozone, or chlorine, or a mixture of steam and an oxidizing gas is
      introduced into the zone of increased gas permeability to expand the zone
      and further to cause a reaction to occur between the oxidizing gas and the
      oxygen-susceptible groups or labile groups associated witn the bituminous
      or asphaltic petroleum molecules forming acidic or aldehyde groups. Next,
      a gaseous or liquid alkalinity agent such as ammonia is introduced into
      the formation to react with the oxidatively pre-treated groups in the
      bituminous or asphaltic petroleum to form surface active agents or
      surfactants in situ. Finally, steam or a mixture of steam and an
      alkalinity agent such as ammonia or steam and air or a mixture of steam,
      oxidative gas and an excess of ammonia is introduced into the treated zone
      to recover petroleum. This process may be applied as a push-pull process
      or it may be applied in a multi well, throughput process. In a preferred
      embodiment, gaseous ammonia serves as an alkaline agent to neutralize the
      surface active agents formed in the formation, and also functions as a
      non-condensable gas to prevent loss of gas permeability as the viscous
      petroleum is heated in the final stages of the process.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is a method for recovering petroleum from subterranean
      petroleum-containing formations. More particularly, this concerns a method
      for recovering viscous, asphaltic or bituminous petroleum from formations
      containing same, including tar sand deposits. Still more particularly,
      this invention concerns a method whereby surface active agents are
      generated in situ in the bituminous or asphaltic petroleum by contacting
      the labile groups associated with the petroleum molecules with an
      oxidizing gas to activate the group followed by contacting the oxidized
      groups with an alkalinity agent such as ammonia gas.
PAR  2. Description of the Prior Art
PAR  Petroleum is recoverable from subterranean formations in which it has
      accumulated only if certain essential elements co-exist; namely, the
      formation must have adequate permeability or interconnected flow channels
      so that a fluid will flow from one portion of the formation to the other;
      the petroleum viscosity must be sufficiently low that it will move if the
      flow channels exist and a pressure differential is applied to the fluids;
      and finally, a source of energy to provide the pressure differential to
      induce the fluid movement must exist naturally or be supplied to the
      formation. When all three of these conditions co-exist, so-called primary
      recovery in which fluid moves to the surface under its own initiative
      without any type of formation treatment is possible. Supplemental recovery
      is necessary when any of these basic elements is missing or when the
      energy has been depleted through primary recovery, and frequently it is
      necessary to take corrective measures for both petroleum viscosity and
      simultaneously supply fluid drive energy.
PAR  The most extreme examples of formations requiring substantial treatment in
      order to induce the flow of petroleum therefrom are the so-called
      bituminous sands or tar sands deposits. Extensive tar sand deposits are
      found in the western United States, in northern Alberta, Canada, and in
      Venezuela, and lesser deposits are located in Europe and Asia. The
      Athabasca deposits in Alberta, Canada, are the most famous, and it is
      estimated that these deposits contain as much as 700 billion barrels of
      petroleum. Some production has been obtained from the near surface
      deposits by strip mining, but essentially no commercial production has
      been obtained from deep subterranean deposits for several reasons. The
      fluid permeability of tar sand deposits in their initial state is
      extremely low, and the viscosity of petroleum at formation temperatures is
      in the range of millions of centipoise. Accordingly, substantial treatment
      would be necessary to reduce the high petroleum viscosity so as to achieve
      petroleum flow under the influence of externally applied drive pressure,
      and the low permeability of the formation interferes with any such
      treatment.
PAR  Several methods have been described in the literature for recovering
      bituminous petroleum from tar sand deposits. One of the more popular
      processes is referred to as a steam emulsification drive process. The
      first step involves establishment of a high permeability communication
      path, preferably in or near the bottom of the tar sand deposit, extending
      from one well to another. Steam and a minor amount of a caustic substance
      such as sodium hydroxide is introduced into the communication path and
      flows to the other well. An oil-in-water emulsion is formed, the
      bituminous petroleum comprising the discontinuous phase of the emulsion.
      The viscosity of this emulsion is in the range of only a few centipoise,
      and so it readily moves to the production well for recovery to the
      surface. Numerous problems have been encountered in actual application of
      this process, however, including lower than desirable concentrations of
      bituminous petroleum in the produced emulsion, and the production of a
      portion of the petroleum in the form of a water-in-oil emulsion which is
      more viscous than the free bitumen and which resists resolution into its
      separate phases by demulsification technology. In addition, the
      communication path is difficult to establish.
PAR  Other processes have been described such as in situ combustion as well as
      various modifications of solvent extraction processes. In commonly owned
      co-pending applications Ser. No. 481,581 and 481,582 both filed June 21,
      1974, a low temperature, controlled oxidation process is described. This
      process appears more applicable to the low permeability tar sand deposits
      than does the high temperature in situ combustion reaction.
PAR  In view of the foregoing discussion, it can be appreciated that there is a
      substantial, unfulfilled need for a method for in situ separation of
      bituminous petroleum from tar sand deposits which can be conducted in the
      deposits which are too deep to be exploited by means of strip mining.
      There is an especially acute need for an economical method for extracting
      a reasonably high percentage for the petroleum contained in these
      deposits. There is an especially serious need for a method for recovering
      bitumen in the form of an oil-in-water emulsion under conditions which
      will exclude the formation of a water-in-oil emulsion. There is similarly
      an unfulfilled need for a method for increasing the concentration of
      bitumen in the oil-in-water emulsion produced during the
      steam-emulsification drive process.
PAC  SUMMARY OF THE INVENTION
PAR  Our invention comprises a method for recovering viscous, asphaltic or
      bituminous petroleum from subterranean formations. The process makes of
      the fact that there are naturally occurring labile groups associated with
      the bituminous petroleum which can be activated by being contacted with an
      oxidizing gas. After the labile groups have been activated, an alkalinity
      agent such as ammonium hydroxide or gaseous ammonia is utilized to
      neutralize the oxidized groups, thereby converting them to the water
      soluble form so that they may aid in the formation of an oil-in-water
      emulsion during subsequent process steps. Gaseous ammonia is an especially
      preferred step since it serves as the neutralization agent and also to
      expand the zone of gas permeability, thereby extending the contact area of
      the fluids injected subsequently. Steam is thereafter injected, in order
      to heat the bituminous petroleum to render it more mobile and form an
      oil-in-water emulsion. The surface active compounds generated by the
      oxidative gas and the ammonia gas reaction cause the formation of the
      oil-in-water emulsion, increasing the bituminous petroleum concentration
      in the emulsion and resulting in the production of little or no
      water-in-oil emulsion. Ammonia may be injected simultaneously with the
      steam. Alternatively, steam injection alone may be continued awhile, with
      brief interruptions during which time ammonia or a mixture of steam and
      ammonia are introduced into the formation. Production is in the form of a
      fluid comprising an oil-in-water emulsion in which the bituminous
      petroleum is the discontinuous phase. The pressure differential is
      reduced. The petroleum content of the emulsion will be in the range of
      from about 9 to about 15 percent by volume. Essentially no free bitumen or
      water-in-oil emulsion is produced.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The attached drawing illustrates graphically the percent oil recovery
      obtained in laboratory evaluation of the process of our invention compared
      to steam alone and to a mixture of steam and air.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Briefly, our process may be considered as comprising four phases; namely,
      (1) forming an initial entry zone or a zone of increased fluid
      permeability in at least a portion of the formation from which recovery is
      to be obtained; (2) followed by introduction of an oxidizing gas into the
      entry zone so as to oxidize labile groups to form acidic or aldehyde
      groups; (3) followed by introduction of an alkalinity agent, in order to
      neutralize the oxidized groups into hydrophilic (water loving) groups; and
      (4) finally followed by the principal oil recovery drive fluid such as
      steam. These four phases are discussed in greater detail below.
PAC  I. Forming the Communication Path
PAR  Occasionally a formation exists which has naturally occurring adequate gas
      permeability so that the first phase may be eliminated. This is rare,
      particularly in the instance of very viscous oil-containing formations or
      tar sand deposits.
PAR  When the formation to be exploited does not already contain a high
      permeability streak or zone, some process must be applied to the formation
      for the purpose of opening up some interval in the formation. One
      successful method for forming the initial entry zone is by hydraulic
      fracturing. This process, which is commercially available from oil field
      service companies, involves drilling a well into a formation, establishing
      fluid flow with the portion to be treated, and introducing a hydraulic
      fluid under such high pressure that the formation is physically fractured
      and parted. Generally, the fracture will heal once the hydraulic pressure
      is relieved unless some subsequent treatment is applied to the fracture
      zones to maintain them in an open configuration. This, too, is well known
      in commercial oil field service operations, and is accomplished by
      introducing a liquid containing granular propping agent into the
      fractures. Generally, coarse sand or gravel slurried in an aqueous carrier
      fluid is utilized for this purpose. The coarse, granular material prevents
      the fractures from healing or closing after hydraulic pressure is
      relieved, but maintains fluid permeability through the fractures.
PAR  Once the fracture has been established, it is generally desirable or
      necessary to expand the fracture into a high permeability communication
      path by subsequent treatment. This may involve injecting a solvent into
      the propped fracture zone to dissolve bitumen from tar sand adjacent to
      the fracture zone, thereby extending the size of the high permeability
      streaks created by the fracturing operation.
PAR  Another method involves introducing a hot alkaline fluid such as steam or
      hot water containing an alkalinity agent such as sodium hydroxide into the
      propped fracture, which emulsifies the bituminous petroleum in the
      adjacent areas, thereby reducing the saturation of bituminous petroleum in
      the material immediately adjacent to the propped fracture zone, and thus
      increasing the volume of the high permeability streak created.
PAR  In a slightly different embodiment, a noncondensable, inert gas such as
      nitrogen is introduced into the unfractured formation in order to sweep
      out any mobile fluids existing in the flow channels of the formation,
      thereby increasing the fluid receptivity of a portion of the formation.
      This is especially applicable to throughput operations in which there are
      two wells drilled into and completed in the subterranean formation, and
      gas is introduced into the formation via one well until it is flowing from
      the other well, thereby creating a gas-swept zone between the wells. After
      gas has swept through a segment of a formation for some period of time,
      usually 2-5 days being satisfactory, it is possible to introduce liquids
      into the formation for the purpose of removing bitumen from the gas-swept
      zone, whereas it would have been difficult or impossible to introduce the
      liquids into the formation prior to the gas sweep step. For example, after
      nitrogen injection through a portion of the formation has continued for 12
      to 24 hours, it is possible to introduce an effective solvent for the
      bituminous petroleum such as aromatic hydrocarbons including benzene and
      toluene, aliphatic hydrocarbons including propane, butane, pentane, etc.,
      carbon disulfide, carbon tetrachloride, or any other suitable material
      which is miscible with the formation petroleum and which forms a solution
      having a viscosity substantially lower than the formation petroleum.
PAR  Depending on the distance between adjacent wells being utilized in the
      process described immediately above, it is sometimes possible to introduce
      a solvent into the gas-swept zone in the formation such that the solvent
      will pass through the zone to the adjacent well and solvent with petroleum
      dissolved therein can be removed from the adjacent well. Once solvent flow
      from well to well is achieved, the flow can generally be maintained, and
      so long as the flow is maintained the communication path will be expanded
      thereby.
PAR  In relatively low transmissivity formations, or if the well spacing is such
      that well to well flow solvent is initially unobtainable, the gas-swept
      zone may be expanded by introducing solvent into both wells simultaneously
      until the pressure less than the fracture pressure of the formation is
      achieved, followed by relieving pressure on both wells and permitting
      solvent with bitumen dissolved therein to flow back into the wells. Once
      flow is terminated, solvent injection may be resumed, and several cycles
      of solvent injection and production from the same wells may be necessary
      in order to extend the gas-swept-zone-solvent-depleted zone far enough
      into the formation so that well-to-well solvent transmission may be
      achieved.
PAR  By either of the above methods, once solvent has been passed through the
      gas-swept zone for a period of time, the efficiency of the process
      decreases since the volume of solvent increases as the thickness of the
      extracted zone increases, whereas the surface area is not increased
      appreciably. Accordingly, the concentration of petroleum in the solvent
      being produced from the remotely located well will decline, and this will
      signal the efficient end point for this phase of the operation.
PAR  Another method for expanding the gas-swept zone into a suitable
      communication path involves introducing an aqueous fluid, such as hot
      water or steam into the formation to extract bitumen from the gas-swept
      zone in the formation. Although the viscosity of bitumen in its native
      state is in the range of several million centipoise, the
      viscosity-temperature relationship is exceedingly sharp, and the viscosity
      of bituminous petroleum from a tar sand formation such as the Athbasca Tar
      Sand deposit is only two or three centipoise at 300.degree.F. Accordingly,
      if the temperature of a portion of the gas-swept zone can be raised to a
      temperature approaching 300.degree.F., the viscosity of the bituminous
      petroleum can be reduced so that it will flow to the adjacent well. Thus,
      the bitumen saturation will be reduced in the gas-swept zone, in order to
      produce a high permeability communication zone between wells.
PAR  The efficiency of bitumen removal from the gas-swept zone, or from a
      fracture zone, by means of a hot aqueous fluid is enhanced by
      incorporating a minor amount of an alkalinity agent such as sodium
      hydroxide into the fluid, in order to encourage the formation of a low
      viscosity oil-in-water emulsion. An oil-in-water emulsion generally has a
      viscosity only slightly higher than the viscosity of water at the
      particular temperature of the emulsion, and so it flows readily to the
      adjacent well.
PAC  II. Oxidizing the Labile Groups
PAR  Once a high permeability communication path is established between adjacent
      wells according to the above described procedures, an oxidizing gas is
      introduced into the high permeability path in order to oxidize the labile
      groups associated with the bituminous or asphaltic petroleum present in
      the formation. Air may be utilized for this purpose, and one preferred
      embodiment of the process of our invention comprises pumping air into the
      formation at the maximum safe pressure, in order to oxidize the materials
      present in the formation.
PAR  It should be noted here that in the instance of pumping any gaseous
      substance into a subterranean formation such as a tar sand deposit, care
      should be maintained to keep the injection pressure below a value which
      will cause fracturing or rupture of the overburden above the petroleum
      formation being treated. As a general rule of thumb, the injection
      pressure in pounds per square inch should not exceed the thickness of the
      overburden above the petroleum formation measured in feet. Thus, if a tar
      sand deposit is located under 500 feet of overburden, the injection
      pressure should be kept below 500 pounds per square inch to avoid
      fracturing the overburden. Once a fracture is established through the
      overburden to the surface, any fluid injected into that portion of the
      formation will channel through the fracture to the surface and will be
      ineffective for any subsequent oil recovery operations.
PAR  The reaction between the injected oxidizing gas, e.g. air or oxygen, and
      the labile groups present in the asphaltic petroleum is not a high
      temperature combustion such as is sometimes practiced in oil recovery
      operations. Thus it is not necessary to provide an extraneous source of
      heat to raise the temperature of a portion of the formation adjacent the
      air injection well to the combustion or ignition temperature of the
      petroleum as is done when using in situ combustion. It is sufficient to
      inject air into the formation and maintain the pressure at the highest
      point possible, whereby low temperature oxidation will occur, activating
      the potentially surface active agent forming materials.
PAR  Oxygen enriched air may also be utilized advantageously in this process,
      and if available at a reasonable price, essentially pure oxygen may be
      used. Chlorine or oxides of chlorine may also be used for the oxidation
      step, although the preferred embodiment utilizes an oxygen-containing gas
      or pure oxygen for this step.
PAR  In a slightly different embodiment, a mixture of oxygen or any
      oxygen-containing gas or air and steam is introduced into the formation.
      The steam moderates the reaction temperature resulting in a low
      temperature oxidation. The ratio of the oxygen-containing gas to steam may
      be from .1 to 3 standard cubic feet per pound of steam, and preferably is
      around .25.
PAR  In a throughput operation in which a low permeability communication path
      has been established between adjacent wells, it may be necessary to
      throttle or choke the gaseous effluents of the production well in order to
      maintain the pressure in the high permeability communication path at a
      value which will result in rapid oxidation of the labile groups to the
      desired acids or aldehydes groups.
PAR  It may be stated at this point that the groups created by the reaction
      between the oxidizing gas and the labile groups are phenolic, sulfonic,
      carboxylic, or thiolic functional groups. Any of these anionic groups are
      hydrophilic or water loving. The rest of the hydrocarbon molecule
      comprises the oil soluble or hydrophobic moiety. Before such materials are
      effective surface active agents such as are utilized in the formation of
      oil-in-water emulsions, the oxidized groups should be neutralized with an
      alkalinity agent to convert the anionic group to a water soluble salt
      form.
PAR  After the petroleum present in and around the high permeability zone in the
      formation has been exposed to the oxidizing gas for a period of from about
      0.5 hours to about 10 hours, preferably around 2 hours, injection of the
      oxidizing gas into the high permeability zone should be suspended. The
      time required for oxidation is generally pressure dependent, and longer
      times may be required.
PAC  III. The Neutralization Step
PAR  Any type of liquid or gaseous alkalinity agent may be used in the step of
      neutralizing the oxidized groups. Aqueous solutions of hydroxides of
      sodium, potassium or ammonia may be used. Gaseous ammonia is also a very
      desirable material for this step. Anhydrous ammonia may be introduced in a
      gaseous form into the permeable zone.  Ammonia may be injected into one
      well and ammonia removed from the other well for a period of time in order
      to insure adequate contact between the ammonia in the pretreated zone so
      as to facilitate reaction of ammonia with the oxidizing gas activated
      compounds in formation petroleum. In another embodiment, ammonia is
      injected into both wells and the pressure is maintained for a period of
      time from about 1 to about 48 hours. Although the neutralization reaction
      occurs essentially instantaneously, a soak period is desirable to permit
      gas penetration into the tar sand material. Again it is necessary to
      observe the overburden-thickness related pressure limitation that the
      injection pressure in pounds per square inch not exceed the overburden
      thickness expressed in feet, in order to avoid fracturing the overburden.
PAR  In a slightly different embodiment, steam and ammonia are injected
      simultaneously or sequentially into the formation, so that ammonia and
      steam may react in the pretreated zone to form ammonium hydroxide, which
      reacts with the oxidizing gas activated groups in the formation petroleum.
      One particularly attractive way for accomplishing this is to introduce
      steam into the formation for a brief period after conclusion of the
      oxidizing gas injection, so that the steam vapors may be absorbed
      uniformly throughout the zone, so the ammonia gas may react with the
      absorbed water vapor to form ammonium hydroxide uniformly throughout the
      zone.
PAR  After the permeable zone has been treated with ammonia for at least 1 hour,
      ammonia injection may be discontinued and the principal recovery fluid
      introduced into the formation.
PAC  IV. Oil Recovery
PAR  In one embodiment, steam is introduced into the formation for the purpose
      of heating the viscous, bituminous petroleum to reduce its viscosity, and
      to form an oil-in-water emulsion which is produced at the production well.
      In a slightly different embodiment, ammonia is injected simultaneously
      with the steam during the recovery phase, which accomplishes several
      beneficial results. Ammonia functions as a non-condensable gas, which
      prevents the formation of an immobile bank of petroleum in the formation
      which plugs the communication path, thereby preventing further production
      of petroleum through that path until some remedial treatment has been
      accomplished. Additionally, the alkaline nature of ammonia ensures that
      neutralization of the labile groups in the formation petroleum will
      continue as previously uncontacted materials are exposed during the
      process of the oil recovery operation. The ratio of ammonia to steam
      during such an operation may be anywhere from .05 to 2 standard cubic feet
      of ammonia per pound of steam, and the preferred range is from 0.1 to 0.4
      standard cubic feet per pound.
PAR  The process of our invention may be better understood by reference to the
      following field example, which is offered only as an illustrated,
      preferred embodiment of our process, and is not intended to be limitative
      or restrictive.
PAC  V. Field Example
PAR  A tar sand deposit is located under an overburden thickness of 650 feet,
      and the tar sand deposit is 80 feet thick. Two wells are drilled to the
      bottom of the deposit, the wells being 75 feet apart. Both wells are
      completed in the bottom 5 foot section of the tar sand deposit, and a
      gravel pack is formulated around the slotted liner on the end of the
      production tubing in each well to restrain sand flow into the wells.
PAR  Air is injected at an initial low rate into one well and the other well is
      held open to the atmosphere.
PAR  The initial air injection rate into the first well is 250 standard cubic
      feet per hour. This rate is maintained until an indication of air
      production is obtained from the remotely located well. The air injection
      rate is increased at the rate of about 10 percent every two hour period
      until an injection rate of 1000 standard cubic feet per hour is obtained.
      This level of air injection is continued for 24 hours to ensure an
      adequate air-swept zone has been established in the formation.
PAR  A mixture of approximately 50 percent natural gasoline, which is
      predominantly C.sub.5 through C.sub.7 saturated hydrocarbons, and 50
      percent mixed aromatic solvent, which is predominantly benzene and
      toluene, is pumped into each well at a pressure of 300 pounds per square
      inch until the injection rate drops materially, indicating the maximum
      penetration has been achieved. The pressure is released and solvent with
      bituminous petroleum dissolved therein is pumped out of each well. Solvent
      injection into each well is again performed to a maximum pressure of 300
      pounds per square inch, followed by a cycle of production of solvent with
      bituminous petroleum dissolved therein. Solvent is then injected into one
      well and it is determined that solvent is flowing readily into the other
      well, indicating that well-to-well communication has been established.
      Solvent injection is continued for approximately one week, which depletes
      the air-swept zone, ensuring that a good stable communication path has
      been established between the two wells.
PAR  The next phase of the operation comprises introduction of an oxidizing gas
      into the communication path to oxidize the labile groups in the petroleum.
      A mixture of essentially pure oxygen and 80 percent quality steam is
      injected into both wells and the pressure is maintained at 450 pounds for
      two days. This ensures that good contact and penetration into the tar sand
      material adjacent the communication zone is achieved. The pressure is then
      relieved and the gas is allowed to flow out of the well. Some bitumen is
      produced during this interval, and this material is removed from the
      wells.
PAR  Essentially pure ammonia gas is then introduced into each well and the
      pressure raised to 400 pounds per square inch. The pressure is maintained,
      injecting ammonia as necessary to increase the pressure to its desired
      maintenance level for 11/2 days.
PAR  After the prolonged ammonia contact phase is completed, the pressure is
      again released and the ammonia gas purged from the interval. A steam
      generator is installed, and boiler feed quality water passed to the
      generator to produce 85 percent quality steam at a temperature of
      375.degree.F. A mixture of steam and ammonia at a ratio of approximately
      0.3 standard cubic feet of ammonia per pound of steam is introduced into
      one well, with production of gases and liquids being taken from the
      adjacent well. This ratio is maintained for 24 hours, after which the
      ratio of ammonia to steam is reduced to approximately 0.2 standard cubic
      feet per pound of steam, and this ratio is maintained continually
      throughout the remainder of the recovery operation. Because of the
      relatively low pressure differential between the wells as a result of the
      pretreatment, it is possible to maintain the steam injection rate at 2000
      barrels of steam per day per well. An emulsion of bituminous petroleum in
      water is produced from the adjacent well, the bituminous petroleum content
      averaging around 13 percent by volume. This is readily resolved into
      essentially pure bitumen and water by contacting the produced liquid with
      a mineral acid. The bituminous petroleum separated from the emulsion is
      essentially free of emulsified water, so that no further treatment is
      necessary.
PAC  VI. Experimental Section
PAR  A series of three laboratory runs were performed to substantiate the
      process of our invention. The cell used in all three runs was a section of
      steel pipe, 18 inches in diameter and 15 inches long. One inch dimeter
      wells were included, one for fluid injection and one for production, each
      well being positioned 3 inches from the cell wall and 180.degree. apart.
      The top of the cell was equipped with a piston and sealing rings by means
      of which hydraulic pressure can be imposed on tar sand material packed in
      the cell to simulate overburden pressure.
PAR  The cell was packed with tar sand material. A clean sand path,
      approximately 1/8 inch thick and 2 inches wide was formed between the
      wells to serve as the communication path. The tar sand material was
      compressed under hydraulic pressure for several days.
PAR  In run 1, steam was injected into the cell and bitumen produced from the
      production well.
PAR  The cumulative production was recorded as a function of time and also as a
      function of pore volumes of steam injected. As can be seen from curve 1 in
      the attached figure, the oil recovery as a percentage of the oil
      originally in place reached a value of about 24 percent at 5+ pore volumes
      of steam.
PAR  A second run in a cell packed as described above, was run using a mixture
      of steam and air. Curve 2 shows that the percent oil recovery is
      substantially better than with steam alone (curve 1) at all values of pore
      volumes of steam injected.
PAR  Run 3, which corresponds to the process of our invention, was run in a
      similarly prepared cell. The bitumen was exposed to air, steam, and liquid
      ammonium hydroxide. As can be seen, the air-steam-ammonium hydroxide,
      curve 3, is substantially superior to either the steam or steam plus air
      run. (Steam volume for curve 3 was corrected for the volume of ammonium
      hydroxide). At a value of two pore volumes of steam injected, a reasonable
      commercial level, the recovery for steam was about 18 percent; for steam
      and air it was about 26 percent; and for steam, air and ammonium
      hydroxide, it was about 36 percent. In addition to the increased oil
      recovery, it was observed that the pressure differential between the
      injection wells was substantially less for run 3 than for either runs 1 or
      2. Furthermore, the produced fluid was substantially all in the form of an
      oil-in-water emulsion whereas appreciable amounts of water-in-oil emulsion
      was produced in runs 1 and 2.
PAR  Thus, we have disclosed and demonstrated that naturally occurring, labile
      groups on the petroleum molecule are oxidized on being contacted with an
      oxidizing gas such as air or oxygen for a period of time to form acidic or
      aldehyde groups, after which they are contacted with an alkalinity agent
      such as ammonia for the purpose of forming a water soluble salt of the
      compound. The materials produced are essentially anionic surfactants
      similar to petroleum sulfonate. The advantages resulting from this process
      include increased oil recovery, formation of an oil-in-water emulsion
      having an increased content of oil in the emulsion as compared to what
      would be obtained without the oxidizing gas-alkalinity agent pretreatment
      of the formation, and the production of essentially no water-in-oil
      emulsion which is difficult to break. The pressure differential is also
      reduced. The continued use of ammonia results in the continual generation
      of surface active agents from bituminous petroleum as previously
      uncontacted portions of the petroleum formation are contacted by the
      recovery fluid. Additionally, the presence of ammonia gas with steam
      ensures that fluid transmissivity will be maintained, since there will be
      no formation of a fluid-impermeable block of immobile petroleum in the
      communication path as frequently occurs when steam is introduced into tar
      sand deposits.
PAR  While our invention has been disclosed in terms of a number of specific
      illustrative embodiments, it is not so limited since many variations
      thereof will be apparent to persons skilled in the related arts.
      Similarly, while mechanisms have been proposed to explain the benefits
      resulting from the process of our invention, it is not necessarily hereby
      represented that these are the only and even the principal mechanisms
      which result from the application of this process. It is our desired
      intention that our invention be limited and restricted only by those
      limitations and restrictions as apply in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of recovering viscous, asphaltic or bituminous petroleum from a
      permeable, subterranean, viscous asphaltic or bituminous
      petroleum-containing formation including a tar sand deposit, penetrated by
      at least one well in fluid communication with the formation comprising:
PA1  a. forming a zone of increased permeability in at least a portion of the
      formation,
PA1  b. introducing chlorine gas into said zone of increased permeability to
      oxidize labile groups on the bituminous petroleum, to form surface active
      agents in the formation,
PA1  c. introducing an alkalinity agent into said zone of increased permeability
      to neutralize oxidized groups generated by action of the chlorine gas,
PA1  d. introducing into the formation a recovery fluid selected from the group
      consisting of steam, a mixture of steam and an oxygen containing gas
      including air, a mixture of steam and ammonia, or a mixture of steam,
      ammonia and an oxygen containing gas, and
PA1  e. recovering formation petroleum from the formation.
NUM  2.
PAR  2. A method as recited in claim 1 wherein the step of forming the zone of
      increased permeability comprises fracturing the formation, introducing a
      propping agent, then introducing a solvent to dissolve bituminous
      petroleum from the tar sand material around the fracture to convert the
      propped fracture zone into an enlarged zone of high permeability.
NUM  3.
PAR  3. A method as recited in claim 1 wherein the step of forming said zone of
      high permeability comprises fracturing and introducing a propping material
      into the fractured zone followed by introducing a hot aqueous fluid
      selected from the group consisting of steam and hot water into the propped
      fracture zone to remove bituminous petroleum from the tar sand material
      adjacent to the propped fracture zone to convert the propped fracture zone
      into an enlarged zone of high permeability.
NUM  4.
PAR  4. A method as recited in claim 3 wherein the hot aqueous fluid also
      contains an alkalinity agent.
NUM  5.
PAR  5. A method as recited in claim 1 wherein steam is mixed with the chlorine
      gas.
NUM  6.
PAR  6. A method as recited in claim 1 wherein the alkalinity agent is selected
      from the group consisting of aqueous solutions of hydroxides of ammonia,
      sodium and potassium, mixtures thereof, and ammonia gas.
NUM  7.
PAR  7. A method as recited in claim 6 wherein the alkalinity agent is an
      aqueous solution of sodium hydroxide.
NUM  8.
PAR  8. A method as recited in claim 6 wherein the alkalinity agent is an
      aqueous solution of ammonium hydroxide.
NUM  9.
PAR  9. A method as recited in claim 6 wherein the alkalinity agent is an
      aqueous solution of potassium hydroxide.
NUM  10.
PAR  10. A method as recited in claim 6 wherein the alkalinity agent is gaseous
      ammonia.
NUM  11.
PAR  11. A method as recited in claim 1 wherein steam is introduced into the
      zone of increased permeability between the step of introducing chlorine
      gas in the step of introducing alkalinity agent.
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ABST
PAL  Micellar systems which are neither oil-external nor water-external can be
      formed from petroleum sulfonates, e.g., crude oil sulfonates formulated
      with water and, optionally, cosurfactants, e.g., hexanol. Because such
      micellar systems resist uptake of both oil and water, they are suitable
      for long distance displacement in which injection wells are spaced at
      least about 300 feet from production wells.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the recovery of petroleum by injection of
      fluids to cause its displacement toward production wells.
PAR  2. Description of the Prior Art
PAR  The use of micellar systems for the displacement of oils is taught by a
      variety of United States patents, of which the following are exemplary.
PAR  Oil external miceller systems for oil recovery are mentioned in U.S. Pat.
      No. 3,261,399 to Coppel, U.S. Pat. No. 3,226,570 to Gogarty, U.S. Pat. No.
      3,301,325 to Gogarty and Olsen, U.S. Pat. No. 3,476,184 to Davis and U.S.
      Pat. No. 3,497,008 to Jones and Roszelle. Water-external micellar systems
      are mentioned in U.S. Pat. No. 3,599,715 to Roszelle, U.S. Pat. No.
      3,506,070 to Jones and U.S. Pat. No. 3,506,071 to Jones. Both
      water-external and oil-external micellar systems are mentioned in U.S.
      Pat. No. 3,254,714 to Gogarty and Olsen, U.S. Pat. No. 3,376,925 to
      Coppel, and U.S. Pat. No. 3,455,385 to Gogarty.
PAR  The literature contains many other patents and unpatented articles on this
      subject.
PAR  The test methods for differentiating oil-in-water and water-in-oil micellar
      systems have great importance in characterizing the various systems. The
      various tests include the dye solubility method, the phase dilution
      method, the conductivity method, the fluorescence method, the wetting of
      filter paper; all taught in more detail in Emulsions: Theory and Practice
      (Reinhold Publishing Corp., New York), particularly at pages 413-426 and
      in the references cited therein. The importance of a combination of
      miscibility data together with conductivity data is taught by a letter "On
      Determining the Continuous Phase in Microemulsions" by K. D. Dreher and R.
      D. Sydansk in the December, 1971, Journal of Petroleum Technology, pages
      437 and 438. This letter also states that ". . . a system with the
      characteristics of a water-external micellar solutiion can exist in
      equilibrium with excess aqueous phase." and supports this with
      experimental evidence.
PAR  Later experimentation has led to the discovery that these anomalous or
      "intermediate micellar systems" which are substantially immiscible with
      either oil or water provide enhanced recovery of oil in the presence of
      water, either connate or remaining from previous water flooding. The
      increased oil recovery caused by the employment of intermediate micellar
      systems by the present invention has obvious economic advantages. The
      resistance of these systems to the uptake of both water and oil within the
      formation permits them to travel great distances through the formation
      while retaining efficiency as oil displacement fluids. This stability,
      then, permits wider spacing between injection and production wells with a
      consequent reduction in drilling costs required for secondary-type
      (including tertiary) recovery.
PAC  SUMMARY
PAC  General Statement of the Invention
PAR  According to the present invention, an intermediate micellar system is
      prepared, injected into an oil-bearing formation and used to displace oil
      through the formation toward a relatively remote production well,
      utilizing the general techniques of secondary-type recovery. The
      production well will preferably be located at least about 300 feet from
      the injection well, more preferably from about 500 to about 1500 feet
      distant.
PAR  As used herein, "intermediate micellar system" means a micellar system
      which is neither water-external or oil-external, external, comprising
      hydrocarbon and hydrocarbon sulfonate in water with or without a
      cosurfactant, said system having (a) a resistivity of more than about 25
      and less than 1,000,000 ohm-centimeter (corresponding to a conductivity of
      less than 0.04 and more than 10.sup..sup.-6 ohm.sup..sup.-1
      cm.sup..sup.-1) and either (b) a droplet test result in which a droplet of
      the micellar system maintains its integrity for at least about one second
      when dropped into either water or oil, or (b') a dilution test in which
      the system is not miscible in all proportions both when diluted with water
      and when diluted with hydrocarbon. The lower limit of resistivity is not
      narrowly critical but in all intermediate micellar systems the resistivity
      will exceed that of the contained water plus the electrolytes. More
      preferred conductivity range of the micellar system is from about
      10.sup..sup.-5 to about 2 .times. 10.sup..sup.-2 ohm.sup..sup.-1
      cm.sup.116 1.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is applicable to a secondary-type recovery process wherein a
      subterranean formation is flooded with a displacing fluid containing a
      semi-polar compound and/or an electrolyte. The displacing fluid can be any
      fluid which will effectively displace crude petroleum from the
      subterranean formation. Examples of such fluids include miscible-type
      fluids such as water-external and oil-external emulsions, and
      water-external and oil-external micellar dispersions. The term "micellar
      system" is meant to include "micellar solutions" and "micellar
      dispersions".
PAR  The intermediate micellar systems of the invention are composed essentially
      of a hydrocarbon, an aqueous medium, and a surfactant. Examples of
      hydrocarbon include crude oil, crude column overheads, straight-run
      gasoline and liquefied petroleum gases. Useful surfactants include
      cationic, nonionic and anionic surface active compounds. A particularly
      useful surfactant is an alkyl aryl sulfonate containing a monovalent
      cation (e.g., potassium, sodium, ammonium, and alkanol-substituted
      ammonium), more commonly known as petroleum sulfonates or as alkyl aryl
      naphthenic sulfonates. Examples of useful surfactants are disclosed in
      U.S. Pat. No. 3,275,075.
PAR  Semi-polar compounds, also known as co-surfactants and co-solubilizers,
      useful with the displacing fluids, especially the micellar dispersions,
      include alcohols, amines, ethers, esters, aldehydes, and ketones
      containing one up to about 20 or more carbon atoms. Preferably, the
      semi-polar compound is an alcohol, e.g., ethanol, isopropanol, n- and
      isobutanol, the amyl alcohols, ethoxylated alcohols, 1- and 2-hexanol, 1-
      and 2-octanol, the decyl alcohols, alkyl aryl alcohols such as p-nonyl
      phenol and alcoholic liquors such as fusel oil.
PAR  Preferably, the electrolytes are inorganic bases, inorganic acids and
      inorganic salts, e.g., ammonium hydroxide, ammonium sulfate, sodium
      hydroxide, sodium chloride, sodium sulfate, hydrochloric acid, and
      sulfuric acid. Other useful electrolytes can be found in U.S. Pat. No.
      3,330,343. Also, the salts contained in brackish or brine water are to be
      included as water electrolytes.
PAR  Preferred micellar systems will comprise from about 2 to about 20 percent
      surfactant (more preferably from about 5 to about 15 percent surfactant);
      from about 30 to about 90 percent water (more preferably from about 50 to
      about 80 percent water); from about 2 to about 60 percent hydrocarbon
      (more preferably from about 5 to about 40 percent hydrocarbon); from 0 to
      about 10 weight percent cosurfactant (more preferably from about 0.1 to
      about 2 percent cosurfactant) and from about 0 to about 10 percent
      electrolyte (more preferably from about 1 to about 5 weight percent
      electrolyte).
PAR  Formation fluids tend to "leach" or "sorb" the surfactant, semi-polar
      compound and/or electrolyte from the displacing fluid. As a result, the
      operational characteristics of the displacing fluid in the formation are
      adversely affected. Substantial immiscibility reduces this loss.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAC  EXAMPLE I
PAR  Crude oil sulfonate is prepared by treatment of sweet Illinois crude oil
      with sulfur trioxide diluted with nitrogen in the presence of ethylene
      dichloride solvent at a temperature which ranges from about 10.degree. to
      about 15.degree.C and at atmospheric pressure. Crude reaction mixture is
      neutralized with ammonium hydroxide and the reaction solvent, ethylene
      dichloride, is removed by vacuum distillation and water is added to cause
      separation into two distinct liquid phases. The upper phase comprises
      principally unreacted hydrocarbons and is decanted off. The lower phase
      comprises petroleum sulfonates, water and electrolyte (largely ammonium
      sulfate) together with some unreacted hydrocarbon.
PAR  The lower, crude oil sulfonate phase is used to formulate a micellar system
      slug containing 3.5 weight percent --SO.sub.3 NH.sub.4 groups, 60 percent
      H.sub.2 O and 2.0 percent (NH.sub.4).sub.2 SO.sub.4, the remainder
      comprising the hydrocarbon portion of the sulfonate molecule and sweet
      Illinois crude oil. Hexanol (1.25 lb/100 lb alcohol-free micellar system)
      is added to the above composition.
PAR  The above micellar system is shown to be intermediate by the droplet,
      dilution, and conductivity tests as described below:
PAR  Droplet Test
PAR  One drop of solution of the micellar system is dropped in a beaker
      containing distilled water and its behavior observed. A water-external
      solution will dissipate in the water in less than a second, an
      oil-external droplet will maintain its integrity for at least about a
      second. The droplet of the above micellar system maintains its integrity
      longer than one second, indicating that the micellar system is not
      water-external. The micellar system is therefore either oil-external or
      intermediate.
PAR  Dilution Test
PAR  A volume of the above micellar system is tested by placing in a transparent
      container, e.g., a graduated cylinder and adding approximately 10 percent
      by weight of either water or decane. The mixture is inverted once or twice
      to insure mixing and then allowed to stand. A water-external solution will
      be miscible with water but not with hydrocarbon as evidenced by the
      formation of a transparent hydrocarbon layer above the micellar system. An
      oil-external solution will be miscible with hydrocarbon but not with
      water, as evidenced by a transparent aqueous phase below the micellar
      system. The above micellar system on dilution with decane forms a
      hydrocarbon layer above the micellar system, indicating that the micellar
      system is not oil-external. Since the droplet test showed the micellar
      system was not water-external, the micellar system is intermediate.
PAR  Conductivity
PAR  In this test the resistivity of the micellar system to be tested is
      measured in a standard conductivity cell. A water-external micellar system
      will exhibit a resistivity (approximately that of the brine it contains)
      of less than about 25 ohm-cm, which corresponds to a conductivity of
      greater than about 0.04 ohm.sup..sup.-1 cm.sup..sup.-1. An oil-external
      solution will exhibit a resistivity greater than about 1,000,000 ohm-cm,
      which corresponds to a conductivity of less than about 10.sup..sup.-6
      ohm.sup..sup.-1 cm.sup..sup.-1. The above micellar system exhibits a
      conductivity of about 0.02 ohm.sup..sup.-1 cm.sup..sup.-1, confirming that
      the micellar system is an "intermediate micellar system".
PAC  EXAMPLE II
PAR  The above micellar system is utilized to displace oil from a clean, fired
      Berea sandstone core 22 inches long by 3 inches in diameter. The core is
      subjected to a vacuum, saturated with connate water obtained from the
      Henry Lease in Illinois (hereinafter identified as Henry Plant Water and
      containing about 18,000 ppm of dissolved salts), flooded to irreducible
      water saturation with crude oil obtained from the Henry Lease in Illinois
      (a sweet black Illinois crude having a viscosity of about 7 cp at
      22.degree.C, hereinafter identified as Henry Crude Oil) and then flooded
      with Henry Plant Water to residual oil saturation.
PAR  The Berea core so prepared is flooded with 0.03 PV of a slug of the above
      intermediate micellar system driven through the core by subsequent
      injection of a solution of polyacrylamide mobility control agent dissolved
      in substantially fresh water. Frontal velocity is approximately 1.2 feet
      per day. Oil recovery is greater than 80 percent based on the volume of
      the residual oil.
PAC  EXAMPLE III
PAR  A crude oil sulfonate is prepared by treating an Illinois crude with sulfur
      trioxide, and neutralizing and stripping as in Example I. Water is added
      to the neutralized sulfonation reaction effluent to cause separation of a
      raffinate phase. After removal of the raffinate phase, p-nonyl phenol
      (PNP) is then added to effect separation of a brine phase containing
      water, ammonium sulfate, and some hydrophilic sulfonate material. The
      resulting petroleum sulfonate was used to formulate a slug containing 3.5
      weight percent SO.sub.3 NH.sub.4, 60 weight percent H.sub.2 O, 1.6 weight
      percent (NH.sub.4).sub.2 SO.sub.4, and 2.3 weight percent PNP, the
      remainder comprising the hydrocarbon portion of the sulfonate molecules
      and crude which was added in Example I to achieve the above composition.
      Isopropanol (8.0 lb/100 lb of alcohol-free micellar system) is added.
PAR  This micellar system is indicated by the droplet test not to be
      water-external, is indicated by the dilution test to be neither water- nor
      oil-external, and the micellar system has a conductivity of 8.5 .times.
      10.sup..sup.-3 ohm.sup..sup.-1 cm.sup..sup.-1, all indicating that the
      micellar system was an "intermediate micellar system".
PAC  EXAMPLE IV
PAR  When the micellar system of Example III was tested for oil recovery
      according to Example II, the oil recovery was found to be greater than 80
      percent.
PAC  EXAMPLE V
PAR  When a micellar system produced according to the technique of Example I and
      using the compositions of Example I and demonstrated by the above test to
      be an intermediate micellar system is injected into an injection well and
      driven through a subterranean oil-bearing formation by the use of
      thickened water drive fluid, it effectively displaces tertiary oil through
      the formation and through a producing well located greater than 300 feet
      away from the injection well.
PAC  MODIFICATIONS OF THE INVENTION
PAR  It should be understood that the claims appended hereto include those
      variations of the invention obvious to persons skilled in the art on
      reading of the present application.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for recovery of petroleum from formations by drilling into
      said formations at least one injection well and at least one production
      well spaced a distance from said injection well, and injecting fluids into
      said injection well to displace petroleum toward said production well and
      recovering petroleum from said production well, the improvement comprising
      injecting displacement fluids comprising intermediate micellar systems
      which substantially are immiscible with oil and water in the formation,
      said micellar systems having electrical conductivities in the range of
      from about 10.sup..sup.-6 to about 0.04 ohm.sup..sup.-1
      centimeters.sup..sup.-1, in an amount equivalent to from about 1 to about
      25 percent of the pore volume of said formation.
NUM  2.
PAR  2. A process according to claim 1 wherein said production well is placed
      from about 500 to about 1500 feet from said injection well.
NUM  3.
PAR  3. A process according to claim 1 wherein said electrical conductivity of
      said micellar system is from about 10.sup..sup.-5 to 2 .times.
      10.sup..sup.-2 ohm.sup..sup.-1 centimeters.sup..sup.-1, and wherein
      micellar system comprises: from about 2 to about 20 weight percent
      surfactant, from about 30 to 90 weight percent water, from about 2 to 60
      weight percent hydrocarbon, from 0 to 10 weight percent cosurfactant, and
      from about 0 to about 10 weight percent electrolyte.
NUM  4.
PAR  4. A process according to claim 3 wherein said surfactant comprises
      petroleum sulfonate.
NUM  5.
PAR  5. A process according to claim 4 wherein said petroleum sulfonate is
      manufactured by reacting sulfur trioxide with a whole crude oil or a
      topped crude oil.
NUM  6.
PAR  6. A process according to claim 5 wherein said cosurfactant comprises an
      ethoxylated alcohol.
NUM  7.
PAR  7. A process according to claim 5 wherein said cosurfactant comprises at
      least one of the cosurfactants selected from the groups consisting of:
      hexanol, isopropanol amyl alcohol, and p-nonylphenol.
NUM  8.
PAR  8. A process according to claim 1 wherein said micellar system comprises
      from about 5 to about 15 percent surfactant, from about 50 to about 80
      percent water, from about 5 to about 40 percent hydrocarbon, from about
      0.1 to about 2 percent cosurfactant and from about 1 to about 5 percent
      electrolyte, all percents being by weight.
NUM  9.
PAR  9. In a process according to claim 1 wherein said production well is at
      least 300 feet from said injection well.
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ABST
PAL  A rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source, which includes sinking at least one well as far
      down as, or deeper than a producing horizon, admitting stratal fluid into
      the well, discharging the fluid from the well above or below the producing
      horizon, and injecting a heat-carrying agent into the well where it
      circulates and exchanges heat with the rock through the fluid which is in
      contact with the rock and acts as a heat-carrying agent in an underground
      circuit including said means for admission of fluid, a section of the well
      between the fluid inlet and the fluid outlet, and the fluid-permeable rock
      mass adjacent to said section of the well.
PARN
PAR  This is a continuation of application Ser. No. 122,483, filed Mar. 9, 1971,
      now abandoned.
BSUM
PAR  The present invention relates to rock-exploitation methods and, more
      particularly, to rock-exploitation methods based on thermodynamic cycles
      utilizing an in-situ energy source, and apparatus for the realization of
      this method.
PAR  The invention may be utilized for the recovery of geothermal energy, that
      is, the natural heat of rocks carried by stratal fluids and also for
      cooling heat-carrying agents abstracting low-potential thermal energy from
      various industrial processes.
PAR  By "an in-situ energy source" is meant a negative source if the process
      results in a decrease of the temperature of the heat-carrying agent, and a
      positive source if the process results in an increase in the temperature
      of the heat-carrying agent due to heat exchange with the fluid.
PAR  It is a well known fact that more than half of the energy utilized in the
      world comes from oil and gas. However, the reserves of the known types of
      fuel are limited and distributed non-uniformly or occur in uninhabited and
      hard-to-reach localities. This poses the problem of searching for and
      utilizing other types of fuel, and also the problem of utilizing the heat
      stored in the earth's crust.
PAR  Known in the art are methods and apparatus for utilizing geothermal energy
      and its employment in industry and public utilities.
PAR  In the exploitation of rocks for the purpose of recovery of geothermal
      energy by means of a thermodynamic cycle utilizing a positive in-situ
      energy source, at least one well is sunk to pump into the hot rocks a
      quantity of cold water which is heated and turns to steam to be conveyed
      by wells to an on-surface turbine. To improve circulation and to increase
      the surface of heat exchange, a number of nuclear explosions are set off
      in the rock mass.
PAR  In this method, the danger always exists that radioactive products may come
      to the surface or that the water fed underground may be lost irretrievably
      because the column of liquid has a high hydrostatic pressure and the
      underground boiler formed by the fractured hot rock is subject to leak.
PAR  Increasing the temperature of the heat-carrying agent promotes dissolution
      of the mineral salts contained in the rock, an undesirable development as
      the salts tend to deposit on the pipes and clog the turbine.
PAR  The above-mentioned disadvantages necessitate provision of a reserve supply
      of heat-carrying agent, treatment of water, and radiation shielding, which
      add to the cost of the apparatus.
PAR  Also, in the case of a low piezometric level relative to the day, an
      additional amount of energy has to be expended to lift or displace the hot
      heat-carrying agent from the said level of the day, which likewise adds to
      the unproductive costs and reduces the efficiency of the plant as a whole.
PAR  The above-mentioned disadvantages are the key ones and may in some cases
      stand in the way of realizing a particular project.
PAR  The foregoing does not apply to rock with lower temperatures, considerable
      water content and natural permeability, such as occur in most areas with
      deposits of geothermal water.
PAR  The recovery of geothermal energy in such cases is handicapped by the low
      permeability of producing collectors, the limited reserves of geothermal
      water and, very often, the high content of mineral salts which results in
      the partial or complete clogging of the walls.
PAR  It should also be noted that the prior-art method involving continuous
      withdrawal of geothermal water without its return to the source stratum
      upsets the water balance of the producing horizon. As a result, resort
      must be made to the area exploitation of the deposit with a large number
      of wells to be sunk and, as a consequence, a limited depth to which
      hydrothermal horizons are exploited.
PAR  Known in the art are also other methods of the recovery of geothermal
      energy from existing thermal springs. As a rule, however, these springs
      are far removed from major energy consumers, and this limits their
      large-scale utilization.
PAR  An object of the invention is to provide a rock-exploitation method based
      upon thermodynamic cycles utilizing an in-situ energy source and an
      apparatus for realization of the method which enhances the reliability and
      serviceability of geothermal plants and cuts down the time required for
      their commissioning.
PAR  With this and other objects in view, the invention is concerned with a
      rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source. At least one is sunk as far at least as a producing
      horizon and stratal fluid is admitted into the well. According to the
      invention, the fluid is discharged from the well above or below the
      producing horizon, and a heat-carrying agent is injected into the well
      where it circulates up and down the well bore and exchanges heat with the
      rock through stratal fluid which is in contact with the rock and acts as a
      heat-carrying agent in an underground circuit including means for
      admission of stratal fluid into the well, a section of the well as far
      down as the fluid outlet, within which it exchanges heat with the
      heat-carrying agent, and fluid-permeable rock mass adjacent to this
      section of the well.
PAR  The temperature of the heat-carrying agent may be lower or higher than that
      of the fluid.
PAR  The fluid-permeable rock mass may be produced above or below the producing
      horizon or both above and below, by at least one underground explosion,
      and fluid from the producing horizon is fed down the well bore to the
      point of discharge located within the explosion-fractured zone.
PAR  It is preferable to set off at least one explosion in the producing horizon
      in order to increase the permeability of rock and improve the circulation
      of stratal fluid in the rock mass of the producing horizon.
PAR  In some cases, it may be preferable to sink at least one inclined well to
      facilitate the discharge of the spent fluid into low-permeability rock.
PAR  By the term "producing horizon" there is meant naturally heated or cold
      layers of rock with fluid confined in them, including a water-saturated or
      watered rock.
PAR  The above-listed features of the present invention provide a
      rock-exploitation method for rock whose permeability may range between
      zero and high naturally occurring values, realizable in practically any
      locality where the demand exists for heat, electricity, or cold, owing to
      its applicability under a wide range of geological and hydrogeological
      conditions.
PAR  An advantage of the present invention is that rock exploitation does not
      entail any changes in the material and energy balance of the earth's
      crust.
DRWD
PAR  The invention will be more fully understood from the following description
      of preferred embodiments based on a thermodynamic cycle with a positive
      in-situ energy source, when read in connection with the accompanying
      drawings wherein:
PAR  FIG. 1 shows an elevational view of apparatus for the recovery of
      geothermal energy, according to the invention;
PAR  FIG. 2 shows a means in a well for heat exchange between the heat-carrying
      agent and stratal fluid, according to the invention;
PAR  FIG. 3 shows the path of the fluid and heat-carrying agent within the
      heat-exchange section of the well, according to the invention;
PAR  FIG. 4 shows the arrangement of a sectional heat exchanger across the well,
      according to the invention; and
PAR  FIG. 5 shows the arrangement of a coaxial-tube heat exchanger across the
      well, according to the invention.
DETD
PAR  According to the method and apparatus disclosed herein, stratal fluid is
      admitted into a well where it circulates in the bore, exchanges heat with
      the heat-carrying agent, and is discharged from the well into the
      surrounding rock mass of high permeability and intake capacity, above or
      below the producing horizon from which it was taken. The discharged fluid
      flows along and across the stratal, traverses a large volume of permeable
      rock, and goes back to the inlet of the well, having changed its heat
      content on the way owing to contact with the rock and completing an
      underground closed circuit. As is seen, stratal fluid is free to circulate
      in rock, and exchanges heat with a heat-carrying agent without being
      lifted to the surface and, as a consequence, without any changes in its
      aggregate state and in the stratal environments. This is especially
      important in cases where geothermal energy is recovered from deep-lying
      hot rock and also facilitates the maintenance of wells and elimination of
      clogging which may occur in highly mineralized geothermal deposits.
      Furthermore, there is no danger of radioactive fall-out and of radioactive
      contamination of the surface plant.
PAR  In cases where the heat-carrying agent gives up its heat, stratal fluid
      circulates in the same underground closed circuit. At shallow depths and
      when stratal fluid is low-mineralized pure water, heat exchange between
      the heat-carrying agent and fluid may be conducted outside the well
      reaching the producing horizon, but the spent fluid should be discharged
      as before.
PAR  A stratum is a complex geological and hydrogeological system widely
      differing and varying in permeability, water content, temperature and
      other vital properties not only with height, but also along the strike.
PAR  Owing to this, an explosion set off in a particular place of a stratum
      improves the filtration characteristics of the stratum, at least within
      the explosion fractured zone.
PAR  In the case of low-permeability crystalline formations the recovery of
      geothermal energy is practically impossible without first creating
      favourable conditions for the circulation of stratal fluid.
PAR  The permeable rocks of a sedimentary mantle may likewise require
      underground explosions in order to improve the intake capacity of the
      wells and the filtration properties of the strata.
PAR  By properly varying the number and yield of explosions, it is possible to
      utilize with advantage all potentialities and features of a given
      formation for better circulation of stratal fluid and its heat exchange
      with as large a volume of rock as possible.
PAR  Stratal fluid is a natural heat-carrying agent of specific thermal and
      physical properties, carrying various amounts of dissolved salts, gases
      and harmful impurities. As its temperature changes, its density also
      changes. Thus, if the temperature of stratal fluid is higher than that of
      the heat-carrying agent, the cooled fluid should preferably be discharged
      below its intake. Conversely, if the temperature of stratal fluid is lower
      than that of the injected heat-carrying agent, it should preferably be
      discharged above its intake. In practice, cases may be encountered in
      which stratal fluid will have to be discharged the other way around,
      contrary to the principles set forth above.
PAR  The choice of a heat-carrying agent to be injected into the well depends on
      the nature and demands of the utilizing plant and also on whether it is to
      receive or give up heat from or to the fluid by way of heat exchange. The
      zone of the thermodynamic cycle to be used for interaction between stratal
      fluid and the injected heat-carrying agent is selected according to the
      specific service conditions and the requirements of the utilizing plant.
      If the thermodynamic cycle involves the recovery of geothermal energy and
      its transfer to the surface or higher strata, heat exchange is effected in
      the well bore between the fluid inlet and outlet. If the cycle involves
      the cooling of the injected heat-carrying agent and the depth of the well
      is insufficient for an effective heat exchange between the injected
      heat-carrying agent and fluid, this zone may be removed from the well
      into, say, a working area on the surface. In this case, stratal fluid is
      discharged and circulates as described earlier. In the general case, when
      the fluid and heat-carrying agent are identical in nature, they may be
      merged together to form a single heat-carrying agent within a particular
      zone of thermodynamic interaction.
PAR  Since the apparatus disclosed herein provides for the circulation of the
      heat-carrying agent without any loss within the heat-exchange zone in the
      well and the agent can be injected from the surface, the method disclosed
      herein may be used over a wide range of depths from a few meters to the
      limit set by the present-day state of the drilling art.
PAR  Variables such as the layout of geothermal plant, the number, diameter and
      depth of development wells, the type, surface and length of a
      heat-exchanger, flow rates of fluid and heat-carrying agent, the capacity
      of the underground boiler, and other particulars can be chosen to suit the
      hydrogeological and geothermal conditions of each particular locality. For
      a specified duration of operation, the maximum energy output depends on
      the initial temperature of the rock, the capacity of the pumps, the
      capacity of the underground boiler, and the available temperature
      differential. All of these variables can be determined for each particular
      case on the basis of technical and economical analysis.
PAR  The invention also provides an apparatus which comprises a well with a
      casing, sunk at least as far as a producing horizon, a string of
      exploitation pipes open at the bottom, means for admission of stratal
      fluid, and means for varying the heat content of the heat-carrying agent
      injected into the well to exchange heat with the fluid.
PAR  The means for admission of stratal fluid is a submersible pump which may be
      placed at the point where fluid is taken from the producing horizon. The
      means for varying the heat content of the injected heat-carrying agent is
      a heat-exchanger of, say, the surface type, which may be placed above the
      pump in the well.
PAR  An apparatus for the recovery of geothermal energy by the method disclosed
      herein is shown in FIG. 1. The apparatus, according to the invention, is
      placed in an area fractured by an underground explosion set off in a
      producing horizon 1. It comprises at least one well with a casing 2, said
      well being sunk and cased as far down as at least the producing horizon 1,
      and accommodating a string of exploitation pipes 3. The latter may be the
      casing 2 of the well, open at the bottom or perforated near the producing
      horizon. At the top and bottom of the bore of the well are located a fluid
      outlet 4 and a fluid inlet 5 the precise position of which depends on the
      specific geologic conditions. The fluid outlet 4 may be located above or
      below the producing horizon 1, while the fluid inlet 5 may be situated in
      highly permeable rocks surrounding the producing horizon 1. The fluid
      inlet 5 is equipped with means for admitting and transferring fluid in the
      well bore such as, for example, a submersible pump 6. A pump is to be
      chosen if the natural head of fluid in the producing horizon 1 is
      insufficient to lift it to the requisite height. Heat exchange between the
      fluid and heat-carrying agent is effected in a heat exchanger 7 which is
      placed in the string of pipes 3 of the well and in which the heat-carrying
      agent circulates.
PAR  The apparatus disclosed herein operates as follows:
PAR  Stratal fluid is withdrawn from the producing horizon 1 by the pump 6 and
      transferred up the well bore towards the fluid outlet 4 made in the form
      of perforations in the string of pipes 3, from which the fluid is
      discharged into the permeable rock surrounding the fluid outlet 4. If the
      surrounding rock is of low intake capacity, fluid is directed into
      inclined walls 8 which discharge it into the rock where the fluid seeps
      through cracks 9 and cavities between rock fragments 10. On coming in
      contact with a large volume of hot rock, the temperature of the cooled
      fluid rises again,  and goes back to the fluid intake 5, thereby
      completing a closed underground circuit. The path of the fluid is shown by
      the arrows in FIG. 1.
PAR  As it moves in the string of pipes 3 of the well from the inlet 5 to the
      outlet 4, the fluid washes around the heat-exchanger 7 in which the
      heat-carrying agent is made to circulate, and cools, thereby changing its
      heat content.
PAR  The arrangement of the heat-exchanger 7 between the fluid inlet 5 and the
      fluid outlet 4 in the string of pipes 3 is shown in FIG. 2. In addition to
      the string of pipes 3, the fluid intake 5, and the fluid outlet 4, this
      section comprises a filter 11 to remove mechanical impurities from the
      fluid, control connections 12 of the submersible pump 6, the coaxial-tube
      heat-exchanger 7 centred in the bore of the well 2 by shanks 13, the
      inclined wells 8, and cement rings 14 to hold the various components of
      the apparatus in place and to guide the flow of the heat-carrying agent
      and fluid in the heat exchanger and also in the space between the
      heat-exchanger 7, the string of pipes 3, and the well.
PAR  At the fluid outlet 4, the string of pipes 3 has one or more perforations
      or drilled holes.
PAR  The flow of the heat-carrying agent and fluid in an apparatus, according to
      the invention, is shown in FIG. 3. In FIGS. 2 and 3, the path of the
      heat-carrying agent is shown by the dashed lines and that of fluid by the
      solid lines.
PAR  The hot heat-carrying agent is then lifted to the utilizing equipment which
      may be either on the surface or in the rock mass. Heat losses which occur
      as the hot heat-carrying agent is lifted may be reduced by any of the
      prior-art methods, such as application of thermal insulating materials to
      the surface of the pipes or provision of an annular clearance filled with
      a gas or liquid of low thermal conductivity.
PAR  A cross-sectional view of a sectional heat-exchanger 7 is shown in FIG. 4.
      With this type of heat-exchanger, different heat-carrying agents may be
      fed to different sections 16, as the user may wish, for example, a liquid
      in one of the sections and a gas in the other.
PAR  A cross-sectional view of a coaxial tube heat-exchanger 7 placed inside the
      string of exploitation pipes 3 is shown in FIG. 5. According to the
      invention, the cool heat-carrying agent is injected into the well through
      the external annulus 17 between the string of pipes 3 and the outer tube
      18 of the heat-exchanger 7 and flows back in the inner tube 19. To reduce
      heat losses, the inner annulus between the tubes 18 and 19 may be filled
      with a gas or liquid of low thermal conductivity.
PAR  The fluid inlet and outlet are vital elements of the apparatus disclosed
      herein. These may be any devices, workings, or cavities, supplemented by
      appropriate measures ensuring the inflow and outflow of a sufficient
      amount of fluid, such as ducts formed by hydraulic fracturing, by washing
      out seams of soluble rocks of, say, the halogen type, or by structural
      fractures and faults; uncased or cased bores with perforations facing
      sufficiently permeable rocks of the sedimentary type or masses fractured
      by an explosion; inclined branches from the main well bore, which may be
      cased and perforated or uncased and sunk as far down as strata or masses
      fractured by explosions and capable of taking in the requisite amount of
      fluid; and explosion-fractured rocks. Under favourable conditions, that
      is, with high permeability and intake capacity of surrounding rocks, fluid
      may be discharged directly into the stratum through the perforations in
      the string of pipes by gravity, and fresh fluid may be admitted through
      the open-ended well bore or the perforations by means of a submersible
      pump or any other devices, or, in the case of high flow rates and pressure
      in the producing horizon, by self-inflow.
PAR  An application of the efficiency of the apparatus for the recovery of
      geothermal energy disclosed herein can be had from the following
      estimates:
PAR  The heat-exchange zone is limited to the fractured zone formed by an
      underground explosion. Heat is withdrawn from the entire volume of the
      zone. The inflow of heat from outside the said zone is nil. The heat
      liberated by the explosion is neglected. This is the most unfavourable
      case that may be encountered in practice. By the theory of heat transfer,
      the time, .tau., during which the initial heat differential decreases by
      25 percent is given by
      ##EQU1##
      where r = radius of the fractured zone;
PA1  .gamma. = density of the rock;
PA1  C = specific heat of fluid;
PA1  W = water equivalent of stratal fluid.
PAR  It is assumed that the explosion-fractured zone has a radius r = 250 to 300
      m and that the fluid inlet and outlet are removed from the point of the
      explosion the same distance.
PAR  Putting
PA1  .gamma. = 2.5 .times. 10.sup.3 kg/m.sup.3
PA1  C = 0.25 to 0.30 kcal/kg.degree.C
PA1  w = 0.1 gcal/hr.degree.C,
PAL  we find that .tau. = about 17 years.
PAR  In other words, the fluid circulating in the underground circuit can
      provide for the recovery of geothermal energy for a long period of time.
      Under the conditions assumed above, anywhere from 0.4 .times. 10.sup.12 to
      0.7 .times. 10.sup.12 kcal of heat can be recovered from the earth's crust
      during this span of time.
PAR  The leading characteristics of the heat-exchanger can likewise be
      determined by the theory of heat transfer. Assuming that within the
      heat-exchange section the heat-carrying agent and fluid are in a
      counter-current flow, we choose the diameter of the well, the size of
      pipes and heat-exchanger tubes, the type of submersible pump, etc. to be
      such that with the heat-exchange section about 600 m long the currents of
      the heat-carrying agent and fluid will be approximately identical at a
      heat-carrying agent flow rate of G = 100 m.sup.3 /hour, which corresponds
      to W = 0.1 gcal/hr .degree.C. The heat-exchanger has one section for the
      heat-carrying agent and is, for simplicity, taken to be of the coaxial
      tube type in which the hot heat-carrying agent is lifted from the
      heat-exchange section in the inner tube adiabatically insulated at the top
      of the well bore.
PAR  According to the invention, the velocity of fluid in the string of pipes is
      0.82 m/sec, which corresponds to a Reynolds number of 0.9 .times.
      10.sup.5. The velocity of the heat-carrying agent is 0.75 m/sec, which
      corresponds to a Reynolds number of 1.2 .times. 10.sup.5.
PAR  Under the assumed conditions and with steel tubes, the coefficient of heat
      transfer between the fluid and heat-carrying agent is 900 kcal/m.sup.2 hr
      .degree.C, which corresponds to a heat-exchange surface area of 600
      m.sup.2.
PAR  With a fluid temperature of 100.degree.C and with the heat-carrying agent
      having an inlet temperature of 10.degree.C, the outlet temperature of the
      heat-carrying agent will be 86.degree.C. When the flow rate of fluid is
      increased 1.5 times, the outlet temperature of the heat-carrying agent
      will rise to 92.degree.C.
PAR  The above figures apply to an apparatus for the recovery of geothermal
      energy, using a relatively small explosion-fractured zone. As this zone is
      increased in size with all other conditions remaining unchanged, the
      output of heat and time of operation will increase in proportion. With a
      greater number and a larger diameter of wells sunk into a zone fractured
      by at least one explosion, it is possible to recover hundreds of
      gram-calories of heat an hour.
PAR  Further improvement in the efficiency of the invention may be attained by
      increasing the number of heat-exchanger sections for the heat-carrying
      agent, using a better material than steel for the pipes and tubes in the
      heat-exchange section, appropriately placing the fluid inlet and outlet,
      and through proper layout of the component units in the well bore.
PAR  If hot rocks do not carry stratal fluid, but there is stratal fluid in
      above-lying beds, or there is a lake, a river and the like on the surface,
      it is possible to inundate an explosion-fractured zone in a horizon of
      low-permeability hot rock. This can be done by any of the prior-art
      methods, with fluid being injected either outside the string of pipes, or
      down the well itself, or through a working area.
PAR  The meaning of the invention will not change if the upper and lower
      perforated sections of the pipe string are used the other way around (that
      is, the upper end as an inlet and the lower end as an outlet. Additional
      modifications may be made so that, for example, pumps are used for
      admitting stratal fluid in the well bore, different spacing and location
      are adopted for these means (at the lower or upper perforated section of
      the pipe string); the heat-carrying agent is lifted to the surface or
      utilized underground; the spent but still sufficiently hot fluid is
      discharged into producing strata for the extraction of sulphur, oil and
      other mining purposes, with its return to the source horizon; two or more
      water takeoffs are provided on the same axis or in wells cluster-drilled
      from the well bore; a mine shaft or any other working area is used instead
      of the whole or part of the string of exploitation pipes; etc.
PAR  Any known types of high explosives may be used to produce a permeable zone
      in rock.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source, comprising: sinking at least one well as far down
      as a producing horizon; admitting stratal fluid into said well;
      discharging said fluid from the well above the producing horizon into a
      fluid-permeable rock mass, said fluid being utilized as a heat-carrying
      medium in an underground circuit which includes means for admission of
      fluid into the well, a section of the well between a fluid inlet and a
      fluid outlet, and the fluid-permeable rock mass adjacent to said section
      of the well; injecting a heat-carrying agent into said well where it
      circulates, said heat-carrying agent exchanging heat with said fluid
      within said section of the well, said heat-carrying agent having a higher
      temperature than the stratal fluid.
NUM  2.
PAR  2. A rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source, comprising: sinking at least one well deeper than
      the producing horizon; admitting stratal fluid into the well; discharging
      said stratal fluid from the well below the producing horizon into a
      fluid-permeable rock means, said fluid being utilized as a heat-carrying
      medium in an underground circuit which includes means for admission of
      fluid into the well, a section of the well between a fluid inlet and a
      fluid outlet, and the fluid-permeable rock mass adjacent to said section
      of the well; and injecting a heat-carrying agent into the well where it
      circulates, said heat-carrying agent exchanging heat with said fluid
      within said section of the well, said heat-carrying agent having a higher
      temperature than the stratal fluid.
NUM  3.
PAR  3. A rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source, comprising sinking at least one well as far down as
      a producing horizon; admitting stratal fluid into said well, said fluid
      being contained in said rock and contacting same; discharging said fluid
      from the well above the producing horizon into a fluid-permeable rock
      mass, said fluid being utilized as a heat-carrying medium in an
      underground circuit which includes means for admission of fluid into the
      well, a section of the well between the fluid inlet and fluid outlet and
      the fluid-permeable rock mass adjacent to said section of the well;
      injecting a heat-carrying agent into said well where it circulates, said
      fluid transferring heat to said heat-carrying agent within said well
      section.
NUM  4.
PAR  4. The method according to claim 3, comprising setting off in the producing
      horizon at least one underground explosion so as to obtain a rock mass
      highly permeable relative to the producing stratum; said rock mass
      separating the flows of hot and cold fluid by natural convection and a
      section of the well between the fluid inlet and the fluid outlet; and
      circulating said fluid through a large volume of rock from its outlet from
      said well to its inlet into the same well through the formed highly
      permeable rock.
NUM  5.
PAR  5. A rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source, comprising sinking at least one well to a producing
      horizon; forcing a heat-carrying agent into said well and circulating it
      therethrough with an outlet to a consumer; at the same time, feeding the
      well with a fluid contained in rock of the producing horizon; said
      heat-carrying agent transferring heat from the rock of the producing
      horizon by means of the fluid forced into said well; discharging said
      fluid with a varied heat content into fluid-permeable rock; separating the
      flows of hot and cold fluid by means of natural convection and by means of
      the section of said well from the fluid inlet to the fluid outlet; and
      circulating said fluid from its outlet from said well through the
      permeable rock in the direction of its inlet into the same well, while
      restoring its initial heat content.
NUM  6.
PAR  6. The method according to claim 5, comprising conducting at least one
      underground explosion in the producing horizon so as to form a rock mass
      permeable with respect to the producing strata; said rock mass separating
      the flows of hot and cold fluid by natural convection and by a well
      section between the fluid inlet and the fluid outlet; and circulating said
      fluid in a large volume of rock from its outlet from said well to its
      inlet into the same well through the formed highly permeable rock.
NUM  7.
PAR  7. A rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source, comprising: sinking at least one well as far down
      as a producing horizon; admitting stratal fluid into said well, said fluid
      being contained in the rock and being in contact therewith; discharging
      said fluid from the well above the producing horizon into a fluid
      permeable rock mass, said fluid being utilized as a heat-carrying medium
      in an underground circuit which includes means for admission of fluid into
      the well; a section of the well between the fluid inlet and the fluid
      outlet, and the fluid-permeable rock mass adjacent to said well section;
      injecting a heat-carrying agent into said well where it circulates, the
      temperature of said heat-carrying agent being higher than the temperature
      of said fluid containing in the rock of said producing horizon; said
      heat-carrying agent being cooled by said fluid within said well section.
NUM  8.
PAR  8. A rock-exploitation method based on thermodynamic cycles utilizing an
      in-situ energy source, comprising: sinking at least one well deeper than
      the producing horizon; admitting stratal fluid into the well, said fluid
      being contained in the rock and being in contact therewith; discharging
      said fluid from the well above the producing horizon into a
      fluid-permeable rock mass, said fluid being utilized in an underground
      circuit comprising said means for admission of the fluid into the well, a
      section of the well between a fluid inlet and a fluid outlet, and the
      fluid-permeable rock mass adjacent to said well section; injecting a
      heat-carrying agent into said well where it circulates, the temperature of
      said heat-carrying agent exceeding that of the fluid contained in the rock
      of said producing horizon, said heat-carrying agent being cooled by said
      fluid within said well section.
PATN
WKU  039385930
SRC  5
APN  4497716
APT  1
ART  354
APD  19740311
TTL  Process for treatment of wells with acid halides
ISD  19760217
NCL  10
ECL  1
EXA  Suckfield; George A.
EXP  Novosad; Stephen J.
INVT
NAM  Friedman; Robert H.
CTY  Houston
STA  TX
ASSG
NAM  Getty Oil Company
CTY  Los Angeles
STA  CA
COD  02
CLAS
OCL  166307
XCL  252  855C
EDF  2
ICL  E21B 4327
FSC  166
FSS  307;271;304;281;282;259
FSC  252
FSS  8.55 C
UREF
PNO  2059459
ISD  19360600
NAM  Hund et al.
OCL  166307
UREF
PNO  2206187
ISD  19370600
NAM  Herbsman
OCL  252  8.55C
FREF
PNO  570,024
ISD  19540500
CNT  CA
OCL  166307
OREF
PAL  Morrison et al., Organic Chemistry, 2nd Edition, 1966, Allyn and Bacon,
      Inc., pp. 666, 659 and 660.
LREP
FRM  Arnold, White & Durkee
ABST
PAL  Methods are provided for acidization of wells which are particularly useful
      in deep high-temperature oil and gas wells. The methods include injection
      of an acid halide which upon reaction with water in situ in the
      subterranean formation surrounding the well forms two acids, one of which
      is a halogen acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to wells such as oil and gas wells and
      especially to chemical treatment of such wells and the subterranean
      formations surrounding such wells. More particularly, the invention
      relates to the type of chemical treatment known in the art as
      "acidization."
PAR  Acidization of wells is a well known process for increasing or restoring
      the permeability of subterranean formations and thereby facilitating the
      flow of well fluids such as oil or gas into the well, and also
      facilitating the injection of fluids into the formation from the well if
      such is desired.
PAR  Acidization, as the term implies, generally consists of treating the
      formation with an acid, usually hydrochloric acid. The acid is effective
      to dissolve certain clogging deposits such as carbonate to open pores and
      other flow channels thereby increasing, sometimes remarkably, the
      permeability of the formation.
PAR  Many different acidizing procedures have been suggested in the prior art to
      cope with many different well conditions and special formation or well
      problems. But one condition which has continued to present a special
      problem is the extreme high temperatures present in many formations,
      especially in connection with very deep wells. In recent years more and
      more very deep high temperature wells have been drilled. Acid is much more
      reactive at increased temperatures. Generally, acid reactivity doubles
      with an increase of eighteen fahrenheit degrees. Thus, at 300.degree.F the
      reactivity of an acid may be about 4000 times what it is at 80.degree.F.
PAR  In any acidization process, a problem exists in protecting well equipment
      such as tubing and casing from corrosion by the acid. For this purpose,
      corrosion inhibitors are generally added to the acid solution prior to
      injection of the solution into the borehole. But it is difficut to find
      inhibitors which are effective at very high temperatures. And the expense
      of the inhibitor additives, which may be significant even for the types
      and amounts required at low temperatures, may be prohibitive at very high
      temperatures.
PAR  Another difficulty with inhibitors, especially in the quantities necessary
      in high temperature wells, is their tendency to form insoluble solids upon
      reaction with certain formation materials, thereby causing damage to the
      formation.
PAR  This invention provides an effective acidization method which avoids the
      above-mentioned problems and yet provides significant increases in
      permeability. The methods provided are especially useful in high
      temperature wells but may also be useful in other contexts of use.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides methods for acidizing wells particularly useful in
      deep high-temperature wells.
PAR  In its broadest aspects, the invention contemplates first drying the
      borehole, and then injecting into the borehole at pressures not
      significantly greater than necessary to overcome formation pressure, an
      acid halide which upon reaction with water in situ forms two acids. One of
      the two acids formed is a halogen acid, preferably hydrochloric acid. The
      other may desirably be acetic acid.
PAR  Applicant's specific preferred embodiment contemplates the use of acetyl
      chloride as the acid halide, which upon reaction with water yields
      hydrochloric and acetic acids. Mixtures of hydrochloric and acetic acids
      have been found to have superior properties for acidization.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In accordance with the invention, compositions of acid halides are provided
      which are effective to form acid mixtures in the formation by reaction
      with water in situ.
PAR  The acid halides utilized may be generally described by the formula
      ##EQU1##
      where R is preferably a methyl group but may be any suitable hydrocarbon
      group such as ethyl, propyl or butyl, and X is a halogen (chlorine,
      bromine, fluorine, or iodine).
PAR  In accordance with the embodiment of the invention preferred by applicant
      at the time of this application which represents the best mode hereof, the
      well conduit (such as tubing) is first dried in a suitable manner as by
      injecting a suitable quantity (e.g., depending on the depth of the well
      and the size of the tubing, about 2 barrels) of a drying agent such as
      acetone therethrough.
PAR  If there is believed to be insufficient water at proper areas of the
      formation for forming adequate quantities of acid, water may be injected
      into the formation prior to drying the tubing. It is believed, however,
      that in most formations this preliminary step will be unnecessary since
      sufficient water generally exists in the formation.
PAR  Following drying of the conduit, the suitable acid halide which will form
      two acids after reaction with the water in situ is then injected in the
      absence of a corrosion-inhibiting additive, through the conduit. One of
      these acids will be a halogen acid, preferably hydrochloric acid. The
      other is preferably acetic acid, which complements the acidization
      process. It has been found that mixtures of hydrochloric and acetic acids
      have superior properties for acidization.
PAR  Thus, the preferred acid halide provided is acetyl chloride, CH.sub.3 COCl.
PAR  It may be desired in some contexts of use, in order to form
      acetic-hydrochloric mixtures richer in hydrochloric acid, to inject some
      dry gaseous hydrochloric acid along with the acid halide. However, the
      amount of hydrochloric acid injected must be such, and the gas must be
      dry, so as not to create the corrosion problems mentioned earlier in this
      specification.
PAR  The amount of acid halide injected will depend on the volume of the
      formation to be treated and the extent to which acidization of the
      formation is desired. Applicant believes that it will be suitable to
      employ an amount of halide generally equivalent to the amount of
      hydrochloric acid used in present acidizing processes which utilize 15
      percent HCl. Laboratory tests which have proven quite satisfactory have
      employed between about 0.1-0.4 pore volume based on the region to be
      treated. (The volume of the region to be treated is assigned a value of
      1.0 for purposes of this discussion and the following example.)
PAR  It may be desirable as another embodiment to alternate injection of water
      and halide into the well, drying the well conduit before each injection of
      halide.
PAR  The following example demonstrates the permeability improvement found
      through laboratory experiments.
DETD
PAC  EXAMPLE
PAR  A laboratory test was made using a core of Austin Chalk limestone two
      inches long and one and one-half inches in diameter, in an epoxy
      cannister.
PAR  The core was first saturated with about ten pore volumes of deionized water
      and the initial permeability was measured at 5.22 millidarcies.
PAR  Five milliliters of acetyl chloride (about 0.2 pore volume) were then
      injected into the core. The permeability of the core was then measured at
      1370 millidarcies. The ratio of permeability after treatment with acetyl
      chloride to initial permeability was thus 274.
PAR  The example was conducted at ambient temperature and pressure conditions.
PAR  It is not contemplated that any abnormal pressures will be employed in the
      injection of the halide into the well bore, although such conditions may
      be altered depending on the circumstances of the particular well. But
      pressures on the order of those necessary for fracturing of the formation
      are not presently contemplated.
PAR  Although, as illustrated by the preceeding example, the process of the
      invention may be performed at ambient or other relatively low temperature,
      the invention is expected to find its primary utility at the much higher
      temperatures found usually in very deep wells. This is true since a key
      feature of the invention is the fact that the process does not require the
      use of a corrosion-inhibiting additive.
PAR  Another advantage of the invention is provided by the in situ reaction
      utilizing in most situations connate water. This allows the process to be
      effective in areas remote from the borehole.
PAR  Still another advantage of the invention is provided by the mixture of two
      acids formed upon reaction with water, which mixture provides superior
      acidization reaction.
PAR  Although the invention has been described in terms of preferred
      embodiments, it will be apparent to those of skill in the art that
      modifications may be made in the methods indicated without departure from
      the scope of the invention as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for chemical treatment of wells comprising:
PA1  providing an acidizing composition which includes an acid halide of the
      formula
      ##EQU2##
      where X is a halogen and R is selected from the group consisting of
      methyl, ethyl, propyl and butyl;
PA1  injecting said composition through the well bore, into the subterranean
      formation surrounding the well;
PA1  said composition reacting with the water in situ in said formation to form
      a mixture of two acids, RCOOH and HX, which mixture is effective to
      chemically react with formation materials to increase the permeability of
      the formation.
NUM  2.
PAR  2. The process in accordance with claim 1 wherein said acid halide is
      acetyl chloride.
NUM  3.
PAR  3. A process for chemical treatment of high-temperature wells comprising:
PA1  providing an acidizing composition which includes an acid halide of the
      formula
      ##EQU3##
      where X is a halogen and R is selected from the group consisting of
      methyl, ethyl, propyl and butyl;
PA1  injecting said composition through the well bore, in the absence of a
      corrosion-inhibiting additive, into the subterranean formation surrounding
      the well bore;
PA1  said composition reacting with the water in situ in said formation to form
      a mixture of two acids, RCOOH and HX, which mixture is effective to
      chemically react with formation materials to increase the permeability of
      the formation.
NUM  4.
PAR  4. The process in accordance with claim 3 wherein said acid halide is
      acetyl chloride.
NUM  5.
PAR  5. A process for chemical treatment of wells having a conduit therein
      comprising:
PA1  providing an acidizing composition which includes an acid anhydride of the
      formula
      ##EQU4##
      where X is a halogen and R is selected from the group consisting of
      methyl, ethyl, propyl and butyl;
PA1  injecting a suitable drying agent through said well conduit to dry said
      conduit;
PA1  injecting said composition through the well conduit, into the subterranean
      formation surrounding the well;
PA1  said composition reacting with the water in situ in said formation to form
      a mixture of two acids, RCOOH and HX, which mixture is effective to
      chemically react with formation materials to increase the permeability of
      the formation.
NUM  6.
PAR  6. The process in accordance with claim 5 wherein said acid halide is
      acetyl chloride.
NUM  7.
PAR  7. A process for chemical treatment of wells having a conduit therein
      comprising:
PA1  providing an acidizing composition which includes an acid halide of the
      formula
      ##EQU5##
      where X is a halogen and R is selected from the group consisting of
      methyl, ethyl, propyl and butyl;
PA1  injecting water through said conduit into the subterranean formation
      surrounding said well;
PA1  injecting a suitable drying agent through said well conduit to dry said
      conduit;
PA1  injecting said composition through the well conduit, into the subterranean
      formation surrounding the well;
PA1  said composition reacting with the water in situ in said formation to form
      a mixture of two acids, RCOOH and HX, which mixture is effective to
      chemically react with formation materials to increase the permeability of
      the formation.
NUM  8.
PAR  8. The process in accordance with claim 7 wherein said acid halide is
      acetyl chloride.
NUM  9.
PAR  9. The process in accordance with claim 7, wherein water and said
      composition are alternatively injected through said well conduit.
NUM  10.
PAR  10. A process for chemical treatment of high-temperature wells having a
      conduit therein, comprising drying said conduit and thence injecting
      acetyl chloride composition therethrough into the subterranean formation
      surrounding the well bore, said composition reacting with the water in
      situ in said formation to form a mixture of hydrochloric and acetic acids
      which is effective to increase the permeability of the formation.
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ABST
PAL  Improved fracturing of subterranean formations with water-based fracturing
      fluids is obtained by incorporating into an aqueous fracturing fluid (1) a
      water-soluble, high molecular weight polymer that will crosslink in the
      presence of chromic ion and (2) controlled amounts of chromic ion to
      crosslink the polymer to form a gel of desired viscosity. Useful polymers
      include partially hydrolyzed polyacrylamide and copolymers of acrylamide
      and sodium acrylate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to hydraulically fracturing subterranean formations
      having an injection means in fluid communication with the subterranean
      formation. Fracturing is effected with an aqueous fracturing fluid
      containing a crosslinked polymer.
PAR  2. Description of the Prior Art
PAR  The productivity or injectivity of a well or formation may be greatly
      reduced by contamination with waxy occlusions, casing cement, drilling
      mud, emulsion blocks, low permeability of the formation rock, etc. These
      blockages may be overcome by injecting a fluid into a well to
      hydraulically fracture the formation at a sufficient rate and pressure to
      overcome the tensile strength of the formation and the overburden
      pressure. This causes cracks extending from the wellbore out into the
      formation and permits the flow of hydrocarbons and other liquid and
      gaseous fluids.
PAR  Desirable fracturing fluid properties include stability under formation
      conditions, high viscosity and low fluid loss and low friction loss during
      injection into the formation. Crosslinked polymer solutions possess some
      if not all of these properties.
PAR  Patents representative of the prior art include the following:
PAR  U.S. Pat. No. 3,542,044 to Hansen et al: Incorporating polyacrylamide
      having a molecular weight of at least 3,000,000 in a fracturing fluid
      reduces energy loss during the pumping of the fluid. The polyacrylamide
      acts as a friction reducing and dispersing agent.
PAR  U.S. Pat. No. 3,537,525 to Sarem: Friction loss during pumping is reduced
      by incorporating an acrylic acid-acrylamide-diacetone acrylamide
      terpolymer into a fracturing fluid in concentrations up to 500 ppm. The
      terpolymer provides better friction reduction than is obtained using a
      partially hydrolyzed polyacrylamide.
PAR  U.S. Pat. No. 3,370,650 to Watanabe: A suspension of finely divided
      particles of water-insoluble, oil-soluble homogeneous solid solution of
      wax and polymer in an aqueous solution of a partially hydrolyzed, high
      molecular weight polyacrylamide is used for fracturing. The polyacrylamide
      has 12-67 percent of the original amide groups hydrolyzed to carboxyl
      groups.
PAR  U.S. Pat. No. 3,254,719 to Root: The pressure drop due to flow of a
      fracturing fluid is reduced by 0.005-4 weight percent of an acrylamide
      polymer. The polymer can be a long chain polymer of ethylene oxide having
      a molecular weight of one to ten million or a copolymer of acrylamide with
      other monoethylenically unsaturated monomers copolymerizable therewith.
PAR  U.S. Pat. No. 2,842,338 to Davis et al: A drilling fluid is obtained by the
      in situ crosslinking of polyacrylic acid with a polyvalent cation.
PAC  SUMMARY OF THE INVENTION
PAR  We fracture a subterranean formation with aqueous fracturing fluids
      comprising incorporating within the fracturing fluid a high molecular
      weight polymer that will crosslink in the presence of chromic ion, and
      enough chromic ion to crosslink the polymer. The fracturing fluid may be
      injected into the formation after gellation of the polymer, or the aqueous
      polymer solution may be injected prior to or subsequent to the injection
      of an aqueous solution of chromic ion, to form a polymer gel in situ. The
      polymer may be present in the fracturing fluid at a concentration of 0.1-3
      percent by weight.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Polymers useful with this invention include any high molecular weight
      polymers which will crosslink in the presence of chromic ion. The polymers
      may be homopolymers, copolymers, terpolymers, etc. and chemically modified
      and/or chemically substituted modifications thereof. Particularly
      preferred polymers include high molecular weight polyacrylamides having
      about 10 to about 70 percent carboxyamide groups hydrolyzed to carboxyl
      groups. Examples of preferred polymers include high molecular weight
      polyacrylamides marketed under the tradename "Pusher" by Dow Chemical Co.,
      Midland, Michigan, USA; "Uni-Perm" and "HiVis"  marketed by Betz
      Laboratories, Inc., Trevose, Pennsylvania, USA; and "Calgon 454" marketed
      by Calgon Corp., Pittsburgh, Pennsylvania, USA. Also particularly useful
      are acrylamide-sodium acrylate copolymers, e.g. the Nalco liquid polymers,
      marketed by The Petroleum Division, Nalco Chemical Co., Houston, Texas,
      USA. The polymer may be present in the fracturing fluid at a concentration
      of about 0.1 to about 3.0 percent, more preferably about 0.2 to about 2.0
      percent, and most preferably about 0.25 to about 1.5 percent by weight of
      the fracturing fluid.
PAR  Chromic ion may be incorporated into the fracturing fluid as an aqueous
      solution of any chromium compound in which the chromium ion is in the +3
      or higher valence state capable of being reduced to the +3 valence state
      upon the addition of a suitable reducing agent, and in which the anion of
      the chromium compound does not exhibit a detrimental effect upon the
      fracturing fluid. Suitable chromium salts include CrCl.sub.3,
      Cr(NO.sub.3).sub.3, K.sub.2 Cr.sub.2 O.sub.7, NaCr.sub.2 O.sub.7, etc. The
      preferred chromium salt is CrCl.sub.3. The chromium salt may be present in
      the fracturing fluids in concentrations of about 0.01 to about 1.0 percent
      or more, more preferably about 0.05 to about 0.8 percent and most
      preferably about 0.10 to about 0.5 percent by weight of the fracturing
      fluid.
PAR  When placed in an aqueous solution, many powdered polymers tend to clump or
      agglomerate causing inefficient polymer contact with subsequently added
      crosslinking agent. A semipolar organic dispersing agent such as isopropyl
      alcohol can reduce the problem. In practice, the polymer may be slurried
      into an aqueous solution of the dispersing agent prior to the addition of
      the crosslinking agent. The dispersing agent may be present in
      concentrations of about zero to about 10 percent, more preferably 0.5 to 5
      percent, and most preferably 1 percent to about 3 percent by weight of the
      fracturing fluid.
PAR  When the polymer of the present invention is crosslinked with the chromium
      ion gelling agent, an extremely viscous solution is obtained. The
      viscosity may prevent pumping of the fracturing fluid into the wellbore at
      sufficient pressure to fracture the formation. Therefore it is preferable
      to inject an aqueous polymer solution into the formation and subsequently
      inject an aqueous solution of the chromium ion, or, to inject the
      crosslinking agent solution into the formation prior to injection of
      polymer solution. The polymer gel is thereby formed in situ. The viscosity
      of the gel may be controlled by varying the concentrations of the
      crosslinking agent and polymer.
PAR  The fracturing fluid is preferably prepared at the injection site and used
      within a few hours of makeup. Therefore it may be unnecessary to include
      additives common to other fracturing fluids, e.g. corrosion inhibitors,
      bactericides, fluid loss compounds, etc. Slight degradation of the polymer
      due to the effects of oxygen and bacteria during these short periods of
      time would not significantly affect its gelling capabilities. Furthermore,
      the high gel viscosity reduces fluid loss during the fracture treatment.
      These additives may, however, be incorporated into the fracturing fluid if
      needed.
PAR  The fracturing fluid may be preceded by any prefracturing agents, for
      example, acids, aqueous acids, and other agents which tend to clean the
      rock face or the formation and permit a more efficient fracturing process.
      Also, diverting agents may be intermittently injected while injecting the
      fracturing fluid to obtain a more uniform fracturing profile in
      heterogeneous formations. Examples of useful diverting agents include
      coal-tar derivatives, sealer balls in a cased well, etc.
PAR  The fracturing fluid may also contain propping agents to keep fractures
      open. Examples of useful propping agents include sand, glass beads,
      cracked walnut shells, etc.
PAR  The fracturing treatment may be followed by displacement of the fracturing
      fluid out into the reservoir by post-fracturing fluids desirably having
      the ability to solubilize or chemically degrade the polymer, or otherwise
      restore permeability to the formation. For example, an aqueous sodium
      hypochlorite solution, acid, micellar solutions or surfactant-containing
      fluids may be injected after the fracturing fluid to degrade the polymer
      and restore permeability to the reservoir rock.
PAR  The following examples teach specific embodiments of the invention.
      Equivalent modifications will be obvious to one skilled in the art and are
      intended to be included within the scope of appended claims. Unless
      otherwise specified, percentages are based upon weight of the fracturing
      fluid, and the properties of the fracturing fluid are measured at ambient
      temperature.
DETD
PAC  EXAMPLE I
PAR  To demonstrate the improved results obtained by using chromic ion as a
      crosslinking agent, the properties of an aqueous polyacrylamide solution
      crosslinked with Cr.sup..sup.+.sup.+.sup.+ are compared with aqueous
      polyacrylamide solutions gelled with other polyvalent cations. The
      viscosities of 1.0 percent aqueous solutions of Dow Pusher 700 polymer (a
      high molecular weight, partially hydrolyzed polyacrylamide marketed by Dow
      Chemical Co., Midland, Michigan, USA) gelled in an aqueous solution of 0.1
      percent polyvalent cation salts is shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Viscosity of Gelled Polyacrylamides                                       
     Crosslinking Agent                                                        
                      Viscosity                                                
     ______________________________________                                    
     None             4,680                                                    
     FeCl.sub.3       4,715                                                    
     CaCl.sub.2       5,180                                                    
     AlCl.sub.3       7,810                                                    
     CrCl.sub.3       44,240                                                   
     ______________________________________                                    
PAR  Only slight viscosity increases are obtained by gelling the polyacrylamide
      with ferric, calcium, and aluminum cations. Chromium cations, however,
      cause a tenfold increase in viscosity. The polymer solutions containing
      the calcium and chromium are uniform, whereas the polymer solutions
      containing ferric and aluminum salts are highly heterogeneous.
PAC  EXAMPLE II
PAR  A fracturing fluid is prepared by slurrying a 1.0 percent aqueous solution
      of Dow Pusher 700 polymer in a 2.0 percent aqueous solution of isopropyl
      alcohol. The resulting slurry is mixed in distilled water containing 0.1
      percent chromic chloride (all percents based upon weight of the final
      solution). Fifteen gallons of 12-mesh glass beads are added per 1,000
      gallons of aqueous solution. The fracturing fluid is injected into a 25
      foot section sandstone formation in Crawford County, Illinois, USA,
      through an injection well at 900 psig surface pressure and 0.15
      bbls/minute to fracture the surrounding formation rock. The fracture
      treatment provides improved fluid injectivity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for fracturing a subterranean formation penetrated by at least
      one injection well wherein an aqueous fracturing fluid comprised of a high
      molecular weight polyacrylamide polymer is injected into the formation,
      the steps comprising injecting into the formation at sufficient rate and
      pressure to fracture the formation an aqueous solution of a high molecular
      weight polyacrylamide polymer that is gelled in the presence of chromic
      ion prior to injection of the polymer into the formation.
NUM  2.
PAR  2. The process of claim 1 wherein the polymer is a partially hydrolyzed
      polyacrylamide.
NUM  3.
PAR  3. The process of claim 1 wherein the polymer is a copolymer of acrylamide
      and sodium acrylate.
NUM  4.
PAR  4. The process of claim 1 wherein the concentration of the polymer is about
      0.1 percent to about 3.0 percent by weight of the fracturing fluid.
NUM  5.
PAR  5. The process of claim 1 wherein the chromic ion is incorporated into the
      fracturing fluid as an aqueous solution of a chromium salt.
NUM  6.
PAR  6. The process of claim 5 wherein the concentration of the chromium salt is
      about 0.01 percent to about 0.5 percent by weight of the fracturing fluid.
NUM  7.
PAR  7. The process of claim 1 wherein the fracturing fluid includes a propping
      agent.
NUM  8.
PAR  8. The process of claim 1 wherein the polymer is slurried in a dispersing
      agent prior to injection of the polymer solution into the formation.
NUM  9.
PAR  9. The process of claim 8 wherein the dispersing agent is isopropyl
      alcohol.
NUM  10.
PAR  10. A process of fracturing a subterranean formation penetrated by at least
      one injection well wherein an aqueous fracturing fluid comprised of a
      water soluble, high molecular weight polyacrylamide polymer is injected
      into the formation, the steps comprising injecting into the formation at
      sufficient rate and pressure to fracture the formation an aqueous solution
      comprised of about 0.1 to about 3.0 percent by weight of a polyacrylamide
      polymer that has been gelled in the presence of about 0.01 to about 1
      percent by weight of chromic ion.
NUM  11.
PAR  11. The process of claim 10 wherein the polymer is a partially hydrolyzed
      polyacrylamide.
NUM  12.
PAR  12. The process of claim 10 wherein the polymer is a copolymer of
      acrylamide and sodium acrylate.
NUM  13.
PAR  13. The process of claim 10 wherein the concentration of the polymer is
      about 0.25 to about 1.5 percent by weight of the aqueous solution.
NUM  14.
PAR  14. The process of claim 10 wherein the concentration of the chromium salt
      is about 0.10 to about 0.5 percent by weight of the aqueous solution.
NUM  15.
PAR  15. The process of claim 10 wherein the chromium salt is CrCl.sub.3.
NUM  16.
PAR  16. The process of claim 10 wherein the valence of the chromium in the
      chromium salt is greater than +3 and wherein the aqueous solution further
      comprises a reducing agent to reduce the chromium to the +3 valence state.
NUM  17.
PAR  17. The process of claim 10 which further comprises slurrying the polymer
      in a dispersing agent prior to injecting the polymer solution into the
      formation.
NUM  18.
PAR  18. The process of claim 17 wherein the dispersing agent is an aqueous
      solution of isopropyl alcohol.
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ABST
PAL  Method and apparatus for forming piles in the earth with a pile hammer rig
      having a crane, a hoisting drum carried by the crane, a driving mechanism
      for driving the drum through a clutch assembly, a braking assembly for the
      drum, a hoisting rope leading from the drum for lifting a drop-weight, an
      automatic sensor for sensing the top of the drop-weight stroke for
      disengaging the clutch mechanism, a second automatic sensor for sensing
      the bottom of the drop-weight stroke for engaging the drum braking
      assembly, and in one form of the invention an automatic sensor for sensing
      the rotation of the hoisting drum for disengaging the braking assembly and
      engaging the clutch assembly.
BSUM
PAR  The present invention relates to both an apparatus and method for driving
      piles. More particularly, the present invention relates to an apparatus
      and method for the automatic driving of piles having expanded bases, bulb
      piles or piles with pressure injected footings.
PAR  Heretofore, bulb piles were driven into the ground in the following manner:
      A drive tube was positioned vertically in the leaders of a crane with the
      bottom thereof on grade, and a charge of dry concrete was dumped into the
      bottom of the drive tube. Next, the operator used a hoisting mechanism of
      a crane to lift and drop a dropweight, weighing about 7,000 lbs., on the
      dry concrete inside the tube. This process was repeated until the concrete
      was firmly compacted and had consolidated itself against the inside
      diameter of the drive tube. Thereafter, the operator continued dropping
      the drop-weight on the concrete plug, which engaged the drive tube and
      drove the tube into the ground. This operation was repeated until the tube
      was driven to the required depth, or resistance to tube penetration.
PAR  In order for the operator to drop the drop-weight on the concrete plug, the
      operator first engaged the crane hoist clutch so that the hoist raised the
      drop-weight to the desired height, which was typically 20 feet. Then, the
      operator released the clutch and the drop-weight dropped by gravity,
      accelerating the hoist with it. At the instant of impact, or shortly
      before or after, the operator engaged the hoist brake to stop the drum,
      and then subsequent to impact he released the brake and re-engaged the
      clutch to rewind the wire rope in order to lift the drop-weight for the
      next succeeding cycle.
PAR  When the drive tube had been driven to the required depth, further
      penetration thereof was prevented by anchoring the tube to the hammer rig.
      Thereafter, the plug was partially driven out of the bottom of the drive
      tube into the soil by repeated blows from the drop-weight and more
      concrete was dumped into the drive tube to be pounded by the drop-weight
      into the soil, thereby to form the bulb and compact the supporting soil.
PAR  After enough dry concrete had been pounded into the soil, the shaft of the
      pile was formed from additional concrete, pounded on top of the bulb while
      the drive tube was slowly removed. When the shaft was fully formed, or a
      casing sealed to the bulb, the drive tube was entirely removed from the
      ground, thereby completing the operation, and the rig was moved to a new
      pile driving location.
PAR  However, difficulties and problems were experienced with respect to the
      foregoing prior techniques. There was substantial dependence upon the
      operator's skill and often it was difficult to find competent personnel in
      certain locales. Operator fatigue tended to be excessive. Also, there
      tended to be excessive wear on the hoisting rope and head-block as a
      result of the rope basketing at the time when the drop-weight strikes the
      plug and suddenly stops, while the inertia of the rope and winding drum
      tries to push the drop-weight further down. Thus, when the drop-weight
      hits, the drum continues payingout line until it is fully stopped. This
      leaves a certain amount of slack which must be taken-up. Because of the
      cycle speed needed for economical pile driving, the slack is violently
      taken-up on the upstroke, thereby causing excessive wear on the rope and
      headblock of the leads. The present invention is directed to certain
      aspects of these problems and, in addition, an application Ser. No.
      507,560 filed on even date herewith of which I am a co-inventor, is also
      directed to the solution of these problems.
PAR  In addition, difficulties were experienced with respect to prior technique
      due to excessive wear on the clutch facings, since they were often used as
      brakes to stop the drum rotation generated by the free fall of the
      drop-weight prior to starting the drum in the direction used to lift the
      drop-weight. Such clutch facings or frictions needed frequent replacement.
PAR  The novel combination of features of the present invention are combined in
      such a way as to provide a very effective and practical solution of the
      difficulties and problems set forth above, as will become apparent as the
      description proceeds.
PAR  In accordance with one form of the present invention, there is provided a
      new and improved pile hammer rig characterized by a crane, a hoisting drum
      carried by the crane which is driven through clutch means and braked by
      braking means, and a hoisting rope leading from the drum for lifting the
      drop-weight. The rig is further characterized, according to one aspect, by
      means for automatically sensing the top of the drop-weight stroke to
      disengage the clutch means for releasing the drop-weight to start its
      free-fall. According to another aspect of the invention, means are
      provided for automatically sensing when the drop-weight approaches the
      bottom of its stroke for engaging the drum brake, and means are provided
      for sensing the rotation of the drum so that when its rotation terminates,
      the brake is disengaged and the clutch is re-engaged.
PAR  In one form of my invention the means for automatically sensing the top of
      the drop-weight stroke is characterized by shaft means rotatable with the
      drum, a lever frictionally mounted on the shaft for arcuate movement
      therewith, a limit switch and a stop spaced from the limit switch mounted
      in the arcuate path of movement of the lever. These elements are mounted
      in such a manner that the arcuate movement of the lever from the limit
      switch to the stop corresponds to the length of hoisting rope wound on the
      drum during the drop-weight up-stroke, and the control means are actuated
      by the limit switch. In another form of my invention the means for sensing
      the rotation of the drum are characterized by shaft means extending from
      the hoisting drum and rotatable therewith, a permanent magnet mounted on
      the shaft, a drag cup encompassing the permanent magnet, and a second
      shaft carried by the drag cup and rotatable therewith. In addition, vane
      means are mounted on the second shaft for arcuate movement and a first
      limit switch is actuatable by the vane at one end of its arcuate stroke
      while a second limit switch is actuatable by the vane at the other end of
      its arcuate stroke. Further, means are provided for normally maintaining
      the vane in a middle position between the limit switches when the shaft
      extending from the hoisting drum is not rotating. The second control means
      for disengaging the brake means and for engaging the clutch means is
      actuatable by one of the limit switches.
PAR  According to yet another form of the invention there is provided a pile
      hammer rig which is characterized by a crane, a hoisting drum carried by
      the crane, driving means and clutch means and braking means for the drum.
      A drop-weight and a hoisting rope leading from the drum for lifting the
      drop-weight, are provided. In addition, lever means are mounted for
      arcuate movement corresponding to the rotation of the drum and thereby
      corresponding to the stroke of the drop-weight. A bottom limit switch is
      mounted for engagement by the lever means at one end of its arcuate
      movement corresponding to the bottom of the stroke of the drop-weight and
      control means are provided, responsive to the bottom limit switch, for
      actuating the braking means of the drum. Further, a top limit switch is
      mounted for engagement by the lever at the other end of its arcuate
      movement corresponding to the top of the stroke of the drop-weight, and
      second control means responsive to the top limit switch are provided for
      disengaging the clutch means to let the drop-weight start its downward
      stroke. In addition, means are provided for adjusting the position of at
      least one of the limit switches.
PAR  According to still another aspect of the invention, I provide a new and
      improved method of forming a pile which includes the steps of engaging a
      clutch to lift the drop-weight to a preselected height by winding the rope
      on the drum, sensing the height by means of automatically sensing the top
      of the drop-weight stroke and transmitting a signal from the means for
      automatically sensing the top of the drop-weight stroke to an actuator for
      disengaging the clutch means for releasing the drop-weight to start its
      free-fall. According to one form of the invention, the method comprises
      the steps of sensing the position of the drop-weight when it approaches
      the bottom of its stroke and thence sending a signal to an actuator for
      engaging the braking means, and thereafter sensing the termination of the
      rotation of the drum and sending a signal, when said rotation of the drum
      terminates, to a brake actuator for releasing the braking means while
      simultaneously sending a signal to a clutch actuator for re-engaging the
      clutch means to again lift the drop-weight.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described more fully hereinafter.
      Those skilled in the art will appreciate that the conception on which this
      disclosure is based may readily be utilized as the basis for the designing
      of other structures and methods for carrying out the several purposes of
      the invention. It is important, therefore, that this disclosure be
      regarded as including such equivalent constructions and methods as do not
      depart from the spirit and scope of the invention.
DRWD
PAR  Several embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a side elevation of a bulb pile hammer rig constructed in
      accordance with the concepts of my invention;
PAR  FIG. 2 is an enlarged, perspective view of a hoisting drum and includes a
      block diagram of a control system for controlling the operation of the
      drum, according to the invention;
PAR  FIG. 3 is a graphical representation of the operational characteristics of
      various elements of the pile hammer rig during one cycle of operation;
PAR  FIG. 4 is an enlarged, perspective view of a drum shaft rotation sensor;
PAR  FIG. 5 is an enlarged, perspective view of a sensor for sensing the top of
      the drop-weight stroke; and
PAR  FIG. 6 is an enlarged, perspective view of another system for controlling
      the stroke of the drop-weight in a bulb pile hammer rig, in accordance
      with the invention.
DETD
PAR  Referring to the drawings in detail, and initially to FIG. 1, there is
      shown a bulb pile hammer rig, which includes a crane 10, boom 12 carrying
      leaders 18 and hoisting means, which include a drum 14 that carries a
      length of wire rope 16. A drive tube 19 is positioned vertically in the
      leaders and a charge of dry concrete is dumped into the bottom thereof to
      form a plug 20, by means of a ram or drop-weight 22, which typically
      weighs about 7,000 lbs. and is normally about 12 inches in diameter and
      about 19 feet long. Typically, drive tubes have an inside diameter which
      varies from about 16 inches to about 20 inches, for example. The wire rope
      16 is led from the drum 14 over a headblock 24, down through a swivel
      assembly 26 that is connected to the top of the drop-weight 22.
PAR  In operation, the drop-weight 22 is lifted by the wire rope 16 by winding
      the drum 14, which is driven by a motor 28, FIG. 2, through air actuated
      clutch means 30 and then allowed to fall freely by releasing the clutch
      means. This cycle of operation is continuously repeated to form the plug
      20 in the bottom of the open-ended drive tube 18, which is then utilized
      to drive the tube into the ground and to thence compact and extrude
      additional concrete below the end of the tube for forming an expanded
      base. Various lengths of drops are used with the maximum normally being
      about 20 feet. During the drop, the drum 14 is accelerated to a rotational
      speed dictated by the velocity of the drop-weight 22, and at a preselected
      time before the moment of impact, the operator applies a brake 32, FIG. 2,
      to bring the drum to rest. Thereafter, the clutch is re-engaged and the
      drop-weight is again lifted. Heretofore, excessive wear occurred on the
      clutch facings as they were often re-engaged before the drum had
      completely come to rest and, consequently, used as brakes to stop the drum
      rotation generated by the free-fall of the drop-weight. In addition, the
      wire rope tended to wear excessively due to the basketing effect created
      at the time of impact of the drop-weight due to the inertia of the rope
      and drum. Thus, when the drop-weight hit, the drum continued to pay-out
      rope until it was finally stopped. This left a certain amount of slack
      which had to be taken-up but, because of the cycle speed need for
      economical pile driving, the slack was violently taken-up on the
      up-stroke, thereby causing excessive wear on the rope and headblock.
PAR  The object of automation, according to the present invention, is to relieve
      the operator of repetitive manipulation of the hoist controls and to
      properly operate the brake and clutch. Proper use of the brake for
      stopping the drum will remove this operation from the clutch so that wear
      may be evenly divided between the clutch and the brake. Additionally,
      proper synchronization of the brake, clutch and drop-weight impact, will
      reduce the basketing and jerk on the wire rope. This will yield longer
      life for the rope and the headblock. In the prior art technique, the
      operator observed the position of a mark on the rope to determine when the
      drop-weight had been lifted to the proper height of 20 feet. He used the
      same mark, or sometimes the sound of the impact of the drop-weight on the
      plug, to determine the bottom of the stroke, and the time for engaging the
      clutch. Consequently, for purposes of automation, the operator's visual
      acoustic observations must be replaced by sensor devices. Since the brake
      is used to stop the drum before the clutch is re-engaged, it is necessary
      to be sure that the brake has stopped the drum completely before it
      disengages itself when the clutch comes into operation. This means that a
      drum rotation sensor must be used. The top and bottom drop-weight position
      sensors produce simple yes-no functions. The drop-weight and drum
      positions are not measured continuously, but only the extreme positions
      are monitored. The rotation sensor is intended to signal the presence or
      absence of rotation. The clutch and brake air pressure and engagement
      could either be characterized by discrete on-off operation or transient
      responses. These responses are indicated in FIG. 3 on the horizontal axis,
      as transient responses. The control sequence with respect to time is shown
      in FIG. 3. The cycle starts with the drop-weight resting on the plug as
      indicated by the vertical broken line 34, FIG. 3. Between the broken lines
      indicated at 34 and 36 in FIG. 3, air is gradually introduced to the
      clutch as shown by curve 64 and it engages the hoist drum, shown by curve
      66, to accelerate the drum, curve 60, and drop-weight, curve 54, up to
      operating speed in the lifting direction. As indicated at the broken line
      36, the drop-weight and drum reach their normal speed, and between
      vertical lines 36 and 38 hoisting continues with the drop-weight rising,
      curve 52, at a constant speed. At the vertical line 38, the top dropweight
      position sensor, curve 50, indicates that the dropweight has neared the
      top of its stroke and signals for release of the clutch air pressure.
      Between the lines 38 and 40, the pressure is released from the clutch,
      curve 64, to disengage same, curve 66, and the drop-weight, curve 54, and
      the drum, curve 60, decelerate. At vertical line 40 the drop-weight is at
      its highest point, as illustrated by curve 52. Between the vertical lines
      40 and 42, the drop-weight falls under the influence of gravity, indicated
      by curve 52, thereby accelerating the drum as it draws line from the
      hoist, as illustrated by curves 58 and 60. At the vertical line 42, the
      drop-weight actuates the bottom position sensor, curve 56, to signal that
      it is approaching the bottom of its stroke. It is noted that there is some
      anticipation here in order to allow time for the application of the drum
      brake prior to drop-weight impact. Between the lines 42 and 44, air is
      supplied to the brake as indicated by the curve 68, and the brake engages
      the drum, curve 70, to gradually slow it down, as indicated by the curve
      60. Vertical line 44 indicates where the drop-weight strikes the plug,
      delivering most of the potential energy stored by its lift, as indicated
      by curves 52 and 54. After impact of the drop-weight, the drum continues
      to turn because the brake cannot stop it instantly as indicated between
      the lines 44 and 46, so that the drum pays-out some slack line while
      coming to a complete stop, as indicated by the curves 58 and 60. Slightly
      after impact, the drum rotation sensor signals that the drum has stopped
      as indicated by curve 62, thereby causing the brake air to be released as
      illustrated by curve 68 to release the brake, curve 70, and causing air to
      be supplied to the clutch to re-engage the clutch as indicated by curves
      64 and 66. This re-starts the cycle.
PAR  It is noted that between the vertical lines 42 and 44 there is still some
      expectation that the drum and rope will over-shoot. In prior art
      apparatus, when the brake was engaged early enough in the cycle to prevent
      any over-shooting, then all of the energy stored in the drop-weight was
      dissipated in the brake. When all of the drop-weight energy was
      transferred to the plug, then no-braking could be applied before impact.
      Consequently, some compromise had to be made between full energy delivery
      and no rope slack. This is eliminated, with the present rigging, by
      employing some method to accommodate the drum over-shoot, such as a spring
      or sprung head-block, for example. Automation alone of the present rig
      cannot eliminate slacking and jerking of the rope, as will be discussed
      more fully hereinafter.
PAR  Referring in particular to FIG. 2, there is shown a system for sensing the
      bottom position of the ram, which includes a small pod mounted on the
      outside surface of the drive tube 18 that contains an electromagnetic
      metal detector 72. Any suitable type of detector may be employed such as
      one that produces an electrical signal when a metallic metal body passes
      adjacent thereto, for example. The pod is mounted a selected distance, as
      indicated at 74, above the plug 20. For perfect operation this would
      require that the height of the plug in the drive tube 18 be constant.
      However, in practice, the plug height, though not absolutely constant,
      varies little enough to ensure satisfactory operation of the rig. Thus, as
      drop-weight 22 passes adjacent the electromagnetic metal detector 72, the
      detector sends an electrical signal through an electrical cable 76 to a
      first control circuit 78 located in the crane cab. The cable is enclosed
      in a heavy steel conduit welded to the side of the drum tube 18, as at 80.
      It will be appreciated that the detector 72 is out of the way of the
      drop-weight and is not affected by concrete splatter within the tube. When
      a signal is received from the electromagnetic metal detector, the first
      control circuit 78 sends a signal through a lead 82 to a solenoid actuated
      valve 84 which actuates the air operated brake 32 to thereby stop the
      rotation of the drum 14.
PAR  Still referring to FIG. 2, a rotation sensor 86 is connected to the drum 14
      through a shaft 100. This sensor indicates whether or not the drum is
      rotating. The rotation sensor has a lead 88 connected to the first control
      circuit 78 so that when the drum comes to a stop due to the action of the
      brake 32, the rotation sensor sends a signal to cause the first control
      circuit 78 to disconnect the solenoid actuated valve and release the air
      operated brake 32. Simultaneously, the rotation sensor sends a signal
      through a lead 90 to a second control circuit 92 which, in turn, sends a
      signal through a lead 94 to a solenoid actuated valve 96 that actuates the
      air operated clutch 32 to engage the clutch and start the drum to rotate
      for the purpose of again lifting the drop-weight 22. In addition, mounted
      adjacent the drum 14 is an angular rotation or top of the drop-weight
      stroke sensor 98, which is set to send an electrical signal after the drum
      has rotated through a predetermined angle of rotation corresponding to the
      height to which the drop-weight is to be lifted prior to dropping, i.e. 20
      feet, for example. Thus, when the drum has rotated through the
      prerequisite angle of rotation, the top of the stroke rotation sensor 98
      sends a signal to the second control circuit 92, which disconnects the
      solenoid actuated valve 96 and releases the air operated clutch 30,
      thereby allowing the drop-weight to start its downward stroke.
PAR  FIG. 4 shows one type of shaft rotation sensor, which may be employed as
      the rotation sensor 86 shown in FIG. 2. This sensor determines whether or
      not the shaft 100, connected to the drum, is turning without determining
      the speed thereof. The shaft 100 is provided with a permanent magnet 102
      that fits inside a drag cup 104. When the magnet turns it generates
      voltage inside the drag cup that produces corresponding currents to
      generate a torque in the direction of rotation of the magnet and shaft
      100. A vane 106 is attached to a shaft 104 carried by the cup 104 so that
      rotation of the shaft 107 will move the vane in one or the other
      directions, until it rests against one of the stops 108. When the vane
      moves in either direction by the torque from the drag cup, it triggers one
      of a pair of proximity switches 110 and 112 to break the control circuit
      and thereby indicate rotation of the shaft 100 in that direction. When
      rotation ceases, the currents and voltages terminate and centering springs
      114 return the vane to its neutral, central position, away from either
      proximity switch, thus indicating no rotation of the shaft 100. As a
      result, when the drum comes to rest after being braked by the drum brake
      32, FIG. 2, a signal is sent via the lead 88 through the first control
      circuit 78 to release the air actuated brake 32 and also a second signal
      is sent via the lead 90 through the second control circuit 92 to engage
      the air actuated clutch 30. It will be appreciated that there is a
      threshold speed, when the shaft is actually turning, but the device fails
      to indicate voltage, which is determined by the torque induced by the
      centering springs and the drag cup spindle bearings. However, the stops in
      conjunction with the centering springs, may be so adjusted as to minimize
      this threshold speed. It will also be appreciated that for certain
      installations, the magnetic drag cup could be replaced by fluid means, if
      desired. The proximity switches 110 and 112 may be electric, electronic,
      photoelectric, or fluidic, as desired. The two proximity switches may be
      replaced by one central switch when it is not necessary to determine the
      particular direction of rotation of the shaft 100.
PAR  Referring next to FIG. 5, there is shown one type of top of the drop-weight
      stroke sensor, which may be employed as the sensor 98 in FIG. 2. The hoist
      drum 14 is connected by gearing 116 to a shaft 118 onto which is fixed a
      friction disc 120. A lever 122 is loosely mounted on the shaft 118 and
      pressed against the friction disc 120 by a spring 124. In operation, the
      shaft 118 rotates with the drum and carries the lever 122 with it, through
      a preselected arc that represents 20 feet, for example, of hoisting rope
      on the drum 14. When the drum turns clockwise, as viewed in FIG. 5, it
      lifts the drop-weight, while moving the lever 122 towards a limit switch
      126 that acts through the second control circuit 92, FIG. 2, to actuate
      the solenoid valve 96 to disengage the air operated clutch 30. After the
      lever 122, FIG. 5, actuates the limit switch 126, the friction disc 120
      slips while the drum slows down. With the clutch disengaged, the ram drops
      on its downstroke, and the lever 122 then moves towards a stop 128. When
      the 20 feet of hoisting line has been paid-out, the lever strikes the stop
      128. Further line pay-out from drum overshoot and/or pile settlement,
      causes the lever 122 to slip on the shaft 118. When the rig begins its
      up-stroke, there is still a 20 feet equivalent arc through which the lever
      travels before actuating the top of the stroke limit switch 126. It will
      be appreciated that the indicated lift or lever movement begins with the
      drum rotation and, if there is slack, the drop-weight may not be lifting
      initially. Further, the over-shoot causes a certain amount of drop-weight
      lift to occur after the lever contacts the limit switch 126. Thus, the 20
      feet equivalent arc includes the slack from the previous drop. Therefore,
      the actual drop-weight lift would be slightly less than 20 feet. However,
      on the average the difference can be accommodated by adjusting the stop
      position. That is, for strokes other than 20 feet, the position of the
      stop 128 can be adjusted by means of an adjustment wheel 130 acting
      through a worm 132 and geat 134 provided for the purpose.
PAR  In FIG. 6, there is illustrated another form of control system constructed
      according to the concepts of my invention. In this system both the top and
      the bottom of the ram strokes are controlled by limit switches that are
      actuated indirectly by the drum. The drum 14 drives through suitable
      gearing 136 and a differential gear assembly 138, a friction disc 140,
      against which a friction spring 142 holds a lever 144. Thus, the drum
      rotation swings the lever 144 through an arc that represents the stroke of
      the drop-weight, which may be 20 feet, for example. At one end of the arc,
      the lever 144 actuates a fixedly mounted bottom limit switch 146, which
      actuates the drum brake 32, FIG. 1, and after a predetermined time delay
      for the drum to stop engages the clutch 30 to start the drop-weight. As
      seen in FIG. 6, at the other end of the arc, the lever 144 actuates a top
      limit switch 148, which signals the second control circuit 92 to disengage
      the clutch 30, FIG. 1, to let the drop-weight fall. The position of the
      bottom simit switch 146 is fixed, while the position of the top limit
      switch 148 is adjustable by means of an adjustment wheel 150 acting
      through a worm 152 and gear 154. This adjustment varies the arc between
      the two limit switches and thus the amount of rotation of the hoist drum
      and the stroke of the drop-weight. The differential 138 is adjustable by
      means of an adjustment wheel 156 acting through a worm and gear 158 to
      permit lowering or raising the elevation or depth of the stroke, while
      still maintaining the same interval between the top and bottom of the
      stroke. The friction disc 140 and the spring 142 are strong enough to
      throw the limit switches, but will slip to prevent damage to the drum and
      switches in the event of over-shoot, and/or unexpected failure of the
      brake engagement or clutch release. This system requires that the operator
      continually adjust the depth of the stroke, by means of the adjustment
      wheel 156, while the drive tube is being driven into the ground to
      compensate for the travel of the tube into the ground by virtue of each
      stroke. However, this system can also be used, with continuous depth
      adjustment to compact the shaft concrete when the drive tube is being
      withdrawn. The limit switches 146 and 148 can either be electric or
      pneumatic, as desired.
PAR  I have found that there is some expectation of drum and hoisting rope
      over-shoot, even with an automated brake hammer rig. That is, if the brake
      is engaged early enough in the cycle to prevent any over-shoot, then
      nearly all of the energy stored in the drop-weight is dissipated in the
      drum brake. If all the drop-weight energy is transferred to the plug, then
      enough braking may be applied before impact. Thus, it would appear that
      some compromise must be made between full energy delivery and no hoisting
      rope slack. However, I have found that this could be eliminated to a
      substantial extent by employing some method to accommodate the drum
      over-shoot, such as a spring mounted swivel or a spring mounted headblock.
      Such a system is shown in my copending application filed on even date
      herewith.
PAR  Thus, it will be appreciated that the present invention does indeed provide
      a new and improved apparatus and method for driving bulb piles, which
      releases the operator of repetitive manipulation of the hoisting controls
      and properly operates the drum brake and clutch mechanisms. Proper use of
      the brake for stopping the drum removes this service from the clutch,
      thereby evenly dividing the wear between the clutch and the brake.
      Additionally, the provision of proper synchronization of the brake, clutch
      and ram impact reduces the basketing and jerking of the hoisting rope,
      thereby yielding longer life for the rope and headblock. In addition, the
      present invention reduces the dependency on the operator's skill and
      provides consistent blow characteristics, as well as increasing the speed
      of the cycle time and reducing the operator's fatigue factor.
PAR  Although certain particular embodiments of the invention are herein
      disclosed for purposes of explanation, various modifications thereof,
      after study of this specification, will be apparent to those skilled in
      the art to which the invention pertains.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A pile hammer rig comprising a crane, a hoisting drum carried by said
      crane, driving means and clutch means and braking means for said drum, a
      drop-weight, a hoisting rope leading from said drum for lifting said
      drop-weight, means for automatically sensing the top of the drop-weight
      stroke, and control means responsive to said means for automatically
      sensing the top of the drop-weight stroke for disengaging said clutch
      means for releasing said drop-weight to start its free-fall, said means
      for automatically sensing the top of the drop-weight stroke comprising
      shaft means rotatable with said drum, a lever frictionally mounted on said
      shaft means for arcuate movement therewith, a limit switch and a stop
      spaced from said limit switch mounted in the arc of movement of said
      lever, whereby the arcuate movement of said lever from said limit switch
      to said stop corresponds to the length of hoisting rope wound on said drum
      during the drop-weight up-stroke, and said control means being actuated by
      said limit switch.
NUM  2.
PAR  2. A pile hammer rig comprising a crane, a hoisting drum carried by said
      crane, driving means and clutch means and braking means for said drum, a
      drop-weight, a hoisting rope leading from said drum for lifting said
      drop-weight, means for automatically sensing the top of the drop-weight
      stroke, and control means responsive to said means for automatically
      sensing the top of the drop-weight stroke for disengaging said clutch
      means for releasing said drop-weight to start its free-fall, said means
      for automatically sensing the top of the drop-weight stroke comprising a
      shaft, reduction gearing for connecting said drum to said shaft, a
      friction disc fixedly mounted on said shaft for rotation therewith, a
      lever mounted on said shaft for arcuate movement, spring means for
      resiliently urging said lever against said friction disc for rotation
      therewith, a limit switch mounted in the arc of movement of said lever, a
      limit switch and a stop spaced from said limit switch mounted in the arc
      of movement of said lever, whereby the arcuate movement of said lever from
      said limit switch to said stop corresponds to the length of hoisting rope
      wound on said drum during the drop-weight's up-stroke, and said control
      means being actuated by said limit switch.
NUM  3.
PAR  3. A pile hammer rig comprising a crane, a hoisting drum carried by said
      crane, driving means and clutch means and braking means for said drum, a
      drop-weight, a hoisting rope leading from said drum for lifting said
      drop-weight, means for automatically sensing the bottom of the drop-weight
      stroke, and control means responsive to said means for automatically
      sensing the bottom of the drop-weight stroke for engaging said brake
      means, said means for automatically sensing when the drop-weight
      approaches the bottom of its stroke comprising an electromagnetic metal
      detector mounted adjacent the outside surface of a drive tube for
      detecting the presence of said drop-weight adjacent thereto and said
      control means being actuated by said electromagnetic metal detector.
NUM  4.
PAR  4. A pile hammer rig comprising a crane, a hoisting drum carried by said
      crane, driving means and clutch means ad braking means for said drum, a
      drop-weight, a hoisting rope leading from said drum for lifting said
      drop-weight, means for automatically sensing when said drop-weight
      approaches the bottom of its downward stroke, control means responsive to
      said means for automatically sensing when the drop-weight approaches the
      bottom of its stroke for engaging said brake means, means for sensing the
      rotation of said drum, and second control means for releasing said brake
      means and for engaging said clutch means when said drum terminates its
      rotation.
NUM  5.
PAR  5. A pile hammer rig according to claim 4 wherein said means for sensing
      the rotation of said drum comprises shaft means extending from said
      hoisting drum and rotatable therewith, a permanent magnet mounted on said
      shaft means, a drag cup encompassing said permanent magnet, a second shaft
      carried by said drag cup and rotatable therewith, vane means mounted on
      said second shaft for arcuate movement, a first limit switch means
      actuatable by said vane at one end of its arcuate stroke and a second
      limit switch means actuatable by said vane at the other end of its arcuate
      stroke, means for normally maintaining said vane in a middle position
      between said limit switching means when the shaft means extending from
      said hoisting drum is not rotating, said second control means for
      disengaging said brake means and for engaging said clutch means being
      actuatable by one of said limit switching means.
NUM  6.
PAR  6. A pile hammer rig according to claim 4 wherein said means for sensing
      the rotation of said drum comprises a shaft extending from said hoisting
      drum and rotatable therewith, a permanent magnet mounted on said shaft, a
      drag cup encompassing said permanent magnet, a second shaft carried by
      said drag cup and rotatable therewith, a vane mounted on said second shaft
      for rotation therewith, a first stop for limiting the arcuate movement of
      said vane in one direction and a second stop for limiting arcuate movement
      of said vane in the opposite direction, a limit switch associated with
      each of said stops actuatable by said vane when adjacent said
      corresponding stop, and resilient means for normally maintaining said vane
      in a neutral position between said proximity switches when the shaft
      extending from said hoisting drum is not rotating, said control means for
      disengaging said brake means being actuatable by one of said proximity
      switches.
NUM  7.
PAR  7. A pile hammer rig comprising a crane, a hoisting drum carried by said
      crane, driving means and clutch means and braking means for said drum, a
      drop-weight, a hoisting rope leading from said drum for lifting said
      drop-weight, automatic means for sensing the top of the drop-weight
      stroke, first control means responsive to said means for automatically
      sensing the top of the drop-weight stroke for disengaging said clutch
      means to release said drop-weight to start its free-fall, means for
      automatically sensing when the drop-weight approaches the bottom of its
      stroke, second control means responsive to said means for automatically
      sensing when the drop-weight approaches the bottom of its stroke for
      engaging said brake means, means for automatically sensing the rotation of
      said drum, third control means responsive to said means for automatically
      sensing the rotation of said drum for releasing said brake means when the
      rotation of said drum has terminated and for re-engaging said clutch
      means.
NUM  8.
PAR  8. A pile hammer rig comprising a crane, a hoisting drum carried by said
      crane, driving means and clutch means and braking means for said drum, a
      drop-weight, a hoisting rope leading from said drum for lifting said
      drop-weight, lever means, means mounting said lever means for arcuate
      movement corresponding to the rotation of said drum and thereby
      corresponding to the stroke of the drop-weight, a bottom limit switch
      mounted for engagement by said lever means at one end of its arcuate
      movement corresponding to the bottom of the stroke of said drop-weight,
      control means responsive to said bottom limit switch for actuating said
      braking means for said drum, a top limit switch mounted for engagement by
      said lever means at the other end of its arcuate movement corresponding to
      the top of the stroke of said drop-weight, second control means responsive
      to said top limit switch for disengaging said clutch to let the
      drop-weight start its downward stroke, and means for adjusting the
      position of at least one of said limit switch means.
NUM  9.
PAR  9. A pile hammer rig comprising a crane, a hoisting drum carried by said
      crane, driving means and clutch means and braking menas for said drum, a
      drop-weight, a hoisting rope leading from said drum for lifting said
      drop-weight, a gear reduction assembly driven by said drum, a differential
      gear assembly driven by said gear reduction assembly, a friction disc
      driven by said differential gear assembly, a lever mounted for arcuate
      movement disposed adjacent said friction disc, spring means for
      resiliently urging said lever against said friction disc whereby rotation
      of said drum swings said lever through an arc corresponding to the winding
      of the rope on the drum and thereby the stroke of the drop-weight, a
      fixedly mounted bottom limit switch mounted for engagement by said lever
      at one end of said arc, control means responsive to said bottom limit
      switch for actuating said braking means for said drum, a top limit switch
      mounted for engagement by said lever at the other end of its arc, second
      control means responsive to said top limit switch for disengaging said
      clutch to let the drop-weight start its downward stroke, means for
      adjusting the arcuate position of said top limit switch to thereby adjust
      the length of said arc and thereby adjust the stroke of the drop-weight,
      and means for adjusting said differential gear assembly to permit lowering
      and raising the elevation of the stroke while maintaining the same
      interval between the top and bottom of the stroke.
NUM  10.
PAR  10. A method of forming a pile with a pile hammer rig including a crane
      having a hoisting drum, a clutch, driving means for said drum through said
      clutch, braking means for the drum, a drop-weight, a hoisting rope leading
      from said drum to said drop-weight, said method comprising the steps of
      engaging said clutch means to lift said drop-weight to a preselected
      height by winding the rope on the drum, disengaging said clutch means for
      releasing said drop-weight to start its free fall, automatically sensing
      when the drop-weight approaches the bottom of its stroke, and transmitting
      a signal for engaging said braking means, automatically sensing the
      rotation of said drum and transmitting a signal when the rotation of said
      drum terminates for releasing said braking means and for re-engaging said
      clutch means.
NUM  11.
PAR  11. A method of forming a pile with a pile hammer rig including a crane
      having a hoisting drum, a clutch, driving means for said drum through said
      clutch, braking means for the drum, a drop-weight, a hoisting rope leading
      from said drum to said drop-weight, lever means, means mounting said lever
      means for arcuate movement corresponding to the rotation of the drum and
      thereby corresponding to the stroke of the drop-weight, said method
      comprising the steps of engaging said clutch to lift said drop-weight to a
      preselected height by winding the rope on the drum, sensing said height by
      means of automatically sensing the top of the drop-weight stroke,
      transmitting a signal from said means for automatically sensing the top of
      the drop-weight stroke to an actuator for disengaging said clutch means
      for releasing said drop-weight to start its free-fall, sensing when said
      drop-weight approaches the bottom of its stroke, and transmitting a signal
      when said drop-weight approaches the bottom of its stroke to an actuator
      for engaging said braking means.
NUM  12.
PAR  12. A method of forming a pile with a pile hammer rig including a crane
      having a hoisting drum, a clutch, driving means for said drum through said
      clutch, brake means for the drum, a drop-weight, a hoisting rope leading
      from said drum to said drop-weight, said method comprising the steps of
      engaging said clutch to lift said drop-weight to a preselected height by
      winding the rope on the drum, sensing said height by means for
      automatically sensing the top of the drop-weight stroke, transmitting a
      signal from said means for automatically sensing the top of the
      drop-weight stroke to an actuator for disengaging said clutch means for
      releasing said drop-weight to start its free-fall, sensing the position of
      said drop-weight when it approaches the bottom of its stroke and sending a
      signal to an actuator for engaging said braking means, sensing the
      termination of rotation of said drum, sending a signal when said rotation
      of the drum terminates to the brake actuator means for releasing said
      braking means and sending a signal to said clutch actuator for re-engaging
      said clutch means to again lift said drop-weight.
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ABST
PAL  A turbo-drill is provided with a mechanism for reducing the speed of
      rotation of the drilling bit, the mechanism being made in the form of a
      frictional reduction means wherein the rotors of the turbo-drill are the
      inner wheel and the stators of the turbo-drill are the outer wheel.
      Between the stators and rotors in the carrier of the reduction means
      disposed are bodies of rolling, which roll during rotation of the rotor
      under the action of contact frictional forces. In addition, between the
      reduction stages of the turbine and above them mounted are one or more
      auxiliary stages of the turbine, each having two wheels provided with
      vanes, one of the wheels being connected through its hub to the shaft so
      as to enable axial displacement thereof with respect to the shaft.
PARN
PAR  This is a continuation, of application Ser. No 341,115, filed Mar. 14, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to hydraulic bottomhole motors for
      drilling holes in the course of prospecting for or producing oil, gas and
      other minerals and, more particularly, it relates to turbo-drills.
PAR  There is known in the prior art a tubo-drill (cf. U.S. patent application
      No. 174,861 of Aug. 26, 1971; British patent application No. 41,192 of
      Sept. 3, 1971) for drilling holes, comprising: a housing having stators
      secured therein and provided with races and vanes forming guiding channels
      for passing therethrough a flushing fluid; rotors provided with races and
      vanes directed oppositely with respect to the stator vanes, whereby the
      flow of the flushing fluid through the turbo-drill rotates the rotor in
      relation to the stator; a shaft having a plurality of rotors and disposed
      in the housing on supports; a supporting unit transmitting force from a
      string of drill pipes to a drilling bit; bodies of rolling disposed in
      carriers connected to the shaft, and located between the races of the
      stators and rotors so as to form together with the carriers, stators and
      rotors reduction stages forming an axial reduction tubine wherein between
      the rotors which are an inner driving wheel of the reduction turbine and
      the stators which are an outer wheel of the tubine, are disposed bodies of
      rolling which during rotation of the rotors will roll under the action of
      contact frictional forces and, since the diameter of the race of the inner
      driving wheel of the reduction turbine is smaller than that of the outer
      wheel of the turbine, the speed of rotation of the drilling bit is reduced
      in relation to the speed of rotation of the rotor.
PAR  The races of the rotors are disposed in their operative position higher
      than the respective races of the stators, whereby the bodies of rolling
      acted upon by a downwardly directed axial force developing on the rotors
      in the course of translatory motion of the flushing fluid through the
      reduction stages of the turbine are pressed against the races of the
      stators and rotors, thereby developing contact frictional forces
      transmitting the torque to the drilling bit.
PAR  During operation of the said turbo-drill which is provided with a turbine
      having a low pressure differential on the vanes of the rotors and stators,
      there may occur slippage of the bodies of rolling, which disadvantage
      reduces reliability of operation of the reduction turbine and efficiency
      of the turbo-drill.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a turbo-drill which is
      more reliable in operation.
PAR  Another object of the present invention is to provide a turbo-drill having
      a higher efficiency at such speeds of rotation of the drilling bit, that
      are specific for rotary drilling.
PAR  These and other objects are attained, according to the present invention,
      in a turbo-drill for drilling holes, connected with its upper portion to
      the lower end of a string of drill pipes and with its lower portion,
      through one of its elements, to a drilling bit, comprising a housing
      having secured therein a plurality of stators provided with races and
      vanes forming together a plurality of guiding channels for passing
      therethrough a flushing fluid; a plurality of rotors provided with races
      and vanes directed oppositely to the direction of the vanes of stators,
      thereby rotating the rotor in relation to the stator when the flushing
      fluid passes through the turbo-drill: a shaft having the rotors mounted
      thereon and adapted to rotate with respect thereto, the shaft being
      mounted in the housing on a plurality of supports; a supporting unit
      transmitting the force from the string of drill pipes to the drilling bit;
      a plurality of bodies of rolling disposed in carriers connected to the
      shaft, the bodies of rolling being so located between the races of the
      stators and rotors as to form together with the carriers, stators and
      rotors a plurality of reduction stages of an axial reduction turbine
      wherein between the rotors, which are an inner driving wheel of the
      reduction turbine, and the stators, which are an outer wheel of the
      reduction turbine, are disposed the bodies of rolling which during
      rotation of the rotor will roll under the action of contact frictional
      forces and, since the diameter of race of the inner driving wheel of the
      reduction turbine is smaller than that of the race of the outer wheel of
      the reduction turbine, the speed of rotation of the element to which the
      drilling bit is secured is reduced with respect to the speed of rotation
      of the rotor, the races of the rotors being disposed in their operative
      position higher than the respective races of the stators, whereby the
      bodies of rolling acted upon by a downwardly directed axial force
      appearing on the rotors in the course of progressive motion of the
      flushing fluid through the reduction stages of the turbine are pressed
      against the races of the stators and rotors, thereby developing contact
      frictional forces between the bodies of rolling and the races of the
      stators and rotors, the forces transmitting the torque to the drilling
      bit. According to the invention, one or more auxiliary stages of the axial
      hydraulic turbine are mounted between the reduction stages of the turbine
      and above them, each of the auxiliary stages consisting of two wheels
      provided with vanes and hubs, one of the wheels being secured in the
      housing, while the other wheel being connected to the shaft and adapted to
      be axially displaced with respect thereto, the vanes of one wheel of each
      auxiliary stage of the axial turbine being directed oppositely to the
      direction of the vanes of the other wheel of each auxiliary stage of the
      axial turbine, thereby transforming the translatory motion of the flushing
      fluid into rotational motion of the wheels, thus enabling the wheels
      connected to the shaft to rotate in relation to the wheels secured in the
      housing, and vice versa. The wheels of each auxiliary stage of the axial
      hydraulic turbine, connected to the shaft, under the action of a
      downwardly directed axial force appearing on the vanes of the wheels in
      the course of translatory motion of the flushing fluid are pressed with
      the lower ends of their hubs against the upper ends of the rotors of the
      disposed below reduction stages, thereby increasing the pressure of the
      bodies of rolling against the races of the stators and rotors of the
      turbine reduction stages.
PAR  Such engineering solution makes it possible to improve the reliability of
      the turbo-drill operation and its efficiency at such speeds of rotation of
      the drilling bit, which are specific for rotary drilling.
PAR  It is expedient to mount rings of an elastic material between the rotors of
      the reduction stages and the wheels, connected to the shaft, of the
      auxiliary stages of the turbine, to reduce wear on the rotors of the
      reduction stages and the wheels connected to the shaft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further explained by means of exemplary embodiments
      thereof taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 illustrates a longitudinal section of a turbo-drill according to the
      invention, connected with the upper portion of its housing to the lower
      end of the string of drill pipes;
PAR  FIG. 2 shows a cylindrically developed sectional view of the vanes of the
      stator and rotor of a reduction stage and of the vanes of the wheels of
      the turbine auxiliary stages;
PAR  FIG. 3 is a location diagram of the bodies of rolling and the races of the
      stators and rotors in the reduction stages;
PAR  FIG. 4 depicts a longitudinal sectional view of the reduction stages, in
      which the carriers with the bodies of rolling are disposed below the vanes
      of the rotor, and the auxiliary stages of the turbine disposed
      therebetween;
PAR  FIG. 5 depicts a longitudinal sectional view or the turbo-drill according
      to the invention, connected with the upper end of the shaft to the lower
      end of the string of drill pipes through the supporting unit;
PAR  FIG. 6 is a longitudinal sectional view of the reduction stages, in which
      the carriers with the bodies or rolling are disposed between the vanes of
      the stator and rotor and the shaft, and the auxiliary stages of the
      turbine disposed therebetween;
PAR  FIG. 7 is a longitudinal sectional view showing the positioning of the
      wheels of the turbine auxiliary stages between the turbine reduction
      stages in a multi-stage reduction arrangement; and
PAR  FIG. 8 depicts a portion of the turbo-drill of the invention, wherein the
      stators of the reduction and auxiliary stages of the turbine are mounted
      axially movable with respect to the housing.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the FIGS., FIG. 1 represents an embodiment of a
      turbo-drill according to the present invention. The tubo-drill comprises:
      a housing 1 of the turbine, connected with its upper portion having a
      thread 2 to the non-rotating string of drill pipes; a shaft 3 axially
      mounted in the housing 1 on bearings 4 to enable rotation of the shaft 3
      with respect to the housing 1; stators 5 secured in the housing 1 and
      provided with vanes 6 and races 7; rotors 8 provided with vanes 9 and
      races 10 and mounted onto the shaft 3 so as to enable rotation and axial
      displacement of the rotors in relation to the shaft; carriers 11 having
      mounted therein balls 12, disposed between the races 7 and 10 of the
      stators 5 and rotors 8 so that the races 10 of the rotors 8 located above
      the races 7 of the stators 5, rest upon the races 7 of the stators by
      means of the balls 12.
PAR  The rotors 8 together with the carriers 11, balls 12 and stators 5 form
      reduction stages 13 of a turbine 14.
PAR  Between the rotors 8 of the reduction stages 13, mounted onto the shaft 3
      are rotors 15 of the turbine wheel, provided with vanes 16 and hubs 17.
      The rotors 15 are mounted onto the shaft 3 so as to enable axial
      displacement thereof with respect to the shaft 3. Between the stators 5 of
      the reduction stages 13 in the housing 1 are mounted and secured stators
      18 of the turbine wheel, provided with vanes 19 and hubs 20.
PAR  The rotor 15 having the vanes 16 and the hub 17 together with the stator 18
      having the vanes 19 and the hub 20 form an auxiliary stage 21 of the
      turbine 14.
PAR  To the lower end of the housing 1 of the turbine 14 attached is a
      supporting unit 22 including a housing 23 removably connected to the
      housing 1 of the turbine 14, a shaft 24 connected with its upper end to
      the shaft 3 of the turbine 14 through a coupling 25 transmitting the
      torque to the shaft 24, and supports 26.
PAR  Between the upper ends of the rotors 8 of the reduction stages 13 and the
      lower ends of the hubs 17 of the rotors 15 of the auxiliary stages 21 of
      the turbine 14, mounted onto the shaft 3 are rings 27 of an elastic
      material, which reduce wear on the rotors 8 and the hubs 17.
PAR  A drilling bit 28 is attached to the lower end of the shaft 24 of the
      supporting unit 22.
PAR  The activating medium of the turbine 14 is a flushing fluid pumped from the
      surface into the turbo-drill through the string of drill pipes, the
      flushing fluid passing along the entire length of the turbo-drill from top
      to bottom, sequentially through all the stages of the turbine 14, both
      reduction stages 13 and auxiliary stages 21, and further through ports 29
      in the coupling 25, a channel 30 in the shaft 24 of the supporting unit
      and channels in the drilling bit 28 to the hole bottom 31 and then through
      an annular space 32 between a wall 33 of the hole and the turbo-drill it
      flows upwards.
PAR  The vanes 6 (FIG. 2) of the stator 5 of the reduction stage are inclined to
      the plane normal to the turbo-drill axis and form guiding channels 34. The
      vanes 9 of the rotor 8 of the reduction stage are inclined oppositely to
      the inclination of the vanes 6 of the stators 5, thereby they change the
      direction of the fluid flow when it passes through the reduction stage,
      providing rotation of the rotors in relation to the stators.
PAR  The setting of the vanes 19 (FIG. 2), forming guiding channels 35, of the
      turbine wheel stator 18 and that of the vanes 16 of the tubine wheel rotor
      15 of the auxiliary stage 21, as well as the mechanism for transforming
      kinematic energy of the flushing fluid into rotational motion of the
      rotors, are similar to that described for the stators 5 and the rotors 8
      of the reduction stage 13.
PAR  The races 10 (FIG. 3) of the rotors 8 of the reduction stages 13 are
      disposed in their operative position higher than the respective races 7 of
      the stators 5 of the reduction stages 13. Since the diameter BB (FIG. 3)
      of the contact circumference of the race 10 and the balls 12 is smaller
      than the diameter AA of the contact circumference of the race 7 and the
      balls 12, the lines EF passing through the points A, B and the centers of
      the balls form .epsilon. contact angle .beta., with the plane normal to
      the turbo-drill axis, passing through the centers of the balls 12, whereby
      under the action of a downwardly directed axial force P, appearing on the
      said rotors 8 in the course of translatory motion of the flushing fluid
      through the reduction stages 13, generated are forces which press the
      bodies of rolling against the races of the rotors and stators, thereby
      developing contact frictional forces.
PAR  During rotation of the rotors 8, the balls 12 acted upon by the contact
      frictional forces roll between races 10 of the rotating rotors 8 and the
      races 7 of non-rotating stators 5, performing planetary motion about the
      axis of rotation of the rotors, and rotate the carriers 11 and shaft 3 of
      the turbine connected to them. Since the diameter BB (FIG. 3) of the
      contact circumference of the balls 12 and the race 10 is smaller than the
      diameter AA of the contact circumference of the balls 12 and the race 7,
      the speed of rotation of the drilling bit 28 connected through the shafts
      3, 24 and the coupling 25 to the carriers 11 is reduced in relation to the
      speed of rotation of the rotors 8.
PAR  The carriers (FIG. 4) 11 are provided with hubs 36 to transmit the torque
      to the shaft 3, which are connected to the shaft through keys 37
      permitting axial displacement of the hubs 36 with respect to the shaft 3,
      and vice versa.
PAR  In order to transmit the torque to the shaft 3, the rotors 15 are also
      connected to the shaft 3 through keys 38 permitting axial displacement of
      the rotors 15 with respect to the shaft 3, and vice versa; the hubs 17 of
      the rotors 15, acted upon by a downwardly directed force appearing on the
      rotor vanes in the course of progressive motion of the flushing fluid
      through the auxiliary stages 21 of the turbine 4, being pressed against
      the hubs 17 of the rotors 15 disposed below, and each lower rotor 15 is
      pressed with the lower end of the hub 17 through the ring 27 against the
      upper end of the rotor 8 of the reduction stage, thereby increasing the
      pressing of the balls 12 to the races 7 and 10 of the stators 5 and rotors
      8 of the reduction stages 13.
PAR  On the ground of the concept of the above turbo-drill proposed are the
      other embodiments thereof also having the reduction and auxiliary stages
      of the turbine, which are depicted in FIGS. 5 to 8.
PAR  One of these embodiments of the turbo-drill of this invention is shown in
      FIG. 5. In this structure, as distinct from the turbo-drill of FIG. 1, the
      housing 23 of the supporting unit 22 is connected to the upper end of the
      housing 1 of the turbine 14, while the shaft 24 of the supporting unit 22
      is connected to the non-rotating string of drill pipes. In this case, the
      drilling bit 28 is connected through an adapter 39 to the lower end of the
      housing 1 of the turbine 14. In such embodiment of the turbo-drill, the
      shaft 3 and the carriers 11 of the reduction stages 13 connected thereto
      together with turbine wheel stators 40 of auxiliary stages 41, do not
      rotate, while the stators 5 of the reduction stages 13 and turbine wheel
      rotors 42 of the auxiliary stages 41 together with connected thereto the
      housing 1 with the adapter 39 and the drilling bit 28 rotate. During
      operation of the turbo-drill of this embodiment, the rotors 8, which are
      an inner driving wheel of the reduction gear, rotate in one direction,
      while the turbine wheel rotors 42 acted upon by the translatory motion of
      the flushing fluid through the auxiliary stages 41 and the stators 5,
      which are an outer wheel of the reduction gear, under the action of
      reactive forces developed by the translatory motion of the flushing fluid
      through the reduction stages 13, and of the torque transmitted from the
      rotating rotors 8 through the balls 12 disposed in the non-rotating
      carriers rotate in the opposite direction with respect to the direction of
      rotation of the rotors 8. In order to obtain normal (right-hand) rotation
      of the drilling bit 28, the vanes 6 of the stator 5 and vanes 43 of the
      rotor 42 are inclined in the same manner as the vanes 9 (FIG. 2) of the
      rotors 8 and the vanes 16 of the rotors 15, while the vanes 9 (FIG. 5) of
      the rotor 8 and vanes 44 of the stator 40 are inclined as the vanes 6
      (FIG. 2) of the stator 5 and the vanes 19 of the stator 18. The other
      parts and components of the turbo-drill depicted in FIG. 5 are identical
      to those of the turbo-drill shown in FIG. 4.
PAR  In the course of operation of the turbo-drill of FIG. 5, a portion of power
      obtained on the turbine 14 is transmitted to the drilling bit 28 through
      the housing 1 and the adapter 39 from the rotating rotors 42 of the
      auxiliary stages and the stators 5 of the reduction stages, while the rest
      of the power is transmitted to the drilling bit through the balls 12
      disposed in the non-rotating carriers from the rotating rotors 8 of the
      reduction stages 13.
PAR  FIG. 6 depicts another embodiment of the turbo-drill according to the
      invention, wherein auxiliary stages 45 are disposed between reduction
      stages 46 in which carriers 47 with balls 48 are located between vanes 49
      and 50 of stators 51 and rotors 52, respectively, from one side, and a
      shaft 53, from the other side.
PAR  In FIG. 7 shown is yet another embodiment of the turbo-drill of the
      invention, wherein rotors 54 of auxiliary stages 55 are pressed against a
      rotor 56 of a reduction stage 57 in which a carrier 58, in order to
      increase the gear ratio of reduction, is connected to the rotor 8 of the
      disposed below reduction stage 13, whose carrier 11 is connected to the
      shaft 3.
PAR  The wear on balls can be reduced first of all by preventing the slippage
      thereof along the races. In particular, this may be achieved by increasing
      the force pressing the balls against the races. One of the methods of
      increasing this force consists in transmitting to the rotor the hydraulic
      force developed during operation on stators 59 and 60 (FIG. 8) of
      reduction 61 and auxiliary 62 stages, respectively. For this purpose the
      stators 59 and 60 are made sectional. Vanes 63 and 64 are made separately
      from their respective hubs 65 and 66 and connected to them by the
      respective keys 67 and 68; under the action of progressive motion of the
      flushing fluid they are pressed against the upper ends of the rotors 8 and
      69 through elastic elements 70 and 71 mounted on the ends of the rotors 8
      and 69, respectively.
PAR  The hereinabove disclosed engineering solutions allow a simple and compact
      structure of the turbo-drill having high reliability and efficiency.
PAR  The turbo-drills designed in accordance with this invention in 71/2 inches
      gauge are successfully used for drilling in diverse geological conditions.
PAR  Over all the regions of application of the turbo-drills of the present
      invention, having the reduction and auxiliary stages of the turbine, the
      overhaul period of the turbo-drill has increased more than twice as
      compared to that of the turbo-drills provided with the reduction stages of
      the turbine only (without the auxiliary stages). Also the footage drilled
      per drilling bit has been increased.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A turbo-drill comprising: a housing including means at its upper end for
      connection to the lower end of a string of drill pipes; a shaft disposed
      in said housing on supports including means for mounting a drill bit; a
      supporting unit to transmit the force to the drilling bit from said string
      of drill pipes, said supporting unit being arranged under said housing
      with said shaft arranged therein and connecting the shaft to the drilling
      bit; stators secured in said housing and provided with races and vanes
      forming guiding channels for passing therethrough a flushing fluid pumped
      from the surface through said string of drill pipes to activate said
      turbo-drill, said flushing fluid flowing throughout the entire lenght of
      said turbo-drill and through said drilling bit to a hole bottom being
      drilled, and the fluid returning upward through a space around the pipes;
      rotors mounted on said shaft for relative rotation with respect to said
      shaft, said rotors having races and vanes facing in a direction opposite
      to that of said vanes of the stators for transforming the translational
      motion of said flushing fluid into rotational motion of said rotors;
      carriers with rolling bodies disposed therein which are located between
      said races of said stators and rotors and connected to said shaft, said
      rolling bodies being disposed between said races of the stators and rotors
      and forming, together with said carriers, stators and rotors, reduction
      stages of an axial reduction turbine wherein said rotors form a driving
      inner wheel, said stators forming an outer wheel, and said rolling bodies
      forming idlers, said races of the rotors being located in an operative
      position above the respective races of the stators, as a result of which
      downward axial force developing on said rotors during the translational
      motion of the flushing fluid through said reduction stages presses said
      rolling bodies against said races of the stators and rotors so that
      contact friction forces are generated between said rolling bodies and said
      races of the stators and rotors and transmit torque through the idler
      elements to the drilling bit, the stator vanes forming channels for the
      passage of flushing fluid, and the rotors having vanes face in a direction
      opposite to that of said vanes of the stators, forming reductionless
      stages of the turbine and are mounted between and above said reduction
      stages so that the stators are fixedly positioned in said housing, and the
      rotors are mounted on the shaft and adapted to move axially so as to be
      pressed with their lower end faces, under the effect of the downward axial
      force generated during the translational motion of the flushing fluid on
      the vanes of said rotors of the reductionless stages of the turbine to the
      upper end faces of the rotors of the underlying reduction stages, thereby
      increasing the force with which said rolling bodies are pressed against
      said races of the stators and rotors of the reduction stages.
NUM  2.
PAR  2. A turbo-drill as claimed in claim 1, wherein between the upper end faces
      of said rotors of the reduction stages of the turbine and the lower end
      faces of the common reductionless stages of the turbine there are located
      rings of elastic material for reducing the wear on the end faces of the
      rotors in the reduction and reductionless stages of the turbine.
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ABST
PAL  A portable earth boring machine for the horizontal boring of shafts and the
      insertion of pipeline casing sections in installations where excavation
      from the surface is undesirable. The machine is characterized by a
      steering head positioned at the front of the casings which steering head
      is automatically controlled so as to directionally control the direction
      of extension of the pipeline as the drilling operation progresses.
PARN
PAC  REFERENCE TO CO-PENDING APPLICATION
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 471,440 filed May 20, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to portable earth boring machines and more
      particularly to a machine adapted for horizontal boring of shafts for the
      insertion of pipelines at installations where excavation from the surface
      is undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the machine of the present invention comprises a base means
      that includes spaced track members which are disposed in a trench adjacent
      to the hill to be bored. The machine further includes a frame means
      mounted for movement along the track means and such carriage supports a
      power train for rotating connected sections of auger shafts which comprise
      a progressively extendable boring auger. The frame means further supports
      a pusher ring for driving sections of casings into the bored hole and an
      associated pushing cylindrer means is provided for advancing and
      retracting the frame means and pusher ring along the track means.
PAR  In accordance with the present invention the earth boring machine is
      provided with a novel adjustable steering head provided with automatic
      control apparatus for varying the angle of inclination of such steering
      head so as to directionally control the path of the pipeline as the boring
      operation progresses.
PAR  As another aspect of the present invention the adjustable steering head is
      easily fabricated by modifying a standard casing section so as to include
      a simple flush type pivot hinge.
PAR  As still another aspect of the present invention the boring machine is
      provided with a remote grade indicator which includes a casing position
      sensing means mounted on the above mentioned steering head as well as a
      read-out gauge positioned at the operator's location with such remote
      grade indicator serving to continuously read-out the position of the earth
      boring head above or below the desired pipeline path.
PAR  It is therefore an object of the present invention to provide novel
      steering head means for automatically controlling the establishment of
      grade in the boring of a pipeline hole.
PAR  It is another object of the present invention to provide in an apparatus of
      the type described a remote grade indicator which provides indicia to the
      operator with respect to the grade position of the boring head during the
      drilling operation.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein preferred forms of embodiments of the invention are
      clearly shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a boring machine constructed in
      accordance with the present invention;
PAR  FIG. 2 is a partial top elevational view of the apparatus of FIG. 1;
PAR  FIG. 3 is a partial side elevational view, partially in section, of the
      apparatus of FIGS. 1 and 2;
PAR  FIG. 4 is a partial side elevational view showing a modified steering head
      and control apparatus for the machine of FIG. 1;
PAR  FIG. 5 is a partial front elevational view of the modification of FIG. 4;
PAR  FIG. 6 is a partial top elevational view corresponding to FIG. 5;
PAR  FIG. 7 is an enlarged partial side view of the modification of FIG. 4;
PAR  FIG. 8 is a front elevational viw showing the remote grade indicating gauge
      and automatic control panel for the boring maching of the preceding
      figures; and
PAR  FIG. 9 is a diagrammatic view of a circuit for the automatic control system
      of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring in detail to the drawings, FIG. 1 illustrates the complete
      horizontal earth boring machine of the present invention which comprises a
      base means indicated generally at 20. Such base means includes spaced
      longitudinally extending track means 22 which support a carriage means
      indicated generally at 24.
PAR  The carriage means 24 is advanced and retracted along track 22 by a
      hydraulic pushing cylinder seen at 132 in FIG. 1, with such pushing
      cylinder being operatively connected between a power cylinder base 36 and
      the carriage means 24.
PAR  Details of typical pushing cylinders such as 132 and power cylinder base 36
      are disclosed and described in detail in the application of Albert R.
      Richmond, Ser. No. 867,816, filed Oct. 20, 1969, now U.S. Pat. No.
      3,612,195 issued Nov. 12, 1971.
PAR  It will be further seen that pressurized fluid for actuating pushing
      cylinder 132 is provided by a fluid power system including a pump 39
      driven by an engine 40. The fluid power circuit further includes control
      valve mechanisms 44 and 46 which are actuated when the pushing cylinders
      are extended or retracted so as to move carriage 24 forwardly or
      rearwardly along the track means 22.
PAR  Referring again to FIG. 1, the boring machine further includes a pusher
      ring 50 including a front annular surface 53 for engaging the sections of
      pipe casing for pushing such sections into the bored hole. Such pusher
      ring 50 includes a thrust plate means 60 mounted on the carriage means for
      absorbing the pushing thrust and the boring thrust of the auger assembly
      indicated generally at 64. A hydraulic drive assembly 61 is interposed
      between engine 40 and auger assembly 64, such hydraulic drive arrangement
      being described in co-pending application Ser. No. 337,211 filed Mar.,
      1973,  now U.S. Pat. No. 3,870,110.
PAR  A typical auger construction for connection with the machine of the present
      invention is disclosed and described in detail in the application of
      Albert R. Richmond, Ser. No. 85,614 filed Oct. 30, 1970, now U.S. Pat. No.
      3,693,734 issued Sept. 26, 1972.
PAR  Reference is next made to the remote grade indicating apparatus of the
      present invention which is shown in assembled relationship with the boring
      machine in FIG. 1 and which comprises a sensing means indicated generally
      at 70 which is mounted on the foremost casing portion 72. The apparatus
      further includes includes a gauge means indicated generally at 45, which
      gauge means is located at the operator's station of the boring machine, as
      seen in FIG. 1, and serves to continuously provide read-out information
      with respect to deviation in the inclination or declination of the bored
      hole as the drilling operation progresses.
PAR  Details of the remote grade indicating apparatus are described and
      disclosed in detail in the co-pending application of Thomas W. Barnes,
      Ser. No. 354,998 filed Apr. 27, 1973 now Pat. No. 3,851,716.
PAR  In the present application of the remote grade indicating apparatus the
      fluid conduit connection between the sensing means 70 and gauge 45 is
      provided by a hollow passage through rod 74 and flexible lines 75 and 77.
      Such rod 74 serves the additional function of a push rod for actuating the
      steering head 72 of the present invention in a manner later to be
      described.
PAR  In general, the remote grade indicating apparatus 45-70 functions in
      accordance with the principle that liquid in a conduit system will seek a
      common level and since water is present in the sensing means and also in
      the visual gauge tube 78 of gauge 45 the level of the liquid in the gauge
      tube will always be the same as the level of the liquid in the sensing
      means 70. Hence it will be understood that by reading the level in the
      liquid tube 78, provided with grade indicia above and below a zero datum,
      the operator can at any time determine the height of the boring auger and
      steering head with respect to a predetermined datum line.
PAR  Reference is next made to the steering head apparatus. One of the
      modifications which is hydraulically actuated is illustrated in FIGS. 1-3
      and 4-7 and includes a pivoted head indicated generally at 72 formed from
      a length of standard casing section 80 which is pivotally connected to a
      second casing section 82 at a pivot joint comprising right and left male
      pivot members 84. Each pivot member includes a male protrusion 86
      positioned in recesses 88 formed in female pivot portions 90. It should be
      pointed out that the male and female pivot portions 84 and 90 are each
      respectively mounted in cut-outs 92 and 94 which cut-outs can easily be
      made at the boring site by means of a cutting torch with the pivot
      portions 84 and 90 being welded in the cut-outs at the welded junctions
      96.
PAR  With this arrangement the pivot portions 84 and 90 are relatively flush
      with the outer surface of the casing sections with back-up plates 103
      being lapped against the inner surfaces of the second casing section 82 so
      as to retain the male members 86 in position.
PAR  Steering head 72 is actuated by a push rod 74 having its forward end
      pivotally connected to a bracket 100 at a pivot 102. Push rod 74 is made
      up of threaded sections so that its length can be continuously increased
      as the boring of the hole progresses and additional casing sections are
      inserted into the hole.
PAR  Rod 74 is extended and retracted, in one embodiment, by an actuating means
      indicated generally at 110 in FIGS. 3, 5, 6, and 7. Such assembly includes
      a saddle 112 which is removably attached to the base casing section 114 by
      a chain 116 which can be provided with a quick disconnect clamp not
      illustrated.
PAR  Saddle 112 mounts two single acting power cylinders 120 and 122 which are
      secured to saddle 112 at the welds 124. The power cylinders 120 and 122
      include extendable and retractable rods 126 which actuate a slide 128
      provided with laterally extending shoulders 130 engaged by the ends of
      cylinder rods 126. Power cylinders 120 and 122 are of the single acting
      type and receive pressurized fluid from a conventional pump and valve
      circuit not illustrated.
PAR  Slide 128 is mounted in guides 134 and the ends of actuating rod 74 are
      connected to the slide at the threaded junction 136.
PAR  Reference is next made to FIG. 4 which illustrates a modified control
      apparatus that includes the same pivot members 84-90 as well as the push
      rod 74 and bracket 100 previously described.
PAR  The modification of FIG. 4 differs, however, in that it includes a screw
      type actuating means 110-A that consists of a female threaded member 140
      provided with a threaded bore 142. A male threaded member 146 is mounted
      for extension and retraction upon rotation of a head 150 with the forward
      end of male member 146 being connected to actuating rod 74 at a swivel
      connector 152.
PAR  Referring again to FIGS. 1-3, a boring head indicated generally at 150 is
      normally partially extended outwardly of the steering head 72 such that
      the base plate 162 turns just inside the forward end of steering head 72,
      and whereas the exposed cutters engage the earth.
PAR  A plurality of individual auger sections 164 are in driving connection with
      the rear end of boring head 150 and are in turn joined end to end at
      disconnectable junctions in the conventional manner such that auger
      sections can be added as the boring progresses.
PAR  In operation, when it is desired to increase the inclination of steering
      head 72 the operator pressurizes the previously mentioned hydraulic system
      so as to extend ram 126 of power cylinder 122. When this occurs the other
      ram 126 of power cylinder 120 will retract shifting slide 128 rearwardly
      thereby causing tension on push rod 74 which tilts steering head 72
      upwardly about the pivotal center of the pivot portions 86-90. The auger
      head 150 is driven by engine 40 causing the upper portion 170 of auger
      head 150 to bite upwardly into the earth fill 172. The drilling action
      will cause the drillings to drop downwardly and cause wedging action on
      the under surface 174 of steering head 72. Hence, when the casing sections
      are advanced by the pressurization of pushing cylinders 36, the upwardly
      tilted steering head 72 is moved forwardly and over the previously
      mentioned earth drillings which drillings exert an upward force casuing
      the boring head 150 to drill in an upward direction.
PAR  When it is desired to decrease the grade angle, then the previously
      mentioned power cylinders 120-122 are actuated in the opposite direction
      causing the steering head 72 to decline whereby the boring auger 150 will
      work downwardly.
PAR  Referring next to FIG. 8, the apparatus further comprises an automatic
      control panel indicated generally at 240 which includes electronic control
      circuits which are diagrammatically illustrated in the circuit of FIG. 9.
      This automatic system can be used to operate the previously described
      hydraulic cylinders 120-122 for the purpose of automatically maintaining
      the predetermined grade of drilling operation. In this instance, the
      automatic control is applied to a "down power cylinder 120" and an "up
      power cylinder 122" as previously described.
PAR  Referring particularly to the control panel 240, the apparatus includes a
      control tube 242 which communicates with the previously described water
      gauge tube 78 of the gauge means 45 via a connecting tube 256 such that
      the water level in the control water tube 242 will at all times be equal
      to the water level in gauge tube 78, as well as equal to the water level
      at the sensing means 70.
PAR  Referring agin to FIG. 8, the existing water level is sensed by a level
      control sensor rod 244 mounted in control tube 242 with such rod 244
      including three axially spaced metal sensors diagrammatically represented
      at S-1, S-2, S-3. The lower sensor S-1 functions to sense a low water
      level which indicates that steering head 72 is working downwardly, whereas
      the middle sensor S-2 senses the high level of the water which in turn
      indicates that steering head 72 is working upwardly. The top sensor S-3
      functions to sense when the water in control tube 242 is at a high enough
      level for the supply to be turned off so that the system can settle out
      for a reading.
PAR  Sensors S-1, S-2, and S-3, diagrammatically iilustrated in FIGS. 7 and 8,
      are small wires or metal elements the electrical resistance of which
      changes upon emersion in water when the level in control tube 242 changes
      to cause such emersion. Such changes in electrical resistance function as
      input signals to comparers in input conditioning circuits 268.
PAR  The above mentioned sensors are connected to input conditioning circuit 268
      by a loom of wires indicated diagrammatically at 246, FIG. 9, and when the
      water level reaches the metal sensors S-1, S-2, and S-3, the comparers in
      the input conditioning circuits 268 change state.
PAR  The system of FIG. 9 further includes an automatic control circuit 270 and
      an electronic controller 272 which effect a memory function and also
      control an output signal to a control motor and drive mechanism 276 with
      such output signal being selectively actuated by programming circuits 284.
PAR  Programming circuits 284 at the outset of operation serve to connect the
      system with a water supply via line 238 upon actuation of a solenoid 251
      of a water inlet valve 260. This allows water to flow up into the water
      level control tube 242. Subsequently, after a time delay to permit the
      system to stabilize the sensing circuits function to determine the water
      level in water level control tube 242 with the information being
      electronically stored in the memory circuits. At this time one of the
      signal lights 254 comes on to indicate to the operator that the boring
      machine should be started. After the machine is operating a signal is sent
      from the memory circuits to the programming circuits which institute
      operation of the control motor 276 to effect the necessary movement of the
      steering head as indicated by the memory signals.
PAR  Referring again to FIG. 9, the circuit further includes an output
      conditioner 274 which consists of a group of power output circuits which
      drive control motor 276.
PAR  As seen in FIG. 9, the operation of the control system is activated by
      control button 286.
PAR  Another feature of the control circuit comprises a machine turning limit
      switch 290 which is connected to the programming circuits 284 for the
      purpose of limiting the movement of the steering head beyond a
      predetermined maximum angle.
PAR  Still another feature of the automatic control circuit of FIG. 9 consists
      of an optional manual control circuit 278 which is shown provided with an
      "up" manual control button 280 and a "down" manual control buttom 282 with
      respective lights 250 and 252.
PAR  As seen in FIG. 9, previously described cylinders 120-122, FIGS. 1-7, are
      selectively pressurized responsive to the appropriate control signal when
      control motor 276, FIG. 9, operates to shift an actuator 302 of a control
      valve 300.
PAR  When control motor 276 extends to shift actuator 302 to the right, then the
      "down" motor 120 is pressurized with the "up" motor 122 being connected to
      tank 307. Pressurization of "down" motor 120 is effected by pressurized
      fluid from a pump 304 which may be driven by the boring machine. This
      causes steering head 72 to be pivoted downwardly which in turn causes the
      boring operation to decrease the grade being established.
PAR  Similarly, when control motor 276 shifts valve actuator 302 to the left,
      then the other head actuating motor or "up" motor 122 is connected to pump
      304 via valve 300 and at the same time "down" motor 120 is connected to
      tank 307. This causes the boring head 72 to pivot upwardly thereby
      increasing the angle of grade being established.
PAR  After a correction has been made, when the sensors detect that the steering
      head 72 is back on grade then the circuits function to center valve 300
      and the head angle is maintained until the sensors detect that another
      correction of head angle is required.
PAR  When it is desired to bleed the circuit, valve 262 is actuated via a
      solenoid 294 with such bleeding function being automatically controlled by
      the programming circuits 284.
PAR  Referring in detail to FIGS. 1 and 8, the remote sensing apparatus further
      includes a gauge means indicated generally at 45 that includes a
      transparent tube 78 mounted on a frame 220 in overlying relationship with
      an indicia scale 222 which includes the zero base and the related indicia
      marks which divides the scale into units, for example one-hundredths of a
      foot.
PAR  Gauge means 45 communicates with a water supply via a tube 238 which enters
      a valve 230 leading to fitting 224.
PAR  The apparatus further includes a valve 236 communicating with tube 75 that
      in turn is connected to the previously described sensing means 70.
PAR  The system is charged from supply tank via gravity through open valves 230,
      236, 232, and 260. Valve 230 is closed when lines 238 and 256 are full and
      free of air. Vavle 236 is next closed and the valve 232 is closed when
      transparent tube 78 is full and valve 260 is closed when transparent tube
      242 is full.
PAR  Valves 236, 232 and 260 are next opened and the water will seek its level
      in transparent tube 78 and 242 as dictated by the vertical location of
      sensing means 70.
PAR  In the event the boring is being conducted at a declined angle the water
      level will be established at the top of a right reference pin since water
      can bleed out of a sensor outlet until such level is established.
PAR  When the boring operation is being conducted at an inclined angle then the
      water level in gauge tube 78 and 242 will correspond with the top of the
      other reference pin.
PAR  At the outset of the boring operation, before steering head 72, and the
      gauge 70 mounted thereon, are buried in the earth fill, the apparatus is
      zeroed merely by placing a conventional surveyor stake, not illustrated,
      on top of one of the reference. The zero indicia mark on gauge 45 is then
      established at the same horizontal level as one of the reference pins by
      sighting along an indicia mark on indicia scale 222 and a corresponding
      mark on the surveyors stake. The surveyors stake is then removed from
      zeroing the apparatus and the drilling and pushing operations are next
      commenced.
PAR  It should be mentioned that the outlet of the sensing means 70 is
      superimposed over a drain hole through the wall of steering head 72 to
      provide means for releasing water from the outlet.
PAR  It will now be understood that after sensing means 70 disappears into the
      earth fill, as seen in FIG. 1, the zero grade position of the steering
      head 72 will be present when the water level is at the zero mark on the
      indicia scale of gauge 45. Moreover, as the steering head 72 inclines or
      declines the exact amount of such angular change will be reflected by the
      water level in the transparent tube 78 and 242 of the gauge.
PAR  It should further be mentioned that in instances where the boring apparatus
      and associated grade indicating apparatus are to be temporarily removed
      from the earth fill and it is desired to come back to the job and
      re-operate the apparatus at the same reference, then in such instances a
      reference means bench mark can be driven into the earth fill adjacent to
      the gauge and the location of the zero reference on the gauge can be noted
      on the bench mark using a surveyors transit as a sighting means with such
      bench mark being left in the boring bed when the apparatus is temporarily
      removed therefrom. When the apparatus is returned, the operator merely
      needs to line up the zero on the gauge 45 with the mark location on the
      bench mark using the transit and the boring operation can be resumed with
      the same zero reference with respect to grade deviations.
PAR  While the forms of embodiments of the present invention as herein disclosed
      constitute preferred forms, it is to be understood that other forms might
      be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      including a lead casing section including a first longitudinal axis; a
      second casing section rearwardly adjacent to said lead casing section and
      including a longitudinal axis normally aligned with said first
      longitudinal axis; pivot means connecting said lead casing section to said
      second casing section; actuating means connected to said lead casing
      section for varying the angle of said first longitudinal axis of said lead
      casing section relative to said second longitudinal axis of said second
      casing section; sensing means for progressive extension into the earth
      fill; gauge means for location adjacent the earth fill and connected to
      the sensing means, said gauge means including read-out indicia for
      informing the operator of grade deviations of the sensing means; and
      automatic control means for energizing said actuating means responsive to
      sensing of a deviation in grade by said sensing means.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said actuating means comprises
      a fluid motor.
NUM  3.
PAR  3. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      including a lead casing section including a first longitudinal axis; a
      second casing section rearwardly adjacent to said lead casing section and
      including a longitudinal axis normally aligned with said first
      longitudinal axis; pivot means connecting said lead casing section to said
      second casing section; actuating means connected to said lead casing
      section for varying the angle of said first longitudinal axis of said lead
      casing section relative to said second longitudinal axis of said second
      casing section; sensing means for progressive extension into the earth
      fill and including a fluid passage for establishing a fluid level
      corresponding with grade deviations of the progression into the earth
      fill; gauge means for observation by the boring machine operator and
      including a gauge tube communicating with said fluid passage and
      containing a fluid, said gauge tube being provided with indicia, the level
      of the fluid in said gauge tube corresponding with said fluid level in
      said sensing means; and automatic control means for energizing said
      actuating means responsive to deviations in said fluid level.
NUM  4.
PAR  4. The apparatus defined in claim 3 wherein said automatic control means
      includes a level control rod emersed in said fluid; and water level
      sensors on said control rod for sensing changes in water level caused by
      grade deviation of the lead casing section with respect to a preselected
      zero reference line.
NUM  5.
PAR  5. The apparatus defined in claim 3 wherein said automatic control means
      includes sensing means emersed in said fluid, said sensing means
      comprising a lower sensor that senses downward movement of the fluid level
      in said gauge tube; a middle sensor that senses upward movement of said
      fluid level; and an upper sensor that senses a fluid level high enough for
      the grade indicating system to settle out for a reading.
NUM  6.
PAR  6. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      including a lead casing section including a first longitudinal axis; a
      second casing section rearwardly adjacent to said lead casing section and
      including a lontiduinal axis normally aligned with said first longitudinal
      axis; pivot means connecting said lead casing section to said second
      casing section; actuating means including an actuator base mounted on said
      apparatus; a pivot bracket mounted on said lead casing section; a fluid
      motor mounted on said actuator base; means forming a source of pressurized
      fluid in circuit with said fluid motor; an actuating rod operatively
      connecting said power means with said pivot bracket; motor control valve
      means for the flow of pressurized fluid in said fluid circuit; sensing
      means for progressive extension into the earth fill; guage means for
      observation by the boring machine operator and including a gauge tube
      communicating with said fluid passage and containing a fluid, said gauge
      tube being provided with indicia, the level of the fluid in said gauge
      tube corresponding with said fluid level in said sensing means; and
      automatic control means for operating said motor control valve means
      responsive to deviations in said fluid level.
NUM  7.
PAR  7. The apparatus defined in claim 6 wherein said automatic control means
      includes a level control rod emersed in said fluid; and water level
      sensors on said control rod for sensing changes in water level caused by
      grade deviation of the lead casing section with respect to a preselected
      zero reference line.
NUM  8.
PAR  8. The apparatus defined in claim 7 wherein said automatic control means
      includes sensing means emersed in said fluid, said sensing means
      comprising a lower sensor that senses downward movement of the fluid level
      in said gauge tube; a middle sensor that senses upward movement of said
      fluid level; and an upper sensor that senses a fluid level high enough for
      the grade indicating system to settle out for a reading.
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ABST
PAL  The present invention relates to belling apparatus for forming a bell
      shaped recess at the lower end of a pier bore and is concerned primarily
      with such apparatus in which spoil generated by cutting the recess is
      continuously removed by an auger.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  At the present time it is the common, if not universal, practice to provide
      the lower ends of concrete piers which constitute the foundation for a
      building with conical formations which resemble a bell and are commonly so
      called by those working in this art. A pier with a bell thereon is formed
      at the same time by pouring concrete into a cylindrical pier bore having a
      bell shaped recess at its lower end.
PAR  Ordinarily the cylindrical pier bore is first formed by an auger and
      extends from the ground surface to the rock bed or other earth formation
      which is to support the pier. The bell shaped recess is formed usually by
      rotating one or more blades that are pivotally mounted at their upper ends
      and gradually swung outwardly by eccentric links. These cutting operations
      create spoil which must be removed.
PAR  One school of removing the spoil is to use a liquid such as water or
      drilling mud and operations of this type are confined to offshore drilling
      for oil wells. They clearly are not susceptible for use for the formation
      of piers as a support for buildings in locations removed from the coast
      and structures not related to oil wells.
PAR  Another method of operation is to remove the bell cutting apparatus after a
      portion of the bell shaped recess is formed and then removing the spoil so
      far formed. The removal of the spoil often requires the entry of a man
      into the lower end of the bore. Even should manual operations not be
      required for the spoil removal, safety regulations now obtaining in most
      jurisdictions require that the bell recess be inspected at several stages
      of its formation. Thus in some jobs it has been necessary to withdraw the
      belling apparatus and remove the spoil as many as fifty times in the
      formation of a single bell recess. These repeated entries of a man into
      the excavation constitute an impairment of the safety factor to a high
      degree.
PAR  Another undesirable phase attending the cutting of bell shaped recesses in
      accordance with present use of cutting blades of the type noted, is the
      danger of over-cutting. Bells are designed for a certain angle of the
      conical end portion. Should the cutting blades be swung out to an angle in
      excess of that of a particular bell, the recess will not have the required
      shape and great difficulty is experienced in correcting such an error.
PAR  The known art is notably lacking in apparatus which is effective to cut a
      bell shaped recess at the lower end of a pier bore on what might be called
      a single downward pass of the apparatus and at the same time remove the
      spoil.
PAC  OBJECTS OF THE INVENTION
PAR  With the foregoing conditions in mind the present invention has in view the
      following objectives:
PAR  1. To provide belling apparatus which will cut a bell shaped recess at the
      lower end of a pier bore and remove spoil from the cutting operation on a
      single downward pass of the apparatus.
PAR  2. To provide, in belling apparatus of the type noted, a fixed cylindrical
      auger casing which is centrally spaced from the walls defining the pier
      bore together with an auger in the casing and means for rotating the
      auger.
PAR  3. To provide, in belling apparatus of the character aforesaid, a two-part
      cylindrical housing which lines the pier bore and which comprises a fixed
      upper housing and a lower rotating housing connected to the lower end of
      the upper housing.
PAR  4. To provide, in belling apparatus of the kind described, driving means
      mounted on the fixed upper housing for rotating the lower housing.
PAR  5. To provide, in belling apparatus of the type noted, mechanism for
      holding the fixed upper housing against rotation relative to the pier
      bore.
PAR  6. To provide, in belling apparatus of the character aforesaid, a collar
      which is rotatable and axially moveable on the auger casing and to which
      the upper ends of a pair of cutting blades are pivotally mounted.
PAR  7. To provide, in belling apparatus of the kind described, a lower rotating
      housing formed with a pair of diametrically opposed slots through which
      the lower portions of the blades may be swung.
PAR  8. To provide, in belling apparatus of the character aforesaid, an
      eccentric link for each of said blades, each of said links having its
      upper end pivotally connected to a blade between its ends and its lower
      end pivoted to the rotating housing whereby downward movement of the
      collar causes the eccentric links to swing the blades outwardly through
      the slots.
PAR  9. To provide, in belling apparatus of the character aforesaid, an
      adjustable stop on the auger casing for limiting downward movement of the
      collar to prevent overcutting of the recess.
PAR  10. To provide, in belling apparatus of the kind mentioned above, a pair of
      diametrically opposed feed ports at the lower end of the auger casing
      together with a spoil feeding device at each of said ports.
PAR  11. To provide, in belling apparatus of the type noted, a disc that is
      pivotally mounted to the lower rotating housing at the lower end thereof
      and which is formed with a scraper that is struck therefrom to pick up
      loose material from the bottom of the pier bore as the lower housing is
      rotated.
PAR  12. To provide, in belling apparatus of the character aforesaid, a wave
      shaped plate that is mounted on the auger casing below the feed ports
      therein and which has a pair of feeding tabs depending therefrom.
PAR  13. To provide, in belling apparatus of the kind described, an auger casing
      which extends above the ground surface with the extended portion having a
      discharge port and a conveyor having one end at the discharge port which
      receives spoil from the auger.
PAR  14. To provide, in belling apparatus as described above, hydraulic motors
      for actuating the various elements, together with a control panel
      including valves for controlling operation of the hydraulic motors.
PAR  Various other more detailed objects and advantages of the invention, such
      as arise in connection with carrying out the above noted ideas in a
      practical embodiment will in part become apparent and in part be
      hereinafter stated as the description of the invention proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are achieved by providing belling apparatus
      comprising a cylindrical auger casing that extends from substantially the
      bottom of a pier bore to a level above the ground surface and which is
      coaxial with and spaced from the pier bore. Rotatable in this casing is an
      auger and a hydraulic motor is provided for rotating the auger.
PAR  An upper cylindrical housing is snugly received in the upper portion of the
      pier bore and is held against rotation by anchoring devices which may be
      either of two types. In one type pointed earth penetrating members are
      actuated to enter the earth at the bore surface. The other type is
      magnetic and is used when the upper portion of the pier bore is lined with
      a ferrous sleeve.
PAR  Rotatably connected to the lower end of this fixed upper housing is the
      lower rotating housing which extends to the bottom of the bore. Hydraulic
      motors mounted on the upper housing have drive shafts formed with pinions
      which mesh with an internally toothed ring gear on the lower housing.
PAR  The lower housing is formed with a pair of diametrically opposed slots.
      Rotatable and axially slideable on the auger casing above these slots is a
      collar to which the upper ends of a pair of cutting blades are pivoted in
      position so that lower portions of the blades may be swung through the
      slots in the housing. An eccentric link is associated with each blade to
      cause this swinging movement as an incident to axial movement of the
      collar on the auger casing. The upper end of each link is pivoted to a
      blade between the ends thereof and the lower end to the rotating housing.
PAR  An adjustable stop is mounted on the auger casing below the collar to limit
      downward movement of the collar. This stop is positioned to accommodate a
      bell recess having a particular angle of taper so that this angle cannot
      be exceeded by the cutting blades, hence over-cutting is definitely
      precluded.
PAR  The lower end of the auger casing is formed with a pair of diametrically
      opposed feed ports and a spoil feeding device is associated with each
      port. Each of these devices may take the form of a roller having
      projecting fingers and which is driven by a hydraulic motor.
PAR  A disc is pivotally mounted to the lower end of the rotating housing
      whereby it is moveable into and out of position closing the lower end of
      the housing. This disc has a scraper struck therefrom whereby an opening
      is left therein so that upon rotation of the housing loose materials which
      may have collected at the bottom of the pier bore are picked up by the
      scraper and passed to the upper side of the disc.
PAR  Secured to the auger housing immediately below the feed ports is a wave
      shaped ring having a pair of tabs depending therefrom which are struck
      from the ring to leave an opening at each tab. As the lower housing
      rotates the disc at the lower end thereof rotates and material on the
      upper face thereof is picked up by these tabs and passed to the feeding
      device.
PAR  That portion of the auger casing which projects above the ground surface is
      formed with a discharge port. One end of a conveyor is mounted on the
      auger casing immediately below the discharge port to receive spoil from
      the auger.
PAR  The ring gear on the lower housing casing is driven by hydraulic motors.
      The feeders are also driven by hydraulic motors and the collar to which
      the cutting blades are secured is moved axially by hydraulic cylinders.
      The devices which hold the upper casing against rotation are hydraulically
      actuated. The auger is also driven by a hydraulic motor and as the
      conveyor takes the form of an endless belt it is also driven by a
      hydraulic motor. Thus the belling apparatus also includes a control panel
      on which is mounted a control valve for each of these hydraulic devices.
      Also mounted on this panel is a tachometer which indicates operation of a
      ring gear motor. A gauge is also displayed on the panel and is effective
      to indicate pressure on the working side of the valve for the hydraulic
      cylinders which actuate the collar.
DRWD
PAR  For a full and more complete understanding of the invention reference may
      be had to the following description and accompanying drawings wherein:
PAR  FIG. 1 is a vertical section through a pier bore with the belling apparatus
      of this invention therein. Parts of the apparatus are shown in section and
      other parts in elevation.
PAR  FIG. 1a is a detail, partly in section and partly in elevation, of the
      modification of anchoring devices for the upper housing.
PAR  FIG. 2 is a top plan view of the appratus being taken on the plane of the
      line 2--2 of FIG. 1.
PAR  FIG. 3 is a horizontal section taken on the plane of the line 3--3 of FIG.
      1.
PAR  FIG. 4 is an elevation taken on an enlarged scale of the apparatus where
      the upper and lower housings are connected and illustrates particularly
      the adjustable stop for the collar.
PAR  FIG. 5 is a horizontal section taken on the plane of the line 5--5 of FIG.
      1.
PAR  FIG. 6 is another horizontal section taken on the apparatus of the line
      6--6 of FIG. 1.
PAR  FIG. 7 is a detail on an enlarged scale and illustrating the lower end of
      the auger casing, the feed devices thereon and the wave shaped ring.
PAR  FIG. 8 is a diagrammatic illustration of the control panel.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference characters denote
      corresponding parts throughout the several views, and first more
      particularly to FIG. 1, a ground formation 10 is shown as formed with a
      cylindrical pier bore 11 which extends from ground surface 12 to bottom 9.
      Mounted in the upper portion of pier bore 11 is a fixed cylindrical
      housing 13. The upper end of housing 13 is closed by a ring like plate 14
      which defines a central opening 15. Mounted on the upper face of the plate
      14 are four anchoring devices each of which is identified in its entirety
      by the reference character 16. These anchoring devices 16 are
      equiangularly spaced apart as illustrated in FIG. 2.
PAR  Each anchoring device 16 comprises a hydraulic cylinder 17 the lower end of
      which is pivotally mounted at 18 on plate 14 and from the upper end of
      which projects a piston 19. The upper end of piston 19 is pivotally
      connected to an arm 20 as indicated at 21 with the lower end of arm 20
      being pivotally mounted at 22 on ring 14. The upper end of arm 20 carries
      a penetrating member 23 which enters the earth formation 10 when piston 19
      is extended under the influence of hydraulic cylinder 17.
PAR  The lower end of upper housing 13 is formed with an inturned flange 24. A
      lower cylindrical housing 25 presents an open upper end to which is
      anchored a flange 26 depending from an internal ring gear 27. An upper
      flange 28 on gear 27 is spaced from flange 24 to provide a bearing race
      which receives ball bearings 29. The lower face of flange 24 and upper
      face of flange 26 define another bearing race which also receives ball
      bearings 29.
PAR  Mounted on the inner surface of upper housing 13 and projecting inwardly
      therefrom are a pair of hydraulic motors 30. Each of these motors 30 has a
      drive shaft on which is mounted a pinion 31 which meshes with ring gear
      27. It is evident that motors 30 may be energized to rotate lower housing
      25.
PAR  An auger casing is designated generally 32. It comprises a main body
      portion 33 which passes through opening 15 in ring 14 and to which it is
      fixedly secured as by welding. Main body portion 33 extends from a level
      above ring 14 to a level slightly spaced above bottom 9 of pier bore 11.
PAR  Considered in its entirety auger casing 32 should extend above ground
      surface 12 but the degree of such extension will depend on the conditions
      of a particular job. Thus to render the projecting portion extensible an
      intermediate section 24 is provided with its lower end being secured to
      the upper end of body section 33 as indicated at 35 and its upper end to a
      top section 36 as indicated at 37. Top section 36 is formed with a
      discharge port 38 and endless conveyor 39 has one end anchored to casing
      section 36 below port 38 and may be driven by hydraulic motor represented
      diagrammically at 40.
PAR  Another hydraulic motor 41 is mounted on the other end of casing section 36
      in a preferred manner such as by a frame 42. The drive shaft of motor 41
      is driveably connected to an auger 43. Auger 43 is a conventional type
      with the screw flights thereof being snugly received in auger casing 32.
      Auger 43 extends the full length of auger casing 32.
PAR  Referring now more particularly to FIG. 4, a collar is designated generally
      44. It is rotatable about casing section 33 and is also axially moveable
      thereon. Collar 44 comprises an outer L shaped member 45 formed with an
      inwardly opening annular groove 46. Mating with outer member 45 is an
      inner member 47 formed with an outwardly opening annular groove 48. Thus
      the grooves 46 and 48 confront one another, but the upper portions of the
      members 45 and 47 are spaced with respect to one another to form an
      annular slot 49. A piston rod 50 of a hydraulic cylinder and piston
      assembly designated generally 51 passes through slot 49 and has a head 52
      received in the grooves 46 and 48. There is a second hydraulic cylinder
      and piston assembly 51 which is mounted on casing section 33 and in
      diametrically opposed relation to the one so far described. Each of these
      assemblies includes a cylinder 53 the upper end of which carries an ear 54
      that is pivotally connected at 55 to a tab 56 which projects from casing
      section 33. It is evident that cylinders 53 may be energized to extend
      pistons 50 and thus move collar 44 downwardly or conversely the hydraulic
      medium may be exhausted from cylinders 53 to move collar 44 upwardly. It
      is important to note that the connection of pistons 40 to collar 44
      provide for rotation of the latter about casing section 33.
PAR  It will be noted from FIG. 4 that casing section 33 is formed with two
      series of threaded sockets 57 with one socket of one series in horizontal
      alignment with the socket of the other series. This provides for mounting
      an abutment element 58 on casing section 13 in position for limiting
      downward movement of collar 44. Headed screws 59 pass through openings in
      blocks 58 and are screwed into sockets 57 to hold abutment 58 in position.
PAR  Referring now more particularly to FIGS. 1 and 5, lower rotating housing 25
      is shown as formed with a pair of wide slots 60 adjacent to its lower end.
      A pair of cutting blades 61 are pivotally mounted at their upper ends to
      collar 44 in positions which permit lower end portions of the blades to
      swing outwardly through slots 60. The pivotal mounting of each of these
      blades is shown as 62 in FIG. 4. An eccentric link 63 is associated with
      each blade 61 to cause it to swing either inwardly or outwardly upon axial
      movement of collar 44 depending on the direction of movement of the
      latter. More particularly eccentric link 63 swings the lower portion of
      blades 61 outwardly through slot 60 on downward movement of collar 44.
      Each link 63 has its lower end secured to rotating housing 25 as indicated
      at 64 and its upper end is pivotally connected to blade 61 as indicated at
      65. The latter point is located between the ends of blade 61 somewhat
      below the midway point of each blade. These particular points of
      connection may vary with different engineering designs.
PAR  It is evident that with lower portions of blade 61 projecting through slot
      60 and housing 25 rotating, earth is cut from the formation 10 and will
      pass through the slots 60 into the interior of housing 25.
PAR  Referring now to the lower portion of FIG. 1, a disc 66 is pivotally
      mounted at 67 to the lower end of housing 25 and is secured in position
      closing the housing bottom by spring fastener shown at 68. This pivotal
      mounting is provided to permit opening of the lower end of housing 25
      after the belling apparatus is removed from the pier bore.
PAR  A scraper 69 is struck from disc 66 and its formation leaves an opening 70.
      Often loose materials will collect at the bottom of a pier bore and upon
      rotation of housing 25 in a clockwise direction scraper 69 will pick up
      such materials and pass them through opening 70 onto the upper face of
      disc 66.
PAR  Referring now to the lower end of FIG. 1 and FIG. 7, casing section 33 is
      shown as formed with a pair of diametrically opposed feed ports 71.
      Mounted on casing section 33 below each feed port 71 is a spoil feeding
      device designated generally 72. Each of these feeders 72 comprises a roll
      73 from which project a plurality of fingers 74. Each roll 73 is rotated
      by a hydraulic motor 75. Mounted on casing section 33 on substantially the
      same plane as the lower edges of feed port 71 is a wave shaped plate 76
      which has a pair of tabs 77 struck and depending therefrom. As housing 25
      is rotated disc 66 is also rotated and materials thereon are picked up by
      tabs 77 and passed to feeding devices 72.
PAR  FIG. 8 illustrates diagrammatically a control panel on which is mounted
      control valves for the various hydraulic devices as well as a tachometer
      and a pressure gauge. The panel is designated as 78. The valve represented
      as 79 controls the motor for ring gear 27. Valve 80 controls feeder motors
      75. Valve 81 is for the hydraulic cylinders 53. Valve 82 controls
      hydraulic cylinder 17 of anchoring devices 16. Valve 83 is for auger motor
      41 and valve 84 is for hydraulic motor 40 which operates conveyor 29. The
      tachometer represented by 85 is operably connected with one of the motors
      30 to indicate the rotative condition of ring gear 27 and particularly to
      advise of a stoppage in such rotation. The gauge shown at 86 is connected
      to the working side of valve 81 to indicate the pressure condition in
      cylinders 53 such as when collar 44 engages with abutment 58.
PAC  MODIFICATION
PAR  FIG. 1a illustrates a modification in which the upper portion of pier bore
      11 is lined with a sleeve 87 of a ferrous material such as steel. The
      holding device represented generally as 16 is different from that
      illustrated in FIGS. 1 and 2 in that penetrating element 23 is replaced by
      a magnet 88 which preferably would be an electro magnet.
PAR  Just as illustrated in FIG. 2 there will be a plurality of the holding
      devices 16 in FIG. 1a.
PAC  OPERATION
PAR  While the manner in which the subject belling apparatus operates is
      believed to be obvious from the illustrations of the drawings and
      descriptions of parts set forth above, it is briefly described as follows:
PAR  Abutment 58 is first positioned to determine the angle of the bell shaped
      recess which is to be cut. The apparatus in its entirety is then lowered
      into pier bore 11. After it is so lowered upper housing 13 is anchored
      against rotation by operating valve 82 to energize cylinders 17 of
      anchoring devices 16. Ordinarily collar 44 will be in a position upraised
      sufficiently for blades 61 to be positioned completely within lower
      housing 25. Valve 79 is operated to start motors 30 in operation to rotate
      ring gear 27. This causes rotation of lower housing 25. At the same time
      valve 83 is operated to start operation of motor 41 to rotate auger 43.
      Valve 81 is then operated to apply hydraulic pressure to cylinders 53
      which cause the pistons 50 to extend and force the collar downwardly. As
      this action takes place, eccentric links 63 swing blades 61 outwardly
      through the slots 60.
PAR  Upon referring to FIG. 5 it will be noted that blades 61 are formed with
      teeth 89 on their cutting edges which are determined by the direction of
      rotation. It is customary in this art to rotate augers and similar tools
      in a clock-wise direction when excavating work is to be performed.
      Moreover, it is noteable that blades 61 are so mounted as to receive
      substantial support from the vertical side edges of slots 60.
PAR  As housing 25 rotates with the blades 60 being gradually extended, spoil
      from the cutting of the earth formation will pass through slots 60 into
      the interior of housing 25. This spoil will fall on to plate 76 and be fed
      through ports 71 to auger 43 by feeding devices 72. The auger moves the
      spoil upwardly to upper casing section 36 whence it is discharged through
      port 38 onto conveyor 39.
PAR  When collar 44 engages abutment 58 no further extension of blades 61 is
      permitted and the bell recesses should have been cut to its pre-determined
      size and shape.
PAR  It is notable that if any unforeseen obstacles should be encountered during
      the operation, such as unexpected resistance to the cutting blades,
      housing 25 will cease to rotate and this condition will be indicated by
      the tachometer 85. Moreover, the pressure indicated by gauge 86 will
      advise the operator of the apparatus that collar 44 has engaged abutment
      58.
PAR  While preferred specific embodiments of the invention have been illustrated
      and described, it is to be clearly understood that the invention is not to
      be limited to the exact constructions, mechanisms and devices illustrated
      and described because various modifications of these details may be
      provided in putting the invention into practice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for cutting a bell shaped recess in an earth formation in
      the lower end of a cylindrical pier bore which enters said formation from
      the ground surface;
PA1  a. an upper fixed cylindrical housing in the upper portion of said pier
      bore,
PA1  b. anchoring devices on said housing for holding the housing against
      rotation relative to the pier bore,
PA1  c. a lower rotating housing connected to the lower end of said upper
      housing and extending substantially to the bottom of said pier bore, said
      lower housing being formed with a slot adjacent to its lower end,
PA1  d. drive means for rotating said lower housing under power,
PA1  e. an auger casing coaxial with said housing, spaced therefrom and
      extending from a point above the ground surface to a level a small
      distance above the bottom of the pier bore,
PA1  f. a discharge port in said auger casing above said ground surface;
PA1  g. an auger in said auger casing
PA1  h. power means for rotating said auger,
PA1  i. a collar rotatably and axially moveable on said auger casing,
PA1  j. power means for moving said collar axially on said auger casing,
PA1  k. a blade having its upper end pivoted to said collar in a position in
      which the lower portion of the blade may be swung through the slot in the
      rotating housing,
PA1  l. an eccentric link having an upper end pivoted to said blade between the
      ends thereof and a lower end pivoted to said rotating housing whereby
      downward movement of said collar causes the lower portion of said blade to
      be swung outwardly through said slot;
PA1  m. a feed port in the lower end of said auger casing and a feeding device
      on said auger casing at said feed port for feeding spoil from said slot
      through the feed port to the auger.
NUM  2.
PAR  2. The belling apparatus of claim 1 together with an adjustable abutment on
      said auger casing to limit downward movement of said collar.
NUM  3.
PAR  3. The belling apparatus of claim 1 together with a disc pivotally mounted
      to the lower end of said rotating housing and formed with a depending
      scraper which passes loose material in the bottom of said pier bore
      through an opening in said disc to the upper surface of said disc upon
      rotation of said rotating housing.
NUM  4.
PAR  4. The belling apparatus of claim 3 together with a catch for holding said
      disc in position closing the end of said rotating housing.
NUM  5.
PAR  5. The belling apparatus of claim 3 together with a wave shaped plate
      mounted on said auger casing immediately below the feed port therein and
      formed with a depending tab to pick up material on said disc.
NUM  6.
PAR  6. The belling apparatus of claim 1 in which there are two of said slots in
      the rotating housing and two of said feed ports and feeding devices
      associated therewith.
NUM  7.
PAR  7. The belling apparatus of claim 1 in which the drive means for rotating
      said rotating housing comprises an internal ring gear on the lower
      rotating housing and at least one hydraulic motor having a pinion meshing
      with the ring gear.
NUM  8.
PAR  8. The belling apparatus of claim 1 in which the power means for moving
      said collar axially on said auger casing comprises at least one hydraulic
      cylinder and piston assembly.
NUM  9.
PAR  9. The belling apparatus of claim 1 in which there is a second slot in said
      rotating housing diametrically opposed to said first slot together with a
      second blade having its upper end pivoted to said collar in a position in
      which the lower portion of said second blade swings through said second
      slot upon axial movement of said collar.
NUM  10.
PAR  10. The belling apparatus of claim 1 in which the upper end of said upper
      end fixed housing is closed by a ring like plate and each of said
      anchoring devices comprises a hydraulic cylinder having its lower end
      pivoted to said plate, a piston protruding from the upper end of said
      cylinder, an arm having its lower end pivoted to said plate and its upper
      end pivoted to the free end of said piston and an earth penetrating member
      on the upper end of said arm.
NUM  11.
PAR  11. The belling apparatus of claim 1 in which the upper portion of the pier
      bore is lined with a ferrous sleeve and the upper end of said fixed upper
      housing is closed by a ring like plate, with each of said anchoring
      devices comprising a magnet and means on said ring like plate for moving
      said magnet into engagement with said ferrous sleeve.
NUM  12.
PAR  12. The belling apparatus of claim 1 in which the blade has teeth on its
      cutting edge.
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PAL  A rotary drill bit for drilling earthen formations is provided with a
      plurality of discrete cutting teeth disposed on the lower face of the bit
      body and arranged in circumferentially spaced, generally radially
      extending rows. Each of the teeth has a large diamond (or a diamond-like
      material) set in its leading face at its peak and may have the balance of
      its leading face as well as its sides provided with smaller flush mounted
      diamonds. Alternatively, the teeth can be provided with a synthetic
      diamond or a sintered diamond facing which can extend to the peaks
      thereof. Fluid courses extend from a central passage in the bit along the
      leading faces of the teeth so as to discharge fluid against these leading
      faces and wash the cuttings away therefrom into the valleys between
      adjacent ones of the teeth. In one aspect, the teeth are mounted on lands
      on the bit body and recessed areas are provided between the lands so that
      the primary pressure drop of the fluid will be in the vicinity of the
      teeth thereby enhancing the action of the drilling fluid in moving the
      cuttings from in front of the teeth and through the valleys therebetween
      into the recessed areas.
BSUM
PAR  This invention relates to diamond rotary drilling bits particularly adapted
      to drill softer earthen formations than are conventional diamond drilling
      bits.
PAR  Conventional diamond rotary drilling bits have a bit body with a lower or
      drilling face which may be of various cross-sectional configurations and
      in which diamonds are set to protrude slightly outwardly of the drilling
      face. In the softer formations, the diamonds tend to become buried in the
      formation so that the drilling weight on the bit is taken by the bit body
      or matrix and not by the diamonds. This also may and will cause the fluid
      courses to become clogged with the formation material so that the drilling
      fluid cannot adequately flow from the bit and perform its intended
      function of assisting in the removal of the formation. As a result drill
      string pressure increases and drilling ceases.
PAR  In accordance with the present invention, a diamond rotary bit is provided
      for drilling of softer formations while avoiding or substantially
      minimizing the difficulty mentioned above. Thus, the bit is provided with
      a body having a plurality of discrete teeth arranged in circumferentially
      spaced and generally radially extending rows with each of the teeth having
      a leading face and a peak and adjacent teeth having a valley therebetween.
      The teeth preferably have a large diamond set at the peak and at the
      leading face so that these diamonds at the tips of the teeth bear the
      brunt of the abrasive digging action of the teeth and also serve to
      protect the teeth from excessive tip wear. The remaining face and sides of
      the teeth can be provided with flush mounted diamonds to further protect
      the teeth from abrasive wear.
PAR  While diamonds are presently preferred, other materials having applicable
      physical characteristics approaching those of a diamond may be used. One
      example of such material is boron nitride.
PAR  Also, the leading faces of the teeth can be provided with a layer of
      synthetic diamond or of sintered diamonds which extends to the tip of the
      teeth thereby replacing the large diamond and the face mounted flush
      diamonds mentioned above.
PAR  A plurality of fluid courses are provided to discharge drilling fluid along
      the leading faces of the teeth. Thus, the fluid is directed against the
      formation adjacent the leading faces of the teeth from whence it can sweep
      the cuttings from the leading face of the teeth through the valleys
      between the teeth and thence upwardly and away from the bit. In a
      preferred embodiment, the arrangement of fluid courses and the
      configuration of the lower face of the bit body is such that a major
      portion of the energy of the flushing fluid is expended in the vicinity of
      the leading faces of the teeth to enhance the flushing action of the fluid
      in removing cuttings. The bit body can have lands on which the teeth are
      formed on the lower face of the bit body and also can have recessed areas
      between adjacent lands. With the fluid courses then being formed as
      grooves in the lands along the leading faces of the teeth, the major
      portion of the energy of the flushing fluid will be directed toward
      removing cuttings from the vicinity of the leading edges of the teeth to
      flush the cuttings through the valleys between the teeth and thence out
      through the recessed areas to junk slots at the periphery of the bit.
      Also, in this arrangement, a portion of the lands adjacent the leading
      edges of the grooves can serve to limit the depth of penetration of the
      teeth into the formation and to limit the flow of fluid from the grooves
      into a preceding recessed area.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a vertical view with the upper part in elevation and the lower
      part in section of a preferred embodiment of the bit of this invention;
PAR  FIG. 2 is view looking upwardly at the bottom of the bit of FIG. 1;
PAR  FIG. 3 is a view taken generally on the line 3--3 of FIG. 2 but rotated
      somewhat as to better illustrate the arrangement;
PAR  FIG. 4 is a view taken on the line 4-- 4 of FIG. 2;
PAR  FIG. 5 is a side view of a tooth of the bit showing another embodiment of a
      tooth;
PAR  FIG. 6 is a front view of the tooth shown in FIG. 5; and
PAR  FIG. 7 is a view similar to that of FIG. 5 but showing yet another
      embodiment of a tooth.
DETD
PAR  Referring now to the drawings, the bit 10 has a body 11 having an upper
      threaded pin 12 for attaching the bit to the lower end of a drill string
      (not shown).
PAR  In general, the body 11 of the bit includes a matrix portion 13 of a known
      type. A plurality of discrete cutting teeth 14 are disposed on the lower
      face 15 of the bit body in circumferentially spaced and generally radially
      extending rows. The teeth can be formed integrally with matrix portion 13
      and may themselves comprise matrix material except for the diamonds set in
      the teeth as hereinafter described. While six rows of teeth are shown in
      the drawing, a lesser or greater number can be employed depending on
      various factors such as the type of formation to be cut, cost, etc. In any
      event, the teeth are preferably arranged in such a way as to give a
      uniform coverage of the formation face being drilled for each revolution
      of the bit in the sense that the formation is removed entirely across the
      bottom of the hole. In this connection, it will be noted that at least
      some of the teeth at the outer periphery of the bit are arranged to cut
      the sides of the borehole to gage. Also, while the specific bit
      illustrated in the drawings has a body with a lower face which, in
      cross-section, appears as a double cone, the face can take other
      configurations.
PAR  A typical tooth is shown in FIGS. 3 and 4. It includes a leading edge of
      face 16 which is preferably flat. It has side faces 18 and 19 which
      converge toward the peak or tip 17 and a truncated rear portion 20 which
      is preferred but the rearward portion of the tooth can take other
      configurations. A large diamond 21 is set in the matrix of the tooth tip
      and adjacent its leading edge. It is the intent that diamond 21 conforms
      as closely as possible with the surfaces of the tooth in which it is set
      depending on the shape of the diamond. It can be a cut-faced stone, an
      irregular stone or a cubed diamond but, in any event, should be large
      enough so that it will take the brunt of the force of the tip portion of
      the tooth against the formation.
PAR  The balance of the leading faces of the tooth as well as its sides can be
      provided with small flush mounted diamonds 22 to protect these areas of
      the tooth from excessive wear by virtue of contact with the formation or
      by being subjected to the scrubbing action of the drilling fluid as it
      flows past the tooth as described below.
PAR  As shown in the drawings, the bit body is provided with a central passage
      means 23 for receiving a drilling fluid from the drill string. This means
      can open out at the bottom of the bit body into a plurality of fluid
      courses 24 which extend from the fluid passage means along the leading
      faces of the teeth and are arranged to discharge fluid along such leading
      faces to cool the diamonds in the teeth and to displace cuttings from in
      front of the teeth. In this connection, the teeth are arranged so that
      there is a valley 25 between adjacent teeth through which the drilling
      fluid can carry cuttings to the trailing edge of the teeth.
PAR  In a preferred embodiment, the teeth and fluid courses are disposed on and
      in a land generally indicated by the numeral 26. The fluid courses are
      then formed by primary grooves 27 in land 26 spaced from the leading edge
      of the teeth and connected thereto by secondary grooves 28 which permit
      fluid to flow from the primary grooves to the leading edge of the teeth.
      The areas 29 between adjacent rows of teeth can be recessed and in fluid
      communication with junk slots 30 extending vertically along the sides of
      the bit body. By making the recesses and junk slots sufficiently large, a
      large portion of the pressure drop of the drilling fluid will occur in the
      vicinity of the teeth and hence the scrubbing action of the drilling fluid
      will be most intense at the points where it is most needed to remove the
      cuttings in order to reduce their tendency to impede the cutting action of
      the teeth.
PAR  In order to assure that the drilling fluid flows primarily across the teeth
      without excessive flow thereof from a particular water course to the
      recessed area immediately preceding such course, lands 26 can be shaped to
      provide radially extending shoulders 31 which have limited clearance, if
      any, with the uncut formation preceding any particular row of teeth to
      thereby limit the flow of fluid out of the primary grooves 27 into the
      preceding low pressure recessed areas. Shoulders 31 can also function to
      limit the depth of penetration of the teeth into the formation. In this
      connection, it is usually preferred to provide a series of diamonds 32
      inset in shoulder 31 to prevent excessive wear of this shoulder.
PAR  With the foregoing specific arrangement of the water courses, there will be
      portions 33 of land 26 which extend between the secondary grooves to, at
      least in part, impede flow of drilling fluid from the primary grooves
      directly into the valleys between successive teeth. The depth of portions
      33 and the depth of the secondary grooves 28 can be adjusted relatively to
      each other and to the depth of the valley between the teeth to proportion
      the amount of drilling fluid which moves directly through the secondary
      grooves 28 to the leading face of the teeth and that which flows directly
      across portions 33 and thence through the valley between the teeth.
PAR  Referring to FIGS. 5 and 6, another embodiment of a tooth 14 is shown
      wherein the diamond 21 and the flush mounted diamonds 22 in the leading
      face of the tooth have been replaced with a synthetic diamond shape 34.
      This synthetic diamond is shown as a slab-like shape having a
      configuration at least approaching that of the teeth 14 of FIGS. 3 and 4.
      However it can assume other configurations such as semi-circular. It can
      be mounted on a blank 35 of sintered carbide which in turn is bonded to
      and supported by the matrix of the remaining portion of the tooth.
PAR  Still another tooth embodiment is shown in FIG. 7 wherein the synthetic
      diamond-sintered carbide blank 34-35 of FIGS. 5 and 6 is replaced by a
      sintered natural diamond compact 36.
PAR  Various combinations of the foregoing can be chosen for providing the
      leading faces and the forward portions of the tips of the teeth. Also, as
      indicated above, materials other than natural or synthetic diamonds or
      sintered diamonds can be used provided such materials have applicable
      physical characteristics approaching those of diamonds, e.g., boron
      nitride. In any event, it will be seen that the teeth are comprised of
      such materials disposed as disclosed above and supported or backed up by
      the matrix of the tooth. Thus each tooth is a composite of a body of
      matrix with diamonds or other similar elements disposed therein or
      thereon. In this connection, the words "tooth" or "teeth" are used herein
      to mean such a composite or composites each of which individually extends
      a substantial distance from the main body of the bit so that when arranged
      in a row, there will be substantial valleys between adjacent teeth which
      valleys are formed at least in part by adjacent opposing walls of the
      adjacent teeth. The terms are not intended to include a blade radially
      disposed on the bit body and having diamonds set in its leading edge.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. In a rotary bit, a body having a lower face and a central passage means
      for receiving a drilling fluid; a plurality of discrete cutting "teeth"
      disposed on said face and arranged in circumferentially spaced generally
      radially extending rows, each of said teeth having a leading face and a
      tip and adjacent ones of the teeth having a valley therebetween, each of
      said teeth having a diamond-like element in its leading face and at least
      at its tip; and fluid courses extending from said passage means along the
      leading faces of said teeth and arranged to discharge fluid along the
      leading faces of said teeth, the fluid courses including primary grooves
      in said face spaced circumferentially ahead of a row of teeth and a
      plurality of secondary grooves extending from the primary grooves to the
      leading faces of the teeth.
NUM  2.
PAR  2. The bit of claim 1 wherein the diamond-like elements have cutting edges
      extending laterally across at least a part of the leading face of the
      teeth with which they are respectively associated.
NUM  3.
PAR  3. The bit of claim 1 wherein the diamond-like elements are synthetic
      diamonds each covering a substantial portion of the leading face of its
      respective tooth.
NUM  4.
PAR  4. The bit of claim 1 wherein the diamond-like elements are sintered
      diamond compacts each covering a substantial portion of the leading face
      of its respective tooth.
NUM  5.
PAR  5. The bit of claim 1 wherein the diamond-like elements are natural
      diamonds disposed in the leading faces and at the tips of the teeth, at
      least a portion of the balance of the leading faces of said teeth have
      flush mounted diamonds therein.
NUM  6.
PAR  6. The bit of claim 5 wherein the sides of the teeth are covered with small
      flush mounted diamonds.
NUM  7.
PAR  7. In a rotary bit, a body having a lower face and a central passage means
      for receiving a drilling fluid; said body having a plurality of
      circumferentially spaced generally radially extending lands thereon with
      recessed areas between the lands; a plurality of discrete "teeth" disposed
      along said lands and each having a leading face and a tip, each of said
      teeth having a diamond-like element in its leading face and at least at
      its tip; and fluid courses in said lands extending along the leading faces
      of said teeth so as to permit cuttings to be flushed between the teeth
      into the recessed areas, the fluid courses including primary grooves in
      the lands adjacent the leading faces of the teeth and a plurality of
      secondary grooves extending from the primary grooves to the leading faces
      of the teeth, the lands adjacent said fluid courses serving to limit the
      penetration of the teeth into the formation and to direct flow of fluid
      from the fluid courses directly into said recessed areas without flowing
      between the teeth.
NUM  8.
PAR  8. The bit of claim 7 wherein the body has a plurality of circumferentially
      spaced junk slots about its circumference communicating with said recessed
      areas to facilitate passage of cuttings up around the bit.
NUM  9.
PAR  9. The bit of claim 7 wherein the diamond-like elements have a cutting edge
      extending laterally across at least a part of the leading face of said
      teeth.
NUM  10.
PAR  10. The bit of claim 9 wherein the balance of the leading face of said
      teeth is provided with flush mounted diamonds.
NUM  11.
PAR  11. The bit of claim 10 wherein the sides of the teeth are covered with
      small flush mounted diamonds.
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ABST
PAL  A hydraulic nozzle device for removing soil from the interior and below a
      hollow structure.
PARN
PAR  This is a division of application Ser. No. 379,671, filed July 16, 1973,
      now abandoned, which is a continuation-in-part of application Ser. No.
      181,896, filed Sept. 20, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for hydraulically forming an opening
      in compacted particulate matter. More particularly, this invention relates
      to an apparatus for loosening and removing tightly compacted particulate
      matter, such as sand, gravel, or shale, and to process for rapidly sinking
      a hollow structure through strata of such particulate matter, specifically
      a subsurface soil formation, such as for setting piling for an offshore
      structure with a hydraulic nozzle using a non-solvent fluid.
PAR  2. Prior Art
PAR  Known methods for driving structures, such as piling through sand, gravel,
      or shale, consist of mechanically driving the structure through the soil
      strata. It has been known to loosen tightly compacted strata using various
      types of conduit or perforated structures to pump fluid, i.e., water or
      air, into the strata near the driven structure. These methods require
      continuous loosening while the structure penetrates the strata; they are
      limited to loosening soil in the area immediately adjacent the structure.
      They do not remove the soil from the interior of the structure or
      substantially ahead of the structure.
PAR  The prior art does not provide a hydraulic mining nozzle device which can
      be efficiently used to evacuate soil within and to form a hole of
      controlled shape and depth beyond a hollow structure. The prior art does
      not provide an efficient hydraulic-pneumatic lift means for removing
      cuttings from a hydraulic nozzle. The prior art does not provide a
      hydraulic nozzle with centralizers, rear jets, or side jets to permit
      cutting beyond a hollow structure and to prevent sticking such a nozzle in
      soft soil formations.
PAC  SUMMARY OF INVENTION
PAR  By this invention there is provided apparatus which does not have the
      serious disadvantages of prior art devices for rapidly loosening and
      removing tightly compacted particulate matter, such as granular soil, from
      the interior and substantially beyond a hollow structure. The apparatus is
      adapted to be portable and readily movable into and back through the
      hollow structure. It functions independently of the hollow structure, even
      in shale formations. The apparatus of this invention can attain a
      penetration rate in excess of about 7 meters per hour and extend up to
      about 20 meters beyond the hollow structure in normal granular soil.
PAR  This invention also provides a nozzle apparatus for rapidly removing soil
      within and substantially beyond a hollow structure, such as a piling being
      driven into the ground. The features of the nozzle are adapted to
      cooperate for deeper and faster penetration of granular strata. Yet, the
      sole source of power for loosening and removing the particulate matter is
      projected hydraulic fluid so that the nozzle does not require a solvent or
      auxiliary power. This invention is especially adapted for clearing soil
      from the interior of a hollow structure and for cutting a hole of
      controlled shape and depth beyond the end of the hollow structure. The
      shape of the hole beyond the structure will be substantially cyclindrical
      so that problems of caving are minimized.
PAR  By this invention there is provided a hydraulic nozzle for loosening and
      removing tightly compacted particulate matter comprising a cutting
      envelope formed by a generally cylindrical sheath opening at the front end
      and partially closed at the rear end by an annular partition connecting
      the sheath and an evacuation conduit, a cutting means consisting
      essentially of a hydraulic jet mounted in said sheath near the rear side
      periphery of the envelope to project a stream of non-solvent hydraulic
      fluid toward the front opening of the sheath at an angle of inclination of
      between about 20.degree.-120.degree. between the jet axis and a line from
      the base of the jet perpendicular to the longitudinal center line axis of
      the sheath, the evacuation conduit extending rearward of said envelope to
      remove loosened particulate matter and hydraulic fluid from the envelope
      to a disposal means, and a hydraulic fluid conduit connecting said jet and
      a hydraulic fluid supply means. The sheath and jet are adapted to project
      the hydraulic fluid and focus the fluid stream creating a cutting action
      centralized in front of the sheath. This creates a cutting face in front
      enabling the nozzle to attain high efficiency and cutting rate. The
      projected hydraulic fluid is also the sole source of energy required to
      suspend and remove matter from the sheath through the evacuation conduit.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a representation of the apparatus of this invention as used in a
      hollow structure.
PAR  FIG. 2 is a cross-section diagram of a preferred embodiment of the
      apparatus of this invention with a cylindrical sheath.
PAR  FIG. 3 is a cross-section diagram of a preferred embodiment of this
      invention with a conical sheath.
PAR  FIG. 4 is a cross-section diagram of a preferred embodiment of this
      invention with a cylindrical sheath and a complex annular partition.
PAR  FIG. 5 is a cross-section diagram of a preferred embodiment of this
      invention with a conical sheath and a conical annular partition.
PAR  FIG. 6 is an end view of the nozzle shown in FIG. 4 with Views 6a, 6b, and
      6c along the Section Lines a--a, b--b, and c--c, showing the location and
      the angle of inclination (alpha, .alpha.) of primary hydraulic jets in a
      preferred embodiment with the secondary jets slanted in a counterclockwise
      direction about the nozzle axis.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Essential features of the apparatus of this invention are (1) the sheath
      which forms a cutting envelope and directs the hydraulic fluid, which
      forms a fluid cutting means, (2) the cutting means comprising the
      hydraulic jet which serves to project fluid against the soil strata as the
      sole source of energy for loosening particles to be removed and to suspend
      particles being removed, and (3) the evacuation conduit which serves to
      remove loosened particulate matter and hydraulic fluid. These features are
      designed and located in the nozzle as shown herein to cooperate, thereby
      developing high efficiency in cutting through and removing soil strata
      using only hydraulic fluid action as the source of primary cutting energy.
      These essential features are connected by an annular partition so that the
      conduit receives the fluid and particulate slurry from the sheath. This
      partition can be a simple plate perpendicular to the center line axis of
      the sheath, it can be a conical partition, or it can be a combination of
      various configurations. The partition can also be of a simple spider
      construction which centralizes the evacuation conduit within the supply
      conduit and sheath.
PAR  The hydraulic nozzle of this invention can be designed for use with a
      particular type of hollow structure and soil strata, or it can be
      fabricated for use with several types of structures and soil strata.
      Especially for tightly packed high-density soil, the nozzle is adapted so
      that the sheath and jet cooperate to project a major portion of the
      streams of hydraulic fluid toward the front sheath opening forming a high
      intensity cutting force ahead of the sheath, which shall be referred to
      herein as a high intensity cutting face. This type of nozzle is
      illustrated by one having a cylindrical shape with large hydraulic jets
      directed toward the cutting face. For soft strata with a relatively low
      density, the nozzle can have a relatively large cutting face which
      requires a larger proportion of the hydraulic fluid for suspending and
      removing loosened particles in the envelope than with a nozzle having a
      smaller cutting face. By using the various adaptations taught herein, a
      nozzle can be fabricated to give both high penetration rate and economy of
      operation for various types of soil strata.
PAR  In a preferred embodiment, as shown in the drawings, the sheath (2) is
      cylindrical; the annular partition (3) is perpendicular to the sheath; and
      4-48 jets are mounted on the annular partition in one or more circular
      patterns about the evacuation conduit near the rear periphery of said
      sheath with one or more manifolds (8 and 10) connecting the various
      arrangements of jets to hydraulic fluid supply means. The exact number,
      size, and arrangement of jets are not critical. In another preferred
      embodiment of this apparatus, the sheath is conical with the larger
      diameter at the front opening or cutting face of the nozzle.
PAR  The sheath can be beveled at the front edge either on the outer surface, as
      shown in FIG. 3, or on the inner surface to increase the ease of
      penetration in the soil strata.
PAR  Operation of the apparatus of this invention can be described with
      reference to the drawings. As shown in FIG. 1, the hydraulic nozzle is
      mounted on a support means comprising a relatively rigid hydraulic fluid
      conduit 6 which preferably extends about 10-50 meters behind the nozzle
      and evacuation duct 4 is inserted into hollow structure 15 which is being
      driven into soil. The relatively rigid supporting conduit can be slightly
      longer than the hollow structure or flexible hose conduit can be connected
      to the conduit. The nozzle is portable and the support means is adapted to
      be manipulative so that the nozzle can be inserted into, passed through
      the piling or hollow structure already in place, and withdrawn back
      through the piling. Since the projected hydraulic fluid is the only source
      of energy required for loosening the soil formation, the nozzle is readily
      portable. Prior to nozzle contact with the soil strata, hydraulic fluid is
      circulated through conduit 6 to primary jets 5 and secondary jets 7 as
      shown in FIGS. 3 and 4. Hydraulic fluid fills the hollow structure. Fluid
      and granular material circulate in the metal sheath and leave the nozzle
      through evacuation conduit 4. The nozzle is adapted so that the
      non-solvent hydraulic fluid is the sole source of energy for loosening and
      suspending particulate matter ahead of the sheath.
PAR  A preferred process for using the apparatus of this invention comprises
      passing the hydraulic nozzle through a hollow structure while, passing
      hydraulic fluid through the jets to loosen and remove the soil ahead of
      the nozzle and extending the nozzle substantially beyond the end of the
      hollow structure so that the cutting means consists essentially of the
      projected hydraulic fluid. This process is particularly useful for
      multileg offshore structures having hollow tubing segments or piling where
      the nozzle can cut about 20 meters below each leg, wherein the hollow
      structure is appurtenant thereto.
PAR  The hydraulic fluid, preferably water, can be supplied and disposed of by
      any conventional means. It can be pumped from the ocean, circulated
      through the nozzle, and returned to the ocean for offshore applications.
      Fluid can be circulated through the nozzle, processed to remove cuttings,
      and recirculated through the nozzle. Force applied by conventional means,
      e.g., nozzle weight, advances the nozzle in the hollow structure as the
      hydraulic nozzle clears the path. The hydraulic fluid is a non-solvent;
      that is, the particulate matter is loosened and suspended in the hydraulic
      fluid by momentum of the fluid and not solvent characteristics of the
      fluid. Optional features which can be used with the hydraulic nozzle are
      illustrated in FIG. 3 as reinforcing and centralizing stabilizers 14,
      reverse jets 11, side jets 12, and a secondary hydraulic supply line 9.
      Reinforcing centralizers serve to strengthen the hydraulic nozzle and
      facilitate withdrawal of the nozzle back into and through the hollow
      structure. Reverse jets 11 and side jets 12, as shown in FIG. 3, serve to
      remove soil and maintain clearance behind and to the side of the nozzle to
      facilitate withdrawal of the nozzle from the hollow structure and beyond.
      A secondary supply line 9 and manifold 10 supply hydraulic fluid to the
      various jets and control distribution of hydraulic fluid for optimum
      penetration rate and economy of operation. Other optional features, such
      as stabilizers and centralizers (not shown), can be used on conduit 6 for
      extending the nozzle substantially beyond the hollow structure 15.
      Centralizers are especially useful where the conduit 6 is substantially
      smaller than the nozzle and the hollow structure.
PAR  Conventional features, such as turbulence promoters, vanes, cutting teeth
      or notches, hydraulic fluid additives, and reinforcing members, which do
      not substantially interfere with the hydraulic cutting and lifting action
      can be used with the apparatus of this invention. Consisting essentially
      of as used herein does not exclude such additions and variations which do
      not substantially interfere with or change the function of any feature of
      the invention.
PAR  Distribution of hydraulic fluid in the nozzle is determined by the shape of
      the cutting envelope, hydraulic fluid pressure, and by the size, number,
      location, and angle of inclination of hydraulic jets. As shown in the
      drawings, the cutting envelope is defined by the sheath, annular
      partition, and evacuation conduit. As shown in FIG. 2, the cutting
      envelope is cylindrical with primary jets 5 projecting streams of
      hydraulic fluid toward the cutting face and secondary jets 7 supplying
      hydraulic fluid for both cutting action and suspending action within the
      envelope. As shown in FIG. 3, the cutting envelope is conical and both
      primary and secondary jets project hydraulic fluid toward the cutting face
      of the envelope. In FIG. 4, the cutting envelope comprises two cylindrical
      sections with jets 5 projecting streams of hydraulic fluid from the rear
      of the cylindrical sections and jets 7 focusing the streams of hydraulic
      fluid forming a cutting face. FIG. 5 shows another variation having a
      configuration with large primary jets 5 focusing the streams of hydraulic
      fluid at the front forming a cutting face or projecting fluid so that the
      fluid momentum is focused to maximize the cutting force ahead of the
      sheath with secondary jets 7 agitating and suspending loosened particles
      within the envelope. The nozzle of this invention is specially adapted to
      focus this cutting action because the jets and sheath are adapted to
      cooperate in maximizing the momentum available for cutting.
PAR  FIG. 6 shows an open-end view of the nozzle of FIG. 4 and the pattern of
      primary jets 5 and secondary jets 7. The angle of inclination (.alpha.) of
      the primary jets is shown in FIGS. 6a, 6b, and 6c along section lines
      a--a, b--b, and c--c. The secondary jets 7 in FIG. 6 are also shown
      slanted to create a counterclock fluid flow pattern near the secondary
      nozzles. The primary jets can also be slanted or inclined to create a
      clockwise, counterclockwise, or mixing flow pattern as well as being
      inclined as shown in FIGS. 6a, 6b, and 6c.
PAR  The angle of inclination of the jets (.alpha.) is measured between the axis
      of the jet and a line from the base center line of the jet, i.e., where it
      is mounted, perpendicular to the center line axis of the sheath 2. That
      is, a jet which projects fluid parallel to the center line of the sheath
      has an angle of inclination of 90.degree., a jet which projects fluid
      toward the center line has an angle of inclination (i.e., .alpha.) of less
      than 90.degree., and a jet which projects fluid away from the center line
      has an angle of inclination greater than 90.degree..
PAR  Jets of the hydraulic nozzle of this invention are preferably arranged in
      one or more circular patterns about the cutting envelope to project high
      velocity hydraulic fluid, preferably water, against compacted soil strata
      at the front or cutting face of the envelope. The exact number, location,
      and pattern of jets are not critical. For optimal penetration rate and
      economical operation, the hydraulic fluid is distributed so that only a
      minimum hydraulic energy required is directed to suspending and removing
      loosened particles from the nozzle through conduit 4. The remaining
      hydraulic energy is directed through primary nozzles to loosen compacted
      particles. Penetration rate of the hydraulic nozzle is determined by the
      force pushing the nozzle into the soil strata, the cutting force of the
      hydraulic fluid, and the lifting capacity in the evacuation conduit. With
      an optional airlift system, line 13, FIG. 2, to inject air into a
      substantially vertical evacuation conduit, the minimum hydraulic fluid
      flow rate required to remove loosened soil is low. The gas or air should
      only be injected in the evacuation conduit because lower fluid density and
      phase separation problems will reduce the cutting efficiency of the
      hydraulic fluid projected through the hydraulic jets. The air flow rate
      and pressure are not critical, but for the embodiment shown in FIG. 2 the
      preferred ranges for air are 100-600 cfm at 100-600 psig. A minimum of 50
      psig air pressure should be maintained over the hydraulic head. Air is
      simply injected into the evacuation conduit near the nozzle by an
      auxiliary air line to increase the lifting capacity and fluid velocity in
      the evacuation conduit. Air can also be injected at various points along
      the evacuation conduit. Other gases, such as natural gas, CO.sub.2, or
      N.sub.2, can also be used for special applications.
PAR  Hydraulic jets can be arranged in several patterns to obtain a desired
      hydraulic fluid distribution and velocity. In view of the teachings
      herein, variations of these patterns will be apparent to those skilled in
      the art. A preferred nozzle arrangement is illustrated by FIG. 2 which
      shows primary nozzle 5 and secondary nozzle 7 arranged in a single
      circular pattern about the evacuation conduit. The primary nozzles having
      an angle of inclination of 90.degree. project fluid toward the cutting
      face, while the secondary nozzles have an angle of inclination of greater
      than 90.degree., specifically about 105.degree. so that they project fluid
      which serves both to loosen particles at the cutting face and to suspend
      them in the envelope. In a preferred arrangement the angle of inclination
      of the jets about this circular pattern vary sequentially according to the
      pattern of about 90.degree. and 105.degree. with from about eight to 12
      nozzles and preferably 10 in the pattern. In another preferred pattern,
      the angles of inclination vary sequentially about the pattern from about
      75.degree., to about 90.degree., to about 105.degree.. A preferred
      embodiment of the nozzles, as shown in FIG. 2, has a length (L) of about 3
      feet, a diameter (D) of 2 feet, and an evacuation conduit having a
      diameter (d) of 8 inches, with ten 1/2-inch diameter jets arranged about
      the evacuation conduit according to the above pattern and as shown.
PAR  As shown in FIG. 5, another preferred arrangement of hydraulic jets has the
      jets in three circular patterns about the cutting envelope. The primary
      jets are large orifices near the front of the conical partition which
      focus hydraulic fluid at the cutting face. The secondary jets 7 are small
      orifices spaced around the conical partition to disperse and remove
      granular particles from the cutting envelope through evacuation conduit 4.
      For this nozzle a large number, about 12-48, of primary jets are desirable
      for a high penetration rate. As shown in FIG. 5, the primary jets have an
      angle of inclination of about 35.degree. while the secondary jets have an
      angle of inclination of about 20.degree..
PAR  The cutting nozzle of this invention can be fabricated from the standard
      materials, such as standard size pipe and sheet metal. They can also be
      fabricated of special materials for particular applications. For the
      embodiments shown and labeled in FIGS. 2 and 4, the preferred dimension
      ratios are shown as follows: L/D ratio about 1.0-3.0, preferably about
      1.5; D/d ratio about 3.0-6.0, preferably 4.0; and D/P ratio about 1.5-4.0,
      preferably about 2.0. For hard soil formations a low L/D ratio is
      preferred. For these nozzles, the hydraulic fluid flow rate should be
      about 200-700 gallons per minute. A minimum of 6 gallons per minute should
      be circulated to keep the jets clear. Velocity through the hydraulic jets
      should be about 200-2500 feet per second (fps). Primary or cutting jets
      should have a velocity of about 400-2500 fps. Secondary or dispersing jets
      should have a velocity of about 200-600 fps. Hydraulic fluid flow can be
      regulated by pressure. For the preferred embodiment in FIG. 2, the
      pressure range is about 250-300 psig. A single jet can serve both a
      primary and secondary function or have a dual function.
PAR  A jet can be either a long nozzle type as shown in FIG. 2 or a simple
      orifice type as shown in FIG. 5. A long nozzle type jet can be used to
      project a high velocity stream over a long distance. The orifice type jet
      is simple and can be used to deliver a high volume stream from a short
      distance.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic nozzle for setting a hollow piling in a subsurface soil
      formation comprising:
PA1  a. a cutting envelope formed by a sheath of generally circular cross
      section open at its front end and partially closed at its rear end by an
      annular partition;
PAR  b. an evacuation conduit extending rearwardly of said annular partition and
      providing fluid communication from the interior of said cutting envelope
      through said annular partition;
PA1  c. first hydraulic jet means adapted to project hydraulic fluid toward the
      front opening of said sheath;
PA1  d. first hydraulic fluid conduit means for supplying hydraulic fluid to
      said first hydraulic jet means;
PA1  e. reverse hydraulic jet means projecting rearwardly from said nozzle and
      adapted to remove soil from above and maintain clearance behind said
      nozzle; and
PA1  f. secondary hydraulic fluid supply means for providing hydraulic fluid to
      said reverse hydraulic jet means.
NUM  2.
PAR  2. The hydraulic nozzle of claim 1 wherein said first hydraulic jet means
      comprises a plurality of hydraulic jets arranged in a plurality of
      circular patterns.
NUM  3.
PAR  3. The hydraulic nozzle of claim 1 wherein said sheath is cylindrical, said
      annular partition is perpendicular to said sheath, and said first
      hydraulic jet means are mounted on said annular partition.
NUM  4.
PAR  4. The hydraulic nozzle of claim 1 wherein said sheath is larger in
      diameter at its front than at its rear.
NUM  5.
PAR  5. The hydraulic nozzle of claim 1 wherein said annular partition is a
      conical partition extending from the front of said sheath to said
      evacuation conduit, and said first hydraulic jet means includes orifices
      near the front of the conical partition adapted to focus hydraulic fluid
      toward the cutting face thereof and orifices near the rear of said conical
      partition.
NUM  6.
PAR  6. The hydraulic nozzle of claim 1 wherein said cutting envelope comprises
      two concentric cylindrical sections and a said first hydraulic jet means
      includes jets at the front and rear of said cylindrical sections.
NUM  7.
PAR  7. The hydraulic nozzle means of claim 1 including a pneumatic fluid supply
      line adapted to inject air into said evacuation conduit rearward of said
      cutting envelope.
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ABST
PAL  Weighing apparatus conveys irregular pieces of product to a grading device
      for separating the regular pieces into two fractions respectively
      containing relatively smaller-sized pieces and relatively larger-sized
      pieces. A second conveyor conveys the larger-sized pieces to a weighing
      device until a batch of the product is accumulated having a weight
      slightly less than the required batch weight, and a third conveyor adds
      smaller-sized pieces to the batch until the minimum batch weight is
      achieved.
BSUM
PAR  This invention relates to a method of, and apparatus for, weighing a
      product made up of irregular pieces into a batch of predetermined weight.
      The invention is particularly intended for use with lightweight
      free-flowing products which are difficult to weigh automatically into
      batches of predetermined weight due to irregularity in the size of the
      individual pieces. Typical products with which this difficulty is
      encountered are, for example, potato crisps and other lightweight food
      products having pieces of irregular size. These products are usually
      sealed in bags and are sold on the basis that each bag contains a minimum
      weight of the product. As it is essential that the contents of each bag do
      not fall below the declared minimum weight, it is usual to continue adding
      pieces of the product indescriminately, until the last piece added makes
      the total weight exceed the stipulated minimum. In this manner, if the
      last piece of product added is of a comparatively large size, the final
      weight can substantially exceed the declared minimum. When one ounce bags
      of potato crisps are being packed it has been found that the contents
      average 3 drams (3/16 ounce) overweight, and this "give-away"  of the
      product reduces the profit margin accordingly.
PAR  According to one aspect of the invention a method of weighing a product
      made up of irregular pieces into a batch of predetermined weight includes
      grading a flow of the irregular pieces to separate smaller-sized pieces
      from the flow, conveying the remaining flow of pieces towards a weighing
      device, delivering pieces from the remaining flow to the weighing device
      until a batch of the product is accumulated having a weight slightly less
      than said predetermined weight, separately conveying the smaller-sized
      pieces towards the weighing device, and adding these smaller-sized pieces
      to the batch until the said predetermined weight is just achieved. In this
      manner each batch can be made up to a value less than the predetermined
      minimum weight by an amount equivalent to the heaviest anticipated piece
      of product, and is subsequently brought up to the minimum weight in the
      smallest possible increments. By adopting this technique we have found
      that the average give-away can be reduced to about one dram (1/16 ounce)
      on a bag of potato crisps.
PAR  The method preferably includes grading the entire flow of irregular pieces
      to separate a supply of smaller-sized pieces which will be more than
      adequate for making successive batches up to the said predetermined
      weight, and returning the prevailing surplus supply of smaller-sized
      pieces to the remaining flow before it reaches the weighing device.
      Grading the entire flow of the product enables the smallest pieces to be
      separated whilst ensuring a plentiful supply for bringing each batch up to
      the required minimum weight. Separating an excessive supply of
      smaller-sized pieces ensures that the technique will not fail due to an
      inadequate supply of the smaller-sized pieces during fluctuations in the
      proportion of small pieces in the flow of product. Returning the
      prevailing surplus supply of smaller-sized pieces avoids any problem of
      uncontrolled accumulation of the separated smaller-sized pieces.
PAR  The method also preferably includes delivering pieces from the remaining
      flow to a first weighing station of the weighing machine until a batch of
      the product is accumulated having a weight slightly less than said
      predetermined weight, subsequently transferring the batch to a second
      weighing station of the weighing machine for determining when the batch
      just achieves the said predetermined weight, and adding the smaller-sized
      pieces to the second weighing station whilst pieces are being delivered
      from the remaining flow to the first weighing station for accumulating the
      next batch. In this manner the weighing cycle is minimized.
PAR  According to another aspect of the invention apparatus, for weighing a
      product made up of irregular pieces into a batch of predetermined weight,
      includes a first conveyor means for conveying the irregular pieces to a
      grading device which is arranged to separate the irregular pieces into two
      fractions respectively containing relatively smaller-sized pieces and
      relatively larger-sized pieces, a weighing device for weighing pieces of
      the product, a second conveyor means for conveying the relatively
      larger-sized pieces from the grading device to the weighing device, a
      third conveyor means for conveying the relatively smaller-sized pieces
      from the grading device to the weighing device, and control means
      associated with the weighing device and the second and third conveyor
      means whereby the second conveyor means will be operated to deliver
      relatively larger-sized pieces to the weighing device until a batch has
      been accumulated having a weight slightly less than said predetermined
      weight and the third conveyor will be operated to add relatively
      smaller-sized pieces to the batch until the said predetermined weight is
      just achieved. Preferably a demand-sensing device is arranged operatively
      between the grading device and the third conveyor means for sensing the
      rate at which smaller-sized pieces should be supplied to the third
      conveyor means to maintain a satisfactory equilibrium and for returning
      any surplus supply of smaller-sized pieces to the second conveyor means.
      The demand sensing device may comprise a fourth conveyor means which
      conveys smaller-sized pieces from the grading device to the third conveyor
      means, the fourth conveyor means extends over a portion of the second
      conveyor means remote from the weighing device, and the fourth conveyor
      means is arranged so that any surplus supply of the smaller-sized pieces
      will accumulate on it and then fall onto the second conveyor means.
PAR  Preferably the weighing device has first and second weighing station, the
      second conveyor means is arranged to convey the larger-sized pieces to the
      first weighing station and the third conveyor means is arranged to convey
      the smaller-sized pieces to the second weighing station, and said control
      means is arranged to transfer a batch of accumulated pieces from the first
      station to the second weighing station when it has a weight slightly less
      than said predetermined weight whereby the third conveyor adds
      smaller-sized pieces to the partially completed batch at the second
      weighing station whilst the second conveyor is delivering larger-sized
      pieces to the first weighing station for accumulating the next batch.
PAR  The grading device preferably defines a supporting surface along which the
      pieces of product will travel in a predetermined direction towards an end
      edge of the supporting surface, and the width of the supporting surface
      decreases in the direction of travel of the pieces whereby the
      larger-sized pieces will fall off the supporting surface onto the second
      conveyor means before reaching the end edge, and smaller-sized pieces will
      fall off the end edge for delivery to the third conveyor means. The
      grading device may define two or more parallel channels which are bounded
      by parallel walls and have respective bases jointly defining the
      supporting surface, and each base terminates in two end edges which extend
      from the adjacent walls toward a generally V-shaped slot formed in the
      base. Preferably the base of each channel slopes downwardly towards both
      boundary walls to bias the pieces of product towards the walls during
      grading. The walls may project beyond the end edges of the channels to a
      position that is over the second conveyor means, whereby any larger-sized
      pieces that may become hooked over the tops of the walls will be returned
      to the flow of larger-sized pieces on the second conveyor means. Spacers
      may be secured to the sides of the walls to reduce the size of the pieces
      to be selected for delivery to the third conveyor means. The spacers for
      the adjacent walls of adjacent channels may be formed as an inverted
      U-shaped cover.
DRWD
PAR  The invention is now described, by way of example only, with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic plan view of one embodiment of the invention;
PAR  FIG. 2 is a side elevation on the line 2--2 in FIG. 1;
PAR  FIG. 3 is a side elevation on the line 3--3 in FIG. 1;
PAR  FIG. 4 is a diagrammatic plan view of a further embodiment of the
      invention;
PAR  FIG. 5 is a side elevation of FIG. 4;
PAR  FIG. 6 is a plan view of one form of grading device;
PAR  FIGS. 7 and 8 are respectively a side elevation and an end elevation of
      FIG. 6;
PAR  FIG. 9 is an end elevation similar to FIG. 8 but illustrating an
      alternative form of grading device, and
PAR  FIGS. 10 and 11 are respectively an enlarged end view and an enlarged plan
      view of a further alternative form of grading device.
DETD
PAR  FIGS. 1 - 3 show apparatus which is suitable for separating potato crisps
      or like products into weighed batches. The product, in the form of
      irregular individual pieces of non-uniform size and weight, is fed from an
      unshown main supply conveyor into a receiving vibratory conveyor pan 10
      fitted with vibrator means 11 and an unshown detecting means for detecting
      the total weight of product on the conveyor pan. The rate at which the
      vibrator means 11 is operated is variable according to the desired feed
      rate of the receiving conveyor pan 10. The detecting means may be of any
      suitable form and is conveniently a level control device, the level of the
      receiving conveyor pan 10 varying according to the total weight of the
      receiving conveyor pan 10 and its contents. The level control device may
      operate a level feeler device, an optical level detecting device or other
      weighing scale device by which an indication of the weight is given. If
      the receiving conveyor pan 10 is fed manually, a visual or audible signal
      may be given by the level control device, according to which signal more
      or less product is fed into the receiving conveyor pan 10. The rate of
      feed into the receiving conveyor pan 10 is also dependent on the demand of
      the weighing system. With automatic feeding the signal from the level
      control device causes the unshown main supply conveyor to operate to cause
      more or less product to be fed into the receiving conveyor pan 10. The
      level control device enables a continuous flow of product to be maintained
      at a rate that will achieve maximum efficiency of the system.
PAR  The receiving conveyor pan 10 spreads the product over its surface and
      delivers it to a conveying and grading pan 13 which is divided into four
      grading channels and is driven by a vibrator means 14 to convey the
      product whilst grading it into two fractions respectively containing
      smaller-sized pieces and relatively larger-sized pieces. At the end of
      each of the four channels the supporting surface defined by the base of
      the conveying and grading pan 13 is reduced so that relatively
      larger-sized pieces of the product can no longer be supported and will
      fall into a conveying pan 15 positioned beneath the conveying and grading
      pan 13. The relatively smaller-sized pieces of product travel further
      along the conveying and grading pan 13 until they reach the forward edge
      of the conveying and grading pan 13 and fall onto a shallow cross-conveyor
      pan 16. For convenience the relatively larger-sized fraction will
      hereinafter be termed the "bulk" product and the relatively smaller-sized
      fraction will be termed the "dribble" product. The construction and
      operation of the conveying and grading pan 13 will later be more fully
      described with reference to FIGS. 6 to 13.
PAR  As the cross-conveyor pan 16 is shallow and extends over the conveying pan
      15, any excess dribble product will fall off the cross-conveyor pan 16
      into the conveying pan 15 to join the bulk product.
PAR  Bulk product from the conveying and grading pan 13 and excess dribble
      product which falls into the conveying pan 15 is conveyed to an
      intermediate conveying pan 17 and then to a final conveying and discharge
      pan 18. The pans 15, 17 and 18 are each vibratory pans actuated by
      respective vibrator means 19, 20 and 21 and each pan serves to distribute
      the product thinly and evenly over its surface. If the product can be
      distributed relatively easily the intermediate conveying pan 17 can be
      omitted, the product then being fed directly from the conveying pan 15 to
      the final conveying and discharge pan 18. On the other hand additional
      intermediate conveyor pans may be provided for products which are
      difficult to distribute evenly.
PAR  The cross-conveyor pan 16 conveys the dribble product to a series of
      conveyor pans 23, 24 and 25. The pan 23 receives the dribble product from
      the cross-conveyor pan 16 and accumulates the dribble product for feeding
      to the pans 24 and 25 which serve to distribute the product thinly and
      evenly before final discharge from the pan 25. In common with all the
      conveyor pans of the system, each of the pans 16, 23, 24 and 25 are driven
      by vibrator means, the vibrator means of the pans 23, 24 and 25 being
      shown at 26, 27 and 28 respectively. As mentioned in connection with the
      bulk product conveyor pans, fewer or more dribble conveyor pans can be
      provided, according to the nature of the product.
PAR  The dribble product receiving pan 23 is provided with an unshown level
      control device similar to that provided for the receiving conveyor pan 10.
      This level control device controls the operation of the cross-conveyor pan
      16 to maintain an optimum quantity of dribble product in the pan 23
      available for use as dribble feed, the prevailing surplus dribble product
      being permitted as previously stated to fall off the cross-conveyor pan 16
      onto the bulk product in conveying pan 15.
PAR  Both the bulk discharge pan 18 and the dribble discharge pan 25 are
      arranged to deliver pieces of the product into a common hopper 30 which is
      weighed by a weighing scale 31. The greater proportion of each batch of
      product is fed quickly into the hopper 30 by the bulk feed conveyors 15,
      17 and 18. The actual weight product fed into the hopper 30 by the bulk
      feed conveyors does not have to be controlled to any great degree of
      accuracy provided that it is less than the required minimum batch weight,
      and the amount of the bulk feed discharged is only roughly determined.
      When this amount has been discharged into the hopper 30, the bulk feed
      conveyors 15, 17 and 18 are stopped and the dribble feed conveyors 16, 23,
      24 and 25 are stated so that the dribble feed makes up the weight in the
      hopper 30 until the minimum batch weight is just achieved. When the
      weighing scale 31 detects that the predetermined weight of the batch has
      been reached the dribble feed conveyors are stopped and the hopper 30 is
      emptied. In some cases the dribble feed conveyors 16, 23, 24 and 25 can be
      started before or after the bulk feed conveyors 15, 17 and 18 are stopped.
PAR  Although not shown in the drawings, each weighed batch of product would
      normally be discharged from the hopper 30 into a form and fill packaging
      machine so that each batch will be packed into an individual bag.
PAR  A suitable system for controlling the operation of the conveyor pans in
      co-ordination with the weighing device is described in our British Patent
      Application No. 34039/73.
PAR  FIGS. 4 and 5 illustrate a similar apparatus to that just described with
      reference to FIGS. 1 to 3, and the same reference numbers have been used
      to identify equivalent components.
PAR  The receiving conveyor pan 10 receives the supply of product and the weight
      of product in the receiving conveyor pan 10 at any given moment is sensed
      by a level sensing device 12. The product passes from the receiving
      conveyor pan 10 to a conveying and grading pan 13 which divides the
      product into bulk product and dribble product as before, the required
      dribble product passing from a cross-conveyor pan 16 to a storage and
      conveying pan 23. The pan 23 is fitted with a level sensing device 29
      which detects whether sufficient dribble product is contained in the pan
      23 and actuates the cross-conveyor pan 16 accordingly.
PAR  As before, bulk product conveying pans 15, 17 and 18 are provided and these
      convey bulk product and excess dribble product to a first weighing station
      at which there is positioned bulk product hopper 33 having an associated
      weighing scale 34.
PAR  Similarly, dribble product from the storage conveyor pan 23 is fed by
      conveying pans 24 and 25 to a second weighing station at which there is
      positioned a hopper 35 having an associated weighing scale 36. The bulk
      product conveyors 15, 17 and 18 are operated to discharge bulk product
      into the hopper 33 until it contains a weight of bulk product that is
      slightly less that the minimum batch weight. When this condition is
      detected by the weighing scale 34, the bulk product conveyors 15, 17 and
      18 are momemtarily stopped whilst the hopper 33 discharges its contents
      into the hopper 35. When the weighing scale 36 detects the arrival of a
      batch from the hopper 33, the dribble feed conveyors 23, 24 and 25 are
      operated to feed dribble product into the hopper 35 until the weighing
      scale 36 indicates that the minimum batch weight has just been achieved
      whereupon the dribble feed conveyors 23, 24 and 25 are stopped and the
      hopper 35 is emptied into a form and fill packaging machine as before.
PAR  As soon as the hopper 33 has been emptied into the hopper 35 and is ready
      to receive further product, the bulk feed conveyors 15, 17 and 18 are
      restarted to refill the hopper 33 and this continues while the batch in
      the hopper 35 is being made up to weight by the dribble feed conveyors. If
      the hopper 33 has received the necessary weight of bulk product before the
      preceding batch in the hopper 35 has achieved the minimum batch weight,
      the discharge of product from the hopper 33 will be delayed until after
      the hopper 35 has emptied and is ready to receive further product.
PAR  The construction and operation of the conveying and grading pan 13 is now
      described in greater detail with reference to FIGS. 6 and 11.
PAR  As shown in FIGS. 6 to 8 the conveying and grading pan 13 is divided into
      four channels by three plates 40 of which the opposite sides define the
      adjacent walls of adjacent channels. Side plates 41 define the outer walls
      of the outermost channels. The plates 40 and 41 lie in parallel vertical
      planes and extend in the direction of travel of the product. The base of
      each of the two centre channels is divided into two base portions 42 of
      similar area and shape to the bases 42 of the outer two channels. Each
      base or base portion 42 slopes downwardly in FIGS. 7 and 8 towards an
      adjacent side wall, defined by the side of the corresponding plate 40 or
      41, so that the pieces of product in each channel will be biased towards
      at least one of its side walls. Thus, as the pieces of product are
      conveyed along the grading pan 13, they will tend to move against a
      channel side wall.
PAR  As shown in FIG. 6 the width of each base or base portion 42 decreases in
      the direction of travel of the pieces until only a relatively narrow ledge
      43, remains at the delivery end of the grading pan 13. These narrow ledges
      43 terminate abruptly in respective end edges as shown although the plates
      40 and 41 are extended a short distance beyond the ends of the ledges 43.
      In this manner the base of each of the centre channels terminates in two
      end edges which extend from the adjacent walls defined by the plates 40
      towards the generally V-shaped slot shown. This decrease in the width of
      each base or base portion 42 is selected so that larger-sized pieces of
      product cannot be supported by the ledges 43 and fall into the conveying
      pan 15 because the centre of gravity of the larger-pieces will lie outside
      the side edges of the ledges 43. Those smaller-sized pieces, whose centres
      of gravity still lie inside the side edges of the ledges 43, will travel
      to the ends of the ledges 43 and will fall off their end edges directly
      onto the cross-conveyor 16. When the cross-conveyor 16 is not being
      operated, the smaller-sized pieces will build up into individual heaps
      under the end edges of the ledges 43 and, when these heaps reach a
      sufficient height, the cross-conveyor 16 will no longer be able to support
      them, and they will fall off into the conveyor pan 15.
PAR  The width of the narrow ledges 43 determines which size of product is
      selected for the dribble conveyor and it will be appreciated that the
      width can be selected according to the size range of product anticipated.
      In practice the ideal size of the smaller-sized product extracted from the
      flow of product by the grading device will be the smallest possible
      consistent with an adequate supply to the dribble conveyor. Similarly the
      length of the narrow ledges 43 will be selected to be great enough to
      ensure that all the larger-sized product will fall off before it reaches a
      position above the cross-conveyor 16. However, in some cases, the product
      may be shaped so that pieces can hook over tops of the plates 40 and in
      this case the height and the extension of the plates 40 beyond the end of
      the narrow ledges 43 will ensure that such pieces fall into the conveyor
      pan 15. It will also be noted that the cross-conveyor pan 16 is located
      sufficiently far below the grading pan 13 that a build up of product on
      the pan 16 will not come into contact with the underside of the grading
      pan 13.
PAR  As shown in FIGS. 6 to 8 the grading pan is formed as a single composite
      unit operated by a single vibrator device 14. Alternatively, as shown in
      FIG. 9, the grading pan 13 may be formed of two or more
      longitudinally-divided sections each comprising a channel or groups of
      channels, each section being independently supported and having an
      associated vibrator device 141 and 142.
PAR  In FIGS. 10 and 11, an arrangement is shown for varying the size of product
      which is selected for the dribble conveyor. In this arrangement the width
      of the narrow ledge 43 is effectively varied by fitting spacers to the
      sides of the channel walls. A U-shaped cover 45 is fitted over each plate
      40 so that its limbs 46 reach down to the upper surface of the narrow
      ledges 43. Each limb 46 defines a spacer of which the thickness equals the
      desired reduction in width of corresponding ledge 43. The cover 45 is
      fixed to the plate by nut and bolt assemblies 47 as shown.
PAR  The weighing scales 30, 34 and 36 may be provided with an automatic zeroing
      system to cater for any progressive accumulation of detritus from the
      product being packed. In this manner the weighing apparatus effectively
      recalibrates itself each time that the associated hopper 30, 33 or 35 is
      emptied so that the current empty weight of the hopper is taken as being
      zero.
PAR  Previously proposed batch weighing systems incorporating a product size
      grading arrangement and bulk, dribble feeding have graded the product in
      the final feeding stage immediately before the product is weighed.  This
      method has the inherent disadvantage that any one group of graded
      smaller-sized product must be made up from a small random sample of the
      total product being fed through the system. Since any one small random
      sample is likely to have a great variation in both the number and size of
      smaller-sized pieces of the product in the sample, it becomes necessary
      either to increase the maximum size of the largest pieces of the product
      to be graded as small, so as to ensure that there will be a sufficient
      quantity of small pieces to make up the dribble weight, or to increase the
      running time of the dribble feed to allow sufficient small pieces to
      arrive at random from the total flow of product. In the first case the
      average weight of any weighed batch will be increased above the minimum
      batch weight. In the second case the average running time for producing a
      given number of weighed samples is substantially increased thereby
      decreasing the overall efficiency of the system.
PAR  The method of, and apparatus for, weighing a product in accordance with
      this invention offers the following advantageous features over alternative
      known systems:
PAR  1. The whole flow of the product is graded to ensure that the selection of
      only the smallest pieces will provide sufficient product for the dribble
      feed system to work efficiently.
PAR  2. The location of the grading device spaced two or more conveying pans
      distant from the weighing hopper enables the succeeding conveying pans to
      distribute the product evenly and thinly before discharge into the hopper.
PAR  3. The dribble feed system enables a volume of smaller-sized pieces of the
      product to be accumulated so that it will be available for use in making
      up the weight of each batch as and when it is needed and in the quantity
      that is needed and, at the same time, any excess of smaller-sized pieces
      will be returned automatically to the bulk feed system.
PAR  4. The provision of a dribble feed system enables the desired minimum batch
      weight to be achieved more accurately than if the only feed consists
      wholly of large sized product or a mixture of large and small sized
      product.
PAR  5. The dual hopper arrangement is also faster than alternative systems in
      achieving an accurate weight in the hopper, as the dribble feed system can
      operate at the same time as the bulk feed.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A method of weighing a product made up of irregular pieces into a batch
      of predetermined weight, including grading a flow of the irregular pieces
      to separate smaller-sized pieces from the flow, conveying the remaining
      flow of pieces towards a weighing device, delivering pieces from the
      remaining flow to a first weighing station of the weighing device until a
      batch of the product is accumulated having a weight slightly less than
      said predetermined weight, subsequently transferring the batch to a second
      weighing station of the weighing device for determining when the batch
      just achieves the said predetermined weight, and adding the smaller-sized
      pieces to the second weighing station whilst pieces are being delivered
      from the remaining flow to the first weighing station for accumulating the
      next batch.
NUM  2.
PAR  2. Apparatus, for weighing a product made up of irregular pieces into a
      batch of predetermined weight, including a first conveyor means for
      conveying the irregular pieces, a grading device to which the irregular
      pieces are conveyed by said first conveyor means, said grading device
      being arranged to separate the irregular pieces into two fractions
      respectively containing relatively smaller-sized pieces and relatively
      larger-sized pieces, a weighing device for weighing pieces of the product,
      a second conveyor means for conveying the relatively larger-sized pieces
      from the grading device to the weighing device, a third conveyor means for
      conveying the relatively smaller-sized pieces from the grading device to
      the weighing device, control means associated with the weighing device and
      the second and third conveyor means whereby the second conveyor means will
      be operated to deliver relatively larger-sized pieces to the weighing
      device until a batch has been accumulated having a weight slightly less
      than said predetermined weight and the third conveyor will be operated to
      add relatively smaller-sized pieces to the batch until the said
      predetermined weight is just achieved, and a demand-sensing device
      arranged operatively between said grading device and said third conveyor
      means for sensing the rate at which smaller-sized pieces should be
      supplied to the third conveyor means to maintain a satisfactory
      equilibrium and for returning any surplus supply of smaller-sized pieces
      to said second conveyor means.
NUM  3.
PAR  3. Apparatus as in claim 2, in which the demand-sensing device comprises a
      fourth conveyor means which conveys smaller-sized pieces from the grading
      device to said third conveyor means, said fourth conveyor means extends
      over a portion of said second conveyor means remote from the weighing
      device, and said fourth conveyor means is arranged so that any surplus
      supply of the smaller-sized pieces will accumulate on it and then fall on
      to said second conveyor means.
NUM  4.
PAR  4. Apparatus as in claim 2, in which said weighing device has first and
      second weighing stations, said second conveyor means is arranged to convey
      the larger-sized pieces to said first weighing station and the third
      conveyor means is arranged to convey the smaller-sized pieces to said
      second weighing station, and said control means is arranged to transfer a
      batch of accumulated pieces from said first station to the second weighing
      station when it has a weight slightly less than said predetermined weight,
      whereby the third conveyor adds smaller-sized pieces to the partially
      completed batch at said second weighing station whilst the second conveyor
      is delivering larger-sized pieces to said first weighing station for
      accumulating the next batch.
NUM  5.
PAR  5. Appartus as in claim 2 in which said grading device defines two or more
      parallel channels which are bounded by parallel walls, said channels have
      respective bases jointly defining a supporting surface along which the
      pieces of product will travel in a predetermined direction towards two end
      edges defined by the bases, and said two end edges extend from the
      adjacent walls towards a generally V-shaped slot formed in the base.
NUM  6.
PAR  6. Apparatus as in claim 5, in which the base of each said channel slopes
      downwards towards both said boundary walls to bias the pieces of product
      towards said boundary walls during grading.
NUM  7.
PAR  7. Apparatus as in claim 5, in which the walls project beyond the end edges
      of the channels to a position that is over said second conveyor means,
      whereby any larger-sized pieces that may become hooked over the tops of
      the walls will be returned to the flow of larger-sized pieces on the
      second conveyor means.
NUM  8.
PAR  8. Apparatus as in claim 5, in which spacers are secured to the sides of
      said walls to reduce the size of the pieces to be selected for delivery to
      said third conveyor means.
NUM  9.
PAR  9. Apparatus as in claim 8, in which the spacers for the adjacent walls of
      adjacent said channels are formed as an inverted U-shaped cover.
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ABST
PAL  A slicing system for automatically controlling the weight of individually
      sized portions of a sliced food product includes an automatic electric
      slicer and a scale operably associated therewith for weighing slices of a
      food product cut by the slicer. A photoelectric element disposed adjacent
      the path of the movable pointer on the scale detects the proximity of such
      pointer at a preselected location corresponding to a preselected weight of
      food product being received upon the receiving platform of the scale and
      opens the circuit to the slicer to stop the same. Adjusting means are
      provided to establish the relative position of the photoelectric element
      and the scale pointer for causing the circuit to break at such selected
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the slicing of food products as, for example, in
      restaurant and delicatessen operations and, more particularly, to the
      automatic slicing apparatus useful in such operations.
PAR  The making of sandwiches in restaurants and delicatessens often requires
      the slicing of a food product into an integral number of slices which are
      then used to make the sandwich. Operators of such establishments seek to
      establish uniformity in the sizes of the individual portions incorporated
      in their sandwiches and this has heretofore posed a difficult problem. The
      automatic slicing machines operate rapidly and efficiently to slice the
      food product, but the operator has no means of accurately and
      automatically ascertaining the weight of the portions produced and,
      accordingly, can only estimate the total weight of the product that he
      cuts. It is time consuming for the operator to check his estimate by
      weighing the slices. Furthermore, if he finds that he is over the desired
      weight, oftentimes there is nothing he can do with the extra slice or
      slices except to include them in the sandwich.
PAR  It is accordingly the primary purpose of the present invention to provide
      apparatus for automatically controlling the weight of individually sized
      portions of sliced food products prepared by an automatic slicing machine.
      It is a further object of the present invention to provide such apparatus
      that will accurately determine an individually sized portion of a food
      product having a desired preselected weight.
PAR  It is a still further object of the present invention to provide such
      apparatus that will avoid the necessity for the operator of an automatic
      slicing machine periodically to check his estimate of the correct weight
      for a preselected individually sized portion of a sliced food product.
PAC  SUMMARY OF THE INVENTION
PAR  Our system for slicing food products into accurately controlled
      individually sized portions having a preselected weight comprises
      automatic slicing means for slicing a food product into a number of slices
      and electric motor means operably connected to such slicing means for
      operating the same. Normally closed circuit means connect the motor means
      to the slicing means and to a source of electric power.
PAR  Scale means are operably associated with the slicing means for weighing the
      slices of food product cut. Such scale means comprise a receiving platform
      for receiving the slices and an indicating element for indicating the
      weight of the slices received on the receiving platform.
PAR  Photosensitive means are disposed adjacent the path of the indicating
      element for detecting the proximity of the same at a preselected location
      corresponding to a preselected weight of food product and for opening the
      circuit means to stop the automatic slicing means. Means are also provided
      to adjust the position of the photosensitive means relative to the
      indicating element for causing the circuit means to open at the
      preselected location thereof.
PAR  Our system further comprises time delaying means for delaying the time at
      which the photosensitive means is effective to open the circuit means,
      such time delay means being effective to delay the opening of said circuit
      means by an amount of time sufficient to compensate for any oscillation of
      the indicating element beyond the preselected location.
PAR  Desirably, the indicating element may comprise a pointer mounted on the
      scale dial and includes an upstanding leg on an end thereof, such leg
      being adapted to actuate the photosensitive means upon said pointer
      reaching said preselected location.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the apparatus of the invention;
PAR  FIG. 2 is a side elevational view, to an enlarged scale and with parts
      broken away, of the apparatus of FIG. 1;
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is an electrical diagram illustrating a circuit suitable for
      incorporation in the present invention;
PAR  FIG. 6 is an electrical diagram illustrating an alternate embodiment of a
      circuit suitable for incorporation in the present invention; and
PAR  FIG. 7 is a view of a scale pointer suitable for use in the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings there is disclosed a slicing system 10 which
      automatically controls the weight of individually sized portions of a
      sliced food product. The system includes a gravity feed automatic food
      slicer 11, such as the type manufactured by Globe Slicing Machine Co.,
      Stamford, Conn., and which is capable of thinly slicing food products such
      as cooked meats and the like. The slicer 11 herein illustrated is provided
      with separate blade and carriage motors (not shown), each having its
      respective control switch. The slicer 11 is wired such that for repeated
      use, a carriage switch 13 and a motor switch 14 may be left in the "On"
      position.
PAR  A scale 15 having a mounting plate 16 mounted on a support 17 carries a
      removable stainless steel receiving platform 18 designed to receive
      products from the slicer 11. The platform 18 is removably mounted on the
      plate 16, thus to be easily cleaned. Slices of the product actuate the
      scale 15 as they are received on the platform 18, causing movement of the
      scale pointer 20 in the normal clockwise direction as the slices cause
      downward movement of the platform 18 with respect to the scale.
PAR  The trailing end of the scale pointer 20 (FIG. 7) is desirably split as
      indicated at 21, and one part thereof is bent outwardly into an upstanding
      leg 23 for actuating photosensitive means which are a feature of the
      present invention. Such means, which, for example, may desirably comprise
      a photon coupled interrupter 25 manufactured by General Electric Company
      as part No. GE H13B1 or as Texas Instruments part No. TI 138, is mounted
      by a screw 26 on a nylon shaft 27 received in a brass bushing 28 disposed
      in a mounting bracket 30 attached to the face 31 of the scale 15 by an
      adjustable screw 32. The shaft 27, which desirably comprises a knurled
      outer end 33, is adapted to pass through an opening in a cover 34 for the
      scale which has a window 38a. An indicating needle 35 is also attached to
      the shaft 27 by the screw 26 for setting by the operator at a desired
      scale reading. The screw 32 for the mounting bracket 30 permits adjustment
      thereof relative to the scale pointer 20 such that the upstanding leg 23
      can pass through the opening 36 in the interrupter 25, as shown. Rotation
      of the shaft end 33 is effective to establish a position of the indicator
      needle 35 and a corresponding position of the interrupter 25 such that the
      upstanding leg 23 on the pointer 20 will break the photoelectric beam
      passing through the interrupter 25 upon the pointer 20 reaching the
      position of the indicator needle 35. The position of needle 35 can be
      viewed by the operator through the window 34a.
PAR  The scale 15 has an air-pot 37 incorporated therein for damping and
      minimizing vibration of the pointer 20 caused by slices being dropped on
      the platform 18. Such avoids excessive oscillation and premature
      interruption of the circuit which might otherwise occur as the number of
      slices approaches the preselected weight.
PAR  Referring to FIG. 5, illustrating a first circuit which may be employed
      according to the present invention, input connections 38 and 39 from a
      conventional source are connected to the movable terminals of double pull
      double throw switch 12. When switch 12 is thrown to its lower position,
      leads 40 and 41 which are connected to the slicer are energized directly
      as when non-automatic operation is desired. With the switch 12 thrown to
      its upper position, the primary winding of transformer 42 is energized
      together with indicating lamp 43 connected in series with resistor 44
      across such primary winding. The secondary of the transformer is adapted
      for supplying a lower AC voltage to bridge rectifier circuit 46 having
      positive and negative output leads 47 and 48, the latter providing a
      common return for the remainder of the FIG. 5 circuit.
PAR  Interrupter 25 comprises a light emitting diode 49 for supplying a light
      beam directed toward photo transistor 50 across the opening 36. Light
      emitting diode 49 is disposed in series with resistor 51 and the
      combination is interposed between leads 47 and 48. The collector of photo
      transistor 50 is coupled to positive lead 47, and its emitter is coupled
      via resistor 52 to a first terminal of delay capacitor 54 having its
      remaining terminal returned to lead 48. Capacitor 54 is shunted by
      resistor 55 which slowly bleeds off the charge from capacitor 54, with the
      capacitor preventing an immediate rapid change in voltage across resistor
      55 should the status of conduction through photo transistor 50 change as
      by interruption of the light beam generated from light emitting diode 49.
      In this manner, operation of the circuit for disconnecting slicer 11 is
      inhibited when the pointer 20 "overshoots" momentarily. Thus, this
      delaying means is effective to delay circuit opening by an amount of time
      sufficient to compensate for oscillation of the scale pointer beyond a
      preselected location.
PAR  A series combination of resistors 56 and 57 form a voltage divider across
      capacitor 54 with the mid point thereof connected to the emitter of
      programmed unijunction transistor 58. The principal base terminals of
      transistor 58 are coupled between lead 47 and the anode of silicon
      controlled rectifier 59, the cathode of which is connected to lead 48 by
      way of resistor 60 and capacitor 61 connected in series. A momentary push
      button switch 62 is interposed between lead 47 and a resistor 63 the
      remote end of which is coupled to the control terminal of silicon
      controlled rectifier 59. A resistor 64 returns the control terminal of
      silicon controlled rectifier 59 to the cathode thereof, while a capacitor
      65 shunts the last mentioned resistor for the purpose of preventing stray
      pickups from affecting the operation of the silicon controlled rectifier.
PAR  The mid point between components 60 and 61 is connected to the cathode of a
      diode 66, the cathode of which is coupled to the control terminal of triac
      68 as well as to one end of a resistor 70, while the remaining end of
      resistor 70 is connected to the anode of a diode 71 having its cathode
      returned to lead 48. It will be seen that current from bridge rectifier
      output lead 47 flows through unijunction transistor 58, silicon controlled
      rectifier 59, resistor 60, diode 66, resistor 70, and diode 71 to lead 48,
      assuming all the aforementioned elements are in a conductive condition. At
      such time the drop across resistor 70 will maintain triac 68 in an On
      condition whereby current from switch 12 via lead 72 is coupled through
      the triac to lead 40 for empowering slicer 11. Lead 72 is connected to the
      junction between resistor 70 and diode 71 as well as to one terminal of
      triac 68. Triac 68 is shunted by metal oxide varister 73 for the
      prevention of too high a voltage drop across triac 68 under transient
      conditions. Capacitor 61 functions in a manner similar to capacitor 65 for
      preventing unwanted pickup from energizing triac 68.
PAR  The circuit of FIG. 5 is started by depressing momentary contact switch 62
      which energizes silicon controlled rectifier 59 such that the
      aforementioned series circuit is established therethrough. It will be
      assumed photo transistor 50 is receiving light at this time and therefore
      a charge exists across capacitor 54 for establishing conduction through
      unijunction transistor 58. Consequently, when momentary contact switch 62
      is depressed, triac 68 will be energized and an alternating current
      circuit will be completed to output leads 40 and 41 for energizing the
      slicer. Then, when the light beam of light emitting diode 49 is
      interrupted by the interposition of leg 23, the charge in capacitor 54
      will be drained off by resistor 55 and unijunction transistor 58 will
      cease to conduct causing the discontinuance of conduction through triac 68
      and disconnection of the slicer.
PAR  An alternative circuit embodiment employing an electromagnetic relay is
      illustrated in FIG. 6 wherein similar elements are referred to by similar
      reference numerals. Interrupter 25' includes light emitting diode 49,
      photo transistor 50, and a second transistor 74 disposed in a Darlington
      circuit with transistor 50. A third transistor stage 75 is similarly
      driven by transistor 74 and the emitter of transistor 75 is connected to
      the ungrounded terminal of delay capacitor 54 having the series
      combination of relay control coil 76 and voltage dividing resistor 77
      disposed thereacross. Shunted across relay control coil 76 is a second
      voltage dividing resistor 78 and a diode 79 wherein the latter is adapted
      to dissipate conductive overshoot of the relay coil. A first set of relay
      contacts 80 are interposed between positive power lead 47 and connection
      81 for supplying the interrupter 25' and transistor 74. Momentary contact
      push button 62 is shunted across contact 80. A second set of contacts 81
      is interposed between lead 72 empowered when switch 12 is in an upper
      position, and output lead 40 connected to the slicer. When momentary push
      buttom 62 is depressed, capacitor 54 is charged and relay coil 76 is
      energized for closing relay contacts 80 and 81. Contacts 80 hold the
      circuit for the interrupter and transistor 75. Contacts 81 close the
      circuit to lead 40 for empowering slicer 11. Then, when leg 23 interrupts
      the light beam from the light emitting diode, the circuit from the emitter
      of transistor 75 through relay coil 76 is deenergized and the relay
      contacts drop out for turning off the slicer. Again, capacitor 54 has the
      function of said delaying the turnoff of the slicer whereby the apparatus
      is not subject to scale bounce as when a slice of meat drops upon the
      platform 18, but rather the apparatus will be responsive to the actual
      measured weight. The time constant of the circuit including capacitor 54
      in the case of either the FIG. 5 or the FIG. 6 embodiment is such that the
      capacitor charges substantially to the applied voltage in just over the
      period of time required for the scale to recover from the bounce.
PAR  As indicated in the electrical circuit diagrams, FIGS. 5 and 6, a normally
      closed circuit is provided for energizing the slicer carriage motor. Upon
      the preselected weight of the slices being received on the platform 18 to
      cause the pointer leg to break the photoelectric beam in the interrupter
      25, the circuit is opened to the carriage motor. Such will cause the
      slicer to stop slicing the product, thereby to produce an exact
      preselected weight of thinly sliced food product constituting an
      individual portion for a sandwich or the like.
PAR  Placing the switch 12 in the opposite On position enables the slicer 11 to
      be used without the scale 15 or without shutting off the carriage motor
      should such be desired. In this way the slicer can be used for other
      conventional requirements, or the slicer can be used if the scale has been
      damaged or malfunctions.
PAR  Prior to serving operations, the operator adjusts the position of the
      indicator needle 35 with respect to the face 31 of the scale by turning
      the shaft 27 until a desired weight is indicated. Assuming the automatic
      portion control to be used, a piece of food product is placed in position
      for slicing on the slicer 11, momentary contact button 62 is depressed and
      will function automatically to initiate slicing of a first slice which,
      upon being cut, drops on the receiving platform 18 of the scale. As the
      slicer 11 continues automatically to cut additional slices and to drop
      them on the receiving platform 18, the accumulated weight of slices on the
      platform causes rotation of the scale pointer 20 until the same reaches
      the position of the indicator needle 35, whereupon the upstanding leg 23
      on the pointer 20 interrupts the photoelectric beam through the
      interrupter 25 and opens the circuit to interrupt electric power to the
      carriage motor. The slicer 11 will then stop, an integral number of slices
      having been cut weighing the amount desired by the operator and
      constituting an exact individually sized portion for a sandwich.
PAR  Although the invention is particularly adaptable for use in producing exact
      individually sized portions of a preselected weight for use in sandwiches
      in restaurants and delicatessen operations, the system may also be used
      for checking the weight of meat or other entree portions in regular
      restaurant or banquet operations, especially when slices are being made
      from inconsistently sized roasts.
PAR  The invention is also applicable to other electrical systems incorporating
      a normally closed electrical circuit and a measuring instrument having a
      movable indicating element disposed within such circuit, as, for example,
      in an oven having a thermometer with a movable indicating element.
      Photoelectric means disposed adjacent the path of the indicating element
      on the thermometer detect photoelectrically the proximity of such
      indicating element at a preselected position thereof to break the circuit
      in the oven and cause heating thereof to stop.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for slicing food products into accurately controlled
      individually sized portions of preselected weight, the combination
      comprising:
PA1  a. automatic slicing means for slicing a food product into a number of
      slices to constitute an individually sized portion,
PA1  b. electric motor means operably connected to said slicing means for
      operating the same,
PA1  c. electric circuit means for connecting said electric motor means to a
      source of electric power,
PA1  d. scale means operably associated with said slicing means for weighing
      said slices of food product, said scale means comprising a movable
      receiving platform disposed below the slicing means for receiving said
      slices dropped thereonto by gravity from the slicing means, and a movable
      pointer for indicating the weight of said slices received on said
      receiving platform,
PA1  e. electric motor control switch means in the electric circuit means of the
      motor means for selectively opening and closing said circuit means for
      activating and deactivating the motor means,
PA1  f. electric actuator means for said switch means, the actuator means having
      an electric control circuit,
PA1  g. photosensitive switch means in said electric control circuit disposed
      adjacent the path of said movable pointer for detecting the proximity of
      the same at a preselected location corresponding to said preselected
      weight and for opening said electric control circuit and switch means to
      stop said automatic slicing means,
PA1  h. means to adjust the position of the photosensitive means relative to
      said movable pointer for causing said electric control circuit to open at
      said preselected location of said pointer, and
PA1  i. time delay means in the electric control circuit for delaying actuation
      of the electric motor control switch means by the photosensitive switch
      means for a period of time sufficient to allow recovery of pointer
      oscillation beyond said preselected location resulting from the dropping
      of food slices onto the receiving platform.
NUM  2.
PAR  2. The combination of claim 1 wherein the electric motor control switch
      means comprises a triac, the actuator means therefor comprises the control
      terminal of the triac, and the electric control circuit includes an
      electric supply circuit connected to said control terminal of the triac,
      and a programmed unijunction transistor in said supply circuit, the
      control terminal of said programmed unijunction transistor being connected
      to the photosensitive switch means.
NUM  3.
PAR  3. The combination of claim 8 wherein the electric motor control switch
      means comprises a relay contact, the actuator means therefor comprises the
      relay coil, and the electric control circuit includes an electric supply
      circuit connected to said coil, and the collector-emitter circuit of a
      transistor in said supply circuit, the base component of said transistor
      being connected to the photosensitive switch means.
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ABST
PAL  A weigh scale apparatus in which forces caused by the applied load are
      transformed into moments of opposite sense and applied to opposite ends of
      a substantially rigid beam. Deflection of the beam is measured by
      centrally disposed strain gage resistors to produce an electrical signal
      quantity proportional to the applied load. The conversion of applied load
      to moments of opposite sense is accomplished by a pair of spaced parallel
      pivot members which are suspended by straps between the load receiving pan
      and the base such that the pivots tend to rotate in opposite directions.
      The beam is mechanically connected between the pivots such that it is
      subjected to the bending moment over substantially its entire length. A
      split scale device is provided by a composite pan, one portion of which is
      connected to the pivots directly and another portion of which is connected
      to the pivots through long lever arms to provide moment multiplication. A
      vibrator device for dithering the pivots is provided.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to weight scale apparatus and particularly to a
      scale which employes a beam-type flexure element and means to detect
      bending of the beam as a measure of applied load.
PAC  BACKGROUND OF THE INVENTION
PAR  Weigh scale apparatus, other than the laboratory balance type, typically
      comprises a spring element such as a coil or wrapped spring or a torsion
      bar which is deflected in proportion to applied loads. The traditional
      means for sensing spring deflection are such that it is difficult and
      expensive to attain a high degree of accuracy. Thus, an inexpensive device
      is typically not precise in its measurements. Moreover, the prior art
      scales are also typically quite sensitive to the point on the pan or load
      receiving surface at which the load is applied; i.e., a non-centered load
      on the pan tends to produce an inaccurate reading.
PAR  The present invention overcomes the disadvantages of the prior art by
      providing a scale which can be manufactured so as to produce an extremely
      high degree of accuracy with relatively little expense and which, in a
      preferred form, is relatively insensitive to non-centered load
      applications.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  As stated above, the present invention provides a weigh scale apparatus
      having an entirely novel sensing principle which, because of the
      simplicity of the implementation of the principle, is capable of producing
      high accuracy at relatively little cost. Moreover, the invention is
      susceptible of implementation in various forms for a wide variety of
      applications ranging from food weighing scales for supermarkets to
      livestock elevators, grain elevators, highway vehicle scales, to extremely
      sensitive devices such as those used in the laboratory.
PAR  In general, the principle of the present invention involves the
      transformation of an applied load into moments which in turn are applied
      to opposite ends of a beam of high modulus of elasticity material so as to
      cause elastic deflection of the beam. Means such as strain gages are
      provided for the measurement of the deflection stress in the beam as an
      indication of the applied load.
PAR  As hereinafter set forth in greater detail, the invention may be embodied
      in a weigh scale apparatus having a base and a load receiving member such
      as a pan, a pair of pivot members spaced apart and disposed mechanically
      between the pan and the base so as to experience a turning moment when a
      load is applied to the pan. The term "pivot" as used herein shall be
      understood to refer to a mechanical device which is so mounted in the
      scale as to be subject to the turning moment when the load is applied, the
      actual rotation or angular deflection of such a device being so minimal as
      to be substantially imperceptible to the human eye and thus requiring no
      elaborate or commonly conceived bearings to allow for extensive angular
      rotation. Connected to and hence "floating" between the two pivot members
      is a beam of high modulus of elasticity material such as steel or
      aluminum. By virtue of the mechanical connection of the beam to the pivot
      members the turning moments of the pivot members are applied to the
      opposite ends of the beam thus to cause a bending deflection of the beam.
      Means are provided at the center of the beam for measuring the tension and
      compression forces in the beam due to bending and for providing an output
      signal which is indicative of applied loads. The beam is so machined as to
      define at the center thereof a flexure area of reduced cross section which
      tends to concentrate the bending stress in this area. Moreover, means such
      as strain gage resistors are bonded into intimate contact with the flexure
      area so as to produce an electrical signal which, upon suitable
      amplification, indicates the applied load as a function of the bending
      stress in the beam.
PAR  Various specific features of the invention are also described herein
      including, as examples, a force multiplying lever arm arrangement and a
      split pan; i.e., a pan having one area for a first scale sensitivity and
      another area for a second scale sensitivity thus to be capable of weighing
      objects in vastly dissimilar weight ranges to substantially the same
      degree of accuracy; another example involves the use of a vibrator or
      similar device in the scale to dither the mechanical components of the
      pivot assembly thus to produce a "live" apparatus having no noticeable
      friction or hysteresis characteristics. Various other features and
      advantages of the invention will become apparent from a reading of the
      following specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a weigh scale apparatus embodying the
      invention and comprising a digital readout or display device;
PAR  FIG. 2 is a plan view of a representative portion of the weigh scale
      apparatus of FIG. 1 with the cover or pan removed so as to show the
      interior details thereof;
PAR  FIG. 3 is a perspective view of representive interior details in the weigh
      scale apparatus of FIG. 1;
PAR  FIG. 4 is a side view partly in section of the interior details of the
      weigh scale apparatus of FIG. 1;
PAR  FIG. 5 is schematic circuit diagram of a bridge circuit for the bending
      stress monitoring system applicable to the beam of the apparatus of FIGS.
      1 through 4;
PAR  FIG. 5a is a perspective view of the central portion of the beam
      illustrating the disposition of strain gage resistors on a flexure area
      thereof;
PAR  FIG. 6 is a schematic mechanical drawing of a strap-type pivot and beam
      support system of the weigh scale apparatus of FIGS. 1 through 4;
PAR  FIG. 7 is a perspective drawing of a split scale device;
PAR  FIG. 8 is a perspective drawing of representative interior details of the
      split scale device; and
PAR  FIG. 9 is a side view in section of a representative portion of the split
      scale device.
DETD
PAC  DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  Looking first to FIG. 1 an illustrative weigh scale apparatus 10 designed
      for general purpose usage is shown to comprise a flat pan 12 approximately
      eleven inches by seventeen inches disposed on a rectangular aluminum base
      14 for receiving and weighing objects 16. Weigh scale apparatus 10
      responds to objects 16 to produce an electrical signal which is conducted
      through multiconductor cable 18 to a digital type display unit 20. The
      unit 20 is responsive to an electrical signal voltage of varying amplitude
      to provide a temporary visual display of a number which represents the
      weight of the object 16 in a selected measurement system. Brightness and
      other operating characteristics of the unit 20 may be controlled as
      desired; the device 20 is a commercially available device and, while it is
      representative of one of a wide variety of display or other readout
      devices which can be employed with the invention, it actually forms no
      part of the invention and hence will not be described in detail herein.
PAR  Looking now to FIGS. 2 through 4 of the interior details of the weigh scale
      apparatus 10 will be described in greater detail. The pan 12 is
      essentially a rectangular body of substantially rigid material such as
      aluminum or steel having a depending peripheral lip or flange 13 as best
      shown in FIG. 3 and having discretely located holes which receive
      fasteners so as to permit the pan to be intimately and closely
      mechanically secured to parallel rails 22a and 22b which are disposed
      within the confines of the base 14. The base itself comprises a thin floor
      bounded by outer longitudinal rails 14a and 14b and side rails 14c all
      secured together by machine screws, welds and combinations thereof.
PAR  Longitudinal rails 22a and 22b provide flat horizontal surfaces which
      receive the interior surface of the pan 12 thereon and hold the pan out of
      physical contact with any portion of the rectangular base 14. Longitudinal
      rails 22a and 22b are interconnected by transversely extending members 24
      only the lefthand member of which is shown in FIGS. 2 and 3, it being
      understood that another such rail is reversely similarly arranged about
      the centerline of the assembly defined by the transversely extending
      stiffener strap 25. The upper surface of rail member 24 is in the same
      plane as the upper surfaces of rails 22a and 22b and hence helps support
      the flat interior surface of the pan 12.
PAR  Mechanically suspended between the pan 12 and the base 14 and out of direct
      physical contact therewith is a pair of reversely similar pivot members 26
      made of heavy machined material such as aluminum, one such pivot member at
      each longitudinal end of the assembly shown in FIGS. 2 through 4. The
      suspension of pivot 26 is accomplished by steel strap assemblies 28 and 32
      such that loads applied to the pan 12, such as by placing an object 16 on
      the pan, produce turning moments of opposite sense in the two
      longitudinally spaced and parallel pivot members 26 of the weigh scale 10,
      such turning moments tending to rotate the pivot members about their own
      longitudinal axes, such axes being parallel and in a plane which is
      parallel to the plane of the pan 10 and perpendicular to the longitudinal
      axis of the overall device. Straps 28a and 28b are connected at the top to
      the base rail 14c and depend vertically therefrom so as to be secured at
      the bottom to the outside surface of the pivot member 26 shown in FIGS. 2,
      3, and 4. Strap clamps 30a and 30b are provided for clamping the strap to
      the base rail 14c as best shown in FIGS. 2 and 3. Strap clamps 31 are
      provided at the lower end of each of the straps 28 to secure the straps to
      the pivot member 26 as best shown in FIGS. 3 and 4. Note in FIG. 2 that
      recesses 36a and 36b are provided to accommodate the clamps 30a and 30b
      respectively. In addition, straps 32a and 32b are secured at the tops
      thereof to the inside lateral surface of the pivot 26 and depend
      vertically therefrom to be secured at the bottom to the outside surface of
      the transversely extending load receiving rail 24. Upper strap clamps 34a
      and 34b are provided for securing the strap to the pivot 26 while lower
      strap clamp 37 is evident in FIGS. 3 and 4 to secure the straps at the
      lower end thereof. As is evident in FIGS. 2, 3, and 4 there are four
      straps at each end of the apparatus 10 for a total of eight straps each of
      which is made of spring steel and measures approximately 1.5 inches in
      width by 3.5 inches in length by 0.006 inches in thickness. All of the
      dimensions given in this application are strictly by way of illustration
      and none is to be construed as critical unless so identified.
PAR  The disposition of the straps as best shown in FIG. 3 is such as to stably
      support the pivot 26 between the pan and the base such that when a load is
      applied to the pan 12 it is transmitted directly to the transversely
      extending member 24 which, as previously described, is spaced from the
      base 14. Therefore this load tends to pull down on the straps 32a and 32b.
      Since the vertical reaction force in straps 28a and 28b appears at the
      longitudinally opposite surfaces and in the opposite sense the applied
      load tends to rotate pivot 26 in the clockwise direction as shown in FIGS.
      3 and 4. It will be understood that since a reversely similar apparatus is
      provided at the right end of the assembly 10 as partially shown in FIGS.
      2, 3, and 4, a reversely similar pivot experiences a turning moment of
      opposite sense in response to the applied load.
PAR  To resist as well as to measure the turning moments a solid aluminum beam
      40 is mechanically connected to and between the pivots 26. This may be
      accomplished by machining suitable apertures through the sides of the
      pivots 26 and forming flats on the otherwise round stock of the beam 40,
      inserting the flat ends of the beam 40 into the apertures and providing
      set screws such as shown in FIGS. 3 and 4 for securing the beam 40 in
      place. Since the beam, although substantially rigid, is actually subject
      to bending deflection, the moment being substantially constant across the
      length of the beam 40 for a centered load. However, the moment at
      precisely the center of the beam 40 is of a given value irrespective of
      the position of the object 16 on the pan 10 and hence the point of
      application of the load. For this purpose, strain sensing means
      hereinafter described in greater detail are disposed on the beam 40 as
      shown in FIGS. 3 and 4 for the purpose of sensing the bending stress and
      generating an electrical signal quantity related thereto, such electrical
      signal quantity being indicative of the magnitude of the applied load and
      hence being applicable to the display device 20 in the manner described
      with reference to FIG. 1. A pleated flexible boot 42 is preferably clamped
      onto the beam 40 so as to protect the sensitive components of the strain
      sensing apparatus.
PAR  Antisway straps 44a and 44b are preferably provided, such straps being
      secured at the centers thereof to the base 14 and at the outer ends
      thereof to the members 24 to prevent any longitudinal swaying of the
      assembly comprising the pivot which, as will be apparent by inspection of
      FIGS. 3 and 4, actually floats between the pan and the base to provide the
      transformation of the applied load into the turning moments as previously
      described.
PAR  Continuing with the description of FIGS. 2 through 4 it can be seen that
      cutouts 38a and 38b in the laterally extending member 24 provide clearance
      for the clamp blocks 34a and 34b respectively and similarly a recess is
      provided at each end of the pivot 26 as best shown in FIGS. 3 and 4 to
      accommodate the clamp blocks 37. The member 24 is machined to provide a
      relief 44 in the center thereof to accommodate the beam 40 as best shown
      in FIG. 3. As also shown in FIGS. 3 and 4 cushion type spacers may be
      afforded between the clamp blocks and the straps as desired. Various other
      details also appear from the drawings and, because they will be of
      apparent importance to one skilled in the art, no specific description
      will be provided.
PAR  To increase the sensitivity of the weigh scale device the center of the
      beam 40 is flattened as shown in FIGS. 3 and 4 to provide parallel flat
      surfaces 46 and 48 on which are bonded adjacent sets of strain gage
      resistors, two adjacent resistors on the top flat 46 and two adjacent
      resistors on the bottom flat 48. The resistors 50a and 50b are preferably
      disposed on the top flat 46 as shown in FIG. 5a with the second pair of
      resistors 50c and 50d being disposed on the bottom flat in substantially
      the same orientation. In this orientation, the resistors on flat 46
      respond to compression in the beam 40 while the resistors on flat 48
      respond to tension. Thus, bending stress caused by the turning moments is
      sensed. Although it is not essential, it is preferred to connect the four
      strain gage resistors into a bridge circuit as shown in FIG. 5, so that
      the tension and compression valves add. A dc source is connected across
      one pair of terminals as indicated, the other terminals serving as outputs
      to the display device as previously described. In FIG. 5 the output
      terminals are further provided with temperature sensitive compensating
      resistors 52 and 54 to compensate for temperature changes which may occur
      between original calibration of the device and the actual time of use.
PAR  The operation of the device of FIGS. 1 through 4 is believed to be clearly
      apparent from the somewhat mechanically schematisized drawing of FIG. 6.
      In FIG. 6 the pivots 26' and 26" are represented by round bars disposed in
      spaced parallel relationship to one another and being of equal length. The
      two round bars representing the pivots are joined by and mechanically
      connected to opposite ends of the beam 40 which is configured such that
      the center of moment measurement is in a plane which is equidistant to the
      axes of rotation of the pivots 26 and perpendicular to the plane which
      includes the two axes. The deflection of the beam 40 due to the moments of
      opposite sense is indicated by the phantom line in FIG. 6 and of course is
      greatly exaggerated for the purpose of illustration. In FIG. 6 the load
      applying member comprising the pan 12, the rails 22, and the lateral
      members 24 are missing but it is to be understood that the application of
      a load pulls downwardly on the straps 32a, 32b, 58a and 58b. The fraction
      of the load which appears in each of the straps will, of course, depend
      upon the position of the load on the pan but, as previously described,
      with the center of the moment measurement in the position indicated the
      measured moment will be the same irrespective of the position of the load
      and the division of the load force as between the straps. The downward
      force which is applied to the pivots by the straps 32 and 58 is opposed by
      the upward force of the straps 28 and 56 and hence the moments of opposite
      sense as illustrated in FIG. 26 are produced in the pivots 26. The concept
      of a strap which is actually wrapped around a pivot member having a
      cylindrical or tubular configuration may not be necessary in actual
      application as, from the description of FIGS. 1 through 4, it is apparent
      that actual angular deflection of the pivots 26 is extremely slight.
      However, a system of greater angular deflection may of course be
      constructed using more compliant materials in which circumstances it may
      be advantageous to employ straps such as those highly schematically shown
      in FIG. 6 which wrap around the pivot members to at least a limited degree
      thus to avoid any variation in the effective radius between the center of
      the pivot member and the point of tangential application of the applied
      load.
PAR  Looking now to FIGS. 7 through 9 a split scale device is shown which
      permits the same physical apparatus to weigh objects in weight ranges
      which differ by an order of magnitude while retaining the original
      sensitivity and accuracy of the scale. In FIG. 7 the weigh scale apparatus
      comprises a base 14 identical to the base previously described with
      reference to FIGS. 1 through 4 and a pan 60 of generally similar
      configuration to the pan previously described but having a small interior
      area 62 upon which light and small objects may be placed to weigh
      according to a scale factor which is ten times the scale factor employed
      for the surrounding portion of the pan 60. This convenient scale factor
      variation is provided as follows: pan 60 is interconnected with the pivots
      in the fashion illustrated in FIGS. 2 through 4 (in this case the pivots
      are designated by reference characters 74 and 76, respectively) to measure
      to a scale factor of 1; pan portion 62 is connected through vertical rigid
      strut 64 and horizontal cross piece 66 to the interior ends of oppositely
      extending lever arms 68 and 70 which are secured to the pivots 74 and 76
      as best shown in FIG. 9. Accordingly, the objects disposed on pan 62
      produce forces which are applied to the pivots through fairly long lever
      arms tending to multiply the moments by a factor of ten. Multiplication of
      the moment obviously multiplies the sensitivity of the scale. The use of
      the force multiplying lever arms may be employed with or without the split
      pan concept shown in FIG. 6 as will be apparent to those skilled in the
      art.
PAR  Various other structural modifications may be employed with or embodied in
      the apparatus which has been described herein; for example, the beam 40
      which is shown in the drawings as being of round or circular cross section
      stock may readily be replaced with an I-beam having a flexure area defined
      by a segment from which the flange, both top and bottom, has been removed
      and in which an oblong aperture may be formed for the receipt of the
      strain gage resistors. Many other beam configurations will also be
      apparent. The straps, although preferred, may be replaced in various
      devices with cables, knife edges, and other structures having good
      torsional compliance. Also, as shown in FIG. 2, a small vibrator unit 80
      may be mechanically interconnected with the floating measurement section
      of the weigh scale 10 to provide a dithering function; i.e., a low order
      constant frequency vibration of the pivot construction thus to overcome
      any hysteretic effects of friction in the apparatus. It may also be
      desirable to provide means for mechanically nulling out the tare weight of
      the pan and fasteners to reduce or relax bending stress on the beam except
      when a load is applied. Although the invention has been described with
      such specificity as to satisfy the patent statutes, it is to be understood
      that the descriptions are not to be construed as limiting the inventions
      as various other implementations thereof will be apparent to those skilled
      in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Floating beam weigh scale apparatus comprising: a base, a load receiving
      member spaced from the base, first and second pivot members disposed
      between the base and load receiving members, load transmitting means
      interconnecting the pivots, the base, and the load receiving member to
      produce moments in the pivots of opposite sense and about spaced axes, a
      substantially rigid beam connected to and extending between the pivots,
      and means carried by the beam for producing a signal related to the
      bending stress therein over the elastic bending range thereof.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein the transmitting means comprises
      torsionally compliant straps connected in opposing pairs to the pivots,
      one such strap at each end being connected between the base and the pivot
      and another such strap at each end being connected between the pivot and
      the load receiving member to produce the turning moment on the pivot.
NUM  3.
PAR  3. Apparatus as defined in claim 1 further including means for dithering
      the pivots by mechanical vibration thereof.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein the beam comprises a solid
      member of circular cross section over a substantial portion of the length
      thereof.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein the beam further comprises a
      central area having opposing and parallel flat surfaces formed therein
      substantially in the center of the beam for receiving the means for
      producing the signal upon elastic deformation thereof.
NUM  6.
PAR  6. Apparatus as defined in claim 1 further including lever arms connected
      to the pivots and extending longitudinally of the scale and perpendicular
      to the pivots and means interconnecting at least a portion of the load
      receiving member to the lever arms for multiplying the turning moment
      applied to the pivots by the load applied to the load receiving means.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein the load receiving means
      comprises a pan having a first surface which is directly connected to the
      pivot members and a second portion at least partially bounded by the first
      pan portion and connected to the pivots by way of said lever arms thereby
      to provide a split scale apparatus.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein the means carried by the beam
      includes at least one strain gage resistor intimately bonded to the beam
      and responsive to the bending stress therein to produce a variable
      electrical resistive characteristic.
NUM  9.
PAR  9. Apparatus as defined in claim 8 wherein the beam is configured to define
      an area of reduced cross section between the ends thereof thus to
      concentrate the bending stress, the strain gage resistor being disposed on
      the area of reduced cross section.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein the flexure area of reduced
      cross section is substantially in the center of the beam.
NUM  11.
PAR  11. Apparatus as defined in claim 1 wherein the base comprises a
      substantially rectangular assembly of rigid material, the load receiving
      member comprises a pan and at least one force transmitting rail secured to
      the pan and extending longitudinally between the spaced pivot members, a
      pair of laterally extending elements, one of said elements at each end of
      the longitudinal rail, the force transmitting means comprising straps
      connected between the laterally extending members and the pivots at each
      end of the apparatus for producing a turning moment in the pivot when
      force is applied to the pan.
NUM  12.
PAR  12. Apparatus as defined in claim 11 wherein the beam is mechanically
      connected to the pivot members at the centers thereof.
NUM  13.
PAR  13. Apparatus as defined in claim 12 further including means connected
      between the base and the pan to prevent longitudinal relative movement
      therebetween.
NUM  14.
PAR  14. Apparatus as defined in claim 1 wherein the means for producing the
      output signal comprises four substantially similar strain gage resistors,
      two of said resistors being disposed on one side of the beam so as to
      respond to compression of the beam and the others of said resistors being
      disposed on the other side of the beam so as to respond to tension in the
      beam, said four resistors being electrically interconnected into a bridge
      circuit of such configuration as produce an output signal upon bending of
      said beam in such a way as to subject two of said resistors to compression
      forces and the other two of said resistors to tension forces.
NUM  15.
PAR  15. Apparatus as defined in claim 14 further including digital display
      means responsive to the signal produced by said bridge circuit to produce
      a visual indication of the magnitude thereof.
NUM  16.
PAR  16. Apparatus as defined in claim 14 further including at least two
      temperature responsive compensating resistors connected to opposite
      terminals of said bridge circuit to compensate the bridge circuit for
      temperature variations.
NUM  17.
PAR  17. In a weigh scale: a load pan, a pair of spaced members, means
      connecting the pan to said members to produce in said members turning
      moments of opposite sense and related to loads applied to the pan, a beam
      of rigid material connected between said spaced members and of
      substantially greater length than thickness, and means for detecting the
      extent of bending of said beam as an indication of the magnitude of the
      load applied to the pan.
NUM  18.
PAR  18. Apparatus as defined in claim 17 further including mechanical vibrator
      means for dithering the weigh scale.
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ABST
PAL  A full-track vehicle has an engine connected via a pair of differentials to
      a pair of tracks. A steering shaft extending between the differentials is
      rotatable in one sense for deflection of the vehicle to one side during
      forward advance and in the other direction for deflection toward the other
      side. This steering shaft is connected to the planet carrier of a primary
      planet gear assembly and to the ring gear of an intermediate planetary
      gear assembly. The sun gears of both of these assemblies are connected to
      the output side of a reversible variable-speed transmission whose input
      side is connected directly to the engine. The ring gear of the primary
      planetary gear assembly is connectable to a brake which may arrest its
      rotation and the planet carrier of the intermediate planetary gear
      assembly is connected to the planet carrier of a left-turn planetary gear
      assembly and the ring gear of a right-turn planetary gear assembly. The
      ring gear of the left-turn assembly is provided with a brake as is the
      planet carrier of the right-turn assembly, and the sun gears of both of
      these assemblies are directly connected to the engine. For minor
      deflections the primary brake is closed and the transmission alone
      directly rotates the sun gear of the primary gear assembly and thereby
      rotates the steering shaft in the necessary direction. For greater
      deflection the left- or right-turn brakes are closed and the output
      rotation of the variable-speed reversible transmission is subtracted from
      the rotation speed of the sun gears of the turn gear assemblies, and for
      greatest possible deflection the output rotation of the transmission is
      added to the rotation of the sun gears. A Z-shaped cam is provided to
      effect this increasing, decreasing, and reversing operation of the
      transmission.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a drive system for a full-track vehicle.
      More particularly this invention concerns a combined drive and steering
      system for such a vehicle.
PAC  BACKGROUND OF THE INVENTION
PAR  A full-track vehicle has a pair of tracks usually connected through a pair
      of differentials to a single drive engine. The differentials are
      interconnected by a steering shaft or similar element which is rotatable
      in one sense to advance one of the tracks faster than another, thereby
      causing the vehicle to turn to one side, and rotatable in the opposite
      sense to advance the other track faster than the one track so as to cause
      the vehicle to veer to the other side.
PAR  This steering shaft interconnecting the differentials is connected to one
      part of a three-part planetary-gear assembly which has another part that
      can be arrested by a brake and yet another part which is connectable
      through an intermediate planetary gear assembly to a steplessly adjustable
      drive. Typically this drive comprises a pump and motor arrangement having
      an input side connected to the drive engine and an output side connected
      to one part of the three-part intermediate planetary gear assembly.
PAR  In one known system the sun gear of the primary planetary gear assembly is
      connected with the output part of the intermediate planetary gear
      assembly. The output side of the steplessly variable drive of transmission
      connected between the engine and this intermediate planetary gear assembly
      therefore allows relatively fine steering control to be obtained. In such
      a system the ring gear of the intermediate planetary gear assembly is both
      connected to a brake and through a coupling or a bevel-gear assembly to
      the drive engine so as to permit it to be arrested or driven in the
      opposite direction.
PAR  Such an arrangement has the disadvantage that it does not provide uniform
      steering deflection. Thus, for instance, relatively minor steering
      deflection is obtained by arresting the ring gear of the intermediate gear
      assembly with the brake and driving the primary gear assembly through this
      intermediate assembly with the steplessly variable transmission. A sharper
      turn is effected by opening the brake and reverse driving this ring gear
      with the drive engine. Typically the switchover from the instant in which
      the ring gear is arrested and that in which it is driven in the opposite
      direction causes the vehicle to veer sharply, therefore making steering
      somewhat difficult. It has been found almost impossible in this type of
      system to eliminate this jumpy steering.
PAR  A simple manner of overcoming this difficulty has been to provide very
      large and powerful steering drive which has an input side connected to the
      drive engine and an output side connected through gearing to the steering
      shaft. This heavy-duty drive is steplessly variable so that it alone
      rotates the steering shaft in the sense necessary to turn the vehicle in
      either direction and therefore must all alone dispose of sufficient power
      to carry out any necessary steering operations. Such a system, although
      relatively sure and simple, has the disadvantage that it is necessary to
      provide an extremely large steering drive in order, for instance, to make
      a sharp turn while climbing a hill or during a similar operation.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      steering system for a tracked vehicle.
PAR  Yet another object is the provision of an improved method of and apparatus
      for driving and steering a full-track vehicle.
PAR  Another object is the provision of such a system that is capable of using a
      relatively low-power steering drive, but wherein sure and uniform steering
      and handling characteristics are obtained.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to this invention in a steering and
      drive system for a tracked vehicle of the above-described general type
      having a three-part right-turn planetary gear assembly having one part
      connected to the drive engine, a three-part left-turn planetary gear
      assembly having one part connected to the engine, and a right- and
      left-turn brake each operable on another part of the respective gear
      assembly. A link interconnects yet another part of the right-turn assembly
      with yet another part of the left-turn assembly and a variable-speed
      transmission has an input side connected to the engine and an output side.
      A three-part primary planetary gear assembly has one part connected to the
      steering shaft and another part connected to the output side of the
      variable-speed transmission. A primary brake is operable on yet another
      part of the primary assembly and a three-part intermediate planetary gear
      assembly has one part connected to the steering shaft, another part
      connected to the output side of the transmission, and yet another part
      connected to the link. Control means is provided for steplessly increasing
      the transmission ratio of the transmission from a minimum speed to a
      maximum speed while holding the primary brake closed on the respective
      part of the primary gear assembly and for thereafter decreasing the
      transmission ratio and releasing the primary brake while closing one of
      the turn brakes on the respective part.
PAR  Thus as the steering wheel of the vehicle is turned the right- and
      left-turn brakes are, to start with, both released and the primary brake
      is locked so that the output speed of the variable-speed transmission
      increases in the necessary direction from a minimum to a maximum and is
      effective only through the primary gear assembly on the steering shaft.
      Once the variable-speed transmission has attained maximum output speed the
      turn brake for the turn direction being taken is then closed and the
      primary brake is released. Thereafter the top speed is decreased from its
      maximum speed toward its minimum speed. This action causes the output
      rotation of the drive engine to be effective through the respective turn
      gear assembly with subtraction therefrom of the transmission output
      rotation in the intermediate planetary gear assembly in such a manner as
      to increase the rotation speed of the latter. Gearing of the various
      assemblies is such that when the output side of the transmission has come
      to a halt with one of the turn brakes locked the steering shaft will be
      rotating in the necessary sense at approximately two thirds of its maximum
      speed. Thereafter rotation of the output side of the variable transmission
      in the opposite direction will add to the engine-derived rotation to
      further increase the rotation speed of the steering shaft so as to cause
      the vehicle to veer ever more sharply.
PAR  Thus the control means is effective for a turn in one direction first to
      lock the primary brake and increase the speed of the output side of the
      transmission from zero to its maximum speed with rotation in one sense.
      Then the respective turn brake is locked, the primary brake is released
      and the speed is decreased in this one sense from maximum back to zero,
      and is then increased from zero to its maximum speed again but with
      rotation in the opposite sense. During this increase and decrease and
      reversal of the rotation speeds of the output side of the variable-speed
      transmission the angular rotation speed of the steering shaft increases
      uniformly so that a regular handling characteristic is obtained. This is
      due to the fact that the gearing is so dimensioned with respect to the
      output speed of the variable-speed transmission and the engine speed that
      when this transmission is operating at maximum speed with the primary
      brake closed the gear-assembly parts engageable by the turn brakes are
      still standing and these brakes can be closed without causing the vheicle
      to lurch or steer irregularly.
PAR  Therefore in accordance with the present invention the variable-speed
      transmission used for steering need only provide one third of the
      necessary power to rotate the steering shaft. For minor deflections, that
      is less than one third of the maximum possible deflection, the
      variable-speed transmission alone serves to rotate the steering shaft. For
      the second third the engine power is used with the variable-speed
      transmission serving to decrease the amount of engine power transmitted to
      the steering shaft. In the last third the opposite rotation of the
      variable-speed transmission is added to the force from the drive engine
      being transmitted to the steering shaft. Thus the various planetary gears
      are effective in a 3:1 ratio. Such a system allows a relatively compact
      variable-speed transmission, usually a simple axial-piston pump connected
      directly to the drive engine and having a swash plate controlled by the
      steering wheel or other guide elements for the vehicle, to be used with a
      hydraulic motor connected to the output side of the pump and itself having
      an output side connected to the sun gears of the primary and intermediate
      planetary gear assemblies.
PAR  According to the present invention the sun gears of the turn assemblies as
      well as the input side of the transmission are connected to the engine.
      The one turn brake is connected to the respective ring gear and the other
      turn brake is connected to the respective planet carrier. The ring gear of
      this latter turn brake is connected to the planet carriers of the
      intermediate assembly and of the one turn brake. In addition the steering
      shaft is connected to the planet carrier of the primary assembly and the
      ring gear of the intermediate assembly whereas the primary brake is
      effective on the ring gear of the primary assembly.
PAR  In accordance with yet another feature of this invention the control means
      comprises a cam connected to the steering wheel or other steering organ of
      the vehicle. This cam has a Z-shaped camming surface connected via an
      operating element or link to the pump of the variable-speed transmission.
      For straight-ahead travel of the vehicle the link lies in the middle of
      the cam and for turning in either direction the speed is first increased
      and then decreased and reversed as described above. In addition this cam
      is provided with surfaces which coact with switch means, here in the form
      of hydraulic valves, which actuate the primary brake and right- and
      left-turn brakes of the system in the necessary order. The primary brake
      is not released until one of the turn brakes is actuated and neither of
      the turn brakes is released until the primary brake is actuated. This
      overlapping of function insures that a uniform steering characteristic is
      obtained.
PAR  According to another feature of the present invention means is provided for
      reducing the drive engine speed when the force being exerted by the
      variable-speed transmission exceeds a predetermined value and/or the
      rotation speed of the steering shaft exceeds a predetermined angular
      velocity. A governor connected to a reversing valve effective on the
      carburetor of the engine will constitute the means for reducing the engine
      speed when the steering-shaft speed exceeds a predetermined rate. A
      pressure-operated reversing valve connected to the hydraulic motor forming
      part of the variable-speed transmission may be used similarly to act on
      the carburetor. It also lies within the scope of this invention to provide
      an arrangement which increases engine speed under these circumstances, as
      with increased engine speed, and hence increased ground speed, a lesser
      speed differential is needed between the two tracks to achieve the same
      course deviation.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages, will become more
      readily apparent from the following, reference being made to the
      accompanying drawing, in which:
PAR  FIG. 1 is a schematic diagram illustrating the system according to the
      present invention;
PAR  FIGS. 2-5 are diagrams illustrating operation of the system according to
      the present invention; and
PAR  FIGS. 6 and 7 are diagrammatic views illustrating aspects of the system
      according to FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The arrangement shown in FIG. 1 has a diesel engine 1 connected via a
      torque converter 2 to a transmission 3 connected on both sides to the ring
      gears of summing differentials 4 and 4' having sun gears 5 and 5'
      connected to a control system described below and planet carriers connect
      to drive sprockets 6 and 6' coupled to respective tracks as described on
      page 399 of PRINCIPLES OF AUTOMOTIVE VEHICLES (U.S. Government Printing
      Office: 1956).
PAR  A common steering shaft 30 is connected directly to the planet carrier 5
      and through a reversing gear 30' to the planet carrier 5' so that rotation
      of this shaft 30 in one direction will cause the one sprocket 6 to rotate
      faster than the other sprocket 6' and rotation in the opposite sense will
      cause the other sprocket 6' to rotate faster than the sprocket 6.
PAR  A two-part driveshaft 7, 8 extend from the Diesel engine 1 to the
      transmission 3 and to each side of the torque converter 2 there is
      provided a jaw clutch 9 and 9' alternately closable to connect a shaft 60
      carrying at its end a bevel gear 10 carried on a hollow shaft 13
      surrounding another hollow shaft 31 itself surrounding the steering shaft
      30. Thus the drive engine 1 continuously rotates the hollow shaft 13
      always in the same direction at a rate directly proportional to the engine
      speed. A transmission comprising an axial-piston pump 11 having a control
      element 58 and directly connected to a hydraulic motor 31 is connected
      between the shaft 13 and the shaft 31. Thus when the element 58 is in a
      central position no rotary force is transmitted between the shaft 13 and
      the shaft 31. To one side of this position the shaft 31 is rotated in one
      sense and to the other side of the position of the element 58 the shaft 31
      is rotated in the opposite sense.
PAR  The shaft 31 carries on its end opposite the end connected to the output of
      the transmission 11, 12 a pair of sun gears 23 and 26 of respective
      planetary gear assemblies 37 and 38. The planetary gear assembly 38, or
      so-called primary assembly, has a planet carrier 29 directly and fixedly
      connected to the shaft 30. The planet gears 27 carried by this carrier 29
      mesh externally with a ring gear 28 provided in a primary brake 32 and
      internally with the sun gear 26. The so-called intermediate planetary gear
      assembly 37 has a ring gear 25 directly linked through the planet carrier
      29 to the shaft 30.
PAR  The shaft 13 carries the sun gears 14 and 18 of a right-turn planetary gear
      assembly 35 and a left-turn planetary gear assembly 36. The planetary
      gears 15 of the right-turn assembly 35 are mounted on a carrier 16
      connected to a brake 34. A similar brake 33 acts on the ring gear 20 of
      the left-turn assembly 36. The planetary gears 19 of the left-turn
      assembly 36 are mounted on a carrier 21 linked to the carrier 22 of the
      planetary gears 24 of the assembly 37 and to the ring gear 17 of the
      assembly 35. The assemblies 35-38 are all geared substantially
      identically, in a 3:1 ratio.
PAR  The system functions as follows:
PAR  For normal straight-ahead travel the swash plate of the pump 11 is held
      perpendicular to the central axis of the pump so that the output shaft 31
      is fixed. At the same time the brake 32 is closed so as to fix the ring
      gear 28. This effectively locks the entire planetary gear assembly 38 and
      prevents rotation of the shaft 30, therefore preventing the sun gears 5
      and 5' from rotating relative to one another and allowing one of the
      sprockets 6 from turning faster or slower than the other sprocket 6'. At
      the same time the left-hand turn brake 33 and the right-hand turn brake 34
      are both open so that no force is transmitted to the link 21, 22.
PAR  For a small deviation to the left, for example, the brake 32 remains closed
      while brakes 33 and 34 remain open and the control member 58 is moved in
      the direction for a left-hand turn. This causes the shaft 31 to rotate in
      a predetermined direction thereby rotating sun gear 26 in the same
      direction and driving the planet carrier 29, and hence the shaft 30, in
      the same direction one third as fast. The extent of deflection of the
      element 58 will determine the speed and rotation sense of the shaft 31,
      and the speed and rotation sense of the shaft 30 which is proportional to
      the differential in angular speeds between the sprockets 6 and 6'.
PAR  In order to make the turn yet sharper the left-turn brake 33 is then closed
      and the primary brake 32 is opened. Then the lever 58 is moved back toward
      and central position. This causes the engine rotation transmitted to the
      shaft 13 to be transmitted at one third speed to the planet carrier 21 and
      thence to the planet carrier 22. The difference in speed between the
      primary carrier 22 and the shaft 31 is picked up by the ring gear 25 and
      transmitted to the shaft 30. In view of the like gearing and toothing of
      all of the assemblies 35-38 this will cause the shaft 30 to rotate at an
      ever increasing rate as the shaft 31 is slowed down.
PAR  For yet a sharper turn the lever 58 is moved past the neutral position in
      the opposite direction so as to rotate the shaft 31 in the opposite
      direction, thereby making the differential between the speeds of the
      planet carrier 22 and the sun gear 23 even greater and concomitantly
      increasing the speed of the ring gear 25. This increases the rotation
      speed of the shaft 30 to a maximum. For a turn to the opposite side the
      same steps are followed but with the brake 34 closing instead of the brake
      33 and the lever 58 being moved in opposite directions.
PAR  FIG. 2 shows the relationship between the deflection angle of the steering
      organ and the deflection radius produced thereby, with the amount of
      deflection to the right and the left shown on the abscissa and the
      deviation from a straight line path shown on the ordinate. Thus as the
      steering organ, here a steering wheel 39 (FIG. 6), is deflected from a
      central zero position to a maximum deflection of 100 percent in either
      direction a maximum deviation from 0 to 100 from a straight line course is
      obtained. The two deflections are in direct proportion so that the curve
      is straight in both direction from the origin.
PAR  FIG. 3 indicates how in reality the deflection of the steering organ 39 to
      either side is reflected in the increase in rotation speed of the shaft
      30. Thus for a maximum deflection toward the right a rotation rate of +100
      is necessary and for maximum deflection toward the left a rotation rate in
      the opposite direction of -100 is obtained.
PAR  This is obtained according to the present invention with a pump 11
      rotatable at a rate taken by way of example to be between 100 rpm in one
      direction (+100) and 100 rpm in the other direction (-100). FIG. 5
      indicates the periods when the brakes 32, 33 and 34 are closed during this
      steering operation according to the present invention. Thus for a
      right-turn the steering wheel is deflected towards the right and the pump
      speed is increased from zero to a, its maximum rpm. Just before obtaining
      this maximum speed a the brake 33 is closed. After obtaining the maximum
      speed a the pump speed is decreased to zero rpm at point b, with the brake
      32 releasing shortly after point a is passed. Thereafter the pump speed is
      increased to -100 rpm with only the brake 33 closed until point c is
      obtained corresponding to maximum vehicle deflection with maximum
      deflection of the steering organ 39.
PAR  For a left-hand turn the speed is decreased to -100 rpm at point a' and
      then through 0 rpm at point b' to +100 rpm at point c'. Meanwhile the
      brake 32 is released and the brake 34 is closed, with the two brakes being
      simultaneously closed and overlapping at point a'.
PAR  This effect is achieved according to FIG. 6 in an arrangement wherein the
      steering wheel 39 carries a pinion 62 meshing with a rack 63 slideable on
      the frame 64 of the tracked vehicle and carrying a sliding cam 40 formed
      with a zigzag cam slot 41. A cam follower 65 engages in the slot 41 and is
      carried on a slider 59 connected via a link 66 to the control element 68
      of the pump 11.
PAR  A pump 47 operated continuously by the engine 1 has an input side connected
      to a reservoir 67 and an output side 47' connected to the reservoir 67
      through a pressure-regulating valve 48 and to various reversing valves 44,
      45, and 46. The valve 44 controls the primary brake 32 and is operated by
      a cam formation 42 at the center of the cam 40. Valves 45 and 46 are
      operated alternately and are controlled by single cam formation 43 formed
      on the slide 40 opposite the formation 42. In this manner in a central
      position only the valve 44 is actuated so as to lock the brake 32 but when
      moved to either side first one of the valves 45, 46 is actuated and then
      the valve 44 slips off its cam 42 and the brake 32 is released. It can be
      seen that the shape of cam formation 41 corresponds generally to the graph
      of FIG. 4 so that as the steering wheel 39 is rotated for a right- or a
      left-hand turn the pump output speed is brought from zero to a maximum
      value in one sense then back to zero and then to a maximum value in the
      opposite sense.
PAR  Thus in accordance with the present invention in the first third of its
      possible steering deflection the transmission 11, 12 alone serves to
      rotate the shaft 30. Once this transmission 11, 12 has reached a maximum
      speed the engine is effective via a gear 61 on shaft 60 to rotate the
      shaft 30 in one direction or the other, depending on the side to which the
      vehicle is to be turned, but with the rotation of the transmission 11, 12
      being effectively subtracted from the rotation of the shaft 13. Finally
      the rotation of the pump 13, in the further stages of steering when the
      greatest deflection is obtained, is added to the force of the engine
      transmitted via the gear 10 so as to achieve a cumulative effect for
      maximum steering deflection. In this manner a pump having only one third
      of the necessary power to achieve maximum deflection need be provided.
PAR  FIG. 7 shows how the motor 12 can be connected via a pair of check valves
      49 and 49' to a reversing valve 50 whose output is connected via another
      check valve 51 to a cylinder 52 connected to the rod 53 extending between
      the accelerator pedal 54 and the carburetor 55 of the engine 1. Thus if
      the pressure in the motor 12 exceeds a predetermined safe limit with
      rotation in either direction the pressurized fluid from output side 47' of
      the pump (FIG. 6) will be transmitted to the cylinder 52 to reduce fuel
      feed to the engine 1 by effectively shortening the rod 53.
PAR  Similarly a governor 56 is carried on the shaft 30 which is connected
      through a reversing valve 57 connected between the input line 47' and the
      cylinder 52, with another check valve 51' between the valve 57 and the
      cylinder 52. In this case if the rotation speed of the shaft 30 exceeds a
      predetermined limit the valve 57 is swtiched over and the fuel feed to the
      engine 1 is reduced. In this arrangement blowout of the motor 12 or pump
      11 is prevented. Similarly spinning around in one place of the vehicle
      caused by runaway rotation of the shaft 30 is prevented also. It should be
      noted that in some cases it might be advantageous to connect the safety
      valve 50 and 57 up such that they increase the gas flow to the engine, as
      this will increase the amount of force transmitted to the gear 10, thereby
      reducing the amount of force needed to be exerted by the motor 12, and
      will increase the speed of displacement of the vehicle so that a lesser
      deflection will be required for the same steering correction.
CLMS
STM  We claim:
NUM  1.
PAR  1. A steering and drive system for a tracked vehicle having an engine
      connected to a pair of tracks through a pair of differentials
      interconnected by a steering shaft rotatable in one sense to advance one
      track faster than the other and in another sense to advance said other
      track faster than said one track, said system comprising:
PA1  a three-part right-turn planetary gear assembly having one part connected
      to said engine;
PA1  a three-part left-turn planetary gear assembly having one part connected to
      said engine;
PA1  a right-turn brake operable on another part of said right-turn assembly;
PA1  a left-turn brake operable on another part of said left-turn assembly;
PA1  a link interconnecting yet another part of said right-turn assembly with
      yet another part of said left-turn assembly;
PA1  a variable-speed transmission having an input side connected to said engine
      and an output side;
PA1  a three-part primary planetary gear assembly having one part connected to
      said steering shaft and another part connected to said output side;
PA1  a primary brake operable on yet another part of said primary assembly;
PA1  a three-part intermediate planetary gear assembly having one part connected
      to said steering shaft, another part connected to said output side, and
      yet another part connected to said link; and
PA1  control means for steplessly increasing the transmission ratio of said
      transmission from a minimum speed to a maximum speed while holding said
      primary brake closed on the respective part of said primary assembly and
      for thereafter decreasing said transmission ratio and releasing said
      primary brake and selectively closing either of said turn brakes on the
      respective part.
NUM  2.
PAR  2. The system defined in claim 1 wherein said transmission includes a
      hydraulic pump, a hydraulic motor connected to said pump, and an actuating
      element displaceable from a central position corresponding to nonrotation
      of said output side, to a pair of opposite offset positions corresponding
      to maximum rotation of said output side on corresponding opposite senses.
NUM  3.
PAR  3. The system defined in claim 2 wherein said control means includes a
      steering organ and a cam carried by a steering organ and having a camming
      surface operatively engageable with said actuating element, said surface
      being generally Z-shaped.
NUM  4.
PAR  4. The system defined in claim 1 wherein said turn assemblies have
      respective sun gears constituting the respective one parts, one of said
      turn assemblies having a planet carrier constituting the respective other
      part and connected to the respective brake and the other turn assembly
      having a ring gear constituting the respective other part and connected to
      the respective brake.
NUM  5.
PAR  5. The system defined in claim 4 wherein said primary assembly and said
      intermediate assemblies have respective sun gears constituting the
      respective other part connected to said output side, said primary assembly
      having a ring gear constituting said yet other part and connected to said
      primary brake.
NUM  6.
PAR  6. The system defined in claim 1 wherein said assemblies are of
      substantially similar construction with substantially similar gear ratios.
NUM  7.
PAR  7. The system defined in claim 1, further comprising means for detecting
      the force exerted by said transmission at said output side on said primary
      and intermediate assemblies for reducing the speed of said engine on said
      force exceeding a predetermined limit.
NUM  8.
PAR  8. The system defined in claim 1, further comprising means for detecting
      the rotation speed of said steering shaft and for decreasing the speed of
      said engine on said rotation speed exceeding a predetermined limit.
NUM  9.
PAR  9. A method of steering a full-track vehicle having an engine connected to
      a pair of tracks through a pair of summing differentials interconnected by
      a steering shaft rotatable by a steplessly variableand reversible
      transmission in one sense to advance one track faster than the other and
      in another sense to advance said other track faster than said one track,
      said method comprising the steps of:
PA1  driving said steering shaft exclusively with the transmission output in a
      first mode corresponding to limited lateral steering deflection and
      varying the lateral steering deflection in said first mode solely by
      varying the speed and direction of said transmission output,
PA1  driving said steering shaft with the engine output in a second mode
      corresponding to greater lateral steering deflection than said first mode
      and varying the deflection in said second mode by varying the transmission
      output and substracting same from said engine output, and
PA1  driving said steering shaft with said engine output and said transmission
      output in a third mode corresponding to greater lateral steering
      deflection than said first and second modes and varying the deflection in
      said third mode by varying the transmission output and adding same to said
      engine output.
NUM  10.
PAR  10. The method defined in claim 9 wherein said engine output and said
      transmission output are fed to separate parts of a planetary gear assembly
      having a third part connected to said shaft, said outputs being added and
      subtracted at said assembly.
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ABST
PAL  A track suspension for a track laying vehicle having a pair of endless
      tracks, one on each side of the vehicle body, independently driven by
      drive sprockets at the front. Each track suspension unit has an elongated
      suspension beam pivoted at one end behind the drive sprocket and sprung at
      the opposite end to the vehicle body providing a major suspension
      primarily responding to major changes in ground reaction forces. Inside
      each track and supported on the beam are trucks, each having a walking
      beam pivotally mounted on the suspension beam and providing a minor
      oscillatory suspension motion responding to minor changes on ground
      reaction forces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention pertains to the art of track suspensions for an endless track
      laying vehicle and more particularly to a rough terrain tractor type
      vehicle such as a tracked log skidder.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In logging operations it is not unusual to encounter all types of terrain
      ranging from swampy to hilly, overgrown with underbrush, or rocky and
      frequently obstructed by fallen logs and stumps. Tracked vehicles have
      operated in such terrain successfully, but the track suspensions have been
      more or less conventional with little attention to the special conditions
      of forestry operation. Usually the track is driven by a sprocket drive
      wheel at the front attached to the main frame. An idler wheel the size of
      the sprocket is attached to the main frame at the rear. A tensioning idler
      may be used for tightening the track. Clusters of small bogie wheels ride
      upon the lower run of the track to maintain it in contact with the ground.
      The only real suspension is from a bogie wheel frame which attaches to the
      main frame through springs.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a track suspension supporting each track
      from a longitudinally extending suspension beam pivotally mounted to the
      frame of the vehicle at the front and sprung from the vehicle frame at the
      rear providing a major suspension for absorbing major ground reaction
      forces.
PAR  A truck is pivotally mounted on each suspension beam. It carries a pair of
      bogie wheels which roll on the lower run of the track. The trucks have a
      walking beam pivotally mounted intermediate its ends to the suspension
      beam. The bogie wheels are mounted at the opposite ends of the walking
      beam. They oscillate the walking beam about the intermediate pivot
      providing a minor oscillatory suspension motion responding to the minor
      ground reaction forces.
PAR  Furthermore, in the track suspension according to the invention an idler
      wheel attached to the frame at the rear is eliminated and instead the
      track is independently sprung and the rearmost bogie wheel of the last
      truck runs inside of the closed rear loop of the track doubling as an
      idler.
PAR  The invention also provides a track tension adjustment by which the walking
      beam of each truck can be shifted longitudinally relative to the
      suspension beam by means of a threaded actuator operating in conjunction
      with a guide and slot arrangement in the suspension beam.
PAR  In addition, each suspension beam is sprung from the frame on a stack of
      rubber biscuits. A center deflection rod holds the biscuits and is
      pivotally connected to the suspension beam by a guide shoe at the bottom.
      A guide frame extends over the biscuits and is rigidly mounted to the
      vehicle frame. It has vertical slots receiving lateral projections on the
      guide shoe which provide continuous lateral support to the track
      suspension during turning movements of the vehicle.
PAR  The present invention provides a rugged, highly flexible track suspension
      especially suited for negotiating rough terrain found in logging areas.
PAR  The track suspension has a major suspension motion which operates
      approximately the full length of the track. This enables the track to walk
      out of deep depressions or climb over logs and stumps while maintaining
      traction. The walking beam trucks provide a minor oscillatory motion which
      increases the track response or flexibility to minor ground reaction
      forces.
PAR  Another advantage is that track adjustments are performed by shifting the
      entire truck assemblies longitudinally relative to the suspension beam by
      moving the pivot of the walking beam. By this arrangement a separate track
      tensioning mechanism is avoided and track tensioning becomes a part of the
      suspension itself.
PAR  Another advantage which enables the track to negotiate large bolders and
      stumps is that oversized bogie wheels are used. To accommodate their size
      the suspension beam has longitudinally spaced cut outs above each bogie
      wheel permitting running clearance above the beam for each wheel.
PAR  Contributing stability to the suspension is the novel rubber biscuit spring
      at the rear of each suspension beam which absorbs the primary ground
      reaction forces and in addition provides lateral stability in a turn.
PAR  These and other advantages will be more apparent by referring to the
      following detailed description of the invention which proceeds with a
      description of the drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front, left quarter view of a tracked log skidder having a
      track suspension according to the present invention;
PAR  FIG. 2 is a partial left rear quarter view showing the rubber biscuit
      sprung in exploded form;
PAR  FIG. 3 is a left side elevational view of the track and track suspension:
PAR  FIG. 4 is a plan view with the track removed showing the suspension beam
      and rubber spring;
PAR  FIG. 5 is a partial rear side view of the suspension beam showing the
      walking beam and rubber spring mounting in greater detail:
PAR  FIG. 6 is a sectional view taken approximately along line 6--6 of FIG. 5;
      and
PAR  FIG. 7 is a sectional view of the walking beam truck pivot connection with
      the suspension beam taken along line 7--7 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a skidder 10 having a pair of endless tracks 12, 14, one on
      each side, each powered at the front by a sprocket 16. The tracks 12, 14
      run on independent track suspensions 18. The suspensions are identical on
      the left and right side and the description hereinafter with respect to
      the left track suspension 18 will be understood as applying equally to the
      right track suspension 18.
PAR  Referring to FIG. 3, the left track suspension 18 includes a longitudinal
      suspension beam 22 pivoted at the front to a shaft 24 and sprung from the
      vehicle frame at the rear on a rubber spring 26 described more in detail
      hereinafter. The pivot of the left suspension beam 22 on the shaft 24 is
      independent of the pivot of the right beam on shaft 24 which is, as will
      be noted in FIG. 3, spaced to the rear of the rotational axis of the drive
      sprocket 16. It will be appreciated therefore that the suspension beam 22
      is free to move or swing as an independent suspension; i.e., independent
      from the right suspension beam 22, while the track drive sprocket 16 is
      stationery with respect to the vehicle frame. Each track suspension unit
      18 is thus seen as including an elongated suspension beam pivoted at one
      end to the frame behind the drive sprocket and extending longitudinally
      for substantially the length of the vehicle and being sprung at the
      opposite end to the frame thus providing a major suspension responding to
      the major changes in ground reaction forces.
PAR  Trucks, 30, 32, one in front and one in the rear, each have a pair of bogie
      wheels 33, 34 which roll on the bottom runs of the tracks 12, 14. The
      trucks 30, 32 inside the left track 12 are identical with the trucks
      inside the right track 14 and the description with respect to the rear
      truck 32 will be understood as applying equally to each of the others.
      With respect to the truck 32 in FIG. 5 the suspension beam 22 has an
      underslung frame portion 38 having a straight midsection 42, which, when
      viewed in cross section, has a generally channel shaped configuration
      (FIG. 7). A longitudinally extending slot 39 in the back wall of the frame
      portion 38 receives a pin 40. A guide block 44 slidably fits within the
      channel of the straight section 42 and bears against the lower surface. A
      transverse web 45 has a threaded opening 46 in which a threaded actuator
      47 is received. The end 48 of the actuator engages one side of the block
      44. The pin 40 is carried on one end by the block 44 and extends through
      the slot 39 where it pivotally attaches at the opposite end to the walking
      beam 50. The walking beam 50 has fore and aft extending arms 51, 52. The
      outer ends rotatably supported the bogie wheels 33, 34. The arms 51 and 52
      are directed downwardly at an angle from the pin 40 such that the
      rotational axes of the front and rear bogie wheels 33, 34 will lie in a
      horizontal plane when the track is in a substantially horizontal
      condition. Should the track encounter a variation in the ground, the front
      and rear bogie wheels 33, 34 will pivot clockwise about the pin 40 such
      that the forwardly extending arm 51 is swung upwardly and at the extreme,
      reaches the position shown by the dot-dash lines in FIG. 5 striking a stop
      55 fastened to the suspension beam. Similarly, a stop 56 at the rear will
      be engaged by the arm 52 by a corresponding track deflection at the rear.
      The oscillations of the walking beams 50 are thus seen as responsive more
      to local track variations or flexing and primarily to minor ground
      reaction forces, whereas the suspension motion of the beam 22 is capable
      of absorbing reaction forces of a greater magnitude over the entire length
      of the track.
PAR  It will be appreciated that one of the features of the invention is that
      the track tension adjustment is built into the suspension system. The
      threaded actuator 47 may be threaded to the right to slide the block 44
      and the walking beam truck assembly to the right as viewed in FIG. 5 thus
      taking slack out of the track. Or, the adjustment for the front truck 30
      may be performed in a similar manner by threading the actuator to the left
      (FIG. 3) such that the front bogie wheels 33, 34 will be moved closer to
      the sprocket 16 and have the effect of advancing the initial ground
      contact line of the track and thus increase track tension.
PAR  It is also a feature of the invention that the rearmost bogie wheel 34
      serves the dual purpose of a rear track idler thus cooperating with the
      dirve sprocket 16 at the front in forming a closed loop or endless track
      configuration.
PAR  It is also advantageous to note in connection with the track suspension of
      the present invention that the bogie wheels 33, 34 are oversized and
      extend above the level of the suspension beam 22 (FIG. 3). To permit
      running clearance for the bogie wheels above the beam 22, cutouts or
      openings 60 are provided. The oversized bogie wheels are especially suited
      for rough terrain such as encountered in the logging operations.
PAR  Each suspension unit 18 is sprung at the rear to the frame by a rubber
      biscuit spring mounting 26. As best seen in FIGS. 2, 5 and 6 the spring
      includes a plurality of rubber biscuits 61, stacked on a center deflection
      rod 63 pivotally mounted on a transverse axis at its lower end on a guide
      shoe 64 which has a lateral extension 65 pivoted on a pin 66 carried in a
      longitudinally extending boss 67 mounted on the inside of the suspension
      beam. A guide frame 70 is secured to the vehicle frame and extends over
      the stack of biscuits 61. The guide frame 70 has vertically extending
      slots 71 which receive lateral projections 72 of the guide shoe. Swinging
      motion of the suspension beam 22 causes the guide shoe 64 to reciprocate
      in the guide frame 70 compressing and relaxing the rubber biscuits in
      absorbing the ground reaction forces while the projections 72 sliding in
      the guide slots 71 provide lateral support during turning movements.
PAR  While alternate embodiments of my invention have been disclosed, it will be
      understood that these descriptions are for purposes of illustration only
      and that various modifications and changes can be made to my invention
      without departing from the spirit and scope of it. Therefore, the limits
      of my invention should be determined from the following appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A track-laying vehicle comprising
PA1  a frame,
PA1  a pair of endless tracks, one on each side,
PA1  a pair of drive sprockets rotatably supported on the frame, one on each
      side, drivingly engaging the tracks at the front of the track loop,
PA1  a plurality of bogie wheels rotatably engageable with the lower portion of
      each track,
PA1  a pair of elongated main suspension beams each independently pivoted at
      opposite ends of an axis rearward of the axis of said drive sprockets and
      forward of the bogie wheels,
PA1  a suspension for said bogie wheels on each suspension beam including a
      truck frame providing a journal intermediate adjacent pairs of bogie
      wheels,
PA1  a bogie wheel suspension beam pivoted on said journal having fore and aft
      extending arms supporting a bogie wheel at each end thereof, and
PA1  a pair of spring units extending between the vehicle frame and the
      suspension beams adjacent the rear ends thereof each having a vertical
      axis of deflection for independently absorbing oscillations of each
      suspension beam.
NUM  2.
PAR  2. A track-laying vehicle according to claim 1 wherein front and rear truck
      frames are each mounted on the main suspension beams and carry pairs of
      bogie wheels, the rear most bogie wheel cooperating with the drive
      sprocket as a track idler.
NUM  3.
PAR  3. A track-laying vehicle according to claim 2 wherein each bogie wheel
      suspension beam is longitudinally adjustable relative to each truck frame
      for varying track tension.
NUM  4.
PAR  4. A track-laying vehicle according to claim 3 wherein the bogie wheels are
      of larger diameter and the main suspension beams have longitudinally
      spaced openings over each bogie wheel, permitting them to oscillate on the
      bogie wheel suspension beams to a level above the main suspension beam.
NUM  5.
PAR  5. A track-laying vehicle according to claim 4 wherein each truck frame
      includes a longitudinal slot,
PA1  a channel opposite the slot,
PA1  a guide block slidable in said channel,
PA1  a shaft connected to the bogie wheel suspension beam extending through the
      slot and connected to the block at the opposite end, and
PA1  a threaded actuator member on the truck frame engageable with the block for
      moving it to vary track tension.
NUM  6.
PAR  6. A track-laying vehicle according to claim 1 wherein each spring unit
      comprises
PA1  a first element movable with the main suspension beam having lateral
      projections on either side of said axis of deflection,
PA1  a second element fixed to the frame having slats receiving the lateral
      projections of the first element,
PA1  elastomeric elements stacked in vertical array on the axis of deflection
      yieldably resisting any relative vertical motion between said first and
      second elements, and
PA1  said projections and slots cooperating to prevent lateral movement of the
      main suspension beams.
NUM  7.
PAR  7. A track-laying vehicle comprising a frame
PA1  a pair of endless tracks, one on each side,
PA1  drive sprockets rotatably supported on the frame driven on a transverse
      axis at the front of the vehicle drivingly engaging the tracks,
PA1  a pair of main suspension beams each independently pivoted on a transverse
      axis adjacent the drive sprockets and extending rearwardly for
      substantially the length of the track,
PA1  a plurality of pairs of enlarged bogie wheels mounted on each main
      suspension beam,
PA1  a bogie wheel suspension on each main suspension beam for adjacent pairs of
      bogie wheels comprising,
PA1  an elongated bogie wheel suspension beam pivoted on the main suspension
      beam intermediate the axex of the bogie wheels having fore and aft
      extending arms rotatably supporting each bogie wheel, each said arm
      directed downwardly at an angle from the pivot axis such that the
      rotational axis of the adjacent bogie wheels is below the pivot axis,
PA1  each said main suspension beam having longitudinally spaced openings over
      each bogie wheel to receive the upper portion and permit its rotation and
      oscillation as required by the running conditions of said tracks,
PA1  fore and aft stops mounted on the main suspension beam, said stops being
      situated in the vertical plane of oscillation of said elongated bogie
      wheel suspension beam so as to make contact with either said fore or aft
      arms,
PA1  each main suspension beam having a longitudinally extending slot opposite
      each bogie wheel suspension beam,
PA1  a channel,
PA1  a guide block slidable in said channel,
PA1  a shaft connected with the bogie wheel suspension beam extending through
      the slot and connected to the guide block at the opposite end,
PA1  a stationary web in said channel having an internally threaded bore,
PA1  a threaded actuator received in said bore and extending into engagement
      with one side of said guide block, said threaded actuator being rotatable
      so as to vary the pivot axis of each beam relative to said main beam for
      adjusting track tension,
PA1  spring means yieldably supporting the trailing end of each main suspension
      beam from the vehicle frame comprising
PA1  a first element movable with the suspension beam having lateral projections
      in a plane parallel to the track,
PA1  a second element fixed to the frame having vertical guide slots receiving
      said lateral projections providing lateral stability for said main
      suspension beams, and
PA1  elastomeric means yieldably interposed between said first and second
      elements for absorbing vertical deflections.
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ABST
PAL  A combination track-idler and roller recoil suspension system is afforded
      through use of a crank member pivotally fixed to a track frame, and a link
      member pivotally fixed to an end of the crank member, and to which the
      idler is rotatably mounted. The other end of the crank member is
      associated with a resilient pad utilized as a mounting pad for a track
      roller, so that the resilient pad serves both as a suspension member for
      the roller, and as idler recoil means upon movement of the crank member.
      The link member accommodates generally vertical idler movement, through
      pivoting of the link member relative to the crank member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to vehicle suspension systems, and more
      particularly, to a suspension system allowing for both generally vertical
      and recoil movement of an idler of the suspension system.
PAR  Efficient roller suspension mountings are disclosed in U.S. Pat. No.
      3,336,087 to Reinsma, and U.S. Pat. No. 3,695,737 to Alexander et al.,
      both assigned to the assignee of this invention. In each of these patents,
      resilient means are disposed between roller mounting means and a portion
      of the track frame, so that such portion of the track frame may be
      properly supported by such rollers through the associated resilient
      members, with the resilient members allowing a degree of suspension
      movement of the rollers relative to the track frame. U.S. Pat. No.
      3,774,708, assigned to the assignee of this invention, also discloses a
      system wherein resilient pads are disposed between roller mounting means
      and a portion of the track frame, so that such rollers provide support for
      a portion of the track frame.
PAR  Each of the systems of the above-cited patents with advantage includes a
      recoil system for providing proper idler suspension and idler recoil
      during the operation of the vehicle. While such systems may operate in an
      extremely effective manner, it is to be understood that, for certain
      applications, even more advantageous and efficient suspension can be
      provided. For example, it has been recognized that under certain
      conditions, it would be extremely advantageous to utilize compression of
      the resilient pads of, for example, U.S. Pat. No. 3,336,087, to allow
      idler recoil. Additionally, it must be insured that the idler, while being
      capable of such recoil, may properly move in a generally upward and
      downward direction to provide proper suspension movement.
PAR  Of more general interest in this area are U.S. Pat. No. 2,467,947 to
      Skelton, U.S. Pat. No. 3,332,725 to Reinsma, and U.S. Pat. No. 3,343,889
      to Bexten.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide a suspension
      system for a vehicle, such suspension system including an idler and
      rollers, wherein resilient means associated with a roller accommodate
      recoil of the idler.
PAR  It is a further object of this invention to provide a suspension system for
      a vehicle which, while fulfilling the above objects, allows for generally
      vertical movement of the idler for proper suspension of the vehicle.
PAR  It is a still further object of this invention to provide a suspension
      system for a vehicle which, while fulfilling the above objects, is
      extremely stable under reaction loads placed thereon.
PAR  It is a still further object of this invention to provide a suspension
      system for a vehicle which, while fulfilling the above objects, is
      extremely simple in construction and efficient in operation.
PAR  Broadly stated, the invention is in a vehicle having frame means. Such
      invention comprises a rotatable member, and a crank member pivotally
      mounted to the frame means. A link member is pivotally mounted to the
      crank member, and the rotatable member is rotatably mounted to the link
      member. The link member is positioned relative to the vehicle to allow a
      degree of upward and downward motion of the rotatable member through
      pivotal movement of the link member relative to the crank member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will be apparent from a study of
      the following specification and drawings, in which:
PAR  FIG. 1 is a side view of a triangular track suspension incorporating the
      invention;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a view, partially in section, taken along the line III--III of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Shown in FIG. 1 is a triangular track arrangement 10 associated with a
      vehicle (not shown). The track arrangement 10 includes an elevated drive
      sprocket 12, mounted to a frame portion 14 fixed to the vehicle. Such
      frame portion 14 has pivotally mounted thereto a frame part 16, which has
      brackets 18 fixed thereto and extending therefrom on either side thereof.
      The frame part 16 has associated therewith individual track rollers 20,
      one of which is shown in FIG. 2. As shown therein, such roller 20 is
      rollingly associated with a roller mounting structure 22 which includes
      angled plates 24, and a rigid horizontal plate 26 fixed thereto.
      Wedge-shaped spacers 28 are fixed to the frame part 16 inwardly of the
      sides thereof, and protective plates 30 are in turn fixed to the
      wedge-shaped spacers. Disposed between each adjacent pair of plates 24, 30
      is a resilient pad 32. To facilitate manufacture and service, these pads
      32 are normally bonded to their respectively associated plates 24, as well
      as to their respectively associated plates 30. The structure forming frame
      part 16 includes internal support plates 34 and vertically disposed cross
      braces 36 to assure necessary structural integrity.
PAR  Each roller 20 is associated with the frame part 16 in the manner so far
      described. It is to be seen that the resilient pads 32 interconnect the
      frame part 16 and the roller mounting structure 22, so that each roller 20
      supports a portion of the frame part 16 through the resilient pads 32.
PAR  Pivotally fixed to a pair of brackets 18, is a crank member 38, and link
      members 40 are pivotally mounted to such crank member 38. A rotatable
      idler 42 is rotatably mounted to the link members 40 as shown, i.e., a
      portion 39 of the crank member 38 extends on one side of the crank
      member-frame part pivot axis 44 beyond the axis of rotation 46 of the
      rotatable idler 42, with the link members 40 being pivotally mounted to
      that one portion of the crank member 38 beyond the axis of rotation 46 of
      the rotatable idler 42 in such extended direction. Another, generally
      opposite portion 41 of the crank member 38 extends on the other side of
      the crank member-frame part pivot axis 44, and includes a portion 43
      extending generally downwardly therefrom. Such downwardly extending
      portion 43 is pivotally fixed to a bracket 48 by means of pin 50, and such
      bracket 48 is in turn fixed to horizontal plate 26 as shown in FIG. 2.
      Suitable apertures 52 are provided in frame part 16 to allow the passage
      of downwardly extending portion 43 therethrough as shown.
PAR  It will be seen that a like crank member 38, link members 40 and idler
      structure is associated with brackets 18 at the opposite end of the frame
      part 16. A track chain 54 is disposed about the idlers and drive sprocket
      as shown.
PAR  With the parts in position as shown for operation, the link members 40 are
      positioned relative to the vehicle to allow a degree of upward and
      downward motion of the idler 42 through pivotal movement of the link
      members 40 relative to the crank member 38. The track chain 54 is of
      course in contact with a portion of the idler 42, and the link members 40
      are positioned so that the longitudinal axes thereof are aligned
      substantially parallel with a resultant force placed on the idler 42 by
      the track chain 54. Such particular positioning of the link members 40
      results in the fact that the idler 42 is stably and properly placed for
      optimum operation thereof. The crank member-frame part pivot axis 44 is
      disposed positionally above the longitudinal axes of the link members 40.
      This results in the fact that resultant force placed on the idler 42 by
      the track chain 54, such force being placed generally parallel to the
      longitudinal axes of the link members 40, tends to pivot track frame
      portion 39 downwardly and track frame portion 41 upwardly, so that the the
      resilient pads 32 are properly utilized to accommodate such load.
PAR  It is to be seen that, through the particular placement of crank member 38,
      link members 40, and the association of the crank member 38 with the
      resilient pads 32, force placed on the idler 42 tending to provide idler
      recoil (i.e., the right-hand idler 42 moving to the left as shown in FIG.
      1) tends to pivot the portion 39 of the crank member 38 downwardly, and
      the portion 41 of the crank member 38 upwardly about the pivot axis 44.
      Such upward movement of the crank member portion 41 puts the resilient
      pads 32 in both compression and shear, so that it will be seen that recoil
      of the idler 42 is taken up and accommodated by the resilient pads 32.
PAR  The pivot axis associating frame part 16 with frame portion 14 is
      positioned substantially along the line of reaction force placed on the
      idler 42 by the track 54. Such placement aids in providing a stable and
      efficient suspension operation.
PAR  It is to be understood that the opposite idler 42, link members 40, and
      crank member 38 are associated with resilient pads operating with a roller
      20 in an identical manner.
PAR  In practice, with a preload of approximately 12,000 lbs. placed on the
      resilient pads 32 associated with roller 20, a 2 inch compression of the
      pads 32 would normally result in approximately 55,000 lbs. of force
      resisting recoiling force. It is to be understood that varying mechanical
      advantages can be afforded by relocation of pivot axes 44, alteration of
      the length of link members 40 and crank members 38, and variations in the
      size and/or thickness of the resilient mounting pads 32.
PAR  It will be seen that herein is provided a combination track roller and
      idler recoil suspension mechanism which affords proper idler vertical
      displacement and recoil to effectively cushion out detrimental road shock.
      The components utilized are extremely simple, and may be sized accurately
      to provide a chosen mechanical advantage. Recoil springs of the
      conventional type are completely eliminated, and the resilient pads 32
      included in the device are utilized in an extremely efficient manner, both
      for track roller support, and for accommodation of such idler recoil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle having frame means, a rotatable member, a crank member
      pivotally mounted to said frame means, a link member pivotally mounted to
      said crank member, and to which the rotatable member is rotatably mounted,
      said link member being positioned relative to the vehicle to allow a
      degree of upward and downward motion of the rotatable member through
      pivotal movement of the link member relative to the crank member, wherein
      one portion of the crank member extends on one side of the crank
      member-frame means pivot axis beyond the axis of rotation of the rotatable
      member, and the link member is pivotally mounted to said one portion of
      the crank member beyond the axis of rotation of the rotatable member in
      said extended direction, and comprising track means in contact with a
      portion of the rotatable member, the link member having its longitudinal
      axis aligned generally parallel with a resultant force placed on the
      rotatable member by said track means.
NUM  2.
PAR  2. The vehicle of claim 1 wherein the crank member-frame means pivot axis
      is disposed positionally above the longitudinal axis of the link member.
NUM  3.
PAR  3. The vehicle of claim 2 wherein another portion of the crank member
      extends on the other side of the crank member-frame means pivot axis, and
      comprising resilient means associated with the frame means, and means
      associating the resilient means and said another portion of the crank
      member so that said resilient means resiliently resist pivoting of the
      crank member upon application of force thereto tending to pivot said one
      portion of the crank member downwardly.
NUM  4.
PAR  4. The vehicle of claim 3 and further comprising a roller, and roller
      mounting means, said resilient means interconnecting the frame means and
      roller mounting means so that the roller supports a portion of the frame
      means through the resilient means.
NUM  5.
PAR  5. The vehicle of claim 4 wherein the means associating the resilient means
      and said another portion of the crank means comprise said roller mounting
      means, and means for interconnecting the roller mounting means and said
      another portion of the crank member.
NUM  6.
PAR  6. The vehicle of claim 5 wherein the frame means comprise a first frame
      portion, and a second frame portion pivotally mounted to the first frame
      portion and to which the crank member is pivotally mounted, and with which
      the resilient means are associated.
NUM  7.
PAR  7. The vehicle of claim 6 wherein the first frame portion-second frame
      portion pivot axis is positioned substantially along the line of a
      reaction force placed on the rotating member by the track means.
NUM  8.
PAR  8. In a vehicle having frame means, a rotatable member, a body member
      mounted to said frame means, a link member pivotally mounted to said body
      member, and to which the rotatable member is rotatably mounted, wherein a
      portion of the body member extends from the frame means beyond the axis of
      rotation of the rotatable member, and the link member is pivotally mounted
      to said portion of the body member beyond the axis of rotation of the
      rotatable member in said extended direction, said link member being
      positioned relative to the vehicle to allow a degree of upward and
      downward motion of the rotatable member through pivotal movement of the
      link member relative to the body member, and comprising track means in
      contact with a portion of the rotatable member, the link member having its
      longitudinal axis aligned generally parallel with a resultant force placed
      on the rotatable member by said track means.
NUM  9.
PAR  9. In a vehicle having frame means, a rotatable member, a crank member
      pivotally mounted to said frame means and having one portion extending on
      one side of the crank member-frame means pivot axis, said rotatable member
      being associated with said one portion, a roller, roller mounting means,
      resilient means interconnecting the frame means and the roller mounting
      means so that the roller supports a portion of the frame means through the
      resilient means, wherein said crank member includes another portion
      extending on the other side of the crank member-frame means pivot axis,
      and means associating the resilient means and said another portion of the
      crank member so that said resilient means resiliently resist pivoting of
      the crank member upon application of force thereto tending to pivot said
      crank member.
NUM  10.
PAR  10. The vehicle of claim 9 wherein said resilient means resiliently resist
      pivoting of the crank member upon application of force thereto tending to
      pivot said one portion of the crank member downwardly.
NUM  11.
PAR  11. The vehicle of claim 10 wherein the means associating the resilient
      means and said another portion of the crank member comprise said roller
      mounting means, and means for interconnecting the roller mounting means
      and said another portion of the crank member.
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ABST
PAL  A vehicle steering apparatus for a vehicle which has an endless track
      guided around front and rear rolls. When executing turns substantially
      larger than the minimum radius of turning of the vehicle, at least the
      front roll together with the front end of the track are turned to provide
      for relatively large turns where the rate of turning at the front of the
      vehicle is greater than the rate of turning at the rear thereof. The front
      and rear rolls are supported for swivelling movement about substantially
      upright axes and in one construction of the invention a transmission is
      connected between the supports for the front and rear rolls to bring about
      turning of the rear roll and the rear end of the track therewith only
      after the front roll and the front end of the track therewith have turned
      through a given angle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to vehicles.
PAR  In particular, the present invention relates to that type of vehicle which
      includes an endless track guided around front and rear rolls.
PAR  The present invention relates especially to apparatus for steering a
      vehicle of this type.
PAR  Thus, the present invention relates to that type of vehicle where the
      endless track becomes longer on one side and correspondingly shorter on
      the other side, in response to turning of one or both of the end rolls
      around which the track is guided, in order to enable the vehicle to
      execute the turns with the endless track assuming a curved configuration
      during turning of the vehicle.
PAR  It has already been proposed to provide for steering of a vehicle of the
      above type by swivelling the front and rear end rolls through
      substantially equal angles when executing partial turns as well as when
      turning the vehicle along its mimimum turning radius. However, experience
      has shown that this type of vehicle steering is not entirely satisfactory
      in all respects, particularly with respect to the directional stability of
      the vehicle, which is to say the stability with which it is possible to
      steer the vehicle. Thus, with vehicles of the above type when the front
      and rear end rolls together with the front and rear ends of the track are
      turned through substantially equal angles it has been found that it is not
      possible to maintain desired control of the vehicle particularly at speeds
      which are comparatively high for a vehicle of the above type.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      vehicle steering apparatus which will avoid the above drawbacks.
PAR  Thus, it is a more particular object of the present invention to provide
      apparatus which will enable a vehicle of the above type to be turned
      through angles substantially larger than the minimum turning radius in a
      highly stable manner which will enable the directional control to be
      maintained in a stable fashion even when the vehicle travels at relatively
      high speeds.
PAR  Also it is an object of the invention to provide apparatus capable of
      achieving the above objects while remaining relatively simple and rugged
      so as to be equal to the forces and stresses which are encountered during
      turning of a vehicle of the above type.
PAR  In accordance with the invention the front end of the endless track
      together with the front end roll means around which the front end of the
      track is guided are turned when executing turning radii substantially
      larger than the minimum turning radius of the vehicle, so as to provide an
      angular turning rate at the front end of the vehicle which is higher than
      the angular turning rate at the rear end of the vehicle when executing
      relatively large turns.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic side elevation of a vehicle according to the present
      invention
PAR  FIG. 2 is a schematic plan view of the vehicle of FIG. 1 taken in a plane
      just above the supporting frames for the front and rear end rolls;
PAR  FIG. 3 is a schematic representation at an enlarged scale, as compared to
      FIG. 2, of the transmission means which is connected between the front and
      rear support means for the front and rear end roll means around which the
      track means is guided;
PAR  FIG. 4 is schematic partly sectional top plan view of one possible
      embodiment of a turning means carried by the vehicle for turning at least
      the front end roll means;
PAR  FIG. 5 is a schematic transverse sectional elevation taken along line 5-5
      of FIG. 4 in the direction of the arrows to show further details of the
      turning means;
PAR  FIG. 6 is a fragmentary schematic elevation of part of the structure of
      FIG. 5 showing a variation of the invention according to which only the
      front end roll means is turned; and
PAR  FIG. 7 is a schematic plan view of part of the structure of FIG. 3 showing
      a variation which makes it possible to bring about turning of the rear
      roll means only after the front roll means has turned through a given
      angle.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the vehicle illustrated therein includes a chassis 1
      in a form of a suitable framework including an upper platform and a
      structure carried thereby for partially supporting and guiding an endless
      track means 10. Thus it will be seen that the chassis 1 includes the upper
      platform 30 which is situated in a substantially horizontal plane over a
      lower platform or rectangular frame 32 which is also situated in a
      substantially horizontal plane beneath the platform 30. Suitable uprights
      34 extend between and are fixed to the platforms 30 and 32 and carry
      guides such as rollers 36 for the endless track 10 which travels freely
      between the uprights 34 which are situated adjacent the opposed sides of
      the chassis as well as between the upper and lower platforms 30 and 32
      thereof, as illustrated. The endless track 10 does not in itself form part
      of the present invention. It is composed of elements which enable the
      track 10 to behave in a known way so that when executing turns one side of
      the track 10 will become elongated in response to turning of one or both
      of the end roll means 4, while the other side of the track 10 will become
      correspondingly shortened. In this way the track 10 is capable of assuming
      a curved configuration when the vehicle executes turns. Thus FIGS. 1 and 2
      illustrate at the right and left, respectively, front and rear end roll
      means 4 around which the endless track means 10 is guided at its front and
      rear ends, respectively. The front roll means 4 is supported for
      swivelling movement about a substantially upright axis by way of a support
      means 2 in the form of a framework having suitable arms which carry the
      front shaft 5 on which components of the front end roll means 4 are
      supported. In the same way the rear end roll means 4 is supported for
      swivelling movement by a rear support means 3 which includes suitable arms
      carrying the rear shaft 5 on which the components of the rear end roll
      means 4 are supported. For providing the swivelling movement the front
      support means 2 is carried by a universal joint 6 having a component
      carried by the front end of the frame 32 and turnable about a horizontal
      axis and a vertical component carried by the component which is turnable
      about the horizontal axis with the vertical component extending through
      suitable openings of a rear fork-shaped end of the frame 2 so that the
      latter is in this way supported for swivelling movement about a
      substantially vertical axis, as is apparent from FIGS. 1 and 2. The
      horizontally extending component of the universal joint 6 enables the
      front support means 2 to turn to a limited extent about a horizontal axis
      as by a suitable torsion bar construction.
PAR  In the same way, the rear support means 3 has a front end supported by a
      universal joint 7 carried by the rear end of the frame 32 of the chassis
      1. This universal joint 7 also includes a horizontal component carried
      directly by the rear end of the frame 32 to provide for limited swinging
      of the frame 3 about a horizontal axis while the universal joint 7 has a
      vertical component carried by its horizontal component and extending
      through suitable openings at the front end of the frame 3 so as to support
      the latter for swinging or swivelling movement about a substantially
      vertical axis. The limited swinging movement of the frame 3 about a
      horizontal axis may be provided by way of a suitable spring structure such
      as a suitable torsion bar structure as is the case with the front support
      means 2. These possible movements of the front and rear support means 2
      and 3 are schematically designated by the double-headed arrows in FIGS. 1
      and 2.
PAR  The chassis 1 includes a rear extension 3a of the upper platform 30
      connected at its front end to the rear end of the upper platform 30 by way
      of a pivot 11 so that it is possible for the rear extension 3a to turn
      about a vertical axis which substantially coincides with the upright
      swivelling axis provided by the universal joint 7. It is this rear
      extension 3a which carries the driving engine 20 which through suitable
      sprocket wheels 21 and chains 22 schematically illustrated in FIG. 1
      transmits the rotary propelling force of the vehicle to the rear end roll
      means 4. Thus when the rear end roll means 4 turns the platform 3a can
      turn freely therewith so that there is no problem in connection with
      transmitting the propellant force of the vehicle from the engine 20 to the
      rear end roll means 4 even when the vehicle executes turns.
PAR  In accordance with the present invention it has been found to be most
      advantageous to steer the vehicle by turning the front end of the endless
      track means 10 at least when executing turns of comparatively large radii,
      providing in this way a greater angular rate of turning at the front of
      the track means 10 than at the rear of the track means 10. According to
      one particular embodiment of the invention the front end of the track
      means 10 is swivelled up to a given angle, the angle .beta. shown in FIG.
      3, while the rear end of the track means 10 is kept straight without any
      turning of the latter, so that during the initial turning at a relatively
      large turning radius only the front end roll means 4 and the front end of
      the track therewith are turned. After turning through this initial angle,
      such as the angle .beta. in FIG. 3, turning of the rear end roll means 4
      is started so that when turning beyond the angle .beta. the rear end roll
      means 4 participates in the turning together with the front end roll
      means. In this way during initial relatively large turning radii only the
      front end roll means and the front end of the track therewith are turned
      while at the smaller turning radii the rear end roll means and the rear
      end of the track turn together with the front end of the track. In this
      way it is possible to achieve the advantage of steering the vehicle when
      it is travelling along a highway at relatively high speeds for a vehicle
      of this type either exclusively or predominantly by swivelling the front
      end of the endless track 10. This type of apparatus has been found from
      experience to provide a good directional stability for the vehicle
      enabling the latter to behave in a controlled manner even at the above
      speeds which are comparatively high for a vehicle which travels on an
      endless track as illustrated. However, it is also possible in accordance
      with the invention to provide a steering apparatus according to which the
      steering of the vehicle is brought about exclusively by turning the front
      end of the track means 10 and the front end roll means 4. Also, in
      accordance with the invention it is possible to provide apparatus
      according to which when executing turns at relatively large turning radii
      and relatively high speeds the vehicle is steered in such a way that the
      front end of the track means 10 together with the front end roll means 4
      are turned up to a given maximum angle while when it is desired to reduce
      the turning radius still further the rear end of the track 10 together
      with the rear end roll means 4 are also turned while the front end roll
      means 4 and the front end of the track 10 are not turned further, so that
      they remain in the extreme position to which they have been turned during
      the initial turning of relatively large radius.
PAR  Various types of constructions are available for bringing about steering of
      a vehicle in accordance with the invention, and the specific details of
      one possible structure are illustrated in FIGS. 1-3. Thus it will be seen
      that the rear end of the support means 2 includes an elongated arm 8 which
      is turnable together with the remainder of the support means 2 around the
      upright swivelling axis provided by way of the universal joint 6 as
      described above. This rearwardly extending arm 8 of the front support
      means 2 forms a steering rod which has an enlarged rear end portion 12
      formed with a longitudinally extending slot 13, so that in this way this
      structure provides the equivalent of a fork.
PAR  In the same way, the rear support means 3 includes an elongated
      longitudinally extending arm 9 which is fixed to the remainder of the rear
      support means 3 so as to swivel therewith about the substantially upright
      swivelling axis formed by the universal joint 7. The front end of the arm
      9 of the rear support means 3 is pivotally connected by way of a pivot 15
      to a transmission means 14 which is interconnected between the front and
      rear support means 2 and 3, with the pivot axis provided by the pivot 15
      being situated midway between the pair of rear rollers 17 which are
      supported for free rotary movement on a pair of pins 18 carried by a rear
      transverse arm of the transmission means 14. It will be noted that the
      transmission means 14 has a substantially T-shaped configuration with the
      rear transverse arm thereof carrying the rollers 17. A forwardly extending
      arm of the tranmission means 14 carries at the region of its front end a
      front roller 16 which is received in the slot 13. Thus the rollers 16 and
      17 are situated at the corners of a triangle and the transmission means 14
      is the equivalent of triangular structure which carries the rollers 16 and
      17 at the corners of the triangle.
PAR  The frame 32 fixedly carries a guide means 19 which guides the rollers 17.
PAR  In order to bring about turning of the vehicle a turning means is
      operatively connected according to one embodiment of the invention to the
      arm 8 or the enlarged part 12 thereof. Thus, as may be seen from FIG. 4,
      the chassis 1 can carry above the platform 30 thereof a vertical shaft 38
      which can carry at its top end a suitable steering wheel accessible to the
      operator with the shaft 38 being supported for turning about its vertical
      axis in any suitable way. The shaft 38 carries a sprocket wheel 40 which
      transmits the turning movement to a sprocket chain 42 which drives a
      further sprocket wheel fixed to a vertical shaft 44 supported for turning
      movement about its axis on the platform 30. The shaft 44 fixedly carries a
      bevel gear 46 which drives a bevel gear 48 supported on a shaft 50 for
      turning movement about a horizontal axis, and the shaft 50 drives a
      sprocket wheel 52 which in turn drives a chain 54.
PAR  As may be seen from FIGS. 4 and 5, the chain 54 is guided around a pair of
      lateral sprocket wheels 56 supported for free rotary movement on suitable
      pins carried by the platform 30 in the manner illustrated in FIGS. 4 and
      5, and the chain 54 is then guided around further sprockets 58 supported
      in any suitable way on uprights extending upwardly from the lower platform
      32 supported from the upper platform by the uprights 34 as schematically
      illustrated. The chain 54 extends from the lower rollers 58 to a pair of
      eyes or the like fixed to the opposed sides of the portion 12 of the arm
      8, so that in this way when the sprocket wheel 52 is turned in one
      direction or the other a turning force will be applied to the arm 8 to
      bring about steering of the vehicle.
PAR  Assuming now that the above-described turning means shown in FIGS. 4 and 5
      acts on the arm 8 to provide a turning or steering force F at the thicker
      part 12 of the arm 8, for example, then while the arm 8 turns through the
      angle .beta. the transmission means 14 will turn about the axis provided
      by the pivot 15 through an angle .alpha.. The angle 2.alpha. is shown in
      FIG. 3 to indicate twice the angle through which the transmission means 14
      turns while the arm 8 turns through the angle .beta.. In other words while
      the vehicle travels straight, without any turning, the arms 8 and 9 as
      well as the longitudinal leg of the transmission means 14 are all in line
      with each other. Initially the rollers 17 engage arcuate portions of the
      guide means 19 which extend along a circle whose center is in the axis
      provided by the pivot 15. Therefore during the initial turning of the arm
      8 the transmission means 14 will turn about the pivot 15 with the rollers
      17 riding along the arcuate portions of the guide means 19 which extend
      along a circle whose center is in the axis of the pivot 15, so that at
      this time even though the transmission means 14 swings the arm 9 does not
      turn and the rear roll means 4 as well as the rear end of the track means
      10 do not turn while the front end roll means 4 and the front end of the
      track means 10 turn in response to turning of the support means 2 together
      with the arm 8 thereof.
PAR  The arm 8 is capable of turning in one direction or the other through the
      angle .beta. until the roller 16 reaches either of the positions 16a shown
      in dotted lines in FIG. 3. At this time the longitudinal arm of the
      transmission means 14 will assume one or the other of the dot-dash line
      positions, and the rear transverse arm which carries the rollers 17 will
      reach one or the other of the dot-dash line positions which define the
      angle 2.alpha.. At this instant one or the other of the rollers 17 will
      reach one of the ends 19b of the elongated central portion 19a of the
      guide means 19 which extends between the arcuate portions thereof which
      extend along the circle whose center is in the axis of the pivot 15.
      During further turning of the front support means 2 one or the other of
      the rollers 17 will move transversely along the guide portion 19a of the
      guide means 19, and the remaining roller 17 will move along one or the
      other of the portions 19c of the guide means 19 (FIG. 2). As a result the
      point or axis of the pivot 15 will shift transversely with simultaneous
      turning of the arm 9 together with the arm 8 so that the rear end roll
      means 4 together with the rear end of the track means 10 will now
      participate in the steering of the vehicle. In the illustrated example,
      once the arm 9 starts to turn together with the remainder of the support
      means 3 about the swivel axis determined by the universal joint 7 the rear
      end roll means 4 will turn together with the rear end of the track means
      10 at a greater rate than the front end roll means 4 and the front end of
      the track means 10 because in the illustrated example the arm 8 is longer
      than the arm 9. It is possible by selecting a suitable ratio between the
      lengths of the arms 8 and 9 to preselect the ratio between the angular
      turning rates of the front and rear ends of the track means 10 to be
      appropriate for a particular vehicle. Thus it is possible to provide a
      construction where the front end of the track means 10 and the front end
      roll means 4 will turn at a greater angular rate than the rear end roll
      means 4 and the rear end of the track, by suitable selection of the
      lengths of the arms 8 and 9.
PAR  Also, it is possible to provide a construction where the turning of the
      vehicle is brought about exclusively by turning of the front end roll
      means 4 and the front end of the track means 10. Thus, referring to FIG. 6
      it will be seen that the construction illustrated therein is exactly the
      same as that shown in FIG. 5 except that the roller 16 has been omitted.
      As a result there is no connection of the transmission means 14 to the
      front support means 2, and thus when the turning means acts on the front
      support means 2 there will be no transmission back to the rear support
      means 3 which remains in the position shown in FIGS. 2 and 3 at all times.
      Thus simply by eliminating the roller 16 it is possible to provide a
      construction where all the turning is brought about exclusively by way of
      the front end roll means 4 and the front end of the track means 10.
PAR  Also, as was pointed out above, it is possible to provide a construction
      where once the front end roll means 4 and the front end of the track means
      10 has been turned through a given angle, the continued turning is brought
      about exclusively by way of the rear end roll means 4 and the rear end of
      the track means 10. For this purpose, for example, it is possible to use a
      construction as shown in FIG. 7 where the part 12' at the rear of the
      front support means 2 has been modified by providing the slot 13 with a
      rear open end beyond which the roller 16 can move. Also the part 12' has a
      pair of laterally extending arms 60 provided with rear surfaces 62 along
      which the roller 16 will ride after moving beyond the slot 13. In this
      case the turning means shown in FIGS. 4 and 5 is connected directly to the
      transmission means 14 rather than to the part 12'. The parts are so
      designed that the roller 16 will reach the corners 64 at the rear end of
      the slot 13 at the instant when one or the other of the rollers 17 reaches
      one or the other of the ends 19b of the central portion 19a of the guide
      means 19. Thus, with this construction the front support means 2 will turn
      for example through the angle .beta. when further turning will cause the
      roller 16 to travel along one of the surfaces 62 while one or the other of
      the rollers 17 travels along the central guide portion 19a. In this way
      the front end roll means 4 and the front end of the track means will
      remain in the extreme position to which it has turned through the angle
      .beta. and will not turn further while the continued turning force applied
      through the transmission means 14 will now act only on the arm 9 for
      turning the rear support means 3 to bring about the continued turning of
      the vehicle only by way of turning of the rear end roll means 4 and the
      rear end track means 10 therewith.
PAR  It is thus possible through the simple variations shown in FIGS. 6 and 7 to
      bring about variations in the manner in which the objects of the invention
      are achieved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle, endless track means, front and rear roll means around
      which front and rear ends of said endless track means are respectively
      guided, front support means supporting said front roll means for
      swivelling movement about a substantially upright axis, turning means
      operatively connected with said front support means for turning the latter
      about said axis for steering the vehicle at least in a turning range
      having turning radii substantially larger than a given minimum radius of
      turning of the vehicle, transmission means operatively connected to said
      rear roll means for automatically limiting turning thereof at least during
      turning of said front support means in said turning range to a degree
      which is substantially less than the degree of turning of said front
      support means, said transmission means including a rear support means
      supporting said rear roll means for swivelling movement about a
      substantially upright axis situated to the rear of the swivelling axis of
      the front roll means, and said transmission means also including structure
      connected between said front and rear support means for transmitting
      turning to said rear support means and said rear roll means therewith only
      after said front support means and said front roll means therewith have
      turned through a given angle, said transmission means including a front
      roller and a pair of rear rollers respectively situated at the corners of
      a triangle, said front support means being formed with a slot receiving
      said front roller for transmitting turning of said front support means to
      said transmission means, the latter being swingably connected to said rear
      support means at a point between said pair of rear rollers, and guide
      means guiding said rear rollers for turning along a circle whose center is
      in said point during turning of said front support means within said given
      angle and for then guiding said rear rollers for movement transversely of
      the vehicle for laterally shifting said point to swing said rear support
      means after said front support means has turned through said given angle.
NUM  2.
PAR  2. The combination of claim 1 and wherein said transmission means is of
      substantially T-shaped configuration having a rear transverse leg which
      carries said pair of rear rollers and a longitudinal leg extending
      forwardly from said rear transverse leg and carrying said front roller.
NUM  3.
PAR  3. The combination of claim 1 and wherein said turning means is operatively
      connected to said transmission means for turning the latter to transmit
      turning movement to said front support means, said slot having a rear open
      end beyond which said front roller turns when said front support means has
      turned through said given angle for providing turning of said rear roll
      means without continued turning of said front roll means after the latter
      has turned through said given angle.
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ABST
PAL  A wheeled self-propelled vehicle has a load-carrying body, such as a
      platform or a driver's seat, which is horizontally rotatable on a
      spider-leg frame having a caster or support wheel swivelably mounted at
      the free end of each leg. The body is rigid with a vertical shaft carrying
      at its lower end a mounting for a guide wheel driven by a motor. Rotation
      of the body with reference to the frame imparts a desired orientation to
      the guide wheel which touches the ground, under load, with sufficient
      force to exert traction for advancing the vehicle. The body rests on the
      frame by way of one or more shock absorbers or springs which may be
      adjustable to different loads. The support wheels and the guide wheel may
      be positively interlinked, through a chain or toothed-belt drive, to
      rotate in unison about their respective swivel axes.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a wheeled vehicle designed to perform tight
      turns about a vertical axis.
PAC  BACKGROUND OF THE INVENTION
PAR  Vehicles capable of turning on the spot may find effective application in
      all those spheres in which maximum mobility and orientation are required
      with minimum effort and bulk such as, for example, in the case of
      self-propelling wheel chairs, dollies for television and cinematographic
      power supplies, toys, warehouse trucks, go-carts, luggage carts, hospital
      beds and the like, as well as remote-controlled vehicles for the most
      varied uses.
PAC  OBJECT OF THE INVENTION
PAR  The object of my invention is, therefore, to provide a vehicle capable of
      changing direction with a zero turning radius.
PAC  SUMMARY OF THE INVENTION
PAR  This object is realized, in accordance with my present invention, by the
      provision of a wheeled vehicle base and a load-carrying body rotatable
      relatively thereto about a vertical axis, this body having a central shaft
      journaled in the base which preferably is in the form of a spider-leg
      frame carrying three or more swivelable support wheels angularly spaced
      about that axis. A guide wheel, mounted on the lower end of the shaft,
      rotates in a vertical plane which has an invariable orientation with
      reference to the body so that any turning of the body relative to the base
      entrains the guide wheel into a desired position of advance. Since the
      swivelable support wheels normally are aligned with one another, in the
      direction of previous displacement, they effectively resist rotation of
      the base about its axis while the centrally positioned guide wheel forms a
      convenient fulcrum for such rotation on the part of the body.
PAR  In a self-propelled vehicle of this nature, a drive motor is coupled with
      one or more of the wheels, advantageously with the central guide wheel
      which thereby operates also as a traction wheel. The body should then be
      supported on the base through one or more cushioning devices, such as
      simple springs or shock absorbers of mechanical or hydropneumatic
      character, so calibrated or adjustable as to allow the guide wheel to
      contact the ground (at least under load) with sufficient force to exert
      the necessary traction for advancing the base and with it the entire
      vehicle. Though the swivel-mounted support wheels will normally align
      themselves automatically with the traction and guide wheel as soon as the
      vehicle begins to move forward or possibly backward, I may interconnect
      all these wheels by a linkage positively maintaining them parallel to one
      another. This enforced parallelism rules out any possible wheel position
      facilitating rotation of the base.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a front-elevational view of a vehicle embodying my invention;
PAR  FIG. 2 is a cross-section taken on the line II -- II of FIG. 1, showing in
      full lines a wheeled frame and in phantom lines an overlying loading
      platform and associated handle;
PAR  FIG. 3 is an enlarged elevational view (with parts broken away) of a detail
      in the area III of FIG. 1;
PAR  FIG. 4 is a front view similar to FIG. 1, illustrating a modification;
PAR  FIG. 5 is a cross-sectional view similar to FIG. 2, taken on the line V --
      V of FIG. 4; and
PAR  FIG. 6 shows a front view of another vehicle embodying the present
      invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIGS. 1-3 I have shown a hand truck comprising a base frame 1
      constituted by four radially extending spider legs 2 in the form of a
      cross whose extremities carry swivelable caster wheels 3. A circular bore
      4 provided at the junction of legs 2 is freely traversed by a central
      vertical shaft 5 whose upper end is securely fixed to a loading platform 6
      and whose lower end carries a forked member 7 in which a guide and
      traction wheel 8 is mounted. The outer end of each leg 2 is braced against
      platform 6 by a telescopic shock absorber 9 including a fixed lower
      cylinder 10 in which a displaceable upper cylinder 11 is free to slide, a
      helicoidal compression spring 12 being interposed between the two
      cylinders. The top of the displaceable cylinder 11 supports a fork 13
      which carries a small idler roller 14 riding on a circular low-friction
      track 15 on the underside of the loading platform 6.
PAR  The springs 12 are so dimensioned as to ensure, when the truck is loaded,
      sufficient frictional contact of the traction wheel 8 with the ground S
      and to absorb part of the weight of the load disposed on the platform 6 so
      as to distribute this weight equally among the casters 3 and the traction
      wheel 8; this is necessary in order to facilitate the swiveling of the
      casters 3 and to ensure uniform contact of all the wheels with the ground
      surface.
PAR  In some instances the telescopic shock absorbers 9 could be replaced by a
      single spring (as illustrated at 109 in FIG. 6) coiled around shaft 5
      between the lower face of loading platform 6 and the top of base frame 1;
      this solution, however, is suitable only if the load is distributed so
      uniformly on the platform 6 or is so concentrated that its center of
      gravity substantially coincides with the axis of shaft 5.
PAR  Platform 6 is provided with a handle 16 enabling it to be swung
      horizontally, in the direction of arrows F, F', together with the traction
      wheel 8 whereupon the truck can be advanced in a direction determined by
      the orientation of the wheel 8. This rotation of platform 6 is extremely
      simple and requires little effort, regardless of load, since it takes
      place about a fulcrum which is represented by the point of contact of the
      wheel 8 with the ground S.
PAR  In the embodiment just described, the truck is of the self-propelling type
      provided with an electric motor 17 supplied from a battery 18 and
      controlled by a pushbutton 19 on the handle 16. The motor 17 and the
      battery 18 are mounted on opposite sides of the fork 7 and transmission of
      the torque from the motor 17 to the guide wheel 8 takes place via a set of
      reducing gears 20.
PAR  The swiveling wheels 3 may be of any suitable diameter, may carry tires if
      desired, and may be provided with conventional suspensions, according to
      the use and dimensions of the truck.
PAR  The embodiment illustrated in FIGS. 4 and 5, in which elements
      corresponding to those of FIGS. 1-3 have been given the same reference
      numerals supplemented by a prime mark, differs from the foregoing one
      mainly by the use of casters or support wheels 3' of the harnessed type in
      lieu of the simple swivel casters 3, the remaining parts being identical
      with those illustrated in FIGS. 1-3.
PAR  The casters 3' are mounted on forks 21 whose stems 22, which are journaled
      in bearings 27 secured to legs 2', carry toothed pulleys or sprockets 23
      interlinked by a continuous toothed belt 24. Keyed onto the shaft 5',
      below the frame 1', is another toothed pulley 25 linked with one of the
      sprockets 23 by a toothed belt 26, the pulleys 23, 25 being of the same
      diameter to ensure synchronous swiveling thereof. Thus, rotation of the
      shaft 5' causes a corresponding rotation of the pulley 25 and hence an
      identical swing of the wheels 3'.
PAR  In cases where the operator rides on the platform 6 or 6' (e.g. if the
      truck is used to carry a mobile power supply for television or
      cinematographic equipment), the orientation of the guide and traction
      wheel 8 or 8' may be effected by means of a reversible ancillary electric
      motor (not shown) connected to the base frame 1 or 1' and acting via a
      chain or a toothed belt on a sprocket or pulley keyed onto the shaft 5 or
      5'. Alternatively, this ancillary motor could be mounted on the platform 6
      or 6' so as to drive base frame 1 or 1' through a pinion on the motor
      shaft and a circular rack on the frame.
PAR  The coil springs 12 of the mechanical shock absorbers 9 or 9' could be
      replaced by fluid-actuated cushioning means such as hydropneumatic jacks,
      the truck being then provided with a conventional control circuit for
      keeping the hydraulic pressure in the various jacks uniformly distributed.
PAR  FIG. 6 shows a mobile structure according to my present invention designed
      to be used as a self-propelled chair. In this embodiment, elements
      corresponding to those of FIGS. 1-3 have been designated by the same
      reference numerals increased by 100.
PAR  The upper end of shaft 105 is rigidly secured to the base of a battery case
      118 which carries a driver's seat 106 with an associated back rest 130.
      Battery case 118 bears upon a helicoidal compression spring 109 wound
      around the shaft 105 and resting on an externally threaded bushing 128
      screwed into the threaded center bore 104.
PAR  Spokes 116 rise from the legs 102 of the frame 101, to support a handwheel
      116a which surrounds the seat 106 but lies on a level slightly lower than
      that of the seat. Bushing 128 can be adjusted to vary the degree of
      compression of the spring 109. This spring must be so calibrated as to
      ensure an equal distribution of weight between the traction and guide
      wheel 108 and the support wheels 103, as discussed above, when the
      driver's seat 106 is occupied. Motor 117 is energized from the battery in
      case 118 by wires which may pass through the hollow shaft 105.
PAR  A setscrew 129 enables the bushing 128 to be locked in a desired position
      for maintaining the stress of spring 109. With the seat 106 vacated, as
      shown in FIG. 6, the wheel 108 may be slightly raised from the ground S,
      the intervening distance being reduced to zero by a yielding of the spring
      109 under the weight of the operator taking this seat. The operator then
      grasps the handwheel 116a and, by rotating the seat 106 relatively to the
      frame 101, selects an orientation for the wheel 108 acting as the fulcrum
      of the assembly. By actuating the pushbutton 119, the operator starts the
      motor 117 and then steers the vehicle in the chosen direction, the
      swiveling casters 103 aligning themselves automatically with the wheel 108
      upon incipient forward (or backward) movement.
PAR  Naturally, harnessed support wheels of the type shown at 3' in FIGS. 4 and
      5 may be substituted for the simple casters 103 of FIG. 6 and may be
      interlinked as described above for synchronous rotation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle comprising:
PA1  a load-carrying body forming a driver's seat;
PA1  a base provided with at least three swivelable support wheels angularly
      spaced about a vertical axis, said body having a shaft in line with said
      axis journaled in said base;
PA1  a central guide wheel mounted on the lower end of said shaft for rotation
      in a vertical plane having an invariable orientation with reference to
      said body;
PA1  steering means for rotating said body relatively to said base about said
      axis;
PA1  drive means coupled with said guide wheel for propelling said base over
      said surface in a direction determined by the orientation of said guide
      wheel, said drive means including a battery mounted on said body beneath
      said driver's seat and a motor powered by said battery; and
PA1  cushioning means in said base supporting said body while letting said guide
      wheel come to rest on said surface with sufficient force to exert traction
      at least under load.
NUM  2.
PAR  2. A vehicle as defined in claim 1 wherein said cushioning means comprises
      a central spring coiled about said shaft, said battery having a case
      supported by said spring.
NUM  3.
PAR  3. A vehicle as defined in claim 1, further comprising a linkage positively
      interconnecting all said wheels for swiveling parallel to one another.
NUM  4.
PAR  4. A vehicle comprising:
PA1  a load-carrying body;
PA1  a base provided with at least three swivelable support wheels angularly
      spaced about a vertical axis, said body having a shaft in line with said
      axis journaled in said base;
PA1  a central guide wheel mounted on the lower end of said shaft for rotation
      in a vertical plane having an invariable orientation with reference to
      said body;
PA1  steering means for rotating said body relatively to said base about said
      axis;
PA1  drive means coupled with said drive wheel for propelling said base over
      said surface in a direction determined by the orientation of said guide
      wheel;
PA1  cushioning means in said base supporting said body while letting said guide
      wheel come to rest on said surface with sufficient force to exert traction
      at least under load; and
PA1  a linkage positively interconnecting all said wheels for swiveling parallel
      to one another.
NUM  5.
PAR  5. A vehicle as defined in claim 4 wherein said wheels are provided with
      rotatable harnesses, said linkage comprising toothed pulleys rigid with
      said harnesses and toothed belt means engaging said pulleys.
NUM  6.
PAR  6. A vehicle as defined in claim 4 wherein said shaft is provided with a
      bifurcate mounting for said guide wheel, said drive means comprising a
      motor carried on said mounting.
NUM  7.
PAR  7. A vehicle as defined in claim 4, further comprising adjusting means for
      varying the upward force exerted by said cushioning means upon said body.
NUM  8.
PAR  8. A vehicle as defined in claim 7 wherein said cushioning means including
      a coil spring surrounding said shaft, said adjusting means comprises a
      threaded bushing screwed into said base and traversed by said shaft, said
      spring bearing upon said bushing.
NUM  9.
PAR  9. A vehicle comprising:
PA1  a load-carrying body;
PA1  a base provided with at least three swivelable support wheels angularly
      spaced about a vertical axis, said body having a shaft in line with said
      axis journaled in said base;
PA1  a central guide wheel mounted on the lower end of said shaft for rotation
      in a vertical plane having an invariable orientation with reference to
      said body;
PA1  steering means for rotating said body relatively to said base about said
      axis;
PA1  drive means coupled with said guide wheel for propelling said base over
      said surface in a direction determined by the orientation of said guide
      wheel;
PA1  a coil spring on said base surrounding said shaft and supporting said body
      while letting said guide wheel come to rest on said surface with
      sufficient force to exert traction at least under load; and
PA1  adjusting means for varying the upward force exerted by said coil spring
      upon said body, said adjusting means including a threaded bushing screwed
      into said base and traversed by said shaft, said spring bearing upon said
      bushing.
NUM  10.
PAR  10. A vehicle as defined in claim 9 wherein said drive means comprises a
      motor and a battery for energizing same.
NUM  11.
PAR  11. A vehicle as defined in claim 10 wherein said body forms a driver's
      seat, said battery being mounted on said body beneath said driver's seat.
NUM  12.
PAR  12. A vehicle as defined in claim 11 wherein said steering means comprises
      a wheel rigid with said base surrounding said body on a level below that
      of said driver's seat.
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ABST
PAL  A tricycle having a front and a rear frame swingingly connected with each
      other in an axis line longitudinal of a tricycle body and providing
      between both frames an elastic member serving to restore the front frame
      when it is leaned against the rear frame, which is adapted to make zero or
      minimum the increasing ratio of restoring force of the elastic member when
      the front frame is leaned under the predetermined angle of inclination,
      while, large when over the same angle, whereby the tricycle is made safe
      and improved in a turning efficiency.
BSUM
PAR  This invention relates to a front frame leaning type tricycle having a
      front frame supporting one front wheel and a rear frame supporting two
      rear wheels, in which both frames are connected with each other in the
      relationship that the former may be swingingly movable against the latter
      in an axis line extending longitudinally of the tricycle body.
PAR  A tricycle of this kind is conventionally so constructed that a front frame
      is swingingly movably connected with a rear frame so that a rider may
      naturally lean himself inwardly of the curve for improving the turning of
      tricycles as the same as bicycles when a turn is made. In such
      construction, the tricycle has the tendency that when a turn is made the
      rear frame is liable to lean inwardly of the curve from the effect of
      centrifugal force applied thereto so as to allow one of rear wheels inside
      the curve to be raised. For preventing this, an elastic member is provided
      between the front and the rear frame. In this instance, when an elastic
      member of a large elasticity, i.e., of a large elastically restoring
      force, is used for this purpose, the front frame cannot be swingingly
      movable without any interruption owing to a large resistance applied
      thereto when a turn is made, and also a rider must steer the tricycle by
      more steeply leaning himself to keep the balance with a large restoring
      force of the elastic member as aforegoing. Namely, the front frame is
      required to be more largely leaned correspondingly to the elastic reaction
      of elastic member in comparison with no provision of any elastic one,
      whereby the tricycle becomes hard to be turned in running as quickly as a
      conventional bicycle resulting in worsening as a whole the turning
      efficiency of the same. While, the elastic member of a relatively small
      restoring force is used for allowing the front frame to be smoothly
      swingingly movable, on the other hand, when a turn is made the rear frame
      is liable to be leaned outwardly of the curve from the effect of
      centrifugal force applied thereto so that one rear wheel inside the curve
      tends to lift from the ground. As a result, the faster is the running
      speed or the smaller the radius of curve, the larger becomes the
      centrifugal force applied to the rear frame; consequently, leading to
      overturn of the tricycle. Especially, having a small elastic restoring
      force (the elasticity), the elastic member absorbs most of the inclination
      of the rear frame and scarcely transmits it to the front frame.
      Resultantly, the rider cannot accurately catch the rear frame inclination
      so severe as to occur overturn of the tricycle.
PAR  Conventionally, the elastic member has been formed to have a spring
      constant settled at a uniformally predetermined value so that the tricycle
      might be improved in the turning efficiency and the anti-overturn
      capability when a turn is made, however, these turning efficiency and the
      anti-overturn capability are contrary as aforegoing to result in that both
      have not been fully improved. While, this kind of tricycle widely employs
      a motor or pedals for driving only one of rear wheels, so-called single
      wheel driven system, in order to simplifying the tricycle construction,
      wherein the tricycle body tends to turn toward non-driven rear wheel side.
      Accordingly, in case the spring characteristics of elastic member provided
      between the front and the rear frame are assumed to be equal at the right
      and left side of both frames, namely, to be equal when the front frame is
      leaned toward a driven rear wheel and non-driven one, the front frame
      should be leaned toward the driven rear wheel side more than non-driven
      one side, whereby there is a defect that a rider has a feeling that he
      steers the tricycle differentially left and right when a turn is made.
PAR  The present invention has been designed to eliminate the abovementioned
      drawbacks. A main object of the invention is the provision of a tricycle
      of front frame leaning type which is adapted to be exactly prevented from
      overturn caused by rise of one rear wheel inwardly of the curve when a
      turn is made so that the tricycle may be improved in the anti-overturn
      capability, at the same time, a front frame may be extremely easily
      swingingly movable so that the same may be turned in running without any
      interruption. Another object of the invention is the provision of a
      tricycle of front frame leaning type which enables a rider to steer the
      bicycle extremely easily in a feeling that he steers the tricycle equally
      in the left or the right turn in spite of the single rear wheel driven
      system.
PAR  Also, the invention is characterized in that firstly an elastic member
      insertibly mounted between a front and a rear frame of the tricycle is
      made to have the non-linear feature, that is, have the elastic restoring
      force of the same which becomes zero or minimum within the predetermined
      range and enough larger over the same range with respect to the
      displacement of elastic member, secondly the elastic member is made to
      have a small elastic restoring force when the front frame swingingly leans
      toward one rear wheel cooperably connected to a prime mover, conversely,
      have a large restoring force when the front frame leans toward the
      opposite side of the driven rear wheel.
DRWD
PAR  The above-mentioned and other objects of the invention will be apparent
      from the description hereinafter and characteristics thereof will be
      clearly understood in accordance with embodiments shown in the
      accompanying drawings, in which
PAR  FIG. 1 is a partially cutaway side view of the invention,
PAR  FIG. 2 is an enlarged longitudinally sectional view of the principal
      portion thereof,
PAR  FIG. 3 is an enlarged sectional view taken on Line III--III in FIG. 2,
PAR  FIG. 4 is an exploded perspective view of the principal portion,
PAR  FIG. 5 is a graph showing spring characteristics in connection with the
      elastic restoring force and the angle of torsion,
PAR  FIG. 6 is a sectional view of the principal portion of a modified
      embodiment,
PAR  FIG. 7 is a longitudinally sectional view showing another modified
      embodiment,
PAR  FIG. 8 is a sectional view taken on Line VIII--VIII in FIG. 7,
PAR  FIG. 9 is a sectional view of still another modified embodiment
      corresponding to FIG. 3, and
PAL  Fig. 10 is a graph showing spring characteristics of the embodiment in FIG.
      9.
DETD
PAR  Referring to FIG. 1, the reference numeral 1 designates a front frame
      having one front wheel 11 of a tricycle, which supports a handle post 12
      at the foremost end thereof. The handle post 12 provides a handle 13 and a
      head light 14 at the upper portion thereof and also the front wheel 11 at
      the lower portion thereof through a front fork 15 of the tricycle front
      frame, in addition, a seat 16 for a rider is provided at the front frame
      1.
PAR  A rear frame 2 has two rear wheels 24 and 25, which is composed of two
      opposite lower frames 21, 21' and an upper frame 22 connected to a
      forwardly crossed portion of the frames 21, 21', and is provided with a
      rear body 23 trailing to the same. In addition, the rear frame 2 is
      loading a suitable drive equipment, for example, a motor or other prime
      mover (not shown).
PAR  The reference numeral 3 designates means for connecting both the frames 1
      and 2, which comprises a housing 31 fixed rearwardly downwardly of the
      front frame 1 and a coupling shaft 32 pivotally supported with the housing
      31 through bearings 33, 33 and fixed forwardly downwardly to the rear
      frame 2, whereby both the frames 1 and 2 are swingingly movably connected
      with each other in the axis line X--X extending longitudinally of the
      tricycle body by means of supporting the coupling shaft 32 to the housing
      31. A lock nut 34 is attached to the coupling shaft 32.
PAR  An elastic member 4 is insertibly mounted between the frames 1 and 2 for
      permitting the front frame 1 to be restored from inclination thereof with
      respect to the rear frame 2, which mainly employs, as shown in FIG. 2, a
      torsion bar having a given elastic restoring force.
PAR  For being fully understood, the elastic member 4 of torsion bar will be
      described in the following.
PAR  The torsion bar 4 is disposed on the axis line X--X as aforegoing, and
      supported at the rear end thereof by means of a first supporting means
      composed of the abovementioned coupling shaft 32 and at the fore end
      thereof by means of a second supporting means.
PAR  The first supporting means supports the rear end of torsion bar in a manner
      that outer serrations 41 are formed at the torsion bar rear end and inner
      serrations are formed at the inner surface of a bore formed at the center
      of the coupling shaft 32 so that the former may be insertibly engaged with
      the latter, thereby fixing the rear end of torsion bar 4 integrally with
      the rear frame 2. Incidentally, the coupling shaft 32 may be engaged with
      the torsion bar 4 by means of a fixing bolt or welding or the like other
      than the above-mentioned serration engagement.
PAR  The second supporting means supports the fore end of the torsion bar 4 to
      the front frame 1 in a manner that the torsion bar is, reversely to
      solidly supporting it with the first supporting means, relatively
      swingingly movable within a given range so that the torsion bar 4 may not
      be substantially distorted within the predetermined range of inclination
      of the front frame 1 against the rear frame 2 but may be distorted over
      the same range.
PAR  The meaning of the above-mentioned "the torsion bar 4 may not be
      substantially distorted" is that this invention is directed to have two
      cases that the torsion bar 4 is not distorted to allow the front frame 1
      to be applied with zero restoring force, and that the former is not
      distorted but a second elastic member is, as described hereinafter, used
      for being elastically distorted so that the restoring force of the front
      frame 1 becomes smaller. This construction will be clarified by the
      following description.
PAR  There are various constructions supporting the fore end of the torsion bar
      4 with the second supporting means, one of which is shown in FIGS. 7 and 8
      and others of which are shown in FIGS. 2 through 4 and FIG. 6. Namely, the
      former construction is that the front frame 1 is provided with a bore 1c
      which constitutes the second supporting means so that the fore end of
      torsion bar 4 may be supported with the bore 1c in the relationship that
      the torsion bar becomes relatively rotatable with respect to the front
      frame 1, and with a pair of arms 61 and 62 symmetrically radially
      extending from the fore end of torsion bar, between which arms 61 and 62
      and the front frame 1 are provided two stoppers for preventing the torsion
      bar from rotating over a given range. The latter is that the front frame 1
      is provided with a fixed member 5 of a cylindrical or square pipe rigidly
      fixed thereto and the torsion bar 4 is provided at the fore end thereof
      with a pair of arms 71 and 72 radially extending therefrom, between which
      arms 71 and 72 and the fixed member 5 are provided stoppers for preventing
      the torsion bar 4 from rotating over a given range.
PAR  In the former construction, the most suitable embodiment will be described
      in detail in the following. The bore 1c is formed in a short cylindrical
      boss-like shape and outer serrations 42 are formed at the fore end of the
      torsion bar 4 for being unrotatably engageable with inner serrations
      formed at the inner surface of a cylindrical support 6 having a pair of
      arms 61 and 62 at the outer periphery thereof so that the support 6 may be
      rotatably insertibly supported with the boss portion of the front frame 1.
      Also, the front frame 1 is provided with two control portions 1a and 1b
      opposite to the arms 61 and 62 respectively. As a result, when swingingly
      leaned within a given range the front frame 1 can be freely swung without
      any interruption caused by the elastic restoring force of torsion bar 4,
      while, when over the same range the front frame 1 becomes in abutment at
      the control portions 1a and 1b thereof against either the arm 61 or 62 so
      as to make the torsion bar 4 elastically distorted, thereby applying
      resistance to the swinging movement of front frame 1, consequently, the
      torsion bar 4 becomes possible to apply a great restoring force to the
      rear frame 2.
PAR  It will be seen from this construction that between the arms 61 and 62 and
      the control portions 1a and 1b opposite thereto is provided a second
      elastic members having each smaller elasticity than that of the torsion
      bar 4, e.g., helical coiled springs, whereby when leaned within a given
      range the front frame 1 may be applied with a small restoring force
      thereto.
PAR  Next, the latter construction is as follows, that is, it is advantageous in
      manufacturing and functions more than the latter. A representative example
      employs, as is shown in FIGS. 2 through 4, the fixed member 5 of a
      cylinder-like shape. In this construction the fixed member 5 is preferably
      provided oppositely at both sides of one end thereof with two cutouts 51
      and 52 larger in width than the arms 71 and 72, into which cutouts 51 and
      52 are entered the arms 71 and 72 for being freely rotatably so that the
      front frame 1 may be permitted to be swingingly movable until arms 71 and
      72 are in abutment at each widthwise one end surface thereof with one of
      both widthwise end surfaces of each of the cutouts 51 and 52.
      Incidentally, arms 71 and 72 are formed, as the same as the former
      construction, at the outer periphery of a support member 7 which is in
      serration engagement with the torsion bar 4.
PAR  Furthermore, in this construction, an elastic body 8 such as vulcanized
      rubber is provided between the fixed member 5 and the support 7, thus,
      when leaned within the predetermined range, that is, until arms 71 and 72
      are in abutment against cutouts 51 and 52, the front frame is, as
      aforegoing, applied with a small restoring force. In addition, in FIGS. 2
      through 4 a sleeve 9 is fixed onto the outer periphery of elastic body 8,
      and a fixing means 10 is composed of bolts and nuts for fixing the fixed
      member 5 to the front frame 1.
PAR  As shown in the exploded view in FIG. 4, the splined end 42 of shaft 4 is
      inserted into the cylindrical support 7 so as to secure these two
      components together. The annular elastic member 8 is inserted over and
      secured at its inner periphery to the cylindrical part 7, and sleeve 9 is
      inserted over and secured to the outer periphery of the elastic member 8.
      The sub-assembly of parts 42, 7, 8 and 9 is then inserted into the
      cylindrical member 5, and the sleeve 9 is secured to the inner periphery
      of member 5 by welding or similar means. Since the part 5 is fixed to the
      front frame 1, any rotation of the latter, in one direction or the other,
      as the rider leans in that direction when making a turn, will cause the
      annular elastic member 8 to distort rotationally and transmit the torque
      to member 7 and thence to shaft 4. After the cylindrical member 5 has been
      rotated through an angle sufficient to bring the arms 71, 72 into
      engagement with the ends of the cut-outs 51, 52, any further rotation of
      the cylindrical member 5 results in transmission of torque directly to the
      part 7 and thence directly to the end of shaft 4.
PAR  In FIG. 6 one of the latter constructions will be described, in which the
      fixed member 5 is formed of a square pipe and the torsion bar 4 is in
      serration engagement at the fore end thereof with a connecting member 73
      of a star-like section with projections 73a as many as four corners of the
      fixed member 5, and also the connecting member 73 is insertibly mounted
      into the fixed member 5 and is insertibly provided with a rubbery elastic
      body 8 of a rod-like shape at each conner thereof and adjacent one side
      surfaces of each projection 73a, in this instance, the fixed member 5 and
      the connecting member 73 become relatively rotatable with each other from
      permissible contraction of the rubbery bodies 8 up to the critial
      elasticity thereof, thereafter, become solid integrally of each other at
      the same critical point, thus making it possible to function as the same
      as the construction of elastic body 8 in the abovementioned latter case.
PAR  A front frame leaning type tricycle in accordance with the invention is
      constructed as aforegoing, in which a rider steers a tricycle keeping his
      balance by unconsciously leaning himself inwardly of the curve when a turn
      is made, then a comparatively low running speed and a large radius of
      curvature may not cause overturn of the tricycle even one rear wheel 24
      inward of the curve is less restricted from rise over the ground due to a
      small centrifugal force applied to the rear frame 2. On the coutrary, when
      the former increases or the latter is very small, the rear frame 2 is
      affected by an extremely great centrifugal force, therefore, the rear
      wheel 24 should be applied with a heavy anti-lifting strength.
PAR  In the present invention, while the rider leans himself inwardly of the
      curve the front frame 1 becomes to be swingingly leaned against the
      elasticity of the torsion bar 4 and elastic body 8. In this instance, when
      the front frame is swingingly leaned at an angle within a predetermined
      range in which either one of arms 61 and 62 leads to in abutment against
      either one of control portions 1a and 1b, or the arms 71 and 72 abut
      against each widthwise one end surface of cutouts 51 and 52, there occurs
      not at all the elastic distortion of the torsion bar, otherwise, the
      elastic member 8 becomes only elastically distorted. On the other hand,
      when inclination of the front frame 1 is over the predetermined range,
      either one of arms 61 and 62 is in abutment against either one of control
      portions 1a and 1b, and arms 71 and 72 against each widthwise one end
      surface of cutouts 51 and 52 so that the elastic body 8 may be prevented
      from further elastic distortion thereof, thereafter, further swinging
      inclination of the front frame is transmitted to allow the torsion bar 4
      to be elastically distored.
PAR  For being fully understood, when leaned within the predetermined range the
      front frame 1 is permitted to be swingingly leaned without any elastic
      distortion or against the elastic restoring force caused by elastic
      distortion of the elastic body 8 only, at this time is zero or minimum the
      elastic restoring force so that the front frame may be less interrupted
      from being leaned, thereby easily turning the tricycle. On the other hand,
      when leaned over the predetermined range, the front frame 1 becomes to be
      applied with the elastic restoring force caused by the torsion bar 4
      elastic distortion. At this time, the restoring force is so great that it
      is transmitted to the rear frame 2 through the torsion bar 4 for
      intensively downwardly urging one rear wheel 24 inside the curve and
      acting as so-called anti-lifing strength to restrict the rear frame 2 from
      inclination thereof, thereby preventing the tricycle from overturn
      thereof. Furthermore, the inclination of rear frame 2 caused by a far
      greater centrifugal force applied thereto, is transmitted to the front
      frame, namely a rider, through the torsion bar 4, that is, the torsional
      moment of the bar from the rear frame 2 inclination may be transmitted to
      the rider without being absorbed because of a great elastic restoring
      force of the bar, whereby the rider can prevent the rear frame from
      overturn thereof in such a step as immediately reducing the running speed
      or making larger the radius of curvature.
PAR  From the result of experiments of actual products on a basis of the
      above-mentioned art of the invention, it has been confirmed that an
      elastic member has been preferred to have the features shown in a graph of
      FIG. 5.
PAR  The centrifugal force causing the overturn of rear frame depends upon the
      radius of curvature and running speed, however, in normal running, high
      speed of tricycle may not be applied for sharp turn, accordingly, the
      angle of inclination of front frame is usually from 0.degree. to
      20.degree., in which no overturn of the rear frame occurs. Consequently,
      there is no need for the rear frame to be applied with the elastic
      restoring force of the elastic member in normal running of tricycle but
      rather it is enough for the force to be applied at the instant that rear
      wheels tend to rise from the ground.
PAR  According to the above experiment, when an angle of inclination of the
      front frame is under about 22.degree., the increasing ratio of
      anti-lifting strength for rear wheels becomes minimum, and when the former
      is over the above degree, the latter becomes far greater to meet the
      abovementioned conditions so that the anti-overturn capability may be
      improved while a running turn is made without any interruption.
PAR  In the above-mentioned test product, the dimensions of components have been
      adopted as follows; a coupling of the front and the rear frame is about
      197 mm high above the ground; an interval between the coupling and rear
      wheels about 530 mm long; that between both rear wheels about 460 mm long;
      each rear wheel about 200 mm long in radius; the rear frame about 80 kg in
      weight; the centroid thereof about 430 mm high above ground; and a torsion
      bar about 460 mm long and about 11.5 mm in diameter.
PAR  The tricycle of the invention which was designed under these conditions,
      fully satisfied us in the turning efficiency and the anti-overturn
      capability, where the increasing ratio of elastic restoring force of
      elastic member became larger from the starting point of an angle of about
      22.degree. as aforegoing, which angle is of course variable according to
      the size of tricycles.
PAR  In the above-mentioned constructions, when leaned right and left with
      respect to the rear frame 2 the front frame 1 is made to be bilaterally
      symmetrically equal in the restoring characteristics thereof, however, it
      is possible to be made not symmetrical.
PAR  Namely, it is possible that when leaned toward one rear wheel 25 driven by
      a prime mover, the front frame 1 becomes weak in the restoring force
      thereof, while, when toward the opposite side, the same becomes strong,
      thus becoming optimum for a single wheel driven type tricycle.
PAR  In this instance, when a turn is made, the effect from single wheel drive
      is off-set by function of elastic member bilaterally different in the
      elastic restoring force thereof, that is, when toward the opposite side to
      single driven rear wheel, a turn is easy due to the single wheel driven
      system, wherein the front frame must be swingingly leaned under a great
      resistance from the elastic member, thus, both leaning and resistance are
      balanced with each other, thereby enabling the tricycle to be turned in
      running equally right and left.
PAR  Such construction will be concretely described in the following. For
      instance, in FIGS. 7 and 8 helical coiled springs 63, 64 are disposed
      between the arms 61 and 62 and the control portions 1a and 1b
      respectively, whose spring constant is made to be variable to obtain the
      abovementioned object.
PAR  In the construction in FIGS. 2 through 4, when the elastic member 8 is
      disposed between the fixed member 5 and the supporting member 7,
      clearances d.sub.1 and d.sub.2, at each of the cutouts 51 and 52 as shown
      in FIG. 9, between widthwise each one edge of cutouts 51 and 52 of the
      former and both edges in the rotary direction of arms 71 and 72 which are
      positioned within cutouts 51 and 52, are made different in width so that
      arms 71 and 72 are moved toward wider clearances d.sub.1 when the front
      frame leans toward the single driven rear wheel 25, on the contrary, the
      arms are moved toward narrow clearances d.sub.2 reversely when the front
      frame leans toward opposite side.
PAR  When a running turn is made toward the single driven rear wheel, the fixed
      member 5 rotates in the direction of the arrow X in accompanying with the
      front frame 1 inclination, wherein only the elastic member 8 is made to be
      elastically distorted because the arms 71 and 72 travel in the wide
      clearances d.sub.1 until they become in abutment against each one of the
      edges of cutouts 51 and 52, conversely, when turned toward opposite side,
      arms 71 and 72 immediately abut against each of other edges of the cutouts
      because of the narrow width of clearances d.sub.2 so that the torsion bar
      4 as well as the elastic member has a bilaterally different multiple
      restoring force respectively, as shown in graph of FIG. 10, namely a
      different restoring force, when the front frame is leaned at a bilaterally
      symmetrically equal angle of inclination. Accordingly, the front frame may
      be swingingly leaned without any interruption when leaned toward single
      driven rear wheel and the same is affected by a heavy resistance so as to
      be hardly leaned when leaned toward the opposite side, that is to say,
      even a rider tries to lean the front frame in his feeling of steering the
      tricycle equally right and left, actually, the front frame leans in the
      former case more than in the latter case. However, in the latter case, the
      tricycle body is additionally applied with the turning acceleration based
      on single rear wheel drive, thus a heavy resistance upon the front frame
      becoming partially balanced with the acceleration, namely, the turning
      acceleration by single wheel drive may compensate hard leaning of the
      front frame as aforegoing, thereby enabling the rider to steer the
      tricycle in a feeling of turning it equally right and left.
PAR  The preceding description of the manner of operation is made on the
      assumption that the construction shown in FIG. 9 is utilized, and wherein
      the clearances d.sub.1 and d.sub.2 are unequal in a non-distorted
      condition of the elastic member 8. That is to say, when there is no rotary
      movement imparted to the part 5 due to leaning of the rider in either
      direction. The only difference between the constructions shown in FIGS. 3
      and 9 is that in FIG. 3, the clearances d.sub.1 and d.sub.2 are equal in a
      non-distorted condition of elastic member 8.
PAR  While various embodiments of the invention have been shown and described,
      the invention is not limited to the specific construction thereof, which
      is merely exemplified in the specification rather than is defined.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tricycle having one front wheel and two rear wheels, comprising,
PA1  a. a front frame which is supported with said front wheel, said front frame
      having an operating handle for the front wheel and a seat for a rider,
PA1  b. a rear frame which is supported with said two rear wheels, said rear
      frame being provided with a driving equipment for driving at least one of
      said rear wheels,
PA1  c. connecting means for swingingly movably connecting said front frame and
      said rear frame with each other, said connecting means being directed in
      the axis line extending longitudinally of a tricycle body comprising said
      front frame and said rear frame,
PA1  d. an elastic member insertibly mounted to be supported between said front
      frame and said rear frame, said elastic member serving to restore the
      front frame from being leaned with respect to the rear frame, and
PA1  e. a first and a second supporting means for supporting both ends of said
      elastic member to said front and rear frame respectively, said first
      supporting means fixing one end of said elastic member to one of said
      front and rear frame, said second supporting means allowing the other end
      of said elastic member to be movable relatively to the other frame in a
      given range, said elastic member being substantially not elastically
      distorted within the given range but elastically distorted over the same
      range.
NUM  2.
PAR  2. The tricycle according to claim 1, wherein said elastic member is formed
      of a torsion bar which is positioned longitudinally of the tricycle body
      so that the fore end of torsion bar may be supported with said second
      supporting means and the rear end of the same may be supported with said
      first supporting means.
NUM  3.
PAR  3. The tricycle according to claim 1, wherein said elastic member is
      supported at one end thereof to one of said frames by means of said second
      supporting means so as to be relatively movable with respect to said
      frame, and between said frame and said elastic member are provided
      stoppers restricting said elastic member from being moved in excess of a
      given range, whereby when moved within the given range the elastic member
      is not elastically distorted so as to make zero the increasing ratio of
      the elastic restoring force of said frame, while, when in abutment against
      stoppers said elastic member is distorted to make large said ratio.
NUM  4.
PAR  4. The tricycle according to claim 3, wherein a torsion bar is used as said
      elastic member, said torsion bar being supported at lengthwise one end
      thereof to said frame in the relationship that the bar is relatively
      rotatable with respect to said frame and being provided at lengthwise one
      end of the bar with a pair of arms extending radially of said bar, and
      between said arms and said frame are provided stoppers for restricting
      said arms from rotating over the predetermined range.
NUM  5.
PAR  5. The tricycle according to claim 3, wherein said stoppers are formed of
      two control portions at a portion of said frame opposite to said arms.
NUM  6.
PAR  6. The tricycle according to claim 4, wherein a cylindrical support member
      is fixed to one end of said torsion bar, said support member being
      provided at the outer periphery thereof with a pair of arms extending
      radially of said support member, and being swingingly rotatably mounted to
      said frame.
NUM  7.
PAR  7. The tricycle according to claim 4, wherein a hollow fixed member is
      fixed to said frame to insertibly support thereto said torsion bar at
      lengthwise one end thereof, and between said fixed member and said pair of
      arms are provided stoppers for restricting said arms from rotating over
      the predetermined range.
NUM  8.
PAR  8. The tricycle according to claim 7, wherein said fixed member is formed
      in a cylindrical shape and provided with cutouts of each given length,
      said cutouts receiving said arms therein so that said arms may be
      relatively rotatable with respect to said fixed member within said cutouts
      respectively.
NUM  9.
PAR  9. The tricycle according to claim 1, wherein said elastic member is
      supported at one end thereof to one of said frames through said second
      supporting means so that said elastic member may be relatively movable
      with respect to said frame, and between said frame and said elastic member
      are provided stoppers for restricting said elastic member from movement in
      excess of the predetermined range and are insertibly mounted a second
      elastic member of a smaller elasticity than that of said elastic member,
      whereby when said front frame is swingingly moved to generate relative
      movement with respect to said elastic member said second elastic member
      only becomes distorted to make minimum the increasing ratio of elastic
      restoring force of front frame and when said stoppers act due to the front
      frame swinging over the predetermined range said elastic member is made to
      be distorted so as to make large the increasing ratio of elastic restoring
      force of the front frame.
NUM  10.
PAR  10. The tricycle according to claim 9, wherein a torsion bar is used as
      said elastic member, said torsion bar being supported at lengthwise one
      end thereof to said frame in the relationship that said torsion bar
      becomes relatively rotatable with respect to said frame and also being
      provided at lengthwise one end of the bar with a pair of arms extending
      radially of the bar, and between said arms and said frame are provided
      stoppers for restricting said arms from rotating thereof over the
      predetermined range and also is provided said second elastic member.
NUM  11.
PAR  11. The tricycle according to claim 10, wherein said stoppers are formed of
      two control portions at a frame opposite to said frame and a second
      elastic member is insertibly mounted between said arms and said control
      portions.
NUM  12.
PAR  12. The tricycle according to claim 10, wherein a hollow fixed member is
      fixed to said frame, into which the torsion bar is insertibly mounted at
      lengthwise one end thereof, and between said fixed member and said pair of
      arms at said torsion bar are provided stoppers for restricting said arms
      from rotating over the predetermined range, and said second elastic member
      is insertibly mounted between said fixed member and said arms.
NUM  13.
PAR  13. The tricycle according to claim 12, wherein said fixing member is
      formed in a cylindrical shape and provided with cutouts of each given
      length, said cutouts receiving said arms therein so that said arms may be
      relatively rotatable with respect to said fixed member within said cutouts
      respectively.
NUM  14.
PAR  14. The tricycle according to claim 13, wherein a support member of a
      cylindrical shape is fixed to lengthwise one end of the torsion bar, a
      pair of arms extending radially of the bar are formed at the outer
      periphery of said support member, said support member is insertibly
      mounted into said fixed member, and a second elastic member is insertibly
      mounted between said fixed member and the outer periphery of said support
      member.
NUM  15.
PAR  15. The tricycle according to claim 9, wherein a torsion bar is used as
      said elastic member, a fixed member formed of a square pipe is fixed to
      said frame, at lengthwise one end of the bar is fixedly provided a
      connecting member of star-like section with projections as many as corners
      of said fixed member, and a second elastic member is insertibly mounted
      into each space surrounded with adjacent projections and one of said
      corners.
NUM  16.
PAR  16. The tricycle according to claim 9, wherein a rubbery elastic member is
      used as said second elastic member.
NUM  17.
PAR  17. The tricycle according to claim 1, wherein the elastic restoring
      property of the front frame is made bilaterally non-symmetrical so that
      the front frame becomes weak in the elastic restoring force thereof when
      leaned toward one rear wheel cooperable with the driving equipment, while,
      strong when leaned toward the opposite side.
NUM  18.
PAR  18. The tricycle according to claim 9, wherein the spring constant of said
      second elastic member is made variable every inclining direction of the
      front frame with respect to the rear frame so that when the front frame is
      leaned toward one rear wheel cooperable with the driving equipment the
      spring constant of said second elastic member may become small, while,
      when leaned toward the opposite side the same may become large.
NUM  19.
PAR  19. The tricycle according to claim 13, wherein clearances formed between
      end surfaces at both sides in the rotary direction of said arms and
      lengthwise end surfaces of said cutouts, are made large and small in width
      respectively so that when the front frame is leaned toward one rear wheel
      cooperable with the driving equipment the arms rotate with respect to said
      fixed member within the large clearance, while when leaned toward opposite
      side the arms similarly rotate within the small clearance.
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ABST
PAL  A pair of safety devices for preventing rearward horizontal movement of a
      closed automobile hood is disclosed. Each safety device is formed by a
      retaining arm which extends rearwardly from a frame element within the
      engine compartment and terminates in a channel. The channel slidably
      receives and retains the rear edge of the hood when the latter is in the
      closed position.
BSUM
PAR  The present invention relates to automotive safety devices and, more
      particularly, to devices for preventing an automobile hood from entering
      the passenger compartment as a result of a front end collision.
PAR  Earlier, the rear edge of automobile hoods was displaced forwardly of the
      lower edge of the windshield by a panel several inches wide. The panel and
      its sub-structure supported the windshield wipers, the jets for the
      windshield washers and often included louvered sections for ingress of air
      as part of the built-in ventilation system. In addition to the above
      purposes, the panel served one very important but often neglected
      function. The panel acted as a buffer to restrain and impede rearward
      movement of the hood during front end collisions. That is, in a front end
      collision, the hood is forced rearwardly. On striking the panel, the hood
      usually buckled, which buckling tended to direct or flip the hood over the
      roof of the passenger compartment. Thus, the hood did not usually enter
      the passenger compartment through the front windshield and cause injury to
      the driver and passengers.
PAR  With the advent of the so-called hidden windshield wipers, the panel
      intermediate the rear edge of the hood and the windshield was removed. In
      its place there was formed an uncovered cavity for receiving the
      windshield wipers when the latter were in the rest position. Hence, no
      buffer existed intermediate the rear edge of the hood and the windshield.
      As a result, severe injury and death has resulted from front end
      collisions by rearward horizontal movement of the hood through the
      windshield and into the passenger compartment.
PAR  In recognition of the problem created by the hidden windshields, several
      devices have been developed in an attempt to prevent the hood from
      penetrating the passenger compartment during a front end collision. In
      example, U.S. Pat. No. 3,815,176, is directed to hinging apparatus which
      presumptively specifically overcomes the above discussed problem. Another
      means for ensuring buckling of the hood instead of rearward travel thereof
      is illustrated in U.S. Pat. No. 3,709,316. A further patent, U.S. Pat. No.
      3,643,755, describes a frangible pivot mechanism for a hood which attempts
      to ensure upward and rearward pivotal movement of the hood rather than
      horizontal rearward movement.
PAR  It is therefore a primary object of the present invention to provide
      apparatus useable in conjunction with any automobile hood to restrain
      horizontal rearward movement of the hood.
PAR  Another object of the present invention is to provide an inexpensive safety
      device adaptable to any automobile hood to prevent horizontal rearward
      travel thereof.
PAR  Still another object of the present invention is to provide a safety device
      for automobile hoods which is pivoted in proximity to the lower edge of
      the windshield.
PAR  Yet another object of the present invention is to provide a safety device
      for preventing rearward horizontal movement of an automobile hood which
      does not impinge upon nor affect the normal opening or closing of the
      hood.
PAR  A further object of the present invention is to provide a readily
      manufacturable safety device for use with automobile hoods.
PAR  A still further object of the present invention is to provide a safety
      device for automobile hoods which is manually attachable with simple
      tools.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
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PAR  The present invention will be described with greater specificity and
      clarity with reference to the following figures, in which:
PAR  FIG. 1 is a top view illustrating the mounting of the present invention
      within the engine compartment of an automobile.
PAR  FIG. 2 is a cross-sectional view of the present invention taken along lines
      2--2, as shown in FIG. 1.
PAR  FIG. 3 is a perspective view of the present invention.
PAR  FIG. 4 is a cross-sectional view of a section of the present invention
      taken along lines 4--4, as shown in FIG. 3.
DETD
PAR  Generally, the engine compartment of most cars is essentially rectangular
      in the horizontal plane, except for the intrusion of the front wheel
      wells. The framework is generally formed by longitudinal members
      interconnected by laterally oriented members. Furthermore, angled
      framework members or braces may be incorporated at various locations
      depending on both the make and model of automobile. Regardless of the make
      and model of any car, there usually exists a part of the framework in
      proximity to the rear corners of the hood. For front opening rear pivoting
      hoods, the hood pivot or hinge mechanism is generally attached to this
      part of the framework.
PAR  Referring now to FIG. 1, there is shown a top view of the engine
      compartment of a representative automobile 1, which compartment is covered
      by a rear pivoting hood 6. A pair of rearwardly extending diagonally
      oriented frame members 2 and 3 extend from the sides of the compartment to
      the firewall. It is to be clearly understood that frame members 2 and 3
      are simply representative of any frame member located in proximity to rear
      corners 4 and 5 of hood 6. These frame members serve as the anchor points
      for safety devices 7 and 8 of the present invention.
PAR  In most present day cars, the hood 6 is pivotally attached to the framework
      such that front edge 9 is rotated upwardly while rear edge 10 describes a
      forward and upward arc. Latch means, not shown, secures the front of hood
      6 to the automobile chassis. A cavity 11 is disposed intermediate rear
      edge 10 and the base of windshield 12. This cavity accommodates the
      windshield wipers 13 and maintains them out of sight when they are in the
      rest position. It may therefore be appreciated that when hood 6 is in the
      closed position, no substantial barrier exists intermediate rear edge 10
      and the base of windshield 12. Moreover, the only impediments to a
      forceful horizontal rearward movement of the hood, such as might occur
      during a front end collision, are provided by the pivot or hinge mechanism
      of the hood and the latch.
PAR  By employing safety devices 7 and 8, the rear edge 10 is restrained from
      rearward movement. Such restraint will tend to force hood 6 to buckle. The
      restraint will also serve as a pivot point of the buckled hood, assuming
      that the normal hood pivot mechanism has failed. The resulting buckling
      and upward pivotal movement of hood 6 will tend to carry the hood upwardly
      and over the roof of the passenger compartment and thereby prevent the
      hood from penetrating the windshield.
PAR  The structure of the present invention and its relationship to hood 6 is
      illustrated more succinctly in FIGS. 2, 3 and 4.
PAR  Safety device 7 may be formed with a flange 15 for engagement with a
      vertically oriented section of frame member 2. Bolt means 16 is employable
      to secure flange 15 to the frame member; alternatively, the flange may be
      welded. The base 17 of safety device 7 is attached to a horizontal surface
      of frame member 2 by means such as bolt means 18 or by a weld. A retaining
      arm 19 extends rearwardly and laterally from base 17 and terminates in a
      U-shaped channel 20. The orientation and length of retaining arm 19 is
      primarily dependent upon the relative vertical and horizontal relationship
      between frame member 2 and edge 10 in proximity to corner 4 of hood 6.
PAR  By experimentation, it has been learned that the configuration of base 21
      and lip 22 of channel 20 must be in a specific relationship to one another
      in order to accommodate opening and closing of hood 6 without binding.
      Preferably, the spacing intermediate base 21 and lip 22 increases
      non-linearly from side 23 to side 24. Moreover, lip 22 should not be
      planar but should have an upwardly extending curl of decreasing radial
      dimension from side 23 toward side 24.
PAR  The reasons for such an unusual configuration of channel 20 will become
      more readily understandable when one considers that rear edge 10 of hood 6
      does not generally define a straight line. Instead, it usually extends
      forwardly and upwardly. Moreover, hood 6 does not pivot about rear edge 10
      but pivots about a locus substantially removed therefrom. Thus, the rear
      edge 10 describes a non-constantly curved path 25 (see FIG. 2) which
      extends forwardly and upwardly as the hood is pivoted from the closed
      position to the fully open position (illustrated by phantom lines in FIG.
      2). This forward and upward movement, in combination with the non-linear
      rear edge 10, results in each point along the rear edge describing a
      slightly different arc. The configuration of channel 20, as described
      above, accommodates the different arcs defined during insertion and
      removal of the section of rear edge 10 cooperating with the channel when
      hood 6 is opened and closed.
PAR  While only the configuration of safety device 7 has been described in
      detail, it is to be understood that safety device 8 is essentially a
      mirror image thereof and functions in exactly the same manner. Moreover,
      it is to be understood that flange 15, base 17 and retaining arm 19 may be
      varied in size and configuration in order to accommodate the differing
      location of frame members 2 and 3 in different make and model automobiles.
PAR  Safety devices 7 and 8 readily receive and release rear edge 10 of hood 6
      as the latter is opened and closed. The intrusion of channel 20 into
      cavity 11, which houses the windshield wipers 13, is essentially limited
      to the thickness of the material forming the channel and is of no
      consequence with respect to impeding operation of the windshield wipers.
      Furthermore, lip 22 may be on the order of a quarter of an inch wide, and
      if painted in a color matching that of hood 6, will be essentially
      unnoticed by casual observation.
PAR  Should an automobile incorporating the present invention become involved in
      a front end collision, channels 20 of safety devices 7 and 8 will
      effectively impede and restrict rearward movement of hood 6. Consequently,
      the rearward force applied to hood 6 will tend to cause it to buckle
      and/or pivot about the channels 20. Any resulting pivotal movement will
      direct the hood up and over the roof of the passenger compartment and
      inhibit penetration of windshield 12 by the hood.
PAR  Because of the stresses and strains which are expected to be imposed upon
      safety devices 7 and 8 in the event of a front end collision, the safety
      devices should be made of steel plate having the requisite tensile and
      bending strengths.  Such selection of material is well within the
      knowledge of those skilled in the art.
PAR  By inspection, it may be appreciated that the configuration of the safety
      devices permits fabrication by mass production stamping and bending
      techniques. Hence, the costs of manufacture are minimal. Moreover,
      mounting may be accomplished by skilled or semi-skilled labor.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangement,
      proportions, elements, materials, and components, used in the practice of
      the invention which are particularly adapted for specific environments and
      operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety device attachable to the frame of an automobile for preventing
      horizontal rearward movement of an automobile hood, said safety device
      comprising:
PA1  a. a base attachable to the frame of the automobile;
PA1  b. a retaining arm extending rearwardly of said base; and
PA1  c. a forwardly opening channel disposed at the rear of said retaining arm
      for slidably receiving the rear edge of the automobile hood when the hood
      is in the closed position, said channel including a further base and a lip
      and having the spacing intermediate said further base and said lip varying
      non-linearly from one end of said channel to the other end of said
      channel.
NUM  2.
PAR  2. The safety device as set forth in claim 1 wherein the edge of said lip
      terminates in a laterally outwardly directed curl.
NUM  3.
PAR  3. The safety device as set forth in claim 1 wherein one of said safety
      devices is disposed in proximity to each rear corner of the automobile
      hood.
NUM  4.
PAR  4. The safety device as set forth in claim 3 wherein said channel of each
      said safety device engages the rear edge of the automobile hood in
      proximity to the respective rear corners of the automobile hood.
NUM  5.
PAR  5. The safety device as set forth in claim 4 including a flange extending
      from said base for engagement with a mating surface of the frame to
      provide further support for said retaining arm.
NUM  6.
PAR  6. The safety device as set forth in claim 5 wherein said base, said
      retaining arm and said channel are formed of a single sheet of material.
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ABST
PAL  A novel spin control system for an engine-driven wheeled vehicle for
      reducing the power applied to driven wheels of the vehicle when an
      incipient wheel spin is detected. A normally closed electrically-actuated
      intake manifold valve is mounted on the intake manifold of the engine for
      actuation to an open position by an electronic circuit which detects an
      incipient wheel spin via wheel speed sensors. With the intake manifold
      vented to atmosphere via the open intake manifold valve, engine intake
      manifold vacuum drops automatically throttling down the engine
      irrespective of the carburetor throttle position to reduce the power input
      to the spinning wheel or wheels thereby effectively counteracting the
      incipient spin condition.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to spin control systems for vehicles
      generally and more particularly to a novel spin control system for an
      engine-driven, multi-wheeled vehicle.
PAR  Generally speaking, wheel spin in a driven wheel of a vehicle, such as an
      automobile, truck, or the like, is an undesirable condition. Accordingly,
      it is typically desirable to counteract the spin condition while in its
      incipiency before the spinning wheel can accelerate to a very high
      rotational velocity. Heretofore, various types of spin control systems
      have been proposed and developed.
PAR  The present invention is directed to improvements in spin control systems
      and provides a spin control system which is readily adaptable to virtually
      all currently manufactured vehicles with a minimum of revision to existing
      components in those vehicles. The present invention is especially well
      suited to mass production application, and results in a minimum addition
      to the vehicle cost while providing important advantages when the vehicle
      is in use. In the preferred embodiment of the spin control system
      according to the present invention, incipient wheel spin at one of the
      driven rear wheels of the vehicle is detected by comparing the average
      rotational speed of the rear wheels with the rotational speed of a
      free-running, or undriven, front wheel of the vehicle. The respective
      speed signals are provided by respective wheel speed sensors. When the
      average speed of the driven wheels exceeds the speed of the free-running
      wheel by a predetermined amount, thereby indicating that one or both of
      the driven wheels are in an incipient spin condition, an electronic
      circuit to which the wheel speed sensors are coupled develops a spin
      signal indicative of the incipient spin condition. A normally closed
      solenoid-actuated valve is mounted on the intake manifold of the engine
      and is arranged to open in response to the spin signal. Upon opening of
      the intake manifold valve, the intake manifold of the engine is vented to
      atmosphere. By venting the intake manifold in this fashion, intake
      manifold vacuum is reduced thereby reducing the flow of air-fuel mixture
      from the carburetor to the cylinders of the engine. Accordingly, the
      engine is effectively throttled down even through the carburetor throttle
      valve is in a position which otherwise would cause continued, or even
      increased, air-fuel mixture to be supplied to the engine cylinders. In
      turn, the power input to the incipiently spinning wheel is reduced. Thus,
      the spin control system of the present invention provides automatic spin
      control of the driven wheels of the vehicle thereby eliminating wheel spin
      and attendant adverse consequences thereof.
PAR  Other features and advantages of the present invention along with the
      aforementioned features and advantages will be seen in the ensuing
      description and claims which are to be taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate a preferred embodiment of the invention in
      accordance with the best mode presently contemplated for carrying out the
      invention.
PAR  FIG. 1 is a schematic diagram of a vehicle chassis system including, in
      block diagram form, a spin control system embodying principles of the
      present invention.
PAR  FIG. 2 is a perspective view of a vehicle engine illustrating one possible
      arrangement for mounting the intake manifold valve on the engine intake
      manifold.
PAR  FIG. 3 is a perspective view similar to FIG. 2 illustrating another
      arrangement for mounting the intake manifold valve.
PAR  FIG. 4 is an electrical schematic diagram illustrating in further detail a
      spin control system embodying principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates in block diagram form an exemplary preferred embodiment
      of spin control system 10 according to the present invention in use with a
      conventional automotive vehicle chassis 12 diagramatically illustrated.
      The vehicle chassis 12 includes a multi-cylinder internal combustion
      gasoline engine 14 which drives rear wheels 16 and 18 via a transmission
      20, a driveshaft 22, and a rear axle 24 on which rear wheels 16 and 18 are
      mounted. The vehicle chassis 12 further includes undriven, steerable front
      wheels 26 and 28. Although in its broadest aspect the invention may be
      used to detect and respond to an incipient spin condition at any wheel of
      a vehicle, the illustrated embodiment operates to detect and counteract an
      incipient spin at either rear wheel 16 or 18. Rear axle 24 has a
      differential 24a which under normal driving conditions permits both rear
      wheels 16 and 18 to be simultaneously powered from engine 14 yet which
      compensates for different rear wheel rotational velocities when the
      vehicle is in a turn. However, conventional differentials, such as are
      used in most currently manufactured vehicles, prevent the engine from
      powering the vehicle if either one of the driven rear wheels loses
      traction with the surface over which it is traveling. Hence, if one of the
      rear wheels 16, 18 should lose traction, the road load torque imposed on
      engine 14 suddenly drops and the engine suddenly accelerates. The sudden
      engine acceleration is transmitted via transmission 20, driveshaft 22, and
      differential 24a to the rear wheel which has lost traction thereby causing
      that wheel to accelerate into a spin. With one of the rear wheels
      spinning, rear axle 24 cannot transmit sufficient torque to the
      non-spinning rear wheel to power the vehicle. If both rear wheels lose
      road traction, then both are accelerated into spins. The net result is
      that an extremely high wheel rotational speed at the spinning wheel or
      wheels can occur before the vehicle operator has time to release the
      throttle, and the engine has time to respond. Needless to say, this can
      result in a waste of fuel as well as needless wear and tear on the
      associated chassis components. Further, where the vehicle is traveling
      along the road and encounters a slippery spot resulting in rear wheel
      spin, the spin can be potentially dangerous and may result in loss of
      control after the spinning wheel leaves the slippery spot.
PAR  The spin control system 10 according to the present invention detects an
      incipient spin at either or both rear wheels 16, 18 and operates to
      quickly automatically throttle down the engine thereby reducing the power
      input to the engine to counteract engine acceleration and rear wheel spin.
      One advantageous way of detecting incipient wheel spin at either or both
      rear wheels is to compare the speed of driveshaft 22 with the speed of one
      of the undriven front wheels 26, 28. A shaft speed sensor 30 senses the
      rotational speed of driveshaft 22, and provides an electronic waveform
      whose frequency is representative of the rotational speed of driveshaft
      22. Sensor 30 is of known construction; for example, a sensor of the type
      disclosed in applicant's co-pending application Ser. No. 362,334 filed May
      21, 1973, is especially suitable.
PAR  Thus, if either or both rear wheels lose road traction and begin to spin,
      then the speed of driveshaft 22 increases. The rotational speed of
      driveshaft 22 represents an average of the speeds of rear wheels 16 and
      18. Another wheel speed sensor 32 is arranged to provide an electronic
      waveform whose frequency is representative of the speed of one of the
      front wheels; for example, the left front wheel 28. Frequency to DC
      converters 34 and 36, which are of conventional construction, are
      respectively coupled with sensors 30 and 32 respectively, via connections
      30a and 32a, respectively. Converter 36 converts the signal from sensor 32
      into a DC output signal whose magnitude is representative of the speed of
      front wheel 28. Converter 34 converts the signal from sensor 30 into a DC
      output signal whose magnitude is representative of the speed of driveshaft
      22 (i.e., the average speed of rear wheels 16 and 18). One advantage of
      this technique for detecting wheel spin is that only two speed sensors are
      required to sense wheel spin at either or both rear wheels. The respective
      DC output signals from converters 34 and 36 are supplied via respective
      connections 34a, 36a to a comparator circuit 38. Comparator 38 compares
      the magnitudes of the respective signals from converters 34, 36 and
      provides output signals via connections 38a, 38b whose magnitudes are
      proportional to the magnitude of the difference between the signals
      supplied from the respective converters 34, 36. When the magnitude of the
      difference between the signals from converters 34 and 36 achieves a
      preselected magnitude, the respective comparator output signals at
      connections 38a and 38b reach maximum values and remain at these maximum
      values for all magnitudes of difference between the signals from the
      converters 34 and 36 greater than the preselected magnitude. The
      comparator output signals, however, reach maximum value upon a very small
      difference between the magnitudes of the signals from converters 34, 36
      and this is representative of a preselected minimum amount of wheel spin
      to which the system 10 will respond. Comparator 38 is preferably
      uni-directional, i.e., the comparator responds only when the magnitude of
      the signal from converter 34 exceeds the magnitude of the signal from
      converter 36. Consequently, the comparator provides output signals which
      are logically related only to rear wheel spin and not to rear wheel skid.
PAR  A spin detector circuit 40 receives the output signal from comparator 38
      via connection 38a. Spin detector 40 supplies an output signal via
      connection 40a to one input of an and gate 42 when the signal supplied
      from comparator 38 to spin detector 40 exceeds a relatively small
      threshold value indicative of a very small magnitude of difference between
      the signals from the respective converters 34 and 36; the output signal
      from comparator 38 is also supplied via connection 38b to the input of a
      voltage controlled multivibrator circuit 44. Multivibrator 44 also
      receives the output signal from spin detector 40 to enable the
      multivibrator. Multivibrator 44 supplies an output signal via connection
      44a to the other input of AND gate 42. The output signal provided by
      multivibrator 44 comprises a train of pulses of fixed duration with the
      interval between pulses varying in duration in inverse proportion to the
      magnitude of the output signal supplied to multivibrator 44 from
      comparator 38. AND gate 42 provides via a connection 42a an output signal
      to a valve driver circuit 46 whenever both input signals are present at
      the inputs of AND gate 42. And gate 42 serves as an interlock function
      assuring that a control signal to valve driver 46 will not be provided
      unless spin detector 40 provides a signal indicating that an incipient
      spin has been detected. The output of valve driver 46 is coupled via a
      connection 46a with a normally closed, electrically actuated intake
      manifold valve 48 mounted on the intake manifold 14a of engine 14. Valve
      48 is arranged to open in response to the occurrence of output pulses
      supplied from valve driver 46. Opening of valve 48 vents the intake
      manifold to atmosphere, either directly or through an air filter (not
      shown), and as a result engine vacuum at the intake manifold is suddenly
      reduced. The reduction of engine vacuum reduces the flow rate of air-fuel
      mixture into engine from carburetor, preferably substantially arresting
      the flow of fuel to the engine cylinders. (Note that the carburetor is
      omitted from FIG. 1 of the drawing although the carburetor mounting flange
      14b is shown.) Normally, when a rear wheel loses traction, the carburetor
      throttle valve is in a position other than its idle position, and this
      tends to spin the wheel into a rapid acceleration toward a relatively high
      spinning speed. By detecting the incipient skid condition and immediately
      actuating intake manifold valve 48, the present invention in effect
      automatically throttles down the engine to counteract the spin. In this
      way, wheel spins, which can be damaging to the tire and chassis components
      as well as being wasteful of gasoline, are avoided.
PAR  FIGS. 2 and 3 illustrate possible ways of mounting valve 48 on engine 14.
      In FIG. 2 (which illustrates the carburetor 50 exploded away from the
      carburetor mounting flange 14b) valve 48 mounts on the engine directly on
      the carburetor mounting flange 14b. The valve body 48a is positioned in a
      recess defined by intake manifold 14a and the valve inlet pipe 48b
      projects upwardly away from the valve body 48a as illustrated. The valve
      outlet pipe 48c tees into carburetor mounting flange 14b to intersect the
      two air-fuel mixtures inlet ports 14c and 14d in intake manifold 14a. With
      this arrangement, when valve 48 is energized (via leads not shown) intake
      manifold 14b is vented to atmosphere with air being drawn through inlet
      pipe 48b, valve body 48a, outlet pipe 48c to enter the intake manifold via
      inlet ports 14c and 14d. Consequently, engine vacuum suddenly drops. The
      carburetor throttle valve which is upstream of the points at which outlet
      pipe 48c intercepts ports 14c and 14d now tends to lose control of the
      amount of air-fuel mixture entering the engine with the engine in effect
      being automatically throttled down to counteract the spin. Engine stalling
      is automatically avoided, however, since the carburetor throttle valve
      will regain control as soon as valve 48 closes and valve 48 closes after
      the spin has been counteracted and before engine stalling can occur.
PAR  FIG. 3 illustrates (in exploded form) another arrangement for mounting
      valve 48 on engine 14. This arrangement does not require the modification
      to the existing intake manifold as was required by providing the passages
      in the carburetor mounting flange in FIG. 2. In FIG. 3 valve 48 is part of
      an adapter plate assembly 52 which mounts between carburetor 50 and
      mounting flange 14b. Adapter plate assembly 52 includes an adapter plate
      52a which is interposed directly between carburetor mounting flange 14b
      and carburetor 50 and includes bores 52b, 52c which are in alignment with
      the inlet ports 14c and 14d and with the barrels of the carburetor 50. The
      outlet pipe 48c from valve body 48 is arranged to intersect bores 52b, 52c
      in adapter plate 52a. Thus, the arrangement shown in FIG. 3 is especially
      well suited for vehicles since modification to the intake manifold itself
      is not required. The arrangement in FIG. 3 operates in the same manner
      described above in FIG. 2.
PAR  In FIG. 4 a detailed electronic circuit diagram of an exemplary spin
      control system 10 is illustrated. The electronic circuit is generally
      similar to that disclosed in applicant's co-pending application Ser. No.
      362,334 filed May 21, 1973, assigned to the same assignee as the present
      application. The disclosure of said co-pending application is incorporated
      herein by reference. The frequency to DC converters 34, 36 are designated
      by the single block 34, 36 in FIG. 4, and the connections 43a, 36a connect
      to the input terminals of comparator 38. In the illustrated embodiment,
      comparator 38 comprises an integrated circuit module 38', Model No. CA
      3094 T, available from the Radio Corporation of America, Solid State
      Division, Somerville, N.J.; the terminal designations of module 38' which
      are indicated in parentheses in the drawing figure correspond to the
      manufacturer's terminal designations. The signal from converter 34 (i.e.,
      the average rear wheel speed signal) is supplied via connection 34a to the
      subtracting terminal (3) of module 38', and the signal from converter 36
      (i.e., the left front wheel speed signal) is supplied via connection 36 to
      the adding terminal (2) of module 38'. Module 38' has an emitter terminal
      (6) connected to ground and a collector terminal (8) connected via output
      connections 38a, 38b to spin detector 40 and multivibrator 44. The
      remaining terminals of module 38' are connected as illustrated via the
      illustrated connections to either a +5 volt lower voltage supply line 54
      or to ground 55. With the illustrated connection of module 38', the signal
      at collector terminal (8) is held at +5 volts by a connection through a
      resistor 56 to lower voltage supply line 54 so long as the magnitude of
      the signal at adding terminal (2) equals or exceeds the magnitude of the
      signal at subtracting terminal (3). However, when the magnitude of the
      signal at subtracting terminal (3) begins to exceed the magnitude of the
      signal at adding terminal (2), then terminal (8) acts as a current sink
      with the potential at terminal (8) being pulled down from the +5 volt
      level in an amount corresponding to the amount by which the magnitude of
      the signal at terminal (3) exceeds the magnitude of the signal at terminal
      (2). In this way, comparator 38 operates to provide a +5 volt signal to
      spin detector 40 and to multivibrator 44 so long as the speed of the left
      front wheel is equal to or exceeds the average rear wheel speed; when the
      average rear wheel speed begins to exceed the speed of the left front
      wheel, the output signal from comparator 38 becomes correspondingly less
      positive.
PAR  Spin detector circuit 40 comprises an integrated circuit module 40' also a
      Model CA 3094 T. Terminals (1) and (4) of module 40' connect to ground as
      illustrated; terminals (8) and (7) connect as illustrated to a +12 volt
      higher voltage supply line 58; terminal (5) connects through a resistor 60
      to the lower voltage supply line 54; and terminal (6) connects via
      connection 40a to and gate 42. The one output signal from comparator 38 is
      supplied via connection 38a to adding terminal (2) of module 40'. A
      voltage divider circuit composed of two resistors connected between supply
      line 54 and ground 55 provides to subtracting terminal (3) of module 40' a
      fixed percentage of the +5 volt reference potential. This voltage dividing
      circuit trims module 40' so that spin detector 40 cannot supply an output
      signal until the output from comparator 38 falls slightly below +5 volts.
      With this particular circuit construction for spin detector 40, the spin
      detector provides a positive output signal at terminal (6) when the output
      signal from comparator 38 drops from its +5 volt reference level to a
      predetermined level lower than the +5 volt reference level. In this way,
      spin detector provides an output signal only when an incipient wheel spin
      is detected.
PAR  Voltage controlled multivibrator 44 incorporates an integrated circuit
      module 44' of the same model identified above and receives via connection
      38b the output signal from comparator 38, connection 38b including a diode
      62 and a resistor 64. The terminals of modules 44' are connected as
      illustrated with terminal (5) of module 44' being connected through a
      resistor 66 to the output terminal (6) of module 40'. Module 44' receives
      a reference voltage at its adding terminal (2) by virture of the voltage
      divider composed of resistors 68 and 70 connected across the +5 volt
      reference supply 54. This voltage divider provides approximately 50
      percent voltage reduction. Terminals (4) and (6) of module 44' connect to
      ground; terminal (7) connects to supply line 54; an enabling signal is
      received at terminal (5) when spin detector 40 provides a positive output
      signal indicating an incipient wheel spin. Multivibrator 44 provides a
      train of positive square wave output pulses at terminal (8) and these are
      transmitted via connection 44a to and gate 42. During an output pulse the
      voltage at terminal (8) is high and the reference voltage at terminal (2)
      of module 44' remains undisturbed (i.e., remains at approximately +2.5
      volts). When the output at terminal (8) is low (i.e., between output
      pulses), the reference voltage at terminal (2) is clamped to two diode
      drops above the low level by diodes 72, 74 which connect between terminal
      (2) and terminal (8). A control circuit 76 operatively couples the input
      connection 38b with both subtracting terminal (3) and collector terminal
      (8) of module 44'. The control circuit 76 includes a capacitor 78, a
      capacitor charging diode 80, and a capacitor discharge diode 82. The
      diodes 80 and 82 are oppositely poled in shunt with each other through
      respective resistors 80', 82' and connect between the positive terminal of
      capacitor 78 and collector terminal (8) of module 44'. The positive
      capacitor terminal 78 connects to subtracting terminal (3) of module 44'
      and the other terminal of capacitor 78 is grounded. Connection 38b
      connects through diode 62 and resistor 64 to the junction of diode 82 and
      resistor 82'. The illustrated arrangement operates such that output
      terminal (8) of module 44' acts as a current sink whenever the signal at
      subtracting terminal (3) exceeds the magnitude of the signal at adding
      terminal (2). Thus, when the signal at terminal (8) is high, capacitor 78
      is positively charged via diode 80. This causes the magnitude of the
      signal supplied to subtracting terminal (3) to increase. When the
      magnitude of the signal supplied to subtracting terminal (3) exceeds the
      magnitude of the reference signal at adding terminal (2), the output at
      terminal (8) goes low thereby terminating the output pulse. The signal at
      terminal (2) is now clamped to two diode drops above the magnitude of the
      output signal at terminal (8). With the output signal at terminal (8) low,
      capacitor 78 begins to discharge via diode 82. The discharge rate of
      capacitor 78 is, however, determined by the magnitude of the output signal
      supplied from comparator 38 via connection 38b. For a more positive level
      of output signal from circuit 38, an increased amount of current flow
      passes through connection 38b through resistor 82' to collector terminal
      of module 44'. Hence, the effective resistance seen by capacitor 78 is
      increased thereby reducing the capacitor discharge rate. Accordingly, it
      will be appreciated that the discharge rate of capacitor 78 increases as
      the magnitude of the output signal from comparator 38 decreases, and vice
      versa. Hence, multivibrator 44 provides constant duration output pulses
      and a duration between output pulses which is inversely proportional to
      the difference between the speed of the left front wheel and the average
      speed of the rear wheels. Therefore, for greater amounts of wheel spin of
      the rear wheels relative to the front wheel, the frequency of the output
      signal from multivibrator 44 correspondingly increases. Once capacitor 78
      discharges below the two diode voltage drops applied to terminal (2) the
      output of module 44' again goes high (i.e., provides the next output
      pulse) and the +2.5 volt reference level is reapplied to terminal (2).
PAR  And gate 42 comprises a pair of transistors 84, 86 whose emitter-collector
      circuits are connected in series with each other. The base circuit of
      transistor 84 connects via connection 40a with spin detector 40 while the
      base circuit of transistor 86 connects via connection 44a with
      multivibrator 44. With this arrangement, and gate 42 provides via
      connection 42a a square wave output signal to valve driver 46 only when
      spin detector 40 is supplying a positive output signal indicating a spin
      condition and multivibrator 44 is providing output pulses. The square wave
      output of and gate 42 corresponds to the frequency of multivibrator 44.
      Valve driver 46 comprises a two-stage driver circuit which drives valve 48
      via the pulses received from and gate 42, a drive pulse being supplied to
      valve 48 concurrently with each pulse from multivibrator 44. The amount of
      opening of valve 48 can be proportional to the frequency of the signal
      supplied thereto over a limited range of speed difference between the
      speed of the front wheel and the average speed of the rear wheels. Hence,
      when the average rear wheel speed exceeds the front wheel speed by less
      than a predetermined speed (as an example, 5 miles per hour as will be
      explained), valve 48 is less than fully open, when the difference exceeds
      5 miles per hour, valve 48 is fully open. An advantage of this arrangement
      is that once valve 48 has fully opened to counteract the spin and the
      average rear wheel speed comes within 5 miles per hour of the front wheel
      speed, valve 48 begins to operate toward the closed position even before
      the average rear wheel speed has fallen to the front wheel speed. Hence,
      engine stalling is precluded even at low vehicle speeds since valve 48
      closes before an engine stall condition is reached. In one exemplary
      embodiment, the response of comparator 38 was adjusted so that the output
      of the comparator at terminal (8) of module 38' was pulled down from +5
      volts to ground as the average rear wheel speed increased from zero miles
      per hour to 5 miles per hour more than the speed of the left front wheel.
      The response of multivibrator 44 was established so that its output was
      nearly continuous, i.e., the interval between pulses was small, when the
      rear wheel speed exceeded the front wheel speed by 5 miles per hour. Under
      this condition, intake manifold 48 was not responsive to the short
      interval between pulses so that it was held fully open. As the output
      signal at terminal (8) of module 38' decreased from +5 volts to zero
      volts, valve 48 operated from fully closed to fully open with the degree
      of opening being proportional to the decrease in the magnitude of the
      signal at terminal (8) of module 38' from the +5 volt level.
PAR  While it will be apparent that the preferred embodiment of the invention
      disclosed is well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation, and change without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spin control system for a multi-wheeled vehicle having one of the
      wheels thereof driven from a fuel-consuming engine having throttle valve
      means for supplying a fuel/air mixture and an intake manifold for
      communicating said fuel/air mixture to said engine in which a vacuum is
      produced when power is supplied by said engine to said one wheel for
      driving said one wheel, said system comprising:
PA1  sensing means for sensing an incipient wheel spin at said one wheel and for
      generating a spin signal comprising a series of pulses indicative of the
      magnitude of said incipient spin; and
PA1  valve means in addition to said throttle valve means communicating with
      said intake manifold and receiving said spin signal, said valve means
      being capable of venting the intake manifold of said engine in response to
      said spin signal to sufficiently lower the intake manifold vacuum to
      thereby sufficiently reduce the power supplied by said engine to said one
      wheel to counteract an incipient spin, said valve means reducing said
      engine intake manifold vacuum in accordance with said series of pulses so
      that the power supplied by said engine is reduced in accordance with the
      magnitude of said incipient spin.
NUM  2.
PAR  2. A spin control system as claimed in claim 1 wherein said valve means is
      operable to open and closed positions, said valve means being operated
      from one of said positions to the other of said positions in response to
      said spin signal.
NUM  3.
PAR  3. A spin control system as claimed in claim 2 wherein said valve means is
      arranged to communicate the intake manifold of the engine to atmosphere in
      response to said spin signal.
NUM  4.
PAR  4. A spin control system as claimed in claim 3 wherein said pulses have a
      characteristic representative of the magnitude of wheel spin at least over
      a limited range of magnitudes of wheel spin and said valve means is
      operated to positions intermediate said open and closed positions in
      accordance with said characteristic of said pulses.
NUM  5.
PAR  5. A spin control system as claimed in claim 4 wherein said characteristic
      is the frequency of said pulses.
NUM  6.
PAR  6. A spin control system as claimed in claim 5 wherein said valve means is
      arranged to increasingly open as the frequency of said pulses increases.
NUM  7.
PAR  7. A spin control system as claimed in claim 2 wherein said valve means is
      arranged to operate to said open position in response to said pulses.
NUM  8.
PAR  8. A spin control system as claimed in claim 1 wherein said valve means is
      normally closed when said spin signal is absent and is opened when said
      spin signal is present.
NUM  9.
PAR  9. A spin control system as claimed in claim 8 wherein said pulses have a
      characteristic which is representative of the magnitude of wheel spin and
      said valve means is operable over a range of open positions in accordance
      with said characteristic of said pulses.
NUM  10.
PAR  10. A spin control system as claimed in claim 9 wherein said pulses are
      frequency modulated in accordance with the magnitude of wheel spin.
NUM  11.
PAR  11. A spin control system as claimed in claim 10 wherein the frequency of
      said pulses increases in accordance with the magnitude of wheel spin and
      said valve means increasingly opens in accordance with the frequency of
      said pulses.
NUM  12.
PAR  12. A spin control system as claimed in claim 11 wherein the maximum
      frequency is limited to a predetermined magnitude of wheel spin and said
      valve means is fully open at the maximum frequency of said pulses.
NUM  13.
PAR  13. A spin control system for a multi-wheeled vehicle having an internal
      combustion engine driving at least one of the wheels thereof, said
      internal combustion engine having throttle valve means for supplying a
      fuel/air mixture and an intake manifold for communicating said fuel/air
      mixture to said engine in which a vacuum is existent when power is
      supplied by said engine to said one wheel for driving said one wheel, said
      spin control system comprising:
PA1  sensing means for sensing an incipient wheel spin at said at least one
      wheel and for generating a spin signal comprising a periodic waveform
      indicative of the magnitude of said incipient spin;
PA1  normally closed valving means in addition to said throttle valve means
      communicating the intake manifold of the engine to atmosphere, said valve
      means being capable of venting the intake manifold of said engine in
      response to said spin signal to sufficiently lower the intake manifold
      vacuum to thereby sufficiently reduce the power supplied by said engine to
      said one wheel to counteract an incipient spin; and
PA1  means associated with said valving means for reducing the power supplied by
      said engine to said one wheel in response to an incipient spin by opening
      said valving means to a degree in accordance with said periodic waveform
      to vent the intake manifold to atmosphere in response to said spin signal
      and to reduce the power supplied in said engine in accordance with the
      magnitude of said incipient spin.
NUM  14.
PAR  14. A spin control system as claimed in claim 13 wherein the frequency of
      said periodic waveform is representative of the magnitude of wheel spin
      and said means for opening said valving means in response to said spin
      signal is arranged to open said valving means an amount corresponding to
      the frequency of said periodic waveform.
NUM  15.
PAR  15. A spin control system as claimed in claim 14 wherein the frequency of
      said periodic waveform increases in accordance with increases in the
      magnitude of said spin signal.
NUM  16.
PAR  16. A spin control system as claimed in claim 15 wherein the maximum
      frequency of said periodic waveform is limited to a predetermined
      magnitude of wheel spin.
NUM  17.
PAR  17. A spin control system for a multi-wheeled vehicle having an internal
      combustion engine driving at least one of the wheels thereof, said
      internal combustion engine having a carburetor for supplying a fuel/air
      mixture and an intake manifold for communicating the fuel/air mixture to
      said engine having a mounting flange for said carburetor and in which a
      vacuum is produced when power is supplied by said engine to said one wheel
      for driving said one wheel, said spin control system comprising:
PA1  sensing means for sensing an incipient wheel spin at said at least one
      wheel and for generating a spin signal indicative of said incipient spin;
PA1  normally closed valving means and an adapter means for said valving means
      which is mounted between the carburetor mounting flange of the intake
      manifold and the carburetor for communicating the intake manifold of the
      engine to atmosphere through said valving means; and
PA1  means for reducing the power supplied by said engine to said one wheel in
      response to an incipient spin by opening said valving means in response to
      said spin signal to thereby vent the intake manifold to atmosphere in
      response to said spin signal.
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ABST
PAL  An anti-skid system for a motor vehicle having a driving wheel and a
      non-driving wheel to protect the driving wheel from skidding. The system
      includes a first sensor for generating a number of pulses proportional to
      the peripheral distance traveled by the driving wheel, a second sensor for
      generating a number of pulses proportional to the peripheral distance
      traveled by the non-driving wheel, the second sensor generating a higher
      number of pulses than the first sensor for the same peripheral distance
      traveled by the respective driving and non-driving wheels, and a unit,
      responsive to the signals generated by said first and second sensors, for
      detecting the difference in peripheral distance traveled by the driving
      and non-driving wheels independently of time. The detecting unit includes
      a circuit for producing a delay in the ignition system when the difference
      in peripheral distance traveled is greater than a predetermined value to
      adjust engine torque and to maintain optimum road adherence of the wheels.
BSUM
PAR  The present invention relates in general to systems for protecting the
      driving wheels of a motor vehicles against undue skidding. More
      particularly, this invention is directed to provide a novel anti-skid
      system for the driving wheels of motor vehicles.
PAR  In a motor vehicle a relatively powerful engine torque may under certain
      conditions such as of poor road adherence cause the driving wheels to skid
      on the road surface. In known devices the loss of adherence information is
      delivered by sensors detecting the threshold of acceleration or the speed
      differential. Such information is subordinate to the road surface
      condition and also to the absolute speed of the vehicle. On the other
      hand, the regulating control action is exerted either on mechanical
      members such as the induction control throttle valve (having a relatively
      high response time) or by cutting off the ignition, which may be
      detrimental to the engine and increase the atmospheric pollution.
PAR  These inconveniences are avoided by the system of this invention which
      comprises an electronic unit adapted to generate a signal each time the
      driving wheels rotate faster than the non-driving wheels by a
      predetermined minimum value or, in other words, each time the driving
      wheels accomplish a fraction of a revolution more than the non-driving
      wheels. These signals in pulse form control a delay in the ignition
      signal, thus causing a reduction in the engine torque.
DRWD
PAR  A clearer understanding of this invention will be had as the following
      description proceeds with reference to the accompanying drawing, in which:
PAR  FIG. 1 illustrates diagrammatically the basic principle of the system of
      this invention, and
PAR  FIG. 2 illustrates in block diagram form the electronic unit designated by
      the reference numeral 9 in FIG. 1.
DETD
PAR  In FIG. 1, a motor vehicle to be protected against wheel skid comprises
      four wheels 1, 2, 3, 4, the driving wheels being for example the wheels 1
      and 3, the non-driving wheels being the other wheels 2 and 4. Sensors 5, 6
      and 7, 8 are associated with the wheels 1, 2, 3 and 4, respectively. Each
      wheel is thus provided with a sensor generating a number of pulses
      proportional to the angle of rotation of the corresponding wheel, the
      proportionality factor differring if desired in the case of the driving
      wheels and non-driving wheels, as will be explained hereinafter. Sensors
      of this character are well known in the technique of pulse generation.
      These pulses are processed in an electronic unit 9 controlling the delay
      in the ignition circuit shown diagrammatically and in block form at 10.
PAR  FIG. 2 illustrates a typical form of embodiment of the electronic unit 9 of
      FIG. 1. Shaping circuits 21, 22, 23, 24 are connected to sensors 5, 6, 7
      and 8, respectively. Circuits 21 and 22 are connected to an up/down
      counter 25, and circuits 23 and 24 are connected to another up/down
      counter 26. Both counters 25, 26 receiving pulse signals from the sensors
      of a driving wheel and of a non-driving wheel, respectively, via circuits
      21, 22, 23 and 24, are connected to an OR gate 27 connected to a
      monostable multivibrator 28 having its output connected to a switching
      logic circuit 38.
PAR  The ignition breaker 31 is connected to an ignition signal shaping circuit
      32. The output of this lastnamed circuit is connected on the one hand to
      one input of circuit 38 and on the other hand to a pair of monostable
      multivibrators 34 and 35 of which monostable multivibrator 34 is triggered
      by the first front of the signal received from 32 and monostable
      multivibrator 35 is triggered by the second front. These monostable
      multivibrators 34 and 35 generate signals of equal duration. Their outputs
      are connected to a gate circuit 36 connected in turn to a bistable
      multivibrator 37 having its output connected to said circuit 38. The
      output of circuit 38 is connected to the ignition circuit 10.
PAR  This device operates as follows:
PAR  When no wheel-skid occurs, that is, under normal driving or operating
      conditions, the sensors of the driving wheels generate a number of pulses
      proportional to the angle, or more exactly to the peripheral travel
      accomplished by these wheels, said number being slightly inferior to the
      number of pulses generated by the sensors of the non-driving wheels. This
      is obtained as explained hereinabove by giving different values to the
      proportionality factors between the number of pulses and the number of
      revolutions of the driving and non-driving wheels.
PAR  The up/down counters 25 and 26 are so constructed that when the frequency
      of the up counting pulses is lower than the frequency of the down counting
      pulses, they remain at zero, and when the number of up pulses counting
      exceeds by a predetermined amount those counted in the down direction, a
      pulse signal is generated at the output and these counters are reset
      automatically or set to a predetermined value. Then the process may be
      resumed. Thus, for each pair of wheels 1, 2 and 3, 4 a pulse is obtained
      at the outputs of the relevant counters 25 and 26 each time a driving
      wheel has accomplished a fraction of revolution more than a non-driving
      wheel. This pulse actuates the monostable multivibrator 28 which is of the
      so-called retriggerable type, well-known in the electronic field. The
      signal generated by monostable multivibrator 28 controls the circuit 38.
      When this signal is not produced, the circuit 38 is controlled by the
      output of circuit 32 whereby the ignition takes place without any time
      lag. When this signal is generated and throughout its duration the circuit
      38 is controlled by the output of circuit 37 as soon as this signal
      appears, thus determining the time when the ignition begins to take place
      with a predetermined delay whereas the duration of the pulses emitted by
      monostable multivibrators 34 and 35 determines the value of this ignition
      delay. The circuits 36 and 37 are so interconnected that the output pulse
      from 34 will trigger with its falling edge the bistable circuit 37. The
      change produced in the state of its output will act upon the other circuit
      36, whereby circuit 37 will subsequently be triggered by the falling edge
      of the output signal of 35, the return of the output of circuit 37
      restoring the circuit 36 in the condition required for producing another
      cycle.
PAR  Although a specific form of embodiment of this invention has been described
      hereinabove and illustrated in the accompanying drawing, it will readily
      occur to those skilled in the art that various modifications and changes
      may be brought thereto without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anti-skid system for a motor vehicle having an ignition system, a
      driving wheel and a non-driving wheel, said anti-skid system protecting
      the driving wheel from skidding, said anti-skid system comprising a first
      sensor for generating a number of pulses proportional to the peripheral
      distance traveled by the driving wheel, a second sensor for generating a
      number of pulses proportional to the peripheral distance traveled by the
      non-driving wheel, the second sensor generating a higher number of pulses
      than the first sensor for the same peripheral distance traveled by the
      respective driving and non-driving wheels, and a calculating unit means,
      responsive to the signals generated by said first and second sensors, for
      detecting the difference in peripheral distance traveled by the driving
      and non-driving wheels independently of time, said detecting means
      including means for producing a delay in the ignition system when said
      difference in peripheral distance traveled is greater than a predetermined
      value to adjust engine torque and to maintain optimum road adherence of
      the wheels and wherein said detecting means includes means for constantly
      comparing the pulses generated by the first sensor and the pulses
      generated by the second sensor, said comparing means including a counter
      connected to said first and second sensors wherein when the number of
      pulses generated by said second sensor exceeds the number of pulses
      generated by said first sensor, said counter is in a zero condition and
      when said counter receives a number of pulses from said first sensor which
      is greater by a predetermined amount than the number of pulses received
      from said second sensor, said counter generates a first signal, said
      detecting means also including a first monostable multivibrator for
      receiving said first signal, an ignition signal shaping circuit for
      generating an ignition signal, a time lag circuit, connected to said
      ignition signal shaping circuit, for generating a delayed ignition signal,
      and a switching logic circuit having inputs connected to each of said
      first monostable multivibrator, said ignition signal shaping circuit and
      said time lag circuit, said switching logic circuit being controlled by
      said delayed ignition signal when said first signal is applied to said
      first monostable multivibrator.
NUM  2.
PAR  2. An anti-skid system according to claim 1, wherein said time lag circuit
      comprises one pair of monostable multivibrators connected to said ignition
      signal shaping circuit, a gate circuit connected to said pair of
      monostable multivibrators and a bistable multivibrator connected to said
      gate circuit and said switching logic circuit, said gate circuit and said
      bistable multivibrator determining a fixed time period in relation to a
      normal time period for delaying the ignition of a motor in the vehicle.
NUM  3.
PAR  3. An anti-skid system according to claim 2, wherein said counter comprises
      an up/down counter having up counting and down counting inputs and wherein
      the pulses generated by the first and second sensors, respectively, are
      delivered to the up counting and down counting inputs, and when the number
      of pulses down counted is greater than the number of pulses up counted,
      said counter is in its zero condition.
NUM  4.
PAR  4. An anti-skid system according to claim 3, wherein when the number of
      pulses up counted exceeds by a predetermined number the number of pulses
      down counted, said first signal is generated at the output of said counter
      and said counter is reset automatically.
NUM  5.
PAR  5. An anti-skid system according to claim 3, wherein when the pulses up
      counted exceeds by a predetermined number the number of pulses down
      counted, said first signal is produced at the output of said counter and
      said counter is set to a predetermined value.
NUM  6.
PAR  6. An anti-skid system according to claim 1 wherein said motor vehicle
      further includes two driving wheels and two non-driving wheels, said
      system further comprising third and fourth sensors for generating,
      respectively, pulses proportional to the distances traveled by the
      additional driving and non-driving wheels, said calculating unit means for
      detecting including means for detecting pulses generated by said third and
      fourth sensors.
NUM  7.
PAR  7. An anti-skid system according to claim 1 wherein said motor vehicle
      further includes a plurality of driving wheels and a plurality of
      non-driving wheels, said system further comprising a plurality of sensors
      for generating, respectively, pulses proportional to the distances
      traveled by the plurality of driving and non-driving wheels, said
      calculating unit means for detecting including means for detecting pulses
      corresponding to the fastest driving wheel and the fastest non-driving
      wheel.
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ABST
PAL  An elongated body is provided with structure at one end for oscillatably
      supporting an ignition switch key therefrom with the axis of oscillation
      of the key extending transversely of the elongated body and extending
      normal to the panel-like key blank through the end thereof remote from the
      blade portion of the key. The other end of the body includes an endwise
      outwardly opening recess in which an anchor element is telescopingly
      seated and frictionally retained. The anchor element is frictionally
      retained within the recess against outward displacement therefrom and one
      end of an elongated flexible tension member is anchored to the anchor
      element. In addition, a guide member is provided for mounting in
      predetermined position relative to an associated ignition switch and is
      operable to slidably and guidingly engage an intermediate portion of the
      tension member. The other end of the tension member remote from the anchor
      element includes an anchor member for attachment to the driver of a
      vehicle incorporating the aforementioned ignition switch. The guide member
      is positioned in relation to the ignition switch whereby a pull on the end
      of the tension member to be anchored to the vehicle driver will effect a
      lateral pull on the corresponding end of the body to rotate the ignition
      key (and thus the oscillatable tumbler barrel of the ignition switch) to
      the off position in which off position the elongated body is disposed in a
      substantially straight line path extending between the ignition key and
      the guide member. A further pull on the end of the tension member to be
      attached to the vehicle driver results in the anchor element being pulled
      from seated engagement within the aforementioned recess to thereby
      disconnect the tension member from the elongated body and key so as to
      prevent damage either to the elongated body, the key or the associated
      tumbler barrel as a result of a sharp pull on the tension member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various forms of devices for opening an ignition circuit in the event of
      vehicle upset involving the driver of a vehicle being dislodged from his
      driver's station have been heretofore designed. However, most of these
      previously designed devices have involved special ignition circuitry
      and/or a special ignition switch assembly or modification of an existing
      ignition switch assembly. Accordingly, the expense involved in
      manufacturing, marketing and selling safety cut-off devices for ingition
      switches has resulted in the purchase of such a safety device being
      reasonably expensive. Still further, safety devices of this type which
      involve either a specifically designed ignition switch, extensive
      modification of an existing ignition switch, or the provision of
      supplemental ignition circuitry require at lease semi-skilled labor to
      accomplish installation of the safety device on an associated vehicle
      resulting in further expense to the ultimate user of the safety device.
PAR  Examples of previously patented safety devices of the type above discussed
      may be found in U.S. Pat. Nos. 2,722,575, 2,725,947, 3,786,892 and
      3,801,767.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The safety device of the instant invention requires only an inexpensive key
      holder in the form of an elongated body member from one end of which the
      finger-engageable end of an ignition key is oscillatably supported, an
      elongated flexible tension member, a guide eye and a first anchor element
      on one end of the tension for releasable engagement with the end of the
      key holder body remote from the associated key and a second anchor element
      or member on the other end of the tension member for attachment to the
      driver of the associated vehicle. Thus, the safety device may be readily
      manufactured, marketed and purchased for a low cost and involves only the
      attachment of a guide eye to the associated vehicle insofar as required
      modifications of the vehicle with which the safety device is to be used.
      As a result of the associated vehicle requiring only the attachment of a
      guide eye thereto, even unskilled persons may readily make the necessary
      modification of the associated vehicle in a very short period of time and
      with a minimum of tools.
PAR  The main object of this invention is to provide a safety device for
      automatically opening the ignition switch of a vehicle as a result of the
      operator of the vehicle being dislodged from his driver's position.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide a safety device which will require a
      minimum of modifications to the existing vehicle.
PAR  A still further object of this invention is to provide a safety device
      which may be readily adapted to substantially all ignition circuit
      equipped vehicles.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide an ignition safety device in accordance with the preceding objects
      and which will conform to conventional forms of manufacture, be of simple
      construction and easy to use, so as to provide a device that will be
      economically feasible, long lasting and relatively trouble free in
      operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of the driver's station of an
      ignition circuit equipped vehicle and with the safety device of the
      instant invention operatively associated with the ignition key of the
      vehicle and the operator of the vehicle;
PAR  FIG. 2 is an enlarged longitudinal vertical sectional view of the elongated
      body portion of the safety device from which the associated ignition key
      is oscillatably supported and with one end of the elongated flexible
      tension member portion of the invention anchored to the end of the body
      remote from the ignition key; and
PAR  FIG. 3 is an elevational view of the elongated key supporting body portion
      of the invention, the adjacent end of the flexible tension member portion
      of the invention and the dashboard mounted guide eye portion of the
      invention in operative association therewith and with the position of the
      elongated body portion of the invention when the ignition switch is in the
      off position, illustrated in phantom lines.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to FIG. 1 of the drawings, the numeral 10
      generally designates a vehicle including a dashboard or similar structure
      12 from which an ignition switch 14 including an oscillatable tumbler
      barrel 16 is supported. The tumbler barrel 16 has a key blade receiving
      slot 18 formed therein for receiving the blade portion 20 of a
      conventional ignition key 22, the ignition key 22 including an enlarged
      planar end portion 24 remote from the blade portion 20.
PAR  The enlarged planar end portion 24 has a bore 26 formed therethrough and
      the ignition switch 14 is in the on position when the planar end portion
      24 of the key is vertically disposed and in the off position when the
      planar end portion 24 of the key 22 is rotated approximately 45.degree. in
      a counter-clockwise direction in the manner illustrated in phantom lines
      in FIG. 3.
PAR  The safety device of the instant invention is referred to in general by the
      reference numeral 28 and includes an elongated cylindrical body 30 having
      a longitudinally extending and generally radially outwardly opening slot
      32 formed therein.
PAR  The planar end portion 24 of the key 22 is oscillatably supported within
      the slot 32 by means of a pivot pin 34 extending across the slot 32 and
      having its opposite ends secured in the portions of the body 30 on
      opposite sides of the slot 32. The ignition key 22 is oscillatable between
      the extended solid line position thereof illustrated in FIG. 2 and the
      retracted phantom line position thereof illustrated in FIG. 2 with the key
      22 substantially fully recessed within the slot 32.
PAR  The end of the body 30 remote from the pivot pin 34 is provided with an
      endwise outwardly opening cylindrical recess 36 and a cylindrical anchor
      element 38 is tightly, but removably, seatingly telescoped in the recess
      36. The anchor element 38 has a bore 40 formed axially therethrough and
      the end of the bore 40 which opens into the inner end of the recess 36
      includes an enlarged counterbore 42. One end portion 44 of an elongated
      flexible tension member 46 is passed through the bore 40 and provided with
      an enlargement in the form of a knot 48 on its free end, the knot 48 being
      seated in the counterbore 42. The other end of the tension member 46 has a
      second anchor element 50 thereon and the anchor element 50 is in the form
      of an anchor sleeve through which the belt 52 of the operator 54 of the
      vehicle 10 may be received. In this manner, the anchor element 50 is
      securely anchored to the belt 52 of the operator 54.
PAR  The only other necessary element to the safety device 28 comprises a guide
      structure 56 which is in the form of a guide eye including a shank portion
      58 which is anchored to the dachboard 12 of the vehicle 10. The shank
      portion 58 may include sheet metal screw threads for securement through a
      metal dashboard, or the shank portion 58 may include machine screws for
      securement through a bore in the dashboard 12 by means of a nut threaded
      on the free end of the shank portion 58 on the backside of the dashboard
      12.
PAR  The intermediate portion of the tension member 46 passes through the guide
      eye 56 and is freely longitudinally slidable relative to the guide
      structure. Also, the anchor element 38 is of a diameter to be received
      through the anchor eye 56.
PAR  In operation, the safety device 28 may be installed on the vehicle 10 by
      the securement of the anchor eye 56 in the position illustrated in FIG. 1
      and the attachment of the body 30 to the planar end portion 24 of the
      ignition key 22. Then, whenever the operator 54 wishes to drive the
      vehicle 10, before the engine of the vehicle 10 is started, the driver 54
      loosens his belt and slips the sleeve defining anchor element 50 from the
      end of the tension member 46 remote from the body 30 on his belt before
      the latter is retightened. At this point, the safety device 28 is in full
      readiness for operation.
PAR  With the body 30 disposed in the vertical position thereof illustrated in
      FIG. 1, the ignition switch is in an "on" position, the phantom line
      representation of the body 30 in FIG. 3 illustrating the position of the
      body 30 when the ignition switch is in the "off" position.
PAR  With the vehicle operating and the body 30 in the vertical position thereof
      illustrated in FIG. 1, any movement of the operator 54 from his seat 60,
      other than directly toward the dashboard 12, will result in the tension
      member 46 being tightened and a pull being exerted on the end of the
      tension member 46 secured to the anchor element 50. This pull on the
      tension member 46 will cause the body 30 to be swung from the solid line
      position thereof illustrated in FIG. 3 to the phantom line position
      illustrated in FIG. 3 with the tumbler barrel 16 of the ignition switch 14
      in the off position. However, if a further pull is exerted on the tension
      member 46, the anchor element 38 will be pulled outwardly from the recess
      36 against the frictional forces which tend to maintain the anchor element
      38 seated in the recess 36 and the anchor element 38 is sufficiently small
      in diameter to be readily received through the eye 56. Therefore, even in
      the event of movement of the operator 54 completely away from the
      operator's position of the vehicle 10, damage will not be imparted upon
      the safety device and yet the ignition circuit of the vehicle 10 will be
      opened.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination a vehicle having a dashboard panel of the type including
      an outer surface opposing a location on the vehicle to be occupied by the
      operator of the vehicle, an ignition switch mounted on said panel, said
      ignition switch being of the type including a lock barrel opening
      outwardly of said surface and oscillatable about a predetermined axis
      disposed generally normal to said surface, an elongated key including a
      blade end portion and an opposite end portion, said blade portion being
      removably insertable within said barrel to release the latter for
      oscillation between predetermined off and on positions thereof angularly
      displaced less than 180.degree. relative to each other, an ignition switch
      cut-off safety device for angularly displacing the key and thus the barrel
      from its on position toward its off position, said safety device including
      an elongated body secured at one end to said opposite end portion of said
      key with said body extending transversely of the longitudinal extent of
      said key, a guide eye mounted on said panel in spaced relation relative to
      said switch, outwardly from said surface and on a path extending across
      said panel away from said switch in the direction in which the other end
      of said body extends when said lock barrel is in said off position, an
      elongated flexible tether member, first anchor means anchoring one end of
      said tether member to said other end of said body, second anchor means on
      the other end of said tether member for attachment to the operator of an
      associated vehicle, the midportion of said tether member being guidingly
      engaged through said guide eye for lengthwise shifting of said tether
      member relative to said guide eye, said first anchor means comprising an
      anchor member mounted on said one end of said tether member, said anchor
      member and said other end of said body including coacting means supporting
      said anchor means from said body for separation therefrom in response to a
      thrust in excess of a predetermined value being applied to said anchor
      member in a direction extending endwise outwardly of said other end of
      said body, said anchor member being of a size to pass freely through said
      guide eye.
NUM  2.
PAR  2. The combination of claim 1 wherein said other end of said body defines
      an endwise outwardly opening recess, said second anchor means including an
      anchor element carried by said one end of said tether member releasably
      frictionally received in said recess.
NUM  3.
PAR  3. In combination with a panel having an ignition switch mounted therefrom
      with said ignition switch being of the type including a lock barrel
      oscillatable about a predetermined axis and an elongated key including a
      blade end portion and an opposite end portion, said blade portion being
      removably insertable within said barrel to release the latter for
      oscillation between predetermined off and on positions thereof angularly
      displaced less than 180.degree. relative to each other, an ignition switch
      cut-off safety device for angularly displacing the key and thus the barrel
      from its on position toward its off position, said safety device including
      an elongated body secured at one end to said opposite end portion of said
      key with said body extending transversely of the longitudinal extent of
      said key, guide structure mounted on said panel in spaced relation
      relative to said switch and on a path extending across said panel away
      from said switch in the direction in which the other end of said body
      extends when said lock barrel is in said off position, an elongated
      flexible tether member, first anchor means anchoring one end of said
      tether member to said other end of said body, second anchor means on the
      other end of said tether member for attachment to the operator of an
      associated vehicle, the mid portion of said tether member being guidingly
      engaged with said guide structure for lengthwise shifting of said tether
      member relative to said guide, said other end of said body defining an
      endwise outwardly opening recess, said second anchor means including an
      anchor element carried by said one end of said tether member releasably
      frictionally received in said recess, said recess being elongated,
      extending longitudinally of said body and generally cylindrical in
      configuration, said anchor element comprising a cylindrical member having
      a longitudinal bore formed therethrough, the end of said bore opening into
      said recess including an enlarged counterbore, said one end of said tether
      member being snugly received through said bore and including an
      enlargement thereon seated in said counterbore.
NUM  4.
PAR  4. The combination of claim 3 wherein said body includes a longitudinal
      slot opening outwardly therefrom and including one end portion defined by
      said one end of said body, means pivotally anchoring the opposite end
      portion of said key in said slot for swinging of said key from an extended
      position with said lock barrel insertable end portion extending
      transversely of said body outwardly of said slot to a folded retracted
      position with said lock barrel end portion recessed within and extending
      along said slot toward the other end of said slot.
NUM  5.
PAR  5. The combination of claim 3 wherein said guide structure comprises an eye
      member including a mounting shank portion supported from said panel.
NUM  6.
PAR  6. The combination of claim 3 wherein said second anchor means comprises a
      flattened sleeve member adapted to slidingly receive one end portion of
      the belt of the operator of said vehicle therethrough.
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ABST
PAL  A cushion member for sound-insulating and air-tight sealing, which cushion
      is to be attached substantially along the edge of a first surface, which
      at this edge is connected via the cushion with another surface, which need
      not have a form absolutely conforming to the first surface at the
      connecting surface and need not be smooth. The cushion consists of an
      elongated casing filled with balls of plastic material and with a
      cylindrical cross-section of soft, flexible and air-impervious material
      and it is adapted to be attached to the first surface.
BSUM
PAR  The present invention relates to a cushion member for sound-insulating and
      air-tight sealing, which cushion is adapted to be attached substantially
      along the edge of a first surface, which at this edge is connected via the
      cushion with another surface, which need not have a form absolutely
      conforming to the first surface at the connecting surface and need not be
      smooth. The cushion member is especially intended for use with
      substantially cup-shaped ear-protecting means or earphones for sound-proof
      sealing between the edge of these means and the skin around the ears. The
      cushion member can also to be attached to the edge of a cover of the outer
      casing of some strongly noisy apparatus, such as a compressor etc., or
      around doors or windows for preventing sounds from outside penetrating
      into apartments, etc. In the latter case the cushion member according to
      the invention has also an exceedingly good effect against air drafts.
PAR  Polyurethane foam surrounded with a welded plastic foil casing or plastic
      cushions filled with a liquid have previously been used as ear-protectors.
      The cushions filled with liquid have provided the best sealing, but they
      are relatively heavy, and there is also a risk that the casing will break
      and the liquid run out, which is not especially comfortable to the wearer
      of the ear-protector. As to the firstmentioned cushion, no good contact to
      the skull is obtained, and especially not if the wearer has an irregular
      head shape or wears glasses. The above-mentioned disadvantages are
      especially striking at low frequencies, within which frequency range noise
      is typically present.
PAR  The above-mentioned disadvantages are eliminated to a large extent by my
      cushion member wherein the cushion consists of an elongated casing filled
      with balls of plastic or a similar material the casing having a
      cylindrical cross-section and consisting of a soft, flexible and
      air-impervious material. The cushion member is adapted to be attached to a
      first surface.
PAR  The balls that are filled into the casing, which casing preferably consists
      of sewed or welded plastic fabric, can be either hollow or solid or
      porous. The surface of each of the balls is preferably hard and smooth so
      that the balls can slide easily against each other, but the balls can also
      be made of a soft material, which means in that they will be somewhat
      deformed in addition to being displaced relative to each other. The size
      of the balls can vary within wide limits depending on the intended field
      of application of the cushion member, although a diameter of the balls in
      the order of 2 mm has been found to be most practical. All the balls need
      not be the same size, although this is preferred.
PAR  When using the cushion member as a sound-proof seal between the cover and
      the casing of a compressor, or around doors and windows, the casing is
      preferably rather elongated and provided on one of its longitudinal sides
      with either a double-adhering tape, or with a magnet edging in case the
      cushion is to be attached to on a magnetizable material.
PAR  The casing can also be divided into compartments, in which the balls are
      placed, which means that the balls are more easily kept in the desired
      locations and the formation of undesired cavities avoided. This is
      especially worthwhile when the cushion member is to be used for a long
      period of time.
PAR  The greatest advantage of the cushion member according to my invention is
      that it adapts itself very easily to the form of the underlying surface so
      that the surfaces to which it makes contact can be very rough and have
      relatively large projecting portions without this influencing the
      sound-insulating properties of the cushion. The cushion member is also
      very light by virtue of its being filled with hollow balls or with solid
      balls of a light material, which is especially important in ear-protectors
      and headphones. This property also has the effect that it does not feel as
      if it sticks to the skin, which is the case with liquid-filled cushions,
      in spite of the good contact with the skin. People with very different
      head shapes and even people with glasses can use the cushion member
      according to the invention, which cases have previously given very great
      problems, especially in cushions filled with polyurethane foam.
PAR  In order that the cushion member remain as hygienic as possible when using
      ear-protectors or earphones it is adapted to be detachably attached and in
      fact may be of a kind that is used only once. This is achieved by
      providing it with one or more outwardly extending parts, by which it can
      be easily attached and removed from an ear-protector or an earphone. This
      is best achieved when the casing extends substantially in the form of a
      cylinder from the outer periphery of the cushion member and terminates at
      its outer edge with a rubber band (or contracting device with a similar
      effect) so that the cushion can be attached to the ear-protector or the
      earphone, by fitting the cylinder-shaped part around the ear-protector,
      after which it is retained by the action of the contracting device.
DRWD
PAR  The invention is described more in detail below with reference to the
      enclosed drawings where
PAR  FIG. 1 is a section through a cup-shaped ear-protector with an embodiment
      of a cushion member according to the invention,
PAR  FIG. 2 is a view from below of the same ear-protector as FIG. 1,
PAR  FIG. 3 shows schematically a device, by means of which the efficiency of
      the cushion member has been tested in practice,
PAR  FIG. 4 shows results between a cushion member according to the invention
      and a cushion filled with polyurethane foam obtained with the device
      according to FIG. 3, and
PAR  FIG. 5 shows a cross-section through a detail of a cushion member according
      to the invention mounted between cover and outer casing of e.g. a
      compressor aggregate.
PAR  FIG. 6 shows a partial section of the ear-protector of FIG. 1 having an
      annular magnet attached to the cushion as the holding means.
PAR  FIG. 7 shows a partial section of the ear-protector of FIG. 1 having an
      annular double-adhering tape attached to the cushion as the holding means.
DETD
PAR  FIG. 1 is a sectional view through a cup-shaped ear-protector 1 of standard
      type, on whose edge an embodiment of a cushion member 2 according to my
      invention is attached. The cushion consists of a ring having substantially
      the same outer diameter as the earphone or ear-protector and consisting of
      hollow, welded or sewed plastic fabric 4, in which balls 3 are filled,
      being either solid or hollow. The plastic fabric continues in the form of
      a cylinder 5 upwards from the outer periphery of the ring and is
      terminated with a rubber band 6 at its outer edge, by which rubber band
      the cushion member 2 is kept in position. Alternatively, 6 can be a tape
      with adhesive on both sides. Thus the cushion member is very hygienic, as
      each user of ear-protectors can have his own cushion member. The cushion
      member can also be made in a so-called disposable embodiment and is then
      thrown away after use. A great advantage of the cushion member is also
      that it suits substantially all current types of cup-shaped ear-protectors
      and earphones. FIG. 2 is a view from below of the cushion member, the
      annular shape of the cushion here appearing especially clearly.
PAR  FIG. 3 is a schematical view of a device by means of which the efficiency
      of the cushion member has been tested in practice. An ear-protector with
      two ear casings 1' and 1" with adapted cushion member 2' and 2",
      respectively, is placed so that one ear casing 1" with the cushion member
      2" is adapted to an annular contact medium A at a certain pressure
      produced by a spring balance 7 acting on the other ear casing 1' and its
      force then propagating via the loop 8 to the first ear casing 1".
PAR  The contact medium A is replaceable to simulate different conditions, e.g.
      a skull with or without glasses and different shapes of the jaw-bone. The
      medium A is adapted on a sound-proof casing B, in whose interior a
      measuring microphone 9 is present, whose signal is fed onto a dB-measuring
      means 10. A channel 11 leads into the measuring microphone 9 in the casing
      10 and debouches into the intermediate hole of the contact medium A. A
      loud-speaker HT emits a sound signal composed of several frequencies with
      an octave between adjacent frequencies, so that the efficiency of the
      cushion member can be found by means of the measuring microphone at
      different frequencies and at different sound intensities. The whole
      measuring device is enclosed in a sound-insulated cabinet 12 in order that
      the measuring result should not be distorted by other sound signals than
      those intended.
PAR  At tests carried out with the above-mentioned device the cushion member
      according to the invention with solid balls and a cushion member of
      previously general type with polyurethane foam in a plastic foil casing
      have been tested with six different types of contact media A under
      identically the same conditions, and FIG. 4 shows a diagram of the sound
      attenuation in dB let through as a function of the frequency of a cushion
      member according to the invention with a dashed line and the previously
      generally used cushion member with a continuous line. The curves show
      average curves obtained for the different contact media A. In general it
      can be said that the lower attenuation obtained for the lower frequencies
      of the two cushion members depends on the attenuation material included in
      the casings and to a higher degree on the "leakage" obtained at the
      sealing against the skull, which latter condition the cushion member
      according to the invention is to eliminate. At the dashed curve (the
      cushion member according to the invention) the permeability is less, which
      is mainly due to the better adhesion to the support of the cushion member
      according to the invention.
PAR  It should be pointed out once more that the two curves are average ones and
      show mainly the tendency to better attenuation at low frequencies of the
      cushion member according to the invention. The more projecting parts the
      contact media had, the better was the performance of the cushion member
      according to the invention relative to that of the cushion previously
      used.
PAR  FIG. 5 is a cross-sectional view of a detail of a cushion member 2'"
      according to my invention attached to a cover 13 and making contact with
      the outer casing 14 of e.g. a compressor aggregate. The cushion is here
      provided with a magnet edging 15 on its side facing the cover, by means of
      which it is attached to the iron cover. The cover 13 and the outer casing
      14 of the aggregate are in known manner provided with a medium for a
      sound-proof sealing on the inside, but the very sound-proof sealing
      between cover and casing has previously offered great problems, because it
      is difficult to have the cover seal tightly at the outer casing,
      especially at frequent use of the aggregate. These problems have now been
      solved in a simple and cheap manner according to the invention. The
      cushion member is here preferably divided into compartments, by an
      intermediate wall 16, so that the balls will not collect in only one place
      and leave another place empty.
PAR  FIG. 6 is a cross-sectional view of a portion of the ear-protector of FIG.
      1 including the cushion member 2 containing balls 3 having an annular
      magnet 17 attached to cover 4 to hold the cushion member on a metallic
      ear-protector.
PAR  FIG. 7 is a cross-sectional view of a portion of the ear-protector of FIG.
      1 including the cushion member 2 containing balls 3 and having an annular,
      detachable, double-adhesive tape 18 attached to cover 4 to hold the
      cushion member on the ear-protector.
PAR  Moreover, the cushion member according to my invention can be adapted as a
      sealing around windows and doors, where it does not only provide good
      sealing against noise, which in our noisy age is absolutely necessary, but
      also provides excellent sealing against air drafts, a good combination
      effect being obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a cup-shaped, ear-covering device having an annular flange adapted to
      contact the head of the wearer around the ear, the improvement comprising
      a sound-barrier structure including an annular, hollow casing having a
      generally-cylindrical cross-section in an unsqueezed condition, formed of
      a soft, pliable material and shaped to fit against said annular flange
      between said annular flange and said head of said wearer, a plurality of
      freely-moveable, small balls disposed in the interior of said casing,
      whereby said structure deforms and conforms to the surface of said annular
      flange and said head of said wearer when said structure is squeezed
      against said head of said wearer by said ear-covering device, and holding
      means for detachably holding said structure against said ear-covering
      device.
NUM  2.
PAR  2. A device in accordance with claim 1 wherein the concentration of the
      balls within the casing is less than a concentration sufficient to fill
      the total void space within said casing.
NUM  3.
PAR  3. A device in accordance with claim 1 wherein the ear-covering device is
      metallic and the holding means is a magnetic means mounted on the side of
      the casing which is against the annular flange.
NUM  4.
PAR  4. A device in accordance with claim 1 wherein the holding means is
      detachable, double-adhering adhesive tape means mounted on the side of the
      casing which is against the annular flange.
NUM  5.
PAR  5. A device in accordance with claim 1 wherein the holding means is an
      elastic means attached to the casing and extending about the periphery of
      the ear-covering device and rearwardly from said casing toward the
      rearward portion of said ear-covering device.
NUM  6.
PAR  6. A device in accordance with claim 5 wherein the elastic means includes a
      pliable connecting piece attached to the casing, extending rearwardly from
      said casing toward the rearward portion of said ear-covering device and
      terminating in an annular, elastic, free edge smaller than the maximum
      periphery of said ear-covering device.
NUM  7.
PAR  7. A device in accordance with claim 1 wherein the balls are made of hard
      plastic having a smooth surface to facilitate the free movement of said
      balls against one another.
NUM  8.
PAR  8. A device in accordance with claim 1 wherein the balls are all of
      substantially the same size.
NUM  9.
PAR  9. A device in accordance with claim 1 wherein the balls have an average
      diameter in the range of about 1.5 to 5.0 mm.
NUM  10.
PAR  10. A device in accordance with claim 1 wherein the casing material is
      inelastic.
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ABST
PAL  An improved stethoscope for use in medical diagnosis as a listening device
      to detect sounds within the thoracic cavity is provided having improved
      sound reception and transmission characteristics. The improved stethoscope
      has an improved stethoscope chestpiece which has two sound chambers for
      receiving sounds as the instrument is placed against a patient. One sound
      chamber is the same as that described in my earlier U. S. Pat. No.
      3,067,833, utilizing a diaphragm across the mouth of the sound chamber,
      while the second sound chamber utilizes no diaphragm. The structure
      forming the second sound chamber is rotatable with respect to the
      structure forming the first sound chamber; rotation of the second
      structure with respect to the first structure between two stops results in
      the two chambers being acoustically connected at one position while at the
      second position the two chambers are acoustically insulated from each
      other. Dual sound transmission passageways are utilized for providing the
      physician with stereophonic sounds at all times. A sound mixing block is
      also provided which the stethoscope user may utilize at his option to
      provide an increased stereophonic effect and to provide a greater richness
      to the sound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to stethoscopes utilized in medical diagnosis and
      more particularly it relates to a novel stethoscope having a new
      stethoscope chest piece, which has characteristics greatly improved over
      the characteristics of stethoscopes known heretofore, and having a sound
      mixer. This invention specifically relates to a further improved
      stethoscope having improved characteristics over those found in my
      previous stethoscope chestpiece invention as described in U.S. Pat. No.
      3,067,833, issued to me. The user of the invention can, at his option,
      employ a sound mixing block which when used in conjunction with the
      improved stethoscope chest piece provides the most greatly improved
      characteristics over those found in stethoscopes known heretofore. For his
      investigation of a variety of normal and abnormal sounds produced within
      the human body, the physician relies in large measure upon listening to
      these sounds with a stethoscope. Of particular importance are the
      characteristics of the heart sounds, heart murmurs, breath sounds and
      rales. The presence of any one of several types of lesions in or near the
      valves of the heart give rise to eddies in the blood flow. Such eddies
      result in abnormal sounds known as murmurs. Murmurs are important in the
      diagnosis of several conditions such as mitral stenosis, which is a
      narrowing of the left atrioventricular orifice. Rales are those sounds
      produced by the passage of air through portions of the bronchial tree
      which have been narrowed or which contain fluid and debris.
PAR  All the aforementioned sounds consist of mixtures of tones of different
      frequencies and intensities. Each sound consists of the fundamental tone,
      which is the note of lowest pitch, and a number of higher-pitched tones
      called the overtones. The tonal quality of a sound is determined by the
      number of overtones present, the frequencies of the overtones and their
      relative intensities. Generally, the more overtones present, the richer
      the tone color or tone quality. To reproduce sound faithfully, an
      instrument must be capable of transmitting all frequencies involved and
      must transmit them at an adequate intensity.
PAR  It is well known that the standard stethoscope does not transmit all sound
      frequencies and that it cannot amplify sound. Therefore it cannot transmit
      all overtones and cannot faithfully reproduce the sounds which come from
      the heart and lungs in all their natural color. Additionally, the standard
      stethoscope does not generally provide for the stereophonic transmission
      of two separate sounds from the sound chamber. The usual practice is to
      transmit the sound coming from the sound chamber through a single tube for
      a distance of about two feet. After that distance has been traversed, the
      tube is split at a "Y" joint with the two separate tubes each carrying the
      sounds of one of the stethoscope user's ears. Such non-stereophonic or
      monaural sound transmission provides the same sound of each of the
      physician's ears; this does not provide for an optimum transmission of the
      sound of interest. For these reasons, the conventional stethoscope has
      fallen into disrepute as a diagnostic instrument for discerning pathologic
      changes in body structures.
PAR  When a sound is initiated in a large empty room, the persistence of that
      sound is most striking; this phenomenon being that of reverberation and
      being caused by multiple echo reflections repeated in rapid succession
      within a closed space in which there is little absorption of sound energy.
      In the conventional diaphragm-type chest piece, just such a closed space
      exists as a sound chamber in which sound waves initiated by diaphragmatic
      excursion travel to the walls of the sound chamber and are reflected back
      and forth at random. Because the surfaces of the sound chamber are
      polished and hard and non-porous, absorption of sound is poor, and sound
      energy tends to build up as reverberation. Reverberation also tends to be
      more extensive in smaller chambers because reflections follow one another
      more rapidly. Reverberation time in the ordinary chest piece tends to be
      high, and as a result there is confusion between tones being perceived by
      the stethoscope user and the echo reflections of the preceding tones that
      the stethoscope user has already heard. Moreover, muddling, indistinctness
      and lack of intelligibility of the sounds are additional problems present
      in the conventional stethoscope.
PAR  My earlier improved stethoscope, as described in U.S. Pat. No. 3,067,833,
      had improved sound reception and transmission characteristics. These
      improved sound reception and transmission characteristics, via the
      diaphragm enclosed chamber of my invention described in U.S. Pat. No.
      3,067,833, were particularly an improvement in the sound range from
      approximately 90 to 2,000 cycles per second (CPS).
PAR  The present invention utilizes a portion of the structure of my previous
      invention and also incorporates a new, second sound chamber. The new,
      second sound chamber used in my present invention has improved sound
      reception and transmission characteristics, particularly in the range of
      approximately 20 to 90 CPS. Accordingly, the present invention, by
      utilizing two optionally selected and optionally acoustically
      interconnected sound chambers, provides a stethoscope having improved
      sound reception and transmission characteristics for sounds occuring in
      the range of approximately 20 to 2,000 CPS.
PAR  The present invention in one of its embodiments also provides for separate
      stereophonic transmission of sound from the sound chamber to each of the
      stethoscope user's ears, thus overcoming the mixed sound characteristics
      of previous stethoscopes which transmitted the same sound via a single
      tube, with a "Y" shaped split, to the stethoscope user's two ears. The
      present invention in another of its embodiments further provides for
      transmission of two slightly different acoustic images, one to each of the
      stethoscope user's ears, thus creating a stereophonic effect. This is in
      contrast to the ordinary stethoscope which transmits only one acoustic
      image, via a single tube with a "Y" shaped split to the two ears of the
      stethoscope user.
PAR  In yet another embodiment of the present invention there is provided a
      sound mixing block which is optionally useable with either of the improved
      stethoscope chestpieces of the present invention. When the sound mixing
      block is used, the stethoscope user receives the richest and most intense
      sounds from the patient.
PAR  It is therefore an object of this invention of provide an improved
      stethoscope utilizing an improved stethoscope chestpiece which is capable
      of intensifying sound.
PAR  It is another object of this invention to provide such a chest piece which
      will increase the distinctiveness of a plurality of different sounds.
PAR  It is another object of this invention to provide such a chest piece which
      will provide increased resolution and clarity of the transmitted sounds.
PAR  It is another object of this invention to provide such a chest piece which
      is capable of faithfully transmitting sound having an extremely broad
      range of frequencies.
PAR  It is another object of this invention to provide such a chest piece which
      has two sound chambers.
PAR  It is another object of this invention to provide such a chest piece which
      has one sound chamber designed for excellent reception and transmission of
      sounds in the 20 to 90 CPS range and a second sound chamber designed for
      excellent reception and transmission of sounds in the 90 to 2,000 CPS
      range.
PAR  It is yet another object of this invention to provide such a chest piece,
      incorporating all of the objects recited above, which further provides a
      facility for a stereophonic transmission of sounds from the sound chambers
      of the chest piece to the stethoscope user's two ears via two separate
      sound transmission tubes.
PAR  It is yet another object of this invention to provide a chest piece,
      incorporating all of the objects recited above, wherein the two sound
      chambers are optionally selectable and wherein acoustic connection or
      insulation of the two sound chambers, one to another, is optionally
      selectable.
PAR  It is another object of this invention to provide a sound mixing apparatus
      which permits a portion of the sounds traveling through two separate
      passageways leading from a stethoscope chest piece to the stethoscope
      user's ears to be mixed together thus providing an increased stereophonic
      effect and improving the depth of the sound perceived by the stethoscope
      user.
PAR  It is another object of this invention to accomplish the object set forth
      immediately above wherein the sound mixing apparatus is optionally useable
      by the stethoscope user.
PAR  Other objects and advantages of this invention will be apparent to those of
      ordinary skill in the art from the following specification and brief
      description of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the improved stethoscope chest piece of the present
      invention.
PAR  FIG. 2 is a sectional view of the improved stethoscope chest piece of the
      present invention taken along section 2--2 indicated in FIG. 1.
PAR  FIG. 3 is a fragmentary top view of an alternative embodiment of the
      improved stethoscope chest piece of the present invention.
PAR  FIG. 4 is a sectional view of the sound mixing block of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE IMPROVED STETHOSCOPE CHEST
      PIECE
PAR  Referring now to FIGS. 1 and 2, there is shown a top view of the improved
      stethoscope chest piece of the present invention, where the complete chest
      piece has a generally circular configuration. The main portion of the
      improved stethoscope chest piece of the present invention is comprised
      primarily of two solid body portions, a first solid body portion 1 and a
      second solid body portion 20. A retaining snap ring 3 is employed to
      retain a solid discoid diaphragm 2, which is not visible in FIG. 1, in a
      substantially fixed position with respect to the first solid body portion
      1. First and second sound transmission passageways 12 and 12' are formed
      in the first solid body portion 1. First and second hollow tubular
      extension members 5 and 5' are press-fitted into sound transmission
      passageways 12 and 12'. The conventional sound tubes 4 and 4' lead to a
      conventional stethoscope ear piece apparatus which is not shown. Apertures
      11 and 11' are the intersection of the first and second sound transmission
      passageways 12 and 12' with the parabolodial surface of the sound chamber
      A. It is to be understood that in accordance with the stethoscope chest
      piece of the present invention there is no acoustic interconnection
      between the sound passage formed by the second sound transmission
      passageway 12', the hollow tubular extension member 5' and the sound tube
      4'. Specifically, once sound waves enter sound chamber A and begin to
      travel to the ears of the physician via these two paths, there is no
      mixing of the sound waves traveling in one passage with the sound waves
      traveling in the second passage; the user of the stethoscope receives the
      sounds stereophonically.
PAR  A third sound transmission passageway 13 formed in the first solid body
      portion 1 serves to acoustially connect the first sound transmission
      passageway 12 with the planar surface 15 of the first solid body portion
      1.
PAR  The second solid body portion 20 has a bell shaped concave recess which
      forms sound chamber B. A fourth sound transmission passageway 24 in the
      second body portion 20 provides for transmission of sound from sound
      chamber B to the planar surface 22 of the second solid body portion 20.
      Planar surface 22 of the second solid body portion is co-planar with the
      planar surface 15 of the first solid body portion 1. An appropriate screw
      30 secures the two solid body portions 1 and 20 together. However, it is
      to be understood that the torque applied to screw 30 is chosen so as to
      tighten screw 30 only to a degree where movement of the second solid body
      portion 20 with respect to the first solid body portion 1 is permitted. It
      is to be further understood that such movement is of a rotational nature
      about the screw 30 as indicated by the arrow in FIG. 1. Such movement
      occurs in response to an external torque applied by the stethoscope user,
      and planar surfaces 15 and 22 remain in contact before, during and after
      the movement. A curved groove 23 is provided in the second solid body
      portion 20. The groove 23 is suitably sized for receipt of a stop pin 14
      which is imbedded in the first solid body portion 1 and which protrudes
      from planar surface 15. The combination of the curved groove 23 and the
      stop pin 14 act in concert with the screw 30 to limit the movement of the
      second solid body portion with respect to the first solid body portion 1.
PAR  It will be understood that movement of the second solid body portion 20
      with respect to the first solid body portion 1, in response to an external
      torque applied by the stethoscope user, will be only between two (2)
      discrete extreme positions. These two discrete extreme positions define
      two optionally selectable configurations of the stethoscope chest piece.
      The first configuration, designated hereinafter as "Position 1+ is the
      configuration illustrated by FIGS. 1 and 2 where the stop pin 14 is at the
      counterclockwise extremity of the curved groove 23, when the chest piece
      is viewed from the top, as in FIG. 1. The second configuration, designated
      hereafter as "Position 2" is the configuration where the stop pin 14 is at
      the clockwise extremity of the curved groove 23. This configuration would
      be achieved by turning the second solid body portion 20, in the
      counter-clockwise direction indicated by the arrow in FIG. 1, until the
      stop pin 14 contacts the clockwise extremity of the curved groove 23. It
      is believed that the configuration of the stethoscope chest piece of the
      present invention when the chest piece has achieved Position 2 is clearly
      described herein and that no drawing of the chest piece configured in
      Position 2 is necessary.
PAR  Reference is now made to FIG. 2, which shows the improved stethoscope chest
      piece of the present invention in even more detail. The first solid body
      portion 1 and the solid discoid diaphragm 2 are held in position by the
      retaining snap ring 3.
PAR  The structural configuration of sound chamber A, concentric grooves 6 and
      7, concentric flats 8, 9 and 10, and the relationship of the solid discoid
      diaphragm 2, all as shown in FIG. 2, is substantially the same as revealed
      in my previous improved stethoscope described in my U.S. Pat. No.
      3,067,833, the disclosure of which is hereby incorporated herein by
      reference. The stop pin 14 is force fit into a hole counterbored in the
      first solid body portion 1 in such a way that the stop pin 14 extends
      outward from the planar surface 15.
PAR  The sound chamber designated as sound chamber B is formed in an upper
      surface of the second solid body portion 20, starting at the paraboloidal
      surface of sound chamber B, for securing the second solid body portion 20
      to the first solid body portion 1, via the screw means 30. The fourth
      sound transmission passageway, designated as 24 in the second solid body
      portion 20, is shown as a somewhat larger passageway than the third sound
      transmission passageway 13, and is shown acoustically connecting sound
      chamber B and the planar surface 22 of the second solid body portion 20.
      It is to be understood that the disparity in size of passageways 13 and
      24, as shown in the drawings, is not necessary for the successful
      operation of the invention. Passageways 13 and 24 have been shown to be of
      two different diameters to aid the clarity of the drawings.
PAR  It will be noted that the spatial relationship of the third sound
      transmission passageway 13 and the fourth sound transmission passageway
      24, when the stethoscope chest piece is in the configuration of Position
      1, is shown in both FIGS. 1 and 2, with the relationship being perhaps
      more clearly perceived by reference to FIG. 2. In Position 1, the third
      sound transmission passageway 13 and the fourth sound transmission
      passageway 24 clearly are in acoustic communication. When the stethoscope
      chest piece is in Position 1, soundwaves present in sound chamber B travel
      through the fourth passageway 24 to the third passageway 13 and from the
      third passageway 13 to the first passageway 12. From the first passageway
      12, some of the sound will travel to an ear of the stethoscope user via
      the hollow tubular extension member 5 and sound tube 4 while another
      portion of the sound will reach the remaining ear of the stethoscope user
      by traveling through sound chamber A, the second passageway 12', hollow
      tubular extension member 5' and sound tube 4'.
PAR  When the second solid body portion 20 has been rotated counterclockwise
      with respect to the first solid body portion 1 so that the stethoscope
      chest piece is in Position 2, it will be apparent that there is no
      acoustic communication between passageways 13 and 24 and that only sound
      chamber A is operative. The third sound transmission passageway 13 will be
      closed by the planar surface 15 of the first solid body portion 1. When
      the stethoscope chest piece is in Position 2, some of the sound in sound
      chamber A will travel to one of the stethoscope user's ears via the first
      passsageway 12, the hollow tubular extension member 5 and the sound tube 4
      while another portion of sound will reach the remaining ear of the
      stethoscope user via the second passageway 12', the hollow tubular member
      5' and the sound tube 4'. No sound from the sound chamber B will reach the
      stethoscope user's ears when the stethoscope chest piece is in Position 2
      because in Position 2, sound chamber B is acoustically insulated from the
      remainder of the chest piece due to the absence of acoustic communication
      between passageways 13 and 24.
PAR  It will be understood that the term "acoustic communication"  as used
      herein denotes the condition whereby the positional relationship of two
      passageways for the transmission of sound is such that sound waves present
      in one such passageway may travel directly into the second passageway via
      the air present in the two passageways without traveling through any solid
      material. Furthermore, in such a condition, there is no barrier to the
      free migration of air from one such passageway into the second such
      passageway. Likewise, it will be understood that the term "acoustic
      insulation" as used herein denotes the condition whereby the positional
      relationship of two passageways for the transmission of sound is such that
      sound waves present in one such passageway may not travel directly into
      the second passageway via the air in the two passageways but rather the
      sound waves are confronted with a solid barrier. Accordingly, in this
      condition, the solid barrier prevents the free migration of air from such
      a first passageway into the second such passageway.
PAR  It will also be understood that the term "acoustic insulation" as used
      herein is a relative term and has meaning only when used to describe a
      condition with respect to sound waves of a low intensity. In this context
      low intensity sound waves denote sound waves of the intensity occuring in
      either sound chamber of the stethoscope chest piece of the present
      invention when that chosen sound chamber is placed against a patient's
      body. Such low intensity sound waves cannot travel through solid
      structure. Accordingly, a user of the stethoscope would hear nothing if
      the stethoscope chest piece were configured in a position whereby the
      sound chamber which was placed against the patient was acoustically
      insulated from the sound transmission passageways leading to the
      stethoscope user's ears. It is further to be understood that the physician
      using the stethoscope will use sound chamber B for listening to body
      sounds when the chest piece apparatus is in Position 1 described above. He
      will use the diaphragm side, sound chamber A, and when the chest piece is
      in the above described Position 2.
PAC  DESCRIPTION OF AN ALTERNATIVE EMBODIMENT OF THE IMPROVED STETHOSCOPE
      CHESTPIECE
PAR  FIG. 3 is a fragmentary top view of an alternative embodiment of the
      present improved stethoscope chest piece invention, wherein an additional
      sound transmission passageway 24' is provided in the second solid body
      portion 20 for acoustic connection with an additional sound transmission
      passageway 13' provided in the first solid body portion 1. Use of this
      embodiment of the invention is identical to the use of the first
      embodiment of the invention as described above. Specifically, when the
      second solid body portion 20 is rotated counterclockwise (in the direction
      of the arrow shown in FIG. 3) from Position 1 to Position 2, upon
      attaining Position 2 there is no acoustic connection either between
      passageway 13 and passageway 24 or between passageway 13' and passageway
      24'.
PAR  In either embodiment, the first solid body portion 1 and the second solid
      body portion 20 can be manufactured of any reasonably hard material which
      can be suitably molded or machined. The first solid body portion 1 has
      been manufactured of a steel alloy, while the second solid body portion 20
      has been manufactured of a Bakelite-type material. Diaphragm 2 may
      conventionally be formed from any hard, thin material suitable for
      acoustic transmission use, such as the material known as Muscovite Mica.
      The remaining structural elements such as the retaining snap-ring 3, the
      hollow tubular extension members 5 and 5', the stop pin 14, etc., may be
      made of any suitable material which may be appropriately machined and
      formed.
PAC  DESCRIPTION OF THE SOUND MIXER
PAR  The sound mixer of the present invention is shown in a sectional view, FIG.
      4. It is to be understood that the sound mixer can be used in combination
      with either of the embodiments of the chest piece described above and it
      is also to be understood that when the sound mixer is used with either
      embodiment of the improved chest piece, the sounds perceived by the
      stethoscope user will be of even greater intensity and will have even
      greater three dimensional, stereophonic effect than when one of the
      embodiments of the improved stethoscope chest piece is used without the
      sound mixer. Furthermore, either of the embodiments of the improved
      stethoscope chest piece described above can be successfully utilized
      without the sound mixer of the present invention and those embodiments of
      the improved stethoscope chest piece will still provide more accurate and
      higher intensity sounds than have been heretofore available from
      stethoscope chest pieces. These improved stethoscope chest pieces also
      will provide three dimensional, stereophonic sounds which have not been
      available heretofore. However, the most preferred embodiment of the
      present invention is to utilize the stethoscope chest piece described
      initially above with the sound mixer described herein.
PAR  The sound mixer 40 is comprised of a solid block 41 which has passageways
      42 and 43 therein for transmission of sound therethrough. Hollow sound
      transmission tubes 50, 51, 52 and 53 of approximately the same outside
      diameter and formed similarly to tubes 5 and 5' extending from the
      stethoscope chest piece, are press fitted into the ends of the passageways
      42 and 43. The hollow sound transmission tubes 50, 51, 52 and 53 in
      combination with passageways 42 and 43 serve to connect sound tubes 4 and
      4', which come from either embodiment of the improved stethoscope chest
      piece described above, to sound tubes 4" and 4'", which in turn lead to
      the stethoscope user's ears. A connecting passageway 44 connects
      passageway 42 with passageway 43. Accordingly, passageway 42 is always in
      acoustic communication with passageway 43. Passageway 44 permits a small
      portion of the sound which has entered passageway 43 from sound tube 4 to
      travel to passageway 42 and on to the stethoscope user's ear via sound
      tube 4" while the majority of the sound in passageway 43 continues to
      travel to the stethoscope user's ear through sound transmission passageway
      4'". Correspondingly, a small portion of the sound which has entered
      passageway 42 from sound transmission tube 4' travels through passageway
      44 to passageway 43 and to the stethoscope user's ear via sound
      transmission tube 4"', while the majority of the sound in passageway 42
      travels to the stethoscope user's other ear via sound transmission tube
      4". It has been found that use of the sound mixer 40 makes the sound
      images perceived by the stethoscope user more clear. Use of the sound
      mixer 40 aids the stereophonic effect perceived by the stethoscope user.
PAR  It is also to be understood that the use of the sound mixer described
      herein is not limited to use in conjunction with one of two improved
      stethoscope chest pieces which are part of the present invention.
      Specifically, the sound mixer has been very successful utilized in
      conjunction with the dual chest piece stethoscope described in U.S. Pat.
      No. 3,144,091 issued to me.
PAR  It is further to be understood that the stethoscope user may utilize either
      embodiment of the improved stethoscope chest piece described herein, first
      with the sound mixer and then without the sound mixer, while examining the
      same patient, in order to hear the widest variety of sounds being produced
      within the body of the patient. It is to be understood that the sound
      tubes 4, 4', 4" and 4"' are pushed onto the ends of the hollow sound
      transmission tubes 50, 51, and 53 of the sound mixer and that sound tubes
      4 and 4' are similarly pushed onto the sound transmission extension tubes
      5 and 5'. Accordingly, sound tubes 4" and 4"' coming from a conventional
      stethoscope ear piece, which is not shown, can be fitted onto tubes 5 and
      5' by the stethoscope user, thus providing for use of the chosen
      embodiment of the stethoscope chest piece without the sound mixer.
PAR  In clinical use, the herein described and claimed stethoscope chest piece
      has proven to transmit sounds over a greatly increased frequency range,
      has provided significant intensification of sound, has adequately
      transmitted overtones, has provided excellent resolution of body sounds,
      has reduced sound reverberation interference and spherical aberration, has
      improved transmission of low pitch, high pitch and second heart sounds,
      has permitted easy hearing of emphysematous chest and thick walled chest
      sounds and has proved to be of aid to a diagnostician whose hearing is
      defective. Clinical experience has shown that the sensitivity of the chest
      piece of this invention is increased over conventional stethoscopes with
      heart sounds, including gallops, being well appreciated. Low pitch murmurs
      of mitral stenosis are heard well. Moreover, diagnosis of breath sounds is
      significantly aided when use is made of the improved stethoscope chest
      piece of this invention.
PAR  While the preferred embodiment of this invention and an alternative
      embodiment have been described in some detail, it will be apparent to
      those of skill in the art that various modifications can be made within
      the scope of the present invention as defined in the appended claims.
CLMS
STM  Having thus described my invention, I claim the following:
NUM  1.
PAR  1. An improved stethoscope chest piece having two cavities therein, each of
      said cavities forming respectively a first and second sound chamber in
      said chest piece, a first one of said two sound chambers having a flat,
      substantially rigid diaphragm disposed in a planar relationship with said
      first sound chamber so as to form a closed sound chamber, said chest piece
      further having means for providing for both optionally selectable acoustic
      insulation of said second sound chamber from said first sound chamber and
      optionally selectable acoustic communication of said first and second
      chambers.
NUM  2.
PAR  2. An improved stethoscope chest piece comprising:
PA1  a. a first solid body portion having a first sound chamber therein, having
      first and second passageways for transmission of sound therethrough, said
      first and second passageways providing means for acoustically connecting
      said sound chamber with conventional stethoscope sound tubes, said first
      solid body portion having a third passageway acoustically connecting said
      first passageway with a surface of said first solid body portion for sound
      transmission therebetween, said surface of said first solid body portion
      being complementarily configured for mating with a similarly
      complementarily configured surface of a second solid body portion;
PA1  b. a second solid body portion having a second sound chamber therein, said
      second solid body portion having a fourth passageway therein for
      transmission of sound therethrough, said fourth passageway acoustically
      connecting said second sound chamber in said second solid body portion
      with a surface of said second solid body portion for sound transmission
      therebetween, said surface of said second solid body portion being
      complementarily configured for mating with said complementarily configured
      surface of said first solid body portion;
PA1  c. means for securing together said first and second solid body portions,
      said means being adapted to provide for movement of said second solid body
      portion with respect to said first solid body portion in response to an
      externally applied force, said movement being between first and second
      fixed positions;
PAL  wherein said first and second solid body portions are so disposed that when
      said second solid body portion is at the first fixed position with respect
      to said first solid body portion, said third passageway in said solid body
      portion is in acoustic communciation with said fourth passageway in said
      second solid body portion, and such that when said second solid body
      portion is at said second fixed position with respect to said first solid
      body portion, said third passageway in said first solid body portion is
      acoustically insulated from said fourth passageway in said second solid
      body portion.
NUM  3.
PAR  3. The improved stethoscope chest piece of claim 2 wherein:
PA1  a. said first solid body portion has a first additional passageway for
      transmission of sound therethrough, said additional passageway being
      denominated as a fifth passageway acoustically connecting said second
      passageway and a surface of said first solid body portion for sound
      transmission therebetween; and
PA1  b. said second solid body portion has a second additional passageway for
      transmission of sound therethrough, said second additional passageway
      being denominated as a sixth passageway for transmission of sound, said
      sixth passageway acoustically connecting said sound chamber in said second
      solid body portion and a surface of said second solid body portion for
      sound transmission therebetween; and
PAL  wherein said first and second solid body portions are so disposed that when
      said second solid body portion is at said first fixed position with
      respect to said first solid body portion, said fifth passsageway in said
      first solid body portion is in acoustic communication with said sixth
      passageway in said second solid body portion, and such that when said
      second solid body portion is at said second fixed position with respect to
      said first solid body portion, said fifth passageway in said first solid
      body portion is acoustically insulated from said sixth passageway in said
      second solid body portion.
NUM  4.
PAR  4. The improved stethoscope chest piece of claim 2, further comprising:
PA1  a. a thin diaphragm covering said first sound chamber in said first solid
      body portion; and
PA1  b. means for retaining said diaphragm in sound transmitting relationship to
      said first sound chamber.
NUM  5.
PAR  5. The improved stethoscope chest piece of claim 3, further comprising:
PA1  a. a thin diaphragm covering said first sound chamber in said first solid
      body portion; and
PA1  b. means for retaining said diaphragm in sound transmitting relationship to
      said first sound chamber.
NUM  6.
PAR  6. An improved stethoscope chest piece comprising:
PA1  a. a first solid body portion having at least three distinct exterior
      surfaces, a first one of said three distinct exterior surfaces having a
      first sound chamber therein, said first solid body portion having first
      and second passageways for transmission of sound therethrough, said first
      and second passageways acoustically connecting said first sound chamber to
      a second one of said three distinct exterior surfaces of said first solid
      body portion for sound transmission therebetween, said first solid body
      portion having a third passageway for sound transmission therethrough,
      said third passageway acoustically connecting said first passageway with
      said third distinct surface of said first solid body portion for sound
      transmission therebetween, said third distinct surface of said first solid
      body portion being a planar surface suitably adapted for flush mounting
      thereo a similar planar surface of a second solid body portion;
PA1  b. two hollow tubular extension members extending from and in force-fit
      relation with said first and second passageways, said hollow tubular
      extension members being means for transmitting sound therethrough from
      said first and second passageways to first and second conventional
      stethoscope sound transmission tubes;
PA1  c. a second solid body portion having at least two distinct exterior
      surfaces, a first one of said two distinct exterior surfaces having a
      second sound chamber therein, a second one of said two distinct external
      surfaces of said second solid body portion being a planar surface suitably
      adapted for flush mounting thereto a similar planar surface of said first
      solid body portion, said second solid body portion having a fourth
      passageway for transmission of sound therethrough, said fourth passageway
      acoustically connecting said second sound chamber in said second solid
      body portion to said planar surface of said second said body portion for
      sound transmission therebetween; and
PA1  d. means for securing together said first and second solid body portions,
      said means being adapted to provide for rotational movement of said second
      solid body portion with respect to said first solid body portion in
      response to an externally applied torque, while said first and second
      solid body portions are secured together, said movement being between
      first and second fixed positions;
PAL  wherein said first and second solid body portions are so disposed that when
      said second solid body portion is at said first fixed position with
      respect to said first solid body portion, said third passageway in said
      first solid body portion is in acoustic communication with said fourth
      passageway in said second solid body portion, and such that when said
      second solid body portion is at said second fixed position with respect to
      said first solid body portion, said third passageway in said first solid
      body portion is acoustically insulated from said fourth passageway in said
      second solid body portion.
NUM  7.
PAR  7. The improved stethoscope chest piece of claim 6, wherein there is a
      substantially parabolodial shaped subchamber, within said first sound
      chamber, in acoustic communication with said first and second passageways
      for transmission of sound in said first solid body portion, and wherein an
      annular groove is formed within said first sound chamber concentrically
      spaced from said subchamber, and wherein an annular flat surface present
      on said first solid body portion interconnects said annular groove and
      said subchamber in acoustical relationship wherein said flat surface forms
      a small, acute angle within the plane of a diaphragm, and wherein said
      improved stethoscope chest piece of claim 6 further comprises:
PA1  a. a thin diaphragm covering said first sound chamber; and
PA1  b. means for retaining said diaphragm in sound transmitting relationship to
      said first sound chamber.
NUM  8.
PAR  8. The improved stethoscope chest piece of claim 7, wherein said subchamber
      is recessed with respect to said flat surface.
NUM  9.
PAR  9. The improved stethoscope chest piece of claim 6, wherein:
PA1  a. said first solid body portion has an additional passageway for
      transmission of sound therethrough, said additional passageway being
      denominated as a fifth passageway acoustically connecting said second
      passageway and said third distinct surface of said first solid body
      portion for sound transmission therebetween;
PA1  b. said second solid body portion has a second additional passageway for
      transmission of sound therethrough, said second additional passageway
      being denominated as a sixth passageway for transmission of sound, said
      sixth passageway acoustically connecting said second sound chamber in said
      second solid body portion with said planar surface of said second solid
      body portion for sound transmission therebetween;
PAL  wherein said first and second solid body portions are so disposed that when
      said second solid body portion is at said first fixed position with
      respect to said first solid body portion, said fifth passageway in said
      first solid body portion is in acoustic communication with said sixth
      passageway in said second solid body portion, and such that when said
      second solid body portion is at said second fixed position with respect to
      said first solid body portion, said fifth passageway in said first solid
      portion is acoustically insulated from said sixth passageway in said
      second solid body portion.
NUM  10.
PAR  10. The improved stethoscope chest piece of claim 9 wherein there is a
      substantially parabolodial shaped subchamber within said first sound
      chamber in acoustic communication with said first and second passageways
      for transmission of sound in said first solid body portion, and wherein an
      annular groove is formed within said first sound chamber concentrically
      spaced from said subchamber, and wherein an annular flat surface present
      on said first solid body portion interconnects said annular groove and
      said subchamber in acoustical relationship wherein said flat surface forms
      a small, acute angle with the plane of a diaphragm, and wherein said
      improved stethoscope chest piece of claim 9 further comprises:
PA1  a. a thin diaphragm covering said first sound chamber; and
PA1  b. means for retaining said diaphragm in sound transmitting relationship to
      said first sound chamber.
NUM  11.
PAR  11. The improved stethoscope chest piece of claim 10 wherein said
      subchamber is recessed with respect to said flat surface.
NUM  12.
PAR  12. The improved stethoscope chest piece of claim 6 wherein said means for
      securing together said first and second solid body portions is adapted to
      provide for rotational movement of said second solid body portion with
      respect to said first solid body portion in response to an externally
      applied torque while said first and second solid body portions are secured
      together, and further comprises:
PA1  a. screw means passing through said second solid body portion and
      rotationally engaging thread means in said first solid body portion;
PA1  b. thread means tapped in said first solid body portion;
PA1  c. pin means protruding from said planar surface of said first solid body
      portion;
PA1  d. curved groove means in said planar surface of said second solid body
      portion, said curved groove means being suitably disposed for receipt of
      said pin means in sliding engagement, said curved groove means further
      being curved about a portion of a circle which if drawn would have its
      center coincident with the center line of said screw means;
PAL  wherein said screw means, said thread means, said pin means and said curved
      groove means together define first and second fixed positions of said
      first and second solid body portions with respect to each other, said
      first and second fixed positions coinciding respectively with the pin
      means being at a first end and at a second end of said curved groove
      means.
NUM  13.
PAR  13. The improved stethoscope chest piece of claim 9 wherein said means for
      securing together said first and second solid body portions is adapted to
      provide for rotational movement of said second solid body portion with
      respect to said first solid body portion in response to an externally
      applied torque while said first and second solid body portions are secured
      together and further comprises:
PA1  a. screw means passing through said second solid body portion and
      rotationally engaging thread means in said first solid body portion;
PA1  b. thread means tapped in said first solid body portion;
PA1  c. pin means protruding from said planar surface of said first solid body
      portion;
PA1  d. curved groove means in said planar surface of said second solid body
      portion, said curved groove means being suitably disposed for receipt of
      said pin means in sliding engagement, said curved groove means further
      being curved about a portion of a circle which if drawn would have its
      center coincident with the center line of said screw means;
PAL  wherein said screw means, said thread means, said pin means and said curved
      groove means together define first and second fixed positions of said
      first and second solid body portions with respect to each other, said
      first and second fixed positions coinciding respectively with the pin
      means being at a first end and at a second end of said curved groove
      means.
NUM  14.
PAR  14. The improved stethoscope chest piece of claim 2 wherein said means for
      securing together said first and second solid body portions is adapted to
      provide for rotational movement of said second solid body portion with
      respect to said first solid body portion in response to an externally
      applied torque while said first and second solid body portions are secured
      together and further comprises:
PA1  a. screw means passing through said second solid body portion and
      rotationally engaging thread means in said first solid body portion;
PA1  b. thread means tapped in said first solid body portion;
PA1  c. pin means protruding from said planar surface of said first solid body
      portion;
PA1  d. curved groove means in said planar surface of said second solid body
      portion, said curved groove means being suitably disposed for receipt of
      said pin means in sliding engagement, said curved groove means further
      being curved about a portion of a circle which if drawn would have its
      center coincident with the center line of said screw means;
PAL  wherein said screw means, said thread means, said pin means and said curved
      groove means together define first and second fixed positions of said
      first and second solid body portions with respect to each other, said
      first and second fixed positions coinciding respectively with the pin
      means being at a first end and at a second end of said curved groove
      means.
NUM  15.
PAR  15. The improved stethoscope chest piece of claim 3 wherein said means for
      securing together said first and second solid body portions is adapted to
      provide for rotational movement of said second solid body portion in
      response to an externally applied torque while said first and second solid
      body portions are secured together and further comprises:
PA1  a. screw means passing through said second solid body portion and
      rotationally engaging thread means in said first solid body portion;
PA1  b. thread means tapped in said first solid body portion;
PA1  c. pin means protruding from said planar surface of said first solid body
      portion;
PA1  d. curved groove means in said planar surface of said second solid body
      portion, said curved groove means being suitably disposed for receipt of
      said pin means in sliding engagement, said curved groove means further
      being curved about a portion of a circle which if drawn would have its
      center coincident with the center line of said screw means;
PAL  wherein said screw means, said thread means, said pin means and said curved
      groove means together define first and second fixed positions of said
      first and second solid body portions with respect to each other, said
      first and second fixed positions coinciding respectively with the pin
      means being at a first end and at a second end of said curved groove
      means.
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ABST
PAL  An acoustic amplifier securable detachably to the ears and supported by a
      head piece to amplify sound without the use of electricity.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In my invention first and second hollow cuplike members having separate
      openings are detachably secured to correspondng ears and are
      interconnected by a curved member resting on the top of the head and
      extending between the members. Each member has a curved sound reflecting
      surface which receives sound through an opening aligned in substantially
      the same plane, as the face of the user and exposing a front edge of an
      ear.
PAR  My invention provides enhanced hearing as compared to that obtainable in
      the absence of my invention. It can be used as a toy or novelty or for
      other purposes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side view showing a portion of my invention in use;
PAR  FIG. 2 is a view taken along line 2--2 in FIG. 1; and
PAR  FIG. 3 is a front view of my invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-3 left hand right hand cup like members 10 each
      have an outer surface 12 supporting a post 14 carrying a vertical sleeve
      16. A vertical bar 18 is slidable in each sleeve. A curved elongated
      member 20 has at each enlarged end 22 and enlarged vertical bore in which
      the corresponding bar 18 is also slidable.
PAR  Each member 10 has an outer surface which as viewed in a vertical plane has
      a spiral contour. Each member has an open section surrounded peripherally
      by a flange 24 of spiral contour carrying a surface padded with felt 26
      which surrounds the ear 28 and contacts the side of the head. Moreover,
      each member, when in position, has a side opening 30 approximately
      coincident with the front face of the user. Sound entering opening 30
      strikes the oval curved inner sound reflecting surface of cup-like member
      12 with the results indicated previously.
PAR  While I have described my invention with particular reference to the
      preferred embodiments and to the drawings, my protection is to be limited
      only by the terms of the claims which follow:
CLMS
STM  I claim:
NUM  1.
PAR  1. A sound amplifier comprising a pair of similar cups adapted to fit over
      a persons ears, in combination with a fitting adapted to be mounted on a
      persons head wherein each cup comprises a flat flange of spiral contour
      adapted to fit sealingly about a persons ear, wherein said flange has an
      upper end and a spaced lower end connected with an intermediate portion of
      spiral contour, including an integral outer shell of spiral contour
      extending outwardly from the flange having a transverse oval curvature
      providing an enclosure for the ear, said shell having an outer periphery
      terminating at the ends of the flange and a side opening between the said
      ends bounded by curved edges, wherein said fitting includes a curved
      member adjustably mounted on spaced vertical bars, including vertical
      sleeves projecting from the shells mounted movably on said bars.
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ABST
PAL  An acoustic speaker enclosure of sufficiently thin design that it may be
      suspended from a wall and then concealed by a framed picture being hung
      thereover. Forwardly directed sound from the speaker radiates transversely
      through 360.degree. through a first passage defined in the enclosure.
      Rearwardly directed sound from the speaker is transmitted to the resonator
      frame through a second free transverse passage as well as a baffled third
      passage. A rearwardly disposed resonance board of the speaker enclosure is
      in abutting contact with the wall, and rearwardly sound from the enclosure
      is transmitted through this resonance board to the wall to resonate the
      latter to radiate sound to the room in which the speaker enclosure is
      disposed. Due to the multiplicity of sources of sound from the acoustic
      disclosure, a hearer in a room is not cognisant of the location thereof,
      particularly when the enclosure is concealed by a framed picture. The
      speaker enclosure if desired may be modified to provide a desk or table
      supported unit.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of an application Ser.
      No. 434,188, filed Jan. 17, 1974, by LONNIE R. FORBES entitled SPEAKER
      ENCLOSURE, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an acoustic speaker enclosure for audio speakers
      that is particularly adapted to being formed in a sufficiently thin design
      as to be suspended from a wall and have a framed picture hung therof to
      conceal the same. The acoustic speaker enclosure may be modified to
      provide a desk or table supported unit.
PAR  2. Description of the Prior Art
PAR  In the past numerous acoustic speaker enclosures have been developed and
      used with audio speakers, but these prior art devices have the operational
      disadvantages that they are bulky in appearance and cannot be readily
      concealed in the room in which they are disposed.
PAR  A major object of the present invention is to provide an acoustic speaker
      enclosure of sufficiently thin design as to be suspended from a wall and
      concealed by a framed picture that is hung thereover.
PAR  Another object of the invention is to supply an acoustic speaker in which
      forwardly directed sound emanates radially from the entire periphery
      thereof, and rearwardly directed sound is transmitted to the supporting
      wall to resonate the same, and the rearwardly directed sound also being
      transmitted to the resonator frame of the enclosure through both a free
      second transverse passage and abaffed third passage.
PAR  Another object of the invention is to furnish an acoustic speaker enclosure
      that utilizes the wall from which it is suspended as a resonator, as well
      as directing sound generated by the acoustic speaker from a multiplicity
      of sources defined by the enclosure, and as a result a hearer not having
      the impression that the sound is emanating from a localized source.
PAC  SUMMARY OF THE INVENTION
PAR  The acoustic loud speaker enclosure in a preferred form is sufficiently
      thin as to be suspended in abutting contact with a wall and concealed
      behind a framed picture hung from the wall.
PAR  The enclosure includes a multi-sided resonator frame that has marginal side
      portions of forwardly and rearwardly disposed resonance boards secured to
      the peripheral edge surfaces thereof, and the frame and forward and
      rearward resonance boards cooperating to define an enclosed volume. The
      forward resonance board has a centered first aperture that is sized for
      mounting a large end of an acoustic speaker therein.
PAR  Groups of spaced first and second blocks are rigidly secured to the forward
      and rearward surfaces of the forward resonance board, with the first
      blocks supporting a coverboard forwardly of the forward resonance board,
      and the second blocks supporting a baffle sheet intermediately between the
      forward and rearward resonance boards. The baffle sheet has a second
      aperture therein through which the magnet end of the acoustic speaker
      extends. The magnet end and second aperture cooperate to define an annulus
      space. A number of spaced first and second elongate baffles are rigidly
      secured to the adjacent surfaces of the baffle and second resonance board.
PAR  Forwardly directed sound from the acoustic speaker travels transversely in
      all directions through a first passage defined between the coverboard and
      first resonance board. Rearwardly directed sound from the acoustic speaker
      travels freely through a second transverse passage formed between the
      first resonance board and baffle to the resonator frame. Also, rearwardly
      directed sound from the acoustic speaker also travels transversely through
      a labyrinth to the resonator frame. The labyrinth is defined by the spaced
      baffles, the rearward surface of the baffle sheet, and the forward surface
      of the rearward resonance board. Rearwardly directed sound also is
      transmitted to the wall through the rearward resonance board, with the
      wall resonating as a result thereof.
PAR  An acoustic speaker enclosure suitable for being supported on a desk or
      table may be provided by slightly modifying the preferred form of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a first form of the acoustic loud
      speaker enclosure;
PAR  FIG. 2 is a perspective view of the first form of the device supported from
      a wall;
PAR  FIG. 3 is a fragmentary transverse cross-sectional view of the device;
PAR  FIG. 4 is a transverse cross-sectional view of the device taken on the line
      4--4 of FIG. 2;
PAR  FIG. 5 is a second transverse cross-sectional view of the device taken on
      the line 5--5 of FIG. 2;
PAR  FIG. 6 is a transverse cross-sectional view of a second form of the device;
PAR  FIG. 7 is a front elevational view of a third form of acoustic loud speaker
      enclosure that may be supported on a desk or table;
PAR  FIG. 8 is a transverse cross-sectional view of the third form of the device
      taken on the line 8--8 of FIG. 7; and
PAR  FIG. 9 is a transverse cross-sectional view of a fourth form of the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The first form A of the loud speaker acoustic enclosure that is adapted to
      be supported in a fixed position on a wall G and concealed by a framed
      picture (not shown) is illustrated in FIGS. 1 to 5 of the drawings.
PAR  First form A includes a multi-sided frame 10 that is illustrated as being
      substantially square in shape, and is preferably formed from a hard wood
      such as Philippine mahogany, or the like. The frame 10, as shown in FIG.
      1, has a forward peripheral edge 10a and rear peripheral edge 10b.
PAR  A forward resonance board B is provided that is formed from a hard sheet
      material, commonly referred to as hard board, of which MASONITE is an
      example. The forward resonance board B has a forward side surface 12 and
      rear side surface 14. The forward resonance board B has a first centered
      aperture 16 therein that is sized to have a large end 18 of an electrical
      speaker C mounted therein by conventional means. Electrical speaker C is
      of conventional design currently available in the commercial market and
      includes a magnet end 20 of generally cylindrical configuration.
PAR  A number of first blocks 22 are provided that are preferably formed from a
      hard wood and are illustrated in FIG. 1 as being triangular and of
      substantial thickness. A number of second blocks 24 are also provided that
      are illustrated in FIG. 1 as of the same shape as the first blocks and
      also formed from a hard wood.
PAR  The first form A of the enclosure also includes a rear resonance board D
      that is illustrated as being of substantially the same size and shape of
      the forward resonance board B. Rear resonance board D has a forward side
      surface 26 and rear side surface 28. First form A of the enclosure
      includes a cover board E that is illustrated as being substantially the
      same size and shape as forward resonance board B. The first blocks 22, as
      may be seen in FIG. 1, are bonded by conventional means to the rear corner
      side surfaces of cover board E. Cover board E is preferably formed from a
      hard sheet material such as MASONITE that is commonly referred to
      commercially as hard board. In FIGS. 2 and 3 it will be seen that the rear
      surfaces of first blocks 22 are bonded to the corner portions of the
      forward surface 12 to support the cover board in forwardly spaced
      relationship to forward resonance board B. The cover board E and forward
      resonance board B cooperate to define a transverse passage 30 therebetween
      as shown in FIGS. 4 and 5 through which forwardly directed sound from
      electrical speaker C travels to radiate radially from the enclosure into
      the room in which the latter is disposed.
PAR  A baffle sheet F is also provided as a part of the first form A of the
      enclosure, and is also formed from hard board. Baffle board F is of
      substantially less transverse area than the forward and rear resonance
      boards B and D between which it is intermediately disposed. Baffle sheet F
      has a second centered aperture 32 formed therein through which the magnet
      end 20 of speaker C extends. The second aperture is of sufficient
      transverse area that it cooperates with magnet end 20 to define an annulus
      space 34 therebetween.
PAR  The forward surface of baffle sheet F at the corners thereof is bonded to
      the rear surfaces of second blocks 24. The rear surface 14 of forward
      resonance board B at the corner portions thereof is bonded to the forward
      edge surfaces 10a of resonator frame 10. The frame 10, forward resonance
      board B and rear resonance board cooperatively define an interior
      enclosure in which the baffle sheet F is disposed.
PAR  A pair of elongate first baffles 36 are illustrated in the drawings as
      being bonded to the rear surface of baffle sheet F on opposite sides of
      second aperture 32, and these baffles being generally rectangular in
      transverse cross-section. On the forward surface of the rear resonance
      board D a number of second elongate baffles are secured, out of alignment
      with first baffles 36 but parallel thereto.
PAR  The first and second baffles 36 and 38 are of sufficient depth that in
      cooperation with baffle sheet F and rear resonance board D a labyrinth 40
      is provided. In FIG. 4 it will be seen that a portion of rearwardly
      directed sound from electrical speaker C may travel freely through a
      second transverse passage 41 directly to all portions of resonator frame
      10. A portion of rearwardly directed sound from electrical speaker C will
      travel through annulus space 34 and then transversely through labyrinth 40
      to the resonator frame 10. Also, a portion of the rearwardly directed
      sound from the electrical speaker C will travel through rear resonance
      board D to wall G to resonate the latter. The rear resonance board D is
      preferably in abutting contact with the adjacent surface of wall G.
PAR  Transversely sapced eyes 33 are provided on the upper portion of frame 10
      between which a cord 35 extends, and the cord is engaged at substantially
      the center thereof by a hook 37 or other support affixed to wall G. The
      first form A of the enclosure when so supported has the rear resonance
      board D in abutting contact with wall G.
PAR  The paths of forward and rearwardly directed sound from the electrical
      speaker C through the first form A of -the enclosure is illustrated by
      arrows in FIG. 4.
PAR  From the above description it will be seen that sound generated by
      actuation of the electrical speaker C travels to the room in which the
      first form A of the speaker is disposed from a number of different
      sources. Forwardly directed sound from speaker C radiates radially in all
      directions from the enclosure through the first transverse passage 30.
      Rearwardly directed sound in part travels through the second transverse
      passage 41 to frame 10 to resonate the latter. A second portion of the
      rearwardly directed sound travels through labyrinth 40 to the frame 10. By
      varying the resistance of sound travel through labyrinth 40 which is
      accomplished by the number and spacing of baffles 36 and 38. The low notes
      produced by electrical speaker C may be emphasized or de-emphasized. Also,
      a portion of the rearwardly directed sound from speaker C travels through
      rear resonance board D to wall G to resonate the latter. Due to the
      multiplicity of sources from which sound emanates from the first form A of
      the enclosure, a hearer in a room in which the enclosure is disposed has
      no sensation of the sound coming from a localized source. When the first
      form A of the enclosure is concealed behind a framed picture it is even
      more difficult for a hearer to pinpoint the source from whence the sound
      originates.
PAR  A second form A-1 of the acoustic speaker enclosure is shown in FIG. 6 that
      is identical to the first form A, other than that baffle strips 42 are
      secured to the adjacent free ends of at least a portion of the first and
      second baffles 36 and 38 to increase the resistance to sound traveling
      through labyrinth 40. By use of baffle strips 42 it is possible to lower
      the low notes radiated by the second form A-1 of the enclosure by at least
      an octave.
PAR  A third form A-2 of the enclosure is shown in FIGS. 7 and 8 that is
      particularly adapted for being supported on a desk or table (not shown).
      The third form A-2 is identical to the first form A, other than in the
      third form the second baffles 38 are omitted. Elements in third form A-2
      common to first form A are identified in FIGS. 7 and 8 by the same letters
      and numerals previously used on first form A, but to which primes have
      been added. The third form A-2 is of sufficient thickness as to remain in
      an upright position when supported on a desk or table (not shown).
PAR  The fourth form A-3 of the enclosure shown in FIG. 9 is identical to third
      form A-2, other than the fourth form, includes baffle strips 42' secured
      to the free rear edge surfaces of first baffles 36. The baffle strips 42
      and 42' are of greater width than the baffles 36, 38 and 36', from which
      they are supported. Although the frame 10 has been referred to as
      multi-sided it will be apparent that it could be circular if desired, and
      multi-sided as used herein is considered to include a circle or other
      curved geometrical configuration.
PAR  In FIG. 3 it will be seen that a sheet 44 of felt or like material may be
      extended over the forward surface of the cover board E and then rearwardly
      to span the first transverse passage 30. The rearward portion of the first
      form A if the enclosure may be wholly or partially enveloped by a sheet 46
      of plastic that extends forwardly over frame 10 towards sheet 44. The
      junction line of the sheets 44 and 46 is concealed by an opaque strip 48
      that is secured to the enclosure by conventional means.
PAR  The use and operation of the various forms of the invention have been
      described previously in detail and need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A loud speaker acoustic enclosure sufficiently thin as to be supported
      from a vertical wall and concealed by a wall mounted picture disposed
      forwardly thereof, said acoustic enclosure including:
PA1  a. a multi-sided resonator frame having forward and rearward edges;
PA1  b. forward and rearward resonance boards bonded to said forward and
      rearward edges of said frame to cooperate with the latter to define an
      enclosed volume, said forward resonance board having a first aperture
      therein that is sized for mounting a large diameter end of an electrical
      speaker therein, said forward and rearward resonance boards each having
      forward and rearward surfaces;
PA1  c. a plurality of spaced first and second blocks secured to said forward
      and rearward surfaces of said forward resonance board adjacent said frame;
PA1  d. a cover board rigidly secured to said first blocks and disposed
      forwardly of said forward resonance board and cooperating with the latter
      to define a transversely extending first passage;
PA1  e. a baffle sheet of smaller transverse area than the interior of said
      frame that is transversely spaced from the latter and disposed in said
      enclosed volume, said baffle sheet supported from said second blocks
      parallel to said forward and rearward resonance boards, said baffle sheet
      having a second aperture therein through which the magnet end of the
      electrical speaker may extend, said magnet end and second aperture
      defining an annulus space therebetween said baffle sheet having forward
      and rearward surfaces;
PA1  f. a plurality of elongate spaced first baffles secured to said rearward
      surface of said baffle sheet and on opposite sides of said second
      aperture, with forwardly directed sound from said speaker travelling
      transversely through said first passage to emanate radially from all sides
      thereof, and rearwardly directed sound from said speaker to said resonator
      frame both through a second transverse passage defined between said
      rearward surface of said forward resonance board and forward surface of
      said baffle sheet as well as through said annulus and a transverse
      labyrinth defined by said first baffles, said forward surface of said rear
      resonance board and said rearward surface of said baffle sheet, and
      rearwardly directed sound also traveling through said rearward resonance
      board to said wall to resonate the latter; and
PA1  g. means for supporting said enclosure from said wall with said rearward
      resonance board in abutting contact with the latter.
NUM  2.
PAR  2. A loud speaker acoustic enclosure as defined in claim 1 which in
      addition includes:
PA1  a. a plurality of first baffle strips of greater width than said first
      baffles secured transversely to rearward surfaces of said first baffles in
      longitudinally extending positions thereon to increase the resistance of
      sound in traveling through said labyrinth.
NUM  3.
PAR  3. A loud speaker acoustic enclosure as defined in claim 1 which in
      addition includes:
PA1  a. a plurality of second baffles secured to said forward surface of said
      rear resonance board out of transverse alignment with said first baffles
      but parallel thereto, said second baffles cooperating with said first
      baffles to increase the resistance to sound in traveling transversely
      through said labyrinth.
NUM  4.
PAR  4. A loud speaker acoustic enclosure as defined in claim 1 which in
      addition includes:
PA1  a. a plurality of second baffle strips of greater width than said second
      baffles secured transversely to forward surfaces of said second baffles in
      longitudinally extending positions thereon to further increase the
      resistance of sound in travelling through said labyrinth.
NUM  5.
PAR  5. A loud speaker acoustic enclosure suitable for being supported on a desk
      or table, said acoustic enclosure including:
PA1  a. a generally square resonator frame of sufficient width as to remain in
      an upright position when resting on a desk or table;
PA1  b. forward and rearward resonance boards bonded to said forward and
      rearward edges of said frame to cooperate with the latter to define an
      enclosed volume, said forward resonance board having a first aperture
      therein that is sized for mounting a large diameter end of an electrical
      speaker therein, said forward and rearward resonance boards each having
      forward and rearward surfaces;
PA1  c. a plurality of spaced first and second blocks secured to said forward
      and rearward surfaces of said forward resonance board adjacent said frame;
PA1  d. a cover board rigidly secured to said first blocks and disposed
      forwardly of said forward resonance board and cooperating with the latter
      to define a transversely extending first passage;
PA1  e. a baffle sheet of smaller transverse area than the interior of said
      frame that is transversely spaced from the latter and disposed in said
      enclosed volume, said baffle sheet supported from said second blocks
      parallel to said forward and rearward resonance boards, said baffle sheet
      having a second aperture therein through which the magnet end of the
      electrical speaker may extend, said magnet end and second aperture
      defining an annulus space therebetween said baffle sheet having forward
      and rearward surfaces; and
PA1  f. a plurality of elongate spaced first baffles secured to said rearward
      surfaces of said baffle sheet and on opposite sides of said second
      aperture, with forwardly directed sound from said speaker traveling
      transversely through said first passage to emanate radially therefrom, and
      rearwardly directed sound from said speaker to said resonator frame both
      through a second transverse passage defined between said first resonance
      baord and said baffle sheet, as well as through said annulus and a
      transverse labyrinth defined by said first baffles and said baffle sheet
      and rear resonance board.
NUM  6.
PAR  6. A loud speaker enclosure as defined in claim 1 which in addition
      includes:
PA1  a. a sheet of opaque sound transmitting material that extends ovey the
      forward surface of said cover board and rearwardly over said frame to the
      extent that said first passage is concealed.
NUM  7.
PAR  7. A loud speaker enclosure as defined in claim 5 which in addition
      includes:
PA1  a. a sheet of opaque sound transmitting material that extends over the
      forward surface of said cover board and rearwardly over said frame to the
      extent that said first passage is concealed.
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ABST
PAL  A speaker system for a small radio device includes a cover plate having
      slots therein and a rigid grille screen having channels which extend into
      the slots. The cover plate and grille screen are generally planar and
      parallel to each other, and the channels in the screen have portions
      generally perpendicular to the plate and screen which are spaced from the
      edges of the slots, with openings therein through which sound is
      transmitted. A felt disc is positioned over the screen, and the speaker is
      positioned against the felt disc. An annular bracket engages the speaker
      rim and is secured to the cover plate to hold the speaker system
      assembled. The bracket is of semi-circular cross-section with the flat
      side thereof engaging the speaker, and has integral extensions which are
      secured to the cover plate to clamp the speaker against the felt disc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In small portable radio devices, there has been a problem in providing a
      speaker grille which will permit the passage of sound from within the
      device and still provide protection so that the speaker or another part of
      the radio will not be damaged by impact of a sharp object. Such radio
      devices are subject to being dropped and it is necessary that the
      protecting screen and supporting structure be strong enough to withstand
      hard usage.
PAR  In order to prevent damage from sharp external objects, it is preferred
      that there be no open area directly in front of the speaker. However, it
      is necessary that a path be provided for sound which does not cause a
      substantial transmission loss. Also, it is desired that the structure for
      protecting the speaker also provide a mounting for the speaker, and that
      the components required be simple and inexpensive and be capable of being
      easily assembled so that the overall cost of the structure is low.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved speaker protection
      and mounting structure for a portable radio device.
PAR  Another object of this invention is to provide an improved speaker grille
      screen which provides effective transmission of sound from a speaker, and
      which has no openings directly in front of the speaker to permit entry of
      a foreign object.
PAR  A further object of the invention is to provide a cover and grille
      structure for a speaker including parts made of strong metal to resist
      entry of a sharp object, and which provides efficient transmission of high
      frequency speaker components for good intelligibility of reproduced sound.
PAR  A still further object of the invention is to provide an improved speaker
      mounting and front cover system for a radio device which is rugged, which
      is not susceptible to damage by impact or entry of a sharp object, and
      which is of simple and inexpensive construction.
PAR  Still another object of the invention is to provide a simple speaking
      mounting structure which is capable of mounting a speaker in one of a
      plurality of positions with respect to the protecting structure.
PAR  The speaker mounting and grille structure of the invention includes a rigid
      plate, which may be a wall of a radio housing, having slots therein, and a
      grille screen secured to the plate having channels which extend into the
      slots of the plate. The housing plate can be formed of a cast metal having
      substantial strength. The grille screen can be formed of steel which is
      shaped to provide the channels and punched to provide openings for the
      passage of sound and for mounting the screen to the plate. The plate and
      screen are generally planar, and the channels in the screen have portions
      extending substantially perpendicular to these planes with openings
      therein for sound passage. Openings are also provided in the screen for
      receiving projections formed on the plate to rigidly secure the screen to
      the plate. A felt disc is positioned over the screen, and the rim of a
      speaker is positioned against the felt disc. The cover plate may have a
      cast rim for positioning the screen, the disc and the speaker rim, with
      provisions for receiving the speaker rim in a plurality of positions. An
      annular bracket is positioned against the back side of the speaker rim to
      clamp the same against the cover plate, with the screen and felt plate
      positioned therebetween. The speaker bracket may be of semicircular
      cross-section, with the edges engaging the speaker rim. The bracket
      includes integral extensions which are secured to the plate, as by screws
      threaded into bosses provided on the plate.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the speaker protection structure of
      the invention;
PAR  FIG. 2 is an exploded view of the speaker protection and mounting system of
      the invention;
PAR  FIGS. 3, 4 and 5 show the construction of the grille screen; and
PAR  FIG. 6 is a cross-section view of the speaker mounting bracket.
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the front of the speaker protection structure, which also
      forms the front housing part for a portable radio transmitter and
      receiver. This may be a hand-held device which is subject to hard usage.
      The structure includes a cover plate 10 having a raised portion 12 with
      elongated open slots 14 formed therein. A grille screen 16 is provided
      back of the cover plate 10, with projecting channels 18 extending into the
      slots 14.
PAR  FIG. 2 shows an exploded view of the speaker protection and mounting
      structure, and shows the back sides of the cover plate 10 and the grille
      screen 16. The plate 10 has a rim 20 formed on the back side which serves
      to accurately position the screen 16. Also, projections 22 on the plate 10
      are provided to extend into openings 24 in the screen, to secure the
      screen to the plate. These projections may have the ends thereof formed
      over (FIG. 4) to secure the screen to the plate. The cover plate may be
      cast of metal and the screen may be formed of steel, so that the structure
      is very strong and rigid and will withstand impacts resulting from hard
      usage.
PAR  FIGS. 3, 4 and 5 show the screen in more detail. As shown in FIG. 4, the
      projecting channels 18 of the screen 16 have portions 28 which extend
      substantially perpendicular to the plane of the screen. These portions 28
      have sound transmission apertures or openings 30 therein. These openings
      are spaced from the strips 32 of the cover plate 10, which extend between
      the slots 14 therein. The openings 30 are spaced with respect to the
      strips 32 to provide a tuned cavity in the audio frequency range to
      accentuate the frequencies providing audio intelligence. The sound
      therefore passes through the protection structure, passing through the
      openings 30 and between the channels 18 and the strips 32, as shown by the
      dotted lines 35 in FIG. 4.
PAR  It will be apparent that there are no openings facing the front of the
      protective structure, so that it is not possible for a foreign object to
      enter this structure to damage the speaker or sound translating device.
      This provides very effective protection for the speaker. Since the cover
      plate and grille screen are both formed of strong metal, and the two parts
      are securely fastened together, the overall structure is extremely strong
      and rigid.
PAR  FIG. 2 also shows how the speaker 36 is secured to the cover plate 10. A
      felt disc 38 is positioned over the screen 16, and is shaped to fit within
      the rim 20 formed on the plate 10. This prevents dust which may enter
      through the screen 16 from passing to the speaker 36. The speaker has an
      annular rim 40 which may be positioned against the felt disc 38 at the
      position shown by the dotted line 42 thereon. The speaker is held against
      the felt disc 38 by an annular bracket 44 which has extensions 46b
      integrally formed therewith. The bracket may be clamped to the cover plate
      10 by screws 48 which extend through openings in the extensions 46 and are
      threaded into bosses 50 formed on the cover plate 10. The bracket 44
      therefore clamps the speaker 36 against the felt disc 38, which is in turn
      clamped against the screen 16.
PAR  The annular part 45 of the speaker mounting bracket 44 has a semi-circular
      cross-section, as shown by FIG. 6. This has an edge 52 which bears against
      the rim 40 of the speaker to provide a firm clamping action all the way
      around this rim. Accordingly, the speaker is firmly held against the felt
      38, and against the screen 16 and plate 10.
PAR  The speaker 36 can be positioned against the protective structure in a
      second position, as shown by the second dotted line 55 on the felt disc 38
      (FIG. 2). This may be desired in some devices because other components of
      the device interfere with the positioning of the speaker on the dotted
      line 42. A modified bracket can be used to mount the speaker 36 in this
      second position.
PAR  FIG. 2 also shows a microphone 60 which can be mounted to the cover plate
      10 when the structure of the invention is used in a radio transmitter and
      receiver. A bracket 62 engages pad 63 to clamp the microphone 60 against a
      gasket 64 which engages the plate 10. A slot 65 in the felt disc 38, and a
      slot 66 in the screen 16, cooperate with a recess 67 formed in the cover
      plate 10 to permit sound which enters through the protective structure to
      pass to the microphone 60.
PAR  The structure of the invention provides a mounting and protection system
      for a speaker which is formed of a minimum number of parts, so that it can
      be provided at low cost. The parts, which include a wall of a radio
      housing, form a compact structure which is suitable for use in a small
      radio device, such as a hand-held radio transmitter and receiver. The
      structure provides highly effective protection for the speaker, being
      impervious to penetration by sharp objects, and being able to withstand
      substantial impact forces.
CLMS
STM  I claim:
NUM  1.
PAR  1. A protective structure for a sound translating device which provides
      sound transmission from the device, including in combination:
PA1  a plate of high strength material having an opening therein,
PA1  a rigid grille screen having a projection formed therein which is shaped to
      extend into said opening, said projection having an aperture therein
      adjacent an edge of said opening for the passage of sound, and
PA1  means securing said screen to said plate.
NUM  2.
PAR  2. The structure of claim 1 wherein said screen is generally of planar
      shape and extends parallel to said plate, and said projection has a
      portion extending substantially perpendicular to the plane of said screen
      and which is spaced from the edge of said opening in said plate, and
      wherein said aperture in said projection is in said perpendicular portion
      thereof.
NUM  3.
PAR  3. The structure of claim 2 wherein said opening in said plate is an
      elongated slot, and said projection in said screen is an elongated channel
      formed therein which extends into said slot, and wherein said projection
      has a plurality of apertures therein.
NUM  4.
PAR  4. The structure of claim 3 wherein said plate has a plurality of elongated
      slots therein, and said screen has a plurality of elongated channels
      therein which extend into said slots, with said apertures being in
      portions of said channels which extend substantially perpendicular to the
      plane of said screen.
NUM  5.
PAR  5. The structure of claim 4 wherein said apertures are in the elongated
      perpendicularly extending portions of said channels and are spaced from
      the edges of said slots.
NUM  6.
PAR  6. The structure of claim 1 wherein said plate has projections extending
      therefrom, and said screen has openings therein for receiving said
      projections for securing said screen to said plate.
NUM  7.
PAR  7. The structure of claim 6 wherein said plate has a rim formed thereon of
      a shape to receive said screen to facilitate placement of said screen with
      respect to said plate.
NUM  8.
PAR  8. The structure of claim 1 further including means to secure a sound
      translating device to said plate.
NUM  9.
PAR  9. The structure of claim 8 including a felt disc positioned against said
      screen adapted to have the sound translating device engaging the same.
NUM  10.
PAR  10. The structure of claim 8 wherein said means to secure a sound
      translating device is an annular bracket having a generally semi-circular
      cross-section with extensions thereon, with an edge of said bracket
      engaging the sound translating device, and including screws for securing
      said extensions to said plate.
NUM  11.
PAR  11. The structure of claim 10 wherein said plate has threaded bosses formed
      thereon for receiving said screws.
NUM  12.
PAR  12. The structure of claim 8 wherein said plate has a rim formed thereon
      which defines a plurality of recesses for positioning a sound translating
      device with respect thereto.
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ABST
PAL  A stanchion adapted to expand by means of the inner as well as outer tubes
      and the clamping mean so that it enables a clamping of scaffolding or any
      other mounting base, which clamping is performed by sliding the inner and
      outer tubes relatively and/or by adjusting a clamping means together with
      the tubes or independently.
BSUM
PAR  The invention relates to a stanchion, more particularly to a stanchion or a
      supporting post suitable to be applied as the handrail easily attachable
      to the scaffolding for workers and working machines used for construction
      cites of architecture, ship building and repair, engineering work of roads
      and tunnels, etc.
PAR  In general, upon building construction and ship building, assembly and
      repair or engineering work of roads and tunnels most works are performed
      by using scaffolding considerably higher than ground surface. Handrails
      are provided to such scaffoldings by equipping stanchion having pipes or
      ropes, which scaffoldings are assembled by arranging plates to the side of
      such objects to be constructed or repaired in order to enable the safe
      movement of workers or operating machinery such as crane and others. As
      for road paving works, wires or ropes are stretched in order to limit
      construction cite and at the same time to keep off pedestrians and cars.
PAR  In order to stretch ropes, wires, pipes and others to limit scaffoldings or
      construction cite, it is inevitable to stand stanchion for securing such
      ropes and others at their tops or sides. To provide scaffolding and
      construction cites with such stanchion, welding to other steel materials,
      clamping by using bolts and nuts, binding by ropes or any other methods
      are applied, which not only require very troublesome works upon their
      installation and removal lowering working efficiency but also are very
      uneconomical because of the requirement of many workers, tools and
      components.
PAR  Moreover, depending upon the condition of the construction cite many posts
      different in length are often required corresponding to the height to
      stretch supporting medium, which results in much more expense by requiring
      larger number of components differing in length. Further, when the
      thickness of the plates used for scaffolding are various, it is inevitable
      to use the stanchions respectively corresponding to such plates. In
      addition, the fixing of such ropes or wires to stanchions by knotting also
      results in bad economy of operation together with very low operative
      efficiency.
PAR  The main purpose of this invention is to provide with a stanchion very
      easily mountable and detachable to and from scaffolding plates, which
      stanchion is very excellent in economy and operating efficiency.
PAR  The another purpose of this invention is to provide with a stanchion freely
      mountable and detachable to and from scaffolding plates, which plates are
      various in thickness.
PAR  The further purpose of this invention is to provide with stanchion easily
      mountable to scaffolding plates notwithstanding such plates are
      horizontal, inclined or vertical.
PAR  More further object of this invention is to provide with a stanchion easily
      adjustable of its length corresponding to the condition to be used.
PAR  More further object of this invention is to provide with a stanchion, to
      which the stretching means such as rope, wire and others can be fixed by
      one-touch motion by means of fitting equipped to the stanchion.
DRWD
PAR  In the annexed drawings the embodiment according to this invention is
      shown, the invention now being more fully explained with reference to said
      drawings.
PAR  FIG. 1 shows a side view of an embodiment of the stanchion designed
      expansible according to this invention and mounted to a scaffolding plate.
PAR  FIG. 2 shows an enlarged cross sectional view of a clamping mean of the
      embodiment indicated in FIG. 1.
PAR  FIG. 3 shows a side view of another embodiment according to this invention.
PAR  FIG. 4 shows another embodiment of the stanchion with modified clamping
      mean according to this invention.
PAR  FIG. 5 shows a plan view of a fitting for tightening the stretching rope
      provided to the stanchion shown in FIG. 4.
PAR  FIG. 6 shows a side view of an expansible stanchion modified from the
      embodiment shown in FIG. 4.
PAR  FIG. 7 shows a side view of another embodiment of the stanchion with the
      clamping mean having changed its location.
PAR  The preferred embodiment of the invention shown in FIGS. 1 and 2 includes a
      stanchion comprising an inside tubular body (2) which is vertically
      slidably inserted into a hollow outer tubular body (1). The outer body (1)
      is provided with a plurality of holes (3) located at equally spaced
      vertical distances along its height. The inner tubular body is also
      provided with holes in correspondence with the holes provided to the outer
      tubular body (1) in an equal distance. To the lower extreme of said inner
      tube (2), a bracket (5) extending laterally is fixed and on the upper
      surface of said bracket (5), a dish (7) filled with elastic material (6)
      such as hard rubber and other is fixed. The bracket (5), the dish (7) and
      the elastic material (6) form the lower part (A) of clamping means.
PAR  The clamping means include a freely expansible upper part (B) which mean is
      fixed through a bracket (8) and extend downwards. The clamping means
      constituted by said lower part (A) and lower part (B) is adapted to clamp
      a scaffolding plate (9) from both side of the plate.
PAR  The upper part (B) of said clamping mean comprises a cylindrical body (10)
      and a nut (11) fixed within said cylindrical body (10). A bolt (12) is
      engaged with said cylindrical body (10) through the nut (11) and may be
      threadably adjusted therein vertically. To the lower extreme of the bolt
      (12), a dish (15) is fixed through the head portion (13) of the bolt (12)
      and a nut (14) free to make rotative motion without changing its vertical
      position. An elastic material such as hard rubber (16) is filled in the
      dish (15). A pin (18) is connected with said bracket (8) through a chain
      (17) and is adapted to engage with said holes (3) and (4) by insertion.
      The stanchion according to the invention is mounted to a scaffolding (9)
      through following steps.
PAR  In case when the thickness of a scaffolding (9) is considerably large, said
      inner tube (2) is slidingly extended corresponding to the thickness of the
      scaffolding (9) and at the location to oppose the hole (3) of said outer
      tube (1) with the hole (4) of said inner tube (2), a pin (18) is pierced
      through said holes (3) and (4) to fix said inner tube (2). Through such
      arrangement, it is possible to determine the length of a stanchion
      constituted from the outer tube (1) and the inner tube (2).
PAR  Succeedingly, the elastic material (6) of the lower clamping mean (A) is
      applied to the lower surface of said scaffolding (9) and the upper
      clamping mean (B) is located opposing to the upper surface of said
      scaffolding (9). Thereafter, the elastic material (16) is applied by
      rotating the head (13) of said nut (12) and lowering it. As they result,
      the scaffolding (9) is tightly clamped by means of said upper and lower
      parts (A) and (B) of the clamping mean to fix the outer and inner tubes
      (1) and (2) tightly to said scaffolding (9). In case when the thickness of
      a scaffolding (9) is considerably small, it is possible to mount the
      stanchion to the scaffolding (9) simply only by sliding said inner tube
      (2) upwards and by adjusting the upper part (B) of the clamping mean.
PAR  After the completion to mount the stanchion to the scaffolding (9), it is
      possible to form a handrail by attaching ropes (21) and (22) to fittings
      (19) and (20) provided on the upper portion of said outer tube (1).
PAR  The stanchion shown in FIG. 3 is substantially similar to the embodiment
      shown in FIGS. 1 and 2 excluding an inner tube (2a) of considerably larger
      length. The configuration is suitable to be applied to the working cite
      which does not require to adjust stanchion length.
PAR  In the embodiment shown in FIG. 3, an inner tube (2a) is inserted through a
      short outer tube (1a) slidably and an upper portion (B) of clamping mean
      is fixed to said outer tube (1a). In this case, the outer tube (1a) is
      adapted to slide vertically on the outer surface of said inner tube (2a)
      in order to adjust the height of the upper part (B) of clamping mean.
      Other configuration of this embodiment including lower part (A) of
      clamping mean, holes (3) and (4), fitting (19) for rope and pin (18) is
      completely similar to the embodiment shown in FIGS. 1 and 2 together with
      the operational procedure.
PAR  The stanchion shown in FIG. 4 is an embodiment with a modified clamping
      mean, which is characterized by providing the upper part (E) and lower
      part (D) of clamping mean on the extended line of stanchion axis line. In
      this configuration, to the lower end of a hollow post (23), a bolt (24) is
      mounted free to move vertically by thread engagement and to the lower end
      of said bolt (24), a clamping base (27) having a shape of downwardly
      expanding bellmouth is fixed through the head (26) of the bolt. Moreover,
      to the extreme end of said base (27), a cushioning elastic material (28)
      is provided to form the upper portion (E) of clamping mean together with
      said bolt (24), clamping base (27) and cushioning material (28). A
      C-shaped supporting member (29) is fixed to the lower end of said post
      (23) at one end and to the another end of said member (29), a clamping
      base (30) having a shape of upwardly extending bellmouth and located on
      the extended axis line of said stanchion. At the upper surface of said
      base (30), an appropriate elastic material (31) is fixed so as to form a
      lower part (D) of clamping mean together with said clamping base (30) and
      elastic material (31).
PAR  At the upper extreme of the stanchion (23) shown in FIG. 5, a fitting (32)
      for pipe or rope mounting is fixed, which mounting member (32) is formed
      to a ring-shape of its side and the extreme ends (32a) and (32b) of the
      member are opposed by appropriate gap so as to enable an one-touch
      mounting of ropes within said mounting member (32) through a gap provided
      therebetween.
PAR  As to the embodiment of stanchion mentioned above, a scaffolding plate (33)
      is inserted between said upper and lower clamping bases (27) and (30) and
      the end of said scaffolding plate (33) is engaged with the inside of said
      C-shaped supporting member while the bolt (24) is rotated by means of its
      head (26) so as to lower said upper clamping mean (E) and to clamp the
      both surfaces of said scaffolding plate by means of said elastic materials
      (28) and (31) enabling the tight mounting of the stanchion to the
      scaffolding plate (33). It is possible to form a handrail by inserting a
      rope or a pipe into said mounting member (32) under the condition as
      mentioned above.
PAR  In an another embodiment shown in FIG. 6, a stanchion is formed by an
      substantially similar way as of the embodiment shown in FIG. 4, while in
      this case the mounting position of the clamping mean of stanchion is
      vertical.
PAR  In the embodiment shown in FIG. 6, a cylindrical body (34) is fixed
      horizontally at the lower end of a stanchion (23a). A bolt (24) is
      inserted through said cylindrical body (34) free to move in the lateral
      direction by thread engagement. On the right end of said bolt (24), a
      clamping base (26) of bellmouth shape is fixed by way of head (27) free to
      make rotary motion. An elastic material (28) is fixed to the end of said
      clamping base (26) to form one side clamping mean (E') together with said
      bolt (24), bellmouth-shaped clamping base (26). To the lower portion of
      the stanchion (23a), a horizontal supporting member (35) having J-shape is
      fixed and to the extreme end of said member (35), a clamping base (30)
      having bellmouth shape is fixed in an opposition to said bellmouth-shaped
      clamping base (26) forming a complete clamping mean (E'). Said clamping
      base of bellmouth shape (30) is covered with an elastic material (31) to
      form another part of the clamping mean.
PAR  In the embodiment shown in FIG. 6, a member to be mounted (36) is inserted
      between said two parts of clamping mean (E') and (D') and upon abutment of
      the extreme end of said member (36) with the said J-shaped member (35),
      the bolt (24) is rotated to make rightward motion so as to clamp said
      member (36) by means of said two parts (E') and (D') of clamping mean and
      to complete the tight mounting of a stanchion (23) to the member (36)
      upright. This configuration is appropriate to mount a stanchion to a
      member standing upright.
PAR  A fitting for rope or pipe installation is mounted to the upper end of said
      stanchion (23a).
PAR  In an embodiment shown in FIG. 7, as a modification of the embodiment shown
      in FIG. 4, a stanchion is constructed so as to cope with the situation, in
      which the thickness of the member to be mounted is too thin or too thick
      to clamp by means of fine adjustment of the clamping system as mentioned
      above. In this case, the supporting post itself is constructed slidably so
      as to adjust the clamping width. In such case, the inner tube to be used
      as stanchion (37) is slidably inserted into an outer tube (38) of
      appropriate length. These tubes are fixed at the suitable location for
      required length by inserting a pin through holes (39) and (40) provided to
      each of the tubes (37) and (38). Said pin (41) is connected to the
      reinforcing piece (42) mounted to the outer tube (38) by means of string
      (43). With the lower end of post (37) a bolt (44) is engaged free to make
      vertical motion and a clamping base (46) is fixed to said bolt (44) by way
      of the head (45) of said bolt (44). An elastic material (46a) covers or
      fills the clamping base (46). An upper portion (G) of a clamping mean is
      formed by the bolt (44), clamping base (46) and the elastic material
      (46a). C-shaped or J-shaped supporting rod member (47) is fixed to said
      outer tube (38) by welding at upper end and the another end of said member
      (47) has a clamping base (48) fixed opposing to said clamping base (46)
      and covered or filled with an elastic material (48a) to form lower portion
      of a clamping mean (F). A hole or holes (49) is provided to the upper
      portion of said post (37) to be engaged with hookbolt (50) so as to mount
      rope or pipe (51).
PAR  In the stanchion as shown in FIG. 7, when the thickness of a scaffolding
      plate (52) is remarkably large, it is possible to clamp such plate by
      sliding the outer tube (38) downwards to lower the supporting member (47)
      so that the gap between clamping bases may widen and by clamping tightly
      the scaffolding plate (52) inserted therebetween by means of upper and
      lower portions (F) and (G) of clamping mean after the fine adjustment with
      said bolt (44). By providing said hookbolt (50) with pipe or rope (51), it
      is possible to form a completed handrail or any other assembly of building
      materials.
PAR  It is to be understood that there are many possible variations on the
      aforesaid installation without departing from the spirit and scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stanchion construction for clamping to a scaffold plate, comprising
      vertical support means including first and second vertically extending
      tubular support members, means for fixing said first and second support
      members in an adjusted telescopic position with one of said members
      extending outwardly from the other of said members by a predetermined
      amount, clamping means carried by said first and second tubular support
      members including a threaded cylinder on said first tubular support
      member, a bolt threaded into said cylinder and having an outer end with a
      first flat engagement surface, a second flat clamping surface carried by
      said second tubular member and parallel to and opposed to said first
      clamping surface, said bolt being threadably adjustable to move said first
      clamping surface toward and away from said second clamping surface, said
      first tubular member having a hand rail and at least one fitting extending
      outwardly from said first tubular member and having means thereon for
      supporting said hand rail at a spaced location above said first clamping
      surface.
PATN
WKU  039386201
SRC  5
APN  4901371
APT  1
ART  353
APD  19740719
TTL  Rope climber
ISD  19760217
NCL  4
ECL  1
EXP  Machado; Reinaldo P.
NDR  2
NFG  6
INVT
NAM  Nothiger; Paul J.
STR  2964 Hope
CTY  Klamath Falls
STA  OR
ZIP  97601
CLAS
OCL  182135
EDF  2
ICL  A62B  106
FSC  182
FSS  134;135;136;5
FSC  188
FSS  65.1;65.4;65.5
UREF
PNO  493391
ISD  18930400
NAM  Sturtevant
OCL  182135
UREF
PNO  1826263
ISD  19311000
NAM  Stephens
OCL  182  5
UREF
PNO  3177544
ISD  19650400
NAM  Murdock
OCL  182  5
UREF
PNO  3814210
ISD  19740600
NAM  Hoffman
OCL  182135
LREP
FR2  Crews; Clarence M.
ABST
PAL  This invention relates to a rope climber for use in climbing up or down a
      taut rope, which climber consists of closely similar handle and pedal
      units, each comprising pivotally connected members between which the rope
      passes and by which the rope may be alternatively clamped and released
      through suitable manipulation of the user. My climber units are
      characterized by the facts that
PA1  1. the unit members can be readily disjoined and reunited and can therefore
      be applied anywhere along the length of a rope;
PA1  2. they do not chew into and multilate the rope, nor do they simply squeeze
      it, but bind it by sharply kinking and pressing it; and
PA1  3. they include rope guides which also serve as stops for limiting relative
      rocking of the members.
BSUM
PAR  This invention relates to that class of climbers designed for use in
      climbing up or down a taut rope, which climbers characteristically consist
      of generally similar handle and pedal units designed to bear the weight of
      the user and to be operated in alternation by the user, so that each unit
      grips the rope to sustain the weight of the user while the other is
      relaxed and shifted. Climbers of this type have important uses, as for
      enabling a person to be rescued from a well, cliff, burning building or
      the like. If the person to be rescued is conscious and is capable of
      self-help he may use the climber himself--otherwise he may be strapped
      onto the back of a rescuer capable of using the climber.
PAR  The climber is also an attractive and beneficial exercise device, and the
      use of it can be turned into an interesting competitive game between any
      number of individuals or team competitors.
PAR  Needless to say, less exertion is required for descending than for
      ascending.
PAR  Prior devices of the kind referred to, so far as I am aware, have important
      shortcomings which it is the purpose of the present invention to overcome.
PAR  In some instances the members forming a unit merely grip the rope smoothly,
      compressing it between them. They are undependable, because they may slide
      when not intended to. In particular, they may slide when urged to clamping
      relationship only by their own weight, in which case the unit, because it
      will fall to the lower end of the rope before the user can put his weight
      on it, will be useless for purposes of descent.
PAR  In other instances the members are formed with sharp teeth which chew into
      and mutilate the rope, impairing the strength and reliability of the rope.
PAR  I overcome both of these drawbacks by providing the opposed members with
      interdigitally related, rounded fingers or projections which kink the rope
      smoothly but sharply, while pressing it firmly. With this arrangement the
      unit will sustain itself on the rope under its own weight, even when
      springs are provided for lightly opposing automatic clamping. The
      provision of such springs is desirable because it facilitates descent.
PAR  Another drawback of prior devices of this general character is that the
      opposed members of each unit are permanently connected to one another.
      Such a unit can only be applied to a rope from an end thereof. Since one
      rope end will generally be anchored, both units, lacking this feature of
      separability, will have to be applied at the free end, and may have to be
      worked along a great length of the rope preparatory to actual use.
PAR  I overcome this drawback by making the members separable but capable of
      being quickly and dependably united with the rope and with one another
      anywhere along the rope, with freedom for limited relative oscillatory
      movement when so united.
PAR  A further feature of my invention resides in the provision of a rope guide
      affixed to one of the members in a position to stand across the rocking
      path of the other member, thereby to limit relative separation of the rope
      gripping portions of said members.
PAR  Other objects and advantages will hereinafter appear.
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PAR  In the drawing forming part of this specification,
PAR  FIG. 1 shows in elevation fully assembled handle and pedal climber units
      applied in clamping condition on a fragment of rope, the rope being broken
      away intermediate its ends for compactness of illustration;
PAR  FIG. 2 shows in elevation on a larger scale than FIG. 1 the handle unit in
      relaxed or non-clamping condition;
PAR  FIG. 3 is like FIG. 2 but shows the handle unit in clamping condition;
PAR  FIG. 4 is a fragmentary, plan view of the applied handle unit;
PAR  FIG. 5 is a fragmentary, bottom plan view of the applied handle unit; and
PAR  FIG. 6 is a fragmentary, perspective view of the unconnected members of the
      handle unit.
DETD
PAR  In FIGS. 1 and 2 an upper handle unit 10 and a lower pedal unit 12 are
      shown applied in rope clamping condition on a common rope 14.
PAR  The upper or handle unit 10 and the lower or pedal unit 12 may be, in all
      particulars having relation to the rope, exact duplicates of one another.
      The features in which they differ will be first pointed out and the upper
      handle member will then be described in detail with the understanding that
      the latter description can be in all respects applicable to the lower
      pedal members as well.
PAR  The handle unit 10 comprises angle bars 16a and 16b to the flanges or webs
      of which outwardly extending tubular arms 18a and 18b are welded. Molded
      hand grips 20 of suitable plastic are fixed on the ends of the arms 18.
PAR  The lower pedal unit 12 similarly comprises angle bars 16a, 16b, but to the
      flanges of these angle bars webs of outwardly extending angle bar arms 22
      are welded. On the upper faces of the outer ends of arms 22, looped shoe
      receiving straps 24 are secured by suitable fastening means such as bolts
      26, lock washers 28 and nuts 30.
PAR  With the exception of the differences already noted, the handle and pedal
      units may be exact duplicates of one another so that a detail showing and
      description of the handle members will suffice for both.
PAR  As best seen in FIG. 6, the upstanding web of the angle bar 16a has unitary
      with it a pair of identical horns 32. Each horn extends horizontally for a
      short distance, then curves upward through an arc, as shown about
      180.degree. in extent. The horns may taper towards their ends as
      illustrated, and they are surrounded at their bases by light coil springs
      34.
PAR  The upstanding web of the opposed angle bar 16b has circular holes 36
      formed in it at the spacing and height of the horn bases and of a size
      comfortably to receive the bases of the horns 32. The horns 32, with the
      springs 34 on their bases, are inserted through the holes 36 until the
      vertical webs of the angle bars come substantially face to face. The
      spring coils 34 are of too large diameters to enter the holes 36.
PAR  The vertical web of angle bar 16a has affixed to its upper surface, as by
      welding, a staple-like member 38 whose loop portion extends to the left in
      FIG. 6 and whose legs extend to the right in overlapping relation to the
      vertical web of angle bar 16b, to serve both as rope guiding means and as
      flexure limiting stops.
PAR  A keeper rod 40 is connected to the loop portion of member 38 by a short
      piece of tether rope 42. As best seen in FIGS. 1, 2, 3 and 4, the keeper
      rod 40 is inserted in the space bounded by the upper margin of the
      vertical web of angle bar 16b, lower end portions of the horns 32, and the
      loop portion of member 38.
PAR  The handle unit 10 can be applied to the rope 14 at any desired point by
      placing the member 16a in confronting relation to the rope passing the
      horns of 16b through the holes of 16a, and inserting the keeper rod 40 in
      place.
PAR  The member 16a has affixed to its lower face, as by welding, a pair of
      spaced pins 44 which span the gap between 16a and 16b and serve as rope
      confining guides.
PAR  The confronting faces of 16a and 16b are provided with smooth, rounded,
      horizontally extending, interdigitally related projections which serve to
      kink the rope sharply enough to bind it securely without biting or cutting
      into it. As shown there are one spaced projection 46a on 16a and two such
      projections 46b on 16b. These projections could, of course, be increased
      in number if desired, by increasing the vertical extent of the angle bars
      16a and 16b.
PAR  I have described what I believe to be the best embodiment of my invention.
      What I desire to cover by letters patent, however, is set forth in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rope climbing device consisting of complementary pedal and handle
      units, each unit consisting of two connected, relatively rockable members,
      adapted to be manually rocked together to grip the rope and apart to
      release the rope, said members having confronting faces formed with
      interdigitally arranged, horizontally disposed, smoothly rounded
      projections cooperative to kink the rope sharply in opposite directions
      and thereby to bind it smoothly but firmly and dependably against
      slipping, the confronting portions of opposed rockable members being
      substantially coterminous at their upper ends, and one of them being
      equipped at its upper end with spaced rope guiding devices which span the
      space between the confronting portions and serve also as stops for
      intercepting the other member, to limit rocking separation of such
      members.
NUM  2.
PAR  2. A rope climbing device consisting of complementary pedal and handle
      units, each unit consisting of two connected, relatively rockable members,
      adapted to be manually rocked together to grip the rope and apart to
      release the rope, said members having confronting faces formed with
      interdigitally arranged, horizontally disposed, smoothly rounded
      projections cooperative to kink the rope sharply in opposite directions
      and thereby to bind it smoothly but firmly and dependably against
      slipping, the confronting ends of opposed members taking the form of
      upright plates, one of said plates having a plurality of horns which
      project horizontally through correspondingly spaced openings of the other
      plate and then curve upward, said other plate having an outward stop
      projection above said openings, and a keeper pin inserted beneath said
      stop projection and over lower portions of said horns for limiting
      relative rocking of said members and thereby preventing separation of
      them.
NUM  3.
PAR  3. A rope climbing device as set forth in claim 2 in which a tether
      connection is provided between the keeper pin and said other plate.
NUM  4.
PAR  4. A rope climbing device as set forth in claim 3 in which compression coil
      springs surround the horns between the rope gripping plates for
      facilitating descent of the rope by the user, the springs being light
      enough in their action, however, to permit the device to grip the rope
      dependably under its own weight alone.
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ABST
PAL  A vehicle servicing system for permitting operators to service and maintain
      their vehicles. The system includes a housing having an upper and lower
      level. A vehicle is positioned on the upper level over a slideably
      moveable door. The operator then decends to the lower level and inserts
      monies into a moveable door mechanism. Actuation of the door mechanism
      slides the moveable door away, thus providing the operator access to the
      underside of the vehicle for a specific length of time. The operator may
      service the vehicle during the time access is provided. An automatic
      timing mechanism actuates the moveable door mechanism to close the door
      after the alloted time is used. Specific embodiments of the servicing
      system provide mechanisms for draining oil from the vehicles during
      service.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to systems for providing maintenance and service to
      vehicles. In particular, this invention pertains to systems which permit
      vehicle operator's to service their own vehicle. More in particular, this
      invention relates to systems for servicing vehicles which are
      automatically coin operated.
PAR  2. Prior Art
PAR  Vehicle servicing systems having a pit area where work is accomplished from
      beneath a vehicle are known in the art. However, in some prior systems
      having pit areas, vehicle undersides are fully accessible. In such prior
      systems, the vehicles are not accessible for servicing for a specific time
      interval. Thus, such systems do not provide for automatic operation of the
      system when operator's are servicing their own vehicles. Such prior
      systems would thus require a service attendent to be present to restrict
      the time in which the operator's could service their vehicles. Requiring
      the presence of a service attendant would greatly increase the cost of
      operation of the vehicle servicing system.
PAR  Other prior systems provide for oil drainage tanks, however, such are
      usually provided in direct line with the vehicle being drained. Such prior
      systems do not have oil drainage conduits within the walls of the pit area
      to minimize a fire hazard. Further, such systems do not show a water
      reservoir below the pit area to aid in fire control in the case of an
      accident. Such prior systems make working in the pit area a hazardous
      chore which may have deleterious results.
PAC  SUMMARY OF THE INVENTION
PAR  A vehicle servicing system having vehicle housing means with an upper level
      and a lower level. The servicing system includes a mechanism for
      positioning at least one vehicle in a predetermined location within the
      upper level of the vehicle housing means. A removeable door mechanism is
      positioned between the upper and lower levels of the vehicle housing means
      and is located under the vehicle when the vehicle is in the predetermined
      location. The removeable door mechanism is removeable from under the
      vehicle responsive to an operator's control for servicing the vehicle from
      the lower level of the vehicle housing means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective partially cut away view of the vehicle housing of
      the vehicle servicing system showing a plurality of locations where
      vehicles are serviced;
PAR  FIG. 2 is a perspective partially cut away view of the upper and lower
      levels of the vehicle housing showing the removeable door mechanism;
PAR  FIG. 3 is an elevational view of the vehicle servicing system showing the
      drain oil recovery system;
PAR  FIG. 4 is a side view of a portion of the removeable door mechanism;
PAR  FIG. 5 is a side view of an embodiment of the vehicle servicing system;
      and,
PAR  FIG. 6 is a side view of an embodiment of the vehicle servicing system
      showing a oil drain conduit embedded in a wall of the vehicle housing and
      a water reservoir with oil skimming apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 2, 3 and 4 there is shown vehicle servicing
      system 10 for maintenance and servicing of vehicles. In particular, system
      10 provides the capability of permitting the operator of a vehicle to
      service it himself for a predetermined length of time. The operator or
      driver of the vehicle inserts a predetermined amount of money into a coin
      operated mechanism which operationally actuates system 10 in order that
      service or maintenance may be performed on the vehicle. At the end of the
      operational time interval, determined by the amount of money inserted,
      servicing system 10 becomes non-operational and either the operator
      removes the vehicle or resets system 10 operation by inserting additional
      monies.
PAR  Vehicle servicing system 10, in general, includes vehicle housing or garage
      12 having an upper level 14 and a lower level 16. Upper level 14 of
      housing 12 is substantially at ground level and adapted so that vehicles
      may be driven in for service work. The vehicles are driven into a
      predetermined positional location straddling guide members 18 which
      provide a mechanism for locating the vehicles in a particular location
      within upper level 14 of housing 12. The vehicles are driven into
      servicing location by passing over guide members 18 in a longitudinal
      direction with opposing pairs of transversely displaced tires on opposing
      transverse sides of guide members 18. Each of guide members 18 has a rear
      surface 20 which is tapered or otherwise roundedly shaped in order to
      guide the vehicle tires to opposing sides of members 18 when the vehicle
      is being positioned for servicing. As shown in FIG. 1, four guide members
      18 are mounted on upper level 14, however, such is only representative of
      the fact that a plurality of members 18 may be provided in order that a
      multiplicity of vehicles may be serviced at one time. Each of guide
      members 18 may have a pair of transversely extending indents or mounds 34
      formed on a frontal position thereof. Mounds 34 are positioned to permit
      tire insertion therebetween and act as a guide in longitudinally
      positioning the vehicle.
PAR  In overall concept, housing or garage 12 may include sales room 22 on upper
      level 14. Sales room 22 may contain vending machines or over the counter
      sales of parts and other vehicle maintenance equipment to aid operator's
      in servicing their vehicles. Additionally, housing 12 may include storage
      area 24 where parts and other equipment being sold in sales room 22 may be
      refurbished.
PAR  Having purchased the necessary equipment or accessories, from sales room
      22, the operator may proceed from upper level 14 to lower level or pit
      area 16. The operator walks down steps 26 into lower level 16 as shown in
      FIG. 2. Steps 26 may be grated in a manner similar to that of grated floor
      member 28 of lower level 16 for purposes to be hereinafter described. The
      operator may then station himself under his vehicle and actuate removeable
      door mechanism 30. Mechanism 30 is between upper and lower levels 14, 16
      adjacent the underside of the positionally located vehicle. When mechanism
      30 is actuated, door 32 is removed from under a portion of the vehicle in
      order that the operator has an unobstructed work area on the underside of
      his vehicle.
PAR  Door mechanism 30 includes door member 32 which is slideable in a
      longitudinal direction within a pair of longitudinally extending and
      transversely opposed track elements 36 formed within guide members 18.
      Mechanism 30 is provided for reversably sliding door member 32 from a
      first position blocking access to the underside of the vehicle from lower
      level 16 to a second position which provides access to the underside of
      the vehicle.
PAR  As shown in FIG. 2, removeable door mechanism 30 includes motor mechanism
      38 which may be a gear motor with a reversing switch or some like
      mechanism. Extending from motor 38 is drum 40 which is rotatively actuated
      by motor 38. Cable 41 is fixedly secured to drum 40 and door rear portion
      42 on opposing ends thereof. Thus, cable 41 operatively connects motor 38
      to sliding door member 32. When door member 32 is in the first position
      relative to guide members 18, and motor 38 is actuated, drum 40 begins to
      rotate and cable 41 is wound around it. This causes a tensile loading in
      cable 41 and results in door member 32 being slideably displaced to the
      second position, thereby giving the operator access to the underside of
      the vehicle.
PAR  Actuation of motor 38 may be initiated through a standard timing mechanism
      which is well known in the art. The operator inserts a predetermined
      amount of money into the timing mechanism which initiates operation of
      motor 38 and maintains door member 32 in the second position or open
      position for a specific length of time. At the end of the time interval, a
      reversing switch on motor 38 is actuated to permit rotation of drum 40 in
      an opposite direction in order to permit door member 32 to return to the
      first or closed position through operation of closing or moving mechanism
      44, shown in FIGS. 2, 3, and 4. It is obvious that the operator, at his
      option, may insert more money into the standard timing mechanism to
      maintain door member 32 in the second or open position, thereby permitting
      continued work on the vehicle. Such timing mechanisms are well known in
      industrial use, being utilized in selfservice car washes, washing machines
      and other coin operated mechanisms.
PAR  Closing or moving mechanism 44 includes a pair of counterweights 46 which
      are attached to frontal portion 48 of door member 32 on opposing
      transverse sides. Chain links 50 passing over sprocket element 52 are
      connected on opposing ends thereof to counterweights 46 and frontal
      portion 48 of door member 32. It is of course to be understood that a
      flexible cable passing over a pulley system may be substituted for chain
      links 50 and rotatable sprocket 52. In this manner, a vertical
      displacement of counterweights 46 results in a horizontal movement of door
      member 32 from an open position to a closed position. It will be
      understood that the weights of counterweights 46 will be adjusted to
      permit a gradual closing of door member 32 in order to negate any possible
      injury to the operator when door 32 is closed. Further, standard timing
      mechanism may be fitted with an audible alarm or some like mechanism which
      will sound or otherwise give warning that the open time interval is almost
      at an end.
PAR  Vehicle servicing system 10 includes mechanisms for draining oil or other
      liquids from the vehicle being serviced and passing such to drain or
      recovery tank 54 through gravity assist. One form of recovering oil or
      other liquid is shown in FIGS. 1, 2, and 3. In this form of the invention
      lower level or pit area 16 includes first or grated floor member 28 which
      is vertically displaced from and passes substantially parallel to a
      horizontally positioned plane forming the floor of upper level 14. First
      floor member 28 is grated, as is shown in FIG. 2, to permit passage
      therethrough of the liquid being drained from the vehicle. It should be
      noted that floor 28 may be coated with an anti-skid coating in order that
      an operator will not slip on the floor since some oil may be splashed on
      the grating. Second floor member 56, being continuous in nature, passes
      under first grated floor 28 through its extension as is shown. Floor 56 is
      inclined downwardly with respect to floor 28, with floor 56 being
      connected to conduit 58. Conduit 58 interfaces with second floor member 56
      at an area 60 which is maximally displaced from grated floor 28. Thus
      second floor 56, with its inclined walls, forms a funnel through which oil
      or other liquid may pass into conduit 58. The liquid to be recovered, then
      passes through elbow joint 62 into second conduit 64 and into recovery
      tank 54. Recovery tank 54 is mounted below the lowest point of second
      floor member 56 to permit drainage thereto by gravity assist. Tank 54, as
      shown in FIG. 2, may include vent member 66 passing in a vertical
      direction as is usual in such devices.
PAR  In FIG. 3, there is shown drain pan 68 positionally located under the
      vehicle mounted on upper level 14 of vehicle servicing system 10. Drain
      pan 68 is funnel shaped and connected to vertically directed pan conduit
      70 as is shown. In this manner, liquid passing from the vehicle being
      serviced, flows into drain pan 68, into pan conduit 70 through grated
      floor 28 and onto inclined second floor 56 for eventual discharge into
      tank 54.
PAR  Another embodiment of the present invention is shown in FIG. 5 where
      moveable drain pan 68 is positionally locatable under the vehicle being
      serviced. Liquid passing into funnel shaped drain pan 68 is directed
      through conduit 70 and grated floor 28 into secondary funnel member 72.
      Funnel member 72 is then connected to recovery tank 54 through conduit 74
      as is shown. Recovery tank 54 is located beneath the lowest area of funnel
      member 72 and liquid drainage is through gravity assist. In this
      embodiment of the invention, each positional location for vehicles has its
      own secondary funnel member 72 as opposed to the embodiment as shown in
      FIG. 3, where inclined floor 56 served as the fluid transport means for
      all vehicles being serviced.
PAR  Another embodiment of the present invention is shown in FIG. 6, where drain
      pan 68 is connected to rigid conduit 76 through flexible hosing 78. In
      this manner, pan 68 may be moved within pit area 16 to different portions
      of the vehicle being drained. Rigid conduit passes downwardly within
      housing wall 80 to T joint 82 from which oil or other liquid passes into
      tank 54. Additionally water reservoir 84 below grated floor 28 maintains a
      predetermined level of water to aid in fire control. Valve 86, when in the
      closed position obstructs the flow of water into tank 54 through conduits
      88 and 90. Oil which accidently is splashed through floor 28 may form a
      coating on top of the water contained in water reservoir 84. Oil skimmer
      mechanism 92, well known in the art, may be mounted within wall 80 to
      remove any oil from the surface of the water. In this manner, through use
      of rigid conduit 76 embedded in wall 80 in combination with water
      reservoir 84, the hazard of fire is minimized in utilization of vehicle
      servicing system 10.
PAR  While the system and devices have been shown and described in their
      preferred embodiments, it will be understood that the variations in the
      specific construction and arrangements of parts may be made without
      departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle servicing system comprising:
PA1  a. vehicle housing means having an upper level and a lower level, said
      lower level having a first floor member vertically displaced from and
      passing substantially parallel to a horizontal plane of said upper level,
      said first floor member being grated to permit passage of oil
      therethrough, said lower level further having a second floor member under
      said lower level first floor member adapted to transport said oil passing
      through said grated first floor member to a drain tank, said second floor
      member being inclined downwardly with respect to said first floor member,
      said second floor member being connected to said drain tank positioned
      below said second floor member at an area being substantially maximally
      displaced from said grated first floor member;
PA1  b. means for positioning at least one vehicle in a predetermined location
      within said upper level of said vehicle housing means;
PA1  c. removeable door means between said upper and lower levels of said
      vehicle housing means, said door means being located under said vehicle
      when said vehicle is in said predetermined location, said door means being
      removeable from under said vehicle responsive to an operator's control for
      servicing said vehicle from said lower level of said vehicle housing
      means;
PA1  d. means for draining oil from said vehicle within said vehicle housing
      means, said oil being drained from said vehicle to be collected in said
      drain tank through gravity assist; and,
PA1  e. a moveable drain pan being positionally locatable under said vehicle,
      said drain pan being operatively connected to said drain tank to permit
      oil passage thereto through gravity assist, said moveable drain pan
      further including conduit means passing substantially in a vertical manner
      from said drain pan on one end to said grated floor member on a second end
      for transporting said oil from said vehicle through said conduit, said
      grated floor member and into said drain tank.
NUM  2.
PAR  2. The vehicle servicing system as recited in claim 1 including funnel wall
      means mounted below said grated floor member, said funnel wall means being
      operatively connected on opposing ends to said drain tank and said grated
      floor member for directing said oil passing through said grated floor
      member to said drain tank.
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PAL  Disclosed herein is a chain saw oil pump comprising an engine supported by
      a suitable frame, a pumping chamber defined by the frame and including an
      inlet and an outlet, a pumping member reciprocal and rotatable in said
      pumping chamber relative to the inlet and to the outlet so as to effect
      pumping operation incident to such reciprocation and rotation, and a
      spring biased gear for yieldably drivingly connecting the pumping member
      to the engine for rotation of the former in response to operation of the
      latter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to chain saws and more particularly to oil
      pumps included in such chain saws.
PAR  In the past, the drive to the oil pump included in some prior chain saws
      has sometimes experienced severe wear because, at times, resistance to
      pumping operation was relatively high as for instance, during starting
      under cold weather conditions and because the drive from the engine to the
      pump was positive. The invention is directed toward reducing such wear.
PAR  One example of such prior constructions is disclosed in U.S. Densow Pat.
      No. 3,717,221 issued Feb. 20, 1973.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a chain saw oil pump comprising an engine supported
      by a suitable frame, together with means on the frame defining a pumping
      chamber including an inlet and an outlet, and a pumping member rotatable
      in the pumping chamber relative to the inlet and outlet so as to effect
      pumping operation incident to such rotation, together with means for
      yieldably drivingly connecting the pumping member to the engine for
      rotation of the former in response to operation of the latter.
PAR  In one preferred embodiment in accordance with the invention, the means for
      yieldably drivingly connecting the pumping member to the engine includes a
      shaft rotatably supported by the frame and driven by the engine and
      including thereon a gear, together with a second gear meshed with the
      first gear and carried on the pumping member for rotary and axial movement
      relative thereto, and means for releasably drivingly connecting the second
      gear and the pumping member for common rotation.
PAR  In an embodiment in accordance with the invention, the means for releasably
      drivingly connecting the second gear to the pumping member comprises a
      projection on the pumping member, together with a notch formed in the gear
      and adapted to receive the projection so as to rotate the pumping member
      in response to rotation of the gear, and means for yieldably biasing
      together the projection and the notch.
PAR  Also in a preferred embodiment in accordance with the invention, the
      biasing means serves additionally to displace the pumping member in one
      axial direction as permitted by a cam which effects positive displacement
      of the pumping member in the other direction in response to rotation of
      the pumping member.
PAR  Also in accordance with the invention, there is provided an oil pump
      comprising wall means on a frame defining a pumping chamber including an
      inlet port and an outlet port, a pumping member rotatable in the pumping
      chamber relative to the inlet and outlet ports so as to effect pumping
      operation incident to such rotation, a drive shaft supported by the frame
      for rotation and having fixed thereon a first gear, a second gear meshed
      with the first gear for rotation thereof in response to first gear
      rotation and carried on the pumping member for rotary and axial movement
      relative thereto, and means for releasably drivingly connecting the second
      gear and the pumping member for common rotation.
PAR  One of the principal features of the invention is the provision of a chain
      saw including an oil pump and a releasable driving connection between the
      oil pump and an engine incorporated in the chain saw.
PAR  Another of the principal features of the invention is the provision of a
      chain saw oil pump in which means are provided to afford slippage in the
      drive to the oil pump in the event of resistance to pump operation above a
      predetermined level.
PAR  Another of the principal features of the invention is the provision of an
      oil pump which is particularly adapted for inclusion in a chain saw and
      which is driven by means for affording slippage in the event the
      resistance to pump operation is above a predetermined level.
PAR  Another principal feature of the invention is the provision of a chain saw
      which includes an oil pump and means for reducing the wear on the drive to
      the oil pump.
PAR  Other features and advantages of the invention will become known by
      reference to the following drawings, general description, and claims.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of a chain saw incorporating various of the
      features of the invention.
PAR  FIG. 2 is an enlarged, fragmentary perspective and partially schematic
      view, with parts broken away and in section, of a lubricant pump
      incorporated in the chain saw shown in FIG. 1. In FIG. 2, the drive to the
      oil pump is shown in operative connection.
PAR  FIG. 3 is a view similar to FIG. 2 showing slippage in the drive to the oil
      pump.
PAR  FIG. 4 is an enlarged fragmentary view, partially broken away and in
      section, of the oil pump shown in FIGS. 2 and 3.
PAR  FIG. 5 is an elevational view, partially broken away and in section, of the
      construction shown in FIG. 4.
PAR  FIG. 6 is a schematic view of the construction shown in FIGS. 2 through 5.
PAR  FIG. 7 is a schematic view of another embodiment of a chain saw oil pump
      embodying various of the features of the invention.
PAR  FIG. 8 is a schematic view of still another embodiment of chain saw
      lubricant pump embodying various of the features of the invention.
PAR  FIG. 9 is a schematic view of still another embodiment of chain saw
      lubricant pump embodying various of the features of the invention.
PAR  FIG. 10 is a schematic view of still another embodiment of chain saw
      lubricant pump embodying various of the features of the invention.
DETD
PAC  GENERAL DESCRIPTION
PAR  Shown in the drawings is a chain saw 11 including a supporting frame 13
      which can be of any suitable construction and which supports an engine 15
      and a cutter bar 17 having a peripheral groove 19. The engine 15 drivingly
      rotates a drive sprocket (not shown) around which there is trained a chain
      21 which travels in the peripheral groove 19 of the cutter bar 17.
PAR  Also included in the chain saw 11 and supported by the frame 13 is (See
      FIGS. 2 through 5) an oil or lubricant pump 23 which includes means on the
      frame 13 defining a pumping chamber 25 having spaced inlet and outlet
      ports 27 and 29 which respectively communicate (See FIG. 4) through a
      conduit 31 with a lubricant source (not shown) and through a discharge
      conduit 32 which delivers oil to the chain 21 and otherwise as may be
      appropriate. Also included in the lubricant pump 23 is a pumping piston or
      member 35 which is mounted by the frame 13 for rotary and reciprocal
      movement relative to the pumping chamber 25 so as to effect pumping of
      lubricant from the inlet port 27 into the chamber 25 and pumping of
      lubricant from the chamber 25 through the outlet port 29 and into the
      discharge conduit for delivery to the area to be lubricated.
PAR  Also included in the lubricant pump 23 is means for reciprocating the
      pumping member 35 in response to rotation thereof. While various
      arrangements can be employed, in the construction shown in FIGS. 2 through
      5, such means includes inclusion of an inclined cam surface 37 on the
      outer end of the pumping member 35, together with a camming element 39
      which is mounted by a portion of the frame 13 for axial movement in the
      direction radially of the rotary axis of the pumping member 35 and which
      includes thereon a cam 41 engagable with the cam surface 37 so as to
      effect reciprocation of the pumping member in response to rotation
      thereof.
PAR  Axial adjustment of the camming element 39 serves to adjust the stroke of
      the pumping member 35 so as to vary the output rate of the lubricant pump
      23. As above described, the construction is generally conventional.
PAR  In accordance with the invention, means are provided for yieldably
      connecting the pumping member 35 to the engine 15 to effect rotation of
      the pumping member 35 in response to engine operation. In further
      accordance with the invention, such yieldable means comprises a first gear
      43 fixed on a shaft 44 rotated by the engine 15, together with a second
      gear 45 in mesh with the first gear 43 and carried by the pumping member
      35 for rotary and axial movement relative thereto, and means for yieldably
      or releasably connecting the second gear 45 to the pumping member 35 for
      common rotation.
PAR  In further accordance with the invention, the means for yieldably or
      releasably connecting the second gear 45 and the pumping member 35 for
      common rotation comprises a radial projection or pin 47 on the pumping
      member 35 and a radially extending notch 49 provided in one end face of
      the second gear 45 and adapted to receive the projection 47 so that
      rotation of the second gear 45 serves to rotate the pumping member 35. In
      addition, and also in accordance with the invention, the means for
      yieldably or releasably connecting the second gear 45 to the pumping
      member 35 includes spring means urging or biasing the second gear in the
      direction so as to engage the notch 49 around the projection 47.
PAR  In the construction shown in FIGS. 2 through 5, such biasing means
      comprises a helical spring 51 located in encirling relation to the pumping
      member 35 and engaged, at its ends, against one axial end of the second
      gear 45 and against a shoulder 53 formed on a portion of the supporting
      frame 13. Also in the disclosed construction, the spring 51 serves to
      maintain the cam surface 37 of the pumping member 35 in engagement with
      the cam 41 which serves to effect reciprocation of the pumping member 35
      in response to pumping member rotation. Thus, in the construction shown in
      FIGS. 2 through 5, the pumping member 35 is positively displaced into the
      pumping chamber 25 by the cam 41 and is yieldably displaced outwardly of
      the pumping chamber 25 by the spring 51 as permitted by the cam 41.
PAR  Preferably, at least one of the side walls of the notch 49 is formed so as
      to present an inclined surface in engagement with the projection 47 so
      that, if resistance above a given level to rotation of the pumping member
      35 is encountered, the second gear 45 will back off the projection 47
      against the action of the spring 51 and will rotate without rotating the
      pumping member 35 until the resistance to pumping member rotation drops
      below the given level.
PAR  The invention contemplates various different arrangements for reciprocating
      the pumping member 35 in response to rotation thereof. In FIG. 6, the
      arrangement incorporated in the construction shown in FIGS. 2 through 5 is
      shown schematically. It is noted that axial movement of the camming
      element 39, including the cam 41, causes variation in the length of the
      stroke of the pumping member 35, whereby to afford adjustment of the rate
      of pump delivery. It is also noted that the spring 51 serves to bias the
      second gear 45 against the pin 47 and consequently to bias the surface 37
      against the cam 41.
PAR  Shown in FIG. 7 is an arrangement for axially displacing the pumping member
      35 in response to pumping member rotation, which arrangement is positive
      in actuation and comprises an annular groove 61 which is formed in the
      pumping member 35 and which is inclined to a plane perpendicular to the
      axis of pumping member rotation and which receives an element 63 fixed
      relative to the supporting frame 13. Thus, in the construction shown in
      FIG. 7, reciprocation of the pumping member 35 is positively provided in
      both directions in response to rotation of the pumping member 35 and the
      spring 51 serves solely to maintain the gear 45 in driving engagement with
      the projection 47 not withstanding positive reciprocation of the pumping
      member 35.
PAR  Shown in FIG. 8 is another arrangement for positively axially displacing
      the pumping member in response to pumping member rotation, which
      arrangement is essentially the same as shown in FIG. 7 except that the
      groove 61 and element 63 are located between the pumping chamber 25 and
      the gear 45 as compared to the arrangement shown in FIG. 7 in which the
      groove 61 and element 63 are located on the far side of the gear 45 from
      the pumping chamber 25.
PAR  Shown in FIG. 9 is still another arrangement for positively axially
      displacing the pumping member 35 in both directions in response to pumping
      member rotation, which arrangement includes an annular collar 71 which
      encircles the pumping member 35, which includes an annular groove 73
      receiving an element 75 extending fixedly from the pumping member 35, and
      which can be adjusted angularly so as to vary the stroke of the pumping
      member 35 and thereby to also adjust the pumping rate. As in the
      embodiments shown in FIGS. 7 and 8, the pumping member 35 is positively
      displaced in both axial directions by the collar 71 to provide
      reciprocation, and the spring 51 serves solely to maintain driving
      engagement of the projection 47 by the notch 49. A more complete
      description of the basic construction of the arrangement shown in FIG. 9
      is provided in the before mentioned U.S. Densow Pat. No. 3,717,221, issued
      Feb. 20, 1973.
PAR  Shown in FIG. 10 is still another arrangement for axially displacing the
      pumping member 35 in response to pumping member rotation, which
      arrangement includes an inclined cam surface 37 at the end of the pumping
      member 35 as shown in FIGS. 2 through 6. In addition, a cam 81 is provided
      on a member 83 which is adjustably mounted for selective angular
      positioning about the rotary axis of the pumping member 35, whereby to
      cause a change in time of suction and delivery without change in the rate
      of oil delivery. As in the construction shown in FIGS. 2 through 6, the
      spring 51 also serves to retain the cam surface 37 in engagement with the
      cam 81.
PAR  In operation of all of the embodiments, whenever the resistance to pumping
      exceeds a predetermined level, rotation of the gear 43 combined with
      consequent rotation of the gear 45 and the camming action of the pin 47
      with the inclined surface of the notch 49 will serve to displace the gear
      45 axially of the pumping member 35 against the action of the spring 51 so
      as to withdraw the notch 49 from the pin 47 and to permit rotary movement
      or slippage of the gear 45 relative to the pumping member 35 and thereby
      to reduce wear on the gears 43 and 45. Whenever resistance to pumping
      operation falls below the predetermined level, the spring 51 will displace
      the gear 45 to the left as shown in FIG. 2 so as to receive the projection
      47 in the notch and thereby to provide for rotation of the pumping member
      35 and consequent pumping operation in response to rotation of the gear
      45.
PAR  Various of the features of the invention are set forth in the following
      claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chain saw comprising a frame, an engine supported by said frame, wall
      means on said frame defining a pumping chamber including an inlet port and
      an outlet port, a pumping member rotatable in said pumping chamber
      relative to said inlet and outlet ports so as to effect pumping operation
      incident to such rotation, a shaft rotatably supported by said frame and
      driven by said engine and including thereon a first gear, a second gear
      meshed with said first gear for rotation thereof in response to first gear
      rotation and carried for rotary and axial movement relative to said
      pumping member, a projection radially extending from said pumping member,
      a notch formed on said second gear and adapted to releasably receive said
      projection so as to effect rotary driving of said pumping member by said
      second gear in response to engagement of said projection in said notch,
      and means in addition to said second gear and said projection yieldably
      biasing one of said second gear and said projection toward the other.
NUM  2.
PAR  2. A chain saw in accordance with claim 1 and including means for
      reciprocating said pumping member in response to rotation thereof.
NUM  3.
PAR  3. A chain saw in accordance with claim 2 wherein said means for
      reciprocating said pumping member in response to rotation thereof includes
      means engaged with said pumping member for positively displacing said
      pumping member in one axial direction in response to pumping member
      rotation, and means for yieldably displacing said pumping member in the
      opposite axial direction comprising said means yieldably biasing one of
      said second gear and said projection.
NUM  4.
PAR  4. A chain saw in accordance with claim 1 wherein said notch has at least
      one inclined side wall.
NUM  5.
PAR  5. A chain saw in accordance with claim 1 wherein said second gear is
      carried coaxially with said pumping member and wherein said yieldable
      biasing means comprises a helical spring encircling said pumping member
      and bearing between said frame and said second gear.
NUM  6.
PAR  6. A chain saw in accordance with claim 5 and further including means for
      reciprocating said pumping member in response to rotation thereof
      including means engaged with said pumping member for positively displacing
      said pumping member in one axial direction in response to pumping member
      rotation and said helical spring which yieldably displaces said pumping
      member in the opposite axial direction through engagement between said
      second gear and said projection.
NUM  7.
PAR  7. An oil pump comprising a frame, wall means on said frame defining a
      pumping chamber including an inlet port and an outlet port, a pumping
      member rotatable in said pumping chamber relative to said inlet and outlet
      ports so as to effect pumping operation incident to such rotation, a drive
      shaft supported by said frame for rotation and having fixed thereon a
      first gear, a second gear meshed with said first gear for rotation thereof
      in response to first gear rotation and carried for rotary and axial
      movement relative to said pumping member, a projection radially extending
      from said pumping member, a notch formed on said second gear and adapted
      to releasably receive said projection so as to effect rotary driving of
      said pumping member by said second gear in response to engagement of said
      projection in said notch, and means in addition to said second gear and
      said projection yieldably biasing one of said second gear and said
      projection toward the other.
NUM  8.
PAR  8. An oil pump in accordance with claim 7 and including means for
      reciprocating said pumping member in response to rotation thereof.
NUM  9.
PAR  9. An oil pump in accordance with claim 8 wherein said means for
      reciprocating said pumping member in response to rotation thereof includes
      means engaged with said pumping member for positively displacing said
      pumping member in one axial direction in response to pumping member
      rotation, and means for yieldably displacing said pumping member in the
      opposite axial direction comprising said means yieldably biasing one of
      said second gear and said projection.
NUM  10.
PAR  10. An oil pump in accordance with claim 7 wherein said notch has at least
      one inclined side wall.
NUM  11.
PAR  11. An oil pump in accordance with claim 7 wherein said second gear is
      carried coaxially with said pumping member and wherein said yieldable
      biasing means comprises a helical spring encirling said pumping member and
      bearing between said frame and said second gear.
NUM  12.
PAR  12. An oil pump in accordance with claim 11 and further including means for
      reciprocating said pumping member in response to rotation thereof, and
      including means engaged with said pumping member for positively displacing
      said pumping member in one axial direction in response to pumping member
      roation and said helical spring which yieldably displaces said pumping
      member in the opposite axial direction through engagement betweeen said
      second gear and said projection.
NUM  13.
PAR  13. An oil pump comprising a frame, wall means on said frame defining a
      pumping chamber including an inlet port and an outlet port, a pumping
      member rotatable in said pumping chamber relative to said inlet and outlet
      ports so as to effect pumping operation incident to such rotation, a drive
      shaft supported by said frame for rotation and having fixed thereon a
      first gear, a second gear meshed with said first gear for rotation thereof
      in response to first gear rotation, said second gear being carried for
      rotary and axial movement relative to said pumping member, parts on said
      pumping member and on said gear located for releasable direct
      interengagement to effect driving rotation of said pumping member by said
      second gear, and means separate from said interengaging parts for
      yieldably biasing one of said second gear and said pumping member toward
      the other to releasably interengage said parts.
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PAL  A grease gun having a hollow cylindrical body closed at one end and
      threadedly engaged at the other end with a removable delivery nozzle.
      Within the cylindrical body there is a central push rod having one end
      extending through a central aperture in the closed end thereof which is
      slidably retained to a plunger within the body by means of a locking ring,
      and a barrel spring around the push rod adapted to be compressed during
      retraction of the push rod and its associated plunger. The push rod
      comprises a circumferentially recessed groove between the locking ring and
      exposed end and an elongated detent portion in spaced relation to the
      circumferentially recessed groove near the exposed end. The removable
      delivery nozzle includes a central bore and a check valve therein adapted
      to be biased by the pressure of the grease in the cylindrical body in
      order to permit the passage of the grease therefrom into the removable
      delivery nozzle. A lock slide lever having a central aperture with a
      laterally reduced extension is slidably secured to the closed end of the
      cylindrical body, said laterally reduced extension being adapted to engage
      into the circumferentially reduced groove of the push rod when the push
      rod is retracted to the reduced groove position, and into the elongated
      detent portion of said push rod when it is in normal release position to
      control the stroke of the push rod. The closed end of the cylindrical body
      is provided with a vent hole for expulsion of entrapped air from the
      cylindrical body during the retraction of the push rod, and the removable
      delivery nozzle is provided with an orifice adapted to receive the male
      grease fitting of the part or apparatus which is being lubricated. A
      spring may be inserted between the closed end and a handle on the exposed
      end of the push rod to return the push rod after a power stroke, and a
      finger grip fastened to the cylinder body for one-handed operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to grease guns and particularly to hand-operated
      grease guns. More specifically, the present invention is directed to
      grease guns which are compact, leakproof, relatively simple in design and
      construction, and which are particularly well suited for use in the
      electronic industry.
PAR  2. The Prior Art
PAR  Hand-operated grease guns have been in common usage for lubricating various
      automobile parts and accessories. Typically, such hand-operated grease
      guns are of the type described in U.S. Pat. No. 1,818,539, issued on Aug.
      11, 1931 to Peter Gresser, and U.S. Pat. No. 1,932,780, issued on Oct. 31,
      1933 to George H. Hartman. However, these grease guns are ordinarily
      employed for lubricating various automobile parts and accessories, and
      they are not particularly well suited for use in the electronic industry
      for lubricating electronic instruments. As it will become apparent from
      the ensuing description, the grease gun described in the present invention
      is particularly designed and constructed for use in the electronic
      industry and thus constitutes an improvement over the prior art grease
      guns, both in their construction and the manner of their operation.
DRWD
PAC  DESCRIPTION OF INVENTION
PAR  The present invention contemplates providing a handoperated grease gun
      which is uniquely adapted for use in the electronic industry. The grease
      gun of this invention is compact, relatively small in dimensions, and
      comprises novel and unique features as will become apparent from the
      following detailed description taken in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a side view of the hand-operated grease gun of this invention, in
      normal release position, with the removable delivery nozzle broken away
      for convenience of illustration;
PAR  FIG. 2 is a longitudinal sectional view of the grease gun shown in FIG. 1
      illustrating the novel and unique features of the invention;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a side view of the push rod and push rod handle of the grease
      gun, as will hereinafter be described.
DETD
PAR  Referring now to the drawings, and particularly to FIGS. 1 and 2, there is
      shown a hollow cylindrical body 1 which may be preferably made from a
      seamless, light weight metal tubing such as aluminum. The cylindrical body
      1 is internally threaded at its front end as in 3.
PAR  A removable delivery nozzle (as shown in the lower section of FIG. 1),
      comprising a knurled flange 5 and an externally threaded portion 7 is
      adapted to be screwed into the front end 3 of the cylindrical body 1 such
      that when the externally threaded portion 7 is completely screwed into the
      front end 3 of the cylindrical body 1, the knurled flange member 5
      provides a tight, leak-proof closure for the cylinder.
PAR  A nozzle 9 is integrally formed with the knurled flange 5, and has its
      front end internally threaded as in 11 for threaded engagement with a
      tubular fitting 13 having one end externally threaded as in 15 for
      threaded engagement with the nozzle 9. The tubular fitting 13 is also
      externally threaded at its front end as in 17 for threaded engagement with
      a knurled nut 19 which is interiorly recessed at its front end to securely
      retain a rubber gasket 21 having a central aperture 23 adapted to receive
      a male grease fitting of the electronic apparatus in order to force the
      grease therethrough. The knurled nut 19 may be replaced with different
      size fittings (or tubings) depending on the size of the male connection of
      the electronic instrument.
PAR  A central bore 25 extends through the tubular fitting 13 and the nozzle 9,
      tapering at 27 and further extending, as a reduced central bore 25a,
      through the knurled flange 5 and the threaded portion 7 of the removable
      delivery nozzle 9.
PAR  A ball valve 29 is seated against the spring 31 as shown in FIG. 2. The
      diameter of the ball valve 29 is less than the central bore 25 but larger
      than the reduced central bore 25a, so as to provide a closure for the
      central bore 25a. This prevents leakage of the grease from the cylindrical
      body 1 into the central bore 25 when the gun is filled with grease, and
      also prevents the backflow of grease from the external grease source into
      the central bore 25a.
PAR  A push rod 33 extends centrally through the cylindrical body 1 and a
      central aperture 35 of the plunger 37 which is disposed within the
      cylindrical body 1. The push rod 33 is slidably retained to the plunger 37
      by means of a locking ring 39 and is adapted to slide freely through the
      aperture 35 of the plunger 37. A barrel spring 41 is disposed around a
      finite length of the push rod 33 and is adapted to be compressed when the
      push rod 33 is retracted from the cylindrical body 1 as will hereinafter
      be described in more detail.
PAR  The barrel spring 41 bears against the barrel end cap 43 which provides a
      closure for the cylindrical body 1 at the back end of the grease gun. At
      its front end, the barrel spring 41 bears against the plunger 37 as shown
      in FIG. 2. The barrel end cap 43 is provided with a vent hole 45 through
      which any entrapped air is expelled during the retraction of the push rod
      33 when the cylindrical body 1 is being filled with grease.
PAR  The barrel end cap 43 is also provided with a central aperture 47 (which is
      in alignment with the reduced central bore 25a) through which extends the
      push rod 33 exteriorly of the cylindrical body 1. The push rod 33 is
      affixed to a push rod handle 49 and is adapted to be depressed thereby
      during the lubrication operation, and a push rod handle spring 51 serves
      to return the push rod handle 49 to its normal release position as will
      become more apparent from the description of the operation of the grease
      gun.
PAR  The grease gun of this invention is equipped with a lock slide lever 53
      which is slidably secured to the barrel end cap 43 by means of rivet pins
      55 and 57. Lock slide lever 53 has a central aperture 59 (for the passage
      of the push rod 33) with a laterally reduced portion 59a adapted to engage
      the push rod 33 in its fully retracted position as will hereinafter be
      explained, and a rivet pin groove 59b as shown in FIG. 3. A second rivet
      pin groove 61 is disposed in spaced relation to the said reduced lateral
      portion 59a.
PAR  The push rod 33 comprises a circumferentially recessed groove 33a (see FIG.
      4) which engages into the said laterally reduced portion 59a thereby
      locking the push rod 33 into its fully retracted position. The push rod 33
      also comprises an elongated detent portion 33b which engages with the said
      reduced lateral portion 59a when it is in its normal release position in
      order to control the stroke of the push rod 33.
PAR  In its normal release position, the push rod spring 51 bears against the
      interior of the push rod handle 49 at one end, and is retained by the
      washer 63 which is seated on the lock slide lever 53.
PAR  The grease gun of this invention is also provided with a grip handle 65 so
      that the grease gun can be conveniently gripped and operated with one
      hand.
PAR  In operation, the gun is first filled with grease as follows: the nozzle
      delivery end is removed by unscrewing the threaded portion 7 away from the
      cylindrical body 1 and inserting the body in the grease source. The push
      rod 33 is then drawn back by pulling back the push rod handle 49 until the
      push rod 33 is in its fully retracted position. The lock slide lever 53 is
      then moved in so as to engage the circumferentially recessed groove 33a
      into the laterally reduced portion 59a of the central aperture 59. The
      retraction of the push rod 33 creates a vacuum in the cylindrical body 1,
      thus causing grease to flow from the external grease source (which is
      ordinarily under atmospheric pressure) into the cylindrical body 1.
      Additionally, retraction of the push rod 33 compresses the barrel spring
      41, which remains compressed while the push rod 33 is locked in its fully
      retracted position (see FIG. 2). Also, any air which may be trapped in the
      cylindrical body 1 (between the barrel end cap 43 and the plunger 37) will
      be expelled through the vent hole 45 during the retraction of the push rod
      33.
PAR  After the gun has been filled with grease, the nozzle delivery end is
      screwed back on by screwing the threaded portion 7 into the threaded end 3
      of the cylindrical body 1. The lock slide lever 53 is now moved out to
      release the push rod 33 (and its associated plunger 37) into its normal
      release position and the lock slide lever 53 is then moved in to engage
      the detent portion 33b of the push rod 33 into the laterally reduced
      portion 59a, thus controlling the stroke of the push rod 33 in its normal
      release position (see FIG. 1).
PAR  When the push rod 33 is returned to its normal release position, the
      compressive forces on the barrel spring 41 are removed causing it to
      expand, thus maintaining a positive pressure on the grease in the
      cylindrical body 1. The gun is now primed and ready for use.
PAR  In order to dispense the grease from the grease gun, the said central
      aperture 23 of the knurled nut 19 is engaged with the male connection of
      the electronic instrument as aforesaid. The push rod 33 is then depressed
      by pressing down on the push rod handle 49, thus forcing the grease
      through the central reduced bore 25a, past the ball valve 29, which is
      forced against the spring 31, into the central bore 25 and out through the
      central aperture 23.
PAR  While the grease gun of this invention and its operation have been
      described hereinbefore in detail, and with a certain degree of
      particularity, it is obvious to those skilled in the art that some
      modifications may be made in its design and construction which are
      nevertheless encompassed within the scope and spirit of this invention. It
      must additionally be noted that unlike the known grease guns of the prior
      art which are relatively large and bulky, and which are usually employed
      only for lubricating automobile parts and similar accessories, the grease
      gun of this invention is relatively small in dimensions (usually about 8
      to 10 inches long and 1 to 1 1/2 inches in diameter) and is particularly
      well-suited for lubricating electronic instruments for which most of the
      prior art grease guns are neither useful nor practical.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A grease gun comprising, in combination, a hollow cylindrical body
      closed at one end and having a removable delivery nozzle at the other end,
      said closed end having a central aperture, and a vent means in spaced
      relation therewith, a plunger means within said cylindrical body having a
      central aperture, a rod member slidable through said central aperture of
      said plunger means, said rod member having retaining means to prevent said
      plunger means sliding off of said rod, said rod member having a
      circumferentially recessed groove and an elongated detent portion in
      spaced relationship with each other, said rod member extending through
      said central aperture of said closed end of said cylindrical body and
      terminating exteriorly of said closed end, spring means around said rod
      member interiorly of said cylindrical body between said closed end and
      said plunger means adapted to force said plunger means towards said
      delivery nozzle, a central bore within said removable delivery nozzle,
      means within said central bore to be biased to permit the one way passage
      of grease from said cylindrical body through said central bore, a lock
      slide member slidably secured to said closed end of said cylindrical body,
      said lock slide member having a central aperture for passage of said rod
      member with a laterally reduced extension adapted to engage with said
      circumferentially recessed groove of said rod member when said rod member
      is withdrawn to said groove position, and with said elongated detent
      portion of said rod member when said rod member is in normal release
      position with the elongated detent portion controlling the stroke of said
      rod member.
NUM  2.
PAR  2. A grease gun comprising, in combination, a hollow cylindrical body
      closed at one end and having a removable delivery nozzle at the other end,
      said closed end having a central aperture, and a vent aperture in spaced
      relation therewith, a plunger within said cylindrical body having a
      central aperture, a push rod slidably retained by said plunger, said push
      rod having a circumferentially recessed groove and an elongated detent
      portion in spaced relationship with each other, said push rod extending
      through said central aperture in said plunger and through said closed end
      of said cylindrical body terminating exteriorly thereof, handle means for
      depressing said push rod, spring means around said push rod exteriorly of
      said cylindrical body between said handle means and said closed end, a
      spring around said push rod interiorly of said cylindrical body between
      said plunger and said closed end and adapted to force said plunger towards
      said delivery nozzle, a central bore with a reduced hollow extension
      within said removable delivery nozzle, a spring within said central bore,
      a ball valve seated against said spring and adapted to be depressed
      against said spring to permit the passage of grease from said cylindrical
      body and said reduced hollow extension into said central bore, means in
      said removable delivery nozzle for engagement with an external source for
      lubrication, a lock slide lever slidably secured to said closed end of
      said cylindrical body, said lock slide lever having a central aperture for
      passage of said rod member with a laterally reduced extension adapted to
      engage with said circumferentially recessed groove of said push rod when
      said push rod is withdrawn to said groove, and with said elongated detent
      portion of said push rod when said push rod is in normal release position
      with the elongated detent portion controlling the stroke of said rod
      member.
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PAL  A first solid-state static converter receives a threephase A.C. input and
      directly supplies direct current to a D.C. motor armature circuit to
      operate a traction sheave and control the movement of an elevator car in
      response to an error signal derived by the summation of a speed signal
      from a tachometer and a vehicle speed command signal while a second
      solid-state static converter receives a three-phase A.C. input and
      directly supplies direct current to a field circuit of the D.C. motor in
      response to the operation of a field gating control circuit. Three gating
      channels corresponding to the three source phases provide summing circuits
      receiving alternating phase reference signals through lead-lag filtering
      circuits, disable signals responsive to the source phases through lag
      filtering circuits, constant reference signals for continually providing
      sixty electrical degrees of conduction of the controlled rectifiers during
      each source cycle and providing a predetermined field current, and a field
      energy command signal supplied from a second summing circuit. A command
      signal supplied by the system supervisory control, a field current
      indicative feedback signal and an armature current indicative signal are
      directly summed at the second summing circuit to provide the field energy
      command signal to the first summing circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a transportation system and specifically to an
      apparatus which controls the energization of a field circuit of a motive
      means moving and stopping a vehicle within the system.
PAR  D.C. motor control systems utilized for general motor applications have
      employed various speed regulating control loops in order to provide a full
      range of control. Some systems have held the field energization at a
      constant magnitude and variably controlled the armature voltage up to a
      predetermined base speed. Such systems have thereafter held the armature
      energization at a constant magnitude and variably controlled the field and
      particularly weakened the field in order to increase the speed above the
      predetermined base speed. Many of such systems have sensed the speed of
      the motor by using a tachometer for providing a speed proportional signal
      utilized in controlling the selective energization of the field in
      accordance with the varying speed characteristics provided by the motor
      output.
PAR  Other D.C. motor systems have sensed the controlled armature current
      supplied to the armature circuit for providing an armature current
      indicative signal for combination with a command signal to control the
      gating of uni-directional current to the field circuit. Some of these
      systems have been responsive to an excessive condition of the back EMF
      across the motor armature for discontinuing the current flow through the
      field coil thereby increasing the speed of the operating motor above the
      base speed.
PAR  Several known transportation systems such as battery powered vehicles have
      selectively controlled the conduction of direct current from the battery
      to the armature and field circuits of a D.C. motor and further operate to
      recharge the battery during certain sequences of the operation. One known
      system has controlled the operation of thyristors to selectively conduct
      the direct current from a battery to a D.C. motor field circuit in
      response to the sensed speed of the vehicle, the current flowing in the
      armature circuit, the commanded or desired field current and the actual
      field current supplied to the D.C. motor. One system as shown in U.S. Pat.
      No. 3,735,220 employs a first summing circuit responding to a minimum
      predetermined field current command signal, a speed signal and a sensed
      armature current signal for providing an output to a second summing
      circuit connected to receive a second field current command signal and a
      field current indicative signal with the second summing circuit
      interconnected to a third summing circuit which, in turn, is coupled to
      receive a predetermined braking current command signal, an armature
      current signal and a speed responsive signal so that the field current is
      controlled with an output to the controlled thyristors from the second
      summing circuit.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a transportation system and specifically to an
      apparatus which supplies controlled amounts of energy to a field circuit
      of a motive means.
PAR  The transportation system of the present invention provides a guide path
      structure in which a transport vehicle is selectively moved in a path
      extending adjacent a plurality of landings by the selective operation and
      control of a motive means. A field circuit of the motive means is
      selectively supplied unidirectional energy in accordance with the
      selective control of a gated rectifying means coupled to a source of
      polyphase energy in response to the operation of a gating control means. A
      summing means within the gating control means receives an alternating
      reference signal varying in response to the varying source energy, a
      constant reference signal, and a field energy command signal in response
      to commanded vehicle movement to provide an output in response to the
      alternating and constant reference signals and the command signal to
      operatively control the operation of the gated rectifying means and thus
      the selective supply of varying amounts of uni-directional energy to the
      field circuit.
PAR  A disable signal is supplied to the summing means which is responsive to
      the phase relationship of the source and operatively prevents the
      conduction of energy to the field circuit by the gated rectifying means
      during predetermined portions of each cycle of the source energy. In a
      preferred construction, the gated rectifying means is disabled in response
      to the disable signal during one hundred eighty electrical degrees of the
      source frequency and thus provides operative conductive control over the
      gated rectifying means during the other one hundred eighty electrical
      degrees. The disable signal operatively provides a proper phase
      relationship with respect to the source frequency by utilizing a lag
      filter network in connecting the summing circuit to the source. Such a lag
      filter also provides added stability to the circuit operation.
PAR  In a preferred construction, a lead filter network and a lag filter network
      are utilized to connect the summing circuit to the source so that the
      alternating reference signal is supplied with a proper operating phase
      sequence with respect to the source frequency for properly controlling the
      conduction of the controlled rectifying means during a proper portion of
      each alternating cycle. Such filter networks also have the added advantage
      of providing a stable circuit operation.
PAR  The preferred construction of the summing means includes a plurality of
      summing circuits while a plurality of alternating reference signals
      correspond to the plurality of phases of energy. Each summing circuit
      corresponds to one of the phases and appropriately controls a controlled
      rectifying circuit corresponding and connected to a respective incoming
      energy phase. A particular summing circuit will thus receive an
      alternating reference signal corresponding to the controlled phase and
      also an appropriate disable signal responsive to the associated energy
      phase.
PAR  The gating control means includes a selectively operable switching circuit
      which responds to the constant and alternating reference signals and the
      lack of the field energy command signal to operatively render the gated
      rectifying means conductive during a predetermined portion of each cycle
      of source energy to provide a predetermined magnitude of direct current
      field energy. such response by the gating control means is highly
      desirable in a transportation system such as an elevator in that an
      abnormal disconnection of the field energy command signal during movement
      of the vehicle will not creat a dangerous operating condition by the
      complete loss of field energy. In a preferred construction, the gating
      control circuits are designed to be rendered conductive during
      approximately sixty electrical degrees of each cycle of the alternating
      source frequency which has been found sufficient to maintain proper
      energizing control over the transport vehicle.
PAR  The switching circuit which operates in response to the alternating source
      reference signal, the constant reference signal and the field energy
      command signal selectively operates from a first condition to a second
      condition thereby supplying gating pulses from a storage circuit to the
      gated rectifying means for rendering the rectifying means conductive. In
      this regard, a highly desirable two-stage switching circuit is provided
      wherein the first stage is directly coupled to receive the output of the
      summing circuit while the second stage selectively operates in response to
      the output of the first stage and further provides an output circuit
      connected to a storage means through a primary winding of an output
      transformer with the transformer providing an output winding directly
      connected to the gated rectifying means.
PAR  Another summing means provides an output operatively controlling the energy
      supplied to the field circuit in response to the direct summation of a
      plurality of signals. Specifically, a first signal supplied from a command
      circuit which dictates a first predetermined magnitude of field
      energization is summed with a second signal varying according to the
      varying sensed field energy and a third signal varying according to the
      varying sensed armature energy. In a preferred construction, a field
      energy command signal is directly summed with an armature current
      indicative signal and a field current indicative signal to control the
      amount of field energy supplied to the motive means.
PAR  A D.C. motor may be employed such as commonly utilized with elevator type
      systems which is designed and built to operate for a short period of time
      with a field current far exceeding the rated maximum field current and
      with armature current far exceeding the rated maximum armature current
      generally recommended for such motor. Such D.C. motors can can be utilized
      with motor-generator set type applications and also with direct static
      drive applications as disclosed in the preferred embodiment herein. When
      initiating commanded movement of the transportation vehicle, the command
      means provides a first signal commanding a first predetermined magnitude
      of field energization which generally corresponds to the rated maximum
      field current disigned for D.C. motor field energization over a long
      period of time. Sensing means responds to the flow of armature current to
      the D.C. motor providing accelerating torque to the vehicle and supplies
      an armature current indicative signal for direct summation with the first
      command signal to thereby operatively provide a second predetermined
      magnitude of field energization greater than the first rated magnitude in
      response to the increase of the armature current. It has been found that
      the forcing of field energy in response to the field command signal and
      the armature current indicative signal requires the field to be energized
      to a much greater magnitude during the initial stages of acceleration.
PAR  Such field forcing at the initiation of vehicle movement would build up the
      field energy to an exceptional high maximum field energy magnitude, such
      as possibly 260 percent of the rated field current for example, if it were
      not for the field current indicative signal being fedback to the summing
      circuit to limit the field energy buildup. With the field current
      indicative signal being summed at the summing circuit in opposition to the
      first command signal and the armature current indicative signal, the
      maximum attainable field current will approach a lesser predetermined
      magnitude, such as approximately 200 percent of the rated field current.
PAR  Thus in a preferred operation in which the vehicle is accelerated from zero
      velocity to a maximum constant velocity, the field current will rapidly
      increase upon the commanded initiation of vehicle movement in response to
      the first command signal so that the field will rapidly increase to
      approximately 100 percent of the rated field current prior to the
      initiation of supply of armature current to the D.C. motor. The subsequent
      supply of armature current rapidly builds up in the armature windings to a
      magnitude of approximately 100 percent of the rated armature current for
      the D.C. motor and thereafter increases to an increased armature current
      magnitude, such as approximately 250 percent of the rated armature current
      when the elevator car is traveling in an upward direction with a full
      load. The control means responds to the increase of the armature current
      and increases the field current to an increased magnitude, such as
      approximately 200 percent of the rated field current for the D.C. motor.
      The subsequent decrease in the armature current when the vehicle is
      nearing the constant velocity sequence of operation also operatively
      decreases the field current so that at attaining constant velocity
      operation both the armature current and the field current are returned to
      their normal 100 percent rated operating condition for continued vehicle
      operation during the constant velocity sequence.
PAR  The preferred construction provides a switching means connected to receive
      an analog signal from the summing means which varies in response to the
      direct summation of the field command signal, the armature current
      indicative signal and the field current indicative signal. Such a
      switching circuit thus selectively operates to provide an output varying
      between a first condition and a second condition to control the amount of
      energy flowing between the source and the field circuit.
PAR  A command signal supplied to the summing circuit is provided by a command
      circuit providing a substantially constant signal having a first polarity
      which is combined with a second polarity signal supplied by a feedback
      circuit varying in accordance with the field current for opposing the
      command signal. As previously mentioned, the armature current indicative
      signal provides a polarity which combines or sums with the command signal
      and opposes the field indicative signal.
PAR  A highly desirable summing means is thus provided which combines a field
      energy command signal, an armature current indicative signal, a field
      current indicative signal, a constant reference signal, a source
      alternating phase indicative signal, and a source responsive disable
      signal to uniquely control the amount of current supplied to the field
      circuit of a D.C. motor operating a transportation vehicle. Such a unique
      summing means is operatively coupled to operate a controlled rectifying
      means coupled to operatively convert polyphase energy into controlled
      varying amounts of uni-directional energy for energizing the field
      windings. Applicant has provided a highly desirable transportation system
      by combining two summing circuits with highly desirable switching circuits
      for selectively rendering the controlled rectifying devices operative to
      precisely control the energization of the field circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate a preferred construction of the
      present invention in which the above advantages and features are clearly
      disclosed as well as others which will be clear from the following
      description.
PAR  In the drawings:
PAR  FIG. 1 is a block diagrammatical view illustrating an elevator system
      incorporating the present invention;
PAR  FIG. 2 is a circuit schematic showing the field control circuit of FIG. 1;
PAR  FIG. 3 is a circuit schematic showing the field gating circuit of FIG. 1;
PAR  FIG. 4 is a circuit schematic showing the field static power converter of
      FIG. 1;
PAR  FIG. 5 is a diagrammatic graphical illustration showing the rectified
      portions of the source input voltage wave forms appearing as a plot
      against time of which selected portions are gated to the field circuit of
      FIG. 1;
PAR  FIG. 6 is a diagrammatic graphical illustration showing an alternating
      source reference signal as a plot against time and a constant reference
      signal employed in the field gating circuit of FIG. 3;
PAR  FIG. 7 is a diagrammatic graphical illustration showing a disable control
      signal appearing as a plot against time which is employed the field gating
      circuit of FIG. 3;
PAR  FIG. 8 is a diagrammatic graphical illustration showing the percentage of
      field voltage provided by the static power converter in FIG. 4 as a
      function of the phase back gating angle established by the field gating
      circuit of FIG. 3 and the field control circuit of FIG. 2;
PAR  FIG. 9 is a diagrammatic graphical illustration showing an example of the
      armature current appearing as a plot against time;
PAR  FIG. 10 is a diagrammatic graphical illustration showing an example of the
      field current appearing as a plot against time together with a field
      current command signal; and
PAR  FIG. 11 is a diagrammatic graphical illustration showing the velocity wave
      form of the vehicle appearing as a plot against time.
DETD
PAC  DESCRIPTION OF THE PREFERRED ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings and particularly FIG. 1, the transportation
      system includes an elevator system 1 having a direct current drive motor 2
      with an armature circuit 3 and a shunt field circuit 4. The armature
      circuit 3 is connected through an input circuit 5 to an adjustable source
      6 of direct current power. The direct current source 6 includes a pair of
      parallel connected, full-wave controlled bridge rectifying networks which
      are connected to a three-phase alternating current input 7 and selectively
      provide controlled amounts of direct current and voltage to the D.C. motor
      input circuit 5 and thus to the armature 3. Each bridge network includes a
      plurality of controlled rectifier devices which are phased controlled to
      convert electrical power between alternating and direct current by
      controlling the conduction or firing angle of the controlled rectifier
      devices. The utilization and selective control of the controlled
      rectifiers within the bridge networks permits the direction of direct
      current flow through the armature circuit 3 to be reversed when desired to
      provide regenerative braking control as well as forward and reverse
      operation of the D.C. motor 2. The controlled source 6 can be connected
      and operated as illustrated in the patents to Maynard, U.S. Pat. Nos.
      3,716,771 issued on Feb. 13, 1973 and 3,683,252 issued on Aug. 8, 1972 and
      the patent to Maynard et al, U.S. Pat. No. 3,551,748 issued on Dec. 29,
      1970. It is understood, however, that source 6 could constitute a direct
      current generator of a motor-generator set in which the field of the
      generator is controlled to provide the desired magnitude of
      uni-directional potential.
PAR  The magnitude and direction of direct current flow applied to the armature
      3 by the source 6 is controlled by a velocity command and error signal
      generator 8 in response to a command from a supervisory control 9 as
      applied through an amplifying, compensating and control circuit 10.
      Specifically, the signal generator 8 develops a vehicle speed pattern
      command signal which is summed with a speed responsive signal V.sub.T
      appearing at a lead 11 to provide an error speed signal output at a lead
      12. A tachometer 13 is coupled to the drive shaft of the D.C. motor 2 and
      supplies the speed responsive signal V.sub.T to the lead 11 which is
      directly proportional the the speed of rotation of the motor drive shaft
      and thus the velocity of the car.
PAR  The amplifying, compensating and control circuit 10 is connected to a lead
      14 which supplies a signal V.sub.A from the armature circuit 3 which is
      proportional to the armature voltage and is further connected to a lead 15
      which supplies a signal I.sub.A from the source 6 proportional to armature
      current. Generally, the armature current signal I.sub.A and the armature
      voltage signal V.sub.A are supplied to the compensating circuits within 10
      to compensate for motor operating losses while providing a continuous
      armature current limit. The output at a lead 16 from the control circuit
      10 is coupled to control an armature gating control circuit 17 which also
      receives a phase signal input on a lead 18 from a reference transformer 19
      and functions to provide an output at 20 for controlling the operation of
      the static power converter 6. The armature gating control circuit 17 thus
      operates to selectively enable the dual bridge networks within the static
      power converter 6 for providing controlled amounts of both forward and
      reverse directions of energizing power to the armature circuit 3 according
      to the selective firing of the controlled rectifiers and the phase
      relationship of the incoming three-phase power supply 7.
PAR  A field static power converter 21 is coupled to receive an alternating
      three-phase power input from the source 7 and is further coupled to a
      field gating circuit 22 through an input 23 to selectively supply
      energizing power through an output 24 to energize the field circuit 4 of
      the D.C. motor 2. The field gating circuit 22 is coupled to receive a
      reference signal from the reference transformer 19 through an input
      circuit 25 and is also coupled to receive a control signal from a field
      control circuit 26 through an input 27. The field control circuit 26, in
      turn, is coupled to respond to the operation of the supervisory control 9
      through an input illustrated at 28 and also receives an armature current
      signal at an input 29 which is supplied from an armature current output 30
      at the static power converter 6. The field control 26 is further coupled
      to receive a field current signal-I.sub.F at an input 31 which is supplied
      from the field static power converter 21 at an output 32.
PAR  The elevator system 1 is more fully disclosed in the copending application
      of J. Maynard having Ser. No. 465,271, filed on Apr. 29, 1974 and entitled
      "TRANSPORTATION SYSTEM WITH MALFUNCTION MONITOR"  and in the copending
      applications of C. Young and J. Maynard having Ser. Nos. 465,270 and
      465,272, filed on Apr. 29, 1974 and entitled "CONTROL SYSTEM FOR A
      TRANSPORTATION SYSTEM " and "TRANSPORTATION SYSTEM WITH DECELERATING
      CONTROL" respectively, and such applications are incorporated by reference
      herein.
PAR  The field control 26 is shown in schematic form in FIG. 2 along with a
      portion of the supervisory control 9, the latter being diagrammatically
      illustrated as utilizing relays and manually operable switches for the
      sake of clarity and it is understood that the supervisory control 9 could
      utilize various solid-state logic circuits or interconnecting relays and
      associated contacts such as more fully described in the above mentioned
      application entitled "TRANSPORTATION SYSTEM WITH MALFUNCTION MONITOR". In
      any event, the supervisory control 9 is illustrated as including a line
      contactor relay L selectively connected in circuit through an open switch
      32 for selective energization by a positive constant potential D.C.
      voltage source +VDC and a negative constant potential D.C. voltage source
      -VDC.
PAR  The field control circuit 26 includes a command input 34 connected to a
      summing circuit 35 through a resistor 36. The command input circuit 34
      includes a positive constant potential D.C. voltage source +VDC which is
      connected to the system ground through the normally open contacts L-5 of
      the line contactor relay, a resistor 37 and a Zener diode 38 with a
      coupling circuit 39 between resistor 37 and diode 38 connected to the
      resistor 36. The summing circuit 35 is also connected to receive a field
      current proportional signal appearing at lead 31 through a resistor 40 and
      an armature current proportional signal appearing at lead 29 through the
      resistors 41 and 42. The connecting circuit 43 between resistors 41 and 42
      is connected to the system ground through a capacitor 44.
PAR  An output circuit 46 is connected to the summing circuit 35 and to an
      inverting input 47 of an operational amplifier 48 functioning as a
      comparator to provide a switching amplifier and provides a non-inverting
      input 49 connected to the system ground through a resistor 50. A pair of
      parallel connected and oppositely diodes 51 and 52 are connected between
      the inputs 47 and 49 to protect the switching amplifier 48 from abnormal
      transient conditions. The switching amplifier 48 provides an output to the
      lead 27 which is also connected to the input lead 47 through a feedback
      circuit 53 including a parallel connected capacitor 54 selected to
      stabilize and regulate the operation of the switching amplifier 48.
PAR  The field gating circuit 22 is shown in FIG. 3 and includes three gating
      control channels 56, 57 and 58 with each channel effective for providing
      operative control over a corresponding input phase of the incoming
      three-phase power supplied from the source 7 to the field static power
      converter 32. The channels 56, 57 and 58 are connected to the output lead
      27 for receiving signals from the switching amplifier 48. The channels 56,
      57 and 58 each provide a pair of output leads 59, 60 and 61, respectively,
      to provide the output 23 for controlling the operation of the field static
      power converter 21. The channels 56, 57 and 58 are similarly constructed
      so that only channel 56 will be described in detail and it is understood
      that channels 57 and 58 operate in a similar manner with appropriate phase
      related signals in accordance with the teachings herein as clearly
      understood by one skilled in the art.
PAR  The gating channel 56 employs a number of control signals for properly
      controlling the conduction or firing angle of the associated controlled
      rectifier during an appropriate period of each source cycle to provide the
      desired uni-directional current output to energize the field circuit. A
      lead 62 is connected to a positive constant potential direct current
      source +VDC through the normally open contacts L-6 of the line contactor
      relay and provides a constant positive voltage, such as +34 volts D.C. A
      lead 63 is connected to a positive constant potential direct current
      voltage source +VDC through a resistor 64 and the normally open contacts
      L-7 of the line contactor relay to provide a constant positive voltage,
      such as +13 volts D.C. for example. The lead 63 is coupled to the system
      ground through a filtering and stabilizing circuit 65 which includes a
      parallel connected Zener diode 66 and capacitor 67. A lead 68 is connected
      to a negative constant potential voltage source -VDC through a resistor 69
      and the normally open contacts L-8 of the line contactor relay and
      provides a constant negative voltage, such as -13 volts for example. The
      input lead 68 is coupled to the system ground through a stabilizing and
      filtering network 70 which includes a parallel connected Zener diode 71
      and capacitor 72.
PAR  The channel 56 includes a summing circuit 73 which is connected to the
      reference lead 63 through a resistor 74 and to the lead 27 through a
      resistor 75. The summing circuit 73 is also connected to the reference
      transformer 19 through the input 25 which includes a pair of input leads
      76 and 77. The lead 76 is coupled to the summing circuit 73 through a
      series connected circuit including a capacitor 78, a resistor 79 and a
      resistor 80. The lead 77 is coupled to the summing circuit 73 through a
      resistor 81 and the resistors 79 and 80. A connecting circuit 82 between
      the resistors 79 and 80 is connected to a system ground lead 83 through a
      capacitor 84 while the summing circuit 73 is coupled to the ground lead 83
      through a protective circuit 85 including a parallel connected capacitor
      86 and diode 87 utilized for protection from abnormal transient
      conditions. The input lead 77 is further connected to the summing circuit
      73 through a series connected circuit including a resistor 88, a resistor
      89 and a diode 90. A connecting circuit 91 between resistors 88 and 89 is
      coupled to the ground lead 83 through a capacitor 92 while a connecting
      circuit 93 between the resistor 89 and diode 90 is connected to the ground
      lead 83 through a diode 94.
PAR  The capacitor 78 and the resistor 81 function to provide a lead filtering
      circuit 95 while the resistor 79 and the capacitor 84 function to provide
      a lag filtering circuit 96 and the resistors 88 and 89 together with the
      capacitor 92 function to provide a lag filtering circuit 97. The filtering
      networks 95 and 96 together with the resistor 80 thus provides a A. C.
      source reference control input circuit 98 to the summing circuit 73 while
      the filtering network 97 together with the diodes 90 and 94 provide a
      source reference disable input circuit 99.
PAR  The summing circuit 73 is connected to a base circuit 100 of an NPN type
      transistor 101 having an emitter circuit 102 connected to the system
      ground lead 83 and a collector circuit 103 connected to the lead 62
      through a resistor 104. The collector circuit 103 is also connected to a
      base circuit 105 of a Darlington pair type transistor circuit 106 through
      a serially connected capacitor 107 and a resistor 108. The collector
      circuit 103 of the transistor 101 is also connected to the system ground
      lead 83 through a resistor 109. The base circuit 105 of the Darlington
      circuit 106 is connected to the voltage lead 68 through a resistor 110 and
      is also connected to the system ground lead 83 through a diode 111. An
      emitter output circuit 112 of the Darlington circuit 106 is connected to
      the system ground lead 83 and a collector circuit 113 is connected to the
      voltage lead 62 through an output circuit 114.
PAR  The output circuit 114 includes a resistor 115 connected to the lead 62 and
      connected to the ground lead 83 through a serially connected capacitor
      116. A junction circuit 117 connecting the resistor 115 and the capacitor
      116 is connected to the collector circuit 113 through a resistor 118 and a
      primary winding 119 of a transformer 120. A diode 121 is parallel
      connected to the primary winding 119 of the transformer 120. The
      transformer 120 further provides an output winding 122 directly connected
      to the output leads 59 and selectively supplying firing control pulses to
      the field static power converter 21. A capacitor 123 is coupled between
      the voltage lead 62 and the system ground lead 83.
PAR  The field static power converter 21 along with the field windings 4 of the
      D.C. motor 2 are illustrated in FIG. 4. Additional circuitry could be
      added to the circuits of FIG. 4 to provide a combined brake and field
      static power converter as disclosed in the above mentioned application
      entitled "TRANSPORTATION SYSTEM WITH MALFUNCTION MONITOR".
PAR  The field static power converter 21 is connected to the three-phase A. C.
      input 7 by the leads designated as L1, L2 and L3 and operates to supply
      controlled amounts of direct current to the motor field circuit 4 through
      a pair of leads 124 constituting the output 24.
PAR  The three power leads L1, L2 and L3 are connected through the fuses 125,
      126 and 127, respectively, to supply a phase A input at a lead 128, a
      phase B input at a lead 129 and a phase C input at a lead 130.
PAR  The phase A lead 128 is connected to the anode circuit of a diode 131
      which, in turn, is connected to a direct current output lead 132. The lead
      128 is also connected to a cathode circuit of a controlled rectifier 133
      which, in turn, is connected to a direct current output lead 134. The
      phase B lead 129 is connceted to the output lead 132 through a diode 135
      and to the output lead 134 through a controlled rectifier 136 while the
      phase C lead 130 is connected to the output lead 132 through a diode 137
      and to the lead 134 through a controlled rectifier 138.
PAR  The controlled rectifiers 133, 136 and 138 are connected to the gating
      inputs 59, 60 and 61, respectively, with each gating input including one
      lead connected to a gating circuit of the controlled rectifier and a
      second lead connected to the cathode circuit for selectively rendering
      each control rectifier conductive in response to a command gating pulse
      provided by the field gating circuit 22. The output leads 132 and 134 are
      directly connected to the field circuit 4 through the leads 124 while a
      transformer circuit 139 senses the selectively variable uni-directional
      field current supplied to the field circuit 4 to provide a signal -I.sub.F
      proportional to the field current at the output lead 32.
PAR  A fly-back diode 141 is parallel connected to the field winding 4 and has a
      cathode circuit connected to the lead 132 and an anode circuit connected
      to the lead 134.
PAR  In operation, the field static power converter 21 is controlled by the
      field gating circuit 22 for selectively conducting direct current through
      the output leads 132 and 134 to the field winding 4 through the output
      leads 124 while the amount of direct current supplied to the field is
      sensed by the transformer 139 to provide the field current proportional
      output signal -I.sub.F at the output lead 32.
PAR  The gating channels 56, 57 and 58 within the field gating circuit 22
      selectively supply gating pulses through the output leads 59, 60 and 61 to
      control the conduction of the controlled rectifiers 133, 136 and 138,
      respectively. As an illustrative example of the circuit operation, a
      gating signal supplied on output leads 59 from the channel 56 renders the
      control rectifier 133 conductive during the appropriate phase sequence of
      the A. C. input appearing at L1, L2 and L3 so that field current is
      permitted to flow from the phase B lead 129 through the diode 135 to the
      output lead 132 and from the phase C lead 130 through the diode 137 to the
      output lead 132. The field current flowing through the output lead 132 is
      thus supplied to the field winding 4 through the leads 124 and returns
      through the output lead 134 and the controlled rectifier 133 which has
      been rendered conductive to the phase A lead 128. The current flow through
      the diodes 131, 135 and 137 will thus depend upon the relative polarity of
      the phase signals supplied at inputs 128, 129 and 130, respectively, and
      the selective conduction of one of the controlled rectifiers 133, 136 and
      138 during an appropriate portion of each alternating phase cycle.
PAR  The selective control over the controlled rectifiers 133, 136 and 138 thus
      provides a highly desirable static power converter for converting an
      alternating current input to a direct current output for providing a
      highly controlled and regulated field current through the field circuit 4.
PAR  The phase input circuit 25 is connected to the reference transformer 19 to
      provide an alternating phase reference signal at the input lead 76
      proportional to the alternating voltage between a neutral reference
      potential and the phase A voltage supplied by the source 7 while the input
      lead 77 provides an alternating phase reference signal proportional to the
      reference signal supplied at input 76 but shifted in pahse by one hundred
      eighty electrical degrees. The two reference signals supplied at the leads
      76 and 77 are combined in the lead filter circuit 95 to supply an
      alternating reference signal output to the resistor 79 which leads the
      reference signal at lead 76 by ninety electrical degrees. The filter
      circuit 96 receives the reference signal from the filter circuit 95 and
      provides an alternating reference signal to the resistor 80 and thus to
      the summing circuit 73 which lags the reference signal supplied from the
      circuit 95 by thirty electrical degrees. The lead and lag filter networks
      95 and 96 thus provide a phase reference control signal 142 to the summing
      circuit 73 through the resistor 80 as illustrated in FIG. 6 which has the
      proper phase relationship to control the conduction of the rectifier 133.
PAR  The lag filter circuit 97 responds to the phase signal appearing at the
      lead 77 and provides an alternating reference signal to the connecting
      circuit 93 which lags the signal at lead 77 by thirty electrical degrees.
      The alternating signal provided by the lag filter circuit 97 is half-wave
      rectified by the diodes 90 and 94 to provide a disable signal 143
      illustrated in FIG. 7 to the summing circuit 73.
PAR  When initiating an operating sequence to move the vehicle, the switch 33 in
      FIG. 2 is closed to energize the line contactor relay L and close the
      contacts L-6, L-7 and L-8 to supply constant potential signals to the
      leads 62, 63 and 68. A positive signal 144 as illustrated in FIG. 6 is
      supplied from the lead 63 through the resistor 74 to the summing circuit
      73 and thus to the base circuit 100 which, by itself, tends to render the
      transistor 101 continually conductive. The conduction or turning "on" of
      the transistor 101 operatively connects the resistor 104 to the system
      ground and renders the Darlington circuit 106 non-conductive or turned
      "off" to operatively open circuit the primary winding 119 and prevent an
      output pulse from issuing on the lead 59 to maintain the controlled
      rectifier 133 in a non-conductive state so as not to conduct field current
      to the windings 4. The transistor 101 is selectively turned off to
      operatively turn on the Darlington circuit 106 and provide a firing pulse
      from the source 116 through the transformer 120 and to the output leads 59
      whenever the summated signal magnitude appearing at the base circuit 100
      reaches a very low predetermined positive magnitude substantially at zero.
      or goes negative.
PAR  The disable signal 143 is summed or added with the reference signal 144 at
      the summing circuit 73 to maintain the transistor 101 conductive and the
      Darlington circuit 106 nonconductive between the time periods designated
      as times t.sub.3 and t.sub.4 which occur during each cycle of the source
      frequency irrespective of the signals supplied through resistors 75 and
      80. The disable signal 143 illustrated in FIG. 7 therefore completely
      disables the controlled rectifier 133 during one hundred eighty electrical
      degrees of each source alternating cycle. In other words, the controlled
      rectifier 133 is capable of being selectively rendered conductive between
      the time periods designated as times t.sub.0 and t.sub.1 in FIG. 6 and
      provides one hundred eighty electrical degrees of control to supply a
      variable uni-direction current output.
PAR  The alternating reference signal 142 supplied through the resistor 80 to
      the summing circuit 73 will cyclically vary between positive and negative
      magnitudes. In a very important aspect of the invention, the alternating
      reference signal 142 will sum with the signals 143 and 144 at the summing
      circuit 73 and operatively turn the transistor 101 off between the times
      designated t.sub.2 and t.sub.3 even though a command signal is not being
      supplied through the resistor 75 from the field control 26. The turning
      off of the transistor 101 operatively turns the Darlington circuit 106 on
      thus permitting the capacitor 116 to discharge to the ground lead 83
      through the transformer 120 which, in turn, supplies a gating pulse to
      render the controlled rectifier 133 conductive. The controlled rectifier
      133 remains conductive until being commutated off by the phase A input
      changing polarity.
PAR  The conduction of the controlled rectifier 133 between the times t.sub.2
      and t.sub.3 in response to the summation of the alternating reference
      signal 142, the disable signal 143 and the constant reference signal 144
      and the lack of a command signal supplied from the field control 26
      provides a highly desirable and safe operating sequence. Thus if for an
      unknown reason the input supplied from the field control 26 at the lead 27
      is disconnected or vanishes during a vehicle moving sequence, the field
      gating circuit will automatically provide sixty electrical degrees of
      conduction during each source cycle by the controlled rectifiers 133, 136
      and 138 as represented by the cross-hatched areas in FIG. 5. The
      60.degree. electrical of control is illustrated in FIG. 8 and is effective
      to operate the static power converter 21 to provide approximately 23
      percent of the maximum output capability of the converter 21. Applicant
      has found that the sixty electrical degrees of continual control is
      sufficient to support the elevator car for a safe operation.
PAR  A field energizing command signal is supplied at the input circuit 27 and
      thus to the summing circuit 73 through the resistor 75 and provides a
      varying negative signal to selectively render the controlled rectifier 133
      conductive between the times t.sub.0 and t.sub.2 and provides one hundred
      and twenty electrical degrees of variable control.
PAR  FIG. 8 diagramatically illustrates the field voltage output that is
      provided by the field static power converter 21 over the full one hundred
      eighty degrees of possible conduction provided by the controlled
      rectifiers 133, 136 and 138. The field voltage waveform 145 represents the
      field voltage output V.sub.F supplied to the field circuit 4 by the static
      converter 21 as a function of the source line to line voltage V.sub.LL and
      the phase angle or phase advance .alpha. for the conduction of the
      rectifiers in the static converter 21 as represented by the formula
      V.sub.F = 1.35/2 V.sub.LL (1 + cos.alpha.).
PAR  The operation of the field control 26 can best be described with reference
      to FIGS. 9 through 11. It should be noted that the time references t.sub.0
      through t.sub.6 in FIGS. 9 through 11 have no relationship to the time
      references applied to the FIGS. 5 through 8. At time t.sub.0, the switch
      33 closes to energize the line contactor relay L and close the contacts
      L-5 for supplying a field command signal illustrated at 146 in FIG. 10 to
      the summing circuit 35 through the resistor 36. The signal 146 increases
      rapidly and maintains a value commanding 100 percent of the rated field
      current for the D.C. motor 2. The positive command signal 146 at the
      summing circuit 35 operatively transfers the switching amplifier 48 into
      saturation to provide a negative polarity command signal at the output
      lead 27 to the field gating circuit 22.
PAR  The alternating reference signal 142 supplied through the resistor 80, the
      negative command signal supplied through the resistor 75, the constsnt
      positive reference signal 144 supplied through the resistor 74 and the
      disable signal 143 supplied through the diode 90 sum at the summing
      circuit 73 to render the controlled rectifiers in the static converter 21
      conductive over the maximum 180.degree. range of conduction. The field
      current illustrated at 147 in FIG. 10 thus rapidly increases as at 148
      until at approximately time t.sub.1 the field current I.sub.F approaches
      approximately 100 percent of the rated field current for the D.C. motor 2.
      The switching amplifier 48 is designed so that a very small input signal
      at the lead 47, such as sixty millivolts for example, is sufficient to
      provide a saturated output at the lead 27, such as minus twelve volts for
      example, so that the field current rises at a substantially linear rate as
      illustrated at 148 from the time t.sub.0 to the time t.sub.1. The negative
      polarity field current proportional signal supplied to the summing 35
      through the resistor 40 opposes the command signal supplied through the
      resistor 36 and at approximately time t.sub.1 provides a very small analog
      output at lead 46 to take the switching amplifier 48 out of saturation.
      The negative output supplied at the lead 27 also decreases and remains at
      a regulated value to maintain the field current at the 100 percent rated
      value as illustrated at 149 between the times t.sub.1 and t.sub.2. Such
      100 percent rated field current is provided by rendering the controlled
      rectifiers conductive for approximately ninety electrical degrees in each
      source cycle.
PAR  At time t.sub.2, the motor armature timer relay MT is de-energized in
      response to the energization of the motor armature contactor relay M to
      energize the armature circuit 3 as more fully described in the previously
      mentioned application entitled "TRANSPORTATION SYSTEM WITH MALFUNCTION
      MONITOR". At time t.sub.2, the armature gating control circuit 17 is
      rendered effective to respond to the velocity command generator 8 and the
      control circuit 10 for operating the static power converter 6 to supply
      armature current circuit 3 of the D.C. motor 2. Thus between the times
      t.sub.2 and t.sub.3, the armature current rapidly increases to
      approximately 100 percent of the rated value for the D.C. motor 2 as
      illustrated at 150 in FIG. 9 and the electro-mechanical brake shoes (not
      shown) are permitted to lift between the times t.sub.2 and t.sub.3 for
      permitting elevator movement as illustrated by the velocity proportional
      signal 151 in FIG. 11.
PAR  The armature current is sensed at lead 30 and a positive polarity signal
      +I.sub.A is supplied to the summing circuit 35 through the resistors 41
      and 42 to be combined with the negative polarity fedback field current
      signal -I.sub.F supplied through the resistor 40 and the positive polarity
      field command signal supplied through the resistor 36. The switching
      amplifier 48 responds to the armature current indicative signal to supply
      an increased negative command signal at lead 27 to the summing circuit 73
      to increase the firing angle and thus the conduction of the controlled
      rectifiers in the static converter 21. As the armature current 150
      increases, the field current also increases as at 152. At approximately
      time t.sub.4 , the armature current 150 stops increasing and is maintained
      at a constant magnitude. The analog output of the summing circuit 35 thus
      decreases to a low magnitude at time t.sub.4 and the field current is
      maintained at approximately 200 percent of the motor rated field current
      between the times t.sub.4 and t.sub.5. The system thus takes advantage of
      the fact that the D.C. motor 2 is an elevator type motor which may be
      operated for a limited period of time with a field current and an armature
      circuit greatly exceeding their rated values.
PAR  The utilization of the armature current proportional signal +I.sub.A
      supplied through the resistor 42 to be directly summed with the positive
      command signal supplied through the resistor 36 theoretically commands a
      field current output as represented at 153 which would ultimately result
      in approximately 260 percent of the rated field current for the D.C. motor
      if it were not for the field current signal fedback to the summing circuit
      35 through the resistor 40.
PAR  At the time t.sub.5, the armature current 150 begins decreasing until at
      time t.sub.6 it stabilizes at approximately 100 percent of the rated
      armature current for constant velocity operation. The field current 147
      between times t .sub.5 and t.sub.6 also decreases in direct response to
      the decreasing armature current and at time t.sub.7 returns to the 100
      percent rated field current magnitude for the constant velocity operation
      as commanded by the command 34.
PAR  The vehicle response is shown in FIG. 11 wherein the velocity response 151
      illustrates a positive constant rate of change of acceleration from times
      t.sub.2 to t.sub.4, a constant acceleration from the times t.sub.4 to
      t.sub.5, and a negative constant rate of change of acceleration from the
      times t.sub.5 to t.sub.6 and thereafter providing a constant velocity
      characteristic.
PAR  It should be noted that the characteristics set forth in FIGS. 9 through 11
      are shown only for illustration to clearly set forth the invention and
      presuppose an ideal operation with instantaneous response. As a practical
      manner, it has been found that the field current 147 supplied to the field
      windings 4 lags in time from the displayed characteristics in FIG. 10 due
      to the inherent circuit response times.
PAR  It is also noted that the output 30 is designed to always provide a
      positive armature current indicative signal to the summing circuit 35
      irrespective of the direction of armature current flow between the source
      7 and the armature circuit 3. The field current thus continually responds
      to changes in the armature current during all phases and sequences of the
      operation including a regenerative braking sequence during deceleration as
      well as during an acceleration sequence as described above.
PAR  A highly desirable control system is for energizing the field circuit 4 in
      response to a command signal supplied by the supervisory control, a field
      current indicative feedback signal, and armature current indicative
      signal, alternating phase reference signals, disable signals responsive to
      the source phases, and constant reference signals. The feedback of the
      field current indicative signal provides a highly regulated operation in
      which the field current can be maintained at the desired magnitude even
      though the source input varies.
PAR  The present invention thus provides a highly desirable motor field control
      for a transportation system such as the elevator 1 illustrated in FIG. 1
      in which a selectively rotatably output 154 such as a D.C. motor output
      shaft is coupled to rotatably operate a traction sheave 155. Thus in a
      customary configuration, a cable 156 is reeved over the sheave 155 with
      one end connected to control an elevator car 157 guided by rails 158 or
      the like to serve a plurality of landings such as at 159 while the other
      cable end is connected to a counterweight 160.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim.
NUM  1.
PAR  1. A transportation system having a guide path structure and a plurality of
      spaced landings and transportation means comprising a transport vehicle,
      means mounting said vehicle for movement relative to said structure in a
      path extending adjacent each of said landings, motive means including a
      D.C. motor having a field circuit coupled to a source of polyphase energy
      and moving said vehicle relative to said structure, and control means
      controlling the amount of energy flowing between said source and said
      motive means including gated rectifying means connected to said source and
      to said field circuit and to gating control means, said gating control
      means including phase means having a first input circuit providng an
      alternating reference signal varying in response to said varying source
      energy and reference means having a second input circuit providing a
      constant reference signal and command means having a third input circuit
      selectively providing a field energy command signal in response to
      commanded vehicle movement and summing means including a common summing
      point connected to said first, second and third circuits and providng an
      output in response to the voltage and current summation of said
      alternating and constant reference signals and said command signal and
      operatively controlling the operation of said gated rectifying means and
      selectively supplying varying amounts of uni-directional energy to said
      field circuit.
NUM  2.
PAR  2. A transportation system having a guide path structure and a plurality of
      spaced landings and transportation means comprises a transport vehicle,
      means mounting said vehicle for movement relative to said structure in a
      path extending adjacent each of said landings, motive means including a
      D.C. motor having a field circuit coupled to a source of polyphase energy
      and moving said vehicle relative to said structure, and control means
      controlling the amount of energy flowing between said source and said
      motive means including gated rectifying means connected to said source and
      to said field circuit and to gating control means, said gating control
      means including summing means operatively coupled to phase means and
      receiving an alternating reference signal varying in response to said
      varying source energy and to reference means and receiving a constant
      reference signal and to command means and selectively receiving a field
      energy command signal in response to commanded vehicle movement and
      providing an output in response to said alternating and constant reference
      signals and said command signal and a switching circuit operating in
      response to said output varying in accordance with said alternating
      reference signal and said constant reference signal and the lack of said
      field energy command signal and operatively rendering said gated
      rectifying means conductive during a predetermined portion of each cycle
      of source energy and providing a predetermined magnitude of direct current
      field energy to said field circuit.
NUM  3.
PAR  3. A transportation system having a guide path structure and a plurality of
      spaced landings and transportation means comprising a transport vehicle,
      means mounting said vehicle for movement relative to said structure in a
      path extending adjcent each of said landings, motive means including a
      D.C. motor having a field circuit coupled to a source of polyphase energy
      and moving said vehicle relative to said structure, and control means
      controlling the amount of energy flowing between said source and said
      motive means including gated rectifying means connected to said source and
      to said field circuit and to gating control means, said gating control
      means including summing means operatively coupled to phase means and
      receiving an alternating reference signal varying in response to said
      varying source energy and to reference means and receiving a constant
      reference signal and to commnd means and selectively receiving a field
      energy command signal in response to commanded vehicle movement and
      providing an output in response to said alternating and constant reference
      signals and said command signal operatively controlling switching means
      having an output selectively operable from a first condition to a second
      condition and supplying gating pulses from storage means to said gated
      rectifying means and rendering said rectifying means conductive and
      selectively supplying varying amounts of uni-directional energy to said
      field circuit.
NUM  4.
PAR  4. The system of claim 3, wherein said switching means includes a first
      switching circuit having a first input circuit connected to said summing
      means and a first output circuit connected to a second input circuit of a
      second switching circuit having a second output circuit connected to said
      storage means through a primary winding of an output transformer, said
      transformer having an output winding connected to said gated rectifying
      means.
NUM  5.
PAR  5. A transportation system having a guide path structure and a plurality of
      spaced landings and transportation means comprising a transport vehicle,
      means mounting said vehicle for movement relative to said structure in a
      path extending adjaent each of said landings, motive means including a
      D.C. motor having a field circuit coupled to a source of polyphase energy
      and moving said vehicle relative to said structure, and control means
      controlling the amount of energy flowing between said source and said
      motive means including gated rectifying means connected to said source and
      to said field circuit and to gating control means, said gating control
      means including summing means operatively coupled to phase means and
      receiving an alternating reference signal varying in response to said
      varying source energy and to reference means and receiving a constant
      reference signal and to command means and selectively receiving a field
      energy command signal in response to comanded vehicle movement and to
      disable means and selectively receiving a disable signal and providing an
      output in response to saaid alternating and constant reference signals and
      said command signal and said disable signal and operatively controlling
      the operation of said gated rectifying means and selectively supplying
      varying amounts of uni-directional energy to said field circuit and
      disabling said gated rectifying means to prevent the conduction of energy
      to said field circuit during a predetermined portion of each cycle of
      source energy.
NUM  6.
PAR  6. The system of claim 5, wherein said disable means includes a lag filter
      network operatively coupled to said source and to said summing means to
      supply said disable signal.
NUM  7.
PAR  7. A transportation system having a guide path structure and a plurality of
      spaced landings and transportation means comprising a transport vehicle,
      means mounting said vehicle for movement relative to said structure in a
      path extending adjacent each of said landings, motive means including a
      D.C. motor having a field circuit coupled to a source of polyphase energy
      and moving said vehicle relative to said structure, and control means
      controlling the amount of energy flowing between said source and said
      motive means including gated rectifying means connected to said source and
      to said field circuit and to gating control means, said gating control
      means including summing means operatively coupled to phase means including
      a lead filter network operatively coupled to said source and a lag filter
      network connecting said lead network to said summing means and supplying
      an alternating reference signal varying in response to said varying source
      energy and to reference means and receiving a constant reference signal
      and to command means and selectively receiving a field energy command
      signal in response to commanded vehicle movement and providing an output
      in response to said alternating and constant reference signals and said
      command signal and operatively controlling the operation of said gated
      rectifying means and selectively supplying varying amounts of
      uni-directional energy to said field circuit.
NUM  8.
PAR  8. A transportation system having a guide path structure and a plurality of
      spaced landings and transportation means comprising a transport vehicle,
      means mounting said vehicle for movement relative to said structure in a
      path extending adjacent each of said landings, motive means including a
      D.C. motor having a field circuit coupled to a source of polyphase energy
      and moving said vehicle relative to said structure, and control means
      controlling the amount of energy flowing between said source of said
      motive means including gated rectifying means connected to said source and
      to said field circuit and to gating control means, said gating control
      means including summing means having a plurality of summing circuits
      operatively coupled to phase means providing a plurality of alternating
      reference signals varying in response to said varying source energy and
      corresponding to said plurality of phases of energy with each summing
      circut corresponding to one of said phases and receives an appropriate one
      of said alternating reference signals relating to said corresponding
      phase, said summing means operatively connected to reference means and
      receiving a constant reference signal and to command means and selectively
      receiving a field energy command signal in response to commanded veehicle
      movement and providing an output in response to said alternating and
      constant reference signals and said command signal and operatively
      controlling the operation of said gated rectifying means and selectively
      supplying varying amounts of uni-directional energy to said field circuit.
NUM  9.
PAR  9. The system of claim 8, wherein said gating control means includes a
      plurality of disable circuits supplying a plurality of disable signals
      corresponding to said plurality of phases to said plurality summing
      circuits with each summing circuit receiving one of said disable signals
      relating to said corresponding phase.
NUM  10.
PAR  10. A transportation system having a guide path structure and a plurality
      of spaced landings and a transportation means comprising a transport
      vehicle, means mounting said vehicle for movement relative to said
      structure in a path extending adjacent each of said landings, motive means
      including an armature circuit and a field circuit separately coupled to
      source means supplying alternating energy, and control means connected to
      said source means and controlling the amount of energy flowing between
      said source means and said field circuit and between said source means and
      said armature circuit, said control means including command means providng
      a first signal having a first polarity and commanding a first
      predetermined magnitude of field energization and means sensing the energy
      flowing between said source means and said field circuit and providing a
      second signal having a second polarity and proportional to said sensed
      field energy and means sensing the energy flowing between said source
      means and said armature circuit and providing a third signal having said
      first polarity and directly proportional to said sensed armature energy
      and summing means providing a common summing circuit and directly summing
      said first, second and third signals and providing an analog output signal
      at an output operatively connected to control the amount of
      uni-directional energy supplied to said field circuit from said
      alternating energy source means.
NUM  11.
PAR  11. The system of claim 10, wherein said motive means includes a D.C. motor
      providing field windings having a rated maximum field energy constituting
      said first predetermined magnitude commanded by said first signal, said
      output operatively providing a second predetermined magnitude of field
      energization greater than said first magnitude in response to the increase
      of said sensed armature energy.
NUM  12.
PAR  12. The system of claim 11, wherein said D.C. motor provides armature
      windings having a rated maximum armature energy, said output operatively
      providing said second predetermined magnitude of field energization in
      response to the increase of said armature energy to a predetermined
      magnitude greater than said rated maximum armature energy.
NUM  13.
PAR  13. The system of claim 10, wherein said analog signal operates switching
      means having an output selectively operable between a first condition and
      a second condition and controlling the amount of energy flowing between
      said source means and said field circuit.
NUM  14.
PAR  14. The system of claim 10, wherein said source means includes a supply of
      polyphase energy and said control means includes gated rectifying means
      connected to receive said polyphase energy and operatively controlled by
      said summing means output and supplying varying controlled amounts of
      uni-directional energy to said field circuit.
NUM  15.
PAR  15. The system of claim 14, and including second summing means operatively
      coupled to phase means and receiving an alternating reference signl
      varying in response to said alternating source energy and to reference
      means and receiving a constant reference signal and operatively receiving
      said first summing means output and providing a second summing means
      output operatively controlling the operation of said gated rectifying
      means and selectively supply varying controlled amounts of uni-directional
      energy to said field circuit.
NUM  16.
PAR  16. The system of claim 10, wherein said command means includes a command
      circuit supplying a constant first signal having said first polarity and
      said field sensing means includes a feedback circuit supplying said second
      signal having said second polarity to said summing means.
NUM  17.
PAR  17. The system of claim 16, wherein said armature sensing means includes a
      connecting circuit supplying said third signal having said first polarity.
NUM  18.
PAR  18. A transportation system having a guide path structure and a plurality
      of spaced landings and a transportation means comprising a transport
      vehicle, means mounting said vehicle for movement relative to said
      structure in a path extending adjacent each of said landings, motive means
      including a D.C. motor having a field circuit coupled to a first energy
      source means providing polyphase energy and an armature circuit coupled to
      a second energy source means, and control means connected to said second
      source means and controlling the amount of energy flowing between said
      second source means and said armature circuit, said control means
      including gated rectifying means connected to said first source means and
      to said field circuit and to gating control means, said gating control
      means including means providing a first signal commanding a first
      predetermined magnitude of field energization and means sensing the energy
      flowing between said first source means and said field circuit and
      providing a second signal varying according to the varying sensed field
      energy and means sensing the energy flowing between said second source
      means and said armature circuit and providing a third signal varying
      according to the varying sensed armature energy and phase means connected
      to said first source and providing an alternating reference signal varying
      in response to the varying sensed polyphase energy and summing means
      providing an output in response to said first, second, third and
      alternating reference signals and operatively controlling the operation of
      said gated rectifying means supplying varying controlled amounts of
      uni-directional energy to said field circuit.
NUM  19.
PAR  19. The system of claim 18, wherein said gating control means includes
      disable means connected to said first source and providing a disable
      signal to said summing means and operatively preventing the conduction of
      energy to said field circuit by said gated rectifying means during a
      predetermined portion of each cycle of alternating energy.
NUM  20.
PAR  20. A transportation system having a guide path structure and a plurality
      of spaced landings and transportation means comprising a transport
      vehicle, means mounting said vehicle for movement relative to said
      structure in a path extending adjacent each of said landings, motive means
      including a D.C. motor having a field circuit coupled to a source of
      polyphase energy and moving said vehicle relative to said structure, and
      control means controlling the amount of energy flowing between said source
      and said motive means including gated rectifying means connected to said
      source and to said field circuit and to gating control means, said gating
      control means including phase means providing an alternating reference
      signal varying in response to said varying source energy and reference
      means providing a constant reference signal and command means selectively
      providing a field energy command signal in response to commanded vehicle
      movement and output means operating in response to said alternating and
      constant reference signals and said command signal and operatively
      controlling the operation of said gated rectifying means and selectively
      supplying varying amounts of uni-directional energy to said field circuit,
      said gating control output means operating in response to said alternating
      and constant reference signals and the lack of said field energy command
      signal and operatively rendering said gated rectifying means condutive
      during a predetermined portion of each cycle of source energy and providng
      a predetermined amount of uni-directional energy to said field circuit.
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ABST
PAL  Device for damping abrupt movements of equipment such as pipelines wherein
      vibrations caused by earthquakes or ship movements or the like are
      excited, while movements resulting from thermal expansion of parts of the
      equipment are not hindered, includes a cylinder, a piston displaceable in
      the cylinder, and displaceable damping medium including a multiplicity of
      rollable bodies received in the cylinder.
BSUM
PAR  The invention relates to a device for damping abrupt movements of pipelines
      caused by earthquakes or ship movements, while slow movements such as
      caused by thermal expansion of the components of the pipelines are
      unhindered, which includes a piston in a cylinder that is filled with a
      displaceable damping medium. In equipment and parts of equipment, such as
      pipelines, for example, which are subjected to very great deviations of
      temperature, there is an effort to manage with as small a number of fixed
      connecting parts as possible in order to permit an unhindered thermal
      expansion. A consequence thereof is that these pipelines have very low
      natural frequencies and that when accelerations are applied from the
      outside, considerable vibrations and, thereby, overstresses of the
      equipment parts occur. These accelerations can be produced, in the case of
      stationary equipment, by earthquakes and in the case of equipment located
      on board ships, by motion of the sea.
PAR  In order to protect pipeline systems especially against such abruptly
      occurring accelerations, an hydraulic impact-damping device has been
      proposed in German Published Non-Prosecuted Application DOS 1 650086. Such
      a heretofore known device, which operates with a piston displaceable in a
      cylinder, has the disadvantage, however, that the passage of the piston
      rod through the conventional stuffing box at the end of the cylinder can
      readily become leaky. If it is desired to protect parts of a nuclear
      reactor installation against earthquakes, other difficulties occur which
      completely preclude the use of hydraulic damping, such as, for example,
      the lack of durability or resistance of the appropriate hydraulic liquids
      to radiation, and the difficulty due to radiation loading of servicing or
      maintaining such an hydraulic damping device in the necessary confines.
PAR  The use of visco-elastic material such as has been suggested heretofore in
      German Published Non-Prosecuted Application DOS 1937 619 for the purpose
      of the invention of the instant application is precluded because of the
      lack of or deficiency in the thermal or temperature resistance of such
      material. Purely mechanically-operating devices such as are taught, for
      example, in German Published Non-Prosecuted Application 1959 878 suffer
      from the delicate nature and friction of such mechanisms. Moreover, it has
      also been known heretofore to detune the natural frequency of equipment
      parts that are to be protected, by applying additional masses thereto so
      that these additional masses are no longer excited by vibrations that are
      greater than about 0.5 Hz, and thus virtually form additional fixed or
      stationary points. This necessitates increased expense, however, which
      cannot always be realized in consideration of the space and weight
      relationships.
PAR  It is accordingly an object of the invention to provide a vibration damping
      device which avoids the foregoing disadvantages of heretofore known
      devices of this general type.
PAR  More specifically, it is an object of the invention to provide a vibration
      damping device, especially for pipelines, such as are employed in nuclear
      reactor installations, for example, which protects the pipelines from
      abrupt, impact-produced accelerations caused especially by earthquakes or
      movements of a ship on which the pipeline or installation may be mounted,
      while simultaneously assuring unhindered thermal expansion of the pipeline
      or installation parts. Moreover, it is an object of the invention to
      provide such a vibration damping device that is of the simplest possible
      construction and is as independent of temperature and free of maintenance
      or servicing requirements as possible.
PAR  With the foregoing and other objects in view, there is provided in
      accordance with the invention, a device for damping abrupt movements of
      equipment such as pipelines wherein vibrations caused by earthquakes or
      ship movements or the like are excited while movements resulting from
      thermal expansion of parts of the equipment are unhindered, comprising a
      cylinder, a piston displaceable in the cylinder, and displaceable damping
      medium comprising a multiplicity of rollable bodies received in the
      cylinder. Such bodies which are prone to rolling, for example, balls,
      contained in a cylinder having a piston which is displaceable therein and
      which is connected to the equipment part that is to be protected, have the
      advantage that they readily follow slow movements of the piston such as
      are produced, for example, by thermal expansion, yet produce a
      considerable resistance, however, to sudden abrupt displacements of the
      piston so that the displacements are rapidly brought to a halt. Demands
      with respect to leak-proofing of the piston with respect to the cylinder
      and of the piston rod with respect to the cylinder stuffing box are
      greatly reduced in comparison to the demands made upon hydraulic vibration
      dampers.
PAR  In order to increase the resistance to abrupt displacements of the piston,
      the cylinder is provided, along the length thereof and beyond the path of
      travel of the piston, with a portion of reduced cross section.
PAR  In accordance with yet another feature of the invention, the reduction in
      cross section of the cylinder is not effected stepwise but rather is
      gradual so that the inner shape of the cylinder substantially corresponds
      to that of an hour-glass more specifically, the portion of reduced cross
      section has a varying cross section smoothly reducing from a given cross
      section to a minimum cross section and then smoothly increasing back to
      the given cross section.
PAR  Though suitably dimmensioning the piston stroke, the diameter of the
      rollable bodies, the constriction of the cylinder, and the angle of the
      constriction with respect to the longitudinal axis of the cylinder, the
      damping of the piston can be accommodated or matched to any speed of the
      piston and thereby to any vibration frequency of the equipment part to be
      protected.
PAR  In accordance with a further feature of the invention, the rollable bodies
      comprise a material having self-lubricating properties, so that the
      friction and thereby the wear of the rollable bodies with respect to each
      other and with respect to the piston and the cylinder are reduced to a
      minimum.
PAR  More specifically in accordance with the last-mentioned feature, the
      material having self-lubricating properties is graphite. Alternatively,
      the self-lubricating material is molybdenum disulfide. Both materials are
      distinguished by the fact that they have an ability to withstand high
      temperature and radiation so that they are especially suited for
      application in nuclear reactor installations.
PAR  In accordance with a concommitant feature of the invention, there is
      provided an assembly of a plurality of the foregoing vibration damping
      devices with equipment, the abrupt movement of which is to be damped,
      wherein the pistons of the devices are connected to the equipment at such
      locations thereof that parts of the equipment, at the occurrence of an
      effective damping of a vibration excited in the equipment, exhibit
      respective natural frequencies which are essentially above the frequency
      of the excited vibration. A number of vibration systems with very high
      natural frequencies are thereby obtained, wherein the equipment parts that
      are to be protected are subjected to lower stresses.
PAR  Although the invention is illustrated and described herein as vibration
      damping device, especially for protecting pipelines from earthquakes, it
      is nevertheless not intended to be limited to the details shown since
      various modifications and structural changes may be made therein without
      departing from the spirit of the invention and within the scope and range
      of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a diagrammatic longitudinal sectional view of the vibration
      damping device of the invention; and
PAR  FIG. 2 is a diagrammatic elevational view of an assembly of the damping
      device of FIG. 1 with a pipeline for protecting the latter against
      earthquakes, for example.
DETD
PAR  Referring now to the drawing, and first, particularly, to FIG. 1 thereof.
      There is shown a vibration damping device according to the invention which
      is formed of a cylinder 1 that is closed at the top and bottom thereof by
      respective covers 2 and 3. The cover 3 is provided with a central opening
      through which there extends a piston rod 5 that is connected at one end
      thereof to a piston 4 which is displaceable in the cylinder 1. The other
      end of the piston rod 5 is connected to a lever 6, for example by means of
      a conventional pin-and-slot connection. The lever 6 is pivotable at one
      end thereof about a fixed pivot 7, and has a connecting member 8, such as
      a cable, secured to the other end thereof by means of which the damping
      device of the invention is connectible to part of a piece of equipment or
      installation that is to be protected against excessive vibration by the
      vibration damping device of the invention. The cylinder 1 is divided by a
      constriction formed therein into a lower chamber and an upper chamber 10,
      as viewed in FIG. 1, and is partly filled with spherical bodies 11. With
      the aid of a bracket 12, the vibration-damping device of the invention is
      securable to a wall or the like.
PAR  The force applied to the spherical bodies or damping members 11 through the
      piston 4 and its arm 3 can be calculated in a conventional manner from
      knowledge of the force P acting through the connecting or transmission
      member 8 and the given deflection H of the lever 6, taking into
      consideration the length of the lever arms A and B. Through suitable
      proportioning of the piston diameter D.sub.1 and the constriction diameter
      D.sub.2 of the cylinder 1, as well as of the angles .alpha. and .beta.,
      which are respectively, the angle defined by the declining wall of the
      lower chamber 9 with the vertical and the angle defined by the inclined
      wall of the upper chamber 10 with the vertical, there is assured for
      damping bodies 11 of suitable diameter that they will follow slow
      movements of the piston 4, such as when there is a slow upward movement of
      the piston 4, the damping bodies 11 will give way and rise out of the
      lower chamber 9 into the upper chamber 10 up to the horizontal broken
      line, for example, shown therein in FIG. 1. However, if an abrupt movement
      of the piston 4 is effected, the damping bodies 11 serve to prevent
      further movement of the piston 4. Since the angles .alpha. and .beta. are
      especially chosen so that the damping bodies 11 reliably slide off the
      wall of the cylinder 1, assurance is provided that the damping bodies will
      roll back into the lower chamber 9 from the upper chamber 10 when the
      piston 4 moves downwardly.
PAR  In FIG. 2, there is shown how vibration damping devices constructed in
      accordance with the invention as shown in FIG. 1, are connected by tie or
      tension members 8, such as cables, for example, either directly or through
      reversing rollers 13 to suitable mounting or fastening members 14, which
      are rod-like or strip-like members pivotally connected at one end thereof
      to respective clamps or clips 15 that are mounted on a pipeline 17, and
      prevented from axially sliding thereon by locking cams 16. The pipeline
      17, that is provided, for example, with a jacket or casing 18 as a
      protection against heat or radiation or both thereof, can expand
      unhindered in all directions, for example due to heat, while being
      simultaneously securely held. If the pipeline 17 should be set into
      vibration for example, by an earthquake, the clamps or clips 15 form fixed
      points as a result of the operation of the damping device of the invention
      so that the pipeline system is subdivided into individual vibrating
      systems with very high natural frequencies. Because of the provision of a
      pair of damping devices according to the invention, as shown in the
      assembly of FIG. 2, which act in opposite directions, a virtually
      immediate suppression of the vibrations is assured.
PAR  It is within the scope of the invention of this application, from what is
      known in the case of hydraulic vibration dampers, to fill the cylinder on
      both sides of the piston with the proposed damping means, and the spaces
      on both sides of the piston are connected one with the other. With such a
      construction, impacts in both directions are damped, and the direction in
      which the piston rod extends can be selected as desired and a single
      damping device is often enough for effectively damping the vibrations.
CLMS
STM  We claim:
NUM  1.
PAR  1. Device for damping abrupt movements of equipment such as pipelines
      wherein vibrations caused by earthquakes or ship movements or the like are
      excited, while movements resulting from thermal expansion of parts of the
      equipment are not hindered, comprising a cylinder having a substantially
      vertical longitudinal axis, said cylinder comprising a lower cylindrical
      chamber and an upper chamber having an upwardly reducing cross section
      communicating with said lower cylindrical chamber, a piston displaceable
      in said lower cylindrical chamber, displaceable damping medium comprising
      a multiplicity of small, solid rollable bodies received in said cylinder
      above said piston, and means located below said lower cylindrical chamber
      for connecting said piston to the equipment, the abrupt movements of which
      are to be damped, said piston being displaceable upwardly in said lower
      cylindrical chamber against gravity force exerted by said rollable bodies,
      upon transmission of an abrupt movement from the equipment through said
      connecting means to said piston.
NUM  2.
PAR  2. Device according to claim 1 wherein said upper chamber has a
      substantially conical shape.
NUM  3.
PAR  3. Device according to claim 1 including a supply chamber for said rollable
      bodies located above and communicating with said upper chamber of said
      cylinder, said supply chamber being substantially funnel-shaped.
NUM  4.
PAR  4. Device according to claim 1 wherein said rollable bodies comprise a
      material having self-lubricating properties.
NUM  5.
PAR  5. Device according to claim 4 wherein said material is graphite.
NUM  6.
PAR  6. Device according to claim 4 wherein said material is molybdenum
      disulfide.
NUM  7.
PAR  7. Assembly of a plurality of the devices of claim 1 with equipment, the
      abrupt movement of which is to be damped, wherein the pistons of the
      devices are connected to the equipment at such locations thereof that
      parts of the equipment, at the occurrence of an effective damping of a
      vibration excited in the equipment, exhibit respective natural frequencies
      which are essentially above the frequency of the excited vibration.
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ABST
PAL  The vibration damping construction for boring bars comprising a cutter
      insert holder bar cap rigidly mounted on the end of a boring bar having a
      rigidly anchored cantilevered internal bar extending back within a
      cylindrical cavity in the end of the boring bar on which an optional
      number of heavy reactors are assembled with optionally varied radial
      clearance for relative oscillatory movement, as well as axial clearance
      for free independent movement and with outer radial clearance relative to
      the inner wall of the boring bar exceeding the maximum oscillatory
      movement whereby reactive oscillatory damping impact transmitted to the
      cantilevered inner bar will in turn be transmitted to the anchor point of
      the inner bar and thereby concentrated near the axial location of the
      cutter insert. A progressive series of reactors with progressive inner
      radial clearance effectively simultaneously dampen vibrations of different
      frequency; and various modifications provide optional and adjustable
      cantilevered reactor assemblies adapted to meet specific requirements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The art of reactor damping of vibratory chattering such as induced by
      single cutting point boring bars of extensive length is illustrated by
      applicant's prior application, Ser. No. 379,438, as well as prior U.S.
      Pat. Nos. 3,207,009; 2,591,115; 3,598,498; and 3,642,378. It is typical of
      all such prior art to transmit the damping impact in a radial direction
      transverse to the axis of the boring bar to the surrounding wall of the
      boring bar either directly or through a viscous fluid occupying the
      clearance space.
PAC  SUMMARY OF THE INVENTION:
PAR  The present invention departs from the prior art in providing a
      cantilevered inner bar anchored in the insert holder bar cap preferably
      adjacent the axial location of the cutting action as a means of amplifying
      the leverage of damping impact as well as concentrating its effective
      point of application at or near the axial location of the anchor point
      adjacent the cutting action. This, together with the provision of
      coordinated series of progressive radial clearances in the successively
      stacked reactors has been found to provide extremely effective damping
      action and permit unprecedented unsupported length of boring bar combined
      with greater depth of cut with smooth accurate surface finish. Optional
      and adjustable features accommodate a wide range of damping frequencies to
      meet particular requirements.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a fragmentary sectional side elevation of the outer end of a
      boring bar with a boring head having vibration damping means mounted
      thereon;
PAR  FIG. 2 is a fragmentary sectional view of a modification of the damping
      unit of FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view of the lower end of a vertical
      boring bar with a modified version of the vibration damping unit;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3; drive key
PAR  FIG. 5 is a sectional side elevation of a modified vibration damping unit;
PAR  FIG. 6 is a sectional side elevation of a further modified vibration
      damping unit as installed in the outer end of the boring bar;
PAR  FIG. 7 is a further modified vibration damping unit for similar
      installation;
PAR  FIG. 8 is an end view taken along the line 8--8 of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring to FIG. 1 the outer end of a boring bar 10 is provided with a bar
      cap 11 having the insert holder installed therein by conventional means
      (not shown) for a conventional indexable carbide or other wear resistant
      insert 13 with a drive 14 provided between the bar cap and boring bar. An
      inner bar 15, preferably heat treated to spring hardness (38/42 Rc), is
      press fit in a cylindrical pocket 16 in the bar cap on which are mounted a
      plurality of vibration damping discs 17 made of a heavy impact resistant
      material such as Mallory which are retained on the inner bar by an
      assembly washer 18 and socket screw 19 with the inner bar 15 length
      dimensioned to provide a slight axial clearance 20 assuring freedom of
      independent radial movement without frictional interface engagement which
      would inhibit radial movement.
PAR  A series of successive discs such as 17a, 17b, 17c may be provided with
      progressively different inner diameters providing successive varying
      clearances 21a, 21b, 21c, each of which is preferably less than the
      clearance 22 between the outer diameters of the discs and adjacent wall of
      the cylindrically recessed end of the boring bar.
PAR  This construction together with a shoulder engagement 23 of the bar cap and
      press fit at 24 in rigid relationship with the boring bar results in a
      cantilevered suspension of the vibration damping discs amplifying their
      reactive impact and concentrating their damping effectiveness in the bar
      cap in close proximity to the cutting action forming the source of
      potential vibration.
PAR  The progressive of increasing clearances in groups of three, starting at
      the bar cap end of the assembly, will be understood to effectively oppose
      and dampen vibrations of progressively increasing amplitude and decreasing
      frequency as between the individual discs in a set of three and by
      repeating such succession of groups of discs at progressively greater
      distance from the anchor point of the cantilever inner bar suspension, the
      progressively greater amplitude of transmitted vibrations and leverage of
      resistance thereto by the inertia impact between inner bar and damping
      discs provides an unusual range of effectiveness in providing steady
      substantially vibrationless boring action in terms of the permissable
      length of overhang and possible depth of chatter free cut in the boring
      action.
PAR  With reference to FIG. 2 as an alternative to the progressively staggered
      clearances between the inner bar and reactor discs provided by different
      inner disc diameters, a similar action may be provided utilizing identical
      discs 25 with progressive clearances 26a, 26b and 26c provided by
      progressively stepped diameters 27 on the inner bar.
PAR  With reference to FIG. 3 the construction shown is particularly adapted for
      use in vertical boring bars such as 28 wherein groups of damping discs 29
      having progressive clearances as in the case of FIG. 1 are mounted on a
      vertical reaction bar 30 having a grooved head 31 anchored against the
      inner wall of the bar by a pair of set screws 32 with the damping discs
      freely retained with axial clearance by an assembly washer 33 and socket
      screw 34 as in the case in FIG. 1; and a second like assembly of damping
      discs 29a mounted on bar 30a with head 31a secured by set screws 32a and
      retained by washer 33a and screw 34a. This double reactor assembly assures
      that inter-face friction between successive discs arising from
      accumulative gravity is limited to the stack assembled on a single headed
      bar and that each stack will act independently to provide a cantilevered
      reaction to vibration of the boring bar at the respective anchoring points
      of the heads 31 and 31a. Further subdivision of contiguous discs is
      possible, as by spacer washers secured to the inner bar (not shown), and
      anti-friction plastic washers or coating may also be applied to disc faces
      to promote freely independent action. Particularly in the case of vertical
      boring bars for making heavy cuts requiring heavy reactor discs it is
      preferably to limit the number of stacked contiguous discs. For example,
      in the case of the embodiment of FIG. 3 a spacer washer secured to the
      inner bar under the top three discs of each assembly would so limit build
      up of frictional contact pressure.
PAR  With reference to FIG. 5 an alternative form of cantilevered reaction
      vibration damping unit is shown utilizing a one-piece reactor with tapered
      through hole adjustably related to a tapered reaction bar mounting. Thus,
      an internal bar unit 40 having a cylindrical extension 41 adapted for
      rigid engagement with a suitable insert holder bar cap or nose mounting
      has an annulus 42 providing an inner bar pilot contact surface for
      transmitting the reactive forces to the bar. An axially tapered inner bar
      43 matching the tapered through hole in the one-piece reactor 44 provides
      an adjustable clearance between the adjacent reactor surface 45 and bar
      surface 46 through the adjustment of a split clamp 47 with threaded I.D.
      on the threaded end 48 of the bar and a cooperating clamp 49 engaging a
      threaded portion 50 extending within a recess 51 in the reactor 44.
      Through the limited adjustment of the clamps 47-49 while maintaining axial
      clearance 52 and 53 at the respective ends of the reactor, a limited
      variable radial clearance as well as axial positioning of the reactor is
      made possible. Thus an inner bar taper the same as a standard tapered pin
      reamer having a 1/4 inch taper per foot, a 1/4 axial adjustment will
      change the oscillating clearance from .0005 inch minimum to .005 inch
      maximum oscillating clearance thereby providing a construction for
      effectively damping a broad range of chatter frequencies.
PAR  With additional reference to FIG. 6 a similar reaction bar is shown in
      installed relation in a boring bar 56 with annulus 42a retained by snap
      ring 54 and sealed by O-ring 55 providing a pilot cantilever mounting for
      the bar 48 with an insert nose mounting (not shown) piloted within the end
      of the boring bar completing the cantilever suspension of the reaction bar
      43a. Optional one-piece, two-piece, four-piece or eight-piece reactors, or
      any combination thereof are contemplated to be retained with axial
      clearance by headed screw 57 in order to provide a variable damping effect
      by substituting one, two or other multiple reactors to meet the particular
      requirements for minimizing chatter under particular operating conditions.
PAR  With reference to FIG. 7, still another optional form of a cantilever inner
      bar unit 40b having a uniform cylindrical bar 43b for mounting any of a
      variety of reactors 44b between like adjustable clamps 58 secured by clamp
      screws 59. The Figure shows only one of a wide variety of combinations
      possible for one or more reactors of equal or unequal oscillating
      clearance and width located at various distances from the supported end of
      the inner bar. Thus, a range of one reactor of various lengths and
      oscillating clearances up to the full length of the bar may be divided
      into two or more reactor components on the full bar length and by this
      broad selection of reactor components in regard to individual or combined
      weight and oscillating clearances, it is possible to effectively dampen
      vibration chatter to extremely fine values.
PAR  Tests have shown that through use of the cantilever construction disclosed
      herein for amplifying the effectiveness of reactive vibration damping
      impact and concentrating its application to an axial location adjacent the
      cutting action, longer boring bar overhangs are possible, e.g., of a
      length 10 times the diameter - under conditions where the cutting insert
      would otherwise be completely destroyed in the initial cutting action.
PAR  With the mass located on the boring bar axis, the construction is suitable
      for rotating applications without centrifugal imbalance. The construction
      has flexibility for adaptation to a variety of uses and machining
      conditions. Additional reactor assemblies can be readily added in an
      extended bore to control chatter conditions which turn out to be worse
      than expected. The advantages are especially applicable to long, large
      diameter specially designed boring bars.
CLMS
STM  I claim:
NUM  1.
PAR  1. Tool vibration damping means for a tool, such as a boring bar, having a
      longitudinal extension subject to cutting action induced vibration,
      characterized by a longitudinally extending internal reaction member with
      means for rigid cantilever mounting within and to said extension, and
      reactor means mounted on said member with transverse clearance relative
      thereto and greater transverse clearance relative to the surrounding wall
      of said tool extension, whereby oscillatory vibration damping impact
      between said reactor means and said reaction member will be imparted to
      and concentrated at said cantilever mounting.
NUM  2.
PAR  2. The vibration damping means of claim 1 including means adapted for
      location of said cantilever mounting longitudinally adjacent the cutting
      action.
NUM  3.
PAR  3. The vibration damping means of claim 2 including plural reactors having
      longitudinal clearance therebetween providing independent freedom of
      transverse oscillatory impact.
NUM  4.
PAR  4. The vibration damping means of claim 3 including different transverse
      clearances between different of said plural reactors and said reaction
      member.
NUM  5.
PAR  5. The vibration damping means of claim 4 including a progressive ordered
      series of different clearances.
NUM  6.
PAR  6. The vibration damping means of claim 4 including a progressive ordered
      series of different clearances beginning with the smallest clearance in
      the reactor immediately adjacent said cantilever mounting.
NUM  7.
PAR  7. The vibration damping means of claim 4 including a progressive ordered
      series of different clearances beginning with the smallest clearance in
      the reactor immediately adjacent said cantilever mounting, said
      progressive series of clearances being repeated in successive groups of
      reactors.
NUM  8.
PAR  8. The vibration damping means of claim 4 wherein said different clearances
      are provided by different internal dimensions in said reactors.
NUM  9.
PAR  9. The vibration damping means of claim 4 wherein said different clearances
      are provided by stepped different external dimensions on said reaction
      member.
NUM  10.
PAR  10. The vibration damping means of claim 3 including means for isolating
      groups of reactors whereby the frictional resistance to independent
      transverse oscillatory reaction incident to the cumulative weight of a
      stack of reactors where the tool is used in a vertical longitudinal
      direction may be limited to a predetermined number without limiting the
      total number of reactors employed.
NUM  11.
PAR  11. The vibration damping means of claim 10 wherein said means includes a
      plurality of isolated rigid cantilever mountings.
NUM  12.
PAR  12. The vibration damping means of claim 10 wherein said means includes a
      plurality of isolated rigid cantilever mountings, each mounting comprising
      a head rigidly associated with said reaction member, and means for rigidly
      securing said head relative to the surrounding wall of said tool.
NUM  13.
PAR  13. The vibration damping means of claim 10 wherein said means includes a
      plurality of isolated rigid cantilever mountings, each mounting comprising
      a head rigidly associated with said reaction member, and means for rigidly
      securing said head relative to the surrounding wall of said tool, said
      last means including a circumferential groove in said head and a plurality
      of set screws extending through the adjacent wall of said tool for forcing
      said head into rigid assembled relation with the surrounding wall of said
      tool.
NUM  14.
PAR  14. The vibration damping means of claim 1 wherein said reaction member and
      reactor means are provided with longitudinal matching tapers and
      longitudinal adjustment means for varying their relative longitudinal
      positions and thereby varying the effective transverse clearance
      therebetween.
NUM  15.
PAR  15. The vibration damping means of claim 14 wherein said reactor means
      comprises a single longitudinally extending solid reactor.
NUM  16.
PAR  16. The vibration damping means of claim 1 wherein said rigid cantilever
      mounting includes a cutter holding cap adapted for rigid assembly at the
      end of said tool with a rigid cantilever mounting between said cap and
      reaction member.
NUM  17.
PAR  17. The vibration damping means of claim 1 wherein said reaction member is
      provided with a radially extending annulus adapted to provide reactive
      force transmitting pilot engagement within a cylindrical wall of the tool.
NUM  18.
PAR  18. The vibration damping means of claim 1 wherein said reaction member is
      provided with a fixed length adapted for mounting an optional number of
      reactors totally occupying the length of said reaction member with
      longitudinal clearance therebetween, and including plural reactors mounted
      thereon having a fractional length relationship with said fixed total
      length.
NUM  19.
PAR  19. The vibration damping means of claim 1 wherein said reaction member has
      a fixed total length of uniform cross section, and slidable end clamp
      means on said reaction member for locating an optional number of reactors
      at an optional position along the length of said reaction member to
      adjustably vary the effective damping action to meet specific requirements
      of use.
NUM  20.
PAR  20. The vibration damping means of claim 1 installed in the end of a
      cylindrical boring bar having a cylindrical cavity with total operational
      clearance relative to a stack of cylindrical disc reactors mounted on said
      reaction member.
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PAL  An improved mechanical energy absorbing device is herein disclosed which
      includes an elongated member plastically deformable in a longitudinal
      direction when subjected to a mechanical force greater than an elastic
      limit of the member in the longitudinal direction so that the mechanical
      energy applied to the device is at least partly consumed in the plastic
      deformation of the elongated member. A typical application of the energy
      absorbing device is a safety harness for a seat of a motor vehicle or air
      plane although the device may lend itself to various other practical
      purposes.
PARN
PAR  This is a continuation of application Ser. No. 323,262, filed Jan. 12,
      1973.
BSUM
PAR  The present invention relates generally to devices adapted to absorb
      mechanical energy. While the mechanical energy absorbing device herein
      disclosed may be advantageously utilized for various other purposes, the
      device is especially useful when incorporated in a safety harness for an
      occupant of a seat of, for example, a motor vehicle or air plane for
      holding and restraining the seat occupant from being flung forward or
      injured in the event of a collision of excessive deceleration of the motor
      vehicle or air plane.
PAR  It is presently commonplace in aircraft, certain types and uses of motor
      vehicles and other power driven vehicles to provide for some sort of
      restraint for the seat occupants so that the occupants are protected from
      striking against the wind-shields, steering wheels or control columns,
      instrument panels or other structural parts of the vehicles in case of
      collisions or abrupt deceleration conditions. The safety harness is
      adapted to provide such restraint for the seat occupant and usually takes
      the form of a seat belt or a shoulder strap or a combination of the two by
      which the occupant subjected in a sudden deceleration is yieldably held
      and restrained. While the safety harness using the seat belt and/or
      shoulder strap has been effective for certain types of relatively minor
      decelerations of the vehicle, the safety harness has proved deficient with
      the higher decelerations as experienced in many of the serious collision
      conditions. This known ineffectiveness has its rise, at least partially,
      in the deficient energy absorption efficiency of the seat belt or shoulder
      strap which is adapted to absorb the kinetic energy through its forced
      elongation. Because, moreover, of the fact that such elongation of the
      yieldable seat belt shoulder strap is brought about at an appreciably
      retarded timing from the instant at which the impact is imparted to the
      seat occupant, the safety harness of the prior art character hardly lends
      itself to protection of the occupant at an incipient stage of the
      collision condition or abrupt deceleration. By reason of these drawbacks,
      the safety harnesses of the known characters have failed to provide
      sufficient reliability in protecting the occupants of the seat during the
      collision or sudden stoppage of the vehicles.
PAR  It is, therefore, an important object of the present invention to provide
      an energy absorbing device which features an increased energy absorption
      efficiency.
PAR  It is another important object of the invention to provide an energy
      absorbing device which is rapidly responsive to application of a
      mechanical force greater than a predetermined level.
PAR  Yet, it is another important object of the invention to provide an improved
      safety harness using an energy absorption efficiency and which is capable
      of responding to mechanical energy at a proper timing during an abrupt
      deceleration condition as encountered in the event of a collision.
PAR  The energy absorbing device to accomplish these and other objects of the
      present invention basically comprises an elongated member which is
      plastically deformable when subjected to a mechanical force greater than
      an elastic limit of the member so that the mechanical energy imparted to
      the device is at least partly consumed in the plastic deformation of the
      member. Where the energy absorbing device of this nature is to be
      incorporated particularly in the safety harness of the described
      character, the deformable member of the device should be connected at one
      end to any stationary structural member of on which the seat is fast and
      at the other end to an elongated yieldable member such as a seat belt or
      shoulder strap of the safety harness directly or through suitable
      fastening means. If desired, however, the deformable member may be
      connected directly or through the suitable fastening means between two
      separate elongated yieldable members which are anchored to structural
      members on which the seat is fast.
PAR  The mechanical energy absorbing device of the general configuration above
      described may comprise, in one preferred form, a pair of spaced,
      substantially parallel, rigid outer members which are rigidly connected to
      each other for defining an elongated space therebetween and an elongated
      inner member which has a first longitudinal portion received on an inner
      face of one of the outer members and secured at its end to the inner face
      of the outer member and a second longitudinal portion at least partly
      received on an inner face of the other of the outer members, merging from
      the first longitudinal portion through a return-end portion between the
      outer members and opposite to the end of the first longitudinal portion
      and extending substantially in parallel to and at a substantial spacing
      from the first longitudinal portion. Thus, the inner member is plastically
      deformable in a longitudinal direction when subjected to a mechanical
      force greater than an elastic limit thereof substantially in the
      longitudinal direction of the inner member. Where the energy absorbing
      device of this construction is used in the safety harness, the inner
      member may include an extension extending outwardly from the outer members
      opposite to the return-end portion thereof. In this instance, the second
      longitudinal portion of the inner member is connected through its rigid
      connection with the outer member to either of the yieldable member of the
      safety harness and the stationary structural member and through the
      extension to the other of the structural and yieldable members. When,
      thus, a mechanical force is imparted to the energy absorbing device, then
      the second portion of the inner member is longitudinally moved relative to
      the first longitudinal portion of the member with the return-end portion
      being continuously plastically deformed and moved from its initial
      position whereupon a major portion of the mechanical energy applied to the
      device is consumed in the plastic deformation of the inner member.
PAR  The mechanical energy absorbing device according to the present invention
      may comprise, in another preferred form, a hollow elongated outer member
      and an elongated inner member which is at least partly fitted into the
      outer member. The outer and inner members have first longitudinal portions
      which are coextensive with each other and second longitudinal portions
      which merge from the first longitudinal portions and have cross sections
      which are different from cross sections of the first longitudinal
      portions. Where the energy absorbing device of this construction is to be
      incorporated in the safety harness of the described nature, the inner and
      outer members are connected at their opposite ends between the yieldable
      member of the safety harness and the stationary structural member on which
      the seat is fast. When, thus, the energy absorbing deice of the
      construction above described is subjected to a mechanical force, then the
      outer and inner members are longitudinally moved relative to each other so
      that the first longitudinal portion of the inner member is forced into the
      second longitudinal portion of the outer member whereby the first
      longitudinal portion of the inner member and/or the second longitudinal
      portion of the outer member is plastically deformed to have a cross
      section which is substantially identical with the second longitudinal
      portion of the inner member and/or the first longitudinal portion of the
      outer member, respectively. Thus, either or both of the outer and inner
      members may be deformable through selection of the material or materials
      and thicknesses of the outer and inner members. Where the inner member is
      less rigid than the outer member, the former will be deformable so that
      the first longitudinal portion of the inner member is plastically deformed
      to have a cross section which is substantially identical with the cross
      section of the second longitudinal portion of the inner member when the
      first longitudinal portion of the inner member is forced into the second
      longitudinal portion of the outer member. Where, conversely, the outer
      member is less rigid than the inner member, the former will be deformable
      so that the second longitudinal portion of the outer member is plastically
      deformed to have a cross section of the first longitudinal portion of the
      outer member. Where, moreover, the outer and inner portions are similarly
      rigid and accordingly both of the members are plastically deformable, both
      the first longitudinal portion of the inner member and the second
      longitudinal portion of the outer member will be deformed to have cross
      sections substantially identical with the second longitudinal portion of
      the inner member and the first longitudinal portion of the outer member,
      respectively.
PAR  While the embodiments of the mechanical energy absorbine device above
      described are adapted to consume the mechanical energy by the plastic
      deformation of the deformable member of members, the energy absorbing
      device according to the present invention may be so arranged that the
      mechanical energy imparted to the device is consumed by not only the
      plastic deformation of a member but the shear of the member from a member
      integrally formed therewith. For this purpose, the mechanical energy
      absorbing device may comprise, in still another preferred form, a
      generally elongated structure having a pair of spaced parallel elongated
      wall portions which merge into each other through a return-end portion and
      which are plastically deformable and shearable from the structure when
      subjected to a mechanical force greater than a breaking strength of the
      wall portions in the longitudinal direction. Where the mechanical energy
      absorbing device of this particular construction is used in the safety
      harness of the described nature, one of the two deformable and shearable
      wall portions of the device may have an extension projecting
      longitudinally away from the other wall portion. In this instance, the
      structure of the device may be connected between the stationary structural
      member and the yieldable member of the safety harness through the
      extension of the deformable and shearable wall portion and through any
      portion of the structure adjacent the wall portions. When, now, the
      mechanical energy absorbing having the construction above described is
      subjected to a mechanical force in a longitudinal direction, then one of
      the deformable and shearable members of the structure is forced and torn
      apart from the structure substantially at the return-end portion and
      simultaneously the return-end portion is caused to continuously
      plastically deform. The energy of the mechanical force applied to the
      device is in this manner consumed partly by the shearing of the wall
      portion from the structure and partly by the plastic deformation of the
      return-end portion. To aid in the shearing of the wall portion from the
      structure, suitable stress rising means may be located at the return-end
      portion of the structure in an initial condition. The stress rising means
      may be provided by forming notches or holes at both side ends of the
      return-end portion.
DRWD
PAR  The natures and advantages of the mechanical energy absorbing device and
      the safety harness using the energy absorbing device will become more
      apparent from the following description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view showing a casing member which is to form part
      of a preferred embodiment of the mechanical energy absorbing device
      according to the present invention;
PAR  FIG. 2 is also a perspective view showing a deformable member to be
      combined with the casing member shown in FIG. 1 in the first embodiment;
PAR  FIG. 3 is a longitudinal sectional view showing the mechanical energy
      absorbing device assembled from the casing and deformable members
      illustrated in FIGS. 1 and 2, respectively;
PAR  FIG. 4 is also a longitudinal sectional view of the mechanical energy
      absorbing device in an operative condition;
PAR  FIG. 5 is a schematic perspective view showing an example of the safety
      harness using the mechanical energy absorbing device of the construction
      illustrated in FIGS. 1 to 4, the safety harness being assumed to be
      incorporated in a motor vehicle and shown as being in an inoperative
      condition;
PAR  FIG. 6 is a schematic perspective view showing an operative condition of
      the safety harness illustrated in FIG. 5;
PAR  FIG. 7 is a perspective view of a modification of the mechanical energy
      absorbing device of the construction shown in FIGS. 1 to 4;
PAR  FIG. 8 is a cross sectional view taken on line 8--8 of FIG. 7;
PAR  FIG. 9 is a perspective view showing another preferred embodiment of the
      mechanical energy absorbing device according to the present invention;
PAR  FIG. 10 is a longitudinal sectional view of the energy absorbing device
      illustrated in FIG. 9.
PAR  FIG. 11 is a section on line 11--11 of FIG. 10;
PAR  FIG. 12 is a section on line 12--12 of FIG. 10;
PAR  FIG. 13 is a perspective view showing member which are to form the
      mechanical energy absorbing device illustrated in FIGS. 9 to 11;
PAR  FIG. 14 is a cross sectional view similar to FIG. 12 but now illustrates
      other preferred cross sections of the members forming the energy absorbing
      device of the construction shown in FIGS. 9 to 11;
PAR  FIG. 15 is a longitudinal sectional view of the energy absorbing device, in
      an operative condition, of the construction shown in FIGS. 9 to 11;
PAR  FIG. 16 is a partly exploded perspective view showing a modification of the
      mechanical energy absorbing device illustrated in FIGS. 9 to 11;
PAR  FIG. 17 is a schematic side end view of an example of the safety harness
      using the mechanical energy absorbing device illustrated in FIG. 16, the
      safety harness being herein assumed to be mounted on a motor vehicle and
      being shown to be in an inoperative condition;
PAR  FIG. 18 is a schematic side end view of the safety harness in an operative
      condition;
PAR  FIG. 19 is an exploded perspective view showing another modification of the
      mechanical energy absorbing device shown in FIGS. 9 to 11;
PAR  FIG. 20 is a longitudinal sectional view showing the energy absorbing
      device illustrated in FIG. 19;
PAR  FIG. 21 is a perspective view showing still another modification of the
      mechanical energy absorbing device illustrated in FIGS. 9 to 11;
PAR  FIG. 22 is a partly exploded perspective view showing still another
      preferred embodiment of the mechanical energy absorbing device according
      to the present invention, the device being illustrated to be in an
      inoperative condition; and
PAR  FIG. 23 is also a partly exploded perspective view of the energy absorbing
      device of FIG. 22, the device being shown to be in an operative condition.
DETD
PAR  Reference will now be made to the drawings, first concurrently to FIGS. 1
      to 3 which show a first preferred embodiment of the mechanical energy
      absorbing device according to the present invention. An illustrated
      therein, the mechanical energy absorbing device of the first preferred
      form largely comprises an elongated casing 30 and an elongated deformable
      member 32. The casing 30 is constructed sufficiently rigidly, formed of a
      rigid material and/or having a considerably large thickness. The
      deformable member 32, on the other hand, is formed of such a material
      and/or has such a thickness as to be plastically deformable in a
      longitudinal direction when subjected to a mechanical force greater than
      an elastic limit of the member in the longitudinal direction. The casing
      30 is made up of first and second guide members 34 and 34', respectively,
      which are spaced apart from and substantially in parallel to each other so
      that an elongated space is defined therebetween. These first and second
      guide members 34 and 34', respectively, are rigidly secured to each other
      by a pair of spaced parallel side members 36 and 36' which are edgewise
      connected to or integral with the guide members 34 and 34'. The casing 30
      is usually a unitary structure having the members 34, 34', 36 and 36'
      integral with each other as seen in FIG. 1. The deformable member 32 has a
      first longitudinal portion 38 which is received on an inner face of the
      first guide member 34 of the casing 30 and a longitudinal second portion
      38' which is received on an inner face of the other guide member 34' as
      seen in FIG. 3. These first and second longitudinal portions 38 and 38',
      respectively, merge into each other through a substantially curved
      return-end portion 40 which is located between end portions of the guide
      members 34 and 34'. The first longitudinal portion 38 of the deformable
      member 32 is rigidly connected at its end portion remote from the
      return-end portion 40 to the adjacent end portion of the first guide
      member 34 of the casing 30 by bolts 42 which are screwed into the portion
      38 and member 34 through internally threaded holes 44 formed in the guide
      member 34 and holes 46 formed in the portion 38 of the deformable member
      32 as seen in FIGS. 1 and 2. For the purpose of bolting the deformable
      member 32 to the inner face of the casing 30 during assemblage, the second
      guide member 34' of the casing 30 and the second longitudinal portion 38'
      of the deformable member 32 are formed with openings 48 and 50,
      respectively, which are so located as to be in alignment with the holes 44
      and 46 for providing easy access to the holes 44 and 46.
PAR  Where the mechanical energy absorbing device having the construction above
      described is to be incorporated in a safety harness for a seat of a motor
      vehicle or air plane as previously mentioned, the device is connected
      intermediate between an elongated yieldable member such as a seat belt or
      a shoulder strap of the safety harness and a suitable stationary member or
      structure on which the seat is fast. For this purpose, one of the guide
      members 34 and 34', which one may be the first guide member 34 as shown,
      has a longitudinal extension 52 which is formed with an opening 54 through
      which the casing 30 may be rigidly connected to a structural member of a
      vehicle body, for example. The second portion 38' of the deformable member
      32, on the other hand, has a longitudinal extension 56 projecting
      outwardly from the casing 30 opposite to the extension 52. The
      longitudinal extension 56 of the deformable member 32 thus formed is
      connected to the seat belt or shoulder strap (not shown) of the safety
      harness through, for example, a stud 58 fitted into the extension 56 as
      seen in FIGS. 1 and 3.
PAR  When, now, the mechanical energy absorbing device above described is
      subjected to a mechanical force in a longitudinal direction so that a pull
      is longitudinally imparted to the casing 30 and deformable member 32, then
      the deformable member 32 will be longitudinally locally moved relative to
      the casing 30 in a direction of arrow as indicated in FIG. 4. The second
      longitudinal portion 38' of the deformable member 32 is thus forced away
      from the casing 30 with the return-end portion 40 continuously plastically
      deformed and moved away from its initial position. viz., toward the bolts
      42 when the mechanical force applied to the deformable member 32 is
      greater than the elastic limit of the member. As a consequence, the
      mechanical energy exerted on the device in its entirety is consumed partly
      but in major proportion in the plastic deformation of the deformable
      member 32 and partly in the production of heat resulting from the friction
      between the moving portion of the member 32 and the second guide member
      34'.
PAR  FIG. 5 illustrates an example of the safety harness using the mechanical
      energy absorbing device of the nature above described wherein the safety
      harnes is exemplified as being incorporated in a motor vehicle for the
      protection of the vehicle occupant from incurring an injury in the event
      of a frontal collision of the motor vehicle.
PAR  Referring to FIG. 5, the safety harness largely comprises a seat belt 60
      and a shoulder strap 62 for preventing a vehicle occupant 64 on a seat 66
      from being violently flung when a frontal collision is encountered by the
      motor vehicle. The seat belt 60 is shown as being connected to seat frames
      68 through the mechanical energy absorbing devices, designated by
      reference numeral 70, of the construction above described. The shoulder
      strap 62, on the other hand, is anchored at one end to a ceiling (not
      shown) of the vehicle body through a suitable metal fitting 72 and
      connected at the other to an intermediate portion of the seat belt 60.
      Referring concurrently to FIGS. 1 to 5, each of the mechanical energy
      absorbing devices 70 is connected to the seat frame 68 through the opening
      54 formed in the longitudinal extension 52 of the first guide member 34 of
      the casing 30 and to an end portion of the seat belt 60 through the stud
      58 on the longitudinal extension 56 of the second longitudinal portion 38'
      of the deformable member 32. When, thus, the motor vehicle encounters a
      collision at the front and accordingly the vehicle occupant 64 is forced
      forward as seen in FIG. 6, then the seat belt 60 and the shoulder strap 62
      will be elongated so as to dampen a kinetic energy transferred thereto
      from the vehicle occupant 64 which a mechanical force is also imparted to
      the energy absorbing devices 70 through the seat belt 60. If, under this
      condition, the mechanical force applied to the energy absorbing devices 70
      is of the order greater than the elastic limit of the deformable members
      32 of the energy absorbing devices, the second portions 38' of the
      deformable members 32 are forcibly drawn out of the casings 30 so that the
      remaining kinetic energy on the seat belt 60 and shoulder strap 62 is
      consumed partly in the plastic deformation of the deformable members 32
      and the frictional heat produced between the deformable members 32 and the
      casings 30 as previously discussed.
PAR  FIGS. 7 and 8 illustrate a modification of the mechanical energy absorbing
      device of the construction shown in FIGS. 1 to 3. Referring to FIGS. 7 and
      8, the modified mechanical energy absorbing device includes a spacer strip
      74 which is interposed between the first and second longitudinal portions
      38 and 38', respectively, of the deformable member 32. The spacer strip
      74, preferably formed of plastics, lends itself to preventing the
      deformable member 32 from being buckled or warped when the second portion
      38' of the deformable member 32 happens to undergo a compressive force in
      the longitudinal direction. The spacer strip 74 of this nature will
      further serve the purpose of reducing the friction between the moving
      portion of the deformable member 32 and the inner face of the second guide
      member 34' when the deformable member is deformed in response to a
      mechanical force applied thereto. The second longitudinal portion 38' of
      the deformable member 32 is herein shown as having a longitudinal
      extension 56 which is now formed with an opening or slot 56a. The
      deformable member 32 is thus connected to the seat belt 60 through this
      slot 56a and a loop portion of the belt 60 which is stitched as at 60a
      where the shown energy absorbing device is used as part of a safety
      harness of the character illustrated in FIGS. 5 and 6. Although only one
      spacer strip 74 is shown to be used in the embodiment above described,
      such is merely by way of example and, thus, any desired number of spacer
      strips may be interposed between the spaced first and second portions of
      the deformable member.
PAR  The features of the embodiments of the mechanical energy absorbing device
      above described include, in addition to the increased energy absorption
      efficiency and the capability of responding to an impact at an incipient
      stage of application of the impact, an extremely simple construction which
      consists essentially of the members of panel forms. Since the mechanical
      energy absorbing device is thus made up practically only of the panels,
      the device can be manufactured at a significantly low cost and the
      thickness of the device as a whole can be reduced so as to lessen the
      space requirement of the device.
PAR  FIGS. 9 to 12 illustrate another preferred embodiment of the mechanical
      energy absorbing device in accordance with the present invention. The
      embodiment herein shown is also adapted to convert the kinetic energy
      applied thereto into an energy of deformation of a deformable member.
PAR  Referring first to FIGS. 9 to 12, the mechanical energy absorbing device of
      the shown construction comprises an outer tubular member 76 and an inner
      tubular member 78 which is tightly fitted into the outer tubular member
      76. The outer and inner tubular members 76 and 78, respectively include
      first longitudinal portions which have circular cross sections as seen in
      FIG. 11 and second longitudinal portions which are flattened are gradually
      flattened toward their ends from the first longitudinal portions as seen
      in FIG. 12. An eye-bolt 80 having a loop portion 82 and a threaded portion
      84 is screwed through this threaded portion into an internally threaded
      end portion of the inner tubular member 78 opposite to the flattened end
      portion of the tubular member 76, as seen in FIG. 10. The loop member 82
      carries an eye 82a while the flattened portion of the outer tubular member
      76 has a longitudinal extension 86 formed with an opening 88, for
      connection between a suitable stationary member (not shown) of, for
      example, a vehicle body and an elongated yieldable member (not shown) of a
      safety harness where the device herein shown is to be incorporated in the
      safety harness for a motor vehicle.
PAR  For the formation of the flattened portions of the outer and inner tubular
      members 76 and 78, respectively, of the mechanical energy absorbing device
      having the construction above described, pipes 76' and 78' may be first
      produced, having inside and outside diameters, respectively, which are
      substantially identical to each other as seen in FIG. 13. The piper 78'
      having the smaller diameter should then be forced into an axial bore in
      the pipe 76' having the larger diameter and, thereafter, the outer and
      inner pipes 76' and 78' thus combined together should be pressed on their
      longitudinal portions to correspond to the flattened portions of the outer
      and inner tubular members 76 and 78, respectively, to result.
PAR  Where preferred, the second longitudinal portions of the outer and inner
      tubular members 76 and 78, respectively, which portions have been assumed
      to be flattened, may have cross sections which are generally rectangular
      as seen in FIG. 14 or cross sections which are otherwise configured.
      Whichsoever cross sections may be desired of the first portions of the
      outer and inner tubuler members 76 and 78, respectively, it is of
      importance that the first and second portions of the tubular members have
      cross sections which are different from each other.
PAR  The outer tubular member 76 is shown to have a wall thickness which is
      smaller than a wall thickness of the inner tubular member 78 so that the
      former is less rigid than the latter. This, however, is merely by way of
      example and, as such, the inner tubular member 78 may be constructed to be
      less rigid than the outer tubular member 76 or both of the outer and inner
      tubular members 76 and 78, respectively, may be constructed to be
      similarly rigid, through selection of the wall thicknesses and/or the
      materials of the two tubular members.
PAR  Where the outer tubular member 76 is constructed to be less rigid than the
      inner tubular member 78 as illustrated in the drawings, that portion of
      the outer tubular member 76' which has the circular cross section will be
      caused to plastically deformed to a configuration substantially identical
      with the flattened portion of the member 76 as the flattened portion of
      the inner tubular member 78 is forced away from the initially flattened
      portion of the outer tubular member 76 as seen in FIG. 15. In FIG. 15, the
      length l.sub.1 indicates a longitudinal portion of the outer tubular
      member 76 which has been plastically deformed as a result of the passage
      of the inner tubular member 78 therethrough while the length l.sub.2
      indicates a longitudinal portion in which the deformation is in process. A
      kinetic energy longitudinally exerted on the energy absorbing device of
      the shown construction is in this manner consumed partly in the plastic
      deformation of the outer tubular member 76 and partly in the generation of
      heat resulting from the sliding friction caused between the inner and
      outer surfaces of the outer and inner tubular members 76 and 78,
      respectively.
PAR  Where the inner tubular member 78 is constructed to be less rigid than the
      outer tubular member 76 as previously mentioned, the inner tubular member
      78 will be deformed by the axial movement of the flattened portion of the
      outer tubular member on and along that portion of the inner tubular member
      78 which has initially had the circular cross section. It is apparent that
      both the outer and inner tubular members 76 and 78, respectively, are
      deformed as a result of the axial displacement between these members where
      the two members are constructed to have a substantially common rigidity.
PAR  FIG. 16 illustrates a modification of the embodiment of the mechanical
      energy absorbing device above described. Similarly to the embodiment shown
      in FIGS. 9 to 15, the device herein shown includes an outer tubular member
      76 and an inner tubular member 78 tightly fitted into the former and the
      outer and inner members 76 and 78, respectively, thus combined together
      have longitudinally coextensive portions which are flattened toward their
      ends gradually from the remaining longitudinal portions which have
      generally circular cross sections. The inner tubular member 78 is
      connected at its outer end to an eye-bolt 80 and the outer tubular member
      76 has a longitudinal extension 86 formed with an opening 88. The
      mechanical energy absorbing device shown in FIG. 16 includes, in addition
      to these outer and inner tubular members 76 and 78, respectively, a
      mounting bolt 90 which is fitted on the end portion of the outer tubular
      member 76 remote from its flattened portion through, for example, a flange
      76a which is formed on a peripheral wall of the outer tubular member.
PAR  The mechanical energy absorbing device thus constructed is mounted on a
      vehicle body in a manner illustrated in FIG. 17 where the device is to be
      incorporated in a safety harness for a motor vehicle. Referring also to
      FIG. 17, the mechanical energy absorbing device, which is now designated
      in its entirety by reference numeral 92, is secured to any stationary
      member of a ceiling structure 94 of the vehicle body through an eye 82a in
      the eye-bolt 80 at one end and the opening 88 in the extension 86 of the
      outer tubular member 76 at the other end. For this purpose, the eye-bolt
      80 is rigidly fastened to the ceiling structure 94 by means of a bolt 96
      through the eye 82a in the eye-bolt 80 while the longitudinal extension 86
      of the outer tubular member 76 releasably fastened to the ceiling
      structure 94 by means of a breakable bolt or clip 98 through the opening
      88 in the extension 86 (see FIG. 16). The outer tubular member 76 is
      further connected through the bolt 90 on the flange 76a to a suitable
      fitting 100 on a shoulder strap 62 of a safety harness. This safety
      harness is shown as including, in addition to the shoulder strap 62, a
      seat belt 60 for protecting an occupant 64 of a seat 64, similarly to the
      safety harness shown in FIGS. 5 and 6.
PAR  When, now, the motor vehicle carrying the safety harness of the character
      above described encounters a frontal collision during cruising, then the
      occupant 64 of the seat 66 is forced forward to cause the shoulder strap
      62 to become taut and appreciably elongated under tension so that the
      mechanical energy device 92 is urged downward or forced to turn about the
      bolt 96 which is rigidly secured to the ceiling structure 94. If the
      mechanical force thus applied to the energy absorbing device 92 is of the
      order greater than a breaking strength of the breakable bolt or clip 98,
      then the bolt or clip 98 is torn apart and as a consequence the energy
      absorbing device 92 in its entirety is permitted to turn about the bolt 96
      through the eye 82a in the eye-bolt 80 to a position shown in FIG. 18. The
      kinetic energy exerted on the shoulder strap 62 is in this manner consumed
      in a certain proportion in the breakage of the bolt or clip 98. A pull is
      now given to the energy absorbing device 92 in an axial direction through
      its connection to the fitting 100 so that the outer and inner tubular
      members 76 and 78, respectively, are forced in opposite directions. If,
      under this condition, the mechanical force imparted to the energy
      absorbing device 92 is greater than an elastic limit of either or both of
      the tubular members 76 and 78, then either or both of the members will be
      deformed in its cross section or in their cross sections as the tubular
      members are moved axially relative to each other. The remaining kinetic
      energy in the shoulder strap 62 is thus consumed in the elastic
      deformation of the outer and/or inner tubular members 76 and 78,
      respectively.
PAR  While the inner member to be received in the outer tubular member may be of
      the tubular configuration as above described especially where the latter
      is constructed as a deformable member, the inner member may be solid,
      viz., in the form of a rod if desired, an example of such an arrangement
      being depicted in FIGS. 19 and 20. As seen in FIGS. 19 and 20, the
      mechanical energy absorbing device now includes an outer tubular member 76
      and an inner solid member 102 which is snugly fitted into an axial bore in
      the outer tubular member 76. The outer tubular member 76 and inner solid
      member 102 have first longitudinal portions which merge into second
      longitudinal portions having cross sections different from those of the
      first longitudinal portions. For mounting the energy absorbing device in a
      working place such as on a vehicle body, the outer tubular member 76 has
      formed at its end a flange 104 having holes 106 through which the flange
      104 is rigidly secured to a suitable stationary structural member 108 of
      the vehicle body by suitable fastening means such as bolts 110 as shown.
      The inner solid member 102 on the other hand, is fastened to a suitable
      yieldable member such as a shoulder strap 62 as shown through a
      substantially rigid bracket 112 which is located adjacent to the flange
      110 of the outer tubular member 76. The bracket 112 is rigidly attached at
      one end to an end of the inner solid member 102 through a bolt 114 which
      is screwed into the solid member 102 through a hole 112a formed in the end
      portion of the bracket 112. The bracket 112 is, moreover, fastened at the
      other end to a loop portion of the shoulder strap 62 through a slot 112b
      formed in the other end portion of the bracket.
PAR  The mechanical energy absorbing device of the construction above described
      is apparently adapted to have its outer tubular member deformed in its
      cross section when the inner solid member 102 is forced by the shoulder
      strap 62 away from the leading end of the outer tubular member 76 so that
      the mechanical energy exerted on the device is converted partly into
      energy for causing the plastic deformation of the outer tubular member and
      partly into energy of frictional heat produced between the outer tubular
      member 76 and inner solid member 102.
PAR  FIG. 21 illustrates a still another modification of the device shown in
      FIGS. 9 to 11, wherein an inner solid member 102 is constructed to be less
      rigid than an outer tubular member 76 so that the latter is caused to
      deform in its cross section when longitudinally moved relative to the
      former. The device herein shown may be mounted in a working position
      through a flange 110 which is formed on the outer tubular member 76
      similarly to the embodiment shown in FIGS. 19 and 20.
PAR  While inner and outer members of the embodiments thus far described with
      reference to 9 to 21 have been assumed to have the first and second
      longitudinal portions which are different in cross section, the inner and
      outer members may further have third longitudinal portions which have
      cross sections differing from the cross sections of the first and/or
      second longitudinal portions of the members, where desired.
PAR  Because of the fact that the embodiments of the mechanical energy absorbing
      device above described are essentially comprised by pipes or combinations
      of pipes and rods, simplicity of construction is achieved so that space
      requirement is alleviated especially where only limited spaces are
      available for the installation of the devices and that the production
      costs are significantly reduced. The energy absorbing devices will,
      moreover, permit total inspection for quality control purposes during
      production because the members making up the devices can be readily moved
      relative to each other through prescribed lengths.
PAR  FIGS. 22 and 23 illustrate still another preferred embodiment of the
      mechanical energy absorbing device according to the present invention. The
      energy device herein shown comprises a unitary structure 116 having upper
      and lower elongated wall portions 118 and 118', respectively, which are
      spaced apart from and substantially in parallel to each other and which
      merge into each other through a return-end portion 120. The upper
      elongated wall portion 118 is integral through its longitudinal edges with
      reinforcement wall portions 122 and 122' which are normal or otherwise
      angled to the elongated wall portions 118 and 118'. These reinforcement
      wall portions 122 and 122', in turn, are integral with side flanges 124
      and 124', respectively, which are welded, bolted or otherwise rigidly
      fastened to any suitable stationary member 126. The lower elongated wall
      portion 118' thus extends between the overlying upper elongated wall
      portion 118 and a surface of the underlying stationary member 126 and
      longitudinally projects outwardly. At an edge of the structure 116 remote
      from the return-end portion 122 is formed a cross reinforcement wall
      portion 126 which is integral with the upper elongated wall portion 118,
      side reinforcement wall portions 122 and 122' and side flanges 124 and
      124' and which extend away from the underlying lower elongated wall
      portion 118'. The lower elongated wall portion 118' has a longitudinal
      extension 128 which has formed therein a slot 128a. Where the mechanical
      energy absorbing device thus constructed is to be incorporated in a safety
      harness of the previously described character, the lower elongated wall
      portion 118' of the structure 116 is connected to a seat belt 60, for
      example, through the slot 128a in the extension 128 and through a loop
      portion of the belt which is stitched as at 60a.
PAR  When, now, the lower elongated wall portion of the structure 116 is forced
      in a direction indicated by arrow in FIG. 23, viz., away from the
      return-end portion 122 initially formed, a mechanical stress will be
      produced at the return-end portion 120 intermediate between the elongated
      wall positions 118 and 118'. If, in this instance, the mechanical stress
      thus produced at the return-end portion 120 is of the order greater than a
      breaking strength of the structure 116, then the upper elongated wall
      portion 118 will be longitudinally severed from the side reinforcement
      wall portions 122 and 122' along edges 130 and 130' at which the upper
      elongated wall portion 118 parts from the reinforcement wall portions, as
      will be clearly seen in FIG. 23. As the upper elongated wall portion 118
      is torn apart from the structure 116 in this manner, the return-end
      portion 122 will continuously moved away from its initial position toward
      the front reinforcement wall portion 126. As a consequence, the mechanical
      energy exerted on the structure 126 is consumed partly in the shear of the
      upper elongated wall portion 118 from the side reinforcement wall members
      122 and 122' and partly in the plastic deformation of the upper elongated
      wall member 118 at the return-end portion 120 moving toward the front
      cross reinforcement wall portion 126. The side reinforcement wall portions
      122 and 122' and the front cross reinforcement wall portion 126 serve to
      prevent excessive or undesired deformation of the structure 116 in its
      entirety.
PAR  To aid in the shear of the upper elongated wall portion 118 from the side
      reinforcement wall portions 122 and 122' at an incipient stage of the
      severance, suitable stress rising means may be provided at the return-end
      portion 120 initially formed. The stress rising means of this nature may
      comprise notches or openings 132 and 132' which are formed at sidewise
      ends of the return-end portion 120, viz., between the lateral ends of the
      upper elongated wall portion 118 and the adjacent side reinforcement wall
      portions 122 and 122', as seen in FIG. 22.
PAR  The structure 116 may be, moreover, provided with suitable mechanical
      resistance means which is adapted to provide an additional resistance to
      the mechanical force applied to the structure. Such mechanical resistance
      means may comprise a breakable bolt or clip 134 which passed through holes
      136 and 136' formed in the upper and lower elongated wall portions 118 and
      118', respectively. These holes 136 and 136' are aligned with each other
      in an initial condition of the structure 116 and receive therein the bolt
      or clip 134 which thus fasten the upper and lower elongated wall portions
      118 and 118', respectively, to each other. When the lower elongated wall
      portion 118' is pulled away from the return-end portion 120 as above
      discussed, an internal stress is produced in the bolt or clip 134 and is
      consequently broken or removed from the structure 116 so that the
      mechanical force is now imparted to the return-end portion 120 between the
      upper and lower elongated wall portions 118 and 118', respectively.
PAR  The embodiment shown in FIGS. 22 and 23 is made up of only of the unitary
      structure and, thus, features simplicity of construction advantageous for
      ease of production and for reduction of the production cost and space
      requirement in mounting the structure in a working place.
PAR  It will now be appreciated from the foregoing description that the
      mechanical energy absorbing device according to the present invention has
      an increased energy absorption efficiency and capable of responding to an
      impact at a proper timing. The safety harness using the mechanical energy
      absorbing device having these features will therefore provide reliability
      in the protection of the occupant of a seat from impact especially where
      the safety harness is used in a motor vehicle or air plane.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a safety harness, a mechanical energy absorbing device comprising an
      elongated casing having a rigid construction, said elongated casing having
      two spaced, substantially parallel inner surfaces which face with each
      other; and a deformable strip of substantially U-shaped form disposed
      between said two inner surfaces, said strip having one leg and other leg
      which is rigidly secured at an end portion thereof to the adjacent surface
      of one of said two inner surfaces; said mechanical energy absorbing device
      being connected to the safety harness so that a tension force is applied
      between said elongated casing and said one leg of said deformable strip,
      said one leg being formed at both sides thereof with guide flanges
      extending between said two surfaces.
NUM  2.
PAR  2. A mechanical energy absorbing device as claimed in claim 1, further
      comprising at least one bolt rigidly securing said other leg to the
      adjacent inner surface.
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PAL  A disc brake assembly of the type used primarily in an automobile or like
      motor vehicle environment and including a disc member attached to the
      wheel, and a lining and lining assembly disposed immediately adjacent the
      disc for frictional engagement therewith. The lining is interconnected to
      a lining support element in the form of a rotatable hub wherein the lining
      itself and the hub are rotationally and linearly movable relative to one
      another such that frictional engagement between the lining and the disc
      occurs when the disc and the lining are moving in the opposite rotational
      directions to accomplish maximum frictional engagement and accordingly,
      more efficient braking action on the wheel to which the disc is attached.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a disc assembly of the type primarily used on a
      wheel for an automobile or like motor vehicle wherein the brake lining is
      movable into and out of frictional engagement with the disc attached to
      the wheel and further wherein the lining is capable of independent
      movement relative to the disc so as to accomplish increased frictional
      engagement therebetween in order to increase the braking action between
      the lining and the disc and connected wheel.
PAR  2. Description of the Prior Art
PAR  The majority of prior art braking assemblies utilized for motor vehicle
      applications included a shoe-type brake which generally is internally
      expanded and hydrolically operated. However, the disc brake structure has
      become increasingly popular in such application due to its more efficient
      operation and more desirable performance characteristics.
PAR  Prior art and/or currently, commercially available disc brakes normally
      comprise a partial disc structure in which an annular brake disc is
      attached to a rotating wheel and is gripped by oppositely disposed arms
      having circular or kidney-shaped brake pads with frictional lining thereon
      and disposed to frictionally engage the disc located between the arms. The
      frictional engagement, of course, serves to retard the rotation of the
      wheel and cause the braking action on the vehicle. Such disc brake
      structures are commonly known as caliper-type brakes.
PAR  Problems resulting in the use and operation of this type of brake assembly
      include the inadequate dissipation of heat which is rapidly generated due
      to the frictional engagement between the shoe and/or lining and the disc
      itself. The presence of fading in a brake assembly is, of course,
      dangerous and various types of brake designs have been attempted in order
      to eliminate this problem. Another major problem recognized in the brake
      industry is the providing of sufficient force on the disc to provide
      sufficient braking action so that the brake structure can be used on heavy
      vehicles including airplanes, trucks, and the like. In order to accomplish
      sufficient force being exerted on the disc, it is academic that sufficient
      friction be created between the brake lining and the disc itself. In an
      attempt to accomplish the creation of sufficient frictional engagement,
      prior art devices have utilized a plurality of pistons or like structures
      so as to force the brake lining into engagement with the correspondingly
      positioned brake disc. However, problems have arisen in the design and
      construction of these prior art brake assemblies due to the fact that the
      actuating piston cannot be made sufficiently large enough to apply the
      proper amount of force to the brake shoes so as to provide braking action
      between the lining and the disc. In the above noted prior art devices it
      is also common to maintain the lining in a relatively fixed position
      relative to the rotational movement of the disc which is attached to the
      wheel being braked. Frictional engagement and resulting braking action
      occurs by linearly moving the lining into frictional engagement with the
      corresponding positioned surface of the disc. While such prior art brake
      structures are certainly operable, the amount of friction created between
      the lining and the disc itself is generally not sufficient for heavy duty
      use as set forth above over a reasonable operable life.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a disc-type brake assembly primarily
      designed for the braking of wheels mounted on automobiles or like motor
      vehicles.
PAR  More specifically, a disc member is fixedly attached to rotate with the
      wheel itself and is positioned in spaced, but operable engagement with a
      lining means disposed to selectively, frictionally engage the
      correspondingly positioned surface of the disc.
PAR  The lining assembly is mounted on a lining support means in the form of a
      hub member which itself is fixedly attached to the axle on which the wheel
      assembly is mounted. As in conventional design, rotation of the axle
      causes the wheel assembly to, of course, rotate, and the disc attached
      thereto to rotate. By virtue of the fact that the hub member comprising
      the lining support means is also mounted to the axle, the hub means will
      rotate along with the wheel assembly and disc. A lining movement means is
      interconnected between the lining assembly and the lining support means.
      This lining movement means comprises a hub gear correspondingly configured
      to the splined configuration of the hub member and disposed in concentric,
      intermeshing relation thereto. The lining movement means further comprises
      a ring gear disposed in outwardly concentric relation to the hub gear and
      interconnected thereto by a plurality of planetary gears rotatably mounted
      on the lining assembly itself and serving to movably drive the outer ring
      gear and the remaining portion of the lining assembly attached thereto by
      virtue of the driving rotation of the hub ring gear.
PAR  Specifically, upon rotation of the axle, the hub and the attached hub ring
      gear rotates in a given direction. This given direction of rotation causes
      the outer ring gear to be driven in the opposite direction which, in turn,
      causes a constant relative rotational movement in opposite directions
      between the lining means and the disc means. It can readily be seen that
      when the lining means is brought into direct frictional engagement with
      the disc means an obviously greater amount of friction is created between
      the lining means and the surface of the disc means which it engages due to
      the fact that the disc means and the lining means are rotating in opposite
      directions. This, in turn, of course creates a greater amount of braking
      force on the wheel and further, provides greater performance
      characteristics as well as the ability for the brake assembly of the
      subject invention to be used with heavy duty applications such as trucks,
      airplanes, and the like.
PAR  An operative means is interconnected between a source of fluid and the
      outer casing of the lining assembly itself. The operative means comprises
      one or more fluid activated piston and cylinder assemblies attached to a
      bearing assembly which, in turn, is attached to an outer connecting plate
      of the lining assembly. Activation of the operative means through relative
      movement between the piston and cylinders of each piston and cylinder
      assembly causes linear movement of the lining assembly and the attached
      lining means into and out of operative frictional engagement with the
      correspondingly positioned surface of the disc means.
PAR  It is seen, therefore, that the lining assembly and the attached lining
      means is capable of both rotational movement in a direction opposite to
      that of the rotational movement of the disc means and linear movement into
      and out of operative frictional engagement with the disc means.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a partial sectional view showing the interior of the disc brake
      assembly of the present invention.
PAR  FIG. 2 is a detailed sectional view showing the interior of the lining
      assembly in relative disposition of the lining support means and related
      structural components of the present invention.
PAR  FIG. 3 is an end view taken along line 3--3 of FIG. 2 showing the lining
      means of the lining assembly and the lining support means.
PAR  FIG. 4 is an end view taken along line 4--4 of FIG. 2 showing the interior
      working of the lining movement means relative to the lining assembly and
      the lining support means.
PAR  FIG. 5 is a sectional view of the embodiment shown in FIG. 2 wherein the
      lining means and the disc means are in frictional engagement with one
      another in accordance with the relative disposition of the structural
      elements of the subject brake assembly when in braking relation to the
      disc means.
DETD
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawings.
PAC  DETAILED DESCRIPTION
PAR  As shown in FIGS. 1 and 2, the brake assembly generally indicated as 10
      comprises a disc means 12 attached to a wheel assembly 14 in the
      conventional manner as by mounting flange 16. A plurality of threaded
      bolts 18 are secured through appropriate apertures 20 and affixed thereto
      by conventional nut members 22. A central axle 24 runs through the
      rotational center of the brake assembly 10 and also has the wheel assembly
      mounted thereon in the conventional manner. The free end 26 of the axle 24
      may form some type of conventional attachment means whereby the mounting
      flange 16 fits over axle portion 26 for supporting the wheel assembly 14
      thereon.
PAR  As shown in FIGS. 1 and 2, the brake assembly further comprises a lining
      assembly generally indicated as 28 and including lining means 30 mounted
      on a support base or housing 32 and having an exterior cover 34 secured to
      the base 32 by conventional fasteners 36. As indicated by directional
      arrow 38, the entire lining assembly 28 is movable in a linear direction
      along the longitudinal axis of axle 24 into and out of frictional
      engagement with disc means 12. More specifically, lining means 30
      frictionally engages the correspondingly positioned surface 40 of disc
      means 12 to provide braking action on the wheel assembly 14. Movement of
      the lining assembly 28 into and out of frictional engagement with disc
      means 12 will be described in greater detail hereinafter with specific
      reference to the operative means generally indicated as 42.
PAR  As best shown in FIGS. 2, 3 and 5, the brake assembly of the present
      invention further comprises a lining support means in the form of a hub
      member 44 fixedly mounted on axle 24 so as to rotate therewith. Hub member
      44 has its outer peripheral surface formed into a splined configuration as
      clearly shown.
PAR  Lining movement means is interconnected between the lining base 32 and the
      hub member 44. Specifically, a hub gear 46 (FIG. 4) is concentrically
      mounted on hub member 44 wherein its interior surface is correspondingly
      configured to the outer peripheral splined surface of hub member 44.
      Similarly, hub gear 46 has its outer peripheral surface formed into a gear
      arrangement and is interconnected to an outer ring gear 48 also comprising
      the lining movement means. The ring gear 48 and the hub gear 46 are
      interconnected by one or more planetary gears 50. Each of these planetary
      gears are journalled for rotational movement about pins 52 mounted
      relative to the outer casing 34, the base 32, and the hub member 44 so as
      to allow relative rotational movement between the lining support means and
      the base 32. With specific reference to FIG. 4, rotation of axle 24 and
      the fixedly attached hub member 44 in the direction indicated by
      directional arrow 54 causes corresponding rotation of hub gear 46 as
      indicated by directional arrow 56. Due to the interconnection of ring gear
      48 with the hub gear 46 through planetary gears 50, the outer ring gear
      rotates in the opposite direction to that of axle 24 as indicated by
      directional arrow 58. This rotation of ring gear 48 in the opposite
      direction is, of course, caused by the rotation of planetary gears in the
      direction indicated by directional arrows 60 as represented. Due to the
      fact that ring gear 48 is fixedly attached to base 32 by a press fit
      relation or the like, rotation of ring gear 48 causes rotation of the
      lining assembly including base plate 32 and lining means 30. In that disc
      means 12 is fixedly attached to axle 24, the disc will be rotating in the
      same rotational direction as axle 24 along with the attached wheel
      assembly 14. Because of the interconnecting relationship between the hub
      gear 46, planetary gears 50 and ring gears 48, the lining means 30 rotates
      in the opposite direction. Accordingly, an important feature of the
      present invention is the creation of increased frictional resistance
      between lining means 30 and surface 40 of disc means 12. This increased
      frictional engagement, of course, adds to the braking force exerted on
      disc means 12 and provides a more efficient and capable brake assembly.
      Based on the disclosed structure, it should be obvious that while a
      preferred embodiment of the present invention includes the provision of a
      hub gear 46, the present invention includes planetary gears 50 being
      movably interconnected directly between the outer surface of hub member 44
      and the ring gear 48. If this structure is utilized, the outer surface of
      hub member 44 thereby becomes a hub gear.
PAR  Actuation of the brake assembly occurs through selective actuation of the
      operative means 42. The operative means comprises one or more fluid
      actuated piston and cylinder assemblies 61 interconnected between a fluid
      source (not shown) through fluid conduit 62 (FIG. 1) and bearing means 64
      attached to the plate 34 as shown. The structure of the bearing 64 is such
      as to allow a portion thereof to rotate with the lining assembly 28. An
      additional portion of the bearing assembly 64 is fixedly attached to the
      piston members 66 whereupon actuation of the piston and cylinder assembly
      60, the entire lining assembly is moved linearly as represented by
      directional arrow 38 along the longitudinal axis of axle 24. This brings
      lining means 30 into and out of frictional, braking engagement with
      surface 40 of disc means 12.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Now that the invention has been described, what is claimed is:
NUM  1.
PAR  1. A disc brake assembly of the type primarily designed to brake a wheel
      assembly or like object, said brake assembly comprising: disc means
      connected to the wheel assembly, lining assembly including lining means
      disposed in engagable position relative to said disc means, lining support
      means disposed in interconnecting relation between said lining assembly
      and said disc means, said lining support means further comprising hub
      means, operative means connected to said lining assembly and positioned to
      movably dispose said lining means into and out of frictional engagement
      with said disc means, lining movement means rotatably interconnected
      between said lining assembly and said lining support means, said lining
      movement means comprising gear means including a hub gear mounted on said
      hub means to rotate therewith, ring gear means fixedly secured to said
      lining means so as to rotate therewith, satelite gear means interconnected
      therebetween in an intermeshing engagement with both said ring gear means
      and said hub gear, whereby rotation of said hub gear causes rotation of
      said lining means in the direction opposite to that of said hub means and
      said connected disc means.
NUM  2.
PAR  2. A disc brake assembly as in claim 1 further comprising bearing means
      interconnected between said lining assembly and said operative means, said
      lining assembly rotatably connected to said operative means through said
      bearing means.
NUM  3.
PAR  3. A disc brake assembly as in claim 2 wherein said bearing means further
      comprises a first portion attached to said lining assembly for rotational
      movement therewith, a second portion fixedly attached to said operative
      means, said first and second portion movably interconnected to one
      another, whereby both linear and rotational movement of said lining
      assembly relative to said lining support means is accomplished upon
      actuation of said operative means.
NUM  4.
PAR  4. A disc brake assembly as in claim 1 wherein said operative means
      comprises fluid actuated means interconnected between said lining assembly
      and a source of fluid, whereby actuation of said fluid actuation means
      positions said lining assembly into and out of operative, frictional
      engagement with said disc means.
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ABST
PAL  A railway track brake comprising a series of segments connected together in
      pairs and installed transversely between the rails of the track, each
      segment including a top beam with a shaft rotatably installed inside the
      top beam and provided at its ends with projecting arms carrying contact
      rollers for engagement with the wheels of the vehicle to be braked. The
      top beam is rotated with the shaft when the vehicle wheels contact the
      rollers and rotate the arms. The top beam is connected to a bottom beam
      which is linearly displaceable by means of a crank and a connecting rod.
      The bottom beam is connected to an energy absorbing device including a
      strip having a friction lining in contact with rotatable rolls. The bottom
      beams of each pair of segments are interconnected by a double-arm lever
      such that the bottom beams move in opposite directions.
BSUM
PAR  The invention relates to a railway brake for reducing the speed of railway
      wagons shunted in shunting yards.
PAR  There are the known railway brakes which are rubber-type rail brakes
      operating on the principle of rolling resistance on flexible materials.
      The braking element is a movable rail with rubber lining, this rail being
      raised above the fixed steel rail. In braking, the treads of the wheels
      roll on the movable rails and as soon as the wagon is braked the movable
      rail is lowered and the wheels of the wagon roll with their flanges on the
      fixed steel rail. The magnitude of braking force depends on the weight of
      the wagon. The imperfection of a construction of this type is the fact
      that a considerable part of kinetic energy which the rolling wheel of the
      wagon imparts to the rubber which is being compressed is returned to this
      wheel by the elastic recovery of the rubber to its original state. The
      rate of absorbed kinetic energy is determined by the field of hysteresis
      of rubber. Besides, a direct contact between the rough wagon wheel treads
      and rubber lining results in wear of rubber. There are also known segment
      type rubber brakes where no direct contact takes place between the braked
      wheel of the wagon and the rubber. Absorption of kinetic energy of a
      shunted wagon takes place by the wagon wheels hitting pressure pins
      projecting above the rail head, these pins being thus pressed vertically
      down and causing flexible links with rubber linings to be turned through a
      certain angle. The rubber elements are compressed and twisted, and since
      an internal friction takes place in the rubber the kinetic energy is
      absorbed. The imperfection of a construction of this type is that only a
      comparatively small part of the kinetic energy of the wagon is absorbed by
      the rubber elements. There is also vibration generated in flexible
      elements, this vibration causing rapid wear of the brake elements. Also
      known and used are DOWTY type railway track brakes, the braking effect of
      these brakes being based on the principle of a point operation. In the
      brakes of this type, hydraulic absorbers are disposed along the rail head,
      the tops of plungers of these absorbers being covered with heads which are
      pressed down vertically by the tread of the wheels of a wagon which is
      being braked, so that the resistance of hydraulic liquid flowing through
      holes of small diameter is used. The hydraulic absorbers are connected
      with a pressure plant by means of a central conduit, a variable pressure
      being produced in this pressure plant, and depending on the speed of the
      shunted wagon either braking or pushing of the wagon is obtained, by means
      of a suitable control system. The imperfection of a construction of this
      type is that due to a fairly high pressure in the conduits, a highly
      leakproof hydraulic system is required for resisting variable pressures
      and vibration caused by the shunted wagons. The above described
      constructions of known types of railway track brake include very complex
      pressure plants which require constant attention and maintenance, these
      pressure plants being one more element which is liable to failure.
PAR  An object of the present invention is to provide a railway track brake of
      comparatively simple construction and reliable in operation, this brake
      not requiring any additional equipment such as a complex pressure plant,
      and reliably operating in all weather conditions.
PAR  The railway track brake of the invention comprises a series of segments
      connected together, said segments being installed in pairs across the
      railway track. Each segment has a top beam rotatably fixed in bearings and
      connected with a bottom beam by means of cranks and connecting rods. There
      is a shaft installed in bearings inside the top beam, said shaft being
      provided with arms at its ends, said arms having pressure rolls mounted
      thereon. The bottom beams of one pair of brake segments are
      interconnected, through links, by means of double-arm levers, said beams
      being also connected with movable strips of absorbers, said absorbers
      being fixed to a foundation beam. The top beam together with the shaft can
      be turned in the direction in which the braked wagons are moving. At the
      moment when the wheel flange comes into contact with the pressure roll, as
      well as during the following turn of the said roll, a slight shift of the
      absorber strip follows along with considerably increasing angle of
      rotation of the pressure roll, so that the resistance brought into action
      by the roll gradually increases from zero. Before the wagon wheel hits the
      pressure roll, the cranks and the connecting rods are positioned in a
      straight line. The absorber has at least one movable strip provided with
      flexible material linings, said strip moving between the rows of metal or
      flexible material rolls under the action of the pressure roll which is
      turned and moved by the wheels of the wagon. The rolls are rotatably
      mounted in guides, said guides being pressed against the strip. There is a
      recoil mechanism included in the bottom part of the absorber. When hitting
      the pressure rolls of one segment of the brake, the wheels of a shunted
      wagon cause the shaft and the top beam to be turned, and the bottom beam
      to be shifted by the crank and the vertical connecting rod, together with
      the strips of the absorbers. In this way the rotably mounted rolls roll
      against the flexible linings, and the kinetic energy of the shunted wagon
      is absorbed. Each segment of the brake absorbs a certain definite amount
      of energy. In accordance with the required braking effect, namely in
      accordance with the required loss in kinetic energy, i.e. whether slowing
      down or full stopping of wagon or of a line of wagons by means of the
      brake is desired, either all or only some of the brake segments are put
      into operation. Exclusion of separate segments from operation is obtained
      by turning, by means of electromagnetic devices, of the shafts with the
      pressure rolls from a vertical position by 90.degree. in the direction
      opposite to that in which the top beam turns. In the case when a shunting
      locomotive or wagons which do not require braking are moving on the track
      in which the brake is installed, all segments of the brake can be
      disengaged by means of electromagnetic devices.
PAR  A characteristic feature of the railway track brake according to the
      invention is its compact and simple construction which does not require a
      complex pressure plant, since the operation of the brake is
      self-contained. Another feature of the brake is that the absorbers absorb
      the entire energy transmitted at the moment when the wheel of a braked
      wagon hits the pressure roll, thus providing a braking effect which is
      several times greater in comparison, for example, with a brake having a
      movable rail with a rubber lining.
DRWD
PAR  An embodiment of the invention will now be described by way of example and
      with reference to the accompanying drawing in which:
PAR  FIG. 1 illustrates a segment of the brake in cross-section;
PAR  FIG. 2 illustrates in a side view a pair of segments; and
PAR  FIG. 3 illustrates the absorber in a vertical section.
DETD
PAR  The railway track brake according to the invention consists of several tens
      of pairs of segments situated one beside the other between rails 12 on
      which travel wheel sets 1 of wagons shunted from a hump. Each segment
      includes a top beam 7 mounted in bearings 5, said bearings being installed
      in the top part of brackets 13, said brackets also serving as a guide for
      a bottom beam 15. The top beam 7 is connected with the bottom beam 15 by
      means of cranks 10 and connecting rods 9. A shaft 8 is installed in
      bearings 11 inside the top beam 7, said shaft being provided with arms 3
      at its ends, said arms having pressure rolls 2 mounted on the said arms.
      The arms 3 are pressed against protrusions 4 on top beam 7 by means of
      springs 6 engaged between beam 7 and shaft 8. There are movable strips 20
      of absorbers 16 fixed to the bottom beam 15, said absorbers 16 being fixed
      to a foundation beam 17. As is illustrated in FIG. 2, the bottom beams of
      each pair of segments are interconnected in their opposite end positions
      by means of double-arm levers 19 through links 18 in such a manner that
      strips 20 of absorbers 16 of one segment are moving upward while the
      strips 20 of the absorbers 16 of the other segment are moving downward.
      The absorber 16 illustrated in FIG. 3 consists of a movable strip 20
      provided with flexible material linings 21, and guides 23, rolls 22 being
      rotably mounted in the said guides and being urged against the strip 20.
      There is a recoil mechanism 24 included in the bottom part of the absorber
      16.
PAR  The operation of the brake is as follows. For a wagon or for a draft of
      wagons shunted from a hump the amount of energy which the wagon should
      lose in the brake in order to reach its destination is computed in a
      digital computer. The speed at which the wagon is approaching its
      destination for coupling it with a line of wagons should be no more than 1
      m/sec. In accordance with the computed value of energy which has to be
      absorbed, a suitable number of segments remains in operation while the
      other segments are automatically disengaged as for example by retracting
      rolls 2 by electromagnetic action to rotate shaft 8 90.degree.
      counterclockwise, i.e. in the direction opposite to the direction of
      rotation of beam 7 which effects braking. The wagon wheels 1 hitting the
      pressure rolls 2 of the first segment turn the beam 7 via arms 3 and
      protrusions 4 and cause, through the cranks 10 and connecting rods 9, the
      bottom beam 15 and the strips 20 of absorbers 16 to be shifted. A vertical
      shift of bottom beam 15 upwards causes, by means of double-arm lever 19,
      the bottom beam 15 of the second segment to be shifted downwards, whereby
      the top beam 7 shaft 8, and the arms 3, are turned such that the arms 3
      and rods 9 assume a vertical position.
PAR  A stopping distance of 20 meters will be obtained for a two-bogie, four
      axle 80 ton wagon with axles running in antifriction bearings and whose
      speed before contact with the first segment of the railway track brake of
      the invention is 8 m/sec.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A railway track brake comprising a plurality of pairs of brake segments
      disposed transversely between rails for braking the wheels of a vehicle
      traveling on the rails, each segment comprising a rotatable top beam, a
      shaft rotatably supported by said top beam and having ends with projecting
      arms, contact means on said arms for being contacted by the wheels of the
      vehicle to be braked to cause rotation of said arms, means for producing
      rotation of said top beam in accordance with rotation of said arms, a
      displaceable bottom beam, means guidably supporting the bottom beam for
      linear displacement, a crank secured for rotation with said top beam, a
      connecting rod pivotably connected to said crank and to said bottom beam
      to displace the latter upon rotation of said crank, energy absorber means
      coupled to said bottom beam for resisting displacement thereof, and a
      double arm lever having ends pivotably interconnecting the bottom beams of
      each pair of brake segments so that said bottom beams move in opposite
      directions.
NUM  2.
PAR  2. A railway track brake as claimed in claim 1 wherein said means for
      producing rotation of the top beam in accordance with rotation of said
      arms comprises a protrusion fixed on said top beam facing each arm.
NUM  3.
PAR  3. A railway track brake as claimed in claim 1 wherein said crank and rod
      of each segment are aligned in a straight line when the wheels of a
      vehicle contact the contact means on the associated arm.
NUM  4.
PAR  4. A railway track brake as claimed in claim 1 wherein said energy absorber
      means comprises a movable strip coupled to the bottom beam of the
      associated segment, a plurality of rolls flanking said strip, flexible
      material on said rolls, and guides rotatably supporting said rolls with
      said flexible material thereon in contact with said strip.
NUM  5.
PAR  5. A railway track brake as claimed in claim 4 comprising a recoil
      mechanism acting on said strip to urge the same in a direction opposing
      displacement by said connecting rod.
NUM  6.
PAR  6. A railway track brake as claimed in claim 1 wherein said contact means
      comprises rotatable rolls on said arms.
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ABST
PAL  A fabricated case is described which is suitable for carrying relatively
      heavy objects. Two opposed hinged concave shells are shown, each including
      a back wall and four side walls. In at least one of the shells, at least
      three of the walls joined by integral corners are formed from a single
      sheet of semi-rigid material, such as plastic, bent by the use of a heated
      tool, and joined along an edge of the sheet to a metallic frame section
      which provides strength and rigidity to the case. In contrast to molded
      attache or luggage case shells, the shells may be made with greater depth
      and in diverse shapes without the use of vacuum molds or other special
      tooling. The preferred frame section is F-shaped in cross section with a
      channel portion and an integral flange portion extending therefrom and
      forming a continuation of the base of the channel portion. The flange
      portion lies against the outer side of the walls with the channel portion
      extending transversely across the coextensive edge. An elongated clamping
      member is disposed against the inner side of the walls and is secured to
      the frame section by suitable fasteners.
BSUM
PAR  This invention relates generally to fabricated cases and, more
      particularly, to carrying cases of diverse shapes and sizes for carrying
      various articles including heavy objects.
PAR  Luggage cases or attache cases are usually constructed with two hinged
      concave shells each formed by vacuum or otherwise molding a plastic or a
      plastic laminate. Generally speaking, such molded shells are unsuited for
      carrying relatively heavy objects or objects having a considerable depth
      dimension. This is because the plastic sheet for the shell is stretched
      during the vacuum molding process and loses strength particularly when the
      sheet is stretched to provide a deeply drawn shell. Also, molded shell
      cases require expensive tooling and molding and hence are limited to
      relatively large production techniques where the higher cost tooling may
      be offset over a large number of cases. Such molding techniques do not
      lend themselves to producing small runs of cases of diverse shapes.
PAR  While luggage case constructions suitable for carrying relatively heavy
      objects are known in which molded shells are not utilized, such designs as
      the so-called "steamer trunk" require a considerable number of parts to
      inventory and are costly to assemble.
PAR  Therefore, a general object of the invention is to provide a new and
      improved fabricated case.
PAR  Another object of the invention is to provide an improved carrying case
      suitable for carrying relatively heavy objects.
PAR  A further object of the invention is to provide a carrying case which may
      be assembled using only limited tooling or no tooling at all.
DRWD
PAC  Other objects of the invention will become apparent to those skilled in the
      art from the following description, taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a luggage case constructed in accordance
      with the invention in the open condition;
PAR  FIG. 2 is a sectional view, partially broken away, taken along a plane
      through a line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial sectional view taken along a plane through the line
      3--3 of FIG. 1;
PAR  FIG. 4 is a perspective view illustrating an alternative embodiment of the
      invention in the open condition;
PAR  FIG. 5 is a sectional view taken along a plane through the line 5--5 of
      FIG. 4; and
PAR  FIG. 6 is a partial sectional view taken along a plane through the line
      6--6 of FIG. 4.
DETD
PAR  Very generally, the fabricated case of the invention comprises two opposed
      concave shells 11 and 12 and means 13 pivotally mounting the shells for
      movement between a closed position in which the shells enclose a volume to
      an open position in which the concavities of the shells are exposed. Each
      of the shells includes a back wall 14 and 15, respectively, and four side
      walls 16, 17, 18 and 19, and 21, 22, 23 and 24, respectively.
PAR  The fabricated cases herein disclosed may be readily constructed with
      little tooling in diverse shapes and with deep shells in contrast to the
      usual molded luggage or attache cases which use a vacuum mold to form a
      molded shell of a specific shape. Molded shells cannot be drawn deeply
      without a considerable loss in strength due to the stretching of the sheet
      during vacuum formation of the shell. In many instances, it is desired to
      construct a deep carrying case for heavy objects and to make only a
      limited number of cases which would not justify the expense of separate
      tooling therefor.
PAR  In accordance with the present invention, cases may be formed without
      expensive tooling and with a deep shell 12, if desired, by bending a sheet
      of semi-rigid material, such as a plastic sheet, to form three side walls
      15, 21 and 22 of the shell and by securing at least one continuous edge 25
      of the sheet to at least one metal frame section 26 bent to coextensive
      with the continuous edge 25 of the sheet. The sheet of which the walls 15,
      21 and 22 are formed has a continuous edge at each end lying in the plane
      of all of the walls 15, 21 and 22. One of these edges is visible in the
      cross section of FIG. 3 and is indicated at 25. The edge 25 follows a
      generally U-shaped configuration corresponding to the cross section shown
      in FIG. 2. The metal frame section adds considerable strength and rigidity
      to the shell and also may be used to secure and retain another wall such
      as end wall 24. A plurality of frame sections 26, 33 and 41 are used to
      form the lower shell 12 and to stabilize and add rigidity to the lower
      shell. Herein, each frame section comprises a channel portion 27 and an
      integral flange portion 28 extending from the channel portion and forming
      a continuation of the base of the channel portion. The flange portion is
      disposed against the outer side of the walls at the continuous edge 25,
      with the channel portion 27 extending transversely across the continuous
      edge. An elongated clamping member 29 is coextensive with the frame
      section 26 and is disposed against the inner side of the walls opposite
      the flange portion 28. Means 31 attach the clamping member and the flange
      portion to the walls therebetween.
PAR  Referring now in greater detail to FIGS. 1-3, the case illustrated therein
      is substantially elongated and is designed for carrying relatively heavy
      elongated objects. More particularly, the case illustrated in FIGS. 1-3 is
      designed for carrying a laser and may be, for example, of the order of
      five feet in length and roughly one foot square in cross section. Thus,
      the lower shell must have considerable depth thereto and, if drawn to this
      depth by stretching during vacuuming, much of the strength of the sheet
      would be lost. Suitable structure, not shown, may be provided internally
      of the illustrated case for the purpose of capturing and protecting the
      laser carried therein. In the illustrated embodiment, the concave shells
      11 and 12 are of different sizes, the former being somewhat smaller in
      depth than the latter.
PAR  The concave shell 12 forms the lower portion of the case illustrated in
      FIGS. 1-3. The back wall 15 and the opposing contiguous side walls 21 and
      22 are formed of a single sheet of semi-rigid material such as ABS
      plastic. This is shown more clearly in FIG. 2 wherein it is seen that the
      walls 21 and 22 are formed by bending the sheet upwardly from the plane of
      the back wall 15. The walls 15, 21 and 22 thereby form an elongated trough
      of a generally U-shaped cross section. The semi-rigid material may be any
      suitable material which will provide, with the reinforcing described
      below, adequate structural soundness, and which may be bent into the form
      shown without damage and without using special tools such as forming dies.
      Materials such as polypropylene, polyethylene, and ABS plastic may be bent
      with suitable heated tools to form curved corners 30 and 30a which give
      the appearance of a rounded, molded shape and enhance the aesthetic appeal
      of the case.
PAR  For the purpose of providing rigidity and holding the sheet to the desired
      bent shape, the frame section 26 is coextensive with the continuous edge
      25. The frame section 26 is shaped to follow the edge 25 as may be seen in
      FIG. 1. The frame section 26 may be an extrusion of aluminum or other
      suitable material and comprises a channel portion 27 and an integral
      flange portion 28 extending therefrom and forming a continuation of the
      base of the channel portion. Thus, the general form of the cross section
      of the preferred frame section 26 is that of a capital F, shown inverted
      in FIG. 3. The flange portion 28 is disposed against the outer side of the
      walls 21, 15 and 22 at the continuous edge 25 with the channel portion 27
      extending transversely across the continuous edge.
PAR  In order to secure the walls 21, 15 and 22 to the frame section 26 tightly,
      without tearing of the fasteners through the plastic sheet walls, an
      elongated clamping member 29 is utilized coextensive with the frame
      section 26 and disposed against the inner side of the walls 21, 15 and 22
      opposite the flange portion 28 and rivets 31 connect the frame section 26
      to the clamping member. In the illustrated embodiment, the elongated
      clamping member 29 comprises a flat strip of a suitable material, such as
      aluminum, and the clamping means and flange portion are attached on
      opposite sides of the walls 21, 15 and 22 by rivets 31.
PAR  At the end of the concave shell 21 opposite the beam 26, a similar frame
      section 33 is provided and it has a cross section identical with that of
      the frame section 26 and is attached to the walls 21, 15 and 22 in the
      same manner as described above in connection with the beam 26. A clamping
      strip 35 secures the walls 21, 15 and 22 to the flange of the frame
      section 33 by suitable rivets 37.
PAR  The end walls 23 and 24 are not formed by the unitary sheet of which the
      walls 15, 21 and 22 are separately formed, and each is secured at the
      respective ends of the lower concave shell 12 to the frame sections 26 and
      33, respectively. More particularly, and during assembly, after the frame
      sections 26 and 33 are fastened in place as described above, the walls 24
      and 23 are dropped into place fitting within the channel 27 of the frame
      section 26 and the corresponding channel in the frame section 33. Rivets
      39 are used to secure the walls 24 and 23 in place, passing through both
      sides of the channel portions of the frame sections, as may be seen
      clearly in FIG. 3.
PAR  To add further rigidity to the construction illustrated in FIGS. 1-3, the
      upper and outer edge of the lower shell is provided an encircling frame
      section formed, in this instance, in several pieces, such as frame
      sections 41 and 43 each of which is coextensive with the outer edges 45
      and 47 of the side walls 22 and 21, respectively. These outer edges 45 and
      47 define two sides of the opening into the concavity of the shell 12.
      Each of the frame sections 41 and 43 is of a cross section identical with
      that of the frame section 26. Thus, the frame section 45 includes a
      channel portion 49 and a flange portion 51 extending therefrom and forming
      a continuation of the base of the channel portion. Similarly, the frame
      section 43 includes a channel portion 53 and a flange portion 55 extending
      therefrom and forming a continuation of the base of the channel portion
      53. Each frame section has its flange portion disposed against the outer
      side of the respective side walls at the outer edges thereof with the
      channel portions extending transversely across the outer edges. For each
      of the frame sections 41 and 43, an elongated clamping member is provided
      coextensive with the frame sections. In the illustrated embodiment, this
      comprises a channel 57 for the frame section 41 and a channel 59 for the
      frame section 43. Channels 57 and 59 are disposed against the inner sides
      of the walls 22 and 21, respectively, opposite the flange portions 51 and
      55, respectively. The channels 57 and 59 are attached to the flanges 51
      and 55, respectively, by rivets 61. The combination of the channels and
      the respective beams mounted as described provides extremely high
      longitudinal rigidity for the lower concave shell 12.
PAR  Completing the structure of the lower concave shell 12 are two transverse
      frame sections 63 and 65. For purposes of mating and engagement, the frame
      sections 63 and 65 and the flange sections 41 and 43 are appropriately
      mitered at their adjoining ends as may be seen in FIG. 1. The frame
      sections 63 and 65 are of identical cross section with the frame section
      26 and are secured to the upper edges of the walls 24 and 23,
      respectively, in the same manner as that described in connection with the
      flange sections 41 and 43.
PAR  Although the upper concave shell 11 is of somewhat less depth than the
      lower concave shell 12, the upper concave shell 11 is of substantially
      identical construction. Thus, the back wall 14 and two side walls 16 and
      17 are formed of a single sheet of semi-rigid material, such as ABS
      plastic bent to form the separate wall. Rigidity is provided by frame
      sections 67 and 69 which are identical in cross section to the frame
      section 46 and which are attached to the walls 14, 16 and 17 in the same
      manner as that described in connection with the frame sections 26 and 33.
      The side walls 18 and 19 are secured in the channel portions of the frame
      sections 69 and 67, respectively, in the same manner as that described in
      connection with the side walls 23 and 24 of the lower concave shell 12.
      Longitudinal rigidity is provided to the upper concave shell by
      longitudinal frame sections 71 and 73 in a manner substantially identical
      to that of the frame sections 41 and 43. Cross frame sections 75 and 77
      are also secured in the same manner as the cross frame sections 63 and 65
      and mate with the frame sections 71 and 73 at mitered corners, as may be
      seen in FIG. 1.
PAR  Completing the case of FIG. 1 are suitable latches 79 which co-operate with
      latch hooks 81 mounted on the upper shell 11 to hold the shell in a closed
      condition. The underside of the back wall 14 of the upper shell 11 is
      provided with a channel 83 which provides rigidity for supporting a
      carrying handle, not shown. Carrying handles 85 are provided on the walls
      23 and 24 of the lower concave shell 12. Support knobs, not visible, may
      be provided on the underside of the back wall 15 and secured thereto by
      suitable rivets 87.
PAR  Referring now to FIGS. 4 through 6, an alternative embodiment of the
      invention is shown. The embodiment of FIGS. 4 through 6 is designed to
      carry relatively heavy objects, but is deeper relative to its length than
      in the case of the embodiment of FIGS. 1 through 3. In this further
      embodiment of the invention, a single sheet of material is bent to form
      four vertical side walls 107, 109, 111 and 113 with a frame section 123
      secured to a lower continuous edge of the sheet to add rigidity thereto
      and to retain the rounded corners 106 between these vertical side walls.
PAR  The fabricated case of FIGS. 4 through 6 comprises two opposed concave
      shells 101 and 103, the latter being substantially deeper than the former.
      The lower shell 103 includes a back wall 105 and the four side walls 107,
      109, 111 and 113. The four side walls 107, 109, 111 and 113 are formed
      from a single sheet of semi-rigid material such as ABS plastic which is
      bent with a heated tool to form a generally rectangular outline shell with
      rounded corners. The semi-rigid material may be of the same type as
      described in connection with the embodiment of FIGS. 1-3. The sheet is
      joined back upon itself in the middle of the side wall 109 by a clamping
      strip 115 having a cross section generally shaped as a capital H. Two
      inwardly turned projections 117 and 119 (see FIG. 6) are crimped into the
      sheet forming the side wall 109 to secure the abutting ends of the strip
      in place against the cross bar of the H-shaped strip 115.
PAR  The lower edge of the sheet which forms the four side walls 107, 109, 111
      and 113 is a continuous edge lying in the planes of all of the walls
      formed by the sheet. Preferably, the frame section 123 is coextensive with
      the continuous edge 121. As was the case with the frame section 26 in the
      embodiment of FIGS. 1 through 3, the frame section 123 includes a channel
      portion 125 and an integral flange portion 127 extending therefrom and
      forming a continuation of the base of the channel portion. The flange
      portion is disposed against the outer side of the walls 107, 109, 111 and
      113 at the continuous edge 121 with the channel portion 125 extending
      across the continuous edge. The beam thus has the cross section of the
      shape of a capital F, shown inverted in FIG. 5.
PAR  In order to secure the frame section 123 in place, an elongated clamping
      member is disposed against the inner side of the walls opposite the flange
      portion 127 of the beam. In the illustrated embodiment, the clamping
      member comprises a strip of L-shaped cross section and a plurality of
      rivets 131 are spaced along the length of the beam 123 to attach the strip
      129 and the flange portion 127 to the walls therebetween at selected
      critical points. Where the frame section 123 abuts itself, two of the
      rivets 131 are spaced closely on opposite sides of the juncture, indicated
      by line 133.
PAR  The back panel 105 comprises a planar sheet of semi-rigid material having
      its periphery extending into the channel portion 125 of the frame section
      123. The panel 105 is secured in place by rivets 135 spaced strategically
      around the frame section 123 and extending through the sides of the
      channel 125 and through the panel 105. During assembly, the frame section
      123 may first be formed around the panel 105 and riveted thereto. Then the
      walls 107, 109, 111 and 113 may be formed out of the unitary sheet and
      secured to the flange 127.
PAR  The upper edge of the sheet forming the walls 107, 109, 111 and 113 has a
      valance 137 surrounding same. The valance 137 provides stiffening as well
      as a tongue and groove mating configuration for the upper concave shell
      101, which is described below. The valance 137 is provided with a recess
      139 therein which clamps onto the sheet in a manner similar to the valance
      described in connection with the case shown and described in U.S. Pat. No.
      3,542,171, assigned to the assignee of the present invention.
PAR  The upper concave shell 101 of the case of FIGS. 4 through 6 is of
      substantially less depth than the lower shell 103 but is of substantially
      identical construction. Thus, the back wall 141 of the upper shell 101 is
      mounted in the channel of a peripheral frame section 143 having a cross
      section identical to that of the beam 123. The frame section 143 is
      attached by rivets 145 extending through it and an interior extensive
      clamping member 147 of L-shaped cross section. It should be noted that,
      similar to the case in connection with the lower concave shell 103, the
      butt region 149 of the frame section 145 is placed on a wall opposite that
      from the butt region 151 of the clamping member 147. The side walls 153,
      155, 157 and 159 of the upper concave shell 101 are formed of a single
      plastic sheet bent with a heated tool to form rounded corners 150; and
      these side walls are mounted to the beam 143 in a manner identical with
      that of the frame section 123.
PAR  To provide stiffening about the peripheral edge formed by the walls 153,
      155, 157 and 159, a valance 163 is provided clamped to the walls in a
      manner similar to that of the valance 137 and having a mating
      configuration with the valance 137. Thus, the valance 137 is provided with
      a tongue portion 165 whereas the valance 163 is provided with a mating
      groove portion 167. With the two opposed concave shells 101 and 103 in a
      closed condition, the valance 163 mates with the valance 137 to securely
      support the two shells in abutting relationship. To provide for pivoting
      of the two shells, hinges 167 are mounted thereto. The two opposing
      concave shells may be secured together by latches 169 mounted to the
      concave shell 103 and by latch hooks 171 mounted to the concave shell 101.
      A carrying handle, not shown, is secured to the back wall 141 of the upper
      concave shell by rivets 173.
PAR  The fabricated case described herein allows the forming of a very strong
      case suitable for carrying relatively heavy objects and in diverse shapes
      without the necessity of complex molds or the use of excessive material.
      Cases which are very deep, in contrast to the shallow vacuum molded
      attache cases, may be formed without the stretching and reduction of wall
      thickness experienced with molded shell attache or luggage cases. Very
      little tooling is required to manufacture the case, and the case is
      readily assembled from a small inventory of frame sections and plastic
      sheet material. The walls of the case may be made out of a relatively
      lightweight plastic material while the use of the frame sections as
      described herein provides the necessary strength and rigidity.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A case suitable for carrying relatively heavy objects, comprising, two
      opposed concave shells and means pivotally mounting said shells for
      movement between a closed position in which said shells enclose a volume
      to an open position in which the concavities of said shells are exposed,
      each of said shells including a back wall and four side walls, at least
      three of said walls in at least one of said shells being a single sheet of
      semi-rigid material bent to form the separate walls and defining at least
      two integral corners joining said walls, said sheet having a continuous
      edge lying in the planes of all of said walls formed thereby, a frame
      section means substantially coextensive with said continuous edge and
      having a channel portion and an integral flange portion extending
      therefrom, said flange portion being disposed against the outer sides of
      said walls at said continuous edge with said channel portion extending
      transversely across said continuous edge, an elongated clamping member
      disposed against the inner side of said walls opposite said flange
      portion, and means attaching said clamping member and said flange portion
      to said walls therebetween to add rigidity to said case and to retain said
      walls in a predetermined relationship to each other.
NUM  2.
PAR  2. A case according to claim 1 wherein said sheet of semi-rigid material
      comprises said back wall and two of said side walls.
NUM  3.
PAR  3. A case according to claim 1 wherein said sheet of semi-rigid material
      comprises said four side walls.
NUM  4.
PAR  4. A case according to claim 1 wherein said elongated clamping member
      comprises a flat strip.
NUM  5.
PAR  5. A case according to claim 1 wherein said elongated clamping member
      comprises a strip of L-shaped cross section.
NUM  6.
PAR  6. A case according to claim 1 wherein said elongated clamping member
      comprises a channel.
NUM  7.
PAR  7. A case according to claim 1 wherein a further one of said walls
      comprises a planar sheet of semi-rigid material having its periphery
      extending into said channel portion of said frame section.
NUM  8.
PAR  8. A case according to claim 1 wherein said sheet of semi-rigid material
      comprises said back wall and two of said side walls, said side walls
      having substantially parallel outer edges defining two opposite sides of
      the opening into the concavity of said shell, wherein a further pair of
      frame sections are provided coextensive with said outer edges,
      respectively, said further pair of frame sections each having a channel
      portion and an integral flange portion extending therefrom and forming a
      continuation of said channel portion, said flange portions being disposed
      against the outer sides of said walls at said outer edges thereof with
      said channel portions extending transversely across said outer edges, and
      wherein an elongated clamping member is provided coextensive with each of
      said frame sections, said clamping members being disposed against the
      inner side of said walls opposite said flange portions, and means
      attaching said clamping members and said flange portions to said walls
      therebetween.
NUM  9.
PAR  9. A case suitable for carrying relatively heavy elongated objects,
      comprising, two opposed concave shells and means pivotally mounting said
      shells for movement between a closed position in which said shells enclose
      a volume to an open position in which the concavities of said shells are
      exposed, at least one of said shells having a substantial depth and
      comprising a single plastic sheet bent to form a back wall and two side
      walls, integral rounded corners formed in said sheet to join said back to
      said side walls, said sheet being of a shape such that when so bent there
      is formed an elongated trough of U-shaped cross section, said sheet having
      first and second continuous edges at opposite ends of said trough formed
      thereby lying in the planes of all of said walls formed thereby, a first
      frame section coextensive with said first continuous edge, a second frame
      section coextensive with said second continuous edge, said first and
      second frame sections each having a channel portion and an integral flange
      portion extending therefrom and forming a continuation of the base of said
      channel portion, said flange portions being disposed against the outer
      sides of said walls at said continuous edges, respectively, with said
      channel portions extending transversely across said continuous edges, a
      pair of elongated clamping members for cooperation with said first and
      second frame sections and being disposed against the inner side of said
      walls opposite said flange portions, said sheet having two substantially
      parallel outer edges defining two sides of the opening into the concavity
      of said shell, third and fourth frame sections coextensive with said outer
      edges, respectively, said third and fourth frame sections each having a
      channel portion and an integral flange portion extending therefrom and
      forming a continuation of the base of said channel portion, said flange
      portions being disposed against the outer sides of said walls at said
      outer edges thereof, respectively, with said channel portions extending
      transversely across said outer edges, an elongated clamping member
      coextensive with each of said third and fourth frame sections and being
      disposed against the inner side of said walls opposite said flange
      portions, and means attaching said clamping members and said flange
      portions of said frame sections to said walls therebetween.
NUM  10.
PAR  10. A case according to claim 9 having two additional side walls each
      comprising a planar sheet of semirigid material having its periphery
      extending into said channel portions of a respective one of said first and
      second frame sections.
NUM  11.
PAR  11. A case suitable for carrying relatively heavy objects, comprising, two
      opposed concave shells and means pivotally mounting said shells for
      movement between a closed position in which said shells enclose a volume
      to an open position in which the concavities of said shells are exposed,
      at least one of said shells including a back wall and four side walls,
      said side walls being formed of a single plastic sheet bent to form the
      separate walls, integral rounded corners formed by bending said sheet and
      joining adjacent side walls, said sheet having a continuous edge lying in
      the plane of all of said walls formed thereby, a frame section coextensive
      with said continuous edge, said frame section having a channel portion and
      an integral flange portion extending therefrom and forming a continuation
      of the base of said channel portions, said flange portion being disposed
      against the outer sides of said walls at said continuous edge with said
      channel portions extending transversely across said continuous edge, an
      elongated clamping member being disposed against the inner side of said
      walls opposite said flange portion, and means attaching said clamping
      member and said flange portion to said walls therebetween, said back wall
      having its periphery extending into said channel portion of said flange
      section.
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ABST
PAL  A drive arrangement for an engine driven vehicle in which the clutch
      engaging pressure is controlled in response to engine speed and vehicle
      speed during startup. The fluid output pressure from an engine driven
      control pump, which supplies fluid for clutch engagement and transmission
      control, is directed through a control valve and a control restriction. As
      engine speed is increased, the fluid pressure and clutch engagement force
      increase at a controlled rate, due to the increasing line pressure caused
      by the control restriction, to permit controlled starting of the vehicle.
      An output driven governor supplies pressure proportional to vehicle output
      speed to the control valve such that, at a predetermined vehicle output
      speed, the control valve is shifted to discontinue fluid communication
      between the engine driven pump and the control restriction at which
      instant the pump pressure is controlled by the transmission control
      regulator valve.
BSUM
PAR  This invention relates to starting clutches and controls and more
      particularly starting clutches and controls wherein the clutch pressure is
      responsive to engine speed and vehicle speed.
PAR  The present invention, in the preferred embodiment, is utilized to
      eliminate the conventional fluid drive unit in a transmission drive
      arrangement having input clutches for connecting the fluid drive unit to
      automatic shifting planetary gearing. It is well known that, if the torque
      converter or fluid coupling is removed from the conventional automatic
      type transmissions, an increase in overall efficiency and therefore fuel
      economy is attained. Prior art arrangements replacing or bypassing the
      fluid drive unit are well known. Some of these prior art devices
      incorporate a lockup clutch which effectively removes the fluid drive unit
      from the drive arrangement during certain phases of operation; while other
      prior art arrangements replace the torque converter with a starting
      clutch. These latter prior art devices maintain the input clutches
      normally used with the drive arrangement while incorporating the starting
      clutch to provide the slip function usually obtained through the fluid
      drive unit during startup. When the fluid drive unit is replaced with a
      starting clutch, sophisticated centrifugally operated controls have been
      incorporated into the system to provide the desired startup engagement of
      the clutch.
PAR  The present invention eliminates the torque converter from the drive
      arrangement and utilizes the existing input clutches of the drive
      arrangement as starting clutches. Thus the expense of an additional clutch
      for starting is eliminated. The present invention also incorporates a
      simple control system which will control the engagement of the input
      clutches during starting proportional to engine speed and therefore
      provide the operator with a means of controlling clutch engagement. This
      control system is easily incorporated into the control systems presently
      used with automatic type transmissions.
PAR  In most automatic transmissions used today, there are two input clutches.
      One clutch is engaged during forward drive and the other clutch is engaged
      during reverse drive. An example of such a drive arrangement is shown in
      United States Patent Numbers 2,856,794 and 3,321,056. The latter patent
      also discloses a control system for energizing the various friction drive
      devices of the transmission. The present invention can be incorporated
      into such well known control systems by the addition of a vehicle governor
      controlled valve which is operative in cooperation with a control
      restriction to establish control pressure in the system during startup.
      When the vehicle has obtained a predetermined speed, governor pressure
      shifts the added valve to permit the system pressure to be controlled by
      the normal regulator valve of the control system.
PAR  The present invention has a further advantage in that during engine idle
      and during vehicle startup the transmission control is maintained at lower
      pressure levels which also provide increased efficiency.
PAR  The present invention can be utilized with both internal combustion engines
      and gas turbine engines. When the invention is used with the internal
      combustion engine the preformance decreases slightly below that obtained
      with a torque converter, since the torque multiplication factor of the
      converter is not present. However, when the present invention is utilized
      with a gas turbine engine, the high stall torque characteristic of the
      turbine engine partially compensates for the torque multiplication loss
      due to the elimination of the converter.
PAR  It is therefore, an object of this invention to provide an improved drive
      arrangement wherein the engagement pressure of the transmission input
      clutches is controlled proportional to engine speed during startup.
PAR  Another object of this invention is to provide an improved drive
      arrangement wherein conventional input clutches have controlled engagement
      during startup in forward or reverse drive and wherein the engagement
      pressure is proportional to engine speed below a predetermined engine
      speed.
PAR  A further object of this invention is to provide an improved drive
      arrangement having a forward input clutch, a reverse input clutch, and a
      control valve and restriction for controlling the engagement pressure of
      the clutches during startup and wherein the control maintains an
      engagement pressure of the clutches proportional to engine speed until a
      predetermined vehicle speed is obtained.
DRWD
PAR  These and other objects and advantages of the present invention will be
      more apparent from the following description and drawings wherein:
PAR  FIG. 1 is a cross sectional view partly in diagrammatic form showing the
      preferred embodiment of the invention;
PAR  FIG. 2 is a graph showing the relationship between engine speed and line
      pressure with the present invention;
PAR  FIG. 3 is a graph showing the relationship between engine speed and
      governor pressure with the present invention.
DETD
PAR  Referring to the drawings and particularly FIG. 1 there is shown a
      transmission generally designated 10 coupled to an engine generally
      designated 12. The engine may be either an internal combustion engine or a
      gas turbine engine. The transmission drive arrangement includes an input
      shaft 14 drivingly connected to the engine 12, a forward input clutch 16,
      a reverse input clutch 18, a planetary gearing arrangement 20, and an
      output shaft 22. The input shaft 14 is drivingly connected to the internal
      gear 24 of a conventional internalexternal type gear pump 26 which also
      includes an external gear 28. The internal and external gears 24 and 28
      are rotatably mounted in a housing 30 which is secured to the housing of
      the transmission 10. The input shaft 14 is also drivingly connected
      through splines 32 to an input clutch housing 34 which forms a part of the
      forward clutch 16.
PAR  The forward clutch 16 also includes an output member 36, a plurality of
      friction discs or plates 38 and 40 which are splined to the members 34 and
      36 respectively, an annular piston 42 and plurality of return springs,
      such as 44, which are compressed between the piston 42 and a retainer ring
      46. The piston 42 is slidably disposed in the housing 34 and cooperates
      therewith to form fluid chambers 48 and 50, which chambers are made fluid
      tight by a plurality of annular lip seals 52, 54 and 56. Fluid pressure is
      admitted to the chambers 48 and 50 through a passage 58 formed in the
      housing 34. The clutch 16 also includes a backing plate 60 which is
      splined to the housing 34 and has a radially extending splined portion 62
      which provides an input from the shaft 14 to the reverse input clutch 18
      through the housing 34.
PAR  A plurality of openings 64 are provided in the outer periphery of the
      housing 34 to permit the flow of cooling and lubrication fluid through the
      clutch plates 38 and 40 during engagement of clutch 16. The lubrication
      and cooling fluid is admitted to the clutch 16 through a passage 66 formed
      in the housing 34 and pump housing 30. Thus the fluid enters the inner
      portion of the clutch 16, is circulated through the clutch plates 38 and
      40 and exits through opening 64. The backing plate 60 provides a reaction
      surface for the friction discs such that the clutch will be engaged by the
      piston 42 when fluid pressure is delivered to the chambers 48 and 50. When
      the clutch 16 is engaged a drive connection is established between the
      input shaft 14 and the output member 36. The torque transmission through
      the clutch is controlled by the fluid pressure level in the chambers 48
      and 50 and can therefore be maintained as a slipping connection. The
      output member 36 is splined at 68 to an intermediate shaft 70 which is
      drivingly connected to a portion of the planetary gearing arrangement 20.
PAR  The reverse input clutch 18 includes a housing 72, an annular piston 74
      slidably disposed in the housing 72, a plurality of return springs 76
      compressed between the piston 74 and a retainer plate 78, and a plurality
      of friction discs or plates 80 and 82 splined to members 60 and 72
      respectively. The piston 74 and housing 72 cooperate to provide a pair of
      fluid chambers 84 and 86 which are made fluid tight by a plurality of
      annular lip seals 88, 90, and 92. An annular backing plate 94 is also
      splined to the housing 72 to provide a reaction member for the friction
      discs 80 and 82 when the clutch 18 is engaged by fluid pressure in the
      chambers 84 or 86. Clutch 18 can also be maintained as a slipping
      connection depending on the engagement pressure in chambers 84 and 86.
PAR  A plurality of passages, such as 96, are formed in the housing 72 to permit
      the circulation of cooling and lubrication fluid between the friction
      plates 80 and 82 during engagement of the clutch 18. The fluid for cooling
      and lubrication may be admitted to the inner portion of the clutch 18 in
      any well known manner.
PAR  The housing 72 is splined at 98 to a sleeve shaft 100 which is drivingly
      connected to the planetary gearing arrangement 20. The planetary gearing
      arrangement 20 shown is of the well known "Simpson" type which is
      disclosed in U.S. Pat. No. 2,856,794. The particular planetary gearing
      arrangement shown does not form part of this invention, since the present
      invention may be used with any gearing arrangement which incorporates
      forward or reverse input clutches. The invention may also be used in
      transmission drive arrangements wherein a torque converter normally
      provides the input drive for both forward and reverse operation by
      replacing the torque converter with a single input clutch.
PAR  The transmission output shaft 22 is drivingly connected in a well known
      manner to a conventional fluid governor 102 which may be designed in
      accordance with the governor shown in U.S. Pat. No. 3,762,384. 2,762,384.
      As is well known with these types of fluid governors, a pressure signal is
      generated therein which is proportional to the speed of the transmission
      output shaft and therefore the speed of the vehicle.
PAR  The forward clutch 16 is in fluid communication with a transmission control
      104 through a passage 106 and passage 58. The reverse clutch 18 is in
      fluid communication with the control 104 through passages 108 and 110
      which passages also extend through the housing 72. The control 104 may be
      built in accordance with any of the well known automatic transmission
      controls and preferably is constructed in accordance with the transmission
      control disclosed in U.S. Pat. No. 3,321,056.  Fluid pressure for
      operating the control 104, clutches 16 and 18, governor 102 and other
      friction devices in the transmission is supplied by the pump 26. Fluid
      flow delivered by the pump 26 is conducted through a passage 112 to the
      control 104 and to a control valve generally designated 114. The cooling
      and lubricating oil for the forward clutch is the same oil that is
      directed through the control restriction and it is shut off by the
      governor controlled shuttle valve 114. This prevents horsepower losses
      from excess cooling oil circulation after the clutch 16 is locked up.
      Fluid delivered to the control 104 is also distributed via passage 116 to
      the governor 102. Fluid pressure from the governor 102 is delivered
      through passage 118 to the control 104 and to the control valve 114. Since
      the pump 26 is driven by the engine 12 and since the pump 26 is a positive
      displacement pump, the fluid flow in passage 112 will be proportional to
      engine speed.
PAR  The valve 114 includes a valve spool 120 having equal diameter spaced lands
      122 and 124 slidably disposed in a valve bore 126, and a compression
      spring 128 compressed between an internal pocket 130 formed in valve land
      124 and a retainer 132. The valve bore 126 is in fluid communication with
      the governor pressure passage 118 at a chamber 134 formed by valve land
      122 and valve bore 126. Governor pressure in passage 118 thus acts on the
      valve spool 120 to move the valve spool against the force in spring 128
      when a predetermined governor pressure or vehicle speed is attained. The
      valve bore 126 is also in fluid communication with a passage 112 and with
      a passage 136. When the valve spool 120 is in the position shown, the
      passages 112 and 136 are in fluid communication between lands 122 and 124
      such that part of the fluid delivered by pump 26 is delivered to passage
      136. When the valve spool 120 has been shifted by governor pressure in
      chamber 134, the passage 112 will be blocked by valve land 122 such that
      substantially all the fluid delivered by the pump 26 is directed to the
      control 104. The passage 136 is in fluid communication with a passage 140
      through a control restriction 138, which passage 140 delivers fluid to
      pump housing 30 from which the fluid is distributed for lubrication and
      cooling of the clutches 16 and 18. The passage 136 is also in fluid
      communication through a ball check valve 142 with a passage 144, which
      passage 144 is in fluid communication with a conventional transmission
      cooler 146. Fluid from the cooler 146 is delivered by passage 148 to the
      transmission gearing clutches and ball to provide lubrication. The ball
      check valve 142 provides lubrication flow and cooling for the clutch 18
      during reverse drive operation. During normal transmission operation the
      pump pressure regulator valve establishes line pressure priority over
      lubrication feed. In reverse operation, the reverse input clutch 18 would
      normally have no lubrication and would burn up on a reverse start.
      Therefore, some of the oil orificed from line pressure through restriction
      138 and passage 140 directed to clutch 18 through the normal lubrication
      circuit. However, after clutch 16 is in lock-up, the ball check 142
      prevents normal lube from feeding into the starting clutch lubrication
      circuit.
PAR  With the engine 12 running at idle, the valve 114 will be in the position
      shown. Under this condition the fluid from pump 26 is delivered through
      valve 114 and through restriction 138. The fluid flow through the
      restriction 138 establishes the output pressure of the pump 26 which is of
      course the pressure available at control 104. Assuming the operator
      manipulates the control 104 to establish a forward drive for the
      transmission 10, the control 104 will direct fluid pressure to passage
      106, to engage clutch 16. The engagement pressure is established by the
      pressure drop through restriction 138. Under engine idle conditions this
      pressure is low and is not sufficient to overcome the force of return
      springs 44 of clutch 16. However, if the operator increases the speed of
      engine 12, fluid flow from pump 26 will increase and the back pressure
      caused by restriction 138 will increase in accordance with the graph shown
      in FIG. 2. The engine speed and fluid pressure in passage 112 will
      continue to increase until point A shown in FIG. 2 is reached. At this
      time there is sufficient pressure to initiate engagement of clutch 16. As
      clutch 16 begins to engage, a drive relationship is established between
      the input shaft 14 and the output shaft 22. The engine speed and therefore
      clutch engagement pressure will continue to rise until engagement pressure
      is sufficient to cause the clutch to have sufficient capacity to transmit
      the engine torque through the gearing 20 to the output shaft 22. Assuming
      the torque at this point is sufficient to enable vehicle acceleration, the
      engine speed and clutch pressure will generally increase also unless the
      engine is operating at maximum torque.
PAR  If the engine is operating at maximum torque, such as at wide open throttle
      start, the vehicle will accelerate until the clutch input and output
      speeds are substantially equal at which time the engine and vehicle speeds
      will both increase. As the vehicle speed increases, governor pressure in
      passage 118 will also increase. Since the planetary gearing 20 establishes
      a fixed drive ratio between the input and output shafts of the
      transmission, the engine speed and governor pressure are substantially
      proportional in a manner such as that shown in FIG. 3. The relationship
      shown in FIG. 3 is one of a series of curves which can be drawn for
      various engine throttle and torque transmission characteristics of the
      engine and drive arrangement. As long as there is sufficient engine torque
      to accelerate the vehicle, a predetermined vehicle speed will be attained
      under the various throttle setting conditions. When the predetermined
      vehicle speed is attained, as represented by point B of FIG. 3, the
      governor pressure in passage 118 will be sufficient to cause the valve
      spool 120 to be shifted against spring 128 to prevent fluid communication
      between passage 112 and 136. At this instant, the transmission control
      pressure will be established in a well known manner by the control 104.
      After the valve spool 120 has been shifted, the transmission 10 will then
      operate in the conventional upshifting and downshifting manner, such as
      that disclosed in U.S. Pat. 3,321,056, until the operator releases the
      throttle to permit the vehicle to come to rest. When the vehicle is
      decelerating, the governor pressure in passage 118 will decrease. When the
      governor pressure is decreased sufficiently to permit valve spool 120 to
      return to the position shown, the fluid pressure of pump 26 is again
      controlled by the restriction 138 which as explained above is proportional
      to engine speed, thus on deceleration of the vehicle the clutch 16 will
      also provide a slipping connection.
PAR  If the operator selects a reverse drive in the control 104, clutch 18 will
      be controlled in a manner similar to that described above for clutch 16,
      in that the control pressure for engagement of the clutch is established
      for passages 108 and 110 at a level controlled by fluid flow through the
      restriction 138.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drive arrangement for an engine driven vehicle comprising; an input
      shaft driven by the engine; fluid pump means driven by said input shaft
      for supplying fluid flow proportional to engine speed; forward and reverse
      fluid operated starting clutch means each having an input member driven by
      said input shaft and an output member; planetary gear means drivingly
      connected to said output members and being selectively operable for
      providing forward and reverse drive ratios for the vehicle, control means
      in fluid communication with said pump means for controlling the operation
      of said planetary gear means and said clutch means; control valve means
      and restriction means in fluid communication with said pump means for
      controlling the fluid pressure output of said pump means proportional to
      engine speed only when the vehicle speed is below a predetermined value,
      said restriction means being downstream of said control valve means; and
      vehicle speed signal means for supplying a pressure signal proportional to
      vehicle speed for operating said control valve means in response to
      vehicle speed only to discontinue fluid communication between said pump
      means and said restriction means.
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ABST
PAL  A combination of a sprag clutch and a deep-groove ball bearing has a cage
      ring made of two identical radial halves. Each cage ring half has
      circumferentially spaced first recesses each accommodating and pivotally
      supporting a spring-biased sprag; circumferentially spaced alternating
      pockets for captively holding a bearing ball; and second recesses each
      nestingly receiving a bearing ball. The number of pockets and the number
      of second recesses in each cage ring half each equals one half the number
      of bearing balls in the ball bearing. The two cage ring halves are
      staggered with respect to one another to the extent of one bearing ball
      pitch, so that with any pocket on either cage ring half there is axially
      aligned a second recess in the other cage ring half.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the combination of an overrunning clutch of the
      sprag type with a deep-groove ball bearing.
PAR  German Pat. No. 1,264,886 discloses an overrunning clutch in which the
      balls and sprags are arranged alternately between a common inner race and
      an outer race. The balls may run in a raceway in alignment with the common
      central radial plane of the races and the individual sprags which are
      spring-biased in the direction of engagement and are pivotable about axes
      extending parallel to the bearing axis, are disposed between the balls in
      pairs to cooperate with the remaining race shoulders on both sides of the
      ball raceway. The sprags and balls have a common cage ring comprising two
      radial halves which adjoin each other in the region of the radial running
      plane of the balls. The two inward-facing axial faces of the cage ring
      halves are provided with pockets for the balls and the two outward-facing
      axial faces are provided with pockets for the sprags. The last-mentioned
      pockets are closed at the end of the assembling operation by the fitting
      of circular cover discs.
PAR  The above-outlined construction therefore calls for the manufacture and
      storage of three different components for making the cage ring, because,
      although the cover discs are identical, the two above-mentioned cage ring
      halves cannot be identical, since the spring biasing of the sprags calls
      for compression springs which must be differently arranged in the two cage
      ring halves. Furthermore, the use of compression springs for the sprags
      has the disadvantage that due to manufacturing tolerances, the springs may
      apply widely differing biasing forces to the sprags. This, in turn, may
      lead to a non-uniform operation of the sprags and thus, to an irregular
      loading of the overrunning clutch along its circumference.
PAR  Although the two cage ring halves and their cover discs are centered with
      respect to each other by recesses and studs on their boundary surfaces,
      the retention of the parts, however, can be ensured only by welding or
      adhesively bonding them together. This calls for exceptional skill in the
      assembly and therefore, this is an operation which can be performed only
      by reliable skilled personnel; a fact which has a noticeable effect on the
      prime costs. Furthermore, it is not possible to dismantle the known cage
      ring without destruction, for example, for the purpose of testing the
      operability of the overrunning clutch or the ball bearing.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a cage ring for the sprag
      clutch-ball bearing combination of the general kind dedescribed
      hereinbefore which requires only a minimum of individual components for
      manufacture and stock-keeping, which can be easily assembled without
      special skill, which is particularly suited for automatic or mechanized
      assembly, which can be dismantled without difficulty or the risk of
      destruction and therefore provides increased efficiency due to the
      reduction in expenditure for material and assembly.
PAR  These objects and others to become apparent as the specification
      progresses, are accomplished by the invention, according to which, briefly
      stated, a combination of a sprag clutch and a deep-groove ball bearing has
      a cage ring made of two identical radial halves. Each cage ring halves has
      circumferentially spaced first recesses each accommodating and pivotally
      supporting a spring-biased sprag; circumferentially spaced, alternating
      pockets for captively holding a bearing ball; and second recesses each
      nestingly receiving a bearing ball. The number of pockets and the number
      of second recesses in each cage ring half each equals one half the number
      of bearing balls in the ball bearing. The two cage ring halves are
      staggered with respect to one another to the extent of one bearing ball
      pitch, so that with any pocket on either cage ring half there is axially
      aligned a second recess in the other cage ring half.
PAR  Thus, the cage ring structured according to the invention calls for the
      production and stock-keeping of only a single component so that prime
      costs, more particularly the costs for making the necessary tools, are
      greatly reduced. Furthermore, for the assembly operation it is merely
      necessary to press the two cage ring halves, usually pre-fitted with the
      sprags and their individual springs, into the deep-groove ball bearing.
      Then, the locking engagement of the jaw-shaped ball pockets ensures a firm
      seating as well as the required centering of the cage ring is sufficient
      clearance is provided between the balls and their pockets. The fulfillment
      of this condition does not give rise to any difficulties in manufacture.
PAR  If subsequent inspection of the sprag clutch or the ball bearing is
      desirable in order to check the operability thereof, the cage ring may be
      dismantled in a same simple manner without destructing any parts or
      without the need of replacing any component.
PAR  It has been found advantageous to so construct the recesses for the balls
      that the recesses surround the outside of the free ends of the jaw members
      associated therewith. It is also advantageous if the end faces of the free
      ends of the jaw members abut axially on mating surfaces of recesses
      associated therewith and the external contour of each jaw is spherical.
      This substantially assists centering between the two cage ring halves or
      provides self-centering so that the tolerance between the balls and their
      pockets can be increased or, as the case may be, there will be no need for
      special manufacturing accuracy.
PAR  It is also advantageous to dispose the individual springs on the open side
      of the recesses adjacent to the sprags and to design them as coil springs
      with a support arm secured on the cage ring, and a load arm adapted to act
      on the appropriate sprag and located in a sprag notch which is open
      substantially in the circumferential direction and which extends axially,
      adjacent to the radially inner locking surface of the sprag. Preferably,
      the support arm of the coil spring secured on the cage ring is anchored in
      a slit which extends in the circumferential direction of the adjacent wall
      that forms a recess for a ball. For effecting such anchoring, the slit may
      be, for example, deformed after the support arm is positioned in the slit.
PAR  As a result of these steps, the individual springs are disposed in the
      otherwise unused axial region of the ball grooves between the balls.
      Furthermore, with the exception of the relatively easy provision of the
      slits, the arrangement of the individual springs does not call for any
      special structural measure regarding the cage rings. Finally, the
      individual springs and the sprags are captively retained in a known manner
      in the cage ring halves even when these are dismantled, so that the cage
      ring halves can be easily prepared during manufacture without the risk of
      losing parts, by first securing the coil springs and thereafter inserting
      the sprags in their recesses. Cage ring halves prepared in this way can be
      easily stored.
PAR  The wall parts which define the recesses for the sprags in the
      circumferential direction are preferably radially and externally connected
      to each other by means of a web which extends circumferentially directly
      adjacent to the associated sprag. Preferably, the axial position of the
      web is substantially within the axial zone occupied by the ball groove of
      the outer race. This, on the one hand, provides additional axial securing
      or contact surface for the sprags and, on the other hand, provides radial
      support for the coil springs, without affecting the sprags, against the
      centrifugal forces exerted by the coil springs. Furthermore, the stiffness
      of the cage ring is substantially improved, so that the afore-mentioned
      smooth, continuous wall can be extremely thin and practically the entire
      width of the annular surfaces adjacent to the ball raceway of the inner
      race and outer race is made available for the sprags.
PAR  The inward-facing end faces of the cage ring halves may expediently be
      provided with means for effecting a detachable, snap-in, mutual axial and
      radial connection. For this purpose, the earlier-mentioned pins and
      recesses on each side can advantageously be used; they can be formed, for
      example, on the one hand, on the free ends of the jaw members and, on the
      other hand, on the oppositely disposed wall parts which define the
      recesses for the balls.
PAR  It has been found to be particularly advantageous if a lug on at least two
      diametrically opposite webs of each cage ring half projects axially into
      the region occupied by the ball groove of the outer race and engages
      therein a corresponding lug of the opposite cage ring half. For example,
      one lug in each cage ring may be designed as a barbed hook which is open
      radially outwardly and the other lug is designed as a barbed hook which is
      open radially inwardly. Associated lugs of the cage ring halves engage one
      another by means of their barbed hooks. In order to facilitate assembly,
      it is advantageous to provide the cage ring halves on both side faces with
      markings which are offset with respect to each other by 180.degree..
PAR  For automatic, i.e. mechanized assembly, it is also advantageous to
      construct the sprags in rotationally symmetrical form so that the position
      in which they are fed to the location of assembly is immaterial.
PAR  The terms "circumferential", "axial" and "radial" as used here, are
      orientations related to the entire ball bearing-sprag clutch combination.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an axial sectional view of a preferred embodiment of the
      invention.
PAR  FIG. 2 is a fragmentary plan view of the inside of one cage ring half
      forming part of the preferred embodiment.
PAR  FIG. 3 is a fragmentary radial external view of one cage ring half in
      developed form.
PAR  FIG. 3a is a fragmentary radial external view of two interfitting cage ring
      halves in developed form.
PAR  FIGS. 4 and 5 are fragmentary radial sectional views of a cage ring half at
      an enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a deep-groove ball bearing which comprises an
      outer race 1 and an inner race 2 between which an even number of balls 5
      run in grooves 3 and 4 provided in races 1 and 2, respectively. The ring
      shoulders 6, 7 and 8, 9 adjacent to the balls 5 on the rings 1 and 2
      cooperate with the sprags 10 of a sprag clutch. Each sprag 10 is pivotable
      and is urged against the ring shoulders 6 to 9 by means of a separate coil
      spring 11. Balls 5, sprags 10 and springs 11 have a common cage comprising
      two identical cage ring halves 12 and 13 preferably made of a synthetic
      material by injection molding.
PAR  Also referring now to FIGS. 2 and 3, each cage ring half has a smooth,
      continuous and relatively thin outer wall 14 or 15, respectively, and is
      provided with pockets 16 for every other ball 5 and recesses 17 for the
      intervening balls. A recess 18 for a sprag 10 and its coil spring 11 is
      provided between each pocket 16 and each adjacent recess 17.
PAR  As it can be best seen by considering together FIGS. 2 and 3, each pocket
      16, the internal contour of which corresponds to that of a ball 5, is
      formed of jaws 19 and 20 which surround the ball 5 in the axial direction,
      over more than half the extent of the circumference of the ball, so that a
      snap-in engagement may be established between the balls 5 and the pockets
      16. The shape of the recesses 17 can be selected as desired, provided
      steps are taken to ensure that the balls received therein have sufficient
      freedom of movement.
PAR  The two cage ring halves 12 and 13 are offset by one ball pitch with
      respect to each other when being assembled, so that each pocket 16 of one
      cage ring half is situated opposite a recess 17 of the other cage ring
      half. In order to center the cage ring halves additionally with respect to
      each other in the radial and peripheral directions, the recesses 17 which
      accurately match the external contours of the jaws, have on both sides
      indentations 21 for the free ends of the jaws 19 and 20. Since the
      exterior surfaces 22 and 23 of the jaws 19 and 20 in the illustrated
      example are spherical and the jaws have plane end faces 24 and 25, the
      indentations 21 have corresponding concave side walls 26 and plane
      abutment surfaces 27. The cooperation between the interfitting ring halves
      12 and 13 may be well observed in FIG. 3a.
PAR  The recesses 18 for the sprags 10 have generally convex guide surfaces 28
      and 29 adjoining the sprags in the peripheral direction; the sprags are
      thus able to roll on these surfaces with their likewise convex external
      surfaces 30 and 31. Furthermore, the recesses 18 are formed in a known
      manner so that they permit the sprags to tilt between the freewheeling and
      coupling states; specifically, the recesses are flared in the radial
      direction both inwardly and outwardly.
PAR  The recesses 18 are radially externally bounded on the inside of the cage
      ring halves by webs 32, which are omitted in some instances in FIG. 2 for
      the sake of clarity. As it may be best seen in FIG. 1, each web 32 is
      situated axially in the region of the groove 3, i.e. adjacent to the ring
      shoulder 6, so that it does not reduce the sprag width otherwise permitted
      by the width of the shoulder 6. On the other hand, the web 32 guides the
      sprags 10 in the axial direction and supports the coil springs 11 in the
      radial direction against the effect of centrifugal forces, so that the
      latter cannot affect the sprags in a manner which would impair their
      function. Further, the web 32 substantially increases the rigidity of the
      cage ring halves, more particularly in the region of the recesses 18.
PAR  As may be seen in FIGS. 1 and 2, the coil springs 11 are disposed on the
      inwardly oriented side of the sprags 10 and are thus also situated in the
      region of the ball groove 3, so that they do not reduce the maximum
      possible width of the sprags 10. Each coil spring is provided with a
      support arm 33 and a load arm 34. The support arm 33 is sunk into a
      substantially circumferentially oriented slit provided in the wall parts
      forming the recess 17. The slit is, for example, deformed at 35, so that
      the support arm 33 and thus the coil spring 11 is captively located
      (anchored). The load arm is situated in a notch 37 of the sprag 10. The
      notch 37 extends axially, adjacent to the inner clamping surface 36 of the
      sprag and is open in the circumferential direction. The coil springs and
      sprags are thus captively retained in their cage ring half, because the
      sprags are secured in the circumferential direction by the guide surfaces
      28 and 29 and in the radial direction by the load arm 34 of each coil
      spring. The sprags are reversible, to facilitate assembly.
PAR  As it may be seen in FIGS. 3, 3a, 4 and 5, the cage ring halves may be
      provided with additional means for the relative radial and axial
      positioning. To this end, it has been found advantageous to provide two
      diametrically opposite webs 32 of each cage ring half with lugs 38 and 39
      which extend into the axial region occupied by the ball groove 3, and of
      which the lug 38 is formed as a radially inwardly open barbed hook and the
      lug 39 is formed as a radially outwardly open barbed hook. If the two cage
      ring halves are inserted into each other with an offset of 180.degree.
      with respect to the lugs 38 and 39, one lug 38 of one cage ring half and
      one lug 39 of the other cage ring half will interengage. Markings offset
      by 180.degree. may be placed on the cage ring halves to facilitate
      interengagement of the two halves at the correct position.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a combination of a sprag clutch with a deep-groove ball bearing
      having inner and outer races having circumferential grooves and axial
      shoulders defining a raceway; a plurality of bearing balls disposed in the
      raceway in alignment with the common central radial plane of the races; a
      plurality of sprags disposed in pairs in the raceway, the sprags of each
      sprag pair being situated axially adjacent on one and the other side of
      the raceway occupied by the bearing balls; the bearing balls and the sprag
      pairs being arranged alterantely in the circumferential direction; spring
      means for urging each sprag into coupling engagement with the race
      shoulders; and a cage ring disposed in the raceway for supporting the
      balls and the sprags and maintaining a spacing therebetween; the
      improvement comprising two identical radial cage ring halves abutting one
      another in and along the zone of said radial running plane to constitute
      said cage ring; each cage ring half having:
PA1  a. a continuous circumferential terminal wall disposed spaced from the
      abutting faces of the two cage ring halves, said terminal wall having an
      outer face constituting the outer radial edge face of said cage ring half;
PA1  b. means defining a plurality of circumferentially spaced first recesses,
      each receiving and pivotally supporting a sprag and its associated spring
      means;
PA1  c. means defining a plurality of circumferentially spaced pockets, each
      receiving a bearing ball; the number of said pockets being one half the
      number of said bearing balls; each pocket being formed as a jaw
      surrounding the associated bearing ball over more than one half of its
      circumference; and
PA1  d. means defining a plurality of circumferentially spaced second recesses,
      each receiving a bearing ball; the number of said second recesses being
      one half the number of said bearing balls; said pockets and said second
      recesses being arranged alternately;
PAL  the two identical cage ring halves being staggered with respect to one
      another by the extent of one ball pitch, whereby with each said pocket
      provided on either cage ring half there is axially aligned one of said
      second recesses in the other cage ring half.
NUM  2.
PAR  2. A combination as defined in claim 1, each said jaw having two spaced
      free ends; each said second recess externally surrounding the free ends of
      the associated jaw.
NUM  3.
PAR  3. A combination as defined in claim 2, each free jaw end having an axial
      edge face; each second recess being flanked by axial abutment surfaces;
      the edge faces of each jaw being in a face-to-face contact with the
      abutment surfaces flanking the associated second recess.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein the outer contour of each
      said jaw has a spherical configuration.
NUM  5.
PAR  5. A combination as defined in claim 1, each said first recess having a
      radially outwardly oriented open side; each sprag having a radially
      inwardly and a radially outwardly oriented coupling face to cooperate with
      the shoulder of said inner and outer races, respectively; each sprag
      further having a notch being open in the circumferential direction and
      extending axially, adjacent said radially inwardly oriented coupling face;
      each said spring means being constituted by a coil spring at said open
      side adjacent the associated sprag; each coil spring having a support arm
      held on said cage ring and a load arm situated in the notch of the
      associated sprag.
NUM  6.
PAR  6. A combination as defined in claim 5, further comprising means defining a
      slit provided in each cage ring half adjacent each said second recess,
      each said slit extending substantially in a circumferential direction;
      said support arm of an adjacent coil spring being anchored in each said
      slit.
NUM  7.
PAR  7. A combination as defined in claim 1, wherein wall portions of each cage
      ring half that bound said first recesses in the circumferential direction
      are interconnected at radially outwardly oriented locations by a web
      extending in the circumferential direction immediately adjacent the
      associated sprag; the axial position of said web being within the axial
      zone occupied by said groove of said outer race.
NUM  8.
PAR  8. A combination as defined in claim 1, said cage ring halves having, on
      their axial edge faces oriented towards one another, means for releasably
      locking said cage ring halves to one another in an axial and radial
      alignment.
NUM  9.
PAR  9. A combination as defined in claim 7, wherein at least two diametrically
      opposite and axially adjacent webs in the one and the other cage ring half
      are provided with a separate lug extending axially into the zone occupied
      by the groove of said outer race, aligned lugs of the one and the other
      cage ring half being in an interlocking relationship with one another.
NUM  10.
PAR  10. A combination as defined in claim 9, wherein cooperating lugs of the
      one and the other cage ring half are constituted by radially outwardly and
      radially inwardly oriented hooks being in interlocking engagement with one
      another.
NUM  11.
PAR  11. A combination as defined in claim 9, wherein each cage ring half is
      provided with a marking; the marking on one of said cage ring halves is
      offset 180.degree. with the marking on the other said cage ring halves.
NUM  12.
PAR  12. A combination as defined in claim 1, wherein said sprags are
      rotationally symmetrical.
NUM  13.
PAR  13. A combination as defined in claim 1, wherein said cage ring halves are
      made of a synthetic material.
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ABST
PAL  A motor chain saw in which serially arranged clutches are interposed
      between the motor output shaft and the chain of the saw. The clutches
      include a centrifugal clutch and a mechanically controlled clutch. The
      mechanically controlled clutch has at least one drive element having an
      engaged position and a disengaged position and is acted on by centrifugal
      force urging it toward the position which it occupies. A spring urges the
      device element toward engaged position with a force less than the
      centrifugal force which acts on the drive element above a certain speed.
      The mechanically controlled clutch includes at least one control operable
      to move the drive element in at least disengaging direction during
      rotation of the clutch.
BSUM
PAR  The present invention relates to motor chain saws with a drive sprocket for
      the chain saw, which sprocket is driven by a motor through a centrifugal
      clutch, or the like. While a second clutch is provided which acts as
      safety clutch and forms a manually disengageable intermediate clutch in
      the driving connection between the motor and the drive sprocket, said
      intermediate clutch having at least a disengageable follower-up member for
      connecting the pertaining two clutch elements.
PAR  It is an object of the present invention so to design a motor chain saw,
      especially an intermediate clutch of the above mentioned general type,
      that a fast disengagement and engagement of the intermediate clutch will
      be possible without affecting the safe function of the motor chain saw.
DRWD
PAR  These and other objects and advantages of the present invention will appear
      more clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates a side view partially cut open of a motor chain saw
      according to the present invention.
PAR  FIG. 2 shows the clutch according to the invention used in connection with
      the motor chain saw of FIG. 1, but illustrated on a considerably larger
      scale than that of FIG. 1.
PAR  FIG. 3 represents a section taken along the line III--III of FIG. 2. FIG. 4
      is a partial section taken along the line IV--IV of FIG. 3
PAR  FIGS. 5 - 19 respectively illustrate five additional embodiments of
      clutches according to the present invention and illustrated somewhat
      similar to FIGS. 2 - 4.
PAR  FIG. 20 is still another embodiment of a clutch according to the invention
      and is illustrated partially in view and partially in section while being
      shown in approximately its natural size.
PAR  FIG. 21 is a section taken along the line XXI--XXI of FIG. 20.
PAR  FIG. 22 represents a section along two different sectional planes through
      the clutch of FIG. 21.
PAR  FIGS. 23 - 28 respectively illustrate two additional embodiments of
      clutches in illustrations somewhat similar to those of FIGS. 20 - 22.
DETD
PAR  The motor chain saw according to the present invention which has a
      disengageable follower member for connecting the two pertaining clutch
      parts together is characterized primarily in that the follower member is
      connected to a centrifugal element having its center of gravity located
      outside the rotatable shaft of the intermediate clutch, said center of
      gravity being displaceable relative to the mounting of the centrifugal
      element in such a way that the follower element in its disengaged position
      is at least above a predetermined speed urged by centrifugal force to stay
      in this position. The invention is furthermore characterized by a release
      connected to the follower element or member for moving said follower
      member to its disengaging position while the motor saw has mounted thereon
      an abutment which is manually movable into the range of rotation of the
      release so that in a simple manner a disengagement of the follower member
      or intermediate clutch can be effected.
PAR  The above outlined objects may also be realized according to the invention
      by an arrangement which is characterized in that the follower member which
      in disengaging position with regard to this position is under the load of
      the centrifugal force, is connected to a shiftable element movable into
      two control positions and arrestable therein. This shiftable element is
      only in the direction for disengagement automatically connected to the
      follower member by means of a follower. Moreover, the shiftable element
      comprises two release members for moving the shiftable element into its
      two control positions. Furthermore, for each release member the motor saw
      has arranged thereon a handle, or the like, with an abutment movable into
      the range of rotation of said release members. When the disengagement
      abutment is actuated, the intermediate clutch disengages while said
      disengagement abutment will again be located outside the range of movement
      of the pertaining release member. If the speed drops below a certain speed
      at which the intermediate clutch is to be engaged again, the follower
      member will, in spite of the spring force acting upon the follower member
      in engaging direction not move into the engaging position because it is
      retained in the disengaging position by the shiftable member, for
      instance, in a positive manner. If, however, previously the engaging
      abutment was moved into the range of movement of the pertaining release
      member, the shiftable member is moved into its engaging position whereby
      in this instance the engagement abutment will likewise be located outside
      the range of movement of the pertaining release member. When the shiftable
      member occupies its engaging position, the follower member is held in its
      disengaging position only by the centrifugal forces acting thereupon so
      that when the speed of the chain saw drops below said predetermined speed,
      the spring force acting upon the follower member will be greater than the
      centrifugal force so that the follower member will then be moved to its
      engaging position. Each release member thus will, after being actuated
      once by the pertaining abutment, move into a position in which it no
      longer engages the pertaining abutment so that it will be avoided that the
      release member abuts with each revolution of the intermediate clutch
      against the abutment and thereby causes considerable noise and high wear.
PAR  For the shiftable member it is important that it is held in its respective
      shifted position. This may be realized either by the centrifugal principle
      or by other suitable arresting devices as, for instance, a pressure
      spring. Such pressure spring is arranged substantially transverse to the
      direction of the shifting movement of the shiftable member and presses the
      same from its intermediate position characterized by highest compression
      toward the outside into the respective end position. However, also
      resilient arresting means are possible. With regard to the follower
      member, it is important that it be carried along by the shiftable member
      moving in disengaging direction and that thereby an effective
      disengagement is brought about. It is also possible that the disengagement
      release member is provided directly on the follower member and that the
      latter, for instance, will then move the shiftable member to its
      disengaging position. The follower member will, however, follow the
      engaging movement of the shiftable member only when a certain speed is not
      exceeded whereas at higher speeds the relative movement occurs between the
      shiftable member and the follower member, inasmuch as while the shiftable
      member can without difficulties be moved to its engaging position, the
      follower member will stop and only when the speed of the saw drops below
      the limit speed will trail the shiftable member and accordingly will bring
      about the engaging or coupling operation proper. To this end, the
      automatic movement of the follower member by the shiftable member in
      disengaging position is provided. The center of gravity of the centrifugal
      element is at least in the disengaged position located in disengaging
      direction in such a way that with the shiftable member occupying the
      disengaging position the follower member will automatically likewise be
      held in this position. In view of the shift spring having a certain thrust
      acting against the centrifugal force upon the follower member, it will be
      realized that with the speed of rotation dropping and thus with reduced
      centrifugal force, the return force of the shift spring prevails and moves
      also the follower member into engaging position. The shiftable member was
      already engaged before. The shift spring may by a change in the location
      of the center of gravity of the centrifugal element be so aided that now
      the centrifugal force acts in the engaging direction. The shiftable
      element may thus have only two defined and free controllable shifting or
      end positions into which it can be moved mechanically,
      electromagnetically, or in any other suitable way. The disengaging
      position can be carried out only by the shiftable element and the follower
      element together, whereas the engaging movement can, in conformity with
      the control command, be carried out by the shiftable element alone. The
      follower member will follow only when the speed of the saw drops below a
      certain speed.
PAR  Referring now to the drawings in detail, FIG. 1 illustrates a motor chain
      saw 1 with a driving unit 2 and a motor housing 3 in which a high speed
      internal combustion engine is arranged. The motor chain saw is furthermore
      provided with handles 4 and 5 for holding and handling the motor chain
      saw. The front end face of the driving unit 2 is provided with a guiding
      rail 6 for a saw chain 7 which is driven by the motor, more specifically
      from the output shaft of the motor forming a crankshaft 8 through a double
      clutch 10 arranged on one side of the housing 3 and protected toward the
      outside. The double clutch 10 has a drive sprocket wheel 9 (FIG. 3), said
      wheel 9 being located between the double clutch 10 and the pertaining side
      wall of the motor housing 3. Sprocket wheel 9 may, if desired, also be
      located on the outside, i.e., at the outer end of the crankshaft.
PAR  The double clutch 10 comprises according to FIGS. 2-4 a centrifugal clutch
      11 and a preferably coaxially arranged intermediate clutch 12 which
      represents a safety clutch and is structurally united to the double clutch
      10. The centrifugal clutch 11 consists primarily of a clutch drum 13 which
      has the outside of its end face wall 14 provided with the drive chain
      sprocket wheel 9 which is non-rotatably connected to the clutch drum 13.
      The sprocket wheel 9 together with the clutch drum 13 is by means of a
      needle bearing 15 rotatably journalled on the crankshaft 8. A fly-weight
      rotor 16 is arranged in the clutch drum 13 and includes a star-shaped
      rotor support 17 which has for instance three radially projecting links
      having radially displaceably arranged thereon and uniformly distributed
      about the rotary shaft 18 of clutch 10 annular segmental fly-weights 19.
      The weights 19 may have their outer edges provided with friction linings
      20 by means of which they may engage the inner mantle surface of the
      mantle portion of clutch drum 13 so that the latter and thus the sprocket
      wheel 9 will be frictionally moved. At both end face sides of the rotor
      support 17 there are connected lateral guiding plates 21, 22 by means of
      which the fly-weights 19 are in axial direction of clutch 10 secured
      relative to the rotor support 17.
PAR  The intermediate clutch 12 consists primarily of a disc-shaped drive clutch
      member 23 which is located on that side of the fly-weight rotor 16 which
      is located opposite the wall 14. The clutch part 23 is by means of a
      sleeve-shaped hub 24 protruding toward wall 14 non-rotatably arranged on
      the outer thread of the free end section 25 of crankshaft 8 which section
      25 is reduced in diameter. Mounted on hub 24 by means of a needle bearing
      26 is the rotor support 17 of the fly-weight rotor 16. The fly-weight
      rotor 16 forms the output clutch member of the intermediate clutch 12.
      However, it is not necessary that the intermediate clutch and the double
      clutch are directly mounted on the crankshaft.
PAR  The drive clutch member 23 of the intermediate clutch 12 is in conformity
      with FIGS. 2 and 4 designed centrally symmetrical with regard to the
      rotary shaft 18 and has a substantially H-shaped form, so that the part 23
      forms two guiding slots 27, 28 which are in alignment with each other and
      are diametrically located opposite to each other. In these slots 27, 28 is
      provided a follower member 29 with two cams 30, 31 which is displaceable
      diametrically with regard to the clutch 10. This follower member is
      substantially oval and its longer oval axis is located in its displacement
      direction indicated by the arrow 32. The follower member 29 is partially
      located within the axial extension of the disc-shaped driving clutch part
      23 but otherwise is located exclusively only on the end face side which
      faces toward the fly-weight rotor 16. At the inner circumferential surface
      of the rotor 16, the follower member 29 has a substantially rectangular
      cam 33 which projects radially inwardly toward the shaft of rotation 18 of
      clutch 10. Cam 33 is designed as follower cam and at least one of its side
      surfaces 34 forms a follower surface. The rotor support 17 of the
      fly-weight rotor 16 has for instance three extensions 35 which are
      uniformly distributed around the circumference and are located radially
      inwardly. These extensions 35 are annular segmental and project axially
      into the follower member 29 to such an extent that the follower member 29
      will, when the fly-weight rotor 16 is at a standstill, nevertheless be
      able to rotate about the shaft 18. By each two adjacent extensions 35
      there is formed a radial slot 36 for engagement by the follower cam 33.
      One side surface 37 each of each slot 36 forms a counter surface for the
      follower surface 34. The follower member 29 may be displaced in the
      direction of the arrow 32 in such a way that its follower cam 33 in
      disengaged position is located radially outside the extensions 35 and in
      its engaged position engages a slot 36 between said two extensions 35. As
      a result thereof, depending on the position of the follower member 29 of
      the drive clutch part 23, the intermediate clutch 12 may or may not be
      rotated relative to the fly-weight rotor 16.
PAR  Resting on that side of shaft 18 of clutch 10, which side is located
      opposite to the follower cam 33, there rests a helical pressure spring 38
      in radial bore of the driving part 23 of the clutch. The helical pressure
      spring 38 has its radial outer end resting on the inner side of the
      pertaining slide cam 31 of the follower member 29 so that the latter is
      under the load of a spring urged toward its engaged position relative to
      the drive coupling part 23. In this engaged position which is illustrated
      in FIGS. 2-4, the center of gravity 39 pertaining to follower element 29
      and located in the longer axis will be located on the same side of the
      rotary shaft of clutch 10 as spring 38, whereas when the follower member
      29 is in disengaged position, the center of gravity 39 is located on the
      oppositely located side of shaft 18 namely, on that side on which the
      follower cam 33 is provided.
PAR  On that outside which is diametrically opposite to the follower cam 33, the
      follower member 29 has a release cam 40 which is formed by a radial
      extension of cam 31. This release cam 40 has an ascending surface 42 which
      with regard to the working rotary direction indicated by the arrow 41 of
      the clutch is inclined. Within the range of rotation of the release cam 40
      of the follower member 29 occupying its engaged position, there is movably
      arranged an abutment 43. Abutment 43 is adjustable approximately radially
      with regard to the shaft 18 and is adjustably rotated on the pertaining
      side surface of the motor housing 3 by means of a handle not further
      illustrated. The abutment 43 advantageously has a correspondingly inclined
      counter surface. When the abutment 43 occupies its radial inner position,
      the release cam 40 with its surface 42 moves onto the abutment 43 so that
      the follower member 29 will against the thrust of spring 38 be so
      displaced that its follower cam 33 will disengage the fly-weight rotor 16
      and its center of gravity 39 will be located on the same side of the axial
      plane 44 of clutch 10 which is rectangular with regard to its direction of
      replacement (arrow 32), on which also the follower cam 33 is located. If
      with this disengaged position of the follower member 29 the speed of the
      latter is so high that the centrifugal force acting thereupon is greater
      than the thrust of spring 38, the follower member 29 is retained by
      centrifugal force in its disengaged position. Only when the speed drops
      below a predetermined value and the force of the spring 38 is greater than
      the centrifugal force acting upon the follower member 29 for bringing
      about a disengagement of the clutch, the follower member 29 is by spring
      38 moved into engaged position. The center of gravity 39 will then be
      located on the opposite side of the axial plane 44 so that the centrifugal
      force now acts upon the follower member 29 in the direction toward the
      engaging position and thus aids the spring 38. When the follower member 29
      occupies its disengaging position, the fly-weight rotor 16 and thus the
      driving chain sprocket wheel 9 is not driven, whereas when the follower
      member 29 occupies its engaging position, the fly-weight rotor 16 is
      driven so that the fly-weights 19 will be able to turn the clutch drum 13
      and thus drive the saw chain.
PAR  That lateral guiding plate 22 of the fly-weight rotor 16 which is located
      at the drive clutch part 23, may be preloaded in a dish spring-like manner
      in such a way that it frictionally rests against that end face of the
      follower member 29 which faces toward said guiding plate 22 and/or of the
      clutch part 23 so that said plate 22 acts as synchronizing element and
      transfers a torque from the clutch part 23 to the fly-weight rotor 16. As
      a result thereof, the fly-weight rotor 16 is prior to the transfer of the
      follower member 29 to its engaging position moved in the rotary direction
      so that a relatively easy engagement of the follower cam 33 will be
      assured. It is also possible to design the other lateral guiding plate 21
      as synchronizing element while said other lateral guiding plate 21 rests
      for instance frictionally against the flange of crankshaft 8, which flange
      is arranged adjacent the end section 25 of crankshaft 8.
PAR  Referring now to FIGS. 5 - 7, those elements therein which correspond to
      the elements in FIGS. 2 - 4 have been designated with the same reference
      numerals as in FIGS. 2 - 4, but with the character a added thereto.
      Similarly, those elements of FIGS. 8 - 10 which correspond to those of
      FIGS. 2 - 4 have been designated with the same reference numerals, as in
      FIGS. 2 - 4, but with the character b added.
PAR  With the embodiment illustrated in FIGS. 5-7, the follower member 29 is
      located substantially on that outer side of the driving clutch part 23a of
      intermediate clutch 12a which faces away from the centrifugal clutch 11a.
      The follower member 29a is by means of cams 30a, 31a guided in recesses
      27a, 28a of the driving clutch part 23a. An extension of one sliding cam
      30a simultaneously forms the follower cam 33a. With this embodiment, four
      engageable slots 36 are uniformly distributed about the rotary shaft for
      engagement by the follower cam 33a. These slots 36a are formed by
      extensions 35a of the rotor support 17a of the flyweight rotor 16a. For
      purposes of additionally guiding the flat rod-shaped follower member 29a,
      the outer end face of the clutch part 23a has a clamp-shaped sheet metal
      housing 45 connected thereto by means of screws, the housing serving as
      slide guiding means 29a. From the web of the housing 45 is bent
      rectangularly inwardly a plate against which spring 38 rests. With this
      embodiment, the lateral guiding plate 21a located at the sprocket wheel 9a
      is designed as dish spring-shaped synchronizing element which by
      engagement with the collar of the crankshaft 8a establishes a frictional
      engagement with the end face of hub 24 of clutch part 23a and with the
      rotor support 17a of the flyweight rotor 16a.
PAR  With the embodiment of FIGS. 1-4, the follower member 29 is as to its
      engaging position limited by an abutment in such a way that that surface
      46 of slide cam 30 which points toward the rotary shaft 18 abuts the
      corresponding end surface 47 of the pertaining slot 27. A similar
      situation prevails with the embodiment according to FIGS. 5 - 7 according
      to which both slide cams 30a and 31a abut against the pertaining end faces
      47a of the recesses 27a, 28a.
PAR  According to the embodiment illustrated in FIGS. 8-10, three follower
      members 29b are provided which are substantially uniformly distributed
      about the rotary shaft 18b of clutch 10b. These follower members 29b are
      designed as pivotable levers which are pivotally supported by shafts which
      are parallel to the clutch shaft 18b. These pivotable shafts are located
      in the radial outer range of the driving clutch part 23b. The follower
      members 29b are located on that end face of the clutch part 23b which
      faces toward the centrifugal clutch 11b and, more specifically, are
      journalled on an eye-shaped protrusion 28b. As pivotal mount there is
      provided a pivotal bearing bolt 30b which is inserted into the driving
      clutch part 23b, for instance, with press fit. The head or collar of bolt
      30b is located on that side of the follower member 29b which faces toward
      the centrifugal clutch 11b. Arranged around each eye 28b is a helical leg
      spring 38b which by means of one leg rests against the driving clutch part
      23b  and by means of its other leg rests against the follower member 29b
      in such a way that member 29b is spring-loaded or spring-urged into its
      engaged position.
PAR  The respective follower member 29b is substantially angle lever-shaped
      while one leg includes the follower cam 33b which projects toward the
      flyweight rotor 16b, whereas the other leg forms the release member 40b
      which radially projects beyond the driving clutch part 23b.
PAR  A further leg 48 which is located opposite the follower cam 33b serves as
      counter weight. The follower surface 34b of the follower member 29b is
      located on that side of the follower cam 33b which faces toward the pivot
      bearing bolt 30b so that the follower member 29b in its engaged position
      pulls and carries along the flyweight rotor 16b. On that side of the
      follower cam 33b which faces away from the follower surface 34b, the
      follower cam 33b has an extension with an inclined abutment surface 46b.
      This abutment surface 46b will in engaged position rest against a
      corresponding counter surface 47b of a pertaining extension of the driving
      clutch part 23b while also the leg of the pertaining spring 38b will rest
      against the same extension.
PAR  With this embodiment, a pocket-shaped opening 36b is provided for the
      follower cam 33b of each follower member 29b on each fly-weight 19b and,
      more specifically, on that side thereof which faces toward the driving
      clutch part 23b. The opening 36b forms the counter surface for the
      follower surface 34b and is open toward the clutch shaft 18b so that the
      follower cam 33b can by a corresponding pivotal movement of the follower
      member 29b be moved out of the recess 36b whereby the intermediate clutch
      12b can be disengaged. The center of gravity 39b of each follower member
      29b is in engaged position of the respective follower member 29b located
      on that axial plane of the clutch which passes through the pi ot axis of
      the pertaining follower member 29b. On this axial plane there is also
      located the follower surface 34b. The center of gravity 39b is located
      radially further inwardly than the pivot axis of the follower member 29b.
      When the follower member 29b is pivoted from its engaged position to the
      disengaged position, the center of gravity moves to the oppositely located
      side of this axial plane 44b so that then the centrifugal force acting
      upon the follower member 29b will urge the follower member toward its
      disengaged position. The counter surface for the follower surface 34b
      which is formed by the recess 34b is parallel to the direction of the
      flyweight 19b pertaining thereto so that the latter will be able also with
      the follower member 29b in its engaged position to carry out radial
      movements.
PAR  FIG. 8 shows tangential tension springs 49 by means of which adjacent
      flyweights 19b are connected to each other in such a way that they are
      spring-urged inwardly toward the clutch shaft 18b. That surface of the
      follower cam 33b which faces away from the follower surface 34b may in
      conformity with the invention be so designed that the output clutch part
      16b of the intermediate clutch 12b will also in the rotary direction
      opposite to the direction of rotation indicated by the arrow 41b be
      carried along while the intermediate clutch 12b thus is substantially
      evenly effective in both directions of rotation. In this instance, also
      the engagement recesses 36b on the flyweight rotor 16b may, for instance,
      be designed as pockets in such a way that they have two counter surfaces
      located opposite to each other for the two follower surfaces of the
      respective follower cam 33b. By means of this design, it will be assured
      above all that the wear of the follower cams, which in particular due to
      lack of uniformity of the circumferential speed of the clutch when
      rotating in the direction of the arrow 41b is relatively great, can be
      substantially reduced. A similar design is, of course, also possible with
      all embodiments described so far.
PAR  According to the embodiment illustrated in FIGS. 11-13, the follower member
      29c is provided in the form of at least one pawl which by means of a pivot
      bearing bolt 30c is in an axis parallel manner to the clutch shaft 18c
      pivotally mounted on that side of the driving clutch part 23c which faces
      toward the centrifugal clutch 11c. The pawl 29c forms an obtuse angle
      which opens toward the clutch shaft 18c and is provided on the shorter leg
      of the follower cam 33c directed toward the clutch shaft. The counter
      surfaces 37c associated with the follower surface 34c of the follower
      member 29c are formed by a ratchet wheel 35c which advantageously forms
      one single piece with the rotor support 17c of the flyweight rotor 16c and
      protrudes beyond the end face thereof toward the driving clutch part 23c.
      The ratchet wheel 35c has tooth space-shaped cutouts 36c, for instance,
      three cutouts, uniformly distributed over the circumference and
      respectively forming a counter surface 37c. The follower cams 33c
      precisely fit into the cutouts 36c. Arranged around the pivot shaft of the
      follower member 29c is a helical leg spring 38c which, on the one hand,
      rests against a shorter leg of the follower member 29c and, on the other
      hand, rests against the driving clutch part 23c in such a way that the
      follower member 29c is spring-loaded toward its engaged position. The pawl
      29c is so arranged that it will be able in engaged position to carry along
      the flyweight rotor 16c while pushing the same. Instead of the outer
      teeth, the ratchet wheel may also have inner teeth. Furthermore, it may be
      expedient to provide a plurality of pawls.
PAR  The longer leg of the follower member 29c forms with its end the release
      cam 40c with the surface 42c inclined with regard to the direction of
      rotation.
PAR  In contrast to the embodiment of FIGS. 11-13, according to the embodiment
      of FIGS. 14-16, the follower member 29d pulls the flyweight rotor 16d in
      the direction of rotation indicated by the arrow 41d. The follower member
      29d is designed in the manner of a two-arm lever which is concavely curved
      toward the clutch shaft 18d and forms a latch. This latch is mounted in a
      manner similar to the manner shown in FIGS. 11-13, but the follower
      surface 34d of the follower cam 33d is provided on that side of cam 33d
      which is located toward the pivot bearing bolt 30d. Correspondingly, also
      the counter surfaces 37d on the ratchet wheel 34d are, in contrast to the
      embodiment of FIGS. 11-13, provided on the oppositely located sides of the
      recesses 36d.
PAR  That leg of the latch 29d which is located opposite to the follower cam 33d
      forms a bulging release cam 40d which has a convexly ascenting surface 42d
      formed by the edge of the latch 29.
PAR  By combining the pawl 29c according to FIGS. 11-13 with a latch 29d
      according to FIGS. 14-16, the intermediate clutch may be so designed that
      it will be effective in both directions of rotation. The latch and the
      pawl may be journalled on a common pivot bearing bolt on the driving
      clutch part of the intermediate clutch.
PAR  According to the embodiment illustrated in FIGS. 17-19, the axially
      projecting cams 35e of the rotor support 17e are formed by the fact that
      on one end face of the rotor support 17e, the radial arms thereof on which
      the flyweights 19e are guided are turned at the outer circumference down
      to a smaller diameter and thereby form the axially projecting cams 35e.
      The annular follower member 29e has one end face thereof provided with a
      recess 33e for engagement by one of the follower cams 35e while one
      lateral surface 34e of this recess 33e forms the follower surface.
PAR  The outer circumferential surface 50 of the follower member 29e is circular
      or cylindrical while merely the release cam 40e projects beyond this outer
      circumference. The inner circumferential surface 41, however, extends from
      the follower surface 34e to the oppositely located lateral surface 52 of
      the follower recess 33 is a spirally widening manner in such a way that
      this oppositely located surface 52 is considerably lower than the follower
      surface 34e and that this inner circumferential surface 51 forms a sliding
      surface for the respective cam 35e prior to the latter being engaged by
      the follower surface 34e when the intermediate clutch 12e is moved to its
      engaged position. If a radial beam of the clutch rotary shaft is drawn
      against the radial outer edge of the follower surface 34ethis beam forms
      with the follower surface 34e an acute angle 53 opening toward the rotary
      clutch shaft.
PAR  According to the embodiment illustrated in FIGS. 20-22, there is provided a
      shiftable or control member 54 which is likewise displaceable in the
      direction of the arrow 32 f. This member 54 partially surrounds the
      follower member 29f and is mounted on the follower member 29f or on the
      drive clutch part 23f of the intermediate clutch 12f. The member 54 is
      likewise annular shaped but is approximately of a rectangular-annular
      shape. On the same side of the rotary shaft of the intermediate clutch on
      which also the follower 33f of the follower member 29f is provided, a
      helical pressure spring 38f is arranged between the follower member 29f
      and the control member 54. The pressure spring 38f is located in that
      axial plane of the intermediate clutch which represents the plane of
      symmetry of the follower 33f. The helical pressure spring 38f rests in a
      radial bore of the follower member 29f and against the inner surface of
      the control member 54. Instead of helical pressure springs, also other
      springs of other forms and types such as bending pressure springs may be
      employed.
PAR  When the follower member 29f is in its engaged position, its center of
      gravity 39f is located on that side of the rotary shaft of the
      intermediate clutch which faces away from the follower 33f, so that the
      follower member 29f during the rotation of the clutch is by the
      centrifugal force held in its engaged position. The center of gravity of
      the control member 54 which in this position (when seen in the axial
      direction of the clutch) may coincide with the center of gravity 39f of
      the follower member 29f, is likewise located on this side of the rotary
      shaft of the intermediate clutch. When the follower member 29f is in its
      engaged position, the control member 54 rests by means of a control
      surface 55 positively against a counter surface 56 of the follower member
      29f in such a way that the follower member 29f during a movement of the
      control member 54 in disengaging position is positively and automatically
      taken along. According to the illustrated embodiment, the surface 55 is
      formed by that inner surface of the control member 54 which is located
      opposite the follower 33f, said follower member 33f engaging said inner
      surface of the control member 54. When the two members 29f, 54 have been
      moved into disengaged position, their centers of gravity 39f are located
      on the other side of the rotary shaft of the intermediate clutch, which
      means on that side on which also the follower 33 f is provided. From this
      position, the control member 54 occupying its engaged position may be
      moved into its engaging-control position while the follower member 29f is
      likewise by means of spring 38f carried along, but not positively. If the
      speed of the intermediate clutch is so high that the centrifugal force
      acting upon the follower member 29f in the direction toward the
      disengaging position is greater than the force of the spring 38f, the
      follower member 29f remains in its disengaged position even though the
      control member 54 occupies its engaging control position. Only when the
      speed drops below the corresponding limit speed, the spring force will
      exceed the centrifugal force so that the follower member 29f is moved into
      its engaging position. The control member 54 may be held in its engaging
      position, for instance, by centrifugal force, when its mass exceeds that
      of the follower member 29f. However, it is also possible to hold the
      control member 54 by means of a resilient ratchet wheel, or the like, in
      its engaging-control position so that the position of its center of
      gravity with regard to the centrifugal force effect may be selected
      different from the illustrated embodiment.
PAR  The control member 54 has two diametrically oppositely located release cams
      40f, 57 which are located symmetrically with regard to the axial plane of
      the intermediate clutch, which plane is parallel to the displacing
      direction indicated by the arrow 32f, while the releasing cams are formed
      by radial extensions or protrusions of the control member 54. The two
      release cams 40f, 57 are located in separate rotary planes which are
      directly adjacent to each other and are at a right angle to the clutch
      shaft. These release cams 40f, 57 respectively have ascending surfaces 42f
      which are inclined according to the direction of rotation indicated by the
      arrow 41f. Inasmuch as the clutch is also suitable for an oppositely
      directed rotation, inclined surfaces 42f are provided on both sides of
      each release cam. An abutment 43f is movably located in the range of
      rotation of the release cam 40f which forms a disengagement release and is
      diametrically located opposite the follower 33f. This abutment 43f is
      adjustable approximately radially with regard to the rotary shaft 18f and
      is located on the pertaining side of the motor housing 3 while in a
      non-illustrated manner through the braking system during the actuation of
      the chain brake of the motor chain saw the abutment 43f is adapted through
      the brake linkage during the actuation of the chain brake of the motor
      chain saw to be moved to its radial inner coasting and stopping position.
      If the abutment 43f occupies its radial inner position, the release cam
      40f moves onto the abutment 43f so that the control member 54 will while
      positively taking along the follower member 29f be so displaced that the
      follower 33f will disengage the flyweight rotor 16f so that the two
      members 29f, 54 will occupy the described disengaging position. The
      control member 54 moves so far that the release cam 40f can no longer abut
      the abutment 43f. The abutment 43f is so arranged that it can in no
      position contact the other release cam 54. Within the range of rotation of
      this release cam 57 (acting as engagement release) of the control member
      54 occupying a disengaging position, there is provided a second abutment
      58 which is movable approximately radially with regard to the rotary shaft
      18f which may likewise be actuated, for instance, by a brake linkage, but
      in such a way that when releasing the chain brake it will be radially
      inwardly moved to its abutment engaging position while the other abutment
      43f is pulled back to such an extent that under no circumstances can it
      engage the pertaining release cam 40f. The two abutments 43f, 58 are thus
      alternately shifted while the abutment 58 is so arranged that it cannot
      engage the release cam 40f. If the abutment 58 occupies its radial inner
      position, the release cam 57 moves thereagainst so that the control member
      54 against the thrust of spring 38f thereagainst the centrifugal force
      acting thereupon is moved into the engaging-control position illustrated
      in FIG. 21. The control member 54 is displaced to such an extent that in
      spite of the abutment 58 occupying its abutting position, the release cam
      can no longer engage the abutment 58. If this displacement of the control
      member 54 occurs above the mentioned limit speed, the follower member
      remains in its disengaged position, and only after the speed drops below
      said limit speed, the follower member 29f will, due to the thrust of
      spring 38f, follow the control member 54 into the engaging position
      according to FIG. 21.
PAR  Instead of the parallelly displaceably mounting of the control member
      according to FIGS. 20 - 22, these two members may also be displaceably
      mounted transverse or at a right angle to each other and to the clutch
      shaft. In this instance, the deviation of the forced connection of these
      two elements is expediently effected by a correspondingly profiled control
      coulisse on a member which coulisse is, for instance, provided on the
      inner edge of the control member and slides on the outer edge of the
      follower member.
PAR  According to the embodiment illustrated in FIGS. 23 - 25, the control
      member 54g is formed by a T-shaped lever. The T-head web of this lever is
      in the center of its length in the manner of a two-arm lever journalled on
      a pivot bolt 30g connected to the drive clutch part 23g and is pivotable
      about a shaft which is parallel to the rotary shaft 18g and spaced
      therefrom. The foot web 55 of the control lever 54g is directed
      approximately toward the rotary shaft 18g of the clutch and when the
      control member 54g is in its engaging position and when the follower
      member 29g is in its engaging position engages a pin 56g which is
      connected to the follower member 29g and protrudes in an axis parallel
      manner to the clutch. Linked to this pin 56g is a tension spring 38g, or
      the like, which has its other end linked to the free end of the foot web
      55 of the control lever 54g. The two ends of the head web of the control
      or shift lever 54a form the release cams 40g, 57g. When the shift lever
      54g occupies its engaging position, the pertaining disengaging abutment
      can be moved into the range of rotation of the disengagement release cam
      40g whereby the shift lever 40g is centrifuged around the pivot bearing
      bolt 30g into disengaging control position and in this way by engagement
      with a pin 56g positively takes the follower member 29g to its disengaging
      position. The pertaining engaging abutment may now be moved into the range
      of rotation of the engaging release cam 57g so that the shift lever 54g is
      again moved to its engagement shift position.
PAR  When the speed of the clutch is above the limit speed, the follower member
      29g remains in its disengaging position while, however, it is by the
      preloaded spring 38g urged to its engaging position against the
      centrifugal force acting thereupon. The follower member 29g is
      displaceable in an axial plane of the clutch which, however, is located at
      a right angle to the axial plane which passes through the pivot axis of
      the shift lever 54g. The shift lever 54g is located on one side of the
      driving clutch part 23g, namely, on that side which faces away from the
      flyweight rotor 16g, whereas, the follower member 29g is located on the
      other side.
PAR  According to the embodiments illustrated in FIGS. 26 - 28, the follower
      member 29h as well as the shift lever 54h are pivotally mounted while the
      two members are pivotably journalled on a common pivot bearing bolt 30h
      which is eccentric with regard to the clutch axis. The two members are
      arranged directly adjacent to each other in such a way that the shift
      member 54h is located between the follower member 29h and the drive clutch
      part 23h on that side thereof which faces the flyweight rotor 16h. The
      shift lever 54h is also in this embodiment T-shaped while its relatively
      short T-foot web is engaged by an arresting spring 59 on the drive clutch
      part 23h in such a way that the shift lever 54h in its disengaging
      position and/or in its engaging position is arrested by a spring force and
      can be moved into the respective other shifting position by the respective
      pertaining abutment. The control spring 38h is designed, for instance, as
      a leg spring which is arranged on the pivot bearing bolt 30h and is, by
      means of its scissor-like crossing legs resting on one hand on the
      follower member 29h, and on the other hand on the shift member 54h in such
      a way that it will spring load the follower member 29h for return position
      when the shift lever 54h is in its engaging position. The follower 55h is
      formed by a pin connected to the follower member 54h which pin engages the
      back surface of one arm of the follower 29h.
PAR  The follower lever 29h is designed as a pawl having one of its legs
      provided with a follower cam 33h pointing to the clutch axis. The counter
      surfaces 37h which are associated with the follower surface 34h are formed
      by a ratchet wheel 35h which forms one piece with the rotor support 17h
      and protrudes beyond the end face thereof toward the drive clutch part
      23h. The ratchet wheel 35h has, for instance, two diametrically oppositely
      located cutouts 36h in the form of tooth spaces which cutouts respectively
      form a counter surface 37h. The follower cams 33h precisely fit into said
      cutouts 36h. The pawl 29h is so arranged that it will take along the
      flyweight rotor 16h by pushing the same when it is in engaged position.
      Instead of this type of outer teeth, the ratchet wheel may also be
      provided with inner teeth. Furthermore, it may be expedient to provide a
      plurality of pawls.
PAR  The force (centrifugal or spring force) acting upon the shift member when
      in engaging position must be greater than the force, for instance,
      centrifugal force acting on the follower in the direction opposite to the
      engaging direction. If this requirement is not met, instead of an
      engagement of the follower member, a redisengagement of the shifting
      member is effected. This means, for instance, with the embodiment of FIGS.
      20 - 22 that with the same shift strokes and central position of the
      center of gravity of both members relative thereto, the mass of the shift
      member must be greater than that of the follower member.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the particular showing in the drawings, but also
      comprises any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw and comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming the said first member of said second clutch and said
      second member having tooth means engageable with said slot means in
      engaged position of said second member, cam element means operatively
      connected to said second member and adapted for engagement by abutment
      means interposed in the path of travel of said cam element means to move
      said second member in at least one of said directions during rotation of
      said second clutch.
NUM  2.
PAR  2. A clutch arrangement according to claim 1 in which said cam element
      means comprises a cam portion formed on said second member and protruding
      therefrom for engagement by said abutment means.
NUM  3.
PAR  3. A clutch arrangement according to claim 1 in which said cam element
      means comprises a lever pivotally carried by said second clutch and
      operatively connected to said second member and having at least one end
      portion protruding into position for engagement by said abutment means.
NUM  4.
PAR  4. A clutch arrangement according to claim 3 in which said second clutch
      includes a driven input member and said lever is pivotally connected to
      said input member of said second clutch at a point spaced radially from
      the axis of said second clutch, the center of gravity of said lever being
      disposed between said axis and said point and passing over a radius
      connecting said axis and point when said lever moves between engaged and
      disengaged positions of said second member, the centrifugal force acting
      on said lever in each position thereof urging it toward the respective
      position thereof.
NUM  5.
PAR  5. A clutch arrangement according to claim 1 which includes resilient means
      urging said second member relative to said first member in said one
      direction, said resilient means overcoming the centrifugal force urging
      said second member toward disengaged position only below a predetermined
      speed of rotation of said second member on said axis.
NUM  6.
PAR  6. A clutch arrangement according to claim 1 in which said first and second
      clutches are coaxial, said first clutch having an input member fixed to
      said first member of said second clutch, said first and second members of
      said second clutch having regions which drivingly interengage in said
      engaged position of said second member to cause power flow from said
      second clutch to said first clutch.
NUM  7.
PAR  7. A clutch arrangement according to claim 1, which includes friction means
      interposed between said first and second members of said second clutch and
      serving as a synchronizing element.
NUM  8.
PAR  8. A clutch arrangement according to claim 1 in which said second member
      has a drive tooth thereon for engagement with said first member, said
      drive tooth moving radially inwardly to engaged position with said first
      member.
NUM  9.
PAR  9. A clutch arrangement according to claim 1 in which said second member
      has a drive tooth thereon for engagement with said first member, said
      drive tooth moving radially outwardly to engaged position with said first
      member.
NUM  10.
PAR  10. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw and comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, siad second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming said first member of said second clutch and said second
      member having tooth means engageable with said slot means in engaged
      position of said second member, the center of gravity of said second
      member moving across the said axis as said second member moves between
      said positions thereof whereby the centrifugal force acting on said second
      member urges it toward the respective position occupied thereby.
NUM  11.
PAR  11. A clutch arrangement according to claim 10 in which said first and
      second clutches are coaxial and during movement of said second member
      between the said positions thereof said center of gravity moves from one
      side to the other of that axial plane which is perpendicular to the
      direction of movement of said second member.
NUM  12.
PAR  12. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw and comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming said first member of said second clutch and said second
      member having tooth means engageable with said slot means in engaged
      position of said second member, said second clutch including a driven
      input member and said second member being a lever pivotally mounted on
      said input member at a point radially spaced from the axis of the clutch,
      the center of gravity of said lever being disposed between said axis and
      said point when moving across a radius connecting the axis and the point
      when the lever moves between engaged and disengaged positions thereof, the
      centrifugal force acting on said lever in each position thereof urging the
      lever toward the respective position occupied thereby.
NUM  13.
PAR  13. A clutch arrangement according to claim 1 which includes a shift member
      coaxial with said lever and having end parts which protrude for engagement
      by said abutment means, said shift member abutting said lever for movement
      of the lever into disengaged position and resilient means engaging the
      shift member and the lever for movement of the lever toward engaged
      position, said shift member having a center of gravity so disposed as to
      urge said shift member toward each of the shifted positions thereof when
      the shift member is moved by said abutment means into a respective
      position.
NUM  14.
PAR  14. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming the said first member of said second clutch and said
      second member having tooth means engageable with said slot means in
      engaged position of said second member, said first and second clutches
      being coaxial, said first clutch having an input member fixed to said
      first member of said second clutch, said first and second members of said
      second clutch having regions which drivingly interengage in said engaged
      position of said second member to cause power flow from said second clutch
      to said first clutch, said first clutch comprising an output member fixed
      to the sprocket and said second clutch comprising an input member
      drivingly connected to said second member, and the motor having an outout
      shaft fixed to said input member of said second clutch.
NUM  15.
PAR  15. A clutch arrangement according to claim 2, which includes friction
      means interposed between said first and second members of said second
      clutch and serving as a synchronizing element.
NUM  16.
PAR  16. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming said first member of said second clutch and said second
      member having tooth means engageable with said slot means in engaged
      position of said second member, the motor having an output shaft and said
      first clutch being adjacent said motor and having an input member
      rotatable on the output shaft and an output member in the form of a drum
      connected to the sprocket, said second clutch having an input member fixed
      to the motor output shaft and drivingly connected to said second member,
      said first member of said second clutch being fixed to the input member of
      said first clutch, said second clutch being positioned on the opposite
      side of said first clutch from said motor.
NUM  17.
PAR  17. A clutch arrangement according to claim 16 in which said drum is closed
      on the motor side thereof and is connected to the sprocket on the motor
      side thereof, said second clutch being adjacent said drum on the open side
      thereof.
NUM  18.
PAR  18. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw and comprising in
      combination; a first centrifugal clutch and a second manually controllable
      clutch in series between the motor and the sprocket, said second clutch
      comprising a first member and a second member both rotatable about the
      clutch axis, said second member being moveable in one direction into
      engaged position with said first member in complementary relationship and
      in the other direction into disengaged position from said first member,
      said second member being subject to centrifugal force when said second
      clutch rotates, said centrifugal force in at least disengaged position of
      said second member urging said second member toward the respective
      position thereof, said first clutch comprising weight means which move
      radially outwardly to cause engagement of said first clutch, said weight
      means having radial slot means forming the said first member of said
      second clutch and said second member having tooth means engageable with
      said slot means in engaged position of said second member.
NUM  19.
PAR  19. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming the said first member of said second clutch and said
      second member having tooth means engageable with said slot means in
      engaged position of said second member, said first member of said second
      clutch comprising an axial portion formed on said first clutch and having
      oppositely facing side surfaces.
NUM  20.
PAR  20. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming the said first member of said second clutch and said
      second member having tooth means engageable with said slot means in
      engaged position of said second member, abutment means engageable with
      said second member in engaged position thereof.
NUM  21.
PAR  21. A clutch arrangement, especially for connecting the motor of a chain
      saw to a sprocket that drives the chain of the saw and comprising in
      combination: a first centrifugal clutch and a second manually controllable
      clutch in series between the motor and the sprocket, said second clutch
      comprising a first member and a second member both rotatable about the
      clutch axis, said second member being moveable in one direction into
      engaged position with said first member in complementary relationship and
      in the other direction into disengaged position from said first member,
      said second member being subject to centrifugal force when said second
      clutch rotates, said centrifugal force in at least disengaged position of
      said second member urging said second member toward respective position
      thereof, said second clutch comprising an input member having diametral
      slot means, said second member slidably engaging said slot means, and
      resilient means acting between said input member and second member urging
      said second member toward disengaged position.
NUM  22.
PAR  22. A clutch arrangement, especially for connecting the motor of a chain
      saw to a sprocket that drives the chain of the saw and comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward respective position thereof, said second
      clutch comprising an input member having diametral slot means, said second
      member slidably engaging said slot means, and resilient means acting
      between said input member and second member urging said second member
      toward disengaged position, said second member comprising an annular
      portion which surrounds said first member.
NUM  23.
PAR  23. A clutch arrangement according to claim 22 in which said annular
      portion has a gap therein to receive a drive tooth on said first part, the
      inner surface of said annular portion of said second member being in the
      form of a spiral which increases in radius from the driving side of said
      gap to the other side thereof.
NUM  24.
PAR  24. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming the said first member of said second clutch and said
      second member having tooth means engageable with said slot means in
      engaged position of said second member, said first clutch comprising a
      plurality of flyweights, said first member of said second clutch
      comprising axial projections on said weights forming radial slots
      therebetween, said second member of said second clutch comprising pivotal
      levers having portions engageable with said slots.
NUM  25.
PAR  25. A clutch arrangement, especially for connecting the motor of a chain
      saw to a sprocket that drives the chain of the saw and comprising in
      combination: a first centrifugal clutch and a second manually controllable
      clutch in series between the motor and the sprocket, said second clutch
      comprising a first member and a second member both rotatable about the
      clutch axis, said second member being moveable in one direction into
      engaged position with said first member in complementary relationship and
      in the other direction into disengaged position from said first member,
      said second member being subject to centrifugal force in at least
      disengaged position of said second member urging said second member toward
      the respective position thereof, said second member of said second clutch
      having a drive tooth thereon, said first member of said second clutch
      being fixed to said first clutch and having circumferentially spaced
      recesses for receiving said tooth in engaged position of said second
      member.
NUM  26.
PAR  26. A clutch arrangement, especially for connecting the motor of a chain
      saw to a sprocket that drives the chain of the saw and comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being moveable in one direction into engaged position with
      said first member and in the other direction into disengaged position from
      said first member, said second member being subject to centrifugal force
      when said second clutch rotates, said centrifugal force in at least
      disengaged position of said second member urging said second member toward
      the respective position thereof, said second member having two cam
      elements operatively associated therewith to move the second member in
      respective direction, each cam element being disposed in a respective
      axial plane and adapted for actuating engagement by a respective abutment.
NUM  27.
PAR  27. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming the said first member of said second clutch and said
      second member having tooth means engageable with said slot means in
      engaged position of said second member, two cam elements operatively
      associated with said second member for movement thereof in respective
      direction, an abutment for each cam element, said abutments being movable
      between effective and ineffective positions and being connected to the
      actuating member of a friction brake for the saw chain for movement
      thereby.
NUM  28.
PAR  28. A clutch arrangement according to claim 27 in which application of said
      brake makes the disengaging abutment effective while releasing of said
      brake makes the engaging abutment effective.
NUM  29.
PAR  29. A clutch arrangement especially for connecting the motor of a chain saw
      to a sprocket that drives the chain of the saw comprising: a first
      centrifugal clutch and a second manually controllable clutch in series
      between the motor and the sprocket, said second clutch comprising a first
      member and a second member both rotatable about the clutch axis, said
      second member being movable in one direction into engaged position with
      said first member in complementary relationship and in the other direction
      into disengaged position from said first member, said second member being
      subject to centrifugal force when said second clutch rotates, said
      centrifugal force in at least disengaged position of said second member
      urging said second member toward the respective position thereof, said
      first clutch comprising weight means which move radially outwardly to
      cause engagement of said first clutch, said weight means having radial
      slot means forming the said first member of said second clutch and said
      second member having tooth means engageable with said slot means in
      engaged position of said second member, two cam elements operatively
      associated with said second member for movement thereof in respective
      direction, an abutment for each cam element, said abutments being movable
      betweeen effective and ineffective positions and at least the disengaging
      abutment is adapted for control independently of the engaging abutment.
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ABST
PAL  A clutch mechanism of the rocker-shift type has a carrier member interposed
      between and affixed to one of a rotatable driving and a rotatable driven
      member. The carrier member has circumferentially spaced rocker arms,
      having normally self-disengaging clutch portions, that are adapted to be
      rocked radially, on at least one end thereof, by means of a shift yoke and
      collar, for selective rocking engagement into coupling engagement with
      adjacent corresponding normally self-disengaging clutch portions on the
      other of the driving and driven members. The collar has locked neutral and
      locked engaged positions on the carrier, with the improvement comprising
      means for axially shifting the collar to an unlocked engaged position
      intermediate the locked neutral and locked engaged positions and
      yieldingly maintaining the collar in this unlocked engaged position at a
      predetermined torque level, with the collar being axially shifted back
      into locked neutral position as result of the separation of the
      self-disengaging clutch portions when the predetermined torque level is
      exceeded by the torque transfer between the driving and driven members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to improved clutch mechanisms for selectively
      connecting two adjacent rotatable driving and driven members. This
      invention may be utilized, for example, for engaging the gears or other
      torque transmitting means in change speed transmissions and the like. This
      improved clutch mechanism moves a clutch member from a locked engaged
      position to an unlocked engaged position and maintains this clutch member
      in the unlocked engaged position at a predetermined torque level until
      this torque level is exceeded by torque transfer between the driving and
      driven members.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Rocker arm clutch mechanisms include a rotatable driving member and a
      rotatable driven member wherein a carrier is fixed to one of these
      members, with the carrier having circumferentially spaced rocker arms that
      are adapted to be rocked radially, on at least one end, by means of a
      collar and shift yoke, for selective rocking engagement into coupling
      engagement with adjacent clutch portions on the other of the driving and
      driven member. This rocker action eliminates the axial shift movement
      heretofore required and materially reduces the spacing required between
      the driving and driven members since there is no axial sliding movement of
      the coupling members but only a radial rocking action.
PAR  Rocker arm clutch mechanisms are well known in the art, including those set
      forth in U.S. Pat. No. 2,447,058 to Dence; U.S. Pat. No. 2,412,208 to
      Dence; U.S. Pat. No. 2,558,656 to Lapsley; U.S. Pat. No. 2,584,032 to
      Lapsley and U.S. Pat. No. 3,024,885 to Dence et al. While all the
      structures shown in these patents are readily workable, none of them
      suggest or teach the improvement of this invention, i.e., means for
      axially shifting the clutch collar to an unlocked engaged position
      intermediate the locked neutral and locked engaged positions and
      yieldingly maintaining the collar in the unlocked engaged position at a
      predetermined torque level until this torque level is exceeded by the
      torque transfer between the driving and driven members. Basically, this
      improvement allows unlocked engagement between the driving and driven
      members but permits disengagement therebetween if the torque exceeds a
      predetermined level.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention sets forth a clutch of the type wherein a carrier,
      interposed between a rotatable driving and rotatable driven member, is
      fixed to one of these members and has a series of circumferentially spaced
      axially extending slots in the periphery thereof. The other of the driving
      and driven members has normally self-disengaging clutch portions adjacent
      to the carrier. Rocker arms are carried in the carrier slots, for
      substantially the full length thereof, and have corresponding normally
      self-engaging clutch portions disposed in radial alignment with the clutch
      portions of the other of the members. The rocker arms are provided with
      cam surfaces and, a continuous collar, mounted for selective axial
      shifting movement on the carrier, engages the cam surfaces for alternately
      radially moving the corresponding clutch portions of the rocker arms into
      and out of engagement with the clutch portions of the other of the driving
      and driven members. An axially movable yoke, mounted on a shift rail, is
      connected with the collar and means are provided for actuating the yoke to
      affect axial shifting of the collar, on the carrier, from a locked neutral
      position to a locked engaged position and vice versa. The improvement
      comprises that this actuating means includes further means for both
      axially shifting the collar to an unlocked engaged position and means for
      maintaining the axial position of the collar in this unlocked engaged
      position at a predetermined torque level. This predetermined torque level
      opposes the shifting of the collar back to locked neutral position until
      this torque level is exceeded by the torque transfer between the driving
      and driven members. The means for axially shifting the collar to the
      unlocked engaged position includes first piston means secured to one end
      of the shift rail and second piston means surrounding and yieldingly
      connected to other end of the shift rail. A fluid supply means is capable
      of simultaneously supplying fluid under pressure to the side of the first
      piston means remote from the second piston means and for supplying fluid
      under pressure to the side of the second piston means remote from the
      first piston means, when the collar is in its locked engaged position. The
      second piston means has a greater piston area than the first piston means,
      with a predetermined torque level, equalling the difference between the
      opposing pressures applied to the shift rail by the first and second
      piston means via the side of the first piston remote from the second
      piston means and the side of the second piston means remote from the first
      piston means, respectively. When the predetermined torque level is
      exceeded by the torque transfer between the driving and driven member, the
      collar is axially shifted back to locked neutral position, with the axial
      shifting of the collar closing off the fluid supply to the side of the
      second piston means remote from the first piston means. In addition, the
      opposite sides of each of the self-disengaging clutch portions of the
      rocker arms and of the other of the driving and driven members are not
      allochiral or symmetrical thereby causing different declutching values in
      the clockwise and counterclockwise directions.
PAR  Other advantages and features of the instant invention will be understood
      from the following description in conjuncntion with the attached drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  FIG. 1 is a side view, partly in section and partly in elevation, of the
      improved gear engaging means or clutch mechanism of this invention in the
      disengaged position.
PAR  FIG. 2 is a corresponding view showing the mechanism of FIG. 1 in an
      engaged and locked position.
PAR  FIG. 3 is a corresponding view illustrating the clutch mechanism of FIG. 1
      in an engaged but subject-to-disengaged position.
PAR  FIG. 4 is a simplified end view, partially in section, looking in the
      direction of arrows 4--4 of FIG. 1.
PAR  FIG. 5 illustrates a modification of the structure in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT.
PAR  Referring now to the drawings in detail, FIGS. 1 to 3 show the improved
      gear engaging or clutch mechanism, generally indicated at 10, which may be
      used, for example, in a power transmission for selectively clutching a
      gear to a shaft. As will become apparent as the description proceeds, the
      application of this improved clutch mechanism to a variety of other
      selective coupling problems will be apparent to thosee skilled in the art.
PAR  Referring now to FIG. 1, a rotatable stepped shaft 12 has a gear 14
      journaled on shaft step portion 16 by means of needle or roller bearings
      18 interposed therebetween, with either of shaft 12 or gear 14 being the
      driving or the driven member. Gear 14 is held against axial movement on
      one end by abutting annular shoulder 20 between shaft portions 16 and 22.
PAR  Gear 14 is also provided with a reduced hub portion 24 having clutch teeth
      or portions 26 formed thereon, with portions 26 being tapered in an axial
      direction toward the main portion of gear 14.
PAR  The outer end surface of reduced hub 24 is held against axial movement by
      abutting the inner end surface of hub or carrier member 30, of annular
      form, which is keyed, splined or otherwise secured, as at 32, to a reduced
      step portion 34 of shaft 12. The outer end surface of hub or carrier 30 is
      held against axial movement by a washer 36 in shaft groove 38. Hub member
      or carrier 30 is also axially extended, as indicated at 40, to overlie
      clutch teeth or portions 26 in a radial direction.
PAR  Carrier 30 has axial slots 42 formed at circumferentially spaced points
      therein, there being a plurality of such slots formed around the annular
      surface thereof. Disposed within each of these circumferentially spaced,
      longitudinally-extending, radial slots 42 is a rocker member 44, with
      member 44 being supported against circumferential displacement by means of
      the shoulder portions 40 forming extensions of slots 42. Each rocker
      member 44 is axially held from movement in its respective slot by means of
      a pin or pivot 46.
PAR  Generally, each rocker member 44 extends longitudinally of carrier 30, is
      fulcrummed intermediate its ends on the carrier, and has one end portion
      45 disposed in radial overlying relation to clutch portions 26. At the
      radially inward edge thereof, each clutch part or rocker member 44 has a
      horizontally extending flat portion 52 and an inclined portion 54 that
      converges radially inwardly to meet portion 52 so as to define a rocker or
      fulcrum line 56. Rocker members 44 are axially extended, via end portions
      45, into position to extend between clutch portion 26 (see FIG. 4) and are
      provided at ends 45 with corresponding surfaces for engagement with these
      clutch portions. It will be noted that the defining walls of slots 42
      provide an adequate backing surface preventing any displacement or skewing
      of the rocker members relative to hub or carrier 30. As best seen in FIG.
      4, rocker member end portions 45 are provided with tapered sides 48 and
      clutch portions 26 have correspondingly tapered sides 50, the purpose of
      which will be more fully described as the present description proceeds.
PAR  Mounted in splined engagement on the annular surface of carrier 30 about
      the slots 42 and the intermediate surfaces of the carrier between the
      slots is an axially shiftable collar or yoke 58 having a reduced annular
      groove 60 for receiving a shifter yoke 62 carried by shift rail 64. When
      shift rail 64 is the position shown in FIG. 1, collar member 58 is in a
      neutral position, with collar member 58 having internal edge surfaces 66
      and 68, at its opposite sides, engageable with horizontally extending flat
      portion 70 of rocker member 44. Flat surface 70 is interrupted by a
      recessed cam surface 72 (FIG. 3) and merges, as at 74, into first cam
      portion 76 of rocker member end portion 45. First cam portion 76 itself
      merges, as at 78, into second cam portion 80 of rocker member end portion
      45.
PAR  When shift rail 62 is moved to the right, as best shown in FIG. 3, collar
      member 58 is correspondingly shifted axially over surface 70 of rocker
      member 44 and when its internal edge surface 66 makes contact with first
      cam portion 76 at intersection 74, then rocker member 44 rocks about its
      fulcrum 56 and rocker member end portion 45 is moved downwardly into
      engagement with clutch portions 26 of gear 14. While internal edge surface
      66 rides up on first cam portion 76, carrier internal edge surface 68 is
      at least partially touches recessed cam surface 72 of surface 70. Thus,
      rocker member 44 will rock due to the interaction of carrier internal edge
      surface 66 and first cam portion 76 thereby forcing rocker member edge
      portion 45 downward as collar 58 moves to the right. FIG. 3 shows the
      movement of collar 58 to the right as being terminated when internal edge
      surface 66 approaches the intersection 78 of first cam portion 76 and
      second cam portion 80. In this position, rocker member end portion 45 is
      fully engaged with clutch portions 26 of gear 14, thereby clutching gear
      14 to carrier 30 for conjoint rotation with shaft 12. Thus, a
      predetermined amount of torque, as will be explained hereinafter in more
      detail, can be transferred either from shaft 12 to gear 14 or vice versa.
PAR  FIG. 2 shows that when collar 58 is axially moved to its maximum right hand
      position, collar edge surface 66 will pass completely over rocker member
      second cam portion 80, with collar 58 thereby locking rocker member end
      portions 45 into mesh with clutch portions 26 of gear 14. During the axial
      movement of collar 58 from the FIG. 2 or FIG. 3 position back to the FIG.
      1 position, when there is little or no torque transfer between shaft 12
      and gear 14, it is of course the interaction between collar edge surface
      68 and recessed cam surface 72 that will cause rocker member 44 to rock
      back to its neutral position.
PAR  As previously noted, collar 58 is axially translated or actuated by means
      of shift yoke 62 carried by shift rail 64 which in turn is slidably
      received in a portion 84 of a housing which also contains shaft 12 and
      gear 14.
PAR  The right hand portion of shift rail 64, which is provided with detent
      portions 86 and 87, passes through a cylinder 88 having fluid ports 90 and
      91 on opposite ends thereof. An annular piston member 92 surrounds a
      portion of shift rail 64 within cylinder 88, thereby dividing cylinder 88
      into opposing variable volume chambers 88a and 88b. Upon momentary
      application of fluid pressure through port 90 into chamber 88a, piston
      member 92 and shift rail 64 are translated to the left thereby disengaging
      rocker member end portions 45 from gear clutch portions 26. In this
      disengaged or neutral position, spring biased ball member 94 is engaged in
      shift rail detent portion 87 as shown in FIG. 1.
PAR  In the FIG. 1 position, the left hand end portion 103 of shift rail 64 is
      shown as extending into the central aperture or bore 104 of a free piston
      member 96. Portion 103, which is restrained against further outward axial
      movement by retaining members or washer 105 in piston bore 104, is
      yieldingly retained against further inward axial movement by spring biased
      ball member 106 that engages shift rail detent portion 108.
PAR  Free piston member 96, which is confined in a cylinder 95, divides cylinder
      95 into opposing variable volume chambers 95a and 95b. In the FIG. 1
      position, the generally circular outer end face or area 99 of piston
      member 96 abuts the outer end face 110 of chamber 95bwhile in the FIG. 2
      position, the generally annular inner end face 98 of piston member 96
      abuts the inner annular end wall 100 of chamber 95a.
PAR  Left end portion 103 of shift rail 64 is also provided with an axial
      central bore 112, the outer end of which opens into chamber 95b whereas
      its inner end merges into a reduced diameter portion 114 of shift rail 64.
      As will be explained in more detail later, in certain axial positions of
      shift rail 64, portion 114 will be operatively connected with a fluid
      pressure port 97 in housing portion 84 for permitting a fluid pressure
      buildup in chamber 95b.
PAR  The momentary application of fluid pressure on piston 92, solely into
      chamber 88b through port 91, axially translates shift rail 64 fully to the
      right, as shown in FIG. 2, and permits the engagement of ball member 94 in
      detent portion 86 thereby holding the collar 58 against axial movement and
      locking rocker member end portion 45 in meshing engagement with clutch
      portions 26 of gear 14. Thereupon, since this engaging movement between
      clutch portions 26 and rocker members 44 is radial, the hub strength of
      collar 58 holds rocker members 44 firmly in position, thus insuring that
      there can be no unauthorized declutching or, if used in a transmission,
      can the transmission jump out of gear as is possible with other types of
      transmission clutches. The use of spring-biased ball member 106, of
      course, permits disengagement between shift rail 64 and piston 96 when
      piston annular end face 98 abuts cylinder annular end face 100, thus
      allowing shift rail 64 to translate fully to the right.
PAR  Certain clutching and/or transmission applications require that the locking
      action described with reference to FIG. 2 (wherein a portion of collar 58
      completely covers or surrounds rocker member second cam portion 80 and
      shift rail 64 is held against axial movement by ball member 94 in detent
      portion 86) be averted during either an engaging or a disengaging sequence
      and, in fact, it might be required, for example, to have the driving
      torque in gear 14 uncouple gear 14 from shaft 12 without damage to either
      member and at a predetermined torque level. This uncoupling or declutching
      can be permitted to occur at a predetermined torque level, for example,
      when shift rail 64 is in the FIG. 2 position, by applying fluid pressure
      through port 97 into chamber 95b against the circular end surface 99 of
      piston 96 to thereby retain piston annular end face 98 against cylinder
      annular end face 100. Simultaneous to the application of fluid pressure
      through port 97, fluid pressure is also applied through port 90 into
      chamber 88a, thereby displacing piston 92 and shift rail 64 to the FIG. 3
      position. Since the annular area 102 of piston member 92 is, of course,
      smaller than the generally circular area 99 of piston member 96, the fluid
      pressure in chambers 88a and 95b will keep shift rail 64 in the FIG. 3
      position. In the FIG. 3 position, the left end portion 103 of  shift rail
      64 abuts washer 105 within bore 104 of piston member 96 and collar
      internal edge surface 66 is substantially aligned with or rests on top of
      intersection 78 between rocker member first and second cam portions 76 and
      80 respectively.
PAR  At this time, ball member 94 is intermediate and engaged in neither of
      shift rail detent portions 86 and 87. If the force available from area 99
      minus area 102, at a predetermined pressure level, is exceeded by the
      force placed on collar or yoke 58 (to the left), then rocker member end
      portions 45 will disengage from clutch portions 26 of gear 14. It will, of
      course, be appreciated that the counterclockwise force on rocker member
      end portions 45, which is forcing collar 58 to move to the left (via first
      cam portions 76 acting on internal edge surface 66), is derived from
      tapered sides 48 and 50 (see FIG. 4) of rocker member end portions 45 and
      clutch portions 26 respectively. Since these tapered sides are set at an
      angle, the driving torque of gear 14 will move rocker member end portions
      45 upward (counterclockwise) and thereby displace collar 58 back to the
      FIG. 1 position, thereby declutching or decoupling gear 14 from shaft 12.
PAR  The axial extent of shift rail reduced diameter portion 114 is such that it
      will be in communication with port 97 (and thus permitting fluid pressure
      buildup in chamber 95b, if so desired) when rocker member portions 45 are
      in an engaged and locked position (FIG. 2) and in an engaged but
      subject-to-disengaged position (FIG. 3). In the neutral position (FIG. 1),
      there is no communication between port 97 and shift rail portion 114, with
      the latter being in communication chamber 95a to permit the draining (via
      conduit 116) of the remainder of the fluid from chamber 95b after port 97
      is shut off during the movement of shift rail 64 from the FIG. 3 to the
      FIG. 1 position. It should be realized that the fluid pressure input to
      chamber 95b has to shut off when rail 64 is forced to the left (i.e., from
      the FIG. 3 to the FIG. 1 position) otherwise, since the force in chamber
      95b is greater than the force in chamber 88a, if the force placed on
      collar 58 decreases to less than the difference between these two forces,
      then shift rail 64 would be forced back to the FIG. 3. position or it
      could oscillate between the FIG. 1 and FIG. 3 positions which is not only
      undesirable but could also cause excessive wear on rocker member portions
      45 as well as clutch portions 26. Pressure, when applied to port 97, in
      the FIG. 1 position, will not be effective to move piston 96 to the right
      until pressure to port 91 axially moves rail 64 to the right for a
      distance sufficient to permit communication between port 97 and reduced
      diameter rail portion 114.
PAR  It should also be appreciated that while the torque transfer between shaft
      12 and gear 14 is bidirectional, the decoupling or declutching values need
      not be equal. In the FIG. 4 embodiment, since the angles of both tapered
      sides 48 as well as both sides 50 of rocker member and portions 45 and
      clutch portions 26, respectively, are equal, the bidirectional declutching
      values are equal. However, in the FIG. 5 embodiment, since the angle of
      side 48 (and its mating side 50) and the angle of side 48a (and its mating
      side 50a) are not symmetrical, the declutching values in the clockwise and
      counterclockwise directions will be different. Of course, if sides 48 and
      50 were straight sided instead of tapered, no force tending to separate
      rocker member end portions 45 and clutch portions 26 would be present.
PAR  For the more popular mode of operation, the uncoupling or declutching
      between gear 14 and shaft 12 is generally desired to occur when shift rail
      64 reaches the FIG. 3 position after initially having been in the FIG. 2
      position, but shift rail 64 could just as readily be in the FIG. 1
      position prior to reaching the FIG. 3, position.
PAR  From the foregoing, it is believed that those familiar with the art will
      readily recognize and appreciate the novel concepts and features of the
      present invention. Obviously, while the invention has been described in
      relation to only a limited number of embodiments, numerous variations,
      changes and substitutions and equivalents will present themselves to
      persons skilled in the art and may be made without necessarily departing
      from the scope and principles of this invention. As a result, the
      embodiments described herein are subject to various modifications, changes
      and the like, without departing from the scope and spirit of the
      invention, with the scope thereof being determined solely by reference to
      the claims appended hereto.
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STM  What is claimed is:
NUM  1.
PAR  1. In a clutch having a rotatable driving member and a rotatable driven
      member, a carrier fixed to one of said members, axial slots in the
      periphery of said carrier, rockers in said slots having normally
      self-disengaging clutching portions on at least the end adjacent to the
      other of said members, corresponding normally self-disengaging clutching
      portions on the adjacent end of the other of said members for receiving
      the clutching portions of said rockers, cam surfaces on said rockers, an
      axially shiftable collar on said carrier to engage said cam surfaces for
      rocking said rockers selectively into and out of engagement with said
      clutching portions of the other of said members, said axially shiftable
      collar having locked neutral and locked engaged positions on said carrier,
      wherein the improvement comprises means for axially shifting said collar
      to an unlocked engaged position intermediate said locked neutral and
      locked engaged positions and yieldingly maintaining said collar in said
      unlocked engaged position at a predetermined torque level, with said
      collar being axially shifted back into locked neutral position by the cam
      surfaces of said rockers, as a result of the separation of the
      selfdisengaging clutching portions of both said rockers and the other of
      said members, when said predetermined torque level acting on said collar
      is exceeded by the torque transfer between said driving and driven
      members.
NUM  2.
PAR  2. The clutch of claim 1 wherein said means for shifting said collar to an
      unlocked engaged position includes an axially shiftable yoke connected
      with said collar, a shift rail connected to said yoke, first piston means
      secured to one end of said shift rail, said first piston means being
      movable in opposite directions and, second piston means surrounding and
      yieldingly connected to the other end of said shift rail, said second
      piston means being capable of limited bidirectional axial movement with
      said shift rail, said shift rail also being capable of limited
      bidirectional axial movement with reference to said second piston means.
NUM  3.
PAR  3. The clutch of claim 2 further including fluid supply means for
      simultaneously supplying fluid under pressure to the side of said first
      piston means remote from said second piston means and for supplying fluid
      under pressure to the side of said second piston means remote from said
      first piston means when said collar is in its locked engaged position,
      with the side of said second piston means remote from said first means
      having a greater piston area than the side of said first piston means
      remote from said second piston means.
NUM  4.
PAR  4. The clutch mechanism of claim 3 wherein said predetermined torque level,
      applied to said collar by said means for axially shifting said collar to
      an unlocked engaged position, equals the differences between the opposing
      pressures applied to said shift rail by said first and second piston means
      via the side of the first piston remote from said second piston means and
      the side of said second piston means remote from said first pison means,
      respectively.
NUM  5.
PAR  5. In the clutch mechanism of claim 4, when said predetermined torque level
      is exceeded by the torque transfer between said driving and driven member,
      said collar is axially shifted back to locked neutral position with axial
      shifting of said collar disrupting the supplying of fluid under pressure
      to the side of said second piston means remote from said first piston
      means.
NUM  6.
PAR  6. In a clutch mechanism having:
PA1  a. a rotatable driving member;
PA1  b. a rotatable driven member;
PA1  c. a carrier fixed to one of said members, said carrier having a series of
      circumferentially spaced axially extending slots in the periphery thereof;
PA1  d. the other of said members having normally self-disengaging clutch
      portions adjacent said carrier;
PA1  e. rocker arms carried in said slots for substantially the full length
      thereof and having corresponding normally self-disengaging clutch portions
      disposed in radial alignment with the clutch portions of the other of said
      members;
PA1  f. cam surfaces on said rocker arms;
PA1  g. a continuous collar mounted for selective axial shifting movement on
      said carrier to engage said cam surfaces for alternately radially moving
      the corresponding clutch portions of said rocker arms into and out of
      engagement with the clutch portions of the other of said members;
PA1  h. an axially movable yoke connected with said collar; and
PA1  i. means for actuating said yoke to effect axial shifting of said collar on
      said carrier from a locked neutral position to a locked engaged position
      and vice versa, wherein the improvement comprises that said means for
      actuating said yoke includes means for both axially shifting said collar
      to an unlocked engaged position and means for maintaining the axial
      position of said collar in said unlocked engaged position at a
      predetermined torque level in opposition to being shifted back to locked
      neutral position until said predetermined torque level is exceeded by
      torque transfer between said driving and driven members.
NUM  7.
PAR  7. The clutch mechanism of claim 6 wherein said means for actuating said
      yoke includes a shift rail connected thereto and said means for axially
      shifting said collar to an unlocked engaged position includes first piston
      means secured to one end of said shift rail, said piston means being
      movable in opposite directions to import axial movement to said collar,
      and fluid supply means for alternately supplying fluid under pressure to
      opposite sides of said piston means.
NUM  8.
PAR  8. The clutch mechanism of claim 7 wherein said means for maintaining the
      axial position of said collar in said unlocked engaged position includes
      second piston means surrounding and yieldingly connected to the other end
      of said shift rail, said second piston means being capable of limited
      bidirectional axial movement with said shift rail, said shift rail also
      being capable of limited bidirectional axial movement with reference to
      said second piston means, and fluid supply means for supplying fluid under
      pressure to the side of said second piston means remote from said first
      piston means.
NUM  9.
PAR  9. The clutch mechanism of claim 8 including conduit means for supplying
      fluid under pressure to the side of said second piston means remote from
      said first piston means only when said collar is in its locked engaged and
      unlocked engaged positions.
NUM  10.
PAR  10. The clutch mechanism of claim 9 wherein the side of said second piston
      means remote from said first piston means has a greater piston area than
      the side of said first piston means remote from said second piston means.
NUM  11.
PAR  11. The clutch mechanism of claim 10 wherein said predetermined torque
      level, applied to said collar by said means for maintaining the axial
      position of said collar in said unlocked engaged position, equals the
      difference between the opposing pressures applied to the shift rail by
      said first and second piston means via the side of said first piston means
      remote from said second piston means and the side of said second piston
      means remote from said first piston means, respectively.
NUM  12.
PAR  12. In the clutch mechanism of claim 11 when said predetermined torque
      level is exceeded by the torque transfer between said driving and driven
      member, said collar is axially shifted back to locked neutral position,
      thereby closing off said conduit means for supplying fluid under pressure
      to the side of the said second piston means remote from said first piston
      means.
NUM  13.
PAR  13. The clutch mechanism of claim 6 wherein the opposite sides of each of
      said self-disengaging clutch portions of said rocker arms and the other of
      said members are not symmetrical, thereby causing differing declutching
      values in the clockwise and counterclockwise directions.
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ABST
PAL  A clutch driven plate having an annular component which carries the
      friction facings and which is mounted for limited rotary movement on a hub
      so that it extends between a pair of radially extending discs which are
      fixed to the hub. One or both discs have integral bent-over tongues which
      project into corresponding circumferentially extending slots in the
      annular component and serve as stops which limit the rotary movement of
      the annular component relative to the hub. Also at least one of the discs
      is fixed in relation to the hub by engagement in grooves formed in the hub
      of serrations formed in its inner peripheral edge or vice versa. The
      serrations may be formed of a material which is harder than that in which
      the grooves are formed, the grooves being cut by the serrations during
      assembly of the disc onto the hub. Alternatively both the serrations and
      the grooves may be preformed and the serrations may be engaged within the
      grooves with an interference fit.
BSUM
PAR  This invention relates to driven plates for friction clutches of the type
      in which friction facings of the driven plate to engage with the driving
      surfaces of the clutch are carried by an annular component mounted for
      limited rotational movement on a hub, resilient means being provided to
      oppose relative movement of the annular component and hub and tend to
      locate the annular component substantially at the centre of its range of
      rotational movement relative to the hub.
PAR  It is well known in such clutch driven plates to provide two radially
      extending annular disc-like members fixed in relation to the hub, a
      radially inner portion of the annular component, which carries the
      friction facings on its outer peripheral portion, extending between said
      disc-like members, the resilient means being coil springs mounted in
      registering openings in the annular component and in the disc-like
      members, and the relative rotational movement being limited by stops fixed
      to the disc-like members and engaging in circumferentially elongated slots
      in the annular component.
PAR  It is an object of the present invention to provide a driven clutch plate
      which is simple and economical to manufacture.
PAR  Another object of this invention is to provide a new and improved form of
      stop which is fixed to the disc-like members for engagement in
      circumferentially elongated slots in the annular component.
PAR  A further object of this invention is to provide a new and improved fixing
      arrangement for fixing at least one of the disc-like members to the hub.
PAR  A preferred form of clutch driven plate according to this invention has an
      annular friction facing carrier which is mounted for limited rotational
      movement on a hub. Two radially extending annular disc-like members are
      fixed in relation to the hub. The said annular friction facing carrier
      comprises a radially inner portion, which extends between the two
      disc-like members, and an outer peripheral portion which carries the
      friction facings. Registering openings are formed in the radially inner
      portion of the annular friction facing carrier and in the disc-like
      members and resiliently compressible members are mounted in the
      registering openings to oppose such limited rotational movement of the
      annular friction facing carrier relative to the hub. The annular disc-like
      members have their inner peripheral edges formed of a material which is
      harder than the material of that part of the hub to which they are fixed
      and are fixed directly and non-rotatably to the hub by engagement of
      serrations formed on their inner peripheral edges with corresponding
      grooves formed in the hub by the serrations as the disc-like members were
      forced axially onto the hub members during assembly of the clutch driven
      plate. Stops carried by at least one of the annular disc-like members and
      engaged in circumferentially elongated slots in the annular friction
      facing carrier to limit rotational movement of the annular friction facing
      carrier relative to the hub are constituted by bent-over tongues which are
      integral with the said annular disc-like member by which they are carried.
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PAR  The invention will be hereinafter described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a front elevation of one form of clutch driven plate according to
      the invention;
PAR  FIG. 2 is a section on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a detail view in section on the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a partial section similar to FIG. 2 showing a modification;
DETD
PAR  Referring to FIGS. 1, 2 and 3 of the drawings, an internally splined
      tubular hub 10, which may be formed from a piece of metal tubing, has an
      externally thickened portion 11 extending over a part of its length. A
      spacer sleeve 12 fitted over the thickened portion 11 of the hub 10
      locates, coaxially with the hub 10, a rigid annular disc 13 forming the
      radially inner portion of an annular friction facing carrier 14, the outer
      peripheral portion of which comprises a series of resilient metal cushion
      members 15 rivetted to the disc 13 and supporting friction facings 16 in
      the conventional manner.
PAR  Two annular disc-like members 17 and 18, of sheet metal, serrated at their
      inner peripheral edges as shown at 19 in FIG. 1, are each provided with a
      circular series of substantially rectangular windows 21 near their outer
      peripheries, corresponding windows 22, of greater radial width than the
      windows 21, being formed in the disc 13.
PAR  The tips of the serrations 19 at their inner peripheral edges of the
      disc-like members 17 and 18 lie on a circle of smaller diameter than the
      thickened portion 11 of the hub, and the said disc-like members 17 and 18
      are formed of harder metal than the hub 10. The disc-like members 17 and
      18 are secured to the hub 10, in axially spaced location, by forcing them
      onto the ends of the thickened portion 11 of the hub, with the spacer
      sleeve 12 between them, so that the serrations 19 cut grooves in the said
      thickened portion 11 and remain engaged in the grooves so cut, thus
      securing the disc-like members 17 and 18 against rotation in the hub. The
      said members 17 and 18 are held against the ends of the spacer sleeve 12
      by staking the material of the hub 10 as shown at 23 in FIG. 2.
PAR  The disc-like member 18, as shown in FIG. 2 is flat, but the disc-like
      member 17 is formed with a circumferential step at 24. At its outer
      peripheral edge, the said disc-like member 17 is formed with a series of
      circumferentially spaced tongues 25 which are bent over at right angles to
      the plane of the member 17. The rigid annular disc 13 is formed with slots
      26, wider in a circumferential direction than the tongues 25 and the said
      tongues 25, when the clutch driven plate is assembled, pass through the
      slots 26. The ends of the tongues 25, as shown in FIG. 3, are reduced in
      width and enter notches 27 in the annular disc-like member 18 , the said
      member 18 being held firmly against shoulders 28 in the tongues 25 by
      staking the ends of the tongues at 29.
PAR  When the clutch plate is being assembled, coiled compression springs 31 are
      mounted in the well known manner in the windows 21, 22 to provide
      resilient resistance to relative rotational movement of the hub 10, and
      the friction facing carrier 14. The windows 21 and 22 in some of the
      groups may, as is the case in some known clutch driven plates, be of
      different circumferential lengths so that some of the springs 31 come into
      action to resist relative rotation only after some degree of relative
      rotation in one or both directions has taken place. The windows 21 have a
      radial width less than the diameter of the springs 31, so that the
      disc-like members 17 and 18 retain the springs in position in the windows.
PAR  Frictional damping of the relative rotational movement of the annular
      friction facing carrier 14 and the hub 10 may be provided, in the known
      manner, by mounting a first ring 32 of friction material between the inner
      peripheral portion of the disc-like member 17 and the rigid annular disc
      13 and a second ring 33 of friction material between the other side of the
      rigid annular disc 13 and a pressure plate 34 held against rotation
      relative to the disc-like member 18 by a tongue 35 on said pressure plate
      34 entering a hole 36 in the said member 18, a Belleville Washer 37 or
      other suitable resilient member being mounted between the pressure plate
      34 and the member 18 to apply axial pressure to the pressure plate.
PAR  In the modified form of clutch driven plate according to the invention
      shown in FIG. 4 of the drawings, the hub 41 has an externally thickened
      portion 42 on which is integrally formed a circumferential rib 43 serving
      as a spacer between the two annular disc-like members 44 and 45, which, as
      in the previously described arrangement, have their inner peripheral edges
      serrated at 46, the said members 44 and 45 being of harder metal than the
      hub 41 so that, when the members 44 and 45 are forced onto the thickened
      portion 42 of the hub, they cut grooves therein and are non-rotatably
      fixed thereto. The ends of the thickened portion 42 of the hub are
      initially grooved at 47, the outer walls of the grooves being deformed
      outwardly as shown at 48 after the annular disc-like members 44 and 45
      have been forced on to the hub, to hold the said members against axial
      movement relative to the hub.
PAR  The annular disc-like members 44 and 45 are generally similar to the
      corresponding members 17 and 18 shown in FIGS. 1 to 3 but, instead of one
      of the said members being formed with tongues at its outer peripheral edge
      which extend into slots in the other of said members, both members 44 and
      45 are provided with bent-over tongues 49 which extend towards each other
      when the clutch driven plate is assembled, the ends of the said tongues
      contacting each other as shown in FIG. 4, and extending into
      circumferential slots 50 in a rigid metal disc 51 forming the inner
      peripheral portion of an annular friction facing carrier 52 similar to
      that already described. Friction damping means similar to those described
      with reference to FIG. 2 are shown at 53.
PAR  It will be apparent that the tongues 25 or 49 co-operate with the ends of
      the slots 26 or 50 in the rigid metal disc 13 or 51 to limit the relative
      rotational movement of the annular friction facing carrier and the hub
      when the springs are compressed to absorb torque fluctuations which occur
      particularly when the clutch is taking up the drive between the engine and
      the road wheels of a vehicle.
PAR  Although, in the preceding description, it has been stated that the annular
      disc-like members 17, 18 or 44, 45 are made of harder material than the
      hub and have their inner peripheral edges serrated, the hub may, if
      preferred, be made of harder material than the said disc-like members, the
      thickened portion of the hub then being serrated whilst the inner
      peripheral edges of the disc-like members are smooth, and the serrations
      on the hub cutting grooves in the said disc-like members when the parts
      are assembled.
PAR  Whilst it is preferred to fix both of the annular disc-like members to the
      hub by means of preformed serrations on one of them engaging in grooves in
      the other, the said grooves being cut by the serrations when the parts are
      assembled, only one of the said disc-like members may be fixed to the hub
      in that way. The other one of said disc-like members may be held against
      rotational movement on the hub by tongues or other connecting members
      between the two disc-like members at or adjacent their outer peripheries.
PAR  The hub may comprise parts each formed of one of two materials and bonded
      together, only the thickened portion with which the inner peripheral edges
      of the annular disc-like members are engaged having the desired hardness
      relation to said discs.
PAR  In another arrangement the interengaging serrations and grooves formed in
      either or both annular disc-like members are preformed and preferably are
      arranged so that they interengage with an interference fit. The hub may be
      composed of a sintered metal such as iron. The serrations on the hub may
      be formed by a hot or cold rolling process.
PAR  In each of the embodiments of clutch driven plate described above, the
      radially inner portion of the annular friction facing carrier is described
      and shown as a flat rigid annular disc. It should be appreciated that it
      is not essential for such a disc to be flat, it may be shaped to suit the
      configuration of a friction clutch in which it is to be fitted, for
      example, the outer peripheral portion may be coned.
CLMS
STM  We claim:
NUM  1.
PAR  1. A clutch driven plate comprising an annular friction facing carrier
      mounted for limited rotational movement on a hub, two radially extending
      annular disc-like members, each annular disc-like member being fixed
      directly and non-rotatably to the hub, registering openings formed in said
      annular friction facing carrier and in said disc-like members, resiliently
      compressible members mounted in said registering openings to oppose said
      limited rotational movement, and a stop which is carried by one of said
      annular disc-like members and which projects into a circumferentially
      elongated slot in said annular friction facing carrier to limit rotational
      movement of said annular friction facing carrier relative to the hub,
      wherein the improvement comprises said stop being constituted by a
      bent-over tongue, which is integral with said one annular disc-like
      member, and locating means which are defined by the other annular
      disc-like member and which are engaged with a co-operating part of said
      tongue so as to co-act with the co-operating tongue part to resist
      circumferential deflection of said tongue relative to said one annular
      disc-like member.
NUM  2.
PAR  2. A clutch driven plate comprising an annular friction facing carrier
      mounted for limited rotational movement on a hub, two radially extending
      annular disc-like members fixed in relation to the hub, said annular
      friction facing carrier comprising a radially inner portion extending
      between said disc-like members and an outer peripheral portion which
      carries the friction facings, registering openings being formed in said
      radially inner portion of said annular friction facing carrier and in said
      disc-like members and resiliently compressible members being mounted in
      said registering openings to oppose said limited rotational movement, a
      fixing arrangement fixing each of said annular disc-like members directly
      and non-rotatably to the hub, and stops carried by at least said one
      annular disc-like member and which projects into circumferentially
      elongated slots in said annular friction facing carrier to limit
      rotational movement of said annular friction facing carrier relative to
      the hub, wherein the improvement comprises the said stops being constited
      by bent-over tongues which are integral with the said annular disc-like
      member by which they are carried, each tongue being engaged with
      respective locating means which are defined by the other annular disc-like
      member and which co-act with the respective tongue to resist
      circumferential deflection of that tongue relative to said one annular
      disc-like member.
NUM  3.
PAR  3. A clutch driven plate according to claim 2, wherein the improvement
      further comprises circumferentially elongated slots within which said
      bent-over tongues are engaged being formed in the radially inner portion
      of said annular friction facing carrier.
NUM  4.
PAR  4. A clutch driven plate according to claim 3, wherein the improvement
      further comprises the outer peripheral portion of the annular 18, friction
      facing carrier comprising a series of resilient metal cushion members
      fixed individually to the radially inner portion of said annular friction
      facing carrier.
NUM  5.
PAR  5. A clutch driven plate according to claim 2, wherein the improvement
      further comprises said bent-over tongues being secured to the other of
      said annular disc-like members.
NUM  6.
PAR  6. A clutch driven plate according to claim 2, wherein the improvement
      further comprises both said annular disc-like members carrying such stops
      which comprise such bent-over tongues and which are engaged within the
      circumferentially elongated slots, each of said stops comprising a pair of
      tongues, one on each of said annular disc-like members, the ends of the
      tongues constituting said pair abutting each other in the space between
      said members.
NUM  7.
PAR  7. A clutch driven plate comprising an annular friction fading carrier
      mounted for limitated rotational movement on a hub, two radially extending
      annular disc-like members fixed in relation to the hub, said annular
      friction facing carrier comprising a radially inner portion extending
      between said disc-like members and an outer peripheral portion which
      carries said friction facings, registering openings being formed in said
      radially inner portion of said annular friction facing carrier and in said
      disc-like members and resiliently compressible members being mounted in
      said registering openings to oppose said limited rotational movement, and
      a fixing arrangement fixing at least one of said annular disc-like members
      directly and non-rotatably to the hub, wherein the improvement further
      comprises the said annular disc-like member having its inner peripheral
      edge formed of a material which differs in hardness from the material of
      that part of the hub to which it is fixed and the fixing arrangement
      comprising serrations formed on whichever one of the said inner peripheral
      edge of the annular disc-like member and the said hub part that is formed
      of the harder material, the said serrations being engaged with
      corresponding grooves formed in the other one of said inner peripheral
      edge of said annular disc-like member and said hub part by the serrations
      in said one annular disc-like member was forced axially on to the hub
      member during assembly, so that said one annular disc-like member is fixed
      against rotation on the hub by the engagement of the serrations in the
      respective grooves.
NUM  8.
PAR  8. A clutch driven plate according to claim 7, wherein the improvement
      further comprises both the two annular disc-like members being fixed to
      the hub by fixing arrangements as set out in that Claim and being axially
      spaced apart by spacing means on said hub.
NUM  9.
PAR  9. A clutch driven plate according to claim 8, wherein the improvement
      further comprises the spacing means comprising a spacing sleeve
      surrounding the hub.
NUM  10.
PAR  10. A clutch driven plate according to claim 8, wherein the improvement
      further comprises the spacing means comprising a circumferential rib
      integral with the hub.
NUM  11.
PAR  11. A clutch driven plate according to claim 7, wherein the improvement
      further comprises the annular disc-like members being of harder material
      than the hub.
NUM  12.
PAR  12. A clutch driven plate according to claim 8, wherein the improvement
      further comprises the annular disc-like members being of harder material
      than the hub and the hub material being deformed on the opposite side of
      each annular disc-like member from said spacing means to hold that annular
      disc-like member against the spacing means.
NUM  13.
PAR  13. A clutch driven plate comprising an annular friction facing carrier
      mounted for limited rotational movement on a hub, two radially extending
      annular disc-like members fixed in relation to the hub, said annular
      friction facing carrier comprising a radially inner portion extending
      between said disc-like members and an outer peripheral portion which
      carries the friction facings, registering openings being formed in said
      radially inner portion of said annular friction facing carrier and in said
      disc-like members and resiliently compressible members being mounted in
      said registering openings to oppose said limited rotational movement, a
      fixing arrangement fixing at least one of said annular disc-like members
      directly and non-rotatably to the hub, and stops carried by at least said
      one annular disc-like member and engaged in circumferentially elongated
      slots in said annular friction facing carrier to limit rotational movement
      of said annular friction facing carrier relative to the hub, wherein the
      improvement comprises the said stops being constited by bent-over tongues
      which are integral with the said annular disc-like member by which they
      are carried, said bent-over tongues having end portions of reduced width
      extending into slots in said other annular disc-like member and secured
      therein by staking.
NUM  14.
PAR  14. A clutch driven plate comprising an annular friction facing carrier
      mounted for limited rotational movement on a hub, two radially extending
      annular disc-like members each fixed directly and non-rotatably to the
      hub, registering openings formed in said annular friction facing carrier
      and in said disc-like members, resiliently compressible members mounted in
      said registering openings to oppose said limited rotational movement, and
      a stop which is carried by one of said annular disc-like members and which
      extends through a circumferentially elongated slot in said annular
      friction facing carrier to limit rotational movement of said annular
      friction facing carrier relative to the hub, wherein the improvement
      comprises said stop being constituted by a bent-over tongue which is
      integral with said one annular disc-like member and which is fitted into a
      notch in the other annular disc-like member in such a manner that it is
      located against circumferential movement relative to said other annular
      disc-like member by said other annular disc-like member.
NUM  15.
PAR  15. A clutch driven plate comprising an annular friction facing carrier
      mounted for limited rotational movement on a hub, two radially extending
      annular disc-like members fixed in relation to the hub, said annular
      friction facing carrier comprising a radially inner portion extending
      between said disc-like members and an outer peripheral portion which
      carries said friction facings, registering openings being formed in said
      radially inner portion of said annular friction facing carrier and in said
      disc-like members and resiliently compressible members being mounted in
      said registering openings to oppose said limited rotational movement, and
      a fixing arrangement fixing each of said annular disc-like members
      directly and non-rotatably to the hub, wherein the improvement further
      comprises each annular disc-like member having its inner peripheral edge
      formed of a material which is harder than the material of that part of the
      hub to which it is fixed and the fixing arrangement comprising serrations
      formed on the said inner peripheral edge of each annular disc-like member,
      the said serrations being engaged with corresponding grooves formed in
      said hub part by those serrations as the respective annular disc-like
      member was forced axially onto the hub member during assembly, so that
      each annular disc-like member is fixed against rotation on the hub by the
      engagement of the serrations in the respective grooves.
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ABST
PAL  A self-adjusting cover assembly for a friction clutch. The cover assembly
      includes three disc shaped members: a clutch cover, a secondary pressure
      plate and a primary pressure plate. Locking means, including jamming balls
      that releasably grip link pins, connect the primary pressure plate to the
      secondary pressure plate. Release lever actuated retractor means,
      associated with the secondary pressure plate, effect engagement and
      disengagement. During both the engagement and disengagement cycles the
      jamming balls release their hold on the link pins, thereby permitting
      relative axial movement between the two pressure plates. As wear occurs on
      the friction facings, the primary pressure plate will move axially
      relative to the secondary plate thereby compensating for the wear. A
      modification applies the principles of the invention to a cover assembly
      which does not include a secondary pressure plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to friction clutches, and has particular
      reference to a novel self-adjusting clutch cover assembly that
      automatically compensates for friction disc facing wear.
PAR  In friction type clutches, the driven disc or discs are disengaged from the
      driving flywheel and pressure plate by actuation of the release levers
      which are in turn actuated by axial movement of the release mechanism.
      Movement of the release mechanism is normally effected by a yoke member
      connected through a linkage to the clutch pedal of the vehicle. In engaged
      condition, the clutch driving and driven members are urged into engagement
      by pressure springs and as wear occurs on the clutch disc facings, these
      springs move the pressure plate closer to the flywheel.
PAR  The inward movement of the pressure plate results in a force which tends to
      change the normal position of the associated release levers and release
      mechanism and thereby to change the adjustment required for proper
      operation. Thus, if the free ends of the levers and the release mechanism
      move inwardly with the pressure plate, this may cause binding between the
      release bearing and yoke member or at some other point. If, on the other
      hand, the release mechanism is held against inward movement, binding may
      occur between the lever ends and spider portion of the release mechanism.
PAR  One solution to this problem has been periodic manual adjustment of the
      release mechanism to compensate for wear. In one type of clutch, this is
      accomplished by changing the angle of the yoke member. In another type,
      the release lever spider includes a sleeve threadedly mounted on one end
      of a second sleeve having the release bearing mounted on its opposite end.
      This permits relative axial movement between the sleeves whereby the
      distance between the release lever ends and yoke member can be changed to
      compensate for wear. A release mechanism having manual adjustment means of
      this last-mentioned type is disclosed in U.S. Pat. No. 2,863,537 to Root,
      owned by the assignee of the present invention.
PAR  Another solution to this problem has been a self-adjusting clutch release
      mechanism such as disclosed in U.S. Pat. No. 3,433,341 issued to Bohn et
      al. This construction includes a release mechanism with a collapsible or
      extendable release bearing carrier permitting the repositioning of the
      release bearing with respect to the friction discs.
PAR  Both the manual and the self-adjusting constructions compensate for the
      wear by repositioning the release mechanism but neither takes into
      consideration the gradually increasing distance between the pressure plate
      and the clutch cover. Thus, as the pressure plate moves axially to
      compensate for wear on the friction discs there is a general change in the
      operation of the clutch. For example, the release levers move through a
      changed angle resulting in a changed distance through which the yoke must
      be pulled for disengagement. Also, the distance through which the pressure
      springs must act is increased resulting in a change in torque and a change
      in the force needed to effect disengagement.
PAC  SUMMARY OF THE INVENTION
PAR  The self-adjusting cover assembly disclosed herein compensates for the wear
      on the disc facings in a manner that doesn't result in a disorientation of
      the release levers or an abnormal extension of the pressure springs. One
      embodiment of this invention includes a secondary pressure plate that is
      at a constant distance from the clutch cover during engagement and a
      self-adjusting means connecting the secondary pressure plate with the
      primary pressure plate.
PAR  More specifically, one cover assembly embodying the principles of this
      invention consists of three disc shaped members: a primary pressure plate,
      a secondary pressure plate and a clutch cover. Connecting the primary and
      secondary pressure plates are self-adjusting means including a link pin
      associated with the primary pressure plate, jamming balls associated with
      the secondary pressure plate and releasably gripping the link pin so that
      the two pressure plates are locked together; a retractor pin connecting
      the secondary pressure plate to the clutch cover and a driving pin
      connecting the primary pressure plate to the clutch cover.
PAR  As wear occurs on the disc facing, it is necessary for the primary pressure
      plate to move closer to the flywheel during engagement in order to ensure
      a constant pressure on the driving connection between the friction facing
      and the pressure plate. During both the engagement and disengagement
      cycles means operate to release the link pins from the grip of the jamming
      balls. Being free from the constraints of the release levers on the
      secondary pressure plate, the primary pressure plate is free to move
      axially towards the flywheel and thereby compensates for disc facing wear
      without disorienting the release levers or extending the pressure springs.
      After the momentary disconnection, the jamming balls again grip the link
      members, resulting in the two pressure plates once more functioning as a
      unit. A modification applies the principles of this invention to a cover
      assembly which does not include a secondary pressure plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a transverse section through the cover plate assembly of the
      invention taken on line 1--1 of FIG. 2;
PAR  FIG. 2 is a rear elevation of the cover plate assembly;
PAR  FIG. 3 is a transverse section of the retractor pin connecting means taken
      on line 3--3 of FIG. 2;
PAR  FIG. 4 is a transverse section of the driving pin-disc spring connecting
      means taken on line 4--4 of FIG. 2;
PAR  FIG. 5 s a transverse section of a modified jamming ball-link pin
      connecting means;
PAR  FIG. 6 is a transverse section of a pressure spring used in conjunction
      with the modified jamming ball-link pin connecting means of FIG. 5;
PAR  FIG. 7 is a transverse section of a combined connecting means without a
      secondary pressure plate; and
PAR  FIG. 8 is a transverse section of a pressure spring used in conjunction
      with the combined connecting means of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the novel self-adjusting mechanism of this
      invention that is shown forms a part of an otherwise conventional friction
      clutch such as that disclosed in Root patent 2,863,537  cited above.
      Accordingly, reference may be had to the Root patent for a description of
      the function and operation of the conventional clutch components,
      including the driven disc 10 on the facings of which wear occurs.
PAR  The wear compensating cover plate assembly, generally indicated by 11, is
      for a pull type clutch meaning that the release mechanism, generally
      indicated by 12, must be moved rearwardly or to the right in FIG. 1 to
      disengage the clutch. This movement causes the release lever spider 14,
      operating through lugs 16, to actuate the release levers 18 of the clutch.
PAR  The cover plate assembly in the embodiment shown in FIGS. 1 through 4
      includes a clutch cover 20, a primary pressure plate 22, herein referred
      to as P.P.P., and a secondary pressure plate 24, herein referred to as
      S.P.P., plus means to connect said three members. In this preferred
      embodiment there are three types of connecting means: the retractor pin
      type 30 shown in FIGS. 1 and 3, the jammimg ball-link pin type 32 shown in
      FIG. 1, and the driving pin disc spring type 34 shown in FIG. 4. These
      three connecting means are intermixed within the cover plate assembly as
      shown in FIG. 2.
PAR  The retractor pin connecting means 30, FIGS. 1 and 3, between the clutch
      cover 20 and the S.P.P. (secondary pressure plate) 24 includes a
      cylindrical retractor pin 36 having a transverse bore 38 in its clutch
      cover end. The retractor pin's other end is received in a bore 39 of the
      S.P.P. 24. Because of variations in the structure of the release lever
      spider 14, each retractor pin 36 may penetrate the S.P.P. to a different
      depth. For this reason set screw means are provided for an initial
      adjustment.
PAR  The set screw means for each pin 36 is adjustable through a hole 40 in the
      clutch cover and includes a set screw 41 in a tapped hole 42 in the S.P.P.
      24. This set screw forces a deformable ball 43 against the circumference
      of the retractor pin thereby binding the pin securely to the S.P.P. 24 and
      causing the pin and the S.P.P. to function as a unit. In this preferred
      embodiment a nylon ball is used. In the description of the operation of
      the invention the fact that the connection between the retractor pin 36
      and the S.P.P. 24 is adjustable is irrelevant as the set screw 41 is
      adjusted only during initial assembly.
PAR  The outer end of the retractor pin extends through a rectangular hole 45 in
      the clutch cover, where it is connected to the channel shaped release
      lever 18 by a press fitted pin 46. This pin passes through corresponding
      bores 47 in the lever and the bore 38 in the retractor pin.
PAR  Encircling the press fitted pin 46 where it passes through the retractor
      pin 36 are ball bearings 48. The channel shaped release lever 18 has its
      fulcrum at point 49 on the clutch cover 20. Retractor spring 50 performs
      its standard function of holding the lug 16 of the release lever spider in
      contact with the release lever 18 while the clutch is engaged.
PAR  Although three retractor pin connecting means 30 are spaced evenly about
      the circumference of the cover plate assembly (as seen in FIG. 2), a
      greater or smaller number may be employed in other configurations.
PAR  The second type connecting means is the driving pin-disc spring type 34, as
      best seen in FIG. 4. Driving pin 52, press fitted into a boss 52a in the
      P.P.P. primary pressure plate) 22, passes through a bore 53 in the S.P.P.
      24 and a boss 54 in the clutch cover 20. A series of disc springs 56,
      encircling the driving pin 52 are compressed between the flywheel cover 20
      and S.P.P. 24. Nine connecting means of this type 34 are shown in the
      embodiment of FIG. 2 but greater or smaller numbers are possible as other
      springs of various types and strengths may be substituted for disc springs
      56.
PAR  The jamming ball-link pin connecting means 32, FIG. 1, between the P.P.P.
      22, the S.P.P. 24 and the clutch cover 20 includes a link pin 58 press
      fitted into the P.P.P. and projecting perpendicularly therefrom.
      Corresponding to each pin 58 are circular apertures 59 and 60 in the
      S.P.P. 24 and the clutch cover 20, respectively, through which the pin
      passes. As the pin 58 passes through the S.P.P. 24 the inner surface of
      aperture 59 faces the outer surface of the pin.
PAR  Encircling the link pin 58 between the flywheel cover 20 and P.P.P. 22 and
      passing through the S.P.P. 24 is a slidable sleeve 62 and a coil spring
      64. The coil spring 64 is compressed between a boss 65 on P.P.P. 22 and a
      flange 66 on the sleeve 62. Around the circumference of the sleeve 62
      adjacent the flange 66 are oval apertures 67. Press fitted into the
      aperture 59 of the S.P.P. 24 are a disengagement ring 68 and an engagement
      ring 70. These two tapered rings 68 and 70, when mated, form a recess with
      two inclined surfaces and a deepest part or apex 72 as seen in FIG. 1. The
      two rings 68, 70 are engaged on one side by shoulder 73 and on the other
      by disc springs 74. Disc springs 74, encircling the link pin sleeve 62,
      are compressed between the clutch cover 20 and engagement ring 70. Jamming
      balls 76 are retained in a cavity 77 between the tapered rings 68, 70 and
      the oval holes 67 in the link pin sleeve 62. These balls are dimensioned
      to roll when they are in the apex 72 of the recess but jam whey they are
      between a point on the inclined surfaces of the rings 68, 70 and the link
      pin 58.
PAR  Six of these jamming ball-link pin connecting means 32 are spaced about the
      circumference of the cover plate assembly 11 of this preferred embodiment
      but there may be a variation in the number and placement of the means
      depending on the size of the means, strength of the components, etc.
PAR  FIG. 1 shows the novel cover assembly 11 of the invention in the engaged
      position. In normal operation disengagement of the clutch is as follows:
      Release mechanism 12 is moved rearwardly (to the right in FIG. 1) by a
      clutch pedal actuated yoke (not shown) which engages the release
      mechanism. The yoke pull is transmitted through the release mechanism 12
      and release lever spider 14 to lugs 16 and release levers 18.
PAR  The release levers 18 pivot on fulcrum points 49 and through pins 46 draw
      the retractor pins 36 rearwardly. Ball bearings 48 enable pins 46 to
      rotate within bores 38, thereby permitting the retractor pins 36 to move
      perpendicularly to the cover plate 20 even though the release levers pull
      the retractor pins through a non-perpendicular angle.
PAR  The rearward movement of the retractor pins is transmitted through deformed
      walls 43 and set screws 41 to S.P.P. 24 (secondary pressure plate). As the
      S.P.P. moves rearwardly, disc springs 56, FIG. 4, are compressed between
      the S.P.P. and the clutch cover 20. The rearward movement of the S.P.P.
      also acts to move the tapered rings 68 and 70, thereby compressing disc
      springs 74, FIG. 1.
PAR  During engagement of the clutch, the jamming balls 76 for each ball-link
      connecting means 32 were wedged between the inclined surface of engagement
      ring 70 and the outer surface of link pin 58; now, as the tapered ring
      moves rearwardly, the jamming balls 76 are freed. As the apex 72 of the
      cavity 77 moves past the jamming balls 76, there is a short time during
      which the link pins 58 are able to move axially, independent of the S.P.P.
      24.
PAR  During the momentary disconnection, the cavities 77 continue to move
      rearwardly until the jamming balls 76 for each connecting means 32 come
      into contact with the inclined surface of the disengagement ring 68.
      Continued rearward motion of the S.P.P. 24 causes the jamming balls to
      become wedged between the inclined surface of the disengagement ring 68
      and the outer surface of the link pin 58, resulting in all further
      rearward movement of the S.P.P. being transferred through the
      disengagement rings 68, balls 76 and link pin 58 to P.P.P. 22. As pull
      continues on the release mechanism 12, disc springs 74 and 56 are
      compressed and the P.P.P. 22 is pulled out of engagement with the friction
      disc 10.
PAR  During the reengagement cycle the above sequence is reversed. With the
      release of the yoke (not shown) the release mechanism 12, and therefore
      the release lever actuated retractor pin means 30, no longer applies
      rearward force to the S.P.P. 24. Disc springs 56 and 74, no longer opposed
      by the yoke pull, strongly urge S.P.P. 24 and the tapered rings 68 and 70
      towards the friction disc 10. Here, as in the disengagement cycle, as the
      apex 72 of the cavity 77 moves past the jamming balls 76, there is a short
      time during which the link pins 58 are able to move axially, independent
      of the S.P.P. 24. Coil spring 64, with one end abutting sleeve flange 66
      and its other end in contact with the boss 65, biases the P.P.P. 22
      towards the driven discs 10. If any wear has occurred on these disc
      facings the P.P.P. 22 will move forward (to the left in FIG. 1) to
      compensate for same. Upon contacting the friction discs, P.P.P. 22 is
      prevented from further axial motion; however, S.P.P. 24, not similarly
      restricted, is able to continue forward (to the left in FIG. 1). The
      jamming balls 76 continue to be rolled, by the moving tapered rings 68,
      70, past the apex 72 of the cavity 77 until they become wedged between the
      outer surface of the link pin 58 and the inclined surface of the
      engagement ring 70.
PAR  In normal operation, there should be no instance where the jamming balls 76
      move out of binding contact with the disengagement ring 68 before the
      P.P.P. 22 engages the friction disc 10. In normal use, a clutch pedal is
      released only as fast as a man lifts his foot. This will result in a
      relatively gradual application of the full force of the disc springs 56
      and 74 on S.P.P. 24, while at the same time the coil springs 64 are
      applying their full force to the P.P.P. The full application of this
      lesser force will cause the P.P.P. 22 to keep pace with the S.P.P. which
      is being biased by a less than full application of a greater force.
PAR  Considering the worst possible case, if the clutch pedal is assumed to be
      released instantaneously the full application of the force of springs 56
      and 74 may result in the S.P.P. 24 moving faster than the P.P.P., which at
      this moment is biased only by relatively weak springs 64, thereby causing
      the jamming balls 76 to prematurely disengage. However, by proper design,
      the relative strength of the coil springs 64 to the disc springs 56 and 74
      can be such that the slower moving P.P.P. 22 will be able to move through
      its engagement distance (a maximum of .090 inches) before the more rapidly
      moving S.P.P. 24 moves through its longer engagement distance. The
      engagement distance of the S.P.P. 24 is equal to the engagement distance
      of the P.P.P. plus the distance through which the S.P.P. moves while the
      jamming balls travel between the disengagement rings 68 and the engagement
      rings 70.
PAR  Both, in the normal situation when the P.P.P. has been stopped by the
      friction disc 10 before the jamming balls are freed of the disengagement
      ring 68, and in the worst possible case when the jamming balls are freed
      while the P.P.P. 22 is still in motion, there is an interval during which
      the P.P.P. 22 is free to move axially, independent of the S.P.P. 24 and
      thereby compensate for the wear on the friction disc 10.
PAR  With the frictional binding between the outer surfaces of the link pins 58
      and the inclined surfaces of the engagement rings 70, the force of disc
      springs 56 and 74 is transmitted from S.P.P. 24 to P.P.P. 22. Disc springs
      56, FIG. 4, of the driving pin connection means 34 transfer force through
      the S.P.P. 24 to the press fitted engagement rings 70, while the force of
      disc springs 74 is applied directly to the engagement rings, FIG. 1. The
      force on the engagement rings 70 is transmitted through the jamming balls
      76 and link pins 58 to the P.P.P. 22.
PAR  As described previously, the rate of motion during re-engagement of the two
      pressure plates 22, 24 can vary depending upon the rate of release of the
      clutch pedal. With these different rates S.P.P. 24 could be at a slightly
      different position during each engagement causing a disorientation of the
      release levers and abnormal extension of the pressure springs. Sleeves 62
      limit the movement of the jamming balls 76 and ensure that the S.P.P. will
      never be further than a fixed distance from the clutch cover 20 during
      engagement.
PAR  FIGS. 5 and 6 show a possible modification of the jamming ball-link pin
      connecting means 32 of FIG. 1 without sleeve 62. The connecting means
      shown in FIG. 5 is the jamming ball-link pin type connecting means 32 of
      FIG. 1, but with coil spring 64 and sleeve 62 omitted. FIG. 6 shows a coil
      spring 80 abutting clutch cover 20 at one end and passing through a bore
      82 in the S.P.P. 24 to abut against a lug 84 on P.P.P. 22 at its other
      end.
PAR  In operation coil spring 80, replacing the omitted coil spring 64, biases
      the primary pressure plate 22 towards the friction disc 10. Omitted sleeve
      62, abutting the clutch cover 20, had partially functioned as an extension
      of the clutch cover; here the longer coil spring 80 fulfills this
      function. The primary function of sleeve 62 in the embodiment of FIG. 1,
      that is to ensure that the S.P.P. 24 is never further than a fixed
      distance from the clutch cover 20 during engagement, is not duplicated.
PAR  The function of the driving pin-disc spring connecting means 34, FIG. 4, is
      two-fold. First, it provides additional pressure on S.P.P. 24, and thus on
      P.P.P. 22 during engagement. However, disc springs 56 would be unnecessary
      if the force of the disc springs 74 were increased. Second, it provides a
      driving connection between the clutch cover 20 and P.P.P. 22 but as is
      well known to those familiar with the art, other types of driving
      connections are possible.
PAR  FIG. 7 is a modification of the self-adjusting cover assembly of this
      invention without a secondary pressure plate. In this embodiment the
      functions of the jamming ball-link pin connecting means 32 and the
      function of the retractor pin connecting means 30 (both seen in FIG. 1)
      are combined in a single connecting means 90.
PAR  A retractor-link pin 92 (herein referred to as R.L.P.) combines the
      functions of the retractor pin 36 and link pin 58 of the connecting means
      30 and 32, respectively. Connected to the release levers 18', in the
      manner described for retractor pin 36 of FIG. 1, R.L.P. 92 extends through
      clutch cover 20', as shown. A sleeve 94, secured to the clutch cover 20'
      by a rivet 96, is dimensioned to slidably receive R.L.P. 92 adjacent the
      clutch cover while providing a cavity 98 between the R.L.P. and sleeve
      which extends from an interior shoulder 100 to the pressure plate end 102
      of the R.L.P. A coil spring 104 positioned in cavity 98 is compressed
      between shoulder 100 and a washer 106.
PAR  Projecting normally from the right face (as seen in FIG. 7) of pressure
      plate 108 is an outer cylindrical sleeve 110. An inner sleeve 112, more
      wear resistant than the outer sleeve 110, is press fitted into the latter.
      Sleeve 112 is dimensioned to slidably receive sleeve 94 therein.
PAR  Adjacent its inner end, R.L.P. 92 is formed with a circumferential groove
      116. An annular, inclined disengagement surface 118 extends from the
      deepest part of the groove 116 to a point adjacent the inner or pressure
      plate end of the R.L.P. Opposite the groove 116, in sleeve 94, are a
      plurality of apertures 124 each having an inclined wall 125. Within
      cavities 126 formed by the apertures 124 and groove 116 are a series of
      jamming balls 128. Said balls are dimensioned to roll when they are in the
      deepest part of the groove 116 but jam when they are between the
      disengagement surface 118 and the inner surface of sleeve 94.
PAR  FIG. 8 shows a coil spring 130 compressed between clutch cover 20' and
      pressure plate 108. The placement of the connecting means of FIG. 7 and
      the spring means of FIG. 8 will vary from clutch to clutch but one
      workable arrangement is the replacing of the three retractor connecting
      means 30 in FIG. 2 with three connecting means 90 of FIG. 7 and
      replacement of the nine driving pin-disc spring connecting means 34 and
      the six jamming bearing link pin connecting means 32 in FIG. 2 with
      fifteen spring means of FIG. 8.
PAR  FIG. 7 shows the modified connecting means 90 of the self-adjusting cover
      assembly of this invention in the engaged position. In normal operation,
      disengagement is initiated by the release levers 18', actuated by the pull
      of the yoke (not shown) as described for the cover assembly of FIG. 1. The
      release levers 18' pivot on fulcrum points 49' and through pins 46' draw
      the R.L.P.'s 92 rearwardly (to the right in FIG. 7). The function of ball
      bearings 48' is the same as described for FIG. 1.
PAR  When the clutch is engaged, the jamming balls 128 are in the deepest part
      of each pin groove 116 and are held stationary between walls 125 and
      washer 106 by the bias of coil spring 104. Now as the R.L.P. 92 moves
      rearwardly the disengagement surface 118 moves into contact with the
      stationary jamming balls 128. Further rearward movement of the R.L.P.
      causes the balls to become wedged between the disengagement surface 118
      and the inner surface of sleeve 112. All further rearward movement of the
      R.L.P. is transmitted to pressure plate 108 through the jamming balls 128
      and sleeves 112 and 110. Rearward movement of pressure plate 108
      compresses coil springs 130 between the pressure plate and the clutch
      cover 20'.
PAR  During the reengagement cycle the above sequence is reversed. With the
      release of the yoke, the release levers 18 no longer apply rearward force
      to the R.L.P.'s 92. Coil springs 130 no longer opposed by the release
      levers 18 urge the pressure plate 108 forward (to the left in FIG. 7). As
      the pressure plate 108 moves forward the jamming balls 128 remain in the
      wedged position between the disengagement surface 118 of each R.L.P. 92
      and the inner surface of sleeve 112 causing the R.L.P. and thus its
      corresponding release lever 18 to move forward.
PAR  As the jamming balls 128 are carried forward within apertures 124, they
      eventually come into contact with stationary walls 125. As the R.L.P.'s 92
      and thus the disengagement surfaces 118, continue to move forward, the
      jamming balls are freed from binding contact between the disengagement
      surfaces 118 and outer sleeves 112. The pressure plate 108 is now free to
      move axially, independent of the R.L.P.'s, and pressure springs 130
      continue to bias the pressure plate forward until it contacts the friction
      disc 10'. From the above it may be seen that as wear occurs on the
      friction disc the independent movement of the pressure plate 108 will
      compensate for this wear; however, it can also be seen that pressure
      springs 130 are extended through an increasing distance as the wear
      occurs. From this it can be seen that the modification of the
      self-adjusting cover assembly shown in FIGS. 7 and 8 does not provide all
      the advantages of the preferred embodiment of FIGS. 1-4, but it does
      provide a cover assembly that compensates for wear without manual
      intervention and without disorientation of the release levers.
PAR  From the foregoing description it will be apparent that the invention
      provides a novel self-adjusting cover assembly that can effectively reduce
      vehicle down time and maintenance costs. As will be understood by those
      familiar with the art, the invention may be embodied in other specific
      forms without departing from the spirit or essential characteristics
      thereof.
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STM  I claim:
NUM  1.
PAR  1. In a friction clutch for connecting driving and driven shafts, the
      clutch having a release lever actuated by a release mechanism, a friction
      disc, a clutch cover and a pressure plate; the improvement comprising a
      self-adjusting means associated with the release lever and the pressure
      plate, said self-adjusting means including:
PA1  a first connecting means operably connected to the release lever and having
      at least one facing surface, said connecting means including a secondary
      pressure plate, the facing surface in the connecting means being in an
      aperture in said secondary pressure plate;
PA1  a second connecting means secured to the pressure plate and having at least
      one facing surface, at least one facing surface of said first connecting
      means confronting at least one facing surface of the second connecting
      means;
PA1  the confronting facing surfaces being spaced from one another to define a
      cavity, said cavity having at least one inclined surface therein; and
PA1  at least one jamming ball positioned in said cavity, said ball being
      dimensioned to roll when in one part of the cavity and to be bound between
      a part of said inclined surface and one of said confronting facing
      surfaces.
NUM  2.
PAR  2. The clutch of claim 1 including retractor means operably connecting the
      release lever to the secondary pressure plate whereby axial movement of
      the release levers is transmitted to the secondary pressure plate.
NUM  3.
PAR  3. The clutch of claim 1 including a first spring means between the clutch
      cover and the secondary pressure plate biasing said secondary pressure
      plate toward the pressure plate, and a second spring means associated with
      the clutch cover and the pressure plate and biasing the pressure plate
      towards the friction disc.
NUM  4.
PAR  4. In a friction clutch for connecting driving and driven shafts, the
      clutch having release levers actuated by a release mechanism, a friction
      disc, a clutch cover and a primary pressure plate; the improvement
      comprising a self-adjusting means associated with the release levers and
      the pressure plate, said self-adjusting means including:
PA1  a secondary pressure plate having at least one facing surface;
PA1  retractor means connecting the secondary pressure plate to the release
      levers whereby axial movement of the release levers is transmitted to the
      secondary pressure plate;
PA1  first spring means between the clutch cover and the secondary pressure
      plate whereby the secondary pressure plate is biased towards the primary
      pressure plate;
PA1  second spring means associated with the clutch cover and the primary
      pressure plate whereby the latter is biased towards the friction disc;
PA1  connecting means associated with the primary pressure plate, said
      connecting means having at least one facing surface confronting at least
      one facing surface of the secondary pressure plate;
PA1  the confronting facing surfaces being spaced from one another to define a
      cavity, said cavity having two inclined surfaces therein, said inclined
      surfaces extending in opposite directions;
PA1  at least one jamming ball positioned in said cavity, said ball being
      dimensioned to roll when in one part of the cavity and to be bound between
      a part of each inclined surface and one of said confronting facing
      surfaces.
NUM  5.
PAR  5. The clutch of claim 4 including an intermediate member extending between
      the confronting facing surfaces, said intermediate member having at least
      one aperture corresponding to the jamming ball.
NUM  6.
PAR  6. The clutch of claim 4 including a driving means between the clutch cover
      and primary pressure plate.
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ABST
PAL  A vehicle or vessel having a forward and rearward clutch has, according to
      the invention, a single lever clutch control system whereby an operator
      may select a forward or rearward clutch and, simultaneously "inch" the
      vehicle or vessel using one and the same control lever.
BSUM
PAR  The present invention relates to a single lever clutch control system which
      is applicable to vehicles or vessels which are provided with a forward and
      a rearward clutch.
PAR  According to the invention, an operator can select the forward clutch or
      rearward clutch using a single lever, while he can also inch the vehicle
      or vessel using the same lever at the same time.
PAR  In the prior art clutch control system for vehicles or vessels, two levers
      have generally been installed, i.e., one for selecting forward and
      rearward motion, and the other for inching or trolling. For example, a
      prior system comprised a pressure-regulating piston valve in a fluid
      passageway connecting a select valve and a forward and a rearward clutch.
      The piston valve was biased by a compression spring against the fluid
      pressure applied on the valve surface of the piston valve. For increasing
      the setting force (or the strength of the spring force) soon after the
      selecting operation, there was provided another piston on which another
      end of the spring seated and a corresponding cylinder of said piston was
      in communication with the pressure-regulating chamber of the select valve
      by means of a fluid passageway with an orifice. Following the selecting
      operation, working fluid in the regulating chamber was introduced in the
      cylinder through the orifice, and the pressure of the chamber was set in
      an arranged period of time. According to the prior system, the inching
      manner was not manually controlled in connection with the position of the
      select lever (in other words, only the inching period or speed was set in
      connection with the position of the select valve). Therefore, the operator
      was not able either to extend or to shorten the half-engaged condition or
      regulated condition of the clutches. Since an operational skill was
      required, an additional trolling valve was necessary. In that case, the
      system and operation become complicated, in that two levers, i.e., a
      forward-rearward selecting lever and an inching lever, were involved.
      Furthermore, according to the prior system, the fluid pressure was raised
      relatively quickly up to a pre-determined value necessary for lubrication
      soon after either clutch was selected, thus causing an undesirable jerk or
      shock to passengers.
PAR  It is a principal object of the present invention to provide a
      forward-rearward selecting system which is operated manually and in a
      controlled manner by only a single selecting lever.
PAR  A second object of the invention is to provide a single lever clutch
      control system which is not only simple in interlocking mechanism but also
      easy to operate by one who is without any special skill.
PAR  A third object of the invention is to provide a single lever clutch control
      system which decreases power consumption. The invention ensures long life
      of the oil pump of the system.
PAR  A fourth object of the invention is to provide a single level clutch
      control system which prevents undesirable jerk in the selecting operation.
DRWD
PAR  These and other objects and advantages will be apparent from the following
      detailed description when read in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a diagrammatic showing of one embodiment of the present invention
      in the neutral condition;
PAR  FIG. 2 is a central sectional and elevational view of another embodiment of
      the present invention incorporating a forward-rearward rotary select
      valve;
PAR  FIG. 3 is a sectional view taken along the line III--III in FIG. 2 looking
      in the direction indicated by the arrows;
PAR  FIGS. 4 and 5 are end views taken along the lines IV--IV and V--V in FIG.
      2, respectively; and
PAR  FIG. 6 is a sectional view taken along the line VI--VI in FIG. 2.
DETD
PAR  Referring now to FIG. 1, the system is composed of various elements, i.e.,
      fluid passageways 1 through 12; a strainer 14 in a fluid (oil) tank 14';
      an engine 15; an oil pump 16 which is driven by the engine 15; a pressure
      preserve valve 17 which places fluid passageway 2 in communication with
      fluid passageway 5 when fluid pressure in the passageway 2 increases
      beyond a pre-determined value, for example 3 kg/cm.sup.2, so as to
      maintain the minimum pressure for lubrication; a one-way control valve 18
      which connects two passageways 3, 4 through an interior orifice as shown
      when the pressure in passageway 3 is higher than that in passageway 4, but
      disconnects both passageways 3, 4 when the pressure in passageway 4
      increases beyond the pressure in passageway 3 so that exhaust oil poured
      in passageway 4 from a passageway 11 is used for lubrication effectively,
      as is to be clearly explained later; and lubricating parts 19 such as
      bearings, torque converters and so on.
PAR  While oil pump 16 is driven by the engine 15, oil in the tank 14' is
      introduced in pump 16 through passageway 1, compressed and forced in
      passageway 2. The oil pressure in passageway 2 is regulated at sufficient
      value for lubrication, by valve 17, and the regulated oil is supplied to
      lubricating parts 19 through passageways 3, 4, and one-way control valve
      18.
PAR  Numeral 21 indicates an inching valve (pressure regulating main valve)
      which connects two passageways 9, 10 when the pressure in passageway 9
      increases beyond a value corresponding to the setting load of a spring 32,
      which load is adapted to vary according to the position of a select lever
      27. Numeral 22 indicates a piston actuator which is composed of a cylinder
      where passageway 9 opens, and a piston 22' slidably inserted in the
      cylinder and connected to a drain valve 23 so as to place the drain
      passageway 10 with a passageway 11 when oil pressure in passageways 5, 9
      increases beyond a value pre-determined by a spring 31, so sufficient that
      either clutch 29 or 30 is maintained in stable engaged state. 24 indicates
      an escape valve which prevents excessive oil pressure in lubrication
      passageways 4, 11, 12.
PAR  The system includes other elements such as a nozzle (or throttle) 25, a
      forward-rearward select (switch) valve 26, a select lever 27, a direction
      converter 28 which is attached to valve 26 to be shifted in unison, and a
      forward and a rearward clutch 29, 30.
PAR  In FIG. 1, the spring 32 seats on the upper end of a follower 33 which, in
      turn, abuts neutral cam "n" formed on direction converter 28. The distance
      between the cam n and valve 21 is determined so far as to locate the arrow
      in valve 21 in line with passageway 10 when spring 32 extends to its
      unloaded state; thus, the valve 21 forms an almost free passageway.
      Therefore, under the neutral state as shown in FIG. 1, oil in passageway 9
      flows freely toward passageway 10 through the valve 21. Follower 33 is
      slidably supported by a cylindrical guide 33'. Formed at both sides of cam
      n are cams, identified "f"  and "r", for forward and rearward pressure
      setting respectively. The cams f, r are tapered in the manner that they
      approach valve 21 as they extend from the neutral cam n.
PAR  The direction converter 28 is shown fixed to the select valve 26 so that
      they move together along the arrows "F" and "R". When valve 21 is manually
      shifted in either of the directions F and R, follower 33 is gradually
      lifted by either cam of f and r, the lift of follower 33 being determined
      corresponding to the extent to which valve 26 moves. Due to the elevation
      of follower 33, spring 32 is compressed to increase the setting value of
      valve 21, i.e., the arrow illustrated in the valve 21 rises: this means
      that the pressure in passageway 9 is maintained at a higher value which
      corresponds to the shift of select lever 27. If the pressure exceeds the
      regulated setting value, valve 21 connects passageways 9, 10 gradually to
      decrease the excessive pressure.
PAR  In the illustrated neutral state, oil which passes through valve 17 is
      drained through passageway 9, main valve 21 (setting pressure being quite
      low because it is in neutral state), passageway 10 and drain valve 23,
      which latter is set as shown under the influence of setting spring 31 to
      connect passageway 10 to tank 14' through drain passageway 8.
PAR  When select lever 27 is shifted to the left (forward) or to the right
      (rearward) together with select valve 26, passageway 5 is placed in
      communication with either passageway 6 (connected to forward clutch 29) or
      passageway 7 (connected to rearward clutch 30). At the same time,
      pressure-regulating spring 32 in valve 21 is compressed due to the rising
      cam profile f or r formed on the direction converter 28: thus, the oil
      which formerly passed inching valve 21 freely, is gradually restricted and
      increased in its pressure. So raised in pressure, the oil is supplied to
      either of forward and rearward clutches 29, 30 through passageway 5,
      orifice 25, select valve 26, and either of passageways 6, 7. The degree of
      clutch engagement is determined in proportion to the travel stroke of
      select lever 27.
PAR  On the other hand, when the pressure in passageway 9 increases to the
      aforementioned value, piston 22' in actuator 22 overcomes spring 31
      installed in drain valve 23; thus, passageway 10, which formerly was
      drained, is placed in communication with passageway 11 and oil in
      passageways 11, 4 is supplied to lubricating parts 19.
PAR  As was explained hereinbefore, when the pressure in passageways 4, 11
      increases beyond the setting value of control valve 18, valve 18 is closed
      due to the pressure acting from the down stream, whereupon lubricating oil
      is supplied only from passageway 11 thereby saving the power of engine 15,
      in that the exhaust oil pressure is used effectively. Excessive pressure
      is decreased by escape valve 24 the setting pressure of which is regulated
      to be higher than that of control valve 18.
PAR  When select lever 27 reaches its terminal point in the forward or rearward
      stroke, oil pressure applied to either oil clutch reaches maximum value.
      On the contrary, as an operator shifts lever 27 from the terminal point
      toward neutral position, oil pressure in either of passageways 6, 7,
      decreases in proportion to the extent of shift of select lever 27. Thus
      the clutch in question is gradually disengaged and drain valve 23 switches
      passageway 10 from passageway 11 to drain tank 14' as illustrated when oil
      pressure decreases below the certain value. When valve 26 returns to the
      illustrated neutral state, the clutch is fully disengaged.
PAR  In the illustrated example, the select lever 27 is shown as shiftable
      bilaterally for explanation's sake. It may, however, be replaced by a
      rotary select lever. In that case, a mechanism is required in which rotary
      movement of the select lever is converted into linear movement. For that
      purpose, a cylindrical cam interconnecting the lever and select valve 26
      is applicable as well as a rotary valve in place of select valve 26.
PAR  According to the present invention, following advantages are to be
      expected:
PAR  1. Since inching is performed with interlocked forward-rearward select
      lever 27, there is no need to provide two levers. That is, only a common
      single lever functions well as former select lever and inching lever.
      Therefore, the mechanism is simple and involves low cost especially in
      application to remote control linkage mechanisms.
PAR  2. Stable inching operation is enjoyed in proportion to the speed and
      position of select lever 27. Therefore, the period for half clutch
      engagement is suitably shortened in connection with the load, speed and
      other surrounding conditions, thus decreasing unnecessary abrasion and
      temperature rise of the clutch facing so as to ensure its long life.
PAR  3. Power or fuel consumption is maintained at low value because pressure
      preserve valve 17 keeps minimum lubricating pressure in the passageway 3,
      even in the neutral state when oil in passageay 9 is drained
      unconditionally through inching valve 21 and drain valve 23; and in the
      forward or rearward state, exhaust surplus oil in the passageway 10 is
      switched to passageway 11 by drain valve 23 for use at  lubricating parts;
      and oil supply from control valve 18 is reduced when the oil pressure in
      passageway 4 increases beyond a certain value. Oil pump 16 enjoys long
      life maintaining oil temperature at low level in that the system requires
      low pressure in the neutral state. When the vehicle starts operation and
      oil pressure in passageway 9 exceeds the pre-determined value, passageways
      10, 11 are placed in communication automatically, thereby increasing the
      lubricant to depress the temperature rise and to protect lubricating parts
      19. Therefore, according to the present invention, the device is ensured
      long life.
PAR  4. In the clutch engaging process, since the oil pressure increases from
      zero or nearly zero, smooth engagement is attained. In the prior system,
      the clutch was supplied with oil at relatively high pressure, equal to
      that supplied to lubricating part, soon after the select valve was
      shifted. Therefore unpleasant jerk or shock was inevitable in the past.
PAR  FIGS. 2 through 6 illustrate another embodiment which incorporates a rotary
      select valve. Similar characters of reference indicate similar parts in
      the several figures of the drawing. Select lever 27 (FIG. 2) is attached
      at the righthand end of rotary valve 26a by a nut 36. The rotary valve 26a
      is snugly inserted in cylindrical surface 26b of valve body 26 and is
      provided with a passageway 26c, a tangential groove 26e (FIG. 3) connected
      to both ends of passageway 26c, and two peripheral grooves 26d. When the
      valve 26a is rotated in either a forward or rearward direction, passageway
      5 is placed in communication with passageway 6 leading to forward clutch,
      or with passageway 7 leading to rearward clutch 7, respectively.
      Circumferential length of each groove 26d determines the lever angle
      .alpha. (FIG. 4) in which passageways 5, 6 or passageways 5, 7 are
      connected, respectively. A cover 41 is attached at an open end of valve
      body 26 by four bolts 42. Numerals 43, 44 indicate oil seals.
PAR  Rotary valve 26a is provided with a cam 28a in the shape of a quadranglar
      pyramid which engages in an indented cam surface 28b with a V-section
      formed on the righthand end of a follower 33: thus, follower 33 is pushed
      to the left when the select lever 27 is rotated in either direction from
      the illustrated netural state, in proportion to the rotation angle,
      thereby compressing spring 32 to gradually increase the setting force of
      inching valve 21. A guide pin 28c engages in a groove with a U-section
      formed in the follower 33 at the bottom of its cam surface 28b, which pin
      prevents follower 33 from rotation when sliding axially. Since valve body
      26 is fixed on a base element, such as a control panel (not shown), and
      bottom surface 26f contacts with the corresponding surface of the base
      element in a water-tight relationship, only main passageway 5 and drain
      passageway 8 are formed therebetween as shown in FIG. 5.
PAR  Pressurized oil is first introduced in passageway 2 (FIG. 2), and is
      forwarded to the necessary lubricating parts through passageway 3 under
      the aforementioned minimum pressure. When the pressure in passageway 2
      increases beyond the minimum value, pressure preserve valve 17 opens to
      introduce oil into passageway 5 (9) part of which oil is sent to either of
      forward or rearward clutch through select valve portion shown in FIG. 3
      under the aforementioned pressure which is determined by the action of
      inching valve 21 so as to increase in proportion to the extent of
      operation of select lever 27 (i.e., the rotation angle from the neutral
      position as shown in FIG. 4). When the oil pressure in passageways 5, 9
      rises to the setting value, a drain spool 23a (FIG. 6) in a cylinder 46
      moves to the left against the resistance of compression spring 31; thus,
      the passageway 10 is switched from drain passageway 8 to passageway 11 (4)
      to supply surplus oil to lubricating parts.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in a vehicle or a vessel having a fluid-actuated forward clutch
      and a rearward clutch, a source of fluid under pressure, and a
      forward-rearward select valve therebetween, the combination of single
      lever clutch control system for selectively controlling actuation of the
      clutch comprising:
PA1  a pressure preserve valve (17);
PA1  a first passageway (2) between said source of pressurized fluid and said
      valve (17);
PA1  a second passageway (5) between said valve (17) and said select valve (26);
PA1  a one-way control valve (18);
PA1  a third passageway (3) between said passageway (2) and said valve (18);
PA1  a fourth passageway (4) between valve (18) and lubricating parts (19);
PA1  an inching valve (21) the setting pressure of which is regulated in
      proportion to the extent of action of select valve (26);
PA1  a fifth passageway (9) between passageway (5) and inching valve (21):
PA1  a drain valve (23);
PA1  a sixth passageway (10) between inching valve (21) and drain valve (23);
      and
PA1  a seventh passageway (11) between drain valve (23) and said fourth
      passageway (4); said drain valve (23) being adapted to place said sixth
      passageway (10) in communication with said seventh passageway (11) when
      the fluid pressure in fifth passageway (9) increases beyond a
      pre-determined value whereby inching valve (21) and select valve (26) are
      operated by a single select lever (27).
NUM  2.
PAR  2. A single lever clutch control system as defined in claim 1, wherein said
      inching valve (21) is provided with a setting spring (32) which abuts by
      way of a follower (33) on a direction converter (28) interlocked to the
      select valve (26), said direction converter (28) being provided with a cam
      (n, 28b) for neutral and two cams (f, r or 28a) for forward inching and
      rearward inching.
NUM  3.
PAR  3. A single lever clutch control system as defined in claim 1, wherein the
      setting pressure of said pressure preserve valve (17) is set as a minimum
      value for lubrication.
NUM  4.
PAR  4. A single lever clutch control system as defined in claim 1, wherein the
      setting pressure of said inching valve (21) increases from approximately
      zero level in proportion to the actuation extent of select valve (26)
      scaled from neutral position.
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ABST
PAL  Apparatus for receiving and acknowledging the return of a wheeled vehicle
      to a check-in station, as for example, a grocery service cart. The
      apparatus includes a rugged, foolproof sensor required to operate in
      predetermined sequence thereby to thwart efforts to decipher the mode of
      operation needed to give a false acknowledgment of a returned vehicle or
      permitting reception of the same vehicle more than once from the same
      person. All sensor components are adapted to be mounted on a base plate
      supporting a return entry port and passageway. The apparatus is readily
      adjustable to accommodate vehicles of different size. Access to control
      components is safeguarded by a locked cover equipped with tamperproof
      retainers and means for preventing reassembly of the sensor cover by
      persons who have gained access without authorization.
BSUM
PAR  This invention relates to an apparatus for receiving and acknowledging the
      return of a vehicle at a check-in station, and more particularly to an
      improved and unique device of this type having failsafe, foolproof means
      thwarting attempts by unauthorized persons to gain access to the mechanism
      or to manipulate the mechanism and provide spurious results.
PAR  Various proposals have been made heretofore for automatic equipment
      operable to detect and acknowledge the return of a wheeled vehicle to a
      check-in station. Carts and vehicles of various types are currently
      utilized and available to the public for various uses following which it
      is important that the vehicle be returned to a check-in point or station.
      Such vehicles are in common use in travel stations and depots for use in
      handling luggage, parcels and the like as well as by shoppers while
      selecting articles of merchandise and transferring these to a passenger
      vehicle. In conducting these operations, it is desirable but appropriate
      provision be made for encouraging users to return the vehicle to an
      appropriate storage area and in return, to receive a suitable receipt or
      in many cases, some form of reward for their cooperation.
PAR  Efforts heretofore made to satisfy these objectives are subject to various
      shortcomings and disadvantages sought to be avoided by the present
      invention. For example, if a suitable reward is issued it has been found
      that certain persons tend to abuse the procedure and resort to various
      expedients to obtain unearned and multiple increments of the reward.
      Proposals have been made to defeat these attempts by providing one or more
      sensors required to operate or to be manipulated in a particular manner in
      order to release the reward. One of these proposals utilizes means to
      prevent retrograde movement of the cart through the check-in station to
      permit repeated cycling of the check-in operation. Other proposals include
      sensor means responsive to the weight of a vehicle wheel as it enters the
      check-in station functioning in cooperation with a mechanical interlock to
      control dispensing of a token. However, little ingenuity is involved to
      manipulate each of these control devices manually and without regard to a
      programmed sequence. Furthermore, one of the controls can be accidentally
      or deliberately manipulated at any time to dispense a single token.
PAR  In view of the foregoing and the demonstrated cleverness of certain persons
      and the challenge to the ingenuity of others to defeat tamper-proof
      devices, there is provided by this invention a vehicle check-in apparatus
      so designed and constructed as to defy the efforts of the most ingenious
      and painstaking persons to detect the order and means for operating a
      programmed series of steps required to be performed as a vehicle enters
      the station in a prescribed direction in order to acknowledge its return
      and thereupon automatically restoring the operating cycle to its initial
      starting condition with certainty and without need for supervision or an
      attendant.
PAR  As herein shown, the invention apparatus is arranged to receive a typical
      vehicle, such as a shopping cart of the type widely used having relatively
      closely spaced front wheels and more widely spaced rear wheels. No
      attachment or change of any kind is required in the cart itself.
      Typically, the check-in station comprises a floor-supported plate and an
      upright rigid main frame defining an entry port. Adjustable barriers
      secured to the floor plate define guide channels for the wheels and assure
      that the cart passes through the station properly centered and oriented.
      Secured to the base plate is a sensor mechanism having a plurality of
      freely swinging sensor arms normally maintained in a neutral extended
      position in the path of the wheels and each controlling the operation of
      one or more electrical switches each operatively associated with an
      independent control circuit with the sum total of the control circuits
      required to be activated in a particular sequence to provide an output
      signal. IF and when this output signal is generated it is If to control an
      acknowledgment device and to restore the sensor mechanisms to their
      respective original starting conditions. Reverse movement barrier means
      are provided safeguarding against any possibility of a vehicle being
      passed through the station in reverse direction for repeated cycling of
      the check-in operation. Additionally, all parts of the equipment are
      readily adjustable to accommodate vehicles of different sizes and designs.
PAR  Accordingly, it is a primary object of the present invention to provide
      improved and unique vehicle check-in and acknowledgment apparatus which
      functions in a reliable and foolproof manner without need for supervision
      or an attendant.
PAR  Another object of the invention is the provision of a vehicle check-in
      station having sensor means responsive to the passage of the vehicle to
      operate and acknowledge the return of a vehicle and to restore the
      equipment to its initial condition.
PAR  Another object of the invention is the provision of a vehicle check-in
      station having foolproof, tamper-proof sensor means operable to
      acknowledge the return of the vehicle with positive means for safeguarding
      against manipulation to provide false or spurious acknowledgments.
PAR  Another object of the invention is the provision of a vehicle check-in
      station having foolproof means preventing retrograde movement of a vehicle
      backwardly through the station entrance.
PAR  Another object of the invention is the provision of a vehicle check-in
      station which is completely self-contained and installable directly on the
      ground or floor and including means preventing retrograde movement of a
      vehicle therethrough.
PAR  Another object of the invention is the provision of improved and unique
      sensor means for detecting the passage of a vehicle therepast and
      constructed and arranged to thwart manual manipulation falsely simulating
      the passage of a vehicle.
PAR  These and other more specific objects will appear upon reading the
      following specification and claims and upon considering in connection
      therewith the attached drawing to which they relate.
DRWD
PAR  Referring now to the drawing in which a preferred embodiment of the
      invention is illustrated:
PAR  FIG. 1 is a perspective view of an illustrative embodiment of the invention
      as viewed from the entrance end of the vehicle passageway and indicating
      by dot and dash line a typical shopping cart in the process of passing
      therealong;
PAR  FIG. 2 is a horizontal cross-sectional view showing the passageway per se
      and the supporting base therefor;
PAR  FIG. 3 is a fragmentary cross-sectional view on an enlarged scale taken
      along line 3--3 on FIG. 2;
PAR  FIG. 4 is a fragmentary cross-sectional view on an enlarged scale taken
      along line 4--4 on FIG. 2;
PAR  FIG. 5 is a cross-sectional view on an enlarged scale taken along line 5--5
      on FIG. 2 and showing certain constructional details of the sensor
      mechanism;
PAR  FIG. 6 is a fragmentary plan view of the left hand end of FIG. 5 with the
      sensor cover detached; FIG. 7 is a fragmentary cross-sectional view taken
      along the broken line 7--7 on FIG. 5;
PAR  FIG. 8 is a top plan view of the sensor mechanism showing portions of the
      sensor broken away and indicating three different positions of the front
      vehicle wheels and the associated three different positions of the sensor
      arms;
PAR  FIG. 9 is a diagrammatic view showing three different operating positions
      of the two switches controlled by the rear left hand sensor arm and
      corresponding to the positions of that arm designated (a), (b) and (c) in
      FIG. 8;
PAR  FIG. 10 is a diagrammatic view taken along line 10--10 on FIG. 8 showing
      three different operating positions of the two switches controlled by the
      forward right hand sensor arm and corresponding to the positions of that
      arm designated (a), (b) and (c) in FIG. 8; and
PAR  FIG. 11 is a schematic of the logic circuit controlling operation of the
      vehicle return acknowledgment and resettig mechanism.
DETD
PAC  THE CHECK-IN STATION GENERALLY
PAR  Referring initially more particularly to FIGS. 1-4, there is shown an
      illustrative embodiment of the invention check-in station, designated
      generally 10, having a main frame comprising a rigid base plate 11
      supporting an inverted U-shaped frame 12 having a vertically adjustable
      cross bar 13 clampable in different vertical positions along slots 14, 14
      by means of clamping nuts 15. It will be understood that the cross bar 13
      is preferably so adjusted as to clear the handle 16 of a particular size
      cart 17 without risk of injury to the customer's fingers if present on
      handle 16 but also low enough to prevent lifting the vehicle up and back
      out of the frame.
PAR  The rigidity of frame 12 relative to base plate 11 is augmented by the
      adjustable brackets best shown in FIGS. 3 and 4. These brackets include a
      pair of upright brackets 18, 18 interconnected at their upper ends by a
      plate 19. The midportion of plate 19 is rigidly secured to frame 12
      intermediate the ends of this plate by bracket 20. It will be understood
      that brackets 18, 18 are shiftable to various positions relative to base
      plate 11, to accommodate vehicles or carts of different widths. Desirably,
      the adjacent longer edges of plate 19 are so positioned as to have fairly
      close clearance with the exterior sides of the rear legs of the cart
      carriage. This assures that the cart will be properly and accurately
      aligned centrally of the check-in station passageway and that one rear leg
      will make good electrical contact with one of the plates 19 and/or star
      wheels 23 for a purpose to be explained presently.
PAR  Each of the plates 19 includes a series of closely spaced holes 21 in some
      of which a guide roller 22 is adjustably supported and in others of which
      at least one one-way rotary star wheel 23 is supported. Star wheel 23 is
      of any well known construction having an internal ratchet mechanism of
      well known construction permitting free rotation of the wheel in a
      direction permitting forward passage of the rear legs of cart 17 but
      positively preventing retrograde rotation in a direction permitting
      backward movement of the cart through the entrance end of the check-in
      station 10.
PAR  As is best shown in FIG. 2, base plate 11 is provided with a plurality of
      guide rails provided by angle irons 24, 24 having parallel forward ends
      and rearwardly flaring rear ends to form passageways 25, 25 along which
      the front wheels of the cart pass. Angle irons 24 are laterally adjustale
      to different positions on base plate 11 as necessary to accommodate the
      spacing of the front wheels of a particular cart or vehicle. It will be
      understood that, when using a vehicle of the type here illustrated, the
      more widely spaced rear wheels travel along paths outwardly of the two
      outermost angle irons 24.
PAR  The vehicle sensor device 26 is suitably secured to base plate 11 between
      the front wheel passageways 25, 25 and includes a pair of arms R1, R2
      projecting laterally from its right hand side and a second pair of arms
      L1, L2 projecting laterally from its left side and movable forwardly and
      rearwardly of the normal or neutral outstretched positions thereof shown
      in FIG. 2. These arms and the control devices controlled thereby will be
      described in detail presently.
PAR  Referring now to FIG. 1 it will be understood that main frame 12 includes a
      vehicle return acknowledgment device of any suitable character. As herein
      shown, the acknowledgment device comprises a stamp dispenser 28 of any
      well known electrically driven type for dispensing one or more stamps or
      the like increments 29 of a continuous strip of material housed within the
      dispenser. For example, the increment 29 so dispensed may comprise a
      receipt for the return of a single vehicle or it may comprise a trading
      stamp or the like of suitable value issued each time a cart passes through
      the check-in station 10 and redeemable for a stated amount of merchandise
      in payment to the customer for returning the cart to the check-in station.
PAC  SENSOR DEVICE
PAR  Constructional details of sensor device 26 are best shown in FIGS. 5-8.
      This device has a channel shaped main frame comprising a base plate 30
      (FIGS. 5 and 6) and upright sidewalls 31 secured to the opposite edges
      thereof by bolts 32. This rigid main body is preferably enclosed by a pair
      of internesting covers includig an inner cover 33 and an outer cover 34
      each of inverted U-shape. The left hand end of inner cover 33 has an
      inwardly projecting lip 35 insertable horizontally beneath a cross bar 36
      fixed to the left hand end of base 30. Secured, as by welding, to the
      interior of the right hand end wall of cover 33 is a locking clip 37
      likewise engageable beneath a cross piece 38 fixed to base 30 by bolts 32.
      Cover 33 is shown in its assembled position in FIG. 5 with lip 35 and the
      corresponding portion of clip 37 engaged beneath the respective
      cross-pieces 36 and 38 and locked in this position by a key operated lock
      39 mounted against the interior of the right hand end wall of the cover.
      When locked, the key operated lug 40 will be understood as projecting
      horizontally into a position to engage the fixed abutment 41, provided by
      the adjacent end of casting 50, if one endeavors to shift cover 33 to the
      left to disengage lip 35 and clip 37 from crosspieces 36, 38. However, if
      locking lug 40 is rotated 90.degree. to its unlocked vertical position,
      then the cover can be shifted to the left and lifted vertically from the
      sensor device provided of course that outer cover 34 is detached.
PAR  The second and outer cover 34 includes similar tamper-proof locking
      expedients. Thus, the left hand end wall of this cover has an inturned lip
      43 engageable beneath a locking tang 44 fixed to base 11. Likewise, the
      forward end wall of the cover has a locking clip 45 secured to its
      interior side, as by spot welding, and is engageable beneath a locking
      tang 46 fixed to base 11. A key operated lock 47 has its locking lug 48
      projecting downwardly in position to engage a fixed abutment 49 likewise
      suitably fixed to the base 11. However, when locking lug 48 is rotated
      90.degree.  by the key, now shown, so as to project horizontally, it is
      clear of abutment 49 and cover 34 may be shifted bodily to the left
      sufficiently for lip 43 and clip 45 to disengage tangs 44 and 46,
      whereupon the outer cover can be lifted away from the main frame.
PAR  It will be understood that each of these covers must be manipulated and
      shifted through a particular precise path in order to assemble or
      disassemble them with respect to the main frame. This path is not easily
      ascertained because the tangs with which the locking lips and clips engage
      are concealed from veiw by the covers when the latter are near to or in
      the vicinity of their assembled positions. Possibly an unauthorized person
      gaining possession of the two different keys might succeed in detaching
      and gaining access to the interior of the sensor device but it is quite
      unlikely that he could discover how to restore the covers to their
      assembled positions thereby affording proof that someone had tampered with
      the device.
PAR  The right hand sensor arms R1, R2 and the left hand sensor arms L1, L2 will
      now be described with particular reference to FIGS. 5-7. Each of these
      arms is pivotally supported in a respective casting 50 adjustably secured
      by bolts 51 to the interior sidewalls 31 of the sensor main body. The
      operating components associated with each arm are generally similar and a
      description of one will suffice for all.
PAR  Referring to FIG. 7, it will be noted that arm L1 is fixed to shaft 53 by a
      pin 54 and is journalled for limited pivoting movement in a vertical bore
      55 through casting 50. A pin 56 projects radially from its lower end for a
      purpose which will be described presently. The two metal-clad mercury
      switches operated by sensor arm L1 are mounted in a generally L-shaped
      metal member 57 (FIGS. 5, 7) the mid portion of which is loosely
      journalled in bearings of insulation material 58, 58 (FIG. 7) supported by
      a cap screw 59 against the sidewall of casting 50. Projecting downwardly
      from the lower end of member 57 is an insulated pin 60 located in the path
      of movement of a radially disposed drive pin 56 fixed to the lower end of
      shaft 53 for sensor arm L1. It will therefore be clear from a
      consideration of FIGS. 5, 6 and 7 that clockwise movement of arm L1 will
      pivot shaft 53 and pin 56 to the left as viewed in FIG. 5 to engage pin 60
      and thereby rotate the switch supporting member 57 clockwise about its
      supporting cap screw 59.
PAR  Referring to FIGS. 5 and 6, it is pointed out that sensor arm L1 is
      normally biased to a neutral position normal to the sidewall of sensor
      device 26 by a tension spring 64. This spring has one end fixed to a
      stationary support 65 and its other end secured to arm L1 by a lug 66 such
      that the center line of spring 64 is aligned with the axis of the shaft 53
      and lying parallel to the side of device 26. Likewise, the
      switch-supporting member 57 is biased to its normal position of rest shown
      in FIGS. 5 and 6 by a tension spring 68 having one end supported on fixed
      support 65 and its other end secured by a lug 69 to member 57, it being
      noted that, normally, the center line of this spring is aligned with the
      axis of cap screw 59.
PAR  Rigidly fixed to the outer end of cap screw 59 supporting the L-shaped
      switch carrier member 57 is a strip of insulation 70. A bolt 71 is mounted
      on either outer end of member 70 and provides an anchorage for separate
      coil springs 72 forming a flexible lead wire to a respective one of the
      mercury switches S2, S3. Bolts 71 also provide anchorages for the lead
      wires connecting each of the switches in circuit with the solid state
      logic circuitry to be described presently. It will be understood that the
      coil springs 72 comprise not only the electrical connection to each of the
      switches but means for adjusting the spring tension tending to hold the
      switch carrier member 57 in a neutral position as well as means for
      quickly restoring this member to its neutral position after being
      deflected from that position during a vehile check-in operating cycle.
PAR  It will be understood that sensor arm R1 is equipped with a pair of mercury
      switches S4, S5 identical with switches S2, S3 and similarly mounted on
      another one of the L-shaped members 57. The only difference in the two
      mechanisms is that arm L1 operates in a clockwise direction as it is
      contacted by the front wheels of the cart, whereas arm R1 operates
      counterclockwise to move its switch supporting member 57 in a
      counterclockwise direction but operating the two mercury switches S4, S5
      precisely in the same manner as switches S2, S3 are operated by arm L1.
PAR  Likewise, it will be understood that the two forward sensor arms L2 and R2
      are constructed similarly to the mechanism described in connection with
      arm L1 except that the mercury switches are mounted at the opposite ends
      of a straight rather then an L-shaped carrier member. Moreover, it will be
      understood that the mercury switches S6, S7, controlled by arm R2, lie
      generally parallel to one another crosswise of the outer ends of the
      straight carrier members 57' whereas the similar arm 57' controlled by arm
      L2 has a pair of mercury switches S9, S10 mounted thereon similarly to
      switches S6, S7. Otherwise, the sensor mechanism associated with the front
      sensor arms L2, R2 are essentially the same as described above in
      connection with the sensor mechanism operated by arm L1. For this reason,
      the same or corresponding parts supporting and operating switches S9,S10
      need not be described, it being understood that the same or similar parts
      of the two mehanisms are designated by the same reference characters but
      distinguished by the addition of a prime.
PAR  Referring now to FIGS. 9 and 10, there are shown three different operating
      positions of carrier 57' and the conditions of the mercury switches
      mounted thereon in these three positions. For example, in its normal rest
      position, sensor arm L1 is in the position (a) shown in dot and dash lines
      in FIG. 8, the corresponding position of switch carrier 57 being
      represented in position (a) in FIG. 9. Under these normally prevailing
      conditions, switch S2 is open and switch S3 is closed. Position (b) of arm
      L1 shows the sensor arm at the moment the front cart wheel passes out of
      contact with the outer end of the sensor arm. At this time, both of
      switches S2, S3 are open and the mercury is remote from the insulated
      contactor at the outer end of each switch. In this connection, it is
      pointed out that the bulbous housing of the mercury switches is conductive
      and secured to the metallic carrier member 57, the other contact of the
      switch being mounted in an insulative closure for the outer end of this
      housing and connected to the spring coil conductor 72 (FIGS. 5 and 6).
      Both of these conductive coil springs 72 as well as spring 68 are
      effective and cooperate in snapping the switch carrier 57 abruptly back
      toward its starting position (a). During the initial retrograde movement
      of the switch carrier by springs 68 and 72, the mercury in switches S2, S3
      is thrown by centrifugal action, as represented by position (c) in FIG. 9,
      into the terminal end of each switch, thereby simultaneously closing
      switches S2, S3 momentarily. Springs 68 and 72 then hold carrier 57 in its
      starting position and the mercury gravitates to the inner closed end of
      switch S2. At the same time, spring 64 returns arm L1 to its normal
      outstretched position (a) (FIG. 8).
PAR  A similar but slightly different action occurs with respect to the switches
      operated by the two forward sensor arms L2, R2, in that the switches
      controlled by these arms close during forward movement of their respective
      control arms whereas switches R1, L1 close only after passage of the
      vehicle wheel thereby allowing these arms to snap back to their normal
      positions. In the normal rest position (a) it will be noted that S6 is
      closed and that S7 is open but in readiness to close upon slight forward
      movement of arm R2 as the right front cart wheel starts past this sensor
      arm. Switch S10, controlled by arm L2, is not normally a part of the
      electrical control circuit but its coil spring terminal 72' cooperates
      with the similar spring terminal 72' of switch S9 in returning these
      switches and their supporting arm 57' to their normal inactive positions.
      Structurally, the two forward switch assemblies associated with arms R2
      and L2 are similar and need not be described in greater detail at this
      point.
PAC  THE LOGIC ASSEMBLY
PAR  The logic assembly components are illustrated schematically in FIG. 11.
      That circuitry is powered by transformer T connected to any suitable
      alternating power supply having its output side connected to a suitable
      rectifier 75 and to the motor M of the receipt or premium dispensing
      device 28. The rectifier output is employed to power the logic circuitry
      and relay K1 controlling the power supply to motor M. It will be noted
      that the negative side of the latter power circuit is grounded and that
      the positive side provides a constant five volt output under the control
      of a constant voltage Zener diode 76. This five volt power supply will be
      understood as connected to each portion of the circuit labeled +5v.
PAR  The logic circuit proper comprises three flip-flop circuits each including
      a pair of NAND gates G1, G2, gates G3,G4 and gates G5, G6. NAND gates are
      also used for each of the inverters INV 1, 2 and 3. The NAND gates are
      preferably of the well known type schematically illustrated for gat G1 in
      FIG. 11. Since the operation of this gate is well known to those skilled
      in the electronic art, the showing of the remaining ones of the gates is
      by symbol. Since the several flip-flops are connected in series, they must
      be activated in sequence to provide an output signal from the final
      flip-flop G5, G6. When this occurs, Q1 is activated to complete a power
      circuit through relay K1 thereby closing its contacts and completing a
      power circuit to the motor driving dispenser 28. As motor M approaches the
      end of its operating cycle, a cam mounted on the shaft of the premium
      dispenser closes switch S1 momentarily (left hand end of FIG. 11) and
      completes a discharge circuit for capacitor C1. Accordingly, the previous
      constant five volt power supply impressed on the upper input to GI goes
      low causing this gate to reverse itself and this reversal is repeated
      through each of the flip-flops and each of inverters 1, 2 and 3 with the
      result that transistor Q1 is turned off thereby deactivating relay K1 and
      stopping dispenser motor M precisely at the end of one dispensing cycle.
      At this time, cam 77 on the dispenser drum has rotated to a position
      opening switch S1 thereby restoring a positive input to GI via power
      supply from the five volt plus buss through Z1.
PAC  OPERATION
PAR  The operation of the above described check-in system will be readily
      apparent from the foregoing detailed description of the equipment, the
      components of the sensor device 26 and its logic circuitry controlling the
      operation of the dispenser of acknowledgement device 28 and the
      reconditioning of the logic circuitry.
PAR  Let it be assumed that a person who has completed use of the vehicle or
      cart 17 wishes to return it to the check-in station and to receive
      acknowledgment of its return. This is accomplished simply by passing the
      cart or vehicle through the check-in station passageway in the manner
      illustrated in FIG. 1. As the front wheels 80 enter the station, they are
      guided by the converging pairs of guide rails 24 to center the front end
      of the cart accurately in the center of the main frame 12, 13. Similarly,
      the rear wheels 81 are accurately and automatically positioned by the
      guide rollers 22 at the outer ends of plates 19 to enter the entrance
      passage way with the frame uprights closely beside the inner edges of
      plates 19 as is clearly indicated in FIGS. 2 and 4.
PAR  It will be understood that the castings 50 supporting the sensor arms L1,
      L2, R1, R2 can be adjusted and shifted lengthwise of device 26 by
      adjusting the assembly bolts 51, the adjustment being such that the front
      cart wheels 80 are positioned to contact sensor arms L2, R2 as sensor arms
      L1 and R1 are or about to be released from the trailing edge of cart
      wheels 80, 80. For example, in FIG. 8, left wheel 80, as shown in solid
      lines, has just passed out of contact with the end of arm L1 as its makes
      first contact with arm L2. However, the right hand front wheel at this
      instant is shown still in contact with arm R1, but barely so, and with its
      forward side in initial contact with arm R2. Variants of this adjustment
      of the front wheels relative to each related pair of sensor arms are of
      course within the scope of the invention principles, the particular
      adjustment shown and described merely being illustrative and by way of
      example. In this exemplary arrangement, the switches associated with arms
      L1, R1 are about to control their respective control circuits as the
      forward sensor arms start moving through their operating cycles. LI is
      released momentarily before lever R1 is released by the right hand front
      cart wheel. R1 is so positioned that it is not released to control its
      switches until arm R2 has begun to move through its cycle. At this point,
      it is to be noted that switches S4, S5 under the control of arm R1 are in
      series with switches S6, S7 controlled by arm R2. Furthermore and as
      herein shown, these four switches are in series with a pressure responsive
      switch S8 which comprises a microswitch or the like located beneath the
      base plate 11 of the check-in station and arranged to be closed by the
      weight of the front cart wheel 80 as the wheel passes in contact with arm
      R2. Accordingly, all five switches S4, S5, S6, S7, S8 must be closed
      simultaneously in order to ground the charge normally present on capacitor
      C3.
PAR  The manner in which the front wheels activate the several flip-flops in a
      particular sequence will now be described, it being pointed out in advance
      that L1 controls the first flip-flop, that R1, R2 and S8 cooperate to
      control the second flip-flop, and that L2 in circuit with the cart itself
      controls the third flip-flop.
PAR  Arm L1 is the first one contacted by the left hand front wheel 80. L1 then
      being in position (a). As is made clear by FIG. 9, S2 is then open and S3
      is closed. When the left wheel 80 approaches the full line position shown
      in FIG. 8, both S2 and S3 are open for reasons made clear by FIG. 9.
      However, a moment later L1 is free to rotate counterclockwise under the
      control of springs 64, 68 (FIG. 6). Accordingly, support member 57 for the
      two switches is pivoted quickly and abruptly counterclockwise thereby
      causing the mercury in S2 and S3 to both close momentarily by centrifugal
      action. This closing grounds the charge on capacitor C2 causing the then
      5v potential on G2 to go low thereby reversing flip-flop G1, G2, and
      putting a +5v potential on the input to G3 and conditioning this flip-flop
      for operation. In this connection, it is pointed out that each flip-flop
      must have a +5v input on the upper input of the flip-flop's upper gate to
      be in condition for operation by its control sensor arm or arms. Then the
      lower input to the lower gate of each flip-flop must be made low, as by
      grounding through the switches. Accordingly, at that time the output of
      each flip-flop is low. The low output now prevailing on the first
      flip-flop is inverted by inverter INV 1 thereby placing a +5v potential on
      G3 and thereby conditioning the second flip-flop G3, G4 for operation.
PAR  The activation of the second flip-flop G3, G4 is accomplished by the
      combined action of arms R1, R2 and of the weight sensing switch S8. As the
      right hand front wheel 80 passes arm R1, the wheel pivots R1
      counterclockwise, then relases R1, closing switches S4, S5 momentarily be
      centrifugal action in precisely the same manner described above in
      connection with the operation of the similarly supported switches S2, S3.
      Concurrently with this operation, wheel 80 is contacting and pivoting R2
      counterclockwise. The two mercury switches S6 and S7, mounted on member
      57', are so arranged that both S6 and S7 are closed only after slight
      pivotal movement to position (b) (FIG. 10). Lever R2 is now in the dash
      line position (b) (FIG. 8). At this time the weight of one of the cart
      wheels, as the front right wheel 80, is holding the weight responsive
      microswitch closed. Hence, all five switches S4, S5, S6, S7, S8 are closed
      to complete a circuit to ground through capacitor C3. In consequence, the
      potential on both inputs to G4 are low thereby reversing the condition of
      the second of the second flip-flop G3, G4 and changing the output of the
      latter to low. This low potential is inverted by inverter 2 to place a +5v
      potential on the upper input to G5 thereby conditioning the third
      flip-flop for operation by arm L2.
PAR  The left hand front wheel 80 is now in readiness to activate the third
      flip-flop G5, G6. This is accomplished by the simultaneous closing of
      switches S9 and S11, as shown in FIG. 5. Switch S9 is closed after left
      wheel 80 has pushed L2 sufficiently to rotate member 57' clockwise and
      tilt S9 until the mercury contacts the terminal end. Switch S10 acts as a
      spring holder only and is not a part of the electrical circuit. Switch 11,
      however, differs from all other switches in that it is in circuit with
      metal components of the cart or vehicle itself as is diagrammatically
      illustrated in the lower right corner of FIG. 11. Thus it will be
      understood that S9 is connected in series with the conductive sensor arm
      L2. The outer free end of this arm passes in contact with the metal castor
      brackets supporting vehicle wheel 80. The castor is of course journalled
      on the main metal frame of the vehicle which main frame includes a metal
      tubing supporting the rear wheels 81. This metal tubing, being a part of
      the vehicle frame and in contact with guide plate 19 and/or the one-way
      star wheels 23, is grounded and completes a discharge circuit for
      capacitor C4 when switch S9 is also closed. This occurs when the metal
      castor of left front wheel 80 contacts L2 thereby closing S11, S9 then
      being held closed by arm L1. Flip-flop G5, G6 is reversed and its high
      output goes low. This low signal is inverted by inverter 3 causing the
      signal on the base of Q1 to go high thereby turning on the power circuit
      through relay K1 to dispenser motor M.
PAR  Motor M operates the dispensing drum of that device issuing a predetermined
      length 29 (FIG. 1) of a continuous strip of material stored in the
      dispenser thereby acknowledging the receipt and return of the cart through
      the check-in station. As soon as the dispensing cycle approaches its end,
      cam 77 driven by motor M closes switch S1 momentarily thereby grounding
      the charge on capacitor C1. This reverses each of the three flip-flops
      substantially instantaneously, turning off Q1 and de-energizing relay K1
      and dispenser motor M. As the motor stops, switch S1 opens with the result
      that C1 recharges and the full +5v potential is restored to G1,
      conditioning flip-flop G1, G2 for operation.
PAR  The check-in station and sensor device 26 is now fully reset and in
      readiness for the next check-in operating cycle.
PAR  Referring to FIG. 2, it is also pointed out that the interval between the
      operation of the sensor arms L1, L2 can be adjusted very simply without
      need for making any adjustment on any mechanical component or in the
      setting of the switches or in the values of the timing capacitors, such as
      C4, merely by varying the height of a ramp along passageway 25. Such a
      ramp 90 is shown in FIG. 2 supported on base 11 and having a length
      corresponding generally to the length of sensor device 26. This ramp can
      have any of a range of heights and is effective to elevate the front left
      wheel 80. This effect is to vary the distance the front wheel travels
      between its point of last contact with arm L1 and its first contact with
      arm L2. It will be equally clear that a similar result is achieved by
      employing ramps of different heights between arms R1, R2. It will also be
      understood that ramp 90 can be used to detect vehicles of a competitor if
      those vehicles have wheels of a different size or spacing. For this
      purpose, ramp 90 can be so adjusted and positioned in one or both
      passageways 25 that a competitor's carts will or will not, pass over the
      ramp with the result that the non-authorized carts will be detected by the
      sensor and an acknowledgment will not be issued by device 28.
PAR  If the vehicle being checked in has a rigid front end, as do shopping
      carts, the presense of ramp 90 in either passageway modifies the operation
      of the sensor switches in respects readily apparent from the foregoing
      detailed description with the result that the sensor device 26 does not
      provide an output signal to device 28. Other modes of adjusting the timing
      characteristics of the logic circuitry are to vary the size of capacitors
      C1, 2, 3 and 4.
PAR  Star wheels 23 (FIG. 2) are positioned as required by the vehicle size to
      prevent any backward motion of the vehicle after the wheel has reached a
      position activating dispenser 28.
PAR  While the particular apparatus for receiving and acknowledging the return
      of a vehicle at a check-in station herein shown and disclosed in detail is
      fully capable of attaining the objects and providing the advantages
      hereinbefore stated, it is to be understood that it is merely illustrative
      of the presently preferred embodiment of the invention and that no
      limitations are intended to the detail of construction or design herein
      shown other that as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for receiving and acknowledging the return of a
      wheel-supported vehicle at a check-in station, said apparatus having
      passageway means for accommodating a returning vehicle, a plurality of
      sensors adjacent said passageway means operable in preselected sequence in
      response to the movement of a returning vehicle therethrough in a
      predetermined direction, means responsive to the proper sequential
      operation of said sensors to acknowledge the return of a vehicle through
      said passageway means, and said sensors including means effective to
      thwart efforts of unauthorized persons to operate said sensors in the
      proper sequence to simulate the return of a vehicle and obtain a false
      acknowledgment thereof.
NUM  2.
PAR  2. Apparatus as defined in claim 1 characterized in that said means for
      acknowledging the return of a vehicle includes means for dispensing an
      item to the person returning a vehicle as an incident of the sensor
      operating cycle.
NUM  3.
PAR  3. Apparatus as defined in claim 1 characterized in the provision of means
      effective to prevent retrograde movement of a vehicle after the vehicle
      has reached a predetermined position of advance along said passageway
      means thereby safeguarding against the passage of a given vehicle past
      said sensors more than once by the same vehicle operator.
NUM  4.
PAR  4. Apparatus as defined in claim 1 characterized in that said sensors
      include a multiplicity of switches operable in closely spaced timed
      sequence and including means providing a desired acknowledgment result
      only if said switches are operated in a preselected sequence.
NUM  5.
PAR  5. Apparatus as defined in claim 4 characterized in that some of said
      switches are normally open and others are normally closed.
NUM  6.
PAR  6. Apparatus as defined in claim 4 characterized in that some of said
      switches are responsive to impact to move momentarily to an alternate
      operating position.
NUM  7.
PAR  7. Apparatus as defined in claim 1 characterized in that said sensors
      include more than two movably supported arms in the path of a vehicle
      moving therepast and each operatively associated with independently
      operable switch means and including means providing an output result only
      when said switches are operated to an alternate position thereof in a
      predetermined sequence.
NUM  8.
PAR  8. Apparatus as defined in claim 7 characterized in that said arms are
      arranged along the path of travel of a vehicle moving along said
      passageway means and engageable with said vehicle while moving along said
      passageway means.
NUM  9.
PAR  9. Apparatus as defined in claim 7 characterized in that said arms are
      arranged in the path of travel of means mounted on and forming a part of a
      vehicle moving along said passageway means, and said arms so positioned
      that certain thereof are released from a deflected position as other of
      said arms begin to move away from a normal position of rest.
NUM  10.
PAR  10. Apparatus as defined in claim 9 characterized in that certain of said
      arms include a plurality of related switches all of which are in a closed
      position momentarily only when said certain arms have been released from
      contact with a returning vehicle.
NUM  11.
PAR  11. Apparatus as defined in claim 10 characterized in that other of said
      arms include a plurality of related switches all of which are actuated to
      closed position momentarily in time delayed sequence relative to the
      closing of said certain switches.
NUM  12.
PAR  12. Sensor apparatus for sensing the passage of a wheeled vehicle through a
      vehicle check-in station and to provide an electrical output signal to
      acknowledge the return of a vehicle to the check-in station, comprising:
      main frame means movably supporting a multiplicity of sensor arms
      positioned to be engaged by one or more wheels of a vehicle moving
      forwardly therepast and including means normally biasing said arms to a
      neutral position in readiness to be engaged by the vehicle wheels, a
      plurality of switches operatively associated with said arms respective
      ones of which are momentarily effective to activate a control circuit in a
      prearranged pattern to provide an output signal only if said switches have
      been closed in said prearranged pattern thereby to confirm the return of
      the vehicle through said check-in station.
NUM  13.
PAR  13. Sensor apparatus as defined in claim 12 characterized in that some of
      said sensor arms are positioned for engagement by one vehicle wheel and
      others are positioned for engagement by a different vehicle wheel as the
      vehicle passes through said check-in station.
NUM  14.
PAR  14. Sensor apparatus as defined in claim 12 characterized in that at least
      one pair of said sensor arms is so positioned that the foremost one
      thereof is about to be actuated by a forwardly moving vehicle wheel as the
      rearmost one thereof is being released from a deflected position thereof
      by the passage of the same vehicle wheel therepast.
NUM  15.
PAR  15. Sensor apparatus as defined in claim 12 characterized in that said
      sensor arms are pivotable through limited arcs forwardly and rearwardly of
      a normal neutral position with the outer free ends thereof in the path of
      a forwardly moving vehicle wheel passing through said check-in station.
NUM  16.
PAR  16. Sensor apparatus as defined in claim 15 characterized in that said
      means biasing said sensor arms in neutral position comprises spring means
      for returning the arm to neutral position abruptly after being released
      from a deflected position.
NUM  17.
PAR  17. Sensor means as defined in claim 15 characterized in that said switch
      means comprises mercury switches at least one of which closes momentarily
      by inertia action resulting from a sudden change in the movement of said
      one switch.
NUM  18.
PAR  18. Sensor means as defined in claim 15 characterized in that one of said
      switches is inertia responsive to change from one to another operating
      condition thereof in response to a sudden change in the movement of the
      switch.
NUM  19.
PAR  19. Sensor apparatus as defined in claim 12 characterized in the provision
      of a plurality of said sensor arms positioned to be engaged by at least
      one wheel on the opposite sides of the vehicle and each arranged to
      activate an associated control circuit momentarily and at least some of
      which control circuits include a plurality of switches at least one of
      which is normally open.
NUM  20.
PAR  20. Sensor apparatus as defined in claim 19 characterized in the provision
      of adjustable means for varying the time interval between the activation
      of said control circuits.
NUM  21.
PAR  21. Sensor apparatus as defined in claim 19 characterized in the provision
      of means for varying the vertical spacing between the surface over which
      the vehicle wheels pass and the point of contact of the vehicle wheel with
      said sensor arms thereby to vary the time interval between the sequential
      activation of the electrical circuit controlled by two associated ones of
      said sensor arms.
NUM  22.
PAR  22. Sensor apparatus as defined in claim 12 characterized in the provision
      of removable access cover means for said sensor apparatus except for the
      outer ends of said sensor arms which outer ends protrude therebeyond, said
      cover and said main frame including interlocking parts concealed by said
      cover when in place which inter-engage as said cover is moved a limited
      distance in only a single direction when assembled over said main frame,
      and key operated means movable between locked and unlocked positions and,
      when locked, cooperating with means concealed by said cover to prevent
      disengagement of said interlocking parts.
NUM  23.
PAR  23. Sensor apparatus as defined in claim 12 characterized in the provision
      of detachable cover means or said main frame and including a key operated
      lock normally holding the cover locked to said main frame and including
      means thwarting replacing said cover means by unauthorized persons, said
      last mentioned means including interfitting detents on said cover means
      and said main frame arranged for assembly only when manuevering said cover
      through a specific predetermined path difficult to discover.
NUM  24.
PAR  24. Sensor apparatus as defined in claim 12 characterized in the provision
      of means operable by said output signal to issue token means evidencing
      return of a vehicle past said sensor means.
NUM  25.
PAR  25. Sensor apparatus as defined in claim 12 characterized in the provision
      of means for restoring the components to their respective initial starting
      condition and in readiness to sense the return of another vehicle through
      said check-in station.
NUM  26.
PAR  26. Sensor apparatus as defined in claim 12 characterized in the provision
      of means for issuing a predetermined number of segments from a continuous
      strip of flexible material following the movement of each vehicle through
      said check-in station.
NUM  27.
PAR  27. Sensor apparatus as defined in claim 26 characterized in the provision
      of means interconnecting said last named means and said sensor means for
      restoring said sensor means to the initial starting condition thereof as
      an incident to the issuance of said segments and the passage of a vehicle
      through said check-in station.
NUM  28.
PAR  28. Cart check-in apparatus comprising means providing a passageway for
      wheel-supported carts while being rolled from one area to another on the
      wheels thereof, means including sensor means located adjacent said
      passageway actuable in response to movement of a cart therealong in a
      predetermined direction to indicate the passage of the cart and including
      a multiplicity of mutually cooperating means effective to acknowledge the
      passage of a cart along said passageway only if said mutually cooperating
      means are actuated in a predetermined sequence, and sensor means being
      mounted in a protective enclosure supported intermediate the opposite ends
      of said passageway, said sensor means including a plurality of movable
      arms extending from said protective enclosure each engageable by a cart as
      an incident to the movement of a cart along said passageway, and means for
      restoring each of said arms to a selected normal position thereof after
      the same has been deflected by the passage of a cart along said
      passageway, said sensor arms being mounted for engagement and deflection
      by at least one of the cart wheels, one of said sensor arms being arranged
      to be released from a deflected position as another of said sensor arms
      starts to move away from its normal position of rest.
NUM  29.
PAR  29. Cart check-in apparatus comprising means providing a passageway for
      wheel-supported carts while being rolled from one area to another on the
      wheels thereof, means including sensor means located adjacent said
      passageway actuable in response to movement of a cart therealong in a
      predetermined direction to indicate the passage of the cart and including
      a multiplicity of mutually cooperating means effective to acknowledge the
      passage of a cart along said passageway only if said mutually cooperating
      means are actuated in a predetermined sequence, said sensor means being
      mounted in a protective enclosure, said sensor means including a plurality
      of movable arms extending from said protective enclosure each engageable
      by a cart as an incident to the movement of a cart along said passageway,
      and means for restoring each of said arms to a selected normal position
      thereof after the same has been deflected by the passage of a cart along
      said passageway, a portion of a cart being positioned to engage respective
      ones of said sensor arms in sequence as the cart moves along said
      passageway, and said arms being so positioned relative to said cart that
      one of said arms is being released from a deflected position thereof
      substantially at the same time another of said arms is beginning its
      deflection movement.
NUM  30.
PAR  30. Apparatus as defined in claim 29 characterized in that the switches
      actuable by said arms are arranged to close in closely spaced time delayed
      sequence of a predetermined order thwarting detection by unauthorized
      persons lacking knowledge of the operating sequence.
NUM  31.
PAR  31. Cart check-in apparatus comprising means providing a passageway for
      wheel-supported carts while being rolled from one area to another on the
      wheels thereof, means including sensor means located adjacent said
      passageway actuable in response to movement of a cart therealong in a
      predetermined direction to indicate the passage of the cart and including
      a multiplicity of mutually cooperating means effective to acknowledge the
      passage of a cart along said passageway only if said mutually cooperating
      means are actuated in a predetermined sequence, said means actuable to
      indicate the passage of a cart along said passageway including electrical
      circuit means formed in part by conductive portions of the cart itself.
NUM  32.
PAR  32. Apparatus as defined in claim 31 characterized in that at least one of
      said sensor arms includes conductive means located in and serving as part
      of said electrical circuit with said cart while the latter is engaging at
      least said one sensor arm.
NUM  33.
PAR  33. Cart check-in apparatus comprising means providing a passageway for
      wheel-supported carts while being rolled from one area to another on the
      wheels thereof, means including sensor means located adjacent said
      passageway actuable in response to movement of a cart therealong in a
      predetermined direction to indicate the passage of the cart and including
      a multiplicity of mutually cooperating means effective to acknowledge the
      passage of a cart along said passageway only if said mutually cooperating
      means are actuated in a predetermined sequence, one-way clutch means
      including a generally horizontally disposed star wheel rotatable in only
      one direction and including spoke-like arms engageable by an upright
      portion of one side of a cart as it moves forwardly along said passageway
      toward said sensor means, and means for supporting said one-way clutch
      means selectively in different positions to accommodate said check-in
      apparatus for use with carts of different sizes and designs.
NUM  34.
PAR  34. Cart check-in apparatus comprising means providing a passageway for
      wheel-supported carts while being rolled from one area to another on the
      wheels thereof, means including sensor means located adjacent said
      passageway actuable in response to movement of a cart therealong in a
      predetermined direction to indicate the passage of the cart and including
      a multiplicity of mutually cooperating means effective to acknowledge the
      passage of a cart along said passageway only if said mutually cooperating
      means are actuated in a predetermined sequence, a base plate adapted to
      rest flush against the floor, and rigid frame means on said base plate
      forming an elongated open-ended passageway for carts, said sensor means
      being mounted on said base plate intermediate the ends of said passageway.
NUM  35.
PAR  35. Apparatus as defined in claim 34 characterized in the provision of
      means for adjusting the width and height of said rigid frame means to
      accommodate carts of different size.
NUM  36.
PAR  36. Cart check-in apparatus comprising means providing a passageway for
      wheel-supported carts while being rolled from one area to another on the
      wheels thereof, means including sensor means located adjacent said
      passageway actuable in response to movement of a cart therealong in a
      predetermined direction to indicate the passage of the cart and including
      a multiplicity of mutually cooperating means effective to acknowledge the
      passage of a cart along said passageway only if said mutually cooperating
      means are actuated in a predetermined sequence, a base plate underlying
      and supporting said passageway for a cart, guide channel means extending
      lengthwise of said base plate and cooperating to provide parallel channels
      along which the front wheels of a cart must pass when passing through said
      passageway, said sensor means including means engageable with a part of a
      cart as the front wheels thereof are passing along said guide channel
      means, said sensor means including a plurality of independently pivotable
      arms positioned to be engaged by more than one wheel of said cart and to
      be pivoted thereby in out-of-phase sequence as a cart passes forwardly
      along said passageway from the entrance end thereof.
NUM  37.
PAR  37. Apparatus as defined in claim 36 characterized in that said pivotable
      arms are positioned to be engaged by one or the other of a pair of front
      wheels of a cart as the same passes along said passageway.
NUM  38.
PAR  38. Apparatus as defined in claim 36 characterized in that said arms, said
      front wheels and said base plate are temporarily connected in circuit with
      and form a part of said means for acknowledging the passage of a cart
      along said passageway only if said mutually cooperating means are actuated
      in a predetermined pattern.
NUM  39.
PAR  39. Sensor apparatus for sensing the passage of an object therepast and
      operable to provide an output signal to indicate the passage of the object
      therepast in a particular direction comprising: main frame means movably
      supporting a plurality of sensors normally biased to a neutral position in
      the path of the object to be sensed as it passes said sensor apparatus, a
      set of control devides operatively associated with a respective one of
      said sensors and with one another and cooperating to provide an output
      signal only if each set of said control devices is activated in a
      particular manner and sequence by the passage of an object in contact with
      said sensors, indicator means operatively connected for activation by said
      output signal thereby to provide a positive acknowledgment that an object
      has passed said sensors, said sensors each including an independently
      movable arm having one end thereof normally in a neutral position in
      readiness to sense the approach of an object from a particular direction
      and including means for restoring said arm to said neutral position after
      passage of the object, said object being wheel supported, a pair of said
      sensor arms being so positioned with respect to one of said wheels that
      the trailing edge of the wheel disengages the first contacted one of said
      arms substantially as the advance edge of that wheel approaches and starts
      to deflect the next one of said arms forwardly away from its normal
      neutral position whereby to activate the control devices associated with
      said arms in predetermined closely spaced sequence.
NUM  40.
PAR  40. Sensor apparatus as defined in claim 39 characterized in that the
      control devices associated with said first arm are activated upon release
      of said first arm by the rear edge of said one wheel and the control
      devices associated with said second arm are activated as said second arm
      starts to be moved away from the neutral position thereof, and said
      control devices being constructed and arranged to remain in activated
      condition but momentarily.
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ABST
PAL  A portable dispenser unit includes a stand on a base and having a liquid
      reservoir on top communicating with a nozzle located under a dispensing
      head therebelow controlled by a normally closed valve device. The head is
      receptive of a supply of flowable particulate material from a container
      equipped with a closure providing a combination adapter for coupling the
      container in supplying relation with the head, a seal to assure product
      freshness, a device for modulating material flow from the container into
      the head, and a device for preventing trademarked product substitution.
      Particulate material metering rotor in the head, and said valve device are
      selectively operable through a manual device which may be optionally
      coupled continuously with the metering rotor or releasably coin coupled
      with the metering rotor. To provide hot beverage, an electrical heater is
      carried by the reservoir.
BSUM
PAR  This invention relates to a new and improved portable dispenser and method
      of dispensing, and is more particularly concerned with such a dispenser
      and method for combining liquid and flowable particulate material as a
      beverage.
PAR  Several problems have existed in prior beverage dispensers such as for
      freeze-dried, or so called instant, coffee, tea, chocolate or soup. For a
      liquid, i.e., water, source, prior dispensers have customarily required
      connection with a water supply line. Little or no assurance of genuineness
      of trademarked products from the manufacturers or suppliers to the
      ultimate consumer has been provided for. Product deterioration in the
      dispenser has been a problem. Liquid control valving has presented
      problems of complexity and rapid deterioration and unreliability. Coin
      controlled operating mechanisms have generally been complex in structure
      and difficult or impossible to adjust for variable pricing, coin size
      differences in various localities, or for optional non-coin, i.e., free,
      operation.
PAR  It is, accordingly, an important object of the present invention to
      overcome the foregoing and other disadvantages, deficiencies,
      inefficiencies, shortcomings, and problems in prior structures and methods
      in this art and to attain important advantages and improvements in
      portable dispensers and methods of operating the same.
PAR  Another object of the invention is to provide a new and improved portable
      beverage vending dispenser and method of operating the same.
PAR  A further object of the invention is to provide a new and improved
      dispenser having novel means for preventing trademarked product
      substitution.
PAR  Still another object of the invention is to provide a new and improved
      method of and means for combining liquid and particulate material from a
      dispenser in selective quantities.
PAR  Yet another object of the invention is to provide a new and improved
      dispensing head structure for flowable particulate materials.
PAR  A still further object of the invention is to provide new and improved
      dispenser operating mechanism which is easily and variably adjustable for
      free or coin controlled operation.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts embodied in the disclosure, and in which:
PAR  FIG. 1 is a front elevational view of a portable dispenser embodying
      features of the invention and with certain parts broken away for
      illustrative purposes;
PAR  FIG. 2 is an enlarged sectional plan view taken substantially along the
      line II--II of FIG. 1;
PAR  FIG. 3 is a fragmentary vertical sectional detail view taken substantially
      along the line III--III of FIG. l;
PAR  FIG. 4 is an enlarged fragmentary sectional plan view taken substantially
      along the line IV--IV of FIG. 1;
PAR  FIG. 5 is an enlarged sectional detail view taken substantially along the
      line V--V of FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary vertical sectional detail view taken
      substantially along the line VI--VI of FIG. 1;
PAR  FIG. 7 is a top plan view of a combination supply container seal, seating
      member and flow control device employed with the dispenser;
PAR  FIG. 8 is a diametrical sectional view taken substantially along the line
      VIII--VIII of FIG. 7;
PAR  FIG. 9 is an illustrative exploded view showing the dispensing head and a
      supply container with the sealing, seating, flow controlling member
      applied thereto ready for application to the head;
PAR  FIG. 10 is a top plan view of the dispensing head, with one part partially
      broken away for illustrative purposes; and
PAR  FIG. 11 is an exploded perspective view showing the elements of the
      dispensing head.
DETD
PAR  As depicted in FIG. 1, a dispenser 15 according to the present invention
      comprises a stand 17 preferably in the form of a vertically extending
      tubular shell (FIG. 2) which may be molded from suitable rigid plastic
      material. At the lower end the stand 17 is provided with a stable base 18.
      On its upper end, the stand 17 has a liquid reservoir 19 desirably in the
      form of a pan-like container suitably secured to the shell of the stand 17
      as for example to a cover 20 over the top of the hollow stand 17. In this
      instance the reservoir 19 is preferably formed from a heat exchange
      material such as aluminum and carries, cast in its bottom an electrical
      resistance heater 21 adapted to be supplied with electrical energy through
      an extension cord 22 having a suitable plug 23 for connecting it into an
      electrical energy source such as a house current outlet. Increased
      capacity for the reservoir 19 is provided by an upward tank extension 24
      having an open bottom and communicating with the reservoir 19 through an
      opening 25 in the top 20. To permit easy filling of the reservoir, the
      extension 24 has a removable cover 27 provided with a central handle 28.
      Through this arrangement, liquid such as water in fairly large volume can
      be filled into the reservoir 19, including the tank extension 24, and
      heated to a desirable temperature such as suitable for hot beverages, e.g.
      coffee, tea and soup.
PAR  From the bottom of the reservoir 19 liquid is conducted by means of a
      downwardly extending duct or conduit 29 to a discharge orifice 30 at its
      lower end projecting out of a clearance opening 31 in a generally
      downwardly facing dispensing nozzle boss 32 provided on a supporting wall
      member 33 (FIGS. 1 and 3) bent inwardly along a vertical axis and defining
      a dispensing niche 34 recessed in the front of the tubular housing
      defining the stand 17. Desirably, the lower end of the niche 34 as defined
      by the front portion of the wall of the stand 17 extends to a limited
      distance above the base 18 and the boss 32 is located at a sufficient
      height above the lower end of the niche 34 to conveniently receive a
      receptacle 35 in a position under the discharge orifice 30 to receive a
      charge of liquid thereinto. For convience in locating the receptacle, a
      receptacle support in the form of a grid 37 (FIG. 2) is removably
      supported in a spill tray 38 removably mounted in the bottom of the niche
      34.
PAR  Means in the form of a control valve 39 are provided for normally shutting
      off flow through the duct 29, which at least in its slower end discharge
      nozzle portion is of a resiliently flexible material preferably of a
      suitable plastic which is resistent to deterioration within the heat range
      of the liquid such as hot water to be dispensed. To this end, the valve
      structure 39 comprises a body member 40 which may comprise a rigid plastic
      molding having a generally U-shaped configuration providing a preferably
      rectangular yoke recessed of a width substantially equal to the outside
      diameter of the tubing of the duct 29 (FIG. 5). On one side the yoke body
      40 has oppositely extending attachment flanges 41 by which it is attached
      as by means of screws 42 (FIG. 4) to the underside of a horizontal
      supporting flange 43 provided by the lower end of the niche wall 33. The
      position of the yoke body 40 is such that the nozzle portion of the duct
      29 extends therethrough upstream from the discharge orifice 30. Normal
      pinch-off pressure is applied to the portion of the tube 29 which extends
      through the body yoke 40, by a valve presser 44 thrusting toward a back up
      bight surface 40a within the body 40 to pinch the tube closed against
      gravitational flow of liquid therethrough. Thrusting force is applied to
      the valve presser 44 through an integral lever 45. The presser 43 is on
      one end of the lever arm 45 which is intermediately pivotally secured as
      by means of a pin 47 between the open end portions of the body yoke, a
      coiled tension spring 48 being connected to the opposite end of the lever
      45 and to the platform flange 43 by means of an anchoring stud 49 (FIGS. 4
      and 6).
PAR  Means comprising a dispensing head 50 are provided within the niche 34 for
      dispensing metered quantities of fluent discrete material such as granular
      or powdered freeze-dried or otherwise processed soluble beverage material
      comprising coffee, tea, soup, or the like, into the receptacle 35
      selectively and concurently but desirably sequentially with depositing of
      a charge of hot water from the orifice 30 into the receptacle 35. As a
      major component, the head 50 has a generally hollow tubular vertically
      extending body 51 having about its base perimeter portion a plurality such
      as three spaced radially enlarged attachment bosses 52 (FIGS. 2 and 6)
      which rest upon the supporting platform flange 43 which is in the form of
      a ledge of generally semicircular form at the lower end of a suitably
      larger radius subindentation portion 53 in the niche-defining wall 33
      providing a sub-niche 54 within the niche 34 and dimensioned to receive
      the head 50 and a particulate material supply container 55 on the head in
      concentric relation within the stand 17. At its upper end, the sub-niche
      indentation wall portion 53 is desirably provided with an overlying roof
      flange panel 57 providing a support for the reservoir member 19 which may
      be secured thereto by suitable fasteners such as screws 58. Attachment of
      the body 51 to the ledge platform 43 is effected by means of fasteners
      comprising screws 59, one of which may be in the form of a screw extension
      59a from the spring anchoring stud 49 (FIG. 6).
PAR  Means are provided within the body 51 for selectively metering suitable
      quantities of flowable particulate material into a chute or funnel 60
      integral with and opening downwardly from a material supporting floor 61
      formed integrally within the body 51 at an intermediate height therein.
      The metering means include a generally paddle wheel shaped rotor 62 (FIGS.
      6 and 11) having a hub 63 provided with a set of radially extending
      equidistantly spaced paddle vanes 64. Mounting of the metering member 62
      on the floor 61 with the vanes 64 subdividing an annular area contiguous
      to the wall of the body 51 is effected by engaging a downwardly projecting
      flange extension 65 on the hub 63 through a central bearing aperture 67 in
      the floor panel 61 defined by a downwardly extending annular bearing
      flange 68 which is shorter than the hub flange 65. Thereby the hub 63 is
      maintained concentric within the housing provided by the head 51 and the
      vanes 64 are maintained with their outer ends in fairly close but free
      moving clearance relation to the body 51. To avoid drag of the lower edges
      of the vanes 64 on the floor panel 61, they are provided with respective
      small spacer bearing nibs 69 adjacent the radially inner ends of the lower
      edges. To prevent radially inward spilling of material from the supporting
      floor 61, the floor panel is provided with an annular upwardly extending
      curb flange 70 about the central opening 67 and received in an annular
      downwardly opening clearance groove 71 in the hub 63, with sealing means
      comprising a felt washer 72 engaged between the upper edge of the flange
      70 and the root of the groove 71. For step-by-step indexing of the product
      metering pockets between the vanes 64 with the funnel 60, torque
      releasable detent means are provided comprising a pair of oppositely
      directed spring biased detent balls 73 supported in respective cartridges
      74 mounted in the depending hub flange 65 and torque-releasably engagable
      in properly located detent recesses 75 in the inner diameter of the
      encompassing flange 68. Thereby the metering rotor 62 can be accurately
      rotatably advanced step-by-step for advancing metered quantities of
      product for discharge from the dispensing head 50 through the funnel 60,
      the opening into which is dimensioned substantially the same as the space
      between vanes.
PAR  For different products, the metered quantities to be dispensed will vary to
      provide a desirable beverage strength, and for this purpose shutter means
      are provided in the form of a generally flat ring 77 which is dimensioned
      to overlie and be carried by the rotor 63 and more particularly the vanes
      64 and has a set of depending modulating vanes 78 equal in number to and
      complementary in shape to the vanes 64 and projecting downwardly
      therebetween. Along one side of each of the modulating vanes 78 the ring
      has a product supply slot 79 so that product placed on the ring 77 can
      drop down between the vanes 78. Thereby, each of the companion vanes 64
      and 78 with which one of the slots 79 is aligned will define therebetween
      a metering space which can be varied by relatively rotating the ring 77
      and the rotor 63 to vary the spacing between the vanes, and thus the
      pocket volumes.
PAR  Various modulating settings of the gauging ring 77 are adapted to be
      determined by indexing means including a detent and rachet mechanism
      comprising a radial detent projection 80 on an annular hub crown shoulder
      81 inset from the outer diameter of the hub 63 and about which the inner
      diameter of the ring 77 engages in the assembly. Retainingly engagable
      with the detent projection 80 is a multitoothed ratchet arm 82 located in
      a recess 83 in the inner diameter of the ring 77 and connected at one end
      to the ring through a resilient biasing connection 84 so as to make firm
      indexing engagement with the detent 80 in any respective selected one of a
      pluralilty of inner edge detent recesses 85. Through this arrangement, the
      gauging ring 77 can be turned to move its vanes 78 toward or away from the
      companion metering rotor vanes 64 to adjust the metered quantities of
      product to be dispensed, and the desired indexed adjustment will be
      maintained by the indexing detent and ratchet mechanism. After the desired
      setting has been indexed, or some intermediate setting has been decided
      upon, the ring 77 can be locked against inadvertent misadjustment by means
      of a clamping washer 87 retained by a screw 88 secured into a suitably
      tapped hole 89 in the crown of the hub 63 inwardly adjacent to the
      shoulder 81 so as to clampingly secure the adjacent inner margin of the
      ring 77 tightly against the hub.
PAR  For actuating the metering rotor 62 a preferably manual operating device 90
      is provided constructed and arranged to effect step-by-step rotary advance
      of the rotor selectively. To this end, the device 90 includes a wing-like
      handle 91 projecting downwardly and forwardly from the lower end of the
      body 51 and integral with a bottom closure disk 92 freely rotatably
      received at its margin within a dowarwardly and inwardly opening rabbet
      groove 93 in the lower edge of the body 51. To retain the disk 92 in
      assembly with the body, the disk is provided in the lower face of its
      margin with a downwardly and outwardly opening rabbet groove 94 within
      which are engaged thin and narrow retainer lugs 95 (FIG. 3) formed
      integrally with the lower edge of the body 51 and received during assembly
      through respective notches 97 (FIG. 11) in the disk 92. Thus, by having
      the retaining lugs equally spaced with respect to the notches 97, but at
      circumferential points offset relative to the normal rotary operating
      position of the disk 92, after assembly of the disk with the body has been
      effected and the disk turned to its operating position, assurance is
      provided of retention of the disk 92 in assembly with the body 51 but
      permitting free operating relative rotary movement of the disk. Limitation
      of rotary movement of the disk 92 to a one metering pocket range is
      provided for by utilizing the funnel 60 as a fixed stop with which
      limiting stop means on the disk 92 are engagable. For this purpose, the
      disk 92 has an upwardly extending stop flange 98 adjacent to the left side
      of the handle 91, and spaced a proper distance therefrom a second
      upstanding stop flange 99, between which stop flanges the funnel 60 is
      received, a clearance opening 100 being provided in the disk 92 between
      the stops 98 and 99 to permit discharge from the funnel. Reinforcement for
      the stop flanges 98 and 99 is provided by integral connecting reinforcing
      flanges 101 and 102 at the radially inner and outer sides of the opening
      100.
PAR  Optional coin coupling or free coupling means are provided between the
      operating disk 92 and the metering rotor 62, herein including a
      convertible coupler 103 (FIGS. 6 and 11) carried by the disk 92 in
      association with the handle 91. Connection of the coupler 103 with the
      handle 91 is effected by means of a depending coupler stem 104 of
      rectangular cross section fitting slidably in a vertical socket 105 of
      complementary shape and opening upwardly through the handle. To effect
      direct coupling of the coupler 103 with the rotor 62, an inwardly
      projecting coupling arm 107 integral with the upper end of the stem 104 is
      of a length to underlie and effect selective engagement with an annular
      series of spaced ratchet teeth 108 on the lower end of the rotor flange 65
      and each presenting a coupling shoulder 109 facing in clockwise direction
      when viewed from the top and having respective leadin cam edges 109a
      extending obliquely in counterclockwise direction to the upper ends of the
      next adjacent tooth shoulders 109. By biasing the coupler 103 upwardly, as
      by means of a tension spring 110, the coupling arm 107 will engage with
      the respective coupling tooth shoulders 109. The spring 110 desirably
      comprises a spring arm having a loop 111 at one end secured about an
      upwardly extending stud 112 on the disk 92 and secured in place as by
      means of a grip nut 113. From the stud 112 the spring extends through a
      perforated orientation lug 113, and has on its distal end a biasing finger
      114 which engages in a notch 115 in the coupler 103.
PAR  To implement proper coupling of the operating disk 92 with the rotor 62 for
      each incremental metering advance, the disk 92 is normally biased in
      clockwise direction as viewed from above by means comprising a tension
      spring 117 anchored at one end to a fixed eye rib 118 on the inner wall of
      the body 51 and anchored at its opposite end to an upstanding eye lug 119
      on the disk 92. Thereby the disk 92 is normally biased to thrust the stop
      shoulder flange 98 against the adjacent side of the funnel 60. Further,
      the detents 73 are properly oriented to so index the rotor 62 that each of
      the series of ratchet tooth shoulders 109 will successively align with the
      coupling arm 107. Then, by applying rotary force to the operator 90
      through the handle 91 in a counterclockwise direction, the coupling arm
      107 will advance the rotor 62 by one metering pocket, and the detents 73
      will click into another setting provided by the detent recesses 75. After
      a metering advance of the rotor 62 has been effected and the handle 91 is
      released the spring 117 promptly returns the operating disk 92 to the
      starting position, and the resilient bias of the spring 110 permits the
      coupling arm 107 to yield along the lead in cam edge 109a of the next
      succeeding coupling tooth 108 until the arm 107 snaps into coupling
      relation to the shoulder 109 thereof.
PAR  For selective coin coupling, the coupler 103 is anchored in depressed
      position by means of a pin 120 which is lodged in a front to rear bore 121
      in the handle 91 and engaged through a selected one of a plurality of
      vertically spaced matching bores 122 in the coupler stem 104, depending
      upon the size of coin to be used. Then, to effect coupling with the rotor
      62, the proper selected size coin is inserted through a vertical slot 123
      in the front wall of the housing body 51 with which a vertical wall coin
      chute 124 provided in the upper portion of the coupler 103 registers in
      the starting position of the operating disk 92. On insertion of the
      selected coin, it rolls down the downwardly and inwardly inclined bottom
      wall of the chute 124 between a vertical backup flange 125 at the left
      side of the chute and a resilient retaining finger 127 extending inwardly
      from a cutback right side wall 128 defining the chute, with the vertically
      disposed coin engaging at its upper inner edge within a locating slot 129
      at the base of the aligned ratchet tooth shoulder 109. Then, with the coin
      completing the coupling between the coupler 103 and the rotor flange 65,
      turning of the disk 92 by manipulation of the handle 91 in clockwise
      direction will cause the rotor 62 to be rotatably advanced by one metering
      pocket increment, the shoulder flange 99 stopping the operating stroke at
      the limit of its range. Upon release of the handle 91 the spring 117 snaps
      the operating disk 92 in return direction, and the cam surface 109a of the
      next succeeding tooth 108 tips the coupling coin past the resilient finger
      127 to drop down through a clearance opening 130 in the disk 92 and about
      which there is an upstanding coin guard flange 131. Below the disk 92, the
      dropped coin descends through a partial funnel-like deflection passage 32a
      provided by the boss 32 and thence through a discharge chute 132 (FIG. 1)
      into a coin tray 133 (FIGS. 1 and 2) slidably mounted in the base 118 and
      which may be provided with a key controlled lock 134.
PAR  A non-reusable diaphram-like closure 135 (FIGS. 6-9) is provided with each
      of the filled product supply containers 55 to provide a combination
      adapter for coupling the container in supplying relation to the head 50,
      to provide means for reasonable assurance of genuineness of the
      trademarked product, to provide a seal to protect the product supply
      against deterioration in the dispenser, and to provide a device for
      modulating material flow from the container 55 into the head 50. For this
      purpose, the closure 135 is constructed in the form of a cap which may be
      supplied as a factory mounted part of the container, but may also, as
      shown, be provided as a member to be applied to the container 55 after a
      customary sealing closure has been removed from the container.
      Conveniently and economically, the closure 135 may be molded from
      suitable, plastic material such as styrene and provides a generally
      cup-shaped structure having a body disk 137 of a diameter to be engaged
      against maximum diameter container neck 138 and provided with a centering
      rim flange 139 within which the neck 138 is received. For centered
      engagement with smaller diameter container neck 138', the body 137 is
      provided with a stepped area 140. Thereby a standard overall size of the
      closure 135 will fit several diameters of container neck. To facilitate
      holding the closure cap 135 on the container neck 138 while the container
      is being manipulated from an upright position into an inverted position
      and assembled in supplying relation with the dispensing head 50, adhesive
      tapes 141 may be applied to secure a reversely directed outer perimeter
      rim flange 142 to the container (as best seen in FIG. 1). Connection of
      the rim flanges 139 and 142 is through an integral annular connecting and
      reinforcing flange 143.
PAR  Mounting the container with the closure 135 thereon into supplying position
      over the dispensing head 50 comprises centering the outer perimeter rim
      flange 142 in seating relation on the upper end of the body 51. For this
      purpose, the flange 142 has a thickened annular seating marginal portion
      144 provided with an internal recessed seating shoulder 145 which engages
      upon the upper end of the body 51 with an annular centering flange 147
      engaging about such upper end fairly closely so that a reasonably good
      contact sealing relation is maintained between the cap rim and the body
      edge. In addition, anti-turn lugs 148 extend from the seat 145 and the
      flange 147 at circumferentially spaced intervals and engage in
      complementary recess sockets 149 in the encompassed rim portion of the
      body 51, thereby holding the cap 135 keyed against turning relative to the
      body 51 after the cap has been fully applied to the dispensing head 50.
PAR  To prevent mounting of the container 55 on the dispensing head 50 without
      the closure 135 applied thereto, security means are provided in the form
      of a guard bar 150 of outwardly bowed form extending across the niche
      recess 54 at about the elevation assumed by the reinforcing flange 143 of
      the closure cap 135 sealed on the dispensing head 50. Attachment of each
      end of the bar 150 to the wall 33 is desirably effected by means of an
      integral laterally extending attachment arm extensions 151 on the bar
      secured as by means of rivets 152 to the wall 33. The clearance between
      the security bar 150 and the dispensing head 50 is such that the container
      55 fitted with closure cap 135 may be readily inverted into position for
      dispensing. The security bar 150 is so positioned, however, as to defeat
      the unauthorized removal of the container 55 before it is empty without
      loss of its contents, or the mounting of the container 55 when it is full
      without loss of its contents unless the closure cap 135 is properly
      applied thereto.
PAR  Construction of the diaphram-like closure cap 135 is such that it has a
      relatively movable body part 153 which can provide a dispensing capability
      through the closure after the closure with the accompanying product filled
      container 55 has been mounted on the dispenser housing body 51. For this
      purpose, the body portion 153 comprises a central circular part of the
      body 137 partially separated therefrom along a circular rupture line 154,
      with attachment to the remainder of the body 137 being at small rupturable
      integral connections 155 at circumferentially spaced intervals such as
      three points. These connections are sufficient to hold the body portion 53
      against the pressure of contents of the container 55, inasmuch as the
      portion 153 is only part of the area of the closure body 140 so that a
      substantial portion of the contents are supported by the remainder of the
      body 140 outside of the rupture line 154.
PAR  Means are carried by the dispensing head 50 for rupturing the body portion
      153 and supporting it movably to enable a modulated annular flow of the
      contents material from the container 55 through the closure 135 about the
      body portion 153. For this purpose, the central area of the body portion
      153 of the closure cap is provided with a hollow embossment 157 which
      extends in the same direction as the rim wall 139 and has a noncircular,
      in this instance multiangular cross section to receive in freely slidable
      keyed relation therein a complementary boss 158 rising centrally from the
      hub 63 of the metering rotor 62. The height of the rotor boss 158 is
      sufficient to require reception of the crown portion of the rotor boss in
      the mouth end of the chamber opening from the closure boss 157 when the
      closure member 135 is seated on the housing body 51. The angular cross
      section of the bosses 157 and 158 is properly oriented relative to the
      antirotation interlock lugs 148 and sockets 149 to permit full
      registration of the bosses 157 and 158 and seating of the closure 135 on
      the housing body 51 without rupturing the connections 155 of the seal
      closure member 135. However, at the beginning of the first metering
      rotational movement of the rotor 62 following mounting of the container
      55, the connections 155 are ruptured by turning of the boss 158 and
      thereby turning of the boss 157 and the closure body portion 153 relative
      to the remainder of the body portion 140 which is held nonrotatable by the
      connection effected through the lugs 148 in the sockets 149. Promptly upon
      such rupture, the container contents pressing down on the crown of the
      boss 157 and on the closure body portion 153 pushes the separated body
      portion 153 down fully on the boss 158 and opens an annular discharge
      orifice 159 (FIG. 6) between the portion 153 and the central opening of
      the body 140 left by removal of portion 153. Flow of contents from the
      container 55 toward the severed portion 153 is facilitated by
      frustoconical funnel-like formation of a lip annular portion 160 about the
      opening. Modulation of flow by the portion 153 is facilitated by its
      frustoconical form sloping away from the boss 157, and is further aided by
      the provision of the sloping surface of a plurality, such as six equally
      radiating ribs 161.
PAR  Cooperating with the flowable particulate material modulating closure 135
      and its separated flow modulating portion 153 and the underlying metering
      rotor 62 is a funnel guard and material distribution controlling member in
      the form of a ring 162 which is dimensioned to be slidably received within
      the upper portion of the housing body 51 and is readily removable for
      cleaning purposes. As best seen in FIGS. 6 and 9-11, the funnel guard ring
      162 is constructed to act upon the top of the volume control shutter 77 to
      prevent material supply from the container finding a direct path to the
      funnel 60 but permits free access of the material to the metering pockets
      of the rotor 62 which in any given rotary position of the rotor are spaced
      from the funnel 60. To this end, the ring 162 is of such a vertical length
      that with its lower end resting upon the outer margin of the disk body of
      the shutter 77 the ring extends to a sufficient height above the upper
      edge of the housing body 51 to have the upper edge of the ring 162
      adequately above the material supply delivery lip 160 of the closure 135
      to avoid escape of material impelled theretoward by the modulating disk
      body 153 in operation of the dispensing head 50. To prevent access of the
      material to the shutter slots 79 associated with the metering pockets
      which in any rotary position of the rotor 62 are aligned with or adjacent
      to the funnel 60, the ring 162 is provided with an integral shorter radius
      semicylindrical barrier wall portion 163 which has radially extending
      vertical partition flanges 164 connecting its opposite ends with the ring
      162. At its lower edge, the guard wall 163 engages slidably with the
      shutter disk 77 along the inner ends of the slots 79 and is provided with
      a reinforcing and sealing radial inwardly directed foot flange 165 which
      will substantially prevent creeping of material under the barrier wall
      163. It will thus be seen that the barrier wall 163 together with the
      partitions 164 defines with the associated portion of the ring 162 a dead
      space which in this instance as best seen in FIG. 10 is of a length to
      prevent access of supplied flowable particulate material to at least the
      slot 79 over the meterin pocket which is in registration with the funnel
      60. For optimum control, the dead space provided by the barrier wall 163
      is of an area to include also the two adjacent metering pockets.
PAR  Means are provided for properly indexing the ring 162 in assembly and also
      for holding it against rotary displacement. For this purpose a plurality,
      such as three vertically extending and radially projecting indexing rib
      lugs 167 are provided on the outer perimeter of the ring 162.
      Complementary sockets 168 are provided in the inner perimeter of the upper
      margin of the body 51 within which the lugs 167 are received. By having
      the lugs 167 and the sockets 168 assymetrically spaced, proper indexing is
      assured in assembly.
PAR  In addition to its funnel guard function, the ring 162 serves as means for
      maintaining freshness of product by contributing to air sealing of the
      product supply chamber within the dispensing head 50. For this purpose,
      the upper edge of the barrier wall 163 is located to be engaged by the
      confronting surface of the ramp lip 160 of the closure 135 and is
      desirably provided with a complementary chamber sealing contact surface
      169. This sealing contact surface is carried continuously throughout
      360.degree. on a downwardly and inwardly sloping semcircular guard flange
      170 extending integrally from the upper edge of the ring 162 with an
      inside diameter the same as the barrier wall 163 and integrally connected
      at its ends to the tops of the partitions 164. Not only does the
      overhanging flange 170 cooperate with the upper edge of the wall 163 in
      sealing engagement with the lip 160, but it also provides a guard against
      spilling of material over the top of the ring 162.
PAR  Although the construction and relationship of parts is such that the
      operating disk member 92 is operable concentrically within the housing
      body 51 and relative to the metering rotor 62 when uncoupled, and jointly
      therewith when coupled thereto, an improved stabilized concentricity is
      provided by the provision of a common shaft 171 on the axis of the
      operating disk and the rotor. This shaft 171 is fixed in concentrically
      keyed relation within the rotor hub 63 and projects downwardly therefrom
      and is slidably received through an upwardly projecting integral hub
      tubular bearing 172 on the disk 92. A free relatively rotatable
      relationship between the hub bearing 172 and the shaft 171 permits
      uncoupled free relative turning of the disk 92 about the shaft. A keying
      extension 173 on the lower end portion of the shaft 171 provides for
      adaptation of the dispensing head 50 for motorized operation if desired.
PAR  Although joint rotation of the operating device 90 and the metering rotor
      62 is effected only when they are coupled either in a continuous manner or
      by selective coin coupling, as may be preferred, the arrangement disclosed
      provides for opening the fluid control valve 39 for the nozzle portion of
      the duct 29 in each cyclical actuation of the operating device 90. For
      this purpose, the bottom of the disk 92 is provided with trip means in the
      form of a depending valve actuating rigid lug 174 (FIGS. 4 and 6) which is
      located in proper lost motion relation to a lateral flange 175 on the long
      arm portion of the valve lever 45 to engage and displace it pivotally in
      valve opening direction in oposition to the biasing spring 48 as the disk
      92 approaches limit of operating stroke range as may be best seen by
      comparison of the full line and dash line positions in FIG. 4. By holding
      the operating disk 92 in the dispensing stroke position wherein the valve
      39 is open, any desired quantity of liquid may be discharged from the
      nozzle orifice 30 into the receptacle 35. Thereby, a person may receive as
      much or as little of the liquid, such as hot water, in the receptacle 35,
      which may be a paper cup, china cup, glass or the like, as desired by that
      person for the particular beverage purposes preferred. Release of the lug
      174 from the lever flange 175 results in automatic closing of the valve 39
      by action of the biasing spring 48.
PAR  It may be noted that the surfaces of the valve body yoke 40 between which
      the presser 44 operates are in continuous engagement with the flexible
      nozzle portion of the hose of the duct 29, squeezed closed by the presser
      44. This biases the squeezed portion to assume full open condition when
      released and protects the squeezed portion against taking a fatigue set.
PAR  Where the operating device 90 is continuously coupled with the metering
      rotor 62, each actuation of the operating device 90 will provide a metered
      charge of the flowable particulate material from the material supply just
      as the valve 39 is opened. In this setup, a multiple charge of the
      particulate flowable product may be received in the receptacle 35 for
      increased strength of beverage if the operating device 90 is repeatedly
      moved in the dispensing direction and is permitted to retract to starting
      position before being again actuated in the dispensing direction,
      whereafter the balance of the liquid may be dispensed by holding open of
      the valve 39 to mix with the material in the receptacle to complete the
      desired beverage.
PAR  If the dispensing head 50 is adjusted for coin operation, plain liquid such
      as hot water may be dispensed freely at any time, but when a charge of the
      flowable particulate material product is desired, a suitable coin inserted
      through the slot 123 will provide the desired beverage mix by actuation of
      the metering rotor 62 when the operating device 90 is actuated.
PAR  From the foregoing it will be apparent that the various objects of the
      present invention will be effectively attained by means of the apparatus
      described by way of example herein. It will be understood, of course, that
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of this invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A dispenser for dispensing into a receptacle, comprising:
PA1  a stand having a base and an upper portion;
PA1  means providing a gravity feed liquid reservoir on said upper portion of
      said stand;
PA1  a dispensing head carried by said stand below said reservoir and above said
      base for supporting a supply of flowable particulate material and having
      metering means rotatable about a vertical axis for gravitational
      dispensing of metered quantities of the material into the receptacle
      located therebelow;
PA1  a duct leading from said reservoir to an outlet adjacent to said metering
      means to enable gravitational discharge of liquid into the receptacle
      concurrently with said dispensing of material;
PA1  a valve normally closing said duct; and
PA1  a selectively movable rotary opening device mounted to rotate about said
      axis below said metering means and having means effective in a single
      rotary operating movement of the device about said axis to mechanically
      drive and to actuate both said metering means and said valve, for
      dispensing particulate material and liquid into the receptacle.
NUM  2.
PAR  2. A dispenser according to claim 1, including a funnel located
      eccentrically relative to said axis and opening downwardly from said head
      adjacent to said outlet, and means for indexing the rotary position of
      said metering means relative to said funnel.
NUM  3.
PAR  3. A dispenser according to claim 1, including a funnel located
      eccentrically relative to said axis and into which the metering means
      discharges metered material, said metering means including a rotary
      member, and stop means on said member cooperating with said funnel to
      limit rotary movement of the member.
NUM  4.
PAR  4. A dispenser according claim 1, wherein said metering means comprise a
      multi-pocketed rotor, means defining a material discharge opening from
      said head, and detent means for step-by-step indexing of the rotor pockets
      with said discharge opening.
NUM  5.
PAR  5. A dispenser according to claim 4, including means carried by the rotor
      for gauging the volume of material received in the rotor pockets.
NUM  6.
PAR  6. A dispenser according to claim 1, wherein said valve includes an
      operating lever, and means carried by said rotary operating device for
      actuating said lever.
NUM  7.
PAR  7. A dispenser according to claim 6, wherein said valve comprises elements
      between which a flexible portion of said duct is normally pinched closed,
      one of said elements being carried by said lever, means normally biasing
      said lever to drive said one element into duct pinching relation to
      another of the valve members, and said means carried by the rotary
      operating device comprising a lever actuating lug which engages with the
      lever to displace it for moving said one member to valve opened position
      during rotary operating movement of the device.
NUM  8.
PAR  8. A dispenser according to claim 1, wherein said valve comprises an
      assembly including relatively movable surfaces for pinching a flexible
      portion of the duct upstream from the outlet closed until actuated by said
      rotary operating device to open the valve, and surfaces adjacent to said
      relatively movable surfaces for substantially normalizing the flexible
      portion of the duct for efficient flow in the open condition of the valve.
NUM  9.
PAR  9. A dispenser according to claim 1, wherein said rotary operating device
      comprises a disk member having an actuating handle, and a spring normally
      biasing said disk member in nonoperating direction and adapted to be
      overcome by manipulation of the handle to rotate the disk about said axis
      in metering means and valve actuating direction.
NUM  10.
PAR  10. A dispenser comprising:
PA1  dispensing means for supporting a supply of flowable material to be
      dispensed and having a rotary metering member for selectively dispensing
      metered quantities of the material;
PA1  a manually movable rotary operating member mounted coaxially under said
      metering member and adapted for normally free rotary movement relative to
      said metering member;
PA1  said operating member having a coupler receptive of and having means to
      support in upright relation a coin inserted thereinto;
PA1  retaining means on said coupler for normally holding the coin upright on
      the coupler;
PA1  an annular series of circumferentially spaced coupling shoulders on said
      metering member facing in one rotary direction and selectively engageable
      with a coin supported by said coupler whereby movement of the operating
      member in the opposite rotary direction effects metering rotation of said
      metering member in such opposite rotary direction;
PA1  means for normally biasing said operating member in said one rotary
      direction; and
PA1  coin discharge means on said metering member between said shoulders
      operative to displace a coupling coin from said coupler and said retaining
      means when said operating member returns in said one rotary direction
      after a dispensing operation thereof.
NUM  11.
PAR  11. A dispenser according to claim 10, including a source of liquid having
      a discharge orifice for discharging into a receptacle in which dispensed
      material is received below said dispensing means, valve means for
      controlling flow from said discharge orifice, and means on said operating
      device and said valve means for opening the valve means in movement of the
      operating device in said opposite rotary direction.
NUM  12.
PAR  12. A dispenser comprising:
PA1  dispensing means for supporting a supply of flowable material to be
      dispensed and having movable metering means for selectively dispensing
      metered quantities of the material;
PA1  a manually movable operating device mounted on the dispenser adjacent to
      said dispensing means and adapted for normally free movement relative to
      the dispensing means;
PA1  means on said operating device and on said metering means for receiving and
      engaging a coin vertically on edge releasably therebetween as a coupling
      so that manual movement of the operating device effects material
      dispensing movement of the metering means; and
PA1  a coupler carried by said operating device provided with means engageable
      with the lower edge of the coin, said means being adapted to be optionally
      set in effective height for either coin coupling operation of said
      operating device and metering means of direct coupled operation without an
      intervening coupling coin.
NUM  13.
PAR  13. A dispenser comprising:
PA1  dispensing means for supporting a supply of flowable material to be
      dispensed, and having movable metering means for selectively dispensing
      metered quantities of the material;
PA1  a manually movable operating device mounted on the dispenser adjacent to
      said dispensing means and adapted for normally free movement relative to
      the dispensing means;
PA1  means on said operating device and on said metering means for receiving and
      engaging a coin vertically on edge releasably therebetween as a coupling
      so that manual movement of the operating device effects material
      dispensing movement of the metering means; and
PA1  means for vertically adjusting the effective height of said coin receiving
      and engaging means to receive coins of a selected size for operating the
      dispenser.
NUM  14.
PAR  14. A dispenser comprising:
PA1  dispensing means for supporting a supply of flowable material to be
      dispensed, and having movable metering means for selectively dispensing
      metered quantities of the material;
PA1  a manually movable operating device mounted on the dispenser adjacent to
      said dispensing means and adapted for normally free movement relative to
      the dispensing means;
PA1  means on said operating device and on said metering means for receiving and
      engaging a coin vertically on edge releasably therebetween as a coupling
      so that manual movement of the operating device effects material
      dispensing movement of the metering means;
PA1  said means for receiving and engaging a coin vertically on edge comprising
      a support under a lower edge portion of the coin and spaced elements
      supporting the sides of the coin;
PA1  said side supporting means providing thrust surface at one side of the coin
      and a releasable holding device at the opposite side of the coin; and
PA1  means on said metering means for ejecting a coin past said releasable
      holding means after completion of a dispensing movement of the dispensing
      means.
NUM  15.
PAR  15. A dispenser according to claim 14, including means for vertically
      adjusting said coin receiving and engaging means for selectively
      supporting coupling coins of different sizes.
NUM  16.
PAR  16. A dispenser according to claim 14, including means for optionally
      releasing said coin receiving and engaging means for direct non-coin
      coupling engagement with said metering means, and means for biasing the
      coin receiving and engaging means into the non-coin coupling engagement
      with the metering means.
NUM  17.
PAR  17. A dispenser for dispensing into a receptacle, comprising:
PA1  a stand having a base and an upper portion;
PA1  means providing a gravity feed liquid reservoir on said upper portion of
      said stand;
PA1  a dispensing head carried by said stand below said reservoir and above said
      base for supporting a supply of flowable particulate material and having
      metering means for gravitational dispensing of metered quantities of the
      material into the receptacle;
PA1  a duct leading from said reservoir to an outlet adjacent to said metering
      means to enable gravitational discharge of liquid into the receptacle
      concurrently with said dispensing of material;
PA1  a valve normally closing said duct;
PA1  a selectively movable rotary operating device having means effective in a
      single rotary operating movement of the device to actuate both said
      metering means and said valve, for dispensing particulate material and
      liquid into the receptacle;
PA1  said metering means comprising a rotor having a hub provided with an
      annular upwardly facing shoulder and including a set of radially extending
      vanes defining metering pockets;
PA1  an annular modulator adjustably mounted on said rotor shoulder and
      including means for modulating the volume of the pockets defined between
      the vanes; and
PA1  means for releasably securing the modulator to said shoulder.
NUM  18.
PAR  18. A dispenser for dispensing into a receptacle, comprising:
PA1  a stand having a base and an upper portion;
PA1  means providing a gravity feed liquid reservoir on said upper portion of
      said stand;
PA1  a dispensing head carried by said stand below said stand below said
      reservoir and above said base for supporting a supply of flowable
      particulate material and having metering means for gravitational
      dispensing of metered quantities for the material into the receptacle;
PA1  a duct leading from said reservoir to an outlet adjacent to said metering
      means to enable gravitational discharge of liquid into the receptacle
      concurrently with said dispensing of material;
PA1  a valve normally closing said duct;
PA1  a selectively movable rotary operating device having means effective in a
      single rotary operating movement of the device to actuate both said
      metering means and said valve, for dispensing particulate material and
      liquid into the receptacle;
PA1  said rotary operating device comprising a disk member having an actuating
      handle;
PA1  a spring normally biasing said disk member in nonoperating direction and
      adapted to be overcome by manipulation of the handle to rotate the disk in
      metering means and control valve actuating direction;
PA1  a vertical coin slot opening between said disk member and said metering
      means; and
PA1  said means for actuating the metering means comprising means on said disk
      member and on said metering means for receiving a coin inserted through
      said slot in coupling relation.
NUM  19.
PAR  19. A dispenser according to claim 18, wherein said means for actuating the
      valve remain operative even when the rotary operating device is rotated in
      the absence of a coupling coin.
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ABST
PAL  In a coin operated lock unit having a coin operated patron key lock adapted
      to effect locking of a cabinet door, the improvement featuring adjustment
      of the patron lock to accommodate different coin denominations, as well as
      varying numbers of coins of each denomination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improvement in coin operated locks of
      the type disclosed in U.S. Pat. Nos. 3,228,506 and 3,599,770, wherein the
      lock unit includes a coin operated patron lock employed to lock a cabinet
      door in closed position.
PAR  In locks of the type disclosed by the above mentioned patents, a coin
      intercepting finger is arranged to project into a coin chute or guide for
      the purpose of releasably intercepting and holding a properly sized coin
      in position in which it may be sensed by a coin feeling finger insertable
      into the coin chute when the patron lock is rotated towards a locked
      position. If the feeling finger does not contact a coin, the patron lock
      can not be locked. In this type of prior lock construction, the coin
      intercepting finger may be adjusted in order to accommodate the lock for
      use with various coin sizes. However, a drawback of these prior lock units
      is that they are limited in use to a single coin of whatever size or
      denomination for which the intercepting finger is adjusted.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards an improvement in locks of the
      type disclosed by U.S. Pat. Nos. 3,228,506 and 3,599,770, whereby the
      patron lock may be readily adjusted to accommodate for both different coin
      denominations and varying numbers of coins of each denomination.
PAR  The present lock construction features a vertically inclined coin chute or
      guide in which coins, which are releasably retained within the slot by
      engagement of a lowermost properly sized coin with an intercepting finger,
      are caused to rest edge to edge with a next lower coin and against a
      referenced-support surface, which is formed with a recess or cutout
      disposed opposite to a coin sensing finger. This arrangement coupled with
      the proper location of the intercepting finger relative to the coin
      sensing finger allows coin blockage of the sensing finger only when the
      proper number and denomination of coins are deposited in the coin chute.
DRWD
PAC  DRAWINGS
PAR  The present invention will now be described in detail in the following
      description taken with the accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary front elevational view of a bank of checking
      lockers employing the present invention;
PAR  FIG. 2 is a perspective view of the lock unit employing the present
      invention in a cabinet door unlocked condition;
PAR  FIG. 3 is a perspective view similar to FIG. 2, but showing the lock unit
      in cabinet door locked condition;
PAR  FIG. 4 is an exploded view illustrating the mode of modifying or adjusting
      the coin chute and coin sensing finger to accommodate various sizes and
      numbers of coins;
PAR  FIG. 5 is a fragmentary view of a coin chute adjusted to accommodate three
      coins of a given denomination, wherein such coins are shown as being
      positioned within the chute; and
PAR  FIGS. 6 and 7 are views similar to FIG. 5, but showing coins of improper
      denomination inserted in the chute.
DETD
PAC  DETAILED DESCRIPTION
PAR  Now referring particularly to FIG. 1, 10 designates a bank of
      coin-controlled checking cabinets and 12 indicates a door closure of one
      of the cabinets on which is fixed a hand gripping block or flange 14
      adapted to facilitate opening and closing of the door.
PAR  A locking unit 16, which is employed to lock door 12 in closed position,
      includes a face or front plate 18 through which extends a custodian or
      control lock 20, a patron lock 22 and a patron lock release rod 24. Face
      plate 18 is also apertured to define a coin insertion slot 26 and
      preferably apertured to permit viewing of the numeral wheels of a counter
      28.
PAR  The various elements forming lock unit 16 may be mounted on face plate 18,
      so as to permit the lock unit to be removably secured within an opening,
      not shown, provided in a marginal portion of the cabinet adjacent door 12.
      To this end, lock unit 16 is preferably secured in place by cooperation of
      a face plate bottom lip 30 and a lip 32, which is carried by barrel 34 of
      custodian lock 20. Barrel 34 may be rotated by means of a removable
      custodian control key, not shown, so as to move lip 32 counter-clockwise
      from its locking position shown in FIG. 2 in order to enable the whole of
      the lock unit to be removed from the cabinet.
PAR  By referring to FIG. 2, it will be understood that face plate 18
      additionally serves to mount a coin chute or guide 36 such as to position
      its inlet or upper end in communication with coin insertion slot 26 and
      its lower or outlet end in communication with a coin collection box, not
      shown. A coin slot blocking or constricting member 38 may be removably
      fixed in association with the coin chute in order to adjustably control
      the maximum diameter coin which may be inserted through slot 26. Face
      plate 18 also serves to carry a bracket 39, which serves to slideably
      support a locking bolt 40 for reciprocation between the
      contracted-unlocked position shown in FIG. 2 and an extended-locked
      position, not shown, in which it is disposed in locking association with
      door 12.
PAR  Again referring to FIG. 2, it will be understood that patron lock 22
      includes a cylindrical housing, not shown, which is non-movably carried by
      face plate 18; a cup-shaped barrel 42, which is rotatably supported on the
      patron lock housing; and a lock cylinder, not shown, which is rotatably
      supported within the patron lock housing so as to permit rotation thereof
      under the control of a patron's key, also not shown. An end portion 43,
      which is connected to the rear of the patron lock cylinder, extends
      through the rear end of the cylindrical housing for driving connection
      with barrel 42. A disc 44 is fixed to the forward end of barrel 42 and
      provided with an arm, not shown, for connecting the barrel to lock bolt
      40, such that the lock bolt is moved to an extended-locking position upon
      rotation of the barrel in a counter-clockwise direction, as viewed in
      FIGS. 2 and 3. A disc 46, which is also carried on the forward end of
      barrel 42, is notched to provide a shoulder 48 adapted to cooperate with a
      pawl 50, which is in turn pivotally supported by a pin shaft 52. A spring
      54 serves to normally bias pivot pawl 50 radially into contact with disc
      46 for engagement with shoulder 48. When barrel 42 is in its normal
      unlocked position shown in FIG. 2, a high-peripheral portion of disc 46
      engages with pawl 50, so as to position the latter radially outwardly of
      shoulder 48. When barrel 42 is rotated in a counter-clockwise direction,
      as viewed in FIG. 2, spring 54 pivots pawl 50 inwardly, whereupon the
      shoulder engages the pawl and limits further rotation of the barrel in the
      absence of a coin being positioned within coin guide 36 by an intercepting
      finger 60, which is located relatively adjacent the lower or outlet end of
      the coin chute. Finger 60 is carried by a lever 62 pivotally mounted on
      the coin chute by pivot pin 64. When a coin is properly positioned by
      intercepting finger 60, a coin feeler mechanism 66 associated with pawl 50
      serves to hold the latter in a position radially outwardly of shoulder 48,
      so as to permit the shoulder to move past the pawl, as barrel 42 is
      rotated into its locked position shown only in FIG. 3.
PAR  It will be understood that lever 62 preferably carries an adjustably
      mounted, forwardly projecting finger or cam follower 68, which is normally
      maintained under the influence of gravity in engagement with the
      rearwardly facing surface of a bracket 70 carried by barrel 42. This
      surface is provided with a forwardly sloping or inclined arcuate cam
      surface 72, which is placed in alignment with cam follower 68 each time
      the patron lock is rotated into its locked position, whereby to permit the
      cam follower to move forwardly under the influence of gravity in order to
      remove coin intercepter finger 60 from engagement with the coin which it
      had previously retained in position within the coin chute and permit such
      coin to pass downwardly towards the coin collection box. After the coin is
      released, barrel 42 may be returned to its unlocked position, but can not
      again be rotated into locked condition until a subsequently inserted coin
      is sensed by mechanism 66.
PAR  Patron lock barrel 42 is also connected to counter 28, as by a driving or
      connecting rod 74, such that the counter is stepped once during each full
      operational cycle of the patron lock barrel between its normal unlocked
      position shown in FIG. 2 and its locked position shown in FIG. 3.
PAR  Patron lock release rod 24 serves to constrain locking rotation of the
      patron lock, until it is forced rearwardly from locking engagement within
      a notch 76 formed in disc 44 by movement of door 12 into fully closed
      position.
PAR  As thus far described, locking unit 16 is quite similar in structure and
      mode of operation to units described in above mentioned U.S. Pat. Nos.
      3,228,506 and 3,509,770. In these prior units, however, coin feeler
      mechanism 66 simply comprises a feeler finger 80, which is formed
      integrally with pawl 50 and directly insertable through a side wall
      opening, not shown, arranged relatively adjacent the upper or inlet end of
      the coin chute in order to sense the presence of a single coin supported
      within such coin chute by finger 60. In the present construction, the
      configuration of coin chute 36 to be hereinafter described, requires that
      the chute be set back from the front of the locking unit such that it is
      necessary to form feeler mechanism 66 with a feeler plunger 82, which is
      coupled with feeler finger 80 by means of a bracket 84 hingedly supported
      for free vertical swinging movements about an axis arranged essentially
      perpendicular to face plate 18. Feeler plunger 82 is supported by a coin
      chute mounted bracket 86 for reciprocating movement into and out of coin
      chute side opening 90, shown only in FIG. 4, under the control of a coil
      spring 92. Coil spring 92 normally serves to retain plunger 82 in an outer
      or non-feeling position, but is deformable to permit inward coin feeling
      movement of the plunger whenever finger 80 is forced into engagement with
      bracket 84.
PAR  The present invention is adapted for use in providing a multiple
      coin-multiple denomination capacity for conventional single coin-single
      denomination operated locks of the type thus far described. For purposes
      of illustration, specific reference will be made to a coin operated lock
      intended to employ English currency having useful coin denominations of
      for instance 5, 10 and 50 Pence. It will be understood, however, that the
      present invention is not limited to its use with any given currency, so
      long as such currency is characterized in that the coin size or diameter
      of each denomination is essentially constant and the coin sizes or
      diameters vary by a given or known amount from denomination to
      denomination.
PAR  Now referring particularly to FIG. 4, it will be understood that the
      preferred form of the present invention includes a lever 62', which is
      interchangably mounted with lever 62 on chute 36; and a novelly designed
      coin chute construction including permanently mounted vertically disposed
      and essentially parallel side plates 100 and 102, which have their forward
      edges interconnected by a front guide 104, and a pair of interchangeably
      mounted spacer bars 106 and 106'. The spacing between side plates 100 and
      102 will be sufficient to accommodate the maximum thickness of the coin to
      be used for operating the lock, while at the same time insuring that the
      coins "sit on edge" one on top of each other or move edge first within the
      coin chute. For most currencies the difference in thickness between coins
      of different denominations will be sufficiently small to avoid the
      necessity of adjusting the spacing between the side plates.
PAR  Levers 62 and 62' are of similar construction in that they are formed with
      pairs of openings 108a, 108b and 108a', 108b' for alternately receiving
      pivot pin 64; and threaded openings 110-117 and 118-120, respectively, for
      alternately and removably receiving intercepting finger 60. The placement
      of pivot pin 64 and finger 60 will vary depending on the number and size
      of coins intended to be employed for operating the lock.
PAR  Also by reference to FIG. 4, it will be seen that side plate 100 is formed
      with a pair of threaded openings 121a and 121b adapted to alternatively
      receive pivot pin 64; a plurality of clearance openings 122-130 adapted to
      freely and alternatively receive intercepter finger 60 depending on its
      positioning on levers 62 and 62'; and three pairs of openings 132a- 132b,
      134a-134b and 136a-136b for alternatively receiving a pair of mounting
      screws 138a-138b by which spacer bars 106 and 106' are interchangeably
      mounted on the coin chute.
PAR  Front guide 104 includes a ramp portion 104a, which extends downwardly and
      rearwardly from coin slot opening 26 and a chute or guide portion 104b,
      which extends downwardly and forwardly from adjacent the rear end of ramp
      portion 104a.
PAR  Spacer bar 106 is provided with two pairs of threaded openings 140a-140b
      and 142a-142b, which are adapted to be aligned with plate openings
      132a-132b and 134a-134b, respectively, whereas spacer bar 106' is formed
      with a single pair of threaded openings 144a-144b, which are adapted to be
      aligned with plate openings 136a-136b. Further, spacer bar 106 is formed
      with a coin supporting edge 148 through which open clearance slots 150-152
      are adapted to be aligned with plate clearance openings 123, 125 and 127,
      respectively, and a coin receiving recess or cutout 153, whereas spacer
      bar 106' is formed with a coin supporting edge 148' through which open
      clearance slots 154-157 are adapted to be aligned with plate clearance
      slots 122, 124, 126 and 128, respectively, and a coin receiving recess or
      cutout 153'.
PAR  For purpose of reference, lever 62 is used for denomination of 5 and 10
      Pence, wherein pivot pin 64 is passed through openings 108a and 121a for
      cases where the lock is to be operated by any of two 5 Pence, three 5
      Pence, two 10 Pence, three 10 Pence or three 5 Pence and the pivot pin is
      passed through openings 108b and 121b for cases where the lock is to be
      operated by any of one 5 Pence, four 5 Pence, five 5 Pence, four 10 c8
      Pence or one 10 Pence. On the other hand, lever 62' is used only for 50
      Pence coins, wherein pivot pin 64 is passed through openings 108a' and
      121a when the lock is to be operated by either two 50 Pence or three 50
      Pence and through openings 108b' and 121b only when the lock is to be
      operated by one 50 Pence.
PAR  Further, spacer bar 106 is used to accommodate the lock to receive both 10
      and 50 Pence coins, wherein screws 138a and 138b are passed through
      aligned openings 132a, 140a and 132b, 140b when the lock is to be used
      with 10 Pence coins, and are passed through aligned openings 134, 142a and
      134b, 142b, when the lock is to be operated by 50 Pence coins. Spacer bar
      106' is to be used only for 5 Pence coins, in which case screws 138a and
      138b are passed through aligned openings 136a, 144a and 136b, 144b,
      respectively. While the several elements of the present construction are
      shown at slightly reduced size in the drawings, their shapes and the
      locations of their openings etc. are believed essentially accurate within
      drawing tolerances.
PAR  It will be understood that in all forms of the present invention, coin edge
      supporting surfaces 148 and 148' face upwardly and are disposed
      essentially parallel to the permanent guide portion 104b and are spaced
      therefrom through a distance essentially equal to, but slightly in excess
      of the diameter of the particular coin denomination intended to be
      employed in operating the lock, so as to permit free downwardly movement
      thereof with the chute. Also, as indicated in FIG. 5, coin holding-sensing
      portion 36a of chute 36 will be inclined or sloped at an angle .alpha.
      relative to the horizontal in order to insure proper gravity feed of coins
      downwardly therethrough, while at the same time insuring proper
      positioning or referencing of coins within the coin slot. It is critical
      that the angle .alpha. should be sufficiently small and that the spacing
      between surfaces 104b and 148 should correspond to that mentioned above in
      order to prevent a second or other subsequently deposited coin from moving
      away from supporting engagement with edge surfaces 148 or 148' by rolling
      over a previously inserted coin of the given currency in a direction
      towards front guide 104b. At the same time, it is undesirable to
      substantially reduce the value of .alpha. below that indicated in the
      drawings, since this would necessitate an undesirable increase in the
      depth of the lock measured rearwardly of plate 18.
PAR  For the illustrated lock design and currency disclosed, the value of the
      angle .alpha. would preferably be equal to or less than about 65.degree..
      As the difference in diameters of coins of a given currency, which may be
      used in the lock increases, the value of .alpha. will decrease.
PAR  The relative placement and spacing between intercepting finger 60 and
      feeler 92, which is preferably located immediately adjacent surface 104b,
      may be established by trial and error once the denomination and number of
      coins required to operate the lock has been decided upon. In that the
      second and all subsequently deposited coins of a multiple coin grouping
      are constrained by the geometry of coin chute portion 36a to rest against
      surface 148 (or 148'), there will be many instances wherein coins of an
      improper grouping will not block opening 90, even if recess 153 were not
      provided. However, the provision of recess 153 is necessary to accommodate
      the lock to handle without error or malfunction all possible improper
      multiple coin groupings, as will hereinafter become apparent.
PAR  By again referring to FIG. 5, it will be seen that coin receiving recess
      153 is arranged opposite to and thus faces feeler finger 82; the latter
      being disposed immediately adjacent guide 104b. Also, it will be
      appreciated that the location of the lower end of coin receiving recesses
      153 and 153' of the spacer bars must not be below that point at which the
      uppermost coin of a proper group of coins, ie. a given number of coins of
      a given denomination, will move into such receiving recess so as to
      uncover feeler opening 90 and thereby not be arranged for engagement by
      the end of feeler 82. On the other hand, the lower end of the coin
      receiving recess must be sufficiently low to permit the uppermost coin of
      an improper group of coins, ie. a group of coins having one or more coins
      of an improper denomination to roll into such receiving recess, if it
      would otherwise cover the feeler opening. The location of the upper end of
      the coin receiving recess is not as critical, since it is only necessary
      that the recess be of sufficient length to accommodate the uppermost coin
      or coins of an improper group of coins, as the need arises. The exact
      placement of recesses 153 and 153', as well as the locations of feeler
      finger 60 and pivot pin 64, relative to the fixed feeler opening 90 will
      of course be determined by the sizes of the denominations of currency for
      which the lock construction is designed.
PAR  To facilitate understanding of the present invention, specific reference
      will now be made to FIGS. 2, 3 and 5-7, wherein the several parts are
      shown as being dimensioned and assembled in order to accommodate the lock
      unit to operate only after three 10 Pence coins have successively been
      inserted through coin slot 26, such coins being designated as 10P in FIG.
      5. In this form of the invention, lever 62 is employed and mounted on the
      coin chute by passing pivot pin 64 successively through openings 108a and
      121a; intercepting finger 60 is carried within lever opening 113 to extend
      through clearance opening 125 into portion 36a between side plates 100 and
      102; and spacer bar 106 is employed and fixed between side plates by
      passing screws 138a and 138b through aligned openings 132a, 140a and 132b,
      140b, respectively. Also, an appropriately sized blocking member 38 is
      fixed to the coin chute 36 in order to prevent the introduction of any
      coin having a diameter in excess of a 10 Pence coin.
PAR  With this arrangement, the first 10 Pence coin to be inserted will come to
      rest against intercepting finger 60 and guide portion 104b, whereas the
      spacing between finger 60 and guide portion 104b will permit any
      previously inserted smaller size coin such as a 2 Pence or 5 Pence coin,
      to freely pass downwardly out of the coin chute directly to a coin box or
      to a coin return, as desired. If two more 10 Pence coins are thereafter
      inserted in succession, they will rest against coin supporting edge 148
      and the next proceeding coin, such that the uppermost or third coin of the
      proper group of three 10 Pence coins will be arranged such that its rim
      portion just covers opening 90. It will again be noted that the lower end
      of recess 153 is disposed immediately above that point which would permit
      the third 10 Pence coin to move or roll into such recess.
PAR  Thereafter when the lock is operated in the manner previously described,
      feeler finger 82 will engage the uppermost coin of the proper group and
      permit barrel 42 of the patron lock to be rotated into its locked position
      shown in FIG. 3. Also, as previously indicated, movement of barrel 42 in
      this manner serves to release or free lever 62 for gravity induced
      counter-clockwise movement into its coin release position shown in FIG. 3,
      during which time intercepting finger 60 moves out of chute portion 36a
      into slot 151 to permit the sensed group of coins to pass downwardly to
      the coin box.
PAR  For purposes of comparison, reference is now made to FIG. 6, wherein three
      2 Pence coins identified as 2P are improperly inserted into the lock after
      a single 10 Pence coin identified as 10P has been inserted. As in the
      previous example, the subsequently inserted 2 Pence coins will come to
      rest in engagement with supporting edge surface 148 and the next
      proceeding coin, but none of the coins will be arranged to cover opening
      90, due to the spacing between finger 60 and feeler 82. The arrangement is
      such that even if the third coin happens to be a 10 Pence coin, as
      indicated in broken line as 10P', rather than a 2 Pence coin, the latter
      will not serve to cover opening 90. If a fourth coin of any denomination
      is inserted, such as indicated in FIG. 6 in the case of a 2 Pence coin,
      this will have no effect on the operation of the lock, since it will
      either rest on edge 148 or move into recess 153 depending on its size.
      Thus, the lock may not be operated with this grouping of coins as long as
      one coin of the inserted group of coins is not of proper denomination,
      regardless of the sequence in which the proper and improper coin
      denominations are inserted.
PAR  FIG. 7 is now referred to for the purpose of illustrating further possible
      improper coin groupings or combinations wherein recess 153 is specifically
      relied upon to prevent opening 90 from being covered by such groups. In
      solid line there is illustrated an improper group of coins consisting of
      one 10 Pence coin, two 5 Pence coins and one 10 Pence coin, wherein the
      last coin identified as 10P is received in recess 153. With this specific
      coin grouping, the last 10 Pence coin would come to rest in the position
      shown in broken line as 10 P" and serve to improperly cover opening 90, if
      recess 153 were not provided.
PAR  As previously indicated, the slope of chute portion 36a is such as to
      prevent a second or other subsequently deposited coin of any size which
      can be inserted through coin slot 26 from "rolling" over a previously
      deposited coin of a given currency in a direction towards guide 104b.
      Rather, the slope of chute portion 36a and the spacing between surfaces
      104b and 148 is such as to require coins to "roll" towards surface 148,
      regardless of their size and the sequence in which they are inserted, and
      to move into recess 153 whenever they might otherwise be arranged for
      engagement by feeler pin 82.
PAR  Of course whenever a group of improperly sized coins have been inserted in
      chute 36, whether willfully or by mistake, it will thereafter be
      impossible to operate patron lock 22 until coin chute 36 is cleared by a
      custodian gaining access to the lock unit by means of custodian lock 20.
PAR  While in the preferred construction illustrated in the drawings, portion
      36a is arranged to slope downwardly and towards the rear surface of face
      plate 18, it will be understood that a rearrangement of parts will permit
      portion 36a to slope downwardly and away from face plate 18. Also, the
      structure could be further modified to permit intercepting finger 60 to
      cooperate with surface 148 to retain the first deposited properly sized
      coin in position and move towards front guide 104b for the purpose of
      releasing a group of coins when lever 62 moves into its release position
      as suggested by the provision of levers 62 and 62' with openings 117 and
      120, respectively.
PAR  While a specific embodiment of the present invention has been described
      with reference to its use with a proper multiple coin grouping consisting
      of three 10 Pence coins, it is believed apparent that the present
      construction will perform equally well for groups of other denominations
      and/or sized groups including 1, 2, 4 or more coins. In this respect, it
      will be understood that for groupings including 2, 4 or more coins, the
      manner of operation will be identical to that described with reference to
      a grouping of three coins. On the other hand, when the "grouping" is to
      consist of only one coin, the mode of operation would be similar to prior
      conventional structures from the standpoint that all coins larger than a
      proper or given size coin would be prevented from being inserted into the
      coin chute and the intercepting finger would permit any coin having a
      diameter less than that of the proper coin to freely pass downwardly
      through the discharge end of the coin chute.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a coin operated lock of the type having a coin chute formed with
      vertically spaced coin inlet and discharge ends and constraining coins to
      move on edge downwardly therethrough, an intercepting finger arranged
      relatively adjacent said discharge end for releasably retaining a coin
      deposited in said chute and a coin feeler arranged relatively adjacent
      said inlet end and being removably insertable into said chute for sensing
      the presence of a coin retained therein by said intercepting finger,
      characterized in that operation of said lock may be effected only upon
      sensing of the presence of a coin by said coin feeler whereafter the
      sensed coin is released by said intercepting finger for discharge through
      said discharge end, the improvement for permitting said lock to be
      operated by a proper grouping of coins consisting of two or more coins of
      a given denomination of a given currency successively deposited in said
      coin chute and setting edge on edge therewithin, which comprises:
PA1  said coin chute being vertically bounded by a downwardly facing guide
      surface and an upwardly facing coin edge supporting surface arranged
      essentially parallel to said guide surface and spaced therefrom through a
      distance corresponding essentially to the diameter of the coin of said
      given denomination while permitting free movement of said coin of said
      given denomination downwardly through said chute, said surfaces being
      inclined at an angle to the horizontal affording gravity feed of coins
      through said chute while preventing a second or subsequently deposited
      coin from moving away from supporting engagement with said supporting
      surface by rolling over a previously deposited coin in a direction towards
      the guide surface, said coin feeler being arranged immediately adjacent
      said guide surface, said supporting surface having a coin receiving recess
      opening therethrough in a facing relationship with said coin feeler, said
      intercepting finger cooperating with one of said guide and supporting
      surfaces to releasably retain a first deposited coin of said given
      denomination within said coin chute while permitting previously deposited
      coins of other denominations of said given currency having a diameter less
      than said diameter to freely pass downwardly through said discharge end,
      said intercepting finger being spaced from said coin feeler through a
      distance insuring the positioning of a portion of a last deposited coin of
      said proper grouping for sensing by said coin feeler, said coin receiving
      recess having a lower end thereof arranged immediately above a point along
      said supporting surface at which said last deposited coin would be
      unsupported by said supporting surface and move into said coin receiving
      recess and away from a position thereof in which it can be sensed by said
      coin feeler, characterized in that the positioning of said intercepting
      finger relative to said coin feeler and the presence of said coin
      receiving recess prevents sensing of any coin by said coin feeler when a
      second or subsequently deposited coin of said given currency includes a
      coin of a denomination other than said given denomination.
NUM  2.
PAR  2. In a coin operated lock of the type having a coin slot through which
      coins are inserted into the lock, a coin chute, said coin chute being
      formed with vertically spaced coin inlet and discharge ends and
      constraining coins to move on edge downwardly therethrough, said inlet end
      communicating with said coin slot, an intercepting finger arranged
      relatively adjacent said discharge end for releasably retaining coins
      deposited in said chute and a coin feeler arranged relatively adjacent
      said inlet end and removably insertable into said chute for sensing the
      presence of a coin retained therein by said intercepting finger,
      characterized in that said lock may be moved from an unlocked into a
      locked condition only upon sensing of the presence of a coin by said coin
      feeler whereafter said intercepting finger is moved to release the sensed
      coin for discharge through said discharge end, the improvement for
      permitting said lock to be operated by a proper grouping of coins
      consisting of two or more coins of a given denomination of a given
      currency successively deposited in said coin chute and sitting edge on
      edge therewith, which comprises:
PA1  said coin chute comprising a pair of vertically extending side plates, a
      front plate and a spacer bar, said front plate extending between said side
      plates and having a ramp portion extending downwardly and rearwardly from
      adjacent said coin slot and a guide portion extending downwardly and
      forwardly from adjacent a rear end of said ramp portion to define a
      downwardly and rearwardly facing guide surface, said spacer bar being
      supported to extend between said side plates and defining an upwardly and
      forwardly facing coin edge supported surface arranged to face and be
      essentially parallel to said guide surface, said supporting surface being
      spaced from said guide surface through a distance corresponding
      essentially to the diameter of a coin of said given denomination while
      permitting free movement of said coin of said given denomination
      downwardly through said chute, said guide and supporting surfaces being
      inclined at an angle to the horizontal affording gravity feed of coins
      through said chute while preventing a second or subsequently deposited
      coin from moving away from supporting engagement with said supporting
      surface by rolling over a previously deposited coin in a direction towards
      said guide surface, said spacer bar having a coin receiving recess opening
      through said supporting surface, and one of said side plates having at
      least one clearance opening, at least one pivot pin supporting opening and
      an opening to freely receive said coin feeler to extend into said coin
      chute immediately adjacent said guide surface; and
PA1  a lever pivotally supported on a pivot pin received in said pivot opening
      and arranged adjacent said one side plate outwardly of said coin chute,
      said lever having at least one opening for supporting said intercepting
      finger to extend through said clearance opening into said coin chute, said
      lever being normally maintained by said lock when in unlocked condition to
      position said intercepting finger for cooperation with one of said guide
      and supporting surfaces to support a first deposited coin of said given
      denomination within said coin chute while permitting previously deposited
      coins of other denominations of said currency having a diameter less than
      the diameter than said coin of said given denomination to pass downwardly
      through said discharge end, the other of said guide and supporting
      surfaces having a slot opening therethrough, said lever being movable in
      response to movement of said lock into said locked condition to remove
      said intercepting finger from within said coin chute for positioning
      within said slot thereby to permit passage of all coins within said coin
      chute downwardly through said discharge end, said intercepting finger when
      said lock is in said unlocked condition being spaced from said coin feeler
      through a distance insuring the positioning of a last deposited coin of
      said proper grouping for sensing by said coin feeler, said coin receiving
      recess having a lower end thereof arranged immediately above a point along
      said supporting surface at which said last deposited coin would be
      unsupported by said supporting surface and moved into said recess and away
      from a position thereof in which it can be sensed by said coin feeler,
      characterized in that positioning of said intercepting finger relative to
      said coin feeler and the presence of said coin receiving recess prevents
      sensing of any coin by said coin feeler when a second or subsequently
      deposited coin of said given currency is of a denominatin other than said
      given denomination.
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ABST
PAL  An all-electronic control system for a high-speed column sequential dot
      matrix printer, using a permutation code signal of given pulse rate p
      comprising a series of individual code words each including a fixed number
      of data pulses preceded by a start pulse; the control system comprises a
      plural-stage FIFO storage register with a capacity of at least three, and
      preferably four or more, code words, for storing input data, as during a
      carriage return of the printer. A print timing oscillator having a
      frequency f is coupled to countdown means that develops a normal print
      rate signal f/n and a fast print rate signal f/m, where f &gt;&gt;p and n&gt;m. A
      print rate selector selects one of the print rate signals, to control the
      printing speed of the printer, depending on whether a code word is stored
      in a given stage of the storage register.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 349,438
      filed Apr. 9, 1973 now abandoned, and is a continuation of application
      Ser. No. 528,447 filed Nov. 29, 1974.
BSUM
PAR  The invention covered by this application is an improvement upon the
      control system described and claimed in U.S. Pat. No. 3,719,781 of Walter
      J. Zenner and John R. Fulton for Control System for High Speed Printer,
      and is particularly applicable to a printer of the kind described and
      claimed in U.S. Pat. No. 3,670,861 of Walter J. Zenner and Raymond Kranz.
PAC  BACKGROUND OF THE INVENTION
PAR  The basic timing requirements for operation of a high-speed printer
      controlled by a permutation code data input signal, such as the
      conventional seven and one-half unit Baudot code or the American Standard
      Code for Information Interchange (ASCII), are established by the received
      signal. In a dot matrix printer, particularly the kind in which each
      character is reproduced in a series of individual columns of dots
      imprinted sequentially, timing of the printer operations is quite
      critical. Each code word, as received, must be translated into a form
      usable in control of the printer, and the translated information must be
      presented to the printer with precise timing and at a speed sufficient to
      permit multiple functions of the printer mechanism before a new code word
      is received. Conventional timing controls have not been notably efficient,
      as applied to high-speed column-sequential dot matrix printers, leading to
      continuing difficulties in maintaining accurate character reproduction.
PAR  These timing difficulties are accentuated in connection with non-print
      functions of the printer, particularly the carriage return and line feed
      operations. Immediate recognition of a non-print function is essential to
      accurate operation of the printer; if the printer begins to step through a
      character-reproduction cycle in response to a non-print function code
      word, an error of substantial magnitude can result. Overprinting,
      distorted characters, erroneous characters and other errors can easily
      result from any discrepancies in timing or in code recognition.
PAR  In a printer operated at moderate speeds, of the order of five to ten
      characters per second, carriage return and line feed operations can be
      accommodated by storing code words received during the time intervals
      required for these operations. To avoid loss of characters or other data,
      the printing speed is increased somewhat, over the receiving rate, to
      assure complete reproduction of all incoming information. This usually
      results in some "dead" time in each character-printing cycle whenever the
      storage register has been cleared, which presents no particular
      operational problems at low or moderate speeds.
PAR  If the printer speed is increased, however, to a range of fifteen to thirty
      characters per second, a number of problems are encountered. At these
      higher speeds, one or more characters may be lost during a carriage return
      or line feed operation if the printer does not print rapidly enough to
      empty the storage register in time to accept further input data. This
      problem can sometimes be alleviated by increasing the input storage
      capacity. Another and more difficult problem, however, is presented by the
      fact that it becomes necessary to print each character faster than
      received. As a consequence, whenever the input store is cleared the
      printer operates with a carriage motion that prints one character, waits
      for the next character, prints the next character, and so on. The
      resulting dead time in each character printing cycle produces a start-stop
      motion which is intolerable at high printing speeds because the natural
      resonance of the carriage and associated components is approached, causing
      severe vibration and bouncing of the carriage. The overall result is often
      an unacceptable degradation in the quality of the printed copy.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the invention, therefore, to provide a new and
      improved timing control for a high-speed column-sequential dot matrix
      printer actuated by a conventional permutation code input signal that
      effectively utilizes two or more different printing speeds, including a
      normal speed approximately matched to the pulse rate of the incoming data
      and a higher speed that is employed following a carriage return, line
      feed, or other operation in which some of the incoming data is placed in
      storage.
PAR  A specific object of the invention is to provide a smooth transition, from
      one printing speed to another, in the operation of a high-speed
      column-sequential dot matrix printer, to avoid excessive vibration of the
      printer while performing a catch-up operation to print characters that
      have had to be stored during a carriage return or similar operation.
PAR  An additional object of the invention is to provide a dual printing speed
      control system for a high-speed column-sequential dot matrix printer that
      is actuated in accordance with the storage condition of a given stage in
      an input storage register capable of storing at least three complete code
      words.
PAR  Accordingly, the invention relates to an electronic control system for
      controlling a high speed column-sequential dot matrix printer in
      accordance with a permutation code signal of given pulse rate in which
      each code word, representative of a character to be reproduced or of a
      non-print function, includes a given number of data pulses. The control
      system comprises a print timing oscillator having an operating frequency f
      that is much higher than the pulse rate of the permutation code signal and
      is preferably an integral multiple of the permutation code pulse rate. The
      system further comprises a FIFO storage register including at least three
      stages, each stage having a capacity sufficient to record a complete code
      word. Means are provided for recording each code word in the storage
      register and for reading out each code word from the register, in the
      order received. A first countdown means, coupled to the oscillator,
      develops both a normal print rate signal having a frequency f/n; a second
      countdown means, coupled to the oscillator, develops a fast print rate
      signal having a frequency f/m; n and m are both integers and n is larger
      than m. The system further includes print rate selection means for
      selecting one of the print rate signals to be supplied to the printer to
      control its printing speed, selection being made in accordance with the
      presence or absence of a code word stored in a given stage of the storage
      register.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified plan view of a high speed dot matrix printer of the
      general kind to which the control system of the present invention may be
      applied;
PAR  FIG. 2 illustrates the form of the characters printed by the printer of
      FIG. 1;
PAR  FIG. 3 is a block diagram of a high speed printer control system in which
      the improvements of the present invention may be incorporated;
PAR  FIG. 4 is a detailed schematic diagram of the storage registers for the
      control system of FIG. 3 together with a part of the print speed control
      system of the present invention;
PAR  FIG. 5 is a detail schematic diagram of a print clock constructed in
      accordance with one embodiment of the present invention;
PAR  FIG. 6 is a timing chart illustrating a part of the operation of the
      control system illustrated in FIGS. 4 and 5; and
PAR  FIGS. 7A through 7C are timing charts affording a comparison between
      operation of the system of the invention and previously known control
      systems.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates, in simplified form, a high speed printing machine 10 in
      which the control system of the present invention may be employed; the
      printer 10 produces characters in dot matrix form as shown in FIG. 2.
      Printer 10 comprises a base 11 with two vertical frame members 12 and 13
      affixed to the opposite sides of the base. A platen 14 is mounted upon a
      rotatable shaft 15 that extends between the two side frame members 12 and
      13. A knob 16 is mounted on one end of shaft 15 to provide for manual
      rotation of the platen.
PAR  A carriage guide rail 17 is mounted at the front end of printer 10,
      extending transversely of the printer parallel to platen 14. A carriage 18
      is mounted upon guide rail 17 and is connected to a carriage positioning
      belt 19. Preferably, belt 19 is a toothed belt of the kind known as a
      timing belt. Belt 19, at its right-hand end, extends around a drive
      sprocket 21 mounted upon a shaft 22 that projects upwardly from base 11.
      The other end of belt 19 engages an idler sprocket 23 mounted upon a
      vertical shaft 24 at the left-hand side of the printer base.
PAR  Shaft 22 is connected to a pulley, not shown, that is engaged by a drive
      belt 25. The drive belt 25 extends around a drive sprocket 26 mounted upon
      the shaft 27 of stepping motor 28. Motor 28 is a reversible motor that
      rotates through a discrete angle of rotation each time an electrical
      signal pulse is applied to the windings of the motor.
PAR  There are three control switches 31, 32 and 33 mounted on base 11 in
      position to be actuated by engagement with carriage 18. Switch 31 is
      located at the left-hand side of printer 10 and constitutes a left-hand
      margin control switch. Switch 33 is located at the right-hand side of the
      printer and comprises a right-hand margin control switch. Switch 32 is
      located intermediate switches 31 and 33, but substantially nearer to
      switch 33, and may be utilized for control of the right-hand margin,
      during printing operations, for material that has not been grouped in
      specific line groupings.
PAR  Printer 10 also includes a line feed actuator 34 mounted in the rear
      left-hand corner of the printer on base 11. Actuator 34, which may
      comprise a solenoid or a stepping motor, is connected to a line feed
      linkage 35 for rotating platen 14 through a discrete angular distance to
      achieve a line feed operation. In operation, a sheet or web of paper
      extends around platen 14 and is imprinted by impact from a plurality of
      printing rods or needles 36 that extend from carriage 18 toward platen 14.
      In a typical printer, there are seven rods 36 arranged in vertical
      alignment with each other at the printing station 37 adjacent the surface
      of platen 14, each provided with an individual drive magnet (not shown).
PAR  Printer 10 is, essentially, a simplified illustration of the high speed
      printer described and claimed in U.S. Pat. No. 3,670,861 of Walter J.
      Zenner and Raymond E. Kranz, issued June 20, 1972, to which reference may
      be made for a more complete and comprehensive description of the
      mechanical construction and operation of the printer. Details of some of
      the mechanical linkages in the printer, such as a return spring for return
      of carriage 18 to the left-hand margin and a clutch to release the
      carriage drive for return movement, have been omitted as unnecessary for
      an understanding of the present invention. The preferred construction for
      carriage 18, including print rods 36 and the print rod magnets, is
      described and illustrated in detail in U.S. Pat. No. 3,729,079 of Messrs.
      Zenner and Kranz, issued Apr. 24, 1973. Only a brief description of the
      mechanical operation of printer 10 is necessary in this specification.
PAR  In the operation of printer 10, as noted above, a sheet or web of
      impact-sensitive paper is extended around platen 14, between the platen
      and the print rods 36 of the printer. If preferred, ordinary paper and a
      carbon ribbon or carbon sheet can be employed. The starting position for
      carriage 18 is at the left-hand end of its travel on guide 17, adjacent
      the left-hand margin switch 31. For the first character to be imprinted,
      such as the character H illustrated in FIG. 2, carriage 18 advances P
      discrete steps from left to right, the carriage being driven by its
      positioning belt 19 through the drive afforded by stepping motor 28, drive
      belt 25, and sprocket 21; in the illustrated embodiment, P = 8. During the
      first three steps or column movements of carriage 18, no impression is
      made on the paper. In the next five steps of the carriage, the complete
      character is imprinted by selective actuation of rods 36.
PAR  As shown in FIG. 2, the initial advancing movement of carriage 18 leaves
      three blank columns 41, 42 and 43 preceding the first character to be
      imprinted. In the first character column 44, all seven of the print rods
      36 are driven into impact with the paper, producing seven vertical dot
      impressions 39. On the next incremental step in the advancing movement of
      carriage 18, only one dot impression 39 is formed, at the fourth or center
      level. This action is repeated in the next two columns 46 and 47 in the
      advancing movement of carriage 18. In the eighth step of carriage 18, all
      seven of the print rods 36 are again actuated, producing seven dot
      impressions in the final column 48. This results in formation of the
      letter H as illustrated in FIG. 2. In this same manner, a complete line of
      characters is imprinted across the paper on platen 14, with carriage 18
      moving from left to right a total of eight steps for each individual
      character.
PAR  As carriage 18 approaches the right-hand end of platen 14, it first engages
      switch 32. Switch 32 may be utilized to actuate a return mechanism (not
      shown) to return carriage 18 to the left-hand side of printer 10 and
      initiate printing of a new line. Under other operational circumstances,
      discussed more fully hereinafter, carriage 18 may continue its movement
      until it engages switch 33, at which time the carriage return and line
      feed mechanisms of printer 10 are mandatorily actuated to return the
      carriage to the initial line position and to feed the paper. Before a new
      line of print is initiated, actuator 34 rotates platen 14 through one or
      more feed increments, aligning a fresh line segment of the paper web with
      carriage 18.
PAR  In the preferred form of printer, the carriage return operation is effected
      by reverse rotation of motor 28 through a discrete number of steps, which
      reverse movement operates a spring-return mechanism that performs the
      necessary carriage return operation. In the carriage drive for the printer
      described in the aforementioned Zenner and Kranz U.S. Pat. No. 3,670,861,
      the carriage return action is initiated by reverse rotation of motor 28
      through four steps, but a different number of reverse rotational steps for
      initiation of a carriage return could be employed if desired.
PAR  Ordinarily, each carriage return operation is initiated by a carriage
      return function code incorporated in a telegraph signal that controls
      printer 10. On the other hand, if the telegraph signal does not include
      suitable carriage return codes, the control system described in the
      aforementioned Fulton and Zenner U.S. Pat. No. 3,719,781 can be utilized
      to effectuate a carriage return operation upon the occurrence of any space
      code after carriage 18 has actuated switch 32, thus affording an automatic
      carriage return and line feed operation. A separate line feed code is
      utilized to actuate the line feed mechanism comprising solenoid 34 and
      linkage 35. Other non-print function codes may be included in the received
      signal and can be utilized in control of printer 10.
PAR  FIG. 3 illustrates, in block diagram form, a printer control system 50
      taken from the Zenner Fulton patent, with some modification to suit the
      present invention. The input stage of system 50 is a line relay circuit 51
      to which a conventionally coded telegraph signal is supplied. In the
      following description, and particularly in connection with the circuits
      illustrated in FIGS. 4-6, it is assumed that the incoming signal is
      encoded in accordance with the standard eleven-unit ASCII code, but other
      permutation codes can be employed with appropriate modifications in the
      control system to interpret the code.
PAR  The output of line relay 51 is connected to an input clock control circuit
      52. Clock control circuit 52 is in turn coupled to an input clock 53.
      Clock 53 may comprise a start-stop multivibrator or other oscillator of
      constant frequency, or may comprise a countdown circuit energized from a
      separate oscillator 60. The input clock frequency is taken as an integral
      multiple of the pulse rate of the input signal; for the control described
      herein, a multiple of sixteen is used. For the ASCII permutation code,
      which is an eleven-unit code comprising one start pulse, eight data
      pulses, and two stop pulses, the output frequency for clock 53 is 1760 Hz,
      assuming an input rate of ten characters per second and a pulse rate of
      one hundred ten pulses per second.
PAR  The output of clock 53 is applied to a binary counter 54. Counter 54 is a
      sixteen stage counter and thus cycles once for each pulse in the input
      signal. The final stage of binary counter 54 is connected back to the
      input clock control circuit 52. The outputs from individual stages in the
      binary counter are connected to a set and reset detector circuit 55, to a
      shift detector circuit 56, and to a load detector circuit 57. Though shown
      as separate circuits, detectors 55-57 may comprise a single BCD-to-decimal
      decoder capable of developing appropriate set, reset, shift and load
      signals.
PAR  The output of circuit 51 is also connected to a receiving data storage
      register 58 serving as an initial buffer storage unit for the control
      system. Receiving register 58, comprising an all-electronic serial-in
      parallel-out shift register, also receives control signals from the set
      and reset detector 55 and from the shift detector 56. Another output from
      the set and reset detector 55 is connected back to the input of clock
      control circuit 52.
PAR  The individual storage circuits in receiving register 58 are connected in
      parallel to individual storage circuits in the first stage of a four stage
      operational storage register 59. Register 59 has a shift input connection
      from the output of oscillator 60. A control input to storage register 59
      is supplied from load detector 57. The output of load detector 57 is also
      connected in a control circuit to line relay 51 and to a print clock
      control circuit 61.
PAR  The output of the print clock control circuit 61 is connected to a print
      clock 62 which is in turn connected to a binary counter 63. The clock
      control, clock, and counter circuits 61-63 constitute a print clock means
      essentially similar to circuits 52-54; indeed, clock 62 is preferably
      actuated from the same oscillator 60 that supplies input clock 53.
      However, print clock 62 operates at a different frequency from input clock
      53. The operating frequency for print clock 62 is determined by the
      printing pulse rate for printer 10 and is made equal to an integral
      multiple of the printing pulse rate. The printing rate is equal to or
      faster than the incoming signal pulse rate but the print clock frequency
      may actually be lower because the printer requires only eight pulses per
      character, as described above in connection with FIG. 2, instead of the
      eleven pulses per character in the input signal. Thus, the minimum or
      "normal" frequency for print clock 62 is 1280 Hz. However, print clock 62
      must also operate at a substantially higher frequency, as explained more
      fully hereinafter; it is also capable of producing a "fast" clock signal,
      in this instance at a frequency of 1564.4432 Hz.
PAR  The outputs from the various levels of binary counter 63 are connected to a
      check signal detector 64, a reset detector 65, a column count control
      circuit 66, and a step and print control circuit 67. Detector 64 produces
      a check signal that is applied to receiving register 58 and to a number of
      other circuits in control system 50. The output of reset detector 65 is
      connected to the print clock control circuit 61 to reset that circuit at
      the end of each code word. The column count control circuit 66 has a
      plurality of output circuits individually connected to the several stages
      of a BCD-decimal decoder 68. Decoder 68 has a plurality of output circuits
      individually connected to a character generator 69, and one output
      connected to reset detector 65.
PAR  Character generator 69 has an input circuit connected to an output of the
      step and print control circuit 67. In addition, character generator 69 has
      a plurality of input circuits that are connected to the individual stages
      of the operational storage register 59. Character generator 69, which is a
      commercially available signal translation matrix of integrated circuit
      construction, affords seven output circuits, one for each of the printing
      rods 36 of printer 10 (FIG. 1). Each output of character generator 69 is
      individually connected to one of seven print magnet control circuits 71.
      Each print magnet control is in turn connected to an individual magnet or
      solenoid 72 for actuating one of the print rods 36.
PAR  The input signal to system 50 includes a number of codes for printer
      functions other than the imprinting of individual characters. The
      occurrence of any of these non-print function codes is identified in a
      detector 73 having a plurality of inputs connected to the outputs of
      individual storage circuits in the last or output stage of storage
      register 59. In addition, separate detector circuits are provided for
      specific non-print function codes necessary to operation of the printer.
      These include a carriage return detector 74, a line feed detector 75, and
      an auxiliary function detector 76. Each of the individual function code
      detectors 74, 75 and 76 is provided with an input from the non-print
      function detector 73 as well as a plurality of inputs from the final stage
      of storage register 59.
PAR  One output from the non-print function detector 73 is connected to a print
      timing and enabling circuit 77 and to a line feed control circuit 78.
      Circuit 78 has a second input derived from line feed detector 75. The
      output of the line feed control circuit 78 is connected to a line feed
      driver circuit 79 for energizing the line feed actuator 34 of the printer
      (FIG. 1).
PAR  The output of the auxiliary function detector 76, FIG. 3, is connected to
      an auxiliary function circuit 82, which may comprise a buzzer, a bell, or
      other auxiliary device. The output of detector 76 is also connected to a
      second input for the print timing and enabling circuit 77. The print
      timing and enabling circuit 77 has one output that is connected to the
      step and print control 67. Another output from the enabling circuit 77 is
      connected to a step motor control circuit 81. Circuit 81 has a second
      input derived from the output of carriage return detector 74 and a third
      input taken from the output of check detector circuit 64. The check signal
      developed in detector 64 is also supplied to the print timing and enabling
      circuit 77 and to the non-print function detector 73.
PAR  The step motor control circuit 81 has four outputs individually connected
      to four motor windings in step motor 28. Control 81 determines the
      direction of rotation of step motor 28 and controls the number of steps
      through which the motor is driven in any given operational sequence.
PAR  In considering operation of control system 50, it should be remembered that
      the initial pulse in each code word, in the ASCII telegraph signal
      supplied to line relay 51, is a start pulse of given polarity, sometimes
      referred to as a "space" pulse. The next eight pulses in each code word
      are data pulses identifying a particular character or a specific printer
      function; these eight data pulses may be "space" pulses or may be "mark"
      pulses, which are opposite in polarity to the space pulses. The final two
      pulses in the code word are stop pulses; both are mark pulses. In the
      following description it is assumed that the space pulses in the incoming
      signal are negative-going signals and that the mark pulses are
      positive-going signals.
PAC  OPERATION IN RESPONSE TO A CHARACTER CODE
PAR  When a signal transmission to control system 50 is initiated, the first
      code pulse or baud in the input signal is a space signal pulse which
      actuates line relay 51, producing an output signal that triggers the input
      clock control circuit 52 to start input clock 53 in operation. As noted
      above, clock 53 produces a clock signal at a frequency of sixteen times
      the pulse rate of the input signal; this clock signal is supplied to
      binary counter 54. From the frequency relations given above, it can be
      seen that binary counter 54 produces sixteen output signal pulses during
      the time interval prior to occurrence of the next pulse in the incoming
      signal, which may be either a space or a mark pulse, depending upon the
      character or function code being transmitted.
PAR  When counter 54 reaches a count of six, the set and reset detector 55 is
      actuated, producing a set signal that is supplied back to the input clock
      control 52 to maintain input clock 53 in operation for the full period of
      time required for receipt of a given character or other code word. That
      is, the set signal from circuit 55 maintains the input clock means 52-54
      in operation until reset upon receipt of all of the data pulses in a
      complete code word.
PAR  When counter 54 reaches a count of seven, shift detector 56 produces a
      shift pulse that is supplied to receiving register 58. The shift pulse
      records the space signal appearing at the output of line relay 51 in the
      initial storage circuit of receiving register 58. When counter 54 reaches
      a count of sixteen, indicating completion of one pulse of the input
      signal, the final stage of counter 54 produces an output signal that is
      supplied to the input clock 52; 53; at this time, however, this does not
      alter the operating condition of the input clock control and the input
      clock 53 continues to run.
PAR  During the second cycle of operation of the input clock means 52-54, the
      second input signal pulse is received in line relay 51. This is the first
      data pulse; it may be a mark signal or it may be a space signal. At count
      seven of counter 54, during this first data signal pulse, a shift signal
      is again supplied to receiving register 58. This shifts the initially
      recorded space pulse to the second storage circuit in the receiving
      register and records the present output of line relay 51 in the first
      storage circuit of receiving register 58. This process continues, with the
      shift detector 56 producing a shift pulse in each cycle and recording the
      incoming data from line relay 51 sequentially in the individual storage
      devices comprising receiving register 58.
PAR  When the initial space pulse that started the transmission reaches the
      final storage circuit of receiving register 58, the receiving register
      produces an end-of-character signal that is supplied to the set and reset
      detector 55, to the load detector 57, and to the input clock control 52.
      This is an enabling signal that conditions the system for subsequent
      operations.
PAR  In the next cycle of the input clock means 52-54, on the count of three in
      counter 54, a "load" signal is developed by load detector 57. This load
      signal is supplied to storage register 59 and is utilized to transfer the
      information that has been recorded in receiving register 58 into the first
      stage of the operational storage register 59. The transfer of data between
      registers 58 and 59 is accomplished in a single input clock pulse, the
      transfer being effected on a parallel basis between individual storage
      circuits in the two registers. In normal operation, the code word recorded
      in the initial stage of register 59 is rapidly transferred to the final
      stage of the register; during a carriage return, the internal transfer
      within register 59 may be delayed, as explained hereinafter. The load
      signal is also applied to line relay 51 to reset the line relay to the
      mark condition to prevent running of the printer on an "open line"
      condition.
PAR  On the count of five in counter 54, after a complete set of data pulses for
      a code word has been stored in receiving register 58, and transferred to
      the initial stage of storage register 59, detector 55 develops a reset
      signal. This reset signal is supplied to input clock control 52 to
      interrupt operation of input clock 53 until a further code signal is
      received from line relay 51. The reset signal is also used to clear
      receiving register 58, recording mark bits in all storage circuits of the
      receiving register in preparation for recording a new code word. The
      resetting of register 58 also serves to reset the end-of-character
      circuits in receiving register 58, so that the enabling signal previously
      supplied from register 58 to clock control 52 and to detectors 55 and 57
      is terminated.
PAR  The output signal from load detector 57, in addition to the functions
      described above, is also supplied to print clock control circuit 61 to
      initiate operation of print clock 62. Thus, almost immediately after a
      complete character or function code has been stored in register 59, the
      print clock 62 is started, affording a clock signal for timing all of the
      operational control circuits 59-82. The output pulses from print clock 62
      are counted in binary counter 63 which, like counter 54, counts in groups
      of sixteen. On each count of one in the input of binary counter 63,
      control 66 is actuated to produce a column count signal that is supplied
      to converter 68 for conversion from binary coded decimal to decimal
      notation. For each complete character (or function) code, there are eight
      pulses in the column count signal.
PAR  On each count of three in the output of binary counter 63, a "check" signal
      is produced by detector 64. This check signal is supplied to receiving
      register 58 to assure resetting of that register to an all "marking"
      condition. The check signal developed by detector 64 is also supplied to
      the non-print function detector 73, to the print timing and enabling
      circuit 77, and to the step motor control circuit 81.
PAR  As described above, printer 10 uses a total of eight columns for each
      character, but the first three columns are utilized for spacing between
      characters and only the last five columns are actually employed for
      printing. Consequently, only five output signal connections are provided
      from the BCD-decimal decoder 68 to character generator 69; the signals
      from the decoder are employed in the character generator as column strobe
      signals. The first column signal output from decoder 68 is supplied to
      column count control 66 for check pulse gating.
PAR  Each storage circuit in the output stage of storage register 59 is coupled
      to an individual input for character generator 69. This information is
      continuously available to the character generator until new code data is
      shifted into the final stage of storage register 59 by another load pulse
      from detector 57. The character generator develops a series of output
      signals, in response to the column strobe signals from converter 68, that
      are utilized to actuate the individual print magnets 72 for the print rods
      36 of printer 10.
PAR  When counter 63 reaches a count of seven, near the mid-point of the counter
      cycle, circuit 67 is actuated to develop a step signal that is supplied to
      step motor control 81. This step signal is utilized, in control 81, to
      develop appropriate drive signals to advance step motor 28 one step. This
      action occurs once for each of the eight columns entailed in reproduction
      of a single character. The step and print control 67 also receives a
      timing signal from the print timing and enabling circuit 77 and develops a
      "print" pulse timing signal that occurs shortly after the step signal. The
      print pulse timing signal is supplied to character generator 69 to control
      timing of energization of the print magnets 72, so that the print magnets
      are always energized immediately after step motor 28 has advanced one
      step.
PAR  As noted above, character generator 69 is a commercially available
      integrated circuit matrix suitable for generating actuating signals in
      response to the code data signals in the final stage of storage register
      59, the column count signals from converter 68, and the print signals from
      control 67. In the reproduction of a single character, only the column
      count signals for columns four through eight (columns 44-48 in FIG. 2) are
      supplied to character generator 69. Upon the receipt of one column count
      signal pulse, character generator 69 (FIG. 3) develops from zero to seven
      actuating signals, depending upon the particular print magnets that are to
      be energized for each given column of the character being reproduced.
      These signals are supplied to the individual print magnets 72, through
      appropriate drive circuits in the print magnet control 71, reproducing the
      desired character as described above in connection with FIGS. 1 and 2.
PAR  After completion of printing of the character, on the occurrence of a count
      of twelve in the output of binary counter 63 and with a column eight
      signal available from converter 68, reset detector 65 is actuated to
      produce a reset signal that is supplied to print clock control 61. This
      effectively stops print clock 62, readying control system 50 for printing
      of another character or for any other function dictated by the next code
      word received by line relay 51.
PAC  OPERATION IN RESPONSE TO A FUNCTION CODE
PAR  The initial operation of control system 50 in response to a non-print
      function code word is basically the same as for a character code word.
      Thus, the initial space pulse at the beginning of the function code word
      initiates operation of input clock 53. The code word is stored in
      receiving register 58, pulse by pulse, in the same manner as described
      above, under control of the shift signal from detector 56. When all data
      pulses from the complete code word are stored in receiving register 58,
      the end-of-character circuits in the receiving register are actuated and
      initiate the transfer of the complete code data from receiving register 58
      to the first stage of storage register 59. In register 59, the code word
      is rapidly transferred from the first stage to the last or output stage.
      The load signal from detector 57 that initiates transfer operations
      between registers 58 and 59 again starts print clock 62 by actuation of
      control 61. As before, on count five of binary counter 54, a reset signal
      is generated by detector 55 to condition the input circuits for receipt of
      a new code word.
PAR  With print clock 62 in operation, column count control 66 is again actuated
      to develop a column count signal comprising eight equally spaced pulses.
      Moreover, when counter 63 reaches a count of three, check detector 64
      again develops a check pulse that is supplied to motor control 81 and to
      the print timing and enabling circuit 77. The check signal is also applied
      to the non-print function detector 73, which identifies the code data now
      stored in register 59 as pertaining to a non-print function rather than to
      a character to be imprinted. Thus, detector 73 utilizes the check signal
      from detector 64 and the data signals stored in register 59 to develop a
      non-print function signal that is supplied to the print timing and
      enabling circuit 77, to the line feed control 78, and to each of the
      several different function detectors 74, 75 and 76.
PAR  If the data in the final stage of register 59 constitutes the code for a
      carriage return operation, detector 74 is actuated to develop a carriage
      return signal that is supplied to step motor control 81. The carriage
      return signal is utilized by control 81 to initiate a reverse stepping
      movement of motor 28, where reverse movement of the motor constitutes the
      mechanical action necessary to begin a carriage return operation in
      printer 10. In the preferred form of the control system, motor 28 is
      stepped four steps in the reverse direction to release carriage 18 and
      allow it to return to the initial line position at the left-hand side of
      printer 10. In this arrangement, the left-hand margin switch 31 is
      connected to step motor control 81 to step the motor 28 forward four steps
      and restore the normal driving conditions for carriage 18 once the
      carriage has reached its initial position at the left-hand side of the
      printer.
PAR  The selection of the number of reverse steps of motor 28 required to
      initiate a carriage return movement is subject to substantial variation.
      Three, five, or even eight steps could be utilized for this purpose if
      desired. On a practical basis, four steps of reverse movement for motor 28
      is adequate and effective in relation to the carriage return operation. It
      will be recognized, of course, that with a different mechanism for
      carriage return, the output of carriage return detector 74 could be
      applied to a separate carriage return device as required.
PAR  In the event that the data in storage register 59 represents a line feed
      code, line feed detector 75 is actuated by the output signal from the
      non-print function detector 73 and by the data signals from register 59,
      producing a line feed signal that is supplied to the line feed control 78
      together with the non-print function signal from detector 73. Control 78
      supplies an actuating signal to the line feed driver circuit 79,
      energizing actuator 34 and initiating a line feed operation. During the
      line feed operation, operation of step motor 28 is inhibited.
PAR  If the data stored in the final stage of register 59 is a separate
      auxiliary code for a non-print function, it is detected in auxiliary
      detector circuit 76. Detector 76 produces an output signal that is
      supplied to the print timing and enabling circuit 77 to preclude actuation
      of step motor 28 through control 81. The output signal from auxiliary
      detector 76 is also supplied to auxiliary function circuit 82 to ring a
      bell, sound a buzzer or perform such other auxiliary function as may be
      required.
PAR  For each non-print function code, just as for each character code, column
      count control 66 is operated and supplies the column count signal to
      converter 68. When the column eight stage of converter 68 is actuated, it
      produces an output signal that is supplied to reset detector 65. Detector
      65 produces a reset signal that is applied to the print clock control 61
      to interrupt operation of print clock 62 and thus condition system 50 for
      the next received code word.
PAR  From the foregoing description, it can be seen that each received character
      or function code is first stored in the buffer register 58 by the
      distributor circuits comprising the line relay 51, the input clock means
      52-54, and detectors 55, 56 and 57. Once all of the data pulses of a
      complete character or function code word are stored in register 58, the
      data is transferred from the receiving register to storage register 59.
      The load signal from detector 57 that initiates the transfer of data
      between registers 58 and 59 also initiates the next operational phase of
      system 50, which may be the printing of a character or may comprise some
      other machine function. During the time that a character is printed or
      some other machine function is effected, a further character or function
      code can be received and stored in the buffer store comprising receiving
      register 58. The overall operating cycle for the printing and function
      circuits of system 50, controlled by the print clock means 61-63, is
      somewhat shorter than the data input cycle controlled by the input clock
      means 52-54. Accordingly, printing of a character of accomplishment of
      another machine function dictated by data in storage register 59 is
      accomplished before it is necessary to transfer new data into register 59
      from receiving register 58.
PAC  CONTROL SYSTEM OF THE INVENTION
PAR  FIGS. 4 and 5, taken in conjunction with FIG. 3, illustrate the operating
      circuits for an exemplary embodiment of the present invention. The
      circuits shown in detail in FIGS. 4 and 5 include receiving register 58,
      storage register 59, print clock control 61, print clock 62, and counter
      63.
PAR  Receiving register 58, in the specific form illustrated in FIG. 4,
      comprises an integrated circuit storage device 101 of the serial-in,
      parallel-out kind having a storage capacity of eight bits. The initial
      storage circuit in device 101 is connected to an input line 102 that is
      coupled to the output of line relay 51 (FIG. 3)
PAR  The shift circuit for receiving register 58 comprises a conductor 104
      connected from shift detector 56 (FIG. 3) to an inverter amplifier 103
      (FIG. 4). The output of inverter 103 is connected to one input of an AND
      circuit 105 that has its output connected to the shift input of storage
      device 101. The output of inverter 103 is also connected to one input of a
      flip-flop circuit 107. Flip-flop circuit 107 has a second input derived
      from the final storage circuit in storage device 101. There is an
      additional input connection to flip-flop circuit 107 and to storage device
      101 from detector 55 (FIG. 3), through line 108. In addition to the
      connection to flip-flop circuit 107, the final storage circuit in device
      101 is connected through an inverter 106 to the second input of AND
      circuit 105.
PAR  Storage register 59, in the construction illustrated in FIG. 4, comprises
      four individual integrated circuit storage devices 111, 112, 113 and 114
      of the parallel-in, parallel-out kind. Each of the storage devices 111-114
      has a storage capacity of eight bits. The inputs for the individual
      storage circuits in device 111 are each connected to the output of one of
      the individual storage circuits in the storage device 101 of receiving
      register 58. The output of each storage circuit in device 111 is connected
      to the input of the corresponding storage level in device 112. The outputs
      of the storage circuits in device 112 are connected on a one-for-one basis
      to the inputs of the individual storage circuits in device 113. Similarly,
      the storage circuits of device 113 are individually connected to the
      corresponding storage circuits in device 114. The outputs from seven of
      the individual storage circuits in storage device 114, designated as
      conductors C1 through C7, are electrically connected to the character
      generator 69 and other operating circuits of control system 50 (FIG. 3).
PAR  The logical control circuits for storage register 59 as shown in FIG. 4,
      include an AND circuit 115 having a first input 116 connected to the
      output of the load detector 57 (FIG. 3). AND circuit 115 has a second
      input connected to the output of flip-flop circuit 68 in receiving
      register 58. The output of AND circuit 115 is connected to one input of an
      AND gate 117. Gate 117 has a second input which is connected by a
      conductor 118 to the output of oscillator 60 (FIG. 3). The output of AND
      gate 117, as shown in FIG. 4, is connected to the shift circuit of the
      storage device 111.
PAR  The output of AND circuit 115 is also connected to the input of an
      inverting amplifier 119. The output of inverter 119 is connected to one
      input of an AND gate 121. Gate 121 has a second input that is connected to
      the oscillator line 118 and a third input that is connected to the eighth
      and final storage circuit of storage device 112 through an inverter 122.
      The output of AND gate 121 is connected to one input of an OR circuit 123.
      The output of OR circuit 123 is connected to the shift circuit of storage
      device 112 through an inverting amplifier 124.
PAR  The output of inverter 124 is also connected to the input of an inverter
      125 that is in turn connected to the set input of a flip-flop circuit 126.
      Flip-flop circuit is connected as a one-shot circuit, being provided with
      a reset timing circuit comprising a capacitor 127 and a resistor 128
      connected to a D.C. supply deisgnated as B+. The output of the one-shot
      circuit 126 is connected to one input of an OR circuit 129 having its
      output connected to the reset input of storage device 111. OR circuit 129
      also has a second input MC for receiving a "master clear" signal at the
      beginning of circuit operation.
PAR  Storage register 59 further includes an AND circuit 131 having a first
      input derived from the output of inverter 119. A second input to AND gate
      131 is taken from the oscillator line 118. The third input to AND gate 131
      is derived from the gate storage circuit of storage device 113 through an
      inverter 132. The output of AND gate 131 is connected to one input of OR
      gate 123 and to one input of an additional OR circuit 130. The output of
      inverter 133 is connected to the shift input of the parallel-in
      parallel-out storage device 113. Storage device 113 is provided with a
      reset input circuit MC to receive a master clear signal; a similar
      clearing input MC is provided for storage device 112.
PAR  Transfer of data from storage device 114 to character generator 69 and to
      the other circuits of FIG. 3 is controlled by an AND gate 136. AND gate
      136 has one input connected to the output of inverter 119. Gate 136 has a
      second input connected to the oscillator line 118. A third input to AND
      gate 136 is connected to the B+ supply. AND gate 136 has a fourth input,
      comprising a conductor 138 which affords a connection from reset detector
      65 (FIG. 3) to supply an end-of-character signal to the AND gate. A fifth
      input to AND gate 136 is derived from the final storage circuit in storage
      device 114 through an inverter 139.
PAR  The output of AND gate 136 is connected to one input of OR gate 123 and to
      one input of OR gate 130. The output of AND gate 136 is also connected to
      the data transfer input of storage device 114. The reset input to storage
      device 114 is connected to the end-of-character circuit 138.
PAR  Print clock control 161, as illustrated in FIG. 4, comprises a flip-flop
      circuit 141 having an input connected to the output of inverter 139 in
      storage register 59. Flip-flop 141 also has a reset input from check
      detector 64 in FIG. 3. The output of flip-flop circuit 141 is connected to
      one input of an OR circuit 142. OR circuit 142 has another input 143
      supplying a signal indicative of the occurrence of a line feed operation
      to the OR circuit. Two additional inputs 144 and 145 to OR circuit 142
      supply signals to the OR circuit indicative of the operations of the
      left-hand switch 31 and the right-hand switch 33 of printer 10 (FIG. 1). A
      further input to OR circuit 142 is derived from the output of an inverting
      AND circuit 146. AND circuit 146 has two inputs; one of these inputs is
      connected to the output of the final storage circuit in device 114,
      whereas the other receives a signal indicative of operation of the printer
      carriage in the forward direction.
PAR  The output of OR circuit 142 (FIG. 4) is connected to a conductor 147 that
      leads to the print clock 62 and counter 63 (FIG. 5). In print clock 62,
      conductor 147 is connected to one input of an inverting AND circuit 148. A
      second input to AND gate 148 is derived from the oscillator line 118. The
      output of AND gate 148 is connected to the input of a flip-flop circuit
      149 connected to function as a frequency divider with a division factor of
      two. The output of frequency divider 149 is connected to an additional
      similar divide-by-two frequency divider, the flip-flop 151.
PAR  The output of frequency divider 151 is connected to the input of an
      integrated circuit counter device 152 having its outputs connected in a
      logical circuit arranged to function as a frequency division factor of
      nine or eleven. Device 152 is a four-stage sequential counter having four
      outputs 171 (.div.2), 172 (.div.4), 173 (.div.8) and 174 (.div.16). The
      count for division by nine is established by an AND circuit 153 having two
      inputs individually connected to outputs 171 and 174 of counter 152. The
      output of AND gate 153 is applied to an inverting amplifier 154. The
      output of amplifier 154 is connected to one input of an AND circuit 155
      and to one input of another AND circuit 156. AND gate 155 has a second
      input derived directly from another output 172 of counter 152. AND gate
      155 is utilized to derive a count indicative of division by eleven. The
      output of AND gate 155 is connected to one input of an OR circuit 157.
PAR  The second input to AND gate 156 is derived from the output of an OR
      circuit 158. OR circuit 158 has two inputs. The first of these inputs is
      connected to a conductor 159 that is connected to the final stage of
      storage device 113 in storage register 59 (FIG. 4) and supplies a signal
      to OR gate 158 that indicates storage of a data word in device 113. The
      alternate input to OR gate 158, FIG. 5, is a carriage return signal
      derived from the carriage return detector 74 (FIG. 3). The output of AND
      gate 156 is connected to a second input for OR circuit 157.
PAR  The output of OR gate 157 in print clock 62 (FIG. 5) is connected to the
      input of an inverter 161 which is connected, in turn, to the input of a
      one-shot multivibrator 162. The output of multivibrator 162 is connected
      to one input of AND gate 163. AND gate 163 has a second input derived from
      the output of print clock control 61, conductor 147. The output of AND
      gate 163 affords a reset signal that is supplied to the reset inputs of
      the two frequency-divider flip-flops 149 and 151 and that is also
      supplied, through an inverter 164, to the reset input of counter register
      152.
PAR  Counter 63, in the form shown in FIG. 5, comprises a conventional
      integrated circuit counter register 165. The count input to device 165 is
      taken from output 174 of device 152 in print clock 62. A reset input is
      provided for device 165, through an inverter 166 having its input
      connected to the output conductor 147 from print clock control 61 (FIG.
      4).
PAC  OPERATION OF THE INVENTION (FIGS. 3-5)
PAR  Each received code word, whether for a character to be printed or for a
      non-print function, is initially recorded in serial manner in device 101
      of receiving register 58. When a complete code word is recorded, a signal
      is supplied from the final recording stage of device 101 to flip-flop 107
      to develop an enabling signal for AND gate 115. The oscillator input to
      AND gate 115 actuates the gate and applies an enabling signal to AND gate
      117 to actuate the transfer circuit of storage device 111 on the next
      cycle of operation of oscillator 60, transferring the recorded code word
      to device 111. Devices 101 and 107 are reset by a reset signal from
      detector 55.
PAR  If the next storage device 112 in register 59 is clear, an enabling signal
      is supplied to gate 121 from inverter 122. Under these circumstances, the
      data recorded in device 111 is transferred to device 112 on the next cycle
      of the oscillator signal, since an enabling input is already available
      from AND gate 115. In the same manner, the data is transferred to storage
      device 113 in the next oscillator cycle if device 113 is clear, as
      indicated by the signal to AND gate 131 from inverter 132. On the next
      cycle of oscillator 60, the code word is transferred to storage device
      114, provided device 114 is clear as signalled to AND gate 136 by the
      output of inverter 139 and an enabling signal indicating completion of the
      prior print or other function is available from reset detector 65.
PAR  During a carriage return operation, device 114 is not cleared in the usual
      time; a code word recorded therein may be held in storage for several
      machine cycles as described hereinafter. When this occurs, further data
      cannot be recorded in device 114. A succeeding received code word can then
      progress through register 59 only as far as device 113. Whenever device
      113 contains recorded data, transfer of further data thereto is inhibited
      and the next received code word is stored in device 112. With device 112
      filled, any received code word remains recorded in device 111. The
      capacity of register 59 has been selected to afford adequate storage for
      the longest printer function requiring retention of data for future use,
      ordinarily the carriage return function. Additional stages for register 59
      can be employed if a longer storage time proves necessary.
PAR  In considering the operation of the control system of FIGS. 3, 4, and 5,
      the characteristics of the incoming telegraph signal supplied to line
      relay 51 impose some requirements with respect to frequencies and related
      factors. Initially, it may be assumed that the input signal is in the
      ASCII eleven-unit code with a receiving rate of 110 bauds. For this
      signal, the receiving rate is ten characters per second, so that each code
      word representative of a character or of a non-print function is received
      in a time interval of 100 hundred milliseconds. For this eleven-unit code,
      therefore, the time interval for each received unit (bit) is 9.0909
      milliseconds. For the illustrated operating circuits, with this ASCII
      input signal, and particularly for the print clock 62 and counter 63
      constructions shown in FIG. 5, oscillator 60 is constructed to operate at
      a frequency equal to the baud rate multiplied by a factor of 512, so that
      the oscillator frequency is 56320 Hz. A crystal-controlled oscillator
      constructed for this frequency is preferably utilized.
PAR  Print clock 62 and counter 63 comprise two different countdown means
      arranged to provide for different print signals that control printing at
      two different rates. A slow rate matched to the incoming character rate
      for the signal supplied to line relay 51 (FIG. 3) is afforded for periods
      of operation in which there is no necessity for prolonged storage of
      information in the first three stages 111-113 of the store 59 (FIG. 4).
      Inasmuch as each character requires eight columns, the ten character per
      second rate for the received signal imposes a requirement of a rate of
      eighty columns per second in the printer operation to achieve a
      line-matched rate. When data has been held stored in the first three
      stages of register 59, as during a carriage return operation, a higher
      print rate is employed, as described hereinafter.
PAR  FIG. 6 affords a series of charts indicative of the outputs of various
      components of print clock 62. In FIG. 6, the output signal from flip-flop
      circuit 151 is represented by the pulse signal 200. This signal, which has
      a frequency equal to the oscillator frequency divided by a factor of our
      has a pulse rate of 14080 Hz. This is the input signal that is applied to
      counter 152.
PAR  The first output 171 of counter 152 has a signal frequency of one-half that
      of the input signal 200 to the counter, as represented in FIG. 6 by the
      pulse signal 201. The output signal 202 from the next stage 172 of counter
      152 is at one half the frequency of signal 201. The pulse output appearing
      at output circuit 173 is again at one-half the frequency of the preceding
      signal, and is represented by curve 203. The final output 174 of counter
      152 comprises a signal 204 having a frequency of only one-sixteenth of the
      input signal 200.
PAR  AND gate 153 receives two inputs from counter 152, comprising the signals
      201 and 204. Accordingly, AND gate 153 produces a pulse 205 at the end of
      the ninth input pulse to counter 152, the ninth pulse in signal 200. It is
      thus seen that the output from AND gate 153, which is supplied to AND gate
      156 through inverter 154, represents a division of the input frequency by
      a factor of nine. Signal 205 is a high speed signal that is utilized only
      when a code word has been stored and remains in the third stage 113 of
      storage register 59, as signalled to print clock 62 by an input signal to
      OR gate 158, through circuit 159, or by a carriage return signal
      recognized by the carriage return detector 74 (FIG. 3). Under either of
      these circumstances, AND gate 156 is enabled and supplies a reset signal
      to print clock 62, through circuits 157, 161, 162, 163 and 164, resetting
      the entire print clock on each ninth count of the output signal from
      flip-flop circuit 151.
PAR  For these operating conditions, the effective frequency of the print
      signals from counter 63 reflects division by a factor of two in circuit
      159, by a factor of two in circuit 151, by a factor of nine in counter 152
      and AND gate 153, and by a factor of sixteen in counter 165. This affords
      a fast print rate of 97.777 columns per second corresponding to 12.222
      characters per second. When the print rate is controlled by AND gates 153
      and 156, printing is effected at a fast rate corresponding to 1.222 times
      the line rate, and each character is printed in a time equal to 81.81% of
      the time required to supply a complete new character to the system through
      line relay 51.
PAR  The nine-count output signal 205 from AND gate 153 is also supplied to one
      input of AND gate 155. The other input of AND gate 155 is the output
      signal 202 from counter output circuit 172. The resulting output signal
      206 from AND gate 155 (FIG. 6) coincides with the completion of the
      eleventh input pulse to counter 152. Accordingly, signal 206 from AND gate
      155 represents a division of the input frequency by a factor of eleven.
      Signal 206 controls the print rate whenever there is no code word stored
      in the third stage 113 storage register 59 and no carriage return signal
      has been identified. The output signal from AND gate 155 is applied to the
      reset circuits to reset print clock 62 on each eleventh count of the
      output signal from flip-flop circuit 151.
PAR  For these operating conditions, the effective frequency of the print
      signals from counter 63 reflects division of the oscillator frequency by a
      factor of two in circuit 149, by a factor of two in circuit 151, by a
      factor of eleven in counter 152 and AND gates 153 and 155, and by a factor
      of sixteen in counter 165. This affords a slow or normal print rate of
      eighty columns per second corresponding to ten characters per second, the
      same rate as the input signal supplied to the printer line relay 51 (FIG.
      3). For these conditions, therefore, with the print rate controlled by AND
      gate 155, printing is effected at a normal rate corresponding to the
      incoming line rate.
PAR  From the foregoing discussion, it is seen that print clock 62 and counter
      63, conjointly, afford countdown means utilizing the signal from
      oscillator 60 to develop both a fast print rate signal and a normal print
      rate signal. For the normal print rate signal, matched to the incoming
      line rate, the frequency for the ASCII eleven-unit code referred to above
      is f/n, where f is the oscillator frequency of 56.32 KHz and n =
      2.times.2.times.11.times.16 = 704, giving a print rate of eighty columns
      per second. The fast print rate signal has a frequency of f/m, where m =
      2.times.2.times.9.times.16 = 576, affording a print rate of 97.777 columns
      per second.
PAR  The overall effect of the dual-rate print control of FIGS. 4 and 5, and the
      effect on the total operation of the printer, can best be understood by
      reference to FIGS. 7A-7C, in which the dual-rate operation is compared
      with single-rate operation. FIG. 7A affords a series of charts
      illustrating the timing of data storage and printing operations, including
      a carriage return, for a single-rate printer of the kind described in the
      aforementioned patent of John R. Fulton and Walter J. Zenner, U.S. Pat.
      No. 3,719,781. A direct comparison is possible because the overall control
      system is essentially similar to FIG. 3 of the present application except
      that in the patent only a single print rate timing signal is available;
      from the print clock 62 and counter 63.
PAR  In FIG. 7A, the load signal from detector 57, supplied to storage register
      59 over line 116 (FIG. 3), is indicated by the pulse signal 209, to which
      the identifying letters A through U have been applied to indicate
      successive characters transferred to storage register 59 from receiving
      register 58. The second level 211 of FIG. 7A indicates the operating
      condition for the first storage device 111 in register 59. The next level
      212 of FIG. 7A identifies the storage condition for stage 112 of storage
      register 59 and the next level 213 illustrates storage conditions for
      device 113 in the storage register. Operating conditions for the fourth
      and final storage device 114 of storage register 59 are shown by level 214
      in FIG. 7A. Line 215 in FIG. 7A indicates the carriage return operation.
      Line 216 illustrates the timing of the printing mechanism, whereas line
      217 shows the timing for the line feed operation in the printer.
PAR  In the first cycle of operation as shown in FIG. 7A, the code word for the
      character A is transferred by the load signal 209 to the first storage
      device 111 in storage register 59. With no carriage return operation in
      effect, and with the received signal constituting a character code, the
      code word representative of the character A is rapidly transferred through
      storage devices 112 and 113 to device 114 as described above. The transfer
      from the receiving register, indicated by the load signal 209, to the
      final stage 114 of the operational storage register 59 occurs in just four
      cycles of oscillator 60; since the oscillator rate, as noted above, is
      56.32 KHz, it is seen that the transfer to the final level of the storage
      register is virtually instantaneous.
PAR  The code word representative of the character A is retained in storage in
      stage 114 for a time interval sufficient to permit printer 10 (FIG. 1) to
      reproduce the complete character. As indicated by the first cycle of print
      signal 216, FIG. 7A, printing of the character A is accomplished in a time
      slightly shorter than that required for the receipt of a new code
      character, as indicated by the interval between pulses of load signal 209.
      That is, the complete character A is printed during the initial time
      interval 218 of print signal 216, leaving a brief gap 219 before the next
      code character reaches storage level 114 and its printing is initiated.
PAR  The printing of the second character B, for the single rate system, as
      shown in FIG. 7A, proceeds in the same manner as described above with
      respect to the first character A. The code word representative of the
      character B is rapidly transferred from the receiving register 58, by load
      signal 209, through storage devices 111, 112, and 113 to device 114. This
      code word is retained in storage in level 114 of register 59 for a time
      interval sufficient to complete printing of the character.
PAR  For the conditions illustrated in FIG. 7A, the right-hand switch 33 is
      actuated during the printing of the character B at the time RS, thereby
      initiating a carriage return cycle. The actual carriage return movement,
      indicated by pulse 221, is commenced immediately upon completion of
      printing of the character B. In any event, the carriage return operation
      is initiated prior to the receipt of the next code word, indicated to be
      representative of the letter C.
PAR  The code word for the letter C is transferred to storage device 111 by load
      signal 209 and is immediately transferred through levels 112 and 113 to
      level 114. At this time, however, the character C cannot be printed
      because the carriage must be returned to a position to begin a new line of
      type. Consequently, the code word C is retained in storage level 114 for a
      substantial time interval, in this instance equal to four cycles of the
      incoming telegraphic signal. The next character code word, the letter D,
      is transferred rapidly from the receiving register to storage level 111
      and through storage 112 to storage level 113. The code word D cannot be
      transferred to the final storage level 114 because the code word C is
      already stored therein. Consequently, the code word D is retained in
      storage in device 113.
PAR  The next code word E is supplied to storage register 59 in the same manner
      as described above but is retained in storage in device 112 because the
      succeeding levels in the storage register are already full. The succeeding
      code word F is stored in the first level 111 of the storage register on
      the next cycle of the incoming signal.
PAR  The carriage return operation is terminated by actuation of the left-hand
      switch 31 (FIG. 1), indicated in FIG. 7A at time LS. During the carriage
      return interval, a line feed operation may be effected as indicated by
      pulse 222 in line 217 of FIG. 7A. A reversal in direction of movement of
      the carriage is effected by the carriage return control, as indicated by
      pulse 223 in line 215 of FIG. 7A, and printing operation is resumed at the
      end of pulse 223.
PAR  The first character to be printed, when printing has been resumed, is the
      character C that has been stored in device 114 of register 59. The print
      clock, the timing of which is indicated by line 216 in FIG. 7A, is
      operated somewhat faster than the received signal, so that printing of the
      character C is completed by the time that the input signal is ready to
      supply a new character G to the control system. When the character C has
      been printed, the data recorded in levels 111-114 of storage register 59
      is transferred through the storage register and printing of the next
      character D is initiated. Character D is printed before the next character
      H is ready in the receiving register and available for transfer to level
      111 in the operational register. Thus, a short time gap is developed in
      which storage level 111 is clear, between the characters G and H. This
      operation goes forward progressively, with the printing proceeding at a
      rate slightly faster than the receipt of incoming data.
PAR  By the time the character N is ready for storage in level 111, the next
      level 112 is already clear and its character can be transferred almost
      instantaneously to level 112. The same condition proceeds for the
      succeeding storage levels in register 59 so that, when the character U is
      reached, it can be transferred with no delay to the third storage level
      113. The clearing operation for the several levels of storage register 59
      goes forward until a point is reached at which each incoming code word can
      be transferred instantaneously to the final level 114 of the main storage
      register, again producing the operational conditions illustrated at the
      left-hand side of FIG. 7A.
PAR  For the operation illustrated in FIG. 7A, with a single-rate print clock
      running only slightly faster than the received signal, it is obvious that
      a considerable period of time is required to empty storage register 59. If
      a carriage return signal is received during this time interval, there is
      insufficient capacity to store the code words necessary to retain all of
      the received information through the period of time T1 required for
      carriage return and line feed operations. The result, at best, is the loss
      of some of the information; at worst, operation may be confused and
      unintelligible for some period of time.
PAR  FIG. 7B illustrates operating conditions for the same single-rate control
      system as that discussed above with respect to FIG. 7A except that the
      print clock has now been accelerated to afford a print interval that is
      substantially shorter in comparison to the time interval for receipt of a
      new code word. As illustrated in FIG. 7B, by running the print clock
      faster, the storage devices 111-114 are emptied more quickly. This allows
      a greater time interval T2 for completion of the carriage return and line
      feed functions. Now, however, it is seen that when printing has caught up
      with the data storage operation, and the first three levels of the
      operational storage register are maintained essentially empty, there are
      relatively large time intervals 224 between the individual printing
      cycles. This results in a start-stop motion of the carriage of the
      printer, which may cause severe vibration and bouncing of the carriage and
      may reduce the quality of the printed copy to an unacceptable level.
      Moreover, the start-stop motion may produce a resonance in the mechanical
      components of the printer that can also result in unintelligible printing.
PAR  FIG. 7C illustrates the operation of the control system of the present
      invention, with the same load signal frequency as shown in FIG. 7A. At the
      outset, an initial code word A is supplied to level 111 of the operational
      storage register. This code word is rapidly transferred through storage
      devices 112 and 113 and is retained in storage level 114 for a time
      interval approximately equal to the incoming code word rate. The printing
      of the initial character, represented by the shaded pulse 225 in the final
      print line of FIG. 7C, is carried out at a relatively slow rate matched to
      the incoming character rate, the print rate being controlled by the
      eleven-count signal from AND circuit 155 (FIG. 5). Consequently, when the
      next code word B is supplied to storage device 111, it can be rapidly
      transferred through the operational storage register to device 114. The
      printing operation goes forward continuously, as indicated by pulse 226,
      and printing of the character B occurs in the time interval necessary for
      receipt of the succeeding code word C.
PAR  As in the case of the single-rate system described in connection with FIG.
      7A, the dual rate operation shown in FIG. 7C includes the initiation of a
      character return by actuation of the right hand margin switch at the time
      RS, during or approximately coincident with the completion of printing of
      the character B (pulse 226). As a consequence the next code word C cannot
      be printed and must be retained in storage device 114 of storage register
      59. Pulse 227 indicates the initiation of the carriage return operation.
      The succeeding code words D, E and F received during the carriage return
      and line feed interal T3 are also placed in storage in devices 113, 112
      and 111 respectively.
PAR  On its return movement, the printer carriage engages the left-hand switch
      31 (FIG. 1) and initiates a control operation that returns the printer to
      forward movement of the carriage; the reversal of the carriage movement is
      indicated by pulse 228 in the carriage return line of FIG. 7C. Upon
      completion of the carriage return cycle, printing is resumed. However, the
      print rate is now established at the higher frequency controlled by the
      nine-count signal supplied to AND gate 156 in print clock 62 (FIG. 5).
      Thus, the printer is able to print the character C from storage level 114
      in a time interval, indicated by pulse 229, that is substantially shorter
      than the time required for receipt of a new code word from the incoming
      signal. Specifically, for the ASCII code discussed above, character C is
      imprinted in a time interval equal to 81.81% of the period required for
      recording a further code word in the receiving register of the printer
      mechanism.
PAR  As long as any code word is stored in the next to last level 113 of storage
      register 59 (FIG. 4), AND gate 156 (FIG. 5) is maintained enabled by the
      signal supplied thereto through OR gate 158. Thus, the succeeding
      characters D, E, F, G and H (FIG. 7C) are all printed at the high speed
      rate of 97.777 columns per second, a rate equal to 12.222 characters per
      second. As noted above, this is equal to 1.222 times the line rate at
      which information is received by the printer, and empties operational
      storage register 59 at a relatively rapid rate.
PAR  Code word I is also printed at the high speed rate, as shown in FIG. 7C,
      since storage device 113 remains filled for virtually the complete time
      required for printing of this particular character. When code word J is
      transferred to storage device 114, however, there is a brief time interval
      231 during which storage device 113 is cleared and has not yet received
      the next code word K. As a consequence, imprinting of character J is
      initiated at the normal rate, matched to the incoming line rate,
      determined by the output of AND gate 155 (FIG. 5), as indicated in FIG. 7C
      by the shaded interval 232 in the print line. During the time interval
      that character J is being printed however, the next code word K is
      received and is transferred into and held in storage in device 113. As
      soon as this occurs, the print rate is again accelerated so that the
      remainder of character J is imprinted at high speed, as indicated by
      interval 233 in the print line of FIG. 7C.
PAR  After character J has been printed and the next code word K is transferred
      to storage device 114, printing again proceeds at the normal rate because
      storage device 113 is initially empty. While printing of character K is in
      progress, the next code word L is recorded and stored in device 113, so
      that the terminal portion of character K is printed at high speed. This
      process is repeated for the printing of code words L and M, with the time
      interval for high speed operation progressively reducing as the printing
      operation catches up with the data storage operation. By the time that the
      character N is reached for printing, the first three storage devices
      111-113 are maintained cleared throughout the printing operation and
      printing goes forward thereafter at a rate synchronized with the incoming
      data.
PAR  From the timing chart provided in FIG. 7, it can be seen that high speed
      printing is maintained by the control system of the present invention
      whenever the next to last storage device 113 of register 59 contains a
      recorded code word. On the other hand, whenever device 113 does not
      contain recorded data, printing is effected at the normal rate matched to
      the incoming line rate. Because the final stage of frequency division in
      the print clockcounter combination 62-63 occurs after the circuits which
      effect the choice of print rate, the printing operation is essentially
      continuous. As shown by the print line in FIG. 7C, there are no
      appreciable time intervals between the individual character printing
      operations, a result made possible by printing some of the characters at
      both the normal rate and the high rate. In this manner, the vibration and
      resonance problem presented in a single-rate printing operation (FIG. 7B)
      are effectively eliminated. Moreover, the storage capacity difficulties
      which occur in the slower single-rate example of FIG. 7A are wholly
      eliminated in the dual-rate operation afforded by the present invention
      and illustrated in FIG. 7C.
PAR  The overall result of the control system of the invention thus affords an
      averaging effect that provides a truly variable printing speed ranging
      from a value substantially exceeding the signal line rate to a speed that
      matches the line rate whenever storage register 59 is emptied in the
      course of each printing operation.
PAR  Of course, the present invention is not limited to the specific ASCII
      eleven-unit code and the operating frequencies set forth above. For
      example, the system can be applied with only limited modifications to a
      received signal in a 7.5 unit Baudot code having a baud rate of 50 per
      second and thus affording a time interval of 20 milliseconds per unit and
      150 milliseconds per character. For such a signal, the character rate is
      6.666 characters per second. For this signal, an oscillator frequency of
      25.6 khz can be conveniently established, being determined as the baud
      rate multiplied by a factor of 512 as in the previous example. Krz
PAR  To meet the requirements for the normal printing speed, and to match the
      normal printing speed to the incoming data rate, the output of print
      counter 63 is established at 53.33328 columns per second, determined as
      the product of eight columns per character times the line rate of 6.6666
      characters per second. This print rate is established by dividing the
      oscillator frequency of 25.6 KHz by factors of two, fifteen, and sixteen.
      That is, for the normal speed f/n, n is determined as 480. The initial
      division by a factor of two is accomplished in one of the flip-flop
      circuits 149 and 151 of FIG. 5, bypassing the other flip-flop circuit.
      Division by fifteen is accomplished by using counter 152, as before, but
      employing an appropriate AND gate connected to all of the outputs 171-174
      of counter 152 to afford an output pulse occurring on the fifteenth count
      as indicated by pulse 241 in FIG. 6.
PAR  For this particular code, a suitable rapid print rate can be established by
      dividing the oscillator frequency by factors of two, twelve, and sixteen.
      Thus, the fast print rate f/m can be established with m equal to 384. To
      achieve the requisite division by twelve, using counter 152, an
      appropriate AND gate can be connected to outputs 171, 173, and 174 of the
      counter, with the signal from output 171 inverted, to afford a
      count-twelve signal as illustrated by pulse 242 in FIG. 6. This
      establishes a print rate of 66.666 columns per second, a rate that exceeds
      the incoming line rate for new data by twenty-five percent. Thus, on the
      high speed operation printing is effected in 80% of the time required to
      receive a new code word.
PAR  The specific examples presented above are for only moderately high speed
      operation. For even more rapid transmission and printing systems, however,
      the control of the present invention is readily adaptable to provide a
      smooth and truly variable print rate matched to the overall printer
      requirements simply by appropriate selection of the oscillator frequency f
      and the division factors n and m that determine the normal and fast print
      rates respectively. Of course, selection of some of the components for the
      control are dependent upon the operating characteristics of the printer.
      If the carriage return operation requires a time interval equal to that
      during which six new code words are received, the capacity of storage
      register 59 must be increased to a total of six or possibly seven stages
      instead of the four stages illustrated. The basic control arrangement,
      however, can be readily and effectively applied to virtually any form of
      permutation code signal transmission and any desired transmission rate.
PAR  In any system incorporating the invention, the values selected for the
      oscillator frequency f, the factor m that determines the fast print signal
      frequency, and the factor n that determines the normal print rate depend
      to some extent on the capabilities of printer 10 and the number of stages
      employed in the operational storage register 59. For x stages of storage,
      the relationship between factors m and n should be in the range from at
      least
      ##EQU1##
      to about
      ##EQU2##
      This allows rapid recovery of the data from storage in register 59 without
      accelerating printer 10 to operation at an unnecessarily high rate.
PAR  In the specific embodiment of the invention illustrated in FIGS. 3-5 and
      described above, storage register 59 is of the shift register type, in
      which each code word is shifted through the register from the input stage
      111 to the output stage 114. Furthermore, the timing of the storage
      register operation is such that, when there is an accumulation of more
      than one code word in the storage register, the transfer of recorded data
      to the output stage 114 occurs at the beginning of an operating cycle for
      the printer, during the initial portion of the first column movement.
      However, it should be understood that the invention is not limited to use
      of this particular form of storage register nor this specific timing in
      its operation.
PAR  Thus, the timing of the shifting of data within a shift register store,
      such as storage register 59, can readily be modified to transfer a new
      code word from the penultimate stage 113 to the output stage 114 during
      the last column movement period of each printer cycle. For the illustrated
      embodiment, this would be the eighth column movement period. If this
      timing arrangement (disclosed in greater detail in application Ser. No.
      528,447) is adopted for the input data store, selection of the fast print
      rate signal or the normal print rate signal may be effected by monitoring
      the output stage 114 of the storage register, at the appropriate time in
      the preceding print cycle. That is, with this change the print rate
      selection means for selection of the print rate signal to be applied to
      the print head drive in the printer is effected in accordance with the
      presence or absence of a code word recorded in the output stage of the
      storage register. The basic operation of the print rate control remains
      the same.
PAR  In some printers, a random access memory is utilized as a data input store
      instead of the shift register memory described above. However, the RAM
      still functions as a first-in first-out (FIFO) storage device. In a
      printer control system of this kind, the storage-monitoring output
      connection from the storage register to the print rate selection means,
      corresponding to circuit 159 in the embodiment of FIGS. 3-5, must switch
      from stage to stage in the storage register in accordance with the
      recording sequence therein, in the same manner as the switching of the
      output connections from the storage register that supply data signals to
      the printer. In all other respects, however, the construction and
      operation of the print rate control system of the invention may remain
      essentially unchanged.
PAR  In some high-speed printers, accumulation of a substantial number of code
      words may be permitted, in the data input storage register, before a
      change is made from the normal printing speed to the fast print rate. This
      may be done in order to minimize speed changes in operation of the
      printer. For example, in a multi-stage storage register, the accumulation
      of as many as ten or twenty code words in the storage register may be
      permitted before the print rate selection means is actuated to select the
      fast print rate signal and thus operate the printer at its higher speed.
      On the other hand, the change back to the normal print rate may be delayed
      until the storage register is almost or completely cleared, again for the
      purpose of minimizing the number of changes between the different print
      rates for the printer. In all instances, however, the stage or stages of
      the storage register that are monitored for the presence or absence of
      recorded code words should allow some additional storage capacity, ahead
      of the monitored stage, to allow for the accumulation of additional data
      and thereby avoid the loss of any data due to failure to change soon
      enough to the fast print rate.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronic print rate control system for a high-speed
      column-sequential dot matrix printer actuated in accordance with a
      permutation code signal of given pulse rate in which each code word,
      representative of a character to be reproduced or of a non-print function,
      includes a given number of data pulses, the printer comprising a print
      head, print head drive means for stepping the print head through a
      plurality of column movements in each spacing character cycle, a print
      timing oscillator having an operating frequency f much higher than the
      pulse rate of said permutation code signal, a plural-stage FIFO storage
      register, each stage having a capacity sufficient to record a code word,
      means for recording each code word in the storage register, and means for
      reading out the code words from the storage register in the same order as
      received, the print rate control system comprising:
PA1  first countdown means, coupled to the print timing oscillator, for
      developing a normal print rate signal having a frequency f/n;
PA1  second countdown means, coupled to the print timing oscillator, for
      developing a fast print rate signal having a frequency f/m, where n and m
      are integers and n&gt;m;
PA1  and print rate selection means for selectively applying one of the print
      rate signals to the print head drive means to control the rate of column
      movements, in each spacing character cycle, in accordance with the
      presence or absence of a code word recorded in a given stage of the
      storage register.
NUM  2.
PAR  2. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 1, in which said storage register is a
      sequential shift register which includes an input stage, a plurality of
      intermediate stages, and an output stage, and in which said print rate
      selection means selects the print rate signal in accordance with the
      presence or absence of a code word recorded in the intermediate stage
      immediately preceding said output stage.
NUM  3.
PAR  3. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 1, in which each of said countdown
      means comprises a plurality of series-connected countdown stages,
      including an adjustable countdown stage, common to both countdown means,
      that is actuatable between first and second different integral countdown
      factors to provide said normal and fast print signals, respectively.
NUM  4.
PAR  4. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 3, in which said adjustable countdown
      stage comprises a digital counter having successive individual outputs
      affording signals with countdown factors of increasing multiples of two, a
      first reset circuit for resetting said counter on a given count to
      generate said normal print signal, and a second reset circuit for
      resetting said counter on a given smaller count to generate said fast
      print signal.
NUM  5.
PAR  5. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 4, in which said print rate selection
      means comprises an AND gate, incorporated in series in said second reset
      circuit, and means for applying an enabling signal to said AND gate
      whenever a code word is stored in said given stage of said storage
      register.
NUM  6.
PAR  6. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 1, in which the relationship between
      the normal and fast print rate signals, for a total number of x stages in
      the operational storage register, is in the range between
      ##EQU3##
      and
      ##EQU4##
NUM  7.
PAR  7. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 1, in which said oscillator frequency f
      is integral multiple of the pulse rate of said permutation code signal.
NUM  8.
PAR  8. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 1, in which the print rate selection
      means is coupled to the output stage of the storage register and selects
      the print rate control signal in accordance with the presence or absence
      of a code word in the output stage of the storage register.
NUM  9.
PAR  9. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 1, in which the print rate selection
      means is coupled to the output stage of the storage register and selects
      the print rate control signal for a spacing character cycle in accordance
      with the presence or absence of a code word in the output stage of the
      storage register at a predetermined time within the last column movement
      period of the immediately preceding cycle.
NUM  10.
PAR  10. An electronic print rate control system for a high-speed
      column-sequential dot matrix printer actuated in accordance with a
      permutation code signal of given pulse rate in which each code word,
      representative of a character to be reproduced or of a non-print function,
      includes a given number of data pulses, the printer comprising a print
      head, print head drive means for stepping the print head through a
      plurality of column movements in each spacing character cycle, a
      plural-stage FIFO storage register, each stage having a capacity
      sufficient to record a code word, means for recording each code word in
      the storage register, and means for reading out the code words from the
      storage register in the same order as received, the print rate control
      system comprising:
PA1  means for generating a normal print rate signal of fixed frequency to
      actuate said printer to reproduce characters at a normal print rate
      approximately equal to the rate of receipt of code words;
PA1  means for generating a fast print rate signal of mixed frequency to actuate
      said printer to reproduce characters at a fast print rate, substantially
      faster than said normal print rate;
PA1  and print rate selection means for selectively applying one of the print
      rate signals to the print head drive means to control the rate of column
      movements, in each spacing character cycle, in accordance with the
      presence or absence of a code word recorded in a given stage of the
      storage register.
NUM  11.
PAR  11. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 10, in which the print rate selection
      means is coupled to an intermediate stage of the storage register,
      preceding the output stage, and selects the print rate control signal in
      accordance with the presence or absence of a code word recorded in such
      intermediate stage.
NUM  12.
PAR  12. An electronic print rate control system for a column-sequential dot
      matrix printer, according to claim 10, in which the print rate selection
      means is coupled to the output stage of the storage register, and selects
      the print rate control signal in accordance with the presence or absence
      of a code word recorded in such output stage at a predetermined time
      within the last column movement period of the immediately preceding cycle
      of the printer.
NUM  13.
PAR  13. An electronic print rate control system for a column-sequential dot
      matrix printer according to claim 10 in which said storage register
      includes x stages and in which the fast print rate signal has a frequency
      of about 1+(1x) times the frequency of the normal print rate signal.
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PAL  The "touch" or "feel" of a key in a keyboard is controlled by a system of
      permanent magnets. A first magnet is attached to one end of a key lever
      and the key lever is pivoted intermediate its ends. A bias spring is
      provided to normally bias the key lever against a stop. A second magnet is
      disposed adjacent the path of movement of the first magnet whereby the
      force required to depress the key lever is dependent upon the spring
      constant and the interaction of the fields of the magnets. The magnets are
      positioned such that, as the lever is depressed there is a repelling force
      between the magnets. Thus, the force required to depress the key is the
      sum of the spring bias force and the repelling force between the magnets
      as the first magnet is moved from the home position to a position opposite
      the second magnet, but is the difference between the spring bias force and
      the repelling force between the magnets as the key is further depressed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a key device for use in typewriter, calculator,
      and other keyboards. In particular, it relates to a key device that
      provides a feedback control feeling to a key operator, so that efficient
      key operation may be accomplished.
PAR  In typewriter keyboards and the like, key devices are required which offer
      a certain resistance to operation, so that an operator may sense
      successful actuation of a desired key. This resistance to operation is
      generally referred to as the "touch" or "feel". A minimal key resistance
      allows for this feel without creating any difficulty in operation, which
      would result in loss of efficiency. A present method achieves this feel
      through mechanical friction means. However, such friction means are
      subject to constant wear, and in a system with a plurality of keys this
      wear is often uneven, resulting in a non-uniform resistance force for all
      the keys. Accordingly, delicate adjustment is often required.
      Additionally, the feel offered by a solely frictional feel control device
      is merely a constant resistance force, which is less conducive to ideal
      control feeling than a detectable force variation. Hence, for efficiency
      and ease of use, a key system is needed which provides for a good control
      feeling, including a variable resistance force for each key that is
      uniform for a plurality of keys.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide for a key system a feel or
      touch control means which offers a variable resistance force for more
      sensitive operator touch control.
PAR  It is another object to provide a keyboard system wherein the control
      feeling for each key is uniform.
PAR  It is another object to provide a feel or touch control means for a key
      system which requires no mechanical friction means.
PAR  It is yet another object to provide a feel control means for a key system
      which is durable in operation and requires a minimum of adjustment.
PAR  A further object of the invention is to provide a key operated member
      biased toward a home position and carrying a first permanent magnet, and a
      second permanent magnet fixedly disposed adjacent the path travelled by
      the first magnet as the key operated member is actuated, whereby the force
      resulting from the opposing fields of the magnets sequentially aid, null,
      and then oppose the bias force applied to the member as the member is
      actuated.
PAR  Another object of the invention is to provide a keyboard including a
      plurality of key operated members as described above wherein a single bar
      magnet serves as the second magnet disposed adjacent the paths travelled
      by the first magnets.
PAR  Still another object of the invention is to provide a keyboard as described
      above wherein the key operated member is an elongated lever pivoted
      intermediate its ends and spring biased toward the home position, the
      lever being adapted to pivot against the force of the bias spring upon
      application of a force to a key.
PAR  In accordance with the principles of this invention, the objects as set
      forth above are obtained in a preferred embodiment by providing a key
      lever pivoted intermediate its ends and carrying a permanent magnet
      whereby upon application of a force to the key lever by a key, it pivots
      to move the magnet along an arcuate path. A bias spring normally biases
      the key lever toward a home position and a second permanent magnet is
      disposed adjacent the path of the first magnet at a location between the
      home position and a stop or fully actuated position of the key lever. The
      magnets are positioned with their poles arranged such that when the key
      lever is actuated the repelling forces of the magnets sequentially aid,
      null, and then oppose the bias force of the spring. This gives the key a
      "trigger feel". In a keyboard having a plurality of keys, an elongated bar
      magnet may serves as the second magnet for a plurality of key levers.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings in which like reference characters refer to the same parts
      throughout the different views. The drawings are not necessarily to scale,
      emphasis instead being placed on illustrating the principles of the
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a partial keyboard employing a magnetic
      trigger system according to the invention;
PAR  FIG. 2 is a diagrammatic view illustrating three sequential positions of an
      operated magnetic key-lever;
PAR  FIG. 3 is a graph illustrating a depression force depression distance
      relationship for good feedback feel in a key;
PAR  FIG. 4 is a graph illustrating the depression force depression distance
      relationship achieved by a spring member control element alone;
PAR  FIG. 5 is a graph illustrating the depression force - depression distance
      relationship achieved by interacting magnets alone;
PAR  FIG. 6 is a perspective view showing a different arrangement of magnets
      that may be used in practicing the invention; and,
PAR  FIGS. 7a and 7b are diagrams illustrating the polling and relative
      positions of the magnets in an arrangement according to FIG. 6.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, a preferred embodiment of a keyboard employing a
      magnetic trigger feel control comprises a keyboard base 10, a plurality of
      key levers 12, and a pivot means 14 pivotally supporting the key levers
      above the base 10. The pivot means 14 is supported by the keyboard base in
      conventional manner so that the pivot means maintains a fixed position
      relative to the base.
PAR  Key lever stops, illustrated as resilient bumper pads 16 and 18, are
      provided for limiting the pivotal movement of the key levers about pivot
      means 14. Each key lever is provided with a bias means such as a spring 20
      for biasing the lever toward a home position whereat the lever contacts
      stop 16. The right most lever of FIG. 1 is shown in this home position.
      Each key lever is further provided with a key 22 supported on a keystem 24
      attached to the lever near one end thereof whereby manual depression of
      the key pivots the lever away from the home position toward a limit
      position where the lever strikes the stop 18.
PAR  A permanent magnet 26 is attached to each key lever at the end opposite
      that to which the key is attached whereby the magnet 26 travels an arcuate
      path as the key is depressed. A second permanent magnet 28 is disposed
      adjacent the arcuate paths travelled by permanent magnets 26 as their
      associated keys are depressed and released. The magnets 26 and 28 are
      disposed such that a pole of a magnet 26 faces a like pole of magnet 28 as
      the magnet 26 moves opposite magnet 28.
PAR  If magnets 26 and 28 were not provided, FIG. 4 would represent the force F
      that must be applied to a key 22 in order to move its associated key lever
      12 a distance X. The curve 30 is defined by the equation F=KX+Q where F is
      force required to move the lever a distance X, K is a constant determined
      by the spring characteristcs, and Q is the bias force with which the
      spring holds the lever against the stop 16. The curve 30 is a straight
      line meaning that as the operator applies a steadily increasing force,
      there is a corresponding increase in the distance moved by the key lever.
      The reaction of the key to the operator's finger increases at a constant
      rate and never provides the operator with a "feel" as to when the key has
      been depressed far enough to accomplish the desired action.
PAR  FIG. 5 shows the pivoting force exerted on a key lever as result of the
      interacting magnetic fields of magnets 26 and 28 (but without a bias
      spring 20) this force being plotted as a function of the distance the key
      lever is moved from its home position. Considering FIG. 2 is conjunction
      with FIG. 5, 26a represents the position of magnet 26 relative to magnet
      28 when the key lever is in the home position. At this time the repulsive
      force between the magnets is negligible. As the key is depressed the
      magnet 26a moves toward magnet 28 until it reaches a position 26b directly
      opposite magnet 28. The left most key lever of FIG. 1 is shown in this
      position. During this interval the magnetic force tending to pivotally
      repel the key lever increases, slowly at first, then quite rapidly, and
      finally decreases to zero quite rapidly as the magnet 26 moves directly
      opposite magnet 28. When the magnets are directly opposite each other,
      that is, when magnet 26 is in position 26b, the repelling forces between
      the magnets is greatest. However, this force is directed along the axis of
      the key lever and there is no magnetic force tending to pivot the key
      lever about pivot means 14.
PAR  As the key is depressed further so as to move magnet 26 from position 26b
      toward position 26c, the repelling force between the magnets 26 and 28
      tending to pivot the key lever first increases rapidly in a negative
      sense, reaches a peak, and then decreases rapidly. However during this
      period the repelling force between the magnets tends to aid rather than
      oppose the force applied to the key lever from the key. Thus, as magnet 26
      moves from position 26a to 26b, the reactive force of the key against the
      operators finger increases rapidly, then decreases to zero, after which
      the key lever moves still further with no increased force applied to the
      key by the operator.
PAR  Obviously a keyboard system having only magnets for controlling the touch
      would be undesirable since, as illustrated in FIG. 5, it would be
      necessary for the operator to lift up on a key in order to return the key
      lever to its home position. The operator force required to return the key
      lever would be exactly the same as that required to initially operate it.
PAR  The present invention incorporates both the repulsion forces of magnets and
      the bias force of a spring to obtain a very desirable touch characteristic
      which is the sum of force characteristics of a system employing only bias
      springs and a system employing only magnets.
PAR  FIG. 3 shows the relationship between the force applied to a key lever and
      the distance traveled by the key lever for the system of FIG. 1. From a
      comparison of the figures it is evident that the curve of FIG. 3 is a
      summation of the curves of FIGS. 4 and 5. When an operator depresses a
      key, a certain minimum force must be applied to the key to move the key
      lever away from the home position. This force is equal to the bias force
      of spring 20 which holds the key lever against stop 16. As the key lever
      is moved from the home position, the force required for continued movement
      increases linearly until the magnets 26 and 28 are close enough for
      interaction of their magnetic fields. The force of the magnetic fields
      opposes further movement of the key lever away from the home position and
      this force increases quite rapidly until it reaches a peak just before
      magnet 26 reaches the position 26b. Then, the opposing force of the
      magnetic fields drops quite rapidly to zero as magnet 26 moves through
      position 26b after which it rapidly increases in a sense tending to drive
      the key lever toward position 26c. Thus, as soon as the position of peak
      opposing force is reached, the reactive force of the key against the
      operator's fingers will decrease quite rapidly thereby enabling the
      operator to "feel" that the key has been depressed far enough to
      accomplish the desired action. The drawing shows no action accomplished by
      actuation of a key lever. However, those familiar with the art will
      readily understand that actuation of the key lever may be optionally,
      magnetically or electrically sensed to control an operation, or the key
      lever may initiate a desired mechanical action in a conventional manner.
PAR  When the operator releases the key, the force of the bias spring returns
      the key lever to the home position. During this return stroke the bias
      spring must overcome the repelling forces between the magnets 26 and 28 as
      the key lever moves from position 26c toward position 26b. During that
      portion of the return stroke between position 26b and 26a, the magnetic
      force aids the spring bias force in returning the key lever to the home
      position.
PAR  FIG. 6 illustrates a different embodiment of the invention which provides a
      better controlled force-displacement curve than the embodiment of FIG. 1.
      It also provides higher peak to peak force while permitting the movable
      magnets to be made of a very cheap plasto-ferrite.
PAR  In the embodiment of FIG. 6, the stationary magnet 28' may be elongated in
      the same manner as magnet 28 so as to function opposite one or more
      movable magnets 26'. FIGS. 7a and 7b are end views of the magnets 26' and
      28', showing their relative positions when a key is at rest in the home
      position (FIG. 7a) and when the movable magnet 26' is at its furtherest
      extent of travel (FIG. 7b). Magnets 26' and 28' are poled as shown in
      FIGS. 7a and 7b with two poles of one polarity (South, for example) the
      poles being at opposite ends of a single pole of the opposite polarity
      (i.e. North). The single or North pole has a dimension 1/2 where 1 is the
      total height of the magnet. The South poles have a dimension 1/4.
PAR  As shown in FIG. 7a, one South pole 34 of the fixed magnet 28' is opposite
      the upper portion of the North pole 36 of the movable magnet 26' when the
      movable magnet is in its home position. At the same time, South pole 38 of
      the movable magnet is opposite the lower half of the North pole 40 of the
      fixed magnet. When the movable magnet reaches its furtherest extent of
      travel as shown in FIG. 7b, the South pole 42 of the movable magnet 26 is
      opposite the South pole 44 of the fixed magnet 28'. In both of these
      positions, the net repelling for between the magnets, tending to rotate
      the key lever about its axis, is essentially zero. In between these two
      positions, as the magnet 26' is moved relative to the magnet 28' there is
      a varying magnetic force. The force varies first from zero to a maximum
      repelling force in one direction, then drops through zero repelling force
      to a maximum repelling force in the opposite direction, and finally
      returns to zero as the magnets reach the relative positions shown in FIG.
      7b. Should magnet 26' be moved further upwardly relative to magnet 28'
      than is shown in FIG. 7b, the repelling force would again increase in the
      one direction, but would increase to a much smaller maximum than
      previously reached. This small peak would result from the repelling force
      between poles 42 and 44 as pole 42 moves upwardly. To avoid this second
      peak, the stop 18 (FIG. 6) should be positioned to stop key lever 12 when
      pole 42 is opposite pole 44 as shown in FIG. 7b.
PAR  When the forces between magnets 26' and 28' are combined with the bias
      force of spring 20, the net forcedistance relationship for the embodiment
      of FIG. 6 is essentially the same as that for FIG. 1, and is as shown in
      FIG. 3. However, because of the poling arrangement, the peaks, both
      positive and negative are greater for the embodiment of FIG. 6.
PAR  While a specific preferred embodiment of the invention has been described,
      it will be understood that various modifications and substitutions may be
      made therein without departing from the spirit and scope of the invention
      as defined by the appended claims. For example, magnet 28 may be replaced
      with a plurality of smaller magnets, one for each key lever.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a keyboard having a key lever pivoted intermediate its ends, a bias
      means pivoting said key lever in one direction toward a home position, and
      a manually depressible key means for pivoting the key lever in the
      opposite direction away from said home position toward a limit position,
      the improvement comprising:
PA1  a first permanent magnet attached to said key lever at one end thereof
      whereby said magnet travels an arcuate path between first and second
      positions as said key lever moves between said home and limit positions;
      and,
PA1  a second permanent magnet disposed adjacent a point on said arcuate path
      that is between said first and second positions,
PA1  said magnets being poled such that the magnetic fields of said magnets
      create a force that aids said bias means as said first magnet moves toward
      said point from said first position, and opposes said bias means as said
      first magnet moves away from said point toward said second position.
NUM  2.
PAR  2. The improvement as claimed in claim 1 wherein said bias means comprises
      means for exerting on said key lever a pivoting force greater than any
      exerted thereon by the interaction of said magnetic fields, and wherein
      the forces of said magnets, acting through said key lever and said key
      means sequentially feed back to an operator's finger on said key means
      force feelings of repulsion, null and then propulsion as said key lever is
      pivoted to thereby move said first magnet from said first position through
      said point to said second position.
NUM  3.
PAR  3. The improvement as claimed in claim 2 wherein said bias means is a
      spring.
NUM  4.
PAR  4. The improvement as claimed in claim 1 wherein each of said magnets
      includes two poles of one polarity bounding a single pole of the opposite
      polarity.
NUM  5.
PAR  5. The improvement as claimed in claim 1 wherein each of said magnets
      includes two poles of one polarity bounding a single pole of the opposite
      polarity, two poles of opposite polarities on one magnet being disposed
      adjacent two poles on the other magnet when said key lever is in the home
      position, said adjacent poles on the two magnets being of opposite
      polarities.
NUM  6.
PAR  6. The improvement as claimed in claim 1 wherein each of said magnets
      comprises two poles of one polarity bounding a center pole of the opposite
      polarity, said magnets being disposed whereby a pole of one polarity on
      one magnet is opposite a pole of the same polarity on the other magnet
      when said key lever is in the limit position.
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ABST
PAL  A conveyor or rotary index drum transport system for brush blanks. The
      system utilizes a series of lightweight blank receiving work holders
      sequentially indexed through a series of stations with selected stations
      incorporating means for shifting the work holder to an operative position
      outward of the indexing or transporting means. The transport conveyor or
      drum also travels through stationary loading and unloading stations.
BSUM
PAR  The present invention generally relates to brush making machines, and is in
      particular directed to an improved system for feeding and transporting
      brush blanks to a series of work stations for the sequential performance
      of a selected series of operations which result in a finished brush.
PAR  Many mechanisms are known for the production of brushes in various stages.
      For example, there are machines which drill and fill brush blanks with the
      blanks then being transferred and reloaded in secondary machines for hot
      stamping, trimming, and rondating or rounding the ends of the bristles.
PAR  It is a significant object of the present invention to provide a system
      whereby all of the above operations, or in fact any series of operations
      deemed necessary so as to provide a complete product, can be performed in
      one machine and by one operator with only a single loading of each blank
      being required. This of course results in considerable economies in both
      time and production costs.
PAR  Another substantial difficulty encountered with previously known machines,
      whether incorporating conveyors or rotary indexing drums, has been the
      difficulty in achieving a high speed operation due to the large mass
      normally associated with the known devices and the inertial problems
      developed in connection therewith. In said previous known machines,
      conveyors or rotary indexing drums have been used and it has been
      necessary for the whole unit, conveyor or rotary drum with its loading
      magazine, to follow the path required in moving successively from hole to
      hole in a brush pattern. Furthermore any mechanism for secondary
      operations such as stamping, trimming and rondating would also need to be
      attached to and move with the conveyor or rotary drum.
PAR  In avoiding such problems, the system of the present invention utilizes
      individual work holders which receive the brush blanks and are so mounted
      on the indexing conveying unit as to, at selected operational stations, be
      laterally shuttled from the conveying unit to a separate working position
      laterally of the conveying unit where the high speed operations are
      performed independently of the conveying means. Upon completion of the
      particular operation, the work holder is reengaged with the conveying unit
      for an indexing thereby to the next operative position. As the individual
      work holders are removed from the conveying means for a drilling or
      filling operation and are carried on light weight slides the movements
      required in following a step-by-step pattern may be made at high speeds
      without inertia problems.
PAR  Basically, the invention herein utilizes a conveyor type of transport or an
      indexing rotary drum wherein work holders are carried to successive
      positions where they may be selectively transferred from the transport
      unit to a secondary holder for movement of the blank to an operative
      position relative to a drill or filling tool. At the completion of the
      particular operation, the work holder is returned to the transporting unit
      and advanced or indexed one station for the performance of a sequential
      operation thereon while a following holder mounted blank enters the
      previous station.
PAR  Operations at all of the stations utilized will be performed simultaneously
      and in accordance with the indexing sequence of the transporting unit. The
      operation performed at selected stations takes place laterally of the
      transporting unit and, generally aside from the synchronization thereof
      with the operations of the various other stations, is performed
      independently of the operations of the other stations. In this manner, any
      number of desired stations can be used along the path of travel of the
      transporting unit. By the same token, the step-by-step indexing of the
      transporting unit will make it possible for some operations to be
      performed without removing the brush from the transporting unit. For
      example, a trimming of the ends of the tufts can be performed by passing a
      trimming device across the brush as it is held in the transporting unit.
      It will of course be understood that all operations will be automatically
      performed in timed sequence with operation of the basic hole drilling and
      hole filling units, normally located at the first two operational stations
      beyond the loading station.
PAR  There are many different designs and shapes of brushes and it is a further
      object of this invention to provide a quick and easy means for changing
      from one pattern to another. For this purpose a set of brush holding
      devices may be provided for each different pattern to be produced and,
      once each set of said brush holding devices has been adjusted for pattern
      alignment, they may be exchanged as required without further adjustment.
      This will show a considerable saving in change over time as compared with
      known brush holders which are an integral part of a machine and which must
      be adjusted each time a change of brush pattern is required.
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PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a front elevational view of a conveyor type machine constructed
      in accordance with the instant invention and incorporating a loading
      station, a drilling station and a filling station;
PAR  FIG. 2 is a top plan view of the machine of FIG. 1 more clearly detailing
      the relationship between the transporting unit and the stations;
PAR  FIG. 3 is a view similar to FIG. 2 with the work holders shifted into the
      work stations;
PAR  FIG. 4 is a cross-sectional detail through the loading and unloading
      stations taken substantially on a plane passing along line 4--4 in FIG. 1;
PAR  FIG. 5 is a cross-sectional detail through one of the work stations and the
      locating means, taken substantially on a plane passing along line 5--5 in
      FIG. 1;
PAR  FIG. 6 is a cross-sectional detail illustrating the indexing means and
      taken substantially upon a plane passing along line 6--6 in FIG. 5;
PAR  FIG. 7 is a cross-sectional detail of the operational components of a work
      station taken substantially on a plane passing along line 7--7 in FIG. 5;
PAR  FIG. 8 is an elevational view of a rotary indexing drum incorporating the
      features of the present invention;
PAR  FIG. 9 is a top plan view of the machine of FIG. 8; and
PAR  FIG. 10 is a cross-sectional detail through the machine of FIG. 8,
      illustrating one of the work stations and the loading station.
DETD
PAR  Referring now more specifically to the drawings, reference numeral 10 is
      used to generally designate the structural framework of a conveyor type
      machine made in accordance with the instant invention. The frame 10
      rotatably mounts a pair of laterally spaced parallel shafts 12, each of
      which has an enlarged sprocket 14 fixed to the forward end thereof for
      rotation therewith. An endless sprocket chain 16 is engaged about the
      spaced sprockets 14 for movement in an endless path upon an indexing
      rotation of one of the sprockets as shall be detailed subsequently.
PAR  Selected chain links 18, at equally spaced intervals along the chain 16
      mount lug attachments 20. The lug attachments 20 in turn fixedly mount
      outwardly directed channel-shaped members 22. Each channel-shaped member
      22 mounts a pair of inwardly projecting guide plates 24 along the upper
      edges of the channel arms. A brush or work holding device 26 is associated
      with each channel-shaped member 22 and includes a plate 28 having opposed
      edge grooves 30 slidably engaging the opposed guide plates 24. A plate 32
      is slidably mounted beneath or within a recess in the bottom of plate 28
      and retained therein by side plates 34 affixed to the opposed sides of
      plate 28 and underlying plate 32.
PAR  A clamping jaw 36 is bolted to and projects upwardly from the plate 32 at
      any of a plurality of positions therealong corresponding to the length of
      the brush blank to be clamped. This can be effected by the provision of a
      plurality of central bolt receiving apertures 38 along the plate 32.
PAR  The plate 32 is urged inwardly into clamping position by a pair of
      compression springs 40 orientated between the leading edge of the plate 32
      and a spring-retaining plate 42 affixed to the forward end of the plate
      28.
PAR  Adjustably mounted fixed jaws 44 are mounted at the opposite end of the
      plate 28. Adjustment of these jaws 44 is effected by means of eccentric
      studs 46 extending through the jaws and into camming slots within the
      underlying plate 28. These eccentric studs 46 may be rotated by engaging a
      screwdriver in the kerfed heads thereof to either advance or retract the
      jaws 44 for a corresponding movement of the brush blank whereby a proper
      alignment of the blank for the various work operations can be achieved.
      Upon a proper adjustment of the jaws 44, the jaws will be locked in their
      adjusted position by lock screws 48. An appropriate support bolster 50
      will be provided on the plate 28 between the clamping jaw 36 and fixed
      jaws 44 with this bolster 50 conforming to the shape of the brush blank so
      that the blank is held in a firm level position during the various
      operating cycles, including drilling and filling.
PAR  Projecting inward from the lower rear portion of each channel-shaped member
      22 is a flat support plate 52 which is received in and slides along a
      grooved block 54 fixed to the main frame structure so as to support the
      weight of the chain mounted work holder between the sprockets 14 and
      maintain the holders in correct aligned position for transfer at the
      various operational stations.
PAR  A ratchet wheel 56 is fixed to the rear of the left-hand sprocket 14, note
      FIG. 6 in particular. A spring-loaded pawl 58 selectively engages within
      the ratchet wheel slots and is slidably mounted within housing 60. The
      housing 60 is in turn rotatably mounted on the associated sprocket shaft
      12 for travel thereabout with the controlled rotational movement of the
      housing, pawl 58 and ratchet wheel 56 being controlled by the selective
      extension and retraction of a piston rod 62 relative to frame mounted
      cylinder 64 with the housing 60 being link connected, as at 66, to the
      leading end of the piston rod 62. The left-hand sprocket wheel 14 is
      itself provided with equally spaced locating bushings 68 for engagement
      therein of the leading end of a locating plunger 70 affixed to the piston
      rod 72 of a frame mounted cylinder 74 for a synchronized introduction into
      an aligned bushing and a locking of the chain transport in a predetermined
      position to which it is indexed by the pawl and ratchet wheel assembly.
PAR  The initial supplying of the brush blanks to the conveyor transport unit is
      effected through the utilization of a loading magazine assembly 76 mounted
      on the structural framework 10. This loading magazine assembly 76 includes
      a mounting bracket 78 mounting a vertically extending brush blank guide 80
      and a pair of forwardly projecting laterally spaced support rods 82. A
      mounting plate 84 is slidably mounted on the support rods 82 and
      selectively fixed in position therealong by appropriate clamping screws
      86. This mounting plate 84 carries a second vertically extending brush
      blank receiving guide 88 with this guide, through the slidable adjustment
      of the mounting plate 84, being so positioned relative to the first
      mentioned guide 80 as to accommodate the particular length of brush blank
      being utilized. The loading magazine assembly also includes a frame
      mounted piston and cylinder unit 90 so orientated as to position the
      leading end of the piston rod 92 in alignment with the inner end of the
      jaw mounting plate 32 of an aligned work holder whereby, as shall be
      explained subsequently, an opening of the work holder jaws will be
      effected automatically for the reception of a new brush blank from the
      loading magazine assembly.
PAR  A discharge station 94 will normally be located diametrically below the
      loading station designated by reference numeral 76 and will consist of a
      single piston and cylinder unit 96 with the leading end of the selectively
      projectable and retractable piston 98 aligning with the inner end of the
      jaw mounting plate 32 of an aligned work holder. This work holder will
      normally be inverted and, upon a forward sliding of the plate 32, and a
      release of the associated jaw 36, the completed brush will drop therefrom
      and free the holder for reloading as it subsequently passes to the loading
      station.
PAR  The individual work stations 100 are positioned at selected points
      alongside or adjacent the conveyor transport so as to correspond with the
      ratchet wheel controlled indexing travel of the transport unit. As will be
      appreciated, as many work stations as desired can be provided depending
      upon the particular sequence of operational steps to be performed on the
      brush blanks.
PAR  Each work station includes a secondary work receiving holder 102 orientated
      for an alignment of the conveyor mounted work holder 26 therewith. The
      secondary work receiving holder 102 is mounted for movement in two
      directions. In connection therewith, a slide block 104 is mounted on guide
      rods 106 carried by support blocks 108. Slide block 110 is in turn mounted
      on front-to-rear extending guide rods 112 carried by support blocks 114
      attached to the slide block 104.
PAR  Vertical guide rods 116 are slidably mounted in slide block 110 and carry
      the secondary work receiving holder 102 at their upper ends. The upper
      side of the work holder 102 is recessed from front-to-rear and mounts a
      pair of opposed inwardly directed recess overhanging guide plates 118.
PAR  The secondary work receiving holder 102 is also provided with a central
      depending pillar 120 which extends through the slide block 110 and mounts
      a roller 122 on the lower end thereof which moves on an elongated plate
      124 mounted in the upper surface of the slide block 104. Contact between
      the roller 122 and plate 124 is maintained by coiled compression springs
      126 mounted on the lower end of the vertical guide rods 116. In the case
      of brush blanks with a flat tuft receiving surface, plate 124 will be
      flat. However, in those instances where the brush blank includes a curved
      tuft receiving surface, plate 124 will be curved in a complementary manner
      so that as sliding block 110 moves along guide rods 112 in following the
      brush pattern from one end to the other, roller 122, pillar 120 and work
      receiving holder 102 will be raised or lowered to maintain a constant
      position relative to the forward position of the drill or filling tool.
PAR  Mounted on the rear of the secondary work receiving holder 102 is an
      elongated power cylinder 128 having a reciprocating piston rod 130
      projecting forwardly therefrom. The forward end of the piston rod 130
      mounts a slotted block or downwardly directed formed hook 132 which
      engages within a complementary slot or hook forming portion 134 in the
      rear portion of the plate 28 of the work holder 26 as the work holder is
      conveyed into aligned relation with the station 100.
PAR  Referring now to the manner in which the apparatus operates, it will be
      assumed, for purposes of illustration, that the work holder mounted blanks
      are within the operating stations as illustrated in FIG. 3. Turning first
      to the loading and unloading stations, fluid is introduced under pressure
      into the cylinders of units 90 and 96 so as to extend the associated
      piston rods 92 and 98 into engagement with the sliding plates 32. This in
      turn moves the clamping jaw 36 of the loading station associated work
      holder to an open brush-receiving position. At the same time, the clamping
      jaw 36 of the holder orientated in the brush discharge position is
      likewise opened for a discharge of the completed brush therefrom. While
      not detailed supra, it will be appreciated that the loading station will
      incorporate means so as to positively feed a single blank at a time to the
      aligned holder upon an opening of the clamping jaw 36 of the work holder.
PAR  The various mechanisms at the individual work stations, for example, the
      hole drilling device and the tufting device, both of which have merely
      been schematically illustrated, are put in operation. Just prior to the
      completion of the work cycles at the individual work stations, pressure
      within the cylinder units 90 and 96 is released with the clamping jaws 36
      returning to their clamping position through the action of springs 40
      bearing on the plates 32. In doing so, it will be appreciated that a new
      brush blank will be clamped within the work holder adjacent the loading
      magazine or station.
PAR  At the completion of the drilling, filling and other work cycles, fluid
      under pressure introduced into the cylinders 128 will extend the
      associated rods 130 and return the individual work holding devices 26 to
      the guide plates 24 on the conveyor chain 16. The locating rod 70 will
      then be withdrawn from the aligned sprocket wheel bushing 68.
PAR  The conveying or transporting unit is now set to index one station forward.
      This is effected by a fluid extension of the piston rod 62 effecting a
      rotation of the ratchet wheel 56 through the pawl 58 engaged therewith. At
      the completion of this one step forward indexing of the transport unit,
      the locating rod 70 is extended into the sprocket wheel bushing now
      aligned therewith. At the same time, the piston rods 130, associated with
      all of those stations whereat the work holder is to be laterally
      introduced thereto, is retracted within the corresponding cylinder 128 so
      as to transfer the work holding device 26 from the transporting unit to
      the operating station within the guide plates 118. The specific operations
      at the various work stations will then be performed while the piston rod
      62 is withdrawn so as to retract the spring-loaded pawl for a further
      advancing of the transport unit. It will of course be appreciated that the
      sequence of operations described will be automatically performed in timed
      sequence with the various operating mechanisms at the work stations.
PAR  In essence, a primary difference between the apparatus herein and known
      mechanisms is the transporting unit coupled with the transfer of brush
      blanks from the transporting unit to secondary work holders for movement
      independently of the transporting unit during the performance of the
      individual operations.
PAR  FIGS. 8, 9 and 10 illustrate the system or apparatus of the invention
      utilizing a rotary indexing drum 140 as the transport unit mounting the
      work holders 26 for movement between the various operating stations. The
      rotary drum 140, while it may be vertically orientated, will normally be
      horizontally orientated and affixed to the upper portion of a rotatable
      shaft 142 indexed or stepped around in any appropriate manner such as by
      means of a pawl and ratchet wheel arrangement similar to that described in
      conjunction with the conveyor form of the invention.
PAR  The various work stations will be orientated vertically below the work
      holder conveying drum with the blanks shifted vertically downward. The
      loading station 76 will be orientated radially outward from the drum 140
      and load the brushes in a vertical position onto the aligned holders 26.
PAR  The construction and operation of the holders, work station transfer
      systems, and the like, are, aside from the vertical orientation thereof as
      compared to the horizontal orientation of the form of FIGS. 1-7, the same
      as that previously described. As such, like components have been referred
      to by like reference numerals and the previously described operational
      sequence equally applies to the embodiment of FIGS. 8, 9 and 10.
      Accordingly, no further detailed explanation of the construction and
      operation of the rotary indexing drum form is deemed necessary to a
      complete understanding thereof.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. Brush blank handling apparatus comprising a transport unit for receiving
      and transporting brush blanks, and a plurality of work stations positioned
      adjacent the transport unit at spaced points therealong, said transport
      unit including a carrier mounted for travel along an endless path past
      said stations, indexing means for moving said carrier along said path in a
      stepped manner, a series of work holders, each work holder adapted to
      receive and mount a brush blank, mounting means mounting each holder to
      said carrier for sequential presentation at the work stations upon an
      indexing of said carrier, and transfer means at one or more of said
      stations, said transfer means being selectively engageable with an aligned
      work holder for a transfer to and subsequent return from the work
      stations, each work station having transfer means associated therewith
      including secondary work receiving holders mounted for movement in one or
      more directions independently of the transport unit, said secondary work
      receiving holders being adapted for transfer of brush blank holders from
      and subsequently to the transport unit.
NUM  2.
PAR  2. The apparatus of claim 1 wherein each work holder includes a blank
      receiving plate slidably positioned on said mounting means, opposed
      clamping means on said plate for the clamping engagement of a brush blank
      therebetween.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said clamping means comprises a fixed
      jaw mounted at one end of the plate, the second clamping means comprising
      a movable jaw spaced from said fixed jaw and mounted on a jaw plate
      slidably positioned on said blank receiving plate, and spring means
      biasing said jaw plate and movable jaw thereon toward said fixed jaw, said
      jaw plate including means for mounting the movable jaw at any of a
      plurality of adjusted positions therealong.
NUM  4.
PAR  4. The apparatus of claim 2 wherein brush blank receiving plates are
      provided and pre-set for any number of different brushes and said blank
      receiving plates being interchangeable in the transport unit.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said transfer means comprises a
      reciprocating piston, hook means on the outer end of the piston, and means
      on said blank receiving plate automatically engaging said hook means upon
      an alignment of the work holder with the work station.
NUM  6.
PAR  6. The apparatus of claim 5 including, at each work station with which
      transfer means is associated, said secondary work receiving holder
      including a first block mounted for movement in one direction, and a
      second block mounted on said first block and movable at right angles to
      the movement of the first block, and a secondary holding plate mounted on
      said block for a selective reception of the blank receiving plate thereon.
NUM  7.
PAR  7. The apparatus of claim 6 including a loading station for the selective
      introduction of brush blanks to said carrier mounted holder, and jaw
      release means associated with said loading station for a selective outward
      moving of the movable jaw relative to the fixed jaw for the reception of a
      brush blank therebetween.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said jaw release means comprises a
      reciprocating piston engageable, upon extension, with said jaw plate for a
      sliding movement thereof against the biasing force of the spring means.
NUM  9.
PAR  9. The apparatus of claim 8 including an unloading station for the
      discharge of finished brush blanks, and jaw release means associated with
      said unloading station for a selective outward moving of the movable jaw
      relative to the fixed jaw for a dropping of the finished brush blank
      therefrom.
NUM  10.
PAR  10. The apparatus of claim 2 wherein said transfer means comprises a
      reciprocating piston, hook means on the outer end of the piston, and means
      on said blank receiving plate automatically engaging said hook means upon
      an alignment of the work holder with the work station.
NUM  11.
PAR  11. The apparatus of claim 2 including, at each work station with which
      transfer means is associated, said secondary work receiving holder
      including a first block mounted for movement in one direction, and a
      second block mounted on said first block and movable at right angles to
      the movement of the first block, and a secondary holding plate mounted on
      said second block for a selective reception of the blank receiving plate
      thereon.
NUM  12.
PAR  12. The apparatus of claim 3 including a loading station for the selective
      introduction of brush blanks to said carrier mounted holders, and jaw
      release means associated with said loading station for a selective outward
      moving of the movable jaw relative to the fixed jaw for the reception of a
      brush blank therebetween.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said jaw release means comprises a
      reciprocating piston engageable, upon extension, with said jaw plate for a
      sliding movement thereof against the biasing force of the spring means.
NUM  14.
PAR  14. The apparatus of claim 13 including an unloading station for the
      discharge of finished brush blanks, and jaw release means associated with
      said unloading station for a selective outward moving of the movable jaw
      relative to the fixed jaw for a dropping of the finished brush blank
      therefrom.
NUM  15.
PAR  15. The apparatus of claim 14 wherein the jaw release means associated with
      the unloading station comprises a reciprocating piston engageable, upon
      extension, with said jaw plate for a sliding movement thereof against the
      biasing force of the spring means.
NUM  16.
PAR  16. The apparatus of claim 1 wherein said carrier comprises a link conveyor
      engaged over spaced sprocket wheels, said means for moving said carrier
      comprising a ratchet wheel fixed to one sprocket wheel and a piston
      mounted reciprocating pawl engaging and selectively rotating said ratchet
      wheel and associated sprocket wheel for an index moving of the conveyor.
NUM  17.
PAR  17. The apparatus of claim 1 wherein said carrier comprises a rotary drum,
      means mounting said drum for rotation about a central axis, said work
      holders being mounted about the outer periphery of said drum.
NUM  18.
PAR  18. Brush blank handling apparatus comprising a transport unit for
      receiving and transporting brush blanks, said transport unit including a
      carrier mounted for travel along an endless path, indexing means for
      moving said carrier along said path in a stepped manner, a series of work
      holders, each work holder adapted to receive and mount a brush blank
      holder, mounting means mounting each work holder to said carrier for
      sequential presentation at work stations upon an indexing of said carrier,
      and one or more secondary work receiving holders spaced adjacent the
      transport unit, said secondary work receiving holders being mounted for
      movement in one or more directions independently of the transport unit,
      and said secondary work receiving holders having transfer means carried
      thereon, said transfer means being aligned and engageable with brush blank
      holders on the transport unit for transfer of said brush blank holders
      from the transport unit to the secondary work receiving holders for
      movement therewith and subsequent return to the transfer unit.
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ABST
PAL  An horizontal tabulation apparatus wherein a plurality of sensing elements
      defines code combinations corresponding to the tabulation positions and
      divides a plurality of cams in groups each associated with predetermined
      tabulation positions; stopping means are actuated by the plurality of
      sensing elements when the groups generate the same code combination in
      correspondence with tabulation positions associated therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the first type of known tabulation systems, the various positions of
      arrest of the carriage are defined by a series of stop pins or studs
      located on the usual tabulator bar and settable selectively by the
      operator to define the positions of arrest.
PAR  In these systems, the travel of the carriage is controlled by the stop at
      which the carriage has halted, the said stop selecting a group of stops
      for the following stopping of the carriage. The tabulation effected in
      this way is excessively rigid and complicated, owing to the fact that
      after the first stop of the carriage it is no longer possible to alter the
      following stops.
PAR  In a second type of tabulation system, there is prearranged a first store
      comprising cams which indicates from time to time the actual position of
      the carriage according to the combination of teeth and hollows of the cams
      themselves, and a second store which can be set by programme is
      constituted by a series of mechanical elements having two positions, the
      combination of which represents the tabulation position to be reached. For
      effecting comparison of the contents of the said two stores there is
      prearranged a first series of sensing elements which sense the said cams
      and the said two-position elements simultaneously in order to control
      command means to shift the carriage when the contents of the two stores
      are not equal. A second series of sensing elements is moreover provided
      for arresting the carriage which are controlled by the first series of
      sensing elements when the first store indicates a position of the carriage
      equal to that of the second store.
PAR  This tabulation system has two fundamental disadvantages: the first
      consists of the fact that it is very complex in construction inasmuch as
      it comprises two stores and two series of sensing elements, one for
      controlling the travel of the carriage and the other for controlling the
      stopping thereof.
PAR  The second disadvantage, which is directly consequent, is that all the
      aforesaid mechanisms move sequentially, as a result of which the duration
      of a tabulation cycle is extremely long.
PAC  SUMMARY OF THE INVENTION
PAR  The tabulation apparatus, according to the invention, solves the technical
      problem of obtaining a high operating speed and considerable structural
      simplification, employing some groups of cams selected by a plurality of
      sensing elements, and which generate the same code combination in
      correspondence with the tabulation positions associated therewith to
      enable that plurality of sensing elements to actuate stop means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially open perspective view of an accounting machine
      comprising the tabulation system according to the invention;
PAR  FIG. 2 is a partial perspective view of the system according to the
      invention;
PAR  FIG. 3 is perspective view of a detail of the tabulation system of FIG. 2;
PAR  FIG. 4 is a plan view of a group of cams and sensing elements of the system
      of FIG. 2;
PAR  FIGS. 5 to 8 are side views of the cams of FIG. 4;
PAR  FIG. 9 is a diagram of the development of the profiles of the cams of FIG.
      4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The horizontal tabulation apparatus T (FIG. 2), according to the invention,
      is incorporated by way of example in an accounting machine 2, (FIG. 1)
      comprising a frame 1, a typing head 201, for example of the type described
      in Italian Patent No. 889,230 in the name of the Applicants, and a support
      for the paper constituted by a platen 202 disposed transversely on the
      machine and adapted to be rotated in a known manner drawings, to command
      the line spacing of the paper.
PAR  The typing head 201 is supported by a carriage 203 adapted to be shifted
      selectively in the transverse direction to change its position with
      respect to the support 202 for the paper. The carriage 203 is guided by
      two transverse bars 204 and 205 fixed to the sides of the machine. The
      carriage 203 moves parallel to the support 202, with respect to which it
      can adopt in this particular case one hundred and twenty-eight different
      positions.
PAR  The movement of the carriage 203 is controlled by an electronic device 16
      adapted to supply in a known manner signals coded in a code combination
      composed of nine bits. More particularly, the device 16 can be controlled
      by a control unit CU, which sends to it the information relating to the
      position to be reached through the tabulation. The exchange of data
      between the control unit CU and the device 16 is not described in detail
      since it is outside the objects of the present invention. A suitable
      systen for the electronic device 16 and for the control unit CU is
      described in the British Pat. No. 1,239,753. The nine bits supplied by the
      device 16 assume more particularly the following significance: the first
      six bits represent the position which the carriage 203 is to reach, the
      seventh bit represents the direction of tabulation, the eighth the
      rectification of the position of the typing head 201, while the ninth
      controls the starting of the mechanical tabulation cycle. The wires on
      which the nine bits are present are electrically connected to a group 3 of
      nine electromagnets 3a, 3b, . . . 3i (FIG. 1). The first six
      electromagnets 3a, 3b, . . . 3f are individually connected, to the same
      number of sliders 146a, 146b to 146f (FIG. 4), respectively. Each of the
      sliders 146a to 146f can translate, adopting one or the other of two
      positions according to whether the corresponding electromagnet 3a to 3f is
      activated or not. Each of the sliders 146a to 146f is connected through
      the medium of fork 157a to 157f to a corresponding rib 26a to 26f of the
      same number of sensing elements 28a to 28f, which can turn about their
      longitudinal axis 226a to 226f to adopt one or the other of two positions
      indicated by solid lines and dash lines, respectively, in FIG. 4. Thus,
      for example, the bits at zero level which control the six electromagnets
      3a to 3f can rotate the corresponding sensing elements 28a to 28f
      clockwise and the corresponding projections 29a to 29f are moved to the
      right (solid lines). On the other hand, as regards the bits at one level
      corresponding to the electromagnets 3a to 3f, these cause the projections
      29a to 29f to rotate to the left (position indicated in dash lines).
PAR  Referring to FIG. 2, the coupling between the electromagnets 3 and the
      sensing elements 28a to 28f is represented by a dash line.
PAR  The sensing elements 28a to 28f co-operate with a series of twelve cams
      101, 102 to 112 (FIGS. 2 and 4) which are subdivided into three like
      groups of four cams each, which are rotatable on a fixed shaft 95. The
      corresponding cams of each group are alike in order and oriented alike as
      between them; thus, the first cam 101 of the first group is like the cams
      105 and 109 of the second and third groups; the second cam 102 of the
      first group is like the cams 106 and 110, and so on. The profile of the
      cam 101 (FIG. 5) is formed by an alternate succession of spaces and teeth
      each extending over an arc of 90.degree.. The cam 102 (FIG. 6) has a
      profile identical to that of the cam 101, but is offset through 90.degree.
      with respect thereto. The profile of the cam 103 (FIG. 7) is formed by one
      tooth and one space each extending over an arc of 180.degree.. The cam 104
      (FIG. 8) is identical to the cam 103, but is offset through 180.degree.
      with respect thereto. The relative position of the four cams 101, 1-2,
      103, 104 is as indicated in FIGS. 5 to 8.
PAR  A gear wheel 92 (FIGS. 2 and 4) is fast with a shaft 91 rotatable with
      respect to the frame 1 of the machine and meshes with a corresponding gear
      wheel 93 fast with the first group of cams 101, 102, 103 and 104. A
      toothed sector 116, the teeth of which extend over an arc of 90.degree.,
      is also fixed to the said first group of cams 101, 102, 103, 104 and is
      adapted to mesh with a toothed drum 115 which can rotate freely on the
      shaft 91.
PAR  The toothed drum 115 meshes in turn with a gear wheel 117 fast with the
      second group of cams 105 to 108.
PAR  In the same way, the second group of cams 105, 106, 107, 108 is fast with a
      second toothed sector 148 similar to the sector 116 and meshing with a
      second toothed drum 147 rotatable idly on the shaft 91. The toothed drum
      147 meshes in turn with a gear wheel 149 fast with the third group of cams
      109 to 112.
PAR  In this way, to each revolution of the first group of cams 101 to 104 there
      corresponds a rotation of the second group of cams 105 to 108 for a
      quarter of a revolution. Similarly, to a rotation of one revolution of the
      second group of cams 105 to 108 there corresponds a rotation of the third
      group of cams 109 to 112 for a quarter of a revolution. Consequently, to
      sixteen revolutions of the first group of cams 101 to 104 there correspond
      four revolutions of the second group of cams 105 and 108 and a single
      revolution of the third group of cams 109 to 112.
PAR  To lock the second group of cams 105 to 108 during the rotation for the
      first 270.degree. in each revolution of the first group of cams 101 to
      104, during which 270.degree. the sector 116 does not mesh with the drum
      115, there is keyed on the shaft 95, fast with the cams 101 to 104, a
      circular disc 113 (FIGS. 2 and 4) having a space or recess 98 which
      extends over an arc of 90.degree. in correspondence with the teeth of the
      sector 116.
PAR  The disc 113 co-operates, for a rotation of 270.degree. corresponding to
      the space of time during which the sector 116 does not mesh with the drum
      115, with a complementary circular profile 99 of a two-lobed cam 114 fast
      with the drum 115.
PAR  When the toothed sector 116 begins to mesh with the drum 115, the cam 114
      rotates therewith, engaging the recess 98 of the disc 113 with one of its
      lobes, allowing the drum 115 in this way to cause the second group of cams
      105 to 108 to rotate.
PAR  When the sector 116 has completed its rotation of 90.degree., the recess 98
      of the disc 113 releases the lobe of the cam 114 and the circular profile
      of the disc 113 returns to engage the corresponding profile 99 of the cam
      114, stopping in this waay any further rotation of the second group of
      cams 105 to 108. Similarly, a locking device 118, 119 completely similar
      to that just described is provided between the second and third groups of
      cams, 105 to 108 and 109 to 112 respectively.
PAR  The manner in which the decoding of each tabulation position is effected
      will now be described.
PAR  First of all, it is necessary to say that the sensing elements 28a to 28f
      can moreover translate at the same time along their own longitudinal axis
      in a manner which will be described hereinafter and that the shaft 91
      rotates, as will be seen hereinafter, in synchronism with the movement of
      the carriage 203.
PAR  For simplicity, reference will be made only to the first group of cams 101
      to 104 and to the corresponding sensing elements 28a and 28b. If the
      sensing elements 28a and 28b are both translated to the right (solid lines
      in FIG. 4), they can co-operate with the cams 101 and 103. As can be
      observed from FIGS. 5 and 7, the two cams 101 and 103 both have a space in
      correspondence with the projections 29a and 29b of the sensing elements
      28a and 28b. In this way, the sensing elements 28a, 28b can advance
      simultaneously, as will be described hereinafter, until they touch the
      respective cams 101 and 103. This, as will be seen hereinafter, will cause
      the arrest of the carriage 203 in the position corresponding to that
      adopted by the cams 101, 103 and represented in FIGS. 5 and 7.
PAR  If, on the other hand, the two sensing elements 28a and 28b are shifted to
      the left (dash lines), they can co-operate with the cams 102 and 104,
      which both present a tooth to the projections 29a and 29b, as a result of
      which the two sensing elements 28a, 28b cannot advance. After a rotation
      of 90.degree. with respect to the position indicated in FIGS. 6 and 8, the
      cams 102, 104 both present a space, as a result of which the two sensing
      elements 28a, 28b can advance at the same time until they touch the spaces
      themselves and again arrest the carriage 203.
PAR  If, moreover, the sensing element 28a is moved to the right and the sensing
      element 28b to the left, they will be able to advance simultaneously until
      they touch the spaces of the corresponding cams 101 and 104 only after a
      rotation of 180.degree. with respect to the position indicated in FIGS. 5
      and 8.
PAR  If, finally, the sensing element 28a is moved to the left and the sensing
      element 28b is moved to the right, they will be able to advance
      simultaneously only after a rotation of the cams 102 and 103 through
      270.degree. with respect to the position indicated in FIGS. 6 and 7.
PAR  It has therefore been seen how, in a complete rotation of the first group
      of cams 101 to 104, there can be decoded four different tabulation
      positions in accordance with the level (1 or 0) of the bits associated
      with the electromagnets 3a and 3b which control the sensing elements 28a
      and 28b,  respectively.
PAR  In the same way, the sensing elements 28c and 28d co-operate with the
      second group of cams 105 to 108 and the sensing elements 28e and 28f
      co-operate with the third group of cams 109 to 112.
PAR  Since it has been stated that to each complete revolution of the third
      group of cams 109 to 112 there correspond four revolutions of the second
      group of cams 105 to 108 and sixteen revolutions of the first group of
      cams 101 to 104, with each position decoded in the manner described by the
      third group of cams 109 to 112 there can be associated four positions
      decoded by the second group of cams 105 to 108, with each of which there
      can also be associated four positions decoded by the first group of cams
      101 to 104.
PAR  To sum up, the six electromagnets 3a to 3f and the three groups of cams 101
      to 104; 105 to 108; 109 to 112 can decode a total of 64 different
      tabulation positions.
PAR  Of course, by adding a fourth group of cams connected to the third in the
      same way as that in which the first two groups of cams are connected, and
      a fourth pair of sensing elements, 128 tabulation positions can be
      decoded. More generally speaking, by employing n groups of cams and n
      pairs of sensing elements, 2.sup.n tabulation positions can be decoded.
PAR  In this way there has been described the kinematic chain which begins at
      the electromagnets 3a to 3f and ends with the cams 101 to 112.
PAR  The other three electromagnets 3g, 3h, 3i (FIG. 1) are connected in known
      manner represented in FIGS. 2 and 3 by a broken line to sliders 43, 142
      and 8, respectively.
PAR  The slider 8 is connected to the lever 9 which can turn anticlockwise about
      a pin 12 fixed to the frame 1 so as to remove the projection 10 from the
      path of the dog 11 belonging to a coupling of known type indicated
      generally by the reference 4 and fast with the driven shaft 13 rotatable
      in the frame 1. The coupling 4 is adapted to engage the shaft 13 with a
      driving shaft 15 rotatable in the frame 1 when the dog 11 is not
      co-operating with the projection 10.
PAR  Keyed on the shaft 15 is a gear 37 meshing with another gear 27 rotatable
      on a shaft 68 fixed to the frame 1. On the shaft 68 there also rotates,
      being fast with the gear 27, a second gear 17 meshing with a gear 7 fast
      with a shaft 86. The shaft 86, which is rotatable in the frame 1, is kept
      in continuous rotation by a motor 7' through the medium of a pulley 6
      fixed to the shaft 86, a belt 5, and a pulley 6; fast with a shaft 28b of
      the motor 7'.
PAR  The gears 7 and 17 have the same pitch diameter, so that the transmission
      ratio between the shafts 86 and 68, in the example described, is 1 : 1,
      while the gears 27 and 37 have diameters which are in the ratio of 1 : 3
      to one another. Consequently, the shaft 15 performs one revolution for
      every three revolutions of the shaft 68.
PAR  Thus, for example, if the shaft 86 rotates anticlockwise at a speed of
      rotation of 960 r.p.m., the shaft 15 rotates anticlockwise at a speed of
      rotation of 320 r.p.m., corresponding to a period of 187.5 msec.
PAR  A rocking lever 58 can turn on the shaft 68 through the action of a spring
      59, the other end of which is fixed to the frame 1. The rocking lever 58
      bears through the medium of a pin 54 on a cam 53 fast with the shaft 13.
      An extension 57 of the rocking lever 58 intercepts a first lug 61 of a
      slider 42 slidable on the shaft 68 and on a pin 56 fixed to the frame 1.
      In the slider 42 there is formed an opening 47 the upper part of which is
      shaped in a circular arc and the lower part of which has two plane
      shoulders 55 and 55a, respectively.
PAR  On the shaft 68 there can moreover oscillate a rocking lever 64 provided
      with a substantially wedge-shaped projection 65. Formed in the rocking
      lever 64 in the proximity of the projection 65 is a slot 69 in which is
      engaged one end 70 of a bell-crank lever 71 pivoted on a pin 72 fixed to
      the frame 1.
PAR  To the rocking lever 64 there are fixed two pins 76 and 77 disposed
      parallel to, and spaced symmetrically from, the shaft 68 and which
      co-operate with two abutment surfaces 62 and 63 formed in the lower part
      of the slider 42.
PAR  The slider 43 is slidable on a pin 97 fixed to the frame 1 by means of a
      slot 96 and is drawn upwardly at the other end by a spring 46 fixed to the
      frame 1. The slider 43 moves a pin 45 adapted to bear against one or the
      other of the two sides of the projection 65 through the action of the
      spring 46.
PAR  The slider 43 can be moved to the left or to the right (FIG. 2) according
      to whether the bit relating to the direction of tabulation assumes zero
      value or one value, respectively, since, as has been said, it is actuated
      by the electromagnet 3g appertaining to the direction of tabulation.
PAR  A pin 73 fast with the bell-crank lever 71 is adapted to engage a groove 78
      formed in a sleeve 74 angularly fast with the shaft 86, but slidable
      axially thereon. The sleeve 74 carries at each end a ring of axial teeth,
      only the right-hand ring of axial teeth 79 being shown in FIG. 2 for
      simplicity of the drawing.
PAR  When the sleeve 74 is moved to the right, the teeth 79 mesh with a
      corresponding ring gear 80 formed on a sleeve 81 which can rotate freely
      on the shaft 86. On the other hand, when the sleeve 74 is moved to the
      left it can engage, in a similar manner not shown for simplicity of the
      drawing, with a sleeve 82 rotatable freely on the shaft 86. The sleeves 81
      and 82 are provided with bevel teeth 83 and 84, respectively, meshing with
      a bevel pinion 85 fixed on a shaft 88 rotatable in the frame 1 of the
      machine.
PAR  Formed integrally with the pinion 85 is a gear wheel 89 meshing with a gear
      wheel 90 fixed on a shaft 91 rotatable in the frame 1 of the machine. The
      shaft 91 is adapted to transmit the movement to a gear 92 meshing with a
      gear 93 rotatable on a shaft 95 fixed to the frame 1. As has been said,
      the gear 93 is fast with the first group of cams 101 to 104. 93 is fast
      with the first group of cams 101 to 104.
PAR  The kinematic chain which has just been described, constituted
      substantially by the electromagnet 3g, the slider 43, the rocking lever
      64, the bell-crank lever 71, the bidirectional clutch 78, 81-84-85 and the
      first group of cams 101 to 104, therefore enables the cams 101 to 112
      themselves to be rotated in one direction or the other in dependence upon
      the activation or absence of activation of the electromagnet 3g. From this
      kinematic chain there is also derived the movement of the carriage 203. In
      fact, the carriage 203 is connected, in a manner which will be described
      hereinafter, to a shaft 41 which is driven by a gear 35 driven in turn by
      a ring gear 87 fast with the sleeve 81.
PAR  Consequently, when the electromagnet 3g is activated, the slider 43, acting
      through the kinematic chain described, shifts the sleeve 74 to the right
      as a result of which the sleeve 81 rotates anticlockwise and the shaft 41
      rotates clockwise, so that the carriage 203 is shifted, for example, to
      the right; at the same time, the cams 101 to 112 rotate clockwise in the
      manner described.
PAR  When, on the other hand, the sleeve 74 is shifted to the left, the sleeve
      84 rotates anticlockwise and the pinion 85 rotates anticlockwise and
      causes the sleeve 81 to rotate clockwise, as a result of which the
      carriage 203 moves to the left and at the same time the cams 101 to 112
      rotate anticlockwise.
PAR  The mechanism adapted to arrest the carriage 203 when it has reached the
      tabulated position will now be described. This mechanism comprises a crank
      element 18 which, fixed on a shaft 19, is held by a spring 20 so that it
      bears by means of a pin 21 against a face cam 22 fast with the shaft 13. A
      group of tabs or lugs 23a, 23b, 23f fast with the shaft 19 individually
      engage corresponding forks 24a 24b fast with the sensing elements 28a 28b.
      The lugs 23c, 23d, 23e are not shown in the drawing, because they are
      similar to the lugs 23a, 23b and 23f; as well as the forks 24c, 24d, 24e,
      24f are not shown in the drawing because they are similar to forks 24a,
      24b. It is to be noted that the lugs 23c, 23d, 23e engage the
      corresponding forks 24c, 24d, 24e respectively, and that the forks 24c,
      24d, 24e are fast with the sensing elements 28c, 28d, 28e. A crank 160
      fast with the shaft 19 is connected to one end of a connecting rod 161
      pivoted at the other end to a crank 162 fixed to a shaft 163 rotatable in
      the frame 1 of the machine. the shaft
PAR  A crank 31 fast with the shaft 163 co-operates with a collar 32 of a sleeve
      33 slidable axially on thes haft 41 rotatable in the frame 1 of the
      machine.
PAR  A guide disc 34 fast with the sleeve 33 engages pins 38 slidable axially in
      a barrel 40 fast with the shaft 41 and with the gear 35. The pins 38 are
      adapted to engage the opening 47 in the slider 42 under the thrust of
      individual springs 39.
PAR  As long as at least one of the ends 29a to 29f of the sensing elements 28a
      to 28f engages a tooth of the corresponding cam 101 to 112, the
      corresponding tab 23a to 23f cannot rotate completely anticlockwise, as a
      result of which the sleeve 33 is shifted to the left only for a small
      distance. Consequently, the pins 38 are only facing the opening 47 in the
      slider 42. When, on the other hand, all the ends 29a to 29f encounter a
      space at the same time on the corresponding cams 101 to 112, the tabs 23a
      to 23f rotate anticlockwise and the sleeve 33 is consequently shifted
      further to the left and, therefore, one of the pins 38 engages one or the
      other of the shoulders 55 and 55a according to the direction of rotation
      of the shaft 41, producing a downward movement of the slider 42, which, as
      will be seen hereinafter, causes the arrest of the shaft 41.
PAR  The rectifying device will now be described, this comprising a barrel 136
      of substantially cylindrical form fixed angularly to the shaft 41 and
      slidable axially thereon. On the end faces of the said barrel 136 there
      are fixed two pairs of pins 132, 133 and 134, 135, respectively, which are
      diametrically opposed with respect to the axis of the shaft 41. Moreover,
      there is formed in the barrel 136 a groove 138 adapted to co-operate with
      a pin 137 (FIG. 3) of a bail 139 which can turn about a pin 143 fixed to
      the frame 1 of the machine. The said bail 139 is moreover provided with a
      lug 140 engaging a fork 141 integral with the slider 142.
PAR  In this way, if the value of the bit corresponding to rectification of the
      tabulated position is zero, the electromagnet 3h (FIG. 1) is not energized
      and the slider 142 is located in the rest position (FIG. 3). Consequently,
      the barrel 136 is shifted to the right (FIGS. 2 and 3) and in this
      position a rocking lever 120 which can turn on the shaft 68 is adapted to
      interfere by means of two abutment surfaces 128, 129 with the pins 132 and
      133, respectively, through the action of a cam 122 fast with the shaft 13.
      The rocking lever 120 is held so that it bears against the cam 122 by
      means of a pin 126 through the action of a spring 124 fixed to the frame
      1. When the cam 122 presents its solid portion in correspondence with the
      pin 126, the rocking lever 120 turns anticlockwise, as a result of which
      the abutment surface 128 engages the pin 132 of the barrel 136, causing
      the shaft 41 to turn anticlockwise. The rotation takes place until such
      time as the other pin 133 of the barrel 136 bears against the abutment
      surface 129, so that the rotation of the shaft 41 is limited to a
      well-defined value and the shaft 41 is thereafter locked in the position
      reached.
PAR  If, on the other hand, the bit corresponding to rectification of the
      tabulated position has the value one, the barrel 136 is shifted to the
      left. In this position, a rocking lever 121 which can turn on the shaft 68
      is adapted to interfere by means of two abutment surfaces 130, 131 with
      the two pins 134 and 135, respectively, through the action of a cam 123
      fast with the shaft 13. The rocking lever 121 is held so that it bears
      against the cam 123 by means of a pin 127 through the action of a spring
      125 connected to the frame 1. When the cam 123 presents its solid portion
      in correspondence with the pin 127, the rocking lever 121 turns
      anticlockwise, as a result of which the abutment surface 131 engages the
      pin 135 of the barrel 136, causing the shaft 41 to rotate clockwise. The
      rotation takes place until such time as the other pin 134 of the barrel
      136 bears against the abutment surface 130 of the rocking lever 121, so
      that the rotation of the shaft 41 is limited to a well-defined value equal
      to one rectifying step and the shaft 41 is thereafter locked in the
      position reached.
PAR  There will now be described the mechanism which is adapted to shift the
      carriage 203 along the platen 202, which comprises a first pulley 206
      (FIG. 1) rotatable on a shaft 207, connected to the shaft 41 in a known
      manner and not shown in the drawing. The pulley 206 is connected by means
      of a belt 211 to a second pulley 209 rotatable about a shaft 210. The belt
      211 is passed around each of the said pulleys 206 and 209 over an arc of
      180.degree. and has its ends fixed to the carriage 203, as a result of
      which on a rotation of the shaft 207 there is obtained a corresponding
      movement of the carriage 203.
PAR  A description of the operation of the tabulation system according to the
      invention will now be given. Reference will now be made to FIG. 9, which
      shows the development of the profiles of the cams 101 to 112. More
      particularly, in the first line at the top, there are represented for
      example by numbers 45 of the 64 possible tabulation positions reachable by
      means of the system according to the invention. For each tabulation
      position there is represented by the letter a the position reachable by
      means of a forward rectification and by the letter i the position
      reachable by means of a backward rectification.
PAR  The first profile diagram relates to the cam 101, the second to the cam
      102, the third to the cam 103, and so on as far as the cam 112.
PAR  For each electromagnet 3a to 3f, indicated by a rectangle, the symbols 1
      and 0 are to indicate that the corresponding sensing element 28a to 28f
      co-operates with one or the other of the profiles indicated by the arrows.
      For instance, the electromagnet 3d at level 1 signifies that the sensing
      element 28d co-operates with the cam 107.
PAR  Let it now be assumed that it is desired to reach the tabulation position
      indicated by a dash line and corresponding to the tabulation position 28
      rectified forward starting, for example, from the tabulation position 18.
PAR  This position is represented by a combination of bits generated by the
      control unit 16 (FIG. 1), which energizes the electromagnets 3a to 3i as
      indicated by the following Table.
TBL  __________________________________________________________________________
     3a 3b 3c 3d 3e 3f 3g 3h 3i                                                
     __________________________________________________________________________
     1  1  0  1  1  0  1  1  1                                                 
     __________________________________________________________________________
                                start of cycle                                 
                                forward rectifi-                               
                                cation                                         
                                forward tabulation                             
                                tabulation                                     
                                position                                       
     __________________________________________________________________________
PAR  In fact, so that the spaces of all the cams 101 to 112 concerned may be
      presented at the same time in front of the sensing elements 28a to 28f,
      the following conditions must occur:
PAR  the electromagnet 3a is energized (1 level), so that the sensing element
      28a co-operates with the cam 101
PAR  the electromagnet 3b is energized (1 level), so that the sensing element
      28b co-operates with the cam 103
PAR  the electromagnet 3c is deenergized, so that the sensing element 28c
      co-operates with the cam 106
PAR  the electromagnet 3d is energized, so that the sensing element 28d
      co-operates with the cam 107
PAR  the electromagnet 3e is energized, so that the sensing element 28e
      co-operates with the cam 109
PAR  the electromagnet 3f is deenergized, so that the sensing element 28f
      co-operates with the cam 112.
PAR  Moreover, the energized electromagnet 3g indicates that the carriage 203
      must move to the right
PAR  the energized electromagnet 3h indicates that the rectification is forward.
PAR  and the energized electromagnet 3i gives rise to the starting of the
      tabulation cycle.
PAR  In fact, the electromagnet 3i moves the projection 10 of the lever 9 which
      interferes with the dog 11 of the coupling 4. In this way, the driving
      shaft 15 sets the shaft 13 in rotation anticlockwise, so that the negative
      action cam 53 brings the space 148 in front of the pin 54, releasing the
      slider 42 and moving the extension 57 of the bail 58 away from the end 61
      of this slider 42. At the same time, the face cam 22, which also has a
      negaative action, brings its descending face into correspondence with the
      pin 21 and therefore allows the sensing elements 28a to 28f to bring their
      corresponding ends 29 a to 29f to bear against at least one tooth of the
      cams 101 to 112. Consequently, the sleeve 33 shifts partially to the left,
      so that the pins 38 of the barrel 40 cannot yet engage the shoulders 55
      and 55a of the slider 42.
PAR  At the same time, as has been described, the energization of the
      electromagnet 3g causes the clockwise rotation of the rocking lever 64,
      which produces the movement of the pin 73 to the right. The pin 73 shifts
      the sleeve 74 to the right, as a result of which the shaft 86 sets the
      shaft 41 in clockwise rotation, so that the carriage 203 moves to the
      right and, through the bevel pinion 85, sets the first group of cams 101
      to 104 in clockwise rotation. Moreover, through the medium of the pin 77,
      the rocking lever 64 raises the slider 42 which, as has been seen, is no
      longer held stationary by the end 57 of the bail 58. The rotation of the
      shaft 41 and the cams 101 to 104 causes, as has been seen, the rotation of
      the other cams 105 to 112, which continues until such time as they do not
      present all the spaces at the same time in front of the sensing elements
      28a to 28f.
PAR  At this point the sensing elements 28a to 28f advance simultaneously owing
      to the effect of the spring 20, which causes the shaft 19 to turn
      anticlockwise. Consequently, the sleeve 33 is shifted further to the left,
      so that one of the pins 38 of the barrel 40, which is in rotation with the
      shaft 41 during the movement of the carriage 203, co-operates with the
      shoulder 55a of the slider 42, thereby lowering it.
PAR  The lowering of the slider 42 causes, through the medium of the pin 77, an
      anticlockwise rotation of the rocking lever 64, bringing it into a
      position such that the pin 73 brings the sleeve 74 back into the central
      position. At this point the shafts 41 and 91 are disengaged, as has been
      seen, from the driving shaft 86, so that the carriage 203 stops in the
      tabulated position. At this point the cam 22 has performed a rotation of
      approximately 180.degree., so that it presents its ascending face in front
      of the pin 21 and, in this way, moves the sensing elements 28a to 28f away
      from the cams 101 to 112 by means of the shaft 19 and at the same time
      releases the slider 42 from the pins 38 of the barrel 40.
PAR  The lowering of the slider 42 produces an anticlockwise rotation of a bail
      66, which removes one of its ends 67 from the path of the dog 11, as a
      result of which the shaft 13 continues its rotation beyond 180.degree..
PAR  Thereafter, the electromagnet 3h having shifted the barrel 136 to the left,
      the cam 123 intervenes and, being also rotated through more than
      180.degree., presents the beginning 149 of its active zone in front of the
      pin 127 of the rocking lever 121, which therefore rotates anticlockwise.
      Consequently, as has been said, the abutment surface 131 engages the pin
      135, causing the barrel 136 and, therefore, the shaft 41 to rotate
      clockwise through a certain angle corresponding to the rectifying step of
      the carriage 203.
PAR  At this point, the cam 53, returning to its initial position, brings its
      full or solid portion back into correspondence with the pin 54, therefore
      locking the slider 42 through the rocking lever 58.
PAR  All this takes place if the reaching of the tabulated and unrectified
      position of the carriage 203 occurs within the 180.degree. rotation of the
      shaft 13. If this does not happen, the shaft 13 and the coupling 4 have
      performed a 180.degree. rotation before the slider 42 has been lowered by
      one of the pins 38. Consequently, a spring 165 can cause the bail 66 to
      turn clockwise, one end 65a of which bail co-operates with the end 61 of
      the slider 42. The clockwise rotation of the bail 66 brings its end 67
      into the path of the dog 11, as a result of which the coupling 4 is
      disengaged, causing the stopping of the shaft 13, and therefore the
      rectification cycle cannot begin. This commences only after the tabulation
      position has been reached and therefore the lowering of the slider 42
      brings the end 67 of the bail 66 out of the path of the dog 11.
PAR  It is understood that modifications, additions and substitutions of parts
      may be made in the present invention without departing from the scope of
      the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Horizontal tabulation apparatus for accounting machines or the like,
      having a frame, a platen and a carriage having relative motion with
      respect to said platen for reaching predetermined tabulation positions,
      comprising;
PA1  means for moving said carriage,
PA1  a plurality of sensing means movable from a first to a second of two
      positions for defining code combinations corresponding to the
      predetermined tabulation positions,
PA1  a first shaft fixed to said frame,
PA1  a plurality of cams rotatable on said first shaft, said rotation being
      actuated by said carriage moving means, said cams being divisible into
      groups for cooperation with said sensing means, each group being
      associated with at least a portion of a corresponding code combination,
PA1  stopping means actuated by said plurality of sensing means for deactivating
      said moving means when said groups of cams rotate to positions defined by
      the positions of said sensing means to generate one of said code
      combinations corresponding to one of said predetermined tabulation
      positions,
PA1  a control unit for generating said code combinations; and
PA1  a plurality of corresponding electromagnets responsive to said control unit
      generated code combinations for moving said sensing means to said first or
      second positions to represent said one predetermined tabulation position.
NUM  2.
PAR  2. Apparatus as in claim 1, in which each cam of said groups comprises at
      least one tooth and one space, the cams of each group simultaneously
      presenting the respective spaces to space sensing elements of said sensing
      means when said carriage is moved to said one predetermined tabulation
      position associated with the code combination represented by said cams.
NUM  3.
PAR  3. Apparatus as in claim 1, further comprising: a second electromagnet
      controllably connected to said moving means for establishing movement of
      said carriage in one or in the other of two directions.
NUM  4.
PAR  4. Apparatus as in claim 3, wherein each of said groups comprises at least
      two pairs of adjacent cams, the cams belonging to the first of said pairs
      having like profiles comprising at least one space and one tooth, said cam
      profiles of said first pair being offset through 90.degree. and the
      profiles of the cams of the second pair being alike and offset through
      180.degree..
NUM  5.
PAR  5. Apparatus as in claim 4 wherein each group of said cams rotates on said
      first shaft with respect to the following one in a transmission ratio of
      1:4.
NUM  6.
PAR  6. Apparatus as in claim 4, wherein the cams of said first pair comprise
      two of said spaces and two of said teeth alternately offset by 90.degree.,
      and the cams of said second pair comprise one of said spaces and one of
      said teeth each extending over an arc of 180.degree..
NUM  7.
PAR  7. Apparatus as in claim 6 wherein each of said sensing means is associated
      with one of said pairs of said cams and cooperates with a first cam of
      said pair when said sensing means is in said first position and cooperates
      with a second cam of said pair when said sensing means is in said second
      position, to thereby establish the correspondence of the rotational
      position of the cams with said predetermined tabulation position, said
      sensing means comprising a sensing element for detecting the presence of
      said respective spaces and causing said sensing means to actuate said stop
      means when said carriage is in correspondence with said predetermined
      tabulation position.
NUM  8.
PAR  8. Apparatus as in claim 7, wherein said stopping means comprises a second
      shaft actuated by said moving means during said carriage motion,
PA1  a sleeve rotatable with said second shaft,
PA1  a pair of pins parallel to said second shaft and carried by said sleeve,
      said pins being axially movable by said sensing means detection of said
      cam spaces for actuating said stop means to deactivate said moving means.
NUM  9.
PAR  9. Apparatus as in claim 8, further comprising a third electromagnet,
PA1  a rectifying mechanism actuated by said third electromagnet for effecting a
      further movement in one or the other of two directions in the motion of
      said carriage from said predetermined tabulation positions,
PA1  an element rotatable with said second shaft and selectively operable by
      said third electromagnet, and
PA1  two rocking levers alternatively cooperating with said element to cause
      said rotational movement of said groups of cams in order to effect said
      further carriage movement.
NUM  10.
PAR  10. Apparatus as in claim 9, wherein said electromagnets corresponding to
      said sensing means, said second electromagnet, and said third
      electromagnet are actuated simultaneously by said control unit for
      simultaneously defining said tabulation positions.
PATN
WKU  039386457
SRC  5
APN  3950301
APT  1
ART  313
APD  19730907
TTL  Gable-top carton transfer apparatus and method
ISD  19760217
NCL  16
ECL  1
EXA  Nase; Jeffrey V.
EXP  Blunk; Evon C.
NDR  3
NFG  6
INVT
NAM  Farfaglia; Silvio T.
CTY  Fulton
STA  NY
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  198 20R
XCL  198 32
XCL  198131
XCL  198218
XCL  214  1BB
XCL  294116
EDF  2
ICL  B65G 4768
FSC  198
FSS  20 R;32;131;218
FSC  294
FSS  116
FSC  214
FSS  1 BB;1 BT
UREF
PNO  2677471
ISD  19540500
NAM  Skinner
OCL  214  1BT
UREF
PNO  2833185
ISD  19580500
NAM  Dixon
OCL  198 20
UREF
PNO  3198309
ISD  19650800
NAM  Ogawa
OCL  214  1BB
UREF
PNO  3225891
ISD  19651200
NAM  Hickin et al.
OCL  214  1BT
UREF
PNO  3276606
ISD  19661000
NAM  Marchand
OCL  214  1BB
UREF
PNO  3318630
ISD  19670500
NAM  Bryant
OCL  294116
UREF
PNO  3645408
ISD  19720200
NAM  Bronzini
OCL  214  1BB
ABST
PAL  Gable-top cartons are transferred from a first station to a second station
      by means of a transfer mechanism employing a clamp having opposing jaws
      which grip the sealed top of a container, holding the container while it
      is being moved from the first station to the second station, and releasing
      the container when it has arrived at its desired location in the second
      station.
BSUM
PAR  This invention relates to method and apparatus for transferring a carton
      from a first station to a second station. In one aspect it relates to the
      use of one or more clamps to transfer a carton horizontally from a first
      station on an intermittently actuated conveyor to a second station on a
      continuously actuated conveyor. In another aspect it relates to the
      transfer of a filled container from the conveyor of a container-filling
      machine to a delivery conveyor carrying filled containers away from the
      filling machine.
PAR  Machinery commonly employed in the filling or assembling and filling of
      cartons often utilizes an endless conveyor which is indexed in a stepwise
      manner to move the cartons through the various stages of assembly,
      filling, sealing, marking, and other associated operations. When these
      various operations have been performed by the filling machine, it is
      necessary to remove the filled container from the endless conveyor of the
      filling machine to permit the conveyor space occupied by the filled
      container to be reused in subsequent filling operations. Various methods
      and apparatus are known in the art for performing this function. some, for
      example, use an arm or push rod to displace a filled carton from the
      endless conveyor of the filling machine. Another method is to dump the
      filled container from one conveyor to another or to displace it onto an
      incline and let it slide to another conveyor. While these methods are
      generally acceptable for the handling of filled cartons having a geometric
      configuration which will stabilize them against tipping or falling during
      handling operations subsequent to being filled, many tall containers with
      relatively small bases and containers made of a material which may tend to
      stick to a surface rather than to slide across it are difficult to push or
      gravity slide from one location to another. A substantial number of the
      types of containers presenting these transfer difficulties are of the
      gable-top construction.
PAR  It is therefore an object of the invention to provide improved apparatus
      and method for transferring a gable-top container from one location to
      another. It is a further object of the invention to provide an improved
      apparatus and method for transferring a gable-top container from an
      intermittently actuated conveyor to a continuously actuated conveyor.
      Still a further object of the invention is to provide an improved method
      and apparatus for transferring filled gable-top containers from the
      intermittently actuated conveyor of a container-filling machine to a
      continuously actuated delivery conveyor.
PAR  The invention is particularly suited for use with gable-top containers
      having a large height-to-width ratio or having a coating which may make
      them difficult to gravity-slide from one location to another. Although the
      invention can be used with a variety of containers containing almost any
      product, it is particularly well suited for use in conjunction with a
      machine which packages milk, orange drink, or other similar liquid in
      fiberboard, plastic-coated fiberboard, or plastic containers.
PAR  In accordance with the invention, each filled container arriving at a
      specified station along the intermittently actuated conveyor of the
      filling machine is gripped along the sealed top thereof by a clamp
      comprising two jaws and is pulled from the conveyor of the filling machine
      to a desired location on a continuously actuated conveyor whereupon the
      force holding the jaws together is interrupted and the container is
      released onto the continuously actuated conveyor.
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PAR  Details of the operation of the invention are readily observable from the
      accompanying drawings in which
PAR  FIG. 1 is an elevational view of a carton forming, filling and sealing
      machine embodying the present invention;
PAR  FIG. 2 is a plan view of the product discharge end of the machine of FIG.
      1;
PAR  FIG. 3 is a simplified elevational view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged elevational view of the clamp mechanism shown in FIG.
      3;
PAR  FIG. 5 is an elevational view taken along the line 5--5 in FIG. 4 showing
      the clamp in the open position;
PAR  and FIG. 6 is an elevational view taken along line 6--6 in FIG. 4, modified
      to illustrate the clamp in the closed position.
DETD
PAR  Referring now to the drawings in detail and to FIG. 1 in particular, the
      carton forming, filling and sealing machine comprises a forming section 11
      and a filling and sealing section 12. The forming section 11 comprises a
      sidewall blank feeding and heating subsection 13, a bottom blank feeding
      and heating subsection 14, a forming subsection 15, and a transfer
      subsection 16. The filling and sealing section has two parallel endless
      conveyor systems 17, and each conveyor system comprises a filling
      subsection 18 occupying five conveyor stations, a defoaming station 19, a
      score breaking station 20, a top heating station 21, a folding and sealing
      station 22, a secondary sealing station 23, a branding station 24, and
      transfer mechanism 25.
PAR  The sidewall blanks 31 manually placed in the sidewall blank magazine 32
      are flat, single sheets of paperboard, rectangular in shape, scored to
      provide five longitudinal panels and a gable-top structure, and coated on
      both the top and bottom surfaces of each sheet with a thermoplastic
      material, e.g., polyethylene. The sidewall blanks are successively
      withdrawn from magazine 32 and individually advanced in a stepwise fashion
      through the sidewall blank heating station 33 to the sidewall blank
      receiving station 34 for turret 35. At the sidewall blank heating station
      33, the side margins to be overlapped and the bottom margin of the
      sidewall blank are heated to a bonding temperature for the thermoplastic
      coating.
PAR  The turret 35 is journalled on a horizontal axis and carries eight
      circumferentially spaced apart mandrels 36 extending radially from the
      axis of turret 35. The cross section of each of mandrels 36 in a plane
      perpendicular to its longitudinal axis is generally rectangular. Suitable
      drive mechanism is provided for indexing or effecting intermittent
      rotation of the turret 35 to move each mandrel from the sidewall blank
      receiving station 34 through a blank folding station 37; a bottom end
      closure forming, applying and sealing station 38; a secondary bottom
      sealing station 39, a stripping station 40, and three successive
      nonoperating stations 41, 42, and 43.
PAR  The tubular carton body having a bottom closure sealed thereto is removed
      from the mandrel 36 at the stripping station 40 and is transferred to a
      conveyor pocket 45 of one of the two conveyor systems 17. The product to
      be packaged is introduced into the open-topped tubular carton in the
      filling subsection 18. If desired, any foam resulting from the filling
      operation can be removed at defoaming station 19. The scores for the
      gable-top structure can be initially folded in the score breaking station
      20, resulting in the conventional six-sided top structure. The gable-top
      ridge panels of the carton are heated in station 21 to a temperature at
      least as high as the thermal bonding temperature of the thermoplastic
      coatings on the carton. The heated superstructure is then folded into
      contact under pressure at the folding and sealing station 22 to effect the
      bonding of adjacent ridge panels. Secondary sealing station 23 applies
      pressure to the ridge panels during cooling of the thermoplastic bond. If
      desired, a date indicia, plant identification or other information can be
      applied to the bonded ridge panels of the sealed carton at branding
      station 24. The formed, filled and sealed carton is removed from its
      conveyor pocket 45 by the transfer mechanism 25 and placed on a delivery
      conveyor 46. The conveyor systems 17 are intermittently actuated to move
      conveyor pockets 45 from stations to station in a step-wise fashion, while
      delivery conveyor 46 is operated continuously.
PAR  FIG. 2 illustrates a partially cut-away plan view of the transfer mechanism
      25 associated with the filling and sealing section 12 of the
      carton-forming, filling and sealing machine of FIG. 1. Endless conveyors
      17a and 17b deliver filled and sealed cartons 50 to transfer stations 25a
      and 25b using conveyor pockets 45 to intermittently slide the cartons 50
      along flat rails 54. Endless conveyors 17a and 17b are driven by a
      reciprocating arm, not shown, and are incrementally indexed in a manner
      such that two filled and sealed cartons 50 in conveyor pockets 45 are
      simultaneously advanced to transfer stations 25a and 25b during the
      advance portion of the conveyor cycle. The conveyor pockets 45 carrying
      the advanced cartons 50 remain at transfer stations 25a and 25b during the
      dwell portion of the conveyor cycle, after which the cycle repeats itself,
      advancing two more containers 50 the incremental distance to transfer
      stations 25a and 25b. The conveyors 17a and 17b and other major components
      of the transfer mechanism 25 are supported on the frame 56 of the
      carton-forming and filling machine.
PAR  Conveyor pockets 45 comprise two vertical side plates connected at angles
      of nominally 90.degree. to a third vertical back plate, the vertical back
      plate being affixed to the drive means of conveyor 17a or 17b. The
      U-shaped configuration of conveyor pockets 45 accurately maintains each
      container 50 at its proper location along conveyor 17a or 17b but also
      makes it necessary to remove a container from the pocket which has carried
      it to transfer station 25a or 25b by drawing the container away from the
      back plate of the pocket in a vertical direction or a horizontal direction
      perpendicular to the back plate or in a combination of such vertical and
      horizontal directions. The configuration of the conveyor pockets negates
      the use of any removal technique involving displacement of the filled
      container 50 in a lateral direction parallel to the surface of the
      conveyor pocket back plate.
PAR  Flat rails 54 are positioned directly below the line of travel followed by
      conveyor pockets 45 and are of sufficient width that the bottom surface of
      each container can rest upon the rail during the dwell portion of the
      operation of intermittent conveyors 17a and 17b and slide along the rail
      during the moving portion of the conveyor operation. The top surfaces of
      both flat rails 54 are substantially in the same horizontal plane, and
      transfer stations 25a and 25b are preferably located so that a straight
      delivery conveyor 46 will be tangent to both rails 54 at transfer stations
      25a and 25b.
PAR  Sub-frame 60, shown partially cut away in FIG. 2 in order to more clearly
      show the apparatus beneath it, is rectangular in shape and is driven in a
      reciprocating linear horizontal motion by cam follower 61 attached to the
      edge of sub-frame 60. The reciprocating linear motion of sub-frame 60 is
      preferably affected in an at least substantially horizontal plane,
      although it can be carried out in a plane inclined to the horizontal
      reference at an angle in the range of about 1.degree. to about 45.degree.,
      more preferably in the range of about 1.degree. to about 10.degree.. Such
      an inclined plane would generally extend upwardly from the top face of
      rail 54 over the top surface of conveyor 46 in order to permit the
      container to clear the rail 54. Cam follower 61 rides in groove 63 of cam
      wheel 62 as cam wheel 62 is rotated by the main drive shaft 55 and cam
      drive shaft 64. Sub-frame 60 is supported on brackets 67 which are
      slidable on rods 68 attached to the main frame 56.
PAR  The delivery conveyor 46 located at a right angle to the center line of the
      packaging machine is tangent to the curved paths of conveyors 17a and 17b
      and is adjacent to both transfer stations 25a and 25b to carry filled
      cartons away from transfer mechanism 25. Guide rails 47 extend above the
      surface of delivery conveyor 46 to guard against containers being
      improperly positioned on, or falling from, conveyor 46 and are attached to
      support bar 48 (FIG. 3) which is in turn attached to the main frame 56 of
      the carton-forming, filling and sealing machine. The top of conveyor 46 is
      preferably slightly lower than the top of flat rails 54 to permit
      containers 50 to move laterally from transfer stations 25a and 25b without
      contacting the surface of conveyor 46. Positioning the top of conveyor 46
      lower than the top of flat rail 54 also permits the top of the carton to
      travel beneath the clamp 70 (FIG. 3) after it is released onto moving
      conveyor 46.
PAR  FIG. 3 is a simplified elevation view of transfer station 25b with
      sub-frame 60 in its extreme rearward position. Clamp 70 has just released
      carton 50, dropping it onto conveyor 46, and the carton 50 is beginning to
      move with conveyor 46, beneath clamp 70 to be inspected and crated for
      shipment. A pair of rear stop rods 71 attached to main frame 56 open clamp
      70 when it reaches the desired rearward position over conveyor 46. A pair
      of forward stop rods 72 attached to main frame 56 cause the clamp 70 to
      close and grip a container located in the transfer station 25b when
      sub-frame 60 has carried clamp 70 to the desired forward location. Clamp
      70 is supported beneath sub-frame 60 by clamp brackets 75 and 76.
PAR  FIG. 4 is an enlarged elevational view of the clamp 70 shown by FIG. 3.
      Clamp brackets 75 and 76 attached to sub-frame 60 support jaw shafts 77
      and 78 and actuating shaft 79. Actuating shaft 79 has a large diameter
      portion 79a and a small diameter portion 79b.
PAR  FIG. 5 is an elevational cross section along line 5--5 of FIG. 4 showing
      jaws 82 and 83 of clamp 70 which are supported on shafts 77 and 78
      respectively. Clamp jaws 82 and 83 are mounted on shafts 77 and 78 in such
      a manner as to permit rotational movement of each jaw about its respective
      shaft as well as longitudinal movement of each jaw along its respective
      shaft. The rotational position of each jaw is controlled by cam followers
      85 and 86 attached to jaws 82 and 83 respectively by shafts 87 and 88. Cam
      followers 85 and 86 are kept in close contact with actuating rod 79 by
      spring 89 which exerts a force on clamp jaws 82 and 83 tending to force
      them apart at the point of spring placement. In the position illustrated
      by FIG. 5, jaws 82 and 83 of clamp 70 are shown in the open position
      wherein cam followers 85 and 86 are positioned on the small diameter
      portion 79b of actuating rod 79. Contact of jaws 82 and 83 with a pair of
      rear stop rods 71 has forced the jaws to an open position as shown in FIG.
      4. As the jaws are carried by sub-frame 60 from a position above conveyor
      17b to a position above delivery conveyor 46, rear stop rods 71 stop jaws
      82 and 83 and hold them while shafts 77 and 78 continue their rearward
      motion thereby displacing from a position near clamp bracket 76 to a
      position near clamp bracket 75. As sub-frame 60 approaches its most
      rearward position, cam followers 85 and 86 move from the large diameter
      portion 79a to the small diameter portion 79b of actuating rod 79. Jaws 82
      and 83 are forced open by the action of spring 89, thereby releasing
      carton 50.
PAR  FIG. 6 viewed along the same section as FIG. 5, illustrates clamp 70 in its
      closed position. Jaws 82 and 83 of clamp 70 have been stopped by contact
      with stop rods 72, and, as sub-frame 60 continued its forward motion, have
      been forced along shafts 77 and 78 to a point nearest clamp bracket 76. In
      passing from the small diameter portion 79b to the large diameter portion
      79a of actuating shaft 79, cam followers 85 and 86 rotate jaws 82 and 83
      about shafts 77 and 78 in such a manner as to bring the lower portions of
      jaws 82 and 83 together to contact the top of gable-top carton 50. Cam
      followers 85 and 86 are maintained in contact with the large diameter
      portion 79a of actuating shaft 79 by spring actuated detent latch 92 which
      engages detent 93 in shaft 78 to maintain jaws 82 and 83 in the closed
      position.
PAR  In operation, filled and sealed cartons are delivered by each conveyor 17a
      and 17b to transfer stations 25a and 25b simultaneously. The indexing
      motion of the conveyors 17a and 17b stops the conveyor pockets 45 at the
      transfer stations 25a and 25b. During the interval that the conveyors are
      stopped, cam wheel 62 makes one complete revolution. At the start of the
      rotation of cam wheel 62, the sub-frame 60 is in its rear position with
      stop rods 71 contacting clamp jaws 82 and 83 to place them in a position
      near clamp bracket 75 in their open position. As cam wheel 62 rotates, the
      sub-frame 60 moves forward. As the sub-frame 60 nears the end of its
      forward motion, stop rods 72 contact jaws 82 and 83, stopping their
      forward motion and forcing cam followers 85 and 86 outwardly as the large
      diameter portion 79a of actuating rod 79 passes by, thereby closing the
      jaws on the top of a container 50 which is located in a conveyor pocket 45
      at transfer station 25b. In a similar manner, another clamp 70 located at
      the opposite end of sub-frame 60 grasps a container 50 located at transfer
      station 25a. As sub-frame 60 begins its rearward motion, clamps 70 carry
      the respective cartons 50 from transfer stations 25a and 25b rearward to a
      position above the delivery conveyor 46. As the sub-frame 60 approaches
      its most rearward position, rear stop rods 71 contact the jaws of clamp
      70, stopping their rearward motion and forcing cam followers 85 and 86 to
      move to the small diameter position 79b of actuating rod 79, thereby
      permitting the force exerted by spring 89 to open the jaws and allow the
      sealed cartons 50 from transfer stations 25a and 25b to drop onto delivery
      conveyor 46 and be carried away. Conveyors 17a and 17b then advance two
      more filled and sealed cartons to transfer stations 25a and 25b, and the
      cycle removing the cartons 50 from the transfer stations 25a and 25b to
      the delivery conveyor 46 is repeated.
PAR  The apparatus of the invention can be made from materials known in the art.
      Steel, for example, can be used for the frame 56, sub-frame 60, cam
      follower 61, cam wheel 62, cam drive shaft 64, main drive shaft 65, and
      other similar structural members of the apparatus. Stainless steel is
      preferred for conveyor brackets 45 and flat rails 54, where a smooth and
      corrosion-free surface is particularly desired for contact with the
      cartons 50. Steel or stainless steel is likewise suitable for the
      manufacture of clamp jaws 82 and 83, cam followers 85 and 86, actuating
      rod 79, and other parts of the clamp mechanism.
PAR  Reasonable variations and modifications are possible within the scope of
      the foregoing disclosure and the appended claims to the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Transfer means for moving a container from a first station to a second
      station, said transfer means comprising:
PA1  clamp means comprising first and second jaw means rotationally and
      longitudinally movable on respective first and second supporting shafts,
      each said jaw means having a cam follower means operably attached thereto,
PA1  means for moving said clamp means between said first and second stations,
PA1  an actuating shaft means having a smaller diameter first segment and a
      larger diameter second segment,
PA1  means for closing said clamp means at said first station to grasp the top
      of a container, said means for closing comprising means for forcing
      longitudinal movement of said first and second jaw means along said first
      and second supporting shafts thereby bringing each of said cam follower
      means in contact with one of said first and second segments of said
      actuating shaft means, and
PA1  means for opening said clamp means at said second station to release said
      container, said means for opening comprising means for forcing
      longitudinal movement of said first and second jaw means along said first
      and second supporting shafts thereby bringing each of said cam follower
      means in contact with the other of said first and second segments of said
      actuating shaft means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said means for moving said
      clamp means between said first and second station comprises means for
      moving said clamp means in a straight line between said first and second
      stations.
NUM  3.
PAR  3. Apparatus for transporting a gable-top container, said apparatus
      comprising:
PA1  an intermittently actuated conveyor for forwarding a container to a first
      station located thereon:
PA1  a continuously actuated conveyor having a second station located thereon;
      and
PA1  transfer means for moving a container from said first station to said
      second station, said transfer means comprising:
PA2  clamp means comprising first and second jaw means rotationally and
      longitudinally movable on respective first and second supporting shafts,
      each said jaw means having a cam follower rigidly attached thereto;
PA2  means for moving said clamp means between said first and second stations;
PA2  an actuating shaft having a smaller diameter segment and a larger diameter
      segment;
PA2  means for closing said clamp means at said first station to grasp the top
      of a container, said means for closing comprising a first stop means
      located adjacent said first station, said first stop means being adapted
      to contact said first and second jaw means to force longitudinal movement
      of said first and second jaw means along said first and second supporting
      shafts thereby bringing said cam followers in contact with said larger
      diameter segment of said actuating shaft; and
PA2  means for opening said clamp means at said second station to release said
      container, said means for opening comprising a second stop means located
      adjacent said second station, said second stop means being adapted to
      contact said first and second jaw means to force longitudinal movement of
      said first and second jaw means along said first and second supporting
      shafts thereby bringing said cam followers in contact with said smaller
      diameter segment of said actuating shaft.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein said means for moving said
      clamp means between said first station and said second station comprises a
      movable sub-frame capable of serving a plurality of said transfer means.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein there are two said
      intermittently actuated conveyors each having a first transfer station
      located on a curved portion thereof, wherein said sub-frame has attached
      to it two said transfer means, wherein said continuously actuated conveyor
      is tangent to both of said intermittently actuated conveyors at said first
      transfer stations, and wherein the container-bearing surfaces of said
      intermittently actuated conveyors are higher than the container-bearing
      surface of said delivery conveyor.
NUM  6.
PAR  6. A method of conveying a filled and closed gable-top container, said
      method comprising:
PA1  moving said filled container to a first station,
PA1  positioning a clamp means having two opposing jaw means so that the top of
      said container is between opposing portions of said jaw means,
PA1  moving each of said jaw means longitudinally with respect to a respective
      jaw means supporting shaft to a first longitudinal position at which a
      closure means associated with each said jaw means is in contact with a
      first segment of an actuating means thereby rotating each said jaw means
      about its respective supporting shaft to grasp the top of said container,
PA1  removing said clamp means grasping said container to a second station,
PA1  moving each of said jaw means longitudinally with respect to said
      respective supporting shafts to a second longitudinal position at which
      said closure means associated with each said jaw means contacts a second
      segment of said actuating means thereby rotating each said jaw means about
      its respective supporting shaft to release said container, and
PA1  transporting said filled container from said second station.
NUM  7.
PAR  7. A method in accordance with claim 6 additionally comprising returning
      said clamp means to said first station.
NUM  8.
PAR  8. A method in accordance with claim 6 wherein removing said clamp means to
      a second station comprises removing said clamp means horizontally from
      said first station to said second station.
NUM  9.
PAR  9. A method in accordance with claim 6 wherein moving each of said jaw
      means to said first longitudinal position comprises contacting each of
      said jaw means with a first stop means upon arrival of said clamp means at
      said first station and wherein moving each of said jaw means to said
      second longitudinal position comprises contacting each of said jaw means
      with a second stop means upon arrival of said clamp means at said second
      station.
NUM  10.
PAR  10. A method in accordance with claim 9 additionally comprising
      simultaneously removing two said filled containers from two said first
      stations to two said second stations.
NUM  11.
PAR  11. A method in accordance with claim 6 wherein removing said clamp means
      grasping said container to a second station comprises removing said clamp
      means grasping said container in a straight line to said second station.
NUM  12.
PAR  12. A method in accordance with claim 6 wherein moving said filled
      container to said first station comprises intermittently actuating a first
      conveyor and stopping said first conveyor when a filled container is
      located at said first station and wherein transporting said filled
      container from said second station comprises continuously actuating a
      second conveyor.
NUM  13.
PAR  13. A method in accordance with claim 12 wherein removing said clamp means
      grasping said container to said second station comprises moving said clamp
      means linearly from said first station to said second station.
NUM  14.
PAR  14. A method in accordance with claim 12 wherein removing said clamp means
      grasping said container to said second station comprises transporting said
      clamp means grasping said container from said first station to said second
      station in a straight line, and wherein positioning the clamp means so
      that the top of the container is between the opposing portions of said jaw
      means, moving said opposing portion of said jaw means together, and
      removing said clamp means from said first station are accomplished during
      the time that said first conveyor is stopped.
NUM  15.
PAR  15. Apparatus for transferring a gable-top container from a first station
      to a second station, said apparatus comprising:
PA1  clamp means comprising first and second jaw means rotationally and
      longitudinally movable on respective first and second supporting shafts,
      each said jaw means having a cam follower rigidly attached thereto;
PA1  means for moving said clamp means between said first and second stations;
PA1  an actuating shaft having a smaller diameter segment and a larger diameter
      segment;
PA1  means for closing said clamp means at said first station to grasp the top
      of a container, said means for closing comprising a first stop means
      located adjacent said first station, said first stop means being adapted
      to contact said first and second jaw means to force longitudinal movement
      of said first and second jaw means along said first and second supporting
      shafts thereby bringing said cam followers in contact with said larger
      diameter segment of said actuating shaft; and
PA1  means for opening said clamp means at said second station to release said
      container, said means for opening comprising a second stop means located
      adjacent said second station, said second stop means being adapted to
      contact said first and second jaw means to force longitudinal movement of
      said first and second jaw means along said first and second supporting
      shafts thereby bringing said cam followers in contact with said smaller
      diameter segment of said actuating shaft.
NUM  16.
PAR  16. Apparatus in accordance with claim 15 wherein said means for moving
      said clamp means between said first station and said second station
      comprises a movable sub-frame capable of serving a plurality of said
      transfer means.
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ABST
PAL  The conveyor is formed of a plurality of endless belts arranged with their
      upper reaches parallel in horizontally spaced rows and include a pair of
      downwardly directed loops. The diverting or deviating apparatus comprises
      a second set of endless belts, at least one being movable in each loop in
      a direction transverse to the conveyor, the second set being mounted to be
      raised and lowered selectively to dispose their upper reaches above or
      below the plane of the conveyor. A suction generating device is arranged
      to apply suction to objects so as to cause them to be engaged by the
      transversely directed belts at selected times. Fingers are provided on the
      downstream side of the loop pair and are arranged selectively to intercept
      and stop the object traveling along the conveyor. When the object is
      stopped, the second set of belts is raised above the plane of the upper
      reach of the conveyor and suction applied. The transversely directed belts
      engage the object and direct it transversely of its original path. When
      the diverted object reaches a preselected location, it is stopped and held
      in place. The next object reaching the fingers is stopped and held in
      place. The transversely directed belts are lowered and the suction
      removed. The next object reaching the fingers triggers a switch which
      causes the fingers to be lowered out of their intercepting condition.
      Accordingly both objects now proceed side by side to a pair of side by
      side locations downstream of the fingers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to the transportation of objects upon a
      conveyor, and more particularly provides a method and apparatus for
      diverting or deviating such objects from an original path to paths in
      different directions for distributing such objects to different locations.
PAR  The problems to which the invention is directed originate in the silk
      screen printing art where the output of a single printing maching is
      directed to a pair of laterally arranged dryers. In view of the velocity
      of production of the printed sheets from the printing machine, a single
      drier would have to have a course in the longitudinal direction of almost
      interminable length. One solution to this problem would be to station a
      person at the outlet of the printing machine manually to divert the
      emerging sheets to one and to another of a pair of dryers. This results in
      the interruption of the automatic sequences of the printing processes and,
      of course, increased costs. Accordingly, the automation of the
      distribution of said sheets would be desirable.
PAC  SUMMARY OF THE INVENTION
PAR  Method and apparatus for distributing objects traveling upon continuously
      operating conveyor means so that each individual successive object is
      stopped at a predetermined position of the conveyor and its further
      advance takes place in a direction transverse of its prior path.
PAR  The objects travel successively on the upper reach of the conveyor means.
      The conveyor means includes a pair of spaced downwardly directed loops and
      second conveyor means is arranged for travel within each of said loops and
      in a direction transverse to the direction of the first conveyor means.
      Stop means, in the form of fingers, are arranged to intercept the path of
      travel along said first conveyor means downstream of and adjacent to said
      loops. When such interception takes place, the second conveyor means is
      raised and the object is caused to be engaged thereby, thereby changing
      the direction of travel thereof to one transverse its original direction.
      Stop means are provided at a predetermined location along said transverse
      path so that the object is carried only a predetermined distance in the
      transverse direction. The next successive object traveling along the first
      conveyor means reaches the fingers and is sensed, with the fingers being
      lowered from their intercepting condition. The objects then proceed side
      by side to the inlets of side by side located driers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a conveyor system adapted to receive printed
      sheets from a single printing machine and transporting said sheets to a
      pair of laterally disposed driers, and illustrating the diverting means of
      the invention.
PAR  FIG. 2 is a transverse diagrammatic representation of the system
      constructed in accordance with the invention.
PAR  FIG. 3 is a diagrammatic sectional representation taken along lines 3--3 of
      FIG. 2 and in the direction indicated.
PAR  FIG. 4 is a diagrammatic sectional representation taken along lines 4--4 of
      FIG. 2 and in the direction indicated.
PAR  FIG. 5 is a diagrammatic representation of the drive means and linkages
      enabling the sheet intercepting means of the invention to be raised and
      lowered.
PAR  FIG. 6 is a diagrammatic representation of the transverse conveyor means of
      the invention, its drive means and linkages enabling the same to be raised
      and lowered.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The invention provides a solution to the problem of feeding objects
      traveling along a conveyor alternatively to a pair of side by side
      locations downstream of the conveyor. In the particular embodiment
      described herein, the material conveyed comprises printed sheets emerging
      from a printing machine and fed to a first conveyor. At the downstream end
      of the first conveyor, two side by side driers are located having their
      inlets arranged to be fed with said sheets. According to the invention,
      the sheets travel successively along the upper reach of the first
      conveyor, are stopped at a predetermined location and alternatively, one
      is directed along a path transverse to its path along the conveyor and the
      next sheet is stopped at that predetermined location. Thereafter, both
      sheets are released to travel side by side to the respective inlets of
      said driers.
PAR  The first conveyor comprises plural endless belts arranged between the
      outlet of the printing machine and the inlets of the driers. The belts are
      arranged so that their upper reaches are coplanar and parallel, each being
      spaced from the others. The belts are operated continuously. The path
      taken by said belts includes a pair of spaced downwardly directed loops
      and synchronized, continuously operated transversely directed belts are
      located within each of said loops. The mounting is effected to enable
      vertical movement of the upper reaches thereof between positions above and
      below the plane occupied by the upper reaches of the conveyor.
PAR  A transverse series of fingers are arranged between the loops and the
      inlets of the pair of driers. This series of fingers are capable of being
      raised and lowered to prevent the further advance of the sheets on the
      conveyor toward the driers, and, then to release said sheets thereto. The
      movement of both the transverse belt mounting means and the fingers are
      synchronized to enable one sheet to be diverted and the second sheet to be
      stopped when it has reached a position parallel to the diverted sheet,
      then both sheets are released to travel side by side to the inlets of the
      pair of driers. Means also are provided on said transverse belt mounting
      means to cause the sheets to be engaged by the transverse belt when
      desired whereby transversely to shift said sheet. Stop means are provided
      to limit the transverse movement of said sheet.
PAR  Referring here to the Figures, the conveying apparatus constructed in
      accordance with the invention is designated generally by reference
      character 10 and is shown located between a silk-screen printing machine
      outlet 12 and a pair of drying machines, hereinafter referred to as driers
      14 and 16. The machines 12, 14 and 16 are illustrated diagrammatically in
      the figures by their outlet and inlet representations respectively.
PAR  The conveyor 10 comprises a plurality of continuous belts 18 equipped with
      advancing movements in the direction of the arrow A, that is from the
      printing machine 12 to the driers 14 and 16, supported by rollers 20, 22
      and 24, moved by roller 24. The roller 24 is integral with pulley 26 which
      is driven by belt 28 keyed on the pulley 30, itself driven by electric
      motor 32.
PAR  The continuous belts 18 are formed by rollers 22 and 24 into a pair of
      direct loops 34 and 36, as represented in FIG. 2. In each one of said
      loops 34 and 36, there is disposed a continuous conveyor belt 38
      transverse the direction of travel of said belts 18. The belts 38 extend
      entirely across the width of the belts 18. The belts 38 have an upper
      reach disposed in the upper horizontal plane of the conveyor formed of
      belts 18. A plurality of perforated strips 40 are provided comprising the
      cover of an aspiration box 42, which may be called a suction box. The
      suction box 42 is coupled to an aspirator 44 by conduit 46. The transverse
      belts 38 are supported upon the box 42 and are capable of being raised and
      lowered with the box 42 by means of linkage means 46 illustrated in FIG. 6
      and driven by an electric motor 48.
PAR  An elongate bar 50 is supported beneath the upper reaches of the belts 18
      between the loop 36 and the driers 14 and 16. A plurality of fingers 52
      are carried by said bar 50 along the length thereof, each finger
      extending, that is capable of extending between the spaces between belts
      18. The bar 50 is coupled by linkage means 54 to an electric motor 56 and
      is capable of being raised and lowered, as represented in FIG. 5. Raising
      the bar 50 places the fingers 52 between the belts 18 so that they extend
      above the plane occupied by the upper reaches of said belts 18. In this
      way, fingers 52 intercept the path of travel taken by the sheets traveling
      on the upper reach of said belts 18.
PAR  Now the operation of the conveying apparatus 10 will be described. The
      longitudinal conveyor belt (comprising the plural belts 18) and the
      transversal pair of belts 38 are both in motion. When the first printed
      sheet, shown in phantom outline, is deposited from the printing machine 12
      on the belts 18, the sheet travels along the upper reach thereof, to be
      stopped against the fingers 52. Means such as a photo-electric cell (not
      shown) senses the arrival of the sheet at that position, and, in a known
      manner, energizes the motor 48. The suction box 42 is raised,
      simultaneously raising the transverse belts 38 to make contact with the
      sheet. Suction is applied and the sheet is engaged by the belts 38. The
      sheet is displaced transversely from its position corresponding to the
      mouth of drier 16 to one corresponding to the mouth of the drier 14. A
      terminal transverse stop 58 is provided so as to limit the transverse
      movement of the sheet. A sensing device, such as another photoelectric
      cell (not shown) recognizes that the sheet which has been transversely
      displaced reaches the terminal stop 58, and causes the box 42 to be
      lowered, carrying with it, the transversal belts 38.
PAR  The next following sheet arrives from the printing machine 12 and is
      stopped in contact against the fingers 52 which are still raised. The
      sensing device, which may be a photo-electric cell (not shown) senses the
      arrival of said next sheet, and causes the fingers to be lowered by
      energizing the motor 56. The two sheets then proceed side by side toward
      the lateral driers 14 and 16. The fingers 52 are again lifted to their
      intercepting condition relative to the sheets traveling upon the upper
      reaches of belts 18.
PAR  In the embodiment described, reference has been made to the use of
      photoresponsive devices to "establish" or sense the determinate position
      of the advancing sheets, and to energize the motors etc. However, it is
      contemplated that many other sensing devices can be used in lieu of or in
      combination with such photosensitive devices, such as for example,
      micro-contacts and the like. It should also be pointed out that the
      particular application of this system is directed toward the silk screen
      printing art, the same can be advantageously applied to solve problems of
      sorting out or diverting (deviating) other objects traveling along the
      reach of a conveyor system to direct such objects in diverse directions.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for deviating the path of travel of sheet members traveling
      sequentially from a printing machine to a pair of side by side laterally
      arranged driers in a first direction along a conveyor reach traveling in
      the first direction and positioned between the printing machine and the
      driers; elongated means arranged transversely of said first direction for
      intercepting and stopping a first to arrive sheet member at a
      predetermined location along said first conveyor reach, a second conveyor
      reach generally coplanar with the first conveyor reach, said second
      conveyor reach traveling in a second direction transverse of said first
      direction and capable of being raised and lowered selectively to engage
      said first to arrive sheet member for displacing same from its stopped
      position to a transversely offset position along said first conveyor
      reach, said intercepting and stopping means being operable upon the next
      to arrive sheet member holding same against movement in the first
      direction while maintaining said displaced first to arrive sheet member
      against movement in said first direction and means for releasing said
      intercepting and stopping means to enable continued travel of said first
      to arrive and next to arrive sheet members side by side simultaneously in
      the first direction to the driers.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 in which said intercepting means
      comprises a series of projecting fingers arranged transversely of said
      first conveyor reach and means for moving said fingers into and out of
      intercepting relationship with said sheet members traveling in said first
      direction on said reach.
NUM  3.
PAR  3. Apparatus for deviating the path of travel of objects traveling upon a
      conveyor reach traveling in a first direction, means arranged transversely
      of said first direction for intercepting said objects and checking the
      advance thereof at a predetermined locaalong said conveyor reach, means to
      engage said intercepted object and transport same transversely to said
      first direction to a location offset from said predetermined location,
      said transporting means comprising a pair of direct loops formed by said
      conveyor reach, at least one endless conveyor disposed in each of said
      loops and arranged transverse the direction of travel of said conveyor
      reach, suction box means having cover means equal in number to said
      transversely directed conveyors, each cover being perforated and means for
      mounting said transverse conveyors arranged to place the upper reaches
      thereof over said covers, a source of suction and conduit means coupling
      the suction box means to said source of suction and means for raising and
      lowering said suction box means and transverse conveyors above and below
      the plane occupied by said conveyor reach, means for raising and lowering
      said intercepting means synchronously with the operation of said raising
      and lowering means for said suction box means and transverse conveyors,
      means selectively to apply suction to objects carried by said transverse
      conveyors and means to displace said intercepting means from the
      intercepting condition upon a second object reaching said predetermined
      position, whereby to permit continued travel of both objects in the first
      direction.
NUM  4.
PAR  4. Apparatus for deviating the path of travel of successive objects
      traveling upon a conveyor reach traveling in a first direction, means
      arranged transversely of said first direction for intercepting said
      objects and checking the advance thereof at a predetermined location along
      said conveyor reach, said intercepting means comprising a series of
      projecting fingers arranged transversely of said conveyor reach and means
      for moving said fingers into and out of intercepting relationship with the
      objects traveling in said first direction on said reach, means to engage
      said intercepted object and transport same transversely to said first
      direction to a location offset from said predetermined location, said
      transporting means comprising a pair of direct top opening loops defined
      by said conveyor reach and at least one transverse conveyor belt disposed
      within each loop and having an upper reach selectively moveable above and
      below the plane occupied by said conveyor reach traveling in the first
      direction and means to displace said intercepting means from the
      intercepting condition upon a second object reaching said predetermined
      position, whereby to permit continued travel of both objects in the first
      direction.
NUM  5.
PAR  5. Apparatus for alternatingly conveying silk screen printed sheets along a
      conveyor arranged between a printing machine and at least a pair of
      laterally side by side arranged driers, said apparatus comprising means
      for stopping a first to arrive sheet originating from the printing machine
      in a predetermined position along the conveyor corresponding to the mouth
      of one drier, means for transversely displacing said first to arrive sheet
      to an offset but coplanar position on said conveyor corresponding to the
      mouth of the other drier, said stopping means being structurally
      positioned to allow transverse displacing of said first to arrive sheet,
      to maintain said first to arrive sheet in the offset coplanar position and
      to intercept and hold the next to arrive sheet at said predetermined
      position and means releasing both sheets simultaneously to enable them to
      travel side by side coplanar and parallel each to the respective one of
      the pair of driers.
NUM  6.
PAR  6. The apparatus as claimed in claim 5 in which said stopping means
      comprises a series of projecting fingers arranged transversely of said
      conveyor and means for moving said fingers into and out of intercepting
      relationship with said sheets traveling in said first direction on said
      conveyor.
NUM  7.
PAR  7. A method of alternatingly conveying printed silk screen printed sheets
      from a printing machine of lateral driers arranged side by side and along
      a conveyor arranged between said printing machine and said driers, said
      method comprising the steps of alternately stopping the first sheet
      originating from the printing machine in a position corresponding to the
      mouth of one drier, transversely displacing said first sheet to a position
      corresponding to the mouth of the other drier, stopping the next to arrive
      sheet at the mouth of the first drier and releasing both sheets to enable
      them to travel simultaneously each to the respective one of the pair of
      driers.
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PAL  A high speed article feeding system for forming a single lane input of
      articles into a multiple lane output delivered in a controlled sequence
      regardless of occasional missisng articles in the input lane. The
      apparatus includes an endless conveyor with a continuous series of
      laterally movable article support plates or bars, a plurality of which
      form one group supporting a single article. Alternate groups of support
      plates are mechanically separated to follow to the left and right sides of
      the longitudinal centerline of the conveyor. Then, the separated left and
      right side groups are each diverted to one or the other of two output
      lanes by electro-mechanical means including two switching gates. By
      mechanically separating the input of articles into two groups, followed by
      an electro-mechanical diversion to further separate each of the two groups
      into one or the other of two output lanes, high speed, four lane discharge
      is achieved without the usual response-time limitations of the
      conventional single-gate type of diverter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the present invention concerns article diverters wherein a
      single lane input of articles is arranged into a multiple lane output. One
      such diverter is disclosed in the United States reissue patent to Seaborn
      25,732, issued Feb. 23, 1965. There are other commercially available
      article diverters, but apparently the operating principles of all such
      diverters are that the diverting means requires very rapid operation and
      precise control to achieve a high output. Thus, in a conventional
      diverting mechanism having four output lanes, the diverting gate is
      mechanically limited in its response time if the output is at the rates
      herein contemplated, in the order of 180 articles per minute.
PAC  SUMMARY OF THE INVENTION
PAR  By providing an initial mechanical separation of a single input lane of
      articles to alternately follow one of two diverting paths, and by then
      further separating the articles in each path by a selectively operable
      switching mechanism wherein the two switching mechanisms alternately
      operate, each switching mechanism can operate at relatively low speed, but
      the overall production is at a high cumulative discharge rate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are diagrammatic plans of the article feeding mechanism of
      the present invention illustrating two successive stages of one operating
      mode.
PAR  FIG. 3 is an enlarged plan, partly broken away, of the article feeding
      mechanism in association with a single lane feed conveyor, and a four lane
      receiving conveyor.
PAR  FIG. 4 is an isometric view of the major operating components of the
      article feeding mechanism shown in FIG. 3.
PAR  FIGS. 4A and 4B are elevations of the two different forms of article
      carrier bars used in the article feeding mechanism.
PAR  FIG. 5 is a fragmentary underside isometric of the area indicated by the
      arrow 5 on FIG. 4.
PAR  FIG. 6 is an enlarged plan of the inlet end of the article feeding
      mechanism shown in FIG. 3.
PAR  FIG. 7 is a vertical section taken along lines 7--7 on FIG. 6.
PAR  FIG. 8 is a vertical section taken along lines 8--8 on FIG. 6, with a
      phantom-outline article being conveyed.
PAR  FIG. 9 is a simplified electric and pneumatic control diagram in
      association with certain mechanisms controlled thereby.
PAR  FIGS. 10-14 are diagrams similar to FIG. 9 but illustrating different
      operational conditions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIGS. 1 and 2, the organization and general operating
      mode of the article feeding mechanism 20 is briefly outlined. In one
      specific application of the feeding mechanism 20, plastic food trays PT
      are delivered in a single file lane L by a conveyor 22, the details of
      which are not important to the present invention, onto the input end 24
      along the longitudinal centerline CL of the feeding mechanism. Each tray
      PT is supported by a group of support bars or article carriers 26 which
      are laterally movable relative to the centerline CL.
PAR  In traversing the upper conveying surface of the feeding mechanism 20 to
      discharge lanes L1, L2, L3 and L4, the trays PT are first sensed by a
      photoelectric scanner PS, and then the support bars 26 encounter a wedge
      shaped diverting cam 28, a power operated left gate LG or a similarly
      operated right gate RG, and depending upon the positions of the gates, one
      of four guide tracks T1, T2, T3, or T4, that respectively channel the
      trays PT to the discharge lanes L1, L2, L3 and L4. In the particular
      delivery order disclosed herein by way of example, the trays PT are
      identified as to their order of passage to the discharge lanes by the
      Roman numerals I, II, III or IV on each tray. Similarly, the lane
      designations L1, L2, L3 or L4 indicate the order in which the lanes
      receive the trays, and the guide tracks T1, T2, T3 or T4 indicate the
      order in which they divert the trays to the discharge lanes.
PAR  It is assumed that the trays PT are in successive incoming groups numbered
      I to IV. As trays I and II are carried past the cam 28, the support bars
      26 carrying tray number I are diverted toward the right gate RG, and the
      support bars carrying tray number II are diverted toward the left gate LG.
      A control circuit, which received a control pulse when the trays I and II
      passed the photoelectric scanner PS, causes both gates LG and RG to assume
      the positions shown in FIG. I for the gate LG, before the trays I and II
      arrive at the gates, and only for enough time for the trays to pass their
      respective gates. Thus, tray I is directed by the gate RG to follow the
      guide track T1 and be discharged in lane L1. Tray II is directed by the
      gate LG to follow the guide track T2 and be discharged in lane L2.
PAR  The next two trays, numbers III and IV, will be laterally separated by the
      wedge cam 28 acting on the support bars 26, as mentioned in connection
      with the first two trays. As tray number III (FIG. 1) passes the
      photoelectric scanner PS, the control circuit is actuated to move the gate
      RG to the position shown, whereby the support bars 26 carrying that tray
      will be directed to the guide track T3 and the tray will be discharged in
      lane 3. As shown in FIG. 2, the gate LG is similarly operated to direct
      tray number IV to the guide track T4 and out the lane L4. The inlet end of
      a receiving conveyor RC is shown in FIG. 1 for delivering the trays to
      further downstream processing stations. The details of this conveyor are
      not critical to the present invention, and it is not further referred to.
PAR  Some important points should be noted prior to a detailed description of
      the structural components of the present invention.
PAR  1. Certain groups of support bars (and the articles thereon) always have a
      predetermined destination to the left or right of the centerline CL. Thus,
      articles I and III are destined for the right, and articles II and IV are
      destined for the left.
PAR  2. The gates LG and RG are always switched when they are free of any
      engagement with the support bars 26.
PAR  3. If an incoming tray PT is missing from the input lane L, the delivery
      order to the discharge lanes L1-L4 is not altered.
PAR  With reference now to FIG. 3 and a more specific disclosure of the
      structure and function of the article feeding mechanism 20, laterally
      spaced upright frames 30 and 32 carry longitudinally spaced transverse
      idler and drive shafts 34 and 36. A convenient application of power is by
      means of a chain and sprocket drive unit 38 on the shaft 36, and
      preferably coupled to the feed conveyor 22 (by means not shown) to
      maintain a timed relation between the article feeding mechanism 20 and the
      trays delivered by the conveyor 22. Thus, the latter conveyor may include,
      for example, upstanding pushers 40 which deliver the trays over a
      deadplate 42, and a drive connection to the drive unit 38 for moving the
      article support bars 26 in timed relation to the incoming trays.
PAR  Aligned pairs of sprockets 44 and 46 on the shafts 34 and 36 carry
      laterally spaced endless chains 48 and 50. Fixed to the chains is an
      endless series of equally interspaced transverse rods 52 for slidably
      mounting the article support bars 26. As clearly shown in FIGS. 3 and 4,
      six support bars form the support surface for one tray, and each bar 26
      has grooved edges engaging two adjacent rods 52. The bars 26 are
      preferably formed of plastic having a low coefficient of friction so that
      they are freely movable endwise. A stop 54 on the leading and trailing
      support bars 26, plus clips 56 on one of the intermediate support bars,
      retain the tray.
PAR  Each support bar 26 is provided with a projecting switch pin 60 (FIG. 3)
      which, when the support bars 26 traverse the upper, conveying reach of the
      article feeding mechanism 20 depend for engaging the gates LG and RG, the
      guide tracks T1, T2, T3 and T4, and other guide means which are presently
      described. Referring to FIGS. 4A and 4B, the switch pins 60 on one group
      of support bars is offset from the center of the bar to the left, looking
      in a downstream direction, and the pins on another group of support bars
      have their pins offset to the right. In the first instance, these support
      bars are those which are diverted by the cam 28 to travel down the left
      side of the centerline CL, and the other bars travel down the opposite
      side. As installed on the rods 52, one group of six support bars 26 with
      the switch pins 60 offset in one direction is preceded and followed by
      groups of six bars having their switch pins offset in the other direction.
      It is evident, therefore, that the groups of support bars have switch pins
      oriented to cause the groups to alternately follow different paths.
PAR  Considering only the upper conveying reach of the article feeding mechanism
      20, one group of support bars 26 approaching the reach have their switch
      pins 60 disposed to follow the left track 64 of a double-grooved guide
      spool 62, and the following group have their pins disposed to follow the
      right track 66 of the guide spool. The guide spool rotates and is fixed to
      the idler shaft 34. Immediately downstream of the guide spool 62 is a
      guide block 68 having linear tracks 70 and 72 for assuming guidance of the
      left-oriented and right-oriented switch pins 60.
PAR  In FIG. 3 the groups of support bars 26 are each collectively identified as
      G1, G2, G3 and G4, according to their discharge lane destination L1, L2,
      L3 or L4, but not necessarily according to articles I, II, III or IV.
      Thus, groups G1 and G3 have their switch pins 60 offset to the right, as
      shown in FIG. 4B, and are destined for the right hand side of the feeding
      mechanism, while the groups G2 and G4 have their switch pins offset to the
      left as shown in FIG. 4A and are destined for the left side of the feeding
      mechanism. As seen in FIGS. 3 and 6, the apex of the fixed wedge cam 28 is
      straddled by the switch pins 60 on alternate groups, and hence even though
      the cam 28 is a fixed cam, it shifts the carriers of one group into one
      intermediate lane and the carriers of the following group into a second
      intermediate lane. With continued reference to FIG. 3, it will be seen
      that the group G1 track pins are engaged with the track 72 of the guide
      block 68 and that the two leading pins are engaged with the adjacent side
      of the wedge cam 28 for movement toward the right gate RG. The succeeding
      group G2 pins, shown engaged with the left track 64 of the guide spool 62,
      will follow the guide track 70 of the guide block 68 for subsequent
      diverting movement by the wedge cam 28 to the left side of the machine. As
      thus far described, it is evident that successive groups G1, G2, G3, G4
      are alternately and automatically diverted to the right and to the left of
      the centerline CL.
PAR  The switching gates LG and RG (FIG. 4) are each mounted on a base plate 80
      for swinging movement about a pivot stud 82, and are respectively
      connected to double-acting air cylinders 84 and 86 (FIG. 3) by lengthwise
      adjustable links 88. The gate LG is illustrated at its outer limit of
      movement for directing the group G4 switch pins 60 to engage the outer
      side of the guide track T4. The gate RG is shown at its inner limit of
      movement as it is positioned for directing the group G1 switch pins 60 to
      engage the outer side of the guide track T1. When the gate positions are
      reversed, the group G2 pins 60 will be directed against the outer side of
      the guide track T2, and the group G3 pins will be directed against the
      outer side of the guide track T3.
PAR  As shown in FIG. 4, the guide tracks T1, T2, T3 and T4 direct the switch
      pins 60 into grooved guide blocks 90, 92, 94 and 96, from which the switch
      pins enter circumferentially grooved guide spools 100 on the drive shaft
      36 for guidance to the lower reach of the conveying surface. In traversing
      the lower reach toward the inlet end of the machine, the pins 60 on the
      group G1 and G3 support bars 26 engage a return guide track 110 to slide
      the bars toward the centerline of the feeding mechanism. A similar return
      guide track 112 cams the group G2 and G4 support bars toward the
      centerline. FIG. 5 shows the underside of a central guide block 114 which
      has a guide groove 116 merging with the return guide track 110, and a
      similar groove 118 merging with the guide track 112. The grooves 116 and
      118 are respectively aligned with the track grooves 66 and 64 (FIG. 4) of
      the guide spool 62. Accordingly, all groups of support plates are returned
      to a single lane at the inlet end of the feeding mechanism, adjacent the
      delivery conveyor 22 at the completion of each orbit about the shafts 32
      and 34.
PAR  FIGS. 9-14 show the control system of the article feeding mechanism 20
      under various operating conditions, and have been reduced to the most
      simplified form which will disclose the inventive principles. The exact
      operating sequence to be disclosed is not critical to the invention, and
      is merely given as one working example.
PAR  The control system is governed by a timing cam 120 (FIG. 3) that may be
      rotated by the idler shaft 34 to send appropriate control signals in timed
      relation with the passage of the trays PT. While there are many ways to
      achieve this end result, for the present example it is assumed that in the
      time necessary for one revolution of the shaft 34, two trays PT will pass
      a given point on the upper conveying reach. Thus, the cam 120 (FIG. 10) is
      provided with a single lobe 122 of about 180.degree. angular extent that
      corresponds, as will later become clear, to the support plate groups G2
      and G4 that travel down the left side of the centerline CL. The remaining
      dwell portion 124 of the cam 120 corresponds to the support plate groups
      G1 and G3 that travel down the right side of the centerline.
PAR  An electrical switch SW is operated by the cam 120 and is provided with
      ganged normally closed contacts SW1 and normally opened contacts SW2 that
      respectively control the latching relays R1 and R2 in conjunction with a
      set of contacts PS1 that are operated by the photoelectric scanner PS when
      a tray is sensed in the light beam B. The air cylinders 84 and 86 which
      operate the gates LG and RG are directly controlled by air valves V1 and
      V2. The air valves V1 and V2 are solenoid-operated, with a spring return,
      by solenoids S1 and S2. The contacts R1a of relay R1 will, when closed,
      connect the solenoid S2 between the electrical input lines L1 and L2 to
      shift the core 130 of the valve V2 to the right. The valve V1 is similarly
      operated, by the relay contacts R2a, to shift its valve core 132 in the
      opposite direction.
PAR  The latching relays R1 and R2 are provided with preconditioning switches,
      not shown, which are momentarily closed by the operator to open the
      contacts R1a and R2a before an operating cycle begins. Each latching relay
      is of the type where a momentary energization of the relay will cause its
      contact to assume a condition opposite to its former condition, and the
      contact remains in that position until the next energization of the relay.
      The open condition of the relay contacts R1a and R2a can be remotely
      indicated by using latching relays with auxiliary contacts that close to
      energize lights when the contacts R1a and R2a are open, or the gates LG
      and RG can be visually observed. If the gates are respectively aligned
      with the guide tracks T4 and T3, the contacts R1a and R2a are open.
PAR  In FIG. 10, the first incoming tray PT (number I) supported by group G1
      support bars is being conveyed past the photoelectric scanner PS to
      interrupt the beam B and momentarily close the scanner contacts PS1.
      Meanwhile, the cam 120 has rotated to a position releasing the switch
      contacts SW2 to open position, and closing the switch contacts SW1. This
      closes the energization circuit for latching relay R1, whereby the now
      closed relay contacts R1a energize the solenoid S2 to shift the valve core
      130 of air valve V2 and pressurize the blind end of the air cylinder 86.
      Thus, the gate RG is swung inward to a position aligned with the guide
      track T1. Since the relay contacts R1a remain in a closed position even
      after the tray PT is past the light beam B, the group G1 support bars are
      directed by the cam 28 to the gate RG at the right of the centerline CL,
      and are directed by the gate along the track T1 to later discharge the
      tray in lane L1 (FIG. 1).
PAR  In FIG. 11, the next incoming tray PT (number II) is in a position to be
      sensed by the scanner PS when the cam 120 has closed the switch contacts
      SW2. The scanner contacts PS1 again momentarily close and complete the
      circuit to energize the latching relay R2. Relay contacts R2a close,
      energizing the solenoid S1 to shift the core 132 of the air valve V1, and
      the air cylinder 84 is thereby actuated to align the gate LG with the
      guide track T2. The group G2 support bars for tray number II are diverted
      by the cam 28 to the left side of the centerline CL, and follow the gate
      LG to direct the group G2 support bars and tray number II along the guide
      track T2 to eventually discharge the tray in lane L2 (FIG. 1).
PAR  At this point it should be noted that the interspacing of the trays number
      I and number II, as shown in FIG. 11, is not to scale. This can readily
      seen with reference again to FIG. 3 where it is shown that the support bar
      groups G1, G2, G3 and G4 are laterally diverted from one another, but
      retain their longitudinal relation. The significance of this is that high
      speed operation is achieved, yet the operating mode allows one gate LG or
      RG to be carrying out its switching function to guide one group of support
      bars, while the other gate is free of any contact with the depending
      switch pins of the support bars and can be prepositioned to intercept and
      switch the next incoming group of support bars.
PAR  Further briefly digressing from the control circuit description, it will be
      apparent at a total output of trays in the order of 180 per minute, each
      gate LG or RG will have to divert 90 trays per minute, or one every
      two-thirds of a second, and that the scanner contacts PS1 are only briefly
      closed. Accordingly, in the actual embodiment of a commercially acceptable
      control circuit, time delay contacts are interposed between the scanner
      contacts PS1 and the latching relays R1 and R2 to assure that the energy
      supplied to the relays is of long enough duration to positively actuate
      their respective contacts.
PAR  The tray PT, number III (FIG. 12) is supported by the group G3 support bars
      destined for the right hand outside lane L3 (FIG. 1). Cam 28 will
      initially divert this tray toward the gate RG, which must be switched from
      its former position to align with the guide track T3. Cam 120 has rotated
      to close the switch contacts SW1 and tray number III has intercepted the
      beam B to close scanner contacts PS1 and energize the latching relay R1.
      Relay contacts R1a open to deenergize the solenoid S2 and allow the
      spring-biased valve core 130 of the valve V2 to shift to the left. This
      allows air to energize the air cylinder 86 in a direction shifting the
      gate RG into alignment with the guide track T3, and the tray III will be
      ultimately discharged from lane L3 (FIG. 1).
PAR  In FIG. 13 it is assumed that tray number IV (indicated in phantom outline)
      is missing from the next incoming group G4 of tray support bars. Since the
      light beam B is unbroken, the scanner contacts PS1 remain open, latching
      relay R2 is not energized, and the group G4 support bars follow the left
      side of the cam 28, pass the gate LG, and follow the track T2 toward lane
      L2 (FIG. 1). Since the group G4 support bars carried no tray and the next
      incoming group G1 (refer to FIG. 1) of support bars is automatically
      destined to be diverted to the right side of the centerline CL, the next
      group of support bars destined for the left of the machine, namely, the
      group G2 support bars (assuming a tray is carried thereon) will in effect
      become group G4.
PAR  One step is omitted between FIGS. 13 and 14, that step being the diversion
      of the next tray number I (shown in FIG. 14) and its support bar group G1
      being channeled along the path previously shown and described for the
      first incoming tray. The succeeding tray and support bars, which would
      normally be tray number II and group G2 if no tray had been missing from
      the preceding group G4 support bars, will now become tray number IV and
      support bar group G4. Thus, the substitute tray number IV now interrupts
      the light beam B, closing the scanner contacts PS1 to energize the
      latching relay R2 through the cam-closed switch contacts SW2. Relay
      contacts R2a close to energize solenoid S1 and shift the core 132 of the
      air valve V1 in a direction retracting the gate LG from its former
      position, and into alignment with the guide track T4 to direct tray number
      IV to the discharge lane L4 (FIG. 1). It will be apparent that the
      formerly described cycle will then repeat. It is also believed apparent,
      without a specific description of the same, that if any of the other trays
      than the one indicated should be missing, the control circuit will
      automatically route the next tray, destined for the same side the missing
      tray would have traveled, to replace the missing tray. Similarly, it is
      deemed obvious that if two or more trays are missing in sequence, the
      control circuit will still automatically route the first incoming tray
      toward its designated discharge lane.
PAR  From the preceding detailed description, it is evident that by routing
      alternate groups of the support bars left and right, and then alternately
      actuating the switching gates LG and RG -- if the supply of articles is
      not interrupted -- that the gates can more rapidly direct the articles to
      their discharge lanes than if only one gate handled the entire output.
      Coupled with the rapid discharge rate is the capability of the article
      feeding system to supply the articles in the same general repetitive
      discharge sequence even if occasional articles may be missing in the input
      lane. Thus, in effect, the control circuit upon sensing a missing article
      will rearrange the number sequence 1, 2, 3 and 4 of the groups of carrier
      bars following the missing article. In this way, the first article number
      I of a group always discharges from the right side of centerline CL in
      lane L1, followed by articles numbers II, III and IV discharged
      respectively from the left side of the centerline in lane L2, then from
      the right outside in lane L3 and then from the left outside in lane L4.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be apparent that modification
      and variation may be made without departing from what is regarded to be
      the subject matter of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an article feeding mechanism for continuously dividing one lane of
      articles into four lanes including an endless driven conveyor having an
      upper and lower reach, said conveyor comprising a series of laterally
      shiftable article carriers, each of said carriers having a single fixed
      switch pin, and guide means at the upper reach for engaging the carrier
      switch pins for diverting a single lane input of carriers on the upper
      reach into a multiple lane output of carriers, lower cam means at said
      lower reach for arranging the carriers into alternate separate groups so
      that when the carriers of one group reaches the upper reach its switch
      pins are laterally offset from the switch pins of the carriers of the
      following group, the switch pins of alternate groups thereby being
      disposed in separate lanes at the upstream end of said upper reach, said
      guide means at the upper reach comprising fixed upper cam means having an
      apex that is straddled by the pins of alternate groups, the pins of
      successive groups alternately engaging opposite sides of said fixed upper
      cam means to laterally shift the carriers of one group into one
      intermediate lane and to laterally shift the carriers of the following
      group into another intermediate lane, two diverging discharge lanes for
      each intermediate lane, a single movable gate for each of said
      intermediate lanes for diverting the carriers in each intermediate lane to
      one or the other of the associated discharge lanes; the improvement
      wherein said lower cam means is a fixed cam, means for sensing the
      presence of an article on each group of carriers at the inlet end of said
      upper reach, and control circuit means connected to said sensing means,
      said control circuit means comprises means for alternately actuating said
      gate means for said intermediate lanes, in response to the sensing of an
      article on alternate groups of said carriers by said sensing means.
NUM  2.
PAR  2. In an article feeding mechanism including a conveyor having an upper
      reach with laterally movable article carriers, said carriers having
      depending switch pins, and gate and track means that guide the carrier
      pins for arranging a single lane input of articles into a multiple lane
      output; the improvement wherein said article carriers are arranged in two
      separate groups, each carrier being provided with a single fixed switch
      pin, the input end of said upper reach having a lane for the switch pins
      of each group, cam means in the path of said pins for laterally separating
      the two groups of carriers, movable gate means in the path of each of said
      carrier groups for further diverting the carriers of each group toward one
      or the other of two discharge lanes, and control means for operating said
      gate means to direct the carriers of each group toward their two
      associated discharge lanes, means for sensing the presence of an article
      on each group of said carriers in said input lane, said gate means being
      alternately actuated in response to the sensing of the presence of an
      article on each group of said carriers at said input lane, said control
      means being effective to maintain each of said gate means in its formerly
      actuated position until an article on a group of carriers destined for
      that gate means is detected by said sensing means, said control means
      including a cam operating in timed relation to the movement of said
      article carriers along said conveyor reach, a pair of contacts operated
      alternately by said cam, a relay energized by each contact, said sensing
      means comprises, and a photoelectric sensor for detecting the presence or
      absence of an article on each group of carriers, said photoelectric sensor
      preconditioning said control means to actuate the gate corresponding to a
      given group of carriers in the presence of an article thereon, or to
      interrupt the control circuit to maintain the former position of the gate
      means in the absence of an article, one of said carrier groups being
      discharged at the left side of the longitudinal centerline of said
      conveyor reach and the other of said carrier groups being discharged at
      the right side of said conveyor reach, said control means including means
      for separately actuating said gate means to independently control the left
      side group of carriers and the right side group of carriers, either of
      said gate means being effective to divert its associated carrier groups
      with or without prior actuation of the other gate means.
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PAL  This disclosure relates to a transfer unit for transferring packages in the
      form of a film wrapped around a plurality of containers from a package
      forming or wrapping machine to a shrink tunnel unit, wherein the shrink
      tunnel unit has a conveyor which moves at a faster rate than a conveyor of
      the packaging machine. In order that partially formed packages may be
      transferred between the two conveyors, there has been provided a transfer
      unit in the form of two rollers spaced so as to receive articles arranged
      in one behind the other relationship, the two rollers being driven
      normally in accordance with the speed of the packaging machine conveyor
      and there being means for momentarily driving the rollers at the same
      general speed as the shrink tunnel unit conveyor, the changing of roller
      speed being automatically accomplished when the package being transferred
      is properly positioned relative thereto.
BSUM
PAR  This invention relates in general to new and useful improvements in
      conveying systems, and more particularly relates to a transfer unit which
      is positioned between the conveyor of a packaging machine of the film
      wrapping type and the conveyor of a shrink tunnel unit for accomplishing
      the transfer of the wrapped, but not sealed package from the packaging
      machine to the shrink tunnel unit without loosening the package.
PAR  This invention particularly relates to a packaging machine of the type
      disclosed in my U.S. Pat. No. 3,680,678 granted Aug. 1, 1972. In
      accordance with the disclosure of that machine, plastic film is wrapped
      around groups of containers and each wrapped group of containers is
      transferred from the packaging machine to a shrink tunnel unit before the
      film is sealed to itself. The groups of containers pass through the
      packaging machine in closely spaced relationship, but in order to provide
      for the proper heating of the film to effect both bonding and shrinking
      thereof, it is necessary that the groups of containers be more widely
      spaced as they pass through the shrink tunnel. Accordingly, it is
      necessary that the conveyor of the shrink tunnel move faster than the
      conveyor of the packaging machine.
PAR  In the past there has been a separate conveyor for transferring wrapped
      groups of containers from the conveyor of the packaging machine to the
      conveyor of the shrink tunnel. This transfer conveyor has been driven at
      the same general speed as the conveyor of the shrink tunnel with the
      result that the leading group of containers are momentarily pulled away
      from the trailing group of containers during the initial transfer. This
      has resulted in an undesired loosening of the packages.
PAR  In accordance with this invention, it is proposed to provide a transfer
      unit wherein the groups of containers which have been wrapped with the
      film are deliverd to a transfer unit which is operating at the same speed
      as the conveyor of the packaging machine and after the containers of the
      group are fully sealed on the transfer unit, the speed of movement of the
      transfer unit is rapidly accelerated to substantially that of the shrink
      tunnel conveyor in a manner wherein front and rear articles of a group are
      initially simultaneously accelerated and wherein at the end of the
      transfer the rear group of containers are forcing the front group of
      containers onto the shrink tunnel conveyor.
PAR  In order to accomplish the desired driving effect of the transfer unit, the
      transfer unit includes drive means which are normally driven from the
      wrapping machine conveyor but which drive means may be overdriven from the
      shrink tunnel conveyor momentarily so as to effect the rapid acceleration
      of the group of containers being transferred. In order to provide for this
      overdriving, the drive connection between the transfer unit and the
      conveyor of the packaging machine includes an overrunning clutch and the
      drive connection between the transfer unit and the shrink tunnel conveyor
      includes a selectively actuated clutch.
PAR  There is also provided control means for the selectively actuated clutch so
      that the selectively actuated clutch is actuated only when the containers
      of a group are properly positioned relative to the transfer rollers so as
      to effectively time the operation of the transfer unit and to produce the
      desired transfer.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims and the several
      views illustrated in the accompanying drawings:
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of the packaging machine conveyor, the
      shrink tunnel conveyor and the transfer rollers and shows the relationship
      between the components thereof including a newly formed package which is
      to be transferred.
PAR  FIG. 2 is a schematic side elevational view of the conveyor arrangement of
      FIG. 1 and shows the drive for the transfer unit.
PAR  FIG. 3 is an enlarged schematic elevational view with parts broken away and
      shown in section and shows a wrapped group of containers about to be
      transferred from the packaging machine conveyor to the shrink tunnel
      conveyor.
PAR  FIG. 4 is an enlarged fragmentary plan view of the conveyors of FIG. 3 with
      the package being shown in phantom so as to illustrate the relationship of
      the package to the conveyors.
PAR  FIG. 5 is a schematic fragmentary elevational view taken generally along
      the line 5--5 of FIG. 2 and shows specifically the final drive for the
      transfer rollers.
DETD
PAR  Referring now to the drawings in detail, it will be seen that there are
      illustrated portions of a packaging machine which is generally identified
      by the numeral 10.
PAR  The packaging machine 10, which may be of the type disclosed in my
      aforementioned U.S. Pat. No. 3,680,678, is particularly adapted to package
      groups of articles wherein in each group the articles are arranged in
      transverse and longitudinal rows and are bound together as a group by
      plastic film wrapped thereabout. As is clearly shown in FIGS. 1 and 3, a
      typical package 11 may include six cans 12 which are arranged in three
      longitudinal rows and two transverse rows and wherein a sheet of film 13
      is wrapped about the containers with the film wrap 13 having terminal
      panels 14 and 15 underlying the containers 12 and free edges thereof
      disposed in overlapped relation, the trailing portion of the leading panel
      15 being disposed below the leading portion of the trailing panel 14.
PAR  The packaging machine includes a conveyor assembly, generally identified by
      the numeral 16, with the conveyor assembly 16 including at least one
      endless chain type conveyor 17 for each longitudinal row of containers and
      the conveyor chain 17 being provided at regularly spaced intervals with
      lugs 18, each lug 18 being adapted to engage the rearmost container of its
      respective row of containers and to push the associated longitudinal row
      of containers out of the packaging machine 10. As is best shown in FIG. 2,
      each conveyor chain 17 has the exit end thereof entrained over a sprocket
      20, and the sprockets 20 are carried by a common shaft 21 for rotation in
      unison.
PAR  Each wrapped group of containers is delivered from the packaging machine 10
      to a shrink tunnel unit, generally identified by the numeral 22. the
      shrink tunnel unit 22 includes an endless conveyor 23 which is preferably
      in the form of an endless screen, but could be in the form of a plurality
      of individual endless chains, and has the leading portion thereof suitably
      mounted on a drum 24 which includes a shaft 25. The conveyor 23 is driven
      as a faster speed than the conveyor chains 17 and functions to facilitate
      the spacing of groups of articles which have been packaged and to move the
      same into a shrink tunnel (not shown), as disclosed in my U.S. Pat. No.
      3,680,678, for the dual purpose of bonding together the overlapped
      portions of the panels 14, 15 and for effecting shrinking of the film 13
      about the containers 12.
PAR  It will be readily apparent from FIG. 3 that if the package 11 were moved
      directly from the conveyor assembly 16 onto the conveyor 23, since the
      conveyor 23 is moving at a faster surface speed than the conveyor assembly
      16, the leading articles 12 would be advanced relative to the trailing
      articles 12 of the same group with the result that the package would
      loosen up and an improper final package would be formed. Therefore, in
      accordance with this invention, there has been provided a transfer unit,
      generally identified by the numeral 26, which will not only properly
      transfer the unsealed package 11 from the packaging machine 10 to the
      shrink tunnel assembly, but also will assure the maintaining of the tight
      condition of the package.
PAR  The transfer unit includes first and second transfer rollers 27, 28, which
      are disposed in closely adjacent side-by-side relationship between the
      conveyor unit 16 and the conveyor screen 23, as is clearly shown in FIG.
      3. Each package 11 completed by the packaging machine 10 is transferred
      first onto the roller 27 and then onto the roller 28. The upper path of
      travel of the surface of each of the rollers 27, 28 lies in a plane
      substantially coextensive with the upper surface of the conveyor chain 17
      and the conveyor screen 13.
PAR  With particular reference to FIGS. 3 and 4, it will be seen that a dead
      plate assembly, generally identified by the numeral 30 extends generally
      between the packaging machine 10 and the shrink tunnel unit 22. The dead
      plate assembly 30 includes rearwardly extending portions 31 which project
      rearwardly in between the conveyor chains 17, and forwardly extending
      portions 32 which extends transversely across the rollers 27, 28 into
      overlying relation with respect to the conveyor screen 23.
PAR  In order that the dead plate 30 may be at the proper elevation, the rollers
      27, 28 are provided, generally in alignment with the conveyor chain 17,
      with reduced diameter portions 33. The forward dead plate portions 32 are
      positioned within the recesses defined by the reduced diameter roller
      portions 33, as is clearly illustrated in FIGS. 3 and 4. The portions of
      the rollers 27, 28 which are of full diameter are provided with a friction
      type surface 34 which may be in the form of knurling or which may be in
      the form of friction forming coating material.
PAR  In accordance with this invention, it is desired to normally drive the
      rollers 27, 28 at the same surface speed as the surface speed of the
      conveyor chains 17. However, at a predetermined time during the transfer
      of the packages 11 from the packaging machine 10 to the shrink tunnel
      assembly 22, it is desired to increase the surface speed of the rollers
      27, 28 to substantially that or slightly greater than that of the conveyor
      screen 23. To this end there is provided a drive assembly for the rollers
      27, 28 which is best illustrated in FIG. 2 and is identified generally by
      the numeral 35.
PAR  The drive assembly 35 includes a primary shaft 36 which is suitably mounted
      for rotation and which has rotatably mounted thereon a drive sprocket 37
      which is driven from the shaft 21 by means of a sprocket 38 and a drive
      chain 40. The drive sprocket 37 is normally coupled to the primary shaft
      36 in driving relation by means of a conventional type of overrunning
      clutch 41.
PAR  The primary shaft 36 also has mounted thereon for rotation a sprocket 42
      which is coupled to a sprocket 43 carried by the conveyor shaft 25 by
      means of a drive chain 44. A remotely controllable clutch 45 selectively
      connects the sprocket 42 to the primary shaft 36 for rotating the primary
      shaft 36 at a speed greater than that effected by the sprocket 37. The
      illustrated clutch 45 is an electric clutch, but could utilize other types
      of actuations.
PAR  It will be readily apparent that the arrangement is such that the primary
      shaft 36 may normally be driven from the packaging machine 10 through the
      overrunning clutch 11 and that at such time as the clutch 45 is energized,
      the shaft 36 may be driven by the shaft 25 in an overriding manner with
      respect to the clutch 41.
PAR  An intermediate shaft 46 is driven from the primary shaft 36 by means of a
      drive sprocket 47, a driven sprocket 48 and a drive chain 50. The
      intermediate shaft 46, by way of a driven chain 51, simultaneously drives
      the rollers 27, 28 in the same direction and at the same surface speed.
      The manner in which this is accomplished is best illustrated schematically
      in FIG. 5 wherein it is shown that the intermediate shaft 46 is provided
      with a drive sprocket 52 and the rollers 27, 28 are provided with
      sprockets 53, 54, respectively, the drive chain 51 passing around all of
      the sprockets 52, 53, 54. Further, if desired, a further tensioning
      sprocket (not shown) may be incorporated in the drive shown in FIG. 5.
PAR  As is set forth above, it is desired that the rollers 27, 28 be driven at
      the same surface speed as that of the conveyor chains 17 until a preformed
      package 11 is in a predetermined positioned with respect to the rollers
      27, 28. At that time, the clutch 45 is energized so as to effect the
      driving of the rollers 27, 28 at an elevated speed from the conveyor shaft
      25. Any type of suitable control device may be utilized to control the
      precise time at which accelerated driving of the rollers 27, 28 is
      effected. However, for simplicity purposes there has been illustrated in
      FIG. 2 a control which includes a switch 55 which is coupled to the clutch
      45 for controlling the operation thereof. The switch 55 is provided with a
      follower arrangement 56 which is engaged by lugs 18 of the conveyor chain
      17. It will be appreciated that the lugs 18 and the switch arm and
      follower may be so interrelated wherein the clutch 45 will be energized
      for a predetermined length of time.
PAR  Referring once again to FIG. 3, it will be seen that a package which is to
      be transferred from the packaging machine 10 to the shrink tunnel assembly
      22 is approaching a position wherein the rollers 27, 28 are to be driven
      at accelerated rate. It will be apparent that acceleration of the rollers
      27, 28 should occur at a time wherein both rollers 27, 28 will
      simultaneously feed the two transverse rows of containers as well as the
      film 13 surrounding the same. Thus, as soon as the package 17 has advanced
      to the position wherein the feeding of the package 11 will be primarily
      through the trailing panel 14, so as to effect a tightening of the package
      as well as the transfer thereof, the speed of rotation of the rollers 27,
      28 will be accelerated.
PAR  It will be readily apparent that initially the front row of containers 12
      will be fed by the roller 28 while the rear row of containers will be fed
      by the roller 27. However, in a very short time the front row of
      containers will move off of the roller 28 onto the conveyor screen 23 and
      that all of the driving effect of the rollers 27, 28 on the package 11
      will be with respect to the trailing group of containers. Inasmuch as the
      surface speed of the rollers 27, 28 is slightly greater than that of the
      conveyor 23, it will be seen that there will be a crowding together of the
      containers 12 together with a drawing of the panel 14 forwardly in a
      manner so as to not only facilitate the transfer of the package 11, but
      also to tighten up the package.
PAR  It is to be understood that various types of selectively actuated clutches
      may be utilized for the clutch 45 and that various types of control
      devices may further be utilized. However, it is essential that the rollers
      27, 28 be accelerated only when the package 11 is in a predetermined
      position relative to the rollers 27, 28, this position being one slightly
      advanced to the left of that shown in FIG. 3.
PAR  It will be readily apparent from the foregoing that not only an efficient
      transfer of the package 11 is obtained, but also the transferring
      operation tends to increase the tightness of the package as opposed to
      decreasing the same as occurred previously.
PAR  Although only a preferred embodiment and environment of utilization has
      been specifically defined herein, it is to be understood that minor
      variations may be made in the transfer device without departing from the
      spirit and scope of the invention, as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An accelerating transfer unit for transferring articles from a first
      conveyor to a faster moving second conveyor, said accelerating transfer
      unit comprising a conveying member and drive means for selectively driving
      said conveying member at first and second surface speeds, said drive means
      including a first drive unit incorporating first drive element means for
      coupling to a first conveyor drive for the first conveyor to be driven at
      a first speed, overrunning clutch means between said first drive element
      means and said conveying member to drive said conveying member at a first
      speed, and a second drive unit incorporating second drive element means
      for coupling to a second conveyor drive for the second conveyor to be
      driven at a second speed, and selectively actuated clutch means for
      coupling said second drive element means to said conveying member in
      driving relation.
NUM  2.
PAR  2. The transfer unit of claim 1 wherein said conveying member is in the
      form of a roller.
NUM  3.
PAR  3. The transfer unit of claim 1 wherein said conveying member is in the
      form of a pair of rollers disposed in side-by-side spaced relation.
NUM  4.
PAR  4. The transfer unit of claim 1 wherein said drive means include a primary
      drive shaft and said first and second drive element means and said
      overrunning and selectively actuated clutch means are mounted on said
      primary drive shaft for selectively driving the same.
NUM  5.
PAR  5. The transfer unit of claim 1 together with control means for
      automatically actuating said selectively actuated clutch means in
      accordance with the position of a first conveyor.
NUM  6.
PAR  6. A conveyor system comprising a first conveyor, a second conveyor in
      adjacent aligned relation and having means for operating at a higher
      surface speed than said first conveyor, and a transfer unit for
      transferring articles from said first conveyor to said second conveyor,
      said transfer unit including a conveying member disposed intermediate said
      first and second conveyors and drive means for selectively driving said
      conveying member at first and second surface speeds generally
      corresponding to the surface speeds of said first and second conveyors,
      said drive means including independent clutch controlled first and second
      drives for selectively coupling said first and second conveyors,
      respectively, to said conveying member.
NUM  7.
PAR  7. the conveyor system of claim 6 wherein said first drive includes an
      overrunning clutch and said second drive includes a selectively actuated
      clutch.
NUM  8.
PAR  8. The conveyor system of claim 7 together with control means for
      automatically actuating said selectively actuated clutch in accordance
      with the operation of said first conveyor.
NUM  9.
PAR  9. The conveyor system of claim 7 wherein said first conveyor includes
      means for locating thereon articles being conveyed thereby, and said means
      includes control means for automatically actuating said selectively
      actuated clutch in accordance with the position of said first conveyor.
NUM  10.
PAR  10. The conveyor system of claim 7 wherein said conveyor system is
      particularly adapted to convey article packages wherein there are at least
      two articles one behind the other in the direction of movement of said
      conveyors, and said drive means includes control means for automatically
      actuating said selectively actuated clutch at a time when the articles of
      each article package are in conveyable engagement with said conveying
      member.
NUM  11.
PAR  11. The conveying system of claim 10 wherein said conveying member is in
      the form of a pair of rollers disposed in side-by-side spaced relation.
NUM  12.
PAR  12. The conveying system of claim 11 wherein said first conveyor is part of
      a film wrapping machine and said second conveyor is part of a shrink
      tunnel unit, and said rollers engage each article package in a manner to
      retain the tightness of the package during the transfer thereof between
      the wrapping machine and the shrink tunnel unit.
NUM  13.
PAR  13. The conveying system of claim 11 wherein upper surfaces of said rollers
      lie in a plane substantially coextensive with upper surfaces of said
      conveyors.
NUM  14.
PAR  14. The conveyor system of claim 11 wherein said controls are operable to
      actuate said selectively actuated clutch at a time when a leading article
      of a package has passed a first of said rollers and is engaged with a
      second of said rollers, and a trailing article of the package is engaged
      with said first roller.
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ABST
PAL  A workpiece elevator is disclosed having a series of workpiece carriers
      thereon which move in an endless vertical path and from which workpieces
      are discharged by gravity. On each carrier there is mounted a latch
      mechanism which selectively blocks or opens the outlet end of each
      carrier. The elevator includes a plurality of outlet chutes for receiving
      workpieces from the carriers. Members are mounted on a stationary part of
      the elevator for selectively actuating the latch mechanism as the outlet
      of each carrier aligns with an outlet chute in accordance with the
      workpiece requirements of the outlet chute.
BSUM
PAR  This invention relates to workpiece elevators.
PAR  In automated machining and assembly operations workpieces are frequently
      transported from one location to another by conveyors in the form of
      gravity chuting. When these gravity conveyors are used it is necessary to
      raise the workpieces to an elevation above the height of their destination
      so that enough angular pitch will exist in the conveyor to insure that a
      line of parts at rest in the chuting will overcome friction when it is
      necessary for the parts to advance. From the standpoint of economy and
      space it is of course desirable to use as few workpiece elevators as
      possible to deliver workpieces to several destinations. One method of
      accomplishing this is to provide the elevator with a series of different
      outlets staggered vertically. When an elevator is equipped with several
      outlets it must have the ability to deliver sufficient quantities of
      workpieces to satisfy the demand for workpieces at each of the several
      destinations and must be able to selectively distribute the workpieces to
      any of the destinations on demand.
PAR  It is an object of this invention to provide a workpiece elevator having
      the ability to deliver large quantities of workpieces to several different
      destinations in accordance with the demand.
PAR  A further object of the present invention resides in the provision of a
      workpiece elevator having a series of workpiece carriers thereon and a
      mechanism for releasing the workpieces from the carriers in response to
      the vertical movement of the carriers.
PAR  An additional object of the invention resides in the provision of an
      elevator of the type described incorporating a mechanism for controlling
      the discharge of workpieces from the carriers which is of reliable and
      economical construction.
DRWD
PAR  In the drawings
PAR  FIG. 1 is a diagrammatic view of a workpiece elevator embodying the present
      invention;
PAR  FIGS. 2 and 3 are sectional views along the lines 2--2 and 3--3,
      respectively, in FIG. 1;
PAR  FIGS. 4 and 5 are sectional views along the lines 4--4 and 5--5,
      respectively, in FIG. 3;
PAR  FIGS. 6 and 7 are sectional views along the lines 6--6 and 7--7,
      respectively, in FIG. 5;
PAR  FIG. 8 is a fragmentary sectional view of a portion of the arrangement
      shown in FIG. 5 illustrating the manner in which a workpiece is released
      from a carrier on the elevator;
PAR  FIG. 9 is a sectional view along the line 9--9 in FIG. 3 showing the
      release mechanism for the elevator carrier in the inverted position it
      assumes when it is descending at the rear side of the elevator;
PAR  FIG. 10 is a fragmentary sectional view of a second embodiment of workpiece
      elevator according to the present invention;
PAR  FIG. 11 is a sectional view along the line 11--11 in FIG. 10;
PAR  FIG. 12 is a fragmentary sectional view of the release mechanism
      illustrated in FIG. 10 as it descends at the rear side of the elevator in
      an inverted position;
PAR  FIG. 13 is a fragmentary sectional view of a further embodiment of
      workpiece elevator according to the present invention;
PAR  FIG. 14 is a sectional view along the line 14--14 in FIG. 13; and
PAR  FIG. 15 is a fragmentary sectional view of the lower end portion of the
      elevator mechanism illustrated in FIG. 13.
DETD
PAR  In the following description the term "workpieces" is used in a broad sense
      to cover not only individual workpieces themselves, but also partial or
      completed assemblies or articles carried in containers or on pallets.
      Likewise, the workpieces may have flat faces which ride on rollers or can
      have any suitable geometry (such as circular), in which case they are
      adapted to roll on flat surfaces. In other words, "workpieces" as used
      herein is intended to cover any form of article that is adapted to be
      conveyed in gravity chuting, whether by rolling on flat surfaces or riding
      on rollers.
PAR  In the generally diagrammatic views of FIGS. 1 and 2 there is illustrated a
      workpiece elevator 10 having a supporting frame consisting of opposed
      U-shaped channels 12,14 interconnected in spaced relation. A drive shaft
      16 is journalled adjacent the lower end of the elevator and an idler shaft
      18 is journalled adjacent the upper end of the elevator. Drive shaft 16 is
      driven by a sprocket 20 by means of an endless chain 22 trained around an
      outlet sprocket 24 on an indexing mechanism 26 which receives its power
      from a motor 28 through a conventional pulley drive 30. A drive sprocket
      32 is keyed to drive shaft 16 and an idler sprocket 34 is keyed to idler
      shaft 18. An endless chain 36 is trained around sprockets 32,34 and has
      carriers 38 fixedly mounted thereon at regularly spaced intervals.
      Carriers 38 are adapted to receive and retain a plurality of workpieces W.
      In FIG. 1 carriers 38 are shown in the dwell condition of the elevator
      between indexes of travel. It will be noted that carriers 38 are inclined
      to the horizontal so that in effect each provides a short section of
      gravity chuting with an inlet at its higher end and an outlet at its lower
      end. In the position shown in FIG. 1 the upper three containers have their
      outlets aligned with the inlet ends of outlet chutes 40,42,44. At the
      lower end of the elevator a carrier 38 has its inlet aligned with the
      outlet end of an inlet chute 46. The index mechanism 26 is adapted to
      intermittently rotate sprocket 32 so that each of the carriers 38 has an
      increment of travel equal to the pitch of the vertical spacing of the
      carriers on chain 36. Between each indexing movement of the chain there is
      a dwell period of sufficient time to allow the workpieces W to be loaded
      into or discharged from carriers 38.
PAR  Referring now to FIGS. 3 and 4 wherein the elevator and carrier structure
      are shown in greater detail, it will be observed that shaft 16 to which
      sprockets 32,20 are keyed is journalled in bearing blocks 48 that are
      mounted on side channels 12,14. The side channels are connected together
      by a series of end straps, one of which is shown at 50. Chain 36 has a
      plurality of mounting links 52 thereon to which carrier plates 54 are
      suitably attached. Carriers 38 are mounted on plates 54 on the outer side
      of the elevator by means of spacers 55. Each carrier plate is guided in
      one plane as it travels upwardly by two pair of rollers 56 on the carrier
      plate which engage the opposite sides of a stabilizing bar 58 which runs
      vertically substantially the full height of the elevator between sprockets
      32,34. Stabilizing bar 58 is supported by a series of cross members at the
      work-carrying side of the elevator, one of said cross members being
      designated 60. Carrier plate 54 is stabilized in a second plane by two
      pair of rollers 62. Rollers 62 are mounted at the four corners of carrier
      plate 54 by blocks 64. These bearing rollers 62 stabilize carrier plate 54
      in a plane parallel to the axes of shafts 16,18 by their engagement in
      channels on opposite sides thereof formed by angle members 66 and the
      inwardly turned flanges 68 of the side channels 12,14. Thus, as the chain
      36 travels its endless path around sprockets 32,34 the carriers 38 are
      stabilized in two directions for smooth running and accurate positioning.
PAR  It will be understood that stabilizing of the carriers is required only on
      the front side of the elevator; that is, when the carriers are in an
      upright parts-carrying position. Stabilization of the carriers is not
      required when they are travelling downwardly at the rear side of the
      elevator where the descending carriers assume an inverted position. As the
      carriers travel around the lower sprocket 32 they can be in a relatively
      unstable condition, determined only by chain 36. However, as the carriers
      swing upwardly and approach the horizontal center of sprocket 32 the two
      top rollers 62 on each carrier plate 54 engage the flanges 68 of the side
      channels 12, 14 and are thus properly aligned for engagement with the
      angles 66. At the same time the upper rollers 56 on carrier plate 54
      engage the tapered lower end of stabilizing bar 58 so that the carrier
      plate will be positively guided for its full length of upward travel
      between the sprockets.
PAR  In FIG. 3 one of the carrier assemblies 38 is shown in alignment with the
      inlet chute 46 which contains a continuous line of workpieces W retained
      by an escapement dog 70. Carrier 38 is shown retaining a complement of
      four workpieces W which have been metered from the inlet chute 46 by the
      action of the escapement mechanism which consists of dogs 70 and 72
      mounted at opposite ends of a lever 74. The escapement mechanism is
      actuated by a cylinder 76 which oscillates the lever about its pivot pin
      78, thus allowing the leading four workpieces in chute 46 to roll by
      gravity into carrier 38 while restraining forward movement of the
      remaining upstream workpieces. Cylinder 76 is actuated in response to
      circuitry which receives a signal from a switch 80 on the elevator
      structure. Switch 80 is actuated by a cam button 82 mounted on one of the
      upper blocks 64 which support rollers 62. Thus the escapement mechanism
      operates to discharge four workpieces into each carrier 38 as the carrier
      reaches a dwell position in alignment with chute 46.
PAR  As shown in FIGS. 5 through 7, each carrier 38 consists of a pair of side
      plates 84 separated by tubular spacers 86. A through bolt and nut 88
      extends through spacers 86,55 to support the carriers on plates 54. On the
      inner side of each side plate 84 there is mounted a series of workpiece
      support rollers 90. The rollers 90 are aligned on an incline so that the
      workpieces W will tend to gravitate to the outlet end of the carrier.
PAR  At the outlet end of each carrier there is pivotably supported a lever 92
      for controlling the discharge of workpieces from the carrier. Lever 92 is
      pivotably supported on a bearing 94 and is spaced between side plates 84
      by spacers 96 which are secured in place by a bolt and nut 98. In the
      position shown in FIG. 5 control lever 92 is retained in a position
      blocking the outlet of carrier 38 by means of a sear 100 which
      interengages a shoulder 102 on lever 92. Sear 100 is mounted on a sear
      lever 104 which is pivotaly supported in a bearing 106 retained between
      side plates 84 by means of spacers 108 and a through bolt and nut 110.
      Sear lever 104 has a flat face 112 which is normally engaged by the distal
      end of a leaf spring 114 to retain the sear in a position locking control
      lever 92 in the outlet blocking position. Spring 114 has its other end
      mounted on a U-shaped bracket 116 extending between side plates 84. Spring
      114 renders sear lever 104 angularly stable in the position illustrated in
      FIG. 5.
PAR  A pair of parallel release links 118 are pivoted at one end, as at 120, to
      sear lever 104. Between the opposite ends of links 118 there is mounted a
      cam follower 122. Intermediate their ends links 118 are supported through
      a pin 124 and a link 126 which is in turn pivotally supported on side
      plates 84 by a pin 128. It will be observed that all of the parts
      illustrated in FIG. 5 for retaining lever 92 in its outlet blocking
      position are constructed and arranged so that all of the forces exerted
      thereby are contained within the work carrier 38.
PAR  When cam follower 122 is caused to be shifted to the right as viewed in
      FIG. 5, links 118 will rotate sear lever 104 in a clockwise direction,
      thus swinging sear 100 out of engagement with shoulder 102 on control
      lever 92. It will also be observed that lever 92 has a configuration such
      that it is unbalanced with respect to its pivot axis at bearing 94.
      Consequently, when sear 100 disengages lever 92, lever 92 pivots clockwise
      under the influence of gravity to the position shown in FIG. 8 where sear
      100 now engages the relatively flat surface 130 of control lever 92. In
      this position the upper end of control lever 92 clears the outlet of
      carrier 38 and permits the workpieces W therein to roll by gravity into
      one of the outlet chutes, such as chute 44. When sear lever 104 is rotated
      by links 118 to the position shown in FIG. 8 spring 114 is further
      deflected and urges sear lever 104 in a counterclockwise direction.
      However, sear 100 engages the flat face 130 of control lever 92 which is
      thereby restrained from returning to its normal upright position shown in
      FIG. 5. Thus, a bi-stable condition of lever 92 is created.
PAR  Each of the outlet chutes is preferably provided with a high level switch
      132 which is actuated when the workpieces in the outlet chutes reach a
      predetermined level. Switches 132 of outlet chutes 40,42, when tripped,
      are adapted to actuate cylinders 134 on the elevator structure which
      control cams 136. Cams 136 are positioned on channel 14 such that, when
      they are projected by cylinders 134, they are engaged by cam followers 122
      when the outlet of a carrier 38 is aligned with an outlet chute. The
      uppermost outlet chute 44 has associated therewith a stationary cam 138
      which is engaged by each cam follower 122 as its associated carrier aligns
      with the top outlet chute 44.
PAR  Thus it is apparent that the above described unloading of the workpieces
      from the carriers will occur whenever either of cylinders 134 are actuated
      to project cams 136 into the path of travel of cam followers 122 and a
      carrier is in a dwell position aligned with outlet chutes 40,42. Likewise,
      in the arrangement illustrated, when a carrier 38 reaches a dwell position
      in alignment with the top outlet chute 44, its associated cam follower 122
      will be engaged by stationary cam 138 to likewise permit unloading of the
      carrier. If a high level switch 132 is provided on the uppermost outlet
      chute 44, this switch, when actuated, will operate to de-energize motor
      28. If desired, the high level switch on outlet chute 44 can be omitted,
      in which case chute 44 will extend down to inlet chute 46 and be connected
      therewith with a suitable workpiece-blending device so that the elevator
      motor can operate continuously.
PAR  In FIG. 9 a portion of carrier 38 and a latch mechanism thereon is shown in
      the inverted position which it assumes when the carrier is travelling
      downwardly at the rear side of the elevator. When the carrier is in the
      inverted position the center of gravity of control lever 92 is located far
      enough from the pivot axis at the bearing 94 to effectively re-position
      the lever so that sear 100 can return to its locking position. In order to
      prevent lever 92 from rotating further than required when the carrier is
      inverted, a stop pin 140 on lever 92 is adapted to abut a pin 142 mounted
      on one of the side plates 84. However, it will be realized that lever 92
      will pivot to the position shown in FIG. 9 under the influence of gravity
      only if the mechanism is clean and free to function in this manner. During
      the course of its life operating in contaminated conditions it is
      conceivable that bearing 106 will not rotate freely and, therefore,
      gravity would not exert enough force to effect resetting of lever 92 in
      the manner described. To insure against a malfunction for this reason a
      fixedly positioned cam 144 is located on the inside of side channel 14
      near the lower end thereof. Cam 144 is adapted to be engaged by the
      successive cam followers 122 when the carriers are in the inverted
      position. The lateral projection of cam 144 is greater than cams 136,138
      so that when a cam follower 122 engages cam 144 links 118 are shifted to a
      greater extent than is the case when cam followers 122 engage cams
      136,138. Each lever 104 has a hook 146 which is adapted to engage a face
      148 on lever 92 when links 118 are actuated by cam 144 to pivot lever 92
      to a position slightly beyond its normal working position and thereby
      allow sear 100 to be freely returned to its locking position with the
      shoulder 102 of lever 92. The sear returns to this locking position under
      the bias of spring 114 after cam follower 122 has passed beyond cam 144.
      Thus cam 144 in combination with hook 146 and face 148 insure that lever
      92 will be reset to its outlet blocking position while the carrier is
      travelling in a downward direction and before it reaches inlet chute 146.
PAR  The embodiment illustrated in FIGS. 10 through 12 involves a construction
      where the releasing cams and actuating cylinders are located at the same
      side of the elevator as the outlet chutes. This arrangement may be
      required in some cases for the purpose of accessibility or other reasons,
      including structural or design preferences. In the arrangement illustrated
      in FIGS. 10 through 12 the workpieces W' are cylindrical in shape and are
      adapted to roll on rails 150 which are mounted on the side plates 84 of
      the carrier. In this arrangement the configuration of the control lever 92
      and the sear lever 104 is the same as in the embodiment previously
      described. However, shaft 154 to which sear lever 104 is keyed extends
      through the side plate 84 adjacent carrier plate 54 and has an arm 154
      keyed thereto. Arm 154 carries a cam follower 156 at the free end thereof
      that is arranged to cooperate with cams 158 and 160 which correspond in
      function with cams 136,138, respectively, described in the previous
      embodiment.
PAR  The function of this mechanism is substantially the same as the latch
      arrangement previously described. If workpieces are required at either
      outlet chute 40 or 42, the corresponding cam 158 will be actuated by its
      respective cylinder 162 to project the cams into the path of travel of cam
      follower 156. Then, when a carrier is aligned with either of these chutes,
      the latch mechanism will be triggered in the manner previously described
      to allow workpieces W' in the carrier to roll into the proper chute. Cam
      160, like cam 138 previously described, is permanently fixed to one of the
      side channels so that it will actuate the latch mechanism in all cases, if
      the cams previously passed have not done so.
PAR  In FIG. 12 the latch mechanism is shown in the inverted position to
      correspond with its orientation when the carrier is descending at the rear
      side of the elevator. A cam 164 is provided which corresponds in function
      with cam 144 of the previous embodiment described to positively reset
      control lever 92 to a position where sear 100 can be readily returned to
      its locking position against shoulder 102 under the bias of spring 114.
PAR  Referring now to FIGS. 13 through 15, the invention is illustrated in
      connection with an arrangement wherein the workpieces in the carrier exert
      forces on the retaining lever of a relatively small magnitude, these
      forces being imposed upon a cam structure mounted on the elevator support
      itself. In this arrangement adjacent the outlet end of each carrier there
      is keyed to a shaft 166 a control lever 168. Shaft 166 extends through the
      side plates 84 of the carrier and the end of shaft 166 adjacent the side
      channel 12 has keyed thereto a lever 170 on which is journalled a cam
      follower 172. Side channel 12 has a segmented cam track mounted thereon
      consisting of an upper cam 176, a pair of cam gates 176 separated by a cam
      segment 178, and a continuous cam 180. Cam gates 176 are located adjacent
      outlet chutes 40,42 and the upper cam 174 is located slightly below the
      uppermost outlet chute 44.
PAR  Cam gates 176 are adapted to be swung to the broken line position 176' by
      cylinders 182. Cylinders 182 are adapted to be actuated by the high level
      switches 132 associated with the respective chutes. When the quantity of
      workpieces in chutes 40 or 42 have reached a predetermined level the
      respective cylinder 182 is actuated to swing cam gates 176 from the broken
      to the solid line position. Thus, when chutes 40,42 are capable of
      receiving additional workpieces cam gates 176 are in the broken line
      position.
PAR  When the cam gates 176 are in the solid line position and a carrier travels
      upwardly past the outlet chutes, cam follower 172 will be retained in the
      broken line position 172' shown in FIG. 14 and thus retain control lever
      168 in the broken line position blocking the outlet of the carrier.
      However, when the carrier is aligned with outlet chute 44 cam follower 172
      rolls out of engagement with the upper cam 174 and the force of gravity
      will cause control lever 168 to pivot to the solid line position shown in
      FIG. 13. This permits the workpieces to roll into chute 44. On the other
      hand, if outlet chute 42 requires workpieces the associated gate 176 will
      be in the position shown in broken lines at 176'. Accordingly, as cam
      follower 172 rides upwardly out of engagement with cam segment 178,
      control lever 168 is permitted to swing clockwise and thereby permit the
      workpieces to roll from the carrier into outlet chute 42. In the
      arrangement illustrated, upon the next indexing cycle of the elevator cam
      follower 172 will move upwardly, engage the inclined face of the open gate
      176, and, thus, return lever 168 to the outlet blocking position. However,
      when cam follower 172 rides off the upper cam 174 control lever 168 will
      again swing to the open position illustrated in solid lines in FIG. 13. If
      desired, the electrical circuitry can be designed to return gates 176 to
      the closed position after each dwell cycle of the elevator. Stop pins
      184,185,186 are provided for limiting pivotal movement of lever 168 in
      opposite directions.
PAR  Referring now to FIG. 15 which shows a carrier 38 at the lower end of the
      elevator just before it reaches inlet chute 46, it will be observed that
      the lower end of the continuous cam track 180 has an inwardly inclined
      portion 188 which is engaged by cam follower 172 to swing lever 168 from a
      position clearing the outlet of the carrier to a position blocking the
      outlet of the carrier. This arrangement is desirable because, as
      illustrated, the configuration of lever 168 and lever 170 is such that,
      unless lever 168 is positively retained in the outlet blocking position,
      it will gravitate to the position illustrated in solid lines in FIG. 13
      when the carrier is travelling upwardly. Thus, the inwardly inclined
      portion 188 of cam 180 closes the outlet end of the carrier before it
      reaches the inlet chute 46.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a workpiece elevator the combination of a vertically extending
      support, endless chain means mounted on said support to travel in an
      endless path lying in a generally vertical plane, a plurality of workpiece
      carriers mounted on said chain means at regularly spaced intervals, said
      carriers having a workpiece supporting surface inclined to the horizontal
      and having an inlet at the upper end and an outlet at the lower end of
      said supporting surface, a workpiece inlet chute adjacent the lower end of
      the support and a series of regularly spaced outlet chutes adjacent the
      upper end of the support, means for driving said chain means in said
      endless path with an intermittent motion so that the inlets of successive
      carriers are periodically aligned with said inlet chute to receive
      workpieces therefrom and the outlets of the successive carriers are
      periodically aligned with the successive outlet chutes, workpiece control
      means mounted on each carrier adjacent the outlet thereof, said control
      means being movable from a first position blocking said outlet to prevent
      discharge of workpieces from the carrier to a second position clearing
      said outlet to permit workpieces to be discharged from the carrier by
      gravity, retaining means for releasably locking said control means in said
      first position as the carriers travel between the successive outlet
      chutes, and release means on said support associated with each outlet
      chute for actuating said retaining means as the carrier moves into
      alignment with an outlet chute to unlock said control means and cause the
      same to assume said second position clearing said outlet.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein at least some of said
      release means are movable to and from a position in which they are
      inoperative to actuate said retaining means.
NUM  3.
PAR  3. The combination set forth in claim 2 including means in said chutes
      responsive to the quantity of workpieces therein for moving said release
      means to and from said inoperative position.
NUM  4.
PAR  4. The combination set forth in claim 2 wherein the release means
      associated with the last of the series of outlet chutes is fixedly
      positioned on the support to actuate the retaining means of each carrier
      as its outlet moves into alignment with the last-mentioned outlet chute.
NUM  5.
PAR  5. The combination set forth in claim 1 wherein said control means
      comprises a lever supported on each carrier for pivotal movement about a
      horizontal axis, said lever being unbalanced relative to its pivot axis so
      that it is adapted to gravitate to said second position when the lever is
      released by said retaining means.
NUM  6.
PAR  6. The combination set forth in claim 5 wherein the path of travel of the
      chain means is such that the carriers are in an upright workpiece
      retaining position when travelling upwardly and are inverted when
      travelling downwardly, said levers being adapted to gravitate to said
      first position when the carriers are inverted.
NUM  7.
PAR  7. The combination set forth in claim 6 including additional means on said
      support engageable by the retaining means on each carrier for releasably
      locking the lever in said first position after the associated carrier is
      inverted and before it reaches a position in alignment with said inlet
      chute.
NUM  8.
PAR  8. The combination set forth in claim 1 wherein said retaining means
      includes an abutment movably mounted on each carrier and said release
      means comprises a plurality of cams on said support associated one with
      each of said outlet chutes, said cams lying in the path of travel of said
      abutment and adapted to move the abutment when the carrier travels past
      the cam, said abutment when moved by said cam being operative to release
      said control means.
NUM  9.
PAR  9. The combination set forth in claim 8 wherein at least some of said cams
      are movable to and from an inoperative position relative to the path of
      travel of said abutments.
NUM  10.
PAR  10. The combination set forth in claim 9 including means in the outlet
      chutes operatively associated with the movable cams for moving the cams to
      said inoperative position when the quantities of workpieces in said chutes
      reach a predetermined level.
NUM  11.
PAR  11. The combination set forth in claim 1 wherein said control means
      comprises a lever pivotally supported on each carrier, said retaining
      means comprising a latch mechanism on each carrier, said latch mechanism
      including a pivotally supported lever engageable with said control lever
      to releasably lock the latter in said blocking position and spring means
      biasing said latch lever to its locking position.
NUM  12.
PAR  12. The combination set forth in claim 11 wherein said latch mechanism also
      includes means adapted to be actuated by said release means to pivot the
      latch lever against the bias of said spring means to a position releasing
      the control lever.
NUM  13.
PAR  13. The combination set forth in claim 12 wherein said spring means acts on
      the latch lever to yieldably retain the latter in both its locking and
      releasing positions.
NUM  14.
PAR  14. The combination set forth in claim 12 wherein said control lever is
      unbalanced relative to its pivot axis so that it tends to gravitate to
      said second position clearing the outlet of the carrier, said control and
      latch levers having a first pair of abutments thereon which, when
      interengaged, lock the control lever in said first position, said control
      and latch levers having a second pair of abutments thereon which are
      adapted to interengage when the latch lever is rotated to its releasing
      position and the control lever gravitates to said second position and
      additional means on said support for rotating the latch lever when the
      latter is in the releasing position to interengage said second pair of
      abutments and rock said control lever back to said first position.
NUM  15.
PAR  15. The combination set forth in claim 14 wherein said last-mentioned means
      are located on said support in the path of travel of the endless chain
      means at a point intermediate the last of the series of outlet chutes and
      said inlet chute.
NUM  16.
PAR  16. The combination set forth in claim 14 wherein the path of travel of the
      chain means is such that each carrier assumes an upright workpiece
      retaining position as the carriers are travelling upwardly and an inverted
      position when they are travelling downwardly, said release means being
      located on the support to actuate the latch levers from their locking to
      their released position when the carriers are moving upwardly, said
      additional means being located on the support to rotate said latch levers
      when the carriers are travelling downwardly.
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ABST
PAL  Articles delivered in side-by-side rows are separated in each row and
      advanced in pairs to the feeding flights of a wrapping machine conveyor
      operating at right angles across the ends of the delivery rows, by pairs
      of accelerating belts that grip the lead pair of articles in the rows
      between top and bottom belts and advance the pair at a faster rate than
      the delivery conveyors. Separator bars extending transversely across the
      paths of the articles are advanced in an orbit around the top accelerating
      belts and above the bottom accelerating belts by carrier loops located
      vertically alongside of the accelerator belts. The accelerator belts and
      the carrier loops are driven intermittently in a cycle synchronized with
      the feeding flights to advance at higher speed than the article feeding
      rows during 270.degree. of each cycle and stop during 90.degree. of each
      cycle with a separator bar in the gap created at the leading end of the
      delivery rows, to stop a pair of articles at the entrance or "nip" between
      the accelerating belts.
BSUM
PAC  OUTLINE OF INVENTION AND RELATED PATENTS
PAR  My U.S. Pat. Nos. 3,823,813 and No. 3,794,151 disclose machines for
      performing a similar operation by means of upper accelerating rolls and
      belts that advance articles from the ends of supply conveyors. In those
      patents, the timing of the release of each pair of articles is determined
      by swinging gates at the ends of the supply conveyors, and orbiting
      transverse bars enter into the gaps created between articles by the gates
      to complete the delivery of the articles to the wrapping machine conveyor.
PAR  The present invention is an improvement over the foregoing patents, in that
      the need for timing gates is eliminated. The entry of a pair of articles
      to the accelerating belts (and the delay of articles on the supply
      conveyors) is effected by timing the orbiting transverse bars to enter
      into the gap created by the acceleration of the leading pair of articles
      and stopping in blocking relation to other articles on the delivery belts.
      The cycle, from accelerating start to stop and dwell, of the orbiting
      transverse bars is synchronized with the cycle of the arrival of each
      flight of article receiving pockets on the wrapping machine conveyor at
      the end of the accelerating path. The final delivery of each pair of
      articles is effected solely by movement of the transverse orbiting bars.
PAC  DESCRIPTION
PAR  The drawings, of which there are two sheets, illustrate a practical and
      preferred form of the invention, and an alternate variation of the drive
      to the mechanism.
PAR  FIG. 1 is a side elevational view of article receiving, separating
      accelerating and delivery ends of the conveyors of the invention.
PAR  FIG. 2 is an elevational view of the receiving end of the wrapping machine
      conveyor, in front of the end of the accelerating conveyor.
PAR  FIG. 3 is a fragmentary side elevational view showing a modified and
      alternative drive to the belts and loops of the conveyor.
DETD
PAR  As in previously, identified patents, articles to be wrapped (in this case
      rolls of toilet tissue R) are delivered in two parallel rows by
      side-by-side delivery belts 10 which operate continuously to deliver rolls
      from a source of manufacture. The belts have smooth surfaces and may slide
      under rolls that are blocked on their discharge ends as will be described.
      The spacing if any, of the rolls on the delivery conveyors depends on the
      source of supply and may vary. The pairs of rolls in side-by-side relation
      are delivered to the wrapping machine conveyor ahead of the flight bars 12
      of the conveyor 14. Shaft 16 of the wrapping machine makes one (or an
      integral multiple of one) revolution for each cycle of the wrapping
      machine, so a set of flight bars or fingers of the wrapping conveyor
      arrives in article receiving position with each cycle of the shaft.
PAR  The accelerating, separating and delivery conveyor system between the
      delivery conveyor 10 and the wrapping machine conveyor 14 consists of a
      pair of side-by-side lower accelerating belts 18 which receive rolls from
      the ends of the belts 10 and a pair of opposed top or upper accelerating
      belts 20 which are spaced to grip and advance the rolls between the upper
      and lower belts. Suitable supporting frame structure is indicated at 22.
      Positioned along the sides of the belts 18 and 20 are a pair of belt or
      chain loops 24 supported by pulleys 26, 28, 30 and 32. The loops carry
      four transversely extending bars or rollers 34 at equally spaced positions
      therearound. The full line positions of the bars show them in operating or
      moving positions near the end of a cycle of operation. The dotted
      positions 34A indicate stop or dwell positions of the bars as will be
      described. It will be noted that one bar 34B has moved into the gap
      between rolls R-1 and R-2 created by the acceleration of roll R-1 over the
      speed of rolls on the delivery conveyor 10. The bar will come to rest at
      the dotted position between the inlet ends or at the "nip" between belts
      18 and 20. There it blocks the entry of roll R-2 to the accelerating belts
      until the next cycle of the wrapping machine.
PAR  The intermittent drive to the belts 18 and 20, and the belt loops 24 is
      provided from the wrapping machine shaft 16 by a one position clutch
      indicated conventionally by the dotted lines at 36. As long as the
      solenoid 38 is energized, the pawl 40 is retracted and the clutch
      continues to rotate stopping only at a single position after a complete
      revolution. The clutch 36 drives a commercially available indexing unit
      which is indicated generally and conventionally by the dotted gearing at
      42. The indexing unit intermittently drives shaft 44 so long as the clutch
      36 is engaged. The clutch is controlled by a sensing switch 46 which
      senses the presence of available rolls R on the delivery conveyor 10.
      Desirably at least two or three pairs of rolls accumulate at the end of
      the delivery conveyor ahead of the switch to assure delivery to the
      accelerating belts at the start of each cycle.
PAR  The accelerating belts have working reaches which are about twice as long
      as the articles R. During each cycle, the belts pick up one pair of
      articles such as R-1 and advance them onto a dead plate 48. The lower
      accelerating belt 18 is driven from the shaft 44 by chain or belt 50 to
      reversing gears 52 and belt 54 to drive rolls 56. The upper accelerating
      belt 20 is driven directly from shaft 44 by belt or chain 58 to pulley 60,
      and from there by chain 62 to drive roll 64. Pulley 60 also drives shaft
      66 and drive pulleys 28 which drive the belt or chain loops 24. Note that
      the drive ratios are such that the chain loops 24 and the accelerating
      belts 20 and 18 operate at the same linear speeds. Note also that the path
      of travel of each separator bar 34 is somewhat over three times the length
      of the working reaches of the accelerator belts 18 and 20. The advance of
      each separator bar during each cycle is more than the length of the
      working reaches of the accelerator belts.
PAC  OPERATION
PAR  To complete the operating cycle shown in motion in full lines in FIG. 1,
      the cross bar 34B will advance to position 34A where it will stop during
      the 90.degree. dwell period of the intermittent drive 42. This blocks the
      entry of article R-2 to between the accelerating belts as previously
      described. The preceeding article R-1 and the cross bar 34C which preceeds
      it at the same speed will advance until the article R-1 nears the
      discharge ends of the accelerating belts. During its final motion of the
      cycle, cross bar 34C will overtake and engage the article R on the dead
      plate 48 and move the article part way across the dead plate before
      stopping.
PAR  The intermittent drive 42 then enters a dwell period of 90.degree. of the
      cycle of the wrapping machine and shaft 16 which continue to operate.
      Desirably, the intermittent drive (and the accelerating belts and the
      chain loops driven thereby) decelerates before stopping and accelerates
      relatively slowly when it starts agains. As previously noted, commercial
      drive trains are available to provide this intermittent drive, so the
      details of the drive are not illustrated.
PAR  As the next cycle of the machine starts, the next set of flight bars 12B of
      the wrapping machine conveyor will be approaching article receiving
      position, and the delivery belts or conveyor 10 will have advanced the
      pair of articles R-2 against cross bar 34A. Cross bar 34C quickly advances
      the article on the dead plate into the empty pocket on the wrapping
      machine conveyor, and article R-1 is advanced onto the dead plate. Article
      R-2 advances to the position of article R-1, and the cycle is complete.
PAR  Note that the spacing between the centers of the cross bars 34 on the chain
      loops 24 is slightly more than twice the length of the articles R; and the
      length of the working reaches of the accelerating belts 18 and 20 is
      materially shorter than the spacing between the cross bars 34. The length
      of the articles may of course be varied. Each cycle and incremetal advance
      of the cross bars permits accelerated advance of a pair of articles almost
      but not fully through the accelerating belts. The length of the dead plate
      48 (beyond the diverging and article releasing ends of the accelerating
      belts) is well over the length of the articles R, and the lineal advance
      of the cross bars 34 to delivery position at the side of the wrapping
      machine conveyor is slightly greater than the length of the articles
      during each cycle. Each cross bar accordingly acts first as a blocking
      element between successive pairs of articles and then as a final feeding
      or delivery element for the preceding pair of articles. Assuming an
      adequate rate of supply of articles by conveyors 10, the separating and
      indexing conveyor functions to admit and guide each pair of articles to
      the accelerating cycle, while creating a gap between successive pairs of
      articles, and completing positive and accurately timed delivery of the
      preceding pair of articles remains stationary only while the cross bars
      momentarily block entry of articles and during the dwell of the
      intermittent drive. Note that as each cross bar passes through position
      34C it will advance into contact with the preceding pair of articles and
      stop, while remaining in contact with the leading ends of the succeeding
      pair of articles. The pairs of articles are thus kept in accurate
      transverse alignment at all times.
PAC  ALTERNATE ARRANGEMENT
PAR  For the single pair feed of articles as shown (two roll packages) the four
      cross bars 34 are spaced ten inches apart on the belt or chain loops 24,
      and the delivery belts 10 operate at a constant speed of about five inches
      per cycle. When four articles or rolls are to be wrapped in each package,
      alternate cross bars 34 are removed and the speed of the constantly
      operating delivery conveyors 10 is increased to slightly more than double
      or 121/2 inches per cycle of the indexing conveyor. The drive ratio of the
      indexing drive 42 to the shaft 44 is doubled, so two pairs of rolls R are
      delivered each cycle to the wrapping conveyor.
PAR  FIG. 3 shows an alternative form of the accelerating mechanism. The change
      is essentially in the drive connections to the shaft 144, which
      corresponds to the shaft 44 in FIG. 1. The shaft 16 of the wrapping
      machine drives a reversing gear 117 which in turn drives a one position
      disengaging clutch 142. The clutch pawl 140 actuated by the solenoid 138
      stops the clutch 142 at the end of a wrapping machine cycle when the
      sensing switch 46 senses an inadequate supply of in-coming articles on the
      supply conveyor.
PAR  Note that pawl 140 is angularly advanced somewhat relative to the rotation
      of clutch 142 and the corresponding position of pawl 40 in FIG. 1. The
      drive to the accelerating belts 18 and 20, and to the carrier loops 24
      accordingly stops at the full line position 134D of one of the cross bars
      in FIG. 3, instead of 90.degree. further around pulley 32 as in FIG. 1.
      Roll R-2 and the following rolls on conveyor 10 are accordingly stopped,
      as shown, a little further away from the intake "nip" of belts 18 and 22,
      and roll R-1 stops as shown, in the middle of the accelerator belts.
PAR  When this alternate form of the machine is restarted cross bar 134E permits
      advance of roll R-1 and delivery to the wrapping machine as in the first
      form of the invention in FIG. 1. Cross bar 134D must move 90.degree.
      around pulley 32 (at relatively slow horizontal speed) before roll or
      article R-2 is picked up by the accelerating belts. The corresponding
      delay of the succeeding article creates sufficient gap for entry of the
      succeeding cross bar in the next cycle of the machine.
PAR  The intermittent drive 42 of the first forms of the invention is
      eliminated, and the indexing and feeding apparatus operates continuously
      so long as an adequate supply of articles R is present on belts 10.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In combination with a pair of side-by-side article delivery belts and a
      wrapping machine conveyor extending transversely across the delivery ends
      of said belts and in spaced relation to the ends thereof, article indexing
      and advancing mechanism comprising:
PA1  upper and lower opposed accelerator belts positioned to receive pairs of
      articles from said delivery belts,
PA1  a fixed dead plate positioned to support a pair of articles between the
      outlet ends of said accelerator belts and said wrapping machine conveyor,
PA1  a pair of carrier loops positioned in upright planes along side of said
      accelerating belts and said dead plate,
PA1  a plurality of transverse bars carried in equally spaced relation around
      said loops and advanced thereby into blocking positions between the
      delivery ends of said delivery belts and the receiving ends of said
      accelerator belts, and between said accelerator belts across said dead
      plate to article delivering position along side of said wrapping machine
      conveyor,
PA1  and drive means including an intermittent cycling drive connected to be
      driven from said wrapping machine conveyor and to concurrently drive said
      accelerator belts and said carrier loops at equal linear speeds greater
      than the speed of said delivery belts,
PA1  said intermittent cycling drive being arranged to provide a dwell and stop
      period with one of said cross bars in blocking relation in front of and
      closely adjacent the nip at the inlet ends of said accelerator belts.
NUM  2.
PAR  2. The combination as defined in claim 1 in which another one of said cross
      bars is located over said dead plate and adjacent the receiving end
      thereof at the dwell and stop position of said carrier loops.
NUM  3.
PAR  3. The combination as defined in claim 2 in which there are four of said
      cross bars carried by said carrier loops.
NUM  4.
PAR  4. The combination as defined in claim 1 in which alternate ones of said
      cross bars are removable.
NUM  5.
PAR  5. The combination as defined in claim 2 in which said intermittent drive
      is operative during 270.degree. of the cycle of said wrapping machine and
      provides said dwell and stop period during the remaining 90.degree. of the
      cycle of the wrapping machine.
NUM  6.
PAR  6. The combination as defined in claim 5 in which said intermittent drive
      provides acceleration from said dwell and stop period and deceleration
      before the dwell and stop period.
NUM  7.
PAR  7. The combination as defined in claim 2 in which said cycling drive
      includes a single position engaging and disengaging clutch connection to
      said wrapping machine corresponding to the dwell and stop position
      thereof.
NUM  8.
PAR  8. In combination with a pair of side-by-side article delivery belts and a
      wrapping machine conveyor extending transversely across the delivery ends
      of said belts and in spaced relation to the ends thereof, article
      advancing mechanism comprising:
PA1  upper and lower opposed accelerator belts positioned to receive pairs of
      articles from said delivery belts,
PA1  a fixed dead plate positioned to support a pair of articles between the
      outlet ends of said accelerator belts and said wrapping machine conveyor,
PA1  a pair of carrier loops positioned in upright planes along side of said
      accelerator belts and said dead plate,
PA1  a plurality of transverse bars carried in equally spaced relation around
      said loops and advanced thereby into blocking positions between the
      delivery ends of said delivery belts and the receiving ends of said
      accelerator belts, and between said accelerator belts across said dead
      plate to article delivering position along side of said wrapping machine
      conveyor,
PA1  and drive means including a clutch connected to be driven from said
      wrapping machine conveyor and to concurrently drive said accelerator belts
      and said carrier loops at equal linear speeds greater than the speed of
      said delivery belts,
PA1  said clutch being arranged to stop said drive means at one position in the
      cycle of said wrapping machine conveyor with one of said cross bars in
      blocking relation in front of the inlet ends of said accelorator belts.
NUM  9.
PAR  9. The combination as defined in claim 8 which further includes an article
      sensing switch connected to control said clutch and positioned to sense
      the absence of articles at the delivery end of said delivery belts.
NUM  10.
PAR  10. The combination as defined in claim 9 in which said carrier loops pass
      around pulleys to direct said transverse bars down ahead of articles on
      said delivery belts and then arcuately forwardly,
PA1  said clutch being arranged to stop said loops with a transverse bar
      adjacent the start of its arcuate motion as directed by said pulleys.
NUM  11.
PAR  11. The combination as defined in claim 9 in which said carrier loops pass
      around pulleys to direct said transverse bars down ahead of articles on
      said delivery belts and then arcuately forwardly,
PA1  said clutch being arranged to stop said loops with a transverse bar
      adjacent the end of its arcuate motion as directed by said pulleys.
NUM  12.
PAR  12. The combination as defined in claim 9 in which said carrier loops pass
      around pulleys to direct said transverse bars down ahead of articles on
      said delivery belts and then arcuately forwardly,
PA1  said clutch being arranged to stop said loops with a transverse bar
      adjacent the end of its arcuate motion as directed by said pulleys,
PA1  and an intermittent drive connected in said drive means and arranged to
      provide a dwell and stop period at the stop position of said clutch.
NUM  13.
PAR  13. The combination as defined in claim 10 in which said drive means
      opperates continuously with said wrapping machine when said clutch is
      engaged.
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ABST
PAL  In a conveying device with an endless conveyor belt, for the conveyance of
      products, the conveyor belt is adapted, over a part of its length, to
      follow a path comprising a number of superimposed, helically extending
      belt tiers. To this end, the conveyor belt comprises mutually articulated
      and interadjustable link means consisting of a bottom part and links
      disposed at the ends thereof and forming the two sides of the belt. The
      links on the two sides of the endless conveyor belt are formed as spacers
      whose upper edge portions are adapted to bear against the lower edge
      portions of the links, likewise formed as spacers, disposed on the two
      sides of the overlying tier of the endless conveyor belt in order that
      such an overlying belt tier be supported by the immediately underlying
      tier of the conveyor belt.
BSUM
PAR  The present invention relates to a conveying device with an endless
      conveyor belt for the conveyance of products in which device a portion of
      the length of said conveyor belt is arranged to follow a path consisting
      of a number of superimposed, helically extending tiers, said conveyor belt
      comprising mutually articulated and interadjustable link means including a
      bottom part and, disposed at the ends thereof, links forming the two sides
      of the conveyor belt.
PAR  According to the invention, the links on either side of the endless
      conveyor belt are formed as spacers whose upper edge portions are arranged
      to bear against the lower edge portions of the links forming such spacers
      on either side of the overlying tier of the endless conveyor belt, in
      order that such an overlying belt tier be supported by the immediately
      underlying tier of the conveyor belt. Thus, the invention has made it
      possible, in a proper sense, to provide a self-supporting belt pile in a
      conveying device including an endless conveyor belt, which means that the
      belt pile need not be supported by or rest against drums, guide strips or
      like members, as is the case in prior-art conveying devices of this type.
      Consequently, the invention permits a considerably simplified construction
      by eliminating a number of otherwise associated details.
PAR  According to a preferred embodiment, the superimposed, helically extending
      belt tiers, spaced apart by the links disposed along either side of the
      belt and forming spacers, are arranged to be carried by a support means
      disposed underneath said tiers and having substantially the same pitch as
      said tiers. Said support means permits belt tiers to be readily fed into
      the pile continuously.
PAR  An important feature of the conveying device is that the bottom parts of
      the link means are perforated, whereas the links disposed along either
      side of the conveyor belt and forming spacers, are substantially
      nonperforated, so that the spacers of the superimposed belt tiers form a
      vertical channel for a treating medium. At the same time as the belt
      advances the product to be treated with a flowing medium, within the space
      of the belt pile, the spacers at the edges of the belt thus form a
      practically stationary channel for the treating medium.
PAR  The primary object of the conveying device according to the invention is to
      convey products of various kinds through a confined space for a certain
      amount of time, during which the products are treated, for instance by
      heating, drying, cooling, freezing etc. The conveying device is
      particularly suited for food products, since it satisfies rigorous hygiene
      requirements by not having a belt-supporting frame construction, where
      food-leavings and the like can gather developing bacteria and also by the
      fact that the parts in contact with the products, can be washed
      continuously during the operation of the device.
PAR  The invention will be more fully described with reference to the
      accompanying drawings which by way of example illustrate a preferred
      embodiment of the conveying device according to the ivention, and
      different embodiments of the links of the conveying device.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the entire conveying device;
PAR  FIG. 2 is a perspective view of the support means of the conveying device;
PAR  FIGS. 3 and 4 show a part of the conveyor belt with different embodiments
      of the links;
PAR  FIG. 5 A, B and C, show three further embodiments of the links;
PAR  FIG. 6 is a cross-sectional view of four superimposed belt tiers carried by
      the support means.
DETD
PAR  The conveying device comprises the conveyor belt 4 which is intended for
      the conveyance of products and a portion of the length of which is
      arranged to follow a path consisting of a number of superimposed,
      helically extending tiers. Said conveyor belt 4 comprises mutually
      articulated and interadjustable link means, including a bottom part 5 and,
      disposed at the ends thereof, links 7, forming the two sides of the belt
      4. In the embodiment illustrated, the bottom part 5 comprises transverse
      connecting elements for the links 7, and said connecting elements may be
      clothed with wire 6, netting or like surface-forming material, to serve as
      a supporting plane. The relative adjustment of the link means is permitted
      by the elongated holes 8, which are formed in the links 7 and intended to
      receive the end portions of the connecting elements.
PAR  The links 7, disposed on either side of the endless conveyor belt 4, are
      designed as spacers which are arranged to bear with their upper edge
      portions against the lower edge portions of the links 7 forming such
      spacing means on either side of the overlying tier of the endless conveyor
      belt 4 in order that such an overlying belt tier be supported by the
      immediately underlying tier of the conveyor belt.
PAR  The superimposed, helically extending belt tiers which are spaced apart by
      the links 7, disposed along either side of the belt and forming spacers,
      are arranged to be carried by a support means 1 disposed underneath said
      tiers and having substantially the same pitch as said tiers, so that such
      belt tiers can be readily fed into the pile one after the other.
PAR  The conveying device is, of course, provided with a drive for the endless
      conveyor belt 4. It is advantageous to provide such a drive in conjunction
      with the support means, said drive comprising, in the illustrated
      embodiment, a second endless conveyor belt 2 disposed on said support
      means 1 and engaging the lowermost belt tier. Motors 3 are provided for
      driving the belt 2. As will appear most clearly from FIG. 2, the conveyor
      belt 2 disposed on the support means 1, is run in such a manner that a
      lateral opening is formed between the highest and the lowest points of the
      belt 2.
PAR  In another embodiment, the drive can be a driven roller-way, or a
      tooth-wheel drive, the cogs of which are arranged to engage with the
      connecting elements in the bottom part 5.
PAR  In the embodiment illustrated, the support means 1 of the belt tiers is in
      the form of an arc, but may also be an elliptic curve. The shape of the
      support means 1 determines the shape of the superimposed belt tiers.
PAR  In the embodiment of FIGS. 3 and 5 A and B, the links 7, disposed along
      either side of the conveyor belt 4 and forming spacers, shall be at least
      substantially non-perforated, whereas the bottom parts 5 of said links
      shall be perforated. Thus, the spacers 7 of the superimposed belt tiers
      will form a vertical channel for a treating medium. In another embodiment,
      as seen in FIGS. 4 and 5 C, the links disposed along either side of the
      conveyor belt 4 and forming spacers, shall be perforated to permit a
      treating medium to flow in the transverse direction of the belt 4. Such a
      perforation of the links is achieved by the recesses 9. In this case, the
      material of the bottom parts 5 can be either tight or perforated.
PAR  As shown in FIGS. 3, 4 and 6, the links 7 have somewhat outwardly inclined
      upper wall portions and are formed with bent lower portions through which
      latter portions extend the connecting elements. The undersides of the bent
      lower portions are intended to bear against the upper edges of the
      outwardly inclining wall portions of the links 7 in the underlying belt
      tier.
PAR  In FIGS. 5 A and C, the links 7 are provided at their upper ends with
      inwardly bent portions 7', forming supporting surfaces for the overlying
      links. To improve the guidance between superimposed links or belt tiers,
      said portion 7' can be formed with a ridge, while the downwardly facing
      side of the link can have a mating groove, which will thus travel on and
      be guided by said ridge.
PAR  In FIG. 5 B, the portion forming the side wall is a separate vertical metal
      sheet, welded to the lower portion of the link 7, which lower portion can
      have a thickness different from that of said vertical sheet.
PAR  As can be seen from FIG. 1, the conveying device is provided at the belt
      pile with a helix-forming guide 10, helix support means 11 and
      helix-straightening guides 12. The guide 10 is devised to bend the
      straight conveyor belt 4 according to the desired helix radius, whereas
      the guides 12 are devised to straighten out the belt when leaving the
      pile. The helix support means 11, comprising support rollers, are provided
      either on the outside or on the inside of the belt pile. Said means serve
      merely as a safety device for the belt pile and should not abut the pile
      in the normal operation of the conveying device. Thus, the helix support
      means 11 are not a compulsory feature of the invention.
PAR  The belt 4 is provided with belt-stretching means 13.
PAR  14 designates the loading station of the device, while 15 designates the
      unloading station thereof. 16 and 17 are guide rollers for the conveyor
      belt 4, which may be drive rollers and, thus, serve as auxiliary drives
      for the conveyor belt 4 outside the belt pile.
PAR  The conveying device, as shown in FIG. 1, operates as follows.
PAR  The motors 3 drive the roller-way or support belt 2 counter-clockwise in
      FIG. 1. This motion is transferred by friction to the conveyor belt 4,
      whereby the entire belt pile is turned, correspondingly,
      counter-clockwise. Being supplied to the belt helix from the left, a new
      portion of conveyor belt is guided into position therein by the
      helix-forming guide 10, to be laterally held in position and start forming
      the helix. This is of importance, since the belt, once introduced into the
      helix, is to take up the pressure of the overlying belt tiers. At the
      loading station 14, products are fed onto the belt.
PAR  The products can be either in bulk or packed, their height being determined
      by that of the spacers 7. The products are conveyed by the belt to follow
      its helical movement up through the pile, where they are subjected to the
      desired treatment. At the discharge end of the pile, the
      helix-straightening guides 12 actuate the belt pile, so that the uppermost
      belt tier thereof is directed straight out from the pile. At the unloading
      station 15, the products leave the belt, which, itself, is then guided via
      the rollers 16 and 17 through the loading station 14 to be fed into the
      belt helix again.
PAR  In case the conveyor belt is used for bulk products, a belt-washing device
      (not shown) can be inserted between the unloading and loading stations,
      whereby the entire belt can be cleaned. A washing station can also be
      arranged for the roller-way or support belt 2.
PAR  As described in the example, the belt can be advanced counter-clockwise and
      upwardly in a circular path, but this advance can also be clockwise and/or
      downwardly, or in an oval path or different combinations thereof.
PAR  The invention is not restricted to what has been described above and shown
      in the drawings, but may be modified within the spirit and scope of the
      following claims.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A conveying device with an endless conveyor belt for the conveyance of
      products, in which device a portion of the length of said conveyor belt is
      arranged to follow a path consisting of a number of superimposed,
      helically extending tiers, said conveyor belt comprising mutually
      articulated and interadjustable link means and a bottom part and, disposed
      at the ends of said bottom part, said link means including links forming
      the two sides of the conveyor belt, wherein said links on either side of
      said endless conveyor belt are articulated and interadjustable and are
      formed as spacers whose upper edge portions are arranged to bear against
      lower transverse edge portions of said links forming such spacers on
      either side of the overlying tier of said endless conveyor belt, in order
      that such an overlying belt tier be supported by the immediately
      underlying tier of said conveyor belt.
NUM  2.
PAR  2. A conveying device as claimed in claim 1, wherein a support means
      disposed underneath said tiers and having substantially the same pitch as
      said belt tiers carries said superimposed, helically extending belt tiers
      which are spaced apart by the links disposed along either side of the belt
      and forming spacing means.
NUM  3.
PAR  3. A conveying device as claimed in claim 2, wherein said support means of
      the belt tiers comprises a drive for the endless conveyor belt.
NUM  4.
PAR  4. A conveying device as claimed in claim 3, wherein said drive for the
      endless conveyor belt comprises, disposed on said support means, a second
      endless conveyor belt engaging the lowermost belt tier.
NUM  5.
PAR  5. A conveying device as claimed in claim 4, wherein said second endless
      conveyor belt disposed on said support means is run in such a manner that
      a lateral opening is formed between the highest and the lowest points of
      the said second belt.
NUM  6.
PAR  6. A conveying device as claimed in claim 2, wherein said support means of
      the belt tiers is in the form of an arc.
NUM  7.
PAR  7. A conveying device as claimed in claim 2, wherein said support means of
      the belt tiers is in the form of an elliptic curve.
NUM  8.
PAR  8. A conveying device as claimed in claim 1, wherein said bottom parts are
      perforated, whereas the links disposed along either side of the conveyor
      belt and forming spacers, are substantially non-perforated so that the
      spacers of the superimposed belt tiers form a vertical channel for a
      treating medium.
NUM  9.
PAR  9. A conveying device as claimed in claim 1, wherein the links disposed
      along either side of the conveyor belt and forming spacers, are perforated
      to permit a treating medium to flow in the transverse direction of the
      belt.
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ABST
PAL  The invention relates to a feeder rake for the feeding of cut material into
      the baling chamber of agricultural pick-up and other balers, which is
      arranged to be driven by a steadily rotating crank and is guided by a
      swinging rod, which is connected by a link and by a guide arm with two
      spaced pivot bearings of the tine carrier of the feeder rake, and the
      guide arm has an overload protection device, upon whose actuation the
      feeder rake is folded back into a position in which it cannot continue
      feeding and, when it is freed of its load, it is erected again
      automatically moving out of the above-mentioned inoperative position into
      its operating position.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Priority of corresponding Patent Application filed on May 28, 1973 in
      Germany, No. P 23 27 166.1-23 is claimed under the Convention.
PAC  FIELD OF THE INVENTION
PAR  Pick-ups for balers in Class 198, Subclasses 24 and 223 with a
      reciprocating member which has a rake formation for forming a uniform
      stable stack of material.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The prior art is represented by U.S. Patents Nos. 3,684,026 of 8-15-1972
      Reuter et al, for Baler Pick-up Lift Assembly, 3,591,950 of 7-13-1971
      Weichel, for Loading Car With Takeup Member Operating Outside the Vehicle
      Track, 3,367,094 of 2-06-1968 Harwig, for Baler Feed Mechanism 2,970,423
      of 2-07-1961 Wenzel, for Pick-up Baler, and 3,360,110 of 12-26-1967 Eder
      et al, for Overload Safety Device for Conveying Rake for Harvesting
      Machines.
PAR  Feeder rakes of the above-mentioned type require an overload protection
      device by means of which they can be swung or folded out of the conveying
      or feeder path in order, when blockage occurs, to avoid breakage and
      serious consequential damage to other parts of the baler.
PAR  In accordance with a prior proposal as a protective element use was to be
      made of a shear pin on the feeder rake, so that after shearing of the pin
      the rake or its tines can swing back into a position in which feeding is
      discontinued. Although this arrangement avoids damage to the baler, the
      manual removal of the material causing the blockage and the insertion of
      the new shear pin lead to a time consuming interruption in operation.
PAR  A substantial improvement is constituted by the overload protection device
      in accordance with the U.S. Pat. No. 3,360,110, for Overload Safety Device
      for Conveying Rake for Harvest Machines, of the Assignee same as that of
      the present invention, which forms the basis of the present invention. In
      accordance with this prior proposal the guide arm consists of two members
      which are pivotally connected with each other and are in the form of a
      strip spring and a connecting arm. The spring force of the plate or strip
      spring is directed so as to tend to extend the pair of arms, which in the
      feeding position of the rake are in a practically com completely extended
      position. On overcoming the spring force by overloading the pair of arms
      folds and the feeder rake is swung into a position which is ineffective
      for feeding or conveying. In this position the strip spring exerts a
      restoring force on the feeder rake owing to which the latter during each
      return stroke is automatically erected so as to come back into its feeding
      position and so that, when the next conveying stroke occurs, it can tend
      to convey or feed the obstacle causing the blockage. After several feeding
      or conveying strokes accompanied by a folding action the blockage will
      usually have been cleared.
PAR  The sudden decrease in the moment of resistance of the feeding rake on
      folding and the sudden increase in the restoring moment however load the
      drive system with a substantial alternate loading and lead to premature
      wear. Furthermore, the decrease in the moment of resistance leads to the
      baling chamber being filled in an one-sided manner during the period of
      clearing the chamber while the feeder tines only feed the material which
      has been freed from the blockage on each stroke only as far as the zone,
      adjacent to the filling opening, of the baling chamber.
PAR  This may lead to the production of crooked bales, which after being
      discharged from the baling chamber may break up.
PAC  SUMMARY OF THE INVENTION
PAR  One aim of the invention is to avoid these disadvantages. On the occurrence
      of blockage the operation of the machine is to be free of violently
      alternating loading and a beating or jogging action. The bales should keep
      to a straight shape even during the removal of a blockage.
PAR  The present invention consists in a feeder rake for the feeding of cut
      material into the baling chamber of agricultural pick-up and other balers,
      which is arranged to be driven by a steadily rotating crank and is guided
      by a swinging rod, which is connected by a link and by a guide arm with
      two spaced pivot bearings of the tine carrier of the feeder rake, and the
      guide arm has an overload protection device, upon whose action the feeder
      rake is folded back into a position in which it cannot continue feeding
      and, when it is freed of its load, it is erected again automatically
      moving out of the above-mentioned inoperative position into its operating
      position. If the cylinder is constructed as a hydraulic cylinder, a
      pressure accumulator of the gas filled type can be connected with the
      cylinder, the accumulator being connected with the interior space of the
      cylinder both via a pressure limiting valve adapted to open to allow flow
      to the pressure accumulator and also via a check valve adapted to open in
      the opposite flow direction.
PAR  The feeder rake is arranged, in the case of the construction in accordance
      with the invention, to be held in its operating position by the extended
      hydraulic cylinder. On exceeding the preselected limiting pressure, for
      example 180 atmospheres gauge, the pressure limiting valve is open and
      allows the oil to flow into an accumulating space, which is held under a
      lower biasing pressure, for example 20 atmospheres gauge, and the feeder
      rake can move out of its feeder position gradually and finally assumes a
      position in which it is ineffective for feeding. When the resistance to
      feeding or conveying has decreased, the pressure limiting valve is closed
      and the oil which is subject to the pressure of the gas biasing action in
      the pressure accumulator flows through the check valve into the cylinder
      and swings the feeder rake back into its operational position by means of
      the piston.
PAR  The advantage of the construction in accordance with the invention resides
      in that the moment of resistance of the feeder rake does not drop when the
      overload protection device responds and instead remains approximately
      constant and that the re-erection of the conveying or feeder rake after
      folding is ensured by the small returning force of the pressure
      accumulator during the return stroke. As a result the changes in load
      which have to be taken up by the drive system are substantially smaller
      than in the case of a design in accordance with the above-mentioned Patent
      Specification so that both the wear of the driving parts is decreased and
      also a lighter design construction is made possible. The beating noise on
      erection of the conveying or feeder rake in accordance with the
      above-mentioned British Patent Specification is substantially reduced.
      However, more particularly owing to the keeping of the moment of
      resistance of the feeder rake a more even filling of the baling chamber is
      attained and the formation of crooked bales is avoided. Blockages are more
      rapidly coped with so that the output of the baler is increased.
PAR  The pressure limiting valve and the check valve can be constructed in a
      conventional manner as a single constructional unit, which is connected
      with the hydraulic cylinder constructed in a simple manner and at its
      second outlet this constructional unit can carry the pressure accumulator.
PAR  In accordance with a particularly advantageous construction of the
      invention the hydraulic cylinder is concentrically surrounded by a
      cylindrical housing which is closed on all sides and the intermediate
      space between the two cylinders is adapted to serve as an oil storage
      space and also accommodates a pressure accumulator. The latter can in a
      conventional manner be constructed in the form of a flexible piece of
      flexible pipe or hose, which is connected in a sealing manner with the
      housing casing of the oil accumulator space. In the case of such an
      embodiment the guide arm which is moved like the tongue of a bell has a
      particularly low inherent weight.
PAR  The guide arm can, however, also be constructed in the form of a pneumatic
      cylinder, which has a closed pressure chamber and in the piston both the
      pressure limiting valve and also the check valve are arranged. This design
      is characterised by reduced complexity and costs and is light in weight.
PAR  A particularly large folding or deflection movement of the conveying or
      feeder rake is obtained in accordance with a further feature of the
      invention by adopting the feature that the bearing of the link on the tine
      carrier extends coaxially with respect to the crank bearing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention in the form of agricultural pick-up balers are
      shown in the accompanying drawings.
PAR  FIG. 1 shows a view of the packer of a pick-up or field baler from the
      front;
PAR  FIGS. 2 to 4 show three different embodiments of the guide arms in
      accordance with the invention;
PAR  FIG. 5 shows a multiple arrangement of the apparatus depicted in FIG. 1,
      operating in the same manner;
PAR  FIG. 6 is a plan view of the arrangement in FIG. 5.
DETD
PAR  Above the pick-up board 1 the inner feeder rake of the two feeder rakes 2
      is shown. The two feeder rakes 2 are both equipped with the overload
      protection device in accordance with the invention. It pushes the picked
      up cut crop through the filling opening 3 into the baling chamber 4 in
      front of the baling ram which is not shown. The feeder rake 2 is driven by
      a crank 5, which rotates continuously about the bearing 6, fixed to the
      frame, in a direction of the arrow 7 synchronously with the baler ram and
      is so controlled in its movement by the swinging lever 9 journalled in the
      bearing 8 fixed to the frame that its tips describe the curved path 10.
      The mechanical arrangement is so selected that the tips of the rake move
      in an elongated curve over the pick-up table and extend to a considerable
      amount into the baling chamber, from which they are drawn out upwards from
      the fed material for the return stroke.
PAC  THE OVERLOAD PISTON ARRANGEMENT
PAR  The tine carrier 11 which is journalled on the crank 5, has two further
      bearings or pivots 12 and 13. The bearing 12 is connected via a pair of
      links 14 with the fork carrier 15 of the pivoting lever 9, while between
      the bearing 13 and the fork bearing 15 a guide arm 16, 18 is pivoted, it
      consists of a hydraulic or pneumatic cylinder 16, which has its pivot pin
      17 journalled on the fork lever and whose piston 18 is journalled or
      pivoted at the bearing 13 and which in the extended position holds the
      feeder rake 2 in the operational position. In the case of the retracted
      position 19 the feeder rake during the working stroke assumes the position
      20 ineffective for feeding.
PAR  FIG. 2 shows the guide arm as a hydraulic operating cylinder 16 leading to
      a simplicity of construction. Its piston rod 18 is guided in a
      conventional manner and is sealed off. A spring ring 21 limits its stroke.
PAR  In the bore or hole 22 in the bottom of the cylinder 23 a combined
      check-pressure limiting valve 24 is screwed, whose outlet is connected
      with a hydropressure accumulator 25. Limitation of pressure is carried out
      using a valve body 26 with a cooperating compression spring 27, which is
      set in accordance with the permissible moment of resistance of the feeder
      rake 2. The oppositely directed check valve 28 is adapted to be closed by
      a weak helical spring 29.
PAR  The filling of the hydraulic cylinder is via the closing lid opening 30 of
      the check-pressure limiting valve 24.
PAR  On exceeding the limiting pressure the pressure limiting valve 26 opens and
      allows the flow of oil into the pressure accumulator 25. When the
      resistance to feeding decreases, the oil is pressed back by the gas
      pressure into the cylinder 16 again.
PAR  In the case of the embodiment shown in FIG. 3 the hydraulic cylinder 16 is
      surrounded by a cylindrical housing 31 in a concentric manner. At its
      bottom 32 the cylinder bottom 23 is supported. The lid 33 serves for
      closing or sealing the housing 31 and the cylinder 16 jointly. The stroke
      of the piston rod 18 passing through the lid 33 and having a seal in it is
      limited by the annular abutment 34 attached to the piston rod 18.
PAR  The intermediate space or cavity 35 serving for the accumulation of oil,
      between the cylinder and the housing, is connected with the cylinder
      interior space 38 by means of a hole 36 in the cylinder bottom 23, which
      can be shut off or closed by a check valve 37. The intermediate space 35
      is furthermore connected by holes 39 in the upper part of the cylinder 16
      with the space 40, which extends between the piston 41 and the lid 33. The
      connection of the cylinder spaces 38 and 40 is by means of a valve hole 42
      in the bottom of the cylinder, which is shut off by the valve body 26
      under the pressure of the spring 27.
PAR  In the intermediate space 35 there is furthermore a flexible piece 43 of
      hose, between the lid 33 and an intermediate ring 44, which is fixed by a
      distance or spacing tube 45. The piece 43 has both its ends connected in a
      sealing manner with the inner wall of the housing 31. The space 46 between
      the piece 43 of hose and the housing 31 serve as a pressure accumulator.
      It is biased with gas pressure via a valve 47.
PAR  The filling up of the hydraulic cylinder is carried out through the opening
      48 which can be closed.
PAR  In the case of this embodiment of the invention on exceeding the limiting
      pressure the oil flows through the opened pressure limiting valve 26, 42
      into the space 40. The quantity of oil displaced by the inward movement of
      the piston rod 18 is forced through the hole 39 into the storage or
      accumulator space 35 against the gas pressure with a biasing action in the
      pressure accumulator 46. When the resistance to feeding decreases at the
      feeder rake 2, the pressure limiting valve closes and under the pressure
      of the pressure accumulator 46 the oil is forced through the hole 36 into
      the cylinder space 38, and the oil leads to the extension of the piston
      rod 18 and thus erects the feeder rake 2.
PAR  The embodiment of the invention in accordance with FIG. 4 has as a guide
      arm a pneumatic pressure cylinder 16, whose pressure chamber 38 is filled
      with gas via a valve 49 in the cylinder bottom 23 and is thus subjected to
      a biasing action. The piston rod 18 guided and sealed in the piston lid 33
      carries a pressure piston 41, which has both the valve hole 42 for the
      pressure limiting valve 26 and also return flow holes 50 for the check
      valve 37.
PAR  On exceeding the limiting pressure in the case of this embodiment the gas
      flows out of the space 38 through the opened pressure limiting valve 26,
      42 into the space 40 between the piston 41 and the lid 33. When the piston
      pressure decreases, the pressure limiting valve closes and the gas
      pressure on the piston rod 18 leads to the outward movement of the
      conveying or feeder rake while the gas flows from the space 40 back
      through the check valve 37.
PAR  The invention is not limited to agricultural pick-up balers and can be
      applied to stationary agricultural field balers and to paper baling
      equipment for industrial applicacations. In FIG. 5, the cranks 5, rotating
      about bearings 6, are connected together by a chain 6a passing around
      sprocket wheels 6b, so that cranks are driven at the same speed, and may
      be adjusted so that the paths of movement 10 of tines 2 may be oriented to
      provide a continuous driving action by virtue of the fact that the paths
      overlap somewhat.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a feeder rake device for an agricultural pickup and other balers
      mobile and stationary, a carrier of tines, crank means mounting said
      carrier for rotation about a fixed first axis, and for pivoting about a
      second axis radially offset from said first axis, tines having one end
      fixed to said carrier and pivotable therewith about said second axis,
      between a first and material-moving position and a second position
      ineffective to move material, link means connected to said carrier, fluid
      pressure means connected to said link means for urging said tines into
      said first position, movement of said tines to said second position
      increasing the pressure in said fluid pressure means, said fluid pressure
      means comprising a cylinder and a piston reciprocable therein, said link
      means comprising a piston rod fixed at one end to said piston and at its
      other end pivoted to said carrier, said link means also comprising a lever
      pivoted at one end on a third axis fixed with and offset from said first
      axis, and at its other end to a trunnion on said cylinder, and a link
      pivoted at its end on said trunnion and said carrier, respectively.
NUM  2.
PAR  2. The device of claim 1, said rod and link being pivoted to said carrier
      on respective axes offset from and angularly related about said second
      axis.
NUM  3.
PAR  3. The device of claim 1, means forming an accumulator chamber, conduit
      means connecting said chamber and the interior of said cylinder, a first
      check valve in said conduit means, passing pressure fluid from said
      cylinder into said chamber in response to movement of said tines to second
      position, and a second check valve in said conduit means, passing pressure
      fluid from said chamber to said cylinder to effect retrograde movement of
      said tines to first position.
NUM  4.
PAR  4. The device of claim 3, said accumulator chamber being fixed with said
      cylinder.
NUM  5.
PAR  5. The device of claim 4, said accumulator chamber comprising a housing
      coaxially surrounding said cyliinder in radially-spaced relation
      therewith, said first check valve being embodied in and as a part of said
      piston.
NUM  6.
PAR  6. The device of claim 5, a tube of pressure-impervious flexible material
      disposed in the space between said cylinder and housing and having its
      ends sealed to said housing, said first check valve passing pressure fluid
      from said cylinder into the annular space between said cylinder and tube,
      by and in response to movement of said tine to second position.
NUM  7.
PAR  7. The device of claim 6, said second check valve passing pressure fluid
      from said annular space to said cylinder, to effect retrograde movement of
      said tine to first position.
NUM  8.
PAR  8. The device of claim 7, and a third valve in the wall of said housing for
      pressurizing the space between said tube and housing.
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ABST
PAL  An apparatus for conveying and turning articles is provided by the
      combination of a through belt which extends along the path of the articles
      parallel to a conveyor belt and cooperates therewith for the purpose of
      conveying the articles in a line, and a control roller and a pair of
      pressing rollers which trap the article therebetween and turn it at least
      one complete revolution in place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to an apparatus for conveying and turning
      articles, expecially for utilization with article inspection or testing
      devices along the production line of a plant for manufacturing articles
      such as glass containers or vessels, wherein the article line conveying
      device comprises an article track, or path, defined by a conveyor belt
      arranged laterally thereof and a through belt arranged laterally thereof,
      in order to remove the vessels to be inspected from the conveying device
      of the production line and to feed them at intervals from one another into
      a testing station, and wherein the turning device is disposed at the
      testing station and comprises a control roller disposed on the one side of
      the track adapted to be displaceable between an operating position and a
      rest position, and two pressing rollers arranged sequentially in the
      direction of travel on the other side of the track and adjacent thereto,
      the front or entry pressing roller, considered in the direction of travel,
      being mounted upon a lever and pivotable transversely to the track, the
      three rollers cooperating together for the purpose of interrupting the
      travel of the vessels in the testing station and for rotating each vessel
      at least once about its axis. This invention is especially useful for
      testing apparatuses, in which the external shape and external dimensions
      of containers or vessels are inspected and cracks are detected in the
      vicinity of the vessel mouth, in order to reject these vessels which lie
      outside the predetermined fabrication tolerances.
PAR  2. Description of the Prior Art.
PAR  Because the effectiveness of the testing apparatus is very much dependent
      upon the functioning of the article line conveying and turning device,
      many devices are already known in many differing forms of construction,
      including those adapted for special operating conditions.
PAR  In a first device, which is described in U.S. Pat. No. 3,101,848 (Uhlig),
      the vessels to be tested are removed from the conveying device of the
      production line, which is normally constituted as a plate conveyor, and
      are conducted upon a curved track having a fixed floor to the testing
      station and are then returned from there to the conveying apparatus. The
      track is bounded at its external side by a guide rail and at its internal
      side by a circulating conveyor belt. The distance between the guide rail
      and conveyor belt is virtually equal to the diameter of the vessel to be
      inspected, so that this vessel is frictionally gripped by the conveyor
      belt and rolled along the guide rail. The guide rail comprises a gap
      somewhere about the middle of the track. At this point two freely rotating
      pressure rollers are mounted, which can be displaced by means of a cam
      disc transversely to the direction of travele. The cam disc also travel. a
      feed arm, which is disposed on the entry side of the track, so that the
      pressure roller are always displaced into the track when a vessel is
      situated in the region of the pair of rollers. The two pressing rollers
      then constitute, together with the opposedly situated conveyor belt, a
      three-point holder for the vessel, which is thus arrested in its conveyed
      motion and is rotated by the conveyor belt in this position until the
      pressing rollers are once again withdrawn from the track.
PAR  Another device, described in Swiss Patent No. 448,889 (Munz), also
      possesses a curved track having a fixed floor, of which the external side
      is bounded by a guide rail and the internal side by a conveyor belt. In
      this device also, the guide rail has a gap in the vicinity of the testing
      machine, and two freely revolving pressing rollers are provided at that
      position. Both pressing rollers are mounted upon pivoting levers and
      project, in their rest position, into the track. The pressing roller at
      the entry side can, when a vessel enters, be swung out from the track
      against the force of a spring, while the pressing roller on the exit side
      stops the entering vessel. Opposite to the two pressing rollers there is a
      driven friction wheel, the perimeter of which projects beyond the conveyor
      belt into the track and the circumferential speed of which determines the
      speed of revolution of each vessel held by the three rollers. To release a
      vessel from the testing station, the pressing roller on the exit side can
      be swung out from the track by means of an electro-magnet. The
      electro-magnet is regulated by means of a time switching apparatus, which
      is switched on when the entry pressing roller swings out.
PAR  In a further device known from U.S. Pat. No. 3,428,174 (Kulig), a curved
      track with a fixed floor is again used, the outer side of which track is
      bounded by a guide rail and the inner side by a conveyor belt. This device
      comprises, in the vicinity of the testing machine, a driven friction wheel
      which projects over the conveyor belt. On the side of the track opposite
      to the friction wheel, two pivotal levers are mounted. A portion of the
      guide rail is secured to the one lever, while two pressing rollers are
      fixed to the other. In addition, an electrical contact switch is provided
      at the entry side of the pressing station. By contacting this switch, each
      entering vessel causes that portion of the guide rail which is secured to
      the one lever to be swung back and simultaneously the two pressing rollers
      situated in their rest position externally of the track to be swung into
      the track, in which position they constitute, together with the friction
      roller, a three-point guide for the vessel which is to be rotated on the
      spot during inspection.
PAR  Finally, a device is known from U.S. Pat. No. 3,848,742 (Krenmayr), which
      likewise comprises a curved track having a stationary floor, in which a
      guide rail is mounted on the inner side and a conveyor belt on the outer
      side. In the vicinity of the testing station a friction wheel which can be
      driven at varying speed projects beyond the guide rail into the track, and
      two pressing rollers mounted upon pivoting levers can be swung,
      independently of each other, into the track above the conveyor belt. For
      the purpose of regulating the differing rotational speeds of the friction
      wheel and of the pivoting motions of each pressing roller, several
      electrical switches are provided at the entry side to the testing station,
      these switches being actuated by the entering vessel.
PAR  The devices described above possess at least three features in common. In
      all of them, the track constitutes an "adjacent track" to the conveying
      apparatus of the production line. The disadvantage of this is that all
      vessels must be deflected from this conveying apparatus into the device
      itself and, after passing through it, must be returned to the conveying
      apparatus.
PAR  Further, in these devices, the vessels are rolled in the track by means of
      a laterally applied conveyor belt against an opposedly situated guide
      rail. The peripheral speed of the vessels is thus twice their speed of
      translation. This means that, for equal translation speed, vessels of
      smaller diameter are rotated faster those those of large diameter, and are
      rolled along the guide rail. It will immediately be obvious to anyone
      skilled in this technology that the rolling of the vessels and their feed
      to the testing station at predetermined, equal intervals can only be
      guaranteed to an upper limit of speed which is a function of the vessel's
      size. On the other hand, in general, smaller vessels are produced at a
      more rapid rate than large vessels, resulting in the requirement that
      smaller vessels should be conveyed at larger translatory speeds through
      the device. A further disadvantage of the devices described above is that
      they can only satisfy this requirement within limits.
PAR  Finally, in the known devices, at least that pressing roller which is at
      the exit side is mounted upon a pivoting lever, which is so aligned
      relative to the through path that the pressing roller is pivoted
      practically transversely to the track. This leads to the further
      disadvantage that in particular those vessels which are heavy, if they are
      not round or possess nonuniform wall thicknesses, can push the exit side
      pressing roller sideways and thus "open" the three-point guide in the
      testing station.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a device which
      overcomes the above-described disadvantages.
PAR  In accordance with the present invention, this object and other objects and
      advantages are achieved by the combination of a conveyor belt disposed
      laterally of a line conveying device, means for driving the conveyor belt,
      a through belt disposed laterally of the line conveying device and spaced
      from the conveyor belt and cooperating therewith to define a track for
      conveying the articles at spaced intervals from one another to a testing
      station, means for driving the through belt, a control roller disposed on
      one side of the track and displaceable between an operating position in
      which a portion of its periphery extends over the through belt and into
      the track, and a rest position in which its periphery lies outside the
      track, a first pressing roller disposed adjacent the side of the track
      opposite that of the control roller and being pivotable transversely with
      respect to the track, and a second pressing roller disposed adjacent the
      side of the track opposite that of the control roller and downstream of
      the first pressing roller, the second pressing roller being rotatably
      disposed on a fixed shaft, the control roller and the first and second
      pressing rollers cooperating to interrupt the passage of articles
      proceeding through the track and to rotate each article at least one about
      its axis at the testing station.
PAR  Because the device according to the invention comprises only two elements
      which can be swung into and out of the track, only one of these elements
      being actuated, the dead times in this sequence of motion are so short
      that the inspection speed can be very considerably increased in comparison
      with the devices hitherto used.
PAR  In accordance with a further aspect of the invention, it is possible to set
      up the device according to the invention in such a way that a track is
      superimposed upon the conveying apparatus of the production line. The
      advantage of this is that the vessels to be tested do not need to be
      removed from the conveying apparatus, nor do they need to be returned to
      it. By using a driveable through belt instead of a guide rail, the ratio
      of the translatory to the peripheral speeds can be so adjusted that, even
      when the translatory speed is high, the peripheral speed does not exceed a
      critical value. This enables the output rate of the device to be raised to
      hitherto impossible values, especially for vessels of small diameter, for
      example for ampoules. The use of an exit pressing roller with a fixed
      journal makes it possible effectively to prevent heavy or non-circular
      vessels from opening the three-point guide in the testing station and
      escaping therefrom.
PAR  In accordance with another aspect of the present invention, the guide is
      still further improved by the control roller being journalled upon a
      pivoting lever, which in its operating position extends transversely to
      the track.
PAR  The foregoing and other objects, features and advantages of the present
      invention will become more apparent in light of the following detailed
      description of a preferred embodiment thereof as illustrated in the
      accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of an article line conveying and turning
      apparatus according to the invention.
PAR  FIG. 2 is a block diagram of an electronic circuit for monitoring and
      regulating the movements and measurements.
PAR  FIG. 3 is a diagrammatical presentation of the output signals for the
      switching times of the blocks of the circuit of FIG. 2 and their relative
      relationships with respect to time.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The form of embodiment, shown in FIG. 1, of the new device comprises a
      front machine portion 10 and a rear machine portion 50, which are disposed
      over a conveyor 70, which may be a plate conveyor, of the conveying
      apparatus of a production line. The conveying direction of the plate
      conveyor 70 is indicated by the arrow 71 and in FIG. 1 runs from left to
      right. At the entry of the front machine portion 10, a feed roller 11 is
      mounted, extending with a portion of its periphery over the plate conveyor
      70. This feed roller is locked to a drive roller 12 of smaller diameter
      for rotation therewith. At the exit side of the front machine portion, a
      braking roller 14 is provided, which likewise projects with a portion of
      its periphery over the plate conveyor 70 and is locked to a drive roller
      15 for rotation therewith. A drive belt 17, driven by a motor 18, runs
      around the two drive rollers 12 and 15. The speed of this motor 18 is
      infinitely adjustable. The drive belt 17 is also passed around the guide
      rollers 20, 21, 22 and 23. Guide roller 20 is journalled upon a pivoting
      lever 24, which is prestressed or biased, by a spring 25, so that the
      drive belt 17 runs around said rollers without slip.
PAR  Additional conveying rollers 27 and 28 are also disposed on the same axes
      as the feed roller 11 and braking roller 14, respectively. Both these
      conveying rollers revolve independently of the feeding and braking
      rollers. These conveying rollers guide, between the entry and exit of the
      device, a conveyor belt 30, which also is guided around two guide rollers
      31 and 32 and driven by a motor 33. The guide rollers 31, 32 for this
      conveyor belt are journalled upon the same axes as the guide rollers 22,
      23 for the drive belt. All the rollers can revolve independently of one
      another. The rotational speed of the drive motor 33 for the conveyor belt
      can be set to two and preferably three stepped values. A tensioning roller
      35, journalled upon a pivoting lever 34, is also provided in order to
      prevent slip of the conveyor belt 30 on the drive motor 33.
PAR  Along the plate conveyor 70 and between the entry feed roller 11 and the
      exit braking roller 14, there are situated two pressing rollers 37 and 38.
      The entry side pressing roller 37 is journalled upon a pivoting lever 29.
      This pivoting lever makes an angle of less than 45.degree. with the plate
      conveyor 70 and is pressed by means of a spring element 40 against the
      conveyor belt 30. A rubber cylinder is preferably used for this spring
      element, the lower end of this cylinder being fixed to the platform, not
      shown, of the front machine portion 10 while its upper end is fixed to the
      pivoting lever 39. The exit side pressing roller 38 is journalled upon a
      fixed shaft 41. Both pressing roller 37 and 38 are free to revolve and
      their circumferences bear against the conveyor belt 30.
PAR  The rear machine portion 50 possesses two guide rollers 51 and 52, which
      extend over the plate conveyor 70 and are at equal distances from the
      oppositely situated conveyor belt 30. An entry and an exit guide roller 54
      and 55 are also provided. The exit guide roller is coupled to the motor
      18, provided for driving the drive belt 17, by means of a transmission
      connection indicted by the broken line 57. Said roller guide a through
      belt 59. In the region between the guide rollers 51 and 52, this through
      belt runs virtually parallel to the conveyor belt 30 and constitutes,
      together with the latter, the side boundaries of a track 60.
PAR  The rear machine portion 50 also possesses a control roller 62. This
      control roller is journalled, so as to freewheel, upon a pivoting lever
      63. The pivoting lever can be swung through an angle of about 30.degree.
      between a working position and a rest position, by means of a reversible
      compressed air cylinder 65 acting through a connecting rod 66. In the
      working position shown in full lines in the drawing, the pivoting lever is
      situated practically transversely to the track 60 and the control roller
      62 projects over the through belt 59 into the track. In the rest position,
      indicated by broken lines, the pivoting lever is oblique to the track and
      the control roller is swung out of the track and behind the through belt.
PAR  To describe, for example, the method of operation of the new device it
      should be assumed that the motor 18 for the drive belt 187 and the through
      belt 59 is driving these two belts at a speed of 40 meters per minute
      while the motor 33 is driving the conveyor belt 30 with a speed of 110
      meters per minute. The rotational direction of the conveyor belt and
      through belt corresponds, in the region of the track 60, to the conveying
      direction 71 of the plate conveyor. The distance between the front and
      rear machine portions 10 and 50 is so adjusted that the width of the track
      bounded laterally by the conveyor belt 30 and the through belt 59 is
      slightly smaller than the diameter of the vessels to be conveyed. Each
      vessel 75 which is brought on the plate conveyor 70 runs up against the
      through belt 59 or the feed roller 11, which constitute in practice a
      wedge-shaped, narrowing entry path for the track. The through belt and the
      feed roller cause even those vessels which are standing alongside each
      other on the plate conveyor to be fed in succession into the track. As
      described above, the through belt 59 and the drive belt 17 for the feed
      roller 11 run at the same speeds. Because the feed roller has a larger
      diameter than its associated drive roller 12, its peripheral speed is
      correspondingly greater. Consequently, the arriving vessels are driven
      more rapidly by the feed roller than by the through belt, with the
      consequence that the vessels are rolled along the through belt and the
      original translatory motion has an additional rotational motion
      superimposed upon it.
PAR  The vessels introduced successively into the track 60 are gripped on the
      one side by the conveyor belt 30. The conveyor belt always travels at a
      higher speed than the through belt and the feed roller. The vessels are
      therefore rolled on the through belt more rapidly by the conveyor belt
      than by the feed roller and are conveyed forwards. Because this conveying
      speed is greater than the feed speed, the vessels are singled out and
      spaced at intervals from one another in the region between the feed roller
      11 and the entry side pressing roller 37. By suitable selection of the
      ratio between the speeds of the two belts, a sufficiently large spacing is
      achieved between successive vessels for each vessel only to reach the
      testing station after the preceding vessel has already left that station.
PAR  When a vessel enter the turning device of the testing station comprising
      the two pressing rollers 37 and 38 and the control roller 62, the entry
      pressing roller 37 is briefly swung out of the through track, from its
      operating position illustrated in FIG. 1, against the force of the spring
      element 40. As soon as the entering vessel has come up against the
      fixed-journal exit side pressing roller 38 and the entry pressing roller
      37 has again sprung back into its operating position, the vessel is guided
      by the two pressing rollers and the control roller 62. Because the vessel,
      while in the turning device, does not roll on the through belt but on the
      freewheeling control roller, the entire circulating speed transmitted from
      the conveyor belt 30 to the periphery of the vessel is converted into a
      rotational motion, which is very much larger than the rolling speed on the
      through belt. Because the entry pressing roller 37 and the control roller
      62 are journalled upon pivoting levers which, in the operating position,
      are oriented practically radially towards the center point of the turning
      device, the result achieved is that the forces acting upon the rollers
      with very high rotational speeds of the vessel are accepted by the
      bearings of the pivoting levers but not by a spring element or a
      swivelling mechanism.
PAR  After at least one revolution of the vessel in the turning device, the
      control roller 62 is swung out of its operating position, as illlustrated
      in full lines in FIG. 1, into the rest position indicated by broken lines.
      The pressure exerted by the conveyor belt 30 upon the vessel then presses
      the vessel against the through belt 59. Because the circulating speed of
      the through belt is considerably slower than the peripheral speed of the
      vessel, the vessel rolls along the through belt, and is strongly
      accelerated in the direction of travel. This acceleration causes the
      vessel to roll out, against the elastic through belt, around the exit side
      pressing roller 38, thus leaving the turning device.
PAR  After the vessel 75 has left the turning device, it is again frictionally
      gripped between the conveyor belt 30 and through belt 59 and is rolled
      along the through belt, as has already been described in connection with
      its entry into the turning device. At the end of the track, the vessel is
      transferred from the conveyor belt 30 to the more slowly revolving braking
      roller 14. The peripheral speed of this roller, like that of the feed
      roller 11, is only slightly greater than the circulating speed of the
      through belt 59, so that the rotational speed of the vessel is retarded.
PAR  The track widens out in the region between the braking roller 14 and the
      guide roller 55 so that the vessels are released from two-sided guiding
      and are again taken over by the plate conveyor 70 of the production line.
PAR  The pivoting of the control roller 62, which is necessary for releasing a
      vessel from the turning device, is, as has already been described,
      effected by the reversible cylinder 65. A timing control circuit, not
      shown, is provided for the purpose of determining the instant of pivoting
      of the control roller as a function of the entry of a vessel into the
      turning device. This timing circuit contains an electrical switch which,
      when the entry side pressing roller 37 swings in, that is when a vessel
      enters the turning device, is actuated and activates an electronic delay
      circuit. After the elapse of a predetermined, adjustable interval of time,
      this delay circuit produces a control signal which activates an amplifier,
      which actuates a magnetic reversing valve for the compressed air cylinder
      65. Such timing control circuits are well known to persons skilled in the
      art and have been mentioned, for example, in the above-named Swiss Pat.
      No. 448,889, and a detailed description will, therefore, not be given of
      them here.
PAR  The trapezoid-shaped region 80 indicated in FIG. 1 is provided for the
      disposition thereto of a testing head. At the end of the through track (as
      viewed in the direction of travel), an ejector 94 is provided for
      rejecting faulty vessels. Suitable testing heads and ejectors are also
      known to persons skilled in the art and will not be described in more
      detail.
PAR  It is necessary, in order that the above described operational sequence
      shall be carried out satisfactorily, for the vessels 75 to be spaced
      sufficiently far apart in the device to enable them to remain during the
      predetermined, limited period of time in the testing station and for the
      ejector then to be activated when a vessel found to be faulty is conveyed
      through its field of action. In order to satisfy these requirements, an
      electronic control circuit is provided, the block diagram of which is
      indicated in FIG. 2. In addition, three contact switches are situated
      along the track to supply the input signals for this control circuit. The
      switch S1 is situated in the entry region of the device, between the guide
      roller 54 and the guide roller 51; the switch S2 cooperates with the
      pivoting lever 39 of the entry side pressing roller 37, while the switch
      S3 is situated in the exit region of the device, between the guide roller
      52 and guide roller 55.
PAR  The switches S1 and S3 each comprise a pivoting switching lever, with a
      roller fixed to its free end which, in the rest position, bears against
      the through belt 59. Each vessel 75 conveyed through the device presses
      upon the conveyor belt and through belt and thereby actuates the switches
      S1 and S3 as it passes them. The switch S2 also comprises a pivotal lever
      arm, the free end of which bears against the pivoting lever 39 of the
      entry pressing roller 37; when the pivoting lever arm is pivoted by an
      entering vessel, the switch is actuated.
PAR  Referring to FIG. 2, switch S1 is connected via an impulse emitter 80 with
      the one input of an entry monitoring device 81, the switch S2 is connected
      with the input of a resetting signal emitter 83 and with an input of a
      rotation time emitter 82, the switch S3 is connected through a device 84,
      which suppresses distortions of the switching signal which may be produced
      by contact chatter, to an input of an exit monitoring device 86 and an
      input of a signal store 85.
PAR  A line leads from the output of the entry monitoring device 81 to an input
      of a gate circuit 95. The output of the resetting signal emitter 83 is
      connected to a second input of the rotation time emitter 82 and an input
      of the testing head 87. From the output of the rotation time emitter,
      lines lead to a fixed time emitter 88, to a first control switch 89 and to
      an input of an adding circuit 90. The output of the first control switch
      89 is connected to a second input of the entry monitoring device 81 and to
      a magnetic valve on the reversible compressed air cylinder 65. The output
      of the fixed time emitter 88 leads to the second input of the adding
      circuit 90, the output of which is connected to a second input of the
      testing head 87, the input of a second control switch 91 and an input of a
      gate circuit 92. The output of the testing head 87 is connected to the
      second input of this gate circuit 92, from the output of which a line
      leads to an input of a signal intermediate store 93. The output of this
      signal intermediate store leads to the second input of the signal store
      85. The second control switch 91 is connected to the second input of the
      exit monitoring device 86 and to the other input of the signal
      intermediate store 93 and also to the magnetic valve of the reversible
      compressed air cylinder 65. The output of the signal store 85 leads to the
      magnetic valve of a pneumatic ejector 94. From the output of the exit
      monitoring device 86, a line leads to the second input of the gate circuit
      95, the output of which is connected to the main switch 96 of the device.
PAR  FIG. 3 indicates diagrammatically the output signals or switching times of
      the individual switches or component groups and control devices, and also
      the relative time displacements between them. For the purpose of
      describing the method of operation of the control circuit, let it be
      assumed that the plate conveyor 70 of the production line has a speed of
      0.43 meters per second and conducts approximately 240 vessels per minute
      to the device. The vessels are assumed to have a diameter of 66 mm. The
      through speed of the device must be sufficiently high to prevent the
      vessels stacking up before the entry into the device and before the
      testing station. A suitable through speed is for example 1.43 meters per
      second. This through speed is achieved with a circulating speed of the
      conveyor belt 30 of 2.5 meters per second and a circulating speed of the
      through belt 59 of 0.36 meters per second. As soon as the vessel has been
      engaged by the feed roller 11 and has been conveyed by the through belt 59
      into the track, this vessel swings over the roller of the switch S1 in a
      period of a few milliseconds and thereby produces a signal 101. The signal
      101 is converted in the impulse emitter 80 to a rectangular impulse 110
      and is transmitted to the entry monitoring device 81 and is stored there.
      The duration in time of the rectangular impulse 110 is longer than the
      duration of the signal 101 from the switch S1. In a practical form of
      embodiment of the device, the distance between the switch S1 and the entry
      side pressing roller 37 is about 12 cm, which corresponds for the through
      speed given above to a duration of about 85 milliseconds. When entering
      the testing station, the vessel presses the entry pressing roller back and
      thereby produces at the switch S2 a further signal 102. This further
      signal is transmitted to the resetting signal emitter 83 and to the first
      input of the rotation time emitter 82. The front face of the signal 102
      activates the resetting signal emitter 83, which, without any time delay,
      transmits a resetting impulse 103 to the testing head 87 and to the second
      input of the rotation time emitter 82. The back face of the same signal
      102 then activates the rotation time emitter 82, which produces a rotation
      time impulse 105 having an adjustable duration. The length of this impulse
      must be at least equal to the time required for one single revolution of
      the vessel in the testing station. From the speed given above for the
      conveyor belt 30, it is easy to calculate that a vessel having the stated
      diameter revolves once about its axis in 80 milliseconds. For the present
      example, it may be assumed that the vessel executes approximately 1.25
      revolutions in the testing station, so that the rotation time impulse 105
      is set to an impulse duration of 100 milliseconds. The rear face of the
      rotation time impulse 105 activates the first control switch 89, which
      produces a control impulse 106, which is transmitted to the magnetic valve
      of the reversible compressed air cylinder 65 and to the second input of
      the entry monitoring device 81. The control impulse 106 causes actuation
      of the compressed air cylinder, causing the control roller 62 to swing out
      of the operating position into the rest position indicated in broken lines
      in FIG. 1 and thus initiating the exit of the vessel from the testing
      station. The rear face of the rotation time impulse 105 activates also the
      fixed time emitter 88, which produces a fixed time impulse 107, the
      duration of which is somewhat smaller than the time required for the
      vessel to leave the testing station. The rotation time pulse 105 and the
      fixed time pulse 107 are added together in the adding circuit to give the
      testing time impulse 104. The testing time impulse 104 is transmitted to
      the second input of the testing head 87 and, via the gate circuit 92, to
      the signal intermediate store 93 and, during the duration of the impulse,
      activates the testing devices and the signal intermediate store. The rear
      face of the testing time impulse 104 activates the second control switch
      91, whihch produces a signal 108, which is transmitted to the exit
      monitoring device 86, to the signal intermediate store 93 and to the
      magnetic valve for the reversible compressed air cylinder 65. This signal
      108 causes the control roller 62 to be swung back into its operating
      condition, after the vessel has meanwhile left the testing station.
PAR  The vessel leaving the testing station is conveyed forwards at the same
      speed as at entry and reaches the switch S3 about 80 milliseconds after
      leaving the testing station, for the conditions stated above. The switch
      S3 now produces a signal 109, which is converted into an impulse 111 in a
      device 84 for preventing the further transmission of contact chatter. This
      impulse 111 is transmitted to the signal store 85 and the exit monitoring
      device 86.
PAR  If, during the testing time, one or more of the testing systems mounted in
      the testing head detects a fault in the vessel, then a fault signal 112 is
      passed through the gate circuit 92 to the signal intermediate store 93 and
      is stored there as a signal 113. At the end of the testing time, the
      impulse 108 emitted by the second control switch 91 causes the contents of
      the signal intermediate store 93 to be transmitted to the signal store 85
      and to be stored there as a signal 114. If, when the exit impulse 111
      reaches the signal store 85, a fault signal 114 is stored in that store,
      then a control impulse 115 is generated by the signal store 85 and is
      transmitted to the ejector device 94. The control impulse 115 possesses a
      time delay with respect to the front face of the impulse 111 corresponding
      to the signal from the switch S3, which delay corresponds to the time
      taken for the vessel to travel from the switch S3 to the vicinity of the
      ejector 94. The control impulse 115 excites a magnetic valve, which opens
      a compressed air line, so that the faulty vessel is blown by means of
      compressed air from the plate conveyor 70.
PAR  The entry and exit monitoring devices 81, 86 respectively are intended to
      prevent the incoming and outgoing vessels from being too close together.
      If the entry monitoring device 81 receives,, via the delay circuit 80, two
      successive signals from the switch S1, without a signal from the control
      switch 89 being received in between, this means that one vessel has
      entered the device before the testing station has opened for the discharge
      of the preceding vessel. In such a case, the entry monitoring device gives
      a signal impulse, via the gate circuit 95, to the main switch 96, which
      switches off the entire device and triggers an alarm signal. If two
      successive signals 108 are transmitted by the second control switch 91 to
      the exit monitoring device 86, without an impulse 111 corresponding to a
      signal from the switch S3 having been supplied between them, this means
      that a vessel has left the testing station before the preceding vessel has
      passed the switch S3, and left the device. In this case, the exit
      monitoring device 86 produces a switching impulse, which is transmitted,
      via the gate circuit 95, to the main switch 96, in order to switch off the
      device.
PAR  In the example given, about 0.25 seconds is required for the entire
      sequence and for the testing of a vessel, and the minimum interval between
      two successive vessels is about 0.1 seconds. It is therefore possible for
      more vessels per unit time to be conveyed by the line conveying device and
      tested in the testing station, then the plate conveyor of the production
      line supplies.
PAR  In the construction of the electronic control circuits, components and
      component groups are used which are known to any person skilled in the art
      and are for the major part standard commercial items. A detailed
      description of these components and groups, therefore, is not provided
      herein.
PAR  There has thus been described a preferred embodiment of an article line
      conveying and turning device in accordance with the present invention. It
      will be understood by those skilled in the art that various changes and
      omissions in the details thereof may be made therein without departing
      from the spirit and scope of my invention which is to be limited only as
      set forth in the following claims.
CLMS
STM  What I claim as novel and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Apparatus for conveying articles proceeding on a line conveying device
      to a testing station and for rotating the articles at the testing station,
      comprising:
PA1  a conveyor belt disposed laterally of the line conveying device;
PA1  means for driving said conveyor belt;
PA1  a through belt disposed laterally of the line conveying device and spaced
      from said conveyor belt and cooperating therewith to define a track for
      conveying the articles at spaced intervals from one another to the testing
      station;
PA1  means for driving said through belt;
PA1  a control roller disposed on one side of said track, said control roller
      being displaceable between an operating position in which a portion of its
      periphery extends over said through belt and into said track, and a rest
      position in which its periphery lies outside said track;
PA1  a first pressing roller disposed adjacent the side of said track opposite
      that of said control roller, said first pressing roller being pivotable
      transversely with respect to said track; and
PA1  a second pressing roller disposed adjacent the side of said track opposite
      that of said control roller and downstream of said first pressing roller,
      said second pressing roller being rotatably disposed on a fixed shaft,
      said control roller and said first and second pressing rollers cooperating
      to interrupt the passage of articles proceeding through said track and to
      rotate each article at least one about the axis of the article at the
      testing station.
NUM  2.
PAR  2. Apparatus for conveying and turning articles as defined in claim 1,
      wherein said means for driving said through belt are adjustable to vary
      the speed at which said through belt is driven.
NUM  3.
PAR  3. Apparatus for conveying and turning articles as defined in claim 1,
      wherein said control roller is displaceable along a path which is inclined
      to said track.
NUM  4.
PAR  4. Apparatus for conveying and turning articles as defined in claim 1,
      wherein said control roller is rotatably disposed on a pivoting arm
      whereby the point on the periphery of the control roller which is farthest
      from the pivot of said pivoting arm describes an arc of a circle during
      displacement of said control roller between the rest and operating
      positions.
NUM  5.
PAR  5. Apparatus for conveying and turning articles as defined in claim 1,
      wherein said first and second pressing rollers bear against the side of
      said conveyor belt opposite from said track whereby said conveyor belt
      partially surrounds and bears against an article which is being rotated
      about its axis.
NUM  6.
PAR  6. Apparatus for conveying and turning articles as defined in claim 1,
      wherein said first pressing roller is rotatably disposed on a pivotable
      arm, said arm being biased towards a rest position and pivotable out of
      the rest position by the entry of an article into the testing station.
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ABST
PAL  A method and machine for conveying rod-shaped fasteners from a container
      holding a supply of unaligned fasteners into alignment with each other and
      then to a fastener treating mechanism having a high working capacity in
      which the conveying and aligning means are operatively associated with
      each other so as to convey at all times an adequate supply of fasteners to
      the fastener treating mechanism which insures that the full working
      capacity of the latter will be utilized.
BSUM
PAR  The present invention relates to a method of conveying and aligning
      rod-shaped fasteners such as nails, screws or the like, in which the
      fasteners are conveyed one after the other by several conveying mechanisms
      so as to travel in the form of a continuous current along guide means.
PAR  Methods of this kind are always required when fasteners, for example,
      nails, screws or the like, which have been dumped loosely into a container
      are to be fed to a mechanism, for example, for driving nails into
      workpieces, for packing nails, or for connecting nails in a row so as to
      form nail strips.
PAR  It is an object of the present invention to provide a method of the kind as
      mentioned above which permits a considerably larger number of fasteners to
      be supplied for subsequent use than could be supplied by the methods as
      were previously known.
PAR  Another object of the invention is to provide a method in which the
      fasteners will be conveyed by all of the conveying means with a conveying
      capacity which is at least as high as the output which may be attained by
      a fastener utilizing mechanism at the end of the current of fasteners
      which is conveyed thereto, for example, by one of the fastener utilizing
      mechanisms as mentioned above. The method according to the invention
      therefore permits the highest possible output of the particular fastener
      utilizing mechanism to which the current of fasteners is supplied to be
      fully attained and this mechanism therefore to be utilized as fully and
      economically as possible.
PAR  A further object of the invention is to provide a method in which for
      preventing the fasteners from excessively accumulating or piling up
      against each other during their travel or from being unintentionally
      stopped at some point of their course of travel, while at other points
      their conveying means may run idle, the conveying output of one conveying
      mechanism of the machine is to be controlled in response to and dependent
      upon the conveying or working output of a following conveying or fastener
      utilizing mechanism.
PAR  A further object of the invention is to provide a method in which for
      preventing an excessive accumulation of fasteners at some point of their
      travel through the machine, the excessive fasteners will be removed from
      this point and be returned to a preceding point so that all of the
      conveying mechanisms may at all times operate at their full capacity and
      will be supplied at such a speed to the mechanism at the end of the
      conveying machine that this mechanism may operate at its full capacity to
      utilize the fasteners for a particular purpose.
PAR  It is a further object of the invention to provide a machine for conveying
      rod-shaped fasteners, for example, nails, screws or the like, in proper
      alignment, in a proper useful condition and at a considerably higher speed
      than was previously attainable in similar machines to a point or mechanism
      where these fasteners may be utilized for a particular purpose, for
      example, for connecting them to each other so as to form nail strips.
      While such mechanisms may often work so as to produce a very high output,
      the conveying machines which were known prior to this invention usually
      could not supply the fasteners to such a mechanism at the desired speed so
      as to utilize its full capacity. Thus, for example, while one of the known
      machines could deliver only about 300 properly assorted nails per minute
      in a row, the machine according to the invention is capable of delivering
      about 2000 nails, for example, to a nail-strip forming mechanism which is
      capable of connecting them at the same or lower speed to each other.
PAR  This object of the invention is attained in the manner as previously
      described with reference to the inventive method by employing a series of
      conveying, aligning and assorting mechanisms all of which are capable of
      carrying out their respective functions at a high speed by the provision
      of suitable control means which insure that each of these conveying
      mechanisms has a conveying output which is at least as high as the output
      of the fastener utilizing mechanism at the end of the machine. These
      control means are designed so as to insure that the conveying output of at
      least one conveying mechanism of the machine will be controlled by the
      conveying output of a subsequent conveying mechanism.
PAR  A further object of the invention as also previously indicated with
      reference to the inventive method is to provide a machine in which
      subsequent to a conveying mechanism which has an excessive conveying
      output, the excessive fasteners instead of causing a jamming of the
      further conveying movement will be returned to a position preceding this
      conveying mechanism.
DRWD
PAR  These and additional objects, features and advantages of the present
      invention will become further apparent from the following detailed
      description thereof which is to be read with reference to the accompanying
      drawings, in which;
PAR  FIGS. 1 and 2 respectively are a diagrammatic side view and a diagrammatic
      top view of a machine according to one embodiment of the invention;
PAR  FIG. 3 is an end view of the shaking container and the associated conveying
      trough which form the first elements of the machine which are located at
      the right side in FIGS. 1 and 2, but are seen from the left side of these
      elements in FIG. 1;
PAR  FIG. 4 is a top view of the elements as shown in FIG. 3;
PAR  FIG. 5 is an enlarged view of a part of FIG. 1 and shows the magnetic
      steep-angle conveyer at the left end of the mentioned conveying trough;
PAR  FIG. 6 is a view of the magnetic steep-angle conveyer as seen from the left
      side of FIG. 5;
PAR  FIG. 7 is a view of a broken-away part of the magnetic steep-angle
      conveyer, as seen in the direction of the arrow VII in FIG. 5, but without
      a conveyer belt so as to illustrate the arrangement of the magnet poles;
PAR  FIG. 8 is a detail view of the first upper guide roller for the conveyer
      belt of the steep-angle conveyer as shown in FIG. 1;
PAR  FIGS. 9, 10 and 11 are cross sections which are taken along the lines IX --
      IX, X -- X, and XI -- XI, respectively, in FIG. 7;
PAR  FIGS. 12 and 13 respectively are enlarged side and top views of the
      aligning troughs of the machine as shown in FIGS. 1 and 2, respectively;
PAR  FIG. 14 is an enlarged side view of the adjacent ends of two successive
      guide rails;
PAR  FIG. 15 is an end view of a nail brake, which is partly shown in cross
      section taken along the line XV - XV in FIG. 2;
PAR  FIG. 16 is a side view of the first nail brake, as seen in the direction of
      the arrow XVI in FIG. 15;
PAR  FIG. 17 is a diagrammatic side view of the collecting funnel of the second
      outlet of the sorting apparatus as shown in FIG. 1;
PAR  FIG. 18 is a view similar to FIG. 6 of a modification of the apparatus for
      dividing the single nail current into two branch currents; while
PAR  FIGS. 19 and 20 respectively show a top view and a side view of the
      apparatus as shown in FIG. 18.
DETD
PAR  Referring to the drawings, the machine according to the invention comprises
      the following main components: a shaking container mechanism A; a
      steep-angle conveyer B; an aligning mechanism C which divides the single
      nail current supplied by the steep-angle conveyer B into two branch
      currents which are aligned in longitudinal guide rails; a nail brake
      D.sub.1 for each of these branch currents; a sorting mechanism E; a nail
      brake D.sub.2 ; and a mechanism F in which the nails which are supplied in
      each row are connected to each other to form a nail strip.
PAR  For a better understanding of the invention, each of the main components of
      the machine as mentioned above will hereafter be separately described in
      detail:
PAC  The Shaking Container Mechanism A (or hopper)
PAR  As illustrated particularly in FIGS. 1, 3 and 4, this mechanism A comprises
      a frame 1 to which the four side walls of a container 2 are secured.
      Underneath these side walls, the container is provided with a separate
      inclined bottom 3 which is resiliently mounted by suitable means, not
      shown, and to which a vibrator 4 is secured. Side wall 5 toward which the
      container bottom 3 is downwardly inclined is provided with a relatively
      wide slot 7 above the bottom 3. The effective size of this slot 7 is
      adjustable by means of a slide member 6 which is mounted on the outer side
      of side wall 5 and may be shifted by the operation of a hand wheel 8.
PAR  As may be seen in the top view of the container as shown in FIG. 4, the
      container bottom 3 extends for a certain distance beyond the side wall 5
      so that underneath the projecting front end of the container bottom and
      independently of the frame 1 a conveying trough 14 may be provided. By
      resilient means, not shown, the conveying trough 14 is movably mounted on
      the inner side of a frame 15, and by means of a vibrator 16 this conveying
      trough may be vibrated so that the nails which are fed into it from the
      container 2 will be moved in the direction toward the steep-angle conveyer
      B.
PAR  Above the bottom of the conveying trough 14 the feeler heads 17 of several
      proximity switches are provided. These feeler heads 17 may be adjusted so
      as to be spaced at any desired distance from the bottom of the trough and
      they are designed in the usual manner so as to actuate the proximity
      switches when ferromagnetic parts such as nails move to points which are
      spaced at a certain distance from these heads. The proximity switches are
      connected into the supply circuit of the vibrator 4 so that when energized
      they will interrupt the current supply of this vibrator and thus stop the
      latter.
PAR  Before the operation of the shaking container mechanism A is started, the
      container 2 is filled with nails which are simply dumped into the same
      without regard of their positions relative to each other. The vibrators 4
      and 16 which are then started cause the nails to slide along the inclined
      container bottom 3 and through the outlet slot 7 and then over the
      projecting end of the container bottom into the conveying trough 14 from
      which, due to the vibrations of the latter by the vibrator 16, the nails
      will slide along this trough toward the left, as seen in FIG. 1, and form
      a layer of nails on the bottom of the trough 14. When this layer of nails
      has been built up to a certain height at which the nails are sufficiently
      close to the feeler heads 17, these feeler heads will respond and actuate
      the proximity switches which will then switch off the vibrator 4 so that a
      further supply of nails from the container 2 will be stopped until the
      thickness of the layer of nails on the bottom of trough 14 has decreased
      to such an extent that the feeler heads 17 will again switch the proximity
      switches to their normal position in which the vibrator 4 will again be
      started. The conveying trough 14 will thus be filled uniformly at all
      times. Due to the continuous shaking movement of this trough, the nails
      will during this forward travel be distributed over the entire width of
      the trough and thus form a uniform nail current. The feeler heads 17
      therefore form a control mechanism which regulates the output of nails
      from the container 2 and also the feeding capacity of the conveying trough
      14.
PAC  The Steep-Angle Conveyer B
PAR  As illustrated particularly in FIGS. 5 to 11, this conveyer B comprises a
      frame 21 to which the frame 22 for supporting a conveyer belt 23 is
      secured which has a width of approximately 300 mm. On this frame 22, a
      lower guide roller 24 and three upper guide rollers 25, 26 and 27 are
      rotatably mounted on which the conveyer belt 23 is supported. The strand
      of the conveyer belt 23 which extends from the lower guide roller 24 at a
      steep angle upwardly to the first upper guide roller 25 and from the
      latter substantially horizontally to the second upper guide roller 26
      forms the nail-conveying strand of the steep-angle conveyer B.
PAR  The nails which are fed by the conveying trough 14 to the lower end of the
      conveying strand of the conveyer belt 23 will be attached to this strand
      so as to be carried upwardly by the latter by providing underneath the
      conveying strand of belt 23, which consists of a nonmagnetizable material,
      a series of magnet poles which are arranged as illustrated particularly in
      FIGS. 7, 9, 10 and 11.
PAR  Within the lower part of the conveying strand, the magnet poles consist of
      three iron rails 28 which extend parallel to the longitudinal axis of this
      strand and are laterally spaced from each other. The gaps between the
      inner and outer iron rails 28 and the frame 22 are filled out by four
      aluminum rails 29. The adjacent iron rails 28 are connected to each other
      by shell-shaped permanent magnets 31. The iron rails 28 together with the
      aluminum rails 29 thus form a system of magnet poles of a uniform magnetic
      strength which hereafter will be simply called a magnetic rail. This
      magnetic rail for the lowest part of the conveying strand of belt 23 only
      extends upwardly beyond the end of the conveying trough 14 to a level
      which is spaced at a distance of about 150 mm from this end. Above the
      upper end of the lower magnetic rail and at a distance of about 450 mm
      therefrom which forms a gap 32, an upper magnetic rail is mounted which is
      of the same construction as the lower magnetic rail and has a length of
      about 2000 mm and extends from the upper end of the gap 32 up to the upper
      guide roller 25.
PAR  Within this gap 32 an adjustable electromagnet 33 is mounted which is
      adapted to produce a magnetic field of a variable field intensity for
      regulating the thickness of the layer of nails which are to be further
      conveyed. The laminated core 34 of this magnet forms poles which, as shown
      in FIGS. 7 and 10, are open toward the conveying strand of belt 23. With
      the exception of the polar surfaces, the core 34 and the windings 35 are
      embedded in a casting resin 36 within a container 37 which is open toward
      the conveying strand and secured to the frame 22. The magnetic central
      part of the magnetic rail and of the electromagnet 33 has a width of about
      150 mm.
PAR  For holding the layer of nails of the thickness as controlled by the
      electromagnet 33 also locked to the conveying strand of belt 23 within an
      area around the upper guide roller 25, the latter consists of a plurality
      of disks 39 and 41 of alternately different materials, as shown in FIG. 8,
      which extend vertically to the axis 38 of the guide roller. Disks 39 which
      are spaced from each other and from the frame 22 by the spacing disks 41
      are magnetized and thus form magnet poles, while the spacing disks 41
      consist of a nonmagnetizable material, for example, of aluminum.
PAR  Underneath the horizontal section of the conveying strand of belt 23
      between the upper guide rollers 25 and 26 a demagnetizing magnet 42 is
      mounted.
PAR  For driving the conveyer belt 23, a motor 45 is provided which drives the
      second upper guide roller 26 by means of a reduction gear 46 and a chain
      46'.
PAR  During the operation of the machine, the conveyer belt 23 travels in the
      direction of the arrow 47, as shown in FIG. 1. The nails which are
      supplied by the conveying trough 14 and lie substantially horizontally on
      the bottom of the latter are attached by the lower magnetic rail 28, 29
      toward and upon the conveyer belt 23. By thus being magnetized, the nails
      will then form a nail layer on the conveyer belt which is conveyed
      upwardly by the conveying strand of the belt. When the nails on belt 23
      pass over the area in which the electromagnet 33 is mounted, a layer of
      nails will remain on the belt which has a thickness depending upon the
      intensity to which the magnetic field of this magnet has been adjusted,
      while the additional nails will drop off and fall back into the conveying
      trough 14. By adjusting the field intensity of magnet 33 it is therefore
      possible to control exactly the quantity of nails which will be taken
      along by the conveyer belt 23. When the nails reach the horizontal section
      of the conveying strand of belt 23 between the two guide rollers 25 and
      26, they will be demagnetized by the demagnetizing magnet 42 so that after
      passing over the guide roller 26 the nails will drop off the conveyer belt
      23 and into the aligning mechanism C.
PAC  The Aligning Mechanism C
PAR  This aligning mechanism C which is illustrated particularly in FIGS. 6 and
      12 to 14 comprises a troughshaped distributor 65 which is mounted in front
      of and below the guide roller 26 of the conveyer B. The bottom of this
      distributor 65 is shaped like a roof and forms two gliding surfaces 65a
      and 65b which are downwardly inclined toward the right and left from the
      center of the plane of travel of the conveyer belt 23. Each of these
      gliding surfaces 65a and 65b terminates into a conveying trough 66 which
      is downwardly inclined from the distributor 65 and extends within a plane
      at a right angle to the plane of travel of the conveyer belt 23. The lower
      end of each of these conveying troughs 66 terminates into the upper end of
      an aligning trough 51 which extends parallel to the plane of travel of the
      conveyer belt 23 and is downwardly inclined from its upper end.
PAR  As shown particularly in FIG. 6, the distributor 65 is rigidly mounted on
      the frame 21 which also carries the conveyer B, while the conveying trough
      66 and the upper ends of the aligning troughs 51 are resiliently mounted
      on frame 21 by means of cushion elements 67 and 57, respectively. Each
      conveying trough 66 carries a vibrator 68 and is vibrated thereby for
      properly conveying the nails to the aligning troughs 51. The lower end of
      each aligning trough 51 is likewise resiliently mounted by cushion
      elements 58 on a frame 71 which also supports the associated sorting
      mechanism E. Each of the two aligning troughs 51 comprises a frame 52 the
      upper part of which carries two parallel guide rails 53 which are spaced
      from each other by a guide slot 54 which has a width substantially equal
      to the diameter of the nail shanks. Each pair of rails 53 further carries
      guide plates 55 which extend parallel to these rails and are inclined
      toward the guide slot 54 and together form a trough which tapers
      downwardly to the guide slot 54.
PAR  Each of the two frames 52 of the two aligning troughs 51 carries a pair of
      vibrators 59 which set the respective aligning trough into vibrations
      which extend in a direction differing at an angle of 30.degree. from the
      longitudinal direction of the rails 53 so as to attain the highest
      possible conveying speed of the nails.
PAR  In order to be able to continue the guide slot 54 of the vibrating aligning
      troughs 51 by a guide slot 73 in a guide rail 72, which is rigidly secured
      to the frame 71, without reducing the ability of the guide rails 53 to
      oscillate, the associated guide rails 72 and 53 are completely separated
      from each other as illustrated particularly in FIG. 14. Each guide rail 53
      is provided with an extension 61 which projects beyond the actual end of
      the rail and over the upper side of the adjacent end of the associated
      stationary rail 72 from which it is spaced at a distance 62. This has not
      only the advantage that the vibrating rails 53 are mechanically separated
      from the stationary rails 72, but also that a step is formed between the
      adjacent guide slots 53 and 73 whereby the adjacent nails 89 will be
      temporarily separated from each other and the head of one nail will drop
      over and overlap the head of the nail which preceded it in the course of
      travel.
PAR  Guide plates 55 begin at the upper ends of guide rails 53 which face the
      steep-angle conveyer B, and these first parts of guide plates 55 are made
      higher and thus of a greater width so as to form a wide collecting funnel,
      while the subsequent parts of these guide plates may be of a smaller
      width. Guide plates 55 terminate at their lower ends at a certain distance
      from the upper ends of guide rails 53 so that any excessive nails which
      have been supplied by the steep-angle conveyer B into the aligning troughs
      51 and did not find any room in the guide slots 54 may drop off the
      vibrating guide rails 53.
PAR  In order to catch these excessive nails which drop off the lower ends of
      each pair of guide rails 53, a collecting funnel 63 is provided underneath
      these ends which, as shown in FIGS. 1 and 2, is connected by a pipe line
      11 and a returning trough 12 to a conveyer belt 64 which then returns
      these nails to the container 2.
PAR  The rails 53 are preferably adjustably connected to the frame 52 so as to
      permit the distance between them and thus the width of guide slot 54 to be
      adjusted in accordance with different diameters of the shanks of nails
      which were filled at different times into the container 2.
PAR  During the operation of the machine, the aligning troughs 51 are vibrated
      by the vibrators 59. The nails dropping from the steep-angle conveyer B
      into the aligning troughs 51 then slide along the guide plates 55, and
      their shanks then slide into the guide slots 54, while their heads are
      suspended on the guide rails 53. Due to the inclination of the aligning
      troughs and due to the vibration of the latter, the nails will then slide
      along these troughs within the guide slots 54 until they pass to the
      following guide slots 73. In order to utilize the aligning troughs 51 as
      fully as possible, the conveying capacity of the steep-angle conveyer B is
      adjusted so as to be slightly larger than the receiving capacity of the
      aligning troughs 51. This has the consequence that more nails might be
      supplied to the aligning troughs than can find room in the guide slots 54.
      The excessive nails will then slide downwardly along the aligning troughs
      between the guide plates 55 until at the end of the guide plates 55 they
      will drop off the guide rails 53 and fall into the collecting funnel 63
      and then pass to the conveyer belt 64 which return them to the container
      2.
PAC  The Nail Brakes D.sub.1 and D.sub.2
PAR  The nail brakes D.sub.1 and D.sub.2 may be employed in connection with a
      guide slot for nails formed between guide rails whenever provisions are
      made in the preceding apparatus to insure that no interferences will occur
      in the operation of the machine which may be due to an excessive supply of
      nails. This is attained, for example, in the aligning unit C in which any
      excessive nails will be returned through the collecting funnel 63 and the
      return lines 11 and 12 and by the conveyer belt 64 to the container 2. It
      is the purpose of the nail brake D to avoid interferences in the operation
      of the machine which might be caused by a subsequent sensitive mechanism
      when the pressure which might be caused by nails which are dammed up
      against each other in the guide rail exceeds a certain value.
PAR  In the present case, it is the object of the nail brakes D.sub.1 and
      D.sub.2 to prevent the occurrence of interferences in the operation of the
      following mechanisms, that is, in the sorting mechanism E or in the
      mechanism F, which may be caused by an excessive accumulation of nails at
      points preceding these mechanisms.
PAR  The nail brakes have the advantage that, if the speed of rotation of the
      brake wheel 86 as subsequently described is properly adjusted, a small
      braking force will be exerted upon the gliding speed of the individual
      nails, whereby two successive nails will at first be separated from each
      other and the head of the second nail will then overlap and engage upon
      the head of the preceding first nail. This is important especially as
      regards the nail brake D.sub.2 since the proper operation of the mechanism
      F requires the proper overlapping of the heads of the successive nails.
PAR  FIGS. 15 and 16 illustrate the nail brake D.sub.1 in detail. Frame 71
      carries an arm 75 which is adjustable to different heights and the upper
      end of which carries an electric motor 83 the speed of which is variable.
      The axis of the shaft 84 of this motor 83 extends transverse to the
      direction of the rails 72 and within a plane parallel to and above the
      plane of these rails. Over the outer end of this shaft 84 a shaft 85 is
      plugged which may be secured in different axial positions to the motor
      shaft 84 by means of a screw 80. The free end of this shaft 85 carries a
      brake wheel 86 which forms a rotary brush which is composed of perlon
      bristles. Since the arm 75 is adjustable to different heights and the
      shaft 85 may be adjusted in its axial direction the brake wheel 86 may be
      adjusted so as to be located directly above the guide slot 73 and at such
      a distance from the guide rails 72 that the heads 88 of the nails 89, the
      shanks of which are located in the guide slot 73, will be clamped between
      the brake wheel 86 and the rails 72.
PAR  Between the brake wheel 86 and the subsequent mechanism and at the distance
      from the latter which determines the highest permissible accumulation of
      nails, a light barrier 91, as indicated in FIG. 1, is provided the light
      beam of which is adapted to pass through the guide slot 73 and which is
      interrupted when the nails are piled up against each other from the
      following sorting mechanism E back to and beyond the light barrier 91.
      This light barrier is electrically connected to the brake motor 83 so as
      to switch off this motor when the light barrier indicates that the nails
      are piled up against each other.
PAR  During the operation of the machine, the motor 83 rotates in such a
      direction that the part of the peripheral surface of the brake wheel 86
      facing the rails 72 moves in the direction in which the nails 89 are being
      conveyed. In the normal operation, the nails underneath the brake wheel 86
      will then be pushed forwardly due to the rotation of this wheel. The
      peripheral speed of brake wheel 86 is preferably adjusted so as to be in
      accordance with the normal gliding speed of the nails. However, as soon as
      the light barrier 91 indicates that the nails are piled up in the guide
      slot 73 in front of the next following mechanism, the motor 83 will be
      switched off so that the brake wheel 86 will be stopped. This has the
      result that the following nails will be arrested by the brake wheel 86 so
      that the accumulation of nails which has been formed in front of the next
      mechanism will not be increased. If the guide slot of the respective
      aligning trough 51 is filled up at the nail brake D.sub.1, the further
      nails supplied by the steep-angle conveyer B will without causing any
      interference be returned to the shaking container 2 through the collecting
      funnel 63 and the return lines 11 and 12 and by the conveyer belt 64. The
      nail brake D.sub.2 is designed similar to the nail brake D.sub.1 and its
      operation is controlled by a light barrier 149.
PAC  The Sorting Mechanism E
PAR  The sorting mechanism E as illustrated only diagrammatically in FIGS. 1 and
      2 and further details of which are disclosed in the French patent No.
      2,051,062 and in U.S. Pat. No. 3,709,328 is mounted on the frame 71 and
      its inlet is formed by the guide slot 73 which is defined by the guide
      rails 72. As shown in FIGS. 1 and 2 and more clearly in FIG. 17, this
      mechanism E has two outlets, that is, a first outlet which is formed by
      the guide slot 173 between a pair of guide rails 172 and a second outlet
      which is formed by a funnel 140 which terminates into a discharge pipe 142
      through which nails which are crooked or useless for other reasons will be
      passed to a container not shown.
PAR  In order to permit the sorting mechanism E also to be employed as a nail
      returning device in the event that an excessive number of nails piles up
      in the guide slot 173 forming the first outlet, the funnel 140 forming the
      second outlet is connected by a return pipe 113 to the returning trough 12
      as previously mentioned from which the excessive nails are then dropped
      upon the conveyer belt 64 which returns them into the container 2. The
      funnel 140 is connected to the discharge pipe 142 and to the return pipe
      113 by a connecting element 144 in which a flap 146 is provided which by
      means of a pneumatic jack 147 may be pivoted about an axis 145 to an
      ejecting position, as indicated in dotted lines in FIG. 17, and to a
      returning position, as indicated in dot-and-dash lines. In the first of
      these positions, flap 146 closes the passage to the return pipe 113 and
      opens the passage to the discharge pipe 142, while in its other position
      flap 146 closes the passage to the discharge pipe and opens the passage to
      the return pipe. For controlling the operation of the pneumatic jack 147
      and for at the same time controlling a switch mechanism, not shown, for
      altering the functions of the sorting mechanism E, a light barrier 148 is
      provided the light beam of which is adapted to pass through the guide slot
      173.
PAR  If this light barrier 148 is not interrupted by a nail within the guide
      slot 173, flap 146 will be in its ejecting position in which a useless
      nail, for example, a crooked nail, which has been sorted out by the
      sorting mechanism will be discharged through pipe 142. If, however, the
      nails 89 pile up in the area between the brake wheel D.sub.2 and back
      beyond the light barrier 148, the pneumatic jack 147 will pivot the flap
      146 to its returning position and at the same time and as long as the
      light trap 148 indicates that the nails are still piled up, the sorting
      mechanism will be actuated so as to eject all newly arriving nails into
      the funnel 140 from which they are then returned by the returning trough
      12 and the conveyer belt 64 to the container 2. Thus, if an excessive
      accumulation of nails 89 occurs in front of the brake wheel D.sub.2 due to
      clogging at the nail connecting mechanism F, this cannot possibly cause
      the sorting mechanism E to be clogged. As soon as the nail current again
      starts to flow and an accumulation of nails ceases at the light barrier
      148 the latter will therefore no longer be continuously interrupted, flap
      146 will be pivoted to its ejecting position so that the sorting mechanism
      E will again function normally.
PAR  The sorting mechanism E therefore forms a switch which is adapted to be
      shifted by the light barrier 148 from a guiding position in which the
      nails are further conveyed through the first outlet of the sorting
      mechanism to a returning position in which the nails will be returned by
      the return line 113 and 12 and the conveyer belt 64 to the container 2.
PAR  The second light barrier 149 similarly controls the operation of the brake
      wheel D.sub.2 so that whenever nails are piled up in front of the
      mechanism F up to the light barrier 149, the brake wheel D.sub.2 will slow
      down the further supply of nails.
PAC  Summary
PAR  During the operation of the machine, its main components as described above
      in detail are operatively associated with each other as follows: At first,
      a uniform layer of substantially horizontally disposed nails the thickness
      of which may be adjusted by the slide member 6 and the feeler heads 17
      will be supplied from the shaking container mechanism A to the lower end
      of the conveying strand of the conveyer belt 23 of the steep-angle
      conveyer B. The nails lying substantially horizontally on the conveying
      strand and transverse to its direction of travel then move over the
      electromagnet 33, which regulates their quantity and eliminates an
      excessive amount from the conveyer belt, and they are then fed to the
      aligning mechanism C. The quantity of nails which is supplied from the
      shaking container mechanism A to the steep-angle conveyer B is therefore
      adjusted so as to larger than the quantity which this conveyer should
      actually convey. While the conveying strand of belt 23 passes this large
      quantity of nails over the electromagnet 33, the excessive number of nails
      will drop off and fall back into the conveying trough 14 which is
      prevented from being overloaded by the action of the feeler heads 14 of
      the proximity switches. The steep-angle conveyer B is thus controlled so
      that its conveying capacity will at all times be fully utilized.
PAR  The quantity of nails carried by the conveyer B is thus also controlled so
      that a larger number of nails will be delivered to the aligning mechanism
      C than can be aligned in the guide slots 54. This insures that the
      aligning mechanism will also be fully utilized at all times. The excessive
      nails which could not enter the guide slots 54 will then be returned by
      the collecting funnel 63, the return line 11 and 12 and the conveyer belt
      64 to the shaking container 2.
PAR  The sorting mechanism E which is of a known construction is designed so as
      normally to be able to grade all of the nails which are supplied to it
      through the guide slot 73 and to sort out those which are useless. In the
      event, however, that before entering the sorting mechanism E the nails
      accumulate in guide slot 73 to such an extent that their pressure might
      impair the operation of the sorting mechanism, the nail brake D.sub.1 will
      stop a further supply of nails. Thus, when guide slot 54 of the aligning
      mechanism C is filled with nails, the further nails which are supplied by
      the steep-angle conveyer B will pass into the collecting funnel 63 and be
      returned by the return line 11, 12 and the conveyer belt 64 to the shaking
      container 2.
PAR  If the nails pile up in front of the nail brake D.sub.2 back to the light
      barrier 148, the latter will be interrupted and actuate the pneumatic jack
      147 so as to pivot the flap 146 so that all nails which are further
      supplied to the sorting mechanism E will pass through the second outlet of
      the latter and be returned through the return line 113 and 12 and by the
      conveyer belt 64 to the shaking container 2. In both of the last-mentioned
      cases it is possible to eliminate the cause of an excessive accumulation
      of nails without requiring the operation of the machine to be interrupted
      and without any danger that an actual congestion of nails and stopping of
      their travel may occur anywhere. If the nails accumulate in front of the
      mechanism F back to the light barrier 149, brake wheel D.sub.2 will hold
      back the nails which further arrive until the flow of nails is again
      normal.
PAR  FIGS. 18 to 20 illustrate a modification of the means for dividing the nail
      current coming from the end of the horizontal section of the conveying
      strand of the steep-angle conveyer B into two branch currents which then
      continue to flow along the two aligning troughs 51. This current divider
      comprises a distributor 165 which is located underneath the guide roller
      26 of the conveyer B and again comprises two gliding surfaces 165a and
      165b which are inclined to each other like a roof. At the ridge of this
      roof, the two gliding surfaces merge into a vertical upwardly projecting
      partition 169 the upper edge of which forms the crest line of the two roof
      shaped gliding surfaces which extends in the direction of the central
      longitudinal plane of the conveyer belt 23 and thus parallel to the plane
      of travel of this belt. Thus, as seen from the central plane of travel of
      the conveyer belt 23, the two gliding surfaces 165a and 165b form guide
      surfaces for the nails which are downwardly inclined toward the right and
      left from the vertically projecting partition 169. The ends of the gliding
      surfaces 165a and 165b opposite to those facing the guide roller 26 are
      connected to a deflecting plate 170 which projects above these surfaces
      and is adapted to deflect any nails which might be thrown against it by
      the conveyer belt 23 toward the gliding surfaces 165a and 165b and also to
      split up any lumps of nails by their impact against this plate. The lower
      edges of the gliding surfaces 165a and 165b are disposed above the upper
      ends of the conveying troughs 166 which are downwardly inclined from the
      distributor 165 and extend substantially within a plane at a right angle
      to the plane of travel of the conveyer belt 23. Each of these conveying
      troughs 166 terminates from above into the upper end of one of the two
      aligning troughs 51.
PAR  Each of the two conveying troughs 166 has a U-shaped cross section and its
      bottom forms a plane gliding surface the end of which facing the
      distributor 165 as well as the outer edges of the two gliding surfaces
      165a and 165b extend parallel to the plane of travel of the conveyer belt
      23, while the edges of the other ends 166a of the bottoms of the two
      conveying troughs 166 facing the aligning troughs 51 are inclined and
      intersect the central vertical longitudinal planes of these aligning
      troughs at an acute angle, as shown in FIG. 19. The point of intersection
      between the edge of each of these ends 166a with the central vertical
      longitudinal plane of the associated aligning trough 51 is located at the
      center of the length of this edge. Each of these two conveying troughs 166
      is resiliently mounted on four cushion elements 192 on the base plate 193
      of a supporting frame 194 which is secured to a shaft 195. This shaft 195
      is rotatably mounted on the frame 21 and carries on one end an arm 196 the
      other end of which is pivotably connected to the piston rod 197 of a
      pneumatic cylinder unit or jack 198 which, in turn, is pivotably mounted
      on the frame 21 and adapted to be controlled by a solenoid valve 199. The
      stroke of the piston rod 197 in each direction has such a length that,
      when the piston rod is in one end position as illustrated in FIG. 18 in
      full lines, the gliding surface which is formed by the bottom of the
      conveying trough 166 is downwardly inclined from the distributor 165
      toward the aligning trough 51, while in the other end position as
      indicated in dotted lines in FIG. 18, the gliding surface of the
      respective conveying trough 166 is inclined in the opposite direction. In
      the space between the base plane 193 of each supporting frame 194 and the
      bottom of the associated conveying trough 166 a vibrator 168 is secured to
      the lower side of each conveying trough. Each of the two conveying troughs
      166 together with the supporting frame 194 carrying the same thus forms a
      rocker which is pivotable back and forth from a conveying position, in
      which it guides the nails from the distributor 165 to the aligning troughs
      51, to a nail returning position.
PAR  Underneath the edges of the two ends of the gliding surfaces of the
      conveying troughs 166 facing the distributor 165, a collecting funnel 200
      is mounted which for returning the nails falling into this funnel 200 is
      connected to the container 2 by a pipe 201, the returning trough 12 and
      the conveyer belt 64.
PAR  This apparatus permits the sorting mechanism E to be employed solely for
      sorting out useless nails and not also for limiting the quantity of nails.
      The light barrier 91 which indicates an excessive accumulation of nails 89
      in the guide slot 73 which continues the guide slot 54 between each pair
      of rails 53 does for this purpose not control the operation of a brake
      wheel D.sub.1 as previously described, but it is connected to the solenoid
      valve 199 for controlling its operation in such a manner that, whenever
      the nails have accumulated back to the light barrier 91, the rocker which
      is formed by each conveying trough 166 will be pivoted from its conveying
      position to its returning position in which the nails coming from the
      distributor 165 will be returned through the conveying trough into the
      collecting funnel 200 and from the latter back to the container 2. Brake
      wheel D.sub.1 may in this case be omitted or be mounted at another
      suitable position.
PAR  The light barrier 148 is therefore in this case only provided for switching
      off the sorting mechanism E so that if a row of nails has accumulated back
      to the light barrier 148, the sorting mechanism E will be switched off so
      that the nails will accumulate from a point in front of it back to the
      light barrier 91 and will thereby cause the rockerlike conveyer trough 166
      to be pivoted back to its returning position.
PAR  During the operation of the machine, the nails coming from the conveyer
      belt 23 of the steep-angle conveyer B will be thrown against the
      deflecting plate 170 and then fall upon the gliding surfaces 165a and 165b
      of the distributor from which they fall into the conveying troughs 166
      which normally are in their conveying position and are shaken by the
      vibrators 168. The nails will then slide along the gliding surfaces which
      are formed by the bottoms of these conveying troughs 166 and fall into the
      aligning troughs 51. Due to the inclined intersection of the delivery
      edges 166a of the gliding surfaces of the conveying troughs 166 with the
      central vertical plane of the guide slots 54 of the aligning troughs 51,
      the nails dropping into the aligning troughs will be uniformly distributed
      over the cross-sectional area of these troughs so that an accumulation of
      nails into lumps or clusters will be prevented. The shanks of the nails 89
      will then slide in the aligning troughs 51 into the guide slots 54, while
      their heads will be suspended on the guide rails 53. As soon as a
      sufficient quantity of nails has accumulated in each guide slot 73, this
      will be indicated by the light barrier 91 which will then switch over the
      associated solenoid valve 199 so that the rockerlike conveying trough 166
      will be pivoted from its conveying position to its returning position so
      that all further nails coming from the conveyer belt 23 of the steep-angle
      conveyer B will be returned through the collecting funnel 200, the pipe
      201, the returning trough 11 and by the conveyer belt 64 into the
      container 2.
PAR  Each of the two rockerlike conveying troughs 166 thus forms a switch which
      is movable from a conveying position to a returning position and vice
      versa. In the conveying position, each conveying trough 166 connects the
      preceding guide means, that is, the distributor 165 to the guide means
      which are disposed immediately subsequent thereto and consist of the
      aligning trough 51. In the returning position of the conveying trough 166,
      however, the conveying movement in this direction will be interrupted.
PAR  In place of the light barrier 91, it is also possible to provide any other
      suitable indicating device which is adapted to indicate an accumulation of
      fasteners in the guide means at a position subsequent to the rockerlike
      switch.
PAR  Instead of pivotably mounting the conveying trough 166, it is also possible
      according to another embodiment of the invention which is not particularly
      illustrated to design another part of the nail guiding means to be
      movable, for example, so as to be slidable toward and away from the
      subsequent guide means. This movable guide part may, for example, also
      consist of a part of the rails between which the guide slot is provided.
PAR  The apparatus as illustrated in FIGS. 18 to 20 has the advantage over that
      according to the first embodiment of the invention that it provides a very
      simple returning mechanism in the form of a movable switch which may be
      shifted whenever required from its nail conveying to its nail returning
      position. As indicated in the preceding paragraph, such a switch may also
      be provided at any other suitable position in the course of the guide
      means since it only requires a part of these guide means to be movable
      relative to the others. The inventive principle of such movable switch
      means for returning the fasteners may therefore be applied in the form of
      a very simple structure at any desired point of the entire conveyer.
PAR  By providing the conveying troughs 166 according to FIGS. 18 to 20 in the
      form of pivotable rockers, there are no difficulties in mounting them so
      that their opposite ends will be in the proper positions relative to the
      distributor 165 and to the aligning troughs 51. It is only necessary to
      mount each of these troughs 166 so that in both positions to which it is
      pivotable its one end will be located underneath the distributor 165 and
      its other end above the aligning trough 51. Insofar as the functions of
      the rockerlike conveying troughs 166 are concerned, they may also be
      employed in association with nail collecting troughs different from the
      aligning troughs 51.
PAR  If in the machine according to FIGS. 1 to 17 the dividing mechanism as
      shown in FIG. 6 for dividing the nail current coming from the steep-angle
      conveyer B into two branch currents is replaced by the mechanism as shown
      in FIGS. 18 to 20, the machine will operate as follows: As soon as the
      nails have accumulated in front of the mechanism F back to the light
      barrier 149, the motor of the brake wheel D.sub.2 will be switched off so
      that no further nails will be supplied to the light barrier 149 until the
      accumulated nails have sufficiently advanced so that the light barrier
      will again be free. If the nails accumulate from the brake wheel D.sub.2
      back to the light barrier 148 an interrupt the latter, it will switch off
      the sorting mechanism E, while the rockerlike troughs 166 will remain in
      their conveying position in order to insure that a sufficient quantity of
      nails will always be available in front of the sorting mechanism E. If the
      nails accumulate in front of the sorting mechanism E back to the light
      barrier 91, the rockerlike conveying trough 166 will be pivoted to its
      returning position and remain in this position until the light barrier 91
      is again free of nails. The working capacity of the mechanism F will thus
      always be fully utilized and there is no danger that the operation of the
      mechanism F might be even temporarily interrupted because of an excessive
      accumulation of nails in the preceding part of the conveyer or because of
      an idling of any of the preceding conveying means.
PAR  Although my invention has been illustrated and described with reference to
      the preferred embodiments thereof, I wish to have it understood that it is
      in no way limited to the details of such embodiments but is capable of
      numerous modifications within the scope of the appended claims.
CLMS
STM  Having thus fully disclosed my invention, what I claim is:
NUM  1.
PAR  1. A machine for conveying rod-shaped fasteners from a supply of unaligned
      fasteners into alignment in at least one row behind each other and to at
      least one fastener treating mechanism having a certain working output,
      comprising, in combination, (a) means for guiding said fasteners from said
      supply to said fastener treating mechanism; (b) a plurality of successive
      fastener conveying means operatively associated with said guide means and
      each having a conveying output at least equal to said working output of
      said fastener treating mechanism, one of said conveying means comprising a
      conveyor belt of a non-magnetizable material movable within a vertical
      plane, said belt having a conveying strand movable upwardly and further
      having a conveying side and a rear side, and lower and upper uniformly
      magnetized magnet poles mounted in fixed positions at said rear side and
      separated by a gap from each other, another one of said conveying means
      having an outlet for delivering fasteners to a lower part of the conveying
      side of said belt underneath said gap, first means for controlling the
      quantity of said fasteners adhering to and conveyed upwardly by said
      conveying strand, said first control means comprising an electromagnet
      mounted in said gap, and means for varying the field intensity of said
      electromagnet and for thus determining the thickness of the layer of
      fasteners conveyed by said conveying strand upwardly beyond said
      electromagnet; (c) means for indicating on said guide means at the inlet
      side of a further one of said conveying means the accumulation of a
      certain quantity of fasteners coming from a preceding one of said
      conveying means in excess of the actual conveying output of said further
      conveying means; (d) second means responsive to said indicating means for
      controlling the operation of said preceding conveying means; and (e)
      return means actuated by said second control means for returning at least
      some of said accumulated fasteners to a position of said guide means at
      the rear of said preceding conveying means.
NUM  2.
PAR  2. A machine as defined in claim 1, in which the upper end of said
      conveying strand passes over a first guide roller deflecting said strand
      in a substantially horizontal direction to a second guide roller, said
      first guide roller comprising a plurality of magnetized discs and
      non-magnetizable discs spacing the adjacent magnetized discs from each
      other, and a demagnetizing magnet mounted intermediate said guide rollers
      for demagnetizing the fasteners on the substantially horizontal section of
      said conveying strand, said second guide roller projecting over the inlet
      of the next following one of said conveying means and adapted to drop said
      demagnetized fasteners into said inlet.
NUM  3.
PAR  3. A machine for conveying rod-shaped fasteners from a supply of unaligned
      fasteners into alignment in at least one row behind each other and to at
      least one fastener treating mechanism having a certain working output,
      comprising, in combination, (a) means for guiding said fasteners from said
      supply to said fastener treating mechanism; (b) a plurality of successive
      fastener conveying means operatively associated with said guide means and
      each having a conveying output at least equal to said working output of
      said fastener treating mechanism, one of said conveying means comprising a
      distributor adapted to split up a current of fasteners conveyed thereto
      from a preceding one of said conveying means into at least two branch
      currents and at least two conveying troughs, said distributor having an
      inlet facing said preceding conveying means and at least two outlets
      facing said conveying troughs for delivering said branch current thereto;
      (c) means for indicating on said guide means at the inlet side of a
      further one of said conveying means the accumulation of a certain quantity
      of fasteners coming from a preceding one of said conveying means in excess
      of the actual conveying output of said further conveying means; (d)
      control means responsive to said indicating means for controlling the
      operation of said preceding conveying means; and (e) return means actuated
      by said control means for returning at least some of said accumulated
      fasteners to a position of said guide means at the rear of said preceding
      conveying means.
NUM  4.
PAR  4. A machine as defined in claim 3, in which said distributor comprises two
      gliding surfaces inclined like a roof relative to each other and having a
      common ridge in straight alignment with the central vertical longitudinal
      plane of the outlet of the one of said conveying means immediately
      preceding said distributor, and a deflecting wall on said distributor and
      extending substantially transverse to said ridge at the end thereof remote
      from said outlet of said immediately preceding conveying means and
      projecting above said gliding surfaces, the lower edges of said gliding
      surfaces being disposed above said conveying troughs and forming said
      outlets of said distributor.
NUM  5.
PAR  5. A machine for conveying rod-shaped fasteners from a supply of unaligned
      fasteners into alignment in at least one row behind each other and to at
      least one fastener treating mechanism having a certain working output,
      comprising, in combination, (a) means for guiding said fasteners from said
      supply to said fastener treating mechanism, said guide means comprising a
      conveying trough having a bottom forming a gliding surface; (b) a
      plurality of successive fastener conveying means operatively associated
      with said guide means and each having a conveying output at least equal to
      said working output of said fastener treating mechanism; (c) means for
      indicating on said guide means at the inlet side of a first one of said
      conveying means the accumulation of a certain quantity of fasteners coming
      from a preceding one of said conveying means in excess of the actual
      conveying output of said first conveying means; (d) control means
      responsive to said indicating means for controlling the operation of said
      preceding conveying means; (e) return means actuated by said control means
      for returning at least some of said accumulated fasteners to a position of
      said guide means at the rear of said preceding conveying means; (f) means
      responsive to the operation of said control means for deflecting at least
      some of said accumulated fasteners from said guide means to said return
      means, said deflecting means comprising a movable element interposed in
      said guide means and adapted to be moved from one position in which it
      connects the adjacent ends of said guide means to each other to another
      position in which it interrupts said guide means and leads to said return
      means, the movable element comprising a rocker pivotable about a
      horizontal axis extending transverse to the longitudinal axis of said
      trough; and (g) drive means for actuating said deflecting means, said
      control means comprising a control switch for actuating said drive means
      and, in turn, adapted to be actuated by said indicating means when said
      indicating means indicate said accumulation of said fasteners on said
      guide track at a position subsequent to said deflecting means.
NUM  6.
PAR  6. A machine as defined in claim 5, further comprising a frame supporting
      said movable element, resilient connecting means interposed between said
      movable element and said frame and connecting them to each other, mens for
      mounting said frame so as to be pivotable about a horizontal axis and by
      said resilient connecting means also to pivot said movable element, and a
      vibrator directly secured to said movable element and being separate from
      said frame.
NUM  7.
PAR  7. A machine as defined in claim 5, in which said guide means comprise a
      collecting trough disposed underneath the edge of one end of said movable
      element and leading toward a subsequent one of said conveying means.
NUM  8.
PAR  8. A machine as defined in claim 7, in which the edge of said end of said
      movable element intersects at an acute angle the central vertical
      longitudinal plane of the collecting trough.
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ABST
PAL  A removable stiffener for slip-in spectacle cases is formed by bending a
      sheet of resilient metal into a U-shaped structure approximating the
      cross-section of the spectacle case and lined on its internal concave
      surface with a soft, non-abrasive material. The stiffener is manually
      compressed prior to insertion into the spectacle case and is retained
      therein by the friction developed between its external surface and the
      inner walls of the case, due to its restrained expansion. The insert
      stiffens the case and prevents damage to the eyeglasses carried therein.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to cases for spectacles and, more particularly, to
      inserts for such cases which serve as protective sheets surrounding the
      spectacles.
PAR  The need for protective devices for conventional eyeglasses and sunglasses
      is evident. The lenses and frame of the average pair of spectacles are
      very fragile and easily damaged by abrasion and external pressure. Yet
      such eyeglasses may, and often must, be carried by their owners under the
      varied circumstances of daily life, and be readily available for use at
      any time. When not required, or in the way, they may have to be removed
      and quickly put away in order to free their wearer's hands. The pocket or
      pocketbook, while convenient, proves to be a generally poor, and all too
      frequently a downright dangerous, repository.
PAR  Many protective devices have been proposed in the prior art in recognition
      of the need to combine convenience of use and protection from mechanical
      damage and abrasion in an article which can be produced en mass for sale
      at a reasonable price to the user.
PAR  Rigid spectacle cases of metal and plastic materials and provided with a
      variety of hinged lids are known and widely used. They are inconvenient to
      use, generally requiring two hands for the removal and insertion of a pair
      of spectacles, expensive to construct, and easily damaged.
PAR  The most commonly encountered spectacle case of the recent prior art, the
      slip-in soft-walled sheath, is simple to use and economical to
      manufacture, but provides poor protection against damage.
PAR  Attempts have been made, notably in U.S. Pat. No. 2,758,707 issued to
      Baratelli in 1954, to provide slip-in spectacle cases with a metallic
      stiffener. Due to their relative high manufacturing cost, such cases have
      not attained any significant public acceptance.
PAR  It is, therefore, the primary object of the subject invention to teach the
      construction and use of an easily, massproduced, inexpensive, durable
      stiffening sheath which is readily insertable into a slip-in spectacle
      case to provide protection for its contents against mechanical damage and
      abrasion.
PAR  The subject invention provides for a protective liner, or stiffener for
      slip-in spectacle cases, comprising a thin resilient metal sheath with a
      soft facing cemented thereto. The metal sheath is a generally U-shaped
      structure, symmetrical about a plane passing through the base of the U,
      whose cross-section corresponds substantially to the cross-section of a
      slip-in spectacle case of conventional construction.
PAR  The stiffener is formed with its legs spaced some distance apart so that
      they must be forced together for insertion into the spectacle case. The
      natural resilience of the structure insures frictional engagement of the
      external surface of the stiffener with the internal surface of the case
      and prevents the stiffener from accidentally slipping out of the case. It
      is withdrawn by forcing the legs together to release their frictional grip
      on the inner wall of the case.
PAR  The stiffener may be constructed of any of a variety of convenient
      resilient sheet materials. However, consideration of strength, weight,
      resilience, workability, resistance to corrosion, cost and other factors
      suggests alloys of aluminum as prefered materials. Undoubtedly
      non-metallic, e.g., plastic materials in thin, flexible resilient sheets
      or suitably molded in the U-shape form described could serve as well.
PAR  The function of the lining cemented to the inside surface of the stiffener
      is to protect the optical surfaces of the spectacles from abrasion. A
      thin, soft flexible sheet material with the texture and frictional
      qualities of felt or velvet is desirable for this use. The lining is
      preferably applied to the inner face of the stiffener by means of glue or
      cement and is carried over the exposed edges to provide additional
      protection.
PAR  The stiffener is readily inserted into conventional slip-in spectacle cases
      and does not in any way alter their function, utility, or convenience. It
      will be apparent that the stiffener may be inserted at the time the glass
      case is manufactured and dispensed in combination with the case, or it may
      be dispensed separately for use with an existing case or to be transferred
      from case to case.
PAR  The advantage of this feature is in the flexibility and economy it affords
      the user. Most wearers of spectacles own several pairs and therefore have
      more than one spectacle case. A single stiffener may be used in all of
      these whenever its added protection is desired. Furthermore, if a
      spectacle case wears out, the stiffener may be removed and inserted in the
      replacement case.
PAR  Other details of construction and objects of the invention will become
      apparent from the following detailed description of the prefered
      embodiment illustrated in the accompanying drawing in which:
DRWD
     BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a stiffener for a slip-in spectacle case in
      accordance with the subject invention;
PAR  FIG. 2 is a perspective view of a spectacle case having an integrally
      formed clip, showing a stiffener similar to that of FIG. 1 being inserted
      therein;
PAR  FIG. 3 is a sectional view of the case and stiffener illustrated in FIG. 2,
      taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an exploded perspective view of the elements of the stiffener.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1, 2 and 3, the stiffener 11 is constructed from a metal
      sheet 12 bent into a symmetrical U-shaped structure and covered on its
      concave surface with a lining 13 of thin velvet, nylon tricot, or similar
      soft fabric glued or cemented in place with any suitable adhesive
      material. For illustrative purposes, 0.016-0.20 inch-thick sheet aluminum
      alloy 6061, heat treated to T-6 temper has been used for this purpose with
      excellent results.
PAR  The edges 14 of the stiffener 11 are spaced apart, preferably a distance
      equal to or greater than the width of the bay formed at the base of the U,
      so that upon insertion into a spectacle case 15 they may be forced
      together without exceeding the elastic range of the base. The resilience
      of the stiffener 11 is utilized to create a semi-permanent structure when
      it is inserted into a typical spectacle case 15.
PAR  The stiffener 11 is shown in place in the spectacle case 15 in the
      sectional view of FIG. 3. The slip-in spectacle case 15 is a composit
      structure formed with a soft sheath 16, conventionally of a foamed plastic
      or similar material having a flexible textured exterior coating 17,
      conventionally of simulated leather, vinyl sheeting, or the like.
PAR  The case 15 is customarily made by folding a subtantially rectangular piece
      of the sheathing material 16 in half and sewing or cementing the sides and
      lower edge together along the seam 18. An optional clip 21 may be attached
      to one side of the case 15, preferably by means such as flush rivet 22,
      which permits the clip 21 to be rotated.
PAR  The stiffener 11 is so oriented with respect to the case 15 that the base
      of its fold enters the case along the edge opposite the seam 18, while the
      open edges 14 adjoin the seam 18. The resilience of the stiffener tends to
      spread the edges 14 outwardly against the inner walls of the sheath 16.
      The elasticity of the sheath 16 urges the edges 14 of the stiffener 12
      together and into motion-restraining contact with the spectacles when they
      are inserted into the case 15.
PAR  Rotatable clip 21 permits the user to slip the case 15 into a pocket, or to
      attach it to his belt, with equal ease.
PAR  The case 15 does not, by itself, provide adequate protection against
      mechanical damage to its fragile contents. The very softness and
      compliance which prevent the scratching of the optical elements of
      spectacles militate against the stiffness necessary to provide protection
      against external blows or crushing loads.
PAR  The insertion of stiffener 12 into the case 15 does provide such protection
      by partly absorbing and partly distributing such external loads. The
      lining 13 of the stiffener 12 insures that no hard surface comes into
      contact with the lenses and prevents abrasive damage.
PAR  The liner 13 is carried over the edges 14 around the periphery of the
      stiffener 12 to provide additional protection. In some instances it may be
      prefered that the stiffener be made from a sheet of resilient material,
      such as aluminum or steel, pre-coated with a layer of yielding plastic in
      place of liner 13. This coating may be extended around the edges 14 to
      protect both the spectacles and the sheath 16 from any irregularities or
      roughness which might otherwise cause excessive wear or damage.
PAR  This perspective view of FIG. 4 shows blanks 12 and 13 of sheet metal and
      lining material, respectively, prior to their being joined and formed into
      the removeable stiffener of FIGS. 1-3.
PAR  The lining blank 13 is cut somewhat larger than the metal blank 12 to allow
      for folding over the edges of the latter. Metal blank 12 is cut with
      rounded corners and deburred to eliminate any sharp edges.
PAR  The dimensions and configurations of most existing glass cases are
      sufficiently standardized so that stiffeners 11 in a relatively few basic
      sizes and shapes would fit all but a few of them. If desired, of course, a
      stiffener could be specifically matched to any given case.
PAR  It is also possible to utilize the stiffener of the invention to provide
      glass holders similar to the slip-in type case. By way of example, a
      pocket or pouch formed in clothing or an accessory may quickly be
      converted into a convenient spectacle carrier by the insertion of a
      stiffener such as that described here.
PAR  Thus the stiffener of the invention as shown and disclosed provides a
      simple and economical means for protecting eyeglasses while stored and
      transported. Its shape and mechanical construction may be varied to adapt
      it to particular uses and circumstances. Such changes and alternative uses
      will become apparent to one skilled in the art upon exposure to the
      teachings of the invention, whose scope is limited only by the appended
      claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A two-piece spectacle case comprising in combination:
PA1  an elongated tubular outer sheath of flexible material having one end
      thereof open to receive a pair of spectacles inserted axially into said
      sheath coaxially therewith; and
PA1  an elongated longitudinally rigid stiffener removably disposed within said
      sheath and defining a spectacle-receiving channel of generally U-shaped
      cross-section having opposed, spaced, resiliently connected front and rear
      walls, said stiffener being inserted slidingly into said sheath axially
      through said open end with the walls of said stiffener spaced apart a
      certain distance and exerting an outwardly directed force against said
      sheath to maintain said sheath in substantial conformity with the
      cross-sectional shape of said spectacles.
NUM  2.
PAR  2. A two-piece spectacle case as described in claim 1, wherein said
      stiffener comprises a sheet of resilient material permanently formed with
      said generally U-shaped cross-section.
NUM  3.
PAR  3. A two-piece spectacle case as described in claim 2, wherein:
PA1  said sheath comprises spaced front and rear panels, said panels being
      joined along all but a portion of their adjacent edges to define an
      elongated tube having one end thereof open,
PA1  the front and rear walls of said channel conform generally to said front
      and rear panels, respectively; and
PA1  said stiffener is formed with said front and rear walls normally spaced
      apart more widely than said front and rear panels.
NUM  4.
PAR  4. A two-piece spectacle case as described in claim 3, wherein said
      stiffener engages said spectacles in frictional contact therewith.
NUM  5.
PAR  5. A two-piece spectacle case as described in claim 4, wherein said
      stiffener is lined with a yielding nonabrasive material, whereby
      spectacles in said case are protected from abrasive contact with said
      front and rear walls.
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PAL  There is disclosed a carrier for a plurality of articles or containers such
      as boxes, cans, bottles and the like, and a method of making the same,
      comprising providing a flattened tube of plastic material which is
      partially slit for defining successive sections which may be unfolded to
      form interconnected annular rings for insertion of the articles and which
      tube is provided with integral webs extending between the rings for
      presenting handle or gripping means for the carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a novel carrier for a plurality of
      articles or containers such as boxes, bottles, cans and the like, and a
      novel method of making the carrier.
PAR  In my application Ser. No. 360,081, filed May 14, 1973, there is disclosed
      a novel carrier and method wherein a thin-walled tube is formed from a
      sheet or extruded from plastic or other suitable stock material, which
      tube is then flattened and alternately slit partially therethrough from
      opposite edges of the flattened structure whereby to provide a plurality
      of interconnected rings which may be unfolded for receiving the articles
      or containers to be carried. It is an important object of the present
      invention to provide a novel carrier and method of making same which
      incorporates features disclosed in the aforesaid prior application and
      which also includes handle means for facilitating gripping of the carrier,
      which handle means is formed integral with the tube structure in a manner
      which does not interfere with slitting and unfolding of the tube
      structure.
PAR  A further specific object of the present invention is to provide a novel
      multiple article carrier and method of making same, as described above,
      wherein a variety of numbers of articles or containers may be accommodated
      and handle means are provided for facilitating balanced handling of a
      package including the novel carrier, regardless of its size or
      configuration.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a tube structure formed in accordance
      with features of the present invention and from which carriers of the
      present invention may be produced;
PAR  FIG. 2 is a plan view showing one step in the method of the present
      invention wherein the tube structure of FIG. 1 is manipulated into a
      substantially flattened condition, and alternately slit a part of the way
      therethrough alternately from opposite edges;
PAR  FIG. 3 is a sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a side elevational view showing a further step in the method of
      the present invention wherein the flattened and slit blank of FIG. 2 is
      unfolded so as to deploy successive ring portions of the tube structure
      toward article receiving positions;
PAR  FIG. 5 is a perspective view showing a package incorporating a carrier of
      the present invention assembled with a plurality of articles such as cans;
PAR  FIG. 6 is a sectional view taken along line 6--6 in FIG. 5;
PAR  FIG. 7 is a perspective view similar to FIG. 1 but showing a modified form
      of the present invention;
PAR  FIG. 8 is a plan view similar to FIG. 2 but showing the tube structure of
      FIG. 7 in a flattened and slit condition;
PAR  FIG. 9 is a perspective view showing a package including a carrier formed
      from the blank of FIG. 8 assembled with a plurality of articles such as
      cans; and
PAR  FIG. 10 is a sectional view taken along line 10--10 in FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS
PAR  Referring now more specifically to the drawings wherein like parts are
      designated by the same numerals throughout the various figures, a package
      10 is shown in FIGS. 4 and 5 which includes a carrier 12 made in
      accordance with the present invention and a plurality of articles 14. In
      the embodiment shown, the articles are in the form of conventional cans
      having cylindrical bodies 16 and end seams or rims 18 of known
      construction which project not only axially but also radially with respect
      to the body wall to provide a shoulder or flange. The carrier 12 tightly
      encircles and grips the articles or can bodies in a position so that upper
      edges of the carrier preferably engage the under surface of the end seam
      or flanges 18.
PAR  The carrier 12 incorporates structural features and is produced
      substantially in accordance with the method disclosed in my aforementioned
      application Ser. No. 360,081 filed May 14, 1973, the disclosure of which
      is incorporated herein by reference. Therefore common portions of the
      disclosure need only be briefly set forth herein. More specifically, the
      carrier 12 is formed from a tube structure 20 of stock material which is
      preferably a tough, resilient, plastic material such as low density
      polyethylene. The tube structure 20 may be formed from plastic sheet
      material, but is preferably extruded in the configuration shown in FIG. 1
      so as to include a pair of juxtaposed tubes 22 and 24 having areas of
      closest proximity preferably integrally joined at junction 26. In order to
      form the carrier 12 from the tube structure 20, the tube structure is
      first flattened as shown in FIGS. 2 and 3 so that the tubes 22 and 23 are
      flattened together with junction 26 located substantially midway between
      opposite side margins or edges 28 and 30 of the flattened structure. As
      shown in FIG. 3, the opposite edges 28 and 30 are actually double edges
      provided by the flattened tubes 22 and 23.
PAR  The flattened tube structure is then formed with slits 32 and 34 at axially
      spaced intervals, which slits extend alternately from the edge 30 but
      short of the edge 28 and from the edge 28 toward and short of the edge 30.
      The arrangement is such that the slits define successive pairs of
      juxtaposed attached ring sections 36 and 38 in the tubes 22 and 23. These
      ring sections have an axial extent substantially greater, usually several
      times greater than their wall thickness and present opposing edges or
      margins which are integrally connected or hinged together by unsevered
      portions 40 and 42 adjacent the edges 28 and 30. In the embodiments shown,
      the hinge portions 40 and 42 have short slits 44 and 46 formed therein at
      the edges to facilitate subsequent manipulation of a carrier.
PAR  In order to form a carrier from the slitted blank of FIG. 2, successive
      pairs of ring sections 36 and 38 of tubes 22 and 23 are unfolded through
      the position shown in FIG. 4 to a horizontal container receiving position,
      as shown in FIG. 5. The containers or cans are then slipped into the
      pockets provided by the ring sections 36 and 38. The internal diameter of
      each ring section 36 and 38 is preferably slightly less than the diameter
      of the can body 16 so that the plastic material must be slightly stretched
      to receive the can body. However, the difference is such that the
      stretching of the plastic material will not exceed its elastic limit. In
      the arrangement shown, the hinge section alternately extends between lower
      and upper edges or margins of the ring sections.
PAR  In accordance with the present invention, the carrier 12 is provided with
      handle means for enabling a user to grip and carry the package more
      readily. Furthermore, the handle means is provided in a manner so that it
      is properly positioned for enabling a user to grip the carrier at a
      desired location and at the same time the handle means does not interfere
      with the formation of the tube structure, the subsequent flattening and
      slitting of the tube structure, and unfolding of the rings as described
      above.
PAR  The tube structure 20 is formed with webs 48 and 50 respectively between
      junctions 52-54 and 56-58 with the tubes 22 and 24. As shown in FIG. 1,
      the junctions of the webs with the tubes are spaced circumferentially from
      the integral junction 26 between the tubes themselves. While the spacing
      of the junctions 52-58 from the junction 26 may be varied considerably, it
      is preferably on the order of about 45.degree.. It is noted that the webs
      48 and 50 are respectively severed by each of the slits 32 and 34 so that
      they are divided into web elements 60 and 62 extending between each pair
      of adjacent article receiving pocket ring sections as shown in FIGS. 5 and
      6. Each pair of web or strap elements 60 and 62 at opposite sides of the
      junction 26 between their respective ring sections provides handle means
      which may be easily grasped between the thumb and fingers of a person
      handling the package. Preferably the strap elements 60 and 62 have an
      oppositely disposed concave configuration which coupled with the location
      of their junctions with the ring sections provides adequate openings 64
      and 66 for receiving the fingers of a person carrying the package. It will
      be noted that the person carrying the package may grip either the
      centermost pair of the handle elements 60 and 62 so that the weight of the
      package will be balanced, or if desired he may grip either endmost pair of
      the handle elements.
PAR  In FIGS. 5 and 6 it is seen that the carrier is constructed for providing a
      "six-pack" package. This is accomplished by severing from the continuous
      blank or tube structure of FIG. 2, a unit comprising three pairs of the
      adjacent ring sections 36 and 38. It is to be understood, however, that
      the strip may be severed so as to provide a carrier having a different
      number of ring sections such, for example, as four or eight.
PAR  In FIGS. 7-10, there is shown a modified form of the present invention
      which is especially suitable for providing carriers having a larger number
      of ring or pocket sections for accommodating a larger number of articles.
      The structure of this embodiment is substantially the same as that
      described above as indicated by the application of identical reference
      numerals with the suffix a added to corresponding elements. This
      embodiment differs primarily in that the tube structure 20a is formed with
      more than two side-by-side tubes 22a and 24a. In the embodiment shown, the
      tube structure 20a is formed with four such adjacently disposed tubes
      having integral junctions 26a, but it is to be understood that the
      structure might be formed either with three such adjacently disposed and
      integrally joined tubes or more than four tubes. In any event, the tube
      structure 20a is preferably initially extruded and then flattened and slit
      alternately from opposite side edges in the same manner as the tube
      structure described above and as indicated in FIG. 8. The slit tube
      structure blank is then unfolded in the manner described above so as to
      deploy the ring sections or pocket members for receiving the articles.
PAR  In the embodiment shown in FIGS. 9 and 10, three groups of four ring
      sections are severed from the remainder of the tube structure so as to
      provide a "twelve-pack." Again, it is noted that either a smaller or
      larger number of the groups of four side-by-side ring sections may be
      severed from the blank so as to provide packages of desired different
      sizes.
PAR  While preferred embodiments of the present invention have been shown and
      described herein, it is obvious that many changes may be made without
      departing from the spirit and scope of the appended claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A carrier for a plurality of articles such as containers and the like
      comprising a set including a pair of adjacently disposed annular sections
      of flexible material each having an upstanding wall having a height
      greater than its thickness and upper and lower margins, said annular
      sections having an area of closest proximity to each other, and elements
      extending between said annular sections at opposite sides of said area and
      providing handle means for facilitating handling of the carrier.
NUM  2.
PAR  2. A carrier as defined in claim 1 which includes a plurality of said sets
      of said annular sections, and flexible junction elements joining adjacent
      annular sections of adjacent sets to each other along segments of their
      adjacent margins.
NUM  3.
PAR  3. A carrier as defined in claim 2 which includes at least three of said
      sets of annular sections, certain of said junction elements joining upper
      margins of sections of an intermediate set to sections of a first adjacent
      set and other said junction elements joining lower margins of sections of
      said intermediate set to sections of another adjacent set.
NUM  4.
PAR  4. A carrier as defined in claim 1 wherein said set of annular sections
      includes at least three annular sections.
NUM  5.
PAR  5. A carrier as defined in claim 2 wherein each of said sets of said
      annular sections consists of two annular sections.
NUM  6.
PAR  6. A carrier as defined in claim 2, wherein each of said sets of annular
      sections comprises two pairs of adjacently disposed annular sections.
NUM  7.
PAR  7. A method of forming a carrier having a plurality of thin-walled
      upstanding adjacent annular sections presenting free upper and lower
      margins with junction elements joining adjacent segments of margins of
      adjacent annular sections and strap-like elements between adjacent annular
      sections comprising providing a tube structure of thin flexible material
      including a pair of side-by-side tubes having a longitudinal area of
      closest proximity to each other and web elements extending between said
      tubes at opposite sides of said area, substantially flattening said tubes
      together with said area and said web elements therebetween and thereby
      providing a substantially flattened tube structure presenting opposite
      margins, and alternately transversely slitting the tube structure from
      said opposite margins partially across the tube structure and along
      generally parallel lines spaced axially of the tube structure.
NUM  8.
PAR  8. A package comprising a plurality of justaposed articles such as
      containers and a carrier retaining said articles in the package, said
      carrier comprising a set including at least two adjacently disposed
      annular thin-walled sections of flexible, stretchable materal each having
      an upstanding wall having a height greater than its thickness and upper
      and lower free margins, said annular sections having an area of closest
      proximity to each other, and elements extending between said annular
      sections at opposite sides of said area and providing handle means for
      facilitating handling of the carrier.
NUM  9.
PAR  9. A package as defined in claim 8, wherein said carrier includes a
      plurality of said sets of annular sections, and flexible junction elements
      joining adjacent annular sections of adjacent sets to each other along
      segments of their adjacent margins.
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ABST
PAL  Apparatus for permitting blind rivet elements to be installed utilizing
      automatic insertion equipment. A blind rivet carrier element having a
      predetermined width and thickness is adapted for receiving the body of the
      blind rivet, blind rivet bodies being uniformly disposed longitudinally
      along the carrier element. The blind rivet body is removably secured to a
      surface of the carrier element. Indentations are disposed longitudinally
      along the carrier element to provide for flexibility of the carrier
      element and simplifying the adaptation thereof to automatic insertion
      equipment.
PARN
PAR  This is a division of application Ser. No. 307,119, filed Nov. 16, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to blind riveting devices and, more
      particularly, to those devices which facilitate automatic insertion of
      blind rivets.
PAR  2. Prior Art
PAR  The use of blind riveting is a procedure which is well known in the prior
      art as exemplified by numerous disclosed blind rivet devices. The typical
      blind rivet disclosed in the prior art constitutes a tubular body having a
      radially projected head at one end thereof, the other end being formed
      into a structure which is adapted to receive the rivet forming head of a
      pulling stem or mandrel. The mandrel has at one end thereof the enlarged,
      rivet forming head having a beveled surface adapted to intimately contact
      the receiving surface at the end of the rivet body.
PAR  The description set forth hereinabove partially describes all of the blind
      rivets disclosed in the prior art. In the prior art, devices differ in the
      manner in which the rivet body is set within the working piece. Some of
      the devices disclosed by the prior art provide a mandrel which is
      screwthreaded or otherwise capable of being gripped by a pulling tool at
      the axial end opposite the enlarged end thereof. In addition, some of the
      devices disclosed by the prior art provide a break-off groove intermediate
      the gripping portion and enlarged head so that the mandrel will break when
      a predetermined level of axial stress is placed thereon.
PAR  All of the devices disclosed by the prior art are deficient in
      substantially one characteristic. All of the devices are so constructed
      that the blind rivets must be individually set within the working piece
      after which the mandrel is gripped and pulled to set the rivet within the
      working piece. Because of the configuration of the mandrel on
      substantially all of the devices disclosed in the prior art, the blind
      rivets are not capable of being used with automatic insertion equipment.
PAR  The present invention substantially solves the problems which have
      heretofore been unresolved by the devices disclosed in the prior art. A
      carrier element having a predetermined width and longitudinal length has
      rivet bodies disposed therein at uniform intervals. Apertures are disposed
      along the longitudinal dimension of the carrier element intersticial with
      the rivet bodies for providing accurate means for registering the carrier
      element and rivet bodies within any automatic insertion equipment being
      used. The rivet bodies being removably secured along the carrier element
      provide an improved blind rivet assembly which permits the blind rivets to
      be inserted within a workpiece utilizing automatic insertion equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a blind rivet assembly which adapts the
      process of blind riveting to be used with automatic insertion equipment.
      The present invention comprises a carrier strip substantially having a
      longitudinal length which is adapted to receive rivet bodies. The rivet
      bodies are uniformly disposed along the longitudinal dimension of the
      carrier element. By providing registration means intersticial with the
      rivet bodies, the carrier element can be properly aligned and registered
      with a pulling element which will allow the rivet to be properly disposed
      within a workpiece after which the mandrel for forming the rivet can be
      extracted. Where the carrier element of the present invention is
      constructed of material which is more rigid than plastic, paper or other
      flexible materials, the registration apertures also allow the carrier
      element to be deflected because of the recondition of the carrier element.
      In this manner, the portion of the carrier element bearing a rivet body
      can be properly positioned without substantial regard to the physical
      dimensions of the rivet body or mandrel. In a form of the present
      invention, the carrier element is constructed from a malleable or readily
      formable material such as an aluminum alloy which will permit ready
      formation of the blind rivet head and still provide sufficient strength in
      the rivet. When using this type of material for the formation of the
      carrier element, the rivet body is formed therein through the use of
      successive punch and die operations whereby the rivet body is formed from
      the carrier element. In this manner, the rivet body and carrier element
      form a combination which is readily receivable by conventional automatic
      insertion equipment and thereby provide an easily usable blind rivet
      assembly which substantially overcomes the diefficiencies of those devices
      disclosed in the prior art.
PAR  It is therefore an object of the present invention to provide an improved
      blind rivet assembly.
PAR  It is another object of the present invention to provide a blind rivet
      assembly adaptable for use with automatic insertion equipment.
PAR  It is yet another object of the present invention to provide a blind rivet
      assembly having a rivet body integral with a carrier element.
PAR  It is still yet another object of the present invention to provide a blind
      rivet assembly which is inexpensive and simple to fabricate.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to its organization and method of operation, together
      with further objectives and advantages thereof, will be better understood
      from the following description considered in connection with the
      accompanying drawing in which a presently preferred embodiment of the
      invention is illustrated by way of example. It is to be expressly
      understood, however, that the drawing is for the purpose of illustration
      and description only and is not intended as a definition of the limits of
      the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial cross-sectional view of a blind rivet assembly in
      accordance with the present invention.
PAR  FIG. 2 is a side elevation partial cross-sectional view of a form of the
      present invention being inserted within a subject workpiece.
PAR  FIG. 3 is a perspective view of a typical anvil and pulling element to be
      used for forming blind rivets with a blind rivet assembly in accordance
      with the present invention.
PAR  FIG. 4 is a side elevation, partial cross-sectional view of a blind rivet
      made with a blind rivet assembly in accordance with the present invention.
PAR  FIG. 5 is a side elevation, cross-sectional view of another form of a blind
      rivet assembly illustrating the blind rivet bodies in accordance with the
      present invention.
PAR  FIG. 6 is a top plan view of the form of the present invention shown in
      FIG. 5.
PAR  FIG. 7 is a perspective view of a form of the present invention being used
      with typical automatic insertion equipment.
DETD
PAC  DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT
PAR  An understanding of the present invention can be best gained by reference
      to FIG. 1 wherein a side elevation, partial cross-sectional view of a form
      of the present invention blind rivet assembly is shown. The present
      invention generally comprises carrier element 10 upon which are removably
      disposed blind rivets 11 generally designated by the reference numeral 11.
      Blind rivets 11 are comprised of rivet body 12 and a pulling stem or
      mandrel 13.
PAR  Rivet bodies 12 generally are constructed of a malleable and readily
      formable material which will permit ready formation of the blind rivet
      head and still be of sufficient strength when mounted within the
      workpiece. Rivet body 12 is generally fabricated of conventional material
      such as aluminum alloy although other suitable materials can be used.
      Rivet body 12 comprises a substantially cylindrical member 14 typically
      having a beveled surface 15 at one end thereof, the other end being
      extended into integral preformed rivet head 16. Inner cylindrical surface
      17 is extended through stem or mandrel 13 and integral preformed rivet
      head 16.
PAR  Pulling stem or mandrel 13 is comprised of body sections 18 and 19 in axial
      opposition to one another and separated by integral annular groove 20.
      Body section 18 is depended into an enlarged rivet forming head 21,
      forming head 21 having beveled surface 22 adapted to suitably contact
      beveled surface 15 of rivet body 12.
PAR  Body section 19 of mandrel 13 provides one improvement to the present
      invention blind rivet assembly which allows same to be utilized with
      automatic insertion equipment. Body section 19 is depended into enlarged
      pulling head 23. As will be explained in detail below, pulling head 23
      allows mandrel 13 to exert the appropriate force on cylindrical member 14
      to provide the blind rivet in a manner which has heretofore not been
      accomplished.
PAR  Carrier element 10 is used for supporting the uniformly disposed rivet
      bodies 12. As can be seen in FIG. 1, rivet bodies 12 and mandrel 13 are
      uniformly spaced along carrier element 10, registration indicia or
      apertures 24 being disposed along the transverse edges of carrier element
      10 and interposed between rivet bodies 12 and mandrels 13 at uniform
      distances. Although FIG. 1 only illustrates one edge of carrier element
      10, registration indicia or apertures 24 are in opposition to one another
      along both transverse edges of the carrier element 10. As stated
      previously, one of the objects of the present invention is to adapt the
      present invention for use with automatic insertion equipment. Where
      insertion equipment requires that carrier element 10 be sufficiently
      flexible so that the direction of blind rivet body and mandrel 13 can be
      changed, perforations 25 are disposed intermediate the apertures 24
      disposed in transverse edges of carrier element 10, perforations 25
      providing points along which carrier element 10 can be folded or otherwise
      change its planar relationship with the remainder of carrier element 10.
      This will be explained in greater detail hereinbelow.
PAR  In order to operate the present invention, the top surface of preformed
      rivet head 16 is removably secured to the top surface of carrier element
      10. In this manner, rivet body 12 will be removed from carrier element 10
      after the blind rivet is formed. In the form of the present invention
      shown in FIG. 1, carrier element 10 is fabricated from flexible but sturdy
      material such as heavy paper, cardboard or flexible plastic. Where carrier
      element 10 is fabricated of the heretofore described materials, rivet body
      12 can be secured thereto by conventional glues or other adhesive
      materials. The construction of the present invention blind rivet assembly
      requires also that apertures 27 be disposed through the top and bottom
      surface of carrier element 10 and be adapted to receive body section 19 of
      mandrel 13. Apertures 27 will be aligned with the uniform inner diameter
      of rivet body 12.
PAR  The manner of constructing the blind rivet assembly shown in FIG. 1
      utilizes conventional techniques. After forming apertures 27 and carrier
      element 10, rivet bodies 12 are affixed to the surface of carrier element
      10, the inner-diameter thereof being aligned with apertures 27. One of the
      methods for fabricating mandrel 13 is to form mandrel 13 without pulling
      head 23. After mandrel 13, absent pulling head 23, is inserted within
      rivet body 12, and through apertures 27, pulling head 23 can be mounted by
      conventional welding processes which are well known in the art.
PAR  Operation of the form of the present invention blind rivet assembly shown
      in FIG. 1 is best seen by reference to FIG. 2 and FIG. 4 which illustrate
      the typical mounting and insertion of a blind rivet within a workpiece.
      For the purpose of illustration, workpiece 30 comprises metal elements 31
      and 32, element 32 constructed in a manner which will require a blind
      rivet to couple element 32 to element 31. The schematic illustration of
      automatic insertion equipment necessary for use with the present invention
      is shown in generalized form in FIG. 2, the only necessary elements to be
      shown are rollers 33 being used to alter the direction of carrier element
      10 for the purpose of insertion, the remaining elements being anvil 34 and
      pulling arm 35. The manner of constructing automatic insertion equipment
      for utilizing the present invention is beyond the scope of this
      application and is not considered as a part of the present invention.
PAR  After placement of workpiece 30, the blind rivet is positioned with rived
      body 12 being inserted through aligned apertures 36 through elements 31
      and 32 of workpiece 30. Preformed rivet head 16 is in abuttment with
      element 31 if workpiece 30, anvil 34 being urged against the bottom
      surface of carrier element 10 to provide a base against which force on
      mandrel 13 can be exerted.
PAR  Referring briefly to FIG. 3, an enlarged schematic view of anvil 34 and
      pulling arm 35 can be seen. Anvil 34 provides tapered opening 37 along the
      top surface thereof so that it may be moved upwardly and aligned body
      section 19 of mandrel 13 at the apex 38 of tapered opening 37. The
      portions of anvil 34 forming tapered opening 37 will provide a sufficient
      base against which force can be exerted on mandrel 13. Pulling arm 35 is
      also moved up to grip pulling head 23 adjacent its interface with body
      section 19. By providing the proper base by anvil 34, pulling arm 35 can
      exert an appropriate force on pulling head 23 to form the blind rivet.
PAR  Referring again to FIG. 2 and FIG. 4, it can be seen that pulling arm 35 is
      in an appropriate position and in abuttment with the bottom surface of
      pulling head 23. In this configuration, the stationary position of anvil
      34 will support preformed rivet heads 16 and workpiece 30. By moving
      pulling arm 35 in the position shown in FIG. 2, axial force will be
      imposed on mandrel 13. FIG. 4 illustrates the typical formation of a blind
      rivet. Pulling arm 35 has imposed sufficient axial force on pulling head
      23 and body section 19 to cause annular groove 20 to fracture. Prior to
      fracturing mandrel 13 at annular groove 20, the force imposed by the
      beveled surface 22 of rivet forming head 21 on the beveled surface 15 or
      rivet body 12 will cause the malleable material used to form rivet body 12
      to be deformed in a manner typical to that shown in FIG. 4. As can be seen
      in FIG. 4, the end of rivet body 12 adjacent forming head 21 has been
      deformed beyond the confines of apertures 36 through the workpiece thereby
      securing elements 31 and 32 between preformed rivet head 16 and the
      deformed portion of rivet body 12. After the fracture of mandrel 13 at
      annular groove 20, body portion 18 can be removed if necessary from the
      formed blind rivet.
PAR  An understanding of another form of the present invention can be best
      gained by reference to FIG. 5 wherein an enlarged, side elevation
      cross-sectional view is shown. In the form of the present invention
      illustrated in FIG. 5 and FIG. 6, a rivet body 40 is directly formed from
      the material making up carrier element 41. In this case, carrier element
      41 is constructed from a malleable and readily formable material such as
      an aluminum alloy so as to provide sufficient flexibility in the use of
      the present invention blind rivet assembly as well as providing the
      structural sturdiness necessary to form and maintain a suitable rivet. In
      the form of the present invention shown in FIG. 5, preformed rivet head 42
      has top and bottom surfaces 43 and 44 respectively which are coplanar with
      the respective surfaces of carrier element 41. In the form of the present
      invention shown in FIG. 5, surface 43 of preformed rivet head 42 will be
      placed in abuttment with the applicable workpiece.
PAR  To form rivet body 40, carrier element 41 is subjected to a conventional
      drawing process whereby cylindrical body 45 is drawn from the material of
      carrier element 41. Using conventional process steps, cylindrical body 45
      is sequentially drawn to the appropriate inner and outer diameters after
      which cylindrical body 45 is trimmed to the proper length.
PAR  Preformed rivet head 42 is machined so that it is removably secured within
      the remaining material of carrier element 41. The form of the present
      invention shown in FIG. 5 and FIG. 6 illustrates the use of a number of
      remaining bridging elements 48 between carrier element 41 and the machined
      preformed rivet head 42. Although the form of the present invention shown
      in FIG. 5 and FIG. 6 utilizes bridging elements 48, these are for the
      purpose of illustration and description only, the machining of preformed
      rivet head 42 in a manner which will leave it in a removably secure
      position within carrier element 41 can utilize other conventional
      machining steps which are well known to persons having skill in the
      machining art.
PAR  Referring again to FIG. 5 and FIG. 6, where a mandrel of the type shown in
      FIG. 1 is employed, the end portion of cylindrical body 45 is countersunk
      to provide beveled surface 49 in the end thereof. In this manner, rivet
      body 40 is substantially the same as that shown in the form of the present
      invention shown in FIG. 1, the sole exception being that rivet body 40 is
      constructed directly from a metallic carrier element 41. The use of
      beveled surface 49 is illustrated for the purpose of description only.
      Where other mandrel configurations are employed, the end portion of
      cylindrical body 45 can be modified accordingly.
PAR  To provide for flexibility in the use of carrier element 41, registration
      indicia or apertures 50 are disposed in the transverse edges of carrier
      element 41 in opposition to one another. The function of apertures 50 in
      addition to providing flexibility and ease of movement for carrier element
      41 also provides means whereby each rivet body 40 can be properly aligned
      and registered with the particular workpiece as is shown to be necessary
      in FIGS. 2 and 4 discussed hereinabove. To provide additional flexibility,
      perforation 51 can be disposed in the remaining portion of carrier element
      41 interposed between apertures 50 to insure that carrier element 41 can
      be pivoted or otherwise deflected in a manner which will permit
      appropriate positioning of rivet body 40 for the blind riveting process.
PAR  Where the form of the present invention shown in FIG. 5 and FIG. 6 is to be
      used with a preformed mandrel, a mandrel substantially in the form of that
      shown in FIG. 1 can be constructed and inserted in the same manner as was
      described hereinabove. It is to be noted that the form of the present
      invention shown in FIG. 5 can be utilized with insertion equipment which
      requires a mandrel having no pulling head such as that designated as
      reference numeral 23 whereby the blind rivet is formed by gripping or
      otherwise pulling a mandrel through rivet body 12 conforming the blind
      rivet in a manner which is substantially similar to that shown in FIG. 4.
PAR  Referring now to FIG. 7, an example of the use of the form of the present
      invention shown in FIG. 5 is shown, the operation shown in FIG. 7
      utilizing a mandrel typical of the type shown in FIG. 1. Referring now to
      FIG. 7, carrier element 41 is mounted upon a schematically depicted
      automatic insertion apparatus having registration gears 60. In the example
      shown in FIG. 7, registration gears 60 will typically utilize pawls 61
      which are either circumferentially spaced or mounted upon a gear which
      will permit uniform engagement consistent with the spacing between
      apertures 50. Although the example shown in FIG. 7 utilizes a registration
      gear 60 having diametrically opposed pawls 61, it is obvious that a
      different number of pawls could be used consistent with the diameter of
      the registration gear being used.
PAR  Each rivet body 40 is uniformly spaced along carrier element 41, surface 43
      of preformed rivet head 42 being exposed for insertion into a workpiece.
      As stated, the mandrel used with the form of the present invention shown
      in FIG. 7 is typically the type shown in FIG. 1. Mandrel 62 is disposed
      through cylindrical body 45 of rivet body 40, the diameter of mandrel 62
      being suitable for movement within the inner diameter 46 of rivet body 40.
      Mandrel 62 is depended into rivet forming head 63 at the outer end of the
      rivet body 40, rivet forming head 63 having beveled surface 64 for
      cooperatively engaging beveled surface 49 of rivet body 40. Pulling head
      65 depends from the remaining end of mandrel 62 in a manner consistent
      with that described in FIG. 1. Pulling head 65 is adapted to be engaged by
      pulling arm 66. In a like manner to that described in FIGS. 2, 3 and 4,
      anvil 67 is moved into engagement with mandrel 62 to provide a base for
      preformed rivet head 42 against which force can be exerted on pulling head
      65. Severing preformed rivet heads 42 from carrier element 41 at bridging
      elements 48 is accomplished by the force exerted on pulling head 65 or
      alternatively by a conventional punch incorporated within the automatic
      insertion equipment being used.
PAR  The form of the present invention shown in FIGS. 5, 6 and 7 permits rivet
      body 40 to be constructed from the malleable material used to construct
      carrier element 41. In this manner, rivet body 40 can easily be extracted
      from carrier element 41 because of the weak bond formed by bridging
      elements 48. This form of the present invention is also easily used with
      an insertion gun which employs a gripping means or other type of pulling
      technique which does not require pulling head 65. The present invention
      therefore provides a blind rivet assembly which is easily adaptable for
      automatic insertion techniques. Since each rivet body is uniformly
      disposed along its carrier element and is adapted for easy registration,
      the ability to align a number of sequential workpieces and adapt same for
      receiving a blind rivet is accomplished. By providing a structure which is
      flexibled yet sturdy and providing an assembly which can be used with
      various types of insertion tools and mechanisms, the present invention
      provides a simple and improved blind rivet assembly which solves
      substantial problems which have heretofore remained unsolved by the
      devices disclosed in the prior art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a blind rivet assembly, a blind rivet carrier element comprising a
      malleable metallic strip having said plurality of rivet bodies uniformly
      disposed thereon, said rivet bodies comprising a preformed rivet head
      having a top and bottom surface coplanar with the top and bottom surfaces
      of said blind rivet carrier strip, said preformed rivet head being coupled
      to said carrier strip by breakable bridging elements therebetween, said
      preformed rivet head being depended into a cylindrical body having a
      uniform inner and outer diameter, said inner diameter being extended
      through said preformed rivet head and the end of said cylindrical body
      opposite said preformed rivet head being countersunk downwardly from the
      outer to the inner diameter thereof, said carrier element further
      including registration means for aligning said rivet bodies being disposed
      in opposition to one another along the transverse edges of said strip
      intermediate said rivet bodies and including perforation means for bending
      said carrier element interposed between said opposed registration means.
NUM  2.
PAR  2. A blind rivet assembly as defined in claim 1, said assembly including a
      mandrel comprising:
PA1  a. a cylindrical body having first and second portions, said portions
      having a breakable annular groove disposed therebetween, said cylindrical
      body being slidably disposed within said rivet body;
PA1  b. a rivet forming head depending from a first end of said mandrel external
      to said rivet body and having an outer diameter coextensive with the outer
      diameter of said rivet body, said rivet forming head having a beveled
      surface adjacent said mandrel body adapted to cooperatively engage the
      countersunk surface of said rivet body; and
PA1  c. a pulling head depending from the second end of said mandrel, said
      pulling head having a diameter greater than the diameter of said mandrel
      and being spaced from said preformed rivet head.
NUM  3.
PAR  3. A blind rivet assembly comprising a malleable, metallic rivet body
      carrier strip having a uniform transverse width and including a plurality
      of rivet bodies uniformly disposed therein, said rivet bodies comprising a
      pre-formed rivet head having a top and bottom surface coplanar with the
      top and bottom surfaces of said carrier strip, said preformed rivet head
      being coupled to said carrier strip by breakable bridging elements
      therebetween, said preformed rivet head being extended into a cylindrical
      body having a uniform inner and outer diameter, said inner diameter being
      extended through said pre-formed rivet head, and the end of said
      cylindrical body opposite said preformed rivet head having a reduced
      diameter from the outer to the inner diameter thereof, the transverse
      edges of said strip having registration indicia disposed therein at
      uniform longitudinal intervals along said strip and in transverse
      opposition to one another, opposed pairs of registration indicia being
      coupled by perforations disposed in said carrier strip whereby said
      carrier strip can be positioned at and deflected about the registration
      indicia and the coupling perforations.
NUM  4.
PAR  4. A blind rivet assembly as defined in claim 3, said assembly including a
      mandrel comprising:
PA1  a. a cylindrical body having first and second portions of uniform diameter
      separated by a third portion of reduced diameter, said cylindrical body
      being slidably disposed within said rivet body;
PA1  b. a rivet forming head depending from a first end of said mandrel external
      to said rivet body and having an outer diameter coextensive with the outer
      diameter of said rivet body, said rivet forming head having a beveled
      surface adjacent said cylindrical body and being adapted to cooperatively
      engage the end of said rivet body having a reduced inner diameter; and
PA1  c. a pulling head depending from the second end of said mandrel, said
      pulling head having a diameter which is greater than said mandrel and
      being spaced from said preformed rivet head.
NUM  5.
PAR  5. A blind rivet assembly comprising a blind rivet carrier element and a
      plurality of uniformly spaced rivet bodies, said blind rivet carrier
      element comprising a malleable metallic strip having said plurality of
      rivet bodies uniformly disposed thereon, said rivet bodies comprising a
      preformed rivet head being coupled to said carrier strip by breakable
      bridging elements therebetween, said preformed rivet head being depended
      into a cylindrical body having a uniform inner and outer diameter, said
      inner diameter being extended through said preformed rivet head and the
      end of said cylindrical body opposite said preformed rivet head being
      countersunk downwardly from the outer to the inner diameter thereof and
      including rivet forming means for expanding the end of said cylindrical
      body to form a blind rivet head, said rivet forming means being disposed
      within the inner diameter and being in contact with said countersunk
      portion, said rivet forming means including a cylindrical head coextensive
      with the outer diameter of said cylindrical body.
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ABST
PAL  A pouch made from thermoplastic film and particularly suited for
      sterilizing and storing medical items has an edge defined by a fold of the
      film. A cap of porous material is wrapped over the folded edge and is
      sealed thereto along a continuous line to define an enclosed area on both
      sides of the edge in which the film and cap are unsealed. An opening, such
      as a slot, is provided in or adjacent to the fold of the film, with the
      opening being entirely located within the unsealed area and spaced from
      the seal line. The construction lessens the possibility of open bacteria
      paths often found in similar prior art pouches.
PAL  In the manufacture of the pouch, a web of thermoplastic film is provided
      with a series of spaced linear openings or slits, a porous sheet material
      is applied over the openings and the porous material is sealed to the web
      along a continuous line surrounding the openings. The material is then
      folded along the line of openings, cut transversely into sections between
      the ends of the openings, and heat sealed along the sides to form a pouch
      having an opening at one end and a porous end cap at the other end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has become commonplace to package and sterilize medical and surgical
      implements in individual packages, whereby the implements are maintained
      in a sterile condition until used. A pre-sterile item may be placed into a
      sterile package to provide a sterile environment, but the most common
      practice is to sterilize the item within a package or a container. The
      latter procedure typically involves exposure of the package to an active
      sterilant such as steam or ethylene oxide.
PAR  Since an active sterilant must penetrate into the interior of a package to
      be effective on the interior of the package and articles therein, it is
      desirable that the package be sufficiently porous to enable penetration of
      the sterilant into the package as well as purging of residual gas from the
      package. At the same time, the porosity must be sufficiently low to
      prevent penetration of bacteria into the package after sterilization.
PAR  Various packages have been proposed to accomplish the above objectives,
      including packages or pouches composed partially of thermoplastic films
      and partially of a more porous material, such as paper or a porous
      polyolefin material. Pouches of this nature are described in the following
      patents: U.S. Pat. Nos. 3,247,957; 3,338,019; 3,472,369; 3,547,257;
      3,627,611 and 3,685,720. In all of the above patents, a window, seam or
      empty panel of a thermoplastic film pouch is covered by a porous sheet
      material to facilitate venting of the pouch during the sterilization
      procedure.
PAR  In the formation of pouches from thermoplastic films, it is customary to
      heat seal plies of film together along lines of seal to provide a
      composite package. A problem which frequently arises, however, is the
      inability to obtain a seal of uniform integrity when a plurality of plies
      of film and porous materials are sealed together simultaneously. This
      problem becomes acute when one or more of the inner plies terminates
      within the seal area. The void created at the end of the discontinuous ply
      must be closed or one or more passageways from the exterior into the
      interior of the package can be established, thereby destroying the
      integrity of a sterile condition within the package. This problem
      frequently arises when a porous sheet is incorporated at one end of the
      package or pouch.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel pouch construction and method for
      making the same wherein the pouch has an end cap composed of porous
      material, while the problem of improper sealing referred to above is
      largely eliminated. The majority of the pouch is composed of a
      thermoplastic film which may be easily folded and the edges heat welded
      together. The access opening into the interior of the pouch is provided by
      means of a slit or opening in the thermoplastic film, which does not
      extend to any free edge of the film. The slit is preferably provided in an
      end fold of the package and is entirely covered by a porous sheet which is
      heat sealed entirely around the slit.
PAR  The pouch is fabricated from lengths of thermoplastic film and porous sheet
      material. A linear series of slits is provided in the film, and the porous
      sheet is heat sealed around the periphery of each slit. Thereafter, the
      film is folded on or adjacent to the line of the slit and is cut into
      sections between adjacent slits and heat welded along the sides.
      Preferably, the seal between the porous material and the film is peelable,
      which enables opening of the pouch by peeling off the porous sheet.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a simplified plan view of the apparatus and materials which are
      employed in the practice of the present invention;
PAR  FIG. 2 is a simplified elevational view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a plan view of the product of the present invention;
PAR  FIG. 4 is a sectional view taken along section line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken along section line 5--5 of FIG. 3; and
PAR  FIGS. 6, 7 and 8 are plan views of various other embodiments of the product
      of the present invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The pouch of the present invention is principally composed of a film of
      thermoplastic or polymeric material, such as a modified or unmodified
      polyolefin, vinyl polymer, ionomer, polycarbonate, polymethyl
      methacrylate, fluoro-plastic, polyamide, polyester, or others, as is well
      known to those skilled in the art of fabricating plastic films.
      Preferably, the film is of the type which enables superimposed surfaces
      thereof to be easily heat sealed together by a conventional heated seal
      bar. In addition, a porous sheet material is employed which may comprise a
      paper sheet but preferably in the form of a porous polyolefin, such as a
      spun bonded, non-woven polyolefin sheet sold under the name Tyvek by
      DuPont Company.
PAR  To facilitate understanding of the structure of the pouch, it is convenient
      to first refer to the process by which the pouch is made, which is shown
      in a simplified fashion in FIGS. 1 and 2. A roll 10 of the thermoplastic
      film 12 is provided, which is drawn off the roll as a continuous sheet
      over suitable rollers 14 or the like. In addition, a narrow roll 16 of
      porous sheet material 18 is provided, which is drawn off above and
      parallel to the film 12 so that the film and sheet are coextensive and the
      porous sheet overlays and may be superimposed on a central lane of the
      thermoplastic film.
PAR  The film 12 passes over an upwardly facing slitting device 20, the function
      of which is to provide a linear series of spaced slits 34 in the film,
      said slits running in parallel with the side edges 22 and 22' of the film.
      The slitting device 20 may comprise a continuous belt 24 stretched around
      three spaced pulleys 26, 28 and 30, two of which pulleys, 26 and 28, are
      located in the same plane disposed parallel to the plane of the film 12.
      An outwardly projecting knife 32 is secured on the belt 24, and means,
      such as a motor (not shown) is connected to one of the pulleys in order to
      drive the belt.
PAR  The pulleys 26 and 28 are spaced from the film 12 such that the sharp edge
      of the knife 32 engages and slits the web during its period of travel
      between said pulleys. The moving knife then passes out of contact with the
      film as it travels around the lower pulley 30. Preferably, the belt 24 is
      driven in a direction opposite to the direction of travel of the web, and
      the knife cuts a linear series of spaced slits 34 in the moving film by
      virtue of relative timed movement between the knife and the film. The
      period of engagement between the knife and the film and hence the length
      of the slit may be adjusted by changing the distance between the upper
      pulleys 26 and 28, while moving the lower pulley 30 vertically to
      accommodate the adjustment, an example of which is shown in phantom lines
      in FIG. 2.
PAR  It will be understood that the slitting device 20 is considered as only
      exemplary of the various available means that may be employed to provide a
      series of slits or other spaced openings in the film. Other types of
      cutting and stamping apparatus may be employed to provide the desired
      series of openings.
PAR  After the slitting operation has been completed, the porous strip 18 is
      brought into intimate contact with the film 12, such that the strip evenly
      overlays and covers the line of the spaced slits 34. The materials are
      then passed into a sealing station 36 comprising upper and lower heated
      platens 38 and 40 having projecting facing sealing surfaces in the shape
      of rectangles or other enclosed figures. The upper platen 38 is connected
      to a reciprocating power cylinder 42 which operates in timed relation with
      the slitter 20. The heated platens are pressed together to seal the porous
      material 18 to the film 12 along a rectangular line 44 (FIG. 1) around the
      area of each slit. It will be noted in FIG. 1 that the area enclosed by
      the continuous seal line 44 is unsealed, and the ends or boundaries of
      each slit terminate within said area and are spaced from the seal line. It
      will also be noted that the end of one seal is spaced from the end of an
      adjacent seal, such that adjacent seals have an unsealed area
      therebetween.
PAR  The sealing station operates continuously, and each downward stroke of the
      cylinder 42 causes a successive portion of the porous strip 18 to be heat
      sealed around the sides and ends of a successive slit. Preferably, the
      surface of the porous strip 18 which faces the film 12 or the facing
      surface of the film is coated with a hot melt adhesive material or is
      otherwise treated or composed to form a seal which is peelable at room
      temperature, which would enable the peeling away of the porous strip and
      exposure of the slit.
PAR  After the porous strip has been applied and sealed, the composite web is
      passed into a forming station 48 in which the web is folded transversely
      along its longitudinal center line, which in the embodiment shown, is
      along a line coincident with the slits 34. The web is folded away from the
      porous strip 18 such that the strip is disposed around an outside fold or
      edge 50 of the material, and the slits are coincident with the fold. The
      resulting web is thus composed of two overlapping halves of the original
      film.
PAR  Following the folding operation, the two ply material is severed between
      the ends of adjacent spaced seals 44 along a line perpendicular to the
      folded edge 50 in order to form individual pouches 52. At the same time,
      the facing side edges adjacent both sides of the severed line are heat
      welded together along continuous respective lines 54 and 56, which are
      spaced inwardly from the severed edges and extend entirely from the folded
      edge 50 to the opposite edge 58. The end 58 is left unsealed, to enable
      insertion of an article into the pouch at a later time.
PAR  The foregoing severing and sealing operation may be accomplished
      simultaneously by means of a reciprocating knife cut off 60 (FIG. 1)
      having heated sealing bars 62 and 64 disposed in parallel on both sides of
      the knife. In this manner, the knife and sealing bars engage the material
      at the same time and sever the material while forming side seals on
      adjacent pouches. As shown in FIG. 3, the side seals 54 and 56 may overlap
      the ends of the rectangular seal 44, since only the facing edges of
      thermoplastic are being welded together, and these surfaces normally seal
      easily in comparison with the porous material.
PAR  As shown in FIGS. 3-5 the final product comprises a centrally folded
      section of thermoplastic sheet having a folded edge 50 with a slit 34
      therein and having the sides thereof welded together along lines 54 and
      56. The product also has a strip of porous material 18 wrapped over the
      slitted edge 50 and sealed thereto along an enclosed, continuous seal line
      44 spaced from the slit or opening. These features are shown in FIGS. 4
      and 5 wherein the central portion of the enclosed end of the pouch
      contains a slit 34 and the edge portions comprise unslitted or continuous
      folds 50. If the slit 34 were to extend to the edge of the pouch, it would
      be difficult to provide a good or reliable seal at the corner edges
      through the multiple thicknesses of material. The free end 58 of the pouch
      is open, which allows insertion of an article into the pouch, followed by
      heat welding of the opening at said end.
PAR  After the open end 58 has been closed, the pouch and its contents may be
      sterilized by exposure to an atmosphere of an active sterilant, such as
      steam or ethylene oxide. The sterilant may easily enter and leave the
      pouch through the porous end cap 18 and slit 34.
PAR  In order to open the pouch and to withdraw the sterile contents, the porous
      material 18 is peeled away from the body of the pouch, and the contents
      may be withdrawn through the open slit.
PAR  FIGS. 6, 7 and 8 illustrate other embodiments of the product of the present
      invention. FIG. 6 illustrates a pouch which is identical to that shown in
      FIG. 3, except that slit 70 is not provided in the edge fold 72; instead,
      the slit 70 within the thermoplastic sheet is spaced from the fold and is
      parallel thereto. The slit 70, however, remains within the confines of and
      is surrounded by a continuous seal 74 between the pouch body 76 and the
      porous end cap 78. As will be apparent, the pouch of FIG. 6 can be
      produced by essentially the same process as described in connection with
      FIGS. 1-5.
PAR  FIG. 7 illustrates an embodiment wherein the slit 80 is disposed
      perpendicular to the folded edge 82 and is surrounded by the seal 84
      between the porous cap 86 and the pouch body 88. Again, the cap 86
      overlaps the edge 82, and the slit may lie in one of the plies of the
      pouch or may extend continuously from one ply to another around the edge
      82.
PAR  FIG. 8 illustrates the possibility of using an opening 90 other than in the
      form of a slit. In this case, opening 90 is rectangular in shape and
      extends from one panel of the pouch to the other around the folded edge
      91. A porous sheet 92 in the form of an end cap is wrapped over the folded
      edge 91 and is sealed to the pouch body by a continuous seal line 93. It
      will also be noted that the side edges of the porous member 92 are spaced
      inward from the side seals 94 and 95 in the body of the pouch that the
      seals do not overlap.
PAR  The pouches of FIGS. 7 and 8 could, if desired, be produced essentially in
      the same manner as shown in FIGS. 1 and 2 if the slit 80 or opening 90
      were stamped in the film. However, this could be wasteful of the porous
      sheet material, and it would therefore be preferable to feed incremental
      segments rather than a continuous strip of the porous sheet 86 or 92 onto
      the film, in manner known or apparent in the art, to overlie the slit 80
      or opening 90, respectively. Otherwise, the process in essence would be
      the same.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pouch comprising a folded flexible thermoplastic film comprising
      opposed walls with a fold at one edge connecting said walls, a folded
      porous sheet engaged over said edge and portions of both of said walls, a
      continuous line of seal between said porous sheet and the underlying
      portions of said edge and said walls, said line of seal extending over
      said edge and into both of said opposed walls and defining within said
      line an enclosed area between said film and said sheet, and an opening in
      said film within said enclosed area, said opening being located in its
      entirety within said area and having its boundaries spaced inwardly from
      said line of seal.
NUM  2.
PAR  2. The pouch according to claim 1 wherein said opposed walls of said film
      have side edges extending from said folded edge and wherein said walls are
      heat welded together along second lines of seal adjacent said side edges,
      said second lines of seal being spaced outwardly from the boundaries of
      said opening.
NUM  3.
PAR  3. The pouch according to claim 2 wherein said continuous line of seal is
      in its entirety spaced inwardly from said second lines of seal.
NUM  4.
PAR  4. A pouch comprising a flexible thermoplastic film having two opposed
      walls sealed together at their side edges and having a fold at one end
      connecting said walls, a folded porous sheet engaged over said fold and
      portions of both of said walls, a continuous line of seal between said
      porous sheet and the underlying portions of said fold and said walls, said
      line of seal extending over said fold and into both of said walls with the
      portions of said line adjacent the side edges of said walls extending no
      further outwardly than the side edge seals between said walls, said line
      of seal defining within said line an enclosed area between said film and
      said sheet, and an opening in said film within said enclosed area, said
      opening being located in its entirety within said area and having its
      boundaries spaced inwardly from both said line of seal and the side edge
      seals between said walls.
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ABST
PAL  A frangible bonding system utilizes blush lacquer as the frangible link in
      a system for bonding a substrate to a surface, such as the surface of a
      cover layer. The system is particularly adapted for packaging sterilized
      products. A substrate, such as paper, is coated with a layer of blush
      lacquer and dried. An adhesive, such as heat seal material, is superposed.
      A cover layer is overlaid, with a product between the layers. The package
      is then sealed and sterilized. Opening of the package is by peeling the
      cover layer and substrate from one another, breaking the cohesive internal
      bonds of the blush lacquer.
BSUM
PAR  This invention relates to bonding two surfaces together, particularly to
      form packages for sterilized material. More particularly, this invention
      relates to frangible bonds formed by respective layers of dried blush
      lacquer and adhesive material and to their method of manufacture and to
      products made therefrom wherein the bonds may be broken by forces
      rupturing the cohesive bonds within the blush lacquer.
PAR  In the packaging of pharmaceutical products such as sterile surgeon's
      gloves, masks, surgical dressings and surgical kits, it is common to seal
      the product between two sheets of paper or between a sheet of paper and a
      sheet of clear film or a plastic tray. The product thus packaged is then
      sterilized and sent to the customer as a sterile product. The exterior of
      the package must be considered contaminated, and it is therefore important
      that the product be removed without contamination from the exterior of the
      package. For this reason, the practice has been adopted of making a
      package that is opened by peeling as opposed to simply tearing the paper,
      which would shower the sterile contents with bacteria.
PAR  One manner of forming a peelable package has been to use a rubber cohesive
      peeling system with rubber bonds that were ruptured upon peeling. A
      substantial difficulty with this arrangement has been that the sealing
      system was resealable, making it possible that the package be opened or
      partly opened and thereafter resealed after the contents were no longer
      sterile. As it is important that once the product is sterilized its
      sterility may be dependent upon, it is preferable that it be made
      impossible to reseal by merely reclosing the package. To preclude such
      resealing, it has been common to utilize so-called heat seal resins
      wherein the heat seal material is heated to bond the two surfaces
      together, forming bonds which upon rupture do not reseal merely by forcing
      the two surfaces back together. On the other hand, a substantial
      difficulty with the heat seal arrangement has been that when the heat seal
      bonds were reliably formed, their rupture resulted in picking fibers from
      the paper utilized to form the package. Such fiber picking made
      contamination possible if not certain.
PAR  Therefore, in accordance with the present invention, a dried blush lacquer
      is utilized in conjunction with a layer of adhesive material to produce
      bonds that rupture through the blush lacquer without picking fibers from
      the paper.
PAR  A blush lacquer may be defined as a coating composition comprising a
      film-forming resin dissolved in a vehicle composed of a blend of a solvent
      and a non-solvent for the resin and which forms its final coating merely
      by evaporation of the vehicle, with the solvent evaporating ahead of the
      non-solvent. The solvent and non-solvent may each be one or more liquids.
      The solvent is more volatile than the non-solvent, so that upon
      application of the blush lacquer to a substrate and subsequent evaporation
      of both the solvent and non-solvent therefrom, the dried blush lacquer
      forms a layer with voids and discontinuities therein due to the prior
      evaporation of the solvent with the prolonged retention of the less
      volatile non-solvent. The layer may be in the form of fibrils of resin
      forming a network of resin where the fibrils are more or less independent
      of one another, the degree of independence determining the cohesive
      strength of the layer. The film-forming quality of the resin provides
      tensile strength to the fibrils. The dried blush lacquer is normally
      opalescent to opaque in appearance.
PAR  In accordance with the present invention, a peelable bonding system is
      formed by disposing a blush lacquer on a paper or other substrate,
      evaporating the solvent and non-solvent from the coating, and overlaying
      the dried lacquer with adhesive material, preferably heat seal material,
      that is, material bonding upon the application of heat. A cover layer,
      such as a plastic film, is then overlaid, and caused to adhere to the
      blush lacquer, as by the application of heat in suitable areas to cause
      the heat seal material to form a bond between the blush lacquer and the
      cover layer. The materials and concentrations used assure that the
      cohesive internal bonds of the blush lacquer form the weakest link in the
      bonding system. Under such conditions, the cohesive bonds of the blush
      lacquer rupture prior to the rupture of the internal bonds of heat seal
      material or the bonds between the heat seal material and the cover layer,
      between the heat seal material and the blush lacquer and between the blush
      lacquer and the substrate. Further, the internal cohesive bonds of the
      blush lacquer are weaker than the internal bonds of the substrate and
      cover layer. Under these circumstances, the overall system bonding the
      cover layer to the substrate ruptures internally of the blush lacquer,
      assuring no picking of fibers from either the substrate or the cover layer
      and hence assuring sterility of the product contained between the
      substrate and the cover layer.
DRWD
PAR  It is therefore an object of the present invention to provide a bonding
      system formed of a layer of dried blush lacquer and adhesive material,
      particularly heat seal material. It is a further object of the invention
      to form a package sealed by such bonding system and more particularly such
      package that may be sterilized. It is a further object of the invention to
      provide a sterilized package wherein the package is sealed by a seal
      formed of a blush lacquer and a heat seal material, wherein the package is
      opened by rupturing the internal cohesive bonds of the blush lacquer
      without picking fibers from the packaging material. Other objects and
      advantages of the invention will be apparent from the following detailed
      description particularly when taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a plan view, partially broken away, of a sterilized package made
      in accordance with the present invention;
PAR  FIG. 2 is a cross sectional view of the package illustrated in FIG. 1,
      taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is an isometric view of the package illustrated in FIG. 1, with the
      package partially opened; and
PAR  FIG. 4 is a cross sectional view of a package like that illustrated in FIG.
      1 with patterned layers of blush lacquer and heat seal material.
DETD
PAR  FIGS. 1, 2 and 3 illustrate a sterile pharmaceutical package containing a
      surgical dressing 10. The package is formed by a paper substrate 12 and a
      plastic cover layer of closure member 14 between which the surgical
      dressing is disposed. The paper substrate and plastic cover layer are
      bonded together by a bonding system 18 disposed around the surgical
      dressing 10 between the paper substrate 12 and the plastic cover layer 14.
      The bonding system 18 is formed by a blush lacquer layer 20 and a layer of
      heat seal material 22.
PAR  The bond is formed by first laying the blush lacquer 20 on the paper
      substrate 12 and drying it. The blush lacquer may be applied uniformly
      over the entire surface of the paper substrate, or it may be laid in a
      pattern, as will be discussed further below in connection with FIG. 4.
      Then the heat seal material 22 is overlaid on the dried blush lacquer 20,
      the blush lacquer isolating the heat seal material from the substrate 12.
      The heat seal material, too, may be laid over the entire surface as shown
      or in a pattern, as will be discussed further below in connection with
      FIG. 4. The surgical dressing 10 is then placed on the coated substrate
      and overlaid with the plastic cover layer 14. Heat is then applied about
      the periphery of the package to bond the heat seal material 22 to the
      cover layer 14, thus bonding the cover layer to the substrate in the
      heated areas and sealing the dressing within the package. The heat sealing
      may be performed in a conventional and well-known manner, as by the use of
      a heated roller die. The die is designed to form a seal line which closes
      the package completely to provide a hermetically sealed unit.
PAR  The paper substrate 12 and the plastic cover layer 14 may extend beyond the
      seal line to form respective pull tabs 24 and 26 for opening the package.
PAR  With the package thus formed about the surgical dressing, the assemblage
      may be sterilized in a conventional manner as by autoclaving or flushing
      with ethylene oxide. The package may then be sent to hospitals or supply
      houses with the sterility of the dressing assured.
PAR  To gain access to the sterile dressing, the user pulls on the two tabs, as
      shown more particularly in FIG. 3, to rupture the cohesive internal bonds
      of the blush lacquer. As these cohesive bonds are weaker than any of the
      other internal bonds in the package or any of the other bonds between the
      cover layer 14 and the substrate 12, the rupture of the bonding system 18
      is entirely internal of the blush lacquer layer, hence avoiding picking of
      any fibers from the substrate. Beyond the bonding system 18, the heat seal
      layer itself ruptures, leaving the heat seal material attached to the
      layer of blush lacquer, as illustrated.
PAR  It is, of course, important to be assured that the seal was adequately
      formed in the first place. In certain prior art seals, the effectiveness
      of the seal was evidenced by the pulling of fibers from the substrates. As
      this is one of the circumstances it is desired to avoid, identification of
      adequate sealing is here afforded by placing a dye in the blush lacquer to
      form a colored telltale. Thus, when the coating is ruptured, the transfer
      of dye to the cover layer indicates that the seal was previously complete.
PAR  The material of the blush lacquer will not again seal when the two parts of
      the ruptured coating are forced together, hence precluding the possibility
      of resealing any package once opened. The user may then be assured that
      any package sealed when he gets it has remained sealed from the time of
      initial sealing, hence assuring sterility.
PAR  The present invention has been described particularly in a preferred
      embodiment for packaging pharmaceutical products. It has a number of other
      uses, and even in the packaging of pharmaceutical products there may be a
      number of variables depending, for example, upon the particular product
      being packaged and the manner in which it is desired to sterilize it.
      Although various modifications may be made in the package, the bonding
      system and their method of manufacture, certain materials and arrangements
      thereof have been found particularly suitable.
PAR  Although other substrates may be used, a substrate found particularly
      useful in paper. More particularly, a paper useful in packaging sterilized
      products is pharmaceutical kraft having a pinhole free Gurley porosity
      typically in the range of 65 to 150 seconds and a basis weight of 25 to 65
      pounds (per ream of 3,000 square feet). It is preferable that such paper
      be made of strong, virgin fiber resistant to color reversion when
      sterilized. Depending upon the conditions to which the package is to be
      exposed and the use to which it is to be put, and particularly when the
      product is to be sterilized by steam, the paper is made water resistant,
      being given a high degree of wet strength and made relatively water
      repellent. The paper should have relatively strong interfiber bonds,
      especially on its surface. For packaging pharmaceutical products it is
      generally desirable that any surface sizing be non-nutritive so as not to
      feed bacteria. It is, however, desirable that the paper have some holdout
      qualities, such as may be achieved by sizing, so that the subsequent blush
      lacquer coating does not soak excessively into the paper.
PAR  The blush lacquer coating is critical to the invention; however, the
      particular materials that may be used are various, again depending upon
      the uses to which the product is to be put. Blush lacquers are well known
      in the art, and a number of them may be used in the present invention. As
      defined above, a blush lacquer is a coating composition comprising a
      film-forming resin dissolved in a vehicle composed of a solvent and a
      non-solvent for the resin, and it forms its final coating merely by the
      evaporation of the vehicle with the solvent evaporating ahead of the
      non-solvent. When the blush lacquer is dried, the solvent is evaporated
      first, forming fibrils of film-forming resin separated by the non-solvent.
      The subsequent evaporation of the non-solvent leaves the fibrils of resin.
      Film-forming implies structural tensile strength, the strength depending
      upon the particular film-forming resin used. Further, the strength of the
      resin network depends upon the amount of resin relative to the voids in
      the layer and upon the relative independence of the fibrils from one
      another. These, of course, depend upon the relative amount of non-solvent
      in the initial blush lacquer. Cellulose derived film-forming resins have
      been found particularly suitable, although vinyl or acrylic based
      film-forming resins may be used. Specifically, the film-forming resins may
      be, for example, nitrocellulose, cellulose acetate, cellulose acetate
      butyrate and cellulose acetate propionate.
PAR  The vehicle used in the blush lacquer depends, of course, on the
      film-forming resin used. The vehicle must include both a solvent and
      non-solvent for the resin. The solvent and non-solvent should be miscible.
      Alcohol and water, for example, have been used to cause blushing. The
      particular solvents and non-solvents depend not only on the relative
      non-solvency of the resin but on their relative evaporation rates. It is
      the solvent that must evaporate first so that the solid resin fibrils may
      be formed by the action of the non-solvent in producing voids in the
      precipitating resin. The necessary rates of evaporation are also
      determined in part by the conditions of manufacture, as, for example, the
      time available for drying under given conditions. Various suitable
      solvents for nitrocellulose and similar resins are acetone, methyl
      acetone, methyl ethyl ketone and methyl acetate. Suitable non-solvents
      include toluol, xylol and aliphatic hydrocarbons such as naphtha (V.M. &
      P.). Water may also be used.
PAR  The relative proportions of resin and solvent and non-solvent are
      determined in part by the desired strength of the ultimate product and the
      method of its production. This also determines in part how thick to apply
      the coating of blush lacquer. The resulting dried layer of film-forming
      resin must have the appropriate tensile strength assuring that the
      cohesive bonds of the film-forming resin fail first in the bonding system
      and any resulting package. The materials utilized must also be compatible
      with the materials and environment to which it will be exposed in further
      processing and use.
PAR  The blush lacquer may be applied in a well-known fashion utilizing
      conventional paper-coating apparatus and techniques. It may be applied by
      printing, which includes the allover application of blush lacquer. The
      evaporation of the vehicle must proceed at a rate assuring the prior
      evaporation of the solvent. Fast evaporation is desirable for efficiency
      and rate of production, but evaporation must not be at such high
      temperature as to drive off the non-solvent prematurely. Generally
      satisfactory evaporation rates are obtained by passing the substrate with
      the blush lacquer thereon through a forced air oven operating at a high
      rate of air flow and a relatively low temperature. The high rate of air
      flow assures a relatively high rate of evaporation, while the temperature
      is kept low enough as to assure the prior evaporation of the solvent.
      Particular temperatures depend upon the particular solvents and
      non-solvents used. On the other hand, as mentioned above, the particular
      solvents and non-solvents may depend in part upon the drying methods and
      apparatus available. The substrate is preferably passed continuously
      through a relatively long even in a continuous operation.
PAR  As mentioned earlier, a preferred adhesive coating is heat seal material.
      Various heat seal materials may be utilized, and indeed the heat seal
      material may form the cover layer of the package, making a separate
      element unnecessary. The heat seal material may be applied as hot melt to
      the surface of the dry blush lacquer, or it may be applied in solution or
      suspension and precipitated upon the evaporation of a vehicle. A
      particular heat seal material that has been found efficacious is ethylene
      vinyl acetate precipitated upon the evaporation of its vehicle. A vehicle
      found useful has been the combination of toluol and aliphatic
      hydrocarbons. As may be noted, the vehicle for the heat seal material of
      this example was included in the examples of the non-solvent part of the
      vehicle for the blush lacquer; it therefore does not dissolve the dried
      blush lacquer of those examples. It is essential that the solvent used in
      forming the layer of heat seal material not materially attack the dried
      blush lacquer to which it is applied. Ethylene vinyl acetate is a
      preferred heat seal material, as it forms a layer that is peculiarly
      suitable for gas sterilization, for in thin layers it forms a relatively
      poor barrier to ethylene oxide as conventionally used for sterilizing in a
      carrier of hydrocarbons. Thus, when the completed package is subjected to
      ethylene oxide sterilization, the ethylene oxide penetrates not only the
      porous paper substrate and the resin network of the blush lacquer but also
      the heat seal coating. At the same time ethylene vinyl acetate is not
      attacked by the ethylene oxide. Other heat seal materials may be more
      suitable for autoclaving where it is important that the high temperature
      steam not attack the heat seal material, as by softening or completely
      melting it.
PAR  When the layer of heat seal material is applied over all the blush lacquer
      layer and the enclosed product 10 is between the cover layer and the heat
      seal layer, the heat seal layer is made thin enough and weak enough so as
      to fail following rupture of the bonding system 18. Otherwise, the heat
      seal material would merely peel from the blush lacquer, leaving the
      product still enclosed between the heat seal material and the cover layer.
PAR  The cover layer may also take a number of forms. It may, for example, be
      the same paper as for substrate. In fact, depending upon the packaging
      operation used, the substrate with the blush lacquer and heat seal
      material thereon may be used as a unit to form the cover layer, with the
      two layers of heat seal material juxtaposed. This may be achieved by
      folding a single sheet. As mentioned above, it is also possible that the
      heat seal layer itself form all or part of the cover layer. To form part
      of the cover layer, the heat seal material may be applied to a paper cover
      layer substrate and then heated to seal the cover layer to the blush
      lacquer layer to form the sealed package. Commonly, the cover layer is a
      sheet of clear film or a clear plastic tray, permitting visual inspection
      of the article contained in the package. Suitable films are a laminate of
      polyethylene film and polyester film such as that sold by du Pont under
      the trademark Mylar, and a film of high density polypropylene. Nylon film
      or polyolefin film may also be used.
PAR  One particular product successfully used in forming a sterilizable
      pharmaceutical package utilized pinhole free pharmaceutical kraft paper
      having a basis weight of about 40 pounds (per ream of 3,000 square feet)
      and a Gurley porosity of about 80 to 90 seconds. Blush lacquer containing
      nitrocellulose was applied in a thick layer to produce a coating having a
      dry weight of 5.5 pounds per ream. The particular blush lacquer used was
      the product sold by Morton Chemical Company under the trademark Adcote
      148-39A. The composition of such blush lacquer in weight percent was:
TBL  Nitrocellulose    22%                                                     
     Acetone           32%                                                     
     Alcohol (95% ethanol)                                                     
                       30%                                                     
     Toluol           8.7%                                                     
     Naphtha (V.M. & P.)                                                       
                      7.0%                                                     
PAL  Water was added to increase opacity, and the product was thinned with
      acetone to a solids content of about 15%. It was applied to the paper
      substrate in a conventional paper-coating machine and dried by being run
      through a 40-foot oven at a rate of 300 feet per minute. The oven was a
      forced hot air oven providing a high rate of air flow. At the same time
      the temperature was limited to 150.degree. to 175.degree.F to drive off
      the solvents and non-solvents at the appropriate rates, where first the
      solvents were driven off and then the non-solvents were evaporated by the
      time the coated paper had passed through the oven. A coating of ethylene
      vinyl acetate solution as sold by Morton Chemical Company under the
      trademark Adcote 33GlA was then applied and dried in a similar manner. The
      heat seal solution comprised ethyl vinyl acetate in a vehicle of toluol
      and aliphatic hydrocarbons. The concentration of ethyl vinyl acetate and
      the thickness of the applied layer produced a coating of heat seal
      material of 3 pounds per ream.
PAR  The coated upper thus formed was used to form a package as shown in the
      drawings with the thus coated paper utilized to form the cover layer 14.
      The resulting package was then sterilized in a conventional manner with
      ethylene oxide. The efficacy of the sterilization was established by
      subsequent testing of the contents of the package. Further, the resulting
      product was tested with a standard tensile testing apparatus, namely, an
      Instron tester. Using inch-wide strips of the heat seal structure to peel
      the cover layer from the substrate at a rate of 12 inches per minute
      required from 150 to 450 grams. Dye in the blush lacquer was transferred
      to the heat seal material, establishing that the seal had been properly
      made. Further, visual examination established that there was no pulling of
      fibers and that the bonding system failed by failure of the cohesive bonds
      within the blush lacquer layer.
PAR  Various modifications may be made in the product and its method of
      manufacture within the scope of the present invention. As mentioned above,
      the heat seal material or both the heat seal material and the blush
      lacquer may be applied in a pattern, leaving open areas. This is
      particularly useful in assuring that the package be sufficiently permeable
      to sterilizing gas. It also may conserve material.
PAR  One such patterned structure is illustrated in FIG. 4, wherein the blush
      lacquer layer 20 is deposited in a picture frame pattern, being placed
      substantially only at the bond 18, and the layer of heat seal material 22
      is superposed in registry therewith. Such patterned structure is readily
      achieved by standard printing processes. Desirably, the area covered by
      the layer of blush lacquer extends beyond the corresponding layer of heat
      seal material to assure that the heat seal material is everywhere
      separated from the substrate 12 by the blush lacquer. If the heat seal
      material were to extend to the substrate, rupture of the blush lacquer
      would not separate the heat seal material from the substrate, and fibers
      might be pulled therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package including a product enclosed by a substrate and a closure
      member, said substrate being bonded to said closure member by a frangible
      bonding system comprising a bonding agent in the form of a layer of dried
      blush lacquer formed of film-forming resin containing voids, the
      film-forming resin forming cohesive internal bonds of said layer of blush
      lacquer, said voids making said cohesive internal bonds of said layer of
      blush lacquer rupturable by peeling the closure member and the substrate
      from one another.
NUM  2.
PAR  2. A package according to claim 1 wherein said substrate and said closure
      member each has internal bonds bonding it together internally, and said
      bonding system has interlayer bonds bonding said system to said substrate
      and said closure member, respectively, the cohesive internal bonds of said
      layer of dried blush lacquer being weaker than the internal bonds of said
      substrate and said closure member and weaker than any other bonds of said
      bonding system between said substrate and said closure member, whereby the
      cohesive internal bonds of said blush lacquer rupture upon said peeling
      without any substantial failure of the other bonds of the bonding system.
NUM  3.
PAR  3. A package according to claim 2 wherein said package is relatively
      permeable to a sterilizing gas and relatively impermeable to bacteria.
NUM  4.
PAR  4. A package according to claim 3 wherein said package is relatively
      permeable to ethylene oxide.
NUM  5.
PAR  5. A package including a product enclosed by a substrate and a closure
      member, said substrate being bonded to said closure member by a frangible
      bonding system comprising a bonding agent in the form of a layer of dried
      blush lacquer formed of film-forming resin containing voids, the
      film-forming resin forming cohesive internal bonds of said layer of blush
      lacquer, and a layer of heat seal material bonded to said blush lacquer,
      said voids making said cohesive internal bonds of said layer of blush
      lacquer rupturable by peeling the closure member and the substrate from
      one another.
NUM  6.
PAR  6. A package according to claim 5 wherein said substrate, said closure
      member and said layer of heat seal material each has internal bonds
      bonding it together internally, and said bonding system has interlayer
      bonds bonding said system to said substrate and said closure member,
      respectively, and said layer of blush lacquer to said layer of heat seal
      material, the cohesive internal bonds of said layer of dried blush lacquer
      being weaker than the internal bonds of said substrate, said layer of heat
      seal material and said closure member and weaker than said interlayer
      bonds, whereby the cohesive internal bonds of said blush lacquer rupture
      upon said peeling without any substantial failure of the other bonds of
      the bonding system.
NUM  7.
PAR  7. A package according to claim 6 wherein said substrate is formed of
      paper.
NUM  8.
PAR  8. A package according to claim 6 wherein the sealed enclosed space within
      the package is effectively sterile.
NUM  9.
PAR  9. A package according to claim 5 wherein the blush lacquer is disposed on
      the substrate in accordance with a pattern and the heat seal material is
      disposed on the dried blush lacquer in registration therewith.
NUM  10.
PAR  10. A package according to claim 5 wherein the heat seal material is
      disposed on the dried blush lacquer in a pattern substantially only at the
      places where sealing is effected.
NUM  11.
PAR  11. A package according to claim 5 wherein said heat seal material is
      printed on said dried blush lacquer in a pattern leaving said layer of
      heat seal material permeable to sterilizing gas.
NUM  12.
PAR  12. A package enclosing a sterilized product, said package having a
      substrate bonded to a closure member by a frangible bonding system to seal
      the product within the package, said substrate and said closure member
      each having internal bonds bonding it together internally, said bonding
      system comprising a bonding agent in the form of a layer of dried blush
      lacquer formed of film-forming resin containing voids, the film-forming
      resin forming cohesive internal bonds of said layer of blush lacquer, said
      voids making said cohesive internal bonds of said layer of blush lacquer
      rupturable by peeling the closure member and the substrate from one
      another, said bonding system having interlayer bonds bonding said system
      to said substrate and said closure member, respectively, the cohesive
      internal bonds of said layer of dried blush lacquer being weaker than the
      internal bonds of said substrate and said closure member and weaker than
      any other bonds of said bonding system between said substrate and said
      closure member, whereby the cohesive internal bonds of said blush lacquer
      rupture upon said peeling without any substantial failure of the other
      bonds of the bonding system, the sealed enclosed space within the package
      being relatively sterile, and the structure of the sealed package being
      substantially impermeable to bacteria.
NUM  13.
PAR  13. A package according to claim 12 wherein a colored telltale is
      incorporated in said blush lacquer whereby rupture of the layer of blush
      lacquer is indicated by the color of the peeled apart closure member and
      substrate, the adherence of color to the closure member indicating an
      effective seal.
NUM  14.
PAR  14. A package according to claim 12 wherein said substrate comprises paper
      coated with non-nutritive surface sizing repellent of the vehicle with
      which the blush lacquer is applied.
NUM  15.
PAR  15. A package according to claim 12 wherein said substrate is formed of
      pharmaceutical kraft paper.
NUM  16.
PAR  16. A package according to claim 12 wherein said substrate is water
      resistant paper.
NUM  17.
PAR  17. A methof of packaging a sterilized product between a substrate and a
      cover layer, said method comprising coating the substrate with a blush
      lacquer formed of a film-forming resin disposed in a liquid vehicle
      composed of a solvent and non-solvent for said resin, the solvent being
      more volatile than the non-solvent, evaporating said vehicle to leave the
      resin as a dried blush lacquer, the solvent being evaporated in preference
      to the non-solvent, applying a layer of heat seal material to said dried
      blush lacquer, placing the cover layer on the heat seal material with the
      product therebetween, applying heat and pressure to heat seal the cover
      layer to said dried blush lacquer to seal the product therebetween, and
      effectively sterilizing the enclosed space.
NUM  18.
PAR  18. The method according to claim 17 wherein said heat seal material is
      printed on said dried blush lacquer in a pattern leaving said layer of
      heat seal material permeable to sterilizing gas.
PATN
WKU  039386600
SRC  5
APN  4837010
APT  1
ART  241
APD  19740627
TTL  Glass sheet shipping packages
ISD  19760217
NCL  11
ECL  1
EXA  Lipman; Steven E.
EXP  Price; William
NDR  3
NFG  6
INVT
NAM  Moehring; Richard J.
CTY  Maumee
STA  OH
ASSG
NAM  Libbey-Owens-Ford Company
CTY  Toledo
STA  OH
COD  02
CLAS
OCL  206451
XCL  206448
XCL  206454
XCL  214 105R
EDF  2
ICL  B65D 8548
FSC  105
FSS  367;466;469;473;474;477;486;488
FSC  206
FSS  386;442;448-449;451-452;454;521
FSC  211
FSS  29;41
FSC  214
FSS  10.5 R
UREF
PNO  1772731
ISD  19300800
NAM  Romine
OCL  206452
UREF
PNO  1982437
ISD  19341100
NAM  Knowlton
OCL  206451
UREF
PNO  2004626
ISD  19350600
NAM  Hann
XCL  206453
UREF
PNO  3147860
ISD  19640900
NAM  Kean, Sr. et al.
OCL  206448
UREF
PNO  3709358
ISD  19730100
NAM  Andrews et al.
OCL  206451
UREF
PNO  3809234
ISD  19740500
NAM  Kurick
XCL  214 10.5R
LREP
FRM  Collins, Oberlin & Darr
ABST
PAL  A composite package for shipping and storing a stack of individual sheets
      of glass or the like, and particularly, curved automotive glass articles.
      The package includes a reusable rack having resilient brace members which
      can be adjusted both vertically and horizontally so as to accommodate
      articles of various sizes supported upon edge. The resilient braces and
      the support members of the rack are provided with multi-planar surfaces
      for engaging the articles whereby the rack will accommodate a variety of
      articles of different curvatures, dimensions, and outlines. A novel
      unitized tie-down apparatus comprising pressure members, pads, and
      adjustable straps detachably connected to the rack frame apply uniform
      pressure to and securely hold a stack of curved sheet articles against the
      resilient braces and support members of the rack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates broadly to the transporting of sheet
      materials and, more particularly, to an improved package for shipping and
      storing a stack of individual automotive windshields or other curved glass
      articles.
PAR  2. Description of the Prior Art
PAR  Composite packages employing reusable racks and adjustable tie-down straps
      have been previously used for shipping fabricated curved glass sheets as
      shown, for example, by commonly assigned U.S. Pat. Nos. 3,147,860, to J.
      S. Kean, Sr., and 3,809,234, to J. F. Kurick. As shown in these
      disclosures, it was formerly common practice to merely anchor individual
      banding straps at their opposite ends to the rack frame and secure them
      over the stack of articles by buckling their respective free ends
      together. In such banding arrangements, a plurality of articles are simply
      stacked on their edges in upright position in the shipping rack and the
      individual glass articles of the group are separated from each other, for
      example, by sheets of unanchored cushioning material to prevent their
      marring and/or breakage in transit. Usually two individual, spaced apart
      banding straps are employed and each is anchored at the bottom back of the
      rack, passes over the top edges of the glass articles, then vertically
      downward over the outer surface of the stack, and is anchored at the front
      bottom edge of the rack. Each strap is provided with a buckle arrangement
      to tension the straps for holding the stack of glass articles firmly on
      the rack.
PAR  However, to merely secure the stack of glass articles on the rack in this
      manner may create certain problems, among which are the following: (1)
      Because of stretch or creep inherent in the material employed in the
      banding straps, tensioning of the individual straps normally result in
      non-uniform pressures being applied to the stack of glass articles; (2) It
      has been found in devices of this type that when individual straps are
      employed they can only be tensioned by application of about 25 foot-pounds
      of torque to secure the stack of glass sheets to the rack and that
      additional torquing results in breakage or cracking of some of the glass
      articles; and (3) After initial tensioning, the individual banding straps
      tend to loosen due to the aforementioned or elongation inherent in the
      strap material as well as slippage of the fastening devices. As a result
      of the reduced tension, the stack of glass articles exerts a considerable
      force on the banding straps when the entire package is subjected to
      jarring forces or impact produced by rapid changes in momentum of the
      transporting vehicle. These forces accelerate still further loosening of
      the banding straps by increased stretching of the straps and/or slippage
      of the fastening devices. This loosening of the banding straps may allow
      shifting of the stack of glass articles on the rack and result in marring
      and breakage of the individual windshields. Since each windshield is
      completely fabricated when shipped, most including a radio antenna and
      connecting device, damage to any portion of the unit results in loss of
      the entire unit and hence involves a substantial economic loss. Thus, it
      is desirable to tie the stack of glass articles to the rack in a more
      secure manner by providing a banding arrangement which applies the
      securing load to the glass article uniformly and with greater loading
      pressure than has heretofore been possible so that when any stretching or
      slippage of the banding strap occurs, the articles remain tightly held,
      thus preventing any movement of the articles relative to the rack. It has
      been found that the shipping package of the present invention with a novel
      unitized adjustable banding arrangement provides greater protection during
      handling and shipping of the glass articles than was heretofore possible.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, the shipping package of this invention comprises a
      combination of a known reusable shipping rack and a unitized banding
      arrangement. The banding arrangement includes a pair of spaced apart
      banding straps, each of which is threaded through the ends of a novel pad
      and pressure member extending across the top edges of a stack of upright
      curved sheets for uniformly urging the sheets in a vertical direction
      against the base of the rack. Further, each banding strap is threaded
      through an end of an upper and lower pressure member which extends
      horizontally across the front face of the stack for tying the banding
      straps together and uniformly urging the stack against the back of the
      shipping rack.
PAC  OBJECTS AND ADVANTAGES
PAR  It is therefore an object of this invention to provide a reusable shipping
      package which is adapted to safely contain a relatively large number of
      curved glass articles during the transportation and storage thereof.
PAR  Another object is to provide such a package which will resiliently yet
      firmly support and hold the articles by means of a unitized network of
      banding straps so as to prevent movement and resulting breakage.
PAR  Another object of the invention is to provide a package which is adjustable
      so as to accommodate articles of different sizes.
PAR  Still another object is to provide a package with bottom and end supports
      and pressure members having glass article contacting surfaces lying in
      more than one plane so as to accommodate a variety of units with different
      curvatures and peripheral configurations.
PAR  Other objects and advantages of the invention will become more apparent
      during the course of the following description when taken in connection
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like numerals are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a front perspective view of a shipping package constructed in
      accordance with the present invention with the removable front section of
      the frame removed from the rack;
PAR  FIG. 2 is a perspective view of the rear of the shipping package with parts
      of the frame broken away;
PAR  FIG. 3 is an elevational sectional view taken substantially along line 3--3
      of FIG. 2;
PAR  FIG. 4 is an enlarged perspective view of the pad employed in the novel
      banding arrangement shown in FIG. 1;
PAR  FIG. 5 is an enlarged fragmentary perspective view of a modified form of
      the pad shown in FIG. 4; and
PAR  FIG. 6 is a fragmentary front view of a shipping package employing the pad
      shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although not restricted thereto, the shipping package of this invention is
      particularly adapted to the transportation of curved glass sheets such as
      windshields or rear windows of automobiles or trucks. Automobile
      windshields are generally curved throughout their length, while truck
      windshields are more flat in the central region with sharper curves at the
      ends. To accommodate these various windshield configurations, the
      supporting and bracing members of the shipping rack employed therein are
      provided with multi-planar surfaces, that is, surfaces having flat
      portions angularly disposed to one another. The rack itself comprises a
      rigid metal frame and by the use of a resilient covering on all supporting
      members, a high level of protection is provided for glass units
      therewithin. In addition to having multi-planar surfaces, the braces
      supporting the windshields are adjustable vertically and horizontally in
      order that the rack can accommodate units of various sizes. To secure the
      windshields to the rack, a tie-down apparatus having a pair of spaced
      apart banding straps anchored to the bottom of the frame, applies pressure
      in both the vertical and horizontal directions through pressure members to
      the windshields for holding them against the supporting and bracing
      members of the rack.
PAR  Referring now to the drawings, and particularly to FIGS. 1 and 2, there is
      illustrated a composite shipping package constructed in accordance with
      the invention and designated in its entirety by the numeral 20. As
      disclosed, a rack 21 such as shown in the aforementioned U.S. Pat. No.
      3,809,234, generally comprises an open frame in the form of a rectangular
      parallelpiped structure and includes a pair of vertical front corner posts
      22, a pair of rear corner posts 23, horizontal end angle shaped support
      members 24, a lower pair of horizontal front and rear longitudinal rails
      25 and 26, respectively, a pair of upper horizontal front and rear
      longitudinal rails 27 and 28, respectively, a pair of upper horizontal end
      rails 29, and two intermediate rear vertical posts 30 and 31 extending
      between the lower and upper longitudinal rails 26 and 28.
PAR  As illustrated in the drawings, the vertical corner post 22 at the front of
      the frame may be formed of two separable interfitting sections 32 and 33
      so that a portion 32 of the frame can be readily removed and replaced on
      the rack so as to permit ready access for loading and unloading while
      allowing the racks to be stacked one upon another.
PAR  Within the above structure, a plurality of bent glass sheets 34, such as
      automotive windshields, are suitably contained for shipment or storage. As
      viewed in FIGS. 1 and 2, the glass sheets 34 are supported at their lower
      edges by a pair of spaced horizontal tubular members 35 extending between
      the lower longitudinal rails 25 and 26. A protective cushion of resilient
      non-abrasive material such as rubber is provided over the top wall of the
      members 35 for contacting the bottom edges of the sheets 34. The
      protective cushion adhered to the top wall has a tough flexible skin with
      a somewhat more resilient backing layer so as to withstand the wear
      imposed by the sharp glass edges.
PAR  Inclined brace members or saddles 36 covered with a cushioning material are
      mounted at each end of the rack for supporting the end edges of the glass
      sheet and holding the sheets against endwise movement. Each brace member
      36 is adjustably positionable as disclosed in the aforementioned patent.
PAR  To maintain the sheets in an upright position at the rear of the shipping
      rack, an upper pair of vertically adjustable back braces 37 and a lower
      pair of back braces 38 are mounted on the intermediate vertical posts 30
      and 31 so that they may accommodate sheets of different curvature. A bar
      39 extends between the upper back braces 37 to join them as a unit and
      carry a hold-down apparatus 40 as will be hereinafter explained.
PAR  Generally stated, the glass sheets 34 are supported on their lower edges by
      the tubular members 35 and at their end edges by the brace members 36 and
      they are stacked in face-to-face relation with the rear unit against the
      upper and lower back braces 37 and 38. The glass sheets are secured
      against relative movement within all of the supporting members of the rack
      21 by the adjustable unitized hold-down apparatus 40. Thus, the apparatus
      40 includes a pair of hold-down straps 41, and each hold-down strap 41 has
      a hook 42 at one end and a buckle assembly 43 with an attached hook 44 at
      the opposite end to provide an adjustment for holding glass sheets of
      various sizes. Each hold-down strap 41 is secured to the rack frame at one
      end by engaging the hook 42 to a link 45 mounted on the frame as shown in
      FIG. 3. At the other end of the strap, the hook 44 is attached to an
      anchor ring 46. The buckle assembly 43 provides the adjustment to tighten
      or loosen the strap 41.
PAR  Of course, it is known that sheets of glass are more susceptible to being
      broken by forces applied to their planar surfaces than to their end edges.
      Thus, the hold-down apparatus 40, according to this invention, is designed
      to apply a downward force against the top edges of the glass sheets 34 to
      urge the sheets against the bottom tubular members 35, as well as
      uniformly urge the stack of sheets against the back braces 37 and 38. The
      forces applied by each of the straps 41 are transmitted to the stack of
      sheets by a novel arrangement of a pair of top pressure members 47 and
      front upper and lower pressure members 48 and 49, respectively, which are
      interconnected with the straps 41.
PAR  Each top pressure member 47 comprises an elongated pad 50 of, for example,
      corrugated plastic or fiber sheet material, and may include an elongated
      rigid tubular runner 51 of plastic or wood which extends along the pad and
      through which the strap 41 is threaded. As shown in FIG. 4, the pad 50 is
      L-shaped and provided with raised portions or shoulders 52 and 53 adjacent
      its ends. Further, each end of the pad is provided with an aperture such
      as T-shaped slot 54 through which the strap 41 can be conveniently
      threaded. As best shown in FIG. 3, the rear end of the runner 51 bears
      against the shoulder 52 to firmly seat the short leg 55 of the L-shaped
      pad against the front face of the stack of glass sheets.
PAR  Each front pressure member 48 or 49 comprises an elongated rigid tubular
      element 56 having elongated slots 57 for receiving the straps 41. The
      upper or first pressure member 48 extends horizontally between the belts
      41, bears against the front face of the short leg 55 and is seated on the
      shoulders 53 thereof which hold it in its prescribed position. The lower
      or second pressure member 49 extends horizontally between the belts 41
      adjacent the bottom edge of the stack of glass sheets. In this described
      arrangement, it has been found that a torque of about 70 foot-pounds can
      be safely applied to the straps 41 to firmly secure the glass articles to
      the rack 21. As previously pointed out, when individual banding straps are
      used to secure the sheets of glass to the rack only about 25 foot-pounds
      of torque can be safely applied to the straps. Thus, it is apparent that
      the forces applied by the straps 41 via the pressure pads 47 and
      particularly the front pressure members 48 and 49 are more uniformly
      distributed on the stack of glass sheets and firmly hold the stack against
      the bottom and back braces of the rack 21.
PAR  Paperboard or foam cushioning sheets 58 are used between the adjacent glass
      sheets to prevent each sheet from being in contact with, and marring the
      surfaces of, the adjacent glass sheets. Additional cushioning sheets 59,
      as shown in FIG. 1, may be used between the first glass sheet of the stack
      at the front of the rack and the first and second pressure members of the
      hold-down apparatus 40. Also, the sheets 58 may be used between the first
      glass sheet of the stack at the rear of the shipping rack and the upper
      and lower back braces 37 and 38. These sheets offer a more cushioned
      support from the hold-down apparatus and the back braces for the stacked
      glass sheets and further reduce the possibility of damage to the shipment.
PAR  Most present day windshields have a greater length at their base than at
      the top due to the current trend of automotive designs favoring inwardly
      inclined corner posts. Since these windshield units are larger at their
      base, they are more easily supported in an inverted position on the
      shipping rack. Thus, in the present invention, the tops of the units are
      supported upon the horizontal tubular member 35 and the bases of the
      windshields are held by the adjustable hold-down apparatus 40 and the
      inclined brace members 36 engage the ends or sides of the units.
PAR  It is known that automotive windshields generally are more tapered at their
      end edges and curved throughout their length, while truck windshields are
      almost flat in the central region and have less taper at the end edges. To
      accommodate both the automobile windshield configuration shown in FIG. 6,
      and the truck windshield configuration shown in FIGS. 1 and 2, the top pad
      50 is modified as shown in FIG. 5. Thus, the shoulder 53' on the short leg
      55 is provided with multi-planar surfaces, that is, surface portions
      inclined at different angles as shown in FIGS. 5 and 6. One portion of the
      supporting surface is adapted to seat and support the upper pressure
      member 48 in a horizontal position. Since the upper back braces 37, the
      holddown apparatus 40, and the inclined brace members 36 are adjustable,
      different sizes and shapes of windshield units other than the
      configuration shown in FIGS. 1 and 6, can also be accommodated.
PAR  After the shipping rack is loaded with glass sheets and the sheets are
      secured in the manner outlined above, it is finally prepared for
      transporting by assembling the front removable upper section 32 with the
      front bottom section 33. The loaded shipping package can then be moved by
      forklift into a truck or railroad car for transportation or to an area of
      temporary storage. In any event, several packages can be stacked one above
      the other.
PAR  It is to be understood that the forms of the invention herewith shown and
      described are to be taken as preferred embodiments only of the same, and
      that various changes in the shape, size, and arrangement of parts may be
      resorted to without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a composite shipping package including a shipping rack containing a
      plurality of up-standing sheets of glass having an open, substantially
      L-shaped frame upon which said sheets are supported on edge and an
      adjustable tie down apparatus, the improvement comprising
PA1  a. a pair of spaced apart L-shaped pads each having a first elongated leg
      lying transversely across the top edges of said sheets and a second leg
      lying along the front face of the outer one of said sheets;
PA1  b. a pair of banding straps wherein each of said straps is connected to one
      of said pads for holding said pad on said top edges of said sheets;
PA1  c. a first pressure member whose ends are connected to and extend between
      said straps and wherein the ends of the pressure member bear against said
      second leg of each said pad and,
PA1  d. means securing said straps to said rack under tension for applying
      pressure on the ends of said pressure member whereby the pressure applied
      by each said strap to said pressure member is uniformly transmitted to
      said plurality of sheets to hold said sheets on said rack.
NUM  2.
PAR  2. A composite shipping package as claimed in claim 1, including a second
      pressure member spaced below said first pressure member and which is
      connected to and extends between said straps.
NUM  3.
PAR  3. A composite shipping package as claimed in claim 2, wherein said second
      leg of each said pad includes a shoulder on which said first pressure
      member is seated.
NUM  4.
PAR  4. A composite shipping package as claimed in claim 3, wherein each said
      shoulder on each said second leg horizontally seats said first pressure
      member adjacent the top edges of said sheets and said second pressure
      member is disposed substantially parallel thereto adjacent the bottom
      edges of said sheets.
NUM  5.
PAR  5. A composite shipping package as claimed in claim 1, including a runner
      which is disposed between each said banding strap and its associated pad.
NUM  6.
PAR  6. A composite shipping package as claimed in claim 5, wherein the free end
      of said first leg of said pad includes a shoulder which seats an end of
      its associated runner.
NUM  7.
PAR  7. A composite shipping package as claimed in claim 1, including means for
      connecting each said pad to its associated banding strap which comprises
      an aperture in each end of each said pad through which said banding strap
      passes.
NUM  8.
PAR  8. A composite shipping package as claimed in claim 1, including cushioned
      spacing members positioned between adjacent sheets to separate each said
      sheet from the next adjacent sheet.
NUM  9.
PAR  9. In a composite shipping package including a shipping rack containing a
      plurality of up-standing sheets of glass having an open, substantially
      L-shaped frame upon which said sheets are supported on edge and an
      adjustable tie down apparatus, the improvement comprising
PA1  a. a pair of spaced apart L-shaped pads each having a first elongated leg
      lying transversely across the top edges of said sheets and a second leg
      lying along the front face of the outer one of said sheets;
PA1  b. a pair of banding straps wherein each of said straps is connected to one
      of said pads for holding said pad on said top edges of said sheets;
PA1  c. means for connecting each pad to its associated banding strap which
      comprises a T-shaped slot in each end of each said pad and through which
      said banding strap passes,
PA1  d. a first pressure member whose ends are connected to and extend between
      said straps and wherein the ends of the pressure member bear against said
      second leg of each said pad and,
PA1  e. means securing said straps to said rack under tension for applying
      pressure on the ends of said pressure member whereby the pressure applied
      by each said strap to said pressure member is uniformly transmitted to
      said plurality of sheets to hold said sheets on said rack.
NUM  10.
PAR  10. In a composite shipping package including a shipping rack containing a
      plurality of up-standing sheets of glass having an open, substantially
      L-shaped frame upon which said said sheets are supported on edge and an
      adjustable tie down apparatus, the improvement comprising
PA1  a. a pair of spaced apart L-shaped pads each having a first elongated leg
      lying transversely across the top edges of said sheets and a second leg
      lying along the front face of the outer one of said sheets;
PA1  b. a pair of banding straps wherein each of said straps is connected to one
      of said pads for holding said pad on said top edges of said sheets;
PA1  c. a first pressure member whose ends are connected to and extend between
      said straps and wherein the ends of the pressure member bear against said
      second leg of each said pad,
PA1  d. means for connecting each end of said pressure member to one of said
      banding straps which comprises an aperture in each end of said member and
      through which a banding strap passes, and
PA1  e. means securing said straps to said rack under tension for applying
      pressure on the ends of said pressure member whereby the pressure applied
      by each said strap to said pressure member is uniformly transmitted to
      said plurality of sheets to hold said sheets on said rack.
NUM  11.
PAR  11. A composite shipping package as claimed in claim 10, wherein each
      aperture in said pressure member comprises a T-shaped slot.
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ABST
PAL  A packing brace is disclosed which is formed of resilient material and is
      structured as an integral band formed by a first section having a
      substantially U-shaped cross section and including an outer and inner
      bracing surface, a second section having a substantially U-shaped cross
      section and also including an outer and inner bracing surface, a pair of
      integrally formed hinge members pivotally joined to and interconnecting
      the first and second hinged sections between opposed legs of the U-shaped
      sections, each of the hinge members further including a centrally disposed
      hinge joint, and the first and second sections and the hinge members being
      integrally formed as a unitary construction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of packaging braces, fillers and cushioning pads are known in the
      art, and in point of fact, the packaging art is well developed. In most
      instances, a particular type of packaging brace or end cap is constructed
      to accomplish a specific function. For example, corner cushioning pads are
      well known in the art such as the type depicted in U.S. Pat. No. 3,555,137
      assigned to the assignee of the present invention. Other types of packing
      fillers and braces are designed to accommodate an article within a
      container and also designed to be energy absorbent such that relatively
      fragile articles may be packaged without damage during transport. An
      example of this type of packaging brace is shown in U.S. Pat. No.
      3,695,421. As depicted therein, it is intended that the packaging braces
      retain a rectangular article between a plurality of four of such braces
      after which the article with the packaging braces installed thereon are
      positioned within a container.
PAR  Other examples of packaging fillers and energy absorbent packaging pads is
      shown in U.S. Pat. No. 3,531,040 wherein a foam plastic buffer packaging
      material is disclosed intended to surround the outer periphery of an
      article packaged within another container. Similar concepts are shown in
      U.S. Pat. No. 3,565,243 and U.S. Pat. No. 3,404,826 wherein it is intended
      to encompass or envelope the particular article to be packaged between the
      packaging brace utilized after which the same are positioned into a
      container for shipment and transport. It is apparent from a review of the
      prior art noted above as well as presently available packaging materials
      that generally, such materials are designed for a specific function or
      purpose. Often times, such packaging materials are specifically designed
      for a product, per se, as is well known in the electronics industry
      wherein packaging materials are generally designed to accommodate a
      particular style of radio receiver or television receiver or the like. It
      is therefore apparent that in most instances such packaging materials have
      a unitary use, unitary in the sense that the packaging brace can only be
      employed with a particular product. Similarly, in many cases, the
      packaging brace is constructed to accommodate either articles having
      rectangular corners or those which are cylindrical in configuration.
      Therefore, depending upon the article to be packaged and the particular
      configuration thereof, the packaging material must be varied. It is
      therefore clear that when one employs packaging materials having a unitary
      function, the cost of providing such package fillers, braces or end caps
      becomes a significant factor.
PAR  In addition to the above drawbacks it is to be noted that most of the
      packaging fillers or end caps or braces described in the patented art are
      presently commercially available the same tend to be formed as fairly
      rigid items and do not generally tend to have any ability to be adapted to
      a particular article to be packaged. For example, the cushioning unit
      shown in U.S. Pat. No. 3,572,574 relates to two rigid end caps which are
      designed to be employed with a rectangular article to be packaged within
      another container. Clearly, the end caps employed cannot be adapted to a
      different sized package, or a different sized article. Of the types of
      packaging braces and/or fillers which are available and which do permit
      movement generally such units merely permit flexing the same around
      corners within the package wherein the article is to be packed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a packaging brace designed to permit the
      same to be employed with a wide variety of articles regardless of the
      exterior configuration of the article to be packaged, and further
      regardless of whether the packing brace is intended to be used as an end
      cap, filler or a side brace. The backing brace of the present invention
      provides a band shaped structure formed of a resilient energy absorbent
      material which is die cut from a single roll of the material employed, and
      is formed by a first section having a substantially U-shaped cross section
      and including both an outer and inner bracing surface, a second section
      having a substantially U-shaped cross section and also including an outer
      and inner bracing surface and a pair of integrally formed hinge members
      pivotally joined to and interconnecting the first and second sections
      between opposed legs of the U-shaped sections. Each of the hinge members
      further includes a centrally disposed hinge joint thereby permitting the
      two sections as well as the hinge members to be moved in lateral
      directions as well as throughout an arcuate pathway, one with respect to
      the other. In addition, the entire structure as defined above including a
      first section, a second section and hinge members are integrally formed as
      a single unitary construction. Another feature of the invention is the
      provision of bracing blocks positioned along the outer bracing surfaces of
      the packing brace thereby permitting the subject packing brace to brace
      against the inner walls of a container in which an article to be packaged
      is contained.
PAC  OBJECTS AND ADVANTAGES
PAR  In view of the above discussion, it is therefore the principal object of
      the present invention to provide a packing brace which is economical in
      cost while at the same time being multi-purpose in terms of utility since
      the subject packing brace may be employed with both rectangular articles
      as well as cylindrical articles which are intended for packaging in a
      container.
PAR  A further object of the invention is to provide a packing brace which is
      formed by two sections interconnected by hinge members joined to and
      interconnecting the two sections such that the two sections are permitted
      movement with respect to one another in a lateral direction as well as in
      an arcuate path throughout an arc of 180.degree..
PAR  In connection with the foregoing object, it is another object of the
      invention to provide a packing brace of the type described wherein each of
      the hinge members further includes a hinge joint positioned centrally
      thereof such that the center portion of the hinge member is pivotally
      constructed thereby to accommodate the lateral as well as arcuate movement
      of the two sections with repsect to one another.
PAR  Another object of the invention is to provide a packing brace of the type
      described above wherein the outer bracing surfaces of the packing brace is
      provided with a plurality of bracing blocks formed integrally therewith to
      permit the subject packing brace to be snugly secured against the inner
      walls of a container for accommodating the article to be packaged.
PAR  Still a further object of the invention is to provide a packing brace of
      the type described wherein the central portion of the packing brace is
      open thereby permitting the packing brace to be utilized for completely
      encompassing an article to be packaged as well as permitting utilization
      as an end cap or end filler for a container.
PAR  Further features of the invention pertain to the particular arrangement of
      the elements and parts whereby the above-outlined and additional operating
      features thereof are attained.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof will best be
      understood by reference to the following specification, taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view, partly cut away showing the subject packing
      brace of the present invention as employed within a container to
      accommodating an article internally of the packing braces and disposed
      between a pair of the same;
PAR  FIG. 2 is a side elevational view, in cross section, showing the subject
      packing brace accommodating an article wherein the two halves of the
      packing brace have been moved laterally together to accommodate the
      article within the container;
PAR  FIG. 3 is a side elevational view, in cross section, showing the subject
      packing brace employed in connection with a differently sized article with
      the two sections thereof being held in spaced relation by the article
      packaged therein;
PAR  FIG. 4 is a perspective view showing the subject packing brace with the two
      sections fully retracted together;
PAR  FIG. 5 is a perspective view showing the subject packing brace having the
      two sections thereof fully extended from one another;
PAR  FIG. 6 is a perspective view showing the subject packing brace having the
      two sections thereof arcuately disposed with respect to one another to
      accommodate a variously shaped article;
PAR  FIG. 7 is a perspective view of the subject packing brace having the two
      sections move throughout an arc of 180 degrees with respect to one another
      to accommodate a pair of articles in packing disposition; and
PAR  FIG. 8 is a perspective view showing the subject packing brace with the two
      sections moved arcuately throughout an arc of 180.degree. and contained
      within a container packaging goods therein.
DETD
PAR  Referring now to the figures, especially FIGS. 4 and 5 of the drawings, the
      packing brace generally denoted by the numeral 10 is shown to be formed as
      a unitary construction. The packing brace 10 is formed by a first section
      12 and a second section 14, each of the first and second sections 12 and
      14 respectively having a substantially U-shaped cross section. The two
      sections 12 and 14 are joined by a pair of hinge members 16 and 18
      respectively which join to and interconnect the two sections 12 and 14 at
      the leg portions 20 and 21, 22 and 23 respectively. Each of the hinge
      members 16 and 18 further includes a centrally disposed hinge joint 17 and
      19 respectively such that the hinge members 16 and 18 are constructed to
      be pivotal along their central axis.
PAR  In the normal resting configuration of the subject packing brace 10 the
      hinge members 16 and 18 each assume a V-shaped configuration as shown in
      FIG. 3 of the drawings. The centrally pivotal feature of the hinge members
      16 and 18 is shown in both FIGS. 2 and 5 of the drawings. Furthermore, it
      will be noted that the hinge members 16 and 18 interconnect with and join
      to the leg portions 20, 21, 22 and 23 of the two sections 12 and 14
      respectively in a manner which permits the pivotal movement of the hinge
      members 16 and 18 with respect to both of the sections 12 and 14.
PAR  The exterior surfaces of the two sections 12 and 14 are shown to include a
      side bracing block 25 and 27 with respect to section 12 and 29 and 31 with
      respect to section 14. In addition, the first section 12 is provided with
      an upper bracing block 33 and a lower bracing block 35, and similarly, the
      second section 14 is provided with upper and lower bracing blocks 37 and
      39 respectively.
PAR  The packing brace 10 is also shown to be open in its central portion and
      provided with an interior bracing surface 40 which extends around the
      entire open portion of the brace 10. As shown in FIG. 1 of the drawings
      the subject packing brace 10 may be utilized to package an article by
      surrounding the article with the article braced against the interior
      bracing surface 40 of the packing brace 10. By employing a pair of such
      packing braces 10, a fragile article may be packaged within a container 50
      as shown in FIG. 1.
PAR  As further shown in FIGS. 2 and 3 of the drawings, the configuration of the
      subject packing brace 10 is such as to permit the packaging of a variety
      of differently shaped articles. For example, it is noted that in FIG. 2 of
      the drawings, the article packaged therein has an overall smaller outside
      configuration as compared to the article depicted in FIG. 3 of the
      drawings. The packing brace 10 accommodates such smaller articles due to
      the pivotal movement by the hinge members 16 and 18. It will be observed
      from FIG. 5 of the drawings that the lateral movement of the two sections
      12 and 14 with respect to one another is limited only by the overall
      length of the respective hinge members 16 and 18.
PAR  As further depicted in FIGS. 1 through 3 of the drawings the lateral
      bracing blocks 25, 27, 29 and 30, as well as the upper and lower bracing
      blocks 33, 35, 37 and 39 function to brace the articles packaged therein
      against the interior surfaces of the container 50. In this manner, fragile
      articles may be securely packaged within a container 50, and due to the
      material employed in forming the packing brace 10, a great amount of shock
      may be absorbed without damage to the article packaged therein.
PAR  As shown in FIGS. 6 and 7 of the drawings, the two sections 12 and 14 of
      the packing brace 10 are permitted an arcuate type of movement throughout
      the 180.degree. arc. This is due to the pivotal connection of the hinge
      members 16 and 18 with the leg portions 20, 21, 22 and 23 of the U-shaped
      sections 12 and 14. The advantage obtained by having the two sections 12
      and 14 arcuately movable with respect to one another is that a wide
      variety of packaging postures may be achieved with the subject packing
      brace 10, and in point of fact, the subject packing brace 10 may be
      employed as an end cap or a filler material in packaging articles as well
      as for bracing articles in the manner shown in FIGS. 1 through 3 of the
      drawings.
PAR  As is further evident from FIGS. 6 and 7 of the drawings, the arcuate
      movement of the two sections 12 and 14 with respect to one another permit
      the packaging of articles which may be variously shaped. For example, in
      FIG. 6 of the drawings, an article having a stepped configuration may be
      packaged within the packing brace 10. Alternatively, as shown in FIG. 7 of
      the drawings, by moving the two sections 12 and 14 respectively throughout
      a 180.degree. arc with respect to one another, the interior bracing
      surface 40 forms two separate compartments separated by the hinge members
      16 and 18 and thereby accommodates the packaging of two separate articles.
      The employment of the subject packing brace 10 in this configuration
      within a container is more expressly shown in FIG. 8 of the drawings.
PAR  It will be appreciated from FIGS. 6 through 8 of the drawings that as
      indicated previously, the subject packing brace 10 may be employed in a
      wide variety of configurations depending upon the particular article to be
      packaged and therefore permits a wide latitude of usage.
PAR  In terms of the material employed to formulate the subject packing brace
      10, it is desired in the preferred embodiment to employ a polyolefin foam
      which is light weight but highly energy absorbent. Hence, a material such
      as a polyethylene foam may be conveniently employed. An additional
      characteristic of such materials and which is successfully employed in the
      present invention is the flexibility of the material thereby permitting
      the formation of hinge members integrally formed with the balance of the
      unit. In terms of the method of producing the subject packing brace 10,
      the preferred embodiment is die cut from a core of the foam material such
      that the complete unit is formed as a unitary construction including the
      two U-shaped half portions 12 and 14 respectively as well as the hinge
      members 16 and 18. In addition, during the cutting operation, the hinge
      joints 17 and 19 are formed in the hinge members 16 and 18 such that there
      is virtually no necessity for any hand labor incident to the production of
      the subject brace 10. Additionally, and in the preferred embodiment, the
      interior bracing surface 40 may be provided with bracing ridges 42 at
      selected locations which function to further brace the article enveloped
      thereby when properly packaged.
PAR  It therefore now becomes apparent that due to the construction of the
      subject packing brace 10, employing hinge members 16 and 18 integrally
      formed with the brace 10, a high degree of pivotal movement of the two
      sections 12 and 14 is permitted such that the subject packing brace 10 may
      be employed in a variety of usages and for a variety of differently shaped
      articles.
PAR  It will be appreciated, therefore, that the present invention provides a
      novel packing brace which may be employed in a number of usages and for a
      variety of differently shaped articles, while still being low in cost and
      highly efficient in operation. Furthermore, the packing brace of the
      present invention has the additional advantage of permitting re-use of the
      same such that the useful life of the packing brace is extended further
      minimizing the cost to the operator in utilizing the same. It will be
      appreciated that all of the objects and advantages set forth above are
      provided by the packing brace of the present invention as well as
      additional advantages.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A packing brace for packaging articles comprising, in combination,
PA1  an integral band of resilient material,
PA1  said integral band formed by a first section having a substantially
      U-shaped cross section and including both outer and inner bracing
      surfaces,
PA1  a second section having a substantially U-shaped cross section and
      including both outer and inner bracing surfaces,
PA1  a pair of integrally formed hinge members pivotally joined to and
      interconnecting said first and second sections between opposed legs of
      said U-shaped section,
PA1  each of said hinge members further including a centrally disposed hinge
      joint,
PA1  and said first and second sections and said hinge members being integrally
      formed as a unitary construction,
PA1  whereby each of said first and second sections may be moved laterally and
      arcuately throughout an arc of approximately 180.degree. with respect to
      one another thereby to accommodate a variety of packaging positions.
NUM  2.
PAR  2. The packing brace as set forth in claim 1 above, wherein the said
      packing brace is formed of a resilient polyolefin foam material having the
      characteristics of being highly shock absorbent.
NUM  3.
PAR  3. The packing brace as set forth in claim 1 above, wherein each of said
      first and second sections includes a pair of bracing blocks extending
      laterally outwardly from said outer bracing surface, and upper and lower
      bracing blocks extending upwardly and downwardly respectively on said
      outer bracing surface, whereby movement of said first and second sections
      relative to one another through said hinge members positions said bracing
      blocks in a variety of packing positions thereby to permit the bracing of
      variously shaped articles.
NUM  4.
PAR  4. The packing brace as set forth in claim 1 above, wherein each of said
      hinge members assumes a V-shaped configuration when in the normal
      position.
NUM  5.
PAR  5. The packing brace as set forth in claim 1 above, wherein the interior
      portion of said packing brace is open whereby articles may be packed
      interiorly of said band by positioning said interior bracing surface
      against the articles to be packaged.
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ABST
PAL  A selective imprinting machine of the type used for addressing mailed
      material, utilizing embossed card-sized media of the "credit-card" type
      having a matrix of perforations sensed for comparison against the master.
      The master is another perforated card with the perforations on both cards
      photoelectrically sensed. In one embodiment the cards move along a linear
      path, and in another they are carried on a rotating drum which also bears
      the master card. The media are placed on the drum by a rocker arm actuated
      by a cam driven by the drum, scanned simultaneously with the master for
      comparison and ejected tangentially from the drum to a receiver. A print
      signal is produced until inhibited by mismatch between the master and the
      individual embossed media. The elected media are imprinted against a
      receiving medium such as an envelope by a print roller, at the periphery
      of the drum, urged toward the periphery by a cam driven by the drum. The
      follower linkage for that cam has a movable link moved by an actuator in
      response to the absence of the print signal to disable the follower
      linkage. The cards are sensed by phototransistors, and the comparison
      between the individual card and the master is made by logic circuitry. The
      master has two hole locations for each hole location on the individual
      card, one hole location specifying presence of a hole on the individual
      card, and the other specifying absence of a hole on the individual card. A
      form is also shown having two receivers for the individual cards and a
      diverter operated in response to the logic circuitry to divert cards from
      the first receiver to the second.
PARN
PAR  This is a division of application Ser. No. 364,010 filed May 25, 1973 now
      U.S. Pat. No. 3,817,171, which is a continuation of Ser. No. 99,346 filed
      Dec. 18, 1970, now abandoned
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a SELECTIVE IMPRINTING MACHINE, and more
      particularly to a machine of the type commonly used for addressing mailed
      material.
PAR  Machines of this type generally have a stock of embossed printing media
      such as cards or plates, and the plates are fed one at a time through the
      machine. Those plates bearing desired information are impressed by the
      machine against a receiving medium such as an envelope and are passed on
      through the machine to a receiver. Unwanted plates are detected by some
      sensing mechanism, and are passed straight through the machine without
      being impressed.
PAR  Prior machines of this type have either lacked the level of sophistication
      desirable in selecting desired plates from unwanted plates, or have
      achieved an enhanced level of sophistication by mechanical complexity,
      with attendant high manufacturing cost. Attempts to raise the level of
      versatility of such machines by providing additional electrical circuitry
      have generally resulted in requiring a large memory capacity or in awkward
      procedures for changing the selection routine of the machine, or both.
PAR  Prior art machines dependent upon mechanical identification of desired
      plates also suffered from the slowness inherent in such mechanical means
      as compared to electronic selection. A further problem of complexity of
      apparatus arose in those machines capable of sorting operations in
      combination with printing operations.
PAC  SUMMARY
PAR  The apparatus of the present invention encodes a large body of information
      of each individual card for use in selection of the card for imprinting. A
      highly discriminating selection of the cards to be imprinted may thus be
      made by the machine. The encoded information is photoelectrically sensed
      and electronically processed for the maximum speed and mechanical
      simplicity. The processing is arranged so that no extensive memory
      facility is required for analysis of the encoded information. Change in
      the selection procedure and criteria is easily made, as that procedure and
      criteria are governed by a master card also bearing perforations, which
      may readily be removed and replaced by another master card.
PAR  Using electronic processing of the sensed encoded data permits a high speed
      of operation not feasible with mechanical sensing, and the availability of
      electronic logic components allows a higher level of comparison to be made
      based on the encoded data. The mechanical simplicity achieved in the
      present invention permits the sorting function to be combined into the
      machine without difficulty.
PAR  Accordingly, it is a principal object of the present invention to provide a
      machine of the character described which is capable of a highly
      sophisticated selection of the plates for imprinting or sorting without
      sacrifice of the mechanical simplicity of the machine.
PAR  It is a further principal object of the present invention to provide a
      machine of the character described which exercises a rapid and reliable
      discrimination between desired and unwanted printing plates.
PAR  Another object of the present invention is to provide a machine of the
      character described which is capable of sorting out desired printing
      plates from those passing through the machine and physically segregating
      desired plates from unwanted plates.
PAR  A further object of the present invention is to provide a machine of the
      character described which simultaneously compares individual plates with
      the master card in a line-by-line fashion.
PAR  A still further object of the present invention is to provide a machine of
      the character described having a readily interchangeable master for
      determining the selection criteria.
PAR  Yet another object of the present invention is to provide a machine of the
      character described which does not require extensive memory capacity.
PAR  Further objects and advantages of the invention will become apparent as the
      specification progresses, and the new and useful features of the selective
      imprinting machine will be more fully defined in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred form of the present invention is illustrated in the
      accompanying drawings, forming part of the specification, in which:
PAR  FIG. 1 is a partial front elevation view of a selective imprinting machine
      constructed in accordance with the present invention, with parts thereof
      shown broken away for clarity.
PAR  FIG. 2 is a schematic and block diagram of the operation of the selective
      imprinting machine of the present invention.
PAR  FIG. 3 is a partial front elevation, on an enlarged scale, of the machine
      of the present invention, with parts shown broken away and parts shown in
      cross section.
PAR  FIG. 4 is a cross-sectional view taken substantially along the plane of
      lines 4--4 of FIG. 3.
PAR  FIG. 5 is a cross-sectional view on an enlarged scale taken substantially
      along the plane of lines 5--5 of FIG. 3.
PAR  FIG. 6 is a cross-sectional view on an enlarged scale taken substantially
      along the plane of lines 6--6 of FIG. 3.
PAR  FIG. 7 is a cross-sectional view on an enlarged scale taken approximately
      along the plane of lines 7--7 of FIG. 3.
PAR  FIG. 8 is a cross-sectional view on an enlarged scale taken approximately
      along the plane of lines 8--8 of FIG. 3.
PAR  FIG. 9 is a plan view of the master indicia card used with the present
      invention.
PAR  FIG. 10 is a plan view of a typical individual imprinting card used with
      the present invention.
PAR  FIG. 11 is a cross-sectional view on an enlarged scale taken approximately
      along the plane of lines 11--11 of FIG. 1.
PAR  FIG. 12 is an oblique view of the drum, showing the stop means.
PAR  FIG. 13 is a cross-sectional view corresponding to FIG. 5, showing a
      modified form of detector block.
PAR  FIG. 14 is a partly schematic and partly pictorial diagram of a modified
      form of the device of the present invention.
PAR  FIG. 15 is a schematic diagram of the injector mechanism of the modified
      form shown in FIG. 14, in the position ready to drop one individual
      medium.
PAR  FIG. 16 is a schematic diagram of the injector mechanism of the modified
      form shown in FIG. 14, in the position having just dropped one individual
      medium.
PAR  FIG. 17 is a fragmentary view with some portions broken away for clarity,
      corresponding in part to FIGS. 1 and 3, showing the modification of the
      device for sorting.
PAR  FIG. 18 is a fragmentary perspective view of the diverter portion of the
      modified form shown in FIG. 17.
PAR  FIG. 19 is a schematic diagram of the electronic circuit of the scanning
      means.
PAR  FIG. 20 is a block diagram of the circuit operation of the embodiment of
      the invention shown in FIG. 14.
PAR  While only the preferred forms of the present invention are shown here, it
      should be understood that various changes or modifications may be made
      within the scope of the claims attached hereto without departing from the
      spirit of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring to the drawings in detail, it will be seen that the selective
      imprinting device 11 of the present invention imprints from a plurality of
      individual units of information-bearing media 13, and includes a master
      medium 18 encoded with data specifying the individual units 13 of
      information-bearing media to be selected for imprinting, a scanning means
      19 for scanning one of the individual units 13 and the master medium 18 to
      compare their characteristics and issuing a print signal upon
      correspondence of the characteristics, and an imprinting means 21
      responsive to the print signal from the scanning means 19 to cause the
      individual unit 13 to be imprinted against a receiving medium such as an
      envelope 22.
PAR  The selective imprinting device 11 also includes a transport means 14 which
      effects relative movement between the individual unit 13 and the master
      medium 18 on the one hand and the scanning means 19 on the other hand. The
      movements of the individual unit 13 and the master medium 18 are
      essentially continuously synchronized with each other so that they are
      jointly and simultaneously scanned by the scanning means 19. The scanning
      and imprinting means 19 and 21, respectively, are here shown as occupying
      the fixed locations generally indicated as scanninig stations 16 and
      imprinting station 17, with the individual and master media moving, but it
      should be appreciated that the fixed and moving elements could be
      interchanged. The arrangement shown is preferred for reasons of mechanical
      simplicity and reliability.
PAR  The transport means 14 receives the individual media 13 from a magazine
      means generally indicated at 12, which holds a supply of the media 13. The
      transport means 14 carries the individual medium 13 past the scanning and
      imprinting stations 16 and 17 and ultimately to a receiver 23, into which
      the individual medium 13 is discharged.
PAR  The scanning means 19 includes electronic circuitry generally indicated in
      FIG. 2 at the numeral 26, responsive to the signals resulting from the
      scanning of the individual unit 13 and the master medium 18. The
      electronic circuitry 26 issues a print signal until inhibited by a
      mismatch between the characteristics of the individual unit 13 and the
      master medium 18 being scanned. Upon such a mismatch the print signal
      terminates. Detectors 24 in the scanning means 19 are located adjacent the
      scanning stations 16 and in the present embodiment are photoelectric
      sensors, and the information is encoded into the individual units 13 and
      the master medium 18 by perforations 27 as shown in FIGS. 9 and 10.
PAR  The individual unit 13 and the master medium 18 are illuminated as they
      pass the scanning stations 16 by light sources 28, shown here as small
      incandescent lamps. The individual units 13 and the master medium 18 pass
      between the light sources 28 and the detectors 24 so that the detectors 24
      are affected by the presence or absence of a perforation at a given
      location on either medium.
PAR  In the embodiment illustrated in FIGS. 5 and 7, the detector units 24
      include individual fiber optic units, each fiber optic light conduit being
      located in a position to scan one of the columns of perforations 27 as it
      moves past. With the fiber optic form shown in these figures, the fiber
      optic units are bundled together in a fashion similar to an electrical
      cable and led to the housing 29 which encloses the electronic circuitry
      26. Within the housing 29 the electronic circuitry is coupled to the fiber
      optics through phototransistors associated with each light conduit of the
      fiber optics. In another form of the detector units 24, shown in FIG. 13,
      a strip of phototransistors spaced an appropriate distance apart is
      incorporated into the detector units 24 immediately adjacent the surface
      of the individual information-bearing unit 13. In this form, the
      electrical impulses are conducted back to the electronic circuitry 26 in
      the housing 29 by conventional electrical cabling.
PAR  As may be seen in FIGS. 9 and 10, both the individual unit 13 and the
      master card 18 are formed with a pattern of perforate and imperforate
      areas laid out in a grid shape in a location so as to be in register with
      the detector units 24 shown in FIGS. 5 and 7. As shown here, the grid on
      the individual unit 13 is six vertical columns wide by thirty horizontal
      rows in length, and the master card 18 is correspondingly twelve columns
      wide and the same length.
PAR  Only a portion of the perforable areas represented by each location in each
      of the grids is usually perforate. The perforations 27 pass light from the
      lamp 28 to detectors 24 and the imperforate areas block that light
      transmission. There are two vertical columns of potentially perforable
      locations on the master card 18 corresponding to each one vertical column
      on the individual unit 13. Taking as an example the column 31 nearest the
      right-hand edge of the individual unit 13, there is a corresponding column
      32 on the master card 18 representing absence of a hole in column 31 on
      the individual unit 13 and a column 33 representing presence of a hole at
      the corresponding horizontal location of column 31 on the individual unit
      13. Thus it may be seen that each location in the column 31 on the
      individual unit 13 corresponds to a pair of potential hole locations, one
      lying in column 32 and one lying in column 33 on the master card 18.
PAR  Of the two locations on the master card 18 corresponding to one location on
      the individual unit 13, only one of the two locations will generally bear
      a hole on the master card. Thus for correspondence of the individual unit
      13 with the master card 18, for every point at which a hole has been
      punched in a hole column such as column 33 of the master card 18, a hole
      should be found at the corresponding location on the individual unit 13,
      and for every location at which a hole is punched in the no-hole column,
      such as column 32 of the master card 18, no corresponding perforation
      should be found at the corresponding location on the individual unit 13.
      In this fashion, the presence or absence of a perforation at a particular
      location on the individual unit 13 is positively specified by the location
      of a perforation at one of two corresponding positions on the master
      medium 18.
PAR  This positive specification of the presence or absence of a hole at a given
      location on the individual unit 13 by the pair of potential locations on
      the master card 18 imparts a substantially increased degree of reliability
      to the operation of the imprinting machine and also serves to
      automatically detect any accidental mispunching of the master medium 18.
      While the perforations have been shown here occupying a matrix of six- and
      twelve-column widths by thirty-row length, it should be appreciated that
      other numbers of rows and columns could also be successfully used, with
      two columns on the master unit corresponding to one column on the
      individual unit.
PAR  The transport means 14 of the embodiment shown in FIGS. 1 through 8
      includes a drum 34 mounted for rotation about its axis on an axle 36, a
      guide means generally indicated at 37 surrounding a portion of the
      circumference of the drum 34, and an injector means 38 for removing
      individual information-bearing media 13 one at a time from the magazine 12
      and placing the media 13 one at a time onto the periphery of the drum 34
      at a fixed location along that periphery. Since the master card 18 is
      already on the periphery of the drum 34, the rotation of the drum carries
      the master 18 and the individual unit 13 past the scanning stations 16 in
      synchronism.
PAR  The guide means 37 serves to keep the individual information-bearing medium
      13 curved to the approximate curvature of the circumference of the
      periphery of the drum 34, assuring that the individual unit 13 remains in
      the proper fixed location on the drum 34 and moves along with the rotation
      of the drum. The drum 34 is equipped with a stop means 39 which prevents
      the individual medium 13 from axial and circumferential movement on the
      drum 34. It may be seen in FIG. 12 that the stop means 39 consists of a
      metal strip forming three sides of a rectangle, mounted on the surface of
      the periphery of the drum 34 in surrounding relation to the individual
      medium 13.
PAR  The injector means 38 includes a cam 41 mounted on the shaft 36, a follower
      42 which rides on the cam 41, and a rocker arm 43 which is pivotally
      mounted by a pivot pin 44 on the sidewall 46 of the machine 11. The
      follower 42 is journaled for sliding motion through a journal block 47,
      also mounted on the sidewall 46. The end 48 of the rocker arm 43 opposite
      the follower 42 engages a pick-off mechanism 49 located at the top of the
      magazine 12. Each reciprocation of the rocker arm 43 causes the pick-off
      mechanism 49 to move the topmost individual information-bearing medium 13
      to the left, or clockwise, as shown in FIG. 3, into engagement with the
      drum 34. The rotation of the drum 34 will cause the individual unit 13 to
      be pinched between the drum 34 and the guide means 37, so that the
      individual unit 13 will be carried along by the motion of the drum 34.
PAR  Since the pick-off of the topmost individual unit 13 from the magazine 12
      is actuated by the cam 41 on the same shaft as the drum 34, it can be seen
      that the individual unit 13 will be picked off and moved into contact with
      the drum always at precisely the same rotational position of the drum 34.
      That rotational position is selected to be the one in which the stop means
      39 are correctly aligned to receive and retain the individual unit 13. The
      throw, or linear motion, produced by the pick-off mechanism 49 may be
      carefully adjusted to place the individual unit 13 firmly against the stop
      means 39, so that accurate registry of the position of the individual unit
      13 of the drum 34 is assured.
PAR  The guide means 37 includes a plurality of rollers 51 which surround a
      portion of the drum 34 and a slide plate, or shoe 52, which surrounds an
      additional portion of the circumference of the drum 34, in the vicinity of
      the imprinting station 17. The guide plate 52 terminates at a
      circumferential point in the vicinity of the imprinting means 21, so that
      after the individual medium 13 has passed the imprinting station 17 it is
      released from the pressure of the guide means 37 which caused it to
      conform to the circumference of the drum 34. Since the individual unit 13
      is made of fairly stiff plastic material having a resilient tendency to
      return to its original flat state, the individual unit will spring free of
      the drum 34 and the stop means 39 and will exit tangentially from contact
      with the drum 34 along a slide plate 53 to the top of the receiver 23. As
      the drum 34 continues its rotation, the portion of its periphery having
      the stop means 39 will revolve around agaon to the vicinity of the
      pick-off mechanism 49 and will receive from the pick-off mechanism 49
      another one of the individual media 13.
PAR  The imprinting means 21 includes a print roller 54 located next to the
      periphery of the drum 34 and movable toward and away from the periphery of
      the drum 34. As may be seen in FIG. 10, the individual units of
      information-bearing media 13 have embossed, or raised, characters 56 on a
      portion of their surface, after the well known fashion of plastic printed
      cards and charge plates. The pressure of the print roller 54, when it is
      moved to its position toward the periphery of the drum 34, bears against
      the embossed characters 56 on the individual medium 13 to transfer the
      outlines of those characters to the envelope 22 adjacent the imprinting
      station 17.
PAR  The waiting envelope 22 is pinched down against the surface of the
      individual information-bearing unit 13 by the print roller 54, and, as the
      drum revolves carrying the individual unit 13 with it, the envelope is
      dragged along in registry with the embossed characters 56. Suitable inking
      means (not shown) may be provided to ink the surface of the print roller
      64 so that areas of the envelope 22, uplifted by the embossing 56, will
      pick up ink from the print roller 54. Alternatively, the print roller may
      be made of a porous material and contain the ink supply within, in the
      fashion of self-inking rollers well known in the art, or the roller 64 may
      press a cloth or carbon ribbon against the envelope.
PAR  The imprinting means 21 also includes a cam means 57, driven in synchronism
      with the drum 34 by being attached to the common shaft 36, and a follower
      linkage 58 which follows the cam means 57 and transmits its motion
      selectively to the print roller 54. A portion of the follower linkage 58
      is connected to an actuator 59 which is capable of moving the linkage 58
      into and out of connection with the print roller 54. The follower linkage
      58 includes a roller 61 which rides on the cam means 57, and a shaft
      member 62 journaled for reciprocating motion through a journal block 63,
      and bearing the roller 61 on one end. A spring 66 is mounted on the
      journal block 63 and biases the roller 61 toward the cam means 57. A link
      member 64 is pivotally mounted to the opposite end of the shaft 62 by a
      pivot pin indicated at 67. The pivoting link 64 is also pivotally attached
      by a pin 68 to the actuator arm 69 of the actuator 59. As here shown, the
      actuator 59 is a solenoid electrically actuated in response to the print
      signal, but it should be appreciated that other forms of mechanical,
      hydraulic and pneumatic actuators could likewise be used in this
      application. Upon actuation, the solenoid or actuator 59 draws the
      armature, or actuator arm 69, in toward the body of the solenoid 59,
      moving the pivoted link 64 to the position shown in solid lines in FIG. 3.
      The position shown in phantom is that which is occupied by the pivoted
      link 64 when the solenoid 59 is not actuated.
PAR  The print roller 54 is borne on one arm 71 of a rocker mechanism 72. The
      rocker mechanism 72 is mounted on the chassis of the machine 11 for
      pivotal motion about an axle 74, and has a second arm 73 which is
      engageable by the pivoted link 64. It may be seen that when the solenoid
      59 is actuated and the movable link 64 is in the position shown in solid
      lines in FIG. 3, the motion of the roller 61 caused by the cam means 57
      will be transmitted through the link 64 to the arm 73 of the rocker
      mechanism 72. The rocker mechanism will then pivot in a counterclockwise
      direction, as seen in FIG. 3, to drive the print roller 54 toward the
      periphery of the drum 34. The waiting envelope 22 is thus impressed
      against the individual unit 13 as the individual unit rolls by the drum
      34.
PAR  If no print signal is present, the solenoid 59 is not actuated and the
      pivoted link 64 is in the position shown in phantom in FIG. 3. In this
      position the reciprocating motion of the shaft 62 caused by the movement
      of the roller 61 on the cam 57 is not transmitted through the pivoted link
      64 to the arm 73, as the arm 64 has been moved out of alignment with the
      button 76 on the end of the arm 73.
PAR  The pick-off mechanism 49 of the injector means 38 includes a sliding
      cassette or tray member 77, which slides across the top of the magazine
      12, and a guide member 78 journaled through a journal block 79. The
      cassette 77 and the guide member 76 are both attached to a block member 81
      which is captured between the arms of a yoke formed at the lower end 48 of
      the rocker arm 43. A spring 82 is interposed between the journal block 79
      and the block member 81 along the guide rod 78, so as to bias the cassette
      member 77 toward its retracted position and urge the follower 42 toward
      the cam 41.
PAR  The individual units, or cards, 13 are advanced upward in the magazine 12
      by a follower mechanism described below. As the cards advance, the topmost
      card 13 slips into the recess 83 in the cassette 77. As may be seen in
      FIG. 3, the cassette does not extend the length of the longest dimension
      of the individual card 13, so that the leading, or left-hand edge as seen
      in FIG. 3, of the card 13 is free to be pinched between the first of the
      guide rollers 51 and the drum 34. The cassette 77 essentially consists of
      a shallow box having three sides and a top but no bottom, being open on
      the side facing downward in FIG. 3. It is closed on both of the sides
      paralleling the long dimension of the card 13 and on the right-hand side
      as seen in FIG. 3. Thus the individual card 13 is free to slip out of the
      cassette 77 and be pulled away from the cassette by the action of the
      rotation of the drum 34 and the retraction of the cassette 77 back to its
      card-receiving position shown in FIG. 3.
PAR  The followers in the magazine 12 and receiver 23 are essentially advancing
      and retracting mechanisms, respectively, driven in synchronism with the
      drum 34 by a timing belt 84 of which a portion is shown in FIG. 4, to
      advance and retract the stacks of individual media 13. The follower in the
      magazine 12 advances the stack toward the injector means 38, while the
      follower in the receiver 23 retracts the stack in the receiver away from
      the end of the slide plate 53. The belt 84 is driven by an appropriate
      motor (not shown) and engages a sprocket 86 mounted on the shaft 36 for
      turning the drum 34 and also engages sprockets (not shown) on the shafts
      87 and 88, respectively, which drive the follower in the magazine 12 and
      the receiver 23.
PAR  The followers are generally indicated at 90 and 95 and include shafts 87
      and 88, each bearing one member of bevel gear pairs 89 and 91,
      respectively, the other gear in each of the pairs being fixed to one of
      lead screws 92 and 93, respectively. The lead screws 92 and 93 are
      journaled in mounting blocks 94 and 96, respectively, for freedom of
      rotation about the axis of the screws 92 and 93. Split-nut mechanism 97
      and 98, respectively, are engaged with the shafts 92 and 93 and fastened
      to follower blocks 99 and 101, respectively, disposable within the supply
      magazine 12 and the receiver magazine 23.
PAR  It will be noted that since the gear 89a attached to the shaft 87 lies on
      the side of the pair toward the viewer, with the shaft 87 crossing over
      the other gear 89b, clockwise motion of the shaft 87 and the gear 89a as
      seen in FIG. 1, will produce a motion of shaft 92 which causes the
      split-nut assembly 97 to advance upwardly along the screw 92. This motion
      advances the stack of individual media units 13 within the magazine 12
      toward the pick-off mechanism 49 at the top of the magazine 12. Gear 91a
      lies on the side of the pair away from the viewer, so that clockwise
      motion of the shaft 88 produces motion of the lead screw 93 and the
      follower block 101 opposite to screw 92 and follower 99. The stack of
      media 13 in the receiver thus drops downwardly as the receiver 23 fills.
PAR  The magazine 12 and the receiver 23 are held in place within the machine 11
      by suitable retaining means (not shown) To remove the magazine 12 or the
      receiver 23, the follower block 99 or 101, respectively, may be moved out
      of the magazine or receiver by releasing the split-nut mechanism 97 or 98
      and moving the associated follower block 99 or 101 away from the stack of
      cards 13. As shown in FIG. 11, the cross sections of the magazine 12 and
      the receiver 23 are generally in the form of a rectangular C-shape so that
      they constitute essentially tubes having one partially open side allowing
      the follower block 99 or 101 to slip through, and allowing access for
      removal and insertion of cards 13.
PAR  The magazine 12 and the receiver 23 are essentially identical, and may be
      substituted for each other, so that the individual media 13 may be run
      through the machine 11 again. When the receiver 23 is removed from the
      machine 11 and placed in use as the supply magazine 12, it is inverted
      from the orientation in which it is shown in FIG. 1 so that the embossed
      areas of the individual media 13 are once again facing radially outward of
      the drum, and the media 13 are in the original sequence. While this
      substitution has been described in terms of the magazine 12 and receiver
      23 illustrated in FIG. 1, it should be appreciated that in actual practice
      a machine 11 of this type would be equipped with a number of such
      interchangeable magazine and receiver units bearing different lists of
      data on the embossed individual media 13 or different portions of a large
      list. The split-nut assemblies 87 and 98 also allow the follower blocks 99
      and 101 to be adjusted in longitudinal position along their respective
      lead screws 92 and 93 to accommodate magazines 12 and receivers 23 which
      are not completely filled with individual media 13.
PAR  As mentioned above, the lines 111 leading from the detector units 24 in
      FIGS. 5 and 7 represent light-piping fibers of the fiber-optics type,
      bundled together to carry the individual beams of light back to
      phototransistors or photodiodes within the electronic circuitry package
      26. Alternatively, as shown in FIG. 13, the lines 111 may be replaced by
      lead wires form a bank of photodiodes or phototransistors mounted in the
      face of the detector blocks 112 and 113 immediately adjacent the periphery
      of the drum 34. In either event, it will be noted that the block 112
      containing the detectors 24 for the individual unit 13 has an extra
      detector line 114, making a total of seven detectors ganged at that
      location. The added detector scans an area of the individual card 13
      immediately to the right of the farthest right columns of holes as viewed
      in FIG. 10, and serves to inform the logic circuitry in the electronic
      package 26 whether or not an individual card 13 is present on the drum for
      examination. The detector block 113 which serves to scan the master unit
      18 is equipped with twelve detectors ganged in a line and their respective
      leads, electrical or fiber-optic, 111.
PAR  Turning now to the schematic diagram of FIG. 19, whether the embodiment is
      one in which the phototransistors are actually located in the detector
      blocks 112 and 113 or one in which they are remotely located in the
      electronics package 26 and the light conducted to them by fiber-optic
      techniques, it will be noted that each of the six files or columns of hole
      locations on the individual unit 13 has three phototransistors or
      photodiodes associated with it, one being in the individual unit detector
      block 112 and two being in the master card detector block 113. The
      phototransistors or photodiodes associated with the master card detector
      block 113 are positioned to receive light from the files or columns of
      hole positions in the master unit 18 corresponding to the file on the
      individual unit 13.
PAR  As here shown, the detector units are phototransistors 116, 117, and 118.
      Phototransistor 117 is associated with the detector block 112 to receive
      light from the scanning of the right-hand column 31 of the individual unit
      13. Phototransistor 116 is arranged to receive light from the scanning of
      the column 32 of the master unit 18, associated with the absence of holes
      in the individual medium 13, and the phototransistor 118 is positioned to
      receive light from the scanning of column 33 of the master unit 18,
      associated with the presence of a hole in column 31 of the individual unit
      13. Phototransistor 117 may thus be though of as scanning column 31 of the
      individual unit 13 for the presence or absence of holes, and
      phototransistor 116 may be regarded as scanning column 32 of the master
      card for "no hole" signals. Phototransistor 118 would be similarly
      regarded as scanning column 33 of the master unit 18 for "hole" signals.
PAR  The triplet of transistors 116, 117 and 118 is associated with a comparator
      circuit 119. The comparator circuit 119 produces a first output signal
      upon light activation of phototransistor 118 simultaneously with light
      activation of phototransistor 117, and also produces that same output
      signal upon light activation of phototransistor 116 in the absence of
      light activation of phototransistor 117. A second output signal is
      produced by the comparator circuit 119 when phototransistors 116 and 117
      are simultaneously illuminated and also when phototransistor 118 is
      illuminated and phototransistor 117 is not.
PAR  Thus, the first output signal from the comparator 119 signifies congruence
      between the conditions specified by columns 32 and 33 of the master unit
      18 and the condition actually detected in the corresponding lineal
      position along column 31 in the individual unit 13. The second output
      signal, on the other hand, represents mismatch or noncongruence between
      the specified condition and the condition found. Although only one triplet
      of transistors 116, 117 and 118 is shown associated with one comparator
      circuit 119, it should be appreciated that there are as many triplets of
      phototransistors as there are columns on the individual unit 13, with one
      comparator circuit 119 serving each triplet. In the present embodiment
      there would thus be six triplets and six comparator circuits 119.
PAR  As here shown, and particularly where the phototransistors are located in
      the detector heads 112 and 113 and have an appreciable lead length back to
      the electronics package 26, each of the phototransistors 116, 117 and 118
      is associated with an emitter follower amplifier 121 for amplifying the
      output of the phototransistor. The output of each of the emitter followier
      amplifiers 121 is communicated on a line 122 to the comparator circuit
      119. Within the comparator circuit 119, each of the lines 122 is connected
      to the input of a cross-connected pair of logical NOR circuits 123 and
      124, 126 and 127, and 128 and 129. Each of the cross-connected pairs of
      NOR circuits forms a latching or storage circuit which locks into one of
      its two stable states upon receipt of a positive input on line 122 due to
      light activation of the associated phototransistor 116, 117 or 118. Each
      of the latching circuits formed by the cross-connected pairs of NOR units
      is equipped with a second input line 131 for receipt of a positive signal
      effective to clear the latching circuit by returning it to the untriggered
      state.
PAR  The cross-connected pair of NOR units 123 and 124 has an output line 132
      connected to the output of the NOR unit 123. The cross-connected pair 128
      and 129 has an output line 136 connected to the output of logic unit 128.
      The outputs of logic units 126 and 127 are connected respectively to a
      pair of output lines 133 and 134. The output lines 132 and 133 are
      connected in turn to a logical NOR circuit 137, and the output lines 134
      and 136 are connected to a logical NOR circuit 138. The outputs of the two
      NOR units 137 and 138 are connected to the input of a NOR unit 139 by
      output lines 141 and 142, respectively.
PAR  There are two conditions in which there is congruence between the master
      card 18 and the individual unit 13 and two conditions under which there is
      noncongruence. One congruence condition is that in which a hole appears in
      column 32, calling for the absence of a corresponding hole in the
      individual unit 13, while no hole appears at the corresponding location in
      column 33 and no hole appears at the corresponding location in column 31.
      In this circumstance only phototransistor 116 is activated, producing a
      positive input to the NOR unit 123. As phototransistors 117 and 118 are
      not activated, negative inputs are produced to logical NOR units 126 and
      128.
PAR  Logical NOR circuits of the present type operate to invert any positive
      input signal, producing a positive output only on dual negative input and
      producing a negative output on all other input combinations, so a positive
      input signal on one of the lines 122 will result in a negative output
      signal on the associated output line 132, 133 or 136. A negative input on
      line 122 to one of the logical NOR units 123, 126 or 128 will produce a
      positive signal on the associated output line 132, 133 or 136 as a second
      negative input is supplied to the NOR unit 123, 126 or 128 from the other
      NOR unit 124, 127 or 129 of the pair.
PAR  The positive input to NOR 123 produces a negative output on line 132, while
      the negative inputs to NORs 126 and and 128 on lines 122, together with
      the negative inputs supplied from the outputs of NORs 127 and 129, produce
      positive outputs on lines 133 and 136 and a negative output on line 134.
      Thus NOR 137 receives a negative input from line 132 and a positive input
      from line 133, while NOR 138 receives a negative input from line 134 and a
      positive input from line 136. The outputs of both NOR 137 and NOR 138 are
      therefore negative on both lines 141 and 142, so that the inputs to NOR
      139 on lines 141 and 142 are both negative. Under these conditions, the
      output of NOR 139 is a positive signal to line 143. A positive signal on
      line 143 indicates this congruence, and a negative signal on line 143
      indicates noncongruence.
PAR  congruence also occurs when there is no perforation in column 32 and there
      is a perforation in column 33, together with a performation at the
      corresponding location in column 31. This situation represents the
      instruction calling for the presence of a hole at that point on the
      individual media unit 13. This combination of conditions produces
      precisely the reverse configuration of signals on lines 132, 133, 134 and
      136. Specifically, NOR unit 123 receives a negative input from its input
      line 122 and thus produces a positive output on line 132 to NOR unit 137.
      NOR unit 126 receives a positive input from its input line 122, as does
      NOR unit 128 from its input line 122. Thus negative signals are produced
      on lines 133 and 136 and a positive signal is produced on line 134 by NOR
      unit 127. As before, each of the NOR units 137 and 138 receives one
      positive input and one negative input, although the positions are
      reversed. Negative outputs are therefore produced on lines 141 and 142 to
      NOR unit 139 which in turn produces a positive output to line 143,
      signifying congruence.
PAR  One of the conditions of noncongruence or mismatch is that in which a hole
      in the individual unit 13 is called for by the presence of a hole in
      column 33 and the absence of a hole in column 32, but no corresponding
      hole is found at the corresponding position in column 31. Under these
      conditions there is a negative input on line 122 to logic unit 123,
      producing a positive output on line 132, and there is also a negative
      input to logic unit 126 from the photo-sensitive transistor 117 observing
      column 31 on the individual unit 13, so that the output of NOR unit 127,
      the other member of the pair, on line 134 will therefore be negative.
      There is a positive input to NOR unit 128 on line 122 from transistor 118,
      so the output on line 136 from NOR unit 128 is negative. NOR unit 137 thus
      receives positive inputs on both lines 132 and 133 and produces a negative
      output on line 141, while NOR unit 138 receives a negative signal on both
      of its inputs, and thus produces a positive output signal on line 142. The
      inputs to NOR unit 139 are thus one positive from NOR unit 138 and one
      negative from NOR unit 137. The output of NOR unit 139 on line 143 is
      therefore negative, signifying noncongruence.
PAR  The remaining noncongruence condition is that resulting from the presence
      of a perforation in column 32 and the absence of a perforation in column
      33, thus calling for the absence of a perforation in column 31, while a
      perforation actually appears in column 31. In this situation the input to
      NOR unit 123 is positive, producing a negative output on line 132, and the
      input to NOR unit 126 is likewise positive producing another negative
      output on line 133. The output of NOR unit 127 on line 134 is
      correspondingly positive, while the negative input to NOR unit 128
      produces a positive signal on line 136. NOR unit 137 thus receives two
      negative inputs and produces a positive output on line 141, while NOR unit
      138 receives two positive inputs and thus produces a negative output on
      line 142. The inputs to NOR unit 139 are thus one positive on line 141 and
      one negative on line 142. The resultant output of NOR unit 139 on line 143
      is negative, signifying noncongruence.
PAR  It should be noted that should neither column 32 nor 33 be perforated, a
      positive signal will be produced on line 143 signifying congruence,
      regardless of whether or not a perforation is present at the corresponding
      location in column 31 on the individual unit 13. This occurs because the
      inputs to both logical NOR units 123 and 128 will be negative so that the
      outputs of those logical NOR units on lines 132 and 136 will be positive.
      With one input positive, NOR units 137 and 138 will always produce
      negative outputs from lines 141 and 142, regardless of the signals
      produced on lines 133 and 134. The signals on lines 133 and 134 will
      always be one positive and one negative, so that one or the other of NOR
      units 137 and 138 will receive two positive inputs while the other NOR
      unit receives a positive input and a negative input. Since both of those
      input configurations produce a negative output from the NOR units 137 and
      138 to NOR unit 139, leading to a positive output on line 143, the
      presence or absence of a perforation in column 31 leading to the presence
      or absence of a positive input to NOR unit 126 is immaterial. This feature
      of the circuit produces a useful result by allowing the user to instruct
      the machine to disregard a particular location in column 31 on the
      individual unit 13 by punching neither corresponding location in column 32
      or column 33 on the master card 18.
PAR  The pairs of logical NOR units 123 and 124, 126 and 127, and 128 and 129
      have a latching function provided by the second member of each pair. One
      input of the second member of each pair is connected to the reset line
      131, and whenever the units are not being reset a negative signal is
      provided on line 131 to each second member of the pairs. Thus any positive
      input on a line 122 to one of the logical NOR units 123, 126, or 128
      produces a negative output from that NOR unit, and that negative output is
      not only fed to the associated output line 132, 133, or 136, but is also
      fed back to the other input of the associated NOR unit 124, 127 or 129.
PAR  The supply of two negative inputs to the NOR unit 124, 127 or 129 produces
      a positive output from that NOR unit, which positive input is then fed
      back to an input of the first NOR unit 123, 126, or 128. Thus, even if the
      positive input on line 122 should be removed from the NOR units 123, 126,
      or 128, one positive input will be still supplied to those NOR units from
      the associated cross-connected NOR unit 124, 127, or 129. With one
      positive input, the NOR units 123, 126, or 128 will continue to produce a
      negative output on their respective output lines.
PAR  The cross connected pairs of NOR units are cleared by the provision at the
      appropriate time of a positive signal on the line 131 to all of the NOR
      units 124, 127, and 129. This positive input will assure a negative output
      from all of the NOR units 124, 127, and 129, regardless of the signal
      present at the other input of those NOR units. All of the NOR units 123,
      126, and 128, will thus be supplied with one negative input from their
      associated NOR unit 124, 127, or 129, and if negative signals are present
      on all of the lines 122 at that time, all of the NOR units 123, 126, and
      128 will be supplied with dual negative inputs causing positive outputs on
      their associated output lines 132, 133, and 136, representing return to
      the rest or initial state.
PAR  Five additional NOR units are connected in parallel with NOR unit 139 for
      receipt of signals from the five remaining triplets of phototransistors
      and the five remaining comparator circuits 119 (not shown). Since the NOR
      units are connected in parallel with NOR unit 139, all of the inputs to
      all six parallel NOR units must be negative in order to maintain the
      positive signal on line 143 signifying congruence between the individual
      unit 13 and the master card 18. Thus it may be seen that congruence is
      required between the master card 18 and the individual unit 13 over the
      entire extent of the transverse row of perforation locations examined at
      any one given time by the detector blocks 112 and 113.
PAR  Noncongruence at any point along the transverse extent of the row of
      perforations on the individual unit 13 and the row of perforations on the
      master card 16 will result in the presence of at least one positive signal
      being supplied on an input to one of the NOR units 139 and 144 connected
      in parallel. Any such positive input will remove the positive signal from
      line 143 and replace it with a negative signal signifying noncongruence.
PAR  An additional nine NOR units 146 are also connected in parallel, with each
      of their inputs connected to one of the input lines 122 from the emitter
      follower amplifiers 121 associated with the phototransistors. The 18
      inputs are thus supplied from the six triplets, of which phototransistors
      116, 117, and 118 form one triplet. The function of the parallel connect
      NOR units 146 is to assure that the reading of the cards for congruence
      takes place only when all perforations are centered over their respective
      detector units 24.
PAR  It will be noted that the necessary condition for a positive output from
      the parallel NORs 146 is that all eighteen inputs be simultaneously
      negative. This condition occurs when none of the detector units 24
      receives light through a perforation, signifying that the transport means
      14 has moved the individual unit 13 and the master card 18 ahead so that
      the previously read transverse rows of perforations and perforation
      locations as seen by the detector blocks 112 and 113 are no longer aligned
      properly with those blocks and the blocks are now reading the solid area
      of the card lying between adjacent transverse rows of perforation
      locations. When this condition occurs, the simultaneous negative inputs on
      all eighteen input lines of the NORs 146 cause the production of a
      positive output signal on the common output line 147 of this parallel
      group. It is this positive signal on line 147 which eventually becomes the
      reset signal supplied to lines 131 and the interrogate signal.
PAR  The signal on line 147 is supplied to a parallel connected pair of NOR
      units 148 which serve to invert it and to increase the signal level
      delivered to line 149, the interrogate line. The inversion of the signal
      from line 147 occurs because that signal is supplied to one input of each
      of the NOR units 148, while the other input of each of the NOR units 148
      receives a steady negative signal from the ground. Thus a positive signal
      on line 147 yields a positive input to each of the NOR units 148, and with
      the other input negative, the outputs coupled together and connected to
      line 149 will be negative. If the signal on line 147 is negative, the NOR
      units 148 will receive all negative inputs and produce a positive output.
PAR  One branch of the interrogate line 149 is connected to an input of each of
      four parallel-connected NOR units 151. The NOR units 151 serves in a
      fashion similar to the NOR units 148 to again invert and increase the
      driving power of the signal supplied to the clear line 152, connected to
      the outputs of the NOR units 151. One branch of the clear line 152
      communicates as schematically shown by the arrow 153 with each of the
      clear line inputs 131 on each of the three latching circuits in each of
      the comparator circuits 119.
PAR  The clear line 152 also communicates with one input of a NOR unit 154. The
      NOR 154 serves as a gate to effectively block transmission of the reject
      signal from line 143 to further parts of the circuit once the clear signal
      has been received from line 152. The blocking occurs because the positive
      signal to the NOR unit 154 from line 152 assures that the output of the
      NOR unit 154 on line 156 will be negative regardless of the input from
      line 143 to the NOR unit 154. The reject signal at this point is
      equivalent to a positive signal on line 156.
PAR  Line 156 communicates the signal to one input of a NOR unit 157. The NOR
      unit 157 serves an inversion and hold or delay function. This function is
      provided in the NOR unit 157 by grounding the other input of the NOR unit
      and connecting a capacitor 158 between the inputs. A positive reject
      signal on line 156 will change the capacitor 158 to cause the input signal
      served by line 156 to be held in a positive condition after the positive
      signal is removed from line 156. A negative signal, signifying acceptance
      of the card, on line 156 will not charge the capacitor 158 and thus will
      not be held.
PAR  The output of the NOR unit 157 is communicated on line 159 to one input of
      a NOR unit 161. A second NOR unit 162 has its output coupled in parallel
      with the NOR unit 161, and together the NOR units 161 and 162 form the
      interrogate-gate. A capacitor 163 between line 159 and ground provides a
      hold function for a positive signal on line 159. The function of the
      interrogate-gate is to assure that the card is checked for congruence only
      at the proper time, that is when the interrogate signal is received from
      line 147 through the NOR units 148 and line 149. As the NOR unit 157
      inverts the signal, the reject signal at line 159 is a negative signal
      while the accept condition is a positive signal.
PAR  Since the reject signal on line 159 is negative and the NOR unit 161
      operates to invert that signal, it may be seen that obtaining the positive
      reject signal on output line 164 requires both the negative reject signal
      input on line 159 to the NOR unit 161 and the presence of the negative
      interrogate signal on line 149 to the second input of the NOR unit 161. In
      effect then, a reject signal will be gated through the NOR unit 161 only
      when accompanied by the interrogate signal from line 149. The gating
      effect of the NOR unit 162 will be discussed below in connection with the
      card-detect input.
PAR  The signal on line 164 is communicated to an output latch circuit formed by
      a cross-connected pair of NOR units 166 and 167. The NOR units 166 and 167
      function as a storage or memory circuit similar to the cross-connected
      pairs of NOR units 123 and 124, for example, contained in the comparator
      circuit 119. A positive signal on line 164 signifying a reject condition
      will trigger the output latch circuit to produce a positive signal on the
      output line 168 of the NOR unit 167. As explained above in connection with
      the comparator circuit 119, the cross connections between the NOR units
      166 and 167 cause the circuits to be locked into the condition of a
      positive output on line 168 as soon as a positive input is received on
      line 164, despite subsequent receipt of any negative input on line 164.
PAR  The presence of a positive signal on line 168 causes the output transistor
      171 to cease conduction, and thereby de-energizes the coil 172. The coil
      172 may either be the solenoid coil of the actuator 59, or preferably the
      coil of a relay which in turn switches power to the solenoid coil of the
      actuator 59. The output latch circuit formed by NOR units 166 and 167 is
      reset only by the supplying of a positive pulse on input lines 169 to NOR
      unit 167, so it may be appreciated that noncongruence of any one
      transverse row of the individual card 13 with the master card 18 will set
      the output latch circuit into reject condition despite subsequent
      congruence by any transverse rows farther along the card.
PAR  As mentioned above, one of the lines 114 in the address or individual card
      detector block 112 connects to a phototransistor which detects the
      presence or absence of an individual card 13 on the drum 34. This
      photoresistor and its associated emitter-follower amplifier transistor and
      circuit are indicated at 173. The absence of a card 13 from the drum 34
      allows light to pass from the lamp 28 to the photoresistor and amplifier
      circuit 173, producing a positive signal on the output line 114. The
      presence of a card 13 on the drum 34 cuts off conduction in the
      phototransistor circuit 173 so that a negative signal is present on line
      114. The output line 114 communicates with one input of the NOR unit 162
      in the interrogate-gate, so that the positive signal on line 114 when no
      card 13 is present on the drum 34 will be inverted by the NOR unit 162 to
      produce a negative output to line 164. This negative output from NOR unit
      162 overrides any positive reject signal produced at the output of NOR
      unit 161, thus blocking the reject signal when no card is present on the
      drum 34. When a card is present on the drum 34, the negative signal on
      line 114 produces a positive output from NOR unit 162 which can be
      overridden by a negative accept signal output from NOR unit 161, or
      combined with a positive reject signal output of NOR unit 161. This
      circuit arrangement prevents the output latch circuit from being triggered
      into the reject mode when no card is present on the drum.
PAR  The output line 114 is also connected to a NOR unit 174, and the other
      input of the NOR unit 174 grounded so that it functions as an inverter.
      The arrival of a new card 13 on the drum 34 causes output line 114 to turn
      negative and a positive signal is thus produced at the output of the NOR
      unit 174. The positive-going output of the NOR unit 174 is passed as a
      pulse through a capacitor 181 to the reset line 169 of the NOR unit 167.
      Although the output of the NOR unit 17 is a steady positive signal in this
      situation only a positive pulse is produced on line 169 so that the output
      latch circuit is flipped to a reset condition but is not held in the reset
      condition, due to the dumping of charge through the resistor 182. The
      output latch circuit composed of NOR units 166 and 167 is thus reset to an
      accept mode each time the leading edge of the new card 13 passes the
      detect block 112.
PAR  It will be noted that the effect of the capacitors 158 and 163 is to hold
      the circuits in either the accept or reject mode according to the outputs
      of the comparator circuits 119 and the NOR units 139 and 144, despite the
      clearing of the comparator circuits 119 and the blocking of the gate
      performed by NOR unit 154 upon receipt of the clear signal from line 152.
      The interrogate signal from line 149 also operates to simultaneously
      unblock the gate formed by the NOR unit 161 and cause the passage and
      inversion of the signal present on its input line 159.
PAC  LINEAR EMBODIMENT
PAR  Turning to the embodiment depicted in FIGS. 14 through 16, the device 11 as
      there shown includes a magazine means 211 for holding a supply of
      individual information-bearing media 13, a transport means generally
      indicated at 212 for moving individual information-bearing media 13 from
      the magazine means 211 through a scanning station 213 and an imprinting
      station generally indicated at 214. The device 11 also includes a master
      indicia-bearing medium 18 for specifying selectively the characteristics
      of the individual information-bearing media 13 to be selected for
      imprinting. Scanning means generally indicated at 216 are located adjacent
      each of the scanning stations 213, with each scanning means 216 including
      a plurality of sensors or detectors 24 in FIGS. 5 and 7. An imprinting
      means generally indicated at 217 is located adjacent the imprinting
      station 214 and is activated by a print signal to cause the selected
      information-bearing medium 13 to be imprinted against a receiving medium
      such as an envelope.
PAR  The scanning means 216 includes detector blocks 112 and 113 and lamps 28
      akin to those shown in FIGS. 5 and 7 of the previous embodiment. The
      scanning means 216 also includes electronic circuitry 26 for comparing the
      signals received from the detector block 112 with those received from the
      detector block 113, such as that indicated in block diagram form at 26 in
      FIG. 2 and shown in detail in FIG. 19. Since the same circuitry would be
      appropriate for the present embodiment as that used with the embodiment of
      FIG. 1, it has not been shown in detail in connection with the present
      embodiment. As with the preceding embodiment, the electronic circuitry
      issues a print signal when the characteristics of the individual medium 13
      and the master medium correspond. A received 218 receives the individual
      information-bearing medium 13 from the transport means 212 after it has
      passed through the scanning and imprinting stations 213 and 214.
PAR  The magazine means 211 is shown in greater detail in FIGS. 15 and 16, and
      includes a housing 219 adapted to enclose a stack of individual media 13
      and a serial release mechanism 221 for releasing the media one at a time
      from the magazine 211. The serial release mechanism 221 includes two pairs
      of reciprocating arms 222, 223, 224 and 226, with one pair of arms located
      on each side of the housing 219. The arms 222 and 223 are pivotally
      attached to a link 227 which is in turn pivotally mounted as shown by a
      pin 229 to the chassis of the device 11. Similarly, arms 224 and 226 are
      pivotally attached to a link 228 pivotally mounted on the chassis 11 by a
      pin 231. The link 227 is also pivotally connected to moving member 232 of
      an actuator 233.
PAR  The actuator 233 may be of an appropriate type such as pneumatic or
      hydraulic cylinder or an electromagnetic solenoid. The links 227 and 228
      are interconnected by a diagonal member 234 so that the links 227 and 228
      move in opposite directions to each other when actuated by the actuator
      233. When the moving member 232 of the actuator 233 is retracted, the arms
      222, 223, 224 and 226 assume the position shown in FIG. 15, in which the
      lower arms 223 and 226 restrain the lowermost of the individual media 13
      from dropping out of the housing 219. Extension of the moving member 232
      causes the lower arms 223 and 226 to retract away from the housing 219,
      releasing the individual medium which was previously lowermost in the
      stack of media 13, while the upper arms 224 and 222 move inwardly into the
      housing 219 to restrain the next-lowermost of the individual media 13 from
      dropping out of the housing 219.
PAR  When the moving member 232 is again retracted into the actuator 233, the
      next lowermost of the individual media 13 shown restrained by the upper
      arms 222 and 224 in FIG. 16 will drop downward slightly and be restrained
      from further dropping by the lower reciprocating arms 223 and 226 as they
      move back inwardly into the housing 219 and the upper arms 222 and 224
      retract away from the housing 219. Thus each complete in-and-out cycle of
      the moving member 232 will cause the release of one individual medium 13
      from the stack within the housing 219. The path of motion of the arms 222,
      223, 224 and 226 as they are reciprocated is controlled by appropriate
      guide means, such as slots in the side of the housing 219, not shown.
      Alternatively of course, appropriate bearing sheaths could be provided for
      channeling the direction of motion of the arms 222, 223, 224 and 226.
PAR  In the present embodiment the transport means 212 includes a belt 234
      extending around a pair of rollers 236 and 237. One of the rollers 236 or
      237 is driven by an appropriate power source (not shown) to advance the
      belt 234, and a bevel gear pair 238 is attached to the roller 237 for
      advancing the follower block 101. The bevel gear pair 238 drives a lead
      screw 93 essentially similar to the lead screw 93 shown in FIG. 1. A
      split-nut mechanism 98 essentially similar to that shown in the previous
      embodiment in FIG. 1 is driven in turn by the lead screw 93 to cause the
      follower block 101 to lower the stack of individual media 13 within the
      receiver 218.
PAR  A stop means schematically indicated at 239 is attached to the belt 234 to
      insure the accurate placement of the individual medium 13 on the belt 234.
      While shown schematically here, as a small abutment on the belt 234
      adjacent one end of the individual medium 13, it should be appreciated
      that the stop means 239 might, in practice, surround a larger portion of
      the individual information-bearing medium 13 in a fashion similar to that
      shown in FIG. 12 for the embodiment of FIG. 1. The belt 234 contains an
      appropriate aperture (not shown) at the site at which the card 13 is
      carried, to permit light from the lamp 28 to pass through apertures in the
      card 13 and reach the detector block 112. If necessary, spring loaded
      idlers and friction-drag snubbers (not shown) could be employed to push
      the card 13 firmly against the stop means 239 to ensure precise alignment.
PAR  The transport means 212 also includes a drum 241 carrying the master
      indicia-bearing medium 18 along the periphery in a manner similar to that
      in which the master medium 18 is carried on the drum 34 of the embodiment
      of FIG. 1, shown in more detail in FIG. 7. In the present embodiment the
      drum 241 is driven in synchronism with the belt 234 through an idler 242,
      driven in turn by pinion 244 carried on the same shaft 243 as the roller
      236. The gear reduction ratio between the shaft 243 and the drum 241 is
      appropriately selected so that the drum 241 will make precisely one
      revolution during one full circuit of travel of the belt 234. Thus the
      master medium 18 on the drum 241 will be moved in synchronism with the
      individual indicia-bearing medium 13 carried by the belt 234 as they pass
      the respective detector blocks 113 and 112 in the scanning means 216. An
      appropriate aperture (not shown) in the periphery of the drum 241 allows
      light to pass from the lamp 28 through the perforations in the master card
      18 to the detector block 113.
PAR  The imprinting means includes a print head member 246 which may be moved up
      and down as suggested by the arrow 247 by an actuator, not shown, and an
      ink-supplying device such as a ribbon 248 carried by spools 249 attached
      to the printing head 246. A detector generally indicated at 251 is
      actuated by the presence of an individual information card 13 at the
      imprinting station 214 to cause the actuator (not shown) to depress the
      printing head 246 against a waiting receiving medium such as an envelope
      and the individual information-bearing medium 213, if a print signal has
      been given. The detector 251 has been illustrated here as if it were a
      microswitch device, but it should be appreciated that many forms of
      detector, including photo-sensitive detectors, could likewise be employed.
PAR  The actuator responsible for moving the printing head 246 could be of any
      suitable type, hydraulic, pneumatic or electrical, similar to the solenoid
      indicated in FIG. 15 at 233. Should the printing signal not be present,
      the triggering of the detector 251 is ineffective to cause the actuator to
      depress the printing head 246 against the individual information-bearing
      medium 13. The receiver 218 also includes a detector 252, which may, like
      the detector 251, be a microswitch or a photoelectric sensor, which
      responds successively to each new arrival of an information-bearing medium
      13 into the receiver 218.
PAR  The detector 252 is responsible for cycling the operation of the device 11,
      causing the actuator 233 to drop a fresh information-bearing medium 13
      onto the belt 234 after each time a finished individual medium 13 is
      received in the receiver 218. As schematically shown here, only one
      individual medium 13 is carried on the belt 234 at a given time, so that
      an appropriate delay is necessary between the triggering of the detector
      252 and the operation of the actuator 233 so that the individual medium 13
      will be dropped on the belt 234 just ahead of the stop means 239. Should
      there be more than one individual medium carried by the belt 234 at a
      time, through use of more than one stop means 239 and a change in the
      ratios in the gear train from the shaft 243 to the drum 241 to maintain
      synchronism, the timing of the signal from the detector 252 to cause
      actuation of the actuator 233 would be altered accordingly.
PAR  The operation of the embodiment of FIG. 14 may be understood with reference
      to the block diagram of FIG. 20. For initial start-up of the machine, a
      starting switch graphically indicated at 256 is closed to by-pass the
      in-storage detector 252. At the appropriate time, when the stop means 239
      is located in proper alignment with respect to the bottom of the magazine
      211, the delay circuitry 253 operates the actuator 233 to cause an
      individual information-bearing medium 13 to be dropped onto the belt 234
      in alignment with the stop means 239. The advancing of the belt 234 will
      pass the individual card 13 beneath the detector block 112 in synchronism
      with the passage of the master unit 18 beneath the detector block 113
      adjacent the drum 241.
PAR  As the units 13 and 18 pass beneath their respective detector blocks, they
      are scanned, the signals from each compared in the electronic circuitry 26
      of the comparator, and if they are properly congruent, a print signal is
      issued by the electronic circuitry 26. If that print signal is present, it
      is switched by the detector 251 upon arrival of the card beneath the
      printing head 246 so as to actuate the print actuator 254. The print head
      246 is then driven toward the belt 234 and the individual unit 13. If the
      print signal from the electronic circuitry 26 is not present, triggering
      of the detector 251 will not pass any signal to the print actuator 254 and
      the printing head 246 will not move.
PAR  Whether or not the individual unit 13 is imprinted against a receiving
      medium by the motion of the printing head 246, it is carried continuously
      along by the motion of the belt 234 until it is discharged into the
      receiver 218. Its discharge into the receiver 218 trips the detector 252
      to produce a signal which, after the appropriate time provided by the
      delay 253, will cause the actuator 233 to drop another individual unit 13
      onto the belt 234. It should be appreciated that in place of the delay
      253, an additional detector could be employed similar to the detectors 251
      and 252, located to detect the arrival of the stop means 239 in position
      beneath the magazine means 211 ready to receive another individual unit
      13.
PAR  The signal from the in-storage detector 252 on the receiver 218 is
      appropriately interrupted to prevent reactuation of the actuator 233 after
      one individual unit has been dropped onto the belt 234 and not yet carried
      to the receiver 218. This interruption comes as the stack of individual
      media 13 in the receiver 218 is lowered by the lowering of the follower
      block 101 to a point at which the topmost of the individual media 13 no
      longer triggers the detector 252. The actuator 233 may therefore retract
      to the position shown in FIG. 15, ready to drop another individual unit 13
      upon its next actuation. An appropriate spring means may be incorporated
      in the actuator 233 to bring about this retraction. If desired, an
      additional detector may also be incorporated in the magazine means 211 to
      be tripped by the absence of any remaining individual unit 13 in the
      magazine means 211 and arranged in the circuits of the machine 11 to shut
      the machine down when no further individual units 13 are available in the
      magazine means 211.
PAC  CARD RETENTION IN THE DRUM VERSION
PAR  It will be appreciated that precise placement of the card 13 on the drum 34
      with respect to the location of the master card 18 is vitally necessary.
      For this purpose, a stop means 39, shown in FIG. 12, aligns the card 13 on
      the drum 34. The stop means 39 is generally in the form of an open-sided
      rectangle of thin sheet material dimensioned to closely surround three
      edges of the card 13. Portions of the long edge of the stop means 39 may
      be seen in cross-section in FIGS. 5, 6 and 8.
PAR  Sideways movement of the card 13 (parallel to the axis of the drum 34) is
      further restrained by friction blocks 192 set into the surface of the drum
      34, as shown in FIGS. 6 and 8. The friction blocks 192 engage the
      underside of the card 13, and may be formed of a polymeric material having
      a high coefficient of friction. The master card 18 is held on the drum by
      insertion beneath a transparent plastic cover sheet 193 affixed to the
      drum 34, as shown in FIG. 7.
PAR  The guide rollers 51 include a pair of flanges 194 spaced axially apart a
      distance sufficient to clear the area of the card occupied by the
      embossing 56. The rollers 51 are journaled through the side plates 46 as
      shown in FIG. 6. The roller 51 associated with the detector block 112 is
      shorter in length to accommodate the detector 24 and its lines 111, and is
      journaled in the detector block 112 itself. The detector block 113 shown
      in FIG. 7 has a wider detector area, so the guide roller is reduced to a
      pair of flanges 196 rotatably journaled in the detector block 113. The
      flange 196 located on the right side in FIG. 7 is positioned to contact
      the edge portion of the individual card 13 but not the slightly narrower
      master card 18. The spring 197 which biases the print roller 54 upwardly
      may be seen in FIG. 8, extending from one of the arms 71 to a pin 198 in
      the sidewall 46 of the machine.
PAC  THE ENVELOPE FEED
PAR  The receiving medium or envelope 22 enters the machine through a slot 199
      in the sidewall 46, as shown in FIGS. 4 and 8. An envelope-feeding device
      is schematically indicated by the feed roller 200 in FIG. 4, although any
      appropriate means of feeding envelopes one at a time into the machine 11
      through the slot 199 could be used. The envelope 22 enters the machine 11
      parallel to the axis of the drum 34, and is driven out of the machine
      generally in a direction tangential to the drum 34 as it is pinched
      between the print roller 54 and the individual card 13 on the drum 34 when
      the print roller 54 is depressed. When the print roller 54 is not
      depressed, the envelope 22 may idle as unselected individual cards 13 pass
      beneath it. An appropriate frictional snubber (not shown) may be provided,
      if necessary, to apply a small amount of frictional force to restrain the
      envelope 22 against tangential motion when the print roller 54 is not
      depressed.
PAC  THE CARD SORTING ATTACHMENT
PAR  In machines of the present type it is often useful to be able to cull
      certain unwanted individual media 13 out of a large batch of such cards.
      Such a card sorting attachment is indicated generally at 176 in FIGS. 17
      and 18. It replaces the imprinting means 21 and is activated by the same
      cam means 57 and follower linkage 58. The arm 73 and axle 74 are the same
      as those used in the imprinting means 21, but in place of the arm 71 and
      the print roller 54, a plate member 177 is attached to the axle 74. The
      aperture 178 in the guide plate or shoe 52 through which the print roller
      54 moved in the preceding embodiment is widened to accommodate the full
      width of the card 13 by removal of the side rail portions 183 of the guide
      plate 52. The side rail portions 183 are shown in place in FIG. 8, secured
      to the sidewalls 46 of the machine 11 by screws. The portion of the guide
      plate 52 to the left of the aperture 178 in FIG. 17 is left in place in
      both configurations of the machine, forcing the card 13 to conform to the
      circumference of the drum 34.
PAR  To replace the confining function of the side rails 183 in the present
      embodiment, the distal end of the plate deflector 177 may be equipped on
      the side confronting the drum 34 with a triangular fillet 186. The fillet
      186 is operative when the deflector 177 is in its raised, non-deflecting
      position to cause the card 13 to pass smoothly beneath the deflector 177
      and not hang up on the forward edge of the deflector or the rearward edge
      of the aperture 178. Alternatively, the portion of the guide plate 52
      lying to the right of the aperture 178 in FIG. 17 may be removed and the
      fillet 186 dispensed with, leaving the unselected card 13 unconfined once
      it has passed the aperture 178.
PAR  When the card 13 is to remain in the main body of cards and not be sorted
      out, no signal is produced to the actuator 59. Like the imprinting means
      21, the plate member 177 is biased away from the drum 34 by a spring 187,
      so that in this situation the plate member 178 is not in position to
      deflect the card 13 away from the drum 34. When an individual card 13 is
      to be removed from the group, the actuator 59 is operated to draw the
      pivoted link 64 into position to contact the button 76 on the arm 73 so
      that the cam means 57 will drive the arm 73 and the plate member 177
      counterclockwise about the axle 74 at the appropriate time. As may be seen
      in FIG. 18, the natural springiness of the card 13 co-acts with the
      lowered plate member 177 to deflect the card 13 away from the drum 34 so
      that is passes over the plate member 177 and by its own momentum into a
      second receiver 179.
PAR  The second receiver 179 includes an angled slide plate 188 similar to the
      slide plate 53, sidewalls 189 which retain the card 13 on the plate 188,
      and a housing 191 into which the cards 13 fall from the slideplate 188. No
      follower mechanism is shown in connection with the housing 191 such as
      that on the first receiver 23, although it should be appreciated that the
      second receiver 179 could be equipped with a follower mechanism of the
      same type, should the proportion of cards 13 to be deflected be large
      compared to undiverted cards received by the first receiver 23.
PAR  The degree of movement of the plate member 177 is selected and adjusted so
      that when the plate member 177 is in its clockwise or raised position away
      from the drum 34 the cards 113 will pass beneath the plate member 177 and
      into the previously described first receiver 23. It should be appreciated
      of course that the imprinting and card sorting functions could be kept
      simultaneously in the same machine by providing an additional cam means
      similar to cam means 57, an additional follower linkage 58 and rocker
      mechanism 72, and an additional separately commanded actuator 59, all
      spaced at a slightly differing circumferential position about the drum 34,
      such as slightly to the clockwise of the imprinting means 21 of FIG. 3.
PAR  From the foregoing, it may be seen that a machine has been provided which
      makes a highly sophisticated yet rapid and reliable selection of
      individual cards for imprinting or sorting out. The design of the machine
      is one of mechanical simplicity, and no extensive memory capacity is
      required, yet, the selection criteria are readily changeable through use
      of a removable master medium.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for selecting desired individual information-bearing media from
      a plurality of individual information-bearing media, comprising:
PA1  magazine means for holding a supply of individual information-bearing
      media,
PA1  a master indicia-bearing medium for selectively specifying the
      characteristics of the individual information-bearing media to be
      selected,
PA1  transport means for moving individual information-bearing media from said
      magazine means through scanning and selection stations, and for moving
      said individual information-bearing medium and said master indicia-bearing
      medium substantially continuously in joint synchronism with each other
      relative to said scanning means for simultaneous comparison of the two
      media thereby,
PA1  scanning means adjacent said scanning station and comprising a plurality of
      sensors, said scanning means being responsive to the characteristics of
      individual information-bearing media as compared with said master
      indicia-bearing medium to detect those individual information-bearing
      media having a first predetermined correspondence of said characteristics
      and issue a first signal upon such detection, and to issue a second signal
      upon detection of a second predetermined correspondence of said
      characteristics and upon default of detection of either of said first and
      second predetermined correspondence of said characteristics, and
PA1  selection means at said selection station responsive to said first and
      second signals to cause the desired information-bearing media to be
      selected out of the plurality of such media upon said first signal for
      further operations on such desired media, and to reject media upon said
      second signal.
NUM  2.
PAR  2. A device for selecting desired media as described in claim 1 and wherein
      said individual information-bearing media bear a pattern of perforate and
      imperforate areas thereon and said master indicia-bearing medium bears a
      pattern of perforate and imperforate areas thereon, said patterns of
      perforate and imperforate areas on both said individual and said master
      media being simultaneously sensed by said scanning means,
PA1  said scanning means further comprising a light source and a plurality of
      photosensitive devices positioned to sense light from said light source
      passing through said perforate areas, said imperforate areas serving to
      block transmission of light from said source to said photosensitive
      devices,
PA1  said perforate and imperforate areas being formed in a grid of potentially
      perforable locations on said media, said grid on said master
      indicia-bearing medium having a pair of said locations thereon
      corresponding to each single location on said individual
      information-bearing medium, one of said locations of said pair
      corresponding to expected presence of a perforation at the corresponding
      location on said individual information-bearing medium and the other of
      said locations of said pair corresponding to the expected absence of a
      perforation at the same corresponding location on said individual
      information-bearing medium, correspondence of a perforation at said one of
      said locations of said pair with a corresponding perforation on the
      individual information-bearing medium resulting in said first signal, and
      correspondence of a perforation at the other of said locations of said
      pair with a corresponding perforation on the individual
      information-bearing medium resulting in said second signal, whereby the
      expected presence or absence of a perforation at a particular location on
      said individual information-bearing medium will be positively specified by
      the location of the perforation at the corresponding location on said
      master indicia-bearing medium.
NUM  3.
PAR  3. A device for sorting information-bearing media, comprising:
PA1  magazine means for holding a supply of individual information-bearing
      media,
PA1  transport means for moving individual information-bearing media from said
      magazine means through a scanning station,
PA1  a master indicia-bearing medium for specifying the characteristics of the
      individual information-bearing media to be selected for sorting,
PA1  scanning means adjacent said scanning station and responsive to the
      characteristics of individual information-bearing media and of said master
      indicia-bearing medium to detect those individual information-bearing
      media appropriate for sorting and produce a sorting signal in response
      thereto,
PA1  a first receiver for receiving individual information-bearing media from
      said transport means,
PA1  a second receiver for receiving individual information-bearing media from
      said transport means, and
PA1  a diverter means interposed between said transport means and said first
      receiver and operative on receipt of said sorting signal from said
      scanning means to divert individual information-bearing media to said
      second receiver instead of said first receiver,
PA1  said transport means moving one of said individual information-bearing
      media and said master indicia-bearing medium relative to said scanning
      means in joint synchronism with each other for simultaneous comparison by
      said scanning means, the individual information-bearing media bearing a
      pattern of perforate and imperforate areas thereon and said master
      indicia-bearing medium bearing a pattern of perforate and imperforate
      areas thereon, said patterns on both the individual and said master media
      being simultaneously sensed by said scanning means,
PA1  said perforate and imperforate areas being formed in a grid of potentially
      perforable locations on said master indicia-bearing medium having a pair
      of said locations thereon corresponding to each single location on the
      individual information-bearing  medium, one of said locations of said pair
      corresponding to expected presence of a perforation at the corresponding
      location on the individual information-bearing medium and the other of
      said locations of said pair corresponding to the expected absence of a
      perforation at the same corresponding location on the individual
      information-bearing medium, whereby the absence of a perforation at a
      particular location on the individual information-bearing medium may be
      positively specified by a perforation at one corresponding location on
      said master medium, as well as the presence of such a perforation on the
      individual medium being positively specified by a perforation at another
      corresponding location on said master medium,
PA1  said scanning means comprising a plurality of detectors for said
      perforations and a logical comparator circuit in communication with said
      detectors to receive and correlate the results from scanning one file of
      locations on said individual information-bearing medium with the results
      from scanning the corresponding two files of locations on said master
      indicia-bearing medium and issue a first signal upon detection of a
      perforation at a location along said one file on said individual medium
      and a perforation at the corresponding location along one of said
      corresponding files on said master medium and upon default of finding a
      perforation at said location along said one file on said individual medium
      with a perforation present at the corresponding location along the other
      of said corresponding files on said master medium, and to issue a second
      signal upon detection of a perforation at said location along said one
      file on said individual medium and a perforation at the corresponding
      location along the other of said corresponding files on said master medium
      and upon default of finding a perforation at said location along said one
      file on said individual medium with a perforation present at the
      corresponding location along said one of said corresponding files on said
      master medium.
NUM  4.
PAR  4. A device for sorting as described in claim 3 and wherein said transport
      means comprises a drum mounted on a chassis for rotation about its axis,
      said drum bearing said master indicia-bearing medium and one of said
      individual information-bearing media thereon, rotation of said drum
      carrying said master and individual media past said scanning means in
      synchronism.
NUM  5.
PAR  5. A device for sorting as described in claim 4 and wherein said transport
      means further comprises injector means synchronized with the rotation of
      said drum for removing individual information-bearing media one at a time
      from said magazine and placing said media one at a time onto said drum at
      a fixed location thereon.
NUM  6.
PAR  6. A device for sorting as described in claim 4 and wherein said drum bears
      said master indicia-bearing medium and said one of said individual
      information-bearing media about its circumference curved to approximate
      the curvature of the circumference of said drum, said device further
      comprising a guide means surrounding a portion of the circumference of
      said drum for keeping said one of said individual information-bearing
      media curved to approximate the curvature of the circumference of said
      drum.
NUM  7.
PAR  7. A device for sorting as described in claim 6 and wherein said first and
      second receivers are disposed adjacent said drum and said guide means
      comprises a plurality of guide rollers extending to and terminating in the
      vicinity of said first and second receivers, whereby said one of said
      individual information-bearing media is released from conformity with the
      circumference of said drum in the vicinity of said receivers and may exit
      approximately tangentially from contact with said drum toward said first
      and second receivers.
NUM  8.
PAR  8. A device for sorting information-bearing media, comprising:
PA1  magazine means for holding a supply of individual information-bearing
      media,
PA1  transport means for moving individual information-bearing media from said
      magazine means through a scanning station,
PA1  a master indicia-bearing medium for specifying the characteristics of the
      individual information-bearing media to be selected for sorting,
PA1  scanning means adjacent said scanning station and responsive to the
      characteristics of individual information-bearing media and of said master
      indicia-bearing medium to detect those individual information-bearing
      media appropriate for sorting and produce a sorting signal in response
      thereto,
PA1  a first receiver for receiving individual information-bearing media from
      said transport means,
PA1  a second receiver for receiving individual information-bearing media from
      said transport means, and
PA1  a diverter means interposed between said transport means and said first
      receiver and operative on receipt of said sorting signal from said
      scanning means to divert individual information-bearing media to said
      second receiver instead of said first receiver,
PA1  said transport means moving one of said individual information-bearing
      media and said master indicia-bearing medium relative to said scanning
      means in joint synchronism with each other for simultaneous comparison by
      said scanning means, said transport means comprising a drum mounted on a
      chassis for rotation about its axis, said drum bearing said master
      indicia-bearing medium and one of said individual information-bearing
      media thereon curved to approximate the curvature of the circumference of
      said drum, rotation of said drum carrying said master and individual media
      past said scanning means in synchronism, said device further comprising a
      guide means surrounding a portion of the circumference of said drum for
      keeping said one of said individual information-bearing media curved to
      approximate the curvature of the circumference of said drum, said diverter
      means comprising a cam means means driven in synchronism with said drum, a
      follower linkage following said cam means, a plate member pivotally
      mounted on said chassis adjacent the periphery of said drum and actuated
      by said follower linkage for movement of the distal end of said plate
      member toward and away from said drum, said plate member being located and
      dimensioned to intersect the path of said individual information-bearing
      medium when the distal end thereof is moved toward the periphery of said
      drum, and an actuator responsive to the sorting signal from said scanning
      means, said follower linkage being connected to said actuator for movement
      thereby into and out of engagement with said plate member, said plate
      member when moved toward said drum causing the individual
      information-bearing medium to pass along the side of said plate member
      away from said drum, along a path leading to said second receiver and when
      moved away from said drum allowing the individual information-bearing
      medium to pass between said plate member and the periphery of said drum
      along a path leading to said first receiver.
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ABST
PAL  The system includes a counter for entering the quantity of a block of
      currency, commonly referred to as a strap, in terms of the number of bills
      contained within the strap. A detection circuit detects various entry
      conditions and determines quality and fitness. Bills are sorted
      accordingly, and a total count is maintained. The entry is monitored for
      condition factors such as bill size, double bills, or bills too closely
      spaced, which provides for rejection of improper entry as well as
      inhibiting the operation of the input count for consistency. Verification
      of an input count is provided by further count detection in the area of
      collection. Sorting, in accordance with detection and gating of the fit
      and unfit bills is also provided, as well as individualized count control
      and display. Consistency of strap size is maintained by automatic
      insertion of card separators between straps in accordance with a desired
      strap size. A logic system activates machine control sequences in
      accordance with strap size data provided by tracking the input count and
      checking for a comparison. Separator control is provided by logic
      responsive to the count in the collector area, also in accordance with the
      strap size data.
BSUM
PAR  This invention relates to apparatus for automatically sorting unfit
      currency from fit currency. The invention relates more particularly to an
      improved apparatus for enhancing the sorting procedures and for increasing
      the security against loss or theft of currency during the procedure.
PAR  Currency which has been in circulation for a period of time becomes soiled,
      worn, and at times damaged and is no longer considered fit for continued
      use. The unfit currency is removed from circulation and is destroyed.
      Federal Reserve Banks throughout the United States have been assigned the
      responsibility of separating the fit from unfit currency which is
      forwarded to them from correspondent banks. After sorting, unfit currency
      is batched and is transmitted to the Bureau of Printing and Engraving for
      destruction.
PAR  Many millions of dollars in unfit currency is removed from circulation
      daily and the examination and sorting of this currency becomes a
      significant task. In practice, currency is sorted manually by trained
      workers at the Federal Reserve Banks. The segregated unfit bills are then
      demonetized by marking or mutilating in a distinctive manner prior to
      destruction.
PAR  The transmittal, handling, accounting and security of currency has been
      accomplished by a procedure developed over the years whereby currency is
      collected into bundles or straps. A strap of currency, which is generally
      bound together by a paper belt, typically contains 100 bills of a same
      denomination. At times, the strap can contain a lesser or greater
      predetermined number of bills. During the fitness sorting procedure, an
      original strap is broken by a worker; the bills of the strap are visually
      examined; and the bills are regrouped into a pile containing only fit
      bills and a pile containing only unfit bills. Upon depletion of an
      original strap of bills, the bills in the fit and unfit piles are counted
      in order to verify that the original strap contained a full complement of
      bills. After verification of the count, straps of fit bills are formed for
      recirculation while straps of unfit bills are formed for subsequent
      demonetizing and destruction. The demonetizing is then subsequently
      accomplished by breaking a strap of unfit bills, permanently marking or
      mutilating the bills, recounting the demonetized bills and again forming
      the same into a strap for transmittal to the Bureau of Printing and
      Engraving for destruction.
PAR  The described fitness sorting and demonetizing process is disadvantageous
      in several respects. Although workers are trained for making a visual
      examination of the fitness of a bill, the determination is a subjective
      one which is made during a tedious repetitive process and the results
      often vary significantly within a Federal Reserve Bank and between the
      different Federal Reserve Banks. In addition, the necessity for
      establishing an accurate accounting and security for fit, unfit and
      demonetized bills further complicates the overall fitness examination and
      demonetizing procedure.
PAR  Nonetheless, the use of the strap procedure for transmitting and handling
      currency has merits which recommend its continued use. It would be
      desirable however, to automate some of the manually performed tasks with a
      method and apparatus which is compatible with this procedure. While
      machine methods for sorting fit and unfit currency and for demonetizing
      unfit currency are known, these methods are generally complex, expensive,
      time consuming and are either incompatible or inconvenient for use with
      the strap procedure of handling currency. In addition, they are
      susceptible to defeat by defects in the currency or in the handling of the
      currency which heretofore were correctable by a worker during a manual
      sorting process or which, by virtue of the manual nature of the handling,
      did not occur. These defects are, for example, the adhesion of one bill to
      another; the overlapping of successively fed bills at an automated
      examination station, and the severe mutilation of bills being examined.
      Furthermore, known apparatus for the demonetizing of unfit bills have not
      provided the degree of security necessary to guarantee against the theft
      of unfit currency and the unauthorized reintroduction of demonetized
      currency into circulation.
PAR  In a copending U.S. patent application Ser. No. 457.366 which is filed
      concurrently herewith and which is assigned to the Assignee of this
      invention, there is disclosed and claimed an improved method and apparatus
      for sorting fit and unfit currency.
PAR  An object of this invention is to provide in a currency examination
      apparatus, an improved electrical means for accounting, sorting and
      separating currency into straps, and causing a verifiable display of the
      results of these steps.
PAR  It is a further object of the present invention to provide logic circuitry
      operating on a timed sequence for rejecting or accepting the bill in
      accordance with certain dimensional and spacing criteria.
PAR  It is another object of the present invention to provide logic circuitry
      for insuring the accuracy of the bills counted as they are removed after
      sorting.
PAR  It is another object of the present invention for providing logic circuitry
      overriding certain selection sequences in accordance with a desired
      operation.
PAR  In accordance with the foregoing objects, the present invention utilizes an
      electronic verification and control system for securing an input count
      analysis of input bills for various entry conditions and their state of
      fitness, and automatic separator insertion for packaging bills in a
      desired quantity for delivery.
PAR  The system includes means for entering the quantity of a block of currency,
      commonly referred to as a strap, in terms of the number of bills contained
      within the strap. A detection circuit detects various entry conditions and
      determines quality and fitness. Bills are sorted accordingly, and a total
      count is maintained. The entry is monitored for condition factors such as
      bill size, double bills, or bills too closely spaced, which provides for
      rejection of improper entry as well as inhibiting the operation of the
      input count for consistency. Verification of an input count is provided by
      further count detection in the area of collection. Sorting, in accordance
      with detection and gating of the fit and unfit bills is also provided, as
      well as individualized count control and display. Consistency of strap
      size is maintained by automatic insertion of card separators between
      straps in accordance with a desired strap size. A logic system activates
      machine control sequences in accordance with strap size data provided by
      tracking the input count and checking for a comparison. Separator control
      is provided by logic responsive to the count in the collector area, also
      in accordance with the strap size data.
PAR  In addition, override controls are provided for allowing the manual
      insertion of a rejected bill. Since demonetization is effected by print
      sequences, for demonetization control, preprint and postprint detections
      are provided along with logic activating the system control for
      controlling machine operation in accordance with improperly sensed
      preprint and postprint detection.
DRWD
PAR  The foregoing objects and brief description of the present invention will
      be set forth in greater detail in the following more detailed
      specification and the appended drawings wherein:
PAR  FIG. 1 is a perspective view illustrating the functional relationship of
      the apparatus of the present invention,
PAR  FIG. 2 is a generalized electronic system diagram explaining the control
      interrelationships of the present invention.
PAR  FIG. 3A is a detail of the input and control logic,
PAR  FIG. 3B is a timing diaphragm related to FIG. 3A,
PAR  FIG. 4A is a detail of the stacker detection and counting logic,
PAR  FIG. 4B is a timing diagram related to FIG. 4A,
PAR  FIG. 5 is a detail of the preprint and postprint detection and control
      logic,
PAR  FIG. 6 is a detail of the override logic,
PAR  FIG. 7 is a detail of the input quality detection circuit,
PAR  FIG. 7A is a view of an article which is examined at any one instant of
      time by the apparatus;
PAR  FIG. 8 is a view of a segment of a demonetized bill,
PAR  FIG. 8A is a block diagram of an electrical circuit means for use with the
      instant apparatus;
PAR  FIG. 9 is a schematic diagram of a preprint detection circuit arrangement,
      and,
PAR  FIG. 10 is a schematic diagram illustrating modifications to the circuit of
      FIG. 9 for providing postprint detection.
DETD
PAR  The introduction and the progress of bills through the apparatus will be
      described generally with reference to FIG. 1. Individual bills 17 are
      removed from a strap of bills 18 by an operator and are manually
      introduced in a direction along a principle axis 19 of the bill to a
      scanning head 20. The bills thus introduced are automatically conveyed
      through the head 20 and are examined, as indicated in greater detail
      hereinafter to determine whether the bill is fit or unfit for continued
      circulation.
PAR  After examination, a bill is automatically conveyed from the scanning head
      20 through an outlet slit 22 to a transport belt 24. The belt 24 and a
      guide 23 convey an examined bill through a first "doubles" directional
      gate station 25, the function of which is described hereinafter, and then
      to a second fit/unfit directional gate station 26. The gate station 26
      includes a solenoid 28 which actuates a plurality of directional guide
      fingers 32a and 32b. When a bill which is being transported to the station
      26 has been determined by the apparatus to be fit, the solenoid 28 is
      energized thereby actuating the fingers 32 and causing the direction of
      transport of the bill to be directed over a first course indicated by the
      solid arrows. A bill is conveyed over segments of a first course by a belt
      transport 34 and guide 35, a belt transport 36 and guide 37, belt
      transports 38 and 39 which provide lateral translation in the transport of
      a bill with respect to its initial direction of motion along the belt 24,
      and a transport belt 40 and guide 41 which transport and deposit a fit
      bill 17 in an upper stacker of bin 42.
PAR  When a bill being examined has been determined to be unfit for continued
      circulation, the solenoid 28 remains in a deenergized state and an unfit
      bill is transported from the gate station 26 over a second course,
      indicated by the dashed arrows, through a demonetizing station 44, through
      a postprint detection station 45, and to an upper stacker or bin 46. A
      bill is transported over segments of this second course by the transport
      belt 24 and guide 35 and by the transport belt 24 and a transport belt 47.
      At the demonetizing station 44, the bill is conveyed between a pair of
      printing rollers which print a demonetizing marking in ink on the bill.
      The bill is then examined at the detection station 45 for the presence or
      absence of a demonetizing marking. The absence of a demonetizing marking
      indicates a malfunction at the demonetizing station 44 and operation of
      the apparatus is automatically interrupted. However, when a demonetizing
      marking is determined to be present on the bill, the bill is transported
      to and deposited in the upper unfit bill stacker 46. During operation of
      the apparatus, the transport belts are continuously driven and the motion
      of a bill over the first or second course, and through the various
      stations, is continuous.
PAR  In order to provide an accounting and a verification of the number of bills
      which are removed from the strap 18, and which are fed to the apparatus,
      the scanning head 20 and an associated electrical circuit means provide a
      count, and a display of the count, of those bills which are transported
      through the head and which are determined not to be double or overlapping.
      In addition, a counter 48 is provided for counting the number of unfit
      bills which are transported to and deposited in the upper stacker 46 and a
      counter 49 is provided for counting the number of fit bills which are
      transported to and deposited in the upper stacker 42. A visual display
      indicative of the number of fit bills collected in the upper stacker 42
      and unfit bills collected in the upper stacker 46 during the sorting of a
      strap is thereby provided. When a strap 18 is depleted, and a number of
      bills equal to a predetermined strap number has introduced into the
      scanning head 20, the apparatus will automatically transfer into a stop
      mode. At this time, the operator can, from the displayed counts, verify
      the number of bills in the strap. When the number of bills entered into
      the scanning head 20 is less than the predetermined number of bills in a
      strap, an error of security breach is indicated, and the operation of the
      machine can be terminated until the reason for the discrepancy is
      determined.
PAR  Upon verification, the operation of the apparatus is reinitiated by the
      operator through actuation of a start switch, which transfers the
      apparatus into an operating mode. At this time, those bills in the upper
      stackers 42 and 46 are automatically transferred to lower stackers 52 and
      54 respectively by the opening of lower doors in each of the upper
      stackers. The upper stackers which are then emptied are conditioned to
      receive fit and unfit bills from a succeeding strap.
PAR  The apparatus retains tallies of the number of bills which have been sorted
      into each of the upper fit and unfit bill stackers 42 and 46,
      respectively. When this tally of fit or unfit bills is equal to a
      predetermined strap quantity, a separator card 56 is automatically
      transferred into an upper stacker 42 and 46. The separator cards 56 are
      stored in card bins 58 and 60, respectively. A separating card will be
      transferred to the lower stackers from the upper stackers along with the
      bills contained therein, upon completion and verification of a strap.
      After the lower stacker units are filled to capacity, an indication is
      provided and the unfit bills can be removed and bound into straps for
      subsequent destruction.
PAR  The introduction of bills, under certain conditions, will result in a light
      transmissivity which is substantially lower than the transmissivity of an
      unfit bill. This condition occurs for example, when one bill adheres to
      another and these "doubles" are fed to the scanner head 20. This condition
      can also occur when bills which are fed seriatim, are fed at a rate which
      causes them to overlap at the examination station. It is desirable that
      these bills be inhibited from traversing the first and second courses, and
      that they be removed from the apparatus and be delivered to a station at
      which the operator can examine them and decide as to the feasibility of
      reinsertion. For example, bills which are introduced in an overlapping
      manner and bills which are lightly adhering one to the other can be
      separated and be reintroduced, while bills which cannot be readily
      separated or bills which are severely soiled can be removed for individual
      treatment. The apparatus is adapted for sensing when doubles have been
      introduced into the machine, for diverting their passage prior to reaching
      the fit/unfit gate station 26, and for returning these bills to a return
      shelf 62 at the operators station. Those bills which exhibit a
      substantially low transmissivity conforming to a predetermined doubles
      reference level (which level is substantially lower than a reference level
      for distinguishing fit from unfit bills) are detected by the apparatus
      upon examination by the scanner head 20. A double bill is transported to
      the double gate station 25 at which location solenoid 64 is energized. The
      energized solenoid actuates a plurality of direction diverting fingers 66a
      and 66b. As a double bill is transported from the slot 22 by the belt 24
      and guide 23, its direction of transport is altered by the fingers 66a
      which cause it to travel over a course indicated by the curved dashed line
      between a return roll 68 and guide 69 to the return tray 62. The apparatus
      inhibits entry of a count into the strap counter and strap count
      verification is not affected. Those returned double bills which cannot be
      re-entered because of their condition, are available to the operator for
      accounting when verifying the total number of bills derived from a strap
      18.
PAR  It is desirable, for security reasons, that the apparatus recognize when a
      bill which is demonetized is fed to the apparatus. The scanner head 20
      includes a detection means for sensing the presence of a demonitizing
      marking on a bill at the examination station. When this marking is
      detected, the apparatus is automatically transferred into a stop, locked
      mode and the apparatus cannot be restarted without the actuation of a
      keylock, the key for which is maintained under the control a supervisory
      operator.
PAR  In addition to United States currency, the Federal Reserve Banks are
      required at times to process other special forms of value paper such as
      Treasury Notes, Food Stamps, etc. While processing of this value paper
      generally does not require separation based on fitness, the paper is
      handled in straps and generally requires counting, verification, forming
      into straps and at times "devalueing". The apparatus illustrated in FIG. 1
      includes a second scanning head 70 tO which this special paper is fed for
      processing. The scanning head 70, for valve paper, operates as a strap
      counter detector. After the paper is examined, it is conveyed from an exit
      aperture 71 and is transported by a belt 72 over a course indicates by
      solid arrows to an upper stacker 76. For purposes of simplifying the
      drawing, the additional belt and guides for transporting the paper over
      the course is not illustrated but it is understood that guides equivalent
      to the guides 23, 35, and 69, and a transport belt equivalent to the belt
      47 which are employed with belt 24, are similarly employed with the
      transport belt 72. A counter detector 77 is provided for sensing paper
      which is transported to, and deposited in, the upper stacker 76. When the
      transmissivity of the document is less than the pre-established doubles
      reference, a double gate station solenoid 78 is energized for actuating
      direction diverting fingers 80 and diverting the transport of the paper to
      a return tray 77. Those documents which are introduced into the upper
      stacker 76 are transferred to a lower stacker 78, when a number of value
      papers equal to the number in a desired strap have been deposited in the
      upper stacker. In addition, a separator card 56 from separator 80 is
      deposited in the upper stacker 26 when a number of papers equal to the
      strap number have been sorted and is transferred with the value paper in
      the upper stacker to the lower stacker 78. A doubles transport
      arrangement, which again for the purpose of simplifying FIG. 1 is not
      illustrated, is understood to include a roller, guide, and a return tray
      equivalent to the roller 68 and guide 69 and return tray 62.
PAR  In addition to that portion of the apparatus which has been described
      generally thusfar with respect to FIG. 1, there is also provided circuit
      means for causing various machine operations in response to the
      information contained in signals received from the scanner and the various
      detectors. The circuit means, which is described in greater detail
      hereinafter, operates to effect operation of the doubles gate station 25,
      operation of the fit or unfit gate at station 26, operation of the strap
      card separator, transfer of the bills in an upper stacker to a lower
      stacker, and causes the machine to transfer from an operating mode to a
      stop mode. The change of modes is effected when a number of bills equal to
      a predetermined number of bills in a strap has been introduced and sorted
      by the apparatus, when a malfunction in the demonetizer is detected, or
      when a demonetized bill is introduced into the apparatus.
PAR  Referring now to FIG. 2, the generalized system block diagram detailing the
      functional interrelationship of the electronic components of the apparatus
      is indicated. The major counting system is illustrated as block 110 which
      provides a totalized count of the strap input and display therefor. Strap
      size is provided as an input to the strap input counter along the line 112
      from the strap size input device 114. Adjustment of the strap size input
      device 114 in accordance with the number of bills in a particular strap
      thereby indicates to the strap input counter 110 the total number of bills
      to be expected as a strap input condition. Activation of the strap input
      counter is in response to bills placed along the regular bill input line
      116 or the special bill input line 118 through the entry detection and
      logic circuit 120. Sensing of the various entry conditions in accordance
      with the entrance of the bills along the input lines 116 and 118 will
      provide the appropriate decision within the entry detection logic circuit
      120 for providing indication as to whether the bill is to be rejected. If
      a regular input bill is not rejected, it will be further classified as a
      fit or unfit bill. If the bill is to be rejected, for example as a double,
      an appropriate signal is provided along the line 122 to the double gate
      and solenoid control circuitry 124 which in turn operates the appropriate
      doubles gate for regular or special double conditions as illustrated in
      FIG. 1. In addition, rejection of a bill will also be placed along the
      line 126 for inhibiting the strap input count and display 110. Thus, a
      rejected bill is not counted as an appropriate input on the strap input
      counter 110.
PAR  If the bill provided along the regular input 116 is categorized as not
      falling within one of the doubles gate activation categories, the bill is
      then examined for quality. If the bill is determined to be unfit, an
      appropriate logic signal is provided along the line 128 to the fit-unfit
      solenoid control 130 which, in accordance with the detected quality
      condition of the bill as in its unfit state, provides an appropriate
      control to the fit-unfit control gate illustrated in FIG. 1. As each
      appropriate selection is made, the bills are stacked in their appropriate
      stackers. A regular bill is stacked in either fit or unfit stacks, while a
      special bill is merely stacked without quality analysis.
PAR  Sensors positioned at each appropriate upper stack provide a signal
      corresponding to inputting of each stacked bill. Thus, the appearance of a
      fit bill at the fit bill upper stacker will provide a logic signal along
      the line 132, an unfit stacked bill will provide a logic signal along the
      line 134 and a special stacked bill will provide a logic signal along the
      line 136.
PAR  The stack signals are fed to a stacker detection logic circuit 138 which
      provides appropriate output signals along the output lines 140 to a
      counter unit 142 which consists of individual counters 142A, 142B, and
      142C, for counting each fit, unfit, and special bill as they are
      collected. In accordance with the predetermined strap size information
      provided from the strap size unit 114 along line 144 to the counter
      display logic unit 142, the separator control 146 will be activated in
      accordance with the completion of a strap count in any one of the fit,
      unfit, or special counters. The appropriate separator control illustrated
      generally as 146 will thus be activated in accordance with achievement of
      a strap count in any of the counter units described generally in the block
      142, causing activation of the separator mechanism inserting a separator
      card into the proper upper stacker as was described in conjunction with
      FIG. 1.
PAR  Completion of the predetermined strap input count in the counter 110 will
      provide an appropriate logic signal along the line 147 indicating a strap
      full condition to a system control unit 148. The effect of the strap full
      signal along the line 147 to the system control unit 148 will result in
      stopping further bill feed into the machine. This machine feed shut down
      is accomplished by an appropriate output signal provided along the line
      154 to a machine control operating mechanism 156. Mechanism 156 provides
      the input drive stop feature necessary for the accomplishment of this
      function. Reactivation of the machine by activation of the full input
      signal to the system control unit 148 will provide an output signal along
      the line 150 to the stacker door control 152. The function of the stacker
      door control will be, as described in FIG. 1, to open the doors on each of
      the upper stackers described in FIG. 1 and permit the bills thus far
      accumulated in the stackers to drop into the lower stacker. The FULL
      control 151 will also reactivate the feed control mechanism through block
      156.
PAR  Since the strap size data from unit 114 has also been entered into the
      block 142, the separator control 146 will cause the appropriate card to
      drop into the appropriate upper stacker when a full strap size is achieved
      in any of the fit, unfit or special stacker units, respectively.
PAR  As was set forth above, the machine includes a demonitization function. It
      is thus important to monitor two conditions: first, whether a demonetized
      bill is being scanned (pre print detection) and; second, whether the
      printing equipment is working properly (post print). In the first
      condition, a signal from the pre-print scanner is analyzed to determine
      whether an entered bill has been demonetized. If it has, a logic signal
      applied along line 158 to the system control 148 activates a shut down
      sequence to machine control unit 156. This will disable both input feed
      drive and main motor drives, shutting down the machine. An alarm light or
      other indication may also be provided. In the second condition, a signal
      from the post-print scanner is analyzed to determine if the bill has been
      properly demonetized. If it has not, a logic signal is applied along line
      160 to the system control 148 to activate a shut down sequence to machine
      control unit 156. This will first disable the input feed drive and, after
      a delay sufficient to allow previously demonetized bills to exit the
      machine, shut down the main motor drive.
PAR  Reactivation of the machine after a pre-print or post-print shut down is
      effected by depressing the RESTART control 153 which resets the system
      control 148 and permits reactivation.
PAR  As was set forth above, activation of the doubles gate will result in
      rejection of a bill. The options available to the operator after
      rejection, include reinserting of the bill, in which event the machine
      merely functions as it did in the previous cycle, or activating a machine
      override. The purpose of the machine override will be to automatically
      demonetize a bill without the improper entry or quality decision features
      described above. Thus, activation of a doubles override 164 by means of
      appropriate input 162 provides an appropriate signal along the line 166 to
      both clamp the doubles gate 124 so as not to reject the bill, and the
      fit/unfit gate solenoid control 130 so as to pass the bill through the
      demonetizing section described in FIG. 1. The operation of the logic
      override 164 in this doubles mode is set by the input 162, and triggered
      upon receipt of a signal indicating that the now entered bill has reached
      the proper position within the sensing head. The trigger signal is
      provided from the entry condition detection circuit 120 along the line
      168. The operation can only be accomplished once for each double override.
      Resetting of the override entry bill is fed into the unfit stacker
      detector as indicated by the appropriate signal then applied along line
      134 to the stacker detection logic 138 and along the output line 170 to
      the override logic 164.
PAR  A supplemental override operation is provided by means of the override
      input 172. The function of the override input 172 is to demonetize the
      special bills. In this instance, activation of 172 will provide an
      appropriate signal to the override logic 164 for again deactivating the
      doubles gate and clamping the fit/unfit solenoid control 130 to its unfit
      condition. In this mode, however, accumulation of demonetized specials is
      accomplished in the unfit stacker and operates continuously without reset
      until the specials override function 172 is again activated, thereby
      placing the override logic 164 in its initial condition.
PAR  The demonetization of special bills is accomplished after collection of
      specials in the specials stacker. Demonetization of specials is effected
      by re-feeding stacked specials into the Regular input, again with the
      doubles gate clamped to prevent rejection, and with the fit/unfit gate
      clamped to the unfit position. To prevent erroneous counts, the overrride
      logic will provide an inhibit signal along line 174 to the strap input
      counter 110 upon activation of the specials override function 172. This
      will inhibit recounting of specials for demonetization.
PAR  Referring to FIGS. 3A and 3B detail logic circuitry for the input function
      is described. The input logic performs two functions, entry condition
      rejection and quality determination. For entry condition analyses, the
      input logic acts, to activate the doubles gate, in accordance with certain
      undesired entry conditions. These conditions include (a) detecting a
      double within the scan head itself, (b) detecting whether a bill is too
      long, (c) detecting whether a bill is too short, and (d) detecting whether
      two bills have been fed in too closely to each other. In any of these
      situations, the doubles gate is activated and the bill is rejected. In the
      case of bills too close to each other, both forward and rear bills are
      rejected. It is noted that both the regular and special entry condition
      detection, logic and rejection mechanism are precisely the same. The only
      distinction between the regular and special input systems resides in the
      quality detection scheme, lacking in the special input system. Thus, FIG.
      3A illustrates the entire logic, selection and decision making function
      for the regular input scheme, it being understood that the special input
      circuits are the same with the exception of the absence of quality
      detection and selection. With specific regard to FIG. 3A and the timing
      diagram, FIG. 3B, the regular input logic signal is provided by means of a
      fluorescent light source 200 applying appropriate signals to the detector
      202, the signals therefrom fed in turn to a quality and input detection
      circuit 204, set forth in greater detail below. It will be further
      understood that this circuitry may also be duplicated in connection with
      the special detection head, with the quality detection position thereof
      omitted or ignored. A clock source, CLK, not shown, supplies clock pulsing
      CL at various points within the logic. The detection circuit 204 provides
      a quality indication along line 205, a BILL PRESENT along line 206 and a
      doubles indication along line 207 to gate 208. For logic purposes, a BILL
      PRESENT is a logical one, a FIT is a logic 1, and the presence of a DOUBLE
      a logic 0. The detection circuit 204 determines the presence of a bill and
      applies a high condition BILL PRESENT signal along the line 206 to the JK
      flip-flop 209, and on the appearance of the first clock pulse thereafter
      causing the Q output of the flip-flop 209 to go high. The term "high" will
      be understood to include the meaning of a logical "1", and "low", a
      logical "0". It will be understood that reverse logic may also be
      employed. Upon the appearance of the next clock pulse, the Q output of the
      flip-flop 210 having a high state on its J input will also go high,
      thereby applying a high signal from the Q output of the flip-flop 210 to
      the J input of the flip-flops 212 and 214. On the third clock pulse, the
      flip-flops 212 and 214 will each have their respective Q outputs go high,
      and their Q outputs go low.
PAR  A counter 216 is provided which is maintained in a normally disabled
      condition when a high signal is placed on its clear input CLR along the
      line 218 from the Q output of flip-flop 214. When the flip-flop 214 is set
      by the third clock pulse as described above, the Q output of flip-flop 214
      will go low, thereby enabling the counter 216 which will begin counting
      clock pulses introduced along the line 220. The counter 216 is designed to
      establish in conventional manner, output conditions corresponding to
      predetermined counts.
PAR  The entry condition logic scheme of the present invention employs the use
      of pulse sequence timing over a fixed duration to determine the minimum
      length, maximum length, and inter-bill spacing decision features described
      above. By way of example, the logic of the present invention establishes a
      pulse count of 150 pulses representing an approximately length of an
      average bill, 61/8 inches. A window may be established on either side of
      the average pulse position to define a gate length condition for a correct
      range of bill lengths. Again by way of example, a gate length may be
      established anywhere between a lower limit count of 147 pulses and an
      upper limit count of 153 pulses representing the minimum and maximum
      desirable length of a bill to be accepted by the machine. Bills passing in
      less time than the minimum or more time than the maximum are to be
      rejected. Along the same lines, an inter-bill spacing definition can be
      established utilizing the same count frame. Thus, taking into account the
      timing and speed of the feed mechanisms and scan operation, a condition of
      N machine pulses is defined from the first sensed bill until the machine
      is ready to receive another bill. In the example given, N is set equal to
      200 machine pulses or about 8 inches in terms of feed distance. Since a
      bill averages about 61/8 inches, by establishing a 200 pulse spacing as a
      minimum cycle between bills, an inter-bill spacing definition of about 2
      inches may be established. Obviously, other interbill spacing criteria may
      be employed, and the use of 200 is illustrative only and not intended to
      be limiting.
PAR  Referring again to FIG. 3A, the counter 216 provides the pre-set count
      level signals. An output along the line 222 thus corresponds to the lower
      limit count, an output along the line 224 corresponds to the upper limit
      count and an output along the line 226 corresponds to the 200 count.
PAR  The Q outputs of the flip-flop 209 and 210 and the Q output of flip-flop
      212 are connected to a further gate 228. At the time of the activation of
      the third clock pulse, which is also connected to gate 228, all of the
      inputs to the gate 228 are high, thereby resulting in a low output from
      the gate 228, which is in turn inverted in the inverter 230 providing a
      high output along the line 232. This high output along the line 232
      represents the start of bill SOB pulse, shown in the timing diagram FIG.
      3A.
PAR  When the bill ends, the BILL PRESENT signal on line 206 goes low,
      signifying the bill is no longer present. At the next clock pulse, the
      flip-flop 208 is rest. Thus, after a further three pulse delay, (FIG. 3b),
      the gate 238 is activated with three high inputs from the Q side of
      flip-flops 209 and 210, and the Q side of flip-flop 212, and the next
      following clock pulse. This causes a low condition at the output of the
      gate 238. The low is inverted in the inverter 240 and a high signal,
      representing an end of bill pulse EOB, appears along the line 242. If the
      EOB pulse occurs before the lower limit count has appeared along the line
      222, the flip-flop 244 will not have been placed in its set condition,
      meaning the Q output of the flip-flop 244 will be high thus conditioning
      the J input of the flip-flop 246. The appearance of the EOB pulse along
      the line 242 to the clock input of the flip-flop 246 will thus cause the
      flip-flop 246 to become set, thereby placing a low output along the Q line
      248 of the flip-flop 246. The low output will proceed along the line 250
      to the NAND gate 208. The low input to the NAND gate 208 will result in
      high input along the output line 252 of the NAND gate 208. The operation
      of the effect of the output along the line 252 will be described in
      further detail below; however, suffice it to say at this point that the
      effect of the high NAND gate 208 output signal in any event will be to
      reject a bill by allowing the acitivation of the doubles gate, in this
      example for a bill short condition. In addition, the output line 248 of
      the flip-flop 246 can also be coupled along the line 254 to a bill short
      indicator 256. If the end of bill pulse had arrived after setting the
      flip-flop 244, meaning the minimum bill length was surpassed, the
      flip-flop 246 would not have been preconditioned and thus would not have
      been set to provide the bill short indication.
PAR  The ultimate length of the bill length gate is set by the ultimate length
      count appearing along the line 224. More specifically, a low condition
      along the line 224 indicates achievement of the ultimate length count, the
      low being converted into a high condition through the inverter 258 for
      driving the flip-flop 260 into its set condition thereby placing a high
      condition to the flip-flop 262. Appearance of the end of bill pulse along
      the line 242 after the flip-flop 262 has been conditioned with a high at
      its J input results in the Q of flip-flop 262 state going low. Appearance
      of the low signal along the line 262 will be passed along the line 266 to
      the NAND gate 208, where it will result in a high condition along the line
      252. Effect of this high condition, as described above, will be to
      activate the doubles gate. In addition, the signal along the line 264 may
      be fed along the line 268 to a bill long indicating device 270, thereby
      providing the operator with an indication that the bill was rejected for
      reasons of undue length. It is again noted that had the end of bill pulse
      appearing along the line 242 occurred prior to the time the ultimate
      length count signal appeared along the line 224, the flip-flop 262 would
      not have been pre-conditioned and the Q state would have remained high
      thus blocking a rejection condition.
PAR  The bill length long and short indications are also provided by a backup
      logic system including the gate 272 coupled to the high output of the
      flip-flop 244 and the low output of the flip-flop 260 respectively. Thus,
      the gate 272 defines the window condition representative of the bill
      length gate. The output of the gate 272 through the inverter 274 is used
      to condition the flip-flop 276 to respond to any end of bill pulses
      received during the window condition defined by the minimum and ultimate
      length. Thus, an end of bill pulses applied along the line 242 to the
      clock input of the flip-flop 276 during the period before the beginning or
      after the end of the bill length gate keep flip-flop 276 in reset state,
      providing a low signal along the line 278 which will be applied in turn to
      the NAND gate 208. The low condition will result in a high condition along
      the output line 252 indicating that a bill which is either beyond maximum
      or below the minimum length has been detected.
PAR  The output line 226 of the counter 216 goes low upon achieving a count
      indicating the minimum desired inter-bill spacing, in this example, a 200
      count. Prior to the time a 200 count is achieved, the flip-flop 280 is in
      a reset condition with the Q output high. When the 200 count condition is
      received along the line 226, the flip-flop 280 goes into its set
      condition, and the output Q of the flip-flop 280 goes low. The low output
      is converted by the NAND gate 282 into a high and is inverted in the
      inverter 284 to a low condition. The low condition is fed back to the
      reset input of the flip-flop 214, thereby ending the cycle by driving the
      flip-flop 214 to its reset condition. The reset signal is also applied
      along the line 286 to the quality and input detection circuit 204 for
      reasons which will be described in further detail below with reference to
      that circuit.
PAR  The resetting of the flip-flop 214 causes the Q output of the flip-flop 214
      to go high, thereby clearing the counter 216 along the line 218. A high
      condition on the clear input of the counter 216 also inhibits the further
      count of clock pulses appearing along the line 220 as was described above.
      The high Q signal from flip-flop 214 is also applied along the line 288
      through inverter 289, to the reset inputs of each of the flip-flops 234,
      244, 260, 246, 262 and 276 for resetting each of these flip-flops, which
      are reset by a low input condition at the R inputs. If, however, the
      system is in a condition where an end of bill pulse has already appeared
      along line 242 and a new start of bill pulse is applied along the line 232
      prior to the 200 count along line 226 being achieved, it will be apparent
      that the flip-flop 234 will be set to respond to the new start of bill
      pulse appearing along the line 232 when applied to its clock input by
      changing states, rendering its Q condition low. This low Q condition of
      flip-flop 234 will be applied to the NAND gate 208 along line 235 which
      will apply a signal to the line 252 resulting in a reject by activation of
      the doubles gate. It will be recalled that prior to the end of the 200
      count, the Q output of the flip-flop 214 is high, applying a high to the J
      input of flip-flop 234. Thus, appearance of the start of bill pulse along
      the line 232, and coupled to the clock input of the flip-flop 234, will
      cause the output of the flip-flop 234 to go high, thereby causing the
      flip-flop 236 to receive a high on its J input. The flip-flop 236 will
      remain, however in its reset position with its Q output high until a high
      is received on its clock input. Since the flip-flop 236, which is coupled
      to the flip-flop 234, will have its J-K inputs set to the state that will
      enable the 200 count signal appearing along the line 290 to place
      flip-flop 236 in its set condition, the flip-flop 236 thus applies a low
      condition along its Q output into the NAND gate 208. Therefore, as a
      result of the action of the flip-flop 234, the first bill will be
      rejected, and as a result of the action of the flip-flop 236, the second
      bill which has been following too closely to the first will also be
      rejected. Flip-flop 234 will be reset by the 200 count as described
      previously thus setting the J-K inputs to flip-flop 236 to the state which
      will enable the next 200 count along line 290 to place it again in reset
      condition.
PAR  Referring again to FIG. 3A, the activation logic of the mechanical gating
      operation is built around the operation of a shift register, operable to
      shift bits along a sequence of stages in known manner, in accordance with
      a predetermined clock sequence. As shown in FIG. 3A, the first shift
      register 300 corresponds to the doubles solenoid gate selection circuitry,
      and a second shift register 302 corresponds to the fit/unfit gate solenoid
      gate selection circuitry. In terms of machine feed sequence operation, it
      is the doubles selection which is made final, and then the quality
      selection. Each shift register includes a gate input 304 and 306
      respectively for gating in a clock signal identified as CLK2. The rate of
      the clock signal is at slower rate than the clock pulses described above
      in connection with the timing frame, and by way of example, this example
      may consist of a rate of 1 clock pulse per half inch of linear feed. The
      timing of this clock pulse is to permit the appropriate fit or unfit gate
      or doubles gate selection to be made when the bills have reached a
      position in the feed line such that activation of the gates will be the
      proper time to reject the bills. Generally speaking, the operation
      utilizes deactivation of a preset input condition to prevent rejection,
      for the doubles gate, and unfit selection, for the fit/unfit gate. In each
      case, the shift registers each shift an input pulse for a predetermined
      time. If the time is achieved without the shift register being cleared,
      the appropriate gate activation occurs. For the doubles gate, rejection
      occurs, and for the fit/unfit gate, an unfit selection is made. If the
      other choice is made, the register is cleared prior to the predetermed
      time period.
PAR  Referring again to FIG. 3A, gates 304 and 306 are each activated by means
      of a BILL IN low signal which may be derived from the Q output of the
      flip-flop 214, and which is low for a 200 count as explained above. Upon
      the opening of the respective gates 304 and 306, the shift registers 300
      and 302 each begin to shift the BILL IN pulse along the length of the
      respective shift registers, in the direction of the arrow, at a rate in
      accordance with the clock pulse rate CLK2.
PAR  Regarding the gate logic, more specifically, the activation of the doubles
      gate shift register 300 begins the doubles gate timing cycle. Activation
      occurs by shifting logical ones into the shift register 300 when the gate
      304 is uninhibited. This occurs when a low condition representing BILL IN
      is applied along line 30B to the inverter 307. The low is thus applied as
      a high to the gate 304 and thereby allows the shift register 300 to shift
      logic ones therealong, in the direction of the arrow, until a stage,
      designated as x, is reached.
PAR  Similarly, activation of the fit/unfit gate shift register 302 begins the
      quality control timing cycle. Activation occurs by shifting logical ones
      into the shift register 302 when the gate 306 is uninhibited. This occurs
      when the low condition representing BILL IN is applied along line 308 to
      the inverter 309. The low is thus applied as a high to the gate 306 and
      thereby allows the shift register 302 to shift logic ones therealong, in
      the direction of the arrow, until a stage designated as Y, is reached.
PAR  Referring again to the doubles timing, the shift register 300 includes a
      clear input CLR. Assuming no clear pulse, in the form of a low condition,
      is applied along line 310 to clear the register 300, the shifted logic
      ones, upon reaching the stage x, will be applied along the line 314 to set
      the flip-flop 316. Since the Q side of the flip-flop 316 is connected to
      the NAND gate 318, a high condition is applied. The gate 318 also receives
      an input along line 319 and termed DOUBLE AND SPECIAL OVERRIDE, the
      function of which will be set forth in greater detail in the description
      of FIG. 6. The input 319 is normally in a high condition. The high out-put
      from the flip-flop 316 therefore results in a low output condition applied
      to the drive circuit 320. Since the drive circuit is designed to respond
      to a low condition, the application of the low condition will in turn
      activate the doubles gate 322 causing the doubles bill to be rejected. The
      doubles gate 322 corresponds to the regular bill solenoid mechanism 64,
      shown in FIG. 1. The special bill solenoid mechanism 78 is activated in
      precisely the same manner by corresponding logic circuitry, now shown for
      ease of illustration.
PAR  The use of the override line 319 is designed to clamp the doubles gate 322
      to its acceptance position. Thus, applying a low condition along line 319
      will clamp the output of the NAND gate 319 to a high condition, regardless
      of the condition of the other input to the gate 319. The high condition
      will inhibit the driver 320 and thus prevent switching of the doubles gate
      solenoid 322 from its acceptance position to its rejection position.
PAR  Referring to the fit/unfit timing, the shift register 302 also includes a
      clear input CLR. Assuming no clear pulse, in the form of a low condition,
      is applied along line 326 to clear the register 302, the shifted logic
      ones, upon reaching the stage Y, will be applied along the line 336 to set
      the flip-flop 332. Since the Q side of the flip-flop 332 is connected to
      NAND gate 334, a low condition is applied. The low condition results in a
      high condition from the gate 334 which is inverted to a low by the
      inverter 336. The drive circuit 338, as before with respect to drive
      circuit 320, responds to a low condition for activating the fit/unfit gate
      340, causing same to switch from its acceptance or fit position to its
      unfit or rejection position, causing the bill to be fed to the printer
      (demonetizing) mechanism. The fit/unfit gate 340 corresponds to the
      quality gate solenoid 28, shown in FIG. 1.
PAR  It is noted, from FIG. 1, that the quality gate solenoid 28 is farther
      downstream from the doubles gate solenoid 64. Thus, the selection of the
      solenoid 64 must occur at a later point in time than the selection of the
      solenoid 28. This is accomplished by virtue of the X and Y stage selection
      in shift registers 300 and 302 respectively. The X stage is thus selected
      as a stage earlier in the stage sequence of shift register 300 than the Y
      stage in shift register 302. Since both shift registers are activated
      simultaneously, and shifted at the same rate by CLK2, the selection of the
      later stage Y accomplishes the timing differential. For example, the X
      stage may be 8 stages earlier than the Y stage. If the rate of shifting is
      one pulse per one half inch of feed, then a four inch distance elapses
      between successive selections. Other variations of timing sequence are of
      course possible, the foregoing being intended as exemplary only and not
      limiting.
PAR  The NAND gate 334 includes a further input 342 corresponding to the signal
      applied to the line 319, DOUBLES AND SPECIALS OVERRIDE. The override
      signal is a clamping signal, normally high. Should the clamping of the
      fit/unfit gate 340 in its unfit condition be desired, a low signal is
      applied along the line 342, clamping the output of gate 334 high. The
      output of gate 334 is inverted in inverter 336 to a low which in turn
      drives the drive circuitry 338. The drive 338 activates the fit/unfit gate
      340, causing the solenoid 28 to go into its unfit condition, passing bills
      to the printer.
PAR  The operation of both doubles gate and quality gates are inhibited by
      clearing the respective shift registers 300 and 302. Inhibiting is
      accomplished by a sampling operation at a timed position. Since the
      sampling system must allow sufficient time for a bill to pass the scan
      head, 20 or 70, and be analyzed, the 200 count signal can be employed.
      Thus, referring to FIG. 3A, the 200 pulse signal is derived from the
      counter 216 and applied as a high signal from line 290 to line 343 to NAND
      gate 344, where it is gated with a clock pulse to provide a low signal of
      one clock pulse duration to the inverter 345. The resulting high signal is
      applied both to NAND gates 346 and 347.
PAR  The high inputs to gates 346 and 347 provide sampling pulses to determine
      the selection conditions. Referring first to the doubles selection, it was
      pointed out above that the presence of a high condition on the line 252
      from the gate 208 indicated a double gate activation for rejection. Thus,
      to activate the doubles gate, it is necessary that the shift register 300
      is not cleared while a high condition remains on line 310. Thus, if a
      rejection is to occur, line 252 is high, applying a high condition to one
      input of the NAND gate 348. The other input 349 to NAND gate 348 is a
      DOUBLE OVERRIDE condition which will be explained in further detail below.
      Normally, the double override condition on line 349 is high. Thus, a low
      signal results from gate 348 and is applied to gate 346, thus clamping the
      output of the gate 346 to a high condition and inhibiting the shift
      register 300 from being cleared, thereby resulting in activation of the
      doubles gate 322 when the shifted logic one signal reaches line 314 at
      stage X as described above.
PAR  If no entry condition requiring bill rejection through the doubles gate
      occurs, the line 252 remains low, thus maintaining the output of gate 348
      high. When the high sampling pulse is applied at the 200 count to the gate
      346, the gate 346 passes the sampling pulse as a one clock pulse duration
      low signal on line 310, thereby clearing the shift register 300 and
      resetting the one logic conditions to zeroes, preventing activation via
      line 314.
PAR  The quality sampling test condition samples the other input to the gate
      347. Thus, when the scan head 20 and quality detection circuit 204
      determines that an unfit bill is present, a low input is provided along
      the REG FIT line to the gate 347. The low condition clamps the output of
      gate 347 to a high condition, thereby maintaining the high signal on line
      326, preventing the shift register 302 from clearing, and resulting in
      activation of the quality gate 340. When the shifted logic one signal
      reaches line 330 at stage Y as described above.
PAR  If no quality factor rejecting the bill occurs, the line REG FIT is high.
      At the appearance of the sampling pulse from gate 345, a one clock
      duration low condition will be applied from gate 347 along line 326,
      clearing the shift register 302 and preventing activation of the fit/unfit
      gate 340, thereby holding the gate in its fit or acceptance condition.
PAR  In both regular and special bill inputs, it was noted above that the strap
      input counter 110 does not count a bill rejected for reasons of failure to
      meet an entry condition. The logic design shown in FIG. 3A permits this
      operation to occur by deriving a signal from line 310, corresponding to
      the doubles clear signal, for incrementing the counter 110. Since the
      strap input counter should count only acceptable bills, use of the clear
      signal along line 310 to increment counter 110 is appropriate. The
      incrementing signal is derived from line 310 and applied along line 126 to
      counter 110.
PAR  Referring now to FIG. 4A and 4B there is shown a detail of the stacker
      detection and counting logic. As was noted hereinabove, each of the upper
      stackers includes sensing means for providing an indication of the
      injected presence of the bill therein. These signals are representative of
      the presence of the bill in each of the upper stackers for fit, unfit or
      special bill accumulation. As is noted in connection with FIG. 2, the
      indication of a fit or special bill is provided along the respective input
      lines 132, 134 or 136. The input lines are coupled to detection logic
      132A, 134A and 136 respectively.
PAR  Referring now in greater detail to the fit stacker detection logic 132A,
      the input signal applied along the line 132 is applied to the inverter
      trigger 350. The inverter trigger 350 will switch to low output condition
      350A at T.sub.1 of proper shape and magnitude when the leading edge of a
      bill passes through the fit stack detector located at the leading edge of
      the fit upper stacker as described above, and remains in this condition
      for as long as the bill is present. This signal is inverted in inverter
      352 to a high signal which is applied at the input of the gate 354.
      Assuming for the moment the other input of the gate 354 to also be high
      during the application of the stacker detection signal from the inverter
      352, the leading edge of the resulting low output signal 354A from the
      gate 354 will provide a negative going differentiated output spike 356A
      from the differentiator 356 which is applied to a time delay trigger 358.
      The time delay trigger 358 is designed to respond only to negative going
      spikes to provide a gating signal 358A immediately upon excitation by an
      input thereto, and is further designed to maintain the gating signal 358A
      for a specific time. The trigger 358 may be a conventional monostable
      multivibrator. The signal 358A sets the synchronizer delay 360, which in
      turn synchronizes the system with a clock signal supplied along the line
      363 and to provide a three pulse delay in order to synchronize the stacker
      count with the input count in accordance with the three pulse delay
      provided by flip-flops 208, 210 and 212 described in connection with FIG.
      3A. The synchronizer can in fact be constructed of sequential flip-flops
      acting sequentially, as was described in FIG. 3A, and as shown as
      including JK flip-flops 361 and 362.
PAR  In operation, the function of the time delay trigger 358 is to provide an
      additional count pulse to the flip-flop 364 in the event that the passage
      of bills through the feed mechanism results in 2 bills being so closely
      overlapping as they are applied into the upper stacker that only a single
      count pulse is applied along the line 132. Since verification is an
      important feature of the present invention, some means must be provided in
      order to insure that two counts are provided where two bills are placed
      into the upper stacker even though the upper stacker detection only
      detects a single bill because of a partial overlap between bills. By way
      of example, an average bill can have an average detectable length of 145
      milliseconds, the delay period placed into the time delay trigger 358 is
      of a time sufficient for insuring that a second pulse will pass through
      for counting purposes, if that average length is exceeded. By way of
      example, the present invention may utilize a time delay of 155
      milliseconds.
PAR  The setting of the first flip-flop 361 by the output gate 358A of the
      trigger causes the output signal 361A of flip-flop 351 to go high after
      the next clock pulse, setting the next flip-flop 362. The flip-flop 362
      output signal 362A goes high after the next clock pulse, and finally, the
      flip-flop 364 output 364A goes high after the third clock pulse. Just
      prior to this point, however, the gate 365, which is tied to the Q outputs
      of flip-flops 361 and 362, and to the Q output of flip-flop 364, is set to
      pass the third clock pulse as output signal 365A. The output signal 365A
      is passed along line 366 to increment the fit counter register 368,
      indicating a bill received at the fit bill upper stacker.
PAR  After the delay time of the trigger 358, the trigger signal 358A will
      return to its low condition. As a result, as 3 clock pulses successively
      are applied, each flip-flop 361, 362 and 364 will return to reset
      conditions. Just prior to flip-flop 364 going low, however, the third
      clock pulse after the gate 358A goes low will pass the gate 367, as signal
      367A, the gate 367 being previously conditioned by the Q outputs of
      flip-flop 361, 362, the Q output of flip-flop 364. The output of the gate
      367 forms the other input of the gate 354.
PAR  At the moment T.sub.3 when the pulse 367A is applied to the gate 354, two
      events are possible. First, a bill of proper duration has entered the
      stacker, leaving the sensor area, and no bill is present. In this case,
      the output along line 132 is low, and the other input to the gate 354 is
      low, clamping the output of the gate 354 high. Thus, the change of state
      caused by the pulse applied from gate 367 will have no effect on the
      output of the gate 354. It should be noted that at the end of a normal
      bill (T.sub.2) previously applied to the gate 354 created a positive going
      spike at the output of the differentiator 356. This spike, however, has no
      effect on the time delay trigger which is conditioned to respond only to
      negative going spikes.
PAR  In the second condition, however, shown in dotted line in FIG. 4B, if the
      detected bill time exceeds the trigger delay period of 155 ms. due to some
      condition at the stacker input, such as a partial overlapping bill, a
      further count increment is required. In this case, the output of the
      trigger 350 is still low, and the input to gate 354 is high. Now the low
      going pulse at T.sub.3 from gate 367 will pass the gate 354 and provide a
      high pulse 354B. The pulse 354B will result in a positive and negative
      spike 356B from the differentiator 356. As noted above, the trigger 358
      will respond to the negative going portion of the spike 356B to reinitiate
      a trigger signal 358B, thereby reinitiating the flip-flop sequence 361,
      362, 364 and a second incrementing pulse 365B, in the manner described
      above. Thus, a second incrementing signal is counted by the counter 368
      under the overlap condition.
PAR  Operation of the separator solenoid in each of the fit, unfit and special
      stacker units is in accordance with comparison made between the stored
      strap count and the incremented stack count. Thus, a comparison circuit
      374 provides a continuous comparison between the incremented count stored
      in the fit counter 368 and the previously stored strap count stored in a
      storage register 376. Upon determination that a coincidence of counts
      between the incremented fit counter 368 and the storage strap count
      register 376 is achieved, the comparator unit 374 supplies an activation
      signal to the separator solenoid activating the fit stacker separator as
      described in FIG. 1. The strap count is previously stored in the strap
      count register 376 by means of a count entered along the line 144 as was
      described above in connection with FIG. 2.
PAR  At the output of the fit count register 368, two display units may be
      provided. The first, a fit count display 380, accumulates each incremented
      fit count as it is received in the stacker associated with the fit bills.
      The fit count display 380 thus displays the number of bills accumulated
      into the upper stacker of the fit bill collection. This display is reset
      with each strap full count as determined by the strap input counter 110
      applied along the line 147. Thus, the fit count display unit 380 may be
      relied upon for providing verification for each input strap of the number
      of bills in the input strap which were fed to the fit count upper stacker.
PAR  A second counter indicator or strap counter display 382 may also be
      provided. Fit strap counter display 382 can provide a continuous
      indication of the number of bills accumulated up to each total strap.
      Thus, for example, when the number of bills equal to a desired strap size
      has been accumulated in the fit stacker, the fit strap counter 382 will so
      indicate. The counter display 382 is reset by means of a pulse applied
      from the comparator 374 along the line 384 to the reset input of the fit
      strap counter display 382. Similarly, the fit count register 368 will also
      be reset by a signal from the compare unit 374. Cumulative count display
      units may also be provided for keeping track of the total number of bills,
      regardless of the reset conditions, accumulated in the fit stacker.
PAR  The logic and display mechanism 134A and 136A of the unfit stack count and
      the special stack count respectively operate in precisely the same manner
      as was described in conjunction with the fit stack logic 132A. In
      connection with the unfit stacker and special stacker, however, an
      additional output line is supplied along the lines 386 and 388 which are
      fed to the override logic for purposes which will be described further in
      conjunction with the override logic displayed in FIG. 6. In view of the
      similarity in operation of the fit, unfit and special stacker logic, no
      further description will be provided herein of the unfit stacker and
      special stacker logic and separator solenoid operation. It should be
      noted, however, each of the unfit and special stacker units also include
      verification display counters operating in precisely the manner as
      described in conjunction with the fit stacker operation, as well as
      including activation of the separator solenoids in accordance with the
      unfit count as compared with the storage strap count and the special count
      as compared with the storage strap count, in the manner described in
      conjunction with the fit stacker operation. Verification of the strap
      input is provided by adding the counts displayed, at the end of a strap in
      accordance with the strap input counter 100 of displays 380, 390 and 392.
PAR  Referring to FIG. 5, a description of the system control logic 148 of FIG.
      2 is set forth. The system control logic includes several functions. As
      part of the demonetization control, a preprint and postprint detection
      system is provided. In accordance therewith, the regular input scan head
      20 includes a light source 200, the same light source utilized in
      conjunction with the fit input scan, and a preprint detector 400
      responsive to optical images received from the scanned bill. A preprint
      detection circuit 402 analyzes the light received from the bill to
      determine whether a demonetized bill has been fed into the scan head unit.
      The preprint detection circuitry is described in further detail below.
      Should the preprint detection circuitry indicate that a demonetized bill
      has been fed into the scan head, and appropriate signal will be applied
      along the line 404 to a flip-flop 406. The signal on the line 404 will set
      the flip-flop 406, rendering its Q output high and lighting the preprint
      lamp 408 indicating to the operator that a preprinted bill has been fed
      into the scan head. At the same time, the high output on the Q side of the
      flip-flop 406 will be fed through an inverter 410 where it is converted to
      a low signal which is fed in turn to the NAND gate 412. The low input on
      the NAND gate 412 will produce a high output into the inverter 414 which
      will be converted into a low signal into the main drive motor control 416.
PAR  The main drive motor control 416 is designed to activate a shutdown in
      response to a low input thereto. Thus, the appearance of a low signal at
      the output of the inverter 414 will cause the main drive motor 416 to be
      disabled. At the same time, the high output from the NAND gate 412 will be
      applied along line 418 to the main drive brake 420. The main drive brake
      420 is designed to respond to a high condition for applying a brake to the
      main drive. Thus, the high output condition of the NAND gate 412 will
      cause the main drive motor 416 to shut down and the main drive brake 420
      to be applied. This will bring the main drive motor to a complete and
      immediate stop.
PAR  At the same time as the Q side of the flip-flop 406 is rendered high, the Q
      side of the flip-flop 406 has gone low. The appearance of the low
      condition on the Q side of the flip-flop 406 is applied to a NAND gate
      422, resulting in a high output condition at the output side of the NAND
      gate 422 to the inverter 424. The low condition output from the inverter
      424 is applied to the input drive clutch 426. The input drive clutch 426,
      controlling the connection between the motor and the driving means feeding
      the bill into the scan head, is designed to respond to a low condition
      thereto for disabling the clutch. At the same time, the high output signal
      from the NAND gate 422 is applied to the input drive brake 428. The input
      drive brake 428 is designed to respond to a high input for applying a
      brake to the input drive. Thus, the activation of a high from the NAND
      gate 422 simultaneously disables the input drive clutch and enables the
      input drive brake, thereby bringing the input feeding system to a halt.
PAR  After clearing the preprint situation, restarting of the equipment is
      accomplished by applying a low signal to the restart input 430 which, when
      applied to the reset input of flip-flop 406, places the flip-flop 406 in
      its initial condition. As a result, the Q side of the flip-flop 406 goes
      low thereby turning off preprint lamp 408 and reversing the signal
      conditions to the main drive motor, main drive brake, input drive clutch,
      and input drive brake circuitry so as to restore the motor drive condition
      to its driving state.
PAR  Postprint detection is also provided in order to determine proper operation
      of the demonetizing printer. To this end, optical means are utilized in
      the form of a light source 436 and a detector 438 positioned at the output
      of the demonetizing printer as is described above in connection with FIG.
      1. A postprint detection circuit 440 responds to the signal applied along
      the line 160 (FIG. 2) from the postprint detector 438 in a manner similar
      to the preprint detection circuit 402. The operation of the preprint and
      postprint circuits is in fact essentially the same and is described in
      further detail below.
PAR  Detection of a postprint condition is opposite in effect to that of a
      preprint condition. That is, it is the failure of a postprint detection
      which gives rise to an activation along the line 442. The activation along
      the line 442 is applied to the set input of the flip-flop 444 which will
      have the effect of placing the Q output of the flip-flop 444 in a high
      condition, thereby lighting the postprint lamp 446 indicating to the
      operator that a postprint condition has occurred and that the demonetizing
      print system is not operating properly. The Q output of the flip-flop 444
      is applied to a delay inverter circuit 448 and the Q output of the
      flip-flop 444 is applied along the line 450 to the NAND gate 422. The Q
      output of the flip-flop 444 has been rendered low by activation of the
      flip-flop 444 and places a low input condition on the NAND gate 422. The
      activation of the NAND gate 422 by a low condition at its input will
      create a high condition at its output giving rise to the same sequence of
      operations as is described above in connection with preprint. That is to
      say, the appearance of a low condition of the NAND gate 422 will act to
      disconnect the input drive clutch and apply the input drive brake 428,
      thereby rendering the input feed system to the scan head immediately
      inactive. In the case of a postprint detection, however, it is not
      desirable to immediately turn off the main drive sequence since there are
      still some bills left in the machine having previously and satisfactorily
      cleared the postprint and are on their way to the stackers. To allow
      sufficient time for these bills to be accumulated in the stacker, the
      delay circuit 448 applies a delay which in the case of the present machine
      configuration, is preset at 1 1/2 seconds. After the delay of 1 1/2
      seconds, the delay circuit 448 will apply a low condition along its output
      line 452 to the NAND gate 412. The occurrence of a low condition of the
      input to the NAND gate 412 will create a high condition at the output of
      the NAND gate 412, giving rise to the same sequence of operation as was
      described above in connection with the preprint detection. That is to say,
      the main drive motor will be disconnected and the main drive brake 420
      applied, thereby shutting down the main drive. When it is desired to
      restart the operation, the same restart mechanism 430 may be activated,
      which, in this case, applies the reset signal to the reset input of the
      flip-flop 444 thereby resetting the flip-flop and reversing the sequence
      of operation. Thus, activation of the restart after postprint detection
      will disconnect the postprint lamp and reactivate the driving mechanism.
PAR  A separate start and stop control manually activated by means of front
      panel push buttons can easily be provided within the framework of the
      circuitry described above. Thus, a start control 454 and a stop control
      456 are each provided coupling signals along their respective output lines
      to the flip-flop 458. The start control is coupled to the set input of the
      flip-flop 458 and the stop control to the reset input of the flip-flop
      458. Activation of the start control causes the flip-flop 458 to have a
      high condition placed along its output line 460, thereby lighting the
      start lamp 462 and applying high condition to the NAND gate 422. In the
      absence of any of the other predetermined input conditions applied to the
      NAND gate 422, a low output will be provided which will activate the input
      drive clutch and deactivate the input drive brake, thereby rendering the
      machine operational. In the stop condition, the stop signal is applied
      along the line coupled to the reset input of the flip-flop 458, rendering
      the Q output of the flip-flop 458 high and lighting the stop lamp 464. The
      low condition now present on the line 460 will also serve to immediately
      deactivate the input drive brake and activate the input drive clutch
      circuitry in accordance with the NAND gate conditions now present in the
      input of NAND gate 422.
PAR  One other function remains to be described in conjunction with FIG. 5, that
      which relates to the use of the full strap signal derived from the full
      strap counter 110, as illustrated in FIG. 2. As is described in
      conjunction with FIG. 2, the presence of a strap full signal derived from
      the strap input counter 110 is applied along the line 147 to the control
      circuitry for causing the input feed drive to stop, and thereby indicating
      to the operator that a strap full condition has been reached. It is then
      the operator function to depress the full strap button, (FIG. 2), thereby
      signifying to the system control that the upper stackers may now be
      emptied and its contents dropped into the associated lower stackers. This
      is accomplished as illustrated in FIG. 5 by means of a further flip-flop
      466 responsive to the input signal, indicating a full strap condition,
      applied along line 147 to the set input of the flip-flop 466. As a result,
      the Q output of the flip-flop 466 will go high and light the FULL lamp
      468. At the same time, the Q output of flip-flop 466 will go low, applying
      a low condition along line 469 to the NAND gate 422, thereby disabling the
      input feed system. The main drive is not disabled for this condition.
PAR  The operator may utilize this time to sign out a new currency strap, or
      otherwise verify the completion of an input strap. It is, of course,
      possible for the machine to automatically continue operation after
      completion of a strap; however, it has been found desirable for accounting
      and verification purposes to stop the feed condition at this point.
PAR  The operator, when ready to proceed, activates the FULL switch 470, thereby
      applying a low condition to the reset input of the flip-flop 466, thereby
      resetting the flip-flop 466 and extinguishing the FULL lamp 468. At the
      same time, the low condition appearing along line 474 is inverted in
      inverter 475 and the resulting high applied to the timer 476 which in turn
      responds to the high and activates the stacker door drive 478 for opening
      the doors and allowing the accumulated bills to drop from the upper
      stacker to the lower stacker. It is preferred that the stacker door drive
      478 activate a single mechanism for opening all of the doors
      simultaneously, although it is alternatively possible to open each
      individually.
PAR  Referring now to FIG. 6, a detail of the override logic 164 shown in FIG. 2
      is set forth. As was described in connection with FIG. 2, the function of
      the override circuit is to provide certain preset input conditions to the
      input logic in accordance with an override operation. In the case of an
      obviously unsatisfactory bill which has been rejected by the doubles gate
      of the machine, it is desirable to reinsert the bill into the regular
      input line of the machine for demonetization. In this event, the doubles
      override activation switch 162 is depressed by the operator, causing an
      input signal to be provided along the line 500 to a set/reset flip-flop
      502. Thus, the Q output of the flip-flop 502 goes high, thereby setting
      the JK flip-flop 504. Receipt by the flip-flop 504 of a START OF BILL
      pulse which may be derived from line 232 (gate 228 - inverter 230 - FIG.
      3A), is applied along the clock input line 506, causing the Q output of
      the flip-flop 504 to go high. As a result, a high signal is applied along
      the line 508 to the inverter 510. The inverter 510 translates the high
      signal to a low which is applied along the line 331 to the input of the
      NAND gate 332 shown in FIG. 3A. The low signal along the line 331 clamps
      the output of the NAND gate 332 to a high condition which, as set forth in
      conjunction with the explanation of FIG. 3A, will allow the shift register
      302 to be reset without regard to the output condition appearing along the
      line 252 from the NAND gate 208. Thus, the doubles gate solenoid 342
      remains fixed in an acceptance condition and will not reject any bill fed
      along the regular input as a result of activation of the doubles override
      162. In addition, the output pulse from gate 333 will continue to
      increment the strap input counter 110, thus counting each additional bill
      fed in under doubles override. As is noted above, the presence, of a
      rejection situation prevents the strap input counter from counting since
      it is the clear signal on line 335 which is employed to increment the
      strap input counter 110. Thus, on a doubles override, the strap input
      counter 110 now counts the bill input, although the doubles gate is
      clamped.
PAR  The flip-flop 504 also sends a low signal along the output line 512 upon
      activation by the doubles override switch 162 to a NAND gate 514. As a
      result of the low signal appearing along the line 512, the NAND gate 514
      sends a high output signal along its output line 516, and which is
      inverted through inverter 517 and applied to two branches, lines 319 and
      lines 340 corresponding to the lines 319 and 340 inputs to the NAND gates
      318 and 339 respectively in FIG. 3A. As a result, the doubles gate
      solenoid 332 is clamped in its acceptance position, thereby preventing
      rejection of the bill as a double, and the fit/unfit solenoid 322 is
      clamped in its unfit condition, thereby channeling the bill to the
      demonetizer. Since the override condition channels the bill to the
      demometizer by clamping the bill such that it is automatically channeled
      along the unfit path, ultimate receipt of the bill in the unfit stacker
      will cause an incrementing low pulse to be applied along the line 386, as
      shown in FIG. 4a, to the input of the NAND gate 518 shown in FIG. 6. The
      NAND gate 518 will translate the low signal to a high applied to the
      inverter 519, the resulting low being applied to the reset input of
      flip-flops 502 and 504, thereby resetting the flip-flops 502 and 504 and
      removing the doubles override signals from the input logic. As a result,
      each doubles bill that has been rejected and refed into the system will
      serve to actuate a reset condition in the override logic such that the
      override applies only to each individual doubles rejected bill as it is
      reinserted into the machine. The doubles condition 162 must be reactivated
      for each successive bill fed into the machine.
PAR  A further function is provided by the specials override 172. As was stated
      above, the function of the specials override is to allow the
      demonetization of previously stacked special bills. Thus, after a
      plurality of special bills have been collected the special override
      function switch 172 is activated, applying an input signal along the line
      520 to the clock input of the J-K flip-flop 522. The Q output of the
      flip-flop 522 thus goes high applying a high input to the J input of the
      flip-flop 524, thereby setting the flip-flop 542 for activation upon
      receipt of a pulse at its clock input along the line 506. The presence of
      a signal along the line 506 indicates properly timed bill detection at the
      regular input scan head, and causes the flip-flop 524 to be set, thereby
      rendering its Q output low. The low condition is applied along the line
      526 for application along line 174 to the strap input counter 110 shown in
      FIG. 2. As was described above, the function of the inhibit signal applied
      along the line 174 is to prevent the strap input counter 110 from
      recounting the special bills as they are fed along the regular input for
      demonetization. Activation of the doubles function 162 at this time is
      prevented by means of a clamping signal applied along the line 528 to the
      NAND gate 518 which thus maintains the flip-flops 502-504 in their reset
      condition. In addition, the output Q of the flip-flop 524 is fed through
      the NAND gate 514 along the line 156 to the lines 324 and 334 for clamping
      the doubles gate and fit/unfit gate respective to a condition which will
      prevent rejection of a bill as a double and which will channel each
      special bill fed into the regular input to the demonetizing printer as an
      unfit bill, in the same manner as described in conjunction with the
      doubles override.
PAR  Since it is desired in this instance that the special override operate
      continuously, no reset function is provided from the NAND gate 518 to the
      flip-flop chain 522-524. Reset is provided by reactivating the specials
      function switch 172.
PAR  The foregoing logic may be physically arranged, using discrete components
      or known solid state techniques such as medium or large scale integrated
      chips, into a relatively small unit.
PAR  In summary, what has been illustrated in a logic scheme utilizing the
      timing scale of the feed system for synchronizing decision functions for
      sorting and fitness in a secure manner. The system thus illustrates the
      incorporation of several features which enable currency to be sorted in as
      error free a manner as possible taking into account the inexperience of an
      operator and the environment in which the device will normally be
      employed.
PAR  Since the various elements shown in the system are made up of standard
      components, and standard asemblies, reference may be had to "High Speed
      Computing Devices" by the staff of Engineering Research Associates, Inc.,
      McGraw-Hill Book Company, Inc., 1950; and appropriate chapters in Computer
      Handbook, McGraw-Hill, 1962; edited by Harvey D. Huskey and Granino A.
      Korn, and for detailed circuitry, to for example, "Principles of
      Transistor Circuits", edited by Richard F. Shea, published by John Wiley
      and Sons, Inc., New York, and Chapman and Hall, Limited, London, 1953 and
      1957. In addition, other references are: for system organization and
      components: "Logic Design of Digital Computers", by M. Phister, Jr., (John
      Wiley and Sons, New York); "Arithmetic Operations in Digital Computers",
      by R. K. Richards (D. Van Nostrand Company, Inc., New York). For circuits
      and details; "Digital Computer Components and Circuits", by R. K.
      Richards, (D. Van Nostrand Company, Inc., New York).
PAR  In addition, although power supplies, interlocks, protective devices and
      on-off switches have not been shown, such elements are obviously included
      in such a system in accordance with good engineering practice. Since such
      elements and techniques are obvious to those skilled in the art, they have
      not been shown so as not to obfuscate the basic teaching of the inventive
      concept.
PAR  In determining the fitness or unfitness of a bill for continued circulation
      and in determining whether a bill constitutes a double, a bill being
      examined is transported through an examination station at which location a
      beam of light is projected at one surface of the bill and a photodetective
      means positioned on an opposite side of the bill senses the level of light
      transmittance through the bill. A scanner apparatus of this type is
      disclosed in copending U.S. patent application Ser. No. 457,388 filed
      concurrently herewith and which is assigned to the assignee of this
      invention circular area 100a in FIG. 7A illustrates a circular examination
      area which extends over a major portion of one dimension of the article,
      as for example the width W of a bill 82a. Integration along the entire
      length L of the bill 82a is effected electrically by continuously
      advancing the bill past the examination station 33a and electrically
      integrating the output of the photoconductor 93a over the length of the
      article. The dot-dashed line circles 102a in FIG. 7A illustrate the
      effective advancement of the bill past the scanning or examination station
      33a and indicate how a major portion of the bill is scanned by
      transporting the article past the scanning station.
PAR  During transport of the bill, an electrical output signal from the
      photodetector means 93a is integrated to provide an electrical output
      signal which is representative of the light transmissivity of the article
      over a substantially large surface of the article. An output signal from
      the photoconductive means is applied to a preamplifier 104a, FIG. 8A, and
      to a suitable integrating circuit 106a. The integrating circuit comprises,
      for example, an operational amplifier which is coupled as an integrator.
      The output of the integrator is applied to a comparator circuit 108a along
      with a reference signal from a reference signal source 110a. The
      comparator circuit 108a provides an output signal 111a indicative of
      whether the integrated signal, over the length of the article, is greater
      than or less than the reference signal and therefore whether the article
      complies with a predetermined standard which is related to a
      characteristic of the article. The operative characteristic, in currency
      examination, comprises the level of transmissivity corresponding to the
      fitness or unfitness of the currency for continued circulation. The
      photodetection means includes a phototransistor which generates an
      electrical signal having an amplitude proportional to the intensity of the
      light which is focused on the transistor. The output levels of the signal
      are then examined by a circuit means, illustrated in FIG. 7, in order to
      determine the presence of a bill, the fitness or unfitness of the bill and
      whether a double bill is present at the examination station. The circuit
      arrangement of FIG. 7 in general provides for integrating the
      phototransistor signal during the transit of the bill through the
      examination station, for determining whether the integrated transmissivity
      attains a predetermined reference level indicative of the fitness of the
      bill, and for setting a bistable device upon such a determination. The
      circuit arrangement further senses the light level during the presence of
      a bill and compares this level with a predetermined reference level
      representative of the presence of a double at the examination station.
      Upon determination of the existence of a double, a bistable device is set
      to a corresponding condition. The circuit arrangement further includes
      means for automatically compensating for variations in the light intensity
      of a lamp in a light source which can occur as a result of variations in
      the lamp, aging, etc.
PAR  Referring now more particularly to the circuit arrangement of FIG. 7, a
      phototransistor 600 is provided and operates as a current source wherein
      the current increases and decreases as the intensity of the light focused
      on the phototransistor increases and decreases respectively. A collector
      electrode 601 of the phototransistor 600 is coupled to an inverting,
      operational preamplifier 602 in a bill quality examination channel and to
      an inverting, operational preamplifier 604 in a "bill present" channel.
      The output signals from these preamplifiers are indicated by the waveforms
      606 and 608, respectively. During the transit of a bill through the
      examination station, a signal generally illustrated by waveform 606
      appears at the output of amplifier 602. The level of this waveform is
      related to the amount of light passing through the bill and impinging on
      phototransistor 601 -- the more light results in more current through the
      feedback network around amplifier 602 and thus a higher level output
      excursion, and conversely, the less light results in a lower level signal.
      A higher level is understood to mean a relatively positive deviation in DC
      level from ground level; conversely, a lower level means a relatively
      smaller positive deviation from ground level. Potentiometer 610 in the
      feedback network is used to adjust the gain of amplifier 602. The input
      signal for inverting amplifier 604 is the voltage drop caused by the
      phototransistor current passing through adjustable resistor 612. The
      non-inverting terminal of amplifier 604 is at a potential of approximately
      minus 0.5volts caused by the voltage drop across a diode 605 due to the
      current flow through resistor 607 to -E. During the transit of a bill
      through the examination station, the current flow through resistor 612 to
      the "Virtual ground" of amplifier 602 is not large enough to cause the
      collector voltage of phototransistor 601 to drop below the negative
      voltage level at the non-inverting terminal of amplifier 604, thus causing
      the output of amplifier 604 to go negative. Diode 609 prevents current
      from flowing toward the output from the input of amplifier 604, thus
      inhibiting the normal feedback path and forcing the output of amplifier
      604 to negative saturation (Approximately -E). This voltage will remain at
      approximately -E as long as a bill in transit is between the light source
      and the phototransistor 601. After the bill has passed between the light
      source and the phototransistor 601, there is a significant increase in the
      collector current output, since the phototransistor is now looking
      directly at the light source. This current passes through resistor 612 and
      the feedback resistors around amplifier 602, causing the output of
      amplifier 602 to go to positive saturation (approximately +E). At the same
      time, the current drop through the feedback resistors causes the inverting
      terminal of amplifier 602 to pull away from virtual ground and go
      negative. However, diode 611 catches it, preventing it from going more
      than a diode drop below ground. The current through resistor 612 is now
      large enough to cause the voltage on the collector of phototransistor 601
      to be more negative than the voltage level on the noninverting terminal of
      amplifier 604, causing the output of the amplifier to go positive. Diode
      609 now is biased forward, and amplifier 604 acts as a normal inverting
      amplifier, the voltage output at which it is now proportional to the
      current going through phototransistor 601, and hence, which is
      proportional to the light level. The output level of amplifier 602 may be
      calibrated by adjusting resistor 612.
PAR  The preamplified signal of the amplifier 604 is applied through two wire
      cable 612 to a differentially coupled, operational amplifier 614, which is
      located elsewhere in the machine and has a gain of 1. Differential
      coupling is provided in order to cancel noise due to pickup and
      differences in ground potential between the preamp and the ground
      associated with amplifier 614. An output signal from this amplifier,
      illustrated by the waveform 616, is applied to the non-inverting input of
      comparator 618 which is arranged as a bill present level sensing
      comparator. When a bill is present at the examination station, the light
      level impinging on the phototransistor 601 will be reduced and the
      corresponding DC output level of the amplifier 614 will be about -E. As
      this output signal is below ground reference level, represented by the
      dashed line 620, and which level is established at the inverting input of
      the comparator 618, the comparator 618 will provide a low DC output during
      the transit of the bill through the examination station. The relatively
      negative level 622 of the waveform 624 is representative of the presence
      of a bill at the examination station, and for use in the logic described
      in FIG. 3A, is passed through the inverter 625 along line 206.
PAR  In the bill quality detection channel, an output signal from the amplifier
      602 is applied through two wire cable 613 to a differentially coupled,
      operational amplifier 626. The differential coupling of this amplifier, as
      with the amplifier 614, is provided for cancelling noise due to pickup and
      differences in ground potentials. An output signal from this amplifier
      having a waveform 627 is integrated over an interval of time t.sub.1,
      which corresponds to the transit time of the bill through the examination
      station. The integration is performed by an operational amplifier 628
      which is coupled as an integrator. An integrating capacitor 630 is shunted
      by a field-effect-transistor 632, which is normally conductive, and which
      disables the operation of the amplifier as an integrator. However, when a
      relatively negative output level is provided by the amplifier 614, the
      field effect transistor 632 is cut off, thereby enabling the integrating
      capacitor 630 to charge. since this control of the field effect transistor
      is coincident with the presence of the bill, the integration will occur
      over the period of time t.sub.1 during which a bill is being examined. An
      output signal from the integrator 628, represented by the waveform 634, is
      applied through an inverting, operational amplifier 636 to a bill fitness
      comparator 638. The integral of the light intensity of a bill during the
      transit of a bill will increase in accordance with the ramp segment 640 of
      a waveform 641. When a fit bill is being examined, the amplitude will
      increase to a predetermined level 642, representative of the level of a
      bill considered to be fit. This reference level is established at the
      comparator 638 by a potentiometer 644. Upon attaining this level, the
      comparator 638 switches and provides a negative going output signal 646
      which sets a bistable device comprising the flip-flop 648. The Q output of
      the flip-flop is forced to a high level indicating that a fit bill has
      passed through the examination station, and is passed along output line
      205 (FIG. 3A). The flip-flop 648 is reset by an input provided along line
      286 (FIG. 3A).
PAR  An output signal from the amplifier 626 is also applied to a comparator 650
      which is arranged as a doubles level comparator. When the level of this
      output signal reaches a negative reference level represented by the dashed
      line 654, the comparator 650 will switch and generate a negative going
      output signal 656. The reference level 654 at which the comparator
      switches is establlished by a potentiometer 658. The potentiometer is
      adjusted for providing a triggering level equivalent to a light intensity
      level which is sufficiently dark for indicating that a double or
      overlapping bills have passed the examination station. The output signal
      656 of the comparator 650 is applied to a bistable device comprising the
      flip-flop 670 and sets the flip-flop to provide a high Q output indicating
      the presence of a double or overlapping bills at the examination station.
      The double signal is passed along line 207 to the gate 208, FIG. 3A, as
      described above. The flip-flop 670 is also reset by the pulse applied
      along line 286. Both the fitness and doubles reference levels can be
      readily determined emperically by positioning bills having known light
      transmissivity characteristics at the examination stations and adjusting
      the potentiometers 644 and 658 for triggering of the associated
      comparator.
PAR  Variations which may occur in the output of the lamp light source from a
      pre-established intensity in the absence of a bill are detected and are
      used for automatically varying the reference input levels to the fitness
      comparator 638 and to the doubles comparator 650. As indicated
      hereinbefore, the amplifier 614 provides a relatively positive output
      level in the absence of a bill at the examination station. This positive
      output level is proportional to the maximum light intensity which impinges
      upon the phototransistor 600. Variations in this relatively positive level
      and which are indicative of variations in the operating characteristics of
      the lamp are applied to an operational amplifier and peak detector circuit
      672. The output of this circuit provides a DC level proportional to the
      light intensity in the absence of a bill. As this intensity, and thus, the
      input DC level from the amplifier 614 under no bill conditions varies, the
      potential at the output of the peak detector 672 will also vary. This
      potential is applied to the positive input of an operational amplifier 674
      having an output thereof coupled to the level setting potentiometers 644
      and 658. Thus, variations in the operating characteristics of the lamp
      will cause a corresponding and compensating variation in the reference
      level setting potentiometers of the fitness and doubles comparators. Due
      to the fact that the output current phototransistor 601 as a function of
      impinging light level follows a different slope depending on whether a
      bill is between the light source and the phototransistor or not, a
      non-linearizing network 676 is provided around amplifier 674 to bring the
      light level compensation voltage output of amplifier 674 into conformity
      with the bill signal level. This is accomplished by network 676 which
      increases the gain of amplifier 674 once the light level voltage from peak
      detector 672 increases beyond the level set by the potentiometer in
      network 676.
PAR  A bill which has been demonitized bears a distinctive and noticeable
      marking printed in ink on the bill. A demonetizing marking is shown in
      FIG. 8 to comprise a first relatively dark strip 702 which frames a
      plurality of relatively light bars 704 and a second relatively dark strip
      706 which similarly frames a plurality of relatively lighter bars 708. The
      strips 702 and 706 are formed on a same surface of the bill near outer
      edges 710 and 712 respectively. While these strips are similar in
      configuration, it will be noted that these strips are positioned on the
      bill in a manner for providing that the bar 704 is adjacent a dark segment
      of the strip 706 while a bar 708 is adjacent a dark segment of the strip
      702. As indicated hereinafter, this displacement of the bars 704 and 708
      results in the generation of out-of-phase signals. A similar set of side
      by side strips is printed on the opposite side of the bills so that a
      total of four strips are printed on each bill.
PAR  For security reasons, it is desirable that the apparatus detect the
      introduction of a preprinted, demonetized bill into the apparatus and that
      the proper operation of the printer-inker be verified by postprint
      detection of the demonetizing markings on a bill. To this end, the
      scanning head includes, in addition to the light transmissivity detection
      means, a reflective detector which senses for the presence of a
      demonetizing marking on the bill. A scanning head of the apparatus is
      provided with optical and photodetection means for examining the
      reflectance of the bill for the presence of the demonetizing marking. A
      scanning head of this type is disclosed in detail in copending U.S. patent
      application Ser. No. 457,388, which is filed concurrently herewith and
      which is assigned to the assignee of this invention. A pair of
      photodetectors are provided and are mounted in side-by-side relationship
      and are laterally displaced by a distance for providing that one photocell
      is aligned with the center of the bars 704 while another photocell is
      aligned with the bars 708 in the direction of movement of the bill as
      indicated by the arrow in FIG. 8. Light which is incident on the bill is
      reflected and is focused on the photocells. The light impinging on the
      photocells is alternating in intensity because of the light, dark, light,
      dark pattern formed by the strips. A similar detector means is also
      provided at an output station of the demonetizing printer-inker. This is
      disclosed in greater detail in copending U.S. patent application Ser. No.
      457,366, filed herewith, and assigned to the present assignee.
PAR  A circuit means, corresponding to circuit 402 in FIG. 5, is provided for
      operating on the electrical signals generated by the photodetection means.
      This circuit provides digital output which is representative of the
      presence or absence of a demonetizing marking on the bill. A circuit means
      of this type for examining a bill for the preprinted demonetizing marking
      is illustrated in FIg. 9. In general, the circuit arrangement combines the
      signals from the phototransitors in a way which enhances the alternating
      signals due to the demonetizing bars while reducing signals due to normal
      bill reflections and due to reflected light when no bills are passing the
      examination station. The resultant signal is filtered, squared and
      utilized to generate a staircase function within a predetermined time
      window shorter in duration than the transit time of a bill through the
      examination station. When the staircase function attains a predetermined
      level indicative of the detection and verification of the presence of the
      demonetizing bars, a bistable device is set to a condition indicating the
      passage of a demonitized bill through the examination station. The circuit
      of FIG. 9 additionally includes means for automatically compensating for
      variations in the light source which can result in corresponding
      variations in the illumination of the bill being examined.
PAR  Referring now to FIG. 9 for a more detailed description of the circuit
      arrangement, a phototransistor 720 which, as indicated, is aligned with
      bars on one strip such as the strips 702 in FIG. 8, generates an
      electrical signal representative of the variations in reflection of the
      bill. The transistor 720 functions as a current generator which is coupled
      to an input of an operational amplifier 722, functioning as a
      preamplifier. The amplified output signal is represented by the waveform
      724. Similarly, a phototransistor 726 which is aligned with the strip 706
      of FIG. 8 is coupled to an operational amplifier 728, which preamplifies
      the signal generated by the transistor 726 and provides an amplified
      output signal as represented by the waveform 730. It will be noted, that
      in the absence of a bill at the examination station, the output level of
      each of the amplifiers 722 and 728 is relatively negative. A pair of
      reflective strips formed of silver or aluminum, for example, are
      positioned at the examination station. In the absence of a bill,
      substantially all of the light which would impinge upon the bill at this
      location is reflected to the transistors 720 and 726. This maintains the
      output of the operational amplifiers 722 and 728 at a relatively negative
      level until a bill is introduced to the examination station. The light
      intensity is thereby decreased substantially, and the output level of
      these amplifiers becomes relatively more positive.
PAR  The outputs of preamplifiers 722 and 728 are fed to a difference circuit
      which subtracts one signal from the other. However, the portions of the
      signals due to the pickup from the demonetization bars are out of phase
      with each other, and thus, effectively add, whereas the signals due to
      normal bill reflections subtract. The resultant is an increased
      bar-to-background pickup signal. The reflected light (when no bill is
      present) also gets subtracted. A sum of the phototransistors signals is
      also formed which is used to provide a signal which is proportional to the
      sum of light level pickup of the phototransistors. A difference signal is
      provided by coupling the output of the amplfiier 722 to one input of a
      differentially coupled operational amplifier 732, and the output of the
      amplifier 728 to another input of this amplifier. The resultant output
      signal having idealized waveform 734 is generated, and is coupled to an
      active filter 736 which passes a predetermined frequency corresponding to
      the bar frequence of the demonetizing markings. The amplified signal 734,
      which is thus filtered, is fed to a negative input of an operational
      amplifier 738 arranged as a comparator. The output of the comparator
      comprises a square waveform having a frequency corresponding to the
      frequency of the bar signal 734. As indicated below, a reference potential
      applied to the positive input of the operational amplifier 738 is variable
      in order to automatically compensate for variations in the light output of
      the lamp.
PAR  Output signals from the amplifiers 722 and 728 are applied to a resistive
      summing network 740 at the input of an operational amplifier 742. An
      inverted and amplified output sum signal, which is substantially free of
      the out-of-phase AC bar signal components, is provided having the waveform
      744. The negative excursions of this signal represent the sum of the
      reflected light pickup of the two phototransistors when no bill is
      present. The peak amplitude of negative variations from this level is
      sensed by a negative peak detection circuit 746 which provides a DC output
      signal. This signal varies in magnitude in accordance with variations of
      light level, and is applied to a potentiometer 748 for establishing the
      reference input level of the comparator 738.
PAR  A bill sensing operational amplifier 750 arranged as a comparator generates
      an output signal 752 which is representative of the presence of a bill at
      the examination station. The time duration t.sub.1 of the positive
      component of this waveform corresponds to the transit time of a bill at
      the examination station. Although the negative and positive inputs to this
      comparator are derived from the output of the amplifier 742, during the
      absence of a bill, the negative input will exhibit a positive voltage with
      respect to the positive input. This voltage difference is established by
      the sum of the voltage drops across the negative peak rectifying diode
      754, and a diode 756. Accordingly, the comparator 750 will provide a
      relatively negative output in the absence of a bill. When a bill is being
      transported through the examination station, the output of the amplifier
      742 becomes relatively positive as compared with the DC level on the
      negative input of 750, thereby causing a relatively positive output level
      from comparator 750 for the duration t.sub.1, of transit.
PAR  It is desirable to examine the bar signal for a limited interval of time
      less than the period t.sub.1. In providing this window for examination,
      the output of the comparator 750 is utilized to time an RC network and
      generate an RC waveform 762. An RC network comprising the resistive
      impedance 764 and a capacitance 766 is provided. The comparator 750 is
      coupled to the junction of these elements through a diode 760. When a bill
      is present, the output of the comparator 750 becomes positive, thereby
      cutting off the diode 760 and enabling the capacitance 766 of the RC
      network to charge to the potential +E. The exponential waveform 762 is
      coupled to the negative and positive inputs of operational amplifiers 768
      and 770 respectively, each of which are arranged as comparators. The
      triggering level of these comparators is established by potentiometers 772
      and 774, respectively. An output level of the amplifier 768 is normally
      positive, while an output level of the amplifier 770 is normally negative.
      Under these conditions, an output diode 776 is cut off, while the diode
      778 is conductive, thereby maintaining a common output terminal 780 at a
      relatively negative potential in the absence of a bill. The potentiometer
      774 is adjusted for establishing a reference potential at the negative
      input to the comparator 770, the level of which, enables the comparator
      770 to trigger when the exponential waveform 762 achieves an amplitude
      E.sub.3. The output of the comparator 770 then becomes positive, thereby
      cutting off the diode 778 and causing the terminal 780 to become positive.
      Similarly, the potentiometer 772 is adjusted to establish a level at the
      positive input to the comparator 768, for causing this comparator to
      switch when the exponential waveform 762 continues to rise to the more
      positive potential E.sub.4. At this potential, the comparator 768
      switches, causing the diode 776 to conduct and the terminal 780 to return
      to a negative level. The output at the terminal 780 provides a window or
      enabling potential, for examining the alternating phototransistor signal
      during an interval of time t.sub.2 which is coincident with, but less
      than, the bill transit time t.sub.1. The interval of time t.sub.2 can be
      varied by adjustment of the potentiometers 772 and 774.
PAR  A bar signal from the phototransistors, as indicated hereinbefore, is
      squared at the output of comparator amplifier 738, and is then applied to
      an operational amplifier 784 which is arranged as an integrator. A field
      effect transistor 786 is coupled parallel with the integrating capacitor
      788, and the window signal is coupled to the base of this transistor from
      the terminal 780. In the absence of a bill, the relatively negative level
      of the window signal maintains the field effect transistor 786 conductive,
      thereby preventing the charging of the integrating capacitor 788. However,
      when a bill present signal is received, the window signal is generated,
      thereby cutting off the field effect transistor and enabling the
      integrator 784. The square wave bar signal represented by the waveform 790
      is applied to the negative input of the amplifier 784 during this time,
      thereby generating an output signal from the integrator having a
      negative-going staircase waveform 792. The staircase waveform is applied
      to the positive input terminal of the operational amplifier 794, which is
      coupled as a comparator. When a demonetized bill having a valid bar
      configuration formed thereon is detected, the staircase signal will
      surpass a predetermined reference level 793. The latter reference level is
      established by the voltage divider 796, which causes the comparator 794 to
      trigger and generate a negative going output signal 798. This signal is
      applied along line 404 (FIG. 5) to a bistable device comprising a
      flip-flop 406 setting its Q output to 1.
PAR  Detection of a malfunction in the printer-inker of the demonetizer will be
      represented by the absence of the characteristic demonetizing bar signal
      or of variations in the signal. As indicated, a reflective photodetection
      means is also provided at the output of the printer-inker for sensing the
      occurence of such a malfunction. A circuit arrangement 440 (FIG. 5),
      similar to that in FIG. 9, is therefore provided for generating a digital
      indication of the proper operation of the printer-inker. In this regard,
      however, it is desirable to generate an output indication only when the
      printer-inker fails to properly demonetize a bill by printing a
      demonetizing marking on the bill. The circuit arrangement of FIG. 9, as
      modified in FIG. 10, is adapted for generating such an output for every
      demonetized bill. The circuit of FIG. 9 as modified by FIG. 10 inhibits
      the generation of an output in a postprint detection arrangement unless a
      proper demonetizing marking fails to appear on a bill. Those elements of
      FIG. 10 performing functions similar to those of FIG. 9 bear similar
      reference numerals. The circuit is modified with respect to the integrator
      784, which includes resistance 802 returned to a negative potential. In
      the aabsence of the application of a bar pattern to the negative input
      terminal of the integrator, the integrator will provide an output of
      general configuration having a ramp segment 804. The slope of this ramp
      segment is equal to the slope of the negative staircase function 792. A
      properly demonetized bill will cause a bar pattern 792, which will be
      cancelled out by the ramp 804 at the output of the integrator 784.
      However, in the absence of a properly demonetized marking, there will be
      no mutual cancellation of the signals, but rather, the ramp 804 will be
      provided as an ouput from the integrator. This output is fed to the
      comparator 797, thereby causing it to switch once the slope has exceeded
      the reference level established by bias network 799. This sets a high
      output at the Q of a postprint bistable device comprising the flip-flop
      444. Thus, a positive digital representation is provided by a postprint
      detector circuit arrangement only in the absence of a proper demonetizing
      marking signal on a bill.
PAR  It will be obvious to the those skilled in the art that many modifications
      and variations which satisfy many or all of the objects of the present
      invention may be possible within the scope and framework of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit arrangement for providing a digital representation of the
      intensity of light transmissivity of an article being transported through
      an examination station over an interval of time, said representation being
      compared to a predetermined light intensity reference level, said circuit
      arrangement determining fitness and wear characteristics of said article,
      and comprising:
PA1  a first circuit means including a photosensitive element which is
      positioned at the examination station for receiving light transmitted
      through the article as said article is transported through the examination
      station, said first circuit means generating a first electrical signal
      having an amplitude which is proportional to the intensity of the light
      transmitted through said article;
PA1  a second circuit means coupled to said first circuit means for forming the
      integral of said first electrical signal, said second circuit means
      including gating means, said gating means receiving a gating signal from a
      bill present comparator for enabling and disabling, representively, the
      second circuit means, said gating signal being representative of the
      presence and absence, respectively, of an article at the examination
      station;
PA1  a bill present comparator operatively coupled to said gating means for
      generating and applying said gating signal to said gating means;
PA1  comparator circuit means having first and second input terminals, said
      comparator circuit means providing a first DC output level when an input
      signal applied to said first terminal is greater in amplitude than a
      reference signal applied to said second input terminal, and, for providing
      a second DC output level when the amplitude of a signal applied to said
      first imput terminal is less than the amplitude of a refernce signal
      applied to said second input terminal;
PA1  means for applying the integral of said first electrical signal to the
      first input terminal of said comparator circuit means;
PA1  means for establishing and applying to the second input terminal of said
      comparator circuit means a reference signal having an amplitude
      representative of a predetermined light intensity; and
PA1  compensating circuit means disposed at said examination station and
      operatively connected to said comparator circuit means for detecting
      variations in the light intensity at the examination station in the
      absence of an article at said examination station, and for varying the
      reference potential applied to said second input terminal of said
      comparator circuit means in response to said variations in light
      intensity.
NUM  2.
PAR  2. The circuit arrangement of claim 1 wherein said bill present comparator
      comprises first and second input terminals, said bill present comparator
      providing a first DC output level indicative of the absence of a bill at
      the examination station when the amplitude of a signal applied to said
      first bill present comparator input terminal is greater than the amplitude
      of a bill present reference signal applied to the second bill present
      comparator input terminal, and, for providing a second DC output level
      when the amplitude of a signal applied to said first bill present
      comparator input terminal is less than the amplitude of a bill present
      reference signal applied to said second bill present comparator input
      terminal, means for applying a signal to said first terminal of said bill
      present comparator, and means for establishing and applying a bill present
      reference signal to said second terminal of said bill present comparator.
NUM  3.
PAR  3. The circuit arrangement of claim 1 including a doubles comparator having
      first and second input terminals for providing a first DC output level
      when a signal applied to said first doubles comparator input terminal is
      greater in amplitude than a doubles reference signal applied to the second
      doubles comparator input terminal, and, for providing a second DC output
      level when a signal applied to said first doubles comparator input
      terminal is less in amplitude than the doubles reference signal applied to
      said second doubles comparator input terminal, means for applying said
      first electrical signal from said first circuit means to said first input
      terminal of said doubles comparator, and means for establishing and
      applying a DC reference potential to said second input terminal of said
      doubles comparator which is representative of the occurrence of a doubles
      condition at the examination station.
NUM  4.
PAR  4. The circuit arrangement of claim 1 wherein said second circuit means
      comprises an operational amplifier coupled as an integrator and having a
      feedback integrating compacitor, transistor circuit means coupled in
      parallel with said integrating compacitor for providing a relatively low
      impedance in parallel with said compacitor in the absence of said gating
      signal, and for providing a relatively high impedance in parallel with
      said compacitor in the presence of said gating signal.
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ABST
PAL  A sieve unit, particularly for spherical nuclear fuel particles, in which
      the particles are fed to a bed of spheres disposed in layers on a mesh
      screen to provide, when efficiently packed, an effective pore path of a
      diameter not greater than that of the mesh screen and means are provided
      for vibrating the unit so that the spheres are efficiently packed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vibrocompaction is an attractive process for the manufacture of nuclear
      fuels for fast reactors. The process can involve the high energy breakdown
      of irregular fuel particles within the fuel pins or, alternatively, a
      coarse fraction of fuel particles can be vibrated into its optimum packing
      arrangement using low energy vibration and a second component infiltrated
      into the spaces between the large particles once again using low energy
      vibration.
PAR  The second process is very attractive if the two components can be simply
      weighed and then packed to a predictable length within the pin but the
      success of the second process depends upon the particles which are
      infiltrated into the spaces between the large particles being of the
      correct size and shape. The infiltration of fines is reliant upon the
      small number of holes at the top of the coarse fuel column remaining open
      until all the fine particles have moved into position and only a small
      quantity of incorrect particles are needed to block the column and stop or
      severely reduce the rate of infiltration. Unfortunately current
      manufacturing processes do not always produce fine particles which can be
      guaranteed to infiltrate into position. In the instance of non-spherical
      fine particles, needles and flat particles can pass through existing
      sieves and in the instance of spherical gel-precipitation type fine
      particles, units of 2 to 6 particles can be linked together in a string
      and yet be able to pass axially through existing sieves. Furthermore, in
      both types of fine particles, fibres, brush hairs and other plant debris
      passes through the fine sieves and into the product. In addition to the
      normal sieving operations, therefore, means is needed which will
      effectively prevent undesirably shaped particles and debris from getting
      into the fine particle product. The present invention seeks to provide
      such means.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a sieve unit for spherical particles
      comprises a bed of spheres disposed in efficiently packed layers on a mesh
      screen, the spheres being of a size which packed efficiently provide an
      effective pore path of a diameter not greater than that of the mesh
      screen, and means for vibrating the spheres.
PAR  Although the coarse particles in a vibrocompaction process are not always
      spherical in shape, a quantative relationship exists between the sizes of
      the coarse and fine particles if infiltration is to be possible. The fine
      particles should be between 1/7 and 1/10 of the diameter of the coarse
      particles. For spheres or near spheres such as are produced by the sol-gel
      or gel-precipitation processes, a relationship based on solid geometry
      exists. The effective pore path diameter Pt, ie the triangular holes
      formed by the orthorhombic packing of spheres, is related to the large
      sphere size by the expression:
      ##EQU1##
      WHERE D.sub.C = THE DIAMETER OF THE LARGE SPHERES
PAR  Fine fraction spheres of size 0.154 d.sub.c or less should therefore
      readily infiltrate into position. Accordingly if a bed of spheres of the
      appropriate diameter are placed on a suitable screen and vibrated so as to
      pack efficiently, this bed will stop the passage of particles which have
      any axis significantly greater than the effective pore path diameter.
PAR  To illustrate the invention a 1 in. deep bed of 1 mm stainless steel
      spheres was formed on a 170 mesh screen. Fine particles which had already
      passed through the bare screen were vibrated at 60 cycles per second and
      an amplitude just below that at which the top layer of spheres visibly
      moved. The material which did not pass through the stainless steel spheres
      amounted to about 0.3% of the weight of the particles. It was confirmed by
      microscopic examination that the particles were of a shape unsuitable for
      infiltration.
PAR  The untreated particles had on two previous occasions caused a blockage in
      the fuel column terminating infiltration whereas the treated particles
      infiltrated rapidly and yielded a higher column packed density.
PAR  Similarly a batch of 120 grams of crushed fuel particles were treated in
      the same sieve unit. A sample of 30 grams of the 90 grams which passed
      through the unit infiltrated a 20 inch fuel column in 15 mts whereas the
      remaining 30 grams after separation from the stainless steel spheres took
      28 mts to infiltrate.
PAR  Although the above experiments were performed on a mesh screen which will
      itself retain oversize particles it has been found that sieving is quicker
      but not less efficient using a larger mesh screen provided the spheres are
      correctly selected for the effective pore path diameter required and are
      not of a size to sit in the holes of the mesh screen.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  A sieve unit in accordance with the invention is shown by way of example in
      the accompanying drawing which is a diagrammatic section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The sieve unit comprises a bowl 1 having an entry 2 and outlet 3. The bowl
      1 is shaped to limit channelling. Across the bowl 1 are fitted in
      ascending order a support mesh 4, a lower screen 5 of 10 mesh (850 .mu.) a
      1 inch layer of 1 mm stainless steel balls 6, an upper screen 7 of 18 mesh
      (850 .mu.) and a retaining mesh 8. The mesh 4 and 8 are strong enough to
      take the load of the steel balls 6. Means are provided for applying either
      horizontal or vertical vibration to the sieve unit at 50 cycles per
      second, for example. Shaking tables may be used for this purpose.
      Alternatively the sieve unit may be provided with a stem which is fitted
      into a chuck connected to an electromagnetic or pneumatic vibrating motor.
PAR  The spheres are not necessarily ball bearings. For example coarse fuel
      particles may be used of the size through which the fine material is
      required ultimately to infiltrate.
PAR  Separation of retained material from the sieve unit may sometimes be
      achieved by inverting the unit and vibrating it so that debris and
      undesirably shaped particles fall away from the spheres. The bed of
      spheres is then prepared for re-use by uprighting and vibrating the
      spheres into position. However separation may more generally be achieved
      by one of the following methods.
PA1  1. Pour the spheres on to a coarse screen (about 600 .mu. for 1 mm spheres)
      so as to produce a bed of spheres not more, and preferably less, than
      three spheres deep and shake.
PA1  2. Pour the spheres on to an inclined coarse screen (again about 600 .mu.
      for 1 mm spheres) so that the spheres roll to the bottom and retained
      material drops through.
PA1  3. Pick up steel spheres with an electro-magnet.
PAR  The application of the invention is not limited to the sieving of nuclear
      fuel particles. It can be considered in any operation where blinding of
      screens is a problem. On an industrial scale it may well have advantages
      in terms of power saving if a vibrating bed of spheres in accordance with
      the invention is used in place of conventional shaking screens.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sieve unit for separating spherical particles from undesirably shaped
      particles and debris, the unit comprising a bed of uniformly sized spheres
      disposed in efficiently packed layers in a substantially orthorhombic
      formation on a mesh screen, the spheres being of a size which packed
      efficiently provide an effective pore path of a diameter not greater than
      that of the mesh screen, and means for vibrating the spheres so as not to
      destroy the substantially orthorhombic formation.
NUM  2.
PAR  2. A sieve unit for spherical particles, as claimed in claim 1, wherein the
      spheres are stainless steel balls.
NUM  3.
PAR  3. A sieve unit for spherical particles, as claimed in claim 1, wherein the
      spheres are nuclear fuel particles.
NUM  4.
PAR  4. A sieve unit for spherical particles, as claimed in claim 1, including a
      support mesh mounted below said mesh screen for taking the load of the
      spheres.
NUM  5.
PAR  5. A method of grading nuclear fuel particles in which the particles are
      fed to a sieve unit comprising a bed of uniformly sized spheres disposed
      in layers on a mesh screen to provide when efficiently packed an effective
      pore path of a diameter not greater than that of the mesh screen,
      vibrating the sieve unit so that the spheres are efficiently packed in a
      substantially orthorhombic formation so as to provide said effective pore
      path, and collecting the fuel particles which pass through the unit.
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ABST
PAL  The invention relates to a unit for displaying cassettes and tape
      cartridges. The unit is pivotally mounted about a fixed support and
      comprises one or more radially extending display sections each of which is
      adapted to receive the cassettes in a slidable manner in the radial
      direction from the ends of the arms forming the display section.
      Unauthorised removal of the cassettes is prevented by a locking device
      which may be positioned under the control of a locking mechanism across
      the plane of withdrawal of the cassette from the arms of each display
      section. The locking device may comprise a relatively rotatable frame
      incorporating locking bars. In an alternative arrangement a locking rod
      may be positioned in the arms for vertical or horizontal movement under
      the control of a locking mechanism. The locking rods may also be angularly
      movable.
BSUM
PAR  This invention relates to units for displaying cassettes, tape cartridges
      and other similar flat articles such as books, records, etc. (hereinafter
      referred to generally as cassettes) for inspection, for example by
      customers in premises such as shops.
PAR  Hitherto, cassettes for sale have generally been openly displayed for
      examination by potential customers on counters or open display units. The
      present invention has as its main object the provision of an improved
      display unit, the construction of which enables cassettes to be stored for
      ready inspection as to their content, but which prevents the unauthorised
      removal of the cassettes from the unit by the customer. A further object
      is to provide such a display unit which is simple in construction and
      which provides also a considerable saving in space due to its improved
      design and method of mounting.
PAR  In its broadest aspect the invention comprises a display unit which is
      mounted about a vertical or horizontal axis and which is preferably, but
      not necessarily, angularly movable about said axis to enable cassettes
      carried by the display unit to be inspected by a customer.
PAR  In the preferred embodiment of the invention, the display unit comprises a
      base member having a vertically extending central rod mounted thereon for
      rotatably supporting a display frame comprising a plurality of arms
      extending horizontally in a radial manner therefrom. The arms are
      preferably formed with longitudinally extending flanges for receiving the
      cassettes in a slidable manner and the display unit is provided with a
      rotatable outer frame having vertically located members movable to abut
      the end of the shelf units so as to prevent unauthorised removal of the
      cassettes in a slidable manner from the ends of the shelf units.
PAR  The rotatable outer frame is provided with locking means and may be of any
      desired shape, such as circular or rectangular.
PAR  In a modified embodiment of the invention the rotatable outer locking frame
      is replaced by locking rods slidably engaging corresponding apertures in
      each vertical series of arms of the display frame. Each display unit is
      preferably provided with a base plate having an aperture therein for
      permitting removal of a selected locking rod. The aperture in the base
      plate is preferably provided with locking means to prevent the
      unauthorised removal of a locking rod from the corresponding display unit.
PAR  In yet another embodiment of the invention the locking rods are modified by
      providing each locking rod with a plurality of crimped sections, the rods
      being rotatable about their longitudinal axis so as to bring the crimped
      sections opposite the ends of the arms to prevent the unauthorised removal
      of cassettes therefrom. Preferably the locking rods are held in the locked
      position by means operable to allow selected rods to be released for
      rotation about their axis so as to pivot the crimped sections angularly
      away from the ends of the arms to allow removal of selected cassettes.
PAR  This modified arrangement is of particular use in premises where
      insufficient height is available for removing the rods vertically as in
      the previous embodiment.
PAR  In yet another modified embodiment of the invention the vertical locking
      rods are replaced by horizontal straps or bars carried by a frame slidably
      mounted over the outer ends of the arms of each display section. In the
      locked position of the movable frame the straps or bars are positioned to
      prevent the unauthorised removal of cassettes.
DRWD
PAR  In order that the invention may be clearly understood the preferred
      embodiments of the invention will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of one embodiment of a display unit in
      accordance with the invention;
PAR  FIG. 2 is a part sectional view of the top section of the display unit of
      FIG. 1 showing the locking mechanism for preventing unauthorised removal
      of cassettes from the unit;
PAR  FIG. 3 is a part sectional view of the lower section of a modified
      embodiment of a display unit in accordance with the invention;
PAR  FIG. 4 is a plan view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view similar to FIG. 4 but showing the locking mechanism
      operated to allow the release of the locking rod;
PAR  FIG. 6 is a part side view of a cassette receiving section showing the use
      of rods to provide greater rigidity;
PAR  FIG. 7 is a side elevation of a further modified embodiment of a display
      unit in accordance with the invention in which the locking rods are
      rotated to allow removal of cassettes from the display unit;
PAR  FIG. 8 is a part sectional side view of the embodiment of FIG. 7; and
PAR  FIG. 9 is a part side view of a further modified embodiment of the
      invention.
DETD
PAR  One embodiment of the invention is shown in FIGS. 1 and 2 of the drawings.
      This embodiment is adapted for mounting on a counter or other fixed
      structure so that the display unit can be inspected by a customer.
PAR  The display unit 100 comprises a base member (not shown) which may be of
      any desired configuration but which is preferably of circular
      cross-section. In order to provide for stability of the unit the base
      member may be relatively small in cross-section and is provided with a
      plurality of radially extending supporting legs 10 having adjustable
      supporting pads 11 thereon.
PAR  A display frame 13 is rotatably mounted on a vertically located rod 12
      fixedly mounted centrally of the base member. The frame 13 is retained in
      position on the central rod of the base member by a lock nut 14 engaging a
      threaded portion of the rod 12 and the display unit is completed by a
      carrying handle 15 which threadably engages the top threaded portion of
      the rod 12 above the lock nut 14.
PAR  The display frame 13 is preferably circular in construction as shown, but
      it may have any desired shape, such as rectangular, to suit requirements.
PAR  The display frame 13 comprises two relatively movable sections which can be
      locked together as will be hereinafter described for rotation about the
      fixed central rod 12.
PAR  The first section of the display frame 13 comprises a central pillar 16
      which is rotatably mounted on the central rod 12 and is preferably of
      rectangular, e.g. square cross-section. A plurality of display sections
      extend radially from each surface of the central pillar 16. Each display
      section is formed by a plurality of arms 17 which extend in a radial
      manner from the central pillar and which are vertically spaced along the
      pillar so that the distance between adjacent arms corresponds to the size
      of the cassettes to be displayed.
PAR  The construction of the arms 17 is shown more clearly in FIG. 3 of the
      drawings. The arms 17 have a top horizontal surface 18, a horizontal
      bottom surface 19 and side flanges 20 which extend both upwardly and
      downwardly from the surfaces 18 and 19. The arrangement is such that each
      display section comprises a vertical series of shelflike units for
      receiving cassettes in a slidable manner, the cassettes 21 engaging as
      shown in FIG. 3 between the flanges 20 of a pair of adjacent arms 17. If
      desired the distance between flange sections on opposite sides of the arms
      may be of varying width so that cassettes and other articles of different
      width can be displayed in the same section. The particular display unit
      shown in FIG. 1 comprises four display sections spaced 90.degree. apart
      around the central pillar 16, each display section consisting of a
      vertical series of four display units. It will be understood that any
      number of display sections and display units can be provided.
PAR  The first section of the display frame 13 is preferably completed by a top
      plate 22 rigidly fixed to the pillar 16 and top arms 17 although in
      practice this plate is not necessary.
PAR  The second section of the display frame 13 comprises basically a locking
      frame for preventing unauthorised removal of cassettes from the display
      frame. The locking frame comprises a vertically extending bar 23 for each
      vertical display section, i.e. four bars are shown in the present
      embodiment. The locking bars 23 are rigidly connected between a pair of
      spaced plates 24, 25 which are preferably of circular construction but
      which may be of rectangular or other shape. The plates 24 and 25 are
      mounted on the central pillar 16 and are rotatable relatively thereto, the
      construction being such that when the locking frame is in a predetermined
      position the locking bars 23 are each located closely adjacent the outer
      ends of a vertical series of arms 17 to prevent removal of the cassettes
      positioned thereon.
PAR  In order to lock the bars 23 in position, locking means may be mounted on
      one or other of the plates 24, 25 for engaging the inner section of the
      display frame 13. Preferably the plate 22 is provided with one or more
      holes 26 for receiving the spigot 27 of a key operated locking mechanism
      28 carried by the top plate 24, the locking mechanism 28 having a
      depressible barrel which is lockable to move the spigot 27 into one of the
      holes 26, which in this position retains the locking bars 23 adjacent the
      ends of the arms 17.
PAR  In the locked position of the mechanism 28, the complete display frame 13
      is rotatable about the central rod 12 of the base member for inspection by
      a potential customer. After unlocking, the locking bar section can be
      rotated relatively to the inner section so as to permit the authorised
      removal of selected cassettes.
PAR  The modified embodiment of the invention as shown in FIGS. 3 to 5 of the
      drawings provides an alternative locking arrangement in which the outer
      locking section of the display frame 13 is replaced by locking rods 30
      slidably mounted in the ends of each vertical series of arms 17.
PAR  In this modified embodiment of the invention the outer locking frame of the
      previous embodiment is unnecessary and to support the display unit a
      support frame may be provided with legs for floor mounting or a short
      pedestal or other fitting for mounting the unit on a counter or on a wall.
      The support frame may comprise crossed members extending at right angles
      to each other and interconnected centrally to provide a support point for
      the central rod 12 of the unit.
PAR  The support frame for the unit includes a rigid base member or plate 31
      fixedly located below the lowermost arms 17 of the display unit. Each rod
      30 extends through holes 32 adjacent the ends of the corresponding series
      of vertically spaced arms 17, the rods being positioned intermediate the
      flanges 20 so as to prevent removal of the cassettes.
PAR  The rods 30 are selectively removable either upwardly or downwardly in the
      vertical direction to allow the removal of cassettes from a selected
      position in the display unit. In FIG. 3 the rod 30 is removable downwardly
      through the hole 32 in the base plate 31. To prevent upward movement the
      rods 30 are provided with an enlarged head 33 and when positioned the rods
      engage a bung or grommet 34 fitted in the top of the hole in the uppermost
      arm 17 of each vertical series of arms.
PAR  The single hole 32 in the base plate 31 is large enough to allow the
      passage therethrough of the head 33 but normally the hole 32 is blocked by
      a movable plate 35 under the control of a key operated locking mechanism
      28a. The plate 35 is channel shaped having a front face 36 and a rear face
      37, the intermediate face or base 38 being slidably supported beneath the
      base plate 31 by a plate 39 attached to the underside of the base plate 31
      by spaced lugs 40. The key operated locking mechanism 36 is mounted on
      plate 39 and is operable to engage a locking spigot 41 with holes 42 and
      43 in the plate 35 and base plate 31 respectively.
PAR  The locked position of the parts is shown in the plan view of FIG. 4. The
      withdrawal of the locking spigot 41 by operation of the locking mechanism
      36 permits the radial sliding movement of the channel shaped plate 35 into
      the unlocked position as shown in the plan view of FIG. 5. In this
      position of the parts the selected locking rod can be withdrawn downwardly
      through the hole 32 to allow the removal of cassettes from the
      corresponding arms of the display unit.
PAR  In the embodiment of FIGS. 1 and 2 and the modified embodiment of FIGS. 3
      to 5 the unauthorised removal of cassettes by the bending or flexing of
      the arms 17 can be prevented by providing rods or spacers fixedly mounted
      in the flanges 20 and extending between adjacent arms 17 closely adjacent
      the outer ends of the arms. The arrangement is shown in FIG. 6 where a rod
      45 is positioned at each side of the cassette receiving space between the
      flanges 20 of the arms 17.
PAR  In the modified embodiment of the invention as shown in FIGS. 7 and 8 of
      the drawings locking rods for preventing removal of the cassettes from
      arms 17 are provided as in the previous embodiment. Preferably two locking
      rods 46 and 47 are provided for each vertical series of arms 17, the rods
      being slidably located in holes 48 in the flanges 20 closely adjacent the
      ends of the arms 17.
PAR  Each pair of rods 46 and 47 is inserted in the holes 48 in the
      corresponding vertical series of arms 17, the holes being such as to allow
      easy rotation of the rods about their longitudinal axis. Each section of
      the rods between adjacent arms 17 is then crimped successively in situ so
      as to provide crimped or bent portions 49 projecting from the general line
      of the rods.
PAR  Basically unauthorised removal of the cassettes is prevented by positioning
      the rods 46 and 47 angularly so that the crimped sections 49 extend across
      the space between the arms 17 into the plane of withdrawal for the
      cassettes as shown in full lines in FIG. 7. In this position the locking
      rods are held against angular movement by turning over the top end of the
      rods to provide a bent-over section 50. Further holes 51 are provided in
      the top arm 17 of the unit for receiving the ends of the bent-over
      sections 50 of the locking rod so that when the bent-over sections 50 are
      located in the hole 51 rotation of the locking rods 46 and 47 is
      prevented.
PAR  The release of the locking rods 46 and 47 for angular rotation is obtained
      by first vertically moving the rods so as to remove the ends of the
      bent-over sections 50 from the holes 51 in the top arm 17 of the display
      unit. Thereafter, the rods can be rotated to project the crimped sections
      49 away from the plane of withdrawal of the cassettes 21 as shown in chain
      lines in FIG. 7. Vertical movement of the rods is normally prevented,
      however, by a rotatable top member in the form of a spider 52 which can be
      held locked to a top plate 53 by a key-operated mechanism 54. Release of
      the spider 52 for rotation relatively to the top plate 53 allows vertical
      movement of the locking rods 46 and 47 as shown in chain lines in FIG. 7.
      As before, a bottom plate may be unnecessary for the display unit in that
      support for the locking rods 46 and 47 by means of such a plate is not
      necessary. The crimped sections 49 on the rods prevent their withdrawal
      from the display unit, but, if desired, an end stop 55 can be provided on
      the rods below the lowermost arm 17.
PAR  In the operative position the crimped sections 49 can be provided at any
      desired position between adjacent arms 17. Preferably, however, the
      crimped sections 49 are located as shown adjacent one of the arms so as to
      provide greater rigidity.
PAR  It will, of course, be understood that only one rotatable locking rod may
      be provided and that the other rod may be a fixed spacer rod corresponding
      to the rod 45 of FIG. 6.
PAR  The modified embodiment of FIGS. 7 and 8 has the advantage in that the
      locking rods do not have to be moved in the vertical direction to release
      the cassettes. This embodiment is, therefore, of considerable use where
      insufficient height is not available for using the previously described
      embodiment.
PAR  In a modified arrangement shown in FIG. 9 the vertical locking rods are
      replaced by horizontal locking rods carried by a slidably movable frame.
      In the drawing the frame comprises spaced side members 55 slidably
      engaging the side faces of the arms 17 and interconnected by a plurality
      of horizontal bars or straps 56. The frame is slidably mounted on the
      fixed rods 45 between the arms 17 and is lockable as in the previous
      embodiments so as to position each strap or bar 56 across the plane of
      withdrawal of the cassettes between adjacent pairs of arms 17. In the
      unlocked position of the frame, the frame is movable in a vertical
      direction to position the straps or bars 56 opposite the arms 17 so as to
      allow the withdrawal of selected cassettes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pilfer resistant display unit for displaying cassettes while
      permitting inspection of the faces thereof, comprising a base including a
      vertically extending support rod, a pillar member having a vertically
      directed central aperture rotatably mounted on said support rod, a
      plurality of angularly spaced apart sets of support arms extending
      radially from said pillar, each of said sets of support arms comprising an
      upper arm and a lower arm, said arms being vertically spaced apart in
      accordance with the vertical extent of said cassettes, the upper arm of
      each set including radially extending depending parallel flanges, and the
      lower arm of each set including upwardly extending parallel flanges, the
      upper and lower flanges of each set being disposed in coplanar alignment
      to define a channel having an outwardly open mouth through which said
      cassettes may be slidably received and removed in a radial direction, said
      flanges prohibiting substantial non-radial movements of a cassette mounted
      within a said channel, a locking frame mounted on said pillar for rotation
      relative thereto about a vertical axis, a plurality of vertically directed
      blocking arms formed on said frame, said blocking arms being shiftable
      between blocking and unblocking positions of said mouth portions of said
      channels selectively in accordance with the rotated position of said
      locking frame relative to said pillar member, and locking means extending
      between said pillar member and said locking frame for locking said
      blocking arms of said frame in said blocking position and releasing said
      arms to permit relative rotation of said locking frame and pillar
      respectively in the locked and unlocked positions of said locking means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said locking frame includes
      an upper plate portion, and said pillar includes a locking plate in
      proximate spaced parallel relation to said upper plate portion, said
      locking means, in the locked position thereof, extending between said
      upper plate portion and said locking plate portion, thereby to prevent
      relative rotation of said parts.
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ABST
PAL  A vertical storage, display and dispensing rack assembly is shown which is
      filled from the front and dispenses articles from the front. The rack has
      a plurality of slots with each slot being adjustable in both width and
      depth so that a different sized article may be dispensed from each slot.
      Retaining flanges hold the articles in the individual slots with the lower
      front being open for ease of dispensing the articles. The rack assembly
      has interchangeable components for ease of assembly or change of
      configuration to accommodate different size articles in accord with the
      changing needs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a storage display and dispensing rack assembly
      and, more particularly, to a rack assembly that may be utilized by a
      business establishment such as a retail food outlet that specializes in a
      large volume of business. Prior to the present invention many different
      types of dispensing apparatus have been manufactured and sold to the
      public. A typical such apparatus is shown in Chirchill (U.S. Pat. No.
      3,393,808) wherein canned articles are dispensed by horizontally sloping
      shelves with the articles being inserted in the apparatus from the top
      rear. chirchill has the specific limitation of requiring a large amount of
      counter space which is at a premium in most retail food outlets. Also,
      Chirchill is not totally adjustable so that articles of varying diameter
      and length can be dispensed from the apparatus and still minimize the
      space required.
PAR  Many different types of vending machines have been patented in the last 50
      years with specific patents drawn to the dispensing apparatus of the
      vending machines. However, none of the vending machines have the total
      adjustability to accommodate articles of varying width and depth and still
      utilize the smallest space possible. The few vending machines that are
      adjustable either require all the articles to be of one size or require
      that certain components within the vending machine be replaced with other
      components of a varying size. The vending machine apparatus as described
      in the prior art is totally unacceptable for a business establishment such
      as a retail food outlet wherein the counter space is at a premium.
PAR  Several different types of wall mounted display and storage racks have been
      patented in the past with Combs (U.S. Pat. No. 3,018,001)  being a typical
      example. In Combs the rack is attached to the wall or backing member. In
      most business establishments that are of dry wall construction it would
      require considerable modification to the wall structure to prevent damage.
      Though Combs is adjustable in width the depth of the individual stacks can
      only be changed by replacing the divider panels. Such a device as shown in
      Combs would not have the complete versatility as the rack assembly shown
      and claimed in the present invention, and would not be suitable for the
      typical retail food outlet.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a storage, display and
      dispensing rack assembly for retaining articles of varying sizes.
PAR  It is a further object of the present invention to provide a rack assembly
      for dispensing articles with the rack assembly occupying the minimum
      amount of counter space.
PAR  It is yet another object of the present invention to provide a vertical
      storage, display and dispensing rack assembly that may be adjusted in
      width and depth to accommodate articles of varying sizes.
PAR  It is yet another object of the present invention to provide a storage,
      display and dispensing rack assembly that is entirely prefabricated so
      that it can be quickly assembled for use without the use of tools.
PAR  It is even a further object of the present invention to provide a rack
      assembly for dispensing light articles that can be suspended from the
      ceiling, the rack assembly having adjustment for the width and the depth
      of the articles being dispensed.
PAR  It is another object of the present invention to provide a storage, display
      and dispensing rack assembly that uses a mininum amount of counter space,
      that can be filled from the front, and that dispenses articles from the
      front.
PAR  It is even another object of the present invention to provide a rack
      assembly that may be used in the kitchen area of a retail food outlet to
      provide all articles necessary in the preparation of foods while requiring
      a mininum amount of storage space.
PAR  It is another object of the present invention to provide a rack assembly
      that is entirely prefabricated by such substances as molded plastic so
      that the rack assembly is very light in weight, structurally sound,
      inexpensive to manufacture and pleasing to the eye.
PAR  The rack assembly of the present invention is formed from a minimum number
      of standard interchangeable components to provide for the storage, display
      and dispensing of articles of varying sizes. The internal vertical walls
      may be adjusted for articles of varying width, with peg members providing
      for adjustment of varying depth to insure that each and every article
      dispensed is immediately at the fingertips of the person needing the
      article. The rack assembly may be quickly assembled according to the needs
      of the individual by putting locking tabs through preformed holes made in
      the structural elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a box rack assembly embodying the present
      invention with a portion of the top cut away for illustration purposes.
PAR  FIG. 2 is a top view of the rack assembly shown in FIG. 1.
PAR  FIG. 3 is a bottom view of the rack assembly shown in FIG. 1.
PAR  FIG. 4 is a rear perspective view of the rack assembly shown in FIG. 1.
PAR  FIG. 5 is a perspective view of an internal vertical wall used between the
      individual compartments of the rack assembly shown in FIGS. 1-4.
PAR  FIG. 6 is a sectional view of FIG. 1 along section lines 6--6.
PAR  FIG. 7 is a front perspective view of a can rack assembly embodying the
      present invention.
PAR  FIG. 8 is a sectional view of FIG. 7 along section lines 8--8.
PAR  FIG. 9 is a perspective view of the depth adjuster shown in FIGS. 7 and 8.
PAR  FIG. 10 is a top view of the rack assembly shown in FIG. 7 with a partial
      sectional to illustrate the construction of the internal vertical wall.
PAR  FIG. 11 is a front view of FIG. 10 with a partial sectional to illustrate
      the construction of the internal vertical wall.
PAR  FIG. 12 is a bottom view of FIG. 11.
PAR  FIG. 13 is a sectional view of FIG. 7 along section lines 13--13.
PAR  FIG. 14 is an exploded sectional view of FIG. 7 illustrating the connection
      between the back and the internal vertical wall.
PAR  FIG. 15 is a perspective view of the locking tab used in the prior views.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 2, 3 and 4 in combination there is shown a rack
      assembly represented generally by the reference numeral 20. The rack
      assembly 20 has several basic components which are identical for ease of
      manufacturing and assembly. The rack assembly 20, which is very
      lightweight in construction, consists of a top 22, internal vertical walls
      24, side walls 26 and cross braces 28. An optional feature of the rack
      assembly 20 utilizes depth adjustment rods 30.
PAR  Referring now to the individual component parts, the top 20 has an upper
      surface 32 with a reinforcing downward flange 34 surrounding the upper
      surface. In the upper surface there is formed a series of equally spaced
      holes 36 running lengthwise thereof. The function of the holes 36 will be
      explained in more detail subsequently. Several rows of holes may be
      utilized with the present invention; however, for the purposes of the
      preferred embodiment, three rows of equally spaced holes are used. Also
      formed with or attached to the upper surface 32 are mounting flanges 38
      whereby the entire rack assembly 20 may be attached to an overhead
      structure such as the ceiling.
PAR  The internal vertical walls 24 which can be seen in more detail in FIG. 5
      consists of a wall portion 40, an upper flange 42, bottom flange 44, front
      flange 46 and rear flange 48. The upper flange 42 and bottom flange 44
      have a series of equally spaced holes 50 contained in both sides of both
      flanges 42 and 44. Around the outer portion of internal vertical wall 24
      are located blocking tabs 52 with an example of a locking tab being shown
      in more detail in FIG. 15. The locking tab 52 has a slot 54 cut therein so
      that the locking tabs can securely mate with the holes 36 and subsequently
      described holes 56. From the perspective view shown in FIG. 5 and FIGS.
      1-4 it becomes obvious that the internal vertical wall 24 is completely
      reversible with the front being identical to the back and the top being
      identical to the bottom.
PAR  The side wall 26 can be the same as the internal vertical walls 24;
      however, in the preferred embodiment the portion of the upper flange 42,
      bottom flange 44, front flange 46 and rear flange 48 that extends beyond
      end wall 58 has been cut off. Again the side wall 26, the same as internal
      vertical wall 24, is completely reversible with the only requirement being
      that the flanges turn inward which gives a square corner for the rack
      assembly 20.
PAR  Because the rack assembly 20 is completely adjustable in width and depth a
      determination should be made concerning what articles will be stored in
      the rack assembly 20 before beginning the assembly of the component parts.
      Since rack assembly 20 is designed primarily for very light boxed
      articles, the length and depth of the box are the controlling factors in
      determining the width and depth of each individual compartment in the rack
      assembly 20. Assume, for the purposes of illustration, that a person
      desires to use the rack assembly 20 in a business establishment that
      specializes in the sale of pizzas. Since this particular business
      establishment has a total of six different size pizzas, each compartment
      must be adjusted to accommodate each size pizza box. Compartment 60 (see
      FIG. 1) is adjusted to accommodate the largest size pizza box which fills
      the entire compartment as shown in FIGS. 1 and 4. Each of the other
      compartments 62, 64, 66, 68 and 70 are adjusted accordingly, according to
      the size of pizza box being contained therein.
PAR  In constructing the rack assembly 20 a side wall 26 is connected to one end
      of top 22 by insertion of the locking tabs 52 through holes (obstructed
      from vision in the drawings) in the top 22. Next, an internal vertical
      wall 24 is secured to top 22 again by insertion of the locking tabs 52
      into holes 36 allowing just enough distance for the pizza boxes to set
      flat in the compartment 60 and rest on bottom flange 44. Each of the
      following compartments 62, 64, 66, 68 and 70 is constructed in a similar
      manner with only enough width being allowed between internal vertical
      walls 24 so that the appropriately sized pizza box would rest on the
      bottom flange 44. The last compartment 70 is formed by the insertion of
      locking tabs 52 of the opposing side wall 26 into holes contained in top
      22. Thereafter a series of cross braces 28 are attached across the front
      and back of rack assembly 20 by insertion of locking tabs 52 through holes
      56 of the cross braces. The holes 56 of the cross braces 28 are uniformly
      spaced the same as holes 36 of top 22. At this point the rack assembly 20
      is completely reversible with either side being the front or back with
      appropriate adjustments having been made for the varying widths of the
      boxes contained therein. The boxes could be inserted from either the front
      or the back by holding the box in a diagonal position and inserting into
      the compartment as illustrated in FIG. 1 compartment 60. The rack assembly
      20 could be either hung from the ceiling by any suitable means such as
      chains 72 or placed on the supporting counter for the convenience of the
      user.
PAR  To provide a depth adjustment to the individual compartments to accommodate
      boxes of shorter length, a depth adjustment rod 30 may be inserted in
      holes 50 of upper flange 42 and bottom flange 44 of the appropriate
      internal vertical wall 24 and/or side walls 26. The depth adjustment rod
      30 may be constructed and inserted in a number of different ways; however,
      in the preferred embodiment of this invention the depth adjustment rod 30
      should have a very short small diameter portion on each end for insertion
      in the respective hole 50. Because the depth adjustment rod 30 is of
      considerable length it may be flexed outward thereby putting each end in
      the appropriate hole 50. A shoulder rests against the bottom flange 44 to
      prevent the depth adjustment rod 30 from falling out of the bottom of the
      rack assembly 20. Of course, it is possible that the depth adjustment rods
      30 be inserted in the internal vertical walls 24 and/or side walls 26
      prior to assembly with the top 22 and cross braces 28. FIGS. 3 and 4
      illustrate the varying depth as maintained in the compartments 60, 62, 64,
      66, 68 and 70.
PAR  If the boxes contained in the respective compartment are of a height
      substantially different from the height of the boxes shown in FIGS. 1, 4
      and 6, a change may have to be made to the internal vertical walls 24
      and/or side walls 26. The lower front cross brace 28 will have to be
      removed or moved upward. If the front flange 46 still interferes with the
      dispensing of the boxes because of the increased height of the boxes, the
      flange 46 will have to be altered. The flange 46 can be cut to allow for
      the increased height of the boxes, or the walls 24 and/or 26 could be
      manufactured with the flange allowing increased space for dispensing boxes
      of increased height. Also, the flange 46 could have a sliding adjustment
      on the lower portion to accommodate boxes of different heights, but this
      would add to the cost of the component part.
PAR  FIG. 6 is a cross sectional view along section lines 6--6 of FIG. 1,
      wherein the depth adjustment of compartment 66 is better illustrated. The
      small diameter portion on each end of the depth adjustment rod can be seen
      with more clarity in FIG. 6. If the depth adjustment rods 30 are rigid,
      then the small diameter portion of the upper part could be increased in
      length, thereby allowing the upper portion of the depth adjustment rod to
      be inserted first and thereafter the lower portion to be inserted prior to
      assembly with the top 22.
PAC  ALTERNATIVE EMBODIMENT
PAR  Referring now to FIGS. 7-14, there is shown another rack assembly
      represented generally by the reference numeral 72 that is designed
      primarily for heavy objects such as cylinder cans of varying sizes. The
      rack assembly 72 must set on a solid foundation such as a counter top
      because of the weight of the articles contained therein. The rack assembly
      72 consists of basically the same parts as the prior mentioned rack
      assembly 20 and has a top 74, adjustable internal vertical walls 76 and a
      base frame 78. The base frame 78 though it may be constructed in numerous
      ways is shown in this alternative embodiment as being a single unitary
      mold with a back 80, bottom 82 and sides 84.
PAR  Referring now to the individual components, the internal vertical walls 76
      are very similar to the internal vertical walls 24 of the previously
      mentioned rack assembly 20. A front flange 86 is formed integral with the
      front of internal vertical walls 76. The front flange 86 has a step 88 cut
      in both the bottom and the top thereof with the function of the step 88
      being subsequently described. Referring to FIG. 14, there is shown an
      upper sectional view of the internal vertical wall 76. Locking tabs 52 are
      formed integral with the top and bottom of internal vertical wall 76.
      Also, the rear of internal vertical wall 76 has a rear tab 90 formed
      integral therewith that mates in key slot 92 of back 80. The rear upper
      and lower corner of internal vertical wall 76 has a diagonal cut 94.
      Reinforcing ribs 96 extend lengthwise of the internal vertical wall 76 to
      insure a maximum strength when the rack assembly 72 is filled with heavy
      articles. It should be understood that the top and the bottom of internal
      vertical wall 76 is identical and reversible for ease of installation.
PAR  Referring now to the top 74 as can be clearly seen in FIG. 10 there is a
      series of equally spaced aligned holes 98 extending thereacross. Also,
      around top 74 is a downward flange 100 to give extra strength and beauty
      to the top 74.
PAR  The base frame 78 connects with the other elements to form the rack
      assembly 72. The back 80 has formed therein key slots 92 (see FIG. 14)
      that are equally spaced longitudinally across the back to match holes 98
      in top 74. Approximately three key slots will be required to retain each
      internal vertical wall 76. The back 80 has a series of vertically
      extending reinforcing ribs 102. The lower rear portion of the back 80
      forms a diagonal kick plate 104, the function of which will be described
      in detail subsequently.
PAR  The bottom 82 of base frame 78 has an equal number of equally spaced and
      aligned holes 106 as does top 74. The holes 98 in top 74 align with the
      holes 106 in bottom 82. Bottom 82 has a series of reinforcing ribs 108
      that extend up the back 80 to form reinforcing ribs 102. The front portion
      of the bottom 82 has a stop flange 110 that extends upward from the bottom
      82 and prevents the articles contained in rack assembly 72 from spilling.
PAR  The sides 84 are made in a rectangular form and formed integral with the
      bottom 82 and back 80. The previously described flange 86 only extends
      inward from sides 84. FIGS. 7, 8 and 13 show how the sides 84 extend an
      equal distance with the reinforcing ribs 96 and 108 to provide a very neat
      uniform appearance.
PAR  The rack assembly 72, as described in conjunction with this embodiment, is
      manufactured by a molding process with the entire base frame 78 being one
      solid piece. Before assembling the rack assembly 72 a determination needs
      to be made as to what size of cylinder type articles are going to be
      stored in the rack assembly 72. Though the rack assembly 72 may be
      constructed in any size, the sizes shown in FIGS. 7-14 will accommodate
      cans of all sizes up to and including a gallon size can, commonly called a
      No. 10 can. Once a determination has been made as to what size cylindrical
      articles will be stored in rack assembly 72, the internal vertical walls
      76 should be connected to the base frame 78 by inserting the rear tab 90
      into key slots 92 and pushing downward so that the rear tabs 90 and key
      slots 92 will lock and the locking tabs 52 will lock into holes 106 of
      bottom 82. After all of the internal vertical walls 76 are securely
      fastened into place allowing only enough distance between the internal
      vertical wall 76 and sides 84 to accommodate the length of the cylindrical
      articles, the top 74 may be securely fastened by inserting the locking
      tabs 52 into the holes 98 to complete the construction of the rack
      assembly 72. In using the rack assembly 72 it is contemplated that it will
      set on the rear portion of a counter at the fingertips of the person
      needing articles from the rack assembly 72.
PAR  As an optional feature of the rack assembly 72, there is a depth adjustment
      spacer 112 as shown in FIG. 9 that can be used to adjust the depth of the
      individual compartment. The depth adjustment spacer 112 is inserted in the
      holes 106 of the bottom 82 and the holes 98 of top 74. As can be seen in
      the sectional view of FIG. 8, the depth adjustment spacer which is
      designed for use with smaller cans also has a diagonal portion 114 to
      insure even the smaller cans are kicked out towards stop flange 110. This
      can be very easily seen in the sectionalized portion of FIG. 7 and the
      cross sectional view shown in FIG. 8. To insert the depth adjustment
      spacer 112 the top is inserted in holes 98 and allowed to drop down into
      holes 106, thereby retaining the spacer in a fixed position.
PAR  After assembly the cans are inserted from the upper front portion of the
      rack assembly 72 by inserting the cans in the horizontal position. The
      step portion 88 of front flange 86 allows the large No. 10 cans to be
      inserted from the top and to be withdrawn from the bottom as shown in
      FIGS. 7 and 13. However, for the smaller size cans they will be inserted
      above the uppermost portion of flange 86 and be retained therein until
      they drop below the lowermost portion of flange 86. If a uniform flange
      from top to bottom were utilized instead of the step flanges shown in this
      embodiment the smaller size can would fall out at the bottom if enough
      space was allowed to accommodate a No. 10 can. The depth adjustment spacer
      112 insures that the smaller size cans are maintained at the front of the
      rack assembly 72 for ease in dispensing the cans. Again, assume that the
      rack assembly 72 is being used in a retail food business that specializes
      in pizzas. If the rack assembly 72 is placed on the rear portion of a
      counter, adequate counter work space will still remain in front of the
      rack assembly 72. The person who is making the pizzas would have all the
      ingredients at his fingertips with the various ingredients such as tomato
      paste, olives, cheese, etc. being contained in the rack assembly 72. This
      eliminates the storage problem and frequent trips to the storage room for
      additional ingredients being used in the preparation of the food. Since it
      is anticipated that the rack assembly 72 will contain articles having
      substantial weight, it should be placed on a structure that will sustain
      the weight of the rack assembly 72 when filled. To insure that the rack
      assembly 72 will not topple forward, it may be secured to the wall by any
      convenient means such as screws through key slots 92 in the back 80.
PAR  Though the rack assemblies 20 and 72 were described in conjunction with the
      retail food business that maintains a fairly high volume, it should be
      understood that it could be used for any other purpose wherein it is
      desirable to maintain objects at the fingertips of individuals such as a
      retail store outlet. The rack assembly 72 would be ideal for a paint
      counter in a hardware store, not to mention the numerous applications
      inside of a grocery store or service station. These and many other
      applications should be evident from the prior description.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rack assembly for storing and dispensing articles of varying width and
      depth comprising:
PA1  adjustable vertical walls forming vertical compartments therebetween;
PA1  bottom means for carrying the weight of said articles contained in said
      compartments, said bottom being connected to said adjustable vertical
      walls;
PA1  retaining means connected to said adjustable vertical wall for holding said
      articles in said compartments until dispensed;
PA1  top means for detachably connecting to the uppermost portion of said
      vertical walls;
PA1  depth adjustment means extending from said top means to said bottom means
      to maintain smaller articles at the front of said compartments until
      dispensed;
PA1  cooperating means on said top means, bottom means and said depth adjustment
      means to allow adjustments in depth of said vertical compartments without
      removing said depth adjustment means from within said rack assembly;
PA1  said articles feeding by gravity as an individual article in a compartment
      is removed through an opening in the bottom portion of said retaining
      means thereby allowing the remaining articles in that compartment to drop
      downward.
NUM  2.
PAR  2. The rack assembly as recited in claim 1 wherein said retaining means
      includes front flanges on said adjustable vertical walls extending from
      near the top means to said opening in said retaining means.
NUM  3.
PAR  3. The rack assembly as recited in claim 2 wherein said retaining means
      includes a back member and side members; said back member connecting to
      said vertical walls, said top means, said side members and said bottom
      means; said side members also including front flanges similar to said
      front flanges on said adjustable vertical walls.
NUM  4.
PAR  4. The rack assembly as recited in claim 3 further including means for
      moving the lowermost of said articles forward, and a stop means attached
      to the front portion of said bottom means to hold the lowermost article in
      said rack assembly until needed.
NUM  5.
PAR  5. The rack assembly as recited in claim 4 wherein said front flanges have
      a space between their uppermost portion and said top means for insertion
      of said articles in said compartments, a distance being allowed between
      said front flanges to view said article contained in said compartments.
NUM  6.
PAR  6. The rack assembly as recited in claim 5 wherein said front flanges are
      stepped outward at the top and bottom thereof to insert and remove
      articles of varying diameters.
NUM  7.
PAR  7. The rack assembly as recited in claim 2 wherein said adjustable vertical
      walls are connected by locking tabs and holes.
NUM  8.
PAR  8. The rack assembly as recited in claim 2 wherein said retaining means
      includes rear flanges on said adjustable vertical walls for holding said
      articles in said compartment, said articles being inserted diagonally
      between said flanges into said compartments.
NUM  9.
PAR  9. The rack assembly as recited in claim 8 further includes cross brace
      means secured to adjustable vertical walls.
NUM  10.
PAR  10. The rack assembly as recited in claim 9 wherein said adjustable
      vertical walls are connected by locking tabs and holes.
NUM  11.
PAR  11. The rack assembly as recited in claim 9 wherein said articles are
      dispensed through said opening between the lowermost portion of said front
      and rear flanges and said bottom means.
NUM  12.
PAR  12. The rack assembly as recited in claim 11 wherein said depth adjustment
      means are removable rods extending from said top means to said bottom
      means.
NUM  13.
PAR  13. The rack assembly as recited in claim 12 further including a means for
      suspension from an overhead.
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ABST
PAL  A tie rack designed to support both untied and pretied neckties which
      includes a base plate, posts received in sockets formed in the base plate
      and projecting from a front face thereof, wire loops disposed between the
      posts with the ends of the loops received in the sockets, and adjustable
      attaching brackets telescopically receiving opposite ends of the base
      plate. The spacing of the posts and the loops is such that untied neckties
      can be draped over all of the posts while all of the wire loops are
      occupied simultaneously by pretied neckties with the hooks thereof
      engaging the loops.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A number of designs have been proposed for necktie racks for display and
      storage purposes. For example, the early patent to Runtz, U.S. Pat.
      655,739, discloses a display rack for supporting several pretied neckties
      of an older type. The patent to Henninger, U.S. Pat. 1,687,129, on the
      other hand, discloses a necktie holder for untied neckties which includes
      springs for holding the ties on the tie supports.
PAR  A further example is shown in the patent to Pedersen, U.S. Pat. No.
      2,914,182, which discloses a tie rack which accommodates both untied
      four-in-hand ties and pretied bow ties. Another patent dealing with a tie
      rack for pretied neckties is that of Williams, U.S. Pat. No. 2,361,266.
      With regard to racks generally, the patent to Lodato, U.S. Pat. No.
      2,606,711, discloses a hanger or rack having adjustable ends for mounting
      the hanger on a door.
PAR  While the majority of neckties sold in the United States are of the untied,
      four-in-hand type, pretied neckties of the type having a single clip near
      the rear center of the knot which are attached to the shirt of the wearer,
      have gained increasing popularity in recent years and it is quite common
      for a person to include both types of neckties in his wardrobe. Prior art
      tie racks, however, appear to be designed to support only a single type of
      tie, to be of unduly complicated and hence expensive design, or both.
PAR  Thus it will be seen that, despite an obvious interest in tie rack design
      for an extended period of time, as evidenced by the above noted patents, a
      need still exists for a combination tie rack which will not only
      accommodate both untied, four-in-hand type ties but the modern, pretied,
      clip attached ties on a single rack, but which is not undnly complicated
      in structure and hence prohibitively expensive to produce.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a combination tie rack which includes
      provision for supporting both untied, four-in-hand ties and pretied, clip
      attached ties on a single rack, but which is constructed such that the
      various rack components cooperate to provide an overall design which
      results in simplified manufacturing operations and commensurate reduction
      in production costs.
PAR  Specifically, the combination tie rack of the present invention includes a
      base plate having a series of spaced apart sockets formed therein along
      the length thereof. Received in these sockets are a plurality of posts
      which project outwardly from the front face of the base plate and are
      adapted to support thereon untied, four-in-hand ties.
PAR  A plurality of loops, preferably of generally semicircular configuration
      and conveniently formed of wire, are positioned intermediate each pair of
      adjacent posts with the ends of the loops received in the same sockets as
      the posts. The loops also project outwardly from the front face of the
      base plate and are adapted to be engaged by the hooks of pretied neckties
      of that type, and the spacing between adjacent posts and loops is such
      that all of the posts and loops can be occupied simultaneously by untied
      and pretied neckties.
PAR  Conveniently the base plate is provided with substantially C-shaped
      brackets, slidably and telescopically received on each end of the base
      plate. This allows the base plate to be attached to a door of the hollow
      core type, with the fasteners projecting through the C-shaped brackets
      directly into the frame members of the door or permits the rack to be
      secured to a wall with the C-shaped brackets adjusted appropriately to
      allow the fasteners passing through the brackets to engage the studding
      within the wall.
PAR  By forming the brackets of C-shaped construction, the front face of the
      brackets is left open to prevent interference with the tie supporting
      members projecting from the front face of the base plate, yet the base
      plate is slidably received in the brackets. As a result the base plate can
      be formed inexpensively from a single piece of wood, plastic or the like,
      and the brackets can be formed inexpensively of sheet metal or of molded
      plastic construction.
PAR  From the above and the following detailed description it will be seen that
      the present invention provides a combination tie rack having adjustable
      attaching brackets and adapted to support both untied, four-in-hand ties
      and pretied neckties, but which, through the unique cooperation of the
      components of the tie rack, may nonetheless be produced by relatively
      simple manufacturing processes and at relatively low cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a tie rack in accordance with the present
      invention attached to a supporting member and showing for purposes of
      illustration two different types of ties supported thereby;
PAR  FIG. 2 is an end view of the tie rack of the present invention;
PAR  FIG. 3 is a cross-sectional view taken on line 3--3 of FIG. 2; and
PAR  FIG. 4 is a top plan view of the tie rack of the present invention showing
      it attached directly to the structural members of a supporting member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings, it will be noted that a tie rack 10 in
      accordance with the present invention includes a base plate 12 having a
      front face 14, a rear face 16 and upper and lower edges 18 and 20,
      respectively. As best seen in FIG. 3 of the drawings, sockets 22 are
      formed in the base plate 12 at regularly spaced intervals and receive
      posts 24. Each of the sockets 22 also accommodates the end portions 26 of
      loops 28.
PAR  As is apparent from an inspection of FIGS. 1 and 3 of the drawings, the
      posts 24 accommodate untied ties 30 of the four-in-hand type, which are
      simply draped over the post 24 while the loops 28 are engaged by the clips
      32 of pretied neckties 34. It will be noted that the sockets 22
      accommodate both the ends 26 of the loops 28 and the posts 24, resulting
      in simplified manufacturing operations, and that the spacing between
      adjacent posts and loops is such that all of the posts and loops can be
      occupied simultaneously by, respectively, untied and pretied neckties.
PAR  It will often be desirable to attach the tie rack 10 to a supporting
      surface, such as a hollow core door or a conventional wall containing
      internal studding. In either case, it is desirable that the tie rack be
      attached directly to structural members rather than to merely the
      sheathing. This is accomplished in accordance with the present invention
      by providing opposite ends of the base plate 12 with substantially
      C-shaped brackets 36 having openings 38 therethrough to accommodate screws
      or other fasteners 40.
PAR  The brackets 36 are slidably and telescopically received on opposite ends
      of the base plate 12, each bracket including a rear portion 42, upper and
      lower edges 44 and 46, and upper and lower front portions 48 and 50. As a
      result, the rear face 42 of the bracket overlies the rear face 16 of the
      base plate, the upper and lower edges 44 and 46 overlie the upper and
      lower edges 18 and 20 of the base plate and the upper and lower front
      portions 48 and 50 of the bracket overlie portions of the front face 14 of
      the base plate adjacent the upper and lower edges thereof.
PAR  This provides a strong yet adjustable connection between the brackets and
      the base plate, while at the same time obviating any interference between
      the brackets and the tie supporting posts and loops 24 and 28, regardless
      of the extent to which the base plate is telescoped within the brackets
      36.
PAR  As will be apparent from FIG. 4 of the drawings, where a door 52 is shown
      for purposes of illustration as a supporting member, the brackets 36 are
      adjusted so that they overlie the frame members 54, so that the rack 10
      can be attached directly to the frame members 54 of the door rather than
      to the sheathing 56 thereof.
PAR  From the above it will be seen that the present invention provides an
      adjustable, combination tie rack adapted to support simultaneously both
      pretied and untied neckties, but in which the components of the tie rack
      cooperate to provide simplicity of construction and relatively low
      manufacturing costs.
PAR  While the article herein described constitutes a preferred embodiment of
      the invention, it is to be understood that the invention is not limited to
      this precise article and that changes may be made therein without
      departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination tie rack comprising:
PA1  a. an elongated, substantially rectangularly shaped base plate having front
      and rear faces thereon,
PA1  b. a plurality of sockets formed in said base plate at said front face
      thereof at uniformly spaced intervals along said front face,
PA1  c. a plurality of posts having the bases thereof received in said sockets,
PA1  d. said posts projecting from said front face of said base plate
      substantially perpendicularly with respect thereto and thereby being
      shaped to support untied neckties thereon,
PA1  e. a plurality of discrete, semi-circular wire loops projecting outwardly
      perpendicularly from said front face of said base plate,
PA1  f. ends of each of said wire loops being received in adjacent sockets with
      said posts, thereby disposing said loops intermediate said posts,
PA1  g. said wire loops being adapted to be engaged by the hooks of pretied
      neckties to suspend pretied neckties therefrom and the spacing between
      said posts and said loops being such that all of said posts and said loops
      can be occupied simultaneously by untied and pretied neckties,
      respectively,
PA1  h. a pair of substantially C-shaped attaching brackets telescopically
      receiving opposite ends of said base plate,
PA1  i. said attaching brackets, at each end of said base plate, overlying said
      rear face and upper and lower edges of said base plate and portions of
      said front face adjacent said upper and lower edges, and
PA1  j. openings formed through said base plate to receive fasteners
      therethrough, thereby adapting said base plate for direct attachment to
      internal structural members of a vertical supporting surface.
NUM  2.
PAR  2. A combination tie rack comprising:
PA1  a. an elongated base plate having front and rear faces,
PA1  b. a plurality of discrete posts received in sockets formed in said base
      plate at regularly spaced intervals,
PA1  c. said posts projecting outwardly from said front face of said base plate
      at an angle thereto such that said posts are adapted to support untied
      neckties draped thereover,
PA1  d. a plurality of wire loops mounted on said front face of said base plate
      at points thereon adjacent bases of said posts and projecting ouwardly
      from said base plate in the same direction as said posts,
PA1  e. said loops being adapted to be engaged by the hooks of pretied neckties
      to thereby suspend pretied neckties therefrom,
PA1  f. said loops being disposed intermediate said posts,
PA1  g. said loops having opposite ends received in said sockets, and
PA1  h. the spacing between adjacent posts and loops being such that untied
      neckties can be suspended from all of said posts while pretied neckties
      are suspended simultaneously from all of said loops.
PATN
WKU  039386686
SRC  5
APN  4443551
APT  1
ART  355
APD  19740221
TTL  Guiderail system for storage racks
ISD  19760217
NCL  3
ECL  1
EXA  Holko; Thomas J.
EXP  Frazier; Roy D.
NDR  2
NFG  9
INVT
NAM  Konstant; Anthony N.
CTY  Mount Prospect
STA  IL
ASSG
NAM  Speedrack Inc.
CTY  Skokie
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COD  02
CLAS
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XCL  256 131
XCL  403174
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UREF
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NAM  Mosinski
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UREF
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NAM  Keliehor
XCL  211182
UREF
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NAM  Novales
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PNO  3679067
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NAM  Seiz
XCL  256 13.1
UREF
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CNT  SW
OCL  403295
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LREP
FRM  Fitch, Even, Tabin & Luedeka
ABST
PAL  A guiderail system for floor-mounted storage racks which is located
      generally adjacent the access aisles. Tubular guiderails are supported by
      brackets which include a pair of sockets extending in opposite horizontal
      directions which sockets are proportioned to closely interfit within the
      tubular guiderail. A main plate portion of the bracket is disposed under
      the storage rack column or support to transfer the load carried by the
      storage rack to the bracket and thus stabilize and rigidify the guiderail
      system.
BSUM
PAR  The present invention relates to guiderails and is particularly directed to
      guiderail assemblies for use with storage racks that will be serviced by
      mechanical lift equipment.
PAR  Lift trucks are commonly employed to move goods throughout warehouse
      storage, and these trucks, often called "order pickers," move into and out
      of the rack aisles in order to transport the various items which are
      stored on the storage rack shelves. The items, often in palletized form,
      are carried in front of trucks on forks or booms which form an integral
      part of the truck itself. The rack aisles in which these trucks operate
      are usually narrow in order to make the maximum utilization of warehouse
      floor space. As a consequence, it is common for such equipment to often
      strike the racks in moving along such relatively narrow aisles.
PAR  In order to avoid potential damage to the storage racks, it has become
      desirous to locate guiderails just above floor level which will restrain
      the lateral movement of such lift trucks and thereby prevent them from
      striking the racks. Moreover, some mechanical lift equipment is provided
      with horizontally disposed guide wheels, just above floor level, which
      will contact such guiderails and move smoothly therealong.
DRWD
PAR  It is an object of the present invention to provide improved guiderail
      assemblies for use with storage racks. Another object of the invention is
      to provide an improved support arrangement for guiderails for storage
      racks. A further object of the invention is to provide an improved rigid
      guiderail system for storage racks that minimizes erection time and
      effort. These and other objects of the invention will be apparent from a
      reading of the following detailed description when taken in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view, with portions broken away, illustrating a
      cantilever rack arrangement using a guiderail assembly embodying various
      features of the invention;
PAR  FIG. 2 is an exploded perspective view, enlarged in size, with portions
      broken away, illustrating the guiderail arrangement depicted in FIG. 1;
PAR  FIG. 3 is an enlarged plan view of the main guiderail support bracket shown
      in FIGS. 1 and 2;
PAR  FIG. 4 is a right side elevation view of the main bracket shown in FIG. 3;
PAR  FIG. 5 is a fragmentary perspective view of an alternative embodiment of a
      guiderail arrangement embodying various features of the invention;
PAR  FIG. 6 is an enlarged perspective view of the main guiderail bracket shown
      in FIG. 5;
PAR  FIG. 7 is a sectional view showing an intermediate support bracket, which
      view is taken generally along line 7--7 of FIG. 5;
PAR  FIG. 8 is an enlarged sectional view taken generally along the line 8--8 of
      FIG. 5; and
PAR  FIG. 9 is a sectional view similar to FIG. 8 showing an alternative
      embodiment of a storage rack-guiderail system.
DETD
PAR  FIG. 1 illustrates a storage rack arrangement designed for use with
      mechanical lift equipment which employs cantilever storage racks 11. The
      cantilever racks 11 include a central column arrangement 13 from which
      cantilever arms 15 are supported, extending in opposite directions.
      Shelves 17 are preferably supported between adjacent pairs of cantilever
      arms 15 so as to provide a substantially continuous storage space at a
      desired vertical level on either side of the cantilever rack columns 13.
PAR  Each central column arrangement 13 is supported on the floor by an
      elongated base 19 which preferably extends the full depth of the
      cantilever rack 11. Unless the floor itself is used for the lowest level
      of storage, or unless the racks 11 are being used to store rigid items,
      for example, rod or pipe, the cantilever rack bases 19 will normally be
      adapted to support shelving (not shown) in substantially the same manner
      as the shelves 17 are supported by the cantilever arms 15, to thereby
      provide a continuous storage space at a level a few inches above the
      floor.
PAR  The storage rack 11 is equipped with a guiderail assembly 21 that provides
      a continuous vertical guide surface along the entire edge of the storage
      rack 11; and thus, the guiderail assembly 21 essentially defines the edge
      of the aisle serving that storage rack bay. The illustrated guiderail
      assembly 21 includes a number of lengths or sections of tubular guiderail
      23 which are supported by dual brackets 25. At the entrance to the aisle,
      a spring entry assembly 27 protects the storage rack from impacts by
      mechanical lift equipment, which impacts might come from different
      directions of incidence. The spring entry assembly 27 is disclosed in
      detail in my copending patent application Ser. No. 265,229, filed June 22,
      1972, and now U.S. Pat. No. 3,796,410.
PAR  As best seen in FIG. 2, the spring entry assembly 27 includes a
      horizontally extending projection or socket 29 which is proportioned to
      interfit within the end of a length of tubular guiderail 23 of rectangular
      cross section and thereby support it in the desired location just slightly
      above floor level. As can be seen in FIG. 1, the spring entry assembly 27
      is suitably attached to the base 19 at the end of the cantilever rack 11.
      If desired, a guiderail 31, which would be located along the edge of a
      main aisle, might optionally be located between the spring entry assembly
      27 at one end of the base 19 and another spring entry assembly (not shown)
      at the opposite end of the same base 19.
PAR  The dual support brackets 25 are illustrated in FIGS. 2, 3 and 4 and are
      adapted to mate with the terminal portions of the individual bases 19 of
      the cantilever rack. As a result of such mating, the weight of the loaded
      cantilever rack 11 is transferred to the dual brackets 25, providing an
      extremely stable support point for the ends of the lengths of tubular
      guiderail 23. The dual support bracket 25 is formed with a flat base plate
      section 33 which lies in contact with the floor and which plate is bent to
      have an upstanding front vertical section 35, that constitutes a short
      section of the overall continuous vertical guide surface adjacent the
      aisle.
PAR  The dual bracket 25 also includes a pair of parallel, vertical plates 37
      which are suitably attached, as by welding, to the main bottom plate 33
      and to its front vertical extension 35. The plates 37 are spaced apart a
      sufficient distance to accommodate therebetween the forwardmost, terminal
      portion of the cantilever rack base 19. Each of the plates 37 includes an
      elongated slot 39 through which the dual bracket 25 is secured to the base
      of the cantilever rack, by a bolt and nut (not shown), after it is in
      position. Each of the plates 37 includes an outwardly extending projection
      or socket 41 which has the general shape of a channel and which is
      similarly proportioned, as the projection or socket 29, to closely
      interfit within the rectangular, tubular, guiderail length 23. The flange
      portions of the channel-like socket 41 have a chamfer 43 at their ends to
      facilitate the easy mating with the guiderail 23.
PAR  As best seen in FIGS. 3 and 4, each of the sockets 41 is welded to the
      outer face of the vertical plate 37 and to the rear surface of the
      upstanding front plate section 35. Accordingly, when the guiderail 23 is
      installed on the socket 41, the guiderail abuts the side edge of the
      upstanding plate section 35 and provides a substantially continuous
      vertical surface as is shown in FIG. 1. The dual support bracket 25 is
      designed to be firmly secured to the warehouse floor, and to this end,
      four holes 45 are provided in the main plate 33 to accommodate suitable
      screws. Enlarged holes 47 are provided in the horizontal web of the
      sockets 41 to accommodate the passage of a socket therethrough to
      facilitate the installation of mounting screws through the forwardmost
      pair of holes 47 in the dual bracket.
PAR  The employment of tubes of rectangular cross section, particularly when the
      horizontal dimension of the tube is greater than its vertical dimension,
      results in an extremely stable guiderail arrangement which normally
      requires no intermediate support between adjacent bases 19 of the
      cantilever rack installation. The channel-shaped sockets 41 are
      proportioned to very closely approximate the interior shape of the hollow
      tubular guiderail 23 and thus establish a firm connection at the points of
      engagement with the dual brackets 25 and the guiderail. The erection of
      the illustrated arrangement depicted in FIG. 1 is fairly simply carried
      out because a bracket 25 need be installed only at the location of each
      cantilever rack base 19. For use with most fork trucks sold in the U.S.
      today, the span between bases 19 may be as long as 12 feet without
      requiring additional guiderail support other than the brackets 25. Because
      the end of the base 19 rests on the main plate 33 of the bracket, the load
      of the storage rack installation is effectively transferred in substantial
      amount to the bracket 25 and thus very considerably adds to the overall
      stability and rigidity that is provided by the illustrated guiderail
      arrangement 21.
PAR  Shown in FIG. 5 is a modified type of cantilever rack arrangement wherein a
      pair of cantilever rack bases 51 are depicted which are designed to be
      spaced apart a distance substantially greater than the bases 19 shown in
      FIG. 1. The bases 51 have their outermost lower ends recessed so as to
      accommodate therebeneath dual support brackets 53 of a slightly different
      configuration. As best seen perhaps in FIG. 8, each of the cantilever rack
      bases 51 is provided with an upper front support bracket 55 designed to
      hold a 2 .times. 4 or the like which will provide a support for plywood
      decking or the like. The recess 57 is generally rectangular in shape and
      is disposed in the region just below the support bracket 55.
PAR  The dual support bracket 53 includes a main bottom plate 59 which is bent
      to have a short vertical front section 61. Suitably attached, as by
      welding, to the main plate 59 and to its front section 61 are a pair of
      parallel, vertical plates 63 which are spaced apart a sufficient distance
      to accommodate the width of the cantilever rack base 51 therebetween. The
      plates 63 have elongated slots 65 through which a bolt 67 can be passed to
      interconnect the dual support bracket 53 and the cantilever base 51.
PAR  Supported atop the upper edge of the short front plate section 61, and
      rigidly connected to the front edges of the parallel vertical plates 63,
      is a horizontal spacer 69 which is a short length of the same tubular
      material used for the guiderail. The spacer 69 supports a pair of sockets
      71 extending from either end thereof which are similar in shape to the
      sockets 41 described hereinbefore and which function in the same manner.
      If desired, the sockets 71 can be provided by a single piece of channel
      iron which extends completely through the spacer 69 and protrudes from
      both ends. Alternatively, separate sections of channel iron can be
      provided and suitably secured to each end of the spacer 69 to create the
      two sockets 71. As illustrated in FIG. 5, each of the sockets 71 on the
      dual support bracket 53 receives an end of a length of guiderail 73, which
      it supports the desired distance above the floor level.
PAR  The spacer portion 69 of the bracket is accommodated in the recess 57
      provided in the cantilever rack base 51 (as best seen in FIG. 8) so that
      the forwardmost vertical wall of the spacer 69 (and the guiderail 73) is
      substantially flush with the end face of the cantilever rack base 51. As
      in the case of the arrangement shown in FIGS. 1 through 4, the terminal
      portion of the bottom of the cantilever rack base 51 rests upon the upper
      surface of the main plate 59 of the dual support bracket and thus
      transfers a substantial amount of the weight of the loaded storage rack to
      the bracket 53, contributing stability and rigidity to the overall
      guiderail arrangement. In addition, the main plate 59 is provided with
      holes 75 through which screws are passed to anchor the dual support
      brackets 53 to the warehouse floor.
PAR  The cantilever rack support bases 51 may be spaced further apart than the
      bases 19 depicted in FIG. 1. Also, as earlier indicated, although a
      12-foot span of guiderail need not be further supported for use with most
      fork trucks, whenever the spacing exceeds 12 feet or when the installation
      is designed for use with trucks which can exert substantially large
      lateral loads, it is desirable to include an intermediate brace 77 at
      about the midpoint between the bases 51. The brace 77 (see FIG. 7) may be
      a section of channel iron having a notch 79 cut in its upstanding flanges
      so as to fit just behind and under the guiderail 73. Four holes 81 are
      formed in the web of the channel iron through which suitable screws (not
      shown) are passed to anchor the brace 77 to the warehouse floor.
PAR  Shown in FIG. 9 is an alternative embodiment wherein the dual support
      bracket 53 is being used with a cantilever rack base 51a which does not
      include a recess 57. In such an instance, the spacer 69 and thus the
      entire guiderail arrangement is located so that it extends a slight
      distance into the existing service aisle than in the embodiment depicted
      in FIG. 8. However, depending upon the precise type of mechanical lift
      equipment which will be employed, there may be an advantage to having the
      guiderail arrangement protrude a few inches from the outermost end surface
      of the cantilever rack base 51a. Likewise, it should be understood that
      the depth of the storage rack base might be slightly shorter than the
      length of the cantilever arm so that, even in the embodiment depicted in
      FIG. 9, the vertical guide surface of the guiderail arrangement could
      still be substantially in vertical alignment with the edge of the
      cantilever rack shelves.
PAR  Although the invention has herein been illustrated by reference to various
      preferred embodiments, it should be understood that the invention is not
      limited to the illustrative embodiments but is intended to include any
      modifications that might be made which would be obvious to one having the
      ordinary skill in the art. For example, the guiderail arrangement is not
      limited to use with cantilever racks, but it is also considered to be
      useful with other types of storage rack systems. For example, the
      guiderail arrangement may be employed with selective pallet racks of the
      general type illustrated in U.S. Pat. No. 2,932,368, issued Apr. 12, 1960.
      In such an instance, the spacing between the parallel vertical plates
      carried by the dual support brackets often would be made slightly greater
      so as to accommodate a tubular storage rack post.
PAR  Applicant has provided a relatively simple but extremely rigid guiderail
      system for use with storage racks that will be serviced by mechanical lift
      equipment. Whereas previous guiderail arrangements required significant
      erection time necessitated by drilling and anchoring an angle iron
      guiderail to the floor at relatively close intervals, this is obviated
      because of the rigidity which is obtained by the use of the illustrated
      tubular guiderail of rectangular cross section in connection with the dual
      brackets which provide extremely stable support points as a result of the
      combination of their being anchored to the floor plus carrying a
      substantial portion of the weight of the loaded storage rack.
PAR  Various of the features of the invention are set forth in the claims
      appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cantilever storage rack having support means in contact with the floor
      including an elongated base extending substantially the full depth of said
      rack to a location adjacent an aisle which provides access to the storage
      rack, a guiderail located along the aisle-defining edge of the storage
      rack and bracket means for holding said guiderail in desired position,
      said guiderail being tubular, and said bracket means including
      horizontally extending projections proportioned to closely interfit within
      said tubular guiderail, said base containing a recess in the lower portion
      of the outer end thereof adjacent the aisle, which recess accommodates a
      portion of said bracket means so that the outermost extension of said base
      is in general vertical alignment with the outermost extension of said
      guiderail and the load carried by the storage rack is transferred to said
      bracket means.
NUM  2.
PAR  2. A storage rack incorporating a guiderail system comprising a storage
      rack having support means in contact with the floor at a location
      generally adjacent an aisle that provides access to the storage rack, a
      sectional tubular guiderail rectangular in cross section located along the
      aisle-defining edge of the storage rack, and a bracket mounting said
      guiderail in desired position, said bracket having a base plate portion
      disposed under and in contact with an outer portion of the storage rack
      support means adjacent the aisle to transfer the load carried by the
      storage rack to said bracket, a pair of lateral projections being affixed
      to a pair of upstanding vertical plates and extending horizontally
      therefrom in opposite directions, each of which projections has at least
      one horizontal wall and one vertical wall and is proportioned to closely
      interfit within one of said tubular guiderail sections, first aperture
      means in said vertical plates aligned with second aperture means in said
      support means, and connector means in said aligned aperture means
      interconnecting said rack support means and said bracket, said base plate
      extending laterally past said pair of vertical plates and containing holes
      therein, and fastener means extending through said holes and securing said
      bracket to the floor, said horizontal wall of each projection overlying
      one of said holes and having an access opening formed therein through
      which said fastener is inserted.
NUM  3.
PAR  3. A storage rack in accordance with claim 2 wherein said bracket means
      includes a vertical-surface-providing element located between said
      projections, which vertical surface is flush with the outer vertical
      surface of said rectangular cross section guiderail.
PATN
WKU  039386694
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ABST
PAL  A pipelayer comprising a tractor vehicle having an extensible boom
      pivotally mounted to the vehicle and extended to one side thereof is
      provided with a hydraulic circuit for performing all operations of the
      boom and accessories. The hydraulic circuitry comprises a low volume
      source of fluid selectively directable to a first plurality of the motors
      of the machine for operating these motors at a low speed and a second
      source of fluid including circuits for selectively directing the fluid to
      a second plurality of motors including some of the first motors. Two
      motors within the circuit may be operated from either of the sources of
      fluid. Valve means are interconnected for simultaneous control for
      selectively directing fluid from either of the sources to the two motors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to hydraulic circuits and pertains
      particularly to a hydraulic circuit for a pipelayer to provide all
      hydraulic functions for the pipelayer.
PAR  Pipelayers in the past have typically been constructed with mechanical
      winches and cables for controlling positioning the boom and hoisting a
      load. This machine typically has the usual problems associated with the
      use of cables, clutches and brakes to control the various functions of the
      machine and its attachments. Cables are quite hazardous and are subject to
      rapid wear and breakage. The control of the boom and load by means of
      cable and clutches presents problems of both control and movement of the
      boom and its load.
PAR  The use of hydraulic systems to control and perform these functions has
      started to come into use recently. However, some of these systems have
      disadvantages in that they do not provide the necessary precise control
      and do not have the versatility desired.
PAR  The use of hydraulically actuated booms and hoist assemblies is illustrated
      in U.S. Pat. Nos. 3,265,218 issued Aug. 9, 1966, to Stefanutti; and
      3,300,060 issued Jan. 24, 1967, to Lado.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  In accordance with the present invention, the hydraulic circuit is provided
      for a pipelayer wherein the circuit includes two separate sources of fluid
      for controlling functions of the machine. One source of fluid is a low
      volume source for precise manipulation and control of the implements as
      well as to operate an anti-drift mechanism for the boom and hoist. The
      second source is a high volume source to provide high speed operation of
      the various functions. The control valves for both systems for controlling
      the hoist and the boom motors are operated from the same control lever for
      the sequential operation of the valves for the separate circuits.
PAR  It is the primary object of the present invention to overcome the
      aforementioned problems of the prior art.
PAR  It is another object of the present invention to provide a hydraulic system
      for a pipelaying mechanism which provides both high speed and low speed
      operation of the pipelaying mechanism.
PAR  A further object of the present invention is to provide a hydraulic control
      system for pipelaying machine wherein the control system includes both
      high speed and low speed operation as well as anti-drift mechanisms.
PAR  Another object of the present invention is to provide a hydraulic circuit
      for pipelayers wherein the circuit having both high speed and low speed
      operations includes anti-drift means as well as emergency drop control
      means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the present invention will
      become apparent from the following description when read in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is an end elevational view of a pipelaying vehicle embodying the
      present invention;
PAR  FIG. 2 is a schematic layout of a hydraulic control system embodying the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings and particularly to FIG. 1, there is
      illustrated a pipelayer vehicle incorporating the present invention. The
      pipelayer comprises generally a suitable vehicle generally designated by
      numeral 10 which will be any suitable type, but as illustrated, preferably
      a crawler tractor. An extensible boom 11 is pivotally mounted on the
      vehicle preferably near the center thereof for pivotal movement in a
      vertical plane about a horizontal axis such as the pin 12 on the vehicle.
      The boom 11 generally comprises a first section 13 which is pivoted at the
      pivot point 12 and a second outer section 14 which is telescopically
      received within the first portion 13 and extensible therefrom.
PAR  The boom is raised and lowered within this plane about pivot point 12 by
      means of a suitable hydraulic motor or ram 15 shown secured at one end to
      the frame means of vehicle 10 and at the other end to boom 11. A boom
      extension motor 16 which is also a suitable hydraulic motor is connected
      at one end to section 13 and the other end to section 14 of the boom 11
      and is operative to extend and retract the boom sections.
PAR  A hoist motor 17 is mounted within boom section 13 and is connected at one
      end to the boom section 13 and at the other to a cable 18 which is
      suitably mounted for extension and retraction from the end of the boom by
      means of suitable pulleys and the like. A hook 19 or other suitable
      implement means may be mounted on the outer end of the cable 18.
PAR  A suitable counterweight 20 is pivotally mounted on the opposite side of
      the tractor forming the extension of the boom 11 for counterbalancing the
      weight of the load on the boom. The counterweight is suitably mounted on
      the tractor by means of linkage system for extension outward into the
      position as shown in phantom. The counterweight is pivotally supported on
      a pair of links 21 and 22 which are pivoted at one end to the tractor and
      the other end to the counterweight itself. A counterweight extension motor
      23 is connected between the vehicle frame and the counterweight and is
      operative to extend and retract the counterweight 20 into suitable
      position to counterbalance the load on boom 11.
PAR  Referring now to FIG. 2, there is illustrated in schematic form the
      preferred embodiment of a hydraulic circuit for the apparatus of FIG. 1.
      This hydraulic circuit comprises essentially a dual source of hydraulic
      fluid, one source for low speed operation and precise control, and a
      second source for high speed operation. The source of pressurized fluid
      for low speed operation may have a volume on the order of approximately
      one-fourth that of the high speed source. Separate valve systems are
      provided for controlling the fluid from the respective sources to the
      respective motors. The hoist motor and the boom lift motor can be operated
      selectively from either source. The separate valve systems are
      interconnected by control means that is operated to shift the low speed
      valve to operative position first, and thereafter with continued movement
      of the control means to shift the low speed system into non-operative
      position while simultaneously therewith shifting the high speed system
      into operation.
PAR  The low volume circuit comprises a source of pressurized fluid which
      comprises a pump 24 which draws fluid from a reservoir 25 and supplies it
      by way of supply conduit 26 to a first bank of control valves generally
      indicated at 27. A charging valve 28 is disposed in the main pressure
      supply line 24 for maintaining a sufficient pressure therein to charge a
      pair of accumulators 29 and 30 to which the pump 24 is communicated by way
      of supply conduit 26. These accumulators maintain a ready supply of fluid
      for the antidrift control and for an emergency drop system to be described
      later. The valve 28 may be any suitable spool type dump valve responsive
      to a predetermined pressure within the main supply line 26 to shift to a
      position to dump the fluid from supply line 26 to tank 25 via return lines
      41 and 42.
PAR  A first valve 31 in the bank 27 receives fluid from pump 24 and supplies it
      by way of conduits or supply conduit 32 and 33 to the boom lift motor 15.
      The valve 31 is a five-position valve having a closed center neutral
      position and fluid direction positions immediately to either side of the
      center position with the outermost position in either direction being a
      non-directing position of the valve. The function of the latter position
      would be described later in conjunction with the simultaneous operation of
      another valve.
PAR  A second five-position valve 34 is operative to direct fluid from pump 24
      by way of motor supply lines 35 and 36 to the hoist motor 17. This valve
      is identical to valve 31 and also operates in conjunction with another
      valve to be described later. A three-position valve 37 is operative to
      direct fluid from pump 24 by way of motor control lines 38 and 39 to the
      boom extension motor 16. A load check valve 40 is provided in each of the
      motor control lines 38 and 39.
PAR  The just described circuit is a low speed circuit for the apparatus for the
      purpose of slowly moving the boom or hoist into a position. This circuit
      comes into operation first when the control lever for either one of the
      hoist or the boom lift is activated as will be more fully described later.
PAR  The accumulator 29 is operative to maintain a reserve of pressurized fluid
      in the system for supplying to either one of valves 31, 34 or 37 for
      incremental movement of the respective motors controlled thereby. The
      valve 28 is operative in the position shown to direct fluid along the
      conduit 26 for supply to the respective valves 31, 34 and 37 and to the
      accumulators 29 and 30. When the valves 31, 34 and 37 are in their neutral
      position as shown wherein the fluid flow therethrough is stopped, fluid
      backs up into accumulators 29 and 30 until they are full or reach their
      maximum pressure at which time valve 28 is shifted automatically by the
      pilot signal to its rightmost position to communicate the output from pump
      24 by way of conduit 41 to the return passageway or conduit 42 back to
      tank or sump 25. A check valve 43 prevents fluid from accumulators from
      draining back to sump or back to the pump if the pump should fail or stop.
      Another check valve 44 is operative to prevent fluid from accumulator 30
      from feeding back into the supply line 26.
PAR  The accumulator 30 is operative to supply fluid along conduit 45 to supply
      the fluid to a boom drift sensing valve 46 and a hoist drift sensing valve
      47. The complete function of these valves will be more fully described
      later.
PAR  The accumulator 30 also provides fluid which is controllable by means of a
      valve 48 which controls a pilot operated valve 49 which functions as an
      emergency drop valve. The normal position of valve 48 as shown vents a
      pilot line 50 which communicates with valve 49 to tank 25 by way of return
      line 51. In this position, of valve 48, the control chamber of valve 49 is
      vented thus permitting valve 49 to shift to its block position as shown to
      permit normal operation of motor 17. However, upon shifting of valve 48 to
      its righthand position, fluid from accumulator 30 is communicated by way
      of the valve through pilot line 50 which biases valve 49 to the left to
      provide open communication between motor control lines 35 and 36 to permit
      hoist motor 17 to free wheel or run freely in its response to a load.
PAR  The high speed portion of the circuit comprises a high volume pump 52
      operative to draw fluid from reservoir 25 and supply it by way of a high
      pressure supply line 53 to a bank of valves generally indicated by the
      numeral 54 and comprising a first three-position open-centered valve 55
      operative to selectively direct fluid by way of either one of motor
      control lines 56 or 57 to boom lift motor 15. The motor control line 56
      joins with motor lines 33 and passage 58 to supply fluid to the rod end of
      motor 15. Motor control line 57 joins with motor control line 32 at
      passage 59 to supply fluid by way of branch passage 59 and a load check
      valve 60 to the head end of motor 15. A second open-centered control valve
      61 in bank 54 is supplied fluid from pump 52 and is operative to direct
      that fluid by way of motor control lines 62 and 63 to the hoist motor 17.
      The motor control line 62 joins with motor control line 36 at passage 64
      for directing the fluid to the rod end of motor 17. The motor control line
      63 joins with the motor control line 35 from the other bank of valves and
      at passage 65 for directing the fluid to the head end of motor 17. A load
      check valve 66 is disposed within passage 65 for controlling the fluid
      within the head end of motor 17.
PAR  The load check valves 60 and 66 are of generally conventional design and
      include appropriate pilot control from the opposite motor control port as
      shown in dotted line.
PAR  A third open center three-position valve 67 is operative to direct fluid
      from pump 52 by way of motor control lines 68 and 69 to the rod end and
      head end, respectively, of counterweight positioning motor 23. Each of the
      respective valves 55, 61 and 67 include an exhaust passage in
      communication with a return line 70 for returning fluid to reservoir 25. A
      high pressure relief valve 71 protects the circuit against
      overpressurization.
PAR  Valves 31 and 55 are interconnected by suitable control means to function
      at least partially simultaneously. The control means comprises a suitable
      actuating means such as a lever 72 connected directly to valve 31 for
      positive actuation thereof and interconnected by means of suitable lost
      motion linkage 73 including a lost motion slot at 74 and including a
      resilient portion 75 in the link 73.
PAR  The valve 31 has five positions designated respectively as the neutral
      position being the position shown designated by the N; a raise position
      designated by R; a second raise position designated by R' permitting
      raising of the boom by means of the other circuit. A lower position
      designated by the letter L lowers the boom by means of the low volume
      circuit, and a second lower position L' permits lowering by means of the
      high volume circuit. Thus, with this arrangement and the control
      interconnection, manipulation of control lever 72 such as to the R
      position, the lost motion portion of linkage 73 takes up the slack without
      movement of valve 55, thus permitting only the fluid from pump 24 to be
      supplied to motor 15 for raising the boom. Upon movement of the lever 72
      to the next position R', motor line 33 is communicated with return line
      42, and supply line 26 from pump 24 is blocked. Simultaneously with this
      movement to the R' position, linkage 73 moves valve 55 to the left to the
      raise position of that valve thus supplying fluid from the pump 52
      directly to motor 15 for raising the boom in a rapid movement. The
      linkages and valves operate in a similar manner when valve lever control
      72 is moved in a leftward direction for the lowering function.
PAR  Valve 34 being identical to valve 31 will function in substantially the
      same manner in that the linkage interconnecting valve 34 and valve 61 is
      substantially identical to that connecting the valves 31 and 55.
      Therefore, similar operation would result. The valves 34 and 61 are
      interconnected by similar control means including a control lever 76
      connected positively or directly to valve 34 and linkage means 77
      including lost motion means 78 and a resilient portion 79 interconnecting
      the lever 76 with valve 61. The terms lost motion means and lost motion
      connecting means is used herein in its usual sense as used in mechanical
      linkages to mean a connection which permits an actuating or driving member
      to move over a predetermined range of movement prior to movement of the
      actuated or driven member.
PAR  The anti-drift control means includes the valve 46 which is suitably
      positioned to be selectively connected by means of suitable gripping means
      80 to a linkage member 81 which is connected directly to the boom linkage.
      A pilot signal indicated at 82 is operative to actuate the clamping means
      80 for connecting the valve 46 to the boom linkage. Once the boom is set
      in a predetermined position, the clamping means 80 is activated, thus, at
      that position, valve 46 is in the neutral position. Upon movement of the
      boom or drifting of the boom from that neutral position, the boom moves
      valve 46 to one of two positions directing fluid from line 45 by way of
      one or the other of lines 83 and 84 to an actuator 85 which is operative
      to move lever 72 for shifting valve 31 to thereby direct fluid to the
      appropriate end of motor 15 for correcting the drift. Upon movement of the
      boom back to its initial position, it simultaneously shifts valve 46 to
      the neutral position, thus permitting valve 31 to shift back to the
      neutral position. Thus, valve 46 and the clamping means 80, 81 can be
      considered drift sensor or sensing means.
PAR  A similar anti-drift mechanism is provided for the hoist linkage. This
      anti-drift means includes a valve 47 which is suitably connected by means
      of a clutch 85 to a shaft 86 of the hoist linkage. The valve 47 and its
      associated connecting means becomes drift sensor or sensing means for the
      hoist linkage. The clutch 85 is actuated such as by means of a pilot
      signal indicated at 87. The valve 47 is indicated as a rotary valve and
      upon rotation from its neutral position in either direction, is operative
      to direct fluid from line 45 by way of either one of lines 88 or 89 to an
      actuator 90 connected to actuate control lever 76. The shaft 86 is
      preferably connected to a pulley or the like on the boom over which the
      hoist cable is operated. The operation of this anti-drift mechanism is
      similar to that of the previously discussed anti-drift mechanism. Upon
      positioning the hoist in a preferred position, the clutch 85 is actuated,
      thus connecting valve 47 to a pulley of the hoist linkage. Upon movement
      of the hoist linkage from that position, rotary valve 47 is rotated from
      its neutral position, thus directing fluid along either one of lines 88 or
      89 to the actuator 90. The actuators 85 and 90 are, as illustrated, double
      acting pistons disposed in a cylinder with chambers on either side and
      being normally biased in a central position by spring means as indicated.
PAR  The actuator 85, for example, comprises a housing having a cylindrical
      chamber in which is disposed a double acting piston 91 which is connected
      by rod 92 to the control lever 72. A pair of springs 93 disposed on each
      side of the piston 91 biases the piston to a central position within the
      chamber.
PAR  While the present invention has been described and illustrated by means of
      a specific embodiment, it is to be understood that numerous changes and
      modifications may be made therein without departing from the spirit and
      scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic circuit for a pipelayer machine having an extensible boom
      pivotally mounted to a vehicle, an extensible hoist cable extending from
      the outer end of said boom, and a counterweight extending from one side of
      said vehicle to counterbalance said boom, said circuit comprising:
PA1  a boom lift motor operatively connected for lifting said boom;
PA1  a hoist motor operatively connected for extending and retracting said hoist
      cable;
PA1  a first source of pressurized fluid for supplying fluid by way of first
      circuit means for low speed operation of said motors;
PA1  first valve means for selectively communicating fluid from said first
      source of fluid to one of said motors;
PA1  a second source of pressurized fluid for supplying fluid by way of second
      circuit means for high speed operation of said motors;
PA1  second valve means for selectively communicating fluid from said second
      source to said one of said motors;
PA1  control means interconnecting said first and second valve means and
      operative over a first range of movement for moving said first valve means
      into communicating position and operative over a second range of movement
      for moving said first valve means to a non-communicating position and
      simultaneously therewith move said second valve means to a communicating
      position.
NUM  2.
PAR  2. The hydraulic circuit of claim 1 wherein said one motor is said boom
      lift motor.
NUM  3.
PAR  3. The hydraulic circuit of claim 2 comprising boom drift sensing means
      responsive to a change in the position of said boom from a pre-set
      position to activate valve actuator means for shifting said first valve
      means for returning said boom to said pre-set position.
NUM  4.
PAR  4. The hydraulic circuit of claim 3 wherein said drift sensing means in a
      valve selectively connectible to said boom to be actuated thereby.
NUM  5.
PAR  5. The hydraulic circuit of claim 4 comprising accumulator means for
      accumulating fluid pressure for operating said boom lift motor when said
      drift sensing means is operative.
NUM  6.
PAR  6. The hydraulic circuit of claim 3 comprising accumulator means for
      accumulating fluid pressure for supplying fluid for said valve actuator
      means when said drift sensing means is operative.
NUM  7.
PAR  7. The hydraulic circuit of claim 6 wherein said control means
      interconnecting said first and second valve means includes lost motion
      means connecting for said control means to said second valve.
NUM  8.
PAR  8. The hydraulic circuit of claim 1 comprising third and fourth valve means
      for respectively communicating fluid from said first source to said hoist
      motor and from said second source to said hoist motor; and,
PA1  control means operatively interconnecting said third and said fourth valve
      means for movement of said third valve means to fluid directing position
      over a first range of movement of said control means and for moving said
      fourth valve means to a fluid directing position and simultaneously
      therewith for moving said third valve means to a non-fluid communicating
      position over a second range of movement.
NUM  9.
PAR  9. The hydraulic circuit of claim 8 comprising hoist drift sensing means
      responsive to a change in the position of said hoist from a pre-set
      position to activate control valve actuator means operative for shifting
      said third valve means for returning said hoist to said pre-set position.
NUM  10.
PAR  10. The hydraulic circuit of claim 9 wherein said drift sensing means is a
      valve selectively connectible to said hoist to be actuated thereby.
NUM  11.
PAR  11. The hydraulic circuit of claim 10 comprising accumulator means for
      accumulating fluid pressure for operation of said hoist motor when said
      drift sensing means is operative.
NUM  12.
PAR  12. The hydraulic circuit of claim 9 comprising accumulator means for
      accumulating fluid pressure for supplying fluid for said valve actuator
      means when said drift sensing means is operative.
NUM  13.
PAR  13. The hydraulic circuit of claim 12 wherein said control means for
      includes lost motion means connecting said control means to said fourth
      valve means.
NUM  14.
PAR  14. A hydraulic pipelayer comprising the combination of a vehicle, an
      extensible boom pivotally mounted on and extending from one side of said
      vehicle, a counterweight mounted on and extending from the vehicle on the
      opposite side from said boom, and a hydraulic manipulating system, said
      hydraulic system comprising:
PA1  a boom lift motor for lifting said boom;
PA1  a boom extension motor for extending said boom;
PA1  a hoist motor operatively connecting for extending and retracting a cable
      from the outer end of said boom;
PA1  first circuit means including a first source of pressurized fluid for
      supplying fluid for operation of at least two of said motors for a low
      speed of operation of said motors;
PA1  second circuit means including a second source of pressurized fluid for
      supplying fluid for at least said two of said motors for high speed
      operation of said motors;
PA1  first and second valve means operative for controlling the direction of
      said pressurized fluid to selected ones of said motors; and,
PA1  control means interconnecting at least a pair of valves of said valve means
      for sequential movement over a first range of movement for directing fluid
      from one of said sources to one of said motors and thereafter over a
      second range of movement for directing fluid from the other of said
      sources to said motor.
NUM  15.
PAR  15. The hydraulic system of claim 14 wherein said motor is the hoist motor.
NUM  16.
PAR  16. The hydraulic system of claim 14 wherein said motor is the boom lift
      motor.
NUM  17.
PAR  17. The hydraulic system of claim 14 wherein the volume of said first
      source of fluid is approximately one fourth that of said second source.
NUM  18.
PAR  18. The hydraulic system of claim 14 wherein said control means operatively
      interconnects a first pair of valves for directing fluid sequentially from
      said first and said second sources to said boom lift motor;
PA1  said control means operatively interconnects a second pair of valves for
      directing fluid from said first and said second source to said hoist
      motor; and,
PA1  said control means includes lost motion linkage means between said control
      means and one valve in each of said first and second pairs of valves.
NUM  19.
PAR  19. The hydraulic system of claim 18 comprising anti-drift means operative
      for correcting drift of either one of said boom and said hoist motors.
NUM  20.
PAR  20. The hydraulic system of claim 19 wherein said anti-drift means
      includes:
PA1  fluid responsive actuator means for each of said first and second pairs of
      valves;
PA1  valve means selectively connectible to move in response to movement of
      either one of said boom and hoist motors from a pre-set position; and,
PA1  accumulator means operative in combination with said first circuit means
      for providing pressurized fluid for said actuator means and for operation
      of said motors.
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ABST
PAL  A crane including a base, a tower pivoted thereto, a turntable mounted on
      top of the tower and a jib with a jib support platform hinged to the
      rotatable part of the turn table.
PARN
PAR  This is a continuation of application Ser. No. 144,199, filed May 17, 1971,
      now abandoned, which is a continuation-in-part of application Ser. No.
      818,751, filed Apr. 23, 1969, now abandoned.
BSUM
PAR  The present invention relates to mobile tower cranes particularly for use
      on building sites. In the construction of tall buildings, there is a
      requirement for cranes having a tower comparable in height to the
      building, and having a jib mounted near the top of the tower and
      preferably capable of reaching out over the building.
PAR  Known mobile tower cranes are generally of the type having a mobile
      platform, for example the chassis of a carrier vehicle, and having a large
      turntable mounted directly on the mobile platform which turntable carries
      all the main structure of the crane. The turntable has a pivotal mounting
      for the base of a mast or tower allowing tilting movement of the tower
      from a horizontal traveling position to a vertical or nearly vertical
      operating position. A jib is pivotally mounted for luffing movement at the
      top of the tower, and cables are provided for luffing the jib, and also
      for staying the tower. Generally, the supporting cables are sheaved at
      positions spaced above and behind the jib pivot, having their lower ends
      attached to the turntable on the side of the tower opposite the jib. The
      turntable also supports a large counterweight which is on the side of the
      tower opposite the jib and which is associated with the lower ends of the
      cables. The whole crane structure rotates as a unit on the turntable.
PAR  In this type of mobile crane, the tower and the jib are stressed largely or
      entirely in compression and are relatively unstressed in bending, the
      forces which would otherwise cause bending of the tower and jib being
      carried by the cables. Accordingly, the tower and jib of such a crane can
      be relatively light and slender, as compared to a structure which could
      carry the same forces without resort to cables. Also, there is no need for
      firm fixing of the tower at its base, and in some designs the tower is
      merely pin-jointed at its base, and is kept upright by the cables. In
      conventional crane design, it seems to have been assumed that a tower and
      jib arrangement of this type (i.e. supported by cables) was the only
      suitable type for use in tall transportable tower cranes, due to its
      inherent lightness, and also possibly to the fact that, backing the need
      for firm fixing at its base, the tower could readily be made tiltable for
      traveling.
PAR  These known tower cranes, although termed "mobile", in fact require
      considerable time and effort in erection and folding or dismantling, when
      moving the crane from one site to another. This is largely due to the
      requirement for cables for supporting the tower and jib and for luffing
      the jib. The many cables required have to be positioned on sheaves each
      time the crane is erected, and often become displaced and tangled when the
      crane is being transported. The fixing, sheaving, and tensioning and
      winching of these cables may occupy many man-hours during erection of the
      crane. Also, erection of such cranes always requires at least two men, one
      of whom is a rigger specialized in this work.
PAR  In addition, mobile cranes are known having a short telescopic tower
      mounted on a carrier vehicle which is fixed in the vertical position (i.e.
      which is non-tiltable), being merely telescopically collapsed for
      travelling, while remaining upright. Such cranes have a very limited
      height capability and are not of great use in the erection of tall
      buildings.
PAR  The present invention provides a crane which is much more mobile than known
      tower cranes of comparable height, and which has many advantages in
      operation, and particularly in erection, which will be explained
      hereinafter.
PAR  In accordance with the present invention, a mobile tower crane comprises
      mobile platform means (for example a truck or trailer chassis) carrying in
      combination a base mounting for a tower, a tower pivotally connected to
      the mounting for tilting movement between a vertical operating position
      and a substantially horizontal travelling position in which the tower is
      supported by the mobile platform means, and raising means interconnecting
      the platform means and the tower for moving the tower between the two
      positions. This combination of base mounting, tower and raising means is
      such that the tower when in the operating position and without any bracing
      cables provides a firm support suitable for supporting a jib structure
      which is rotatable relative to the tower about the tower axis and thereby
      in operation causes a bending moments to be applied to the tower in
      various different directions. The jib structure carried by the tower
      includes a jib and jib support means, the jib support means including a
      turntable mounted at the top of the tower and allowing slewing of the jib
      support means about the tower axis, the jib being connected to the tower
      by pivot means including a jib pivot carried by the jib support means to
      allow luffing movement of the jib. Also in accordance with the invention,
      luffing movement of the jib is effected by hydraulic cylinder means
      connected between the jib support means and the jib, and the pivot means
      are such as to allow the jib to be aligned with the tower for traveling.
      In addition, the crane may include jib alignment means capable of causing
      angular movement of the jib independently of operation of said hydraulic
      cylinder means, such that combined operation of said jib alignment means
      and said hydraulic cylinder means can move the jib into alignment with the
      tower for folding the crane. Preferably, said jib alignment means is
      arranged to alter the relative dispositions of the tower, the jib pivot
      and an end of the jib luffing cylinder to cause the angular movement of
      the jib. The means for raising the tower, and the jib alignment means, are
      preferably also both hydraulic.
PAR  Preferably, the jib comprises at least two telescoping sections, and
      hydraulic cylinder means for telescoping the said sections. The term "jib"
      will be understood to mean a projecting arm of any suitable form, and
      includes what is known in the crane art as a boom.
PAR  An important feature of the invention is the combination of a tiltable
      tower which when erected does not need to be supported by cables, with a
      jib which is arranged to be luffed by hydraulic cylinder means, and which
      can also be folded alongside the tower preferably by hydraulic means
      operable to cause pivotal movement of the jib about said pivot means
      between a folded position in alignment with the tower and an operative
      position in which the jib forms an angle of the order of 90.degree. with
      the tower axis. This arrangement allows the crane to be folded rapidly and
      compactly, all under hydraulic control. Also, both the jib and the tower
      may be made telescopic, in which case retraction of the telescopic jib and
      the tower would be the first operation on folding the crane. All the
      movements described are preferably controlled hydraulically, so that no
      cables are required for any of these movements. Also, the tower and its
      mounting arrangement, and the means for supporting and moving the jib, are
      such that no cables are required for staying the tower or supporting the
      jib, and in the preferred embodiment the only cable required for the crane
      is that which is attached to the crane hook. The crane may thus be erected
      entirely by hydraulic means (apart from certain fixing operations), under
      push button control.
PAR  Another advantage of the crane in accordance with the invention is that, as
      compared to known mobile tower cranes, a much smaller turntable can be
      used, since this has only to support the weight of the jib, and generally
      a counterweight, but does not have to support the whole weight of the
      tower.
PAR  It must be particularly noted that the tower of the crane in accordance
      with this invention is very different from the towers of known mobile
      cranes at least those having towers of substantial height. Instead of
      being a slender tower, stressed almost entirely in compression and stayed
      by cables, it is a rigid tower, providing a firm support for the jib
      structure which is rotatable about the tower axis and which therefore
      subjects the tower to bending stress in various directions depending on
      the position of the jib around the tower. To Applicant's knowledge, rigid
      towers which provide a firm support in this way have hitherto only been
      used in tower cranes which are not mobile tower cranes in the sense used
      herein, but wherein the base of the tower is fixed to a ground anchorage
      or to a building, or is carried by a rail mounted trolley. Although such
      cranes may be transportable in the sense of being capable of being
      dismantled for transportation, the dismantling and erection times of such
      cranes are very considerable, and these cranes cannot therefore be
      considered as being mobile cranes.
PAR  The jib alignment means is arranged to move between an operating position
      and a folded position. In the said operating position the jib luffing
      cylinder is capable of luffing the jib in the normal operating range
      between a raised position above the top of the tower and a lowered
      position in which the jib forms a substantial angle of the order of
      90.degree. or somewhat less with the tower axis. In the folded position of
      the jib alignment means the jib luffing cylinder is capable of aligning
      the jib with the tower axis. The pivot means connecting the jib to the
      tower preferably includes a pivotal connection between the tower and a
      part of the jib support means, so that the jib alignment means forms a
      tiltable unit at the top of the tower comprising at least a part of the
      jib support means, tilting of this unit altering the relative disposition
      of the jib pivot and the jib luffing cylinder to the tower. The tiltable
      unit may be of two different forms. In a first embodiment the tiltable
      unit comprises a top section of the tower, and this top section is movable
      by a gear ring and pinion arrangement through an angle considerably
      greater than 90.degree. and preferably about 180.degree., between an
      operating position in which the unit forms an extension of the tower and a
      folded position in which the unit lies alongside the tower, and thereby
      effectively shortens the tower for traveling. In this embodiment the jib
      is aligned with the tower by firstly raising the jib to a position
      vertically above the tower (with the tiltable unit in its operating
      position), and then pivoting the tiltable unit through 180.degree. until
      the tiltable unit and the jib lie alongside the tower. Since the tiltable
      unit of this embodiment lies alongside the tower when foled, it may be of
      fairly substantial length, and may for example include a crane operator's
      cab.
PAR  In the first embodiment just described, the jib alignment means (which is
      the tiltable unit) is arranged to cause angular movement of the jib
      through 180.degree.. In new embodiments to be described, the jib alignment
      means is arranged only to cause movement of the jib through a folding
      angle equivalent to the substantial angle (of the order of 90.degree. or
      somewhat less, say between 60.degree. and 90.degree.) between the jib in
      its lowermost normal operating position and the tower. Thus where in these
      new embodiments, the jib alignment means is a tiltable unit, as is
      preferred, the tiltable unit is only required to move through this folding
      angle, and may be movable in this manner by a hydraulic cylinder, no gear
      ring being required. In these new embodiments, the relationship of the
      pivotal mounting for the tiltable unit to the jib pivot is such that the
      jib lies close to the tower when the tiltable unit is in its folded
      position. This would not be the case if the top section shown in the first
      embodiment of crane were to be rotated through an angle of much less than
      180.degree., since the jib pivot would then be displaced well to the side
      of the tower. In this connection, the term "close to the tower" includes
      the case where parts of the jib are in contact with the tower, and aligned
      therewith, and where the jib is spaced from the tower by a small amount
      for example in relation to the width of the tower.
PAR  An advantage of the arrangement using the tiltable unit, as compared to
      other possible methods of altering the relationship between the jib pivot
      and an end of the jib luffing cylinder, is that by the use of the tilting
      unit the jib pivot is brought forwards during folding with respect to the
      tower axis, i.e. is moved relative to the tower axis towards the side of
      the tower on which the jib is to be folded. Accordingly, it is possible
      for the jib pivot to be fairly near the axis of the jib, which would not
      be possible if it were required to fold the jib along the tower by
      rotation about a jib pivot which remained located near the tower axis.
      Also, in accordance with the new embodiments of my invention, with the
      tiltable unit in the operating position the jib pivot is behind the tower
      axis with respect to the outer end of the jib, and with the tiltable unit
      in the folded position the jib pivot is well in front of the tower axis
      and is preferably approximately in line with or in front of the front of
      the tower. The arrangement wherein, in the operating position, the jib
      pivot is behind the tower axis is advantageous in that most of the weight
      of the jib support means, in this operating position, is concentrated
      behind the tower axis, so partially counterbalancing the weight of the
      jib.
PAR  In addition, counterweight means are also preferably mounted on the rear
      side of the jib support means, preferably behind the jib pivot. The
      counterweight may be mounted on means which allow the counterweight to be
      extended and retracted relatve to the tower axis by hydraulic means.
PAR  Another advantage of a tiltable unit is that this can be arranged so that
      the counterweight, and the main part of the jib support bracket, are
      raised relative to the tower axis when this is in the folded position, so
      that these parts do not interfere with folding of the tower. The tiltable
      unit can thus be arranged to extend over raised parts of the carrier,
      including for example the "goose neck" of a trailer. In one particular
      arrangement, the base of the tower is pivotally connected at its base to
      the rear end of mobile platform means in the form of a carrier such as a
      truck or trailer, and the tiltable unit is arranged to extend over the cab
      of the carrier when the crane is in the folded position.
PAR  The tower is preferably a lattice-type structure, of the type generally
      known in non-mobile tower cranes referred to. The tower may comprise two
      telescoping portions, hydraulic means being provided for causing relative
      movement of these portions and so altering the height of the tower. The
      preferred hydraulic means is a single multi-section telescoping hydraulic
      cylinder extending up the tower. However, for cranes of relatively low
      tower height, a rack and pinion mechanism for raising the tower may be
      preferred.
PAR  The new embodiments of crane described herein also have new folding
      arrangements which are advantageous from a space saving point of view.
      Thus, in accordance with a further aspect of the invention, a crane of the
      type described has a tower comprising a plurality of telescoping sections
      of which the lowermost section is the shortest section, and wherein the
      means for causing telescoping movement of said sections is such that when
      the tower has been laid substantially horizontal for traveling, the inner
      upper tower section or sections can be moved within the lower, outer tower
      section, so that portions of the upper section or sections project through
      the base of the lowermost section. This enables more space on the carrier
      to be utilized, as will be apparent from the following description.
PAR  A particularly advantageous arrangement from the space saving point of view
      is a sloping arrangement in which part of the tower projects over the top
      of the cab when the crane is folded. This is achieved in accordance with a
      further aspect of the invention by providing a crane having a tower
      comprising an outer member surrounding one or more tower sections slidable
      therein, said outer member being shorter than at least one of said tower
      sections, and wherein the tower is tiltably mounted on a raised mounting
      carried by the carrier vehicle, i.e. the mobile platform means, means
      being provided for causing sliding movement of said section or sections
      within said outer member such that when the tower is substantially
      horizontal a tower section or sections can be moved within said member so
      that its base projects well beyond said member and beyond said raised
      mounting, whereby in the traveling position of the tower a part of said
      section projects above a driver's cab forming a part of or linked to the
      carrier. Said outer member may be the base section of a telescopic tower.
      In a preferred arrangement, the tower is arranged to tilt down towards the
      rear end of the carrier, and in the traveling position of the tower the
      base portion of a section or sections of the tower projects above the
      driver's cab, the tower being sloped in the traveling position so that the
      tops of the tower sections are below the bases of the sections. The term
      "substantially horizontal" will be understood to include such a sloping
      arrangement.
PAR  A further advantageous space saving arrangement in accordance with yet
      another aspect of the invention includes a raised mounting on the carrier,
      said mounting being in the form of a bracket including two spaced apart
      plates, capable of accommodating between them part of the lower section of
      the tower, said bracket carrying a raised pivot for the tower which pivot
      is on the side of the bracket remote from the side on which the main part
      at least of the tower (and including the lowermost section of the tower)
      lies when in the traveling position. Accordingly, the height of the tower
      when raised includes the height of the bracket, up to the tower pivot.
PAR  The towers of my latest designs of crane include three or more tower
      sections. In order to achieve good rigidity with towers having three or
      more tower sections, it is preferable for the tower sections to be
      provided with clamping means, such as hydraulically actuated plates
      mounted on one tower section and which clamp and firmly hold parts of an
      adjacent tower section, when the tower has been erected.
PAR  In order to increase the lifting capacity of my patented cranes, the
      carrier may be provided with areas near to the base mounting of the tower
      which may be suitably reinforced and which are capable of receiving
      counterweights for stabilizing the crane when erected.
PAR  In accordance with yet another aspect of this invention, a crane is mounted
      on mobile platform means provided with both crawler tracks and road
      wheels, and means are provided for causing relative vertical movement
      between the crawler tracks and the road wheels so that these can be
      selectively placed in contact with the ground or road. In a preferred
      arrangement, the rear chassis portion of the carrier (e.g a semi-trailer)
      is pivotally connected to the main part of the carrier chassis for pivotal
      movement in the vertical plane. The main part of the carrier chassis has
      crawler tracks near to its rear end, and the pivotal portion has road
      wheels, and hydraulic means are provided for pivotally moving the pivotal
      portion from a raised position in which the road wheels are raised clear
      of a surface engaged by the crawler tracks, to a lowered position in which
      the road wheels contact the ground, movement of the pivotal portion to
      this lowered position also causing the tracks to be raised from the
      surface contacted by the road wheels.
DRWD
PAR  Preferred embodiments in accordance with the invention will now be
      described by way of example with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 shows a side elevation of a first embodiment of tower crane in
      erected condition, mounted on a semi-trailer;
PAR  FIG. 2 is a side elevation of the same crane folded into its traveling
      condition, and with the trailer prepared for traveling;
PAR  FIG. 3 is a perspective view of the top portion of the tower of the first
      embodiment showing the cap mounting arrangement;
PAR  FIG. 4 is a perspective view of the base of the tower of the first
      embodiment;
PAR  FIGS. 5 and 6 are respectively a longitudinal section and a cross-section
      of the jib;
PAR  FIG. 7 shows a side elevation of a second embodiment of a crane in
      accordance with the invention, in the erected condition,
PAR  FIG. 8 shows a similar view of the second embodiment of crane in the
      traveling condition,
PAR  FIGS. 9 and 10 show detail side views of the jib support means of the crane
      of FIGS. 7 and 8, in the operative and folded conditions respectively,
PAR  FIGS. 11 and 12 show side elevations of a third embodiment of a crane in
      the erected and traveling conditions, respectively,
PAR  FIGS. 13 and 14 show detail side views of the jib support means of the
      crane of FIGS. 5 and 6 in the operative and folded conditions,
      respectively,
PAR  FIG. 15 shows a side elevation of a fourth embodiment of crane, in
      traveling condition,
PAR  FIG. 16 shows an end view of the crane of FIG. 15 in the traveling
      condition,
PAR  FIG. 17 shows the main parts of the crane of FIG. 15, in the operative
      condition,
PAR  FIG. 18 shows a top plan view of the crane of FIG. 15 in the operative
      condition, and
PAR  FIG. 19 shows a side view of a fifth embodiment of crane in the folded
      condition.
DETD
PAR  Referring to FIGS. 1 to 6, the crane is shown supported on a mobile
      platform 10, which is constituted by the trailer portion of an articulated
      vehicle, the cab portion of which is shown in FIG. 2. The trailer 10 has
      road wheels 11, and three outriggers 12 on each side which engage the
      ground to support the trailer while the crane is in use. The outriggers
      are pivotally mounted beneath the trailer on vertical axes so that they
      can be swung outwardly from the sides of the trailer, as shown in FIG. 4.
      The outriggers have screw jacks 14 at their outer ends with pads 14a for
      engaging the ground. When the jacks engage with the ground, the outriggers
      provide adequate stability for the crane which does not normally require
      any other stabilizing means such as guy-wires.
PAR  A tower 20 is mounted on trailer 10, the base of the tower resting on a
      reinforced pad 21 and being pivotally connected at the side thereof
      nearest the front of the trailer by hinge pins 22. The tower is tiltable
      between the erected, operative position shown in FIG. 1 to the horizontal
      traveling position on the trailer shown in FIG. 2, in which latter
      position the tower is wholly supported by the platform 10. Tilting
      movement of the tower is effected by two double acting hydraulic rams 24
      which are connected at one end to fixed points on the trailer chassis and
      which pass one on each side of the tower and connect to a horizontal bar
      25 firmly secured to the side of the tower facing the rear of the trailer.
      When the tower has been raised to its vetical position by rams 24, it is
      held in this position either by maintaining suitable pressure within the
      rams, or by fixing the base of the tower to pad 21 by known means such as
      latches, or bolts inserted through corresponding bolt holes in the pad and
      tower base.
PAR  The tower is a lattice type structure of form known for non-mobile tower
      cranes, having box beam corner members and tubular cross bracing members.
      Also, the tower is of known telescopic form, incorporating upper (inner)
      and lower (outer) telescoping portions 30 and 31 respectively, and
      raisable by means of a known hydraulic climbing mechanism 32. This
      climbing mechanism is mounted in the upper telescoping portion, and
      includes two cross members 33 and 34, the upper member 33 being rigidly
      attached to the base of the upper lower portion, and being connected by
      hydraulic ram 35 to the lower cross member 34. Both cross members have at
      their ends automatic latching legs which engage on two reinforced ladder
      members 36 on opposite sides of the outer or lower tower portion. With the
      lugs of member 34 engaging rungs of the ladder members 36, the ram 35 is
      extended to raise the member 33 and with it the upper tower portion, until
      the latches of member 33 engage on rungs of the ladder. The ram 35 is then
      retracted until the latches of member 34 engage on a higher rung, and the
      procedure is then repeated so raising the upper tower portion.
PAR  As best seen in FIG. 3, the top of the tower is constituted by a reinforced
      plate 45, on which rests a box-like platform 46 carrying the lower portion
      47 of a large diameter ball bearing. The upper portion of this bearing
      forms a turntable 48 to which is fixed the base of an operator's cab 40.
      The cab contains a hydraulic motor geared to a gear ring attached to the
      platform 46, by means of which the turntable and cab are rotated for
      slewing the jib.
PAR  The platform 46 is pivotally attached to the top of the tower 20 by means
      of hinge pins 41 passing through lugs attached to platform 46 and further
      lugs attached to the tower at the side thereof facing the rear of the
      trailer. Pivotal movement of the cab in the vertical plane is effected by
      a pinion 42 driven by a hydraulic motor within platform 46, which pinion
      engages with the internal teeth of a gear ring 43 attached to the top of
      the tower. The arrangement enables the platform 46 with the turntable and
      cab to be pivoted about hinge pins 41 through approximately 180.degree. of
      movement, between an operating position in which the cab forms an
      extension of the tower, and a traveling position, shown in FIG. 2, in
      which the cab lies alongside the tower. Locking means are provided for
      securing the platform 46 in its operating position on the tower.
PAR  The top of cab 40 is constituted by a heavy plate member on which is
      mounted a bracket having two side plates 49. These side plates carry
      between them a horizontal pivot supporting a jib 50 and allowing for
      vetical pivoting (i.e. luffing) movement thereof. This luffing movement is
      effected by a hydraulic ram 51 connected between a pivot point on the jib
      near to the inner end thereof and to the base of bracket 49.
PAR  It will be noted that, since the jib structure including the cab 40, the
      bracket 49, and the jib 50, rotates about the tower axis on the turntable,
      in operation the tower is subject to bending stresses in various
      directions, as the jib rotates around the tower carrying a load. It is
      evident therefore that the combination of the tower and its base mounting,
      and the means used to hold the tower in the vertical position, must be
      designed to resist such bending stresses, and to provide a firm support
      for the jib structure. Accordingly, the tower itself is similar to those
      used in the previously described non-mobile cranes, rather than the towers
      used in conventional mobile cranes which cannot withstand substantial
      bending forces without being held by stays, and which rotate with the jib.
PAR  The jib 50, which is shown in detail in FIGS. 5 and 6, comprises three
      telescoping sections, 50a, 50b, and 50c respectively. These sections are
      of hollow box-type construction, the side plates of which are apertured
      for lightness. Each of the sections 50a and 50b has internal wear plates
      55 acting as guides for the plates of the next section telescoping
      therein. In addition, support pads 56 are provided near the outer ends of
      the sections 50a and 50b, which provide strong support means for the ends
      of the next outer sections when these are in the extended position shown.
      These support pads 56 are of such thickness as to be clear of the adjacent
      surfaces of the respective top and bottom plates when the jib is being
      extended under no-load conditions and the sections are moving on rollers
      54, but as soon as the jib is loaded to any substantial extent deflection
      occurs in the rollers to bring the top and bottom plates of the sections
      into contact with these support pads 56.
PAR  The jib sections are extendible and retractable by longitudinally extending
      hydraulic cylinders 57 and 58 within and attached to the sections 50a and
      50b, the piston rod of each hydraulic cylinder being connected to the next
      outer section. Thus the piston rod of the cylinder 57 within section 50a
      controls section 50b, and the piston rod of the cylinder 58 within section
      50b controls section 50c.
PAR  A cable winch 60 is mounted on bracket 61 on the top of the inner jib
      section 50a, and this winch is driven via gearing by motor 62. Cable 63
      passes from the winch drum through guides along the top of the jib to a
      pulley 65 at the outer end of section 50c, and finally to a hook 66. The
      winch motor is controlled from within the cab to raise or lower the crane
      hook in accordance with known practice.
PAR  The cab 40 has attachment points 70 fixed to the four corners of the rear
      of the cab, for attachment of a counterweight support frame 72 shown in
      FIG. 1. This support frame has main members 73, the inner ends of which
      engage in attachment points 70, being held by removable pins. The upper
      horizontal frame members carry an `A` frame 75 supporting a pulley 76. The
      outer end of the support frame is formed with an aperture through which a
      counterweight 77 can be raised by a cable passing over pulley 76, and
      holding means such as slidable bars are provided to extend across this
      aperture and support the counterweight when in position as shown in FIG.
      1.
PAR  The hydraulic supply for the tower raising arms 24, the tower climbing
      mechanism, and the jib movement, is provided for by a pump and drive motor
      contained in a power unit 80 mounted at the rear of the trailer. This
      power unit also has control gear in particular related to those functions
      not controlled from the cab, i.e. the raising and lowering of the tower,
      and the vertical pivoting movement of the cab 40 on the tower and the
      pivoting of the tower for folding this onto the platform.
PAR  When erected as shown in FIG. 1, the crane is operated from the cab 40 in
      accordance with normal practice for tower cranes. The jib performs all the
      usual motions of a luffing-type crane jib, with the additional telescoping
      motion controlled by the hydraulic means described.
PAR  When it is required to prepare the crane for movement to a different site,
      the counterweight is first lowered, with the cab swung around so that the
      counterweight can be positioned on a suitable part of the trailer, or on a
      separate vehicle. In this operation, the jib is first related to near its
      vertical position, and the cable 63 is run out so that this may be sheaved
      under a pulley within bracket 49 (not shown) and over the pulley 76, hook
      66 being then attached to the counterweight. Winch 60 is operated to raise
      the counterweight slightly to allow the removal of the holding means from
      under the counterweight, and then operated in reverse manner to lower the
      counterweight through the frame 72.
PAR  After the removal of the counterweight, the hydraulic climbing mechanism 32
      is operated to cause the upper tower portion 30 to telescope within the
      lower portion 31 to reduce the tower to the minimum height. With the jib
      50 raised to a position above the cab, the rams 24 are then operated to
      lower the tower structure onto the platform 10. The motor geared to pinion
      42 is then operated to raise the cab and jib to a position just above
      center, at which position the jib cable and hook 66 can be used for
      supporting the frame 72 while this is removed by extraction of the holding
      pins 70. With the frame 72 stowed separately, the cab 40 is then folded
      completely horizontally against the top section of the tower so that the
      crane assumes the traveling position shown in FIG. 2. With the motor
      driven cab section attached to the trailer as shown, the outriggers 12 are
      raised to allow the whole unit to move.
PAR  The movements described above are all interlocked in sequence to prevent
      the rams 24 being operated while the tower is extended or while jib 50 is
      not properly positioned, and also to prevent the cab from being folded
      until the tower has been lowered onto the platform.
PAR  Erection of the crane to the operating position is effected by reversing
      the above sequence of operations, interlocks also being provided to ensure
      that the operations are correctly sequenced.
PAR  As an alternative to using the jib cable 63 for lowering and raising the
      counterweight, a separate winch may be provided near the rear end of the
      jib, having a cable passing over pulley 76 and permanently attached to the
      counterweight, and this latter winch may be operated by the same motor 62
      as operates winch 60.
PAR  It will be seen that the crane as described is readily mobile and versatile
      due to the extendibility of both the tower and the jib. The extendible jib
      allows loads to be manoeuvred close to the tower with the jib retracted
      and without the jib being canted up at a steep angle, so that swinging of
      the load at the end of the cable is minimized.
PAR  When it is required to raise very heavy loads, the jib may be supported by
      cables extending from an A frame erected on top of the cab. This A frame
      may be lifted into position by the jib itself.
PAR  In the first embodiment of crane described above, the tiltable unit
      comprising the turntable 48, the cab 40, and the jib support bracket 49,
      is tiltable through an angle of 180.degree. by the gear ring 43. This is
      necessary since the jib pivot is spaced well above the pivotal connection
      between the tiltable unit and the tower, so that with tilting movement of
      much less than 180.degree. the jib could not be aligned closely with the
      tower. This arrangement has the drawback that the tilting movement of
      180.degree. or thereabouts cannot be achieved with a single hydraulic
      cylinder. In accordance with my new embodiments of crane, this drawback is
      avoided by using jib folding means in the form of a tiltable unit carrying
      the jib pivot in which the pivotal mounting for the tiltable unit is
      relatively close to the jib pivot, so that the jib can lie close to the
      tower when the tiltable unit has been rotated to a folded position which
      is displaced about 90.degree. from the operating position. The tiltable
      unit is thus rotatable through a folding angle of about 90.degree.  or
      less to align the jib with the tower, and this folding angle need be no
      more than the angle between the jib and the tower when the jib is in its
      lowermost normal operating position; accordingly movement of the tiltable
      unit can be achieved by a single hydraulic cylinder.
PAR  The new embodiments of cranes also have new folding arrangements, and other
      new features described below.
PAR  Referring now to FIGS. 7 to 11, these show a readily mobile tower crane
      supported on mobile platform means in the form of a truck having a unitary
      chassis 110 supported by front and rear pairs of steerable crawler tracks
      111. The chassis is also provided with outriggers 112, for engaging the
      ground and supporting the chassis firmly when the crane is in use. The
      outriggers are pivotally mounted on the chassis for swinging movement
      about a vertical axis, and are provided with hydraulically operated ground
      engaging pads 112a.
PAR  Near to the front of the chassis, behind the driver's cab, there is
      provided a base mounting 113 for the tower 114 of the crane. The base
      mounting 113 includes a reinforced portion of chassis arranged to support
      the base of the tower when erected, and pivot means 115 connecting the
      base of the tower to the mounting. The pivot means 115 comprise hinge pins
      which pass through upstanding lugs 115 fixed to the chassis, and through
      holes in plate members 116 which are firmly fixed to each lateral side of
      the base of the tower. The base mounting also includes lugs 117, near to
      the driver's cab, which have bolt holes which become aligned with further
      bolt holes 118 in the plate member 116 when the tower is raised to its
      vertical operating position, and the tower may be fixed in this vertical
      position by inserting bolts through corresponding holes 118 and those in
      the lugs 117. The tower is tiltable between the horizontal traveling
      position of FIG. 8 and the vertical operating position of FIG. 7 by
      raising means comprising two double acting hydraulic rams 120, arranged
      one at each side of the tower. The rams are connected between lugs 121 on
      the chassis to the rear of the mounting 113, and further hinge pins 122
      carried by an extension of the plates 116. The arrangement is such that
      extension of the rams 120 raises the tower to the vertical position by
      pivoting this about the pivot means 115.
PAR  The tower is of lattice type structure of a type generally known for
      non-mobile tower cranes which are normally fixed in position and which
      carry a turntable at their upper ends. The tower has box beam corner
      members and tubular bracing members. The tower is of telescopic form,
      incorporating a lower, outer section 125, and an inner upper section 126,
      and these sections are slidably arranged in a manner known in the art.
      Sliding movement is effected by a rack and pinion arrangement, including a
      hydraulically operated motor attached to the lower section 125 near to its
      upper end, and driving a pinion which cooperates with a rack extending
      along the upper section 126.
PAR  It will be noted that the upper section 126 is somewhat longer than lower
      section 125. During folding of the crane, the upper section 126 is firstly
      retracted within the lower section while the tower is still vertical,
      until the base of the upper section is adjacent that of the lower section.
      After the tower has been lowered to the horizontal position by rams 120,
      the upper section 126 can be slid further within the section 125 to the
      position shown in FIG. 8, in which the upper ends of the two sections are
      adjacent and the lower end of section 126 projects beyond that of section
      125, thus projecting over the area of the base mounting 113 and thereby
      utilizing space on the vehicle which would otherwise be wasted.
PAR  The top portion of the tower section 126, as shown in detail in FIGS. 9 and
      10 incorporates a cab 130, and the jib structure including the jib support
      means with which the present invention is primarily concerned are mounted
      on top of this cab. The jib support means includes a plate 132 forming the
      roof of the cab and which carries the lower portion of a large diameter
      ball bearing 133. The upper portion of this bearing forms a turntable for
      the rotatable part of the jib support means, and the cab includes a
      hydraulically operated motor for rotating the turntable and thus slewing
      the jib. The turntable carries a fixed support plate 135, and the
      remainder of the jib support means is constituted by a tiltable unit 136
      which is carried by a tiltable support plate 137 pivotally mounted on the
      support plate 135. The pivotal mounting for the tiltable unit 136 is
      constituted by hinge means 138 which connect brackets on one side of the
      fixed plate 135 (hereinafter termed the front side) with similar brackets
      on the front side of the tiltable support plate 137. Similar brackets 140
      and 141 are provided on the rear side of the plates 135 and 137, and these
      latter brackets have holes which are aligned when the tiltable unit is in
      the operating position as shown in FIG. 7, so that the tiltable unit can
      be locked in this operating position by insertion of suitable bolts
      through the holes in these brackets.
PAR  The tiltable support plate 137 carries a jib mounting bracket 143 including
      heavy side plates defining a recess for the inner end of a jib 144, and
      carrying bearing means for a jib pivot 145 on which the jib is mounted.
      The jib projects outwardly over the front side of the jib support means,
      and the jib pivot 145 is such as to allow luffing movement of the jib, and
      is positioned to the rear of the tower axis, being behind the plane of the
      rear face of the tower. A pair of jib luffing cylinders 147 are provided
      each having one end connected to a bracket on the top of the jib and the
      other end connected to the jib mounting bracket 143 at a point near to the
      pivot mounting 138 of the tiltable unit. The jib luffing cylinders 147 are
      dimensioned and arranged so that, with the tiltable unit in the operating
      position, the cylinders 147 can cause luffing movement of the jib between
      a raised position about 30.degree. below the horizontal.
PAR  The jib 144 itself is a three section telescoping jib, which includes
      hydraulic cylinder means operable to cause telescoping movement of the
      sections. The jib may be of the type described in my aforesaid Canadian
      patent, or may be other similar types of jib known in the hydraulic crane
      art. It will be noted that the proportions of the tower and the jib are
      such that the majority of the height of the crane hook is provided for by
      the tower, the jib when extended being shorter than the tower when
      extended.
PAR  The jib mounting bracket also carries a pivot mounting 150 for the outer
      end of a second hydraulic cylinder 151, the piston rod end of which is
      connected to a lug 152 on the rear of the side of the fixed plate 135.
      This second hydraulic cylinder 151 is dimensioned and arranged so that,
      with the bolt means connecting the brackets 140 and 141 removed, the
      cylinder 151 can be used to tilt the tiltable unit 136 about pivot
      mounting 138 from the operative position shown in FIG. 9 to the folded
      position shown in FIG. 10. This movement involves a tilting of the unit
      136 through a folding angle of about 60.degree., or at least equivalent to
      the substantial angle between the tower axis and the jib when the unit 136
      is in its operating position and when the cylinder is retracted to bring
      the jib 144 to its lowered position. Accordingly, with the turntable so
      positioned that the jib is at the front side of the tower in relation to
      the vehicle (i.e. the top side of the tower when folded), the jib may be
      folded alongside the tower by firstly operating the hydraulic cylinder 147
      to bring the jib down to its lowermost operating position, and then
      operating the second hydraulic cylinder 151 to tilt the unit 136 through
      about 60.degree. and to bring the jib into alignment with the tower, as
      shown in FIG. 10.
PAR  It will be seen that the relationship between the jib pivot 145 and the jib
      itself, as well as the positions of the pivot mounting 138 and the amount
      of tilting movement given by cylinder 151, are such that in the folded
      position the jib lies closely alongside the front of the tower, so that in
      the folded position of FIG. 8 the height of the crane is at a minimum.
PAR  Also, it may be noted that in the operating position, the jib pivot 145,
      and therefore the main weight of the jib mounting bracket 143, is behind
      the tower axis, so that the bracket 143 itself forms a partial
      counterweight for the jib. In addition, however, a further heavy
      counterweight 154 is provided, fixed to the rear end of the bracket 143.
      The provision of fixed counterweight means significantly reduces the
      erection time for the crane as compared to that required for the erection
      of the crane shown in FIGS. 1 to 6 of my aforesaid patent, which showed a
      removable counterweight and counterweight support frame which had to be
      fixed in place during the erection of the crane.
PAR  The tilting of the unit 136 from the operative position to the folded
      position moves the jib pivot 145 forwards from the position behind the
      tower axis to a position in front of the tower axis. The fact that the jib
      pivot moves in this way simplifies construction of the jib, since it means
      that in order for the jib to be foldable alongside the tower it is not
      necessary for the jib pivot to be offset to a large extent from the jib
      axis.
PAR  The jib 144 has a cable winch recessed therein at its inner end near to the
      jib pivot, which is connected to the crane hook cable 160. This is in
      accordance with usual hydraulic crane construction.
PAR  Erection of the crane as described is very simple. Firstly, when a suitable
      site has been chosen, and beginning with the crane in the traveling
      position of FIG. 8, the outriggers 112 are positioned to give firm support
      for the chassis 110. Next, the hydraulic motor connected to the tower
      telescoping rack and pinion mechanism is operated to move the upper tower
      section 126 a short distance towards the rear of the vehicle, until the
      base of the upper section passes through the base of the lower section
      125. Next, the rams 120 are operated to raise the tower to the vertical
      operating position, and the tower is secured in this position by bolts
      passed through lugs 117 and holes 118. The ram 151 is then operated to
      tilt the unit 136 to the operating position of FIG. 7, bringing the jib to
      its lowermost normal operating position. The hydraulically powered rack
      and pin mechanism is again operated to raise the tower to the required
      height, and the tower sections are then locked together by means known in
      the art. The crane operator then climbs a ladder provided (not shown), and
      after entering the cab 130 secures the tiltable unit 136 by inserting
      bolts through holes in the brackets 140 and 141. The crane is then ready
      for operation. The estimated erection time for this crane is less than 10
      minutes.
PAR  A crane having a tilting top similar to that of FIGS. 7 to 10 may also have
      a cab which, instead of being fixed in the tower, is rotatable with the
      jib. One rotatable cab arrangement is shown in the embodiment of crane
      shown in FIGS. 11 to 14, which also differs from the crane just described
      in other significant respects, in particular the manner in which the tower
      is folded to allow use of a minimum length of vehicle in relation to tower
      height.
PAR  The crane shown in FIGS. 11 to 14 has many parts similar to corresponding
      parts of the crane described with reference to FIGS. 7 to 10, and these
      parts are shown by the same reference numerals but with the suffix a.
      These include mobile platform means in the form of a vehicle having a
      unitary chassis 110a on which the crane structure is mounted. The chassis
      110a carries, behind the vehicle cab, a mounting 110a raised above the
      vehicle chassis. This mounting comprises a short tower section 170 similar
      in height to the vehicle cab and which carries a bracket consisting of two
      side plates 171 of triangular form the top ends of which carry bearings
      for pivot means 115a. The lower section 125a of the tower has two side
      plates 116a attached to the lateral sides of its base, and these plates
      116a have lugs 116b pivotally connected by pivot means 115a to the bracket
      plates 171 thus allowing tilting movement of the tower about pivot means
      115a, the plates 171 being spaced apart sufficiently to allow the lower
      tower section to move therebetween. The plates 171 also have lugs 172
      which have bolt holes which are aligned with bolt holes 173 in the plates
      116a when the tower is erected as shown in FIG. 11, so that the tower can
      be held in the erected position by inserting bolts through these bolt
      holes. Rams 120a are provided for tiltably moving the tower between the
      slightly sloping traveling position of FIG. 12 and the vertical erected
      position of FIG. 11. A rest 174 is provided to the rear of mounting 113a
      for supporting the rear of the tower when in the traveling position. It
      will be noted that the use of the raised mounting 113a serves two
      purposes; firstly it increases the tower operating height by an amount
      equivalent to the height of the mounting up to the pivot means 115a, and
      secondly it allows the use of a special sloping arrangement (to be
      described) in which part of the tower is above the cab.
PAR  The tower comprises two telescoping sections 125a and 126a, generally
      similar to the sections of the crane described above and telescopingly
      movable by similar means, but with the upper section 126a being much
      longer than the lower section 125a, in fact being nearly twice the length
      of this lower section. The difference in length between the upper and
      lower sections is greater than the distance separating the mounting 113a
      and the rear of the vehicle cab. When the tower is being folded, it is
      first telescoped downwards while erect, until the base of upper section
      126a is adjacent that of lower section 125a, and the tower is then tilted
      down to a position in which the tops of the tower sections (i.e. the upper
      ends in the erected position) are below the bases of the sections. The
      telescoping of the tower is then resumed until the base of the upper tower
      section 126a comes above the cab of the vehicle, as shown in FIG. 12, and
      in which the tops of the tower sections are adjacent each other.
PAR  It will be seen that this modified arrangement allows utilization of the
      space above the vehicle cab for accommodating the folded tower, and
      therefore allows the folded crane and vehicle combination (for a given
      tower height) to be shorter, although higher, than with the configuration
      of FIG. 8.
PAR  The top of the tower carries the lower part of a ball bearing 133a, the
      upper part of which bearing forms a turntable supporting a fixed support
      plate 135a. Plate 135a carries a tiltable support plate 137a hingedly
      attached thereto at 138a, this support plate 137a carrying the tiltable
      unit 136a. Brackets 140a and 141a are provided on the respective support
      plates 135a and 137a, and these brackets have bolt holes which are in
      alignment with each other in the operating position of the unit 136a, as
      shown in FIGS. 11 and 13, so that the tiltable unit can be fixed in the
      operating position by inserting bolts through these bolt holes.
PAR  The tiltable unit 136a includes a jib mounting brackets 143a  generally
      similar to that of FIGS. 7 to 10, except in that this extends further
      rearwardly, so that the counterweight 154a is displaced further from the
      tower axis. The arrangement of the jib luffing cylinders 147a and the
      cylinder 151 which tilts the unit 136a are also arranged in similar manner
      to those of FIGS. 7 to 10. In this embodiment, however, both the cylinders
      147a and 151a are arranged to give about the same degree of pivotal
      movement to their respective parts, i.e. the angle through which the
      cylinders 147a are capable of moving the jib 144a between its uppermost
      and lowermost positions is roughly equivalent to the angle through which
      the tiltable unit 136a is tilted between its operating and foled
      positions, both these angles being around 85.degree..
PAR  The main difference between the modified arrangement of FIGS. 11 to 14
      however, and FIGS. 7 to 10, lies in the arrangement of the cab, this cab
      175 being mounted on a forwards extension of the plate 137a and to one
      side of the path of movement of the jib 144a. The arrangement is such that
      in the lowered position of the jib, for example as in FIG. 12, the jib
      lies alongside the cab. Clearly, in this arrangement, the cab is not a
      structural part required to carry any bending stress.
PAR  Another feature of the embodiment of FIGS. 11 to 14 is the provision of an
      engine 176, which is also mounted on an extension of the plate 137a, this
      extension being on the opposite side to the jib from the cab 175, and
      central in the fore and aft direction. This engine is connected to a
      hydraulic pump, which is capable of supplying power for the hydraulic
      movements of the jib.
PAR  Operation of the crane as shown in FIGS. 11 to 14 is generally identical to
      that of FIGS. 7 to 10, and therefore will not be further described. It may
      be noted, however, in this connection that in the folded position of the
      tiltable unit the jib pivot is in a position well forward of the top side
      of the folded tower, so that in fact the jib pivot can be almost aligned
      with the jib axis.
PAR  The jib support means as shown in either of the embodiments described above
      may be modified by the provision of a movable counterweight, for example
      slidable on rail means on a frame extending behind the jib mounting
      bracket, hydraulic cylinder means being provided for moving the
      counterweight to alter its distance from the tower axis. This arrangement
      has two advantages: firstly the position of the counterweight may be
      adjusted either automatically or manually to give the minimum bending
      moment on the tower and turntable at all times, and secondly the
      counterweight may be retracted towards the tower axis for folding the
      crane, so that the folded crane occupies a minimum of space.
PAR  In the embodiments described, the jib alignment means comprises a tiltable
      unit, which is a convenient arrangement due to its simplicity, and to the
      manner in which it allows the jib pivot to be moved from a rearwards
      position (where the jib mounting bracket partially counterbalances the
      jib) to a forwards position (in which the alignment of the jib with the
      tower is facilitated). However, other forms of jib folding means may be
      contemplated, which do not require any movement of the jib pivot. For
      example, the end of the jib luffing cylinder connected to the jib could be
      made movable along the jib, or the other end of the jib luffing cylinder
      could be made movable along the tower, in such manner as to fold the jib
      alongside the tower. Alternatively, the end of the jib luffing cylinder
      remote from the jib, instead of being fixed in relation to the jib
      mounting bracket, could be mounted on a swinging member, this member being
      enabled to be swung by second hydraulic cylinder means to a position in
      which the jib is brought alongside the tower.
PAR  FIGS. 15 to 18 show a semi-trailer mounted crane having several features
      not shown in the cranes described above.
PAR  The semi-trailer carrier shown in FIGS. 15 to 18 is provided with both
      crawler tracks 180 and rear road wheels 182 mounted on tandem axles. The
      crawler tracks 180 are mounted one at each side of the rear of a main
      chassis part 183, and the road wheels 182 are mounted on a rear chassis
      portion 185 which is connected to chassis part 183 by a pivot 186 which
      allows pivotal movement of portion 185 in the vertical plane. This pivotal
      movement is effected by a double acting hydraulic cylinder 188 connected
      between a lug 183a on the chassis part 183 and a lug 185a on the portion
      185. The cylinder 188 is capable of moving the portion 185 from a raised
      position (shown in FIG. 15) in which road wheels 182 are raised clear of
      the surface engaged by tracks 180, to a lowered position (shown in FIG.
      17) in which the road wheels 182 contact the ground, the movement of
      portion 185 to this lowered position causing the tracks 180 to be raised
      oft the ground. Thus it will be seen that operation of cylinder 188 causes
      movement of the road wheels 182 between positions which are selectively
      above and below the plane of the lower surface of the crawler tracks.
PAR  The chassis part 183 on which tracks 180 are mounted is connected to
      detachable front portion 183a by interengaging connecting means in the
      form of a releasable joint 184, at the end of part 183 remote from road
      wheels 182. This is not however an articulated joint. It will be apparent
      that the separable front chassis part 183a, in the traveling condition of
      the crane (FIG. 15), extends under a portion of the length of the tower.
PAR  The chassis part 183 is also provided with outriggers which are set when
      the crane is operating.
PAR  The chassis part 183 forward of the tower mounting, and the pivotal portion
      185, are each provided with reinforced areas for the reception of
      counterweights 190 shown in FIG. 17, which stabilize the crane and
      increase its operating capacity.
PAR  The tower shown in FIGS. 15 to 18 is tiltably mounted on a raised mounting
      113b carried by chassis part 183 at the rear of the trailer, this mounting
      being centrally located with respect to crawler tracks 180. The mounting
      113b is in the form of a bracket including two side plates 191 spaced
      apart to accommodate the lower section 125b of the tower, which tower
      section is pivotally attached to the plates 191 by a raised pivot 193
      which pivot is at the rear upper corner of the bracket 113b, i.e. at the
      side remote from the side on which the main part of the tower lies in its
      traveling position. Accordingly, the tower height when raised includes the
      height of the bracket 113b up to pivot 193, and in the folded condition
      the base of the tower rests within the bracket 90 so that this space is
      not wasted.
PAR  The tower comprises three telescoping sections, each with hollow box beam
      corner members set diagonally across the corners of the sections, as shown
      in FIG. 16. The tower sections may be telescopically moved by a single
      multi-section telescoping hydraulic ram having a stroke equivalent to the
      total required movement of the top section.
PAR  The top of the crane of FIGS. 15 to 18 includes a rotatable cab 200,
      mounted on a turntable 133b. The cab has a structure similar to that of
      the tower. The cab has bracing struts 202 associated therewith and
      carrying bearing means 203 adjacent the top of cab 200 on which the
      tiltable unit 136b is pivotally mounted. A pair of hydraulic cylinders
      151b is provided for tilting the unit 136b, these cylinders extending
      substantially the length of the cab and being mounted at their lower ends
      on the turntable. As seen in FIG. 15, the cylinder 151b is capable of
      tilting the unit 136b through a folding angle of approximately 90.degree.,
      for folding the crane. A pair of jib luffing cylinders 147b are connected
      between brackets 205 attached to the base of tiltable unit 136b, and a
      bracket on the top of the jib 144b the jib being pivoted to tiltable unit
      136b at jib pivot 145b (FIG. 18) above the top of the cab. The nature of
      the jib mounting, the counterweight, and the cable winch, are all
      generally as described in detail with reference to the embodiment of FIGS.
      7 to 10.
PAR  The operation of the crane is also similar to that of FIGS. 7 to 10, but
      includes operation of the crane on its crawler tracks 180. After arrival
      on site in the condition of FIG. 15, the cylinder 188 is operated to raise
      wheels 182, so that the trailer rests on tracks 180. The crane is then
      erected in manner similar to that described with reference to the
      embodiment of FIGS. 7 to 10. After erection, the crane is used to support
      the chassis portion 183a while this is detached from portion 183 at joint
      184, and the portion 183a is then removed by the tractor vehicle. The
      crane is then in the condition shown in FIG. 17, and can be moved on its
      crawler tracks around a building site. Before such movement, the
      outriggers 207 are of course raised, and the tower is preferably
      telescoped down to its minimum height to improve the stability. The
      removal of chassis portion 183a improves the mobility of the crane in this
      condition. For operation of the crane in a selected position, the
      outriggers 207 are set, as shown in FIG. 18.
PAR  For preparing the crane for travelling, the trailer chassis portion 183a
      can be re-positioned and attached at joint 184 while being supported by
      the crane hook.
PAR  FIG. 15 illustrates the manner in which the tilting of unit 136b causes
      this unit to be effectively raised from the carrier when the crane is
      folded, as compared to the position which would be occupied by a
      non-tiltable unit, thus avoiding carrier parts such as the trailer "goose
      neck" and the cab. In fact, with the arrangement of FIGS. 10 to 12, in
      which the tower mounting is at the rear of the trailer, the folded
      tiltable unit 136a fits conveniently above the carrier cab. This is
      achieved by arranging that bearing means 203 are approximately aligned
      with the side of the turntable 133b which is uppermost when the crane is
      in the travelling condition. Since the main part of the jib is disposed
      above these bearing means, this allows part of the jib to project over the
      upper side of the tower and a further part to be raised above an upwardly
      projecting part of the carrier such as the goose-neck and/or the carrier
      cab which part lies beyond the top of the lowered tower.
PAR  FIG. 19 shows a crane similar to that of FIGS. 15 to 18, but mounted on a
      standard truck without crawler tracks. Again, it will be seen that the
      tiltable unit 136d fits conveniently over the truck cab.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile tower crane, comprising mobile platform means carrying in
      combination a base mounting for a tower, a tower pivotally connected to
      said mounting for tilting movement between a vertical operating position
      and a substantially horizontal travelling position in which travelling
      position the tower is supported by said mobile platform means, and
      actuating means interconnecting the platform means and the tower for
      moving the tower between said positions, said combination of base
      mounting, tower and actuating means being such that the tower when in the
      operating position and without any bracing cables provides a firm support
      suitable for supporting load carrying means which is rotatable relative to
      the tower about the tower axis and which thereby in operation causes
      bending moments to be applied to said tower in various directions, and a
      jib structure carried by said tower, said jib structure comprising a
      turntable mounted on the top of said tower, said turntable including a
      rotatable part and a nonrotatable part, a jib support platform hingedly
      connected to the rotatable part of said turntable, power means for
      rotating said rotatable part of said turntable to cause slewing of the jib
      support platform about the longitudinal axis of the tower, a jib, a pivot
      mounting said jib on said jib support platform to allow luffing movement
      of said jib, power means connected between the jib support platform and
      the jib for causing said luffing movement, and power means connected
      between the movable part of said turntable and said jib support platform
      for folding the jib support platform relative to said turntable about said
      hinge connection, whereby the jib support platform and associated jib can
      be folded to an inoperative position along the side of the tower for
      travelling and unfolded to an operative position to the top of said tower.
NUM  2.
PAR  2. A crane according to claim 1, wherein said jib comprises at least two
      telescoping sections and hydraulic cylinder means for telescoping said
      sections.
NUM  3.
PAR  3. A mobile tower crane according to claim 1, wherein said jib support
      platform is arranged to move through a folding angle of the order of
      60.degree. to 90.degree. between the operating and folded positions, said
      folding angle being at least as great as the substantial angle between the
      jib and the tower axis when the jib support platform is in its operating
      position and when the jib is at its lowermost normal operating angle, and
      wherein the relationship between the hinge connection connecting the jib
      support platform to the rotatable part of the turntable and the jib pivot
      is such that the jib lies close to the tower when the jib support platform
      is in its folded condition.
NUM  4.
PAR  4. A mobile tower crane according to claim 1, wherein a cab is provided at
      the top of the tower, and wherein said jib support platform is mounted on
      top of said cab.
NUM  5.
PAR  5. A mobile tower crane according to claim 1, wherein said jib support
      platform carries a counterweight which, in the operative position of the
      crane, is on the opposite side of the tower to the main portion of the
      jib.
NUM  6.
PAR  6. A tower crane according to claim 1, wherein the tower comprises a
      plurality of telescoping sections, said sections being movable to extend
      the tower by a single multi-section hydraulic cylinder having at least
      three tubular sections telescoping one within the other.
NUM  7.
PAR  7. A mobile tower crane according to claim 1, wherein said base mounting
      for the tower is a raised mounting comprising a bracket including two
      spaced apart side portions, capable of accommodating between them part of
      the lower section of the tower, said bracket carrying a raised pivot for
      the tower which pivot is on the side of the bracket remote from the side
      on which the top part of the tower lies when in the travelling position,
      whereby the height of the tower when raised includes the height of the
      bracket up to said raised pivot in addition to the height of the tower
      above the said raised pivot.
NUM  8.
PAR  8. A mobile tower crane according to claim 1, wherein the power means for
      causing luffing movement comprises hydraulic cylinder means connected
      between the jib support platform and the jib.
NUM  9.
PAR  9. A mobile tower crane according to claim 1, wherein the power means for
      folding the jib support platform and associated jib relative to the tower
      comprises hydraulic cylinder means connected between the movable part of
      said turntable and the jib support platform.
NUM  10.
PAR  10. A tower crane comprising platform means carrying in combination a base
      mounting for a tower, a tower pivotally connected to said mounting for
      tilting movement between a vertical operating position and a substantially
      horizontal stored position, raising means interconnecting the platform
      means and the tower for moving the tower between said positions, a jib
      structure carried by said tower, said jib structure comprising a turntable
      mounted on the top of said tower, said turntable including a rotatable
      part and a non-rotatable part, a jib support platform hingedly connected
      to the rotatable part of said turntable, power means for rotating said
      rotatable part of said turntable to cause slewing of the jib support
      platform about the longitudinal axis of the tower, a jib, a pivot mounting
      said jib on said jib support platform to allow luffing movement of said
      jib, power means connected between the jib support platform and the jib
      for causing said luffing movement, and power means connected between the
      movable part of said turntable and said jib support platform for folding
      the jib support platform relative to said turntable about said hinge
      connection, whereby the jib support platform and associated jib can be
      folded to an inoperative position along the side of the tower for storage
      and unfolded to an operative position to the top of said tower.
NUM  11.
PAR  11. A crane according to claim 10, wherein said jib comprises at least two
      telescoping sections and hydraulic cylinder means for telescoping said
      sections.
NUM  12.
PAR  12. A tower crane according to claim 10, wherein said jib support platform
      is arranged to move through a folding angle of the order of 60.degree. to
      90.degree. between the operating and folded positions, said folding angle
      being at least as great as the substantial angle between the jib and the
      tower axis when the jib support platform is in its operating position and
      when the jib is at its lowermost normal operating angle, and wherein the
      relationship between the hinge connection connecting the jib support
      platform to the rotatable part of the turntable and the jib pivot is such
      that the jib lies close to the tower when the jib support platform is in
      its folded condition.
NUM  13.
PAR  13. A tower crane according to claim 10, wherein a cab is provided at the
      top of the tower, and wherein said jib support platform is mounted on top
      of said cab.
NUM  14.
PAR  14. A tower crane according to claim 10, wherein said jib support platform
      carries a counterweight which, in the operative position of the crane, is
      on the opposite side of the tower to the main portion of the jib.
NUM  15.
PAR  15. A tower crane according to claim 10, wherein the tower comprises a
      plurality of telescoping sections, said sections being movable to extend
      the tower by a single multi-section hydraulic cylinder having at least
      three tubular sections telescoping one within the other.
NUM  16.
PAR  16. A tower crane according to claim 10, wherein said base mounting for the
      tower is a raised mounting comprising a bracket including two spaced apart
      side portions, capable of accommodating between them part of the lower
      section of the tower, said bracket carrying a raised pivot for the tower
      which pivot is on the side of the bracket remote from the side on which
      the top part of the tower lies when in the storage position, whereby the
      height of the tower when raised includes the height of the bracket up to
      said raised pivot in addition to the height of the tower above the said
      raised pivot.
NUM  17.
PAR  17. A tower crane according to claim 10, wherein the power means for
      causing luffing movement comprises hydraulic cylinder means connected
      between the jib support platform and the jib.
NUM  18.
PAR  18. A tower crane according to claim 10, wherein the power means for
      folding the jib support platform and associated jib relative to the tower
      comprises hydraulic cylinder means connected between the movable part of
      said turntable and the jib support platform.
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ABST
PAL  A method and apparatus for handling a large fabric roll and an
      interengaging spindle therefor before and after a slitting operation in
      which the roll and spindle are supported in initial handling positions in
      longitudinal spaced and aligned relation, the spindle being supported
      initially at two positions at its end portions and moved longitudinally by
      the support at its remote end portion into interengaged relation, during
      which movement, the support at the other end portion is progressively
      changed in a direction toward the remote end and then removed after the
      end portion has initially engaged within the roll. The slitting operation
      is performed after support of the roll has been transferred to the
      outwardly extending spindle end portions and the roll has been
      transversely moved into an operative slitting position. The handling
      procedures are substantially reversed after the slitting operation.
BSUM
PAR  This invention relates to the slitting of rolls of web material and more
      particularly to an improved method and apparatus of handling such rolls
      before and after the slitting operation.
PAR  Slitting machines for cutting rolls of web material such as fabric by
      moving a circular cutting blade rotating about an axis parallel with the
      axis of the roll transversely from the exterior periphery of the roll to
      the interior periphery thereof have been in use for many years in the
      textile industry. Generally, the rolls processed through the slitting
      operation have been of a sufficiently small size as to present little
      difficulty in handling both before and after the slitting operation. Until
      recently, large rolls of the order of 144 inches wide (measured axially)
      and 45 inches in diameter were slit by the unwind-slit-and rewind method
      rather than by the more common roll slitting method employed with smaller
      rolls. Roll slitting is well recognized to be more advantageous than
      unwind slit and rewind slitting both in terms of speed and efficiency.
PAR  Roll slitting machines embodying a 60 inch diameter circular cutting blade
      are now commercially available with the capability of slitting rolls up to
      48 inches in diameter and 156 inches wide. One such machine is identified
      as Judelshon Model No. 317 Electronic Roll Cutter manufactured by
      Judelshon Industries, Inc. The cutting of larger rolls of web form
      materials is also contemplated according to the invention, for example,
      rolls in the nature of 90 inches or greater in diameter and of 350 inches
      or greater in length and weighing up to 5 tons or more. The invention may
      also be applied to the handling and cutting of smaller rolls that are not
      suitable for manual handling, for example, because of concentrated weight.
PAR  When it is considered that a 154 .times. 48 inch roll may weigh in excess
      of 3,000 pounds and that a spindle of a size to fit the roll may weigh in
      excess of 380 pounds it becomes apparent that the handling of the roll
      preparatory to the slitting operation and the handling of the slit rolls
      after the slitting operation presents a situation which virtually
      precludes reliance upon manual operations.
PAR  The aforementioned Model No. 317 Roll Cutter, provides a mechanism for
      moving a spindle mounted roll from an initial receiving position arcuately
      into an operative slitting position. The mechanism consists essentially of
      a pair of spindle end engaging arms fixed to a shaft mounted for power
      operated pivotal movement about an axis parallel with the cutter axis
      between receiving and operating positions. The outer ends of the arms are
      arranged to engage beneath the spindle ends at the receiving position and
      to encircle the spindle ends as the roll carried thereby is moved from the
      receiving position to the operating position. While this mechanism
      facilitates the handling of the roll to be slit and the plurality of rolls
      formed by the slitting operation, it is operable only after the roll has
      been mounted on the spindle. The mounting of the roll on the spindle and
      the removal of the slit rolls from the spindle presents an even more
      formidable handling problem.
PAR  An object of the present invention is the provision of a method and
      apparatus which will effectively solve this handling problem. This
      objective is obtained in accordance with the method principles of the
      present invention by moving a roll into an initial handling position
      wherein its axis is disposed generally parallel with the axis of rotation
      at the operative slitting position, supporting the weight of the roll
      along its lower exterior periphery at such initial handling position,
      disposing a spindle of a size to fit the spool of the roll with end
      portions extending outwardly thereof in an initial position spaced
      longitudinally from the roll with the axis of the spindle generally
      aligned with the axis of the roll, supporting the weight of the spindle at
      such initial position along the lower periphery thereof at a first
      position adjacent the end portion thereof adjacent the roll and at a
      longitudinally spaced second position at the remote end portion thereof,
      applying longitudinally opposed forces to the roll and to the remote rear
      end portion of the spindle acting in a direction toward one another to
      effect a relative longitudinal movement of the roll and spindle together
      from their initial positions to interengaged positions wherein the spindle
      is engaged within the spool of the roll and the end portions thereof
      extend outwardly of the roll, maintaining the aforesaid support of the
      roll throughout the aforesaid relative longitudinal movement, maintaining
      the aforesaid support of the spindle at the second position through the
      aforesaid relative longitudinal movement, progressively changing the
      support of the spindle at the first position longitudinally along the
      lower periphery of the spindle in a direction toward the second position
      during an initial portion of the relative longitudinal movement wherein
      the adjacent end portion of the spindle is engaged within the roll,
      removing the changing support of the said spindle during a final portion
      of the relative longitudinal movement, removing the application of force
      to the remote spindle end after the relative longitudinal movement and
      transferring the aforesaid support of the roll to the spindle by
      supporting the outwardly extending end portions of the spindle and
      laterally translationally moving the roll into the initial operative
      slitting position through support of the end portions of the spindle.
PAR  In accordance with the principles of the present invention, the aforesaid
      method steps are substantially reversed following the slitting operation
      in handling the slit rolls to the point where the spindle is removed
      therefrom and apparatus is provided for carrying out all of the procedural
      steps. In terms of apparatus, it will be understood that the step of
      moving the roll into the initial operative slitting position may be
      performed by the aforesaid arms of the spindle end handling mechanism when
      the slitting operation is carried out on the Model No. 317 machine
      heretofore mentioned. The roll supporting step may be conveniently
      performed by a conventional fork lift truck having a suitable roll
      supporting saddle structure fixed to the upper surface of the fork lift
      tines. A specially constructed elongated spindle handling device is
      utilized to carry out the handling steps relating to the spindle.
PAR  Another object of the present invention is the provision of an apparatus of
      the type described which is simple in construction, economical to
      manufacture and maintain, and efficient in operation.
PAR  These and other objects of the present invention will become more apparent
      during the course of the following detailed description and appended
      claims:
PAR  The invention may best be understood with reference to the accompanying
      drawings wherein an illustrative embodiment is shown.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view illustrating a slitting machine and a
      portion of the roll-handling apparatus embodying the principles of the
      present invention utilized in conjunction therewith;
PAR  FIG. 2 is a front elevational view of the slitting machine shown in FIG. 2;
PAR  FIG. 3 is a side elevational view of the spindle handling device of the
      present apparatus;
PAR  FIG. 4 is a planned view of the device shown in FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary sectional view taken along the line 5--5
      of FIG. 3;
PAR  FIG. 6 is an enlarged fragmentary sectional view taken along the lines 6--6
      of FIG. 3; and
PAR  FIGS. 7 through 9 are schematic views illustrating the basic procedural
      steps of the present invention, each figure including a top plan view
      designated by the subscript A and a correspond side elevational view
      designated by the subscript B.
DETD
PAR  Referring now more particularly to FIG. 1 and 2 of the drawings, there is
      shown therein a slitting machine, generally indicated at 10,
      representative of Judelshon Model No. 317 Electronic Roll Cutter, which is
      a preferred machine utilized in conjunction with the apparatus of the
      present invention. As shown, the machine 10 include a cutting assembly,
      generally indicated at 12, and a roll handling assembly, generally
      indicated at 14. For present purposes, a detailed description of the
      construction and mode of operation of the cutting assembly 12 is not
      believed to be essential to an understanding of the present invention.
      Briefly, it will be noted that the cutting assembly 12 includes a circular
      cutting blade 16 of a diameter of approximately 60 inches fixed to a shaft
      rotatable about an axis indicated at 18. By utilizing a cutting blade of
      this size, the cutting assembly 12 is capable of slitting rolls of a
      diameter of 48 inches. In FIG. 1 there is shown a roll 20 which consists
      essentially of a length of web material, as, for example, non-woven
      textile fabric wound around a cylindrical spool in the form of a paper
      composition tube 2. The roll 20, as shown, has a width of approximately
      144 inches and a diameter of approximately 45 inches. It will be
      understood that the principles of the present invention are applicable to
      rolls of the order of the sizes indicated above. The term "of the order of
      144 .times. 45 inches "  contemplates rolls of a comparable size which may
      vary below and above the above-mentioned specific figures, so long as the
      total size of the roll is sufficiently marked as to present weight
      problems in handling. The specific 144 .times. 45 inch roll has an
      interior spool diameter of 7 inches.
PAR  As best shown in FIG. 2, the roll 20 is adapted to cooperate with a spindle
      assembly, generally indicated at 22. The spindle assembly 22 includes an
      elongated stationary section 24 and a relatively short rotating section 26
      disposed in side-by-side relation therewith. The stationary section 24
      includes a grooved outer end portion 28 and the rotating section 26
      includes an end portion 30 which includes an outer annular groove 32, an
      innertapered annular groove 34. The periphery of the rotating section 26
      is provided with a multiplicity of radially movable pins 36 or the like
      which are adapted to be moved radially outwardly in response to the
      communication of air under pressure with the interior of the rotating
      section 26. In this way, the radially outward movement of the pins 36
      serve to fixedly link the rotating section 26 of the spindle assembly 22
      with the interior of the spool of the roll so that the latter will be
      driven about its axis in response to the rotational movement of the
      rotating spindle section 26. The stationary spindle section 24 has a flat,
      indicated at 38 in FIG. 2, formed on the surface thereof facing the
      cutting assembly 12 which permits the periphery of the cutting blade 16 to
      engage within the inner periphery of the spool of the roll during the
      completion of the slitting operation. It will be understood that the
      slitting operation is accomplished by moving the axis 18 of the cutting
      blade 16 horizontally to the left as shown in FIG. 1 from the initial
      position shown wherein the periphery of the cutting blade is disposed
      exteriorly of the exterior of the roll 20 to a final slitting position
      wherein the periphery of the cutting blade is disposed interiorly of the
      spool as aforesaid. It will also be understood that the cutting assembly
      12 include a mechanism for adjusting the position of the blade
      longitudinally of the roll.
PAR  The roll handling assembly 14 includes a shaft 40 which is mounted for
      rotation about an axis parallel with the axis 18 as by bearing assemblies
      42. Fixed to the shaft 40 in longitudinally spaced relation is a pair of
      spindle end engaging arms 44 and 46. As best shown in FIG. 1, the arms 44
      and 46 are movable between a spindle receiving position, shown in dotted
      lines in FIG. 1 and an operative slitting position shown in solid lines in
      FIG. 1 by any suitable means such as a hydraulic piston and cylinder unit
      48 having the cylinder end thereof pivoted to a fixed support and the
      piston end thereof pivoted to the outer end of an actuating lever 50, the
      inner end of which is fixed to the shaft 40.
PAR  The outer end of the arm 44 is configured to accommodate one-half of the
      peripheral configuration of the grooved spindle end 28 in indexed fashion
      so that when the spindle 22 is disposed in the operative slitting
      position, the flat 38 of the stationary spindle section 24 will be
      disposed in proper orientation facing the periphery of the cutting blade
      16. The outer end of the other arm 46 is configured to rotatably receive
      one-half of the tapered groove 34. Each of the arms includes a cooperating
      pivoted cap member 52 mounted for movement, as by a hydraulic piston and
      cylinder unit 54, between an open position and a closed position, such as
      shown in FIG. 1. It will be understood that the cap member 52 associated
      with the arm 44 serves to hold the stationary spindle section 24 against
      movement out of its properly indexed position, while the cap member 52
      associated with the arm 46 cooperates with the outer end configuration of
      the arm to rotatably support the rotatable spindle section 26.
PAR  The apparatus of the present invention includes a roll handling device,
      generally indicated at 56 and a spindle handling device, generally
      indicated at 58 which cooperate together and with the roll handling
      assembly 14 to assemble the spindle 22 within a roll 20 in a position so
      that the spindle ends can be engaged within the outer ends of the arms 44
      when the latter are disposed in their spindle end receiving position so
      that the roll mounted on the spindle can be moved from the receiving
      position into the operative slitting position where the slitting operation
      takes place. It will be understood that during the slitting operation,
      roll 20 is rotatably moved about its axis and to this end there is
      provided a suitable rotative power source, such as an electrical motor 60
      or the like drivingly connected to a gear reduction unit 61 suitably
      mounted in a position with its output shaft aligned with the axis of the
      shaft 40. Mounted on the arm 46 is a fixed mounting bracket 62 carrying
      bearings 64 within which is journaled a drive shaft 66. The axis of the
      drive shaft 66 is positioned such that it is aligned with the axis of the
      spindle 22 and is driven by the output shaft of the unit 61, as by a
      sprocket and chain assembly 67. An axially engageable drive clutch
      assembly 68 is carried by the mounting bracket 62 for drivingly connecting
      the end of the rotating spindle section with the drive shaft 66 when the
      latter is disposed in its operative slitting position. It will also be
      understood that the spindle assembly 22 includes an air pressure fitting
      (not shown) which is adapted to be connected with a source of air under
      pressure when the spindle assembly is disposed in its operative slitting
      position for actuating the pins 36 so as to insure that the roll 20 will
      be rotated in response to the rotation of the rotating spindle section 26
      by the drive shaft 66. It will be understood that following the slitting
      operation, which is performed by horizontally moving the cuttling blade 16
      through a cutting stroke from the position shown in FIG. 1, the cutting
      blade is then moved through a return stroke back into the position as
      shown.
PAR  It will be understood that the roll handling device 56 may be specially
      constructed, however, as shown the device 56 consists of a conventional
      fork lift truck which include the usual tines 78 upon which are rigidly
      mounted a specially constructed saddle structure 80 for engaging the lower
      periphery of a roll throughout a substantial portion of the width thereof
      so as to support the entire weight of the roll in a stable relation. As
      shown, the saddle structure 80 includes a pair of upwardly directed spaced
      angle irons 82 which serve to receive the lower periphery of the roll 20
      therebetween. It will be understood that any conventional fork lift truck
      may be utilized, an exemplary embodiment being a Crown heavy-duty Walkie
      Stradle Stacker Model No. 20WTT. As will be apparent hereinafter, the
      significant movements provided by the fork lift truck are a horizontal
      transverse movement with respect to the axis of the roll supported
      thereby, a vertical transverse movement with respect to the axis of the
      roll supported thereby, and a longitudinal horizontal movement parallel
      with the axis of the roll supported thereby. Other types of movements such
      as a tilting movement are also provided although this movement is not
      considered to be essential.
PAR  In the embodiment shown, the fork lift truck 56 is provided as a permanent
      part of the apparatus and is maintained substantially at all times in the
      position as shown in FIG. 1 except for the limited horizontal transverse
      movement hereinafter to be described. Handling of the rolls to be slitted
      into supported relation with the saddle structure 80 may be accomplished
      in conventional fashion by fork lift trucks provided with spindles for
      engaging within the spool of the roll. Likewise, the slitted rolls may be
      conventionally handled in this fashion after the slitting operation.
PAR  As previously indicated, the spindle handling device 58 is preferably
      specially constructed and, as best shown in FIGS. 3-6, includes an
      elongated frame structure, generally indicated at 100, a remote spindle
      end supporting means in the form of a carriage assembly 102 mounted for
      longitudinal recipricating movement on the frame assembly 100, an adjacent
      spindle end portion variable and removable support means in the form of a
      vertically movable roller assembly, generally indicated at 104, carried by
      the end of the frame assembly 100 in a position adjacent the fork lift
      truck 56 and a force applying or moving means in the form of a power
      driven endless chain assembly, generally indicated at 106, carried by the
      frame assembly 100 and operatively connected with the carriage assembly
      102 for effecting the aforesaid longitudinal recipricatory movement
      thereof.
PAR  The frame assembly 100 made be of any desired construction. As shown, the
      frame assembly includes a pair of upper horizontally extending frame
      members 108 which are preferably of channel configuration disposed with
      respect to each other so that the openings of the channels face one
      another. The frame assembly 100 also includes a plurality of vertical
      frame members 110 which serve to support the horizontal members 108 in
      vertically spaced relation above the floor surface and a plurality of
      horizontally extending cross members 112 which serve to maintain the frame
      members 108 in parallel horizontally spaced relation.
PAR  The carriage assembly 102 includes a main rectangular frame structure 114
      of suitable rigid construction, as, for example, tubular members welded
      together in a skeletonized frame. The rearward end of the carriage frame
      114 has a pair of rearward rollers 116 (see FIG. 4) journaled thereon in
      depending relation, which rollers ride within the channel members 108.
      Mounted in depending relation to the central portion of the carriage frame
      is a second pair of rollers 118 (see FIG. 5) which likewise ride within
      the tracks provided by the channel members 108. In this way, carriage
      assembly 102 is mounted for longitudinal recipricating movement on the
      frame assembly 100.
PAR  The forward upward surface of the carriage frame 114 is provided with a
      support element which, as best shown in FIG. 6 is in the form of a
      substantially saddle shaped member 120 of a size to engage the lower
      periphery of the annular groove 32 formed in the remote end portion 30 of
      spindle 22. The curved portion of the saddle member 120 supports the
      weight of the remote end of the spindle 22 when engaged thereon, while the
      forward surface thereof, which engages the corresponding transverse
      surface defining the groove 32, serves to transmit a longitudinal force in
      one direction to the spindle and the rearward surface thereof transmits a
      longitudinal moving force in the opposite direction. To assist in the
      application of the moving forces and to distribute the force application,
      there is provided a removable yoke 122, which is in the form of a U-shaped
      member the legs of which are adapted to engage downwardly within
      vertically extending sockets 124 rigidly secure to the forward end of the
      carriage frame. The legs of the U-shaped yoke 122 extend upwardly and are
      connected with a handle portion 126 by which the operator manually engages
      and disengages the yoke 122 in the position as shown in FIG. 6.
PAR  As best shown in FIG. 5, the movable roller support assembly 104 is mounted
      at the forward end of the frame and includes a pair of parallel vertically
      extending guide tubes 18 rigidly secured to the forward end of the frame
      assembly 100. Slidably mounted within the guide tubes 128 is a pair of
      parallel posts 130, the upper ends of which are fixedly interconnected
      together by a cross member 132. Secured to the upper surface of the cross
      member 132 is a angle iron member 134 the legs of which are disposed at
      substantially 45.degree. angles to the vertical. Mounted in the legs of
      the member 134 is a pair of stub shafts 136 which rotatably receive a pair
      of spindle engaging rollers 138. As can be seen from FIG. 5, the upper
      periphery of the rollers are shaped to supportingly engage the lower
      periphery of the spindle 22 so that the position of the support provided
      by the rollers is progressively changed when a relative longitudinal
      horizontal movement between the rollers and the spindle is accomplished.
PAR  In addition to the progressive changing of the longitudinal position of
      support, the assembly 104 also has the capability of being removed from
      supporting relation with the spindle and to accomplish this function,
      there is provided a piston and cylinder unit 140, the cylinder end of
      which is pivotly mounted in a fixed position, as indicated at 142 and the
      piston rod of which is connected to the central portion of the cross
      member 132 as indicated at 144.
PAR  The piston and cylinder unit 140 is preferably actuated by compressed air
      and preferably is of the double acting type. It will be understood that by
      communicating compressed air to the lower end of the cylinder, rollers 138
      will be moved into a raised spindle supporting position. When the
      compressed air is reversed for application to the upper end of the
      cylinder, the supporting rollers 138 will be moved downwardly into the
      position shown in FIG. 5 and hence removed from supporting relation with
      the spindle.
PAR  As best shown in FIGS. 3 and 4, the power operated chain assembly 106 is
      generally of conventional design and includes an endless chain 146 trained
      about a pair of longitudinally spaced sprocket wheels 148 and 150 mounted
      on the opposite ends of the frame assembly 100 by a suitable bearing
      assemblies 152 or the like so as to position the chain with an upper
      flight extending centrally between the channels 108 below the carriage
      frame 114. The carriage frame 114 is connected to the upper flight of the
      chain by any suitable means, as, for example, a depending lug 154 (see
      FIG. 3) which is pivotly connected with one of the links of the chain 146.
PAR  The assembly 106 also includes a power source which as shown is preferably
      in the form of a reversible electric motor 156, the output shaft of which
      drives a gear reduction unit 158. The output shaft of the gear reduction
      unit drives the rearward sprocket wheel 150 through a suitable chain and
      sprocket assembly 160.
PAR  It will be understood that both the valving for the piston and cylinder
      unit 140 as well as the switching for the reversible electric motor 156
      could be simply manually controlled, however in the preferred embodiment
      shown a degree of automation has been provided. Specifically, reversing
      limit switches 162 and 164 have been mounted on the frame assembly 100 in
      positions to be engaged by a cam element 166 fixed to the carriage
      structure 114 when the latter reaches the ends of its reciprocatory
      movement. The limit switches 162 and 164 serve to de-energize the motor
      156 so as to define the end of the travel of the carriage structure 114.
      The movement of the carriage structure 114 is initiated by a manual switch
      168. The manner in which the manual and limit switches are interconnected
      with the motor to effect the above control is believed to be sufficiently
      conventional as to not warrant a schematic diagram thereof.
PAR  During the movement of the carriage structure 114 through its spindle
      inserting stroke, the piston and cylinder unit 140 is automatically
      actuated to remove the supporting engagement of the rollers 138 with the
      spindle 22. This automatic removal is accomplished by providing a valve
      170 on the frame in a position to be engaged by a second cam element 172
      fixed to the carriage frame structure 114 in a position to engage the
      valve 170 when the carriage frame has been moved through a predetermined
      initial portion of its spindle inserting stroke. A second reversing valve
      174 is provided on the frame assembly 100 to be engaged by the cam element
      172 during the movement of the carriage structure 114 in the opposite
      direction to actuate the piston and cylinder unit 140 upwardly so as to
      move the rollers 138 into supporting relation with the spindle 22. Here
      again, the valving is believed to be sufficiently conventional as to not
      warrant the illustration of a schematic diagram thereof.
PAC  METHOD AND OPERATION
PAR  Referring now more particularly to FIGS. 7-9, the method and operation of
      the present invention will now be described beginning with the movement of
      a roll 20 from inventory and ending with the movement of the slit rolls to
      a position of use. As previously indicated, a roll 20 to be slit may be
      conventionally moved from the inventory storage position by a fork lift
      truck (not shown) having a spindle provided in lieu of the conventional
      tines which is adapted to be engaged within the interior of the spool of
      the roll and then lifted to effect transportation. The roll 20 to be slit
      is thus moved from inventory storage into supported relation on the saddle
      structure 80 of the fork lift truck 56 in an initial handling position. In
      this position, the axis of the roll 20 is disposed in parallel relation
      with the axis 18 of the cutting blade 16 and in parallel relation to the
      operative slitting position of the roll. In the embodiment shown, the
      initial handling position is spaced a short distance horizontally from the
      receiving position, shown in dotted lines in FIG. 1, for reasons
      hereinafter more fully explained. It will be understood, however, that the
      receiving position may be coincident with the initial handling position
      also as will be hereinafter explained.
PAR  A spindle assembly 22 is likewise disposed in an initial handling position,
      shown in FIGS. 7A and 7B, spaced longitudinally from the roll 20 with its
      axis generally in alignment with the axis of the roll. In the initial
      handling position of the spindle, rollers 138 of the assembly 104 support
      the spindle at a first position adjacent to the end portion 28 which is
      disposed adjacent the roll 20. The remote end portion 30 is supported by
      engagement of the saddle member 120 within the lower periphery of the
      groove 32. Next, yoke 122 is manually engaged within the sockets in
      operative relation within the groove 32, as shown in FIG. 6. Next, the
      operator actuates the manual switch 168 which serves to actuate the motor
      156 and effect movement of the upper flight of the chain 146 in a
      direction toward the left as viewed in FIG. 7B. This movement of the upper
      flight of the chain serves to apply a moving force through the carriage
      structure 114, saddle element 120 and yoke 122 to the remote end of the
      spindle 22, which force is opposed by the gravity force of the weight of
      the roll 20 disposed in supported relation on the saddle structure 80. It
      will be understood that while the weight of the roll 20 is normally
      sufficient to provide an opposing force sufficient to resist the movement
      of the roll in response to the movement of the spindle, an abutting
      structure may be provided in the saddle structure to positively resist or
      oppose the moving force applied to the spindle.
PAR  It will be noted that as the spindle 22 is moved longitudinally, the
      rollers 138 progressively change the support provided by the assembly 104
      at the aforesaid first position in a direction longitudinally toward the
      second position of support at the remote end thereof. Also during this
      initial movement, the adjacent end portion 28 of the spindle will be moved
      within the interior of the spool of the roll 20. After an initial portion
      of this movement, which portion is determined by the engagement of the cam
      element 172 with the valve 170, piston and cylinder unit 140 is actuated
      to lower the rollers 138 and thus remove the changing support of the
      spindle provided thereby, which support is now assumed by the roll by
      virtue of the engagement of the spindle end portion 28 within the interior
      of the spool as aforesaid. This position is shown in FIGS. 8A and 8B.
PAR  It will be understood that the movement of the carriage assembly continues
      until the limit switch 162 is engaged by the cam element 166 at which time
      the spindle 22 is disposed in a final interengaged position within the
      roll 20 wherein the end portions 28 and 30 extend outwardly thereof.
PAR  In the operation of the apparatus as described above, the operator then
      disengages the yoke 122 through manual engagement of the handle 126,
      actuates the fork lift truck 56 to raise the roll and interengage spindle
      upwardly. This upward movement serves to disengage the saddle element 120
      from supporting relation. The operator then actuates the fork lift truck
      56 to move the roll and interengaged spindle forwardly into a position as
      shown in FIGS. 9A and 9B, which corresponds with the receiving position
      shown in dotted lines in FIG. 1.
PAR  This horizontal movement is necessitated by the occasion to provide
      clearance of the drive shaft 66 and other structure carried by the
      mounting bracket 62 fixed to the arm 46 with respect to the forward end of
      the carriage structure 114. It will be understood that by modifying the
      assembly 14 so that the mounting bracket 62 and the associated structure
      carried thereby is disposed in a fixed position corresponding to the
      operative position, the clearance problem is not presented and it would be
      possible to provide for the initial handling positions to be coincident
      with the receiving position shown in dotted line in FIG. 1. With a
      modification of this type the necessity to provide for horizontal movement
      of the roll supporting structure would be eliminated. Moreover, the need
      for vertical movement of the roll supporting structure would be eliminated
      except for the necessity to accommodate rolls of various diameter size.
PAR  It will be understood that once the fork lift truck 56 has moved the roll
      with the spindle interengaged therein into the receiving position as shown
      in FIG. 1, hydraulic cylinder 48 can be actuated to move the arms 44 and
      46 upwardly into engagement with the lower periphery of the associated
      spindle grooves. As the arms move upwardly, the support of the roll is
      transfered from the saddle structure 80 to the arms 44 and 46 through the
      spindle 22. During the movement of the arms from the receiving position
      into the operative position, cap members 52 are moved into closed
      position. When the arms reach the operative position, clutch assembly 68
      is engaged and the source of air under pressure is connected with the
      interior of the rotatable section of the spindle to drivingly engage the
      pins 36 with the spool surrounding the same. The machine pin is now ready
      to perform the cutting cycle.
PAR  After the cutting cycle has been performed, the above handling steps are
      substantially reversed to provide a plurality of slit rolls in a final
      handling position separated from the spindle assembly.
PAR  This reverse operation consists essentially of disengaging the drive clutch
      68 and the aforesaid pressure connection, actuating the hydraulic
      cylinders 48 to move the arms from their operative position into their
      receiving position, during which movement the cap members move into an
      open position. During the final portion of the movement of the arms, the
      support of the roll is transfered from the arms through the spindle to the
      saddle structure 80 of the fork lift truck 56. The fork lift truck is then
      actuated to move the roll horizontally into a position of clearance with
      respect to the arms which position corresponds with the initial handling
      position. Next, the fork lift truck is actuated to lower the roll and
      interengaged spindle so that the remote end 30 and specifically the groove
      32 therein engages in supported relation with the saddle element 120 on
      the carriage structure 114. Next, the operator manually engages the yoke
      member 122 and actuages the switch 168 to commence the withdrawal movement
      of the chain 146. After a predetermined portion of this movement, cam
      element 172 engages valve 174 which actuates the piston and cylinder unit
      140 to move the rollers 138 upwardly into supporting relation with the
      lower periphery of the spindle 22. During the subsequent portion of the
      movement, the support provided by the rollers 138 is progressively changed
      in a direction longitudinally away from the remote end. During the final
      portion of this movement, the end portion 28 of the spindle is disengaged
      from the spool of the roll and the movement is completed when cam element
      166 engages the limit switch 164.
PAR  It will be understood that in practicing the present invention it is
      essential merely that a relative longitudinal movement between the roll 20
      and the spindle 22 takes place. In the preferred embodiment, this relative
      movement is accomplished by maintaining the roll 20 in a substantially
      stationary position and effecting a longitudinal movement of the spindle
      22. It will be understood that the invention contemplates a procedure in
      which the spindle is maintained in a substantially stationary position and
      the roll is moved longitudinally or where both are moved. The movement of
      the spindle is preferred since it involves the movement of less mass than
      the roll.
PAR  Also, while the apparatus provides for a degree of automation, it will be
      understood that the entire operation could be totally automated, in which
      case the yoke 122 would be replaced by a power driven cap member similar
      to the cap member 52 utilized in the ends of the arms 44 and 46. Also, as
      previously indicated, total automation would be preferable where the
      clearance problems, mentioned above, are obviated and hence the roll
      handling device is completely simplified. The roll handling device, as
      previously mentioned, could be specially constructed and in the case of
      automation would preferably consist of a conveyor capable of handling the
      slit rolls to a point of ultimate use.
PAR  It thus will be seen that the objects of this invention have been fully and
      effectively accomplished. It will be realized however, that the foregoing
      preferred specific embodiment has been shown and described for the purpose
      of illustrating the functional and structural principles of this invention
      and is subject to change without departure from such principles.
      Therefore, this invention includes all modifications encompassed within
      the spirit and scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of handling a roll comprising a length of web material wound
      around a cylindrical spool, particularly a roll of a large size having a
      width of the order 144 inches and a diameter of the order of 45 inches,
      for slitting into a plurality of rolls of equal diameter and lesser width
      by rotating said roll and a circular cutter about their axes in parallel
      relation at an initial slitting position wherein the exterior periphery of
      the cutter is exterior to the exterior periphery of the web material of
      the roll and effecting a relative lateral movement between said roll and
      said cutter from said initial slitting positions to final slitting
      positions wherein the exterior periphery of the cutter is interior of the
      interior periphery of the spool of said roll, said handling method
      comprising the steps of moving a roll into an initial handling position
      wherein its axis is disposed generally parallel with the axis of rotation
      at said initial slitting position, supporting the weight of the roll along
      its lower exterior periphery at said initial handling position, disposing
      a spindle of a size to fit said spool with end portions extending
      outwardly thereof in an initial position spaced longitudinally from said
      roll with the axis of said spindle generally aligned with the axis of said
      roll, supporting the weight of said spindle at said initial position along
      the lower periphery thereof at a first position adjacent the end portion
      thereof adjacent said roll and at a longitudinally spaced second position
      at the remote end portion thereof, applying longitudinally opposed forces
      to said roll and to the remote rear end portion of said spindle acting in
      a direction toward one another to effect a relative longitudinal movement
      of said roll and spindle together from said initial positions to
      interengaged positions wherein said spindle is engaged within the spool of
      said roll and the end portions thereof extend outwardly of said roll,
      maintaining the aforesaid support of said roll throughout the aforesaid
      relative longitudinal movement, maintaining the aforesaid support of said
      spindle at said second position through said relative longitudinal
      movement, progressively changing the support of said spindle at said first
      position longitudinally along the lower periphery of the spindle in a
      direction toward said second position during an initial portion of said
      relative longitudinal movement wherein the adjacent end portion of said
      spindle is engaged within said roll, removing the changing support of said
      spindle during a final portion of said relative longitudinal movement,
      removing the application of force to said remote spindle end after said
      relative longitudinal movement, transferring the aforesaid support of said
      roll to said spindle by supporting the outwardly extending end portions of
      said spindle and laterally translationally moving said roll into said
      initial slitting position through the support of the end portions of said
      spindle.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said roll is held substantially
      stationary during said relative longitudinal movement.
NUM  3.
PAR  3. A method as defined in claim 2 including the steps of handling the
      plurality of rolls formed by slitting in side-by-side relation by
      substantially reversing the aforesaid handling procedural steps.
NUM  4.
PAR  4. A method as defined in claim 1 including the steps of handling the
      plurality of rolls formed by slitting in side-by-side relation by
      substantially reversing the aforesaid handling procedural steps.
NUM  5.
PAR  5. Apparatus for handling a roll comprising a length of web material wound
      around a cylindrical spool, particularly a large roll having a width of
      the order of 144 inches and to a diameter of the order of 45 inches, for
      slitting into a plurality of rolls of equal diameter and lesser width by
      rotating said roll and a circular cutter about their axes in parallel
      relation at an initial slitting position wherein the exterior periphery of
      the cutter is exterior to the exterior periphery of the web material of
      the roll and effecting a relative lateral movement between said roll and
      said cutter from said initial slitting positions to final slitting
      positions wherein the exterior periphery of the cutter is interior of the
      interior periphery of the spool of said roll, said handling apparatus
      comprising
PA1  means for supporting the weight of a roll along its lower exterior
      periphery at an initial handling position wherein its axis is disposed
      generally parallel with the axis of rotation at said initial slitting
      position,
PA1  first and second means for supporting the weight of a spindle of a size to
      fit the spool of the roll with end portions extending outwardly thereof at
      an initial position spaced longitudinally from the roll with the axis of
      the spindle generally aligned with the axis of the roll along the lower
      periphery thereof respectively at a first position adjacent the end
      portion thereof adjacent said roll and at a longitudinally spaced second
      position at the remote end portion thereof,
PA1  means removably engageable with the remote end portion of said spindle for
      applying longitudinally opposed forces to said roll and to the remote rear
      end portion of said spindle acting in a direction toward one another to
      effect a relative longitudinal movement of said roll and spindle together
      from said initial positions to interengaged positions wherein said spindle
      is engaged within the spool of the roll and the end portions thereof
      extend outwardly of the roll,
PA1  said first spindle supporting means including means for progressively
      changing the support of the spindle at said first position longitudinally
      along the lower periphery of the spindle in a direction toward said second
      position during an initial portion of said relative longitudinal movement
      wherein the adjacent end portion of the spindle is engaged within the roll
      and for removing the changing support of the spindle during a final
      portion of said relative longitudinal movement,
PA1  and means operable after said relative longitudinal movement and the
      removal of the engagement of said force applying means with the remote
      spindle end portion for transferring the support of the roll by said roll
      supporting means to the spindle by supporting the outwardly extending end
      portions of the spindle so that the roll can be laterally translationally
      moved into said initial slitting position through the support of the end
      portions of the spindle.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein said roll supporting means
      includes a fork lift truck.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein said support transferring means
      comprises a pair of arms mounted for power operated pivotal movement
      between spindle end receiving and operative slitting positions, said arms
      having openings in the outer ends thereof for engaging beneath cooperative
      grooved sections of the end portions of the spindle and cap members
      mounted on the outer ends of said arms for movement between an open
      position when said arms are in said receiving position and a closed
      position encircling said grooved sections when said arms are in said
      operative slitting position.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said second spindle supporting
      means comprises an elongated frame structure, a carriage structure mounted
      on said frame structure for horizontal longitudinal reciprocating movement
      with respect thereto, said carriage structure having a member for
      supportingly engaging the remote end portion of the spindle.
NUM  9.
PAR  9. Apparatus as defined in claim 8 wherein force applying means includes a
      power driven endless chain mounted on said frame structure so as to
      provide a longitudinally extending operative flight, and means connecting
      said operative flight with said carriage structure.
NUM  10.
PAR  10. Apparatus as defined in claim 8 wherein said carriage structure
      includes a plurality of longitudinally spaced pairs of transversely spaced
      rollers, said frame structure including a pair of longitudinally extending
      oppositely facing channel members receiving said rollers.
NUM  11.
PAR  11. Apparatus as defined in claim 10 wherein the progressive support
      changing and removing means of said first spindle supporting means
      comprises roller means for engaging the lower periphery of the spindle and
      power operated means for effecting a vertical movement of said roller
      means between an upper progressive support changing position and a lower
      support removing position.
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ABST
PAL  A device for transferring a plate-like product from one station to another,
      especially an anode plate from a casting table into a cooling tank, said
      device having a base supporting a frame pivotally about an essentially
      horizontal axis, gripping members on said frame for grasping and releasing
      the plate, and power means associated with the frame for turning it about
      said axis from a first end position, wherein the gripping members can
      catch a plate at the first station, to a second end position, wherein the
      gripping members release the plate at the second station. Preferably, the
      base comprises two vertical pillars positioned between said stations, and
      the frame, being pivotally mounted between said pillars, is a metal frame
      larger than the plate so that during the turning movement the plate,
      hanging in the gripping members, can move through the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a device for transferring plate-like
      products from one station to another. Especially, the invention relates to
      the transferring of anode plates from a casting table to a cooling tank or
      basin positioned near said casting table.
PAR  2. Description of the Prior Art
PAR  From, for example, U.S. Pat. No. 3,715,048, it is known to use, for
      transferring anode plates, a carriage which moves along rails and which
      has been provided with grippers which grip the lugs of the anode plates.
      The carriage is driven by, for example, an electric motor. It is, however,
      obvious that such a linearly moving device with vertically movable
      gripping members is both expensive and space-consuming. Furthermore, its
      speed is not as good as it could be. It is also evident from U.S. Pat. No.
      3,338,437 that automatic control of a mechanism of the said type is
      relatively complicated. Other modified mechanisms are also known, such as
      the use of chains or other conveyors.
PAR  The said known devices have, however, a relatively complicated and
      space-consuming construction in common, and the object of the present
      invention is to provide a device which eliminates these disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a transferring device which comprises a base, a
      lifting frame pivoted to swing about an essentially horizontal shaft
      supported by the base, gripping members provided onto said frame and being
      movable to engage and release the plate-like product, and a power
      mechanism connected to said frame for turning the frame between two
      positions so that in one position of the frame the gripping members can
      grip the plate at said one station and in another position of the frame
      the gripping members can place the plate at said another station.
PAR  Thus, according to the invention the lifting and the transferring of the
      plates takes place by means of a simple turning movement, which guarantees
      an unfailing performance, excellent speed, and excellent precision for the
      device.
PAR  The transfer mechanism according to the invention has thus been designated
      mainly for lifting anode plates from the casting table after the casting
      and for transferring them immediately into an adjacent cooling tank. It is
      clear, however, that such a mechanism can also be used for transferring
      other similar plates between two points relatively close to each other.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side view of a transferring device for anode plates
      according to the invention, and
PAR  FIG. 2 shows a front view of the same device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiments according to the figures, the base of the device
      consists of two pillars 1 and 2, which have been fitted between the anode
      plate (A) casting table 12 and the cooling tank.
PAR  Supported by pillars 1, 2 and pivoted to a horizontal shaft 4 there is a
      lifting frame 3 which has, for example, been welded together from metal
      profiles and in its highest position (FIG. 2) surrounds the lifted anode
      plate A. Close to one side of the lifting frame 3 there is a straight
      horizontal shaft 5 to which arms 6 have been articulated. At the free ends
      of the articulated arms 6 there are gripping members 7, and the arms can
      be moved reciprocally by means of a hydraulic cylinder 8 to grip and
      release the lugs of the anode plate A. There can be a suitable
      counterbalance at the other end of the frame.
PAR  The transfer of the anode plate A from the casting table 12 into the
      cooling tank takes place as follows.
PAR  At the stage illustrated by FIG. 1, the controllable stud in the casting
      table 12 has lifted the anode plate so much that its end which has been
      provided with lugs is off the casting table. The lifting frame 3 is turned
      down (to the position shown) until it hits the stop 10, which has been
      adjusted so that the grippers 7 at the ends of the arms 6 come under the
      lugs of the anode plate. The arms 6 are pulled upwards by means of a
      cylinder 8, whereby the grippers 7 grip the lugs of the plate.
PAR  Thereafter the lifting frame is raised, supported by the shaft pins 4, by
      means of a power mechanism 9, which is not shown in detail but can be, for
      example, hydraulic. During the turning of the frame the anode plate is
      suspended, supported by the lugs, in a substantially vertical position,
      and when the lifting frame passes its highest position, the anode plate
      glides through the frame.
PAR  On the opposite side of the transfer mechanism in relation to the casting
      table 12 there is a cooling tank (not shown in detail), into which the
      lifting frame places the suspended anode plate, for example so that the
      lugs of the plate come to rest on horizontal supports. Even this extreme
      position is determined by an adjustable stop 11.
PAR  Thereafter the grippers 7 are detached by moving the anode forwards or by
      moving the arms by means of the cylinders 8, whereafter the lifting frame
      can be returned to lift the next anode plate.
PAR  As was noted above, it is clear that the mechanism of the described type
      can also be used for transferring anode plates or the like between other
      treatment states, as well as for transferring other plates, on the
      condition that gripping members suitable for the purpose are provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for transferring an anode plate from a casting table into a
      cooling tank, which comprises a base consisting of two spaced vertical
      pillars;
PA1  a metal lifting frame larger than said anode plate, said lifting frame
      being pivoted to swing about a pair of essentially horizontal pins
      supported by said pillars for swinging the anode plate through the frame;
      reciprocally movable grippers for gripping, holding and releasing lugs of
      the anode plate, said grippers being articulated on a shaft mounted
      parallel to two sides of said frame; said grippers being mounted to hold
      said anode plate, after gripping engagement, in a substantially vertical
      position after lifting the plate from the casting table and to release the
      plate into a cooling tank; and
PA1  a power mechanism connected to said frame for turning the frame between two
      positions so that in one position of the frame the grippers can grip the
      plate lugs at said casting table and in another position of the frame the
      grippers can place the plate in the cooling tank.
NUM  2.
PAR  2. A device according to claim 1, wherein said power mechanism is
      hydraulically operated.
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ABST
PAL  A concrete batch plant designed and constructed for transport to the site
      wherein the concrete is to be used, said plant being disposed in a
      substantially horizontal position during transport thereof and in a
      substantially vertical position during operation thereof for producing
      concrete batches. The apparatus comprises cement storage means for storing
      a quantity of dry bulk cement therein, weigh bin means for receiving a
      preselected quantity of the dry cement from the cement storage means,
      water bin means for receiving a preselected quantity of water therein,
      aggregate weigh bin means for containing a quantity of aggregate therein
      and discharging the same in preselected quantities, and means for
      elevating the aggregate storage bin means from the charging or loading
      position to the dumping or discharging position for discharging the
      contents thereof into a suitable mixer means such as a Ready-mix truck,
      said elevating means also being utilized for elevating the apparatus from
      said horizontal position to said vertical position and return to
      horizontal position. Electronic means is also provided for automatic
      loading of the water weigh bin and cement weigh bin with said preselected
      quantities of material according to weight for the desired concrete
      mixture, as well as visual electronic means for loading of the aggregate
      weigh bin means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in concrete mixing apparatus and
      more particularly, but not by way of limitation, to a concrete batch plant
      adapted for either stationary or portable operation.
PAR  2. Description of the Prior Art
PAR  Many sites wherein concrete is to be poured are located a substantially
      great distance from the concrete plant, and it is the usual practice to
      load a concrete mixer vehicle at the plant site and mix the concrete batch
      in the vehicle mounted mixer during transport to the remote site. This
      procedure has disadvantages in that it is usually desirable to mix the
      concrete batch for a particularly selected time period in order to assure
      an efficient end product, and there is also usually an optimum time for
      dumping the mixed concrete into the forms, or the like, to insure that the
      concrete does not "set up" or begin to harden before the pouring and
      spreading operation can be completed. The time of travel of the mixer
      vehicle from the plant site to the ultimate use location may vary greatly,
      depending upon conditions which may be completely out of the control of
      the operator of the vehicle, such as snarled traffic conditions, vehicle
      break down, and the like. In addition, there are many instances wherein a
      plurality of concrete batches may be required, with some of the batches
      being smaller than other batches, which is difficult and expensive to
      arrange with present day methods and means.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a concrete batch plant which may be
      transported to or near the site wherein the concrete is to be utilized.
      The novel apparatus comprises a main cement storage bin or silo, a water
      weigh bin, a cement weigh bin, and an aggregate weigh bin mounted on
      support means which may be transported by a wheeled vehicle, or the like,
      from site to site in accordance with the location wherein it is desired to
      utilize concrete. The support means is disposed in a substantially
      horizontal position during transporting thereof, and is elevated to a
      substantially vertical position for operation thereof during a concrete
      batching operation. The cement storage bin or silo is in communication
      with the cement weigh bin through any suitable means whereby a preselected
      quantity of the dry cement may be deposited within the cement weigh bin
      according to weight. A preselected quantity of water is deposited in the
      water weigh bin in accordance with weight, said proportions being selected
      in accordance with the desired end result of the concrete mixture. The
      aggregate weigh bin is carried by a suitable lifting apparatus whereby the
      bin may be charged or loaded in a lowered position of the bin and
      discharged or dumped in a raised position of the bin. The aggregate bin is
      moved from the lowered position to the raised position by the same means
      which raises and lowers the support means, and is moved through an
      overhead arc whereby the bin remains in its normal upright position at all
      times, thus precluding accidental loss of material therefrom, and in the
      raised position thereof, the aggregate may be readily discharged into the
      mixer truck in accordance with the desired weight thereof. Of course, the
      truck mixer is utilized in the usual or well known manner for mixing the
      ingredients to provide the desired concrete batch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a portable concrete batch plant
      embodying the invention and depicted in the substantially horizontal
      transporting position thereof.
PAR  FIG. 2 is a side elevational view of a portable concrete batch plant
      embodying the invention and depicted in the raised operating position
      thereof, with portions shown in dashed lines for purposes of illustration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, reference character 140 generally
      indicates a portable concrete batch plant comprising a cement silo 142, a
      water weigh bin 144, a cement weigh bin 146, an aggregate weigh bin 148,
      and a mixer 147 of a usual concrete mixer type vehicle 149. The silo 142
      may be of any suitable construction, and as shown herein is provided with
      a main housing portion 143 which may be either substantially cylindrical
      or of a rectangular cross-sectional configuration, and a lower portion 150
      as viewed in FIG. 2 in intimate communication with the main portion 143.
      The portion 150 is provided with a tapered portion 152 extending between
      the main portion 143 and a discharge opening or outlet 154 having a
      suitable gate member 156 cooperating therewith for selectively discharging
      dry cement from the silo 142 in a manner as will be hereinafter set forth.
      One side plate 153 of the silo 142, and which is conterminous with the
      tapered portion 152, becomes a bottom plate in the horizontal position
      shown in FIG. 1. An upper plate 155 of a tractor fifth wheel (not shown)
      is welded or otherwise suitably secured to the plate 153 and a king pin
      157 is welded to the plate 155 as is well known and for a purpose as will
      be hereinafter set forth. The silo 142 is secured to a pair of spaced
      first support beams 158 (only one of which is shown in the drawings), and
      a second pair of spaced support beams 160 (only one of which is shown in
      the drawings) in any suitable manner, such as by welding, or the like.
PAR  The support beams 158 and 160 are preferably mutually parallel and are
      spaced apart by suitable cross members generally indicated at 162 to
      provide a tower-type support structure for a purpose as will be
      hereinafter set forth. The beams 158 are pivotally secured at 164 to a
      pair of spaced support legs 166 (only one of which is shown in the
      drawings), and the legs 166 cooperate with a plurality of additional
      spaced support legs 168 which form a part of a framework 170 which
      supports the entire apparatus 140 as will be hereinafter set forth. In
      addition, each leg 166 and 168 is provided with an adjustable or
      telescopically arranged foot member 172 which may be selectively moved
      into engagement with the surface 174 of the ground, or elevated with
      respect thereto, as desired. A pair of axially aligned wheels 176 (only
      one of which is shown in the drawings) are suitably journalled on the
      frame 170 for supporting the apparatus 140 when the feet 172 are raised
      from engagement with the surface 174, and for providing portability for
      the apparatus 140 during transport thereof, as will be hereinafter set
      forth. A foot member 178 is adjustably or telescopically secured to the
      outer end of each of the support beams 160 for a purpose as will be
      hereinafter set forth.
PAR  The water weigh bin 144 may be of any suitable construction, and as shown
      herein is preferably of an elongated tank-type configuration secured to
      one of the beams 158 in any suitable manner (not shown), and preferably
      disposed inboard thereof, as shown in the drawings. A suitable discharge
      pipe 180, or the like, is provided at one end of the water weigh bin 144
      and is provided with a suitable hose or conduit 182 extending therefrom
      for a purpose as will be hereinafter set forth. In addition, it is
      preferable to provide a suitable valve (not shown) or the like in
      combination with the discharge pipe 180 and/or hose 182 for selectively
      controlling the discharge of water from the bin 144. A suitable supply or
      filler means (not shown) is also provided for charging of the water bin
      144 with water, and suitable load cells (not shown) are provided in
      conjuntion with the water weigh bin 144 and in operable connection with a
      central electronic weigh control system (not shown). Of course, any
      suitable electronic weigh control system may be utilized, but it is
      preferable to use the type known as the Weigh Systems Inc. system which
      includes a suitable control center or control box (not shown) conveniently
      mounted on the apparatus 140 for facilitating access thereto by the
      operator of the equipment, and suitable load cells connected between the
      water weigh bin, the aggregate weigh bin, the cement weigh bin and the
      control box. Prior to a concrete batching operation, the desired ratio of
      the components of the concrete by weight are dialed into the control box.
      In this manner, the actuation of the apparatus 140 is automatically
      controlled by the electronic system to provide optimum concrete batching
      in accordance with the desired end result.
PAR  The cement weigh bin 146 may be of any suitable type construction and as
      shown herein is of a tank-type construction rigidly secured to the other
      leg 150 oppositely disposed from the water weigh bin 144. One end of the
      cement weigh bin 146 is in communication with the cement silo 142 through
      a suitable delivery conduit 184, and the opposite end thereof is open for
      discharge of the contents thereof, but is provided with a suitable gate
      (not shown) for selective discharge of the contents from the cement weigh
      bin as is well known.
PAR  The aggregate weigh bin 148 may be of any suitable construction and as
      shown herein the upper end thereof is open for receiving material therein
      and the lower end thereof is provided with a suitable discharge gate
      member 186. In addition, it may be preferable to provide at least one
      angularly disposed bottom plate 187 for facilitating directing of the
      material within the bin 148 to the discharge gate 186, as is well known.
      The bin 148 is suitably suspended from three load cells (not shown) and a
      visual system (not shown) is provided in the electronic control system for
      indicating the percentage of filling of the bin 148, by weight,
      continually during loading of the aggregate bin 148 as will be hereinafter
      set forth.
PAR  The aggregate bin 148 is carried by a suitable support frame 188 which is
      pivotally secured at 190 to a beam 192 having the opposite end thereof
      pivotally secured at 194 to one of the support legs 166. A similar beam
      (not shown) is pivotally secured between the frame 188 and other support
      leg 166 in spaced aligned relation to the beam 192. A pair of removable
      strap members 196 (only one of which is shown) is pivotally secured
      between the frame 188 and the support beams 158 for a purpose as will be
      hereinafter set forth. A pair of suitable bracket members 197 (only one of
      which is shown) are provided on opposite sides of the frame 188 and the
      outer end of each bracket 197 is pivotally secured as shown at 198 to one
      end of an arm 200 (only one of which is shown). The opposite ends of the
      arms 200 are pivotally secured as shown at 201 to a pair of spaced blocks
      202 rigidly secured to a portion 204 of the frame 170 in the proximity of
      the support legs 166. A pair of suitable hydraulic cylinders 206 (only one
      of which is shown) are pivotally secured between the frame 170 and the
      beams 192 whereby extension or expansion of the cylinders 206 will pivot
      the beams 192 in a counterclockwise direction about the pivot connections
      194 as viewed in the drawings, and contraction of the cylinders 206 will
      pivot the beams 192 in a clockwise direction about the pivot points 194.
PAR  Of course, the cylinders 206 may be operably connected with a suitable
      fluid reservoir (not shown) and the fluid reservoir may be powered by a
      suitable motor and pump (not shown). Whereas the cylinders 206 are
      preferably hydraulic cylinders, it is to be understood that they may be
      pneumatic cylinders, if desired.
PAR  When the portable concrete plant 140 is to be transported along a highway,
      or the like, to the site wherein it is desired to produce concrete
      batches, the beams 158 and 160 are disposed in the horizontal position
      therefor as shown in FIG. 1, and the usual or standard type highway
      tractor vehicle (not shown) provided with a fifth wheel (not shown) is
      backed into a position whereby the fifth wheel is disposed beneath the
      silo 142 in order that the king pin 157 is engaged and locked in the fifth
      wheel in the usual or well known manner. Of course, the feet 172 may then
      be suitably retracted within the respective legs 168 whereby the wheels
      176 are in engagement with the surface 174 of the ground, and the tractor
      may be moved forwardly in the usual manner for pulling the plant 140 along
      the highway.
PAR  When the apparatus 140 has reached the site wherein it is desired to
      produce concrete batches, the feet 172 may be set in place in the usual
      manner for engagement with the surface 174 of the ground, and for
      elevating the wheels 172 from engagement with the ground. The hydraulic
      cylinders 206 may then be activated in the usual manner for extending
      thereof in order that the beams 192 will be pivoted in a counterclockwise
      direction about the pivot points 194, as viewed in the drawings. The
      movement of the beams 192 is transmitted to the beams 158 through the
      connecting members 196, and the beams 158 are pivoted simultaneously with
      the beams 192. Of course, the cross members 162 cause the beams 160 to
      pivot simultaneously with the beams 158, and the pivoting may be continued
      until the lowermost end of the beams 158 rest against the uppermost ends
      of the support legs 166 as shown at 208 in FIG. 2. The feet 178 may then
      be extended and pinned or locked with respect to the beams 160 for
      engagement with the upper ends of the respective support legs 168 as shown
      in FIG. 2. In this manner, the apparatus 140 is supported in a vertical
      position, which is preferable during the batching operation.
PAR  It is to be noted that during the movement of the apparatus 140 from the
      horizontal position to the vertical position, the aggregate bin 148
      remains in a substantially upright or vertical orientation due to the
      pivotal connection between the frame 188 and the beams 192. When the
      apparatus 140 has been raised or elevated to the vertical position, the
      removable straps 196 may be disconnected from the frame 188, and the
      cylinders 206 may be contracted whereby the beams 192 are pivoted in a
      clockwise direction about the pivot connections 194, as viewed in the
      drawings. The aggregate bin 148 is moved simultaneously with the beams 192
      due to the pivotal connection of the frame 188 with the beams 192 until
      the bin 148 is lowered to the position shown in dashed lines in FIG. 2. It
      is again to be noted that the bin 148 will remain in the upright or
      vertical orientation thereof during both the raising and lowering thereof,
      and moves in an overhead arc during the raising and lowering whereby the
      accidental loss of the contents thereof is substantially eliminated.
PAR  In the lowered position of the bin 148, the sand and gravel may be loaded
      and weighed therein by the usual front end loader (not shown), or in any
      other suitable manner. As hereinbefore set forth, the aggregate bin 148 is
      suspended from three load cells (not shown) in any well known manner, and
      weighs at all times during operation of the apparatus. The operator of the
      loader (not shown) begins dumping gravel into the bin 148 while watching
      two rows of lights (not shown) provided on the side of the control housing
      of the electronic weighing system. When 80% of the desired quantity of
      gravel by weight, is accumulated within the bin 148, the first or bottom
      amber colored light automatically illuminates. When 90% of the quantity of
      gravel has accumulated within the bin 148, the second amber colored light
      illuminates. When 98% of the gravel has been loaded into the bin 148, the
      third amber light illuminates, and when 100% of the gravel has been loaded
      in the bin 148, the fourth or white light illuminates. Thus, the operator
      is provided with a visual indication of the progress of the loading
      operation. The loader operator then ceases the dumping of gravel into the
      bin 148, and starts dumping sand in the bin 148 on top of the gravel
      loaded therein. The operator watches the second row of lights and goes
      through the same sequence of 80%, 90%, 98% and 100% loading of the sand,
      by weight. When both white lights are on, the loader operator stops
      dumping sand into the bin 148, and preferably moves to a position away
      from the bin 148 in order that the bin 148 may be elevated from its
      loading position.
PAR  Subsequent to the loading or charging of the bin 148, the cylinders 206 may
      be extended for elevating the bin 148 to a position as shown in solid
      lines in FIG. 2 wherein the discharge gate 186 thereof will be in
      alignment with the charge hopper 210 of the mixer 147.
PAR  Of course, it is preferable to load or charge the cement silo 142 with dry
      bulk cement from a suitable tanker or tank truck (not shown). The dry bulk
      cement may be discharged from the silo 142 into the cement weight bin 146
      by gravity through the discharge conduit 184. When the preselected
      quantity of cement, by weight, has been loaded into the cement weigh bin
      146, the flow of cement from the silo 142 is stopped.
PAR  Water may be loaded into the water weigh bin 144 in any well known manner,
      such as through a hose from a suitable water source, with the flow of
      water to the bin 144 being stopped when the preselected weight of the
      water has been loaded therein. The weighed cement and weighed water may be
      discharged into the hopper 210 of the mixer 147 for discharge thereof into
      the mixer 147 as is well known. The sand may be measured, by weight, into
      the hopper 210 and discharged into the mixer 147, and the gravel may also
      be measured, by weight, into the hopper 210 for discharge into the mixer
      147. The mixer 147 may then be operated in the usual manner for mixing a
      concrete batch from the ingredients which have been loaded therein. Of
      course, the concrete batch may be discharged from the mixer 147 for use in
      the usual manner.
PAR  When the apparatus 140 is to be transported to another site for further
      concrete batching operations, the strap members 196 may be replaced, and
      the cylinders 206 contracted for moving the apparatus 140 to the
      horizontal position therefor, whereupon the entire apparatus may be towed
      along the highway to the new site. It is to be noted that the cylinders
      206 provide both the raising and lowering of the support frame and the
      raising and lowering of the aggregate bin.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel portable concrete batching plant which may be moved from location
      to location, as desired, whereupon an entire concrete batching operation
      may be completed at the site wherein the concrete is to be used. The novel
      apparatus comprises a dry bulk cement silo, a water weigh bin, a cement
      weigh bin, an aggregate weigh bin mounted on a framework which permits
      transporting of the concrete batching plant from site to site. The
      aggregate bin is adapted for movement between a lowered position for
      loading thereof and a raised position for discharging the contents
      therefrom into the mixer whereby the cement, water and aggregate, all of
      which have been measured by weight ratios, may be mixed to provide the
      desired concrete batch or batches. The support frame is adapted to be
      raised to a vertical operating position, and is raised and lowered by the
      same elevating apparatus which raises and lowers the aggregate bin.
      Repeated concrete batches may be mixed at the site, as required,
      subsequent to which the entire portable plant may be moved to an
      additional site for producing still additional concrete batches.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable concrete batch weigh plant comprising support frame means
      movable between horizontal and vertical positions, cement silo means
      secured to the support frame means and movable therewith, cement weight
      bin means secured to the support frame means and movable therewith, said
      cement weigh bin means being in communication with the cement silo in one
      position for receiving dry cement therefrom, water weigh bin means secured
      to the support frame means and movable therewith, aggregate weigh bin
      means carried by the support frame means and movable independently with
      respect thereto, means operably secured between the support frame means
      and aggregate bin means for movement of the aggregate bin means through an
      overhead arc between lowered positions for loading thereof and raised
      positions for unloading thereof and for raising and lowering the support
      frame means between said horizontal and vertical positions, discharge
      means provided for said cement weigh bin and water weigh bin means for
      discharging dry cement and water therefrom, and discharge means provided
      for said aggregate bin means for discharging aggregate from the aggregate
      bin means in the raised position thereof.
NUM  2.
PAR  2. A portable concrete batch weigh plant as set forth in claim 1 wherein
      the cement weigh bin means discharges a preselected qutntity of dry cement
      by weight therefrom, said water weigh bin means discharges a preselected
      quantity of water by weight therefrom, and the aggregate weigh bin means
      discharges a preselected qutntity of aggregate by weight therefrom.
NUM  3.
PAR  3. A portable concrete batch weigh plant as set forth in claim 1 wherein
      the support frame means is disposed in a substantially horizontal position
      during transporting of the batch plant and is disposed in a substantially
      vertical position during a concrete batch weighing operation.
NUM  4.
PAR  4. A portable concrete batch weigh plant as set forth in claim 1 wherein
      the raising and lowering means comprises fluid cylinder means operably
      connected between the support frame means and aggregate bin means.
NUM  5.
PAR  5. A portable concrete batch weigh plant as set forth in claim 1 wherein
      the aggregate bin means is raised and lowered through an overhead arc
      during the raising and lowering of the support frame means and during the
      raising and lowering of the aggregate bin means.
NUM  6.
PAR  6. A portable concrete batch weigh plant as set forth in claim 1 wherein
      the cement silo means is disposed above the cement weigh bin in the
      vertical position of the support frame means whereby dry cement is
      discharged into the cement weigh bin by gravity.
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ABST
PAL  A method of stacking corrugated paperboard blanks issuing from a corrugator
      that produces parallel streams of blanks from an advancing endless web by
      shingling the blanks from each of the streams and advancing them to
      lineally displaced stacking stations where a predetermined number of
      blanks are accumulated and then interrupting the flows of blanks for
      removing stacks of blanks from the stacking stations. Suitable apparatus
      for performing the method includes vertically displaced, parallel
      shingling conveyors which advance the shingled blanks to lineally
      displaced stacking platforms and a gating apparatus at the downstream end
      of each conveyor to interrupt the flow of blanks while the stacks are
      removed from the platforms. The output end of the lower conveyor rises to
      compensate for the increasing height of the stack on its associated
      platform while the other platform falls to similarly compensate for the
      increasing height of the stack thereon. The input end of each conveyor
      falls beneath the level of incoming blanks while the conveyors are stopped
      during removal of the stacks so that storage stacks are temporarily formed
      on the conveyors until they resume advancement of the blanks to the
      stacking platforms. The apparatus preferably includes an accumulator
      stacker laterally aligned with the lower stacking platform for forming
      final stacks of blanks consisting of smaller stacks removed from the lower
      platform.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to sheet delivering and more particularly
      to endless conveyor transport and stacking methods and apparatus.
PAR  2. Description of the Prior Art
PAR  A corrugated blank production machine or corrugator produces, in the first
      instance, an endless strip or web of corrugated board. Such corrugators
      cut endless strips of corrugated board by way of circular blades. This
      results in endless strips of corrugated board, running side by side,
      without any space between them. The cutting device of the corrugator
      usually has one circular cut-off knife whereby such endless strips of
      corrugated board are cut width-wise to various selected lengths. As a
      rule, this arrangement consists of at least one separate cut-off unit.
      Whenever there is more than one cut-off unit attached to the corrugator
      machine, then one of the units is placed higher than the other. A part of
      the former endless, but lengthwise cut corrugated strip, is brought to the
      upper knife while the other half is brought to the lower knife. Both
      knives can cut independently of each other to an adjustable length.
PAR  The result, therefore, is that a corrugator produces a stream of endless
      sheets or blanks. The sheets can be discharged as a single flow of sheets
      from the lower knife and a single flow from the upper knife or as a single
      flow from the upper or lower knives.
PAR  The continuous flow of sheets of board which are produced by the corrugator
      have to be received. For this purpose there are existing semi-automatic
      and fully automatic stacking machines. With the semi-automatic machines,
      stacks of blanks about 100 mm in height are formed, and these are carried
      off sideways (or indirectly) and further stacks are formed by way of
      manual labor. The fully automatic machine forms stacks of about 1800 mm
      high directly from the lower as well as the upper knife.
PAR  The biggest drawback of existing fully automatic machines is that the
      stacks of blanks are not precisely formed. That is to say, each blank is
      not stacked precisely above the blank below. Difficulty arises especially
      when the stacks are placed side by side. That is, the stacks catch or grip
      into each other, making it difficult to separate them. The forming of a
      new stack directly after a previously formed stack causes the most
      difficulty.
PAR  The corrugator machine continuously produces a stream of blanks and the
      receiving machine has to take care of temporary storage while stacks of
      the blanks are removed. Temporary storage is now taken care of by a
      machine which has a gate extending the full width of the machine. By
      closing the gate, the on-coming blanks are held up temporarily. During
      this temporary holdup, the blanks do not stay precisely aligned but extend
      randomly from side to side. When the previously formed stack is carried
      off, the gate opens and the blanks held in temporary storage become the
      lower half of the new stack. If the temporary stack being held up in front
      of the closed gate is imprecisely formed, then the new stack becomes worse
      in arrangement when it is advanced to the stacking place.
PAR  The foregoing has briefly described a single example of conventional
      stacking machines and problems associated therewith. Further examples may
      be had by reference to the following U.S. Pat. Nos.: 3,772,971; 2,274,075;
      3,542,362; 3,683,758; 3,727,780; 3,550,493; 2,947,428; 3,297,174; and
      3,373,666 which illustrate various approaches to the problem of stacking
      continuously flowing streams of articles, Although not necessarily
      corrugated paperboard blanks, and which are believed to reasonably
      represent the current state of the art.
PAR  Accordingly, an object of the present invention is to improve the methods
      and apparatus used for stacking continuously advancing streams of
      paperboard blanks and particularly to improve the quality of the stacks of
      blanks formed by such apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, an upper shingling conveyor assembly receives
      blanks discharged from the upper cut-off knife. The conveyor assembly
      includes an endless motor-driven upper conveyor belt. Situated as an
      extension thereof is a second conveyor belt which is driven by the same
      above described motor. There is a separate motor-driven lower endless
      shingling conveyor assembly. Each motor is regulated by way of a
      tachometer-generator so that all the conveyors run at a linear speed less
      than the supply conveyors associated with the cut-off knives. The input
      ends of the shingling conveyors are provided with brushes which extend
      across the whole width of the conveyors to control falling of the blanks
      from the supply conveyors. Photo-cells are placed on either side of each
      conveyor to control the falling distance of the blanks onto the shingling
      conveyors. Photo-cells are also placed, with the help of switches and
      hydraulic lifting-machines, in such a way as to provide for removal of
      vertical stacks of blanks from the stacking platforms. The arrangement
      assures a constant minimal fall-height of blanks from the shingling
      conveyors to the stacking platforms. Switches and magnetic couplings are
      used between the first and second upper conveyor belts. These function to
      stop the second conveyor belt and provide a storage stack thereon during
      removal of the formed stack from the stacking platform. A gate assembly at
      the downstream ends of the upper and lower conveyor assemblies includes a
      roll that is preferably covered with polyurethane plastic and that works
      together with a roll that is activated by a limit switch which signals
      that the desired stack height has been reached. Stacking platforms beneath
      the ends of the upper second and lower conveyor assemblies receive the
      blanks from the conveyors.
PAR  The above and further objects and novel features of the invention will
      appear more fully from the following detailed description when the same is
      read in connection with the accompanying drawings. It is to be expressly
      understood, however, that the drawings are not intended as a definition of
      the invention but are for the purpose of illustration only.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings wherein like parts are marked alike:
PAR  FIG. 1 is a schematic illustration of the invention in side elevation
      showing the supply conveyors at the end of a cut-off knife and the general
      arrangement of the shingling conveyors and stacking platforms;
PAR  FIG. 2 is a schematic illustration in side elevation of the gate assembly
      at the downstream or output ends of the shingling conveyors used to
      interrupt the flow of blanks and expel the blanks lying between the rolls
      of the gate assembly prior to removal of a stack from the stacking
      platform;
PAR  FIG. 3 is a schematic illustration in top plan view showing the lower
      stacking platform and the laterally adjacent accumulator station for
      forming final stacks;
PAR  FIG. 4 is a side-view of the apparatus of FIG. 3;
PAR  FIG. 5 is an enlarged view of the center portion of FIG. 4 showing the
      apparatus for forming final stacks from smaller stacks coming from the
      lower stacking station shown in FIG. 1;
PAR  FIG. 6 is a front-view of the construction of FIG. 5; and
PAR  FIG. 7 is a top view of an accumulator conveyor assembly between the lower
      stacking platform and the accumulator station.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The upper stacking station consists mainly of a conveyor assembly that is
      formed by a first upper conveyor assembly A, a second upper conveyor
      assembly B, and a stacking platform C.
PAR  The conveyor assembly A has a width which is equal to that of the
      corrugator machine and includes a pair of spaced pulleys 2 supported by a
      support table 1, the pulleys being encircled by a pair of side by side
      endless conveyor belts 3 which are of such width as to cover together the
      full width of the table. An adjustable speed motor 4 drives the belts 3 by
      means of a conventional chain drive assembly 5. The speed of the motor 4
      and therefore the speed of the conveyor belts 3 are regulated by a
      conventional tachometer-generator (not shown) driven by the corrugator
      machine 6b. In principle, the system is connected in such a way that the
      linear speed of the conveyors A and B is about 1/3 the speed of the
      oncoming blanks from the supply conveyors 6 and 6a. This results in
      overlapping (called shingling) of the blanks on the conveyors A and B. The
      tachometer-generator system operates such that, when the corrugator
      machine runs faster or slower, the conveyors A and B likewise run faster
      or slower so that the linear speed thereof remains proportional to the
      speed of the supply of blanks from conveyors 6 and 6a.
PAR  During normal stacking on the stacking platform C, the blanks coming from
      the supply conveyors 6 are put down on the conveyor A in an overlapped or
      shingled fashion as determined by the lineal speed of conveyor A. A linear
      speed rate proportion of 1:3 gives an overlap of 66-2/3% of the length of
      the blanks on conveyor A.
PAR  Two brush assemblies 7 and 8 extend as shown over the entire width of
      conveyor A. The brush-holders are fastened to a supporting column 9. The
      brush 7 is not adjustable while brush 8 is adjustable lengthwise as well
      as parallel to the conveyor A. Both brushes can be pivoted to increase or
      to decrease the compression of the brush on the blanks.
PAR  At the end of the conveyor A, the blanks are still overlapped as they pass
      onto the second conveyor B. During normal stacking on the stacking
      platform C, the conveyor B is positioned in vertical alignment with
      conveyor A. The conveyor B is constructed similar to that of conveyor A
      except that it also includes a roll 10 that is covered with polyurethane
      plastic that will be described later in detail. Conveyor B is driven by
      conveyor A by a conventional system of chain sprockets and chains, a
      magnetic coupling and a scissor-mechanism to be described later in greater
      detail. The blanks are deposited over the upper-side of roll 10 onto the
      already formed stack. The roll 10 has the same linear output speed as the
      conveyors A and B and acts as the last part of the machine to move the
      blanks against a striker plate 11.
PAR  The striker plate 11 forms a part of stacking platform C. Stacking platform
      C consists of a cage assembly as shown in FIG. 1 with a hydraulic
      lift-table 12 inside. The lift-table 12 lowers or falls an amount
      corresponding to the blanks being deposited thereon to maintain a constant
      fall space between the end of conveyor B and the top of the stack. The
      photo-cell 13 is sensitive to the top of the stack and causes the table 12
      to fall by means of suitable controls (not shown), an amount corresponding
      to the thickness of the blank that activates the photo-cell. The striker
      11 is adjustable lengthwise to accommodate various blank lengths produced
      by the corrugator. The striker 11 is not only adjustable but can also be
      adjusted ahead of time. During production of a particular blank-length one
      can, by way of micro-switches (not shown), preadjust its position for the
      next length of blanks to be produced.
PAR  The blanks should be stacked precisely above each other on table 12.
      Maintaining the fall height of the blanks from roll 10 to the top of the
      stack helps to achieve precise alignment. This fall-height can be reached
      by a precise installation of the photo-cell 13.
PAR  After the stack on the stacking platform C has reached a height of about
      2000 mm, the stack must be transported sideways. However, the corrugator
      production cannot be interrupted.
PAR  The maximum height of the stacks will be reached when the table 12 has
      almost reached its lower stand, or place. In this way, the micro-switch 14
      will be pushed in, and a signal is given to the air-cylinder 15 (see FIG.
      2) whereby the gate assembly 16 (which is open in normal circumstances
      about 70.degree.) is moved into a vertical (closed) position. This gate
      extends over the full width of the machine. The gate assembly includes an
      upper roll 17 which extends over the whole width of the machine. The roll
      17 is located, when the gate assembly is actuated to interrupt the flow of
      blanks, right above roll 10. Since the gate assembly 16 is regulated via
      the switch 14, then while the gate is closed some of the blanks will be
      held in engagement between the roll 17 and the roll 10, in an overlapping
      manner. At the same moment that switch 14 is activated and the gate 16
      closes, a signal is provided to an electric clutch (not shown) associated
      with drive motor 4 to bring conveyor B to a standstill. This standstill
      will be described later because it is important that the supply of blanks
      to the platform 12 be interrupted during removal of the stack from the
      platform.
PAR  The blanks held between roll 17 and roll 10 still have to be expelled as
      fast as possible so that removal of the stack can take place in the
      shortest period of time. The roll 10, which normally is driven on by way
      of chains and sprockets from the pulley 29 of conveyor B, is now driven by
      an extra motor 18. For that purpose there is attached to roll 10 a system
      of commonly known freewheeling couplings.
PAR  In this manner, the last blanks between rolls 10 and 17 will be deposited
      on the stack. In order to make automatic operation possible, there is a
      pivot 20 connected to an alignment (touch) plate 19. Plate 19 turns around
      the pivot 20 and is supported by its own weight. As soon as the last
      blanks pass the alignment plate 19, the plate falls automatically until
      the switch 21, which in turn is connected to pivot 20, is turned on. The
      signal of this last switch 21 causes the platform 12 to lower down further
      until the switch 22 is activated. At this point the platform cannot be
      lowered down any further. The difference in height between switches 14 and
      22 is required in order to make room for the stack to be removed sideways.
      This also prevents misalignment of the stack from friction during removal.
      The switch 22 not only stops the hydraulic system from lowering the
      platform any further, but also acts as a signalling device for starting
      the removal rolls on platform 12 by activating motor 23 which drives the
      rolls. With a circular speed of about 20 m/min. the stack will be
      automatically removed sideways to a conveyor (not shown) which does not
      belong to the invention.
PAR  There are other provisions in order to continue the stream of blanks,
      including the removal of stacks, when the conveyor B comes to a
      standstill; for example, the conveyor A runs considerably slower. By
      installing an automatic control system, the slow down can be varied from O
      to maximum machine speed. The control system is desirable in order to meet
      the varying needs of different customers. Since the corrugator runs at its
      original production speed and since the conveyor A runs considerably
      slower, then the degree of overlapping of the blanks on the up-stream end
      of conveyor A will be relatively increased. Through this, conveyor A
      becomes a temporary storage magazine. However, the increased overlap of
      the blanks increases the thickness of the layer of blanks on the conveyor
      A so that the conveyor A has to be slowly lowered in order to maintain the
      constant fall-height from the supply conveyors 6. Therefore conveyor A is
      pivotally supported on pivot 24 that is attached to the column 25. A
      pull-mechanism 26 hangs on either side of the support table 1. The
      pull-mechanisms are in turn connected to (piston) bars of matching
      hydraulic cylinders 27. On the upstream end of the conveyor A, a
      photo-cell 28 is placed. Upon slowing down of the conveyor A, the layer of
      blanks grows thicker. The photo-cell 28 reacts and as a result the
      matching cylinders 27 will lower until the blanks are again free of the
      photo-cell's lightbeam.
PAR  Since the conveyor A runs slower, the blanks will be delivered to the
      stopped conveyor B. By a similar arrangement of piston 27a and cylinder
      27c the upstream end of the conveyor B is lowered in order to store the
      stack growing thereon. The conveyor B is also pivotally supported on a
      pivot 29. The upward stream end of the conveyor B also becomes temporary
      storage place for the blanks and, as a result, a storage stack of blanks
      is formed thereon.
PAR  As mentioned before, both of the conveyors A and B are driven by a common
      motor 4; however, during the removal of the stack from platform 12, the
      conveyor B stands still. Also, the upstream end of conveyor B lowers with
      respect to the down stream end of conveyor A. This is possible by using
      the chain sprockets, chains, magnetic couplings and scissor mechanisms of
      well known construction and operation.
PAR  After a complete stack of blanks is removed from the stacking platform C
      sideways to the outside, a photo-cell (not shown) senses the removal and
      causes platform 12 to return to an up position. The upward movement of the
      platform is stopped by a switch 30 and the platform is ready once more to
      receive the blanks. The switch 30 is not only workable for stopping the
      table at its highest point, but also provides a signal by which the gate
      assembly 16 is again placed in its open position. At the same time the
      motor 4 is controlled to bring the conveyors A and B back to their
      original speed. It all does not happen suddenly but with a relative small
      speed up motion. Thus, care is taken to keep the blanks lying on the
      conveyors in the right position whereby the stack on the platform 12 is
      formed in precise alignment.
PAR  Shortly after the conveyors A and B are running at their normal speed and
      the temporary storage of the blanks is taken up on the upstream parts of A
      and B, switch 30 and photo-cell 28 causes the conveyors A and B to be
      raised to their normal places.
PAR  The main elements of the lower stacking station consists of a conveyor D, a
      stacking platform E, a separator station F, and an accumulator station G
      (see FIG. 1 and FIG. 3).
PAR  The conveyor D has a width that is even with that of the corrugator
      machine, as was described before with relation to the conveyors A and B.
      It includes a similar support table 1 with pulleys over which run two
      endless belts. An adjustable speed motor 31, which hangs on the support
      table 1, drives the conveyor D. The same tachometer-generator mentioned
      above, also regulates the speed of conveyor D. Conveyor D also runs at a
      maximum speed of 1/3 of the linear speed of the blanks received from
      supply conveyors 6a.
PAR  During normal stacking on stacking platform E, the blanks are deposited
      from the supply conveyors 6a onto the conveyor D in an overlapping manner.
      There are also brushes 33 and 34 over the full width of the conveyor D.
      The construction and operation of these brushes are the same as those
      described before.
PAR  To finally obtain precise stacks on the stacking platform E, the
      fall-height from the conveyor D to the platform E should be as small as
      possible. For that purpose, the conveyor D hangs on the furthest end of a
      hydraulic cylinder system 27b and pull-mechanism 26b while a photo-cell
      28c controls the cylinder system 27b to raise conveyor D as the top of the
      stack on platform E rises.
PAR  When the stack has reached its maximum height of about 300 mm. on the
      platform E, a gate assembly 33a closes. This gate is practically the same
      as the gate 16 on the end of the conveyor B. Likewise, there is found on
      the downstream end of conveyor D a covered roll 10a which works the same
      way as the roll 10 of conveyor B. In all other respects, conveyor D is
      like conveyor B.
PAR  When the blanks on conveyor D are delivered onto the stacking platform E,
      they will lie lengthwise against the striker plate 34a. The operation of
      striker plate 34a is much the same as for striker 11. The striker 34a is
      not only adjustable but also preadjustable or presettable.
PAR  On the moment that the gate 33a closes, the conveyor D comes to a
      standstill. The corrugator machine continues to deposit blanks upon
      conveyor D, which also includes a system of hydraulic cylinders and pull
      devices.
PAR  This means that the conveyor D, in front and in back, includes a whole
      system of hydraulic cylinders and pulling mechanisms (27a - 27b - 26a -
      26b). The photo-cell 28b provides a signal for the hydraulic cylinders 27a
      to lower the input end of conveyor D until the blanks deposited thereon
      are again totally free of the lightbeam of photo-cell 28b. Thus, the first
      part of the conveyor D consequently works as a temporary storage place for
      the blanks.
PAR  As soon as the gate assembly 33a deposits the last blanks on the stack,
      then the end of conveyor D is raised slightly higher so as not to
      interfere with removal of the stack from platform E. For this purpose
      there is a system that consists of two switches 35 and 36 whose main
      function is the same as already described for switches 14 and 22, but in
      an opposite direction.
PAR  It should be observed that on conveyor D as well as on conveyor A and B,
      side by side flows or streams of blanks can run next to each other, so
      that on the stacking platforms, several stacks can also be formed next to
      each other in a cross machine direction.
PAR  After the output end of conveyor D has reached its highest point, the
      switch 36 gives a signal to the motor 37 for driving the rolls of the
      stacking platform E to remove the stack. The motor 37 starts slowly in
      order to prevent the misalignment of the stack which could result if the
      start should be sudden. All stacks formed on stacking platform E are
      carried off sideways to separator transport mechanism shown in FIGS. 4 and
      7.
PAR  The separator mechanism consists mainly of a left part (38, 40, 42) and a
      right part (39, 41, 43). The left part stays continuously in its place,
      while the right part is adjustable from left to right, depending upon the
      length of the stacks of blanks removed from the stacking platform E. In
      order to support long blanks, there is a center guide rail 44. This rail
      always stays in the middle no matter how far or near the parts 38-40 and
      39-41 are pushed from each other. The parts 38 and 39 are non-driven
      conveyor wheels which run slightly downwards so that the stacks coming
      from the platform E run automatically to the lower point of this
      transportation mechanism. The parts 40 and 41 are driven by conveyor
      belts. They have about a 31/2% upward slant and bring the stack of blanks
      to the end of the belts. Parts 42 and 43 (see also FIG. 5) are also driven
      by conveyor belts but at a speed that carries about double that of belts
      40 and 41. When the consecutive stacks from platform E are taken over by
      the belts 42 and 43, then the stacks are thereby taken apart. In other
      words, there will be a space created between the stacks to thereby form
      discrete stacks of blanks. The parts 42 and 43 deliver the stacks at this
      point, to accumulator station G more particularly shown in FIGS. 5 and 6.
PAR  In accumulator station G, different stacks can be formed beside each other
      on a hydraulic moveable lift table 45 which is standing in a hole. The
      upper blade is provided with conveyor wheels for the transport of the
      already formed stacks. The upper blade of this hydraulic lift table is
      indicated by 45. On the upper blade there is already present a stack of
      ready made blanks. The stacks of blanks which are being delivered by the
      parts 42 and 43 from the separator mechanism are being pushed further into
      movable plates 46 and 47, which in turn are provided with a number of tiny
      rolls to ease the work of transporting the stacks.
PAR  As soon as the number of stacks are in their place on the blades 46 and 47,
      the blades will be pulled to the outside by way of a pneumatic-servo
      mechanism. Then the stacks lying on the blades are released onto the
      already formed stacks on the hydraulic lift table 45. The accumulator G
      offers many other benefits which will be described later in detail.
      Besides the already mentioned hydraulic lift table 45, the accumulator
      station consists of an open cage-like construction 48. On the left as well
      as the right side is found a construction for the receiving of the
      oncoming stacks. The apparatus on the left side is permanently attached,
      while the one on the right side is totally movable all along the
      construction, to be adjusted according to the length of the oncoming stack
      (see size L, FIG. 6). The adjustment of length-L takes place totally
      automatically. And as already described, the striker plate 34a of the
      stacking platform E is adjustable and presettable. When the striker plate
      34a, after an order exchange, has come to a new place, then the striker
      plate 48a is activated via a photo-cell. The striker assumes a new
      position according to the length of the blanks. Depending on the width of
      the oncoming stacks, and depending on the maximum depth of the stacking
      station (size M, FIG. 5), the number of stacks can now be chosen to be
      formed next to each other on the hydraulic lift-table. Naturally, in order
      to have the stacks held up at a particular point, a uniform movement must
      be present. This uniform movement is provided by a movable plate 48a. At
      the beginning, this plate 48a is moved to the end of size M in its
      ultimate position and the other time is moved to the end of size M' in the
      chosen position. An example is given of the size M-3 stacks next to each
      other.
PAR  With the blades 46 and 47 standing in their extended position and with the
      separator mechanism F supplying 3 stacks, then those three stacks are
      first pulled apart slightly by belts 42 and 43 and then pushed
      consecutively on the blades 46 and 47 until they reach the plate 48a. When
      the stacks are pushed on the blades 46 and 47, the stacks are not led
      sideways. The blades 49 and 50 give the stacks on both sides a room of
      about 100 mm. When the stacks have arrived at their right places, the
      blades 49 and 50 are used for correcting irregularities in the stacks. The
      striker blades 49 and 50 are connected to pneumatic cylinders. Those
      blades 49 and 50 are forced to take the striker length L, whereby the last
      straightening out of the blanks takes place. In FIG. 6, the plates 49 and
      50 are shown standing in outward position.
PAR  After straightening the stack, the blades 46 and 47 are pulled back,
      whereby the stacks make a soft landing on the already formed stacks of the
      hydraulic lift table 45. The plates 49 and 50 are simultaneously pulled
      back in position. The hydraulic lift table lowers in order to make
      possible the complete circle of events. This takes place by way of a
      photo-cell 57 which assures that the hydraulic lift table cannot fall any
      further than the height of the oncoming stack. After the table is lowered
      sufficiently, the hydraulic system comes to a standstill via a signal from
      the photo-cell 57, which in turn also sends a signal to the pneumatic
      system of plates 46 and 47 to spread them for the next stack. The unit is
      then ready for taking up a number of stacks.
PAR  In principle, it is possible to have three consecutive stacks on the
      separator transport mechanism at one time. There is a possibility that the
      separator transport mechanism may try to bring a fourth stack onto the
      blades 46 and 47 while these are already filled. To prevent this, there
      are vertically movable fingers brought between the conveyors 40 and 42 and
      41 and 43. An electronic counter (not shown) which in the present example
      is tuned in to a total number 3. After three stacks are deposited on the
      plates 46 and 47, a signal is given by the counter to a pneumatic system
      for the vertically movable fingers 52. These rise to hold up temporarily
      the oncoming stacks. Only after the lift table is lowered and the blades
      46 and 47 are again extended will the fingers 52 go down and to give the
      following stacks the freedom to be deposited on the blades 46 and 47.
PAR  It should be observed that the front and back sides of the stacks are
      straightened out during the lowering of the lift table, the total width of
      all three stacks are being forced to take on the size M, which is defined
      by the striker plates 48a and the conveyor belts 42 and 43 as shown in
      FIG. 5.
PAR  It also becomes clear why the speed of the conveyor belts 42 and 43 run
      faster than that of the speed of belts 40 and 41. The stacks have to be
      pulled apart to make room for the rising movement of the fingers 52. At
      this point the photo-cell 53 also triggers the electronic counter. As more
      stacks are deposited on the table 45, the table lowers until it is almost
      in its lowest position. This is the maximum stack height on table 45. This
      lowest position is perceived (regulated) by a switch 54. The final stack
      now has to be brought outwards since the hydraulic lift table is standing
      in the hole, and has to be brought to groundlevel. Of course, during the
      final stack removal, the fingers 52 stay up, since the machine during the
      stack removal is unable to pick up new stacks.
PAR  The raising of the lift table for the removal of the final stacks takes
      place automatically. The switch 54 provides a signal for raising the lift
      table; reaching of the correct height for removal is regulated by a switch
      55, which also takes care of stopping the lift table. The switch 55 also
      gives a signal to the driving motor 56 of the rolls of the lift table.
      However, before turning the rolls original the lift table to remove the
      stack of the outside, the striker plates 48a have to be removed. These are
      controlled by a switch 54 which is the same switch that signals the lift
      table to be raised. After the stacks are brought to the outside, which is
      regulated by a switch 56a, the lift table is raised to its highest
      position. The highest position of the lift table is defined by a switch
      57. The switch 56a also gives a signal to the striker plates 48a to return
      to their orginal point and at the same time gives a signal to the plates
      46 and 47 to extend. The machine is then ready for a totally new cycle.
PAR  It will take some time, naturally, to complete the whole cycle and to bring
      it to the original position. This explains the need for the separator
      mechanism F described above. The length of the separator is such that two
      full loads of stacks from stacking station E can be taken up, so as to
      shorten the time of the stack removal taking place in the accumulator
      station G.
CLMS
STM  Having thus described the invention in its best embodiment and mode of
      operation, that which is desired to be claimed by Letters Patent is:
NUM  1.
PAR  1. Apparatus for forming first and second stacks of blanks from vertically
      displaced, parallel streams of said blanks comprising:
PA1  a first stacking station for stacking the blanks from a first of said
      streams, said first stacking station including:
PA2  a first conveyor means in alignment with said first stream for advancing,
      in shingled fashion, the blanks from said first stream;
PA2  first platform means beneath an output end of said first conveyor means for
      receiving said blanks in stacked formation thereon; and
PA2  first gate means adjacent said output end of the first conveyor means for
      interrupting the advance of said blanks thereon when the height of said
PA2  first stack reaches a predetermined height on said first platform means;
      and
PA1  a second stacking station for stacking the blanks from a second of said
      streams, said second stacking station including:
PA2  a second conveyor means in alignment with said second stream for advancing,
      in shingled fashion, the blanks from said second stream;
PA2  second platform means, downstream from said first platform means, beneath
      an output end of said second conveyor means for receiving said blanks in
      stacked formation thereon; and
PA2  second gate means adjacent said output end of the second conveyor means for
      interrupting the advance of said blanks thereon when the height of said
      second stack reaches a predetermined height on said second platform means,
      said output end of the first conveyor means being upwardly movable in
      proportion to an increase in height of said first stack for maintaining a
      substantially constant fall space between said output end and the top of
      said first stack,
PA1  said second platform means being downwardly movable in proportion to an
      increase in height of said second stack for maintaining a substantially
      constant fall space between the output end of said second conveyor means
      and the top of said second stack; and
PA1  switch means for stopping said first and second conveyor means upon
      respective activation of said first and second gate means,
PA1  each of said conveyor means having an input end movable downwardly relative
      to said first and second streams for accumulating a storage stack of
      blanks thereon from said first and second streams respectively while said
      conveyor means are stopped,
PA1  each of said first and second gate means including:
PA1  first and second roller means between which said blanks pass from the
      respective conveyor means to the respective platform means, said second
      roller means movable into engagement with said blanks upon activation of
      said gate means; and
PA1  control means for rotating said second roller means after engagement
      thereof with said blanks to advance blanks then between said first and
      second rollers onto said stacks on the respective platform means prior to
      removal thereof from said stacking stations.
NUM  2.
PAR  2. The apparatus of claim 1 wherein each of said first and second conveyor
      means includes:
PA1  laterally extending brush means engageable with the top of said blanks
      entering the respective conveyor means from said first and second streams
      for controlling the entry of said blanks onto said first and second
      conveyor means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said second conveyor means includes:
PA1  a primary conveyor means for advancing blanks from said second stream to
      said second platform means; and
PA1  a secondary conveyor means preceding said primary conveyor means for
      advancing said blanks from said second stream to said primary conveyor
      means,
PA1  an input end of said primary conveyor means falling relative to an output
      end of said secondary conveyor means for accumulating a stack of blanks on
      said input end while said primary conveyor means is stopped.
NUM  4.
PAR  4. The apparatus for claim 3 further including:
PA1  a removal means associated with each of said platform means operative,
      following activation of the respective gate means, for removing said
      stacks from the respective platform means in a direction transverse to the
      advance of said blanks along said first and second conveyor means.
NUM  5.
PAR  5. The apparatus of claim 4 further including:
PA1  an accumulator station laterally aligned with said first stacking station
      for forming final stacks of blanks from stacks of blanks removed from said
      first stacking station, said accumulator station having:
PA1  a separator conveyor means for lineally separating said stacks into spaced
      discrete stacks;
PA1  a support means adjacent an output end of said separator conveyor means for
      receiving and momentarily holding consecutive ones of said discrete
      stacks;
PA1  an accumulator platform means beneath said support means for receiving
      consecutive ones of said discrete stacks released by said support means
      one on top of another; and
PA1  control means for lowering said accumulator platform means a distance
      corresponding substantially to the height of each of said discrete stacks
      following release of each consecutive discrete stack thereon by said
      support means,
PA1  whereby final stacks of blanks are formed on said accumulator platform
      means from consecutive ones of said discrete stacks.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said support means includes adjustment
      means for enabling said support means to receive a plurality of said
      discrete stacks in serial alignment and to simultaneously release the same
      onto said accumulator platform means for concurrently forming a plurality
      of said final stacks.
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ABST
PAL  A conveyor mechanism including two belts carries two types of interfitting
      molded articles such as cups and lids from a molding machine to an
      assembly station, maintaining a constant orientation between them. The
      assembly station comprises a pair of synchronized and overlapping star
      wheels, counterrotated by a Geneva drive, which remove the molded articles
      from the conveyor belts, bring them into vertical alignment, and come to a
      momentary stop in this position in which a plunger synchronized with the
      Geneva motion of the star wheels joins the two parts together and pushes
      them into an overlying stacker tube, whereupon the star wheels resume
      their motion. Several stacker tubes, linked by an endless transport chain,
      are capable of receiving a limited number of pairs of molded articles,
      their drive mechanism being so coupled with the star-wheel drive as to
      advance the chain to bring a loaded stacker tube to an unloading station
      whenever a preceding tube in the array has been filled.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application relates to subject matter disclosed in my copending
      application Ser. No. 455,318 filed Mar. 27, 1974.
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a system for pairing and stacking
      interfitting molded articles as they come off an injection-molding
      machine.
PAC  BACKGROUND OF THE INVENTION
PAR  In my above-identified copending application I have disclosed a system for
      the guidance of molded articles successively discharged from an
      injection-molding machine, the system including one or more pairs of rails
      forming tracks for the controlled descent of the articles from their mold
      cavities. In this way, the articles maintain the orientation with which
      they are ejected from the cavities wherein they are formed.
PAR  In many instances it is convenient to mold simultaneously two sets of
      different but mutually complementary articles, e.g. hollowware such as
      Petri dishes or cups and mating lids to be fitted together to form a
      closed container. With the system of my prior application, these
      complementary articles can be received from the machine in the proper
      relative position for assembly. Up to now, however, the intervention of a
      human operator has still been necessary at this stage for pairing the
      complementary parts, assembling them into the final products and stacking
      these products.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of my present invention, therefore, is to provide a
      system associated with an injection-molding machine for automatically
      performing the steps last referred to.
PAR  A more particular object is to provide means in such a system for
      performing the steps of pairing, assembling and stacking at a rate
      synchronized with the operating cycles of the associated molding machine
      so that the final products (e.g. containers) can be taken off as fast as
      their components are produced by the machine.
PAC  SUMMARY OF THE INVENTION
PAR  A system according to my present invention comprises a pair of rotatable
      supporting members, each having one or more cutouts for respectively
      receiving a molded article of a first and a second article, referred to
      hereinafter as a cup and a lid, these cutouts describing overlapping
      closed paths which define a position of mutual alignment for the
      complementary articles received therein. The two supporting members are
      intermittently actuated, e.g. by a Geneva drive, so as to be substantially
      at standstill in the position of alignment. A pusher synchronized with the
      intermittently effective drive means jointly dislodges a pair of
      complementary articles from the aligned cutouts in juxtaposed
      relationship, discharging them into receiving means such as a downwardly
      open tube above the overlapping paths of the supporting members.
PAR  In a preferred embodiment of my invention, the supporting members are star
      wheels with curved teeth forming the aforementioned cutouts between them.
      Freshly molded articles are deposited on respective conveyors forming part
      of a feed mechanism synchronized with the molding machine, the conveyors
      carrying these articles to the respective star wheels at locations spaced
      by a whole number of tooth divisions from the alignment position so that
      the wheels are loaded during standstill while the articles previously
      delivered to them are removed into the stacker tube.
PAR  With the star wheels rotatable about substantially vertical axes, the
      pusher advantageously comprises a vertically reciprocable plunger disposed
      overlapping wheel segments in line with the stacker tube located above
      these segments, this plunger coacting with retaining means in the form of
      a pair of swingable arms synchronized with the wheel drive and
      periodically juxtaposable with the top of the plunger in an elevated
      position thereof for temporarily supporting a pair of aligned
      complementary articles at the bottom of the stacker tube as the plunger is
      withdrawn below the wheel level.
PAR  For expeditious delivery of the assembled articles to a further
      destination, several stacker tubes may be combined into a parallel array
      provided with intermittently operable transport means forming a closed
      loop for the sequential movement of these tubes past an unloading station.
      The means should be synchronized with the star-wheel drive to advance the
      array of stacker tubes after a predetermined number of plunger strokes
      corresponding to the number of assembled products which can be
      accommodated by each tube. Advantageously, the star-wheel drive is
      decelerated during operation of the transport means so as to allow
      sufficient time for the alignment of a new tube with the plunger before
      the latter moves upward to dislodge the next pair of complementary
      articles from the corresponding inter-tooth spaces of the wheels.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an overall perspective view of a system according to my
      invention, associated with a nonillustrated injection-molding machine;
PAR  FIG. 2 is a plan view of part of the system of FIG. 1, drawn to a larger
      scale, illustrating a pair of coacting star wheels;
PAR  FIGS. 3 and 4 are fragmentary sectional elevations respectively taken on
      the lines III -- III and IV -- IV of FIG. 2;
PAR  FIG. 5 is a top view of an array of stacker tubes forming part of the
      system of FIG. 1;
PAR  FIG. 6 is a schematic view of a control mechanism for the system; and
PAR  FIG. 7 is a set of graphs showing the relative timing of the opeations of
      various components of the system.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  Reference will first be made to FIG. 1 showing the principal parts of a
      pairing and stacking system according to my invention, the system being
      associated with a nonillustrated injection-molding machine from which at
      least one pair of complementary parts, namely a cup 1 and a lid 2, are
      discharged during each molding cycle. The articles 1 and 2 are deposited,
      directly or indirectly, on respective horizontal conveyor belts 3 and 4 by
      a pair of guide rails, not shown, of the type described in my prior
      application Ser. No. 455,318. The belts 3 and 4 lead generally radially
      toward a pair of horizontal star wheels 5 and 6 above a base plate 100,
      forming part of a machine frame 103, which overlies a driving unit (more
      fully described hereinafter) imparting intermittent rotation to the wheels
      5 and 6. Belts 3 and 4 are flanked by guide strips 3' and 4' whose
      converging extremities are elastic tongues which yield outwardly upon the
      passage of a molded article therebetween.
PAR  Star wheels 5 and 6, overlappingly disposed at different horizontal levels,
      are of mutually symmetrical configuration and are each provided with four
      teeth spaced 90.degree. apart, the teeth being separated by cutouts 5', 6'
      (FIG. 2) shaped to accommodate the cups 1 and the lids 2, respectively.
      The circular centerlines of these cutouts, indicated at 5" and 6", contact
      each other above a vertical plunger 15 forming part of a loading station
      7. At that point, therefore, the mating articles 1 and 2 respectively held
      in cutouts 5' and 6', to which they are delivered by the conveyors 3 and
      4, are coaxially superposed and are also aligned with the plunger 15 as
      well as with a downwardly open stacker tube 9 disposed above the level of
      the upper star wheel 6; a number of such stacker tubes, forming incomplete
      vertical cylinders giving access to their interior, are attached at
      equispaced locations to a pair of vertically spaced endless chains 12 as
      best seen in FIG. 5. Each chain passes around two sprockets 21 and 21a,
      sprockets 21 being intermittently driven by the mechanism described
      hereinafter. A shelf 101 underlies the array of stacker tubes 9, alongside
      one run of their transport chains 12, to form a support for their contents
      between the region of plunger 15 and an unloading station 102 where the
      tubes are manually or automatically emptied before returning to the
      loading point 7 above plunger 15. Cups 1 and lids 2 are temporarily
      supported in cutouts 5' and 6' by stationary shelves 111 and 112, the
      former underlying the upper wheel 5 and terminating just short of the
      lower wheel 6 which in turn overlies the shelf 112 provided with an
      aperture for plunger 15.
PAR  The star wheels 5 and 6 counterrotate intermittently, in synchronized
      relationship with the operation of conveyor belts 3 and 4 so as to perform
      a quarter turn after receiving freshly molded articles 1 and 2 from these
      belts. With wheel 5 turning counterclockwise and wheel 6 turning clockwise
      as seen in FIG. 2, this quarter-turn rotation aligns the two articles with
      each other and with the plunger 15 which thereupon ascends to lift them
      into the overlying stacker tube 9, the articles being simultaneously
      interfitted to form a closed container. Before the plunger withdraws, two
      retaining arms 14a and 14b forming part of an escape mechanism 8 swing in
      opposite directions toward the plunger below the level of tube 9 so as to
      come to lie underneath the container just pushed into that tube. The
      retaining arms stay in this position as the plunger descends preparatorily
      to another 90.degree. rotation of the star wheels which aligns a new pair
      of mating articles with the plunger and the stacker tube. The arms 14a,
      14b are then spread apart to let the plunger lift this new pair into the
      tube, the process being repeated until the tube is filled to capacity; in
      the present instance it is assumed that each tube will hold 20 pairs. At
      that stage, while the plunger withdraws, transport chains 12 are driven to
      move the loaded tube 9 onto the shelf 101 and to let the next, empty tube
      take its place at the loading point 7 above plunger 15.
PAR  The driving unit accommodated below base 100 on the machine frame 103
      comprises a vertical main shaft 10 (FIG. 2) which is continuously driven
      by a motor 23 schematically indicated in FIG. 6. Shaft 10 rises above base
      100 within a stationary tube 105 to drive an ancillary vertical shaft 20,
      carrying the sprockets 21, through a transmission 106 (FIG. 6) disposed in
      a casing 107 visible in FIG. 1. Shaft 10 has keyed to it a disk 13a,
      forming part of a Geneva drive 13 (FIG. 2), which has an eccentric pin 13b
      engageable in radial slots 13c of a coacting disk 13d as is well known per
      se. Shaft 10 also carries a disk 13e having a segmental cutout which
      extends over an arc of 90.degree., the periphery of disk 13e coming to
      rest against complementary edges of disk 13d during three quarters of a
      turn of shaft 10 so as to arrest the disk 13d whenever the pin 13b is
      withdrawn from the slots 13c. Disk 13d is keyed to a vertical shaft 18c
      which thus performs a quarter of a turn during each revolution of drive
      shaft 10. Shaft 18c carries the star wheel 6 as well as a gear 18a which
      mates with a gear 18b on a parallel shaft 18d, the latter carrying the
      star wheel 5. Thus, the two star wheels 5 and 6 counterrotate
      intermittently under the control of Geneva drive 13.
PAR  Also mounted on shaft 10 is a cam 37 coacting with a cam follower 38 on a
      lever 17a which is fulcrumed at 17 to the base 100 and, via an articulated
      linkage 17b, 17c, turns a shaft 19 carrying an arm (see also FIG. 3).
      Shaft 19, which is journaled in a bearing 108 also illustrated in FIG. 1,
      is rigid with another arm, the latter being connected through an
      adjustable link 33 with a lever 34 on a pin 36a which is journaled in the
      stack-supporting shelf 101. Lever 34 is rigid with retaining arm 14a as
      well as with a sector gear 35a meshing with a similar sector gear 35b on a
      pin 36b also journaled in shelf 101, sector 35b being rigid with the other
      arm 14b of escape mechanism 8.
PAR  As illustrated in FIG. 4, main shaft 10 carries a cam 29 with a peripheral
      groove 30 accommodating a cam follower 31' on a lever 31 which is
      fulcrumed at 28 to the base 100 and whose opposite end engages the lower
      extremity of plunger 15, the latter being guided in a sleeve 104. Thus,
      the swing of arms 14a, 14b  and the vertical reciprocation of plunger 15
      are positively synchronized with the Geneva drive 13 through the
      intermediary of the continuously rotating shaft 10.
PAR  The transmission 106 operatively linking the main shaft 10 with the
      sprocket shaft 20 includes an ancillary shaft 16 driven by a belt 40 from
      shaft 10, shaft 16 being connected through a step-down gearing 41 to
      another shaft 42 carrying a pair of cams 43 and 44. These cams are
      provided with relatively offset humps controlling two switches 25 and 26;
      switch 25, which closes slightly before switch 26, inserts a
      nonillustrated resistance in a control circuit 39 of motor 23 to slow down
      its rotation whereupon switch 26 cuts in a clutch 27 which couples the
      ancillary shaft 16 with sprocket shaft 20. The step-down ratio of gearing
      41 is 1:20 so that switches 25 and 26 close once every twenty revolutions
      of main shaft 10.
PAR  Reference will now be made to FIG. 7 which shows the relative timing of the
      operations of the various units described above.
PAR  In FIG. 7 I have indicated along the abscissa successive increments of
      rotation (in degrees) of main shaft 10 during the 19th and 20th cycles, or
      revolutions of that shaft. From the relative magnitudes of these two sets
      of values it will be apparent that the shaft rotation, which is
      practically constant during the first 19 cycles of a 20-cycle period,
      drops to about half its normal magnitude in the 20th cycle.
PAR  Graph (a) of FIG. 7 shows the rotary speed of star wheels 5 and 6, in
      radians per second, during these two shaft revolutions. As will be readily
      apparent, wheels 5 and 6 turn during the first quarter of each cycle and
      are otherwise stationary.
PAR  Graph (b) illustrates, in centimeters, the vertical reciprocation of
      plunger 15 which, it will be noted, begins its rise approximately with the
      cessation of motion of the star wheels and returns to its retracted
      position about the time when these wheels resume their rotation.
PAR  Graph (c) shows the swing, in radians, of retaining arms 14a and 14b away
      from each other to give passage to a new pair of articles 1, 2 lifted by
      the rising plunger, the zero line representing their position of closest
      approach in which they support a stack of articles in the overlying tube
      9. Thus, the arms begin to open on the rising stroke of the plunger and
      close again before the latter starts its descent.
PAR  Graph (d) shows that, during the 20th cycle only, the transport chains 12
      are set in motion to displace the array of stacker tubes 9 by a distance
      representing the center-to-center spacing of two adjoining tubes 9; the
      velocity of the transport chains is plotted in cm/sec. The slowdown of all
      other motions in that cycle gives the system sufficient time to accelerate
      and decelerate the chains to the necessary extent without the creation of
      excessive stresses. It should be noted that the chains come to rest before
      the plunger 15 has reached its top position so that an empty tube 9 is
      properly aligned with the plunger at the end of its loading stroke.
PAR  The removal of a stack of twenty superposed containers 1, 2 from a fully
      loaded tube, at unloading station 102, may be carried out manually by
      slipping an inverted plastic bag from above over the tube to be unloaded,
      the shelf 101 being provided with a marginal slot 101' allowing an
      operator's finger to be moved from below into the tube for the purpose of
      pushing the stack into the bag whereupon the filled bag is removed.
      Alternatively, the stacked containers could be allowed to drop through a
      hole in shelf 101 into a receptacle temporarily positioned beneath that
      hole as soon as a loaded tube aligns itself therewith.
PAR  If two or more unloading stations associated with different molding
      machines are to be served by one operator, the provision of several finger
      slots 101' on shelf 101 in spaced-apart positions enables that operator to
      empty a corresponding number of tubes 9 in rapid succession at one station
      and then do the same thing at another station while the automatic filling
      of the tubes continues.
PAR  The numerical values appearing in the graphs of FIG. 7 are, of course,
      given merely by way of example and are not critical for the realization of
      a pairing and stacking system embodying the principles of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for pairing and stacking molded articles of a first and a
      second type simultaneously coming from a molding machine, comprising:
PA1  a pair of rotatable supporting members each having at least one cutout for
      receiving a molded article of said first and said second type,
      respectively, said cutouts describing overlapping closed paths and being
      mutually aligned in a predetermined position of said members;
PA1  feed means for respectively supplying said articles of first and second
      type to said members and depositing an article in each cutout ahead of the
      region of overlap;
PA1  drive means for said members intermittently actuating same with substantial
      standstill in said predetermined position;
PA1  pusher means synchronized with said drive means for jointly dislodging a
      pair of articles from said cutouts in juxtaposed relationship during
      standstill of said members; and
PA1  receiving means for said pair of articles on the side of said members
      opposite said pusher means.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said members are wheels rotatable
      about substantially vertical axes.
NUM  3.
PAR  3. A system as defined in claim 2 wherein said wheels have curved teeth
      forming said cutouts.
NUM  4.
PAR  4. A system as defined in claim 2 wherein said pusher means comprising a
      vertically reciprocable plunger disposed below overlapping segments of
      said wheels, said receiving means including a downwardly open stacker tube
      above said overlapping segments aligned with said plunger.
NUM  5.
PAR  5. A system as defined in claim 4, further comprising retaining means
      synchronized with said drive means juxtaposable with the top of said
      plunger in an elevated position thereof for temporarily supporting a pair
      of said articles at the bottom of said stacker tube.
NUM  6.
PAR  6. A system as defined in claim 5 wherein said retaining means comprises a
      pair of arms hugging said plunger in said elevated position thereof.
NUM  7.
PAR  7. A system as defined in claim 4 wherein said stacker tube is part of an
      array of substantially identical parallel tubes provided with
      intermittently operable transport means for sequentially moving same past
      an unloading station.
NUM  8.
PAR  8. A system as defined in claim 7 wherein said transport means forms a
      closed loop for the movement of said tubes past said unloading station.
NUM  9.
PAR  9. A system as defined in claim 7, further comprising actuating means
      coupled with said drive means for operating said transport means upon
      execution of a predetermined number of strokes by said plunger.
NUM  10.
PAR  10. A system as defined in claim 9 wherein said transport means includes
      control means for said drive means reducing the speed of rotation of said
      wheels during operation of said transport means.
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ABST
PAL  This disclosure relates to a floating unloading installation for unloading
      lighters and includes two pontoons which are secured together in fixed
      transverse spaced relation with the spacing between the pontoons being
      sufficient to accommodate between the pontoons a conventional lighter for
      movement therebetween, the pontoons being connected together by connecting
      means which includes a tranverse bridge and the bridge having mounted
      thereon in balanced relation for swinging movement generally across the
      space between the pontoons to assure the complete unloading of a lighter
      disposed between the pontoons, the digging means including first conveying
      means for delivering material to the bridge, the bridge having second
      conveying means for delivering material to one of the pontoons, the one
      pontoon carrying a vertical conveyor which is mounted in a tower forming a
      part of the bridge, and there being carried by the tower for swinging
      movement a distributing conveyor adapted to receive material from the
      vertical conveyor and for distributing material into a hold of a ship.
BSUM
PAR  This invention relates to a floating unloading installation for lighters,
      comprising a digging means mounted on a craft which can be brought
      alongside a seagoing ship, the digging means being capable of removing
      bulk cargo from a lighter. A weighing means may be provided on the craft
      as well as a vertical conveyor for raising the bulk cargo so that it can
      reach the hold of the seagoing ship through a sloping conveying means.
PAR  As a result of the depth of the water being insufficient it is often not
      possible to load larger seagoing ships directly at a quay where, for
      instance, a grain elevator is located. Therefore floating unloaders of the
      type described in the opening paragraph are used with which such seagoing
      ships can be handled in mid-stream.
PAR  In the known floating unloaders the craft is often a barge or pontoon. The
      digging means is a swivelling grabbing crane, which removes an amount of
      bulk cargo from the lighter, feeds it to the hopper of a weighing
      installation, that is, if such a weighing installation is used, after
      which the weighed material is raised through a vertical conveyor so that
      the material is dumped into the hold of the seagoing ship by means of an
      inclined conveying means, for instance a chute.
PAR  These known floating unloading installations have the following drawbacks.
PAR  In a swivelling crane with a grab the centre of gravity is displaced during
      swivelling and emptying the grab in such a way that the pontoon is
      swinging virtually constantly, which results in the top of the vertical
      conveyor with the chute swinging to and fro to an intolerable extent.
      Consequently it is neither quite possible to fill a hold through the
      narrow openings in the deck, as present in ships of the so-called L.A.S.H.
      type ("lighter aboard ship"). The central hold of ships of this type is
      used for the overseas transport of filled lighters, in the same way as
      containers. The spaces between the central hold and the hull of the ship
      are used as tanks, so-called wing tanks or side tanks. These side tanks
      are accessible through filling openings located along the sides of the
      deck of the ship. It will be clear that it is difficult to dump, for
      instance, grain accurately in these openings from a swinging pontoon.
PAR  Another drawback of the known installation is that a swivelling crane with
      a grab, which has to empty itself in, for instance, the hopper of a
      weighing means, makes dust swirl up and thus causes unallowable
      environmental pollution.
PAR  Still another drawback of the known installation is that the lighter to be
      unloaded, which may have a length of, for instance 60 metres, is located
      at the outerside of the pontoon -- that is to say, the pontoon lies
      between the lighter and the seagoing ship -- and is much exposed to
      currents in the river. Therefore the lighter often has to be continuously
      controlled by a tug during unloading.
PAR  This invention aims at removing the above-mentioned drawbacks of an
      installation of the type described in the opening paragraph.
PAR  In accordance with the invention the craft is designed as an assembly of
      two pontoons with a space therebetween so that a lighter can be hauled
      longitudinally between the two pontoons, while a continuously operating
      digging elevator with a radius covering the width of the hold of the
      lighter is mounted in balance on a bridge or portal connecting the two
      pontoons, and in the cross-linkage there are conveying means for conveying
      the material scooped up by the elevator to one of the pontoons on which
      the vertical conveyor, and if desired a weighing means, and the sloping
      conveying means are provided.
PAR  As instead of a swivelling grabbing crane a continuously operating digging
      elevator is used, which is located at one end of an arm supported on the
      bridge or the portal and pivotable about the centre, at the other end of
      which a counterweight is located, the displacement of the centre of
      gravity during operation is negligible. Dust only swirls up a little at
      the lower receiving end of the digging elevator which, for that matter,
      can be of a known construction i.e. completely closed and dust tight.
PAR  As the lighter lies between the two pontoons, which, for instance, may each
      have a length of 42 metres, the lighter is well protected against river
      currents. Therefore it is not necessary to use tugs to control the lighter
      and the lighter can be anchored to one of the pontoons by means of hauling
      winches.
PAR  An additional advantage of the stability of the double pontoon is that,
      when a weighing means is used, it operates reliably.
PAR  In a further elaboration of the invention the sloping conveying means can
      be constructed as a telescopic belt conveyor. The top of the vertical
      conveyor has to be at such a height that if the usual sloping chute is
      used for conveying the bulk material from the lighter into the hold of a
      ship it extends sufficiently far to fill an empty and therefore a
      light-draught seagoing ship. This entails that as soon as the ship comes
      to lie deeper in the water or as soon as it is not necessary for the
      conveyor to extend that far, the height for dumping the materials is
      useless and results in a high rate of fall so that again dust is formed
      causing unallowable environmental pollution. By using, in accordance with
      the invention, instead of a sloping chute a telescopic belt conveyor
      which, for that matter, may be of a known type, and with which therefore
      various ranges can be controlled without falling movements of the material
      occurring and the slope of which belt conveyor moreover can be varied and
      thus the heights of various seagoing ships can be controlled, it is
      possible to control the conveyance of the material as near as possible to
      its place of destination and without excessive formation of dust. The belt
      conveyor may be pivotable with respect to the seaship so that less hauling
      has to be done.
PAR  The hold of a lighter is often covered by a plurality of hatch covers,
      usually between 8 and 13. Before unloading they have to be taken from the
      lighter and temporarily stored, for which purpose a grabbing crane is used
      in the known transfer installation.
PAR  According to the invention a hatch cover platform extends transversely
      between the pontoons at one end thereof, while furthermore a hatch cover
      crane adapted to lift hatch covers one by one and place it on the hatch
      cover platform, can be moved along the hatch cover platform.
PAR  An important advantage of the floating unloading installation according to
      the invention, comprising two pontoons and, in between them, accommodation
      for a lighter and a vertical conveyor on one of the pontoons and a sloping
      conveyor for dumping bulk cargo in a seaship, is that with a minimum
      number of hauling movements the entire hold of the seagoing ship can be
      attended to. It is true that according to the invention the sloping
      conveying means has a variable effective length, but it makes an essential
      difference whether a normal freighter for bulk cargo, a so-called bulk
      carrier has to be loaded or a so-called L.A.S.H. ship. For in normal
      freighters the central portion where the hold is located has to be covered
      with the sloping conveying means, whereas in L.A.S.H. ships the openings
      at the side of the ship's deck have to be attended to. In the installation
      according to the invention the pontoon assembly can be placed alongside
      the L.A.S.H. ship in a position so that the vertical conveyor tower is
      located on the pontoon remote from the seagoing ship. It is clear that, in
      particular in view of the combination with the variable effective length
      of the sloping conveying means, a great number of side tank filling
      openings can be attended to without hauling the unloading installation
      relative to the ship.
DRWD
PAR  An embodiment of the floating unloading installation will now be described
      and elucidated with reference to the accompanying drawing.
DETD
PAR  The drawing shows in perspective a freighter 1 and alongside of the
      freighter a floating unloading installation 2, composed of two pontoons 3
      and 4. Between pontoons 3 and 4 there is shown a lighter 5, the bulk cargo
      6 of which has to be transferred, to a hold 7 of the freighter 1. The
      floating unloading installation 2 is fixed with respect to the anchored
      freighter 1 with the aid of cables 8.
PAR  The two pontoons 3 and 4 of the discharge installation 2 are
      interconnected, on the one hand by a bridge or portal and, on the other
      hand, through a hatch cover platform construction 10. On portal 9 there is
      located a tubular arm 11, which is supported near the middle thereof on
      portal 9 in supports 12, which are horizontally swivable about the
      vertical axis. At one end of the tubular arm 11 there is located a digging
      unit illustrated as an elevator 13, for instance a bucket conveyor, and at
      the other end a counterweight 14 is provided so that elevator 13 is
      substantially in balance and when elevator 13 makes vertical swivelling
      movements virtually no displacements of the centre of gravity with respect
      to the pontoon assembly 3 and 4 occur. In the tubular arm 11 there is
      located a conveyor (not shown), which conveys the material raised by
      elevator 13 in the direction of the horizontal portion of portal 9.
      Between supports 12 the material of the conveyor in tube 11 is transferred
      to the conveyor located in the horizontal portion of portal 9, which
      conveys the material to the right-hand side in the drawing, to an
      installation having the general reference numeral 15 in the drawing. In
      this installation a known per se weighing means may be present as well as
      a vertical conveyor conveying the material to such a level that it can
      reach hold 7 of the ship 1 through a sloping conveyor 16. The weighing
      means and the details of the construction of the vertical conveyor and any
      other apparatus in the installation 15 will not be further described,
      because such apparatus are known per se in transfer means of the present
      type.
PAR  According to the invention the sloping conveyor 16 consists of a telescopic
      belt conveyor, that is to say, a belt conveyor in which the distance
      between the point where the material is dumped and the terminal roll can
      be changed by sliding the entire conveyor to and fro under the point where
      the material is dumped.
PAR  The conveyor can also be formed by a succession of conveyor belts that can
      be displaced with respect to one another, or a conveyor belt in which the
      distance between the initial roll and the terminal roll can be changed, as
      known per se. As it is possible to change the effective horizontal
      conveying distance in conveyor 16, optimum adaptation to the height of
      freighter 1 is possible and the material can be conveyed as near as
      possible to its place of destination so that free fall of the material and
      dust formation are minimized.
PAR  Hatch cover platform 10, like portal 9, extends between the two pontoons 3
      and 4. At each end of the deck there is located a guideway 17 for a
      carriage 18. Carriages 18 carry a guideway assembly 19 for a hatch cover
      crane 20. With the hatch cover crane 20 the hatch covers of lighter 5 can
      be lifted and stored on platform 10 during unloading of the lighter.
CLMS
STM  I claim:
NUM  1.
PAR  1. A floating unloading installation for unloading lighters, said
      installation comprising two pontoons, connecting means fixedly securing
      said pontoons together in transversely spaced relation with the spacing
      between said pontoons being sufficient to accommodate between said
      pontoons a conventional lighter for movement therebetween, said connecting
      means including a transverse bridge fixedly mounted on said pontoons,
      digging means, means mounting said digging means on said bridge in a
      balanced state and for movement both generally across the space between
      said pontoons and about a vertical axis to assure the complete unloading
      of a lighter disposed between said pontoons, said digging means including
      a digging unit and first conveying means for delivering material from said
      digging unit to said bridge, said bridge having vertically fixed second
      conveying means for delivering material to one of said pontoons, and third
      conveying means for delivering material from said one pontoon away from
      said installation.
NUM  2.
PAR  2. The floating unloading installation of claim 1 wherein said third
      conveying means includes a vertical conveyor carried by said one pontoon
      for receiving material from said second conveying means and a distributing
      conveyor for receiving material from said vertical conveyor and
      discharging the same outwardly of said installation.
NUM  3.
PAR  3. The floating unloading installation of claim 2 wherein said vertical
      conveyor includes a tower forming part of said bridge.
NUM  4.
PAR  4. The floating unloading installation of claim 2 wherein said vertical
      conveyor includes a tower forming part of said bridge, and means pivotally
      mounting said distributing conveyor on said tower.
NUM  5.
PAR  5. The floating unloading installation of claim 2 wherein said distributing
      conveyor is a sloping belt conveyor having a variable effective horizontal
      length of conveyance.
NUM  6.
PAR  6. The floating unloading installation of claim 5 wherein adjacent ends of
      said pontoons remote from said bridge there is a hatch cover platform
      extending between said pontoons and forming part of said connecting means,
      guideways at ends of said hatch cover platform extending longitudinally of
      said plontoons, and carriages carried by said guideways supporting a
      transverse guideway assembly for a hatch cover crane.
NUM  7.
PAR  7. The floating unloading installation of claim 1 wherein adjacent ends of
      said pontoons remote from said bridge there is a hatch cover platform
      extending between said pontoons and forming part of said connecting means,
      guideways at ends of said hatch cover platform extending longitudinally of
      said pontoons, and carriages carried by said guideways supporting a
      transverse guideway assembly for a hatch cover crane.
NUM  8.
PAR  8. The floating unloading installation of claim 1 together with weighing
      means disposed between said second conveying means and said third
      conveying means.
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ABST
PAL  In distributing material, such as stalks, leaves and the like, by means of
      a tubular conveyor into a storage space, the outlet section of the
      conveyor is positioned within the upper end of the space and is supported
      so that it can be pivoted in a horizontal plane about a vertical axis. The
      outlet end of the conveyor is supported from a vertical column centered
      within the storage space so that it can be moved along a circular path
      about the column for the uniform distribution of the material. The outlet
      section of the conveyor is made up of a number of telescopically arranged
      sections movably supported from a guide rail which is also pivotally
      supported. The position of the outlet end of the conveyor relative to the
      center column can be varied to change the radius of the arcuate path
      travelled by the outlet end.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an apparatus for distributing stalks,
      leaves or bulk material into a laterally enclosed storage space and, more
      particularly, it concerns the arrangement and support of the outlet
      section of a tubular conveyor so that its outlet end can be moved along an
      arcuate path for the uniform distribution of the material into the storage
      space.
PAR  While known apparatus is available for distributing material into a storage
      space, such apparatus has the disadvantage that it is suitable only for
      storage spaces having a relatively small transverse storage area, that is,
      transverse areas which are not larger than the scatter range of
      distributors used with such known apparatus. Another drawback noted in the
      known apparatus is that it is not suitable for use in a storage space
      which has a center column, for example, where the column is used for
      feeding or withdrawing the material or as a support for the roof over the
      storage space.
PAR  Silos, hay towers and so-called hay barracks with roofs often have a
      relatively large diameter and use a centrally positioned supporting column
      for the roof. A hay barrack is a structure with a movable roof used to
      cover a hay or straw rick. With a supporting column at the center of such
      structures, the known conveyors and distributors cannot be used
      effectively because their outlets are required to be located exactly at
      the center of the storage space. Further, the scatter range of the known
      end distributors is not sufficient for storage members having a large
      transverse storage surface. Where the usual arrangement is to provide an
      upwardly extending section of the tubular conveyor adjacent the exterior
      surface of the storage space, it is very difficult to arrange an outlet
      conveyor section in the upper portion of the storage space so that a
      uniform distribution of the material can be effected. Even where the
      outlet conveyor section is movable or telescopically extensible, the
      center column interferes with the distribution of the material so that it
      cannot be spread evenly over the supporting surface.
PAR  Accordingly, the present invention is directed to a solution of this
      problem by providing a tubular conveyor having a vertically arranged
      conveyor section located exteriorly of the support space and an outlet
      conveyor section extending from the vertical section and positioned in the
      upper end of the support space so that the outlet section can be pivoted
      about the axis of the vertical section.
PAR  Therefore, in accordance with the present invention, a uniform distribution
      of material onto a large area supporting surface in a storage space can be
      obtained by forming the outlet section of the tubular conveyor from a
      plurality of telescopic sections and supporting the outlet sections so
      that the outlet end can be moved along a circular path concentric to the
      central axis of the storage space.
PAR  In this arrangement the telescopic outlet conveyor section secured in the
      upper end of the storage space is supported on the end of an arm which
      extends radially outwardly from the center column so that the end of the
      arm supporting the outlet end of the conveyor can be moved along a
      circular path about the center column. As the outlet section of the
      conveyor is moved, its individual telescopic sections extend outwardly
      and, at full extension, contact the center column. From this point of
      contact the movement of the arm can be reversed so that it traverses a
      path of almost 360.degree. with the telescopic sections contracting and
      again extending until the outlet section again contacts the center column.
      As a result, the outlet end of the conveyor can be moved along a path of
      almost a full circle.
PAR  In another embodiment of the invention, if there is no center column, the
      arm can be supported so that it carries the outlet end of the conveyor
      through a complete 360.degree. path.
PAR  In a preferred embodiment, the end of the arm supporting the outlet end of
      the tubular conveyor can be displaced between the center column and the
      inside surface of the storage space and can be locked and, further, the
      telescopic outlet sections of the conveyor are suspended in a sliding or
      rolling manner from a guide rail.
PAR  The guide rail is arranged to extend inwardly into the upper end of the
      storage space and its inner end is suspended from the arm along with the
      outlet telescopic section of the conveyor by means of a joint member which
      can be pivoted about a vertical axis. The end of the guide rail located
      outside the storage space is mounted for displacement in a bearing block
      which is arranged to rotate about the vertical axis of the conveyor
      extending upwardly along the outer surface of the storage space.
PAR  Preferably, the arm is rotated about the center column by means of a rotor
      and driving elements.
PAR  By using limit switches associated with the motor driving the arm, the
      field of traverse of the arm can be set to any desired sector of its
      circular path.
PAR  When the arm rotates the conveyor to the end position where the conveyor
      contacts the center column, the arm is reversed by known means so that it
      reverses direction and traverses the same circular path for almost
      360.degree. until the outlet sections of the conveyor again contact the
      center column. During the movement from one end position to the other the
      telescopic sections, fully extended in the end position, are retracted
      during one half of the path of travel and then are again extended during
      the second half until the opposite end position is reached with the outlet
      section of the conveyor again contacting the center column.
PAR  If an end distributor is positioned at the conveyor outlet opening the
      material discharged from the conveyor can be distributed in a circular
      scatter range affording a uniform placement of the material over the
      entire supporting surface. In other words, as the outlet section of the
      conveyor is moved along the circular path about the center column between
      its two end positions, the end distributor is moved about the outlet end
      of the conveyor so that a multiple number of circular paths are described
      by the end distributor in directing the material onto the support surface
      in the storage space. Accordingly, though the outlet end of the conveyor
      does not describe a complete 360.degree. circle, the use of the end
      distributor permits overlapping scattering of the material. By the support
      arrangement for the outlet end of the conveyor, it is possible to suspend
      the individually movable telescopic sections of the conveyor above the
      supporting surface in the storage space on the guide rail and to guide the
      sections along the rail so that bending and lateral forces are absorbed
      exclusively by the rail itself.
PAR  This arrangement ensures a reliable, trouble-free operation during the
      extension and retraction of the telescopic conveyor sections as the arm
      moves the outlet part of the conveyor along a circular path.
DRWD
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a side elevational view, partly in section, of a storage space
      embodying the conveyor arrangement of the present invention;
PAR  FIG. 2 is a top view of the arrangement shown in FIG. 1 indicating the
      pattern of movement of the conveyor within the storage space;
PAR  FIG. 3 is a detailed view in section of the support for the horizontal
      conveyor means.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, the storage space 4 is arranged as a so-called hay barrack with
      a vertically movable side wall 1 covered at its upper end by a roof 2
      which is supported centrally on a column 3. The center column 3 forms not
      only a support for the roof 2 but also a guide for the movable side wall
      1.
PAR  A hay tower or silo could be designed in a similar manner.
PAR  Located adjacent to the exterior surface of the storage space 4 is a
      vertically extending tubular conveyor section 5 which can be extended and
      retracted telescopically during upward and downward movement of the
      vertically movable side wall 1.
PAR  A pipe bend 6 is connected to the upper end of the tubular conveyor section
      5 so that it can be pivoted about the longitudinal axis of the upwardly
      extending conveyor section. The opposite end of the pipe bend 6 is
      connected to a substantially horizontally extending tubular outlet
      conveyor section 7 which consists of several telescopic conveyor
      sub-sections 7a, 7b, 7c which are suspended for longitudinal displacement
      along a guide rail 11. The conveyor outlet section 7 extends across the
      upper end of the storage space 4 for directing the material downwardly
      onto the supporting surface within the storage space.
PAR  At the free end of the conveyor section 7, an outlet conveyor sub-section
      7a supports a pipe bend 9 which directs the material being distributed
      downwardly. An end distributor 10 is secured to the outlet end of the pipe
      bend so that the material can be directed in a particular direction and
      pattern onto the surface of the material within the storage space.
PAR  An arm 12 is rotatably supported on the center column 3 and a joint member
      13, positioned on the radially outer end of the arm, movably mounts the
      end of the guide rail located within the storage space. The telescopic
      conveyor sub-sections 7a, 7b, 7c are individually suspended so that they
      slide or roll on the guide rail 11.
PAR  The end of the guide rail located exteriorly of the storage space is
      mounted for displacement in a bearing block 14. The bearing block is
      mounted for rotation about the vertical axis of the conveyor section 5.
PAR  In FIGS. 1 and 2 the fully extended end position of the outlet conveyor
      section 7 is indicated in dot-dash lines with the conveyor sub-section 7a
      forming the outlet from the conveyor.
PAR  The outer end of the guide rail 11 extends through the pivotal bearing
      block 14 and is movably displaceable relative to the block as the outlet
      conveyor section 7 is positioned within the storage space 4.
PAR  The pivotal movement of the arm is effected by the driving motor 16 through
      driving elements 17. By using known limit switches in association with the
      motor, the pivotal movement of the arm can be started, stopped, reversed,
      as required.
PAR  As it can be seen from FIG. 2, the retracted telescopic conveyor
      sub-sections 7a, 7b, 7c are arranged on the pipe bend 9 radially to the
      circular base of the storage space 4. The retracted pipe sections 7a, 7b,
      7c, etc. are extended telescopically so that they approximately touch the
      center column 3 in the end position. As soon as the end position 15 is
      reached, the direction of rotation of the drive 16, 17 is reversed by
      known means, not shown.
PAR  It is advisable to arrange on the pipe bend 9 an end distributor 10 which
      ejects the material over a circular scatter range. If the diameter of this
      scatter range corresponds approximately to the radius of the bearing
      surface, a very uniform distribution of the constantly moving and
      constantly overlapping scatter ranges 19 is achieved by the circular
      distribution of the stem products and bulk material by the end distributor
      10 in connection with the constant shifting of the position of the tip or
      of the end distributor 10 over a circular arc. The center column 3
      arranged in the center of the storage space 4 practically does not prevent
      a uniform distribution.
PAR  Furthermore, it is advisable to use an air-driven end distributor 10 in
      order to avoid interfering cable connections between a stationary motor
      and the distributor 10.
PAR  The invention represents obviously an essential progress.
PAR  As it can be seen from FIG. 3, the guide rail 11 is designed as a U or
      angle section, so that rollers 25a can run on its lower horizontal part,
      which are secured on the outside at the end of the conveyor sub-sections
      7a, 7b, 7c, etc. remote of the pipe bend.
PAR  The free end of the conveyor sub-sections 7a, 7b, 7c, etc., facing the pipe
      bend 9 slides in any position in the adjacent pipe section, so that an
      additional fastening is not necessary.
PAR  As can be seen in FIGS. 1 and 2, the retracted telescopic conveyor
      sub-section 7a, 7b, 7c are positioned in the roof opening 8 and they
      extend radially of the center column 3 within the storage space. By means
      of the motor 16 and the drive elements 17 the arm 12 is turned in the
      direction of the arrow 20 and the joint member 13 located on the end of
      the arm gradually moves outwardly along the guide rail to its end as the
      outlet conveyor section 7 is moved from its retracted position to its
      fully extended position as it travels along the circular path 18. As is
      indicated in FIG. 2, when the outlet conveyor section 7 reaches the end
      position 15, the conveyor contacts the side of the center column 3 and is
      prevented from continuing in the circular path 18. When the end position
      15 is reached, the direction of rotation of the drive motor 16 is reversed
      and the outer end of the arm 12 with its joint member 13 starts to move in
      the opposite direction, shown by the arrow 21 and traverses nearly
      360.degree. until it reaches the other end position 15a. Again, in the end
      position 15a, the conveyor section 7 contacts the center column and the
      movement of the arm and the conveyor is again reversed.
PAR  It is preferable to provide an end distributor 10 at the outlet from the
      pipe bend 9 so that the material can be directed over a circular scatter
      range, note the overlapping circular patterns 19 in FIG. 2. If the
      diameter of the scatter range corresponds substantially to the radius of
      the supporting surface within the storage space, a very uniform
      distribution is obtained as the conveyor outlet section 7 moves along the
      circular path 18 and the end distributor 10 rotates about the outlet from
      the pipe bend 9 and directs the distribution of the material in
      overlapping circular patterns 19. In this arrangement the center column 3,
      located at the center of the storage space, does not have any effect on
      the uniform distribution of the material.
PAR  In another feature of the invention, the joint 13 which positions the
      outlet end of the conveyor section 7, can be moved with the arm 12 in the
      radial direction from the center column for adjusting the diameter of the
      circular path 18 at random.
PAR  Further, it is preferable to use an air-driven end distributor 10 to avoid
      the use of cable connections between a stationary motor and the
      distributor 10.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for distributing stalks, leaves or bulk material into storage
      spaces, such as silos, hay barracks, hay towers and the like, comprising
      wall means laterally defining an upwardly extending storage space, a
      tubular conveyor device for discharging material into said storage space,
      said conveyor device comprising a first conveyor section for transporting
      the material to the upper end of said storage space, and at least a second
      conveyor section in communication with said first section, said second
      section having an outlet end located in the upper portion of said storage
      space for discharging material into said storage space, wherein the
      improvement comprises that said second conveyor section is pivotally
      displaceable about an axis intersecting its longitudinal axis at a point
      spaced axially from its outlet end, said second conveyor section comprises
      a plurality of telescopically displaceable sub-sections, means for
      suspending said second conveyor section and for displacing said outlet end
      of said second conveyor section along an arcuate path in a plane extending
      transversely of the upward direction of said storage space, said
      telescopically displaceable sub-sections being extended and retracted
      during travel of said outlet end along said arcuate path, said first
      conveyor section extends upwardly along and adjacent the exterior of said
      storage space, an arcuate bend member connecting said first and second
      conveyor sections so that said second conveyor section extends
      transversely of said first conveyor section, said arcuate bend member and
      said second conveyor section are pivotally displaceable about the vertical
      axis of said first conveyor section, and said means for suspending said
      second conveyor section includes an upright column centered within said
      storage space and the axis of said column defines the center about which
      said outlet end of said second conveyor section is displaceable along an
      arcuate path.
NUM  2.
PAR  2. Apparatus, as set forth in claim 1, wherein said means for suspending
      said second conveyor section includes a guide rail extending across the
      upper end of said storage space transversely of its upright direction, a
      joint member member mounted on said guide rail and being pivotally
      displaceable about an upright axis transverse of said guide rail, and an
      arm supporting at one end said guide rail and joint member with its other
      end supported for pivotal displacement about an upright axis so that its
      end supporting said guide rail and joint member and said outlet end of
      said second conveyor section supported therefrom is displaceable along the
      arcuate path.
NUM  3.
PAR  3. Apparatus, as set forth in claim 2, wherein the other end of said arm is
      movably supported on said column and is lockable thereon so that its one
      end along with said joint member is displaceable along a line extending
      radially from said column for varying the radius of the arcuate path along
      which said joint member and said outlet end of said second conveyor
      section is displaced.
NUM  4.
PAR  4. Apparatus, as set forth in claim 3, wherein said joint member is
      displaceable relative to said guide rail.
NUM  5.
PAR  5. Apparatus, as set forth in claim 2, wherein said telescopically
      displaceable sub-sections are suspended from said guide rail for movement
      relative thereto.
NUM  6.
PAR  6. Apparatus, as set forth in claim 2, wherein a a bearing block is mounted
      on the outside of said storage space and said guide rail is movably
      displaceable through said bearing block, said bearing block is mounted for
      rotation about the upright axis of said first conveyor section so that
      said guide rail is displaceable about the upright axis of said first
      conveyor section in a plane extending transversely of the upright axis of
      said storage space.
NUM  7.
PAR  7. Apparatus, as set forth in claim 3, wherein a motor and driving elements
      are disposed in operative engagement with said arm for rotating said arm
      about said column.
NUM  8.
PAR  8. Apparatus, as set forth in claim 7, wherein switch means are associated
      with said motor for rotating said arms along a selected sector of its
      arcuate path about said column.
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ABST
PAL  A system for handling and transporting cargo. The system includes a pallet
      specially adapted for use with a container or truck trailer having an
      internal volume defined by top and bottom walls, side walls, a front end
      wall, and a closure wall at the rear end. The pallet includes a frame
      carried on a plurality of rollers for movement into the container. The
      frame is adapted to carry a cargo load having exterior dimensions
      commensurate generally with the interior dimensions of the container. A
      push plate is mounted at one end of the pallet frame, and the push plate
      is formed with a pair of pockets adapted to lockably receive the tines of
      a forklift truck for moving the pallet. A pair of lock pins are mounted on
      an end of the pallet frame for engaging with sockets formed in the bottom
      wall of the container to preclude relative movement of the pallet with
      respect to the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the handling and transport of cargo and freight
      by means such as containers or truck trailers.
PAR  A great deal of progress has been achieved in freight handling and
      transport through improved methods of shipping and packaging cargo and
      freight. These methods include containerization of cargo and improved
      truck trailer handling procedures which have speeded up the transport of
      freight.
PAR  However, even with the advances which have been made in this field there
      still exists a bottleneck in the flow of freight at the loading and
      unloading stages. The loading and unloading procedures for many types of
      cargo is extremely slow. The result is that the equipment is tied up and
      valuable transit time is lost because of the time required for loading or
      unloading the containers or trailers.
PAR  In containerized cargo procedures such as where a container is loaded with
      cargo and the container is then loaded on the transport vehicle, such as a
      ship, quick turn-around-time is essential in view of high shipping costs.
      However, containers of the foregoing nature are in short supply so that
      there is a great need for decreasing the turn-around-time of the equipment
      to reduce lost time and increase equipment utilization. Presently the
      trailers and containers are inefficiently utilized and waste a great deal
      of money where they may be idle for as long as a number of days to be
      loaded or unloaded.
PAR  The foregoing problem is compounded where the containers and trailers may
      be forced on shippers or receivers when not convenient to their loading or
      unloading schedules. A greater expense is thus incurred because odd hours
      of loading are required and slow cargo handling methods must be employed.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the invention to provide a new and improved
      system for the handling and transport of cargo and freight by means such
      as containers or truck-trailers.
PAR  Another object is to provide a system of the type described which decreases
      the time for loading and unloading a container or truck-trailer. This in
      turn decreases the turn-around-time of the equipment at the shipping or
      receiving point so that equipment utilization is increased, more efficient
      and easier loading and unloading procedures are utilized, more containers
      and trailers are made available for transport duty, and shipping costs are
      reduced.
PAR  Another object is to provide a system of the type described which
      incorporates a roller pallet which is specially adapted to be pre-loaded
      with cargo and then rapidly moved into a container or truck-trailer. The
      pallet is sized so that the exterior dimensions of the load of cargo are
      generally commensurate with the interior dimensions of the container or
      trailer.
PAR  Another object is to provide a roller pallet for use in a system of the
      type described in which a push plate is mounted at one end of the pallet
      with the plate being formed with pockets adapted to lockably receive the
      tines of a forklift truck for moving the pallet.
PAR  Another object is to provide a roller pallet of the type described which
      incorporates cooperative locking means adapted to lock the pallet and
      cargo within the container or trailer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially in cross-section, illustrating
      the system of the invention;
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an end elevation view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary longitudinal section view of the trailer of FIG. 1
      illustrating the pallet and cargo locked in position within the trailer;
      and
PAR  FIG. 5 is a cross-sectional view taken along the line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings FIG. 1 illustrates the cargo transport system of the
      invention which incorporates a roller pallet 10, shown as supporting a
      typical cargo load 11, with the pallet being specially adapted for use in
      combination with a container or truck trailer 12. While the invention will
      be described in relation to the trailer 12 of a truck-trailer unit, it is
      understood that the invention also has application to containerized cargo
      systems employing unitized containers which are adapted to be loaded onto
      ships for transport to destination.
PAR  Container or trailer 12 defines an interior volume 13 bounded by a top wall
      14, bottom wall 16, a pair of side walls 17, 18, a front end wall, not
      shown, and closure doors 19 at the rear end. The doors are mounted to the
      trailer side walls by hinges 21, 22 with the doors shown in open position
      in FIG. 1 and in closed position in FIG. 4.
PAR  Pallet 10 includes an elongate frame 23 having a rectangular peripheral
      configuration and size commensurate generally with the plan configuration
      and size of trailer bottom wall 16. Frame 23 is formed with a pair of
      downwardly extending skirts 24 and 25, as best illustrated in FIG. 2. A
      plurality of rollers 27 are mounted on parallel, transversely extending
      axes by means of stub axles 28, 29 which are supported in suitable
      bearings secured to the frame skirts. The height of the pallet from the
      bottom of the rollers to the cargo supporting surface of the frame is
      relatively short, preferably on the order of six inches, to accommodate a
      large cargo. The length of the pallet is selected according to the
      particular container or trailer with which it is to be used. The pallet
      length would be 20', 24', 27', 30', 35' or 40' to correspond with the
      various trailer sizes which have been standardized throughout the
      industry. On longer trailers, such as 40 foot trailers, a pair of 20 foot
      pallets could be used end-to-end within the trailer.
PAR  Force receiving means is provided for purposes of moving the pallet, and
      this means includes an upstanding push plate 31 mounted at its lower end
      to the rear end of pallet frame 23. A pair of cross braces 32 are mounted
      from the upper side corners of plate 31 to the frame sides. The rearwardly
      extending face of plate 31 is formed with a pair of transversely spaced
      recesses or pockets 33, 34. The pockets are sized and spaced apart a
      sufficient dimension to receive the tip ends of a pair of tines 36 of a
      forklift truck which is provided at the shipping or receiving location.
      The forklift truck can thereby impart a thrust force to the pallet for
      moving it along the shipping platform 37 and into the trailer.
PAR  A pair of tine locks are provided on push plate 31 for locking tines 36
      within the pockets. The tine locks each include a pair of rearwardly
      extending brackets 38, 39 mounted to the plate on opposite top and bottom
      sides of a respective pocket. A lock pin 41 is mounted for vertical
      movement through aligned holes formed in each pair of brackets.
      Corresponding holes are formed in the tips of the tines so that with the
      tines in the pockets the openings are aligned for receiving the pins. With
      the pins in their locking positions a pull force can be transmitted from
      the forklift truck to the pallet for purposes such as moving the pallet
      out of the trailer and onto the platform.
PAR  Locking means is provided for locking the pallet against relative movement
      within the trailer. The locking means includes a pair of lock pins 42, 43
      mounted in transversely spaced openings formed in the rear end corners of
      pallet frame 23, as illustrated in FIG. 5. A pair of sockets 44, 45 are
      formed in bottom wall 16 of the trailer at positions which are in vertical
      register with respective lock pins 42, 43 when the pallet is positioned
      within the trailer. These lock pins are adapted to move between a raised
      or retracted position 42a and the lowered or locking position shown in
      solid line in the drawings. A suitable latch, such as a spring detent, not
      shown, may be provided in the pallet frame to hold the lock pins in either
      of their retracted and locking positions. In the retracted position of the
      lock pins the pallet is free to be moved into or out of the trailer. In
      the locking position the pins engage with the respective sockets and
      preclude relative movement between the pallet and trailer so that the
      cargo is secured for transport. In addition, the lock pins would prevent
      unintended rearward movement of a loaded pallet when the trailer may be
      parked on a rearward incline and the doors are opened.
PAR  In operation of the invention, pallet 10 is preloaded, at the convenience
      of the shipper, with the freight or cargo. The cargo 11 is loaded to the
      height, width and length which approximates the interior dimensions of the
      trailer. When the empty trailer 12 arrives its rear doors 19 are opened
      and it is backed up to abut platform 37, as shown in FIG. 1. The tines of
      the forklift truck are then inserted into the pockets of push plate 31 and
      the truck is operated for rapidly pushing the loaded pallet into the
      trailer to the position shown in FIG. 4. In this position of the pallet
      lock pins 42, 43 are in register with sockets 44, 45. The pins are then
      manually moved downwardly into the sockets for locking the pallet in
      place. Rear doors 19 of the trailer are then closed and the truck-trailer
      is driven to its destination.
PAR  At the destination the procedure is reversed with the trailer doors opened
      and the trailer backed up to abut the receiving dock. Another forklift
      truck is then maneuvered so that the tips of its tines are inserted within
      sockets 33, 34 of the push plate. Locking pins 41 are then dropped through
      the aligned openings for locking the tines to the pallet and the forklift
      truck is backed away for pulling the pallet and its load from the trailer.
      It will be realized that this unloading procedure takes only a relatively
      short time, on the order of a few minutes, so that the truck-trailer can
      be immediately dispatched to another destination. The pallet can then be
      unloaded at the convenience of the receiver.
PAR  While the foregoing embodiment is at present considered to be preferred it
      is understood that numerous variations and modifications may be made
      therein by those skilled in the art and it is intended to cover in the
      appended claims all such variations and modifications as fall within the
      true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in a cargo transport system which includes a forklift truck
      which incorporates tines having tips, the combination of a container
      having an interior volume defined by top and bottom walls, a pair of side
      walls, a front end wall, and a closure at the rear end, a pallet adapted
      for insertion into and removal from the container, the pallet including a
      rectangular frame for supporting a load of cargo, the frame having its
      outer peripheral dimensions substantially commensurate with the peripheral
      dimensions of the bottom wall of the container, a plurality of rollers
      mounted on the frame about parallel axes extending transversely of the
      frame, said rollers being adapted to support the frame and cargo load for
      rolling movement onto the bottom wall of the container, an upstanding push
      plate secured at its lower end to one end of the frame, means forming a
      pair of spaced-apart pockets in the plate for receiving thrust forces from
      the tips of the tines of the forklift truck, means for locking the tips of
      the tines within said pockets for imparting pulling forces to the pallet,
      at least one lock pin mounted for movement on the pallet between a
      retracted position and downwardly extending locking position, and pin
      receiving means in the container positioned in register with the locking
      means when the pallet is carried within the container, said lock pin when
      in its locking position being engaged in said pin receiving means for
      precluding relative movement of the pallet with respect to the container.
NUM  2.
PAR  2. In a system for transporting cargo by means of containers each of which
      has an interior volume defined by top and bottom walls, a pair of side
      walls, a front end wall and a closure at the rear end, said system further
      including a forklift truck having tines, the combination of a frame
      adapted to contain a cargo load having exterior dimensions commensurate
      generally with the dimensions of the interior volume of one of said
      containers, a plurality of rollers mounted on the frame about parallel
      transversely extending axes whereby the rollers support the frame for
      rolling movement across the bottom wall with the height of the frame being
      substantially less than the height of the interior volume of the
      container, an upstanding push plate mounted at one end of the frame, means
      forming pockets in the push plate for receiving the tines whereby thrust
      forces can be imparted to the pallet from the forklift truck, means on the
      push plate for locking said tines within said pockets, cooperative locking
      means on the pallet including at least one lock member adapted to move
      between a retracted position and a locking position, said lock member
      being positioned on the pallet in vertical register with a pin receiving
      socket in the container when said pallet is positioned within the
      container, said lock member in its locking position being in engagement
      with the pin receiving socket for preventing relative movement of the
      pallet with respect to the container.
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ABST
PAL  A refuse truck of the rear loading type provided with a novel packer blade
      and associated control apparatus. More specifically, the packer blade is
      mounted on a carriage that is arranged to reciprocate on an inclined track
      means so as to load and pack the truck body and the blade and carriage are
      respectively actuated by separate hydraulic cylinders which are in turn
      controlled in a novel manner so as to operate the carriage and the blade
      through successive cycles each of which is controlled by a respective
      pressure responsive controller. As a result, each of said cycles is
      automatically terminated by the occurrence of a predetermined pressure
      value and the mechanism will automatically proceed to the next succeeding
      cycle.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in part of my co-pending application
      Ser. No. 187,384 filed Oct. 7, 1971 now U.S. Pat. No. 3,760,962.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to refuse handling equipment and more particularly
      to rear load type refuse trucks provided with a novel packing apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  In general the refuse truck of the present invention includes a body
      comprising a forward refuse receiving body portion and a rear body portion
      communicating with said forward body portion and provided with a novel
      packer blade and associated control apparatus.
PAR  In accordance with the present invention the packer blade is pivotally
      mounted on a carriage that is arranged to reciprocate on an inclined track
      means so as to load and pack the forward body portion and the blade and
      carriage are respectively actuated by separate hydraulic cylinders which
      are in turn controlled in a novel manner so as to operate the carriage and
      the blade through successive cycles each of which is controlled by a
      respective pressure responsive controller. As a result, each of said
      cycles is automatically terminated by the occurrence of a predetermined
      pressure value and the mechanism will automatically proceed to the next
      succeeding cycle.
PAR  It is a primary aspect of the present invention to provide a novel control
      system for a refuse packer that provides auto-cycle operation for the
      packer blade, as well as selective manual actuation of the packer blade
      which manual actuation can be instituted at any stage of the auto-cycle
      operation merely by actuating an emergency stop means for the auto-cycle
      operation.
PAR  As another aspect of the present invention the novel control system is
      uniquely adapted to maintain pressurization of the packer blade even when
      such blade is prevented from moving into its intended operative position
      by engagement with an unpackable foreign object. In such instance the
      blade temporarily yields to permit the blade to move past the object.
      After the object is cleared by the yielded blade such continued
      pressurization immediately returns the blade to its desired operative
      position for the remainder of the interrupted stroke.
PAR  As another aspect of the present invention, the above mentioned plurality
      of pressure responsive controllers, that respectively control a plurality
      of cycles, so as to be subsequently pressure triggered by predetermined
      system pressure values.
PAR  As still another aspect of the present invention, when the packer blade is
      being moved through one of the above mentioned cycles, wherein it is
      caused to first engage the refuse and in the event it engages a foreign
      object that becomes jammed between said blade and the bottom wall of the
      loading opening, then in that event the respective pressure responsive
      controller for such cycle will automatically permit termination of
      movement of the blade actuating cylinder responsive to a predetermined
      system pressure value. At the same time, the next successive or blade
      retraction cycle will automatically be negotiated whereby the packing
      blade is dragged freely past said foreign object and will then
      automatically move to its packing position.
PAR  As another aspect of the present invention, the present novel control
      system has a decided advantage in that it is adapted to proceed from an
      interrupted cycle of movement to the next successive cycle of the packing
      blade without the necessity of reversing the mechanism back to its prior
      path of movement. As a result the movement of the blade is terminated and
      the carriage can be moved to drag the arrested packing blade past the
      refuse.
PAR  As still another aspect of the present invention, the novel control system
      is so arranged that if movement of the packing blade is manually stopped
      during a refuse engaging cycle, and then restarted by the operator, the
      packing blade will always raise away from engagement with an obstructing
      object, let such object re-position itself, after which the blade will
      automatically take a new pressurized engagement with such re-positioned
      object.
PAR  As still another aspect of the present invention, the novel control system,
      being pressure responsive, eliminates the need for limit switches and
      mechanical linkages to actuate control valve. Such elements have been
      sources of mechanical trouble in prior devices in that they have the
      tendency to become worn and distorted whereby the accuracy of control is
      lost.
PAR  It is therefore a primary object of the present invention to provide a
      novel control system for a refuse packer adapted for auto-cycle operation
      which can be interrupted during any stage of the cycle to permit an
      instant emergency stop as well as selective manual operation of the
      packing blade.
PAR  It is another object of the present invention to provide a novel control
      system for a refuse packer which maintains pressurization of the packer
      blade, for the remainder of the stroke of the blade, after such blade has
      been interrupted and displaced by an unpackable foreign object.
PAR  It is another object of the present invention to provide a refuse truck
      provided with a packer blade and novel associated control mechanism
      adapted to automatically move said blade through successive pressure
      controlled cycles.
PAR  It is another object of the present invention to provide an apparatus of
      the type described wherein said control mechanism is further adapted to
      stop said blade at any position and subsequently restart movement of said
      blade so as to cause the blade to return to and complete certain of its
      cycles in predetermined priority and sequence.
PAR  It is still another object of the present invention to provide an apparatus
      of the type described wherein a fluid actuated packing blade is
      automatically arrested at a predetermined systems pressure in the event it
      engages a foreign object that obstructs its path of movement.
PAR  It is still another object of the present invention to provide an apparatus
      of the type described which is adapted to automatically proceed through
      subsequent cycles after the packing blade has become arrested by striking
      a foreign object during a refuse engaging cycle.
PAR  It is another object of the present invention to provide an apparatus of
      the type described wherein the packing blade will, when stopped and
      restarted, automatically raise off the refuse and then again proceed to
      move into force transmitting engagement therewith.
PAR  It is another object of the present invention to provide an apparatus of
      the type described wherein the packing blade can be stopped during a
      refuse engaging cycle and the next succeeding cycle in the path of
      movement can be negotiated without the necessity of reversing the path of
      movement of the apparatus.
PAR  It is another object of the present invention to provide an apparatus of
      the type described that is of simple construction requiring only a minimum
      of adjustments to prepare the machine for operational use.
PAR  It is still another object of the present invention to provide an apparatus
      of the type described that eliminates the need for mechanically actuated
      limit switches as well as mechanical linkages for automatically actuating
      valve elements.
PAR  It is still another object of the present invention to provide an apparatus
      of the type described that has an improved control system that
      incorporates a single spool control valve for efficiently and economically
      accomplishing all of the above mentioned control functions.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein preferred forms of embodiments of the invention are
      clearly shown.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial rear perspective view illustrating a rear loader type
      refuse truck to which the apparatus of the present invention has been
      applied;
PAR  FIG. 2 is a partial rear view, in broken section, showing the packer blade
      and carriage apparatus comprising a portion of the present invention;
PAR  FIGS. 3 through 6 are side sectional views of a rear body portion and
      apparatus of FIG. 2, the section being taken along a vertical plane
      through the centerline of such body portion;
PAR  FIG. 7 is a diagrammatic view of the control system for the refuse machine
      of the preceding figures;
PAR  FIG. 8 is a second diagrammatic view of the control system for the refuse
      machine of the preceding figures;
PAR  FIG. 9 is a third diagrammatic view of the control system for the refuse
      machine of the preceding figures;
PAR  FIG. 10 is a fourth diagrammatic view of the control system of the refuse
      machine of the preceding figures;
PAR  FIG. 11 is a fifth diagrammatic view of the control system of the refuse
      machine of the preceding figures;
PAR  FIG. 12 is a diagrammatic view of a modified control system constructed
      according to the present invention and adapted to provide emergency stop
      and manual operation upon operator imposed interruption of the auto-cycle;
PAR  FIG. 13 is a diagrammatic view of an emergency stop controller comprising a
      component of the modified system of FIG. 12; and
PAR  FIG. 14 is a side elevational view of a control panel comprising a portion
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring in detail to the drawings, FIGS. 1 and 2 illustrate a rear loader
      type refuse truck that includes a forward refuse receiving body portion
      indicated generally at 20 and a rear packer body portion indicated
      generally at 22. Rear body portion 22 is pivotally attached to the forward
      body portion 20 at a pivot 48, FIG. 4, and a hydraulic cylinder 21 is
      operatively connected between the forward and rear body portions at the
      pivots 23 and 25. Rear body portion 22 can be pivotted upwardly and away
      from front body portion 20 by extension of hydraulic cylinder 21 thereby
      permitting unloading of front body portion 20 after it has been packed
      with refuse.
PAR  With continued reference to FIG. 1, forward body portion 20 includes side
      walls 24, a top wall 26, a bottom wall 28 and a front wall 29 which define
      a refuse receptable into which the packing apparatus on the rear body
      portion 22 functions to load and pack refuse.
PAR  Referring next to FIGS. 2 - 6, rear body portion 22 includes a carriage
      indicated generally at 68 which is mounted for reciprocation on inclined
      tracks 62 supported by side walls 30 of rear body portion 22.
PAR  Carriage 68 includes an upper shaft 60, the ends of which are provided with
      rollers 66 that run in track 62 and a lower shaft 58, the ends of which
      are provided with similar rollers 66 which also are mounted in the track.
PAR  Carriage 68 further includes outwardly extending brackets 46 which are
      pivotally attached to a pair of carriage actuating hydraulic cylinders 40
      at the pivot pins 47. The lower end of hydraulic cylinders 40 are
      similarly pivotally attached to the side wall 30 of the rear body portion
      by the pivot pins 41 in brackets 44. It will now be understood that when
      carriage actuating cylinders 40 are pressurized in their upper chambers
      then cylinder rods 42 and carriage 68 are retracted downwardly and,
      conversely, when the other ends of the cylinders 40 are pressurized the
      cylinder rods and carriage will be extended upwardly.
PAR  With reference to FIGS. 2 through 6, a packing blade 50 includes collars 64
      which are pivotally mounted on shaft 58 and a blade actuating cylinder 52
      includes an inner end pivotally mounted on carriage 68 at upper shaft 60
      and an extendable ram 54, the outer end of which is pivotally connected to
      packer blade 50 at a pivotal connection 56. It will now be understood that
      when blade actuating cylinder 52 is pressurized so as to extend ram 54 the
      packing blade will be pivotted about lower shaft 58 from Position 2 to
      Position 3. Conversely when the other side of cylinder 52 is pressurized
      so as to withdraw ram 54, then packer blade 50 will be raised from
      Position 3 to Position 2.
PAR  It should be mentioned that the operators load refuse into the rear body
      portion 22 via a rear opening 34 such that the refuse is disposed on a
      bottom wall 36.
PAR  In general, when packing blade 50, just described, moves from Position 2 to
      Position 3 blade 50 will engage the refuse and, during a subsequent cycle,
      later to be described, when carriage actuating cylinder 40 is extended to
      raise carriage 68 from Position 3 to Position 4 then the refuse is further
      moved up into the previously described receptacle formed by forward body
      portion 20. As the forward body portion becomes filled the carriage
      actuating cylinders 40 serve to compress and pack the load.
PAC  AUTOMATIC OPERATION OF THE CONTROL SYSTEM
PAC  1. Neutral
PAR  As seen in the flow diagrams of FIGS. 7-11, a pump 74 driven by the vehicle
      engine provides pressurized fluid for the system. Fluid from pump 74 is
      delivered to a pressure responsive control means for effecting auto-cycle
      operation that includes a main control valve indicated generally at 70.
      When an actuator handle 72 is in its neutral position, FIG. 7, spool 75 is
      centered whereby the central grooves in the spool connect an inlet 78 with
      an outlet 80 leading back to tank 76.
PAR  In the neutral position, both outlet ports 82 and 84 are closed by spool 75
      whereby blade actuating cylinder 52 and carriage actuating cylinders 40
      are locked with the packing blade in Position 4.
PAC  2. Cycle 1
PAR  When actuator handle 72 is moved to the right, FIG. 8, the control system
      undergoes its first cycle.
PAR  During cycle 1 packer blade 50 is moved from Position 4 to Position 1 and
      only the blade actuating cylinder 52 is pressurized in a direction to
      retract the ram 54 of such cylinder.
PAR  With continued reference to FIG. 8, movement of actuator 72 connects valve
      inlet 78 with line 91 which delivers pressurized oil to chamber 81 of
      blade actuating cylinder 52 as shown by the heavy character of line 91
      which is then pressurized.
PAR  As seen in FIG. 8, the other chamber 83 of blade actuating cylinder 52 is
      drained to tank via line 103, check valve 115 and line 99. This is
      accomplished by the opening of pilot operated check valve 115 which senses
      pressure in line 91 via pilot 117.
PAC  3. Cycle 2
PAR  The function of cycle 2 is to move carriage 68 from Position 1 to Position
      2 by pressurizing only the retraction chamber 109 of carriage actuating
      cylinders 40.
PAR  The circuit flow for cycle 2 is illustrated in FIG. 9. When the pressure in
      line 91 builds up to a predetermined pressure value, for example 600 psi,
      then a pressure responsive valve 105 opens and delivers pressurized oil to
      the chambers 109 of carriage actuating cylinders 40 via the line 111. This
      serves to move the packing blade 50 down track means 68 from the position
      of FIG. 3 to the position of FIG. 4.
PAR  It should be mentioned that the other chambers 107 of cylinders 40 are
      drained to tank via line 95, pilot check valve 96, line 93, line 94, check
      valve 77, line 99 and control valve ports 82 and 80 to tank. Pilot check
      valve 96 includes pilot line 113 that senses pressure in line 111 and is
      opened thereby.
PAC  4. Cycle 3
PAR  During this cycle packer blade 50 is moved from its raised Position 2 of
      FIG. 4 to its lowered Position 3 of FIG. 5.
PAR  The circuit for cycle 3 is illustrated diagrammatically in FIG. 10.
PAR  When the system pressure builds up to a predetermined pressure value, at
      the termination of the cycle of FIG. 9, for example 800 psi, in line 91,
      the chamber 88 of valve shifting mechanism 90 is pressurized so as to
      release detents, not illustrated, that permit spring 85 to automatically
      shift spool 75 through center and to the left connecting control valve
      inlet 78 with line 99 leading to chamber 83 of blade actuating cylinder
      52. Also, when spool 75 is shifted to the left, FIG. 10, chamber 81 of
      blade actuating cylinder 52 is drained to tank via line 91 which is
      connected to tank via ports 84 and 80 of main control valve 70.
PAR  The above described circuit connection, shown by heavy solid delineation,
      serves to extend rod 54 of blade actuating cylinder 52 and thereby lower
      the packing blade from Position 2 to Position 3.
PAR  It should further be mentioned that when the packing blade is being lowered
      and is jammed by encountering a foreign object of refuse, pressure will
      build up to a predetermined value, for example 1,000 psi, at pressure
      responsive valve 97. When such pressure value is exceeded and pressure
      responsive valve 97 opens, fluid is diverted to chambers 107 of carriage
      actuating cylinders 40 which serve to move the packing blade past the
      obstruction.
PAC  5. Cycle 4
PAR  During this cycle carriage 68 is moved from its lower Position 3 to its
      upper Position 4 for the purpose of packing the load and chamber 107 of
      carriage actuating cylinder 40 are pressurized by the cycle 4 shown in
      FIG. 11.
PAR  When the predetermined pressure, for example 1,000 psi, opens pressure
      responsive valve 97 responsive to pilot line 89 sensing pressure in line
      99, the chamber 107 of carriage actuating cylinders 40 are pressurized via
      pump 74, ports 78 and 82, line 99, pressure responsive valve 97, line 93,
      check valve 96, and line 95 leading to chambers 107.
PAR  This serves to pack the load and when the packing pressure reaches a
      predetermined value, for example 1,200 psi, in the line 99, then chamber
      86 of valve shifting mechanism 90 is pressurized via line 92 thereby
      shifting spool 75 of main control valve 70, together with actuator 72,
      back to the neutral position of FIG. 7 which terminates the packing cycle
      4.
PAC  MANUAL OPERATION OF THE CONTROL SYSTEM
PAR  Reference is next made to FIG. 12, which shows a modified control system
      which, in general, provides in addition to auto-cycle operation, the
      selective manual operation of either the pivotting of the packer blade or
      the advancement and retraction of the packer blade.
PAR  In addition, the modified system of FIG. 12 includes a unique emergency
      stop mechanism shown in detail in FIG. 13, which can be utilized as a
      safety device by pushing the emergency stop actuating lever close to the
      loading opening when the men engaged in loading are at times subjected to
      unusual dangerous situations.
PAR  As seen in FIG. 12 the modified control system includes a main or
      auto-cycle valve indicated generally at 70-A which is in the form of a
      four-way valve which continuously receives pressurized fluid from a fluid
      motor 74. The system further includes a packer blade pivot control valve
      200 which when manually actuated serves to raise and lower the previously
      mentioned packer blade 50. This valve 200 is also a four-way valve.
PAR  There is an additional load packing fluid control valve 202, of the
      four-way type, that is also manually controlled and it functions to
      manually advance and retract packer blade 50 along its track as previously
      described.
PAR  When auto-cycle control valve 70-A is in the position illustrated with the
      other two valve 200 and 202 also centered, fluid motor 74 merely
      circulates oil through all three valves and then back to tank 76.
PAR  Auto-cycle operation is started by shifting manual actuator 72 of valve
      70-A to the right whereby pressurized fluid is delivered by lines 78 and
      91 and then through double pilot check assembly 205 and line 270 to
      chamber 81 of blade actuating fluid motor 52. This serves to raise packing
      blade 50. The path of oil return is from chamber 83 via line 103, check
      210 of assembly 205, line 99, valve 70-A and line 80 to tank.
PAR  When the packing blade is fully raised pressure responsive valve 105 opens
      at a predetermined pressure, for example 1,300 psi, and delivers oil via
      line 290 to a double pilot check assembly 230 and then via line 111 to
      chambers 109 of load packing fluid motor 40. This moves the packing blade
      down its track as previously described.
PAR  When load packing fluid motors 40 are fully retracted pilot line 240 is
      pressurized which shifts auto-cycle control valve 70-A to its extreme left
      position.
PAR  Pressurized fluid from pump 74 is then delivered via lines 78 and 99
      through double pilot check assembly 205 to line 103 and into chamber 83 of
      blade actuating fluid motor 52. This serves to lower the packing blade to
      its closed position.
PAR  With the packing blade 50 fully lowered a pressure responsive valve 97 is
      pressurized which delivers oil via line 93 to double pilot check assembly
      230 and then via line 95 to chambers 107 of load packing fluid motor 40.
      This moves the blade 50 up its track 68 and packs the material into the
      body. When blade 50 reaches the end of the above mentioned packing stroke
      then pressure builds up in pilot line 242 sufficiently to force the spool
      of auto-cycle control valve 70-A back to its neutral position. This is the
      completion of one-auto-cycle.
PAR  It should be mentioned that the double pilot check assemblies 205, 212,
      220, and 230 mentioned above are of a conventional nature and include an
      operating piston 208, 216, 224, and 236 which in the instances of each
      valve opens either of its respective check valves. For example, the double
      pilot check assembly 205 operating piston 208 opens either left check
      valve 206 or right check valve 210, depending upon which end of the pilot
      piston is subjected to the higher fluid pressure.
PAR  With respect to FIG. 12 the elements 214 and 218; 222 and 226; and 234 and
      238 are ball check valves comprising portions of the double pilot check
      assemblies 212, 220, and 230 respectively.
PAR  It will be noted from the drawing that when packer blade pivot control
      valve 200 is manually actuated fluid is delivered to fluid motor 52 via
      lines 264 or 266 and a double pilot check assembly 212 to a respective
      chamber 81 or 83 of blade actuating fluid motor 52.
PAR  For manual actuating of load packing fluid motor 40, manual actuator 303 is
      shifted to the right or left so as to actuate load packing fluid control
      valve 202, either to the right or left, so as to deliver fluid through
      another double pilot check assembly 220 and thence via lines 111 or 95 to
      respective chamber 109 or 107 of load packing fluid motor 40.
PAR  It should be mentioned that the fully automatic, non-manual system of FIGS.
      7-11 previously described, can be provided with pilot operated check
      valves in lines 91 and 111 in the same manner as shown in the manual-auto
      system of FIG. 12 where pilot operated check 206 is provided between lines
      91 and 270, and where pilot operated check 234 is provided between lines
      111 and 290. Such valves may be added in the event there is a tendency for
      the packing blade or carriage to drift during portions of the cycle.
PAR  Reference is next made to FIG. 13 which illustrates an emergency stop
      means, indicated generally at 300, which comprises a mechanism for quickly
      centering auto-cycle control valve 70-A and thereby immediately rendering
      it inoperative so as to terminate auto-cycle operation.
PAR  As is best seen in FIG. 13 the spool of valve 70-A comprises an axially
      shiftable rod 302 which is connected to the spool and includes a cam
      follower 304.
PAR  The mechanism further includes a cam means 306 which includes cam surfaces
      307 and 309 and a follower lock recess 311. When roller 304 is in a left
      position, during auto-cycle, and lever 312 is manually actuated, then cam
      surface 307 moves downwardly and engages follower 304 and shifts it to a
      centered position. The converse is true when lever 312 is actuated with
      the spool of valve 70-A in a right position. It should be further
      mentioned that actuating lever 312 is pivotted to the rear body portion 22
      of the refuse packer at a pivot 310 and the left end of lever 312 is
      pivotted to cam means 306 at a pivot 308.
PAR  When the lever 312 is actuated to center valve 70-A follower 304 enters
      follower lock recess 311 whereby the valve is locked in the emergency
      centered position by a detent 321.
PAR  In operation, when the system of FIG. 12 is undergoing an auto-cycle
      operation as described above, it is necessary to actuate the emergency
      stop mechanism 300 in order to permit operation of the packer blade pivot
      control valve 200 and load packing control valve 202.
PAR  Reference is next made to FIGS. 1 and 14 which illustrate a manual control
      panel for the previously described hydraulic system of FIG. 12 which panel
      is indicated generally at 120 and provides manual actuating levers for
      both auto-cycle and manual operation of the packer blade.
PAR  It will be understood that standard portions of the manual control panel
      120 can be utilized with the auto-cycle, non-manual hydraulic system of
      FIGS. 7-11. However for purposes of this disclosure the complete hydraulic
      system of FIG. 12 shall be described.
PAR  Referring in detail to FIG. 14, a remote auto-cycle control handle 72-R is
      mounted on side wall 24 of the rear body portion 22 and is connected to
      previously mentioned auto-cycle control handle 72, FIG. 12, by control rod
      261, FIG. 14.
PAR  With continued reference to FIG. 14, remote control handles 301-R and 303-R
      are provided for manual control valves 200 and 202 and connected to the
      handles 301 and 303, FIG. 12, by control rods 263 and 265 respectively.
PAR  Referring to FIGS. 13 and 14, the emergency stop system 300 is also
      actuated from control panel 120 by a remote emergency stop lever 312-R
      mounted on body side wall 24 and connected to the previously described
      emergency stop lever 312, FIG. 13.
PAR  It will now be understood that all of the functions of the auto-cycle,
      manual system of FIG. 12 can be selectively started and stopped from the
      central control panel 120 merely by the operator's selection of the
      appropriate remote levers 72-R, 301-R, 303-R, and 312-R.
PAR  It should further be mentioned that the present novel control system of
      FIG. 12 includes a feature for maintaining packer blade 50 pressurized in
      the event that it encounters an unpackable foreign obstruction such as a 4
      .times. 4 beam wedged in the packer body. When packer blade 50 is being
      lowered during which may be termed phase 3 of the cycle as described above
      and such blade hits a foreign obstruction chamber 83 of blade actuating
      fluid motor 52 will remain pressurized even though pressure responsive
      valve 97 diverts oil. When the foreign object is cleared away packer blade
      50 will immediately close to its intended operating position for the rest
      of the cycle.
PAR  With continued reference to FIGS. 7-11, pressure responsive valve 123 has a
      line 121 leading to tank.
PAR  Also, in FIGS. 7-11, it will be noted that pressure responsive valve 105
      has a check valve 101 in parallel with it.
PAR  While the forms of embodiments of the present invention as herein disclosed
      constitute preferred forms, it is to be understood that other forms might
      be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected top said
      packer blade; a load packing fluid motor operatively connected to said
      packing blade for reciprocating said packer blade to compact the load;
      pressure responsive control means for automatically sequentially operating
      said fluid motors to move said packing blade between raised and lowered
      positions, and for advancing and retracting said packing blade between
      load engaging and retracted positions, said pressure responsive control
      means including a main auto-cycle control valve means and a plurality of
      pressure responsive valves arranged in circuit with said first and second
      fluid motors for sequentially energizing said fluid motors to cyclically
      operate through a plurality of packing cycles, said main auto-cycle
      control valve means comprising a single spool four-way valve including an
      inlet communicating with a source of pressurized fluid, a first outlet for
      delivering pressurized fluid to certain chambers of said fluid motors when
      said spool of said four-way valve is in a first position and a second
      outlet for delivering pressurized fluid to certain other chambers of said
      fluid motors when said spool of said four-way valve is in a second
      position, said four-way valve including a third centered spool position
      wherein both of said outlets are isolated from said source of pressurized
      fluid; a pressure responsive feedback controller that automatically shifts
      said main auto-cycle control valve means between said positions responsive
      to the occurrence of predetermined pressure values encountered by said
      system; emergency stop means for shifting said main auto-cycle control
      valve to said third control position; and a manual actuator for operating
      said emergency stop means; and a manual packer blade control valve
      downstream of said auto-cycle control valve means and in circuit with said
      blade actuating fluid motor and a manual load packing control valve
      downstream of said auto-cycle control valve means and in circuit with said
      load packing fluid motor whereby said auto-cycle control valve means
      isolates said manual control valves from the pressurized fluid when said
      auto-cycle valve means is in said closed position.
NUM  2.
PAR  2. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      packing blade for reciprocating said packer blade to compact the load;
      pressure responsive control means for automatically sequentially operating
      said fluid motors to move said packing blade between raised and lowered
      positions, and for advancing and retracting said packing blade between
      load engaging and retracted positions, said pressure responsive control
      means including a main auto-cycle control valve means and a plurality of
      pressure responsive valves arranged in circuit with said first and second
      fluid motors for sequentially energizing said fluid motors to cyclically
      operate through a plurality of packing cycles, said main auto-cycle
      control valve means comprising a four-way valve including an inlet
      communicating with a source of pressurized fluid, a first outlet for
      delivering pressurized fluid to certain chambers of said fluid motors when
      said four-way valve is in a first position and a second outlet for
      delivering pressurized fluid to certain other chambers of said fluid
      motors when said four-way valve is in a second position, said four-way
      valve including a third centered position wherein both of said outlets are
      isolated from said source of pressurized fluid; a pressure responsive
      feedback controller that automatically shifts said main auto-cycle control
      valve means between said positions responsive to the occurrence of
      predetermined pressure values encountered by said system; emergency stop
      means for shifting said main auto-cycle control valve to said third
      control position; a manual actuator for operating said emergency stop
      means; a manual packer blade control valve in circuit with said blade
      actuating fluid motor; a manual load packing control valve in circuit with
      said load packing fluid motor; a "blade actuating" valve actuator for said
      first manual control valve; and a "load packing valve" actuator for said
      second manual control valve.
NUM  3.
PAR  3. A rear loader type refuse truck comprising, in combination, a body
      including a forward refuse receiving body portion and a rear packer body
      portion, said rear packer body portion including a load receiving opening;
      a packer blade means forwardly of said load receiving opening and
      including mounting means for longitudinal and pivotal movement of said
      packer blade; a blade actuating fluid motor operatively connected to said
      packer blade; a load packing fluid motor operatively connected to said
      packing blade for reciprocating said packer blade to compact the load;
      pressure responsive control means for automatically sequentially operating
      said fluid motors to move said packing blade between raised and lowered
      positions, and for advancing and retracting said packing blade between
      load engaging and retracted positions, said pressure responsive control
      means including a main auto-cycle control valve means and a plurality of
      pressure responsive valves arranged in circuit with said first and second
      fluid motors for sequentially energizing said fluid motors to cyclically
      operate through a plurality of packing cycles, said main auto-cycle
      control valve means comprising a four-way valve including an inlet
      communicating with a source of pressurized fluid, a first outlet for
      delivering pressurized fluid to certain chambers of said fluid motors when
      said four-way valve is in a first position and a second outlet for
      delivering pressurized fluid to certain other chambers of said fluid
      motors when said four-way valve is in a second position, said four-way
      valve including a third centered position wherein both of said outlets are
      isolated from said source of pressurized fluid; a pressure responsive
      feedback controller that automatically shifts said main auto-cycle control
      valve means between said positions responsive to the occurrence of
      predetermined pressure values encountered by said system; emergency stop
      means for shifting said main auto-cycle control valve to said third
      control position; a manual actuator for operating said emergency stop
      means; a manual packer blade control valve in circuit with said blade
      actuating fluid motor; a manual load packing control valve in circuit with
      said load packing fluid motor; a "blade actuating" valve actuator for said
      first manual control valve; and a "load packing valve" actuator for said
      second manual control valve, said manual packer blade control valve and
      said manual load packing control valve each including a respective inlet
      communicating with said pressurized flow from said four-way valve only
      when said four-way valve is in said third centered position.
PATN
WKU  039386805
SRC  5
APN  4983939
APT  1
ART  314
APD  19740819
TTL  Bucket attachment
ISD  19760217
NCL  10
ECL  1
EXA  Weaver; Ross
EXP  Spar; Robert J.
NDR  1
NFG  4
INVT
NAM  Grimes; Homer L.
STR  Rural Rte. No. 1
CTY  Hepler
STA  KS
ZIP  66746
CLAS
OCL  214145R
XCL   37118R
EDF  2
ICL  E02F  340
FSC  214
FSS  145;77 R;131 A
FSC   37
FSS  117.5;118
UREF
PNO  2584163
ISD  19520200
NAM  Squires
OCL  214 77R
UREF
PNO  3097439
ISD  19630700
NAM  Calkin
OCL   37117.5
UREF
PNO  3478449
ISD  19691100
NAM  Baker
OCL   37117.5
UREF
PNO  3598266
ISD  19710800
NAM  Fisher
OCL  214145
FREF
PNO  1,121,146
ISD  19680700
CNT  UK
OCL  214131A
LREP
FRM  Lowe, Kokjer, Kircher
ABST
PAL  An attachment for installation on the bucket of a front end loader includes
      a platform which alternately functions as a rigid extension of the bottom
      or top of the bucket. The platform is pivotally carried between the outer
      ends of a pair of parallel arms which are pivoted at their other ends to
      the opposite sides of the bucket. The platform seats firmly on the blade
      which extends from the bottom of the bucket and may be moved upwardly to a
      position wherein it may be secured on top of the bucket. A pair of stop
      plates control the pivoting of the platform as the arms are raised or
      lowered.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an attachment which forms an extension of the
      bucket of a conventional front end loader.
PAR  A front end loader carrying a bucket thereon is a convenient implement that
      finds particular utility on farms among its many uses. The front end
      loader has become a popular farm vehicle because of the suitability of the
      bucket as a container for readily loading and transporting quantities of
      dirt, rock, fodder, and like material, as well as larger objects,
      including young animals and various types of tools.
PAR  One problem that has detracted from the versatility of the front end loader
      is the limited size of the bucket. Since the bucket is necessarily a
      heavy, sturdy structure, its size and loading capacity is restricted by
      practical considerations. Consequently, the transfer of a substantial
      amount of material such as dirt or rock requires several trips and
      repeated loading and unloading of the bucket. Furthermore, when the bucket
      is loaded to capacity, material tends to spill from the bucket and often
      falls or is blown into the radiator or engine of the loader. Fence posts
      and other relatively long articles will not fit into the bucket, so these
      large objects must presently be transported by other means.
PAR  The present invention enhances the versatility of a front end loader by
      providing an attachment that increases the capacity of the bucket without
      a substantial weight increase. A platform carried between a pair of pivot
      arms is movable between a down position and an up position to alternately
      form a rigid extension of the bucket bottom or the bucket top. In the down
      position, the platform enlarges the bottom of the bucket to provide
      additional loading capacity and a sturdy support for carrying large and
      heavy objects. Also, since the platform extends forwardly beyond the sides
      of the bucket, relatively long articles that would not ordinarily fit in
      the bucket may be carried on the platform. Such a configuration enables
      the attachment to be used as a scaffold. Workmen may stand on the platform
      and the bucket may be raised to permit the workmen to paint, load, or
      otherwise work at an elevated position without the dangers associated with
      the use of a ladder.
PAR  In the up position, the platform extends forwardly from the top of the
      bucket to provide a considerably increased capacity for carrying large
      quantities of material. Since the platform presents a large surface on the
      rearward side of the raised bucket, material such as dirt, silage and
      rocks cannot easily spill from the back of the bucket to clog the radiator
      or engine of the loader.
PAR  It is an object of this invention to provide a unique attachment for a
      bucket that increases the bucket capacity and versatility of a front end
      loader or similar vehicle.
PAR  Another object of the invention is to provide a uniquely constructed
      attachment of the character described that is selectively movable to
      function alternately as an extension of the bucket bottom or as an
      extension of the bucket top. In conjunction with this object, it is a
      feature of the invention that the attachment is firmly securable in either
      of its two operating positions and may be quickly and easily moved
      therebetween.
PAR  Another object of the invention is to provide an attachment of the
      character described that may be easily installed on the bucket or removed
      therefrom.
PAR  A further object of the invention is to provide an attachment of the
      character described that is constructed of a minimum number of parts and
      is relatively light in weight.
PAR  Other and further objects of the invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawing which forms a part of the specification and is
      to be read in conjunction therewith, and in which like numbers are
      employed to indicate like parts in the various views:
PAR  FIG. 1 is a perspective view illustrating an attachment embodying the
      subject invention installed on the bucket of a conventional front end
      loader and located in a first operating position;
PAR  FIG. 2 is a side elevational view from the right side of FIG. 1, with
      certain portions broken away to more clearly illustrate the structure of
      the platform;
PAR  FIG. 3 is a side elevational view, partially broken away, similar to FIG.
      2, but with the attachment moved to a second operating position and with
      the broken line view showing an intermediate position of the attachment;
      and
PAR  FIG. 4 is a fragmentary sectional view taken generally along line 4--4 of
      FIG. 2 in the direction of the arrows.
DETD
PAR  Referring now to the drawing in detail, a bucket attachment constructed in
      accordance with the present invention is generally designated by reference
      numeral 10. Attachment 10 is adapted for installation on the bucket 11 of
      a conventional front end loader (not shown). The bucket 11 illustrated in
      the drawing is of a typical configuration, having a bottom panel 12, a top
      panel 13, a back panel 14, and a pair of opposite side plates 15 and 16. A
      short blade 17 (FIGS. 2 and 3) is integral with bottom panel 12 and
      extends slightly forwardly therefrom.
PAR  The front end loader includes a pair of parallel arms 18 and 19 on which
      bucket 11 is pivotally carried in the usual manner. A bracket 20 is
      secured near the bottom of back panel 14. The outer end of arm 18 is
      pivoted to bracket 20 by a pivot connection 21, while the outer end of arm
      19 is similarly pivoted to bracket 20 by a second pivot connection (not
      shown) on the opposite side of the bracket. Arms 18 and 19 are
      interconnected by a cross member 22 and may be raised and lowered to
      manipulate bucket 11 accordingly.
PAR  To effect pivotal movement of bucket 11 about the ends of arms 18 and 19, a
      pair of hydraulic cylinders 23 and 24 are mounted above the respective
      arms. The piston rod 25 of cylinder 23 is pivoted to bracket 20 by a pivot
      connection 26, and the opposite end of cylinder 23 is pivotally connected
      to the top end of arm 18. In a similar manner, cylinder 24 has its piston
      rod 27 pivoted to bracket 20 and its opposite end pivoted to the top end
      of arm 19. The cooperative extension and retraction of piston rods 25 and
      27 operates to pivot bucket 11 about a horizontal axis in the desired
      manner.
PAR  Attachment 10 includes a pair of pivot arms 28 and 29, which are adapted to
      be pivotally connected to the opposite bucket sides in parallel relation.
      A pivot coupling 30 is utilized to secure one end of arm 28 to the inner
      surface of side plate 15 at an intermediate location slightly above bottom
      panel 12. One end of arm 29 is similarly connected to the inward surface
      of the opposite side plate 16 at a corresponding location thereon by pivot
      coupling 31.
PAR  A rigid platform, designated generally by numeral 32, is pivotally carried
      between the outer ends of arms 28 and 29. Platform 32 is secured (as by
      welding) between a pair of opposite side walls 33 and 34 which are of a
      height greater than the thickness of the platform. Referring to FIGS. 2
      and 3, it may be seen that the inner edge of platform 32 comprises a
      substantially C-shaped channel section 35 which extends perpendicularly
      between side walls 33 and 34. Channel 35 has a lower leg 36 which is
      somewhat longer than its upper leg 37 so that the channel will readily fit
      over blade 17 of the bucket when the attachment is in its down position
      (FIG. 2).
PAR  A square tubular structural 38 forms the opposite or outward edge of
      platform 32, while at least one intermediate member 39 (FIG. 3) is spaced
      in parallel relation between channel 35 and structural 38 and secured at
      its opposite ends to side walls 33 and 34. The bottom of member 39 is
      located slightly below the bottom edges of side walls 33 and 34. Also, one
      or more structural members such as member 40 interconnect channel 35,
      structural 38 and intermediate member 39 at a right angle to provide
      further overall strength. A rigid floor plate 41 overlies channel 35, tube
      38 and the various other structural members and is secured thereto and to
      the opposite side walls 33 and 34.
PAR  Side walls 33 and 34 of platform 32 are pivoted to the outer ends of the
      respective arms 28 and 29 to locate the platform therebetween. A pivot
      coupling 42 connects arm 28 to wall 33 approximately midway of the height
      of the wall and above floor plate 41. Another pivot coupling 43 is used to
      pivot arm 29 to side wall 34 at a corresponding position. Pivot couplings
      42 and 43 are preferably located slightly forwardly of the transverse
      center of walls 33 and 34 so that the majority of the weight of platform
      32 is disposed rearwardly of the pivot couplings.
PAR  Pivot coupling 42, shown in detail in FIG. 4, is illustrative of the
      preferred structure of the other pivot couplings 30, 31, and 43. Pivot
      coupling 42 includes a cylindrical bushing 44 which is fitted through
      apertures formed in arm 28 and the platform side wall 33. A bolt 45
      extends through the bore of bushing 44 and is provided with enlarged
      washers 46 and 47 which are retained at the opposite ends of the bushing
      by a nut 48 threaded onto bolt 45.
PAR  To prevent undesirable pivoting of platform 32 about arms 28 and 29 as the
      platform is moved between its operating positions, a pair of angled stop
      plates 49 and 50 are provided. The top edge of each stop plate 49 and 50
      is angled slightly, with these angled edges being secured to the bottom
      edges of the respective arms 28 and 29 at positions rearwardly of the
      pivot connections 42 and 43. Each plate 49 and 50 includes an inwardly
      extending bottom leg. The bottom legs of plates 49 are numbered as 49a in
      FIG. 4 and 50a (not shown). Leg 49a extends inwardly beneath side wall 33
      when platform 32 is positioned in extension from the bottom of bucket 11,
      while the similar bottom leg (50a) of angled plate 50 extends inwardly
      beneath the opposite side wall 34 in a like manner.
PAR  A pair of hook-like fasteners 51 are secured in spaced relation to the back
      of bucket 11 near the top thereof for the purposes of releasably locking
      platform 32 to the bucket top (see FIG. 3). The top leg 37 of channel 35
      is provided with a pair of suitably spaced apertures which are located
      such that one of the hooks 51 can be inserted in each aperture. Hooks 51
      are preferably stretchably mounted so that when engaged in the channel
      apertures, they will be placed under tension. This construction assures a
      firm locking of plat-orm 32 on the bucket top, while permitting the hooks
      to be quickly and easily removed from the apertures when it is desired to
      move the platform. It is noted that when platform 32 is positioned on top
      of bucket 11, the intermediate member 39 on the bottom side of the
      platform engages top panel 13 along the front edge thereof to prevent any
      material from passing over the top of the bucket.
PAR  The installation of attachment 10 on bucket 11 is easily accomplished by
      mounting the two hooks 51 on the back of the bucket and securing pivot
      couplings 30 and 31 in position to pivotally attach arms 28 and 29 to the
      respective opposite sides 15 and 16 of the bucket. When the installed
      attachment 10 is in the down position shown in FIG. 2, blade 17 is
      received within channel 35 between the legs thereof to secure platform 32
      in rigid outward extension from the bucket bottom 12. Any tendency of
      platform 32 to rotate in either direction as loads are received thereon
      causes one of the channel legs 36 or 37 to engage blade 17 and thereby
      preclude any yielding or rotation of the platform.
PAR  To raise attachment 10 from the FIG. 2 position to the position shown in
      solid lines in FIG. 3, arms 28 and 29 are swung upwardly and at the same
      time platform 32 is tilted slightly to permit the separation of channel 35
      from blade 17. It is noted that the provision of a channel having a short
      upper leg 37 facilitates the separation since a longer upper leg would
      engage the top of blade 17 considerably rearwardly of the front edge
      thereof to interfere with the removal of bottom leg 36 from below the
      blade. It is further significant to note that as arms 28 and 29 are swung
      upwardly, platform 32 is precluded from rotating relative to the arms in a
      clockwise direction (as viewed in FIGS. 2 and 3) due to engagement of the
      angled stop plates 49 and 50 with the bottoms of the respective side walls
      33 and 34. When the upwardly swinging arms have reached the approximate
      position shown in broken lines in FIG. 3, platform 32 is pivoted in a
      counterclockwise direction to permit its correct positioning on top of the
      bucket. Hooks 51 are then engaged in the apertures in channel 35 to secure
      the platform in rigid outward extension from top panel 13, with the
      intermediate member 39 tightly engaging the front edge of the bucket top,
      as previously related.
PAR  To again lower platform 32 to the FIG. 2 position, hooks 51 are removed
      from the channel apertures and arms 28 and 29 are lowered. Due to the
      previously described weight distribution of platform 32, with the majority
      of the weight located rearwardly of its pivot connection to arms 28 and
      29, platform 32 tends to rotate slowly about the arms in a clockwise
      direction as viewed in FIG. 3. After the platform engages angled plates 49
      and 50, further relative clockwise rotation is precluded and channel 35 is
      eventually positioned on blade 17. Aside from its previously related
      advantage in facilitating the removal of platform 32 from blade 17, the
      use of a channel 35 having a short upper leg 37 also greatly simplifies
      the positioning of the channel over blade 17. For example, if upper leg 37
      was considerably longer relative to lower leg 36, it would engage the top
      of blade 17 before the lower leg could be properly positioned beneath the
      blade.
PAR  It should be apparent that angled plates 49 and 50 effectively control the
      rotation of platform 32 to assure that the platform is retained in the
      proper position during both the raising and lowering operations. In the
      absence of plates 49 and 50, the platform tends to rotate uncontrollably
      to thereby present a substantial positioning problem, particularly in view
      of the accuracy required to correctly locate channel 35 over blade 17. The
      angled orientation of plates 49 and 50 is also significant because a
      slightly angled approach of channel 35 toward blade 17 is assured, and
      quick and accurate positioning between the channel and blade is thus
      further facilitated. Of course, attachment 10 is adapted for use with
      buckets constructed differently from that illustrated herein, and certain
      of the components can be suitably modified for installation on buckets of
      various configurations.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all the ends and objects herein set forth, together with other
      advantages which are obvious and which are inherent to the structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. An attachment for a vehicle carrying a bucket thereon, said bucket
      having a top, a bottom, and a pair of opposite sides, said attachment
      comprising:
PA1  arm means adapted for pivotal connection to said bucket;
PA1  a platform pivotally coupled to said arm means, said platform and arm means
      being pivotally movable between a first position wherein said platform
      forms an extension of said bucket bottom and a second position wherein
      said platform forms an extension of said bucket top; and
PA1  means for locking said platform to said bucket in rigid extension from said
      bucket top.
NUM  2.
PAR  2. An attachment as in claim 1, including means for selectively controlling
      the pivotal movement of said platform with respect to said arm means as
      the latter pivots with respect to said bucket.
NUM  3.
PAR  3. An attachment as in claim 1, wherein said platform includes a transverse
      channel positioned to receive an edge of said bucket bottom to secure said
      platform in rigid extension from said bucket bottom.
NUM  4.
PAR  4. An attachment as in claim 3, wherein said channel includes spaced upper
      and lower legs, said upper leg being shorter than said lower leg.
NUM  5.
PAR  5. An attachment for a vehicle carrying a bucket thereon, said bucket
      having a top, a bottom, and a pair of opposite sides, said attachment
      comprising:
PA1  a pair of parallel arms adapted for pivotal connection at one end to the
      respective opposite sides of said bucket;
PA1  a platform pivotally coupled to said arms at the other ends thereof, said
      platform and arms being pivotally movable between a first position wherein
      said platform forms an extension of said bucket bottom and a second
      position wherein said platform forms an extension of said bucket top; and
PA1  a stop member engageable with said platform and one of said arms at a
      position offset from the pivot connection therebetween to limit pivotal
      movement of said platform with respect to said arms in one pivotal
      direction, while permitting free pivotal movement of said platform with
      respect to said arms in the opposite pivotal direction.
NUM  6.
PAR  6. An attachment as in claim 5, wherein said stop member is oriented to
      retain said platform at an angle with respect to said arms.
NUM  7.
PAR  7. An implement for a vehicle, said implement comprising:
PA1  a bucket adapted to be mounted on the vehicle, said bucket having a top, a
      bottom, and a pair of opposite sides;
PA1  arm means pivotally connected to said bucket; and
PA1  a platform pivotally coupled to said arm means, said platform and arm means
      being pivotally movable between a first position wherein said platform
      forms an extension of said bucket bottom and a second position wherein
      said platform forms an extension of said bucket top.
NUM  8.
PAR  8. An implement as in claim 7, including means for selectively controlling
      the pivotal movement of said platform with respect to said arm means as
      the latter pivots with respect to said bucket.
NUM  9.
PAR  9. An implement as in claim 7, including means for locking said platform to
      said bucket in rigid extension from said bucket top.
NUM  10.
PAR  10. An implement as in claim 7, including a stop member engageable with
      said platform and arm means at a position offset from the pivot connection
      therebetween to limit pivotal movement of said platform with respect to
      said arm means in one pivotal direction, while permitting free pivotal
      movement of said platform with respect to said arm means in the opposite
      pivotal direction.
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ABST
PAL  A vertically swingable boom is provided with a downwardly opening grappling
      fork having horizontally swingable tines that are operated in unison by
      mechanism reciprocable vertically across the outer end of the boom. Power
      is supplied to the mechanism via a vertically swingable rocker and a fluid
      pressure piston and cylinder assembly lying along the boom and having a
      ram coupled with the rocker that reciprocates toward and away from the
      fork. Special geometrical and tolerance relationships between the tines
      and the plunger mechanism permit certain of the tines to move more deeply
      into the grappled load than others if disproportionate resistances are
      encountered, all without subjecting the fork, the connecting mechanism,
      and the ram to excessive bending forces.
BSUM
PAR  This invention relates to a boom-mounted grapple fork adapted for use in
      the bulk handling of materials as, for example, hay or similar animal
      foodstuffs.
PAR  One important object of our invention is to provide a boom-mounted,
      downwardly opening grapple fork wherein, although actuation of the tines
      of the fork is made through generally vertically directed motion at the
      outer end of the boom, interference with overhead clearance is held to a
      minimum.
PAR  Another significant object of the invention is to isolate the fluid
      pressure piston and cylinder power assembly of the fork from bending loads
      which might otherwise tend to be placed thereon as a result of the
      application of disproportionate resistive forces to the tines during their
      penetration into a mass of material.
PAR  An additional important object of the invention is to provide an operating
      mechanism for the tines which permits certain of the tines to penetrate
      more deeply than others, to a limited extent and without damage thereto,
      should characteristics of the mass being handled necessitate such action.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a rear perspective view of a boom-mounted grapple fork attached
      to the lift mechanism of a tractor and made pursuant to the present
      invention;
PAR  FIG. 2 is an enlarged, fragmentary, top plan view of the fork and the outer
      end of the boom;
PAR  FIG. 3 is an enlarged, fragmentary, side elevational view of the fork in
      its closed condition;
PAR  FIG. 4 is a view similar to that of FIG. 3 illustrating the fork in its
      open condition;
PAR  FIG. 5 is a still further enlarged, elevational, detailed view of the
      plunger member employed in the linkage mechanism for the tines of the
      fork; and
PAR  FIG. 6 is a top plan view of the plunger member.
DETD
PAR  A grapple fork assembly, broadly designated by the numeral 10 is carried on
      the free end of boom apparatus 12 comprising an elongated, vertically
      swingable boom 14 pivotally attached to a mast 16, the apparatus 12 being
      illustrated mounted on a vehicle 18, such as a tractor, having a
      conventional, three-point, power-lifting hitch 20. A fluid pressure piston
      and cylinder assembly 22 between mast 16 and boom 14 is utilized to swing
      the latter about a horizontal, transverse axis relative to the mast 16,
      and a pair of adjustable standards 24 are provided for stabilizing the
      vehicle and the apparatus 12 as required during operation thereof and/or
      for parking when disconnected from the tractor. The entire apparatus 12
      may be raised and lowered relative to the tractor 18 through activation of
      the three-point hitch 20.
PAR  The grapple fork assembly 10 has a plurality of elongated, arcuate tines 26
      pivotally attached to a rigid, open bottom and open top loop 28 affixed to
      the free end of the boom 14, a fluid-powered piston and cylinder assembly
      30 carried by the boom 14, and shiftable linkage means broadly denoted by
      the numeral 32 interconnecting the actuator ram 30a of assembly 30 with
      the plurality of tines 26.
PAR  The loop 28 is quadrilateral and has outwardly and downwardly projecting
      attaching ears 34 at the four corners thereof to which the upright tines
      26 are pivotally attached for swinging about respective, generally
      horizontally disposed, transverse axes 38.
PAR  Each tine 26 has a longitudinally curved lower section 40, provided with a
      point 41, and a generally straight, upper stretch 42 having an upper free
      end 44. Located along stretch 42 are a pair of transversely spaced
      attaching brackets 48 that connect with a corresponding one of the ears 34
      through a suitable pivot pin defining the axis 38. Each axis 38 is thus
      disposed intermediate the ends 44 and 46 of its corresponding tine 26.
PAR  The linkage means 32 employed for transmitting power from assembly 30 to
      tines 26 includes two major sections, i.e., generally vertically
      reciprocable mechanism 50 that intercouples the upper ends 44 of tines 26
      with one another for actuation of tines 26 in unison when mechanism 50 is
      reciprocated through the loop 28, and rocking bell crank structure 52
      between mechanism 50 and ram 30a that translates the generally horizontal
      motion of the latter into vertically directed driving force for mechanism
      50. The latter includes a quadrivaned plunger member 53 loosely suspended
      from one corner of crank 52 that is in turn pivotally carried by a pair of
      supports 54 provided with transverse, horizontal pivot 56. Mechanism 50
      also includes a plurality of floating, elongated elements 58 having
      opposed bifurcated ends 60 that couple the tines 26 with member 53. The
      member 53 is elongated and of a generally triangular configuration, having
      upright, generally radial vanes 68 and 70 substantially quadrantally
      arranged and extending along the longitudinal axis of member 53. The vanes
      68 and 70 converge toward the upper end of member 53, and a pivot hole 72
      is located adjacent the lower outer corner of each vane 68 and 70. It is
      to be noted that the holes 72 of vanes 68 are vertically offset from those
      of the vanes 70. The lower edges 74 of the vanes 68 are angularly trimmed
      in order to provide clearance for the corresponding elements 58.
PAR  The for elements 58 each pivotally couple a respective tine 26 with the
      plunger member 53 at the holes 72 through the use of pivot pins 62. The
      member 53 is likewise swingably suspended from crank 52 through the use of
      a transverse pivot pin 64 with the connection having a predetermined
      amount of free play to permit limited side movement of the member 53. The
      axis of rotation of triangular crank is at a second corner thereof and is
      denoted by the numeral 56, the connection with ram 30a being at a third
      corner and denoted 57.
PAR  The bifurcated ends 60 of the elements 58 have a predetermined spacing
      sufficiently wide to loosely receive their respective vanes 68 or 70 and
      their respective tine ends 44 to permit a predetermined, limited amount of
      lateral movement of the member 53 and tines 26 relative to the elements
      58. In this respect it must be noted that the pins 62 rather loosely
      retain the elements 58 to the member 53 and the tines 26 and, further, are
      of the type that prevent spreading of the ends 60 beyond the predetermined
      spacing width in the event abnormal side pressures are encountered. The
      over-width nature of the bifurcated ends 60 along with the looseness of
      the pins 62 combine to render the elements 58 in a "floating" condition
      relative to the member 53 and their respective tines 26. Also of
      importance is the fact that the pivotal coupling of each tine 26 with
      member 53 (defined by its link 58) is always maintained laterally offset
      from a center line drawn between the pivoting axis 64 of member 53 and the
      swinging axis 38 of the tine 26, thus effecting somewhat of a toggle
      relationship between mechanism 50 and tines 26 which is of significant
      benefit during operation of apparatus 12 as will hereinafter be made
      clear.
PAR  As is best shown in FIG. 3, it will be seen that the tines 26 are arranged
      in diametrically opposed pairs with the pivotal axes 38 of one pair
      slightly vertically offset from those of the other pair, the two pairs
      being disposed at right angles to one another. In this connection it is to
      be further observed that because of this differential in vertical location
      of the axes 38, the axes as defined by the pins 62 of the elements 58 are
      similarly offset in their connections with the tines 26 and the member 50.
      With the axes so arranged when the fork is closed, the curved sections 40
      in each pair of tines 26 are disposed in side-by-side relationship, while
      the sections 40 of one pair of tines 26 are disposed subjacent to the
      sections 40 of the other pair of tines 26.
PAC  OPERATION
PAR  The tractor 18 is backed to a stack of hay or other animal foodstuffs with
      the tines 26 fully spread apart as illustrated in FIG. 1, whereupon the
      boom 14 may be raised to an appropriate height through assembly 22 as may
      be required to reach the top of the stack or pile of material. Release of
      hydraulic pressure within assembly 22 allows boom 14 to swing downwardly,
      engaging the grappling fork with the material. Then, the ram 30a of
      assembly 30 is extended from its FIG. 4 position toward that of FIG. 3 to
      rock crank 52 in a clockwise direction viewng FIG. 3, whereby to pull
      mechanism 50 upwardly through loop 28 and thereby close the tines 26 about
      the material. The extent to which tines 26 approach the condition
      illustrated in FIG. 3 depends, of course, upon the size of the mass being
      handled, and also upon the ease with which tines 26 can penetrate such
      mass.
PAR  Once tines 26 have fully grasped the material, boom 14 may again be raised
      by actuating the assembly 22, whereupon nthe material may be transported
      to a selected site and dumped by retracting the ram 30a of assembly 30 to
      swing crank 23 counterclockwise viewing FIG. 3, thus opening the tines 26.
PAR  Pursuant to the goals of the invention as initially outlined, it will be
      recognized that, throughout operation of the fork assembly 10, the ram 30a
      is totally isolated from any bending stresses which might be applied by
      the tines 26 during their actuation. In this respect, the ram 30a is not
      only made remote from the tines 26 by virtue of the crank 52, but also by
      the additional existence of the plunger member 53 and the links 58. Should
      any undesirable forces be generated by the tines 26 during their closure
      about and into a load, therefore, such forces are absorbed and fully
      accommodated by the intermediate buffer means presented by links 58,
      plunger 53, and crank 52. Accordingly, ram 30a may be reciprocated without
      bending or twisting which might otherwise occur without the presence of
      such buffering means.
PAR  It is not unlikely that the tines 26 will be subjected to disproportionate
      resistive forces as they penetrate the mass of material to be handled. The
      material may not be of uniform density throughout, and there may be frozen
      masses, wads, or foreign objects present that engage the tines 26 as they
      move through the material, causing resistance to further penetration of
      the tines 26.
PAR  Such condition, however, can be accommodated in the present invention by
      virtue of the special toggle-like relationship between the mechanism 50
      and each of the tines 26, as well as because of the relatively loose
      connections provided at strategic locations throughout mechanism 50. As
      earlier noted, the coupling of each tine 26 with the plunger member 53,
      defined by a link 58, is always maintained in a laterally offset
      relationship with a center line drawn between the axis 64 at the apex of
      member 53 and the axis 38 about which the tine 26 swings. This is true
      only when the fork is fully closed as illustrated in FIG. 3, but also when
      it is fully opened as illustrated in FIG. 4.
PAR  Accordingly, if, during swinging of the tines 26 toward one another during
      closing of the fork, one of the tines 26 should encounter a greater
      resistance than the other tines 26, the upper end 44 of the restricted
      tine will slow or stop swinging upwardly, creating an increased pull on
      its vane 68 or 70 of member 53. Accordingly, the member 53 is shifted
      sideways out of its normal path of reciprocation toward the restricted
      tine about the loose pivot 64. At the same time therefore, the upper end
      44 of the opposite tine 26 is pulled by the deviating member 53 toward the
      upper end 44 of the restricted tine 26, hence causing such opposed tine to
      penetrate even more deeply into the mass of material. Thus, while one tine
      of an opposed pair of tines is restricted against further penetration,
      such action is compensated for by the opposing tine through continued and
      deeper penetration.
PAR  All of this is made possible by virtue of the ability of member 53 to
      deviate from its normal path of reciprocation toward the restricted tine
      when such becomes necessary. Moreover, if the offset relationship of each
      link 58 with a center line between axes 64 and 38 of its tine 26 did not
      exist, there would be no unusual pulling or pushing force directed to the
      member 53 by a restricted tine 26.
PAR  The differential compensating action afforded by the special relationship
      between mechanism 50 and tines 26 does not adversely affect those tines
      which are not subjected to unusual resistance during their introduction
      into the material being handled. Note, for example, that a restricted tine
      and its opposed partner are involved in the compensating action heretofore
      described. When the member 53 shifts toward the restricted tine, the
      member 53 can slide along the pivots 60 between the furcations of links 58
      belonging to the remaining nonrestricted tines 26. That is, the two
      opposed tines 26 not encountering a resistance are not exposed to lateral
      bending forces by movement of the plunger member 53 toward a restricted
      tine because of the loose connections afforded by pivots 60 of the links
      58 belonging to the unrestricted tines 26. Not only can the member 53
      slide along the pivot 60 at the upper end of a link 58, but a link 58 can
      also move with its pivot 62 at the lower end thereof sideways relative to
      the upper end 44 of a tine 26 to which it is connected.
PAR  The above description of the special compensating action utilizes a single
      tine only as encountering resistance and illustrates the effects of such a
      condition. Such is done by way of example only, since, in practice, it is
      likely that unusual resistances may be encountered by more than a single
      tine during any given closing operation. The basic principles, however,
      remain enchanged inasmuch as the plunger member 53 can cock or swing about
      its loose pivot 64 in a number of directions as may be required, and all
      of the links 54 are loosely connected not only to the member 53 but also
      to their tines 26.
PAR  In addition, it is to be recognized that the arrangement of parts in
      accordance with the principles of the present invention permits a low
      profile to be imparted to the apparatus 12, which is especially important
      where overhead power lines and the like are likely to be present. Such is
      accomplished by orienting the assembly 30 so that the line of action of
      its ram 30a is along beam 14 rather than transversely thereof, such as
      would be the case were the assembly 30 stood on end and connected directly
      to mechanism 50 without the use of the intermediate bell crank 52. Hence,
      improved safety is obtained, as well as the benefit of additional
      buffering being presented between the tines 26 and the power assembly 30.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. In apparatus for handling animal foodstuffs:
PA1  an elongated lifting boom mounted at one end for vertical swinging movement
      toward and away from the ground;
PA1  a transversely extending, downwardly opening pickup fork on the opposite
      end of said boom having at least one pair of opposed tines mounted on the
      boom for generally horizontal swinging toward and away from one another to
      close and open said fork respectively,
PA1  said fork including mechanism intercoupling said tines with one another for
      actuation thereof in unison when said mechanism is reciprocated
      transversely of said boom;
PA1  power means having a component reciprocable along said beam toward and away
      from said fork; and
PA1  structure operably coupling said component with said mechanism for
      effecting said transverse reciprocation of the mechanism during said
      longitudinal reciprocation of said component whereby to open and close
      said fork,
PA1  said mechanism including means permitting limited unequal swinging of said
      tines with respect to one another when uneven resistances are encountered
      during closing of the fork.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said means includes a plunger
      member pivotally connected to said structure, said tines being pivotally
      coupled with said member at opposed locations thereon, and each tine
      having its coupling with the member disposed laterally offset from a
      center line between the pivoting axis of the member and the swinging axis
      of the tine whereby resistance to further movement of one tine during
      closing of the fork is transmitted by the member to an opposing tine for
      continued, compensating movement of such opposed tine.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein said coupling for each tine
      with said member includes a rigid link pivotally connected at one end to
      its tine and at the opposite end to said member.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein each link is connected to said
      member and to its tine in a manner to permit limited individual shifting
      of the member and tine along the respective pivoting axes of the link.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein said member is elongated,
      having a plurality of mounting vanes projecting radially outwardly from
      and extending along the longitudinal axis of the member, each of said
      vanes having a link pivoted thereto.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said vanes converge toward the
      connection of said member with said structure.
NUM  7.
PAR  7. Apparatus as claimed in claim 3, wherein said boom is provided with a
      rigid loop at said opposite end of the boom open at its top and bottom,
      said member being coupled with said tines adjacent their normally
      uppermost ends and said loop supporting said tines intermediate their
      opposed ends for passage of the member through said top and bottom of the
      loop during reciprocation of the member.
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ABST
PAL  A device upon which a cylindrical bale of hay or any other appropriate
      commodity may be loaded and transported including a carrier frame, hitch
      frame which is pivotally connected to the front of the carrier frame, axle
      and wheels which are connected to the carrier frame, braking means for the
      axle and wheels, a fork which is pivotally connected to the carrier frame
      and is used to pull the bale onto the carrier frame, and a limiting strap
      which is attached to the carrier and hitch frames for stopping and
      maintaining the carrier frame in an upright position when the bale of hay
      has been loaded upon said frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The need for a self-loading hay hauler which allows cylindrical bales of
      hay or any other appropriate commodity to be loaded and transported has
      been recognized by those people who work with such bales. The availability
      of hay balers such as the Vermeer 650C baler which make cylindrical bales
      prompted the need. Applicant presently is aware of several patents in the
      field of art, including United States Pat. Nos. 1,815,825 (Bates, 1931);
      2,569,050 (Gref, et al, 1951); 3,401,810 (Grey, 1968); 3,572,521 (Grey, et
      al, 1971); 3,690,491 (Butler, Jr., 1972); 3,764,031 (Parsen, 1973) and
      3,779,208 (Gay, 1973).
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The device of the present invention generally provides a hay hauler which
      may be loaded and transported. The hay hauler is designed to accept
      cylindrical bales and includes a carrier frame, hitch frame which is
      pivotally connected to the front of the carrier frame, axle and wheels
      which are connected to the carrier frame, braking means for the axle and
      wheels, a fork which is pivotally connected to the carrier frame and is
      used to pull the bale onto the carrier frame, and a limiting strap which
      is attached to the carrier and hitch frames for stopping and maintaining
      the carrier frame in an upright position when the bale of hay has been
      loaded upon said frame. In addition to loading the bale of hay onto the
      hay hauler, the basic operations of the device may be reversed to unload
      the bale once it has been transported to its desired location.
PAR  It is, therefore, an object of the present invention to provide a
      self-loading hay hauler upon which a bale of hay or any other appropriate
      commodity may be loaded and transported.
PAR  Another object of the present invention is the provision of a self-loading
      hay hauler which may be unloaded by basically reversing the steps incurred
      in loading the same hauler.
DRWD
PAR  Still other and further objects, features and advantages will be apparent
      from the following description of a presently preferred embodiment of the
      invention, given for the purpose of disclosure and taken in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings forming a part of the disclosure herein, like character
      references designate like parts throughout the several views, wherein
PAR  FIG. 1 is a perspective view of the self-loading hay hauler in its
      transport position,
PAR  FIG. 2 is a side elevational view of the self-loading hay hauler in its
      vertical position,
PAR  FIG. 3 is a side elevational view of the self-loading hay hauler with its
      fork encircling the bale of hay,
PAR  FIG. 4 is a side elevational view of the self-loading hay hauler in the
      process of depositing the hay on the hauler,
PAR  FIG. 5 is a side elevational view of the self-loading hay hauler in its
      transport position with the hay loaded thereon, and
PAR  FIG. 6 is a partial top view of the limiting strap.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention provides a hay hauler 10 upon which a bale of hay or
      any other appropriate commodity 12 may be loaded and transported. Once the
      bale of hay has been transported to its desired location, it can be
      unloaded from the hay hauler by reversing the basic steps for loading.
PAR  A perspective view of the preferred embodiment of the hay hauler is shown
      in FIG. 1. The self-loading hay hauler 10 includes a carrier frame 14, a
      hitch frame 16 which is pivotally connected to the front of the carrier
      frame, an axle 18 and wheels 20 which are connected to the carrier frame,
      braking means 80 for the axle and wheels, a fork 22 which is pivotally
      connected to the carrier frame and is used for pulling the bale of hay
      onto the carrier frame 14, and a limiting strap 24 which is attached to
      the carrier and hitch frames for stopping and maintaining the carrier
      frame in an upright position when the bale of hay has been loaded upon
      said frame.
PAR  The carrier frame 14 includes two side members 26 and 28 which are located
      at opposite sides of the carrier frame, one or more horizontal bars 30 for
      connecting and bracing the two side members, and a roller bar 32 which is
      connected to the rearward end of the two side members. As shown in FIG. 1,
      each of the side members 26 and 28 of the carrier frame 14 consists of
      three segments, two of said segments 34 and 36 being rigidly connected to
      the third segment 38 at its opposite ends. The third segment of each side
      member is within a few degrees of a horizontal position when the hay
      hauler is in its position for transportation. The first and second
      segments of each side portion, i.e., the forward and rearward segments, 34
      and 36 form angles of 140.degree. and 130.degree., respectively, with the
      third or "horizontal" segment 38. The brackets 40 upon which the roller
      bar 32 is connected extend approximately 1.5 inches past the rearward side
      of said roller bar. Such extensions allow the roller bar 32 to move under
      the bale and then engage the ground to prevent the bottom of the carrier
      from rolling forward when the center of the carrier contacts the hay.
PAR  The hitch frame 16 of the preferred embodiment includes two side-support
      members 42 and 44, each of which is pivotally connected to the front
      horizontal bar 46 of the carrier frame and projects forwardly and inwardly
      to be interconnected at their intersection 48. A hitch means 50 is
      pivotally connected to the members 42 and 44 at their intersection 48 for
      attaching the hay hauler to the truck or other source of transportation.
      The pivotal connection between each of the side-support members and the
      front of the carrier frame is in a vertical plane. The two side-support
      members of the hitch frame are connected to the carrier frame by means of
      brackets 52 which are positioned in such a manner as to be in a vertical
      position when the roller bar 32 of the carrier frame and the wheels 20 are
      both on the ground during the loading process. Said brackets 52 are
      connected to a horizontal bar 46 which, in turn, is connected to the
      extreme front end of the carrier frame. Such positioning of the brackets
      52 increases leverage for loading.
PAR  The present invention includes a fork 22 which is connected to one end of a
      curved rod 78, while the other end of the rod is pivotally connected to
      the front horizontal bar 46 of the carrier frame. The curved rod 78 is
      supported by appropriate means 72 which are welded to the horizontal bar
      46 at such an angle as to support the rod until the carrier frame 14 has
      passed the vertical position in its loading procedure (see FIG. 2). Once
      the carrier frame has passed the vertical position, the weight of the rod
      and fork will cause them to fall around the rearward side of the bale of
      hay 12 which is to be picked up (see FIG. 3).
PAR  As shown in FIG. 1, the axle 18 is located beneath the third or
      "horizontal" segments 38 of the carrier frame 14 and away from hitch frame
      14. In fact, the axle and its attached wheels 20 are located in a position
      which allows the wheels 20 to make contact with the ground after the bale
      has been rolled forward so that the center of gravity of the bale is
      slightly ahead of the roller bar 32. The resulting pivoting action of the
      axle 18 as the wheels 20 touch the ground lifts the bale on the carrier
      frame 14. With the axle located thusly, the weight of the bale increases
      the traction of the vehicle to which the hay hauler 10 is attached. The
      increased leverage lessens the power required to load the bale onto the
      carrier.
PAR  When the hay hauler 10 is pulled forward into its upright position, the
      tines 54 of the fork 22 will sink into the bale and roll it forward on the
      carrier frame 14 (see FIG. 4). As the hay hauler approaches its transport
      position, the bale of hay will settle onto the carrier frame. At such
      time, the bale's downward movement into the carrier frame will separate
      the tines from the bale of hay. Then, as the hitch frame extends forward,
      a spring loaded line 56 between the hitch frame and the fork forces the
      latter back to its original position, i.e., resting upon the carrier and
      hitch frames (see FIG. 5). The spring device provides an added safeguard
      if the bale of hay should not be fully settled on the carrier frame when
      the hitch frame is extended.
PAR  The present invention also includes a limiting strap 24 which is attached
      to the hitch and carrier frames 16 and 14, the purpose of such strap being
      to stop the carrier frame in an upright position when the bale 12 has been
      loaded upon said frame. The limiting strap includes two sections, 58 and
      60, one end 62 of the first section 58 being connected to the hitch frame
      while one end 64 of the second section 60 is connected to the carrier
      frame; two blocking mechanisms 66 and 68, being located on the free end of
      each of the two sections 58 and 60, respectively, and interconnecting said
      sections at such respective ends 58 and 60; and appropriate means for
      locking the two segments in place during transportation of the device (see
      FIG. 6). In the preferred embodiment, the locking means consists of a
      locking pin 74 which is located on the first segment 58. When the locking
      pin is engaged, blocking mechanism 68 is prohibited from moving along the
      first segment 58 by the locking pin 74 and the other blocking mechanism
      66. The use of the locking pin prevents accidental dumpings which might
      result from sudden stops when transporting the bale of hay from one
      location to another.
PAR  In summation, the present invention consists of a self-loading hay hauler.
      The hay hauler may be used with any automotive type of conveyance,
      including a car, truck or tractor. The hay hauler is attached to such
      automotive device by hitch means and needs no auxiliary power source to
      load the hay. In operation, the hay hauler 10 is backed up to a bale of
      hay 12, and, upon contact with the roller bar 32, the backward force being
      exerted by the towing vehicle raises the front part of the hay hauler's
      carrier frame 14 while lowering its rear portion until the roller bar is
      in contact with the ground. Backing the towing vehicle further forces the
      roller bar snugly under the side of the bale and forces the front of the
      carrier frame over the top of the bale as shown in FIG. 2. As the hay
      hauler passes a vertical position, the fork 22 which is attached to the
      front of the carrier frame will fall around the rearward side of the bale
      of hay. The automotive vehicle is then driven forward and the resulting
      forward motion of the hay hauler causes the tines 54 of the fork to sink
      into the bale of hay and roll it forward on the roller bar. Upon contact
      of the wheels 20 with the ground, the bale of hay is already upon the
      roller bar and, with the brakes of the wheels applied to prevent rolling,
      the carrier frame is pivoted forward. As a result of such movement, the
      bale of hay settles onto the carrier frame. The downward movement of the
      bale of hay as it settles removes the fork's tines from the bale. The fork
      is then pulled back to its original position as previously described.
PAR  The limiting strap 24, which is attached to the carrier and hitch frames 14
      and 16, stops the carrier frame at the transport position and, then, is
      locked into place by means of the locking pin 74. To unload the bale of
      hay, the above-mentioned process is reversed with the exception that the
      carrier frame is not backed past its vertical position which prevents the
      fork from falling around the bale of hay as it is deposited from the
      carrier frame. Of course, the braking system 80 for the axle and wheels of
      the hay hauler will have to be activated.
PAR  While any acceptable form of braking system might be applied to the wheels
      of the invention, it should be noted that the preferred embodiment
      includes an electrical braking system.
PAR  The present invention, therefore, is well adapted to carry out the objects
      and attain the ends and advantages mentioned as well as others therein.
      While a presently preferred embodiment of the invention has been given for
      the purpose of disclosure, numerous changes may be made without departing
      from the spirit and scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device upon which a bale of hay or any other appropriate commodity may
      be loaded and transported by a towing vehicle, including
PA1  a carrier frame upon which the bale rests when it has been loaded, said
      carrier frame including two side members, each consisting of at least one
      segment, at least one horizontal bar for connecting and bracing the two
      side members,
PA1  a hitch frame, one end of which is pivotally connected to the carrier
      frame, while the other end may be connected to the towing vehicle,
PA1  an axle and wheels secured to the carrier frame,
PA1  braking means for the axle and wheels,
PA1  a fork pivotally connected to the carrier frame for pulling the bale onto
      the carrier frame, said fork falling over and grasping the bale as the
      device is positioned to pick up the bale, and
PA1   a roller bar connected to the rearward end of the two side members, said
      roller bar providing a point of rotation for the carrier frame when the
      roller bar contacts the ground for loading the bale onto the carrier
      frame.
NUM  2.
PAR  2. The invention of claim 1 wherein the roller bar is mounted upon brackets
      which extend outwardly beyond said bar to penetrate the ground as the
      device assuming its loading position to prevent undesirable movement of
      the carrier frame during loading.
NUM  3.
PAR  3. The invention of claim 1 wherein the hitch frame includes
PA1  at least one support member pivotally connected to the front of the carrier
      frame and projecting forwardly, and downwardly from its intersection with
      the carrier frame, and
PA1  hitch means pivotally connected to the support member for attachment to a
      towing vehicle.
NUM  4.
PAR  4. The invention of claim 1 wherein the hitch frame includes
PA1  two side-support members, each pivotally connected to the carrier frame and
      projecting forwardly, inwardly, and downwardly from its intersection with
      the carrier frame, said members intersecting and being interconnected at
      their intersection, and
PA1  hitch means pivotally connected to the two side-support members for
      attachment to a towing vehicle.
NUM  5.
PAR  5. The invention of claim 1 wherein the braking means for the axle and
      wheels is operated electrically.
NUM  6.
PAR  6. The invention of claim 1 wherein a spring-loaded line, located between
      the hitch frame and fork, forces the fork back to a position upon the
      carrier and hitch frames after the bale is loaded, the spring being loaded
      as the fork falls over and grasps the bale, the spring pulling the fork to
      said position after the bale settles in the carrier frame and disengages
      the fork.
NUM  7.
PAR  7. The invention of claim 1 including a limiting strap which is attached to
      the hitch frame and carrier frame, stops the carrier frame in an upright
      position when the bale has been loaded upon said carrier frame, and
      includes
PA1  two sections, one end of the first section being connected to the hitch
      frame while one end of the second section is connected to the carrier
      frame, the other end of each section being free of either frame,
PA1  two blocking mechanisms interconnecting the two sections, one located on
      the free end of the section connected to the hitch frame and the other
      located on the free end of the other section, and
PA1  appropriate means for locking the two sections in place during
      transportation of the device.
NUM  8.
PAR  8. The invention of claim 7 wherein the locking means is a locking pin
      located on the section of limiting strap which is connected to the hitch
      frame.
NUM  9.
PAR  9. The invention of claim 1 wherein the fork is automatically forced back
      to its original position after the bale has settled upon the carrier
      frame, said force being applied by a spring-loaded line connected between
      the hitch frame and the fork, the spring being loaded as the fork falls
      over and grasps the bale, the spring pulling the fork to said position
      after the bale settles in the carrier frame and disengages the fork.
NUM  10.
PAR  10. A device upon which a bale of hay or any other appropriate commodity
      may be loaded and transported by a towing vehicle, including
PA1  a carrier frame which consists of two side members, each consisting of
      three segments, two of which are rigidly connected to the third; at least
      one horizontal bar for connecting and bracing the two side portions; and a
      roller bar connected to the rearward end of the two side portions,
PA1  a hitch frame assembly at least one support member pivotally connected to
      the front of the carrier frame and projecting forwardly and hitch means
      pivotally connected to the support member for attachment to a towing
      vehicle,
PA1  an axle and wheels secured to the carrier frame,
PA1  braking means for the axle and wheels,
PA1  a limiting strap which is attached to the hitch frame and carrier frame,
      stops the carrier frame in an upright position when the bale has been
      loaded upon said carrier frame, and includes two sections, one end of the
      first section being connected to the hitch frame while one end of the
      second section is connected to the carrier frame, the other end of each
      section being free of either frame; two blocking mechanisms
      interconnecting the two sections, one located on the free end of the
      section connected to the hitch frame and the other located on the free end
      of the other section; and appropriate means for locking the two sections
      in place during transportation of the device, and
PA1  a fork is pivotally connected to the carrier frame for pulling the bale
      onto the carrier frame and is automatically forced back to its original
      position after the bale has settled upon the carrier frame, said force
      being applied by a spring-loaded line connected between the hitch frame
      and the fork, the spring being loaded as the fork falls over and grasps
      the bale, the spring pulling the fork to said position after the bale
      settles in the carrier frame and disengages the fork.
NUM  11.
PAR  11. The invention of claim 10 wherein the braking means for the axle and
      wheels is operated electrically.
NUM  12.
PAR  12. The invention of claim 10 wherein the locking means is a locking pin
      located on the segment of the limiting strap which is connected to the
      hitch frame.
NUM  13.
PAR  13. The invention of claim 10 wherein the side-support members are
      connected to the carrier frame by means of brackets which are located on
      the carrier frame and are in a vertical position when the roller bar and
      the wheels are on the ground simultaneously.
NUM  14.
PAR  14. A device upon which a bale of hay or any other appropriate commodity
      may be loaded and transported by a towing vehicle, including
PA1  a carrier frame which consists of two side members, each consisting of
      three segments, two of which are rigidly connected to the third; at least
      one horizontal bar for connecting and bracing the two side portions; and a
      roller bar connected to the rearward end of the two side portions,
PA1  a hitch frame including two side-support members, each pivotally connected
      to the carrier frame and projecting forwardly and inwardly, being
      interconnected at their intersection; and hitch means pivotally connected
      to the two side-support members for attachment to a towing vehicle,
PA1  an axle and wheels secured to the carrier frame,
PA1  braking means for the axle and wheels,
PA1  a limiting strap which is attached to the hitch frame and carrier frame,
      stops the carrier frame in an upright position when the bale has been
      loaded upon said carrier frame, and includes two sections, one end of the
      first section being connected to the hitch frame while one end of the
      second section is connected to the carrier frame, the other end of each
      section being free of either frame; two blocking mechanisms
      interconnecting the two sections, one located on the free end of the
      section connected to the hitch frame and the other located on the free end
      of the other section; and appropriate means for locking the two sections
      in place during transportation of the device, and
PA1  a fork which is pivotally connected to the carrier frame for pulling the
      bale onto the carrier frame and is automatically forced back to its
      original position after the bale has settled upon the carrier frame, said
      force being applied by a spring-loaded line connected between the hitch
      frame and the fork, the spring being loaded as the fork falls over and
      grasps the bale, the spring pulling the fork to said position after the
      bale settles in the carrier frame and disengages the fork.
NUM  15.
PAR  15. The invention of claim 14 wherein the braking means for the axle and
      wheels is operated electrically.
NUM  16.
PAR  16. The invention of claim 14 wherein the locking means is a locking pin
      located on the segment of the limiting strap which is connected to the
      hitch frame.
NUM  17.
PAR  17. The invention of claim 14 wherein the side-support members are
      connected to the carrier frame by means of brackets which are located on
      the carrier frame and are in a vertical position when the roller bar and
      the wheels are on the ground simultaneously.
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ABST
PAL  A self-propelled combine has an elevated grain tank and a clean grain
      elevator extending upwardly along one side of the combine body and having
      an upper discharge end below the level of the top of the grain tank. The
      upper discharge end of the elevator dumps into a chamber that is disposed
      adjacent to one side of the grain tank, and a laterally extending auger
      type conveyor is inclined upwardly and inwardly in cantilever fashion from
      the chamber for moving grain from the chamber to the discharge end of the
      auger type conveyor, which is above a central portion of the grain tank.
      The lower end of the conveyor auger extends through the outer wall of the
      chamber and a bevel type gear case is mounted on the wall of the chamber,
      the gear case having an upwardly and inwardly inclined output shaft
      connected to the auger and a horizontal input shaft that is driven by belt
      drive on the side of the combine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved combine grain tank loading system and
      more particularly to an improved drive for driving an auger type conveyor
      that moves the grain from one side of the combine to a discharge point
      above a central portion of the grain tank.
PAR  Still more specifically, this invention relates to an improved drive for a
      combine grain tank loading system of the general type shown in U.S. Pat.
      No. 3,503,533, also assigned to the assignee herein.
PAR  As pointed out in said patent, current combines conventionally include an
      elevated grain tank in which the harvested crop is temporarily stored
      during the harvesting operation, and the grain tanks are conventionally
      loaded by a clean grain elevator which collects the clean grain from a
      grain cleaning mechanism near the bottom of the machine and elevates it
      along one side of the combine body. As is apparent from said patent, it is
      known to provide an elevator having its upper discharge end below the
      level of the top of the grain tank adjacent one side of the grain tank,
      and it is further known to provide a laterally extending auger type
      conveyor that extends upwardly and inwardly from the upper discharge end
      of the elevator in cantilever fashion for moving and discharging the grain
      above a central portion of the grain tank. As is also apparent from said
      patent, the auger type conveyor includes a horizontal outer section and an
      upwardly and inwardly inclined portion within the grain tank, the auger
      type conveyor being driven by a belt drive disposed at the outer end of
      the conveyor. A universal joint is provided in the auger shaft at the
      juncture of the outer and inner sections to accommodate the inclination of
      the inner section relative to the horizontal outer section.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided an improved grain
      tank loading system of the general type shown in U.S. Pat. No. 3,505,533.
      More specifically, improved drive means are provided for driving the
      inclined laterally extending auger type conveyor.
PAR  An important feature of the invention resides in the provision of only a
      single straight section of auger in the auger type conveyor, eliminating
      the necessity for universal joints and the like in the auger drive line.
      Another important feature of this invention resides in the provision of a
      gear case at the outer end of the auger type conveyor, the gear case
      having a horizontal input shaft and an inclined output shaft connected to
      the auger with bevel gearing being provided in the gear case to drivingly
      interconnect the two shafts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation view of a combine embodying the
      present invention, with portions of the paneling of the combine being
      broken away to show the drive for the improved grain tank loading system.
PAR  FIG. 2 is an enlarged, partly schematic, upright transverse section through
      the grain tank as viewed generally along the line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is embodied in a self-propelled combine that includes an
      elongated fore and aft main separator body 10 having opposite upright side
      walls 12 and mounted on a pair of forward drive wheels 14 and steerable
      rear wheels 16, the above representing conventional combine construction.
      An elevated engine compartment 18 is disposed at the forward end of the
      combine and immediately to the rear of the engine compartment is an
      elevated grain tank, indicated generally by the numeral 20. As is well
      known, the grain tank is substantially wider than the combine body 10 and
      has outer side walls 22 disposed outwardly of the body side walls 12. The
      rear wall of the engine compartment 18 forms the front wall of the grain
      tank, which also includes an upright rear wall 24 and an open top 26.
      Extensions can be added that extend upwardly from the periphery of the
      open top to increase the height of the grain tank and therefore the grain
      tank capacity.
PAR  As is well known, a separating mechanism in the body 10 separates the grain
      from the remainder of the crop material and moves the grain to a cleaning
      mechanism, which is also disposed in the body, the clean grain falling to
      a transverse clean grain collecting auger 28 at the bottom of the body.
      The auger moves the grain laterally through the combine right side wall to
      a clean grain elevator, indicated generally by the numeral 30.
PAR  The elevator is vertically elongated, and extends upwardly from the auger
      28 along the combine right side wall and through a vertical recess 32 in
      the right side of the grain tank. The recess 32 extends upwardly all the
      way to the top of the grain tank and is normally covered by a removable
      panel that is flush with the right side wall of the grain tank. The
      elevator includes an elongated housing 36 having a lower intake end 38
      communicating with the outer discharge end of the auger 28, and an upper
      discharge end 40, the top of which is at approximately the same level as
      the top of the grain tank. The elevator is divided into front and rear
      sections by an upright transverse divider 41, and a chain and slat type
      conveyor 42 is mounted in the housing in the well known fashion, the
      conveyor 42 moving upwardly in the rearward half of the housing to move
      the grain from the auger 28 to the upper discharge end 40 and returning
      downwardly in the forward portion of the housing 36. The conveyor 42 is
      trained around an upper sprocket 44 at the discharge end 40, and the
      sprocket 44 is mounted on a transverse shaft 46 extending laterally
      through the elevator housing 36.
PAR  The discharge end 40 of the elevator housing 36 is open toward the front of
      the combine and the opening communicates with a chamber 50 disposed
      immediately in front of the upper end of the elevator housing. The chamber
      50 includes an inclined end wall 52 and an outer wall 54 that extends
      downwardly from the opening in the elevator housing and thence forwardly.
PAR  An auger type conveyor, indicated generally by the numeral 56, is inclined
      inwardly and upwardly from the chamber 50 in cantilever fashion and
      terminates above a central portion of the grain tank above the level of
      the grain tank top 26. The auger type conveyor 56 includes a tubular
      housing 58 that communicates with and extends upwardly and inwardly from
      the chamber 50 and has an open upper end 60. A U-shaped bracket 62 has its
      opposite ends attached to the opposite sides of the upper end of the
      housing 58, the central fore and aft portion of the bracket 62 being
      opposite from and spaced from the open housing end 60. An auger 64 is
      coaxially mounted in the tubular housing 58 and includes an axial shaft
      66, the upper end of which is journaled in the central portion of the
      bracket 62, so that the auger 64 extends a short distance out the open end
      60 of the housing. The auger 64 also extends through the lower end of the
      housing 58 into the chamber 50, the lower end of the auger shaft 66
      extending through and being journaled in the chamber end wall 52.
PAR  A gear case 68 is mounted on the exterior side of the chamber end wall 52,
      and the gear case includes an upwardly and inwardly inclined output shaft
      70 coaxially, connected to the auger shaft 66, and a transverse horizontal
      input shaft 72. A pair of meshing bevel gears 74 and 76 are respectively
      disposed within the gear case and are respectively mounted on the output
      shaft 70 and the input shaft 72 to drivingly connect the input shaft to
      the output shaft. A V-belt sheave 78 is mounted on the input shaft 72 on
      the exterior side of the gear case 68.
PAR  The sheave 78 is driven by a belt drive, indicated generally by the numeral
      80 and illustrated in FIG. 1 The drive includes a sheave 82 mounted on the
      outer end of the shaft 46, a pair of idlers 84 and 85 mounted on the side
      of the elevator housing 36, a belt tensioning sheave 86 that is spring
      loaded to provide the proper belt tension in the drive 80, and a drive
      sheave 88, a belt 90 being trained around the above sheaves to drive the
      sheaves 78 and 82. The drive sheave 88 is driven by other belt drives (not
      shown) on the side of the combine in the conventional manner.
PAR  In operation, the clean grain collecting auger 28 moves the clean grain to
      the side of the combine to the intake end of the elevator 30 which raises
      the grain to the upper discharge end 40, where it discharges the grain
      forwardly into the chamber 50, where the grain is engaged by the auger 64
      and moved upwardly and inwardly along the housing 58. As is apparent, the
      grain is discharged out the open end 60 of the housing above the central
      portion of the grain tank, the inclined auger type conveyor providing a
      fountain type discharge which provides a relatively even distribution of
      grain throughout the grain tank. As is also apparent, the bevel type gear
      case 68 accommodates the angled auger type conveyor without the necessity
      of univeral joints or the like in the auger shaft. The gear case type
      drive permits the use of a single section auger in the auger conveyor, and
      provides a durable and simple drive without the problems that normally
      accompany universal type drives when the drives operate through a
      substantial angle.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a combine having a main separator body with opposite upright side
      walls, an elevated grain tank, and a clean grain elevator extending
      upwardly along one of the body side walls for elevating clean grain and
      having an upper discharge end adjacent the top of the grain tank the
      combination therewith of an improved grain tank loading conveyor for
      moving grain from the discharge end of the elevator to the grain tank and
      comprising: A laterally extending upwardly and inwardly inclined,
      straight, generally tubular auger housing having a lower intake end
      communicating with the upper discharge end of the elevator adjacent one
      side of the grain tank, an upper discharge end above a central portion of
      the grain tank and a lower end wall normal to the axis of the housing; an
      auger rotatably mounted in the housing and including an axial shaft; and a
      gear case mounted on the lower end wall of the housing and including a
      horizontal input shaft, an inclined output shaft coaxially connected to
      the auger shaft, and bevel gear means drivingly connecting the input shaft
      to the output shaft; and drive means operatively connected to the input
      shaft, for rotating the input shaft.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the housing extends upwardly
      and inwardly from the elevator in cantilever fashion, the upper discharge
      end of the auger being disposed generally on the fore and aft center line
      of the grain tank.
NUM  3.
PAR  3. The invention defined in claim 1 wherein the housing includes a chamber
      at its lower intake end and adapted to receive grain from the elevator,
      the auger extending through the chamber and moving the grain upwardly and
      inwardly therefrom.
NUM  4.
PAR  4. The invention defined in claim 1 wherein the elevator includes an upper
      drive sprocket and the drive means includes a drive sheave adjacent the
      side of the combine, a first driven sheave coaxially connected to the
      upper drive sprocket, a second driven sheave mounted on the gear case
      input shaft, and a belt drivingly trained around the drive and driven
      sheaves.
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ABST
PAL  A self-propelled combine has an elevated grain tank with a laterally
      extending auger in the bottom of the tank for moving grain to an auger
      type discharge conveyor mounted on the side of the grain tank and
      swingable between a fore-and-aft transport position and alternate
      unloading positions wherein it extends outwardly and upwardly from the end
      of the grain tank auger. The discharge conveyor and grain tank auger are
      driven by a drive system that includes a clutch selectively actuated by
      the operator via a control lever at the operator's station and a drive
      shaft mounted on and connected to the discharge conveyor and connected to
      the grain tank auger through a pair of universal joints at the axis of
      articulation of the discharge conveyor. An interlock device is provided
      between the control lever and the discharge conveyor, so that the clutch
      can be engaged to drive the discharge conveyor only when the discharge
      conveyor is in its extended or unloading position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a combine with a swiveling grain tank discharge
      conveyor which is connected, through a universal joint disposed in the
      pivot axis of the discharge conveyor, to a feeder auger disposed in the
      grain tank and more particularly to an improved drive for driving the
      discharge conveyor and controls for said drive.
PAR  It is known in combines to connect an operating lever disposed near the
      driver's seat for the actuation of a drive mechanism for a discharge auger
      type conveyor of a grain tank disposed on the combine, a hydraulic
      cylinder being utilized to position the discharge conveyor. One end of the
      hydraulic cylinder is connected to the combine and the other end to the
      discharge conveyor, and a relocation of the discharge conveyor into a
      transport position can be brought about by retracting the hydraulic
      cylinder.
PAR  It is also known to drive a discharge auger type conveyor from the feeder
      or grain tank auger through universal joints at the axis of articulation
      of the discharge conveyor. However, when the discharge conveyor is swung
      back to the fore-and-aft or transport position, the drive line at the
      universal joints makes an approximately 90.degree. turn, and it is
      undesirable to drive the discharge conveyor through such a sharp angle.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an interlock device is provided between
      the discharge conveyor for a combine grain tank and the control lever that
      controls the drive for the discharge conveyor, to prevent the driving of
      the conveyor when the conveyor is in such a position that damage could
      occur to the conveyor drive system.
PAR  More specifically, a clutch is provided in the drive for the discharge
      conveyor, and the interlock is connected to the clutch-actuating means for
      preventing engagement of the clutch when the discharge conveyor is not in
      an extended unloading position wherein the drive cannot be damaged.
PAR  Still more specifically, a cam is mounted on the discharge conveyor for
      swinging therewith, and the interlock includes a cam follower that engages
      the cam and is shiftable thereby in response to movement of the discharge
      conveyor, the cam follower being connected to the linkage for shifting the
      clutch in the discharge conveyor drive.
PAR  Still another feature of the invention resides in the fact that the
      discharge conveyor, conventionally an auger type conveyor, is swingable
      between alternate unloading positions to load different portions of the
      grain receiving vehicle alongside the combine or to accommodate different
      positions of the vehicle, and the interlock means permits shifting of the
      discharge conveyor within a range of alternate unloading positions,
      wherein the conveyor drive can be operated without damaging the universal
      joints in the conveyor drive.
PAR  Still another feature of the invention resides in the simple and rugged
      construction of the discharge conveyor drive and the interlock device for
      protecting the drive.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly schematic rear elevation view of a combine's grain tank,
      shown only in part, with a laterally extending discharge conveyor,
      including one embodiment of the invention.
PAR  FIG. 2 is a top plan view of the grain tank and discharge conveyor shown in
      FIG. 1.
PAR  FIG. 3 is schematic plan view of the discharge conveyor shown in FIG. 1,
      with alternate operating positions of the conveyor shown in dotted lines.
PAR  FIG. 4 is a partly schematic side elevation view of a combine showing a
      second embodiment of the invention.
PAR  FIG. 5 is a schematic top plan view of FIG. 4.
PAR  FIG. 6 is a schematic layout of the embodiment shown in FIGS. 4 and 5, the
      discharge position of the discharge conveyor being indicated by
      dash-dotted lines.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 of the drawing shows only a part of a grain tank 10 of a combine 12.
      In the embodiment according to FIG. 4, the grain tank is located behind a
      driver's seat 14 above the drive wheels 16 of the combine. The combine 12
      as well as its various threshing and cleaning members are driven by a
      combustion engine 18 disposed behind the grain tank 10. At its left end,
      with reference to the driving direction, the combustion engine has a
      driven pulley 20 in driving connection with a driving pulley 24 through a
      belt 22. The driving pulley 24 is mounted on a shaft 25 in driving
      connection with a feeder auger 31 through a chain drive 27. To be able to
      disrupt the drive connection between the driven and the driving pulley
      without trouble, the shaft 25 is mounted in a rocker 26, which is attached
      below the grain tank 10 to the combine through pivotable parallel guide
      bars 28 and 30. The forward end of the rocker is connected, according to
      FIG. 2 by a pulling cable 32 to an operating lever 34 provided near the
      combine's driver's seat for actuation of the rocker 26. The operating
      lever 34, the combustion engine and the drive elements for the feeder
      auger 31 disposed in the grain tank 10 are identical in both the first and
      second embodiment so that the same reference symbols were used for all
      identical parts in both embodiments.
PAR  The operating lever 34 shown in FIG. 4 is pivoted in a mount 35 provided on
      the combine and can be locked in various positions. In the area where the
      operating lever 34 is articulated a small lever 39 is connected to the
      operating lever 34. The pulling cable 32, which interconnects the rocker
      26 and the lower free end of the lever 39, engages a compensator or
      take-up mechanism designed in the form of a rocking lever 36.
PAR  The rocking lever 36 consists of an angular lever having in its center a
      pivot pin 38, pivoted in a mount 40 provided on the combine. One leg of
      the rocking lever 36 carries a first deflection roller 42 and the other
      leg of the rocking lever a second deflection roller 44. At the apex of the
      two legs of the rocking lever 36 is a cam follower 46, which follows a cam
      plate 50.
PAR  The cam plate 50 is disposed on a discharge conveyor tube 54 pivoted on the
      side of the grain tank. To pivot the discharge tube, say, from its
      discharge position shown in FIG. 1 into a transport position shown in FIG.
      5, the discharge tube is rotatably connected to the discharge end of a
      feeder auger 31 in the bottom of the grain tank by means of an annular
      flange 56. The discharge tube encloses a discharge auger 58 rotatably
      mounted in a lower plate 60 closing off the discharge tube and an upper
      plate 62. The discharge auger is driven by a drive shaft 64, which is
      eccentrically disposed in the housing and rotatably mounted in two
      bearings 66 and 68 respectively fixed to the discharge tube 54. The lower
      end of the shaft 64 is linked via two universal joints or knuckle joints
      70 and 72 to the discharge end of the feeder auger 31. The upper end of
      shaft 64 is in driving connection with the upper end of the discharge
      auger 58 through a chain drive or gearing 74.
PAR  As FIG. 3 shows, the discharge tube can be pivoted over a wide angular
      range, given by the angle alpha, without thereby having to be afraid of
      damaging the universal joints 70 and 72. The harvested material can thus
      be distributed better over a loading vehicle.
PAR  In order to avoid damage when the drive system for the discharge auger 58
      is turned on and when moving the discharge tube 54 beyond the indicated
      angular range, the drive mechanism can be stopped automatically by the
      compensator or the rocking lever 36 after a predetermined positioning
      process. The rocking lever can be swung into two positions for this
      purpose. In one position (see FIG. 3) the rocking lever is turned
      counterclockwise so that the pulling cable 32 is taut, thus keeping the
      rocker 26 in a forward position relative to the travel direction according
      to FIG. 2, in which position the belt 22 is taut. To be able to swing the
      lever 36 into a second position after a predetermined pivoting process,
      the cam plate 50 presents a convex portion 78 and a concave portion 80.
      Both the convex portion 78 and the concave portion 80 are arched. In the
      area of the transistion from the convex portion 78 to the concave portion
      80 a starting or stopping action takes place. This means that as long as
      the cam follower runs along the guide surface of the concave portion, the
      rocker arm 36 remains in its first position in which the pulling cable is
      taut. When the cam follower 46 reaches point A, which is the transition
      between the convex and the concave portions, the rocker arm is shifted
      clockwise so that the pulling cable 32 runs approximately in a straight
      line between the operating lever 34 and the rocker 26 as well as the two
      deflection rollers 42 and 44. The pulling cable having assumed an
      approximately straight position, the rocker 26 is shifted into a rear
      position according to FIG. 4, whereby the belt 22 is slackened. The rocker
      26 may also be shifted, for example, by a spring not shown in the drawing.
       In addition, it is possible to bring about, by appropriately linking the
      parallel guide rods 28 and 30 to the combine, a shifting of the rocker 26
      due to the rocker's own weight or due to the pulling force of the belt 22,
      adequate to interrupt the drive connection between the driven pulley 20
      and the driving pulley 24.
PAR  The longer the guide surface of the convex cam portion, the longer is the
      distance over which the discharge tube 54 pivots in the On condition. As
      is evident from FIG. 3, the cam follower 46 in the discharge position of
      the discharge tube 54 rests approximately against the middle of the convex
      cam portion 78. It is thus possible to move the discharge tube 54 between
      the two angles alpha per FIG. 3 without damage to the universal joints 70
      and 72 occurring.
PAR  If, for example, the discharge tube is swung from its transport position
      into its discharge position, the cam follower 46 slides along the guide
      surface of the concave cam portion 80. As long as the cam follower 46
      slides along the concave cam portion 80, the pulling cable 32 is in slack
      condition and the stroke of the operating lever 34 is then insufficient to
      bring about a shifting of the rocker 26. When the cam follower 46 reaches
      point A, the pulling cable 32 becomes taut again and the driving
      connection is automatically re-established.
PAR  FIGS. 4 to 6 show another embodiment of the invention. Stopping the drive
      mechanism is again accomplished by the pulling cable 32 which, for this
      purpose, is connected at one end to the rocker 26 and at the other end to
      a lever 81 attached to a rock shaft 82, rockable via the operating lever
      34. According to FIG. 4, the pulling cable 32 may be divided approximately
      in the middle and engage a unilaterial lever arm 84. By pivoting the
      operating lever 34 per FIG. 6 from its position shown in dash-dotted lines
      into a position shown in full lines, the rocker 26 moves to the rear
      relative to the travel direction, thereby slackening the belt 22.
PAR  Another pulling cable 86 is fastened ahead of the shaft 82 of the operating
      lever 34 to the upper end of the operating lever and led around a first
      deflection roller 88 and around a second deflection roller 90, both of
      which are mounted on the combine. The other end of the pulling cable 86 is
      fastened to the discharge tube 54 and secured to it by means of a
      fastening device 92. If, for example, the discharge tube 54 is swivelled
      from the position shown in dash-dotted lines in FIG. 6 into the position
      shown in full lines, the pulling cable will wind itself on the discharge
      tube, thereby shifting the operating lever 34 into the position shown in
      full lines. Due to this process the pulling cable 32 is slackened at the
      same time, and the rocker 26 is shifted so as to interrupt the driving
      connection. Thus, the area between B and C as well as the fastening device
      90 form the positioning member to shift the operating lever 34. The design
      of the discharge tube 54 in the area B and C is such that when the
      discharge tube 54 is swung in, the operating lever 34 is also pulled
      completely into its lowest position. This assures that the drive mechanism
      cannot be started erroneously.
PAR  Again, a take-up device or compensator 94, formed of a lever 98 pivoted in
      a mount 96 provided on the combine and a guide roller 100 provided at the
      compensator's outer end, is located between the discharge tube 54 and the
      second deflection roller 90. So that the guide roller 100 will always rest
      against the pulling cable 86, there is provided between the guide roller
      100 and the mount 96 an attachment point for a tension spring 102, which
      turns the lever 98 clockwise, with reference to FIG. 6. A third guide
      roller 104 mounted on the combine is located in front of the deflection
      roller 100 and a fourth guide roller 106 is disposed behind the mount 96.
      If, for example, the discharge tube is pivoted slightly out of its
      transport position, the lever 98 will turn clockwise due to the tension
      spring 102, automatically tightening the pulling cable 86. It is thus
      assured that no automatic actuation of the operating lever 34 will occur.
      The length of the positioning member between B and C is proportional to
      the stroke length of the operating lever 34. It can be made certain in
      this manner that the operating lever 34 can be shifted only after the
      discharge tube 54 has been moved sufficiently that, and into a position in
      which, damage to the universal joints 70 and 72 is no longer possible.
PAR  The second deflecting roller 90 may also be designed as a tightening
      roller. This assures that the operating lever 34 always assumes its lowest
      position when the discharge tube 54 is in transport position.
      Manufacturing tolerances of the entire device can thus be compensated.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a combine having an operator's station, a power source, and a grain
      tank, including a feeder auger on the bottom of the grain tank for moving
      grain from the grain tank to a discharger auger-type conveyor mounted on
      one side of the grain tank in crop-receiving relationship with the feeder
      auger and swingably mounted thereon for swinging between a generally fore
      and aft transport position and a range of unloading positions wherein the
      conveyor extends generally laterally outwardly and upwardly from the grain
      tank, the improvement comprising; a drive means operatively connected to
      the feeder auger and the discharge conveyor and including a clutch means
      selectively engageable to drivingly connect the feeder auger and the
      discharge conveyor to the power source; a clutch actuating means
      operatively associated with the clutch means for controlling the
      engagement of the clutch means and including a control lever mounted at
      the operator's station and shiftable between clutch engaging and clutch
      disengaging positions; and interlock means operatively connected to the
      clutch actuating means and the discharge conveyor for preventing
      engagement of the clutch means when the discharge conveyor is not in one
      of its unloading positions.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the clutch actuating means
      includes linkage means connecting the control lever to the clutch means
      and the interlock means includes a sensing element operatively connected
      to the discharge conveyor for shifting between first and second conditions
      in response to the shifting of the discharge conveyor between its
      unloading and transport positions, and means connecting the sensing
      element to the linkage means for shifting the clutch means to its
      disengaged condition when the sensing element is shifted to its second
      condition.
NUM  3.
PAR  3. The invention defined in claim 2 wherein the interlock means includes a
      cam member mounted on the discharge conveyor and shiftable therewith and
      the sensing element comprises a cam follower operatively engaging the cam
      member for shifting between the alternate conditions in response to
      movement of the cam member with the discharge conveyor between the
      transport and unloading positions.
NUM  4.
PAR  4. The invention defined in claim 3 wherein the linkage means includes a
      flexible element operative to connect the control lever to the clutch
      means to cause clutch engagement only when under tension, and shiftable
      tensioning means connected to the flexible element and operatively
      connected to the cam follower to remove the tension from the flexible
      element when the cam follower shifts to its second condition.
NUM  5.
PAR  5. The invention defined in claim 4 wherein the tensioning means includes a
      rockable lever carrying a pair of rollers engaging the flexible element
      and the cam follower.
NUM  6.
PAR  6. The invention defined in claim 3 wherein the cam member includes a
      convex portion mounted on the discharge conveyor generally concentric with
      the pivot axis of the conveyor, the cam follower engaging the convex
      portion when the conveyor is in its unloading positions.
NUM  7.
PAR  7. The invention defined in claim 1 wherein the interlock means includes a
      flexible element having one end connected to the control lever and the
      other end connected to the discharge conveyor and operative to shift the
      control lever to its clutch disengaging position when the discharge
      conveyor moves to its transport position.
NUM  8.
PAR  8. The invention defined in claim 1 wherein the discharge conveyor includes
      an auger and the drive means includes a drive shaft parallel to the
      discharge conveyor auger and universal joint means interconnecting the
      drive shaft to the feeder auger and disposed at the pivot axis of the
      discharge conveyor.
NUM  9.
PAR  9. The invention defined in claim 8 wherein the drive means includes means
      for drivingly connecting the outer end of the drive shaft to the outer end
      of the discharge conveyor auger.
NUM  10.
PAR  10. The invention defined in claim 9 wherein the clutch actuating means
      includes linkage means connecting the control lever to the clutch means
      and the interlock means includes a sensing element operatively connected
      to the discharge conveyor for shifting between first and second conditions
      in response to the shifting of the discharge conveyor between its
      unloading and transport positions, and means connecting the sensing
      element to the linkage means for shifting the clutch means to its
      disengaged condition when the sensing element is shifted to its second
      condition.
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ABST
PAL  Improvements in three-piece concrete pipe molds and means and devices for
      handling and transporting such molds both when filled and empty;
      improvements in mold handling apparatus, or devices attachable both to the
      lift mechanism of a vehicle and a three-piece pipe mold and useable for
      such purposes; a versatile adaptor which will handle and transport, in its
      various configurations, concrete pipe molds of the most varied sizes and
      configurations when mounted on the lift mechanism of a vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The packerhead or rollerhead process or method of concrete pipe formation
      is widely accepted as the least expensive and most efficient method of
      concrete pipe formation. Generally speaking, the apparatus for forming
      pipe by this method includes:
PAR  1. An outer, vertically disposed, longitudinally hinged, bell-end down mold
      or jacket, for shaping or forming the outer surface of a section of pipe.
      The mold or jacket alternatively may be bell-end up.
PAR  2. An interior, vertically reciprocal rotary packerhead, same
      concentrically disposed with respect to the mold and adapted to form the
      interior surface of the section of pipe. The completed pipe section
      consists of a bell or female end, first formed, the cylindrical body of
      the pipe, second formed thereabove, and a male end, last formed at the
      upper, terminal end of the pipe body. The sequence of steps varies on the
      end formed first. That described here and below is bell-end down.
PAR  The sequential steps of concrete pipe section formation by this process are
      as follows. The jacket is vertically situated, bell or female end down.
      The rotary packerhead is lowered concentrically therewithin, to the bottom
      of the mold. Concrete is then introduced and the packerhead shaft rotated
      so as to form the bell end of the pipe. The mold may be vibrated at this
      time to eliminate any bell end voids. Once the bell end is formed, the
      packerhead is raised and rotated while concrete is continuously introduced
      into the mold whereby to form the cylindrical body of the pipe above the
      bell. When the formation of the entire vertical height of the pipe section
      is completed, an additional one or more passes of the packerhead centrally
      of the mold and the formed pipe may be employed to finish the interior
      surface of the pipe. Thereafter, the packerhead is removed and the mold
      containing the completed pipe is moved for curing, whereupon a new mold
      (empty) is provided on site and the process repeated.
PAR  Although the pipe is of sufficient strength that it will support its own
      weight after formation, it must be cured to obtain full strength. That
      mold which contains a newly formed pipe is transferred from the pipe
      forming zone to the curing area where the mold is removed from the pipe
      for recycling for use in forming another pipe.
PAC  THE PRIOR ART
PAR  I am aware of the following U.S. Pat. Nos. relating to handling of concrete
      pipe molds or jackets:
PAR  3,635,613 Issued Jan. 18, 1972 for "Device for Forming and Handling
      Concrete Pipe," inventors Marsh et al.
PAR  3,734,452 Issued May 22, 1973 for "Device for Forming and Handling Concrete
      Pipe," inventors Marsh et al.
PAR  3,768,954, Issued Oct. 30, 1973 for "Device for Forming and Handling
      Concrete Pipe," inventors Marsh et al.
PAR  The following patents disclose additional apparatus for handling concrete
      pipe, per se and molds containing same U.S. Pat. Nos.:
PAR  1,728,519, Issued Sept. 11, 1929 for "Off Bearing Cart," inventor Tuerck.
PAR  2,647,650, Issued Aug. 4, 1953 for "Combination Clamp and Rotating
      Mechanism," inventor Sherriff.
PAR  2,958,435, Issued Nov. 1, 1960 for "Apparatus for Handling Concrete Pipe
      and the Like," inventor Schmidgall.
PAR  3,068,036, Issued Dec. 11, 1962 for "Automatic Pipe Handling Tongs,"
      inventor Doty.
PAR  3,165,348, Issued Jan. 12, 1965 for "Handling Device for Cylindrical or
      Like Objects," inventor Keskitalo.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the instant invention is to provide novel means for handling
      concrete pipe molds of the type employed in the manufacture of concrete
      pipe by the packerhead or rollerhead process.
PAR  Another object of the invention is to provide handling apparatus and means
      cooperating between a concrete pipe mold and a vehicle which are adapted
      to handle and transport concrete pipe molds, of any size or length, of the
      type used in the manufacture of concrete pipe by the packerhead or
      rollerhead process, including such molds with the concrete pipe formed
      therewithin.
PAR  Another object of the invention is to provide suitable engaging means
      mountable on various configuration, sizes and lengths of longitudinally
      hinged concrete pipe molds which will cooperate with suitable engaging
      means mounted on a handling vehicle, whereby the empty or filled mold may
      be readily lifted and transported.
PAR  Another object of the invention is to provide a novel vertical,
      longitudinally hinged, three-part concrete pipe mold for use in the
      manufacture of concrete pipe by the packerhead or rollerhead process,
      wherein engagable lift means are provided integral with the mold shell and
      the parts thereof for ready coupling by handling vehicles, whereby the
      empty or full concrete pipe mold may be handily lifted, manipulated and
      transported.
PAR  Another object of the invention is to provide cooperating lift and handling
      means for concrete pipe molds of the vertical, longitudinally hinged type
      and conventional lift trucks wherein no major modification is required to
      the lift trucks and the means which are carried by said lift trucks can
      readily be removed therefrom and the trucks used for other work.
PAR  Another object of the invention is to provide a novel intermediate frame
      construction for use in handling and transport of empty or loaded
      vertical, longitudinally hinged concrete pipe molds, which frame
      cooperates between a simple structure on a forklift truck and hook or
      hanger means secured to the mold in such manner that:
PA1  a. loss of cast pipe is less;
PA1  b. the frame or adapter can readily be field mounted on the forklift truck;
PA1  c. no modification is required to the forklift truck;
PA1  d. the frame or adapter carries a range of sizes with a minimum of
      adjustment; and
PA1  e. same is adjustable to any forklift truck carriage.
PAR  Another object of the invention is to provide a single adaptor which may be
      readily adjusted and arranged to handle 12 inch through 36 inch diameter
      pipes, including 4 foot length pipe and 6 foot through 8 foot length pipe.
PAR  Still another object of the invention is to provide a combination adaptor
      unit made to carry 4 foot through 8 foot pipe, there being provided extra
      intermediate pick-up arms used when 4 foot length pipe is employed, same
      pivoted out of position for carrying 6 foot through 8 foot length pipe.
PAR  Still another object of the invention is to provide a concrete pipe mold
      adaptor which operates to handle 39 inch through 60 inch diameters in 8
      foot lengths of concrete pipe.
PAR  Other and further objects of the invention will appear in the course of the
      following description thereof.
DRWD
PAR  In the drawings, which form a part of the instant specification, and are to
      be read in conjunction therewith, embodiments of the invention are shown
      and, the various views, like numerals are employed to indicate like parts.
PAR  FIG. 1 is a side view of an assembly of closed mold, adaptor and lift truck
      carrying the adaptor engaged, immediately prior to lifting the mold from
      the floor. FIG. 1 shows the adaptor for 6 foot through 8 foot length pipe
      to handle 12 inch to 36 inch diameter pipe.
PAR  FIG. 2 is a plan view of the apparatus assembly of FIG. 1.
PAR  FIG. 3 is a front view of the adaptor of FIGS. 1 and 2.
PAR  FIG. 4 is a top view of the adaptor of FIGS. 1-3, inclusive.
PAR  FIG. 5 is a fragmentary side view showing the adaptor for 4 foot length
      pipe to handle 12 inch through 36 inch diameter pipe.
PAR  FIG. 6 is a fragmentary front view of one side of the adaptor of FIG. 5.
PAR  FIG. 7 is a view of the mold of FIGS. 1 and 2 looking from right to left in
      the views.
PAR  FIG. 8 is a side view of the mold in the left-hand portions of FIGS. 1 and
      2 without the adaptor engaged therewith.
PAR  FIG. 8a is a side view of the mold with which the adaptor of FIGS. 5 and 6
      work.
PAR  FIG. 9 is a plan view with a portion thereof cut away of the mold of FIG.
      8a.
PAR  FIG. 10 is a side view of another adaptor which is a versatile unit able to
      carry 4 foot through 8 foot length pipe (12 inch through 36 inch diameter)
      wherein the center pick-up arms will pivot out of position when carrying 6
      foot or 8 foot length pipe.
PAR  FIG. 11 is a front view of the versatile adaptor of FIG. 10 looking from
      left to right in the view of FIG. 10 with portions cut away and an
      additive dotted line showing for clarity in the view.
PAR  FIG. 12 is a plan view of the versatile adaptor of FIGS. 10 and 11.
PAR  FIG. 13 is a side view of an adaptor which will handle 39 inch through 60
      inch diameter concrete pipe in 8 foot pipe length.
PAR  FIG. 14 is a plan view of the adaptor of FIG. 13.
PAR  FIG. 14a is a fragmentary plan of a variation of the device of FIGS. 13-15,
      inclusive wherein single (not double) plates are employed to carry the
      hooks which removably mount the adaptor on the lift truck frame.
PAR  FIG. 15 is a front view of the adaptor of FIGS. 13 and 14.
DETD
PAC  FIGS. 1-4, INCLUSIVE (AND FIGS. 7 AND 8)
PAR  Referring to the drawings and, particularly, FIGS. 1-4, incl. and 7 and 8,
      therein is shown a first assembly of closed mold for concrete pipe,
      adaptor and lift truck carrying the adaptor, the entire arrangement in
      operating position immediately prior to lifting the mold from the floor.
      The adaptor seen in these particular figures is usable with molds for
      casting 6 foot through 8 foot length pipe which are 12 inches to 36 inches
      in diameter.
PAR  The mold itself is seen in FIGS. 1, 2, 7 and 8 and will be first described.
      Referring, then, to these figures, the concrete pipe mold is generally
      designated 20, basically comprising a vertically disposed, longitudinally
      hinged, bell-end down mold or jacket operative to shape or form the outer
      surface of a section of pipe. The use of such mold in casting concrete
      pipe in conventional fashion has been previously briefly described and
      will not be redescribed here. The bell-up option may be employed but is
      not here shown.
PAR  The mold employed is necessarily a three-piece mold having a first mold
      section 21, a second mold section 22 and a third or base mold section 23.
      Base mold section 23 has a plurality of arcuate flanges 23a welded or
      otherwise fixedly attached to the outside surface thereof, while mold
      sections 21 and 22 have like arcuate flanges 21a and 22a likewise fixed to
      one another, respectively, optionally spaced upwardly above flanges 23a on
      section 23. Suitable collars are provided around openings through each of
      these sets of flanges, thereby to receive therethrough hinge rods 24 and
      25. Thus, mold sections 21 and 22, hinged to section 23 by rods 24 and 25,
      may pivot around the hinge rods to open the mold for access to the cast
      concrete pipe or removal of the mold therefrom. The arcuate extent of
      sections 21 and 22 exceeds 180.degree., as may be seen in FIG. 2. For
      different size three-piece molds the arcuate extent of sections 21 and 22
      exceeds 180.degree. but to differing extents.
PAR  Closure means are provided to lock mold sections 21 and 22 in closed
      position (as seen in FIGS. 1, 2 and 8) for receipt of concrete,
      reenforcements, etc. in the molding process. Typically, such conventional
      locking means includes a rod 26 carried by flanges 22a. The handle
      assembly is carried on rod 26. Arcuate handle 27 is pivoted on shaft 28
      and carries bolt 29a on the other end thereof. The latter removably
      engages angle 29 on section 21 via adjustable locking members 27b to
      maintain mold closure.
PAR  All of the previously described structure of a threepart mold is
      essentially conventional.
PAR  A lift truck of any desired conventional structure (generally designated
      30) is used to pick up, transport and handle the empty concrete mold after
      removal of cast pipe therefrom, as well as the mold containing the cast
      pipe after the molding operation. While many configurations of truck and
      lift attachments may be employed, that shown involves a pair of vertical
      C-section members 31 and 32 having attachments 33 and 34 for connection of
      the shafts or arms 35 and 36 of hydraulic pistons 37 and 38. A pair of
      transverse beams 39 (upper) and 40 (lower) are removably or fixedly
      attached to the forward legs of members 31 and 32 for removable attachment
      and positioning of an adaptor thereto (to be described). It should be
      understood that any desired combination of hydraulic pistons or members
      thereof may be employed, mounted as desired on the lift truck 30.
      Likewise, other types and shapes of structurals from members 31 and 32 may
      be employed, the basic necessity to be provided comprising the horizontal
      elongate beam members 39 and 40. Any lift truck and support grid or beam
      structure, as well as power handling means (such as hydraulic pistons) may
      be employed with this adaptor and lift mechanism.
PAR  Returning to the mold 20, a pair of elongate plates generally designated 41
      and 42 are welded or otherwise fixedly attached to the outer surface of
      base mold section 23 and/or the flange members 23a to provide fixed and
      rigid support and positioning therefor relative to said mold section 23.
      Members 41 and 42 have paired hooks 41a and 41b and 42a and 42b,
      respectively, formed thereon for purposes to be described. These pairs of
      hooks (41a and 42a and 42b and 41b ) are vertically aligned with one
      another and, as may be seen from the positioning of members 41 and 42,
      laterally spaced from one another, symmetrically, on mold section 23.
PAR  The mold of FIGS. 1, 2, 7 and 8 which operates to define the outer
      configuration of the cast concrete pipe comprises, thus, at least three
      mold sections normally disposed in upstanding positions. Each of such
      sections defines a longitudinal segment of the outer configuration of the
      pipe and is complementary and juxtaposable at longitudinal junctures.
      Latching means are formed along one of the longitudinal junctures between
      a first two of the three sections for disengageably latching the first two
      sections together. Hinge means are formed along the other two of said
      longitudinal junctures between the first two sections and the third. The
      hinged mold sections are adapted to stand upright without lateral support.
      Coupling means are connected to the third mold section for disengageable
      securement thereto of means for handling the mold. The coupling means
      preferably comprise a pair of double hook carrying members each secured to
      the third section, the members laterally spaced from one another on the
      third section and the hooks spaced vertically from one another on each
      member.
PAR  Turning to the adaptor which is normally carried by the lift truck on beams
      39 and 40 and operates to engage and disengage the hooks on the members 41
      and 42 attached to the mold section 23, same is seen in FIGS. 1, 2, 3 and
      4.
PAR  A basic structural frame is made up of a first pair of normally vertical,
      rigid plates 50 and 51 which are rigidly connected to one another and
      spaced apart by a pair of elongate, normally horizontal rigid shafts 52
      and 53. Shafts 52 and 53 pass through holes in plates 50 and 51 which are
      surrounded by collars (the upper and lowermost holes through the plates)
      50a and 50b and 51a and 51b, respectively. Set screws or bolts 54 and 55,
      either passing through openings through shafts 52 and 53 or engaging
      thereagainst, are provided in each of the collars 50a, b and 51a, b for
      plates 50 and 51, respectively. Additional openings surrounded by collars
      50c and 51c are provided intermediate the height of each of the plates 50
      and 51 for a purpose which will be described with respect to the adaptor
      of FIGS. 5 and 6. These collars have like set screws or bolts 54 and 55,
      respectively.
PAR  Plates 50 and 51 may be adjusted laterally on shafts 52 and 53 with respect
      to one another to get the desired horizontal spacing.
PAR  In the mold adaptor constructions of FIGS. 1-12, inclusive, the plates
      carrying the mold hook engaging members are positioned inboard of the
      plates carrying the lift cart frame engaging hooks. The reverse is true of
      FIGS. 13-15, inclusive. The relationships shown are preferred but may be
      reversed.
PAR  Means are provided on said first set or pair of plates 50 and 51 for
      attaching the basic frame to beams 39 and 40 on the lifting mechanism of
      vehicle 30. This comprises paired hook members 56 (on plate 50) and 57 (on
      plate 51). Additionally, there are preferably provided flat plate members
      58 and 59 (immediately under hooks 56 and 57, respectively) which operate
      to overlie the upper face of beam 39, the backside of which the depending
      portion of hooks 56 and 57 engage. Still further, there is provided
      elongate vertical plates 60 and 61 on the backside (toward the lift truck)
      of each of plates 50 and 51, respectively. These plates 60 and 61 lie
      against and abut the outboard or front faces of beams 39 and 40 as seen in
      FIG. 1 whereby to provide a firm, unmoving engagement of the adaptor frame
      therewith, when the hooks 56 and 57 are engaged with beam 39 as seen in
      FIG. 1.
PAR  A second pair of normally vertical, rigid plates 62 and 63 are removably
      mounted on shafts 52 and 53 by means of openings therethrough surrounded
      by collars 62a and b and 63a and b, respectively. These collars also have
      set screws or locking bolts provided therewith (not seen) to firmly yet
      adjustably fix the lateral positions of plates 62 and 63 with respect to
      one another on shafts 52 and 53.
PAR  Each of the plates 62 and 63 is C-shaped in side view with plate 62 having
      forward extensions 64 and 65 thereon, while plate 63 has forward (away
      from the lift truck and toward the mold) extensions 66 and 67 thereon.
PAR  A plurality of inwardly extending stub shafts 64a, 65a, 66a and 67a are
      fixedly mounted on C-extensions 64-67, incl., extending through openings
      herein, there also being provided retainer collars 64b-67b, incl. thereon,
      as well as limit flanges 64c-67c, respectively. The latter operate to
      retain the mold hooks 41a, b and 42a, b on the stub shafts 64a- 67a,
      respectively, as particularly seen in FIG. 2. Said otherwise, the plates
      or beams 62 and 63 are so spaced from one another on shafts 52 and 53, and
      the stub shafts 64a-67a, respectively, are of such length that, when the
      said stub shafts are engaged with mold hooks 41a and b and 42a and b, the
      retainer flanges 64c-67c, inclusive frictionally abut the members 41 and
      42 or are closely positioned next thereto.
PAR  In operation of the device of FIGS. 1-4, inclusive with respect to the
      molds of FIGS. 1, 2, 7 and 8, the following is noted. First, the hook
      carrying members 41 and 42 must be fixed to the third or basic,
      non-pivoting mold section 23 or parts thereof. Secondly, beams 39 and 40
      or their equivalent must be fixed to the lift mechanism of a lift truck or
      like handling vehicle such as seen in the specific example of FIGS. 1 and
      2. Thereafter, the adaptor frame, particularly comprising plates 50 and 51
      on shafts 52 and 53, with plates 62 and 63 also mounted thereon, is
      engaged with beams 39 and 40 as seen in FIG. 1. This specifically means
      that hooks 56 and 57 engage beam 39 with plates 58 and 59 overlying the
      upper face thereof. Likewise, plates 60 and 61 lie against the outboard or
      front faces of beams 39 and 40.
PAR  As is conventional, C-members 31 and 32 may be raised and lowered and moved
      inwardly and outwardly with respect to the front of the lift vehicle 30 by
      the extension and retraction of the piston rods 35 and 36 of hydraulic
      pistons 37 and 38 (and any other piston connections employed in
      conventional manner). With the adaptor in place as seen in FIG. 1, the
      stub shafts 64a-67a may be engaged or disengaged with or from,
      respectively, the hooks 41a and b and 42a and b by forward and backward
      and upward and downward motion of the members 31 and 32, such results in
      like movement of stub shafts 64a-67a, incl. because same are rigidly fixed
      in position relative to the beams 39 and 40. Thus, the lift truck carrying
      the adaptor may come up to an empty mold and engage stub shafts 64a, etc.
      with hooks 41a, b and 42a, b to carry the mold back to the molding room.
      Likewise, the adaptor may be engaged with a mold containing a cast
      concrete pipe to carry same to the curing room.
PAC  FIGS. 5, 6, 8a and 9
PAR  These figures show a mold adapted to making 4 foot long concrete pipe
      lengths of diameters 12 inches through 36 inches and the adaptor usable
      therewith. The only differences between the mold of these figures and the
      mold of the previous figures and, as well, the adaptor of these figures as
      compared with the adaptor of the previous figures, are as follows:
PAR  1. The height of the mold is considerably less than the previous mold
      whereby the hook carrying plates (analogous to 41 and 42) are considerably
      shorter; and
PAR  2. The length of the second pair of plates carrying the stub shafts to
      engage the mold hooks (analogous to plates 62 and 63) is considerably
      less, whereby the normally horizontal shafts (analogous to 52 and 53) are
      fitted through and engaged into the center (or intermediate) and lower
      openings encircled by collars 50c and 51c and 50b and 51b.
PAR  Since these are the only differences between the molds and the adaptors of
      FIGS. 5, 6, 8a and 9 as compared with FIGS. 1-4, inclusive and 7 and 8,
      all of the parts which are the same or closely analogous to those parts
      seen in the earlier figures are numbered the same in FIGS. 5, 6, 8a and 9,
      but primed. The operation and function thereof is the same and will not be
      here described again.
PAR  The mold handling apparatus or adaptor seen in FIGS. 1-9, inclusive thus
      has thereon means for removable engagement with a concrete pipe mold
      having at least three longtudinally hinged sections and further means for
      attachment to a vehicle having a lifting mechansim. This handling
      apparatus thus comprises a basic frame made up of a first pair of normally
      verticle rigid plates connected to one another and spaced apart by a pair
      of elongate, normally horizontal, rigid shafts. A second pair of normally
      vertical rigid plates are mounted on the shafts and spaced laterally from
      one another. Means are provided on the first pair of plates for attaching
      the frame to the lifting mechanism of a vehicle. Means are provided on the
      second pair of plates for removable engagement with the concrete pipe
      mold.
PAR  Preferably, each of the first pair of plates has three vertically separated
      openings therethrough, each adapted to receive therewithin and
      therethrough one of said shafts, whereby the shafts may be positioned
      either in the upper and lowermost pairs of openings or the two lower pairs
      or sets of pairs of openings. In the case of molds of greater height, the
      second pair of plates is substantially the same height as the first pair.
      For use with molds of lesser height, the second pair of plates is shorter
      than the first pair and the shafts are positioned in the lower sets of
      pairs of holes of the first pair of plates.
PAR  The means on the first pair of plates for attaching the frame to the
      lifting mechanism of a vehicle comprises at least one hook connected to
      each said plate in the upper portion thereof. Preferably, this attaching
      means from the first pair of plates comprises a pair of hooks on the upper
      portion of each of said pair of first plates.
PAR  Each one of the second pair of plates is preferably C-shaped in side view
      and the means thereon for removable engagement with a concrete pipe mold
      are mounted on each leg of the C. The means mounted on each leg of the C
      for said removable engagement are preferably mounted inboard of each of
      the second pair of plates and opposed to one another.
PAR  The adaptors of FIGS. 1-9, inclusive show arrangements wherein the second
      pair of plates is positioned inboard of said first pair of plates. In the
      modification to be described, the second pair of plates is positioned
      outboard of the first pair of plates.
PAC  FIGS. 13-15, INCLUSIVE
PAR  The adaptor of FIGS. 13-15, inclusive is so configured and constructed as
      to be able to transport and handle concrete pipe molds (filled or empty)
      in diameters of 39 inches through 60 inches. This adaptor is characterized
      by massive (or multiple) first and second plate pair construction and also
      illustrates the usage of the second pair of plates (carrying the stub
      shafts for engaging the mold hooks) positioned outboard of the first pair
      of plates (which carry the hooks and plate members which permit engagement
      of the adaptor frame with the normally horizontal beams on the lift
      truck's lift apparatus). There is no showing of the mold or hooks thereon
      or, for that matter, the lift truck and lift apparatus with respect to the
      adaptor configuration of FIGS. 13-15, inclusive. This is because such are
      essentially the same as seen and described in previous figures.
PAR  Turning, then, to FIGS. 13-15, inclusive, there is provided a pair of
      elongate, normally horizontal, rigid shafts 70 and 71 which are adapted to
      carry first and second pairs of plates removably mixed thereon. In the
      instant case, the "first pair" of plates may become a first pair of pairs
      of plates. That is, plates 72 and 72a are rigidly fixed to or made
      intergral with collars 73 and 74, said collars having openings
      therethrough to receive shafts 70 and 71, respectively. Collars 73 and 74
      have set screws or bolts 73a and 74a which either set against or pass
      through openings in shafts 70 and 71 to rigidly fix the lateral position
      of plates 72 and 72a with respect to shafts 70 and 71. Likewise, plates 75
      and 76 are rigidly fixed to or intergral with collars 77 and 78 which
      receive therethrough shafts 70 and 71. Collars 77 and 78 further have set
      screws or lock bolts 77a and 78a, respectively, to fix plates 75 and 76 on
      said shafts.
PAR  Plates 72 and 72a each have fixed to the outer face thereof a hook, hook 79
      being welded or otherwise fixedly attached to the upper portion of plate
      72 and hook 80 being welded or otherwise fixedly attached to plate 72a.
      The upper portion of plates 72 and 72a extend to the right in FIG. 13
      (toward the lift truck) whereby to conveniently carry the hooks thereon
      and, as well, receive thereunder plate 81 which is welded or otherwise
      fixedly attached to each of the plate 72 and 72a portions referred to.
      Elongate vertical flange 82 abuts at its upper end the lower face of plate
      81 and extends, preferably, the length of plates 72 and 72a. The lower
      face of plate 81 and the right hand face of plate 82 (in FIG. 13) serve to
      abut and engage the beams on the lift truck as previously shown and
      described with respect to beams 39 and 40 in FIG. 1, while hooks 79 and 80
      overlie the upper one of such beams. Welding of hooks 79, 80 and 83, 84 to
      plates 72, 72a and 75 and 76 typically is a field weld performed by the
      user.
PAR  Turning to like plates 75 and 76 on collars 77 and 78, hooks 83 and 84 are
      fixed to the upper portions of plates 75 and 76 in manner analogous to
      hooks 79 and 80 on plates 72 and 72a. Likewise, normally horizontal plate
      85 and normally vertical flange 86 are fixed to plates 75 and 76 in the
      same manner as plates 81 and 82 to plates 72 and 72a and serve like
      functions.
PAR  Turning to the second pair of plates which carry the means for engaging the
      lift hooks on the concrete molds (analogous to plates 62 and 63 of
      previous figures), there are provided a pair of normally vertical plates
      87 and 88. Plate 87 is rigidly fixed to or intergral with collars 89 and
      90 which receive therethrough shafts 70 and 71. Set screws or lock bolts
      89a and 90a on collars 89 and 90, respectively, serve to rigidly fix the
      lateral position of plate 87 with respect to shafts 70 and 71.
PAR  Symmetrical reinforcing ribs 89b and 90b, respectively, rigidify the plate
      87-collar 89 and 90 constructions and strengthen same.
PAR  Plate 87 has forward (away from the lift truck and toward the mold)
      extensions 91 and 92 which (FIG. 13) makes plate 87 C-shape in side view.
      Stub shafts 91a and 92a are rigidly fixed with respect to extensions 91
      and 92 by collars 91b and 92b. Circular flanges 91c and 92c are rigidly
      fixed to the inboard ends of stubs shafts 91a and 92a and serve the same
      purpose and function as flanges 64c-67c in previous figures.
PAR  Turning to the plate 88, same is mounted on the shafts 70 and 71 by collars
      93 and 94, same being secured relative to said shafts by set screws or
      lock bolts 93a and 94a. Reinforcing ribs 93b and 94b brace collars 93 and
      94 with respect to plate 88. Forward extensions 95 and 96 of plate 88
      carry stub shafts 95a and 96a thereon rigidly connected to said extensions
      by collars 95b and 96b. Finally, stub shaft end plates 95c and 96c are
      provided.
PAR  As previously noted, the manner of attachment of the adaptor of FIGS.
      13-15, inclusive to the lift truck horizontal beams is like that of the
      previously described adaptors of FIGS. 1-9, inclusive. Further, the
      engagement and disengagement of the stubs shafts 91a and 92a, as well as
      95a and 96a, with the paired, vertically spaced hooks on a concrete pipe
      mold is the same as has previously been described.
PAR  Alternatively, hooks 79, 80 and 83, 84 may be mounted on single plates
      which would replace the double plates 72, 72a and 75 and 76. FIG. 14a
      shows hooks 79' and 80' mounted on a single plate 72' fixed on shafts 70'
      and 71' (not seen) by collars 73' and 74' (not seen) carrying bolts on
      sets screws 73a' and 74a' (not seen).
PAC  FIGS. 10-12, INCLUSIVE
PAR  The adaptor of FIGS. 10-12, inclusive is a versatile unit able to carry 4
      foot through 8 foot length pipe molds which are 12 inches through 36
      inches in diameter. In this modification or adaptation, the single device
      will be able to carry out all of the functions of the two different
      adaptors of FIGS. 1-9, inclusive. Said otherwise, the adaptor of FIGS. 5
      and 6 (relative to the molds of FIGS. 8a and 9) show the basic adaptor
      frame of the first four figures adjusted to handle 4 inch length pipe
      molds, while the adaptor of FIGS. 1-4, inclusive handle the mold of FIGS.
      7 and 8 (6 foot through 8 foot length pipe of 12 inch to 36 inch
      diameters). Thus, the second pair of plates 62'  and 63'  of FIGS. 5 and 6
      differ from plates 62 and 63 of the first four figures.
PAR  This versatility is achieved by producing, in essence, the basic structure
      of the adaptor of FIGS. 1-4, inclusive with additional structure
      comprising a pivotable extension on each of the second pair of plates
      carrying a stub shaft positioned thereon analogous to one of the stub
      shafts 64a' and 66a'.
PAR  The structure of FIGS. 10-12, inclusive which is substantially identical to
      the structure of the adaptor seen in FIGS. 1-4, inclusive will be first
      described and, thereafter, the novelty or difference in the adaptor
      variation of FIGS. 10-12, inclusive as compared thereto.
PAR  Referring, then, to FIGS. 10-12, inclusive, there is provided a pair of
      elongate, normally horizontal, rigid shafts 100 and 101. A first pair of
      normally vertical, rigid plates 102 and 103 are mounted thereon by collars
      102a-c, inslusive and 103a-c, inclusive, respectively, fixed to plates 102
      and 103. The presence of center collars 102c and 103c is not necessary,
      but provides versatility and interchangability with other second plate
      pairs as seen in FIGS. 1-6, inclusive, if desired. Suitable set screws or
      lock bolts of the type previously described (unnumbered) are provided to
      fix the collars and their respective plates in position on shafts 100 and
      101.
PAR  Paired hooks 104 and 105 are rigidly fixed to the upper portion of plate
      102. Normally horizontal transverse plate 106 is mounted under the shelf
      of the upper portion of plate 102 extending under the horizontal portions
      of hooks 104 and 105 being rigidly welded or fixed thereto. Normally
      vertical flange 107 extends downwardly from the underface of plate 106 and
      is rigidly welded or otherwise fixedly attached to the right hand face of
      plate 102 in FIG. 10 (toward the lift truck position).
PAR  Plate 103 is likewise equipped with paired hooks 108 and 109, horizontal
      plate 110 and vertical plate 111. Attachment of hooks 104, 105 and 108,
      109 is typically a field operation by the user.
PAR  In FIGS. 10-12, inclusive there is provided a second pair of plates 112 and
      113 having collars 112a, 113a and 112b and 113b rigidly affixed to the
      upper and lower portions thereof, respectively, to receive therethrough
      shafts 100 and 101. Suitable set screws or locking bolts to engage or
      extend through shaft 101 are provided (unnumbered) on these collars.
PAR  There are provided integral, forward (away from the lift truck position and
      toward the mold position) extensions 114 and 115 on plate 112 and 116 and
      117 on plate 113. These integral extensions make each of plates 112 and
      113 C-shaped in side view (FIG. 10). Stub shafts 114a-117a, inclusive are
      provided, rigidly fixed by collars 114b-117b, inclusive to extensions
      114-117, respectively. Stub shaft end plates 114c-117c, inclusive are
      rigidly fixed to the ends of the stub shafts 114a-117a, inclusive.
PAR  All of the above structure is substantially the same as the structure of
      the adaptor of FIGS. 1-4, inclusive.
PAR  Turning to the unique elements of the device at FIGS. 10-12, inclusive,
      elongate plate 120 is pivotally mounted on bolt 121 extending through an
      opening in plate 112. Washers 122 and 123 abut against the outside face of
      plate 112 and the inboard face of plate 120, respectively, retained by the
      head of bolt 121 (part threaded) at one end and the nut 121a removably
      threaded on the opposite threaded end of bolt 121. A sleeve (not seen in
      FIGS. 10-12, inclusive, for plate 120, but see FIG. 11a) encircles shaft
      121 between the washer discs 122 and 123. Stub shaft 124 is fixed by
      collar 125 to plate 120 and has retainer end plate 126 fixed to the end
      thereof.
PAR  Particularly referring to FIG. 11a, plate 130 is pivotally mounted on
      sleeve 131 which extends through openings in plates 113 and 130 and has an
      opening 131a extending therethrough adapted to receive bolt 132 which has
      enlarged head 132a at one end thereof and externally threaded end portion
      132b adapted to receive nut 133 thereon. A pair of circular washers 134
      and 135 face the outboard and inboard sides of plates 113 and 130,
      respectively, and have openings therethrough to pass the shaft of bolt 132
      which fixes the assembly together. An additional washer 136 may be
      employed between nut 133 and plate 135. Stub shaft 136 is fixed by collar
      137 to plate 130 and has retainer end disc 138 fixed to the end thereof.
PAR  The dotted line showing of FIG. 11 shows the view of that plate as would
      actually be seen. The full line showing to the left is cut away to show
      the position locking means.
PAR  On the other side of plate 130 from stub shaft 136 there is positioned
      cylindrical hollow block 139 fixed to the inboard face of plate 130.
      Handle 140 has elongate pin 141 extending through opening 130a in plate
      130 and opening 142 in plate 116. Springs 143 and 144 are fixed at one end
      to handle 140 and at their others to spring retainers 145 and 146 fixed to
      block 139. Alternate opening 147 receives pin 141 when handle 140 is
      pulled from left to right in FIG. 11 and plate 30 is pivoted (so stub
      shaft 136 rises in that view) around sleeve 131.
PAR  Like parts to those described with respect to plate 30 are seen re plate
      120, numbered the same but primed.
PAR  Pivoting stub shafts 124 and 136 out of line with the other stub shafts
      permits use of uppermost and lowermost mold hook engaging means for longer
      molds.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mold handling apparatus for removable engagement with a concrete pipe
      mold having at least three longitudinally hinged sections and adapted for
      attachment to a vehicle having a lifting mechanism, said handling
      apparatus comprising, in combination:
PA1  a frame made up of a first pair of normally vertical rigid plates connected
      to one another and spaced apart by a pair of elongate, normally
      horizontal, rigid shafts;
PA1  a second pair of normally vertical rigid plates mounted on said shafts and
      spaced laterally from one another;
PA1  means on said first pair of plates for attaching said frame to the lifting
      mechanism of a vehicle, and
PA1  means on said second pair of plates for removable engagement with said
      concrete pipe mold,
PA1  said first and second pairs of plates each being removably and adjustably
      mounted on said rigid shafts, whereby the relative positions of each plate
      of each pair may be individually adjusted with respect to one another as
      well as the positions of the first and second pairs with respect to
      themselves,
PA1  each one of the second pair of plates is C-shaped in side view whereby the
      upper and lower portions thereof extend outwardly of the first pair of
      plates and
PA1  the means on the second pair of plates for removable engagement with the
      mold comprise stub shafts, said shafts mounted in opposition to one
      another on the outwardly extending C-legs, pointing inwardly.
NUM  2.
PAR  2. A mold handling apparatus as in claim 1 wherein each of the first pair
      of plates has three vertically separated openings therethrough, each
      adapted to receive therewithin one of said shafts.
NUM  3.
PAR  3. A mold handling apparatus as in claim 2 wherein the second pair of
      plates is shorter than the first pair and the shafts are positioned in the
      lower holes of the first pair of plates.
NUM  4.
PAR  4. A mold handling apparatus as in claim 1 wherein the means on the first
      pair of plates for attaching said frame to the lifting mechanism of a
      vehicle comprise a pair of hooks, one connected to each side of each said
      plate in the upper portion thereof.
NUM  5.
PAR  5. A mold handling apparatus as in claim 1 wherein the second pair of
      plates is positioned inboard of said first pair of plates.
NUM  6.
PAR  6. A mold handling apparatus as in claim 1 wherein the second pair of
      plates is positioned outboard of the first pair of plates.
NUM  7.
PAR  7. A mold handling apparatus for removable engagement with a concrete pipe
      mold having at least three longitudinally hinged sections and adapted for
      attachment to a vehicle having a lifting mechanism,
PA1  said handling apparatus comprising, in combination:
PA1  a frame made up of a first pair of normally vertical rigid plates connected
      to one another and spaced apart by a pair of elongate, normally
      horizontal, rigid shafts;
PA1  a second pair of normally vertical rigid plates mounted on said shafts and
      spaced laterally from one another;
PA1  means on said first pair of plates for attaching said frame to the lifting
      mechanism of a vehicle;
PA1  means on said second pair of plates for removable engagement with said
      concrete pipe mold;
PA1  each one of the second pair of plates is C-shaped in side view and the
      means on said second pair of plates for removable engagement with said
      concrete pipe mold is mounted on each leg of the C, and
PA1  a pair of members pivotally mounted on each of said second pair of plates
      intermediate the upper and lower ends of the latter, each of said members
      carrying means for removable engagement with said concrete pipe mold, and
      pivotable means for first fixing the position of said members parallel to
      the C-legs of said second pair of plates and at least one position at
      right angles thereto.
NUM  8.
PAR  8. A mold handling apparatus as in claim 7 including means for fixing the
      position of said member relative to the second pair of plates in a
      plurality of positions including one parallel to said C-legs thereof and
      several at right angles thereto.
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ABST
PAL  A paint container comprising a clear plastic sidewall construction
      preferably of polypropolene enabling the accurate observation of the paint
      contained therein through the walls of the container. The closure member
      comprises a multi-laminate seal including prestressed films designed to
      enable a slit to be made in the seal surface permitting access to the
      paint while providing advantages set forth in detail herein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject invention has utility in the packaging industry and is
      specifically designed to accommodate small quantities of paint which may
      be quickly purchased by a consumer and efficiently utilized eliminating
      many of the heretofore objectionable problems and difficulties associated
      with painting.
PAR  2. Prior Art
PAR  As is well known to virtually all consumers, paint is and has been in
      recent years packaged almost solely in metal containers of which the most
      common are metal cans utilizing a closure member which must be pried open
      by a screwdriver or other pointed means. Many problems are manifest in the
      utilization of such containers. The paint contained in the containers
      cannot be seen through the sidewalls; thus, it is not possible to
      accurately visualize the contents unless the container is opened.
      Furthermore, there is considerable difficulty with opening the closure
      member particularly for individuals who do not possess a reasonable amount
      of manual dexterity. In addition, problems are associated with reclosing
      the closure member after use since by this time paint has most likely
      filled the channel groove portions which receive the standard paint
      closure member. Spillage usually results and the operation usually
      results, with all but the most careful users, getting paint on themselves
      and surrounding objects.
PAR  Furthermore, with the utilization of the common metal paint cans, there is
      not an effective way to withdraw the paint brush from the container and
      control the amount of paint on the brush during this withdrawal motion. In
      addition, air may reach the paint when the container top is removed with
      the result being the formation of a paint skin if the container is left
      open for any period of time. In addition, when the container is opened,
      the paint is not protected from dirt and other debris.
PAR  Extremely small glass jar-like containers have been used for extremely
      small quantities of paints for artists and the like, but such usage is not
      feasible for larger quantities of paint.
PAR  With respect to closure members for containers, U.S. Pat. No.
      2,436,291-Daniel discloses the use of diaphragms which may be slit to
      obtain access to the unspecified contents of the container. In utilizing
      the teachings of the Daniel patent, the diaphragm members are constructed
      of flexible material, but if constructed according to the teachings of
      Daniel, flexing properties will be absent. Thus, when an applicator
      element is introduced and withdrawn from the container an effective
      closure of the access slit will not be realized. Furthermore, the
      diaphragm members will be pushed inwardly or in an outward direction
      dependent upon the movement of the applicator member. This further
      contributes to the inability to obtain an effective closure once the
      applicator member is withdrawn and air, dirt and other debris will find
      their way to the contents of the container.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the subject invention to provide a paint
      container constructed of a clear material such as polypropolene to permit
      visual observation of the paint in its packaged state.
PAR  It is a further object of the subject invention to provide a material for a
      paint container which may be subjected to slight pigmentation changes to
      compensate for the wet-to-dry color shift of the paint to enable the
      actual color of the paint film when dry to be appreciated. It is still
      another object of the subject invention to combine the use of a new type
      of paint container with a closure means that will enable painting from the
      container to be quick and clean and which will eliminate paint
      contamination and lessen the danger of spills during painting.
PAR  It is still a further object of the subject invention to provide paint
      packaging means with which the user may introduce and withdraw his paint
      brush with a correct amount of paint on the brush eliminating the
      necessity of further wiping and tapping to remove excess paint from the
      brush.
PAR  It is yet another object of the subject invention to provide a paint
      packaging means whereby continuously moisture-saturated air is maintained
      above the paint so that fast-drying paint may be used at a liesurely pace
      over a length of time without the formation of paint-contaminating skin.
PAR  It is yet one more object of the subject invention to provide a printed
      surface to provide instructions to help the painter while also serving to
      prevent a paint-contaminating skin and to enable the effective squeegeeing
      of the excess paint from the brush as it is removed from the container.
PAR  In accordance with the above objects, the subject invention comprises the
      use of a high-impact polypropolene container of clear optical properties,
      thus enabling the visual observance of the paint either before or after
      purchase, such as at a time after the paint has been stored for a period
      of time and the exact color of the paint cannot be remembered. In
      addition, by the use of polypropolene, modified pigmentation of the cup
      wall can be utilized to enable the user to see the exact color of the
      paint when it will be dry. In addition to a reclosure cap, a
      multi-laminate seal means is utilized which preferably comprises three
      films continuously joined. A polypropolene film is joined to a mylar film
      which is in turn continuously joined to a fiber paper. The polypropolene
      mylar laminate is placed in tension during application to the cup and
      heat-sealed in place. The fiber paper may be laminated in a relaxed state
      to the stressed plastic film.
PAR  The fiber paper may be printed with instructions and have a slit outline
      which, when the instructions are followed, will be slit in such a manner
      as to accommodate a brush of specified shape and dimensions to enable
      effective painting from the container. As the brush is removed, excess
      paint will be squeegeed therefrom to enable the brush to be used in an
      efficient manner. As the brush is removed, the multi-laminate seal will,
      as a result of its construction, close to effectively seal the closure
      member and contain moisture-saturated air over the paint to prevent the
      formation of a paint-contaminating skin.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the subject plastic paint container
      including a cutaway showing of the pressure closure which exposes the
      printed surface of a multi-laminate seal;
PAR  FIG. 2 is an exploded view of the elements of the paint container from
      which the three films of the multi-laminate seal are readily seen; and
PAR  FIG. 3 is a cross-sectional elevational view of the subject paint container
      showing the tip of a brush about to be penetrated and further showing in
      phantom the penetration of the brush tip into the container closure and
      its emersion into the paint contained therein.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1, a plastic paint container 10 is disclosed which
      is preferably constructed of polypropolene. As seen best in FIG. 3, the
      container 10 includes sidewalls 12 and an integral base 14 which should
      not be considered to be limited to the shape and structure as disclosed
      herein.
PAR  A plastic pressure closure member 16 is designed to be snapped in place by
      means of the interlocking periferal structure of the closure member 16 and
      the container 10. As best seen in the cross-sectional view of FIG. 3, the
      outer vertical extension 18 of the closure member 16 has a depending
      inwardly directed locking ridge 20 mated to receive the top locking nub 22
      of the container 10.
PAR  Across the top of the paint container 10 a multi-laminate seal is utilized
      which comprises three films continuously joined. The lowermost film 24 is
      preferably polypropolene and may be on the order of 0.005 inches thick.
      Continuously joined thereto is the intermediate film 26 which is
      preferably mylar which may be 0.001 inches thick. Continuously joined to
      the mylar film 26 is the uppermost film 28 which is preferably constructed
      of fiber paper and may be on the order of 0.002 inches in thickness.
PAR  The preferred method of joining the films is to place the polypropolene
      mylar laminate 24, 26 in tension during application to the container 10
      and have it heat-sealed in place by any of the standard heat-sealing
      techniques. The fiber paper uppermost film 28 is then laminated in a
      relaxed state to the stressed plastic film 24, 26 which comprises the
      mylar and polypropolene members.
PAR  It will be observed that dashed slit lines 30 are printed on the fiber
      paper number 30 along with directions indicated by the markings 32 which
      effectively direct the user to, by means of a sharp instrument, slit the
      multi-laminate seal along slit lines 30 to gain access to the paint for
      usage thereof.
PAR  With respect to FIG. 3, a tip of a brush 34 is shown about to be inserted
      into the container through the lengthwise slit 30 which it will be assumed
      has been cut. The brush tip 34 is shown in phantom being inserted into the
      paint 36 as the multi-laminate seal 24, 26, and 28 yields to the downward
      force of the brush tip 34.
PAR  When the brush tip 34 is removed, the stressed plastic film will cause the
      multi-laminate seal to return to its unpenetrated position, thus
      effectively maintaining the moisture-saturated condition of the air
      immediately above the paint 36 within the container 10.
PAR  The use of a polypropolene container which is preferably clear enables the
      color of the paint to be determined by visual examination without the
      necessity of opening the container. It is well known that paint changes
      color slightly when it dries, and it is within the scope of the invention
      to provide slight pigmentation changes to the polypropolene to compensate
      for the wet-to-dry color shift of the paint film. In this way, the actual
      color of the paint film when dry can be seen from observing the
      combination of the wet color of the paint slightly modified by the
      carefully formulated pigmentation of the cup wall.
PAR  The proper balance of individual film tensions achieved during lamination
      of films 24, 26, and 28 produces flexing properties to cause the laminated
      seal to curl downward against the bristles of brush 34, squeegeeing excess
      paint away; not curling upward as the brush tip 34 is removed but coming
      to rest in a single plane to achieve closure over the paint film after the
      brush tip 34 is removed. Not only is the moisture-saturated condition of
      the air within the container maintained, but furthermore the paint is kept
      fresh and free of dirt and debris during the painting process, and in
      addition should the container be knocked over, the contents of the
      container will be restrained to minimize spillage. In view of the ability
      to maintain the continuously moisture-saturated air over the paint,
      fast-drying paint may be used at leisurely pace which heretofore has been
      extremely difficult with conventional containers.
PAR  It will be appreciated that the triple laminated seal construction 24, 26,
      and 28 helps to strengthen and hold round the rim of the flexible plastic
      container 10 during painting and moving the container from place to place
      during the painting process. The continuous seal, even though cut as
      indicated, will nevertheless reinforce the cup walls to the point where
      they will be prevented from bending inward from picked up. If such inward
      bending were not accomplished, paint would slop out of the container.
PAR  It is preferred that a high-impact polypropolene be used for the container
      10 to reduce the danger of shattering. Thus, through the use of the
      subject invention plastic cups preferably of a polypropolene material may
      be combined with a specific type of laminated seal to enable painting from
      the container to be quick and clean and further eliminate paint
      contamination and lessen the danger of spills during painting. The
      pressure closure member 16 protects the laminate seal until the painting
      operation and is designed to accommodate stacking of the containers prior
      to sale or subsequently during storage. Once the paint has been partially
      used, the closure cap 16 may be snapped in place to reclose the container
      and the paint may be effectively stored for future use.
PAR  The subject paint container disclosed herein is especially suited for latex
      enamels, since it has been found that the polypropolene material is
      compatible with latex enamel paints.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that various modifications may be made. The appended
      claims, therefore, are intended to define the true scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A container means for paints comprising:
PA1  an optically clear plastic cup-like container;
PA1  a multi-laminate seal secured to the top of said cup-like container, said
      seal comprising a first film, a second film continuously joined to said
      first film, and a third film continuously joined to said second film, said
      third film forming the outer layer of said seal, said first film and said
      second film being placed in tension during application to said cup-like
      container, said third film being applied in a relaxed state to said second
      film whereby when said multi-laminate seal is slit, said seal will flex
      inwardly when a brush is inserted therethrough and will return to its
      original plane when said brush is withdrawn thereby enabling the
      maintenance of a moisture saturated condition of air above paint contained
      within said plastic cup-like container; and
PA1  a top closure member readily attachable and detachable to said cup-like
      container to provide a further means for protecting container contents.
NUM  2.
PAR  2. The container means of claim 1 when said multi-laminate seal comprises:
PA1  a first film of polypropolene;
PA1  a second film of mylar; and
PA1  a third film of fiber paper.
NUM  3.
PAR  3. The container means of claim 1 wherein the multi-laminate seal is
      heat-sealed to said cup-like container.
NUM  4.
PAR  4. The container means of claim 1 wherein said cup-like container comprises
      polypropolene material and further includes pigmentation of said cup-like
      container to compensate for wet-to-dry color shift of paint contained
      therein during the drying process.
NUM  5.
PAR  5. The container means of claim 1 wherein said multi-laminate seal is of
      sufficient thickness and rigidity to provide stability to the cup-like
      container walls.
NUM  6.
PAR  6. The container means of claim 1 wherein said third film contains
      instructional markings to instruct a user to slit said seal.
NUM  7.
PAR  7. The container means of claim 6 wherein said instructional markings
      include a first slit line and two second slit lines disposed perpendicular
      to said first slit line.
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PAL  Two symmetrical, axially separable barrel halves of plastic material are
      provided at their confronting end faces with peripheral edge beads each
      forming a set of axially projecting teeth alternating with gaps of like
      width, the teeth of each half fitting into the gaps of the other. The free
      ends of the teeth are provided with radially extending bosses forming two
      annular crenelations separated by a substantially flat ring zone upon the
      interfitting of the teeth, this zone receiving a broad strap inserted
      between the two crenelations to hold the barrel halves together. The
      peripheral edge beads are further provided, radially inwardly of the teeth
      and gaps, with axially extending tenons and mortises or equivalent
      tongue-and-groove formations to provide a supplemental bracing effect. The
      inner strap surface may be correspondingly beveled to exert upon the free
      tooth ends an elastic biasing force urging the two barrel halves toward
      each other in the axial direction. The barrel is internally lined with a
      plastic bag.
BSUM
PAR  The present invention relates to a plastic barrel composed of two
      detachable, stackable halves. Elements for interlocking the halves,
      preferably with a container fitting tightly into the barrel, are located
      near the rim of each half. These barrels are specially suitable for
      filling in fatty or acidiferous goods.
PAR  Big-volume containers, such as barrels are relatively expensive, and this
      renders them unpractical as disposable containers, which can be discarded
      after use. Furthermore, they would create a garbage and bulk-freight
      problem. The repeated re-use of these containers often brings about
      considerable cleaning problems, especially when filling in fatty or
      acidiferous products.
PAR  Two-piece barrels are known which are composed of cup-shaped halves. These
      halves can interlock rim against rim. They are relatively easy to clean
      and can be transported in stacks. When put into use, they are connected
      with each other detachably, e.g. according to the German pat. No. 143,098
      by screwing both halves on a threaded ring, or according to the German
      pat. No. 384,473 by connecting these halves with a crown rim by means of a
      strap. These known barrels are not easy to handle and not sufficiently
      resistant to transport, i.e. to impact and fall. This makes handling
      almost impossible.
PAR  Another two-piece barrel, described in the published pat. specification No.
      1,611,911, has an undercut crown rim and hook-like border segments which
      lock behind the crown rim and are secured in position by a guard ring. The
      two pieces are identical and thus cause relatively high cost of tools and
      production. Their locking system is expensive and complicates the
      production to a large extent. Also, tolerances at the rims of the barrel
      havles are required. This makes tight interlocking difficult and sometimes
      impossible.
PAR  The general object of our invention is to provide a two-piece plastic
      barrel which can be produced cheaply, which is resistant to stresses
      developing in transport at the locking system, and whose sections can
      easily be tightly interlocked and separated. The invention also aims at
      easier storage and transportation as well as handling of the barrel,
      compared to the conventional containers of this type.
PAR  The foregoing objects are realized, in accordance with our present
      invention, by the provision of two symmetrical, axially separable barrel
      halves with confronting end faces meeting at a midplane transverse to the
      barrel axis, each of these halves being provided in the vicinity of that
      midplane with a peripheral edge bead forming a set of axially extending
      teeth alternating with gaps of substantially the same width. The teeth of
      each half overlie the edge bead of the other half and are received in the
      gaps thereof, their free ends projecting beyond the midplane and
      terminating in radially upstanding bosses which form a pair of parallel
      annular crenelations bounding a substantially flat ring zone defined by
      the interleaved teeth. A generally flat strap, inserted under tension
      between these crenelations, bears radially inwardly upon the ring zone to
      force the free ends of the teeth into firm contact with the underlying
      edge-bead areas forming the bottoms of the inter-teeth gaps.
PAR  Advantageously, pursuant to another feature of our invention, the edge
      beads are provided with axially extending bracing formations such as
      tenons and mortises, or annular grooves bridged by a set of peripherally
      spaced tongues, engaging each other across the midplane at locations
      radially inwardly from the aforementioned ring zone.
PAR  In accordance with a further feature of our invention, the areas underlying
      the free tooth ends are pitched with a radially inward slope away from the
      midplane. By providing the strap with edge portions of increased
      thickness, bearing upon these free ends, we achieve the exertion of a
      wedging effect giving rise to an axial biasing force which tends to hold
      the two barrel halves together.
DRWD
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an axial sectional view of a barrel embodying our invention;
PAR  FIG. 2 is a fragmentary perspective view of the junction of the halves of
      the barrel of FIG. 1, drawn to a larger scale;
PAR  FIG. 3 is a fragmentary end view of one of the barrel halves, drawn to the
      same scale as FIG. 2;
PAR  FIG. 4 is a fragmentary axial sectional view of a modified junction; and
PAR  FIG. 5 is a view similar to FIG. 3 but relating to the modification of FIG.
      4.
DETD
PAR  FIG. 1 shows a mainly conventional plastic barrel 10, consisting of two
      cup-shaped, slightly tapering halves 10a and 10b each provided with the
      usual bunghole 10c. In the median plane 11, transverse to the barrel axis,
      the barrel halves are fitted together with the aid of interlocking
      formations as shown in FIGS. 2 - 5.
PAR  In the embodiment of FIGS. 1 - 3, the rims of the two barrel halves 10a and
      10b are externally reinforced by peripheral edge beads 12 and 13. An
      identical number of raised locking elements or teeth 14 are formed out of
      these beads and alternate along the circumference of the barrel with gaps
      15 whose width is the same as that of the locking elements 14. Upon
      assembly of the barrel, the locking elements 14 of one half tightly fit
      into the spaces 15 separating the locking elements of the other half whose
      edge bead they axially overlap.
PAR  The free ends of locking elements 14 of each half carry raised bosses 16
      coming to rest on the edge bead of the other half.
PAR  These bosses form two parallel annular crenelations, separated by a flat
      ring zone, around the circumference of the barrel at a certain distance
      from the midplane 11. A strap 17 of rectangular cross-section is inserted
      therebetween to hold the barrel halves together.
PAR  A liner in the form of a thin and flexible plastic gag 18 is placed against
      the inner wall of the barrel halves and is locked in the bungholes 10c of
      the bottom of each half. The bag can be filled through this bunghole.
PAR  Before assembling the barrel, the bag 18 is inserted. Then the halves 10a
      and 10b are interfitted, and the locking elements 14 of barrel half 10a
      slide over the bead 13 of half 10b, the interleaved locking elements of
      half 10b sliding at the same time over bead 12 of half 10a. Then the strap
      17 is laid in between their bosses 16 and tightened to force the locking
      elements of each barrel half into firm contact with the bead of the
      opposite half.
PAR  A set of tenons 19 project axially from the end face of each barrel half
      between any two locking elements, at a lesser distance from the barrel
      axis than the locking elements 14, these tenons being slightly narrower
      than the inter-teeth gaps 15. The tenons 19 alternate in both halves with
      axially extending mortises which register with the corresponding teeth 14
      and receive the tenons of the opposite half when the barrel is assembled.
PAR  Such a supplemental fit is also achieved with the embodiment according to
      FIGS. 4 and 5. In this instance the barrel halves are provided with
      axially open annular grooves 21 at their end faces, with a number of
      peripherally spaced tongues 22 axially projecting therefrom over the
      circumference of the barrel. When the barrel halves are assembled, the
      tongues 22 of one half engage in the groove 21 of the other half. Since
      the tongues 22 are more numerous than the tenons 19 of the first
      embodiment, any damage to individual bracing elements during dead-freight
      transport has less influence upon the connection than with the arrangement
      of FIGS. 2 and 3.
PAR  The areas of beads 13 and 12 overlain by the locking elements 14 of the
      opposite barrel halves 10a and 10b are advantageously pitched, as shown at
      23 in FIG. 4, to bring about an elastic connection of the barrel halves in
      axial direction. The areas 23, forming the bottoms of the gaps 15 of both
      barrel halves, slope outwardly toward the midplane 11. A strap 24 of
      double-trapezoidal cross-section slopes similarly form the edges to the
      middle of its inner surface, increasing in thickness from the middle
      toward these edges. The locking elements 14 could be similarly beveled,
      i.e. increased in thickness toward their free ends, in order to generate
      an axially effective biasing force as more fully described below.
PAR  In FIG. 4 the strap is shown slack, i.e. untensioned. Therefore, the
      locking elements are unstressed which is necessary for an easy assembly of
      the barrel halves. When the strap is being stressed, its heavier edge
      sections increasingly press the free tooth ends against the areas 23 which
      alternately slope in opposite directions from the common plane 11. This
      brings about an elastic axial stressing of the rim zones of the two barrel
      halves toward each other.
PAR  This wedging effect entails stronger resistance to a separating force
      acting in axial direction of the barrel, and also enhances the tendency of
      the assembly to restore its closely interlocking condition after such
      deformation.
PAR  In FIG. 1 we have shown several hoops 25 formed integrally with halves 10a,
      10b on the outer wall of the barrel and projecting radially to at least
      the level of the bosses 16. The hoops 25, designed to protect the bracing
      and locking elements, are of L-shaped cross-section, facing away from
      midplane 11, and are provided with reinforcing ribs 26 situated between
      the legs of the L and the outer barrel wall.
PAR  While we have disclosed several embodiments of the present invention, it is
      to be understood that these embodiments are given by way of example only
      and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A barrel of plastic material comprising two symmetrical, axially
      separable halves with confronting end faces meeting at a midplane
      transverse to the barrel axis, each of said halves being provided in the
      vicinity of said midplane with a peripheral edge bead forming a set of
      axially extending teeth alternating with gaps of substantially like width,
      the teeth of each half overlying the edge bead of the other half and being
      received in the gaps thereof, said teeth having free ends provided beyond
      said midplane with radially upstanding bosses which form a pair of
      parallel annular crenelations bounding a substantially flat ring zone
      defined by the interleaved teeth of said halves, and a generally flat
      strap inserted under tension between said crenelations and bearing
      radially inwardly upon said ring zone, thereby forcing said free ends into
      firm contact with underlying areas of said edge beads forming the bottoms
      of said gaps, said edge beads being provided with axially extending
      bracing formations engaging each other across said midplane at locations
      radially inward from said ring zone.
NUM  2.
PAR  2. A barrel as defined in claim 1 wherein said bracing formations are
      tenons and mortises alternating along the end face of each half.
NUM  3.
PAR  3. A barrel as defined in claim 2 wherein said tenons and mortises are
      respectively aligned with the gaps and teeth of the corresponding halves.
NUM  4.
PAR  4. A barrel as defined in claim 1 wherein said bracing formations are a
      pair of annular grooves on said end faces and a set of peripherally spaced
      tongues received in both grooves.
NUM  5.
PAR  5. A barrel as defined in claim 1 wherein said underlying areas are pitched
      with a radially inward slope away from said midplane, said strap being
      provided with edge portions of increased thickness bearing upon said free
      ends for exerting upon said teeth a wedging effect giving rise to an axial
      biasing force tending to hold said halves together.
NUM  6.
PAR  6. A barrel as defined in claim 1 wherein said halves are provided with
      integral external hoops adjacent said edge beads rising at least to the
      level of said bosses.
NUM  7.
PAR  7. A barrel as defined in claim 1 wherein said hoops are of substantially
      L-shaped cross-section facing away from said midplane.
NUM  8.
PAR  8. A barrel as defined in claim 7 wherein said hoops are provided with
      reinforcing ribs between the legs of the L and the outer surfaces of said
      halves.
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ABST
PAL  A tray assembly for the delivery and service of foods, such assembly
      including base and cover sections having a plurality of opposing recesses
      for enclosing a number of dishes, cups, and other utensils needed for a
      complete meal service. Proper vertical alignment of the two sections as
      they are fitted together is facilitated by corresponding lateral
      indentations in the side walls of both parts which serve in manual guiding
      of the cover into position upon the base, and by arcuate shoulders spaced
      circumferentially about a generally central recess in one of the sections,
      such shoulders being received in a complementary channel in the other
      section. Lugs disposed within the channel are received in notches between
      the arcuate shoulders only when the cover and base sections are in precise
      rotational alignment. Should slight misalignment occur as the parts are
      being fitted together, the configuration and dimensions of the
      vessel-receiving recesses tend to re-orient the vessels without danger of
      spilling their contents.
BSUM
PAC  Background
PAR  While insulated trays have been known in the past, such assemblies have for
      the most part consisted of insulated base and cover sections designed to
      hold a single plate or dish of food (Clarke patent Des. 158,050; Barron et
      al U.S. Pat. Des. 191,124; Clarke U.S. Pat. No. 3,019,783). Insulated
      trays have also been developed to hold the dishes and utensils for a
      complete meal service, such trays being constructed so that the base
      section of one unit provides the insulated cover for another unit in the
      same stack (Innis U.S. Pat. No. 3,122,265; Bridges U.S. Pat. No.
      3,532,247). Such latter arrangement is only partially effective since it
      lacks flexibility, requiring the trays to be dispensed in a pre-set
      sequence from the top of the stack and making last-minute adjustments in
      the order of service awkward and difficult.
PAR  Co-pending co-owned application Ser. No. 213,987, filed Dec. 30, 1971, now
      U.S. Pat. No. 3,799,386, discloses an insulated serving tray with recesses
      for supporting the dishes and other utensils for a complete meal service.
      An insulated cover extends over the entire tray and its contents. While
      such an arrangement overcomes many of the shortcomings of prior
      constructions, difficulty is sometimes encountered in properly positioning
      the relatively large insulated cover upon the base or tray section,
      particularly because the cover tends to block a user's view of the tray as
      the cover is lowered into position. Should the sections be laterally
      misaligned, or should the cover be twisted or turned relative to the base
      as it is lowered, there is a danger that foods and food-containing vessels
      supported by the base will be engaged by partitions of the cover, thereby
      possibly displacing the contents of the tray and causing tipping and
      spilling of the beverage-containing vessels. While the problem might be
      reduced by enlarging the base section so that it remains visible at all
      times as the cover is lowered, such a construction would be clearly
      undesirable because of the increased size and bulk of the combination as a
      whole. Reducing the size of the cover is not an acceptable solution
      because of the main objective of providing a cover which encloses and
      insulates all of the items supported by the tray and any reduction in
      cover size would therefore compromise that objective.
PAC  SUMMARY
PAR  The present invention is concerned with an insulated tray assembly which
      overcomes or greatly reduces the aforementioned problems associated with
      prior constructions. While the insulated two-piece serving tray is
      particularly suitable for use in hospitals, nursing homes, and other
      institutions, it will be apparent from the following description that the
      assembly might also be used in other places where meals of hot and/or cold
      foods must be transported a substantial distance to the recipient, or
      where the interval of delivery is long enough to otherwise present a
      problem in maintaining the meals in serving condition.
PAR  The combination includes an insulated base or tray section having a
      plurality of recesses for supporting a number of separate dishes, cups,
      and the like. One of the recesses of the tray section is generally
      centrally located and is sized to receive the main entree dish for the
      meal service. The cover section is provided with a plurality of
      downwardly-facing recesses which complement the recesses of the tray and
      which include an enlarged centrally located recess overlying the central
      recess of the tray. One of the sections, preferably the tray section, is
      provided with a channel extending perimetrically about the central recess
      and the other section (cover) is provided with a plurality of depending
      arcuate circumferentially-spaced shoulders receivable in that channel.
      Within the channel are a plurality of integral lugs which are positioned
      and arranged to be received in the spaces between the ends of the arcuate
      shoulders as the cover and base sections are fitted together.
PAR  The planar dimensions of the cover section correspond with those of the
      base section. Despite the size of the cover and its tendency to block a
      view of the base as the cover is lowered into position, proper alignment
      of the parts is nevertheless readily achieved, partly because of vertical
      recesses or indentations formed in the opposite side walls of the
      respective sections. Such indentations register with each other when the
      two sections are vertically aligned. The indentations are of a width
      sufficient to accommodate fingers of a user's hand and, in general, such
      width approximates the width of an adult hand. Thus, the indented portions
      of the respective sections constitute guide means for manually guiding the
      cover into proper position upon the base. Since such guiding action is
      accomplished largely by touch rather than by sight, the fact that a user's
      view of the base section may be obstructed by the cover as it is being
      lowered does not reduce the ease with which the parts may be properly
      fitted together.
PAR  Positive alignment occurs when the cover has been lowered to the point
      where the arcuate ribs or shoulders of the cover section enter the
      circumferential channel of the base section. The interfit between the
      shoulders and channel insure that the dome-shaped central recess of the
      cover is directly over the circular central recess of the base. Precise
      rotational alignment occurs as the lugs within the channel are received in
      the spaces between the ends of the arcuate shoulders.
PAR  The interfitting channel, shoulders and lugs also serve the important
      function of maintaining the sections in proper relation and preventing
      inadvertent lateral or rotational displacement of the cover during
      transport of the assembly. If such relative movement of the cover were
      possible, then it is believed apparent that beverage containers supported
      by the tray might easily become tipped and, in general, the contents of
      the respective recesses might be spilled or intermixed. The interlocking
      relation of the shoulders, lugs, and channel eliminates or at least
      greatly reduces that danger and, of particular significance, does so
      without the need for overlapping flanges extending about the full
      perimeter of the tray and/or cover. Thus, when viewed in plan, the tray
      and cover are of essentially the same dimensions and the tray section has
      a flat smooth upper surface except, of course, for the dish and utensil
      receiving recesses provided therein.
PAR  Other advantages and objects of the invention will become apparent as the
      specification proceeds.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of a covered serving tray embodying the
      present invention, the structure being illustrated as the cover is being
      lowered in place upon the tray.
PAR  FIG. 2 is a bottom view of the cover section illustrating the recesses or
      cavities therein.
PAR  FIG. 3 is a top plan view of the base or tray section.
PAR  FIG. 4 is an exploded perspective view illustrating the assembly and
      showing certain representative dishes and other vessels adapted to be
      received therein.
PAR  FIG. 5 is a sectional side view taken along line 5--5 of FIG. 3 and showing
      the parts in slightly separated condition.
PAR  FIG. 6 is an enlarged fragmentary perspective view showing the channel,
      shoulders and lug when the base and cover sections are spaced slightly
      apart but in general vertical alignment.
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 3, the view being
      similar to FIG. 5 except that the cover and base sections are shown in
      fully interfitted relation.
PAR  FIG. 8 is an enlarged detail view of the structure encircled in FIG. 7.
DETD
PAC  DESCRIPTION
PAR  Referring to the drawings, numeral 10 generally designates a covered tray
      assembly which includes a tray or base section 11 and a top or cover
      section 12. Each section is composed of a plastic shell filled with a
      suitable insulating material, preferably a rigid plastic foam. For clarity
      of illustration, the space within each shell is shown to be empty in FIGS.
      5-7; however, it is to be understood that polyurethane foam or some other
      suitable insulating material would be injected or incorporated in each
      shell in the finished product. The shells of the respective sections may
      be formed of polystyrene, polycarbonate, or any other suitable plastic
      material capable of withstanding heat, cold, and the various chemical
      agents found in foods and in the cleaning of food-handling equipment.
PAR  The base or tray section 11 includes bottom wall 11a, front wall 11b, rear
      wall 11c, side walls 11d, and top wall 11e. All of the walls may be
      integrally formed by suitable molding techniques known in the art or, if
      desired, certain of the walls may be formed separately and thereafter
      joined or fused with the remaining structure to form the complete base
      shell shown in the drawings. Similarly, cover section 12 comprises a
      bottom wall 12a, front wall 12b, rear wall 12c, side walls 12d, and top
      wall 12e. The two sections are of substantially the same planar
      dimensions, as clearly illustrated in FIGS. 2, 3, and 7 and, when viewed
      in plan, are generally rectangular in appearance. In the preferred form
      illustrated, the elongated front and rear walls of the respective sections
      have a slight curvature, as do the side walls, so that the entire assembly
      is slightly arcuate or fan-shaped (FIG. 1). It is to be understood,
      however, that if desired each of the components may be precisely
      rectangular in configuration or, alternatively, may have even greater
      curvature.
PAR  Because of the complex configuration, the top wall 11e of the tray may be
      regarded as an essentially planar body portion having deformations which
      define a plurality of upwardly-opening recesses for receiving dishes,
      cups, and the like. One such arrangement of recesses 13-20 is illustrated
      in the drawings; however, such arrangement may be varied considerably
      depending on the type of food service for which the tray is to be
      utilized. In the illustration given, recesses or cavities 14, 15, 17 and
      18 are shaped to receive a relatively small dish of standardized
      dimensions, such dish being generally designated by the numeral 21 in FIG.
      4 and also being shown with a removable cover 22. Corner recesses 13 and
      16 are designed to receive beverage servers of any of a variety of types,
      two forms 23 and 24 being represented in FIG. 4. It is to be noted that
      the bottom surface 13a and 16a of each cavity 13 and 16 is smooth and
      flat, and that each cavity has lateral dimensions considerably larger than
      the vessel to be supported therein (FIG. 5). Thus, the liquid-carrying
      vessel, whether it be a cup, tumbler, pitcher, or bowl, is supported on
      the flat surface (such as surface 26a) so that a limited amount of lateral
      sliding movement of the vessel within the cavity (such as recess 16) is
      possible.
PAR  Recess 19 is dimensioned to hold items such as flatware, napkins, menu
      cards, and the like. It will be recognized that the tray as illustrated is
      suitable for the service of meals of various types and that the contents
      or utilization of each recess will vary considerably depending on the
      particular meal service involved.
PAR  The main recess 20 is generally circular in configuration and, as shown
      most clearly in FIGS. 3 and 4, is centrally located, spaced substantially
      equidistant from the side walls 11d of the tray. The main recess or cavity
      has a generally flat bottom surface 20a and an upwardly sloping side wall
      20b for receiving and supporting an entree plate or dish 25 (FIG. 4) which
      may be formed either of china or other rigid material capable of
      withstanding repeated use, or of thin plastic or paper suitable for
      destruction by incineration, or by some other suitable process, after a
      single use.
PAR  Recess 20 is surrounded by a perimetric channel as shown most clearly in
      FIGS. 4, 5, and 6. The channel is generally circular in outline and is
      U-shaped in cross sectional configuration, as defined by spaced side walls
      21a bridged by an arcuate bottom wall 21b (FIG. 6). The upper limits of
      the channel lie in substantially the same plane as the top surface 11e of
      the tray.
PAR  The bottom 12a of cover section 12 is similarly of complex configuration
      and may be regarded as a generally planar body portion having a plurality
      of upwardly extending (and downwardly opening) recesses 26-33 positioned
      and arranged so that when the parts are assembled cover recesses 26-33
      overlie and complement the corresponding recesses 13-20 of the base. Thus,
      cover recesses 26 and 29 are disposed directly above corner recesses 13
      and 16, respectively, when the cover is in place upon the tray or base. It
      will be noted that the corner recesses 26 and 29 of the cover have
      transverse dimensions at their open lower ends which correspond closely to
      the transverse dimensions of the tray recesses directly therebelow but
      that the side walls 26a and 29a of those cover recesses slope upwardly and
      inwardly at an angle measured from the vertical within the range of
      approximately 5.degree. to 20.degree., the preferred range being 8.degree.
      to 10.degree.. The main central recess 33 of the cover is of dome-shaped
      configuration with the lower peripheral limits of the dome disposed within
      the outermost limits of base recess 20 so that condensation forming on the
      dome from moisture-laden vapors rising from hot food supported by the
      entree plate will be returned to the plate to maintain the food in moist
      and flavorful condition.
PAR  Surrounding the dome-shaped central recess 33 of the cover are a plurality
      of arcuate shoulders or ribs 34, such ribs projecting downwardly a limited
      distance from the planar undersurface 12a of the cover and being
      positioned and arranged to fit within the circumferential channel 21 of
      the base. As clearly illustrated in FIGS. 2, 4 and 6, the ends of the
      shoulders or ribs are circumferentially spaced to define notches or
      openings 35 therebetween. Such notches are dimensioned and arranged to
      receive a plurality of circumferentially-spaced lugs 36 formed in base
      section 11 and projecting radially inwardly into channel 21. It will be
      noted that the lug portions do not completely span or traverse the
      channel, with the result that condensate which does collect in the channel
      will tend to be equally distributed throughout the channel to assist in
      forming a moisture or liquid seal between the nested parts.
PAR  Referring to FIGS. 1 and 4, it will be seen that the side walls 11d and 12d
      of the tray and cover sections are provided with inwardly and vertically
      extending indentations 37 and 38, respectively. The indentations extend
      the full height of each wall and are of a width approximating, or slightly
      greater than, the width of an average adult hand. In general, the width of
      each recess should fall within the range of 3 to 5 inches, the optimum
      width being approximately 4 inches. Of particular importance is the fact
      that the cover and base indentations on each side of the assembly are
      disposed in vertical alignment when the cover is in place on the base. As
      shown in FIG. 1, the combined height of the tray and cover sections is
      substantially less than the span of an average adult hand.
PAR  The vertically-alignable side indentations serve as a guide means for use
      in manually guiding the cover section into position upon the base. The
      indentations serve as handles for receiving a user's hands in the manner
      generally indicated in FIG. 1 and, through tactile perception, the user
      may readily guide the cover into lowered position even when view of the
      base section is blocked. Since the width of the indentations corresponds
      generally to the width of the user's hands (as measured across four
      fingers excluding the thumb), a user may readily detect by feel, and
      without visual observation, when the indentations of the cover and base
      are in direct vertical alignment.
PAR  As the cover is thus lowered into position, the arcuate ribs or shoulders
      34 enter channel 21, thereby insuring precise vertical alignment of the
      parts. Lugs 36 will not enter notches 35 unless the cover and base are
      also in precise rotational alignment; thus, the lugs, shoulders, and
      channel all cooperate to insure that the parts nest properly together.
PAR  During transport and handling, it is possible that lateral forces may be
      exerted upon the cover (or the base) which would tend to shift the parts
      out of vertical alignment, or rotational alignment (about an axis
      extending vertically through central recesses 20 and 33) if it were not
      for the interlocking relation between the arcuate shoulders, lugs, and
      channel. To displace the cover laterally, or to rotate it relative to the
      base, it must first be lifted a distance sufficient to withdraw the
      arcuate shoulders from the channel and, since such a sequence or
      combination of forces would not be expected to occur by accident or
      through inadvertence during normal handling of the covered tray assembly,
      the danger of spilling or intermixing the contents of the tray through
      accidental displacement of the cover during normal handling is virtually
      non-existent. Such advantages are achieved while at the same time
      providing a tray having smooth planar top surfaces adjoining each of its
      upstanding outer walls.
PAR  Should the cover be slightly out of alignment with the base as it is being
      lowered into position, engagement between the sloping side walls 26a or
      29a of cover recesses 26 and 29 with the fluid-containing vessel 23 or 24
      supported by the base has the effect of camming or urging such a vessel
      laterally upon the flat smooth surfaces 13a or 16a. In other words, the
      vessels are urged laterally by the sloping surfaces of the cover rather
      than being urged into a tipped condition which might cause their contents
      to spill.
PAR  While in the foregoing an embodiment of the invention has been disclosed in
      considerable detail for purposes of illustration, it will be understood by
      those skilled in the art that many of these details may be varied without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A food server combination comprising separable tray and cover sections;
      said tray and cover sections each having planar body portions and having
      front, rear, and side walls; said planar body portion of said tray section
      having a plurality of upwardly-opening recesses for receiving dishes,
      cups, and the like; one of said recesses being generally centrally
      disposed intermediate the side walls of said tray section; said planar
      body portion of said cover section having a plurality of
      downwardly-opening recesses complementing the recesses of said tray
      section and including a generally central recess overlying the central
      recess of said tray section; one of said sections providing a channel
      extending perimetrically about the central recess thereof and the other of
      said sections providing a plurality of arcuate circumferentially-spaced
      shoulders received within said channel; said one section also including a
      plurality of lug portions in said channel received in the spaces between
      said circumferentially-spaced shoulders and engagable with the ends of
      said shoulders for locking said cover and tray sections against relative
      rotation in planes parallel with said planar body portions.
NUM  2.
PAR  2. The combination of claim 1 in which said shoulders are provided by said
      cover section and said channel is provided by said tray section.
NUM  3.
PAR  3. The combination of claim 2 in which said shoulders extend downwardly a
      substantial distance below the remainder of said cover section and are
      adapted to be received within said channel as said sections are fitted
      together and before other parts of said sections contact each other.
NUM  4.
PAR  4. The combination of claim 1 in which said channel is generally circular
      in outline.
NUM  5.
PAR  5. The combination of claim 1 in which the outer surfaces of said side
      walls of said tray and cover sections have inwardly and vertically
      extending indentations; said indentations of the respective sections being
      in vertical alignment and extending the full height of each section.
NUM  6.
PAR  6. The combination of claim 5 in which each indentation has a width falling
      within the range of approximately 3 to 5 inches.
NUM  7.
PAR  7. The combination of claim 1 in which a second of said recesses of said
      tray section is adapted to receive a beverage vessel; said second recess
      having a flat smooth bottom surface; said cover section also having a
      corresponding second recess overlying the second recess of said tray
      section; said second cover recess having an upwardly and inwardly sloping
      side wall engagable with a beverage vessel for urging the same laterally
      upon said smooth flat surface as said tray and cover sections are fitted
      together.
NUM  8.
PAR  8. The combination of claim 7 in which said combination includes a beverage
      vessel having a bottom slidably supported upon said smooth bottom surface
      and having a upper portion engagable with said upwardly and inwardly
      sloping side wall.
NUM  9.
PAR  9. The combination of claim 7 in which said upwardly and inwardly sloping
      side wall has an inclination within the range of approximately 5.degree.
      to 20.degree. measured from the vertical.
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ABST
PAL  A tank of relatively thin wall construction, and which is provided with a
      plurality of exterior reinforcing vertical and horizontal rib members, and
      in which the tank itself is of a generally rectangular shape in cross
      section, having a flat bottom, an upwardly arched roof, and inwardly
      arched side walls, the ribs extending completely around the tank at spaced
      intervals along its length, and being arranged in such a manner that the
      hydrostatic pressures developed in the tank will be resisted by bending
      stresses in the vertical ribs, and tensile stresses in the horizontal
      ribs, and in which provision is made for lengthwise expansion and
      contraction of the tank.
BSUM
PAR  The invention relates to a large volume processing tank of thin wall
      construction designed to withstand substantial hydrostatic pressures.
PAC  BACKGROUND OF THE INVENTION
PAR  Processing tanks of large volume, typically containing anywhere from 30,000
      to 100,000 gallons of liquid are required in many different fields. Such
      tanks are of special interest in connection with the brewing of beer, and
      the distilling of liquor, but are also of interest in many other fields.
      In the particular case of the beer and liquor industry however, such tanks
      must be manufactured of stainless steel, and accordingly require to be
      manufactured of relatively thin gauge stainless steel to keep the expense
      within a reasonable limitation. Clearly, such thin walled material will be
      unable to withstand the hydrostatic pressures imposed by such large
      volumes of liquid. Accordingly, it is the common practice to provide such
      thin walled tanks in various shapes, with reinforcing ribs around the
      exterior. In addition, tanks of this kind are required to be cooled so as
      to control the processing temperature. Cooling jackets are therefore
      mounted on the exterior of the tank for this purpose.
PAR  Tanks of this kind, are usually of considerable length, and must usually be
      cleaned and sterilized between each usage. Cleaning and sterilization are
      commonly carried out with liberated steam. As a result, the tanks are
      subjected to substantial elevated temperatures, and consequently they are
      liable to extend and contract to a relatively substantial extent during
      use. For example, a stainless steel tank fifty feet in length might extend
      and contract by a distance of about one half to three quarters of an inch
      during such a cleaning operation, and the stresses developed by such
      expansion and contraction must in some way be relieved in order to prevent
      damage to the structure.
PAR  Clearly, it would be possible to construct a tank having a cylindrical
      cross section which would withstand all of the hydrostatic pressures
      developed, and would perform in a satisfactory manner. However, the
      requirements of the beer and liquor industry call for processing tanks
      having a flat bottom, and tanks of this shape are required in many other
      fields. Flat bottomed tanks of this capacity will therefore require very
      substantial reinforcement in order to withstand the stresses imposed upon
      them, and many such systems of reinforcement have been proposed. However,
      they have generally speaking, been unsatisfactory. When filled with water,
      substantial stresses were developed in the side walls, tending to bend
      them outwardly and the roof was then liable to cave in. Reinforcing
      against such stresses, particularly in the roof, is difficult since the
      roof, when stressed will tend to cave in between the reinforcing ribs.
PAR  In almost all such systems the stresses imposed upon the reinforcement
      around the tank were bending stresses, and as is well known, any element
      can more efficiently resist axial tensile loads than loads causing
      bending.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention therefore seeks to provide a processing tank of the general
      type described in which the tank itself is of relatively thin wall
      construction, and which is provided with a plurality of exterior
      reinforcing rib members, and in which the tank itself is of a generally
      rectangular shape in cross section, having a flat bottom, an upwardly
      arched roof, and inwardly arched side walls, the ribs extending completely
      around the tank at spaced intervals along its length, and being arranged
      in such a manner that the hydrostatic pressures developed in the tank will
      be resisted by loading the vertical ribs in bending and the horizontal top
      and bottom ribs in axial tension. The top rib is curved or arched to
      follow the line of the top wall of the tank, but is arranged to function
      as a tie rod by ensuring that the line of action of the axial forces on
      such top rib does not intersect the inside radius of the rib. In addition
      provision is made for lengthwise expansion and contraction of the tank.
PAR  More particularly, it is an objective of the invention to provide a tank
      having the foregoing advantages which incorporates cooling jacket means
      along at least a part of either side of the tank.
PAR  More particularly, it is an objective of the invention to provide a tank
      with the foregoing advantages incorporating cooling jacket means and
      reinforcing means around the cooling jacket means along the length of the
      tank, said reinforcing means being discontinuous whereby to permit
      expansion and contraction of the tank.
PAR  More particularly, it is an objective of the invention to provide a tank
      having the foregoing advantages in which the weight of the tank is
      supported on a plurality of transverse beam members arranged width-wise of
      the tank. Without any longitudinal beam members being tied thereto,
      thereby permitting the tank to expand and contract lengthwise during use.
PAR  The foregoing and other objectives of the invention will become apparent
      from the following description of a preferred embodiment which is given
      here with reference to the following drawings, by way of example only.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustration of a tank according to the invention
      partly cut away;
PAR  FIG. 2 is a side elevational view of the tank in FIG. 1 partially cut away;
PAR  FIG. 3 is a perspective illustration of a portion of a side wall cut away
      to show the cooling jacket construction, and,
PAR  FIG. 4 is a section along the line 4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 2, 3 and 4, a fermenting tank specifically
      designed for use in the brewing of beer will be seen to comprise a top
      wall 10, side walls 12 and a bottom 14. The top, side and bottom walls are
      all made of relatively thin sheets of stainless steel material, to ensure
      cleanliness of the interior of the tank, and to facilitate cleaning.
PAR  Front and back end walls 16 and 18 are formed of somewhat thicker stainless
      steel material shaped so as to match the top and side walls and the
      bottom, in a manner to be described below. The bottom 14 of the tank is
      supported on a plurality of transverse beams 20 which extend from side to
      side of the tank as shown. In practice, such beams 20 may themselves rest
      on two or more longitudinal rails, but would not in normal use be attached
      to such support rails. Such support rails are shown at R, and require no
      explanation. On either side of the side walls 12, lower and upper cooling
      jackets 22 and 24 are provided with inlet and outlet connections 25 and 26
      at the front end of the tank and connected by any suitable return
      connection means (not shown) at the rear end of the tank, whereby the
      cooling liquid may be flowed from the lower jacket 22 and returned through
      the upper jacket 24.
PAR  A layer of insulating material such as expanded polystyrene insulating
      material or the like shown as 27 is placed over the cooling jackets 22 and
      24. Around the exterior of the insulating layer 27, there are provided a
      plurality of exterior reinforcing plates. These plates comprise a central
      plate 28, and further plates 30, 32 and 34 arranged respectively in
      sequence towards each end of the tank. The plates are provided with
      interfitting tongue and notch portions 36 and 38, which simply interfit
      with one another, but are not interconnected in any way. The plates are
      supported on the tank by means of a series of studs 40 welded to the tank
      wall between the lower and upper cooling jackets 22 and 24.
PAR  In this way, the tendency for the tank walls to collapse inwardly or
      implode, when the tank is subjected to any reduced pressure is thereby
      resisted. At the same time, the plates 28, 30, 32, 34, do not provide any
      significant resistance to lengthwise expansion and contraction of the tank
      since the plates are not interconnected with one another, and in fact
      define a contraction space between each of the plates whereby if the tank
      should contract due to some unusually low temperature the plates will not
      impose any resistance, and will not stress the tank.
PAR  In order to assist in providing sufficient resistance to the hydrostatic
      pressures developed in the tank, the tank side walls 12 are bowed or
      curved inwardly along the length of the tank, and are provided with
      rounded corners 42, where they meet the flat bottom wall 14, and to
      provide greater strength.
PAR  The tank top wall 10 is formed in a shallow arch ie. an upward, or outward
      curvature so as to ensure that droplets of water or cleaning fluid will
      flow away from the top wall. If the top wall of the tank is made flat,
      then moisture will tend to cling to the surface, and it will be extremely
      difficult to clean it satisfactorily. Again, the junction or corners 44
      between the side walls 12 and the top wall 10 are rounded or curved
      outwardly to provide greater strength.
PAR  In order to brace and reinforce the entire tank and to prevent the tank
      side walls 12 from bowing outwardly under the hydrostatic pressures
      developed when the tank is full, a series of side bracing or reinforcing
      ribs 46 are arranged at spaced intervals along each of the side walls 12,
      and a further series of upper bracing arches 48 are arranged at spaced
      intervals along the top wall 10 of the tank. The ribs 46 and arches 48
      meet at the enlarged corner portions 50. The lower ends of the side ribs
      46 are securely fastened to respective transverse beams 20, thereby
      completely encircling the tank.
PAR  In one form of the invention, the transverse beams 20 may in fact be
      composite structures formed of two channel shaped beams 20a and 20b
      fastened back to back to form a typical I section. The lower ends of the
      ribs 46 may simply be fitted between the two channels 20a and 20b and
      fastened by welding or bolting.
PAR  Further additional support for the curving corner 42 between the bottom
      wall 14 and the side wall 12 is provided in the form of additional
      reinforcing gusset plates 52 extending upwardly from the beams 20.
PAR  Referring once again to the side ribs 46 extending up the side walls 12, it
      will be noted that the ribs 46 are formed with an inner profile 54 which
      curves inwardly to match the concave inward curvature of the side walls
      12. It is preferably notched at 56 so as to fit snugly around the exterior
      of the reinforcing plates 28-30-32-34. Thus the ribs 46 are at their
      widest in about the mid portion thereof, and are at their narrowest at
      either end.
PAR  The arches 48 are also given a curvature to precisely match the convex
      outward curvature of the top wall 10.
PAR  The ribs 46 and the arches 48 are made sufficiently wide throughout their
      length that straight lines drawn vertically through the ribs 46 and
      horizontally through the arches 48 will not intersect any portion of the
      side walls 12 or top wall 10, and such straight lines will intersect
      within the enlarged corner portions 50. In this way, the stresses
      developed in the side walls 12, tending to bow them outwardly will set up
      bending stresses in the ribs 46 which in turn will set up tensile stresses
      in the arches 48, thereby making the most efficient use of such ribs and
      arches.
PAR  It will thus be understood that while the arches 48 are of arcuate shape,
      they perform in fact as tie rods when subjected to such tensile stresses,
      due to the bending moments of the side ribs 46. This result is achieved by
      ensuring that a straight line drawn through the arch section does not
      intersect inside radius of the arch.
PAR  The ribs 46 and arches 48 are welded directly to the side walls 12 and top
      wall 10 and may therefore be subject to extention and contraction as and
      when the tanks is heated and cooled. Such expansion and contraction will
      tend to cause the ribs 46 and arches 48, and beams 20 to move slightly
      apart from one another, and unless such expansion and contraction is
      permitted to take place relatively freely severe stresses will be built up
      which may damage the tank.
PAR  Accordingly, where the ribs 46 overlie the mid portions of the plates 28,
      30, 32 and 34 they may be welded to the exterior of such plates. However,
      where the alternate ribs 46 overlie the tongues 36, the ribs should not be
      welded at all to either of the adjoining plates. By leaving this area of
      the ribs 46 free of any welding or fastening to the plates 28, 30, 32 and
      24, a sliding action can take place which will permit such expansion and
      contraction without damage.
PAR  Also, since the beams 20 are not tied to the rails R, the beams 20 may
      slide therealong to accommodate such movement.
PAR  In order to provide certain additional support at the ends of the tank,
      additional horizontal reinforcing ribs 58 may be provided which extend
      right around the front and back ends 14 and 16, and are welded directly to
      the end most adjoining ribs 46 as shown.
PAR  In this way, by providing the inwardly bowed side walls, and upwardly
      arched top wall, and the ribs and arches providing the full tensile stress
      of the metal available for resistance to the hydrostatic tank pressures,
      an extremely rugged and reliable tank is provided which may be
      manufactured relatively economically of thin, relatively light gauge sheet
      stainless steel material, up to very substantial tank capacities. In
      addition, provision is made for expansion and contraction in a most
      advantageous manner without setting up undue stresses in the tank as a
      result.
PAR  The various factors inherent the tank of the present invention interact
      with one another in an unusually favourable manner, to produce various
      unique advantages. For example, it is clear that the greatest hydrostatic
      pressures will be produced in the region of the lower corners 42. However,
      it will be also be appreciated that the use of a shorter radius of
      curvature in this region will produce greater strength, than the longer
      radius of curvature for example in the side walls 12 themselves. Thus the
      relatively thin sheet metal, in the region of the corners 42, is
      inherently stronger. In addition, however the use of the gusset plates 52
      which, in the case of the embodiment as shown in FIG. 1, are located at
      more frequent intervals than the actual ribs 46, provides added strength
      in an economical yet highly efficient manner.
PAR  Such gusset plates also provide added reinforcement for the side ribs 46,
      which are at their thinnest, where they extend around the corners 42.
PAR  In addition, the shaping of the side ribs 46, provides the maximum width at
      the centre point, which requires the greatest strength, since it is
      furthest from each of the ends of the side ribs 46.
PAR  Since the side walls 12 of the tank are completely supported by the ribs
      46, they cannot bow outwardly, and accordingly there are no stresses
      imposed on the top wall 10 of the tank which would otherwise tend to cause
      it to bow inwardly. The outward bowing of the side walls of the tank is
      substantially completely prevented by the tie rod effect of the horizontal
      arches 48.
PAR  Additional support for the lower portions of the side walls 12, where the
      hydrostatic pressures are at their greatest, is provided through the means
      of the reinforcing plates 28-30-32-34, and the dimple sheet jackets 22 and
      24.
PAR  It will be appreciated that the shaping of the top wall 10 is mainly
      dependant on the design requirements of the end user. The brewery and
      distillery trade require an upwardly curved top wall to facillitate
      cleaning of the tank interior. However, it is possible that other users
      would not have this requirement in which case the wall curvature could be
      varied, or it could even be flat, the principal requirement being that the
      horizontal, or top braces or rib should be stressed in tension and
      function as tie rods.
PAR  For this purpose the width of the top braces, where the top is curved, must
      be sufficient to permit straight lines extending along the side braces and
      top brace to intersect one another within the fabric of the upper corners,
      and without intersecting their respective side and top walls.
PAR  It will further be appreciated that the provision of the cooling jackets is
      optional, depending upon the end use. The jackets may also be heating
      jackets, or they may be unnecessary, in which case the reinforcing plates
      are also unnecessary.
PAR  Different forms of tank access means may be provided, the details being
      irrelevant for the purpose of the invention.
PAR  The foregoing is a description of a preferred embodiment of the invention
      which is given here by way of example only. The invention is not to be
      taken as limited to any of the specific features as described but
      comprehends all such variations as come within the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tank for flowable material such as fluids, liquid, semi-liquid
      materials and the like creating substantial hydro-static pressures
      therein, said tank comprising;
PA1  a bottom wall, opposite side walls extending upwardly therefrom and a top
      wall and two end walls defining an elongated enclosed chamber;
PA1  means supporting said bottom wall at spaced intervals and extending from
      side to side thereof;
PA1  side support braces extending upwardly along the exterior of said side
      walls and having upper and lower ends;
PA1  top support braces extending across the exterior of said top wall from side
      to side thereof;
PA1  lower corners joining the lower ends of said side support braces with at
      least some of said bottom wall supporting means;
PA1  upper corners joining the upper ends of said side support braces with
      respective ends of said top support braces;
PA1  said side walls being characterized by a shape which is inwardly curved
      along the length of said tank, and said side support braces being shaped
      to follow the inwardly curved shape thereof, and wherein a straight line
      passing through a said side support brace and a straight line passing
      through its respective top support brace intersect one another at right
      angles at a point lying within the respective said upper corner joining
      said side brace and top brace, and wherein no such straight lines
      intersect said side walls or said top wall of said tank.
NUM  2.
PAR  2. A tank as claimed in claim 1 wherein said top wall has a shape which is
      outwardly curved along the length of said tank, and wherein the junctions
      between the respective side walls and top wall are formed in an outwardly
      curved shape along the length of the tank.
NUM  3.
PAR  3. A tank as claimed in claim 2 wherein the top support braces are shaped
      to conform to the outwardly curved shape of said top wall.
NUM  4.
PAR  4. A tank as claimed in claim 3 including corner support braces extending
      aroung the outwardly curved shape of the junction between the bottom wall
      and the two side walls, intermediate the side support braces.
NUM  5.
PAR  5. A tank as claimed in claim 4 including additional said corner support
      braces attached to said side support braces.
NUM  6.
PAR  6. A tank as claimed in claim 3 wherein said upper corners joining a said
      top brace and its respective side braces extend outwardly from said tank
      sufficient distance to permit the intersection of said straight lines
      within said corners.
NUM  7.
PAR  7. A tank as claimed in claim 1 wherein the side braces have inner and
      outer edges, the inner edges being curved, to follow the inwardly curved
      shape of the side walls, and the outer edges of said side braces being
      straight.
NUM  8.
PAR  8. A tank as claimed in claim 1 including end wall brace means for
      strengthening the same, and access opening means in at least one said end
      wall.
NUM  9.
PAR  9. A storage tank as claimed in claim 1 including heat exchanger jacket
      means extending along each side wall, and reinforcing plate means around
      said jacket means, said plate means being discontinuous to allow for
      expansion and contraction of said tank.
NUM  10.
PAR  10. A storage tank as claimed in claim 9 wherein the reinforcing plate
      means incorporate adjacent overlapping interfitting sections, free of
      connection with one another, and supported from the exterior by at least
      some of said side support braces.
NUM  11.
PAR  11. A tank as claimed in claim 1 including reinforcing plate means attached
      to the exterior of said side walls extending along the lower portions
      thereof, said plate means being discontinuous to allow for lengthwise
      expansion and contraction of said tank, and being inwardly curved to
      follow the contour of said side walls.
NUM  12.
PAR  12. A tank as claimed in claim 11 wherein said reinforcing plate means
      incorporate adjacent overlapping interfitting sections, free of connection
      with one another, and supported from the exterior by at least some of said
      support braces.
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ABST
PAL  A cover is mounted in a leakproof manner over the open mouth of a drinking
      container. An opening is formed through the cover in the area of the
      circumference of the cover. A closure member is slidably mounted on the
      cover for movement over the opening whereby the container is rendered
      spill-proof and for movement to a position free from the opening whereby a
      user may pour and drink liquid in the container through the opening in the
      cup.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a spill-proof drinking container.
PAR  Objects of the invention are to provide a spill-proof drinking container of
      simple structure, which is inexpensive in manufacture, and functions
      efficiently, effectively and reliably to prevent liquid in the container
      from spilling under any conditions such as, for example, carrying or
      attempting to drink or pour liquid from the container in a moving vehicle
      or vessel.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a perspective view of an embodiment of the spill-proof drinking
      container of the invention;
PAR  FIG. 2 is a sectional view of a corner of the embodiment of FIG. 1;
PAR  FIG. 3 is a view, taken along the lines III--III, of FIG. 1; and
PAR  FIG. 4 is a cross-sectional view, on an enlarged scale, taken along the
      lines IV--IV, of FIG. 3.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The spill-proof drinking container of the invention comprises a cover 1
      mounted in a substantially leakproof manner over the open mouth 2 (FIG. 2)
      of a drinking container 3 (FIGS. 1, 2 and 3). The cover 1 has an opening 4
      (FIGS. 1 to 3) formed therethrough in the area of the circumference 5
      (FIGS. 1 to 3) of the cover.
PAR  A closure member 6 (FIGS. 2, 3 and 4) is slidably mounted in the cover 1
      for movement over the opening, whereby the container 3 is rendered
      spill-proof, and for movement to a position free from the opening 4,
      whereby a user may pour and drink liquid in the container through the
      opening in the cover. In FIG. 2, the closure member 6 is shown in its
      position free from the opening 4 in solid lines, and in FIG. 3, said
      closure member is shown in said position in broken lines. In FIG. 2, the
      closure member 6 is shown in its position over the opening 4 in broken
      lines.
PAR  In accordance with the invention, a guide device 7, 8 is provided on the
      underside of the cover 1 for guiding the closure member 6. The closure
      member 6 is movably mounted in the guide device 7, 8, which may comprise a
      pair of spaced guide rail-type members, as shown in FIG. 3. Springs 9 and
      10 (FIGS. 3 and 4) are mounted in close proximity with the closure member
      6 in the guide device 7, 8 and abut said closure member for urging the
      closure member over the opening 4, so that the springs maintain the
      closure member over the opening and thereby maintain the container 3 in
      leakproof and spill-proof condition.
PAR  A projecting member 11 (FIGS. 2 to 4) extends from the overside of the
      closure member 6 to facilitate manual movement of the closure member in
      the guide device.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spill-proof drinking container, comprising
PA1  a cover mounted in a substantially leakproof manner over the open mouth of
      a drinking container and having an opening formed therethrough in the area
      of the circumference of the cover;
PA1  a closure member slidably mounted on the cover for movement over the
      opening whereby the container is rendered spill-proof and for movement to
      a position free from the opening whereby a user may pour and drink liquid
      in the container through the opening in the cover;
PA1  guide means on the underside of the cover for guiding the closure member,
      said closure member being movably mounted in the guide means;
PA1  a projecting member extending from the overside of the closure member to
      facilitate manual movement of the closure member in the guide means; and
PA1  compression spring means mounted in close proximity with the closure member
      in the guide means and abutting the closure member for urging the closure
      member over the opening.
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ABST
PAL  A container for relatively heavy articles such as folded newspapers
      including a receptacle defining an article receiving chamber therein with
      an open mouth thereto, a pair of handles on opposite sides thereof, and
      reinforcing means in alignment with the handles to prevent the collapse of
      the receptacle as it is lifted; and, a closure for selectively closing the
      open mouth of the container and restraining the receptacle about the open
      mouth against outward flexing movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous plastic containers are available on the market today. When
      relatively heavy loads such as a stack of folded newspapers are placed in
      these containers, however, the side walls thereof have tended to collapse.
      Further, the closures or lids provided for these containers did not
      adequately support the side walls of the containers so that the closure
      was frequently dislodged as the container was lifted and the side walls
      collapsed.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems and disadvantages associated with the prior art
      are overcome by the invention disclosed herein by providing a container
      which does not collapse as it is lifted, even when relatively heavy loads
      such as a stack of folded newspapers are carried therein. Further,
      reinforcing means is provided in the receptacle at the lifting handles to
      prevent the side walls thereof from collapsing while keeping the container
      light weight. The closure for the receptacle prevents outward flexure of
      the side wall of the receptacle about the open mouth of the article
      receiving chamber therein so that the container is further strengthened
      and the closure is not dislodged as the container is lifted.
PAR  The apparatus of the invention includes a receptacle defining an article
      receiving chamber therein with an open mouth thereto. Lifting handles are
      provided on opposite sides of the receptacle on the side wall thereof.
      Those sections of the side wall at the handles are reinforced to
      strengthen the side wall while keeping the container light weight. A
      closure is provided for engaging the side wall about the open mouth to the
      chamber to close same and prevent outward flexure of the side wall as the
      container is lifted.
PAR  These and other features and advantages of the invention disclosed herein
      will become more apparent upon consideration of the following
      specification and accompanying drawings wherein like characters of
      reference designate corresponding parts throughout the several views and
      in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating one embodiment of the invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged portion of FIG. 2 showing the closure ready for
      placement on the receptacle;
PAR  FIG. 4 is a view similar to FIG. 3 showing the closure in place on the
      receptacle;
PAR  FIG. 5 is a partial cross-sectional view taken along line 5--5 in FIG. 1;
PAR  FIG. 6 is a perspective view illustrating a second embodiment of the
      invention;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 in FIG. 6;
PAR  FIG. 8 is a partial cross-sectional view taken along line 8--8 in FIG. 6;
PAR  FIG. 9 is a partial cross-sectional view taken along line 9--9 in FIG. 7;
PAR  FIG. 10 is a cross-sectional view illustrating a third embodiment of the
      invention;
PAR  FIG. 11 is an end view of that embodiment of the invention seen in FIG. 10;
PAR  FIG. 12 is a cross-sectional view illustrating a fourth embodiment of the
      invention; and,
PAR  FIG. 13 is an end view of that embodiment of the invention seen in FIG. 12.
DETD
PAR  These figures and the following detailed description disclose specific
      embodiments of the invention, however, it is to be understood that the
      inventive concept is not limited thereto since it may be embodied in other
      forms.
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  Referring to FIGS. 1-5, a first embodiment of the container is illustrated
      and designated by the numeral 10. The container 10 comprises generally a
      receptacle 11 and a closure 12. The receptacle 11 defines an article
      receiving chamber 14 therein with an open mouth 15 thereto which can be
      selectively closed by closure 12. Lifting handles 16 are provided on
      opposite sides of receptacle 11 for use in manually lifting same.
PAR  The receptacle 11 as seen in FIGS. 2 and 5 includes an upstanding endless
      side wall 20 closed at its bottom by an integral bottom wall 21 so that
      the chamber 14 is defined within walls 20 and 21 and the open mouth 15
      thereto is defined by the upper edge of side wall 20. While different
      configurations may be used, the side wall 20 defines a rectilinear chamber
      14 therein with front wall portion 24, back wall portion 25 and end wall
      portions 26 connecting portions 24 and 25 and integral therewith. The wall
      portions 24-26 define generally vertical inside surfaces 28 and angled
      outside surfaces 29 so that each wall portion 24-26 tapers along its
      height. The thinnest section of each wall portion 24-26 is at its bottom
      and is integral with bottom wall 21 and the thickest section of each wall
      portion 24-26 is along the top edge thereof about the open mouth 15. Thus,
      it will be seen that the bottom wall 21 reinforces the bottom edges of
      wall portions 24-26 while the thicker sections of wall portions 24-26
      reinforce same about their upper edges. Therefore, collapse of the wall
      portions 24-26 is prevented when the container 10 is lifted even though a
      relatively heavy load such as folded newspapers is carried in chamber 14.
PAR  As been seen in FIGS. 2-4, each of the end wall portions 26 has handle 16
      therein centrally located across its width and adjacent the upper edge
      thereof. The handle 16 is formed by a pocket 30 in each end wall portion
      26 which forms an arcuate shoulder 31 at its upper end adapted to be
      manually engaged to lift the container 10. The pocket 30 is sized so that
      a person's hand can be inserted therein sufficiently to engage the
      shoulder 31. The thickness t of end wall portion 26 at pocket 30 is
      sufficient to maintain the strength of end wall portion 26.
PAR  A closure retaining means 40 is provided at the upper edges 41 of wall
      portions 24-26 to maintain the closure 12 in place. The retaining means 40
      as best seen in FIGS. 2-5 includes an upwardly and outwardly opening
      recess 42 formed in the wall portions 24-26 along their upper, outer
      corners. Recess 42 defines an arresting shoulder 44 along the lower edge
      thereof for engagement with closure 12 as will become more apparent. The
      inside generally vertical surfaces of recess 42 defines a pair of ridges
      45 and valleys 46 therein adapted to engage the closure 12 as will become
      more apparent.
PAR  The closure 12 as seen in FIGS. 2-5 is a generally rectilinear member with
      a central rectilinear web 50 and an endless flange 51 depending therebelow
      defining a generally rectilinear recess 52 therein of a complimentary size
      and shape to the upper edge of receptacle 11 as will become more apparent.
      The recess 52 has a depth d substantially equal to the height h of the
      recess 42 around the upper edges 41 of the side wall 20 best seen in FIG.
      3. The lower edge of flange 51 defines an abuttment 54 adapted to engage
      shoulder 44 of recess 42 as seen in FIG. 4. A pair of ridges 55 and
      valleys 56 complimentary to ridges 45 and valleys 46 on receptacle 11 are
      defined on the inside surface of flange 51 to mate with ridges 45 and
      valleys 46 as seen in FIG. 4 to maintain the closure 12 in place with
      abuttment 54 engaging shoulder 44 as seen in FIG. 4. The lower surface 58
      of central web 50 engages the upper edges 41 of wall portions 24-26 when
      the closure 12 is fully seated on receptacle 11 as seen in FIGS. 2 and 5.
      It will also be noted that flange 51 is thicker at its juncture with web
      50 than at abuttment 54 so as to reinforce flange 51. The outside surface
      59 of flange 51 forms a continuation of the outside surface 29 of wall
      portions 24-26.
PAR  The closure 12 and receptacle 11 are illustrated made out of a resilient
      material such as plastic. This allows the closure 12 to be snapped onto
      receptacle 11 by the ridges 55 and valleys 56 on closure 12 resiliently
      engaging ridges 45 and valleys 46 on receptacle 11. Once the closure 12 is
      in place, the reinforced flange 51 thereof prevents the wall portions
      24-26 from flexing outwardly and collapsing. The articles in chamber 14
      such as the folded newspapers N seen by dashed lines in FIG. 2 prevent the
      wall portions 24-26 from collapsing inwardly.
PAC  SECOND EMBODIMENT
PAR  Referring to FIGS. 6-9, a second embodiment of the container is illustrated
      and designated by the numeral 110. The same closure 12 is used with
      container 110 and has the same reference numbers applied thereto. The
      container 110 is used similarly to container 10 and includes a receptacle
      111.
PAR  Receptacle 111 defines an article receiving chamber 114 therein with an
      open mouth 115 thereto. Lifting handles 116 are provided on opposite sides
      of receptacle 111 for use in manually lifting the container 110.
PAR  The receptacle 111 as best seen in FIGS. 7-9 includes an upstanding endless
      side wall 120 closed at its bottom by an integral bottom wall 121 so that
      chamber 114 is defined within walls 120 and 121 and the open mouth 115 is
      defined by the upper edge of side wall 120. It will be noted that the side
      wall 120 and bottom wall 121 have a generally constant thickness t'. The
      side wall 120 includes a front wall portion 124, a back wall portion 125,
      and end wall portions 126 joining front and back wall portions 124 and
      125.
PAR  The front and back wall portions 124 and 125 include a generally vertically
      extending rectilinear plate 128 joined with the bottom wall 121 along
      their lower edges. An L-shaped flange 129 is provided along the upper edge
      of each of plates 128 with a generally outwardly extending horizontal leg
      130 joined to the upper end of plates 128 along their upper edges at its
      inboard edge and a generally upstanding leg 131 joined to the horizontal
      leg 130 along its outboard edge.
PAR  As seen in FIGS. 7-9, each of the end wall portions 126 include a pair of
      spaced apart, generally vertically extending subplates 140 joined by an
      offset reinforcing section 141 therebetween. The offset section 141
      includes a central web 142 which angles outwardly from subplates 140
      starting at their juncture with bottom wall 121. Central web 142 is joined
      to the inboard edges of subplates 140 by a pair of tapered, generally
      outwardly extending side webs 144. The upper edges of subplates 140 and
      offset section 141 are provided with an L-shaped flange 150 similar to
      flange 129 with a horizontal leg 151 on opposite sides of offset section
      141 and joined with the legs 130 on flanges 129. An upstanding leg 152
      extends from the outboard end of leg 151 similarly to leg 131 on flange
      129. The leg 152 extends from legs 131 to the offset section 141 as best
      seen in FIGS. 8 and 9.
PAR  Handles 116 are formed in offset section 141 as best seen in FIG. 7 and
      each handle 116 is located adjacent the upper end of section 141. The
      central web 142 curves inwardly and then outwardly as indicated at 153 to
      form a pocket 154 and a shoulder 155 at handle 116. Appropriate cutouts
      156 are formed in the side webs 144 to complete handle 116.
PAR  A closure retaining means 160 is provided along the upper edges 161 of side
      flanges 129, end flanges 150 and offset sections 141 to maintain closure
      12 in place. The retaining means 160 is best seen in FIGS. 7-9 and
      includes an upwardly and outwardly opening recess 162 formed in the upper,
      outer corners of upstanding legs 131 of flanges 129 upstanding legs 152 of
      flanges 150 and central web 142 of offset sections 141. Recess 162 defines
      an arresting shoulder 164 along the lower edge thereof similarly to
      shoulder 44 on receptacle 11. Ridges 165 and valleys 166 are formed at the
      inside edge of recess 161 to complimentarily engage ridges 55 and valleys
      56 on closure 12 to hold it in place.
PAC  THIRD EMBODIMENT
PAR  Referring to FIGS. 10 and 11, the third embodiment of the container is
      illustrated and designated generally by the number 210. The same closure
      12 is used with container 210 and has the same referenced numerals applied
      thereto. The container 210 is used similarly to container 10 and includes
      a receptacle 211.
PAR  Receptacle 211 defines an article receiving chamber 214 therein with an
      open mouth 215 thereto. Lifting handles 216 are provided on opposite sides
      of the receptacle 211 for use in manually lifting the container 210. The
      receptacle 211 as best seen in FIGS. 10 and 11 includes an upstanding
      endless side wall 220 closed at its bottom by an integral bottom wall 221
      so that chamber 214 is defined within wall 220 and 221 and the open mouth
      215 is defined by the upper edge of side wall 220. It will be noted that
      side wall 220 and bottom wall 221 have a generally constant thickness T
      and the side wall 220 includes a front wall portion 224, back wall portion
      225 and an end wall portion 226 joining front and back wall portions 224
      and 225. It will further be noted that front, back and end wall portions
      224, 226 all flare outwardly from the bottom wall 221 at a prescribed
      angle A as best seen in FIG. 10. This outwardly flaring angle A allows the
      receptacles 211 to be stacked within each other.
PAR  The front and back wall portions 224 and 225 each include a generally
      vertically extending rectilinear plate 228 joined with the bottom wall 221
      along its lower edge. A flange 229 is provided along the upper edge of
      each of the plates 228 and extends outwardly therefrom generally
      horizontally.
PAR  Each of the end wall portions 226 includes an upwardly extending
      rectilinear plate 240 provided with an outwardly generally horizontally
      oriented flange 250 similar to flange 229. One of the handles 216 is
      formed below the flange 250 and centrally located with respect to the end
      wall 226 as seen in FIG. 11. Each handle 216 is integrally joined with
      both the underside of the flange 250 and the outside of the plate 240
      which serves to reinforce the end wall 226 thereat. Each handle 216 is
      provided with a depending lip 255 at its outer end to form a pocket 254
      thereunder that allows the handle 216 to be manually grasped to lift the
      container.
PAR  A closure retaining means 260 is provided along the upper edges 261 of the
      side flanges 229 and end flanges 250 to maintain closure 12 in place. The
      retaining means 260 is best seen in FIGS. 10 and 11 and includes an
      upwardly and outwardly opening recess 262 formed in the upper outer
      corners of flanges 229 and 250 so as to define an arresting shoulder 264
      along the lower edge thereof similarly to shoulder 44 on receptacle 11.
      Ridges 265 and valleys 266 are formed on the inside edge of recess 261 to
      complimentarily engage ridges 55 and valleys 56 on closure 12 to hold it
      in place.
PAC  FOURTH EMBODIMENT
PAR  Referring to FIGS. 12 and 13, the fourth embodiment of the container is
      illustrated and designated generally by the number 310. The same closure
      12 is used with container 310 and has the same reference numerals applied
      thereto. The container 310 is used similarly to container 10 and includes
      a receptacle 311.
PAR  Receptacle 311 defines an article receiving chamber 314 therein with an
      open mouth 315 thereto. Lifting handle assemblies 316 are provided on
      opposite sides of the receptacle 311 for use in manually lifting the
      container 310. The receptacle 311 as best seen in FIGS. 12 and 13 includes
      an upstanding endless side wall 320 closed at its bottom by an integral
      bottom wall 321 so that chamber 314 is defined within wall 320 and 321 and
      the open mouth 315 is defined by the upper edge of side wall 320. It will
      be noted that side wall 320 and bottom wall 321 have a generally constant
      thickness T and the side wall 320 includes a front wall portion 324, a
      back wall portion 325 and an end wall portion 326 joining front and back
      wall portions 324 and 325. It will further be noted that front, back and
      end wall portions 324-326 all flare outwardly from the bottom wall 321 at
      a prescribed angle A as best seen in FIG. 12. This outwardly flaring angle
      A allows the receptacles 311 to be stacked within each other.
PAR  The front and back wall portions 324 and 325 each include a generally
      upwardly extending rectilinear plate 328 joined with the bottom wall 321
      along its lower edge. A flange is provided along the upper edge of each of
      the plates 328 and extends outwardly therefrom generally horizontally.
      Each of the end wall portions 326 includes an upwardly extending
      rectilinear plate 340 provided with an outwardly generally horizontally
      oriented flange 350 similar to flange 329.
PAR  One of the handle assemblies 316 is mounted below flange 350 centrally
      located with respect to the end wall 326 as seen in FIG. 13. Handle
      assembly 316 includes a bearing block 351 integrally joined with both the
      underside of flange 350 and the outside of plate 340 of end wall 326 to
      reinforce the end wall. A bushing 352 is positioned in bearing block 351
      and pivotally mounts a generally U-shaped handle 354 therein. Handle 354
      includes a central leg 355 with upstanding side legs 356 at opposite ends
      thereof. The upper ends of side legs 356 are provided with inwardly
      directed stub legs 358 that have opposed aligned reduced diameter bearing
      portions 359 pivotally received in opposite ends of bushing 352 as seen in
      FIG. 13. Thus, it will be seen that the central leg 355 is located a
      prescribed distance D.sub.n below bearing block 351 to allow section 355
      to be manually grasped and pivoted outwardly and upwardly. Laterally
      extending abuttments 360 are provided on opposite ends of bearing block
      351 and overlie the side legs 356 when they are pivoted upwardly.
      Abuttments 360 arrest the upward movement of the handle 354 so that it is
      generally horizontal to facilitate the lifting of container 310. When
      handle 354 is released, its weight causes the handle to swing back to a
      retracted, generally vertical position as shown in FIG. 12.
PAR  A closure retaining means 361 is provided along the upper edges 362 of the
      side flanges 329 and end flanges 350 to maintain closure 12 in place. The
      retaining means 361 is best seen in FIGS. 12 and 13 and includes an
      upwardly and outwardly opening recess 364 formed in the upper outer
      corners of flanges 329 and 350 so as to define an arresting shoulder 365
      along the lower edge thereof similarly to shoulder 44 on receptacle 11.
      Ridges 366 and valleys 368 are formed on the inside edge of recess 362 to
      complimentarily engage ridges 55 and valleys 56 on closure 12 to hold it
      in place.
PAR  The various embodiments of the container are made of a waterproof material
      such as plastic. The interconnection between the cover and receptacle
      provides a watertight seal so that the container may be used indoors or
      outdoors while preventing undue moisture pickup of the contents of the
      container such as newspapers. If a moldable plastic material is used, the
      cover or receptacle can be made economically in a one step molding
      process.
PAR  While specific embodiments of the invention have been disclosed herein, it
      is to be understood that full use of modifications, substitutions and
      equivalents may be made without departing from the scope of the inventive
      concept as disclosed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container comprising a receptacle defining an article receiving
      chamber therein having an open mouth thereto including a side wall
      including a front wall portion, a rear wall portion and a pair of end wall
      portions joining said front and end wall portions, a pair of handles on
      said end walls on opposite sides of said receptacle, and reinforcing means
      for strengthening said side wall in alignment with said handles to prevent
      collapse of said receptacle as it is lifted by said handles, said
      reinforcing means defining an offset section in each of said end wall
      portions and including a central web angled outwardly from said end wall
      portion and a pair of side webs joining opposite sides of said central web
      to said end wall portions; and a closure constructed and arranged to
      engage said side wall to close said open mouth of said chamber and
      restrain said side wall about said open mouth against outward movement.
NUM  2.
PAR  2. The container of claim 1 further including a reinforcing flange along
      the upper edges of said front, rear, and end wall portions.
NUM  3.
PAR  3. The container of claim 2 further including a closure constructed and
      arranged to engage said side wall to close said open mouth of said chamber
      and restrain said side wall about said open mouth against outward
      movement, said receptacle further defining a closure receiving recess
      along said reinforcing flange and retaining means at said closure
      receiving recess for maintaining said closure on said receptacle.
NUM  4.
PAR  4. The container of claim 1 further including retaining means for
      maintaining said closure in place on said receptacle.
NUM  5.
PAR  5. The container of claim 6 wherein said reinforcing means includes a
      bearing block and an abuttment integral with opposite ends of said bearing
      block, and wherein said handle includes a bushing carried by said bearing
      block and a generally U-shaped member pivotally carried by said bushing,
      said U-shaped member constructed and arranged to engage said abuttments
      upon upward and outward pivotal movement to limit such movement so that
      said member is generally horizontal.
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ABST
PAL  A pressure-vacuum cap for a chamber such as an automobile gas tank having a
      normally upwardly extending filler neck formed with a peripherally and
      radially extending, upwardly facing sealing surface concentric with the
      longitudinal axis of the neck, the cap comprising a cover, a concentric
      housing extending downwardly from the cover into the filler neck and a
      gasket or gaskets providing a seal between the housing and the sealing
      surface, the housing providing a valve body having a centrally disposed,
      concentric passageway extending axially therethrough and in communication
      with the chamber. A pressure-vacuum valve arrangement is disposed in that
      passageway for normalizing the pressure in the chamber, venting the
      chamber to atmosphere when the pressure in the chamber exceeds a
      predetermined superatmospheric level and when the pressure in the chamber
      drops below a predetermined subatmospheric level. The valve body also
      provides, in addition to the pressure-vacuum valve arrangement, a
      roll-over valve feature. Particularly, the passageway defines a downwardly
      facing, generally spherical valve seat, and a ball is disposed in the
      passageway to move against the valve seat to close the passageway against
      movement of fluid from the chamber when the filler neck is tilted
      downwardly to a predetermined angle relative to a horizontal plane.
BSUM
PAR  The present invention relates to fuel storage tank caps, and more
      particularly to the provision of a cap for an automobile fuel tank, which
      cap has valve means therein for venting the chamber to atmosphere when the
      pressure in the chamber exceeds a predetermined superatmospheric level and
      when the pressure in the chamber drops below a predetermined
      subatmospheric level and, in addition, roll-over valve means effective to
      prevent the flow of gas through the pressure-vacuum valve means if the
      automobile is rolled over in an accident. The pressure-vacuum valve means
      comprises, generally, a pair of valves which are normally closed and which
      automatically open in response to predetermined pressure changes in the
      fuel tank. One valve, the pressure valve, functions to release excess
      vapors in the tank when the pressure exceeds a predetermined level. The
      other valve, the vacuum valve, functions to control the inhalation of
      atmospheric air when the pressure in the tank drops below a predetermined
      subatmospheric level. The pressure-vacuum valve arrangement is designed
      and required for protection of the environment.
PAR  The prior art contains several examples of inventors' efforts to solve the
      problem of providing pressure-vacuum valves and even roll-over valves in
      caps of fuel tanks. U.S. Pat. No. 3,757,987 issued Sept. 11, 1973 in U.S.
      Class 220/44R, 137/43 discloses a cap with a combination pressure-vacuum
      valve and roll-over valve on the filler neck of a fuel tank. The Dawson
      Friend U.S. Pat. No. 3,820,680 issued June 28, 1974 in U.S. Class 220/39
      R, 220/44 R, 220/46 R discloses a gas cap with the pressure-vacuum valve
      means therein. Such a pressure-vacuum valve means is also disclosed in the
      Robert Rodgers patent application Ser. No. 307,821, now U.S. Pat. No.
      3,831,801.
PAR  Reference is made to other United States patents showing various valve
      arrangements and caps with valve arrangements including roll-over valve
      arrangements as follows:
TBL  Inventor                                                                  
             Pat. Number Issued   Class Subclass                               
     ______________________________________                                    
     Jensen  1,893,942   1/33                                                  
     Snyder  2,273,737   2/42     277   71                                     
     Abrams  2,396,233   3/46     220   44                                     
     Knowlton                                                                  
             2,489,787   11/49    220   89                                     
     McKalip 2,496,883   2/50     220   44                                     
     Alkire, 3,064,668   11/62    137   43                                     
      et al.                                                                   
     Bowden  3,083,862   4/63     220   44                                     
     Marx    3,123,087   3/64     137   43                                     
     Osborne 3,135,411   6/64     215   60                                     
     Colarusso                                                                 
             3,465,911   9/69     220   86                                     
      et al.                                                                   
     White   3,500,843   3/70     137   43                                     
     De Frees                                                                  
             3,568,695   3/71     137   43                                     
     Pfrengle                                                                  
             3,614,960   10/71    137   43                                     
     Hall    3,738,384   6/73     137   493.9, 512.3                           
                                        512.5                                  
     ______________________________________                                    
PAR  U.S. Pat. No. 2,396,233 shows a float chamber in a filler cap and relief
      vent, the chamber carrying a needle valve for closing a valve opening and
      the chamber being driven by a steel ball. U.S. Pat. No. 3,123,087 shows a
      venting cap with a ball 15 arranged to raise a plate to close the
      passageway during roll-over. The Pfrengle U.S. Pat. No. 3,614,960 shows a
      venting valve and roll-over valve arrangement remote from the filler cap.
      U.S. Pat. No. 3,738,384 shows a single valve having five different
      functions, i.e., pressure relief, vacuum relief, roll-over shut-off,
      overfill limiting and anti-surge control.
PAR  While the prior art has many examples of pressure-vacuum valves and
      roll-over vacuum valves, the combination valve arrangement of the present
      invention constitutes a significant improvement over the prior art because
      it is low in cost, easy to manufacture, and yet very effective for the
      purpose intended.
PAR  It is an object of the present invention, therefore, to provide an improved
      pressure-vacuum valve venting arrangement for a fuel storage tank with a
      roll-over valve means effective to close the venting passageway through
      the cap if the automobile rolls over.
PAR  It is an object of the present invention to provide such a pressure-vacuum
      cap for a chamber having a normally upwardly-extending filler neck formed
      with a peripherally and radially extending, upwardly facing sealing
      surface concentric with the longitudinal axis of the neck, the cap
      comprising a cover, means providing a concentric housing extending
      downwardly into the filler neck and connected to the cover, means
      providing a seal between the housing means and the sealing surface, and
      the housing means including a valve body providing a centrally disposed
      concentric passageway extending axially therethrough and in communication
      with the chamber. Pressure-vacuum valve means is disposed in the
      passageway for normalizing the pressure in the chamber, venting the
      chamber to atmosphere when the pressure in the chamber exceeds a
      predetermined superatmospheric level and when the pressure in the chamber
      drops below a predetermined subatmospheric level. The valve body also
      provides, in the passageway, a concentric, axially downwardly facing
      generally spherical valve seat, and a ball disposed in the passageway to
      move against the valve seat to close the passageway against the movement
      of fluid from the chamber when the filler neck is tilted downwardly to a
      predetermined angle relative to a horizontal plane.
PAR  Another object of the present invention is to provide such a cap in which
      the valve body is formed to provide, intermediate the ends of the
      passageway, an axially upwardly facing peripherally and radially inwardly
      extending valve seat, and in which the pressure-vacuum valve means
      includes a circular, disc-like gasket concentrically disposed in the
      passageway to have its downwardly facing side engage the last-said valve
      seat, pressure spring means yieldably urging the gasket downwardly into
      engagement with the last said valve seat, the gasket having a concentric
      vent opening in the center thereof, a vacuum valve member concentrically
      disposed in the passageway to close the vent opening in the disc, and
      vacuum spring means for yieldably urging the vacuum valve member into
      closing engagement with the downwardly facing side of the gasket.
PAR  In one embodiment of the present invention, the downwardly facing,
      generally spherical seat for the roll-over valve is provided by a plug
      inserted into the passageway and spaced above the lower end thereof, the
      plug having a concentric opening extending axially therethrough for
      venting purposes. When the ball rolls against the spherical seat, that
      vent opening is closed to close the passageway.
PAR  Still another object of the present invention is to provide such a cap in
      which the passageway upper end portion is formed to have a generally
      cylindrical portion terminating therebelow with a concentric radially
      inwardly and downwardly inclining conical seat portion, and in which the
      pressure-vacuum valve means includes a pressure valve member
      concentrically disposed in the passageway for sealing engagement with the
      conical seat portion.
PAR  Other objects and features of the present invention will become apparent as
      this description progresses.
PAR  To the accomplishment of the above and related objects, this invention may
      be embodied in the forms illustrated in the accompanying drawings,
      attention being called to the fact, however, that the drawings are
      illustrative only, and that changes may be made in the specific
      constructions illustrated and described, so long as the scope of the
      appended claims is not violated.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a sectional view of one embodiment of the present invention, the
      section being taken along the center axis of the cap;
PAR  FIG. 2 is another sectional view of another embodiment of the present
      invention; and
PAR  FIG. 3 is another sectional view of still another embodiment of the present
      invention.
DETD
PAR  Referring now to the drawings and particularly to FIG. 1, it will be seen
      that I have disclosed an embodiment 10 of the present invention for
      closing a filler neck 12 of the type having a peripherally and radially
      extending, upwardly facing sealing surface 14 concentric with the axis of
      the neck and, at the radially inner edge of that surface 14, a downwardly
      turned, peripherally extending flange 16 which has a cam profile edge as
      will be discussed hereinafter. The cap comprises an outer shell or cover
      18 to which a cup 20 and handle 22 are rigidly fastened by means of the
      concentric rivet 24, the cup 20 being a downwardly opening, generally
      cylindrical cup. The cup provides an upper shoulder 26 spaced axially
      apart from the cover 18 to define a space therebetween for an inner gasket
      28, an outer gasket 30, and a diaphragm spring 32. The gasket 30 bears
      against both the shoulder 26 of the cup 20 and the sealing surface 14 of
      the filler neck to provide a seal between the cup 20 and the filler neck.
      Both the gaskets 28, 30 may be synthetic rubber gaskets and the diaphragm
      32 may be a stainless steel diaphragm formed in cross section as
      illustrated to provide a spring for yieldably urging the outer peripheral
      edge of the gasket 30 downwardly. The cup 20 is formed with radially
      outwardly extending ears 34 which conventionally pass downwardly through
      notches in the sealing surface 14 in the flange 16 to engage the cam lock
      surface 36 defined by the distal edge of the flange 16. Twisting of the
      shell 18 by the handle 22, of course, conventionally rotates the cap to
      move the cup 20 axially inwardly to press the gasket 30 downwardly against
      the sealing surface 14.
PAR  The cup 20 and a valve housing or valve body 42 extending upwardly into the
      open end of the cup comprise housing means connected to the cover 18 and
      extending downwardly into the filler neck as discussed previously. The
      illustrative valve housing or valve body 42 comprises an upper, radially
      outwardly and peripherally extending shoulder 44 which captures a
      synthetic rubber gasket 46 between its upper surface and the downwardly
      facing surface of the shoulder 26 of the cup. A locking ring 48 is
      inserted into the cup and there locked by conventional means to secure the
      valve body 42 in its illustrated position. Indentations or tangs may be
      formed in the wall of the cup 20 to secure the ring 48.
PAR  It will be appreciated that the valve body 42 may preferably be a molded
      plastic shell having a bore extending most of the way axially therethrough
      defining a passageway 50. There is an upper plug 52 with a concentric
      opening 54 therein inserted into the upper end of the passageway 50. The
      passageway may be formed with a peripherally extending groove 56 and the
      plug 52 may have a peripherally and radially outwardly extending tongue 58
      which snaps into engagement with that groove as illustrated.
PAR  It can be seen that the illustrative valve body 42 is provided with a
      peripherally and radially inwardly extending pressure valve seat 62 to be
      engaged by a disc-like valve member 64 which, in the illustrative
      embodiment, has a peripherally and downwardly extending sealing ridge 66
      at its radially outer edge resting upon the valve seat 62. A spring cup 70
      is conventionally placed upon the disc 64 and a coiled compression spring
      serves as the pressure spring means yieldably urging the valve member or
      gasket 64 into closing engagement with the valve seat 62. The upper end of
      the spring 72 is received in a concentric, downwardly opening groove 74.
PAR  The valve member 64 is provided with a concentric, vacuum vent opening 80
      extending therethrough, and the embodiment 10 comprises a vacuum valve
      member 82 which is yieldably urged against the lower surface of the valve
      member 64 to close the vent opening 80 by a spring 84. In the illustrative
      embodiment, the lower end of the spring 84 rests upon another plug 88
      which is inserted downwardly into the valve body before it is assembled to
      the cup 20 and which has a vent passageway 90 therethrough. This plug 88
      is formed to provide a concentric, axially downwardly facing generally
      spherical valve seat 94 which is in registry with the lower portion 96 of
      the passageway through the valve body. A stainless steel ball 98 is
      disposed in the lower portion 96 of the passageway to roll freely therein.
      The distal end or lower end of the valve body is provided with a
      transaxially extending slot 100 which serves to vent the lower portion 96
      of the passageway into the filler neck and chamber.
PAR  In the illustrative embodiment 10, the valve body 42 is formed to provide,
      in the passageway extending therethrough, a peripherally and radially
      inwardly extending ledge 104 upon which the plug 88 rests. The wall of the
      passageway above that ledge and the conforming wall of the plug is
      slightly conical flaring upwardly and slightly outwardly to integrally
      formed means 108 projecting inwardly. The plug 88 may be, for instance,
      soft enough or resilient enough to snap past the peripherally and inwardly
      extending projecting means 108 which serves to hold the plug 88 downwardly
      against the ledge 104.
PAR  The embodiment 10, and the embodiments 10A, 10B discussed hereinafter are
      constructed such that several different types of valve bodies 42 can be
      inserted into the open end of the cup 20 to be secured there. This gives
      considerable manufacturing flexibility in that a plurality of different
      types of valve bodies 42 can be fabricated as subassemblies having various
      pressure spring and vacuum spring calibrations to meet the various
      requirements. Then, such subassemblies can be selectively inserted into
      the cups 20 and secured there to complete the total cap assembly.
PAR  With the above description in mind, it will be appreciated that the
      pressure-vacuum valve means works in the following manner: When the
      pressure in the fuel tank exceeds a predetermined superatmospheric level,
      the calibrated spring 72 will compress to permit vapors in the tank to
      escape between the valve member 64 and the valve seat 62 upwardly and
      outwardly through peripherally spaced apart vent openings 112 in the cup
      20 upper portion and then radially outwardly through upwardly projecting,
      downwardly opening troughs (not shown) in the top surface of the cover 18.
      Such troughs extend radially outwardly beyond the outer extent of the
      diaphragm 32 so that the vapors exhausted from the tank can escape from
      the filler neck. Then, when the pressure in the tank drops below a
      predetermined subatmospheric level, the calibrated spring 84 compresses to
      permit air to move from the atmosphere through the vent openings 112 and
      the vent opening 80 past the vacuum valve member 82 and into the tank.
PAR  In order to prevent the flow of fuel through the valve body 42 if the
      automobile rolls over, the lower passageway portion 96, ball 98 and
      spherical seat 94 are proportioned such that, as the car rolls over, the
      ball 96 will roll into the spherical seat to close the opening 90 through
      the plug 88.
PAR  Referring now to FIGS. 2 and 3, like reference numerals representing like
      parts, and some reference numerals being primed to show changes in parts,
      it will be seen that different types of valve bodies can be inserted into
      and locked into the cup. In the embodiment 10A of FIG. 2, the valve
      housing or valve body is indicated by the reference numeral 114 and it is
      secured into the cup 20' by a metal washer 116 which is conventionally
      secured in place by bent inwardly tangs 118 provided on the distal edge of
      the cup. The axially upper portion of the passageway of the valve body 114
      is formed to be concentric and cylindrical as indicated at 120 and to
      terminate therebelow with a concentric downwardly and inwardly extending
      conical seat portion 122. The lower region of the conical seat 122
      terminates at a concentric and axially upwardly extending abutment 124
      having a concentric opening 126 extending therethrough. The axially lower
      portion of the valve body 114 is formed to provide a lower passageway
      portion 128 which is, for a large part of its axial extent, slightly
      conically to flare downwardly and slightly outwardly to a lower
      cylindrical portion 129. The uppermost portion of the passageway 128 is
      formed to provide a concentric, axially downwardly facing generally
      spherical valve seat 130 in concentric registry with the opening 126. A
      stainless steel ball 132 is disposed in the passageway 128 portion to be
      movable therein into closing relationship with the vent opening 126. The
      ball 132 is retained in the passageway by means of a retainer 133 which
      may be snapped into the peripherally extending groove 133a, the retainer
      having vent openings therein as indicated by 133b.
PAR  The subassembly of the valve body 114 is completed or closed by inserting
      an upper plug 134 into the upper end of the passageway 120, the
      peripherally and outwardly extending tongue 136 of the plug snapping into
      engagement with the peripherally extending groove 138 in the passageway.
      The plug 134 has a vent opening 140 therethrough which is bounded by a
      peripherally and downwardly extending concentric rim 142. In this
      embodiment 10A, the pressure valve means includes a pressure valve member
      144 having a concentric O-ring seal 146 which concentrically engages the
      conical seat 122, the ring being received in a concentric groove 148
      formed in the valve member. The valve member 144 is also provided with an
      upwardly opening groove 150 receiving the lower end of the coiled
      compression spring 152, the upper end of which seats about the rim 142. In
      order to provide a vacuum valve means, the valve member 144 is provided
      with a downwardly opening hollow 154 defined by an upper, generally
      horizontally extending web portion 155 having a concentric vacuum vent
      opening 156 therethrough. A tapered plug-type valve member 158 is
      yieldably urged into closing engagement with that opening 156 by means of
      a coiled compression spring 160 which seats upon the aforesaid abutment
      124. That spring 160 is, of course, the vacuum spring of the cap 10A.
PAR  Referring now specifically to FIG. 3, it will be seen that the primary
      difference between the structures of FIGS. 2 and 3 is in the shape of the
      valve members 144, 144' and the type of vacuum valve utilized. The valve
      member 144' of the embodiment 10B of FIG. 3 includes a center opening 170
      into which a vacuum valve member 172 is inserted, the valve member 172
      having an upwardly extending shaft with a bulbous portion 174 which passes
      upwardly through the opening 170 and which serves to secure the member 172
      to the member 144'. Then, peripherally spaced apart about the center
      opening 170 are smaller vent openings 176. The valve member 172 is formed
      to have a peripherally and radially outwardly extending resilient flap
      portion overlying the vent openings 176. When the pressure in the tank
      drops below a predetermined subatmospheric level, the flap portion 178 of
      the valve member 172 deflects downwardly to permit movement of atmospheric
      air downwardly through the vent openings 176 into the tank.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure-vacuum cap for a chamber having a normally upwardly extending
      filler neck formed with a peripherally and radially extending, upwardly
      facing sealing surface concentric with the longitudinal axis of said neck,
      said cap comprising a cover, means providing a concentric housing
      extending downwardly into said filler neck and connected to said cover,
      means providing a seal between said housing means and said sealing
      surface, said housing means including a valve body providing a centrally
      disposed concentric passageway extending axially therethrough and in
      communication with said chamber, pressure-vacuum valve means disposed in
      said passageway for normalizing the pressure in such a chamber, venting
      the chamber to atmosphere when the pressure in the chamber exceeds a
      predetermined superatmospheric level and when the pressure in the chamber
      drops below a predetermined subatmospheric level, said valve body
      including, in said passageway, a resilient plug providing a concentric,
      axially downwardly facing valve seat with a concentric venting opening
      extending axially therethrough, and a ball disposed in said passageway to
      move into closing engagement with said valve seat to close said passageway
      against the movement of fluid from said chamber when the filler neck is
      tilted downwardly to a predetermined angle relative to a horizontal plane.
NUM  2.
PAR  2. The invention of claim 1 in which said valve body is formed to provide,
      intermediate the ends of said passageway, an axially upwardly facing
      peripherally and radially inwardly extending valve seat, said
      pressure-vacuum valve means including a circular, disc-like gasket
      concentrically disposed in said passageway to have its downwardly facing
      side engage the last said valve seat, pressure spring means yieldably
      urging said gasket downwardly into engagement with the last said valve
      seat, said gasket having a concentric vent opening in the center thereof,
      a valve member concentrically disposed in said passageway to close said
      vent opening in said disc, and vacuum spring means for yieldably urging
      said valve member into closing engagement with the downwardly facing side
      of said gasket, said valve body being formed with its lower end portion at
      least partially closed to trap said ball against movement downwardly out
      of said passageway, said plug being disposed above said lower end portion
      and said ball to trap said ball against movement upwardly.
NUM  3.
PAR  3. The invention of claim 2 in which said valve body is a molded plastic
      shell having a bore therethrough defining said passageway, said bore
      having an upwardly facing, peripherally and generally radially inwardly
      extending ledge upon which said resilient plug rests.
NUM  4.
PAR  4. The invention of claim 3 in which said bore is formed with radially
      inwardly projecting means spaced upwardly from said ledge to engage said
      plug and hold it downwardly against said ledge.
NUM  5.
PAR  5. A pressure-vacuum cap for a chamber having a normally upwardly extending
      filler neck formed with a peripherally and radially extending sealing
      surface concentric with the longitudinal axis of said neck, said cap
      comprising a cover, a valve body providing a centrally disposed passageway
      extending axially therethrough concentric with and in communication with
      said filler neck, means for connecting said valve body to said cover so
      that said valve body extends axially downwardly into said filler neck,
      means for providing a seal between said valve body and said sealing
      surface, said valve body and its passageway having an axially upper end
      portion and an axially lower end portion, pressure-vacuum valve means
      disposed in the upper end portion of said passageway for normalizing the
      pressure in such a chamber, venting the chamber to atmosphere when the
      pressure in the chamber exceeds a predetermined superatmospheric level and
      when the pressure in the chamber drops below a predetermined
      subatmospheric level, a resilient plug inserted into the lower portion of
      said passageway, said soft plug being formed to provide a concentric,
      axially downwardly facing valve seat, and a valve ball disposed in the
      lower end portion of said passageway to move into closing engagement with
      said valve seat to close said passageway against the movement of fluid
      from said chamber when the filler neck is tilted downwardly to a
      predetermined angle relative to a horizontal plane.
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ABST
PAL  A container end panel having a non-detachable flap portion partially
      severable from the panel to provide an opening. The flap portion is
      recessed below the remainder of the panel and is broken away by a fitment
      which fits into the recess. The fitment is adapted to be pushed inwardly
      and after rupturing the score between the panel and the flap functions to
      swing the flap inwardly about a hinge formed by the unscored metal
      connecting the flap to the panel. The fitment is pressed into the opening
      and snaps within the opening and provides a guard shielding the users
      finger from the raw edges at the tear edge about the opening. The
      invention is also directed to a formation of the inner edge of the ring to
      facilitate rupturing the score and thereafter swinging the panel inwardly.
PARN
PAR  This is a continuation, of Ser. No. 438,908, filed Feb. 1, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many attempts have been recently made to provide an ecologically acceptable
      container opener wherein the parts are not separable from the container.
      Recent interest is dominated by the push-in types in which the end panel
      of the container is partially scored and the resulting flap is adapted to
      be pressed into the container. One of the principal problems has been in
      either reducing the force required to rupture the score or in providing a
      leverage mechanism which is unobtrusive and will not interfere with
      drinking directly from the can. At the same time, the structure must be
      economically feasible. Furthermore, there is objection by users to pushing
      their fingers into the contents of the can.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to a novel non-detachable push-in easy opening
      closure for the end panel of a can and which precludes the necessity for
      the user inserting his finger into the can.
PAR  A specific object is to provide such closure formed by partially severing a
      portion from the can end to leave the portion attached thereto by a hinge,
      the portion being engaged periphery by a tubular opener which is adapted
      to be pushed inwardly by the user pressing thereagainst, the end of the
      opener bearing against the closure portion being formed to initially
      concentrate the opening force in a limited area to minimize the rupturing
      load and then functioning to bend the closure portion into the can away
      from the opening.
PAR  Another object is to provide a novel opener of the type described in
      combination with a crush-score of a type which can be fractured with a
      small force in the range of four to six pounds.
PAR  A further feature of the invention is to devise a novel easy opening
      closure which incorporates a punch type tubular opener held captive in a
      well formed in the end panel of the can about the closure.
PAR  A corollory object is to provide a novel opener as defined which is
      tethered to the container.
PAR  The invention also comprehends the use of the tubular opener in close
      fitting association with the edge of the opening so that it serves a dual
      function not only to open the container but also as a protective liner for
      the edge from which the closure flap is broken away.
PAR  Another object is to provide a novel ring-type opener in which the lower
      edge of the ring is contoured to provide a lancing point and flat areas
      extending therefrom to the hinge for engagement with the flap therebeneath
      to swing it away from the opening in response to inward movement of the
      ring.
DRWD
PAR  These and other objects and advantages inherent in and encompassed by the
      invention will become more readily apparent from the specifications and
      the drawings wherein:
PAR  FIG. 1 is a fragmentary perspective view of a container taken from its top
      end incorporating one form of the invention;
PAR  FIG. 2 is a top end view of the structure;
PAR  FIG. 3 is an enlarged cross sectional view taken substantially on line 3--3
      of FIG. 2 showing the closed position of the parts;
PAR  FIG. 4 is a fragmentary portion of FIG. 3 showing the open position of the
      parts;
PAR  FIGS. 5-8 illustrates a modification;
PAR  FIG. 5 being a fragmentary perspective top end view of a container
      illustrating another embodiment of the invention;
PAR  FIG. 6 being a top plan view thereof;
PAR  FIG. 7 being a fragmentary cross-sectional view thereof taken substantially
      on line 7--7 of FIG. 6, showing the parts in closed position; and
PAR  FIG. 8 being a fragmentary view of FIG. 7 showing the parts in open
      position.
PAR  FIGS. 9-13 illustrate another embodiment of the invention.
PAR  FIG. 9 being a fragmentary perspective view;
PAR  FIG. 10 a top end view;
PAR  FIG. 11 an enlarged cross-sectional view taken essentially on line 11--11
      of FIG. 10;
PAR  FIG. 12 being a view similar to FIG. 11 showing the parts in an
      intermediate position; and
PAR  FIG. 13 being a view similar to FIGS. 11 and 12 showing the parts in open
      position.
DETD
PAC  DESCRIPTION OF EMBODIMENT OF FIGS. 1-4
PAR  This embodiment is shown in association with a metal can generally
      designated 2 comprising a body side wall 3, an end panel 4 having a chuck
      wall 5 joined to the body by a chime 6. The end panel 4 is formed in an
      area between the center and the chuck wall with an annular rim 8 which has
      a peripheral fruto-conical side wall 9 adjoining at its upper edge a
      preferably flat web 11 which is formed its upper side with an antirupture
      V-score 12. The web 11 adjoins a downwardly coned inner wall 13' which at
      its base is formed with the crush score 14, said score 14 partially
      encircling an annular downwardly disked flap 13. The uncrushed area
      provides a hinge portion 15 which connects the flap with the end panel
      wherein the flap is torn away from the panel and pushed into the container
      as hereinafter described.
PAR  The flap 13 is opened by a tab 17 which has an anchor lug 18 at one end and
      a ring 20 at its other end. The Z-shaped anchor strap 18 is preferably
      fastened at its distal end portion 22 to a rivet 23 formed in the center
      of the end panel. The portion 22 is connected to one end of a diagonal
      upwardly sloping web portion 24 which is in turn connected to one end of a
      horizontal portion 25 the other end of which is integral with a peripheral
      edge of an annular horizontally disposed flange 26 of the ring portion of
      the tab. The flange 26 is slightly diametrically larger than the uppermost
      diameter of the depression or cavity 28 (FIG. 2) as defined by the inner
      web 13 of the rim and has a center opening 29 which is coaxial with a bore
      30 of a cylindrical ring or tube 32 which is integral with the flange and
      depends therefrom and in normal position has its lower edge portion 34
      nested within the widest upper portion of the cavity 28 defined by the web
      13 of the rim.
PAR  The ring 32 is spaced with its lower edge 35 slightly above the score 14
      and is dimensioned to fit thereinto. The edge 35 is diagonal to the axis
      of the ring at an inclination of from 5.degree.-10.degree.. The ring is of
      greatest depth adjacent to the hinge or anchor lug and is sharpened
      thereat along a sector of about 30.degree. to provide a lance 37 which is
      adapted upon pressure being applied to the upper end 38 of the tab to
      rupture the score 14; further pressure causing the receding flat portion
      40 of the lower edge to contact the upper edge 41 of the score and to
      progressively tear the flap away from the panel to form the pour opening
      42 through which the tubular ring extends to provide a leakproof fit
      therewith. The ring is pushed in until the bottom edge 44 rests upon the
      upper edge 45 of the top web 11 of the rim 8. As the ring portion is being
      moved inwardly, the anchor strap 18 is bent or deformed, but not broken.
      As best seen in FIG. 3 preferably the cutting edge or lance portion is
      located adjacent to the center of the container. In this position
      accidental rupture is minimized as when the can is dropped or another can
      stacked thereon and slips off the chime.
PAC  EMBODIMENT OF FIGS. 5-8
PAR  This embodiment is similar to the previous one except that in this instance
      the ring or opener 50 is held captive in a cavity 51 beneath an inturned
      lip 52 formed at the upper edge of an annulus 53 which is upset from the
      metal of the end panel 54.
PAR  The panel 54 is provided with a chuck wall 55 which is connected into a
      chime 56 with the upper edge 57 of the body side wall 58 of the container
      generally designated 59.
PAR  The upper edge of the annulus or cylindrical wall 53 defining the cavity
      structure is joined by the upper edge of a frusto-conical rim wall 60
      which flares downwardly into the end panel wall.
PAR  The lower edge of the cavity wall 53 is integral with a ledge wall 62 which
      in its top face 63 is formed with a circular antirupturing score 64. The
      ledge wall is formed with an incomplete circular crush score 65 which at
      its terminus end defines a hinge strip 66 (FIG. 8).
PAR  The opener ring 50 is of cylindrical configuration having a ring body
      portion 68 which is of the same diameter as the score 65 and has a lower
      edge 69 disposed in a plane diagonally extending to the axis of the body
      portion.
PAR  The deeper side 70 of the ring has a sharpened sector or lance 71 of about
      25.degree. to 30.degree. in extent. The remainder of the lower edge 69 is
      flat and extends to the hinge strip 66 and in the unopened position of the
      container is slightly spaced upwardly therefrom as at 73.
PAR  A flap 74, which is disked downwardly, is formed during the crush scoring
      and is adapted to be torn from the end panel commencing in the region of
      the lance sector 71 and progressing toward the hinge strap attendant to
      the flap swinging downwardly into the container as seen in FIG. 8. It will
      be noted that as the flap begins to break away the pressure areas shift
      from the initial rupture at the loaded area toward the hinge, the load
      shifting above the edge 69 as a consequence of the user pressing
      downwardly upon the opener which provides a large press area by the
      provision of an outturned annular flange 75 about the upper edge of the
      ring portion 68. The marginal edge portion 76 of flange 75 is engaged
      under the lip and upon the opener being pressed downwardly, the flange 75
      leaves the lip and moves with the cylindrical portion until the flange 75
      seats upon the ledge 62 while the portion 68 fits tightly into the torn
      edge 77 of the pour opening and the fluid thus is caused to flow through
      the tubular opener 50. The user does not soil his fingers with the
      contents and in the opened position is precluded from discarding any part
      of the opener structure.
PAC  EMBODIMENT OF FIGS. 9-13
PAR  In this embodiment parts identical to those of the previous embodiments are
      identified by corresponding reference numerals.
PAR  An important feature of this modification resides in having the anchor
      strap 100 secured intermediate its ends to the rivet 23. One end portion
      101 of strap 100 is provided with a sharp point or lance 102 which is bent
      downwardly into a cavity 104 which is closed at its bottom by a plug 104
      integral with panel 4 and defined by a triangular score 105 preferably of
      the crush type.
PAR  The opposite end of the strap is connected to the opener 17. In opening the
      container, the user presses the lance down to rupture the plug 104 as
      shown in FIG. 13. Then he presses down on the ring 17 breaking the score
      65 as seen in FIGS. 12 and 13 and snapping the locking dimple 66 formed on
      the portion 32 beneath the panel wall portion 13 to prevent spring-back of
      the tab.
PAR  The embodiments of the invention herein disclosed are intended to
      illustrate several modes of utilization, and are intended to suggest other
      variations which will fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an end panel wall for a container,
PA1  a tear open flap offset below the plane of the wall within a recess
      therein;
PA1  a fitment telescoped into the recess and adapted to be pressed against said
      flap to tear open the same from the end wall to provide a raw-edge pour
      opening, said fitment dimensioned to tightly fit into the opening and
      serving as a guard shielding said raw edge of the opening and also as a
      spout for the contents from the container, and holding means comprising a
      portion of the panel wall formed to overlap said fitment and hold the same
      captive against said flap.
NUM  2.
PAR  2. The invention according to claim 1 and means for holding the fitment in
      operative association with said flap and comprising a rigid stop on said
      panel wall overlapping said fitment and holding the fitment in place in
      alignment with said flap, said stop being sufficiently rigid to serve as
      an abutment shielding the fitment against accidental blows striking said
      fitment and unintentionally opening said flap.
NUM  3.
PAR  3. In combination an end panel having a closure flap severable from the
      panel and depressed within a recess in said panel, an opener fitted within
      the recess, and means integral with the end panel and overlapping said
      opener to prevent separation of the opener from the panel.
NUM  4.
PAR  4. The invention according to claim 1 wherein said integral means comprises
      an inturned lip formed integral with said panel.
NUM  5.
PAR  5. The invention according to claim 4, and said integral lip and opener
      extending generally parallel to said panel.
NUM  6.
PAR  6. The invention according to claim 5 and said opener being an annular
      member including a portion having an axially extending tubular portion
      positioned transversely of the panel and said integral means comprising a
      lip overlappping said opener about the periphery thereof.
NUM  7.
PAR  7. The invention according to claim 6 and said opener being a tubular
      element insertable into the opening formed by removal of the flap and
      providing a spout for draining the contents from the container.
NUM  8.
PAR  8. The invention according to claim 7 and said end panel having a wall
      portion beneath the portion of the opener and entrapping said opener
      between the lip and said portion of the opener.
NUM  9.
PAR  9. The invention according to claim 8 and said portion of the opener
      comprising a radially extending flange disposed generally parallel to the
      panel.
NUM  10.
PAR  10. The invention according to claim 9 and said lip being formed as a fold
      of said panel.
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ABST
PAL  A method and apparatus for enclosing air entry sections of an evaporative
      cooler. The cooler cover is fabricated as cooperating planar elements
      having interlockable segments along juxtaposed edges. The panels interlock
      to tightly envelope the cooler when the cover is assembled and when the
      final two juxtaposed edges of the assembled cover are brought together. An
      insulative pad on the interior face of each panel seals the underlying air
      entry section of the cooler against inclement weather.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  The present invention relates to evaporative coolers and more particularly
      to improved covers for evaporative coolers.
PAR  2. The Prior Art
PAR  Evaporative coolers operate on the well-known principle of cooling by the
      evaporation of water. The heat of vaporization is absorbed from the air in
      contact with the evaporating water. Greater air to water contact is
      provided by creating air flow through a porous filter pad moistened with
      water. Most conventional evaporative coolers are box-like and have
      louvered sides with porous filter pads placed across the louvered
      openings. Water is percolated over the filter pads while air is drawn
      through the moist pads by an electrically driven blower. The cool air is
      then directed into the desired building space by conventional duct
      systems.
PAR  During extended periods of cooler weather, when the cooler is not in
      operation, it is desirable to seal the cooler to both protect the internal
      mechanism thereof and to prevent cold ambient air from blowing through
      duct work into the building. Historically, covers for evaporative coolers
      have been fabricated from a waterproofed fabric material or plastic
      sheeting. These materials have proven unsatisfactory as cooler covers for
      several reasons: (1) the material is subject to rapid deterioration
      through weathering; (2) the material insufficiently insulates the cooler
      openings from cold weather; and (3) fabric or plastic sheeting covers tend
      to flutter or vibrate in wind and transmit a "drumming" sound through the
      cooler duct work.
PAR  In recognition of these shortcomings, certain prior art devices have been
      proposed. Examples of two such devices are disclosed in U.S. Pat. Nos.
      3,006,498 and 3,379,481. These devices include rigid panels hingedly and
      permanently affixed to the cooler body. It will be noted that both of
      these prior art devices require that the covering panels remain
      permanently affixed to the cooler and thereby create additional problems
      such as being subject to wind damage and restricting air flow to the
      cooler thereby inhibiting the efficiency of the same.
PAR  It would, therefore, be an improvement in the art to provide a completely
      removable cooler cover and method for sealing an evaporative cooler such
      that it minimizes wind-induced noise and ambient air penetration. Such a
      method and apparatus are disclosed by the present invention.
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  The present invention discloses an apparatus and method for providing a
      protective cover for an evaporative cooler. Interlockable rigid panels
      have an insulative layer to seal each air entry opening of the cooler.
      Interlocking elements along juxtaposed edges of each panel releasably join
      each panel to an adjacent panel. Upon assembly, bringing together
      juxtaposed edges of the first and last panels causes a constrictive action
      simultaneously upon all of the interlocked panels thereby securing the
      cover to the cooler. Assembly, disassembly, and storage are greatly
      facilitated by having separable, essentially planar elements which make up
      the cooler cover of this invention.
PAR  It is, therefore, a principal object of this invention to provide
      improvements in covers for evaporative coolers.
PAR  It is another object of this invention to provide an evaporative cooler
      cover wherein each of the panels of the cover is provided with an
      insulative layer adapted to seal and insulate the underlying air entry
      area of the cooler.
PAR  Still another object of this invention is to provide an evaporative cooler
      cover wherein each panel is engageable in interlocking relationship along
      juxtaposed edges of adjacent panels.
PAR  One still further object of this invention is to provide a method of
      assembling a cooler cover wherein discrete panels are interlocked in
      seriatim and retained in constricting relationship about the cooler by
      bringing together juxtaposed edges of the first and last panels.
PAR  These and other objects and features of the present invention will become
      more fully apparent from the following description and appended claims
      taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the cooler cover on a downward delivery
      cooler.
PAR  FIG. 2 is a cross-section view taken along the lines 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of one panel of the cooler cover.
PAR  FIG. 4 is a perspective view of the cooler cover as adapted for a side
      delivery cooler.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is best understood by reference to the figures wherein like
      parts are designated with like numerals throughout.
PAR  Referring now to FIG. 1, an evaporative cooler is shown generally at 10,
      the cooler being adapted to deliver air downwardly through a duct 12 into
      the cool air duct work (not shown). Cooler 10 is shown enclosed by two
      interlocking back panels 18 and front panels 14 and 20, respectively.
PAR  As illustrated best in FIG. 3, in this preferred embodiment, juxtaposed
      edges of adjacent back panels 18 are adapted to interlock by means of an
      angled edge or lip 28 which is adapted to be received into a longitudinal
      edge bent back inwardly upon itself into a U-shaped connecting edge 30.
      The connecting edge 30 cooperating with lip 28 permits easy attachment of
      the panels and separation thereof at the corners upon removal of the cover
      from cooler 10.
PAR  Front panel 14 (FIG. 2) has a lip 27 which is substantially identical to
      lip 28 of back panels 18. Front panel 14 has at the end opposite lip 27 a
      flange 26 which is used to secure the panels 14, 18 and 20 to the cooler
      10. Front panel 20 is similar to front panel 14 except that a U-shaped
      connector 31 is located at one end and the edge opposite thereof forms a
      flange 24.
PAR  Each back panel 18 has on the interior face thereof an insulative pad 17
      which serves to seal and insulate the underlying air entry areas 40 of the
      cooler. Each front panel 14 and 20 has a corresponding insulative pad 15
      and 21 which may be essentially identical to pad 17. Each of the
      insulative pads 17, 15 and 21 is resiliently compressible and is
      compressed to a degree when a constrictive force is applied to flanges 24
      and 26. Although an insulative pad is shown, a strip of insulative
      material (not shown) could be positioned on each of the panels to seal the
      periphery of the air entry areas 40 of the cooler.
PAR  U-shaped connecting edges 30 and 31 securely hold the lips 27 and 28 in the
      connectors 30 and 31 when flanges 24 and 26 are brought together, as will
      be more fully described hereinafter.
PAR  A plurality of apertures 22 (FIG. 1) in flange 24 of panel 20 correspond
      with similar apertures 21 in flange 26 of panel 14. Flanges 24 and 26 are
      each formed at a 45.degree. angle to the plane of their respective panels
      and are thereby essentially parallel when the panels 14, 18 and 20 are
      assembled about cooler 10.
PAR  Upon placement of the panels about the cooler 10, as shown, further
      movement of flanges 24 and 26 together results in a corresponding
      tightening of the panels 14, 18 and 20 about the cooler 10. The panels
      thereby constrict the cooler 10 and seal the air entry portions of the
      cooler (not shown) while securely retaining the panels about the cooler in
      a covering relationship.
PAR  The procedure for securely fastening the cover about the cooler 10 is more
      clearly understood by reference to FIG. 2. In assembling the cooler cover,
      the panels 20, 18 and 14 are serially connected so that the corresponding
      lips 28 and 27 are inserted within the respective connectors 31 and 30.
      The flanges 24 and 26 are brought into parallel relationship as
      illustrated in FIG. 2 and a bolt 42 inserted through the aligned apertures
      21 and 22. A nut 44 is threaded onto bolt 42 and secures the cover to
      cooler 10.
PAR  As can be appreciated by reference to the drawing, as the flanges 24 and 26
      are drawn tightly together by bolts 42 and nuts 44, each joint between
      adjacent panels will progressively tighten. Furthermore, each insulative
      pad will be more tightly drawn against the periphery of the cooler 10.
      Thus, it can be readily ascertained that special securement structure at
      each joint is unnecessary.
PAR  When it is desired to remove the cover, the bolts 42 may be removed from
      the apertures 21 and 22 thereby releasing the tension on the panels 14, 18
      and 20. Each panel may then be completely separated from the next by
      lifting the lip 27 or 28 from the corresponding connector 30 or 31. Thus,
      each panel in its separated form is essentially planar and can be easily
      transported and stacked for storage. Moreover, the panels may be attached
      to any suitably sized cooler without first modifying the cooler or
      providing it with special structure such as hinges, latches and the like.
PAR  Referring now to FIG. 4, a side delivery evaporative cooler generally
      designated 11 has a delivery duct 13 which is adapted to deliver the
      cooled air laterally to a desired location. The essential difference
      between a cooler cover adapted for a cooler 11 versus the cooler 10 is
      that the front panel element 20 is replaced by locking straps 38 which fit
      above and below air delivery duct 13. Bolt receiving apertures 36, similar
      to apertures 21 are provided and serve as bolt receiving openings for the
      application of the constricting force to the cooler cover. Comparable
      U-shaped connectors 32 are also disclosed and function similarly to
      connector 31 of the cooler cover embodiment of FIGS. 1 and 2. Of course,
      the particular orientation of the connectors 30, 31 and 32 and the lips 27
      and 28 could be reversed within the purview of this invention. For
      example, lips and connectors could be switched in location and still
      embrace the features of this invention.
PAR  With either embodiment, assembly, disassembly and storage are greatly
      facilitated in that there is little or no modification required of either
      cooler 10 or 11. The covers for each are adapted to securely seal and
      insulate the air entry openings thereof. Since each panel interlocks with
      the adjacent panel in seriatim, disassembly is readily accomplished in a
      reverse order from assembly. Since each panel comprises essentially a
      planar element, the cover requires a greatly reduced storage area.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or essential characteristics. The described embodiments
      are to be considered in all respects only as illustrative and not
      restrictive and the scope of the invention is, therefore, indicated by the
      appended claims rather than by the foregoing description. All changes
      which come within the meaning and range of equivalency of the claims are
      to be embraced within their scope.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A cover for an evaporative cooler comprising a plurality of panels
      adapted to cover the air entry sections of the cooler, each panel having
      interlocking means on juxtaposed edges for releasably interlocking the
      panel with each adjacent panel, each panel having an insulation interposed
      between the panel and the air entry sections of the cooler to seal the air
      entry sections of the cooler and opposed edges on the first and last
      panels having means accommodating means for acting directly upon said
      panels to simultaneously progressively tighten all panels against the
      cooler.
NUM  2.
PAR  2. A cover for an evaporative cooler as defined in claim 1 wherein said
      panels comprise rigid sheet material.
NUM  3.
PAR  3. A cover for an evaporative cooler as defined in claim 1 wherein each of
      said panels releasably interlocks with the adjacent panel along juxtaposed
      edges so that each panel may be serially separated from the next upon
      disassembly for handling and storage.
NUM  4.
PAR  4. A cover as defined in claim 1 wherein said panels are configurated to
      snugly engage the cooler and seal at least a portion of the periphery of
      the cooler without structurally altering the cooler.
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ABST
PAL  A closure lid for capping the open top of a container. The container is of
      a type adapted to receive a potable liquid, usually one which is dispensed
      within a relatively close distance of the point at which it will be
      imbibed. Such containers with the closure lids emplaced thereon are used
      for "carry-out" services, as from a luncheonette, or for "carry-about"
      services, as from an on-the-premises beverage source such as a coffee
      brewer, a milk container, a carbonated or non-carbonated liquid vessel or
      a supply of hot water for tea or chocolate. It is customary to cap such
      containers with closure lids for carry-out purposes and to remove the lids
      when the potable is to be consumed; indeed it is quite usual to supply
      lids with the containers -- although not attached -- when the containers
      are sold to carry-out stores and to on-the-premises facilities where there
      are a large number of persons. The present invention provides a unique
      closure lid which when once in place is not intended to be removed but
      which is of such construction that a person can drink a potable through it
      from the capped container without experiencing any inconvenience and is
      such that it will minimize, and, indeed, almost eliminate, accidental
      spilling of the potable that heretofore has occurred when an uncapped
      container is jogged, shaken, or moved unevenly so as to cause spillage of
      its contents when a slosh wave overrides the rim of the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A closure lid for an open-top potable container. The closure lid, although
      removeably secureable to the container top, is designed and intended to be
      left permanently in place when once mounted on the container and is
      disposable with the used container. The lid is so constructed that a
      potable in the container can readily be drunk through the lid and,
      moreover, the lid preferably is structured in a manner such that slosh
      waves that may be induced in the potable are appreciably reduced in height
      to a degree that the potable will not tend to spill over the container rim
      accidentally upon irregular or sudden movement of the container.
PAR  2. Description of the Prior Art
PAR  Open top containers from which potables are drunk are ubiquitous items.
      Since they frequently are employed to carry beverages from a place of
      dispensal to a place of consumption and since, when carried about or even
      when moved in the area of consumption, e.g. aboard common carriers such as
      planes, buses and railroad cars, they are subject to sudden movement which
      may cause some of the beverage to slosh out of the containers, it is
      common to furnish containers with a supply of lids that are utilized to
      close the containers. The lids most usually employed are imperforate and
      must be removed to allow the beverage to be drunk. Some lids are formed
      with a single tiny opening, usually centrally located, to act as a vent.
      Other lids are formed with cruciform slits or an incomplete annular slit;
      both of these are designed to permit insertion of a drinking straw.
      However, lids that are removed for drinking cannot prevent escape of the
      beverage by sloshing and lids that are used with straws need straws to be
      supplied and, moreover, do not provide the user with the kind of oral
      satisfaction to which he has become accustomed through long usage by
      virtue of drinking over the rim of a cup or the like and do not provide
      the added satisfaction of inhaling the aroma of the beverage which is an
      ingrained secondary concomittant of drinking a fragrant beverage.
PAR  Also in the prior art are containers, such as cans, with permanently
      affixed tops, some of which are provided with pull tabs that when removed
      leave a small opening for pouring or insertion of straws. These, like the
      slitted lids above mentioned, need straws to be supplied, and, moreover,
      are not sold empty, to be filled with a beverage of choice. Too, when once
      opened and before any potable is dispensed, they permit sloshing.
PAC  SUMMARY OF THE INVENTION
PAR  1. Purposes of the Invention
PAR  It is an object of the present invention to provide for an open-top potable
      container a closure lid which will permit a person to drink through it
      without removing the lid from the container.
PAR  It is another object of the invention to provide a lid of the character
      described which will inhibit sloshing of the potable in the container.
PAR  It is another object of the invention to provide a lid of character
      described which can be nested compactly into another like lid so that a
      stack of internested lids will occupy no more space than a stack of prior
      art nested lids not having the unique functions of the new lid.
PAR  It is another object of the invention to provide a lid of the character
      described which, during drinking, allows a person to partially insert the
      tip of his nose into the container, despite the non-removal of the lid,
      whereby the container can be handled during drinking in the same manner
      that it would be if the lid were not present.
PAR  It is another object of the invention to provide a lid of the character
      described which allows the aroma of the beverage, if it has one, to
      permeate through the lid in the vicinity of the drinker's nose so that the
      drinker will be accorded the full satisfaction of smell as well as taste
      during drinking.
PAR  It is another object of the invention to provide a lid of the character
      described which is so constructed as to permit partial insertion of the
      tip of a person's nose into the container during the drinking and
      concurrently to allow escape of the aroma of the potable through the lid
      in the vicinity of the tip of the nose, thus simultaneously affording oral
      and olefactory satisfaction.
PAR  It is another object of the invention to provide a lid of the character
      described which, preferably, has an overall height approximately the same
      as the height of a conventional lid.
PAR  It is an ancillary object of the invention to provide a lid of the
      character described which has at least a depressed or depressible area in
      the top wall thereof which will accomodate the tip of a person's nose who
      is drinking through said top wall.
PAR  It is another ancillary object of the invention to provide a lid of the
      character described the top wall of which is at approximately the same
      level with respect to the periphery of the lid as a conventional lid, but
      which is so constructed that at least an area thereof may easily be
      deformed so as to lower the same in order to create a depression that
      serves both to accomodate the tip of a person's nose and to form inclined
      downwardly extending baffle walls spaced from the periphery of the lid for
      dampening slosh waves.
PAR  It is another object of the invention to provide a lid of the character
      described having small openings therein, preferably in a limited area
      which includes a portion adjacent to the periphery of the lid.
PAR  It is another object of the invention to provide a lid of the character
      described in which, if desired, the small openings in the limited area are
      blocked in the lid as supplied, the blocking being so fashioned as to be
      selectively rendered inoperable as by the use of a strippable layer or a
      water-soluble safely ingestible coating.
PAR  It is another object of the invention to provide a lid of the character
      described which, because it does not have to be removed to permit the
      drinking of beverages having temperatures other than ambient temperature,
      will keep the beverages warm or cool for longer periods of time.
PAR  It is another object of the invention to provide a lid of the character
      described that can be manufactured at a cost very little more than the
      manufacturing cost of a conventional lid.
PAR  It is another object of the invention to provide a lid of the character
      described the use of which is apparent simply upon inspection of the lid
      so that it is not necessary to provide or disseminate instructions as to
      its operations by even the most obtuse members of the public.
PAR  Other objects of the invention in part will be obvious and in part will be
      pointed out hereinafter.
PAR  2. Brief Description of the Invention
PAR  The lid of the present invention is conventional in many aspects. For
      example, it is made of light-weight inexpensive thin-walled material. It
      preferably is fabricated by a forming operation from flat sheet material.
      Although the sheet material may be metal foil or wax or resin impregnated
      paper, the material of choice is a thermoplastic synthetic plastic.
      Casting, i.e., molding, of a plastic to make a lid presently is too
      costly; the method that is most desirable in thermoforming, and
      accordingly is the method which is considered to be the most effective for
      practicing the present invention. "Thermoforming" as employed herein
      embraces all methods of making shaped items from a thermoplastic sheet and
      includes such standard industrial processes as vacuum forming and forming
      between a pair of dies, the sheet either being heated prior to forming or
      being heated by heat supplied by the dies themselves. Typical plastics
      that may be used for the making of the lids of the present invention are
      polyvinyl chloride, polyvinyl acetate, polyethylene, polypropylene, high
      impact polystyrene, i.e., a copolymer of butadiene and styrene,
      polystyrene, polycarbonates, and ABS, an acrylonitrile-butadiene-styrene
      copolymer. The thickness of the sheet material employed is that which
      conventionally is used for closure lids, a typical thickness being 0.010
      inch. This figure is given only by way of illustration inasmuch as the
      same may vary within limits employed in the field.
PAR  The lid includes a circular top wall, i.e., crown, a peripheral beaded rim
      and a skirt which depends from the rim. The top wall may be somewhat below
      the top of the beaded rim as is conventional in the art of closure lids,
      whereby there is formed on both sides of the beaded rim a pair of
      approximately parallel annular walls designed to frictionally
      constrictively grip between them the lip of an open-top beverage container
      and form a lid lip of which a portion can be engaged by the lips of a
      drinker in a fashion similar to lip engagement of the rim of a cup. If the
      container includes an internal annular groove a short distance below the
      lip, the wall of the lid between the beaded rim and the crown may be
      provided with a matching outwardly projecting annular rib designed to
      engage the container groove. Moreover, the outer wall extending downwardly
      from the beaded rim may be provided with a radially inwardly projecting
      annular rib to engage the underside of the bead of the rim of the
      container if the container has such a bead. In summary, the periphery of
      the lid is provided with means for releasably sealingly engaging the lip
      of a container so that when once emplaced it will not be readibly
      accidentally disengaged. All of the foregoing details regarding the
      construction of the lid are conventional.
PAR  Pursuant to the instant invention the top wall, i.e. crown, of the lid
      embodies a unique construction which renders the lid peculiarly capable of
      performing the various functions to which reference previously has been
      made in connection with the Purposes of the Invention. Such construction
      at a minimum includes the provision of a group of small through-openings
      in a limited area of the lid extending centrally inwardly from adjacent to
      the periphery thereof. The sizes of the openings are not critical nor need
      they all be of the same size. They should be such that liquid can flow
      through them. In other words, the openings must be larger than of
      capillary dimensions. By way of example, a desirable practical lower limit
      for the sizes of the openings, assuming the same to be circular, although
      the configuration of the openings is not of importance, is about one
      sixty-fourth of an inch. Nor should the openings be excessively large
      because, as has been initiated previously, the sizes of the openings
      should be such as to discourage the flow through the openings of a surge
      or slosh wave. Again, in a practical sense, a desirable maximum size for
      the openings, once again assuming circularity, is about one quarter of an
      inch. The aforesaid limits are only suggested and are not to be considered
      as limitative.
PAR  The arrangement of the openings, i.e. the configurations of the limited
      area, likewise is not critical but, in general, a suitable arrangement is
      sectorial, although a segmental area also will provide satisfactory
      results, despite the fact that it has a disadvantage in connection with
      the practice of the invention which soon will be mentioned. In other
      words, a desirable pattern for the limited area in which the small
      openings are located is one which starts adjacent the periphery of the top
      wall, e.g., within about one quarter of an inch thereof, and extends
      toward the center of the top wall. The breadth of the area adjacent the
      periphery preferably is such as to permit, in conjunction with the total
      number of openings, a ready flow of beverage through the openings when the
      container is tilted about a horizontal axis tangential to the periphery of
      the top wall at the center of the arc defining the outer extremity of the
      limited area. The breadth of the limited area should not be so great that
      if a person engages his lips with the periphery of the lid for drinking
      the area will extend beyond the zone of engagement, because this would
      permit the beverage to dribble to the sides of such area of engagement
      with consequential unpleasant effects. The openings are rather close to
      one another, typically one sixty-fourth to one-quarter of an inch (closer
      with smaller openings and larger with larger openings), in order to
      achieve the effect of free flow of the beverage through the top wall
      during drinking. Desirably the limited area extends far enough toward the
      center of the lid so that it will include a portion which is beneath the
      drinker's nostrils, thus enabling the person who is using the lid through
      which to drink the beverage to enjoy the full aroma and fragrance issuing
      through such openings.
PAR  Although the invention can be practiced in a less than desirable manner if
      the openings are formed in the top wall of a lid which wall is at a
      location identical to that of the top wall of a conventional lid, far
      superior results are achieved where the top wall or at least a part
      thereof which includes the aforesaid limited area is depressed below the
      location of a conventional top wall which is to say depressed a
      substantial distance below the beaded rim. "Substantial" as used herein
      indicates a distance which is sufficient to permit the tip of the nose of
      a person to be lowered beneath the highest point of the periphery of the
      lid without striking the top wall in order to accomodate the person's nose
      during drinking as the bottom of the container is tilted upwardly in the
      fashion it usually is during drinking. This best can be appreciated by
      considering the ability to drink through a lid with a non-depressed top
      wall which is provided with the openings as indicated. Drinking could be
      performed with such an arrangement but it would be a somewhat difficult
      task. The person would have to manage to tilt the container so as to cause
      the beverage to flow through the openings in the aforesaid limited area
      without lowering the tip of his nose into the container as he ordinarily
      would do when drinking from a nonlidded open-top container.
PAR  In accordance with a useful feature of the instant invention, this
      difficulty is avoided by depressing the top wall of the container, at
      least in the aforesaid limited area, by a "substantial" amount. Once
      again, by way of example but not by way of limitation, a typical
      depression is in the order of one-half inch. The entire top wall of the
      lid can be thus depressed. Depression of the complete top wall is optional
      but not necessary and, indeed, is not the preferred form of the invention.
      Better results are achieved when the top wall is depressed in a restricted
      area, for example, in the aforesaid limited area, although the depression
      may be either in excess of or less than that area, the depression should
      be at least large enough to permit the nose to enter easily into the same
      during drinking.
PAR  A depression of such limited area has the further advantage that is
      provides sidewalls which define the depression. These sidewalls extend
      downwardly from the top wall of the lid into the container toward the
      surface of the potable therein. Said sidewalls act as baffles which will
      tend to inhibit surge movement of the liquid in the container when the
      container is moved in a fashion which, were the lid not present, creates
      waves that would overflow the rim. The baffles tend to suppress these
      surges so that the level of the potable remains more even despite
      surge-creating forces and therefore the potable will not tend to flow
      through the openings so rapidly as to spill over the adjacent portion of
      the periphery of the lid, this despite the fact that the potable will flow
      readily through the lid for drinking purposes when the container is tilted
      deliberately during imbibition. It is believed that the action of the
      baffles to minimize surge waves under the conditions aforesaid is made
      more effective where the downwardly extending walls defining the
      nose-receiving depression are angled, good results have been obtained
      where inclination is between about 45.degree. to about 60.degree. to the
      plane of the undepressed portion of the top wall of the lid.
PAR  Although a lid made as described above is quite satisfactory in operation
      there is a secondary problem which has no connection whatsoever with the
      novel functions of the lid. It is that the lid is higher than a
      conventional lid. A stack of such nested lids is higher than a stack of
      the same number of nested conventional lids. This leads to higher shipping
      costs and storage space. Pursuant to a further aspect of the invention the
      top wall in the most preferred form is so constructed that it is
      deformable to provide the aforesaid depressed area. The structures which
      enable a ready deformation to be practiced are varied and therefore will
      not be summarized in this portion of the patent. However, they will be set
      forth subsequently.
PAR  A further feature of the invention concerns a modification of the new lid
      to positively prevent accidental liquid penetration of the small openings
      when a lidded container is carried out. It will be appreciated that in
      normal use the time when the liquid in the container is most likely to
      have surge waves created therein is during transport from the place where
      the container is filled to the place where the beverage is to be consumed.
      To positively prevent escape of liquid during this transport there can be
      provided a temporary arrangement for blocking the openings. Thus the lid
      can be supplied with a strippable imperforate liquid-impermeable panel
      which covers and thereby blocks the small openings. When it is desired to
      drink from the container through the lid it only is necessary to strip off
      this panel. Another arrangement for accomplishing substantially the same
      purpose in a less expensive but somewhat less satisfactory manner is to
      apply to the lid over the limited area a film of water-soluble plastic.
      This will protect against accidental spillage during transport but will
      permit the beverage to flow through the openings when the container
      deliberately is tipped and saliva from the mouth of the user contacts the
      plastic. Typical such plastics are polyvinyl alcohol and
      carboxymethylcellulose.
PAR  The invention accordingly consists in the features of construction
      combinations of elements and arrangements of parts which will be
      exemplified in the lids hereinafter described and of which the scope of
      invention will be indicated in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a lid of the present invention on a container, the
      lid being of the simplest embodiment of the invention that includes a
      limited perforate area;
PAR  FIG. 2 is a fragmentary sectional view taken substantially along the line
      2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2, but more fragmentary, and showing a
      modified lid similar to that of FIG. 1, but with a crown that is lower and
      seats on an internal shoulder on the container;
PAR  FIG. 4 is a view similar to FIG. 3 of another modification of the lid which
      is provided with a radially outwardly protruding annular rib that engages
      a matching annular groove in the container, the lid having a limited
      perforate area;
PAR  FIG. 5 is a top view of a lid on a container, the lid being modified to
      include a top wall, all of which is depressed to permit accommodation of
      the tip of a person's nose during drinking; the lid has the characteristic
      limited perforate area;
PAR  FIG. 6 is an enlarged fragmentary sectional view taken substantially along
      the line 6--6 of FIG. 5;
PAR  FIG. 7 is a top view of a lid on a container, the lid being modified to
      include a top wall having a limited perforate area thereof depressed to
      accommodate the tip of a person's nose during drinking and also to provide
      inclined baffles for minimizing the heights of slosh waves;
PAR  FIGS. 8 and 8a are enlarged fragmentary sectional views taken substantially
      along the lines 8--8 and 8a--8a, respectively, of FIG. 7;
PAR  FIG. 9 is a top view of a lid on a container, the lid having a depressed
      limited perforate area which is covered with a water-soluble coating;
PAR  FIG. 10 is a highly enlarged fragmentary view taken substantially along the
      line 10--10 of FIG. 9;
PAR  FIG. 11 is a top view of a lid on a container, the lid having a depressed
      limited perforate area which is covered with a strippable
      water-impermeable, water-insoluble layer;
PAR  FIG. 12 is an enlarged fragmentary view taken substantially along the line
      12--12 of FIG. 11;
PAR  FIG. 13 is a top view of a lid on a container, the lid having a depressible
      semi-circular portion including the characteristic limited perforate area;
PAR  FIG. 14 is an enlarged fragmentary view taken substantially along the line
      14--14 of FIG. 13, the solid lines illustrating the pre-depressed
      configuration and the dot-and-dash lines illustrating the post-depressed
      configuration;
PAR  FIG. 15 is a view similar to FIG. 13 of a lid with substantially the entire
      top wall depressible into a conical configuration; and
PAR  FIG. 16 is an enlarged fragmentary view taken substantially along the line
      16--16 of FIG. 15, the solid and dot-and-dash lines having the same
      connotations as in FIG. 14.
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PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now in detail to the drawings and, more particularly, to FIGS. 1
      and 2, the reference numeral 20 denotes an open top container adapted to
      have a closure lid 22 detachably sealingly engaged to the lip, i.e. rim,
      24 thereof.
PAR  The container is of any conventional configuration and construction.
      Typically, it has a circular open top and downwardly converging side walls
      26 so that it is of frusto-conical contour with a smaller closed bottom
      and a larger open upper end. Containers of the aforesaid type may vary in
      sundry details according to manufacturing equipment and desired functions,
      but they all have in common an open top which almost invariably is
      circular. The containers, may be of any acceptable material, e.g. wax or
      resin impregnated paper, non-foamed plastic or foamed plastic. The lids of
      the present invention are designed with peripheral engaging means for
      releasably sealingly gripping the container lips, such means permissibly
      varying in detail to cooperate with differently constructed container
      lips.
PAR  The lid 22 is fabricated from any material commonly used for lids. This
      usually will be a non-foamed plastic, although metal foil, or wax or resin
      impregnated paper or foamed plastic can be used. The lid must be
      resilient, at least at its peripheral zone, to permit it to engage the
      open mouth of the container with a snap fit so that the lid can releasably
      sealingly engage said mouth to enable it to be emplaced with ease and to
      resist accidental removal. Indeed, due to the pour-through construction of
      the lid, it usually will not be desirable to remove the lid when it once
      has been secured to the container; however, if for some reason the lid is
      to be deliberately removed, it will not be any more difficult to do so
      than with a conventional lid having none of the features of the present
      invention. In other words, the lid includes a conventional peripherally
      disposed means for releasably sealingly engaging the lip of a container.
PAR  More particularly, the lid 22 has a circular top wall 28, i.e. crown, at
      the periphery of which is provided an integral bead 30 from which a skirt
      32 depends. The bead is in the shape of an inverted U the base 34 of which
      is adapted to seat on the lip, i.e. upper edge, of the rim 24. One of the
      depending walls of the bead constitutes the skirt 32. The other depending
      wall 36 of the bead joins the bead to the periphery of the crown. The
      space between the walls 32, 36 is slightly less than the thickness of the
      rim 24 and, desirably, the walls converge downwardly toward one another
      thereby to cause the bead to grip the rim when the lid is snapped on the
      container to close the open mouth thereof. The lower edge of the skirt
      flares slightly outwardly to facilitate initiation of interengagement
      between the lid and the rim. The crown is somewhat below the base of the
      bead 30, this not being critical.
PAR  The lid is made in one piece, as by thermoforming, from a thin flat sheet
      of a thermoplastic material, typical of which are polyethylene,
      polypropylene, high impact polystyrene, ABS, polystyrene, polycarbonates,
      polyvinyl chloride and polyvinyl acetate. A suitable thickness for the
      sheet material is 0.010 inch.
PAR  Were no further features incorporated, the lid 20, as thus far described,
      would be conventional. Pursuant to the instant invention, however, the lid
      20 includes a novel additional structural element that distinguishes said
      lid and all lids subsequently described herein from the prior art. This
      new element is shown in and described, in its most rudimentary form, with
      respect to FIGS. 1 and 2, such form being modified to embody various
      sophistications, as subsequently will be described in connection with
      other figures, to render a lid having said element highly practical from
      manufacturing, storage, shipping and functional points of view.
PAR  The new element constitutes the provision of a limited area 38 of small
      openings 40 each of which extends through the crown 28; the remainder of
      the crown is imperforate, straw admitting slots, if provided, not being
      considered to be openings. Conveniently, in any given lid, e.g. the lid
      22, all the openings are of the same size. It is within the scope of the
      invention for the openings to vary in size in the same lid. The openings
      should be large enough for liquid to flow freely through them when a
      container with a lid thereon is tilted to raise the surface of the liquid
      to above that of at least a portion of the area 38. Thus, the openings
      should be larger than capillary. A suggested minimum size is about one
      sixty-fourth inch, assuming circularity. On the other hand, the openings
      should not be too large because enough wall structure must remain and the
      openings must be small enough to discourage flow through the openings of a
      surge or slosh wave of potable in the lidded container. A suggested
      maximum size of opening is about one-fourth inch, assuming circularity. It
      should be understood that the openings may be of any configuration
      whatsoever, circularity being mentioned simply because a circular shape is
      the easiest, least expensive and most desirable for tooling purposes, i.e.
      for the provision of punches that will be used to cut out the openings.
      When different sizes of openings are used in a given lid, the larger
      openings usually will be located adjacent the bead 30 where the potable
      largely will flow through the lid when imbibed from the container, and the
      smaller openings will be located further from the bead where vaor from the
      potable will seep through the lid to allow the escape of aroma which will
      enhance the pleasure to be derived from drinking the potable.
PAR  The area 38 could, in theory, if the only things desirable were the ability
      to allow through-flow of a potable and penetration of fragrance, cover
      essentially the entire crown of the lid. But these two desiderata are not
      the sole controlling parameters. An additional desideratum of this
      invention is to inhibit flow of slosh waves over the rim of the container.
      To achieve this, the area 38 should be of limited size whereby the
      remaining imperforate portion of the crown will completely prevent such
      overflow therethrough and it only is necessary to proportion the sizes and
      spacing of the openings to minimize overflow of a slosh wave through the
      limited area. A shape of area found to yield good results is sectorial,
      with the widest area adjacent the bead and tapering to its narrowest width
      adjacent the center of the lid. The widest area should be close to the
      bead, for example, within about one-fourth inch from the bead. The breadth
      of the area at this zone best is such that an average person drinking from
      the container through the lid would have his lips fully span said breadth
      in order that liquid will not dribble to the sides of his mouth. A typical
      breadth is about 2 inches. This dimension is not crucial since if there
      should be a tendency for liquid to dribble past the sides of a person's
      mouth he would not tilt the container far enough for this to continue.
PAR  The center-to-center spacing of the openings is selected to permit free
      flow of the potable during drinking and yet to inhibit sloshing. The
      suggested spacing between the openings is from about one sixty-fourth to
      about one-fourth inch, the closer spacing being used for smaller openings
      and the larger for larger openings.
PAR  The limited area extends inwardly toward or beyond the center of the lid a
      distance sufficient to permit the aroma of the potable to pass through the
      area toward the drinker's nose. About 1 inch or somewhat less suffices for
      this purpose.
PAR  In FIG. 3 there is illustrated a lid 42 which differs from the lid 22
      solely in its mode of engagement with the container 20. As shown in FIG.
      2, but not previously described, the container 20 has an internal annular
      seat 44. The lid 42 has a bead 46 with an inner depending wall 48
      corresponding to but deeper than the depending wall 36 of the lid 22,
      thereby lowering the corner between the crown 50 and said wall 36. The
      depth of the wall 36 is such that the crown rests on the seat 44 providing
      a better seal between the lid 42 and the container 20 than between the lid
      22 and the container. The arrangement of FIG. 3 has the further advantage
      that, because the crown 50 is lower than the crown 28, the slosh
      inhibiting action occurs sooner (assuming the same height of liquid) and
      is more effective. Said crown 50 has a limited perforated area 52 which is
      the same as the area 38, serves the identical function and is of the same
      construction.
PAR  In FIG. 4 another lid 54 is illustrated to depict a different variation of
      the present invention. The lid is shown in conjunction with a container 56
      having a configuration somewhat different from that of the container 20.
      The container 20 is of a shape commonly used when the container is made of
      a foamed plastic. The container 56 is of a shape commonly used when the
      container is made from sheet material, e.g. sheet plastic or a wax or
      resin impregnated paper. In such latter containers the lip often is formed
      with a rolled edge 58 as well as with an internal annular groove 60 a
      short distance below the lip. The skirt 62 has several internally
      extending ribs 64 shaped to extend beneath and frictionally engage the
      underside of the rolled edge 58 when the lid is coupled to the container.
      Moreover, the inner depending wall 66 of the lid is provided with an
      external annular ridge 68 that matches and is designed to snugly engage
      the groove 60 so as to more firmly interengage the lid to the container.
      The lid 54 includes a limited perforated area 70 which is the same as the
      area 38, serves the identical function and is of the same construction.
PAR  The lids described with respect to FIGS. 1-4 perform the three basic
      functions of the present invention, to wit: through-the-lid drinkability,
      escape through the lid of fragrance under and to the drinker's nostrils
      and slosh inhibition. However, there is, in drinking from such a lidded
      container, a certain awkwardness that arises from interference between a
      drinker's nose and the crown of the lid. It is habitual for a person who
      drinks from an open top container to raise the bottom of the container,
      and tilt the same, while only slightly tilting his head, and hence his
      nose, rearwardly. Therefore, when thus drinking, the tip of the nose will
      enter the container for a short distance, e.g. about one-half to about
      three-fourths inch. In the lids thus far described, such relative movement
      of the tip of the nose and the crown of the lid is impeded. However, the
      foregoing difficulty is avoided by utilization of any of the lid
      structures illustrated in FIGS. 5 through 16.
PAR  Referring to FIGS. 5 and 6, a lid 72 is shown which differs from those
      previously described in an increase in length of the depending inner wall
      74 with a corresponding lowering of the crown 76 with respect to the bead
      78. An excellent depth for the crown is about one-half to about
      three-fourths inch which allows the container 80 to be manipulated
      naturally, as described above, during drinking without having the tip of
      the drinker's nose strike the crown. The crown has a limited perforated
      area 82 which is the same as the area 38, serves the identical function
      and is of the same construction. It will be seen that the entire crown is
      depressed to the same height.
PAR  In FIGS. 7, 8 and 8a another lid 84 is shown which is much like the lid 72
      in that the crown 86 is depressed for admission of the tip of a nose
      during drinking, but unlike the lid 72, the crown is depressed for less
      than its entire area, in particular, for an area coextensive with or
      somewhat larger than the limited perforated area 88. Except for the
      limited depressed perforated area 88, the lid 84 is the same as the lids
      22, 42, 54 and 72. There is a further minor variation in that the
      peripheral zone of the lid is shaped to accommodate a container 90 having
      an integral molded bulging edge 92 at the lip thereof.
PAR  The depressed limited perforated area 88 is connected to the higher level
      remaining portion of the crown by walls 94, 96, 98. The wall 94 is
      adjacent the side wall of the container. The walls 96, 98 join the radial
      edges of the sectional area 88 to the remainder of the crown.
PAR  In addition to enabling the area 88 to be depressed for the purpose
      mentioned, the walls 96, 98 serve a further purpose; they act as baffles
      to dampen slosh waves. These walls extend downwardly toward the surface of
      potable in the container so that they interfere with free movement of
      slosh waves across the potable toward the depressed perforated limited
      area and, in so doing, lower the level of the wave that enters the
      depressed area. This dampening of slosh waves is enhanced by inclination
      of the side walls 96, 98 upwardly and outwardly from the area 88 since
      waves striking these walls tend to rebound at a downward angle so as to
      lessen the energy of the slosh waves impinging on said walls. The side
      walls 96, 98 preferably are imperforate to maximize the aforesaid effect.
      However, the wall 94 may be perforate or imperforate. The placement of
      perforations in the wall 94 assists the ease with which a drinker can
      imbibe through the lid 84.
PAR  In the various forms of lid thus far described, the through-openings in the
      limited perforated areas were present in the lids as manufactured, as sold
      and as applied to containers. Therefore, if the lidded containers were
      handled very roughly or if they were dropped, liquid would flow through
      the openings although no such flow was intended. In accordance with
      another form of the invention, such inadvertent flow is prevented, or, at
      least, delayed until the container is used in the manner for which it was
      intended. Such form of the invention will be described with reference to
      FIGS. 9-12.
PAR  In FIGS. 9 and 10 a lid 100 is seen which is identical to the lid 84 and
      has its various parts denoted by the same reference numerals. The lid 100
      differs from the lid 84 solely in that means is included to prevent flow
      of liquid through the openings in the area 88 regardless of the position
      of the container or its manner of handling. Said means constitutes a solid
      coating 102, i.e. a film, of a water-soluble synthetic plastic. The
      plastic blocks the openings in the area 88 so long as the plastic has not
      dissolved. The plastic does not dissolve immediately upon contact with
      water or a liquid containing a substantial percentage of water, e.g.
      coffee, tea, milk, carbonated or non-carbonated drinks, hot chocolate,
      saliva, etc. The time for dissolution is a matter of a few seconds or
      more, depending upon the temperature of the liquid and the thickness of
      the film. A satisfactory film thickness is about 0.003 inch. This permits
      the film to fill the openings for the short time that a water-based liquid
      may inadvertently touch the limited area, but allows the film to dissolve
      quickly when it is desired to drink the contents of the container through
      the lid. Typical suitable plastics are polyvinyl alcohol and carboxymethyl
      cellulose. They are applied conventionally as by spraying, brushing or
      dipping with or in a liquid containing the plastic dissolved in a a
      volatile carrier and permitting the carrier to evaporate.
PAR  In FIGS. 11 and 12 another form of lid 104 is shown which accomplishes the
      same additional function as the lid 100 but in a different manner. Like
      the lid 100, the lid 104 is identical to the lid 84 and has its various
      parts denoted by the same reference numerals. The sole difference from the
      lid 84 resides in the provision of a flexible panel 106 which overlies the
      limited perforated area 88. The panel is made of a water-impervious,
      water-inert sheet that overlies the area 88, is adhered thereto and is
      strippable therefrom. The sheet may be made of a wax or resin impregnated
      paper, metal foil or a synthetic plastic. The undersurface of the panel is
      coated with a water-inert pressure-sensitive adhesive, to wit, a dry,
      tacky adhesive that forms a good bond with the panel and a weaker bond
      with the area 88. The panel includes a tab 108 that is free of adhesive.
      So long as the panel is in place, no liquid can penetrate the openings in
      the perforated area 88. When liquid is to be drunk through the lid, the
      user grasps the tab 108 and pulls the panel off, exposing the area 88 to
      allow use of the lid in the manner above described. If desired, the panel
      can be reapplied after partial withdrawal of liquid from the container.
PAR  It will be appreciated that the provision of a prefabricated entirely
      depressed crown or a prefabricated crown with a depression over only the
      limited perforated area resulting in a lid higher than a conventional lid
      with a limited perforated area, may make compact stacking more difficult
      to accomplish and inevitably will result in a higher stack for the same
      number of lids. To attain all the advantages of the present invention and
      yet minimize the aforesaid problems, a still more sophisticated version of
      lids is provided, the same being shown in FIGS. 13-16, which constitute
      lids of normal height for manufacture, stacking, storage, shipment, sale
      and application to containers, to depress the limited perforated areas a
      substantial amount that is enough to accommodate the tip of a person's
      nose during drinking. In other words, such lids have a depressible
      perforated area, which is to say, a perforated area that, as made,
      handled, sold and applied to a container, is in or slightly below the
      plane of the periphery of the lid but which readily can be manipulated to
      shift the same into a desired depressed position.
PAR  Turning to FIGS. 13 and 14, a lid 110 is disclosed that embodies the
      aforesaid sophisticated version. The lid is coupled to a container 112
      with a conventional peripheral coupling means such as described
      previously. Said lid has a crown 114 slightly below the rim of the open
      mouth of the container, the height of the crown being such that it would
      be in the path of the tip of the nose of a drinker who tried to drink in a
      normal fashion from the container with liquid flowing into his mouth
      through a limited perforated area in the lid 110. The unique construction
      of the crown permits this area to be depressed manually so as to transform
      the crown into a shape that will accommodate the tip of the nose during
      drinking.
PAR  Said crown has a limited perforated area 116 of wedge shape extending from
      adjacent the bead 118 of the lid to adjacent the center of the lid. The
      crown is provided during its thermoformation, as with the aid of dies,
      with a series of pleats, i.e. flutes 210. The flutes are close together
      and approximately parallel to each other and to a diameter perpendicular
      to the radial median line of the area 116. An exemplificative arrangement
      is shown with one pleat at such diameter and the remaining pleats (two
      additional pleats are illustrated although more may be employed) on the
      area side of the diametral pleat. The additional pleats are slightly bowed
      toward the area. The material of the crown is flexible whereby, if manual
      pressure is applied to the area 116 or to the crown in the vicinity of the
      area, said area and the adjacent part of the crown on the same side of the
      pleats will be depressed and will remain depressed after the pressure is
      released. An additional peripheral pleat 122 may be included, the same
      being of semi-circular plan contour and located with its ends at the ends
      of the diametral pleat and its arch next to the bead 118, crossing the
      wide portion of the wedge shaped area 116. The pleat 122 likewise expands
      when the above mentioned manual pressure is applied and remains extended
      when the pressure is released. The depths of the various pleats are
      sufficient so that when they are expanded the semi-circular portion of the
      crown including the area 116 assumes a trough-shaped configuration as
      shown by the dot-and-dash line position illustrated in FIG. 14. The
      deepest portion of the trough is near the center of the lid and is
      sufficiently deep to accommodate the tip of a drinker's nose. The
      configuration of the crown before application of manual pressure is
      indicated by the solid lines in FIG. 14. Attention is called to the fact
      that the trough includes an inclined wall 124 sloping centerward from the
      bead 118 and an almost vertical wall 126 extending downwardly across about
      the center of the lid. Both of these downwardly extending walls function
      as baffles to dampen slosh waves. The area 116 is in the moderately
      inclined wall 124. Excellent materials for use in lids formed with pleats
      which are to be expanded in the aforesaid manner are polyethylene and
      polypropylene.
PAR  It will be appreciated that the depth of the lid 110 prior to manual
      depression is about that of the lid 22 or the lid 42 so that lids 110 can
      be stacked to about the same height as conventional lids. The pleats 120
      and 122 of juxtaposed lids interfit nicely so as not to noticeably
      increase the height of the stack.
PAR  It is to be understood that once the pleats are expanded there is neither
      intent nor need to have them restored to their contracted condition
      inasmuch as the lid 110 is disposable along with the container 112 after
      the potable in the container has been consumed.
PAR  In FIGS. 15 and 16 there is shown a lid 128 embodying a variant of the lid
      110 and which, like the lid 110, is depressible upon the application of
      manual pressure to be transformed from a horizontal crown position as
      shown in solid lines in FIG. 16 to a downwardly conical crown position as
      shown in dot-and-dash lines in the same figure. The lid 128 has a crown
      130 which, as sold and coupled to a container 132, is essentially
      horizontal and slightly below the level of the bead 134 of said lid.
PAR  The crown is formed to include several concentric circular pleats 136, i.e.
      flutes. The flutes may be close together, as depicted, or somewhat spaced.
      Their mutal spacing and the depths of the pleats are such that upon the
      application of pressure the crown will assume a conical shape that is deep
      enough at its center to accommodate the tip of a person's nose drinking
      from the container through the lid. The crown is formed with a limited
      perforated area 138 which is the same as the areas previously detailed,
      serves the identical function and is of the same construction; that is to
      say, liquid will flow through the area into a consumer's mouth for
      drinking and the inclined walls of the conical depression, both the
      perforate and imperforate portions thereof, will act as baffles to dampen
      slosh waves. The openings are essentially blocked in the non-depressed
      condition of the crown.
PAR  It thus will be seen that there are provided devices which achieve the
      various objects of the invention and which are well adapted to meet the
      conditions of practical use.
PAR  As various possible embodiments might be made of the above invention, and
      as various changes might be made in the embodiments above set forth, it is
      to be understood that all matter herein described or shown in the
      accompanying drawings is to be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  Having thus described the invention, there is claimed as new and desired to
      be secured by Letters Patent:
NUM  1.
PAR  1. A closure lid for capping the open top of a potable container, said lid
      having peripheral means for releasably sealingly engaging the lip of the
      container, a crown, and means providing a limited area in said crown
      having a group of small openings therein at least adjacent the periphery
      of the crown through which the potable in the container may be drunk
      through the lid, said crown being imperforate except at said area, the
      sizes and spacings of said openings inhibiting slosh waves in the potable,
      said lid having flutes which are expandable downwardly to open up upon
      application of manual pressure to the crown in the vicinity of the limited
      area whereby to form a depression to accommodate the nose of a person
      drinking the potable from the container through the lid, the side walls of
      the depression acting as baffles to further minimize slosh waves in the
      potable.
NUM  2.
PAR  2. A lid as set forth in claim 1 wherein the flutes are parallel to a
      diameter of the crown.
NUM  3.
PAR  3. A lid as set forth in claim 2 wherein the flutes are beyond the limited
      area.
NUM  4.
PAR  4. A lid as set forth in claim 2 wherein the depression formed by pressing
      on the depressible area is in the shape of a trough.
NUM  5.
PAR  5. A lid as set forth in claim 1 wherein the flutes are in the
      configuration of concentric circles.
NUM  6.
PAR  6. A lid as set forth in claim 5 wherein the depression formed by pressing
      on the depressible area is conical.
NUM  7.
PAR  7. A lid as set forth in claim 5 wherein the flutes block the openings.
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ABST
PAL  An improved easy-open end closure which maintains close contact between a
      tab and container end panel prior to opening, regardless of doming of the
      end panel. An integral rivet is formed on the end panel inclined
      off-center 10.degree.-20.degree. toward the end panel center, the rivet
      securing the pull tab thereto whereby the tab converges with the end panel
      toward the periphery thereof.
PAC  SUMMARY OF THE INVENTION
PAR  When easy-open containers employing integral off-center rivets are
      subjected to excessive internal pressure the end closure bulges outwardly
      and exerts an upward force on the tab. Occassionally the tab is rotated
      upwardly about the rivet and retains this displacement after the internal
      pressure has been reduced and the end panel bulging has subsided. Tab
      displacement of this sort detracts from the appearance of the container.
      Further, the exposed tab may be jostled during handling, resulting in
      either misalignment of the tab and concomitant malfunctioning during
      opening or unintentional opening of the container.
PAR  It is therefore, the primary object of this invention to provide an
      improved easy-open end closure wherein the tab will maintain close contact
      with the end panel after cyclical pressure changes in the container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The various features and advantages of the improved easy-open closure of
      this invention will be more apparent from the following detailed
      description when considered in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a top view of a standard easy-open end closure.
PAR  FIG. 2 is a diametrical sectional view of a standard easy-open container
      closure subjected to normal internal pressure.
PAR  FIG. 3 is a view similar to FIG. 2 wherein the internal pressure has been
      increased resulting in bulging of the end panel and separation of the tab
      from the end panel.
PAR  FIG. 4 is a view similar to FIG. 3 wherein the internal pressure has
      returned to normal leaving the tab with a permanent displacement.
PAR  FIG. 5 is a top view of the improved easy-open end closure of the present
      invention.
PAR  FIG. 6 is a diametrical sectional view of the improved easy-open end
      closure of the present invention.
PAR  FIG. 7 is a view similar to FIG. 6 wherein the internal pressure has been
      increased resulting in bulging of the end panel and separation of the tab
      from the end panel.
PAR  FIG. 8 is a view similar to FIG. 7 wherein the internal pressure has
      returned to normal and the tab has returned to its original position in
      close contact with the end panel.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As shown in FIGS. 1 and 2, a conventional easy-open end closure has a tab
      3A fixedly attached to an end panel 1A by an off-center rivet 2A, said
      rivet 2A being integrally formed in said end panel 1A and perpendicular
      thereto, said tab 3A being parallel to, and in close contact with said end
      panel 1A.
PAR  Internal over-pressurization results in doming of the end panel 1A and
      consequent separation of the tab 3A from the end panel 1A (FIG. 3).
      Occassionally this bulging results in the tab 3A being rotated upwardly
      about the rivet 2A and retaining this displacement after the internal
      pressure has been reduced and the end panel bulging has subsided (FIG. 4).
PAR  As shown in FIGS. 5 and 6, the closure of this invention comprises a metal
      end panel 1 with integral off-center rivet 2, said rivet 2 being inclined
      toward the center of said end panel. A metal tab 3 is fixedly attached by
      said rivet 2 to said end panel 1 and a score line 4 is formed in said end
      panel 1 and defines an opening flap 5 therein.
PAR  Inclination of the rivet 2 imparts a counter-rotational downward force or
      bias on the tab 3. This force insures that the tab 3 will maintain and is
      held, in a position in close contact with the end panel 1 after cyclical
      pressurization of the container. An inclination of 15.degree. from the
      vertical is preferred although inclinations of between 10.degree. to
      20.degree. have been found to be effective. The tab 3 which is preferably
      metal, is sprung against the end panel 1 and the resiliency of the tab 3
      insures that it will float with the destention and contraction of the end
      panel 1. The tab 3 has one end comprising an opening receiving the rivet
      shank 8 therethrough. The rivet 2 has a head 9 formed thereon which is
      staked against the tab 3. The tab 3 has a finger-grip portion 10 at its
      other end which is wide and seats across a large expanse of the end panel
      1 thus resisting rotation.
PAR  It will be noted that regardless of the bulging of the end panel 1, the tab
      3 is held pressed down against the end panel 1 whereas in the conventional
      construction shown in FIGS. 1-4, the finger grip portion 10A of the tab 3A
      is spaced away from the panel by the intermediate portion 11A of the tab
      3A fulcruming at 12A on the spherical or bulged profile of the end panel
      1A.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved easy-opening end closure comprising a substantially planar
      end panel, a substantially planar tab, a score line formed in said end
      panel and defining a flap therein for fracturing by the tab to open said
      closure, and biasing means comprising an offcenter rivet integral with
      said end panel securing said tab thereto and inclined at an acute angle
      toward said tab and urging said tab against said end panel.
NUM  2.
PAR  2. An improved easy-opening end closure as defined in claim 1 wherein said
      rivet is inclined 10-20.degree. from the vertical.
NUM  3.
PAR  3. An improved easy-opening end closure as defined in claim 2 wherein said
      rivet is inclined approximately 15.degree. from the vertical.
NUM  4.
PAR  4. An anti-rotation fastening between a tab and a container end panel, both
      said tab and said container end panel being substantially planar, said end
      panel having a projection thereon comprising an integral rivet shank
      formed in the end panel and disposed at a non-perpendicular angle to the
      portion of the panel attached thereto, a tab with an opening therethrough
      having its axis substantially normal to the principal plane of the tab,
      said rivet extending through said opening in the tab, and a head formed on
      the rivet shank for clampingly holding the end between the head and end
      panel and transversely fixing said tab to hold the same resiliently
      against the end panel.
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PAL  Generally circular articles within a row of similar articles are conveyed
      and dispensed from the end of the row. When the row of articles is
      substantially depleted a magazine containing another row of the articles
      is advanced to bring the additional row of articles in contact with the
      conveying shaft. A method and apparatus are provided for automatically
      actuating and advancing the magazine and for returning it to its original
      position when all articles contained therein have been delivered to the
      conveyor.
BSUM
PAR  This invention relates to a method and apparatus for dispensing a plurality
      of generally circular articles. In another aspect it relates to a method
      and apparatus for delivering successive rows of generally circular
      articles to an apparatus which dispenses the thus delivered articles. In
      still another aspect this invention relates to a method and apparatus for
      automatically delivering successive rows of generally circular articles to
      an appratus which dispenses the thus delivered articles. In yet another
      aspect this invention relates to a method and apparatus for dispensing
      covers or lids for containers.
PAR  Various manufacturing or production operations, particularly packaging
      operations, require that a continuing and uninterrupted supply of various
      articles be provided at a specific location for use in assembling,
      constructing, or otherwise incorporating them into an article or package
      which is being made. In the packaging of foods or other products in
      particular, when a product is dispensed into a container and various
      operations including capping are thereafter performed upon the container,
      the operator of the filling machine must be certain that an uninterrupted
      supply of containers, covers, and other packaging materials are provided
      to the packaging apparatus. The necessity of having an uninterrupted
      supply of such materials is particularly important in the large number of
      packaging processes in which the supply of material or product to be
      packaged cannot be stopped and must either be packaged or wasted and also
      in a large number of processes in which the time, lost production, and
      energy expended in halting a packaging machine in order to reestablish a
      supply of depleted packaging materials is substantial.
PAR  It is very desirable, therefore, to have a method and apparatus of
      supplying articles to a process or operation in such a way as to minimize
      the possibility of their supply being interrupted. One solution to the
      problem is to provide a sufficient number of operators and assistants to
      permit all supplies of such articles to be checked and refilled
      frequently. When an operator or an assistant has several machines to
      monitor or several operations on a single machine which divide his
      attention, however, the frequency with which his attention must be
      directed to any given aspect of the machine's operation or to any
      particular machine within a group substantially increases the probability
      of his being required to attend to more than one task at almost the same
      time and will often determine how hectic or nerve-wracking the operation
      of equipment will be.
PAR  It is therefore an object of this invention to provide a method and
      apparatus for delivering generally circular articles. An additional object
      of the invention is to provide a method and apparatus for increasing the
      capacity of apparatus delivering generally circular articles. Still
      another object of the invention is to provide a method and apparatus which
      permits efficient resupply of articles to a dispensing apparatus. Yet
      another object of the invention is to provide a method and apparatus for
      dispensing container covers. An additional object of the invention is to
      provide a method and apparatus for supplying container covers to a
      packaging apparatus. Still another object of the invention is to provide a
      method and apparatus for supplying generally circular articles to the
      conveying portion of an apparatus which serially dispenses the articles.
PAR  In accordance with the present invention a rotating shaft means within a
      conveying chute conveys a row of generally circular articles resting
      thereon to a first end of the shaft means where the articles are dispensed
      one at a time into a chute or other suitable receiving means. An
      intermittently actuated magazine feeder means is adapted to deliver a row
      of articles into contact with the rotating shaft means. The magazine
      feeder means is equipped with at least one magazine compartment with each
      compartment being capable of carrying a sufficient number of articles to
      replenish the supply of articles in contact with the rotating shaft means
      and available for delivery to the first end thereof. The rotating shaft
      means which conveys the articles to a delivery point and maintains the
      articles in a row within the conveying trough for the apparatus of the
      invention insures the uninterrupted delivery of articles from the
      conveying trough. The magazine feeder means insures an uninterrupted
      delivery of articles to the conveying trough while increasing the length
      of time which the apparatus can continue in operation without the
      attention of an operator in refilling its supply of articles by a factor
      at least equal to the number of magazine compartments within the magazine
      feeder means. Although the method and apparatus of the invention are
      particularly well suited for the supply of container covers to a packaging
      machine, the invention is equally applicable to a large number of other
      specific operations.
DRWD
PAR  Additional objects and advantages of the invention will be apparent from
      the description of the drawings in which:
PAR  FIG. 1 is a perspective view of an ice cream packaging machine with the
      apparatus of the invention operably attached thereto;
PAR  FIG. 2 is a side elevation view of the apparatus of the invention;
PAR  FIG. 3 is a plan view of the apparatus of the invention;
PAR  FIG. 4 is an end elevation view of the apparatus of the invention viewed as
      designated by line 4--4 of FIG. 3;
PAR  FIG. 5 is the cross sectional view designated by line 5--5 of FIG. 3; and
PAR  FIG. 6 is a schematic diagram of the electrical control circuits of the
      invention.
DETD
PAR  Referring to FIG. 1, there is illustrated a packaging machine 10 wherein a
      series of empty containers 11 are delivered by a container conveyor 12 to
      a packaging conveyor 14. The packaging conveyor 14 comprises an upper
      plate 15 and a lower plate 16 which are indexed together in a stepwise
      manner by a drive shaft 18. The upper plate 15 and lower plate 16 of the
      packaging conveyor 14 are each equipped with conveyor pockets suitable for
      accepting and engaging a container 11 from the container conveyor 12 and
      advancing the container 11 to the various stations of the packaging
      machine. A product supply conduit 20 carries a supply of the material to
      be packaged, ice cream in this case, to a tee 21 which in turn delivers
      the product to a flow valve 22. A filler valve actuating means 23 actuates
      the filler valve 22 during the dwell portion of each cycle to introduce
      the material to be packaged into the container 11 positioned in the
      filling station of the conveyor. If desired, a container lift mechanism
      can be employed to raise the container 11 to be filled so that the outlet
      end of the filler valve 22 is inside the container and adjacent the botton
      of the container before the filler valve 22 is actuated. The lift
      mechanism can then gradually lower the container as it is being filled. A
      dump valve 25 and dump valve actuating means 26 are provided to direct the
      material flowing through the product supply conduit to a waste receptacle
      or other suitable disposal means in the event the packaging conveyor 14
      fails to deliver a container 11 to the filling station or if any other
      condition precludes filling of a container by the packaging machine 10
      during the course of its operation. The operation of a packaging machine
      10 which, for example, accepts ice cream through its product supply
      conduit 20 must often operate in conjunction with an ice cream freezing
      machine which requires continuous removal of the product as it is produced
      in order to avoid damage to the production equipment. A packaging machine
      10 operating at a rate sufficient to accept the product at the rate at
      which it is being produced must maintain a flow of the product through
      either filler valve 22 or dump valve 25 except for the time which it takes
      for the packaging conveyor 14 to be indexed.
PAR  A closure feeding mechanism 30 dispenses container closures 31 through an
      outlet chute 32 to the capping station of the packaging machine 10. At the
      capping station the capping mechanism 27 affixes a closure to each
      container. Further indexing of the packaging conveyor 14 deposits the
      filled and capped container on a delivery conveyor 28 which removes the
      filled container from the packaging machine 10.
PAR  The closure feeding mechanism 30 is supported by a main supporting frame 33
      at a height adequate to permit gravity feed of container closures 31 from
      the outlet chute 32 of the closure feeding mechanism 30 to the capping
      mechanism 27 of the packaging machine 10. The closure feeding mechanism 30
      is equipped with a conveying trough 35 for delivering closures to a
      dispensing means 36 and the outlet chute 32. A closure magazine 37 is
      movably mounted on a pair of magazine support tracks 38. The magazine
      support tracks 38 are in turn supported by a track support subframe 39.
PAR  The elevation view of the closure feeding mechanism 30, FIG. 2, shows a
      supply of closures 31 within the conveying trough 35 to be nearing
      depletion. The closures are carried along the conveying trough 35 toward
      the dispensing means 36 by a rotating conveyor shaft 41. The supply of
      closures within the conveying trough 35 is depleted as the dispensing
      means 36 provides closures to the outlet chute 32 in response to the
      demand of a packaging machine or other similar device for closures 31. The
      rotating conveyor shaft 41 is supported by a bearing 42 or other similar
      suitable supporting means affixed to the main supporting frame and located
      at either end of the conveyor shaft 41. Although the conveyor shaft can be
      of any suitable configuration and can be either substantially level or
      inclined at a suitable angle, the preferred conveyor shaft illustrated is
      threaded along its entire working length with standard machine threads or,
      more preferably, with standard machine threads which have had all sharp
      external surfaces rounded or otherwise removed. The conveyor shaft 41 is
      rotated by an electric motor or any other standard means of imparting
      rotational movement to a shaft, including suitable belt and pulley, gear,
      or other rotational speed altering means located within the motor housing
      43. The direction of rotation of the conveyor shaft 41 is such that its
      external threads will tend to move an article in contact therewith toward
      the dispensing means 36. The conveyor shaft 41 is preferably continually
      actuated whenever the closure feeding mechanism 30 is in operation. The
      speed at which the conveyor shaft 41 is rotated will be dependent upon the
      pitch of its threads, if any, the angle from horizontal at which it is
      inclined, the weight and size of closures 31 to be dispensed, and other
      similar factors. A preferred shaft having a diameter of about 2 inches and
      threaded along its entire length with double threads at a pitch of about
      20 per inch with the threads cut about one-half to about three quarters of
      normal thread depth and rotating at about 450 to 600 revolutions per
      minute depending on the diameter of the closure being handled is capable
      of satisfactorily conveying paperboard closures having a diameter of about
      3 to about 7 inches when the shaft is positioned within a range of about
      .+-.5.degree. of horizontal. Any rotational speed for the conveyor shaft
      41 which is sufficient to maintain the closures 31 on edge and is below
      the speed at which the force exerted upon the closures by the threaded
      shaft is sufficient to cause interference with the free operation of the
      dispensing means 36 is suitable.
PAR  The closure magazine 37 comprises a pair of magazine end members 45, each
      magazine end member in turn comprising a lower plate 60, a middle plate 46
      and an upper plate 47. A plurality of closure support plates 48 and a top
      plate 49 divide the closure magazine 37 into a plurality of magazine
      compartments each capable of holding a supply of closures 31 therein.
      While the preferred embodiment of the invention illustrated is equipped
      with three closure compartments, use of as few as one such closure
      compartment or any other number of such compartments is understood to be
      within the scope of the invention. In FIGS. 2 and 3 the uppermost magazine
      compartment is shown filled with closures 31 whereas the middle and lower
      compartments are shown only partially filled in order to more clearly
      illustrate the structure and operation of the closure magazines 37.
PAR  In FIG. 3 the structure of the conveying trough 35 is illustrated with a
      lower support plate 51 located behind and extending above the conveyor
      shaft 41 and a front support plate 52 located in front of and extending
      above the conveyor shaft 41.
PAR  Located below the main supporting frame 33 at each end of the closure
      feeding mechanism 30 is a casters assembly 54 equipped with caster 55 or
      other similar suitable means for permitting the closure feeding mechanism
      to be moved from one location to another and to thereby be adaptable for
      use with different packaging or other closure accepting apparatus. Due to
      the construction of the conveying trough 35 the closure feeding mechanism
      30 is capable of operating at almost any location within most processing
      or packaging facilities without the need for setting up and leveling each
      time the apparatus is moved from one location to another.
PAR  A photoelectric light source and detector 57, in combination with a
      suitable reflector 58 such as a mirror or other reflecting means is
      capable of generating an electric signal or actuating an electric circuit
      when the supply of closures 31 within the conveying trough 35 is
      substantially depleted. The photoelectric light source and detector 57
      along with a reflector 58 may be positioned at any suitable location along
      the conveying trough 35 with appropriate modification to the rear support
      plate 51 and front support plate 52 necessary to permit a beam of light to
      pass from the light source and detector 57 to the reflector 58 and back
      whenever the light path is not interrupted by one or more closures 31. Any
      suitable alternative arrangement of photoelectric detection, such as a
      system employing a light on one side of the conveying trough 35 and a
      detector on the opposite side, as well as other means of detecting the
      depletion of the supply of closures 31 within the conveying trough 35 and
      generating a signal responsive thereto are within the scope of the
      invention. The signal generated by the photoelectric apparatus 57 can also
      be generated responsive to there being room within the conveying trough 35
      for another row of closures whether or not the container supply within the
      conveying trough 35 is depleted.
PAR  Referring now to FIG. 4, in the preferred dispensing means 36 illustrated
      the rotation of the conveyor shaft 41 along with gravitational force urge
      each successive closure 31 entering the dispensing means 36 to move
      downwardly toward the outlet chute 32. In this preferred embodiment, the
      dispensing means 36 comprises only a hollow housing of the shape defined
      by FIGS. 2, 3, and 4 which is slightly wider than a closure 31. In
      operation, the outlet chute 32 and a gravitationally operated chute
      attached thereto will be completely filled by the closure feeding
      mechanism 30. Thereafter, each time a closure is removed from the chute
      attached to the outlet chute 32 all closures within the chute system will
      move down the chute due to the action of gravitational force, and
      gravitational force and rotation of the conveyor shaft 41 will cause a
      closure 31 within the dispensing means 36 and contacting the conveyor
      shaft 41 to be displaced in a direction perpendicular to the longitudinal
      axis of the conveyor shaft 41 thereby permitting an additional closure 31
      to enter the dispensing means 36. Such a dispensing means 36 is simple and
      maintenance free and has proven to be consistently reliable in the
      delivery of closures 31 to the outlet chute 32.
PAR  Attached to each middle plate 46 of each magazine end member 45 is a lower
      plate 60 which is in turn attached to and/or engaging a drive chain 61 or
      other suitable drive means by any suitable means of engagement or
      attachment such as the illustrated clamp 62 which securely attaches one or
      more links of the drive chain 61 to the lower plate 60. Alternately, lower
      plate 60 can be a gear rack driven by a pinion gear on drive shaft 67
      instead of the drive chain arrangement illustrated in the drawings. The
      drive chain 61 is supported at the bottom by a lower sprocket 63 mounted
      on a shaft 64 and is supported at its upper end and driven by an upper
      sprocket 66 fixedly attached to a drive shaft 67. An intermittently
      actuated, reversible magazine drive motor 68 having a sprocket 69 attached
      to the rotor shaft thereof drives the drive shaft 67 through a chain
      linking the sprocket 69 with a sprocket attached to the drive shaft 67 and
      located behind the upper sprocket 66. Actuation of the drive motor 68
      therefore results in movement of the entire closure magazine 37 along the
      magazine support tracks 38. The shaft 64 upon which the lower sprockets 63
      are mounted is supported by brackets 71 attached to the main supporting
      frame 33 (see FIGS. 2 and 5). Any suitable electrical enclosure 72 can be
      used to house the electrical circuits necessary to control the operation
      of the drive motor 68. The electrical enclosure 72 is preferably
      relatively impervious to the entrance of moisture and is preferably placed
      at a location where it will be least likely to be affected by spraying or
      washing operations required for proper sanitation in the facility where
      the closure feeding mechanism is to be used.
PAR  The cross section of FIG. 5 illustrates the manner in which the closure
      magazine 37 and its associated drive equipment can be utilized to
      successively replenish the supply of closures 31 within the conveying
      trough 35. The rear support plate 51 of the conveying trough 35 is
      attached to the vertical members of the track support subframe 39 which is
      in turn supported by the main supporting frame 33. The photoelectric light
      source and detector 57 can be mounted in any suitable manner on the main
      supporting frame 33, track support subframe 39, or rear support plate 51.
      A suitable aperture in the rear support plate 51 may be utilized to obtain
      an unobstructed light path between the photoelectric light source and
      detector 57 and its associated reflector 58. As illustrated by FIG. 5, a
      row of closures 31 located within the conveying trough 35 and resting upon
      the rotating conveyor shaft 41 will obstruct the light path between the
      photoelectric light source and detector 57 and its associated reflector
      58.
PAR  Located beneath the closure magazine 37 and rigidly attached to the main
      supporting frame 33 and the underside of the magazine support track 38 is
      a backplate assembly comprising a backplate 75 supported by a top
      backplate support 76, a bottom backplate support 77 and such other
      supporting members as may be required to maintain the backplate 75
      substantially flat and flush with the bottom sides of the magazine support
      track 38. Attached to the bottom backplate support 77 is a magazine stop
      plate 78 which establishes the lower limit of travel for the closure
      magazine 37 by contacting a portion of the lowermost closure support plate
      48. The position of the closure magazine 37 illustrated in all of the
      figures of the drawing is its lowermost position wherein the lowermost
      closure support plate 48 is in contact with the magazine stop plate 78.
PAR  The top edge of the back plate 35 is adjacent the outside edge of the front
      support plate 52 of the conveying trough 35 to permit a row of closures 31
      carried upwardly along the backplate 75 by the closure magazine 37 to roll
      over the front edge of the front support plate 52 and into the conveying
      trough 35 when the closure magazine 37 is advanced upwardly along the
      magazine support tracks 38. A plurality of magazine support rollers 81
      rotatably mounted on roller support shafts 82 attached to the middle
      plates 46 of the magazine end members 45 guide the closure magazine 37
      along the magazine support tracks 38. In the embodiment illustrated the
      magazine support rollers are located directly beneath each upper plate 47
      of the magazine end members 45, the outer surface of each magazine support
      roller 81 is mated to the beveled upper surface of the magazine support
      tracks 38, and there are two magazine support rollers 81 associated with
      each magazine end member 45.
PAR  Indexing of the closure magazine 37 is controlled by the photoelectric
      light source and detector 57, a cam operated cycle switch 84 and a
      reversing switch 85. The cycle switch 84 is actuated by a cam 86 attached
      to the drive shaft 67. In the embodiment illustrated the diameter of the
      upper sprocket 66 (FIG. 4) is chosen so that one rotation of the drive
      shaft 67 will advance the closure magazine 37 a distance equal to the
      spacing between adjacent closure support plates 48 within the closure
      magazine 37. The cam 86 therefore has one lobe which actuates the cycle
      switch 84 at the completion of each advance of the closure magazine 37. An
      additional sprocket 87 attached to the drive shaft 67 drives an
      accumulator wheel 89 having an actuating lug 90 attached thereto. The size
      relationship between the sprocket 87 and the drive sprocket associated
      with the accumulator wheel 89 is such that the accumulator wheel makes one
      revolution each time the drive shaft 67 advances the closure magazine 37 a
      distance equal the distance from its lowermost position to the position at
      which the containers supported by the lowermost closure support plate 48
      within the closure magazine 37 are deposited into the conveying trough 35.
      In the embodiment illustrated wherein the drive shaft 67 makes one
      revolution each time the closure magazine 37 is indexed and wherein the
      closure magazine 37 can be indexed three times before all the closures 31
      contained therein are deposited in the conveying trough 35, three
      revolutions of the drive shaft 67 and the sprocket 87 attached thereto
      will result in one revolution of the accumulator wheel 89. The actuating
      lug 90 is affixed to the accumulator wheel 89 so that it contacts the
      actuating means of a reversing switch 85 each time the accumulator wheel
      89 has made one revolution and the closure magazine 37 is in its uppermost
      or lowermost position.
PAR  FIG. 6 illustrates the manner in which the photoelectric light source and
      detector 57, the cycle switch 84, and the reversing switch 85, along with
      other electrical components, control the movement of the closure magazine
      37. A master switch 93 connects all electrical circuits of the closure
      feeding mechanism 30 to a suitable source of electrical power. In the
      system described and illustrated by FIG. 6 the electrical power source is
      a single phase, 60 Hertz alternating current, 115 volt power source of the
      type ordinarily designated as "household current". Use of other forms of
      alternating current or direct current or other voltages and using
      equipment adapted to operate with such other power sources is, of course,
      possible. When the master switch 93 is closed a power-on pilot light 94 is
      lighted and the conveyor drive motor 95 begins driving the continuously
      rotating conveyor shaft 41. Two fuses 96 protect the conveyor drive motor
      95 from overload and other similar electrical conditions which might
      damage the motor. Closing the master switch 93 also supplies power to the
      photoelectric light source and detector power supply 98. In addition,
      closure of the master switch 93 supplies power to a time delay coil 99
      which, after an appropriate delay, approximately 2 seconds for example,
      closes its associated normally open contact 99a. As will be more apparent
      from the following discussion of the remaining circuitry, the action of
      the time delay coil 99 prevents unwanted or erroneous automatic indexing
      of the closure magazine 37 during startup of the closure feeding mechanism
      30 and while the power supply 98 energizes the photoelectric light source
      and detector 57 and causes the normally closed contacts 57a to open. After
      the master switch 93 has been turned on, and the appropriate startup time
      determined by the time delay coil 99 has elapsed, the pilot light 94 will
      be lighted, contact 99a will be closed, power will be supplied to the
      photoelectric light source and detector 57 by its power supply 98, contact
      57a will be open, and the conveyor drive motor 95 will be driving the
      rotating conveyor shaft 41 at its designated speed.
PAR  With the power on and the closure magazine 37 being in the position
      illustrated by FIGS. 2-5 the reversing switch 85 schematically illustrated
      in FIG. 6 and physically shown in FIG. 5, will be open so that the time
      delay coil 101 and the reversing coil 102 will be unactuated. The normally
      open contact 101a associated with the time delay coil 101 will therefore
      be open and the normally closed contact 102a associated with the reversing
      coil 102 will be in a closed position. In this condition, manual actuation
      of the manual cycle switch 104 will apply power to the cycle relay 106,
      closing the contacts 106a and 106b associated therewith and actuating the
      magazine drive motor 68. The magazine drive motor 68 has associated
      therewith a brake releasing means 108 which can be operably connected
      either electrically or mechanically to the rotor or rotor shaft of the
      magazine drive motor 68 and which will permit free rotation of the
      magazine drive motor shaft when contacts 106a and 106b are closed and will
      electrically or mechanically inhibit rotation of the magazine drive motor
      shaft when power is not being supplied to the motor 68. Two fuses 109
      protect the magazine drive motor 68 and brake releasing mechanism 108 from
      damage due to overload or other similar electrical conditions. Also
      associated with the magazine drive motor 68 is a reversing circuit 111.
PAR  When the manual cycle switch 104 is depressed and the magazine drive motor
      68 begins to index the closure magazine 37 upwardly along the magazine
      support tracks 38, rotation of the drive shaft 67 and cam 86 attached
      thereto (FIG. 5) causes the cycle switch 84, which had been held in its
      open position by the cam 86, to be closed. The closing of the cycle switch
      84 insures the continued operation of the magazine drive motor 68, even
      though the manual cycle switch 104 has automatically reopened after being
      actuated, until the drive shaft 67 has made one revolution advancing the
      closure magazine 37 to deposit an additional row of containers within the
      conveying trough 35 and advancing the cam 86 to reopen the cycle switch 84
      thereby stopping the magazine drive motor 68.
PAR  If automatic operation of the magazine drive motor 68 is desired, the
      automatic mode switch 114 can be manually closed. The automatic mode
      switch 114 is physically connected to or ganged with a pilot light switch
      115 for lighting the automatic mode pilot light 116 whenever the automatic
      mode switch 114 is closed. In this condition, actuation of the
      photoelectric pulse coil 118 causing its associated contact 118a to close
      will actuate the magazine drive motor 68 since the contact 99a associated
      with the time delay coil 99 has already been closed. When the closures 31
      in the conveying trough 35 interrupt the light beam of the photoelectric
      light source and detector 57, a contact 57a associated therewith and
      operably connected to the photoelectric delay coil 118 is in its open
      position and prevents actuation of the photoelectric pulse coil 118.
      Receipt by the photoelectric light source and detector 57 of the light
      beam reflected from its associated reflector 58 will close contact 57a and
      will cause power to be applied to the photoelectric pulse coil 118. The
      contact 118a associated with the photoelectric pulse coil 118 is thereupon
      closed, thereby actuating the magazine drive motor 68. After a period of
      time sufficient to permit the magazine drive motor 68 to begin movement
      thereby closing the cycle switch 84, the photoelectric pulse coil 118 will
      automatically reopen its associated contact 118a and will not thereafter
      reclose the contact 118a until it is again triggered by the contact 57a
      associated with the photoelectric light source and detector 57. The
      magazine drive motor 68 will therefore continue in operation until the cam
      86 reopens the cycle switch 84 when the drive shaft 67 has made one
      complete rotation.
PAR  Although an additional time delay relay can be utilized in conjunction with
      the operation of the photoelectric light source and detector 57 in order
      to prevent erroneous indexing of the closure magazine 37 as a result of a
      momentary separation between adjacent closures 31 located in the conveying
      trough 35, a preferred method of preventing accidental indexing is
      positioning of the photoelectric light source and detector 57 and its
      associated reflector 58 in the manner illustrated by FIG. 3. By offsetting
      the reflector 58 from the photoelectric light source and detector 57 so
      that the optical path between the light source 57 and the reflector 58 is
      not perpendicular to the elongated axis of the conveying trough 35 such
      accidental indexing is avoided. The distance of the offset between the
      photoelectric light source and detector 57 and the reflector 58 is
      preferably equal to the width of at least one closure and more preferably
      equal to the width of at least two closures. If an additional time delay
      relay is utilized in lieu of this offset technique, the period of delay
      prior to actuation of the magazine drive motor 68 would need to be long
      enough only to prevent momentary separation of the containers 31 within
      the conveying trough 35 from indexing the closure magazine 37, and the
      point along the conveying trough 35 at which the photoelectric sensing
      means 57 is located would need to be moved further away from the
      dispensing means 36 in order to compensate for the delay time. If desired,
      a combination of a delay means and offset of the reflector or light source
      and detector can be used. A preferred system of this type utilizes a
      photoelectric detector having a built-in fixed or adjustable delay.
PAR  Having started in its lowermost position and having been indexed twice, the
      closure magazine 37 has one remaining row of closures 31 located in the
      lowermost portion thereof and available for deposit within the conveying
      trough 35. When the magazine drive motor is actuated, either manually by
      switch 104 or automatically by the action of the photoelectric light
      source and detector 57 in closing contacts 51a and 118a, the closure
      magazine 37 will again be moved upwardly along the magazine support tracks
      38. As the closure magazine 37 reaches the upper limit of its travel and
      cycle switch 84 is opened by cam 86 the accumulator wheel 89 has reached
      the end of one full revolution and its actuating lug 90 closes the
      reversing switch 85. As soon as the reversing switch 85 is closed the
      reversing coil 102 is actuated and its associated contact 102a is opened,
      thereby preventing operation of the magazine drive motor 68 by the manual
      cycle switch 104, the cycle switch 84, or contact 118a in conjunction with
      the automatic mode switch 114. The actuation of the reversing coil 102
      also closes its associated contacts 102b and 102e and opens its associated
      contacts 102c and 102d, thereby altering the manner in which power is
      supplied to the magazine drive motor 68 and causing it, when actuated, to
      run in a reverse direction. In addition, closing the reversing switch 85
      applies power to the time delay coil 101. After a period of time adequate
      to permit all closures 31 being delivered to the conveying trough 35 to
      roll down the front support plate 52 into contact with the conveyor shaft
      41 the time delay relay 101 will close its associated contact 101a thereby
      actuating the cycle relay 106, closing contacts 106a and 106b, and
      initiating reverse operation of the magazine drive motor 68. Although any
      suitable time delay for the time delay coil 101 can be used, a period of
      about 5 seconds has been found to be satisfactory.
PAR  As the magazine drive motor 68 operates in its reverse direction the
      closure magazine 37 is lowered by the drive chains 61 attached to the
      lower plates 60 on the magazine end members 45. During each rotation of
      the drive shaft 67 in the reverse direction the cycle switch 84 will be
      opened and closed by the cam 86 but the operation of the magazine drive
      motor 68 will not be affected by the cycle switch 84 since the cycle
      switch has been isolated from the cycle relay 106 by the opening of
      contact 102a associated with the reversing relay 102. Only after the
      accumulator wheel 89 has made a full rotation does the actuating lug 90
      reopen the reversing switch 85 thereby deenergizing the time delay coil
      101 and the reversing coil 102 causing contact 101a to be reopened,
      contact 102a to be reclosed, and contacts 102b, 102c, 102d and 102e to
      return to their original positions. Control of the magazine drive motor 68
      is thus returned to the manual and automatic cycle mechanisms for
      operation in the forward direction.
PAR  In operation, the closure feeding mechanism 30 is connected at its outlet
      chute 32 to a gravity chute associated with a machine to which closures 31
      are to be supplied. The conveying trough 35 can be either filled with
      closures or empty. For the purpose of explanation it will be assumed that
      there are no closures in the conveying trough 35 but that all three
      compartments of the closure magazine 37 are filled with containers and
      that the automatic mode switch 114 is closed. When operation of the
      closure feeding mechanism is desired the master switch 93 is closed by
      turning the switch to its "on" position and the power on pilot light 94 is
      lighted. The conveyor drive motor 95 begins rotating the conveyor shaft 41
      and the photoelectric light source and detector power supply 98 places the
      photoelectric light source and power supply 57 in operational condition.
      As soon as the time delay coil 99 closes its associated contact 99a the
      closure magazine 37 will be indexed since the absence of closures 31
      within the conveying trough 35 will cause contact 57a to close, actuating
      the photoelectric pulse coil 118 and closing contact 118a. If the
      conveying trough 35 had contained closures the time delay coil 99 would
      have prevented unwanted actuation of the magazine drive motor 68 during
      the brief warmup time required by the photoelectric light source and
      detector power supply 98. A delay of approximately 2 seconds by the time
      delay coil 99 is ordinarily sufficient for this purpose for use in
      conjunction with most modern photoelectric detection systems.
PAR  About 2 seconds after the main power switch is turned on, therefore, the
      closure magazine 37 is indexed and a row of closures is rolled upwardly
      along the back plate 75 by the upper closure support plate 48 until the
      upper closure support plate 48 is adjacent the front support plate 52 of
      the conveying trough 35 and the closures in the first row roll down the
      front support plate 52 into contact with the rotating conveyor shaft 41
      and are conveyed to dispensing means 36 where they are released into the
      outlet chute 32 as they are required. The closure feeding mechanism can
      operate unattended from the time it is started up until the time that the
      supply of closures within the magazine is depleted. With the automatic
      mode switch 114 closed the closure magazine 37 will be indexed upwardly
      along the magazine support tracks 38 each time the photoelectric light
      source and detector 57 senses an absence of closures and generates a
      signal indicating that the supply of closures within the conveying trough
      35 is substantially depleted. After the lowermost row of closures 31 has
      been rolled upwardly along the back plate 75 and into the conveying trough
      35 by the lowermost closure support plate 48 and the closure magazine 37
      has reached the upward extent of its travel, the closure magazine 37 will
      pause for 5 seconds or any other suitable time delay dictated by the time
      delay coil 101 and will thereafter return to its lowermost position with
      the lowermost closure support plate 45 resting against the magazine stop
      plate 78. At this time, either by visual observation or by response to a
      visual or audio signal generated by return of the closure magazine 37 to
      its lowermost position, the operator can refill the closure magazine 37
      with three more rows of closures before returning to his other duties.
PAR  It can be readily seen that use of the closure magazine 37 as a part of the
      closure feeding mechanism 30 permits the closure feeding mechanism 30 to
      operate at least three times as long without requiring the attention of
      someone to replenish its supply of closures. Although the same number of
      closures will be required over any given period of time, increased
      efficiency is obtained by making less frequent demands on the operator,
      thereby lowering the frustrational level of his duty and permitting him
      longer uninterrupted periods in which he can monitor other equipment, and
      by permitting more efficient handling of the container closures since they
      can be prearranged in stacks adapted to fit conveniently into the closure
      magazine 37 or otherwise adapted for easy reloading of the closure
      magazine 37.
PAR  A row of closures or other generally circular articles within the conveying
      trough 35 or one of the compartments of the closure magazine 37 as
      described herein is intended to include any plurality of such articles,
      usually having a generally annular outer periphery and usually of the same
      nominal dimension. Each article within the row has a central axis which
      passes through the center of the circular article and is generally
      perpendicular to the circular surface of the article or similarly related
      to an article having only an annular outer surface and not having an
      actual circular top or bottom surface. A row of such articles is formed by
      putting a plurality of adjacent articles in generally axial alignment,
      i.e., placing the articles so that the central axis of each article
      extends along a common line. Each article within a row may be similarly
      oriented, with container closures, for example, each having the top facing
      the same end of the row, or the row may comprise a plurality of axially
      aligned but otherwise unoriented articles.
PAR  While the foregoing description of the invention has been directed
      primarily toward the preferred embodiment illustrated by the drawings, the
      invention is not limited thereto. Reasonable variations and modifications
      are possible within the scope of the foregoing disclosure, the drawing and
      the appended claims to the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus comprising:
PA1  a conveying means for accepting a row of axially aligned articles each
      having a generally circular outer periphery and delivering said articles
      to a first end of said conveying means;
PA1  dispensing means located adjacent said first end of said conveying means
      for receiving each of said articles in said row and delivering each said
      article from said conveying means;
PA1  a magazine feeder means for delivering at least one axially aligned row of
      said articles into said conveying means, said magazine feeder means having
      at least one compartment for carrying a row of said articles to said
      conveying means and successively releasing each row so carried into said
      conveying means;
PA1  means for generating a first control signal in response to a substantial
      depletion of the row of articles within said conveyor means;
PA1  magazine drive means for initiating movement of said magazine feeder means
      in response to the presence of said first control signal;
PA1  means for terminating operation of said magazine drive means and halting
      movement of said magazine feeder means in response to a compartment of the
      magazine feeder means being brought into position to deliver a row of said
      articles into said conveying means; and
PA1  means for automatically reversing said magazine drive means and returning
      said magazine feeder means to a preselected reloading position in response
      to the articles in all compartments thereof having been delivered into
      said conveying trough means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said means for reversing
      said magazine drive means and returning said magazine feeder means to a
      preselected location comprises:
PA1  means for generating a second control signal when all compartments of said
      magazine feeder means have been brought into position to deliver a row of
      said articles into said conveying trough means; and
PA1  means responsive to said second control signal for actuating said magazine
      drive means in a reverse direction to deliver said magazine feeder means
      to a preselected location at which the plurality of compartments thereof
      can be refilled with said articles.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 wherein said means for generating
      said first control signal comprises:
PA1  photoelectric light source means for projecting a light beam across said
      conveying means; and
PA1  photoelectric detector means for detecting said light beam and establishing
      a first control signal responsive to said light beam not being interrupted
      by one or more of said articles within said conveying means.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said conveying means
      comprises a continuously actuated rotating conveyor shaft extending to the
      first end of said conveying trough means and positioned within said
      conveying means so as to contact the edge of each article in a row of such
      articles located within said conveying means.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said conveyor shaft has
      external threads thereon.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 wherein said magazine feeder means
      comprises a pair of magazine end members having a plurality of closure
      support plates extending between said magazine end members to define a
      plurality of said compartments, each said magazine end member having
      attached thereto means for guiding said magazine end member along a
      magazine support track located below said compartments.
NUM  7.
PAR  7. Apparatus comprising:
PA1  a conveying trough means for accepting a row of axially aligned articles
      each having a generally circular outer periphery and delivering said
      articles to a first end of said conveying trough means;
PA1  means for continually actuating said conveying trough means during
      operation of the apparatus;
PA1  dispensing means located adjacent said first end of said conveying trough
      for receiving each of said articles in said row and delivering each said
      article from said conveying trough; and
PA1  a magazine feeder means for delivering at least one axially aligned row of
      said articles into said conveying trough means, said magazine feeder means
      having a plurality of compartments for carrying a row of said articles to
      said conveying trough means and successively releasing each said row so
      carried into said conveying trough means;
PA1  means for intermittently automatically indexing said magazine feeder means
      in response to a substantial depletion of the row of articles within said
      conveying trough means, said means for automatically indexing said
      magazine feeder means comprising
PA2  photoelectric light source means for projecting a light beam across said
      conveying trough means;
PA2  photoelectric detector means for detecting said light beam and establishing
      a first control signal responsive to said light beam not being interrupted
      by one or more of said articles within said conveying means;
PA2  magazine drive means for initiating movement of said magazine feeder means
      in response to the presence of said first control signal;
PA2  means for terminating operation of said magazine drive means and halting
      movement of said magazine feeder means in response to a compartment of the
      magazine feeder means being brought into position to deliver a row of said
      articles into said conveying trough means; and
PA1  means for automatically reversing said magazine drive means and returning
      said magazine feeder means to a preselected reloading position in response
      to the articles in all compartments thereof having been delivered into
      said conveying trough means.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said means for returning
      said magazine feeder means to a preselected location comprises:
PA1  means for generating a second control signal when all compartments of said
      magazine feeder means have been brought into position to deliver a row of
      said articles into said conveying trough means; and
PA1  means responsive to said second control signal for actuating said magazine
      drive means in a reverse direction to deliver said magazine feeder means
      to a preselected location at which the plurality of compartments thereof
      can be refilled with said articles.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein said conveying trough means
      comprises a continuously actuated rotating conveyor shaft extending to the
      first end of said conveying trough means and positioned within said
      conveying trough means so as to contact the edge of each article in a row
      of such articles located within said conveying trough means.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 wherein said conveyor shaft has
      external threads thereon.
NUM  11.
PAR  11. A method of dispensing articles each having a generally circular outer
      periphery, said method comprising:
PA1  dispensing said articles from an axially aligned row of said articles
      located within a conveying means;
PA1  storing at least one additional row of said articles in a feeding magazine
      means adjacent said conveying means;
PA1  establishing a first control signal in response to a substantial depletion
      of the row of articles within said conveying means;
PA1  actuating a magazine drive means to advance said feeding magazine in
      response to said first control signal;
PA1  automatically terminating operation of said magazine drive means upon
      advancement of said feeding magazine a distance sufficient to permit
      deposit of a said additional row of said articles within said conveying
      means; and
PA1  automatically reversing said magazine drive means to return said feeding
      magazine to a preselected reloading location after all said additional
      rows of articles contained therein have been delivered to said conveying
      trough means.
NUM  12.
PAR  12. A method in accordance with claim 11 wherein establishing said first
      control signal comprises:
PA1  photoelectrically sensing a depletion of the row of articles within said
      conveying trough means sufficient to permit accommodation of said one of
      said additional rows within said conveying trough means; and
PA1  generating a first control signal in response to said photoelectric
      sensing.
NUM  13.
PAR  13. A method in accordance with claim 11 wherein dispensing said articles
      comprises:
PA1  contacting each said article of the row within said conveying means with a
      continuously rotating shaft to impart a rotational movement to each said
      article;
PA1  advancing each said article along said continuously rotating shaft to a
      first end of said conveying means; and
PA1  removing one article at a time from said conveying means at said first end
      thereof.
NUM  14.
PAR  14. A method in accordance with claim 13 wherein advancing each said
      article along said continuously rotating shaft comprises rotating said
      shaft in a direction which causes a threaded outside surface thereof to
      apply a force on each said article in contact therewith, said force having
      at least one component in the direction of said first end of said conveyor
      trough means.
NUM  15.
PAR  15. A method of dispensing articles each having a generally circular outer
      periphery, said method comprising:
PA1  dispensing said articles from an axially aligned row of said articles
      located within a conveying trough means;
PA1  storing a plurality of additional rows of said articles in a feeding
      magazine means adjacent said conveying trough means;
PA1  automatically advancing one of said at least one additional rows into said
      conveying trough means in response to a substantial depletion of the row
      of said articles located within said conveying trough means by
PA2  photoelectrically sensing a depletion of the row of articles within said
      conveying trough means sufficient to permit accommodation of said one of
      said additional rows within said conveying trough means;
PA2  generating a first control signal in response to said photoelectric
      sensing,
PA2  actuating a magazine drive motor to advance said feeding magazine in
      response to said first control signal;
PA2  automatically terminating operation of said magazine drive motor upon
      advancement of said feeding magazine a distance sufficient to permit
      deposit of said one of said additional rows within said conveying trough
      means; and
PA1  automatically reversing said magazine drive means to return said feeding
      magazine to a preselected reloading location after all said additional
      rows of articles contained therein have been delivered to said conveying
      trough means.
NUM  16.
PAR  16. A method in accordance with claim 15 wherein dispensing said articles
      comprises:
PA1  contacting each said article of the row within said conveying trough means
      with a continuously rotating shaft to impart a rotational movement to each
      said article;
PA1  advancing each said article along said continuously rotating shaft to a
      first end of said conveying trough means; and
PA1  removing one article at a time from said conveying trough means at said
      first end thereof.
NUM  17.
PAR  17. A method in accordance with claim 16 wherein advancing each said
      article along said continuously rotating shaft comprises rotating said
      shaft in a direction which causes a threaded outside surface thereof to
      apply a force on each said article in contact therewith, said force having
      at least one component in the direction of said first end of said conveyor
      trough means.
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ABST
PAL  A machine for transferring adhesive labels from both sides of a single
      carrier strip to two separate streams of product items on a continuous
      basis. A pair of spaced continuously rotating vacuum wheels come in
      contact with opposite sides of the carrier strip, the carrier strip
      passing around a loop-forming roller adjacent each vacuum wheel to bring
      the label in contact with the vacuum wheel. Each vacuum wheel has holes
      around the periphery thereof, a vacuum being applied through the openings
      in a stationary sector of the vacuum wheel. As each label comes in contact
      with the associated vacuum wheel, it is pulled off by the vacuum and
      transported through the sector angle to a release point, where it is
      transferred to the surface of a product item.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to label applicators, and more particularly, is
      concerned with an applicator for transferring labels from both sides of a
      single carrier strip to streams of product items on a continuous basis.
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known to apply labels to a stream of product items or the like
      on a continuous basis. Normally pressure-sensitive adhesive labels are
      stored on a backing strip or carrier from which the labels are peeled and
      applied to the surface of a product item or the like. Generally the label
      is removed from the carrier strip by pulling the strip around a sharp
      edge. The inherent stiffness of the label material is sufficient to
      overcome the adhesion of the label to the carrier strip, so that the label
      separates from the carrier strip as the strip bends sharply around the
      peeling edge. As the label is peeled in this manner off the carrier strip,
      it is pressed against the adjacent surface of a product item, the items
      being moved in a continuous stream pass the point at which the labels are
      applied.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an applicator for transferring labels
      from both sides of a single carrier strip and applying them to two
      separate streams of product items. Known machines for automatically
      transferring labels from a carrier strip to a stream of product items on a
      continuous basis, such as described above, are not suitable for transfer
      of labels from both sides of the carrier strip on a single pass of the
      carrier strip through the machine. With labels on both sides of the
      carrier strip, the strip cannot be effectively drawn around a sharp edge
      for the purpose of peeling the labels on the carrier. The frictional and
      bending forces encountered in such an arrangement, particularly where the
      carrier strip is moving at relative high velocity, result in damage to the
      labels and/or breaking or tearing of the carrier strip. Thus, such known
      types of applicators are not suitable for transferring and applying labels
      from both sides of the carrier strip of a common carrier strip.
PAR  Furthermore, in known applications of this type, the linear surface speed
      of the label, carrier strip, and product item to which the label is being
      affixed must be kept the same since a portion of the label adheres to the
      item while another portion is still affixed to the carrier strip or to an
      intermediate transfer mechanism. This presents problems of control in
      adjusting to labels of different length and/or product items of different
      sizes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method and apparatus for transferring
      labels on a continuous basis from both sides of a moving carrier strip and
      affixing the labels to product items in two separate streams of items. The
      apparatus is capable of operating with very high carrier feed rates. The
      machine can apply labels of different lengths to the two streams of
      products and the products in the two streams need not be identically
      spaced.
PAR  In brief, the present invention provides an arrangement in which a carrier
      strip having adhesive labels spaced along both sides of the strip is
      driven at high speed between a supply reel and a take-up reel. The carrier
      strip passes in a partial loop over a first roller in contact with one
      side of the carrier strip and then in a partial loop over a second roller
      in contact with the opposite side of the strip. First and second
      cylindrical drums are positioned adjacent the respective loops, the outer
      cylindrical surface moving tangentially to the carrier strip as it passes
      over the respective rollers. The drums have a plurality of openings to the
      interior around the periphery of the cylindrical surfaces, a vacuum being
      applied through the openings in a stationary sector of the respective
      drums. The product items in two separate streams are in turn moved into
      tangential contact with the respective drums adjacent the ends of the
      vacuum sectors. The labels are transferred by the drums, which grip the
      labels by means of the differential pressure produced by the vacuum, from
      the carrier strip to the product item.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention reference should be made
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic plan view of the dual label applicator apparatus of
      the present invention;
PAR  FIG. 2 is a cross-sectional view of a vacuum drum used in connection with
      the present invention;
PAR  FIG. 3 is a sectional view taken substantially on line 3--3 of FIG. 2;
PAR  FIG. 4 is a plan view of a preferred embodiment of the invention;
PAR  FIG. 5 is an end view of the labeler;
PAR  FIG. 6 is a sectional view taken substantially on the line 6--6 of FIG. 4;
      and
PAR  FIG. 7 is a sectional view taken substantially on the line 7--7 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Before describing the applicator apparatus in detail, reference should be
      made to the schematic representation in FIG. 1 which shows the basic
      functional features of the machine. A supply reel 12 is rotatably mounted
      on a spindle 14 projecting from a bracket 16 extending from the frame 10.
      The supply reel 12 has a carrier strip 18 initially wound thereon. The
      carrier strip 18 has a series of labels 20 affixed to one side and a
      series of labels 22 affixed to the other side of the carrier strip. (The
      labels are exaggerated in thickness in the drawing.) The labels 20 and 22
      are coated with a pressure-sensitive adhesive on one side which holds the
      labels onto the surfaces of the carrier strip 18. The carrier strip
      typically is made of paper or other suitable thin, strong, flexible
      material which is coated with a lacquer to which the pressure-sensitive
      adhesive only mildly adheres. The labels adhere to the carrier strip
      within the normal range of release values provided in standard
      carrier-type adhesive label dispensers. In other words, the present
      apparatus does not require any special or abnormal release values for the
      pressure-sensitive adhesive labels.
PAR  The carrier with its dual labels 20 and 22 affixed to both sides passes
      around a dancer roll 24 which provides some slack to accommodate transient
      variations in tension of the carrier strip. The carrier strip then passes
      through a web-tension assembly 26 which applies a uniform drag on the
      strip to maintain substantially constant tension on the carrier strip as
      it progresses through the label applicator apparatus.
PAR  After passing through the web-tension assembly 26, the dual label carrier
      strip passes around a guide roller 28 and then in a reverse loop around a
      first label-transfer roller 30.
PAR  From the transfer roller 30, the dual label carrier strip 18 passes around
      a second guide roller 32 and in a reverse loop around a second
      label-transfer roller 34. It will be noted that the label transfer rollers
      30 and 34 engage opposite surfaces of the dual label carrier strip.
PAR  The carrier strip 18, after passing around the transfer roller 34, extends
      around a guide roller 36 and then passes through a drive roll assembly.
      The drive roll assembly includes a capstan or drive roller 38 and a pinch
      roller 40 which clamps the carrier strip against the surface of the drive
      roller 38. The carrier strip is then wound on a take-up reel 42.
PAR  The transfer of the labels 20 from one side of the carrier strip 18 takes
      place at the transfer roller 30, while the transfer of the labels 22 on
      the opposite side of the carrier strip takes place at the transfer roller
      34. The transfer operation is accomplished by a pair of vacuum drums 44
      and 46 which are rotatably mounted on the frame 10. The drum 44 rotates in
      tangential relationship to the transfer roller 30, while the drum 46
      rotates in tangential relationship to the transfer roller 34. The transfer
      operation is best understood by reference to FIGS. 2 and 3 which show the
      vacuum drum assembly in detail.
PAR  The drum assembly includes a rotating hollow cylindrical sleeve 50 having
      an inner hub 52 secured at one end of the sleeve and an outer hub 54
      secured to the other end of the sleeve. The hubs are journaled on and
      supported by a stationary inner shaft 56 by means of suitable ball
      bearings 58 and 60. The shaft 56 is anchored at one end to the frame, as
      hereinafter described. Rotary seals 62 and 64 prevent air leakage along
      the shaft between the interior of the sleeve 50 and the exterior of the
      assembly. The hub 52 is rotated by means of a gear 67 attached to the end
      of the hub.
PAR  The shaft 56 has an enlarged cylindrical section 66 which is slightly
      smaller in outer diameter than the interior of the sleeve 50 and extends
      axially a distance slightly less than the distance between the hubs 52 and
      54. The outer periphery of the central section 66 of the shaft has a
      recess 68 extending through a sector of slightly less than 180.degree..
      This recess forms a plenum chamber which is in communication with a
      suitable vacuum source through a pair of radial passages 70 and 72 within
      the shaft section 66, the radial passages intersecting an axial passage 74
      extending along the axis of the shaft 56. As hereinafter described, the
      passage 74 communicates with a vacuum source, so that the plenum chamber
      formed by recess 68 is maintained at sub-atmospheric pressures.
PAR  The sleeve 50 is provided with a plurality of holes or openings 76 arranged
      in a band around the center of the sleeve. The recessed sector 68 forms an
      open space adjacent the inner ends of the openings 76. Thus holes 76, as
      they move by rotation of the sleeve 50 through the sector subtended by the
      recess 68, are subjected to an inrush of air due to the partial vacuum
      within the recess 68.
PAR  As shown in FIG. 3, the carrier strip 18, in passing around the transfer
      roller 30, moves the labels 20 into contact with the outer periphery of
      the sleeve 50.
PAR  The transfer roller 30 is positioned radially opposite one end of the
      recess 68 so that the holes 76 in the sleeve 50, as the sleeve rotates in
      a clockwise direction as viewed in FIG. 3, expose the outer surface of the
      labels 20 to a partial vacuum at the point where the labels bend around
      the transfer roller 30. The radius of the transfer roller 30 is
      sufficiently large that the carrier strip with its dual labels 20 and 22
      can easily pass in a loop around the transfer roller 30 without causing
      the labels to release their grip on the surface of the carrier strip.
PAR  Although the turn experienced by the strip in passing around the roller 30
      tends to cause the relatively stiff labels 20 on the outside of the
      carrier strip loop to spring away from the surface of the carrier strip,
      they do so only under the additional urging of the force of the air being
      drawn in toward the openings 76 by the reduced pressure within the recess
      68. As a result, the labels 20 are separated from the carrier strip 18 and
      move on to the surface of the rotating sleeve 50 as the carrier strip
      passes around the transfer roller 30.
PAR  The labels 20 are held against the outer periphery of the sleeve 50 by the
      vacuum in the recess 68 until the label passes the other end of the sector
      of the recess 68. Since the adhesive surface of the label 20 is exposed
      while the label is held against the outside of the sleeve 50, by moving
      the surface of the product item along a path tangential to the outer
      surface of the sleeve 50, the adhesive surface of the label can be brought
      into contact with the product item. By arranging the point of contact near
      the end of the recess 68, the label becomes affixed to the product surface
      at the same time that the label is released from the surface of the sleeve
      50.
PAR  Referring again to FIG. 1, there are shown a pair of feed mechanisms,
      indicated generally at 80 and 81, for moving a series of product items
      through the label applicator. The product items are shown, by way of
      example only, as cylindrical containers, such as food or beverage cans, or
      the like. The product items in the feed mechanism 80 move along a conveyor
      82 toward a rotating conveyor member 84 having a series of spaced teeth 86
      which engage the product items and move them one at a time into engagement
      with the periphery of the sleeve portion of the rotating drum assembly 46.
      As the labels 22 are transferred from the carrier strip to the surface of
      the vacuum drum 46, in the manner described above, they are transferred by
      the counterclockwise rotation of the drum 46 to a position where they come
      in contact with a product item. The product item is moved forward by
      rotation of the conveyor member 84 to a point where the item comes in
      contact with a moving belt 88. The cylindrical containor of the product
      item is caused to roll along a stationary surface 90 by the movement of
      the belt 88. The rolling action of the container between the surface of
      the belt 88 and the conveyor surface 90 causes the label to be wrapped
      around the periphery of the cylindrical container as it moves towards the
      discharge end of the conveyor. A similar conveyor arrangement 81 is
      provided for moving product items past the upper vacuum drum 44 for
      receiving the labels 20 from the carrier strip.
PAR  Thus, it will be seen that the above-described apparatus provides for the
      transfer of labels from both sides of the carrier strip to separate stream
      of product items. It should be noted that different product items may be
      accommodated in each of the two streams and different size, shape, and
      type of labels may be dispensed by the respective vacuum drums. The
      continuous feed arrangement permits the label dispensing mechanism to
      operate over a wide range of speeds, with linear speeds of the carrier
      strip of 2500 inches per minute and higher being readily obtainable.
PAR  Moreover, the surface speed of the product item containers need not be
      identical with the surface speed of the vacuum drums. Once the label comes
      in contact with the product item, it will move at the speed of the product
      item but can slide on the relatively smooth surface of the vacuum drum
      during the transfer interval. It is only necessary that the number of
      product items being labeled and the number of labels transferred by the
      associated vacuum drum be maintained on a one-to-one basis. This permits
      small labels to be affixed to large product items, for example, by moving
      the product items along the conveyor at a much higher speed than the speed
      at which the labels are moved by the rotation of the vacuum drum.
PAR  The preferred embodiment of the invention is shown in FIG. 4-7. A gear head
      drive motor 100 drives a pulley shaft 102 through a belt 104. The take-up
      reel 42 is in turn driven from the shaft 102 through a belt drive 106. The
      drive of the vacuum drums 44 and 46 is accomplished through a gear train,
      including a gear 108 rotated from the shaft 102 by a belt drive 110. The
      gear 108 engages the gear 67 on the drum assembly 44. The drum 46 is
      similarly driven from the gear 108 through a reversing gear 112. The drums
      44 and 46 rotate in opposite directions. The reversing gear 112 engages a
      gear 114 associated with the drive roller 38.
PAR  Referring to FIG. 6, the vacuum system includes a centrifugal-type vacuum
      pump 120 which is coupled to the two vacuum drum assemblies through
      suitable hose connections 122 and 124 and a Y-connector 126.
PAR  The label transfer rollers 30 and 34 are rotatably mounted on the ends of
      mounting arms 128 and 130, respectively. These arms are adjustably
      supported from the frame so as to permit the transfer rollers to be spaced
      from the surface of the vacuum drums the proper distance to effect
      transfer of the labels from the carrier strip onto the surface of the
      drums. The product feed assembly 80, shown in more detail in FIGS. 4-7,
      includes a separate gearhead drive motor 132 which is connected to a belt
      drive 134 to a rotating pulley 136. The endless conveyor belt 88 passes
      around the pulley 136 and is driven thereby. Also driven from the motor
      132 is the rotating conveyor member 84 by means of a belt drive 138 and
      gears 140 and 142.
PAR  From the above description, it will be seen that a high speed label
      applicator has been provided which transfers labels from both sides of the
      carrier strip to products in two separate product streams. The vacuum
      transfer mechanism provides a highly effective means of transferring the
      labels from the carrier strip to the respective product streams at high
      speed without subjecting the labels or carrier strip to undue bending
      forces which might result in breaking of the carrier strip or mutilation
      of the labels.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for applying labels from a carrier strip having adhesive
      labels on both sides of the strip, comprising:
PA1  means feeding the carrier strip successively through first and second
      loops, the second loop being reversed from the first loop, first and
      second movable transfer means operatively associated respectively with the
      first and second loops, each transfer means having a surface moving
      tangential to the labels as they move through a respective one of the
      loops, means securing each label to the surface of the associated transfer
      means as it moves through the convex side of the loop, the transfer means
      pulling each label from the convex side of the carrier strip as it moves
      through the associated loop.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the radius of the first loop is
      sufficiently large to prevent separation of the labels from the inner side
      of the carrier strip.
NUM  3.
PAR  3. Apparatus of claim 1 wherein the first movable transfer means includes a
      cylindrical member, means for rotating said cylindrical member, said
      member having radial passages opening in the outer cylindrical surface,
      means applying a vacuum to the inside of the cylindrical member to draw
      air into said passages, the convex side of the loop being substantially in
      tangential contact with the cylindrical member, the outside surface of a
      label coming in contact with the cylindrical member as it passes through
      the adjacent loop and being held against the cylindrical member by the
      vacuum, rotation of the cylinder peeling the label from the carrier strip.
NUM  4.
PAR  4. Apparatus of claim 3 wherein the radius of the first loop is
      sufficiently large to prevent separation of the labels from the inner side
      of the carrier strip.
NUM  5.
PAR  5. Apparatus for transferring labels from both sides of a carrier strip to
      individual units, comprising:
PA1  a frame, first and second cylindrical members rotatably supported on the
      frame, means for rotating said cylindrical members, said members having
      radial passages opening in the outer cylindrical surface, means applying a
      vacuum to the inside of the cylindrical members to draw air into said
      passages, and means moving and guiding the carrier strip successively
      through first and second loops, one side of the carrier strip being on the
      inside of one loop and on the outside of the other loop, bight portions of
      the respective loops being substantially in tangential contact with the
      respective cylindrical members, the outside surface of a label coming in
      contact with a cylindrical member as it passes through an adjacent loop
      being held against the cylinder member by the vacuum, rotation of the
      cylinder peeling the label from the carrier strip.
NUM  6.
PAR  6. Apparatus of claim 5 wherein said vacuum means applies a vacuum to the
      inside of the cylindrical members through a predetermined sector of the
      circumference, whereby air is drawn through holes around a sector of the
      outside surface of the cylindrical member.
NUM  7.
PAR  7. Apparatus of claim 6 wherein the sectors remain stationary as the
      cylindrical members rotate.
NUM  8.
PAR  8. Apparatus of claim 7 wherein the loops are positioned adjacent one end
      of the respective sectors.
NUM  9.
PAR  9. Apparatus of claim 8 further comprising means moving the units to be
      labeled tangentially to the respective cylinder members adjacent the other
      end of said sectors, a label being moved into contact with a unit at the
      tangent point.
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ABST
PAL  A vending device for use in article dispensing machines is disclosed
      wherein a continuous loop conveyor periodically carries a plurality of
      dispensing units, each unit adapted by means of a biased spring clip
      member to releasably hold an article to be dispensed, past a stationary
      cam, whereupon coaction by the dispensing unit with the cam causes the
      dispensing unit to release and dispense the article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices which hold and carry articles to a
      dispensing tray in certain types of vending machines, or which convey
      parts to a work station in certain manufacturing operations.
PAR  Prior art devices have most commonly included a continuous belt disposed in
      a vertical plane. Various shapes of hooks attached along the length of the
      belt have provided the means by which the articles or parts were carried
      by the belt. The most common variety of hook has been an L-shaped type,
      attached at one end to the conveyor loop with the other end directed
      oppositely to the flow of the conveyor movement. The hook holds the
      article as it moves along the lower portion of the belt and dispenses the
      article as it turns about the end of the loop to the upper portion of the
      belt. The article merely slides off the end of the hook as it turns
      upward. These types of prior art devices resulted in a loosely held
      article, the container of which had to have a special
      perforation/hole/adaption to receive the hook.
PAR  Other types of prior art have substituted solid units for hooks, the units
      being placed snug against each other so that a flap from a package might
      be held therebetween. While these devices have provided for firmer
      gripping of the articles to be dispensed, the loading of such articles has
      been made more difficult and the articles must still be placed in
      specially adapted packages.
PAR  While the prior art devices have been reasonably satisfactory, there
      remains a need for a reliable, easy to load vending device which can
      accommodate at the same time articles of a variety of shapes and sizes
      without the need of mechanical changes.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a vending device is provided for use in
      vending machines or manufacturing systems where articles, of different
      sizes if necessary, are held, conveyed, and individually released in a
      periodic or step-wise manner upon actuation by a given signal.
PAR  The device of this invention includes a removable shelf member to which
      horizontally spaced front and rear sprocket members are affixed. A
      continuous loop conveyor means is disposed about the sprocket members, and
      dispensing units, which releasably hold the articles to be dispensed, are
      attached at uniform intervals throughout the length of the conveyor means.
      A fixed cam means is located at the front sprocket and coacts with the
      dispensing units individually, as they advance by, upon the step-wise
      movement of the conveyor means. The coaction causes the unit to release
      the article that it is holding.
PAR  The means by which the conveyor is driven in a step-wise fashion is not
      considered to be a part of this invention. Any number of motors and
      switching mechanisms are known, coin-operated or otherwise, which would be
      suitable for usage with the device of this invention. It is of note,
      however, that only one motor is needed to operate the mechanism.
PAR  The individual dispensing units each include a spring clip member attached
      to a cradle member. The clip member is biased against the cradle member
      causing the article to be securely held therebetween. Coaction of the clip
      member with the cam temporarily overcomes the bias thereby causing the
      article to be released.
PAR  In view of the prior art, it is an object of this invention to provide an
      improved vending device which is simple, effective, reliable, and easy to
      load.
PAR  It is a further object of this invention to provide a vending device which
      dispenses a maximum number of articles while utilizing only a minimal
      number of driving motors.
PAR  Still another object of this invention is to provide a novel dispensing
      unit for use in a vending device.
PAR  It is further object to provide a dispensing unit which may hold articles
      of a variety of shapes and articles which have no specific means adapting
      them to be held.
PAR  These objects and other features and advantages of this invention will
      become readily apparent by reference to the following description when
      taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The appended drawings illustrate the invention, wherein:
PAR  FIG. 1 is a fragmentary top plan view showing several of the vending
      devices of this invention within a vending machine;
PAR  FIG. 2 is an enlarged foreshortened side elevational view of the vending
      device taken along line 2--2 in FIG. 1, showing the rear sprocket and
      motor;
PAR  FIG. 3 is a fragmentary side elevational view of the vending device showing
      the coaction of the dispensing unit with the cam;
PAR  FIG. 4 is a top plan view of the device taken along line 4--4 of FIG. 3 and
      depicting the dispensing of an article;
PAR  FIG. 5 is a transverse section of the vending device taken along line 5--5
      of FIG. 4; and
PAR  FIG. 6 is a bottom plan view taken along line 6--6 in FIG. 2 depicting the
      switching mechanism which imparts step-wise motion of the vending device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a vending machine is indicated generally at
      10 in FIG. 1. The machine 10 comprises generally a plurality of
      horizontally disposed vertically spaced shelves, only one 14 showing a
      pair of horizontally spaced front and rear sprocket members 16 and 21
      rotatably mounted each on a vertical axis to the shelf 14; a conveyor unit
      29 (FIG. 4) horizontally disposed about and drivingly engaged by the
      sprockets 16 and 21; a cam 37 mounted on the shelf 14 above the front
      sprocket 16; and a plurality of dispensing units 11 attached side-by-side
      along the conveyor unit 29 and each adapted to hold an article 13 to be
      dispensed subsequently into a tray 12, the dispensing occasioned by
      coaction of each unit 11 with the cam 37 in a manner detailed hereinafter.
PAR  The spring clip vending device 11 more particularly includes a removable
      rectangular shelf 14 which rests upon guides (not shown) secured to the
      inner side walls of the machine 10, and which shelf includes a stabilizing
      bar 15 (FIG. 2) extended across the front edge thereof. A front sprocket
      16 (FIG. 4) with teeth 17 is rotatably mounted upon a shaft 18. The shaft
      18 (FIG. 2) passes perpendicularly through the shelf 14 into a rectangular
      metal bar 19 which is affixed by bolts 20 to shelf 14. A rear sprocket 21
      is rotatably mounted upon a shaft 22 passing perpendicularly through shelf
      14. The shaft 22 is driven by an electric motor 23 affixed to the bottom
      side of shelf 14. A disc 24 (FIG. 6) with a pair of lugs 25 is attached at
      the bottom of, and rotates with, the shaft 22. A switching device 26 with
      a clip 27 for changing the circuit is wired in series with the electric
      motor 23 and is also affixed to the bottom of shelf 14. The particular
      driving apparatus shown with the preferred embodiment here is not part of
      the claimed invention.
PAR  A continuous loop conveyor means 29 (FIG. 4) is disposed over the sprockets
      16, 21. As depicted here it comprises a bicycle chain commonly known as
      the "roller bush" type wherein a series of pins 30 (FIG. 5) covered by
      rollers (not shown), which in turn are covered by bushes 31, connect upper
      32 and lower 33 parallel rows of overlapping link plates. The link plates
      32, 33 are here modified to each include a normally formed shoulder 34
      with a centrally located hole 35 (FIG. 2). The shoulders 34 are formed at
      the edges of the link plates 32, 33 directed outwardly from the space
      enclosed by the conveyor loop 29. The shoulders 34 of the upper row of
      links 32 are directed oppositely of those of the lower row of links 33.
PAR  A stationary cam 37 (FIG. 3) is affixed to the front shaft 18 by means of a
      screw 38. The cam 37 is elongated and includes first 39 and second 40 flat
      side surfaces and front 41 and rear 42 arcuate surfaces (FIG. 4).
PAR  The spring clip dispensing unit 45 is indicated generally in FIG. 4. It
      comprises an L-shaped cradle member 46 and a spring clip member 56. The
      cradle member 46 includes a rectangular shaped base portion 47 (FIG. 3)
      having at the upper end a flange 48 formed normal thereto and in a
      horizontal plane, and a biasing projection 49 formed from an upturned
      corner at the lower end opposite the flange 48. The projection 49 is
      disposed in a plane angular to the horizontal plane of the flange 48. The
      cradle member 46 also includes a vertically disposed back portion 50
      extended normal to the base portion 47 and also normal to the conveyor
      chain 29, the outer edge 51 of the portion 50 being bent slightly as best
      shown in FIG. 4 to aid in discharging the article 13.
PAR  The spring clip member 56 (FIG. 5) is a formed U-shaped wire comprising a
      base portion 59, a pair of diverging legs 58 and 60, an upright portion 55
      leading to a cam lever 57 extended inwardly at right angles to the portion
      55, and a lower biasing lever 61 which depends angularly downwardly at an
      obtuse angle from the lower leg 60. The clip member 56 is disposed in a
      single plane except for the cam lever 57 which is bent at a slight acute
      angle away from the plane of the clip member 56 as best illustrated in
      FIG. 4.
PAR  The cam lever upright portion 55 is received by flange 48 through a hole at
      62 (FIG. 4), and the biasing lever 61 is received by projection 49 through
      a centrally located hole at 63 (FIG. 5). Due, therefore to the angular
      disposition of the biasing projection 49 clip member 56 is biased toward
      the back portion 50. By this arrangement, it may be noted that items of
      different sizes may be placed between the back portion 50 and the clip 56,
      the items resting upon the shelf, any size being useable within the limits
      between back portions.
PAR  Rivets 64, passed through holes in the base portion 47 aligned with holes
      35 of the link plates 32, 33, attach the dispensing unit 45 to the
      conveyor means 29. The units 45 are attached in such a manner that the
      spring clip 56 and back portion 50 are directed outwardly from the
      conveyor loop 49 and are in planes perpendicular to the shelf 14. The base
      portion 47 is thereby oriented so that the flange 48 is located superior
      to the projection 49.
PAR  In operation, the electric motor 23 is actuated by a button, switch, or
      other device. The motor 23 rotates the rear shaft 22 and the rear sprocket
      21 thereon, thereby driving the conveyor means 29 with the attached
      dispensing units 45. The disc 24 rotates with shaft 22 causing a lug 25 to
      periodically press a clip 27 against the switching device 26 at point 28,
      thereby causing the motor 23 to shut off. In this manner a periodic or
      step-wise motion is imparted to the conveyor means 29. It should be noted
      that this is but one of many ways suitable for imparting the desired
      step-wise motion.
PAR  During one period step, one dispensing unit 45 turns about sprocket 16 and
      passes by cam 37. The cam lever 57 strikes flush against the first side
      surface 39 of the cam 47 as the vending unit 45 begins to turn about the
      sprocket 16. Immediately thereafter, the lever 57 slides about the edge
      formed by the intersection of the side surface 39 and front arcuate
      surface 41. Pressure on the lever 57 gradually overcomes the bias placed
      on the spring clip 56 by the projection 49, and the clip 56 moves away
      from back portion 50 of the cradle 46.
PAR  Halfway around the sprocket 16 (FIG. 4), the lever 57 slides over the front
      arcuate surface 41 of the cam 37 such that the clip 56 has been forced
      away from the back portion 50 to an open condition so that it is in a
      plane at least parallel to if not diverging from the back portion of the
      cradle member 46 (FIG. 4). The article 13 to be dispensed is thereby
      released and falls within the discharge tray 12. The spacing between the
      clip 56 and back 50 is maintained until the lever 57 has passed over the
      cam surface 41, at which time the pressure from the cam 37 is released and
      the bias from the projection 49 causes the clip 56 to snap back against
      the inclined portion 51 of the back 50.
PAR  The bias on the clip 56 is easily overcome by one wishing to load the
      dispensing units 45 with articles 13, yet it is strong enough to firmly
      hold the articles 13. Furthermore, the unique combination of clip 56 and
      cradle 46 accomodates a wide variety of sizes and shapes or articles 13.
      Additionally, specially designed modifications to packages are not
      necessary to accomodate the packages to a machine incorporating this
      invention. Thus it can be seen that the objects of this invention are
      fulfilled.
PAR  Although a preferred embodiment has been disclosed herein, it is to be
      remembered that various modifications and alternate constructions can be
      made thereto without departing from the full scope of the invention, as
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a machine for holding and dispensing a plurality of articles
      individually upon the step-wise advancement of said articles by a motor
      associated therewith, a vending device comprising:
PA1  shelf means for directly supporting a plurality of articles to be vended;
PA1  horizontally spaced front and rear members mounted on said shelf means, one
      of said members being a drive member rotatable in place about a vertical
      axis;
PA1  conveyor means comprised of a continuous loop member horizontally disposed
      about and drivingly engaged by said drive member;
PA1  cam means fixedly mounted upon said shelf means;
PA1  a plurality of dispensing means for releasably and laterally holding the
      articles on said shelf to be dispensed, said dispensing means being
      attached at regular intervals along said conveyor means, operation of said
      conveyor means causing said dispensing means to periodically coact with
      said cam means to thereby cause said dispensing means to release said
      article to be dispensed, said dispensing means each including a cradle and
      a spring clip member adapted to hold an article therebetween, said spring
      clip member being biased against said article to be dispensed, said bias
      being overcome upon engagement of each of said dispensing means with said
      cam means to release said articles, said cradle being L-shaped and
      including a back portion and a base, said base being affixed to said
      conveyor means and said back portion extended at right angles to said
      base, said clip member being pivotally connected to said cradle and biased
      toward said back portion, said base having a horizontally disposed flame
      formed at its upper end and a biasing flange at its lower end securing
      said clip member in biasing relation, said biasing flange being formed at
      an angle between parallel and perpendicular to the plane of said base, and
      said clip member having a pair of projections inserted through openings
      formed therefor in said flanges.
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ABST
PAL  In a multi-rack can vending machine, an article release mechanism for
      controllably releasing articles from an article rack automatically into a
      vertical access as the article level in the access is lowered. The article
      release is a spring retained flapper plate which pivots about a pivot
      support to release multiple articles on demand. The flapper plate is
      normally retained against the force of the spring in an article retaining
      position until the level of articles in the access is sufficiently low to
      allow the flapper plate to pivot without contacting the uppermost article.
      Generally, two articles of sufficient weight are required on the flapper
      plate in order to overcome the force of its retaining spring to actuate
      the pivotal release of the two articles into the access.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Briefly described, the dispensing mechanism of the present invention
      includes a gravity feed system for storing articles compactly in large
      numbers and for dispensing the articles by gravity without requiring
      independent power means other than a simple release mechanism. This
      gravity vertical access feed system comprises a gravity feed main supply
      disposed for containing a column of articles, escapement means at the
      lower end of the supply chute for dispensing articles singly therefrom,
      and a plurality of inclined racks arranged along the vertical access and
      opening thereinto for storing articles in each rack when the article
      column in the access extends therebeyond and for supplying articles by
      gravity from each rack to the upper end of the article column as the upper
      end of the column of articles progresses past the storage rack. This
      arrangement of inclined racks opening into a main vertical access provides
      for compact storage and feeding of articles with the weight of the
      articles providing sufficient gravity force for operating the release
      mechanism, but without undue pressure on the article supply even when a
      large number of articles are in the supply. In addition, this arrangement
      permits the use of a flapper plate conveniently insertable under the
      articles in a particular rack and into the main chute to block the passage
      of articles so that repair or replacement of the release mechanism can be
      accomplished without the tedious removal of all of the articles from the
      dispensing mechanism.
PAR  The prior art patents for mechanically releasing articles detect the
      presence or absence of an article already released. When there is an
      article present, the actuator prevents the mechanical release mechanism
      from dispensing; however, as shown in U.S. Pat. No. 3,368,714, issued to
      Wingate et al., when there is no article present in the access to retain
      the release mechanism in its article blocking position, the mechanical
      release dispenses the can into the vertical access. Many of the prior art
      patents having mechanical releases use devices above the rack which block
      the path of travel from the inclined rack to the access. Generally, these
      devices have pivotably mounted flapper plates which are kept shut by the
      presence of articles released from above the inclined rack. As the level
      of articles in the access lowers past the inclined rack, the weight of the
      stack of articles pushing against the flapper plate pivots it open and
      keeps it open until the last article in the rack is released. Examples of
      this type of mechanical release are shown in the patents issued to Dennis,
      U.S. Pat. No. 2,408,380, and Voigtritter, U.S. Pat. No. 2,531,347.
PAR  The prior art patent to Crittenden, U.S. Pat. No. 481,896, shows but
      another type of mechanical release mechanism where an article waiting to
      be dispensed is detected by a lever which cooperates with a pivotal
      flapper plate to prevent the release of more articles from the inclined
      rack.
PAR  While the prior art shows mechanical can releases which sense the presence
      of a first can in the vertical access and, thereby, prevents the release
      of a second can from the inclined rack, these devices are usually
      complicated and expensive to install in new or existing machines.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of this present invention to provide a novel
      article releasing mechanism which is of sturdy and strong construction,
      simple and easy to manufacture and maintain, and not subject to
      malfunction.
PAR  In the present invention, the article release mechanism is located at the
      lower end of a generally inclined rack filled with articles, which the
      lowermost article in position to be released into a vertical access, where
      the articles are retained until released by a suitable dispensing
      mechanism. The articles move down the inclined rack by gravity, rolling at
      right angles to their long axis to be dispensed at the same posture and
      roll out of a receiver to be picked up by the purchaser. Generally, a
      vending machine will have many inclined racks stacked one on top of
      another forming a dispensing column which releases cans to the vertical
      access. In addition, a typical vending machine will have several rows of
      individual columns; however, my invention will work with a single column
      comprising as few as two inclined racks stacked one on top of the other.
      At the rear of each inclined rack, which is the lower end of the rack,
      there is a flapper plate for retaining the articles on the inclined rack
      until the level of articles in the vertical access is sufficiently
      lowered, at which time the articles in the inclined rack are released in
      multiples of two until the vertical access is again filled. The flapper
      plate includes a top portion extending into the inclined rack to retain
      the articles on the rack and a bottom portion which extends into the
      vertical access contacting the uppermost article preventing the two
      lowermost articles in the rack from being released. The flapper plate is a
      unitary construction having a horizontal pivot separating the top and
      bottom portions with an article retaining lip near the end of the top
      portion. There is a retaining spring to keep the flapper plate parallel to
      the inclined rack when there are no articles present, either on the
      inclined rack or in the vertical access.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings in which like reference characters indicate
      like parts, FIG. 1 is a top plan view of a preferred embodiment of the
      article release mechanism of the present invention showing the same
      installed at the end of an inclined rack of articles;
PAR  FIG. 2 is an end view of the inclined racks of a multiple-rack mechanism
      showing the release mechanism of this invention;
PAR  FIG. 3 is a view from the right of FIG. 1 with the side panel removed and
      showing how the articles are released from the top down; and
PAR  FIG. 4 is an enlarged detailed perspective view of the release mechanism of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 3, there is shown a coin-operated vending machine 10
      with a bottom access 12 for dispensing canned beverages and other packaged
      goods, in particular packaged foods, on the insertion of a coin and
      selection by a customer; for purposes of this description where the term
      "article" is used, it is intended to include other packaged articles such
      as cans or bottles, for example. The machine 10 comprises a series of
      inclined racks 14 partitioned into individual columns 16a, 16b, 16c and
      16d (see FIG. 1) by vertical support walls 18, as shown in FIGS. 1 and 2.
      The inclined racks 14 slant from front to back such that the articles C
      are loaded from the front of the machine 10 and travel down the incline by
      gravity to the lower end of the rack 14. Illustratively, the racks 14 are
      inclined at an angle with respect to the horizontal in the order of
      14.degree.. At the rear of the machine 10, there is a vertical access 20
      which runs from the top to the bottom of the machine 10 and comprises a
      metal chute which has an inclined lower end. Articles C from the
      individual columns 16 are released into the access 20, which is divided to
      keep the articles C in each column 16 separated therein, and travel down
      the access 20 by gravity to be dispensed to a purchaser by a coin-actuated
      vending mechanism 48, illustratively of the type disclosed in U.S. Pat.
      No.  3,613,854.
PAR  To preclude the possibility of jamming, each of the inclined racks 14
      includes an article release mechanism 24 (see FIG. 4) mounted near the
      rear end of each rack 14, as shown in FIG. 3. Each article release
      mechanism 24 includes a flapper plate 26 (see FIG. 4), which is divided by
      horizontal pivot supports 28 into an article support portion 30 and an
      article retaining portion 32. The article retaining portion 32 is notched
      and has a spring receiving aperture 34. Projecting outwardly from the
      lower end of the can support end 30 are stops 36 which engage the next,
      lower inclined rack 14; the purpose of the stop 36 will be explained in
      detail later. A retaining spring 38 is connected at one end to the
      aperture 34 of the flapper plate 26 and at the other end to a hook 40
      which is connected to a rod 44.
PAR  Running horizontally across the rear of each rack 14 are parallel rods 42
      and 44. The pivot supports 28 of each flapper plate 26 are connected to
      the rods 42 by running the rods 42 through the pivot holes 29 in the pivot
      support 28. The hook 40 of the retaining spring 38 is connected to rod 44
      in such a manner that the tension of spring 38 retains the unloaded
      flapper plate 26 in a horizontal plane as shown in FIG. 4. Looking at FIG.
      3, it is seen that the flapper plate 26 of the two empty racks 14.sub.1
      and 14.sub.2 are retained horizontally by the spring 38.
PAR  When the vending machine 10 is to be filled, the vertical access 20 is
      filled first from the top and then the topmost inclined rack 14 and
      succeeding lower racks are filled in order, with the presence of the
      articles C in the access 20 retaining the flapper plate 26 in the vertical
      position against the force of spring 38. The other inclined racks 14 are
      filled in sequence until all racks 14 are filled. In the filled position,
      the weight of the articles C on the racks 14 presses against the retaining
      top portion 32 of the flapper plate 26, preventing any articles C from
      being released into the vertical access 20. When the level of the articles
      C in the access 20 is lowered, the spring force of the spring 38 pivots
      the flapper plate 26 upward, and the top portion 32 releases two
      additional articles C onto the flapper plate 26 for release into the
      access 20. It should be clear that the articles C travel down the inclined
      rack 14 by gravity and the articles C are also loaded onto the flapper
      plate 26 by gravity.
PAR  So that no more than two articles are dispensed at any one time, flapper
      plate top portion 32 is pivoted into the path of the next article C on the
      rack 14, stopping it from further travel. The articles C will continue to
      be released in this manner until all of the articles C are released in
      pairs into the access 20 and the next rack 14 will empty, and so on.
PAR  With the inclined rack 14 filled, the weight of the articles C could easily
      overcome the retaining spring 38, pivoting the bottom portion 30 of the
      flapper plate 26 out of the path of the articles C and releasing the
      articles C into the access 20. In order to prevent this, the flapper plate
      bottom portion 30 is equipped with wing stops 36 which engage the lower
      ends 46 (see FIG. 3) of the next, lower rack. The stops 36 therefore serve
      the vital function of preventing the bottom portion of flapper plate 26
      from rotating past the lower end 46 of the next, lower rack 14 by
      contacting the rack 14, thereby holding back the articles C.
PAR  The foregoing detailed description of the preferred embodiment of the
      dispensing mechanism of the present invention has been presented for
      purposes of illustration only and it should be understood that the details
      may be varied within the scope of the present invention. Numerous other
      variations are within the intended scope and the invention also may be
      incorporated in various devices other than article vending mechanisms. The
      scope of the present invention is not intended to be limited other than as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Article dispensing apparatus comprising:
PA1  a. support means including first and second racks, said first rack disposed
      above said second rack and each of said racks including an upper end and a
      lower end, whereby articles travel by force of gravity therealong toward
      said lower end;
PA1  b. a vertical access disposed at the lower end of each of said inclined
      racks and in communication therewith with an exit opening of each of said
      racks for receiving articles therethrough;
PA1  c. an article releasing plate pivotably mounted at said lower end of at
      least said second rack, said article releasing plate comprising a first
      upper portion and a second lower portion and disposable from a first,
      article retaining position, wherein said lower portion is disposed in
      contact with an article in said vertical access, while permitting downward
      movement of articles through said vertical access, and said upper portion
      is disposed into a blocking relationship with the articles in said first
      rack thereabove, to a second, article releasing position, wherein said
      second lower portion is free of articles in said access and said upper
      portion is removed from a blocking position of the articles in the first
      rack; and
PA1  d. spring means for urging said article releasing plate to its second,
      article releasing position.
NUM  2.
PAR  2. An article dispensing mechanism as in claim 1 and wherein said spring
      means for pivoting said releasing plate is a retaining spring which
      retains the releasing plate in a plane substantially parallel to the
      planes of said racks when there are no articles present in said vertical
      access to block said releasing plate and the articles have been emptied
      from said inclined rack.
NUM  3.
PAR  3. In a vending machine, a plurality of inclined article racks attached in
      a vertical column to dispense articles, a vertical access for receiving
      articles from said racks, each of said racks having a lower end, an
      article release mechanism pivoted to said lower end of each of said racks,
      means for controlling said articles in said rack to prevent the release of
      articles when said release mechanism contacts an article in said vertical
      access, comprising a releasing plate having a first and a second portion
      divided by a pivot support, said first portion being longer than said
      second portion and being of a size to support a plurality of articles,
      said second portion being in the same plane as said first portion and
      being of a size to prevent articles from being released from said inclined
      rack.
NUM  4.
PAR  4. In a vending machine as in claim 3 and wherein said spring means for
      controlling said articles in said rack is connected to said releasing
      plate, whereby said spring means pivots said releasing plate horizontally.
NUM  5.
PAR  5. In a vending machine as in claim 3, wherein said second portion has a
      leading, stop portion adapted to engage the front of a lower rack, whereby
      said releasing plate is prevented from further rotation.
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PAL  An apparatus for dispensing toothpicks or the like comprises a receptacle
      having a lower surface that slopes downwardly from the rear wall of the
      receptacle toward the front wall and is spaced slightly from the front
      wall to define a discharge opening through which toothpicks may pass one
      at a time. A slide member is reciprocally mounted beneath the inclined
      lower surface and held in place by a bottom plate which is secured to the
      receptacle by fastening screws that pass through guide slots in the slide
      member to guide movement of the slide. The slide member is spring biased
      forwardly and includes a delivery channel that is alternately positionable
      between a receiving position in alignment with the discharge opening and a
      removal position forwardly of the front wall of the receptacle. The slide
      member also includes upwardly projecting alignment fingers that are
      adapted to move through alignment slots in the inclined surface of the
      receptacle to align the toothpicks with the discharge opening and thereby
      assure reliable deposition of the toothpicks in the delivery channel.
PARN
PAR  This is a continuation of application Ser. No. 299,845, filed Oct. 24, 1972
      now abandoned.
BSUM
PAR  The present invention generally concerns dispensing apparatus and more
      particularly apparatus for dispensing toothpicks or similarly shaped
      articles in a reliable and efficient manner.
PAR  Dispensing apparatus for toothpicks, matches, cigarettes and the like have
      served a useful purpose for many years where it is desired to maintain a
      supply of the articles in a manner such that they can be delivered one at
      a time when desired. Early dispensing apparatus of this type, such as
      disclosed in U.S. Pat. No. 1,173,069, issued to H. C. Walker and U.S. Pat.
      No. 1,183,279, issued to F. O. Degenhardt were not entirely satisfactory
      since adequate means were not provided for assuring that two articles did
      not become wedged at the discharge opening from the receptacle and
      consequently the apparatus of this type were prone to becoming jammed and
      were not totally reliable. Various devices have been contrived for
      preventing articles from becoming jammed in similar dispensing apparatus
      as evidenced by U.S. Pat. No. 924,407, issued to S. Whitcomb and U.S. Pat.
      No. 1,678,355, issued to C. C. Roberts.
PAR  The dispensing apparatus of the present invention was devised to provide a
      simple yet reliable apparatus for dispensing toothpicks or other like
      articles so that the articles are delivered one at a time and are
      prevented from becoming jammed or dislodged at the discharge opening from
      the receptacle in which the articles are retained. More particularly, the
      dispensing apparatus includes a receptacle in which the articles are
      stored, the receptacle having an inclined lower surface for urging
      articles therein toward a discharge opening in a forward portion of the
      receptacle. A slide member has a delivery channel near its forwardmost
      edge and is slidably received in the receptacle beneath the inclined
      surface so that the delivery channel is movable between a removal position
      exteriorly of the receptacle and a receiving position in vertical
      alignment with the discharge opening. Alignment fingers protruding
      upwardly from the slide member within the receptacle reciprocate through
      slots in the inclined lower surface of the receptacle so as to urge
      articles in the receptacle adjacent the discharge opening into a
      single-file stack that is in vertical alignment with the discharge
      opening. In this manner, the articles are properly aligned and disposed
      for deposition one at a time into the delivery channel whereby the
      articles do not become wedged or dislodged and one article is reliably
      deposited in the delivery channel each time the delivery channel is moved
      into its receiving position. Another feature of the invention is that the
      slide member is slidably retained in the receptacle by a bottom plate
      which is anchored to the receptacle with fastening screws that pass
      through guide slots in the slide member so that the slide member is guided
      in its reciprocating movement.
PAR  Accordingly, it is an object of the present invention to provide a
      dispensing apparatus for toothpicks or other like articles wherein the
      articles are prevented from becoming jammed in the apparatus and are
      reliably dispensed one at a time.
PAR  It is another object of the present invention to provide a dispensing
      apparatus for toothpicks or other like articles, the apparatus having an
      inclined lower surface to urge the articles toward a discharge opening in
      the receptacle and alignment means for maintaining the article adjacent
      the discharge opening in a single-file stack vertically aligned with the
      discharge opening so that the articles are reliably dispensed one at a
      time.
PAR  It is another object of the present invention to provide a relatively
      simple and inexpensive apparatus for dispensing toothpicks or other like
      articles in a reliable manner and including means for preventing the
      articles from becoming jammed adjacent a discharge opening from the
      apparatus.
PAR  It is another object of the present invention to provide a dispensing
      apparatus for toothpicks or other like articles wherein a slide member is
      slidably disposed beneath a discharge opening in a receptacle for the
      toothpicks so as to carry one toothpick at a time from a location within
      the receptacle to a location exteriorly of the receptacle, the apparatus
      including means for guiding the sliding movement of the slide member.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the dispensing apparatus of the present
      invention with a portion cut away to better illustrate the apparatus;
PAR  FIG. 2 is an exploded perspective view of the apparatus of FIG. 1 looking
      downwardly on the apparatus;
PAR  FIG. 3 is an exploded perspective view of the dispensing apparatus of FIG.
      1 looking upwardly at the apparatus;
PAR  FIGS. 4A, 4B and 4C are fragmentary transverse sectional views illustrating
      the operation of the dispensing apparatus of FIG. 1; and
PAR  FIGS. 5A and 5B are fragmentary transverse sectional views illustrating the
      limitations on the forward and rearward sliding movement of the slide
      member for the apparatus of FIG. 1.
DETD
PAR  Referring first to FIGS. 1, 2, and 3, the dispensing apparatus 10 of the
      present invention is seen to include a box or receptacle 12 in which
      toothpicks T or other like articles to be dispensed are retained, a top 14
      for the receptacle 12, a bottom plate 16 for the receptacle, and a
      delivery slide or slide member 18 slidably received between the bottom
      plate 16 and the receptacle for carrying toothpicks one at a time from the
      interior of the receptacle to the exterior.
PAR  The receptacle 12 is best seen in FIG. 2 to have a front wall 20, a rear
      wall 22, end walls 24, an inclined lower surface 26 and an open top 28.
      Inwardly projecting elongated beads 30 along the upper edge of the front
      and rear walls 20 and 22 respectively of the receptacle mate with grooved
      downwardly protruding flanges 32 on the corresponding edges of the
      undersurface of the top 14 so that the top can be conventionally snapped
      onto or removed from the receptacle 12.
PAR  The inclined lower surface 26 is either bonded or integrally molded to the
      rear and end walls 22 and 24 respectively of the receptacle 12 so as to
      leave a longitudinal space or discharge opening 34 between the forward
      edge 36 of the inclined surface 26 and the front wall 20 of the receptacle
      which extends substantially the entire length of the receptacle.
      Triangular shaped gussets 38 are bonded or integrally molded to the
      underside of the inclined surface 26 and to the rear wall 22 of the
      receptacle to give supporting strength to the inclined surface.
PAR  The lower end of the front wall 20 of the receptacle is recessed defining a
      slide opening 40 to receive the slide member 18 whereby the slide member
      is selectively movable through the opening 40 in a manner to be described
      hereinafter. The slide member 18 is substantially rectangular in shape, is
      slightly shorter than the receptacle, and has a forward finger tab portion
      42 which is reduced in thickness facilitating hand manipulation of the
      slide. A pair of longitudinally spaced transversely extending alignment
      fingers 44 project upwardly from the upper surface of the slide member 18
      and are aligned with alignment slots 46 in the inclined surface 26 so as
      to be reciprocably movable therethrough. The forward corner 48 of each of
      the fingers 44 is rounded for a purpose to be explained later.
PAR  The underside of the slide member 18, as best seen in FIG. 3, has recessed
      areas defining sockets 50 to retain a pair of biasing coil springs 52
      which extend rearwardly from the slide 18 and are received in notches 54
      in the lower edge of the rear wall 22 of the receptacle. The springs 52
      bias the slide member forwardly so that it normally projects a slight
      distance away from the front wall 20 of the receptacle with the finger tab
      portion 42 fully exposed as shown in FIG. 1. A delivery channel 54 in the
      upper surface of the slide member extends the full length of the slide
      member adjacent the rear edge of the finger tab 42 and is open at both
      ends. The delivery channel 54 is movable with the slide member between a
      receiving position, FIG. 4B, wherein it is vertically aligned with the
      discharge opening 34 and a removal position, FIGS. 4A and 4C, in front of
      the front wall 20 whereby it is adapted to carry one toothpick T at a time
      from the interior to the exterior of the receptacle 12.
PAR  It can be seen in FIGS 4A through 4C that when the delivery channel 54 is
      in its removal position, the rearward edge 56 of the slide member 18 is
      spaced from the rear wall 22 of the receptacle 12. Accordingly, the slide
      member can be moved rearwardly, compressing the springs 52, to a point at
      which the delivery channel 54 moves into its receiving position in
      vertical alignment with the discharge opening 34. In the receiving
      position, a toothpick T, or whatever other article is in the receptacle,
      will drop by gravity into the delivery channel 54 so that when the
      rearward pressure on the slide member is released, the slide member will
      automatically move forwardly returning the delivery channel to its removal
      position thereby carrying the toothpick to the exterior of the receptacle.
PAR  The slide member 18 is slidably maintained in the receptacle 12 by the
      bottom plate 16 which is provided with spaced openings 58 through which
      fastening screws 60 are passed to secure the bottom plate 16 to the
      receptacle 12. The gussets 38, beneath the inclined surface 26, have
      internally threaded vertical holes 62 aligned with the openings 58 in the
      bottom plate so that the fastening screws 60 can be screwed into the holes
      62 to tighten the bottom plate against the lower edges of the rear and end
      walls 22 and 24 respectively of the receptacle. The slide member 18 is
      then free to slide in the space between the bottom of the gussets 38 and
      the upper surface of the bottom plate. The screws 60 pass through guide
      slots 64 in the slide member 18 and thereby serve to guide the sliding
      movement of the slide member whereby it does not become ascew with the
      receptacle and possibly thereby become wedged and immovable.
PAR  As will be appreciated by reference to FIGS. 4A through 4C, the alignment
      fingers 44 serve to align toothpicks T which are near the discharge
      opening 34 of the receptacle 12 so that they extend longitudinally of the
      receptacle and are parallel to and in vertical alignment with the delivery
      opening 34. When so aligned, a single toothpick is always properly
      positioned for deposition into the delivery channel 54 when the delivery
      channel is moved beneath the discharge opening into its receiving
      position.
PAR  As shown in FIG. 4A, when the delivery slide 18 is in its normal forward
      position, with the delivery channel 54 located forwardly of the front wall
      20 in its removal position, the alignment fingers 44 protrude through the
      alignment slots 46 in the inclined lower surface 26 of the receptacle with
      the forward edges 66 of the alignment fingers in spaced relationship from
      the front wall 20. The space between the forward edges 66 of alignment
      fingers and the front wall in this position is slightly greater than the
      width of a toothpick T so that a single-file substantially vertical stack
      of the toothpicks will be formed in the space between the alignment
      fingers and the front wall. Since there are two of the alignment fingers
      and they are spaced longitudinally of the receptacle, the toothpicks
      adjacent the discharge opening 34 will be shoved into a position parallel
      with the front wall 20 of the receptacle and in vertical alignment with
      the discharge opening. Thereafter, when the slide member 18 is moved
      rearwardly in the receptacle so that the delivery channel 54 is disposed
      beneath the delivery opening 34, the guide fingers 44 automatically
      retract behind the inclined lower surface 26 leaving the toothpicks
      properly aligned with the discharge opening so that the lowermost one of
      the toothpicks will drop by gravity into the delivery channel. It is
      important to note that the curved forward upper corners 48 of the
      alignment fingers allow toothpicks, which are not at the bottom of the
      receptacle, to roll over the fingers and thereby not inhibit or block the
      forward movement of the fingers. When the slide member is released so that
      the bias springs 52 cause the slide to move forwardly, the upper surface
      of the slide member, immediately behind the delivery channel 54, moves
      beneath the remaining toothpicks in the receptacle and supports the
      remaining toothpicks while the toothpick which was deposited in the
      delivery channel is carried forwardly to the removal position of the
      delivery channel exteriorly of the receptacle. With reference to FIGS. 5A
      and 5B, it will be appreciated that rearward movement of the slide member
      18 is limited by abutment of the rearward edge 56 against the rear wall 22
      and forward movement of the slide member is limited by abutment of the
      fastener screws 60 against the rear end of the guide slots 64 in the
      slide.
PAR  It will, therefore, be appreciated that the dispensing apparatus 10 of the
      present invention is very simply constructed and yet provides an efficient
      system for assuring that a single toothpick is deposited into the delivery
      channel 54 each time the delivery channel is moved into its receiving
      position. While the dispensing apparatus has been described in connection
      with dispensing toothpicks, it will be readily apparent that a dispenser
      operating on the same principle with possibly different dimensions would
      be equally useful in dispensing other like articles such as matches,
      cigarettes or the like.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in detail of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dispensing apparatus for toothpicks or the like comprising, a
      receptacle in which a plurality of the toothpicks can be stored in stacked
      substantially parallel relationship, said receptacle having an inclined
      lower surface on which the toothpicks are supported with at least one slot
      through the inclined surface along a lowermost edge thereof, a discharge
      opening adjacent the lowermost edge of the inclined surface through which
      toothpicks can pass one at a time, a slide member slidably received in a
      lower portion of the receptacle beneath the inclined surface, elongated
      delivery channel means in the slide member adapted to retain a single
      toothpick and movable with the slide member between a receiving position
      beneath the discharge opening and a removal position exteriorly of the
      receptacle whereby a toothpick in the delivery channel can be carried from
      the receptacle to a position exteriorly of the receptacle, and alignment
      finger means affixed to and protruding upwardly from said slide member
      through each slot in the inclined surface and being slidable through the
      slot in a direction parallel to the direction of sliding movement of the
      slide member to align toothpicks in a single-file stack with the discharge
      opening whereby to cause the toothpicks to pass one at a time through the
      discharge opening when the delivery channel is moved beneath the discharge
      opening and said slide member being retained in the lower portion of the
      receptacle by a bottom plate, and further including guide slots in said
      slide member and means on the bottom plate communicating with the guide
      slots to guide movement of the slide plate so that it does not become
      misaligned within the receptacle.
NUM  2.
PAR  2. The dispensing apparatus of claim 1 wherein there are two alignment
      fingers which move between a location under the inclined surface when the
      delivery channel is in its receiving position to a location adjacent the
      discharge opening when the slide member is in its removal position.
NUM  3.
PAR  3. A dispensing apparatus for toothpicks or other like articles comprising
      in combination a receptacle having front and rear walls, an inclined
      supporting surface near the bottom of the receptacle, said inclined
      surface sloping downwardly from the rear wall toward the front wall and
      being spaced from the front wall a distance slightly greater than the
      thickness of the articles to be dispensed, said space between the inclined
      surface and the front wall defining a discharge opening through which
      articles can pass one at a time, a slide member disposed in a lower
      portion of the receptacle below said inclined surface for sliding movement
      toward and away from said rear wall, spring means operably engaging said
      slide member to bias the slide member away from said rear wall, a delivery
      channel in the upper surface of the slide member said delivery channel
      being movable with the slide member between a receiving position
      vertically aligned with the discharge opening and a removal position
      forwardly of the front wall, alignment slots in said inclined surface,
      alignment fingers protruding upwardly from the slide member adapted to
      reciprocate through the alignment slots to align articles in the
      receptacle with the discharge opening, a bottom plate, guide slots through
      the slide member, and fastener means operably connecting the bottom plate
      to the receptacle and passing through said guide slots so that the sliding
      movement of the slide member is guided to prevent misalignment of the
      slide member within the receptacle.
NUM  4.
PAR  4. The dispensing apparatus of claim 3 further including gussets anchored
      to the rear wall and the underside of the inclined surface to support the
      inclined surface, and threaded holes in the gussets for receiving said
      fastener means.
NUM  5.
PAR  5. The dispensing apparatus of claim 3 wherein spring sockets are provided
      in a rear portion of the slide member to receive said spring means in a
      manner such that the rearwardmost end of the spring means will engage the
      rear wall of the receptacle and the forwardmost end of the spring means
      will engage a wall of the spring socket so that the spring means are
      positively retained in a postion to continuously bias the slide member
      away from the rear wall.
NUM  6.
PAR  6. The dispensing apparatus of claim 3 wherein said slide member is in
      engagement with the rear wall of the receptacle when the delivery channel
      is in its receiving position.
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ABST
PAL  A device for delivering one by one an essentially rectangular object of
      lenticular cross section from a pile of said objects having non-uniform,
      different thicknesses, said device comprising a plate supporting the pile,
      a stop surface standing on the supporting plate in front of one transverse
      edge of the objects and terminating at a given distance above the
      supporting plate to form a delivery gap and a catch operating in a
      direction towards the stop surface for conducting away the lowermost
      object through the gap in a direction of length wherein the improvement
      comprises one upright peripheral strip of the stop surface extending down
      to the supporting plate and at right angles to the stop surface, along the
      other peripheral strip thereof, a second stop surface is provided which is
      set back at the level of the gap over at least the width of one peripheral
      strip, the distance between the second stop surface and one peripheral
      strip being smaller than the width of the object; and a pressing member
      acting substantially at right angles to the catch pushes each time the
      lowermost object against the set-back surface.
BSUM
PAR  The invention relates to a device for the repeated delivery of a mainly
      rectangular object of lenticular cross-section from a stack of said
      objects having non-uniform and relatively different thicknesses, said
      device comprising a stack-supporting plate, a stop surface standing on
      said supporting plate in front of one transverse edge of the objects and
      terminating at a given distance above the supporting plate to form a
      delivery gap and a catch acting towards said stop surface for conducting
      the lowermost object through said gap.
PAR  The known devices of the type set forth operate very effectively as long as
      objects of thicknesses varying with very small tolerances have to be
      delivered. However, if flat, box-shaped objects, for example, a plano
      intended for making a flap box, already folded and glued into a box have
      to be conducted one by one to a machine arranged behind said device for
      making flap boxes, the differences in thickness owing to the resilience of
      the plano material may be so great that either the delivery stops or more
      than one object are delivered simultaneously.
PAR  The invention has for its object to provide a device of the kind set forth,
      in which said disadvantage does not occur and which is characterized in
      that one standing peripheral strip of the stop surface extends down to the
      supporting plate and a second stop surface is arranged at right angles to
      said first stop surface along the other peripheral strip thereof, said
      second stop surface being set back at the level of the gap over the width
      of one peripheral strip, the distance between the second stop surface and
      one peripheral strip being smaller than the width of the object and in
      that a pressing member acting substantially at right angles to the catch
      urges every lowermost object against said set-back surface.
PAR  Since the longitudinal edge of the object owing to its lenticular section
      has a slightly wedge-shaped form, the separation of the lowermost object
      from the superjacent objects of the stack will be performed in a reliable
      manner. As soon as the more or less arcuate front edge of the object has
      been moved to the side of one peripheral strip of the foremost stop
      surface extending down to the supporting plate, that is to say, when it is
      completely located in front of the delivery gap, the path is free for
      delivering the lowermost object in the longitudinal sense. The gap-shaped
      passage need not have accurate dimensions and it is sufficient to adapt
      the height of the gap to the expected maximum thickness of the objects.
      For matching the width of the objects the distance between the second stop
      surface and one peripheral strip is adjustable in accordance with the
      invention.
PAR  When the catch is formed by a rotating conveyor roller, which is constantly
      in contact with the bottom surface of the lowermost object, the pressing
      member determines the instant of delivery of said object because after the
      object is pressed aside, it emerges from below the stack in the direction
      of length.
PAR  For given objects suitable for this purpose the catch may be formed by a
      stop reciprocating synchronously with the pressing member and gripping
      behind the rear transverse edge of the object.
PAR  The invention will now be described more fully with reference to three
      embodiments of the invention.
DRWD
PAR  FIG. 1 is a perspective view of a first embodiment of the invention.
PAR  FIG. 2 is a cross sectional view of the device shown in FIG. 1.
PAR  FIG. 3 is a perspective view of a second embodiment of the invention.
PAR  FIG. 4 shows a detail of the catch of the second embodiment in a
      longitudinal sectional view.
PAR  FIG. 5 shows a cross sectional view of a third embodiment of the invention,
      in which the objects are supported in an inclined position.
DETD
PAR  The embodiment shown in FIGS. 1 and 2 comprises a supporting plate 1 having
      perpendicularly arranged on it a stop surface 2, the lower edge 3 of which
      terminates at a given distance above the supporting plate 1 in order to
      form a free gap 4. One peripheral strip 5, on the right hand side of FIG.
      1, is prolonged down to the supporting plate 1, whereas along the other
      peripheral strip 6 at right angles to the stop surface 2 a second stop
      surface 7 is provided. This second stop surface 7 is set back below
      immediately above the supporting plate 1 at the level of the gap 4. The
      set-back portion 8 covers at least a distance behind the stop surface 7
      which corresponds to the width of the peripheral strip 5. In the stop
      surface is provided a catch, which is formed in this embodiment by a
      rotatable roller 9 (see FIG. 2). The direction of rotation of the roller 9
      is chosen so that the catch operates in the direction of the stop surface
      2. At right angles to said direction of operation is arranged a pressing
      member 10 so as to be able to reciprocate.
PAR  This embodiment operates as follows. A plurality of objects V of lenticular
      section (see FIG. 2) are piled up on the supporting plate 1. By their
      front transverse edges they engage the stop surface 2 and by the
      wedge-shaped side edge determined by the lenticular section they are in
      contact with the stop surface 7. The lowermost object of the stack will
      initially lie directly beneath the other objects. The pressing member 10,
      which applies to the lateral edge of the object remote from the stop
      surface 7, pushes the lowermost object to the left as seen in FIG. 2,
      which is allowed by the set-back stop surface 8 with respect to the stop
      surface 7. The lowermost object is then brought right in front of the gap
      4 and is moved from below the stack by the action of the catcher 9 through
      the delivery gap 4.
PAR  The embodiment shown in FIGS. 3 and 4 differs from the embodiment described
      above in that the stop surface 2' is formed by the facing flanges 11 of
      the angular profiles 12 grouped around the stack of objects and serving as
      guide elements. It should be noted that the two angular profiles shown on
      the left-hand bottom side of FIG. 3 are partly shown in full and partly in
      dotted lines for the sake of clarity of the drawing. The stop surface 7'
      is formed by a rectangle-section bar arranged in the left-hand profiles
      and terminating together with the flange 11 of the left-hand top profile
      in FIG. 3 at a short distance above the supporting plate 1'. The stop
      surface 8' set back with respect to the stop surface 7' is thus formed by
      the lower part of the other flange of the two left-hand angular profiles.
PAR  The catch is formed by a hook 13, engaging the transverse rear edge of the
      object and arranged resiliently on a slide 14 adapted to move in a slot of
      the supporting plate 1' (see FIG. 4). Transversely of the direction of
      operation of said catch is adapted to reciprocate a pressing member 10'.
      The movements of these two members are synchronized in this embodiment so
      that after the pressing member 10' has pressed the lowermost object aside
      the catch pushes this object from beneath the stack.
PAR  The second embodiment is particularly suitable for delivering one by one
      plano's folded and glued to a box, more particularly flap boxes to the
      subsequent working stations. Owing to the resilient action of the plano
      material the central portion of the box-shaped plano has a lenticular
      cross section, the left-hand and right-hand edges having the shape of a
      wedge. The over-all thickness of such a box-shaped plano is, however, not
      defined and dependent upon the number of superjacent objects, the weight
      of which more or less flattens the plano. The end flaps of the plano
      projecting at the front and rear edges have unequal widths owing to the
      further folding (see FIG. 4). The stroke of the catch of the second
      embodiment is adjusted so that the hook 13 engages only the lower, less
      broad flap so that the hook will never take along the penultimate lower
      object. FIG. 4 shows only one object.
PAR  To overcome above mentioned difficulty it is advantageous to stack the
      objects in an inclined way as shown in FIG. 5. Therefore the pressing
      member 10" is located a certain distance above the support plate 1",
      whilst the outer end 15 of said member protudes under the edge of objects
      opposite the edge near the set-back stop surface 8". The outer end of the
      pressing member is stepped, such, that by moving said member in the
      direction of the stop surface 8", the lowermost object is pressed against
      the surface 8". By the return movement the lowermost object falls down
      whilst the other objects are retained by the stepped lip of the pressing
      member. Due to the inclination, enough space is left in order to prevent
      that the hook 13' will engage more than one object.
PAR  It is not necessary that member 10" is provided with a stepped lip 15. The
      member may include a fixed portion supporting the pile and an active
      portion, moving alternately to and from the setback surface 8". So urging
      the lowermost object against said surface which object simultaneously
      falls down as its edge passes the fixed portion of the member.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for delivering objects of non-uniform thickness one by one from
      a pile of such objects, comprising in combination:
PA1  a generally horizontal plate for supporting the pile of objects;
PA1  first stop surface means disposed in upstanding relation to said plate for
      engaging one side of the pile of objects;
PA1  second stop means disposed in upstanding relation to said plate and at
      right angles to the first stop surface means, said second stop surface
      means presenting first abutment means for engaging a side of the pile of
      objects and second abutment means, offset from the first abutment means,
      for allowing the lowermost object in the pile to be displaced partially
      beneath the first abutment means;
PA1  said first stop surface means having a delivery gap adjacent said plate and
      extending from said second abutment means outwardly from beneath said
      first abutment means to a position allowing displacement of the lowermost
      object only when such lowermost object is displaced partially beneath said
      first abutment means and into engagement with said second abutment means;
PA1  pusher means reciprocable toward and away from said second stop surface
      means to displace a lowermost object against said second abutment means;
      and
PA1  feed means spaced from said first stop surface means and aligned
      substantially centrally with respect to said delivery gap, said feed means
      engaging a lowermost, displaced object for delivering such lowermost
      object through said delivery gap.
NUM  2.
PAR  2. A device as defined in claim 1 wherein said first and second stop
      surface means include at least three L-shaped posts upstanding from said
      plate and disposed at the apices of a right triangle, one post being
      common to both stop surface means.
NUM  3.
PAR  3. A device as defined in claim 2 wherein one flange of said one post
      defines part of said second abutment means and the other flange of said
      one post is cut away ajacent said plate to define part of said delivery
      gap.
NUM  4.
PAR  4. A device as defined in claim 3 wherein said one flange is provided with
      a thickened portion commencing in spaced relation to said plate and
      defining part of said first abutment means.
NUM  5.
PAR  5. A device as defined in claim 1 wherein said feed means comprises a
      roller projecting through said plate and means for rotating said roller to
      feed an object toward said first stop surface means.
NUM  6.
PAR  6. A device as defined in claim 1 wherein said feed means comprises a
      member reciprocable toward and away from said delivery gap and including a
      catch projecting above said plate to engage an edge of a lowermost object.
NUM  7.
PAR  7. A device as defined in claim 6 wherein said pusher means and said feed
      means are actuated alternately to push a lowermost object against said
      second abutment means and then feed such displaced, lowermost object
      through said delivery gap.
NUM  8.
PAR  8. A device as defined in claim 2 wherein said feed means comprises a
      member reciprocable toward and away from said delivery gap and including a
      catch projecting above said plate to engage an edge of a lowermost object.
NUM  9.
PAR  9. A device as defined in claim 8 wherein said pusher means and said feed
      means are actuated alternately to push a lowermost object against said
      second abutment means and then feed such displaced, lowermost object
      through said delivery gap.
NUM  10.
PAR  10. A device as defined in claim 1 wherein said pusher means is angled
      downwardly toward said second abutment means.
NUM  11.
PAR  11. A device as defined in claim 10 wherein said pusher means terminates in
      a stepped surface supporting the pile of objects.
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ABST
PAL  Paperboard dispensing carton adapted for use with a stacked or nested array
      of paper cups or the like which includes a rectangular tube with closures
      at both ends surrounding the cups and a removable tear strip opener at the
      bottom of the carton removable to expose the bottom of the stack of cups,
      and means on the inside of the carton near the bottom to frictionally
      engage the lip of the cups so that they will remain in the carton and be
      removable singly by hand.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to dispensing cartons and more
      particularly to cartons and packages which are particularly adapted to
      contain and dispense articles arranged in a nested array or stack where
      the articles are paper cups or the like.
PAR  2. Description of the Prior Art
PAR  The distribution of paper cups for home or commercial use is presently done
      by shipping the cups in paperboard containers or cartons and then removing
      them from the container and placing them in special dispenser devices
      which may be permanently fixed to a wall or counter and made of plastic,
      metal, or some other material. The present invention is designed to
      eliminate the need for a separate dispensing device and eliminate the
      requirement of removing the cups from the carton and placing them in the
      dispenser. The present invention may be adhesively attached to the surface
      or may be left on the counter top, apertured wall bracket or other surface
      so that when a cup is to be removed the carton is simply picked up and the
      cup removed from the bottom. In this manner the carton need not be kept in
      the open unless so desired and may be kept in the cabinet or otherwise
      hidden from view.
PAC  SUMMARY OF THE INVENTION
PAR  A carton and blank for making same designed to be part of a package
      containing a stack of paper cups which is a rectangular cross section tube
      of paperboard or similar material containing the stack of cups and having
      a removable lower end closure adapted to be removed to expose the cups on
      the bottom end, and also means located on the inside surface at the lower
      end of the carton for frictionally engaging the outer edges of the cups to
      retain them in position so that they may be withdrawn singly by hand.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a package embodying the present invention
      prior to opening;
PAR  FIG. 2 is a plan view of a blank embodying the present invention and
      adapted to be folded into a carton package similar to that shown in FIG.
      1;
PAR  FIG. 3 is an enlarged plan view of a portion of the blank shown in FIG. 2
      showing the inside surface and a strip of expanded foam plastic adhered
      thereto;
PAR  FIG. 4 is a perspective view of the lower portion of the package shown in
      FIG. 1 illustrating the removal of the bottom closure assembly;
PAR  FIG. 5 is an elevational section view of a package similar to that shown in
      FIG. 1, but with the bottom closure removed and the nested array of cups
      in position for removal from the carton;
PAR  FIG. 6 is an enlarged view of a portion of the sectional view shown in FIG.
      5 illustrating the frictional engagement of the cups by the expanded foam
      plastic on the inside surface of the carton;
PAR  FIG. 7 is a perspective view of a package embodying the present invention
      which is designed to contain two stacked arrays of cups in side-by-side
      relationship;
PAR  FIG. 8 is a plan view of a blank adapted to be folded into a carton
      embodying the present invention and similar to that shown in FIG. 7;
PAR  FIG. 9 is a plan view in expanded proportions of the lower portion of the
      blank shown in FIG. 8 illustrating the application of the strips of
      expanded foam plastic thereto;
PAR  FIG. 10 is a plan view of the blank shown in FIG. 8 with expanded foam
      attached illustrating the method of folding same during assembly;
PAR  FIG. 11 is a plan view of the blank shown in FIG. 10 further illustrating
      the assembly technique which may be employed to fabricate the package;
PAR  FIG. 12 is a front elevational view of the package shown in FIG. 7 with the
      bottom closure partially removed and cups exposed;
PAR  FIG. 13 is a front elevational section view of the package shown in FIG. 7
      with the bottom removed illustrating the relationship of the two stacks of
      cups in the package in position prior to removal therefrom;
PAR  FIG. 14 is a view from the bottom of the package as shown in FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The package in FIG. 1 which is illustrated in perspective view is one
      embodying the present invention and labeled generally as 10. It is in this
      form that the package, containing the nested array of cups or the like, is
      stored and shipped and sold to the ultimate consumer. This package 10 is
      made up of a carton formed from a blank such as that shown in FIG. 2 which
      is made from foldable paperboard or similar sheet-like material and is
      substantially rectangular in shape having a pair of parallel top and
      bottom edges defined by the fold lines 11 and 12 as well as parallel
      lateral edges 13 and 14 which are arranged perpendicular to the top and
      bottom edges 11 and 12. Since the cups which are to be stored in the
      carton are circular in cross section, it is most expedient to make the
      carton rectangular in cross section to save space. Therefore the blank as
      shown in FIG. 2 includes four side wall panels 15, 16, 17 and 18 of equal
      width which are arranged in side-by-side relationship and are defined by
      three fold lines spaced intermediate the two lateral edges 13 and 14
      numbered 19, 20 and 21 which are parallel to one another and define the
      four side wall panels 15 through 18. In the particular embodiment shown, a
      manufacturer's glue flap 22 is connected along one lateral edge of the
      blank to the side wall 15 by the fold line 23.
PAR  Along the top edge 11 of the blank are connected four top closure flaps 24,
      25, 26 and 27 which are illustrated as a conventional top closure and
      serve to retain the cups in the carton and to keep them clean. Along the
      bottom edge 12 of the blank are hingedly connected bottom closure flaps
      28, 29, 30 and 31 which form a similar closure to that on the top of the
      carton.
PAR  Along the bottom edge 12 of the blank is formed integrally therewith a tear
      strip opener which in the present embodiment is shown as an interrupted
      line cut 32 which extends across the bottom of the blank parallel to the
      bottom edge 12 and defines a portion of each of the side wall panels 15
      through 18 which lies between the interrupted line cut 32 and the bottom
      edge 12 which is removed by pulling the tear strip. For convenience a
      small extension 33 may be formed at the end of the tear strip opener in
      order to assist in grasping the opener, and in order to facilitate removal
      of the bottom of the carton that portion of the bottom edge 12 which
      extends across the side wall panel 18 which is adapted to become the front
      of the carton is also formed as an interrupted line cut so that, as can be
      seen in FIG. 4, the tearing of the strip easily initiates the removal of
      the entire bottom end of the carton. The exact type or configuration of
      tear type opener across the bottom of the carton may be varied and it is
      important for purposes of this invention only that the bottom of the
      carton be removable.
PAR  The blank as shown in FIG. 2 is illustrated with the outside surface up.
      The same blank is shown with the inside surface up in FIG. 3, and only the
      bottom portion of the blank is illustrated, showing a means for
      frictionally engaging the lip or edge of the cups which are in the stacked
      array within the package 10. It has been found that a thin strip of
      expanded foam plastic or other material which has a relatively high
      friction coefficient against the edges of paper cups may be placed on one
      or more of the interior surfaces of the side walls 15 through 18 of the
      blank which is to be erected into the package 10 and that, as seen in FIG.
      6, the lip of the cup will be frictionally engaged by this material, which
      is shown as 34 and is adhesively attached or attached by some other means
      to the surface of the paperboard. With the package 10 in the open
      configuration shown in FIG. 5, the cups are simply withdrawn one at a time
      from engagement with the friction means 34 and the balance of the stack of
      cups remain inside the package 10 for further use.
PAR  The exact dimensions of the side walls 15 through 18 of the package 10 will
      determine in part whether it is necessary to place expanded foam plastic
      or other friction material 34 on one or more of the sides of the package.
      The tolerance between the inside dimensions of the package 10 and the
      diameter of the cups, which are shown generally as 35, as well as the
      thickness and resiliency of the friction means 34 and the weight of the
      stack of cups 35 must be considered. In the particular embodiment shown,
      the friction means 34 is positioned on three of the four sides of the
      package 10 and adhesively attached near the ends of the piece of friction
      material 34 as well as where the ends of the material 34 occur along the
      hinge lines 19 and 20 joining the adjacent side wallpanels. This allows
      the thin strip of friction material 34 to move away from the side wall
      panels 15, 16 and 17 and more fully engage the edges of the cup while they
      are in position.
PAR  The basic principle of this invention may easily be incorporated into a
      modification of the blank and package 10 utilizing two stacks of cups 35
      in side-by-side relation which results in a package which prior to opening
      is like that shown in FIG. 7 and designated generally as 36. The blank
      which is utilized to make this package 36 can be seen in FIG. 8 and is
      similar to the blank of FIG. 2 in many respects in that it has a top edge
      37 and a bottom edge 38 defined by two horizontal and parallel fold lines,
      and four outside wall panels 39, 40, 41 and 42 which are arranged in
      side-by-side relationship and are defined laterally by an outside edge 43
      and four parallel fold lines arranged perpendicular to the top and bottom
      edges 37 and 38 and designated 44, 45, 46 and 47. It will be noted that
      the two outside wall panels 40 and 42 are approximately twice as great in
      width as the side wall panels 39 and 41. This is necessary because of the
      fact that two stacks of cups will be contained in the package in
      side-by-side relationship. In addition to the four outside wall panels 39
      through 42, there are adjacent to the panel 39 and connected by fold line
      47 a center reinforcing panel 48 and connected thereto along a fold line
      49 is a center spacer panel 50 which has attached thereto a manufacturer's
      glue flap 51 along a vertical hinge line 52.
PAR  Along the top edge 37 of the four outside wall panels 39 through 42 are
      hingedly connected top closure flaps 53, 54, 55 and 56 which fold together
      to form a conventional closure similar to that of the single package 10,
      and hingedly attached along the bottom edge 38 to the same respective
      outside wall panels are bottom closure flaps 57, 58, 59 and 60 which form
      the bottom closure for the carton. The center partition wall panel 50 and
      the reinforcing panel 48 as well as the manufacturer's glue flap 51 are
      all foldable on the inside of the carton, and for that reason they extend
      in length vertically slightly less than the outside wall panesl 39 through
      42, and in addition they do not extend at the bottom completely down to
      the fold line 38 since there is an interrupted line cut 61 formed across
      the bottom of the blank parallel to the fold line 38 and spaced from that
      bottom fold line 38 an amount which brings it up to the bottom edge of the
      two panels 48 and 50. Also the fold line 38 is formed as an interrupted
      line cut across the panel 42. In this manner the tear strip and bottom
      closure are removable to leave the bottom of the package open with the
      edge remaining, that edge being 61, substantially uniform with the bottom
      of the two panels 48 and 50 which form and support the divider separating
      the two stacks of cups 35. The relationship between all of these panels is
      best seen in FIG. 14 which is a view from the bottom of an opened carton
      such as that shown in FIG. 13, which shows how the center wall partition
      50 is held in place by the manufacturer's glue flap 51 and the reinforcing
      panel 48.
PAR  As in FIGS. 2 and 3, the blank of FIG. 8 is shown with its outside surface
      up, and FIGS. 9 through 11 are shown with the inside surface up, at least
      to start with. Since there are two compartments for cups 35, it is
      necessary in this two cell embodiment to place means for frictionally
      engaging the cups, which will again be referred to as 34, in each of the
      two cells. Therefore, as shown in FIG. 9 a strip of expanded foam plastic
      is adhered at its ends and along the hinge lines 44 and 45 as well as on
      the outer panel 39 as well as the reinforcing or brace panel 48 and the
      center partition panel 50 by adhesively attaching at its ends and along
      hinge lines 47 and 49. For clarity the two respective pieces of friction
      inducing material are labeled 34a and 34b respectively, and again it
      should be mentioned that the extent and size of these pieces of material
      is dictated by the tolerence of the interior surface dimensions as
      compared to the diameter of the cups to be stacked therein.
PAR  The folding of the blank shown in FIGS. 8 and 9 should be noted and as seen
      in FIG. 10, the first step is to fold the center partition wall panel 50
      and manufacturer's glue flap 51 into face-to-face relationship with the
      reinforcing panel 48 by folding along the hinge line 49 as shown in FIG.
      10. Adhesive is then applied to the exterior surface of the manufacturer's
      glue flap 51 and the face-to-face panels 50 and 48 along with the adjacent
      outer wall panel 39 are folded along the hinge line 46 into face-to-face
      relationship with the large exterior panel 40 as seen in FIG. 11 thereby
      providing the contact and adhesion between the manufacturer's glue flap 51
      and its appropriate position on the interior surface of the outside panel
      40. The large outside panel 42 is then folded along hinge line 44 to
      overlie the reinforcing or brace panel 48 and is adhesively attached
      thereto, completing the carton in its collapsed form. The package 36 is
      then erected by properly unfolding the collapsed carton blank, inserting
      the stacks of cups 35, and closing the top and bottom ends by conventional
      means. As can be seen in FIG. 12, the tear strip opener operates to remove
      the entire bottom of the package 36 and exposes the two stacks of cups 35
      and allows them to drop down as can be seen in FIG. 13 and frictionally
      engage the members 34a and 34b to prevent them from falling out.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my improvement in DISPENSING CARTON FOR
      NESTABLE CUPS; and while I have endeavored to set forth the best
      embodiment thereof, I desire to have it understood that obvious changes
      may be made within the scope of the following claims without departing
      from the spirit of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blank made from foldable paperboard or similar sheet-like material
      adapted to be folded into a tubular carton suitable for containing and
      dispensing a stacked array of nestable cups or the like, said blank
      comprising:
PA1  a substantially rectangular sheet of said paperboard, said sheet having
      parallel top and bottom edges and parallel lateral edges arranged at right
      angles to said top and bottom edges;
PA1  four side wall panels defined by three vertically oriented fold lines
      spaced intermediate said lateral edges and arranged parallel thereto, said
      side panels having substantially equal width;
PA1  closure flaps hingedly connected along said top edge of said blank to said
      wall panels and adapted to be folded to form a top closure for said carton
      in the finally erected configuration;
PA1  bottom closure flaps hingedly connected along said bottom edge to said side
      panels and adapted to be folded into a bottom closure for said carton in
      its finally erected configuration;
PA1  means formed integral with said blank and extending across the lower end of
      said blank for effecting removal of the lower portion of said blank
      including said bottom closure to provide access to said cups in the final
      erected configuration of the carton; and
PA1  a layer of expanded foam plastic on at least one of said side walls
      positioned near the lower end thereof, said layer attached near the
      adjacent vertically oriented fold lines leaving a section of said plastic
      unattached near the center of said side walls.
NUM  2.
PAR  2. The blank of claim 1 wherein said means for removing the bottom of said
      carton blank comprises a tear strip type opener formed in said blank
      parallel to the bottom edge of said blank and extending across said bottom
      end of said blank.
NUM  3.
PAR  3. A storage and dispensing carton for a nested array of stackable cups or
      the like, comprising:
PA1  a rectangular tube of rigid paperboard or similar sheet-like material
      surrounding said nested array of cups;
PA1  means at the top of said tubular carton for closing the end of said carton
      and retaining said cups in said carton;
PA1  means located at the bottom end of said carton for effecting a closure to
      retain said cups in said carton during shipment and storage;
PA1  means located adjacent to said bottom closure means for effecting removal
      of said bottom closure means; and
PA1  a layer of expanded foam plastic on at least one of said side walls
      positioned near the lower end thereof, said layer attached near the
      lateral edges of said side walls leaving a section of said plastic
      unattached near the center of said side walls.
NUM  4.
PAR  4. The carton of claim 3, including a partition bisecting said carton along
      the vertical length thereof to permit two nested arrays of cups in
      side-by-side relationship.
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ABST
PAL  There is disclosed in the application a valve including a body in which is
      slidably mounted a cam-actuated puncturing pin for piercing the seal of a
      pressurized gas supply container. The body includes a passage for
      conducting gas from the supply to an inflatable device and a normally open
      passage for venting the device while it is in a deflated state. Rotation
      of the cam is accomplished by a detachably coupled lanyard and the cam
      includes a restraint against inadvertent rotation and a coupling to the
      pin to prevent accidental operation until inflation is desired. In
      addition, a projection of the cam engageable by the pin prevents return
      motion of the cam once its puncturing tool actuation has started.
BSUM
PAR  The present invention relates generally to improvements in valves and more
      specifically to valves for controlling the inflation of floating gear from
      pressurized gas containers.
PAR  The transportation, deployment and inflation of very large inflatable
      devices such as floating barriers to contain oil spills on water presents
      special problems in the requirements of control valve performance and
      reliability. Thus, the valve must offer security against premature
      inflation while the barrier is being transported, frequently by air, in
      assembled but uninflated condition to the scene of an oil spill. Because
      of the size of such a barrier when fully inflated, its premature
      inflation, should it occur accidentally, could cause very serious problems
      aboard an aircraft. In addition, the construction of the control valve
      must be such that during the deployment of the barrier, there is a high
      degree of reliability that the inflation will take place when needed. A
      typical barrier assembly may include as many as 100 separate flotation
      units with individual valves and containers, may have a weight of several
      tons and when deployed, a length of over 200 yards. Failure of a
      substantial number of units to become inflated could result in a very
      substantial loss from the sinking of the uninflated barrier together with
      a multiplicity of gas supply cylinders. In addition, the delay in
      obtaining and deploying a replacement barrier causes additional spreading
      of the oil spill thereby rendering the oil recovery operation more
      difficult and costly by a substantial factor. Even the failure to inflate
      a single flotation unit is serious in that this creates a gap in the
      barrier through which oil escapes thereby rendering the recovery of the
      oil difficult if not impossible.
PAR  It is accordingly an object of the present invention to provide an
      inflation control valve which is highly reliable both to prevent premature
      inflation and to assure inflation when it is required.
PAR  Another object is to provide a control valve in which the reliability
      usually in assembled condition is maintained over an extended period of
      time while the valve may be installed before operation is needed.
PAR  The foregoing objects are achieved in accordance with the present invention
      by a valve including a body in which is mounted a puncturing pin for
      piercing the rupturable seal of a pressurized gas container. According to
      a feature of the invention, the puncturing pin is driven to its
      seal-piercing position by a lanyardactuated cam including a retaining
      projection which engages a neck in the pin to prevent its movement toward
      the seal until the cam is rotated. According to another feature of the
      invention, the cam is retained against rotation by a shear pin and thereby
      maintains its hold on the puncturing pin until there is applied to the
      lanyard sufficient force to produce cam rotation, a force of sufficient
      magnitude that it is not likely to be applied accidentally. In addition,
      the contour of the cam includes a hook engageable by the head of the pin
      after the cam has been rotated through a part of its travel so that it
      cannot thereafter return to its starting position. dr
DRWD
PAR  The foregoing objects and features will be more fully understood from a
      detailed description of an illustrative embodiment taken in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a view in longitudinal section of an inflation control valve
      according to the present invention;
PAR  FIG. 2 is a view in cross-section taken along the line II--II of FIG. 1 and
      showing the relationship of a seal puncturing pin and its actuating cam
      before operation of the valve;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the cam having been rotated
      into a position for causing the pin to pierce the seal;
PAR  FIG. 4 is a view similar to FIGS. 2 and 3 but showing the cam in an
      intermediate position from which the cam is restrained against return to
      its original starting position;
PAR  FIG. 5 is a fragmentary view in perspective taken generally along the line
      V--V of FIG. 2 and showing a cam surface for preventing reverse motion of
      the cam once the position of FIG. 4 has been reached.
DETD
PAR  Turning now to the drawings, there is shown a control valve according to
      the invention including a body 10 having an integral internally threaded
      inlet coupling 12 communicating with a cylindrical guideway 14 in which is
      slidably mounted a puncturing pin 16. The valve body 10 is screwed to the
      neck of a pressurized gas container 18, usually filled with carbon
      dioxide, which is sealed by a frangible disc 20. The guideway 14 is
      shouldered at the bottom and includes a reduced diameter for passage of
      the pin 16 and after piercing of the seal 20 for conducting the gas from
      the container 18 to an inflatable device 22. The path of the gas from the
      container 18 to the device 22 is through a headed conduit 24 which is
      threaded into the body 10 and carries an internally threaded coupling 26
      for joining the valve to the device.
PAR  Surrounding a reduced diameter of the pin and interposed between the
      shoulder at the bottom of the guideway 14 and an enlarged guide diameter
      of the pin 16 is a compression spring 28 which urges the pin 16 away from
      the diaphragm 20 and into engagement with a cam 30 shown in its inactive
      position in FIG. 2. The pin 16 is retained against motion toward the
      diaphragm 20 by the cam 30 which is rotatable on a headed pivot 32 passing
      loosely through sideplates 34 and retained by a cotter pin 36. The plates
      34 are integral with the body 10 and provide an enlarged enclosure for the
      cam 30, which is peripherally closed by a C-shaped housing member 38
      secured by screws to the side plates. The pin 16 is formed with a pair of
      spaced-apart grooves 42 into each of which is received an elastomeric
      O-ring 44 for sealing the guideway 14 against the passage of gas from the
      container 18 when the seal 20 is ruptured. While the pin 16 is retained in
      the position depicted in FIGS. 1 and 2, however, the interior of the
      device 22 is exposed to its environmental atmosphere through a pair of
      ports 46 which become sealed off by the enlarged portion of the pin and
      the O-rings 42 when the pin moves to its seal piercing position. One of
      the reasons for the ports 46 is to allow venting to prevent inflation of
      the device from air remaining in it when it is taken to the low
      atmospheric pressure environment of high altitude. More importantly, the
      ports 46 permit the escape of gas from the container 18, if the diaphragm
      20 should burst because of excessive internal pressure such as may be
      produced by a rise in temperature.
PAR  The pin 16 is provided with a neck 48 which defines a head 50 having a
      cam-contacting surface in which is formed a shallow socket 52. The cam 30
      has a projection 54 which enters into the neck 48 while the cam is in the
      position depicted in FIG. 2 and thereby prevents accidental movement of
      the pin 16 to its disc piercing position depicted in FIG. 3, unless the
      cam 30 is rotated in a counter-clockwise direction from the position of
      FIG. 2. Such rotation, however, is prevented from occurring accidentally
      by means of a shear pin 56 which passes through both the cam and the
      sideplates 34. The pin 56 must first be broken so that the cam is
      permitted to turn for imparting a diaphragm piercing motion to the pin 16.
      Rotation of the cam is accomplished by means of a stainless steel cable
      lanyard 60 detachably coupled to and disposed around a portion of the
      periphery of the cam. The package containing the barrier assembly, gas
      containers and valves is frequently subjected to substantial shock loads
      during air and water transportation. The coupling of the cam 30 to the pin
      16 and the retention of the cam against rotation by the shear pin 56
      substantially eliminates any possibility of premature inflation as a
      result of the operation of the pin 16 under such shock loads. The coupling
      is accomplished by means of a ball 62 on the end of the lanyard, placed in
      a recess in the cam and bearing against an abutment 64. A part of the
      periphery of the cam is formed with a groove 66 as seen in FIG. 4 to
      receive and centralize the lanyard on the cam surface. In order to cause
      rotation of the cam, the lanyard 60 may be pulled in a direction generally
      parallel to the axis of the pin 16 generally coinciding with the axis of
      the cartridge 18 which is most often cylindrical in shape. However,
      because the lanyard bears against the end of the member 38 as seen in FIG.
      2 a considerable latitude is permissible in the direction of pull to cause
      the rotation of the cam. This is a substantial advantage since on many
      occasions, the pull on the lanyard 60 is obtained by the weight of the
      cartridge 18, the valve and the device 22 suspended from the lanyard the
      free end of which is retained aboard a boat as the package is dropped into
      the water or as the package is pulled away from the boat.
PAR  The shape of the cam 30 is such as to advance the pin 16 from the position
      depicted in FIG. 2 to that of FIG. 3 for piercing the disc 20. When the
      pin 16 is in the position depicted in FIG. 2, the ports 46 are open to
      permit venting of the interior of the device 22 to its surrounding
      atmosphere. As the pin 16 travels from the position of FIG. 2 to that of
      FIG. 3, however, the enlarged portion of the pin and the O-rings 44 close
      off the ports 46 to prevent the escape of gas from the cartridge 18 to
      atmosphere as the gas is directed to device 22.
PAR  In order to prevent reverse motion of the cam 30 after it has been pulled
      by the lanyard 60 part way in its pin advancing direction, the cam is
      formed in its contour with a hook 70 to engage the socket 52 in the head
      of the pin after the cam has moved through approximately 60.degree.. The
      shape of the hook is such that the cam may readily continue to move in a
      counter-clockwise direction with continued pull upon the lanyard 60 but
      the engagement of the hook 70 with the socket 52 prevents reverse motion
      of the cam 30 under the force of the spring 28 if the pull on the lanyard
      is temporarily released once the point of engagement of the hook with the
      socket is reached. This arrangement of the hook 70 and the socket 52
      prevents return motion of the pin 16 after puncturing which would allow
      the gas to escape from the container 18 without inflating the device 22.
CLMS
STM  Having thus disclosed my invention, what I claim as new and desire to
      secure by letters Patent of the United States is:
NUM  1.
PAR  1. A valve for controlling the inflation of a device from a pressurized gas
      container having a frangible diaphragm closure, comprising a body formed
      with an interior guideway, a puncturing pin slidably retained in the
      guideway for movement toward and away from the diaphragm, means including
      a cam for advancing the pin to puncture the diaphragm, and a lanyard for
      imparting rotary motion to the cam, said lanyard having a fixed end with
      an enlarged member disposed in a recess in the cam, said lanyard extending
      around a portion of the periphery of the cam to a free end which extends
      away from the cam, said enlarged member and said recess being so shaped
      and dimensioned that when the free end of the lanyard is pulled, rotary
      motion is imparted to the cam by the enlarged member to force the pin to
      advance to puncture the diaphragm and the enlarged portion separates from
      the recess automatically thereafter when the recess becomes aligned with
      the direction of pull of the lanyard to thereby release the lanyard from
      the cam.
NUM  2.
PAR  2. A valve for controlling the inflation of a device from a pressurized gas
      container having a frangible diaphragm closure, comprising a body formed
      with an interior guideway, a puncturing pin slidably retained in the
      guideway for movement toward and away from the diaphragm, means including
      a cam for advancing the pin to puncture the diaphragm and means on said
      cam engaging said pin so as to prevent advance of the puncturing pin until
      the cam has been rotated.
NUM  3.
PAR  3. A valve as set out in claim 2 in which the end portion of said pin
      adjacent the cam has a recess spaced from the end forming a shoulder, and
      the cam has a boss disposed in the recess for bearing against the shoulder
      to prevent forward movement of the pin until the cam has been rotated to
      remove the boss from the recess.
NUM  4.
PAR  4. A valve for controlling the inflation of a device from a pressurized gas
      container having a frangible diaphragm closure, comprising a body formed
      with an interior guideway, a puncturing pin slidably retained in the
      guideway for movement toward and away from the diaphragm, means including
      a rotatable cam for engaging the rear end of the pin to advance the pin to
      puncture the diaphragm, the said rear end of the pin having a center
      recess and a forwardly sloping periphery, and said cam having a
      protuberance shaped and dimensioned to seat in said recess and prevent
      reverse rotation of the cam but allow further forward rotation thereof.
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ABST
PAL  A system for delivering venturi aspirated dry powder at a predetermined
      rate in which one end of an exhaust tube is embedded in a vessel of dry
      powder and a pressure gas inlet tube has a return bend portion smaller
      than and extending into the embedded exhaust tube end. A miniature flow
      regulator is employed to normally deliver controlled pressure gas to the
      aspirator inlet, wherein delivered gas pressure increases as the gas
      pressure supply decreases. The regulator has a gas source passage
      containing a normally slightly opened valve whose stem is held in such
      slightly open valve position by an adjustably biased piston which allows
      the valve to close when a predetermined amount of pressure gas has built
      up on the regulator outlet side of the valve. There is provision for
      incorporation of a piston pulser intermediate the regulator and the
      aspirator, wherein an accumulator develops predetermined gas pressures to
      reciprocate a spring loaded piston valve between open and closed
      positions, permitting delivery of pressure gas surges to the aspirator.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalty thereon.
BSUM
PAR  The invention relates to an improved system for delivering aspirated dry
      powder.
PAR  The control of dried material flow in a gas dissemination generator has
      been a major problem due to several factors including the receding level
      of material inside the container as the contents are disseminated, with
      the resultant reduction in container pressure as the void increases,
      thereby preventing a smooth or manageable flow of dry material which would
      require a gradual increase in disseminating pressure or energy.
PAR  It is an object of the invention to provide a dry powder disseminating
      system in which the material can be effectively and desirably delivered at
      a substantially constant rate.
PAR  Another object of the invention is to provide such a system in which prior
      unfavorable slugging of large amounts of material through the exhaust tube
      has been eliminated.
DRWD
PAR  These and other objects, features and advantages will become more apparent
      from the following description and accompanying drawings in which:
PAR  FIG. 1 is a schematic view of a preferred dissemination system embodying
      the principles of the invention.
PAR  FIG. 2 is an enlarged sectional view of the miniature regulator in the FIG.
      1 arrangement.
PAR  FIG. 3 is an enlarged sectional view of the aspirator structure in the FIG.
      1 arrangement.
PAR  FIG. 4 is an enlarged sectional view of the piston pulser in the FIG. 1
      arrangement.
PAR  FIG. 5 is a modified arrangement of a similar dissemination system.
PAR  FIG. 6 is an exploded view of a valve employed in the FIG. 5 arrangement.
DETD
PAR  The disseminating system for delivering dry powder, shown generally at 10
      (FIG. 1) preferably includes a closed vessel 11 of high pressure nitrogen
      gas, initially compressed to a pressure of approximately 1800 psig., which
      is valved at 11A and in fluid communication through conduit 12 to a
      miniature flow regulator 13. The exit port 14 is fluid connected to an
      accumulator 16 of piston pulser 17 through an appropriate T-shaped
      coupling 15. The pulser outlet 19 has connected thereto one end of
      aspirator inlet conduit 20. The other end of inlet tube 20 has a return
      bend portion 21 which enters one end of the relatively larger aspirator
      exhaust tube 22 at a location well embedded in dry powder contained in the
      vessel 23.
PAR  In the FIG. 5 modification, the high pressure nitrogen gas vessel is
      conduited at 12 to a regulator 13A, which is identical with regulator 13
      and regulator discharge line 14, containing valve 18A (FIGS. 5, 6) is
      connected with an accumulator 16A which leads to piston pulser 17A. The
      aspirator exhaust tube 22A has one end receiving the return bend portion
      21A of relatively smaller tube 20A that is connected with pulser outlet
      19A.
PAR  The miniature flow regulator 13 (FIGS. 1, 2) has one end thereof tapped and
      chamfered to securely and sealingly receive an appropriately threaded end
      31 and O-ring thereon of a valve body 30 whose other end 32 is suitably
      threaded for attachment such as by coupling with the high pressure
      nitrogen gas supply. The body central passage 33 is counterbored and
      tapped at end 31 for securely mounting valve member 34 with its peripheral
      seal 35 properly engaging the annular seat 36 defined by the counterbore.
PAR  The main cavity or chamber is defined by annular wall 38 in which is
      slidably mounted an internally biased piston 39 carrying a peripheral
      O-ring seal 40. The other end of the regulator body 13 is internally
      threaded to receive an adjusting cap or plug 41 whose external face is
      slotted at 42 to facilitate adjustment thereof. The facing or opposed
      surfaces 43 and 44 of the piston 39 and adjusting screw 41 each contain a
      central recess 45, 46 of substantial size and depth to seat respective end
      portions of an intermediate heavy spring 47 which biases piston 39 against
      the enlarged protruding head 48 of valve stem 49, tending to unseat the
      slidable valve cap member 50 which is integral with or otherwise suitably
      connected to the stem 49.
PAR  A compression spring 52 surrounds the stem 49 between an integral stem
      flange 53 and a bushing 54 preferably press-fitted within the neck
      interior of the valve member seat 55 so that the spring 52 tends to urge
      the valve cap 50 towards its seat 55. The relationship between the valve
      cap 50 and the body central passage 33 is such that the high pressure
      fluid supply passage 33 is normally in fluid communication with the exit
      port 14. The relationship between the valve member 34 and its slidable
      stem is such that sufficient clearance is provided to enable passage of
      pressure gas therethrough and into the cavity about the stem head 48 when
      the cap 50 is slightly unseated. Thus, the effect of the spring biased
      piston 39, as adjusted by screw 41, upon the stem 49 is such as to
      initially slightly overcome the respective forces of the spring 52 and
      supply pressure gas upon the stem 49 and valve cap 50 to thereby slightly
      unseat the valve cap 50. When the desired or predetermined gas pressure
      has built up in the cavity adjacent the chamfered piston head and lateral
      exit port 57 for delivery through exit member 14 which is internally
      threaded for appropriate conduit connection, the cavity gas pressure will
      tend to act against the biased piston 39 and permit the valve cap 50 to
      close. Exit member 14 may be soldered to the regulator body or plastic
      injection molded consistant with the desired design. Thus, as the supply
      gas pressure is diminished, the regulator 13 will still deliver gas at a
      predetermined or even increased pressure. It has been observed that when
      the supply pressure drops to 1000 psig., the pressure of gas exiting
      through port 14 has increased from 50 psig. to approximately 65 psig., and
      at an adjusted screw position from 70 psig. to 85 psig. This has
      advantageous use when employed with a dry material disseminator 23 (FIGS.
      1, 3) when an increase in energy or pressure gas is required for continued
      operation particlarly when the amount or level of dry material decreases
      and produces a reduced container pressure.
PAR  While in the preferred system of FIG. 1 a piston pulser 17 (FIGS. 1, 4) and
      its associated elements are connected intermediate the regulator exit port
      14 and the aspirator inlet tube 20, the latter tube 20 may be connected
      directly to port 14.
PAR  The aspirator vessel 23, filled to a substantial level 60 with a dry powder
      material 61 which is to be disseminated or delivered through aspirator
      exhaust tube 22, has an appropriately apertured stopper 62 to accommodate
      tubes 20 and 22. Preferably, the inlet tube return bend portion 21
      terminates in a jet nozzle 63 that is positioned well into the entrance of
      tube 22 to form a venturi effect in the jetted gas picking up or drawing
      therewith particles of dry material. The lower end of the exhaust tube 22
      also has a plurality of lateral extending inlet ports 64, 64 for
      permitting maximum dry powder flow, and escape port 66 located above level
      60 prevents spill over. Additionally, inlet tube 20 has a small powder bed
      agitating branch 65 leading to the area of the venturi to provide an even
      distribution of dry powder and thus eliminate any unfavorable slugging
      thereof.
PAR  The piston pulser 17 of the FIG. 1 arrangement, as well as the piston
      pulser 17A in the FIG. 5 modification in which its location is within the
      aspirator vessel, preferably has a hollow housing 70, with the central
      substantially cylindrical bore 71 intersecting a lateral passage leading
      to exit port 19 as well as a plurality of circumferentially spaced lateral
      passages 72. Preferably, three passages 72 are employed at 120.degree.
      spacings and each passage contains a spring biased adjustable ball detent
      73. Balls 73 as a group engage alternately one of the longitudinally
      spaced but adjacent annular grooves 74, 75 formed on the periphery of the
      pulsing piston 76 substantially at its mid-length, the piston 76 being
      slidably mounted in passage 71 for longitudinal movement between the
      groove engaging ball positions. One end of piston 76 adjacent accumulator
      16 carries a pair of longitudinally spaced O-rings 77, 78 that sealingly
      engage passage wall 71 to prevent fluid passing beyond O-ring 78. The
      other end of piston 76 has a reduced extension or cylindrical
      protruberance 79 that extends into one end of an elongated compression
      spring 80, the other spring end being mounted over a similar cylindrical
      protruberance 82 of a threaded adjustable end cap 81. The exposed surface
      of end cap 81 is provided with a hexagonal recess 83 or screw driver slot
      for accommodating an appropriate wrench to adjust the spring bias force
      normally tending to maintain the piston 76 in its position (shown in FIG.
      4) with O-ring 77 preventing fluid passing of nitrogen pressure gas into
      exit port 19 until the accumulator 16 has developed sufficient gas
      pressure upon the one end of piston 76 to overcome its opposing spring
      force and snap the piston toward the end cap 83. Such piston movement will
      result in a ball detents 73 thus engaging piston open groove 75 and O-ring
      77 being retracted or withdrawn from its port obstructing position. When
      the pressure in the area between the accumulator 16 and exit port 19 is
      sufficiently reduced by downstream usage thereof in a surging manner, the
      overpowering force of spring 80 as predeterminedly adjusted will return
      the piston 76 to its FIG. 5 position. Adjacent each lateral opening 72 the
      housing 70 is provided with a strengthened portion 86 which is
      counterbored and tapped for reception of a set screw 87 in alignment with
      the corresponding opening 72. Each screw 87 exerts a considerable
      laterally inward force via its compression spring 88 upon ball detent 73
      to assure alternate detent locking in the piston grooves.
PAR  The venturi aspirator can be used separately in its own container or
      jointly with either or both the pusler and regulator in somewhat larger
      containers. The regulator-aspirator combination will provide a continuous
      aspirated flow, and when the snap piston pulsing mechanism is used, the
      flow will be pulsed at predetermined frequencies.
PAR  The valve structure 18A (FIGS. 5, 6) includes a valve body 90 with a
      through passage 91 intersecting a substantially larger transverse passage
      92 in which a rotary type valve plug member 93 and its associated
      compression spring 94, set screw 95 and gasket 96 are mounted. The
      wing-type handle 97 facilitates depressing and rotation of valve 93 to
      place a selected one of the diametrically intersecting transverse passages
      98, 99 in registry with passage 91. When the large port 98 is selected, a
      substantially continuous operation may be obtained, and when the miniature
      port 99 (approximately 0.006 in. dia.) is used a pronounced pulsing
      operation is accomplished.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for delivering aspirated dry powder at a constant rate operated
      by high pressure fluid comprising:
PA1  a venturi aspirator containing a predetermined quantity of dry powder, an
      exhaust tube with one end embedded in said dry powder and its other end
      extending outside of said aspirator, and a pressure fluid inlet tube
      provided with a return bend portion smaller than and extending into said
      exhaust tube one end,
PA1  a miniature flow regulator having a body with an exit port in fluid
      communication with said aspirator inlet tube, a high pressure fluid supply
      passage normally in fluid communication with said exit port, and an
      internally and longitudinally biased piston slidably mounted in said body
      so that said piston is normally in fluid communication with said passage,
      said piston being directly responsive to the pressure of said high
      pressure fluid,
PA1  a normally opened valve member sealingly secured in said passage and having
      a valve stem longitudinally slidably with clearance in said valve member,
      said stem having one end portion secured to a cap which is capable of
      seating against one end of said valve member, the other end portion of
      said stem extending through the other end of said valve member and being
      in abutment with said piston,
PA1  a spring interposed between said valve member and stem and tending to close
      said cap against said valve member one end in opposition to said biased
      piston, whereby said cap continuously alternates between an unseated, open
      position and a seated, closed position in direct dependence upon the
      pressure of said high pressure fluid and force of said spring overcoming
      the biasing force of said biased piston, to continuously regulate the flow
      of said high pressure fluid to said exit port depending on the
      predetermined biasing force of said biased piston, and
PA1  a piston pulsing unit interposed between said regulator and said aspirator,
      said unit having a body with a central passage and a lateral exit port in
      fluid communication with said central passage and said aspirator inlet
      tube, an accumulator secured to one end of said pulsing body adjacent said
      lateral port and in fluid communication with said regulator exit port, an
      elongated piston member slidably mounted in said central passage, one end
      of said piston member having longitudinally spaced peripheral seals with
      one of the seals being movable to and from a position intermediate said
      accumulator and lateral port, longitudinally spaced but adjacent
      peripheral grooves in said piston member, a spring biased ball detent
      located in a lateral recess provided in said unit body and alternately
      engageable in said grooves, and means biasing said piston member toward
      said accumulator in opposition to fluid delivered from said accumulator.
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ABST
PAL  A fluid or paste dispenser in which use is made of a housing embodying the
      content material, with the bottom wall of the housing being displaceable
      axially relative to the housing for pressurizing the content material
      within the bag.
PARN
PAR  This is a continuation-in-part of my copending application Ser. No.
      308,548, filed Nov. 21, 1972, and entitled "Bag Type Fluid Dispenser and
      Method for Loading the Same", and now abandoned.
BSUM
PAR  This invention relates to a non-aerosol type fluid or paste dispenser,
      which makes use of mechanical pressure generated by a flexible bag for
      ejection of the paste or fluid in response to release by a manually
      operable valve.
PAR  In the aforementioned copending application, description is made of a rigid
      dispensing container having a flexible diaphragm secured at its periphery
      to the open upper end of the container. The container is subsequently
      sealed by a closure fitted with a dispensing valve. The diaphragm is
      stretched to substantially line the inner wall of the container and it is
      retained in the stretched condition by a latching means provided in the
      bottom wall of the container, releasably to grip an element projecting
      from the bottom side of the diaphragm when the diaphragm is in stretched
      position.
PAR  Fluid or paste material, to be dispensed from the container, is introduced
      into the interior of the stretched diaphragm through the open upper end of
      the container, in an amount substantially to fill the container.
      Thereafter, the cover is mounted in sealed relation to close the upper end
      of the container, to complete the dispensing package in which the fluid or
      paste to be dispensed is housed in sealed relation within the container
      but without subjecting the material to pressure.
PAR  The filled container can be stored, shipped, or displayed in the
      pressureless state thereby to avoid loss due to leakage, marring the
      appearance of the container due to leakage of content material, or danger
      of explosion due to internal pressures.
PAR  When it is desired to place the container into operation for dispensing
      content material, the latch is operated from the outside to release its
      grip on the diaphragm thereby to release the stretched diaphragm for
      normal return to its relaxed position. Thus the diaphragm becomes
      effective to impose pressure on the fluid or paste contained therein
      whereby such fluid or paste is ejected from the container in response to
      the operation of the valve and in amounts controlled thereby.
PAR  It is an object of this invention to provide a fluid and paste dispenser of
      the type described in which the fluid or paste can be maintained in a
      pressureless state and can be placed under pressure by mechanical means to
      pressurize the material for ejection under control of the dispensing
      valve, and in which the pressurization can be achieved incrementally until
      the whole of the fluid or paste has been dispensed.
DRWD
PAR  These and other objects and advantages of this invention will hereinafter
      appear and, for purposes of illustration, but not of limitation,
      embodiments of the invention are shown in the accompanying drawing in
      which
PAR  FIG. 1 is a schematic sectional elevational view of a dispenser embodying
      the features of this invention;
PAR  FIG. 2 is a sectional elevational view of a modification of the
      construction shown in FIG. 1; and
PAR  FIG. 3 is a schematic sectional elevational view similar to that of FIG. 1
      showing modification in the mechanical pressurizing means.
DETD
PAR  Referring now to the drawing, the dispenser 10 is formed of a rigid housing
      12 which is open at the bottom and closed at the top. The housing can be
      of various shapes, such as square, rectangular, oval, or polygonal in
      cross section, but it is preferred to make use of an elongate housing of
      cylindrical shape. The housing can be constructed of conventional
      structural materials, such as metal, tin or tin-plate, aluminum, or of
      plastic material, or of a laminate of plastics, metal, and/or paper.
PAR  A dispensing valve 14 is provided in the top wall of the housing. The
      dispensing valve is of conventional construction, such as employed for
      dispensing pressurized fluid or paste from an aerosol can.
PAR  The fluid or paste 16 to be dispensed is provided as a package in a
      deformable flexible bag 18 formed of a material which is substantially
      impervious to the content material or fluids or vapors contained therein.
      For example, the bag can be formed of a rubber-like material, such as
      natural rubber, synthetic rubber, or it can be formed of a flexible
      plastic such as polyethylene, polypropylene, polyvinyl homopolymer, or
      copolymer with styrene and/or acrylonitrile, polyester, polyamides, and
      the like, or of a metal-plastic-paper laminate in a bag which is foldable
      or collapsible, as an accordion.
PAR  The interior 20 of the housing is dimensioned to receive the filled bag in
      substantially fitting relation therein. Communication between the fluid or
      paste within the bag and the dispensing valve 14 is effective by means of
      a hollow tubular member, such as a hollow needle 22 which extends
      downwardly from the valve into position to pierce the bag 18, when in
      position of use within the container. The bag 18 is adapted to be joined
      to the valve in a sealing relation to prevent emission of content material
      other than through the needle, when the material within the bag is in a
      pressurized state. For this purpose, the pierced end portion 18.sup.a of
      the bag 18 is of greater thickness for reinforcement and for a better
      gripping relation with the tubular member.
PAR  The fluid or paste material 16 within the bag 18 is adapted to be
      pressurized within the housing, as by means of a disc plate 30 having
      portions which extend laterally into engagement with the inner wall 32 of
      the housing, throughout the body portion. Means are provided in the
      portion of the inner wall of the housing, engageable by the disc plate, to
      enable axial displacement of the disc plate 30 to within the body portion
      of the housing from an initial lower position to an upper exhausted
      position within the housing.
PAR  In one embodiment, illustrated in FIG. 1, the interior wall of the body
      portion of the housing is formed substantially throughout its length with
      screw threads 34, which are threadably engaged by the portion of the disc
      plate which extends into engagement with the wall. The disc plate is
      provided on its bottom side with a turning key 36, which may be mounted on
      the lower end of an extensible rod 38 so as to be accessible from beyond
      the bottom of the housing to effect turning movement.
PAR  While the disc plate 30 can be formed of a central portion of smaller
      dimension than the opening in the bottom wall, with arms extending
      radially outwardly -- preferably diametrically -- into engagement with the
      threaded inner wall 34 of the body portion of the housing, it is preferred
      to provide a disc plate dimensioned to correspond to the cross section of
      the body portion of the housing thereby to function as a bottom wall for
      the housing as well as an actuator.
PAR  In operation, the bag 18 filled with fluid or paste 16 is introduced
      through the open bottom side into the body portion of the housing.
      Thereafter, the disc plate 30 is assembled onto the container to close the
      open bottom side, as by threadably engaging the disc plate with the
      threaded inner wall portion of the housing and by turning the disc plate a
      few turns merely to locate the disc plate in the lower portion of the
      housing.
PAR  In this condition, the loaded dispenser can be packaged, shipped,
      displayed, and stored without the fluid or paste being in a pressurized
      state. When it is desired to make use of the fluid or paste, the key 36 is
      turned in a direction to screw the disc plate 30 for movement upwardly
      into the body portion of the housing responsive to engagement with the
      threaded interior of the housing.
PAR  Such turning movement is continued until the disc plate 30 engages the
      bottom side of the bag 18 by an amount to build up the desired pressurized
      state within the fluid or paste material. Thereafter, fluid or paste can
      be dispensed in response to valve operation until the pressure drops to
      undesirable levels. Repressurization can be achieved by further turning
      movement of the key 36 and disc plate 30 for further displacement of the
      disc plate up into the housing whereby the bag is again placed under
      compression sufficient to pressurize the remaining content material. The
      incremental dispenser and pressurization steps can be repeated until the
      disc plate has been displaced to its upper position of adjustment, at
      which time it is anticipated that the content material will have been
      exhausted from the bag.
PAR  If desired, the dispenser can be re-loaded by turning the key 16 and disc
      plate 30 in the opposite direction by an amount sufficient to withdraw the
      disc plate from the interior of the housing and until it becomes
      disengaged from the threaded walls of the housing. The empty bag can be
      removed through the open bottom side of the housing and replaced by a
      refiller, after which the operation as previously described can be
      repeated for utilization.
PAR  In the modification shown in FIG. 2, the same concepts are employed except
      that the entire body portion of the housing 12 is formed to spiral or
      threaded shape to provide spiral or threaded grooves through the interior
      of the housing for camming engagement with the disc plate for axial
      displacement responsive to turning movement. In this instance, the spiral
      grooves can be spaced farther apart for increased axial movement of the
      disc plate per revolution. In addition, the corrugated side walls function
      as spring-like members operative constantly, resiliently to urge the
      bottom wall 30 into pressure engagement with the bag. The element shown in
      broken lines in FIG. 2 represents the container 50 for the refiller, which
      container can be used as a ram to effect upward displacement of the bottom
      wall 30 or push plate 46 in FIG. 3.
PAR  A different modification is shown in FIG. 3 wherein, instead of spiral
      grooves or threads, the interior wall of the housing 12 is formed with
      longitudinally spaced rack teeth 40 having a flattened upper surface 42
      and bottom surfaces 44 which taper downwardly and outwardly gradually to
      the housing wall.
PAR  In this modification the disc plate 46 is in the form of a push plate
      having resilient arms 48 which extend outwardly for a distance to overlap
      the flattened top surfaces 42 of the rack teeth 40 and preferably into
      contact with the inner walls of the housing. It is desirable to provide
      such rack teeth as annular ribs which extend continuously all around the
      interior wall of the housing in longitudinally spaced relation so that the
      teeth will be continuously engaged by the arms 48 independently of the
      rotational position of the disc plate.
PAR  In operation, the filled bag 18 is loaded into the interior of the housing
      followed by the disc plate 46 which is axially displaced by an amount to
      engage the lowermost of the rack teeth 40 to latch the plate in position
      of use as a bottom closure.
PAR  In this condition, the loaded dispenser can be packaged, shipped displayed,
      and stored with the content material in a pressurized state.
PAR  When it is desired to dispense the content material, the disc plate 46 is
      pushed either by hand or by means of a suitable push tool or rod for axial
      displacement into the body portion of the container. By reason of the
      tapered surfaces, the arms can override the rack teeth to enable
      displacement of the disc plate in one direction into the interior of the
      housing, while the upwardly facing surfaces 42 of the rack teeth function
      as stops to prevent retrograde movement of the disc plate. Thus the plate
      46 can forcibly be displaced into the housing into pressing engagement
      with the bag 18 to pressurize the fluid or paste contained therein. Under
      these conditions, fluid or paste can be dispensed by the valve 14 until
      the dispensing pressure falls off.
PAR  Repressurizing can be simply effected in response to further axial
      displacement of the disc plate 46 into the housing until it reaches its
      upper position of adjustment, at which point the content material should
      be exhausted from the bag and the rack teeth terminated.
PAR  In this modification, the disc plate remains entrapped within the housing
      so that it becomes a single-use dispenser, incapable of being refilled as
      in the previous modification.
PAR  It will be understood that changes may be made in the details of
      construction, arrangement, and operation, without departing from the
      spirit of the invention, especially as defined in the following claims.
      For example, the housing may be formed with a separate closure which may
      be secured as by screwing, soldering, or the like into the top end of the
      housing as a top wall, with the dispensing valve pre-assembled therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bag type fluid and paste dispenser comprising a rigid housing which
      is open at the bottom end and which is adapted to be held by the hand, a
      collapsible sealed bag which contains a fluid or paste material to be
      dispensed dimensioned to be received in the housing, a closure on the
      upper end of the housing, a hollow tubular member extending into the
      interior of the housing for piercing the bag when in position of use to
      communicate the fluid or paste with a dispensing valve, and means for
      pressurizing the fluid and paste material within the bag comprising a disc
      member dimensioned to be received in a telescoping relation within the
      open end of the housing adjacent the bottom side for displacement of the
      disc member relative to the housing and the bag through the housing into
      and out of engagement with the bag to effect pressurization of the contact
      material within the bag, means for actuation of the disc member for
      movement relative to the housing, and an operative connection between the
      disc member and the walls of the housing for restraining the disc member
      in position to which it is displaced within the housing, in which the
      operative connection between the disc member and the walls of the housing
      comprises rack teeth extending inwardly from the inner walls of the
      housing through a substantial length of the housing, said disc member
      being dimensioned to have a width slightly greater than the distance
      between the crests of the rack teeth on opposite sides of the housing
      whereby the edges of the disc member are resiliently deflected responsive
      to engagement with the rack teeth during displacement inwardly through the
      housing and are restrained by the rack teeth from displacement in the
      opposite direction.
NUM  2.
PAR  2. A dispenser as claimed in claim 1 in which the rack teeth are formed
      with flat walls facing upwardly towards the closure with the trailing
      portions tapering inwardly to crests to provide a cam surface for
      resiliently deflecting the disc member during movement thereover until it
      clears the crest.
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ABST
PAL  A fluid-containing and dispensing structure consisting of a flexible sealed
      fluid-containing pouch mounted within a container formed of a relatively
      rigid material compared with the pouch which is deformable. The container
      has associated therewith a pouring spout which cooperates with a tubular
      element positioned in the upper wall portion of the flexible sealed
      fluid-containing pouch to provide a passage for fluid in the pouch and is
      associated with a top wall structure of the container to enclose the
      pouch. The top wall structure cooperates with a side wall and the pouring
      spout to secure the pouring spout on the pouch with a bayonet portion of
      the pouring spout perforating the top wall portion to facilitate
      dispensing of the contents of the pouch through the pouring spout. The top
      wall structure is opened and removable from the remaining portion of the
      container and the pouch is readily removed therefrom and replaced by a
      similar pouch.
BSUM
PAR  It is therefore the general object of this invention to provide an improved
      and inexpensive means for packaging and dispensing fluids such as liquids
      contained in a flexible walled sealed fluid-container pouch having a rigid
      tubular element positioned in a wall thereof.
PAR  Another object of this invention is to provide a novel and improved means
      of packaging and dispensing fluids wherein the container including the
      pouring structure may be used repeatedly with successive and similar
      constructed pouches of fluids.
PAR  A further object of this invention is to provide an improved packaging and
      dispensing structure which makes possible a convenient, inexpensive and
      practical method of packaging, distributing, selling and dispensing
      fluids.
PAR  A still further object of this invention is to provide more economical
      means for packaging fluids contained in a pouch from which dispensation of
      the fluids such as liquids can be accomplished in a quick, simple,
      inexpensive and practical manner.
DRWD
PAR  These and other objects of the invention will become apparent from the
      reading of the attached description together with the drawings wherein:
PAR  FIG. 1 is a side elevation view of the preferred embodiment of my invention
      with parts broken away;
PAR  FIG. 2 is a side elevation view of the alternate embodiment of the
      structure shown in FIG. 1;
PAR  FIG. 3 is a side elevation view of another embodiment of the structure with
      parts broken away;
PAR  FIG. 4 is a side elevation view of the embodiment shown in FIG. 3 with a
      modification in the pouring structure.
PAR  FIG. 5 is a perspective view of another embodiment of the invention with
      parts broken away;
PAR  FIG. 6 is a vertical sectional view of the pouring spout of the structure
      of FIG. 5, and;
PAR  FIG. 7 is a sectional view of the pouring spout structure of FIG. 6 taken
      along the lines of 7--7 therein.
DETD
PAR  My invention in the packaging and dispensing structure for the fluids
      utilizes a pouch 10 which is formed of a sheet or a pair of sheets of
      flexible material capable of being secured to one another through the
      application of heat upon their registering surfaces. It incorporates a
      rigid tubular member 12 which is positioned in one of the sealed walls of
      the pouch with the tubular member having the surrounding wall portion
      drawn or stretched across the same to fit tightly around one end of the
      tubular member. The remaining portions of the pouch are sealed as by heat
      sealing along the remaining side edges with the edge opposite the tubular
      member being left open for filling. The tubular member is positioned in an
      edge which as will be later noted, becomes the top flexible edge of the
      pouch in use and the lower end of the pouch is sealed by a seam through a
      heat sealing method well known in the art after the pouch has been filled
      with the liquid or fluid which it is to contain. The preferable material
      for making the pouch is disclosed in my co-pending application, Ser. No.
      352,581, filed Apr. 19, 1973,  on a Flexible Liquid-Container. The rigid
      tubular member 12 is secured in the top wall of the pouch in any one of
      the appropriate manners such as disclosed in the above identified
      copending application. The preferred method applies a ring 15 over the
      flexible upper wall portion surrounding the end of the tubular member to
      frictionally hold the tubular member 12 in the upper wall of the pouch.
PAR  In the drawings, several variations of the packaging structure are
      disclosed which correspond to the type of liquid or fluid contained in the
      pouch and the method of pouring or removing the fluid therefrom. Thus, in
      FIG. 1, the structure discloses an application for an infant's nursing
      bottle in which the container is a bottle shaped structure 20 being made
      of a relatively rigid material compared with the material of the pouch and
      having an internal dimension corresponding with the shape of the pouch in
      the filled condition. The rigid container includes slot or vent openings,
      such as was indicated at 22, around the side surface of the same. The
      container has a removable top wall structure 25 having a curved peripheral
      surface 26 adapted to fit over and snap on a flanged or ribbed extremity
      28 on the top edge of the side wall of the container. The top wall
      structure 25 includes a pouring structure indicated generally at 30 which
      is in the form of a raised cylindrical hub formed integral with the top
      wall structure or closure 25 having a closed upper surface as indicated at
      31, with a tubular piercing element or bayonet portion 32 formed integral
      therewith and extending back into the tubular receiving recess of the hub
      to define the tubular member receiving and piercing means of the pouring
      structure. The tubular or bayonet piercing element has a passage 33
      therethrough. The pouring structure has a curved extremity 35 which as
      will be later noted which surrounds a ridge or upper extremity 36 of the
      tubular element 12 for the purpose of securing the same therein. This
      ridged or curved upper extremity of the pouring structure also serves as a
      lip for mounting the ribbed extremity 38 of a nipple 40 on to the pouring
      structure for the nursing bottle application. In the assembly of the pouch
      within the top wall portion of the container, the tubular element 12 is
      forced into the tubular element receiving recess or interior of the hub or
      upstanding pouring structure 30 so that the ribbed extremity 38 rests in
      the upper curved extremity 35 of the pouring structure. The depending
      piercing element 32 pierces the flexible wall of the pouch stretched
      across the end of the tubular element 12 and brings the passage 33 therein
      into fluid communication with the interior of the pouch. The top wall
      portion 25 of the container is snapped onto the outstanding sides of the
      container at the ribbed edge or extremity 28 to secure the same thereon
      and the tubular element 12 is held in frictional engagement with the
      pouring structure which is formed integral with the top wall portion or
      structure with this embodiment. The container thus forms a protective
      cover for the flexible walled pouch containing the liquid to be dispensed
      through the pouring spout and nipple 40 with the slots 22 in the walls of
      the container 20 providing for collapse of the bag therein in a recognized
      nursing bottle application. This insures that the pouch will collapse as
      it is emptied preventing an air space to exist within the interior of the
      pouch 10 as the fluid therein is drawn therefrom. The container is readily
      reusable and the top structure readily removable with the pouch being
      disposable after the fluids or liquid therein has been removed.
PAR  In FIG. 2, a similar container structure is shown in a squeeze bottle
      appliction for liquids or fluids of a more viscous material. The container
      20 is formed of a relatively rigid material compared with the flexible
      walls of the pouch 10 which again includes the tubular element 12 in the
      upper wall portion of the same. The container walls are deformable for the
      purpose of forcing fluid within the pouch out of the same in a
      conventional squeeze bottle application of dispensing. The top wall
      portion or cover 25 of the container or enclosure is identical with that
      of the embodiment of FIG. 1 having the downwardly curved edge 26 which
      fits over the lip 28 and the upper edge of the walls of the container. The
      dispensing spout structure incorporates the cylindrical hub configuration
      30 having the top surface 31 thereon and inwardly positioned piercing
      element 32 with the passage 33 therein to define the tubular member
      receiving and piercing means. In this configuration the spout 40 is formed
      integral with the top surface 31 and has a continuation of the passage 33
      therethrough for the purpose of directing the fluid from within the pouch
      out through the spout. The tubular member 12 with the ridge 36 omitted has
      the ring 15 positioned around the same to secure the upper wall of the
      pouch across the end of the tubular member 12 and the piercing element 32
      projects through the same as the pouch is installed in the dispensing
      structure or pouring spout. A frictional fit between the recess in the
      cylindrical hub or portion 30 and the tubular member 12 with the upper
      wall portion of the pouch surrounding the same insures a positive grip of
      the spout on the tubular member 12. The top wall or removable cover 25 is
      secured to the upper edge of the side walls of the container 10 through
      the frictional gripping surface of the turned over portion 26 on the ridge
      28. The walls of the container 20 are in this embodiment relatively rigid
      with respect to the flexile pouch material but deformable so that fluid
      within the pouch 10 may be forced through the passage 33 of the spout and
      the piercing element.
PAR  The embodiment shown in FIGS. 3 and 4 incorporates generally the same type
      of container 20 with the top closure or wall portion 25 associated
      therewith. The pouch 10 again is positioned within the enclosure which has
      the internal configuration to accommodate the pouch in a filled condition.
      In this embodiment, the pouring spout structure or hub is cylindrical in
      form and downwardly depending from the top wall structure 25 while formed
      integral therewith and a suitable pouring spout 40 extends from the upper
      surface thereof. The piercing element 32 extends into the tubular
      receiving recess which in this embodiment has a sleeve member 45 press
      fitted over the tubular element 12 and the upper wall portion of the pouch
      surrounding the same. The outer peripheral surface of the sleeve member 45
      is threaded as to 46 and the inner surface of the downwardly extending
      spout structure 30 has a similar thread to mate or cooperate with the
      threaded surface 46 of the sleeve member 45 to positively retain the
      tubular member 12 within the spout structure. The top wall structure 25 or
      cover of the container has its peripheral edge curved as at 26 to fit over
      a flanged or ribbed surface 28 on the upper edge of the walls of the
      container. Thus, in addition to the retaining ring 15 the upper wall and
      tubular member, the pouch is frictionally held by means of the sleeve
      member 45 into which the tubular element extends. In the installation of
      the pouch, on the pouring structure, the top wall structure and spout
      portion 30 formed integral therewith is threaded on the threaded surfaced
      of the sleeve member advancing the piercing element 32 through the upper
      wall of the pouch extending across the open end of the tubular element.
      The threaded coupling between the tubular element 12 or its mounting
      sleeve 45 and the spout portion insures a positive locking arrangement
      between the tubular element 12 and the cover 25 which is then installed on
      the upper edge of the container 20 in a clamped configuration. In the
      embodiment of FIG. 4, the same structural elements are found with the
      piercing element having a cutting surface 50 positioned on the lower edge
      of the same to facilitate ease in puncturing or piercing the top wall
      portion of the pouch 10 as the top wall structure 25 or spout 30 are
      threaded onto the tubular element 12.
PAR  The embodiment shown in FIGS. 5, 6, and 7 relate to a container which
      packages the pouch 10 with the tubular element 12 in the upper wall
      surface of the same. The container or enclosure is a box-like structure 60
      which is made of a relatively rigid material compared with the flexible
      material pouch for the purpose of supporting and enclosing the same. The
      top wall structure of the box-like enclosure is formed of flap portions 62
      and 64 which close on one another in a conventional manner and would
      normally be sealed through suitable means enclosing the pouch within the
      same. A recessed groove in the respective flaps define the central passage
      65 through the top cover through which the tubular member 12 of the pouch
      extends. The tubular element 12 is again held in position in the upper
      wall of the pouch through the retaining ring 15, if desired, with a sleeve
      member 68 positioned over the tubular element 12 and the upper wall
      portion as it extends around the extremity of the tubular element. The
      latter is press fitted onto the tubular element 12 in a friction type fit.
      As will be seen in FIGS. 6 and 7, the sleeve member 68 has a top
      circumferental groove 70 positioned on the upper surface of the same and
      two downwardly extending vertical grooves 72 positioned along the side of
      the same. The spout structure is a cup shaped member 75 which is
      positioned over the sleeve member 68 and has inwardly projecting tabs 76
      therein which normally ride in the upper circumferential grooves 70. When
      the tabs are aligned with the vertical grooves 72, the cup shaped spout
      member 75 may be moved vertically downward with respect to the tubular
      element 12 and sleeve member 18 around the same to a lowered position as
      indicated in FIG. 6. The cup shaped spout member 75 has an inwardly
      directing piercing element 80 with the passage 82 therethrough which is
      formed integral with the cup shaped spout member 75. As the spout member
      is moved downwardly, the cylindrical piercing element 80 will pierce the
      flexible upper wall of the pouch positioned over the end of the tubular
      element 12 to provide for fluid communications of the passage 82
      therethrough to the interior of the pouch. A detachable cover 85 is
      positioned over the end of the piercing element as it projects in a lipped
      rigged surface 86 to the opposite side of the spout structure defining a
      limited spout portion for the purpose of selectively opening or closing
      the passage. In this embodiment, the supporting container 20 or package
      will enclose the pouch and the spout structure 75 in the raised position
      will exposed on the top wall surface of the container 60 defined by the
      folded flaps integral with the sides of the container. When ever it is
      desired to open the pouch, the spout member 75 will be rotated so that the
      tabs 76 will align with the vertical grooves 72 permitting relative
      movement or downward movement of the spout member 75 relative to the
      sleeve member 68 and the tubular element 12 causing the piercing element
      80 to pierce the upper wall of the pouch at the tubular element 12 and
      provide for fluid communication of liquid or fluid within the pouch
      through the spout member. The removable top cap or closure member 85 may
      be readily removed for pouring or dispensing of the liquid within the
      pouch and the container 60 will serve as a means for handling or holding
      the same.
PAR  In my improved invention, I have provided several packaging configurations
      for liquid dispensing pouch shown in my co-pending application Ser. No.
      352,581. The packaging or containing structure may take varying forms to
      provide for different applications such as baby bottles, squeeze bottles
      or dispensing boxes with the liquid container or fluid-containing flexible
      pouch positioned therein. The various embodiments of the invention show
      alternate means of securing the top wall structure and the tubular element
      of the pouch to the container proper for dispensing purposes. Therefore,
      in considering this invention, it should be remembered that the present
      disclosure is illustrative only, and the scope of the invention should be
      determined by the dependent claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a liquid containing and dispensing device:
PA1  a. a sealed liquid-containing pouch having at least one flexible upper wall
      portion;
PA1  b. relatively rigid tubular member positioned within the pouch and its
      flexible upper wall portion and being secured to said wall portion with
      the latter extending across one end of the tubular member in sealing
      relation;
PA1  c. means positioned around the rigid tubular member with the flexible upper
      wall portion of the liquid-containing pouch thereon and securing the
      tubular member in the upper wall portion of the liquid-containing pouch;
PA1  d. a container having relatively rigid side walls surrounding said pouch in
      supporting relation and having an interior with configurations and
      dimensions generally complementary to the exterior of said pouch;
PA1  e. a top wall structure for the container constructed and arranged to be
      removably connected to the side wall structure, and,
PA1  f. a pouring structure integral with the top wall structure and removably
      connectable to the pouch at the rigid tubular member and including a
      tubular member receiving and piercing means which receives and positively
      engages said tubular member in interengaging and telescoping relation,
      said piercing means piercing said flexible wall portion of said pouch when
      the latter is so received into the rigid tubular member thereby bringing
      the same into fluid communication with the interior of said pouch to
      facilitate pouring of the liquid from said pouch outwardly through said
      pouring structure.
NUM  2.
PAR  2. The structure of claim 1 in which the means positioned over the rigid
      tubular member and the flexible upper wall portion includes a member
      having a threaded outer surface and the tubular member receiving and
      piercing means includes an inner threaded surface cooperating with the
      threaded surface on the member to secure the top wall structure and the
      spout structure to the rigid side walls of the container and the pouch.
NUM  3.
PAR  3. The structure of claim 2 and including a cutting surface positioned on
      the piercing means of the pouring structure and adapted to pierce the
      flexible upper wall portion of the sealed liquid-containing pouch on the
      tubular member as the spout structure is threaded onto the member
      positioned over the tubular rigid member.
NUM  4.
PAR  4. The structure of claim 1 in which the sealed liquid-containing pouch has
      flexible bottom, top and side walls.
NUM  5.
PAR  5. The structure of claim 1 in which the rigid side walls have a flanged
      upper surface to removably connect the top wall structure thereon.
NUM  6.
PAR  6. The structure of claim 1 in which the container is formed of a
      relatively rigid material with respect to the sealed liquid-containing
      pouch therein and in which the walls of the container are deformable to
      force liquid from within the pouch through the pouring structure upon
      deformation.
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ABST
PAL  An aerosol dispensing system having an outer container, compressible inner
      container positioned within the outer container, means to compress the
      compressible container, and a mechanical breakup spray head and valve
      assembly connected to the compressible container. A relatively non-foaming
      liquid product is present at a pressure above atmospheric pressure within
      the compressible container as well as a neutral propellant or mixture of
      propellants which are in a liquid state and are at least partially soluble
      or miscible in the liquid product. A second propellant may be present in a
      propellant region between the compressible container and outer container
      with the second propellant exerting a differential pressure across the
      compressible container which is sufficient to eject the product and
      neutral propellant through the mechanical breakup spray head on opening of
      the valve assembly. The neutral propellant is present in a relatively
      small amount, e.g., about 25 percent or less by volume of the volume of
      the product and neutral propellant and generally about 10 percent or less
      with the neutral propellant being at least partially vaporized at
      atmospheric pressure or less on passage of the product and neutral
      propellant through the spray head to create a turbulence within the spray
      head which provides a breaking up of the liquid product into a fine spray.
PAL  An aerosol dispensing system with a mechanical breakup spray head and valve
      assembly connected to compressible container positioned within an outer
      container with a finely divided powder product at a pressure above
      atmospheric pressure within the container. Also present within the
      compressible container is a liquified neutral propellant in an amount
      sufficient to form a slurry with the product and to carry the product into
      the spray head during discharge of the product. The neutral propellant is
      at least partially vaporized at atmospheric pressure or less on passage of
      the product and neutral propellant through the spray head to create
      turbulence within the spray head.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior copending
      application Ser. No. 497,613, filed Aug. 15, 1974 now abandoned, which is
      in turn a continuation-in-part of my copending application Ser. No.
      466,140, entitled "AEROSOL DISPENSING ARRANGEMENT" which was filed on May
      2, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A wide variety of products are now packaged for dispensing as a finely
      divided aerosol spray. For example, such products include hair sprays,
      deodorants, food products, etc. While many products have been successfully
      dispensed as aerosols, a wide variety of products are, however, not
      amenable to being dispensed in this manner.
PAR  By way of background, in dispensing a product as an aerosol, the product
      which is usually in the form of a liquid, is placed within a pressurizable
      container and a propellant is then added to the product. Then, during
      dispensing of the product as an aerosol, the mixture of product and
      propellant is discharged from the container through a spray nozzle with
      the product being discharged in the form of a fine spray.
PAR  In general, there are two main types of propellants which may be used for
      aerosol systems, these being hydrocarbon propellants and halogenated
      hydrocarbon propellants. Both types of propellants have their drawbacks
      and, thus, in practice the particular propellant which is employed for a
      particular application is dictated by the nature of the product which is
      being dispensed.
PAR  To generate the pressure required to dispense a product in the form of an
      aerosol, the propellant must, in general, be present in a sufficient
      amount in admixture with the liquid product to carry the product through
      the spray head and to generate an internal pressure within the product
      container to accomplish this, e.g., generally about 30 psig or higher. The
      particle size of the product, after its discharge through a spray head, is
      a function of the viscosity of the product and also the pressure generated
      by the aerosol propellant. In general, as the viscosity of the product is
      increased, the size of the product particles discharged through the spray
      head is increased. Conversely, as the propellent pressure is increased,
      the size of the product particles is reduced.
PAR  Based on the above considerations, it might appear that any liquid product,
      no matter how viscous, could be packaged as an aerosol merely by adding
      sufficient propellant to generate a driving force that would be adequate
      to break up the product into a fine spray on discharge of the product
      through a spray head. In fact, however, the formulation of a successful
      aerosol system is complicated by a host of other factors which make it
      impossible to arrive at a satisfactory system merely by increasing the
      internal propellant pressure to whatever level may be dictated by the
      viscosity of the product.
PAR  As a first consideration, many propellants are incompatible with specific
      products at the relatively high propellant levels required to generate the
      necessary propellant pressure for discharge of the product as a fine
      spray. For example, many aerosol systems require a propellant-to-product
      volume ratio of about 50:50 to generate a sufficient propellant pressure
      to eject the product as a fine spray. In fact, some products, such as a
      frying pan spray, may require a propellant-to-product volume ratio of as
      high as about 95:5 to break up the viscous vegetable oil product into a
      fine spray.
PAR  At high propellant levels, the internal pressure generated by the
      propellant within an aerosol container may pose substantial safety
      problems unless the container is specially constructed to withstand high
      internal pressures. The vapor pressure of the propellant will vary with
      the ambient temperature which may be as high as 110.degree. to
      120.degree.F. in some areas where the product is used. Even though an
      aerosol system is designed for an ambient temperature of about
      70.degree.F., the propellant container must, therefore, be sufficiently
      strong to withstand the higher pressures which are developed by the
      propellant at higher ambient temperatures. The cost of the aerosol product
      will be determined, to a large extent, by the cost of the aerosol
      container. Thus, if the pressure demands of an aerosol system require the
      use of an expensive high pressure aerosol container, the aerosol product
      may be economically unfeasible.
PAR  Further, as the propellant-to-product volume ratio is increased, the amount
      of product is reduced. This may make the aerosol product unattractive to
      the consumer who must then purchase a relatively large quantity of
      propellant to obtain a relatively small quantity of product. This
      situation is illustrated by aerosol frying pan sprays where the consumer
      may have to purchase 95 percent by volume of propellant merely to obtain 5
      percent by volume of the product. Also, as the propellant-to-product ratio
      is increased, the use life of the aerosol system is reduced due to the
      smaller quantity of the product which is present. This will also make the
      aerosol product less attractive to the consumer.
PAR  In addition to the economic problems which are posed by aerosol systems
      that require a relatively large amount of propellant, there may also be
      compatibility problems between the propellant and product at high
      propellant-to-product volume ratios. For example, liquified hydrocarbon
      propellants are generally incompatible with water base paints at the
      higher propellant-to-product volume ratios with the product forming a gel
      which cannot be ejected through a mechanical breakup nozzle in the form of
      a line spray. Halogenated hydrocarbon propellants, such as the products
      sold by E. I. DuPont de Nemours under the trade name "FREON" also have
      compatibility problems with various types of products. In order for a
      propellant to be used with a particular product, the propellant must be
      miscible, to some degree, with the product. However, halogenated
      hydrocarbon propellants are generally immiscible with water based products
      with the propellant and product forming separate layers and the
      propellant, thereby, not functioning to discharge the product as a fine
      spray through a spray nozzle.
PAR  In addition to compatibility problems, the use of a particular propellant
      in a given aerosol system may create still further problems. Hydrocarbon
      propellants are generally flammable in air at higher concentrations. Thus,
      when the driving force for the propellant system requires a high
      propellant-to-product volume ratio, a hydrocarbon propellant will
      generally be unsuitable for reasons of safety.
PAR  Also, halogenated hydrocarbon propellants are generally toxic and may form
      phosgene if contacted by flame. In addition, halogenated hydrocarbon
      propellants are expensive. Because of their toxicity, halogenated
      hydrocarbon propellants are generally unsuitable for use in an ingestible
      food product.
PAR  Due to the various problems of cost, safety, compatibility, flammability,
      toxicity, etc., as enumerated above, certain types of products are
      dispensed from containers in which the product is physically separated
      from a propellant that is used to discharge the product from the
      container. These types of containers, which may be termed "barrier packs",
      are exemplified by the barrrier pack sold uner the name "SEPRO" by
      Continental Can Company and that sold under the track name "POWER-FLOW" by
      American Can Company.
PAR  In a barrier pack, a flexible inner container for the product is
      progressively collapsed by the pressure generated by a propellant in the
      region between a rigid outer container and the flexible inner container.
      The product is, thereby, extruded through an opening leading from the
      collapsible inner container. If the product being dispensed from a barrier
      pack container is a foamable product, such as a shaving cream, the liquid
      product within the flexible inner container may also contain a propellant
      in admixture therewith. Then, when the product has been extruded from the
      inner container, the propellant within the product will undergo
      vaporization at ambient pressures to produce foam. Such an aerosol package
      is shown in the Lauwe patent, U.S. Pat. No. 3,788,521, dated Jan. 29,
      1974.
PAR  The foregoing problems have sharply limited the usage of aerosol dispensing
      systems for various products and have generally precluded their use for
      prodcuts such as viscous water base products, ingestible food products,
      etc. Thus, it would be highly desirable to provide an aerosol dispensing
      system which would not be subject to the various drawbacks encountered
      with present aerosol systems and which could be used to dispense
      essentially any type of liquid or powdered product including viscous water
      base paints and ingestible food products.
PAC  SUMMARY OF THE INVENTION
PAR  In accord with the present invention, I have provided an aerosol dispensing
      system which is capable of usage with essentially any type of product,
      including products such as high viscosity water base paints which
      previously could not be dispensed in the form of a fine spray by any known
      aerosol system. Through use of the aerosol dispensing system of the
      invention, the problems which have long plagued the aerosol industry, such
      as incompatibility of the product and propellant, flammability of the
      propellant, toxicity of the propellant, etc., have now largely been
      eliminated.
PAR  In the aerosol dispensing system of the present invention, a liquid product
      is contained at a pressure above atmospheric pressure within compressible
      container means within an outer container with the container means
      preferably comprising a flexible or collapsible inner container as
      provided by a barrier pack dispenser. In admixture with the liquid product
      is a small quantity of a neutral gas (herein termed a neutral propellant)
      which is a liquid and is soluble or miscible to some extent in the
      product. A mechanical breakup spray head which generally employs a swirl
      zone having projections therein which impinge upon the product as it is
      moved rapidly through the swirl zone is connected to the compressible
      container means while means are provided to compress the compressible
      container means, e.g., a second propellant may be present in a propellant
      region bounded by the interior of an outer container and the exterior of a
      flexible inner container. The second propellant may be present in the
      propellant region in an amount sufficient to generate a pressure
      differential between the propellant region and the flexible inner
      container of about 5 psig or higher, e.g., 15 or 30 psig or higher, which
      is sufficient to discharge the product with the neutral propellant therein
      through a mechanical breakup spray nozzle on opening of a valve connecting
      the compressible container means with the spray nozzle.
PAR  On passage of the product through the mechanical breakup spray nozzle in
      the present aerosol dispensing system, the neutral propellant is at least
      partially vaporized at atmospheric pressure or less and its solubility or
      miscibility in the product is reduced. This gassifies the neutral
      propellant within the mechanical breakup spray nozzle to provide
      additional turbulence such that the product is broken up and issues from
      the spray nozzle as a finely divided spray.
PAR  The neutral propellant present in the product within the compressible
      container means is generally present in a small amount such as about 10
      percent by volume or less and preferably about 6 percent by volume or less
      although for some specific products, such as a heavy viscosity product
      where the neutral propellant acts as a solvent to decrease viscosity, the
      neutral propellant may range up to about 25 percent by volume. Desirably,
      the neutral propellant is soluble to some extent in a liquid state in the
      liquid product to decrease the viscosity of the liquid product. Also, the
      neutral propellant preferably has a vapor pressure of about 30 psig or
      higher but may be relatively low, e.g., about 17 psig, depending on the
      nature of the product.
PAR  In another aspect of the invention, the product within the compressible
      container means is a powder such as aluminum chlorhydrate, talc, corn
      starch, etc. When the product is a finely divided powder, the neutral
      propellant may be present in a larger quantity than the generally 101
      percent or less used for a liquid product. With a product which is a
      finely divided powder, the neutral propellant is present in a liquid state
      in a sufficient quantity to form a slurry with the powdered product and
      to, thereby, carry the finely divided powder into the mechanical breakup
      spray head. As an example, the liquified neutral propellant may, in the
      case of a powder product, be present in an amount up to about 25 percent
      or more by weight of the powder product. Also present in a powder product
      may be an emolient oil, such as isopropyl myristate, which makes a powder
      product cling to the body.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more fully understood from the following detailed
      description taken together with the accompanying drawing wherein
PAR  FIG. 1 illustrates a preferred embodiment of a dispensing arrangement
      according to the principles of the present invention.
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PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, there is illustrated an embodiment generally
      designated 10 of an aerosol dispensing system according to the principles
      of the present invention. The aerosol dispensing system 10 is generally
      comprised of a barrier pack container generally designated 12 which
      includes a rigid outer container 14 and a flexible bag or bladder 16
      contained therein. Instead of using a flexible bag 16, other forms of a
      compressible container means may be employed as a piston dispenser in
      which a piston is slidably received within a container with the product
      placed on one side of the piston and means to compress the piston, such as
      a spring means or a propellant, placed on the other side of the piston.
      Also, the compressible container means may be a resiliently expandable bag
      which is formed of an elastic material such that the bag in its expanded
      condition exerts a compressive force on a product within the bag. The
      flexible bag or bladder 16 may be coupled to the rigid outer container 14
      at the top 18 thereof in fluid tight sealing relationship by crimping a
      mounting cup 20 thereon. The mounting cup 20 is a part of a valve assembly
      22 which includes a mechanical breakup spray head 24 through which the
      aerosol dispersion is dispensed.
PAR  Barrier pack containers are commercially available in various volumetric
      sizes and may be obtained, for example, from Continental Can Company,
      American Can Company, or other suppliers.
PAR  The valve assembly 22 is also commercially available from various
      manufacturers such as Precision Valve Corporation or Aerosol Research
      Company. The dispensing head 24, in accordance with the principles of the
      present invention, is a mechanical breakup head which is also available as
      part of the valve assembly 22.
PAR  A second propellant generally designated 26 is contained between the
      flexible bag 16 and the rigid outer container 14 and may be retained
      therein by a stopper means 28 inserted in a fill aperture 30 in the rigid
      outer container 14.
PAR  The product to be dispensed 32 is contained within the flexible bag 16. For
      example, the product to be dispensed may be a comparatively viscous
      ingestible food product such as a vegetable oil which is dispensed as a
      comparatively fine spray from the dispensing head 24. According to the
      principles of the present invention, there is also a neutral propellant
      generally designated 34 contained within the flexible bag 16.
PAR  According to the principles of the present invention, the second propellant
      may be essentially any propellant such as Freon-12, chlorinated
      hydrocarbons, vinylchlorides, propane, isobutane, carbon dioxide, or the
      like. In the system 10 shown in FIG. for example, a mixture of isobutane
      and propane may be utilized as the second propellant 26 and such a mixture
      may have a vapor pressure, at 70.degree.F., in the range of 40 to 80 psig.
      Since the second propellant 26 does not come in contact with the product
      32 within bag 16, any propellant is satisfactory which is compatible with
      the structure of the barrier pack 12.
PAR  The neutral propellant 34 must be miscible to some extent in the product
      32. Preferably, the neutral propellant 34 is sufficiently soluble in the
      product 32, in the case of a liquid product, to lower the viscosity of the
      product and to, thereby, make the product easier to eject through the
      dispensing head 24. For the reasons stated previously, the particular
      neutral propellant 34 which is employed will be dependent on the nature of
      the product 32. If the product 32 is a water base product or an ingestible
      food product, the neutral propellant 34 will generally be a hydrocarbon,
      since halogenated propellants are generally not compatible with water base
      products and their toxicity generally precludes their use in ingestible
      food products.
PAR  Suitable neutral propellants may include, for example, propane, isobutane,
      n-butane, hexane, and non-hydrocarbon gases such as nitrous oxide, carbon
      dioxide, nitrogen, and the like. The neutral propellant may be in a
      liquified state in admixture with a liquid product or a portion of the
      neutral propellant may, for example, be present in the product in the form
      of a gas-in-liquid solution. particularly preferred neutral propellants
      for use in the present aerosol system are propane, isobutane, and n-butane
      since these propellants are generally approved for use in ingestible food
      products. Also, these propellants have, in general, a reasonable
      solubility in a wide variety of liquid products. However, since the
      solubility of a neutral propellant in a liquid product will vary,
      depending on the particular nature of the liquid product, a particular
      neutral propellant or mixture of neutral propellants may be chosen to
      optimize the solubility of the neutral propellant or propellants in a
      particular product or to minimize the viscosity of the liquid product.
PAR  The product 32, if a liquid, is one which does not produce any appreciable
      foaming on ejection through the dispensing head 24. Also, the content of
      neutral propellant 34 in a liquid product 32 is generally maintained at a
      sufficiently low level to not produce bubbles in the product after it has
      been sprayed onto a surface of some kind through the dispensing head 24.
PAR  Depending on the nature of the product 32, the neutral propellant 34 may
      also be a halogenated hydrocarbon, i.e., the liquid product not being a
      water base product and not being an ingestible food product. If a
      halogenated hydrocarbon or mixture of halogenated hydrocarbon propellants
      is used as the neutral propellant, the neutral propellant preferably have
      a relatively low vapor pressure, such as about 17 psig and preferably
      about 30 psig or higher. Thus, the second propellant pressure may be
      reasonably low while providing a sufficient differential pressure to eject
      the product and neutral propellant through a mechanical breakup spray head
      in producing a fine spray of the product.
PAR  Table I illustrates the characteristics of propane, isobutane and butane as
      may be utilized for the second propellant 26 and also for the neutral
      propellant 34. It will be appreciated, however, that while only propane
      and isobutane have been listed in Table I, various mixtures thereof may be
      obtained to achieve a vapor pressure anywhere between 31 and 107.8 psig at
      70.degree.F., depending upon the second desired pressure for the
      propellant 26 or neutral propellant 34. Further, as noted above, other
      propellant gases may equally well be utilized as the second propellant 26.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                Second Propellant                                              
                              Neutral Propellant                               
                              Hydrocarbon                                      
                Hydrocarbon                                                    
                       Hydrocarbon                                             
                              Propellant                                       
                Propellant                                                     
                       Propellant                                              
                              A-17                                             
                A-108  A-31   Food Grade                                       
                                     Test                                      
     Property   Propane                                                        
                       Isobutane                                               
                              Butane Method                                    
     __________________________________________________________________________
     Composition, mol %                                                        
     Ethane     Trace  --     --     Chromoto-                                 
     Propane    99.3   .4     .08    graphy                                    
     Isobutane  .6     96.3   .8                                               
     Normal Butane                                                             
                --     3.2    98.54                                            
     Pentanes   --     --     .48                                              
     Total Saturates                                                           
                min 99.9                                                       
                       min 99.9      Chromoto-                                 
                                     graphy                                    
     Vapor Pressure                  ASTM D-1267                               
     psig at 70.degree.F.                                                      
                107.8  31.0   17.0   (mod. 70.degree.F.)                       
     Sulfur, ppm                                                               
                NIL    NIL    NIL    ASTM D-1266                               
     Residue, g/100 ml                                                         
                NIL    NIL    NIL    ASTM D-1353                               
     Acidity of Residue                                                        
                neutral                                                        
                       neutral                                                 
                              neutral                                          
                                     ASTM D-1093                               
     Odor       pass   pass   pass   Panel                                     
     Water, ppm 0.0005 0.9995 0.0005 C.F.                                      
     __________________________________________________________________________
PAR  If desired, in order to further enhance the dispersion characteristics of
      the product to be dispensed 32 contained within flexible bag 16, a
      surfactant may be added thereto. If the fluid product 32 is an ingestible
      food, the surfactant must be non-toxic and substantially odor-free and
      taste-free. It has been found that a food grade surfactant such as
      polysorbate 80 USP available from Atlas Chemical Division is a
      satisfactory surfactant when utilized with, for example, vegetable oils.
PAR  The surfactant may be added to a fluid product in an amount sufficient to
      reduce the surface tension of the fluid to a desired level for spraying of
      the product, e.g., approximately 0.01 to 0.5 percent by weight of the
      product. The surfactant reduces the surface tension of the fluid to be
      dispensed 32 and thus allows dispensing of the fluid 32 in a much finer
      dispersion spray.
PAR  When the above mentioned food grade butane is utilized as the neutral
      propellant 34 mixed with a vegetable oil, it has been found that
      maintaining the ratio of butane to the fluid to be dispensed 32 at
      approximately a maximum of one part by volume butane to seven parts by
      volume fluid 32 provides satisfactory operation and yet is below the
      flammability limit for the butane.
PAR  Depending upon the viscosity of the fluid to be dispensed as well as the
      vapor pressure of the second propellant gas 26, the vapor pressure of the
      neutral propellant 34 may, for example, be in the range of about 5 to
      about 40 psig or higher at 70.degree.F., such as 3, or 50 psig.
PAR  When the fluid to be dispensed 32 is vegetable oil and the neutral
      propellant 34 is the above described butane, the second propellant gas 26
      may be a mixture of isobutane and propane having a vapor pressure at
      70.degree.F. of approximately 70 psig. This provides a differential
      pressure across the flexible bag 16 of 53 psig.
PAR  In operation, when the valve assembly 22 is activated, the second
      propellant 26 squeezes the flexible bag 16 and the fluid 32 and neutral
      propellant 34 are forced through the breakup head 24. In the mechanical
      breakup head 24, which may be described as a swirl chamber, the fluid is
      directed into paths which supply centrifugal force to the fluid or other
      types of breakup arrangements may be utilized, and the fluid is then
      dispersed through the orifice of the head.
PAR  The neutral propellant which is present in the product 32 is at least
      partially vaporized within the breakup head 24. Also, the solubility of
      the neutral propellant 34 in the product 32 is reduced by the action of
      the mechanical breakup head 24 on the product 32. This provides
      gassification of the neutral propellant or propellants within the breakup
      head 24 which produces a very high degree of turbulence to break up the
      product into fine particles.
PAR  The product, if a liquid, is relatively non-foaming. Further, since the
      neutral gas or gases are present at a relatively low concentration in the
      product, essentially all of the neutral propellant is evaporated within
      the mechanical breakup spray head or shortly thereafter on contact of the
      neutral propellant or propellants with the atmosphere.
PAR  As stated, the vapor pressure of the neutral propellant or mixture of
      propellants 34 is generally low since the function of the neutral
      propellant is not to act as a primary propellant, such as the second
      propellant but rather is to vaporize within the mechanical breakup spray
      head 24 to assist in breaking up the product into smaller particles which
      exit from the spray head as a fine spray. Thus, the neutral propellant or
      mixture of propellants 34 may have a vapor pressure of 0 psig or lower so
      long as the neutral propellant or propellants are vaporized within the
      mechanical breakup spray head 24. As an example, n-butane has a vapor
      pressure of about 0 psig at about 50.degree.F. and an aerosol dispensing
      system according to the invention using n-butane as a neutral gas
      functions at an ambient temperature of 50.degree.F.
PAR  When the vapor pressure exerted by the neutral propellant is increased to
      about 30 psig or higher, I have found that a lower differential pressure
      may be employed across the flexible bag 16 in expelling the product
      through the high mechanical breakup spray head 24. Further, when the vapor
      pressure of the neutral propellant is increased, I have found that a lower
      quantity of neutral propellant may be used, depending upon the particular
      nature of the product, in obtaining a fine spray through the high
      mechanical breakup spray head 24. To illustrate, when the neutral
      propellant is A-31 (as described in Table I), the quantity of neutral
      propellant required in obtaining a fine spray for a particular product may
      generally be decreased from the amount of neutral propellant which is
      required if n-butane is employed as the neutral propellant since the A-31
      gas has a vapor pressure at standard conditions of about 31 psig while
      n-butane has a vapor pressure at standard conditions of about 17 psig.
      Also, when A-31 gas is utilized as a neutral propellant, the differential
      pressure between the inside of the flexible bag 16 and the propellant
      region outside the bag may generally be decreased from what is required
      when n-butane is the neutral propellant.
PAR  Similarly, if the commercial gas A-46 is employed as a neutral propellant
      (A-46 being a commercial blend of n-butane, isobutane and propane having a
      vapor pressure under standard conditions of about 46 psig), the quantity
      of neutral propellant may be decreased even further from the amount
      required when A-31 is the neutral propellant. Also, using A-46 as the
      neutral propellant, the differential pressure between the interior of the
      bag 16 and the propellant region outside the bag may be decreased even
      further.
PAR  In tests which were performed in the spraying of an anti-perspirant powder,
      it was found that A-46 gas could be employed both as the neutral
      propellant and also as the second propellant providing that a vapor
      depressant was admixed with the neutral propellant within flexible bag 16.
      In this test, the vapor depressant which was added was a halohydrocarbon
      (Freon-11, Freon being a trademark of E. I. DuPont de Nemours & Company)
      with the vapor pressure suppressant being present in an amount sufficient
      to reduce the vapor pressure within the flexible bag 16 by about 2 psig.
      The differential pressure across the flexible bag 16 was, thus, in this
      case only about 2 psig.
PAR  The use of a neutral propellant having a higher vapor pressure such as
      about 30 psig or higher, is particularly advantageous in an aerosol
      dispensing system in which the product is a finely divided powder. Through
      use of a neutral propellant having a higher vapor pressure, there is less
      clogging of the high mechanical breakup spray head by the finely divided
      powder as it passes through the spray head. Further, the use of a neutral
      propellant having a higher vapor pressure such as about 30 psig or higher,
      provides a sprayed product which is essentially dry on contact with the
      skin of the user in the case of a personal product, e.g., an
      anti-perspirant powder. This is advantageous because the contact of a
      wetted product with the user's skin, e.g., an anti-perspirant powder that
      is wetted with n-butane that has not vaporized, produces a cold sensation
      which many users may find undesirable.
PAR  The use of a neutral propellant which has a higher vapor pressure, such as
      about 30 psig or higher st standard conditions of temperature and
      pressure, provides greater turbulence when the mixture of neutral
      propellant and product (either a relatively non-foaming liquid or a finely
      divided powder) passes through the high mechanical breakup spray head.
      This is advantageous because the greater turbulence produced within the
      spray head by the gassification of the neutral propellant is more
      effective in providing a product in the foam of a finely divided spray.
PAR  Immediately after leaving the terminal orifice of the high mechanical
      breakup spray head, the neutral propellant undergoes evaporation with the
      rate of evaporation being dependent upon the vapor pressure of the neutral
      propellant which may be altered by the presence of other propellants, such
      as a vapor pressure depressant, that may be present in minor amounts in
      conjunction with the major propellant component. In general, as the vapor
      pressure of the neutral propellant is increased, the neutral propellant
      will evaporate more rapidly after leaving the terminal orifice of the high
      mechanical breakup spray head. Through rapid evaporation of the neutral
      propellant after leaving the terminal orifice of the high mechanical
      breakup spray head, the product may contain little or no neutral
      propellant when it contacts the surface or object against which it is
      being sprayed. This is advantageous in a personal use product, as stated,
      since the product is in an essentially dry state when it contacts the body
      of the user. Further, in a product such as a paint, the pressure of
      unevaporated neutral propellant within the paint after its contact with
      the surface to be painted may be undesirable since the evaporation of the
      neutral propellant may prevent the formation of a smooth painted surface.
PAR  Still another advantage which flows from the use of a neutral propellant
      having a higher vapor pressure, such as about 30 psig or higher under
      standard conditions, is a reduction in the flammability of the sprayed
      aerosol product. While flammability may be defined in serveral ways, one
      way in which flammability for aerosols has been defined is in terms of
      whether the sprayed product is flammable at a distance of one foot from
      the terminal orifice of the spray head. Using this criteria for
      flammability, if the neutral propellant has a vapor pressure such as about
      17 psig in the case of n-butane, the neutral propellant may not be
      completely evaporated within the time required for the sprayed product to
      traverse a distance of one foot from the terminal orifice and the n-butane
      which is still evaporating will produce a flammable mixture. If, however,
      the neutral propellant has a higher vapor pressure than that of n-butane,
      the neutral propellant will be substantially evaporated from the sprayed
      propellant product within the first foot of travel from the terminal
      orifice of the high mechanical breakup spray head. The neutral propellant
      will, then, not be present when the sprayed product contacts a flame
      source at a distance of one foot from the terminal orifice and the sprayed
      product will have a greatly reduced flammability.
PAR  A still further advantage of using a neutral propellant with a higher vapor
      pressure is that its use may permit a marked reduction in the delivery
      rate of the sprayed aerosol product. In accord with the present invention,
      a much higher content of product (whether a relatively non-foaming liquid
      product or a finely divided powder product) may be present within the
      aerosol container as compared with previous aerosol products in which the
      propellant gas was mixed directly with the product. While this is
      advantageous because it is a more efficient means of product delivery, the
      very efficiency of the system may create problems in regard to the product
      delivery rate.
PAR  With a much greater quantity of product being present within the aerosol
      container, the delivery rate may be many times that of a conventional
      aerosol. This may be undesirable since it may result in dispensing a much
      larger quantity of product through the high mechanical breakup spray head
      than is actually needed or desired by the user. By using a neutral
      propellant having a higher vapor pressure under standard conditions, such
      as about 30 psig or higher, a lower differential pressure may be used
      between the interior of flexible bag 16 and the exterior of the flexible
      bag. This provides a reduction in the product delivery rate with the
      reduction being proportional to the decrease in the differential pressure
      across the flexible bag 16.
PAR  In spray testing an anti-perspirant powder while using n-butane as the
      neutral propellant, it was generally necessary to use a differential
      pressure across the flexible bag 16 of about 30 psig with the delivery
      rate of product and neutral propellant leaving the high mechanical breakup
      spray head being about 21/2 grams per second. When the neutral propellant
      was then changed from n-butane to the commercial A-31 gas as described
      previously, the differential pressure across the flexible bag 16 could be
      reduced to about 15 psig while still providing a very fine spray of the
      aerosol product. By reducing the differential pressure across the flexible
      bag 16 from about 30 psig to about 15 psig, the delivery rate of the
      product and neutral propellant through the high mechanical breakup spray
      head was approximately halved and the delivery rate was then in the order
      of about one gram per second. This was very desirable since a delivery
      rate of one gram per second was quite adequate for application of a
      powdered anti-perspirant.
PAR  By reducing the delivery rate of a product, such as a powdered
      anti-perspirant, the use life of the product may be greatly increased as
      well as providing a safer product in which the user does not apply an
      amount of the product which might, in some cases, be actually harmful. In
      an anti-perspirant powder formulation, the active ingredient is aluminum
      chlorhydrate which is generally present in admixture with a neutral
      cosmetic powder such as talc. The content of aluminum chlorhydrate with
      respect to talc will be dependent upon the application rate of the product
      in the form of an aerosol spray. If the application rate is relatively
      high, the content of aluminum chlorhydrate may have to be reduced while
      the content of talc and other ingredients is increased to insure that the
      user does not injure himself by applying too great an amount of aluminum
      chlorhydrate. Thus, even though aluminum chlorhydrate is the effective
      component, it may be necessary to supply the user with a larger quantity
      of inert materials merely as a safeguard to prevent injury.
PAR  A more satisfactory solution, which is made possible by the present
      invention through increasing the vapor pressure of the neutral propellant,
      is to tailor the aerosol dispensing system to permit a lower differential
      pressure across the flexible bag 16. The percentage of the active
      ingredient in the overall formulation may then be increased without
      running a danger of injury to the user through over application of the
      active ingredient. For example, when the delivery rate of product is cut
      in half, it may then be possible to double the content of the active
      ingredient in the product. The product is, thus, a more effective product
      with longer use life than previous products that were dispensed at a
      relatively high delivery rate due to the make-up of the propellant
      delivery system.
PAR  A still further result which follows from use of a reduced product delivery
      rate is that the discharge of neutral propellant into the atmosphere
      during use of the propellant system is also reduced. As stated previously,
      the quantity of neutral propellant which is required in any of the various
      product formulations of my aerosol dispensing system is markedly reduced
      as compared with the quantity of propellant gas that was discharged to the
      atmosphere in previous aerosol dispensing systems where the primary gas
      was admixed directly with the product. However, even in the case of the
      present aerosol system, there is still some discharge of gas to the
      atmosphere along with discharge of the product. Thus, even in the case of
      the present system, it would be desirable to reduce the discharge rate of
      neutral propellant to the atmosphere. By increasing the vapor pressure of
      the neutral propellant to a level of about 30 psig or higher, the content
      of neutral propellant in the aerosol product may be reduced while still
      obtaining a finely divided aerosol spray. Also, the differential pressure
      across the flexible bag 16 may be reduced to reduce the delivery rate of
      the product and neutral propellant through the high mechanical breakup
      spray head.
PAR  By, thus, reducing the content of neutral propellant in the product and
      also reducing the delivery rate of the product, a marked reduction in the
      discharge rate of the neutral propellant to the atmosphere may be obtained
      during discharge of the aerosol product through the high mechanical
      breakup spray head. This is particularly desirable if a halohydrocarbon is
      present either as a neutral propellant or as a component in a neutral
      propellant mixture since halohydrocarbons are considered to be potentially
      very harmful to mankind.
PAR  In defining a preferred vapor pressure under standard conditions for the
      neutral propellant, reference has bee made heretofore to a vapor pressure
      of about 30 psig or higher. While a neutral propellant having a much
      higher vapor pressure than 30 psig, such as about 100 psig, may be used,
      such a neutral propellant would generally be impractical since its use
      would require a stronger container which would increase the cost of the
      overall system. For reasons of practicality, the neutral propellant will,
      therefore, generally not have a vapor pressure in excess of about 50 psig
      although there is no reason why a neutral propellant having a higher vapor
      pressure could not be employed if the nature of the product would justify
      the added cost of using a suitable high pressure container.
PAR  With the increasing emphasis on environmental quality, it is conceivable
      that at some future time the use of higher pressure aerosol containers may
      be made practical by legislation which restricts the discharge of volatile
      solvents and the like into the atmosphere from aerosol products. If this
      should occur, a product, such as a frying pan oil, could then not be
      thinned by the inclusion of solvents and the frying pan oil would have to
      be dispensed in a much more viscous state as an aerosol. This would then
      require the use of higher propellant pressures and it would be
      economically feasible to discharge the more viscous product according to
      the present aerosol dispensing system through use of a neutral propellant
      having a much higher vapor pressure at standard conditions such as 100
      psig.
PAR  In charging a barrier pack container with an aerosol system according to
      the invention, the flexible inner bag 16 is preferably vacuum evacuated
      and then charged with product. Following this, the neutral propellant or
      mixture of propellants is preferably charged to the second inner bag 16
      and the propellant is then charged to the propellant region between the
      flexible bag 16 and the rigid outer container 14. Preferably, the second
      propellant is charged after charging with the neutral propellant or
      mixture of propellants since the neutral propellant or mixture of neutral
      propellants is easier to charge prior to charging with the propellant. A
      method of charging a barrier pack container with an aerosol dispensing
      system according to the invention is disclosed in my prior copending
      application entitled "METHOD OF FILLING AN AEROSOL DISPENSING ARRANGEMENT"
      Ser. No. 466,306, filed May 2, 1974, now abandoned, the subject matter of
      which is incorporated herein by reference.
PAR  As stated previously, the present aerosol dispensing system is admirably
      suited for various products which cannot presently be dispensed as an
      aerosol, such as a vinyl latex or a vinyl-acrylic water base paint. Also,
      the aerosol dispensing system of the invention may be used with products,
      such as water base hair sprays, which may be dispersed as an aerosol
      through conventional aerosol systems. In the use of the present aerosol
      dispensing system for a water base hair spray, the water content of the
      hair spray may advantageously be reduced to provide a fine mist spray
      which is not as wet as existing aerosol hair spray formulations. The high
      water content of existing hair spray formulations is dictated by
      parameters of existing aerosol dispensing systems which do not apply to
      the aerosol dispensing system of the invention. Thus, by using the aerosol
      dispensing system of the invention, the make-up of many products, such as
      hair spray formulations, may now be radically altered while providing the
      product as a fine spray. The present aerosol dispensing system, thus,
      makes possible a host of new aerosol products whose make-up is not subject
      to the limitations imposed by previous aerosol dispensing systems in which
      the product was intermixed with a relatively large volume of a propellant
      that provided the driving force for expelling the product through a spray
      head.
PAR  As stated previously, a mechanical breakup spray head is an integral part
      of the present aerosol dispensing system with the neutral propellant or
      propellants being at least partially vaporized within the spray head. Many
      mechanical breakup spray heads are known and, in general, these spray
      heads are characterized by the use of a swirl chamber within which the
      product is submitted to centrifugal force before ejection of the product
      through an orifice into the atmosphere. In general, any of the various
      mechanical breakup spray heads may be used in the present aerosol
      dispensing system and the use of a particular type of spray head is not
      required by the system.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aerosol dispensing system comprising:
PA1  an outer container;
PA1  compressible inner container means positioned within said outer container;
PA1  means to compress said inner container means positioned between said inner
      container means and said outer container;
PA1  a mechanical breakup spray head and valve assembly connected to said inner
      container means;
PA1  a relatively non-foaming liquid product at a pressure above atmospheric
      pressure within said inner container means due to the force exerted on the
      inner container means by said means to compress said inner container
      means;
PA1  a neutral propellant within said inner container means;
PA1  said neutral propellant being in a liquid state at the pressure within said
      inner container means and being at least partially soluble or miscible in
      said liquid product, and
PA1  said neutral propellant being at least partially vaporized at atmospheric
      pressure or less on passage of said product and neutral propellant through
      said spray head to create a turbulence within said spray head which
      produces breaking up of said liquid product into a fine spray.
NUM  2.
PAR  2. The aerosol dispensing system of claim 1 wherein
PA1  said liquid product is a water-base product, and
PA1  said neutral propellant is a hydrocarbon gas.
NUM  3.
PAR  3. The aerosol dispensing system of claim 2 wherein said neutral propellant
      propane.
NUM  4.
PAR  4. The aerosol dispensing system of claim 2 wherein said neutral propellant
      contains n-butane.
NUM  5.
PAR  5. The aerosol dispensing system of claim 2 wherein said neutral propellant
      contains isobutane.
NUM  6.
PAR  6. The aerosol dispensing system of claim 2 wherein said liquid product is
      a water-base paint.
NUM  7.
PAR  7. The aerosol dispensing system of claim 1 wherein
PA1  said liquid product is an ingestible food product, and
PA1  said neutral propellant is a non-toxic hydrocarbon or non-hydrocarbon gas.
NUM  8.
PAR  8. The aerosol dispensing system of claim 7 wherein said neutral propellant
      contains propane.
NUM  9.
PAR  9. The aerosol dispensing system of claim 7 wherein
PA1  said neutral propellant contains n-butane.
NUM  10.
PAR  10. The aerosol dispensing system of claim 7 wherein
PA1  said neutral propellant contains isobutane.
NUM  11.
PAR  11. The aerosol dispensing system of claim 1 including
PA1  said compressible inner container means being a flexible bag;
PA1  a propellant region between said flexible bag and said outer container;
PA1  a second propellant in said propellant region, and
PA1  said second propellant exerting a differential pressure across said
      flexible bag sufficient to eject said product and said neutral propellant
      through said mechanical breakup spray head on opening of said valve
      assembly.
NUM  12.
PAR  12. The aerosol dispensing system of claim 1 wherein said neutral
      propellant has a vapor pressure of about 30 psig at standard conditions.
NUM  13.
PAR  13. The aerosol dispensing system of claim 11 wherein said neutral
      propellant has a vapor pressure of about 30 psig at standard conditions.
NUM  14.
PAR  14. A barrier pack aerosol dispensing system comprising:
PA1  an outer container;
PA1  a flexible inner container positioned within said outer container;
PA1  a propellant region between said inner container and said outer container;
PA1  a mechanical breakup spray head and valve assembly connected to said inner
      container;
PA1  a relatively non-foaming liquid product within said inner container;
PA1  a neutral propellant within said inner container;
PA1  said neutral propellant being in a liquid state within said inner container
      and being at least partially soluble or miscible in said liquid product;
PA1  a second propellant in said propellant region;
PA1  said second propellant exerting a differential pressure across said inner
      container of at least about 30 psig sufficient to eject said product and
      said neutral propellant through said mechanical breakup spray head on
      opening of said valve assembly;
PA1  said neutral propellant being present in an amount of about 10 percent or
      less by volume of the volume of said product and said neutral propellant,
      and
PA1  said neutral propellant being at least partially vaporized at atmospheric
      pressure or less on passage of said product and neutral propellant through
      said spray head to create a turbulence within said spray head which
      produces breaking up of said liquid product into a fine spray.
NUM  15.
PAR  15. The barrier pack aerosol dispensing system of claim 14 wherein
PA1  said liquid product is a water-base product, and
PA1  said neutral propellant is a hydrocarbon gas.
NUM  16.
PAR  16. The barrier pack aerosol dispensing system of claim 15 wherein said
      neutral propellant is propane.
NUM  17.
PAR  17. The barrier pack aerosol dispensing system of claim 15 wherein said
      neutral propellant is n-butane
NUM  18.
PAR  18. The barrier pack aerosol dispensing system of claim 15 wherein said
      liquid product is a water-base paint.
NUM  19.
PAR  19. The barrier pack aerosol dispensing system of claim 14 wherein
PA1  said liquid product is an ingestible food product, and
PA1  said neutral propellant is a non-toxic hydrocarbon or non-hydrocarbon gas.
NUM  20.
PAR  20. The barrier pack aerosol dispensing system of claim 19 wherein
PA1  said neutral propellant is propane.
NUM  21.
PAR  21. The barrier pack aerosol dispensing system of claim 19 wherein
PA1  said neutral propellant is n-butane.
NUM  22.
PAR  22. The barrier pack aerosol dispensing system of claim 14 wherein
PA1  said neutral propellant is present in an amount of about 6 percent by
      volume or less of the volume of said product and said neutral propellant.
NUM  23.
PAR  23. The barrier pack aerosol dispensing system of claim 14 including a
      surfactant in said liquid product in an amount sufficient to reduce the
      surface tension of said product to a level suitable for dispersion of said
      product as a spray of fine particles.
NUM  24.
PAR  24. The barrier pack aerosol dispensing system of claim 14 wherein
PA1  said liquid product is an ingestible vegetable oil, and
PA1  said neutral propellant is a non-toxic hydrocarbon.
NUM  25.
PAR  25. The barrier pack aerosol dispensing system of claim 24 wherein said
      neutral propellant is propane.
NUM  26.
PAR  26. The barrier pack aerosol dispensing system of claim 24 wherein said
      neutral propellant is n-butane.
NUM  27.
PAR  27. An aerosol dispensing system comprising:
PA1  an outer container;
PA1  compressible inner container means positioned within said outer container;
PA1  means to compress said inner container means positioned between said inner
      container means and said outer container;
PA1  a mechanical breakup spray head and valve assembly connected to said inner
      container means;
PA1  a finely divided powder product at a pressure above atmospheric pressure
      within said inner container means due to the force exerted on said inner
      container means by said means to compress said inner container means;
PA1  a liquified neutral propellant within said inner container means;
PA1  said neutral propellant being present in an amount sufficient to form a
      slurry with said product and to carry said product into said spray head
      during discharge of said product, and
PA1  said neutral propellant being at least partially vaporized at atmospheric
      pressure or less on passage of said product and neutral propellant through
      said spray head to create a turbulence within said spray head which
      produces a fine powder spray.
NUM  28.
PAR  28. The aerosol dispensing system of claim 27 wherein
PA1  said neutral propellant is present in an amount ranging up to about 25
      percent by weight or more of said product.
NUM  29.
PAR  29. The aerosol dispensing system of claim 27 including
PA1  said inner container means being a flexible bag;
PA1  a propellant region between said flexible bag and said outer container;
PA1  a second propellant in said propellant region, and
PA1  said second propellant exerting a differential pressure across said
      flexible bag sufficient to eject said product and said neutral propellant
      through said mechanical breakup spray head on opening of said valve
      assembly.
NUM  30.
PAR  30. The aerosol dispensing system of claim 27 wherein said neutral
      propellant a vapor pressure of about 30 psig at standard conditions.
NUM  31.
PAR  31. The aerosol dispensing system of claim 30 wherein said neutral
      propellant contains propane.
NUM  32.
PAR  32. The aerosol dispensing system of claim 30 wherein said neutral
      propellant contains isobutane.
NUM  33.
PAR  33. The aerosol dispensing system of claim 29 wherein said neutral
      propellant has a vapor pressure of about 30 psig at standard conditions.
NUM  34.
PAR  34. The aerosol dispensing system of claim 33 wherein said neutral
      propellant contains propane.
NUM  35.
PAR  35. The aerosol dispensing system of claim 33 wherein said neutral
      propellant contains isobutane.
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ABST
PAL  A plastic material squeeze tube dispenser comprising an elongated conical
      housing having an opening at one end through which is passed in a sealed
      manner the nozzle end of a squeeze tube containing a plastic material to
      be dispensed therefrom. A handle body is attached to the housing and
      includes a trigger actuatable valve means whereby gas under pressure from
      a source connected to the handle body may be admitted into the housing to
      apply pressure to the squeeze tube. Upon release of the trigger, the gas
      then in the housing is vented to the atmosphere to reduce the pressure
      within the housing to the ambient level. The valve means is constructed so
      that when operated, no gas from the pressure source can escape directly
      through the vent, but only after it has been utilized within the housing.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation application of application Ser. No. 246,542, filed
      on Apr. 24, 1972 and now abandoned, of Roland W. Collar for GAS PRESSURE
      ACTUATED PLASTIC SQUEEZE DISPENSER AND VALVING MEANS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates broadly to the field of devices for controllably
      squeezing out the plastic contents from squeeze tubes in which they may be
      contained, but has particular application to those tubes of plastic
      building type compounds which are utilized in the construction and vehicle
      manufacturing industries for caulking, filling, adhering and other
      purposes.
PAR  2. Description of the Prior Art
PAR  Controllably dispensing the contents of squeeze tubes has represented a
      challenge to inventors ever since the first of such tubes were
      commercially presented to the public. In the early days, since such tubes
      principally contained toothpaste or cosmetic creams, the devices which
      were created usually involved some single mechanical means for rolling up
      the end of the tube or providing some vice-type compression. For such
      domestic and non-industrial uses, obviously one would not consider
      providing any type of air or gas compression squeezing means.
PAR  In the aircraft and building fields, however, for quite a number of years
      plastic caulking compounds, such as those of polysulfide, have been packed
      in cylindrical containers from one end of which the material is extruded
      when the other end is subjected to a compressed air or gas force applied
      to some type of plunger which can move axially down the cylindrical
      container. An example of such a device is that described and illustrated
      in U.S. Pat. No. 2,838,210 granted to Detrie, et al., on Dec. 21, 1954.
PAR  One difficulty with such prior art devices, however, is that the plastic
      material to be dispensed must first be packed in a cartridge which fits
      the particular gun-like compressed air device. Where large amounts of the
      material are to be dispensed and on a regular basis, the use of such a
      device can be well justified. However, where only small amounts are to be
      dispensed from time to time--particularly out "in the field"-- the use of
      large cartridges of material which fit into air gun devices presents a
      number of problems:
PAR  One of such problems is that the gun devices with their gas tanks and
      cartridges may be somewhat bulky and inconvenient to carry around. Another
      problem is that once the cartridge has been partly used, the remaining
      material may tend to "set up" in the cartridge unless used fairly soon
      thereafter. Still another problem with prior art devices is that the
      valving means have been wasteful of the compressed gas in that each time
      the trigger is pulled and released, there has been a momentary passage of
      the compressed gas from the bottle or other pressure container source
      through the valve to the atmosphere. Such wastage of the compressed gas
      can materially cut the operational time of a dispenser which is operated
      by gas from a small portable gas bottle in the field.
PAR  For some time, caulking compounds have been sold in squeeze tubes and these
      are quite useful for small and selective applications. Usually, with such
      tubes, there is provided both (i) a closure cap, which may be screwed onto
      the discharging end of the tube to completely cap the same and thereby
      prevent a setting up of the contained compound between periods of partial
      use thereof; and (ii) a conical dispensing nozzle which is substituted for
      the closure cap when it is desired to extrude any of the compound from the
      tube. However, heretofore, no one has devised any type of dispenser in
      which gas under pressure can be utilized controllably to extrude plastic
      material from a squeeze tube using the tube's own plastic nozzle, and
      where, upon completion of partial extrusion from the tube, the latter may
      be removed from the actual compressed gas dispenser and reclosed with its
      cap. In such devices, as have been developed to dispense the contents of
      squeeze tubes by the application of gas under pressure, the dispensing end
      of the tube has been inserted into a nozzle which is a part of the
      dispenser housing. Consequently, with each use, such housing nozzle
      becomes blocked by the tacky polysulfide or silicone caulking compound and
      must be immediately cleaned following each use. This can prove to be quite
      onerous-- particularly in field uses of these devices.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has, as one of its objects, to enable one to use a
      squeeze tube of a plastic caulking material and to control its discharge
      effectively by means of a trigger on the handle of a compressed gas
      gun-like dispenser into which the squeeze tube may be inserted and
      removably contained. The dispenser includes an elongated conically shaped
      housing defining a cavity, the smaller end of which housing is orificed to
      permit the nozzle of the squeeze tube to be passed therethrough in an
      airtight sealed manner. The tube may be inserted through the larger end of
      the housing into the cavity when a closure cap is removed from such larger
      end of the housing. Such closure cap may also be sealed onto the larger
      end of the conical housing when engaged therewith.
PAR  Compressed air or gas is selectively admitted into the housing cavity
      through a handle body which is attached to the lower side of the housing.
      This handle body includes means to connect it to a hose leading from a
      source of gas under pressure and a passageway from such connecting means
      to the housing cavity. Interposed in such passageway is a valving system
      whereby the passageway is closed in the "at rest" position of the valve
      and the housing cavity may be simultaneously vented to the atmosphere; and
      when the trigger is pressed, the valve opens the passageway to connect the
      source of gas pressure to the housing cavity, but not until the connection
      between such cavity and the vent to the atmosphere is first closed.
      Correspondingly, upon release of the trigger, the vent to the atmosphere
      is not reconnected to the housing cavity until after the passageway from
      the gas pressure source to the housing cavity is reclosed as the valve
      means returns to its "at rest" position.
PAR  The device of the present invention thus enables one to utilize squeeze
      tubes of caulking and other materials which are readily available on the
      market and controllably to dispense all or a portion of their contents.
      Because of the absence of gas leakage through the valving means and its
      associated passageways, only a minimum of compressed gas is required for
      each triggering of the valve means, thereby conserving the amount of gas
      required--a feature which is particularly important where the device is
      employed in portable dispensers supplied with gas under pressure from gas
      bottles for field use.
PAR  Should only part of the contents of the squeeze tube be utilized in any
      particular application, the tube may then be removed from the housing and
      recapped with its own threaded cap. The plastic nozzle itself may either
      be cleaned for further use, or simply thrown away and another nozzle
      supplied for the next use of the tube.
PAR  Because of the conical configuration of the housing, better dispensing from
      the tube is possible in that with the greater volume of gas surrounding
      the closed end of the tube, more pressure appears to be asserted on the
      latter end first to flatten the tube from such end toward its discharge
      end.
PAR  Since the tube nozzle is employed to do the actual dispensing of the tacky
      material, none of the latter comes into contact with any part of the
      dispenser housing. No cleaning of the latter, therefore, ordinarily
      becomes necessary.
PAR  It will be appreciated, therefore, that a device constructed in accordance
      with the present invention offers many advantages over available prior art
      devices in that one may controllably dispense the contents of squeeze
      tubes through a triggering gas pressure actuated tube holder in which the
      dispensation is actually accomplished cleanly through the plastic nozzle
      provided with the tube itself; the tube may be withdrawn from the device
      after only partial use and reclosed tightly with its own cap; and a
      minimum of pressurized gas is required by the valving mechanism, thereby
      saving unnecessary drain on the source of such gas. All these features are
      attained, moreover, by a dispenser which may be manufactured most
      inexpensively since much of it may be molded of plastic, and its
      components may be put together easily and with a minimum of labor costs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is a side elevation, partially in section, of a dispenser
      constructed in accordance with the present invention;
PAR  FIG. 1a is an enlarged detail, also partly sectioned, of a portion of the
      nozzle receiving end of the dispenser;
PAR  FIG. 2a is an enlarged section of the valve mechanism of FIG. 1 in the "at
      rest" position of the mechanism;
PAR  FIG. 2b is a section similar to that of FIG. 2a, but with the trigger and
      plunger elements moved partially to the right;
PAR  FIG. 2c is a section also similar to that of FIGS. 2a and 2b, but with the
      trigger and plunger elements moved all the way to the right to its
      actuating position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, a dispenser constructed in accordance
      with the present invention may be comprised of a housing 10 mounted on top
      of a handle body 12. The housing 10 is preferably elongated with a conical
      taper outwardly from its discharge end 14 back to its loading end 16. The
      latter is defined by a cylindrical segment 18 from which protrude at least
      two projections 20 which are integrally molded with the housing 10.
      Desirably, the latter with its projections 20 may be molded of a
      polystyrene or high-pressure polyethylene.
PAR  The loading end 16 of the housing is closed by a cylindrical cap 22 having
      slotting 24 into which the projections 20 may be received. The slotting 24
      desirably extends around at an angle 26 so that when the cap 22 is
      twisted, the cap may be secured onto the cylindrical segment 18 defining
      the loading end 16 of the housing 10. To effect an airtight sealing of the
      loading end 16 when the cap 22 is thus twisted onto the segment 18, a
      rubber ring 28 should be seated and adhered into the bottom 22a of the cap
      22.
PAR  The discharging end 14 of the housing 10 preferably is comprised of a
      conical segment 30 of more pronounced change in radii than that of the
      main part of the housing 10, and a cylindrical end 32 defining the orifice
      32 through which the nozzle 34 of the squeeze tube 36 is to be pressed and
      held. In order to seal the nozzle 34 within the orifice 33, an O-ring 38
      is provided for seating in an annular transverse wall portion 40 formed by
      a flange 42 extending radially inwardly from the cylindrical end 32 of the
      housing 10. A cylindrical conical bushing or grommet 44 is frictionally
      fitted within the cylindrical end 32 and serves both to hold and seal the
      tube nozzle 34 within the orifice 33 as well as to provide an annular
      recess for the O-ring 38. In FIG. 2a it may be better seen that the radial
      dimensions of the flange 42 and the points 46, 48 of the bushing or
      grommet 44, which points contact the nozzle 34, are such as to conform to
      the conical shaping of the wall of the nozzle 34.
PAR  The housing 10 is mounted on a handle body 12 which preferably may be of a
      pistol-grip type, and includes an angular body portion 50. A passageway 52
      extends from the butt 54 of the body portion 50 to a transverse
      cylindrical orifice 56. A fitting 58 may be provided at the entrance 60 of
      the passageway 52 for connection to a hose (not shown) from a tube, bottle
      or other source (also not shown) of gas under pressure. The passageway 52
      is reduced in diameter at 52a where it communicates with the transverse
      orifice 56. Axially offset from where the narrowed passageway 52a enters
      the orifice 56, is a further passageway 62 which extends angularly and
      rearwardly from the orifice 56 to the cavity 64 defined by the housing 10.
PAR  As better seen in FIGS. 2a, 2b and 2c, the valving arrangement of the
      present invention is comprised of a cylindrical plug 66, one end 66a of
      which may be rounded and protrudes from the orifice 56 to be contacted by
      a trigger 68. The latter may be pivotally secured in a slot 70 above the
      orifice 56 by a pin 72. The plug 66 is generally cylindrical and
      dimensioned to fit tightly but slidably within the orifice 56, and has
      five annular recesses, 74, 76, 78, 80 and 82. The largest 76 of these
      recesses serves as the means whereby, when the trigger 68 is pulled and
      the plug moved to the right as shown in FIG. 2c, passageways 52 and 62 are
      placed in communication with each other so that the gas under pressure
      which enters passageway 52 through the fitting 58 may enter the cavity 64
      of the housing 10. Recesses 74, 78 and 80 each receive and retain an
      O-ring 75, 79 and 81, respectively. Recess 82 provides an end 83 of
      diminished diameter which fits within the end of a coiled spring 84 seated
      in the capped end 86 of the cylindrical sleeve 88. In this connection, the
      orifice 56 is preferably provided with an increased diameter in its
      right-hand segment 56a to receive in a friction fit the sleeve 88. The
      latter, however, does not completely fill the segment 56a, since the
      passageway 62 begins at the left-hand end of the segment 56a. Sleeve 88
      has a hollow core 90 to receive and retain the spring 84 and its capped
      end 86 is provided with a venting orifice 92.
PAR  In use, the cylindrical closure cap 22 is twisted off the housing end 18
      and a squeeze tube 36, which has been uncapped and has a plastic nozzle 34
      threaded onto its discharge end, is pushed into the cavity to where its
      nozzle 34 is forced gently through the bushing 44 and the flange 42 into a
      tight fit. The cap 22 is then replaced on the end 18 of the housing 10 and
      twisted into an interlock of the projections 20 with the recesses 24. The
      tip of the nozzle 34 is then cut off to provide the desired discharge
      diameter.
PAR  An air hose is next connected to the fitting 58 whereupon the dispenser is
      ready to operate. With the pulling of the trigger 68 to where passageways
      52 and 62 are placed in communication with each other, the cavity 64
      becomes filled with the pressurized gas immediately to commence squeezing
      of the tube 36, thereby forcing it to discharge its plastic material.
      However, as soon as the trigger is released the cylindrical valving plug
      66 is forced back to its left-hand "at rest" position by the coil spring
      84, whereupon the passage 62 is placed in communication with the core 90
      and venting orifice 92 through which all of the gas under pressure
      immediately rushes until it is reduced to the ambient pressure.
PAR  It must be noted, however, that the valving arrangment is such that the
      passage to the vent 92 is always closed before passageway 52 with its gas
      under pressure is opened to passageway 62; and, conversely, the vent 92 is
      never in communication with passageway 62 until passageway 52 is withdrawn
      from communication with passageway 62.
CLMS
STM  I claim:
NUM  1.
PAR  1. Air compression means to apply air under pressure to the outside of a
      squeezable tube containing an extrudable plastic material and having
      nozzle at one end thereof through which such material is extrudable, said
      means comprising:
PA1  an elongated housing, said housing defining a chamber to receive said tube
      and having a removable closure at one end and an opening at the other end,
      said housing receiving said tube with its nozzle disposed in said opening
      and having sealing means about said opening to seal the tube nozzle
      therewithin, said sealing means including:
PA1  a radially inwardly extending flange at the remote end of the housing
      defining said opening, an O-ring abutting said flange, and a cylindrical
      conical grommet, said grommet being dimensioned to fit tightly within the
      housing portion defining the opening and including an inwardly extending
      sharp annular rib, said rib serving to bite into the tube nozzle when
      inserted in said grommet, whereby said nozzle is inhibited from
      inadvertently being withdrawn from said opening when said chamber is not
      filled with gas under pressure;
PA1  a source of gas under pressure;
PA1  passage means connecting said source to said chamber; and
PA1  valve means interposed in said passage means, said valve means including
      manual triggering means, whereby the gas under pressure may be selectively
      admitted through said passage means into said chamber upon manual
      actuation of said trigger means, and upon release of the trigger means,
      the gas under pressure in said chamber is vented to the atmosphere.
NUM  2.
PAR  2. Air compression means to apply air under pressure to the outside of a
      squeezable tube containing an extrudable plastic material and having
      nozzle at one end thereof through which such material is extrudable, said
      means comprising:
PA1  an elongated housing, said housing defining a chamber to receive said tube
      and having a removable closure at one end and an opening at the other end,
      said housing further being conically shaped with the base of the cone at
      the removable closure end, and said housing receiving said tube with its
      nozzle disposed in said opening and having sealing means about said
      opening to seal the tube nozzle therewithin, said sealing means including:
PA1  a radially inwardly extending flange at the remote end of the housing
      defining said opening, and O-ring abutting said flange, and a cylindrical
      conical grommet, said grommet being dimensioned to fit tightly within the
      housing portion defining the opening and including an inwardly extending
      sharp annular rib, said rib serving to bite into the tube nozzle when
      inserted in said grommet, whereby said nozzle is inhibited from
      inadvertently being withdrawn from said opening when said chamber is not
      filled with gas under pressure;
PA1  a source of gas under pressure;
PA1  passage means connecting said source to said chamber; and
PA1  valve means interposed in said passage means, said valve means including
      manual triggering means, whereby the gas under pressure may be selectively
      admitted through said passage means into said chamber upon manual
      actuation of said trigger means, and upon release of the trigger means,
      the gas under pressure in said chamber is vented to the atmosphere.
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ABST
PAL  A safety device for aerosol cans prevents accidental discharge of the can
      during shipment as well as preventing discharge when used by minor
      children. The device is snapped around the upper peripheral rim of an
      aerosol can so as to provide a raised platform for the spray nozzle of the
      aerosol can, and thereby prevents the spray nozzle from activating the
      spray stem and valve of the aerosol can.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to spray prevention devices for use with
      aerosol cans wherein these spray devices facilitate safe shipping of the
      aerosol cans.
PAR  Recently, the Federal Food and Drug Administration promulgated a rule
      requiring aerosol cans to be equipped with safety devices that prevent
      accidental discharge of their contents when such cans are sent through the
      mails. In addition, it is desirable that the cans be inoperable by minor
      children, if they try to use the aerosol cans received in the mail.
PAR  In view of these objectives, the present invention provides a simple and
      inexpensive removable aerosol can safety device that snaps over the upper
      peripheral rim of the spray can and thereby provides a raised portion on
      which the spray nozzle rests. The raised spray nozzle cannot depress the
      spray stem and valve of the aerosol can and consequently accidental
      release of the contents within the aerosol can is avoided. Furthermore,
      the device is easily removed from the can by an adult so as to allow
      normal use of the aerosol can.
PAC  SUMMARY OF THE INVENTION
PAR  The removable safety device for aerosol cans of the present invention
      incorporates a peripheral overhang member for removably gripping the upper
      peripheral rim of aerosol cans. In one version of the present invention,
      the device incorporates an annular table that terminates at its outer
      portion with the inner edge of the peripheral overhang region and
      terminates at its innermost region with a downwardly depending cylindrical
      sidewall. The table provides support for the standard cylindrically shaped
      nozzle of the aerosol can and thus supports the nozzle's spray activating
      region above the spray stem and valve of the aerosol can. The downwardly
      cylindrical sidewall provides structural rigidity to the safety device,
      especially during inadvertent depression of the spray nozzle.
PAR  In a second embodiment of the present invention, the safety device
      incorporates an upwardly protruding disc-shaped table with cylindrical
      depending sidewalls that terminate with an inner annular radial projection
      of the peripheral overhang region. In this embodiment of the present
      invention, the standard spray nozzle removably interfits on the table and
      a portion of the downwardly depending sidewall. The spray stem of the
      aerosol can is completely enclosed by the spray prevention device, and
      thus the spray nozzle cannot activate the stem.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore a principal object of the present invention to provide an
      aerosol can safety device that prevents the spray nozzle of an aerosol can
      from actuating the spray stem and valve of the aerosol can.
PAR  Another object of the present invention is to provide an aerosol can safety
      device of the above description that is easily removable from the aerosol
      can.
PAR  A further object of the present invention is to provide an aerosol can
      safety device of the above description that is inexpensive to manufacture.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention, accordingly, comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      conjunction with the accompanying drawings. The same reference numbers
      refer to the same elements throughout the several view of the drawings.
PAR  FIG. 1 is a partial perspective assembly view of an aerosol can
      incorporating the use of one embodiment of the present invention.
PAR  FIG. 2 is a partial side cross-sectional view of the aerosol can and the
      aerosol safety device of FIG. 1, showing the safety device installed to
      the aerosol can and the spray nozzle of the aerosol can mounted to the
      safety device;
PAR  FIG. 3 is a bottom plan view taken along lines 3--3 of FIG. 1 of the
      aerosol can safety device of FIG. 1; and
PAR  FIG. 4 is a cross-sectional side elevational view of an alternate
      embodiment of the present invention as it is installed on an aerosol can
      shown in phantom and as a spray nozzle of the aerosol can is mounted on
      the safety device.
DETD
PAC  DETAILED DESCRIPTION
PAR  As best seen in FIG. 1, an aerosol can safety device 10 of the present
      invention is interposed between a standard aerosol can 12 and a standard
      aerosol can spray nozzle 14, having a spray stem actuating region 15 (FIG.
      2). As seen in FIGS. 1 and 2, the safety device mounts about an upper
      peripheral circular rim 16 of the aerosol can via an annular peripheral
      inverted U-shaped overhang member 18. As best seen in FIG. 2, this
      overhang member incorporates a number of inwardly projecting detents 20 at
      its outer termination that snaps under the termination of the upper
      circular rim of the aerosol can, and thereby prevents the safety device
      from dislodging from the aerosol can rim during shipment of the can or
      during unauthorized use of the can by minor children and the like.
PAR  As best seen in FIGS. 1, 2 and 3, the aerosol can safety device further
      incorporates an annular table 22 protruding inwardly from the overhang
      region 18 so as to provide a region for the spray nozzle 14 to mount
      thereon. In addition, the safety device incorporates a cylindrical
      sidewall 24 downwardly depending from the innermost termination of the
      annular table 22, so as to make contact with an upper annular table 25 and
      a central donut-shaped portion 27 of the aerosol can. This sidewall
      provides structural rigidity to the safety device and prevents downward
      movement of the spray nozzle with respect to the aerosol can.
PAR  As best seen in FIG. 2, when the safety device of the present invention is
      mounted to the aerosol can, the spray nozzle is unable to move downward
      with respect to the aerosol can and thus, the spray stem actuating region
      15 of the nozzle is unable to depress a spray stem 26 of the aerosol can.
      This in turn prevents the aerosol valve (not shown) from being opened and
      consequently, the release of the contents from the aerosol can is
      prevented.
PAR  As best seen in FIG. 4, an alternate embodiment of the present invention
      prevents the spray nozzle from activating the spray stem of the aerosol
      can by being physically interposed between the spray nozzle and the
      aerosol can. In this version of the present invention, the safety device
      incorporates a central disc-shaped table 28 that terminates with a
      downwardly depending sidewall 30. This sidewall not only supports the
      central table but also provides a region for the inner sidewalls of the
      spray nozzle to rest upon. An annular radially projecting region 32 of the
      overhang member 18 connects the sidewall to the annular peripheral
      overhang region 18. This alternate embodiment of the aerosol safety device
      mounts to the upper circular rim 16 of the aerosol can in the same manner
      as the first embodiment of the invention.
PAR  As is best seen in FIGS. 2 and 4, both versions of the present invention
      may be easily, manually removed from the aerosol can by placement of the
      fingernail beneath the annular overhang region 18 and lifting thereof so
      as to dislodge the inwardly projecting detents from the upper rim of the
      aerosol can. After removal of the safety device, the spray nozzle of the
      aerosol can may be placed on the spray stem so as to allow normal
      operation of the aerosol can.
PAR  Preferably, the safety devices of the present invention are molded from
      plastic, so as to provide extremely inexpensive manufacture thereof as
      well as allowing easy manual removal of the device from the aerosol can
      after it has reached its intended destination. Thus, the present invention
      provides an inexpensive removable aerosol can safety device that prevents
      the inadvertent discharge of the contents of the aerosol can during
      shipment thereof as well as preventing their discharge by minor children.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A safety device for aerosol cans having an upper circular rim, a spray
      nozzle and a spray stem, comprising:
PA1  A. an outer annular overhang member removably mountable about the upper
      circular rim of the aerosol can;
PA1  B. an annular table terminating at its outer periphery with the inner
      termination of said overhang region for placement of the aerosol can spray
      nozzle thereon; and
PA1  C. a cylindrical sidewall downwardly depending from the inner termination
      of the annular table so as to provide structural rigidity to the device as
      well as preventing downward movement of the spray nozzle with respect to
      the aerosol can and thereby preventing depression of the spray stem by the
      spray nozzle.
NUM  2.
PAR  2. A safety device for aerosol cans as defined in claim 1, wherein the
      annular overhang region incorporates a plurality of inwardly projecting
      detents for rigidly embracing the circular rim of the aerosol can.
NUM  3.
PAR  3. A safety device for an aerosol can having an upper circular rim, a spray
      nozzle, and a spray stem, comprising:
PA1  A. a central disc-shaped table for placement of the spray nozzle above the
      spray stem of the aerosol can;
PA1  B. a cylindrical sidewall downwardly depending from the central table, for
      providing structural rigidity to the device as well as support for a
      portion of the spray nozzle; and
PA1  C. an annular peripheral overhang region terminating at its innermost
      projection with the cylindrical sidewall and removably embracing the upper
      circular rim of the aerosol can;
PAL  whereby the safety device is interposed between the spray stem of the
      aerosol can and the spray nozzle and thereby prevents discharge of the
      contents of the aerosol can.
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ABST
PAL  A self priming mechanism for a dispenser comprising a container attachment
      and a dip tube sealer. The container attachment may comprise a screw
      threaded cap, a mounting cup or any of the customary means to mount a
      dispenser on a container and includes an upper dip tube sealer housing
      which communicates with a dispensing structure such as a pump or a
      dispensing valve. The dip tube sealer comprises a seal collar movable
      between an open and a closed position. The collar has a dip tube tail upon
      which a dip tube is mounted extending downward through the container head
      space and into the product to be dispensed. The attachment and the dip
      tube sealer cooperatively form a feedback therebetween when the flexible
      collar is in the open position to permit air trapped within the dip tube
      during assembly to escape back to the head space. They also cooperatively
      form a pair of sealing surfaces therebetween to prevent flow through the
      feedback when the flexible collar is in the closed position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A self priming mechanism for use with a dispenser, such as a finger pump, a
      ball pump, an aerosol container, a squeeze bottle, or any dispenser which
      utilizes a dip tube comprising a container attachment means and a dip tube
      sealer which cooperatively form a feedback means therebetween to permit
      air trapped within the dip tube during assembly to escape and thereby act,
      at least partially, as a self primer when the dispenser is first actuated.
PAR  2. Description of the Prior Art
PAR  A number of products, such as window sprays, starches, hand lotions and the
      like are available in dispensers including finger pumps, ball pumps,
      squeeze bottles and aerosol containers. These dispensers frequently use
      dip tubes -- tubes which extend into the product so that upon actuation
      the product travels up the tube and out the terminal orifice.
PAR  A problem common to these dispensers is the difficulty in priming
      especially during first actuation. This is a result of the air generally
      trapped in the dip tube during assembly. Thus, a need exists for a means
      of eliminating or minimizing the air trapped in the dip tube during
      assembly.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a self priming mechanism for dispensing.
      More specifically, the invention relates to a self priming mechanism which
      comprises a dispenser attachment means and a dip tube sealer which
      cooperatively form a feedback passage to permit air trapped within the dip
      tube during assembly to be fed back to the head space of the container.
PAR  The attachment means comprises the customary cap for the dispenser
      container, such as a screw-on cap, a snap cap, a mounting cup or the like.
      The cap has a dip tube sealer housing extending therefrom usually
      upwardly. Its base includes fastening means to enable attachment of the
      mechanism to the container.
PAR  The dip tube sealer housing has a recess to receive and house the dip tube
      sealer. A feedback depression is formed in the ceiling of the recess and
      is in communication with a feedback channel formed in the side wall.
      These, with the dip tube sealer in place, cooperatively form a feedback
      passage to permit air trapped in the dip tube to be fed back to the head
      space of the container.
PAR  The dip tube sealer comprises a flexible collar with a dip tube tail
      extending downwardly therefrom. As described more fully hereinafter, the
      flexible collar is movable between a first or open position and second or
      closed position. The customary dip tube is affixed to the tail.
PAR  During assembly, the mechanism with the dispensing means utilized therewith
      are placed on the dispenser container with the dip tube extending through
      the head space and into the product with the container. Initially, the dip
      tube sealer is in the first or open position allowing air trapped within
      the dip tube to flow upward and through the feedback depression recess and
      channel, which constitute the feedback passage formed between the dip tube
      sealer housing and flexible collar and back into the head space of the
      container. As the mechanism and dispensing means are fastened to the
      container, the dip tube sealer moves from the open position to the closed
      or sealed position to seal the feedback passage.
PAR  In this manner, most of the air usually trapped initially within the dip
      tube is evacuated into the head space reducing the amount of mechanical
      priming necessary to actuate and dispense product. As can be understood
      and appreciated, the particular dispensing means may take any number of
      forms.
PAR  This invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 shows a cross-sectional side view of the self prime mechanism of
      this invention in combination with a finger pump dispenser, and with the
      dip tube sealer in the open position.
PAR  FIG. 2 is a partial cross-sectional view of the mechanism of FIG. 1 with
      the dip tube sealer in the closed or sealed position.
PAR  FIGS. 3a and 3b are partial cross-sectional views of another embodiment of
      the self prime mechanism wherein the dip tube sealer is of two parts.
PAR  FIGS. 4a and 4b are partial cross-sectional views of still another
      embodiment.
PAR  FIG. 5 is a partial cross-sectional view of still another embodiment used
      on an aerosol valve.
PAR  FIG. 6 is a cross-sectional view of a version of the embodiment of FIGS. 4a
      and 4b used on a ball valve.
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawings.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention, as best seen in FIG. 1, comprises a self priming mechanism
      generally indicated as 10 for an open top container 11 only partially
      shown for use with a dispenser such as the finger pump shown and generally
      indicated as 12. Although a particular finger pump 12 is shown, any number
      of other dispensers may be used with the self priming mechanism 10.
PAR  As shown, the mechanism 10 comprises a cap for the dispenser with a dip
      tube sealer housing 16. The cap 14 has a base 18 with fastening means such
      as screw threads 20 on the interior of its side wall.
PAR  The dip tube sealer housing 16 has a feedback recess 34 formed on its
      ceiling and a feedback depression 38 on the inner surface of its wall.
PAR  The dip tube sealer generally indicated as 40, is contained within the dip
      tube sealer housing 16. It comprises a collar 44 and dip tube tail 46 with
      dip tube 48 mounted thereon. The collar 44 may be of one (see FIGS. 1, 2
      and 5) or two-piece construction (FIGS. 3 and 4).
PAR  In both types of construction, there is a seal ring 49 and a sealer body
      50. As shown in FIGS. 1 and 2, ring and body 50 are integral, and of
      flexible material, the ring 49 having an outward downward sloping
      configuration. In FIGS. 3a and 3b, ring 49 and body 50 are of two piece
      construction, with ring 49 also sealing against dip tube tail 46 of sealer
      body 50. Ring 49 has its own dip tube tail 51. p In FIGS. 4a and 4b, ring
      49 is separate from body 50, has an outward sloping configuration and
      seals against the body 50 as well as container 11. In FIG. 5, ring 49 is
      integral with body 50 and is positioned to sealingly engage sealing
      bushing 52. Seal 54 engages the lower portion of valve body 90 in seaing
      engagement with channel 91. In FIG. 6, ring 49 comprises a ring
      configuration, and the dispenser body 56 constitutes a portion of the
      sealer body 50.
PAR  In FIGS. 1 and 2, when the cap 14 is threaded home on contaner 11, three
      seals 60 on the inside surface of sealer housing 16, 62 and 64 of the seal
      ring 50 coact to seal off fluid flow from the interior of the dip tube to
      the head space of the container 11. The ring 49 and sealer body 50 may be
      of flexible material whereby ring 49 bends upwardly as shown by
      directional arrow 39 in FIG. 2 alternately ring 49 may be of rigid
      material whereby the integral ring 49 moves upward along with body 50 as
      the cap 14 is threaded home.
PAR  In FIGS. 3a and 3b, seals 70, 72, 74 and 76 are involved. Seal 76 moves up
      and abuts against the lower end of dip tube tail 46. Seals 70 and 72 abut
      against the inside of cap 18 while seal 74 abuts against the upper end of
      container 11. In coaction, these seals seal off the interior of the dip
      tube 48 from the head space when cap 18 is fastened home.
PAR  In FIGS. 4a and 4b, seals 80, 82 and 84 perform a substantially similar
      function as seals 76, 72 and 74, respectively.
PAR  In FIG. 5, ring 49 when sealed is positioned in engaged sealing relation to
      sealing gasket 52. Sealer body 50 is correspondingly configured to fit in
      mating relationship with aerosol valve body 90. More specifically, seal 54
      is disposed relative to valve body 90 and channel means 91 to seal off
      flow of fluid from the interior of dip tube 93 from the head space when
      mounting cup 92 is crimped onto the aerosol can.
PAR  In FIG. 6, seals 100, 102 and 104 are disposed in sealing engagement with
      the top edge of container 11, and the inside surface of the dispenser body
      56 and lower end of sealer body 50, respectively.
PAR  As described above, the dip tube sealer 40 is movable from a first or open
      position, to a second or closed sealed position.
PAR  To assemble, the self priming mechanism 10 with a dispensing device 12
      attached thereto are placed into the opening of the container. In this
      position, the dip tube 48 extends down into the product. In the open
      position, air trapped in dip tube 48 is permitted to flow through feedback
      recess 34 and feedback passage 38 back through the unsealed elements of
      sealer 40 into the head space of the container 11. As the seler 40 is
      secured to the container the upper rim of the container and the other
      elements of the dispenser or sealer engage their seal to isolate the
      interior of the dip tube 48 from the feedback means to thereafter permit
      actuation of the dispenser. In the closed or second sealed position, the
      dispenser operates normally with a minimum prime in that the air normally
      trapped in the dip tube has been fed back through the feedback means as
      previously described.
PAR  It will thus be seen that the objects of this invention, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention, which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Now that the invention has been described, what is claimed is:
NUM  1.
PAR  1. A self prime mechanism for use with a dispenser which utilizes a
      dispensing means of the type having a dip tube, said self prime mechanism
      comprising: a container attachment means, a dip tube sealer comprising a
      collar and a dip tube tail, a feedback passage disposed in communicating
      relation from the interior of said dip tube to the head space of the
      dispenser, said collar being positioned in said feedback passage, said dip
      tube sealer being movable between an open and a sealed position as said
      container attachment means is sealed to the container, whereby air trapped
      in said dip tube is permitted to flow back into said head space before
      said container means is sealed.
NUM  2.
PAR  2. The mechanism of claim 1 wherein said collar is of ring shape.
NUM  3.
PAR  3. The mechanism of claim 2 wherein said collar is flexible.
NUM  4.
PAR  4. The mechanism of claim 1 wherein said collar comprises a seal ring and a
      sealer body.
NUM  5.
PAR  5. The mechanism of claim 4 wherein said seal ring and sealer body are
      integral.
NUM  6.
PAR  6. The mechanism of claim 4 wherein said sealer body has a dip tube tail
      and said seal ring acts as a seal against said tail, said seal ring having
      a dip tube tail to which said dip tube of said dispensing means is
      affixed.
NUM  7.
PAR  7. The mechanism of claim 1 wherein said collar is of open-bottom shape.
NUM  8.
PAR  8. The mechanism of claim 7 wherein the upper rim of the cup and the lower
      open-bottom acts to seal against the dispenser and dispensng means
      respectively.
NUM  9.
PAR  9. The mechanism of claim 8 wherein said sealer body constitutes a portion
      of the body of the dispensing means.
PATN
WKU  039387127
SRC  5
APN  4547993
APT  1
ART  311
APD  19740326
TTL  Apparatus for measuring out pulverulent materials
ISD  19760217
NCL  5
ECL  1
EXA  Lane; Hadd
EXP  Tollberg; Stanley H.
NDR  3
NFG  4
INVT
NAM  Durieux; Teddy
CTY  Jemeppe-sur-Sambre
CNT  BE
ASSG
NAM  Solvay & Cie
CTY  Brussels
CNT  BE
COD  03
PRIR
CNT  FR
APD  19730326
APN  73.10851
CLAS
OCL  222404
XCL  417900
XCL  425208
EDF  2
ICL  G01F 1100
FSC  222
FSS  404;413
FSC  259
FSS  2
FSC  417
FSS  900
FSC  425
FSS  208
UREF
PNO  383556
ISD  18880500
NAM  Brainard
OCL  198213
UREF
PNO  3023455
ISD  19620300
NAM  Geier et al.
XCL  259  2
FREF
PNO  258,283
ISD  19671200
CNT  SU
OCL  222413
LREP
FRM  Spencer & Kaye
ABST
PAL  In apparatus for measuring out pulverulent materials, including a screw
      rotatably mounted in a barrel having an outlet at one end, the ability of
      the apparatus to impart a uniform flow rate to materials having poor flow
      properties is improved by interrupting the thread of the screw between any
      two circumferentially spaced generatrices of the cylindrical surface
      thereof and by disposing scraping elements to cooperate with the screw
      thread.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for measuring out pulverulent
      materials, in which a screw is used.
PAR  Numerous devices for conveying and measuring out pulverulent materials are
      known. For example, measuring devices employing vibrations, automatic
      balances equipped with endless conveyor belts, funnels with a perforated
      base equipped with bladed wheels and the like have been described, for
      example in the periodical Fette, Seifen, Anstrichmittel, 56, No. 5, 1954,
      p. 321 to 325.
PAR  It is also known to use screw conveyors of various types for conveying
      pulverulent materials as disclosed in the article by H. W. Cremer and S.
      B. Watkins in Chemical Engineering Practice, 1957, vol. 3, p. 406 to 410.
      Devices of this type can also be suitable, in some cases, for the
      approximate measuring out of pulverulent materials.
PAR  Nevertheless, if the materials to be measured out are in the form of sticky
      powders or powders with mediocre flow properties, or if they are in the
      form of granules which have a tendency to agglomerate, it often happens
      that the agglomeration of the material between the teeth of the screw
      leads to clogging and blocking of the latter. It is then necessary to
      dismantle the apparatus in order to clean it. Moreover, the measuring is
      wholly lacking in precision.
PAR  These disadvantages are particularly objectionable when such an apparatus
      is intended to feed a reactor in a uniform manner with a catalyst or a
      reactive solid possessing these mediocre morphological characteristics. In
      fact, uneven feeding can, in this case, have a very detrimental effect on
      the way in which the chemical reaction takes place, on the yield of the
      product obtained and on the quality of the latter.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to measure out pulverulent
      materials in a uniform manner, while avoiding the problems inherent in the
      screw devices of the prior art.
PAR  These and other objects of the present invention are achieved by an
      apparatus for measuring out pulverulent materials, which includes a screw
      positioned in a barrel open at at least one of its ends, in which the
      thread of the screw is interrupted between any two generatrices of the
      latter and the thread of the screw cooperates with scraping means.
PAR  The measuring apparatus which is the subject of the invention is fed with
      pulverulent material by means of any suitable device, for example by means
      of a hopper or a cylindricalconical funnel. In this case, the funnel is
      positioned so that its lower orifice opens preferably above and near the
      end of the screw conveying the material.
PAR  This orifice may have any cross section whatsoever; it is generally chosen
      as a function of the quantity of material to be measured out and of its
      morphology. In order to prevent it from becoming clogged, it is preferred
      to use an orifice with an elliptical cross section. The material can be
      introduced into the measuring apparatus in any form whatsoever, for
      example in the form of small balls, cubes, powder, granules and the like.
      If the material is not in a pulverulent form, it undergoes grinding
      between the screw and the walls of the barrel when it is introduced into
      the measuring apparatus.
PAR  As mentioned above, the measuring apparatus which is the subject of the
      invention comprises a screw. This screw is positioned inside the barrel so
      as to form a turning arrangement between the screw and the barrel. In
      general, the longitudinal axes of the screw and of the barrel lie in a
      horizontal plane.
PAR  When the measuring apparatus is in operation, the screw executes a
      rotational movement about its longitudinal axis. The means intended to
      provide this rotational movement may be of any type. Most generally, use
      is made of an electric motor whose drive shaft drives the screw, or a
      shaft coupled to the screw, via a transmission device which functions by
      means of pulleys and a belt, gears, friction and the like.
PAR  It is also possible to install a speed-reduction device between the drive
      shaft and the screw or the receiving shaft. The thread of the screw
      intended to convey the material through the measuring apparatus is in the
      form of a spiral groove of any profile whatsoever. This profile is, for
      example, triangular, square, round or trapezoidal. The pitch of the thread
      can also have any value whatsoever but its direction is obviously chosen
      so that the material travels towards the discharge end of the apparatus,
      taking into account the direction of rotation of the screw. Thus, if an
      observer, standing at the discharge end, sees the screw turn in the
      counterclockwise direction, the pitch of the thread must be left-handed,
      and vice versa. The thread can have a variable pitch or a multiple pitch.
      The screw is generally threaded over its entire length.
PAR  The material flowing through the lower orifice of the feed device is thus
      prevented from becoming agglomerated in the barrel upstream from this
      orifice, as could happen in the case where the feed device was not mounted
      at the end of the screw.
PAR  One of the characteristics of the apparatus according to the invention
      resides in the fact that the thread of the screw is interrupted between
      any two generatrices of the latter.
PAR  The side surface of the screw consequently possesses two zones, namely a
      threaded zone and a smooth zone. The smooth zone is a portion of a
      cylinder, the radius of which is equal to the distance from the thread
      roots of the threaded zone to the axis of the screw. Thus, the smooth zone
      of the surface coincides with, and defines, the side root surface of the
      screw.
PAR  Preferably, the generatrices of the screw between which the thread is
      interrupted are diametrically opposite. It is preferred to use a screw
      whose thread is interrupted over its entire length. This makes it possible
      to convey the material more uniformly. In this preferred case, the smooth
      zone occupies half of the side surface of the screw. However, it is still
      more advantageous to use a screw which is threaded around its entire
      periphery in the region thereof which is situated between the discharge
      end of the apparatus and the scraping means to be described below. The
      screw is thus prevented from being damaged as a result of possible
      decentering in the barrel, due to pressure of the material at the sides.
PAR  The diameter of the barrel, the size of the pitch, the length and the
      rotational speed of the screw, and thus the capacity of the measuring
      apparatus are obviously chosen as a function of the nature and the
      quantity of material to be conveyed. In general, the size of the pitch,
      that is to say the distance separating two consecutive thread crests, does
      not exceed the diameter of the barrel.
PAR  When the measuring apparatus which is the subject of the invention is in
      operation, the solid material coming from the suitable feed device is
      carried along with a discontinuous rectilinear i.e. straight-line,
      translational movement, as a result of the rotation of the screw. In fact,
      it travels through the barrel when it is in contact with the threaded zone
      of the screw and remains motionless when it is in contact with the smooth
      zone of the latter.
PAR  As mentioned above, the apparatus according to the invention also comprises
      scraping means which cooperate with the thread of the screw. These
      scraping means are such that they make it possible to scrape at least one
      space lying between two consecutive crests of the screw thread, and
      preferably to scrape the entire threaded zone lying between the lower
      orifice of the feed device and the discharge end of the apparatus. In this
      way, the pulverulent material which agglomerates between the teeth of the
      thread as it moves through the barrel, is detached easily, thus ensuring
      that it is measured out uniformly.
PAR  The above-mentioned scraping means can be fixed or mobile and are located
      at any position whatsoever on the portion of the side surface of the
      barrel lying between the lower orifice of the feed device and the
      discharge end of the apparatus. In the case of mobile scraping means, such
      means can include, for example, a rod equipped with one or more points
      perpendicular to the axis of the rod, or a comb whose teeth have a profile
      of the screw thread, the distance between these points or these teeth
      being equal to, or a multiple of, the pitch of the screw thread. Any other
      similar scraping means can also be provided. These mobile scraping means,
      equipped with a device which tends to pull them back, such as, for
      example, a spring, can advantageously be positioned opposite a groove
      provided in the barrel of the apparatus, parallel to the longitudinal axis
      of the latter, so that they can travel parallel to this axis and mesh
      between two or more crests of the screw thread.
PAR  When the apparatus is in operation, the scraping means are driven with a
      uniform rectilinear, or straight line, movement, parallel to the
      longitudinal axis of the barrel, as a result of the rotation of the screw,
      as soon as the scraping means mesh in the threaded zone of the screw. This
      ensures efficient scraping of this zone. The scraping means then return to
      their original position, under the effect of the device which tends to
      pull them back, as soon as they leave this zone. They remain in this
      original position as long as they are opposite the smooth zone, and these
      movements are repeated each time the screw revolves.
PAR  It is also possible to equip the apparatus according to the invention with
      fixed scraping means. This constitutes a preferred embodiment,
      particularly when the apparatus is intended for measuring out pulverulent
      materials which must be conveyed in the absence of atmospheric agents.
      Moreover, the wear caused by friction between the scraping means and the
      threaded zone of the screw is considerably reduced.
PAR  In the case where fixed scraping means are used, the latter can be designed
      in the same way as the mobile scraping means described above, but are
      fixed on the barrel of the apparatus in such a way as to make it easier to
      render the apparatus leakproof. Still more simply, it is possible to
      attach to the internal surface of the barrel one or more teeth lined up
      along an axis parallel to the longitudinal axis of the barrel, spaced the
      same distance apart as the teeth or the points of the fixed scraping means
      mentioned above, and with a profile such that each tooth meshes,
      preferably without friction, to occupy substantially the entire space
      between two consecutive crests of the screw thread.
PAR  When the apparatus according to the invention is equipped with fixed
      scraping means, it is absolutely necessary that the screw should mesh
      correctly between the teeth or the points of the scraping means. When the
      apparatus is in operation, it is thus necessary to be able to combine the
      rotational movement of the screw with a reciprocating rectilinear
      translational movement along the axis of the screw, so that the screw
      occupies the same position in the barrel after each complete revolution.
      This reciprocating rectilinear movement can be resolved into two movements
      in opposite directions and of the same amplitude. The amplitude of these
      movements and the respective fractions of a revolution executed by the
      screw during which these movements take place are a function of the
      surface area occupied by the threaded zone.
PAR  Thus, when the screw generatrices between which the thread is interrupted
      are diametrically opposite, in accordance with the preferred embodiment of
      the invention, that is to say when the screw is threaded over half its
      circumference, the amplitude of the reciprocating rectilinear
      translational movement of the screw must be equal to half a pitch of the
      thread and a reversal of the direction of the movement must take place at
      each half revolution of the screw, i.e. as soon as the threaded zone comes
      into contact with the scraping means and as soon as it leaves the said
      scraping means.
PAR  It is obvious that the direction of rotation of the screw and the direction
      of the pitch of the thread determine the direction of the translational
      movement of the screw when the threaded zone comes into contact with the
      scraping means.
PAR  All the means which can impart to the screw the reciprocating rectilinear
      translational movement defined above can be used in conjunction with the
      means intended to rotate the said screw. For example, it is possible to
      control this movement by means of a device comprising a cam with a
      particular profile and a return spring which acts on the end of the screw
      or on a shaft into which the screw is fitted. The profile of this cam must
      obviously be calculated so that it causes the screw to execute two
      movements in opposite directions and of the same amplitude during the
      requisite fractions of a revolution, the return spring being intended to
      ensure permanent contact between the screw or the shaft and the roller
      path of the cam.
PAR  It is also possible to control this movement by providing, on the entire
      periphery of the non-threaded side surface of the screw or of the side
      surface of a shaft into which the screw is fitted, a groove with a
      particular profile into which a fixed lug is inserted. The profile of this
      groove, like that of the cam mentioned above, must be designed so as to
      make it possible for the screw to execute two movements in opposite
      directions and of the same amplitude during the requisite fractions of a
      revolution. The position of the fixed lug must be decided so that the
      change in the direction of travel of the screw in the barrel takes place
      at the instant when the threaded zone meshes with the fixed scraping
      means.
PAR  The apparatus according to the invention can be used for measuring out any
      solid materials with mediocre flow properties, and particularly sticky
      powders or granules which have a tendency to agglomerate. It can be used,
      inter alia, for conveying filtration cakes, various pulps, moist ashes,
      clay and the like, in a uniform manner. It finds a valuable utility in
      manufacturing units where it is necessary to measure out solids used as
      reagents or catalysts (metal oxides, silica gels and the like). Very
      advantageous results have been recorded in units for manufacturing
      olefinic polymers employing the known techniques of low pressure catalytic
      polymerization, particularly when the latter is carried out in the
      presence of catalysts comprising a solid (reduced transition metal halide
      and supported catalyst). This applies, for example, to catalysts
      comprising the product of the reaction between a halogenated derivative of
      a transition metal and a phenate of a divalent metal, as described in
      Belgian Pat. No. 743,325 in the name of the present assignee.
PAR  The scope of the invention will be better understood with the help of the
      description of a practical embodiment, which now follows. This description
      is given by way of illustration and refers to FIGS. 1 to 3.
PAR  The material to be measured out is a solid catalyst produced by reacting
      TiCl.sub.4 with a magnesium phenate. This solid is used in conjunction
      with a trialkyl-aluminum for the catalytic polymerization of ethylene at
      low pressure and in suspension in an inert hydrocarbon diluent. This solid
      is in the form of a very fine powder with mediocre flow properties which
      it is very difficult to convey uniformly by means of a conventional screw
      device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a complete device constructed according to
      the invention, the barrel of which is cut through a vertical plane.
PAR  FIG. 1a is a detail view, partly in cross section and to a larger scale, of
      a portion of the device of FIG. 1.
PAR  FIG. 2 is a cross-sectional view, along an axial plane, of the screw of
      FIG. 1.
PAR  FIG. 3 is a detail plan view of the device which provides the rectilinear
      translational movement of the screw represented in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, the feed device is represented in cross section by a conical
      funnel 1, the orifice 2 of which is an ellipse, which is not shown.
      Material introduced into the apparatus via the funnel 1 falls by gravity
      into a barrel 3 and is carried along toward the discharge end thereof due
      to the rotation of a screw 4, which turns in the counterclockwise
      direction, with reference to an observer standing at the discharge end 5.
      The pitch of the thread 6 of screw 4 is left-handed.
PAR  The thread of the screw 4, as represented in FIG. 1, is interrupted between
      two generatrices of the screw 4 which are diametrically opposite and
      which, in FIG. 1, lie in a horizontal plane passing through the
      longitudinal axis of this screw. As is shown most clearly in FIG. 1a, the
      teeth 7 of the thread 6 have a trapezoidal profile similar to that of the
      hollows lying between each tooth 8 of the barrel 3. The end 9 of the screw
      4 is threaded over its entire periphery over a length approximately equal
      to twice the thread pitch.
PAR  FIG. 2, which represents an enlarged cross section of the screw 4 through a
      vertical plane passing through the crest of a tooth 7, shows the cross
      section of the threaded and smooth zones, the threads being interrupted
      between diametrically opposed generatrices 7a and 7b.
PAR  Returning to FIG. 1, it is seen that the end 10 of the screw is screwed
      into a shaft 11 by means of a thread 12, the pitch of which is in the
      opposite direction to the thread 6, in order to ensure secure coupling
      between the screw 4 and the shaft 11 as they rotate. The shaft 11 turns
      between two bearings 13 and 14 between which there is disposed a packing
      15 in the form of a herringbone joint, and is driven by a belt 16 in the
      above-mentioned direction of rotation, the belt being set in motion by a
      motor connected to a speed-reduction device (not shown).
PAR  In order to ensure correct meshing of the screw 4 between the teeth 8 of
      the barrel 3, the shaft 11 is equipped with a groove 17, inclined relative
      to the vertical in the opposite direction to the pitch of the thread 6,
      and into which a fixed lug 18, shown in cross section, is inserted.
PAR  FIG. 1 represents the entire apparatus when the screw 4 still has a quarter
      of a revolution to make in the above-mentioned direction before the teeth
      7 mesh between the teeth 8 of the barrel 3.
PAR  FIG. 3 is an enlarged plan view of a part of the shaft 11, the groove 17
      and the lug 18 after the screw 4 has made this quarter of a revolution,
      that is to say at the instant when the teeth 7 of the screw 4 begin to
      mesh between the teeth 8 of the barrel 3. When the shaft 11 turns through
      half a revolution in the above-mentioned direction from the position
      represented in FIG. 3, the shaft 11 and thus the screw 4 move back through
      the barrel 3 over a distance equal to half a pitch of the thread 6.
PAR  During the subsequent half-revolution of the shaft 11, during which the
      teeth 7 no longer mesh between the teeth 8, shaft 11 and thus the screw 4
      move forward through the barrel 3 over a distance equal to half a pitch of
      the thread 6 until the shaft 11 again occupies the position indicated in
      FIG. 3, and so on for each successive half-revolution of the shaft 11. The
      amplitude of the reciprocating rectilinear translational movement which
      the screw 4 executes is thus equal to half a pitch of the thread 6. It is
      thus apparent that, for each complete revolution of the screw 4, the solid
      material moves forward through the barrel 3 over a distance equal to one
      pitch of the thread 6.
PAR  As FIG. 3 shows, the lug 18 can be equipped with a thread 19 to enable it
      to be screwed into a bore provided in a fixed support on the outer wall of
      the barrel. This support can advantageously be equipped with a device
      which makes it possible to slide it over the outer wall of the barrel, so
      as to adjust the position of the lug with precision in order to ensure
      correct meshing of the teeth 7 of the screw 4 between the teeth 8 of the
      barrel 3. The support and the optional device which makes it possible to
      slide it are not shown in the figures.
PAR  The pipeline 20 represented in FIG. 1 is not absolutely necessary. It is
      however desired in the case of measuring out solid catalysts conveyed in
      accordance with the practical embodiment described above, in order to make
      it possible to flush the internal portion of the barrel with an inert gas.
PAR  When the solid reaches the dishcarge end 5 of the barrel, it falls via the
      pipeline 21 into a constant level tank containing the inert diluent for
      polymerization, not shown in the figures.
PAR  The technical advance provided by the apparatus according to the invention
      resides, as was stated above, in the possibility of measuring out, in a
      uniform manner, solid materials which are sticky or which have a tendency
      to agglomerate. In the case of the practical embodiment described above,
      the catalytic polymerization of ethylene, monitored in accordance with the
      control principle described in Belgian Pat. No. 717,650 in the name of the
      present assignee, could be carried out with a monomer feed rate (adjusted
      automatically as a function of the flow rate of unreacted monomer) which
      was remarkably constant. Now, this is the case for a catalyst, the
      productivity of which does not vary with time, all the other
      polymerization conditions remaining the same, if the catalyst is
      introduced uniformly into the polymerization chamber. Diagrams showing the
      ethylene feed rate in the case where this same catalyst is introduced into
      the polymerization chamber by means of a conventional screw device and
      then by means of an apparatus according to the invention, show that only
      the latter makes it possible, due to the uniform introduction of the
      catalyst, to retain a constant feed rate of ethylene and thus to
      manufacture a polymer with constant properties.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for measuring out pulverulent materials, which apparatus
      includes a screw presenting a side root surface and positioned, and
      rotatably mounted, in a barrel open at at least one of its ends, the
      improvement wherein the thread of said screw extends from said surface and
      is interrupted between only two diametrically opposite generatrices of the
      latter for causing said side surface to consist of a single threaded zone
      and a single smooth zone, and said apparatus further comprises fixed
      scraping means cooperating with said threaded zone of said screw, said
      fixed scraping means comprising several teeth lined up along an axis
      parallel to the longitudinal axis of the barrel, the distance between said
      teeth being equal to, or a multiple of, the pitch of the thread, each of
      said teeth having a profile such that it meshes with, and occupies
      substantially the entire space between, two consecutive threads of said
      screw, and drive means to rotate and reciprocate said screw in order to
      allow said threads to synchronously mesh with said teeth of said scraping
      means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the thread is so interrupted at
      least over the portion of the length of said screw outside of the region
      lying between the open end of the barrel and the location of said scraping
      means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said scraping means are
      constructed to act at least between two consecutive crests of the thread
      of said screw.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said drive means permits
      imparting to the screw a reciprocating rectilinear translational movement
      whose amplitude in each direction is equal to half a pitch of the thread.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said drive means comprises a
      shaft into which the screw is fitted, with the side surface of said shaft
      being provided with a groove, and a fixed lug inserted into said groove.
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ABST
PAL  A simple and efficient flow regulator for controlling the discharge from
      adjoining collecting chambers separated by a partition and including a
      common wall which includes a disc mounted in the side wall. The axis of
      rotation of the disc is in general aligned with the partition and the disc
      includes an opening asymmetrically disposed relative to the axis of
      rotation. Thus upon rotation of the disc the area of the opening
      communicating with each chamber is varied to vary the ratio of discharge
      flow from each chamber. Details of the structure and mounting are
      described.
BSUM
PAR  In the prior U.S. Pat. No. 3,666,111, a plate separator for separating
      precipitating components from a liquid has been described, in which
      superposed valleys of corrugated plates of the separator are
      interconnected by means of substantially vertical troughs opening at their
      lower ends in a first hopper-shaped sediment collecting chamber which is
      separated by means of a substantially vertical partition from a second
      hopper shaped sediment collecting chamber which is, at its upper side, in
      open connection with a supply chamber for the liquid to be treated, the
      latter chamber communicating, moreover, with the crests between the
      valleys of the passages between the corrugated plates, so that the
      sediment separated between the plates is collected in the first, and the
      sediment already separated in the supply chamber is collected in the
      second collecting chamber.
PAR  The aforesaid collecting chambers each terminate, at their lower ends, in a
      discharge nozzle through which the sediment can be removed. In practice
      these discharge nozzles are each provided with a valve, which valves can
      be actuated by means of pressurized air or oil, and are preferably
      connected to a timer so as to be opened at regular intervals in order to
      obtain a regular removal of the sediment. The amount of sediment separated
      between the plates is, in general, larger than the amount separated in the
      supply chamber. The ratio between both depends on the composition of the
      liquid to be treated and can fluctuate considerably. Both valves are,
      therefore, to be differently adjusted, and the adjustment is to be
      continually varied. A disadvantage of the use of two automatically
      controlled valves with variable timing adjustment is, however, that the
      cost of acquisition and maintenance are rather high.
PAR  The invention provides a simplification enabling the regulation of both
      discharge flows by means of only one automatically controlled valve. To
      that end use is made of a flow regulator comprising elements which, for a
      part, are constituted by wall portions of the sediment collecting
      chambers.
PAR  This regulator is characterised in that, near the lower ends of the
      collecting chambers, an opening in the side wall is provided which extends
      at both sides of the transverse partition, and in that a rotatable disc is
      mounted against this side wall, the axis of rotation thereof being
      situated in the vicinity of this partition, which disc is provided with an
      opening which is situated asymmetrically in respect of this axis of
      rotation, the opening in the side wall being larger than the opening in
      the disc at least to such an extent that, on rotating the disc by a
      substantial angle, the opening in the disc remains within the confines of
      the opening in the wall.
PAR  Thus it becomes possible to adjust the ratio between both discharge flow
      rates by means of a simple regulator requiring little space, which flows
      can be discharged then through a common duct provided with an
      automatically actuated valve.
DRWD
PAR  The invention will be elucidated below by reference to a drawing showing
      in:
PAR  FIG. 1 a cross-section of a valve according to the invention with removed
      parts on the line I -- I of FIG. 2; and
PAR  FIG. 2 a cross-section of this valve on the line II -- II of FIG. 1.
DETD
PAR  In the drawing a portion of a side wall 1 is shown which laterally defines
      two sediment collecting chambers 2 and 3, the first chamber being in open
      communication with a liquid supply chamber of a plate separator, and the
      other chamber 3 communicating with discharge troughs, the latter removing
      the sediment separated between the plates and collected in the valleys of
      these plates towards this collecting chamber 3 separately from the supply
      flow. The chambers 2 and 3 are mutually separated by a substantially
      vertical partition 4 extending from the trough and the intermediate
      guiding plates for the liquid flow down to the bottom of the chambers 2
      and 3. For a description of the latter, reference is made to the prior
      U.S. Pat. application No. 3,666,111. Near the lower end of these chambers
      2 and 3 a circular opening 5 is provided in the side wall 1, and a fixed
      flange 6 is welded against the outer side of the wall 1 which surrounds
      the opening 5.
PAR  A loose flange 7 is detachably connected to the fixed flange 6 by means of
      bolts 8 or the like. The flanges 6 and 7 each comprise a circular opening
      9 and 10 resp. with the same diameter which substantially corresponds to
      the diameter of the opening 5. Between the flanges 6 and 7 a projecting
      collar 11 of a valve disc 12 is situated, which collar is narrower than
      the disc, and defines, together with the periphery of the latter, two
      straight shoulders 13 and 14. The outer diameter of the disc 12 at both
      sides of the collar 11 is a little smaller than the diameter of the
      openings 9 and 10 in the flanges 6 and 7 resp. In this manner this disc is
      maintained rotatably but not axially movable between the flanges 6 and 7.
      In order to prevent jamming of the disc 12, distance bushes 15 are
      preferably provided on the bolts 8 so as to keep the flanges 6 and 7 at
      the desired distance.
PAR  In the corners of the shoulders 13 and 14 sealing rings 16 and 17 are
      provided, the edges of the flanges 6 and 7 being chamfered there or being
      provided with another suitable recess so as to provide room for these
      sealing rings. In this manner a liquid-proof sealing is obtained between
      the disc 12 and the flanges 6 and 7, which rings, moreover, prevent the
      disc from rattling.
PAR  The disc 12 is provided with a through-hole 18, the axis of which is
      directed parallel to the centre axis 19 of the disc 12. The hole 18 has,
      in the example shown, a circular configuration. On the flange 7 a
      discharge nozzle 20 is welded which can be connected to a discharge duct
      not shown, in which preferably an automatically actuated valve is
      included.
PAR  As appears from FIG. 1, the opening 18 will, in the central position of the
      disc 12, be symmetrically situated in respect of the partition 4, so that
      the discharge of sediment collected in the chambers 2 and 3 will take
      place equally. On rotating the disc in one sense or the other, the part of
      the opening 18 communicating with one chamber will become larger than the
      part communicating with the other chamber so that the ratio between both
      discharge flow rates will be changed accordingly. In this manner the ratio
      between both flow rates can be varied at will.
PAR  The disc 12 can be actuated by means of, for instance, a handle not shown
      to be fixed in a hole 21 in the periphery of the disc between both flanges
      6 and 7. If required several holes 21 can be provided if the stroke of
      this handle between two bolts 8 is too small for the desired
      adjustability.
PAR  The advantage of this regulator is that it has a very simple structure and
      uses parts already present, in particular the partition 4. Moreover this
      regulator requires very little space, and its manufacture can be very
      cheap. Such a regulator, moreover, obviates one automatically actuated
      valve so that the saving is considerable.
PAR  It will be clear that many other modifications of this valve are possible.
      For instance the sealing rings 16 and 17 can be arranged, instead of in
      the corners of the shoulders 13 and 14, in grooves provided in the
      periphery of the disc 12. Moreover the opening 18 can have another shape,
      for instance kidney-shaped, in which case the opening can be situated
      completely outside the axis of rotation 19 of the disc. This can, for the
      rest, also be the case with a circular opening if this opening will not be
      too small then. In the case of an opening situated wholly outside the
      rotation axis, a complete closing of one chamber 2 or 3 is always
      possible. The cross-sectional area of the opening 18 is preferably made
      not smaller than that of the adjoining discharge duct.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a flow regulator for the sediment discharge from two adjoining
      hopper-shaped sediment collecting chambers, wherein a substantially
      vertical partition separates the collecting chambers, and wherein the
      collecting chambers include a common side wall at the lower end thereof,
      the improvement comprising:
PA1  means forming an opening in said side wall and communicating with each
      chamber separated by the vertical partition,
PA1  rotatable disc means mounted in said side wall adjacent to the partition,
PA1  the partition extending at least the full diameter of said disc,
PA1  means forming an opening in said disc,
PA1  the axis of rotation of the disc being in general alignment with the
      partition,
PA1  the opening in said disc being asymmetrically disposed relative to the axis
      of rotation,
PA1  the opening in the side wall being larger than the opening in the disc such
      that upon rotation of the disc the opening in the disc remains within the
      opening of the side wall,
PA1  said disc including means to effect rotation thereof in the opening of said
      side wall, and
PA1  rotation of the disc being operative to vary the area of the opening
      communicating with each chamber whereby the ratio of discharge flow may be
      varied.
NUM  2.
PAR  2. A regulator as set forth in claim 1 wherein the opening in the side wall
      is circular.
NUM  3.
PAR  3. A regulator as set forth in claim 1 wherein the opening in the wall is
      symmetrical with respect to the partition.
NUM  4.
PAR  4. A regulator as set forth in claim 1 wherein the opening in the disc is
      circular.
NUM  5.
PAR  5. A regulator as set forth in claim 1 wherein the opening in the disc is
      outside the axis of rotation of the disc.
NUM  6.
PAR  6. A regulator as set forth in claim 1 further including ring flange means
      for mounting said disc against said side wall, and
PA1  said disc being generally circular and being rotatable with respect to said
      side wall.
NUM  7.
PAR  7. A regulator as set forth in claim 6 wherein said ring flange means
      includes a fixed flange and a spaced movable flange,
PA1  said disc including a peripheral portion received between said flanges, and
PA1  means to secure said flanges together thereby to secure said disc.
NUM  8.
PAR  8. A regulator as set forth in claim 7 wherein spacer bushings are provided
      between said flanges.
NUM  9.
PAR  9. A regulator as set forth in claim 7 wherein seal means are provided
      between the disc and the end wall and between the disc and the movable
      flange.
NUM  10.
PAR  10. A regulator as set forth in claim 9 wherein the opening of the end wall
      and the opening of the fixed flange are chamfered,
PA1  said disc including shoulders cooperating with adjacent flanges, and
PA1  sealing means provided between adjacent flanges and shoulders.
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ABST
PAL  An improved dispensing system for removing liquid or particulate material
      from within a container to some external environment. The improved
      dispensing system includes a container and a retractable spout member
      located within the container when not in use. The container forms an
      enclosure having a removable member integrally formed on a top wall of the
      container. The removable member may be displaced with respect to the top
      wall along a pre-weakened contour outline to form an opening in the
      enclosure. The spout member may be extracted from within the container
      through the opening to permit guidance in the pouring of matter from the
      container. The spout member is generally trough shaped in a substantially
      conical form and includes an extended tab member formed on a bottom
      surface thereof to provide predetermined angular relations between the
      spout member and the container extension direction to aid in removing the
      spout member through the opening of the container. Additionally, the spout
      member includes a channel section to releasably secure the spout member to
      the container when in position for use.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This patent application is a continuation in part of patent application,
      Ser. No. 260,860, filed June 8, 1972 and to be issued as U.S. Pat. No.
      3,831,824.
PAR  This patent application incorporates by reference Pat. No. 3,831,824 to be
      issued Aug. 27, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of material transport. In particular
      this invention pertains to the field of dispensing systems. More in
      particular, this invention relates to the field of transferring and
      guiding material from within a container to some external environment.
      Still further, this invention pertains to the field of dispensing systems
      including a container and a retractable spout mechanism contained therein.
PAR  2. Prior Art
PAR  Dispensing systems for guiding the flow of material from an enclosure or
      container are well known in the art. One such type of dispensing system
      having improved properties is shown in my copending patent application,
      Ser. No. 260,860 filed June 8, 1972 and to be issued as Pat. No. 3,831,824
      of which this is a continuation in part. In the improved dispensing system
      as is herein described, there is shown additional structure to maintain a
      spout member at a predetermined position with respect angular relations
      between the spout member and the container extension direction when the
      spout member is within the container or partially removed therefrom. This
      particular positional placement aids in removing the spout member from
      within the container when the improved dispensing system is put into use.
PAR  Additionally, the improved dispensing system of the instant application
      includes track members formed on a side wall of the spout to diminish the
      possibility of gouging the opening formed in a top wall of the container
      when the spout member is removably displaced. Thus, in some prior
      instances removal of the spout member from within the container has caused
      some gouging either in the wall of the spout member or of the container
      which may have detremental effects on the material being removed. Thus,
      with the addition of the track members there is provided a reduced
      possibility of leakage of the material in unwanted areas.
PAC  SUMMARY OF THE INVENTION
PAR  A dispensing system which includes a longitudinally extended container
      having opposing wall members displaced each from the other. At least one
      of the wall members has a removable section formed integral with the wall
      member in a plane substantially coincident with the wall member for
      forming an opening of predetermined contour when at least a portion of the
      removable section is displaced from the wall member. Additionally, the
      dispensing system includes a spout member which is located wholly within
      the container when the removable section is contiguous to the wall member
      throughout the predetermined contour. The spout member extends
      substantially between the opposing wall members when the spout member is
      located wholly within the container and is free floating within the
      container. The spout member is only partially removable from the container
      through the opening when the removable section is displaced from the wall
      member. A mechanism for releasably securing spout member to the container
      is included when the spout member is only partially removed from the
      container through the opening by gravity assist. The releasable securing
      mechanism forms a groove passing throughout a peripheral boundary of one
      end of the spout member for releasably capturing the wall section of the
      wall member opening contour.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a perspective view of the improved dispensing system showing the
      spout member in dotted lines within the container;
PAR  FIG. 2 is a sectional view, partially cut away showing the spout member
      within the container and taken along the section lines 2--2 of FIG. 1;
PAR  FIG. 3 is a side view of the improved dispensing system, partially cut
      away, showing the spout member partially removed from the container;
PAR  FIG. 4 is an elevational view of the spout member;
PAR  FIG. 5 is a perspective view of the improved dispensing system showing the
      spout member partially removed from the container and adapted for use; and
PAR  FIG. 6 is a side view of an embodiment of the invention showing sealant
      between a flange portion of the spout member and the wall surface of the
      container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring now to FIGS. 1-6 there is shown improved dispensing system 1 to
      aid in dispensing and guiding the flow of liquid or other particulate
      matter from within a container to some external receptacle. As is shown in
      FIGS. 1-4, transport or improved dispensing system 1 includes spout
      element 30 which is generally trough shaped and is internally located with
      respect to the container before the contained matter is dispensed
      externally. As will be described in the following paragraphs, spout member
      30 is retractable with respect to the interior of the container and is
      partially removable therefrom. Additionally, spout member 30 is formed in
      a predetermined manner to provide predetermined positional relation of
      member 30 when such is maintained wholly within the container and when it
      is partially removed from the container as is shown in FIG. 3. Removal of
      spout member 30 from the container may be accomplished through gravity
      assist as a direct result of tilting the container to permit material
      contained therein to flow out.
PAR  As is shown in FIG. 1, the container or enclosure is longitudinally
      extended in a direction defined by the height dimension of container side
      wall or lateral wall 2. The container further includes opposing wall
      members 3 and 4 defining an upper wall and lower container wall
      respectively. Upper wall member 3, as shown, illustrates the top surface
      member of the container and is displaced from the lower container member
      or wall 4 by lateral side wall 2. It will be seen in FIG. 2 that lower
      wall member 4 may include a container bottom recess portion 16 upon which
      spout member 30 may interface when spout member 30 is located wholly
      within the container. In structure, it is thus seen that upper container
      wall 3, lower container wall 4 and lateral side wall 2 form an internal
      chamber where liquid or particulate matter may be contained.
PAR  Upper wall or top surface member 3 includes a removable or partially
      removable tab member 6. When removed, tab member 6 provides for somewhat
      oblong or circular contour outline 25 as is clearly shown in FIG. 5. In
      general, removable section or tab member 6 is integrally formed with wall
      3 and attached thereto throughout the pre-weakened contour outline 25. Tab
      member 6 is formed or otherwise rigidly attached to wall member 3 and
      provides a mechanism whereby an operator or user may grasp a section of
      pull tab 6 to remove or partially displace removable section 24 from
      container top wall member 3. In this manner, once tab member 6 is utilized
      to release removable section 24 from upper wall 3, an opening of
      predetermined contour is formed therethrough as defined by contour outline
      25. This opening procedure exposes the contained material as well as spout
      member 30 to the external environment.
PAR  Thus in overall concept, the container portion of improved dispensing
      system 1 includes opposing wall members 3 and 4 which are displaced each
      from the other by container side wall 2. At least one of wall members 3
      and 4 includes removable section 24 which is formed integral with wall
      member 3 or 4 in a plane substantially coincident with the wall member
      upon which it is formed. Removable section 24 forms an opening of
      predetermined contour outline 25 when at least a portion of section 24 is
      displaced from wall member 3 or 4. The container walls 2, 3 and 4 may be
      made or formed in one piece construction or separately in a number of
      standard procedures well known in the art and not important to the
      inventive concept as herein described. Further, the container elements may
      be constructed of a number of divergently composed materials such as
      plastic, aluminum, stainless steel, or other metals. The only restriction
      on container material as pertaining to the inventive concept being that
      the container element material used does not affect the purposes of the
      contained matter.
PAR  In general, it is therefore seen that spout member 30 is located and
      positioned internal to the container when removable section 24 is
      contiguously attached to upper container wall 3. When section 24 is
      partially displaced or removed entirely from top wall 3, spout member 30
      is then partially removable through an opening provided by the
      displacement of section 24. In normal operation, and as will be seen in
      following paragraphs, the container is then tilted and spout member 30
      passes through the described opening for purposes of passing the material
      contained within the enclosure or container to an external environment.
PAR  Spout member 30, as is shown in FIGS. 1 and 2 extends in a generally
      longitudinal direction having a longitudinal dimension substantially equal
      to but slightly less than the longitudinal displacement distance between
      opposing container walls 3 and 4. Spout upper surface or first end 32
      remains substantially adjacent to an internal surface of upper wall member
      3 when spout member 30 is located internal to the container. Additionally,
      as is clearly seen in FIGS. 2 and 4, spout member 30 includes lower
      surface 37 having tab member 35 secured thereto. Tab member 35 extends
      from lower surface 37 in generally a longitudinal direction and is used
      for positioning restraining spout member 30 at a predetermined location
      with respect to the container extension when member is located wholly
      within the container. As is seen in FIG. 4, lower surface 37 is generally
      formed in a predetermined contour which is curvilinear in nature and forms
      a cut-out section between opposing transverse ends of member 30. As is
      discernible in FIG. 2, spout member 30 thus rests on bottom recess 16 in
      comewhat of a tripod nature between the opposing transverse ends of member
      30 and a lower surface 38 of tab member 35.
PAR  The length of tab member 35 is adapted to maintain a spout side wall 31
      extension within the angular range of 5.degree.-15.degree. when taken with
      respect to the container extension as is shown in FIG. 2. It has been
      found that when tab member 35 is provided in improved dispensing system 1,
      that spout member 30 is maintained in a more vertical manner when taken
      with respect to the container extension than when no tab member 35 is
      provided. Thus, it has been found that with the addition of tab member 35,
      there is substantially less jamming when container is tilted and spout
      member 30 passes through contour outline 25 to dispense the material
      contained within the enclosure. It has been found through experimentation,
      by varying the length of tab member 35, that an optimized angular relation
      between the extension of spout side wall 31 and the longitudinal direction
      of container 2 is approximately 5.degree.-15.degree. and has a prefered
      angular relation approximating 10.degree..
PAR  In the event or particularly dense material being contained within the
      enclosure or for some other constrainment reason, extension tab 33 formed
      on side wall 31 near upper surface 32 is provided. Thus, where some
      difficulty may be found in passing spout member 30 through contour outline
      25 by gravity assist, a user or operator may easily pull spout 30 through
      the opening formed when section 24 is displaced from upper wall 3. As is
      seen, tab member 33 extends outwardly from side wall 31 and may be formed
      in one piece construction therewith or secured thereto by a number of well
      known techniques in the art. It will noted that tab member 35 acting in
      conjunction with the opposing ends of spout member 30 maintains the
      positional relation of member 30 in a manner such that tab 33 may be
      easily grasped when section 24 is removed.
PAR  As seen in FIGS. 2 and 3 longitudinally directed side wall 31 of spout
      member 30 is generally formed in one piece construction and includes a
      groove or channel section 34 passing throughout a peripheral boundary of
      one end of spout member 30 for releasably capturing a wall section of wall
      member 3 throughout a portion of contour outline 25 when spout member 30
      is partially removed from the container. As is seen in FIG. 3, a portion
      of upper wall 3 is thus releasably insertable within channel 34 to aid in
      maintaining securement of spout member 30 partially within the container
      when improved dispensing system 1 is oriented in a downward direction to
      release material contained therein. Groove or channel 34 passes in a
      substantially horizontal direction defining a plane which is substantially
      normal to the longitudinal extension of side wall 31 of spout member 30.
      Thus, in overall concept, groove member 34 provides a means for releasably
      securing spout member 30 to the container when spout member 30 is only
      partially removed from the container through the opening defined by
      contour outline 25. As is seen in FIG. 3, when spout member 30 is removed
      partially from the interior of the container and is in position for
      dispensing use, the extension of side wall 31 with respect to the
      longitudinal extension of the container approximates an angle of
      10.degree. and may be within the range of 5.degree.-15.degree.. As has
      been described, this angular relation is generally established by the
      length of tab member 35 taken with respect to the opposing transverse ends
      of side wall 31.
PAR  Spout member 30 further includes track elements 36 generally formed on a
      side wall 31 of member 30. Track elements 36 extend outwardly from side
      wall 31 and are directed substantially in the longitudinal direction as is
      shown in FIGS. 4 and 6. Ridge or bead elements 36 extend from side wall 31
      in order to guide spout member 30 when it is being partially removed from
      the container. In previous systems, where no bead members 36 have been
      incorporated on side wall 31 there was a tendency to gouge the container
      upper wall 3 when member 30 was being displaced from the interior of the
      enclosure. It will be noted that the ridge members 36 pass through only a
      portion of the longitudinal extension of side wall 31 in a manner such
      that when spout 30 is extended form the container, that ridge or bead
      members 36 are not in contact with upper wall 3 along contour outline 25.
      Bead members 36 may be formed in one piece construction with side wall 31
      of member 30 or otherwise secured thereto.
PAR  In an embodiment of the invention as is shown in FIG. 6 there is included
      sealant 40 which is adhesively secured to a flange of spout member 30 at a
      lower surface thereof. Sealant 40 is formed on a lower flange surface of
      spout member 30 and is formed between a lower surface of wall member 3 and
      the flange as is shown. Sealant 40 is adhesively secured to the flange of
      spout member 30 and may be formed of an elastomer which may in general be
      a silicon product well known in the art to prevent leakage of material
      within the container to an external environment when spout member 30 is
      partially removed as shown in FIG. 3. One such type of sealant is a
      polychloroprene material which is produced under the tradename Neoprene by
      DuPont Corporation. Thus when such material is to be used as a sealant 40,
      spout member 30 may be dipped in the sealant material and adhesively
      secures itself to the lower flange portion of member 30 for purposes of
      sealing when member 30 is partially removed from the container.
PAR  In this manner, there has been herein shown and described an improved
      dispensing system 1 which includes a retractable spout member 30
      positioned within an enclosure or container. The improved dispensing
      system 1 as herein described provides for a simple, efficient and time
      saving apparatus whereby material may be dispensed. It will be understood
      that various changes and modifications may be made from the foregoing
      without departing from the spirit and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dispensing system comprising:
PA1  a. a longitudinally extended container having opposing wall members
      displaced each from the other, at least one of said wall members having a
      removeable section formed integral with said wall member in a plane
      substantially coincident with said wall member for forming an opening of
      predetermined contour when at least a portion of said removeable section
      is displaced from said wall member;
PA1  b. a spout member located wholly within said container when said removeable
      section is contiguous to said wall member throughout said predetermined
      contour, said spout member extending substantially between said opposing
      wall members when said spout member is located wholly within said
      container and free floating within said container, said spout member being
      only partially removeable from said container through said opening when
      said removeable section is displaced from said wall member; and,
PA1  c. means for releaseably securing said spout member to said container when
      said spout member is only partially removed from said container through
      said opening by gravity assist, said releaseable securing means forming a
      groove passing throughout a peripheral boundary of one end of said spout
      member for releaseably capturing a wall section of said wall member
      opening contour.
NUM  2.
PAR  2. The dispensing system as recited in claim 1 where said spout member
      includes a tab member secured to a lower surface of said spout member and
      extending therefrom for positionally restraining said spout member at a
      predetermined location with respect to said container extension when said
      spout member is located wholly within said container.
NUM  3.
PAR  3. The dispensing system as recited in claim 2 where said spout member
      lower surface includes a predetermined contour, said contour being
      curvilinear and forming a cut-out section between opposing transverse ends
      of said spout member.
NUM  4.
PAR  4. The dispensing system as recited in claim 3 where said tab member
      extends from a central portion of said lower surface of said spout member
      and forms a coincident plane with said opposing transverse ends and a
      lower surface of said tab member when said spout member is located within
      said container.
NUM  5.
PAR  5. The dispensing system as recited in claim 2 where said tab member is
      adapted in length to a predetermined dimension in order to maintain a side
      wall extension of said spout member within the angular range of
      5.degree.-15.degree. with respect to said container extension when said
      spout member is located within said container.
NUM  6.
PAR  6. The dispensing system as recited in claim 5 where said angular relation
      between said spout member side wall and said container extension
      approximates 10.degree..
NUM  7.
PAR  7. The dispensing system as recited in claim 1 where said spout member
      includes track means formed on a side wall of said spout member, said
      track means extending outwardly from said side wall and being directed in
      substantially said longitudinal direction.
NUM  8.
PAR  8. The dispensing system as recited in claim 7 where said track means
      includes a pair of ridge members extending from said side wall for guiding
      said spout member when being partially removed from said container.
NUM  9.
PAR  9. The dispensing system as recited in claim 8 where said ridge members
      pass through only a portion of said extension of said spout members.
NUM  10.
PAR  10. The dispensing system as recited in claim 1 where said releaseable
      securing means includes sealant means formed between a lower surface of
      said spout member and at least a portion of a lower surface of said wall
      member containing said opening for preventing leakage of material within
      said container where said spout member is partially removed.
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ABST
PAL  There is provided a safety closure container in which the neck portion of
      the container has slots and a notch. A cap having lugs is secured to the
      neck portion, with the lugs being accommodated by its slots. The cap is
      also provided with a latch at its forward end and a hinge. In addition,
      the cap has a depending cam portion on the underside thereof. A sleeve
      surrounds the cap and the neck of the container. The sleeve has an
      internally extended rod which extends into the notch portion of the neck
      of the container and interlocks with the latch on the cap to prevent
      inadvertent opening thereof. A bar provided interiorly of the sleeve also
      extends into the notch in the neck of the container limiting the movement
      of the sleeve. The neck of the container also has an inwardly extending
      shoulder upon which the cap rests. A gasket is normally disposed on the
      shoulder and underneath the cap. To open the cap it is only necessary to
      depress the cap to cause the latch to fall away from the rod and turn the
      sleeve carrying the rod to assume a position away from the latch. The cap
      will thereupon lift upon the hinge exposing the contents for pouring. To
      relock the assembly it is only necessary to depress the cap and the bar
      automatically rides over the inclined plane of the cam on the cap unitl
      the rod assumes its position above the latch so that when the depressing
      force is released the latch will reengage the rod and lock the cap in
      position.
BSUM
PAR  The present invention relates to safety closures for containers which
      resist the exposure of the contents of the containers to children and
      inadvertent opening of the containers.
PAC  BACKGROUND OF THE INVENTION
PAR  Containers for household chemicals, medicines, and other products
      potentially dangerous to children have heretofore been provided with
      conventional closures which are easy to open and the contents have
      therefore been readily accessible. As a consequence a dangerous situation
      existed as a result of the easy exposure of certain products to children
      and others who may not be aware of the nature of the contents in the
      container.
PAR  Attempts have heretofore been made to solve this problem which for the most
      part involve cap covers requiring downward external pressure on the cover
      before the container can be opened. However, such closures are not
      completely satisfactory because of the ease with which they can be
      inadvertently opened and their lack of a positive locking means. In
      addition, such closures do not automatically lock when the closure is
      replaced on the container after removal of the contents nor do they
      provide means for visually ascertaining whether the closure has locked.
PAC  OBJECTS AND FEATURES OF THE PRESENT INVENTION
PAR  An object of the present invention is to provide a closure which can be
      positively locked to resist access to the contents of the container by
      children.
PAR  Another object of the invention is to provide a closure which, while
      resistant to inadvertent opening, will in no way affect the contents of
      the container.
PAR  Still another object of the present invention is to provide a resistant to
      opening closure. It is relatively uncomplicated yet very effective and
      quite economic to produce.
PAR  Still another object of the present invention is to provide a closure which
      may be utilized on containers of conventional sizes and shapes without
      necessarily altering the construction of the container itself.
PAR  A feature of the present invention is the provision of a resistant to
      opening closure which automatically locks after it is returnend to its
      place on the container.
PAR  Another feature of the present invention is the provision of a resistant to
      opening closure which will show whether the closure is locked in its
      appropriate place upon visual inspection.
PAR  Another feature of the present invention is the provision of a resistant to
      opening closure which may be provided with a spout for the dispensing of
      the contents of the container.
DRWD
PAR  Other objects and advantages are set forth in the disclosure of the
      following specification and drawings in which:
PAR  FIG. 1 is a perspective view of the inner ring of the closure of the
      present invention which may be the neck portion of the container itself.
PAR  FIG. 2 is a perspective view of the cap of the closure of the present
      invention.
PAR  FIG. 3 is a sectional view of the cap shown in FIG. 2 taken along the lines
      3--3 of FIG. 2.
PAR  FIG. 4 is a perspective view of the sleeve which fits around the outer ring
      shown in FIG. 1.
PAR  FIG. 5 is a sectional view of the sleeve taken along the lines 5--5 of FIG.
      4.
PAR  FIG. 6 is a perspective view of the closure of the present invention with
      the various parts in their appropriate resistant to opening position.
PAR  FIG. 7 is a sectional view of the closure taken along the lines 7--7 of
      FIG. 6.
PAR  FIG. 8 is a perspective view of a modified form of cap for the closure.
PAR  FIG. 9 is a sectional view taken along the lines 9--9 of FIG. 8.
DETD
PAR  The protective closure 10 of the present invention has an inner ring 11. As
      shown in FIG. 1 this inner ring may actually be the neck of the container.
      However, it will be understood that the inner ring may be an independent
      structure which is adapted to be attached to the neck of any conventional
      container which is currently available by any suitable means as for
      example an internal thread on the ring and so forth. The inner ring is
      provided with slots 12 and 13 and with a relatively elongate notch 14. A
      beaded portion 15 around the outer circumference and a ledge 16 around the
      inner circumference are also provided for the purposes hereinafter set
      forth.
PAR  A cap 17 is accomodated over the inner ring and has lugs 18 and 19 which
      are adapted to fit into a terminal held by the slots 12 and 13
      respectively. The cap has a hinge 20 so that the cap can lift around the
      hinge to expose the contents of the container. It is to be understood that
      the position of this hinge as shown in the drawings is merely for
      illustrative purposes and that the hinge may be located in various
      positions on the cap depending upon the size of the aperture desired.
PAR  A locking cam 21 having an inclined plane 22 is disposed on the under side
      of the cap. In addition a catch 23 is also provided at one edge of the
      bottom of the cap for the purposes hereinafter described. While only one
      catch has been illustrated it will be understood that several may be
      disposed aroung the outer perimeter of the under side of the cap.
PAR  A sleeve 25 is adapted to be placed over the exterior of the inner ring 11.
      The sleeve has an internally recessed groove 26 which holds the sleeve in
      position by its snap-fit engagement with the bead 15. The sleeve is also
      provided with a flange 27. Extending towards the interior from the walls
      of the sleeve is a rod or protuberance 28 which interacts with the latch
      23. Another protuberance or bar 29 also extends inwardly from the side
      walls of the sleeve.
PAR  Also provided in the described construction is a gasket 31 comprising a
      flexible and resilient piece of membranous material which is liquid and
      airtight. The gasket 31 in the assemblage of the parts of the protective
      closure of the present invention may be used if desired and when it is a
      part of the construction it is disposed on the ledge 16 provided
      interiorly of the inner ring 11.
PAR  The assembly and operation of the protective closure above described is as
      follows:
PAR  After the inner ring is formed the cap is placed thereon with the locks 18
      and 19 accommodated in the slots 12 and 13. The front and side edges of
      the cap 17 rest upon the gasket 31 on the ledge 16. The sleeve 25 is then
      placed over the inner ring 11 with the rod 28 and bar 29 protruding into
      the notched portion 14. The sleeve 25 may be turned until the rod 28
      engages the latch 23 and thus prevents further movement of the sleeve 25.
      In this position wherein the rod 28 engages latch 23 the pieces are locked
      together and provide a cap and closure which is sealed tight against
      liquid and air. A child's normal action in attempting to open the closure
      by turning the sleeve will not cause any disengagement of the parts.
      Instead to open the closure the front edge of the cap 17 is manually
      depressed causing the latch 23 to fall away from the rod 28. By manual
      manipulation the sleeve 25 is then turned to cause the rod 28 to assume a
      position away from the latch whereby the top will lift around the hinge 20
      exposing the contents. There is limited movement in the turning of the
      sleeve 25 caused by the fact that the bar 29 will engage the sides of the
      notch when the sleeve 25 is turned in this direction. After the desired
      amount of the contents are dispersed through the opening, to relock the
      assembly it is merely necessary to depress the front edge of the cap. When
      this is done the bar 29 will automatically ride over the inclined plane 22
      of the cam 21. This action causes the rod 28 to assume its position above
      the latch 23 and when the depressing force is released the latch 23 will
      re-engage the rod 28 to lock the cap in position.
PAR  If the cap is in an unlocked position the resilient membrane will cause it
      to lift whereby the unlocked condition is easily ascertainable by visual
      inspection.
PAR  As shown in FIGS. 8 and 9 the underside of the cap may be provided with
      shoulders 35 and 36 which fit into the recess of the opening of the
      container. When the cap is lifted the shoulders and the underside of the
      cap itself form a spout to facilitate the pouring and direct the flow of
      the contents.
PAR  The invention has been described in detail with reference to an
      illustrative embodiment thereof. However, the description and drawings are
      not to be construed as in any way limiting the scope of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety closure for containers comprising:
PA1  a neck portion on a container,
PA1  a liftable cap for the container,
PA1  means comprising slots in said neck portion and cooperating lugs on the cap
      to interengage said neck portion and said cap,
PA1  a sleeve surrounding said neck portion and said cap, and means to interlock
      the sleeve and the cap to prevent inadvertent opening of said cap.
NUM  2.
PAR  2. A safety closure for containers comprising a neck portion on a
      container, a liftable cap for the container and means to interengage said
      neck portion and said cap, said neck portion being provided with a
      relatively elongated notch,
PA1  a sleeve surrounding said neck portion and said cap having an inwardly
      extending rod on its inner side protruding into said notch on said neck
      portion of the container whereby the sleeve and the cap are interlocked to
      prevent inadvertent opening of said cap.
NUM  3.
PAR  3. The invention as defined in claim 2 comprising, in addition, a latch on
      the underside of the cap adapted to engage the inwardly extending rod on
      the sleeve to lock the cap against inadvertent opening thereof.
NUM  4.
PAR  4. The invention as defined in claim 3 comprising, in addition, an extended
      bar on the inner side of the sleeve adapted to ride in the notch in said
      neck of the container to limit movement of the sleeve.
NUM  5.
PAR  5. The invention as defined in claim 4 comprising, in addition, a shoulder
      formed on the interior of the neck of the container, said cap being
      disposed on said shoulder.
NUM  6.
PAR  6. The invention as defined in claim 5, comprising, in addition, a gasket
      disposed between said shoulder formed on the interior of the neck of the
      container and said cap.
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ABST
PAL  A bag formed of sheet fabric material and adaptable for convertible use as
      either a pannier on a cycle or a backpack includes front and rear panel
      sheets having similar shapes and joined by a side panel. The bag has the
      form of an isosceles triangle, with a greater height than base, and with a
      truncated rounded apex. Part of the line of joinder of the side to the
      front panel is formed by a zipper extending along one side of the base to
      the rounded edge to provide access to the bag. A first webbing reinforcing
      strip is attached to the rear panel alongside its base edge. A second
      webbing reinforcing strip is attached to the rear panel, parallel to the
      base, between the side edges, a short distance from the rounded top. A
      pair of short straps are attached to the first reinforcing strip at spaced
      points and snap fasteners affixed to their secured and free ends allow the
      bag to be attached to the carrier of a cycle so that the base edge of the
      bag is aligned with the carrier and the bag projects downwardly with its
      rear sides along the wheel of the cycle. A pair of wire rings attached to
      the second reinforcing strip at spaced points are adapted to secure
      back-pack straps so that the bag may be carried with its top between the
      shoulders of a wearer with the rear panel adjacent the back and the base
      edge forming the bottom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to bags suitable for carrying small articles and
      more particularly to a bag configured for convertible use as either a
      pannier on a cycle or as a back-pack.
PAR  2. Prior Art
PAR  A variety of forms of bags termed panniers are available for attachment to
      horizontal carriers fixed over the rear wheel of a bicycle to extend
      downwardly, alongside the wheel. These bags vary form one another in their
      convenience in loading and unloading, difficulty in attachment to the
      vehicle, capacity, the manner in which they impose a load on the vehicle,
      and other factors. One object of the invention is to provide a pannier
      which may be easily attached and detached from a bicycle; is easy to load
      and unload; has a relatively high load-carrying capacity; and distributes
      that load in such a manner as to avoid imposing unbalanced or high center
      of gravity loads on the bicycle.
PAR  The desirability of a pannier being convertible for use as a back-pack is
      apparent. For example, a student can ride a bike to school with books in
      the bag in its pannier mode and then carry the books on his back in the
      back-pack. Similarly, a back-packer can ride to a remote location on a
      bicycle and then convert the pannier to back-pack use. However, the
      configuration of a back-pack is as critical as a pannier's configuration
      in terms of its functional characteristics. Accordingly, it is another
      object of the present invention to provide a pannier which aptly serves
      the dual function of an improved back-pack as well.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a bag having a unique configuration which
      makes it particularly well-adapted for use as a pannier; equally
      well-adapted for use as a backpack; and readily convertible between these
      alternative uses. The bag of the present invention is primarily adapted
      for two such divergent uses because of its unique shape. The front and
      rear panels of the bag are formed similarly with a straight edge and a
      pair of substantially straight side edges intersecting the base at equal
      and opposite acute angles of approximately 75.degree.. The ends of the
      straight side edges are joined by a curved edge symmetrical with respect
      to the base. The shape may be described as an isosceles triangle having a
      gently rounded apex and a height dimension substantially in excess of its
      base dimension. Alternatively, it might be described as a tear-drop shape
      with a flattened edge.
PAR  When used on a cycle, the flat base is attached to a horizontal rear wheel
      carrier to extend parallel to the carrier and the rounded edge extends
      downwardly alongside the wheel. The bag is aligned so that its inclined
      forward side clears the brace member extending at an inclined angle from
      the seat of the bike to the rear axle and provides clear wheel path for
      the pedaling action.
PAR  The tear-drop shape of the bag eliminates the two lower corners, thereby
      minimizing the possibility of the edges of the bag protruding between the
      spokes of the rear wheel of a cycle since there are no elongated sharp
      edges at the lower ends.
PAR  In this position the center of gravity of the bag will be only slightly to
      the rear of a vertical line through the rear axle so that only relatively
      minor moments will be exerted by the bag and its contents about the rear
      axle. The center of gravity of the bag will also be located only slightly
      above the rear axle. Thus, even when fully loaded, the bag of the
      invention will not produce forces which substantially unbalance the bike.
PAR  When used as a back-pack, the bag is adapted to be supported with its
      narrow rounded edge between the shoulders of the packer and with the base
      edge at the bottom, close to the hips of the wearer. This is a very
      comfortable position with the packer having full freedom of motion of
      shouldlers and arms and the center of gravity of the bag is comfortably
      low on the back to impose a minimum of rearwardly twisting forces on the
      shoulders. Should the bag be used as a back-pack while riding a bicycle,
      the tear-drop shape also allows the cyclist more rearward vision looking
      back over his shoulder.
PAR  A padding member formed of a thin sheet of plastic foam material is adhered
      to the interior of the back panel and acts to both cushion the back of the
      wearer against the sharp edges of any contents and additionally stiffen
      the bag portion so as to eliminate the possibility of a loose edge
      protruding into the wheels of the cycle.
PAR  So that the bag may be readily converted into backpack use, the rear panel
      of the bag -- the one that is in contact with the side of the bicycle and
      the back of the packer -- if formed with a pair of woven webbing
      reinforcing strips, one extending along the base edge, and the other
      extending parallel to the base, between the straight sides of the bag,
      slightly displaced from the rounded edge of the bag. A pair of short
      straps are affixed to the base webbing slightly inwardly from the two
      opposed edges. These straps have two-part snap fasteners connected at
      their free ends and at their points of joinder to the base so that the
      free ends can be joined to the base section to form short loops adapted to
      wrap around the bars of a bicycle carrier. The snap fasteners are of the
      "pull-the-dot" type which can only be opened by initially separating the
      side of the snap adjacent to the end of the strap, so that the fasteners
      are highly resistant to accidental opening when in use. Wire D-rings are
      attached to the extreme ends of the base reinforcing webbing and to a pair
      of displaced points on the reinforcing strip at the other end of the bag
      and conventional back-pack straps may be readily joined to these loops
      with clip fasteners.
PAR  A zipper extending along the joinder of the front panel to the side panel,
      from the middle of the base to the middle of the curved end, allows easy
      access to the interior of the bag without disturbing the contents of the
      bag.
PAR  Wire D-rings are attached to the front panel at a pair of spaced points
      along the base by short webbing loops. These rings serve numerous useful
      functions, including: allowing a pair of the bags to be joined together to
      form a double back-pack; providing a packer means for suspending from the
      pannier such items as a sleeping bag or camera tripod, as well as another
      pannier; and providing means for a cyclist to fasten additional gear on
      the top of the pannier using the D-rings as fasteneing points. They also
      allow a cyclist to compress the load in the pannier closer to the rear
      wheel of the bicycle to enhance its stability, by pulling the D-rings
      toward the carrier.
DRWD
PAR  Other objectives, advantages and applications of the present invention will
      be made apparent by the following detailed description of a preferred
      embodiment of the invention. The description makes reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a view of the bag forming the preferred embodiment of the
      invention from the back panel;
PAR  FIG. 2 is a view of the bag from the front panel;
PAR  FIG. 3 is a view from the front panel with the bag opened;
PAR  FIG. 4 shows the manner of attachment of the bag to the carrier of a
      bicycle;
PAR  FIG. 5 illustrates the bag used as a back-pack;
PAR  FIG. 6 is a cross sectional view taken along line 6--6 showing a snap
      fastener retaining the bag to the carrier of a bike;
PAR  FIG. 7 is the cross-sectional view shown in FIG. 6 illustrating the
      dynamics of the snap fastener, and
PAR  FIG. 8 is an illustration of two of the bags joined together to form a
      double back-pack.
DETD
PAR  Referring to the drawings, a bag forming the preferred embodiment of the
      invention is preferably constructed of a waterproofed synthetic fabric
      material. The bag is primarily formed by similarly shaped rear 12 and
      front 14 panels joined together by a side panel 16 which runs about the
      full perimeter of the front and rear panels and joins the two together.
PAR  The rear panel 12 has a flattened tear-drop shape, or the shape of an
      isosceles triangle with a rounded truncated apex. It has a flat base edge
      18 and a pair of side edges 20 which intersect the base edge at equal and
      opposed angles of approximately 70.degree. to 75.degree.. The opposite
      ends of the sides 20 are joined preferably by a rounded section 22,
      although the sides 20 could form an apex or be truncated. The dimension of
      the bag along the line normal to the base 18 and intersecting the center
      of the rounded section 22 will be somewhat longer than the base. In a
      preferred embodiment the base has a length of about 14 inches and the
      length of the line normal to the base, intersecting the center of the
      rounded section 22, is about 15.
PAR  The front panel 14 has a similar shape, having a first base 24, a pair of
      side edges 26 and a rounded top edge 28.
PAR  In alternative embodiments of the invention, the edges 20 need not be
      straight but might be somewhat rounded and the proportions of the base to
      the height might vary but it is important that the height of the bag be at
      least equal and preferably exceed the dimension of the base.
PAR  Access to the bag is had through a zippered closure formed along one edge
      of the bag from the center of the base 24 to the center of the rounded
      section 28. The entire half of the front section of the bag may be lifted
      away, as shown in FIG. 3. One section of the zipper 30 is attached to the
      perimeter of the side of the bag, while the other section of the zipper 32
      is attached to a flap 34 extending beneath the lift-away section of the
      top 14.
PAR  The interior of the bag is equipped with a resilient sheet panel 36 having
      the shape of, and secured to, the inner-side of the rear of the bag. This
      panel acts as a cushion for the contents of the bag and to stiffen the
      bag. Alternatively, the cushion 36 may be disposable in a pocket
      associated with the interior of the rear panel so as to be removable
      therefrom.
PAR  A first section of nylon webbing 38 is stitched to the rear panel 12
      parallel to and slightly displaced from the base edge 18. A second section
      of reinforcing webbing strip 40 is similarly secured between the edges 20,
      parallel to the base 18 and slightly displaced from the rounded edge 22.
PAR  A pair of short nylon webbing straps 42 are sewn to the bag under the
      reinforcing strips 38 so that their free ends extend normally to the
      length of the strip 38. The straps 42 are spaced slightly inwardly from
      the opposite ends of the strips 38. The ends of the straps 42 that are
      sewn to the bag carry male snap fastener member 44 and the free ends of
      the strips 42 carry complementary female snap fastener members 46. The
      female members may be attached to the male members to form short loops
      adapted to engage the ends of a rear wheel carrier 48 of a bicycle, as
      shown in FIG. 4.
PAR  Referring to FIGS. 6 and 7, the snap fasteners 44, 46 are preferably of the
      "pull-the-dot" type which may only join to one another and be separated
      from one another by a pivoting motion of the female member 46 with respect
      to the male member 44. That is, to separate the female member 46 from the
      male member 44 it is necessary to provide a lifting force at the bottom of
      the female member as shown in FIG. 7. A force on the entire female member
      that tends to pull it normally away from the male member will not separate
      the two. Thus, as can be seen, forces exerted by the carrier 48 through
      the strap 42 tending to pull the top of the female member 46 from the male
      member 44 will not succeed in opening the snap.
PAR  Short webbing loops 50 attached to and extending outwardly from the extreme
      ends of the reinforcing strip 38 retain wire D-rings 52 used to affix
      back-pack straps as will be subsequently described. A similar pair of
      webbing loops 54 have their ends affixed under a second reinforcing strip
      40 adjacent to the top of the bag and they project toward the rounded end
      22, normally to the reinforcing strip 40. These loops 54 also retain a
      pair of wire D-rings 56 useful for attaching back-pack straps to the bag.
      A third set of short reinforcing loops 58 are attached to the base edge 24
      of the front panel 14 of the bag slightly inwardly from the side edges
      thereof. These loops retain a pair of wire D-rings 60 at their free end
      which constitute lashing points useful for attaching objects to be carried
      externally of the bag, such as sleeping bag rolls, to the bag. These
      lashing points 60 are also useful for joining a pair of the inventive bags
      together for the purpose of forming a double bag back-pack. Referring to
      FIG. 8, this is accomplished by positioning the bags so their base edges
      18 abut one another, and inverting one of the bags so that the straps 42
      fastened to the backside 12 of the inverted bag will join with the wire
      D-rings 60 retained by the loops 58 attached to the front side 14 of the
      other bag.
PAR  As seen in FIG. 4, when the bag is attached to a bicycle by securing the
      straps 42 about spaced sections in the carrier 48 of the cycle and
      securing fastener members 44 and 46 together, the rounded edges 22, 28
      project downwardly and the rear side 12 of the bag is disposed alonside
      the wheel. The weight of the contents of the bag retain it in the proper
      orientation. The inclined sides of the bag allow clearance for the heel
      path of the rider while pedaling, yet the center of gravity of the bag is
      only slightly displaced to the rear of a vertical line through the rear
      axle of the bicycle. The relatively slight moment thus imposed about the
      rear axle is to be contrasted with the much larger moment which would be
      provided with a conventional rectangular pannier of the type which has one
      sloped edge to clear the heel path of the rider. The downwardly sloped
      shape tends to cause heavier objects in the bag to gravitate toward the
      bottom, thus lowering the center of gravity of the contents.
PAR  A pair of conventional shoulder straps 62 may be attached to the D-rings 52
      and 56 by appropriate snap fasteners to readily convert the bag to
      back-pack use. As seen in FIG. 5, the bag is worn with the narrow rounded
      upper edge between the shoulder blades of the wearer freeing the shoulders
      for motion and imposing the primary weight at the base end of the bag
      adjacent to the hips of the packer. Again, this minimizes the unbalanced
      forces exerted about the central axis of the wearer's back, as well as
      allowing a cyclist unhampered rearward vision should the pannier be used
      as a back-pack while cycling.
PAR  It is thus seen that the bag of the present invention is particularly well
      adapted for use as a pannier; equally well adapted for use as a back-pack;
      and is readily convertible between the two uses. This convenient
      convertability arises by virtue of the shape of the bag and its closure
      formation and manner of attachment to the fastener points.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A bag adapted to be attached to the rear wheel carrier of a cycle for
      use as a pannier or convertibly used as a back-pack, comprising: first and
      second fabric sections, each having a straight base edge and a pair of
      substantially straight side edges forming substantially equal and opposed
      acute angles with the base so that the side edges are directed toward one
      another in a direction away from the base and are joined to one another at
      their ends opposite to the base; a side panel extending fully about the
      perimeters of said two sections and joining the sections together in
      spaced relationship to one another so as to enclose a volume; separable
      closure means providing access to the interior of the volume of the bag;
      first fastener means secured to the second section adjacent to the bass
      edge and adapted to fasten to the carrier of a cycle so that the base edge
      extends parallel to the carrier and the bag extends downwardly therefrom;
      and second fastener means affixed to the second section adjacent the base
      and the end opposite the base and adapted to secure back-pack straps to
      the bag so that the bag may be attached to and supported on the back of a
      wearer with the base projecting downwardly.
NUM  2.
PAR  2. The bag of claim 1 wherein the separable closure means providing access
      to the interior of the volume of the bag, extends along one edge of the
      first section between the center of the base and the end of said edge
      opposite the base.
NUM  3.
PAR  3. The bag of claim 1 wherein the substantially equal and opposed acute
      angles formed between the side edges and the bases of the section are
      greater than 45.degree. so that the dimension of the bag perpendicular to
      the base exceeds the length of the base.
NUM  4.
PAR  4. The bag of claim 1 including a first reinforcing strip attached to said
      second section so as to extend along the base edge and reinforce said
      first fastener means and a second reinforcing strip attached to said
      second section parallel to the base and adjacent to the end opposite the
      base reinforcing said second fastener means.
NUM  5.
PAR  5. A bag adapted to be attached to the rear wheel carrier of the bicycle
      for use as a pannier or alternatively used as a back-pack, comprising:
      front and rear sheet panels, each having a similar outline which includes
      a straight base edge, a pair of substantially straight edges intersecting
      the base edge at equal and opposite acute angles so that the side edges
      converge toward one another in a direction away from the base edge, and a
      rounded top edge joining the side edges at their ends opposite to the base
      edge; a side panel having a pair of parallel edges, one attached to the
      perimeter of the front panel and the other attached to the perimeter of
      the rear panel so as to join the panels to form an enclosed bag; a
      separable fastener member forming a portion of the line of attachment of
      the side panel to the front panel to provide access to the interoior of
      the bag; a pair of first fastener members attached to the bag at a pair of
      spaced points, each located adjacent to the joinder of the base line of
      the rear panel to the side panel and adapted to be attached to the carrier
      of a bicycle so as to support the bag with the rear panel in proximity to
      the side of the bicycle, with the base aligned with the carrier and the
      rounded top edge projecting downwardly therefrom; and second and third
      fastener means attached to the base and top of the rear panel of the bag
      respectively, adapted to secure back-pack straps to the bag so that the
      bag may be retained with the rear panel adjacent to the back of a packer
      with the rounded top edge supported between the shoulders of the packer
      and the bag projecting downwardly therefrom.
NUM  6.
PAR  6. The bag of claim 5 wherein the first fastener means adapted to retain
      the bag to the carrier of a bicycle consists of a pair of straps each
      having one end affixed to the bag, and separable closure means attached to
      the free end of each strap and to the bag.
NUM  7.
PAR  7. The bag of claim 5 wherein the equal and opposite acute angles formed
      between the straight side edges and the bases exceed 45.degree. so that
      the dimension of the bag in a direction normally to the base exceeds the
      length of the base.
NUM  8.
PAR  8. A bag adapted to be attached to the rear wheel carrier of a cycle for
      use as a pannier or convertibly used as a back-pack, comprising: front and
      rear sheet panels having similar shapes, each taking the form of an
      isosceles triangle having a truncated rounded apex with the height of the
      triangle exceeding the length of the base; a side panel having a pair of
      parallel edges, one attached to the perimeter of the rear panel and one
      attached to the perimeter of the front panel so as to join the panels to
      form an enclosed bag; a pair of first fastener members attached to the bag
      at a pair of spaced points, each located adjacent to the joinder of the
      base line of the rear panel to the side panel and adapted to be attached
      to the carrier of a bicycle so as to support the bag with the rear panel
      in proximity to the side of the bicycle, the base aligned with the carrier
      and the rounded apex projecting downwardly therefrom; and fastener means
      attached to the bag adjacent to the base and apex of the rear panel,
      adapted to secure back-pack straps to the bag so that the bag may be
      retained with the rear panel adjacent to the back of a packer with the
      rounded apex supported between the shoulders of the packer and the bag
      projecting downwardly therefrom.
NUM  9.
PAR  9. The bag of claim 8 including a zipper fastener extending along the line
      of attachment of the front panel to the side panel between a point at
      about the middle of the base to a point at about the center of the rounded
      apex, so as to provide access to the bag.
NUM  10.
PAR  10. The bag of claim 8 further including a first reinforcing strip attached
      to the rear of the bag adjacent to and along the length of the base and a
      second reinforcing strip attached to the rear of the bag parallel to the
      first strip, between the side panels, adjacent to the rounded apex of the
      bag.
NUM  11.
PAR  11. The bag of claim 8 further including a resilient sheet having
      substantially the dimensions of the back panel affixed to the interior
      side of the back panel within the bag.
NUM  12.
PAR  12. A bag adapted to be attached to the rear wheel carrier of a cycle for
      use as a pannier or convertibly as a back-pack, comprising: front and rear
      sheet panels having similar shapes, each having the form of an isosceles
      triangle with a truncated rounded apex with the height of the triangle
      exceeding the length of the base; a side panel having a pair of parallel
      edges, one attached to the perimeter of the rear panel and one attached to
      the perimeter of the front panel to join the panels to form an enclosed
      bag; a first reinforcing strip attached to the rear of the bag adjacent to
      and along the length of the base; a second reinforcing strip attached to
      the rear of the bag parallel to the first strip, between the side panels,
      adjacent to the rounded apex of the bag; a pair of first fastener members
      attached to the first reinforcing strip at a pair of spaced points and
      adapted to be attached to the carrier of a cycle to support the bag with
      the rear panel in proximity to the side of the bicycle, the base aligned
      with the carrier and the rounded apex projecting downwardly therefrom;
      second fastener means attached to the first and second reinforcing strips;
      and a pair of elongated adjustable back-pack straps having fastener mean
      formed on their free ends attachable to said second fastener means so that
      said bag may be used as a back-pack with the apex between the shoulders of
      the wearer and the base extending downwardly.
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ABST
PAL  A cartridge magazine holder including a magnet to hold a pair of cartridge
      magazines with large portions of the magazines exposed so that they may be
      easily grasped and withdrawn by the user. The magazine holder rides high
      on the belt of the wearer and holds the magazine flat against the body for
      easy concealment.
BSUM
PAR  This invention relates to cartridge magazine holders, and more
      particularly, to concealable cartridge magazine holders from which the
      cartridge magazines may be quickly, easily and securely withdrawn.
PAR  One type of conventional magazine holder is the simple stitched leather
      belt pouch having a top flap that fastens down over the magazine or
      magazines to retain them in position. A disadvantage of this type of
      magazine holder is that the top flap must be unfastened before the
      magazine can be withdrawn. Since speed of reloading may be vital in a
      combat situtation, the delay caused by the need for unfastening the top
      flap is undesirable and it may possibly be fatal.
PAR  Another conventional type of magazine holder is the open-top belt pouch
      which is also typically made of stitched leather and holds one or more
      cartridge magazine in a vertical inverted position with their base
      portions exposed so that they may be immediately grasped and withdrawn by
      the wearer. The open-top magazine case depends upon snugness of fit to
      retain the magazines in position in spite of vigorous movements of the
      wearer.
PAR  One problem of conventional open-top magazine cases is that proper fit is
      difficult to achieve and is critical to the proper functioning of the
      magazine case. If this fit is too loose the magazine may fall out. If the
      fit is too tight, the wearer may have difficulty in extracting the
      magazine for use. The problem of fit is further compounded by the fact
      that, even for cartridges of the same caliber, magazines of different
      manufacturers have different outside dimensions so that magazine cases
      must be specially fitted to the magazines of each manufacturer.
PAR  Another problem of pouch-type magazine cases is that they tend to
      accumulate litter or debris which tends to foul the cartridges and may
      interfere with the operation of a pistol. Pouch type magazine cases also
      tend to collect moisture which may corrode the cartridges. Also, if the
      first cartridge in the magazine rests against the bottom of the pouch, it
      may tend to become disaligned with the magazine lips so that when the
      magazine is inserted into the pistol, the first cartridge will not feed
      properly.
PAR  It is therefore the object of this invention to provide an improved
      cartridge magazine holder which obviates the problems of the prior art.
PAR  It is also an object of this invention to provide a cartridge magazine
      holder that holds the magazines securely and reliably but allows them to
      be quickly and easily withdrawn for use.
PAR  It is a further object of this invention to provide a belt-worn magazine
      holder that is easily concealed beneath the clothing of the wearer.
PAR  It is yet another object of this invention to provide a magazine holder of
      simplified construction that is capable of accommodating magazines having
      moderate size variations.
PAR  According to the above and other objects, the present invention provides a
      magazine holder that is worn high on the belt of the wearer and includes a
      magnet for retaining a pair of cartridge magazines in the vertical
      inverted position. The sides of the subject magazine holder are cut away
      to enable the user to obtain a secure four-finger grip on each magazine
      prior to withdrawing it so as to reduce the chance of fumbling during
      reloading. The subject magazine holder is preferably made of a single
      piece of leather, or other suitable material and is of stitchless
      construction for ease of manufacture and of long life.
PAR  Other objects and advantages of the present invention will be apparent from
      the following detailed description and accompanying drawings which set
      forth the principle of the present invention and the best mode
      contemplated for carrying out that principle.
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PAR  In the Drawings
PAR  FIG. 1 is a side elevation view of the outside of the subject magazine
      holder partially broken away to show the magnet assembly.
PAR  FIG. 2 is a side elevation view of the inside of the subject magazine case
      partially broken away to show other details of the construction.
PAR  FIG. 3 is a cross-sectional view taken along the line 3--3 of FIG. 1.
DETD
PAR  Referring in detail to the drawings, FIG. 1 shows the subject magazine
      holder, generally designated 10, mounted on a belt 11 shown in phantom
      lines. The magazine holder 10 holds a pair of cartridge magazines 12 and
      13 in the vertical inverted position. The magazine holder 10 is preferably
      made of a single piece of a suitable poromeric material such as, for
      example, 2-3 oz. Corfam originally manufactured by Du Pont Corporation of
      Wilmington, Delaware, Aztran manufactured by B.F. Goodrich Co. of Akron,
      Ohio or Porvair manufactured by the Goodyear Co. of Akron, Ohio.
      Alternatively, the sheet material 15 may be made of 5-6 oz. leather or 2-5
      oz. polypropylene or polyethylene sheet material.
PAR  The cartridge magazines 12 and 13 are retained in position by a magnet
      assembly preferably comprising a rubber magnet 17 sandwiched between two
      steel plates 18 and 19. Such a magnet assembly 17-19 is manufactured by
      Owen & Morris, Inc., of New York, New York. It will be appreciated,
      however, that other types of magnets may be used within the spirit and
      scope of the present invention.
PAR  The single piece of sheet material 15 is wrapped around the bottom 21 of
      magnet assembly 17-19, up the outside of magazine case 10 overlying the
      steel plate 18, over the top 22 of magnet assembly 17-19 and down the
      inside of magazine case 10. The end 23 of sheet material 15 forms a tab
      which can be used for unsnapping the magazine holder 10 from the belt 11
      of the wearer.
PAR  Sheet material 15 is fastened to the magnet assembly 17-19 by a pair of
      rivets 25 and 26. Sheet material 15 includes a pair of tabs that extend at
      right angles to the main axis of the piece and are wrapped around the
      magazine tubes 12a and 13a to form retaining loops 28 and 29 as shown in
      FIGS. 1 and 2. The ends 31 and 32 of loops 28 and 29 are secured to the
      magnet assembly 17-19 by a rivet 26 or other suitable fastening means.
PAR  Tab end 23 of sheet material 15 is releasably fastened to the body of
      magazine holder 10 by a snap fastener 34. Snap fastener 34 may be of a
      conventional type, such as for example the Dot fasteners manufactured by
      the United Carr Fastener Corp., of New York, New York. In the preferred
      embodiment shown in FIG. 3 the female portion of the snap fastener 34 is
      mounted on tab end 23 of sheet material 15 while the male portion of snap
      fastener 34 is mounted on rivet 26. Snap fastener 34 is preferably a
      "one-way" snap fastener that can be opened only by pulling tab 23 away
      from the body of magazine holder 10. The use of a one-way snap fastener
      provides security in the mounting of magazine holder 10 on belt 11 because
      the one-way snap fastener 34 will not unsnap when the magazine holder 10
      is pulled away from belt 11.
PAR  It is noted that the design of the magazine holder 10 is such that its
      lower part in the region of rivet 26 is thicker than its upper part in the
      region of rivet 25. More particularly, snap fastener 34 projects toward
      the body of the wearer and thereby serves to wedge the bases 12b and 13b
      of the magazines 12 and 13 against the body of the wearer. This feature of
      the subject magazine holder 10 plus the flat orientation of the magazines
      12 and 13 promotes easy concealment beneath the clothing of the wearer.
PAR  It is also noted that the design of the subject magazine case 10 leaves a
      great portion of the magazines 12 and 13 exposed to the immediate grasp of
      the wearer. This permits the wearer to obtain a very secure four-fingered
      grip on the magazine prior to withdrawing it from holder 10. Moreover, the
      user can retain the same grip on the magazine until he inserts it into the
      pistol. The fact that the subject magazine holder 10 permits the user to
      obtain a secure grip that need not be shifted during the reloading
      operation tends to eliminate fumbling that could be dangerous or even
      fatal to a user involved in a combat situation.
PAR  It is also noted that the design of the subject magazine holder 10 provides
      opening 36 and 37 at the bottom of each magazine loops 28 and 29
      respectively. The openings 36 and 37 provide ventilation and drainage and
      prevent debris from accumulating. Thus, openings 36 and 37 help to prevent
      corrosion and/or fouling of the cartridges 38 and 39. Moreover, the noses
      of cartridges 38 and 39 are able to partially project through openings 36
      and 37 so that the cartridges 38 and 39 can keep their normal position
      between the lips 12c and 13c of magazines 12 and 13 respectively. Hence,
      openings 36 and 37 of magazine holder 10 help to reduce the chance of
      jamming a pistol due to a misaligned first cartridge.
PAR  Although the principle of the present invention has been illustrated by
      reference to a preferred embodiment of the subject magazine case, it will
      be appreciated by those skilled in the art that various modifications and
      adaptations can be made within the spirit and scope of the present
      invention which is set forth with particularity in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cartridge magazine holder comprising:
PA1  a magnetic member having a pair of elongated rigid pole-pieces for
      magnetically engaging a side of a cartridge magazine so as to hold the
      magazine in parallel alignment with the long axis of said magnetic member;
PA1  a piece of flexible sheet material mounted on said magnetic member so as to
      form a loop extending around the cartridge magazine to hold the cartridge
      magazine in alignment with said magnetic member and prevent lateral
      withdrawal or shifting of the magazine while allowing the magazine to be
      withdrawn base-first in a direction parallel to the long axis of said
      magnetic member, said loop leaving the nose of the first cartridge exposed
      so as not to disturb its alignment with the lips of the magazine, and
      leaving a sufficient portion of the base of the cartridge magazine exposed
      to allow a user to securely grasp the magazine for withdrawal; and
PA1  means for mounting said magazine holder on the belt of a user.
NUM  2.
PAR  2. The cartridge magazine holder of claim 1 wherein one side of said
      magnetic member magnetically engages a first cartridge magazine and the
      opposite side of said magnetic member magnetically engages a second
      cartridge magazine, and said piece of flexible sheet material is mounted
      on said magnetic member so as to form a pair of loops for holding the
      cartridge magazines in alignment with said magnetic member.
NUM  3.
PAR  3. The cartridge magazine holder of claim 2 wherein said mounting means
      comprises:
PA1  a tab end of said piece of sheet material; and
PA1  means for releasably fastening said tab end of said piece of sheet material
      to the lower inside portion of said magazine holder to form a belt loop.
NUM  4.
PAR  4. The cartridge magazine holder of claim 3 wherein said releasable
      fastening means comprises a one-way snap fastener.
NUM  5.
PAR  5. The cartridge magazine holder of claim 4 wherein the lower inside
      portion of said magazine holder projects toward the body of the user so as
      to wedge the upper ends of the cartridge magazines toward the body of the
      user to permit easy concealment beneath the clothing of the user.
NUM  6.
PAR  6. The cartridge magazine holder of claim 1 wherein said sheet material is
      selected from the group consisting of Aztran, Corfam, Porvair, leather,
      polyethylene and polypropylene.
NUM  7.
PAR  7. The cartridge magazine holder of claim 1 wherein said magnetic member
      comprises a rubber magnet sandwiched between a pair of elongated steel
      plates, said steel plates comprising the pole pieces of said magnetic
      member.
NUM  8.
PAR  8. The cartridge magazine holder of claim 7 wherein said magnetic member is
      at least 2 inches long.
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ABST
PAL  A backpack permits the wearer to adjust the shoulder straps, backband, and
      waistband to his individual needs or desires. An integral molded plastic
      frame is specially contoured to avoid restrictions of motion on the person
      wearing it. The frame is provided with a number of slots which permit
      attachment of the sack and adjustment of the locations at which the
      shoulder straps, backband and waistband or belt are attached. The shoulder
      straps include loops of material which fit through the slot and are held
      in the desired position by a specially designed removable fastener. The
      waistband may also be sized to the individual wearer's requirements by
      selectively adding or removing one of a plurality of pads which are
      threaded onto the belt for comfort.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to backpacks of the type used by hikers or
      campers. Most commercial backpacks are made from metal frame members which
      are connected together, usually with special connectors and employing a
      lightweight metal tube as the basic frame element. Once the frame is
      assembled, shoulder straps, backband, if any, and waistband are secured to
      or wrapped around the frame, and then fastened to a wearer. A number of
      ties are usually provided for attaching the sack carried by the frame. A
      camper's utensils, provisions and the like are, of course, carried in the
      sack. Additional items may be tied onto the frame, if desired.
PAR  Normally, each manufacturer makes a frame in a single size and it is
      therefore sometimes difficult to arrange the fittings and utensils to make
      the backpack comfortable for bearers of different height, weight, and
      size. Equally important, however, is the need to accommodate the backpack
      to the particular use for which it is intended. That is to say, backpacks
      are put to such widespread use that it is highly desirable to enable great
      flexibility in attaching the various things that are carried on the
      backpack to the frame. This enables the bearer to distribute the load as
      he desires and to minimize obstruction with normal walking motions.
PAR  I have also found that an important aspect of providing a backpack system
      is that each individual bearer has his own likes and dislikes regarding
      weight distribution, comfort, restriction on motions, and so on. In other
      words, the usual backpack bearer is a highly individualistic person who,
      after gaining some experience, likes to "design" his own backpack
      arrangement, including placement of the shoulder straps, backband and
      waistband, and tying the various loads to the frame. The present invention
      is intended for use by just such an individual since it can be modified to
      suit almost any need or desire, as will become clear from a fuller
      understanding of the invention.
PAR  Briefly, the present invention includes an integrally molded, specially
      contoured plastic frame which provides a recess for the head and includes
      a peripheral frame portion which is contoured inwardly adjacent the arms
      to avoid restriction of arm motion during walking. The side frame members
      thence flare outwardly at about the elbow location toward the waist, and
      the lower portion of the frame is contoured rearwardly so as to avoid
      bumping against the buttocks of a bearer. We have found that by making the
      frame of molded plastic, the desired contours can be achieved while
      producing a backpack frame which is economical enough to be competitive.
      Further, a plurality of slots are provided in the peripheral portion of
      the frame so that the backband may be adjustably mounted to it and to
      provide additional tie locations for the pack that is secured to the
      frame. Such thoughts on the lower peripheral portion further provide
      adjustment for the waistband, both as to its relative height on the frame
      and for waists of different thickness. The frame also includes a backplate
      which is provided with a plurality of slots arranged at different heights
      relative to the frame and at different lateral spacings so as to adjust
      the rear attachment of the shoulder straps thereto--again, giving the
      bearer complete freedom to design the back assembly according to its needs
      or desires.
PAR  The shoulder straps are attached to the frame by means of loops at either
      end. Such loops are of a width narrower than the associated slots on the
      frame so that they may be slipped through a particular slot doubled over
      to provide a looped portion extending through the slot. A fastener
      including a cylindrical member is then attached to the loop of material
      and prevents the loop from being drawn back through the slot. The fastener
      also includes a flexible guard member which may be hinged relative to the
      cylindrical member to facilitate placing the cylindrical member into
      engagement with a loop for fastening. The guard member, when released
      after the cylindrical portion is placed in a loop, then couples over the
      loop and acts as a buckle to hold the fastener to the strap.
PAR  The preferred waistband or belt includes three removable separate padded
      sections, each including a runway through which a belt may be fitted. For
      smaller waists, one of the sections is removed. The belt is provided with
      a pair of loops which fit through slits in the pads and through
      corresponding slots in the frame. Fasteners are then used to secure the
      belt loops and waist pads to the frame. For bigger waists, the third
      padded section is inserted between the two just mentioned, and they are
      moved sideways on the belt, the loops on the belt then registering with a
      second set of slots in the padded sections and a second set of slots on
      the frame so that the fasteners may then be used to hold the two side
      padded sections at a wider spacing on the belt.
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description of a
      preferred embodiment wherein identical reference numerals will refer to
      like parts in their various views.
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PAC  THE DRAWING
PAR  FIG. 1 is a side view of a backpack frame and assembly according to the
      present invention as it would be worn by a bearer;
PAR  FIG. 2 is a front elevation view of the backpack frame and assembly of FIG.
      1;
PAR  FIG. 2A is a rear view of the frame;
PAR  FIGS. 3 and 4 are respectively side and end views of a special fastener
      used in the assembly;
PAR  FIG. 5 is a fragmentary close-up view illustrating the use of the fastener
      shown in FIGS. 3 and 4 taken through the sight line 5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary vertical cross sectional view taken through the
      sight line 6--6 of FIG. 2;
PAR  FIG. 7 is a fragmentary view taken through the sight line 7--7 of FIG. 2;
PAR  FIG. 8 is a fragmentary plan view of a waistband without padding sections;
PAR  FIG. 9 is a rear view illustrating the three waist padding sections that
      may be used with the invention;
PAR  FIGS. 10 and 11 are fragmentary rear views of the waistband assembly for
      accommodating respectively larger and smaller waists;
PAR  FIG. 12 is a bottom view of the waistband as seen in FIG. 11; and
PAR  FIG. 13 is a front view of the waistband as seen in FIG. 10.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, reference numeral 10 generally designaates a
      backpack frame and assembly, and as shown, it is secured for use on a
      person, sometimes referred to as a "bearer". The assembly 10 includes a
      frame generally designated 11, a pair of shoulder straps 12 and 13 (see
      FIG. 2), a waistband assembly generally designated 14, and a backband
      generally designated 15 in FIG. 2. A sack, illustrated by the dashed line
      17 may be secured to the backpack frame 11, but it may be of conventional
      design. The frame is preferably made of rigid plastic foam, such as
      polypropylene foam.
PAR  Turning now to FIGs. 2 and 2A, the frame 10 is an integral, molded plastic
      frame. The frame 11 includes generally a top frame member 18, a first side
      frame member 19, a second side frame member 20, a bottom frame member 21,
      and a backplate portion 22. The top frame member 18, side frame members 19
      and 20, and bottom frame member 21 form the periphery of the frame.
PAR  The side frame member 19 includes an upper portion 19a which is inclined
      outwardly of the top frame member 18, an elongated intermediate portion
      19b which is inclined slightly inwardly from a position generally opposite
      the middle of the head of an average wearer down to his waist, and a lower
      portion 19c which is inclined slightly outwardly from the waist area to
      the hip area of a bearer which is where the bottom frame member 21 is
      located. Similarly, the peripheral side frame member 20 includes an upper
      portion 20a, an intermediate portion 20b, and a lower portion 20c.
PAR  The backplate 22 is formed integrally with a pair of upper frame members 24
      extending to the top frame member 18. The backplate 22 is spaced
      rearwardly of the intermediate portions 19b and 20b, as best seen in FIG.
      1; and it is connected to each of these intermediate portions by a pair of
      laterally extending strut members designated respectively 25 and 26. A
      pair of vertical rear frame members 27 and 28 are extended downwardly from
      the sides of the backplate 22 to a horizontal frame member 29 located
      approximately at a position just below the waist of the bearer illustrated
      in FIG. 1.
PAR  The lower frame member 21 includes a rear central portion 21b connected to
      the sides of the frame by rearwardly inclined horizontal members 21a and
      21c respectively. Additional frame members are provided, as illustrated,
      to form a frame gridwork interconnecting the backplate 22, the peripheral
      side frames 19 and 20, and the horizontal frame member 29 for rigidity and
      strength.
PAR  Returning to FIG. 1, it will be observed that when the frame 11 is mounted
      to the back of a bearer, the intermediate portions 19b and 20b of the
      peripheral side frame members are located just inwardly of the shoulders,
      extending downwardly and slightly inwardly behind the elbow to permit
      unrestricted motion of the arms. This inward inclination ends just above
      the waist, so the narrowest portion of the peripheral frame occurs
      approximately behind the elbows--the most troublesome constriction for
      some prior frame constructions. From this location just above the waist,
      the peripheral side frame members extend downwardly and outwardly (19c and
      20c) to provide for the hips; and the bottom frame member 21 is formed
      rearwardly so as to provide adequate space for the buttocks. Thus, the
      frame is adapted to be rigidly secured to the bearer's back while
      providing adequate arm room, head room and waist and buttocks room.
PAR  Referring again to FIG. 2, the upper frame member 18 is provided with a
      plurality of laterally extending, laterally spaced slots 32 which may be
      used for tying a sack to the frame or for fastening other utensils or
      equipment to be carried. Further, each of the peripheral side frame
      members 19, 20 are provided with a plurality of slots designated
      respectively 33 and 34 which extend in a general upright direction and are
      located at spaced intervals along the entire length of these peripheral
      side frame members. Further, the lower portions of the bottom side frame
      members 19c and 20c are seen to be relatively wider than the upper frame
      portions; and each is provided with a duplicate set of such slots, 19d and
      20d. One set of slots is located inwardly of the other. Each set includes
      a number of vertically elongated slots which are spaced apart in the
      direction of elongation to permit upward and downward as well as inward
      and outward adjustment of the waistband. The rearmost portion 21b of the
      bottom frame member 21 is also provided with a plurality of slots,
      designated 35.
PAR  Six columns of horizontally elongated slots are arranged on the backplate
      22. These are divided into a left side (as viewed from the front) set of
      three columns designated 38 and a right side set 39. Each side set of
      slots is arranged such that the slots at the left and right columns are
      aligned horizontally; and the slots in the center column are located at
      intermediate locations relative to these former columns of slots, as
      illustrated in FIGS. 2 and 2A. The purpose of this arrangement of slots is
      to permit a wide latitude in the adjustment of the location of the
      shoulder straps, both vertically and laterally, as will be made clear
      presently.
PAR  Referring now to FIGs. 2, 2A and 6, the backband 15 includes a net-like
      mesh 40 with three appendages or tabs 41 secured to each side--one at the
      top, one at an intermediate location, and one near the bottom. The tabs 41
      extend laterally of the mesh 40, and they are provided at their distal
      ends with loops, one of which is designated 42 in FIG. 6. The backband is
      secured to the frame by passing the tabs 41 around the outside of the
      frame and in through an associated one of the slots 33, 34 along the
      peripheral side portions of the frame. A lace or tong 45 is then placed
      through the loops 42 in the manner illustrated in FIG. 2 and tied at the
      bottom after suitably tensioning the mesh 40 by drawing the tong. The
      backband holds the rigid plastic from direct contact with the bearer's
      body.
PAR  Turning now to the shoulder straps 12, 13, they are of similar
      construction, so that only one need be described for a full understanding
      of the invention. Referring to the shoulder strap 13, it includes a
      shoulder-engaging, padded section 45, the upper end of which is provided
      with a loop 46 (FIG. 6). The loop 46 is placed through one of the loops 38
      on the backplate 22 and held there by means of a fastener generally
      designated by reference numeral 50. The fastener 50 is seen in better
      detail in FIGS. 3 and 4; and it includes a cylindrical member 51 and a
      locking arm 52. The locking arm 52 is attached to one end of the
      cylindrical member 51 by means of a hinging section 53 which permits the
      arm 52 to swing laterally of the cylinder 51 inwardly and outwardly of the
      plane of the page of FIG. 3--that is, upwardly and downwardly as seen in
      FIG. 4. The distal end of the arm 52 includes a finger 54 which extends in
      a generally radial direction of the cylinder 51 when the arm 52 is in its
      normal position (the normal position being generally parallel to the axis
      of the cylinder 51 and spaced from it as indicated at 55). It will be
      observed from FIG. 4 that the finger 54 extends inwardly in the normal
      position approximately to the axis of the cylinder 51. The finger 54 may
      be moved to an unlocking position as shown in dashed line at 54A in FIG.
      4, in which case it will be seen that there is unrestricted axis to the
      space 55 and to the cylinder 51. The resiliency of the material (the
      fastener preferably being made of an elastomeric material) causes the arm
      52 to swing back into the locking position shown in solid line in FIG. 4
      wherein the finger 54 extends beneath the lower surface 56 of the cylinder
      51--again, being spaced from it slightly as indicated at 59 in FIG. 3.
PAR  To secure the shoulder strap 13 to the backplate 22, the loop 46 is passed
      through one of the slots 38; and the arm 52 of the fastener 50 is pivoted
      to the unlocking position of FIG. 4. The cylinder 51 is then placed into
      that portion of the loop 46 which is passed through the slot 38 on the
      opposite side of the backplate 52 as seen in FIG. 6. When the arm 52 is
      released, it swings back into locking position; and the fastener is
      assembled to the loop 46 in locking relation. The loop 46 cannot be
      withdrawn back through the slot 38 because the diameter of the cylindrical
      member 51 is greater than the height of the slot (see FIG. 5).
PAR  The waistband 14, as seen in FIGS. 8-13 includes a belt 60 provided with
      two rearwardly extending loops 61 and 62. The belt includes a buckle, seen
      in FIG. 2. It also includes three separate padded elements, seen in FIG. 9
      including first and second side padded elements 63 and 64 and a center
      padded element 65. Each of these elements is provided at its rear portion
      with a web, designated respectively 63A, 64A and 65A which is sewn at top
      and bottom to its associated pad. The webs provide an elongated loop
      through which the belt 60 is threaded. Each of the webs 63A and 64A are
      provided with vertically elongated slots, designated respectively 63B and
      63C for the pad 63 and 64B and 64C for the pad 64.
PAR  Referring now to FIGS. 10 and 13, when all three pads are used to
      accommodate a larger waist, the unslotted pad 65 is placed in the middle.
      It will be observed that it is somewhat shorter than the side pads. The
      loops 61, 62 on the belt 60 are placed through the innermost slots 63C,
      64B respectively on the pads 63, 64. Fasteners 50 identical to the ones
      already described are then coupled to the loops to hold the belt pads in
      place.
PAR  Referring now to FIGS. 11 and 12, to accommodate the waistband to a shorter
      waist, only the two side pads 63, 64 are used. In this case, the loops 61,
      62 are placed through the outer slot 63B, 64C, on the pads 63, 64
      respectively and then fastened by the fasteners 50, as illustrated.
PAR  The waistband is attached to the backpack frame, as seen in FIGS. 2 and 7
      by passing the loops 61, 62 through selected ones of the slots 19d, 20d
      and securing with a fastener 50. Each set of slots 19d, 20d includes an
      inner and an outer set of three vertically spaced slots for permitting the
      waistband to be adjusted upwardly from the position shown in FIG. 2, if
      desired or permitting attachment to an inner set.
PAR  Having thus described in detail the preferred embodiment of the invention,
      it will be appreciated that the assembly is uniquely suited for the many
      adjustments that may be required or desired to accommodate the physique of
      a particular bearer. At the same time, the adjustability permits the
      bearer to secure the various elements to his own liking--that is, he may
      design his own backpack assembly from these elements due to the highly
      adjustable features that are incorporated in it. In particular, the upper
      portions of the shoulder straps may be adjusted upwardly or downwardly or
      inwardly or outwardly in the slots, 38, 39 of the backplate 22. The use of
      the fasteners 50 greatly facilitates such adjustment. Further, the lower
      portions of the shoulder straps 12, 13 may be secured to the frame in any
      one of a number of different locations on the slotted peripheral frame
      members 19, 20. The backband 15 likewise may be adjusted upwardly or
      downwardly, and it may be adjusted in tension, if desired. Still further,
      the waistband assembly may be adjusted for waists of different size as
      well as adjusted upwardly or downwardly, inwardly or outwardly depending
      upon the height of the bearer and his preferred mounting. The unused slots
      on the peripheral frame portion provide additional tie locations for
      various items that may be desired to be carried.
PAR  It will, therefore, be appreciated that certain portions of the structure
      illustrated may be modified and equivalent elements substituted for those
      disclosed while continuing to practice the principle of the invention; and
      it is intended to cover all such modifications and substitutions as they
      are embraced within the spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A backpack assembly comprising: a one-piece skeletal plastic frame
      including an integral peripheral frame portion having an upper frame
      member, first and second side frame members, and a lower frame member,
      said frame further including a backplate and a skeletal frame gridwork
      integrally connecting said backplate with said peripheral frame, said
      peripheral frame defining a first plurality of elongated slots extending
      along substantially the entire length of said first and second side frame,
      said backplate defining a second plurality of elongated slots therein; a
      backband secured to said frame through said first plurality of slots; a
      pair of shoulder straps secured at their upper ends to said frame at said
      second plurality of slots and secured at their lower ends to said frame at
      said first plurality of slots; fastener means for securing the end
      portions of said shoulder straps to said frame; and a waistband assembly
      carried by said frame at said first plurality of slots; whereby said
      shoulder straps, backband and waistband may be independently adjusted on
      said frame in accordance with the location of said slots.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said side frame members of said
      peripheral frame converge inwardly from an upper location adjacent the
      head of a bearer carrying said frame to a location approximately at the
      waist of the bearer and thence diverge outwardly to a lower frame portion
      at the hip position of the bearer; and wherein said lower peripheral frame
      member extends outwardly at the rear to avoid restricting motion of the
      buttocks of the bearer during walking.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said backplate is spaced rearwardly of
      said peripheral frame portion to allow head room, and wherein said
      peripheral frame portion is located outwardly of the head position of the
      bearer when carried.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said second plurality of slots on said
      backplate comprise a first set of slots on one side and a second set of
      slots on the other side, each set of slots including laterally-spaced,
      horizontally-elongated slots and vertically-spaced, horizontally-elongated
      slots whereby the upper end of each shoulder strap may be adjusted
      laterally and vertically relative to said backplate.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first plurality of slots extend
      substantially throughout the entire periphery of said frame, each slot
      being in an end-to-end position with adjacent slots.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said backband comprises a central mesh
      adapted to engage the back of a bearer and a plurality of tabs extending
      laterally of each side of said mesh, said tabs each defining a loop and
      being assembled to said frame by extending through an associated one of
      said elongated slots on the peripheral portion thereof, said apparatus
      further comprising means for lacing said loops together to thereby tension
      said mesh against the peripheral portions of said frame.
NUM  7.
PAR  7. The apparatus of claim 1 wherein each of said shoulder straps defines a
      loop at each end for fitting through an associated slot of desired
      adjustment, and wherein each of said fastener means includes a cylindrical
      member and a locking member, said cylindrical member fitting through an
      associated loop and having a diameter greater than the width of an
      associated slot, said locking member being connected to said cylinder and
      fitting about a loop when assembled thereto.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said waistband comprises a flexible
      belt adapted to fit through said first plurality elongated slots on
      laterally opposed lower peripheral portions of said frame; and a plurality
      of pads removably carried by said belt, at least two of said pads being
      provided with slits, and said belt including a plurality of loops for
      aligning with said slits, said apparatus further comprising fastener means
      for securing said loops after extending through an associated slit of one
      of said pads.
NUM  9.
PAR  9. A frame for a backpack assembly comprising a molded integral skeletal
      frame member of rigid plastic foam having an outer peripheral frame
      portion defining a plurality of elongated slots spaced end-to-end
      substantially along the peripheral sides thereof for adjustably securing
      elements to said frame, said peripheral frame portion being contoured
      about the head of a bearer to allow unrestricted head motion and extending
      downwardly from the head location and inclined inwardly to a location
      approximately at the waist of a bearer to permit unrestricted arm motion,
      and thence diverging outwardly to a location approximately at the waist of
      the bearer; said peripheral frame portion further including a rearwardly
      extending bottom frame member defining a plurality of elongated, laterally
      spaced slots extending end-to-end; and wherein the lower peripheral frame
      portions of said frame each define a plurality of sets of laterally-spaced
      slots, each set including a plurality of generally vertically elongated
      slots extending end-to-end.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said frame further comprises a
      backplate defining a first and a second set of generally horizontally
      extending elongated slots, each set including vertically spaced slots and
      laterally spaced slots for adjustably securing shoulder straps thereto.
NUM  11.
PAR  11. In combination, a backpack frame of integral, molded foam plastic
      providing an interior skeletal frame structure and a peripheral frame
      structure defining a plurality of elongated slots, said slots being spaced
      for adjustable attachment of an element to said frame; securing means on
      said element including a flexible loop extending through one of said
      slots; and fastener means for securing said loop to said frame said
      fastener means comprising an integral member having a generallly
      cylindrical portion for fitting through an associated loop and having a
      width greater than the width of an associated slot, and an arm hingedly
      connected to said cylindrical portion for coupling about said loop when
      said cylindrical member is assembled within said loop.
NUM  12.
PAR  12. In combination with a backpack frame having at least a pair of
      elongated slots, one located at either side adjacent the waist position,
      an adjustable waistband assembly for attaching said backpack frame to a
      bearer comprising: a flexible belt having a pair of loops; a plurality of
      padded elements slidably received on said belt, at least two of said
      elements defining a slit for aligning with the loop of said belt; and
      fastener means for coupling to said loop of said belt passed through a
      slit in an associated pad and an associated slot on said frame to thereby
      secure said pad and said belt to said frame at a predetermined position.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said plurality of padded elements
      comprises three padded elements, each removable from and slidably
      adjustable along said belt, the outermost of said padded elements each
      including a plurality of laterally spaced slits for aligning with
      associated loops of said belt whereby said loops will align with the
      innermost slits of said side padded elements when said third padded
      element is assembled to said belt and said loops may be aligned with the
      outermost slits of said side padded elements when said third pad is
      removed from said belt.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said fastener means comprises an
      integral member having an elongated portion adapted to fit through a loop
      of said belt after passing through an associated slit in said elements and
      an elongated arm spaced laterally of said elongated member and extending
      axially thereof and adapted to couple to said loop when said elongated
      member is passed through said loop.
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ABST
PAL  Storage apparatus for transporting goods, such as, sporting equipment,
      grocery parcels and the like includes a container for the goods and
      attachment means for detachably securing the container to a motorcycle or
      like vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to storage apparatus. More particularly, the
      present invention pertains to vehicle associated storage apparatus. Even
      more particularly, the present invention pertains to apparatus for storing
      and transporting goods, the apparatus being associated with a motorcycle
      or like vehicle.
PAR  2. Prior Art
PAR  A plurality of devices have been devised or facilitating the storage and
      transportation of goods for a rider of motorcycles, bicycles and like
      vehicles.
PAR  For example, U.S. Pat. No. 3,286,891 teaches a golf club carrier attached
      to the rear wheel fender and luggage carrier. Such a device requires the
      presence of a luggage carrier on the vehicle in order to achieve
      attachment. Moreover, usage of such a device requires displacement and
      relocation of safety devices, such as, tail lights, license plates and the
      like.
PAR  A similar type of carrier is disclosed in U.S. Pat. No. 2,919,758. However,
      such a carrier is specifically adapted for use with a powered golf cart.
      The carrier of this reference is not useful on an open road, or the like,
      because of vision obstructions associated therewith.
PAR  U.S. Pat. No. 3,659,761 teaches a rack exclusively adapted for transporting
      a surfboard by a bicycle rider. Such a device does not impart sufficient
      aerodynamic stability for traveling at the speeds associated with a
      motorcycle. Moreover, the carrier creates interference with regard to
      steering the vehicle, pedalling the vehicle and other motive operations.
PAR  U.S. Pat. No. 2,771,305 teaches a motorcycle saddle bag mounting which
      attaches to the fender of the rear wheel of the vehicle. Inherent with
      saddle bags is their inability to transport and store large articles,
      thus, negating their utility.
PAR  Other storage and transport paraphenalia taught by the prior art is
      evidenced by U.S. Pat. Nos. 1,044,867 and 3,623,747. Such prior art
      encounters and exhibits the same deficiencies as outlined hereinabove.
PAR  The present invention overcomes the problems encountered in the prior art
      while providing major improvements thereover.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a
      vehicle-associated storage apparatus for transporting goods, and in
      particular a storage apparatus for use with two-wheeled vehicles, such as,
      motorcycles, bicycles, and the like.
PAR  The apparatus hereof includes a container or storage means and means for
      attaching the container to a frame structure of the vehicle.
PAR  The means for attaching includes a support structure for supporting the
      container thereon.
PAR  The means for attaching, also, includes means for rapidly detaching the
      container from the support structure.
PAR  The present invention, also, contemplates the use of reinforcing structure
      to impart rigidity to the container. Further, the present invention
      contemplates framing structure adapted to provide interchangeability of
      containers.
PAR  The present invention does not interfere with visual observations by the
      vehicle rider. Moreover, the present invention does not interfere with the
      aerodynamic stability of the vehicle.
PAR  For a more complete understanding of the present invention reference is
      made to the following detailed description and accompanying drawing. In
      the drawing like reference characters refer to like parts throughout the
      several views, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the vehicle associated storage means of the
      present invention;
PAR  FIG. 2 is an exploded, partially broken, partly in section, perspective
      view of the attachment means of the present invention;
PAR  FIG. 3 is an exploded, perspective view of a framing structure for use with
      the storage apparatus of the present invention; and
PAR  FIG. 4 is an exploded, perspective view of the storage means hereof having
      reinforcement means associated therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention and with reference to the drawing,
      and in particular, FIG. 1, there is depicted a storage apparatus,
      generally indicated at 10.
PAR  The apparatus 10, generally, includes a container or storage means 12 and
      attachment means 14 for securing the container 12 to a vehicle, generally
      indicated at 16.
PAR  The vehicle for which the present invention is adapted can comprise any
      two-wheeled vehicle having a front wheel 18 and a rear wheel (not shown).
      Thus, the present invention can be deployed in conjunction with a
      motorcycle, motorbike, bicycle, or the like.
PAR  The only criterion associated with the vehicle 16 is that it have a
      suitable frame structure 20, extending upwardly from the axle of the wheel
      18 (not shown) such as, to the handlebars 22. The presence of the frame
      structure 20 enables attaching of the attachment means 14 to the vehicle
      16.
PAR  It is to be further understood that although only one storage apparatus is
      illustrated herein, a plurality of same can be utilized herein, by
      attachment to both sides of the wheel, either front or rear, or both.
PAR  It should be further noted with regard hereto, that the term "frame
      structure" refers to any part of the vehicle extending as hereinbefore
      described and may include a shock absorber or the like.
PAR  Referring now to FIG. 2, there is depicted therein the assembly of the
      attachment means 14 hereof. The support structure 24 has a first leg 26
      extending parallel to the axle of the wheel 18 which seatingly retains the
      container 12 thereon, in a manner described subsequently. The support
      structure 24, also, includes second leg integrally formed with the first
      leg 26 and generally perpendicular thereto. The second leg is adapted to
      abut the frame structure 20.
PAR  A securing lip 30 is integrally formed with the second leg, at its free
      end. The securing lip 30 obviates any possibility of detachment of
      clamping means used herein.
PAR  The attachment means 14 further includes clamping means 32, such as, at
      least one screw clamp 34. The screw clamp 34, as is known to those skilled
      in the art constricts or expands upon rotation of the screw associated
      therewith.
PAR  The clamping means 32 interconnects the support structure 24 to the frame
      structure 20. This is achieved by mounting the ring portion 36 about the
      leg of the support structure 24 and the frame structure 20 as shown in
      FIG. 3. Rotation of the screw then fixedly secures the leg to the frame
      structure 20. The lip 30, as shown in FIG. 3, prevents undue slippage of
      the support structure in relation to the clamping means 32 by providing an
      engagement undersurface 38. It is to be understood that although the
      present clamping means has been described with reference to a screw clamp,
      other clamping means for fixedly securing the support structure to the
      frame structure can be used with equal efficacy herein.
PAR  Referring again to FIG. 2, the leg 26 of the support structure 24, also,
      includes at least one aperture 40 provided therethrough, two such
      apertures being shown. The aperture cooperates with quick detachment means
      or assembly 42 to detachably mount the container 12 onto the support
      structure 24.
PAR  The quick detachment means includes at least one fastener 44, such as a
      threaded bolt or the like which is adapted to be insertable through the
      aperture 40.
PAR  The fastener 44 is disposed within the interior of the container 12 and
      extends therefrom through the base 46 of the container via an aperture 48
      provided therethrough. The aperture 48 registers with aperture 40 when
      actuating or connecting together the quick detachment assembly.
PAR  The head 50 of the fastener 40 seats over the aperture 48 and prevents the
      fastener from passing therethrough.
PAR  Locking means, such as a connector or nut 52 or the like, is disposed
      beneath the leg 26 of the support structure 24. The locking means is
      threadably connected to the fastener. By connecting the nut 52 to the bolt
      44, the carrier 12 is securely supported on the support structure 24.
      Moreover, by using an assembly of the type herein described quick
      detachment of the carrier is achieved by unscrewing the nut from the bolt,
      without interfering with the attachment of the support structure to the
      frame structure.
PAR  Referring again to FIG. 1, a flex cable 54 can be used to secure the top
      portion of the carrier to the handlebars, as shown.
PAR  Referring now to FIG. 3, there is depicted therein an alternate embodiment
      of the present invention. As in the previous embodiment, a vehicle frame
      structure 110 has a support structure 112 secured thereto through suitable
      clamping means 114, such as, screw clamps 116.
PAR  In accordance with this embodiment, a plate member 118 is adapted to seat
      atop the first leg 120 of the support structure 112. The plate member 118
      is provided with a plurality of apertures 122 therethrough. The apertures
      122 are adapted to be in registry with apertures 124 provided in the first
      leg 122 of the support structure 112.
PAR  A framing structure 126 mounts atop the plate member 118, substantially
      perpendicular thereto. The framing structure 126 includes a ring-like
      member 128 and a pair of downwardly depending legs 130, 132. The legs 130,
      132 are substantially diametrically spaced apart from each other and are
      integrally formed with the ring-like member 128.
PAR  The legs 130, 132 are each provided with an annular shoulder or flange 134,
      136, respectively, proximate their respective free ends. The flanges
      define an abutment or stop between the plate member 118 and the framing
      structure 126.
PAR  The lower portion of the legs 130, 132 is threaded, as at 138, 140 between
      the flanges and the free ends thereof. Thus, the legs 130, 132 are
      rendered threadly connectable to connectors, such as, wing nuts 142. The
      framing structure 126 is deployed by inserting the legs 130, 132 through
      the registering apertures 122, 122 and connecting the wing-nuts 142 to the
      threaded portions 138, 140 of the legs at the under surface of the first
      leg 120 of the support structure 112.
PAR  Any suitable container (not shown) can then be inserted into the space
      defined between the legs 130, 132 and the plate member 118, as indicated
      by the arrow 144. In this embodiment, there is no need to directly attach
      the container to the attachment means.
PAR  Referring now to FIG. 4 there is depicted therein still a further
      embodiment of the present invention. In this embodiment, and for purposes
      of clarity, the attachment means have been omitted from illustration. In
      this embodiment a carrier 210 is fitted with a reinforcing structure 212
      the reinforcing structure interconnecting the carrier 210 to the
      attachment means.
PAR  The reinforcing structure 212, which is disposed in the carrier 210,
      includes a base 214 which engages the bottom of the carrier and having at
      least one aperture 216 formed therethrough. The structure 212 further
      includes a pair of spaced apart, substantially diametrically opposed legs
      218, 220. The legs, each, at one end thereof, are fixedly secured to the
      base 214, such as by welding or the like, as at 22.
PAR  The legs 218, 220 extend upwardly substantially perpendicular to the base
      214.
PAR  A ring member 224 is disposed substantially parallel to the base 214 and is
      fixedly secured to the legs 218, 220 at the other ends thereof.
PAR  The legs 218, 220 are dimensioned such that when the base 214 abuts the
      bottom 226 of the carrier, in a manner hereinafter described, the ring
      member 224 is disposed proximate the top of the container 210.
PAR  The bottom 226 of the carrier 210 is provided with at least one aperture
      (not shown) adapted to be in registry with the aperture 216 provided in
      the base 214.
PAR  In deploying the reinforcing structure 212, it is inserted into the
      interior of the carrier.
PAR  A fastener, such as a threaded bolt 228, is insertable through the
      apertures provided in the base 214, the bottom 226 of the carrier 210, as
      well as in the support structure, and is connectable to any suitable
      connector, such as hereinbefore described, to achieve interconnection
      between the carrier and the support structure.
PAR  A flex cable 230 can be used to interconnect or attach the top of the
      carrier to the handlebars of the vehicle (See FIG. 1).
PAR  It should be noted herein that the attachment means, as well as the framing
      structure and reinforcing structure can be formed from any suitable
      material, such as, steel, iron and the like.
PAR  It should further be noted that the present invention does not in any
      manner interfere with or alter the handling and manuvering profile of the
      vehicle associated therewith.
CLMS
STM  Having thus described my invention, what is claimed is:
NUM  1.
PAR  1. In combination with a two-wheeled vehicle having a frame structure
      extending from a wheel axle, a storage means comprising:
PA1  a. a support structure comprising a first leg extending parallel to and
      co-axial with the axle of a wheel and having a lip formed at its upper
      end, and a second leg substantially perpendicular to the first leg and
      formed at the lower end of the first leg and having an aperture formed
      therethrough, the first leg abutting the frame substantially along the
      extent of the first leg,
PA1  b. means for attaching the first leg to the frame structure, the lip
      preventing the slippage of the leg past the means for attaching,
PA1  c. a carrier for storing and transporting goods therein, the carrier having
      an aperture formed in the bottom thereof, the bottom seating on the second
      leg and the aperture being in registry with the aperture formed in the
      second leg, and
PA1  d. quick detachment means extending through the registering apertures for
      detachably supporting the carrier on the second leg of the support
      structure.
NUM  2.
PAR  2. The storage means of claim 1 wherein the means for attaching comprises
      clamping means which fixedly secures the first leg of the support
      structure to the frame structure.
NUM  3.
PAR  3. The storage means of claim 1 wherein the quick detachment means includes
      a fastener extending through the apertures and a connector detachably
      connectable to the fastener.
NUM  4.
PAR  4. The storage means of claim 1 which further comprises:
PA1  a plate member which seats on the support structure, and having at least
      one aperture formed therethrough,
PA1  the support structure having at least one aperture formed therethrough and
      adapted to be in registry with the aperture in the plate member,
PA1  a framing structure mountable atop the plate member,
PA1  the framing structure including at least one leg insertable through the
      registering apertures, and wherein
PA1  the quick disconnect means includes a threaded portion of the leg and a
      connector threadably connectable thereto to interconnect the framing
      structure and plate member to the support structure,
PA1  the carrier being disposed within the framing structure and seating atop
      the plate member.
NUM  5.
PAR  5. The storage means of claim 1 which further comprises:
PA1  a reinforcing structure disposed within the carrier, the reinforcing
      structure including a base having at least one aperture formed
      therethrough, the base engaging the bottom of the carrier,
PA1  the carrier having at least one aperture formed in the bottom thereof and
      adapted to be in registry with the base aperture,
PA1  the support structure having at least one aperture formed therein and
      adapted to be in registry with the other apertures, and wherein
PA1  the quick detachment means comprises a fastener insertable through the
      apertures and a connector connectable to the fastener for interconnecting
      the base, and the carrier to the support structure.
NUM  6.
PAR  6. The storge means of claim 5 wherein the connector is threadably
      connectable to the fastener.
NUM  7.
PAR  7. The storage means of claim 1 wherein the vehicle is a motorized vehicle.
NUM  8.
PAR  8. The storage means of claim 1 wherein the vehicle is a motorized vehicle,
      the frame structure extends from the front wheel axle to the handlebars of
      the vehicle, and which further includes a flex cable which connects the
      top of the carrier to the handlebars.
PATN
WKU  039387208
SRC  5
APN  0968498
APT  1
ART  314
APD  19701210
TTL  Wallet with carrying harness
ISD  19760217
NCL  1
ECL  1
EXA  Forsberg; Jerold M.
EXP  Spar; Robert J.
NDR  1
NFG  3
INVT
NAM  Vela; La Verne M.
STR  675 Pearson
CTY  Ferndale
STA  MI
ZIP  48220
CLAS
OCL  224  5R
XCL  224 26R
EDF  2
ICL  A45C  100
FSC  224
FSS  5 R;5 L;5 K;5 N;5 M;5 Y;26 R;26 F;2 B;26.2;26.3
UREF
PNO  1287875
ISD  19181200
NAM  Careless
OCL  224 26F
UREF
PNO  1493594
ISD  19240500
NAM  Binns
OCL  224 26C
UREF
PNO  2819830
ISD  19580100
NAM  Murray
OCL  224  2B
UREF
PNO  3322311
ISD  19670500
NAM  Homer
OCL  224  5R
LREP
FR2  Baillio; A. F.
ABST
PAL  A wallet for wear beneath the clothing of a person which includes a longer
      elastic band of a length to snugly fit around the waist of the wearer, a
      shorter elastic band of a length to fit snugly around the upper thigh of
      the wearer and a flat pocket-like body so attached at one end to one band
      and at the other end to the other band and of such length that when the
      wearer stands it is tightened in both directions and thus held flatly
      against the body of the wearer.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to wallets for carrying money, papers and other
      valuables on the person of the type which are attached to the person under
      clothing so as to safeguard the valuables and free the hands of the
      person. The devices shown in the Kepley U.S. Pat. No. 297,268, dated Apr.
      22, 1884, and Careless U.S. Pat. No. 1,287,875, dated Dec. 17, 1918, are
      thought to be typical of the prior art known to the applicant.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a wallet of the character
      referred to which will remain concealed from sight under a minimum of
      clothing with a minimum of bulge to reveal its presence but will not
      restrict movement of the wearer but accommodate itself to his or her
      movements and be comfortable.
PAR  This objective is attained by providing a flat receptacle to be worn under
      the outer clothing between the waist and the upper thigh and held
      tensioned and snugly against the body by elastic bands which fit snugly
      around the waist and the upper thigh.
PAR  For a better understanding of the nature of the invention and a disclosure
      of the preferred embodiment thereof, reference is made to the accompanying
      drawing and the following description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a view of a person wearing a wallet in accordance with my
      invention with a portion of the outer clothing broken away to show the
      wallet.
PAR  FIG. 2 is a rear view of the midsection of a person wearing the wallet.
PAR  FIG. 3 is a perspective view of the wallet.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The wallet 1 shown in the drawing includes a longer upper elastic band 2 of
      a length to fit snugly around the waist of the wearer and a shorter lower
      elastic band 3 of a length to fit snugly around the upper thigh of the
      wearer. Between the two bands extends a pocket-like member 4 with an
      access opening at its upper end which may be closed by a flap 5 by a
      button or a snap or by a zipper or otherwise. The ends of the pocket-like
      member are attached to the ends of the bands 2 and 3 and the pocket-like
      member is of such length that when the wearer stands the pocket-like
      member is tightened in both directions and thus held flatly against the
      body of the wearer. Besides its function of cooperating with the band 2 to
      hold the pocket-like member flatly against the body, the band 3 also
      serves to prevent loss of the wallet in the event the band 2 breaks.
PAR  The wallet 1 is intended as shown in FIG. 1 to be worn beneath the outer
      clothing and will, therefore, not only be invisible under ordinary
      circumstances, but also because it is held flatly against the wearer's
      body will not reveal its presence by creating a noticeable bulge when
      snugly fitting clothing is worn. Because of the yieldability of the bands
      2 and 3, the wallet will not restrict movement of the wearer but will
      accommodate itself to his or her movements and be comfortable but still
      remain in place despite the most violent movements.
CLMS
NUM  1.
PAR  1.  The method of concealing a pocket-like member on the person which
      resides in suspending beneath the person's clothing under tension
      lengthwise and sidewise between an elastic band which fits snugly around
      the waist and an elastic band which fits snugly around an upper thigh of
      the person so that the member is held snugly against the body between the
      waist and a thigh of the person.
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ABST
PAL  Pin belt mechanism for movement of a continuous strip or web which has pin
      feed holes. The belt is annular and the pins are attached thereto along
      the length thereof, between the side edges thereof. The pins are easily
      and readily inserted into the belt and removed therefrom. The belt is
      rotatable and during at least a portion of each revolution engages a ramp
      which accurately directs each pin into a hole in the web for movement of
      the web. Each pin, in a substantially vertical position, moves in a
      straight line as it assists in movement of the strip. The pin then
      smoothly moves from the hole without further engagement with the web
      during that rotative cycle of the belt.
PAL  Each pin has one end portion which constitutes a web drive portion and
      which engages the web for movement thereof. The other end of each pin is a
      belt drive portion as the belt drive portion of the pin is movable into a
      recess in a drive wheel so that the pin and the belt move substantially
      linearly with rotative movement of the drive wheel. The belt drive portion
      of each pin also moves within a slot in an idler wheel to maintain proper
      lateral positioning of the belt with respect to the idler wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The structure of this invention is related to our invention disclosed and
      claimed in U.S. Pat. No. 3,688,959. It is an object of this invention to
      provide pin belt mechanism for movement of a continuous strip or web which
      a belt and each pin thereof are easily and readily attached together to
      form a unit.
PAR  Another object of this invention is to provide such mechanism in which each
      pin member of the belt serves as a web drive member and also serves as a
      belt drive member.
PAR  Another object of the invention is to provide such mechanism in which each
      pin also serves to maintain proper lateral alignment of the belt.
PAR  Another object of this invention is to provide such mechanism which can be
      combined wth existing apparatus for movement of a continuous web or strip.
PAR  Another object of this invention is to provide such mechanism which can be
      constructed in compact physical size.
PAR  Another object of this invention is to provide such mechanism which can be
      easily readily adjusted to accommodate webs of various widths for movement
      thereof.
PAR  Another object of this invention is to provide such mechanism which has
      means for adjustment to accommodate belts of different lengths and for
      adjustment in the tension thereof.
PAR  Other objects and advantages of this invention reside in the construction
      of parts, the combination thereof, the method of manufacture, and the mode
      of operation, as will become more apparent from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view, with parts broken away and shown
      in section, of pin belt mechanism of this invention.
PAR  FIG. 2 is a fragmentary exploded view, drawn on a larger scale than FIG. 1,
      showing a portion of the mechanism thereof.
PAR  FIG. 3 is a fragmentary exploded view, drawn on a larger scale than FIG. 2,
      of a portion of the mechanism thereof.
PAR  FIG. 4 is an enlarged sectional view, taken substantially on line 4--4 of
      FIG. 1.
PAR  FIG. 5 is a sectional view taken substantially on line 5--5 of FIG. 4.
PAR  FIG. 6 is a sectional view taken substantially on line 6--6 of FIG. 4.
PAR  FIG. 7 is a sectional view taken substantially on line 7--7 of FIG. 4.
PAR  FIG. 8 is a sectional view taken substantially on line 8--8 of FIG. 4.
PAR  FIG. 9 is a sectional view taken substantially on line 9--9 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Strip feed mechanism of this invention may comprise an individual or
      unitary machine for movement of a continuous strip, or mechanism of this
      invention may be a part of apparatus which performs certain operations
      upon a continuous strip or web of material during travel thereof.
PAR  The strip feed meahanism of this invention is shown in FIG. 1 as being
      provided with a pair of spaced-apart support members 12 and 14. A drive
      shaft 16, herein shown as being hexagonal, is rotatably supported by the
      support members 12 and 14 and extends therebetween. A shaft 18, spaced
      from the shaft 16 and substantially parallel thereto, is non-rotatably
      supported by the support members 12 and 14 and extends therebetween.
PAR  Supported by the shafts 16 and 18 are a pair of drive units 22 and 24. The
      drive units 22 and 24 are similar one with respect to the other. The drive
      unit 22 is described below in detail. Corresponding reference numerals are
      applied to elements of the drive unit 24.
PAR  The drive unit 22 has a carriage 28, through which the shafts 16 and 18
      extend. The shaft 18 extends through an elongate opening 23 in the
      carriage 28, as best shown in FIG. 4. The shaft 16 extends through a
      hexagonal opening in a drive sleeve 30 which is positioned within an
      opening 29 in the carriage 28. The sleeve 30 closely encompasses the shaft
      16 for rotation therewith. The sleeve 30 is rotatably supported by a
      bearing 27 within the opening 29. The sleeve 30 is retained against axial
      movement by any suitable means, such as by a clip 62 and washer 64 at one
      end thereof. A wheel 31 encompasses the drive sleeve 30 and is secured
      thereto for rotation therewith. A clip 66 is attached to the sleeve 30 at
      the end thereof opposite the clip 62. The wheel 31 has a plurality of
      peripheral recesses 32.
PAR  Within an elongate slot 70 of the carriage 28, as best shown in FIG. 2, is
      a sleeve 35. As shown in FIG. 8, the elongate slot 70 has an internal wall
      72 which is provided with an opening 74 therethrough. The stem 35 is
      internally threaded to receive a threaded stud 76 having a head 78. The
      stud 76 extends through the opening 74 and into the stem 35. Thus, the
      internal wall 72 supports the stem 35, as the internal wall 72 is clamped
      between the head 78 of the stud 76 and the stem 35, as illustrated in FIG.
      8.
PAR  A wheel 36 is rotatable upon the stem 35 and is retained upon the stem 35
      by a washer 80 and a clip 82, as illustrated by FIGS. 2 and 7. The wheel
      36 has an annular groove or slot 38.
PAR  An annular flexible band 42, in the form of a belt or chain, or the like,
      encompasses the wheels 31 and 36. The belt 42 is preferably of elastomeric
      material. The belt 42 has a plurality of holes 46 therethrough, as
      illustrated in FIG. 3. A pin 50 extends through each hole 46. Each pin 50
      is shown as having a tapered drive portion 50a at one end thereof and a
      base portion 50b at the other end thereof. Each pin 50 is attached to the
      belt 42 by forcing the pin 50 through a hole 46. The tapered portion 50a
      of each pin 50 is positioned at the outer surface of the belt 42, and the
      base 50b is positioned at the inner surface of the belt 42. Each pin 50
      has an annular groove 52 intermediate the ends thereof, into which the
      portion of the belt 42 which encompasses the hole 46 is positioned. Thus,
      the intermediate portion of each pin 50 snugly fits within a hole 46 in
      the belt 42. The base 50b of each pin 50 has a shape which is
      complementary to the recesses 32 in the wheel 31. Each base 50b is also
      complementary in shape to the shape of the annular slot 38 in the wheel
      36. Each pin 50 may be molded, or cast, or machined, or the like, and is
      preferably of a plastics material, such as "Delrin" or the like, having a
      low coefficient of friction. However, each pin 50 may be of steel or other
      metallic material.
PAR  The opening 74 in the internal wall 72 of the carriage 28 is larger than
      the stud 76, and the slot 70 is larger than the sleeve 35. Thus, by
      loosening the stud 76, the stem 35 may be shifted laterally to shift the
      wheel 36 toward or away from the wheel 31. This lateral adjustment of the
      stem 35 and the wheel 36 thus permits substitution of a belt 42 which may
      vary slightly in length. This lateral adjustment of the stem 35 and the
      wheel 36 also serves as means to tighten or loosen the tension in the belt
      42.
PAR  The carriage 28 has attached thereto at one side thereof an elongate
      bracket 90. Threaded studs 92 and 94 extend through passages 93 and 95,
      respectively, in the carriage 28 and into the bracket 90, to attach the
      bracket 90 to the carriage 28. Pins 84 and 85 are positioned within
      passages 97 and 99 in the bracket 90 and engage the studs 92 and 94,
      respectively, as illustrated in FIG. 2, to retain the position of the
      studs 92 and 94 within the bracket 90.
PAR  At one side thereof the bracket 90 has a guide portion 96 provided with a
      guide channel 98 having sloping side walls 250. The guide channel 98 has a
      forward inclined portion 260 and a rear inclined portion 270, as shown in
      FIG. 4. At the other side thereof the bracket 90 has a pair of support
      portions 100, each of which has a groove 102.
PAR  The opening 23 in the carriage 28 through which the shaft 18 extends is in
      communication with an opening 188 through a slot 190 in the carriage 28,
      as illustrated in FIGS. 2, 4 and 6.
PAR  A rigid leaf 110, best shown in FIG. 2, is located on the bottom surface of
      the carriage 28 and has an upwardly extending flange 112 which engages the
      side surface of the carriage 28. A threaded stud 114, having a washer 116,
      extends upwardly through a hole 118 in the leaf 110 and into the carriage
      28, through the slot 190, as best shown in FIGS. 1, 4, and 6, to attach
      the leaf 110 to the carriage 28. The leaf 110 has an angular end portion
      120, having an aperture 122 therethrough.
PAR  A cover or cover plate 130 is adapted to cover the bracket 90. The cover
      130 has a pair of coaxial stems 132, each of which rests in one of the
      grooves 102 of the bracket 90. A spring 134 has one end thereof within an
      aperture 136 in the cover 130 and the other end thereof within the
      aperture 122 in the leaf 120. Thus, the spring 134 retains the stems 132
      within the grooves 102 and permits pivotal movement of the cover 130 about
      the axis of the stems 132.
PAR  The cover 130 has an elongate slot 140 which is directly above the guide
      channel 98, when the cover 130 is horizontal.
PAC  OPERATION
PAR  The drive units 22 and 24 are adjustably movable along the shafts 16 and
      18. Thus, the drive units 22 and 24 may be moved one toward the other or
      one from the other, as illustrated by arrows 200 in FIG. 1. Thus, the
      drive units 22 and 24 are positionable to receive a continuous strip or
      web 210 which is of any reasonable width. The threaded stud 114, which
      extends through the slot 190 in the body of the carriage 28, not only
      retains the leaf 110 upon the carriage 28, but also serves as a clamping
      member. The stud 114 through the slot 190 determines the dimension of the
      slot 190 and thus determines top to bottom dimension of the opening 23 and
      thus determines the clamping force exerted upon the shaft 18 which extends
      through the opening 23 in the carriage 28. The clamping force permits
      movement of the drive units 22 and 24 with respect to the shafts 16 and
      18. Each of the drive units 22 and 24 is adjustable to any desired
      position along the length of the shafts 16 and 18, and the clamping force
      exerted by the stud 114 retains the unit in adjusted position.
PAR  The continuous web or strip 210 has a row of feed holes 220 adjacent each
      of the edges thereof, as shown in FIG. 1. Each of the edges of the
      continuous strip or web 210 has a portion thereof between the cover 130
      and the bracket 90 of one of the drive units 22 or 24, as shown in FIGS. 5
      and 6. In positioning an edge portion of the web 210 between the cover 130
      and the bracket 90, the cover 130 is pivotally moved upwardly as
      illustrated by broken lines in FIG. 6, and the edge portion of the web 210
      is laid upon the bracket 90, with some of the pins 50 extending through
      some of the feed holes 220 of the web 210.
PAR  Then the cover 130 is pivotally moved into horizontal position above the
      bracket 90. In such position some of the pins 50 extend through the slot
      140 in the cover 130. The base 50b of each of these pins 50 is positioned
      within the guide channel 98 of the bracket 90.
PAR  The base 50b of the feed pins 50 is movable within the annular slot 38 of
      the wheel 36. The base 50b of the pins 50 is also positionable within
      recesses 32 of the wheel 31, as the belt encompasses bracket 90 and the
      wheels 31 and 36.
PAR  The shaft 16 is rotated by any suitable motor means, not shown. Due to the
      fact that the wheel 31 of each of the drive units 22 and 24 is attached to
      the shaft 16, through the sleeve 30, for rotation therewith, the wheel 31
      of each drive unit 22 and 24 rotates with rotation of the shaft 16.
PAR  Due to the fact that the base 50b of the pins 50 of the belt 42 becomes
      positioned in the recesses 32 of the wheel 31 during rotation of the wheel
      31, the wheel 31 rotatively moves the belt 42 with rotation of the wheel
      31. As the belt 42 rotatively moves, the base 50b of the feed pins 50
      travels in the guide channel 98 of the bracket 90. The pins 50 also travel
      in the slot 38 of the wheel 36. As the belt 42 rotatively moves, the drive
      portion 50a of the pins 50 moves into holes 220 in the web 210 and moves
      the web 210 as illustrated by an arrow 240 in FIGS. 1 and 4.
PAR  As the belt 42 rotatively moves, the pins 50 move in seriatim relationship
      from the wheel 36 into the guide channel 98. The base 50b of each pin 50
      engages the sloping side walls 250 of the inclined forward portion 260 of
      the guide channel 98 and moves thereupon. The angle of incline of the
      forward part 260 causes each pin 50 to move angularly in a manner to
      compensate for the difference between the pitch line of the belt 42 and
      the line of travel of the web 210. Thus, each pin 50 freely enters the
      feed holes 220 without distorting the web 210 adjacent the feed hole 220.
      Each pin 50, after movement into a feed hole 220 continues to move within
      the channel 98 and moves laterally into engagement with the web 210 at the
      forward part of its respective feed hole 220 and urges forward movement of
      the web 210. The base 50b of each pin 50 engages the sloping side walls
      250 of the channel 98. As the base 50b of the pin 50 moves forwardly
      within the channel 98, the base 50b of the pin 50 begins to move
      downwardly within the rear portion 270 of the channel 98. Then after
      movement from the rear portion 270 of the channel 98, the base 50b of each
      pin 50 moves into a recess 32 of the wheel 31. Thus, each pin 50 freely
      and smoothly moves from its respective feed hole 220 without distortion of
      the web 210 during withdrawal of the pin 50.
PAR  The elongate opening 23 in the carriage 28 permits the carriage 28 to be
      accommodated by existing structure which may not have precise spacing
      between the shafts 16 and 18.
PAR  The elongate slot 70 in the carriage 28 and the opening 74 in the wall 72
      therewithin permit the stud 76, the stem 35 and the wheel 36 to be moved
      laterally slightly to accommodate a belt 42 which may be of a slightly
      different circumference or to change the tension in a belt 42.
PAR  Although the preferred embodiment of the device has been described, it will
      be understood that within the purview of this invention various changes
      may be made in the form, details, proportion and arrangement of parts, the
      combination thereof, and mode of operation, which generally stated consist
      in a device capable of carrying out the objects set forth, as disclosed
      and defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. Mechanism for movement of a continuous strip provided with a
      longitudinal row of apertures comprising:
PA1  a pair of parallel shafts, there being a first shaft and a second shaft,
      the strip being arranged to move at right angles to the shafts, the shafts
      being longer in length than the width of the strip.
PA1  a carriage having an opening therethrough, the first shaft extending
      through the opening, the carriage being movable along the first shaft,
PA1  a drive wheel, the second shaft extending through the drive wheel for
      rotation of the drive wheel with rotation of the second shaft, the drive
      wheel being movable along the second shaft,
PA1  a second wheel rotatably carried by the carriage and spaced from both of
      the shafts,
PA1  a continuous belt encompassing the drive wheel and the second wheel for
      rotation therewith,
PA1  a plurality of pin members carried by the belt, each of the pin members
      extending through the belt and being movable with rotation of the belt,
PA1  the carriage having a second opening adjacent the first said opening, the
      openings being connected by a slot therebetween, a threaded stud extending
      into the carriage through the slot and having a head portion engageable
      with a portion of the carriage which is adjacent the slot, the threaded
      stud being rotatable to slightly move said portion of the carriage to
      change the dimension of the slot and to change the dimension of the
      openings, to provide a clamping pressure upon the shaft which extends
      through the first said opening.
NUM  2.
PAR  2. Mechanism for movement of a continuous strip provided with a
      longitudinal row of apertures comprising:
PA1  a pair of parallel shafts, there being a first shaft and a second shaft,
      the strip being arranged to move at right angles to the shafts, the shafts
      being longer in length than the width of the strip,
PA1  a carriage having an opening therethrough, the first shaft extending
      through the opening, the carriage being movable along the first shaft,
PA1  a drive wheel, the second shaft extending through the drive wheel for
      rotation of the drive wheel with rotation of the second shaft, the drive
      wheel being movable along the second shaft,
PA1  a second wheel rotatably carried by the carriage and spaced from both of
      the shafts,
PA1  a continuous belt encompassing the drive wheel and the second wheel for
      rotation therewith,
PA1  a plurality of pin members carried by the belt, each of the pin members
      extending through the belt and being movable with rotation of the belt,
PA1  the carriage being provided with a recess having an internal wall provided
      with an elongate aperture therein, the mechanism including an internally
      threaded stem having a part within the recess and engaging the apertured
      wall, a stud extending through the aperture of the wall and into the
      internally threaded stem for clamping the stem with respect to the
      internal wall and thus retaining the stem with respect to the carriage, a
      part of the stem extending from the recess, the second wheel being
      rotatable upon said part of the stem which extends from the recess, the
      stem and the stud being laterally adjustably movable within the aperture
      of the internal wall to adjust the spacing between the second wheel and
      the drive wheel.
NUM  3.
PAR  3. Mechanism for movement of a continuous strip provided with a
      longitudinal row of apertures comprising:
PA1  a pair of parallel shafts, there being a first shaft and a second shaft,
      the strip being arranged to move at right angles to the shafts, the shafts
      being longer in length than the width of the strip.
PA1  a carriage having an opening therethrough, the first shaft extending
      through the opening, the carriage being movable along the first shaft,
PA1  a drive wheel, the second shaft extending through the drive wheel for
      rotation of the drive wheel with rotation of the second shaft, the drive
      wheel being movable along the second shaft,
PA1  a second wheel rotatably carried by the carriage and spaced from both of
      the shafts,
PA1  a continuous belt encompassing the drive wheel and the second wheel for
      rotation therewith,
PA1  a plurality of pin members carried by the belt, each of the pin members
      extending through the belt and being movable with rotation of the belt,
PA1  the pin members of the belt being movable into the apertures of the
      continuous strip,
PA1  the carriage having a second opening adjacent the first said opening, the
      openings being connected by a slot therebetween, means extending into the
      carriage through the slot and engageable with a portion of the carriage
      which is adjacent the slot, said means being adjustable to slightly move
      said portion of the carriage to change the dimension of the slot and to
      change the dimension of the openings, to provide a clamping pressure upon
      the shaft which extends through the first said opening.
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ABST
PAL  An apparatus for bonding beam lead devices and flip chip devices onto
      mating conductive surfaces on a substrate or other surface and for bonding
      electrical leads to semiconductor devices and subsequently to mating
      conductive surfaces on a substrate or other surface, utilizing either
      thermocompression or ultrasonic energy. The bonding system of this
      disclosure includes a novel bonding tool having minute spherically shaped
      bonding surfaces which are caused by a novel pivoting mechanism to
      individually and successively bond each of a plurality of electrical leads
      in a complex wobbling motion which permits the bonding surfaces to trace
      an adjustable rectangular or other predetermined linear path around the
      periphery of the device. The system also includes a frequency modulated
      ultrasonic generator and a novel lead composite, developed for this
      apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The system of this invention pertains to an improved apparatus and method
      for bonding beam lead devices and flip chip devices onto mating conductive
      surfaces on a substrate or other surface and for bonding electrical leads
      onto semiconductor devices and subsequently bonding said leads onto mating
      conductive surfaces on a substrate or other surface, utilizing either
      ultrasonic or thermocompression energy. The bonder of this invention
      utilizes a novel bonding tool having minute spherically shaped bonding
      surfaces which are caused to individually and successively contact and
      bond each of a plurality of electrical leads projecting from the periphery
      of a beam leaded device onto a substrate. A novel pivoting mechanism is
      disclosed for causing a complex wobbling motion of the bonding tool so
      that the tool follows an adjustable rectangular or other predetermined
      linear path around the periphery of the device to produce the desired
      individual and successive bonding of the leads. In the ultrasonic
      configuration, a novel frequency-modulated ultrasonic generator insures
      that the correct amount of ultrasonic energy is applied to each bond and
      that the system is always in resonance. A novel composite will also be
      disclosed in a related application which enables the system of this
      invention to bond electrical leads to a semiconductor device as well as
      bond them to a substrate or other surface having conductive patterns.
PAR  2. Description of the Prior Art
PAR  There are three presently used techinques of beam lead bonding. One is
      called a tacking technique which can utilize either thermocompression or
      ultrasonic energy. In this technique one lead at a time is put down and
      bonded with a tacking probe.
PAR  The second technique is called wobble bonding. There are presently three
      known variations of wobble bonding. One utilizes a wobble bonder such as
      that disclosed in U.S. Pat. No. 3,575,333. This patent discloses a
      thermocompression bonding tool mounted in a housing and pivoted about a
      focal point at the working surface to engage sequentially the electrical
      leads. The wobbling movement is generally in a conical or eliptical
      fashion and the bonding tool generally has a flat bonding surface but
      sometimes uses a slightly rounded tool. However, in practice, this type of
      wobble bonder is limited to thermocompression energy. It uses heat on the
      tool and heat on the work station. The pivot point of this tool is in
      axial alignment with the longitudinal axis of the bonding tool and in
      practice cannot be adapted to ultrasonic bonding.
PAR  A second variation of wobble bonding is disclosed in U.S. Pat. No.
      3,700,156 in which an ultrasonic wobble bonder is disclosed. In this
      wobble bonder, the tool holder which transmits ultrasonic energy is
      pivotally mounted in radial fashion, that is, the longitudinal axis of the
      tool is perpendicular to the longitudinal axis of the tool holder. In this
      system the ultrasonic transducer as well as the bonding tool is wobbled.
PAR  A third variation of wobble bonding is achieved by wobbling the work table
      rather than the bonding tool. Within the wobble table systems there are
      two variations. In one the table is wobbled to bring each lead into
      sequential contact with the bonding tool, as disclosed in U.S. Pat. No.
      3,672,034. In the other, the table is wobbled to a position such that the
      beam leads are planar relative to the bonding tool. The tool is then
      lowered and all leads are bonded simultaneously. A recent patent
      disclosing this technique is U.S. Pat. No. 3,475,814. This variation is
      not a true wobble bonding system, but is mentioned here because some
      wobbling of the table is necessary to achieve the desired result.
PAR  The third principal technique of beam lead bonding is compliant bonding. In
      compliant bonding, the bonding tool is kept planar relative to the
      substrate. A compliant material, such as soft aluminum, is placed between
      the tool and the beam leads. The purpose of this material is to equalize
      the pressure on the leads since they are usually all bonded at one time.
PAR  Each of the bonding systems and techniques disclosed in the prior art has
      its own advantages and disadvantages. The bonding system of the present
      invention is a complex machine utilizing a variety of novel features which
      both overcome the disadvantages of the units disclosed in the prior art
      and combine their many advantages in one system. The system of the present
      invention is a significant improvement over U.S. Pat. No. 3,700,156 owned
      by the same assignee.
PAR  The system of the present invention is the first commercially available
      wobble bonder of the wobbling tool variety in which the wobble movement
      does not describe merely a conical or eliptical path around the periphery
      of a beam lead or other semi-conductor device. Whether a beam lead or
      other device is square or rectangular in shape, prior wobble bonders trace
      a conical or an eliptical path around its periphery and thus bond some
      leads closer to the device than others or bond with varying pressure or
      direction of force. This can result in an uneven bonding pattern,
      undesirable electrical characteristics in the circuit and an occasional
      missed bond. The system of the present invention, however, enables the
      bonding tool to wobble in a straight line along the x-axis and the y-axis
      a predetermined distance from the edge perimeters and parallel to the edge
      perimeters of the device, or in any other desired linear path, and even on
      the surface of the device. Hence, the tool of the present invention does
      not wobble in the traditional sense. Its motion might better be described
      as a rocking motion and the bonder should be termed a rocker bonder.
PAR  There are three novel factors which contribute to this unique wobble or
      rocker motion and which distinguish the system of the present invention
      from the prior art. First, this system utilizes the design disclosed in
      U.S. Pat. No. 3,700,156 in which the longitudinal axis of the bonding tool
      is perpendicular to the longitudinal axis of the tool holder. This is the
      only design known in the present art which permits the use of ultrasonic
      energy in a bonder having a wobbling tool. However, in the present
      invention, the wobbling mechanism is improved to permit the tool to follow
      a rectangular rather than an eliptical path. The second novel factor
      contributing to the rocker bonder is the bonding tool itself. The prior
      art discloses in U.S. Pat. No. 3,505,726 a rounded bonding tool which
      minimizes the lateral forces applied to a beam when rocking over the
      leads. However, the design of the tool is such that it can bond only one
      of four sides at a time and then must be re-set. The bonding surfaces on
      the tip of the bonding tool of the present invention are four minute
      sections of a sphere disposed about the periphery of the tool which are
      utilized sequentially in wobbling or rocking around the periphery of a
      beam lead device. Other bonding tools of more conventional designs may be
      utilized with the system of the present invention, but this novel design
      yields significantly improved results. The third novel factor is that the
      speed of the bonding tool over a given direction can be varied so that
      each lead receives the same amount of bonding energy. This speed can be a
      function of the number of leads to be bonded along a perimeter of the
      device. Thus the present invention marks a significant improvement over
      the prior art.
PAR  In addition to the above points of novelty, the wobble bonding system of
      the present invention permits the bonding of lead composites to
      semiconductor devices as well as to a substrate or other surface having
      conductive patterns. This is made possible by the novel rectilinear motion
      of the bonding tool, the precise control of tip pressure on the leads and
      the precise control of the bonding energy.
PAR  To bond the lead composites both to the device and to a substrate or
      surface requires two trips of the tool around the periphery of the device,
      bonding the leads to the device on the first and the leads to the
      substrate on the second.
PAR  The wobble bonding system of the present invention also includes a
      frequency modulated ultrasonic generator incorporating an added saw tooth
      sweep or other function generator wherein the center frequency is
      modulated by the use of a saw tooth sweep generator; and the saw tooth
      sweep generator combined with adjustable speeds for wobbling the bonding
      tool around the perimeter of the device, permits the system to achieve
      more uniform bonds over the entire range of leads through an even
      distribution and control of the ultrasonic energy.
PAR  In addition to combining the aforesaid advantages of prior machines, the
      bonding system of the present invention may be utilized as a compliant
      bonder and as a flip chip bonder by reducing the pivotal movement of the
      bonding tool on its x- and y-axes to 0, 0.
PAR  The bonding system of the present invention also permits the bonding of a
      variety of metals directly to a semiconductor chip either ultrasonically
      or by thermocompression through the utilization of novel beam and lead
      composites.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus for bonding beam lead devices and flip chip devices onto
      mating conductive surfaces on a substrate or other surface and for bonding
      electrical leads to semiconductor devices and subsequently to mating
      conductive surfaces on a substrate or other surface, utilizing either
      thermocompression or ultrasonic energy. The system comprises a bonding
      mechanism, commonly known as a wobble bonder, including a bonding tool
      having minute spherically shaped bonding surfaces, beam and lead
      composites which enable the system to effect types of bonds not hitherto
      possible and, for ultrasonic bonding, a frequency modulated ultrasonic
      generator incorporating a saw tooth sweep generator to control and
      distribute evenly the ultrasonic energy to each bond. The system of the
      present invention may be utilized as a beam lead bonder, a flip chip
      bonder and a compliant bonder.
PAR  The system of the present invention can bond beam lead devices ranging in
      dimension from 15 mils long on the shortest side to 200 mils long on the
      longest side. Utilizing thermocompression as the source of bonding energy,
      the heat applied to the substrate ranges from 25.degree. C to 500.degree.
      C and to the bonding tool from 25.degree. C to 450.degree. C. The weight
      applied to the bond can range from 0 to 3,000 grams. The wobble angle of
      the bonding tool is independently adjustable for each axis and can vary up
      to 20.degree. from the vertical axis. It can lock at 0.degree.; 0.degree.
      for die mounting, flip chip bonding or compliant bonding. The time to
      wobble around a beam lead device can vary from 1/4 second to 4 seconds.
      Utilizing ultrasonic energy for bonding, the system requires an ultrasonic
      generator of 25 watts power, 60 KHz adjustable for C.W. or F.M.
PAR  The system of the present invention includes a novel bonding tool having a
      cylindrical vertical shaft with an opening therethrough for a vacuum line,
      a generally cubical-shaped bonding head having a hollow recess in the base
      thereof for pick-up and placement of semiconductor devices, dice or chips,
      and bonding surfaces disposed about the periphery of said recess. Said
      bonding surfaces are four minute spherical sections, which enable said
      bonding head to wobble or rock over the leads to be bonded.
PAR  In order to rock these bonding surfaces in an adjustable rectangular or
      other predetermined linear path around the periphery of a beam lead or
      other device, the bonding tool is inserted in a tool holder which is
      attached to the movable plate of a vertical ball slide mounted on a gimbal
      mechanism. This gimbal mechanism includes a fixed outer gimbal frame, a
      middle gimbal frame which is pivotally attached to the outer frame along
      its y-axis and an inner gimbal frame pivotally attached to the middle
      gimbal frame along its x-axis. The bonding tool housing itself is mounted
      on the inner gimbal frame. A precise pivoting of the two inner gimbal
      frames about a center point combined with the slidably mounted tool holder
      will produce the desired rectangular wobble motion of the bonding head.
PAR  To achieve the desired motion of the gimbal frames, the underside of each
      frame is pivotally connected to a vertical shaft which is, in turn,
      pivotally connected to a horizontal shaft passing through an adjustable
      pivot block. The other end of the horizontal shaft is pivotally connected
      to the vertical shaft of a cam follower. Each cam follower is driven by a
      cam on the same motor shaft. These cams are constant velocity cams which
      are ninety degrees out of phase to coordinate the pivoting of the two
      inner gimbal frames to produce the desired motion. The motor driving the
      cam shaft is a variable speed motor having an automatic speed switch to
      adjust the speed of the tool so that each lead receives the same amount of
      ultrasonic energy. This system enables the bonding tool to move in any
      prescribed and adjustable geometric pattern by using appropriately shaped
      cams. In the present embodiment it is not necessary to change cams to
      adjust the dimensions of a rectangular path.
PAR  To complement the system, a frequency-modulated ultrasonic generator with
      an added saw tooth wave generator is provided to keep the system in
      resonance at all times and to insure an even application of ultrasonic
      energy to all bonds.
PAR  Additionally, a unique lead composite, which will be the subject of a
      subsequent application, is provided which serves two functions. It enables
      the electrical leads to be bonded to a semicondutor device itself in one
      pass of the tool around the periphery of the device. In a second pass, the
      leads are then bonded to a substrate or other surface having conductive
      patterns. The second purpose it serves, in conjunction with the other
      unique or novel elements of the system, is to permit the use of various
      metals and various types of lead structures for packaging semiconductor
      devices.
PAR  The bonding system of this invention permits extremely low bonding pressure
      with reasonable amounts of ultrasonic energy and an F.M. controlled
      resonance system, thus producing consistent reliable bonds without heat.
PAR  Bonds can be made to silicon chips with pressures below 100 grams using
      aluminum, gold or other metals and no heat.
PAR  Accordingly, it is a principal object of the present invention to provide a
      wobble bonding system for successive and sequential bonding of electrical
      leads of a beam lead device to a substrate or to contact pads on a
      semiconductor device utilizing either ultrasonic or thermocompression
      energy.
PAR  It is a further object of this invention to provide a bonding tool for said
      bonder which will wobble or rock over said leads while bonding them
      uniformly while minimizing lateral displacement of the leads from the
      contact points.
PAR  It is a further object of this invention to provide the mechanical means to
      wobble or rock said bonding tool around the periphery of said beam lead
      devices in a manner which will describe an adjustable rectangular or other
      predetermined linear path.
PAR  It is a further object of said invention to provide a frequencymodulated
      ultrasonic generator which will keep the system in resonance and produce
      constant, reliable bonds on each lead.
PAR  It is still a further object of this invention to provide a lead composite
      to enable the bonder of this invention to bond electrical leads onto
      semiconductor devices as well as bond the leads to a substrate or other
      surface having conductive patterns.
PAR  It is still a further object of this invention to provide an
      ultrasonicthermocompression beam lead flip chip bonder which can be used
      for die bonding and compliant bonding as well.
PAR  Further object, features, and advantages of the system of this invention
      will become apparent from the specification read in conjunction with the
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the bonding tool used in the bonder
      of this invention.
PAR  FIG. 2 is a bottom view of the bonding tool of FIG. 1.
PAR  FIG. 3 is a vertical cross-sectional view of the bonding tool illustrated
      in FIG. 1, taken along the lines 4--4 of FIG. 3.
PAR  FIG. 4 is a diagonal cross-sectional view of the bonding tool of FIG. 1,
      taken along the lines 4--4 of FIG. 2.
PAR  FIG. 5 is a front perspective view of a bonding tool which may be utilized
      in the system illustrated in FIG. 1.
PAR  FIG. 6 is a side view of the wobbledrive and mechanical drive subsystems of
      the bonding system illustrated in FIG. 1.
PAR  FIG. 7 is a schematic illustration of the gimbal of the present invention.
PAR  FIG. 8 is a schematic illustration of the cam and cam follower system which
      cause the gimbal to produce a wobble motion.
PAR  FIG. 9 is a side perspective view of the pivot block assembly of FIG. 7.
PAR  FIG. 10 is a top view of the gimbal mechanism of the present invention.
PAR  FIG. 11 is an end view of the gimbal illustrating in dotted lines a frame
      in pivoted positions.
PAR  FIG. 11a is a side view of the gimbal illustrating in dotted lines a frame
      in pivoted positions.
PAR  FIG. 12 is a side perspective view of the bonding tool holder of the
      present invention.
PAR  FIG. 13 is a side perspective view of the illuminated optical system of the
      present invention.
PAR  FIG. 14 is a top view of a beam lead device with a representation of the
      movement of the bonding tool over the leads.
PAR  FIG. 15 is a diagram, illustrating in geometric fashion, the rectilinear
      movement of the bonding tool and tool holder as they wobble over a set of
      leads.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and, in particular to FIG. 5 wherein there is
      illustrated a front perspective view of the ultrasonic/thermocompression
      beam lead, flip chip bonding system of the present invention, the
      reference numeral 20 denotes generally the bonding system of the present
      invention. This bonding system 20 comprises a number of novel components
      and subsystems, each of which will be described subsequently including the
      bonding tool 22, the mounting system for the bonding tool 24, the wobble
      drive system 26, the optical system 28, the mechanical drive system 30,
      the ultrasonic system 32 and the work station system 34.
PAR  Bonding system 20 is mounted in a housing 40 comprising a lower housing
      member 42 and an upper housing member 44. Lower housing member 42 contains
      the basic electrical and air systems (not shown) of bonding system 20 and
      serves as a mounting base for the balance of bonding system 20. Mounted on
      the top front of lower housing unit 42 is the conventional work station
      system 34 comprising a work table 46 slidably mounted in roller slide 48
      which is movably mounted on a conventional ball slide assembly 50. The
      surface of work table 46 is capable of movement along both the x- and
      y-axes, with gross movement by hand and precise movement controlled by a
      conventional micro-positioner 52. A conventional vacuum lock system (not
      shown) is provided to lock work table 46 into the desired position. Work
      table 46 serves as a positioning surface for die dish 54 and work station
      56. Various types of work stations 56 may be mounted on work table 46,
      depending on the types of substrates or packages used for the beam lead or
      flip chip devices being bonded. Work station 56 may also be locked into a
      precise position by a conventional vacuum locking means (not shown).
PAR  Bonding tool 22, its mounting system 24, its wobble drive system 26, and
      the illuminated portion of the optical system 28 must all be lowered to
      and raised from work station 56. Hence these subsystems are all connected
      to mechanical drive system 30 which is mounted on the top rear surface of
      lower housing member 42 and enclosed within upper housing member 44.
      Microscope 58 is mounted on the front of lower housing unit 42 for full
      vision of work station 56. The ultrasonic generator 60 is mounted on top
      of upper housing unit 44. Operator controls 62 are mounted on the front
      panel of upper housing unit 44.
PAR  Returning now to the various subsystems which contribute to the novelty of
      bonding system 20, FIGS. 1 through 4 illustrate the bonding tool 22 of the
      present invention. Bonding tool 22 includes a cylindrical shaft 64 and a
      bonding head 66. As illustrated in FIG. 2, the bottom end portion of head
      66 includes a hollow recess 68 and four bonding surfaces 70 a-d
      substantially disposed around the periphery of recess 68. Bonding tool 22
      also contains a hollow cylindrical column 72 from top to bottom, the top
      of which is attached to a vacuum line, not illustrated. In operation
      bonding tool 22 is lowered over a beam lead or other type device such that
      recess 68 fits over the deivce and, if used for die pick-up and mounting,
      the device may be held in recess 68 by a vacuum. Bonding energy is applied
      through bonding surfaces 70 a-d to the leads of the device and to mating
      conductive surfaces on a substrate. Two major factors contribute to the
      improved results. The bonding surfaces 70 a-d are each minute sections of
      a spherical surface whose radius R is illustrated in FIG. 3. In the
      present embodiment this radius ranges from 3/8 to 11/4 inches. These
      surfaces 70 a-d are moved by wobble drive system 26 in a complex wobbling
      fashion such that the bonding of individual electrical leads located
      beneath the bonding surfaces is effected in a rapid but definitely
      sequential manner as illustrated in FIG. 14. Since there are usually leads
      to be bonded on each of four sides of a device, bonding tool 22 must be
      rocked such that a single bonding surface, for example, surface 70-a rocks
      over the leads on one side, while the other three bonding surfaces 70 b-d
      remain relatively out of contact with the electrical leads. Referring to
      FIG. 14, bonding tool 22 is rocked to a corner 74a of a beam lead device
      74 such that a corner of bonding surface 70a is closest to a corner of the
      beam lead device 74 and the appropriate section of the mating substrate.
      At this point the bonding tool 22 is rocked such that bonding surfaces 70
      b-d remain relatively out of contact with any of the electrical leads,
      while the surface along side 70a is continuously lowered against the leads
      such that a point of bonding contact progressively moves from corner 74a
      to corner 74b, bonding the leads successively as bonding surface 70a rocks
      along a straight line equidistant from the periphery of the beam lead
      device 74. If the tool is likewise rocked from corner 74b to 74c, then
      from corner 74c to corner 74d and from corner 74d back to the starting
      position 74a, it will be seen that a plurality of leads will be bonded
      individually, successively and sequentially by bonding surfaces 70b thru
      70d in that respective order. Since substantially only one lead is bonded
      at a time, and since the pressure on bonding tool 22, the time on the lead
      and the energy applied can be adjusted by an operator control, as will
      hereinafter be described, substantially more uniform bonds are effected
      for each of the separate leads.
PAR  The bonding tool 22 just described is only one of many designs which will
      function in bonding system 20. Conventional tools having flat bonding
      surfaces may also be utilized, but the bonds produced by such conventional
      tools may not be as consistent and uniform as those produced by bonding
      tool 22, illustrated in FIG. 12.
PAR  The tool mounting system 24 illustrated in FIG. 12, for bonding tool 22
      comprises a cylindrically shaped tool holder 76, tapering slightly towards
      its front end, from which bonding tool 22 is suspended by its shaft 64
      such that the longitudinal axis of bonding tool 22 is perpendicular to the
      longitudinal axis of tool holder 76. Means (not shown) are provided to
      adjust the height of tool 22 depending on the radius R of the sphere of
      bonding surfaces 70 a-d, the center of said sphere being centered in tool
      holder 76. Tool holder 76 is horizontally mounted through vertical support
      member 77 approximately midway along its longitudinal axis such that
      bonding tool 22 is forward of vertical support member 77 and its
      longitudinal axis is perpendicular to work surface 56. Tool holder 76 also
      serves as a means for the transmission of bonding energy from the energy
      source to the bonding surfaces 70 a-d on bonding tool 22.
PAR  For purposes of simplification, the subsequent description of the preferred
      embodiment will be restricted to the configuration of bonding system 20
      utilizing ultrasonic energy, though it should be understood that bonding
      system 20 is easily configured to work as well with thermocompression
      energy.
PAR  In the ultrasonic configuration, tool holder 76 serves as a transducer horn
      and has a transducer 73 mounted on the end opposite from bonding tool 22
      and substantially behind vertical support member 77. Vertical support
      member 77 is mounted to the movable plate of a vertically oriented, low
      friction ball slide 78 whose fixed plate is mounted to a second vertical
      support member 79 which is standing on two legs to permit the transducer
      73 to protrude through. Support member 79 is mounted on the rear perimeter
      of an inner gimbal frame, which is an integral part of the wobble drive
      system 26, about to be described. A weighting system 75 is pivotally
      mounted to the top section of ball slide 78 to adjust the pressure of
      bonding tool 22 on a work surface from 0 to 3,000 grams. Bonding tool 22
      is suspended from tool holder 76 such that bonding surfaces 70 a-d will
      center about the mid-point of the inner gimbal as described below.
PAR  As can be seen from this description, a rocking or wobbling of bonding tool
      22 will also cause a rocking or wobbling of tool holder (transducer horn)
      76 and the transducer 73.
PAR  A particular apparatus for causing bonding tool 22 to move in this fashion
      is wobble drive system 26., illustrated in FIGS. 6 through 11. As shown in
      FIG. 6, the wobble drive system 26 is mounted on a vertically oriented
      backplate 81 on which the entire wobble drive system 26 is moved upward
      and downward by the mechanical drive system 30 described below. Wobble
      drive system 26 also has its own back plate 80, and two vertically
      oriented gussets 82 are mounted on each side of back plate 80, and a base
      plate 83 is mounted to gussets 82 and back plate 80. A gimbal mechanism 86
      is mounted about midway down the back plate 80. Gimbal mechanism 86, as
      shown in FIGS. 7 and 10, comprises an outer rectangular frame 88 which is
      fixably mounted to backplate 80 and gussets 82, middle gimbal frame 90
      substantially rectangular in shape which is pivotally mounted within outer
      frame 88 at each end of its longitudinal or y-axis by ball joints 92 and
      94 so that middle frame 88 pivots from left to right. An inner gimbal
      frame 96, also substantially rectangular in shape, is pivotally mounted
      within the middle gimbal frame 90 by ball joints 98, 100. Inner gimbal
      frame 96 pivots from front to back, along its x-axis. This pivotal
      mounting of the two inner gimbal frames 88, 96 could be reversed without
      affecting the operation of gimbal mechanism 86.
PAR  As mentioned previously, the tool holder subsystem 24 is mounted on the
      rear of inner gimbal frame 96. Thus, as this frame 96 pivots in a rocking
      or wobbling motion, bonding tool 22, transducer horn 76 and the transducer
      will also wobble or rock.
PAR  Gimbal mechanism 86 is so mounted that when it is lowered on back plate 80
      toward the work station 56, it stops when an imaginary intersection point
      102, illustrated in FIG. 10, determined by the intersection of two lines
      connecting pivot points 92, 94 and pivot points 98, 100 coincides as
      closely as possible with the desired bonding surface. The coincidence of
      these two points must be the point around which bonding tool 22 will
      wobble or rock. Bonding tool 22 is adjustably mounted to transducer horn
      76 such that its vertical center line is perpendicular to intersection
      point 102 in the neutral position, and when gimbal mechanism 86 is lowered
      to the work station 56 the bonding surfaces 70 a-d sit on the leads to be
      bonded.
PAR  Referring now to FIGS. 7 and 10 illustrating gimbal mechanism 86, inner
      gimbal frame 96 is pivotally connected to a vertical shaft 104 attached to
      its underside by ball joint 106 and connecting to a horizontal shaft 108
      by ball joint 110. The length of shaft 104 relative to the side to side
      deflection of inner gimbal frame 96 is critical to the determination of a
      rectangular path for bonding tool 22. Horizontal shaft 108 passes through
      a pivot block 112 (FIG. 9) mounted in movable pivot block frame 114.
PAR  Pivot block frame 114 is fixably connected to a horizontal bar 115 slidably
      mounted to the underside of base plate 80. Bar 115 extends horizontally
      outward to a threaded nut 119 to which it is fixably connected. Nut 119 is
      mounted on a bar screw 121 mounted on the underside of base plate 80
      parallel to unislide 117. By turning bar screw 121, nut 119 will move
      forward or backward causing pivot block frame to come forward or backward.
      Thus the pivot point of pivot block 112 is adjustable along the length of
      unislide 117, and hence the pivot point of horizontal shaft 108 is
      adjustable. The other end of horizontal shaft 108 is connected by a ball
      joint 116 to the bottom of the vertical shaft 118 of cam follower 120. Cam
      follower 120 is positioned snuggly adjacent to cam 122 (FIG. 8) and held
      there by air cylinder 124. Cam 122 is a constant velocity cam mounted on
      cam shaft 126 which is driven by wobble motor 128 through sprocket and
      chain assembly 129. The vertical movement of cam follower shaft 118 caused
      by cam 122 is transmitted to horizontal shaft 108 through ball joint 116,
      and then transmitted through pivot block 112 and ball joint 110 to
      vertical shaft 104, causing the rise, dwell or fall of vertical shaft 104.
      Thus, the action of this cam follower 120 will cause inner gimbal frame 96
      to pivot from front to back. By positioning pivot block 112 appropriately
      on horizontal shaft 108, inner gimbal frame 96 can pivot through an arc of
      0.degree. to 20.degree., or as much as 10.degree. above or below the
      horizontal plane. This causes a corresponding motion in bonding tool 22
      which is mounted on inner gimbal frame 96. The shaft 64 of bonding tool 22
      is deflected over a range of 20.degree. or as much as 10.degree. to one
      side of the z-axis.
PAR  Middle gimbal frame 90 is likewise pivotally connected by ball joint 130 on
      its underside to a vertical shaft 132 which, in turn, is pivotally
      connected to horizontal shaft 134 at ball joint 136. Horizontal shaft 134
      passes through a second adjustable pivot block 112 in a second pivot block
      frame 114 to connect pivotally at ball joint 138 with the vertical shaft
      140 of cam follower 142 which is held against cam 144 by air cylinder 146.
      Cam 144 is also mounted on cam shaft 126 and is similar in all respects to
      cam 122 except that it is ninety degrees out of phase with cam 122. Since
      horizontal shaft 134 is pivoted by means of cam follower 142, the action
      of this cam follower will cause middle gimbal frame 90 to pivot from side
      to side. By positioning this second pivot block 112 appropriately on shaft
      134, the middle gimbal frame 90 can pivot through an arc of 0.degree. to
      20.degree., or as much as 10.degree. above or below the horizontal plane,
      similar to the inner frame but on the x-axis as illustrated in FIGS. 11
      and 11 a. The combined pivotal movement of middle gimbal frame 90 and
      inner gimbal frame 96 together with the vertical motion of ball slide 78,
      as transmitted from cams 122 and 144, one of which is 90.degree. out of
      phase with the other, will cause bonding tool 22 to rock or wobble in the
      desired rectangular or other prescribed path. The variable speed of wobble
      drive motor 128 will compensate for a differing number of leads on each
      side of the die to be bonded because its speed can be adjusted to permit
      bonding surfaces 70 a-d to spend an equal amount of time over each lead.
PAR  The cams 122 and 144 are constant velocity cams. Also mounted on the cam
      shaft 126 are two small cam wheels 125 and 145 with little protrusions
      extending outward from their outer circumferential sides. One cam 125
      activates a synchronous switch to keep the system in a synchronous
      movement. The other cam 145 serves as a mode switch to switch the speed of
      the wobble motor 128 at each corner of the work surface and to turn the
      ultrasonic energy on and off for each leg of the path of bonding tool 22.
PAR  To illuminate the work station 56 and permit operator viewing for alignment
      and control purposes, optical system 28 is provided. This includes
      microscope 58 whose viewing area is aligned with the work station 56.
      Except for microscope 58, the balance of optical system 28 illustrated in
      FIG. 13, is mounted to the wobble drive system 26. It also includes a
      prism 150 having one full mirror surface and two half mirror surfaces
      mounted on a horizontal mounting member 152 which is mounted on the front
      ends of the fixed plates of two ball slides (not shown) to permit movement
      of the prism 150 under the gimbal mechanism 86. The movable plates of ball
      slides are horizontally mounted on the exterior side of gussets 82 below
      gimbal mechanism 86. Two fiber optic light sources 158, 160 are also
      mounted on the horizontal prism mounting member 152, one of which is aimed
      over the prism 150 and the other under the prism 150. Means, (not shown)
      are provided to move prism 150 and light sources 158, 160 horizontally
      forward over the station 56 along the y-axis, and to retract it when it is
      not in use.
PAR  Interlock means, (not shown) are provided to insure that both prism 150 and
      bonding tool 22 are not over the work station 56 surface at the same time.
      Only when gimbal mechanism 86 is in a raised position, can prism 150 be
      moved forward over the work station 56 to permit the operator to view the
      bottom of bonding tool 22 and the top of work station 56 for alignment
      purposes, either for die pickup or bonding. Upon completion of the
      alignment process the operator activates a drive means to move prism 150
      backwards out of the work area. When prism 150 is fully retracted within
      upper housing unit 44, a safety switch (not shown) is activated to permit
      the bonding tool 22 to be lowered to the work station 56.
PAR  The mechanical drive system 30, mounted on lower housing member 42 and
      contained substantially within upper housing member 44, provides the means
      to lower and raise the bonding tool 22, wobble drive system 26 and optical
      system 28 to and from the work station 56. Referring now to FIG. 6, which
      is a side view of drive system 30, base plate 162 serves as the base and
      two vertically oriented gussets 164 are joined thereto as side support
      members. A back plate 81 serves as a vertical support member. Back plate
      81 is connected to the back plate 80 of the wobble drive system 24 by
      means of a ball slide 170. A motor 172 is mounted on the rear of back
      plate 81, which drives a sprocket 174 connected by chain 176 to sprocket
      178, which drives gear 180. Gear 180 meshes with rack 182 which is mounted
      on one side of back plate 80 to drive back plate 80 up or down. A slip
      clutch (not shown) is associated with gear 180, as a slip clutch. When
      motor 172 is activated, it causes gear 180 to move the wobble back plate
      80, traveling up or down on roller slide 170. As back plate 80 reaches the
      limit of its upward motion, it encounters a microswitch (not shown)
      mounted on the one side of back plate 81 and overrides to a stop (not
      shown) mounted above the microswitch. The microswitch causes motor 172 to
      stop and hold the wobble system 26 in a raised position. When the wobble
      system 26 is to be lowered, the operator presses a switch to start motor
      172 in reverse and lower this back plate 80. As the wobble system reaches
      the lower limit of its vertical motion it also encounters a microswitch
      (not shown) and a stop mounted on the side of wobble back plate 80. This
      lower microswitch slows motor 172 down so that the tip of bonding tool 22
      touches the work surface gently.
PAR  There is a slight override in this downward movement, but bonding tool is
      stopped at the work surface and ball slide 78 compensates for the
      override. The precise limits of this vertical motion are set by
      micrometers 184. To support the weight of back plate 80, the wobble system
      26 and optics system 28 assemblies mounted thereon, two air cylinders 186
      are utilized. Air cylinders 186 serve as springs and the pressure within
      them is maintained to keep wobble system 26 in a state of equilibrium so
      that it floats up and down. In the preferred embodiment, the back plate 80
      of wobble system 26 has a vertical movement range of about two inches. As
      mentioned earlier, the work station is at a fixed height over the base of
      lower housing unit. The wobble and bonding mechanisms 24, 26 are lowered
      to the work station 56 such that the desired bonding surface coincides
      with the intersection point 102 of two lines connecting the pivot points
      92, 94 and 98, 100 of the middle and inner gimbal frames 90, 96 and tips
      of bonding surfaces 70 a-d.
PAR  The ultrasonic system 32 of the present bonding system comprises a
      frequency - modulated ultrasonic generator in which the frequency
      modulation is effected by a saw tooth generator or other desirable
      modulation wave form such as a sine wave form. This additional signal
      generator is added in such a fashion that it modulates the frequency of
      the ultrasonic frequency generator proportional to the applied voltage.
      Where normally a 60 KHz signal is generated, the added generator would
      modulate the center frequency from 56 to 64 KHz. This range of modulation
      can be determined and pre-set. This enables the ultrasonic generator to
      sweep through resonance a determined and controlled number of times during
      the time period that a bonding surface 70 a-d is on a lead. Such a
      controlled frequency modulation is necessary because the resonance
      characteristics of the transducer will vary with a varying load applied to
      the transducer caused by the wobbling of bonding tool 22, and because the
      resonant frequency of individual transducers can vary slightly. With a
      single frequency system, it is very difficult to obtain a constant energy
      transfer. However, in the present ultrasonic system, the number of sweeps
      through resonance on each lead is controlled and hence a constant amount
      of energy is transferred to each lead. Ultrasonic generator 60 has a
      normal time duration control omitted, because this function is transferred
      to the wobble motor 128 speed control, since the number of sweeps through
      resonance depends on the time of the bonding tool 22 on an individual
      lead.
PAR  The sequence of operations of the system 20 of this invention is as
      follows. In the start position, the prism 150 is forward, the bonding tool
      22 is in a neutral, raised position, and the work table 46 is moved to the
      right to be in the work area and operator viewing range. The operator
      aligns the tip 66 of the bonding tool 22 to a die on the die dish 54 and
      presses a button on the micropositioner 52 to activate the die pick-up
      process. The prism 150 then moves backward activating a safety switch on
      the interlock means (not shown) so that the tool 22 will not descend and
      hit the prism 150. After prism 150 is retracted, the bonding tool 22 then
      descends to make a contact with the die. The wobble system 26 and head 66
      over travel slightly and activate a microswitch which activates the vacuum
      die pick up. The chip is then held on the tip 66 by the vacuum. The drive
      system motor 172 then stops, reverses and returns the bonding tool 22 to
      the start position. Drive system motor 172 now stops and the prism 150
      moves forward to assist in the alignment of the bonding tip 66 and chip to
      the substrate. During the preceeding steps, the die dish 54 has been in
      the work area and locked in place by a conventional vacuum lock. This lock
      switch has also locked out the wobble system 26 and the ultrasonic system
      32.
PAR  The operator now unlocks the vacuum lock on the work table, slides the die
      dish 54 to the left and the work station 56 to the left such that the work
      station 56 is approximately centered in the work area. At this point the
      prism 150 is forward over the work station 56, the bonding tool 22 is in a
      raised neutral position, and the die dish 54 is to the left, out of the
      work area. The operator then aligns the bonding tool 22 with the substrate
      for proper placement of the chip thereon, utilizing the optical system 28
      described above and the micropositioner 52. When the alignment is correct
      the operator pushes a button to activate the next step. The prism 150
      moves back, activating the safety switch and drive system motor 172 starts
      to drive the bonding system downwards to the work station 56. The bonding
      head 66 starts to come down until the bonding tool 22 comes in contact
      with the substrate. In the alignment process the bonding tool 22 must be
      centered over intersection point 102. The descent of the bonding tool 22
      stops when bonding surfaces 70 a-d touch the leads to be bonded. Until
      this time the bonding tool is in neutral position. Having touched the work
      surface on work station 56, bonding tool 22 moves to the wobble position
      under the guidance of cams, 122, 144. It first goes to the right rear
      corner 74a and then proceeds to a wobble cycle with the ultrasonic system
      32 turned on at each corner for the movement to the next corner, and then
      turned off until the tool is ready for the next leg of its path. The
      bonding tool 22 moves through one complete cycle around the perimeter of
      the beam lead device. It moves from right rear 74a to left rear 74b, left
      rear 74b to left front 74c, left front 74c to right front 74d, and right
      front 74d to right rear 74a. It then returns to the neutral position. The
      ultrasonic system 32 is firing continuously, though it is possible to stop
      it at each corner through positive operator control. The speed with which
      the bonding tool 22 travels may be varied so that each lead receives the
      same amount of ultrasonic energy. The critical factors in producing a bond
      are the time the ultrasonic energy is applied to the lead and the pressure
      of the bonding surfaces 70 a-d. The amount of ultrasonic energy applied to
      a lead is a function of the time the bonding surface 70 a-d of the bonding
      tool 22 is on the lead. Hence, the speed along a perimeter can be
      regulated to allow for an even amount of time on each lead. The pressure
      is regulated by the weighting system 148 on bonding tool mounting system
      24 described earlier.
PAR  In FIG. 15, there is a schematic, geometric representation of the wobble
      movement of bonding tool 22. Line 188 represents the tool
      holder-transducer horn 76 and line 190 represents the bonding tool 22.
      Point 186 represents a linkage at the center of the sphere of bonding
      surfaces 70 a-d. As the gimbal mechanism 86 starts to move, the tool shaft
      linkage 186 would normally go through an arc which would follow radius R.
      But since this transducer horn 76 assembly is mounted on a ball slide 78,
      instead of rotating, transducer horn 76 assembly rises slightly on roller
      slide 78 and the linkage 186 is actually moving through locus points 190,
      192, 194, etc. on line 196, and is following a straight line. This slight
      motion, combined with the motion of the gimbal mechanism 86 enables
      bonding surfaces 70 a-d to describe the desired rectangular path. The
      point 186, representing the center of the sphere of bonding surfaces 70
      a-d also travels through the same path as bonding surfaces 70 a-d.
PAR  While only a single embodiment of this invention has been specifically
      disclosed in this specification, it will be obvious to those skilled in
      the art that many modifications of the disclosed embodiment are possible
      which would still result in the wobbling movement of the bonding tool in a
      rectangular path about the perimeter of a semiconductor device. It should
      also be understood that bonding system 20 can be easily modified to use
      thermocompression as a source of bonding energy. Accordingly, all such
      modifications are intended to be included within the scope of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bonding apparatus for bonding electrical leads of beam lead devices
      and flip chip devices to mating conductive surfaces or a substrate and for
      bonding electrical leads to contact pads on a semiconductor device
      comprising:
PA1  a bonding tool having bonding surfaces disposed substantially about the
      periphery of one end of said tool;
PA1  a tool holder adapted to receive said tool at one end thereof, such that
      the longitudinal axis of said tool holder is perpendicular to the
      longitudinal axis of said bonding tool;
PA1  a support member adapted to receive said tool holder;
PA1  slidable mounting means for mounting said tool holder and said support
      member;
PA1  a gimbal, having outer, middle and inner frames, on which inner frame said
      slidable mounting means is mounted;
PA1  a motor;
PA1  a cam shaft driven by said motor;
PA1  a plurality of cams mounted on said cam shaft;
PA1  a plurality of cam followers engaged with at least some of said cams;
PA1  a plurality of pivotal shafts connecting said cam followers to said gimbal
      to cause a pivotal movement of said middle and inner frames;
PA1  a housing in which said gimbal and said motor are mounted;
PA1  table means on said housing to position a semiconductor device under said
      bonding tool;
PA1  a source of bonding energy for said bonding tool;
PA1  said pivotal movement of said middle and said inner frames of said gimbal
      causing a wobble movement of said bonding tool along a predetermined
      adjustable rectangular path about the periphery of one of said
      semiconductor devices, whereby the bonding surface of said tool
      sequentially and individually make a bonding contact with each of said
      electrical leads on each perimeter of said semiconductor devices.
NUM  2.
PAR  2. The bonding apparatus as defined in claim 1 wherein said motor is a
      variable speed motor.
NUM  3.
PAR  3. The bonding apparatus as defined in claim 1 wherein at least two of said
      cams are ninety degrees out of phase with one another.
NUM  4.
PAR  4. The bonding apparatus as defined in claim 1 wherein said pivotal shafts
      connecting said cam followers to said gimbal frames further comprises:
PA1  a vertical cam follower shaft connected to said cam follower;
PA1  a horizontal shaft pivotally connected to said cam follower shaft;
PA1  an adjustable pivot block connected to said horizontal shaft to adjust the
      pivot point of said horizontal shaft;
PA1  a second vertical shaft connected to said horizontal shaft at one end and
      pivotally connected to one of said gimbal frames at the other end;
PA1  adjustable means to move said pivot block.
NUM  5.
PAR  5. A bonding apparatus for use in manufacture of semiconductors for bonding
      electrical leads of beam lead devices and flip chip devices to mating
      conductive surfaces on a substrate and for bonding electrical leads to
      contact pads on a semiconductor device comprising:
PA1  a bonding tool having bonding surface disposed around its periphery;
PA1  a tool holder;
PA1  slidable mounting means for mounting said tool and tool holder on a gimbal;
PA1  a gimbal having a fixed outer frame, a middle frame pivoting on one axis
      and an inner frame pivoting on the other axis;
PA1  a vertical shaft pivotally connected to each of said pivoting gimbal
      frames;
PA1  a horizontal shaft pivotally connected to each of said vertical shafts;
PA1  an adjustable pivot block for each of said horizontal shafts through which
      said horizontal shafts pass to adjust the pivot points of each of said
      horizontal shafts;
PA1  a cam follower shaft pivotally attached to each of said horizontal shafts;
PA1  a cam follower mounted on each of said cam follower shafts;
PA1  a plurality of cams, some of which are in contact with said cam followers,
      and at least two of which are ninety degrees out of phase with one
      another;
PA1  a cam shaft on which said cams are mounted;
PA1  a motor driving said cam shaft;
PA1  a plurality of cams controlling said motor;
PA1  a movable mounting means for said gimbal, said cam shaft, said cam motor
      and said means for moving said pivot block;
PA1  a drive means including a motor for driving said movable mounting means;
PA1  a housing for said movable mounting means and said drive means;
PA1  said drive means moving said bonding tool into and out of a work area
      wherein are placed semiconductors in the manufacturing process;
PA1  illuminated optical means for an operator to view and align said bonding
      tool to said semiconductors;
PA1  a source of bonding energy for supplying bonding energy to the bonding
      surfaces of said bonding tool;
PA1  means to control said source of bonding energy such that it is applied only
      when said apparatus is bonding.
NUM  6.
PAR  6. A bonding apparatus for bonding electrical leads of a semiconductor
      device to a pattern of conductors on a carrier comprising:
PA1  a housing;
PA1  a tool holder mounted on said housing for movement relative thereto;
PA1  a bonding tool attached to one end of the tool holder in radial alignment
      therewith such that the longitudinal axis of said bonding tool is
      approximately perpendicular to the longitudinal axis of said tool holder;
PA1  a plurality of bonding surfaces on said bonding tool for engaging the
      electrical leads of a semiconductor device;
PA1  wobble drive means mounted on said housing engaging said tool holder remote
      from said plurality of bonding surfaces for moving said tool on a
      predetermined, adjustable tilted axis to cause the bonding surface of said
      bonding tool to engage and bond sequentially the electrical leads of a
      semiconductor device in a predetermined, adjustable path around the
      periphery of the semiconductor device;
PA1  a source of bonding energy for said bonding tool comprising an ultrasonic
      generator producing a range of frequencies including a center frequency;
      and
PA1  an ultrasonic transducer mounted on said tool holder in a radial alignment
      with said bonding tool, the longitudinal axis of said transducer being
      approximately perpendicular to the longitudinal axis of said bonding tool
      for transmitting ultrasonic energy from said ultrasonic generator to said
      bonding tool whereby said transducer wobbles along with said bonding tool,
      said generator further including means for modulating the wave form of the
      center frequency of said ultrasonic generator in a predetermined manner
      such that said generator will sweep through resonance a determined number
      of times during the time period in which the bonding surface of said tool
      is engaging an electrical lead of a semiconductor device.
NUM  7.
PAR  7. The bonding apparatus for bonding electrical leads of a semiconductor
      device to a pattern of conductors on a carrier comprising:
PA1  a housing;
PA1  a tool holder mounted on said housing for movement relative thereto;
PA1  a bonding tool attached to one end of the tool holder in a radial alignment
      therewith such that the longitudinal axis of said bonding tool is
      approximately perpendicular to the longitudinal axis of said tool holder;
PA1  a source of bonding energy for said bonding tool;
PA1  a plurality of said bonding surfaces on said bonding tool for engaging the
      electrical leads of a semiconductor device;
PA1  wobble drive means mounted on said housing engaging said tool holder remot
      from said plurality of bonding surfaces for moving said tool on a
      predetermined, adjustable tilted axis to cause the bonding surface of said
      bonding tool to engage and bond sequentially the electrical leads of a
      semiconductor device, said wobble drive means comprising:
PA1  a gimbal mechanism having a pivotal frame;
PA1  means to cause an adjustable pivotal movement of said gimbal mechanism;
PA1  a variable speed motor to drive and control said means to cause the
      adjustable pivotal movement of said gimbal mechanism;
PA1  a cam shaft driven by said wobble drive variable speed motor;
PA1  a plurality of interchangeable cams mounted on said cam shaft for defining
      and controlling the pivotal movements of said gimbal mechanism;
PA1  a plurality of cams mounted on said cam shaft for synchronizing the pivotal
      movement of said gimbal mechanism and the dispensing of bonding energy
      during the wobbling movement of said bonding tool;
PA1  and wherein said tool holder is mounted on a ball slide mounted on said
      pivotal frame of said gimbal mechanism.
NUM  8.
PAR  8. A bonding apparatus as defined in claim 7 wherein the wobble drive
      mechanism further comprises:
PA1  an adjustable pivot block for controlling the pivotal movement of said
      gimbal mechanism along both an x-axis and a y-axis and which may be
      adjusted to eliminate said wobble movement completely, thereby permitting
      said bonding apparatus to be used as a flip chip bonder bonding all leads
      simultaneously;
NUM  9.
PAR  9. A bonding apparatus as defined in claim 7 wherein said wobble drive
      means further comprises:
PA1  a series of pivotally connected shafts terminating at a cam follower at one
      end and a frame of said gimbal mechanism at the other end.
NUM  10.
PAR  10. The bonding apparatus as defined in claim 7 wherein said bonding tool
      further comprises:
PA1  a vertical shaft adapted to be adjustably held in a tool holder;
PA1  a bonding head at one end of said shaft;
PA1  a hollow recess in one end of said bonding head;
PA1  a plurality of curved bonding surfaces substantially disposed around the
      periphery of said bonding head, said bonding surfaces being minute
      sections of a sphere whose radius is equivalent to the distance from the
      surface to the center of said shaft in said tool holder.
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ABST
PAL  The specification and drawings disclose a method and apparatus for rolling
      plural metal strips simultaneously to form thinner metal strip or foil.
      The method allows use of larger diameter rolls and simpler roll supporting
      structure and mill controls than heretofore possible in foil forming. The
      disclosed method contemplates the provision of a plurality of metal strips
      which are then bonded together in juxtaposed relationship with a thin
      layer of matrix material which substantially completely covers the opposed
      faces of the strips to form a composite comprising alternate layers of
      metal strip and matrix material. Thereafter the composite is rolled to
      reduce the strips to the desired thickness. Subsequently, the bond between
      the strips is destroyed and the strips are separated. According to certain
      embodiments, strong or low ductility metals can be formed into foils by
      bonding them in the central portion of the composite. Weaker or more
      ductile metals form the outer portions of the composite. Apparatus capable
      of carrying out the method is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention is directed toward the art of metal forming and, more
      particularly, to an improved foil forming method and apparatus.
PAR  The invention is especially suited for forming very thin metal strips or
      foils and will be described with particular reference thereto; however, as
      will be appreciated, the invention is capable of broader application and
      could be used for forming strips or sheets of a range of thicknesses.
PAR  As used in the subject specification and claims, the term "strip" is used
      to identify the thicker input material to the rolling process and the term
      "foil" is used to identify the thinner output or product. Typically, the
      term foil is limited to material of less than 6 mils in thickness. And,
      although the invention is particularly suited for forming metals to a
      thickness of less than 6 mils, as used in the subject specification and
      claims foil is also intended to encompass an output or product which can
      have a thickness somewhat greater than 6 mils.
PAR  In the past, thin metal strip or foil has been formed by passing a single
      metal strip through a series of roll gaps of decreasing spacing. As is
      well known, the diameter of the rolls forming the roll gap must be related
      to strip thickness in order for a reduction in thickness to be effected
      during rolling. That is, as the strip thickness is reduced, the diameters
      of the rolls forming the roll gap must be reduced.
PAR  Within limits, the noted approach works satisfactorily. However, as the
      thickness decreases, problems are encountered in maintaining a uniform
      thickness across the width of the strip. This is primarily because the
      small diameter rolls required for the final reductions lack mechanical
      stability (e.g. beam strength) and deflect along their length under load.
      Various types of backup rolls, complicated roll deflecting systems and the
      like have been used in an attempt to overcome the problem.
PAR  The productivity of a rolling mill is inversely related to the strip
      thickness and the precision and complexity of the rolling mill required
      increases as the strip thickness decreases. As the strip approaches foil
      gauges during rolling, the decreased productivity and the increased
      complexity of the rolling mill become increasingly important factors in
      the cost of the strip.
PAR  An additional approach proposed to permit more economical rolling of thin
      strip was to roll a plurality of strips simultaneously one upon the other.
      In this approach, however, mechanical restraints were required to keep the
      strips aligned during rolling. For example, the strips were enclosed in a
      casing or some mechanical alignment feature was added to the mill. Also,
      it was generally necessary to provide some means for preventing the strips
      from welding together during the rolling. Often, layers of inert material
      were interposed between the strips or, adherent oxide layers were formed
      on the surfaces such as in alloys containing chromium.
PAR  In certain instances, the above discussed plural strip rolling was more
      economical than single strip rolling. However, much of the time, the
      procedures or devices required to maintain alignment and prevent welding
      were such as to eliminate any possible economic advantages.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The subject invention provides a method and apparatus for rolling plural
      strips simultaneously in a manner which overcomes the above discussed
      problems. By use of the invention, the greater composite thickness of the
      plural strips at each stage of rolling allows use of larger diameter rolls
      and, therefore, simpler roll supporting structure and mill controls.
      Moreover, the roll gap does not have to be controlled to the same level of
      absolute precision to achieve a given level of relative precision. These
      advantages are achieved without the disadvantages present in prior plural
      strip rolling techniques.
PAR  According to one aspect, the invention contemplates a method of forming
      metal foil or the like comprising the steps of:
PAR  a. providing a plurality of metal strips;
PAR  b. bonding the strips together in juxtaposed relationship with a thin layer
      of matrix material which substantially completely covers the opposed faces
      of said strips to form a composite comprising alternate layers of metal
      strip and matrix material;
PAR  c. rolling the composite to reduce the strips the desired amount; and,
PAR  d. destroying the bond between the strips following the rolling and
      thereafter separating the strips.
PAR  Preferably, and in accordance with a more limited aspect of the invention,
      the matrix material is selected to have a melting point lower than the
      strips and to be relatively mutually insoluble with the strips when at its
      melting point. Also, the matrix material can have a low shear strength but
      must preferably be ductile for reasons which will subsequently be
      discussed.
PAR  An additional aspect of the invention is concerned with a particular
      arrangement of the composite in that the metal strips are of differing
      strengths or ductility with the strongest or least ductile being
      positioned between at least two weaker or more ductile strips. Preferably,
      the weaker or more ductile strips are placed symmetrically about the
      stronger strip or strips. This arrangement permits rolling of relatively
      low ductility metals. The reason for this will be explained more fully in
      the detailed description of the preferred embodiments.
PAR  The subject invention provides distinct improvements over prior plural
      strip rolling methods in that a very thin matrix layer separates and
      prevents welding of the strips to one another while simultaneously forming
      the strips into a coherent assembly which can be handled as a unit during
      rolling and associated operations. Additionally, there is no need to
      enclose the strips in a housing or to provide special strip guide
      structure for the rolling mill.
PAR  An additional aspect of the invention concerns apparatus particularly
      suited for carrying out the above-described methods. In particular, the
      proposed apparatus contemplates supply means for supplying a plurality of
      thin metal strips for movement along a path in adjacent, spaced apart
      relationship. Each of the strips has relatively wide faces joined by
      spaced edges. Guide means are provided along the path for bringing the
      faces of adjacent strips into opposed alignment and substantially into
      contact. Between the supply means and the guide means are coating means
      for substantially covering at least one face of each pair of opposed faces
      with a bonding material. Additionally, means are provided for bringing the
      coated strips into contact to produce a bond between adjacent strips.
      Depending upon the particular type of bonding material used, means are
      provided for cooling the composite strips and coiling them for subsequent
      use or, alternately, the strips are passed directly to a rolling mill for
      the required reduction in cross-section.
PAR  The bonding material used will depend to a large extent upon the strip
      material used. In the preferred embodiment, a solder is used and the
      coating operation is carried out in a high temperature environment. Also,
      it is to be understood that surface preparation and other known steps
      preparatory to bonding may be required. Similarly, the surface preparation
      and bonding may have to be carried out in a protective atmosphere.
PAR  Accordingly, the primary object of the invention is the provision of an
      improved method and apparatus for rolling plural strips of metal
      simultaneously to produce foils.
PAR  Another object is the provision of a rolling method which allows production
      of thin metal foils without requiring special rolling mills or complicated
      controls.
PAR  A further object is the provision of a method by which metal of high
      strength or low ductility can be rolled into thin foils relatively easily.
PAR  A still further object is the provision of a method and apparatus of the
      general type described which is easy to use and requires no complicated
      control systems.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages will become apparent from the
      following description when read in conjunction with the accompanying
      drawings wherein:
PAR  FIG. 1 is a pictorial view of a composite formed in accordance with an
      aspect of the subject invention and showing the composite prior to the
      rolling operation.
PAR  FIGS. 2 and 3 are views similar to FIG. 1 but showing modified forms of
      composites embodying features of the invention;
PAR  FIG. 4 is a somewhat schematic drawing showing the preferred form of
      apparatus for forming the composites and,
PAR  FIG. 5 is a schematic drawing showing the preferred form of apparatus used
      for separating the rolled composites into foils following a rolling
      operation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the drawings wherein the showings are for
      the purpose of illustrating preferred embodiments of the invention only
      and not for the purpose of limiting the same, FIG. 1 shows in pictorial
      form an assembled composite strip prior to rolling and comprising a
      plurality of metal strips 12 joined in juxtaposed, face-to-face
      relationship by extremely thin layers of a bonding matrix 14. As will
      become apparent hereafter, the particular number of strips 12 used can
      vary widely, however, in the preferred embodiment, five of the strips 12
      are illustrated. The strips are bonded together by matrix material which
      is preferably uniformly coated completely across the opposed faces of the
      superposed strips 12.
PAR  As will be discussed hereafter, the strips 12 can be of many different
      metals (the term "metal" is used in the subject specification and claims
      to encompass both pure metals and alloys.) Similarly, the matrix material
      14 can comprise many different materials. As will be explained
      subsequently, however, the matrix material should preferably have certain
      desirable properties. For example, the matrix material can be selected
      from among those materials, both metallic and non-metallic which have the
      following properties:
PAR  a. The matrix material must be capable of forming a bond between the strips
      capable of transmitting shear loads from the strips to the matrix and from
      the matrix to the strips.
PAR  b. The matrix material must be such that the bond it forms can be destroyed
      without damaging the strip.
PAR  c. The matrix material must have sufficient strength and ductility at the
      rolling temperature to maintain structural integrity of the composite
      during the rolling operation.
PAR  d. Preferably, the major components of the matrix and the strips should be
      mutually insoluable at the melting point of the matrix (or at least the
      reaction, if any, should not have a significant deleterious effect on the
      properties of the foils).
PAR  The strength and ductility required of the matrix material is influenced by
      certain characteristics of all rolling processes. As is well known, as a
      strip exits from the roll gap of a rolling mill, its exit speed tends to
      be greater than the surface speed of the roll. This produces friction
      between the rolls and the strip surface which tends to oppose the motion
      of the strip surface. Thus, there is created a tendency for the central
      portion of the strip to move relative to the surface at the exit of the
      strip from the roll gap. Consequently, if the central portion of the
      composite were not restrained, it would tend to move relative to the outer
      strips. However, if the matrix were as strong as the strips, the composite
      would behave as a homogeneous material.
PAR  In instances where the matrix is weaker than the strips, but ductile, a
      different situation arises. To explain, it should be noted that as the
      leading edge of the composite emerges from the roll bite, the central part
      of the composite elongates more than the surface layers. This, of course,
      produces shear in the matrix layers. Forces equal to the shear strength of
      the matrix multiplied by the area of bonding between the strips and the
      matrix are transferred from one strip to the next through the matrix in a
      direction to oppose the motion between the strips. As the rolling
      continues, increasing area is loaded in shear until the strips are
      stressed to their flow strength and relative motion between the strips is
      prevented.
PAR  As can be appreciated, during the rolling operation, the matrix undergoes
      two different modes of deformation. In the roll gap, large strains occur
      in the matrix at very high strain rates in the presence of high stresses
      normal to the strain direction. Outside the roll gap however, the matrix
      is subjected to only small strains at lower strain rates.
PAR  As becomes apparent, the matrix can have relatively low shear strength
      provided it possesses ductility, these qualities being measured in the
      absence of the forces exerted by the rolls on the material within the roll
      gap. Further, the matrix must be capable of deforming without rupture as
      the rolling occurs.
PAR  Combinations of matrix and strip material which are particularly suitable
      for the subject invention include:
PAR  a. all-metallic combinations such as strips of iron with a matrix of dilute
      alloys of zinc or tin and lead (example, 0.6 percent zinc--99.4 percent
      lead) or
PAR  b. strips of iron or aluminum with a matrix of nonmetallic material having
      the properties listed above. Some crystalline polymers, for example, are
      believed to have the necessary properties for the matrix in those
      situations wherein the rolling temperatures are comparatively low.
PAR  Preferably, the matrix layers should have the minimum thickness possible.
      This minimizes the amount of matrix material consumed in the process and,
      moreover, in situations where the matrix is weaker than the strip material
      (this is the usual situation), the matrix layer should be kept thin for
      reasons to be discussed subsequently.
PAR  Assuming that the matrix is softer than the strip material, the matrix
      tends to be extruded from the composite in the regions adjacent to the
      edges and the ends. As can be appreciated, the distance in from the edge
      from which the matrix will be extruded is proportional to the thickness of
      the matrix layer. Since the total thickness of the composite across its
      width should be constant after the rolling operation, in those locations
      where the matrix has been extruded, the strips will be thicker. As a
      consequence, certain aspects of the invention contemplate trimming the
      edges to allow those regions to be discarded because of thickness
      variations. When the matrix layer is in the range of a few thousandths of
      an inch or less in thickness, the region of strip which will be discarded
      will be within the range normally removed in a conventional edge trim. In
      regions inward from the edge more than a few times the matrix layer
      thickness, the matrix and strips will be reduced proportionally during the
      rolling operation.
PAR  During rolling of the composite, the matrix may rupture in the area of the
      leading end. This results in separation of the individual strips forming
      the composite. To overcome this problem, the lead end of the composite can
      be reinforced by welding, mechanical means, or the like.
PAR  Typically, the minimum average thickness of the matrix layers is determined
      by the flatness of the strips as the composite is formed (ideally, the
      matrix must completely fill the gaps between the strips so that a bond is
      achieved) and, the minimum matrix thickness which will prevent welding of
      the strips during the rolling operation.
PAR  Prior to the present invention, it was known to use a non-bonded matrix
      between the strips. This matrix and strip assembly was then encased in a
      housing. With this type of approach, it was necessary to use a
      comparatively thick, heavy layer of matrix between each of the strips. In
      the subject invention, however, extremely thin layers of matrix are
      generally sufficient to prevent welding during rolling. As an example of
      how thin the matrix can be, the approach of the subject invention was used
      in a wire drawing operation. Seven wires were formed into a twisted
      strand. This created frequent point contact between the wires and,
      generally, the gaps between the wires were less than 0.001 of an inch. The
      twisted strand was then brazed with a suitable matrix alloy, which filled
      the interstices between the wires. Thereafter, the strand was drawn by
      conventional wire drawing techniques to a 99.17 percent reduction a
      cross-sectional area. The drawing took place at a temperature such that
      the wires were warm worked but the matrix was hot worked. At the drawing
      temperature, the matrix alloy was much softer than the wires. At the
      completion of the drawing operation, the matrix was dissolved in a solvent
      which had no effect on the wires. The wires were found to be free from
      welds and could be easily separated. Metallographic sections showed that
      the thickness of the layers of matrix alloy was at the limit of detection
      by optical microscopy not only at the points where contact had existed but
      in other regions as well. In the application of the invention to foil
      production, the matrix will often be much softer than the strips. The
      reduction in area will be extensive but in most instances, far less than
      the 99 percent reduction which took place in the wires. Point contact, at
      least infrequently, will be present in many methods of forming the
      composite. Thin layers of matrix with occasional point contact between
      strips is to be expected. Although the reasons why the subject invention
      can use such a thin matrix without welding is not clearly understood, it
      is believed to be the result of lack of relative movement between the
      strips. It is thought that this greatly reduces the tendency of the strips
      to weld, particularly at temperatures below the recrystallization
      temperature.
PAR  Substantially any metal could be used for the strip, provided that the
      basic requirements for the strip are met, namely (a) that a suitable
      matrix can be found to use with the strip to form the composite, (the
      matrix relationship to the strip has been discussed earlier), and (b) the
      strip must be a metal that can be rolled. While it is contemplated that
      both hot and cold rolling can be used, the invention is particularly
      suited for cold rolling. The reason for this is that if the strip is hot
      rolled, the tendency for the strips to weld to each other is greatly
      increased. As a result, for hot rolling, essentially a complete absence of
      contact between the strips is required to prevent welding. This greatly
      increases the difficulties of forming a suitable composite.
PAR  It should also be understood that strips which are themselves composites
      can be used. That is, individual strips can be bonded into composite
      strips and the resulting composite strips bonded by matrix material into a
      structure of composite strips. In forming the individual strips into
      composite strips for this purpose, however, they should be joined by bonds
      which will not separate when the bond between the composite strips is
      destroyed after the rolling operation.
PAR  The preferred thickness for the strip 12 is governed by several factors. It
      has been found, however, that increasing the thickness of the strip used
      to form the composite decreases the cost of the strip by a greater amount
      than the cost of the increased rolling of the composite made necessary by
      the increased strip thickness. If the thickness of the layers of matrix
      tend to be determined by the flatness of the starting strip or other
      factors which also tend to make the matrix layer thickness constant, then
      increasing the starting strip thickness will reduce the consumption of
      matrix material in the process. For cold rolling, the thickness of the
      starting strip is limited by the capacity of the strip to sustain cold
      work without fracture or by the excessive power requirements needed to
      deform the severely work hardened strip.
PAR  On the other hand, excessive thickness of the starting strip will increase
      the thickness of the composite and tends to increase the difficulties and
      expense for some handling operations. For example, greater difficulties
      are experienced in coiling between the formation operation and the first
      rolling operation, if this is done. As a general statement then, the
      preferred thickness is the maximum thickness possible without encountering
      difficulties in excessive cold work or handling operations which will
      offset the gains of the thicker starting strip. With regard to the general
      discussion of strip thickness, it should be understood that strips of
      varying thicknesses can be combined in a single composite so that the
      resulting products are foils of varying thickness.
PAR  Not only can the thickness of the strips vary but special advantages can be
      obtained by combining strips of more than one metal or alloy within a
      composite. Stronger and/or low ductility metals can be strengthened to
      greater strengths by the subject method than by either conventional heat
      treatment or cold rolling, since both strengthening processes can be
      combined with this invention.
PAR  FIG. 2 shows one way in which strips of different alloys can be combined.
      In this embodiment, the central strip 16 is of a stronger or less ductile
      alloy. The outer strips 18, 20 and 22, as well as, 24, 26 and 28 are of a
      more ductile alloy. Additionally, in accordance with a preferred form of
      this embodiment, the less ductile alloy strips are positioned
      symmetrically about the center stronger and less ductile strip. All of the
      strips are bonded in face-to-face relationship with a thin layer of matrix
      selected as described above.
PAR  During rolling of the composite of FIG. 2, the stronger and less ductile
      alloy strip 16 tends to resist deformation more than the weaker and more
      ductile outer strips. As a consequence, this produces relative movement
      between the weaker outer strips and the stronger inner strip 16. Relative
      motion between the strips produces shear within the matrix layers and
      causes force to be generated within the composite which tends to prevent
      the relative motion in a mananer analogous to that previously explained.
      In the subject embodiment, however, the forces generated by shear within
      the matrix are opposite to those previously mentioned. The stronger center
      strip is thus stressed in tension while the weaker strips are stressed in
      compression at the exit from the gap of the rolling mill. It is well known
      that the application of tension to the exiting strip reduces the
      separating force on the rolls and permits stronger alloys to be deformed
      at a given set of rolling conditions (roll separation force, roll
      diameter, etc.). Tuus, by enclosing the relatively hard, strong and low
      ductility strip 16 within the ductile outer strips, it is possible to roll
      into thin foils alloys which could previously be rolled only with great
      difficulty.
PAR  It is known that the tendency for cracks to form during rolling of a strip
      is greatest at the edge of the strip. FIG. 3 shows a method which
      counteracts the tendency to crack. In the FIG. 3 embodiment, a relatively
      non-ductile strong alloy strip 30 is located centrally between a plurality
      of more ductile strips 32. The entire composite of strips 30, 32 is bonded
      together with matrix material as described with reference to the FIG. 1
      embodiment. Additionally, highly ductile strips 34, 36 are positioned
      along the lateral edges of the central strip 30 and bonded thereto. The
      width of the strips 34, 36 is preferably at least as great as the
      thickness of the resulting composite or, better still, several times as
      great as the composite thickness. Thus, in this embodiment, the tendency
      for the edges to crack is counteracted by the presence of the more ductile
      alloy strips 34, 36 in the position of greatest tendency to crack.
PAR  As should be appreciated, the number of outer ductile layers can be greater
      or less than that shown. The greater the cross-sectional area of the
      ductile outer strips relative to the cross-sectional area of the stronger
      or less ductile metal inner strip, the greater is the ability to roll the
      inner strip. It should be appreciated that the ductile outer strips
      themselves can be a useful product and need not be scrapped.
PAR  To further explain the advantages of the subject invention, music wire, a
      carbon-steel wire, is known to possess a valuable combination of high
      strength with toughness. The processing of the music wire combines a heat
      treatment with subsequent cold work to achieve the desired properties.
      Similar types of processing can be applied to strip by this invention,
      especially when using the more preferred method as shown and described
      with reference to FIG. 3.
PAR  Within limits, increasing the number of strips in the composite increases
      the advantages of the invention. That is, a given gauge foil can be
      produced with simpler rolling mills. Productivity increases directly with
      the number of strips. However, increasing the number of strips also
      increases the complexity and cost of the equipment needed to form the
      composite and to separate the composite after the rolling operation.
PAR  FIGS. 4 and 5 show, in diagrammatic form, apparatus capable of carrying out
      the invention. In particular, FIG. 4 shows a furnace 40 to which is
      supplied a plurality of separate metal strips 41 thru 45 which have
      previously been cleaned and prepared for bonding with the matrix. Strips
      41 thru 45 can be supplied from any suitable type of reels or the like
      (not shown). Furnace 40, having an atmosphere compatible with the matrix
      and strip material, is maintained at a temperature sufficient to assure
      that the matrix material used will be at its melting point. The strips are
      suitably guided through the furnace 40 and pass over coating assemblies 46
      thru 49. Each of the coating assemblies is designed to cover the
      under-surface of each of the strips 41 thru 44 with a thin, uniform layer
      of molten matrix material. Many different types of coating assemblies
      could be used; however, in the subject embodiment, each of the assemblies
      shown includes a suitable hopper or the like 51 arranged to hold a
      quantity of the matrix material 52. Rotatively mounted in each of the
      hoppers 51 at a level such that a major portion of its circumference is
      beneath the level of matrix material is a roller 53. A second roller 54 is
      mounted directly above roller 53 and substantially in contact there with.
      As the strip passes over roller 54 the rollers are driven in the direction
      indicated by the arrows causing matrix material to be transferred to the
      surface of the associated strip. As can be appreciated, by coating only
      the undersurfaces of the top four strips the entire assembly of strips 41
      thru 45 will be bonded together as they pass under the main roll 56 in the
      manner shown. After passing under roll 56 the assembly of five individual
      strips is guided from furnace 40 and passes between conventional
      caterpillar type coolers 58 and 60 which quench the strips and complete
      the bonding process. Suitable pinch type withdrawal rolls 62 and 64
      function to draw the strips and resulting composite through the furnace
      40.
PAR  After passing through the pinch rolls 62, 64 the composite strip assembly
      can be passed directly through a roll mill stand or, alternately, can be
      coiled and stored for subsequent rolling as required.
PAR  Following the rolling operation, the thickness of the individual strips
      forming the composite have been greatly reduced in thickness. The reduced
      thickness composite must then be separated. FIG. 5 illustrates a typical
      structure for separating the individual strips. Upon start-up of the
      separation operation the lead end of the composite must be generally be
      separated manually. After the bond is destroyed at the end portion of the
      composite the individual foils are picked apart carefully. Alternately, in
      the case of ferromagnetic materials the ends of the foil strips can be
      caused to fan apart magnetically. As shown, the rolled composite is coiled
      on a reel and fed therefrom over a first guide roll 62 to a pair of pinch
      rolls 70, 72. Rolls 70, 72 are mounted in a heated environment having a
      temperature sufficient to cause melting of the matrix bonding material. As
      the foils pass between rolls 70, 72 they are separated and pass through a
      cooling chamber 71 and, thereafter, over individual guide rolls 73 thru 77
      to pick up reels 78 thru 82. Depending upon the particular matrix material
      used it may be desirable to remove the matrix material from the separated
      foils. This could be accomplished in many different ways depending upon
      the matrix material.
PAR  The invention has been described in great detail sufficient to enable one
      of ordinary skill in the art to make and use the same. Obviously
      modifications and alterations of the preferred embodiment will occur to
      others upon a reading and understanding of the invention and it is my
      intention to include all such modifications and alterations as part of my
      invention in so far as they come within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming metal foil of a predetermined thickness t and
      comprising the steps of:
PA1  a. providing at least three elongated strips of said metal having a
      thickness T which is substantially greater than t with at least one strip
      being substantially less ductile than at least two other strips;
PA1  b. forming at least three sheets of said metal into a composite with at
      least one strip constituting an inner portion of said composite with the
      inner portion of said composite being substantially less ductile than the
      outer strips, said strips being bsnded together in face-to-face juxtaposed
      relationship with a layer of matrix material of a thickness substantially
      less than T, said matrix material being applied uniformly substantially
      completely across said faces to form a composite comprised of alternate
      layers of matrix and individual metal strips;
PA1  c. rolling said composite to reduce its thickness to a point wherein said
      metal strips have been reduced to a thickness t; and,
PA1  d. thereafter, destroying the bonds formed by said matrix material and
      separating said strips.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the central portion is
      substantially stronger than the outer strips.
NUM  3.
PAR  3. The method as defined in claim 2 wherein said central portion is
      narrower than the outer strip.
NUM  4.
PAR  4. A method of forming metal foil of a thickness t comprising the steps of:
PA1  a. providing a plurality of strips of said metal of a thickness T which is
      substantially greater than t;
PA1  b. bonding said strips in face-to-face juxtaposed relationship with thin
      layers of matrix material interposed between adjacent strips and
      distributed uniformly across their faces to form a composite of alternate
      layers of strips and matrix, said matrix material being ductile and
      capable of transmitting shear loads between said strips, the central
      portion of said composite including three parallel strips, the three
      parallel strips being joined edge-to-edge by said matrix material, wherein
      the middle strip of said three parallel strips is formed from a metal
      having lower ductility than the remaining strips forming said composite;
PA1  c. rolling said composite to reduce its thickness to a point wherein said
      strips have a thickness t; and
PA1  d. destroying the bonds formed by said matrix material and separating said
      strips.
NUM  5.
PAR  5. The method as defined in claim 4 wherein the central portion of said
      composite is formed from at least one metal strip having a greater
      strength than the metal forming the remainder of said composite.
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ABST
PAL  A butt welded tube is provided having excellent properties by the steps of
      forming a skelp onto a round shape, butt welding the edges thereof with
      butt welding rolls, blowing oxygen or air into the weld zone, so that said
      zone is brought to a melted condition with oxidizing heat based on said
      blowing and some notches which are formed are blown off with said blowing,
      and then said tube is passed through a train of reducing rolls to obtain a
      smooth surface and the required dimension of said tube.
PARN
PAR  The present application is a continuation-in-part of our copending
      application Ser. No. 129,902 filed Mar. 31, 1971, now abandoned.
BSUM
PAC  BRIEF EXPLANATION
PAR  The invention relates to a method of making butt welded tubes and provides
      such a method which considerably decreases the notches occuring on the
      butt welded edge to increase the strength and thus to obtain products of
      high value.
PAR  The prior practices comprise heating skelps up to a high temperature,
      forming them into round shapes, feeding the shapes thereafter to the butt
      welding rolls to butt weld the edges thereof, and thus produce steel
      tubes. In the prior art, oxygen of air is blown to the weld zone (edges of
      the skelps) to provide good butt welding. That is, just before butt
      welding the oxygen or the air is blown to the weld zone to increase the
      temperature for the butt welding operation. However by such a method the
      edges of the skelps become round, and partially melting edges are
      destroyed by contacting, before butt welding, the calibers of the butt
      welding rolls, and since the butt welding is performed thereon as they are
      destroyed, notches remain on the inner and outer surfaces of the produced
      tubes. Those notches decrease the strength of the value of the products.
PAR  The present invention has been conceived to eliminate those shortcomings.
      After forming skelps in a round shape and butt welding the same, oxygen or
      the air is blown to the welding zone of the tubes, and thereafter the
      tubes are passed through a train of reducing rolls. According to the
      invention, the weld zone in which the temperature is increased by the
      oxidizing heat, is pressed by the rolls to swell the notch parts on the
      outer surface. The melting welding zone melts notches to make the surface
      flat and in this manner lots of notches are greatly decreassed.
PAR  The present invention is for obtaining the production of a tube having a
      smooth region in the butt weld. The skelp which has been heated up to the
      desired temperature for the butt welding operation in the heating furnace,
      formed into a round shape with the forming rolls and passed through the
      butt welding rolls, acquires, when the edges thereof are butted, on its
      butt welded region protruding an ear or part or a groove or concave formed
      by rounding the edges due to the high temperature in the furnace. The
      prior practices as mentioned hereinbefore comprise forming a skelp into a
      round shape to face the edges opposite each other, and blowing oxygen or
      the air to heat up the edges owing to the oxidizing heat so that said
      edges are brought into a melting or softening condition for butt welding
      and thereafter the thus treated tube is passed through a train of reducing
      rolls. That is to say, prior to the butt welding, the oxygen or air is
      blown to provide a good butt welding. Thereofore notches such as an ear or
      concave are inevitably generated and since the tube as it is, is passed
      through the reducing rolls, notches remain on the butt welded zone of the
      product to result in decreasing the strength of the tube and lowering its
      valve. In contrast, the blowing of the oxygen or air in the present
      invention is to eliminate the notches. That is to say, after the butt
      welding the oxygen or air is blown to the butt welding zone. As is seen,
      the blowing of the oxygen or air of the invention is different from the
      prior practices in the object thereof. In this connection, the invention
      and the prior practices both blow the oxygen or air, and the zone blown
      therewith is heated up to a temperature of around 1300.degree.C by the
      oxidizing heat and cause the melting or softening condition. In the
      present invention, in such a manner, notches are softened or melted and
      concurrently blown off.
PAR  It is well known that the heated part of the tube is further heated by
      blowing oxygen or air thereon on the same principle that a charcoal fire
      is heated up by blowing therein.
PAR  Other features or working effects of the invention will be apparent from
      the explanation of the embodiments.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a side view showing an apparatus according to the invention;
PAR  FIG. 2 is a side view showing the arrangement of a nozzle for blowing
      oxygen to the weld zone;
PAR  FIG. 3 is the front view of FIG. 2;
PAR  FIGS. 4 and 4a are graphs showing the grades of butt welded tube in which
      the tube making speeds are variously changed in accordance to the present
      method to control the pressure of the blowing oxygen wherein FIG. 4 shows
      expanding rates, and FIG. 4a shows improvements of flattening rates,
PAR  FIG. 5 is a graph showing the relationship between the tube making speed,
      and the pressure of blowing oxygen when the invention is put into practice
     .
DETD
PAC  DETAILED EXPLANATION
PAR  To explain the actual structure and the working effects of the invention
      with reference to the accompanying drawing, a skelp 1 which is generally
      heated in a heating furnace advances in the direction of the arrow as
      shown in FIG. 1. In such a case, the skelp is compressed from the right
      and left sides by the forming rolls 2, with its edges being forced down,
      to form it almost into a round shape, and when passing through butt
      welding rolls 3 both edges are completely butt welded, and then the tube
      further advances to the train of reducing rolls 4 and 6 to 10.
PAR  Immediately after having passed through the first reducing rolls 4, a
      nozzle 5 blows oxygen or air to the weld zone along the butt welding line.
      In this connection, this nozzle 5 may be placed between the butt welding
      rolls 3 and the reducing rolls 4 as shown in broken lines in FIG. 1. The
      butt welded seam is blown with oxygen or air, and said notches on the seam
      are melted by said oxidizing heat, and the molten notches are subsequently
      blown off by the blowing pressure, and the tube without notches is passed
      through the reducing rolls 6, 7, 8, 9 and 10 or the reducing rolls 4, 6,
      7, 8, 9 and 10 to reduce the tube from the right and left sides as well as
      up and down to a desired diameter of the tube produced, and eliminate
      notches, thereby producing a tube without a weld seam.
PAR  Furthermore, the nozzel 5 is not always placed at the rear of the butt
      welding rolls 3 or the reducing rolls 4 but can be positioned after the
      drawing rolls 6 or the subsequent rolls, and there may be a number of such
      nozzles.
PAR  The following table shows the testing results of the invention.
TBL  ______________________________________                                    
     Testing Results    (Rectangular nozzle)                                   
     ______________________________________                                    
     Conditions         Values of characteristic                               
                        properties                                             
     ______________________________________                                    
     Making speed                                                              
              Pressure of   Flattening                                         
              blowing oxygen                                                   
                            rate      Expanding rate                           
     ______________________________________                                    
     20m/min  OKg/cm.sup.2   75%       127%                                    
     "        1             90        143                                      
     "        2             100       158                                      
     "        3             100       160                                      
     "        4             100       157                                      
     ______________________________________                                    
     40m/min  0             79        130                                      
     41       1             85        142                                      
     41       2             97        152                                      
     "        3             100       160                                      
     "        4             100       160                                      
     ______________________________________                                    
     60m/min  0             73        132                                      
     "        1             79        135                                      
     "        2             90        147                                      
     41       3             97        153                                      
     "        4             100       160                                      
     ______________________________________                                    
PAR  In the present method, when blowing the oxygen to notches on the outer
      surface, the expanding and flattening effects depend of course on the
      pressure of the blowing oxygen. However, as is apparant from the above
      results even if the pressure is 1 Kg/cm.sup.2  the effects are well
      brought about in their own way. FIG. 4 shows in graph form the
      relationships between the pressure of blowing the oxygen when the
      invention was practised under the same conditions as in said testing
      results, and the expanding rate as well as the flattening rate reach
      almost the limit with a pressure of around 5 Kg/cm.sup.2 in both tube
      making speeds, and they draw the parallel lines with that of above 7
      Kg/cm.sup.2. In this embodiment a nozzle of rectangular form was used, but
      the results are not changed with nozzles of oblong, ellipse or circle
      forms. The tube making speeds influence the expanding and flattening
      effects on notches, and as shown in FIG. 4 and FIG. 4a the most effective
      results are obtained when the tube making speed is above 20m/min or less
      but when the pressure of blowing the oxygen is above 5 Kg/cm.sup.2,
      especially 7 Kg/cm.sup.2 the flattening and expanding rates are good even
      if the tube making speed becomes fairly high.
PAR  The decreasing effect of the notches is more or less influenced by the size
      of a tube to be butt welded, tube making speed, pressure of blowing
      oxygen, purity of basic metal and others, and FIG. 5 is one example
      showing the optimum relationship between the pressure of the blowing
      oxygen and the tube making speed for removing notches, and even in the
      case of the tube making speed being e.g. 10 m/min a substantially good
      result was obtained with the pressure of blowing oxygen being 0.5
      Kg/cm.sup.2, and generally the operation takes place with a pressure of
      above 0.5 Kg/cm.sup.2 and the speed of above 10 m/min.
PAR  The present method blows the oxygen or the air just after butt welding, so
      that notches on the butt welded tubes are decreased as shown in the
      following table to considerably incrase the strength of the tube. The term
      "oxygen" as used herein means "air" or oxygen
TBL            Depth of notch                                                  
                        Flatten-                                               
                             Expand-                                           
                                  Faults                                       
               on outer surface                                                
                        ing rate                                               
                             ing rate                                          
                                  by E.D.D.                                    
     __________________________________________________________________________
     Blowing oxygen                                                            
     after forming by                                                          
               0.0mm    100% 160% 0.12%                                        
     butt welding                                                              
     Not blowing oxygen                                                        
     after forming by                                                          
               0.05mm    74% 137% 0.62%                                        
     butt welding                                                              
     __________________________________________________________________________
      Faults were detected by Eddy current flaw detector or Non-destructive    
      Inspection                                                               
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of making butt welded tubes of oxidizable material
      comprising heating a skelp to a temperature suitable for butt welding of
      the material, passing the heated skelp between forming rolls to form it
      into a tube having longitudinal edge positions bounding an open seam, and
      passing said open-seam tube between butt-welding rolls to cause said
      longitudinal edge portions to become butt welded, the improvement of
      blowing oxygen under pressure onto said butt welded edge portions, whilst
      they are at a temperature at which oxidation will occur, thereby to cause
      increase of temperature of said edge portions and result in removal by
      oxidation and blowing away of protrusions formed during the butt welding,
      and whilst said butt welded edge portions are at increased temperature
      passing said tube through reducing rolls to produce a substantially
      seamless tube.
NUM  2.
PAR  2. A method, as claimed in claim 1, wherein, after butt welding of said
      edge portions and after said step of blowing oxygen onto said butt welded
      edge portions, said tube is passed between reducing rolls.
NUM  3.
PAR  3. A method, as claimed in claim 1, wherein the steps are carried out to
      form the tube at a speed of above 10 metres per minute, and wherein the
      oxygen is blown onto the butt welded edge portions, at a pressure above
      0.5 Kg/cm.sup.2.
NUM  4.
PAR  4. A method, as claimed in claim 1, wherein said tube is passed through a
      plurality of stages of reducing rolls.
NUM  5.
PAR  5. A method, as claimed in claim 1, wherein the steps are carried out to
      form the tube at a speed within the range 20 to 60 metres per minute
      inclusive, and wherein the oxygen is blown onto the butt welded edge
      portions at a pressure above 5 Kg/cm.sup.2.
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ABST
PAL  Articles, such as wholly or partly insulated housings for electrical and
      electronic components, are made from bands composed of a relatively wider
      strip of one material and a relatively narrower strip of a second material
      laminated to each other, the band thus being "striped" in that it has one
      zone constituted by a laminate of materials and at least one other zone
      constituted by solely the first material. The articles are shaped and
      blanked in the band so that predetermined parts of the article are formed
      from only the first material and the rest of the article is formed from
      the laminate of the two materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many articles made from sheet materials are composed of parts containing
      different materials, each material being desirably present to impart one
      or more specific properties to the article. For example, housings for
      electronic or electric components may comprise an electrically insulating
      part for electrically isolating the component it houses and an
      electrically conducting part for shielding or for making a desired
      electrical connection. Small anti-friction bearings often have a
      structural part for transferring the forces of the journaled part to a
      mounting and an anti-friction part carried by the structural part for
      engaging and carrying the journaled part. Frequently, an article composed
      of two or more materials is made by assembling it from separate parts,
      each of which is made exclusively of the appropriate material. Another way
      of making such an article is to make one part and then coating, casting,
      or molding the other part in situ on the first part. Occasionally, a
      two-material article is made from a laminate of the two materials by first
      shaping the article and then removing one material from selected zones.
PAR  The manufacture of insulating or shielding housings for electric or
      electronic components provides a good example of the state of the art. At
      one time, almost all such articles were made by assembling separately
      produced conductive parts and non-conductive parts. Even now, most
      ordinary light bulb sockets have an inner conductive sleeve into which the
      bulb is screwed and a separate outer insulating sleeve that telescopically
      receives the conductive part. Shields for electronic components, such as
      IF cans and transistor housings, are now usually made by either forming a
      cup-like member of conductive material and spraying or otherwise applying
      an insulating coating on the inside of the can or by forming the cup-like
      member from a laminate of a conducting material and an insulating material
      and then removing the insulating material from the solder lugs. Various
      articles of two or more materials may also be made by first producing
      individual blanks composed of a substrate sheet and then adding a
      selective coating (or coatings) of another material printed, deposited
      with a screen or stencil or otherwise formed in desired zones.
PAR  The techniques described above, though adequate as far as achieving a
      desired end product is concerned, are relatively complicated and costly.
      The tooling and labor involved in making separate parts and then
      assembling them, in casting or coating in situ on formed parts, in
      selectively removing material or in making and processing individual
      blanks adds greatly to the time, costs and quality control problems
      involved in a production operation, as compared with the manufacture of a
      single part of one material.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided, in accordance with the present invention, a novel and
      improved method of making an article containing different materials in
      different parts that provides substantially the same time and cost
      efficiencies as making a single part of one material while producing an
      article with different materials in different parts that is of the same or
      better quality than can be produced by the techniques heretofore known
      (such as those described above) for making articles containing different
      materials in different parts. More particularly, the method, according to
      the invention, comprises the steps of forming a long band composed of at
      least a first strip of one sheet material and a second strip of a second
      sheet material laminated together, each strip being of uniform length and
      the first strip being wider than the second strip. The second strip is
      positioned on the first strip such that the band has at least one first
      longitudinally continual zone constituted by only the first strip of
      material and at least one second longitudinally continual zone constituted
      by a laminate of both strips. The articles are formed from the band by
      shaping and blanking the band and controlling the shaping and blanking to
      locate the first zone of the band in a first predetermined part of the
      article and the second zone of the band in a second predetermined part of
      the article.
PAR  For example, a housing for use in electronic equipment to shield electronic
      components and constructed to be soldered to a circuit board may be
      manufactured from a strip of an electrically conductive material and a
      strip of an electrically insulating material, the strip of insulating
      material being of a lesser width than the strip of electrically conductive
      material and being laminated to the strip of conductive material with its
      axis centered on the axis of the strip of conductive material, thereby
      leaving portions along each edge of the band of conductive material. The
      shield is made by shaping and blanking it from the band to produce a
      cup-like body containing the laminate portion of the band with the
      insulation within the body and one or more solder lugs consisting solely
      of the conductive material extending from the end of the body. Since the
      lugs are entirely free of insulating material, a 360.degree. solder
      connection to the circuit board is ensured.
PAR  The method of the invention is susceptible of use in the manufacture of a
      wide variety of products using many materials. The band from which the
      articles are made may be manufactured by various laminating techniques
      well known to those skilled in the art. Similarly, the shaping and
      blanking of the products from the band can be practiced in a variety of
      ways, again within the present skill of the art. The selection of the
      materials, laminating techniques and the shaping and forming operations
      is, therefore, a matter that need not be described in detail herein,
      except by way of examples given hereinafter.
PAR  For a better understanding of the invention, reference may be made to the
      following description of an exemplary embodiment, taken in conjunction
      with the figures of the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a pictorial view of a shield for electronic components
      manufactured by the method of the invention;
PAR  FIG. 2 is a cross-sectional view of the shield shown in FIG. 1;
PAR  FIG. 3 illustrates a short piece of a striped laminate band from which the
      shield of FIGS. 1 and 2 is made; and
PAR  FIG. 4 is a generally schematic flow diagram illustrating the use of the
      method of the invention to make the shield shown in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF EXEMPLARY EMBODIMENT
PAR  The shield shown in FIGS. 1 and 2 of the drawing is, as far as its final
      physical form is concerned, very similar to shields presently used for a
      variety of purposes and electronic equipment. For example, such shields
      are used as housings for IF transformers in radio receivers, the housings
      being commonly referred to in the industry, and referred to hereinafter,
      as "IF" cans. Referring to FIGS. 1 and 2 of the drawing, an IF can, which
      is designated generally by the reference numeral 10, comprises a cup-like
      body portion 12 having a hole 14 in the top through which a tool can be
      inserted to adjust the transformer slug (not shown) and a pair of solder
      lugs 16, one of which extends from generally the center of each of two
      opposite side walls of the body 12 and parallel to the walls. The body 12
      is constituted by a laminate portion of the band from which the IF can is
      formed (as described below) and includes a liner 18 of an electrically
      insulating material and an outer shell 20 of an electrically conducting
      material. The electrically insulating liner 18 of the body of the IF can
      covers all of the inside surface of the body within the electrically
      conducting shell 20, and the solder lugs 16 are integral with the shell
      20, as will readily become apparent from the description below of the way
      in which the IF can is manufactured. It is important to observe that the
      electrically insulating liner 18 does not extend along the inner surfaces
      of the solder lugs 16, and therefore, a 360.degree. solder joint around
      each solder lug 16 is ensured upon installation of the IF can on a circuit
      board or other mounting element.
PAR  Referring to FIG. 3, the IF can 10 is made from a band 22 comprising a
      strip 23 of an electrically conductive material, such as copper, and a
      strip 24 of an electrically insulating material, such as
      polytretafluoroethylene ("Teflon"), polyvinylflouride ("Tedlar") or
      polyethylene. The insulating strip 24 is centered on the conductive strip
      23 so that the laminate constitutes a centrally located stripe along the
      band 22, and zones of conductive material only, each 3/16 inch wide,
      extend continuously along each edge of the band 22. The band 22 is
      preferably fabricated as a continuous strip of as much as several hundred
      feet in length. It may be made by laminating strips of material of widths
      equal to the final widths in the finished band or by laminating several
      strips of widths equal to the final widths of the stripes of laminate to a
      wide strip of the base material and then cutting the wide product to final
      width, each resulting band having one of the stripes of laminate. It is
      also within the scope of the invention to laminate strips of equal widths
      and then remove bands of one material to produce the laminate stripes.
PAR  There are various ways of shaping and blanking a strip to produce the IF
      cups. One way, as illustrated diagrammatically in FIG. 4, is to cut
      individual blanks from the band and conduct the blanks individually
      through a progressive deep-forming operation employing die sets, each of
      which involves drawing additional material of the laminate portion of the
      band into a cup form. The forming operation is controlled by way of the
      design of the dies such that the body of the cup is formed from the
      laminate portion of the band 22 so that the Teflon strip 24 ends up as the
      liner 18 in the cup. The initial blank may be oversized, and after the cup
      has been formed in the strip, the final cans are produced by cutting away
      the excess material (not shown) along the edges 30 of the cup. At the same
      time, the hole 14 is punched in top of the body 12 of the can and the
      solder lugs 16 are cut from the edges of the band using an appropriate
      cutting and punching die set. The final step is to bend the solder lugs so
      that they are co-planar with the side walls of the body, as illustrated in
      the last illustration of FIG. 4.
PAR  IF cups have been made in accordance with the method of the invention as
      follows: a band composed of a copper strip 23 of approximately 7 mils
      thickness and 11/4 inches wide and a Teflon Type C strip 24 approximately
      1 to 2 mils thick and 7/8 inch wide are laminated using a modified epoxy
      adhesive, the Teflon strip being centered on the copper strip in the
      laminate. The copper and Teflon strips are supplied from rolls, and the
      lamination of the strips to produce the striped band 22 is carried out by
      applying a 1/2 mil coating of the adhesive onto one surface of the Teflon
      strip, conducting the strips together through a pressure nip between rolls
      heated to about 350.degree.F. at a speed of approximately 10 feet per
      minute, thereby to produce an initial set in the adhesive, winding the
      band onto a core and curing the roll in an oven held at approximately
      350.degree. to 375.degree.F. for from 1 to 2 hours. The band may be
      manufactured as a continuous length of several hundred feet using the
      exemplary method. The band is then made into IF cans in accordance with
      the blanking and forming procedure depicted in FIG. 4.
PAR  The above-described embodiment of the method of the invention and a typical
      product are merely exemplary. The invention is useful in the manufacture
      of a variety of products such as battery holders, transistor housings,
      lamp sockets, and insulating or shielding members for electronic and
      electric elements. Bearings having a structural body and selective bearing
      surfaces constituted by laminate portions of a continuous band of material
      from which the bearings are formed can also be readily manufactured by the
      method of the invention. Accordingly, numerous variations and
      modifications of the invention and various uses for it will be readily
      apparent to those skilled in the art without departing from the spirit and
      scope of the invention. All such variations, modifications and uses are
      intended to be included in the scope of the invention, as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making housings for electronic components from sheet
      materials comprising the steps of forming a long band composed of at least
      a first strip of one sheet material and a second strip of a second sheet
      material laminated together, each strip being of uniform length, the first
      strip being wider than the second strip and the second strip being
      positioned on the first strip such that the band has at least one first
      longitudinally continual zone constituted by only the first strip of
      material and at least one second longitudinally continual zone constituted
      by a laminate of both strips, and forming a succession of articles from
      the band by shaping and blanking the band, the shaping and blanking being
      controlled to locate at least one mounting lug of each housing in the
      first zone of the band and a cup-like body of each housing in the second
      zone of the band.
NUM  2.
PAR  2. A method according to claim 1 wherein the first strip is a metal and the
      second strip is a polymeric material.
NUM  3.
PAR  3. A method according to claim 1 wherein the first strip is an electrically
      conductive metal and the second strip is an electrically insulating
      material.
NUM  4.
PAR  4. A method according to claim 3 wherein, in the step of forming the band,
      the second strip is laminated to a medial portion of the first strip such
      that there are two first zones on the band, one extending longitudinally
      along each edge of the band and wherein, in the shaping and blanking step,
      each cup-like body is shaped and blanked exclusively in the second zone of
      the band with the strip of electrically insulating material located on the
      inside of the body, and at least one mounting lug is shaped and blanked
      exclusively in each of the first zones of the band.
NUM  5.
PAR  5. A method according to claim 4 wherein the first strip is copper and the
      second strip is a fluorocarbon polymer.
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ABST
PAL  An integral tray structure of expanded substantially rigid plastic foam
      material, typically polystyrene foam is formed to have a bottom plate
      surface, an upstanding surrounding, inclined rim and a laterally
      projecting flange formed on the rim, the flange having, around its
      periphery, spaced projections, and recess means which are so arranged
      that, upon inversion of a tray structure above another tray structure, a
      hollow, insulated chamber, to contain hot or cold food, is formed. The
      projecting and recess means can be used to lock the tray structures
      together, and the inclined rims permitting nesting of the tray structures
      within each other, for minimum space requirements of the tray structures
      themselves for transportation and storage. The projecting-recess means may
      be formed as tabs engaging notches, or perpendicularly projecting buttons
      engaging matching cut-outs.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to food tray structures, and more
      particularly to such structures intended for the temporary storage, or
      transport, of hot or cold foods, to prevent the food contents from
      approaching the temperature of the ambient surroundings. The present
      invention is particularly applicable to store and transport food subject
      to breakage and having a substantially flat area, such as hot pizzas, or
      cold desserts, particularly applied to pie crusts, or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Hot or cold foods, particularly items which are intended for later
      consumption, are frequently transported, and temporarily stored in
      cardboard or in chipboard boxes, the size of which is matched roughly to
      the maximum dimension of the items to be packaged. The shape of the box
      often is different from that of the item, i.e., the box is usually square,
      although the item is round. The cardboard boxes are usually shipped flat,
      to be erected on the spot, thus saving in storage and shipping space. The
      boxes are not intended for re-use, and are therefore made of a thin and
      inexpensive paper material, just strong enough to provide some protection
      of the contents from ambient influences, such as dust, dirt and, of
      course, heat exchange. Such boxes frequently, when erected, take up a
      volume which is substantially in excess of that required by the food items
      themselves. Their fragile and flimsy nature, even when erected,
      contributes little to the support of the food contents which may require
      further support on trays or carriers, lest the contents break. This is
      particularly true for large items based on pie crusts, such as hot pizzas,
      cold desserts including pie crusts and the like. It has previously been
      proposed (see, for example, U.S. Pat. No. 2,845,104) to make carriers for
      food items of relatively hinged parts, so that a chamber is formed within
      which small food items, such as hamburgers and the like can be carried,
      the hinged portions being folded together and locked along the rim edges
      to provide a substantially closed container. In food preparation
      establishments, storage space for containers to be handed to customers,
      and thus used at a substantial rate, is usually at a premium; further,
      economics dictate that the cost of the containers (which are customarily
      discarded after use) be small; yet they should be sturdy and provide the
      required mechanical and environmental protection while additionally having
      thermal insulating properties.
PAR  It is an object of the present invention to provide a thermally insulated
      food container, for temporary use, which is inexpensive and requires but
      little space for storage and shipping, which is light-weight, and yet
      sturdy.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, a tray structure is formed of expanded foam plastic material,
      preferably polystyrene foam, and constructed to have a bottom plate
      surface from which an upwardly inclined rim projects, the rim terminating
      in a flange projecting laterally therefrom, generally in a plane parallel
      to the bottom surface. The flange is formed with projection and recess
      means, located at regularly distributed spaced intervals around the
      circumference thereof. The angle of inclination of the rim is selected
      such that cotangent .alpha. .gtoreq. 1.5 t/D, where t is the thickness of
      the material and D is the depth of the tray. This relationship ensures
      that there is some clearance space beneath the projection of the inner
      edge of the rim with respect to the outer edge of the bottom plate surface
      of a tray therebeneath, so that nesting, and stacking of the trays is
      thereby ensured.
PAR  The projection and recess means may be formed as projecting tabs, defined
      by cut-outs or notches formed in the rim, and matching engagement notches
      likewise formed in the rim, and spaced circumferentially therefrom, at
      regular intervals. These projecting tabs, and the engagement notches may
      be tapered in opposite directions (with respect to the center of the tray)
      to permit snap-over of a tab into a notch upon inversion of one tray above
      the other, and locking of the trays together. The projections may, also,
      be formed as projecting buttons, extending perpendicularly with respect to
      the plate surface, and be formed or punched during manufacture of the
      tray, and engaging recesses or peripheral notches. A number of such
      notches, circumferentially engaged by the buttons, will hold superimposed
      trays together by frictional engagement. The stiffness of the tray
      structures as well as the frictional engagement of the rim surfaces with
      respect to each other hold the trays in engagement.
PAR  In accordance with a feature of the invention, the tray structure is so
      made that it has internally projecting ribs. If a hot food item, such as a
      hot pizza, is placed on the tray, the ribs raise the hot pizza crust, to
      permit steam to escape from between the pizza crust and the surface of the
      tray, thus preventing sogginess of the crust upon storage on the tray.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Advantages of the invention will become apparent to those skilled in the
      art from the following description considered in conjunction with the
      drawings, wherein:
PAR  FIG. 1 is a top plan view of a pizza tray with projecting ribs to form, for
      example, a bottom pizza tray;
PAR  FIG. 2 is a bottom plan view of the tray of FIG. 1;
PAR  FIG. 3 is a top plan view of a pizza tray in accordance with the present
      invention, and without ribs, which may for example form a top cover;
PAR  FIG. 4 is a fragmentary perspective view of one form of tab locking
      element;
PAR  FIG. 5 is a fragmentary perspective view of a notch to be engaged by the
      tab locking element of FIG. 4;
PAR  FIG. 6 is a plan view of a pizza tray, without ribs;
PAR  FIG. 7 is a perspective view, showing two superimposed trays of the type
      shown in FIG. 1 or 3, relatively inverted, the bottom tray holding a
      pizza;
PAR  FIG. 8 is a perspective view of another embodiment of a pizza tray, which
      may be a top tray or, if formed with ribs, may be a bottom tray;
PAR  FIG. 9 is a fragmentary view of the rim of the tray of FIG. 8 illustrating
      an engagement button;
PAR  FIG. 10 is a sectional view along line X-X of FIG. 9, and illustrating
      superposition of two trays, for stacking;
PAR  FIG. 11 is a fragmentary perspective view of the rim of the tray of FIG. 8,
      and illustrating an engagement notch, to be engaged by a button of the
      tray of FIG. 8; and
PAR  FIG. 12 is a fragmentary cross sectional view showing engagement of an
      engagement button with a notch.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention will be described in detail in connection with a
      pizza tray. Such a tray has a bottom plate 10 of about 20-33 cm diameter
      (to accept a typical 12 inch pizza), but may have any other dimension
      suitable for the article to be carried. It is bordered, circumferentially,
      by an upstanding inclined rim 11. Rim 11 terminates in a laterally
      projecting flange 12, having a suitable width of, for example, about 13
      mm. Rim 12 is trimmed with equally spaced projecting tabs 13 (see also
      FIG. 4). The tabs 13 may be formed by generally radially extending cuts.
      As seen in FIG. 4, and in a preferred form, a pair of notches 16 are cut
      into the rim 12, leaving tabs 13 extending between the notches. The tabs
      13 taper outwardly. Spaced from tabs 13 are notches 14 (FIG. 5), tapering
      inwardly. For a rim width W of about 13 mm, tabs 13 preferably increase
      from a minimum of about 15 mm width to a maximum of about 18 mm width; the
      notches 14 taper from a maximum of about 18 mm width to a minimum of about
      15 mm width. These dimensions are not absolute, but are approximate, and
      have been found to provide secure engagement of pizza trays formed of
      foamed polystyrene, without undue weakening of the rims, or substantial
      danger of break-off of the tabs when shipping, handling and storing the
      trays. The relationship of the sizes of the tabs 13 to the notches 14 is
      relatively critical, however, since tabs which taper inwardly too much are
      apt to break; if the notches, on the other hand, are too large, the trays
      may not interlock securely.
PAR  The thickness of the material, dimension t in FIG. 4, is in excess of 1 mm,
      preferably in the range of from 1.5 mm to 3.5 mm, in order to provide
      sufficient stength, stiffness, and heat insulating properties without,
      however, becoming costly or heavy.
PAR  If the trays are used to hold hot food, such as pizzas fresh from an oven,
      a great deal of moisture is given off as the pizza cools. To exhaust this
      moisture, and avoid a condition whereby the pie crust might absorb an
      excess of moisture and become soggy, the rims 12 are additionally formed
      with flutes 15, located between the notches and the tabs. These flutes
      may, for example, be placed approximately midway between a projection,
      such as a tab 13, and a notch, such a a notch 14. These flutes, acting in
      the form of corrugations, increase the stiffness of the rim and hence of
      the tray; additionally, particularly when pizza fresh from the oven is to
      be packed in the tray, with another similar tray inverted thereover, the
      flutes permit the escape of steam between the rims and alleviate the
      formation of condensation at the inside of the trays. The steam, forming a
      slight overpressure within the chamber formed by one tray inverted over
      another prevents the ingress of air. The flutes are preferably shallow,
      for example a few millimeters deep and in the order of 1 cm across at
      their widest point so that, upon cessation of steaming, there will be
      little exchange of ambient air, or possible contamination, between the
      inside chamber formed by a pair of mutually inverted trays and outside,
      ambient atmosphere.
PAR  Condensation of moisture at the interface between the bottom of a hot pie
      crust and the tray itself can be alleviated by forming the top surface of
      the bottom tray with ridges or upstanding corrugations R, so that the pie
      crust itself will rest on the ridges, leaving a space between the plane
      surface of the tray 10 and the upstanding ridge R. These ridges may
      project from the plane surface by a distance of a few millimeters.
      Preferably, they are arranged in radially outward direction, as shown in
      FIG. 1, to provide for channels which extend towards the flutes 15 and
      permit egress of steam from beneath the pie crust, and above the top
      surface of the tray.
PAR  The ridges or projections R in the bottom tray may be formed by deforming
      the bottom tray surface, so that the ridges are corrugations, appearing as
      shallow depressions R' in the bottom surface of the bottom tray (FIG. 2).
      The orientation, the shape, and the direction of these ridges are not
      critical, although a radial orientation, as shown in FIGS. 1 and 2 is
      preferred. These ridges also contribute to the stiffness of the bottom of
      the tray.
PAR  The same trays, with ridges therein, may be used for the bottom and the top
      to form a closed container (see FIG. 7). The top tray need not have the
      ridges, however, but may have a smooth bottom surface 10' (FIG. 6) without
      ridges or corrugations formed therein.
PAR  The interlocking projection and recess means may also be formed to project
      in a direction approximately perpendicular to the major plane of the tray.
      Referring to FIG. 8, projecting buttons 23 extend from the edge of flange
      22 to engage notches 24 formed at the flange thereof. Flutes 15 similar to
      those shown in FIG. 1 are also formed in the tray of FIG. 8; likewise, the
      tray of FIG. 8 may have ridges R (not shown). The buttons 23 are punched
      outwardly (FIG. 10) to form, at the underside of the tray, matching
      depressions 27. When the trays are stacked, buttons 23 of one tray will
      fit into the notches 27 of the next tray thereabove. The angle of
      inclination .alpha. (FIG. 10) is so selected that the cotangent of .alpha.
      is greater than 1.5 t/D, to ensure that the projection of the edge 28 of
      the rim of any one tray will fall beyond the projection of the inner edge
      29 of the plane surface of the tray therebeneath. This ensures non-binding
      stacking and nesting of trays which can thus be superimposed, to minimize
      storage space. The depth dimension D is shown in FIG. 10; the width W of
      the flange 12 is shown in FIGS. 1 and 6.
PAR  A plurality of trays can be manufactured by hot forming and stamping from
      foamed or otherwise expanded polystyrene sheet material. The trays can be
      formed and punched in one operation, with or without the ridges R (FIG.
      1). For shipping, the trays are stacked above each other, for example in
      the alignment shown in FIG. 10. If the ridges are not in alignment, there
      will be somewhat greater separation between superimposed trays than that
      shown in FIG. 10. If the embodiment of FIG. 8 is used, buttons 23 will fit
      within the recesses 27, formed by punching the buttons beneath the flange
      22.
PAR  In use, two such trays, or one tray having ridges R (FIG. 1) and one tray
      without ridges (FIG. 6) is removed from storage, a pizza is placed on the
      bottom-most tray, that is, the one with the ridges R, and the other tray
      is inverted and placed thereover, with the tabs 13 aligned with notches 14
      (or buttons 23 aligned with notches 24, respectively). The tabs 13 are
      then forced through the notches 14 or, if the embodiment of FIG. 8 is
      used, the buttons 23 need merely be aligned with and snapped into the
      notches 24. The circumferential placement of buttons 23 is not critical if
      a sufficient number of buttons and notches are provided, located around
      the circumference, to hold the trays in circumferential alignment and
      position. The distance of the surface 23' (FIG. 10) of the buttons 23 from
      the center of the tray should be slightly less than the distance of the
      edge 24' (FIGS. 8, 11) from the center of the plate, so that, upon
      engagement of the buttons 23 with the notches 24, the buttons fit
      perfectly into the notches or fit with a slight  degree of interference,
      that is, require snapping of the buttons into the notches. To provide for
      positive engagement, the buttons 23 may be shaped, in cross section
      adjacent their root, to be other than circular, for example to have a
      thinner wall thickness at the contact point of the button with the wall
      24' of the notch 24, so that the wall at the button is susceptible to
      indentation, or undercutting by the surface 24', thus forming a lock (see
      FIG. 12). Suitable cross-sectional configuration for a button would be,
      for example, diamond or square shape, as seen at button 123 in FIG. 8, the
      remaining buttons 23 being shown schematically.
PAR  Preferably, at least three interengaging projection and recess means are
      used, the number depending on the diameter of a tray. For a pizza tray of
      about 30 cm diameter, four or more (preferably five or six) interengaging
      recess and projection means are provided. If the embodiment of FIGS. 1-5
      is used, not all the tabs need be engaged, and if the one or the other tab
      should break, there will be sufficient tabs left to provide for tight
      engagement of two such tray structures, which provide a hollow
      food-containing chamber therebetween to effectively exclude outside
      atmospheric contamination and heat exchange, such as heat loss from hot
      foods, or warming if cold foods are contained therein.
PAR  The height of the ribs R above the plane top surface of the tray 10 should
      be dimensioned in view of these factors: tray stacking height, tray
      strength, food temperature maintenance, ease of placing the food item, for
      example a pizza into the tray, and manufacturing capability. The actual
      configuration of the projections R as radially extending ribs, rings,
      curved bars, or other shapes which provide a channel, pocket, chamber, or
      the like to lift the pizza off the bottom tray surface is not critical.
PAR  The important feature is, however, to provide projecting elements to
      separate the bottom surface of the pizza, or other food item, from the
      major extent of the tray surface.
PAR  None of the dimensions given above are critical, but they have been found
      to be desirable, particularly if the trays are used to hold pizzas. A
      suitable angle .alpha. for a dimension D of about 13 - 30 mm is about
      60.degree.. This angle provides a lateral offset at points 28, 29 (FIG.
      10) of about 9 mm which, for a wall thickness t of about 2 mm, is about
      4.5 times wall thickness. Such trays which, with their lateral flanges 12,
      22, respectively, have an overall diameter of about 371/2 cm, are sturdy
      and strong and can carry even a fragile item such as a pizza while
      maintaining the pizza at elevated temperature for a sufficient period of
      time to permit temporary storage, or delivery under usual commercial
      conditions. Forming the trays, additionally, with projections R to lift
      the bottom of a food item off the major extent of the tray permits
      ventilation, and escape of condensation moisture from beneath the food
      item, typically the pizza, and escape of steam through the flutes 15.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept and particularly to adapt the tray structure to the
      foods to be used therewith. Features described in connection with any one
      embodiment may, suitably, be used with any other embodiment. The
      application has been described specifically for a pizza tray, in which the
      material is foamed, moldable material such as foamed polystyrene. Other
      materials may also be used such as molded pulp. Foamed plastic materials
      such as expanded polystyrene are particularly suitable due to their light
      weight, strength and excellent heat insulating properties.
CLMS
STM  We claim:
NUM  1.
PAR  1. Insulated hot or cold food tray for temporarily storing and transporting
      food items at temperatures different from ambient temperatures comprising
PA1  an integral dished tray structure of molded material having
PA1  a bottom plate surface (10);
PA1  a surrounding rim (11) formed to incline upwardly with respect to the
      bottom plate surface;
PA1  and a flange (12) laterally projecting from the rim generally in a plane
      parallel to said bottom surface (10);
PA1  the angle of inclination of the rim being selected such that cotangent
      .alpha. is at least 1.5 t/D
PA1  wherein .alpha. equals angle of inclination; t equals wall thickness of the
      foamed plastic material and D equals depth of the tray structure and
      corresponding to the distance from the top of the flange (12) to the top
      of the bottom plate surface (10);
PA1  said flange (12) being formed with projection and recess means (13, 14; 23,
      24) located at regularly distributed spaced intervals around the
      circumference thereof,
PA1  the projection means have portions which have a dimension which is greater
      than the dimension of the recess means (14, 24) at equal spacing from the
      surrounding rim (11),
PA1  inversion of one tray over another and engagement of the projection means
      of one tray in the recess means of the inverted, opposite tray permitting
      fitting of said flanges together and locking the projection means of one
      tray through the recess means of the other to engage the flange of the
      other tray from the face opposite that facing the first tray to provide an
      insulated storage and transport carrier to transport food items in the
      chamber formed by the inverted, engaged trays with the flanges of the
      trays locked together by overlapping engagement of the respective
      projection means of one tray behind the flanges of the other tray;
PA1  wherein the projection of the projection and recess means comprises an
      outwardly tapering tab (13) and inwardly tapering notches (16) formed
      adjacent both sides of each tab and separating the tab from the
      surrounding flange area;
PA1  and the recess means of the projection and recess means comprises an
      inwardly tapering engagement notch (14), the maximum dimension of the
      engagement notch lying between the minimum and maximum dimension of the
      tab, the taper of said tab, and said engagement notches, respectively,
      being from about 15 mm to 18 mm, and the rim having a width (W) of about
      13 mm.
NUM  2.
PAR  2. Tray according to claim 1, wherein depressed flutes (15) are formed in
      the flange (12) at spaced locations around the circumference thereof;
PA1  and the plate surface of the tray is formed with radially extending ridges
      (R) to elevate the food item above the plate surface, to provide a vent
      space from beneath the food item and out of the chamber formed by flutes
      when the trays are inverted over each other to permit venting of steam or
      condensation, moisture when hot food items are enclosed in a tray pair.
NUM  3.
PAR  3. Tray according to claim 1 wherein the projection of the projection and
      recess means comprises an outwardly tapering tab (13) and notches (16)
      formed adjacent both sides of each tab and separating the tab from the
      surrounding flange area.
NUM  4.
PAR  4. Tray according to claim 1 wherein the rim has a width (W) of about 13
      mm; the engagement notches taper from about 15 mm to 18 mm, and the tabs
      taper from about 15 mm to 18 mm.
NUM  5.
PAR  5. Tray according to claim 2 wherein the projections comprise radially
      extending ridges (R) formed as corrugations in the bottom plate surface
      and providing depressed grooves (R') beneath said surface.
NUM  6.
PAR  6. An enclosed, heat-insulated disposable food carrier comprising
PA1  two food trays as claimed in claim 1,
PA1  one tray being inverted over the other to form a heat-insulated chamber
      between the trays, said trays being interlocked together by engagement of
      the tabs of one tray into and through the engagement notches of the other
      tray, and behind the flange portions adjacent the engagement notches of
      said other tray, and the tabs of the other tray into and through the
      engagement notches of said one tray and behind the respective flange
      portions adjacent the engagement notches of said one tray.
NUM  7.
PAR  7. Insulated hot or cold food tray for temporarily storing and transporting
      food items at temperatures different from ambient temperatures comprising
PA1  an integral dished tray structure of molded material having
PA1  a bottom plate surface (10);
PA1  a surrounding rim (11) formed to incline upwardly with respect to the
      bottom plate surface;
PA1  and a flange (12) laterally projecting from the rim generally in a plane
      parallel to said bottom surface (10);
PA1  the angle of inclination of the rim being selected such that cotangent
      .alpha. is at least 1.5 t/D
PA1  wherein .alpha. equals angle of inclination; t equals wall thickness of the
      foamed plastic material and D equals depth of the tray structure and
      corresponding to the distance from the top of the flange (12) to the top
      of the bottom plate surface (10);
PA1  said flange (12) being formed with projection and recess means (13, 14; 23,
      24) located at regularly distributed spaced intervals around the
      circumference thereof,
PA1  the projection means have portions which have a dimension which is greater
      than the dimension of the recess means (14, 24) at equal spacing from the
      surrounding rim (11),
PA1  inversion of one tray over another and engagement of the projection means
      of one tray in the recess means of the inverted, opposite tray permitting
      fitting of said flanges together and locking the projection means of one
      tray through the recess means of the other to engage the flange of the
      other tray from the face opposite that facing the first tray to provide an
      insulated storage and transport carrier to transport food items in the
      chamber formed by the inverted, engaged trays with the flanges of the
      trays locked together by overlapping engagement of the respective
      projection means of one tray behind the flanges of the other tray;
PA1  wherein the projection means of the projection and recess means comprises
      buttons (23) formed on the flange (22) and projecting from the major plan
      thereof;
PA1  and the recess means comprises notches (24) formed in the periphery of the
      rim and shaped to at least in part surround the buttons (23); the surface
      (23') of the button (23) facing the center of the tray being slightly
      closer to the center of the tray than the surface (24') of the notch
      closest to the center of the tray the thickness of the material of the
      button (23) adjacent said surface (23') facing the center of the tray is
      reduced to permit indentation or undercutting of the button when the
      button (23) of one tray is engaged in the notch (24) of another tray
      inverted thereover to result in overlap, or bulging over of the button
      (23) beneath the flange formed with the notch (24).
NUM  8.
PAR  8. Tray according to claim 7, wherein depressed flutes (15) are formed in
      the flange (12) at spaced locations around the circumference thereof;
PA1  and the plate surface of the tray is formed with radially extending ridges
      (R) to elevate the food item above the plate surface, to provide a vent
      space from beneath the food item and out of the chamber formed by flutes
      when the trays are inverted over each other to permit venting of steam or
      condensation, moisture when hot food items are enclosed in a tray pair.
NUM  9.
PAR  9. An enclosed, heat insulated disposable food carrier comprising
PA1  two food trays as claimed in claim 7,
PA1  one tray being inverted over the other to form a heat insulating chamber
      between the trays, said trays being interlocked together by engagement of
      the buttons of one tray into and through the notched of the other tray,
      and behind the flange portions adjacent the notches of said other tray by
      undercutting of the material of reduced wall thickness of the button by
      said adjacent flange portions of said other tray, and the buttons of the
      other tray into the notches of said one tray and behind the respective
      flange portions adjacent the notches of said one tray, by undercutting the
      buttons in the region of reduced thickness of material by said adjacent
      flange portion of said one tray.
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ABST
PAL  A disposable cardboard plate having an origamically corrugated brim
      including ridges and intervening grooves. The plate has been pressed from
      a flat cardboard blank to form inclined end walls at the outer ends of the
      grooves between the ends of adjacent ridges, and a flat edge flange
      extending continuously around the plate to lock the corrugations in their
      predetermined configuration, together with said end walls.
BSUM
PAR  The present invention relates to disposable cardboard plates pressed from a
      flat blank of cardboard to form a plate having a bottom, a side wall and a
      brim, at least a number of evenly spaced portions along the circumference
      of the plate being pleated or corrugated.
PAR  If the plate is circular, the corrugations are normally evenly distributed
      along the whole circumference of the plate. A plate deviating more or less
      from the circular shape may also be corrugated along the whole
      circumference or have a number of circumferentially spaced corrugated
      portions along the circumference, whereas the intermediate portions have a
      brim which is smooth or has very few corrugations.
PAR  The method of pressing cardboard plates by urging the fibers of the
      cardboard material to the desired shape and corrugation (plaiting) is well
      known in the art.
PAR  The present invention relates to such cardboard plates in which the
      plaiting (folding) of the side wall and the brim is origamic, that is the
      brim has on its upper side corrugations, at least in a number of areas,
      which present ridges and intervening grooves in the rim, whereas the side
      wall has grooves and ridges respectively registering with the ridges and
      grooves respectively of the brim.
PAR  In prior art plates of the kind under consideration, the grooves of the
      brim extend across the brim and are open at their inner as well as at
      their outer ends.
PAR  However, the open grooves on the upper side of the brim will provide
      channels for liquid content such as soup, sauce etc. to pour out at the
      edge of the brim.
PAR  A further disadvantage is that the corrugations of the brim may be
      flattened out rather easily when subjected to pressure, since there are no
      effective means for locking the corrugations together. When the
      corrugations of the rim are flattened out more or less, the corrugations
      of the side wall will also be flattened out more or less so that the
      volume of the plate will be reduced correspondingly.
PAR  It is therefore a general object of the invention to provide a cardboard
      plate which is pressed from a flat carboard blank to form a plate having a
      greater volume than known types of corrugated cardboard plates made from
      the same size of blank and in which the corrugations of the rim are all
      effectively locked together to maintain the shape of the plate when
      subjected to a predetermined pressure and to provide an improved rigidity
      of the plate.
PAR  In accordance with the invention this general object is attained by a
      cardboard plate having the features set forth in the annexed claims.
PAR  Two preferred embodiments of the inventive cardboard plate are shown by way
      of example in the accompanying drawings.
DRWD
PAR  FIG. 1 is a diagrammatic perspective view of a deep cardboard plate
      according to the invention having corrugations evenly distributed along
      its whole circumference,
PAR  FIG. 2 is a diagrammatic perspective view of a shallow cardboard plate
      according to the invention corrugated merely at its corner portions and
      having smooth side portions therebetween,
PAR  FIG. 3 is a cross-section along line 3--3 in FIG. 1,
PAR  FIG. 4 is a cross-section along line 4--4 in FIG. 2,
PAR  FIG. 5 is an enlarged cross-section of the edge of the plate in FIG. 1,
PAR  FIG. 6 is an enlarged cross-section of the edge of the plate in FIG. 2,
PAR  FIG. 7 is a diagrammatic cross-section of the plate in FIG. 2 in a tilted
      or inclined position, two alternative liquid levels being indicated by
      dotted lines, and
PAR  FIG. 8 is a partial enlarged broken detail view of the shallow plate along
      line 8--8 in FIG. 2.
DETD
PAR  The deep plate 10 and the shallow plate 11 respectively in FIGS. 1 and 2
      are both pressed from a single cardboard blank according to conventional
      methods. However, the press tools are shaped to give the specific
      configuration of the edges of the plates in accordance with the present
      invention as described below.
PAR  The deep plate 10 has a bottom 12, a corrugated side wall 13 and a
      corrugated brim 14.
PAR  The shallow plate 11 has a bottom 15, a side wall 16 and a brim 17.
PAR  The general configuration of both plates deviates from a circular shape and
      has four convex portions 10a and 11a respectively, connected by rounded
      corner portions 10b and 11b respectively.
PAR  In contrast to the deep plate 10, the shallow plate 11 is corrugated merely
      at its corner portions, having corrugations on the side wall 16 and the
      brim 17, as will be seen from FIG. 2.
PAR  The corrugations of both plates are obtained by pressing the cardboard
      sheet material to obtain a well-known so-called origamic corrugation or
      pleat (folding) which means that the brim is shaped with alternating
      ridges and grooves, and that the side wall is also formed with alternating
      ridges and grooves, the ridges of the brim registering with the grooves of
      the side wall.
PAR  In accordance with the invention, when pressing the plates to their final
      shape, the fiber material of the cardboard is upset, compressed and
      stretched in a manner known per se to provide the desired design of the
      edge portion of the brim 14 and 17 respectively,
PAR  As will be seen from FIGS. 1, 3 and 5, the outer edge of the brim has been
      pressed to a flat edge flange 18 directed outwardly and downwardly and
      forming a continuous ring along the circumference of the brim. The fiber
      material in the edge flange 18 has been compressed in the circumferential
      direction to form a relatively stiff and rigid edge flange. However, a
      portion of this fiber material has been urged to fill the space between
      the ends of the ridges 19 on the brim and thus to form inclined end walls
      20 at the outer ends of the grooves 21 between each pair of adjacent
      ridges 19.
PAR  Thus, the channels formed by the grooves 21 will be closed at their outer
      ends, which means an increased effective volume of the plate, and further,
      when the plate is slightly tilted, for example when used in ships rolling
      slightly in the sea, the liquid content in the plate may have a level 22
      as illustrated in FIG. 7 for the shallow plate 11 which level is
      considerably higher than the level 23 possible with known plates where the
      grooves in the brim are open at their outer ends. Therefore, a plate
      according to the invention may be filled with a greater volume of liquid
      content such as soup, sauce, etc. than known plates having open grooves in
      the brim.
PAR  As will be seen from the foregoing, the side walls of adjacent ridges 19
      facing each other will be firmly locked together at their outer ends by
      the inclined end walls 20 and the ridges 19 will further be held firmly
      together by means of the continuous edge flange 18. The corrugations of
      the brim 14 formed by the side walls of the ridges and grooves
      respectively will thus be effectively secured in predetermined angular
      positions. The continuous flange 18, together with the inclined end walls
      20, as seen in FIG. 5, will provide a V-shaped edge section which
      reinforces the rim to make the plate more rigid.
PAR  The shallow plate 11 is corrugated merely at its corner portion and this
      corrugation is the same as described in connection with the deep plate 10
      and is comprised of ridges 27 and intervening grooves 28.
PAR  The shallow plate 11 has slightly curved side portions between its rounded
      corner portions, each side portion having a smooth brim line 29 and a
      corresponding smooth side wall portion 30 forming the inside of the plate.
      The smooth brim portion 29 is located between the outermost ridges 31 and
      32 of adjacent corner portions and thus forms the bottom of a wide groove
      29a between the two ridges 31,32. The ends of the opposing side walls of
      the ridges 31,32 are connected by an inclined end wall 33 which closes the
      outer end of the wide groove 29a between the ridges 31,32 and which is
      formed in connection with the press forming of the continuous edge flange
      34. This continuous edge flange and the inclined long end wall 33 between
      the respective pair of outer ridges 31,32 and the inclined end walls 35
      between the ridges 27 in the corrugated corner portions of the brim 17
      will provide the same effective locking of the corrugations and the
      predetermined shape of the plate as described in connection with the deep
      plate 10. Further, the advantage of the inventive design when tilting the
      plate is particularly pronounced for the shallow plate 11 is understood
      from FIG. 7.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A plate comprising a bottom defining a predetermined contour; a
      continuous side wall surrounding said bottom and integrally joined to said
      bottom along said contour, said side wall extended upwardly from said
      bottom in an inclined fashion; and a brim integrally joined to and
      surrounding said side wall and extending generally parallel to said
      bottom;
PA1  said side wall and said brim being shaped along each of a plurality of
      spaced portions of the circumference of said plate with an origamically
      folded section having a plurality of alternating grooves and ridges formed
      in said side wall in registration with a similar plurality of alternating
      ridges and respectively formed in said brim;
PA1  an outer portion of said brim extending upwardly and away from said bottom
      and forming an end wall enclosing the outer end of each brim groove, to
      prevent passage of the contents of said plate therethrough when said plate
      is tilted to fill said brim grooves with said contents.
NUM  2.
PAR  2. A plate as set forth in claim 1, wherein said brim further comprises a
      continuous edge flange integrally joined to said end walls and extending
      outwardly therefrom.
NUM  3.
PAR  3. A plate as set forth in claim 1, wherein said end wall are upwardly and
      outwardly inclined with respect to said bottom and wherein said brim
      further includes a substantially smooth edge flange extended outwardly and
      downwardly from said end wall to form an inverted V-section therewith.
NUM  4.
PAR  4. A plate as set forth in claim 3, wherein said side wall and said brim
      have a spaced plurality of aligned rounded corner portions, each of said
      rounded corner portions being spaced from an adjacent corner portion and
      having one of said origamically folded sections, the outer end of each
      brim groove of each said origamically folded section being enclosed by
      said end walls, said end walls merging into said edge flange.
NUM  5.
PAR  5. A plate as set forth in claim 4, wherein a portion of said brim
      intermediate a pair of adjacent corner portions has a smooth surface
      generally parallel with said bottom; said brim intermediate portion
      further including another end wall upwardly and outwardly inclined from
      said smooth brim portion and another edge flange extended outwardly and
      downwardly from said another end wall; said another end wall and said
      another edge flange merging at either end thereof respectively into said
      end wall and said edge flange of said folded sections to form a continuous
      plate flange.
NUM  6.
PAR  6. A plate as set forth in claim 1, wherein said plate is formed from
      pressed cardboard.
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ABST
PAL  A container assembly for biologically processing liquids, comprising an
      open-top box, a free-standing, block ended plastics-film sleeve fitted
      within the box, and a liquid-tight plastics-film liner, the depth of the
      box being not more that one-half that of the sleeve, and the sleeve
      preferably having a stiffening attachment or enclosure at its base, to fit
      the box.
BSUM
PAR  This invention relates to a collapsible container assembly, and especially
      to a container assembly suitable for use in processes such as the
      home-brewing of wine and beer, and to a method of using such a container
      assembly.
PAR  In accordance with the invention, a collapsible container assembly
      comprises an open-topped box, a free-standing but collapsible
      plastics-film sleeve fitting closely within the box at its base, and a
      water-tight plastics-film liner within the sleeve, the depth of the box
      being no more than one half of the depth of the sleeve, the sleeve being
      supported within the base of the box so as to allow it to stand vertically
      therefrom, and the plastics-film liner having a perimeter of length not
      significantly less than that of the inner perimeter of the sleeve, and
      being formed of plastics film that is thinner and more flexible than that
      from which the sleeve is formed.
PAR  The perimeter of the sleeve preferably does not exceed in length the
      perimeter of the box interior; it may with advantage be slightly less, so
      that the sleeve will fit easily into the box. The perimeter of the liner
      preferably does not exceed in length that of the inner perimeter of the
      sleeve sufficiently to cause much creasing when it is fitted within the
      sleeve. Ideally, the liner perimeter is of length equal to the inner
      perimeter of the sleeve, and since it is impossible to achieve exact and
      constant equality in production, the liner perimeter will sometimes be
      somewhat the smaller of the two when this ideal is adopted for production.
      However, such departure from exact equality, within the usual tolerances,
      is not significant, since it is easily compensated by slight stretching of
      the liner when it is filled. The difference should not be so great that
      the filled liner will flop loosely in the sleeve.
PAR  For ease of manufacture, the box is preferably a rectangular box and the
      plastics-film sleeve has the form of a block-bottom bag, the flat bottom
      of which is essentially of the same size and shape as the bottom of the
      box. It is essential that the sleeve be supported within the base of the
      box, and in one form of the invention it is directly attached to the base
      of the box. In a more preferred form of the container assembly of the
      invention, however, when the sleeve has a block-bottom shape, the base of
      the sleeve is provided with a stiffening attachment or enclosure such that
      the base so stiffened will fit accurately into the box member of the
      assembly. The stiffening member may be, for example, a piece of cardboard
      of the same shape as the base of the box but slightly smaller, so that the
      base of the bag will fit snugly within the box.
PAR  The plastics-film liner of the container assembly is provided for reasons
      of hygiene, since the liner can be disposed of and replaced as required.
      Moreover, when such liners are made from tubular film, as is generally the
      case, their inner surfaces are substantially sterile until the liners have
      been opened. Because of the presence of the liner, the sleeve need not
      necessarily be made water-tight, but there are obvious advantages to be
      had by making it water-tight, since this allows for accidental leakages
      from the liner.
PAR  The container assembly of the invention is particularly useful for
      providing a fermentation bag for use in the domestic preparation of wine
      or beer, the fermentation bag being constituted by the liner. It may also
      be used for the domestic preparation of other products prepared by the
      biological processing of liquids, such as yoghurt and soft cheese. For all
      these processes the use of a liner, particularly with a means for closing
      its mouth, greatly facilitates the provision of any necessary conditions
      of substantial freedom from contamination.
PAR  Thus, the present invention also provides a method of biologically
      processing a liquid in which the processing is carried out in the liner of
      a container assembly as hereinbefore described.
PAR  The container assembly of the present invention is found to stand stably in
      use, and may be conveniently stored when not in use, since the sleeve may
      be collapsed into the box so that the empty container occupies only a
      fraction of the space that would be occupied, for example, by a rigid
      supporting vessel for a fermentation bag. Moreover, the box member may
      function also as a sales package, without further packaging being
      provided, and may contain, not only the folded-down sleeve, but also any
      of the further equipment or ingredients for the process in which it is
      primarily intended to be used.
PAR  The present invention therefore further provides a kit of parts for use in
      the domestic preparation of a product by the biological processing of a
      liquid, the kit including a container comprising an open-topped box and a
      sleeve as hereinbefore described, a plastics-film liner therefor, and a
      means for closing the mouth of the liner such that it will function
      essentially as a non-return valve to allow the escape of excess gas from
      the liner. The kit may also include any or all of the ingredients for the
      biological process. It may further include a tapping device, particularly
      when the kit is intended for use in an alcoholic fermentation process; one
      suitable form of such device will be described hereinafter.
PAR  The kit is preferably provided with an enclosing cover; this may
      conveniently be a lid for the box member, the sleeve being collapsed into
      the box, and the other parts of the kit being placed upon it, or within
      its folds, before the lid is closed. The lid may be a detachable lid, or
      may be hinged to one side of the box member. Alternatively, the kit may be
      contained in, for example, a separate case or a flexible pouch.
PAR  When the function of the box member of the container is only to provide
      stability for the filled container, its depth preferably does not exceed
      one quarter of the depth of the sleeve; generally a depth equal to about
      one-seventh to one-fifth of the depth of the sleeve is sufficient. When
      the box member is also required to house further equipment and, more
      particularly, ingredients (which may be bulky) for the intended process, a
      greater depth may be needed, up to one half of the depth of the sleeve. A
      still greater depth would of course be possible, but much of the advantage
      of the container assembly, particularly in saving storage and transport
      space, would then be lost.
DRWD
PAR  Some preferred forms of the container assembly of the invention will now be
      more particularly described by way of example with reference to the
      accompanying drawings, of which:
PAR  FIGS. 1 and 2 show details of a container assembly in which the sleeve
      member has the form of a block-bottom bag attached at its base to the base
      of the box member;
PAR  FIGS. 3 and 4 illustrate the use of a device acting as a non-returnable
      valve for closing the liner when the container assembly is in use;
PAR  FIG. 5 shows a device for tapping the liquid from the container;
PAR  FIGS. 6 to 8 show stages in the making of a sleeve member of the type
      having a stiffened base for supporting it within the box member; and
PAR  FIGS. 9 and 10 show stages in the folding of such a sleeve member to fit it
      into the box member of the container assembly, for storage until it is
      required for use.
DETD
PAR  In FIG. 1: 1 is the open-topped, rectangular box component of the
      container, in this case a square box, optionally provided with a
      detachable lid (not shown), for example a lid of the same shape as, and
      fitting over, the box; 2 is the sleeve component, formed from a length of
      gusseted, heavy-duty tubular film, the depth of the gussets, 3, being half
      the flat width of the gusseted film; and 4 is a liner, which is a length
      of non-gusseted tubular film, sealed at each end but provided at its upper
      end with a line of perforations, 5, along which the sealed end can be torn
      off before the liner is filled. The gusseted sleeve opens to the shape and
      size of the base of the box. The liner, 4, has a lay-flat width nominally
      equal to half the length of the inner perimeter of the sleeve. The box, 1,
      is suitably formed from a blank of cardboard, for example from a
      corrugated laminate, which may be joined by stapling, as shown at 6.
PAR  In FIG. 2: 2 is again the sleeve, flattened at its end and with the two
      inner gusset folds, 7, slit for a short distance, as shown at 8, allowing
      two flaps, 9 and 10, to be folded back in opposite directions. To fasten
      the sleeve to the base of the box, these flaps 9 and 10 are laid flat
      across the centre of the base portion of the box blank, before it is
      folded, and are stapled in position. After the box has been folded and
      secured, the sleeve is opened out above the flaps 9 and 10 to the form of
      a block-bottomed bag. The upper part of the sleeve may then be collapsed
      to its flat, gusseted form and folded down upon its flat base, the box
      closed, and the container stored in this form until it is required for
      use, when the sleeve may readily be opened out and a liner inserted.
PAR  In FIGS. 3 and 4: 11 is a flat strip of rigid material suitably of a
      plastics material, such as rigid polyvinyl chloride, or of wood or metal,
      provided at each end with a slot, 12; and 13 is an elastic band passing
      round the strip 11 and held in the slots 12. FIG. 4 shows the top of a
      liner, 4, which has been closed by flattening its open end and folding it
      over the strip 12, turning the strip, with the end of the liner folded
      upon it, down upon the mouth portion, so that the liner is folded again,
      and securing it by means of the band 13. The mouth edge of the liner is
      shown at 14. When the liner has been inserted into the container, filled,
      and closed in the manner described, the closure may conveniently rest upon
      the top of the sleeve member of the container, so that the mouth of the
      liner will be readily available for opening when required. The filled
      assembly stands stably without support for as long as may be required.
PAR  At 15 in FIG. 1 is shown a hole in the wall of the box member of the
      container through which the sleeve member and the liner may be tapped, by
      means of the device shown in FIG. 5. This device comprises a rigid,
      sharply-pointed, hollow probe, 16, suitably made of metal or rigid
      plastics material such as nylon, a polyacetal or polystyrene, a flexible
      tube, 17, attached thereto, suitably of plasticized polyvinyl chloride,
      and a releasable clip, 18, placed upon the flexible tube. In this case the
      clip is a bent steel washer placed upon a reflex bend in the flexible
      tube, to hold it in this position, liquid thus being prevented from
      flowing round the bend. It is found that, at least when a liner of
      polyethylene film is used, the probe member of the device may be pushed
      through the wall of the container and the liner without escape of liquid,
      other than through the probe itself, provided that the liner is formed of
      film of more than a minimum thickness. For polyethylene film this minimum
      is about 38 m.mu.. The device may be used for tapping the liner even when
      the wall of the sleeve member of the container has previously been pierced
      in use. In packing the kit, the sleeve is folded down into the box as
      previously described, and the other parts may be placed upon it.
PAR  In a particularly preferred embodiment of the present invention, the sleeve
      member of the container assembly has a stiffened base and is formed from a
      length of non-gusseted tubular film, by sealing one end thereof, opening
      the sealed sleeve into block-ended form, folding the resulting "ears" of
      the sealed end down upon a stiffening member placed against the block end,
      and fastening them in this position, preferably by means of adhesive tape.
      This method is illustrated by FIGS. 6 to 10 of the accompanying drawings.
PAR  In FIG. 6 the sleeve member, 21, which again may be, for example, of thick
      tubular film of polyethylene, is shown after its end has been sealed, at
      22, and placed upon a square forming plate, 23, on a pedestal support, 24.
      The sleeve is positioned with the seal 22 lying along one tranverse axis
      of the plate, so that it extends to the tips of the ears, 25, produced by
      the opening-out of the sealed end of the sleeve. In FIG. 7, 26 is a square
      of stiff card placed upon the block end of the sleeve, opposite the
      former. FIG. 8 shows the sleeve with the ears 25 of the block end turned
      over upon the card 26, and fastened in this position by a strip of
      adhesive tape, 27, so that the card becomes partially enclosed in the
      block end.
PAR  FIG. 9 shows the sleeve with its walls flattened together, the side-folds,
      28, of the original tubular film thus being restored, and with the
      stiffened base folded down upon one wall of the sleeve. The sides of the
      sleeve are then folded towards the centre of the flattened sleeve, around
      the covered edges of card 26 and along the same lines continuously to the
      top of the sleeve, as shown in FIG. 10. The sleeve may then be further
      folded longitudinally around its stiffened base, so that the folded sleeve
      may be stored within the box member of the container assembly. When the
      container assembly is required for use, the sleeve is removed from the
      box, unfolded and opened out, and the base fitted back within the box
      member of the assembly, when, with the liner placed within the sleeve
      member, the container assembly will appear essentially as shown in FIG. 1
      of the drawings.
PAR  In one particular example of a sleeve member formed in the manner
      illustrated in FIGS. 6 to 8, the member is formed from a 370 mm length of
      thick (375 micron) tubular film of polyethylene having a lay-flat width of
      320 mm. The stiffening insert is a 157 mm-square card, giving a base for
      the sleeve that will fit snugly in a 160 mm-square (internal measurement)
      box member. A liner particularly suitable for use within this sleeve
      member is formed from a 560 mm length of non-gusseted tubular film of
      polyethylene, 50 microns thick and of 320 mm lay-flat width, sealed at one
      end. Various other methods may be used for attaching the stiffening member
      to the end of the sleeve, or enclosing it therein. The method illustrated
      has the advantages of being very simply operated and of giving a
      water-tight bag, provided that the end seal is formed across the whole
      width of the end of the sleeve. These advantages are more easily attained
      than with the construction described with reference to FIGS. 1 and 2; a
      further advantage is that the construction of the box member can, of
      course, in the embodiment shown in FIGS. 6 to 8, be finished before the
      sleeve member is inserted. The sleeve and liner members of the container
      assembly illustrated in FIGS. 1 and 2 may be formed from the same types of
      tubular film of polyethylene, except that the tubular film for forming the
      sleeve is preferably gusseted.
PAR  Many modifications may be made in the container particularly described. For
      example, in the container assembly shown in FIGS. 1 and 2 it is not
      essential to shape the sleeve to block-bottomed form; it may be simply
      attached as a straight sleeve to the sides of the box. The sleeve member
      of the container assembly described with reference to FIGS. 6 to 10 may be
      formed as a block-bottom bag by a method other than that illustrated, for
      example by forming it from pre-gusseted tubing, and providing it with a
      stiffening member attached or enclosed in the manner that is most
      convenient. It is also within the scope of the present invention to use,
      as the sleeve member, a block-bottom bag without stiffening or attachment,
      provided that it fits snugly within the box member. Thus, for example, a
      suitable sleeve member of such form may be made by the method illustrated
      in FIGS. 6 to 8 of the drawings, and the stiffening member drawn out from
      beneath the turned-over ears of the bag after these have been seamed one
      to the other, to leave the bottom of the bag unsupported but held to the
      required shape.
PAR  Means other than that illustrated may be provided for closing the mouth of
      the liner, during the fermentation, to provide the effect of a non-return
      valve. For example, a spring clip may be used.
PAR  When the box member is formed by folding a cardboard blank, the base is
      preferably formed as a single panel, any overlapping or joined flaps being
      located in the sides of the box, as this provides a more stable structure.
PAR  The kit of parts of the present invention may be sold, optionally together
      with at least one or some of the processing ingredients, for use once
      only, or the container may be separately sold, or sold together with a
      liner, or a pack of liners, for repetitive use. The liners supplied are
      preferably sealed at each end, one end then preferably being provided with
      a tear-line for opening it, for example as shown in FIG. 1. A line of
      simple perforations will generally ensure a sufficient freedom from
      contamination within the liner, the inside of tubular film generally being
      substantially sterile as it comes from the film-making process. However,
      the perforations may be sealed round their edges if desired, for example
      by forming them by means of heated pins. Suitable liners may be easily
      made as closed side-seal or end-seal bags in conventional manner from
      tubular film by an in-line process at the film-making plant, the lines of
      perforations being made, respectively, adjacent to one edge fold or seal
      in each bag.
PAR  Although films of polyethylene or polyethylenes modified by
      copolymerisation are generally very suitable for use in making both the
      sleeve member of the container and the liner, films of other plastics
      material may be used if desired or to meet particular requirements in the
      use of the container or the liner. Film of polyvinyl chloride, for example
      is also a very suitable material for the sleeve.
CLMS
STM  We claim:
NUM  1.
PAR  1. A collapsible container assembly comprising: a rectangular open-topped
      box; a free-standing but collapsible water-tight plastics-film sleeve
      fitting closely within the box at its base, the depth of the box being no
      more than one-half of the depth of the sleeve, the sleeve being supported
      within the base of the box so as to allow it to stand vertically therefrom
      and having the form of a block-bottom bag, the flat bottom of which is
      essentially of the same size and shape as the bottom of the box; and a
      water-tight plastics-film liner within the sleeve having a perimeter of
      length not significantly less than that of the inner perimeter of the
      sleeve, and being formed of plastics-film that is thinner and more
      flexible than that from which the sleeve is formed; in which the sleeve
      member has been formed from a length of non-gusseted tubular film by
      sealing one end thereof, opening the sealed sleeve into block-ended form,
      folding the resulting ears of the sealed end down upon a stiffening member
      placed against the block end, and fastening them in this position, whereby
      the base of the sleeve is provided with a stiffening attachment or
      enclosure such that the base so stiffened will fit accurately into the box
      member of the container assembly.
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ABST
PAL  A carrying tray is provided incorporating a top member of single face
      corrugated paper board which is bonded to a bottom member made of a single
      paper board. The bottom member extends beyond the top member and forms a
      substantially triangular beam bounding the perimeter of the top member to
      provide a rim for improving the stability and strength of the tray. A tab
      extending from one of the beams is adhesively bonded to an adjacent beam
      to provide strength at a corner of the tray. The tray can be economically
      and readily decorated using commercial printing systems such as
      flexographic gravure and silk screening.
BSUM
PAR  The foregoing abstract is merely a resume of one general application, is
      not a complete discussion of all principles of operation or applications,
      and is not to be construed as a limitation on the scope of the claimed
      subject matter.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to paper receptacles, folded blank boxes, and trays.
PAR  2. Description of the prior Art
PAR  The prior art has known many types of disposable trays. A difficulty
      encountered in all of these prior art trays is the problem of
      manufacturing a tray which is strong and yet economical to permit large
      distribution and use. Many satisfactory designs of prior art trays failed
      commercially due to excessive manufacturing costs. These trays generally
      required a complex machine in order to fold the material to form the tray
      structure. Many prior art trays failed to provide a rim along one edge of
      the tray which was secured to the rim along an adjacent edge of the tray.
      Most of the prior art trays were made of a molded fiber which does not
      permit easy decoration.
PAR  One prior art tray incorporated a single face corrugated paper board for
      the bottom member and a single paper board for a top member which top
      member was folded and secured to the bottom member to form a rim of the
      tray. This tray was satisfactory but the tray was not easily manufactured
      since the bottom member could not be properly registered relative to the
      top member using state of the art folding machines.
PAR  Therefore an object of this invention is to provide a disposable tray
      manufactured from cellulose fiber and adhesive which is both light and
      strong.
PAR  Another object of this invention is to provide a disposable tray which may
      be readily decorated using commercial printing systems such as
      flexographic gravure and silk screening.
PAR  Another object of this invention is to provide a disposable tray wherein a
      commercial quality single faced corrugated paper board forms a top member
      of the tray and a folded single paper board forms the sides or rim and
      bottom of the tray.
PAR  Another object of this invention is to provide a disposable tray including
      a tab for interconnection between adjacent rim portions to provide
      additional strength to the tray.
PAR  Another object of this invention is to provide a disposable tray which is
      easy to manufacture and is inexpensive.
PAC  SUMMARY OF THE INVENTION
PAR  The invention may be incorporated in a tray, comprising in combination, a
      top member having a first and second side with said first side comprising
      a top surface of the tray; a bottom member having a first and a second
      side with said second side comprising a bottom surface of the tray; means
      mounting said second side of said top member to said first side of said
      bottom member with one of said top and bottom members extending beyond the
      other of said top and bottom members forming a first and a second rim
      portion, each of said rim portions having a first fold line; means for
      mounting said rim portions to said other of said top and bottom members
      establishing obtuse folds at said first fold lines forming a rim for the
      tray; and means connecting said first rim portion to said second rim
      portion to secure said rim portions relative to one another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a disposable tray incorporating the invention;
PAR  FIG. 2 is a bottom view of the tray shown in FIG. 1;
PAR  FIG. 3 is an enlarged top view of the material used to form the upper right
      corner of the tray in FIG. 1;
PAR  FIG. 4 is an enlarged sectional view along line 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged perspective view of a section of the tray generally
      along line 5--5 in FIG. 1;
PAR  FIG. 6 is a view similar to FIG. 5, wherein the rear rim has not been
      folded to show a tab for connecting adjacent rim portions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1-6 illustrate the preferred embodiment of a disposable tray 9
      incorporating a top member 11 shown in FIGS. 4, 5, and 6 to comprise a top
      sheet 12 having a first side 13 and a second side 14 and including a
      corrugated intermediate member 17, having corrugated peaks on a first side
      18 and corrugated peaks on a second side 19. The corrugated peaks on the
      first side 18 of the intermediate member 17 are adhesively bonded to the
      second side 14 of the top sheet 12 to form the top member 11. The top
      sheet 12 may have a thickness range of 0.127 to 0.300 mm. with the
      preferred thickness being 0.178 mm. whereas the intermediate member 17 may
      have a thickness range of 0.80 to 0.178 mm. and a corrugation height range
      of 2.50 to 4.20 mm. with a preferred thickness of 0.089 mm. and a
      preferred height of 3.57 mm. The top member 11 is commercially referred to
      as "A" flute having a height of 3.57 mm. and a pitch of 7.81 mm. A bottom
      member 22 has a first side 23 and a second side 24 with the second side 24
      comprising the bottom of the tray 9. Many types of adhesives are suitable
      for binding the top member 11 to the bottom member 22 including Industrial
      Adhesive Company's P 80-2 polyvinyl acetate adhesive. The first side 23 of
      the bottom member is adhesively mounted to the second side of the top
      member 11 and more specifically to the peaks on the second side 19 of the
      intermediate member 17 with the bottom member 22 extending beyond a first
      and a second edge 15 and 16 of the top member 11 to provide a first and a
      second rim portion 31 and 32, respectively. The intersection of the first
      and second edges 15 and 16 forms a corner 21. The bottom member 22 may
      have a thickness range of 0.357 to 0.765 mm. with a preferred thickness of
      0.460 mm.
PAR  The first rim portion 31 includes a first, second and a third fold line
      31a, 31b and 31c, which are sequentially spaced from and substantially
      parallel to the first edge 15. The second rim portion 32 includes a first,
      second and a third fold line 32a, 32b and 32c which are sequentially
      spaced from and substantially parallel to the second edge 16.
PAR  Fold lines are commonly referred to as scores or impressions in the paper
      blank so that the paper blank may be accurately folded at a subsequent
      time. The first rim portion 31 includes a bottom corner edge 35 located
      between the first and second fold lines 31a and 31b and includes a top
      corner edge 36 located between the second and third fold lines 31b and
      31c. An edge 44 extends beyond the third fold line 31c. The second rim
      portion 32 includes a bottom corner edge 37 located between the first and
      second fold lines 32a and 32b and a notch fold line 38 located between the
      second and third fold lines 32b and 32c. A notch 39 having a notch edge 46
      extends beyond the third fold line 32c and defines in conjunction with the
      notch fold line 38 a tab 40 including a first tab edge 41 and a second tab
      edge 42. The first and second rim portions 31 and 32 include first and
      second edges 51 and 52 respectively.
PAR  FIGS. 4, 5 and 6 show the first side 23 of the bottom member 22 being
      adhesively mounted to the first side 13 of the top member 11 forming
      obtuse folds at the first and third fold lines 31a, 32a, 31c and 32c and
      forming acute folds at the second fold lines 31b and 32b. Many types of
      adhesives such as water based or hot melt adhesives may be used for this
      mounting including Amsco No. 107. FIG. 2 illustrates the bottom corner
      edge 35 of the first rim portion 31 engaging the bottom corner edge 37 of
      the second rim portion 32, whereas FiG. 5 shows the coincidence of the top
      corner edge 36 of the first rim portion 31 with the notch fold line 38 of
      the second rim portion 32. Consequently the rim portions form two sides of
      a triangular beam between the first and third fold lines when viewed along
      a cross-section of the rim for example between fold lines 32a and 32c in
      FIG. 4. The first fold 32a may vary between 45.degree.  and 75 .degree.
      with a preferred angle being 60.degree. whereas the third fold 32c may
      vary betwen 35.degree. and 55.degree. with the preferred angle being
      45.degree. to provide a suitable stacking factor.
PAR  FIG. 6 is similar to FIG. 5 except that the first rim portion 31 is in an
      intermediate stage of manufacture and is shown folded only along the first
      fold line 31a to show the mounting of the tab 40 of the second rim portion
      32 to the first rim portion 31. The tab 40 is folded along the notch fold
      line 38 with the first tab edge 41 being substantially coincident with the
      second fold line 31b and with the second tab edge 42 being substantially
      coincident with the first fold line 31a of the first rim portion. The
      notch edge 46 is shown in FIG. 5 to be established along a line bisecting
      the corner and is substantially adjacent to the edge 44 of the first rim
      protion 31.
PAR  The advantages of the foregoing invention over the prior art includes the
      beam or the rim formed by the triangular structure between the first and
      third fold lines. However, this principle can be varied by putting the
      third fold line in the top member 11 in which case only one obtuse angle
      would be formed in the bottom member 22. In addition, the acute angle
      formed at the second fold line may be replaced by various other
      configurations as long as the bottom member returns upon itself to join
      with the top member 11. A triangular configuration of the rim furnishes
      the strength to the disposable tray. In addition, the cellulose fiber from
      which the tray is constructed makes it both economical and readily
      decorable using commercial printing systems. Most prior art disposable
      trays are made of a molded fiber which does not permit easy decoration.
PAR  The invention has been described as a tray comprising in combination: a top
      member 11 having a first side 13 and a second side 19 with the first side
      13 comprising a top surface of the tray. A bottom member 22 has a first
      side 23 and a second side 24 with the bottom side 24 comprising a bottom
      surface of the tray. The second side 19 of the top member 11 is mounted to
      the first side 23 of the bottom member 22 with one of the top and bottom
      members extending beyond the other forming a first and second rim portion
      31 and 32, respectively. Either the top member 11 or the bottom member 22
      may extend beyond the other but in this embodiment the bottom member 22
      extends beyond the top member 11 but the converse is equally applicable to
      this invention. The first and second rim portions 31 and 32 can have a
      first fold line 31a and 32a, respectively. The rim portions 31 and 32 are
      mounted to the other of the top and bottom members and in this embodiment
      shown to be the top member 11 establishing obtuse folds at the first fold
      lines 31a and 32a to form a rim for the tray. The invention include means
      shown as tab 40 connecting the first rim portion 31 to the second rim
      portion 32 to secure the rim portions relative to one another.
PAR  The present disclosure includes that contained in the appended claims, as
      well as that of the foregoing description. Although this invention has
      been described in its preferred form with a certain degree of
      particularity, it is understood that the present disclosure of the
      preferred form has been made only by way of example and that numerous
      changes in the details of construction and the combination and arrangement
      of parts may be resorted to without departing from the spirit and scope of
      the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tray, comprising in combination:
PA1  a top member having a first and a second side with said first side
      comprising a top surface of the tray;
PA1  a bottom member having a first and a second side with said second side
      comprising a bottom surface of the tray;
PA1  means mounting said second side of said top member to said first side of
      said bottom member with one of said top and bottom members extending
      beyond the other of said top and bottom members forming a first and a
      second rim portion;
PA1  each of said rim portions having a first fold line;
PA1  means for mounting said rim portions to said other of said top and bottom
      members establishing obtuse folds at said first fold lines and
      establishing acute folds located beyond said other of said top and bottom
      members forming a rim for the tray;
PA1  and means connecting said first rim portion to said second rim portion to
      secure said rim portions relative to one another.
NUM  2.
PAR  2. A tray as set forth in claim 1 wherein said connecting means includes a
      tab extending from said second rim portion for mounting to said first rim
      portion.
NUM  3.
PAR  3. A tray, comprising in combination:
PA1  A top member having a first and a second side with said first side
      comprising a top surface of the tray;
PA1  said top member having a first and a second edge;
PA1  a bottom member having a first and a second side with said second side
      comprising a bottom surface of the tray;
PA1  means mounting said second side of said top member to said first side of
      said bottom member with said bottom member extending beyond said first and
      second edges of said top member forming a first and a second rim portion,
      respectively;
PA1  each of said rim portions having a first, second and a third fold line
      sequentially spaced from said edges of said top member;
PA1  and means for mounting said rim portions to said top member establishing
      obtuse folds at said first and third fold lines forming a rim for the
      tray.
NUM  4.
PAR  4. A tray as set forth in claim 3, wherein said means mounting said second
      side of said top member to said first side of said bottom member includes
      an intermediate member.
NUM  5.
PAR  5. A tray as set forth in claim 4, wherein said intermediate member has
      corrugated peaks.
NUM  6.
PAR  6. A tray as set forth in claim 3, wherein said fold lines of each of said
      first and second rim portions are substantially parallel to said first and
      second edges, respectively.
NUM  7.
PAR  7. A tray as set forth in claim 3, wherein said means for mounting said rim
      portions to said top member includes forming a first and a second beam
      extending outwardly from said first and second edges of said top member,
      respectively.
NUM  8.
PAR  8. A tray as set forth in claim 3, including a tab extending from said
      second rim portion;
PA1  and means mounting said tab to said first rim portion to secure the first
      rim portion relative to the second rim portion.
NUM  9.
PAR  9. A tray as set forth in claim 3, wherein said mounting means includes
      adhesive means.
NUM  10.
PAR  10. A tray as set forth in claim 3, wherein acute folds are formed at said
      second fold lines.
NUM  11.
PAR  11. A tray as set forth in claim 3, wherein said bottom member forms two
      sides of a triangle between said first and third fold lines along a
      cross-section of said rim.
NUM  12.
PAR  12. A tray, comprising in combination:
PA1  a top member having a first and a second side with said first side
      comprising a top of the tray;
PA1  said top member having a first and a second edge forming a corner at the
      intersection thereof;
PA1  a bottom member having a first and second side with said second side
      comprising a bottom surface of the tray;
PA1  means mounting said second side of said top member to said first side of
      said bottom member with said bottom member extending beyond said first and
      second edges of said top member forming a first and a second rim portion,
      respectively;
PA1  each of said rim portions having a first, second and a third fold line
      sequentially spaced and substantially parallel to said edges of said top
      member;
PA1  each of said rim portions having a bottom corner edge between said first
      and second fold lines;
PA1  said first rim portion having a top corner edge between said second and
      third fold lines;
PA1  said second rim portion having a notch fold line;
PA1  said second rim portion having a tab adjacent said notch fold line;
PA1  means for mounting said first side of said rim portions to said first side
      of said top member establishing obtuse folds at said first and third fold
      lines and acute folds at said second fold lines with said bottom corner
      edges engaging one another forming a first and a second beam about said
      first and second edges of said top member, respectively;
PA1  and means for mounting said tab to said first beam to secure the first beam
      relative to said second beam to provide a rim for the tray.
NUM  13.
PAR  13. A tray as set forth in claim 12, wherein said top member includes a top
      sheet having a first and a second surface wherein said first surface
      comprises the top of the tray;
PA1  said top member having an intermediate member having corrugated peaks on a
      first and a second side of the intermediate member;
PA1  adhesive means for mounting said corrugated peaks of said first side of
      said intermediate member to said second side of said top sheet with said
      intermediate member extending to the first and second edges of said top
      member;
PA1  and said second side of said intermediate member comprising said second
      side of said top member.
NUM  14.
PAR  14. A tray as set forth in claim 12, wherein said top corner edge of said
      first rim portion is substantially coincident with said notch fold line.
NUM  15.
PAR  15. A tray as set forth in claim 12, including a notch between said second
      and third fold lines wherein said notch includes a notch edge which is
      substantially parallel to an edge of said first rim portion extending
      beyond said third fold line.
NUM  16.
PAR  16. A tray as set forth in claim 12, wherein said tab includes a first and
      a second tab edge;
PA1  said first tab edge being substantially coincident with said second fold
      line of said first rim portion;
PA1  and said second tab edge being substantially coincident with said first
      fold line of said first rim portion.
NUM  17.
PAR  17. A substantially rigid tray, comprising in combination;
PA1  a top member having a first and a second edge forming a corner at the
      intersection thereof,
PA1  said top member including a top sheet having a first and a second side and
      an intermediate member having a first and a second side;
PA1  said intermediate member having corrugated peaks on said first and second
      sides;
PA1  adhesive means for mounting said corrugated peaks of said first side of
      said intermediate member to said second side of said top sheet with said
      intermediate member extending to said first and second edges of said top
      member;
PA1  a bottom member having a first and a second side;
PA1  adhesive means for mounting said first surface of said bottom member to
      said corrugated peaks of said second side of said intermediate member with
      said bottom member extending beyond said first and second edges of said
      top member forming a first and a second rim portion, respectively;
PA1  each of said rim portions having a first, second and a third fold line
      sequentially spaced and substantially parallel to said first and second
      edges of said first member, respectively;
PA1  each of said first and second rim portions having a bottom corner edge
      between said first and second fold lines;
PA1  said first rim portion having a top corner edge between said second and
      third fold lines;
PA1  said second rim portion having a notch fold line between said second and
      third fold lines;
PA1  said second rim portion having a notch extending beyond said third fold
      line;
PA1  said second rim portion having a tab defined by said notch and said notch
      fold line with said tab having a first and a second tab edge;
PA1  adhesive means for mounting said first side of said rim portions to said
      first side of said top member establishing obtuse folds at said first and
      third fold lines and acute folds at said second fold lines with said
      bottom corner edges engaging one another forming a first and a second beam
      bounding said first and second edges of said top member, respectively;
PA1  and adhesive means for mounting said tab to said first beam with said first
      and second tab edge being substantially coincident with said second and
      first fold lines respectively to secure the first beam relative to said
      second beam to provide a rim for the tray.
NUM  18.
PAR  18. A tray as set forth in claim 17, wherein said bottom member includes a
      cellulose fiber member.
NUM  19.
PAR  19. A tray as set forth in claim 17, wherein said top member includes a
      single face corrugated cardboard.
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ABST
PAL  A food container comprising an inner heat proof tray which is closed by a
      lid and in which the food to be heated is contained is protected by an
      outer cardboard member surrounding the bottom and sides of the inner tray.
      Opening tabs extending from the upper edges of the cardboard member are
      releasably secured to the inner tray or lid so that pulling on the tabs
      first releases the tabs therefrom without damaging the lid or its sealing
      with the tray and further pulling tears the outer cardboard member so that
      the inner tray can be readily removed from the outer before being heated.
BSUM
PAR  This invention relates to an improved food container and particularly to a
      package for ready meals. The package consists essentially of a thin heat
      resistant film which can be closed by a film cover or deep drawn lid and a
      cardboard member which surrounds the tray.
PAR  The tray, which can be deep drawn of oven proof plastic film or a thin
      aluminium foil, is assumed to be the container in which the ready prepared
      meal can be heated, eg in hot water or in an oven. In order to be able to
      tightly close the tray, the tray can be provided with an outwardly
      extending flange on which the lid can be sealed or in any other way
      secured. A cardboard member serves the purpose of protecting the bottom
      and side walls of the tray from deformation which looks particularly
      unsightly when the tray is formed from thin aluminium and can affect the
      tightness of the closing seam between the lid and the tray. The cardboard
      member can also be printed with information relating to the contents, the
      origin and other information. In that the cardboard member is not moisture
      proof or heat proof the tray is removed from the cardboard member before
      the meal is heated.
PAR  A problem with the above described package is that the cardboard member,
      which essentially only surrounds the tray to the underside of the flange,
      must be so joined to the tray that during storage and transport it is not
      loosened but must nevertheless be simply and easily removable by the user
      before the meal tray is heated.
PAR  The cardboard member comprises a bottom panel and long side walls with end
      wall parts connected to the ends of the long side walls. The end wall
      parts abut together to form the shorter end walls and they are secured to
      the bottom panel by glueing to connecting flaps connected to the bottom
      panel.
PAR  According to the present invention there is provided a food container
      comprising a tray provided with a sealing flange, a lid sealable to the
      flange to close the tray and an outer protective member of cardboard
      material having a bottom panel and side walls to surround the tray,
      opening tabs extending from the cardboard member beyond the upper edges of
      the side walls and folded around the flange to lie on the upper side of
      the lid, the opening tabs being releasably secured in position beyond the
      upper edges of the side walls leaving the ends free to be gripped by hand.
      The free ends of the opening tabs can conveniently lie loosely on the top
      of the lid. In this way it is possible to grip and pull the free ends of
      the opening tabs to break the releasable securing. The opening tabs can be
      releasably secured to either the upper side of the lid or to the flange or
      to both.
PAR  The opening tabs can conveniently form the extensions of connecting flaps
      folded from the bottom panel, wall parts at each end of the intermediate
      side walls being secured in abutting relationship on the connecting flaps
      to connect the side walls together and maintain the cardboard member in
      the erected condition.
PAR  The cardboard member can tightly surround the tray so that breaking the
      releasable securing of the opening tabs with the lid or flange is not
      sufficient to enable the tray to be removed from the cardboard member. In
      this case, and also when the tray is deep drawn into a pre-erected
      cardboard member, it is convenient that tear guides are included in the
      side walls of the cardboard member aligned with the edges of the
      connecting flaps. The tear guides can be formed by notches in the upper
      edges of the side walls or by substantially vertical lines of weakness in
      the side walls of the cardboard member or both.
PAR  After pulling the free edges of the opening tabs to break the releasable
      securing of the opening tabs above the upper edges of the side walls of
      the carton member further pulling on the ends of the tabs easily tears the
      side walls of the cardboard member along the lines of weakness. The side
      walls can then be folded away from the tray and the tray removed.
PAR  In a preferred construction the package according to the invention is
      provided with an additional lid, which can conveniently be of transparent
      deep drawn plastic film. With this lid the free ends of the opening tabs
      can be held in place on the top of the foil lid and it is also possible to
      provide a further sheet insert of carton board under the deep drawn lid,
      and preferably under the free ends of the opening tabs. The plastic deep
      drawn lid overlaps and snaps onto the edge of the foil lid and tray flange
      and at the same time protects them from damage. According to the invention
      the shaped flange of the deep drawn lid is provided in the region of the
      opening tabs with recesses corresponding in length to the length of the
      opening tabs, the snapping together of the lid and tray flanges in these
      regions being interrupted.
DRWD
PAR  An embodiment of the invention will now be described with reference to the
      accompanying diagrammatic drawings in which:
PAR  FIG. 1 is an exploded perspective view of the individual components of the
      package; and
PAR  FIG. 2 is a cross-section through the wall of the assembled package of FIG.
      1 in the region of the connecting flaps.
DETD
PAR  Referring to FIG. 1 the package comprises a tray 1 which is closed by a
      foil lid 2. The tray is surrounded on the underside and side walls by a
      cardboard member 3. A sheet insert 4 of carton board can lie upon the top
      of the foil lid 2. A deep drawn plastic lid 5, preferably transparent,
      snappingly engages over the flange 11 of the tray 1 to which the edge 21
      of the foil lid is sealed.
PAR  The cardboard member 3 comprises a bottom panel 31 which can be completely
      flat or indented in the centre region. Connected to the long edges of the
      bottom panel 31 are side walls 32 which are long enough so that they can
      be folded around the rounded corners of the tray and abut together to form
      end walls of the cardboard member. Connecting flaps 33 are arranged on the
      short edges of the bottom panel 31 to which the end wall parts of the side
      walls 32 are secured by glue 61 in known manner.
PAR  In accordance with the invention opening tabs are provided which form
      extensions of the connecting flaps 33 and extend around the flange 11 of
      the tray and are folded to lie on the upper side 22 of the foil lid. The
      opening tabs beyond the upper edges of the side walls of the cardboard
      member are subdivided by fold lines into separate narrow panels 35, 36,
      37, 38 and 39. As shown in FIG. 2 the panels 35 lie under the flange 11,
      panels 36 lie against the outside periphery of the flange 11 and edge 21
      of the foil lid, the panels 37 on the top of edge 21 of the foil lid, the
      panels 38 against the inner vertical edge of the foil lid 2 and the free
      ends 39 on top of the inner portion 22 of the lid 2. When the foil lid 2
      is not inwardly recessed within the tray as shown in FIG. 2, but is a flat
      sheet, it follows that the panels 38 are not required and panels 39 form
      extensions of the panels 37 which cover the top of the edge 21 of the foil
      lid. According to the invention the panels 35 to 38 particularly panels 35
      and 37 completely or only in certain areas are releasably secured to the
      respective parts of the flange of the tray and foil lid 2. This can
      conveniently be effected by using a cardboard for the cardboard member
      which has an inner heat sealable coating. The sealing can then be effected
      for example using a heat sealing tool which contacts the upper and lower
      parts of the flange 11 and 21 so that sealing occurs as shown at 62 and 63
      in FIG. 2. The bond between the coated cardboard member and the tray and
      foil lid, both of which are preferably of aluminium foil, can nevertheless
      be easily broken without the lid being torn or otherwise damaged. The
      preferred sealing or glueing of the panels 35 to 38 to the flanges 11 and
      21 is easily made and also provides a convenient and orderly arrangement
      of the opening tabs on the tray flange.
PAR  In the side walls of the cardboard are provided approximately vertical
      lines of weakness 35 and/or notches 34a in the upper edges of the side
      walls which facilitate removing the tray from the tightly enclosing
      cardboard member. These lines of weakness and notches substantially
      coincide with the side edges of the connecting flaps 33. By pulling on the
      free ends 39 of the opening tabs the bond at 62 and 63 is first broken,
      further pulling causing the side walls to tear along the lines of weakness
      34 and separate the connecting flaps from the side walls of the cardboard
      member. Since the side walls of the cardboard member in the region of the
      rounded corners are not connected to the bottom panel 31 they are loosened
      from the tray 1 after tearing along the lines of weakness 34 and allow the
      side walls to be bent back. The tray 1 can then be removed without
      difficulty from the opened cardboard member.
PAR  The plastic lid 5, which can be of any desired shape, is provided with a
      snap rim 51 which snaps onto the flanges 11 and 21. The rim 51 is
      interrupted by recesses 52 in the region where the opening tabs are folded
      around the flange.
PAR  The package according to the invention can be varied in several different
      ways. It is possible, for example, to glue the free ends 39 of the opening
      tabs to the top of the foil lid whilst still ensuring that the ends 39 can
      be gripped by hand, or to fix these free ends to the carton board insert
      4. Furthermore additional opening tabs can be provided in the long side
      walls 32 to overlap around the flanges 11 and 21 and be folded onto the
      foil lid in the same way as described above. Alternatively the connecting
      flaps can be connected to the long side walls, the opening tabs being
      extensions of the connecting flaps as described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container comprising a tray having side walls with a peripheral
      sealing flange extending around the upper edges thereof; a lid for the
      tray sealingly engaging the peripheral sealing flange; and, an outer
      protective member closely surrounding the tray, the protective member
      having a bottom panel, upstanding wall panels with upper edges, connecting
      flaps folded up from the bottom panel to severably connect the wall panels
      together, and opening tabs formed by the portion of the connecting flaps
      extending beyond the upper edges of the wall panels, the opening tabs
      being folded around the peripheral sealing flange of the tray to lie on
      the lid, the opening tabs having securing portions releasably secured in
      position with the lid and end portions which are not secured to the lid
      whereby pulling on the end portions of the opening tabs will break the
      connection of the securing portion of the opening tabs with the lid and
      the connection of the connecting flaps and side wall panels and allow the
      protective member to fold flat.
NUM  2.
PAR  2. A container according to claim 1 in which the severable connection of
      the connecting flaps to the wall panels of the protective member is formed
      by tear guides in the wall panels of the protective member aligned with
      the connecting flaps.
NUM  3.
PAR  3. A container according to claim 1 in which the opening tabs are
      releasably secured to the peripheral sealing flange of the tray.
NUM  4.
PAR  4. A container according to claim 1 having an additional lid with a
      peripheral rim snappingly engaged with the peripheral sealing flange of
      the tray, the additional lid having recesses in the rim coinciding with
      the opening tabs, the recesses interrupting the rim at those regions.
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ABST
PAL  A receptacle for receiving, compacting, storing, segregating, and eventual
      disposal of the compacted trash. It comprises an outer holder, and inner
      removable and disposable container, an overlying combined funnel and
      cover, the funnel opening into the top of the disposable container, and
      the cover being pivoted to the funnel so as to be swung outwardly
      therefrom, and being provided with a hole through which a manually
      actuated compactor or ram may be inserted for crushing the trash.
PARN
PAR  This is a division of application Ser. No. 138,482, filed Apr. 29, 1971,
      now U.S. Pat. No. 3,779,157.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is an improvement over the copending U.S. patent
      application, Ser. No. 20,974, now Pat. No. 3,675,810, filed Mar. 19, 1970
      in the names of Thorvald S. Ross, Jr. and Dante V. Consalvo. In that
      copending application, it is pointed out that in today's times trash
      disposal (including segregation, storage, etc.) is already a worldwide
      problem and threatens to become more severe. Part of this problem occurs
      because of the space occupied by empty containers such as cardboard boxes,
      tin cans, and bottles. In the home itself, and in stores and industries,
      the space occupied by such empty containers is voluminous, and this is
      particularly so in crowded apartment houses and residential areas. Another
      problem is that of preparing such trash for easy and efficient carting to
      dumps or recycling centers for disposal.
PAR  Therefore, an easy to use, convenient, relatively low cost, and foolproof
      means for solving the problem is greatly needed.
PAR  Already on the market for homes is a mechanized trash compactor which,
      however, must either be permanently wired into the household as a
      permanent installation, or must be plugged in an electrical outlet. The
      units are relatively expensive, have many moving parts with potential
      maintenance requirements, and many families may not be able to afford such
      devices. It is also to be noted that there is a need for a trash
      compaction system which on a low cost basis permits and encourages
      segregation of trash at the household level, in compacted form, such as
      glass, ferrous materials, aluminum, plastics, cellulosic materials, etc.
PAR  With the rapid decrease of available free land for dumps, burial of
      non-compacted trash in the so-called land-fill method is an inefficient
      use of the land. Compacted trash will take much less space.
PAR  It is also to be noted that a problem arises in that much trash is
      contained in non-biodegradable materials for deposit in dumps.
      Bio-degradable containers are highly desirable.
PAC  SUMMARY OF THE INVENTION
PAR  If a simple apparatus can be designed which primarily is efficient and safe
      in its operation and by which in addition to householder can separate and
      compact trash such as cardboard, paper, and empty containers such as
      bottles and cans, and if the apparatus is relatively inexpensive and easy
      to use, the householder will be encouraged to use it since it may reduce
      the frequency of trips by him to the dump or other disposal area.
      Accordingly, it is the general purpose of this invention to provide such
      an apparatus. In addition, the compaction makes separation of various
      classes of trash easier, and their storage more convenient, pending trips
      to the dump or disposal area. Separation may enhance the economic value of
      the trash in view of the growing practice of recycling. For example,
      compacted metal containers such as aluminum and/or ferrous containers in
      one class for sale to dealers in scrap metal; and glass shards for glass
      bricks, in another class.
PAR  One object of this invention, therefore, is to provide an improved means
      for receiving trash and compacting it, part of this means being a
      disposable container removable for holding the compacted trash either for
      pick-up by rubbish trucks or transportation by the householder himself to
      the municipal dump, incinerator, or recycling center.
PAR  Another object of the invention is the provision of an apparatus of the
      above class in which cover means are provided through which a device such
      as a ram may be inserted for compacting the trash in the container, this
      cover also being provided with means to prevent injury to the user and
      spread of trash due to the escape of particles of rubbish such as glass
      particles.
PAR  Still another object of the invention is a provision of a funnel overlying
      the disposable container, the funnel also maintaining the cover in
      position, and being positioned securely during normal use of the apparatus
      so that the lower end of the funnel enters into the upper portion of the
      disposable container.
PAR  An object of the invention is the provision of a disposable container for
      trash, so constructed that it minimizes the amount of the material used in
      its construction.
PAR  Another object of the invention is the provision of an apparatus for the
      compaction of trash whereby a plurality of containers and holders
      therefore may be used and a single cover and funnel means and ram which
      can be used interchangeably with anyone of the containers.
PAR  Still another object of the invention is the provision of an apparatus of
      any of the above classes into which the user may see in order to better
      control the compaction and observe the condition and level of the
      contents.
PAR  Another object of the invention is the provision of covering means (for
      receptacle for receiving and crushing trash) in which means are provided
      for the insertion of a ram into the receptacle through a flexible or
      articulated joint which prevents the egress of particles of glass, etc.
PAR  A further object of the invention is the provision of a disposable
      container of the above type which provides full enclosure for the
      compacted trash as well as easily formed upstanding flaps at opposite
      sides thereof to facilitate handling the loaded container.
PAR  A still further object of the invention is the provision of a container of
      either of the above classes which is made of bio-degradable material.
PAR  Other objects, purposes and advantages of the invention will be in part
      obvious from the description which follows, and in part pointed out
      hereinafter specifically.
DRWD
PAR  In the accompanying drawings, in which are illustrated several embodiments
      of the invention;
PAR  FIG. 1 is a view illustrating one embodiment of this invention;
PAR  FIG. 2 is a side elevation, in section, of the FIG. 1 embodiment;
PAR  FIG. 3 is a plan view of the FIG. 1 embodiment, with a portion of the cover
      thereof broken away to show certain features of construction;
PAR  FIG. 4 is a sectional elevation of a portion of the FIG. 1 embodiment,
      given to illustrate a feature of construction;
PAR  FIG. 5 is a sectional elevation of a portion of another embodiment of the
      invention;
PAR  FIG. 6 is a sectional elevation of a portion of another embodiment of the
      invention;
PAR  FIG. 7 is a view showing a disposable container for the system in open
      position;
PAR  FIG. 8 is a view of the container of FIG. 8 loaded with compacted trash and
      with the top closed and sealed down, upstanding end flaps being formed by
      the folding;
PAR  FIG. 9 is a view showing the container of FIG. 9 with the upstanding flaps
      thereof rolled down in order to provide hand-grips;
PAR  FIG. 10 is a view of a portion of still another embodiment of the
      invention;
PAR  FIG. 11 is a diagrammatic cross-section of another embodiment of the
      invention showing use of a different kind of container;
PAR  FIG. 12 is a diagrammatic cross-section of the invention, showing another
      kind of outer holder;
PAR  FIGS. 13 and 14 are diagrammatic views of another embodiment of the
      invention; and
PAR  FIGS. 15 and 16 are diagrammatic views of another container for the
      invention.
PAR  Throughout the drawings, similar reference characters indicate
      corresponding parts. Also, dimensions of certain of the parts as shown in
      the drawings may have been modified and/or exaggerated for the purpose of
      clarity of illustration.
DETD
PAR  Referring now to FIGS. 1 and 2, numeral 2 indicates generally a preferred
      embodiment of the invention. It comprises a cover 4, a funnel 6, and a
      holder 8. The cover 4 is provided with an aperture or hole 10 over which
      lies a protective shield 12.
PAR  Shield 12 is provided with a freely movable sealed joint and is preferably
      the ball and socket joint generally indicated by numeral 14, through which
      slidably projects the handle 102 of an impactor or ram 16.
PAR  Holder 8 is preferably made of high impact synthetic molded resin such as
      high density polyethylene Type SS60-050 made by Allied Chemical Company,
      or equivalent material. Of course, it desired, it could be made of a sheet
      metal such as steel or aluminum. It is generally rectangular in
      cross-section for a purpose which will be described later, although it
      could be square if desired. (See FIG. 3 for the plan view.) The walls of
      the holder slant outwardly from the bottom to the top, thus providing
      draft to ease removal of a container from the holder. A 2.degree. slant to
      the vertical has been found to be preferable. The walls of holder 8 are
      preferably about 0.120 to 0.135 inches thick, and the bottom of the holder
      preferably is about 0.180 to 0.200 inches thick, if the platic material
      set forth above is used. Preferably the walls of the holder are somewhat
      flexible to assist in stripping the container from the holder.
PAR  The top edge 20 of the holder is outwardly and downwardly turned to form a
      lip, and it will be noted that a portion 22 of the lip is at a slant to
      the wall of the holder 8. By providing the lip 20, a convenient means is
      provided for carrying the holder itself as well as, if need be, the funnel
      and cover. Another reason for providing lip 20 will be explained below.
PAR  The funnel 6 is made out of synthetic molded resin like that of holder 8,
      and it comprises three sections 24, 26 and 28, these being rectangular in
      cross-section and having walls approximately 0.082 to 0.095 inches thick.
      Bottom section 28 is spaced from the wall of the holder 8 as shown in FIG.
      2, the upper section 24 of the funnel is angled inwardly and downwardly in
      general parallel relationship to the section 28 (although parallelism is
      not necessary), and the two sections 24 and 28 are joined by the inclined
      middle section 26. At this point, one feature of the invention will be
      noted, namely, that the slant of the middle section is the same slant or
      angle as the portion 22 of the lip 20. Bottom portion 28 tapers inwardly
      at an angle of approximately 3.5.degree. to the vertical.
PAR  Additional to the above, the funnel 6 is provided with a downwardly
      extending flange or shroud 30 which is long enough to surround the lip 20.
      Therefore, by means of the shroud 30, and the engagement of the funnel
      section 26 with the lip portion 22, the funnel is securely but removably
      seated on the holder 8.
PAR  At upper corners 32 and 34 of the funnel are provided bosses through which
      are provided holes 36. As will be explained later, holes 36 are sized to
      receive pivot pins which pivotally hold the cover 4 onto the top of the
      funnel.
PAR  Lower portion 28 of the funnel is made long enough so that when the funnel
      rests on lip 20, the lower portion will extend down into the upper open
      end of a disposable container 38, freely. Not only does this hold open the
      container, but it also prevents any trash from falling or getting down
      between holder and container. The container 38 will be further described
      below, but it will be sufficient to state here that its bottom portion 40
      fits closely against the walls of the holder 8, but due to the sides of
      the container being generally perpendicular to the bottom of the
      container, the top portions of these walls are spaced apart from the walls
      of the holder 8, as shown, due to the slant of the holder walls.
PAR  In regard to lip 20, slant portion 22, funnel section 26 and the shroud 30,
      these are the preferred manner of seating the funnel 6 on holder 8.
      However, other ways are provided, and a reference to FIGS. 5 and 6 will
      show two of these ways.
PAR  Referring first to FIG. 5, the holder 42 is like holder 8, but in this
      embodiment is not provided with slanting section 22. Instead it is
      provided with a simple turned over edge portion 44. The funnel 45 in this
      embodiment is provided with a flange shroud 46, and in this instance, the
      angles of the lip 44 and shroud 46 are such as to engage smoothly. Again,
      the lip 44 provides means for carrying the holder when needed. The funnel
      has a bottom portion 47 fitting into container 38 as in the first
      embodiment, and an upper portion 48 as in the first embodiment.
PAR  Referring now to FIG. 6, another embodiment is shown. In this case, the
      funnel 54 has an upper portion 56 and a lower portion 58 which is adapted
      to fit into the container 38, as in the other embodiments. Portions 56 and
      58 are joined by a portion 60 which has a flat bottom portion 62. A shroud
      64 is provided on the funnel, the shroud encircling the straight upper
      edges 65 of the holder 52, as shown in FIG. 6. An outwardly and downwardly
      extending flange 66 is provided on the holder as a convenient handle for
      carrying the holder when necessary.
PAR  Referring now to FIGS. 2 and 3, cover 4 is transparent (so the user can see
      into the container for better control of compaction and level of the
      contents) and is made of a tough, transparent plastic such as clear
      Cycolac Grade CIT made by the Marbon Division of Borg-Warner Corporation
      (which is acrylonitrile-butadiene-styrene), and has the downwardly turned
      edges or lips 72 and 74 on the sides. The material used is about 0.120 to
      0.135 inches thick. It will be noted that the fit of the lips 72 on three
      sides is reasonably close to the top edges of the funnel 6, but that on
      the fourth side the lip 74 extends beyond the edge of the funnel.
      Extending through suitable holes provided in lips 72 at opposite corners
      of the cover are the screws 76, these being fastened to the lips by nuts
      78. The shanks of these screws extend into the holes 36, and thus act as
      pivots for the cover 6. A reference to FIG. 2 indicates the cover having
      been raised to its upright position, and it will be noted that the lip 74
      in the upright position of the cover bears against the wall of the funnel
      6 to act as a stop to hold the cover in its upright position.
PAR  In conventional manner the cover is strengthened by means of ribs 80
      parallel to the edges of the cover. Hole 10 is surrounded by the
      upstanding rib 82 in order to strengthen the cover at this point, and
      diagonally extending ribs 84 reach from the corners of the cover to the
      rib or edge 82 of hole 10. Cover 4 is about 0.120 to 0.135 inches thick.
PAR  Shield 12 is circular and is made of transparent, tough synthetic molded
      resin such as the polycarbonate sold by General Electric Company under the
      trademark LEXAN. It is about 0.155 to 0.130 inches thick, and has the
      downwardly turned rim 88 which is the same height as that portion of the
      rib 82 which projects above cover 4, thus strengthening the shield and
      providing a smooth slidable engagement of the shield with the cover but
      with a space therebetween. This engagement minimizes the egress of any
      particles of glass from the interior of the apparatus, and also minimizes
      abrasion of the clear plastic surfaces.
PAR  A pair of flanges 90 and 92, whose inner faces are portions of hemispheres,
      are fastened, for example, by means of the rivets 94, to the shield 12 as
      shown, the shield having a hole 96 through which can project the
      hemispherical wall of flange 92. When the hemisperical flange 90 and 92
      are thus clamped together, it will be noted that they provide a sufficient
      portion of a spherical socket so as to hold rotatably a ball 98. If
      desired, either of flanges 90 and 92 can be molded as an integral part of
      cover 4.
PAR  The ball 98 is made of a synthetic molded resin such as a polyacetal resin
      made and sold by E. I. Dupont de Nemours and Company under the trademark
      Delrin 500. It is approximately 21/2  inches in diameter. The ball is
      provided with a central hole 100 which is so sized as to permit sliding
      therethrough the handle portion 102 of the ram 16; for example, a hole
      approximately 1 inch in diameter.
PAR  The preferred form of ram for this invention is that shown in U.S. Pat. No.
      3,565,351, issued Feb. 23, 1971. While the ram is not a part of this
      invention, nevertheless a brief description will be given here, as
      follows: The ram or impactor comprises the hollow handle 102 in which is
      slidable shaft 104, the latter being preferably metal. The handle 102 can
      be metal or a tough, strong synthetic plastic. The handle portion 102 is
      closed at its bottom by the hollow outwardly extending shell 106 which has
      attached thereto the steel end-closure member 108. Shaft 104 is long
      enough so that when it is shoved fully into the handle, the end of it
      strikes the inside surface of the closure element 108. The kinetic energy
      of the shaft is thus imparted to member 108. To use the device, the member
      108 is placed on trash previously placed in the container 38, the shaft
      104 is raised, and then thrust downwardly until the end thereof strikes
      the closure element 108. The can, bottle or other trash is thus crushed.
PAR  A purpose of providing the ball and socket joint 14 is to permit moving of
      the end 106-108 of the ram so that all portions of the inside of container
      38 can be reached thereby at the same prohibiting egress of glass
      particles, etc. One such a position is shown by the dotted lines 110 on
      FIG. 2. Also, the size of hole 10 and the slidability of shield 12 with
      the ball 14 with respect to the hole combine to provide the requisite
      lateral and angular articulation of the ram.
PAR  One feature of the invention is now to be noted. In the preferred
      embodiment the cover is hinged. Because of the ball and socket joint, and
      the fact that the ram can slide in the ball, and the shield being
      slidable, the cover is readily swung to its open position (see FIG. 2)
      with the ram in place. In this position, the entire top of the apparatus
      is open for putting trash in the container. Also, it will be found that
      the weight of the ram will assist in holding the cover open, since the ram
      will be leaning against the latter in the open position.
PAR  Other suitable dimensions of the apparatus thus far described are as
      follows:
     Holder height   20 5/16 inches                                            
     Holder sides (at top)                                                     
                     16 1/16 inches long                                       
     Holder ends (at top)                                                      
                     13 1/16 inches long                                       
     Holder sides (at bottom)                                                  
                     14 5/8 inches long                                        
     Holder ends (at bottom)                                                   
                     11 5/8 inches long                                        
     Funnel length   12 5/8 inches                                             
     Funnel top      20 3/8 .times. 17 3/8 inches                              
     Funnel part 28  13 11/16 .times. 10 11/16 inches                          
     Angle 22        44.degree. to the vertical                                
     Cover overall size                                                        
                     18 3/8 .times. 23 1/8 inches                              
     Shield 12       13 1/16 inches diameter                                   
     Hole 10         8 inches in diameter                                      
PAL  These dimensions are approximate and have been found to work
      satisfactorily.
PAR  Referring now to FIGS. 7, 8 and 9, there is shown one embodiment of a
      container 38. FIG. 7 shows the container open as used in the holder 8,
      FIG. 8 shows side panels of the container folded down and sealed when it
      is loaded with the compacted trash, the folding producing triangular end
      flaps; and FIG. 9 shows the container with the flaps rolled down to
      provide handgrips.
PAR  The container is made of a double ply of high wet strength. biodegradable
      paper of adequate thickness such as International Paper Company's 50 pound
      stock high wet strength Kraft paper. (The example given is approximately
      0.005 inches thick per ply.) If desired, it may have conventional moisture
      resistant layers on the outer and inner surfaces. The container is
      rectangular in shape and has a bottom which is sealed closed in
      conventional manner, such as is found, for example, in the bags used by
      grocery stores, but using a conventional moisture resistant adhesive, as
      is known to bag makers. It can be folded along the lines indicated by
      numeral 114 to put it into a flat configuration for storage, etc.
PAR  The container comprises two sections, one being the lower section or
      portion 116 and the other being upper section or portion 118. Upper
      section 118 comprises the four upstanding panels 120, 122, 124 and 126
      joined at edges 134, 136, 138 and 140. At the junction of upper portion
      118 and lower portion 116, there is provided an indicium such as line 128
      on at least one side (and preferably both sides) of the container (or a
      set of printed instructions as to where to fold to achieve the FIG. 8
      configuration). The line 128 indicates a fill line, and is so positioned
      that the long side panels 122 and 126 overlap the minimum amount for
      sealing, when folded down as in FIG. 8. In this manner, by folding the
      side panels instead of the end panels, considerable saving of paper is
      obtained since the panels 120, 122, 124 and 126 can all be made of lesser
      height than if the end panels were to be folded down for sealing. A pair
      of notches 132 which can be semi-circular in shape are provided in the
      upper edge of the panels 120 and 124 to facilitate folding them as
      described below.
PAR  When the container is in its collapsed position, it is obvious that the
      corners 134-140 constitute fold lines which facilitated folding the
      container into collapsed position. However, corners 134-140 also
      constitute guide lines for further folding as will now be explained.
PAR  Assume that the container has been filled with compacted trash until that
      trash reaches the plane defined by the fold lines 128, filling having been
      done by first placing the container in the holder 8 with the funnel 6
      thereafter placed upon the holder as shown in FIG. 2, placing trash in the
      container and thereafter crushing the trash with the ram. After compaction
      the impactor, cover and funnel are removed, the filled container is folded
      to the FIG. 8 or 9 condition, and is pulled upwardly and out of the holder
      8. This will be found to be easily done.
PAR  It has been mentioned above that the container 38 is rectangular rather
      than square, and because of this and because the long panels 122 and 126
      are folded downwardly into the plane of the lines 128, it will be seen
      that the panel 122 overlaps the panel 126. Once this stage has been
      reached, then a strip of pressure-sensitive tape 142 is applied to hold
      the panels in the folded position.
PAR  During folding, portions 146 and 148 of the end panels fold inwardly to lie
      against the central parts of these panels. As a result, there are now left
      standing the two triangular end flaps 150 and 151. (The reason for the
      notches 132 is to facilitate such folding.) After this folding has been
      done, then these residual end flaps are then rolled outwardly as shown in
      FIG. 9 to provide hand grips whereby the filled container may be readily
      lifted and carried. It will be noted, that when the handgrips are formed,
      the thickness of the paper is quadruple within these, thus the handgrips
      are sufficiently strong because of the double thickness caused by the
      above described folding, to withstand the weight of the filled container
      38.
PAR  Mention has also been made that throughout the parts, the material used
      should be strong, durable, tough synthetic molded resin, both for economy
      in making the device, and for lightness in weight. Preferably, the
      material should also be corrosion resistant and readily cleanable.
      Materials have been described above, but it is obvious that other suitable
      materials can be used, particularly as such materials may be developed in
      the future.
PAR  In regard to the container, it has been described as being made of strong
      paper. However, if it is desired to re-use the container, then it should
      be made of heavier material such as polyethylene-coated bleached white
      sulfate stock, for example, like that commonly used in milk cartons.
      Another material might be corrugated box-board.
PAR  If desired, either a wetting agent may be sprayed or otherwise distributed
      on the paper trash in the container prior to being compacted. This will
      assist in compacting the paper, and minimize the tendency of crushed paper
      to unfold. Also, a deodorizing liquid or powder may be used on the trash
      for minimizing odors therefrom. The wetting agent and deodorizer may be
      combined in an aerosol spray can, if desired.
PAR  Referring now to FIG. 10, there is shown a portion of another embodiment of
      the invention, it being understood that what is being shown is an
      alternate holder 152, and that in the full embodiment with it will be used
      the funnel 6, cover 4 and shield 12 of any of the above described
      embodiments. In this instance, the holder 152 again can be made of molded
      plastic and has a bottom 154 and the upstanding sides 156, 158 and 160.
      These sides are attached at their bottom edges to the bottom 154. The
      fourth side 162, which is the same side as side 158, is attached to the
      edge of one of the sides 156 and 160 as shown, by means of conventional
      hinges 164. A conventional hinged latch mechanism 166 is provided so that
      when the side 162 is swung to the closed position indicated by the dotted
      lines 170, it is firmly held to sides 156 and 160 to complete the total
      enclosure. In this embodiment, which may be found preferred for some
      markets, the sides 156, 158, 160 are perpendicular to the base 154.
      Therefore, in order to remove a filled container 38 from the holder, the
      door or side 162 is unlatched and swung open as shown in FIG. 10 and then
      the container is removed sideways from the holder.
PAR  Referring now to FIG. 11, there is shown another embodiment of the
      invention which is like the FIG. 1 embodiment except that it uses a
      different container. In this embodiment, the cover 4, funnel 6, holder 8,
      shield 12, joint 14 and ram 16 are the same as used in the FIG. 1
      embodiment. (This drawing is given in diagrammatic form for simplicity,
      the details as to thicknesses and other dimensions, as well as other
      features, will be apparent from the teaching as to the FIG. 1 embodiment.)
      In this embodiment, the container 174 is a flexible plastic bag such as is
      commonly available on the market, and is simply unfolded and inserted in
      the holder 8 as shown. The top edge 176 is folded down and outwardly over
      the lip 20 as shown, and the funnel 6 is then inserted into the container
      and rests on the top of the holder as in the FIG. 1 embodiment. If
      desired, the downwardly turned edge or cuff 176 may be retained to prevent
      it from slipping back into the container, for example, by tying a cord
      around it. However, the weight of the funnel and the cover will keep the
      edge 176 from pulling back into the holder.
PAR  In order to use conventionally sized bags, the holder and thus the funnel
      and cover are so dimensioned that the container 174 fits closely about the
      inside wall of the holder 8. As thus backed up by the wall of the holder,
      tearing of the flexible bags by shards, etc., will be minimized.
PAR  Referring now to FIG. 12, there is shown diagrammatically another
      embodiment of the invention, in which the holder and the funnel portion
      thereof are made as an integral unit. Referring to the Figure, the unit is
      indicated generally by numeral 180, and comprises the lower portion 182
      and the upper portion 184. Preferably the upper portion tapers outwardly
      as shown to provide a funnel-like aspect to facilitate the placing of
      trash into the receptacle. Cover 4 may be hinged to the open end of the
      holder.
PAR  Stationed in the receptacle 180 is a container 186 which may be like the
      container 38, or may be taller as shown. In view of the fact that there is
      no funnel end which assists in holding open the upper end of the
      container, it is preferred that the container be made of a stiffer
      material such as paper board or box board so that it will be somewhat
      self-supporting.
PAR  The holder 180 is tapered to provide the draft expressed as preferable in
      the FIG. 1 embodiment. This being the case, it is preferred that the
      container 186 fit closely to the inner walls of the holder 180 at least
      for a portion of the height of the container, in order to back up the
      walls of the latter against the impact of trash being compacted.
PAR  If desired, or course, the funnel-like entrance 184 need not be provided,
      and the whole holder 180 may be made larger and straight sided from top to
      bottom with the cover 4 sitting on top. Also, if desired, instead of the
      container 186 a container similar to that of FIG. 11 may be used, in which
      case the container will extend up and over the edges of the holder as
      shown in FIG. 11. As in the FIG. 1 embodiment, the cover 4, shield 12,
      joint 14 and ram 16 are provided.
PAR  Referring now to FIGS. 13 and 14, another embodiment of the invention is
      shown which is like the FIG. 1 embodiment as to the funnel 6, holder 8,
      shield 12, freely movable joint 14, and ram 16. The embodiment is
      illustrated in perspective, and within the embodiment the same container
      38 is to be used as that of the FIG. 1 embodiment. A hole 10 is provided
      in the cover 190 as is the case of the cover 4, and the shield 12 with its
      ball and socket joint and ram is slidable with respect to this hole.
PAR  However, in this embodiment, the cover is different in one respect from the
      cover 4 of the FIG. 1 embodiment, as follows:
PAR  The cover 190 in this instance is in two parts: a major part 192 and a door
      part 194. The door 194 is pivoted in some suitable manner to part 192,
      such as by the hinges 196, to permit the door to be opened as shown in
      FIG. 14 for the insertion or rubbish into the holder and its container. It
      will be noted particularly that because of the lateral slidability of the
      shield 12 in the hole 10, shield 12 and ram 16 can be moved laterally (see
      FIG. 14) to a position out of the way of the door 194 when it is opened.
      Also, the pivoting elements or hinges 196 should be far enough out at the
      ends of the joint between door and part 192 so as not to interfere with
      the free slidability of the shield 12 in all lateral directions with
      respect to the cover.
PAR  Referring now to FIGS. 15 and 16, there are shown diagrammatic views of
      another container 198 for the invention, which is similar to the container
      shown in FIGS. 7 and 8 in that it is made of the same material, and has
      the same bottom portion 200 and upper portion 202. Elongated side panels
      204 and 206, and the end panels 203 and 210 are joined at their edges to
      form the upper portion 202. If desired, notches 212 may be provided at
      each of the end panels 208 and 210 to facilitate folding. As in the FIGS.
      7 and 8 embodiment, suitable indicia such as the lines or marks 214 are
      provided on at least one side of the container to indicate a fold line.
PAR  Container 198 differs from the container of FIGS. 7 and 8 in that
      hand-holes 216 are provided in the end panels 208 and 210. Notches 218 are
      provided at the upper edges of the end panels, so that when the side
      panels 204 and 206 are folded downwardly as shown in FIG. 16 to permit
      sealing by tape 220, the notches 219 match or align with the hand-holes
      216. Thus, just as in the FIGS. 7 and 8 embodiment, triangular flaps are
      formed, but in this instance the triangular flaps are provided with the
      reinforced and strengthened hand-holes 216 in order to facilitate carrying
      the container with its load of compacted trash.
PAR  Of course, if desired, the assembly of holder, funnel, cover and ram can be
      used without the container. If such use is made, then after the trash is
      compacted in the holder, the cover and funnel assembly is removed (and the
      ram) and the trash is then either dumped into another container, or the
      holder with its compacted contents is taken to the dump where the trash is
      thrown away. The holder is then reusable. For segregation, a number of
      holders (with or without containers) can be used, as above.
PAR  Regardless of whether the particular holders and/or containers of the
      system are used, the use of the covers 4 or 190 together with the freely
      movable joint 14 and the ram 16 will provide an extremely convenient,
      rapid, and safe method of compacting trash in whatever holder and/or
      container is used.
PAR  It will also be seen that the invention provides a temporary storage
      deposit for compacted trash which is fully enclosed and therefore prevents
      or at least minimizes the escape or odors, and access by animals and bugs
      to the trash.
PAR  In view of the above it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  It is to be understood that the invention is not limited in its application
      to the details of construction and arrangement of parts illustrated in the
      accompanying drawings, since the invention is capable of other embodiments
      and of being practiced or carried out in various ways. Also, it is to be
      understood that the phraseology or terminology employed herein is for the
      purpose of description and not limitation.
PAR  As many changes could be made in the above constructions without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings, shall be
      interpreted as illustrative and not in a limiting sense, and it is also
      intended that the appended claims shall cover all such equivalent
      variations as come within the true spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rectangular container having sides, ends, a bottom, and an opening at
      the top, the material of the container being a foldable sheet material,
      the sides and ends being connected at the vertical corners of the
      container, each side and end comprising a foldable lower portion and a
      foldable upper panel portion comprising side and end panel portions, said
      side and end panel portions also being connected to each other along their
      entire vertical edges, the side panel portions being longer than the end
      panel portions and of such vertical width as to overlap a minimum amount
      and yet sufficiently to allow sealing the container when the longer side
      panel portions are folded toward each other into a horizontal plane; and
      the end panels forming upstanding triangular flaps when the side panels
      are in their horizontal plane, said upstanding flaps forming handles
      adapted to be gripped by the user of the container for carrying the
      latter, and are provided with hand-holes; each end panel integrally having
      a central section and two outer sections, the sections being integral with
      each other, the two outer sections being foldable to lie against the
      central section, the central section being provided with a hand-hole, and
      the upper edge of each outer section being provided with notches shaped to
      be complementary to at least a portion of said hand-hole when the outer
      sections are folded against the central section thereby to reinforce the
      latter.
NUM  2.
PAR  2. The container of claim 1 in which the material of the container is
      biodegradable.
NUM  3.
PAR  3. The container of claim 1 in which at least one side or end of the
      container is provided with an indicium indicating a fold line for guiding
      the user in folding said side panels into said horizontal plane to seal
      the container and to provide said flaps.
NUM  4.
PAR  4. The container of claim 1 having a horizontal fold indicium on at least
      one side or end to indicate said upper panel portion, and diagonal fold
      lines extending upwardly and inwardly along the end panels from the
      corners of the container approximately from the points where a horizontal
      plane containing the said horizontal fold indicium intersects said
      corners, to a point approximately at the center of the top edge of the end
      panels, to facilitate folding of the side panels downwardly and inwardly
      to lie in said horizontal plane across the container to provide said
      triangular-shaped upstanding end flaps.
NUM  5.
PAR  5. The container of claim 4 in which said horizontal fold indicium is so
      placed with respect to the upper edge of the unfolded upright container
      that when said side panels are folded downwardly and toward each other in
      said horizontal plane, their edges will overlap said amount to provide a
      sealable seam.
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ABST
PAL  A roll crusher incorporates gas hydraulic springs to maintain the desired
      spacing between the crushing rolls and to provide overload protection.
      Featured are separate hydraulic means for backing off and then reapplying
      the hydraulic springs by altering their overall lengths so that roll
      spacing can be readily adjusted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. 3,315,902 to Pollitz discloses the use of gas hydraulic springs
      in roll crushers to maintain the desired spacing between the rolls and to
      provide overload protection by resiliently increasing that spacing in the
      event of passage of uncrushable material between the rolls. The many
      advantages of such springs are set forth in that patent and need not be
      repeated here. Adjustment of the spacing between the rolls, however, still
      requires that the snub bolts or their equivalents used with the Pollitz
      springs be backed off to release the pressure on the movable roll and that
      the latter be manually moved bodily, usually with pry-bars. Not only is
      that not physically easy to do, but it is also time-consuming particularly
      from the standpoint of crusher down-time. It is thus the primary object of
      the present invention to provide an arrangement for roll crushers which
      retains all the advantages of the gas hydraulic springs and at the same
      time greatly eases the effort and time necessary to adjust the spacing
      between the rolls.
PAC  SUMMARY OF THE INVENTION
PAR  Essentially, the object of the invention is achieved by anchoring the
      piston rods of the Pollitz gas springs to the crusher frame and their
      cylinders to the movable roll and then modifying the springs by inserting
      hydraulic oil not only between the main and floating pistons, as in the
      Pollitz patent, but also between the main pistons and the cylinder end
      caps through which the piston rods operate. A hydraulic system is used to
      vary conjointly the volumes of the oil on both sides of the main pistons,
      whereby the overall length of the spring assemblies can be altered wholly
      independently of the pressurized gas. Thus not only can the pressure on
      the movable roll be instantly relieved but the latter can be easily and
      quickly moved one way or the other for adjustment of roll spacing since
      the movable roll is attached to the spring cylinders and moves with them
      as the overall length of the spring assemblies changes. Other and further
      features and advantages of the present invention will appear from the
      detailed description which follows and the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial side elevational view of a typical roll type crusher
      showing one of the modified gas hydraulic spring assemblies of the present
      invention installed thereon.
PAR  FIG. 2 is a detail view taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is an end view taken from the line 3--3 of FIG. 1.
PAR  FIG. 4 is an axially sectioned view of one of the gas hydraulic cylinders
      of FIG. 1 illustrating its internal structure and attachment to the
      crusher.
PAR  FIG. 5 is a further sectional view of a portion of FIG. 4 showing the
      details of one of the hydraulic connections involved.
PAR  FIG. 6 is a schematic illustrating the hydraulic system for the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Inasmuch as the basic structure and operation of roll crushers are well
      known in the art, no extensive description or illustration of them is
      necessary in order for the present invention to be adequately set forth.
      Hence, this description and the drawings are confined primarily to the
      details of the modified gas hydraulic springs and only incidently to the
      roll crusher itself.
PAR  As shown in the drawings, FIGS. 1-3, the roll crusher is provided with a
      basic frame including a pair of spaced, horizontal I-beams 10 (only one
      being shown) suitably interconnected and braced. To the top face of each
      beam 10 is welded a lower slide bar 11, a plate 12 therebetween serving to
      stiffen both. An upper slide bar 13, partially supported on frame posts 14
      (only one being shown), is disposed above each lower slide bar 11 parallel
      thereto, the two upper bars 13 being interconnected by cross bar 15. The
      latter, the upper bars 13 and the frame posts 14 are held together and to
      the beams 10 by bolts 16, and the frame posts 14 are further located with
      respect to the slide bars 11 and 13 by shear blocks 14a welded to the
      outer ends of the former. Between the two pairs of lower and upper slide
      bars 11 and 13 are rigidly secured two bearing blocks 17 (only one being
      shown) in which the fixed crushing roll 18 is journaled at 19. Laterally
      spaced from the fixed bearing blocks 17, by means of spacer blocks 20
      (only one being shown) secured by bolts 21 to the beams 10 and upper slide
      bars 13, are the movable bearing blocks 22 (only one being shown) in which
      the movable roll 23 is journaled at 24. The movable bearing blocks 22 are
      slidable along and between the lower and upper slide bars 11 and 13 to
      adjust the spacing between the rolls 18 and 23, and are retained
      therebetween by means of ears 25 at the respective corners of the blocks
      22 which overlap the vertical faces of the slide bars 11 and 13. The
      desired spacing of the rolls 18 and 23 is achieved by means of shim packs
      26 disposed between the spacer blocks 20 and the adjacent faces of the
      bearing blocks 22. Against the opposite faces 22a of the latter bear the
      modified gas hydraulic spring assemblies, generally indicated at 30, of
      the present invention. It is understood, of course, that two such
      assemblies 30, one for each bearing block 22, are employed though only one
      is illustrated and will now be described.
PAR  A pair of spaced, vertical mounted plates 31 and 32 are disposed between
      the slide bars 11 and 13, their lower ends sitting on the former bar with
      one face of the plate 31 having a centrally disposed, vertical rib 33 (see
      FIGS. 1, 2 and 4) seating against the bearing block face 22a. Between the
      plates 31 and 32 are disposed a pair of cylinder assemblies 34 which are
      secured by and carried within two pairs of cradles, each formed by a
      cluster of four tie rods 35 connecting the plates 31 and 32 and bolted at
      36, the bolts 36 at the plate 31 seating in counterbores in the latter
      (see FIGS. 1 and 2). The axes of the cylinder assemblies 34 are disposed
      parallel to and equally to each side of, as well as in a vertical plane
      through, the resultant line of thrust between the post 14 and the bearing
      block 22. The spring assembly 30, comprising the plates 31 and 32 and the
      two cylinder assemblies 34, thus forms a unitary structure which is
      movable on the slide bars 11 and 13 back and forth between the frame posts
      14 and bearing block 22, being retained between the bars 11 and 13 by four
      guide plates 37 removably bolted across the four ends of the plates 31 and
      32 by bolts 38a, the plates 37 having ears at their outer ends which
      engage the side edges of the bars 11 and 13. Two pairs of additional bolts
      38b also extend through the plate 31 and its two guide plates 37 and are
      threaded into the block face 22a, being shouldered at the face 22a in
      order to provide a slight amount of "play" between the bolt heads and the
      plates 37 (see FIG. 2) for purposes to be described.
PAR  Each cylinder assembly 34 (see FIG. 4) consists of a hollow, seamless
      cylinder 40 of an appropriate alloy steel internally threaded at its ends
      into which are screwed end caps 41 and 42 machined or cast from similar
      material. The latter are locked to the cylinder 40 by ball and set screw
      assemblies 43 and are sealed by means of appropriate O-ring, with Teflon
      backup ring, static seal assemblies generally indicated at 44. The inner
      face of the cap 41 is dished at 45, while its outer face is slightly
      crowned and bears against the mounting plate 31. The top of the end cap 41
      is provided with an appropriate gas filler valve 46, surrounded by a
      protective cap 47, which opens through a passage 48 into the adjacent end
      of the cylinder 40. The inner face of the other end cap 42 is annularly
      dished at 49 and its top is provided with a hydraulic fluid quick release
      fitting 50 which opens through an angular passage 51 into the annular dish
      49. In fact, though only one is shown, several such passages 51,
      circumferentially spaced about the cap 42, are provided so that the
      fitting 50 can always be within about 60 degrees of the gas valve 46 when
      the cap 42 is screwed into the cylinder 40, the unused passages 51 being
      plugged. The end cap 42 is axially bored to receive a piston rod 52,
      having an outer headed end 52a, which extends through an outer boss 53 on
      the cap 42 within an enlarged opening 54 in the mounting plate 32 against
      which the outer face of the cap 42 bears. The piston rod 52 is slidably
      sealed to the cap 42 by suitable means suh as an arrangement of O-ring,
      with Teflon backup ring, seal assemblies, felt wick and wiper seals and
      wear ring, all collectively indicated at 55. Two (only one being shown)
      lubricant ports 56, circumferentially spaced about the cap 42, extend
      radially into the piston rod 52. Both are threaded at their outer ends but
      only one receives an appropriate grease zerk (not shown), the other being
      plugged. The inner end of the piston rod 52 is shouldered and threadedly
      receives a main piston 60 which is locked and sealed to the rod 52 by a
      suitable ball and set screw assembly 61 and static seal 62, and slidably
      sealed in turn with respect to the cylinder 40 by an appropriate assembly
      of O-ring and felt wick seals collectively indicated at 63. The far end of
      the piston 60 is dished at 64 and between the latter and the end cap 41 is
      disposed a cup-shaped floating piston 65, its peripheral wall being
      provided with a circumferential recess 66 to each side of which are
      located quadring and Teflon seal assemblies 67. A pair of inclined
      passages 68 connects the recess 66 with the outer face of the end wall of
      the piston 65 which is also recessed at 69 opposite the inner end of the
      piston rod 52.
PAR  The piston rod 52 is rifle drilled to provide a passage 70 which opens into
      an internally threaded counterbore 71 in the piston rod head 52a (see
      FIGS. 4 and 5). The outer end of the passage 70 within the counterbore 71
      receives a hydraulic fitting 72 on which is screwed another fitting 73
      whose other end constitutes the male half 74 of a compression type, quick
      release hydraulic coupling. The outer end of the piston rod head 52a butts
      against a pair of spherical washers 75 located in an enlarged recess 76 in
      the opposing face of the frame post 14. Into the counterbore 71 through
      the washers 75 is threaded the inner end of the shank 80 of an adapter 81
      which is locked by an appropriate ball and set screw assembly 82 and
      extends through and is spacedly encompassed by a bore 83 in the post 14.
      The outer end of the shank 80 is provided with a square head 84 between
      which and the post 14 is resiliently interposed a Belleville type washer
      85 of heat treated spring steel, the latter thus acting to minimize
      chatter between the post 14 and the adapter 81. The inner end of the shank
      80 is also counterbored at 86 and then rifle drilled the remainder of its
      length to provide a passage 87 which intersects a passage 88 drilled
      inwardly from one side of the head 84 whose outer end is provided with a
      suitable quick release hydraulic fitting 89. Within the counterbore 86 the
      end of the passage 87 is provided with the female half 90 of a compression
      type, quick release hydraulic coupling which receives the male half 74 at
      the adjacent end of the piston rod passage 70. Over and between the
      adjacent end cap boss 53 and the washers 75 is stretched a dust bellows
      boot 91 which is retained by clamps 92.
PAR  The chamber G in each cylinder 40 between the end cap 41 and the floating
      piston 65 is designed to be pressurized with an appropriate inert gas such
      as nitrogen, while the two chambers L1 and L2 on the opposite ends of the
      main piston 60 are designed to be filled with a suitable hydraulic oil.
      Before its installation, each cylinder assembly 34 is stood upright on its
      end cap 41 and the chambers L1 and L2 in that order filled with oil and
      purged of air at the same time through the fittings 50 and 89 and the
      passages 51, 70, 87 and 88 so that the piston rod head 52a is bottomed
      against the end cap boss 53, as a result of which the floating piston 65
      in turn is bottomed against the end cap 41. Then the cylinder assembly 34
      is laid on its side with the filler valve 46 uppermost. The chamber G is
      then filled with gas through the valve 46 and passage 48 up to about 25
      psig and discharged several times to flush the chamber G of as much air as
      possible; preferably the gas content relative to that of air should be in
      excess of 90 percent. The cylinder assemblies 34 are thereafter secured to
      the mounting plates 31 and 32 with the tie rods 35 and each spring
      assembly 30 as a unit installed on the crusher by lifting it into position
      between the slide bars 11 and 13 and the frame posts 14 and bearing blocks
      22 after the movable roll 23 has been moved forward against the shim packs
      26. The guide plates 37 are then installed upon the mounting plates 31 and
      32 by the bolts 38a, and the plates 31 secured to the bearing block faces
      22a by the shoulder bolts 38b.
PAR  The spring assemblies 30 are next connected to a hydraulic system which
      will now be described with reference particularly to FIG. 6. The two quick
      release fittings 89 on each side of the crusher leading to the chambers L1
      through the passage 70, 87 and 88 are interconnected by flexible hydraulic
      hoses 100. The latter in turn are connected by conduits 101 through
      pressure gauges GA and shut-off valves V1 to a pressure relief valve VR1
      through a conduit 102 and to a three-position shuttle valve V2 through a
      conduit 103. In like manner, the two quick release fittings 50 on each
      side leading to the chambers L2 through the passages 51 are interconnected
      by flexible hoses 104 and thence by conduits 105 through shut-off valves
      V3 to a pressure relief valve VR2 through a conduit 106 and to the shuttle
      valve V2 by a conduit 107. The valve V2 in turn is connected by conduit
      108 to the output of a motor driven pump PF drawing from a hydraulic fluid
      reservoir R to which the valve V2 is also directly connected by a conduit
      109, an additional pressure relief valve VR3 interconnecting the conduits
      108 and 109. The relief valves VR1 and VR2 are also connected to the
      conduit 109 and thus to the reservoir R by conduits 110 and 111.
PAR  Since the overall length of the spring assemblies 30 is then at its
      minimum, the valves V3 are opened, whence the gas pressure in the chambers
      G expels oil from the chambers L2 through the hoses 104, conduits 105, and
      107, the valve V2 and the conduit 109 to the reservoir R. The spring
      assemblies 30 are thereby lengthened, the piston rod heads 52a moving back
      towards the posts 14 so that the washers 75, adapters 81, spring washers
      85 and boots 91 can be installed and the adapters 81 tightened to secure
      the hydraulic connections 74 and 90 between the piston rods 52 and the
      adapters 81, the piston rods 52 thus being snugly retained against any
      appreciable axial movement relative to the posts 14. Then the chambers G
      are further filled with gas up to about 2/3 or so of the design full load
      pressure of the crusher. The pump PF is started, the valves V1 opened and
      the valve V2 shifted to its alternate flow position, whereby oil is added
      to the chambers L2 through conduit 108, valve V2, conduits 107 and 105,
      the open valves V3 and the hoses 104 at the same time as oil is expelled
      from the chambers L1 through the hoses 100, the open valves V1, the
      conduits 101 and 103, the valve V2 and the conduit 109 to the reservoir R.
      The roll 23 is thereby moved away from the roll 18 so that the spacing of
      the two can be adjusted by the shim packs 26. Finally, the valve V2 is
      moved to the position shown in FIG. 6, and oil added to the chambers L1
      and expelled from the chambers L2 to move the roll 23 tight against the
      shim packs 26. Then the valves V3 are closed and oil added to the chambers
      L1 only, forcing the floating pistons 65 further toward the end caps 41
      until the gas pressure in the chambers G is brought up to the design full
      load pressure of the crusher which may be 1,500 psig to 2,500 psig
      depending upon the size of the crusher involved, that pressure being
      indicated by the gauges GA since the oil pressure in chambers L1 on one
      side of the floating pistons 65 is equal to the gas pressure on the other
      side. Finally, the valve V2 is shifted to its mid position, the pump PF
      turned off and the crusher is then ready for operation.
PAR  In the event of an overload condition between the rolls 18 and 23, the
      bearing blocks 22, plates 31 and 32 and cylinders 40 move resiliently back
      relative to the pistons 60 and 65 toward the frame posts 14 against the
      gas pressure in the chambers G, the pistons 60 and 65 also remaining
      stationary relative to each other owing to the oil in the chambers L1 and
      L2, until the overload passes, whence the gas pressure restores the roll
      23 to position. Care must be taken to see that the length of the cylinders
      40 and the amount of gas in the chambers G are both sufficient so that
      there is no contact between the end cap 41 and the floating pistons 65 in
      the event of an overload. When the spacing between the rolls 18 and 23 is
      to be adjusted, or should they become locked up on account of tramp iron
      between them, the pump PF is started and the valve V2 shifted to its
      alternate flow position, whence the gas pressure on the floating pistons
      65 will force oil from the chamber L1 through the hoses 100 and conduits
      101, 103 and 109 to the reservoir R at the same time the pump PF is adding
      oil to the chambers L2 through the hoses 104 and conduits 105, 107 and
      108, thus decreasing the overall length of the spring assemblies 30,
      whereby the bearing blocks 22, plates 31 and 32 and cylinders 40 will be
      moved toward the frame posts 14 to release the shim packs 26 so that
      adjustment can be made or the tramp iron removed, as the case may be. Then
      the valve V2 is shifted to the position shown in FIG. 6 and oil returned
      to the chambers L1 and removed from the chambers L2 to restore the crusher
      for further operation, all as previously explained. Normally, the valves
      V1 and V3 are left open at all times so that the pressure relief valves
      VR1 and VR2 are available to relieve the system in the event of some
      extraordinary overload condition. Otherwise, the valves V1 and V3 are used
      when it is desired to adjust the spacing at one end of the roll
      independently of that at the other, in which case the latter end can be
      isolated by closing its valves V1 and V3 while leaving those of the former
      end open. It will be appreciated, of course, that the lengths of the
      cylinders 40 and the piston rods 52 must also be sufficient so that the
      distance between the end caps 42 and the main pistons 60 can accommodate
      the minimum as well as the maximum roll setting.
PAR  Any misalignments of the parts or deflections of the spring assemblies 30
      during crusher operation or adjustment is compensated for, at one end by
      the rib 33 between the bearing block face 22a and the plate 31 and the
      "play" between the ears 37 and shoulder bolts 38a, and the other end by
      the swivel-like joints provided by the spherical washers 75 and spring
      washers 85. Each spring assembly 30 can also be removed as a unit from the
      crusher for any reason without discharging the gas from the chambers G.
      All that is necessary is first to disconnect the plates 31 from the
      bearing blocks 22, retract the piston rods 52 with the valve V2,
      disconnect the hoses 100 and 104 leaving the cylinders 40 full of gas and
      oil, remove the adapters 81, reverse the remainder of the installation
      procedure previously set forth, and finally lift the spring assemblies 30
      from the crusher.
PAR  While each spring assembly 30 has been shown and described as employing a
      pair of cylinder assemblies 34, it will be understood that only one of the
      latter may be necessary in the case of smaller crushers and would, of
      course, be located with its axis in the resultant line of thrust between
      the frame post 14 and the bearing block 22. Likewise, though the spring
      assemblies 30 are shown as applied to a two roll crusher, they are also
      equally applicable to three roll crushers, as will be apparent to those
      skilled in the art. In any event, while the present invention has been
      described in terms of a particular embodiment, being the best mode known
      of carrying out the invention, it is not limited to that embodiment alone.
      Instead, the following claims are to be read as encompassing all
      adaptations and modifications of the invention falling within its spirit
      and scope.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a crusher of the roll type having a crushing roll mounted on and
      movable with respect to a crusher frame and a pair of gas hydraulic spring
      assemblies for maintaining the location of the roll with respect to the
      frame during crushing operation up to a predetermined crushing load, each
      spring assembly including at least one cylinder assembly comprising a
      cylinder closed at its opposite ends by first and second end walls, a
      floating piston slidably disposed in the cylinder and normally spaced from
      the first cylinder end wall, a compressible fluid pressurizing the space
      between the floating piston and the first cylinder end wall, a main piston
      slidably disposed between the floating piston and the second cylinder end
      wall and defining first and second chambers on the respective opposite
      ends of the main piston between the floating piston and the second
      cylinder end wall, a piston rod connected to the main piston having its
      outer end extending through and beyond the second cylinder end wall, the
      improvement comprising: means for adjusting the location of the movable
      roll relative to the frame by varying the overall length of each of the
      spring assemblies independently of the compressible fluid, said means in
      the case of each spring assembly including a non-compressible fluid
      normally filling each of the cylinder first and second chambers, and a
      hydraulic system for optionally and conjointly varying the volume of the
      non-compressible fluid in each of the two chambers effective to cause
      relative movement between the main piston and the cylinder and for
      optionally varying the volume of the non-compressible fluid in the first
      chamber only effective to vary the pressure of the compressible fluid
      between the floating piston and the first cylinder end wall, the first
      cylinder end wall being operatively secured to either the adjacent end of
      the movable roll or the frame and the outer end of the piston rod to the
      other thereof so that thrust upon the roll during crusher operation is
      transmitted to the compressible and non-compressible fluids, the
      non-compressible fluid and the pressure of the compressible fluid in the
      spring assemblies together being effective to maintain the location of the
      movable roll with respect to the frame up to said predetermined crushing
      load.
NUM  2.
PAR  2. The crusher of claim 1 wherein there is no fluid interconnection between
      the compressible fluid in one of the spring assemblies and that in the
      other spring assembly, each of the gas hydraulic spring assemblies being
      self-contained and removable from the crusher without need first to
      dishcarge the compressible fluid therefrom.
NUM  3.
PAR  3. The crusher of claim 1 wherein the hydraulic system comprises a
      non-compressible fluid source including a pump, a pair of fluid conduits
      interconnecting respective ones of said chambers and said fluid source,
      and valve means controlling flow of the non-compressible fluid between
      said fluid source and said chambers.
NUM  4.
PAR  4. The crusher of claim 3 wherein said fluid source also includes a fluid
      reservoir supplying the pump, and wherein the valve means includes a first
      valve alternately connecting respective ones of the fluid conduits to the
      pump and the reservoir.
NUM  5.
PAR  5. The crusher of claim 4 wherein the valve means includes second valves
      interposed in respective ones of the fluid conduits between the first
      valve and said chambers.
NUM  6.
PAR  6. The crusher of claim 3 wherein each end of the movable roll includes a
      bearing block in which the roll is journaled for rotation, each bearing
      block having a face disposed in spaced relation to a frame member and
      slidable on the frame so that said face thereof is urged toward the frame
      member in response to thrust upon the movable roll during operation of the
      crusher, each spring assembly being operatively interposed between one of
      said faces and frame members and comprising at least one cylinder assembly
      having its cylinder disposed between and carried by a pair of first and
      second mounting plates respectively connected to the first and second
      cylinder end walls and movable on and relative to the frame, the first
      mounting plate being operatively secured to said block face to move with
      the block and the outer end of the connecting rod of the cylinder assembly
      being secured relative to the frame member against axial movement with
      respect thereto, whereby the bearing block, the mounting plates and the
      cylinder are thereby movable as a unit relative to the frame toward or
      away from the frame member when the volume of the fluid in the first
      chamber is respectively reduced or increased and that in the second
      chamber conjointly respectively increased or reduced by the adjusting
      means.
NUM  7.
PAR  7. The crusher of claim 6 wherein each of the spring assemblies includes
      two of the cylinder assemblies, the axes of their cylinder being disposed
      parallel to each other between the mounting plates and on opposite sides
      of and in a plane through the resultant line of thrust between said block
      face and frame member during operation of the crusher.
NUM  8.
PAR  8. The crusher of claim 6 wherein the connection of each piston rod to the
      frame member is effective to accommodate angular deflections of the spring
      assemblies relative to the frame members during crushing operation.
NUM  9.
PAR  9. The crusher of claim 8 wherein one of the fluid conduits is connected to
      the first chamber through a passageway extending longitudinally in the
      piston rod and the other of the fluid conduits is connected to the second
      chamber through a passageway opening thereinto through the second cylinder
      end wall.
NUM  10.
PAR  10. The crusher of claim 9 wherein the outer end of each piston rod is
      seated in an enlarged recess in the frame member and is provided with
      means forming a swivel-like joint between said recess and rod end, said
      rod end having a threaded counterbore therein communicating with the
      passageway in the connecting rod, and including a piston rod anchor member
      having a shank with an inner end removably threadedly engaging said
      counterbore, the shank extending through a bore in the frame member
      spacedly encompassing the shank, the outer end of the shank being provided
      with a retaining head disposed at an opposite side of the frame member and
      means forming a swivel-like joint between said head and opposite side,
      whereby the piston rod is secured as aforesaid and can accommodate said
      deflections, the shank having a fluid passage therethrough with its inner
      end in releasable sealing communication in said counterbore with the
      connecting rod fluid passageway and its outer end opening through the
      retaining head for connection to said fluid conduit.
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ABST
PAL  A system for handling coins and the like which includes a storage housing
      having a discharge opening with the discharge opening being normally
      closed by a locked door. A coin transfer mechanism including a tubular
      housing is adapted to be attached to the storage housing and held firmly
      in place on this housing. A key structure is associated with the transfer
      mechanism whereby the door can be unlocked and pulled to an open position
      at which time the coins are discharged into a collection area associated
      with the transfer mechanism. The design of the transfer mechanism and the
      means for holding this mechanism in place on the storage housing prevent
      any access to the coins during the collection operation.
BSUM
PAR  This invention relates to a collection system for valuables. In a typical
      operation, the valuables will comprise money or tokens as are collected in
      parking meters. The following description will make reference to the
      collection of coins for convenience in explaining the subject matter of
      the invention, however, it will be understood that this terminology is
      intended to include a variety of valuables including paper money and
      tokens.
PAR  As noted, the invention has application to the collection of coins from
      parking meters. The following description will illustrate the application
      of the invention in this area; however, it will be understood that the
      invention is applicable to other collection operations, for example, in
      transit operations, vending machines, etc.
PAR  In coin collecting operations involving a large number of collection
      operations, there is a definite danger of loss either because of
      mishandling or pilferage. Thus, where parking meters are involved, a
      collector will move from meter to meter, and empty the contents thereof
      into a large collection housing. If this operation permits the collector
      to directly handle the coins, loss or pilferage can easily result.
      Accordingly, various systems have been designed for purposes of preventing
      handling of the coins, such systems being described in Klemt U.S. Pat. No.
      2,277,916, Eames U.S. Pat. No. 2,813,674, Sollenberger U.S. Pat. No.
      2,815,166, Share U.S. Pat. No. 2,869,777, Share U.S. Pat. No. 2,869,778,
      McClung U.S. Pat. No. 2,992,771, Share U.S. Pat. No. 3,034,705, Lewis U.S.
      Pat. No. 3,074,626, White U.S. Pat. No. 3,118,597, McGoldrick U.S. Pat.
      No. 3,239,046 and Karp U.S. Pat. No. 3,297,242.
PAR  It is a general object of this invention to provide an improved collection
      system for parking meters and the like.
PAR  It is a more particular object of this invention to provide a collection
      system for parking meters and the like wherein the coins are discharged
      from a storage housing of the meter or other structure in a highly
      efficient and secure fashion.
PAR  It is a still further object of this invention to provide a collection
      system which is improved over prior art systems in terms of ease of
      operation so that the contents of a storage housing in a parking meter or
      similar structure can be rapidly collected with a minimum amount of
      training of a collector being involved.
PAR  It is a still further object of this invention to provide a collection
      system of the type described which is improved with respect to prior art
      systems in terms of efficiency and security, particularly since the
      contents of a storage housing of a meter or the like can be rapidly
      collected without sacrificing the high security of the meter as it stands
      on the street.
PAR  It is a still further object of this invention to provide a meter
      construction which accomplishes the foregoing object while at the same
      time providing high security for collected coins and the like during
      transfer into a common collection area.
DRWD
PAR  These and other objects of this invention will appear hereinafter and for
      purposes of illustration, but not of limitation, specific examples of the
      invention are shown in the accompanying drawings in which:
PAR  FIG. 1 is a front elevational view of a parking meter characterized by
      certain features of the invention, this view being taken about the line
      1--1 of FIG. 2;
PAR  FIG. 2 is a side elevation of the parking meter illustrated in conjunction
      with a transfer mechanism of the type contemplated by this invention;
PAR  FIG. 3 is an elevational view of the transfer mechanism in association with
      the meter taken about the line 3--3 of FIG. 4;
PAR  FIG. 4 is a side elevation of the assembly shown in FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary, cross-sectional view illustrating the
      transfer mechanism in combination with a meter;
PAR  FIG. 6 is a fragmentary, cross-sectional view illustrating the meter door
      construction in the coin discharge position of the transfer mechanism;
PAR  FIG. 7 is a cross-sectional view taken about the line 7--7 of FIG. 5;
PAR  FIG. 8 is a fragmentary, elevational view of the meter with the coin
      storage housing door removed;
PAR  FIG. 9 is a rear elevational view of the coin storage door shown in the
      unlocked position and with a back plate thereof removed;
PAR  FIG. 10 is an elevational view of an interior section of the door
      construction;
PAR  FIG. 11 is a cross-sectional view of the transfer mechanism taken about the
      line 11--11 of FIG. 5;
PAR  FIG. 12 is an enlarged fragmentary, cross-sectional view particularly
      illustrating the door lock construction;
PAR  FIG. 13 is a cross-sectional view taken about the line 13--13 of FIG. 12;
PAR  FIG. 14 is an enlarged fragmentary, cross-sectional view illustrating a
      locking pin structure utilized in the construction;
PAR  FIG. 15 is a plan view of a plate and cam pin structure associated with the
      door;
PAR  FIG. 16 is an enlarged fragmentary, cross-sectional view comprising a
      further view of the locking mechanism details;
PAR  FIG. 17 is a plan view of a ring element utilized in the door;
PAR  FIG. 18 is a plan view of the transfer mechanism shown held in place in
      association with a meter;
PAR  FIG. 19 is an illustration of the transfer mechanism when released relative
      to the meter; and,
PAR  FIG. 20 is a perspective view illustrating the transfer mechanism and door
      associated with the meter storage housing.
DETD
PAR  This invention generally relates to a system for handling coins and the
      like including a storage housing for the coins. This housing, which may be
      a parking meter, is provided with a high security door to prevent access
      to the coins when the coins are stored in the meter. The door is normally
      locked, and is only to be unlocked by an authorized collector.
PAR  The collection system of the invention includes a transfer mechanism which
      is adapted to be temporarily held in place on the meter. This transfer
      mechanism includes a tubular housing within which there is mounted a
      movable plate carrying a key for unlocking the door. By moving the key
      into the lock, rotating the key, and then retracting the plate with the
      door secured thereto, the coins in the meter will be discharged into the
      transfer mechanism and then collected in any suitable container. This
      collection can be accomplished only with the transfer mechanism in place,
      and the housing of the transfer mechanism guards against any access to the
      coins in the meter.
PAR  The transfer mechanism includes arms which extend into engagement with the
      parking meter and which are automatically locked into a holding
      relationship with respect to the parking meter as soon as the coin
      transfer operation begins. Once locked in place, the arms cannot be
      unlocked during the entire course of the discharge of coins from the
      meter. The arms are only unlocked for purposes of releasing the transfer
      mechanism relative to the meter after the door to the meter has been
      returned to its normal position and relocked.
PAR  The accompanying drawings illustrate a parking meter 10 which includes an
      upper housing section 12 having features characteristic of such meters.
      Coin slots 14 are provided for the deposit of coins depending upon the
      amount of parking time desired. A handle 16 is employed for operating the
      timing mechanism of the meter, and the amount of time purchased is
      normally displayed through transparent windows 18. A lock 20 which
      normally secures the upper housing is shown at 20, and this permits access
      to the upper housing portion for maintenance purposes and the like.
PAR  The lower housing portion of the meter is provided with a coin storage
      area. Access to this area is normally blocked by door 22, and this door
      defines a keyhole 24 for use in unlocking the door in the manner to be
      described. A large slot 26 is defined by the door and a smaller slot 28 is
      defined by a ring carried by the door as will be more fully explained. It
      will be noted that the lower housing front wall portion 30 is hinged at
      32, and this entire section is normally locked by a separate lock (not
      shown) whereby access can be obtained to the lower housing primarily for
      maintenance purposes.
PAR  As indicated, the invention is particularly concerned with a transfer
      mechanism generally shown at 34 in the drawings. This transfer mechanism
      includes a downwardly extending pipe section 36 which is connected to a
      hose 38. As will be explained, coins are discharged into the pipe section
      and hose, and any suitable collecting chamber will be disposed at the end
      of the hose. The coins collected may simply fall by gravity into the
      chamber; however, particularly where paper money is involved, a vacuum
      system may be utilized for purposes of assisting in the discharge of the
      valuables.
PAR  The transfer mechanism includes a tubular housing 40 which is preferably
      cylindrical as illustrated, and which serves to support the pipe section
      36. A reciprocating structure 42 is received within the housing 40, and
      this section defines a transversely extending plate 44. A key 46 designed
      for receipt within the keyhole 24 is secured to the plate 44. A pin
      defining a large diameter section 48 and a small diameter section 50 is
      also mounted on the plate 44 for receipt within the slots 26 and 28.
PAR  A perpendicularly extending shaft 52 is formed integrally with the plate
      44, and a knob 54 is mounted on the end of this shaft. The knob 54 serves
      as a means for manually reciprocating the structure 42 and for rotating
      this structure relative to the housing 40. The housing and structure 42
      are tied together by means of a pin 56 which extends through the wall of
      the housing 40. The structure 42 defines a first longitudinally extending
      groove 58, a transversely extending groove 60, and a second longitudinally
      extending groove 62. These grooves form a U-shaped channel for receiving
      the pin 56 and for precisely defining the limits of relative movement
      between the structure 42 and tubular housing 40. The pin should be a
      difficult-to-remove element, and it is also contemplated that a lead seal
      or similar identifying means be associated with the pin for purposes of
      detecting any tampering.
PAR  The tubular housing 40 defines a bifurcated flange element 64 on both sides
      thereof. The ends 66 of holding arms 68 are received by these flange
      elements, and bolts 70 serve to pivotally secure these ends to the
      elements 64. As best illustrated in FIGS. 2 and 4, the arms include an
      intermediate section 72 which locates the ends 66 in a plane above the
      operating ends 74 of the arms. This design is employed for parking meters
      of the type illustrated wherein the junction of the meter supporting post
      76 is located adjacent and just below the door 22. It will be appreciated
      that the particular design of the arms including the dimensions thereof
      can be varied to accommodate meters or other structures of a somewhat
      different design.
PAR  As best illustrated in FIGS. 18 and 19, the operating ends 74 of the arms
      68 include inwardly extending portions 78. In the illustration of FIG. 18,
      these arms are shown in the holding position wherein the portions 78
      embrace the post 76. In FIG. 19, the arms are spread whereby the portions
      78 are clear of the post. The condition of FIG. 19 is realized during
      mounting of the transfer mechanism on the post and during removal of the
      transfer mechanism. A spring 80 has its respective ends attached to pins
      82 supported by the arms 68. This spring normally holds the arms in the
      position shown in FIG. 18. The arms are, therefore, forced around the post
      76 during mounting and removal operations in opposition to the action of
      spring 80.
PAR  The ends 66 of the arms 68 define turned-in portions 84 with these portions
      preferably carrying small rollers 86. Openings 88 are defined by the wall
      of tubular housing 40, and slotted openings 89 are defined by an annular
      flange 87 carried by the structure 42. These aligned openings are adapted
      to receive the end portion 84 and rollers 86 when the arms are pivoted
      outwardly as shown in FIG. 19. When the structure 42 is moved inwardly as
      shown in FIG. 18, the openings 88 are blocked. Accordingly, the inward
      movement of the structure 42 prevents spreading of the arms so that the
      transfer mechanism cannot be removed from engagement with the post 76 when
      the structure 42 has been moved inwardly. As will be more fully explained,
      the structure 42 must be moved inwardly in order to open the door 22.
      Accordingly, the door will only be open when the transfer mechanism is in
      place as shown in FIG. 18, and it will be apparent that the transfer
      mechanism design is such that it prevents access to the valuables being
      discharged. It will be noted in this connection that the plate 44 serves
      as a complete barrier with respect to the door 22 when the transfer
      mechanism is in place. This greatly minimizes the possibility of any
      pilfering during discharging movement.
PAR  A stabilizing plate 90 is attached to the pipe section 36 of the transfer
      mechanism. This plate defines a post engaging edge 92 which serves to
      stabilize the transfer mechanism when it is situated in place as shown in
      FIG. 5. Thus, the plate 90 particularly prevents any rocking or bending
      movement of the transfer mechanism during a discharge operation.
PAR  The door 22 is received within a discharge opening 94 defined by the lower
      housing of the meter. A coin slide 96 is positioned behind this opening,
      and a hollow post 98 is carried by the slide. A rod 100 is attached to the
      back wall of the lower housing, and a spring 102 is positioned around the
      rod for normally urging the slide 96 toward the front of the meter. Thus,
      the slide is movable since the rod 100 is freely received within the
      hollow interior of the post 98.
PAR  A pair of guide rods 104 are attached to the door 22. The slide 96 carries
      ears 106 defining openings receiving the rods 104. These rods, therefore,
      serve to guide the slide 96 during forward movement of the slide.
PAR  The lock structure in the door 22 includes a rotatable lock plug 108 which
      is rendered free for rotation in the normal fashion when a proper key is
      inserted in the keyhole 24. A pair of bolts 110 are tied to plate 112 by
      means of pins 114. As shown in FIG. 15, the plate 112 defines arcuate
      slots 116, and the pins 114 are movable in these slots. The plate 112 is
      fastened to the plug 108 by means of screw 118. Accordingly, when the plug
      is rotated, the plate 112 causes movement of the bolts 110. In FIGS. 12,
      13 and 15, the plate is illustrated in the position which locates the
      bolts in the locked position. When the plate is rotated 90.degree. as
      shown in FIG. 9, the bolts are moved to the unlocked position.
PAR  The plate 112 carries a cam pin 120 which extends into engagement with ring
      122 mounted on the door 22. The ring 122 defines the slot 28, and this
      slot receives the small diameter pin section 50 mounted adjacent the key
      46. The ring 122 is addition defines an opening 124 which receives the end
      126 of the plunger 128 (FIG. 14). This plunger is normally urged into the
      opening 124 by means of spring 130, and the plunger is designed so that
      the ring 122 cannot be rotated unless the plunger is depressed. The
      movement of plate 112 and associated cam pin 120 serves to depress the
      plunger and to free the ring 122 for rotation as will be more fully
      explained. An arresting pin 125 is positioned on the ring 122 for a
      purpose which will also be explained.
PAR  In the operation of the described system, the transfer mechanism 34 is
      first brought into position adjacent a meter in the manner shown in FIGS.
      2 and 19. By moving the mechanism from right to left, the arms 68 are
      caused to spread outwardly, and this is possible because the structure 42
      is retracted and does not interfere with pivoting of the arms. When the
      edge 92 of the stabilizing plate 90 engages the post 76, the arms 68 will
      have moved into a holding position.
PAR  The structure 42 is at this point moved forward by pushing inwardly on knob
      54. Since the groove 58 of the structure must be in alignment with the pin
      56, the structure 42 is accurately guided so that the key 46 will
      automatically enter the keyhole 24, and the pin sections 48 and 50 will
      enter, respectively, the slots 26 and 28. As soon as the forward movement
      of the structure 42 commences, the outer wall of the structure covers the
      openings 88 in the tubular housing 40 so that the arms 68 are restrained
      against pivoting movement.
PAR  When the key enters the keyhole, the pin 56 of the tubular housing 40 is
      aligned with the groove 60 of the structure 42. The structure is,
      therefore, free for rotation by means of the knob 54. It will be noted
      that the rotary movement of the structure 42 moves the slotted openings 89
      out of alignment with respect to the openings 88. Accordingly, the arm 68
      cannot be pivoted to release the transfer mechanism whenever the structure
      42 has been rotated away from the position of FIG. 19. This is true even
      when the structure 42 has been retracted to open the door 22 during a
      discharge operation.
PAR  With the key and pin sections in position within the door, rotation of the
      structure 42 initially results in rotation of the bolt actuating plate
      112. The pin section 50 moves within slot 28 for about 15.degree. of
      movement before engagement between the pin section and the ring 122.
      During this movement, the cam pin 120 operates to depress the plunger 128
      (FIG. 16) which thereby frees the ring 122. For the remaining rotation of
      the structure 42, the ring 122 moves with the plate 112. The arresting pin
      125 is provided for purposes of preventing operation when a key only is
      employed. Thus, the key will still serve to rotate the plate 112; however,
      in that instance, the cam pin 120 will by-pass the plunger 128 since
      movement of the ring 122 will not occur. As the cam pin 120 continues, it
      engages the arresting pin 125 preventing further movement of the plate
      112. Thus, the plunger 128 will be restored locking the ring 122 and
      arresting pin 125 in position. Without the continued movement of the plate
      112, the bolts 110 will remain in the locked position.
PAR  Once the plate 112 has moved through 90.degree., the door 22 is unlocked
      and the door is then withdrawn by pulling on the knob 54. The guide slot
      62 is now in alignment with groove pin 56 for purposes of guiding this
      retraction. As the door 22 is withdrawn, the spring 100 forces the slide
      96 forwardly whereby all coins resting on the slide are caused to move
      into the tubular housing 40 and downwardly through pipe section 36 and
      hose 38. The forward movement of the slide is only sufficient to enable
      the end of the slide to clear the peripheral lip 140 of the opening 94
      thereby insuring that all coins will drop into the collection area.
PAR  The door 22 is closed by simply reversing the described operations. Thus,
      the knob 54 is used to move the door back to its closed position, and it
      will be noted that the distance of movement is precisely controlled. Thus,
      the structure 42 must be moved sufficiently to bring the slot 60 into
      alignment with pin 56. Upon rotation of the structure 42, the key 46
      returns the bolts 110 to a locked position. The knob 54 is then employed
      for retracting the structure 42, and it is only at this point that the
      openings 88 and 89 are in alignment to permit release of the transfer
      mechanism.
PAR  It will be appreciated that the described structure provides a very simple
      but highly secure means for collecting coins or other valuables from a
      parking meter or other storage structure. The system is of particular
      merit in view of the fact that automatic alignment for operating purposes
      is achieved when the structure is located in position. It will be noted in
      this connection that the tubular housing 40 defines an open end which has
      an interior diameter corresponding with the outer diameter of the flange
      140 defined by the meter housing. With this arrangement, the tubular
      housing is automatically centered with respect to the door 22. Similarly,
      the provision of the stabilizing plate 90 insures proper alignment of the
      structural elements.
PAR  Once the transfer mechanism is located in position, the collection
      operation consists merely of simple movements affected by the knob 54.
      Thus, the knob 54 is pushed inwardly, rotated through 90.degree.,
      retracted, then pushed inwardly again, rotated back through 90.degree. and
      again retracted. The retracting movement automatically releases the
      holding action of arms 68 whereby the transfer mechanism can be readily
      removed from the meter and then moved to the next meter. In this
      connection, the transfer mechanism may be associated with a portable cart
      which includes a vault area so that the valuables collected are always
      maintained under high security conditions.
PAR  It will be understood that various changes and modifications may be made in
      the above described system which provide the characteristics of this
      invention without departing from the spirit thereof, particularly as
      defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for handling coins and the like including a storage housing
      for the coins, a door for said storage housing, a lock for said door, and
      a transfer mechanism for use in removing the coins from the housing, the
      improvement comprising means for holding the transfer mechanism in
      position on the housing, said holding means comprising a pair of arms
      pivotally connected to said transfer mechanism, means permitting spreading
      of the arms for location of the arms around a housing portion, means for
      moving the arms together for holding engagement of the arms with the
      housing portion, and means for retaining the arms in said holding
      engagement during transfer of coins from said storage housing to said
      transfer mechanism, said transfer mechanism including means for operating
      the lock to open and to then relock the door, and wherein said arms are
      retained in said holding engagement until said door has been relocked.
NUM  2.
PAR  2. A system in accordance with claim 1 wherein said transfer mechanism
      includes a reciprocating carrier for said means for operating the lock,
      said means for retaining the arms in said holding engagement being
      provided by said carrier means.
NUM  3.
PAR  3. A system in accordance with claim 2 wherein said arms define extensions
      at the ends thereof, said carrier means defining an opening for receiving
      said extensions during spreading of the arms, movement of the carrier
      means moving said openings out of position relative to said extensions for
      thereby blocking pivoting movement of the arms.
NUM  4.
PAR  4. A system in accordance with claim 3 wherein said carrier means are
      movable inwardly for engagement of said key with said lock, are rotated
      for opening of said lock, are movable outwardly with said door attached
      thereto for opening of the door, are movable inwardly for returning of the
      door to the closed position, are rotatable for relocking of said lock, and
      are movable outwardly for release of the carrier means relative to the
      door.
NUM  5.
PAR  5. A system in accordance with claim 1 including spring means for normally
      holding said arms in the retaining position, spreading of said arms
      occurring in opposition to the action of said spring means.
NUM  6.
PAR  6. A system in accordance with claim 5 wherein said storage housing is
      mounted on a supporting post, said arms defining inwardly extending ends
      for embracing the post when the arms are in said holding engagement.
NUM  7.
PAR  7. A system in accordance with claim 6 including a stabilizing element
      carried by said transfer mechanism, said stabilizing element being
      engageable with said post at a point spaced away from said arms, said
      stabilizing element assisting in holding said transfer mechanism in
      position relative to said post.
NUM  8.
PAR  8. In a system for handling coins and the like including a storage housing
      for the coins, a discharge opening defined by the storage housing, a door
      normally closing the discharge opening, a lock on said door for normally
      preventing opening of the door and access to the coins therein, and a
      transfer mechanism for removing the coins from the housing, the
      improvement wherein said transfer mechanism comprises a plate disposed
      substantially parallel with said door, a tubular housing reciprocally
      receiving said plate, said plate substantially completely blocking access
      to the interior of said tubular housing, a key mounted on said plate,
      means carried by said transfer mechanism for moving said plate to a
      position adjacent said door whereby said key enters said lock, means for
      rotating said plate and key to unlock said lock, means operating
      responsive to said rotating of said plate for securing said transfer
      mechanism to said storage housing, means for retracting said plate to move
      said door away from said storage housing whereby the coins therein are
      discharged through said discharge opening into said tubular housing, and
      means for maintaining said transfer mechanism secured to said storage
      housing during said movement of said door, said tubular housing defining
      an open end, means defined by said storage housing for seating said
      tubular housing with said door being received within said open end, said
      plate being supported on a substantially tubular structure reciprocal
      within and rotatable within said tubular housing, a guide pin and a
      grooved track, said pin and track being defined by said tubular housing
      and tubular structure for controlling the path of reciprocal and rotary
      movement of the tubular structure relative to the tubular housing.
NUM  9.
PAR  9. A system in accordance with claim 8 including a knob carried by said
      tubular structure for imparting reciprocal and rotary movement thereto.
NUM  10.
PAR  10. A system in accordance with claim 9 including bolt means associated
      with said lock, a lock plate for rotation by said key, said lock plate
      being operatively connected to said bolt means, a lock ring including an
      arresting member, means for preventing rotation of said lock ring, means
      associated with said lock plate for disengaging said preventing means, and
      a drive pin associated with said key for moving said lock ring to drive
      the arresting member of said lock ring out of engaging position relative
      to said lock plate whereby said lock plate is adapted to move said bolt
      means to the unlocked position only when said drive pin moves said
      arresting member.
NUM  11.
PAR  11. In a system for handling coins and the like including a storage housing
      for the coins, a discharge opening defined by the storage housing, a door
      normally closing the discharge opening, a lock on said door for normally
      preventing opening of the door and access to the coins therein, and a
      transfer mechanism for removing the coins from the housing, the
      improvement wherein said transfer mechanism comprises a plate disposed
      substantially parallel with said door, a tubular housing reciprocally
      receiving said plate, said plate substantially completely blocking access
      to the interior of said tubular housing, a key mounted on said plate,
      means carried by said transfer mechanism for moving said plate to a
      position adjacent said door whereby said key enters said lock, means for
      rotating said plate and key to unlock said lock, means operating
      responsive to said rotating of said plate for securing said transfer
      mechanism to said storage housing, means for retracting said plate to move
      said door away from said storage housing whereby the coins therein are
      discharged through said discharge opening into said tubular housing, means
      for maintaining said transfer mechanism secured to said storage housing
      during said movement of said door, a slide plate mounted in an angular
      position within said storage housing, coins within said storage housing
      being disposed on said slide plate, spring means normally forcing said
      slide plate toward said discharge opening whereby said slide plate moves
      toward said transfer mechanism when said door is opened, opening of said
      door resulting in said coins sliding off said plate into said transfer
      mechanism.
NUM  12.
PAR  12. A system in accordance with claim 11 including guide rod means carried
      by said door, said slide plate defining at least one opening for receiving
      said guide rod means whereby the door and slide plate are maintained in
      alignment with each other.
NUM  13.
PAR  13. In a system for handling coins and the like including a housing for the
      coins, a discharge opening defined by the storage housing, a door for said
      housing normally closing access to the housing, and a lock having a
      rotatable lock plug mounted on said door, the improvement in means for
      opening said lock comprising a key, a pin, a common mounting for said key
      and pin, an opening defined in said door for receiving said pin as said
      key is inserted in said lock, means for rotating said common mounting, a
      stop member movably mounted on said door for blocking movement of said
      lock plug, holding means normally preventing movement of said stop member
      relative to the door to thereby retain the stop member in a blocking
      position, release means operatively connected to said lock plug for
      disengaging said holding means, rotation of said lock plug by said key
      causing said release means to disengage said holding means, said pin
      engaging said stop member with the movement of the pin moving said stop
      member out of blocking position whereby rotation of said lock plug in the
      absence of said pin retains said stop member in blocking position, said
      stop member being mounted on a ring, a plunger extending into an opening
      defined by the ring to prevent movement of the ring, a plate connected to
      said lock plug, said release means comprising a cam element mounted on
      said plate for engaging said plunger during movement of the plate to
      thereby move said plunger out of the opening defined by the ring.
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PAL  Control unit for a self-emptying centrifuge having a fluid controlled
      emptying valve for discharging the solids and a paring disc or a conduit
      sealingly joined to the drum for removal of a specifically heavier liquid
      and an outlet for a specifically lighter liquid, for displacement of the
      specifically lighter liquid from the drum before the emptying valve is
      opened. The control unit operates so that flow in the outlet for
      specifically heavier liquid is reduced whereby specifically lighter liquid
      is displaced from the centrifuge, and so that thereafter the emptying
      valve is opened.
BSUM
PAC  BACKGROUND
PAR  The invention relates to a control system for the displacement of the
      specifically lighter liquid components from a self-emptying separator from
      which at least the specifically heavier liquid component is carried out by
      means of a paring disk or through a conduit sealingly joined to the drum,
      in which conduit a throttling means is installed. This displacement takes
      place before the ejection apertures in the periphery of the drum are
      opened for the ejection of the solids separated from the liquid mixture.
      In this manner the loss of the specifically lighter useful liquid that is
      still in the drum is avoided.
PAR  For the operation of the necessary valves and the control of the required
      waiting periods, control systems are used almost always. Such a control
      system is known from German Pat. No. 1,142,795, for example.
PAR  In clarifying separators which centrifugally separate only the solid
      impurities from liquids consisting of one or more phases, without at the
      same time separating mixtures of liquids into their components, the
      displacement of the liquid filling the central portion of the drum is
      relatively simple. Drums of this kind have only one liquid outlet. After
      the solids chamber is filled and it is desired to empty the drum
      completely, first the raw liquid feed valve is closed and then the inlet
      is changed over to a specifically heavier displacement liquid. This valve
      is kept open by the control system until the useful liquid has been
      displaced inwardly out of the drum. The necessary amount of displacement
      liquid is approximately equal to the capacity of the drum minus the volume
      of the solids chamber.
PAR  If the clarified liquid is carried away by a paring disk or a conduit
      hermetically joined to the drum, a valve in this conduit must be closed
      before the valve is opened which controls the hydraulic fluid which causes
      the discharge apertures to be opened for the ejection of solids. This
      prevents losses due to the reverse flow of useful liquid into the drum
      during the emptying process. After the drum has been emptied, all valves
      must be restored to their original state in reverse order.
PAR  In centrifugal separators which, in addition to removing specifically
      heavier solids, separate the mixture of liquids into its components, the
      displacement of the specifically lighter liquid components constitutes a
      problem. Also, such displacement is involved only when the specifically
      lighter liquid is the useful component. The raw liquids involved include,
      for example, fishpresswater, or oils contaminated with solids and water.
      Centrifugal separating drums have two liquid discharges for the separated
      components. Their distance from the axis of rotation is normally so
      adjusted that the separation zone is located within the ascending passages
      of the plate stack. To displace the specifically lighter liquid components
      out of the drum, the separation zone must be shifted to the inner liquid
      level.
PAR  In centrifugal separators having a free discharge for both of the liquid
      components through regulating disks, the position of the separation zone
      is determined by the inside diameter of the regulating disks in accordance
      with the difference in the density of the two components. At a normal
      throughput, it can be changed only by replacing at least one disk with the
      separator shut down. If the amount of the specifically heavier component
      greatly exceeds that of the lighter, a displacement of the separation zone
      towards the inside can accomplished during operation by increasing the
      infeed to such an extent that more of the specifically heavier liquid
      enters the drum per unit of time than can pass out over the regulating
      disk. For this purpose, however, a considerable increase of the input is
      necessary because very great flows of liquid can pass out over the
      regulating disk. Exceeding the rated capacity of the drum to such an
      extent, however, signifies an appreciable reduction of the clarifying
      performance, so that a portion of the solids becomes entrained in the flow
      of liquid. This method fails where a plurality of self-emptying separators
      are operated in parallel. In the case of central control by a single
      control apparatus, the greatly exceeded nominal capacity would be
      simultaneously signaled for all separators, which the pump or the cross
      section of the main supply line, being set for normal throughput, will not
      provide. But even in the case of the individual control of the individual
      separators this can happen when several control apparatus coincidentally
      signal for the increased capacity. Besides, this method is not practicable
      in the case of raw liquids in which the specifically heavier component is
      contained in only small amounts. In such cases it is indeed possible to
      take specifically heavier liquid from a storage tank or also to mix a
      specifically heavier foreign liquid, in the quantity required for the
      shifting of the separation zone, with the raw liquid being fed in, or to
      feed it separately into the drum. However, the unreliability and
      disadvantages would be the same as in the case of the increase in the
      input of raw liquid.
PAR  In the case of self-emptying separators in which the separated components
      are removed by means of paring disks, and self-emptying separators of the
      hermetic or semihermetic type of construction, the increase of the input
      is also problematical. In drums of this kind, however, the position of the
      separation zone can be shifted during operation by varying the back
      pressure by means of a throttling member in at least one of the two
      discharge lines.
PAR  German Pat. No. 659,724 discloses a cream separator from which the cream
      and the skim milk are removed by means of a paring disk, and in which a
      throttling means is installed in each of the two discharge lines. The
      throttling members serve for the adjustment of the back pressure in order
      to achieve the depth of immersion of the paring disks that is necessary
      for froth-free removal, and, in the separation of whole milk, to establish
      the desired ratio of cream and skim milk, i.e., to set the separation zone
      at the desired position. After the adjustment has been made the throttling
      members remain unchanged.
PAC  THE INVENTION
PAR  The inventon relates to self-emptying centrifugal separators from which at
      least the specifically heavier liquid component is carried out by means of
      a paring disk or by a conduit sealingly joined to the drum, in which
      conduit a throttling means is installed. The removal of the specifically
      lighter component can be accomplished by any desired means.
PAR  The object of the invention is to devise a control system for the purpose,
      in drums of this kind, of displacing the specifically lighter useful
      component from the drum prior to the opening of the ejection apertures on
      the periphery of the drum, without requiring an increase of the input or
      the feeding of a larger amount of displacing liquid.
PAR  The control system of the invention is characterized in that the throttling
      means installed in the line for the removal of the specifically heavier
      component can be changed from the operating setting to a greatly throttled
      setting or to an absolute shut-off setting by the control apparatus and is
      held in this setting until the specifically heavier component has shifted
      the separation zone as far as the inner level of liquid, after which the
      control apparatus shuts off the feed and operates the valve in the line
      carrying the control liquid. When the discharge is closed or throttled
      down, the specifically heavier liquid remaining in the drum builds up
      towards the axis of rotation and pushes the specifically lighter liquid
      ahead of it to the discharge thereof. This control system can be used
      always, regardless of whether the specifically heavier component
      constitutes the greater or smaller proportion of the mixture. If it
      constitutes the smaller proportion, the complete closing of the valve is
      recommended; if it constitutes the greater proportion, throttling down
      will suffice.
PAR  For complete displacement of the specifically lighter component with the
      discharge completely shut off, no more of the specifically heavier liquid
      is required than corresponds to the volume occupied in the drum by the
      specifically lighter liquid. The duration of the operation, which is to be
      preset in the control apparatus, is computed on the basis of this volume
      and the amount of specifically heavier liquid that is retained in the drum
      or fed to the drum per unit of time.
PAR  An embodiment of the invention wherein the specifically heavier component
      is removed using a paring disc is shown in the accompanying drawing. The
      invention could similarly be practiced with a separator wherein the
      specifically heavier component is removed using a conduit sealingly joined
      to the drum as is disclosed in British patent specification No. 476,823.
DETD
PAR  The invention will now be further explained with the aid of the drawing. 1
      represents the separating drum to which the liquid mixture to be clarified
      and separated is fed through line 2. During operation, the separation zone
      of the two liquid components is at 3 and the free level of the
      specifically lighter component is at 4. In this embodiment the
      specifically lighter liquid leaves the drum through radial bores 5. The
      specifically heavier liquid component flows through the annular passage 6
      between the drum cover 7 and the separating plate 8 to the paring chamber
      9 from which it is taken by means of a paring disk 10 and discharged under
      pressure through line 11.
PAR  When the solids chamber 12 of the drum is filled with solids, the slide
      valve 3 is shifted to the open position, in which it is shown, by feeding
      a hydraulic control fluid through line 14 to the opening chamber 15, so
      that the entire content of the drum is ejected through apertures 16 in the
      drum periphery 17. The drum can also be constructed such that the flow of
      a hydraulic control fluid must be interrupted in order to empty the drum.
      In any case, valve 20 in line 14 carrying the control fluid must be
      operated.
PAR  To prevent losses of specifically lighter useful liquid, the latter must be
      displaced from the drum to its outlet 5, before the ejection apertures 16
      are opened. This is accomplished when the control apparatus 18 greatly
      throttles or completely shuts off valve 21 in discharge line 11 carrying
      the specifically heavier liquid component, before the feed line 24 is shut
      off, through the closing of valve 19 in line 2, and before the operation
      of valve 20 in the control fluid line 14. The volume of liquid to be
      displaced is relatively small, so that the displacement is rapidly
      completed without increasing the input rate of flow. In many cases, it
      does not matter if a portion of the displacing liquid enters into the
      outlet of the specifically lighter liquid since an additional separator is
      used to improve the purity of the latter. Through line 22 a specifically
      heavier foreign liquid can be fed into the drum as a displacing liquid. In
      this case, before or simultaneously with the operation of valve 21, the
      feed line 24 is to be changed over from source 2 to source 22 by closing
      valve 19 and opening valve 23.
PAR  Control unit 18 is a timing device. Upon or following actuation thereof by
      manual operation of a switch or by another control apparatus, when it is
      desired to empty the separator, initially valve 21 is operated. At a fixed
      time interval thereafter, which can be readily calculated from the
      dimensions of the drum and known operating conditions, or can be
      determined experimentally, control unit 18 operates valve 20. At same time
      valve 20 is actuated, the control unit shuts off valve 19. If displacement
      fluid is used, the control unit 18, upon actuation thereof, can further
      operate to close valve 19 and open valve 23. In a simple case the
      operation can be without feeding a foreign displacement fluid and
      following a fixed interval after operation of valve 21, the control unit
      18 can simultaneously operate valve 20, and close valve 19.
PAC  SUMMARY
PAR  Thus, the invention provides a self-emptying centrifuge suitable for
      separating a feed material into a specifically heavier liquid, a
      specifically lighter liquid, and a solids component. The centrifuge
      comprises a separating drum outfitted with an inlet for introduction of
      the feed, an outlet for specifically heavier liquid, an outlet for
      specifically lighter liquid, and an outlet for the solids component. Each
      of the feed inlet, the outlet for specifically heavier liquid, and the
      outlet for the solids component is provided with a valve. The solids
      outlet valve is fluid controlled for being in the closed position during
      normal centrifuging and in the open position when solids are to be
      discharged, and there is a control fluid line for transfer of fluid for
      control of the solids outlet valve. A valve is installed in the control
      fluid line. The invention provides a control unit effective, following
      actuation thereof, to operate the valve for the outlet for specifically
      heavier liquid to reduce the flow of specifically heavier liquid, and,
      after a fixed time interval, to operate the valve in the control fluid
      line for transfer of fluid to the fluid control valve for opening of the
      solids outlet valve for discharge of the solids, and, also following
      actuation of the control unit, to operate the valve in the feed line to
      shut off the flow of feed to the centrifuge. Thereby, as long as valve 19
      is open specifically lighter liquid can be displaced from the centrifuge
      via the outlet for specifically lighter liquid before the solids component
      is discharged.
PAR  The centrifuge can further comprise an inlet outfitted with a valve for
      introducing a foreign liquid specifically heavier than said specifically
      lighter liquid, into the feed inlet downstream of the feed inlet valve.
      The control unit is then effective to close the feed inlet valve and open
      the foreign liquid valve for displacement of the specifically lighter
      liquid by the foreign liquid, prior to the operating of the valve in the
      control fluid line.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-emptying centrifuge suitable for separating a feed material into
      a specifically heavier liquid, a specifically lighter liquid, and a solids
      component, comprising:
PA1  a separating drum outfitted with an inlet for introduction of the feed, an
      outlet for specifically heavier liquid, an outlet for specifically lighter
      liquid, and an outlet for the solids component, each of the feed inlet,
      the outlet for specically heavier liquid, and the outlet for the solids
      component being provided with a valve, means for actuating the solids
      outlet valve to open and close it for being in the closed position during
      normal centrifuging and in the open position when solids are to be
      discharged, and
PA1  a control unit effective following actuation thereof to operate the valve
      for the outlet for specifically heavier liquid to reduce the flow of
      specifically heavier liquid and after a fixed time interval to operate
      said means for actuating the solids outlet valve for opening of the solids
      outlet valve for discharge of the solids, and also following actuation of
      the control unit, to operate the valve in the feed line to shut off flow
      of feed to the centrifuge,
PAL  whereby as long as the valve in the feed line is open specifically lighter
      can be displaced from the centrifuge via the outlet for specifically
      lighter liquid before the solids component is discharged.
NUM  2.
PAR  2. Centrifuge according to claim 1, and an inlet outfitted with a valve for
      introducing a foreign liquid specifically heavier than said specifically
      lighter liquid, into the feed inlet downstream of the feed inlet valve,
      said control unit being effective to close the feed inlet valve and open
      the foreign liquid valve for displacement of said specifically lighter
      liquid by the foreign liquid prior to the operating said means for
      actuating the solids outlet valve.
NUM  3.
PAR  3. Centrifuge according to claim 2, wherein said means for actuating the
      solids outlet valve comprises a fluid operated control means including a
      control fluid line for transfer of fluid for control of the solids outlet
      valve and a valve in the control fluid line, the control unit, for said
      operating of the said means for actuating the solids outlet valve,
      operating the valve in the fluid control line.
NUM  4.
PAR  4. Centrifuge according to claim 1, wherein said means for actuating the
      solids outlet valve comprises a fluid operated control means including a
      control fluid line for transfer of fluid for control of the solids outlet
      valve and a valve in the control fluid line, the control unit, for said
      operating of the said means for actuating the solids outlet valve,
      operating the valve in the fluid control line.
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ABST
PAL  A centrifuge test tube cap assembly for a thin flexible test tube including
      a stem member having a stud adapted to extend out the mouth of the test
      tube and having a cylindrically shaped skirt dimensioned to fit snugly
      within the inner surface of the mouth of the test tube, the stem member
      also having a slanting annular surface between the skirt and the stud,
      slanting outwardly in the downward direction, and the assembly also
      including a crown member having a depending outer lip, the outer diameter
      of which is substantially the same as the outer diameter of the thin
      flexible tube and having an annular inner surface slanting outwardly in
      the downward direction, the slanting surface of the lip conforming to the
      shape and slant of the slanting annular surface of the stem member so that
      when the crown is positioned over the stem and tightened axially on the
      stem member the upper edge of the flexible tube is deformed inwardly to
      squeeze the upper edge of the tube between the respective slanting
      surfaces of the stem member and the crown member to effect a fluid-tight
      seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to test tube sealing caps of the type
      employed in centrifuge rotors and more particularly to a sealing cap for
      sealing the open end of a thin flexible test tube.
PAR  2. Description of the Prior Art
PAR  Analytical and preparative centrifuges are commonly provided with a rotor
      having a series of cavities, usually arranged in circular fashion, and
      adapted to receive test tubes for carrying a sample to be centrifuged. In
      a preparative centrifuge rotor, the axis of each cavity is angularly
      oriented with respect to the vertical rotational axis of the rotor so that
      the bottom of the test tube is further from the rotor axis than the top.
      An example of an angle head rotor is shown in FIG. 5 of U.S. Pat. No.
      2,878,992 issued to Pickels et al. on Mar. 24, 1959 and assigned to the
      assignee of the present invention. Inclined-tube rotors are advantageous
      in that initially, precipitate is collected at the bottom of the tube at a
      more rapid rate than in a tube having its longitudinal axis perpendicular
      to the rotor axis were used.
PAR  During rotor operation, the sample is caused to climb up the outermost side
      of the tube wall and, eventually, if a sufficiently high rotational
      velocity is reached, the surface of the sample extends virtually parallel
      with the rotor axis. To prevent leakage of the sample from the tube, each
      test tube is provided with a cap sealing off the mouth thereof. It will be
      evident that if the test tube used in an angle rotor is initially full or
      almost full, leakage of the sample from the top of the test tube might
      occur unless the cap provides an adequate seal.
PAR  One form of centrifuge test tube cap assembly of the prior art includes a
      stem, a mating crown and a flat resilient washer, interposed between the
      stem and the crown. The stem is situated inside the upper part of the
      mouth of the test tube and the crown is dimensioned to fit snugly over the
      mouth. The stem and crown are coaxially coupled by suitable fastening
      means usually in the form of a crown-engaging nut threaded on a stud
      projecting from the stem. Between an upper surface of the stem and a lower
      surface of the crown is disposed a resilient washer which is compressed
      when the fastening nut is secured. Compression deforms the washer causing
      it to sealingly engage both the inner wall of the test tube and the stud
      projecting from the stem. The level of torque that is necessary to effect
      an adequate seal in such a test tube sealing cap is relatively high. In
      order to provide an effective seal, the tube must either be relatively
      stiff or the outer wall of the rotor cavity or a surrounding wall of the
      crown must be designed to support the centrifuge tube so that the
      resilient gasket produces a firm seal against the inner wall of the tube.
      When the centrifuge tube is relatively flexible, it is difficult to obtain
      a suitable seal in this fashion.
PAR  Thin wall centrifuge tubes rely to a certain extent on their contents for
      support. In lower "G" fields, the design of the capping system is based on
      the assumption that the volume of the tube cavity in the rotor and the
      volume of the tube contents are constant. In higher speed rotors which
      develop around half a million G's, the constant volume assumption is no
      longer valid. Under this high G loading, the rotor cavity stretches and
      increases its volume while the tremendous pressures on the fluid decreases
      its volume. This volume change of the sample fluid coupled with the volume
      increase in the size of the rotor cavity and tube allows the fluid surface
      to move down, depriving the tube of support at the upper end. If the tube
      cap assembly is not supported, in some manner other than by the tube, it
      may move down and sometimes results in a leakage around the cap. When the
      sample leaks from a tube which is flexible, it is likely to collapse.
      Therefore, it is necessary to design the tube cap assembly in such a
      manner that the tube cannot collapse into the rotor cavity when the tube
      leaks.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved tube cap assembly for a thin-walled flexible test tube.
PAR  It is a further object of the present invention to provide a test tube cap
      for a thin-walled relatively flexible test tube, which not only seals the
      mouth of the test tube, but also supports the tube within the rotor cavity
      and prevents collapsing of the tubes when the liquid level in the tube is
      lowered either by leakage or expansion under high G forces.
PAR  Further objects and advantages of the invention will become apparent as the
      following description proceeds, and these and other objects and advantages
      of the invention will become apparent from the following detailed
      description read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective exploded view of a test tube cap assembly
      illustrating the present invention;
PAR  FIG. 2 is a vertical sectional view of a fixed angle preparative centrifuge
      rotor loaded with a test tube and cap assembly constructed in accordance
      with the present invention; and
PAR  FIG. 3 is an enlarged cross-sectional view of a flexible test tube and the
      test tube cap assembly positioned within a rotor cavity.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings, there is shown in FIG. 2 a typical preparative
      centrifuge rotor 10 of the type commonly designated as a "fixed angle"
      rotor. The rotor is provided with a plurality of cavities or wells 11
      adapted to accept and carry a centrifuge test tube and to support a
      centrifuge test tube cap assembly. Each cavity 11 projects downwardly from
      and at some predetermined angle with respect to the rotational axis 12 of
      the rotor 10. In the preferred embodiment the rotor cavity is counterbored
      at the mouth thereof to provide a ridge 13 or shoulder means or other
      auxiliary support for the test tube cap assembly. As may best be seen in
      FIGS. 2 and 3, a centrifuge test tube 16 having a generally U-shaped
      cross-section may be positioned within each of the rotor cavities 11 of
      the rotor. The base or lower end of the test tube 16 is contoured to
      conform with the bottom of the cavity 11. This assists in preventing
      distortion of the lower extremities of the tube during centrifugation.
PAR  The test tube 16 for use with the capping assembly of the present invention
      is a thin-walled tube formed of a plastic such as a polyallomer plastic or
      other resilient material which may be deformed at least in the area of the
      mouth of the tube in order to receive the capping assembly of the present
      invention. As pointed out previously, if the sample contents of a flexible
      tube leak or the level of fluid decreases to any great extent, the tube is
      deprived of its support and may collapse. As will be described
      hereinafter, the test tube cap assembly of the present invention is
      designed to maintain an extremely strong fluid-tight seal at the mouth of
      the tube. In addition the tube cap assembly is designed to cooperate with
      the rotor cavity to prevent collapsing of the tube in the event the liquid
      level within the tube drops too low.
PAR  Referring now to the exploded view of FIG. 1, there is shown the capping
      assembly of the present invention, which comprises generally a crown
      member 20, a stem member 40, a clamping means or threaded clamping nut 50,
      an insert 60 and a set screw 62. The stem 40, shown in detail in FIGS. 1
      and 3, has a downwardly extending cylindrical skirt or wall 41 dimensioned
      to fit snugly inside the mouth of the test tube 16. An axial threaded stud
      42 having a threaded central bore or hole 43 therethrough projects
      upwardly from the upper surface 47 (seen in FIG. 3). A hole 44 in the
      downwardly extending cylindrical skirt 41 aids in breaking the seal which
      may exist between the surface of the downwardly extending skirt and the
      test tube when the cap assembly is removed. Between the downwardly
      extending cylindrical skirt 41 and the outwardly or upwardly extending
      stud is provided an annular surface 45 slanting outwardly in a downward
      direction toward the skirt. In the preferred embodiment of the invention
      this downwardly slanting surface is provided with a plurality of grooves
      46 formed around the surface. The purpose of the grooves will be more
      clearly understood as the description proceeds.
PAR  The crown 20, the details of which are shown in FIGS. 1 and 3, has a
      generally cylindrical shape and is provided with a depending lip 21, the
      outer diameter of which is designed to be substantially the same as that
      of the outer diameter of the mouth 16a of the flexible centrifuge tube.
      The depending lip 21 slides easily into the cavity 11 of the rotor as does
      the test tube. As will best be seen in FIG. 3, the lip 21 has a
      wedge-shaped cross-section and is provided with an annular inner surface
      slanting outwardly in the downward direction. The surface 22 of the
      downwardly extending lip 21 slants or is angled outwardly to conform with
      the shape and slant of the slanting surface 45 on the stem member 40. The
      crown 20 is also provided with a cylindrical hole or opening 23 designed
      to receive the stud 42 of the stem member therethrough.
PAR  In order to facilitate attachment of the crown member to the stem member,
      an anti-friction washer 24 (seen only in FIG. 3) of Teflon or other
      suitable material is positioned within a groove 25 formed around the upper
      surface of the crown. The anti-friction washer 24 is of a thickness to
      permit it to extend slightly above the upper surface 47 of the crown.
PAR  In preferred practice, the capping assembly and the flexible tube 16 are
      joined prior to installation in the rotor cavity. During this procedure,
      the flexible tube 16 is placed in a suitable fixture and the stem 40
      inserted therein. The upper surface 47 is positioned substantially flush
      with the upper edge or mouth 16a of the tube 16. The crown 20 is then
      placed over the stud 42 and moved downwardly against the tube so that the
      wedge-shaped downwardly extending lip 21 comes in contact with the mouth
      16a of the tube. When the lip 21 contacts the mouth of the tube, the upper
      edge portion 16a of the tube is forced to deform inwardly. The clamping
      nut 50 is then positioned over the stud 42 and tightened down onto the
      surface of the anti-friction washer 24, thereby forcing the crown
      downwardly toward the stem member. As the crown member is moved downwardly
      toward the stem member, the upper edge of the tube is deformed into a
      right frustum of a cone by the wedge-shaped surface 22 of the downwardly
      extending lip of the crown. When the clamping nut is tightened the
      flexible tube is deformed into the grooves 46 and the end or mouth of the
      tube is squeezed between the inner surface 22 of the lip 21 and the
      surface 45 of the skirt. There is a certain amount of cold flow of the
      flexible tube into the grooves 46, depending upon the type of plastic used
      in the manufacture of the tube. the deformation of the tube at the mouth
      16a and the pressure exerted between the surfaces 22 and 45 on the inner
      and outer surfaces on the upper edge of the tube create a fluid-tight seal
      and prevent movement of the tube away from the capping assembly.
PAR  After the stem member and crown have been attached to the mouth of the
      tube, the tube is loaded with a sample through the threaded hole 43 formed
      in the stud of the stem member. The threaded insert 60 is then screwed
      into the threaded hole 43. The threaded plug 60 is then sealed by
      inserting the tapered set screw 62 into the hole 43 and tightening it down
      against the hole formed in the insert 60. After loading, the tube and the
      cap assembly is positioned in the rotor 10 as indicated in FIGS. 2 and 3.
PAR  In order to permit a certain amount of relative movement between the tube
      capping assembly and the cavity of the rotor, the rotor cavity 11 is
      counterbored at its upper end thereof to form a larger section 11a which
      forms a shoulder or seat 13 at the juncture with the lower portion of the
      cavity. The larger section 11a of the cavity receives a larger diameter
      flange or flange 26 of the crown. When the tube and capping assembly is
      positioned within the cavity, the length of the tube and the relative size
      of the cavity is such that a clearance 15 is provided between the flange
      26 of the crown and the abutment 13 leading to the narrower portion of the
      cavity. When rotating, the tube capping assembly may slide within the
      counterbore section 11a and thus decrease the clearance between the flange
      26 and the shoulder 13 of the cavity. During normal operations, there is
      always a clearance 15 between the flange 26 of the crown and the shoulder
      13 on the tube cavity. If, however, a leak does occur in the tube, the
      tube will collapse sufficiently that the crown or capping assembly will
      move downwardly within the cavity. When this happens, the flange 26 will
      come in contact with the shoulder 13 of the counterbore shoulder 11a and
      prevent the assembly from proceeding to the bottom of the tube cavity.
      Inasmuch as the mouth 16a of the tube is firmly retained between the
      surfaces of the stem member and crown member, this also prevents the tube
      from collapsing into the cavity and spilling the remaining contents of the
      tube.
PAR  It will be obvious to those skilled in the art that various modifications
      may be made in the specific exemplary embodiments of the invention
      described. While particular embodiments have been discussed, it will be
      understood that the invention is not limited thereto and that it is
      contemplated to cover in the appended claims any such modifications as
      fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A centrifuge test tube cap for a thin flexible test tube comprising:
PA1  a stem member including a stud adapted to extend out of the mouth of the
      tube, said stem member including a cylindrically shaped skirt dimensioned
      to fit snugly within the inner surface of said test tube, said stem member
      also including an annular surface between said skirt and said stud
      slanting outwardly in the downward direction;
PA1  a crown member having an opening therein said stud of said stem member and
      having a depending lip, the outer diameter of which is adapted to be
      substantially the same as the outer diameter of said flexible test tube,
      said lip having a wedge-shaped cross-section with an annular inner surface
      outwardly in the downward direction and substantially conforming with the
      shape and slant of said annular surface on said stem member, said
      wedge-shaped lip of said crown member being positioned over said stem
      member and being thereby adapted to cause the upper edge of said flexible
      tube to be deformed inward against said annular slanting surface of said
      stem member; and
PA1  means for clamping together said stem member and said crown member whereby
      said upper edge portion of said flexible tube is squeezed between said
      respective slanting surfaces of said stem and said crown member.
NUM  2.
PAR  2. the centrifuge test tube cap defined in claim 1 in which the annular
      slanting surface of said stem member is provided with a plurality of
      grooves so that the deformed upper edge of the flexible tube is caused to
      cold flow therein under pressure between said slanting surfaces of said
      stem and crown members.
NUM  3.
PAR  3. The centrifuge test tube cap defined in claim 1 in which said clamping
      means includes threads formed on said stud and a threaded nut adapted to
      fit on said stud and tighten down an upper surface of said crown member to
      force said crown member toward said stem member.
NUM  4.
PAR  4. the centrifuge test tube cap defined in claim 3 in which the crown
      member is provided with an upwardly facing flat surface surrounding the
      stud in which is mounted an anti-friction washer to provide a seat against
      which said threaded clamping nut may be tightened to cause said crown
      member and said stem member to move toward each other.
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PAL  A modified mechanical gasoline pump computer with an input gear box mounted
      on the underside of the base of the computer variator. A depending gear
      box input shaft is coupled to be driven by the gasoline meter and is
      axially shiftable for axially shifting gear box output gearing mounted on
      the variator center shaft upwardly from a gallon unit volume measure gear
      ratio setting to an alternate quart or liter unit volume measure gear
      ratio setting.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to conventional mechanical fuel
      pump computers of the type employed in gasoline dispensing apparatus for
      establishing and posting a unit volume price for a gallon of fuel,
      registering the volume of fuel delivered in gallons and computing and
      registering the cost of fuel delivered in dollars and cents (and
      employing, for example, a mechanical register of the type shown and
      described in U.S. Pat. No. 2,814,444 of Harvey N. Bliss dated Nov. 26,
      1957 and entitled "Register" and a mechanical variator of the type shown
      and described in U.S. Pat. No. 3,413,867 of Richard B. Hamlin dated Dec.
      3, 1968 and entitled "Variator") and relates more particularly to the
      selective conversion of such mechanical fuel pump computers for
      establishing and posting a unit volume price of fuel for a quart, liter or
      other alternate unit volume measure, registering the volume of the fuel
      delivered in the alternate unit volume measure and registering the cost of
      the fuel delivered in dollars and cents in accordance with the volume of
      fuel delivered in the alternate unit volume measure and the posted unit
      volume price for the alternate measure.
PAR  The conventional mechanical fuel pump computer incorporates a mechanical
      register having a pair of counters on each of two opposite faces of the
      register for registering, on each of the opposite faces, the cost of fuel
      delivered in dollars and cents and the volume of fuel delivered in
      gallons. Such a register is shown in the aforementioned U.S. Pat. No.
      2,814,444. The fuel pump computer also incorporates a mechanical variator
      of the type disclosed in the aforementioned U.S. Pat. No. 3,413,867 for
      establishing and posting the unit volume price for a gallon of fuel. The
      variator is connected for being mechanically driven by a conventional
      gasoline meter so that the variator center shaft is rotated four
      revolutions for each gallon of fuel delivered, and the variator is
      connected for driving the volume and cost counters of the register for
      registering the volume amount of fuel delivered in gallons and the cost
      amount of fuel delivered in dollars and cents in accordance with the
      volume amount of fuel delivered in gallons and the gallon unit volume
      price established by the variator setting.
PAR  Because of the increasing cost of gasoline, the price of a gallon of
      gasoline may now exceed the maximum range of 49 and 9/10 cents of
      conventional limited range variators in the field and in the not too
      distant future may exceed the maximum range of 99 and 9/10 cents of
      conventional greater range variators in the field. Also, consideration is
      being given to the conversion of the present measuring system to the
      metric system in which event the present gallon unit volume measure used
      in the fuel pump computer may by requirement or choice be changed to a
      liter unit volume measure. Because of one or both of the foregoing
      considerations, it may become desirable or mandatory to convert existing
      mechanical fuel pump computers from the present gallon unit volume measure
      system to a quart, liter or other unit volume measure system.
PAR  It is, therefore, a principal aim of the present invention to provide
      conversion means for selectively converting when desired conventional
      mechanical fuel pump computers for establishing and posting a unit volume
      price in quarts, liters or other alternate unit volume measure for
      registering the volume amount of the fuel delivered in the alternate unit
      volume measure and registering the cost amount of the fuel delivered in
      dollars and cents in accordance with the volume amount delivered in the
      alternate unit volume measure and the price for the alternate unit volume
      measure established by the setting of the variator.
PAR  It is another aim of the present invention to provide new and improved
      conversion means of the type described which permits field conversion of
      existing conventional computers with minimum inconvenience and down time.
PAR  It is another aim of the present invention to provide new and improved
      conversion means of the type described which may be economically mass
      produced and which will provide reliable operation over a long service
      free life.
PAR  It is a further aim of the present invention to provide new and improved
      selectively operable conversion means for a mechanical gasoline pump
      computer settable for establishing a gallon unit volume price and for
      registering the volume amount of fuel delivered in gallons in the
      conventional manner or settable for establishing a unit volume price for a
      quart, liter or other selected unit volume measure and for registering the
      volume amount of fuel delivered in the selected unit volume of measure.
PAR  It is another aim of the present invention to provide new and improved
      selectively settable conversion means for a gasoline pump computer which
      may be selectively set from a gallons setting to alternate unit volume
      measure setting when desired and which cannot be reset to its gallon
      setting after a changeover to the alternate unit volume measure setting is
      made.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawings of an illustrative
      application of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial front elevation view, partly broken away and partly in
      section, of a fuel pump having a mechanical computer modified in
      accordance with the present invention; and
PAR  FIG. 2 is a partial enlarged elevation view, partly broken away and partly
      in section, of a modified variator of the mechanical computer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail wherein like reference numerals
      indicate like parts throughout the several figures, a gasoline delivery
      pump 10 employing a mechanical computer 12 incorporating an embodiment of
      the present invention is shown having a nozzle 14 for delivering fuel and
      a suitable nozzle storage receptacle 15 for storing the nozzle 14 between
      fuel deliveries. In a conventional manner, a meter 16 provided in the fuel
      delivery conduit has a rotary output shaft 17 driven in accordance with
      the volume amount of fuel delivered. The meter shaft 17 is connected via a
      coupling 5 to a depending input shaft 19 of a modified variator 20 for
      rotating the variator input shaft 19 at a rate of four revolutions per
      gallon of fuel dispensed. The coupling 5 comprises a drive coupling member
      6 with a transverse drive pin 7 and a driven coupling member 8 having
      diametrically opposed slots 9 for receiving the drive pin 7. Excepting as
      modified as hereinafter described, the variator 20 is of the type
      described in the aforementioned U.S. Pat. No. 3,413,867 and comprises
      three settable range arms (not shown) of ascending order of significance
      which can be individually manually set into engagement with selected gear
      steps of a cone gear (not shown) to collectively establish the desired
      unit volume price of fuel within a three place price range. The variator
      also comprises three price posting wheels 21-23, corresponding to the
      three range arms, which are mechanically connected to the range arms to
      automatically post the unit volume price established by the settings of
      the range arms. The variator has a center shaft 30 which is driven by the
      variator input shaft 19 (as hereinafter described) and which extends
      through the variator and is mechanically connected for driving the lowest
      order counter wheels 24 of a pair of volume counters 25 of a resettable
      register 26 for registering the volume amount of fuel dispensed. A rotary
      output gear 27 of the variator rotatably mounted on the variator center
      shaft 30 is driven by the meter 16 via the variator cone gear and variator
      range arms in accordance with the established unit volume price. The
      output gear 27 is mechanically connected for driving the lowest order
      counter wheels 37 of a pair of register cost counters 38 for registering
      the cost amount of fuel dispensed in accordance with the unit volume price
      established by the range arm settings of the variator 20.
PAR  The resettable register 26 is of the type shown in the aforementioned U.S.
      Pat. No. 2,814,444 and is operable by a control handle 39 positioned
      adjacent the nozzle storage receptacle 15 such that the handle 39 has to
      be rotated to its vertical or "off" position to permit the nozzle 14 to be
      placed in its storage receptacle at the completion of a fuel delivery, and
      the nozzle 14 has to be removed from its storage receptacle 15 to permit
      the handle 39 to be rotated to its horizontal or "on" position. Rotation
      of the handle 39 to its vertical or "off" position provides for
      disengaging all of the number wheels for conditioning the register 26 for
      being reset, and rotation of the handle 39 to its horizontal or "on"
      position provides for sequentially resetting all of the number wheels of
      the cost and volume counters to zero and then re-engaging all of the
      wheels for re-conditioning the register 26 for registering the cost and
      volume of the succeeding fuel delivery. The register 26 is also connected
      in a known manner to provide for de-energizing a motor 46 for a pump 48
      when the handle 39 is turned to its "off" position and for re-energizing
      the motor 46 after the volume and cost counters 25, 38 of the register 26
      have been reset and the register is conditioned for recording the
      subsequent delivery.
PAR  As more fully described in the aforementioned U.S. Pat. No. 2,814,444 the
      register 26 comprises a pair of cost and volume counters 24, 38 on each of
      two opposed sides of the register (only one pair of cost and volume
      counters being shown in the drawings). The lowest order counter wheel of
      each cost counter 38 is mechanically connected to be driven by the meter
      16 via the variator 20 for registering the cost of each fuel delivery, and
      the lowest order counter wheel of each volume counter 25 is mechanically
      connected to be driven by the meter 16 via the variator 20 for registering
      the volume of each fuel delivery.
PAR  The conventional mechanical computer of the type described is installed to
      establish and post the unit volume price of a gallon of fuel with the
      variator 20, register the volume of fuel delivered in gallons and compute
      the cost of fuel delivered in accordance with the volume delivered in
      gallons and the gallon unit volume price established by the variator
      setting.
PAR  In accordance with the present invention, the computer is modified for
      selectively converting the computer from a gallons computation and
      registration system to a quart, liter or other alternate unit volume
      measure computation and registration system wherein a unit volume price of
      the selected unit volume measure is established and posted with the
      variator 20, the volume amount of fuel delivered is registered in the
      alternate unit volume measure with the register 26, and the cost amount of
      fuel delivered is registered with the register 26 in accordance with the
      volume amount of fuel delivered in the alternate unit volume measure and
      the unit volume price of the alternate unit volume measure established by
      the variator setting.
PAR  In accordance with the present invention the variator 20 is modified to
      incorporate a selectively settable input gear box 110 on the underside of
      the conventional base 111 of the variator 20 as shown in FIG. 2. The input
      gear box 110 could be installed on the underside of the base 111 of the
      variator 20 when the variator is originally installed in the pump, and in
      any event the gear box 110 can be installed (e.g., in the field or at a
      variator manufacturing or repair facility) prior to the desired conversion
      of the computer. And, for the purpose of permitting advance installation
      of the gear box 110, the gear box 110 is preferably designed as
      hereinafter described to provide for gallons pricing and cost computation
      in the conventional manner.
PAR  Referring to FIG. 2, the gear box 110 is shown attached to the underside of
      the base 111 of a conventional variator (of the type described in the
      aforementioned U.S. Pat. No. 3,413,867). For that purpose, a gear box
      housing 114 of the gear box 110 is provided with openings for three
      angularly spaced threaded fasteners 116, 118 (only two being shown in the
      drawing) for securing the housing 114 to the underside of the conventional
      variator. The base 111 of the variator is formed to have conforming
      threaded openings either at the time of the installation of the gear box
      110 or as part of the original manufacture or any subsequent repair or
      rebuilding operation of the variator.
PAR  The gear box 110 comprises an ouput compound gear 120 mounted on the lower
      depending end of the conventional variator center shaft 30 by means of an
      elongated support collar 124 lightly press fit onto the lower end of the
      variator center shaft 30. The usual variator coupling pin (not shown) is
      removed from an opening 125 extending transversely through the variator
      center shaft 30 and a substitute coupling pin 126 is lightly press fit
      through a transverse opening 128 in the support collar 124 and the
      variator center shaft opening 125 to extend within diametrically opposed
      axially extending slots 130 in the compound gear 120. The support collar
      124, pin 126 and compound gear 120 are mounted on the variator center
      shaft 30 before the housing 114 is affixed to the underside of the
      variator base 111. The compound gear 120 is thereby keyed for driving the
      variator center shaft 30 and is yet adapted to be axially shifted on the
      collar 124 between a lower operating position (shown in part in full lines
      in FIG. 2) and an upper operating position (shown in part in broken lines
      in FIG. 2). The compound gear 120, in its lower operating position, is
      substantially below the lower end of the variator center shaft 30, and the
      elongated collar 124 is mounted to extend substantially below the center
      shaft 30 to adequately support the compound gear 120 in its lower
      operating position.
PAR  The depending gear box input shaft 19 is rotatably mounted on the housing
      114 within a suitable bushing 131 so that it is substantially coaxial with
      the variator center shaft 30. The input shaft 19 is axially shiftable
      within its support bushing 131 and is normally held in its lower position
      in engagement with a suitable thrust or support washer 132 by its own
      weight. Also, a suitable locking ring 134 is mounted within a peripheral
      annulus 136 of the input shaft 19 to lock the input shaft 19 against
      substantial upward displacement. The shown locking ring 134 comprises a
      pair of super-imposed flat locking members 135 pivotally mounted together
      by a pivot pin 137. The flat locking members 135 have opposed slots 138,
      with semicircular inner ends, dimensioned for inserting the locking
      members 135 into the shaft annulus 136. Accordingly, the two super-imposed
      locking members 135 may be pivoted apart to remove the locking ring 134
      from the input shaft 19 and be pivoted together to install the locking
      ring 134 on the input shaft 19. Also, the locking members 135 have
      apertures 139 which are aligned when the locking ring is closed for
      receiving a suitable seal 140. Thus, for example, the seal 140 can be
      applied by the proper authorities to the locking ring 134 to prevent
      unauthorized removal of the locking ring 134. A similar seal 142 is also
      preferably applied to the gear box fasteners 116, 118 by the proper
      authorities to prevent unauthorized removal of the gear box 110.
PAR  A spur drive gear 150 is provided on the upper end of the input shaft 19
      for engagement with a spur gear 152 of an intermediate compound gear 154.
      The compound gear 154 is rotatably mounted on a fixed upstanding stub
      shaft 156 press fit within a mounting aperture 157 in the housing 114 and
      is axially supported on a thrust washer or bearing 159. The spur gear 152
      has sufficient axial length for engagement with a spur gear 158 of the
      compound gear 120 when the compound gear 120 is in its lower operating
      position shown in part in full lines in FIG. 2. With the compound gear 120
      in its upper operating position shown in part in broken lines in FIG. 2,
      the spur gear 158 is free of engagement with spur gear 152. The drive gear
      150 and gear 158 are coaxial and have the same number of teeth to provide
      a 1:1 drive from the drive shaft 19 to the variator center shaft 30 with
      the compound gear 120 in its lower operating position.
PAR  The compound gear 120 is adapted to be axially shifted to its upper
      operating position to shift a spur gear 162 of the compound gear 120 into
      engagement with a spur gear 164 of the intermediate compound gear 154
      whereby the input shaft 19 is connected for driving the variator center
      shaft 30 via the pairs of intermeshing gears 150, 152 and 164, 162. The
      overall gear ratio is established to provide a 1:4 step up for converting
      the conventional gallons system to a quarts system and to provide a
      1:3.7857 step up for converting the conventional gallons system to a
      liters system. (A liter is equal to 1.0567 quarts and the difference
      between the described 1:3.7857 gear ratio and the required slightly less
      1:3.7854 gear ratio is accomodated by adjustment of the meter 16 within
      its available adjustment range.) For example, the input and output spur
      gears 150, 158 each have 32 teeth and the intermediate spur gear 152 has
      16 teeth to provide a 1:1 drive ratio for gallons computation with the
      output compound gear 120 in its lower operating position. For converting
      the computer from gallons to quarts computation, the intermediate spur
      gear 164 has, for example 32 teeth and the output spur gear 162 has 16
      teeth. For conversion from a gallon to a liter unit volume measure, the
      gears 150, 152, 158, 164 and 162 could, for example, have 53 teeth, 24
      teeth, 53 teeth, 36 teeth and 21 teeth respectively for selectively
      providing a gallons system (with the available 1:1 drive ratio) and a
      liters system (with the available 1:3.7857 drive ratio).
PAR  With the compound gear 120 in its lower operating position, the upper end
      of the input shaft 19 provides a thrust bearing for supporting the
      compound gear 120. A suitable spring wire ring 170 which is slightly
      radially compressed into a peripheral annulus 172 of the bushing 124 bears
      against the inside surface of the compound gear 120 to frictionally retain
      the compound gear in its lower operating position.
PAR  The compound gear 120 is adapted to be shifted to its alternate upper gear
      setting by manually axially shifting the input shaft 19 upwardly to lift
      the compound gear 120 upwardly until the retaining ring 170 is free to
      snap outwardly slightly to thereby positively hold the compound gear 120
      in its upper operating position. Accordingly, the compound gear 120 cannot
      be shifted back to its lower operating position without removing the gear
      box 110 from the underside of the variator base 111, thereby making the
      conversion irreversible without the permission of the authorities applying
      the seal 142. The input shaft 19 is then manually returned to its lower or
      normal operating position shown. The retaining ring 134 must be removed
      for permitting displacing the input shaft 19 upwardly and, after the shaft
      is returned to its lower operating position, the ring 134 is replaced on
      the shaft 19 and resealed by the proper authorities. The intermediate
      gears 152 and 164 are axially spaced to provide for disengagement of the
      gears 158, 152 before engagement of the gears 162, 164. Also, the variator
      center shaft 30 may be manually rotated slightly back and forth to
      facilitate engagement of the gears 162, 164 as the shaft 19 is shifted
      upwardly to set the gear box 110 at its alternate unit volume measure
      setting.
PAR  Accordingly, with the gear box 110 designed for and set at a 1:4 gear ratio
      for quart computation, the cost counters 38 provide for registering a cost
      which is four times the cost which would be registered by a conventional
      unmodified register. Thus, by setting the variator 20 at one-fourth the
      price of a gallon of fuel and therefore setting the variator at a unit
      volume price for a quart of fuel, the cost counter would then properly
      count and register the cost of fuel. The posted unit volume price provided
      by the variator price wheels 21-23 accordingly becomes a quart unit volume
      price. Also, the volume counters 25 provide for registering a volume which
      is four times the volume given in gallons registered by a conventional
      unmodified register and therefore register the volume of fuel delivered in
      quarts. Accordingly, the register cover plate 180 is therefore suitably
      modified to apply a quart designation to the posted unit volume price and
      volume readout. Since a quart unit volume price is being used to compute
      the cost of the gasoline delivered, the computer price range has in effect
      been expanded by a factor of four and such that the price range of a
      gallon of gasoline (i.e., the posted quart price times a factor of four)
      is extended to 199 and 6/10 cents per gallon with the limited range
      variator previously having a gallon price range to 49 and 9/10 cents and
      to 399 and 6/10 cents per gallon with the greater range variator
      previously having a gallon price range to 99 and 9/10 cents.
PAR  Similarly, with the gear box designed for and set at a 1:3.7857 gear ratio
      for liter computation, the cost counters provide for properly registering
      the cost of the fuel delivered by setting the variator at the appropriate
      liter unit volume price, the variator price wheels 21-23 thereby providing
      for posting a liter unit volume price. The volume counters would then
      register the volume amount of fuel delivered in liters. The variator cover
      plate 180 would be suitably modified to show that the posted price is the
      unit volume price for a liter of fuel and the registered volume is
      provided in liters, and the meter 16 would be adjusted very slightly for
      accurately converting the computer to the liter system.
PAR  The price change from a gallon unit volume price to a unit volume price for
      a quart, liter or other unit measure less than a gallon can therefore be
      made without changing the drive connection between the register 26 and the
      variator center shaft 30 excepting to reduce the cost gear ratio through
      the variator 20 with the variator range arms. Also, the input coupling 5
      is preferably designed as shown to have an elongated coupling slot 9 for
      receiving the transverse drive pin 7 of the drive coupling member 6 which
      permits lifting the input shaft 19 sufficiently to shift the gear box 110
      without disengaging the drive coupling 5.
PAR  In accordance with the present invention, the gear box 110 may be installed
      in conjunction with the replacement of the conventional gallons meter 16
      (having an output shaft 17 driven at the rate of four revolutions per
      gallon) by a quarts, liters or other alternate unit volume measure meter
      (having an output shaft driven at the rate of four revolutions for each
      unit volume measure). In that event, the gear box gearing would be
      established, for example, to provide a 4:1 gear reduction (with a quarts
      meter) or a 3.7857:1 gear reduction (with a liters meter) in the lower
      operating position of the compound gear 120 and a 1:1 gear ratio in the
      upper operating position of the compound gear and whereby the drive ratio
      through the gear box 110 would be 1:1 after the conversion to the
      alternate unit volume measure was made. Of course, other meters could also
      be employed with the gear box by establishing the proper gear ratios with
      the gear box 110.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teaching of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Fuel pump computer conversion means for selectively converting the unit
      volume price and volume registration of a mechanical fuel pump computer
      from a first to a second unit volume measure having a volumetric ratio of
      a:1; the mechanical fuel pump computer having a variator with a base and a
      center shaft with a portion depending below the base adapted to be rotated
      by a fuel meter in accordance with the volume of fuel delivered, the
      variator being settable for establishing each place of a unit volume fuel
      price within a multiple place price range and for registering the unit
      volume price established by the variator setting, and a resettable
      register having at least one volume counter connected to be driven by the
      variator center shaft to register the volume of fuel delivered and at
      least one cost counter connected to be driven by the variator to register
      the cost of fuel delivered in accordance with the registered volume and
      the unit volume price established by the variator setting; the fuel pump
      computer conversion means comprising an auxiliary housing mounted on the
      underside of the base of the variator about said depending center shaft
      portion, a rotary output with center shaft drive means mounted on said
      depending center shaft portion within the housing, a rotary input
      rotatably mounted on the housing to extend therethrough and having input
      drive means inside the housing and an outside extension adapted to be
      rotated by a fuel meter in accordance with the volume of fuel delivered,
      intermediate rotary drive means mounted within the housing for operatively
      connecting the rotary input drive means and the rotary output drive means;
      the input, output and intermediate drive means collectively providing
      settable drive means manually selectively shiftable from externally of the
      housing from a first setting establishing a first drive ratio between the
      rotary input and rotary output, to a second setting establishing a second
      drive ratio between the rotary input and rotary output, the second and
      first drive ratios having a relative drive ratio of a:1 for registering
      with the fuel pump computer in said first setting of the settable drive
      means, the unit volume price and the volume of fuel delivered in said
      first unit volume measure and the cost of fuel delivered in accordance
      with the volume and unit volume price in said first unit volume measure,
      and for registering with the fuel pump computer in said second setting of
      the settable drive means, the unit volume price and the volume of fuel
      delivered in said second unit volume measure and the cost of fuel
      delivered in accordance with the volume and unit volume price in said
      second unit volume measure, and means inside the auxiliary housing for
      preventing manually shifting the settable drive means from its said second
      setting to its said first setting from externally of the housing whereby a
      fuel pump computer converted by the conversion means is operative to be
      manually selectively converted once from externally of the housing, from
      setting a unit volume price in said first to said second unit volume
      measure, register the volume of fuel delivered in the respective unit
      volume measure, and register the cost of the fuel delivered in accordance
      with the registered volume and the unit volume price established by the
      variator setting.
NUM  2.
PAR  2. Fuel pump computer conversion means according to claim 1 wherein one of
      said drive ratios between the rotary input and rotary output is 1:1.
NUM  3.
PAR  3. Fuel pump computer conversion means according to claim 1 wherein said
      first drive ratio is 1:1.
NUM  4.
PAR  4. Fuel pump computer conversion means according to claim 1 wherein said
      rotary output comprises an elongated collar mounted on the depending
      center shaft portion with the collar depending below the center shaft,
      wherein the output drive means comprises output gear means mounted on the
      collar and axially shiftable thereon between a first lower operating
      position at least substantially below the variator center shaft and
      providing said first setting and a second upper operating position
      providing said second setting, wherein the rotary input drive means
      comprises input gear means and wherein the intermediate rotary drive means
      comprises intermediate gear means engageable by the input gear means to be
      driven thereby and selectively engageable by the output gear means as it
      is shifted from its first to its second operating position.
NUM  5.
PAR  5. Fuel pump computer conversion means according to claim 1 wherein the
      rotary output drive means is axially shiftable on the variator center
      shaft from a first to a second operating position thereof to shift the
      settable drive means from its said first setting to its said second
      setting, wherein the rotary input is mounted on the housing substantially
      coaxially with the rotary output and to be axially shiftable between a
      first extended position and a second withdrawn position, the rotary input
      and the rotary output drive means having cooperating means for axially
      shifting the rotary output drive means from its said first operating
      position to its said second operating position by axially shifting the
      rotary input from its said first extended position to its said second
      withdrawn position.
NUM  6.
PAR  6. Fuel pump computer conversion means according to claim 5 wherein the
      rotary input drive means comprises an input drive gear, wherein the
      axially shiftable rotary output drive means comprises an output compound
      gear axially shiftable on the variator center shaft between said first and
      second operating positions, and wherein the intermediate rotary drive
      means comprises intermediate gear means driven by the input drive gear and
      engageable by the output compound gear in its first operating position to
      provide said first drive ratio and by the compound gear in its second
      operating position to provide said second drive ratio.
NUM  7.
PAR  7. Fuel pump computer conversion means according to claim 5 wherein said
      means for preventing manually shifting the settable drive means comprises
      locking means for locking the rotary output drive means in its said second
      axial operating position, the rotary input being shiftable back to its
      first extended position after the rotary output drive means is shifted to
      its said second operating position.
NUM  8.
PAR  8. Fuel pump computer conversion means according to claim 7 wherein said
      outside extension of the rotary input comprises a coupling member for
      connecting the rotary input to a fuel meter and having elongated coupling
      means permitting the rotary input to be axially shifted from its first
      extended position to its second withdrawn position and back to its first
      extended position without disconnecting the rotary input from the fuel
      meter.
NUM  9.
PAR  9. Fuel pump computer conversion means according to claim 1 wherein the
      rotary input is rotatably mounted on the housing with its axis
      substantially parallel to the axis of the variator center shaft, wherein
      the conversion means further comprises a stub shaft fixed within the
      housing with its axis parallel to the rotary input, and wherein the
      intermediate rotary drive means is rotatably mounted on the stub shaft.
NUM  10.
PAR  10. Fuel pump computer conversion means for selectively converting the unit
      volume price and volume registration of a mechanical fuel pump computer
      from a first to a second unit volume measure having a volumetric ratio of
      a:1; the mechanical fuel pump computer having a variator with a base and a
      center shaft with a portion depending below the base adapted to be rotated
      by a fuel meter in accordance with the volume of fuel delivered, the
      variator being settable for establishing each place of a unit volume fuel
      price within a multiple place price range and for registering the unit
      volume price established by the variator setting, and a resettable
      register having at least one volume counter connected to be driven by the
      variator center shaft to register the volume of fuel delivered and at
      least one cost counter connected to be driven by the variator to register
      the cost of fuel delivered in accordance with the registered volume and
      the unit volume price established by the variator setting; the fuel pump
      computer conversion means comprising an auxiliary housing mounted on the
      underside of the base of the variator with said depending center shaft
      portion enclosed therein, a rotary output with center shaft drive means
      mounted on said depending center shaft portion and within the housing, a
      rotary input rotatably mounted on the housing to extend therethrough and
      having input drive means inside the housing and an outside extension
      adapted to be rotated by a fuel meter in accordance with the volume of
      fuel delivered, and intermediate rotary drive means mounted within the
      housing for operatively connecting the rotary input drive means and the
      rotary output drive means; the input, output and intermediate drive means
      collectively providing settable drive means manually selectively shiftable
      from externally of the housing from a first setting establishing a first
      drive ratio between the rotary input and rotary output, to a second
      setting establishing a second drive ratio between the rotary input and
      rotary output, the second and first drive ratios having a relative drive
      ratio of a:1 for registering with the fuel pump computer in said first
      setting of the settable drive means the unit volume price and the volume
      of fuel delivered in said first unit volume measure and the cost of fuel
      delivered in accordance with the volume and unit volume price in said
      first unit volume measure, and for registering with the fuel pump computer
      in said second setting of the settable drive means the unit volume price
      and the volume of fuel delivered in said second unit volume measure and
      the cost of fuel delivered in accordance with the volume and unit volume
      price in said second unit volume measure, the rotary output drive means
      being axially shiftable on the variator center shaft from a first to a
      second operating position thereof to shift the shiftable drive means from
      its said first setting to its said second setting, means for retaining the
      rotary output drive means in its second operating position, the rotary
      input being mounted on the housing substantially coaxailly with the rotary
      output and to be axially shiftable from a first extended normal position
      to a second withdrawn position and back to its first extended normal
      position, the rotary input and the rotary output drive means having
      cooperating means for axially shifting the rotary output drive means from
      its said first operating position to its said second operating position by
      axially shifting the rotary input from its said first extended normal
      position to its said second withdrawn position.
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ABST
PAL  A counter for measuring apparatus such as a water meter or the like
      includes a first number wheel for a low decade; a drive shaft for driving
      the first number wheel; an additional number wheel for values of a lowest
      decade; a clutch coupling for coupling the additional number wheel to the
      drive shaft; and, a cam mechanism for aligning the number wheels. The cam
      mechanism includes a rotatable cam shaft for actuating a first pawl for
      engaging an alignment star of the first number wheel and an additional
      pawl for engaging an alignment star of the additional number wheel. The
      cam shaft is configured so as to first cause the additional pawl to engage
      the alignment star of the additional number wheel, and then, to cause the
      first pawl to engage the alignment star of the first number wheel when the
      cam shaft is rotated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a counter, particularly for liquid meters, which
      includes a first number wheel that can be driven by a drive shaft and is
      provided for values of a low decade. With this first number wheel are
      associated further number wheels for values of higher decades and an
      additional number wheel for values of a lowest decade. The driven first
      number wheel and the additional number wheel are each provided with an
      alignment star with which a corresponding pawl is brought into engagement
      for aligning the number wheel by a cam control mechanism when a handle is
      operated.
PAR  A counter of this kind is disclosed in German Patent 926,049 wherein, upon
      rotation of the drive shaft, only the number wheel for a low decade which
      can be driven by the drive shaft, and if applicable, further number wheels
      for values of higher decades are driven. An additional number wheel for
      values of a lowest decade remains in the rest position. Only when the
      drive shaft has come to a standstill (in the case that the known counter
      is connected with a liquid meter, this will be as a rule when a given
      quantity of liquid has been delivered), is a gear drive brought into
      engagement with the driven number wheel as well as with the additional
      number wheel through the operation of a handle. In addition, pawls drop
      into alignment stars of the driven number wheel and of the additional
      number wheel, this action being caused by a cam control mechanism when a
      handle is operated. Consequently, an alignment of the two number wheels is
      achieved in such a manner that they assume a position suitable for
      printing, which is such that after alignment, the individual numerals on
      the number wheels are in one line and therefore give a readable printout
      upon printing.
PAR  This known counter presents difficulties insofar as, after the driven
      number wheel is set by the drive shaft, a setting of the additional number
      wheel corresponding to the intermediate values at the driven number wheel
      must be accomplished in the alignment in a very short time by the
      operation of the handle. Large accelerations therefore occur in the
      alignment. In order to avoid damage to the mechanical parts, they must be
      made of relatively high-quality material, which causes a not
      inconsiderable extra expenditure.
PAR  Similar difficulties are encountered in the manufacture of another printing
      counter (German Patent 1,144,957) wherein an indicating number wheel that
      rotates the fastest sets a printing cylinder associated with it, which
      serves to print out the value of the integral numbers on the one hand
      accordingly, and on the other hand, drives an alignment mechanism which at
      first is idling along, at a fraction of the 1:10 transmission required
      overall. Although this counter is advantageous in view of the loading of a
      measuring device connected through the drive shaft, because it needs to
      supply only a relatively small torque for setting the counter due to the
      initially idling-along alignment mechanism, the problems already described
      above require relatively expensive materials also in this counter so that
      the manufacture also of this known counter becomes relatively expensive.
PAR  It is therefore an object of the invention to provide a counter wherein the
      alignment of the number wheels for the purpose of a clear readout of the
      counter setting is achieved also with regard to the values of the lowest
      decade notwithstanding the use of relatively inexpensive materials such as
      plastics.
PAC  SUMMARY OF THE INVENTION
PAR  To achieve the above object, the additional number wheel of a counter of
      the kind described in the foregoing is in driving connection with the
      drive shaft by means of a gear drive with a clutch interposed. When the
      handle is operated, a pawl first engages by means of a cam of the cam
      control mechanism with the alignment star of the additional number wheel
      and subsequently, controlled by a further cam of the cam control
      mechanism, a further pawl engages with the alignment star of the driven
      first number wheel.
PAR  In the counter according to the invention, the driven first number wheel
      and the additional number wheel are thus driven in parallel, as seen from
      the drive shaft, in that the drive shaft drives the first number wheel
      directly and drives the additional number wheel by means of a clutch and a
      gear train, the first number wheel being for values of a low decade and
      the additional number wheel for values of a lowest decade. In this way and
      with the clutch, it becomes possible to align the first number wheel which
      is driven and the additional number wheel separately from each other or
      sequentially. Because the additional number wheel co-rotates when the
      drive shaft rotates, no strong acceleration is exerted during the
      alignment on the parts of the gearing which are in direct connection with
      the additional number wheel. The additional number wheel, as also the
      first number wheel, need to be rotated in the one or the other direction
      by only maximally 18.degree. during alignment in order to effect the
      alignment. The alignment therefore causes no great stresses of a
      mechanical kind, so that the counter accordng to the invention can be
      manufactured of plastic as far as all the number wheels and the gears
      connecting them are concerned. The problem of additional load of a
      measuring device connected to the counter through the drive shaft can be
      solved by optionally supporting the number wheels and gears on bearings.
PAR  The additional number wheel, which is driven with a transmission rate of
      1:10 relative to the driven first number wheel, need not be connected
      directly with the drive shaft through the gear train and the clutch, but
      may also be connected with the driven first number wheel.
PAR  The clutch is preferably a jaw clutch and is advantageously provided with a
      spring which prevents a predetermined radial play of the clutch halves in
      drive direction and makes possible, after the alignment of the number
      wheel and after the readout of the values, the setting of the number wheel
      to the originally assumed position; the spring acts as a distance storage
      device to reproduce again adjusted values after the alignment.
PAR  Also the drive shaft is connected by means of a clutch with a connected
      measuring device so that an alignment of the driven first number wheel,
      which is directly connected with the drive shaft, can be performed without
      damage to the connected measuring device.
PAR  The counter according to the invention enables setting an additional number
      wheel with alignment for the values of a lowest decade, for example,
      tenths, without a requirement for expensive materials and demanding
      manufacture for the corresponding parts of the counter.
PAR  Although the invention is illustrated and described herein as a counter for
      measuring apparatus such as a water meter or the like, it is nevertheless
      not intended to be limited to the details shown, since various
      modifications may be made therein within the scope and the range of the
      claims. The invention, however, together with additional objects and
      advantages will be best understood from the following description and in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a perspective schematic diagram showing the counter
      according to the invention and its cam mechanism for aligning the
      pertinent number wheels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMNTS OF THE INVENTION
PAR  The counter shown contains a drive shaft 1, on which a gear 2 is fastened.
      The gear 2 is in engagement with a driveable number wheel 3 for values of
      a low decade. The driven number wheel 3 is connected through intermediate
      gears 4 with further number wheels for higher decades, of which only one
      further number wheel 5 is shown.
PAR  The driven number wheel 3 drives a gear 6 of a gear drive assembly 7. The
      gear 6 drives a further gear 9 through a clutch 8. The clutch 8 consists
      of two clutch halves 10 and 11 which mutually coact with radial play. A
      spring 12 assures that positive engagement of the clutch prevails if the
      gear 6 is driven in the direction of the arrow shown. The further gear 9
      drives an additional gear 13 on a shaft 14, on which also an additional
      number wheel 15 for values of a lowest decade is attached. On the shaft 14
      is also provided an alignment star 16. A further alignment star 17 is
      connected with the number wheel 3.
PAR  The counter further includes a cam shaft 18 which can be rotated by a
      handle 40 and on which a cam 19 and a further cam 20 are mounted; the two
      cams 19 and 20, together with the cam shaft 18, form a cam control
      mechanism. Against the cam 19 rests a pawl 21 with its one end 22, which
      is pressed against the cam 19 under the action of a spring 23. In the
      position of the cam 19 shown, the tip 24 of the pawl 21 is thereby held
      out of engagement with the alignment star 16.
PAR  Similarly, one end 25 of a further pawl 26 rests against the further cam 20
      under the action of a spring 27. The tip 28 of the further cam 26 is in
      the rest position out of engagement with the further alignment star 17 of
      the number wheel 3.
PAR  If, by means of stopping the drive shaft 1, there occurs a setting of the
      number wheel 3, the further number wheels 5 and the additional number
      wheel 15, then, a rotation of the cam shaft 18 causes first, through cam
      19, the tip 24 of the pawl 21 to be brought into engagement with the
      alignment star 16 whereby, depending on the position of the alignment
      star, the additional number wheel 15 is displaced in the direction of the
      arrow 29 with round-off upward or in the opposite direction, rounding-off
      downward. The cam shaft 18 can be rotated by operating a handle 40.
PAR  After the additional number wheel 15 is aligned, the further pawl 26,
      controlled by the further cam 20, is brought with its tip 28 into
      engagement with the alignment star 17 whereby an alignment of the number
      wheel 3 is achieved in a direction opposite to that indicated by arrow 30.
      This alignment is to the pertinent whole value; that is for example, in
      the case of a value 7.9, to the whole value 7, the value 9 having been
      fixed by the alignment star 16 on the additional number wheel 15. The
      displacement of the further number wheel 3 by the alignment star 17 is
      made possible by the clutch 8 with the spring 12 because a displacement of
      the number wheel 3 in the direction opposite to the arrow 30 is made
      possible by the play of the two clutch halves 10 and 11. With the
      alignment of the number wheel 3, the further number wheels 5 for values of
      higher decades are correspondingly aligned through the intermediate gear
      4.
PAR  If the number wheels are each provided with ten printing types at their
      circumference, a perfect printout of the count of the counter can be made
      after the alignment. Instead of print type, the individual number wheels
      can also be provided, however, with magnetic or optical coding at their
      circumference or at the sides. It is also possible, of course, to drive
      with the number wheels always other number wheels, to permit not only a
      printout but also a readout in the form of coded data for the purpose of
      data processing or telemetering. With the number wheel can also be
      connected display wheels, to permit the operating personnel to read the
      counter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A counter for measuring apparatus such as a water meter or the like
      comprising: a first number wheel for a low decade; a drive shaft for
      driving said first number wheel; an additional number wheel for values of
      a lowest decade; clutch-coupling means for clutch coupling said additional
      number wheel to said drive shaft; a first alignment star corresponding to
      said first number wheel and an additional alignment star corresponding to
      said additional number wheel; and, a cam mechanism for aligning said
      number wheels including: a rotatable cam shaft having a first cam disc and
      an additional cam disc mounted thereon; a first pawl mounted so as to be
      actuable by said first cam for engaging said first alignment star to align
      said first number wheel when said cam shaft is rotated; and, an additional
      pawl mounted so as to be actuable by said additional cam for engaging said
      additional alignment star to align said additional number wheel when said
      cam shaft is rotated; said cams being mounted on said cam shaft so as to
      first cause said additional pawl to engage said additional alignment star,
      and then, to cause said first pawl to engage said first alignment star
      when said cam shaft is rotated.
NUM  2.
PAR  2. The counter of claim 1 comprising: further number wheels for respective
      higher decades, said further number wheels being mounted so as to be
      rotatable by the action of said drive shaft.
NUM  3.
PAR  3. The counter of claim 2, said clutch-coupling means comprising: a
      rotatable clutch including a first clutch part and an additional clutch
      part; first gear means for gear connecting said first clutch part to said
      drive shaft; and, additional gear means for connecting said additional
      number wheel to said additional clutch part.
NUM  4.
PAR  4. The counter of claim 3, said first gear means including gear means for
      gear connecting said first clutch part directly to said first number wheel
      whereby said additional number wheel is connected to said first number
      wheel.
NUM  5.
PAR  5. The counter of claim 3, said first clutch part and said additional
      clutch part being configured to conjointly define a predetermined amount
      of radial play, said clutch including a spring connecting said clutch
      parts for holding said parts to preclude the same from moving relative to
      each other by the amount of said play when said clutch is rotated in the
      drive direction and for allowing said number wheels to be placed in their
      original position after said alignment.
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ABST
PAL  A process for drawing in and compressing gases and mixing the same with
      liquid material, wherein the gases are first premixed with one or more
      liquid jets at a velocity of from 10 to 70 m/sec, the smallest
      cross-sectional area of the mixing nozzle being at a distance from the
      propulsive jet which is equal to from 1 to 10 times the smallest hydraulic
      diameter of the mixing nozzle, which smallest cross-sectional area of the
      mixing nozzle is equal to from 1.5 to 15 times the smallest
      cross-sectional area of the propulsive jet. The two-phase liquid mixture
      is passed through the mixing nozzle to the narrowest point of an impulse
      exchange tube disposed in the liquid medium, which impulse exchange tube
      is open at its inlet and outlet and is preferably provided with a
      diffuser. The smallest cross-sectional area of the impulse exchange tube
      is equal to from 1.2 to 20 times the smallest cross-sectional area of the
      mixing nozzle and the length of the impulse exchange tube is up to 20
      times its smallest hydraulic diameter.
BSUM
PAR  This invention relates to a process for drawing in and compressing gases
      and mixing the same with liquid material, i.e. for oxidation in liquid
      phase with air.
PAR  When reactions are carried out between liquids and gases, the two reactants
      must be mixed together as thoroughly as possibly, since the rate of the
      reaction is usually directly determined by the rate of gas absorption by
      the liquid. For this reason, a number of processes have been developed for
      mixing gases and liquids, and the choice of process mainly depends on the
      operating conditions such as pressure and temperature and on the type of
      chemical reaction involved. One of the most recent developments in this
      field is the multi-stream ejector disclosed in a number of publications
      (Chem.-Ing.-Techn., 42nd Year, 1970, No. 7, pp. 474 to 479; loc. cit., No.
      14, pp. 921 to 926). In this apparatus, the gas is dispersed in the field
      of shear forces between a very fast jet of liquid and liquid flowing
      slowly through an impulse exchange chamber, by which means a large
      interfacial area is produced. In addition to the liquid pump for producing
      the propulsive jet, compressors are required for compressing the gases to
      the reactor pressure. particularly in high pressure reactors, in which a
      portion of the gas escapes unconsumed at the top of the reactor and must
      be recompressed and re-fed to the reactor, the use of such recycle gas
      compressors operating at high pressures involves high expense. For this
      reason, ejectors are frequently used for compressing and conveying the
      gases. In such devices, also known as jet pumps, gas is drawn in by a fast
      jet of liquid and is mixed with the liquid in a usually cylindrical tube.
      Compression of the gas takes place both in the cylindrical mixing tube and
      in the diffuser connected thereto. At low pressures, the energy efficiency
      obtained is of the order of 20%. For a given energy consumption, the
      interfacial area produced with ejectors is much smaller than that produced
      in an ejector/impulse exchange tube arrangement, since in the former the
      gas only contacts the liquid jet, whereas in the latter reactor liquid is
      drawn into the impulse exchange chamber in an amount which is many times
      greater than the amount of liquid in the liquid jet. Moreover, a large
      portion of the energy of the liquid jet of an ejector is converted to heat
      by friction against the wall of the mixing tube without having contributed
      to the mixing operation, whilst in a multi-stream ejector virtually all of
      the energy is dissipated in the impulse exchange chamber and thus utilized
      for gas distribution. Although the multi-stream ejector is superior as
      regards the optimum production of interfacial area, it still suffers from
      the above drawback of itself not being able to draw in and convey gas.
PAR  For this reason, an apparatus referred to below as a "multi-stream jet
      pump" has been developed by means of which gas can be drawn in and
      conveyed as with an ejector, whilst a high interfacial area can be
      produced as in multi-stream ejectors. Under identical operating
      conditions, energy efficiencies for gas compression are obtained which, at
      30%, are about 50% higher than in the case of ejectors alone.
PAR  The invention relates to a process for drawing in gases and mixing the same
      with liquid in one such apparatus, wherein
PA1  a. the gases are premixed in a mixing nozzle with one or more liquid jets
      traveling at a velocity of from 10 to 70 m/sec,
PA1  b. the smallest cross-sectional area of the mixing nozzle is situated from
      the propulsive nozzle at a distance which is equal to from 1 to 10 times
      the smallest hydraulic diameter of the mixing nozzle and
PA1  c. the said smallest cross-sectional area of the mixing nozzle is equal to
      from 1.5 to 15 times the smallest cross-sectional area of the propulsive
      nozzle,
PA1  d. the two-phase liquid/gas mixture emerging from this mixing nozzle is
      passed to the most constricted portion of an impulse exchange tube which
      is present in the liquid medium, is open at its inlet and outlet ends and
      is preferably provided with a diffuser, and
PA1  e. the smallest cross-sectional area of the impulse exchange tube is equal
      to from 1.2 to 20 times the smallest cross-sectional area of the mixing
      nozzle and the length of the impulse exchange tube is equal to from 0 to
      20 times its smallest hydraulic diameter.
PAR  Advantageously, the gas is premixed in a short mixing nozzle with the
      propulsive jet traveling at a velocity of from 20 to 50 m/sec. Such mixing
      may be effected by a jet showing a twist as produced by means of a twist
      guide or a tangential liquid feed, or by the subdivision of the propulsive
      liquid into a number of individual jets. The best conditions prevail when
      the smallest cross-section of the mixing nozzle is from 1.5 to 15 times
      and preferably from 3 to 10 times greater than the smallest
      cross-sectional area of the propulsive nozzle or nozzles. The gas, thus
      premixed with liquid, is then passed to an impulse exchange chamber which
      is open at both ends and is disposed in the liquid medium. The impulse
      exchange with the very fast liquid/gas mixture causes a second and slower
      stream of liquid to be drawn in and mixed with said mixture. We have found
      that the best mechanical efficiencies in gas compression are achieved when
      the mixing tube passes the gas/liquid mixture to the most constricted part
      of the impulse exchange tube, since at this point the liquid drawn in
      attains maximum velocity prior to impulse exchange and thus, according to
      hydrodynamic laws, provides minimum static pressure. This static pressure,
      which is lower than the reactor pressure, is built up by impulse exchange
      in the preferably cylindrical impulse exchange tube and also by conversion
      of kinetic energy to static energy in a diffuser located downstream of the
      impulse exchange tube. The most constricted cross-sectional area of the
      impulse exchange tube should be from 1.2 to 20 times and preferably from
      1.5 to 4 times the smallest cross-sectional area of the mixing nozzle and
      the length of the impulse exchange tube should be from 0 to 20 times and
      preferably from 2 to 10 times its smallest hydraulic diameter. By
      hydraulic diameter we mean the diameter of a cylindrical tube which, for a
      given throughput and given length, gives the same pressure loss as the
      said impulse exchange tube.
PAR  The process of the invention for compressing gases by means of one or, if
      desired, a plurality of very fast liquid jets substantially differs from
      the principle of operation of normal ejectors. In the latter, only the
      propulsive liquid is mixed with the sucked-in gas in a usually cylindrical
      mixing tube, the gas being entrained by the liquid. Compression of the gas
      is effected solely by the deceleration of the liquid both in the mixing
      tube and in the diffuser usually located downstram thereof. In our novel
      process, however, the passage of liquid and gas together to the narrowest
      portion of the open-ended impulse exchange tube causes a second stream of
      liquid to be drawn in and strongly accelerated, as a result of which there
      is a pressure drop at this point almost down to the level of the suction
      pressure of the gas. Downstream of the mixture tube, in which the gas
      pressure is raised only slightly, there is a sudden interchange of the
      disperse phases due to the stream of liquid drawn in, with the result that
      the gas is entrained in the form of fine bubbles virtually without slip.
      Subsequent compression by the conversion of kinetic energy into
      compression energy in the diffuser is more efficiently effected than in
      ejectors on account of the greater amount of liquid involved. A further
      advantage is that the flow losses caused by wall friction are smaller in
      the impulse exchange tube for a given throughput on account of the slower
      flow velocity therein due the fact that the diameter of the impulse
      exchange tube is greater than that of the mixing tube of normal ejectors.
      Thus in the process of the invention it is possible to achieve energy
      efficiencies in gas compression which are up to 70% higher than in
      ejectors. Moreover, the energy of dissipation produces much greater
      interfacial areas between gas and liquid in the same way as multi-stream
      ejectors.
PAR  Thus the invention combines the advantages of multi-stream ejectors (high
      specific interfacial area) with the advantages of normal ejectors (gas
      compression) whilst avoiding the drawbacks of the individual systems, e.g.
      no gas-sucking action in multi-stream ejectors and poor utilization of the
      energy of dissipation in the production of interfacial areas in ejectors.
DRWD
PAR  FIGS. 1 and 2 of the accompanying drawings illustrate the mode of operation
      of the invention; and
PAR  FIG. 3 is a graphical illustration of the comparative suction tests given
      in Example 2 below.
DETD
PAR  The liquid is fed at point 1 and caused to rotate at a point just upstream
      of the propulsive jet 2 by means of the twist guide 3 and is mixed in the
      mixing nozzle 4 with the gas sucked in through inlet 5. This liquid/gas
      mixture is fed to the most constricted part of the impulse exchange tube
      6, as a result of which a second stream of liquid 8 is drawn in from the
      liquid tank 7. In the diffuser 9, the liquid/gas mixture is compressed to
      the reactor pressure. The resulting mixture leaves the tank through line
      10.
PAR  FIG. 1 shows a multi-stream jet pump installed vertically in a reactor. As
      in the case of multi-stream ejectors, it is possible, when using the said
      pump, to produce controlled liquid circulation on the principle of the
      air-lift by using an insert tube 11.
PAR  In FIG. 2, the multi-stream jet pump is used as a recycle gas pump. Fresh
      gas is fed to the reactor 7 through line 12 and is sucked in and dispersed
      by the pump operating in the downward direction. The unconsumed gas
      passing into the gas chamber 13 is resucked into the liquid together with
      fresh gas, such re-entry of the unconsumed gas being effected through the
      suction inlet 5.
PAC  EXAMPLE 1
PAR  In a reactor of the kind shown in FIG. 1 (without insert tube 11) and
      having a diameter of 300 mm and a height of 2 m, sodium sulfite was
      oxidized with air in aqueous solution in the presence of cobalt as
      catalyst. The air feed was effected by means of a multi-stream jet pump
      having the following dimensions:
TBL  Diameter of jet nozzle 2                                                  
                           6       mm                                          
     diameter of twist guide 3                                                 
                           26      mm                                          
     external angle of twist of the                                            
     twist guide           30.degree.                                          
     diameter of mixing nozzle 4                                               
                           14.7    mm                                          
     length of mixing nozzle over                                              
     cylindrical portion   10      mm                                          
     distance between the outlet of                                            
     the mixing nozzle and that of                                             
     the propulsive nozzle 40      mm                                          
     diameter of impulse exchange tube                                         
                           20.8    mm                                          
     length of impulse exchange tube                                           
                           104     mm                                          
     angle of taper of diffuser                                                
                           5.degree.                                           
     diameter of diffuser at outlet                                            
     end                   41.6    mm                                          
PAR  To produce a propulsive jet having a velocity of 20 m/sec, the solution was
      withdrawn from the top of the reactor at a rate of 2 m.sup.3 /h and fed to
      nozzle 2. At an absolute suction pressure of the gas of 0.95 bar, air was
      conveyed to the reactor at a rate of 4.8 m.sup.3 /h (S.T.P.). The catalyst
      concentration was 2.7 .times. 10.sup.-.sup.4 kmole/m.sup.3 of cobalt and
      the temperature of the solution was 20.degree.C. 77% of the atmospheric
      oxygen provided was converted.
PAR  If, however, a conventional ejector as described below is installed in the
      same reactor as that used in Example 1 and operated under the same
      conditions, the oxygen conversion obtained is lower even at higher pumping
      rates:
TBL  Jet nozzle as in Example 1                                                
     diameter of mixing tube 14.7    mm                                        
     length of mixing tube   74      mm                                        
     angle of taper of diffuser                                                
                             5.degree.                                         
     diameter at outlet end of the diffuser                                    
                             29.4    mm                                        
PAR  In order to draw in the same amount of air, i.e. 4.8 m.sup.3 /h (S.T.P.),
      it is necessary to pump 2.4 m.sup.3 /h of solution through the nozzle.
      This means that the pumping rate must be increased by 70%. Despite this
      higher energy output, the oxygen in the sucked-in air is converted only to
      an extent of 73%, i.e. the total conversion is 5% less than that obtained
      in the jet pump of the invention.
PAC  EXAMPLE 2
PAR  Using the multi-stream jet pump described in Example 1 and the conventional
      ejector described in Example 1 comparative suction tests were carried out
      in a tank filled with water, the diameter of the tank being 300 mm and its
      height 2.2 m. In FIG. 3, the ratio of the drawn-in volume of air V.sub.L
      to the volume of propulsive jet V.sub.W is plotted against the pressure
      increase of the gas .DELTA.p.sub.L divided by the pressure loss of the
      propulsive nozzle .DELTA. p.sub.t and thus rendered dimensionless. It is
      clearly seen that over the entire range tested, in which the maximum
      efficiencies of both devices occur, the jet pump (A) is superior to the
      ejector (B). For given operating conditions, the volume of entrained gas
      may be up to 70% more in the case of the invention. The maximum energy
      efficiencies are 30% for the multi-stream pump and only 17% for the
      ejector.
PAC  EXAMPLE 3
PAR  When 2 m.sup.3 /h of water are pumped through the propulsive nozzle 2 of
      the jet pump described in Example 1, 4.8 m.sup.3 /h of air (S.T.P.) at a
      suction pressure of 0.95 bar are compressed by 0.25 bar and conveyed to
      the reactor 7. The volume of air conveyed by the same jet pump under the
      same operating conditions is diminished to 2.1 m.sup.3 /h (S.T.P.) when
      the distance between the outlet of the mixing nozzle 4 and the smallest
      cross-section at the inlet of the impulse exchange tube 6 is 10 mm. This
      is equivalent to an output drop of 54%.
PAC  EXAMPLE 4
PAR  If the jet pump described in Example 1 is used without the twist guide 3,
      only 0.85 m.sup.3 /h of air (S.T.P.) are entrained under the same
      conditions as described in Example 3, i.e. the volume of air is 82% less
      than when the twist guide is used.
PAC  EXAMPLE 5
PAR  Using the ejector jet mixer of Example 1, but without diffuser 9, under the
      operating conditions of Example 3, 1.8 m.sup.3 /h of air (S.T.P.) are
      pumped into the reactor. The output drop is 42%.
PAC  EXAMPLE 6
PAR  The jet pump may also be operated, at an output drop of 17%, without the
      use of the impulse exchange tube 6 but with the diffuser 9 and tangential
      feed. The volume of air pumped into the reactor is 4 m.sup.3 /h (S.T.P.),
      which is still 38% higher than that extrained by the conventional ejector
      of Example 2 which, when operated under the conditions described in
      Example 3, pumps only 2.9 m.sup.3 /h of air (S.T.P) into the reactor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for drawing in and compressing gases and mixing the same with
      liquid, comprising the steps in which
PA1  a. the gases are premixed in a mixing nozzle with one or more liquid jets
      traveling at a velocity of from 10 to 70 m/sec,
PA1  b. the smallest cross-sectional area of the mixing nozzle is situated from
      the propulsive nozzle at a distance which is equal to from 1 to 10 times
      the smallest hydraulic diameter of the mixing nozzle and
PA1  c. the said smallest cross-sectional area of the mixing nozzle is equal to
      from 1.5 to 15 times the smallest cross-sectional area of the propulsive
      nozzle,
PA1  d. the two-phase liquid/gas mixture emerging from this mixing nozzle is
      passed to the most constricted portion of an impulse exchange tube which
      is present in the liquid medium, is open at its inlet and outlet ends and
      is preferably provided with a diffuser, and
PA1  e. the smallest cross-sectional area of the impulse exchange tube is equal
      to from 1.2 to 20 times the smallest cross-sectional area of the mixing
      nozle and the length of the impulse exchange tube is equal to from 0 to 20
      times the smallest hydraulic diameter.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein a substantial percentage of the
      gas compression is effected by impulse exchange between the liquid jet
      mixed with sucked-in air and the circulated slower stream of liquid in the
      impulse exchange tube, the velocity energy formed being converted in the
      diffuser.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein mixing of the sucked-in gases
      with the propulsive liquid in the mixing nozzle is assisted by the
      presence of a twist in the liquid, this being produced either by an
      appropriate twist guide or by tangential feed of the liquid, upstream of
      the propulsive jet.
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ABST
PAL  An electrostatic spray gun for liquid paint has its nozzle formed in a
      sintered material that consists of an electrically non-conductive matrix,
      e.g. polytetrafluoroethylene, with conductive particles, e.g. bronze
      powder, dispersed in the matrix. The rear end of the nozzle is connected
      to high voltage, and the annular front surface around the paint discharge
      orifice in the nozzle is machined so that it shows a lot of such bronze
      particles that form point electrodes for producing air ions. The paint is
      dispersed by air jets and the air ions attach to the paint particles.
BSUM
PAR  This invention relates to electrostatic spray guns, and more particularly
      to an improved nozzle for such spray guns.
PAC  BACKGROUND OF THE INVENTION
PAR  It has been found that the best way to impart an electrostatic charge to
      paint is to produce air ions that are intimately mixed with the paint
      particles that can be either liquid or solid. To this end, needle
      electrodes connected to a high voltage source have been used in prior art
      electrostatic spray guns. The best result seems to have been achieved when
      a sole properly located needle electrode has been used. Alternatively, the
      paint nozzle itself has been utilized as an electrode in some prior art
      spray guns. In such a case, the nozzle has been made of a metal and
      connected to high voltage. This is a more robust construction but it is
      not as efficient as the ones having needle electrodes. In one prior art
      spray gun for liquid paint, a sole needle electrode extends axially
      through the discharge orifice of the nozzle. Although its charging
      properties are good, the electrode has disadvantages. One major
      disadvantage is that the paint pattern is seriously biased as soon as the
      needle is not quite coaxial with the discharge orifice.
PAR  It is an object of the invention to provide electrostatic spray guns which
      efficiently charge the liquid or solid paint particles and which withstand
      rough handling without their charging efficiency becoming decreased.
      Another object is to provide a simple and reliable connection of high
      voltage to the charging electrodes of an electrostatic spray gun.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a nozzle for an electrostatic
      spray gun consists of a non-conductive matrix having electrically
      conductive particles dispersed therein. An annular surface of the nozzle
      around the paint discharge orifice includes a plurality of exposed
      conductive particle surfaces forming a plurality of electrodes for
      producing air ions. A plurality of the exposed conductive particle
      surfaces comprise a substantial portion of the maximum cross-section of
      the respective particle, the exposed particle surfaces being substantially
      coplanar with the immediately adjacent surface of the non-conductive
      matrix material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is further described with reference to the accompanying
      drawings in which an electrostatic spray gun intended for liquid paint is
      shown by way of example. The invention can be applied also to an air-less
      spray gun and to a powder spray gun although such embodiments are not
      illustrated.
PAR  FIG. 1 is a side view, partly in section, of the spray gun,
PAR  FIG. 2 is a longitudinal section, at a larger scale, through the forward
      portion of the spray gun shown in FIG. 1.
PAR  FIG. 3 is a fragmentary front view at a still larger scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The spray gun shown in the Figures is intended for liquid paint that is
      dispersed by air jets. It comprises generally an electrically conductive
      rear portion 11 that forms a grounded handle and a barrel-formed portion
      12. The barrel-formed portion 12 comprises a cylindrical housing 13 that
      is affixed to the handle 11 by means of screws. A cylindrical body 14 is
      held in the housing by means of a nut 15 and another nut 16 clamps an air
      nozzle 17 to the cylindrical body 14. The cylindrical housing 13, the nuts
      15, 16 and the air nozzle 17 are made of an electrically insulating
      plastic material.
PAR  As shown in FIGS. 2, a paint nozzle 18 is screwed into the cylindrical body
      14 and it has a flange 19 that is clamped between a support ring 20 and
      the air nozzle 17. A plurality of axial holes 21 extend through the flange
      19. The paint nozzle 18 has a forward extension 22 that extends through a
      central hole 23 in the air nozzle 17 with an annular gap 24 thereto. There
      is a paint discharge orifice 25 in the extension 22 so that the paint
      nozzle 18 will form an annular forward-directed surface 26 around the
      discharge orifice. The gap 24 and a plurality of holes 27 in the air
      nozzle 17 are supplied with air from an annular chamber 28. Another
      annular chamber 29 supplies air to obliquely inward-directed passages 30
      in two horns 31 on the air nozzle 17. An axial and axially slidable rod 32
      of electrically insulating plastic material has a coned tip 33 that forms
      a paint valve with a coned seat 34 formed inside the paint nozzle 18 close
      to the discharge orifice 25. The interior of the paint nozzle 18 is
      supplied with paint through an external hose 35, a hose fitting 36, a hose
      37 inside the handle 11 and a passage 38 (FIG. 2) through the cylindrical
      body 14. The rod 32 extends through a packing 39 that prevents leakage.
PAR  The paint nozzle 18 is machined from a sintered body that consists of an
      electrically non-conductive matrix, e.g. polytetrafluoroethylene, with
      electrically conductive particles, e.g. bronze particles or graphite
      particles, dispersed therein. Since the annular surface 26 is machined
      after the sintering, it will show a high number of conductive particles
      which form electrode points. The rear end of the paint nozzle 18 is
      connected to an outer source of high voltage through a shielded cable 40,
      a safety impedance 41 and two screws 42, 43 and the paint nozzle conducts
      itself the high voltage to its annular electrode forming surface 26. It is
      not necessary that the conductive particles in the matrix be in direct
      contact with each other.
PAR  Air is suppled through a hose 44 to an inlet chamber 45 in the handle. When
      a trigger 46 is pulled, it pulls the rod valve 32 backwards against the
      action of a spring 47 and it also opens an air valve 48 that admits air to
      a passage 49 that leads to an annular chamber 50 -- that, as shown in FIG.
      2, communicates with the annular chamber 28 by means of the holes 21 --
      and to another non-illustrated passage that leads to the annular chamber
      29. The air through the circular gap 24 and through the holes 27 disperses
      the liquid paint into fine particles and the electrode points in the
      annular surface 26 around the discharge orifice 25 produce air ions that
      attach to the paint particles. The air through the horns 31 flattens the
      paint spray. The air to the annular chamber 29 and thereby to the horns 31
      can be shut off by a manually controlled valve 51 when a round pattern
      instead of a flat pattern is desired.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Electrostatic spray gun comprising a paint nozzle with a paint discharge
      orifice, means to convey paint to the paint nozzle, and means coupling
      high voltage to the paint nozzle, said nozzle comprising a body consisting
      essentially of a non-conductive matrix and a large number of electrically
      conductive particles dispersed therein, said body having an annular
      surface around the paint discharge orifice which includes a plurality of
      exposed particle surfaces forming a plurality of electrodes for producing
      air ions, a plurality of said exposed particle surfaces comprising a
      substantial portion of the maximum cross-section of the respective
      particle, the exposed particle surfaces being substantially coplanar with
      the immediately adjacent surface of said non-conductive matrix.
NUM  2.
PAR  2. Spray gun according to claim 1, wherein said annular surface is
      concentric with said discharge orifice.
NUM  3.
PAR  3. Spray gun according to claim 1 for liquid paint that is dispersed by an
      air flow, wherein said gun includes an air nozzle of electrically
      non-conductive material having an opening therein, and wherein said body
      extends with an annular portion through said opening so as to form an air
      gap between the air nozzle and said annular portion for dispersing air, a
      front surface of said annular portion forming said annular surface with
      said electrodes.
NUM  4.
PAR  4. Spray gun according to claim 1, wherein said discharge orifice is formed
      directly in said body.
NUM  5.
PAR  5. Spray gun according to claim 3, wherein said discharge orifice is formed
      directly in said body.
NUM  6.
PAR  6. Spray gun according to claim 1, wherein said body is a sintered body and
      wherein said surface is a machined surface which is machined after the
      sintering in order to obtain said electrodes.
NUM  7.
PAR  7. Spray gun according to claim 6, wherein said sintered body consists of
      an electrically conductive powder in a matrix of polytetrafluoroethylene.
NUM  8.
PAR  8. Spray gun according to claim 7, wherein said powder is a bronze powder.
NUM  9.
PAR  9. Spray gun according to claim 4, wherein said gun includes an axially
      movable rod that is coaxial with the discharge orifice and wherein said
      body has an internal seat behind said discharge orifice, said seat forming
      a valve for the paint together with said axially movable rod.
NUM  10.
PAR  10. Spray gun according to claim 9 wherein said seat is conical and said
      rod has a conical portion cooperating with said seat.
NUM  11.
PAR  11. Spray gun according to claim 9, wherein said rod is electrically
      non-conductive.
NUM  12.
PAR  12. Spray gun according to claim 1, wherein said paint discharge orifice is
      an orifice in said annular surface.
NUM  13.
PAR  13. Spray gun according to claim 1, wherein said nozzle has an internal
      seat behind the discharge orifice, said seat forming a valve for the paint
      together with an axially movable rod that is coaxial with the discharge
      orifice.
NUM  14.
PAR  14. Spray gun according to claim 13, wherein said seat is conical and said
      rod has a conical tip cooperating with said seat.
NUM  15.
PAR  15. Spray gun according to claim 13, wherein said rod is electrically
      nonconductive.
NUM  16.
PAR  16. Spray gun according to claim 1 wherein substantially all of said
      exposed particle surfaces are spaced from each other.
NUM  17.
PAR  17. Spray gun according to claim 1 wherein said non-conductive matrix is
      polytetrafluoroethylene, and wherein said electrically conductive
      particles are bronze powder particles.
NUM  18.
PAR  18. Spray gun according to claim 1 wherein said paint is liquid paint.
NUM  19.
PAR  19. Spray gun according to claim 1 wherein said paint comprises a powder.
NUM  20.
PAR  20. A nozzle for use in an electrostatic spray gun comprising a body
      consisting of a non-conductive matrix and a large number of electrically
      conductive particles dispersed therein, said nozzle having an annular
      surface around the paint discharge orifice which includes a plurality of
      exposed particle surfaces forming a plurality of electrodes for producing
      air ions, a plurality of said exposed particle surfaces comprising a
      substantial portion of the maximum cross-section of the respective
      particle, the exposed particle surfaces being substantially coplanar with
      the immediately adjacent surface of said non-conductive matrix.
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PAL  An electrostatic spray gun for liquid paint has a nozzle that comprises an
      inner body formed of a sintered material that consists of an electrically
      non-conductive matrix, e.g. polytetrafluoroethylene, with conductive
      particles, e.g. bronze powder, dispersed in the matrix, and an outer body
      of electrically insulating plastic material. The rear end of the inner
      body is connected to high voltage, and it has an annular front surface
      around a paint discharge orifice. This surface shows a lot of such bronze
      particles that form point electrodes for producing air ions. Two
      additional needle electrodes are clamped between the two bodies. The paint
      is dispersed by air jets and the air ions attach to the paint particles.
BSUM
PAR  This invention relates to electrostatic spray guns, and more particularly
      to an improved nozzle for such spray guns.
PAC  BACKGROUND OF THE INVENTION
PAR  It has been found that the best way to impart an electrostatic charge to
      paint is to produce air ions that are intimately mixed with the paint
      particles that can be either liquid or solid. To this end, needle
      electrodes connected to a high voltage source have been used in prior art
      electrostatic spray guns. The best result seems to have been achieved when
      a sole properly located needle electrode has been used. Alternatively, the
      paint nozzle itself has been utilized as an electrode in some prior art
      spray guns. Then, the nozzle has been made of metal and connected to high
      voltage. This is a more robust construction but it is not as efficient as
      the ones having needle electrodes. In one prior art spray gun for liquid
      paint, a sole needle electrode extends axially through the discharge
      orifice of the nozzle. Although its charging properties are good, the
      electrode has disadvantages. One major disadvantage is that the paint
      pattern is seriously biased when the needle is not quite coaxial with the
      discharge orifice.
PAR  It is an object of the invention to provide electrostatic spray guns which
      efficiently charge the liquid or solid paint particles and which withstand
      negligent handling without their charging efficiency becoming decreased.
      Another object is to provide a simple and reliable connection of high
      voltage to the charging electrodes of an electrostatic spray gun. An
      ancillary object is to provide an electrostatic spray gun which in use is
      not apt to produce sparking.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a nozzle for an electrostatic
      spray gun comprises a non-conductive first body and a second body at least
      partly covered by the first body, the second body consisting essentially
      of a non-conductive matrix having electrically conductive particles
      dispersed therein. The second body is coupled to a source of high voltage.
      The second body defines a discharge orifice for the paint, and an annular
      surface of the second body around the discharge orifice includes a
      plurality of exposed conductive particle surfaces forming a plurality of
      electrodes for producing air ions. A plurality of the exposed conductive
      particle surfaces comprise a substantial portion of the maximum
      cross-section of the respective particle, the exposed particle surfaces
      being substantially coplanar with the immediately adjacent surface of the
      non-conductive matrix material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is further described with reference to the accompanying
      drawings in which an electrostatic spray gun intended for liquid paint is
      shown by way of example. The invention can be applied also to an air-less
      spray gun and to a powder spray gun although such embodiments are not
      illustrated.
PAR  FIG. 1 is a side view, partly in section, of the spray gun;
PAR  FIG. 2 is a longitudinal section, at a larger scale, through the forward
      portion of the spray gun shown in FIG. 1;
PAR  FIG. 3 shows a part of FIG. 2 at a still larger scale;
PAR  FIG. 4 is a front view seen as indicated by the arrows 4--4 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The spray gun shown in the Figures is intended for liquid paint that is
      dispersed by air jets. It comprises generally an electrically conductive
      rear portion 11, that forms a grounded handle, and a barrel-formed portion
      12. The barrel-formed portion comprises a cylindrical housing 13 that is
      affixed to the handle 11 by means of screws. A cylindrical body 14 is held
      in the housing 13 by means of a nut 15 and another nut 16 clamps an air
      nozzle 17 to the cylindrical body 14. The cylindrical housing 13, the nuts
      15, 16 and the air nozzle 17 are made of an electrically insulating
      plastic material.
PAR  Referring to FIG. 3, a paint nozzle 18 comprises an inner body 55 and an
      outer body 56 that are press-fitted together to form a unit. The outer
      body 56 consists of an electrically insulating plastic material and the
      inner body 55 consists of an electrically non-conductive matrix, e.g.
      polytetrafluoroethylene (hereinafter referred to as PTFE), with
      electrically conductive particles, e.g. bronze particles or graphite
      particles, uniformly dispersed therein. Two metal needles 58 are clamped
      between the two bodies 55, 56 and they extend rearwardly up along the
      conical surface between the two bodies so that they are held firmly and
      are in good contact with the inner body 55. The inner body 55 is machined
      from a sintered piece of material. As seen in FIG. 2, a thread has been
      cut in the rear end of the paint nozzle 18 and the paint nozzle is screwed
      into the cylindrical body 14.
PAR  The outer body 56 of the paint nozzle has a flange 19 (FIG. 2) that is
      clamped between a support ring 20 and the air nozzle 17. A plurality of
      axial holes 21 extend through the flange 19. The paint nozzle 18 has a
      forward extension 22 that extends through a central hole 23 in the air
      nozzle with an annular gap 24 thereto. There is a paint discharge orifice
      25 in the extension 22 so that the inner body 55 forms an annular forward
      directed surface 26 that defines the discharge orifice 25. The outer body
      56 forms an annular surface 57 flush with the surface 26.
PAR  The gap 24 and a plurality of holes 27 (FIG. 3) in the air nozzle are
      supplied with air from an annular chamber 28 (FIG. 2). Another annular
      chamber 29 supplies air to obliquely inward-directed passages 30 in two
      horns 31 on the air nozzle 17. An axial and axially slidable rod 32 of
      electrically insulating plastic material has a coned tip 33 that forms a
      paint valve with a coned seat 34 formed inside the inner body 55 of the
      paint nozzle and close to the discharge orifice 25. The interior of the
      paint nozzle is supplied with paint through an external hose 35, a hose
      fitting 36, a hose 37 inside the handle 11 and a passage 38 through the
      cylindrical body 14. The rod 32 extends through a packing 39 that prevents
      leakage.
PAR  Since the inner body 55 of the paint nozzle 18 is machined from a sintered
      body that consists of an electrically non-conductive matrix with
      electrically conductive particles dispersed therein and since the annular
      surface 26 is machined after the sintering, this surface 26 will show a
      large number of conductive particles which form electrode points. The rear
      end of the inner body 55 of the paint nozzle 18 is connected to an outer
      source of high voltage through a shielded cable 40, a safety impedance 41
      and two screws 42, 43. It is not necessary that all the conductive
      particles in the matrix be in direct contact with each other.
PAR  Air is supplied through a hose 44 (FIG. 1) to an inlet chamber 45 in the
      handle 11. When a trigger 46 is pulled, it pulls the rod valve 32
      backwards against the action of a spring 47 and it also opens an air valve
      48 that admits air to a passage 49 that leads to an annular chamber 50 --
      that, as shown in FIG. 2, communicates with the annular chamber 28 by
      means of the holes 21 -- and to another non-illustrated passage that leads
      to the annular chamber 29. The air through the circular gap 24 (FIG. 3)
      and through the holes 27 disperses the liquid into fine particles and the
      electrode points in the annular surface 26 around the discharge orifice 25
      produce air ions that attach to the paint particles. The air through the
      horns 31 flattens the paint spray. The air to the annular chamber 29 and
      thereby to the horns 31 can be shut off by a manually controlled valve 51
      when a round pattern instead of a flat pattern is desired.
PAR  The needles 58 are likely to be bent or to be broken if the spray gun is
      negligently handled by the operator, but it is to be noted that the
      charging efficiency of the spray gun is not at all or at least very little
      affected by the position of the needles. Likewise, the charging efficiency
      is not at all or very little affected when one or both of the needles 58
      are lost.
PAR  In prior art guns having needle electrodes, the charging efficiency and/or
      spray pattern have been very seriously affected when a needle has been
      bent only a little.
PAR  Two needles are shown as being preferred, but a single needle or a few more
      than two needles can also be utilized. It is convenient to have two or
      three needles since it is not very likely that two needles will be broken
      at the same time.
PAR  The nozzle can also be utilized without being equipped with the needles 58
      although the needles seem to reduce the risk of sparking when the nozzle
      is moved too close to a grounded object since corona discharges rather
      than sparks are formed at their tips.
PAR  It is a great advantage that there is an insulating cover 56 on the
      sintered body 55 when no needles 58 are used so that the electrode forming
      surface 26 can be made thin, e.g. a quarter of a millimeter, which reduces
      the risk of sparking. This risk is further reduced by the fact that the
      atomizing air through the annular gap 24 does not contact the surface of
      the sintered body 55 and the outer edge of the electrode forming surface
      26.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Electrostatic spray gun comprising a paint nozzle with a paint discharge
      orifice, means to convey paint to said orifice, and means coupling high
      voltage to said nozzle, said nozzle comprising:
PA1  a non-conductive first body and a second body at least partly covered by
      said first body, said second body consisting essentially of a
      non-conductive matrix and a large number of electrically conductive
      particles dispersed therein, said discharge orifice being an orifice in
      said second body;
PA1  said high voltage being coupled to said second body of said nozzle; and
PA1  said second body having an annular surface around the paint discharge
      orifice which includes a plurality of exposed particle surfaces forming a
      plurality of electrodes for producing air ions, a plurality of said
      exposed particle surfaces comprising a substantial portion of the maximum
      cross-section of the respective particle, the exposed particle surfaces
      being substantially coplanar with the immediately adjacent surface of said
      non-conductive matrix.
NUM  2.
PAR  2. Spray gun according to claim 1 comprising valve means inside said paint
      nozzle.
NUM  3.
PAR  3. Spray gun according to claim 1 comprising a valve means disposed in said
      second body close behind said discharge orifice.
NUM  4.
PAR  4. Spray gun according to claim 3, wherein said valve means comprises a
      valve seat formed in said second body and an axially movable rod that is
      coaxial with said paint discharge orifice and cooperates with said valve
      seat.
NUM  5.
PAR  5. Spray gun according to claim 4, wherein said valve seat is conical and
      said rod has a conical portion cooperating with said valve seat.
NUM  6.
PAR  6. Spray gun according to claim 4, wherein said rod is electrically
      non-conductive.
NUM  7.
PAR  7. Spray gun according to claim 1 including at least one forward-directed
      needle electrode affixed to said nozzle and extending forwardly of said
      annular surface of said second body.
NUM  8.
PAR  8. Spray gun according to claim 7 wherein said at least one forward
      directed needle electrode is clamped between said first and second bodies.
NUM  9.
PAR  9. Spray gun according to claim 1 wherein substantially all of said exposed
      particle surfaces are spaced from each other.
NUM  10.
PAR  10. Spray gun according to claim 1 wherein said non-conductive matrix is
      polytetrafluoroethylene, and wherein said electrically conductive
      particles are bronze powder particles.
NUM  11.
PAR  11. Spray gun according to claim 1 wherein said paint is liquid paint.
NUM  12.
PAR  12. Spray gun according to claim 1 wherein said paint comprises a plurality
      of solid particles.
NUM  13.
PAR  13. Electrostatic spray gun comprising:
PA1  an air nozzle of electrically insulating material and having an orifice
      therein;
PA1  a paint nozzle extending through said orifice with a clearance thereto to
      form an air passage, said paint nozzle comprising a central body having a
      paint passage therein and forming a paint discharge orifice and an outer
      body of electrically insulating material closely covering at least part of
      said central body;
PA1  means to convey atomizing air to said air passage;
PA1  valve means in said paint passage in said central body to selectively open
      and close said paint passage;
PA1  means to convey paint to said paint passage;
PA1  said central body consisting essentially of a non-conductive matrix and a
      large number of electrically conductive particles dispersed therein, said
      central body having an annular surface around the paint discharge orifice
      which includes a plurality of exposed particle surfaces forming a
      plurality of electrodes for producing air ions, a plurality of said
      exposed particle surfaces comprising a substantial portion of the maximum
      cross-section of the respective particle, the exposed particle surfaces
      being substantially coplanar with the immediately adjacent surface of said
      non-conductive matrix; and
PA1  means coupling high voltage to said central body.
NUM  14.
PAR  14. Spray gun according to claim 13, wherein said outer body has a front
      surface substantially flush with said surface having electrodes therein.
NUM  15.
PAR  15. Spray gun according to claim 13 wherein said central body is press fit
      within said outer body.
NUM  16.
PAR  16. Spray gun according to claim 15, wherein said paint nozzle includes at
      least one forward-directed needle electrode clamped between said press fit
      portions of said central body and said outer body and extending forwardly
      of said annular surface of said central body.
NUM  17.
PAR  17. Spray gun according to claim 13, wherein said valve means comprises a
      valve seat formed in said central body and an axially movable rod
      cooperating with said valve seat.
NUM  18.
PAR  18. Spray gun according to claim 17, wherein said rod is coaxial with said
      paint discharge orifice.
NUM  19.
PAR  19. Spray gun according to claim 18, wherein said valve seat is conical and
      is disposed close behind said paint discharge orifice, said rod having a
      conical tip portion cooperating with said valve seat.
NUM  20.
PAR  20. Spray gun according to claim 17, wherein said rod is electrically
      non-conductive.
NUM  21.
PAR  21. Spray gun according to claim 13 wherein substantially all of said
      exposed particle surfaces are spaced from each other.
NUM  22.
PAR  22. Spray gun according to claim 13 wherein said non-conductive matrix is
      polytetrafluoroethylene, and wherein said electrically conductive
      particles are bronze powder particles.
NUM  23.
PAR  23. Spray gun according to claim 13 wherein said paint is liquid paint.
NUM  24.
PAR  24. Spray gun according to claim 13 wherein said paint comprises a
      plurality of solid particles.
NUM  25.
PAR  25. Spray gun according to claim 1, wherein said second body is a sintered
      body and wherein said annular surface is a machined surface which is
      machined after the sintering in order to obtain said electrodes.
NUM  26.
PAR  26. Spray gun according to claim 25 wherein said non-conductive matrix is
      polytetrafluoroethylene, and wherein said electrically conductive
      particles are bronze powder particles.
NUM  27.
PAR  27. Spray gun according to claim 13, wherein said central body is a
      sintered body and wherein said annular surface is a machined surface which
      is machined after the sintering in order to obtain said electrodes.
NUM  28.
PAR  28. Spray gun according to claim 27, wherein said non-conductive matrix is
      polytetrafluoroethylene, and wherein said electrically conductive
      particles are bronze powder particles.
NUM  29.
PAR  29. A nozzle for use in an electrostatic spray gun, comprising a
      non-conductive first body and a second body at least partly covered by
      said first body, said second body consisting essentially of a
      non-conductive matrix and a large number of electrically conducting
      particles dispersed therein, said second body having a paint discharge
      orifice therein, said second body further having an annular surface around
      said paint discharge orifice which includes a plurality of exposed
      particle surfaces forming a plurality of electrodes for producing air
      ions, a plurality of said exposed particle surfaces comprising a
      substantial portion of the maximum cross-section of the respective
      particle, the exposed particle surfaces being substantially coplanar with
      the immediately adjacent surface of said non-conductive matrix.
NUM  30.
PAR  30. Nozzle according to claim 29, wherein said second body is a sintered
      body and wherein said annular surface is a machined surface which is
      machnned after the sintering in order to obtain said electrodes.
NUM  31.
PAR  31. Spray gun according to claim 30 wherein said non-conductive matrix is
      polytetrafluoroethylene, and wherein said electrically conductive
      particles are bronze powder particles.
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ABST
PAL  The shower head comprises a safety device connected between the water
      supply pipe and the shower nozzle and comprising a hollow housing having
      an entry end connectible to the water supply pipe, a valve seat provided
      in the housing in spaced relation to the entry end thereof, temperature
      responsive power mechanism located in the housing between the entry end
      thereof and the valve seat, and a valve member connected to the other end
      of the power mechanism for movement thereby upon an increase in
      temperature of the water flowing through the housing above a given
      operating temperature. The power mechanism is constructed and arranged to
      move the valve member toward the valve seat to close the same when the
      temperature of the water in the housing reaches the given operating
      temperature.
BSUM
PAC  THE INVENTION
PAR  This invention relates to shower heads and more particularly to a
      thermostatically controlled shower head which will automatically and
      completely shut off hot water flow whenever the temperature of the water
      passing through the device goes above a predetermined temperature.
PAR  It is not unusual for the users of showers to become subjected to the
      effects of water that is too hot either because of the user's improper
      operation of the shower controls, or because someone else uses cold water
      at another outlet in the building while the shower is in operation, or for
      other causes. In order to protect the user of a shower from potential
      discomfort or injury, the present invention proposes the combination with
      the conventional shower discharge nozzle, of a safety device which is
      interposed between the nozzle and the wall provided with the usual shower
      plumbing.
PAR  The invention accordingly has for its primary object the provision of a
      shower head which embodies a safety device capable of utilizing the
      temperature of the water flowing therethrough to interrupt the liquid
      discharge from the shower head whenever such temperature goes above a
      predetermined degree.
PAR  Another object of the invention is to provide in such a shower head, a
      safety device of the indicated type which will additionally automatically
      permit further discharge of the water from the shower head when the
      temperature thereof has been reduced below the predetermined degree.
PAR  A further object of the invention is to provide a shower head of the
      indicated type that is simple and rugged in construction and can be
      combined readily with ordinary shower fixtures.
DRWD
PAR  Other objects as well as the advantages of the invention will become
      apparent from a perusal of the following description, when read in
      connection with the accompanying drawings, in which
PAR  FIG. 1 is a side view of a mounted shower head combination embodying the
      invention, the nozzle of the shower head being shown in dotted outline;
PAR  FIG. 2 is a partial vertical sectional view, on an enlarged scale, of the
      body of the shower head which carries the nozzle and showing the discharge
      valve thereof in opened position; and
PAR  FIG. 3 is a vertical sectional view on an enlarged scale of a portion of
      the shower head body shown in FIG. 2, and showing the discharge valve
      thereof in closed position.
DETD
PAR  In the drawings the numeral 10 indicates generally the wall of a shower
      stall in which is installed the plumbing fixtures for the shower. As is
      usual such plumbing fixtures include conventional mixing valves (not
      shown) which control the flow of the mixture of hot and cold water through
      the terminal pipe section 11 which projects beyond the wall 10 and on the
      threaded end 12 of which the shower head is mounted in the customary
      manner.
PAR  The shower head of this invention includes a body portion generally
      designated 15 to which is attached a conventional shower discharge nozzle
      16 of any suitable construction. The body 15 is composed of a
      cylindrically-shaped housing member 17 approximately 11/2 inches in
      diameter and 4 inches in length and constituted of an integral molded
      piece of a suitable known high impact plastic material capable of handling
      any pressure used in conventional plumbing throughout the United States,
      and of withstanding temperatures far exceeding those encountered in the
      use of such plumbing. A material suitable for the purposes of the
      invention is the synthetic material known as "Norel Plastic".
PAR  The housing 17 is substantially tubular in shape to provide a cylindrical
      chamber 18 through which the water passes on its way to the nozzle 16. The
      entry end of the housing 17 is closed by a wall provided with an inwardly
      projecting integral nipple 19 having a female thread 20 for receiving the
      threaded end 12 of the terminal pipe section 11. The inner end of the
      nipple 19 has integrally formed therewith an inturned flange 26 providing
      a reduced inlet or entry opening 27 between the discharge end of the pipe
      section 11 and the chamber 18. The entry opening is approximately 3/16
      inch in diameter and substantially reduces the pressure of the water
      supplied through the pipe section 11 so that the water passes through the
      chamber 18 at a pressure lower than that of the water supplied to the
      device. The inturned flange 26 also functions as a stop to properly mount
      the device on the pipe section 11. The other or discharge end 21 of the
      housing 17 is enlarged and provided with an internal thread 25 for
      receiving a male thread on the entry end 22 of a coupling member or
      adapter 23. The other end of the adapter 23 is provided with an externally
      threaded nipple 24 on which the nozzle is screwed to connect it through
      the adapter 23 to the discharge end of the housing 17. The adapter 23 is
      preferably made of a synthetic material similar to that used in the
      construction of the housing and may have any suitable configuration such
      as that disclosed in order to hold the nozzle 16 at a given angular
      position suitable for showering. It will be understood, of course, that
      the nozzle connecting end of the adapter 23 may be given any other
      suitable configuration, such as for example one which would enable the
      nozzle to be moved in relation thereto by the user of the shower.
PAR  Secured in position between an internal annular shoulder 30 formed in the
      discharge end 21 of the housing 17 at the base or inner end of the thread
      25, and the inner end of the entry end 22 of the adapter 23 are a flanged
      ring 32 and a washer 33. The ring 32 is seated in an inner recessed
      portion of the shoulder 30 and is made of any suitable metal, such as
      brass. The washer 33 is seated against the outer surface of the ring 32
      and the outer portion of the shoulder 30. The washer is made of any
      suitable sealing material, such as a rubber, and provides a liquid-seal
      joint between the coupling portions 21 and 22 of the housing 17 and the
      adapter 23, respectively. The ring 32 is provided at its inner periphery
      with an inturned integral flange 34 which forms a valve opening 31 having
      a central axis common with the longitudinal central axis of the chamber
      18. Also permanently secured as by solder to diametrically opposed
      portions of the inner surface of the ring 32 adjacent to the flange 34,
      are the two ends of a U-shaped bracket or strap 35 which extends
      longitudinally in the chamber 18 to a point short of the inner end of the
      nipple 19. Mounted within the strap 35, and connected to the transverse
      central portion 36 of such strap is a bellows type thermostat 37. The
      strap portion 36 has a central opening therein and threadedly receives a
      fastening member 38 attached to the fixed end of the bellows 37. The
      bellows 37 is of known brass construction and operates on the expansion
      and contraction of freon gas contained therein to move a rod 38 axially of
      the bellows. In the practice of the invention, there is selected a bellows
      of the indicated type having an input pressure of 150 PSI maximum, a
      bursting pressure of at least 250 PSI and a safety factor temperature of
      at least 200.degree.F. It will be noted that the bellows 37 is so
      supported by the strap 35, that the rod 39 thereof under temperature
      changes will move longitudinally of the chamber 18 along the longitudinal
      central axis of such chamber which is common with the central axis of the
      valve opening 31 formed by the flange 34, and toward and away from such
      valve opening 31. Mounted on the outer end of the rod 39 is a valve member
      40 cooperable with the valve opening 31 formed by the inner end of the
      flange 34 to stop the flow of water from the chamber 18 to and through the
      adapter 23 to the nozzle 16. The bellows is preferably set in a known
      manner to cause the valve member 40 to close the valve opening 31 when the
      water in the chamber 18 reaches a temperature of from 106.degree. -
      109.degree.F. As will be noted more clearly in FIG. 3 of the drawings, in
      the preferred construction, the inner end of the flange 34 forming the
      valve opening 31 is beveled and the valve seating surface of the valve
      member 40 is correspondingly beveled to provide a liquid-tight seat of
      such parts. The valve member 40 is provided with a weep hole 41 to permit
      the release of pressure and leakage of water so as to dissipate the hot
      water held in the chamber 18 behind the valve member 40.
PAR  It will be understood from the foregoing description of the shower head of
      this invention, that in the normal operation thereof, the user will
      operate the conventional mixing valves associated therewith in the usual
      manner. So long as the temperature of the water remains below the set
      temperature valve of the bellows 37, say from 106.degree.-109.degree.F.,
      the water will flow uninterruptedly from the pipe 11, through the entry
      opening 27 where its pressure will be reduced and then at the reduced
      pressure through the chamber 18 of the housing 17, the valve opening 31
      and the adapter 23 and be discharged on the user in the customary manner
      by the nozzle 16. During such operation of the shower head, the parts of
      the latter will be in the condition shown in FIG. 2 of the drawings.
      Should however, the temperature of the water supplied to the chamber 18 be
      caused for any reason to exceed a predetermined temperature, the
      temperature responsive bellows 37 will expand, as shown in FIG. 3, and
      cause the operating rod 39 to move the valve member 40 to closed position
      thereby immediately stopping the discharge of water from the chamber 18
      into the adapter 23 and consequently automatically rendering the shower
      head inoperative. An important feature of the invention is that the
      bellows 37 is so mounted in the housing 15 that when it expands due to a
      rise in temperature in the water flowing through such housing, the rod 39
      thereof will move in the direction of flow of the water to the nozzle 16,
      and the force exerted on the valve member 40 by such flow will cooperate
      with the bellows 37 to accomplish the closing action of the valve member
      40. It will thus be seen that there are no forces tending to impede the
      closing of valve member 40, but that on the contrary both the action of
      the temperature of the water on the bellows and the action of the forces
      of the water on the valve member coact to render the operation of the
      latter both sensitive and positive and quick to effect an immediate
      stoppage of any high temperature water that might enter the housing 15.
      This coaction of the temperature and pressures of the water in the housing
      is facilitated by providing the valve member with an inner surface
      configured to take full advantage of the pressure exerted by the flowing
      water, such as for example, the plane surface illustrated, and having a
      diameter greater than that of the bellows so that such inner surface
      projects beyond the bellows into the flow of the water. While the flow of
      water to the nozzle 16 will be halted with the closing of the valve member
      40, the weep hole 41 in such valve member will permit a leakage of the hot
      water in the chamber 18 and when the temperature of the water in such
      chamber has been reduced to a safe operating temperature by an incoming
      quantity of water of a temperature lower than the predetermined setting of
      the bellows, the latter will operate to withdraw the valve member 40 and
      premit the water to again flow in the normal manner to the discharge
      nozzle 16.
PAR  While I have illustrated and herein described a preferred embodiment of my
      invention, it will be apparent to those skilled in the art that changes
      may be made without departing from the spirit of the invention or the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bathing fixture comprising a housing having a water supply inlet
      communicating with a chamber therein, a valve seat providing an outlet
      opening for said chamber, a discharge nozzle connected to said housing and
      in communication with the outlet opening formed by said valve seat,
      temperature responsive power means located in said chamber, a valve member
      connected to said power means for movement thereby upon an increase in
      temperature of the water flowing through said chamber above a given
      operating temperature, and means in said chamber supporting said power
      means to enable the latter to move said valve member toward said valve
      seat to close the opening therethrough when the temperature of the water
      in said chamber reaches said given operating temperature, one end of said
      housing being provided with a nipple for connecting a water supply pipe to
      said housing and forming said water supply inlet, said nipple and said
      valve seat having a common central axis, and said supporting means
      supporting said power means between said nipple and said valve seat with
      one end of said power means fixed in said chamber at a place adjacent to
      the discharge end of said nipple, said valve member being connected to the
      other end of said power means and movable along said common central axis
      toward said valve seat.
NUM  2.
PAR  2. A bathing fixture as defined in claim 1, including an adapter connected
      to said housing outwardly of said valve seat and in communication with the
      outlet opening formed by said valve seat to provide a liquid passage
      between said valve seat and said discharge nozzle, said valve seat being
      constituted of a separate annular element secured between said adapter and
      said housing, said supporting means comprising a bracket secured at its
      outer end to said valve seat and extending longitudinally in said chamber
      to a point short of the inner end of said nipple, and said power means
      being mounted on the inner end of said bracket, whereby said valve seat,
      bracket and power unit is supported as a removable unit by said housing
      and adapter.
NUM  3.
PAR  3. A water supply safety device adapted to be connected between a water
      supply pipe and a discharge nozzle, said device comprising a hollow
      housing having an entry end connectible to the water supply pipe to permit
      the flow of water therethrough, a valve seat provided in said housing in
      spaced relation to the entry end thereof, temperature responsive power
      means located in said housing between the entry end thereof and said valve
      seat, means fixedly securing one end of said power means adjacent to the
      entry end of said housing, and a valve member connected to the other end
      of said power means for movement thereby in the direction of flow of the
      water through said housing upon an increase in temperature of the water
      flowing through said housing above a given operating temperature, said
      power means being constructed and arranged to move said valve member
      toward said valve seat to close the same when the temperature of the water
      in said housing reaches said given operating temperature, the entry end of
      said housing comprising a nipple for connecting a water supply pipe to
      said housing, an inturned flange provided on the inner end of said nipple
      and defining an entry opening having a diameter less than that in the
      discharge end of the water supply pipe and such as to reduce the pressure
      of the water supplied through such entry opening into said hollow housing.
NUM  4.
PAR  4. A safety device as defined in claim 3, in which said nipple is
      internally threaded up to said inturned flange, the length of said thread
      being less than the length of the screw thread provided on the discharge
      end of the water supply pipe.
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ABST
PAL  An exhaust nozzle for a jet aircraft provides jet noise suppression. The
      nozzle includes a plurality of coaxial airfoil ring segments which are
      spaced serially along the longitudinal axis of the nozzle to define a
      plurality of annular coaxial channels therebetween. The diameters of the
      segments progressively decrease downstream along this axis and the exits
      of the channels are non-coplanar. The radial depths of the channels are
      small as compared with the axial distance between adjacent channel exits
      so that noise is emitted non-simultaneously from the channel exits as a
      series of weakened pulses staggered in time. The boattail angles of the
      outer surfaces of the ring airfoil segments increase in magnitude with
      increasing distance downstream to reduce drag.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
PARN
PAR  This is a continuation of application Ser. No. 331,759 filed Feb. 13, 1973,
      now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to jet engines and, more particularly, to a
      cascade plug nozzle for jet engine exhausts which lessens noise with a
      minimum loss of thrust.
PAC  BACKGROUND OF THE INVENTION
PAR  A large number and variety of jet engine exhaust nozzles have been provided
      which are concerned with the reduction or attenuation of the noise
      produced when the engine jet issues from the exhaust nozzle exit. In one
      type of jet noise suppressor, the nozzle exit is configured so that the
      ratio of jet periphery to jet cross sectional area is much larger than for
      a circle, the increased jet surface promoting rapid mixing of the jet with
      the surrounding air and thereby shortening the length of the mixing
      region, which is a source of noise. Jet noise suppressors of this type may
      be multilobed as a Greatrex nozzle, multitube nozzles, or slit nozzles.
PAR  A further type of jet noise suppressor involves acoustical treatment of the
      inside of the engine tail pipe and exhaust nozzle. This acoustical
      treatment involves locating sound absorbing material within the tail pipe
      and nozzle in regions where the flow velocity of the gas is relatively low
      so as to minimize the thrust loss due to fluid friction between the
      flowing gas and the acoustical material.
PAR  Another type of jet noise suppressing nozzle incorporates a more or less
      cylindrical shroud which surrounds the jet exit. The diameter of the
      shroud is greater than that of the jet exit so that external air flow may
      enter the open annulus between the jet and the leading edge of the shroud.
      The length of the shroud is typically about two jet diameters and the
      shroud forms a barrier surrounding the region of intense noise caused by
      mixing of the jet with the air induced into the shroud, and reduces
      radiated noise by acting as a barrier to radiation. The gas exiting from
      the shroud presents reduced noise problems since downstream of the shroud
      the jet velocity is reduced by mixing and thus further noise generation is
      accordingly reduced.
PAR  Each of the above proposals suffers disadvantages. In general, the most
      serious disadvantage of jet noise suppressors of the prior art is that
      such devices achieve a reduction in jet noise at the expense or cost of a
      related loss of thrust. An estimate of thrust loss for a typical
      installation is approximately one percent of nozzle ideal isentropic gross
      thrust for each decibel of noise reduction when compared with the noise
      and thrust performance of a conventional convergent or
      convergent-divergent exhaust nozzle.
PAR  More particularly, jet noise suppressors which depend on increasing the
      ratio of jet periphery to cross sectional area, such as lobe, multitube
      and slit types, inherently incorporate, within the nozzle, a relatively
      large surface in contact with the flowing exhaust gases and thereby incur
      excessive fluid friction losses. Such prior art suppressors generally
      include a large effective base or boattail area which cause excessive
      aerodynamic drag, and, therefore, an excessive loss of thrust. It will be
      appreciated that the shrouded jet type of noise suppressor referred to
      above produces very high drag except at low speeds, i. e., at speeds less
      than a Mach number of 0.30.
PAR  The disadvantages of what has been referred to as acoustical treatment type
      noise suppressors are of a different kind. In particular, the suppressors
      which depend on acoustical treatment of the inside of the tail pipe and
      nozzle produce minimum thrust loss. Firstly, there is a loss due to the
      fluid friction between the flowing exhaust gas and the acoustical material
      although this loss is relatively small. Further, and more importantly,
      this type of jet noise suppressor does not attenuate the noise generated
      downstream of the jet exit by the mixing of the jet with external air and
      hence fails to quell a critical source of jet noise.
PAR  A further disadvantage common to most jet noise suppressors of the prior
      art is that no deliberate attempt is made to break up the wave fronts of
      sound generated within the engine and tail pipe as each sound wave issues
      from the jet exit or exits. When, as for many prior art jet noise
      suppressors, the nozzle exits are more or less coplanar, it is noted that
      a sound wave front, normal to the nozzle axis of symmetry and moving
      toward the nozzle exit(s), will issue from all the nozzle exits
      simultaneously and recombine as a single strong pressure wave downstream
      of the exits. The aggregation of such waves of various frequencies
      constitute noise. It is pointed out that the character of the noise
      generated within the engine and tail pipe is not appreciably altered by
      systems employing a multiplicity of coplanar jet exits as the sound waves
      issue from the exhaust system into the surrounding atmosphere.
PAR  An additional disadvantage of prior art jet noise suppressors is that they
      are configured such that kinetic energy of the jet downstream of the jet
      exit or exits cannot be utilized to reduce drag. One exception to this
      statement is the shroud type noise suppressor referred to above which, at
      very low flight speeds, may utilize kinetic energy of the jet to provide
      some thrust augmentation. However, at speeds above about Mach No. 0.30,
      this thrust augmentation vanishes and at higher speeds the drag produced
      by the shroud becomes undesirably great.
PAR  The following patents disclose jet noise suppressors or silencers of
      general interest although this list is not, of course, represented as
      being in any way complete or exhaustive: U.S. Pat. No. 2,865,169
      (Hausmann); U.S. Pat. No. 2,952,124 (Pearson); U.S. Pat. No. 3,069,048
      (Griffith); U.S. Pat. No. 3,187,501 (Quick); and U.S. Pat. No. 3,463,402
      (Langston, Jr.). Generally speaking, the jet noise suppressors disclosed
      in these patents suffer one or more of the disadvantages discussed above.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a cascade plug nozzle for a jet
      propulsion aircraft is provided which attenuates a large part of the noise
      generated within the engine and tail pipe as well as a portion of the
      externally generated jet noise. Further, this noise reduction is
      accomplished with substantially less loss of thrust than is incurred with
      prior art jet noise suppressor nozzles.
PAR  According to a presently preferred embodiment thereof, the nozzle of the
      invention comprises a plurality of coaxial annular segments, preferably
      ring airfoils, spaced serially along the longitudinal axis, or axis of
      symmetry, of the nozzle so as to define a plurality of coaxial channels
      therebetween. The nozzle also includes an upstream lip segment and
      terminates in a downstream plug which is preferably of annular or conical
      shape. The diameters of the ring airfoils decrease progressively
      downstream along the longitudinal axis of the nozzle so that each segment
      is smaller in diameter than the preceding upstream segment and is larger
      in diameter than the next downstream segment. The channels defined by the
      ring airfoils have non-coplanar exits and the radial depths of these exits
      are small compared with the axial distance between the exits of adjacent
      channels, i.e., more precisely, the axial distance between the exit planes
      of adjacent channels normal to the longitudinal axis of the nozzle. With
      this latter arrangement, an intense internal sound pressure pulse, whose
      wave front is more or less normal to the axis of symmetry of the nozzle
      and which is travelling with the combined speed of the exhaust gas and the
      acoustic velocity inside the nozzle and tail pipe, will not be emitted
      simultaneously from all of the exits but will rather be emitted as a
      series of much weaker sound pulses, one from each of the annular channel
      exits, with an interval of time elapsing between the emitted pulses.
PAR  In accordance with a further important feature of the invention, the
      boattail angle of each of the outer surfaces of the ring airfoils, i.e.,
      the angle between the outer surface viewed in longitudinal cross section
      and an intersecting line parallel to the axis of symmetry of the nozzle,
      is greater in magnitude than that of the outer airfoil surface upstream
      therefrom so that the reduced pressure caused by mixing of the external
      air with that part of the engine exhaust which issues from the first or
      most upstream channel will, in acting on the shallowly boattailed outer
      surface of the first ring airfoil segment, exert only a very small
      pressure drag on the cascade plug nozzle. Further, this reduced pressure
      will also impart a component of velocity directed toward the nozzle axis
      of symmetry so that the resulting converging external air flow will, on
      being redirected in an axial direction in the vicinity of the downstream
      segments of the nozzle, exert a positive pressure on these segments
      (which, as stated, have boattail angles relatively greater than those of
      the first segment) and will, therefore, exert a thrust on the downstream
      portions of the nozzle which opposes and, in fact, more than compensates
      for, the pressure drag on the first segment referred to above.
PAR  With the provision that the radial depth of the first or most upstream
      annular channel, i.e., that between the lip segment and the first ring
      airfoil segment, is small relative to the axial spacing between the first
      and second annular channel exits, the outermost annular jet initially
      forms a jet sheet bounded on its inner surface by the outer surface of the
      first ring airfoil segment. The jet sheet so produced is sufficiently thin
      to retard the natural increase, with time, of the amplitude of the jet
      surface waves generated by relative motion between the outer surface of
      the first annular jet and the contiguous ambient air.
PAR  In accordance with a further feature of the invention, sound absorbing
      material is mounted on the inner surfaces of the ring air foil segments to
      serve in attenuating noise generated and propagated within the region of
      the engine, tail pipe, and nozzle interior. Because of low velocity of
      flow at the inner surfaces of the ring airfoils, these surfaces serve as
      an ideal location for such material and enable mounting of the material
      without the need for any additional mounting structure within the nozzle
      or tail pipe.
PAR  These features, as well as other features not specifically enumerated here,
      will be discussed in more detail hereinbelow in considering a preferred
      embodiment of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side view of a cascade plug nozzle jet noise
      suppressor in accordance with a presently preferred embodiment of the
      invention;
PAR  FIG. 2 is a longitudinal section view, to an enlarged scale, of the nozzle
      of FIG. 1;
PAR  FIG. 3 is a detail of one of the jet passages shown in FIG. 2;
PAR  FIG. 4 is a detail similar to that of FIG. 3 illustrating an alternate
      embodiment; and
PAR  FIG. 5 is a simplified version of FIG. 2 used illustrating the operation of
      the nozzle of the invention, and incorporating acoustical treatment.
DETD
PAC  PREFERRED EMBODIMENT DESCRIPTION
PAR  Referring to FIG. 1 of the invention, one embodiment of a cascade plug
      nozzle is shown. It should be noted that because of the symmetry of the
      nozzle, FIG. 1 could be taken to be a bottom or top view as well as a side
      view. The nozzle, which is generally denoted 10, is secured to the engine
      tail pipe indicated diagrammatically at 12 and includes an initial lip
      segment 14, a plurality of ring airfoil segments 16, and a terminal plug
      18. The lip segment 14, ring airfoil segments 16 and terminal plug 18 are
      arranged about the axis of symmetry of the nozzle 10 and spaced
      longitudinally to form a succession or "cascade" of annular nozzles or
      flow channels 20 each having an annular jet exit 22. The lip segment 14
      may be more or less circular in cross section, taken normal to the axis of
      symmetry, whereas ring airfoil segments 16 are also more or less circular
      in cross section. As illustrated, each ring airfoil segment 16 is smaller
      in diameter than the preceding one, pregressing from lip segment 14 to
      terminal plug 18.
PAR  As shown in FIG. 2, the ring airfoil segments 16 and terminal plug 18 are
      attached to, and held in proper position by, a spider 24 composed of a
      plurality of struts 26 having a cross section indicated at 28. The struts
      26 of spider 24 are rigdly secured to the inside of initial lip segment 14
      or to the downstream end of the engine tail pipe 12.
PAR  As mentioned above, annular nozzle flow channels 20 are formed in the
      region bounded by the leading edge of the outer surface of one ring
      airfoil segment 16 and the trailing edge of the inner surface of the
      preceding segment, as illustrated in FIG. 2. Of course, two further such
      channels are formed between the lip 14 and the first (upstreammost) ring
      segment 16, and the last (downstreammost) ring segment 16 and plug 18. The
      cross sectional area of the flow passage provided by these channels may be
      convergent as illustrated in FIG. 2 and FIG. 3, or convergent-divergent as
      illustrated in FIG. 4.
PAR  Referring to FIG. 2, the longitudinal spacing between jet exits 22 is
      denoted s. This spacing between one annular exit 22 and the next
      downstream can be uniform or can be made non-uniform. The radial dimension
      of the annular jet exits 22 is denoted h in FIG. 2 and is very much
      smaller than the spacing s. Further, the outer surface of the first ring
      airfoil 16, downstream from the first annular exit formed between the
      inner trailing edge surface of segment 14 and the outer leading edge
      surface of the first airfoil 16, should be substantially cylindrical or,
      stated differently, should have a very small "boattail" angle ".beta.",
      e.g., preferably from 0.degree. to 5.degree. (See FIG. 1). As can perhaps
      can best be seen in FIG. 1, the boattail angle .beta. of segments 16
      increases progressively downstream of the first segment 16.
PAR  FIG. 5 will be referred to regarding certain background considerations as
      well as explaining the operation of the cascade nozzle of the invention.
      However, although FIG. 5 generally corresponds to a simplified version of
      the longitudinal section of FIG. 2, there is one feature of this
      embodiment which merits particular attention. Specifically, in this
      embodiment, the inner surfaces of the airfoil segments 16 are treated with
      an acoustical material as indicated at 30 as an aid in attenuating noise
      generated within the engine and tailpipe, and thereby of reducing the
      intensity of the internal noise issuing from the nozzle exits and radiated
      into the surrounding air. As mentioned above and discussed in more detail
      below, the inner surfaces of airfoil segments 16 provide internal flow
      passages for the engine exhaust gases wherein the flow velocity everywhere
      is much less than the jet velocity at the annular exits. Thus, these inner
      surfaces provide a nearly ideal location for the installation of sound
      absorbing material 30. As mentioned above, the use of acoustical absorbing
      material is not novel per se and a number of different known materials can
      be used. However, as previously discussed, the jet nozzle of the invention
      provides substantial advantages regarding location and, in this general
      regard, eliminates the need to provide additional structure within the
      tail pipe and nozzle to retain acoustical material in place as is required
      by conventional exhaust nozzles. A further difference between the
      embodiment of FIG. 5 and that of FIG. 2, is that a more or less
      ring-shaped plug 18' having a generally circular aperture therein replaces
      the conical plug of FIG. 1.
PAR  Considering the operation of the cascade plug nozzle 10 of the invention,
      reference is made to FIG. 5 and to the sound pressure pulse of plane wave
      front indicated by heavy dashed line A--A. The sound pressure pulse is
      assumed to have been generated upstream in the vicinity of the engine, and
      to be travelling downstream through the tailpipe with the combined
      velocity of the speed of sound, denoted a.sub.i, and the velocity, denoted
      v.sub.i, of the exhaust flow within the tail pipe and nozzle. A part of
      the sound pressure pulse will be emitted first from the first annular
      exit, denoted 22 in FIG. 5, and will radiate from that point into the
      surrounding atmosphere as is indicated by the dashed lines denoted Pl
      representing a first weakened sound pressure pulse. Another portion of the
      overall sound pressure pulse will be emitted at the next downstream
      annular exit 22b and similarly radiated as indicated at P2, but there will
      be a time lag between these emitted weaker pulses as shown. The magnitude
      of the time lag, .DELTA.t, between pulses will be approximately:
      ##EQU1##
      The internal flow velocity, V.sub.i, and speed of sound, a.sub.i, may vary
      with axial distance within the tail pipe and nozzle, so that even though
      the values of axial spacing, denoted s, from one annular exit to the next
      may be equal, the values of time lag, .DELTA.t, may not be equal.
PAR  The axial flow velocity, V.sub.i, within the tail pipe and nozzle is
      determined by the mass flow of the engine exhaust gases, the size of the
      tail pipe and nozzle internally, and the thermodynamic properties and
      state of the exhaust gases. A unique relation also exists between the
      foregoing factors and the total exit area of the exhaust nozzle which is
      the sum of the cross sectional areas of the individual annular exits. The
      axial variation of the exhaust gas flow velocity, V.sub.i, within the
      cascade plug nozzle is determined in part by the axial location and size
      of the individual annular exits 22.
PAR  The burden of the foregoing discussion is that a single strong pressure
      pluse generated within the engine or tail pipe, will, through the action
      of wave front breakup, be emitted from a cascade plug nozzle 10 as a
      series of much weaker pressure pulses; and that an aggregation of strong
      pulses within the tail pipe 12, which constitute a loud noise internally,
      will be emitted from a cascade plug nozzle as a much less intense noise.
      Further, through choice of the sizes and axial spacing of the annular jet
      exits 22, and of the overall length of the cascade plug nozzle 10, it is
      to a certain extent within the discretion of the nozzle designer to
      control the duration of the time intervals between the emissions of the
      weakened sound pressure pulses, to make the intervals isochronous or
      anisochronous, and thereby to control the quality of the sound radiated
      from the cascade plug nozzle to the surrounding atmosphere.
PAR  An important feature of the invention is the reduction of external jet
      mixing noise. In general, the major portion of the noise generated by the
      operation of a jet engine or jet propulsive system arises from shearing
      between the high velocity propulsive jet and the air surrounding the
      aircraft. The classical concept is that mixing of the jet with the
      surrounding air products eddies in the mixing zone and that these eddies
      become sources of noise. One approach to the reduction of jet mixing noise
      has been to reduce jet velocity by the use of a larger engine with
      increased mass flow to maintain a required thrust. Another approach has
      been to promote jet mixing as rapidly as possible to shorten the length of
      the zone of intense mixing and noise, or as previously noted to promote
      rapid mixing within a shroud or other confined region. These approaches
      have succeeded in achieving a partial reduction of jet noise, but at
      considerable penalty of increased weight or degraded thrust performance.
PAR  It is believed that some of the jet mixing noise may be generated at the
      interface between the high velocity jet and the surrounding air by the
      formation of surface waves at the interface. In his treatise on
      Hydrodynamics, Article 232 of the sixth edition, Sir Horace Lamb deals
      with this problem which is related to the flapping of sails and flags in a
      breeze. Lamb shows that when a relative velocity exists between two
      contiguous masses of fluid the surface at their interface is unstable,
      waves travelling in the direction of the relative motion are formed at the
      interface, and the amplitude of the wave motion increases with time (and
      distance). While the wave contours move parallel to the plane of the
      undisturbed interface, the motion of the fluid particles which comprise
      the waves is for the most part normal to that plane. It is believed that
      such surface waves are formed at the interface of a propulsive jet and the
      surrounding atmosphere, and that noise is generated by the motions of the
      waves and of the fluid particles, and by the breaking of the waves when
      excessive amplitude makes them completely unstable.
PAR  In general, most propulsive jet exhaust systems, with or without noise
      suppressing devices, do not incorporate features which might restrain the
      formation and buildup of the jet surface waves. The cascade plug nozzle of
      the invention does, however, provide such a feature. Of the multiplicity
      of annular jets of exhaust gas issuing from the axial array of annular
      nozzle exits 22, only the jet from the first or most upstream annular
      exit, i.e., exit 22a in FIG. 5, comes into intimate contact with the
      surrounding atmosphere, and this jet to a great extent shields the
      remaining, inner jets from such contact. More specifically, the cascade
      plug nozzle is constructed so that the thickness, h, or radial dimension
      of the jet is small in comparison with the axial distance, s, to the next
      downstream annular exit, and h is very small in comparison with the
      maximum diameter, D.sub.max, of the nozzle. The most upstream or first
      annular jet then is in contact with the surrounding air on its outer
      surface, but the inner surface thereof is bounded by the solid outer
      surface of the first ring airfoil segment 16. The fact that the jet sheet
      is relatively thin and is bounded inwardly by a solid surface eliminates
      the opportunity for buildup of large transverse motion of the fluid
      particles within this flow. Jet surface waves will undoubtedly form, but
      the nature of the cascade nozzle design restrains the tendency of these
      waves to increase in amplitude with increasing distance downstream, and
      thereby keeps to a minimum the jet noise which would otherwise be
      generated by jet surface waves.
PAR  The restraint to the buildup in amplitude of the jet surface waves does not
      preclude the viscous mixing of the jet with the surrounding air. Jet noise
      generated in the eddies resulting from the mixing will not be eliminated
      by the cascade plug nozzle. However, this mixing process improves the
      aerodynamic performance of the cascade plug nozzle as discussed
      hereinbelow.
PAR  The thrust performance of any propulsive exhaust nozzle involves the
      ability of the nozzle to produce as much thrust as may be possible from a
      specified mass flow of engine exhaust gases at a specified thermodynamic
      state. The maximum thrust is presumed to be achieved when the static
      pressure of the exhaust gases at the nozzle exit is equal to the static
      pressure of the surrounding atmosphere, and when the exhaust gases do not
      incur friction losses or other changes of entropy in flowing through the
      exhaust nozzle. The foregoing value of thrust is defined as the ideal
      isentropic thrust, F.sub.i. The thrust performance of an actual nozzle is
      frequently expressed as the ratio of actual gross thrust, F, to the ideal,
      (F/F.sub.i). The effectiveness of a nozzle in propelling an aircraft in
      flight depends on the magnitude of thrust, F, diminished by the
      aerodynamic drag, D, of the nozzle. It is desirable to have the
      thrust-minus-drag as large as may be possible, that is to say, the nozzle
      drag should have the least possible value.
PAR  One drawback of the cascade plug nozzle of the invention is the unusually
      large surface area in contact with the flowing exhaust gases. However, the
      inner surfaces of the ring airfoil segments 16 are exposed to the gas flow
      inside the nozzle where the velocity is relatively low, and the fluid
      friction loss is, therefore, small. As the exhaust flow enters the
      converging annular passage 20 approaching a nozzle exit 22 the gas
      velocity increases. It is noted that these essential passages should be
      short and should converge rapidly to minimize friction losses, but that
      excessive curvature of the nozzle contours should also be avoided so that
      local supersonic flow entailing shock losses will not occur. Some fluid
      friction loss can be avoided by designing the spider struts 26 which
      support the ring airfoil segments to be located as much as possible in the
      low velocity flow region; the trailing edges of these struts should not
      extend into the converging annular passage 20 approaching the exits 22.
      The major portion of the fluid friction loss occurs on the outer surfaces
      of the ring airfoil segments 16 which are exposed to the annular exhaust
      jets whose velocity generally is near sonic or supersonic. The fluid
      friction loss represents a reduction of nozzle gross thrust, F, and is
      generally independent of aerodynamic drag associated with the external
      airflow past the aircraft. The fluid friction loss incurred by a cascade
      plug nozzle 10 is the penalty paid for the jet noise suppression. However,
      it should be emphasized that the fluid friction loss for a cascade plug
      nozzle is less than that incurred by many other types of noise suppressing
      exhaust nozzles.
PAR  As mentioned above, an important feature of the cascade plug nozzle of the
      invention is the provision that the boattail angle, .beta., of the outer
      surface of the first ring airfoil segment 16 be relatively shallow,
      typically varying from about zero at the first annular exit station to
      about 3.degree. to 5.degree. at the trailing edge of the first ring
      airfoil segment; and that the boattail angles of the outer surfaces of the
      other ring airfoil segments 16 increase progressively with axial distance
      downstream to a maximum boattail angle at the apex of the terminal plug
      18, generally as illustrated in FIG. 1. The external flow in moving
      downstream past the first ring airfoil segment 16 will mix with, and be
      entrained by, the high velocity annular jet issuing from the first or most
      upstream annular jet exit (denoted 22a in FIG. 5). This entrainment of the
      external flow by the jet creates the effect of aerodynamic sinks
      distributed over the outer surface of the first ring airfoil segment 16,
      and a surface pressure less than ambient will exist in this region.
      Inasmuch as the boattail angles of the first ring airfoil segment 16 are
      specified to be small the reduced pressure in this region results in very
      little pressure drag. on the other hand this reduced pressure field exerts
      a force on the external flow which imparts to its fluid particles an
      increment of velocity directed toward the nozzle axis of symmetry. This
      phenomenon is frequently referred to as the "Coanda Effect". The external
      flow converges from all sides toward the nozzle axis of symmetry, and in
      being redirected axially while still in the vicinity of the nozzle,
      creates a positive pressure field in the jet flow over the downstream
      segments of the nozzle 10. Because the downstream segments 16 including
      the terminal plug 18 are specified to have relatively large boattail
      angles, the positive pressure field created in the jet and external flow
      in this region exerts a thrust on the downstream portions of the nozzle.
      Thus, the kinetic energy of the exhaust jet, which is normally lost in the
      wake, is utilized through the "Coanda Effect" and made to yield additional
      thrust.
PAR  As discussed above, the annular nozzle flow channel 20 as shown in FIG. 2,
      and in greater detail in FIG. 3, is a convergent nozzle; that is, the
      cross sectional area of the flow channel is least at the downstream end of
      the annular passage. A convergent type nozzle will, in general, operate
      with high efficiency at values of jet total pressure ratio up to the
      critical value (approximately 2.0), and will incur only a small loss at
      values of total pressure ratio of 4.0 to 6.0. For application at higher
      values of jet total pressure ratio the nozzle should be of the
      convergent-divergent type, as mentioned above and shown in FIG. 4. To
      provide a cascade plug nozzle with annular nozzles of the
      convergent-divergent type, the cross section of each annular flow channel
      must have a minimum value or throat (T.sub.c-d) at a location upstream of
      the annular exit. The amount of divergence or increase in annular exit
      area relative to the minimum section must be adapted to a specified
      condition of operation.
PAR  Another alternative embodiment to a cascade plug nozzle might be the
      incorporation of a thrust reversing device. Several types of jet thrust
      reversers, already in commercial use, can be adapted for use with the
      cascade plug nozzle of the invention.
PAR  Although the invention has been described relative to exemplary embodiments
      thereof, it will be understood that other variations and modifications can
      be effected in these embodiments without departing from the scope and
      spirit of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A low drag exhaust nozzle for a jet aircraft which provides jet noise
      suppression comprising a plurality of coaxial annular segment means for
      sequencing the exit of exhaust gas sound wave pressure perturbations,
      enveloping the majority of exhaust gases in a thin exhaust gas jet layer,
      and converting the kinetic energy of the exhaust jet into a forward,
      drag-reducing thrust component, wherein said coaxial annular segments are
      spaced serially along the longitudinal axis of the nozzle, the diameters
      of said annular segments progressively decreasing downstream along said
      axis so that each segment is smaller in diameter than the preceding
      upstream segment and is larger in diameter than the subsequent downstream
      segment, each of said annular segments overlapping both the preceding
      upstream annular segment and the subsequent downstream annular segment for
      overlapping lengths which are small compared to the axial length of said
      annular segments, and said overlapping lengths defining a plurality of
      coaxial channels therebetween having noncoplanar exits, the length of each
      of said channels being small compared with the axial length of said
      annular segments defining said channels and the radial depth of at least
      the first, most upstream channel being small compared with the axial
      distance between the exits of said first channel and the next downstream
      channel and the boattail angle between the external surface of the most
      upstream annular segment and the longitudinal axis of the nozzle is less
      than 10.degree..
NUM  2.
PAR  2. An exhaust nozzle as claimed in claim 1 wherein the radial depth of each
      said channel is small as compared with the axial distance between the
      channel exits.
NUM  3.
PAR  3. An exhaust nozzle as claimed in claim 2 wherein said annular segments
      comprise ring airfoils.
NUM  4.
PAR  4. An exhaust nozzle as claimed in claim 1 wherein an acoustic absorbing
      material is located on the inner surfaces of said coapial annular segment.
NUM  5.
PAR  5. An exhaust nozzle as claimed in claim 1 wherein said channels are of
      converging shape in cross section.
NUM  6.
PAR  6. An exhaust nozzle as claimed in claim 1 wherein said channels are of
      converging-diverging shape in cross section.
NUM  7.
PAR  7. An exhaust nozzle for a jet aircraft which provides jet noise
      suppression comprising a plurality of coaxial annular segments spaced
      serially along the longitudinal axis of the nozzle, the diameters of said
      annular segments progressively decreasing downstream along said axis so
      that each segment is smaller in diameter than the preceding upstream
      segment and is larger in diameter than the subsequent downstream segment,
      each of said annular segments overlapping both the preceding upstream
      annular segment and the subsequent downstream annular segment for
      overlapping lengths which are small compared to the axial length of said
      annular segments, and said overlapping lengths defining a plurality of
      coaxial channels therebetween having noncoplanar exits, the length of each
      of said channels being small compared with the axial length of said
      annular segments defining said channels and the radial depth of at least
      the first, most upstream channel being small compared with the axial
      distance between the exits of said first channel and the next downstream
      channel, wherein the boattail angles of the outer surfaces of the annular
      segments increase in magnitude progressively with downstream distance.
NUM  8.
PAR  8. An exhaust nozzle for a jet aircraft which provides jet noise
      suppression comprising a plurality of coaxial annular segments spaced
      serially along the longitudinal axis of the nozzle, the diameters of said
      annular segments progressively decreasing downstream along said axis so
      that each segment is smaller in diameter than the preceding upstream
      segment and is larger in diameter than the subsequent downstream segment,
      each of said annular segments overlapping both the preceding upstream
      annular segment and the subsequent downstream annular segment for
      overlapping lengths which are small compared to the axial length of said
      annular segments, and said overlapping lengths defining a plurality of
      coaxial channels therebetween having noncoplanar exits, the length of each
      of said channels being small compared with the axial length of said
      annular segments defining said channels and the radial depth of at least
      the first, most upstream channel being small compared with the axial
      distance between the exits of said first channel and the next downstream
      channel, and further comprising an upstream lip segment located upstream
      of the most upstream annular segment and a terminating plug segment
      located downstream of the most downstream annular segment.
NUM  9.
PAR  9. An exhaust nozzle as claimed in claim 8 wherein said plug segment is
      generally conical in shape.
NUM  10.
PAR  10. An exhaust nozzle as claimed in claim 8 wherein said plug segment
      includes a central opening.
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ABST
PAL  Nozzle means are disclosed that are particularly suited for use in
      combination with tuyeres of metallurgical reducing or refining vessels.
      The nozzle means is axially positionable within the tuyere to maintain a
      supersonic jet as the tuyere is consumed. Both axially
      divergent-convergent and convergent-divergent nozzle means are disclosed.
      Also disclosed is a combination of nozzle means to effect rapid shut-off
      of the tuyere by positioning a conforming convergent first portion into
      the convergent second portion of the nozzle means.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an adjustable nozzle device for providing
      a supersonic velocity in a tube, and, in particular, to an adjustably
      positionable supersonic nozzle for use with a tuyere in a metallurgical
      vessel.
PAC  BACKGROUND OF THE INVENTION
PAR  It is generally well known that combustible material introduced through a
      tuyere into a reducing furnace requires proper atomization and mixing. By
      utilization of a supersonic nozzle wherein a shock wave is produced in the
      divergent portion, atomization and mixing are optimized. Typically,
      however, the construction of such nozzles has been with relatively limited
      parameters precluding any useful variation in the flow rates of the
      combustible material.
PAR  Recently, a method and apparatus have been proposed for the operation and
      construction of a tuyere in which relatively wide variations in the flow
      rate of combustible material is permitted while at the same time forming
      the necessary shock wave in the divergent portion of the nozzle for proper
      atomization. See U.S. Pat. No. 3,771,473, where the convergent portion of
      the supersonic nozzle is modifiable by axially adjusting a central body
      portion arranged substantially coaxially in the convergent portion.
PAR  The device shown in U.S. Pat. No. 3,771,473 is useful in applications such
      as a blast furnace; it has limited application, however, in tuyeres for
      refining vessels, in particular, submerged blowing steelmaking vessels. In
      a submerged blowing steelmaking vessel, a common problem is that the
      velocity of the exiting gas, such as oxygen, from the tuyere is not
      sufficient to prevent the erosion of the refractory material. It is,
      therefore, desirable to produce a tuyere structure in which the gas blown
      into the hot metal exits therefrom at a supersonic velocity. However,
      since the tuyeres in a submerged-blown vessel are consumed together with
      the refractory material, prior art tuyere nozzles which provide a
      supersonic flow are consumed well before the end of the useful life of the
      tuyere. Furthermore, in some applications it is desirable to introduce
      into the tuyere a combustible material which must be properly atomized for
      supersonic injection into the hot metal. Moreover, while it is necessary
      to provide supersonic velocities of the fluid blown into the metallurgical
      vessel, it is frequently required that velocities less than supersonic be
      provided or be possible.
PAR  Accordingly, it is an object of the present invention to provide a nozzle
      means capable of producing a supersonic jet of gas at the end of an
      erodible tuyere. It is another object of the invention to provide a nozzle
      means which is capable of providing an optimized supersonic velocity that
      is selectively reducible by adjusting the position of the nozzle means. It
      is a further object of the present invention to provide a nozzle means
      wherein a combustible material may be properly atomized at varying flow
      rates while maintaining supersonic injection at the output end of a
      constantly erodible tuyere.
PAC  SUMMARY OF THE INVENTION
PAR  The nozzle means of the present invention comprises a venturi member
      axially aligned within a tubular member such as a tuyere for creating a
      supersonic velocity in a gas flowing therethrough. The venturi member
      includes an axially converging portion, a constricted neck portion in
      communication with the convergent portion and a divergent portion in
      communication with the neck portion. The venturi member is rigidly secured
      to an adjusting means for slidable engagement within the tubular member.
      By proper adjustment of the adjusting means, the venturi member can be
      axially positioned at any point along the tubular member including a
      position wherein the divergent portion thereof protrudes beyond the end,
      for example in a tuyere into the metal bath. Thus, the nozzle means
      provides a supersonic velocity in a gaseous fluid that is capable of
      maintaining the jet by retracting the venturi member as the exposed end of
      the tuyere is consumed.
PAR  In another embodiment of the present invention, the nozzle means comprises
      a central member axially positioned within a tubular member such as a
      tuyere. The central member includes a diverging portion terminating at an
      annular portion of constant diameter, the outer surface of which
      cooperates with the inner surface of the tuyere to form a constricted
      annular passageway. A converging portion is positioned at the injection
      end of the nozzle means. The central member is rigidly secured to an
      adjusting means to position the nozzle member along the axis of the
      tubular member.
PAR  In a further embodiment of the invention, a combination nozzle means is
      provided including an axially aligned venturi member having a converging
      portion, a restricted neck portion and a divergent portion at the
      injection end of the nozzle. The venturi member is rigidly secured to an
      adjusting means for adjustably positioning the venturi member with a
      tuyere or like tubular structure. In combination with the venturi member
      is a central member having a divergent portion, an annular portion
      restricting the flow peripherally therearound and a convergent portion
      axially aligned with the convergent portion of the venturi member.
      Preferably, the convergent portion of the central member has a conical
      half angle equal to the conical half angle of the convergent portion of
      the venturi member. The central member is secured to the adjusting means
      of the venturi member for movement therewith, and to second adjusting
      means for independent adjustment with respect to the venturi member. By
      relatively positioning the central member with respect to the venturi
      member, various gas flow rates can be accommodated through the tuyere to
      provide proper atomization by producing a shock wave in the divergent
      portion of the venturi member. Additionally, the convergent portion of the
      central member is adapted to conformingly engage the convergent portion of
      the venturi member to provide a rapid shut-off of the tuyere.
PAR  Other advantages of the present invention will become apparent from a
      perusal of the following detailed description of the presently preferred
      embodiments taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevation of a nozzle means comprising a venturi
      member rigidly secured to an adjusting means;
PAR  FIG. 2 is a sectional elevation of a portion of a nozzle means comprising a
      central member adapted for adjustable engagement within a tuyere; and
PAR  FIG. 3 is a sectional elevation of a combination nozzle means comprising a
      venturi member and a central member and adjusting means for adjusting the
      relative position of said members.
DETD
PAC  PRESENTLY PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, a tuyere 10 comprising a refractory plug 11 and
      metal tubular member 12 imbedded therein is mounted in refractory material
      13 of a metallurgical vessel, such as a steelmaking refining vessel.
      Tuyere 10 is operably connected to a source of oxygen 14 and, optionally,
      to a source of combustible material 16. Tuyere 10 may also comprise a
      concentric double tuyere where tubular member 12 comprises the inner axial
      tuyere which is spaced apart from an outer concentric tuyere, not shown.
      In this operation, line 16 may be connected to a source of protective
      fluid that is injected peripherally of the oxidizing gas injected through
      tubular member 12.
PAR  Nozzle means 20 comprises a venturi member 21 having an axially converging
      portion 22 in communication with oxygen flowing through tuyere tube 12
      from source 14. Converging portion 22 terminates into a restricted neck
      portion 23 which discharges into divergent portion 24. Rigidly mounted to
      venturi member 21 at the converging portion 22 is positioning spider 26.
      Connected to the center of spider 26 is shaft 27 which extends the length
      of the tuyere tube 12 and through mounting block 28 at the end of oxygen
      manifold 30 which is secured to the vessel by securing bolts 17 and 18.
      Mounting block 28 is fixedly mounted at the bottom of manifold 30 and
      includes a machine-threadable engagement with shaft 27 for sealing the
      oxygen within the manifold. Threaded end portion 29 of shaft 27 extends
      through securing member 28 and includes thereon handle 31.
PAR  By rotation of handle 31, threaded portion 29 of shaft 27 is adjustably
      positioned within securing member 28 to slidably engage venturi member 21
      within tube 12.
PAR  Preferably, venturi member 21 is fabricated from a high conductivity copper
      or a ceramic material. The outer diameter of venturi member 21 is
      preferably of a size sufficient to insure slidable frictional engagement
      within tuyere tube 12. Where diverging portion 24 is designed to be
      selectively positioned to protrude beyond the end of tuyere 10 into a hot
      metal bath, it is preferred that a high temperature ceramic be utilized in
      the fabrication of venturi member 21.
PAR  Venturi member 21, in particular, portions 22, 23 and 24 are designed for a
      particular velocity, e.g. Mach 2, utilizing well known nozzle design
      parameters. While in operation, velocities greater than the optimum design
      velocity cannot be obtained, velocities less than the design velocity can
      be achieved at the end of the tubular member by axially positioning the
      divergent portion away from the discharge end of said member. Preferably,
      a substantially linear relationship is provided.
PAR  With reference to FIG. 2, nozzle means 40 is axially positioned within
      tuyere tube 12' to produce a supersonic jet of oxygen and/or combustible
      material. Nozzle means 40 includes a central member having an axially
      divergent portion 41 which diverges into annular or neck portion 42.
      Annular portion 42 provides a constricted annular passage 43 in
      cooperation with the inner surfaces of tuyere tube 12'. A convergent
      portion 44 is provided at the discharge or injection end of nozzle 40.
      Shaft 27' is mounted to divergent portion 41 of nozzle 40 and includes a
      centering spider 46 for axially aligning shaft 27' and nozzle 40 within
      tuyere tube 12'. Shaft 27' is operably connected to an adjusting means,
      not shown, similar to that referred to and described with reference to
      FIG. 1.
PAR  To obtain supersonic velocities with nozzle means 40, it is necessary to
      position the end of convergent portion 44 beyond the discharge periphery
      of tubular member 12' to provide a reduced flow area as contrasted with
      flow area of the reservoir side of the nozzle ahead of divergent portion
      41. Thus, the angle of convergent portion 44, its length and relationship
      to the diameter of tubular member 12' are designed to obtain the optimum
      velocities required for its ultimate end use.
PAR  Referring to FIG. 3, a combination nozzle means 50 is shown mounted for
      sliding engagement within tuyere tube 12". Nozzle means 50 comprises a
      venturi member 51 having an axial divergent portion 52 for discharging a
      supersonic jet of gas. Venturi member 51 also includes a neck portion 53
      in communication with divergent portion 52 and convergent portion 54.
      Mounted to convergent portion 54 of venturi member 51 is cylindrical
      extension 56 having inwardly projecting therefrom a plurality of radial
      securing arms 57. The outer surface of extension 56 is adapted to
      frictionally engage the inner surface of tube 12".
PAR  Mounted to the center of radial securing arms 57 is internally threaded
      annular shaft 58. Shaft 58 includes an externally machine threaded end
      portion 59 adapted to threadably engage and extend through securing member
      61. Securing member 61 is rigidly mounted to the bottom of an oxygen
      manifold, not shown. Mounted to the end of shaft 58 at end portion 59 is
      handle 62 for rotation of shaft 58 within securing member 61. Threadably
      engaged within shaft 58 is second shaft 63 having external threads
      engageable with the internal threads of shaft 58. Shaft 63 extends through
      shaft 58 and at its lower portion includes a handle 64.
PAR  Mounted to the other end of shaft 63 is central member 66. Central member
      66 includes an axial divergent portion 67 diverging to a neck portion 68
      which in cooperation with cylindrical member 56 provides an annular
      passage 69. Neck 68 terminates into convergent portion 71 having a conical
      half angle of converging portion 54 of venturi member 51.
PAR  By means of rotation of handle 62, nozzle means 50 is axially positionable
      along tuyere tube 12". By rotation of handle 64, central member 66 may be
      independently positioned with respect to venturi member 51. By means of
      the relative positioning of central member 66 with respect to venturi
      member 51, various gas flow rates can be accommodated while maintaining a
      shock wave in divergent portion 52 for atomization of a combustible
      material if desired. Optionally, convergent portion 71 of central member
      66 can be positioned within convergent portion 54 of venturi member 51 to
      effect a rapid and complete shut-off of the gas flowing through tuyere
      12". Once the relative positions of venturi and central members have been
      established, the relationship is maintained as nozzle means 50 is axially
      positioned along tuyere 12".
PAR  While manual adjusting means have been shown, it is clear that automatic
      adjusting means may be utilized. Thus, instead of the various handles used
      to rotate the associated shafts, electro-mechanical, hydraulic or like
      drive means may be used. Preferably, the drive means are operably
      connected to a control means which automatically compensates for erosion
      of the tuyere. Thus, while variously preferred embodiments of the
      invention have been shown and described in particularity, it may be
      otherwise embodied within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for use in a tuyere or like tubular member to impart
      supersonic velocity to a fluid passing therethrough, said apparatus
      comprising:
PA1  nozzle means including a central member axially positionable within a
      tubular member, said central member having a convergent portion, a
      divergent portion, and a neck portion between said divergent and
      convergent portions to define an annular passageway between said neck
      portion and tubular member having a restricted flow area to said fluid;
PA1  a venturi member having an axially convergent portion, an axially divergent
      portion, and a neck portion positioned between said convergent and
      divergent portions of said venturi member; said central member having its
      convergent portion of a shape substantially conforming to the convergent
      portion of said venturi member and being axially positionable with respect
      to said convergent portion of said venturi member;
PA1  a first adjusting means operably connected to said venturi member and
      central member for axially positioning said members along said tubular
      member; and
PA1  a second adjusting means operably connected to said central member for
      positioning said central member relative to said venturi member.
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ABST
PAL  A progressing cavity, positive displacement rotary pump assembly for fluid
      or semi-fluid material. The assembly includes a rotary shaft with an
      associated drive motor and pump components including a tubular stator with
      an interior helical surface and an orbital rotor within the stator
      operably connected to the shaft and having an exterior helical surface.
      The helical rotor surface has one more thread than the helical stator
      surface which it engages, to define sealed pumping cavities that advance
      axially as the rotor rotates and orbits within the stator. The rotor is
      coupled to the shaft by a flexible torque tube with one end connected to
      the shaft and the other connected to an end of the rotor to transmit
      driving torque to the rotor and to flex sufficiently to accommodate
      orbital movement of the rotor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to progressing-cavity-type positive displacement
      helical pumps for handling fluid, semi-fluid and comminuted material, such
      as the progressing cavity helical pump of my U.S. Pat. No. 3,512,904. More
      particularly, the invention relates to an improved means for flexibly
      coupling the orbiting rotor for the pump to the rotary drive therefor.
PAR  Progressing-cavity-type positive displacement rotary devices of the general
      class that includes the device disclosed in my U.S. Pat. No. 3,512,904
      (hereinafter referred to as "Allen" devices or pumps) have a rotor with an
      exterior helical surface that engages the surrounding interior helical
      surface of the stator, the rotor surface having one more thread than the
      stator surface and a lead twice that of the stator surface. Thus, the
      stator surface and rotor surface define therebetween sealed pumping
      cavities that are axially advanced as the rotor rotates and at the same
      time orbits in the same direction at two or more times the rate of its
      rotation. For a more complete description of pumps of this type, reference
      is made to my aforesaid U.S. Pat. No. 3,512,904.
PAR  This class of rotary helical devices differs from the well known Moineau
      type device as disclosed, for example, in U.S. Pat. No. 1,892,217. In the
      Moineau-type device the helical rotor orbits in the reverse direction
      relative to its rotation and the helical stator surface has one thread
      more than the helical rotor.
PAR  The coupling between the Moineau rotor and drive shaft must utilize a
      universal connection to accommodate the orbital motion of the rotor, the
      orbital speed being equal to the speed of rotation. Various types of
      universal connections or couplings have been utilized including
      conventional universal joints, long flexible tubes etc. Since the rotor
      has a cork screw shape, it is not feasible to locate the flexible coupling
      within the rotor and normally coupling devices of relatively long length
      are used such as those disclosed in U.S. Pat. Nos. 2,512,764; 2,545,626;
      2,737,119; 2,739,650 and 2,924,180.
PAR  Another technique that is used in connection with Moineau-type pumps is the
      provision of a flexible mounting for the helical stator as disclosed in
      U.S. Pat. Nos. 2,826,152; 2,862,454 and 3,667,692. This arrangement
      permits the rotor to be rigidly coupled to the rotary drive shaft and also
      avoids the use of long-length universal coupling mechanisms which greatly
      add to the overall size of the device. The flexible stator design,
      however, results in the stator, which is usually formed of elastomeric
      material, being vulnerable to malfunction under excessive pressure since
      it is able to deflect in an axial direction. Also, this type of design
      results in the generation of considerable heat due to the flexing of the
      elastomeric material and excessive heat can greatly reduce the effective
      life of the stator. While this flexible mounting technique may be used in
      connection with Allen-type devices, it would be vulnerable to the same
      disadvantages.
PAR  One particular application for Allen pumps is in the pumping of sewage in
      pressure sewage systems. In these systems, it is desirable that a grinding
      mechanism be utilized to comminute any solid material before it enters the
      pumping section. Accordingly, it is desirable to use the same rotary drive
      shaft for both the grinder and the pump. A typical pumping and comminuting
      device for use in a pressure sewage system is disclosed in U.S. Pat. No.
      3,667,692. This type of device has a rotary cutter blade or grinding wheel
      mounted on the lower end of a vertical drive shaft below the surface of
      the sewage in a reservoir. Mounted on the rotor shaft immediately above
      the grinder head is a rotary pump unit which may be a centrifugal type
      pump or in the case of U.S. Pat. No. 3,667,692, a Moineau-type positive
      displacement pump.
PAR  In the case of the Moineau pump, since the drive shaft must extend through
      and below the rotor, the rotor is fixed to the shaft and the elastomeric
      stator is flexibly mounted with a flexible bellows type arrangement. In
      this particular application for a Moineau pump, the flexible stator
      arrangement must be utilized rather than a universal coupling between the
      drive shaft and the rotor because the shaft must extend through the rotor
      to the grinding blade unit. The flexible mounting for the stator, however,
      results in the disadvantages described above.
PAR  The shaft-rotor universal coupling arrangement of the present invention has
      many potential uses, however, it has particular utility in connection with
      the pressure sewage systems wherein it is combined with a comminutor.
PAC  SUMMARY OF THE INVENTION
PAR  It is among the objects of the invention to provide a
      positive-displacement-type helical pumping mechanism (e.g. Allen pump)
      with an improved means for coupling an orbital rotor to a rotary drive
      shaft.
PAR  Another object of the invention is to provide a coupling between a rotary
      drive shaft and a hollow orbital rotor for a pump of the type described
      wherein a universal connection is made entirely within the hollow orbital
      rotor.
PAR  A further object of the invention is to provide a combined rotary grinding
      mechanism and a positive displacement helical pump (e.g. Allen pump)
      wherein both the grinder mechanism and the orbital helical rotor of the
      pump are driven by the same rotary drive shaft.
PAR  These and other objects are accomplished by the novel construction of the
      invention which comprises a progressing cavity, positive displacement,
      rotary pumping assembly including a rotary shaft, a rotary drive for the
      shaft and a generally tubular stator coaxial with the rotary shaft and
      having an interior helical surface. Within the stator is a cooperating
      tubular rotor with an exterior helical surface that engages the interior
      helical surface of the stator to define therewith, sealed pumping
      cavities. Accordingly, as the rotor rotates and its axis translates in an
      orbit circle about the axis of the drive shaft, the pumping cavities are
      axially advanced.
PAR  Within the rotor, in accordance with the invention, is a flexible torque
      tube for coupling the rotor to the shaft, the tube being connected at one
      end to the shaft and at its other end to an end of the rotor to transmit
      driving torque to the rotor and to flex in order to accommodate the
      orbital movement of the rotor in an orbit circle about the axis of the
      shaft.
PAR  In the preferred embodiment, the drive shaft extends entirely through the
      helical rotor and drives at its outer end, another rotary load such as a
      rotary grinder for use in comminuting solid or semi-solid material to be
      pumped.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view through a sewage tank for a positive pressure
      sewage system that includes a grinding and pumping unit embodying the
      invention;
PAR  FIG. 2 is a vertical section on an enlarged scale through the grinding and
      pumping unit of FIG. 1;
PAR  FIG. 3 is an elevational view from below of the grinding and pumping unit
      of FIG. 2 with parts broken away for the purpose of illustration;
PAR  FIG. 4 is a cross sectional view taken on the line 4--4 of FIG. 2;
PAR  FIG. 5 is a cross sectional view taken on the line 5--5 of FIG. 2;
PAR  FIG. 6 is a cross sectional view taken on the line 6--6 of FIG. 2;
PAR  FIG. 7 is a cross sectional view taken on the line 7--7 of FIG. 2;
PAR  FIG. 8 is a cross sectional view taken on the line 8--8 of FIG. 2;
PAR  FIG. 9 is a vertical sectional view similar to FIG. 2 showing the orbital
      rotor after 90.degree. of rotation from the position shown in FIGS. 2 and
      4 through 8;
PAR  FIG. 10 is a cross sectional view taken on the line 10--10 of FIG. 9; and
PAR  FIG. 11 is an exploded assembly view, partly in section, of the pumping
      section of the grinding and pumping unit of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purpose of illustration, the invention will be described herein in
      connection with its adaption for use in a progressing cavity pump in
      combination with a grinder head and a submersible drive motor all mounted
      in a sealed sewage collection tank A. Referring to FIG. 1, the pump and
      grinder head assembly is identified generally by the letter B. The sewage
      collection tank A comprises part of a pressure sewage system that serves a
      waste generating unit and is adapted to receive sewage that is gravity fed
      to the sewage collection tank A and then pumped to a previously installed
      conventional gravity sewer system. As conventional accessories (not shown)
      to the unit B, a liquid level responsive on-off switch, an overflow alarm
      and a discharge check valve are provided in the sealed sewage collection
      tank A.
PAR  The tank A comprises a cylindrical upright wall 10, an annular cover plate
      11 bolted to an annular flange at the top of the wall 10 and an annular
      mounting flange 12 bolted to the cover plate 11 and which serves as a
      mounting means for the grinding and pumping unit B. A three inch inlet
      pipe 13 connects to the gravity sewer line from the waste generating unit
      and a 11/2 inch discharge pipe 14 carries ground sewage from the grinding
      and pumping unit B to a conventional gravity sewer system. The grinding
      and pumping unit B includes a cylindrical casing 15 and a pump head 16
      connected to the casing by a clamp ring 17. The cylindrical casing 15 and
      pump head 16 are supported above by vertical tie bolts 18 extended
      downwardly through the cover plate.
PAR  Located within the cylindrical casing 15 is a cylindrical motor housing 19
      anchored to the pump head 16 by tie bolts 20. Electrical power leads 21
      for the motor (not shown) extend through the cover plate and are
      preferably protected by the casing 15 from contact with sewage in the
      tank.
PAR  The motor has an output shaft 23 (FIG. 3) connected at a coupling 24 to the
      pump shaft 25. The coupling 24 is formed of a semi-elastomeric material
      such as polyurethane to provide sufficient shock absorbing properties and
      to protect the pump shaft 25 from peak loads caused by any sudden jamming
      of the grinder unit. The pump shaft 25 is supported both radially and
      axially by a sealed, grease lubricated ball bearing unit 22.
PAR  A cylindrical pump housing 26 with an upper flange 27 is clamped to the
      pump head 16 by a clamp ring 28. A housing 35 for the grinder section 30
      is clamped to a flange on the lower end of the pump housing 26 by another
      clamp ring 29.
PAR  The grinder section broadly indicated by the numeral 30 includes a cutter
      head 31 secured to the pump shaft by a nut 32 and having radial cutter
      blades 33 that cooperate with an annular stator ring 34 to grind up any
      semi-solid or solid material contained in the sewage being sucked upward
      by the pumping section 40. The stator ring 34 rests against an inwardly
      extending shoulder formed in the bottom of the grinder housing 35 and is
      held in place from above by an annular spacer element 36 which is
      positioned between the cutter ring 34 and the bottom flange of the pump
      housing 26. The spacer element 36 has inwardly extending radial ribs 37
      connected to an inner sleeve that supports a stabilizing bushing 38 on a
      machined hub 39 for the cutter head 31.
PAR  The pumping section 40 comprises a positive displacement, progressing
      cavity helical pump such as an Allen pump adapted to pump the sewage
      upwardly therethrough to a discharge chamber 41 within the pump head 16
      and having an outlet port 42 that communicates to a fitting 43 for the
      discharge pipe 14. The pump comprises a generally tubular stator 45
      preferably formed of rubber or other resilient material and a hollow
      helical rotor 46 received within the stator. The stator 45 is press lifted
      into the pump housing and is clamped by means of a shoulder at each end
      together with the assembly. The stator 45 may be a molded unitary element
      or may be formed of two molded halves.
PAR  The rotor 46 has an exterior helical surface with a generally eliptical
      form as viewed in transverse cross section. The helical rotor surface has
      one more thread than the helical stator surface which it engages to define
      sealed pumping cavities 47 and the threads have a lead that is equal to
      the number of threads in the rotor 46 times the lead of the helical
      surface of the stator 45. Accordingly, as the rotor 46 rotates and its
      axis translates in an orbit circle about the axis of the pump shaft 25 the
      pumping cavities are axially advanced.
PAR  In accordance with the invention, the rotor 46 is coupled to the pump shaft
      25 by a flexible torque tube 50 connected at one end to the shaft 25 and
      at the other end to the rotor 46. The tube 50 is adapted to flex as
      necessary in order to accommodate the orbital movement of the rotor 46 in
      the orbit circle about the axis of the shaft 25. As indicated, the pump
      shaft 25 extends entirely through the helical rotor 46 and the flexible
      torque tube 50 is located generally within the hollow rotor and surrounds
      the shaft 25. It will be seen (FIGS. 4 through 8) that the pumping
      cavities 47 progress from a sealed end to a maximum cross section and then
      diminish to a sealing point. In the embodiment of the invention
      illustrated herein, the cavities 47 extend four-fifths the length of the
      rotor 46 and stator 45 or in other words, the rotor and stator are 11/4
      cavity lengths long.
PAR  The rotor and stator geometry and mathematical relationships are described
      in detail in my U.S. Pat. No. 3,512,904 which is made a part hereof and
      incorporated by reference herein.
PAR  A helical rotor 46 may be molded as shown in the drawing of polyurethane or
      other material selected for flexibility, strength, wear and abrasion
      resistance and low friction characteristics. If the rotor is molded, the
      flexible torque tube 50 may be molded integrally with the rotor, as shown,
      and of the same material, the tube 50 being joined to the rotor 46 at the
      upper portion thereof. The lower end of the tube 50 is bonded to the pump
      shaft 25; alternatively, the lower end of the tube 50 may be mechanically
      clamped to the shaft 25. If desired, the rotor may be formed from metal
      tubing as described in my aforesaid patent, provided with a wear resistant
      coating, and then bonded to a separately formed torque tube composed of a
      material having the desired physical characteristics, such as high density
      polyurethane. As before, the lower, opposite end of the torque tube may be
      bonded or clamped to the pump shaft 25.
PAR  The stator 45 may be molded, for example, of BUNA-N rubber in a multiple
      cavity mold and clamped in place at assembly. Typical dimensions for the
      helical positive displacement helical pump illustrated herein are given in
      TABLE I below.
TBL                TABLE I                                                     
     ______________________________________                                    
      Pump                                                                     
     Dimension           (Inches)                                              
     ______________________________________                                    
     Eccentricity        .1                                                    
     Cavity length       3.2                                                   
     Rotor major dia.    1.75                                                  
     Rotor minor dia.    1.35                                                  
     Rotor form length   4.25                                                  
     Stator major inside dia.                                                  
                         1.95                                                  
     Stator minor inside dia.                                                  
                         1.55                                                  
     Stator outside dia. 2.25                                                  
     Stator length       4.00                                                  
     Stator/cavity length ratio                                                
                         1.25                                                  
     ______________________________________                                    
PAR  A pump designed to these dimensions will have a displacement of 161/2
      gallons per minute at a shaft speed of 1725 rpm.
PAR  The rubber stator 45 provides a semi-positive characteristic for the unit
      so that it is capable of being "dead ended" without risk of bursting the
      lines or destroying the pump. This is an automatic safety feature in case
      of a severely blocked discharge.
PAR  While the invention has been shown and described with reference to a
      specific embodiment thereof, this is intended for the purpose of
      illustration rather than limitation and other modifications and variations
      of the specific form herein shown and described will be apparent to those
      skilled in the art all within the intended spirit and scope of the
      invention. Accordingly, the patent is not to be limited in scope and
      effect to the specific form herein shown and described nor in any way that
      is inconsistent with the extent to which the progress in the art has been
      advanced by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a progressing-cavity, positive displacement rotary pump assembly
      including a rotary shaft and drive means therefor, a generally tubular
      stator coaxial with said rotary shaft and having a helically formed
      interior surface with n-1 threads, a rotor located within said stator and
      having a helically formed exterior surface engaging said interior surface
      of said stator to define therewith, sealed pumping cavities, said exterior
      rotor surface having n threads and a lead of n times the lead of said
      interior stator surface, the improvement which comprises:
PA1  a flexible tubular member for coupling said rotor to said shaft, one end of
      said member being rigidly connected to said shaft and the other end
      thereof being rigidly connected to said rotor to transmit driving torque
      to said rotor and to flex to accommodate orbital movement of said rotor
      during rotation thereof.
NUM  2.
PAR  2. A submersible grinder pump for comminuting and pumping semi-fluid
      material from a reservoir, comprising:
PA1  a stationary housing assembly,
PA1  a rotary shaft with a generally vertical axis,
PA1  a rotary drive means for said shaft operatively connected to the upper end
      thereof,
PA1  rotary grinding means operatively connected to the lower end of said shaft
      for grinding and comminuting said semi-fluid material,
PA1  a progressing-cavity, positive displacement helical pump including a
      generally tubular stator mounted to said housing and having an interior
      helical surface and a hollow rotor operatively connected to said shaft
      above said grinding means within said stator and having a double helical
      surface, and
PA1  a flexible torque tube extending through said rotor around said shaft, said
      tube being rigidly connected at one end to said shaft and at the other end
      to said rotor whereby said rotor is turned by said shaft while the rotor
      axis moves in an orbit about the shaft axis to define with said stator
      axially advancing pumping cavities for forcing fluid material from said
      grinder portion, under pressure from said reservoir.
NUM  3.
PAR  3. In a progressing-cavity, positive displacement rotary pump assembly
      including a rotary shaft and drive means therefor, a generally tubular
      stator coaxial with said rotary shaft and having a helically formed
      interior surface, a rotor located within said stator and having a
      helically formed exterior surface engaging said interior surface of said
      stator to define therewith sealed pumping cavities, the improvement which
      comprises:
PA1  a flexible member for coupling said rotor to said shaft, one end of said
      member being rigidly connected to said shaft and the other end thereof
      being rigidly connected to said rotor to transmit driving torque to said
      rotor and to flex to accommodate orbital movement of said rotor during
      rotation thereof.
NUM  4.
PAR  4. A pump assembly as defined in claim 3 wherein said rotor is tubular and
      said flexible member is located within said rotor.
NUM  5.
PAR  5. A pump assembly as defined in claim 3 wherein said rotor and said
      flexible member are tubular and said shaft extends through said rotor and
      said flexible member.
NUM  6.
PAR  6. A pump assembly as defined in claim 5 wherein said shaft extends through
      and beyond said rotor and wherein said flexible member is positioned
      entirely within said rotor.
NUM  7.
PAR  7. A pump assembly as defined in claim 3 wherein said rotor is tubular and
      said flexible member is formed integrally with said rotor.
NUM  8.
PAR  8. A pump assembly as defined in claim 7 wherein the outer end of said
      shaft extending beyond said rotor is connected to a separate rotary load,
      said shaft being adapted to drive said rotor and said separate rotary load
      simultaneously.
NUM  9.
PAR  9. A pump assembly as defined in claim 7 wherein said flexible member is
      secured to said shaft adjacent the end of said rotor furthest from said
      drive means for said shaft.
NUM  10.
PAR  10. A pump assembly as defined in claim 9 wherein said rotary load is a
      mechanism for grinding and comminuting solid and semi-solid material
      contained in the product to be pumped.
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ABST
PAL  A bottle crusher formed of an enclosed chute into which bottles are
      dropped, with a motor driven rotating plate arranged at the lower end of
      the chute to receive and break the bottles. The motor is located below the
      plate and mounted upon brackets arranged at spaced points around the
      periphery of the plate. Vanes are formed upon the upper surface of the
      plate, with the vanes sloped upwardly from the center of the plate toward
      the edges and with at least one vane terminating considerably inwardly of
      the plate edge to form a high point for breaking bottles landing upon it.
      The bottles are broken by the impacting of the vanes and fragments are
      thrown upwardly by the slope of the vanes for repeated dropping and
      impacting, as well as for breaking the bottles between the brackets and
      vanes, so that the crushed fragments of glass fall off the plate for
      collection below the plate and motor.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Various types of devices have been utilized for breaking or crushing
      bottles, jars, and the like glass articles. However, since the breaking of
      such type glass articles generally results in flying fragments which are
      relatively dangerous, as well as sharp edged multiple size fragments which
      are difficult to handle, there has been a need for a device which is not
      only safe, i.e., in guarding against flying fragments, but also which will
      function to break the glass into small size, easily handled fragments or
      particles, with very little, or almost no dust-like particles. Thus, the
      invention herein relates to an improved crusher or breaker for
      fragmentizing bottles, jars and other glass articles and which functions
      to crush the glass into small, relatively rounded particles or fragments
      which can be easily handled even by the human hand, without danger of
      injury and which is formed as a compact, relatively inexpensive unit
      easily utilized in various indoor locations without danger to persons in
      the surrounding area.
PAC  SUMMARY OF INVENTION
PAR  The invention herein contemplates a cabinet enclosed bottle breaker or
      crusher having an enclosed chute for receiving glass articles to be broken
      which articles fall upon a horizontally arranged, rapidly rotating plate
      having vanes formed to break the glass article upon initial impact with
      the plate and thereafter to crush and fragmentize the glass by repeated
      vane impact, into small, regular-sized, relatively rounded particles. The
      vanes themselves are formed to function as breaking anvils to shatter the
      glass landing thereon and in addition, are sloped upwardly and outwardly
      to repeatedly throw the broken fragments upwardly so that they return by
      gravity back upon the plate for repeated fragmentizing impact by the
      vanes. The size of the resulting broken fragments can be controlled by the
      speed of rotation of the plate as well as the time of operation. The
      fragments fall off the peripheral edge of the plate into a container
      located below it so that the fragments may then be removed from the
      cabinet.
PAR  The system for rotating the plate includes a motor mounted below the plate
      upon brackets arranged at spaced points around the side of the plate so
      that the brackets themselves additionally function as breaking anvils in
      cooperation with the adjacent vane edges.
PAR  Thus, the invention herein contemplates a very simple, inexpensive
      construction which is compact and which completely encloses the operating
      mechanism which essentially comprises only one moving part, namely, the
      vane carrying plate. Thus, the device may be easily installed in peopled
      areas, such as bars, restaurants, institutions where food or bottles are
      handled, private dwelling homes, etc. Because the glass articles to be
      broken are completely enclosed and the fragments are prevented from flying
      outwardly therefrom during the breaking operation, danger to persons
      nearby is completely eliminated. Likewise, because the fragments are
      reduced to smooth sand-like pellets of small size, these too can be
      handled even manually, with little danger of injury.
PAR  One of the objects of this invention is to provide a glass breaker or
      fragmentizing plate mechanism which is formed with vanes shaped to perform
      the functions of first providing a sharp impact area for breakage of a
      bottle or glass object dropped upon it, and thereafter, to repeatedly both
      impact the glass fragments as well as throw them upwardly for causing them
      to gravity drop back upon the plate for further impacting and more
      complete and uniform fragmentization.
PAR  These and other objects and advantages of this invention will become
      apparent upon reading the following description, of which the attached
      drawings form a part.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of the bottle crusher or breaker with certain
      of the internal construction shown in dotted or phantom lines.
PAR  FIG. 2 is a cross-sectional elevational side view of the bottle crusher.
PAR  FIG. 3 is an enlarged plan view of the crusher or breaking breaker
PAR  FIG. 4 is an elevational view taken in the direction of arrows 4--4 of FIG.
      3, of the plate.
PAR  FIG. 5 is an elevational view of the plate taken in the direction of arrows
      5--5 of FIG. 3.
PAR  FIG. 6 is a perspective view of the plate.
PAR  FIG. 7 is an enlarged, cross-sectional, fragmentary view of the plate and
      motor and support assembly.
PAR  FIG. 8 is a perspective view showing the plate mounted within the adjacent
      support assembly.
PAR  FIG. 9 is an enlarged, fragmentary cross-sectional view of the closure
      through which bottles are inserted and is taken in the direction of arrows
      9--9 of FIG. 1.
PAR  FIG. 10 is a perspective view of the pair of sheets which make up the
      closure of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  The glass bottle or article breaker, generally designated as 10, includes a
      suitable cabinet or housing 11 having a front wall 12, a bottom pullout
      drawer 13 mounted for opening and closing manually, and a central,
      horizontally located partition or plate 14.
PAR  An opening 15 is formed at the upper end of the front wall 12. The opening
      is covered by a closure 16 which preferably is formed of a pair of
      generally circular, thin, resilient, but relatively stiff plastic sheets
      17 and 17aeach having radially directed slits formed therein, with the
      slits 18 of the sheet 17 being angularly offset relative to the slits 18a
      of the sheet 17a. The sheets are secured together and to the wall 12 by
      means of a suitable ring-like molding 19 (see FIG. 9).
PAR  The sheets are sufficiently resilient so that glass articles to be broken
      may be manually pushed through the center of the sheets, that is, forcing
      aside the triangular shaped flaps formed by the slits 18-18a for passage
      therethrough of the article, with these flaps returning to their normal
      flat or closed position upon passage of the article therethrough.
PAR  Preferably, an additional rigid flap or door 20, secured by a conventional
      hinge 21 to the upper end of the of the opening 15, is provided to insure
      against the return passage through the opening of glass fragments. The
      flapper or door 20 may be suspended by gravity over the opening, or
      alternatively, a conventional spring type hinge may be used for spring
      urging the door 20 into a vertical normal position.
PAR  Mounted inside of the cabinet is a curved chute 25 formed in the shape of a
      large diameter sheet metal tubular elbow which curves downwardly and with
      its open lower end fitted around a raised ring 26 formed on the partition
      14 surrounding an opening formed in the center of the partition. Arranged
      in such opening, below the ring, is a flat, disk-like crusher or breaker
      plate 30 having a central hub 31 with an opening 32 formed therein for
      receiving a motor driven shaft.
PAR  The upper surface of the crusher plate 30 is provided with two pairs of
      ribs or vanes, namely, long vanes 33 and short vanes 34. These vanes may
      be formed integrally with the plate by casting the plate as a single unit
      or alternatively may be formed as separate elements welded to a flat
      plate.
PAR  The upper edges 35 of the long vanes are sloped radially outwardly and
      upwardly from the center of the disk so that their inner ends are below
      the upper surface of the hub and their outer edges are at about the upper
      height of the hub. Likewise, the short vanes 34 have their upper edges 36
      sloped, but at a much sharper angle to a height which is considerably
      above the height of the hub. Thus, high points or small impact areas or
      anvil areas 37 and 38 are formed on the respective outer edges of the
      vanes.
PAR  L-shaped support brackets 40 are secured, as by welding, to the lower
      surface of the partition 14 so that their lower legs 41 extend radially
      inwardly. Screw receiving holes 42 are formed on these lower legs. Thus, a
      motor support plate 43 is attached to the bracket lower legs by means of
      screws 44 extending through holes 45 in the motor support plate.
PAR  Fastened to the motor support plate by any conventional means is an
      electrial motor 48 which is arranged so that its shaft 49 extends
      vertically upwardly through a hole 50 in the motor support plate and
      engages within the hole 32 in the plate hub 31 where it may be fastened by
      means of a conventional key or set screw or the like for rotation of the
      plate 30.
PAR  A suitable electrical connection is provided for the motor with switches
      for energizing the motor either upon manual operation of the switch or
      alternatively by an automatic switch operated whenever the flap or door 20
      is pushed inwardly by an entering glass article. Such type of electrical
      controls are conventional and therefore are omitted from the description
      herein.
PAR  In operation, the user of the device manually inserts a glass bottle or
      other glass article through the closure 16 by merely pushing the article
      sufficiently to cause the flaps in the plastic sheets to separate and to
      cause the door 20 to swing upwardly and out of the way. The glass article
      falls down the chute 25 where it lands upon the high points 38 of the
      short vanes in the first instance, thus, causing the glass to break.
PAR  Thereafter, the rotation of the plate 30 causes the vanes to repeatedly
      impact the glass fragments to break them into smaller and smaller sizes
      which will become relatively uniform in size and upon operation of the
      plate at suitable speed, will produce sand-like particles which are
      relatively smooth to manually handle. The breaking fragments of glass are
      repeatedly thrown upwardly by the sloped upper edges of the vanes thereby
      causing them to gravity drop back down upon the plate for repeated
      impacts.
PAR  Ultimately, the small particles of fragmentized glass are thrown radially
      outwardly of the plate below the partition 14 where they land in the
      drawer 13. From time to time, the drawer may be emptied by manually
      grasping the drawer hand pull 51, opening the drawer, and then dumping its
      contents into a suitable container. Although the drawer may be relatively
      small compared to the cabinet size, a large number of glass articles or
      bottles may be fragmentized since the fragments are considerably more
      compact than the original article itself.
CLMS
STM  Having fully described an operative embodiment of this invention, I now
      claim:
NUM  1.
PAR  1. A breaker for glass articles, such as bottles and the like, comprising:
PA1  a downwardly directed chute having an upper end into which glass bottles
      and the like may be inserted, and an open lower end;
PA1  a horizontally arranged, vertically axised, rotatable plate arranged at and
      approximately coaxial with said chute lower end, so that the plate at all
      times closes said lower end;
PA1  narrow vanes formed on the upper surface of said plate, with said vanes
      extending radially of the plate and having small area high points formed
      upon their upper edges for breaking the glass articles dropped upon them,
      wherein glass articles dropped into the upper end of the chute land upon
      the plate and vanes so that said high points initially break the articles
      and thereafter said vanes repeatedly impact the glass articles and
      fragments of glass therefrom, to break them into desired small size
      particles which fall off the peripheral edge of the plate;
PA1  and means located below the plate for collecting the broken particles.
NUM  2.
PAR  2. A construction as defined in claim 1, and with the upper edges of said
      vanes being sloped upwardly from the center of the plate radially
      outwardly, for thereby throwing fragments upwardly of the plate.
NUM  3.
PAR  3. A construction as defined in claim 1, and at least one of said vanes
      extending to close to the peripheral edge of the plate and at least
      another of said vanes extending to a point considerably inwardly of the
      peripheral edge of the plate, which point is higher, i.e., above the plate
      surface, than the high point on said one vane.
NUM  4.
PAR  4. A construction as defined in claim 1, and said chute being in the form
      of a tube having a closure for its upper end, with said closure formed of
      a pair of sheets of a relatively stiff, but resilient material arranged in
      substantial face to face contact and secured at their edges to each other
      and around the tube upper end;
PA1  with said sheets having a number of equally spaced apart radially directed
      slits extending from its center towards its outer edge to form flexible
      segments, but with the slits of one sheet being offset relative to the
      slits of the other sheet so that the segments of one sheet overlap the
      slits of the other sheet, whereby bottles and the like may be pushed
      through the sheets due to the spreading apart of the segments thereof at
      the slits, but the sheets normally remain flat and seal against glass
      fragments returning from the plate out towards the upper end of the chute.
NUM  5.
PAR  5. A construction as defined in claim 1, and said chute being in the form
      of a relatively large diameter, curved tube whose upper end opens in a
      vertical plane and whose lower end opens in a horizontal plane above the
      plate, for thereby enclosing glass fragments within the tube.
NUM  6.
PAR  6. A glass article breaker comprising:
PA1  a rotatable flat disk-like plate having a short and a long narrow radially
      directed vane formed upon its upper surface;
PA1  with the upper edge of each vane being sloped upwardly from the center of
      the plate towards the plate outer edge, and terminating in a small area
      high point, but with the slope of the short vane being greater than and
      its high point being higher than that of the long vane;
PA1  a chute arranged above the plate for directing glass articles, such as
      bottles and the like for gravity dropping upon the plate and vane high
      points for initially breaking the glass;
PA1  and means for rotating the plate, wherein said vanes repeatedly impact the
      glass and the sloped upper edges of the vanes throw the glass upwardly for
      gravity dropping back down upon the plate and vanes.
NUM  7.
PAR  7. A construction as defined in claim 6, and said chute being in the form
      of a tube whose open low end is arranged in a horizontal plane above and
      around the plate, and with the tube being bent along its length so that
      its upper end is formed with an opening arranged in a vertical plane.
NUM  8.
PAR  8. A construction as defined in claim 6 and said means for rotating the
      plate comprising a vertically axised motor located below the plate and
      supported upon brackets which extend upwardly along the peripheral edge of
      the plate, with the motor having a drive shaft connected to the plate for
      rotation of the plate, and with said brackets cooperating with the outer
      edges of the long vanes for breaking glass fragments.
NUM  9.
PAR  9. A breaker for glass articles, such as bottles and the like, comprising:
PA1  a downwardly directed chute having an upper end into which glass bottles
      and the like may be inserted, and an open lower end;
PA1  a horizontally arranged, vertically axised, rotatable plate arranged at
      said chute lower end;
PA1  narrow vanes formed on the upper surface of said plate, with said vanes
      extending radially of the plate and having small area high points formed
      upon their upper edges for breaking the glass articles dropped upon them,
      wherein said vanes repeatedly impact the glass articles and fragments of
      glass therefrom, to break them into desired small size particles which
      fall off the peripheral edge of the plate;
PA1  with the upper edges of said vanes being sloped upwardly from the center of
      the plate radially outwardly, for thereby throwing fragments upwardly of
      the plate; and
PA1  means located below the plate for collecting the broken particles.
NUM  10.
PAR  10. A breaker for glass articles, such as bottles and the like, comprising:
PA1  a downwardly directed chute having an upper end into which glass bottles
      and the like may be inserted, and an open lower end;
PA1  a horizontally arranged, vertically axised, rotatable plate arranged at
      said chute lower end;
PA1  narrow vanes formed on the upper surface of said plate, with said vanes
      extending radially of the plate and having small area high points formed
      upon their upper edges for breaking the glass articles dropped upon them,
      wherein said vanes repeatedly impact the glass articles and fragments of
      glass thereform, to break them into desired small size particles which
      fall off the peripheral edge of the plate;
PA1  at least one of said vanes extending to close the peripheral edge of the
      plate and at least another of said vanes extending to a point considerably
      inwardly of the peripheral edge of the plate, which point is higher, i.e.,
      above the plate surface, than the high point on said one vane, and;
PA1  means located below the plate for collecting the broken particles.
NUM  11.
PAR  11. A breaker for glass articles, such as bottles and the like, comprising:
PA1  a downwardly directed chute having an upper end into which glass bottles
      and the like may be inserted, and an open lower end;
PA1  a horizontally arranged, vertically axised, rotatable plate arranged at
      said chute lower end;
PA1  narrow vanes formed on the upper surface of said plate, with said vanes
      extending radially of the plate and having small area high points formed
      upon their upper edges for breaking the glass articles dropped upon them,
      wherein said vanes repeatedly impact the glass articles and fragments of
      glass therefrom, to break them into desired small size particles which
      fall off the peripheral edge of the plate;
PA1  means located below the plate for collecting the broken particles;
PA1  a vertically axised motor arranged below the plate, with the motor having
      an upwardly extending drive shaft connected to the center of the plate for
      rotation thereof;
PA1  vertically arranged support brackets arranged at spaced points around the
      spaced closely to the periphery of the plate, with said motor being
      secured to and supported by said support brackets; and
PA1  wherein the support brackets cooperate with the plate vanes for breaking
      glass fragments therebetween.
NUM  12.
PAR  12. A construction as defined in claim 11, and including at least one vane
      terminating roughly midway of the radius of the plate and having its upper
      edge sloping upwardly from the center of the plate to a higher point
      located considerably above the height of the high point of another vane
      which extends close to and whose high point is adjacent the peripheral
      edge of the plate.
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ABST
PAL  A pre-tearing device for producing coarse flour out of bale plates of
      flake-dried wood pulp. The pre-tearing device comprises a feeding device
      for the plates and a rotating cylinder the surface of which is provided
      with spikes. The feeding device is arranged to feed the plates to be torn
      against the surface of the tearing cylinder in a direction that deviates
      from a direction perpendicular to the surface of the tearing cylinder. The
      spikes are arranged on the cylinder surface as two spirals rotating in
      opposite directions in relation to each other.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to a pre-tearing device for producing a
      coarse flour, for example, out of bale plates of flake-dried wood pulp by
      pre-tearing, which pre-tearing device comprises a feeding device for the
      plates and a rotating tearing cylinder which carries out the tearing work
      proper and whose surface is provided with spikes.
PAR  When using such a pre-tearing device, is is possible, by Pre-tearing of
      bale plates of flake-dried wood pulp, to obtain a coarse flour which is
      suitable for being mixed, for example, in the pre-torn pulp mix mentioned
      in copending Patent Application Ser. No. 516928 filed Oct. 22, 1974 and
      for being transported by centrifugal blowers and in pipe systems and for
      separation with a high efficiency in cyclones.
PAC  BACKGROUND OF THE INVENTION
PAR  Previously, one has not systematically aimed at such a construction of a
      pre-tearing device for flake-dried pulp bale plate that the obtained
      pre-flour were as uniform and coarse as possible. This is why only some
      general solutions can be mentioned, such as chaff cutters (German
      Zerspaner), tearing devices for paper waste, etc. In these general
      solutions, remarkable machine powers are required, such as 50 kW.
      Frequently there is a bottom screen in general machines, such as in
      tearing devices for paper waste, for which reason there is often a
      considerable extent of dust at the machine because the material to be
      ground rolls around in the machine several times until it escapes through
      the bottom screen as having become sufficiently small.
PAR  A purpose of the present invention is to eliminate the above drawbacks and
      to provide a highly efficient pre-tearing device for bale plates. The
      pre-tearing device in accordance with the invention is mainly
      characterized in that the feeding device is arranged so as to feed the
      plates to be torn against the surface of the tearing cylinder in a
      direction that deviates from the perpendicular direction, and the spikes
      have been applied onto the cylindrical surface of the cylinder as two
      spirals rotating in opposite directions in relation to each other.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The pre-tearing device in accordance with the invention will be described,
      by way of example, with reference to the attached drawings, in which:
PAR  FIG. 1 shows a partly schematical view of an embodiment of the pre-tearing
      device in accordance with the invention.
PAR  FIG. 2 shows a part-sectional detail of the tearing cylinder of the
      pre-tearing device according to FIG. 1 on an enlarged scale.
PAR  FIG. 3 shows a schematical view of the spike system of the cylinder in
      accordance with FIG. 2 with the surface of the cylinder as unrolled.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with FIG. 1, the feeding motor 1 operates, by means of
      transmission systems, corrugated feeding rollers 2 and 3. The upper
      feeding roller 2 is loaded by springs 23 and can spring upwards 20 mm in
      the vertical direction. In other words, between the bearings of the
      feeding rollers 2 and 3 there is an approximately 80 mm intermediate
      lifting space.
PAR  The feeding motor 1 also operates smooth-surface rollers 4 by chain
      transmission. The peripheral velocity of the rollers 4 is considerably
      (e.g. 4 times) higher than the peripheral velocity of the feeding rollers
      2 and 3.
PAR  A bale plate 5 consisting of flake-dried mechanical wood pulp (e.g. 1/5 of
      a bale = 1/5 .times. 200 kg = 40 kg/plate), which is approximately 100 mm
      thick and, e.g., 600 mm wide and 700 mm long, penetrates by the friction
      force of the rollers 4 into the feeding roller mouth 2, 3, whereby the
      feeding roller 2, as loaded by a spring 23, climbs up on the edge of the
      plate 5 and the feeding starts. The motor 8 operates the tearing cylinder
      7 (e.g., n = 300 rpm, the motor 8 power P being = 7 kW). The surface of
      the cylinder 7 has a spike system, which will be described separately
      below. The diameter of the cylinder 7 is d = 1000 mm. The spikes tear the
      edge of the bale plate 5 fed in a direction that deviates from a direction
      perpendicular to the surface of cylinder 7. More specifically, the angle
      between the feeding direction of the plate and the radius of the cylinder,
      at the point where the spikes hit the front end of the plate, is in the
      range of 15 to 35.degree.. According to measurements, the optimum angle is
      19.7.degree., when the hitting point is defined as situated mid-way of the
      thickness of the plate.
PAR  This angle is advantageous, because then the bale itself tends to move in
      the feeding direction over its entire width, and no backward impacts are
      directed at the feeding rollers 2, 3.
PAR  Also, the power requirement is lower than in the case that the plate 5 were
      fed perpendicularly against the cylinder 7 surface, because in the plate 5
      the fibre layers are in the horizontal plane more than in the vertical
      plane.
PAR  The plate edge ground in this way partly bends upwards until it meets an
      obstacle 6, which is U-beam, at the bottom face of which zig-zag weldings
      have been applied as deposits, which "bite" into the top part of the flake
      plate 5.
PAR  Although the grinding takes place mainly in the plane of the flake plate 5,
      the pre-crushing of larger pieces becoming loose from the plate, such as
      the end piece of the plate, takes place underneath the beam 6.
PAR  The spike system of the cylinder 7 will now be described with reference to
      FIGS. 2 and 3.
PAR  When examining the splitting characteristics of a flake-dried plate, it has
      been noticed that 6 mm wide blades, whose spacing is 25 mm in respect of
      the cylinder width, split the plate evenly.
PAR  Along the circumferential surface of the cylinder 7, two interlapping
      helices 17 and 18 of spikes extending in opposite directions in relation
      to each other have been distributed, each of them with a lateral spike
      spacing of 50 mm. The helices are disposed in relation to each other so
      that the right and the left half of the front end of the plate always
      receive spike contact simultaneously, whereby the plate does not vibrate
      in the lateral direction when it is worked. The said interlapping spike
      rows, each of them with a lateral spacing of 50 mm, form a joint spike
      system with a lateral spacing of 25 mm, which spike system evenly splits
      coarse fibre flakes out of the plate. The height of each spike 9 is 15 mm,
      thickness 6 mm and length 50 mm. Associated with every fourth spike is a
      12 mm high and 6 mm thick band 10, which has been fastened by welding
      around the cylinder circumference. Between each band and its associated
      spike is a space, in front of and behind the spike, of 100 mm.
PAR  The cutting edges 21 of the spikes and the leading edges 22 of the bands
      have been welded by manganese electrode rod onto the body material, which
      can be, for example, of St 37 steel.
PAR  The bands 10 prevent loosened larger pieces, at the nominal peripheral
      velocity, from falling to the root of the spike and from hereafter
      blocking the machine or from being separated as excessively large pieces
      in view of the desired uniform quality. Thus, these bands are laterally
      spaced at 100 mm in relation to the cylinder width, i.e. one band in
      connection with every second spike of one helix (i.e. 18). The other helix
      of spikes 9 are identical but are without said bands.
PAR  When the peripheral velocity of the two rollers 2, 3 driven by the motor 1
      (FIG. 1) has been arranged so that the feed is, for example, 1, 2, or 3 mm
      per revolution, the corresponding production capacity for the machine
      obtained is P = 1000 to 3000 kg/h. The production capacity can be
      increased easily by increasing the rotating speed of the motor and the
      feeding speed. The flakes are hurled from the top cover 11 to the bottom
      cover 12 and proceed from there further into the centrifugal blower 13 and
      through the pipe system 14 into the cyclone 15.
PAR  The pre-tearing device is designed so that on it it is possible to include
      a cutter mill 16 or a similar mill, known per se, in which other additives
      can be ground for mixing in.
PAR  The pre-tearing machine in accordance with the invention has been intended
      primarily for use in the production of products of the hygienic field, and
      the first chaff obtained from the machine is intended to be fed further
      into intermediate distributors, mixers, hammer mills, plate mills, and
      grinding devices.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pre-tearing device for producing a coarse flour from bale plates of
      flake-dried wood pulp, comprising:
PA1  a. a tearing cylinder arranged for rotation about an axis of rotation;
PA1  b. a plurality of spikes arranged on the cylindrical surface of the tearing
      cylinder as two helices extending in opposite directions in relation to
      each other, the distance between adjacent spikes of each helix being in
      the axial direction of the tearing cylinder, several times bigger than the
      width of each spike;
PA1  c. a plurality of bands extending circumferentially around the cylinder in
      a parallel relationship with each other, the distance between adjacent
      bands, in the axial direction of the tearing cylinder, being several times
      bigger than the width of each band;
PA1  d. means for feeding the bale plates to the rotating cylinder such that the
      angle between the feeding direction of the plates and the radius of the
      cylinder, at the point where the front end of the plates engages the
      cylindrical surface of the tearing cylinder, is in the range of 15 to
      35.degree.; and
PA1  e. a wedge means arranged in parallel with the axis of the tearing cylinder
      at a distance, from the feeding point in the direction of said rotation of
      the cylinder, and spaced a distance radially from the cylindrical surface
      of the tearing cylinder for grinding larger loose pieces of bale plates.
NUM  2.
PAR  2. A pre-tearing device as claimed in claim 1, wherein the spikes in the
      two helices are arranged so as to interlap each other in the axial
      direction of the tearing cylinder such that adjacent spikes each belong to
      a different helix.
NUM  3.
PAR  3. A pre-tearing device as claimed in claim 1, wherein the wedge means is a
      U-beam.
NUM  4.
PAR  4. A pre-tearing device as claimed in claim 1, wherein each band has an
      interrupted space in its circumference.
NUM  5.
PAR  5. A pre-tearing device as claimed in claim 4, wherein in each interrupted
      space is disposed a said spike.
NUM  6.
PAR  6. A pre-tearing device as claimed in claim 5, wherein the spikes in the
      interrupted spaces all belong to the same helix.
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ABST
PAL  A chuck head with rotatable feeding movement for clamping of small toroid
      cores in the course of winding a conductor on this core comprises three
      supporting rollers of the toroid, two of which are stable, the third
      tiltable and spring loaded, all these rollers receiving a drive at
      constant circumferential speed. Means for correct feeding of the wound on
      conductor are equally provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a chuck head for a rotatable feeding movement of
      a clamped ring shaped body, for instance of a ferrite toroid core, wound
      on on a microtoroid winding machine. The arrangement represents a unit,
      which can be used as additional replaceable part of a microtoroid winding
      machine.
PAR  Actually used microtoroid winding machines enable an automatic winding of
      miniature toroids up to a minimum external diameter of about 4 mm. For
      winding of toroid cores of a smaller external diameter, for instance 2.5
      mm only, a special exchangeable additional arrangement, a chuck head with
      a rotatable feeding movement had to be designed.
PAR  The arrangement now used for clamping and feeding of toroids had the toroid
      core, on which the conductor had to be wound, clamped between three
      guiding rollers, one of which was idle running, tiltable, designed for
      securing pressure only, whereas the remaining two rollers received a step
      by step rotating motion from the shaft of a ratchet wheel by way of a
      toothed gear. The shafts of the driven rollers together with the rollers
      and their pinions have been arranged rotatably between two flat parallel
      side walls, forming the supporting structure of the clamping device. This
      arrangement did not allow the winding of very small toroids, because their
      clamping required already the use of clamping rollers of very small
      diameters situated at rather limited axial distances. Any reduction of the
      axial distances of clamping rollers caused difficulties of the design of
      the discriminating device, used for winding the conductor on the core, the
      arm of which had to be brought as close as possible to the face of the
      wound on toroid. The reduction of the axial distance of the clamping
      rollers has been in known designs of microtoroid winding machines limited
      by the circumstance that the arm of the discriminating device had to
      perform working movements between the shafts of the clamping rollers and
      bearing parts of these shafts. The rotatable feeding of very small toroids
      with a step by step drive of only two of three clamping rollers has not
      been reliable due to slipping. This drawback could not been eliminated by
      application of a larger pressure of the pressure roller both because of
      the brittleness of very small toroids and because very small toroids have
      been in case of larger pressures pressed into the rubber lining of the
      clamping rollers what additionally affected the conditions for a reliable
      feeding movement of the toroid.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a clamping head with a
      rotating feeding movement which would enable a safe clamping of small and
      brittle toroids in the course of their winding and their reliable rotation
      according to requirements. It is another object of this invention to
      enable an easy access to the chuck head both for inserting the toroid core
      for winding and for manipulation in the course of winding. There is a
      further object to provide a safe guiding of the conductor used for winding
      on the toroid core.
PAR  The chuck head according to this invention for clamping and rotatably
      feeding a toroid has a base wall and a front plate parallel therewith,
      connected by distance pieces and supporting therebetween a front shaft and
      a rear shaft. A further supporting shaft is arranged with the front and
      rear shaft. A tiltable bracket is supported by the supporting shaft, which
      bracket supports in turn a lateral shaft rotatable thereupon. Rollers for
      clamping the toroid are fixed to extending parts of the front, rear and
      tiltable shaft. Gear means are provided to transmit to the front and rear
      shaft a rotating movement at uniform speed and in the toroid winding
      direction. Transmission gear means is provided on the supporting shaft to
      transmit rotation to the lateral shaft. The roller on the lateral shaft is
      urged in engagement with the toroid to be clamped by spring means forcing
      the bracket toward the base wall. The rollers for clamping the toroid are
      fixed exchangeably on their shafts. Feeding means for a correct feeding of
      the wound on conductor are provided.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  An examplary embodiment of the chuck head according to this invention is
      indicated in the attached drawings, where
PAR  FIG. 1 is a side view of the proper chuck means with parts in section,
PAR  FIG. 2 is a sectional top view of the chuck head in its tilted position,
PAR  FIG. 3 a perspective view of the whole chuck head,
PAR  FIG. 4 a perspective view of the removable clamping part of the chuck head,
PAR  FIG. 5 the front supporting roller of the toroid in longitudinal section
      and
PAR  FIG. 6 the same view of the tiltable supporting roller of the toroid.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The chuck head according to this invention comprises a base wall 3 and a
      front plate 5 parallel therewith, mutually connected by distance pieces. A
      front shaft 28 and a rear shaft 26 are rotatably supported between this
      base wall 3 and front plate 5. There is a further supporting shaft 24
      parallel with the front and rear shaft supported by the base wall 3 and
      the front plate 5. This supporting shaft 24 supports a tiltable bracket 4
      which in turn supports a lateral shaft 25 rotatable thereupon and being
      equally parallel with shafts 24, 26 and 28. A front supporting roller 8
      for the toroid to be clamped is exchangeably fixed to the end of the front
      shaft 28 extending over the front plate 5, a rear supporting roller 10 is
      similarly fixed to the rear shaft 26 and a lateral supporting roller 9 is
      fixed to the lateral shaft 25. The whole unit just described is by means
      of the base wall 3 fixed to a support wall 1 of the whole chuck head so
      that it can be easily replaced by another similar unit. The rear beveled
      part of the tiltable bracket 4 has an extension 6 where one end of a pull
      spring 7 is anchored, the other end of which is fixed to an extension of
      the support wall 1 of the chuck head. The pull spring 7 urges the tiltable
      bracket 4 and thus also the lateral roller 9 in engagement with the toroid
      core 11.
PAR  A face wall 2 extending over the gearing means is fixed by means of
      distance members to the support wall 1 and is located and shaped to leave
      a free space in front of the supporting rollers 8,9 and 10 of the torroid
      core 11.
PAR  A driving shaft 29 of the chuck head is freely rotatably supported between
      the support wall 1 and the face wall 2 and extends over the latter.
PAR  A ratchet wheel 30 is fixed on the extending part of the driving shaft 29,
      and, on the hub thereof, a two arm lever 31 is rotatably seated, same
      having a driving pawl 33 rotatably arranged on one arm thereof and a
      projection 36 for transmission of a rocking movement to the two arm lever
      31 by a not shown cam mechanism on its other arm. A pull spring 35 fixed
      with one end to the stud of the driving pawl 33 and with its other end to
      the face wall 2 urges said one arm of the two arm lever 31 against an
      adjustable stop screw 34, which determines the rest position of the two
      arm lever 31. A locking pawl 32 engaging with the ratchet wheel 30 is
      furthermore rotatably supported on a stud fixed to the face wall 2. The
      extent of the rocking motion of the two arm lever 31 is determined by the
      position of the stop screw 34 and can be read on a scale 37 fixed to the
      face wall 2, with which scale 37 a pointer on the end of said one arm of
      the two arm lever 31 cooperates.
PAR  A driving pinion 16 is fixed to the other end of the driving shaft 29
      meshing with a first transmission wheel 17, which in turn engages with a
      second transmission wheel 18 on a stud fixed to the base wall 3 which
      meshes with a third transmission wheel 19 supported in a similar way. The
      third transmission wheel 19 transmits a rotating movement to a front
      pinion 20 on the front shaft 28 and to a rear pinion 21 on the rear shaft
      26. The rear pinion meshes furthermore with a transmission wheel 23
      coaxial with the supporting shaft 24 of the tiltable bracket 4, which
      transmission wheel 23 is in engamenet with a pinion 22 on the lateral
      shaft 25.
PAR  The tiltable bracket 4 rests in its disengaged position, i.e. when a toroid
      core 11 has to be inserted between the supporting rollers 8, 9, 10 with
      the beveled wall of its rear part against a distance piece located between
      the base wall 3 and the front plate 5. A guiding stud 12 is furthermore
      provided on the lateral wall of the tiltable bracket 4 in front of the
      tiltable roller 9 somewhat above the axis of the clamped toroid core 11,
      and has a groove for guiding the starting end of the conductor wire 15 to
      be wound, and possibly also of taps. A holding roller 13 is provided on
      the same side of the tiltable bracket 4 where the guiding stud 12 is
      located. A guiding eyelet 14 for leading the conductor wire 15 to, and
      securing it against shifting from, the holding roller 13 is provided on
      the tiltable bracket 4 at a place preceding the holding roller 13.
PAR  FIG. 5 and 6 show how the supporting rollers of the toroid are fixed
      exchangeably on their shafts. According to FIG. 5 the front roller 8 is by
      means of a sleeve 27 shifted on a stud like extension of the front shaft
      28, engaging by tooth shaped extensions 38 of the sleeve 27 into grooves
      39 of the front shaft 28. The position of the sleeve 27 is secured by a
      screw 40, pressing the rear face of the sleeve 27 against a collar of the
      front shaft 28. The active surface of the roller 8 is provided with a
      rubber lining, fixed to the sleeve 27.
PAR  FIG. 6 shows another example of fixing of these rollers with regard to the
      lateral supporting roller 9 for the toroid core 11 on the lateral shaft
      25. This shaft in engagement with cuts 41 of the sleeve shaped tiltable
      roller 9, being pressed by a screw 43 against a collar formed by a stud
      like extension of the tiltable shaft 25. The active surface of the roller
      9 can be of course equally provided with a rubber lining.
PAR  In the description of the examplary embodiment a step by step rotatable
      feeding movement of the clamped toroid core has been considered. This
      feeding movement can be of course also continuous, so far it meets the
      requirements of the winding process. In that case the drive by means of
      the ratchet wheel 30 is replaced by a simple transmission gear.
PAR  In operation first the tiltable bracket 4 is turned back and an empty
      toroid core 11 is inserted so that it rests by its front and rear end
      respectively on the front roller 8 and on the rear roller 10. The tiltable
      bracket 4 is thereafter allowed to return into its operating position,
      whereby the tiltable roller 9 rests against the inserted toroid core 11,
      against which it is urged by the force of the pull spring 7. Thus the
      toroid core 11 is securely clamped and the winding operation can be
      started. The step by step rotating movement is transmitted to the toroid
      by the action of a not shown cam mechanism against a projection 36 of the
      two arm lever 31, which takes along in the course of one of its strokes by
      means of the driving pawl 33 the ratchet wheel 30, which is in the course
      of the rear stroke of the two arm lever 31 secured in its position by the
      locking pawl 32. The step by stop movement of the ratchet wheel 30 is
      transmitted via the driving shaft 29, the gearing means 17, 18, 19 to the
      front pinion 20 on the front shaft 28 and thus to the front supporting
      roller 8 of the toroid core 11 and simultaneously to the rear pinion 21 on
      the rear shaft 26 and thus also to the rear supporting roller 10 of the
      toroid 11. The rear pinion 21, meshing with the transmission gear 23
      coaxial with the supporting shaft 24 enables to transmit the rotating
      motion also to the tiltable pinion 22 on the lateral shaft 25 and thus
      also to the lateral supporting roller 9 of the toroid core 11, so that at
      any circumstance all supporting rollers 8, 9, 10 of the toroid 11 are
      driven at uniform circumferential speed and in the direction of the toroid
      winding speed.
PAR  The guiding stud 12 and the holding roller 13 with the guiding eyelet 14
      enable a safe guiding of the conductor wire 15 being wound.
PAR  The access to the active parts of the chuck head is easy, the unit with the
      supporting rollers 8, 9, 10 of the toroid core is easily exchangeable,
      equally as the supporting rollers 8, 9, 10 themselves.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chuck for winding a conductor wire into a toroid comprising a frame
      having a base wall and a spaced front plate parallel therewith, a front
      shaft and a rear shaft rotatably journalled within said base wall and
      front plate, a rotatable core on which said wire is wound into a toroid,
      said core being located between said front and rear shafts, a first and
      second toroid clamping rollers mounted respectively on each of said front
      and rear shafts, said first and second toroid clamping rollers being
      adapted to engage therebetween the wire toroidally wound on said core, a
      supporting shaft rotatably journalled between the base wall and the front
      plate spaced from and parallel with the front and rear shaft, a bracket
      pivotally supported by said supporting shaft, a lateral shaft journalled
      on said bracket, a third clamping roller mounted on said lateral shaft,
      said lateral shaft being positioned on said bracket to move toward and
      away from said frame on pivoting said bracket, so that said third
      supporting roller is adapted to selectively engage the surface of said
      wire wound on said core, and spring means for normally biasing said
      bracket toward said frame, transmission means for simultaneously rotating
      the front, rear and lateral shafts at a uniform speed and in the direction
      of rotation of said core, so that said clamping rollers cooperate to
      rotate the wire wound on said core, and motor means for driving said gear
      means.
NUM  2.
PAR  2. The chuck according to claim 1, wherein the transmission means comprises
      a gear attached to each of said front, rear and lateral shafts and
      intermediate gears connected to said drive means.
NUM  3.
PAR  3. The chuck according to claim 1, wherein the first and second rollers are
      fixed on extensions of their respective shafts projecting over the front
      plate parallel to the base wall of the chuck.
NUM  4.
PAR  4. The chuck according to claim 1, wherein the clamping rollers are
      removably fixed to their respective shafts.
NUM  5.
PAR  5. The chuck according to claim 1, wherein said transmission means includes
      means for indexing the rotation of said shafts in step-by-step
      arrangement.
NUM  6.
PAR  6. The chuck according to claim 1, including means for guiding the wire to
      be wound over said third clamping roller, comprising a stud having a
      groove for receipt of said wire, a groove wheel and an eyelet, said stud,
      wheel and eyelet being sequentially arranged on a side wall of said
      bracket.
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ABST
PAL  An improved method and machine are described for performing a plurality of
      working operations, such as for producing finished, wound coils, the
      working operations including a basic working operation requiring a
      relatively long time, e.g. winding the coil, and a plurality of
      complementary working operations each requiring a relatively short time,
      e.g. finishing the wound coil, the improvement being in carrying out the
      basic working operation on n parts simultaneously at n working stations, n
      being at least two, and carrying out the complementary working operations
      in succession on single work pieces, the work pieces being advanced at the
      end of each basic operation by n steps of which the last step is followed
      by a long stop, for carrying out the next basic working operation and a
      complementary working operation, and the other steps are followed by short
      stops for carrying out only complementary working operations.
PARN
PAR  This is a continuation of application Ser. No. 15808 filed Mar. 2, 1970,
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to machine tools of the type having an
      intermittently revolving turret conveying a part or workpiece to be
      processed through a series of working stations in at least one of which
      there is provided a working cycle essentially longer than in the others.
PAR  Although the invention relates to machine tools of this type in a
      completely general way, reference is made hereinafter, for greater
      simplicity and clarity, to a coil winding machine, in which the
      application of the principles of the present invention proves to be
      particularly advantageous.
PAR  2. Brief Description of the Prior Art
PAR  In the field of coil winders or winding machines designed essentially to
      form windings for relays, or in any case windings with a medium-high
      number of turns, the idea of forming a plurality of windings at the same
      time so as to increase the productivity of the machine and reduce costs,
      is already known. For the practical carrying into effect of this idea,
      various types of machine have been proposed. These can be grouped
      essentially into three classes:
PAR  A. MACHINES WITH A SINGLE ROTATING SPINDLE ON WHICH A PLURALITY OF COIL
      SUPPORTS ARE PLACED AND WITH A SUBSTANTIALLY FIXED WIRE GUIDE. This type
      of machine, although it is very common, does not permit high outputs, nor
      does it allow automatic loading of the supports; moreover, it is generally
      employed for the windings only inasmuch as it does not lend itself to
      combination with apparatus for finishing the coils.
PAR  B. MACHINES EQUIPPED WITH A REVOLVING TABLE BY MEANS OF WHICH A PLURALITY
      OF WINDING HEADS EACH PROVIDED WITH A WINDING SPINDLE CARRYING A
      CORRESPONDING COIL SUPPORT ARE MOVED; THE ROTATING TABLE IS ADAPTED TO
      BRING EACH OF THE WINDING HEADS INTO CORRESPONDENCE WITH AT LEAST ONE
      FIXED STATION FOR LOADING, UNLOADING AND/OR FINISHING. In effect, these
      machines have a very high output, but they are also substantially more
      costly and generally require the constant attendance of an operator.
PAR  C. MACHINES WHICH MAKE USE OF AN INTERMITTENTLY ROTATING TURRET, ON WHICH
      THE COIL SUPPORTS ARE FIXEDLY MOUNTED, AND OF AT LEAST ONE FIXED WINDING
      HEAD WITH A ROTARY WIRE GUIDE AND WITH RESPECT TO WHICH THE INDEXING
      TURRET MOVES. This arrangement has the considerable advantage of allowing
      easy installation of complementary operative stations, such as, above all,
      a station for automatically loading the coil supports and, moreover,
      waxing, cutting, terminal bending and/or tinning and other stations, which
      will be referred to briefly hereinafter as finishing stations.
PAR  The present invention relates precisely to machines of the type indicated
      in paragraph c) and its object is principally to increase the productivity
      of these machines, essentially by reducing the waiting times, by extremely
      simple and effective means.
PAR  In effect, in machines of this type with an intermittently rotating turret,
      there is generally a considerable difference between the time necessary
      for winding a coil and the time necessary for executing the other
      operations of finishing; it happens, therefore, that at each cycle, all
      the finishing stations - their respective functions having been completed
      - remain inoperative throughout the additional time in which the winding
      operation is brought to an end. This fact therefore entails waiting or
      dead times at all the finishing stations and these have a negative effect
      on the productivity of the machine.
PAR  Various improvements have already been proposed for obviating this
      drawback:
PAR  A. According to one known improvement, use is made of a pair of winding
      heads disposed in diametrically opposite positions in relation to the
      rotating turret and after each of which respective finishing stations are
      provided. From the point of view of concept, this machine corresponds to a
      pair of single machines, so that with respect to the latter the advantages
      of high output, with lower total cost of the machine, is obtained;
      however, with this arrangement, the dead times at the finishing stations
      are exactly the same.
PAR  B. According to another improvement, the winding head is rendered capable
      of winding a series of coils, for example up to four coils, at the same
      time, and these are then generally treated simultaneously in the
      successive finishing stations. This is achieved principally by replacing
      the normal wire guide by a series of e.g. four, parallel wire guides which
      wind four coils simultaneously on four parallel fixed pins, for example as
      proposed in Italien Pat. No. 792,849 filed 27th Jan. 1967 by the same
      Applicant. This machine also does not eliminate the dead times in
      themselves, but it enables the loss due to the same to be distributed over
      a greater number of finished coils.
PAR  C. Following this last principle, it has also been proposed to dispose two
      or more coils coaxially on each fixed pin. This arrangement, however, has
      limits deriving: a) from the complication which would arise from the use
      of an automatic loading device, which would have to be adapted to pass two
      or more coil supports onto each spindle or pin at the same time; b) from
      the ratio between length and diameter of the pins, which, if they are not
      to be confined to the making only of very short coils, would generally
      have to be too high to permit the production of a sufficiently rigid and
      strong support; c) from the excessive extension which each wire guide
      would come to have, with the consequent risks of accentuated flexing and
      bending until the breaking point.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention, on the other hand, relates to a method which enables
      the dead times to be really reduced, thus increasing the productivity of
      the machine.
PAR  According to the present invention, in a machine tool, or in a machine or
      apparatus in general, in which a feed support, onto which the parts or
      workpieces to be processed are loaded, is caused to advance by steps to
      convey said parts or workpieces through a series of working stations at
      which the parts or workpieces are successively subjected to a basic
      working operation requiring a relatively long time and to a plurality of
      complementary working operations each requiring a relatively short time,
      there is provided a method of control which is characterized in that the
      basic working operation is carried out on n parts simultaneously through
      the medium of a plurality of tools working in parallel at n working
      stations, n being at least 2, while each complementary working operation
      is carried out successively on single workpieces at single working
      stations, the feed support being advanced at the end of each basic working
      operation by n steps of which the last step is followed by a long stop for
      carrying out a complementary working operation and the next basic working
      operation, and the other steps are followed by short stops for carrying
      out only complementary working operations.
PAR  More particularly, when the invention is applied to a coil winder having an
      intermittently rotating turret and including a single finishing station
      for each finishing operation, at least two winding heads operating in
      parallel at separate adjacent stations, are provided, and the rotating
      turret is caused to advance at the end of each winding operation by a
      number of steps corresponding to the number of winding heads, the turret
      making at the end of at least the first step an essentially short stop
      corresponding to the operative time of the finishing stations only, while
      at the end of the last step it makes an essentially long stop
      corresponding to the winding time.
PAR  As can easily be understood, with the use of two winding heads, the
      rotating turret performs two steps at the end of each winding operation,
      but only at the end of the second step is a long stopping time
      (corresponding to the winding time) provided, while at the end of the
      first step of a very brief stopping time is provided during which only the
      finishing stations are operative. During the first step, therefore, the
      dead times at the finishing stations are completely eliminated, only the
      dead time of this very brief stop being left at the two winding stations.
      At the end of the second step, on the other hand, the dead times at the
      finishing stations remain in known manner.
PAR  Of course, instead of using two winding heads, it is possible to make use
      of a greater number, which may be chosen appropriately in the design
      stage. With three winding heads, for example, the rotating turret will
      perform, at the end of the winding operation, a first and a second step,
      with short stopping times during which the finishing stations only are
      operative, and, finally, a third step, with a longer stopping time during
      which the winding heads also become operative again.
PAR  According to another aspect of the invention, the machine includes a turret
      having a number x of radial supports carrying a number x of parts, said
      turret being rotatable with a stepwise movement with respect to x working
      stations, and a series of interchangeable tools fixedly mounted at each
      station, said interchangeable tools including main tools for performing
      basic working operations, and secondary tools for performing complementary
      working operations, the number of secondary tools being y, the number of
      main tools being n and being equal to x - y.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is better described with reference to a preferred
      constructional form, which is given purely by way of a non-limitative
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a machine layout according to the invention; and
PAR  FIG. 2 is a chart illustrating the operation of the machine of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown, the machine includes an intermittently rotating turret 1,
      rotatable in the direction indicated by the arrow F with a stepwise
      movement so as to transfer the coils 2 at each step to the station
      immediately following. Many arrangements are known and in commercial use
      for indexing the turret and for controlling the intervals beween the
      indexing steps, and therefore such a unit is illustrated merely in block
      form, identified as TI, in the drawing. For example, U.S. Pat. No.
      3,150,439 describes one such specific indexing mechanism. Well known
      timers may also be used for controlling the drive motor for advancing the
      indexing turret.
PAR  In position O, a device 3 provides for automatically loading the coil
      supports onto the holding pins or spindles 4, which project from the
      indexing turret in correspondence with each station.
PAR  In position I, the machine shown does not effect any operation. In
      positions II and III, winding heads 5 and 6 are provided, and these
      operate in parallel to produce two windings which are preferably
      identical; if necessary, it is also possible to produce different
      windings, but only in the case where identical finishing operations are to
      be carried out on the same.
PAR  In position IV there is provided a station for fixing the turns, for
      example a waxing station 7.
PAR  In position V, a cutting station 8 is provided. In the arrangement
      illustrated, the shears 9 are shaped centrally in arcuate form, so as to
      cut the wire connecting two coils only in the position 10; alternatively,
      shortened shears which cut the wire only in the position 11 may be
      provided.
PAR  In position VI, the machine illustrated does not provide for any operation;
      other finishing devices could be provided at this station, however, for
      instance terminal bending and/or tinning devices.
PAR  In position VII, an unloading device 12 for the finished coils is provided,
      the unloading being effected either by mechanical means (as shown) or by
      pneumatic or other means.
PAR  FIG. 2 illustrates the operation of the machine of FIG. 1 in accordance
      with the invention.
PAR  Stations II - VII refer to the corresponding stations in FIG. 1, of which
      Stations II and III are each for a winding operation which may be referred
      to as a basic or long - time operation having a duration of 10 seconds for
      example; while Stations III - VII are various finishing operations, which
      may be referred to as complementary or short-time operations having a time
      duration of 1 second for example. The letters 9 -- f indicate the
      successive steps of indexing the turret 1.
PAR  Thus, when the turret has been indexed to Step a, coil 1 is moved into
      Station II (winding), and remains there for a short time (1 second). The
      turret is then advanced to Step b, whereupon coil 1 is moved to Station
      III (winding), and coil 2 is moved to Station II (winding). The two coils
      remain in their stations for a long time period (10 seconds, and both
      winders are operated to wind the respective coils in parallel.
PAR  The turret is then indexed to step c moving coil 1 to Station IV, (waxing),
      and coil 2 to Station III (winding). Neither winder of Stations II or III
      is operated, but the waxing device in Station IV is operated to perform
      this finishing operation on the wound coil 1. The turret remains in Step c
      for a short time (1 second) during which this finishing operation is
      performed.
PAR  The turret is then indexed to Step d, whereupon coil 1 is advanced to
      Station V (cutting), coil 2 is advanced to Station IV (waxing), coil 3 is
      advanced to station III winding, and coil 4 is introduced into Station II
      (winding). The turret remains at this step for a long time period (10
      seconds) during which both winders 5 and 6 (Stations II and III) are
      operated to wind coils 3 and 4 and also the complementary operations of
      Station IV (waxing) and Station V (cutting) are performed on coils 2 and
      1, respectively.
PAR  The turret is then advanced to Step e, whereupon coils 1-4 are advanced one
      station, and coil 5 is introduced into the winding Station II. This time
      step is for a short (1 second) duration, and neither of the winding
      devices in Stations II and III is operated.
PAR  Finally, the turret is indexed to Step f, wherein coils 1-5 are advanced
      one station, and coil 6 is introduced into winding Station II. The turret
      remains in this step for a long time interval, 10 seconds, during which
      interval the winding operations are performed on both coils 5 and 6 in
      parallel, and the complementary or finishing operations are performed on
      coils 1 - 4.
PAR  It is easy to realize that, with the arrangement according to the
      invention, the dead times at the finishing stations are halved, owing to
      the fact that working is carried out alternately in a stopping time of the
      turret corresponding to the working time and in a stopping time comprising
      a wait corresponding to the winding time. Of course, the total gain does
      not correspond exactly to one half of the dead times of known machines,
      since it is necessary to take account of the dead times at the two winding
      stations during the short stop; these last-mentioned dead times, however,
      have relatively little effect.
PAR  The above example of FIG. 2 considered a coil winder in which the winding
      time of each coil is 10 seconds, while the working time at the finishing
      stations is only 1 second. According to a known arrangement, a coil is
      produced and unloaded every 10 seconds and, therefore, two coils are
      produced and unloaded every 20 seconds, (with a working time for each coil
      which, including the dead times at four finishing stations, is 50
      seconds). With the arrangement according to the invention, under the same
      conditions, the production and unloading of two coils every 11 seconds is
      obtained, (with a working time of 33 seconds for each coil). When the
      machine is in production, anyhow, the gain in time is in the ratio of 11
      to 20.
PAR  According to the present invention, it is also possible, on the other hand,
      to make use of a greater number of winding heads. Still referring to the
      drawing, it is therefore possible to install a winding head also in
      Station I; in this case, there would be n = 3 basic operations, and the
      movement of the turret is then controlled so as to make n - 1 or two short
      stops and one long stop every three steps. Three coils can thus be
      unloaded every 12 seconds, with a gain of 12 to 30 seconds.
PAR  It is obvious from the foregoing that not only can the invention not be
      considered to be confined to the use of two or three winding heads which
      operate in parallel, but, rather, the invention itself suggests that use
      be always made of the maximum possible number of heads. Thus, for example,
      bearing in mind that present coil winders of this type allow the devices
      operating at the individual stations to be mounted, removed and replaced
      or interchanged readily, it is possible to adapt a given machine having a
      fixed number of stations from time to time to the working requirements for
      a given coil by always choosing the conditions of maximum productivity. In
      limit conditions, for a coil which would only have to be wound, it would
      be possible to provide only one loading station for the coil support and
      one unloading station, while the other stations could be provided with
      winding heads. In the case of the arrangement illustrated, if the stations
      O and VII are occupied by the loading and unloading devices, the other six
      stations from I to VI could be provided with winding heads; in this case,
      there would be n =  6 basic operations, and the turret would have to be
      controlled so as to make n-1 or five short stops and one long stop every
      six steps and unload six coils every 15 seconds, with a gain in time of 15
      to 60. Thus, this invention can be used generally in a machine in which
      the turret has a number of x radial supports carrying a number of x parts,
      and is rotated with a stepwise movement with respect to x working
      stations, and in which the machine includes a series of interchangeable
      tools fixedly mounted at each station, the interchangeable tools including
      main tools for performing basic working operations (e.g. winding), and
      secondary tools for performing complementary working operations (e.g.
      waxing, cutting, etc.), the number of secondary tools being y, the number
      of main tools being n and being equal to x - y, the method being further
      characterized by causing the turret to advance at the end of each basic
      working operation for a first series of n-1 steps each followed by an
      essentially short stop, and for a further step followed by an essentially
      long stop.
PAR  It is understood, in any case, that the invention is open to many
      adaptations and variations all coming within the scope of the same. The
      invention is not meant to propose an alternative to the solutions proposed
      in points A), B) and C) mentioned above, but rather an arrangement which
      can be employed in conjunction with these solutions. In fact, following
      for example proposals B) and C), the apparatus illustrated could include,
      in positions II and III, winding heads each having four parallel wire
      guides operating in correspondence with four parallel pins or spindles 4,
      or a plurality of wire guides operating on shorter coils mounted on the
      same spindle 4, or a combination of these systems.
PAR  In the same way, it must be considered that the invention is not confined
      to the field of coil winding machines, but finds application to all
      machine tools or in general in all those machines in which, as has been
      said, a working cycle on a part or workpiece comprises a basic working
      operation, performed by a tool in a long time, and a plurality of
      complementary working operations, performed by other tools in short times,
      at a sequence of stations to which the part is caused to advance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of performing a plurality of working operations on successive
      workpieces, the method including loading on a feed support the workpieces
      to be processed, and advancing the feed support by steps to convey the
      workpieces through a series of working stations, said working operations
      including a basic working operation requiring a relatively long time, and
      a plurality of complementary working operations each requiring a
      relatively short time, characterized in carrying out said basic working
      operation on n parts simultaneously at n working stations, n being at
      least 2, carrying out said complementary working operations in succession
      on single workpieces at single working stations, and advancing said feed
      support at the end of each basic working operation by n steps of which the
      last step is followed by a long stop for carrying out the next basic
      working operation and a complementary working operation, and the other
      steps are followed by short stops for carrying out only complementary
      working operations.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the basic working operation is
      the winding of a coil support, and the complementary working operations
      are finishing operations for the wound coils.
NUM  3.
PAR  3. A method of operating a machine for performing a plurality of working
      operations in accordance with the method of claim 1 on a set of
      workpieces, the working operations including a basic and complementary
      working operations each requiring a relatively short time, the machine
      comprising, a feed support, means for advancing same along a closed path
      to convey workpieces through a plurality of working stations arranged in
      fixed positions, said plurality of working stations including a single
      working station for each different complementary working operation and a
      plurality n of adjacent working stations for performing the basic working
      operation on n workpieces simultaneously, said method being characterized
      by advancing the feed support at the end of the basic working operation
      through n-1 steps providing after the latter step a dwell of relatively
      short length but just sufficient to enable the complementary operations to
      be performed at their respective working stations while the basic working
      operation is not performed, thereafter advancing the feed support through
      a further step which is followed by a relatively long dwell, and in said
      long dwell performing the basic working operations on a new set of n
      workpieces, while also performing the complementary working operations.
NUM  4.
PAR  4. A method as defined in claim 3, wherein said machine is a coil winder,
      and said feed support includes a turret rotatable with a stepwise movement
      to transfer each coil to a series of successive working stations, said
      method being further characterized by operating simultaneously at least
      two coil winding heads and causing said turret to advance at the end of
      each basic working operation for at least a first step followed by a short
      stop, and a second step followed by a long stop.
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ABST
PAL  A device for a textile machine for doffing full bobbins, loading empty
      bobbin tubes, and forming an attachment tail on the bobbin tube. The
      device includes a pair of arms supporting a bobbin tube at opposite ends
      and being pivotable between a winding position in which a yarn is wound on
      the tube and a releasing position in which a full bobbin can be removed by
      moving one of the arms away from the other. The device includes also a
      reserve lever for forming an attachment tail on a new bobbin tube when the
      latter is in the driving position. The reserve lever is operated during
      movement of the arms between the positions thereof by transmission means
      between the pivot shaft of the arms and the lever. in the driving
      position. The reserve lever is operated during
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for changing full bobbins on
      textile machines and for loading empty bobbin tubes thereon. This
      operation is usually described as "change-over" operation.
PAR  The invention is particularly suitable for, but not limited to, false twist
      texturizing machines.
PAR  On such machines, as on a large number of other textile machines (twisters
      and the like), the receiving bobbins are lined up from position to
      position on several levels in the lengthwise direction of the machine.
      This arrangement makes it possible to produce full bobbins of suitable
      dimensions despite the small distance between the positions, and this
      considerably reduces the floor space occupied by such machines.
PAR  When a bobbin is full, or when the yarn is broken, it is necessary to
      remove the bobbin from the machine and then to position an empty bobbin
      tube in order to wind the yarn thereon to thus produce a yarn package on
      the tube.
PAR  Usually, the so-called "doffing" operations are carried out manually,
      position by position, but this procedure is not only time consuming, but
      also involves substantial loss of yarn because during this change-over
      operation, the treatment machine continues to produce yarn. This loss of
      yarn is the greater, the higher is the speed of the machine.
PAR  Entirely automatic doffing systems have already been made, that is, systems
      which carry out all of these operations without manual intervention.
      However, these systems, which give excellent results, have the
      disadvantage of being extremely expensive to manufacture so that they have
      not been commercially successful hitherto.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide in a textile machine a
      device for changing bobbins and loading empty bobbin tubes for winding
      yarns thereon in which this doffing operation can be carried in very
      efficient manner while the device for carrying out this operation is
      simple in construction so that it can be manufactured at reasonable cost.
PAR  It is a further object of the present invention to provide a device of the
      aforementioned kind in which also after placing of a new bobbin tube in
      the device a reserve or attachment tail of yarn is formed on the bobbin
      tube in an automatic manner.
PAR  With these and other objects in view, which will become apparent as the
      description proceeds, the device of the present invention for changing
      bobbins and loading empty bobbin tubes on a textile machine mainly
      comprises means for releasably supporting an empty bobbin tube at opposite
      ends and including a pair of spaced substantially parallel arms having
      each at one end, tube engaging means adapted to engage a tube at opposite
      ends and being in the region of the other ends thereof connected to each
      other for simultaneous pivotal movement about a first pivot axis,
      substantially parallel to the axis of a tube so mounted, between a first
      position in which the tube is in a yarn winding position and a second
      position in which the tube is in a releasing position, means connected to
      the bobbin tube supporting means for pivoting the same between the
      positions thereof, and means for moving at least one of the arms away from
      the other as the bobbin tube supporting means approaches the second
      position to release a bobbin tube from the engaging means.
PAR  The device includes preferably further a cradle pivotable about the
      aforementioned first pivot axis, means on the arms engaging the cradle
      during pivoting of the bobbin tube supporting means from the first to the
      second position for moving the cradle to a corresponding position to
      receive a full bobbin upon release of the bobbin tube from the bobbin tube
      supporting means, wherein the engaging means on the arms are arranged in
      such a manner that the cradle may stay in the second position upon return
      of the bobbin tube supporting means to the first position.
PAR  The device includes further yarn supply means, cutting means for cutting
      yarn between the yarn supply means and the bobbin, when the latter is
      received by the cradle, and temporary yarn recovery means cooperating with
      the end of the yarn emanating from the supply means. These temporary yarn
      recovery means preferably comprise a receptacle connected to a source of
      vacuum and a suction tube communicating with the receptacle and having an
      open end adjacent the yarn extending from the yarn supply means to the
      bobbin received in the cradle so as to suck the cut end of the yarn into
      the receptacle.
PAR  Furthermore, the device preferably includes means for forming an attachment
      tail on an empty bobbin tube supported by the supporting means in the
      first position of the latter. These means for forming an attachment tail
      comprise a reserve arm having a hook end and being pivotable about a
      second pivot axis in a plane intersecting the yarn extending from the yarn
      supply means to the open end of the suction tube, between a rest position
      disengaged from the yarn to an engaging position displacing the yarn. A
      transmission is provided between the bobbin tube supporting means and the
      reserve arm for moving the latter between the rest and the engaging
      position during movement of the bobbin tube supporting means between the
      positions thereof. Each of the arms of the bobbin supporting means carries
      at the one end thereof circular side plates and one of which is provided
      with a toothed periphery cooperating with the reserve arm in forming the
      attachment tail.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of the device for changing bobbins
      and loading empty bobbin tubes on textile machine and for forming a
      reserve tail on a new empty bobbin tube placed on the device;
PAR  FIG. 2 is a schematic prespective view illustrating certain elements of the
      device for moving the reserve arm between the positions thereof, which
      elements have been omitted, for clarities' sake, from FIG. 1;
PAR  FIG. 3 is a partial perspective view similar to FIG. 1 showing the bobbin
      tube supporting means moved to the releasing position and a full bobbin
      received in the cradle;
PAR  FIG. 4 is a partial perspective view similar to FIG. 1 and showing a new
      empty bobbin tube placed in the bobbin tube supporting means while the
      latter are being moved back to the position as shown in FIG. 1;
PAR  FIGS. 5 and 6 are partial perspective views illustrating the empty bobbin
      tube in the position as shown in FIG. 1 and illustrating further the
      cooperation of the reserve arm with the toothed periphery of one of the
      side plates for forming a reserve tail; and
PAR  FIG. 7 shows the various elements of the device in the same position as
      showin in FIG. 1 during winding of the yarn on an empty bobbin tube to
      form a yarn package thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  As already stated, the device according to the invention is particularly
      suitable for, but not limited to, false twisting texturizing machines, and
      this constitutes the example illustrated. Such machines consist of various
      units lined up horizontally and superposed on several levels, it being
      understood that, for the convenience of the description, only one of these
      units has been represented.
PAR  FIG. 1 shows the device in a winding-up position in which a yarn 1
      continuously supplied from a yarn supply means or supply duct 2, for
      example the outlet of an oven for the heat treatment in a texturizing
      operation, passes through a reciprocating yarn guide 3 to be wound up on a
      bobbin tube 4 which is rotated by frictionally engaging a drive cylinder
      5. The yarn guide 3 is reciprocated in the direction of the axis of the
      tube 4 in known manner by means well known in the art and not shown in the
      drawing and the drive cylinder 5 is continuously rotated about its axis by
      drive means, likewise not shown.
PAR  Both ends of the tube are gripped between side plates 6 and 7 of bobbin
      tube supporting means comprising a pair of spaced substantially parallel
      arms 8 carrying at the free ends thereof the aforementioned side plates or
      tube engaging means 6 and 7 for rotation about the axis thereof, and the
      arms 8 are connected at the other ends thereof to a shaft 9 extending
      substantially parallel to the axis of the tube 4 mounted between the side
      plates, for simultaneously pivoting movement about the axis of the shaft 9
      during turning of the latter.
PAR  The device inludes further a cradle having two arms 11, each carrying at
      the free end thereof an end portion 12 of substantially semi-circular
      configuration having a radius slightly larger than the radius of the tube
      4 and the opposite ends of the cradle arms 11 being freely turnably
      mounted on the shaft 9.
PAR  A lever 13 is fixed at one end thereof to the shaft 9 so that upon manually
      operating the lever 13 in the manner indicated in FIG. 1, the arms 8 of
      the bobbin tube supporting means may be moved from the yarn winding
      position as shown in FIG. 1 to the release position as shown in FIG. 3.
      During such movement of the arms 8, inwardly extending projections 27 on
      the arms will engage the cradle arms 11 to move the latter to the position
      as shown in FIG. 3 in which the cradle arms 11 are prevented from turning
      further by stops, not shown in the drawing.
PAR  As the arms 8 approach, during their pivoting about the axis of the shaft
      9, the position as shown in FIG. 3, at least one of the arms, for instance
      the left arm as shown in FIG. 1, is engaged by the inclined face 26a of a
      stationary cam 26 so that the upper end of the arm 8 carrying the side
      plate 6 is flexed in outward direction, whereby the bobbin tube 4 clamped
      between the side plate 6 and 7 is released, and the opposite ends of the
      tube 4 are received in the semi-circular end portions 12 of the cradle
      arms as shown in FIG. 3. The cradle arms 11 will remain in the position as
      shown in FIG. 3 upon returning of the arms 8 by means of the lever 13 to
      the position as shown in FIG. 1, and the cradle arms 11 may subsequently
      be manually returned to the position shown in FIG. 1, or torsion springs,
      not shown in the drawing, wound about the shaft 9 and engaging the cradle
      arms may be used to return the cradle arms to the position as shown in
      FIG. 1, after removing of a full bobbin 14 from the semi-circular end
      portions 12 of the cradle arms. Such torsion springs have to be
      constructed in such a manner that the cradle arms will remain in the
      position as shown in FIG. 3, as long as a full bobbin is supported
      thereon, but to return the cradle arms to the position as shown in FIG. 1
      when the full bobbin is removed from the semi-circular end portions 12 of
      the cradle arms.
PAR  The device inludes further temporary yarn recovering means comprising a
      receptacle 21 mounted on a support 22 and connected to a source of vacuum,
      not shown in the drawing, and a suction tube communicating with the
      receptacle and having an open end 20 adjacent the shaft 9; and cutting
      means 23 stationarily mounted on the support 22 adajcent the opening 20 of
      the suction tube.
PAR  The device also includes a reserve arm 15 fixedly connected at one end to a
      shaft 16 for rotation therewith and being provided at the opposite free
      end with a hook portion 15a adapted to engage a yarn 1 extending from the
      yarn supply tube to the suction opening 20, in the manner as will be
      described later on, during turning of the reserve arm 15 with the shaft 16
      about the axis of the latter. An arm 29, fixed to shaft 16, projects
      transverse to the axis of the shaft 16 from the lower end thereof and this
      arm carries at the free end thereof a roller follower 30 engaging a cam 31
      as shown in FIG. 2. A spring, not shown in the drawing, biases the arm 29
      and the roller follower 30 carried thereby in continuous engagement with
      the peripheral surface of the cam 31. The cam 31 is connected by
      transmission means to the shaft 9 so that the cam is turned during turning
      of the shaft 9 by the lever 13 as the arms 8 of the bobbin tube supporting
      means are moved between the aforementioned positions thereof. Such
      transmission means may include a pulley 32 coaxially fixed to the cam 31,
      a pulley 24 (FIG. 1) fixed to the shaft 9 for turning therewith, and an
      endless belt 25 extending over the pulleys 24 and 32 and being guided
      between the pulleys over guide rolls not shown in the drawing. The belt 25
      is preferably a toothed belt and the pulleys 24 and 32 are provided with
      corresponding teeth to prevent slippage of the belt with respect to the
      pulleys. The reserve arm 15 includes between the opposite ends thereof a
      catch 17 connected to the reserve arm for instance by a spring, now shown
      in the drawing, to be slightly yieldable with respect thereto and to be
      normally held in the position as shown in FIG. 2. This catch is adapted to
      cooperate, in the manner as will be described later on in detail, with
      slanted grooves 19a provided on the peripheral surface of a wheel 19 fixed
      to a shaft 18 extending substantially normal to the shaft 16 and being
      driven by means, not shown in the drawing, in a fixed relationship to the
      rotation of the drive cylinder 5, for instance by a reduction gearing
      between the driven cylinder 5 and the shaft 18 so that the latter will be
      rotated at a considerably slower rotational speed than the cylinder 5.
PAR  The device includes further locking means for temporarily locking the
      reserve arm 15 in a turned position to which the reserve arm is moved by
      the aforementioned transmission means. These locking means include an arm
      33 pivotable about an axis 33a (FIG. 2) and carrying spaced from the axis
      33a an upwardly extending projection 34 of substantially triangular
      configuration located in the path of the reserve arm 15 as the latter is
      moved from the position shown in FIG. 2 to the position shown in FIG. 3.
PAR  The above-described apparatus will operate as follows:
PAR  In FIG. 1 the device is shown in the winding position in which the yarn 1
      continuously supplied from the supply tube 2 passes over the reciprocating
      yarn guide 3 and is wound up on the bobbin tube 4, which is made of
      cardboard or the like, and which is rotated by the drive cylinder 5. When
      the bobbin is full, the operator (whose hand is shown in FIG. 1) pivots
      the lever 13 towards the front.
PAR  This movement turns shaft 9 in clockwise direction and correspondingly
      moves the arms 8 of the bobbin tube supporting means from the position as
      shown in FIG. 1 to the position as shown in FIG. 3. During this turning of
      the arm, the projections 27 thereon will engage the arms 11 of the cradle
      to turn the same likewise to the position as shown in FIG. 3. As the arms
      8 of the bobbin tube supporting means approach the position as shown in
      FIG. 3, the slanted face 26a of the stationary cam 26 will engage the left
      arm, as viewed in FIG. 1, to move the upper end thereof carrying the side
      plate 6 in outward direction so that the full bobbin 14 will be released
      from the bobbin tube supporting means and be received in the semi-circular
      end portions 12 on the free ends of the cradle arms 11 as shown in FIG. 3.
      During such movement of the bobbin tube supporting means and the cradle,
      the yarn 1 will become disengaged from the yarn guide 3 and a portion of
      the yarn will be located on the suction opening 20 of the temporary yarn
      recovering means. The operator then cuts the yarn, for example by means of
      the cutting means or knife 23 positioned downstream of the orifice 20 by
      pressing a portion of the yarn downstream of the orifice against the
      cutting edge of the knife 23. The cut end of the yarn coming from the yarn
      supply tube 2 is then sucked through the suction orifice 20 into the waste
      receptacle 21.
PAR  As described above, transmission means are provided between the shaft 9 and
      the reserve lever 15 so that as the arms 8 of the bobbin tube supporting
      means are turned by means of the handle 13 from the position shown in FIG.
      1 to the position shown in FIG. 3, the cam 31 connected by the described
      transmission means to the shaft 9 will be turned correspondingly so that
      the reserve arm 15 will be turned from the position shown in FIGS. 1 and 2
      to the position as shown in FIG. 3. The shaft 16 and the reserve arm 15
      connected thereto are arranged in such a manner that during turning of the
      reserve arm between the aforementioned two positions the hook end 15a of
      the reserve arm will engage the yarn 1 extending between the supply tube 2
      and the suction orfice 20 so as to deflect the yarn as shown in FIG. 3.
      During such movement of the reserve arm 15 from the rest position as shown
      in FIG. 1 to the engaging position as shown in FIG. 3, the arm 15 will
      engage the inclined face 34a of the projection 34 on the arm 33 to thereby
      pivot the arm 33 about the pivot axis 33a so that the reserve arm 15 may
      pass the aforementioned projection, whereafter the arm 33 biased by
      gravity or by a spring, not shown, to the position shown in FIG. 2, will
      return into this position so that the reserve arm 15 will be held in the
      position as shown in FIG. 3.
PAR  The catch 17 is a plate articulated on a spring, not shown, on the arm 15.
      When the catch 17 passes over the wheel 19 during turning of the lever
      from rest position shown in FIG. 1 to turned position shown in FIG. 3, the
      said catch 17 may tilt to pass over the wheel 19.
PAR  When a full bobbin is received by the cradle, as shown in FIG. 4, the
      bobbin tube supporting means, including the arms 8 and the side plates 6
      and 7 carried thereby, are returned by the operator to a substantially
      vertical position, as shown in FIG. 4, and while it is in this position, a
      new cardboard tube 36 is inserted manually between the two side plates 6
      and 7 which may include very short projections adapted to enter the open
      ends of the tube to centralize the latter on the side plates. After a new
      tube has thus been inserted between the side plates 6 and 7, the operator
      moves this tube to the position as shown in FIG. 5 into engagement with
      the drive cylinder 5. During this movement, the side plate 6 will engage
      the front end of the arm 33 to tilt this arm about the pivot axis 33a in
      downward direction, releasing thereby the reserve arm 15 from the
      projection 34 so that the reserve arm 15 will move from the position as
      shown in FIG. 4 back to its rest position shown in FIG. 1. It should be
      noted that during pivoting of the arms 8 from the position as shown in
      FIG. 3 to the position as shown in FIGS. 1 and 5, the cam 31 will be
      returned to the position as shown in FIG. 2. During this movement of the
      reserve arm 15 from the position shown in FIG. 3 to its rest position as
      shown in FIG.1, the teeth 6a on the side plate 6, rotating with the bobbin
      tube 36, by the friction between the side plate 6 and the end of the
      bobbin tube, will catch the yarn 1 while at the same time the catch 17 on
      the reserve arm 15 will engage in one of the slanted grooves 19a of the
      wheel 19 on the rotating shaft 18 so that the reserve arm 15 is
      temporarily maintained in the position as shown in FIG. 6 so that the yarn
      14 will form a reserve tail in form of a plurality of windings 38 at the
      end of the tube 36.
PAR  Since the wheel 19 is continuously rotated, the catch 17 on the reserve arm
      15 will be shortly released from the groove 19a of the wheel and the
      reserve arm 15 will then return to the rest position as shown in FIG. 1.
      The yarn 1 becomes then engaged by the yarn guide 3 so that during further
      operation the first turns 38 are wound on the new bobbin 36, as shown in
      FIG. 7, without covering the reserve tail 38.
PAR  A yarn package 14 is thus formed on the new bobbin tube, and if the yarn
      package is formed to its desired diameter, the doffing operation
      above-described is again carried out.
PAR  The device according to the invention permits to carry out the doffing
      operation at high speed in that it permits an operator to change the
      bobbins and to load new tubes in several units within a short period of
      time, while leaving the full bobbins on the cradle to await unloading. As
      compared with fully automatic devices, the device according to the present
      invention can be produced at very reasonable cost while still permitting a
      fast and expedient doffing operation.
PAR  Although the invention has been described particularly with regard to
      application to false twist texturizing machines, it will be understood
      that each of the elements described above, or two or more together may
      also find a useful application in other types of machines, such as
      twisters or the like, where the yarn is received on horizontal units lined
      up in the lengthwise direction of the machine.
PAR  While the invention has been illustrated and described as embodied in a
      device on a textile machine for changing bobbins and loading empty bobbin
      tubes for winding yarns thereon, it is not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended:
NUM  1.
PAR  1. In an device on a textile machine for changing bobbins and loading empty
      bobbin tubes for winding yarn thereon, a combination comprising means for
      releasably supporting an empty bobbin tube on opposite ends turnable about
      its axis, said means comprising a pair of spaced substantially parallel
      arms having each at one end tube engaging means adapted to engage a tube
      at a respective one of opposite ends, said arms being in the region of the
      other ends thereof connected to each other for simultaneous pivoting
      movement about a pivot axis substantially parallel to the axis of a tube
      so mounted, between a first yarn winding position and a second releasing
      position; means connected to said bobbin tube supporting means for
      pivoting the same between said positions thereof; means for moving at
      least said one end of at least one of said arms away from the other arm as
      the bobbin tube supporting means approaches said releasing position to
      release the bobbin tube from said engaging means; a cradle pivotable about
      said pivot axis; and means on said arms of said bobbin tube supporting
      means for engaging said cradle during pivoting of said bobbin tube
      supporting means from said first to said second position for moving said
      cradle to a corresponding second position for receiving a full bobbin upon
      release of the bobbin tube from said bobbin tube engaging means, said
      cradle engaging means being arranged so that the cradle may stay in said
      corresponding second position when said bobbin supporting means is
      returned to said first position.
NUM  2.
PAR  2. A combination as defined in claim 1, and including means for forming an
      attachment tail on an empty bobbin tube supported by said bobbin tube
      supporting means in the first position of the latter.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said pivoting means
      comprises a lever operatively connected to said arms.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said cradle comprises two
      cradle arms substantially parallel to said arms of said bobbin tube
      supporting means, said cradle arms having at the ends thereof distant from
      said first pivot axis arcuate end portions for receiving opposite ends of
      a bobbin tube after release of the latter.
NUM  5.
PAR  5. A combination as defined in claim 1, wherein said means for moving at
      least said one end of at least one of said arms of said bobbin tube
      supporting means away from said other arm comprises a cam.
NUM  6.
PAR  6. In a device on a textile machine for changing bobbins and loading empty
      bobbin tubes for winding yarns thereon, a combination comprising yarn
      supply means; means for releasably supporting an empty bobbin tube
      turnable about its axis and for pivoting movement about a first pivot axis
      substantially parallel to the axis of a tube mounted on said tube
      supporting means between a first position in which a yarn emanating from
      said yarn supply means is wound on the tube, and a second tube releasing
      position; means connected to said bobbin tube supporting means for
      pivoting the same between said positions thereof; cutting means for
      cutting a yarn between said yarn supply means and the bobbin tube when the
      latter is in said releasing position; temporary yarn recovering means
      cooperating with the end of the cut yarn for holding it in a predetermined
      position; and means for forming an attachment tail on an empty bobbin tube
      supported by said supporting means in said first position of the latter,
      said means for forming an attachment tail comprising a reserve arm having
      a hook end and being pivotable about a second pivot axis, in a plane
      intersecting the yarn extending from said yarn supply means to said
      temporary yarn recovery means, between a rest position disengaged from
      said yarn and an engaging position engaging and deflecting the yarn.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein said temporary yarn
      recovery means comprise a receptacle adapted to be connected to a source
      of vacuum, and a suction tube communicating with said receptacle and
      having an open suction orifice adjacent the yarn extending from said yarn
      supply means to the bobbin received in said cradle so as to suck the cut
      end of the yarn into said receptacle.
NUM  8.
PAR  8. A combination as defined in claim 6, wherein said bobbin tube supporting
      means comprise a pair of spaced substantially parallel arms having each at
      one end tube engaging means adapted to engage a respective one of opposite
      ends of a tube and being in the region of the other ends thereof connected
      to each other for pivoting movement about said first pivot axis, and
      including means for moving at least said one end of at least one of said
      arms away from the other arm as the bobbin tube supporting means
      approaches said second position to release the bobbin tube from said
      engaging means.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein each of said arms of said
      bobbin supporting means carries at said one end thereof circular side
      plates, one of said side plates being provided with a toothed periphery
      cooperating with said reserve arm in forming the attachment tail.
NUM  10.
PAR  10. A combination as defined in claim 6, and including transmission means
      between said bobbin tube supporting means and said reserve arm for moving
      said reserve arm between said rest and said engaging position during
      movement of said bobbin tube supporting means between said positions
      thereof.
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ABST
PAL  Winding apparatus is disclosed herein which includes a strand detection
      system having a fault sensing zone operable to receive a strand and detect
      faults therein as the strand moves through the zone. Mechanism is
      incorporated to delay re-entry of the strand into the fault sensing zone
      following detection of a fault in the strand which leads to removal of the
      strand from the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to strand winding apparatus and relates,
      more specifically, to apparatus for sensing the presence and quality of a
      strand during the winding operation.
PAR  As employed in this specification and the claims appended, the term
      "strand" is employed in a general sense to refer to all kinds of
      strandular material, either textile or otherwise, and the designation
      "package" is intended to mean the product of a winding operation, whatever
      form the product may take.
PAR  It is known to use clearing devices, often referred to in the parlance of
      the textile trade as "slub catchers," in association with textile strand
      winding machinery which act to continually monitor a strand as it advances
      from the supply to the take-up package. Earlier yarn clearing devices
      mechanically sensed the strand and, more recently, improved yarn clearers
      have been introduced which electronically or electrooptically sense the
      strand. In operation with these devices, once a fault of the predetermined
      size is detected by the strand clearer, the strand is severed by a cutting
      mechanism initiated by the sensing unit. This leads to the elimination of
      the fault during which period the winding operation momentarily ceases.
      Thereafter, in known types of automatic strand winding machines the free
      end of the strand from the winding package is automatically united with
      the free strand end from the supply package and the winding cycle is
      recommenced.
PAR  Among numerous advantages, one important benefit of modern strand clearers
      resides in their ability to detect and remove strand faults according to
      the cross-sectional area of the faults and also according to their length.
      It is to be appreciated that all strands have some normal variation in
      their cross-sectional areas. very often, for example, strands can have
      short variations which are even 50 percent greater than the average
      cross-sectional area thereof. These may be deemed acceptable as long as
      variations of this magnitude remain relatively short in length. However,
      should such short variations reach a size, for example, 100 percent
      greater than the average cross-sectional area of the strand, they are
      deemed unacceptable and are eliminated by being cut out of the strand. In
      like manner, for example, should a strand exhibit an oversize variation of
      50 percent for a considerable length, as in a so-called spinners double,
      this occurrence is also deemed unacceptable and is cut out of the strand.
PAR  A difficulty of some yarn clearers resides in their inability to
      distinguish between short and long variations in strand size when the
      strand is motionless in the sensing zone thereof. This can occur, for
      example, immediately following a yarn uniting sequence of an automatic
      winding machine when the strand is fed laterally into the sensing zone of
      the strand clearer with little or no forward motion. Thus, a short strand
      imperfection which remains within the sensing zone of the clearer for an
      extended period of time until winding of the strand by the automatic
      winding machine recommences is often treated by the sensing apparatus as
      identical to an elongated imperfection of like cross-section in an
      advancing strand. This may result in the strand being severed when, in
      fact, the true nature of the fault is such as to render that section of
      the strand acceptable for winding.
PAR  Thus, the present invention represents a significant advance in the art of
      strand winding by enabling modern strand clearers to distinguish between
      acceptable and unacceptable variations in strand size. Pursuant thereto,
      the invention is of a construction which operates to engage a strand and
      hold it away from the sensing zone of a strand clearing device when the
      strand is not advancing toward the take-up package, but which is
      responsive to the subsequent movement of the strand to release it so that
      the strand will return to the sensing zone, which resides in the usual
      strand path, when the strand is once again advanced to the take-up
      machanism.
PAR  In accordance with the foregoing it is one object of the present invention
      to provide a new and novel means for detecting faults in a winding strand
      and avoiding false indications of faults by the fault detection unit.
PAR  Another object of the invention is to provide a winding machine
      incorporating strand inspection means and delay means engageable with the
      strand being wound to hold the strand away from the inspection means
      during an interval when a strand uniting cycle is being performed by the
      winding means to reunite the winding end of strand with the supply end of
      strand.
PAR  A further object of the invention is to provide a novel means of detecting
      faults in a winding strand wherein a sensing zone is provided for
      detecting undersirable faults in said strand, and retaining means are
      engageable with the strand operable to hold a portion thereof away from
      the sensing zone when the strand is at rest and yet to provide means for
      releasing the retaining means to permit entry of the strand into the fault
      sensing zone when advance of the strand to the winding mechanism is
      recommenced.
PAR  Other further objects of the invention will be obvious and will appear
      hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a portion of a strand winding machine
      incorporating the present invention;
PAR  FIG. 2 is generally a side elevational view of the structure of FIG. 1;
PAR  FIG. 3 is a view taken along lines III--III of FIG. 1; and
PAR  FIG. 4 is a detailed view taken along lines IV--IV of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention herein may be applied to an automatic winding machine of the
      type disclosed in commonly assigned U.S. Pat. No. 2,764,362 to W. V.
      Goodhue et al, although it will be readily apparent that it is capable of
      utilization with a wide variety of other forms of winding machines. For
      convenience, the invention will be described in connection with a winding
      machine of the type generally disclosed in the afore-cited patent. Since
      the automatic winding machine per se is well known in the art, no attempt
      will be made to provide a complete description of that automatic winding
      machine but, rather, reference is made to U.S. Pat. No. 2,764,362 for such
      further particulars of that automatic winding machine as may be desired.
      It will be usefull however, to describe certain features of the automatic
      winding machine to set forth the context in which the present invention is
      utilized.
PAR  With attention initially to FIGS. 1 and 2 of the drawing it will be seen
      that the automatic winding machine includes a control unit 10 which is
      generally in the shape of an elongated box and which, of interest for
      present purposes, includes a top panel 12 forming a cover for the control
      unit. A tubular shaft 14 projects through an aperture in the lower wall 16
      of control unit 10 and is provided at its lower end with a spider (not
      shown) on which a plurality of yarn supply packages in the form of bobbins
      or cops are mounted. One such bobbin or cop B is depicted in an active
      unwinding position in FIG. 1. A supply strand of yarn Y is drawn off the
      vertically oriented active unwinding bobbin B and is guided upwardly
      therefrom and across the surface of top panel 12 to ultimately be taken up
      in the form of a package P. In the course of its movement across the top
      panel 12 strand Y is guided and serviced by a plurality of mechanisms
      which include a yarn guiding bail 18 affixed at its opposite ends to panel
      12 by screws 20. After strand Y has been guided over the bail it is
      directed around a post 22 and through a disc-type tension array 24 which
      is adapted to impose tension on the strand as it travels to package P.
      Centrally disposed within tension array 24 is a plunger 26 which, as more
      particularly set forth in U.S. Pat. No. 3,081,845, is operable to normally
      support the advancing strand. In the event of exhaustion of the supply
      strand from bobbin B or in the event the strand breaks in the region of
      the supply bobbin plunger 26 operates to move downwardly and reinitiate a
      supply bobbin replenishing cycle.
PAR  From tension array 24 strand Y advances through the sensing zone 28 of a
      strand inspection device 30 which may be of the type well known in the art
      which is operable electronically or electro-optically to sense strand
      presence or absence as well as to detect objectional faults in the strand.
      From the strand inspection device 30 strand Y is guided to a waxing
      attachment 32 which applies wax to the advancing strand as desirable.
      Waxing attachment 32 takes the form of a cake of wax 34 having a central
      aperture therethrough of polygonal configuration and positioned on a shaft
      38 whose upper end is correspondingly shaped to mate with the aperture
      through the wax cake 34 whereby the shaft and cake rotate together. Shaft
      38 is journaled for rotation in top panel 12 and is rotated by mechanism
      within control unit 10. In consequence thereof wax from cake 34 is applied
      to strand Y as it advances beneath the cake.
PAR  Positioned on control panel 12 forwardly of waxing attachment 32 in the
      direction of advance of strand Y is strand cutting mechanism 40. This
      mechanism includes a platen or anvil 42 mounted on the upper surface of
      top panel 12. A blade 44 extends from blade actuating unit 46 and
      terminates in close proximity to anvil 42, a clearance being set between
      the lower end of blade 44 and the upper surface of anvil 42 so that strand
      Y may freely pass therebetween in the course of its advance to package P.
      Blade actuating unit 46 is connected through suitable circuitry with
      strand inspection device 30 and operates in response to a signal from the
      inspection device, indicating an unacceptable imperfection in the strand,
      to shift blade 44 downwardly toward anvil 42 and cut the advancing strand
      before the imperfection detected in the sensing zone 28 of inspection unit
      30 can advance beyond the strand cutting mechanism. In this fashion strand
      portions having unacceptable imperfections therein are precluded from
      being wound onto package P. During the strand reuniting cycle as set forth
      in U.S. Pat. No. 2,764,362, these imperfections are eliminated from the
      strand during the knotting procedure.
PAR  As seen in FIG. 1 a suction slot 48 is formed in anvil 42 on the upstream
      side of blade 44 considering the direction of advance of strand Y. Suction
      slot 48 is connected with a suitable suction source and functions to clean
      the strand prior to its delivery to package P and also operates to entrain
      the free strand end extending from supply bobbin B in the event that blade
      44 is operated to break the advancing strand. Viewing FIGS. 1 and 2 a
      breakage lever 50 extends generally across the width of top panel 12. The
      inner end of breakage lever 50 is connected with instrumentalities
      enclosed within a housing 60. Breakage lever 50 is biased upwardly, but is
      restrained in a downward position by the strand Y passing over it. Upon
      upward movement of breakage lever 50 in response to its release by the
      absence of a strand extending thereacross which normally acts to hold the
      breakage lever in a depressed condition, instrumentalities within housing
      60 are initiated to effect a strand end finding cycle. In the course of
      this end finding cycle a suction nozzle 62 initially swings forwardly in a
      clockwise direction (FIG. 1) from a rest position adjacent a knotter 64 to
      endeavor to locate the strand in the region of the yarn sensing and
      tensioning devices 24, 26. In the course of its subsequent operation,
      suction nozzle 62 operates in an opposite sense, i.e., in a
      counterclockwise direction viewing FIG. 1, to deliver the free strand end
      extending from bobbin B to knotter 64 so that the strand end from supply
      bobbin B can be joined together by the operation of knotter 64 with the
      free strand end from package P. As a further step in this end reuniting
      cycle, package P which, when in its active winding position is resting in
      peripheral contact with a grooved transverse roll 66, is shifted initially
      onto a rest plate or roll 68 where the package is skidded to a stop. Once
      rotation of the package is halted it is sequentially shifted onto a
      reverse roll 70 where the package is rotated in a sense opposite to the
      sense in which the strand is wound thereon in order that the free outer
      strand end on the package can be entrained in a suction unit 72. In FIG. 2
      the position of package P when its active winding position on traverse
      roll 66 is illustrated by the letter a. The letter b illustrates the
      package positioned on rest plate 68 and the position of the package
      illustrated by the letter c depicts the package engaged on reverse roll
      70.
PAR  As seen in FIGS. 1 and 2 package P is mounted on an arbor 74 which, in
      turn, is positioned on the outer end of a package supporting arm 76 for
      rotation. Arm 76 is provided with an extension 78 which is rotatably held
      in a bearing collar 80. At its lower end bearing collar 80 is pivoted on a
      stub shaft 82 pierced through the upper end of a heavy elongated generally
      vertically oriented link 84 which is herein designated the "main package
      support arm". As illustrated in FIG. 2 main package support arm 84 is
      pivoted toward its lower end on the exterior end of a shaft 86 journaled
      in suitable bearings in a sidewall 88 of housing 60. The interior end of
      shaft 86 is connected with instrumentalities within housing 60 for
      effecting the operation of main package support arm 86 and package P.
PAR  With the foregoing generalized description of portions of the automatic
      winding machine having now been presented it will be useful at this
      juncture to direct attention to FIGS. 3 and 4 where details of strand
      inspection device 30 are shown. It will be observed that strand inspection
      device 30 includes a pair of spaced, inclined ramps 100 across which
      strand Y is laterally moved as the strand is conveyed toward knotter 64 by
      suction nozzle 62. Ramps 100 are fastened to a central chassis 102 by
      screws 104 and terminate at the upper ends of their inclined paths in flat
      surfaces 106 which falls off into sensing slot 28. Accordingly, as strand
      Y is delivered toward knotter 64 by suction nozzle 62 the strand is
      engaged on ramp 100. An elongated wing like member 110 is affixed to the
      side of chassis 102 by means of screws 112 and has a smooth sloping
      surface 114 which guides strand Y into engagement with ramps 100 as the
      taut strand Y is carried toward knotter 64 via suction nozzle 62.
      Integrally formed with member 110 and along the upper edge thereof are a
      pair of tabs 118 and 120. As best seen in FIG. 3 tab 118 is bent at a
      right angle at its outer end to form an extension 122. In turn, extension
      122 has a depending appendage 124 folded downwardly therefrom. A pin 126
      is pierced through appendage 124 in a position extending toward member
      110. A strand retainer 130 having an upper end formed in U-shape
      configuration as at 132 is rockably mounted on pin 126, the pin passing
      through the opposing upper U-shaped ends of strand retainer 130. The lower
      end of strand retainer 130 depends below the surface of the forwardmost
      ramp 100, viewing FIG. 3. Integrally connected with strand retainer 130
      and extending outwardly in a position approximately at a right angle to
      the strand retainer is an arm 134 which acts as a latch for said strand
      retainer. For purposes of securing latch 134 in position tab 120 is
      provided at its outer end with a bushing 138. A push-pull cable 140 is
      slidably enclosed within the usual sheath 142, the sheath being engaged in
      bushing 138 and secured therein by means of a set screw 144. Push-pull
      cable 140 has a forward end 140a which, when in its extended position,
      enters into a plane just above latch 134 and precludes upward movement of
      the latch, thereby maintaining strand retainer 130 in a position depending
      into blocking engagement with a strand moving up ramps 100. The opposite
      end 140b of push-pull cable 140 is connected to the lower end of main
      package support arm 34 by a suitable connector 146. Sheath 142 is affixed
      in position on control unit 10 and housing 60 by appropriately spaced
      clips 148.
PAR  In operation, as package P is shifted off traverse roll 66 (position a), as
      when a break in the winding strand occurs or when the strand supply
      becomes exhausted, push-pull cable 140 is thrust forward by the clockwise
      motion of main package support arm 84, viewing FIG. 2, as package P is
      first shifted rearwardly onto rest plate 68 (position b) and sequentially
      onto reverse roll 70 (position c). In consequence thereof the forward end
      140a of push-pull cable 140 is extended into a position just above latch
      134. Thereupon as suction nozzle 62 is rocked clockwise, viewing FIG. 1,
      to entrain the outer strand end from supply bobbin B and is subsequently
      shifted in a counterclockwise direction to deliver that outer strand end
      to knotter 64, the outer strand end from supply bobbin B is engaged on
      surface 114 of member 10 and drawn up ramps 100. However, as the outer
      strand end attempts to progress onto surface 106 and into sensing slot 28
      it is intitially precluded from such movement due to its encountering
      retainer 130. The strand is held in engagement with retainer 130 while
      strand reuniting at knotter 64 is achieved. Thereafter and in the manner
      fully disclosed in U.S. No. 2,764,362 package P is returned from position
      c through position b to position a where it engages on the surface of the
      constantly rotating traverse roll 66. During the movement of package P
      from position c to position b main package support arm 84 is, of course,
      rocked counterclockwise in consequence of which the forward end 140a of
      push-pull cable 140 is withdrawn from its position interfering with the
      rocking motion of latch 134. As a result thereof as package P moves from
      position b to position a strand Y is temporarily restrained from entry
      into sensing slot 28 due simply to the fact that the inherent mass of
      retainer 130 holds the retainer in a depending position as shown in FIG.
      3. However, once significant tension is introduced into strand Y as when
      package P reaches position a engaging the peripheral surface of traverse
      roll 66 and commences to rotate, the tension in the strand produced
      thereby is sufficient to swing retainer 130 clockwise, viewing FIG. 3, and
      permits strand Y to pass therebeneath, over surfaces 106 and into sensing
      slot 28. Once the strand has passed beneath retainer 130, the retainer
      rocks back to the position as shown in FIG. 3. Counterclockwise rotation
      of retainer 130 is limited by means of a tab 150 which is bent inwardly
      and which interferes with further counterclockwise rotation of retainer
      130 beyond its generally vertically depending position.
PAR  From the foregoing it will be seen that the present invention provides a
      new and advantageous strand detection system wherein a fault sensing zone
      which operates to receive a strand and detect faults has cooperatively
      positioned therewith a strand retaining unit which is operable to preclude
      entry of a strand into the fault sensing zone during a first interval and
      which is operable thereafter to permit entry of the strand into the fault
      sensing zone. By so operating, the present invention serves to enable the
      strand detection system to properly distinguish between acceptable and
      unacceptable variations in strand size and permits the strand detection
      system to opeate with superior efficiency.
PAR  Since certain changes may be made in the above apparatus without departing
      from the scope of the invention therein involved, it is intended that all
      matter contained in the above description or in the accompanying drawing
      shall be interpreted as illustrative only and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a strand detection system having a fault sensing zone operable to
      receive a strand and detect faults therein as the strand moves through
      said zone, the combination therewith of strand retaining means movable in
      a path between a first location for retaining said strand against entry
      into said zone and a second location remote from said first location where
      said strand is released for entry into said zone, securing means adapted
      to be positioned in said path for preventing said retaining means from
      moving away from said first location, and means for displacing said
      securing means from said path to permit said retaining means to move to
      said second position and afford passage of said strand into said zone.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 including means for advancing said
      strand in a predetermined threadline, said zone being positioned in said
      threadline, means for advancing said strand in an alternate path to said
      threadline, said retaining means being disposed intermediate said
      threadline and said alternate path.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 wherein said retaining means includes
      a strand engaging portion, and means mounting said strand engaging portion
      for rocking motion in response to movement of said strand toward said
      fault sensing zone when said securing means is displaced from said path.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 wherein said retaining means includes
      a latching portion, said securing means overlaying said latching portion
      to secure said retaining means in said first location.
NUM  5.
PAR  5. Apparatus as set forth in claim 3 wherein when said retaining means is
      in said first location said strand engaging portion is positioned to
      extend in a path to preclude entry of said strand into said zone, and said
      mounting means mounts said strand engaging portion to normally extend in
      said path.
NUM  6.
PAR  6. Apparatus as set forth in claim 1 including a supply of said strand
      located at a first position said means for displacing said securing means
      including winding means for collecting said strand, said winding means
      being located at a second position remote from the first position, said
      fault sensing zone being disposed intermediate said first and second
      positions.
NUM  7.
PAR  7. Apparatus as set forth in claim 6 wherein said strand advances in a
      predetermined threadline as said strand is advanced from said first to
      said second position, said zone being positioned in said, threadline means
      for advancing said strand in an alternate path to said threadline upon an
      interruption in the movement of the strand to said second position, said
      retaining means being disposed intermediate said threadline and said
      alternate path.
NUM  8.
PAR  8. Apparatus as set forth in claim 6 wherein said winding means is movable
      from an active winding position to an inactive position for the location
      of the outer strand end thereon when strand movement to the package is
      interrupted and said winding means is movable thereafter to said active
      unwinding position, and said securing means includes a slidable member
      connected with said winding means, said slidable member being displaced
      from said path to permit said retaining means to move to its second
      location in response to movement of said winding means to said active
      winding position.
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ABST
PAL  A device for continuously storing a length of wire to cause it to remain
      wound for a predetermined period of time found necessary for treatment
      thereof, wherein two winding drums are provided upon which the wire is
      wound in series, leaving an intermediate slackened wire portion
      therebetween, and the ratio of the rotational speed of the two drums is
      controlled so as to maintain a constant storing amount of the wire or,
      preferably, to maintain the intermediate slackened portion of the wire
      constant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a device for continuously treating wire
      to be favorably used when various treatment is applied to the wire, such
      as for example, surface treatment, working treatment, and the like, as
      combined in a continuous process.
PAR  2. Description of the Prior Art
PAR  A wire, or metal wire, is often treated by an inline system including more
      than two treating processes. However, it is often necessary to provide for
      a substantial treating time for particular kinds of treatment, and in such
      cases, it is therefore very inconvenient in view of the space requirement
      and management of the treatment to cause the wire to proceed in a linear
      path.
PAR  Conventionally, various kinds of devices have been proposed for solving the
      aforementioned inconvenience by making the wire stay around for a
      predetermined period of time, such as diclosed, for example, in U.S. Pat.
      Nos. 3,098,109 and 3,050,267 or U.K. Pat. No. 928,435. All of these
      techniques employ a drum for winding up a proceding wire to cause it to
      remain wound thereabout for a predetermined treating time. However, the
      wire storing drums employed in these conventional techniques are all
      driven by their own driving means and, in this connection, they are bound
      with a serious disadvantage in that the device for controlling the driving
      means to operate in perfect harmony with the proceeding of the treating
      processes becomes very expensive.
PAR  On the other hand, in another conventional technique which employs a wire
      storing drum not equipped with its own driving means, the wire is usually
      wound around a single drum. However, in such single drum systems, the
      amount of the wire to be wound around the drum is relatively limited. In
      more detail, referring to FIG. 1 showing a single drum system, the wire at
      the side leading out from the drum is applied with a tension T2, while the
      wire at the side of the drum leading thereinto is applied with a tension
      T1 which is comparable with the tension T2. Since the wire is wound around
      the drum under the application of a relatively high tension, the friction
      between the windings of the wire and the drum is relatively high.
      Therefore, if a large amount of wire is wound around the drum, the
      windings laid upon the drum cannot shift from one end of the drum to the
      other, whereby the newly wound windings are laid over the preceding
      windings making it impossible to continue normal operation of the wire
      storing drum. It might be considered to form the winding up drum in a
      relatively steeply tapered fashion to meet with such inconvenience and to
      increase the storing amount of the single drum system, but in this case,
      slippage between the wire and drum becomes very large causing serious
      wearing of the drum so that it cannot stand long periods of operation.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to solve the aforementioned
      problems and to provide a novel device of the type characterized herein
      which does not require a driving means for the wire-storing drum and which
      is of a compact structure, while affording a large capacity for
      provisionally storing wire for the purpose of continuously treating the
      same.
PAR  According to this invention, the foregoing object and others are
      accomplished by a device characterized by first and second winding-up
      drums supported in a manner to be freely and independently rotatable,
      means to guide a wire portion stretched between these first and second
      winding-up drums incorporating a mechanism to adjust the slackening of the
      wire portion and means to detect changes of such slackening, and means to
      control the relative rotations between the first and second winding-up
      drums.
PAR  According to a more detailed feature of this invention, the means for
      controlling the relative rotations between the first and second winding-up
      drums is adapted to normally maintain a constant ratio between the
      revolutional speeds of the drums, and to change this ratio in accordance
      with changes in the slackening of the wire portion stretched therebetween.
      The first and second winding-up drums preferably are carried by a common
      rotatable shaft, one being fixedly mounted, while the other is rotatably
      mounted on the shaft, and this shaft and drum rotatably mounted thereon
      are drivingly connected with each other through a variable speed gear.
PAR  According to still another feature of this invention, each of the first and
      second winding-up drums is tapered along its axis and is provided with a
      wire guide means at its larger end. In this case, the wire guide means may
      be a tapered flange firmly carried by the drum. However, as a more
      favorable structure, the wire guide means may be a ring held around the
      larger end portion of the drum and spaced therefrom, the ring being
      secured in a manner to be adjustable of its inclination relative to the
      axis of the drum. Furthermore, it is preferable that the ring is carried
      in a manner to be freely rotatable around its own axis so that no
      substantial friction is caused between the wire and the wire guide means
      guiding the wire to be laid on the drum as continuous windings.
PAR  According to a still further feature of this invention, the mechanism for
      adjusting the slackening of the wire portion may comprise a pulley carried
      by a pivotable lever having a spring force exerted thereon to apply a
      tension to the wire portion turned around the pulley and stretched between
      the first and second winding-up drums. In relation with this particular
      structural feature, the means for detecting the changes of the slackening
      of the wire portion stretched between the first and second winding-up
      drums preferably comprises a pair of limit switches adapted to be actuated
      by the lever when it has been pivoted, or overswayed, in either direction
      of rotation.
PAR  The relative rotations between the first and second winding-up drums may be
      controlled by employing any one of a number of conventionally known
      variable speed gears so that the drums can be rotated in perfect harmony
      whereby the same amount of wire is being wound around one of the two drums
      as is being led out from the other, while simultaneously keeping the
      slackened portion therebetween within proper limits to insure normal
      operation of the device. However, in the case of the structure wherein the
      first and second winding-up drums are carried by a common rotatable shaft,
      one being fixedly mounted while the other is rotatably mounted on the
      shaft, and the shaft and the rotatably mounted drum are drivingly
      connected with each other through a variable speed gear, it is
      particularly desirable that the variable speed gear is of the type which
      itself is known and comprises a rigid outer ring formed with an internal
      gear having a first number of teeth, a flexible inner ring formed with an
      outer gear having a second number of teeth, and an elliptical core to urge
      the inner ring radially outwardly to cause engagement of the outer gear
      with the internal gear at two diametrically opposite regions thereof,
      wherein the outer and inner rings are drivingly connected with the other
      drum and the shaft, respectively, and the elliptical core is driven by a
      power source through another variable speed gear. A variable speed gear of
      the type described herein is commercially available under the trademark of
      HARMONIC DRIVE.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more readily appreciated as the same becomes better
      understood from the following detailed description, when considered in
      connection with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1 is a diagrammatical view showing the manner of winding up wire with
      a single drum not equipped with a driving means;
PAR  FIG. 2 is a diagrammatical view showing the manner of winding up a wire
      with a device incorporating two winding-up drums also not equipped with a
      driving means, and constructed according to this invention;
PAR  FIG. 3 is a diagrammatical view, shown partly in crosssection, of the
      structure of the device of FIG. 2, according to this invention;
PAR  FIG. 4 is a diagrammatical view showing an embodiment of the wire guide
      means;
PAR  FIG. 5 is a view taken along the line 5--5 in FIG. 4;
PAR  FIG. 6 is an elevational sectional view of another embodiment of the
      device, according to this invention;
PAR  FIG. 7 is an end view of the device shown in FIG. 6; and
PAR  FIG. 8 is a sectional view taken along the line 8--8 in FIG. 6, but shown
      on an enlarged scale.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 2 and 3 of the drawings, the principle of this
      invention will be explained. As previously indicated herein, the amount of
      the wire to be stored is largely limited when it is wound around a single
      drum not equipped with its own driving means. Therefore, this invention
      proposes a two drum system incorporating two winding-up drums which also
      are not equipped with driving means. In this system, a first drum 1 and a
      second drum 2 are firmly mounted on a common shaft 3 to be perfectly
      co-rotatable therewith. A wire W is first wound around the first
      winding-up drum 1 to form a number of windings thereon and is then turned
      around a wire guide means shown as a pulley 4 and a spring 5 resiliently
      connecting the pulley to a supporting base, and thereafter the wire is
      wound around the second winding-up drum 2 to form several windings thereon
      before it is finally led out from the wire storing device. The wire is
      designated as W as it is being fed to the first drum 1, as W.sub.1 as it
      is led out from the first drum to the pulley 4, and as W.sub.2 as it is
      led out from the second drum 2, for purposes of reference to areas of the
      wire transport.
PAR  In the device shown in FIG. 2, the second winding-up drum 2 is caused to
      rotate as the wire portion W.sub.2 is led out from the leading-out side of
      the second winding-up drum 2 and, at the same time, the first winding-up
      drum 1 is driven in quite the same manner as the second winding-up drum 2.
      In this case, therefore, no substantial tension is applied to the wire
      portion W.sub.1, which is automatically unwound from the first winding-up
      drum 1 and is rewound around the second winding-up drum 2 by way of the
      wire guide means. Thus, it will be appreciated that the windings carried
      around the first winding-up drum 1 can easily shift in the direction of
      its axis since no substantial tension is applied to the wire forming the
      last winding at the leading-out side thereof, whereby the amount of wire
      being stored on the first winding-up drum 1 can be optionally increased
      according to a required holding time of the wire. However, there is a
      problem to be solved in the actual operation of this device. The
      winding-up drums 1 and 2 must be tapered along their axis because the
      windings carried around each drum must be easily shifted in its axial
      direction as a winding is unwound at the leading-out end while a new
      winding is wound at the leading-in end thereof. Therefore, expressing the
      diameters of the first and second drums at the leading-in and leading-out
      ends by a1, b1 and a2, b2, respectively, the conditions
PAC  a1 &gt; b1
PAC  a2 &gt; b2
PAL  must be satisfied. On the other hand, the rate of supplying the wire to the
      first and second winding-up drums must be equal to keep the operation of
      the device stable, and therefore, the condition a1 = a2 must be satisfied.
      Then, a1 should be larger than b2 or, in other words, the first drum must
      take in a length of wire of a1.pi. upon each rotation thereof while the
      second drum must lead out a length of wire of b2.pi. upon each rotation
      thereof, since the first and second drums are firmly mounted on the common
      shaft, causing an accumulation of wire of the amount of (a1 - b2).pi. with
      each rotation of the drums, and finally making it impossible to carry on
      the operation of the device due to too much slackening of the wire
      occurring between the first and second drums.
PAR  Therefore, this invention further proposes to mount the second winding-up
      drum 2 rotatably on the shaft 3 by way of bearings 6 as shown in FIG. 3,
      and to provide a variable speed gear 9, including a gearing system 7 and a
      controlling mechanism 8 therefor, so as to transmit the rotation of the
      second winding-up drum 2 to the first winding-up drum 1 by modifying the
      transmission ratio therebetween. The modification of the transmission
      ratio is made by the controlling mechanism 8, which in turn is controlled
      by a detecting means 10, such as a limit switch adapted to detect changes
      in the slackening of the wire portion stretched between the first and
      second winding-up drums. The transmission ratio of the gearing system 7 is
      determined in consideration of the diameters of the first and second
      winding-up drums so that the winding-up rate of the wire by the first
      winding-up drum 1 is substantially equal to the leading-out rate of the
      wire from the second winding-up drum 2, thereby to keep the slackening of
      the wire stretched between the two drums substantially constant. However,
      since the winding-up drums are rotated at a relatively high speed, a
      little variation of the diameters or the effective diameters of the two
      winding-up drums will rapidly lead to a large variation of the slackening
      of the wire between the two drums. Therefore, it is necessary that the
      transmission ratio effected by the variable speed gear 9 be constantly
      adjusted by the controlling mechanism 8 to do fine adjustment of the
      transmission mechanism provided bby the gearing system 7.
PAR  In the devices shown in FIGS. 2 and 3, the winding-up drums 1 and 2 are
      each equipped at the wire leading-in end thereof with a flange formed as
      an integral part thereof. Although such a flange is properly tapered to
      guide the leading-in wire in a manner to be laid in close contact with the
      preceding winding and to apply an axial force to the total windings
      carried around the drum to shift them in the axial direction of the drum,
      such a wire guiding function effected by the fixed flange may not be
      sufficient in the case of the device according to this invention, because
      the wire portion stretched between the two drums is not applied with any
      substantial tension. In this case, therefore, it is desirable to employ a
      wire guide means such as shown in FIGS. 4 and 5. Of course, the wire guide
      means as shown in FIGS. 4 and 5 may preferably be employed for the first
      winding up drum 1, as it is shown in FIG. 4. This wire guide means
      comprises a ring 12 formed with an annular groove 11 extending along the
      outer peripheral portion thereof and a plurality of rollers 13 rotatably
      supporting the ring. By employing such a wire guide means and properly
      adjusting its inclination with respect to the axis of the drum, a required
      axial force is exerted on the wire as it is laid onto the peripheral
      surface of the drum in close contact with the preceding winding wound on
      the drum, whereby all of the windings carried around the drum are readily
      shifted as a whole unit in the axial direction of the drum as the
      leading-in and out of the wire to and from the drum proceeds.
PAR  FIGS. 6 - 8 show a more practical embodiment of the device according to
      this invention wherein the pulley 4 of the wire guide means is carried by
      a pivotable lever 16 which is pivotably mounted upon a pivot shaft 15 and
      is applied with a resilient force to rotate in a counterclockwise
      direction, as seen in FIG. 7, by the spring 5 connected to the lower end
      of the lever. The spring 5 is carried at its one and by a support 14
      mounted to the frame of the device. From FIG. 7, it will be apparent how
      the limit switches 10 are operated when the lever 16 sways in either
      direction beyond a predetermined amount.
PAR  When the device is used to treat a metal wire chemically prior to the
      drawing process thereof, a spraying device 17 disposed above the first
      winding-up drum 1 is operated to spray a treating liquid, such as a
      phosphate, supplied from a reservoir, not shown. A first wiping nozzle 18
      is provided between the first winding-up drum 1 and the pulley 4 to remove
      any excessive quantity of the unreacted treating liquid from the wire
      being led out from the first winding-up drum between guide rollers 19 to
      the pulley. The wire being received on the second winding-up drum 2, after
      having been turned around the intermediate pulley 4, may be subjected to a
      borax treatment in a borax reservoir 20, as well as a wiping treatment by
      a second wiping nozzle 21, if required.
PAR  The variable speed gear 9 employed in the embodiment shown in FIGS. 6-8
      incorporates a variable speed transmission which itself is known and
      commercially available under the trademark HARMONIC DRIVE. This variable
      speed transmission, which is best shown in FIGS. 6 and 8, comprises a
      rigid outer ring 71 formed with an internal gear having a first number of
      teeth and a flexible inner ring 72 made of an elastic metal and formed
      with an outer gear having a second number of teeth less than said first
      number. The inner ring 72 is supported at the inside thereof by an
      elliptical core device 73 including an outer flexible ring 73a working as
      an outer race of a set of bearing balls 73b and an elliptical core 73c
      including a peripheral layer 73d working as an inner race of the ball
      bearings, the core 73c being connected with an output shaft 74 of a worm
      gearing 82. The outer gear portion of the inner ring 72 meshes with the
      internal gear portion of the outer ring 71 at two diametrically opposite
      regions, since the inner ring 72 is deformed to be elliptical shape by
      being supported by the elliptical core 73. Therefore, if the elliptical
      core 73 or the shaft 74 is driven at a rotational speed which is slightly
      different from that of the outer ring 71, the meshing region between the
      outer and inner rings shifts along the peripheries of the rings, and since
      the number of the teeth of the outer ring is different from that of the
      inner ring, a slight relative rotation takes place between the outer and
      inner rings. Therefore, the relative rotation between the outer and inner
      rings 71 and 72 can be optionally controlled by properly driving the
      elliptical core member in relation to the rotational speed of the outer
      ring or the inner ring. In the device shown in FIGS. 6 and 8, the outer
      ring 71 is drivingly connected with the second winding-up drum 2 while the
      inner ring 72 is drivingly connected to the shaft 3, by means of an
      annular member 75 splinedly connected to the right end of shaft 3 as seen
      in FIG. 6, which fixedly carries the first winding-up drum 1. Therefore,
      the ratio of the rotations of the first and second winding-up drums can be
      optionally controlled by driving the elliptical core device by a motor 81
      by way of the worm gearing 82 in relation to the rotational speed of the
      drum 1 or 2.
PAR  In operation, the wire W is first wound around the first winding-up drum 1,
      and is then turned around the pulley 4 and thereafter wound around the
      second winding-up drum 2. As the wire is led out from the leading-out side
      of the second winding-up drum 2, the second drum is rotated, whereby the
      first drum 1 is also rotated by way of the variable speed gear 9 keeping a
      rotational speed having a predetermined ratio relationship with the
      rotational speed of the second winding-up drum 2. This ratio is controlled
      by the driving speed of the motor 81, which is controlled by the actuation
      of the limit switches 10, so that the amount of the slackened portion of
      wire stretched between the two drums is constantly kept within a
      predetermined range.
PAR  Although a particular variable speed gear, such as called HARMONIC DRIVE,
      is employed in the embodiment shown and described above, other types of
      variable speed gears may of course be employed in the device according to
      this invention, and therefore, it is to be noted that this invention
      should not be limited to those embodiments incorporating this particular
      variable speed gear.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of these teachings. It is to be understood therefore
      that the present invention may be practiced within the scope of the
      appended claims otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A device for continuously treating wire comprising:
PA1  a first freely rotatable drum for winding said wire thereon;
PA1  a second drum for winding said wire thereon being freely rotatable
      independently of said first drum;
PA1  means for rotating the first and second drums relative to each other;
PA1  means for guiding a portion of said wire stretched between said first and
      second drums;
PA1  means for detecting the slackening of said wire portion stretched between
      said first and second drums;
PA1  means responsive to said detecting means for adjusting the slackening of
      said wire portion stretched between said first and second drums; and
PA1  means for controlling the relative rotations of said first and second
      drums.
NUM  2.
PAR  2. A device according to claim 1, wherein said means for controlling the
      relative rotation between said first and second drums comprises variable
      speed gearing which normally maintains a constant ratio between the
      revolutional speed of said first and second drums by changing said ratio
      in accordance with changes of the slackening of said wire portion
      stretched between said first and second drums.
NUM  3.
PAR  3. A device according to claim 1, wherein said first and second drums are
      carried by a common rotatable shaft, one being fixedly and the other being
      rotatably mounted on said shaft, and said shaft and said other drum are
      drivingly connected with each other through said means for controlling the
      relative rotations of said first and second drums which comprises a
      variable speed gear.
NUM  4.
PAR  4. A device according to claim 1, wherein each of said first and second
      drums is tapered along its axis and is provided with a wire guide means at
      its larger end.
NUM  5.
PAR  5. A device according to claim 4, wherein each of said wire guide means of
      said first and second drums is a tapered flange firmly carried by the
      respective drums.
NUM  6.
PAR  6. A device according to claim 4, wherein each of said wire guide means of
      said first and second drums is a ring surrounding the larger end portion
      of the drum in spaced relation thereto being adjustable in its inclination
      to the axis of its respective drum.
NUM  7.
PAR  7. A device according to claim 6, wherein each of said rings is freely
      rotatable about its axis.
NUM  8.
PAR  8. A device according to claim 1, wherein said means for detecting the
      slackening of said wire portion comprises a pulley and a pivotable lever
      carrying said pulley, said lever being biased by spring means for exerting
      a spring force to apply a tension to the wire portion turned around said
      pulley and stretched between said first and second drums.
NUM  9.
PAR  9. A device according to claim 8, wherein said means for detecting the
      changes in the slackening of the wire portion stretched between said first
      and second drums additionally comprises a pair of limit switches adapted
      to be actuated by said lever upon pivotal movement in either direction
      beyond a predetermined point.
NUM  10.
PAR  10. A device according to claim 3, wherein said variable speed gear
      comprises:
PA1  a rigid outer ring formed with an internal gear having a first number of
      teeth;
PA1  a flexible inner ring formed with an outer gear having a second number of
      teeth; and
PA1  an elliptical core to urge said inner ring radially outwardly to cause said
      outer gear to engage said internal gear at two diametrically opposite
      regions thereof,
PA1  wherein said outer and inner rings are drivingly connected to said other
      drum and said shaft, respectively, and said elliptical core is driven by a
      variable speed power source.
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ABST
PAL  Commercially available cassette cartridges which are reel-to-reel magnetic
      tape cartridges of a standard size and design can be converted to endless
      loop cartridges by replacing one of the reels with an auxiliary drive
      assembly including a drive hub with adjacent guides to insure positive
      driving in contact between the tape and the drive hub and replacing the
      other reel with a free wheeling tape platen with an endless loop of
      magnetic tape wound spirally thereon which is threaded so its innermost
      convolution is pulled from the hub of the platen by the combined action of
      the capstan drive and the forward reel drive of the recorder to insure
      positive tape transport without wow and flutter and returns to the
      peripheral tape convolution on the platen.
PARN
PAR  This is a continuation of application Ser. No. 880,201, filed Nov. 26,
      1969, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A number of cartridges have been developed which employ a continuous tape
      loop for magnetic tape recorders since such cartridges offer a number of
      unique features, such as immediate reply without rewinding or reversing
      the cartridge. Typical examples of the endless loop type cartridge are
      shown in U.S. Pats. Nos. 2,778,635; 2,778,636, and 2,778,637 issued to
      Eash and U.S. Pat. No. 2,426,838 issued to Miller.
PAR  When employing the endless loop tape cartridges referred to in the above
      patents, special recorders are required to meet the necesssary drive
      system for tape transport as well as other specifications to insure
      positive tape feed without wow and flutter. While the above specialized
      tape cartridge will function properly in their tailor made recorders, they
      are not suitable for use in the commercially marketed "Cassette Recorder"
      which are all designed to use a reel-to-reel type cartridge of a standard
      size and design. These recorders are manufactured and sold commercially by
      a number of different companies and their standardized reel-to-reel
      cassette cartridges are loaded with varying amounts of magnetic tape.
      Commonly, these cassette cartridges have from 30 to 60 minutes of tape
      load the cartridges are reversed in the cassette recorder to employ both
      halves (tracks) of the magnetic tape thereby doubling their effective tape
      load in minutes.
PAR  While the reversal of these cassette cartridges within the recorder will
      rewind the other half or track of the tape as a track is utilized,
      reversing the cartridges in the recorder is difficult to accomplish
      automatically. Further, in many of the applications where cassette
      recorders are employed, a number of sophisticated switching techniques are
      required to reverse the tape transport to rewind the tape and to sense the
      end of the tape transport as the last convolution leaves a reel.
PAR  One of the features which has made the cassette recorder such a widely
      purchased machine is its compactness and convenience of the recorder and
      the tape cartridges. As a result, its compactness requires that the
      capstan drive be quite small (a diameter of approximately 0.079 inch) and
      therefore the surface area of the tape on which the capstan operates to
      drive the tape is quite limited. In order to insure positive speed, these
      types of recorders employ a forward drive reel which is clutched in the
      cassette drive system and drives the take-up reel to help the capstan
      achieve smooth uniform tape transport to avoid wow and flutter in the
      recording being made on or reproduced from the tape. Since normally the
      power required for tape transport is greater in an endless loop tape
      arrangement than reel-to-reel arrangements satisfactory endless loop
      cartridges have not been available for cassette recorders.
PAR  An object of the present invention is to provide a satisfactory continuous
      loop cassette cartridge for the currently commerically available cassette
      recorders, which will require no modification to the recorder to employ
      the novel cartridge.
PAR  A further object of the invention is to provide a cassette cartridge with
      an endless loop contained therein which is compatible with the cassette
      recording machines currently marketed in the United States.
PAR  It is also an object of the present invention to provide an endless loop
      cassette cartridge of substantially the same size and outward appearance
      as convention reel-to-reel cassette cartridges so that the endless loop
      cassette cartridge will be compatible with various automatic changing
      mechanisms for cassette cartridges.
PAR  An ancillary object of the invention is to provide an endless loop cassette
      cartridge with internal switching devices whereby positive tape indexing
      can be achieved through conductive patches on the endless tape loop which
      will close contacts within the novel cartridge thereby making the novel
      cartridge even more suitable for a number of applications.
PAR  A further object of the present invention is to provide a reliable and
      economical endless loop cassette cartridge for conventional cassette
      recorders which is serviceable and troublefree in operation.
PAR  A number of other objects and advantages will be apparent from the
      following description of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects of the instant invention will be accomplished and the
      advantages obtained by utilizing a standard hollow cassette cartridge and
      replacing one of the reels with a tape platen with an attached hub and an
      endless spool of magnetic tape coiled thereon whose threading loop passes
      across the guides in the case where it can engage the magnetic heads and
      drive capstan of a cassette recorder and thence to an auxiliary drive
      system which replaces the other reel of the cassette cartridge from which
      the threading loop returns to the endless spool. The auxiliary drive means
      is drivingly connected to the forward reel drive sprocket of the cassette
      recorder when the endless loop cassette cartridge is inserted in such a
      recorder thereby providing the capstan drive a driving assist on the tape
      during normal play/record tape transport and also providing fast
      forwarding feature for tape transport so that desired portions of the
      magnetic tape loop can be quickly selected by employing the fast
      forwarding drive of the recorder.
PAR  More specifically, a hollow cartridge case of approximately the same design
      or dimensions of the convention reel-to-reel cartridge cases is employed
      and includes a circular tape platen having an attached tape hub mounted
      inside the case and journalled over one of the drive sprocket apertures,
      an endless spool magnetic tape spirally coiled on the circular tape platen
      having a threading loop egressing from said spool contiguous to said tape
      hub and returning to the periphery of said spool, guide means for
      supporting the threading loop for engagement with a capstan drive of a
      cassette recorder and its magnetic heads when the cassette cartridge is
      inserted in such a cassette recorder, an auxiliary drive means journalled
      over the other drive sprocket aperture of the case with the threading loop
      of the spool threaded through this auxiliary drive means and coupling
      drive means connecting said auxiliary drive hub to the forward reel drive
      sprocket of a cassette recorder when the cassette cartridge is inserted in
      such a recorder whereby the forward reel drive sprocket of the cassette
      recorder will assist the capstan drive during play/record tape transport
      and will provide fast forwarding of the endless tape so selected portions
      can be quickly obtained. Normally, the egressing tape drives the tape
      platen and drive means can be provided between the inner convolutions of
      the tape and the platen and its tape hub whereby a positive drive is
      assured so the outer convolutions of the tape will not tighten on the
      platen. Also, switching means are employed whereby conductive strips
      placed on the endless loop will activate such switching means for indexing
      the endless spool of magnetic tape, as tape transport is occuring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood when reading the description by
      referring to the attached drawings wherein:
PAR  FIG. 1 is a perspective of the novel endless loop cassette cartridge of
      this invention opened in a clamshell like manner to show the internal
      details of the tape transport and auxiliary drive arrangements;
PAR  FIG. 2 is a broken-away perspective of the bottom portion of the cassette
      cartridge shown in FIG. 1 with parts of the endless loop drive mechanism
      exploded to show additional detail;
PAR  FIG. 3 is a perspective of the internal tape transport mechanisms of the
      instant invention with an alternate tape threading arrangement along with
      a secondary slip drive for the tape platen;
PAR  FIG. 4 illustrates in perspective an alternate arrangement for the
      auxiliary drive mechanism and tape platen wherein the auxiliary drive
      mechanism is powered through a small belt from the forward reel drive of
      the recorder;
PAR  FIG. 5 is a perspective of a broken-away portion of the cartridge recess of
      a conventional cassette recorder and a cassette illustrating how the
      internal switching provided in the endless loop cartridge can be connected
      to external control or indexing circuitry;
PAR  FIG. 6 is broken away and exploded perspective view of part of the tape
      platen and its bearing sleeve showing its one-way clutch arrangement in
      greater detail;
PAR  FIG. 7 is a perspective of the cassette shown in FIG. 1 with parts broken
      away which employs an alternate threading and guide roller arrangement and
      different switching contacts; and
PAR  FIG. 8 is a perspective of the platen and auxiliary drive showing a tape
      threading arrangement for larger endless tape loads which lower the
      downward loadings on the outer tape convolutions on the platen.
DETD
PAC  DESCRIPTION OF AN EMBODIMENT
PAR  One of the arrangements of the internal parts in the novel endless loop
      cassette cartridge 10 is shown in FIG. 1 wherein the top half 11 of the
      cartridge has been hinged upwardly about its back edge to reveal the
      arrangement of its internal parts on the inside surface 12 of the lower
      half 13 of the cartridge case 14. This cartridge case is a standard
      cassette cartridge design and its exterior dimensions are substantially
      identical to the cassette cartridges currently available from a number of
      different commercial sources. In the instant invention the conventional
      internal reel-to-reel mechanisms are not employed and the assemblies of
      the invention are employed to convert the cartridge case into an endless
      loop cassette cartridge.
PAR  In the embodiment shown in FIG. 1 a floating guide plate 15 with an
      open-sided aperture 16 is positioned on the inside surface 12 of the lower
      half 13 of the case that its aperture encircles the drive sprocket
      aperture 17 which is surrounded by a raised guide lip 18 projecting
      upwardly from surface 12. This guide plate can be fabricated of metal or
      plastic and forms a floating support for plurality of bearing posts 19
      extending perpendicularly from the surface of the guide plate and
      preferably clustered about the aperture. Mounted on these guide posts are
      idler wheels 20 which form a circular cluster about the aperture and
      physically constrain a drive hub 21 within this circular array.
      Preferably, each idler wheel and its associated bearing post includes a
      one-way clutch 22 that will allow the idler wheel to free-wheel in one
      direction but restricts its rotation in the opposite direction. The
      direction of rotation has been indicated on the idler wheels with arrows.
      Conventionally, these one-way clutches can take the form of a simple
      spring wire connected to the post which is associated with ratchet like
      teeth formed in the wall of the bore in each idler wheel so the spring
      wire will catch in the teeth if it is rotated in one direction but will
      not engage the teeth in the opposite direction.
PAR  The auxiliary drive hub 21 includes an outer peripheral drive surface or
      ring 22 usually formed of a soft elastomer, such as sponge rubber or a
      similar material so that it can be slightly deformed by the constraining
      action of the idler wheels 20 clustered about its periphery. Generally,
      this thickness of the peripheral drive surface or ring will vary from 1/8
      to 1/4 of an inch depending upon the degree of deformation desired to
      insure a positive tape drive with the drive hub. Using sponge rubber or a
      similar material, mechanical damage to the magnetic tape is avoided as it
      passes between the several idler wheels and the peripheral surface of the
      drive hub. Since the drive hub is not a reel having one end of the tape
      attached thereto it is important to insure positive drive between the
      drive hub and the loop of tape which partially surrounds it.
PAR  In both the bottom and top portions of the drive hub are central annular
      recesses 24 which allow its drive hub to be generally centered by the
      guide lips 16 encircling the drive sprocket aperture 17 on the inside
      surfaces of the top and bottom halves of the case of the cartridge.
PAR  With the drive hub centrally over the drive sprocket aperture, a tooth
      annular opening 25 in the center of the hub will be coupled with the
      forward reel drive sprocket of the cassette recorder when the cartridge is
      inserted in the cartridge recess of the recorder. Since the forward reel
      drive sprocket provides a forward drive with a slipping clutch
      arrangement, the drive hub will be able to assist the capstan drive of the
      recorder in achieving uniform and smooth tape transport so that good
      fidelity can be maintained in the new endless loop cassette.
PAR  As indicated above, the drive hub is encircled by a soft elastomer drive
      surface or ring 23 which is typically deformed in several locations by the
      cluster of surrounding idler wheels 20 on the guide plate 15. An alternate
      embodiment as illustrated in FIG. 7 wherein the floating guide plate on
      which the clusters of guide rollers are mounted is not employed. In this
      alternate embodiment, a somewhat greater deformation of the elastomer
      drive surface or ring is usually employed to eliminate the necessity of
      the self-centering feature on the forward reel drive sprocket provided by
      the guide plate. By making the thickness of this elastomer drive surface
      or ring 23 of a sufficient depth, a positive tape-to-drive hub drive can
      be accomplished so long as some deformation of the elastomer drive surface
      or ring is maintained within the alignment limits of the drive hub on the
      forward reel drive sprocket of the cassette recorder.
PAR  When using the thicker elastomer drive surface or ring the idler rollers 20
      can be mounted on stationary bearing posts 19a which are attached to the
      inside surface 12 of the lower half of the case 14 as illustrated in FIG.
      7. Preferably, these stationary bearing posts will be positioned about the
      guide roller at locations less than 180.degree. apart and so located at
      least 180.degree. of the elastomer drive surface will be threaded with the
      tape as it is looped between the idler wheels and the circular drive
      surface.
PAR  Generally, the loop tape between its exit from the endless spool and its
      return to the spool is referred to as the threading loop. In the instant
      invention, the threading loop 30 of the continuous loop of magnetic tape
      31 is received between the idler wheels 20 and the peripheral drive
      surface or ring 23 of the drive hub 21 in a positive no-slip drive. As a
      result of this positive drive, the forward reel drive sprocket of the
      conventional cassette recorder will assist the capstan in advancing the
      magnetic tape in a smooth uniform manner.
PAR  In addition to assisting the capstan drive of the cassette recorder to
      achieve a smooth uniform tape transport to eliminate wow and flutter, the
      auxiliary drive hub arrangement provides an outstanding feature in the
      instant invention. Since the forward reel drive sprocket is also the fast
      forward drive of the cassette recorder, it is possible to have fast
      forwarding with the continuous loop cassette cartridge of this invention
      without any modification to the cassette recorder. In the fast forward
      mode, the capstan is disengaged from the tape and the forward reel drive
      sprocket through the drive hub drives the threading loop as the endless
      loop of magnetic tape is being fast forwarded to obtain a selected portion
      of the magnetic tape. Thus, the instant invention provides a continuous
      loop cassette cartridge in which a positive uniform tape transport is
      available by the auxiliary drive assisting the capstan and in addition
      provides a fast forwarding mode to quickly select various portions of the
      continuous loop of tape for immediate use.
PAR  It should be appreciated that the auxiliary drive direction, even if the
      cassette is inserted in a reverse manner (upside down) will be in the
      proper direction when the rewind mode of the cassette is operated. This
      will eliminate any serious problems that otherwise might occur by improper
      insertion of new continuous loop cassette cartridges in the recorder.
      Further, the one-way clutches 22 employed both on the platen (more fully
      described hereinafter) and the idler wheels 20 will prevent the tape
      transport from reversing should the capstan be engaged (the play or record
      modes) with the continuous loop cassette cartridge inserted upside down.
      In such a situation, the capstan will have no auxiliary assist and the
      restriction on the direction of tape transport due to the one-way clutches
      will prevent the capstan from reversing the tape transport which would
      tangle the tape in the cartridge.
PAR  When the floating guide plate 15 is made of plastic, two finger-like
      contacts 35 can be attached directly to the plastic plate surface adjacent
      to the drive hub 21 and printed circuit leads 36 can be applied to the
      surface of this plastic. These finger-like contacts are arranged to bear
      against the lubricated surface 31b of the threading loop as it passes
      around the drive hub thereby insuring a positive engagement of these
      contacts with the surface of the tape since the surface of the drive hub
      forms a backing member, supporting the tape. The finger-like contacts are
      spaced closely to one another and by placing a conductive patch 37 on the
      tape that will complete a circuit between the two finger-like contacts as
      it passes therebeneath during tape transport a positive switch is
      provided. A number of such patches may be used to index a recorded
      cartridge or to accomplish switching for instrumentation. In the
      reel-to-reel type cassette, switching is often accomplished by recording
      tones on the tape in order that tone responsive electronic circuits can
      accomplish the necessary switching. Alternately, switching can be
      accomplished by the chanage in tension on the tape when a reel is
      depleted. In the instant invention, a simple inexpensive light circuit
      with a battery or similar device can be used for indexing. When a number
      of tunes have been placed on a continuous loop cassette cartridge, the
      operator need only hear portions of one tune and then push the fast
      forward button until the appropriate number of indexing marks have been
      passed to obtain the selection desired.
PAR  So the switching system will be compatible with the existing cassette
      recorders, the printed circuit leads are respectively connected to two
      metallic contact strips 38 on the back edge of the case and these contacts
      are coupled to an appropriate external switching circuit.
PAR  Since the recess for various cassette recorders may differ slightly, it is
      necessary to provide a universal means by which the switching contacts
      within the cassette cartridge can be conveniently connected to external
      switching circuits as described above. In FIG. 5 a portion of the cassette
      cartridge recess of a cassette recorder 60 is shown with a cartridge being
      inserted into the recess 61. To connect the internal switching system of
      the cassette to external circuitry, a thin insulating plate 62 of the same
      width of the recess is placed behind the cartridge case 14 so that contact
      strips 38 on the cartridge case will register with electrical contact
      strips 63 on the plate. Thus, as the case is inserted into its recess,
      this strip will be sandwiched between springs 64 of the recorder and the
      back side of the case insuring positive engagement between these pairs of
      contact strips. Leads from contact strips on the plate can be then coupled
      to the appropriate external switching circuit. Further, the use of the
      plate and contact strips provide a convenient simple method whereby
      subsequent endless loop cassette cartridges can be coupled to the external
      switching circuits (not shown).
PAR  Obviously, if the floating plate 15 is constructed of metal, insulation
      must be provided for the finger-like contacts 35 and two insulated leads
      must connect these contacts with the contact strips 38.
PAR  Further, it is often desirable to construct one of the idler wheels 20 on
      the floating guide plate 15 of a conductive rubber which is coupled
      directly to its supporting bearing post 19 through commutation with the
      post which is connected to a ground in order to discharge any static
      electricity accumulating on the endless tape loop.
PAR  It should be appreciated that the guide plate 15 floats so that the
      sprocket opening 25 in the drive hub 21 will register properly with the
      forward reel drive sprocket of the recorder without changing the engaging
      pressures of the idler wheels 20 against the drive surface or ring of the
      drive hub. While it is desirable that idler wheels be employed, stationary
      "Teflon" rub blocks can be clustered about the drive hub in a manner
      similar to the idler wheels. While such an arrangement will increase the
      drag involved in the tape transport slightly, it is possible since a
      positive drive between the tape and the auxiliary drive hub is available.
      In addition, it should be appreciated that while simple non-flanged idler
      wheels are shown in most of the figures, these idler wheels can include
      top and bottom radially projecting flanges 20a (see FIG. 4) to provide an
      associated tape guide as the magnetic tape rolls across their revolving
      surfaces.
PAR  Typically, the drive hub 21 inclusive of its soft elastomer drive surface
      or ring 23 will have a diameter of approximately 1 inch. However, this
      diameter may be varied to meet certain parameters and, of course, where
      high speed fast forwarding is a dominant feature, it may be desirable to
      increase the diameter of the drive hub in order to achieve faster tape
      transport during the fast forwarding mode. Such an application might arise
      in instrumentation where the new continuous loop tape cassette cartridge
      will find many applications.
PAR  On the side of the cassette case 14 opposite to that containing the
      auxiliary drive arrangement described above, a bearing sleeve 40 is
      attached to guide lip 18 of the sprocket aperture 17. This sleeve usually
      includes a central circular groove 41 having a spring steel wire 42
      attached therein so that its unattached end will spring outwardly from the
      bearing post. This spring wire forms one-half of the one-way clutch system
      for the tape platen 42 and its associated tape hub 44. The tape hub
      includes a bore 45 that is received on the bearing sleeve and the inside
      surface of its bore is provided with a plurality of notches or teeth 46
      which are cut obliquely to the wall surface to form a circular ratchet
      that forms the other half of the one-way clutch. Depending upon the angle
      of the notches and the orientation of the spring wire, the one-way clutch
      can be arranged for opposing either clockwise or counterclockwise rotation
      in the tape hub. In FIG. 2, the one-way clutch is arranged to prevent
      counterclockwise rotation of the platen and its tape hub, while in FIG. 6
      the clutch is arranged to oppose clockwise rotation of the tape platen and
      its associated hub. Since several threading arrangements are illustrated
      in the figures, the appropriate clutch direction will vary. Also, one-way
      clutches 22 on the idler wheels 20 are constructed in the same manner.
PAR  The tape platen 43 is a thin plastic disc fixedly connected to the tape hub
      44 on which the endless spool of magnetic tape 31 is wound in spiral
      convolutions about the tape hub with a threading loop portion egressing
      from its inner most convolution against the tape hub and returning to the
      peripheral convolution of the spool.
PAR  In FIG. 1 the threading loop 30 is arranged so that the oxide coating side
      31a of the tape is faced against the tape hub 44 while in the embodiment
      illustrated in FIG. 3 the lubricated side 31b of the tape is faced against
      the inclined surface of the tape hub. Thus, depending upon the wear
      pattern and the rub characteristics of the oxide coatings, one threading
      arrangement over the other may be preferred.
PAR  The diameter of the tape hub 44 is smaller where it joins the tape platen
      43 so that its peripheral surface will be conical, as can be seen in FIG.
      2. This conventional conical surface is employed to prevent the inner most
      convolutions of the tape from riding up on the hub as the tape egresses
      therefrom during tape transport. In the most preferred embodiment of the
      invention, no mechanical power is supplied to the tape platen and it is
      driven by the action of the magnetic tape being pulled from its tape hub
      which rotates both the hub and the attached platen carrying the spool of
      tape on bearing sleeve 40. If desired, a number of raised circular ridges
      can be made on the surface 12 of the lower case where the platen rubs on
      this surface to decrease the relative surface area contact and thus
      decrease the drag on the platen. It is easier for the capstan and
      auxiliary drive to rotate the tape platen with this friction decreasing
      arrangement.
PAR  Normally, the top surface of the tape platen 43 is smooth and the edges of
      the convolution of the tape load 31 contacting this surface are free to
      slide across its face. Since it is desirable to prevent the tape from
      constricting on the inner convolutions tightly so that a large amount of
      energy will be required to pull the threading loop from the spool, a
      unique drive system is provided for the tape platen and its associated
      tape hub. This tape drive system consists of a drive device composed of a
      plurality of small elastomer pads or a circular elastomer device that
      projects radially outwardly a short distance on the top surface of the
      tape platen from the base of its associated tape hub. Normally, these pads
      will be fashioned from elastomer materials to increase the frictional drag
      between the surface of the platen and the edges of the tape convolutions
      adjacent to the tape hub. Generally, it is desirable that 5 to 30 of the
      inner most convolutions of the tape have their edges contacting the pads
      or tape drive means at the base of the tape hub. Of course, the number of
      pads for the construction of this tape drive system will depend upon the
      thickness of the tape itself and the tape drive system should be designed
      for the specific magnetic tape involved.
PAR  The tape drive means provided at the base of the tape hub 44 functions to
      slightly tighten the inner most convolutions (5 to 30 convolutions)
      adjacent to the hub thereby insuring a positive platen drive as the tape
      egresses from the inner most convolution. As a result, the tape drive of
      the tape platen is accomplished by only a few of the inner most spiral
      convolutions of the magnetic tape which are represented by the shaded area
      B in the several figures and the drive operates as though only 5 to 30
      convolutions are on the platen. While these inner most convolutions are
      slightly tightened and their edges frictionally driven by the tape drive
      means adjacent to tape hub, the other convolutions outside these inner
      most convolutions represented by area A are loose and have occasional gaps
      C. These outer convolutions of the tape will remain loose throughout the
      full service life of an endless loop cassette cartridge since the tape
      drive means prevents any slippage which could tighten all the convolutions
      on the tape platen interferring with normal operation of the new cassette
      cartridge. In actual tests, no slippage between the inner most
      convolutions and the tape hub were observed and the tape remained loose at
      all times in its outer most convolutions indicated by area A. Further,
      since the tape returns to the outer most convolution of the tape load and
      the drive is accomplished at the tape hub, the angular speed is greater at
      the periphery removing all slack. Of course, the auxiliary drive hub 21
      drives with the capstan so no tape slack occurs downstream of the drive
      hub allowing the threading loop to maintain the proper size at all times.
PAR  With the unique tape drive system described above, which accomplishes the
      platen drive with only a limited number of central convolutions of the
      tape load and through the use of the auxiliary drive, the magnetic tape
      may stretch over 20 percent during the service life of the cassette
      without any change in the size of threading loop nor interference with the
      tape drive system. This feature represents a major advance over prior art
      which are seriously affected by changes in the length of the threading
      loop. See for example "Design Considerations Of A New Continuous Tape
      Cartridge System" by Ralph E. Cousino, Journal of Audio Engineering
      Society, January, 1967, Volume 15.
PAR  Under tests, it has been demonstrated that the drive accomplished by the
      inner convolutions of the magnetic tape (15 to 30 spiral turns) remains
      effective over the service life of the cartridge. In FIG. 2 these inner
      convolutions are designated as a shaded area B while those convolutions
      which remained essentially loose during the entire test are designated
      with the letter A and the periodic gaps in these loose convolutions are
      indicated by the letters C. In the threading loop 30, the magnetic tape
      twists 90.degree. as it comes from the inner most convolution contiguous
      to the tape hub 44 and travels across the flat top of the tape load. On
      reaching the edge of the tape load, the threading loop continues to guide
      roller 50 making another 90.degree. twist as it comes off the edge of the
      tape loads as it feeds to this guide roller. The threading loop then
      extends across the front of the cassette in a conventional manner in a
      channel provided for it to a second guide roller 51 where it loops back to
      one of the idler wheels 20 when threaded according to the pattern shown in
      FIGS. 1 and 3.
PAR  A somewhat different threading pattern is shown in FIG. 4 wherein the
      floating guide plate 15 is inserted on the left side of the case with its
      associated idler wheels. Of course, with the drive hub 21 located on this
      side of the cassette cartridge it cannot be connected directly to the
      forward reel drive sprocket of the cassette recorder. Thus, to provide a
      drive for the auxiliary drive hub, a drive spool 52 which includes a
      central sprocket aperture or opening 53 is inserted to be driven by a
      forward reel drive sprocket and the hole in the tape hub 44 is enlarged so
      that it freewheels on the outer peripheral surface of the drive spool. To
      connect the forward reel drive sprocket to the cassette to the auxiliary
      drive hub, a belt 54 is connected between the top of the drive spool and
      the auxiliary drive hub as illustrated in FIG. 4. With such an embodiment,
      the rachet clutch system cannot be used to prevent reverse rotation of the
      tape platen 43 and its tape hub 44.
PAR  In FIG. 3, an auxiliary assist is used on the tape platen which consist of
      an inner spool 56 which is driven from the drive hub 21 by a belt 55. This
      spool free-wheels on bearing 40 and has a disc connected to its bottom
      surface which rotates under platen 43 providing an auxiliary friction
      assist for the tape platen. Other types of slip friction drives can be
      employed but normally this type of an assist is not required. However, in
      very large tape loads, i.e. 30 minutes of tape, it may be desirable to use
      an assist on the tape platen to prevent the additional tape load from
      adding too much drag.
PAR  In FIG. 8 an alternate threading arrangement is shown for extremely large
      tape loads wherein the outer edge of the tape load becomes so close to
      roller 50 that the angle of the tape is such as it twists from the edge of
      the load to the roller that it places a considerable down load on the tape
      platen and makes it more difficult for the system to smoothly advance the
      tape. In the threading arrangement shown in FIG. 8, the threading loop is
      arranged so that the tape loops in a parallel to the section between
      rollers 50 and 51 to a threading roller 90 located on the right side of
      the cartridge adjacent to the roller 51, and from there it extends to the
      edge of the tape load and thence to the tape hub 44 as can be seen in FIG.
      8. Threaded in this manner, the maximum distance D between the edge of the
      tape load and the first guide roller can be obtained to lessen the
      downward pull of the tape platen which becomes measurable with the larger
      tape loads and a short couple between the edge of the tape load and first
      guide roller. Further, in FIG. 8, a guide pedestal 91 is employed adjacent
      to the edge of the tape load to prevent down loadings on the outer
      convolutions as it will support the tape. Further, this guide pedestal can
      be employed in the other embodiments between the edge of tape load and
      guide roller 50.
PAR  It should also be appreciated that the drive hub 21 may include top and
      bottom flanges which will prevent its elastomer surface 23 from contacting
      the inside surfaces of the case 14 and increase drag, especially in the
      areas of the deformation caused by the tape guides surrounding the drive
      hub. Further, these flanges can function as tape guides as well.
PAR  A typical cassette recorder of the type referred to in the above
      specification is illustrated in U.S. Pat. No. 3,394,899, assigned to North
      American Phillips Company, Inc. and reference is made to that patent for
      information concerning these cassette recorders.
CLMS
STM  We claim:
NUM  1.
PAR  1. An endless loop magnetic tape cartridge for commercially available
      standard cassette recorders having two spaced reel drive shafts
      comprising:
PA1  a hollow rectangular cartridge case, said case having two spaced reel drive
      shaft apertures and a capstan drive aperture for cooperating with the
      mechanical drives of a standard cassette recorder;
PA1  a flat circular tape platen having a conical tape hub concentrically
      attached thereto and a flat tape supporting surface, said tape hub mounted
      inside said hollow rectangular case over a first reel drive shaft
      aperture;
PA1  an endless spool of magnetic tape spirally coiled on a surface of said flat
      circular tape platen with its innermost convolution contiguous to said
      conical tape hub, said endless spool having a threading loop egressing
      from its innermost convolution and returning to its outermost convolution;
PA1  guide means mounted within said case operably supporting said threading
      loop therein for engagement with a capstan drive and magnetic responsive
      means of a standard cassette recorder when said hollow cassette case is
      inserted therein;
PA1  an auxiliary drive means journalled inside said hollow rectangular case
      over a second reel drive shaft aperture, said auxiliary drive means having
      a flat floating plate with a central circular aperture mounted generally
      concentrically with said second reel drive shaft aperture, a drive wheel
      mounted over said second reel drive shaft aperture and a plurality of tape
      guides mounted on said floating plate and circumferentially disposed in
      spaced relationship about said drive wheel operable to support a portion
      of said threading loop about a substantial portion of said drive wheel to
      achieve positive driving engagement therebetween while allowing said drive
      wheel and said floating plate to move in unison within said rectangular
      case; and
PA1  coupling means drivingly connecting said drive wheel of said auxiliary
      drive with one of the reel drive shafts of a standard cassette recorder
      when said cartridge case is inserted therein whereby the capstan drive
      will be assisted by said auxiliary drive during operations of said
      recorder.
NUM  2.
PAR  2. The endless loop magnetic tape cartridge defined in claim 1 wherein the
      flat circular tape platen has elastomer frictional drive means disposed on
      its surface within a limited area about the circumference of the conical
      tape head and operable to engage the edges of a plurality of the innermost
      convolutions of the endless spool on said tape platen to enhance the drive
      between said tape and said platen and the innermost convolutions as the
      innermost convolution is pulled from said conical tape hub.
NUM  3.
PAR  3. The endless loop magnetic tape cartridge defined in claim 2 wherein the
      elastomer frictional drive means has a greater coefficient of friction
      with the edges of the coil of the tape than the coefficient of friction
      between said edges and the tape supporting surface of the tape platen.
NUM  4.
PAR  4. The endless loop cassette cartridge defined in claim 1 wherein the tape
      guides include a plurality of idler wheels surrounding the drive wheel.
NUM  5.
PAR  5. The endless loop cassette cartridge defined in claim 4 wherein a one-way
      clutch to restrict the direction of tape transport is associated with one
      of the idler wheels.
NUM  6.
PAR  6. The endless loop cassette cartridge defined in claim 1 wherein the drive
      wheel includes a resilient drive surface which is deformed by the tape
      guides to insure positive tape drive on the threading loop.
NUM  7.
PAR  7. The endless loop cassette cartridge defined in claim 1 wherein the tape
      hub includes the one-way clutch means to prevent a reverse tape transport.
NUM  8.
PAR  8. The endless loop cassette cartridge defined in claim 1 wherein the
      coupling means includes a toothed drive connection associated with the
      drive wheel that operably connects the auxiliary drive with the forward
      reel drive shaft of the cassette recorder when the endless loop cassette
      cartridge is inserted in a cassette recorder.
NUM  9.
PAR  9. The endless loop cassette cartridge defined in claim 8 wherein the
      toothed drive connection is part of the drive wheel.
NUM  10.
PAR  10. The endless loop cassette cartridge defined in claim 8 wherein the
      toothed drive connection is connected to the drive wheel through belt
      means.
NUM  11.
PAR  11. The endless loop cassette cartridge defined in claim 1 wherein switch
      means are mounted on the floating plate to engage the outer surface of
      threading loop in an area where said threading loop is supported by the
      drive wheel within said cartridge and conductive patches are placed on
      said surface of the magnetic tape to trigger said switch means.
NUM  12.
PAR  12. An endless loop magnetic tape cartridge suitable for commercially
      available cassette recorders and players comprising:
PA1  a flat, hollow substantially rectangular cartridge case having at least one
      drive sprocket aperture extending through its top and bottom surfaces,
      said cartridge case having a plurality of edge apertures along one of its
      edges for receiving magnetic tape heads and parts of a capstan drive means
      of such a cassette recorder and player, said cartridge case having a
      capstan drive aperture in its bottom surface adjacent to said edge
      aperture for receiving other parts of said capstan drive means;
PA1  a circular tape platen having an attached conical tape hub journaled on an
      inside surface of said cartridge case, said tape platen having a smooth
      tape supporting surface;
PA1  supplementary frictional drive means associated with said circular tape
      platen within a limited area adjacent to the connection of said platen
      with said conical tape hub and extending radially therefrom operable to
      provide an increased edge drive for coils of magnetic tape adjacent to
      said conical hub due to the increased frictional coefficient between said
      frictional drive means and the edges of said tape in contact therewith;
PA1  an endless spool of magnetic tape spirally coiled on said circular tape
      platen, said spool having a threading loop egressing from its innermost
      convolution and returning to its outermost convolution, said endless spool
      having a plurality of its innermost convolution edge engaging said
      frictional drive means operable to develop a drive of said tape platen as
      said innermost convolution is pulled from the tape hub, said frictional
      drive means having a greater coefficient of friction with the edges of
      said magnetic tape than the tape supporting surface of said platen;
PA1  guide means supporting said threading loop within said cartridge case along
      said edge apertures where it can be engaged by magnetic tape heads and
      parts of a capstan drive of such a cassette recorder and player receiving
      said cartridge case;
PA1  an auxiliary drive means journaled on an inside surface of said cartridge
      case in spaced relationship to said platen and having a drive wheel
      supporting said threading loop in non-slipping engagement; and
PA1  mechanical coupling means mounted over said drive sprocket aperture and
      connected to said auxiliary drive whereby said threading loop will be
      simultaneously advanced by a recorder and player's capstan drive means and
      its reel drive sprocket through said auxiliary drive and said auxiliary
      drive alone when its capstan drive means is disengaged.
NUM  13.
PAR  13. An improved endless loop magnetic tape cartridge comprising:
PA1  a flat, hollow substantially rectangular cartridge case having a plurality
      of apertures along one of its edges for receiving magnetic heads and parts
      of a capstan drive, said cartridge having a capstan drive aperture in its
      surfaces adjacent to its edge apertures;
PA1  a circular tape platen having a smooth tape supporting surface and
      journaled for rotation on an inside surface of said cartridge case;
PA1  a tape hub fixedly joined to said platen in concentric relationship, said
      tape hub having an inverted conical shape and being attached to said
      platen so its top portion overlays a portion of said platen;
PA1  supplementary frictional drive means attached to said platen within said
      portion of said platen that said top portion of said tape hub overlays,
      said frictional drive means having a greater coefficient of friction than
      remaining tape supporting surface of said platen;
PA1  an endless spool of magnetic tape spirally coiled on said tape platen, said
      spool having a threading loop egressing from its innermost convolution
      against said tape hub and returning to its outermost convolution, said
      endless spool also having a plurality of its innermost convolution edges
      engaging said frictional drive means operable to develop an enhanced drive
      of said tape platen as said innermost convolution is pulled therefrom as
      said conical tape hub wedges some of said innermost convolutions into said
      frictional drive means; and
PA1  guide means supporting said threading loop along said edge apertures where
      it can be engaged by said magnetic tape heads and parts of a capstan drive
      of a recorder and player receiving said cartridge case whereby said
      frictional drive means prevents the outer convolutions of the tape from
      tightening on said tape hub due to the said edge drive of said circular
      tape platen by said innermost convolutions of said endless spool of
      magnetic tape on said tape platen adjacent to said tape hub.
NUM  14.
PAR  14. A cartridge as claimed in claim 13 wherein the conical tape hub
      includes a one-way clutch means to prevent reverse rotation of the tape
      platen.
NUM  15.
PAR  15. A tape driven platen for holding endless coils of tape-like material
      comprising a circular disc journaled for rotation in a hollow case and
      having a smooth tape supporting surface, an inverted conical hub assembly
      fixedly joined to said disc in a concentric arrangement so it rotates
      therewith, said outer portion of said conical tape hub overlying a portion
      of said platen, and frictional drive means attached to said platen within
      said portion of said platen which the outer portion of said conical hub
      overlies, said frictional drive means having a greater coefficient of
      friction with the edges of magnetic tape than the remaining tape
      supporting surface of said disc, allowing said tape hub and said
      frictional drive means to develop an efficient edge drive when an endless
      coil of tape-like material is placed on said disc with a loop egressing
      from the innermost convolution contiguous to said tape hub and returning
      to the outermost convolution by wedging the remaining innermost
      convolutions into said friction drive means, thereby preventing the outer
      convolutions of said endless spool from tightening on said tape hub due to
      slippage between said disc and said innermost convolutions.
NUM  16.
PAR  16. The endless loop magnetic tape cartridge defined in claim 15 wherein
      the frictional drive means extends radially on the circular tape platen
      sufficiently to edge engage up to 30 of the innermost convolutions of the
      endless coil of tape-like material which is supported on the circular tape
      platen and said frictional drive means.
NUM  17.
PAR  17. The endless loop magnetic tape cartridge defined in claim 16 wherein
      the frictional drive means extends radially on the tape platen sufficient
      to edge engage from 5 to 30 of the innermost convolutions of the endless
      coil of tape-like material on said tape platen and said frictional drive
      means.
NUM  18.
PAR  18. The tape driven platen defined in claim 13 wherein the frictional drive
      means extends radially on the disc from the tape hub a distance sufficient
      to edge engage approximately 30 convolutions of the innermost convolutions
      of the endless spool of magnetic tape surface and frictional drive means.
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ABST
PAL  A film tension maintenance means for use in a roll-film camera comprising a
      simply mounted, expandable clasp element, which exerts evenly distributed
      force on opposite sides of a take-up spool and maintains the take-up spool
      in a vertical alignment, and steadily expands as film is wound onto the
      take-up spool, while maintaining pressure countering any tendency of the
      wound film to uncoil, thereby to ensure unhindered film wind-up and
      accurate advance of successive film frames to an exposure position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to a roll-film camera, and more particularly
      to means for maintenance of requisite tension in film contained therein.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  There is known a type of camera wherein loading or unloading of film is
      effected only by a dealer or staff of a photographic store, or similar
      establishment, and not usually by the photographer who actually uses the
      camera, the camera being supplied as a unit complete with a loaded roll of
      film to the photographer, who, after exposing all the frames of the roll
      simply returns the camera to a dealer, for film extraction and
      development, and purchases, or receives in exchange, another camera
      containing a fresh roll or film.
PAR  Rather than having the object of making it possible to take photographs in
      almost any conditions, this type of camera usually permits only one or two
      shutter settings, and is limited to taking photographs in average daylight
      conditions, but presents the advantages of extreme ease of manipulation
      and of very low cost, this low cost being made possible by keeping camera
      constructional elements to a minimum.
PAR  This type of camera generally employs film in roll form, rather than in a
      cassette, for example, film being supplied on a flanged feed spool from
      which it is gradually unwound, successive film frames being moved to a
      position for exposure, and then wound onto a flanged take-up spool mounted
      on and driven by a shaft, which is rotatable upon actuation of a suitable
      means by a photographer. To keep camera construction as simple as
      possible, it is desirable to hold film steady in position for exposure
      simply by tension between spools, but a disadvantage in conventional
      cameras of this type is that uniform tension in film is not always
      maintained simply by action of the take-up spool drive shaft, since as
      more frames of film are exposed the amount of film on the take-up spool
      increases, with the result that it becomes increasingly difficult to
      ensure that exposed tilm remains wound up tightly on the take-up shaft and
      there is a certain amount of slack in the film, which may therefore fail
      to be moved into a correct alignment for exposure, or when the take-up
      spool remains unmoved, there is a slight unwinding of film from the
      take-up shaft, resulting in pressure which actually pushes film backwards
      and moves a film frame out of a correct exposure position.
PAR  Another disadvantage of conventional cameras is that it only needs a very
      slight misalignment of the drive shaft of the take-up spool for film to
      spiral on the take-up spool, resulting in film advance becoming difficult
      or impossible, and film frames not being properly aligned for correct
      exposure.
PAR  It is accordingly an object of the present invention to provide a simple
      means for ensuring maintenance of tension in a film being wound up in a
      camera.
PAR  It is another object of the invention to provide a film tension maintenance
      means which also provides support for and ensures maintenance of vertical
      alignment of a film take-up spool, without a support and drive shaft being
      necessary.
PAC  SUMMARY OF THE INVENTION
PAR  In accomplishing these and other objects, there is provided according to
      the present invention, an expandable, caliper-shaped clasp elements having
      a base portion, which is mountable in a camera slot portion communicating
      with a take-up spool chamber in a camera, and from which extend two arms,
      which, when in a condition of repose, close towards one another, and
      which, when the clasp element is mounted in a camera, may clasp a take-up
      spool and film wound up thereon, the take-up spool having a base portion
      which is seated on and engaged by an externally actuable geared wheel, and
      being always maintained in a vertical alignment by the clasp element, and
      film wound onto the take-up spool being always maintained in a tightly
      wound condition by the pressure exerted by the clasp element due to the
      arms thereof being gradually opened against their natural tendency by
      wound-up film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from the
      following full description thereof when read in reference to the attached
      drawings, in which like numbers refer to like parts, and
PAR  FIG. 1 is a prespective view of a camera having mounted therein a film
      tension maintenance means according to one embodiment of the invention;
PAR  FIG. 2 is a cross-sectional view showing a take-up spool held by the means
      of the invention;
PAR  FIG. 3 is a plane view of the means of the invention; and
PAR  FIG. 4 is a schematic side view of the means of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is shown a miniature camera for roll film,
      which comprises a camera body 1, a detachable cover, not shown, for
      lightproof protection of the camera body interior, a lens, or lens system
      2, and a shutter button 3 for actuation of a shutter means, not shown,
      said lens 2 and shutter button 3 being provided within the camera body 1
      in a known manner. Film 9 for use in the camera body 1 is initially
      provided on a feed spool 7, which has a large end-flange 7a, and is
      rotatably mounted on a fixed shaft 1b, or in another suitable manner, in
      an open-topped chamber 5 formed in a right-hand rear portion of the camera
      body 1. From the feed spool 7, the film 9 is led obliquely rearwards,
      under an eave portion 20a for prevention of upward displacement of the
      film 9, and then into and through a passageway 11, which lies parallel to
      the longitudinal axis of the camera body 1, i.e., at right-angles to the
      optical axis 4 of the lens 2, and is defined by the camera bottom floor,
      camera rear wall 1 a, and an inner wall 10, which is parallel to and
      slightly separated from the rear wall 1a, and in a generally central
      portion of which there is formed an opening which is in line with the lens
      optical axis 4, and through which successive frames of the film 9 passed
      through the passageway 9 may be exposed upon actuation of the camera
      shutter means by depression of the shutter button 3 in a known manner.
      From the other end of the passageway 11, the film 9, which has been
      exposed, is led obliquely forwards, under another eave portion 20b, and is
      wound onto a take-up spool 8, which is accommodated in a chamber 6 formed
      in a left-hand rear portion of the camera body 1, in line with the feed
      spool chamber 5.
PAR  As shown in FIG. 2, the take-up spool 8 has flanges 8a and 8b at opposite
      ends thereof, the flange 8a being uppermost when the take-up spool is
      loaded in the camera body 1. In the outer side of the other flange 8b
      there is formed a circular recess 8c whose circumferrential side wall
      forms a geared surface. The take-up spool is seated on a wheel 15, whose
      periphery forms an external gear, and which is rotatably and horizontally
      mounted in the base of the chamber 6, the recess 8c of the spool bottom
      flange 8b fitting around and engaging the upper portion of the periphery
      of the wheel 15, whereby rotation of the wheel 15 causes roration of the
      take-up spool 8. The wheel 15 is rotatable by means of, for example, a
      lever, not shown, which extends to the exterior of the camera body 1 and
      is actuable by a photographer. It is to be noted that the wheel 15, as
      well as effecting rotatory drive of the take-up spool 8, also provides a
      broad base for support thereof, this manner of supporting the spool 8
      presenting the advantage that problems such as those due to shaft wobble
      in shaft-mounted take-up spools, for example, are avoided, and the axis of
      rotation of the spool 8 remains constant, permitting smooth wind-up of
      film 9.
PAR  Referring back to FIG. 1, and also referring to FIGS. 3 and 4, the main
      portion 8' of the take-up spool 8, together with any film 9 wound up
      thereof, is held by a clasp element 12, which is constituted by a strip of
      material which has tensile proterties, and is bent to form the general
      shape of a calipers having a junction 12a from which extends two curved
      arms 12b. The junction 12a of the clasp element 12 may be fitted into a
      slot 13, which communicates with the forwards side of the take-up spool
      chamber 6, in which configuration the clasp element 12 is held in place in
      the camera body 1, and the arms 12b thereof extend rearwards to opposite
      sides of the take-up spool 8. Due to the tensile properties of the clasp
      element 12, the arms 12b thereof always tend to close, or at least to move
      towards one another to an extent such that the distance therebetween is
      less than the diameter of the take-up spool main portion 8d, whereby, even
      with little or no film 9 on the take-up spool 8, the clasp element 12 may
      grip the spool 8 and hold it in a vertical alignment on the wheel 15. When
      film 9 is wound up onto the take-up spool 8, the clasp element arms 12b
      are forced outwards (for example, to the positions indicated by the
      chain-dot line portions of FIG. 2), while maintaining a constant pressure
      to keep the film 9 tightly wound.
PAR  To load film 9 into the camera body 1, a certain amount of film 9 is
      unwound from a full feed spool 7, the loose end of this film 9 is attached
      to and slightly wound around an empty take-up spool 8, the clasp element
      arms 12b are fitted around the main portion 8d of the take-up spool 8, the
      spools 7 and 8 are mounted in their respective chambers 5 and 6, at this
      time the junction 12a of the clasp element 12 being fitted into the slot
      13, the stretch of film 9 between the spools 7 and 8 is slotted into the
      passageway 11, and then the film advance lever not shown is actuated to
      cause rotation of the wheel 15 and so also of the take-up spool 8, which
      accordinly takes-up the slack of the film 9, whereby the film 9, while
      still passing through the passageway 11, is tautened between the spools 7
      and 8, and the stretches thereof between the feed spool 7 and the entrance
      of the passageway 11, and between the exit of the passageway 11 and the
      take-up spool 8, post, respectively, and beneath the projecting eave
      portions 20a and 20b, which prevent any vertical displacement of the film
      9. The camera body 1 is then sealed by a top cover, not shown, and so is
      ready for use. As successive photographs are taken, and more and more film
      9 is wound onto the take-up spool 8, the clasp element arms 12b are moved
      outwards, as noted earlier. Verticality of the take-up spool 8, and hence
      trouble-free film wind-up thereby, is ensured however much film 9, is
      wound up therein, since the take-up spool 8 is supported on a broad base,
      and since the clasp element 12 always imposes an inwardly directed holding
      force which naturally tends to be evenly distributed between the
      oppositely-acting arms 12b. This is in contrast to, for example, an
      otherwise unsupported take-up spool which is mounted on a shaft, and
      which, as film is wound up thereon is subjected to an off-center force
      tending to pull it out of vertical alignment, this force becoming more and
      more off-center as more and more film is wound up. The clasp element 12
      also ensures that film 9 remains tightly wound on the take-up spool 8, and
      does not tend to move back due to natural elasticity of the film material,
      in between shots for example. It is to be noted that since the clasp
      element arms 12b are gradually moved outwards against their natural
      tendency as the amount of film 9 on the take-up spool 8 is increased, the
      action of the clasp element 12 to keep the film 9 tightly wound on the
      spool 8 is steadily re-inforced, and so automatically counters the
      increasing tendency of the film 9 to unwind. On the other hand, when all
      the frames of the film 9 have been exposed and the film 9 is wound back,
      the clasp element 12 maintains a steady pressure ensuring that the film 9
      is not released from the take-up spool 8 more rapidly than it is wound-up
      by the feed spool 7, whereby possible jamming of the film 9 during
      wind-back is avoided.
PAR  As is clear from the above description, the present invention provides a
      film tension maintenace means which is of simple inexpensive construction,
      but which ensures maintenance of vertically of a take-up spool, and also
      ensures that a requisite amount of tension is at all times maintained in a
      loaded film thus preventing any lateral displacement of film during film
      advance or jamming rewind.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a camera including a camera body, a feed spool and a take-up spool
      rotatably mounted within said camera body, a film loaded on said feed
      spool and being steadily wound from said feed spool onto said take-up
      spool for exposure of successive film frames through a camera lens, the
      improvement comprising:
PA1  an expandable clasp element for tensioning said film, said element
      including a base portion and a pair of arms, said element being formed by
      a strip of tensile material bent into caliper shape to form said base
      portion and said two arms which extend from said base portion and tend to
      close towards one another,
PA1  said camera body being provided with a slot to the side of said take-up
      spool, said slot receiving said base portion with said arms extending from
      said slot and being fitted around the central portion of said take-up
      spool and film wound thereon to grip the film and to maintain pressure
      thereon countering any tendency of the wound film to uncoil.
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PAL  The vehicle-sensitive retractor has an improved universal support assembly
      and inertia mechanism. The inertia mechanism is a pendulum assembly which
      includes a pendulum head in contact with an actuating means. The support
      assembly for the pendulum assembly includes a flywheel, a pendulum
      support, an axle for the flywheel and a flywheel support. The pendulum
      support upon which the pendulum head is disposed is mounted on the
      flywheel. The flywheel and pendulum assembly are adapted to pivot to a
      variety of operable static positions to which the pendulum assembly is
      automatically adjustable according to the position in which the retractor
      is oriented by virtue of installation in the vehicle. The axle for the
      flywheel is adapted to allow the flywheel to pivot. The flywheel support
      is mounted on the retractor and is adapted to support the flywheel and the
      flywheel axle. The retractor may be tilted for installation without having
      to redesign the pendulum assembly and support assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to safety belt retractors for occupants of vehicles,
      such as automobiles. More particularly, this invention relates to an
      inertia responsive safety belt retractor which is vehicle-sensitive. Such
      a retractor is responsive to acceleration, deceleration or change in
      orientation of the vehicle, which may result from cornering, braking or
      overturning of the vehicle. In response thereto, the retractor locks to
      prevent further withdrawal of the safety belt. Still more particularly,
      this invention relates to an improved, universal inertia mechanism and
      support assembly which allows the retractor to be placed in a variety of
      positions within the vehicle.
PAR  2. Description of the Prior Art
PAR  Vehicle sensitive safety belt retractors have been recently developed which
      should significantly decrease the number of fatalities and serious
      injuries resulting from motor vehicle accidents. Most of these retractors
      use a vehicle sensitive mechanism having a pendulum assembly. Typically,
      such retractors also include a belt reel which is continually biased in a
      retracting direction and a pawl which is engageable with a ratchet wheel
      on the belt reel. When the pendulum assembly is displaced from its
      normally vertical position by acceleration, deceleration or change in
      orientation of the vehicle, the pendulum assembly moves the pawl into
      engagement with the ratchet wheel, preventing further withdrawal of the
      belt. United States patent application Ser. No. 312,534 filed Dec. 6, 1972
      in the name of Lon E. Bell, now U.S. Pat. No. 3,838,813, discloses an
      example of such a retractor.
PAR  It is important for the pendulum assembly to be in a substantially vertical
      position prior to actuation by acceleration, deceleration or change in
      orientation of the vehicle, so that the safety belt can be moved without
      locking the belt reel. It is desirable to have an improved, universal
      pendulum assembly and support assembly which are adjustable and do not
      need to be redesigned for different vehicles in order to have the pendulum
      assembly disposed vertically in its static position prior to actuation.
      This is desirable because the retractor needs to be mounted in various
      positions and various orientations within different vehicles. Sometimes
      the retractor needs to be turned partly on its side.
PAC  SUMMARY OF THE INVENTION
PAR  The retractor of this invention is vehicle-sensitive and inertia-operated.
      The retractor includes a reel for winding a safety belt, means to lock the
      reel and thereby restrain an occupant of the vehicle during emergency
      situations, a support structure which includes two side walls and a back
      wall, an improved inertia mechanism, an improved support assembly mounted
      on the retractor for supporting the inertia mechanism, and an improved
      actuating means responsive to the inertia mechanism for operating the
      means for locking the reel. The inertia mechanism is a pendulum assembly
      which includes a pendulum head in contact with the actuating means. The
      support assembly for the pendulum assembly includes a flywheel, a pendulum
      support, an axle for the flywheel and a flywheel support. The pendulum
      support upon which the pendulum head is disposed is mounted on the
      flywheel. The flywheel and pendulum assembly are adapted to pivot in one
      plane to a variety of operable static positions to which the pendulum
      assembly is adjustable according to the position in which the retractor is
      oriented by virtue of installation in the vehicle. The axle for the
      flywheel is adapted to allow the flywheel to pivot in one plane. The
      flywheel support is mounted on the retractor and is adapted to support the
      flywheel and the flywheel axle.
PAR  The flywheel has two weights disposed on opposing sides of the flywheel.
      The pendulum support is mounted on the flywheel and has a circular support
      edge upon which the pendulum head is disposed for pivoting movement of the
      pendulum assembly. The flywheel is supported by the flywheel support. The
      flywheel is adapted to pivot upon the flywheel axle in a plane
      perpendicular to the support member. As a result, the retractor has two
      separate pivoting actions: (1) the pivoting action of the pendulum
      assembly; and (2) the pivoting action of the flywheel. In response to
      inertia forces during emergency situations, the pendulum assembly may
      pivot upon the pendulum support in an infinite variety of lateral
      directions.
PAR  The actuating means is disposed above the pendulum head. Typically, the
      reel locking means includes one or more ratchet wheels and a pawl,
      although other reel locking means may also be used. The actuating means is
      an actuating post which has an unlocked position and a locked position.
      The actuating means is disposed in the unlocked position when the pendulum
      assembly is at rest in any one of its variety of operable static
      positions. The actuating means is moved to the locked position by pivoting
      movement of the pendulum assembly in any direction during emergency
      situations to engage the pawl in the ratchet wheels to lock the reel and
      prevent further unwinding of the belt from the reel.
PAR  The retractor has a longitudinal axis. The flywheel has a longitudinal axis
      which is approximately perpendicular to the plane of the pendulum support.
      The static position of the flywheel and pendulum support is adjustable in
      one plane which is perpendicular to the flywheel axle from a static
      position wherein the longitudinal axis of the flywheel is disposed at an
      angle of approximately 0.degree. to an angle of approximately 30.degree.
      with reference to the longitudinal axis of the retractor. The static
      position of the pendulum assembly is adjustable with the flywheel in the
      same plane from a static position wherein the longitudinal axis of the
      pendulum assembly is disposed at an angle of approximately 0.degree. to an
      angle of approximately 30.degree. with reference to the longitudinal axis
      of the retractor. The retractor further includes a support structure
      including two parallel side walls and a back wall. The flywheel support is
      disposed between and supported by the side walls. The inertia mechanism
      and support mechanism are universal and unique because they do not have to
      be redesigned for use in different vehicles in order to have the pendulum
      assembly disposed substantially vertically for the purpose of allowing the
      retractor to remain unlocked in normal operation. If the retractor is
      turned partly on its side, that is, tilted for installation, the static
      position of the pendulum assembly is adjustable to such tilted
      installation of the retractor and enables the pendulum assembly to be
      disposed substantially vertically.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the improved inertia mechanism,
      support assembly, and actuating means.
PAR  FIG. 2 is a side view of FIG. 1 in the direction of arrow A in FIG. 1.
PAR  FIG. 3 is a top view of FIG. 1.
PAR  FIG. 4 is an isometric view of the improved inertia mechanism and support
      assembly.
DETD
PAC  DETAILED DESCRIPTION
PAR  The retractor in which the improved inertia mechanism, support assembly and
      actuating means of this invention are adapted to be used is disclosed in
      co-pending patent application Ser. No. 487,330 filed July 10, 1974,
      entitled "Vehicle Sensitive Retractor with Double Pendulum," filed on the
      same date as the present patent application, in the name of R. L.
      Stephenson, R. Pfeiffer and Y. Loomba. The retractor has a reel means,
      including a reel shaft, rotatably mounted on a support means. The support
      means is a load bearing member and includes a mounting means in the form
      of a rigid extension adapted to be bolted or otherwise secured to an
      anchorage point in a vehicle.
PAR  A belt is adapted to be attached to the reel shaft for winding and
      unwinding thereon. The reel means includes a biasing means, such as a
      tension return spring, inside a housing, which urges the reel shaft to
      turn in a winding direction. The winding direction of the reel shaft
      retracts the belt into the retractor. The opposite unwinding direction of
      the reel shaft allows withdrawal of the belt from the retractor.
PAR  The two side walls of the support structure are disposed substantially
      parallel to one another and substantially perpendicular to the back wall.
      The support structure also includes a cross member extending between the
      side walls and at the opposite side of the side walls from the back wall.
      The retractor further includes a means for locking the reel means, such as
      a pawl and a ratchet means. The ratchet means includes at least one
      ratchet wheel and, preferably, two ratchet wheels. The ratchet wheels have
      ratchet teeth on their outer circumferences and are fixedly mounted on the
      reel shaft. The pawl is pivotally mounted on the side walls and extends
      between the side walls. The pawl is adapted to pivot from an unlocked
      position to a locked position. In the locked position, the pawl is pivoted
      into engagement with teeth of the ratchet wheels.
PAR  Referring to FIGS. 1 - 4, the retractor further includes an inertia
      mechanism, a support assembly for the inertia mechanism and an actuating
      member, all of which are adapted to cooperate to actuate the pawl from its
      unlocked position to its locked position during emergency situations. The
      inertia mechanism, support mechanism and actuating member may be mounted
      inside the retractor, as illustrated in the drawings, or may be mounted
      outside the retractor on the outer side of one of the side walls of the
      support structure. The inertia mechanism is a pendulum assembly and is
      indicated generally by the numeral 30. The pendulum assembly 30 includes a
      pendulum weight 32, a pendulum rod 34 and a pendulum head 36. The pendulum
      rod 34 has an upper end and a lower end. The upper end of the pendulum rod
      34 is connected to the pendulum head 36. The lower end of the pendulum rod
      is connected to the pendulum weight 32.
PAR  The support assembly 38 (FIG. 1) for the pendulum assembly 30 includes a
      flywheel (indicated generally by the numeral 40), a pendulum support 42
      for the pendulum head 36, an axle 44 for the flywheel 40, and a flywheel
      support 46 for the flywheel 40 and the flywheel axle 44. The pendulum head
      36 is disposed on the pendulum support 42. The pendulum rod 34 extends
      from the pendulum head 36 through an aperture 50 in a pendulum support 42.
      The pendulum support 42 has an upturned, substantially circular support
      edge 52 around the circumference of the aperture 50. The pendulum head 36
      is disposed on the support edge 52 of the pendulum support 42. The
      flywheel 40 and pendulum assembly 30 are adapted to pivot in one plane to
      a variety of operable static positions to which the pendulum assembly 30
      is adjustable automatically according to the position in which the
      retractor is oriented by virtue of installation in the vehicle. The
      flywheel axle 44 is adapted to allow the flywheel 40 to pivot in a plane
      approximately perpendicular to the flywheel axle 44.
PAR  The pendulum support 42 is fixedly mounted on the flywheel 40 and pivots
      with the flywheel 40. The flywheel 40 pivots independently of the pendulum
      assembly 30. As a result, the retractor has two pendulum mechanisms; one
      pendulum mechanism being pendulum assembly 30 and the second pendulum
      mechanism being flywheel 40. Thus, the retractor has two separate pivoting
      actions: The first pivoting action is between the pendulum assembly 30 and
      the pendulum support 42. The pendulum head 36 pivots on the substantially
      circular support edge 52 which allows the pendulum assembly 30 to pivot in
      an infinite variety of lateral directions. The second pivoting action is
      between the flywheel 40 and the flywheel axle 44. Referring to FIG. 2, the
      flywheel 40 pivots in two directions, clockwise (arrow D) and
      counter-clockwise (arrow C), in one plane by means of axle 44 with
      reference to flywheel support 46.
PAR  The actuating means is actuating post 54 disposed above the pendulum head
      36. The post 54 is connected to the means of locking the retractor. The
      post 54 is connected to the lower side of the pawl. Preferably, the post
      54 has a rounded portion 56 at its lower end which rests on the pendulum
      head 36. If the pendulum assembly 30 and support assembly 38 are mounted
      on the outer side of one of the side walls 10 of the support structure,
      the pawl 22 must extend through such side wall 10 to be actuated by the
      actuating post 54 or the pawl and a ratchet wheel must also be mounted on
      the outer side of one of the side walls 10.
PAR  The flywheel support 46 and the flywheel axle 44 are each disposed with
      their longitudinal axes substantially parallel to the longitudinal axis of
      the reel, substantially parallel to the back wall of the support structure
      and substantially perpendicular to the side walls of the support
      structure. The flywheel support 46 is fixedly mounted on and between the
      side walls and supports the flywheel axle 44 and the flywheel 40.
PAR  The flywheel 40 pivots through a plane substantially parallel to the side
      walls and substantially perpendicular to the back wall and the flywheel
      axle 44. The flywheel 40 has two weights 58 disposed on opposing sides of
      the flywheel 40. Referring to FIG. 2, the flywheel 40 has a lateral axis
      60 in the plane of the flywheel 40, passing through the approximate center
      of the flywheel 40 and flywheel weights 58. The lateral axis 60 of the
      flywheel 40 is disposed substantially perpendicular to the flywheel axle
      44, substantially perpendicular to the back wall of the support structure,
      and substantially parallel to the side walls of the support structure. The
      lateral axis 60 of the flywheel 40 is adapted to pivot from 0.degree. to
      at least 30.degree. from the horizontal plane. The flywheel 40 has a
      longitudinal axis 62 passing through the center of the flywheel 40 and
      substantially perpendicular to the lateral axis 60 of the flywheel 40.
PAR  The pendulum assembly 30 has a longitudinal axis 64 which is substantially
      parallel to the pendulum rod 34. When the retractor is mounted in the
      vehicle in a substantially vertical configuration, the longitudinal axis
      64 of the pendulum assembly 30 in its static position is substantially
      parallel and coincident with the longitudinal axis 62 of the flywheel 40.
      The static position of the flywheel 40 and pendulum assembly 30 acting as
      one unit is adjustable automatically in two opposing directions, indicated
      by arrows C and D in FIG. 2, corresponding to clockwise and
      counterclockwise rotation of the flywheel 40, from a static position
      wherein the longitudinal axis 62 of the flywheel 40 is disposed at an
      angle of approximately 0.degree. to an angle 72 of up to approximately
      30.degree. (FIG. 2), or any angle between 0.degree. and approximately
      30.degree., with reference to the longitudinal axis of the retractor or an
      axis substantially parallel to the axis of the retractor.
PAR  When the retractor is disposed in the vehicle so that the longitudinal axis
      of the retractor is substantially vertical, the flywheel 40 and pendulum
      assembly 30 assume an operable static position with the angle between both
      the longitudinal axis 62 of the flywheel 40 and the longitudinal axis 64
      of the pendulum assembly 30 being 0.degree. with reference to the
      longitudinal axis of the retractor. When the retractor is tilted in a
      direction substantially perpendicular to the flywheel support 46, that is,
      a direction indicated by arrows C and D in FIG. 2, and the longitudinal
      axis of the retractor is at an angle 72 (FIG. 2) of up to approximately
      30.degree. with the vertical plane, the flywheel 40 and pendulum assembly
      30 assume an operable static position with the longitudinal axis 62 of the
      flywheel 40 and pendulum assembly 30 disposed at an angle 72 of up to
      approximately 30.degree. with reference to the longitudinal axis of the
      retractor.
PAR  The retractor is not intended to be tilted in the direction E or F for
      installation in the vehicle because the flywheel 40 has no axis of axles
      upon which to pivot in these directions with reference to the support
      member 48. In contrast, when the retractor is tilted in a direction
      substantially perpendicular to the flywheel axis 42 and the support member
      48, that is, a direction indicated by arrows C and D in FIG. 2, the
      longitudinal axis 62 of the flywheel 40 and the longitudinal axis 64 of
      the pendulum assembly 30 tend to remain substantially parallel to the
      vertical plane because the flywheel 40 has a flywheel axle 42 upon which
      to pivot and thereby adjust automatically.
PAR  Thus, the pendulum assembly 30 is capable of adjusting automatically to a
      variety of operable static positions in one plane. In all of the variety
      of operable static positions to which the pendulum assembly 30 is
      adjustable, the longitudinal axis 64 of the pendulum assembly 30 adjusts
      to a position approximately parallel to the vertical plane. It is the
      longitudinal axis of the retractor that assumes an angle with reference to
      the vertical plane. This adjustment of the flywheel 40 and pendulum
      assembly 30 takes place by means of the pivoting action between the
      flywheel 40 and the flywheel support 46 in two directions C and D in one
      plane. As a result, the retractor may be installed in a vehicle in a
      tilted configuration of up to 30.degree. with reference to the vertical
      plane in directions C or D.
PAR  During normal operation of the retractor after installation, when the
      vehicle is not in a dangerous situation, the pendulum head 36 continues to
      rest on the support edge 52 in any one of its variety of operable static
      positions. During normal operation of the retractor when the vehicle is
      not in a dangerous situation, the pawl actuating post 54 rests in its
      unlocked position on top of the pendulum head 36. The actuating post 54 is
      connected to the underside of the pawl and the pawl remains in its
      unlocked position.
PAR  When the acceleration, deceleration or change in orientation of the vehicle
      exceeds a predetermined magnitude, the pendulum head 36 is lifted up and
      off the support edge 52. Such movement of the pendulum head 36 lifts the
      actuating post 54, which in turn lifts the engaging side of the pawl,
      causing the pawl to pivot into engagement with the ratchet wheels. Such
      engagement of the ratchet wheel 26 occurs when the pendulum assembly 30
      pivots in any lateral direction upon pendulum support 42, including the
      directions of arrows E or F in FIG. 1 or arrows C or D in FIG. 2. Being a
      balanced flywheel, the acceleration or deceleration does not cause any
      rotation of the flywheel 40. The pendulum assembly 30 operates as a
      separate mechanism independent from the flywheel 40 during acceleration
      and deceleration.
PAR  The pendulum assembly 30 and flywheel 40 provide a simple, but effective,
      vehicle-sensitive, inertia-operated mechanism adapted to lock the
      retractor and thereby restrain an occupant of the vehicle during emergency
      situations. As a result, when the vehicle is subjected to sudden braking,
      cornering or overturning, for example, the pendulum assembly 30 causes the
      ratchet wheels to prevent the belt from being withdrawn any further from
      the retractor, thereby restraining the occupant of the vehicle wearing the
      safety belt. The pendulum assembly 30 and flywheel 40 are highly reliable
      in operation and inexpensive to manufacture. A typical location for this
      retractor is on the back of a seat where the angle of orientation of the
      retractor changes with the position of the seat.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vehicle-sensitive, inertia operated safety belt retractor having a
      reel for winding a safety belt, means to lock the reel and thereby
      restrain an occupant of the vehicle during dangerous situations, a support
      structure which includes two side walls and a back wall, an inertia
      mechanism, a support assembly mounted on said retractor for supporting the
      inertia mechanism and an actuating means responsive to said inertia
      mechanism for operating the means for locking the reel; the improvement
      wherein:
PA1  said inertia mechanism is a pendulum assembly which includes a pendulum
      head in contact with said actuating means, said pendulum assembly being
      actuated by forces exceeding a predetermined magnitude resulting from a
      sudden change in the motion or orientation of the vehicle, said actuation
      means operating directly on the means for locking the reel; and
PA1  said support assembly for said pendulum assembly includes: a flywheel; a
      pendulum support having a substantially circular support edge upon which
      said pendulum head is disposed, said pendulum assembly requiring a force
      exceeding a predetermined magnitude to lift a part of the pendulum head up
      and off a part of said support edge before said pendulum assembly will
      cause said locking means to lock the reel; said pendulum support being
      mounted on said flywheel, said flywheel and said pendulum assembly being
      adapted to pivot in one plane to a variety of operable static positions to
      which said pendulum assembly is adjustable according to the position in
      which the retractor is oriented by virtue of installation in the vehicle;
      an axle for said flywheel adapted to allow said flywheel to pivot in one
      plane; and a flywheel support for said flywheel and said flywheel axle,
      said flywheel support being mounted on said retractor.
NUM  2.
PAR  2. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said actuating means is an actuating post disposed above said pendulum
      head, said actuating post being connected to said means for locking said
      reel, said actuating post being disposed in an unlocked position when said
      pendulum assembly is at rest and said actuating post being moved to said
      locked position by said pendulum assembly during dangerous situations to
      lock said reel and prevent further unwinding of said belt.
NUM  3.
PAR  3. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein: said flywheel includes two weights disposed on
      opposing sides of said flywheel.
NUM  4.
PAR  4. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said pendulum assembly is automatically adjustable in one plane from a
      static position wherein said longitudinal axis of said pendulum assembly
      is disposed at an angle of approximately 0.degree. to an angle of
      approximately 30.degree. with reference to the longitudinal axis of said
      retractor.
NUM  5.
PAR  5. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said pendulum assembly further includes a pendulum weight and a pendulum
      rod; and
PA1  said pendulum rod has an upper end and a lower end, said upper end of said
      pendulum rod being connected to said pendulum head, said lower end of said
      pendulum rod being connected to said pendulum weight.
NUM  6.
PAR  6. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said flywheel axle is disposed substantially parallel to said back wall and
      substantially perpendicular to said side walls; and
PA1  said flywheel pivots in a plane substantially parallel to said side walls
      and substantially perpendicular to said back walls.
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PAL  The vehicle-sensitive retractor has an upper pendulum assembly and a lower
      pendulum assembly. The upper pendulum assembly includes a trunnion, a
      swivel axis for the trunnion, a support member for the trunnion, and a
      pendulum housing which is attached to the trunnion and is part of the
      upper pendulum assembly. The lower pendulum assembly includes a pendulum
      head, a pendulum rod and a pendulum weight. The trunnion of the upper
      pendulum assembly has an aperture in its bottom central portion through
      which the pendulum rod of the lower pendulum assembly extends. The
      trunnion has a circular support edge upon which the pendulum head of the
      lower pendulum assembly is disposed for pivoting movement. The trunnion is
      adapted to pivot in two directions upon its swivel axis with reference to
      the support member. The lower pendulum assembly and the upper pendulum
      assembly form a double pendulum mechanism. The upper pendulum assembly is
      adjustable to a variety of operable static positions in one plane
      according to the position in which the retractor is installed in the
      vehicle. The retractor may be tilted for installation without having to
      redesign the pendulum assembly and support assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to safety belt retractors for occupants of vehicles,
      such as automobiles. More particularly, this invention relates to an
      inertia responsive safety belt retractor which is vehicle-sensitive. Such
      a retractor is responsive to acceleration, deceleration or change in
      orientation of the vehicle, which may result from cornering, braking or
      overturning of the vehicle. In response thereto, the retractor locks to
      prevent further withdrawal of the safety belt. Still more particularly,
      this invention relates to an improved, universal inertia mechanism and
      support assembly which allow the retractor to be placed in a variety of
      positions within the vehicle.
PAR  2. Description of the Prior Art
PAR  Vehicle sensitive safety belt retractors have been recently developed which
      should significantly decrease the number of fatalities and serious
      injuries resulting from motor vehicle accidents. Most of these retractors
      use a vehicle sensitive mechanism having a pendulum assembly. Typically,
      such retractors also include a belt reel which is continually biased in a
      retracting direction and a pawl which is engagable with a ratchet wheel on
      the belt reel. When the pendulum assembly is displaced from its normally
      vertical position by acceleration, deceleration of change in orientation
      of the vehicle, the pendulum assembly moves the pawl into engagement with
      the ratchet wheel, preventing further withdrawal of the belt. U.S. Pat.
      application Ser. No. 312,534 filed Dec. 6, 1972 in the name of Lon E. Bell
      discloses an example of such a retractor.
PAR  It is important for the pendulum assembly to be in a substantially vertical
      position prior to actuation by acceleration, deceleration or change in
      orientation of the vehicle, so that the safety belt can be moved without
      locking the belt reel. It is desirable to have an improved, universal
      pendulum assembly and support assembly which are adjustable and do not
      need to be redesigned for different vehicles in order to have the pendulum
      assembly disposed vertically in its static position prior to actuation.
      This is desirable because the retractor needs to be mounted in various
      positions and various orientations within different vehicles. Sometimes
      the retractor needs to be turned partly on its side, or tilted, such as
      when it is mounted on the back of the front seat in a vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  The retractor of this invention is vehicle-sensitive and inertia-operated.
      The retractor has a reel for winding a safety belt, means to lock the reel
      and thereby restrain an occupant of the vehicle during emergency
      situations, an improved inertia mechanism, an improved support mounted on
      the retractor for supporting the inertia mechanism and an improved
      actuating means responsive to the inertia mechanism for operating the
      means for locking the reel. The inertia mechanism is a lower pendulum
      assembly which includes a pendulum head in contact with the actuating
      means. The support for the lower pendulum assembly includes a trunnion, a
      swivel axis for the trunnion, a support member for the trunnion and a
      pendulum housing which is attached to the trunnion and forms part of the
      upper pendulum assembly. The trunnion has a substantially circular support
      edge upon which the pendulum head is disposed. The lower pendulum assembly
      is adapted to pivot upon the support edge in any lateral direction. The
      upper pendulum assembly is adjustable to a variety of operable static
      positions in one plane according to the position in which the retractor is
      oriented by virtue of installation in the vehicle. The swivel axis for the
      trunnion is adapted to allow the trunnion to pivot in two lateral
      directions in one plane. The support member is adapted to support the
      trunnion. The pendulum housing is attached to the trunnion and forms a
      part of the upper pendulum assembly.
PAR  The trunnion may be any concave vessel having an aperture in its bottom
      central portion through which a pendulum rod extends. As a result, the
      retractor has two separate pivoting actions: (1) the pivoting action
      between the lower pendulum assembly and the trunnion; and (2) the pivoting
      action between the trunnion and the support member. The lower pendulum
      assembly and upper pendulum assembly comprise a double pendulum mechanism.
      In response to inertia forces during dangerous situations, the lower
      pendulum assembly may pivot in an infinite variety of lateral directions.
PAR  The actuating means is disposed above the pendulum head. Typically, the
      reel locking means includes one or more ratchet wheels and a pawl,
      although other reel locking means may also be used. The actuating means is
      an actuating post which has an unlocked position and a locked position.
      The actuating means remains disposed in the unlocked position when the
      upper pendulum assembly is pivoted to any one of its variety of operable
      static positions. The actuating means is moved to the locked position by
      movement of the lower pendulum assembly during emergency situations to
      engage the pawl in the ratchet wheels to lock the reel and prevent further
      unwinding of the belt from the reel.
PAR  The retractor has a longitudinal axis. The trunnion and upper pendulum
      assembly have a longitudinal axis which is approximately perpendicular to
      the swivel axis for the trunnion. The static position of the upper
      pendulum assembly is adjustable automatically in two lateral directions in
      one plane from a static position wherein the longitudinal axis of the
      upper pendulum assembly is disposed at an angle of approximately 0.degree.
      to an angle of approximately 30.degree. with reference to the longitudinal
      axis of the retractor. The static position of the lower pendulum assembly
      is automatically adjustable with the upper pendulum assembly because the
      lower pendulum assembly is supported by the upper pendulum assembly and
      because under static conditions the upper and lower pendulum assemblies
      act as one unit. In event of sudden movement of the vehicle, the lower
      pendulum assembly is adapted to pivot with reference to the upper pendulum
      assembly in any lateral direction. The retractor further includes a
      support structure including two parallel side walls and a back wall. The
      support member for the trunnion is disposed between the side walls. The
      inertia mechanism and support are universal and unique because they do not
      have to be redesigned for use in different vehicles in order to have the
      lower pendulum assembly disposed substantially vertical for the purpose of
      allowing the retractor to remain unlocked in normal operation. If the
      retractor is turned partly on its side, that is, tilted for installation,
      the static position of the lower pendulum assembly is automatically
      adjustable to such tilted installation of the retractor and enables the
      lower pendulum assembly to be disposed substantially vertically.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of the improved inertia mechanism,
      support assembly and actuating means.
PAR  FIG. 2 is a top view of part of FIG. 1 showing the pendulum housing.
PAR  FIG. 3 is a side view of FIG. 2 in the direction of arrow E in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  The retractor in which the improved inertia mechanism, support assembly and
      actuating means are adapted to be used is disclosed in co-pending U.S.
      Pat. application Ser. No. 487,329, entitled "Vehicle Sensitive Retractor
      with Double Pendulum," filed on July 10, 1974 in the name of the same
      inventors, R. L. Stephenson, R. Pfeiffer and Y. Loomba. The retractor has
      a reel means, including a reel shaft, rotatably mounted on a support
      means. The support means is a load bearing member and includes two side
      walls and a back wall. The support means also includes a mounting means in
      the form of a rigid extension adapted to be bolted or otherwise secured to
      an anchorage point in a vehicle.
PAR  A belt is adapted to be attached to the reel shaft for winding and
      unwinding thereon. The reel means includes a biasing means, such as a
      tension return spring, inside a housing, which urges the reel shaft to
      turn in a winding direction. The winding direction of the reel shaft
      retracts the belt into the retractor. The opposite unwinding direction of
      the reel shaft allows withdrawal of the belt from the retractor.
PAR  The two side walls of the support structure are disposed substantially
      parallel to one another and substantially perpendicular to the back wall.
      The support structure also includes a cross member extending between the
      side walls and at the opposite side of the side walls from the back wall.
      The retractor further includes a means for locking the reel means, such as
      a pawl and a ratchet means. The ratchet means includes at least one
      ratchet wheel and, preferably, two ratchet wheels. The ratchet wheels have
      ratchet teeth on their outer circumferences and are fixedly mounted on the
      reel shaft. The pawl is pivotally mounted on the side walls and extends
      between the side walls. The pawl is adapted to pivot from an unlocked
      position to a locked position. In the locked position, the pawl is pivoted
      into engagement with teeth of the ratchet wheels.
PAR  The retractor further includes an inertia mechanism, a support for the
      inertia mechanism and an actuating means, all of which are adapted to
      cooperate to actuate the pawl from its unlocked position to its locked
      position during emergency situations. The inertia mechanism, support
      mechanism and actuating means may be mounted inside the retractor, or may
      be mounted outside the retractor on the outer side of one of the side
      walls of the support structure. The inertia mechanism is a lower pendulum
      assembly, indicated generally by the numeral 30, in FIG. 1. The lower
      pendulum assembly 30 includes a pendulum weight 32, a pendulum rod 34 and
      a pendulum head 36. The pendulum rod 34 has an upper end and a lower end.
      The upper end of the pendulum rod 34 is connected to the pendulum head 36.
      The lower end of the pendulum rod is connected to the pendulum weight 32.
PAR  The support for the pendulum assembly 30 is an upper pendulum assembly
      (indicated generally by the numeral 38 in FIG. 1) which includes a
      trunnion 40, a swivel axis 42 for the trunnion 40, a pendulum housing 44,
      and a support member 48 for the trunnion 40. The trunnion 40 may be any
      concave vessel, such as a vessel having either a cylindrical shape, or a
      cup shape, or an inverted dome shape, or an inverted conical shape. The
      pendulum rod 34 of the lower pendulum assembly 30 extends from the
      pendulum head 36 through an aperture 50 in a bottom central portion of the
      trunnion 40. The trunnion 40 has an upturned, substantially circular
      support edge 52 around the circumference of the aperture 50. The pendulum
      head 36 is disposed on the support edge 52 within the trunnion 40.
PAR  The swivel axis 42 for the trunnion 40 is formed by two aligned axles 54
      and 56, one axle on each of two opposing sides of the trunnion 40. The
      swivel axis 42 for the trunnion 40 is substantially parallel to a
      longitudinal axis of the reel. The axles 54 and 56 of the trunnion 40
      extend into and are journaled in the support member 48. The support member
      48 is fixedly mounted on and between the side walls and supports the
      support assembly 38 and the pendulum assembly 30. The trunnion axles 54
      and 56 enable the trunnion 40 to pivot with reference to the support
      member 48 in one plane in two lateral directions (indicated by arrows A
      and B in FIG. 2) substantially perpendicular to the support member 48.
PAR  The pendulum housing 44 is attached to the lower part of the trunnion 40
      and encourages the pivoting motion of the trunnion 40. The pendulum
      housing 44 of the upper pendulum assembly 38 is hollow and encloses the
      pendulum rod 34 and pendulum weight 32 of the lower pendulum assembly 30.
      There is enough room inside the pendulum housing 44 so that the pendulum
      weight 32 can pivot to at least a 30.degree. angle from the vertical
      plane. The pendulum housing 44 pivots with the trunnion 40. The trunnion
      40 pivots independently of the lower pendulum assembly 30. As a result,
      the retractor has two pendulum mechanisms; one pendulum mechanism being
      lower pendulum assembly 30 and the second pendulum mechanism being upper
      pendulum assembly 38 which includes trunnion 40. Thus, the retractor has
      two separate pivoting actions: The first pivoting action is between the
      lower pendulum assembly 30 and the trunnion 40. The pendulum head 36
      pivots on the substantially circular support edge 52 which allows the
      lower pendulum assembly 30 to pivot in an infinite variety of lateral
      directions. The second pivoting action is between the trunnion 40 and the
      support member 48. The trunnion 40 and pendulum housing 44 pivot in two
      directions in one plane by means of swivel axis 42 with reference to
      support member 48.
PAR  The actuating means is actuating post 64 disposed above the pendulum head
      36. The post 64 is connected to the means of locking the retractor.
      Preferably, the post 64 is connected to the lower side of the pawl 22 and
      the post 64 has a rounded portion 66 at its lower end which rests on the
      pendulum head 36. If the lower pendulum assembly 30 and upper pendulum
      assembly 38 are mounted on the outer side of one of the side walls 10 of
      the support structure 8, the pawl 22 must extend through such side wall 10
      to be actuated by the actuating post 64 or the pawl 22 and ratchet wheel
      can also be mounted on the outer side of one of the side walls 10.
PAR  The trunnion 40 and pendulum housing 44 have a longitudinal axis 68 passing
      through the center of aperture 50 of trunnion 40. The longitudinal axis 70
      of the lower pendulum assembly 30 in its static position is substantially
      parallel and coincident with the longitudinal axis 68 of the trunnion 40
      and pendulum housing 44. The static position of the trunnion 40 and
      pendulum housing 44 is adjustable in one plane in two opposing lateral
      directions, indicated by arrows A and B in FIG. 2, which are substantially
      perpendicular to the support member 48, from a static position wherein the
      longitudinal axis 68 of the trunnion 40 and pendulum housing 44 is
      disposed at an angle of 0.degree. up to approximately 30.degree. or any
      angle in between 0.degree. and approximately 30.degree. with reference to
      the longitudinal axis 74 of the retractor or an axis substantially
      parallel to the axis 74 of the retractor.
PAR  When the retractor is disposed in the vehicle so that the longitudinal axis
      of the retractor is substantially vertical, the trunnion 40, pendulum
      housing 44 and pendulum assembly 30 assume an operable static position
      with the angle between both the longitudinal axis 68 of the trunnion 40
      and pendulum housing 44 and the longitudinal axis 70 of the pendulum
      assembly 30 being 0.degree.  with reference to the longitudinal axis of
      the retractor. When the retractor 2 is tilted in a direction substantially
      perpendicular to the support member 48, that is, a direction indicated by
      arrows A or B in FIG. 2, and the longitudinal axis of the retractor is at
      an angle of up to approximately 30.degree. with the vertical plane, the
      trunnion 40 and pendulum assembly 30 assume an operable static position
      with the longitudinal axis 68 of the trunnion 40 and pendulum housing 44
      and the longitudinal axis 70 of the pendulum assembly 30 disposed at an
      angle of up to approximately .degree. with reference to the longitudinal
      axis of the retractor.
PAR  Referring to FIG. 1, if the retractor were tilted in a direction
      substantially parallel to the swivel axis 42 of the trunnion 40 and the
      support member 48, that is, a direction indicated by arrows C or D in FIG.
      1, the longitudinal axis 68 of the trunnion 40 would remain substantially
      parallel to the longitudinal axis of the retractor because the trunnion 40
      has no axis of axles upon which to pivot in these directions with
      reference to the support member 48. The retractor is not tilted in the
      directions C or D for installation in the vehicle. In contrast, referring
      to FIGS. 2 and 3, when the retractor is tilted in a direction
      substantially perpendicular to the swivel axis 42 of the trunnion 40 and
      the support member 48, that is, a direction indicated by arrows A or B,
      the longitudinal axis 68 of the trunnion 40 does not remain substantially
      parallel to the longitudinal axis of the retractor. Instead, the
      longitudinal axis 68 of the trunnion 40, the pendulum housing 44, and the
      lower pendulum assembly 30 tends to remain substantially parallel to the
      vertical plane because the trunnion 40 has a swivel axis 42 and swivel
      axles 54 and 56 upon which to pivot.
PAR  The lower pendulum assembly 30 and upper pendulum assembly 38 acting
      together as one unit are capable of being adjusted automatically to a
      variety of operable static positions. In all of the variety of operable
      static positions, the longitudinal axis 70 of the pendulum assembly 30
      adjusts to a position approximately parallel to the vertical plane. It is
      the longitudinal axis of the retractor that assumes an angle with
      reference to the vertical plane. This adjustment of the trunnion 40 and
      lower pendulum assembly 30 takes place automatically by means of the
      pivoting action between the trunnion 40 and the pendulum assembly 30 with
      reference to support member 48 in two directions. As a result, the
      retractor may be installed in a vehicle in a tilted configuration of up to
      30.degree. with reference to the vertical plane in directions A or B.
PAR  During normal operation of the retractor after installation, when the
      vehicle is not in a dangerous situation, the pendulum head 36 continues to
      rest on the support edge 50. During normal operation of the retractor,
      when the vehicle is not in a dangerous situation, the pawl actuating post
      64 rests in its unlocked position on top of the pendulum head 36. the
      actuating post 64 is connected to the underside of the pawl 22 and the
      pawl 22 remains in its unlocked position. FIG. 1 shows the pendulum
      assembly 30 in its extreme static position in phantom by dashed lines.
PAR  When sudden movement of the vehicle, such as acceleration or deceleration
      exceeds a predetermined magnitude or there is a change in orientation of
      the vehicle, such as a result of overturning or tilting of the vehicle
      while negotiating a curve, the pendulum head 36 is lifted up and off the
      support edge 50. Such movement of the pendulum head 36 lifts the actuating
      post 64, which in turn lifts pawl 22, causing the pawl 22 to pivot into
      engagement with the ratchet wheels. Such engagement of the ratchet wheel
      may occur when the lower pendulum assembly 30 swings independently of the
      trunnion 40 in any lateral direction, such as the direction of C or D in
      FIG. 1 or in the direction A or B in FIGS. 2 and 3.
PAR  The lower pendulum assembly 30, trunnion 40 and support member 48 provide a
      simple, but effective, vehicle-sensitive, inertia-operated mechanism
      adapted to lock the retractor and thereby restrain an occupant of the
      vehicle during emergency situations. As a result, when the vehicle is
      subjected to sudden braking, cornering, or overturning, for example, the
      lower pendulum assembly 30 causes the ratchet wheels to prevent the belt
      from being withdrawn any further from the retractor, thereby restraining
      the occupant of the vehicle wearing the safety belt. The lower pendulum
      assembly 30, trunnion 40, and support member 43 are highly reliable in
      operation and inexpensive to manufacture. A typical location for this
      retractor is on the back of the front seat of a vehicle where the angle of
      orientation of the retractor changes with the position to which the seat
      is adjusted.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a vehicle-sensitive, inertia operated safety belt retractor having a
      reel for winding a safety belt, means to lock the reel and thereby
      restrain an occupant of the vehicle during dangerous situations, an
      inertia mechanism, a support mounted on said retractor for supporting the
      inertia mechanism and an actuating means responsive to said inertia
      mechanism for operating the means for locking the reel; the improvement
      wherein:
PA1  said inertia mechanism is a lower pendulum assembly which includes a
      pendulum head in contact with said actuating means, said pendulum assembly
      being actuated by forces exceeding a predetermined magnitude resulting
      from a sudden change in the motion or orientation of the vehicle, said
      actuation means operating directly on the means for locking the reel
      without any intermediate mechanism disposed structurally or operatively
      between said actuating means and said means for locking the reel; and
PA1  said support for said lower pendulum assembly is an upper pendulum assembly
      which includes: a trunnion which is a concave vessel having a
      substantially circular support edge upon which said pendulum head is
      disposed, said lower pendulum assembly being adapted to pivot upon said
      support edge in any lateral directions, said pendulum assembly requiring a
      force exceeding a predetermined magnitude to lift a part of the pendulum
      head up and off a part of said support edge before said lower pendulum
      assembly will cause said locking means to lock the reel;
PA1  said upper pendulum assembly being adjustable to a variety of operable
      static positions in one plane with reference to said retractor according
      to the position in which the retractor is oriented by virtue of
      installation in the vehicle; a swivel axis for said trunnion adapted to
      allow said trunnion to pivot in two lateral directions in one plane; a
      support member for said trunnion; and a pendulum housing which is attached
      to the trunnion; said inertia mechanism and said support having a compact
      configuration, sufficiently compact for said pendulum assembly and said
      gimbal assembly to be mounted either within said retractor or outside said
      retractor.
NUM  2.
PAR  2. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said actuating means is an actuating post disposed above said pendulum head
      of said lower pendulum assembly, said actuating post being connected to
      said means for locking said reel, said actuating post being disposed in an
      unlocked position when said lower pendulum assembly is at rest and said
      actuating post being moved to said locked position by said lower pendulum
      assembly during dangerous situations to lock said reel and prevent further
      unwinding of said belt.
NUM  3.
PAR  3. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said trunnion further comprises two swivel axles disposed on opposing sides
      of said trunnion, said swivel axles forming said trunnion swivel axis upon
      which said trunnion pivots in two lateral directions, said swivel axles
      being disposed in said support member.
NUM  4.
PAR  4. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said retractor and said trunnion each have a longitudinal axis;
PA1  said upper pendulum assembly has a longitudinal axis which is approximately
      perpendicular to the swivel axis for the trunnion; and
PA1  said upper pendulum assembly is adjustable in the two lateral directions in
      which said trunnion pivots from a static position wherein said
      longitudinal axis of said trunnion is disposed at an angle of
      approximately 0.degree. to an angle of approximately 30.degree. with
      reference to an axis substantially parallel to the longitudinal axis of
      said retractor.
NUM  5.
PAR  5. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said lower pendulum assembly further includes a pendulum weight and a
      pendulum rod;
PA1  said pendulum rod has an upper end and a lower end, said upper end of said
      pendulum rod being connected to said pendulum head, said lower end of said
      pendulum rod being connected to said pendulum weight; and
PA1  said trunnion is a cylindrical vessel having a bottom central portion and
      an aperture in said bottom central portion, said circular support edge
      being disposed around said aperture, said pendulum rod being disposed
      through said aperture.
NUM  6.
PAR  6. The vehicle-sensitive, inertia-operated safety belt retractor according
      to claim 1 wherein:
PA1  said retractor has a support structure which includes side walls;
PA1  said support member is mounted between said side walls; and
PA1  said pendulum housing extends from said gimbal and encloses said pendulum,
      said pendulum housing being adapted to encourage pivoting action of said
      gimbal.
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ABST
PAL  An automatically loading recording and/or reproducing apparatus comprises a
      mechanism which operates at the time of loading. The mechanism draws a
      tape from a tape cassette and loads it along a specific tape traveling
      path. At the time of unloading, the mechanism pulls the tape back into the
      tape cassette. A mechanism locks a fast-forward or rewinding manipulation
      mechanism so that a driving mechanism cannot be operated when the
      manipulation mechanism is operated and locked. The locking mechanism
      activates the apparatus in a tape fast-forward or rewinding operation upon
      completion of the unloading operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a recording and/or reproducing
      apparatus using a tape cassette. More particularly, it relates to a
      recording/reproducing apparatus having means for drawing a tape out of a
      cassette and loading this tape into a predetermined tape path. A
      mechanical manipulation mechanism effects various kinds of functions.
PAR  A video signal recording/reproducing apparatus uses a tape cassette. The
      tape is drawn out and loaded into a predetermined tape path. In this type
      of apparatus, a mechanism control circuit effects various modes of
      operation successively and automatically.
PAR  For instance, in a conventional apparatus of this character, the tape is
      drawn out of the tape cassette and loaded in the specific tape path.
      Thereafter, the tape undergoes fast-forward or rewinding. It is necessary
      during the unloading operation, to pull the tape back into the cassette.
      The tape bath is complex, and the friction of tape travel is relatively
      large. In the conventional apparatus, in order to automatically carry out
      such an operation of converting from the tape unloading to tape
      fast-forward or rewinding operation, the mechanism control circuit is
      provided. The above operation depends on the control operation of this
      control circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful recording/reproducing apparatus in which the above
      described difficulties, encountered in the prior art, are overcome.
PAR  A specific object of the invention is to provide a recording/reproducing
      apparatus in which the shifting of the apparatus operation, for example,
      from the tape unloading mode to the tape fast-forward mode of the tape
      rewinding mode, can be accomplished automatically by the use of only
      mechanical means.
PAR  Another object of the invention is to provide a recording/reproducing
      apparatus in which a mechanism on the supply side pulls the tape out and
      back into the tape cassette, at the time of tape loading and unloading,
      respectively.
PAR  Still another object of the invention is to provide a
      recordiing/reproducing apparatus in which, rewinding is automaticallly
      effected if the tape fast forward is carried out to the terminal end of
      the tape, at the time of the fast-forward mode of operation.
PAR  A further object of the invention is to provide a recording/reproducing
      apparatus in which the power consumption is minimized for a solenoid used
      for holding the control manipulation mechanism in one operational mode.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description when read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a plan view showing essential parts of an embodiment of a
      recording/reproducing apparatus according to the present invention;
PAR  FIG. 2 is a vertical sectional view taken along the line II -- II in FIG.
      1;
PAR  FIG. 3 is a plan view showing a sliding plate;
PAR  FIG. 4 is a plan view showing a main control cam;
PAR  FIG. 5 is a plan view showing a fast-forward drive cam;
PAR  FIG. 6 is a plan view showing a cam for actuating the winding pulley;
PAR  FIG. 7 is a plan view showing a rewind cam;
PAR  FIG. 8 is a plan view showing a cam for rejecting a tension arm;
PAR  FIG. 9 is a plan view showing a loading selection cam;
PAR  FIG. 10 is a plan view of a pressure arm;
PAR  FIG. 11 is a plan view of a release arm;
PAR  FIG. 12 is a plan view of a sliding plate for timer-recording;
PAR  FIG. 13 is a plan view showing a second lock arm;
PAR  FIG. 14 is a plan view showing a lever for rejecting a timer;
PAR  FIG. 15 is a plan view of a stop sliding plate;
PAR  FIG. 16 is a plan view of a connecting arm;
PAR  FIGS. 17A and 17B are plan views respectively showing plates for actuating
      microswitches;
PAR  FIG. 18 is a plan view showing a portion of the apparatus in FIG. 1 in the
      operating state thereof;
PAR  FIG. 19 is a vertical section taken along the line XIX -- XIX in FIG. 1
      showing a reel drive mechanism;
PAR  FIG. 20 is a plan view of a winding pulley plate;
PAR  FIG. 21 is a plan view of a winding pulley arm;
PAR  FIG. 22 is a plan view showing a pressure spring;
PAR  FIG. 23 is a plan view showing a brake mechanism of the apparatus
      illustrated in FIG. 1;
PAR  FIG. 24 is a block circuit diagram of a circuit for controlling the
      auto-rewinding mechanism of the apparatus shown in FIG. 1; and
PAR  FIG. 25 is a circuit diagram showing a switch connecting state of a circuit
      for the time recording apparatus.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1 and 2, a tape cassette 11 is loaded into a specific position by
      being guided by guide pins 13a through 13d fixed on a sub-chassis 12,
      provided above a chassis (not shown). Sliding plates 14 and 15, having a
      shape as illustrated in FIG. 3, are slidably mounted to move in the
      directions of arrows A and B, and to rotate a shaft 16, at slots 14a and
      15a . The plates 14 and 15 are respectively connected together by a
      connecting pin 17 passing through a slot 18b of a main control cam 18,
      illustrated in FIG. 4, and they are moved unitarily. A main control cam
      18, a fast-forward drive cam 19, a cam 20 for actuating the winding
      pulley, and a rewind cam 21 are illustrated, respectively, in FIGS. 4
      through 7. These cams are rotatably engaged, respectively, at holes 18a,
      19a, 20a, 21a,  with the shaft 16.
PAR  A cam 22 for rejecting a tension arm (shown in FIG. 8) is rotatably engaged
      with the shaft 16, passing through a hole 22a and a collar 22d . Cam 22 is
      provided with a pin 22e  fixed on the upper side, at one extremity
      thereof. A loading select cam 23 (shown in FIG. 9) is revolvably engaged,
      at a hole 33a, with the shaft 16.
PAR  Each of the above mentioned sliding plates 14 and 15 is provided, at one
      extremity thereof, with a control knob 24 and is always urged to rotate in
      the direction of the arrow A (FIG. 3) with a force exerted by a spring
      (not shown). The knob 24 is rotated in the counterclockwise direction
      together with the plates 14 and 15. The cams 18, 20, 22 and 23 are
      engaged, respectively, at the wall surface of a through hole 18b, and side
      surfaces 20b, 22b, and 23b engage with the connecting pin 17, and are
      rotated in the same direction. Moreover, when the knob 24 is rotated in
      the clockwise direction, the cams 18 and 21 are rotated in the same
      direction, as they are engaged and pushed, respectively, at the wall
      surface of the through hole 18b and a side surface 21b . Furthermore, when
      the knob 24 is slid in the direction of the arrow B and, then rotated in
      the counterclockwise direction, the cams 18 and 19 are engaged,
      respectively, at the wall surface of the through-hole 18b and at the side
      surface 19b, and rotated in the same direction. At this time, the cams 20,
      22, and 23, with the pin 17 passing through cutout openings 20c, 22c, and
      23c thereof, are prevented from rotating.
PAR  Pressure arms 25 and 26 have a shape as illustrated in FIG. 10. These arms
      are rotatably engaged respectively with pins 25d and 30 fixed to the
      sub-chassis 12 by holes 25a and 26a thereof. Moreover, the pressure arms
      25 and 26 are urged to rotate in the counterclockwise and the clockwise
      directions, respectively, by the force of a spring 27 stretched between
      studs 25c and 26c fixed to the lower surface thereof. Pins (or rollers)
      25d and 26d push against cam surfaces 18c and 18d of the cam 18.
PAR  A solenoid 28 is provided with a plunger rod 28a. A lock arm 29, having a
      shape illustrated in FIG. 18, is rotatably engaged with a pin 30. Arm 29
      is energized to turn in the counterclockwise direction responsive to
      springs 78 and 80, but is limited in rotation by the engagement of a side
      surface 29a thereof with a pin 28b or the plunger rod 28a, at one
      extremity thereof. A release arm 32, having a shape as illustrated in FIG.
      11, is rotatably supported on the pin 30. The arm 32 is urged to turn in
      the counterclockwise direction by a spring 43, and is positioned by a pin
      28b engaged with a slot 32b thereof. A sub-lock arm 31 is rotatably
      engaged with a pin 21b fixed on the sub-chassis 12. Arm 31 is urged in the
      counterclockwise direction by a spring 34, as shown in FIG. 1, at one
      extremity, a slide portion 31c engages a pin 32c fixed to the lower
      surface of the arm 32, at the extremity thereof.
PAR  For timer recording a slide plate 35, having a shape as illustrated in FIG.
      12, is engaged with pins 36 and 37 which are fixed to the lower surface of
      the sub-chassis 12. At a slot 35a, plate 35 is slidable in the directions
      of the arrows A and B. Moreover, the slide plate 35 is urged in the
      direction of the arrow A by a spring 38. A second lock arm 39 (shown in
      FIG. 13) is rotatably engaged with a pin 36 and is urged in the clockwise
      direction of a spring 40. Rotation is limited by a pin 39b fixed to the
      lower surface thereof, and at one extremity. Pin 39b is engaged with a cam
      surface 35d of the slide plate 35. At the other extremity of the arm 39, a
      hook portion 39a engages a pin 18f of the main control cam 18.
PAR  A microswitch 41 is secured on the lower surface of the sub-chassis 12.
      When the slide plate 35 slides in the direction of the arrow B, an
      actuater of the microswitch 41 is pushed by distant portion 35e of the
      slide plate 35. A timer reject lever 42 (shown in FIG. 14) has openings
      42a, 42b, and 42c which engage pins 37, 43, and 44 fixed on the lower
      surface of the subchassis 12. Lever 42 is slidably in the left and right
      directions, and is urged toward the left by a spring 150. When the slide
      plate 35 slides in the direction of the arrow B, a bent portion 35f
      extends downwardly and pushes against an inclined portion 42d of the lever
      42, which is thereby slidably moved slightly toward the right. Thereafter,
      the lever 42 slidably returns toward the left responsive to the force of
      the spring 150, whereby the slide plate 35 is locked. The bent portion 35f
      is engaged with a hook portion 42f of the lever 42.
PAR  A stop slide plate 45 (shown in FIG. 15) has a slot 45a which engages pins
      46 and 47 fixed on the lower surface of the sub-chassis 12. Plate 45
      slides in the directions of the arrows A and B. The plate 45 is urged in
      the direction of the arrow A by a spring 48. A connecting arm 49 (shown in
      FIG. 16) is rotatably supported on the pin 30. A pin 49b mounted, at one
      extremity thereof and on the lower surface thereof, abuts against a
      projection 45b of the slide plate 45. At the same time, a pin 49c mounted
      at the other extremity thereof and on the lower surface thereof abuts
      against a projection 42e of the lever 42. A microswitch 50 is secured on
      the lower surface of the subchassis 12. When the slide plate 45 slides in
      the direction of the arrow B, an actuater of the microswitch 50 is pushed
      by a projection 45c thereof, whereby the current supply to the above
      solenoid 28 is cut off.
PAR  A plate 51 actuates the microswitch (shown in FIG. 17A) when a cutout
      portion 51a and an opening 51b thereof, engages pins 37 and 43, slidably
      in the left and right directions. When the arm 25 is rotated in the
      clockwise direction, the plate 51 is pushed by a stud 25d of the arm 25
      loosely engaged with the opening 51c. Plate 51 slides toward the right,
      whereby the projection 51d thereof pushes the actuater of a microswitch 53
      for power supply of the apparatus, which switch is secured on the lower
      surface of the sub-chassis 12. A plate 52 is provided for actuating the
      microswitch. At a slot 52a, plate 52 engages pins 44 and 47 to slide plate
      52 in the left and right directions. When the pressure arm 26 is turned in
      the counterclockwise direction, the plate 52 slides toward the left as the
      stud 26d of the arm 26 loosely engages the opening 52c, whereby a
      projection 52d thereof separates from the microswitch 50 to change over
      the connection thereof.
PAR  A rewind arm 54 is pivoted on a stud 151 fixed in the sub-chassis 12. Arm
      54 is urged to rotate in the counterclockwise direction by a spring 55. At
      extremity portion 54b thereof, arm 54 is pushed by a pin 21c of the rewind
      cam 21. Cam 21 is urged to rotate in the counterclockwise direction by a
      spring 56, whereby the side surface 54c thereof is abutted against a pin
      57. A rewind roller 58 is rotatably mounted on the other extremity of the
      arm 54.
PAR  A loading select arm 59 is pivoted on a pin 152 fixed on the lower surface
      of the sub-chassis 12, arm 59 is urged to rotate in the counterclockwise
      direction by the spring 60. The arm 59 is positioned at a place where the
      pin 59b fixed, at one extremity, on the lower surface thereof abuts
      against a projection 23d of the cam 23. Furthermore the projection 23d
      abuts against a stop pin 61.
PAR  A mode lock cam 62 is pivoted on a pin 153 fixed on the sub-chassis 12. At
      a first extremity of the cam 62, a cam portion 62b engages and locks a cam
      portion 25e of the pressure arm 25 at a second extremity thereof, a cam
      portion 62c engages and locks a cam portion 54d of the rewind arm 54.
      Furthermore, at a third extremity thereof, the cam 62 is connected with a
      connecting rod 63 linked to an arm 64. The arm 64 is pivoted on a pin 154
      fixed on the upper surface of the sub-chassis 12. Arm 64 is urged in the
      counerclockwise direction by a spring 65, one extremity thereof abutting
      against a pin 66.
PAR  Fast-forward arms 67 and 68 (shown in FIG. 23) are pivoted on a pin 69
      fixed on the upper surface of the sub-chassis 12. Arms 67, 68 are urged to
      rotate in the counterclockwise direction, and in the clockwise direction
      respectively, responsive to the force of a spring 70 stretched between a
      projection 67a of the arm 67 and a pin 68a of the arm 68. A pin 68b of the
      arm 68 abuts against the side surface of the arm 57. The arm 68 is urged
      to rotate in the clockwise direction by a spring 71 and is positioned by
      the engagement of the side surface thereof with the stop pin 62. The other
      arm 67 is so positioned that the distant end 67b thereof abuts against a
      pin 19c fixed on the upper side of the fast-forward drive cam 19. The arm
      67 has a projection 67c at a specific position interrelated with a side
      surface 84b of a rewind pulley arm 84 (shown in FIG. 21), which will be
      described hereinafter. The arm 68 has a cutout opening 68c and a
      projection 68d at specific positions which engage a pin 64b of the arm 64.
PAR  A fast-forward pulley 73 is rotatably mounted on a pin 68e at the distal
      end of the arm 68. Arm 68 is rotated in the clockwise direction by the
      transmission of the rotational power of a three-stage pulley 90, acting
      through the belt 74.
PAR  FIG. 18 is a plan view showing a portion of the apparatus illustrated in
      FIG. 1, in the operating mode. In FIG. 18, a memory arm 75 is pivoted on a
      pin 69 and is urged to rotate in the clockwise direction by a spring 76. A
      pin 75a is abutted against the side surface of the arm 68. A lock arm 77
      is pivoted on a pin 155 and is urged to rotate in the clockwise direction
      by a spring 78. A pin 77b is abutted against the side wall of the arm 29.
      The arm 77 has a hook portion 77c for engaging a projection 75c on the arm
      75.
PAR  A holding arm 79 is pivoted on the pin 30 and is urged by a spring 80 to
      rotate in the counterclockwise direction. A pin 79a is abutted against the
      side surface of the arm 29. The actuater of a microswitch 81 is pushed by
      the distant ends of the arms 65 and 69, when the arms 65 and 69 are
      rotated respectively in the counterclockwise and clockwise directions.
PAR  The organization of the reel drive mechanism will be described in
      conjunction with FIG. 19. A winding pulley plate 82 (shown in FIG. 20) is
      pivoted on a pin 83 and is positioned so that a pin 20d loosely engages a
      cutout opening 82b at one end of the plate 82. The plate 82 has a central
      portion with a hole 82c. A winding pulley arm 84 (shown in FIG. 21) is
      pivoted on a pin 83. A journal portion 84c (shown in FIG. 19) is provided
      at the center thereof and rotatably supports a rotating shaft 85 by means
      of bearings 84c and 84d. Spring 86 urges the arm 84 to rotate in the
      counterclockwise direction as viewed in FIG. 1, whereby a rewind roller
      90b is abutted against a clutch disc 96 of a supply reel disc assembly 92.
      The above described journal portion 84a passes through a hole 82c in the
      plate 82 and the sub-chassis 12. However, the arm 84 may be rotated within
      a specific angular range irrespective of the rotation of the plate 72
      because the external diameter 84a of the journal portion 84a is smaller
      than the internal diameter of the hole 82c.
PAR  A pulley 88 is mounted on the rotating shaft, at the lower part thereof,
      and is rotated by a motor (not shown) for driving the reel by way of a
      belt 89. The three-stage pulley 90 is secured to the rotating shaft 85, at
      the upper part thereof. Pulley 90 is integral with a drive roller 90a and
      a rewind roller 90b, at the upper and lower parts thereof, respectively.
      Furthermore, belt 74 transmits the rotation of a pulley 73.
PAR  A pressure spring 91 with a couple of arm portions 91a and 91b (shown in
      FIG. 22), is loaded on an arm 84 and clamps the plate 82 and arm 84.
      Hence, the position of the arm 84 is restricted with respect to the plate
      82.
PAR  A reel holder 156, of the supply reel disc assembly 92, is rotatably
      supported on a shaft 93 by a bearing 156a. Reel 92 rotates unitarily with
      a rewind drive disc 95. The bearing 95a , which functions as a journal on
      the shaft 93 is fitted through a sleeve 94, pivoted on the shaft 93. A
      clutch disc 96 rotatably engages a cylindrical portion 95b of the disc 95
      and is urged upwardly by a leaf spring 98 held by an E-washer 97. Clutch
      96 is pressed against the disc 95 through a felt member 99. When the
      rewind arm 54 is rotated in the counterclockwise direction as viewed in
      FIG. 1, the rewind roller 58 presses against the discs 95 and 96. A band
      brake 87, for controlling the tape back tension, encircles the supply reel
      holder 156.
PAR  A reel holder 157 is rotatably supported on a shaft 101 passing through a
      bearing 157a. Holder 157 rotates unitarily with a counter pulley 103, the
      bearing 103a of which is fitted on the shaft 101, passing through a sleeve
      102. A fast-forward disc 104 is engaged with the sleeve 102 in such a
      manner that it slides freely in the axial direction of the sleeve 102, and
      rotates together therewith. Disc 104 is urged upwardly by the force of a
      leaf spring 106 held by an E-washer 105. Disc 104 is pressed against a
      clutch disc 107, engaged rotatably and slidably up and down with the
      sleeve 102, with pressure applied through a plate 104a and a felt member
      108 positioned on the upper surface of the disc 104. A clutch disc 107
      presses through a felt member 109 and a plate 157b against the holder 157.
PAR  The organization of the brake mechanism will be described in conjunction
      with FIG. 23. Brake arms 110 and 111 are pivoted, respectively, on pins
      110a and 111a fixed on the sub-chassis 12 and urged to rotate in the
      counterclockwise direction by springs 112 and 113. Brake shoes 114 and 115
      at distant ends of arms 110, 111 press against the reel disc assemblies 92
      and 100. Moreover, the brake arms 110 and 111 are linked by a connecting
      rod 116 which is engaged at each of its ends with slots 110b and 111b,
      with a slight play. Arms 110, 111 are thereby rotated unitarily within a
      specific angular range.
PAR  A brake reject arm 117 is pivoted on a pin 158 and is urged to rotate in
      the clockwise direction by abutting against the arm 110, at one distant
      end of the arm 117 to transmit the force of the springs 112 and 113, and
      press a pin 117b against the pressure arm 25, at one side surface thereof.
      Furthermore, a pin 117b fixed on the arm 117 engages a slot 118a on one
      end of a connecting rod 118. The other end of rod 118 is supported on a
      hook portion 29e of the lock arm 29. A brake arm 119 is pivoted on a pin
      159 and is urged to rotate in the clockwise direction by a spring 120. The
      side surface of arm 119 engages a pin 64c fixed on the arm 64. At one end
      of the brake arm 119, a brake shoe 121 imparts a brake force to the
      take-up reel disc assembly 100.
PAR  Next, the operation of the apparatus which is organized as described above
      will be described for each of its modes of operation.
PAC  1. Recording Mode or Reproducing Mode
PAR  The manipulation of the control knob 24 in the counterclockwise direction
      causes the winding pulley actuating cam 20, tension arm reject cam 22,
      loading select cam 23, and main control cam 18 to be turned through the
      pin 17 together with the sliding plates 14 and 15.
PAR  As a result of the rotation of the cam 20, the winding pulley plate 82 is
      pushed by the pin 20d of the cam 20. Cam 20 turns in the clockwise
      direction and presses the drive roller 90a against the clutch disc of the
      take-up reel disc assembly 100. At this time, the reel disc assembly 100
      is being acted upon by the brake force. The brake force is released at a
      moment when the pinch roller (not shown) starts to be driven. As a result
      of the rotation of the cam 22, the pin 22e pushes a connecting rod (not
      shown) which is linked with a tape back-tension control mechanism of the
      apparatus. The above mechanism is operated for imparting the tension force
      to the tape. Furthermore, as a result of the rotation of the cam 23, the
      loading select arm 59 is turned in the clockwise direction which is
      counter to the force of the spring 60. The loading mechanism of the
      apparatus assumes a state wherein the loading operation is possible.
      Moreover, the turning of the cam 18 causes the pressure arms 25 and 26 to
      be turned in the clockwise and counterclockwise directions respectively.
PAR  As a result of the turning of the arm 25, the plate 51 is pushed by the pin
      25c of the arm 25 and slides toward the right. The projection 51d pushes
      the microswitch 53 to switch it "ON", whereby electric power is supplied
      to the apparatus. On the other hand, as a result of the turning of the arm
      26, the plate 52 is pushed by the pin 26c of the arm 26 and slides in the
      leftward direction. The projection 52d separates from the microswitch 50
      to switch it "ON", whereby actuating electric power is supplied to the
      solenoid 28.
PAR  The plunger rod 28a slides in the direction of the arrow B responsive to
      the action of the solenoid 28. The lock arm 29 and release arm 32 are both
      turned in the clockwise direction through the pin 28b the projection 29f
      of the arm 29 is engaged with the hook portion 31a of the sub-lock arm 31,
      whereby the arm 29 is locked. Turning the arm 29 causes the microswitch
      (not shown) to be changed over responsive to the pushing of the bent
      portion 29d of the arm 29. The current into the solenoid 28 is reduced.
      However, the rotational force urging the cam 18 to return to the original
      position, in the clockwise direction, is transmitted to the arm 29 through
      the pin 29c, and is reduced by the frictional force between the projection
      29f and the hook portion 31a of the arm 31. Accordingly, a relatively
      small value of the attraction force of the solenoid 28 is sufficient to
      save electric power consumed by the solenoid 28.
PAR  As a result of the supply of the aforementioned electric power, the loading
      mechanism of the apparatus is operated to initiate loading operation. The
      loading arm pin 66 moves in the direction of the arrow C and draws the
      tape out of the cassette 11 and, thereafter, into a specific tape path.
      The arm 64 is turned in the counterclockwise direction by the spring 65
      and is stopped by its engagement with the pin 122. The turning of the arm
      64 causes the mode lock cam 62 to be turned in the counterclockwise
      direction by the rod 63. The cam portion 62 engages the cam portion 25e of
      the arm 25 and locks the arm 25.
PAR  Accordingly, after performing the loading operation of drawing the tape out
      of the cassete 11 and placing the tape in the specific tape path, the
      apparatus is changed over to the play mode or recording mode.
PAR  On the other hand, the arm 25 is turned in the clockwise direction, as
      described hereinbefore, due to rotation of the control knob 24 in the
      counterclockwise direction. The arm 117 is rotated in the counterclockwise
      direction. As a result of the turning of the arm 117, the arm 110 is
      rotated in the counterclockwise direction. The brake force imparted upon
      the disc 95 by the brake shoe 114 is removed. Furthermore, the arm 111 is
      rotated in the clockwise direction responsive to the rod 116 following the
      rotation of the arm 110. The brake force imparted to the reel holder 157
      by the brake shoe 115 is also removed. At the same time, the arm 64 is
      turned in the counterclockwise direction, as described hereinbefore. In
      response to the shift of the pin 66 in the direction of the arrow C, the
      arm 119 is rotated in the clockwise direction responsive to the force of
      the spring 120. The brake shoe 121 presses against the reel holder 157,
      whereby a brake force is applied thereto. Moreover, because the operation
      for removing the brake force by the aforementioned brake shoe 115 is
      slightly delayed by the play in the rod 116, the brake force is already
      imparted to the reel holder 157 by the brake shoe 121.
PAR  Accordingly, the reel holder 157 is never rotated by the brake shoe 121
      acting thereon. Despite the rotational force of the three-stage pulley 80
      transmitted to the holder 157, during the loading operation, the tape is
      only drawn out of the supply reel of the cassette 11, and there is no
      shifting of the tape to the takeup reel.
PAR  Moreover, even if the operator erroneously turns the control knob 24 in the
      counterclockwise direction and further pushes it in the direction of the
      arrow B, the control knob 24 will never be moved in this direction because
      of the abutment of the pin 17 against the side surface of the fast-forward
      drive cam 19. Consequently, the above mentioned erroneous manipulation is
      prevented.
PAC  2. From Recording or Reproducing Mode to Stop Mode via Unloading Mode
PAR  The pushing manipulation of a stop button 160 moves the slide plate 45 in
      the direction of the arrow B and causes the microswitch 50 to be pushed by
      the projection 45c of the plate 45. The current supply to the microswitch
      50 is terminated. When the solenoid 28 is deenergized, the rod 28a slides
      in the direction of the arrow A. The release arm 32 is rotated in the
      counterclockwise direction by the force of the spring 33. As a result of
      the turning of the arm 32, the sub-lock arm 31 is pushed at the portion
      31c by the pin 32c of the arm 32 and is turned in the clockwise direction.
      The projection 29f of the lock arm 29 is thereby released from its locked
      state by the hook portion 31a of the arm 31. Accordingly, the arm 29 is
      turned by the force of the springs 78 and 80 in the counterclockwise
      direction. The cam surface 18e of the cam 18 in the locked state is
      released. Therefore, the cam 18 is turned in the clockwise direction,
      together with the plates 14 and 15, responsive to the force of the spring
      27 of the pressure arms 25 and 26. The arm 26 is rotated in the clockwise
      direction and is returned to its original position where the pin 26d
      engages with the cam surface 18d. On the other hand, the arm 25 is held in
      the locked state by the mode lock cam 62 as described hereinbefore. The
      microswitch 53 switches "ON" as it is pushed by the plate 51, whereby the
      electric power supply to the apparatus is maintained.
PAR  Accordingly, when the stop button 160 is released, the slide plate 45
      slides and returns in the direction of the arrow A responsive to the force
      of the spring 48. The pushing state of the projection 45c against the
      microswitch 50 is thereby terminated. At this time, however, the plate 52
      slides and returns toward the right, together with the rotation of the arm
      26 in the clockwise direction. The microswitch 50 is engaged and pushed by
      the projection 52d of the plate 52. Therefore, the microswitch 50 is held
      in its "OFF" state, whereby no current is supplied to the solenoid 28.
PAR  As a result of the turning of the pin 17 in the clockwise direction, the
      cam 23 rotates in the clockwise direction because of the rotational force
      of the arm 59 which is urged to rotate in the counterclockwise direction
      by the force of the spring 60. At this time, the arm 59 is turned in the
      counterclockwise direction. The loading mechanism of the apparatus is
      thereby changed over from loading to unloading. As another result of the
      turning of the pin 17, the cam 20 is rotated in the clockwise direction by
      the rotational force of the plate 82, which is being urged to rotate in
      the counterclockwise direction by the force of the spring 86. The drive
      roller 90a separates from the clutch disc 107 of the take-up reel disc
      assembly 100. The rewind roller 90b presses against the rewind drive disc
      95 of the supply reel disc assembly 92. As still another result of the
      turning of the pin 17, the cam 22 is turned in the clockwise direction.
      The mechanism for controlling the tape back tension of the apparatus is
      thereby rendered inoperative. Consequently, in a primary stage, the
      apparatus assumes the unloading mode state and the tape is taken into the
      cassette 11.
PAR  On the other hand, the arms 110 and 111 are both held in the state where
      the brake force is removed, as described hereinbefore. The arm 25 is
      locked by the cam 62. Following the termination of the pressing of the
      pinch roller against the capstan, the arm 119 is immediately rotated in
      the clockwise direction. Therefore, the brake shoe 121 is pressed against
      the reel disc assembly 100 to impart a brake force thereto. Accordingly,
      during the unloading period, the tape, which has been drawn out of the
      cassette in the loading operation, is wholly wound on the supply reel of
      the cassette 11, and no tape is paid out of the take-up reel.
PAR  When the above described unloading operation reaches a state short of its
      completion, the pin 66 strikes against the arm 64, and the arm 64 is
      rotated in the clockwise direction. The rotation of the arm 64 to its
      original position causes the cam 62 to be rotated through the rod 63 in
      the clockwise direction, and the arm 25 is thereby unlocked from the cam
      portion 62d. Accordingly, the arm 25 is turned in the counterclockwise
      direction responsive to the spring 27. The plate 51 slides through the pin
      25c, in the left direction, to its original position. Therefore, the
      projection 51d of the plate 51 separates from the microswitch 53 to switch
      it "OFF", and the current supply to the apparatus is thereby terminated.
PAR  Consequently, in a secondary stage, the apparatus is changed to the stop
      mode when the unloading operation is completed.
PAC  3. From Recording or Reproducing Mode to Rewind Mode via Unloading Mode
PAR  The control knob 24, which has returned to its original position at the
      time of unloading as described hereinbefore, is turned in the clockwise
      direction. The rotation of the knob 24 in the clockwise direction causes
      the cams 18 and 21 to be turned in the same direction, together with the
      plates 14 and 15. As a result of the turning of the cam 18, the arm 26 is
      pushed, at the pin 26d thereof, by the cam surface 18d of the cam 18 and
      is rotated in the counterclockwise direction. At this moment, the arm 25
      is locked, at the cam portion 25e, by the cam 62 and is positioned to
      rotate in the clockwise direction, as described hereinbefore. As a result
      of the turning of the arm 26, the plate 52 slides in the left direction,
      and the microswitch 50 is switched "ON" as described hereinbefore. The
      operational electric power is supplied to the solenoid 28. Accordingly,
      the arm 29 is rotated in the clockwise direction, whereby the cam 18 is
      locked in its rotated position.
PAR  As a result of the turning of the cam 21, the arm 54 is released from its
      engagement at the end 54b thereof by the pin 21c. Arm 54 is urged to
      rotate in the counterclockwise direction, but it is not permitted to
      rotate because the arm 54 is engaged, at the cam portion 54d, with the cam
      portion 62c of the cam 62. Thus, the apparatus continues its unloading
      mode operation while it is kept in the state capable of fast-forwarding.
PAR  When the unloading operation of the apparatus is completed in this state,
      the pin 66 strikes and rotates the arm 64 and the cam 62 in the clockwise
      direction. The rotation of the cam 62 releases the arm 54 from the locking
      action with respect to the cam portion 54d. Then the arm 54 is turned in
      the counterclockwise direction by the spring 55. Therefore, the roller 58
      presses against both of the discs 95 and 96. At this moment, the cam 62
      releases the arm 25 from the locking state with respect to the cam portion
      25e. Arm 25 is rotated by its engagement, at the pin 25d, with the cam
      surface 18c of the cam 18. Therefore, the microswitch 53 is held "ON" ,
      whereby the electric power is continuously supplied to the apparatus.
PAR  Consequently, the apparatus is changed to the rewind mode in response to
      the completion of the unloading mode.
PAC  4. Normal Rewind Mode
PAR  The clockwise manipulation of the control knob 24 causes the cams 21 and 18
      to turn in the same direction, as described hereinbefore. As a result of
      the rotation of the cam 21, the arm 54 is released from its engagement
      with the cam 21. Arm 54 is rotated counterclockwise responsive to the
      force of the spring 55. The roller 48 presses against both of the discs 85
      and 86. As a result of the rotation of the cam 18, the arms 25 and 26 are
      rotated in the clockwise and counterclockwise directions respectively. The
      microswitches 53 and 50 are switched "ON" , whereby the power current and
      the operational power are respectively supplied to the apparatus and the
      solenoid 28. The actuation of the solenoid 28 rotates the arms 29 and 32
      in the clockwise direction, whereby the arm 29 is locked by the arm 31,
      and the cam 18 is locked. Furthermore, the microswitch (not shown) is
      changed over, to reduce the current flowing to the solenoid 28.
      Consequently, the apparatus assumes the rewind mode.
PAR  Additionally, the rewind mode operation is similar to the mode as described
      above even if the control knob 24 is moved in the direction of the arrow B
      and rotated in the clockwise direction.
PAR  When the stop button 160 is pushed, the apparatus, is changed from the
      rewind mode to the stop mode.
PAC  5. Fast-Forward Mode
PAR  The control knob 24 is slid in the direction of the arrow B and rotated in
      the counterclockwise direction. This causes the cams 19 and 18 and plates
      14 and 15 to turn in the clockwise direction, as described hereinbefore.
      As a result of the rotation of the cam 19, the arms 67 and 68 are rotated
      in the counterclockwise direction, by the force of the spring 70 acting
      counter to the force of the spring 71. At this moment, the arm 64 is
      positioned as illustrated in FIGS. 1 and 23 so that the pin 64b may enter
      the cutout opening 68c of the arm 65, whereby the arm 68 is not prevented
      from turning, as described hereinbefore.
PAR  The rotation of the arm 68 causes the arm 84 to swing in the clockwise
      direction, together with the three-stage pulley 90. Arm 84 is swung by the
      tension of the belt 74, which tension is caused by the shift of the pulley
      73, when the arm 68 rotates. The arm 84 is now positioned at a specific
      location where its end surface 84b engages the projection at the end of
      the fast-forward arm 67, which has rotated as described hereinbefore.
      Specifically, the three-stage pulley 90 is positioned where the roller 90b
      and the drive roller 90a are disposed away from the discs 96 and 107,
      respectively. Furthermore, the rotation of the arm 68 causes the pulley 73
      to be pressed against the disc 104, as the pulley 73 is being rotated in
      the clockwise direction by the power of the three-stage pulley 90
      transmitted through the belt 74.
PAR  When the cam 18 is turned, electric power is supplied to the apparatus, and
      the solenoid 28 is actuated. Accordingly, the arm 29 is rotated and is
      locked by the arm 31, and the cam 18 is locked. Furthermore, the
      microswitch (not shown) is changed over. The current to the solenoid 28 is
      reduced. Consequently, the apparatus assumes the fast-forward mode.
PAC  6. From Fast-Forward Mode to Stop Mode
PAR  First, as a result of the above described turning of the arm 68, the arm 75
      is rotated in the counterclockwise direction. The microswitch 81 is pushed
      and switched "ON". At this time, the rotation of the arm 29 turns the arm
      77 in the counterclockwise direction. The projection 75c of the arm 75 is
      released from its locked state by the hook portion 77c of the arm 77.
      Moreover, the arm 79 has been rotated clockwise. The microswitch 81 is
      switched "ON" when pushed by the extremity portion 79b of the arm 79.
PAR  The stop button 161 is pushed, and the microswitch 50 is switched "OFF" to
      cut off the current supply to the solenoid 28. When the solenoid 28 is
      released, the arm 29 is turned in the counterclockwise direction, and the
      arm 77 is rotated in the clockwise direction by the force of the spring
      78. The arm 75 is locked by the engagement, at the projection 75c, with
      the hook portion 77c of the arm 77.
PAR  At this time, however, the cam 18 is not released from its locked state by
      the arm 29. The arms 67 and 68 are held in their rotated positions, as
      described hereinbefore. Accordingly, the memory arm 75 locked by the arm
      77 pushes the microswitch 81 and holds it "ON". Therefore, as described
      hereinbefore, as a result of the rotation of the arm 29, the cam 18 is
      released from its locked state and is returned to its original position.
      The fast-forward arms 67 and 68 also return to their original positions.
      Consequently, the apparatus is changed over from the fast-forward mode to
      the stop mode.
PAC  7. From Recording or Reproducing Mode to Fast-Forward Mode via Unloading
      Mode
PAR  During the aforementioned unloading mode, the control knob 24, which has
      returned to its original position, is pushed in the direction of the arrow
      B and then rotated in the counterclockwise direction. This manipulation
      causes the cams 19 and 18 to be rotated in the counterclockwise direction,
      together with plates 14 and 15. When the cam 19 is turned, the arm 67 is
      rotated in the counterclockwise direction as described hereinbefore.
      However, the arm 68 is not rotated after the rotation of the arm 67. Arm
      68 is in the original position illustrated in FIGS. 1 and 23, as described
      hereinbefore. The projection 68d engages the pin 64b of the arm 64, which
      is turned in the counterclockwise direction during the unloading mode.
      Accordingly, the arm 84 and the three-stage pulley 90 are not shifted. The
      roller 90b is kept pressing the disc 96, whereby the apparatus continues
      in the unloading mode and is capable of rewinding.
PAR  When the unloading operation is completed, the arm pin 66 strikes against
      the arm 64, which is thereby rotated in the clockwise direction. Arm 64
      returns to its original position illustrated in FIGS. 1 and 23. The arm 68
      is released from its engagement, at the projection 68d, with the arm 64,
      and is turned in the counterclockwise direction by the force of the spring
      70 acting counter to the force of the spring 71.
PAR  Thereafter, as is apparent from the above description, the apparatus is
      changed over to the fast-forward mode from the unloading mode.
PAC  8. From Fast-Forward Mode to Auto Rewind Mode via Stop Mode
PAR  FIG. 24 shows the block diagram of a circuit for an auto rewind mechanism
      incorporated within the recording and reproducing apparatus illustrated in
      FIG. 1. In FIG. 24, the constituent parts similar to those illustrated in
      FIG. 1 are designated by like reference numerals.
PAR  The microswitches 53 and 54 are normally connected to a contact a and are
      changed over to a contact b, when pushed. The microswitch 50 is normally
      connected to a contact a and is changed over to contact b, when released.
      A solenoid control circuit 130 cuts off the current to the solenoid 28. A
      capstan motor control circuit 131 cuts off the current to a capstan motor
      132. A circuit 133 for detecting the tape leader comprises a lamp and
      phototransistor, for instance, which indicates whether or not the tape
      portion being detected is the leader portion. An auto rewind judging
      circuit 134 is supplied with a current through the microswitch 53
      connected to the contact a and another microswitch 81 connected to the
      contact b. Circuit 134 is activated in response to detection of the tape
      leader by the circuit 133. The solenoid control circuit 130 and capstan
      motor control circuit 131 place the apparatus in the auto rewind mode for
      specific periods of time (for instance about 5 seconds). In response to
      the absence of a leader detection signal from the circuit 133, the
      solenoid control circuit 130 operates only once, and then for an extremely
      short period.
PAR  When the apparatus is changed over from the fast-forward mode to the stop
      mode, and the tape reaches its end, the leader portion detection circuit
      133 detects the leader portion of the tape. The output signal from circuit
      133 is supplied to the auto rewind judging circuit 134. The circuit 134
      also receives current from the power source by way of the microswitches 53
      and 81 connected to their contacts a and b, respectively. Circuit 134
      operates the control circuit 130 and 131 for a specific period of time. In
      this stop mode of the apparatus, the rewind roller 90b is pressed against
      the disc 96.
PAR  Consequently, the apparatus is changed over from the stop mode to the auto
      rewind mode.
PAR  In this state, arm 29 rotates in the clockwise direction due to the
      actuation of the solenoid 28 as illustrated in FIG. 18. The arm 79 is
      rotated in the same direction counter to the force of the spring 78. The
      arm 75 is released by the hook portion 77c and is thereby unlocked. The
      releasing of the arm 85 by the arm 78 occurs slightly after the arm 79
      pushes the microswitch 81. At this time, the cam 18 is locked at its
      original position by engagement, at the cam surface 18g, with the pin 29c
      of the arm 29. Therefore, it is impossible to manipulate the control knob
      24 is any direction, in this state.
PAR  On being released by the arm 78, the arm 75 is turned in the clockwise
      direction by the force of the spring 76. The end 75b is no longer pushed
      against the microswitch 81. The arm 68 is engaged, at its side surface,
      with the pin 75a of the arm 75 and is rotated to its original position.
      The microswitch 81 is not pushed by the arm 75, but is being pushed by the
      arm 79 to close the contact b. Accordingly, the apparatus continues the
      rewinding operation.
PAR  When the current supply to the solenoid 28 is terminated after the
      apparatus performs its rewinding operation for a specific period of time,
      the lock arm 29 is turned in the counterclockwise direction, to its
      original position. After the rotation of the arm 29, the arms 79 and 77
      are turned in the counterclockwise and clockwise directions, respectively,
      to their original positions, by the forces of the springs 80 and 79. The
      rotation of the arm 79 causes the microswitch 81 to be released, and
      thereby changed over from the contact b to the contact a.
PAR  Consequently, the apparatus is changed over from the auto rewind mode to
      its original stop mode.
PAR  Next, if the tape does not reach the end thereof when the apparatus is
      changed over from the fast-forward mode to the stop mode, the circuit 133
      does not send an output signal to the circuit 134. The current from the
      power source is supplied to the circuit 134 through the microswitches 53
      and 81. The circuit 134 is operated to activate the circuit 130 once for
      an extremely short period of time.
PAR  The rotation of the arm 29 in the clockwise direction, due to the
      activation of the solenoid 28, turns the arm 79 in the same direction and
      pushes the microswitch 81. Simultaneously, the arm 77 is turned in the
      counterclockwise direction and unlocks the arm 75. The arm 75 is turned in
      the clockwise direction and stops the pushing against the microswitch 81.
      Immediately, thereafter, the current supply to the solenoid 28 is cut off
      as described hereinbefore. The arms 29, 79 and 77 are returned to their
      respective original positions. The microswitch 81 is changed over from the
      contact b to the contact a and is returned to its original state.
      Consequently, the apparatus assumes its original stop mode. If the
      apparatus assumes one of the recording, play, fast-forward, and rewind
      modes, the circuits 130 and 131 are supplied from the power source by way
      of the microswitches 53 and 50, and contacts b, whereby the selected mode
      is performed. The circuit 134 is cut off from the power source by the
      microswitch 53 connected to the contact b and is rendered inoperative
      irrespective of the "ON" and "OFF" states of the microswitch 81.
PAC  9. Brake Mechanism
PAR  The operation of the brake mechanism in the recording or play mode will be
      described first.
PAR  The knob 24 is turned in the counterclockwise direction, the arm 25 turns
      in the clockwise direction, and the arm 117 turns in the counterclockwise
      direction. The turning of the arm 117, turns the arm 110 in the clockwise
      direction. The braking force against the disc 95 by the brake shoe 114 is
      removed. The arm 111 is rotated in the clockwise direction through the rod
      116. After the rotation of the arm 110, the braking force against the reel
      holder 157 by the brake shoe 115 is removed.
PAR  In the loading operation, the pin 66 is moved in the direction of the arrow
      C. The arm 64 is turned in the counterclockwise direction. The arm 119 is
      released from its engagement with the pin 64c and is rotated in the
      clockwise direction by the force of the spring 120. The brake shoe 115 is
      pressed against the holder 100 to apply braking force thereto. The braking
      force against the holder 100 is removed by the aforementioned brake shoe
      121, with a slight delay due to the play in the movement of the rod 116.
PAR  Accordingly, during the loading operation, the holder 100 is stopped by the
      effect of the brake shoe 121 despite the rotational force transmitted from
      the three-stage pulley 90. All of the tape is drawn out of the supply reel
      of the cassette 11.
PAR  Upon completion of the loading operation, the pinch roller (not shown) is
      pressed against the capstan for driving and running the tape. In response
      to this operation, the arm 119 is turned in the counterclockwise
      direction, to remove the braking force against the holder 100 by the brake
      shoe 121. Accordingly, the take-up reel of the cassette 11 rotates in the
      tape take-up direction responsive to the transmission of the rotational
      force of the reel drive motor (not shown) by way of the roller 90a of
      three-stage pulley 90, disc 107, felt members 108 and 109, disc 104, and
      reel holder 157. Thus, the apparatus assumes the recording or reproducing
      mode.
PAR  Next, during the tape unloading mode, arm 25 is locked by the cam 62, and
      the arms 110 and 111 are both held to remove the braking force as
      described hereinbefore. The pinch roller separates from the capstan and
      causes the arm 119 to turn in the clockwise direction. The brake shoe 121
      presses against the holder 100, and a braking force is imparted thereto.
      As a result of this operation, the tape is wholly wound around the supply
      reel of the cassette 11, and the tape is not paid out of the take-up reel.
PAR  When the pin 66 strikes against the arm 64, slightly before the end of
      unloading operation, the arm 25 is released from the cam 62 and is turned
      in the counterclockwise direction. Then, the arm 117 is turned in the
      clockwise direction, when released from engagement with the arm 25. The
      rotation of the arm 117 causes the arms 110 and 111 to be turned in the
      counterclockwise direction by the force of the springs 112 and 113. The
      brake shoes 114 and 115 are pressed against and brake the disc 95 and the
      holder 157, respectively. The rotation of the arm 64 in the clockwise
      direction causes the arm 119 to be turned in the counterclockwise
      direction by the abutment of the arm 64. The brake shoe 121 moves away
      from the holder 100, to remove the braking force. Consequently, the
      apparatus is changed over from the unloading mode to the stop mode.
PAR  Next, the operation of the brake mechanism during the fast-forward or
      rewind mode is described below.
PAR  The turning of the cam 18 shifts the arm 25, and the arms 110 and 111 are
      both turned in the clockwise direction. The brake shoes 114 and 115 are
      separated to remove braking from the disc 95 and the reel holder 100,
      respectively. At the same time, the arm 119 is not shifted, whereby the
      brake shoe 121 is separated from the holder 157. Accordingly, during the
      fast-forward mode, the take-up reel of the cassette 11 is rotated at a
      high speed in the tape take-up direction by the rotational force of the
      pulley 88, transmitted by way of the three-stage pulley 90, belt 74,
      pulley 73, disc 104, reel holder 157, and the like. The apparatus assumes
      the fast-forward mode. During the rewind mode, the supply reel of the
      cassette 11 is rotated at a high speed in the tape take-up direction by
      the rotational force of the pulley 88, whereby the apparatus assumes the
      rewind mode.
PAR  Next, the operation of the brake mechanism during the auto rewind mode will
      be described.
PAR  In this state, the turning of the arm 29 rotates the arm 117 in the
      counterclockwise direction, and the arms 110 and 111 are both turned in
      the clockwise direction. Therefore, the brake shoes 114 and 115 are
      separated from the disc 95 of the holder 92 and the reel holder 157, to
      remove the braking force. The arm 117 is not shifted, whereby the brake
      shoe 121 is kept apart from the holder 157. Accordingly, the supply reel
      of the cassette 11 is rotated as during unloading mode, whereby the
      apparatus is placed in the auto rewind mode.
PAC  10. Timer Recording Apparatus
PAR  A circuit diagram of one embodiment of the timer recording apparatus,
      incorporated into the recording and reproducing apparatus shown in FIG. 1,
      is illustrated in FIG. 25. In FIG. 25, constituent parts similar to those
      illustrated in FIG. 1 are designated by the same reference numerals.
PAR  The microswitch 41 is normally connected to a contact a to which power from
      an apparatus power source 140 is being supplied. When switched to contact
      b, the timer recording adapter power source 141 is energized. The
      microswitch 53 is normally connected to a contact a and is switched over
      to contact b and an input terminal 142 of the electric circuit of the
      apparatus. A normally open timer switch 143 is closed by the timer device
      (not shown) of the apparatus.
PAR  The button 161 is pushed and the slide plate 35 slides in the direction of
      the arrow B. As a result, the arm 39 is released. The pin 39a thereof
      slidably slides on the cam surface 35d of the slide plate 35 by the force
      of the spring 40. Arm 39 is rotated in the clockwise direction.
      Furthermore, the microswitch 41 is pushed by the slide plate 35 and
      switched from the contact a to contact b. As another result of the sliding
      of the slide plate 35, the lever 42 slides slightly toward the right, and
      then is returned in the opposite direction, thereby engaging the bent
      portion 35f with the hook portion 42f and locking the slide plate 35 at
      the position to which it has slid.
PAR  When the knob 24 is rotated in the counterclockwise direction, the cams 20,
      22, 24, and 18 are all turned in the same direction as described
      hereinbefore. The apparatus assumes the recording mode. However, the
      current from the power source 140 is cut off by the microswitch 41
      switched over to the contact b and is not supplied to the terminal 142 of
      the apparatus electric circuit, whereby the apparatus is not operated.
      Furthermore, at this time, as a result of the rotation of the arm 39 in
      the clockwise direction, the cam 18 engages the arm 39 and is locked,
      thereby being held at the operated position. Consequently, the apparatus
      is held in a state wherein the timer recording operation is possible.
PAR  Accordingly, when the present time arrives in the timer mechanism, the
      switch 143 is closed. The current from the power source 141 is supplied,
      by way of the microswitches 41 and 53 connected to the contact b
      respectively, to the terminal 142 of the electric circuit of the
      apparatus. Consequently, the apparatus is changed over to the recording
      mode via the loading mode.
PAR  At the same time, in response to the supply of current to the terminal 142,
      the solenoid 28 is activated and the arm 29 is turned in the clockwise
      direction. As a result of the rotation of the arm 29, the lever 42 slides
      toward the right. The slide plate 35 is released from its locked state by
      the lever 42 and is returned to its original position by the force of the
      spring 38. When the slide plate 35 returns to its original position, the
      cam 39 is rotated in the counterclockwise direction. The cam 18 is
      released by the hook portion 39c. At this moment, the cam 18 is being
      locked by the rotated arm 29 and is thereby held in its operative
      position. Moreover, the return of the slide plate 35 to its original
      position causes the microswitch 41 to be changed over from the contact b
      to contact a. Consequently, the apparatus is placed in the normal
      recording mode, as described hereinbefore, by the current fed from the
      power source 140.
PAR  While the apparatus continues operating in the recording mode, the arrival
      of the tape end causes the aforementioned circuit 133 to be activated so
      as to terminate the current supply to the solenoid 28, by cooperation of
      the circuit 130, whereby the apparatus is changed over, by way of the
      loading mode, to the stop mode, as described hereinbefore.
PAR  When the aforementioned timer recording mode is to be released manually,
      the button 160 is manipulated and pushed so that the slide plate 45 slides
      in the direction of the arrow B. This sliding of the plate 45 causes the
      arm 49 to be turned in the clockwise direction, and the lever 42 slides in
      the rightward direction. Thus, the apparatus is changed over from the
      timer recording mode to the stop mode.
PAR  Further, this invention is not limited to these embodiments but variations
      and modifications may be made without departing from the scope and spirit
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A recording and/or reproducing apparatus of the type using a tape
      cassette containing a recording tape therewithin, said apparatus
      comprising:
PA1  means for drawing the tape out of the cassette and placing the tape in a
      predetermined tape level path at the time of loading the apparatus and for
      replacing the tape in the tape travel path back into the cassette at the
      time of unloading the apparatus;
PA1  a fast-forward operation mechanism for placing the apparatus in a
      fast-forward mode responsive to controllable manipulation;
PA1  fast-forward drive means operated responsive to the fast-forward control
      mechanism being thus manipulated to place the apparatus in the
      fast-forward mode operational state;
PA1  a rewind operation mechanism for placing the apparatus in a tape rewind
      mode responsive to controllable manipulation;
PA1  rewind drive means operated responsive to manipulation of the rewind
      control mechanism to place the apparatus in the tape rewind mode
      operational state;
PA1  locking means for locking the fast-forward control mechanism and the rewind
      control mechanism in their respective manipulated states; and
PA1  control means for maintaining unoperated the fast-forward drive means or
      the rewind drive means at the time when the apparatus is in the unloading
      mode despite the locked manipulated state of the fast-forward control
      mechanism or the rewind control mechanism and for maintaining unoperated
      said mechanism upon completion of the unloading operation of the
      apparatus.
NUM  2.
PAR  2. A recording and/or reproducing apparatus as claimed in claim 1 and a
      supply reel disc assembly, a tape-up reel disc assembly, said assemblies
      being respectively adapted to receive a supply reel and a take-up reel
      contained within the tape cassette; the fast-forward drive means and the
      rewind drive means comprising rotation transmitting means for transmitting
      rotational power respectively to the take-up reel disc assembly and the
      supply reel disc assembly; and the operation control means comprising
      holding means for holding unoperated the rotation transmitting means while
      the apparatus is in the unloading mode.
NUM  3.
PAR  3. A recording and/or reproducing apparatus as claimed in claim 2 wherein
      said means for drawing tape out of and replacing the tape into the tape
      cassette comprises a tape engaging member operating together with the
      start of the tape loading operation to engage the tape and draw the same
      out of the cassette and to move back to its original position upon
      completion of the unloading operation of the apparatus prior to the start
      of loading; and the holding means comprises release means for holding
      unoperated the rotation transmitting means when the tape engaging member
      is not in its original position and for engaging the tape engaging member
      thereby to release the rotation transmitting means from the unoperated
      state when the tape engaging member is in its original position.
NUM  4.
PAR  4. A recording and/or reproducing apparatus as claimed in claim 1 further
      comprising: a supply reel disc assembly for engaging a supply reel and a
      take-up reel disc assembly for engaging a take-up reel within the tape
      cassette; first and second brake means for applying a braking force
      respectively to the supply reel disc assembly and the take-up reel disc
      assembly when said apparatus is in a stop mode and for not applying
      braking force to said assemblies when said apparatus is in operational
      modes other than the stop mode; and third brake means for applying braking
      force to the take-up reel disc assembly at the time of loading and
      unloading modes of the apparatus.
NUM  5.
PAR  5. A recording and/or reproducing apparatus as claimed in claim 1 further
      comprising detecting means for detecting each of the terminal ends of the
      tape and producing a detection output and rewind means operated responsive
      to the detection output when the detecting means detects a tape end at
      while the apparatus is in the tape fast-forward mode to automatically
      rewind a specific quantity of the tape.
NUM  6.
PAR  6. A recording and/or reproducing apparatus as claimed in claim 1 in which
      the locking means comprises a first locking means for locking the
      fast-forward control mechanism or the rewind control mechanism while in
      the manipulated state thereof, solenoid means for actuating the first
      locking means, a second locking means for holding the first locking means
      in a locking operational state, means for reducing the current passing
      through the solenoid interrelatedly with the operation of the first
      locking means, and unlocking means for terminating the locking operation
      of the second locking means by deenergizing the solenoid.
NUM  7.
PAR  7. A recording and/or reproducing apparatus as claimed in claim 1 further
      comprising a main power source means for supplying power to the apparatus,
      an auxiliary power source means, a timer switch means connected to the
      auxiliary power source means and effecting circuit closure at a preset
      time, and changeover means operating when supplied with power from the
      auxiliary power source means as a result of the closure of the timer
      switch means to actuate a switch and thereby to cause power to be supplied
      from the main power source means to the apparatus.
NUM  8.
PAR  8. A recording and/or reproducing apparatus as claimed in claim 1 and a
      supply reel disc assembly comprising a supply reel holder for engaging a
      supply reel within the tape cassette and means comprising a first disc
      rotating unitarily with said supply reel holder; a take-up reel disc
      assembly comprising a take-up reel holder for engaging a take-up reel
      within the tape cassette and means comprising a second disc rotating
      unitarily with said take-up reel holder; the fast-forward drive means
      having a first rotation transmitting means for transmitting rotational
      power to the second disc of the take-up reel disc assembly with rotation
      in a direction of winding the tape around the take-up reel in a
      fast-forward mode; the rewind drive means having a second rotation
      transmitting means for transmitting rotational power to the first disc of
      the supply reel disc assembly with rotation in a direction of winding the
      tape around the supply reel in a tape rewind mode; and the operation
      control means having holding means for holding the first or second
      rotation transmitting means in an unoperated state at the time when the
      apparatus is in the unloading mode.
NUM  9.
PAR  9. A recording and/or reproducing apparatus as claimed in claim 8 in which
      the means for drawing the tape out of and replacing the tape into the
      cassette includes a tape engaging member which is operated at the start of
      the tape loading operation to engage and draw the tape out of the
      cassette, and upon completion of the unloading operation of the apparatus,
      to move to the original position which it operated prior to the start of
      loading; and the holding means including release means for holding the
      first or second rotation transmitting means unoperated while the tape
      engaging member is not in its original position and for engaging the tape
      engaging member to release the first or second rotation transmitting means
      from its unoperated state when the tape engaging member is in its original
      position.
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ABST
PAL  A constant speed reel-to-reel tape transport system is described including
      a drive motor having a pair of quadrature windings, and a motor supply
      producing a pair of square-wave motor-drive pulse trains of the same
      repetition rate, but 90.degree. out of phase, one train being supplied to
      each of the quadrature windings. The system further includes control means
      responsive to the change in the effective radius of one of the reels, for
      example the drive reel, for varying the repetition rate of the pulse
      trains, and thereby the speed of the motor, to maintain a constant linear
      tape speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to tape transport systems such as are used in
      magnetic tape reel-to-reel drives. The invention also relates to logical
      networks for producing quadrature pulse trains, and to motor control
      systems utilizing such pulse trains, both of the foregoing being
      particularly useful in the novel tape transport system described herein.
PAR  Reel-to-reel tape transport systems commonly employ pinch rollers or
      capstans which engage and directly drive the tape. The linear velocity of
      the tape is thus directly determined by the angular velocity of the pinch
      roller or capstan, so that if a constant tape linear velocity is desired
      for example, this is easily accomplished by maintaining a constant angular
      velocity of the pinch roller or capstan. While the control of the drive is
      thus relatively simple, such systems are subject to a number of drawbacks.
      For example, the direct contact of the pinch rollers and capstans with the
      tape tends to deform the tape and to increase its wear and tear. Further,
      pinch rollers and capstans are susceptible to malfunction or failure. They
      also involve significant manufacturing and maintenance costs.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a tape transport system which does not
      require the use of pinch rollers or capstans for driving the tape, but
      which rather controls the angular velocity of the motor driving the drive
      reel, to move the tape at a constant linear velocity.
PAR  According to the invention, there is provided a constant speed reel-to-reel
      tape transport system comprising a drive motor including a pair of
      quadrature windings, and motor supply means producing a pair of
      square-wave motor-drive pulse trains of the same repetition rate, but
      90.degree. out of phase, each train being supplied to one of the
      quadrature windings of the drive motor to control its speed in accordance
      with the repetition rate of the pulse trains. The system further includes
      control means responsive to the change in the effective radius of one of
      the reels for varying the repetition rate of the pulse trains, and thereby
      the speed of the motor, to maintain a constant linear tape speed.
PAR  In the preferred embodiment of the invention described below, the control
      means is responsive to the change in the effective radius of the drive
      reel for varying the repetition rate of the pulse train in inverse
      proportion to the change in effective radius of the drive reel.
PAR  According to a further feature the control means comprises a digital
      counter counting the number of pulses supplied to the drive motor and
      producing thereby a digital count corresponding to the number of
      revolutions of the drive reel, a digital-to-analogue converter producing
      an analogue signal corresponding to said digital count, and means varying
      the repetition rate of the pulse train in inverse proportion to said
      analogue signal.
PAR  Further features and advantages of the invention will be apparent from the
      description below.
PAR  The foregoing features are particularly useful in a constant speed
      reel-to-reel tape transport system free of pinch rollers and capstans, in
      which the motor driving the drive reel is electronically controlled to
      maintain the constant speed. Accordingly, they are described below with
      respect to that application. It will be appreciated, however, that while
      the system for producing the quadrature pulse trains and the motor control
      utilizing such system, are both particularly useful in the foregoing
      system, they could also be used with advantage in other systems.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is herein described, by way of example only, with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a functional block diagram illustrating a constant speed
      reel-to-reel tape transport system constructed in accordance with the
      invention;
PAR  FIG. 2 illustrates a specific motor control circuit which may be used in
      the tape transport system of FIG. 1; and
PAR  FIG. 3 illustrates waveforms helpful in understanding the operation of the
      circuit of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The block diagram of FIG. 1 illustrates a reel-to-reel transport system
      comprising a supply reel Rs holding a supply of magnetic tape MT which is
      to be transferred to a drive reel Rd driven by an electric motor M.
PAR  Motor M illustrated in FIG. 1 is a hysteresis synchronous motor having a
      pair of quadrature windings Mb,Mc. Assuming no slip in the motor, its
      shaft speed, or angular velocity, will be directly proportional to the
      frequency of the power supplied to the motor. Thus, the shaft speed can be
      varied by varying this frequency.
PAR  The system is illustrated in FIG. 1 in its initial condition, wherein the
      supply reel Rs is fully loaded and the drive reel Rd is empty. It will be
      appreciated that as motor M drives the drive reel Rd, its effective radius
      will continuously increase with the buildup of magnetic tape. Accordingly,
      if the angular velocity of motor M is maintained constant during the tape
      transfer operation, the linear velocity of the tape MT will not remain
      constant but will continuously increase with the increase in the effective
      radius of the drive reel Rd.
PAR  According to an important aspect of the present invention, the angular
      velocity of motor M is continuously controlled in proportion to the change
      in the effective radius of one of the reels Rd, Rs, so as to maintain a
      substantially constant linear tape velocity. Briefly, this is accomplished
      by producing a train of motor-drive pulses which are supplied to motor M,
      and varying the repetition rate of the pulses in proportion to the change
      in the effective radius of one of the reels. Conceivably either reel could
      be used, but it has been found particularly advantageous to use the drive
      reel, in which case the pulse repetition rate is varied in inverse
      proportion to the change in its effective radius.
PAR  To provide the necessary rotating field in the motor, the current supplied
      to one quadrature winding must lead the other by 90.degree.. Usually a
      capacitor is provided to generate this lead, but in that case the lead
      would vary with the input frequency.
PAR  According to another important aspect of the invention, this lead is
      generated digitally to ensure quadrature relationship between the two
      phases at all input frequencies.
PAR  In FIG. 1, motor M is controlled by a motor control system generally
      designated by block 2, and more specifically illustrated in FIG. 2. The
      input to motor control system 2 is a train V.sub.A of square-wave pulses,
      the repetition rate and pulse width of which determine the speed of the
      motor. Motor control system 2 converts pulse train V.sub.A into two trains
      and supplies quadrature winding Mb with one train V.sub.B and the other
      quadrature winding Mc with the other train V.sub.C. The latter train
      V.sub.C has the same pulse width and repetition rate as train V.sub.B, but
      leads 90.degree. in phase. This will be more fully described below with
      reference to the motor control system illustrated in FIG. 2.
PAR  In the described embodiment, the shaft of motor M is geared down 15:1 so
      that 15 revolutions of the motor will effect 1 revolution of the drive
      reel Rd. Thus, if the motor is supplied from a 50 Hz power supply, it will
      be rotated 3000 RPM and drive reel Rd will be rotated 200 RPM. In order to
      convert motor pulses V.sub.A supplied to the motor control system 2 to
      pulses corresponding to the revolutions of the supply reel Rd, the motor
      supply pulses V.sub.A are fed via line 6 to a divider circuit 8 which
      performs a binary division of the pulses to produce a quotient
      corresponding to the number of revolutions of the drive reel Rd. The
      quotient is then fed via line 10 to a binary up-counter generally
      designated 12 which counts the pulses. Since there is one of the latter
      pulses for each revolution of the drive reel Rd, the count within the
      counter at any one time is a binary number equal to the number of
      revolutions of the drive reel, starting from an initial condition, and
      therefore the number of turns of magnetic tape wound on the drive reel.
      Since each turn wound on the reel increases its effective radius by an
      amount equal to the thickness of the tape, the binary number in counter 12
      is therefore also directly proportional to the effective radius of the
      drive reel.
PAR  The count in counter 12 is converted to an analogue signal by a
      digital-to-analogue circuit generally designated 14, the output of which
      appears on line 16 as an analogue signal directly varying with the
      increase in the effective radius of the drive reel.
PAR  The analogue signal on line 16 is amplified in a first inverting amplifier
      18 and then in a second inverting amplifier 20 (e.g. each a 741C), the
      output of the latter being applied via line 22 to the base of a transistor
      emitter-follower Q1, the emitter of which is coupled by line 24 to a
      monostable oscillator 26 (e.g. 9601) driven by an external oscillator 28.
      The output of monostable oscillator 26 is thus a pulse train the period of
      which is inversely related to the increasing radius analogue signal fed
      thereto via line 24.
PAR  The output of oscillator 26 is integrated in circuit 32 to provide an
      analogue signal proportional to the average value of the pulse train from
      the oscillator, amplified by non-inverting amplifier 34, and is then
      applied to a voltage-controlled-oscillator 36 producing the motor drive
      pulses V.sub.A supplied to the motor control system 2.
PAR  Thus, as the effective radius of the drive reel Rd increases, the count
      within counter 12 likewise increases in direct proportion thereto, but the
      output signal of the monostable oscillator 26 varies in inverse proportion
      to this count. Therefore, the repetition rate of the motor drive pulse
      train V.sub.A supplied from the voltage-controlled oscillator 36 will also
      vary in inverse proportion to the increase in the drive reel radius, which
      will thereby vary the speed of motor M to maintain a substantially
      constant linear tape velocity.
PAR  FIG. 2 illustrates the details of motor control system 2 which receives the
      train V.sub.A of motor drive pulses and produces therefrom the two
      quadrature trains V.sub.B, V.sub.C applied to the two motor quadrature
      windings Mb,Mc.
PAR  FIG. 3 diagramatically illustrates these three pulse trains and will be
      helpful in understanding how the two quadrature trains V.sub.B and V.sub.C
      are produced from the original train V.sub.A.
PAR  The pulse train V.sub.A is applied to a triggering flip-flop 40 (e.g. SN
      7474) having an input 42 connected to line 4 supplyng the V.sub.A pulse
      trains, the flip-flop being adapted to produce the pulse train V.sub.B in
      its Q output line 44. The circuit further includes a NAND-gate 46 and an
      OR-gate 48, each having a pair of inputs and one output. The pulses of
      train V.sub.A supplied via line 4 are fed via line 50 to one of the inputs
      of both of the above gates. The V.sub.B pulses appearing on flip-flop
      output line 44 are supplied to the other input of each of these gates.
PAR  The circuit further includes a second NAND-gate 52 having a pair of inputs,
      one connected to NAND-gate 46 and the other connected to OR-gate 48.
PAR  With the foregoing arrangement, NAND-gate 52 produces the second pulse
      train V.sub.C on its output line 54, as shown by the following
      explanation, having particularly reference to FIG. 3.
PAR  FIG. 3 illustrates the first pulse train V.sub.A with respect to time
      periods a,b,c,d, etc, as supplied to input line 42 of flip-flop 40.
PAR  In the first time period, a, it is assumed that no pulse appears in pulse
      train V.sub.A. Output line 44 of the flip-flop will therefore be low, so
      that no pulse will be produced in train V.sub.B. The output of NAND-gate
      46 will be high, whereas the output of OR-gate 48 will be low, since both
      inputs are low; therefore output line 54 of NAND-gate 52 will be high,
      whereby a pulse will be produced in train V.sub.C.
PAR  In time period b, a pulse appears in pulse train V.sub.A triggering
      flip-flop 40, and therefore the output line 44 will be high. Thus, a pulse
      will be produced in train V.sub.B. Both inputs of NAND-gate 46 will be
      high, and therefore its output will be low; whereas both inputs of OR-gate
      48 will be high and therefore its output will be high. Accordingly, the
      output of NAND-gate 52 will be high, and therefore the previous pulse in
      train V.sub.C will continue.
PAR  In time period c, no pulse appears in train V.sub.A, but output line 44 of
      flip-flop 40 is still high, and therefore the pulse in train V.sub.B will
      continue through this time period c. Since only one input of NAND-gate 46
      is high, its output line will be high; and since one input of OR-gate is
      high, its output line will also be high. Accordingly, the output of
      NAND-gate 52 will be low, this being shown by the termination of the pulse
      in train V.sub.C.
PAR  In time period d, another pulse will appear in train V.sub.A, triggering
      flip-flop 40 so that its output line 44 is low. Thus, there will be no
      pulse in train V.sub.B. Since input line 44 of NAND-gate 46 is low, its
      output will be high, and since one input of OR-gate 48 is high, its output
      will likewise be high. Accordingly, the output of NAND-gate 52 will be
      low, this being shown in FIG. 3 by the absence of a pulse in train
      V.sub.C.
PAR  It will thus be seen that pulse trains V.sub.B and V.sub.C will have the
      same repetition rate and pulse width, but will be 90.degree. out of phase
      with each other. It will further be seen that the pulse rate of these two
      trains will be one-half that of train V.sub.A, and the pulse width of the
      two trains will be double that of train V.sub.A. Accordingly, in order to
      supply the pulses of the appropriate repetition rate and pulse width to
      the quadrature windings of the motor, to provide the desired speed of
      rotation, the pulses of train V.sub.A should have double the repetition
      rate and one-half the pulse width appropriate for driving the motor at the
      desired predetermined speed.
PAR  It will be seen that the two pulse trains V.sub.B and V.sub.C are always
      90.degree. out of phase with each other irrespective of the frequency or
      repetition rate, and therefore this phase-splitting circuit is not
      frequency-dependent. As indicated earlier, this is of distinct advantage
      over the previously known capacitor-type phase splitting circuit, which is
      frequency-dependent.
PAR  The foregoing circuit has a maximum output of about 10 milliamps.
      Accordingly, the two trains of pulses V.sub.B and V.sub.C are each fed to
      a power amplifier to generate load currents up to one amp, for supplying
      the respective quadrature windings Mb,Mc of the drive motor. Each of the
      power amplifiers illustrated in FIG. 2 comprises a grounded emitter
      transistor Q2 receiving the pulse train on its base, the collector of the
      transistor being connected via a Zener diode D1 to the base of a second
      transistor Q3. The collector of transistor Q3 is coupled to the
      commonly-connected bases of a pair of complementary transistors Q4,Q5, the
      emitters of which are connected to the respective quadrature windings of
      the motor, and the collectors of which are connected to the plus and minus
      power supply terminals, respectively.
PAR  Many modifications, variations and other applications of the invention will
      be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A constant speed reel-to-reel tape transport system, comprising: a tape
      drive reel; a tape supply reel; a drive motor driving the drive reel; said
      drive motor including a pair of quadrature windings; motor supply means
      producing a pair of square-wave motor-drive pulse trains of the same
      repetition rate, but 90.degree. out of phase, and supplying one train to
      each of the quadrature windings of the drive motor to control its speed in
      accordance with the repetition rate of the pulse trains; and control means
      responsive to the change in the effective radius of one of said reels for
      varying the repetition rate of said pulse trains, and thereby the speed of
      the motor, to maintain a constant linear tape speed.
NUM  2.
PAR  2. A system according to claim 1, wherein said control means is responsive
      to the change in the effective radius of the drive reel for varying the
      repetition rate of the pulse trains in inverse proportion to the change in
      effective radius of the drive reel.
NUM  3.
PAR  3. A system according to claim 2, wherein said control means comprises a
      digital counter counting the number of pulses supplied to the drive motor
      and producing thereby a digital count corresponding to the number of
      revolutions of the drive reel, a digital-to-analogue converter producing
      an analogue signal corresponding to said digital count, and means varying
      the repetition rate of the pulse trains in inverse proportion to said
      analogue signal.
NUM  4.
PAR  4. A system according to claim 3, wherein said last-named means comprises
      an external oscillator, a monostable oscillator driven thereby, means
      applying said analogue signal to said monostable oscillator to obtain an
      output therefrom inversely proportional to said digital count, a
      voltage-controlled-oscillator, and means controlling the frequency of said
      voltage controlled-oscillator in accordance with said last named signal.
NUM  5.
PAR  5. A system according to claim 1, wherein said motor supply means
      comprises; means producing a first pulse train of a repetition rate and
      pulse width in accordance with the desired speed of the motor, and circuit
      means producing from said first pulse train said pair of motor-drive pulse
      trains each having one-half the repetition rate and double the pulse width
      of said first pulse train.
NUM  6.
PAR  6. A system according to claim 5, wherein said circuit means comprise: a
      triggering flip-flop connected to receive at its input said first pulse
      train and to produce said second pulse train at one of its outputs; a
      first NAND-gate having a pair of inputs and an output; an OR-gate having a
      pair of inputs and an output; means supplying said first pulse train and
      said second pulse train to the pair of inputs of said first NAND-gate and
      to the pair of inputs of said OR-gate; a second NAND-gate having a pair of
      inputs and an output; and means supplying the outputs of said first
      NAND-gate and said OR-gate to the pair of inputs of said second NAND-gate
      to produce said third train of pulses at the output thereof.
NUM  7.
PAR  7. A system according to claim 1, wherein said drive motor is a hysteresis
      synchronous motor.
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ABST
PAL  In a tape drive having a supply reel and a take-up reel, a drive mechanism
      for advancing and rewinding the tape includes a platform generally
      disposed between the reels. The platform is pivotally mounted for free
      pivotal movement in a plane between first and second positions. The rim of
      the take-up reel is spaced above the rim of the supply reel. A drive disc,
      rotatably mounted on the platform, is frictionally engaged with a shaft of
      a reversible motor. The drive disc includes concentric smaller and larger
      diameter discs spaced from each other along their axes and fixed to one
      another for simultaneous rotation. The larger diameter disc is disposed at
      the level of and is engageable only with the rim of the supply reel and
      the smaller diameter disc is disposed at the level of and is engageable
      only with the rim of the take-up reel. The position of the drive disc is
      determined by the direction of rotation of the motor shaft. The smaller
      diameter disc moves to the first position to engage the take-up reel and
      turn the latter when the motor shaft turns in one direction. The large
      diameter moves to the second position to engage the supply reel and turn
      the latter when the motor shaft turns in the other direction. In this
      manner, rewinding of the tape, by turning the supply reel, is at a higher
      speed than advancing the tape by turning the take-up reel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to tape drives, and more
      particularly to a simplified tape drive which permits normal advancement
      of the tape at one speed and rewinding of the tape at a higher speed
      without the utilization of expensive electrical components or complex
      mechanical linkage arrangements.
PAR  The tape drives for actuating a pair of reels to transfer tape from one
      reel to the other and for rewinding the tape are already well known. Such
      tape drives are commonly utilized in various types of audio tape recorders
      as well as in tape drives for computer applications. However, the prior
      art tape drives have had serious drawbacks. Firstly, the known tape drives
      have generally been complex in construction and costly to manufacture.
      Since most presently used tape drives rely on a capstan-pinch roller
      arrangement, the tape drives have generally required involved mechanical
      linkage arrangements for assuring proper engagement between the pinch
      roller and the capstan. Further, since the tape to be advanced or rewound
      is disposed between the capstan and the pinch roller, frictional forces
      are applied to the tape. This has sometimes resulted in damage to the
      tape. Moreover, mechanical or electro-mechanical means must be provided to
      disengage the pinch roller from the capstan in the rewind and the fast
      forward modes.
PAR  Most known tape drive mechanisms utilize a uni-directional motor which,
      necessarily, requires complex mechanical linkages to permit the rewinding
      of the tape. Such mechanical linkages, in addition to the additional space
      and weight which they contribute, increase the cost of construction of the
      tape drive. In this connection, most tape drives of the type under
      discussion have required, in the prior art, manual operation of the tape
      drive to cause a realignment of the mechanical linkages to provide the
      rewind function. For this reason, the tape drives frequently cannot be
      operated remotely without the utilization of expensive electrical
      components, such as solenoids.
PAR  Also known in the prior art are rim drives wherein a drive wheel
      frictionally engages the rims of the reels on which the tape is wound.
      However, except for the elimination of the pinch roller and capstan, the
      prior art rim drives have suffered the same disadvantages above discussed
      in connection with the mechanical linkage arrangements for providing the
      rewind function.
PAR  Generally, the prior art constructions have been complex and have not
      permitted an inexpensive method of controlling the tape drive from a
      remote location.
PAR  Another feature generally considered to be important with respect to tape
      drives is the availability of different speeds for advancement and
      rewinding of the tape.
PAR  Many prior art tape drives rewind the tape at the same speed as they
      advance the tape. In some other tape drives, different speeds have been
      achieved by providing dual motors, one motor being utilized for advancing
      the tape while the other motor is utilized for rewinding the tape at a
      different speed. This, clearly, has represented an additional expense
      which has increased the overall cost of the tape drive.
PAR  A further disadvantage of some of the presently known tape drives rests in
      the fact that these require fly wheels and pulle systems for reducing the
      speeds of the motor shafts to the desired speeds for rotation of the
      reels. Fly wheels are also frequently required, when utilizing high speed
      motors, to stabilize the speed at which the reels advance and to maintain
      the speed and fluctuations at a minimum. However, fly wheels and pulle
      systems are generally expensive and space consuming.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simplified tape drive
      which does not present the above described disadvantages associated with
      comparable prior art tape drives.
PAR  It is another object of the present invention to provide a tape drive which
      is simple in construction and economical to manufacture.
PAR  It is still another object of the present invention to provide a tape drive
      of the type under discussion which does not use a pinch roller and capstan
      arrangement but instead utilizes a rim drive arrangement.
PAR  It is yet another object of the present invention to provide a simplified
      tape drive which does not require fly wheels and pulle systems for
      reducing the motor speeds or for minimizing the fluctuations of the speed
      of the motor.
PAR  It is a further object of the present invention to provide a tape drive
      which utilizes one D.C. motor which can be utilized both for take-up and
      for rewinding of the tape.
PAR  It is still a further object of the present invention to provide a tape
      drive which can be advanced or rewound remotely by reversing the direction
      of motor rotation without the utilization of expensive solenoids or
      complex mechanical linkage systems.
PAR  It is yet a further object of the present invention to provide a simplified
      tape drive utilizing a small number of mechanical parts and which utilizes
      the direction of rotation of a single D.C. motor for correspondingly
      changing the directions of movement of the tape.
PAR  It is an additional object of the present invention to provide a simplified
      tape drive as above suggested which includes a pair of concentric smaller
      and large diameter drive discs which are respectively adapted to
      selectively engage a rim of one of two tape reels, whereby the selective
      positioning of the drive discs provides advancement and rewinding of the
      tape at different speeds.
PAR  It is still an additional object of the present invention to provide a
      simplified tape drive of the tape under consideration which utilizes a
      floating platform on which is rotatably mounted one or two drive discs
      engageable with a supply or take-up reel in response to rotation of a
      motor shaft in one direction or another.
PAR  In order to achieve the above objects, as well as other objects which will
      become apparent hereafter, the present invention will be described in
      conjunction with a tape drive having a supply reel and a take-up reel
      rotatably mounted on a deck and a magnetic head positioned in the path of
      the tape moving from on the other of the reels. The improvement of the
      present invention comprises drive means for advancing and rewinding the
      tape. The drive means includes a platform generally disposed between the
      reels and being pivotally mounted on the deck for free pivotal movement on
      a plane between first and second positions. A drive disc is rotatably
      mounted on the platform, said platform being movable with said drive disc
      about the pivot point of the former between said first and second
      positions. A motor shaft frictionally engages the periphery of said drive
      disc for rotating the latter. The position of said drive disc with respect
      to the pivot point of said platform is determined by the direction of
      rotation of said motor shaft. The drive disc moves to said first position
      to engage one of said reels and turn the latter when the motor shaft turns
      in one direction. Said drive disc moves to said second position to engage
      the other of said reels and turn the latter when said motor shaft turns in
      the other direction.
PAR  In accordance with a presently preferred embodiment, wherein the deck has
      an opening therein, said platform comprises two spaced planar plates each
      disposed on another side of the deck. Connecting means are provided which
      extends through the opening in the deck for drawing said plates towards
      each other and into abutment against the opposite surfaces of the deck.
      Advantageously, each of said plates is provided with spaced protuberances
      about the respective peripheries of the surfaces facing the opposing
      surfaces of the tape deck. Said protuberances abut against said plates and
      are slidably movable relative to the tape deck. In this connection,
      lubricating means is advantageously provided between said protuberances
      and the deck to minimize frictional forces developed therebetween.
PAR  Friction means are provided disposed between said drive disc and said
      platform for transmitting torquing or rotational forces to the latter in
      response to rotary movement of said drive disc on said shaft. In the
      preferred embodiment, the friction means is in the form of a helical
      spring mounted concentrically on the shaft, the opposing free ends of the
      spring frictionally abutting against said drive disc and said platform.
PAR  Biasing means are provided for urging said platform in the direction of
      said motor shaft to thereby insure frictional engagement between said
      drive disc and said motor shaft. In the presently preferred embodiment,
      said biasing means is in the form of an elongate resilient wire or spring
      having one end coupled to said platform. With such an arrangement, the
      resilient wire end coupled to the platform also acts as a pivot point
      about which the platform can pivot in said plane.
PAR  One possible arrangement for permitting different speeds for advancing and
      rewinding the tape involves spacing of the rim of the take-up reel above
      the rim of the supply reel. Said drive disc now comprises coaxial smaller
      and large diameter discs vertically spaced from one another along the axes
      thereof and fixed to one another for simultaneous rotation. The larger
      diameter disc is disposed at the level of and is engageable only with the
      rim of the supply reel. The smaller diameter disc is disposed at the level
      of and is engageable only with the rim of the take-up reel. In this
      manner, rewinding of the tape by turning the supply reel is at a higher
      speed than advancing the tape by turning the take-up reel. To insure
      proper rim drive operation, friction surfaces are provided about the
      peripheries of both the smaller and larger diameter discs to thereby
      insure proper engagement between the latter discs and the reels as well as
      with the motor shaft.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the above and additional objects and advantages in view, as will
      hereinafter appear, this invention comprises the devices, combinations and
      arrangements of parts hereinafter described and illustrated in the
      accompanying drawings of a preferred embodiment in which:
PAR  FIG. 1 is a top plan view of a tape deck on which are mounted two tape
      reels having rims about the peripheries thereof and a drive disc in
      accordance with the present invention engaging the take-up reel to advance
      the tape;
PAR  FIG. 2 is a cross-section of the tape deck shown in FIG. 1, taken along
      line 2--2;
PAR  FIG. 3 is a top plan view of one of the floating plates shown in FIG. 2;
PAR  FIG. 4 is a side elevational view of the floating plate shown in FIG. 3,
      more clearly showing the nipples which project from one surface of the
      floating plate and which are adapted to slidingly abut against the tape
      deck;
PAR  FIG. 5 is a top plan view similar to FIG. 1, with the reels and drive discs
      removed to show the upper floating plate;
PAR  FIG. 6 is a bottom plan view of the tape deck of FIG. 1, showing the lower
      floating plate and the manner in which a resilient wire spring biases the
      floating plate towards the motor shaft as well as provides a pivot point
      for the floating plate;
PAR  FIG. 7 is a cross-section of the floating platform arrangement shown in
      FIG. 5, taken along line 7--7;
PAR  FIG. 8 is an exploded view of the floating platform assembly shown in FIG.
      7; and
PAR  FIG. 9 is a schematic representation of the fixed reels and the movable
      drive discs rotatably mounted on the floating platform, showing the two
      positions between which the floating discs are movable to selectively
      frictionally engage one or the other of the reels to either advance or
      rewind the tape.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, in which similar or identical parts have
      been designated by the same reference numerals throughout, and first
      referring to FIGS. 1 and 2, a tape drive assembly is generally designated
      by the reference numeral 10.
PAR  The tape drive assembly 10 includes a tape deck 12 which is in the form of
      a planar sheet or wall typically comprising the top wall of a tape drive
      assembly enclosure or housing.
PAR  Mounted on the deck 12 are two spaced tape reels typical of the type
      utilized in rim drives. The reel 14, in the arrangement to be described,
      comprises the supply reel and is provided with a tape receiving space 14a.
PAR  The supply reel 14 has depending therefrom a hub, sleeve or post 16 which
      projects downwardly therefrom, as shown in FIG. 2. The hub 16 is rotatably
      mounted on a shaft 18 which is fixedly mounted on the deck 12 in any
      conventional manner.
PAR  The supply reel 14 is provided with an enlarged rim 20 whose height or
      elevation above the deck 12 is selected in a manner to be described
      hereafter.
PAR  Spaced from the supply reel 14, on the same side of the tape deck 12, is a
      take-up reel 22 provided with a tape receiving space 22a. The take-up reel
      22 is similarly provided with a hub 24 which, however, has a length along
      its respective shaft 26 which is greater than the corresponding length of
      the hub 16. The shaft 26 is similarly fixedly mounted on the deck 12 in a
      conventional manner.
PAR  An important feature of the present invention is the provision of a narrow
      rim 28 on the take-up reel 22, for reasons which will become apparent
      hereafter. However, it should be noted that the broader aspects of the
      present invention contemplate the utilization of two reels which are
      similar or identical in construction. The circumstances under which such
      similar reels may be utilized will be described hereafter.
PAR  The tape receiving spaces 14a and 22a are disposed at equal elevations
      above the deck 12 to thereby permit the transfer of tape from one reel to
      the other in a conventional manner without damage to the tape.
PAR  Each of the reels 14 and 22 are rotatably mounted on their respective
      shafts 18 and 26. To prevent continued rotation of these reels about their
      shafts after they are no longer driven, due to angular momentum which they
      have acquired during advancement of rewinding of the tape, a pad 30 is
      mounted on a pad supporting member 32. The pad supporting member 32 is in
      the form of a resilient finger which resiliently urges the pad 30 against
      the periphery of the supply reel 14. The pad 30 maybe of any suitable
      material, such as felt. Similarly, a pad 34 is mounted on a pad support
      member or resilient finger 36 which applies comparable frictional forces
      to the periphery of the take-up reel 22. With this arrangement, it is
      assured that each of the respective reels ceases to rotate soon after the
      drive means to be described as decoupled therefrom. In this manner,
      undesired rotation of the reels about their respective shafts is prevented
      as is the slackening or undesirable unwinding of the tape from the reels.
PAR  Disposed on the tape deck 12 is a conventional magnetic head 38 which is
      positioned in the path, determined by guide posts 40, of the tape 42. The
      specific nature of the magnetic head 38 and of the guide means for
      determining the path of the tape 42 are not critical features of the
      present invention.
PAR  In a tape recording and reproducing arrangement as above described, a tape
      drive arrangement 43 of the present invention comprises a larger diameter
      drive wheel or disc 44 and a smaller diameter coaxial wheel or disc 46
      spaced above the drive disc 44, as viewed in FIG. 2. The drive discs 44
      and 46 are affixed to one another by means of a skirt 48. The coaxial
      drive discs are mounted on a shaft 50 projecting or extending upwardly
      from a floating plate 52.
PAR  The floating plate 52, on one side of the deck 12 is spaced by a spacer 53
      from a lower floating plate 54, on the other side of the deck 12. The
      height of the spacer 53 is selected to permit rigid interconnection of the
      plates to space the latter sufficiently to engage the deck 12 without
      forceably abutting thereagainst. Accordingly, the plates 52 and 54 can be
      fixedly connected to one another and slidably moved along the surfaces of
      the deck 12, as to be described hereafter. The drive discs 44 and 46 are
      rotatably mounted on the shaft 50 relative to the plates 52 and 54.
PAR  Due to the typically low frictional forces developed between the discs 44
      and 46 and the shaft 50, a helical spring 56 is mounted coaxially with the
      shaft 50. The free ends of the spring 56 respectively abut against the
      drive discs and the plate 52. In this manner, the rotational movement of
      the drive discs is transmitted or imparted to the plate 52 for reasons to
      be described hereafter.
PAR  In the presently preferred embodiment, a single D.C. motor 58 is mounted on
      the under side of the deck 12. The motor shaft 60 projects through an
      opening 62 in the deck. The motor 58 is supported by the deck 12 in any
      conventional manner, such as by mounting screws 64.
PAR  The position of the motor 58 is selected to bring the shaft 60 into
      abutment against the periphery of the larger diameter disc 44.
PAR  Each of the discs 44 and 46 is provided with a friction surface adapted to
      frictionally engage the motor shaft 60. as well as the rims 20 and 28. For
      proper operation of the tape drive, the motor shaft 60 must remain in
      abutment against the drive disc 44, for reasons to become apparent
      hereafter. Means for insuring such continued abutting relationship between
      the drive disc 44 and the motor shaft 60 will be described in connection
      with FIG. 6.
PAR  Referring to FIG. 5, the upper floating plate 52 is shown in the form of a
      triangular plate provided with nipples 70 provided about the periphery
      thereof on the surface facing the tape deck 12. The shaft 50 projects from
      and is mounted on the upper floating plate 52.
PAR  The motor and the motor shaft are fixed in position on the tape deck 12 by
      means of the mounting screws 64.
PAR  In FIG. 6, the lower floating plate 54 is shown to be similarly
      configurated to the upper floating plate 52.
PAR  A spring in the form of a resilient wire 72 has one end coupled through a
      hole 74 provided on a portion of the plate 54 remote from the motor shaft
      60. The spring wire 72 is bent or deformed about a post or screw 76
      disposed on one side of the wire 72 and a post or screw 78 on the other
      side of the wire. With the undefected spring wire normally extending along
      a linear direction, the spring 72 tends to revert to a straight condition.
      In this state, the spring wire 72 tends to urge the lower floating plate
      54 towards the motor shaft 60. The reference numeral 58a represents an
      outline of the motor 58.
PAR  Referring to FIGS. 7 and 8, important structural features of the present
      invention are shown. A support block 80 is disposed above the upper
      floating plate 52 and is provided with a threaded hole on the side thereof
      facing the tape deck 12. The upper floating plate 52 is positioned to
      bring the nipples 70 thereof into slidable abutment against the tape deck
      12. An opening or hole 82 is provided in the tape deck 12 through which a
      screw 84 extends into the threaded hole of the support block 80. A washer
      86 maybe utilized between the plate 54 and the screw 84. The screw 84 is
      tightened to draw the upper and lower floating plate 52 and 54
      respectively towards each other to effectively sandwich the tape deck 12
      between the nipples 70 of the floating plate.
PAR  Any conventional lubricating material may be disposed between the nipples
      70 and the tape deck 12 to minimize the frictional forces developed
      between the nipples and the tape deck. With such an arrangement, the
      floating plates 52 and 54, as well as the shaft 50 can slidably move
      relative to the tape deck 12 substantially along the surface thereof.
PAR  As should be clear from FIG. 7, the hole or opening 82 should be selected
      to be sufficiently large to permit the floating platform, including the
      upper and lower floating plates, a predetermined degree of movement
      without engagement or contact between the screw 84 and the deck 12.
PAR  While the above described construction is illustrative of a floating
      platform which can be utilized to achieve the object of this present
      invention, any other form of floating platform which permits the pivotal
      movement of an upwardly extending shaft relative to a tape deck can
      equally be utilized.
PAR  As should now be evident from the above description, and from FIG. 7, the
      floating platform slidably moves relative to the tape deck 12 as a unit
      after it is assembled.
PAR  In assembling the drive disc assembly, the upper and lower floating plates
      52 and 54, with the spacer 53 therebetween, are drawn towards one another
      by interconnection with the screw 84. With the shaft 50 extending upwardly
      from the floating plate 52, the spring 56 is placed concentrically on the
      shaft 50. The drive discs or wheels 44 and 46 are similarly placed on the
      shaft 50 and the drive discs are retained on the shaft and prevented from
      inadvertently being separated from the shaft 50 in any conventional
      manner, such a C-ring or clamp received in an annular slot provided at the
      top or free end of the shaft 50.
PAR  As suggested above, the peripheries of the drive discs 44 and 46 are
      provided with friction surfaces. In the presently preferred embodiment,
      bands of rubber are provided about the drive disc peripheries.
PAR  Referring to FIG. 2, it is noted that the drive disc 44, in the assembled
      condition of the drive arrangement, is disposed at the same level as the
      enlarged rim 20 of the supply reel 14. Also, the drive disc 46 is disposed
      at the same level as the narrow rim 28 of the take-up reel 22.
PAR  The narrow rim 28 is selected to have a smaller height than the enlarged
      rim 20 so as not to interfere or come into contact with the larger
      diameter disc 44 which extends below the narrow rim 28. In this
      connection, the small diameter drive disc 46 is selected to be
      sufficientley small not to engage or contact the enlarged rime 20.
PAR  Generally, therefore, the drive disc 44 is adapted to only be engageable
      with the supply reel 14 while the drive disc 46 is adapted only to engage
      the take-up reel 22. To achieve these conditions, the positions of the
      shafts 18 and 26 must be properly selected. In the examplary embodiment
      above described, the distance between the shafts 50 and 26 is
      substantially smaller than the distance between the shafts 18 and 50. More
      particularly, the difference in distances between each of the shafts 18
      and 26 and the shaft 50 is substantially equal to the difference between
      the diameters of the drive discs 44 and 46.
PAR  However, the positions of the shafts 18 and 26 are selected to provide
      clearances between the enlarged rim 20 and the drive disc 44 as well as
      between the narrow rim 28 and the drive disc 46 in the inoperative
      condition of the tape drive when the motor 58 is not actuated and the
      motor shaft 60 is stationary. However, slight movements of the shaft 50
      towards the shaft 18 or the shaft 26 causes one of the drive discs to
      engage a respective one of the rims of the tape reels.
PAR  The motor shaft 60 frictionally engages the periphery of the large diameter
      drive disc 44. The position of the drive disc is determined by the
      direction of rotation of the motor shaft 60, as to be described in
      connection with FIG. 9. The floating platform including the upper and
      lower plate 52 and 54 shift slightly towards the take-up reel 22, as shown
      in FIG. 1, when the motor shaft 60 turns in a clockwise direction when
      viewed in FIG. 1. Clockwise rotation of the motor shaft 60 causes the
      drive discs 44 and 46 to rotate in a counterclockwise direction as viewed
      in FIG. 1. When the floating platform slightly shifts towards the shaft
      26, in accordance with principles to be described, the smaller diameter
      drive disc 46 engages the narrow rim 28 of the take-up reel 22 and turns
      engages the narrow rim 28 of the take-up reel 22 and turns the latter in a
      clockwise direction at a predetermined advancing speed or rate of transfer
      from the supply reel 14 to the take-up reel 22.
PAR  When the direction of the motor shaft 60 is reversed, as by inverting the
      terminal voltage to the D.C. motor 58, the motor shaft turns in a
      counterclockwise direction as viewed in FIG. 1. Counterclockwise rotation
      of the motor shaft 60 causes the moving platform to pivot slightly about
      the hole or pivot point 74 and slightly shift towards the shaft 18. The
      shift in the platform, in the order of thousands of an inch, is sufficient
      to disengage the drive disc 46 from the narrow rim 28 and cause the drive
      disc 44 to engage the rim 20. Consequently, with clockwise rotation of the
      drive disc 46, the supply reel 14 rotates in a counterclockwise direction
      about the shaft 18. This causes the tape 42 to be rewound on the supply
      reel 14. However, because the diameter of the drive disc 44 is
      substantially greater than the diameter of the drive disc 46, the
      rewinding speed is proportionately greater than the advancing speed of the
      tape.
PAR  Referring to FIG. 9, the reels 14 and 22, as well as the drive discs 44 and
      46 are shown schematically to illustrate the principle of operation of the
      present invention.
PAR  The tape reels 14 and 22 are shown fixed in position on the tape deck. The
      drive discs 44 and 46 are shown to be pivotally movable about the pivot
      point 90. The pivot point 90, in the above described embodiment,
      represents the hole 74 to which the resilient spring wire 72 is coupled.
      As above described, the entire floating platform, including the shaft 50
      and the drive discs, are pivotally movable about the pivot point 90. The
      solid outlines of the drive discs depict one operative position of the
      drive mechanism. In the condition shown, the larger drive disc 44 is
      engaged with the supply reel 14. This is achieved by counterclockwise
      rotation of the motor shaft 60 as above described. With the line 92
      representing the neutral position of the shaft 50 wherein neither one of
      the drive discs engages a corresponding tape reel, counterclockwise
      movement of the motor shaft 60 causes a frictional force component 94 to
      develop towards the left, as viewed in FIG. 9. The force component 94 is
      transmitted to the floating platform by means of the spring 56 which at
      least partially tends to transmit the rotational movement of the drive
      discs to the platform. Without frictional forces between the drive discs
      and the shaft 50, the force component 94 would only provide rotational
      movement of the discs about the shaft 50 without movement of the floating
      platform. Consequently, the shaft 50 would substantially remain along the
      neutral lines 92 and the discs would not engage the tape reels. However,
      because of the additional frictional forces developed by the spring 56,
      the force component 94 is partially transmitted to the platform which
      shifts angularly about the pivot point 90 as is designated by angular
      displacement 96. This displacement has been shown in an exaggerated form
      to facilitate the description and to more clearly disclose the invention.
PAR  On the other hand, the dashed outlines of the drive discs 44 and 46
      represent those positions of the latter wherein the drive disc 46 engages
      the take-up reel 22 without engagement between the drive disc 44 and the
      supply reel 14. In this condition, the motor shaft 60 rotates in a
      clockwise direction and generates a frictional force component 98 along
      the periphery of the drive disc 44a. This force is at least partially
      transmitted to the floating platform by means of the friction developing
      spring 56 as described above. Now, the floating platform shifts slightly
      about the pivot point 90 to thereby bring the drive disc 46a into abutment
      against the tape-up reel 22. This movement is represented by the angular
      displacement 100 with reference to the neutral position 92 of the shaft
      50.
PAR  Although the angular displacements 96 and 100 have been shown to be
      approximately equal, this is not a critical feature of the invention and
      any suitable angular displacements may be selected which insure reliable
      engagement and disengagement with and from the respective tape reels.
PAR  It should be noted that the angular displacements are selected to be
      sufficiently small to insure that the motor shaft 60 remains in contact
      with the periphery of the drive wheel 44 in all anticipated positions of
      the latter. In this manner, continued control of the drive mechanism can
      be maintained and advancement and rewinding of the tape can be effected by
      actuating the motor and reversing the polarity of the voltage applied
      thereto. For this reason, remote control of the tape drive is extremely
      simple and requires very little mechanical or electrical components to
      implement such control. Further, the continued contact between the motor
      shaft 60 and the drive disc 44 is assured by the continuous biasing action
      of the resilient wire spring 72 upon the floating plate 54, and
      consequently upon the entire floating platform towards the motor shaft 60.
PAR  The above described tape drive included differently sized drive discs 44
      and 46. However, where advancement and rewinding of the tape is to be at
      the same speed, clearly, only one drive disc need be provided which is
      rotatably mounted on a shaft substantially equally distant from the shafts
      on which the supply and take-up reels are mounted. On the other hand, by
      selecting suitable diameters for the drive discs 44 and 46, a large range
      of different advancing and rewinding speeds are obtainable.
PAR  Based on the above, the present invention provides a tape drive which does
      not utilize a pinch roller-capstan arrangement. Nor does the present
      invention require fly wheels or pulle systems for stabilizing the speeds
      of the reels or for reducing motor speeds to tape reel rotational speed.
      Expensive electrical components such as solenoids or complex linkage
      systems for reversing the direction of the tape are eliminated. Only one
      D.C. reversable motor is utilized whose direction of rotation controls the
      drive arrangement which, by the simple principle above described, advances
      as well as rewinds the tape at the same or different speeds.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for the purposes of illustration only and is not to be
      construed as a limitation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tape drive comprising a supply reel and a take-up reel, said supply
      reel being provided with a wide rim and said take-up reel being provided
      with a narrow rim, a portion of said supply reel rim extending below said
      take-up reel rim, said reels being rotatably mounted on a deck, a magnetic
      head being positioned in a path of tape moving from one to the other of
      said reels, drive means for advancing and rewinding said tape, said drive
      means including a platform disposed between said reels, means pivotally
      mounting said platform on said deck for free pivotal movement in a plane
      between first and second positions, said platform including a planar plate
      provided with spaced protuberances distributed about a periphery of one
      surface of said planar plate, said protuberances abutting against said
      deck to permit said planar plate to slidably move relative to said deck, a
      shaft projecting from said plate and being oriented in a direction
      substantially normal to said plane, a drive disc rotatably mounted on said
      shaft with said drive disc being movable with said plate about a pivot
      point of said plate between said first and second positions, friction
      means disposed between said drive disc and said plate for transmitting
      rotational forces to said plate in response to rotary movement of said
      drive disc on said shaft, said friction means including a helical spring
      mounted concentrically on said shaft with opposing free ends of said
      spring frictionally abutting against said drive disc and said plate, a
      motor shaft frictionally engaging a periphery of said drive disc for
      rotating said drive disc, biasing means connected to said plate for urging
      said plate in direction of said motor shaft to insure frictional
      engagement between said drive disc and said motor shaft, said drive disc
      including coaxial smaller and larger diameter discs vertically spaced from
      one another along axes thereof and fixed to one another for simultaneous
      rotation, said larger diameter disc being disposed at a low level to be
      engageable only with said supply reel rim, said smaller diameter disc
      being disposed at a higher level to be engageable only with said take-up
      reel rim, positions of said drive disc with respect to said pivot point of
      said platform being determined by direction of rotation of said motor
      shaft, said drive disc moving to said first position to engage said large
      diameter disc with said supply reel rim for turning said supply reel when
      said motor shaft turns in one direction, and said drive disc moving to
      said second position to engage said smaller diameter disc with said
      take-up reel rim for turning said take-up reel when said motor shaft turns
      in an opposite direction, whereby rewinding said tape by turning said
      supply reel is at a higher speed than advancing said tape by turning said
      take-up reel.
NUM  2.
PAR  2. In a tape drive as defined in claim 1, further comprising lubricating
      means provided between said platform and the deck to minimize frictional
      forces developed therebetween.
NUM  3.
PAR  3. In a tape drive as defined in claim 1, wherein said plate is metallic,
      and wherein said protuberances comprise nipples formed in said plate.
NUM  4.
PAR  4. In a tape drive as defined in claim 1, wherein the deck has an opening
      therein and wherein said platform comprises two spaced planar plates each
      disposed on another side of the deck, and connecting means including a
      spacer extending through the opening in the deck for drawing said plates
      towards each other to a distance determined by said spacer and into
      abutment against opposite surfaces of the tape deck without excessive
      pressure, whereby said plates may slidably move relative to said deck in
      planes parallel to the latter.
NUM  5.
PAR  5. In a tape drive as defined in claim 4, wherein each of said plates is
      provided with spaced protuberances about the respective peripheries of the
      surfaces facing the opposing surfaces of the tape deck, said protuberances
      abutting against and said plates being slidably movable relative to the
      tape deck.
NUM  6.
PAR  6. In a tape drive as defined in claim 1, whereby said biasing means
      comprises a spring acting between said platform and the deck.
NUM  7.
PAR  7. In a tape drive as defined in claim 6, wherein said spring is in the
      form of an elongate resilient wire having one end coupled to said platform
      and the other end fixed to the deck, said platform being pivotally mounted
      at the coupled end of said wire spring.
NUM  8.
PAR  8. In a tape drive as defined in claim 1, wherein said drive disc is
      provided with a friction surface about the periphery thereof adapted to
      frictionally engage said motor shaft.
NUM  9.
PAR  9. In a tape drive as defined in claim 8, wherein said friction surface is
      in the form of a band of rubber.
NUM  10.
PAR  10. In a tape drive as defined in claim 8, where the reels are provided
      with rims, said friction surface being engageable with another one of the
      rims in each position of said drive disc.
NUM  11.
PAR  11. In a tape drive as defined in claim 1, wherein a motor is provided on
      the deck on the side opposite of that on which the reels are mounted, the
      deck being provided with an opening through which said motor shaft
      projects to frictionally engage said drive disc.
NUM  12.
PAR  12. In a tape drive as defined in claim 1, further comprising contact means
      for frictionally abutting against each of the reels to prevent free
      rotation of the latter about the respective shafts of the reels.
NUM  13.
PAR  13. In a tape drive as defined in claim 12, wherein said contact means
      comprises a pad; and resilient fingers mounted on the deck for resiliently
      urging the pads against respective reels.
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ABST
PAL  An aircraft having a body on which is mounted an integrated lift,
      propulsion and steeing system inclusive of cycloidal propellers having
      horizontal axes of rotation capable of developing net thrust forces at any
      given angle in a vertical plane. Each propeller is externally driven and
      is formed with a circular array of blades at the periphery of a common rim
      and the blades can be turned to vary the angle of thrust by operation of a
      common control head.
PARN
PAR  This application is a division of copending application Ser. No. 354,797
      filed Apr. 26, 1973 (now abandoned) and claims the priority of the
      application filed in France on Apr. 26, 1972. The application is also
      related to Ser. No. 515,684 filed Oct. 16, 1974 which in turn is a
      division of application Ser. No. 354,791 filed Apr. 26, 1973 and issued as
      U.S. Pat. No. 3,865,060.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a novel type of aircraft intended for
      practical use similar to that of conventional helicopters, but by
      different means leading to improved performance.
PAR  The invention also relates to a high power aircraft having a double
      fuselage body, resulting from the connection of the bodies of two aircraft
      of said novel type.
PAR  The production, by means of said methods, of light and fast aircraft of the
      "flying wing" type, having a more direct and lighter drive means than the
      former, this aircraft being able to be used as an aerial taxi or the like.
PAR  The construction of airships provided with propeller apparatus and which
      may serve as aerial freight transporters;
PAR  And finally, the connection of two aircraft of this type in which one, by
      its nature, benefits from its own lift ("aerial vessel"); the other
      aircraft, provided with propeller apparatus, connected to the upper part
      of the former, being adaptable for towing the former.
PAR  To this end, the aircraft according to the invention uses a novel
      integrated lift, propulsion and steering system constituted by at least
      one cycloidal propeller having a horizontal axis comprising a flat rim or
      ring having a horizontal axis, supporting at its periphery a circular
      array of identical horizontal blades, each free to turn about an axis
      perpendicular to said ring under the action of a connecting-rod extending
      parallel to the plane of said ring, all the connecting-rods having a
      common control head which may be eccentric with respect to the axis of
      rotation of said propeller.
PAR  According to a feature of the invention, the aircraft comprises four
      cycloidal propellers having horizontal axes, grouped in pairs, one pair
      being at the front and one pair at the rear of the aircraft.
PAR  According to another feature of the invention, the two pairs of front and
      rear cycloidal propellers are symmetrical with respect to the center of
      symmetry of the aircraft, the front pair being below the horizontal plane
      of symmetry of the aircraft, the rear pair being above this plane. The two
      propellers of the same pair are co-axial and symmetrical with respect to
      the longitudinal vertical plane of symmetry, all the axes of rotation of
      the four propellers rotating in the same direction as seen by an observer
      located laterally with respect to said aircraft.
PAR  According to another feature of the invention, in addition to the four
      cycloidal propellers, the aircraft uses a system of four auxiliary screws
      having blades which are free to turn and are reversible, with an axis
      perpendicular to the longitudinal vertical plane of symmetry xoz and
      suspended by appropriately streamlined cross members inside four flat
      portions, two on the longitudinal horizontal axis of symmetry ox (at the
      front and rear) and two on the transverse vertical axis of symmetry oz, at
      the top and bottom of the aircraft, the two front and rear screws each
      being able, with the flat support portions associated therewith, to rotate
      through 90.degree. about the axis ox under the action of two circular
      hydraulic jacks inside the aircraft, in order to make the thrusts of the
      two corresponding screws vertical (in an upwards or downwards direction),
      which may combine with the cycloidal propellers during landing and
      take-off operations.
PAR  The invention also relates to the construction of an aircraft having a
      double fuselage arrangement resulting from the connection of the bodies of
      two of the previously described aircraft, as well as the construction of
      an aircraft of the "flying wing" type, the propulsion of which is ensured
      by two cycloidal propellers of the same unitary power and both co-axial
      and horizontal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Embodiments of the invention will be described hereafter, by way of
      non-limiting example, referring to the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view of an aircraft in which two pairs of
      front and rear lift propellers are staggered in height,
PAR  FIG. 2 is a plan view from above the aircraft of FIG. 1,
PAR  FIG. 3 is a side elevational view of an aircraft similar to that
      illustrated in FIG. 1 but provided with special apparatus replacing
      standard devices for regulating the direction of travel of the aircraft,
PAR  FIG. 4 is a force diagram showing the forces acting on the aircraft in
      horizontal flight,
PAR  FIG. 5 is an axial horizontal section taken through one of the lift
      propellers,
PAR  FIG. 6 is a view from above an aircraft having a double fuselage body with
      six propellers,
PAR  FIG. 7 is a diagrammatic perspective view, partly broken away, of the
      apparatus for driving an aircraft having two propellers, driven by a gas
      turbine with various mechanisms for driving the two lateral propellers
      which are symmetrical with respect to the general vertical plane of
      symmetry of the aircraft and, (when stationary) located at the same
      horizontal level,
PAR  FIG. 8 is a diagrammatic view, in perspective, of an aircraft of the
      "flying wing" type,
PAR  FIG. 9 is a side elevational view which shows an aircraft having four
      propellers divided into two groups of independent propellers, free to turn
      about axes parallel to the axis Oz and symmetrical with respect to the
      latter, mounted on a simple metal frame, two screw-propellers having
      blades free to turn about axes perpendicular to the plane xoz and
      symmetrical with respect to the axis Ox,
PAR  FIG. 10 is a diagrammatic horizontal section of the aircraft of FIG. 9,
PAR  FIG. 11 is a general diagrammatic elevational view as seen from a point
      located on the Oy axis of an aircraft equipped with two types of
      propellers and showing:
PA1  eight identical cycloidal propellers having a horizontal axis, distributed
      along the body of the aircraft, four propellers at each side of the
      aircraft;
PA1  two screw propellers having transverse axes, symmetrical with respect to
      the plane yoz and perpendicular to the plane xoz and spaces as far as
      possible from the plane yoz, one at the front, the other at the rear;
PAR  FIG. 12 is a diagrammatic cross section through the plane yoz of the
      aircraft of FIG. 11,
PAR  FIG. 13 is a diagrammatic side elevational view from a point located on the
      axis Oy of an "inert" aircraft, i.e. not equipped with its own propellers
      ("aerial vessel"), but capable of being towed in all possible directions
      by a special aircraft equipped with propellers and able to be rigidly
      connected at its lower part to the upper part of the inert aircraft, and
PAR  FIG. 13a is an enlargement of a detail of FIG. 13 according to a modified
      arrangement.
DETD
PAC  DETAILED DESCRIPTION
PAR  The design of the aircraft according to the present invention is mainly
      based on the aerial adaptation of the apparatus which is well known in the
      field of maritime and water navigation, under the name of "cycloidal
      propeller", also sometimes called "Voigth-Schneider propeller"
      characterized, as shown diagrammatically in FIGS. 1 and 2 by a flat ring
      1, supporting at its periphery a uniform circular array of identical
      blades 2, each free to turn about an axis perpendicular to the ring 1
      under the action of a small connecting-rod (FIG. 5) parallel to the plane
      of this ring, all these connecting-rods having a common control head which
      may be eccentric with respect to the axis of rotation 3 of the apparatus.
      When the position of the common head of these connecting-rods is adjusted
      in its degree of eccentricity under the action of a mechanical or
      hydraulic control operated by the pilot, the total thrust p of the
      apparatus always remains in the same plane perpendicular to the axis of
      rotation 3 and its direction may rotate at will through 360.degree. in
      this plane.
PAR  By way of simplification, the aforesaid cycloidal propeller will be
      referred to hereafter as "V.S.A. apparatus" and it is merely shown
      diagrammatically in FIGS. 1 and 2.
PAR  Naturally, this adaptation to operation of such cycloidal propeller in the
      air will lead to considerable modifications of the features of the
      apparatus, in order to take into account the physical differences of the
      fluids handled (density, compressibility, viscosity, etc), the operation
      in the air of this apparatus with horizontal axes of rotation, (as, to our
      knowledge, in water) having had no application hitherto. For example, the
      propeller for an aircraft will have a greater ring diameter, a greater
      blade length and a greater speed of rotation than in the case of a
      propeller adapted for operation in water.
PAR  The following description refers to the three customary main axes of
      co-ordinates in space, Ox being directed in the direction of horizontal
      travel of the aircraft, Oz being the vertical at the point 0, and Oy
      extending horizontally in transverse direction at point 0.
PAR  Referring to FIGS. 1 and 2, the aircraft comprises a main body or fuselage
      4 having a longitudinal vertical section (through the plane xOz) of oval
      shape, flatter along the vertical axis Oz and a horizontal longitudinal
      section (through the plane xOy) also of oval shape but more tapered along
      the horizontal axis Ox. The point 0 is a general point of symmetry for the
      entire surface defining main body 4, i.e. this surface comprises three
      main planes of symmetry, viz xOy, xOz and yOz. In particular, it follows
      that at the time of vertical take-off or landing, the field of flow of the
      air around this surface, (assumed to be linear and without appendages) has
      the axis Oz as an axis of symmetry and that in horizontal flight along Ox,
      the field of flow of the air has axis Ox as an axis of symmetry.
PAR  The aircraft is both lifted and propelled by four identical V.S.A.
      apparatuses, distributed in two pairs, one pair 5, 5' at the front, the
      other pair 6, 6' at the rear, all the axes of rotation of which are
      perpendicular to the plane xOz: the pair 5, 5' at the front and the pair
      6, 6' at the rear are spaced as far apart from each other as possible and
      also as far away as possible from the front and rear rudders and ailerons
      in order to avoid any serious interaction with the latter, the two
      apparatuses of one pair being symmetrical with respect to this general
      plane of symmetry.
PAR  The axis of rotation 3 common to the two apparatuses of the front pair is
      located such that the upper part of each of these two apparatuses is
      located slightly below the plane xOy; the axis of rotation 3 of the rear
      pair is symmetrical with respect to the point 0 of that of the front pair
      such that the lower part of each of the apparatuses of the rear pair is
      located slightly above the plane xOy. It is the object of this arrangement
      to separate as clearly as possible the fields of flow of the air around
      the two front and rear apparatuses on each side, in order to avoid any
      interaction between these two apparatuses. To the same end, this
      arrangement is completed, on each side, by a horizontal aileron composed
      of segments 7, 8 located in the plane xOy and, at each of its ends, the
      aileron slightly extends beyond the vertical planes respectively
      containing the axis of rotation 3 of the front apparatus and that of the
      rear apparatus. The segments 7 and 8 of each aileron are substantially
      equal, the front part 7 (from the plane yOz) being able to be turned
      upwards in order to occupy a vertical position when the aircraft takes
      off, the rear part 8 being turned vertically downwards (the turned
      positions are illustrated in broken lines in FIG. 1).
PAR  All the V.S.A. apparatuses 5, 5', 6 and 6' rotate in the same direction as
      viewed by an observer facing the aircraft on the axis Oy.
PAR  The distribution of mass inside the body 4 of the aircraft is provided such
      that the center of gravity G of the body whatever the loading condition,
      is always located below the center of symmetry O (FIG. 1). In particular,
      the present invention provides that all of the upper part of the body 4,
      located above the horizontal plane 9 and which no longer needs to be
      connected to the essential parts of the aircraft frame, could be made of
      light, but rigid transparent plastic material (for example lexan) in place
      of aluminum which is used for the construction of the parts located
      therebelow.
PAR  At the time of vertical take-off of the aircraft, the four V.S.A.
      apparatuses are regulated in order that their thrusts are at their maximum
      values p, equal to each other, all vertical in an upwards direction, each
      applied to the axis 3 of the corresponding apparatus and added together to
      give a total thrust P=4p, vertical in an upwards direction at the point O.
      This total thrust P must substantially exceed the weight .pi. of the
      aircraft which is vertical in a downwards direction at the center of
      gravity G of the aircraft, thus acting through O like the aerodynamic
      resistance in a downwards direction exerted on the aircraft. At the
      outset, it follows that the latter is subject to a considerably great
      upwards acceleration which decreases as the ascending speed and the
      aerodynamic resistance resulting therefrom increases.
PAR  The latter may then remain stationary at any fixed point of the trajectory
      followed during this vertical rise, by regulating the four V.S.A.
      apparatuses such that the sum of their vertical thrusts, substantially
      less than the maximum thrust P and always vertical at the point O alone
      counter-balances the weight .pi. of the aircraft.
PAR  In this position the aircraft may purely pivot about the vertical through
      its center of gravity G, i.e. around the axis Oz by increasing and
      inclining towards the front horizontal, the thrusts of the two apparatuses
      located opposite the side to which it is desired to turn the nose of the
      aircraft and likewise by regulating, but inclined towards the rear
      horizontal, the thrusts of the two apparatuses located on the other side
      which results in exerting on the aircraft a pure torque around a vertical
      axis passing through the center of gravity G, while retaining for each
      apparatus a total vertical component equal and opposed to .pi., sufficient
      for supporting the aircraft on the spot.
PAR  Finally, with the nose of the aircraft thus located in the desired
      direction, the latter may commence its horizontal flight (FIG. 4) by
      inclining to the front horizontal, altogether, the maximum thrusts p of
      each of the four apparatuses, which are each composed of a horizontal
      component P.sub.1 such that P.sub.1 =4p.sub.1 compensates the overall
      aerodynamic resistance R.sub.1 of the aircraft (horizontal and passing
      through O) and a vertical component P.sub.2 in an upwards direction such
      that P.sub.2 =4p.sub.2 compensates the weight .pi. of the aircraft (in the
      case where the components P.sub.1, P.sub.2, or R.sub.1 do not pass exactly
      through O, it would always be possible to produce a sufficient convergence
      of the latter at the point O by slightly differentiating the directions of
      the individual thrusts of the four apparatuses or by acting on the rudders
      and ailerons of the aircraft as will be discussed hereafter).
PAR  Naturally, the aircraft may take-off vertically, then quickly change to the
      position for horizontal flight without passing through the intermediate
      stages just described.
PAR  For steering the aircraft, the system of four V.S.A. apparatuses provides
      great handling facility: indeed, provided that a vertical component
      P.sub.2 such that: P.sub.2 =4p.sub.2, or at least equal to the weight .pi.
      of the aircraft is retained at any moment, for the thrust of each
      apparatus, in horizontal flight, it is possible to act on the magnitudes
      and directions of the thrusts of the four apparatuses in order to cause
      the following to act on the aircraft:
PA1  a torque about the axis Ox by differentiating the vertical thrusts p.sub.2
      of the two apparatuses on one side with respect to the two on the other
      side;
PA1  a torque about the axis Oy by differentiating the horizontal thrusts
      p.sub.1 or vertical thrusts p.sub.2 of the two front apparatuses with
      respect to the two rear.
PAR  However, it it is considered too complex to put these various operations of
      the V.S.A. apparatuses to practical use and if it is desired to retain the
      maximum regularity of the flight without having to modify the magnitude
      and direction of the equal and parallel thrusts of the four apparatuses
      (for example, during a cruising flight of long duration) it is possible to
      employ other arrangements of steering, one of which consists in providing
      the aircraft with conventional control surfaces i.e., a vertical rudder 18
      for movement about the axis Oz and a horizontal rudder 19 for movement
      about the axis Oy.
PAR  However, the present invention contemplates another solution as illustrated
      in FIG. 3:
PA1  the torque around the axis Ox may be produced and regulated by two screws
      20 and 20' having reversible blades which are rotatable about horizontal
      transverse axes extending parallel to the Oy axis and located on the Oz
      axis symmetrically with respect to O, the screws 20 and 20' being housed
      in the plane of two flat parts 21 and 21' connected to the body 4 of the
      aircraft, both disposed in the plane xOy, each screw, together with its
      electric drive motor, being suspended inside a circular aperture in the
      corresponding flat part by an appropriately stream-lined cross member
      connected to the frame of the flat part;
PA1  the torque around the axis Oz may likewise be produced and regulated by two
      screws 22 and 22' having transverse horizontal axes extending parallel to
      the axis Oy with blades which are free to turn and reversible, located on
      the axis Ox and housed in the plane of two front and rear flat parts 23
      and 23' located in the plane xOz.
PAR  This solution has the three following advantages: firstly, by directing the
      equal transverse thrusts of the two front and rear screws 22 and 22' in
      opposite directions to each other, it is possible to provide additional
      means for pivoting the aircraft, in the air or on the ground, about its
      vertical axis of symmetry Oz; secondly, by directing the thrusts of the
      four screws 20, 20', 22 and 22' in the same direction, it is possible to
      provide means (not provided by any other apparatuses which are part of the
      aircraft) to displace the latter, in the air or on the ground, by
      translation along a transverse axis parallel to the axis Oy; finally, by
      providing that each of the front and rear flat parts 23 and 23' is free to
      turn under the action of a hydraulic circular jack, about an axis
      coincident with the axis Ox, it is possible to give these two flat parts a
      horizontal position, thus to give the axes of the two corresponding screws
      22 and 22' a vertical direction, which makes it possible to use them also
      for assisting in vertical take-off and landing of the aircraft.
PAR  Naturally, it is possible to make the steering of the aircraft automatic,
      according to known methods, by controlling each of the aforedescribed
      apparatuses, for example, by the angle which the projection on each of the
      three main planes of symmetry from the actual vertical makes with each of
      the axes of spatial coordinates Ox, Oy and Oz assumed to be connected to
      the aircraft, determined at any instant by a gyroscope.
PAR  The energy necessary for the operation of four V.S.A. apparatuses could be
      provided in several different ways, the following of which is given within
      the framework of the present invention as a non-limiting example.
PAR  The arrangement illustrated in FIG. 1 consists of driving by means of a gas
      turbine 24, a common electric generator 25, the current being distributed
      from the latter to the four individual motors driving the four V.S.A.
      apparatuses (and possibly to the four individual motors driving the four
      screws having transverse axes as aforementioned), for example according to
      the Ward-Leonard system or the Westinghouse system for railway transport.
      For the installation of the gas turbine 24 and the driven electric
      generator 25, the present invention specifically contemplates the
      arrangement shown in FIG. 1 wherein: the gas turbine 24 is installed in
      the lower part of the aircraft with its axis of rotation in the plane xOz
      and parallel to Ox, the air compressor being at the front, the gas turbine
      at the rear. The air necessary for combustion is supplied through the
      intake 26 located at the front lower part and having the plane xOz as its
      plane of symmetry, the combustion gases escaping through the two nozzles
      27 located at the rear lower part and also having the plane xOz as its
      plane of symmetry.
PAR  FIG. 5 shows diagrammatically, in the case of the aircraft of FIGS. 1 and
      2, the manner in which the various devices for driving one of the V.S.A.
      apparatuses is mounted. Therein, electric motor 28 is placed with its axis
      co-axial to the axis 3 of the V.S.A. apparatus. The rotor 29 of motor 28
      drives the V.S.A. propeller through the intermediary of the hollow shaft
      30, inside which passes a lever 31 controlling the eccentricity of the
      common head of the connecting-rods 32. Along its length, this lever
      comprises three swivel joints, the central one 33 of wich is stationary
      and the other two 34 and 36 are movable. The swivel joint 34 is displaced
      under the action of two hydraulic presses 35-35' (only one 35 of which is
      shown) the other mobile swivel joint 36 controlling the eccentricity of
      the connecting-rods 32 according to any well known kinematic arrangement,
      i.e. a straight lever, a pivoted lever or a conrol lever, these
      connecting-rods 32 all being contained inside the ring 1 and each acting
      on a blade 2.
PAR  It will be seen that adopting V.S.A. propellers having horizontal axes
      constitutes a great advantage as compared to propellers having vertical
      axes as have been used exclusively hitherto solely for operating in water.
      In particular, with the V.S.A. apparatus having a horizontal axis, the
      control of the orientation of the blades (while retaining the same
      principle of the three swivel joints) is direct and much simpler than the
      present customary control of apparatuses having vertical axes used (solely
      in water) hitherto (which requires a horizontal drive shaft from the
      motor, with an expensive and complicated device based on bevel gearing for
      modifying the direction of the shaft controlling the propeller through
      90.degree., for making it vertical).
PAR  As a variation to the above described solution for driving the apparatuses
      by electric motors supplied with energy by a gas turbine driving an
      electric generator, the present invention provides that each of the four
      V.S.A. apparatuses is driven by a completely independent engine, for
      example by a "radial engine" or a "Wankel engine" or the like, having a
      horizontal axis of rotation.
PAR  FIG. 3 shows a landing gear having four retractable arms 37, symmetrical in
      pairs with respect to the planes xOz and yOz and located such that in the
      stationary position on the ground, a vertical line through the center of
      gravity of the aircraft falls at the center of the rectangle defined by
      the four wheels 38. These wheels are each supported to pivot about a
      vertical axis 39 to facilitate pivoting operations of the aircraft on
      land, on the spot or translational movements perpendicular to its
      longitudinal plane of symmetry.
PAR  The aircraft is provided with a hook 40 at its lower part, the hook being
      located on a vertical line passing through its center of gravity and being
      free to turn about a vertical axis at a fixed connection to the body of
      the aircraft, possibly having automatic engagement to enable it to grasp,
      lift, convey or deposit considerable loads on any terrain.
PAR  FIG. 6 is a general plan view of an aircraft constituted by a rigid
      connection of two aircraft bodies 101 and 102, the horizontal axes O.sub.1
      X.sub.1 and O.sub.2 X.sub.2 of which are located at the same horizontal
      level. On each of its outer faces, each aircraft body 101 and 102 is
      provided with two propellers 103 and 104. The two inner propellers 105 and
      106 of each of the two aircraft bodies are combined in pairs and rotate
      about rigid horizontal girders 107 and 108 having a circular section, each
      rigidly mounted at the inner faces of the bodies 101 and 102 of the
      aircraft, thus ensuring the connection of these two bodies. At the central
      part, this connection is reinforced by a rigid girder 109 having a
      circular section, rigidly installed, at each of its ends, in the inner
      central parts of the two bodies 101 and 102 of the aircraft. A co-axial
      mobile aileron 110 is supported for pivotable movement about girder 109,
      the movement of said aileron being controlled by a circular hydraulic jack
      located on the corresponding inner side of one of the two combined
      aircraft bodies.
PAR  A first advantage of the double-bodied aircraft thus produced is the
      possibility of providing high power, due to the multiplication of
      individual propeller apparatuses.
PAR  A second advantage is that two identical gas turbines, each housed in the
      lower part of each of the combined aircraft bodies, may serve mutually as
      replacements for providing energy to all the propellers.
PAR  FIG. 7 shows another type of aircraft in which the outer casing (aircraft
      body 111) is broken away to give a clearer illustration of the drive means
      and the auxiliary parts for connecting the two lateral propellers 112,
      located at the same horizontal level.
PAR  FIG. 7 shows diagrammatically the mechanisms for driving the two propellers
      of this new aircraft, while FIG. 8 merely shows the same in a general
      diagrammatic perspective view.
PAR  The aircraft of FIGS. 7 and 8 is equipped with a gas turbine 113 whose axis
      is located slightly below the plane xOy, with its compressor at the front
      and its turbine at the rear. By means of an automatic, hydro-kinetic
      clutch 114 (for example a "Hydramatic" transmission of the type
      manufactured by General Motors), the rear output shaft of the gas turbine
      drives a gearing having two pinions (115 for the small one, 116 for the
      larger located thereabove) in a common plane and perpendicular to the
      output shaft 117 of the turbine. The shaft 118 of the large upper wheel
      116 of this gearing is coincident with the axis Ox and extends forwardly
      to drive a differential 119, similar to that provided in the drive wheels
      of the motor vehicle. From this differential, (substantially at the center
      O) on each side, extend two shafts 120 and 121 both on the axis Oy; by
      means of an automatic hydro-kinetic clutch, each of these shafts drives
      one of the two cycloidal lateral propellers 112, the rings of which are
      parallel to the plane xOz.
PAR  The aircraft thus described constitutes a genuine "flying wing". It is also
      very interesting due to the arrangement of the series of mechanisms which,
      from the gas turbine, drive the two lateral propellers 112 which may be
      applied to aircraft of other types (possibly by replacing the gas turbine
      113 by another type of engine inside the body of the aircraft), for
      example those described with reference to FIGS. 1, 2 and 6.
PAR  The inherent lift of this "flying wing" is such that it makes it possible
      to relieve the two lateral propellers 112 to a greater or lesser extent of
      the lift function, the full power of wich propellers may thus be
      consequently devoted to forward propulsion. Despite this "flying wing"
      characteristic, this aircraft, may also be considered as a "vertical
      take-off aircraft" owing to the two cycloidal propellers with which it is
      equipped and the thrust of which may be firstly directed upwards or
      downwards so that it is devoted entirely to take-off or landing.
PAR  Moreover, both on land as in the air, this aircraft is capable of pivoting
      in place about the axis Oz, by causing the drive of one of the lateral
      propellers 112 to be exactly opposed to the other.
PAR  The qualities of maneuverability of the aircraft above described (FIGS. 5
      and 7) may be improved as follows:
PA1  for movement about the axis Oy it is possible to provide a horizontal
      rudder 122 over the entire width of the rear part of the flying wing
      parallel to the axis Oy;
PA1  for movements about the axis Oy, a vertical rudder 123 may be provided, in
      the plane xOz, immediately at the rear of the flying wing;
PA1  for movements about the axis Ox, there can be provided symmetrically with
      respect to this axis Ox, two screw-propellers having blades which are free
      to turn and with a vertical axis 124, located as far as possible from the
      plane xOz on each side of the wing, the pipes for supplying and
      discharging air to and from these two screw-propellers passing through the
      wing vertically on either side.
PAR  This aircraft may comprise two pilot cabins 125, located on either side of
      the plane xOz, symmetrical to each other with respect to this plane, these
      cabins being housed inside the "flying wing" and at the front end of the
      latter to provide optimum visibility.
PAR  Finally, the exhaust gases of the gas turbine may be discharged into two
      pipes 126 and 127, symmetrical with respect to the plane xOz and which
      extend inside the inner volume of the "flying wing" and discharge at open,
      rear ends 129 and 130.
PAR  FIG. 9 is a general diagrammatic front view of an aircraft, provided with
      four independent propellers which are free to turn, in which the emphasis
      is placed on lightness (total elimination of the outer casing), low mass,
      maneuverability and safety. The propellers 130 and 131, on the one hand,
      and 132 and 133 on the other hand, are free to turn about vertical axes
      134 and 135, the turning power being provided by two circular jacks (not
      shown, having the same axes 134 and 135) the four propellers being placed
      between the two horizontal girders 136 and 137. The propellers pivot in
      vertical bearings 138 and 139 in upper girders 136 and in bearings 140 and
      141 in the lower girders 137.
PAR  The engines 142 and 143 on the one hand, and 145 and 146 on the other hand
      are respectively concentric with the propellers 130-131 and 132-133 to
      which they are rigidly and directly connected. These engines, which are
      totally independent, may be of the "radial" or "Wankel" type. The
      thickness of the arrangement of the vertical girder 144 supporting the
      four propellers in pairs is as minimum as permitted by general strength
      requirements and the internal central part of this girder may be
      advantageously used as a fuel tank 147. A pilot's cabin 148, surrounded
      with plexiglass over its entire periphery, is located immediately above
      the girder 136.
PAR  FIG. 10, which is a diagrammatic horizontal section of the aircraft, shows,
      in particular, how the arrangement of the two propellers 130 and 131 on
      the one hand and 132 and 133 on the other hand, may pivot about axes 134
      and 135 such that the corresponding thrusts may be directed in all
      directions both in the xOy plane as well as in the xOz plane and how this
      arrangement makes it possible to provide exceptional maneuverability.
PAR  As may be seen, this aircraft comprises four independent propellers,
      grouped in pairs: propellers 130 and 131 on the one hand, and 132 and 133
      on the other hand, each group being able to pivot about one of the axes
      134 or 135. This arrangement makes it possible to improve the safety of
      the aircraft: in fact, if the unitary powers of each of these propellers
      are provided such that two of these four propellers (one on each side and
      symmetrical with respect to O) are sufficient to support the aircraft, the
      failure of any one of these propellers is without serious consequences for
      the safety of the aircraft.
PAR  In order to perfect the movements of the aircraft about the axis, Ox, it is
      possible to provide, at the upper and lower ends of this aircraft, two
      screw-propellers having blades 149, which are free to turn, for the upper
      part, 150 for the lower part, the axes of which are directed along axes
      parallel to Oy when stationary.
PAR  It should also be noted that this type of light aircraft facilitates either
      "vertical take-off" or pivoting in place on the ground or in the air by
      consequently regulating (by rotating them about vertical axes 134 and 135)
      the directions of the horizontal axes of each of the two groups of
      propellers 130 and 131 on the one hand, and 132 and 133 on the other hand,
      by varying the direction of their thrusts.
PAR  One advantage of this type of aircraft is that its weight is reduced to a
      minimum, which makes it particularly suitable, for example, for equipping
      a ship carrying helicopters.
PAR  FIGS. 11 and 12 show an aircraft whose outer casing is of elongated
      cylindrical shape and is continuous having the axis Ox as its axis of
      symmetry.
PAR  Propulsion is ensured by eight propellers, four distributed on each side of
      the aircraft: on the one hand, the group of so-called "central" propellers
      151 and 152 having transverse axes, respectively symmetrical with respect
      to the point O, and on the other hand, the group of so-called "extreme"
      propellers 153 and 154, still remaining symmetrical with respect to the
      point O.
PAR  The aircraft is provided with a hollow internal shell 155 (FIG. 11)
      extending from the rear to the front of the aircraft, with transverse
      separating partitions. Inside this internal shell are housed freight,
      equipment, provision, fuel etc.
PAR  The inside of the aircraft is separated longitudinally by rigid transverse
      frames, firstly to make the aircraft assembly more rigid and secondly to
      divide the latter into several compartments.
PAR  The unitary power of each propeller, (all of which are identical to each
      other) is such that the sum of their vertical drive forces makes it
      possible, at least to lift the total weight of the aircraft, including
      that of the freight, equipment, provisions fuel etc.
PAR  To simplify construction and inspection, it is preferable to provide eight
      individual propellers as lateral propellers, each driven by an independent
      engine ("radial" engine or "Wankel" engine, as in previous known type of
      aircraft) but it is also possible to adopt a method for driving each pair
      of propellers (one on each side) by a gas turbine T located slightly below
      their common axis and using the succession of mechanisms already described
      with respect to FIG. 7.
PAR  The maneuverability of the aircraft may be advantageously completed by two
      screw-propellers 156 and 157 having blades which are free to turn and
      which propellers are housed respectively at the front and rear ends on the
      axis Ox, with their axes perpendicular to the plane xOz in order to
      supplement the rotation of the aircraft about the axis Oz.
PAR  Since the aircraft is an "amphidrome", two pilot's cabins 158 and 159 are
      provided, located symmetrically with respect to the axis Oz in the upper
      part of the aircraft, one at the front, the other at the rear in order to
      have clear vision.
PAR  For resting on the ground, the aircraft is provided with three solid
      supports 160 and 161 at each end and 162 at the central part. To ensure
      softer contact between the aircraft and the ground, these stands may be
      constituted by thick pheumatic chambers inflated with air for landing.
      Several series of retractable lateral shoes 163 and 164 may be provided,
      when stationary, for assisting the aircraft in resisting the force of
      cross winds on the shell of the aircraft (FIG. 12).
PAR  At the lower part, FIG. 13 illustrates an inert aircraft, i.e. one which is
      not provided with propellers. This aircraft is filled with a light gas,
      for example, helium, between the inner and outer shells, the volume
      occupied by this light gas having the effect of lifting the aircraft
      arrangement and its freight, equipment, provisions and fuel etc.
PAR  The transport of this inert aircraft is effected by a separate and powerful
      auxiliary aircraft located at the upper part of FIG. 13 (for example of
      the type shown in FIG. 1) and which has a platform 165 at its lower part,
      corresponding to a similar platform on the main body of the lower inert
      aircraft, the separate and powerful auxiliary aircraft being able to be
      placed on the upper stand of the aerial vessel, to which it is connected
      very rigidly for example by a series of strong bolts for clamping together
      two lateral lips 166 and 167 which the platforms of each aircraft are
      provided. The clamping of these bolts is effected by several rigid cables
      168 fixed to the lower platform and whose clamping is ensured by
      corresponding strong latch arrangments 169 or in a variation by quick
      operating hydraulic hooks 170 as seen in FIG. 13a.
PAR  Since the weight of the freight of the lower inert aircraft, its equipment
      and provisions is virtually compensated by the upward thrust ensured by
      the gas contained between the inner and outer envelopes, almost all the
      propulsion means of the upper auxiliary towing member may be devoted to
      the various maneuvers in space of the assembly constituted by the
      connection of the inert vessel and the towing aircraft.
PAR  In particular, this assembly may take off vertically and pivot about the
      axis Oz, exactly like the towing aircraft itself.
PAR  One of the considerable advantages of this connection between an inert
      airship ("aerial vessel") and a towing arrangement is the saving in
      investment costs. Namely, one or two towing aircraft can operate a shuttle
      service between a greater number of inert airships and for the same
      reason, a saving in overall time for the complete transportation of a
      predetermined cargo can be obtained as one of the inert "aerial vessels"
      can be loaded while another is flying or being unloaded at the same time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aircraft comprising a fuselage body constructed and arranged for
      propulsion in air, said body being substantially symmetrical and having
      vertical and horizontal longitudinal planes, and an integrated lift,
      propulsion and steering system including four cycloidal propellers grouped
      in pairs on said fuselage body, one pair at the front and one pair at the
      rear of the body, each cycloidal propeller having a horizontal axis of
      rotation and comprising a flat ring having a horizontal axis, a circular
      array of identical horizontal blades, each free to turn about an axis
      perpendicular to said ring, said blades being supported from said ring at
      the periphery thereof, connectingrods extending parallel to the plane of
      said ring and coupled to the blades for turning the same to vary the angle
      of net thrust produced by the blades, and a common control head coupled to
      said connecting rods to operate the same and which may be eccentrically
      adjusted with respect to the axis of rotation of said propeller to vary
      the angle of thrust produced by said propeller within a vertical plane,
      said two pairs of cycloidal propellers being symmetrical with respect to
      the center of symmetry of the aircraft, the front pair being below the
      horizontal plane of symmetry, the rear pair above said plane, the two
      propellers of the same pair being co-axial and symmetrical with respect to
      the longitudinal vertical plane of symmetry, the propellers all rotating
      in the same direction, a system of four auxiliary screws having blades
      which are free to turn and reversible, with an axis perpendicular to the
      longitudinal vertical plane of symmetry, said fuselage body including four
      flat parts, two on the longitudinal horizontal axis of symmetry at the
      front and at the rear and two on the transverse vertical axis of symmetry,
      at the top and bottom of the aircraft, stream-lined cross members mounted
      in said flat parts and suspending the screws therein, the two front and
      rear screws and the flat parts associated therewith being supported for
      rotation through 90.degree. about a horizontal longitudinal axis to make
      the thrusts of the two corresponding screws vertical for take-off and
      landing operations.
NUM  2.
PAR  2. An aircraft as claimed in claim 1, in which the four propellers can be
      regulated to give four vertical thrusts which are equal and in the same
      direction for take-off and landing of the aircraft or four thrusts which
      are equal and in the same direction, inclined towards the horizontal, for
      horizontal cruising flight, the resultant of these four thrusts exactly
      counterbalancing the resultant of the aerodynamic forces exerted on the
      aircraft due to its flight, the resultant of the thrusts of the four
      propellers and those of the aerodynamic forces being applied at a point
      located substantially at the center point of symmetry of the fuselage
      body.
NUM  3.
PAR  3. An aircraft as claimed in claim 1 comprising a landing gear including
      four feet which can be retracted when in flight, said feet being arranged
      symmetrically in pairs with respect to the longitudinal and transverse
      vertical planes of symmetry of the body, at least one wheel supported by
      each foot, for rolling on the ground about a horizontal axis and also for
      pivoting movement about a vertical axis to facilitate pivoting in place or
      translation movement of the aircraft parallel to itself.
NUM  4.
PAR  4. An aircraft as claimed in claim 1 comprising a hook supported from said
      body at the lower surface thereof on a vertical line through the center of
      gravity, said hook being rotatable about a vertical axis and securely
      connected to said body to enable it to grasp, lift, convey or deposit
      loads.
NUM  5.
PAR  5. An aircraft as claimed in claim 1 comprising a pilot's cabin housed in
      said fuselage body at the front end part thereof so as to be confined
      within the outer contour of said body.
NUM  6.
PAR  6. An aircraft as claimed in claim 1 comprising hook means on said fuselage
      body for securing an inert craft thereon.
NUM  7.
PAR  7. An aircraft as claimed in claim 6 wherein the inert craft includes an
      upper rigid horizontal platform adapted for being detachably secured to
      said hook means.
NUM  8.
PAR  8. An aircraft as claimed in claim 7 wherein the inert craft includes screw
      propellers.
NUM  9.
PAR  9. An aircraft as claimed in claim 1 comprising an individual electric
      drive motor for each of the four propellers and the four auxiliary screws,
      each of said individual motors having a horizontal output shaft, said
      motors being mounted inside said body, a common generator for all of said
      motors and a gas turbine having a horizontal axis parallel to the
      longitudinal axis of the body and located in a bottom portion of said
      body, said turbine being drivingly coupled to the generator, said turbine
      including an air compressor which has a lower front air inlet and a lower
      rear nozzle in the shape of a Y for discharge of exhaust gases.
NUM  10.
PAR  10. An aircraft comprising a fuselage body constructed and arranged for
      propulsion in air, said body being substantially symmetrical and having
      vertical and horizontal longitudinal planes, and an integrated lift,
      propulsion and steering system including four cycloidal propellers grouped
      in pair on said fuselage body, one pair at the front and one pair at the
      rear of the body, each cycloidal propeller having a horizontal axis of
      rotation and comprising a flat ring having a horizontal axis, a circular
      array of identical horizontal blades, each free to turn about an axis
      perpendicular to said ring, said blades being supported from said ring at
      the periphery thereof, connectingrods extending parallel to the plane of
      said ring and coupled to the blades for turning the same to vary the angle
      of net thrust produced by the blades, a common control head coupled to
      said connecting rods to operate the same and which may be eccentrically
      adjusted with respect to the axis of rotation of said propeller to vary
      the angle of thrust produced by said propeller within a vertical plane,
      and a hollow drive shaft for driving each propeller, said control head
      including means for swivelling the connecting-rods of the propeller,
      comprising a control lever passing inside said hollow shaft, a central
      swivel joint for said control lever which is stationary, two movable
      swivel joints at the end of the lever and two stationary hydraulic
      cylinders disposed at 90.degree. with respect to each other coupled to the
      inner of the movable swivel joints.
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ABST
PAL  Aircraft for short landing and takeoff distance is provided with engines
      providing jet flow above the wing. Flap structure aft of the engine can be
      swung up on an axis near the trailing wing edge, to deflect jet flow in
      down direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvments for aircraft, and more
      particularly, to improvements enabling the craft to start and land on
      short runways.
PAR  Aircrafts of this type are known per se. They have deflection flaps
      provided at the trailing edges of the wings, and these flaps are moved to
      deflect (or not to deflect) the thrust producing jets. The engines are
      disposed underneath the wings and the thrust producing jets as emerging
      from the engines are deflected so as to contribute to lift. Flaps with
      gaps are used here, and the deflected jets pass through the gaps from
      below, and the upper portion of the flap contributes likewise to the
      deflection. In order to obtain adequate operation, it is necessary that
      the jet be directed against the wing and gap from below. This requirement,
      however, has the disadvantage that the thrust producing engines must have
      a negative angle of attack which, in turn, increases the required
      deflection angle. Moreover, there will be some loss in effective thrust if
      the angle of attack is indeed a negative one. The known landing flaps do
      provide an increase of circulation at the wings but the resulting
      acceleration is effective only after the jet exits from the gap, and the
      jets on the underside of the wing profile provide opposing thrust.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to take advantage of an increase
      in circulation by means of jets propagating along the upper side of the
      wings, and to deflect the jet for takeoff so that lift is directly
      produced therewith. The same equipment is to serve as drag resistance for
      landing on short runways. Therefore, it is an object of the present
      invention to improve the characteristics of airplanes constructed for
      short distance takeoff and landing.
PAR  In accordance with the preferred embodiment of the invention, it is
      suggested to mount the engines for producing jet flow along the upper side
      of the aircraft, as is known per se, and to construct the rear portions of
      the wings over which the jets pass as flaps. The flaps when swung up are
      placed thereby in the range of the jet flow from the engines on the upper
      side and deflect the jet when in down direction. The flap structure has
      its trailing edge pivoted on an axis near the trailing edge of the wing,
      so that the leading edge of the flap can be swung up from a position in
      the wing to a position in the flow of the jet.
PAR  As a consequence of these provisions, the jet can be deflected under
      reduction of the displacement of momentum, because the deflection occurs
      at a point close to the resultant air force during cruising. The wings
      depth is not increased; such increase would have the tendency of
      displacing the deflected thrust towards the rear. Moreover, upon
      practicing the principles of the invention, losses in thrust due to
      deflection are reduced, because the engines may have positive angle of
      attack relative to the horizontal direction of flight.
PAR  In accordance with a further feature of the invention, it is suggested to
      provide the flaps with gaps for passage of air. For guiding and focussing
      the thrust producing jet it is suggested further to provide laterally
      effective guide vanes on the wings and alongside the jets.
PAR  The flaps are to be swung up and down by linking the rearmost flap to the
      wing structure in the range of the trailing edge of the wing, and the
      flaps are mutually linked by means of levers for common extension and
      retraction. This way the flaps are moved continuously and fast during
      extension or retraction; acceleration shocks during flap operation are
      avoided.
DRWD
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a side view of a jet deflector on a wing with two flaps;
PAR  FIG. 2 is a similar view but for thrust deflection by means of three flaps;
PAR  FIG. 3 is a top elevation of the engine and wing assembly of FIG. 2; and
PAR  FIG. 4 is a detail of the assembly in accordance with FIG. 1 on a somewhat
      enlarged scale and showing details of the actuator mechanism for the
      flaps.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Proceeding now to the detailed description of the drawings, the Figures
      show an aircraft wing 1 with an engine 2 mounted on a post 3 which extends
      from wing 1 forward and up, and mounts the engine to be effective above
      the wing. The jet as produced by the engine, thus, propagates completely
      above the wing, particularly during cruising.
PAR  The rear portion of the wing in the range and below the engine jet is
      constructed to have plural flaps. FIGS. 1 and 4 show two flaps 4 and 5;
      FIGS. 2 and 3 show three flaps 6, 7 and 8. The flaps are in swung-in
      position during cruising and constitute part of the wing.
PAR  Upon takeoff and for landing, flaps 4 and 5 or 6, 7 and 8 are extended,
      i.e. the front part of the flap structure is swung up on a pivot point on
      the rear of the wing. The flaps when swung up provide for a laminated jet
      deflector, as they extend now into the range of the jet. Gaps 9, 10 and 11
      are formed between the flaps as illustrated.
PAR  Guide vanes 12 are provided on the wing and to both sides of the jet, so
      that a laterally closed-off channel is established for the extended and
      swung-up flaps. The vanes restrict the aft flow of the engines laterally.
      The vanes extend sufficiently far towards the leading edge of the wing so
      that air next to the engine is sucked-in between the vanes by injector
      effect. That, in turn, adds to the lift as effective on the craft.
PAR  The several flaps are swung down and constitute part of the wing structure
      during cruising. During landing flaps 4, 5 and 6, 7, 8 are swung up again,
      so that the respective leading edges of the flaps are in the range of the
      jet flow of the engines. The flaps do not only deflect the thrust
      producing jet for obtaining lift, but the flaps increase drag resistance
      slowing down the craft accordingly. The flap angle of attack is somewhat
      larger for landing than for takeoff so as to obtain this additional drag.
PAR  As shown specifically in the drawings, the axis of engine 2 has a positive
      angle of attack .alpha. relative to the horizontal or line of flight so
      that the needed deflection angle for the flap structure is smaller than
      for zero .alpha. or even a negative value. The losses in thrust due to
      deflection are lower when a positive angle of attack is used for the jet
      engines as illustrated here.
PAR  As stated above, FIG. 4 shows details of the actuation and linkage of flaps
      4 and 5. Linkage for flaps 6, 7 and 8 can be constructed analogously. The
      flap 5 has a pivot or turning point 13 near the trailing edge of wing 1.
      The pivot point is actually established at the wing and defines the pivot
      axis for the flap construction as a whole.
PAR  A hydraulic cylinder 14 is pivotally linked to wing 1 at point 19. The
      cylinder containes a piston and a piston rod 17, and can be protracted and
      retracted by hydraulic action for pivoting flap 5. Piston rod 17 is
      pivotally linked to flap 5 at 18. Reference numerals 15 and 16 denote the
      hydraulic connections of cylinder 14.
PAR  Flap 4 is linked to flap 5 by means of a lever 20 articulated to the
      respective two front ends of the flaps 4 and 5. The rear end of flap 4 is
      pivotally linked to one end of another lever 21. Lever 21 is pivotally
      supported on the front end of flap 5 at 22, to serve as two arm lever. The
      levers 20 and 21 establish a four-bar linkage. The other end of lever 21
      is pivotally linked to one end of a lever 23 whose other end is pivoted on
      the wing at 24.
PAR  As a consequence of the linkage 20 to 24, flap 4 is turned into the
      illustrated position whenever flap 5 swings up by operation of piston rod
      protraction. Moreover, the change in position of flap 5 by means of the
      hydraulic device is a continuous one as between fully swung up and down
      positions. The flap 4 is likewise continuously positionable.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an airplane, the improvement for obtaining short takeoff and landing
      distance, comprising the combination of a jet flow emitting engine mounted
      on the upper side of a wing of the aircraft and in forward position so
      that the jet as rearwardly directed by the engine passes over and above
      the wing; and
PA1  the wing being constructed to have flap means in the rear of the engine,
      the flap means being pivotable on an axis adjacent the trailing edge of
      the wing so that the front portion of the flap means swings up for being
      positionable in the range of the jet flow of the engine to obtain jet
      deflection in down direction along the lower side of the swung up flap
      means.
NUM  2.
PAR  2. In an airplane as in claim 1, the flap means having plural flaps
      disposed to define gaps for air flow in between.
NUM  3.
PAR  3. In an airplane as in claim 1, there being guide vanes on the wing for
      laterally restricting the jet flow aft of the engine.
NUM  4.
PAR  4. In an airplane as in claim 1, the flap means having a first flap being
      pivotally linked to the trailing edge of the wing and at least another
      flap being linked to the first flap for being swung up together with the
      first flap and for opening a gap between them.
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FRM  Shapiro and Shapiro
ABST
PAL  An aircraft designed to afford passengers an unrestricted view for
      "sightseeing" or other purposes. Passenger accommodation extends to the
      foremost part of a fuselage and is enclosed by a cabin transparency
      extending to cover substantially the entire field of view of passengers
      from a fixed position. The pilot of the aircraft is accommodated above and
      behind the passengers, the aircraft's powerplant also being disposed
      behind the passenger accommodation.
BSUM
PAR  The present invention relates to aircraft.
PAR  Underlying the invention is the aim of providing an aircraft tailored
      specifically to the role of taking groups of passengers on low-level
      "sightseeing" flights over areas of natural beauty or the like
      attractions, and thus the primary requisite of such an aircraft is that
      the passengers are as far as possible afforded an unrestricted view from
      the aircraft. Furthermore since the aircraft is, as indicated, to be
      utilised primarily in the field of "pleasure" flying passenger comfort is
      of the essence, so that, for example, the levels of noise and vibration
      from the aircraft's powerplant to which the passengers will be subject
      must be kept to a minimum. Hitherto, such aerial sightseeing has been
      discouraged by the lack of suitably appointed aircraft designed
      specifically to meet the needs of the aerial tourist. "Pleasure flights"
      hitherto have generally been made in standard light transport or sport or
      training aircraft, that is to say aircraft primarily designed for a
      different role.
PAR  The present invention resides in an aircraft comprising passenger
      accommodation at a first seating level extending to the foremost part of a
      fuselage and enclosed substantially entirely (that is to say, save for
      inevitable structural members) by transparent skins so far as the field of
      view of passengers within such accommodation is effective from a seat of
      which the location is fixed and having at a second higher seating level
      and behind the passenger accommodation accommodation for a pilot and his
      equipment, the powerplant of the aircraft being behind said passenger
      accommodation, and the aircraft having lift surfaces selected to be
      efficient at cruising speeds compatible with safe low flying for
      sightseeing or observation purposes and so arranged as not substantially
      to obscure such effective field of view of said passengers.
PAR  The passengers are thus afforded an unrestricted view for sightseeing and
      remain undisturbed by the pilot (who conventionally sits foremost), the
      pilot himself being afforded adequate vision by virtue of his elevated
      position. Furthermore, the powerplant is situated to the rear of the
      passengers so as not to obscure their field of view and so as to minimise
      the levels of noise and vibration reaching them.
PAR  It will be appreciated that for sightseeing purposes, the aircraft should
      be capable of flying as low and slow as permissible. It is thus
      contemplated that for a fixed-wing aircraft a suitable mainplane will be
      configured in accordance with one or other of the two following types,
      that is to say either a comparatively high aspect-ratio wing (e.g. greater
      than 12) as used on so-called "motor-gliders", or a wing of more
      conventional aspect ratio provided with suitable high-lift devices (such
      as leading-edge slots and trailing-edge flaps) as used on so-called STOL
      (short take-off and landing) aircraft. The choice of which wing-type to
      use will to some extent depend on the operating conditions contemplated
      for the aircraft. An aircraft with a high aspect-ratio wing is likely to
      be able to cruise at lower power levels than one with a STOL wing but will
      be more cumbersome to handle and will lack the short-field performance of
      the STOL aircraft which might be of prime importance in many areas where
      aircraft according to the invention are likely to operate. In the
      accompanying drawings a high aspect-ratio wing is indicated in the example
      of FIG. 5A and a STOL wing in FIGS. 1A, 2A, 3A and 4A. However the
      configurations illustrated are to be regarded as notional rather than
      definitive examples of each type since the actual configurations adopted
      will depend on many other practical considerations apparent to those
      skilled in the art but which are not, apart from the requirement that the
      wings do not obscure the field of view of passengers, directly concerned
      with the subject of the present invention.
PAR  Similarly, details of the aircraft's undercarriage are omitted since this
      may be of any convenient conventional type, either retractable or fixed,
      having wheels, skis or floats.
PAR  Although the invention is described herein exclusively in terms of
      fixed-wing aircraft the possibility of constructing a suitable
      rotary-winged variant, whether a gyroplane or helicopter, is not ruled out
     .
DRWD
PAR  In the accompanying drawings:
PAR  FIGS. 1A and 1B are respectively schematic plan and elevation views of one
      embodiment of an aircraft according to the present invention suitable for
      carrying 3 to 5 passengers, and
PAR  FIGS. 2A and 2B; 3A and 3B; 4A and 4B; and 5A and 5B are similar views of
      four further embodiments. The intention of these drawings is to indicate
      some examples of the various arrangements of the accommodation, lifting
      surfaces and propulsive systems amenable to aircraft according to the
      invention, considerable recombination of the various basic features
      illustrated being possible.
PAR  FIG. 6 is a schematic plan view of a cabin suitable for incorporation in
      any of the aircraft illustrated in the preceeding Figures, indicating one
      preferred seating arrangement and FIGS. 7 to 10 are similar views
      indicating further seating arrangements.
DETD
PAR  Referring to FIGS. 1A, 1B to FIGS. 5A, 5B, each illustrate an aircraft
      comprising a fuselage 1, (preferably of monocoque construction and
      composed primarily of glass-reinforced plastics), mainplane 2, fin (or
      fins) 3 and tailplane 4. The mainplane, fin and tailplane are provided
      with conventional roll, yaw and pitch control surfaces respectively (not
      shown). The aircraft's undercarriage is notionally indicated at 5.
      Situated at the foremost part of the fuselage is a cabin 6 for the
      passengers and a pilot, having a transparencey `T`. As indicated in broken
      line two seating levels are provided, the lower, (forward) level being for
      passengers and the upper, (rear) level being for the pilot and (in some
      cases) further passengers. Various seating arrangements and other cabin
      details will be discussed later.
PAR  Referring now to FIGS. 1A and 1B only, the aircraft illustrated therein is
      of mid-wing configuration with a `T`  tail and incorporates a ducted fan,
      generally indicated at 7, for propulsion. The fan can be driven by any
      suitable powerplant, viz. a gas turbine or a reciprocating or
      rotary-piston engine. However, one type of ducted fan system which is
      considered to be particularly amenable to aircraft according to the
      invention is the low pressure ratio (e.g. 1.03:1 to 1.05:1) variable-pitch
      turbo-fan. Such fans produce inherently low noise levels due to the high
      bypass ratio and to the low fan tip speeds utilised. Again, they satisfy
      the propulsion requirements of STOL aircraft in that they are
      characterised by a high ratio of take-off thrust to cruise thrust, the
      availability of reverse thrust, and rapid thrust response so that
      accurate, high rate-of-descent approaches can be made and the maximum use
      of reverse thrust made for deceleration purposes on the ground run.
PAR  It is envisaged that in an aircraft as illustrated in FIGS. 1A and 1B,
      wherein the passenger accommodation is disposed right at the front of the
      aircraft and some distance forward of the mainplane, some means will be
      required for adjusting the centre of gravity of the aircraft in accordance
      with the weight of passengers carried. For example if the aircraft is to
      be flown with a reduced complement of passengers, or ferried empty, the
      centre of gravity of the basic aircraft structure must be brought forward
      to compensate for the reduced load in the nose. This could be achieved
      with water (or other) ballast or by varying the geometry of the aircraft.
      In the latter case it is proposed that a part of the rear fuselage (viz
      the constant-section part indicated at 8) be telescopic so as to be able
      to shift the empennage forward or back. Centre of gravity adjustments
      using the telescopic fuselage would normally be made on the ground before
      flight, but it is also envisaged that a telescopic fuselage could be
      operated when airborne as an additional (or alternative) form of pitch
      control. Rudder or elevator controls which have to traverse the telescopic
      section could be in the form of splined torsion shafts, i.e. themselves
      telescopic. As an alternative to having a telescopic fuselage, the
      fuselage could be provided with one or more removable sections with
      suitable linking of controls at each joint. It is further proposed that
      centre-of-gravity control could be achieved by changing the geometry or
      disposition of the mainplane 2; for example each wing could be pivotted at
      its root (or any other span-wise position) so that the length of wing
      outboard of such pivot can be adjustably swept forward or back.
PAR  Turning now to FIGS. 2A and 2B, there is illustrated a high-wing version of
      the invention, having a tail-mounted "pusher" propeller 9, the engine for
      which is located in the region 10 of the fuselage 1. The means for
      controlling centre-of-gravity discussed above are similarly available to
      this embodiment; should a variable geometry fuselage be used, the drive
      shaft from 10 to 9 will be provided with suitable splined joints. In a
      modification of this embodiment the engine is tail-mounted.
PAR  In the embodiment of FIGS. 3A and 3B the aircraft is of low-wing
      configuration with a conventional tail, and has a pylon-mounted engine 11
      driving a "pusher" propeller 12. The means for controlling
      centre-of-gravity discussed above are available and furthermore a variable
      geometry pylon 13 may be incorporated for moving the engine 11 between two
      or more fore and aft positions as a means of centre-of-gravity control.
PAR  In the embodiment of FIGS. 4A and 4B the aircraft is of mid-wing
      configuration with a fin-mounted engine 14 driving a propeller 15 either a
      "tractor" propeller forward of the fin (as illustrated) or a "pusher"
      propeller to the rear of the fin. Centre-of-gravity control can be
      effected as discussed above with reference to the FIGS. 1A, 1B example.
PAR  The embodiment shown in FIGS. 5A and 5B is of a low-wing, twin-boom
      configuration, driven by a "pusher" propeller 16. The engine for the
      propeller is housed in the rear of the fuselage 2, as generally indicated
      at 17, and may (as indeed may the engine for the FIGS. 2A, 2B; 3A, 3B; and
      4A, 4B examples) be any suitable type of aircraft powerplant viz a gas
      turbine, or a reciprocating or rotary piston engine. Alternatively an
      aircraft of this configuration could employ a ducted fan for propulsion or
      even a small turbojet. Centre-of-gravity control could be achieved with
      this version with ballast or with variable geometry wings as mentioned
      above, or possibly the twin booms 3A could be telescopic.
PAR  As a further (unillustrated) example of an aircraft according to the
      invention, a biplane version could be produced. Centre-of-gravity control
      could be achieved in this example by fore and aft movement of one of the
      planes, particularly if control surfaces were restricted to the
      alternative plane.
PAR  From the foregoing description and accompanying drawings it will be clear
      that passengers in each aircraft portrayed will be afforded a forward and
      downward view through the transparency `T` unrestricted by any aircraft
      structure or powerplant. The entire propulsive system of each aircraft is
      located behind the passenger accommodation. Where the aircraft is
      propeller driven the propeller(s) may, in consideration of both
      aerodynamic efficiency and noise reduction, be shrouded, as indicated for
      example at 9A in FIGS. 2A, 2B. Also, propeller tip speeds must be kept to
      a minimum for minimum audible noise generation so that the propellers used
      will have both the largest practical diameter and the greatest practical
      number of blades. Engine mountings, particularly when engines are mounted
      in or on the fuselage, must be designed to transmit minimum vibration
      through the aircraft structure to the cabin 6, so that for example, damped
      resilient mountings may be incorporated.
PAR  In all the examples of the invention so far described it has been assumed
      that the aircraft has only a single powerplant. However, both for
      considerations of performance and safety multi-engined versions are also
      proposed. Thus, the powerplant of any of the embodiments described above
      could be replaced by, or supplemented with, for example a powerplant
      mounted on each wing of mainplane 2. These powerplants must be such as not
      to substantially obscure the effective field of view of passengers and may
      thus be for example "pusher" propellers located behind the trailing edge
      of each wing driven by suitable wing-mounted engines. Or combinations of
      the powerplants already described could be employed. In the FIGS. 1A, 1B;
      2A, 2B and 5A, 5B examples twin engines could be mounted in the fuselage 1
      driving the fan 7 or propellers 9 or 16 respectively, or even
      contra-rotating fans or propellers.
PAR  Referring now to FIGS. 6 to 10 there are illustrated in plan some examples
      of preferred seating arrangements within the cabin 5 for a pilot and 3 to
      5 passengers. In these Figures passengers at the front and rear seating
      levels are indicated A1 and A2 respectively, and the pilot with his
      controls and instruments indicated B.
PAR  In the example of FIG. 6 two passengers are accommodated side by side at
      the front (lower) seating level and the pilot is accommodated at one side
      of the cabin at the rear (upper) seating level with a third passenger by
      his side.
PAR  In the example of FIG. 7 three passengers are accommodated side by side at
      the front seating level with the pilot situated centrally of the cabin
      above and behind them. If desired two further passengers may be
      accommodated at the rear seating level, one each side of the pilot.
PAR  The arrangement of FIG. 8 is similar to that of FIG. 7 except that the
      pilot is accommodated to one side of the cabin and a passenger (or even
      perhaps two) accommodated to the other side.
PAR  The arrangement of FIG. 9 is slightly different in that one passenger is
      accommodated at the front seating level with the pilot directly behind him
      at the rear seating level and two further passengers (indicated A3) are
      accommodated between them, one to each side of the cabin, and preferably
      at an intermediate seating level so as to afford them a view unobstructed
      by the foremost passenger.
PAR  FIG. 10 shows a seating arrangement similar to that shown in FIG. 8 but in
      which the cabin is divergent or "bubbled" to afford extra room for the
      passengers. In such a case the cabin will have a (preferably single-piece)
      "bubble" type transparency as provided on some helicopter types.
PAR  Various forms of cabin transparency T are illustrated in FIGS. 1A, 1B to
      5A, 5B. The transparencies illustrated in FIGS. 1A, 1B, 2A, 2B and 4A, 4B
      may for example be embodied in an openable and closeable canopy for entry
      to and exit from the aircraft. Such a canopy may for example hinge
      upwardly or slide forwardly to open. Or the canopy may be in two halves
      hinging outwards from a central spine. The foremost part of the
      transparency in FIGS. 3A, 3B and 5A, 5B may similarly be embodied, or
      alternatively entry and exit may be afforded in these versions through
      side doors indicated at 6A, hinged along the line 6B.
PAR  Preferably the cabin transparency (or the foremost part in versions such as
      those of FIGS. 3A, 3B and 5A, 5B) will be in the form of a single piece of
      non-reflective transparent plastic. Where a very large area of
      transparency is provided it may be necessary to incorporate some
      supporting structure within that area, but any such structure will be kept
      to a minimum and not be such as to substantially obscure the field of view
      of passengers. That part of the transparency through which sky will
      normally be visible to the passengers may be tinted blue so as to give an
      impression of fine weather, and any transparency directly over the heads
      of the passengers or pilot darkly tinted or otherwise treated to filter
      excessive sunlight. To avoid passengers being alarmed on take off and
      landing, pilot-controlled blinds or shutters may be provided around the
      lower front transparent areas, particularly in such versions as
      illustrated in FIGS. 2A, 2B; 3A, 3B and 4A, 4B.
PAR  As indicated previously, in aircraft of the type with which the invention
      is concerned passenger comfort is of the essence. Thus for example it is
      proposed that each passenger be provided with an individual seat and which
      is preferably adjustable for height and femur length. Furthermore such
      seats may be able to swivel to aid the observation of various ground
      features and be lockable in a rearwardly-facing position in the event of
      an anticipated crash or heavy landing. Safety harnesses for passengers
      will preferably be of the inertia-reel types so that they may be worn
      throughout a flight but without restraining normal seated movements.
PAR  The cabin will preferably be fully air-conditioned and soundproofed. The
      interior of the cabin should be easily cleanable; the floor covering may
      thus be in the form of fitted plastics grids with a removable drip tray
      underneath. When the aircraft is operated on a set itinerary it is
      proposed that pre-recorded commentaries on the sights being seen be
      provided which can be relayed over individual headphones to each
      passenger; if required a number of separate channels relaying commentaries
      in different languages may be used.
PAR  It is further proposed that the cabin be made in the form of a "capsule"
      separable from the rest of the airframe so that in the event of, for
      example, a forced landing on water the cabin, provided perhaps with
      flotation bags, can be separated and the rest of the airframe allowed to
      sink.
PAR  As a further modification it is contemplated that the mainplane (and, if
      necessary, the tailplane also) be tiltable in flight to increase its angle
      of incidence with respect to the fuselage so that the aircraft can cruise
      in a somewhat nose-down attitude and thus increase the field of view of
      the ground afforded to the passengers for a given area of cabin
      transparency. If such a system be adopted the seats for passengers and
      pilot will preferably be able to tilt backwards to maintain their
      occupants in the normal seated position with respect to the horizontal.
PAR  Although the invention has been described with regard to its primary role
      as a vehicle for aerial sightseeing, many other applications readily come
      to mind wherein good visibility is of importance, such as military "quiet
      observation" or bombing direction; mapping, filming, surverying land
      resources and the like, or navigational training. Another important use is
      considered to be in the inspection of overhead power cables. In such a
      case an automatic pilot might be used operating from signals picked up
      from successive pylons or homing on a signal wire. A similar system could
      be used for the inspection of pipe lines.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aircraft with an improved field of view comprising:
PA1  a fuselage,
PA1  thrust producing means,
PA1  lift surfaces including a mainplane attached to said fuselage, and
PA1  a cabin within and extending to and constituting the nose of said fuselage,
      the cabin enclosing seated accommodation for a plurality of passengers and
      for a pilot,
PA1  said passenger accommodation comprising a plurality of passenger seats,
PA1  said pilot accommodation comprising a pilot seat disposed behind and at a
      higher seating level than said passenger seats and having associated
      controls for said aircraft,
PA1  said cabin having a cabin transparency comprising a substantially
      continuous area of transparent material extending rearwardly from the
      foremost part of the nose of said fuselage to said pilot seat to afford
      substantially unobstructed vision from the aircraft for respective
      passengers seated in a normal position upon said passenger seats and
      facing forwardly and to afford sufficient vision from the aircraft to
      pilot the same for a pilot seated in a normal position upon said pilot
      seat and facing forwardly,
PA1  all of said thrust producing means being disposed substantially entirely
      behind all of said passenger and pilot seats,
PA1  said mainplane being disposed substantially entirely behind all of said
      passenger and pilot seats and so as not to substantially reduce in any
      other normal flight attitudes of the aircraft that view of the ground
      which is afforded from the aircraft in straight and level flight for
      passengers and a pilot respectively seated in a normal position upon said
      passenger and pilot seats and facing forwardly, and
PA1  said mainplane being selected to be efficient at airspeeds compatible with
      safe low flying for sightseeing or observation purposes.
NUM  2.
PAR  2. An aircraft according to claim 1 having at least one further passenger
      seat alongside and at the same seating level as said pilot seat.
NUM  3.
PAR  3. An aircraft according to claim 1 and in which:
PA1  said aircraft has twin booms extending rearwardly from said mainplane, one
      of said booms at either side of the rear of said fuselage,
PA1  said twin booms having twin fins, one located at the tail of each of said
      twin booms, and
PA1  said thrust-producing means being carried at the rear of said fuselage
      between and substantially at the same level as said twin booms.
NUM  4.
PAR  4. An aircraft according to claim 1 further comprising:
PA1  a fin and tailplane assembly located at the tail of said fuselage,
PA1  said thrust producing means comprising a ducted fan carried by said
      fuselage.
NUM  5.
PAR  5. An aircraft according to claim 1 further comprising:
PA1  a fin and tailplane assembly located at the tail of said fuselage,
PA1  said thrust producing means comprising a pusher propeller located behind
      said assembly and means for driving said propeller located within said
      fuselage.
NUM  6.
PAR  6. An aircraft according to claim 1 further comprising:
PA1  a fin and tailplane assembly located at the tail of said fuselage,
PA1  said thrust producing means being carried by said fin.
NUM  7.
PAR  7. An aircraft according to claim 1 further comprising:
PA1  a fin and tailplane assembly located at the tail of said fuselage,
PA1  said thrust producing means being carried by said fuselage.
NUM  8.
PAR  8. An aircraft according to claim 1 and in which:
PA1  said plurality of passenger seats are arranged in a row substantially
      perpendicular to the longitudinal axis of the fuselage.
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ABST
PAL  In eliminating one-per-rev vibration in a helicopter due to rotor
      unbalance, a one-per-rev vibration signal manifestation of rotor unbalance
      is generated and sampled when the rotor blades are successively in
      alignment with a reference direction during each cycle of rotation of said
      rotor. A difference signal is generated from the samples to represent by
      magnitude and phase the character of the unbalance. The rotor is modified
      in magnitude proportional to the magnitude of the signal and in direction
      dependent upon the span and chord components of the signal. In one aspect
      the force track error signal is applied to the input of a cyclic pitch
      control actuator system dynamically to automatically correct span
      unbalance forces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to eliminating one-per-rev vibratory
      forces in rotary wing aircraft and more particularly to sensing the
      magnitude and span or chord inertial or aerodynamic direction of each of a
      plurality of unbalanced radial forces and bending moments acting on a
      helicopter mast to correct the cause of the unbalance. The invention more
      specifically is addressed to force tracking helicopter rotors.
PAR  Vibration is generally undesirable in rotating machinery. This is
      particularly true in helicopters. Not only does vibration cause excessive
      noise and physical discomfort to passengers and crew, but it also causes
      joints and fasteners to loosen and can contribute to fatigue stress
      failures in vital components. Consequently, it is important for safety and
      comfort that helicopter vibration be minimized.
PAR  Rotating helicopter blades comprise a primary source of helicopter
      vibration. A first cause of vibration may be that the blades are out of
      inertial balance, i.e., the center of gravity is displaced from the mast
      axis. When such blades rotate, a radial force having a frequency of one
      cycle per-revolution acts perpendicularly to the axis of the mast and is
      of magnitude proportional to the unbalance.
PAR  A second cause of vibration is aerodynamic unbalance. This unbalance is
      caused by the center of lift being displaced from the center of rotation
      and/or by the rotor blades having different drag characteristics. The
      resultant forces act on the mast. In such a case, the center of rotation
      of the blades wobbles about the mast axis. A bending moment is transmitted
      by the mast through its bearings to the rotor pylon where reaction forces
      cause vibrations of a one-per-revolution frequency in the airframe.
PAR  Inertial unbalance produces a radial force at the mast hub. Aerodynamic
      unbalance produces a bending moment and/or a radial force about the mast
      hub. Both result in forces which produce undesired vibration in the frame
      of the helicopter. The problem is to isolate the causes of unbalance in
      the environment of a complex set of forces and eliminate or compensate
      them.
PAR  Likelihood of inertial unbalance can be reduced by careful manufacturing
      and assembly procedures in which the rotor blades are matched for weight
      to locate the center of gravity at the center of the mast so that the
      centrifugal forces produced by the blades are as equal as possible. To the
      extent that manufacturing and assembly techniques are not perfect, a
      residual inertial unbalance condition can remain.
PAR  Some of the factors which cause aerodynamic unbalance can also be minimized
      during manufacture and assembly by careful match in the airfoil shapes of
      each blade and careful alignment of the individual blade pitch and sweep
      angle adjustment mechanisms. With blades matched and properly assembled,
      subsequent warping and play in the pitch and sweep angle adjustment
      linkages may result in substantial unbalance.
PAR  Prior methods for correcting rotor unbalance have several disadvantages,
      among which are that they are indirect and approximate. They are based
      upon a questionable assumption that all forces will be in balance when the
      blades geometrically track in the same plane.
PAR  One purpose of this invention is to provide a response to unbalanced radial
      forces acting on rotating helicopter masts and to define the sources
      causing the unbalance and to indicate the magnitude and direction of the
      compensating change necessary to minimize the vibration.
PAR  Further, there is provided a continuous monitor of the force track of
      helicopter rotor blades to aid in making corrections necessary to minimize
      vibrations from aerodynamic and inertial unbalance of the rotor assembly.
PAR  It is a still further object of the invention to provide a helicopter rotor
      force track sensing device which is accurate, reliable, simple and
      relatively inexpensive.
PAR  It is another object of the invention to provide in a force track sensing
      device of the character described, an output signal which is adapted
      either for visual display or for use in a servo control system for
      automatically correcting out of selected balance conditions.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention involves sampling the magnitude of radial unbalanced
      mast forces and bending moments exerted by the rotor system when each
      rotor blade is aligned with a reference angular direction with respect to
      the mast support structure and comparing the sampled forces. The algebraic
      difference between the compared signals is a measure of the unbalance.
PAR  In one form, a vibration sensor is mounted to sense manifestation of rotor
      unbalance causing vibration of the mast support structure. As the mast
      rotates, unbalanced forces create a sinusoidal vibration in the support
      structure at the location of the sensor of frequency equal to the speed of
      shaft rotation. A radial force is sensed when the resultant of the
      unbalanced forces coincides with a reference direction. A radial force in
      the opposite direction is sensed when the resultant has rotated 180
      degrees from the reference direction. The vibration sensor and associated
      detector circuitry provides a signal proportional to this sinusoidal
      reaction force or force track error.
PAR  A rotor blade azimuthal position sensor is mounted on the support structure
      and properly phased relative to the vibration sensor to establish an
      azimuthal direction reference. The sensor provides position signals when
      each rotor blade is aligned with the selected reference direction. One
      rotor blade is chosen as a reference blade. The component of the unbalance
      force signal induced when the reference blade position coincides with the
      selected reference direction becomes the reference signal.
PAR  In order to obtain a signal proportional to the component of the unbalance
      force exerted by the rotor, a sampling system responsive to the signals
      from the azimuthal sensor selects discrete force signal samples from the
      vibration sensor output when each rotor blade is aligned with the
      reference direction.
PAR  In one embodiment signal storage units are gated by the position signals to
      sample and hold instantaneous values of the vibration sensor signal when
      each blade is at the reference position. Each sample is stored until
      replaced by a new sample on the next revolution. The reference signal
      sample is continuously compared with the sample obtained when the other
      blade is aligned with the reference direction. The difference represents
      the amount by which the total aerodynamic and inertia forces for the
      second blade position differ from those of the reference blade position.
      This difference displayed by a null-type meter is used to direct the
      proper action for correcting the unbalance forces to null the meter
      signal. The difference signals due to unbalanced lift forces are also used
      to drive a servo system for automatically controlling blade pitch angles
      to eliminate aerodynamic unbalance in the span sense.
DRWD
PAC  DRAWINGS
PAR  In the accompanying drawings which illustrate the function and show one
      embodiment of the invention adapted for sensing the force track of
      helicopter rotor shafts:
PAR  FIG. 1 is a side view of a two-bladed helicopter showing geometric out of
      track rotation of the rotor blades;
PAR  FIG. 2 is a sectional view of a typical support for a mast;
PAR  FIG. 3 illustrates forces in a two-bladed helicopter system;
PAR  FIG. 4 is a functional block diagram of one embodiment of the invention;
PAR  FIG. 5 is a graphical presentation of electrical signals at selected points
      in the block diagram of FIG. 4; and
PAR  FIG. 6 illustrates an automatic balance operation.
DETD
PAC  THE PREFERRED EMBODIMENT
PAR  It is reiterated that there may exist two basically different types of
      unbalance. One source of unbalance is due to physical weight distribution
      such that the center of gravity is not at the center of rotation. This is
      inertial unbalance. The second is due to displacement of the center of
      lift from the center of rotation. This is aerodynamic unbalance.
PAR  Referring to FIG. 1, helicopter 10 has a main rotor with two blades 11 and
      12 which are attached to hub 13 by conventional grips and which are
      controlled as to pitch through their respective pitch angle control
      linkages 14 and 15. The rotor assembly is turned by vertical mast 16.
PAR  The rotor blades 11 and 12 generate lift depending upon blade pitch angles
      as controlled through linkages 14 and 15. Blades significantly out of
      track may trace blade tip paths 11a and 12a, shown dotted. Failure to
      track may be due to either or both inertial unbalance, aerodynamic
      unbalance or a combination of both.
PAR  As shown in FIG. 2, mast 16 is rotatably mounted in a housing 17 by means
      of radial support bearing 18 and combination radial and thrust bearing 19.
      Housing 17 is cushion mounted in an associated airframe in a manner that
      generally accommodates some mast motion relative to the airframe. The
      mount generally is more stiff fore and aft than laterally.
PAR  In the embodiment shown, a vibration sensor 20 is mounted adjacent to
      radial support bearing 19. Vibration sensor 20 is a sensor responsive to
      the magnitude of motion of the pylon in a given direction. More
      particularly, a potentiometer element 20a is mounted on a suitable portion
      10a of the airframe. A variable tap 20b is mounted on housing 17. Movement
      of housing 17 relative to element 10a may thus be sensed. The output is
      proportional to and in phase with the relative motion. Sensor 20 is
      mounted with its sensitive axis aligned radially with respect to mast 16
      so as to respond primarily to unbalance forces exerted by the rotor
      assembly through radial bearing 19. In terms of FIG. 3, the sensitive axis
      of vibration sensor 20 is aligned with a fore and aft radial passing
      through the center of mast 16 which is selected as a reference direction.
PAR  Rotor position sensor 21 (FIG. 2) is mounted adjacent to mast 16 on a
      radial position that effects proper phasing relative to sensor 20. More
      particularly, because the pylon including mast 16 is mounted with
      resilience at point 17a where it is connected to the airframe, the actual
      motion of the mast 16 lags the force producing the motion. The phase angle
      lag is characteristic of a given ship. In the ship disclosed in FIG. 1,
      the phase angle was about 140.degree.. Thus, if sensor 20 is mounted on
      the fore/aft axis of the ship, the position sensor 21 would be mounted
      140.degree. lag therefrom. Sensor 21 provides a position signal to
      identify the relative position of each rotor blade relative to the
      reference direction. Position sensor 21 is shown as a magnetic pickoff
      wherein a core 21a is mounted on an airframe element 10b with a winding
      21b thereon. Ferrous teeth 22 and 23 are mounted on mast 16 at
      diametrically opposed points aligned with blades 11 and 12, respectively.
      Any suitable type of position pickoff such as a photocell, or a
      cam-operated microswitch, may be employed. Because of the need for
      reliable operation under severe environmental conditions, the magnetic
      type of pickoff is preferred. Pickoff 21 senses the passage of teeth 22
      and 23.
PAR  In order to differentiate between the two angular shaft positions, tooth 22
      may comprise one element, and tooth 23 may comprise two elements spaced
      circumferentially a slight distance apart. In this way, rotor position
      sensor 21 produces one pulse in response to passage of tooth 22 and two
      pulses upon passage of tooth 23, thus identifying the instant blades 11
      and 12, respectively, are aligned with the reference direction.
PAR  As above noted, upon rotation, mast 16 is subject to two forces of concern.
      One is an unbalanced inertia force generated because the center of gravity
      of the blade system is not at the mast axis. The other is due to
      unbalanced aerodynamic forces.
PAR  In accordance with the present invention, evidence of pylon motion is
      measured synchronously to detect the one-per-rev signal, and to resolve
      this signal into span and chord coordinates. The span coordinate extends
      along the blade axes. The chord coordinate is perpendicular to the span
      coordinate. A sequence of measurements logically permits one-per-rev
      sources to be isolated and identified in terms of parameters that can be
      adjusted, e.g., blade tip weight, pitch link, etc. One such operation is
      normally carried out in fitting a new rotor to a helicopter before it is
      released from inspection and check out procedures.
PAR  The sensing system includes a selector switch and a simple meter type
      indicator on the control panel to be used by the pilot and/or flight-test
      engineer to isolate any out of track condition and to guide any
      adjustments required. The indicator is a readout of the magnitude of
      unbalance. The position of a selector switch defines the measurements as
      being: (1) chordwise inertial unbalance; (2) spanwise inertial unbalance;
      (3) chordwise aerodynamic unbalance; and (4) spanwise aerodynamic
      unbalance. The inertial measurements are made on the ground for a zero
      thrust condition while the aerodynamic unbalance measurements are made in
      flight.
PAR  A one-per-rev force, as used herein, is defined as the unbalanced composite
      rotor force applied at the top of the mast and perpendicular to the mast.
      To provide a practical and economical system, the one-per-rev force is
      sensed with reference to the nonrotating system, e.g., the signal will
      appear as a sine wave at sensor 20.
PAR  The alignment and calibration of the equipment entail: establishing a
      suitable sensitivity for the meters; determining the phase relationship
      between mast moment and pylon motion; and calibrating the meters in terms
      of the required correction per unit of meter deflection, e.g., turns of
      pitch link per division of meter deflection.
PAR  The forces considered in making the necessary initial calibration and in
      use thereafter are designated by symbols shown in FIG. 3 and defined as
      follows:
PA1  S.sub.j -- measured inertial span unbalance
PA1  S.sub.l -- measured span lift unbalance
PA1  C.sub.j -- measured inertial chord unbalance
PA1  C.sub.js -- measured inertial chord unbalance from sweep of blades
PA1  C.sub.ls -- measured chord lift unbalance from sweep of blades
PA1  C.sub.d -- measured chord drag unbalance resulting from span lift unbalance
PA1  K -- ratio of C.sub.D /S.sub.L ; this may be a function of S.sub.L in place
      of a direct ratio
PAR  FIG. 4 illustrates one form of electronic circuit implementing an
      embodiment of the invention.
PAR  Vibration sensor 20 is connected at its output to an amplifier 30. The
      output of amplifier 30 is connected to the center tap of a transformer 51,
      the output terminals of which are connected to a capacitor 33 and to one
      terminal of a meter 42. The upper terminal of transformer 51 is connected
      by way of a Zener diode 52 and a diode 54 to capacitor 33. The lower
      terminal of transformer 51 is connected by way of Zener diode 53 and diode
      55 to capacitor 33. Zener diode 52 and 53 are oppositely poled, as are
      diodes 54 and 55. The primary of transformer 51 is connected to the output
      of a one shot multivibrator 37.
PAR  The output of amplifier 30 is also connected to the center tap of the
      secondary winding of a transformer 61. The upper terminal of transformer
      61 is connected by way of Zener diode 62 and diode 64 to a capacitor 34
      and to the second terminal of meter 42. The lower terminal of transformer
      61 is connected by way of Zener diode 63 and diode 65 to capacitor 34 in
      meter 42. Diodes 62 and 63 are oppositely poled as are diodes 64 and 65.
      The primary of transformer 61 is connected to the output of a one shot
      multivibrator 41.
PAR  Shaft position sensor 21 is connected to a one shot multivibrator 35, whose
      output is connected to a two-pulse counter 35a. The output of counter 35a
      is connected by way of Zener diode 36 to the multivibrator 37.
      Multivibrator 37 is connected by way of diode 39 and capacitor 40 to
      multivibrator 41. The juncture between diode 39 and capacitor 40 is
      connected by way of diode 38 to the output of multivibrator 35. The
      circuit of transformer 51 thus forms a gate 31 and the circuit of
      transformer 61 forms a gate 32 to store on capacitors 33 and 34 charges
      proportional to the signal from amplifier 30 at the instants gates 31 and
      32, respectively, are momentarily rendered conductive. Multivibrator 37
      turns gate 31 on when blade 11 is aligned with the selected reference
      direction. Multivibrator 41 turns gate 32 on when blade 12 is aligned with
      the selected reference direction. Meter 42 exhibits the difference and
      thus indicates span unbalance.
PAR  For purpose of illustration, a second set of gates 31a and 32a cooperate
      with capacitors 33a and 34a to store charges proportional to the amplitude
      of the output of amplifier 30 at the instant gates 31a and 32a are
      rendered conductive.
PAR  Meter 42a exhibits chord unbalance in that gates 31a and 32a are turned on
      when movement due to blade 11 right is aligned with the reference
      direction and gate 32a is turned on when movement due to blade 12 right is
      aligned with the reference direction.
PAR  It will be understood that the system preferably will be provided with a
      selector switch to change the time constants of units 37 and 41 to change
      the reading on meter 42 from span to chord unbalance as desired. In such
      case, the circuits 31a, 32a and 31cmay be eliminated.
PAR  FIG. 5 shows typical waveform patterns involved in operation of the circuit
      of FIG. 4.
PAR  Position signals E2 are derived from the output of shaft position sensor
      21. Such signals are applied to units 31 and 32 to open gates 31 and 32
      and process instantaneous samples of the signal from vibration sensor 20
      to two storage capacitors 33 and 34. The samples represent the magnitude
      of the signals when the rotor blades 11 and 12 are aligned with the
      reference direction. The samples are stored and compared. The difference
      between them indicates the amount and direction of unbalance force.
PAR  Sensor 20 is connected through amplifier 30 to the inputs of gates 31 and
      32. The amplified unbalance signal is represented by waveform E1, FIG. 5.
      For simplification, any inherent two-per-rev signal is not shown since the
      one-per-rev sampling circuitry rejects it.
PAR  The single and double pulse outputs E2 of rotor position sensor 21 are fed
      to the input of one-shot multivibrator 35. The function of multivibrator
      35 is to provide uniform samples of the pulse outputs from sensor 21
      illustrated by waveform E3. Each pulse triggers multivibrator 35 and
      produces a corresponding positive square wave pulse. This output is fed to
      two-pulse counter 35a. Counter 35a includes a simple
      resistance-capacitance network charged by each pulse signal from shaft
      position sensor 21. The time constant is chosen to permit the charge to
      drain off before the next coded signal as shown by waveform E4.
PAR  The output of two-pulse counter 35a is applied to the cathode of Zener
      diode 36. Zener diode 36 has the conventional diode characteristic of
      substantially unidirectional conduction but reverse conduction occurs when
      a threshold voltage is exceeded. Zener diode 36 is connected so that
      current normally flows from right to left whenever the anode voltage is
      more positive than the cathode voltage. However, current will also flow
      from left to right when a positive differential voltage exceeding a
      threshold is applied to the cathode. A charge accumulated from two-pulse
      counter 35a resulting from a single positive pulse corresponding to
      position signal for reference blade 12 is less than the required positive
      threshold voltage. Zener diode 36 will be fired, i.e., conduct current
      from left to right, only by a charge in counter 35a accumulating from the
      double pulse corresponding to a position signal for blade 11.
PAR  When diode 36 conducts, it triggers a one-pulse generator such as one-shot
      multivibrator 37. The single square wave output of multivibrator 37 shown
      in waveform E5 serves as a gating signal for rendering unit 31 conductive
      to cause hold unit 33 to store an instantaneous sample V.sub.1 of the
      signal from amplifier 30 representative of blade 11 being aligned in the
      reference position.
PAR  In order to render gate 32 conductive when blade 12 passes through the
      reference direction, a one pulse generator such as one-shot multivibrator
      41 is triggered in response to the single pulse from sensor 21. Unit 41 is
      not triggered by the double pulse. The circuit of FIG. 4 accomplishes this
      with an arming means comprising two diodes 38 and 39 and a current storage
      capacitor 40.
PAR  Waveform E6, the negative of waveform E3, is derived from the output of
      multivibrator 35 and applied to the cathode of diode 38. Diodes 38 and 39
      are connected in series with the anode of diode 38 connected to cathode
      39. The output of multivibrator 37, waveform E5, is applied to the anode
      of diode 39. One side of capacitor 40 is connected to the junction between
      diodes 38 and 39, and the other side leads to the input to one-shot
      multivibrator 41, which may be triggered by a negative pulse only.
PAR  In operation, capacitor 40 is charged or armed by each positive pulse from
      one-shot multivibrator 37 and is discharged by the succeeding single
      negative pulse form one-shot multivibrator 35. This sequence can be
      understood by considering waveforms E5, E6 and E7 of FIG. 5 in conjunction
      with the circuit of FIG. 4. The extreme left-hand portions of these
      waveforms represent the condition of the circuit after capacitor 40 has
      been discharged and just prior to the recharging or arming pulse from
      one-shot multivibrator 37.
PAR  The voltage relation between waveforms E5 and E6 is important for the
      proper functioning of the circuit. If the baseline voltage of waveform E5
      is chosen as a reference (designated "0" in FIG. 5), then the baseline
      voltage of waveform E6 is positive by an amount sufficient to establish
      the reference voltage as the peak value of the negative pulses of E6. The
      positive baseline voltage of E6 is substantially equal to the peak value
      of the positive pulses of E5. Finally, the pulse width of the E5 is
      greater than the width of the E6 pulse, FIG. 5.
PAR  Discharge of capacitor 40 leaves the capacitor voltage E7 substantially
      equal to the reference voltage. Because the cathode of diode 38 shown by
      waveform E6 is more positive than the anode of diode 39 shown by waveform
      E5, flow of current to recharge capacitor 40 is prevented. The first of
      the double negative pulses E6 merely brings the cathode voltage of diode
      38 down to the reference level. No differential exists across the two
      diodes, and there is no change in voltage E7. Also, capacitor 40 is in a
      discharge State.
PAR  The second of the double negative pulse E6 coincides with the positive
      pulse of E5. This causes the anode of diode 39 to be positive in relation
      to the cathode of diode 38. As a result, current flows through diodes 39
      and 38 partially charging capacitor 40 to a voltage intermediate the
      reference voltage and the peak positive value of E5. At the termination of
      the second of the double negative pulses of E6, the cathode of diode 38 is
      at a positive value equal to the peak value of waveform E5. Conduction
      through diode 38 ceases, but conduction through diode 39 continues until
      capacitor 40 is charged to substantially the same voltage as the peak
      positive value of waveform E5. At the termination of the positive pulse of
      waveform E5, the anode of diode 39 returns to the reference voltage,
      thereby preventing any further current flow through diode 39 for the
      duration of the cycle.
PAR  Later, by one half revolution of mast 16, the single negative pulse of
      waveform E6 occurs, dropping the cathode voltage of diode 38 to the
      reference voltage. Because of the positive charge on capacitor 40, a
      differential voltage then exists across diode 38, and current flows until
      capacitor 40 is discharged again to substantially the reference voltage.
      As capacitor 40 discharges, it triggers one-shot multivibrator 41, and the
      cycle then repeats.
PAR  The square wave output of multivibrator 41 shown by waveform E8 serves as a
      gating signal for gating unit 32, in the same manner as multivibrator 37
      gates unit 31, to permit storage of the instantaneous value V.sub.2 shown
      by waveform E1, of the signal from amplifier 30 due to motion produced by
      reference blade 12 passing the reference position.
PAR  The two stored values V.sub.1 and V.sub.2 are then compared by means of
      null-type meter 42. Assuming a relatively large lift unbalance caused by
      steeper pitch angle of blade 12, blade 12 will not track reference blade
      11, but will follow path 12a above the path 11a of blade 11, as shown in
      FIG. 1. This condition is reflected on meter 42 which reads LOW, meaning
      that reference blade 11 is tracking below blade 12. The amount of the
      deflection of the meter needle is an indication of the amount of blade 12
      pitch angle adjustment required.
PAR  In such case, if meter 42 is calibrated in degrees of pitch angle, the
      pilot may land, stop the rotor and adjust the linkages 14 and 15 leading
      to the pitch horn sufficient to cause the needle to be centered when again
      in hover to minimize vibration from unequal lift unbalance forces.
PAR  Alternatively, the difference between stored values V.sub.1 and V.sub.2 can
      be used to drive a servo controlled automatic pitch correcting system if
      desired. In this way, vibrations from unequal lift forces can be
      continuously monitored and corrected without the need for attention from
      the pilot.
PAR  In order to achieve the foregoing, it is necessary to calibrate the system.
      When checking for inertial balance, a switch 42b is in one position and to
      evaluate aerodynamic unbalance switch 42b is set in a second position.
      Assume the reference position for blade 11 to be zero degrees (dead
      ahead). If blade 11 is heavier than blade 12 or has a higher lift, the
      span meter 42 deflection will be considered positive and will read HIGH.
      If the cg of the rotor system, center of lift, or drag component is to the
      right of the mast for the reference blade position, the chord meter 42a
      will read RIGHT.
PAR  The meters initially may be set in sensitivity so that a suitable value,
      e.g., .+-.0.1 inch, of one-per-rev pylon motion will result in full-scale
      deflection.
PAR  As above noted, mast displacement caused by a one-per-rev force will lag
      the force vector, typically about 140.degree. for a two-bladed rotor.
      Hence the measurement of one-per-rev displacement has to occur 140.degree.
      after the axis of interest, the span axis or the chord axis, of the blade
      has passed the point of measurement, i.e., the azimuthal location of the
      motion sensor 20. Proper phasing may be established under conditions of a
      ground run at nominal r.p.m. and flat pitch using a rotor chosen to have
      good track. The following steps are then taken.
PAR  a. Read and record span and chord meters. These readings will be used for
      the phase adjustment.
PAR  b. Add suitable span weight to the tip and on the chord axis of the blade
      11.
PAR  c. Read and record span and chord readings.
PAR  d. Determine the change in the meter readings (effects of the span weight)
      by subtracting the Step a. readings from the readings in Step c.
PAR  e. Determine the angular phasing error, .theta., of the sampling pulse by
      the expression,
      ##EQU1##
PAR  f. The phasing is correct by adjusting the sampling pulses .theta. "rotor
      degrees". This can be done electrically or by rotating the azimuth
      position sensor 21.
PAR  g. Measure and record span and chord balance.
PAR  h. Optimize span meter sensitivity.
PAR  i. Remove span weight and read span and chord meters. The chord reading
      should not be affected by the removal of the span weight if phasing is
      corrected.
PAR  j. Add suitable chord weight.
PAR  k. Optimize sensitivity of chord meter 42a.
PAR  l. For information, read and record span unbalance. If the chord weight
      appreciably affects the span reading, a correction factor for drag will be
      included in the calibration procedures.
PAR  m. Remove chord weight. Read and record span and chord meters. These
      readings will be used as baseline data.
PAR  PHASING should now be correct for resolving a one-per-rev force vector into
      the span and chord components.
PAR  All calibrations are at normal rotor r.p.m. Baseline data may be used to
      normalize all readings.
PAC  BASELINE DATA
PAR  a. Ground run at flat pitch and record span and chord readings.
PAR  b. Hover out of ground effect (OGE), i.e., more than about 11/2 rotor
      diameters in elevation, and record span and chord readings.
PAR  c. In forward flight, record span and chord readings for airspeeds of 80,
      100, and 120 knots.
PAC  SPAN TIP WEIGHT CALIBRATIONS
PAR  a. Add tip weight to the blade 11 that will cause a discernible one-per-rev
      vibration.
PAR  b. Ground run with rotor at flat pitch and record span, S.sub.J, and chord
      readings.
PAR  c. Double the weight and repeat test.
PAR  d. Establish span meter 42 calibration in terms of weight on blade tip per
      unit of meter deflection.
PAR  e. Remove tip weights.
PAC  CHORD-WEIGHT CALIBRATIONS
PAR  a. Add chord weights that will cause a discernible one-per-rev vibration.
PAR  b. Ground run at flat pitch and record chord, C.sub.J, and span readings.
PAR  c. Double weights and repeat test.
PAR  d. Establish chord meter 42a calibration in terms of chord weight per unit
      of meter deflection.
PAR  e. Remove weights.
PAC  SPAN-LIFT LINK CALIBRATION
PAR  a. Increase angle of attack of blade 11 to produce an appreciable
      one-per-rev vibration.
PAR  b. Hover OGE and record span, S.sub.L, and chord readings, C.sub.D.
PAR  c. Double adjustment and repeat test.
PAR  d. Take readings at 80, 100, and 120 for information.
PAR  e. Triple original adjustment and repeat test.
PAR  f. Establish calibration in terms of turn of pitch link for hover
      measurements.
PAR  g. Plot curves and establish the relationship between the chord unbalance
      (from drag) with the span lift unbalance, e.g., C.sub.D = S.sub.L .times.
      K where K relates lift unbalance to chord balance.
PAR  h. Return pitch link to original setting.
PAC  CHORD SWEEP CALIBRATIONS (INERTIAL UNBALANCE)
PAR  a. Sweep blade 11 aft an amount that will cause an appreciable one-per-rev
      vibration.
PAR  b. Ground run at flat pitch and record chord, C.sub.JS, and span reading.
PAR  c. Double the sweep of blade 11 and repeat test.
PAR  d. Leave sweep of blade as is for next test.
PAC  CHORD SWEEP CALIBRATION (AERODYNAMIC UNBALANCE)
PAR  a. Hover OGE and record chord and span, S.sub.LS, readings.
PAR  b. Return sweep to half value and repeat test.
PAR  c. Take readings at 80, 100, and 120 knots for information.
PAR  d. Use data from Span-Lift Link Calibration and Chord Sweep Calibrations
      (Inertial Unbalance) above to obtain C.sub.J, C.sub.JS, and C.sub.D so
      that C.sub.LS can be determined from: C.sub.J + C.sub.JS + C.sub.D -
      C.sub.LS = chord meter reading (C.sub.J = O for this condition)
PAR  e. Calibrate in terms of turns of drag brace per unit of C.sub.LS.
PAR  f. Return drag brace to original setting.
PAR  This completes calibration procedures.
PAR  The tracking procedures are very similar to the calibration procedures. The
      approach is to logically establish a sequence of measurements that will
      isolate the one-per-rev sources in terms of the parameters that can be
      adjusted. The adjustments are essentially the same as the ones presently
      used with the exception that chord weights will be used.
PAR  The sequence of performing the tracking measurements are listed below with
      their respective means for adjustments.
PAR  1. Span inertial balance -- tip weights
PAR  2. Chord inertial balance -- chord weights
PAR  3. Chord aerodynamic balance -- drag brace
PAR  4. Span aerodynamic balance -- pitch link
PAL  The procedures in more detail are as follows:
PAC  TRACKING PROCEDURE TEST
PAR  Step 1: Span Inertial Balance -- Flight condition: ground run, nominal
      r.p.m., and flat pitch. This test is conducted first since the measurement
      and adjustments can be effectively isolated.
PAR  a. Read and record span meter (S.sub.J).
PAR  b. Add or subtract tip weights on the chord axis accordingly.
PAR  Step 2: Chord Inertial Balance -- flight condition: ground run, nominal
      r.p.m., and flat pitch.
PAR  a. Read and record chord meter (C.sub.J + C.sub.JS).
PAR  b. The reading cannot be used directly since the meter measures the effects
      of sweep as well as chord mass unbalance. Hence, it is necessary to check
      and adjust the sweep of the blade prior to determining if a chord weight
      adjustment is needed.
PAR  c. The above data are needed in Step 3.
PAR  Step 3: Chord Aerodynamic Balance -- Flight condition: hover OGE at nominal
      r.p.m.
PAR  a. Read and record span and chord (C.sub.J + C.sub.JS + C.sub.D - C.sub.LS)
      meters.
PAR  b. From span reading determine the chord drag component C.sub.D = S.sub.L
      .times. K.
PAR  c. Use C.sub.J + C.sub.JS from Step 2 and the equation, C.sub.J + C.sub.JS
      + C.sub.D - C.sub.LS = meter reading, to determine C.sub.LS and correct
      sweep accordingly by adjusting the drag braces.
PAR  This adjustment has corrected the sweep of the blades and, hence, has
      positioned the center of lift on the chord axis of the blades. With this
      accomplished, any residual inertial chord unbalance (C.sub.J) can now be
      isolated and corrected in Step 4.
PAR  Step 4: Chord Inertial Balance -- Flight condition: ground run, nominal
      r.p.m., and flat pitch.
PAR  a. Read and record chord meter (C.sub.J).
PAR  b. Add or subtract chord weights as required.
PAR  Step 5: Span Aerodynamic Balance -- Flight condition: hover OGE at nominal
      r.p.m.
PAR  a. Read and record the span and chord meters. If the span meter indicates
      an unbalance of S.sub.L, the chord meter should read K + S.sub.L.
PAR  b. Adjust lift link to balance the lift of the two blades. Balancing the
      lift of the two blades should also balance the drag of the two blades.
      Hence, the chord meter should now indicate a balance condition.
PAR  By foregoing procedures the rotating system is inertially balanced and the
      rotor blades are aerodynamically balanced for hover. Thereafter, the
      blades should be in track throughout the flight envelope except for
      variation in tolerances from blade to blade. If the variations are
      appreciable, it may be necessary to adjust a blade tap to obtain track at
      the higher airspeeds.
PAR  In accordance with a further aspect of the invention, automatic tracking of
      a helicoptor rotor system in span only sense is achieved while in flight.
      The above described rotor track sensor can be employed with an actuation
      system in the cyclic pitch control system. Such a system useful where the
      rotor does not track, i.e., where the above balancing procedures have not
      been undertaken to provide complete balance or when a change in the system
      after completion of the balance procedures produces unbalance.
PAR  A suitable actuator system is described and claimed in applicant's prior
      U.S. Pat. No. 3,584,814. This combination achieves active rotor tracking
      in that it senses an out-of-track condition and synchronously nutates the
      swashplate at the proper magnitude and phase, relative to the rotor, to
      cause the blades to track. A differential pitch link length change is
      produced in response to the output of sensor 20. The system is a closed
      loop and therefore will achieve tracking at high speed as well as at
      hover.
PAR  An automatic tracker requires continuous motion of the swashplate. It will,
      therefore, affect the life of the control system. Preferably it will
      primarily be used for such tasks as maintaining rotor track during a rotor
      configuration transition such as in operation of a telescopic rotor. Also,
      the tracker can be used to maintain blade track, within certain
      limitations, if the rotor is damaged from gun fire, flying debris, tree
      limbs, etc. If the rotor is damaged as from gun fire, the automatic
      tracking feature could mean the difference between completing a mission or
      not completing the mission. Also the difference between making a safe
      "forced landing" or a crash "forced landing" can be appreciated. The
      tracker can also be used to measure the degree of "out-of-track" by
      calibrating the one-per-rev actuator displacement in terms of pitch link
      change.
PAR  Automatic rotor blade tracking involves a closed loop as shown in FIG. 6.
      For an out-of-track condition, the blade track sensor 100 measures the
      track error which is, in turn, shaped in the compensation network 102,
      amplified in amplifier 103, and then synchronously resolved into pitch and
      roll track error signal in resolver 104 which is driven from the mast. The
      two cyclic pitch signals have a 90.degree. phase relationship and in turn
      are phased relative to the mast to oppose the track error. The properly
      phased cyclic signals are applied to the cyclic pitch servo actuators 105
      which produce displacement outputs that are proportional to the respective
      electrical signal inputs. The combined effect of the driven acuators
      nutate the swashplate 106 which closes the loop to the rotor system 107.
      The swashplate is in effect slaved to the output of the resolver 104.
PAR  Blade track sensor 100 is a blade tracking device that will produce a
      usable error signal as described in connection with FIGS. 1-5. It can be
      geometrical or force track error.
PAR  Compensation network 102 is an electrical network as commonly used for
      feedback loop stability. Amplifier 103 is an electronic amplifier used to
      amplify the error signal and to excite the resolver. Resolver 104 resolves
      the error signal into pitch and roll signals that are modulated at mast
      frequency. The resolver can be electromechanical or electronic. Cyclic
      servo actuators 105 are position servos that displace the swashplate in
      accordance with the resolver output error signals.
PAR  It will be recognized that the measurement produced by sensor 20 of FIG. 2
      is but one manifestation of one-per-rev rotor unbalance signals induced
      into the airframe. It has been found that other manifestations can be
      sensed in the frame of the aircraft. It has been found that a vertical
      vibration sensor, for example, on the floor of the helicopter can be
      utilized in the span only channel of an automatic actuator controlled
      system to eliminate one per rev vibrations. Thus, while the sensor 20b is
      shown in FIG. 2, it is representative of sensors that may be placed
      elsewhere in the system for providing guidance in eliminating undesirable
      vibration.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of minimizing one-per-rev vibration in a helicopter due to
      rotor unbalance which comprises:
PA1  generating a one-per-rev vibration signal for at least two blades of the
      rotor as a manifestation of rotor unbalance,
PA1  sampling said signals when each of the rotor blades are successively in
      alignment with a reference direction during each cycle of rotation of said
      rotor, and
PA1  generating a difference signal by comparing samples of said signals from
      each of the rotor blades to represent by magnitude and phase the character
      of said unbalance.
NUM  2.
PAR  2. The method of claim 1 including displaying the generated difference
      signal to provide a guide for required correction of vibration inducing
      rotor unbalance.
NUM  3.
PAR  3. The method of claim 1 in which a span component of said unbalance
      difference signal drives an actuator on the helicopter swashplate
      dynamically to minimize one-per-rev vibration.
NUM  4.
PAR  4. The method of claim 1 in which said vibration signal is sampled four
      times per revolution of said rotor at quadrature points one of which is
      with one of said blades at said reference direction and samples taken at
      180.degree. points are compared to indicate chordwise and spanwise
      unbalances.
NUM  5.
PAR  5. The method of minimizing one-per-rev vibrations in a helicopter due to a
      rotor unbalance which comprises:
PA1  generating a one-per-rev vibration signal manifestation of rotor unbalance,
PA1  sampling said signal when the rotor blades are successively in alignment
      with a reference direction during each cycle of rotation of said rotor,
PA1  generating a difference signal from said samples to represent by magnitude
      and phase the character of said unbalance, and
PA1  resolving the signal into span and chord components to isolate out of track
      conditions and provide a guide for required adjustment of vibration
      inducing rotor unbalance.
NUM  6.
PAR  6. The method of claim 5 wherein the one-per-rev vibration signal is
      generated with the helicopter on the ground with the rotor at a normal
      speed with zero thrust to measure inertial unbalance.
NUM  7.
PAR  7. The method of claim 5 wherein the one-per-rev vibration signal is
      generated with the helicopter hovering at normal rotor speed to measure
      aerodynamic unbalance.
NUM  8.
PAR  8. The method of minimizing one-per-rev vibration in a helicopter airframe
      when supported by a mast driven rotor which comprises:
PA1  a. rotating said rotor at normal rotor speed and zero lift,
PA1  b. generating a signal representative of unbalance force on said mast due
      to displacement of the center of gravity of the rotor from the mast axis,
PA1  c. modifying the rotor in magnitude proportional to the magnitude of said
      signal and in direction dependent upon the span and chord components of
      said signal,
PA1  d. hovering said helicopter at normal rotor speed,
PA1  e. generating a signal representative in phase and magnitude of unbalance
      moments on said mast due to aerodynamic forces on said mast, and
PA1  f. modifying the aerodynamics of said rotor in magnitude proportional to
      the magnitude of said signal and direction dependent upon said components
      of said signal.
NUM  9.
PAR  9. A system to aid in minimizing one-per-rev vibration in a helicopter
      airframe when supported by a mast driven rotor which comprises:
PA1  a. means to generate a signal representative of unbalance force on said
      mast due to displacement of the center of gravity of the rotor from the
      mast axis when rotating at normal rotor speed and zero lift, whereby the
      rotor may be modified in magnitude proportional to the magnitude of said
      signal and in direction dependent upon the span and chord components of
      said signal, and
PA1  b. means to generate a signal representative in phase and magnitude of
      unbalance moments on said mast due to aerodynamic forces on said mast when
      hovering said helicopter at normal rotor speed whereby the aerodynamics of
      said rotor may be modified in magnitude proportional to the magnitude of
      said signal and direction dependent upon said components of said signal.
NUM  10.
PAR  10. The system of claim 7 wherein the motion of the mast relative to the
      airframe is continuously sensed and the resulting signal is synchronously
      sampled and stored to produce said unbalance signal.
NUM  11.
PAR  11. The system of claim 10 in which said resulting signal is multiply
      sampled for each mast revolution to produce span and chord unbalance
      signals.
NUM  12.
PAR  12. The system of claim 11 in which the phase at which said resulting
      signal is sampled is in quadrature and is sampled four times per
      revolution.
NUM  13.
PAR  13. The system of claim 12 in which said phase lags the blade alignment
      with a reference direction by the phase lag of a two bladed rotor system
      to produce said resulting signal representative of displacement of said
      mast.
NUM  14.
PAR  14. A system for sensing and comparing unbalanced vibrational forces
      exerted by rotor blades of a rotary wing aircraft which are transmitted
      through its mast to a rotor support mounting, comprising:
PA1  a. generator means to generate a first position signal when a first rotor
      blade is aligned with a reference direction fixed with respect to said
      mounting structure and a second position signal when a second rotor blade
      is aligned with said reference direction,
PA1  b. vibration sensing means responsive to said unbalanced forces exerted in
      said reference direction for providing a vibration signal,
PA1  c. first sampling means connected to said vibration sensing means and
      responsive to the first position signal for selecting as a first force
      signal sample the value of the vibration signal when the first blade is
      aligned with the reference direction,
PA1  d. second sampling means connected to the vibration sensing means and
      responsive to the second position signal for selecting as a second force
      signal sample the value of the vibration signal when the second blade is
      aligned with the reference direction, and
PA1  e. means connected between the first and second sampling means for
      comparing the first force signal sample with the second force signal
      sample.
NUM  15.
PAR  15. The system according to claim 14 wherein the comparing means comprises:
PA1  a meter connected to indicate the algebraic difference between the first
      and second force signals.
NUM  16.
PAR  16. The system according to claim 14 wherein the vibration sensing means
      comprises:
PA1  a sensor on said mounting structure and having a sensitive axis aligned
      with said reference direction.
NUM  17.
PAR  17. The system according to claim 14 wherein the means for providing a
      first and second position signal comprises:
PA1  a. position sensing means for providing a single pulse when the first blade
      is aligned with the reference direction and a double pulse when the second
      blade is aligned with the reference direction, and
PA1  b. means to render said generator means responsive to each said single
      pulse and to each said double pulse to produce two output signals for each
      revolution of said mast.
NUM  18.
PAR  18. The system according to claim 17 wherein the position sensing means
      comprises:
PA1  a. a single ferrous element affixed to said mast adjacent said mounting
      structure in alignment with one of said blades,
PA1  b. a pair of ferrous elements affixed to said mast adjacent said mounting
      structure in alignment with the second blade, and
PA1  c. a magnetic sensor mounted on said mounting structure adjacent said mast
      and in alignment with the reference direction and responsive to the single
      ferrous element and the pair of ferrous elements to provide, respectively,
      the single pulse and the double pulse.
NUM  19.
PAR  19. The system according to claim 17 wherein said sensor is connected to
      two generators a first of which includes counting means for providing a
      first triggering signal in response only to the double pulse, and a first
      one-pulse generator responsive to the first triggering signal for
      producing the second position signal.
NUM  20.
PAR  20. The system according to claim 17 wherein said first generator includes
      triggering means connected between said sensor and the second generator
      for providing a second triggering signal, arming means in said second
      generator operable in response to the second position signal to fire in
      response to the single pulse from said sensor and a second one-pulse
      generator responsive to the second triggering signal for producing the
      first position signal.
NUM  21.
PAR  21. A system according to claim 20 wherein the triggering means comprises:
PA1  a. a charge storage device connected to the input of the second one-pulse
      generator to actuate said second one-pulse generator upon discharge
      thereof,
PA1  b. a first unidirectional current flow controlling device interposed
      between the first one-pulse generator,
PA1  c. means to charge said storage device through the first unidirectional
      current flow controlling device in response to said second position
      signal,
PA1  d. a second unidirectional current flow controlling device interposed
      between said position sensing means and said current storage device, and
PA1  e. means to discharge said current storage device through the second
      unidirectional current flow controlling device in response to the single
      pulse from the position sensing means.
NUM  22.
PAR  22. The system according to claim 21 wherein:
PA1  a. the current storage device is a capacitor, and
PA1  b. the first and second unidirectional current flow controlling devices are
      diodes.
NUM  23.
PAR  23. A sensing and comparing device in accordance with claim 14 wherein said
      first and second sampling means comprise:
PA1  a. first and second storage means for accepting and storing samples of said
      vibration signal, and
PA1  b. first and second gate means connected respectively to the first and
      second storage means and actuated respectively by the first and second
      position signals for applying said vibration signal respectively to said
      first and second storage means.
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ABST
PAL  A barricade installation for arresting the motion of a winged space vehicle
     omprising four rectangular loops of heavy duty nylon rope commonly attached
      at each corner to a pair of stanchions by tensioning pendants, and at
      opposite vertical sides to a pair of arresting engines. A plurality of
      vertical, nylon engaging straps are positioned between top and bottom
      horizontal ropes at finite intervals along the length thereof in step-wise
      fashion. Upon engagement of the vertical straps by the vehicle, the
      rectangular loops break away from the stanchions and move in the direction
      of forward motion of the vehicle, and loading on the vehicle frame and
      wing assemblies is equalized during arrestment as the vertical straps are
      free to move relative to the horizontal ropes.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the field of aeronautics and more
      particularly to retarding and restraining devices utilizing cable or net
      supports.
PAR  Barricades or nets are normally used as emergency devices for retarding the
      motion of a vehicle in a limited amount of space. Present emergency
      barricades for arresting the motion of a landing aircraft generally
      consist of expendable webbing assemblies which are stretched across a
      runway in the path of the vehicle and include some form of nylon straps or
      ropes interconnected in various configurations and attached to an energy
      absorbing device. The aforesaid webbing generally comprises the barricade
      vertical members which engage the aircraft wings to equalize loading and
      absorb the force of the vehicle's forward motion. Present operational
      aircraft for which arresting barricades are designed range to maximum
      weights of 50,000 pounds, lengths of 78 feet, canopy heights of 121/2
      feet, and wing spans of 78 feet (Navy A3 Skywarrior). In the past, normal
      loads imposed by current operational aircraft have cut, shredded and torn
      the vertical straps and loading members of the barricade due to the
      violent impact of aircraft engagement. Several possible deleterious
      effects of such strap failure during an arrestment include uneven loading
      on the vehicle causing violent motion of the vehicle and uneven
      deceleration with possible harm to the vehicle's occupants. These problems
      become more acute as the size and weight of the vehicle are increased.
      Presently, a space shuttle orbiter contemplated by NASA for travel between
      earth and an orbiting space station is of a size and weight magnitude
      considerably greater than any present operational aircraft capable of
      being arrested by current barricades. For example, the presently
      contemplated orbiter will weigh as much as 220,000 pounds, with an overall
      length of 125 feet, a canopy height of 30 feet, and a wing span of 96
      feet. Problems of cutting, tearing and shredding are therefore greatly
      magnified, necessitating greater strength and resistance to cutting,
      shredding and abrasion. Mere increase of the size of current barricade
      components to meet the added strength requirements is not feasible because
      of the greatly increased bulk that would be produced. The added bulk would
      materially increase handling and rigging problems associated with such a
      barricade. In addition, the present problems of cutting, tearing and
      shredding of barricade members would not be alleviated. An additional
      problem is also encountered when connecting hardware on present barricades
      impact against the vehicle surface during engagement, causing considerable
      amounts of damage.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general purpose and object of the present invention to
      provide an improved, reliable, simplified, higher strength barricade for
      arresting the forward motion of a vehicle such as the NASA space shuttle
      orbiter. It is another object to provide a barricade having nylon engaging
      straps with polyurethane-coated nylon edging surrounding each strap for
      greater resistance to abrasion and cutting of strap edges and higher
      strength. It is yet a further object to provide a simplified, relatively
      inexpensive vehicle barricade in which all connecting hardware has been
      eliminated.
PAR  These and other objects are accomplished according to the present invention
      by a barricade comprising rope means having a pair of substantially
      horizontal flexible members formed to be supported at their respective
      ends in the path of the vehicle, web means having a plurality of
      substantially vertical flexible members operatively connected at their
      ends between the horizontal members and edging means attached to the edges
      of the vertical flexible members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a perspective view showing engagement of the barricade by
      a space shuttle orbiter;
PAR  FIG. 2 is a perspective view of the components of a barricade constructed
      according to the invention shown in a raised, operative position prior to
      engagement by a vehicle;
PAR  FIG. 3 is a perspective view of a typical corner connection of a horizontal
      and vertical loading rope and a single tensioning pendant of the barricade
      of FIG. 2;
PAR  FIG. 4 is a perspective view showing a typical connection of vertical
      support ropes to extension loops formed to be connected to an energy
      absorber of the barricade of FIG. 2;
PAR  FIG. 5 is a perspective view of a typical connection of a pair of vertical
      engaging straps to horizontal loading ropes of the barricade of FIG. 2;
      and
PAR  FIG. 6 is a perspective view showing details of the edging material
      surrounding a vertical engaging strap of the barricade of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a winged, space shuttle orbiter 10 is shown engaging a
      barricade 11 connected by cables 12 and 13, or any other appropriate
      connection means, to energy absorbing devices 14 and 15, located on
      opposite sides of a runway. A pair of stanchions 16 and 17 are shown
      adjacent energy absorbing devices 14 and 15 on the sides of the runway,
      with pairs of respective breakway straps 18 and 19, and 20 and 21 loosely
      dangling therefrom. The breakway straps are initially connected to the
      respective four corners of barricade 11 when in a fully erected position
      prior to engagement by orbiter 10, as shown more clearly in FIG. 2 and
      more fully described hereinafter. It should be noted that only the wings
      of orbiter 10 engage barricade 11, which is designed to move a
      predetermined distance in the direction of vehicle motion before
      completely stopping orbiter 10.
PAR  Referring now to FIG. 2, barricade 11 is shown in a fully erected position
      prior to engagement by a vehicle. In a preferred embodiment, barricade 11
      includes four rectangular loops 22, 23, 24 and 25, of a high strength,
      flexible material, such as nylon rope, but it should be understood that
      any other flexible material having suitable strength may be substituted. A
      preferred rope used in the present preferred embodiment has a 3 1/4 inch
      diameter with a tensile strength of 308,000 pounds. It should be noted
      here that a total of thirty 11/2 inch wide standard nylon straps would be
      necessary to duplicate the tensile strength of one 31/4 inch diameter
      nylon rope. Such an arrangement would not be feasible due to the greatly
      increased bulk causing handling difficulties. Each rope used in loops 22,
      23, 24 and 25 is coated with a thin layer of polyurethane coating for
      increased resistance to abrasion, cutting, and shredding. Each loop
      consists of opposing pairs of horizontal and vertical ropes, each rope
      having an eye at both ends formed by looping the ends back and securing
      them to the body of the rope by a one piece splice. Each rope is joined to
      another rope by interlinking the respective eyes, as is more clearly shown
      in FIG. 3. For example, loop 22 includes horizontal ropes 26 and 27
      interconnected between vertical ropes 28 and 29. Similarly, loop 23
      includes horizontal ropes 30 and 31 interconnected between vertical ropes
      32 and 33; loop 24 includes horizontal ropes 34 and 35 interconnected
      between vertical ropes 36 and 37; and loop 25 includes horizontal ropes 38
      and 39 interconnected between vertical ropes 40 and 41. Loops 22-25 are
      shown broken across top horizontal ropes 26, 30, 34 and 38, and bottom
      horizontal ropes 27, 31, 35 and 39, indicating that barricade 11 is
      considerably wider than as shown in FIG. 2. Each of loops 22-25 is
      connected at a corner to one of respective breakaway straps 18-21, by
      individual groups of cables or ropes. For example, each of loops 22-25 are
      connected at a first corner to strap 18 by cables 42, at a second corner
      to strap 19 by cables 43, at a third corner to strap 20 by cables 44, and
      at a fourth corner to strap 21 by cables 45. A typical corner connection
      is shown in FIG. 3, in which horizontal rope 26 of loop 22 is looped
      through the eye of vertical rope 28, and the ends of both ropes are
      secured to their respective interior portions by a one piece splice for
      increased structural integrity. One of cables 42 is shown looped through
      the eye of vertical rope 28 forming a complete corner connection which is
      typical of all remaining corner connections on barricade 11. Cables 42-45,
      which are connected respectively to breakaway straps 18-21, are used to
      tension barricade 11 prior to engagement, keeping it fully erect in the
      path of the oncoming vehicle. Cables 42-45 are designed to breakaway from
      straps 18-21, respectively, at some predetermined, relatively nominal
      force. Vertical ropes 28, 32, 36 and 40, are connected at one side of
      barricade 11 to cable 12 by extension loops 46, 47, 48 and 49,
      respectively, which are looped around each individual vertical rope and
      connected in common at their respective ends to cable 12. Loops 46-49
      which may be constructed of nylon rope or any other suitable flexible
      material, transmit the energy due to vehicle engagement of loops 22-25 to
      energy absorber 14 via cable 12. Vertical ropes 29, 33, 37 and 41 are
      similarly connected at the other side of barricade 11 to cable 13 by
      extension loops 50, 51, 52 and 53, which are similarly looped therearound
      and connected in common at their respective ends to cable 13. Extension
      loops 50-53 similarly transmit the forces due to vehicle engagement from
      vertical ropes 29, 33, 37 and 41 to energy absorber 15 via cable 13.
      Extension loops 46-49 are initially free to slide vertically between clips
      54 and 55, which also keep vertical ropes 28, 32, 36 and 40 stationary
      relative to each other prior to vehicle engagement. Similarly, extension
      loops 50-53 are initially free to slide between clips 64 and 65, which
      similarly keep vertical ropes 29, 33, 37 and 41 stationary relative to
      each other. Clips 54, 55, 64 and 65 are preferably constructed of a
      non-metallic material, such as hard rubber or plastic, and break away from
      the ropes upon vehicle engagement. The actual connections of loops 50-53
      around vertical ropes 29, 33, 37 and 41 are shown more clearly in the
      enlarged view of FIG. 4.
PAR  Pairs of engaging straps 56, 57, 58, 59 and 60 are respectively attached
      between top horizontal ropes 26, 30, 34 and 38 and bottom horizontal ropes
      27, 31, 35 and 39 in a step-wise fashion. The engaging straps are
      preferably constructed of a high strength flexible material, such as two
      ply nylon webbing, approximately 11 inches wide, and are spaced at equal
      intervals of approximately 10 feet across the length of the top and bottom
      horizontal ropes. Engaging straps 56-60 are initially free to slide
      horizontally within defined limits between clips 61 spaced approximately
      12 inches apart around the top and bottom horizontal ropes on either side
      of each pair of engaging straps. Upon vehicle engagement, clips 61, which
      are preferably constructed of hard rubber or plastic, break away from the
      ropes, and engaging straps 56-60 are free to slide horizontally across the
      entire length of barricade 11 to equalize loading on the vehicle. Each
      engaging strap of a respective pair, such as 56, encircles alternate ones
      of top horizontal ropes 26, 30, 34 and 38, and bottom horizontal ropes 27,
      31, 35 and 39. For example, as more clearly shown in FIG. 5, one of straps
      56 is looped around top horizontal rope 38 and bottom horizontal rope 39,
      while the other of straps 56 is similarly looped around top horizontal
      rope 30 and bottom horizontal rope 31. One of adjacent pair of straps 57
      is similarly looped around top horizontal rope 34 and bottom horizontal
      rope 35, while the other one of straps 57 is looped around top horizontal
      rope 26 and bottom horizontal rope 27. This alternating pattern continues
      across the length of barricade 11 and defines what is meant by connection
      in "step-wise" fashion. Each of straps 56 is tightly looped around
      respective top horizontal ropes 30 and 38 and sewn in some appropriate
      manner to form a high-strength connection. In order to prevent cutting,
      tearing and shredding of straps 56-60 upon engagement of barricade 11 by
      orbiter 10, U-shaped polyurethane-coated nylon edging material 62 and 63
      is attached, such as by sewing, around the edges of straps 56 along the
      length thereof. Enlarged FIG. 6 shows the method of attachment of edging
      materials 62 and 63 to elongated, flat strap 56 in greater detail, and is
      typical for all of engaging straps 56-60. Edging materials 62 and 63
      encompass the edges and are attached adjacent thereto, extending
      approximately three-fourths inches from the edges of strap 56. Engaging
      straps 56-60 may or may not be covered with polyurethane-coating for
      greater abrasion resistance, but in the present preferred embodiment they
      are preferably not coated due to the requirement that they remain flexible
      during engagement by orbiter 10. Edging materials 62 and 63 are preferably
      nylon strap approximately 13/4 inches wide, which is bent around each
      respective edge and permanently attached, such as by sewing, leaving a
      large portion in the middle of strap 56 uncovered. Addition of material 62
      and 63 to the edges only of the vertical engaging straps has been found to
      practically eliminate cutting, tearing and shredding of these straps. It
      can be seen from the foregoing description that no hardware is used in the
      assembly of barricade 11, thus avoiding impact of such hardware against
      the wings and fuselage of orbiter 10 with resultant damage.
PAR  Having thus described the present invention, some of the many advantages
      should now be readily apparent. The novel preferred embodiment barricade
      affords a simplified, higher strength, more reliable and efficient
      barricade for vehicle arrestment. The polyurethane-coated nylon edging
      used on all straps practically eliminates all cutting, tearing, shredding
      and abrasion of the engaging straps during an arrestment. Joining of all
      loops and engaging straps by splicing or sewing, rather than attachment by
      hardware reduces overall barricade cost and number of parts necessary,
      while increasing reliability and eliminating damage to the orbiter during
      arrestment.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teaching. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An arresting barrier for arresting aircraft having a fuselage and wings
      of predetermined size, comprising:
PA1  a plurality of barrier elements;
PA1  each of said barrier elements including vertically spaced horizontally
      disposed upper and lower rope members and horizontally spaced vertically
      disposed left and right rope members, wherein each end of each rope member
      terminates in an integral loop and the loops of said upper and lower rope
      members are interlinked with corresponding loops of said left and right
      rope members;
PA1  each of said barrier elements further including a plurality of horizontally
      spaced vertically disposed engaging straps each strap having two end
      portions respectively encircling said upper and lower vertically spaced
      horizontally disposed rope members to thereby slidably attach said strap
      to said upper and lower rope members;
PA1  each of said engaging straps having an edge protector attached to and
      covering each edge thereof, said edge protector having a U-shaped
      transverse cross section;
PA1  said barrier elements juxtaposed in substantially parallel planes,
      corresponding straps of adjacent barrier elements juxtaposed with respect
      to each other, the adjacent straps of each barrier element being
      horizontally offset relative to each other to thereby define a plurality
      of openings, each opening having a horizontal dimension sufficient to
      permit passage of a portion of the fuselage of an aircraft to be arrested
      while preventing passage of the wings of said aircraft;
PA1  means slidably attached to corresponding vertically disposed rope members
      of each said barrier element for connecting each said vertically disposed
      rope member to a corresponding energy absorber wherein said rope members
      each comprise a polyurethane coated nylon rope having a predetermined
      diameter and said vertically disposed engaging straps each comprise
      multi-ply nylon webbing and each said edge protector comprises nylon
      webbing having a polyurethane coating thereon; and
PA1  means attached to the vertically disposed rope members of each barrier
      element for connecting each said vertically disposed rope member to a
      corresponding stanchion.
NUM  2.
PAR  2. An arresting barrier according to claim 1 wherein said plurality of
      barrier elements is four.
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ABST
PAL  The upper floor of a multi-deck pressurized aircraft having frangible floor
      panels sealing the floor during normal flight conditions yet rupturable
      under a predetermined environmental condition such as when a relatively
      high pressure differential exists between the upper cabin and lower cargo
      compartments. This may occur, for example, when the cargo compartment is
      depressurized by inflight explosion or collision. Differential pressure
      activates the panel destruction apparatus which strikes the frangible
      floor panels in such manner as to cause them to disintegrate or crumble
      into small pieces. Typical panels may be chemically strengthened glass,
      ceramics, etc.
BSUM
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  Wide-bodied commercial jet aircraft are subject to critical damage to the
      passenger compartment floor as a result of a large hole made (by any means
      such as inflight explosion or collision) in a lower cargo compartment
      while the airplane cabin and cargo compartments are at a high pressure
      differential with the outside atmospheric air pressure. Upon rapid
      decompression of the lower cargo compartment, severe down loads are placed
      on the passenger floor due to the air pressure above the floor. The air
      above the floor cannot escape rapidly into the cargo compartment as the
      passenger compartment floor is normally made as a sealed floor due to air
      conditioning requirements, appearance, keeping below-floor noise from
      entering the cabin, and keeping spilled liquids from entering the cargo
      compartment. Consequently, because of this pressure differential,
      structural damage to the floor and nearby components, controls and systems
      may occur, with even the safety of the aircraft placed in jeopardy.
PAR  In regulating the pressure differential between containers or compartments,
      the use of valves probably would occur to one skilled in the art. However,
      the use of valves to compensate for a sudden change in pressure between
      upper and lower compartments of an aircraft is impractical because of the
      limited valve area through which fluid must flow at a high rate for
      instantaneous pressure compensation. Moreover, the delay in valve opening
      is too great, requiring too much time to equalize the pressures.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The frangible aircraft floor of this invention provides sufficient venting
      of the passenger compartment into the lower cargo compartment to relieve
      the differential pressure effect on the floor during an inflight
      decompression of the cargo compartment, yet maintain the floor sealed
      during normal flight conditions. This floor comprises a porous support in
      the form of a structural floor grid designed to take normal and crash
      floor shear loads, and in the emergency mode (decompression of the lower
      cargo compartment) to provide a porous barrier surface suitable for
      supporting passengers. A frangible panel is secured to the top surface of
      the structural grid by edge retainers. In one application, five panels per
      aircraft are used. Each panel is approximately 1/8 inch thick, 15 inches
      wide and 60 inches long. A resilient gasket between the grid and panel
      compensates for any unevenness of the parts. A floor covering material
      such as carpet is placed over the panel. This carpet may be porous enough
      so as not to interfere with the equalization of pressurization. In the
      alternative, the carpet may have sections cut to match the openings in the
      grid and fall through when the panel disintegrates.
PAR  A differential pressure actuating device, such as an aneroid controlled
      initiator, is supported by the structural grid for contact with the panel
      when actuated by a differential pressure across the floor between the
      passenger compartment and the cargo compartment underneath. A
      spring-loaded striker having a specially hardened carbide tipped point is
      held in cocked position by an aneroid controlled hold-back sear.
PAR  During normal flight conditions of the airplane the floor, including the
      frangible panels, is rugged and extremely resistant to abuse due to the
      high strength of the chemically strengthened ceramic sheets comprising the
      frangible panels. Any applied coating or carpeting also adds protection to
      the panels.
PAR  When an inflight emergency occurs, resulting in rapid decompression of the
      lower cargo compartment, the resultant pressure differential, on the order
      of from 0.5 to 1.5 psi, causes the floor panels to crumble and
      disintegrate, venting the floor and equalizing pressures above and below
      the floor. This shattering is caused when the aneroid contracts and
      releases the spring-loaded striker which is driven into the frangible
      panel. The momentum of the striker causes a point or edge thereon to
      penetrate the thin compression layer of the chemically strengthened
      ceramic panel and enter its tension layer. This immediately destroys the
      structural integrity of the panel and the locked-in stresses cause
      complete disintegration into rice grain sized crystals. The carpet pieces
      are now unsupported and are free to bend. The pressure above the floor
      pushes the carpet pieces through the grid and into the cargo compartment.
      Upon fragmentation of the ceramic panel, this frangible aircraft floor
      immediately becomes a very effective vent for equalizing the upper and
      lower pressures without damage to the floor structure. It obviously can be
      made to operate when reverse decompression occurs, such as when the
      passenger compartment becomes depressurized.
PAR  In addition to the obvious advantages of the present invention in
      fulfilling its intended function, there are other advantages including:
PAR  A. The chemically strengthened ceramic sheet panels are flush mounted and
      do not impair the seat spacing flexibility within the aircraft.
PAR  B. There is no interference with passenger foot room or carry-on baggage
      space.
PAR  C. No styling change or change in the appearance of the aircraft is
      required.
PAR  D. Floor sections may be built up as subassemblies and can be retrofitted
      easily during the overnight period between flights.
PAR  E. The floor vent area gained has a high effective area relative to the
      floor area affected for minimum delay in equalizing the upper and lower
      pressures.
PAR  F. Tooling costs are minimal and the unit cost is also low.
PAR  G. Reliability is high, maintenance is low since the floor has no moving
      parts except for the aneroid actuation device.
PAR  H. Quality assurance is automatic since the ceramic sheet panels will not
      survive their own processing if they are defective.
PAR  I. The ceramic sheet panels are not subject to corrosion or aging.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of the frangible aircraft floor
      with portions removed for clarity;
PAR  FIG. 2 is an elevational sectional view of the floor with the aneroid
      controlled initiator in a different location;
PAR  FIG. 3 is an elevational view of another form of the floor sheet panel
      disintegrator; and
PAR  FIGS. 4 and 5 are sectional views taken in elevation of still another form
      of sheet panel disintegrator.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to FIG. 1 wherein there is shown a portion of
      aircraft flooring separating a lower cargo compartment and upper passenger
      compartment. This flooring includes transverse beams 10 consisting of
      channels 12 and webs 14 extending across an aircraft fuselage for floor
      structure support. Seat tracks 16 are spaced across these support beams 10
      and extend longitudinally in the aircraft. These seat tracks have channels
      22 in the top surface 24 of the track structure to receive legs 18 of
      passenger seats 20. Trim strips 26 fill the channels 22 between passenger
      legs 18 of seats fore and aft. The sides of the track structure are
      channel-shaped with lower feet 28 extending across, and supported by, the
      upper channel 12 of beam 10. The upper feet 30 extend outwardly from the
      sides and below the plane of surface 24 to serve as supports for floor
      paneling. Conventional floor paneling may be plywood or honeycomb panels
      normally bolted to legs 30. Any novelty in this structure per se thus
      described is disclaimed inasmuch as it is conventional and in use in most
      present day aircraft. However, the frangible floor panels 32, gasket
      material 34, isogrid support structure 36, floor covering 38, and aneroid
      actuator 40, to be described and in combination therewith, present the
      patentable features comprising the present invention.
PAR  Between the legs 30 of spaced seat tracks 16 is an isogrid support
      structure 36 comprising vertical intersecting webs 42 defining openings
      44. This structure may be of any configuration that will support the
      panels 32 until they disintegrate, are porous enough not to hinder
      pressure equalization, and will support passengers after the panels 32
      have crumbled. On top of the webs is a gasket material 34 over which is
      placed a frangible panel 32 which is held in place by retaining strips 46
      extending over the edges thereof. Bolts 48 pass through strips 46, isogrid
      36 and upper feet 30 and, with nut 50, holds the combination in place.
      Carpeting or floor covering 38 is laid over the frangible panel 32 with
      its edges terminating under trim strip 26. This carpeting 38 may be porous
      or cut in pieces to match the openings 44 in the grid 36. It also may be
      cut along lines 52 above the webs 42 so that they are free to bend when
      panel 32 disintegrates and the pressure above the floor pushes the carpet
      pieces through the grid and into the cargo compartment below. Upon
      fragmentation of the frangible panel 32 the floor becomes a very effective
      vent for equalizing the passenger and cargo compartment pressures.
PAR  The frangible panel 32 preferably is a thin (approximately 1/8 inch thick)
      chemically strengthened ceramic sheet of the type known as "Pyroceram"
      marketed by Corning Glass Works of Corning, N.Y. and used for ceramic
      stove tops. This is made by replacing lighter sodium ions with heavier
      potassium ions in a hardening bath, resulting in prestressed compression
      on the surface (up to about 0.010 inch thickness) and tension on the inner
      part. One example of how this is done is set forth in U.S. Pat. No.
      2,779,136 issuing Jan. 29, 1957 to Harrison P. Hood and Stanley D. Stookey
      for Method of Making a Glass Article of High Mechanical Strength and
      Article Made Thereby, and assigned to Corning Glass Works. Such material
      normally had been used for anti-chipping purposes such as in coating
      surfaces of appliances. However, it has been discovered, in accordance
      with the present invention, that upon impact of a hightly concentrated
      load at any point with a force sufficient to penetrate the surface
      compression layer, the frangible panel will break instantaneously and
      completely into small pieces over the entire part. It is this
      characteristic that is utilized regardless of the material from which the
      panel is made or the process used in making it.
PAR  A hardened carbide tipped point or a high heat treated steel tip may be
      used to penetrate the surface compression layer of panel 32. Such a tip or
      point may be driven when the pressure differential between the upper
      passenger and lower cargo compartments exceeds a present amount, on the
      order of from 0.5 to 1.5 psi, for example. An aneroid actuator 40 is a
      device that drives such a point into the surface compression layer of
      panel 32 from the underside. It is mounted in the grid 36 and extends
      below the floor in FIG. 1.
PAR  In FIG. 2 an actuator 54 is shown mounted on the top of panel 32. In this
      embodiment the housing 56 is fastened to the grid 36 by means of an anchor
      nut and bolt 58, 60. Within housing 56 is a pressure sensitive diaphragm
      62 having its upper surface exposed to the upper passenger compartment
      pressure through opening 64 and the lower surface exposed to the lower
      cargo compartment pressure through opening 66. The diaphragm 62 moves in
      response to changes in pressure differences between the two pressures. A
      connecting stem 68 is attached to the diaphragm 62 and moves vertically as
      the diaphragm moves. A latching arm 70 is pivotally connected at one end
      72 to the housing 56 and at its other end 74 to the lower end of
      connecting stem 68. A striker arm 76 is pivotally mounted at end 78 to
      housing 56. Its other end 80 has a hardened carbide tipped point 82
      adapted to strike the frangible panel 32 upon downward movement of the
      striker arm 76 under the influence of compression spring 84. This spring
      is positioned between the top of housing 56 and striker arm 76 to urge
      this downward movement at all times. A keeper 86 extends forwardly on
      striker arm 76 to engage a catch member 88 on latching arm 70. This catch
      member 88 on latching arm 70 engages keeper 86 to maintain the striker arm
      76 in cocked position and ready for actuation.
PAR  When pressure below diaphragm 62 is reduced so that the differential
      pressure is increased, the connecting stem 68 moves downwardly to rotate
      latching arm 70 clockwise, keeper 86 is freed from catch member 88. Spring
      84 then drives tip 82 into the frangible panel 32, causing its
      disintegration.
PAR  FIG. 3 shows in elevational cross section another form of actuator for
      disintegrating the frangible floor panel. Here is shown a piston 90
      vertically movable within a cylindrical wall 92 in response to changes in
      pressure above the piston at 94 and below it at 96. The cylindrical wall
      fits within the grid support structure 36 by attachment to one of the webs
      42. As shown, a flanged extension 98 of cylinder wall 92 fits over web rib
      42 and is fastened to upper foot 30 of track 16 by means of nut and bolt
      100, 102. A protective cover 104 fits over the piston 90. This cover has
      apertures 106 to permit pressurization at 94 in accordance with that of
      the upper passenger compartment. Lower area 96 is in pressure
      communication with the lower cargo compartment. Should this pressure
      become reduced, piston 90 moves downwardly to actuate a tripping device to
      release the frangible panel disintegrator.
PAR  Mounted on the outside of cylinder wall 92 is a bracket 108 on which is
      pivotally mounted a blade 110. A torsion rod 112 interconnects bracket 108
      with blade 110 and provides the clockwise rotational force for driving
      blade 110 against the edge of panel 32, to cause its disintegration. Also
      pivotally mounted at 114 on the bracket 108 is a tripping lever 116 having
      a keeper 118 thereon. In the position shown, this keeper engages tab 120
      to prevent rotation of blade 110. End 122 of lever 116 engages a
      projection 124 on piston 90 and is maintained in contact with it by spring
      126. When piston 90 moves down, lever 116 rotates about pivot 114 to the
      position shown in phantom lines 128. This moves keeper 118 away from tab
      120, permitting torsion rod 112 to drive blade 110 into panel 32, causing
      its disintegration.
PAR  FIGS. 4 and 5 illustrate in section the construction and operation of
      another form of aneroid actuated panel disintegrator. This disintegrator
      comprises a differential pressure housing 130 containing a movable
      pressure response plate or piston 132 vertically movable in response to
      changes in pressure on its top surface 134 (corresponding to passenger
      compartment pressure) and changes in pressure on its bottom surface 136
      (corresponding to cargo compartment pressure). This plate 132 surrounds a
      centrally positioned plunger housing 138 and has guide walls 140 slidably
      mounted thereover. These guide walls have recesses 142 on their inner
      surfaces 144 to receive locking members 146 upon downward movement of
      plate 132, as shown in FIG. 5. Plunger housing 138 has an upper stop
      collar 148 and a lower stop collar 150 to limit the vertical movement of
      pressure plate 132. A helical spring 152 between lower stop collar 150 and
      guide wall continually urges it up against stop collar 148.
PAR  Within plunger housing 138 is a plunger 154 having an annular recess 156 in
      its surface to receive locking members 146 which are laterally movable in
      openings 158 in plunger housing 138. Until such time as pressure plate 132
      moves down and recess 142 is aligned to receive the locking members 146,
      these members 146 remain in recess 156, as shown in FIG. 4, to retain
      plunger 154 in the cocked and ready position as shown.
PAR  Within plunger housing 138 and below plunger 154 is a stack of disc or
      Belleville springs 160. These springs are under compression between a cap
      162 threadedly fastened over the lower end of plunger housing 138 and the
      lower end of plunger 154 when the plunger is cocked as shown in FIG. 4.
      Cap 162 may be used to adjust the compression as desired, simply by
      rotation to adjust the cap distance from the cocked plunger. A high load
      with small deflection is a desired characteristic of the compressive force
      used to drive the plunger upwardly.
PAR  On the top surface of plunger 154 is a hardened carbide tipped spike 164.
      This spike is adapted to pass through an opening 166 in the top of housing
      138 and strike the bottom surface of frangible panel 32. This occurs, as
      shown in FIG. 5, when pressure plate 132 moves downwardly to align
      recesses 142 with locking members 146 to release plunger 154 for upward
      movement.
PAR  The positioning of the actuator must be such to insure that the spike will
      strike the panel upon actuation. As shown in FIG. 4, a cover plate 168 has
      both the differential pressure housing 130 and plunger housing 138
      fastened to its undersurface, such as by welding. This cover plate is
      adapted to fit over webs 42 with the housing 130 suspended in between. The
      cover plate 168 may then be fastened to webs 42 such as by screws 170.
      Frangible panel 32 is then placed over the structural grid and held with
      retaining strips as previously set forth in describing the structure in
      FIG. 1. Openings 172 in the frangible panel 32 aligned with openings 174
      in cover plate 168 provide the upper surface 134 of pressure plate 132
      with passenger compartment pressure. Any applied coating or carpeting adds
      protection to the panel. Should the bonded covering become extensively
      soiled or worn, the entire ceramic panel may be removed from the aircraft
      and replaced with a spare panel to which has been bonded a new floor
      covering. The removed panel assembly may be easily cleaned of the old
      bonded carpet by a dip process as the ceramic panel is unaffected by most
      solvents.
PAR  Although the use of frangible panels have been described for use in
      aircraft floors, other uses may be had of its characteristics. For
      example, they may be used for retaining diaphragms or bulkheads to control
      flow or release of any gas, liquid or solid. They may be used in pressure
      relief valves, safety devices, metered flow, emergency jettisoning, to
      provide openings in normally non-accessible areas in emergencies such as
      for access to or deployment of safety and rescue equipment, fire fighting,
      etc. They may also be used to adjust for environmental conditions such as
      for use in walls of buildings where tornadoes are apt to occur.
PAR  While certain exemplary embodiments of this invention have been described
      above and shown in the accompanying drawings, it is to be understood that
      such embodiments are merely illustrative of, and not restrictive on, the
      broad invention and that we do not desire to be limited in our invention
      to the specific constructions or arrangements shown and described, since
      various other obvious modifications may occur to persons having ordinary
      skill in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A frangible aircraft floor comprising a porous floor support;
PA1  a frangible panel on said support; and
PA1  means responsive to a predetermined environmental condition for striking
      said panel to disintegrate it.
NUM  2.
PAR  2. A frangible aircraft floor as in claim 1 wherein said porous support has
      openings defined by webs over which said panel is supported.
NUM  3.
PAR  3. A frangible aircraft floor as in claim 1 wherein said frangible panel is
      chemically strengthened to have a thin compression layer at its surface
      and an inner tension layer.
NUM  4.
PAR  4. A frangible aircraft floor as in claim 1 wherein said predetermined
      environmental condition is a pressure differential between two
      compartments.
NUM  5.
PAR  5. A frangible aircraft floor as in claim 1 wherein said predetermined
      environmental condition is a reduction in pressure in the cargo
      compartment of said aircraft.
NUM  6.
PAR  6. A frangible aircraft floor as in claim 1 wherein said means is a
      differential pressure activated panel destruction apparatus.
NUM  7.
PAR  7. A frangible aircraft floor as in claim 6 wherein said apparatus includes
      a spring-loaded plunger releasable by an aneroid initiator in response to
      an increase in differential pressure.
NUM  8.
PAR  8. A frangible aircraft floor as in claim 1 wherein said predetermined
      environmental condition is a pressure differential between the sides of
      said panel.
NUM  9.
PAR  9. A method of equalizing pressure in an upper passenger compartment and a
      lower cargo compartment comprising the steps of placing a plurality of
      frangible floor panels on a porous support for said passenger compartment
      and striking the panels to disintegrate them when the differential
      pressure between the two compartments exceeds a predetermined amount.
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ABST
PAL  A safety device for initiating an air brake application attached to or
      integral with the side frame of a railway car truck in proximity to the
      rail consisting of a hollow shoe or casting communicating with the air
      brake train line and adapted to make contact with the rail and fracture
      upon derailment venting the train line air to the atmosphere.
PARN
PAR  This is a continuation of application Ser. No. 162,609, filed July 14,
      1971, now abandoned.
BSUM
PAR  There has been a long need in the railroad industry for a means of
      detecting the derailment of a freight car and automatically initiating
      emergency braking procedures. The rash of serious mishappenings that have
      occurred in the last several years, sometimes reaching disaster
      proportions when tank cars carrying dangerous commodities have been
      involved, focused the attention of the Bureau of Safety on the causative
      factors and activated positive moves toward preventative measures.
PAR  One of the principal causes of these accidents is derailment of a railway
      car from broken wheels, broken wheel flanges, broken-off journals, broken
      truck components, a thin wheel flange splitting a switch, a severe
      rock-and-roll condition, severe truck nosing, severe truck restriction,
      poor or broken rails, frozen switches, obstacles on the track and many
      other possible abnormalities. There have been cases where a railway car
      has derailed and been hauled along the ties for as much as 25 miles before
      arriving at a switch or turnout and at that time causing a major wreck of
      the whole train. The detection of the derailment at its inception and an
      automatic application of the train's brakes would have prevented such a
      disaster.
PAR  It is known that reduction of air pressure in a railway brake air train
      line normally will initiate a brake application and cause the train to
      come to a stop. In the case of an entire car leaving the track and
      resulting in a train separation, the interconnecting air line couplings
      are parted, causing a quick release of air pressure, an emergency brake
      application and maximum retardation of the train, however, many
      derailments occur and the car concerned does not become displaced
      sufficiently to become uncoupled, therefore, the air train line hoses do
      not part and no brake application is made, hence the need for a derailment
      detector.
PAR  Certain devices have been proposed to provide a warning or apply the
      brakes. Exemplary are those disclosed in U.S. Pat. Nos. 1,200,339;
      1,661,920 and a more recent issue, U.S. Pat. No. 3,535,511. The last
      mentioned patent discloses a device which consists of a base secured to a
      truck frame. The base contains an air duct which is connected by a hose to
      the air brake air line. A lever is pivotally connected to the base and
      extends across the railway car wheel for arrangement over the rails. The
      lever is held against movement about its pivot by a bolt which extends
      through the lever.
PAR  In operation, when a derailment occurs, the lever will engage the rail,
      breaking the interlock bolt and moving to a position such that the air
      duct becomes completely uncovered to permit air to escape and allow the
      brakes to be applied. With such a design, malfunctions could occur
      preventing the application of the brakes in a railway car derailment. An
      undetected flaw in the lever itself could cause a fracture of the lever
      without fracturing the bolt, thus leaving the air duct closed. Even a
      fracturing of the bolt as designed or a combination of a fracturing of the
      lever and the bolt could cause a possible jamming of a portion of the
      lever around the air duct, leaving it completely closed or partially
      closed. Distortion of the lever from contact with weeds or foreign bodies
      between the tracks could cause the lever to fail to contact the rail upon
      derailment. A build-up of rust, ice or other material could cause seizure
      of the lever and malfunction upon derailment.
PAR  Accordingly, it is an object of the invention to provide a substantially
      foolproof means for initiating a brake application upon the derailment of
      a railway car.
PAR  Another object is to provide a means for initiating a brake application
      upon the derailment of a railway car that will be impervious to all manner
      of usage and hazard except derailment.
DRWD
PAR  Other objects of the invention will become more apparent from the following
      detailed description and drawings in which:
PAR  FIG. 1 is a side elevation view of a railway car truck illustrating a
      preferred location of the device according to the present invention; and
PAR  FIG. 2 is a partial front elevation view of a railway car truck
      illustrating a preferred embodiment of the present invention.
DETD
PAR  In accordance with the present invention, there is provided a safety device
      for initiating an air brake application on a railway car. The conventional
      railway car comprises, among other things, a body, two trucks each having
      a bolster and side frames and rotatably mounted wheels and an air brake
      system. The derailment detection device includes a metal shoe or casting
      having a cavity therewithin and a frangible portion. One end of the device
      is attached to the inside surface of the tension member of the side frame.
      The other end extends laterally toward the centerline of the truck and
      overlying the rail. Means connect the cavity in the casting to the air
      brake system. The casting is arranged to strike a rail and fracture upon
      derailment of a wheel, opening the cavity and venting air from the air
      brake train line to the atmosphere.
PAR  Referring to the drawings, a portion of a railway car truck 10 is shown in
      FIGS. 1 and 2. A railway car generally has a pair of these trucks disposed
      at the ends of the car. The trucks each consist of two sets of wheels 12
      and axles 14, a pair of side frames 6 and a bolster 18 suitably connected
      and sprung to support the car body and permit the necessary articulation
      and rollability. The derailment safety device 20 is mounted on the tension
      member of the side frame substantially equidistant between the wheels on
      the inside of the truck. Thus, the device is disposed in close proximity
      to and overlying the rail 21.
PAR  The actual disposition of the device on the side frame is more clearly
      shown in FIG. 2. The device 20 which is simply a hollow metal shoe or
      casting is secured to the tension member 22 of the side frame 16 as by
      welding, bolting or the like. However, the device may be cast as an
      integral part of the side frame, if desired.
PAR  An air hose 24 or pipe communicates with a cavity 26 in the casting through
      a nipple and coupling connection. The other end of the air hose is
      connected to the railway car air brake train line (not shown) in a manner
      not to restrict or be strained by the truck movement relative to the car
      body. The device or casting contains at its lower end a frangible portion
      28 in the form of a groove or other form of directionally oriented
      weakened section to assure fracture when required and to resist fracture
      from all loadings or impacts except those of the direction and magnitude
      caused by a derailment. The casting is designed to withstand all normal
      usage without fracture of the frangible portion, but fracture during
      derailment is assured. As shown in the lower segment of FIG. 2, when a
      wheel derails, the outer end of the casting strikes the rail which causes
      a fracture in the frangible portion of the casting. This would trigger an
      immediate exhaust of the train line air to the atmosphere and an emergency
      brake application. A less severe brake application could be produced if
      required or desirable.
PAR  For the sake of completion with regard to FIG. 2, the tension member 22 of
      the side frame 16 suspension springs 30 which, in turn, support the truck
      bolster 18 extending across to the other side frame which would be
      likewise equipped with a derailment detector.
PAR  Having thus described the invention in detail and with sufficient
      particularity as to enable those skilled in the art to practice it, what
      is desired to have protected by Letters Patent is set forth in the
      following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A safety device for initiating an air brake application on a railway car
      having conventional side frames with tension members which support
      suspension springs and rotatably mounted wheels and an air brake system,
      comprising a hollow metal shoe having a fracture groove on the lower side
      thereof, one end of the same shoe being attached to and extending
      laterally from an inside surface of the tension members of the side frames
      in close proximity and overlying the adjacent running rail, and means
      connecting the cavity in said shoe to the air brake train line, said shoe
      being arranged to strike the adjacent rail and fracture upon derailment of
      any wheel thereby opening said cavity and venting air from the brake train
      line to the atmosphere.
NUM  2.
PAR  2. The device of claim 1 in which the shoe extends a substantial distance
      past the internal sides of the wheels.
NUM  3.
PAR  3. The device of claim 1 in which the shoe is an integral part of the side
      frame.
NUM  4.
PAR  4. The device of claim 1 in which the shoe is located on the lowermost
      portion of the side frame.
NUM  5.
PAR  5. The device of claim 1 in which the shoe is disposed substantially
      centrally between the railway car wheels.
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ABST
PAL  An adjustable typewriter platform mechanism is provided for use with a desk
      of the type having a typewriter platform recess in the desk top. The
      typewriter platform mechanism includes a U-shaped base plate which is
      horizontally mounted at a spaced distance below the desk top. Four
      vertically disposed jack-screws are rotatably journalled between the base
      plate and the desk top for nontranslational rotation; and means is
      provided for simultaneously rotating all of the jack-screws.
PAL  A pair of parallel spaced and horizontally disposed support-bars are
      mounted to respective ones of the jack-screws to receive lifting motion
      therefrom. Limited relative horizontal movement between the support-bars
      and the jack-screws is permitted in two horizontal and orthogonally
      intersecting axes; and means is provided for vertically guiding the
      support-bars in one vertical plane to minimize relative movement between
      the support-bars and the jack-screws in one of the aforesaid horizontal
      axes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to adjustable typewriter platform
      mechanisms and more particularly to an adjustable typewriter mechanism in
      which manufacturing problems with misalignment and relative binding
      between parts is effectively prevented by providing relative horizontal
      movement, in two orthogonally intersecting planes, between various parts
      of the mechanism; and vertical guides are provided to effectively minimize
      relative horizontal movement between the aforesaid parts in one horizontal
      plane whereby undue movement between the typewriter and the desk, as
      caused by inertial forces when returning the typewriter carriage, is
      effectively minimized.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. No. 2,991,030, an adjustable typewriter platform mechanism is
      disclosed in which a horizontally disposed base plate is mounted in spaced
      parallel relationship below the desk top of a desk of the type having a
      typewriter recess in the top thereof. A plurality of jack-screws is
      provided for adjustably raising and lowering a typewriter platform that is
      installed in the typewriter recess; and a mechanism is provided for
      simultaneously rotating the jack-screws.
PAR  The mechanism of the aforesaid patent provides a typewriter desk in which
      the height of the typerwriter can conveniently be raised or lowered to
      meet the requirements of optimum positioning for typists of varying
      statures; and the mechanism leaves the knee space under the typewriter
      platform clear of any mechanism which might interfere with the knee room
      of typists having longer length legs.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the broader aspects of this invention, there is provided
      an adjustable typewriter platform mechanism for use with a desk having a
      desk top and having a typewriter platform recess in the desk top, the
      typewriter platform recess being generally disposed to coincide with a
      knee recess in the desk.
PAR  The typewriter platform mechanism includes a horizontally disposed U-shaped
      base plate having two substantially parallel and elongated sides and
      having a cross-member interconnecting the sides. The base plate is
      horizontally mounted in spaced parallel relationship below the desk top;
      and a plurality of vertically disposed jack-screws is rotatably journalled
      between the base plate and the desk top for nontranslational rotation. A
      pair of parallel spaced and horizontally disposed support-bars is mounted
      at opposite ends thereof to respective ones of the jack-screws by means of
      respective ones of a plurality of lift nuts.
PAR  The connection between the support-bars and the lift nuts is designed to
      transfer lifting motion from the jack-screws to the support-bars, to allow
      limited vertical motion between the support-bars and the jack-screws, and
      to permit limited relative horizontal movement between the support-bars
      and the jack-screws in two horizontal and orthogonally intersecting axes.
PAR  A pair of vertically disposed guide surfaces is positioned in close sliding
      relationship to the ends of the support-bars to provide vertical guiding
      in one vertical plane, and thereby to minimize relative horizontal
      movement between the support-bars and the jack-screws in one of the
      aforesaid horizontal axes. Finally, the mechanism includes means for
      simultaneously rotating all four of the jack-screws.
PAR  It is an object of this invention to provide an adjustable typewriter
      platform mechanism in which manufacturing problems due to misalignment and
      binding between relatively movable parts are effectively prevented.
PAR  It is another object of this invention to provide an adjustable typewriter
      platform mechanism in which relative horizontal movement in two
      orthogonally intersecting axes is provdied between the typewriter platform
      and a plurality of vertically disposed jack-screws.
PAR  It is still another object of this invention to provide an adjustable
      typewriter platform mechanism in which relative horizontal movement in two
      orthogonally intersecting axes is provided between a typewriter platform
      and a plurality of vertically disposed jace-screws and in which vertical
      guiding is provided in one vertical plane to minimize movement between the
      typewriter platform and the jack-screws in one of the aforesaid horizontal
      planes whereby relative horizontal movement between a typewriter and the
      top of the typewriter desk, as caused by inertial forces during carriage
      return, is effectively minimized.
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a frong elevation of one embodiment of this invention shown as
      being mounted on a typical desk, a portion of the desk being broken away
      for clarity of illustration;
PAR  FIG. 2 is a sectional illustration taken substantially along the section
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a bottom plan view of the typewriter platform of FIG. 1 also
      partially broken away for clarity of illustration;
PAR  FIG. 4 is a partial cross-section taken substantially as shown by section
      line 4--4 of FIG. 1;
PAR  FIG. 5 is a partial cross-section taken substantially as shown by section
      line 5--5 of FIG. 4;
PAR  FIG. 6 is a partial cross-section taken substantially as shown by section
      line 6--6 of FIG. 5;
PAR  FIG 7 is a partial cross-section taken substantially as shown by section
      line 7--7 of FIG. 1;
PAR  FIG. 8 is a partial cross-section taken substantially as shown by section
      line 8--8 of FIG. 7;
PAR  FIG. 9 is a partial cross-section taken substantially the same as FIG. 5
      but with both the jack-screw and the vertically disposed supporting post
      removed;
PAR  FIG. 10 is a partial cross-section taken substantially as shown by section
      line 10--10 of FIG. 9;
PAR  FIG. 11 is a partial top view taken substantially the same as FIG. 4 but
      with both the jack-screw and the vertically disposed supporting post
      removed;
PAR  FIG. 12 is a partial cross-section taken substantially as shown by section
      line 12--12 of FIG. 11;
PAR  FIG. 13 is an enlarged top plan view of a shouldered bushing for use in the
      embodiment of FIGS. 4 - 6; and
PAR  FIG. 14 is a fron elevation of the shouldered bushing of FIG. 13 taken
      substantially as shown by view line 14--14 of FIG. 13.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and particularly to FIGS. 1 - 3, the
      adjustable typewriter platform mechanism includes a horizontally disposed
      U-shaped base plate 20 which is preferably fabricated from light sheet
      metal. The base plate 20 is substantially flat with the exception that the
      edges thereof are bent downward to provide a reinforcing perimetral flange
      22. The two sides 24 and 26 of the base plate 20 are elongated and
      parallel as shown, the rear ends 28 and 30 of the respective sides being
      integrally connected together by a base plate cross-member 32.
PAR  Secured to the top side of the base plate 20 are four vertically disposed
      supporting posts 34, 36, 38, and 40. These posts are substantially
      identically formed such that the description of one will suffice for all.
      Each post is preferably fabricated of sheet metal formed to a box-like
      shape but with the longitudinal edges of the section of sheet metal from
      which the post is fabricated spaced from each other to provide a
      longitudinally extending vertical slot 42. The bottom and top of each post
      are provided with two laterally extending flanges 44 and 46, respectively,
      the two flanges 44 being secured to the base plate 20 by means of rivets
      or the like. These four posts may be considered in pairs, the two posts 34
      and 36 being characterized as the front posts since they are located near
      the front ends of the two base plate sides 24 and 26, respectively.
      Similarly, the posts 38 and 40 may be characterized as the rear posts
      since they are located toward the rear ends of the sides 24 and 26,
      respectively. The slots 42 in the various posts are arranged such that the
      slots in the front posts 34 and 36 face each other and are parallel, as
      are the slots 42 in the two posts 38 and 40 with respect to each other.
PAR  Two rigid strap steel braces 48 and 50 are connected to the tops of the
      respective front and rear posts 34, 38, and 36, 40. The braces are
      attached rigidly to the respective post tops by means of rivets passing
      through to the flanges 46. The four posts are located with respect to each
      other at the four corners of an imaginary rectangle.
PAR  Mounted inside the posts 34, 36, 38, and 40 are four substantially
      identical and vertically disposed jack-screws 52, 54, 56 and 58,
      respectively, each in registering alignment with the respective ones of
      the slots 42. Each jack-screw is journalled at its opposite ends into the
      base plate 20 and into one of the two braces 48, 50, respectively, for
      nontranslational rotation therein. For example, the bottom end of the
      jack-screw 52 is journalled in a bearing aperture in the base plate 20
      while the upper end thereof is journalled in a bearing aperture in the
      brace 48.
PAR  Fixedly secured to the bottom end of each jack-screw and disposed adjacent
      to the underside of the base plate is a flat steel operating arm 60, each
      arm extending radially or laterally from the respective one of the
      jack-screws. A U-shaped pitman or connecting rod, indicated generally by
      the reference numeral 62, is also located adjacent to the underside of the
      base plate 20 and is constructed to conform to both the size and shape of
      the base plate (FIG. 3). This pitman 62 must be rigidly constructed so for
      this reason is provided with two spaced-apart angle irons 64 and 66 as
      cross-members which are secured to the rear ends of two flat steel bars 68
      and 70, respectively. Additional reinforcement between the cross-members
      64 and 66 and the steel bars 68 and 70 is provided by the two corner
      braces 72 welded preferably in the positions as shown in FIGS. 3 and 4.
PAR  The pitman 62 is pivotally connected to each of the operating arms 60 as
      shown by means of a respective pivot pin 74, each pivot pin being spaced
      from the axis of the respective jack-screw. All of the operating arms 60
      and the lever lengths thereof are of substantially the same length so that
      the pitman 62 may be rotated in a plane parallel to the base plate to
      rotate all of the jack-screws in unison. Operation of the pitman 62 is
      accomplished by means of a crank 76 composed of a first link 78 pivoted at
      one end by means of a pivot pin 80 to the base plate 20 and fixedly
      secured at the other end to a pin 82 which projects through the bar 70 of
      the pitman. A lower end of the pin 82 as viewed in FIG. 2 is fastened
      securely to a handle portion 79 of the crank 76 as shown. The opening in
      the bar 70 which accomodates the pin 82 is a large enough to provide for a
      rotational connection therewith. By disposing the pivot pin 80 on a
      straight line which intersects the axes of the front and rear screws 52
      and 56, and by further locating the pin 82 from the pin 80 at a distance
      equal to the operating lengths of the individual arms 60, the crank 76 may
      be rotated to impart a rotational motion to the pitman 62 for rotating all
      of the jack-screws in unison.
PAR  Two elongated support-bars 84 and 86, preferably formed of channel-shaped
      steel, are threadably mounted at the oppostite ends thereof to the front
      pair, 52 and 54, and the rear pair, 56 and 58, of the jack-screws
      respectively. Each support-bar has secured at its opposite end a lift nut
      88. Each of the lift nuts 88 has a threaded aperture which is threadably
      mounted onto the respective ones of the jack-screws. By locating the
      support-bars 84 and 86 equal distances above the base plate 20 to start
      with, rotation of the four jack-screws in unison will serve to raise or to
      lower the support-bars in unison depending upon the direction of
      jack-screw rotation.
PAR  FIG. 1 illustrates the mechanism thus far being described as being fastened
      to an ordinary typewriter desk having a typewriter platform recess 90. The
      illustrated method of securing the mechanism to the desk is shown more
      clearly in FIG. 2, suitable bolts or screws 92 being used to clamp the
      braces 48 and 50 to the underside of the desk top on opposite sides,
      respectively, of the typewriter platform recess 90. As shown in FIG. 2,
      three such screws are used for the purpose. By this means of fastening,
      the mechanism is in effect suspended from the under side of the desk top
      in registration with the typewriter platform recess 90. The two
      support-bars 84 and 86 constitute a platform support on which a typewriter
      may be placed, such a typewriter platform 94 being in one embodiment a
      rigid, flat board of wood or plastic composition secured to the
      support-bars 84 and 86. By rotating the crank 76, all of the jack-screws
      will be rotated in unison, thereby moving the support-bars 84 and 86 and
      platform 94 upwardly or downwardly as the case may be. A typewriter (not
      shown) typically rests on the platform 94.
PAR  An important feature of this invention resides in the fact that the front
      portion of the mechanism is completely open, this being accomplished by
      providing the base plate 20 and the pitman  62 with a U-shape. Since the
      typist's knees are located underneath the base plate 20, it becomes
      obvious that nothing in the forward or front portion of the base plate can
      interfere with or contact the typist's knees. The lowest structure
      adjacent to the front end of the mechanism is the support-bar 84; and, for
      a tall person requiring more knee space, this additional knee space is
      automatically provided when the person adjusts the typewriter platform to
      the necessary height for comfortable typing. Thus, by means of a single
      adjustment, more knee room is provided for the taller person when the
      typewriter height is adjusted to the proper level.
PAR  Referring now to FIGS. 4 - 13, salient details of construction of the
      present invention will be described. More particularly, referring to FIGS.
      4 - 6, in a first embodiment of the invention, the vertically disposed
      supporting posts 34, 36, 38, 40, using post 36 as an example, includes an
      upstanding web 100a, a pair of upstanding flanges 102a and 104a, and a
      pair of secondary flanges 106a and 108a which are spaced apart to provide
      the slot 42.
PAR  Each support-bar 84a includes an elongated web 110a having a pair of side
      flanges 112a and 114a extending orthogonally from the elongated edges of
      the elongated web 110a. The support-bar 84a further includes a pair of
      retaining flanges 116a and 118a at each end which extend inwardly from the
      side flanges 112a and 114a respectively and which leave a slot 120a
      between the retaining flanges 116a and 118a.
PAR  The support-bar 84a also includes a hole 122a which is proximal to an end
      124a of the support-bar 84a, the end 124a being closely spaced from or in
      very light sliding engagement with the web 100a of the supporting post 36.
PAR  A hexagonally shaped lift nut 88a is fitted into the end 124a of the
      support-bar 84a, the lift nut 88a including a pair of parallel surfaces
      126a and 128a that are interposed between the side flanges 112a and 114a.
      The lift nut 88a also includes a retaining surface 130a which is in
      bearing engagement with the retaining flanges 116a and 118a.
PAR  Interposed between the lift nut 88a and the web 110a, is a shouldered
      bushing 132a. The shouldered bushing 132a includes a bushing body portion
      134a which is cylindrical in shape and which is sized with the hole 122a
      to permit relative longitudinal motion between the jack-screw 54 and the
      hold 122a in two horizontal planes as viewed in FIG. 4. The shouldered
      bushing 132a also includes a bearing flange portion 136a which is
      interposed between the lift nut 88a and the web 110a, the bearing flange
      portion 136a and the lift nut 88a being cumulatively sized to permit
      limited vertical motion between the lift nut 88a and the support-bar 84a
      as viewed in FIG. 6, it being understood that FIGS. 5 and 6 show the
      support-bar 84a lifted to the maximum of this limited vertical motion in
      opposition to gravity forces on the support-bar 84a.
PAR  It will be understood that the opposite ends of the support bars 84a carry
      lift nut 88a mounts and are identically configured.
PAR  Referring now to FIGS. 7 and 8, in a second embodiment of the invention,
      using the supporting post 34 as examplary, it includes parts identical to
      those described in conjunction with the supporting post 36 of FIG. 4. The
      support-bar 84b of the FIG. 7 configuration includes an elongated web
      110b, a pair of side flanges 112b and 114b, and a pair of inturned
      retaining flanges 116b and 118b. The retaining flanges 116b and 118b are
      formed only for a short length of the support-bar 84b proximal to an end
      124b thereof.
PAR  A hexagonal hole 122b is formed in the web 110b proximal to the end 124b. A
      hexagonally shaped lift nut 88b is threaded onto the jack-screw 52
      inserted into the support-bar 84b as shown. The lift nut 88b includes a
      pair of parallel sides 126b and 128b of a hexagonally shaped nut portion
      140b which is in torque-engaging proximity to the side flanges 112b and
      114b so that rotation of the lift nut 88b is effectively prevented. The
      lift nut 88b also includes a hexagonally shaped bushing body portion 142b.
      The height of the nut portion 140b, intermediate the web 110b and the
      flanges 116b and 118b is sized to permit relative vertical movement, as
      viewed in FIG. 8, between the lift nut 88b and the support-bar 84b, the
      support-bar 84b being shown as lifted against gravity to illustrate the
      vertical movement. In addition, the hexagonal bushing body portion 142b is
      sized with respect to the hexagonal hole 122b to permit limited relative,
      horizontal movement in two orthogonally intersecting axes, as viewed in
      FIG. 7, between the lift nut 88b and the support-bar 84b.
PAR  The total height of the lift nut 88b, as viewed in FIG. 8, including both
      the nut portion 140b and the bushing body portion 142b, is greater than
      the distance between the web 110b and the flanges 116b and 118b. Thus, in
      the embodiment of FIGS. 7 and 8, the flanges 116b and 118b are formed
      after the insertion of the bushing body portion 142b into the hole 122b.
PAR  The opposite ends of the support bars 84b carry lift nut 88b mounts and are
      identically configured.
PAR  Referring now to FIGS. 4, 5, 7, and 8, and for purposes of explaining the
      operation of both embodiments, if the support-bar 84a and the support-bar
      84b are considered to be one continuous support-bar 84 interposed between
      the webs 100a and 100b of the support posts 36 and 34, respectively, then
      longitudinal motion is effectively minimized by the close spacing or very
      light sliding engagement between the upstanding web 100a and the end 124a
      and between the upstanding web 100b and the end 124b. However, the slot 42
      of the post 36 is preferably wider than the distance across the flanges
      112a and 114a; and the slot 42 of the post 36 is preferably wider than the
      distance across the flanges 112b and 114b.
PAR  Referring now to FIGS. 9 and 10, in a third embodiment of the invention, a
      support-bar 84c includes an elongated web 110c, a pair of side flanges
      112c and 114c, a pair of inturned retaining flanges 116c and 118c which
      are spaced apart to provide a slot 120c therebetween, and a hole 122c
      proximal to an end 124c.
PAR  A lift nut 88c, having a hexagonally shaped nut portion 140c and a
      cylindrically shaped bushing body portion 142c is installed into the
      support-bar 84c with the bushing body portion 142c being inserted with
      slight clearance through the hole 122c. The bushing body portion 142c is
      sized with respect to the hole 122c to allow relative horizontal movement
      in two orthogonally intersecting axes in the plane of the web 110c.
PAR  The total height of the lift nut 88c, as viewed in FIGS. 8 and 9, and
      including both the hexagonally shaped nut portion 140c and the bushing
      body portion 142c, is less than the space between the horizontal web 110c
      and the retaining flanges 116c and 118c so that the lift nut 88c can be
      installed into the support-bar 84c after the forming of the retaining
      flanges 116c and 118c.
PAR  A washer plate 144c is slidably installed intermediate retaining surface
      130c of the lift nut 88c and the retaining flanges 116c and 118c. The
      washer plate 144c includes a hole 146c, which generally registers with
      threaded hole 148c of the lift nut 88c, which receives one of the
      jack-screws with clearance, the jack-screw threadedly fitting the lift nut
      88c.
PAR  Referring now to FIGS. 11 and 12, in a fourth embodiment of the invention,
      a support-bar 84d includes an elongated web 110d, a pair of side flanges
      112d and 114d, a rectangular hole 122d in the web 110d proximal to an end
      124d.
PAR  A lift nut 88d is installed between the side flanges 112d  and 114d and is
      retained therebetween by an attaching clip 150d. The attaching clip 150d
      is generally U-shaped fitting loosely around the lift nut 88d as shown in
      FIG. 12; and the attaching clip 150d includes a pair of hook-shaped
      attaching ears 152d and 154d which extend through and engage the opposite
      edges of rectangular hole 122d. The opposite sides of the hook-shaped ears
      152d and 154d, respectively, are spaced apart distances greater than the
      thickness of the web 110d to permit limited relative vertical movement
      with respect to web 110d. Also, the ears 152d and 154d are of smaller
      dimensions than the hole 122d to permit limited relative horizontal
      movement with respect to bar 84d.
PAR  The bottom portion of the clip 150d conforms to the flat underside of nut
      88d and is provided with an opening that clears the respective jack-screw
      received by nut 88d. The opposite sides of the clip 150d engage the flat
      sides, respectively, of nut 88d to prevent relative rotation, and enough
      clearance between the nut 88d and clip 150d is provided to permit
      squeezing the ears 152d and 154d toward each other to permit insertion
      into and withdrawal from the opening 122d. The resilience and preformed
      shape of the clip 150d causes the ears 152d and 154d to spring apart when
      inserted into opening 122d thereby assuring engagement with the edges of
      the opening 122d and retention of the clip and nut assembly on the support
      bar.
PAR  Referring now to FIGS. 13 and 14, a shouldered bushing 132e is provided for
      optional use in the configuration of FIGS. 4 - 6. The shouldered bushing
      132e is preferably of plastic whereas the shouldered bushing 132a of FIGS.
      4 - 6 is preferably of metal. The bushing 132e includes a body portion
      134e, a bearing flange portion 136e, a retaining flange portion 158e, and
      a slot 160e. In operation, the bushing 132e may be compressed in outside
      diameter because of the slot 160e and the relative resiliency of the
      plastic material so that the retaining flange portion 158e may be
      installed through the hole 122a of the support-bar 84a from the inside of
      the support-bar 84, leaving the bearing flange portion 136e in the same
      position as is shown for the bearing flange portion 136a of the bushing
      132a.
PAR  From the preceding description, it can be seen that the present invention
      provides means, including a pair of parallel spaced and horizontally
      disposed support-bars 84 and 86, for supportably attaching a typewriter
      platform to a plurality of jack-screws 52 - 58 to receive lifting motion
      therefrom, to allow limited vertical motion between the support-bars 84
      and 86 and the jack-screws 52 - 58, and to permit limited relative
      horizontal movement between the support-bars 84 and 86 and the jack-screws
      52 - 58 in two horizontal and orthogonally intersecting axes. It can be
      further be seen that the close position or very light sliding engagement
      of the ends 124a and 124b of the support-bar 84 and the upstanding webs
      100a and 100b of the supporting posts 36 and 34 (also of bar 86 with
      respect to its parts) provide vertical guiding to minimize relative
      longitudinal movement between the support-bar and the supporting posts.
PAR  Therefore, the present invention provides a mechanism in which precise
      alignment and spacing of the support-bars and jack-screws is not required
      and yet in which excessive movement between a typewriter platform and a
      typewriter desk, due to inertial forces of returning the typewriter
      carriage, is effectively minimized.
PAR  The lift nuts all are assembled to the support-bars as described to have
      limited free-floating or universal movement such that any slight tilting
      of either or both of the support-bars, when attached to a rigid typewriter
      platform 94, will not inhibit the free vertical adjustment of this
      assembly on the jack-screws. This is particularly advantageous in the
      instance in which the platform may be slightly warped or have an uneven
      bottom surface such that rigidly securing the platform 94 onto the flat
      upper surfaces of the support-bars 84, 86 could cause the latter to tilt
      out of coplanar alignment. The floating action of the lift nuts
      accommodates this misalignment of the support-bars thus secured to the
      platform 94 without producing any binding engagement to the lift nuts with
      the jack-screws, whereby vertical adjustment of the platform remains free
      and easy.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable typewriter platform mechanism for use with a desk having a
      desk top with a typewriter platform recess, the mechanism comprising a
      horizontally disposed U-shaped base plate having two substantially
      parallel and elongated sides and having a cross-member interconnecting
      said sides;
PA1  means for fastening said base plate to said desk with said base plate being
      horizontally disposed below said desk top;
PA1  a plurality of vertically disposed jack-screws each having one end thereof
      rotatably journalled in said base plate for nontranslational rotation
      therein, being spaced both longitudinally along and transversely from a
      horizontal axis on said base plate, and each having the other end thereof
      rotatably journalled in said fastening means for notranslational rotation
      therein;
PA1  means, including a pair of parallel spaced and horizontally disposed
      support-bars, for supportably attaching a typewriter platform to said
      jack-screws to receive lifting motion therefrom, to permit limited
      vertical motion between said support-bars and said jack-screws, and to
      permit limited relative horizontal movement between said support-bars and
      said jack-screws in two horizontal and orthogonally intersecting axes; and
PA1  means for simultaneously rotating all of said jack-screws.
NUM  2.
PAR  2. The mechanism of claim 1 in which each of said support-bars includes an
      elongated web having two elongated edges, two side flanges that extend
      from respective ones of said elongated edges and a hole that extends
      transversely through said web proximal to one end of said support-bar and
      has a clearance with one of said jack-screws; and
PA1  said attaching means comprises a lift nut threadably engaged with said one
      jack-screws and having a pair of parallel surfaces disposed inside said
      side flanges in torque engaging clearance therewith, and means for
      retaining said lift nut within a predetermined proximal clearance of said
      web.
NUM  3.
PAR  3. The mechanism of claim 2 in which said lift nut includes a bottom
      surface parallel to and distal from said web; and
PA1  said retaining means comprises two retaining flanges that extend inwardly
      from respective ones of said side flanges and engage said bottom surface.
NUM  4.
PAR  4. The mechanism of claim 3 in which said attaching means further comprises
      a bushing having a body portion installed over said one jack-screw and
      inside said hole and is sized with said hole and said jack-screw to permit
      said relative horizontal movement, and having a bearing flange portion
      that is interposed between said web and said lift nut and is sized with
      said lift nut and with said support-bar to permit said limited vertical
      motion.
NUM  5.
PAR  5. The mechanism of claim 4 in which said bushing is fabricated from
      plastic, includes a retaining flange portion distal from said bearing
      flange portion, and includes a slot through said bushing body portion and
      both of said flange portions.
NUM  6.
PAR  6. The mechanism of claim 3 in which said lift nut includes a bushing body
      portion that is fitted over said one jack-screw, that is slidably fitted
      inside said hole, and that is sized with said hole to permit said
      horizontal movement.
NUM  7.
PAR  7. The mechanism of claim 6 in which the overall dimension of said lift
      nut, from said bottom surface to the distal end of said bushing body
      portion is less than the inside dimension of said one support-bar from
      said web to said retaining flanges; and
PA1  said attaching means includes a washer plate inserted between said one lift
      nut and said retaining flanges and having a hole slidably fitted over said
      one jack-screw.
NUM  8.
PAR  8. The mechanism of claim 6 in which said hole and said bushing body
      portion are hexagonal in shape.
NUM  9.
PAR  9. The mechanism of claim 3 in which said hole is rectangular in shape and
      said retaining means comprises an attaching clip secured to said one lift
      nut, extending through said hole, and movably engaging said web distal
      from said lift nut.
NUM  10.
PAR  10. A typewriter desk of the type having a desk top, a knee opening under a
      portion of said desk top, a typewriter platform recess in said desk top
      generally corresponding in location to said knee opening, a horizontally
      disposed typewriter platform being generally disposed in said knee
      opening, a plurality of jack-screws each being vertically disposed and
      rotatably mounted to said desk below said desk top and proximal to said
      typewriter platform recess for nontranslational rotation, and a mechanism
      for simultaneously rotating all of said jack-screws, the improvement which
      comprises:
PA1  means for supportably attaching said typewriter platform to said
      jack-screws to receive lifting motion therefrom, to allow limited relative
      vertical motion between said typewriter platform and said jack-screws, and
      to permit limited relative horizontal movement between said typewriter
      platform and said jack-screws in two horizontal and orthogonally
      intersecting axes.
NUM  11.
PAR  11. For use in an adjustable typewriter platform mechanism which includes a
      frame, a plurality of upright jack-screws rotably mounted on said frame,
      means for rotating said jack-screws in unison, elongated support-bars each
      operatively secured for vertical movement at the opposite ends thereof to
      two spaced jack-screws, said support-bars being channel shaped in
      cross-section, and a rigid typewriter-supporting platform secured to the
      support bars; the support-bars being secured to the jack-screws by means
      of mounting devices, each mounting device comprising a lift nut threaded
      onto a jack-screw and floatingly secured to an end of a support-bar
      whereby the support-bar may tilt by a predetermined amount without causing
      binding of the nut on the jack-screw, said lift nut being disposed between
      the flanges of the channel shaped support bar.
NUM  12.
PAR  12. The mounting device of claim 11 in which the opposite ends of the
      support-bars have clearance openings with which the respective lift nuts
      are in registry and which receive the respective jack-screws therethrough.
NUM  13.
PAR  13. The mounting devices of claim 12 in which each lift screw has an
      attaching clip secured thereto, said attaching clip being generally
      U-shaped formed about said nut and having a clearance opening in the
      bottom of the U-shape in registry with the threaded opening thereof, the
      ends of the U-shaped clip having opposed outwardly opening hook portions
      disposed on opposite sides of the jack-screw received by the lift nut,
      said hook portions movably engaging the opposite edges of the respective
      support-bar clearance opening which recieves the jack-screw thereby
      retaining the lift nut in assembly with the support-bar.
NUM  14.
PAR  14. The mounting device of claim 13 in which the clearance openings in the
      support-bars are rectangular in shape, and said hook portions engaging
      opposed straight edges of the respective openings.
NUM  15.
PAR  15. The mounting devices of claim 12 in which said lift nuts are retained
      within the respective support-bars by means of retaining flange portions
      inturned from the support-bar flanges, said retaining flange portions
      being spaced to receive with clearance therebetween the respective
      jack-screws.
NUM  16.
PAR  16. The mounting devices of claim 15 in which each lift nut has a bushing
      portion loosely received by the respective support-bar clearance opening.
NUM  17.
PAR  17. The mounting devices of claim 16 in which said bushing portion and
      clearance opening have complementary shapes including at least one flat
      side which prevents rotation of the lift nut with respect to the
      support-bar.
NUM  18.
PAR  18. The mounting devices of claim 16 in which the height of the nut and
      bushing portion is less than the distance between the web of the
      support-bar and said retaining flange portions, a washer plate interposed
      between said nut and retaining flange portions, the thickness of said
      washer plate being sufficient to locate the bushing portion within the
      respective clearance opening.
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ABST
PAL  A cable tray has side rails and rungs formed from sheet metal. The side
      rails have outwardly opening upper and lower grooves which are keystone
      shaped in that the open side of the groove is narrower than the inner side
      of the grooves. The lower groove provides an inwardly offset flange along
      the side rail and the hollow rungs, which are formed with a substantially
      square cross-sectional shape fit around substantially square portions of
      the flange which are defined by pairs of spaced vertical slots across the
      flange. The rung-ends have horizontally aligned rectangular slots through
      their sides and rung joiners, which have a rectangular cross-sectional
      configuration are driven through the aligned slots, the joiners having a
      drive fit between the closed vertical side of the flange and the ends of
      the aligned slots which are adjacent the end of the rung, thus forcing the
      rung end against the side rail web. Novel hangers are inserted in the side
      rail lower slots for supporting the tray sections and side rail connectors
      are provided for the upper and lower side rail grooves of endwise abutting
      sections. The connectors have a cross-sectional configuration conforming
      to that of the groove in which it is placed and pointed screws threaded
      through holes in the connectors hold them in place during erection of the
      tray.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to cable trays or cable ladders and more
      particularly to such cable supporting apparatus having sheet metal rungs
      beat into a square tubular configuration and side rails of sheet metal
      roll-formed to have an inwardly projecting hollow flange therealong which
      is slotted thereacross at intervals to provide substantially square
      portions of flange around which the rung ends fit and are secured by means
      of wedging means.
PAR  Many trays for supporting electrical cables in an elevated position are
      known which can be assembled from component parts chosen to form tray
      sections of selected width, heights and length but such apparatus require
      costly manufacturing processes such as welding or special tools for
      erection at the assembly site. Many such trays have cable-contacting parts
      having sharp edges, such as when expanded metal or other perforate parts
      are used, or have fastening means for securing the parts together, such as
      bolts or screws, which have irregular surfaces capable of coming in
      contact with the supported cables and injuring their insulation.
PAC  SUMMARY OF THE INVENTION
PAR  The cable tray of the present invention has parts which may be economically
      manufactured, stored at a central location and then shipped unassembled to
      the place of use for erection without special tools or equipment. The tray
      has side rails at each side, rung members, wedge-like joiners for securing
      the rungs to the side rails, and hangers for securing the tray to hanger
      rods or other tray supports. The tray is made in sections and side rail
      connectors are provided for aligning the sections in end-to-end relation.
PAR  Each side rail is roll-formed of sheet metal to have an upper, outwardly
      opening groove and a lower, outwardly opening groove therealong, each
      groove being keystone shaped, the open side of the groove being
      constricted. Connectors having a cross-sectional shape conforming to that
      of the groove are provided for aligning side rails of endwise connected
      sections. The connectors have threaded holes therethrough so that pointed
      screws may be advanced from the outer side of each side rail for securing
      the connectors in place in abutting side rails during erection.
PAR  The bent web about the lower groove of each side rails provides an inwardly
      projecting hollow flange adjacent to and extending along the bottom edge
      of the web. The rungs are formed of sheet metal bent into substantially a
      square hollow tube. Before the lower groove is formed each side rail has
      adjacent pairs of vertically extending slots stamped therethrough at
      predetermined intervals depending on the desired rung spacing. When the
      grooves are formed, these slots extend across the hollow flange formed by
      the lower groove. The space between the slots of each adjacent pair is
      such that the two vertical sides of a rung can be engaged therein, the
      hollow rung being engaged around a substantially square section of the
      flange.
PAR  Side rail length and height and rung length and spacing may be provided as
      desired.
PAR  For securing the rungs at their ends to the side rails, horizontally
      aligned slots through the sides of the rung are provided spaced from the
      end of the rung. As the sides of the rung are engaged in the flange slots
      the ends of the rung are in abutting relation to the web of the side rail
      above and blow the flange and access to aligned slots through the rung is
      provided by the rung spacing. Joiner pins which are rectangular in cross
      section are provided for securing a rail end to a respective side member.
      The joiners are longer than the rung width and have a taper at one end so
      a joiner may be fitted into one of the aligned slots through the rung
      side, the joiner having a thickness providing a slide fit with the side of
      the slot.
PAR  The aligned slots are at a selected distance from the end of the rung,
      however, and this distance is carefully chosen to provide a drive fit for
      the joiner between this end of the slot and the vertical portion of the
      rail flange so that the end of the rung is forced against the rail web
      when the joiner is driven through the aligned rung slots. Preferably two
      pairs of aligned slots are provided in the rail ends, one above the other.
      The slots are spaced from the rung top and bottom so that the joiner is
      also forced against the upper or lower side of the flange when the joiner
      is driven through the aligned slots in the rung side.
PAR  Since it is usually preferable to secure the rungs in place before hanging
      or otherwise supporting the tray section, novel hangers are provided which
      can be inserted in the side rail lower grooves between the rungs. Each
      hanger has a projecting portion at one end and a railengaging portion at
      the other end. The projecting portion is square, flat and thinner than the
      other portion and has a hole therethrough for engagement by the usual
      hanger rod or other support.
PAR  The hanger rail-engaging portion has a length substantially equal to the
      depth of the lower groove and a width permitting insertion into the groove
      when the projecting portion is vertically disposed. When the projecting
      portion is turned to extend horizontally, the upper and lower surfaces of
      the rail engaging portion are arcuately curved from side to side for
      permitting turning of the hanger. The curved upper and lower surfaces of
      the rail engaging portion are also tapered outwardly toward the hanger end
      so that, when the hanger is turned with its projecting portion
      horizontally disposed, the upper and lower surfaces conform to the
      cross-sectional keystone shape of the groove for securing the hanger in
      the groove.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an assembled tray section according to the
      invention;
PAR  FIG. 2 is an enlarged, cross-sectional view on the line 2--2 of FIG. 1, the
      left rung end being cut away for clarity;
PAR  FIG. 3 on the second sheet of drawings is a fragmentary inner-side
      elevational view, on a reduced scale, of a side rail shown in FIG. 1;
PAR  FIGS. 4 and 5 are side elevational and bottom plan views respectively of a
      rung shown in FIG. 2;
PAR  FIG. 6 is a sectional view on the line 6--6 of FIG. 4;
PAR  FIGS. 7 and 8 are side elevational and edge elevational views,
      respectively, of a joiner shown in FIG. 2;
PAR  FIG. 9 is a fragmentary end elevational view of two tray sections, one
      stacked on top of the other, a portion of the side rail of the lower
      section being shown in section and showing a hanger, shown in FIG. 1,
      engaged therewith;
PAR  FIGS. 10 and 11 are plan and end elevational views, respectively, of the
      hanger shown in FIG. 9;
PAR  FIG. 12 is a fragmentary end elevational view of a side rail showing a
      lower groove connector engaged therewith;
PAR  FIG. 13 is a side elevational view of the connector shown in FIG. 12;
PAR  FIG. 14 is a side elevational view of an upper groove connector shown in
      end elevation in FIG. 9; and
PAR  FIG. 15 is a setscrew used in conjunction with the connector of FIG. 13.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a cable tray section 21 of the cable tray 20 has side
      rails 22L and 22R at either side, rungs 23, and hangers 24.
PAR  Referring to FIG. 2, each side rail 22 has an outwardly opening,
      keystone-shaped upper groove 25 and an outwardly opening, keystone-shaped,
      larger lower groove 26 along its upper and lower edges, roll-formed in its
      generally upstanding web 27. The open outer side of each groove is more
      constricted than its closed inner side.
PAR  The top side or flange 28 of the upper groove 25 extends outwardly of the
      rail, and the lower groove 26 has a pendant lower flange 29 generally
      aligned with web portion 27.
PAR  The three sides of lower groove 26 form an inwardly offset, hollow flange
      30 and, referring to FIG. 3, the flange 30 has a spaced pair of slots
      31--31 cut thereacross at a spaced interval, the interval determining the
      run spacing. It will be understood that the slots 31 may be punched out of
      the web prior to forming flange 30 and each slot 31 may extend above and
      below the flange as shown.
PAR  Referring now to FIGS. 4, 5 and 6, each rung 23 is formed of sheet metal
      bent substantially to the shape of a hollow square tube, as seen in FIG.
      6. The rung top 32 is flat, the rung sides 33 depend vertically, and the
      rung bottom comprises two flanges 34 spaced on either side of a central
      opening 35. Opening 35 is provided for properly finishing the metal rung,
      as when it is galvanized if desired, and for providing access to screws
      securing cable separators to the rung top 32 if desired.
PAR  The paired slots 31--31 across flange 30 are spaced the distance between
      rung sides 33--33 whereby the rung sides may be slidingly engaged in the
      slots 31 and the ends 36 of each rung thus surrounds a substantially
      square portion of the flange 30, as seen in FIG. 2, the end edges of each
      rung abutting the web portion of a side rail above and below the flange
      30.
PAR  For securing the rung ends to the side rails, joiners 37 are provided, as
      shown in FIGS. 7 and 8. As best seen in FIG. 4, each rung side 33 has
      rectangular slots 38 and 39 therethrough, the slot widths being such that
      a joiner 37 may be inserted with a slide fit. The slots 38 in each rung
      side are horizontally aligned with the slots 38 in the other side, and the
      slots 39 are also horizontally aligned in the two rung sides.
PAR  The end 40 of each slot 38 and 39 which is adjacent to the rung end 36 is
      precisely spaced from the rung end edge. As seen in FIG. 2, when the rung
      sides are inserted in the slots 31--31 and a joiner 37 is driven through
      the horizontally aligned slots, one edge of joiner 37 is against the
      vertical portion of flange 30 and the other edge is wedged against the end
      40 of the slot so that the rung end edges 36 are forced against the web of
      the side rail above and below the flange slots 31. Each joiner 37 has an
      end tapered at 41 to aid in the wedging action and the spacing between
      rung slot edge 40 and the end edge 36 of the rung is such as to provide a
      drive fit of the joiner in its slot.
PAR  The slots 38 are spaced from the rung top 32 and the slots 39 are spaced
      from the rung bottom flanges 34 and, as seen in FIG. 2, this spacing is
      such that when a joiner 37 is driven into its slot contact is made between
      the joiner and either the upper or lower portion of the flange 30.
      Preferably a joiner is used in slots 38 at one end of a rung and in slots
      39 at the other rung end. This alternate use of slots 38 and 39 can be
      reversed in the adjacent rung.
PAR  Referring now to FIG. 9, a hanger 24 is shown engaged in the lower groove
      26 of side rail 22L of section 20. Hanger 24, shown also in FIGS. 11 and
      12, has a projecting portion 42 and a rail-engaging portion 43 at its
      opposite ends. The projecting portion is flat and is horizontally disposed
      when in its normal engaged position, as shown in FIG. 9. A hole 44,
      through the projecting portion, provides means for securing the hanger to
      its support, here shown as hanger rod 45 and its securing means, the nuts
      46 and 47.
PAR  The rail-engaging portion 43 has a width, shown in FIG. 10, such that this
      portion may be inserted in the rail slot 26 when the projecting portion 42
      is turned to a vertical disposition. When turned to its normal
      disposition, the upper and lower surfaces 48 of the rail-engaging portion
      43, are arcuately curved, as shown in FIG. 11, to allow the 90.degree.
      turning of this end. Surfaces 48--48 are divergently tapered toward the
      end of hanger 24 so as to be engaged in the flange groove 26 when the
      hanger is in its normal position.
PAR  Referring to FIG. 12, a side rail connector 50 is shown engaged in the
      groove 26 at the end of a rail 22L and projecting therefrom. As shown in
      FIG. 13, the connector 50 is of sufficient length to be inserted for half
      its length in the groove 26 of the rail of one section and to have its
      other end inserted in the groove of the rail of another section in
      end-to-end abutting relation to the first section. A plurality of threaded
      holes 51 through connector 50 are provided for pointed securing setscrews
      52, such as shown in FIG. 15. Connector 50 has the same keystone shape as
      the groove 26 and when screws 52 are tightened they secure the connector
      in position in both rails during the securing of the abutting sections in
      position.
PAR  Shown in FIGS. 9 and 14 is a smaller upper connector 53 for also aligning
      the side rails of abutting sections. Connector 53 is of the same keystone,
      cross-sectional configuration as the upper groove 25 and has a plurality
      of threaded holes 54 therethrough for use with pointed setscrews 55
      indicated in FIG. 9.
PAR  Referring again to FIG. 9, it will be noted that a second section 20' is
      fragmentarily shown with its rungs 23' resting on the substantially
      horizontal, outwardly projecting top flange 28 of the side rail 22L of
      section 20. Flange 29' of the side rail of the upper section is of
      sufficient length to extend past the top flange 28 of the lower section
      thus adapting these tray sections to be nested and suspended or otherwise
      supported in nested relation.
PAR  It will be apparent that there has been herein described a cable tray which
      may be assembled, or disassembled and reassembled at the site without
      special tools or apparatus. Moreover, the means for fastening the rungs to
      the side rails, for securing hangers to the side rails, and for securing
      the aligning means for endwise abutting side rails permit a construction
      without sharp edges or protruding fastening means which can injure the
      protective covering of the cables.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cable tray section, comprising: a sheet metal side rail at each side,
      a plurality of hollow, bent sheet metal rungs substantially rectangular in
      cross section, each rung bottom comprising horizontal flanges spaced on
      either side of an opening to the rung interior, each side rail having an
      upstanding web, the web having an inwardly-offset hollow flange formed
      adjacent to and along its bottom edge, the hollow flange having three
      sides bent about a keystone-shaped, outwardlyopening groove, the groove
      being narrower across its open side than across its inward and closed
      side, the hollow flange having spaced pairs of vertically-extending slots
      thereacross at selected spaced intervals along each rail, each rung-end
      having its sides engaged in the hollow flange paired slots and the
      rung-ends abutting the upstanding webs above and below the hollow flange,
      at least one rung joiner for each rung-end, each joiner being longer than
      the width of the rung and substantially rectangular in cross section, each
      rung-end having at least one pair of horizontally aligned rectangular
      joiner slots through its sides receiving a joiner, each joiner having a
      tapered end adapted to be inserted in a rung-end slot, the rung-end slots
      being spaced from the rung-ends a selected distance and drivingly
      receiving a joiner therethrough and clampingly securing the rung-end
      against the abutting adjacent flange web, a plurality of hangers, each
      hanger having a railengaging portion at one end and a flat, normally
      horizontallydisposed, projecting portion at the other end, the projecting
      portion having a hole therethrough the rail-engaging portion having a
      length and normally horizontal width adapting this portion to be inserted
      in the outwardly-opening groove when the projecting portion is vertically
      disposed, the normally upper and lower surfaces of the railengaging
      portion being arcuately curved from side to side and being outwardly
      tapered lengthwise of the hanger to conform to the keystone shape of the
      rail groove, the rail engaging portion being inserted in the rail groove
      and rotated 90.degree. until the projecting portion is turned to its
      normal horizontal disposition, the rungs being first secured to the side
      rails and the hangers thereafter secured in place between selected rungs,
      and table tray support rods each having one end secured to supporting
      structure and having its other end passing through a respective hanger
      projecting portion hole and secured thereto.
NUM  2.
PAR  2. A cable tray comprising a plurality of like sections interconnected in
      end-to-end abutting relation; each section having a sheet metal side rail
      at each side, a plurality of sheet metal rungs substantially square in
      cross section, each rung bottom comprising horizontal flanges spaced on
      either side of an opening to the rung interior; a plurality of rung
      joiners; and a plurality of hangers; the side rails each having an
      upstanding web, the web being formed along its top edge about three sides
      of a keystone-shaped, outwardly opening, upper groove having a bottom
      extending inward, a closed side extending upward, and a top extending
      outward of the rail, the upper groove being narrower across its open side
      than across its inward, closed side; the web having an inwardly offset
      hollow flange formed adjacent to and along its bottom edge, the hollow
      flange having three sides bent about a keystone-shaped, outwardly opening
      lower groove; the lower groove being narrower across its open side than
      across its inward, closed side; the hollow flange having spaced pairs of
      vertically extending slots thereacross at selected spaced intervals along
      each rail, whereby each rung-end is adapted to have its sides engaged in
      the flange paired-slots and the rung-ends abutting the upstanding rail
      webs above and below the hollow flange; each joiner being longer than the
      width of the rung and substantially rectangular in cross section; each
      rung-end having at least one pair of horizontally aligned rectangular
      joiner slots through its sides receiving a joiner, each joiner having a
      tapered end adapted to be inserted in a rung-end slot, and the rung-end
      slots being spaced from the rung ends a selected distance so as to receive
      a joiner between the outer end of the rung-end slot and the closed inner
      side of the side rail hollow flange with a drive fit when the rung sides
      are received in the paired flange slots, the joiners being driven through
      the rung-end slots securing the rungs to the side rails; each hanger being
      received in an outwardly opening lower groove and having a rail-engaging
      portion at one end and a flat, normally horizontally disposed projecting
      portion at the other end; the projecting portion having a hole
      therethrough, the rail-engaging portion having a length and a normally
      horizontal width for insertion in the outwardly opening lower groove when
      the projecting portion is vertically disposed, the normally upper and
      lower surfaces of the rail engaging portion being arcuately curved from
      side to side and being outwardly tapered lengthwise of the hanger to
      conform to the keystone shape of the lower groove when the projecting
      portion is horizontally disposed; whereby the rungs are first secured to
      the side rails and the hangers thereafter secured between selected rungs.
NUM  3.
PAR  3. The cable tray defined in claim 2 having a pair of upper connectors and
      a pair of lower connectors for each endwise abutting pair of sections for
      aligning the endwise abutting side rails, the spacing of the first and
      last rung of each section from the side rail ends being at least one half
      the length of each connector, the upper connectors having a
      cross-sectional configuration conforming to that of the side rail upper
      grooves and the lower connectors having a cross-sectional configuration
      conforming to the side rail lower grooves, each connector having a
      plurality of threaded holes therethrough, and pointed set screws engaged
      in the holes of each connector when the connectors are engaged in the
      grooves in both the abutting side rails for securing the connectors in
      place during erection of the cable tray.
NUM  4.
PAR  4. The cable tray defined in claim 2 wherein each side rail of each section
      has a web portion pendant from the side rail flange of sufficient length
      to extend past the top of the upper groove of a lower section side rail
      when an upper section is placed on top of a lower section, the rungs of
      the upper section resting on the upper groove tops of the side rails of
      the lower section.
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ABST
PAL  A barrel handler formed of a two pieced rack for loading, unloading and
      transporting barrels and like elements comprising a pair of box tubing
      forming a base frame, a pair of upstanding box tubing elements having a
      common end centrally disposed and supported from the base frame, a pair of
      support box tubing forming a supporting frame connected between
      extremeties of the base frame and the support frame, a movable barrel
      receiving frame means pivotally disposed and mounted from the free end of
      the upstanding pair of box tubing elements, and space-rest support means
      for the barrel receiving frame means disposed in relative relation to the
      base frame. The invention also includes handle grip means mounted on ends
      of the barrel receiving frame means, wheel roller disposed on the common
      end of the base frame, and wheel casters being mounted from the base frame
      remote from the wheel rollers.
BSUM
PAC  CROSS REFERENCES TO RELATED INFORMATION AND REFERENCES
PAR  The present invention is a substantial improvement, departure and modified
      arrangement over prior art designs, constructions and features that relate
      to barrel rack supports, such as:
TBL  Milton               2,180,641                                            
     Falls                1,467,719                                            
     Ulvig                1,214,617                                            
     Caylor               2,910,304                                            
     Williams             2,477,278                                            
     Cadwalad             1,510,456                                            
     Pihan                D-202,913                                            
     Fleischman           3,052,441                                            
PAR  It is noted that the present invention has a pivotal element supported from
      the free end of an upstanding pair of box tubing elements supported from a
      base frame, and in which the base frame may be either movable such as by
      wheel means or supported from skid type elements.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to an improvement in barrel handler
      arrangements forming a two piece rack for loading, unloading and
      transporting barrels and similar type elements such as heavy cast iron
      welding bottles, gas drums, or petroleum barrels, and the like. More
      particularly the invention relates to barrel handlers and the like, as
      described above, for loading, unloading and transporting thereof, in which
      the device is constructed of a pair of box tubing elements forming a base
      frame, a pair of upstanding pair of box tubing elements having a common
      end centrally disposed of and secured to the base frame, a pair of
      structurally supporting box tubing elements forming a supporting frame and
      connected between extremeties of said base frame in said support frame, a
      movable barrel receiving frame means pivotally disposed and mounted on the
      free end of said upstanding pair of box tubing, and space-resting means to
      spacially dispose and support for resting barrel receiving frame means in
      relative relation to the base frame. Furthermore, the invention relates to
      constructing a barrel handler apparatus essentially from box tubing. Also
      the invention relates to providing a pair of wheel rollers at one end of
      the base frame and a pair of handle grip means mounted on the barrel
      receiving frame means and providing wheel casters at the same end of the
      base frame.
PAC  FIELD OF THE INVENTION
PAR  The present invention provides features of a barrel supporting rack that
      are unique so that there is provided means to tip up and down a 30-gallon
      drum by using ball bearing elements in the movable carrier and
      establishing a pivot point on the drum. The device can be constructed of
      both elements of box frame or tubing elements and may be bolted together
      after having been packaged and shipped in cartons in knock-down kits.
PAR  The units having wheels in front and caster wheels behind may be used in
      school systems where rubber tired elements for reduction in noise are
      required. When the barrel is in the down position, it can be pushed easily
      to wherever one is working. Schools, and other institutions, receive
      chemicals and wax products in barrels so there is a large use for the
      barrel rack of the present invention. In such institutions it is often
      found that a chair or small table means is used to tip over a barrel for
      dispensing the fluid in the barrel but by use of the rack of the present
      invention, ease, mobility and other advantages are readily apparent.
PAC  BACKGROUND OF THE INVENTION
PAR  It is an object, advantage and feature of the present invention to provide
      a rack without wheels or other movable means so that there is provided
      ease in tilting or moving 55-gallon barrels or the like so that they may
      be tipped up and back again with a rocker element that is found to have
      advantage over much of the prior art.
PAR  A further object and feature of the present invention is to provide movable
      means such as wheels in front and caster wheels behind that can be used in
      institutional use so that when the barrel is in the down position, it can
      be pushed easily to wherever one is working. Such institutions get their
      wax and chemicals in barrels, and there is advantages seen in the present
      invention in moving the barrel handler forming a two-piece rack that is
      supported by a pivot and ball bearing means for use to the best advantage
      as seen in the present invention.
PAR  It is a further and advantageous object of the present invention to provide
      means and use of the apparatus for carrying sacks, heavy cast iron welding
      bottles, for transport about a given locale. In the up position, the
      device of the invention sheds rain water and is thus not readily a
      collector of stagnant water.
PAR  Within the purview of the present invention, a chain may be used at the
      rear to stabilize the barrel in place. To prevent small children from
      tipping the rack back and causing an accident, a chain may be used in
      front for safety purposes. A further object of the present invention is to
      provide a series of roller elements that can be attached to movable rack
      in a series of parallel arrangements so that the rack may be disposed on a
      level arrangement and provide for means rolling a cast iron welding bottle
      or tank, or petroleum barrel, in a longitudinal direction as may be
      desired.
PAR  It is a project and advantage of the present invention to provide a
      two-piece frame unit which are interconnected by a rod and ball bearing
      interfacing elements so that a solid frame and a movable rack are provided
      with ease for handling heavy barrels and the like.
PAR  A further object of the present invention is to provide a frame on which
      are mounted ball bearingly supported wheels with puncture proof
      semi-pneumatic tires with heavy steel discs. Swivel casters with one row
      of hardened steel ball bearings, caster horn and ball bearing raceway are
      also provided. Wheels are of hard rubber composition with cushion tread
      for use in institutions, schools, factories and other general use.
PAR  A further object of the invention is to provide for loading and unloading
      of barrel element with ease in a matter of seconds.
PAR  A further object of the present invention is to provide a skid support
      element for a drum, or the like, that is provided with an auxiliary handle
      that makes tipping a 55-gallon drum easy.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  The above and other objects and advantages of the invention will become
      apparent upon full consideration of the following detailed description and
      accompanying drawings in which:
PAR  FIG. 1 is a generally front perspective view of a barrel handler in
      accordance with a preferred embodiment of the present invention and having
      a barrel in the generally horizontal position;
PAR  FIG. 2 is a similarly disposed front perspective view of the invention
      without the barrel and disposed in the generally vertical arrangement;
PAR  FIG. 3 is a modification of the barrel handler having an end extension
      thereon in accordance with a further embodiment of the present invention;
PAR  FIG. 4 is a generally perspective view of a leg lock mechanism for locking
      up to one piece of shafting and having a float pedal to release the
      latches that are welded on each end; and
PAR  FIG. 5 is a generally front perspective view of a modification of the
      present invention in which there is provided an auxiliary handle useful
      for tipping a large gallon drum with facilities so that it is disposed
      onto the barrel receiving frame and may then be tipped over into place for
      use or storage within the purview of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings, there is shown a barrel handler 10 formed of
      a two piece rack 12 shown pivotally mounted by pivot means 14 to a base
      frame 16 by means of an intermediate upstanding pair of box tubing 20. The
      pivot means 14 may comprise a shaft or tubular member supported by means
      of ball bearings within the box tubing 20 and for providing pivotal motion
      to the barrel receiving frame means 12.
PAR  The frame members 12, 16 may well be constructed of box tubing as shown.
PAR  A pair of support box tubing elements forming a support frame 22 is shown
      connected between the pivot end of the upstanding box tubing 20 and the
      distal end of the base frame 16, at which there is also mounted a pair of
      wheel rollers 26, 26. Also shown in FIGS. 1 and 2 is a space-support
      structure 30 provides space and rest functions in supporting the barrel
      receiving frame means 12 in relative relation to the base frame 16. FIG. 3
      shows the space-rest means 30 supported from the barrel frame means 12 and
      when in the lowered position, the space-rest means rests against the base
      frame 16.
PAR  While one end of the base frame 16 is provided with wheels 26,26, the other
      end may be provided with wheel casters 36. To this same end of the barrel
      handler 10, there may be provided handle grip means 38 for lifting or
      lowering the barrel receiving frame means 12.
PAR  FIG. 3 shows an embodiment in which there is provided at the distal end of
      the barrel receiving frame means 12 an extension 40 which is attached onto
      the barrel receiving frame 12 by conventional means such as bolts, or the
      like, and having a pivotal member 42 connected therewith and having a
      chain coupled limit means 44 to limit the angle through which the pivotal
      member 42 may extend, such as at a maximum of 90.degree.. In FIG. 5 the
      base frame and the barrel receiving frame are essentially coplanar or
      integrally connected and constructed with each other so that it receives
      the barrel 50 and is supported by legs 52, 56, and the latter legs being
      supported by support means 22 mentioned above. FIG. 5 shows the
      arrangement having skid surfaces at the lower extremeties of the legs 52,
      56, and which there are handles 38, as described above.
PAR  FIG. 5 also shows means such as an auxiliary handle 60 that assists and
      aids in the tipping of the 55-gallon drum element 50 as is shown therein.
      FIG. 5 also shows the pivot element 14 constructed of the ball bearing
      interconnections as described above in connection with FIGS. 1 and 2. FIG.
      4 is a view of the leg lock mechanism according to another embodiment of
      the invention, and in which the barrel 50 is disposed to show the leg lock
      mechanism 64 which is provided with a one piece of shafting 66 having a
      bearing 68, 68 on each end. A float pedal 70 releases the latches that are
      welded on each end by means of a spring 72 disposed on one side for
      holding the latches in place. The latches are built on an angle to keep
      them from folding, and a small piece of flat portion of the latch is
      welded to the legs as shown. Further illustrated in FIG. 2, there is shown
      a series of rollers 80 that can be attached to the movable rack 12 so that
      the rack can be on the level and held parallel to the floor of a pickup
      truck, for example, so that in this way heavy loads can be loaded onto the
      truck with a great deal of facility by the barrel or other objects being
      slid along the rollers of the movable back while held in the horizontal
      position. The rollers can be used to unload groceries and similar to the
      racks otherwise known and used for unloading groceries along a movable
      track.
PAR  A plate 90 is shown used for holding the barrel in place, and is provided
      with various holes drilled along its center line and is moved in various
      positions and tightened in place with wing nut 92.
PAR  It is seen therefore that by the construction and use of the present
      invention there is a barrel handler apparatus formed of a two piece rack
      for loading, unloading and transporting barrels, and the like in
      accordance with the objects and advantages of the present invention.
PAR  Additional embodiments of the invention in this specification will occur to
      others and, therefore, it is intended that the scope of the invention be
      limited only by the appended claims and not by the embodiments described
      hereinabove. Accordingly, reference should be made to the following claims
      in determining the full scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A barrel handler forming a two-piece rack for loading, unloading and
      transporting barrels and the like comprising a pair of box tubing forming
      a base frame having a central frame forming with said box tubing a
      U-shaped recesses at each of the ends thereof, a pair of upstanding pair
      of box tubing having its lower end disposed centrally of and secured to
      said base frame, a pair of support box tubing forming a support frame and
      connected between extremities of said base frame and said support frame, a
      movable barrel receiving frame means pivotally disposed and mounted on the
      free end of said upstanding pair of box tubing, and space-rest means to
      support the barrel receiving frame means in relative relation to the base
      frame, said space-rest means being constructed of box tubing and mounted
      in up-standing relation adjacent one of said U-shaped recesses, said base
      frame having a pair of wheel rollers at an end of said base frame, and a
      pair of handle grip means mounted on the end of said barrel receiving
      frame means distal to said wheel rollers.
NUM  2.
PAR  2. The invention of claim 1 wherein said barrel receiving frame means is
      constructed of box tubing.
NUM  3.
PAR  3. The invention of claim 1 wherein wheel casters are mounted from the base
      frame.
NUM  4.
PAR  4. The invention of claim 3 wherein wheel casters are mounted from the base
      frame remote from the wheel rollers.
NUM  5.
PAR  5. The invention of claim 1 wherein an extension means is attached onto
      said barrel receiving frame means and having a pivotal member connected
      thereto with a chain coupled limit means.
NUM  6.
PAR  6. The invention of claim 1 wherein said base frame and said barrel
      receiving frame means are essentially integrally constructed parallel to
      each other.
NUM  7.
PAR  7. The invention of claim 1 wherein a series of roller bars are spacially
      disposed along the length of said movable barrel receiving frame means.
NUM  8.
PAR  8. A barrel handler forming a two-piece rack for loading, unloading and
      transporting barrels and the like comprising a pair of box tubing forming
      a base frame having a central frame forming with said box tubing a
      U-shaped recesses at each of the ends thereof, a pair of upstanding pair
      of box tubing having its lower end disposed centrally of and secured to
      said base frame, a pair of support box tubing forming a support frame and
      connected between extremities of said base frame and said support frame, a
      movable barrel receiving frame means pivotally disposed and mounted on the
      free end of said upstanding pair of box tubing, and space-rest means to
      support the barrel receiving frame means in relative relation to the base
      frame, said space-rest means being constructed of box tubing and mounted
      in upstanding relation adjacent one of said U-shaped recesses and said
      base frame having a pair of wheel rollers at an end of said base frame and
      wheel casters mounted from the base frame remote from said wheel rollers.
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ABST
PAL  A frame for holding an animal feeding bottle; the frame and bottle can be
      hung in the animal cage.
PARN
PAR  This is a continuation, of application Ser. No. 366,530 filed June 4, 1973
      now abandoned, which in turn is a continuation of patent application Ser.
      No. 244,411 filed April 17, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A popular way of providing liquid food for rodent-type animals is to
      suspend an inverted bottle of liquid within the cage. The bottle is
      provided with a capillary tube, from the end of which the animal can suck
      drops of liquid. Various frames or holders have been placed on the market
      to suspend the feed bottle. One problem has been that frames which hold
      the bottle firmly enough so that the animal could not dislodge it by
      curious contact, present difficulties for the keeper when he wishes to
      refill the bottle. Conversely, in a frame in which the bottle can be
      easily filled, the bottle can be dislodged and broken. Often, the frame
      has had sharp corners or open loops by which the animal could be harmed.
      In some cases, the bottle has no cap to permit it to be clamped in the
      bracket and difficulty has been experienced with these bottles falling out
      of the bracket. In some prior art frames the design was too expensive to
      construct commercially, not durable enough to last, or not visually
      pleasing enough. These and other difficulties experienced with the prior
      art devices have been obviated in a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      bottle holder by which a liquid feed bottle can be suspended within an
      animal cage.
PAR  Another object of this invention is the provision of a bottle holder which
      is simple and inexpensive to produce.
PAR  A further object of the present invention is the provision of a bottle
      which holds the bottle firmly even if it has no cap and does not release
      the bottle if the animal tampers with it.
PAR  It is another object of the instant invention to provide a bottle holder
      from which the bottle can easily be released by the keeper.
PAR  A still further object of the invention is the provision of a bottle holder
      from which sharp parts do not project into the animal cage.
PAR  It is a further object of the invention to provide a bottle holder which
      hides the bottle somewhat from the view of the animal.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  This invention involves a frame used to suspend an inverted feed bottle
      into a pet container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 shows a perspective view of the bottle holder incorporating the
      present invention,
PAR  FIG. 2 shows a side elevation view of a bottle holder incorporating the
      present invention, and
PAR  FIG. 3 shows a sectional view of the holder taken along line III-III.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, wherein are best shown the general features of
      this invention, the frame 10 is shown attached to support 11 and is shown
      carrying a bottle 12. The support 11 is shown as the vertical wall of an
      animal cage. The bottle is shown to have a body 14, a neck 15 of diameter
      less than the body, a cap 16, and a tube 17 which allows drop by drop
      release of the contents of the bottle, when the bottle is inverted. By
      "inverted" is meant that the neck and cap of the bottle are directed
      downward as shown in the figures.
PAR  In the preferred embodiment, the frame 10 itself is fabricated from sheet
      metal. It could also be made of wire or of plastic. The upper portion 18
      is shaped with a hook which allows the frame to be hung from the upper
      edge of the wall 11. A second portion 19 extends horizontally from the
      wall. A third portion 20 hangs vertically from the outboard end of the
      second portion. From the bottom of the third portion (and horizontally
      directed toward the wall is a fourth portion 21. The fourth portion is
      generally concave upwardly and has a centrally located aperture. As shown
      in FIGS. 1 and 2, the body 14 of the bottle rests within the volume
      defined by the frame 10 and the wall 11, and the neck 15 extends through
      the aperture and downwardly from the frame.
PAR  FIG. 3 shows the manner by which the neck 15 of the bottle extends through
      the aperture. The aperture is shown to have a peripheral surface 22 which
      is in the shape of a downwardly directed nozzle with a somewhat parabolic
      shape. The diameter of the aperture is such that the neck of the bottle
      will pass through it, if the cap is not on the neck, but will not pass
      through it if the cap is in place. The tube 17 passes through the cap 16
      and through an internal seal and allows drops of liquid to flow from the
      bottle. The contact of the peripheral surface 22 of the operture, with the
      body 14 of the bottle, causes the bottle to yield slightly to pressure,
      yet subsequent to return to its proper position. The corners of the frame
      are rounded to form webs 23.  This makes the corners less dangerous and
      strengthens the frame.
PAR  The use and operation of the invention will now be readily understood in
      view of the above description. With the bottle and frame separated, the
      bottle is held neck upward and filled with liquid. The frame is held in a
      position inverse to that shown in the drawing, the neck of the bottle is
      placed through the aperture, and the cap is placed on the bottle. In those
      cases where the bottle has no cap to hold it in place in the aperture, the
      portion 20 acts to clamp the bottle against the wall 11, while the portion
      19 clamps the bottle against the portion 21 and the socket formed by the
      surface 22 around the aperture. The resulting unit is inverted to the
      position shown in the Figures and then, hung from a suitable support in
      the pet container. The tube 17 then allows drops of liquid to form at its
      lower end and the liquid is thus made available to the pet. Reversal of
      the above procedure, allows refilling or replacement of the bottle.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by letters patent is:
NUM  1.
PAR  1. A bottle holder for holding an animal-feeding bottle adjacent the plane
      of a horizontal support, comprising
PA1  a. a first, substantially hook-shaped portion adapted to fix the holder to
      the support,
PA1  b. a second portion extending generally horizontally from the first
      portion,
PA1  c. a third portion extending downwardly from the second portion, so that
      said third portion is spaced from the plane of the support, and
PA1  d. a fourth portion attached to said third portion, directed horizontally
      back toward the plane of the support, and adapted to carry an inverted
      bottle so that a substantial part of the bottle is held in a volume of
      space defined by the second, third, and fourth portions of the holder, and
      by the plane of the wall, the frame being stamped from a single sheet of
      metal, the bottle being provided with a neck of reduced diameter and a
      cap, an aperture being provided in the fourth portion through which the
      neck extends, the diameter of the aperture being such that the reduced
      neck without the cap can pass through said aperture, but cannot pass
      through with the cap in place, the frame being constructed of opaque sheet
      material and thus obscuring from view a large portion of the bottle.
NUM  2.
PAR  2. A holder as recited in claim 1, wherein an angular junction between
      portions is provided with rounded corners.
NUM  3.
PAR  3. A holder as recited in claim 1, wherein the aperture is nozzle-shaped
      and directed downwardly.
NUM  4.
PAR  4. A holder as recited in claim 1, wherein the first, hook-shaped portion
      consists of a flat horizontal part of rectangular shape from one side of
      which extends a vertical part of rectangular shape whose lower edge is
      free and from the other side of which extends a vertical part of
      rectangular shape whose lower edge is connected to the said second portion
      of the frame, the first portion clamping to the horizontal support which
      is of rectangular cross-section, so that the horizontal part rest on a
      horizontal surface of the support and the two vertical parts press against
      opposite vertical surfaces of the support.
NUM  5.
PAR  5. Bottle assembly, comprising
PA1  a. a container arranged to be suspended vertically and to discharge its
      contents from the bottom,
PA1  b. a first horizontal element extending across the upper portion of the
      bottle,
PA1  c. a first vertical element extending upwardly from the said horizontal
      element in the plane of one side of the bottle,
PA1  d. a second horizontal element extending from the upper end of the first
      vertical element and extending away from the bottle,
PA1  e. a second vertical element extending downwardly from the second
      horizontal element in spaced, parallel relationship to the said first
      vertical element, and
PA1  f. means for attaching the first horizontal element to the bottle.
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ABST
PAL  The present invention provides a simple and effective method and apparatus
      for hydraulically suspending a vehicle seat while regulating movement of
      the seat in response to vertical travel of the vehicle, a reciprocable
      power piston within a cylinder comprising a flexible coupling between the
      seat and a suitable support structure, a control valve selectively
      communicating a source of fluid with the cylinder in response to pressure
      variations developed by movement of the power piston within its cylinder.
      The invention also preferably includes load compensating means for
      limiting the control function in response to relatively minor movement of
      the piston as well as a damped leveling unit partially formed by the power
      piston for providing hydraulic response to limited movement of the piston.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for providing a
      hydraulic suspension assembly. The hydraulic suspension assembly is
      particularly contemplated for regulating movement of a vehicle seat in
      response to vertical travel of the vehicle occurring, for example, when
      the vehicle is operating over uneven terrain.
PAR  The method and apparatus of the present invention more broadly provide
      hydraulic stabilization in a suspension assembly for supporting a spring
      mass relative to an unsprung mass.
PAR  Many existing suspension systems provide a nearly constant spring rate by
      means of either a mechanical or fluid suspension linkage. Suspension
      systems of this type may be undesirable in certain applications such as on
      earthmoving machines, for example, where the vehicle may operate over very
      different types of terrain, including both very rough off-highway travel
      and relatively smooth on-highway operation. One disadvantage for such
      systems is that the stabilizing force imposed upon a suspended or spring
      element such as an operator seat is much greater when the vehicle is
      traveling over rough terrain as compared to situations where the vehicle
      is traveling over relatively smooth terrain. This comparison exists
      because the response of the suspension system is generally proportional to
      the amount of vertical travel encountered or experienced by the vehicle or
      unsprung mass.
PAR  Hydraulic suspension assemblies are also known in the prior art which
      respond to acceleration forces developed during vertical travel of the
      vehicle. Such systems may provide a variable spring rate or response for
      overcoming problems such as those noted above. Hydraulic suspension units
      of this type are described for example, in U.S. Pat. Nos. 3,492,013;
      3,095,214; and 3,300,203; the last noted patent being assigned to the
      assignee of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the invention to provide a hydraulic
      suspension assembly for a vehicle seat.
PAR  It is also an object of the invention to provide a method and apparatus for
      hydraulically stabilizing a spring mass supported relative to an unsprung
      mass by means of a power piston reciprocably arranged within a power
      cylinder.
PAR  It is another object of the invention to provide control means for
      adjusting the position of the power piston within the power cylinder
      relative to pressure variations developed within the power cylinder by the
      piston.
PAR  It is a further object of the invention to provide such a method and
      apparatus wherein response of the power piston is limited by a load
      compensating means.
PAR  It is yet another object of the invention to provide such a method and
      apparatus of hydraulically stabilized suspension wherein a damped
      levelling system is partially formed by the load piston itself for
      regulating its response to relatively limited external forces.
PAR  Additonal objects and advantages of the invention are made apparent in the
      following description having reference to the accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the hydraulic suspension of the present invention in
      connection with a vehicular seat mounted upon a suitable support
      structure.
PAR  FIG. 2 is a fragmentary view, with parts in section, of a power cylinder
      and control valve for the present hydraulic suspension assembly arranged
      within a common housing.
PAR  FIG. 3 is a view similar to FIG. 2 while illustrating another embodiment of
      the present hydraulic suspension assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a hydraulic suspension assembly of the type
      contemplated by the present invention is indicated at 10 for regulating
      relative movement between a vehicular seat assembly 12 and a suitable
      support structure 14. It is not believed necessary to illustrate any other
      portions of the vehicle except to note that a vehicle employing the
      arrangement of FIG. 1 may preferably be an earthmoving vehicle or other
      type of material handling machine adapted for operation in off-highway as
      well as on-highway applications.
PAR  The seat assembly 12 is movably secured to the support structure 14 by
      means of a quadrilateral support linkage indicated at 16. The linkage 16
      includes a similar combination of elements one each side of the seat
      assembly, elements on only one side of the seat assembly being illustrated
      in FIG. 1. Upper and lower links 18 and 20 are pivotably interconnected
      between a first bracket 22 secured to the seat assembly 12 and a second
      bracket 24 secured to the support structure 14.
PAR  The hydraulic suspension assembly 10 preferably includes a single housing
      indicated at 26 which is pivotably fixed at 28 to another bracket 30 which
      is also secured to the support structure 14.
PAR  A hydraulic power unit which is included within the suspension assembly 10
      to provide a coupling with the seat assembly 12 is best illustrated at 32
      in FIG. 2. The power unit 32 is arranged within the common housing 26 and
      includes a power piston 34 reciprocably arranged within a cylinder or bore
      36 formed by the housing 26. An elongated rod 38 is integrally secured to
      the piston 34 and penetrates the housing 26 at one end of the bore 36 to
      be coupled with the seat assembly 12 as may be best seen in FIG. 1.
PAR  Through the above arrangement, it may be seen that the piston 34 tends to
      be positioned in the cylinder 36 in response to relative movement between
      the seat assembly 12 and the support structure 14. Relative downward
      movement of the seat assembly 12 tends to urge the piston 34 toward a
      first or lower end 40 of the cylinder 36, such relative movement tending
      to occur for example when a vehicle bounces upwardly. Corresponding upward
      movement of the seat assembly 12 is resisted by the weight of an operator
      (not shown). Subsequent downward travel of the vehicle, or course, tends
      to cause the piston 34 to move upwardly toward a second or upper end 42 of
      the cylinder 36.
PAR  The hydraulic suspension assembly 10 also includes a control valve 44, of
      particularly simple construction, in combination with the power unit 32
      for regulating relative movement between the seat assembly 12 and the
      support structure 14. The structural simplicity within the suspended
      assembly 10 according to the present invention is accomplished by
      employing pressure variations developed within the power unit 32 in
      response to relative movement between the seat assembly 12 and support
      structure 14 for regulating operation of the control valve 44. The control
      valve 44 in turn serves to selectively communicate a source of fluid under
      pressure, generally indicated at 46, and a fluid drain means described
      below with the rod and head ends 42 and 40 of the power unit 32.
PAR  The control valve 44 comprises a spool 48 reciprocably arranged within a
      bore 50 which is also formed by the housing 26. The bore 50 is in
      respective communication with the head and rod ends of the power cylinder
      36 by means of respective passages 52 and 54. Both the control valve bore
      50 and the power cylinder 36 are in communication with the source or pump
      36 by means of a supply passage 56. The control valve bore 50 is also in
      communication with drain passages 58 and 60 which are generally arranged
      in opposing relation to the passages 52 and 54. An additional passage 62
      merely serves to permit fluid evacuation from the bore 50 above the spool
      48.
PAR  The control valve spool 48 is responsive to pressure vatiations within the
      power cyclinder 36 through an interconnecting signal passage indicated at
      64. The signal passage 64 communicates the lower or head end 40 of the
      power cylinder 36 with the lower end of the control valve bore 50.
      Accordingly, increasing pressure within the head end 40 of the power
      cylinder tends to urge the control valve spool 48 upwardly against a
      spring 66. As noted above, such a situation may exist, for example, when
      the vehicle moves upwardly while traveling over rough terrain with
      corresponding movement of the seat assembly 12 being resisted by the
      weight of an operator. Conversely, when a pressure decrease develops
      within the head end 40 of the cylinder 36, the control valve 48 tends to
      be moved downwardly under the influence of the spring 66.
PAR  Under static conditions, the power piston 34 tends to be in a position as
      illustrated in FIG. 2 where it blocks the supply passage 56. Similarly,
      under static conditions, the control valve spool 48 tends to be centered
      in a position where it blocks each of the passages 52 and 54 from
      communication with the supply passage 56. Accordingly, the power piston 34
      tends to remain in its illustrated position within the cylinder 36 until
      some relative movement occurs between the seat assembly 12 and support
      structure 14. Operation of the power piston in response to such relative
      movement is described below.
PAR  Before describing the manner of operation for the hydraulic suspension
      assembly, it is desirable to first set forth two additional features of
      the invention. The first such feature is a load compensating orifice 68
      arranged along the signal passage 64 for limiting fluid flow between the
      head end 40 of the power cylinder 36 and the lower end of the control
      valve bore 50. Accordingly, the orifice 68 functions either alone or in
      combination with the spring 66 to limit response of the control valve
      spool 48 to pressure variations within the cylinder 36.
PAR  Additionally, the power piston 34 forms a damped levelling system for
      regulating its own response to relatively minor external forces tending to
      cause its movement within the cylinder 36. Such minor forces may develop,
      for example, when the operator shifts about upon the seat 12 or minor
      movement is caused between the seat assembly 12 and support structure 14
      which does not require adjustment through the suspension assembly 10.
      Within the preferred embodiment, the damped levelling system formed
      integrally within the power piston 34 in order to simplify construction of
      the common housing 26. The piston 34 forms separate sets of metering slots
      70 and 72 which are spaced apart by an intermediate land 74 which blocks
      the supply passage 56 under static conditions as noted above. The metering
      slots 70 are in communication with an annular groove indicated at 76. The
      annular groove 76 is also in communication with the head end 40 of the
      cylinder 36 by means of a restrictive orifice 78 and an elongated passage
      80.
PAR  The metering slots 72 similarly open into communication with an annular
      groove 82 which is in communication with the rod end 42 of the cylinder 36
      through a restrictive orifice 84 and an elongated passage 86.
PAR  The load levelling elements described above cooperate to maintain the power
      piston in its centered position while under the influence of minor
      external forces. For example, minor forces tending to urge the power
      piston 34 upwardly cause the supply passage 56 to be in communication
      through the metering slot 72 and the annular groove 82 with the
      restrictive orifice 84 and also by the metering slots 72. Increased
      pressurization which results in the rod end of the cylinder tends to urge
      the power piston downwardly toward its centered position whereupon
      communication between the supply passage 56 and the metering slots 72 is
      terminated.
PAR  On the other hand, movement of the power piston downwardly, for example, in
      response to movement of an operator upon the seat assembly 12 (see FIG.
      1), places the supply passage 56 in communication through the metering
      slots 70 and annular groove 76 with the restrictive orifice 78 and the
      passage 80. Accordingly, fluid under pressure enters the head end 40 of
      the cylinder as primarily regulated by the restrictive orifice 78 and also
      by the metering slots 70. Upward movement of the power piston 34 results
      until it is again returned to its center position blocking the supply
      passage 56.
PAR  When the power piston 34 moves downwardly so that the supply passage 56 is
      communicated with the head end 40, the rod end 42 of the cylinder 36 is in
      communication with a drain passage 88 across metering slots indicated at
      90. Fluid flow from the supply passage 56 into the head end 40 of the
      cylinder 36 is balanced by fluid flow to drain from the rod end 42.
      Similarly, when the power piston 34 moves upwardly resulting in
      communication of the supply passage 56 with the rod end 42 of the
      cylinder, the head end 40 of the power cylinder is placed in communication
      with the drain passage 88 by means of the elongated passage 80, the
      restrictive orifice 78 and the annular groove 76. The restrictive orifice
      78 thus serves to meter fluid flow to drain from the head end 40 of the
      power cylinder. A portion of the drain passage 88 is preferably elevated
      relative to the rod end 42 of the power cylinder 36 in order to prevent
      undesirable fluid evacuation from the power cylinder.
PAR  In operation of the embodiment illustrated at FIG. 2, the power piston 34
      and the control valve spool 48 tend to assume their illustrated positions
      under static conditions with an operators weight being carried by the seat
      assembly 12. The control valve 44 may, of course, be adjusted by
      conventional means (not shown) in order to adapt operation of the
      hydraulic suspension assembly to a given operator's weight.
PAR  As was noted above, relatively limited movement between the seat assembly
      12 and the support structure 14 is accommodated by the levelling system
      formed within the power piston 34. The elements of the levelling system
      function as described immediately above to maintain the power piston 34 in
      its centered position as illustrated in FIG. 2.
PAR  When larger external forces tend to cause relatively increased movement
      between the seat assembly 12 and support structure 14, the control valve
      44 is actuated by pressure variations within the head end 40 of the power
      cylinder 36 in order to return the power piston 34 to its centered
      position. For example, when the seat 12 moves downwardly, the power piston
      34 is urged downwardly and causes increased pressure within the head end
      of the cylinder 36. That increased pressure is communicated across the
      restrictive orifice 68 and urges the control valve spool 48 upwardly
      against its spring 66 to communicate the supply passage 56 with the rod
      end 42 of the cylinder through the passage 54. At the same time, the head
      end 40 is placed in restricted communication with the drain passage 88
      across the orifice 78. The power piston 34 is thereby moved downwardly
      toward or into the head end of the cylinder to accommodate relative
      downward movement of the seat assembly (see FIG. 1).
PAR  Relative movement of the seat assembly, as described above, may be caused
      for example, when a vehicle hits a bump or other obstruction in its path
      tending to cause the vehicle and support structure 14 to move upwardly.
      After the vehicle passes the bump or obstruction and the support structure
      14 again moves downwardly, the power piston 34 will, of course, tend to
      move upwardly in the cylinder 36, reducing pressure within the head end
      40. Under these conditions, the spring 66 urges the spool 48 downwardly so
      that the supply passage 56 is placed in communication with the head end 40
      of the cylinder 36 through the passage 52. At the same time, the rod end
      42 of the cylinder is placed in communication with the drain passage 88
      across the metering slots 90. Accordingly, the power piston 34 is again
      shifted upwardly toward its centered position at a controlled rate.
PAR  The sequence described above applies to typical situations where a vehicle
      encounters an obstruction, the seat 12 and support structure first tending
      to move toward each other and then moving apart into their normal relative
      positions. Of course, if the vehicle were to encounter a depression in its
      path, the seat assembly 12 and support structure 14 might tend to first
      move relatively apart from each other and then toward each other to assume
      their normal relative positions. In that event, the control valve 44 would
      first function in response to reduced pressure within the head end 40 of
      the cylinder 36 to supply fluid under pressure through the passage 52.
      Subsequently, the control valve 44 would function in response to increased
      pressure within the head end 40 of the cylinder in order to supply fluid
      under pressure through the passage 54 into the rod end 42 of the power
      cylinder.
PAR  At the same time when the control valve 44 is functioning in response to
      pressure variations within the head end 40 of the cylinder 36, its initial
      rate of response is determined by the restrictive orifice 68. The rate of
      response for the control valve spool 48 is further affected by the spring
      66 which may thus be seen as acting in combination with the restrictive
      orifice 68.
PAR  Another embodiment 10' of the hydraulic suspension assembly is illustrated
      in FIG. 3. The hydraulic suspension assembly 10' of FIG. 3 corresponds
      closely to that described above for FIG. 2. Accordingly, similar elements
      are indicated by similar primed numerals.
PAR  The embodiment of FIG. 3 differs from that of FIG. 2 primarily in the
      manner in which load compensation is provided for the control valve 44'.
      Note that whereas the control valve spool 48 of FIG. 2 has a single
      centering spring 66, the control valve spool 48' of FIG. 3 has centering
      springs 102 and 104 arranged in opposite ends of its bore 50'. In
      addition, the embodiment of FIG. 2 includes the restrictive orifice 68
      arranged along the passage 64 in communication between the head end of the
      power cylinder 36 and the bottom of the control valve spool 50. In FIG. 3,
      a similar passage 64' provides free communication between the head end 40'
      of the cylinder 36' and the bottom of the control valve bore 50'. However,
      a load compensating accumulator 106 of a hydropneumatic type containing
      air or nitrogen over hydraulic fluid is arranged in communication with the
      upper end of the bore 50' by means of a branched passage 108. The branched
      passage 108 also forms a restrictive orifice 110 limiting fluid flow
      between opposite ends of the control valve bore 50' through the passages
      64' and 108.
PAR  The combination of the orifice 110 and the accumulator 106 tend to reduce
      the effect of dynamic fluid pressure from the head end 40' of the power
      cylinder 36' in acting on the control valve spool 48' in conjunction with
      the upper spring 102. Accordingly, the control valve spool 48' tends to
      move upwardly in response to increased pressure within the head end 40' of
      the power cylinder 36'. On the other hand, decreasing pressure within the
      head end 40' of the power cylinder 36 is immediately sensed within the
      lower end of the control valve bore 50'. A corresponding pressure
      reduction at the upper end of the control valve bore 50' is delayed
      because of the combined effect of the orifice 110 and the available supply
      of fluid under pressure from the accumulator 106. Thus, the control valve
      spool 48' functions in substantially the same manner described above with
      relation to the embodiment of FIG. 2 in response to pressure increases and
      pressure decreases within the head end 40' of the power cylinder 36.
      However, actuation of the control valve spool 48' is delayed or limited by
      the load compensating combination of both the accumulator 106 and
      restrictive orifice 110 acting together with the springs 102 and 104.
PAR  It will be obvious in either the embodiment of FIG. 2 or the embodiment of
      FIG. 3 that numerous modifications may be made within the scope of the
      present invention. In particular, it is noted that the restrictive
      orifices 78 and 84 together with the elongated passages 80 and 86 within
      the power piston 34 could also be formed by the housing 26. However, as
      was noted above, those components are preferably formed by the power
      piston 34 in order to simplify construction of the housing 26. Still
      further, it would also be possible to form the restrictive orifice 68
      internally within the control valve spool 48, for example, to regulate
      fluid communication from the passage 52 into the lower end of the control
      valve bore 50. Such a modification would still further simplify
      construction of the housing 26.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydraulic suspension assembly for regulating movement of a vehicular
      seat in response to vertical travel of the vehicle, comprising
PA1  a power piston reciprocably arranged within a power cylinder, the piston
      and cylinder comprising a flexible coupling between the vehicular seat and
      a suitable support structure, the power piston tending to be movable
      within the power cylinder and to develop pressure variations within the
      power cylinder in response to relative movement between the vehicular seat
      and the support structure,
PA1  a source of fluid under pressure,
PA1  a control valve for selectively communicating the source and a fluid drain
      with the power cylinder on opposite sides of the power piston,
PA1  means for operating the control valve in response to the pressure
      variations developed within the power cylinder by the power piston in
      order to establish said selected communication for the source and fluid
      drain with the power cylinder, and
PA1  load compensating means for limiting response of the control valve to the
      operating means in response to relatively minor pressure variations
      developed within the power cylinder,
PA1  the load compensating means comprising a restrictive orifice for
      communicating one end of the control valve spool with an end of the power
      cylinder subject to increased pressurization in response to downward
      movement of the vehicular seat relative to the vehicle.
NUM  2.
PAR  2. A hydraulic suspension assembly for regulating movement of a vehicular
      seat in response to vertical travel of the vehicle, comprising
PA1  a power piston reciprocably arranged within a power cylinder, the piston
      and cylinder comprising a flexible coupling between the vehicular seat and
      a suitable support structure, the power piston tending to be movable
      within the power cylinder and to develop pressure variations within the
      power cylinder in response to relative movement between the vehicular seat
      and the support structure,
PA1  a source of fluid under pressure,
PA1  a control valve for selectively communicating the source and a fluid drain
      with the power cylinder on opposite sides of the power piston, the control
      valve comprising a spring-centered control valve spool reciprocably
      arranged within a control valve bore,
PA1  means for operating the control valve in response to the pressure
      variations developed within the power cylinder by the power piston in
      order to establish said selected communication for the source and fluid
      drain with the power cylinder, and
PA1  load compensating means for limiting response of the control valve to the
      operating means in response to relatively minor pressure variations
      developed within the power cylinder,
PA1  the load compensating means comprising a signal passage communicating a
      portion of the power cylinder with one end of the control valve spool, the
      other end of the control valve spool being in communication with a fluid
      accumulator, the one end of the control valve spool being in communication
      both with the other end of the control valve spool and the accumulator by
      means of a restrictive orifice.
NUM  3.
PAR  3. A hydraulic suspension assembly for regulating movement of a vehicular
      seat in response to vertical travel of the vehicle, comprising
PA1  a power piston reciprocably arranged within a power cylinder, the piston
      and cylinder comprising a flexible coupling between the vehicular seat and
      a suitable support structure, the power piston tending to be movable
      within the power cylinder and to develop pressure variations within the
      power cylinder in response to relative movement between the vehicular seat
      and the support structure,
PA1  a source of fluid under pressure,
PA1  a control valve for selectively communicating the source and a fluid drain
      with the power cylinder on opposite sides of the power piston,
PA1  means for operating the control valve in response to the pressure
      variations developed within the power cylinder by the power piston in
      order to establish said selected communication for the source and fluid
      drain with the power cylinder,
PA1  load compensating means for limiting response of the control valve to the
      operating means in response to relatively minor pressure variations
      developed within the power cylinder, and
PA1  a damped levelling system for separately regulating selective communication
      of the source with the power cylinder in response to relatively small
      external forces tending to shift the power piston within the power
      cylinder.
NUM  4.
PAR  4. The hydraulic suspension assembly of claim 3 wherein the damped
      levelling system is integrally formed by the power piston.
NUM  5.
PAR  5. The hydraulic suspension assembly of claim 4 wherein the power piston
      comprises first and second restrictive orifices selectively communicating
      the source with opposite ends of the power cylinder.
NUM  6.
PAR  6. A hydraulic suspension assembly for regulating movement of a vehicular
      seat in response to vertical travel of the vehicle, comprising
PA1  a power piston reciprocably arranged within a power cylinder, the piston
      and cylinder comprising a flexible coupling between the vehicular seat and
      a suitable support structure, the power piston tending to be movable
      within the power cylinder and to develop pressure variations within the
      power cylinder in response to relative movement between the vehicular seat
      and the support structure,
PA1  a source of fluid under pressure,
PA1  a control valve for selectively communicating the source and a fluid drain
      with the power cylinder on opposite sides of the power piston,
PA1  means for operating the control valve in response to the pressure
      variations developed within the power cylinder by the power piston in
      order to establish said selected communication for the source and fluid
      drain with the power cylinder, and
PA1  a damped levelling system for separately regulating selective communication
      of the source with the power cylinder in response to relatively small
      external forces tending to shift the power piston within the power
      cylinder.
NUM  7.
PAR  7. The hydraulic suspension assembly of claim 6 wherein the damped
      levelling system is integrally formed by the power piston.
NUM  8.
PAR  8. The hydraulic suspension assembly of claim 7 wherein the power piston
      comprises first and second restrictive orifices selectively communicating
      the source with opposite ends of the power cylinder.
NUM  9.
PAR  9. In a hydraulic stabilizer assembly for supporting a sprung mass relative
      to an unsprung mass by means of a power piston reciprocably arranged
      within a power cylinder, the stabilizer assembly including a source of
      fluid under pressure, a fluid drain means and a control means for
      selectively communicating the source and drain means with the power
      cylinder, the control means comprising
PA1  a control valve for selectively communicating both the source drain means
      with opposite sides of the power piston within the power cylinder, the
      control valve comprising a spring-centered control valve spool
      reciprocably arranged within a control valve bore,
PA1  regulator means for operating the control valve in response to pressure
      variations developed by movement of the power piston within the power
      cylinder in response to relative vertical movement between the sprung and
      unsprung masses, and
PA1  load compensating means for limiting response of the control valve to
      relatively minor pressure variations developed within the power cylinder,
      the load compensating means comprising a restrictive orifice for
      communicating one end of the control valve spool with a portion of the
      power cylinder subject to increased pressurization upon relative movement
      of the sprung mass and unsprung mass toward each other.
NUM  10.
PAR  10. The hydraulic stabilizer assembly of claim 9 further comprising a
      damped levelling system separately providing selective communication of
      the source and drain means with opposite sides of the power piston in
      response to relatively minor external forces tending to shift the power
      piston within the power cylinder.
NUM  11.
PAR  11. In a hydraulic stabilizer assembly for supporting a sprung mass
      relative to an unsprung mass by means of a power piston reciprocably
      arranged within a power cylinder, the stabilizer assembly including a
      source of fluid under pressure, a fluid drain means and a control means
      for selectively communicating the source and drain means with the power
      cylinder, the control means comprising
PA1  a control valve for selectively communicating both the source drain means
      with opposite sides of the power piston within the power cylinder, the
      control valve comprising a spring-centered control valve spool
      reciprocably arranged within a control valve bore, and
PA1  regulator means for operating the control valve in response to pressure
      variations developed by movement of the power piston within the power
      cylinder in response to relative vertical movement between the sprung and
      unsprung masses, the regulator means comprising one end of the control
      valve spool being in communication by means of a signal passage with a
      portion of the power cylinder subject to increased pressurization in
      response to relative movement of the sprung mass and unsprung mass toward
      each other, a fluid accumulator being in communication with the other end
      of the control valve spool, the one end of the control valve spool being
      in communication with both the fluid accumulator and the other end of the
      control valve spool by means of a restrictive orifice.
NUM  12.
PAR  12. The hydraulic stabilizer assembly of claim 11 further comprising a
      damped levelling system separately providing selective communication of
      the source and drain means with opposite sides of the power piston in
      response to relatively minor external forces tending to shift the power
      piston within the power cylinder.
NUM  13.
PAR  13. In a hydraulic stabilizer assembly for supporting a sprung mass
      relative to an unsprung mass by means of a power piston reciprocably
      arranged within a power cylinder, the stabilizer assembly including a
      source of fluid under pressure, a fluid drain means and a control means
      for selectively communicating the source and drain means with the power
      cylinder, the control means comprising
PA1  a control valve for selectively communicating both the source drain means
      with opposite sides of the power piston within the power cylinder,
PA1  regulator means for operating the control valve in response to pressure
      variations developed by movement of the power piston within the power
      cylinder in response to relative vertical movement between the sprung and
      unsprung masses,
PA1  load compensating means for limiting response of the control valve to
      relatively minor pressure variations developed within the power cylinder,
      and
PA1  a damped levelling system separately providing selective communication of
      the source and drain means with opposite sides of the power piston in
      response to relatively minor external forces tending to shift the power
      piston within the power cylinder, the damped levelling system being
      integrally formed by the power piston.
NUM  14.
PAR  14. The hydraulic stabilizer assembly of claim 13 wherein the damped
      levelling system comprises a pair of restrictive orifices formed by the
      power piston for selectively communicating the source with respective ends
      of the power cylinder.
NUM  15.
PAR  15. The hydraulic stabilizer assembly of claim 13 further comprising a
      mechanical support linkage interconnected between the sprung mass and
      unsprung mass, the mechanical support linkage permitting relative movement
      between the sprung mass and unsprung mass under the control of the
      hydraulic stabilizer assembly.
NUM  16.
PAR  16. In a method of stabilizing vertical movement between a sprung mass and
      an unsprung mass by means of a power piston reciprocably arranged for
      movement between first and second ends of a power cylinder, movement of
      the power piston toward the first end of the power cylinder corresponding
      to relative vertical movement of the sprung and unsprung masses toward
      each other, the steps comprising
PA1  sensing pressure variations in the power cylinder,
PA1  metering communication of the first end of the power cylinder with a fluid
      drain and simultaneously metering communication a fluid supply means with
      the second end of the power cylinder in response to increasing pressure in
      the first end of the power cylinder and decreasing pressure in the second
      end of the power cylinder,
PA1  metering communication of the second end of the power cylinder with a fluid
      drain and simultaneously metering communication of the first end of the
      power cylinder with a source of fluid under pressure in response to
      decreasing pressure in the first end of the power cylinder and increasing
      pressure in the second end of the power cylinder,
PA1  the metering steps being carried out at a rate determined by load
      compensating means responsive to the rate of movement for the power piston
      within the power cylinder, and
PA1  damping metered communication for the first and second ends of the power
      cylinder in response to relatively minor external forces tending to shift
      the power piston within the power cylinder.
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PAL  A seat adjuster in which a seat frame supporting a seat body is provided
      with a pair of flanges extending inwardly from the opposite side walls
      thereof, and a channel of suitable sectional shape is formed on each of
      these flanges to slidably receive therein a bar of complementary sectional
      shape supported on the floor surface of a vehicle so that the seat frame
      can make sliding movement along the bars. This seat adjuster can be
      mounted without requiring any substantial space between the seat frame and
      the floor surface.
BSUM
PAR  This invention relates to a seat adjuster which is a device for adjusting
      the position of a seat in the longitudinal direction of a vehicle or the
      like.
PAR  Various types of seat adjusters have been proposed hitherto and a so-called
      sliding rail unit as shown in FIG. 1 has generally been used in these
      prior art seat adjusters. This sliding rail unit comprises a slider 02 of
      any suitable sectional shape and a slider receiving member 04 having a
      slot along which the slider 02 can make free sliding movement. According
      to the prior art practice, one of the slider 02 and slider receiving
      member 04 has been secured to the seat by means of bolts and nuts or by
      any other suitable anchoring means, while the other has been secured to
      the floor surface of a vehicle or the like by similar anchoring means. In
      FIG. 1, the bolts are only illustrated by the reference numeral 06.
      Suitable openings or cutouts (not shown) have been formed in the slider 02
      and slider receiving member 04, and a suitable locking means such as a
      locking pin engageable with these openings or cutouts has been provided
      for locking the slider 02 in a desired position while preventing sliding
      movement of the slider 02 relative to the slider receiving member 04.
      Various other locking means have been proposed for locking the slider 02
      against sliding movement relative to the slider receiving member 04.
      Further, the slider 02 and slider receiving member 04 of various other
      sectional shapes have also been proposed in addition to those illustrated
      in FIG. 1.
PAR  However, in the prior art seat adjuster using such a sliding rail unit, a
      space for laying the sliding rail unit has been inevitably required
      beneath the seat, that is, between the seat frame and the floor surface.
      This has been disadvantageous for the seat for a vehicle in which the
      shock absorbing means, reclining means and other necessary means must be
      additionally provided for the seat. Further, a lot of costs and labors
      have been required for the manufacture and mounting of the sliding rail
      unit.
PAR  With a view to obviate various defects of the prior art seat adjuster as
      pointed out above, it is a primary object of the present invention to
      provide a novel and useful seat adjuster which can be mounted without
      requiring any substantial space between the seat and the floor surface,
      which can be very easily manufactured at lower costs and which can
      remarkably improve the efficiency of fabrication.
PAR  The seat adjuster according to the present invention is featured by the
      fact that the opposite side walls of a seat frame supporting a seat body
      are bent inwardly at the lower end portion thereof to form a pair of
      opposite flanges each having a suitable means for slidably receiving
      therein a bar of suitable sectional shape so that the seat frame can make
      free sliding movement along these bars which are disposed on the floor
      surface.
PAR  Therefore, the seat adjuster according to the present invention is
      mechanically very strong due to the fact that the bar engaging means are
      integrally formed with the seat frame itself. (In the prior art structure
      in which the slider or slider receiving member has been bolted, welded or
      otherwise secured to the seat frame, impartation of an abrupt impact to
      the seat has frequently resulted in breaking of the bolts or disruption of
      the welds.) Further, according to the present invention, the bar engaging
      means can be formed integrally with the seat frame by means such as a
      press. Thus, it is utterly unnecessary to make the slider receiving member
      separately from the seat frame and the troublesome work for securing the
      slider receiving member to the seat frame by bolting or welding can be
      eliminated. Therefore, the efficiency of fabrication can be remarkably
      improved and the manufacturing costs can be greatly reduced.
PAR  Furthermore, the seat adjuster according to the present invention can be
      mounted without requiring any substantial space between the seat frame and
      the floor surface so that the seat can be located in a lower position than
      hitherto.
PAR  According to another feature of the present invention, a reinforcing member
      having a sectional shape complementary to the sectional shape of a portion
      of the bar is fixed to the bar engaging means formed on each of the
      flanges of the seat frame for reinforcing the corresponding flange
      portions so that the sliding engagement between the bar and the bar
      engaging means can be reliably maintained even when an abrupt impact may
      be imparted to the seat.
PAR  According to still another feature of the present invention, the bar
      engaging means are formed by upwardly and downwardly curving alternately
      portions of each of the flanges, and each bar is inserted in the channel
      defined between these alternately upwardly and downwardly curved portions
      so that the seat frame having such bar engaging means formed integrally
      therewith can make sliding movement along the bars. According to this
      feature of the present invention, mechanically strong bar engaging means
      can be very simply formed.
PAR  According to yet another feature of the present invention, the bars are
      rotatably mounted on the floor surface and have an externally threaded
      portion, and a bearing member having an internally threaded portion for
      threaded engagement with the externally threaded portion of each of the
      bars is secured to the bar engaging means so that the position of the seat
      frame can be adjusted by causing rotation of the bars.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will be apparent from the following detailed description of
      preferred embodiments thereof taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of parts of a sliding rail unit employed in a
      prior art seat adjuster;
PAR  FIG. 2 is a perspective view of an embodiment of the seat frame employed in
      the seat adjuster according to the present invention;
PAR  FIG. 3 is an enlarged section taken on the line A--A in FIG. 2;
PAR  FIG. 4 is a vertical section showing the state in which the seat frame
      shown in FIG. 2 is mounted on bars;
PAR  FIG. 5 is a perspective view of one form of locking means preferably
      employed in the seat adjuster;
PAR  FIG. 6 is a perspective view of a part of a modification of the bar shown
      in FIG. 3;
PAR  FIG. 7 is a perspective view of another embodiment of the seat frame;
PAR  FIG. 8 is an enlarged section of parts of the seat frame shown in FIG. 7;
PAR  FIG. 9 is a perspective view of still another embodiment of the present
      invention and shows also sectional shapes of various parts of the seat
      frame;
PAR  FIG. 10 is a perspective view of a partial modification of the seat frame
      shown in FIG. 9; and
PAR  FIG. 11 is a perspective view of parts of yet another embodiment of the
      seat frame.
DETD
PAR  Preferred embodiments of the present invention will now be described in
      detail with reference to FIGS. 2 to 11.
PAR  Referring to FIG. 2, a seat frame preferably employed in the present
      invention is generally designated by the reference numeral 2. Seat springs
      are commonly fixed at their lower end to the upper surface of the seat
      frame 2 so that the seat can be bodily supported on the seat frame 2.
PAR  The opposite side walls of the seat frame 2 are bent inwardly at the lower
      end portion thereof to form a pair of opposite flanges 4 although only one
      of them is shown in FIG. 2. During shaping the seat frame 2 by shaping
      means such as a press, a channel 6 which is substantially in the form of
      an inverted trapezoid is formed in each of these flanges 4. These channels
      6 extend in parallel with the side walls of the seat frame 2 and have a
      sectional shape as clearly shown in FIG. 3. Further, two pairs of cutouts
      8 of substantially inverted trapezoidal shape are formed at the lower end
      of the front and back walls of the seat frame 2 in such a position that
      these cutouts 8 are continuous with the channels 6 as shown in FIG. 2.
PAR  A bar 10 having a substantially triangular shape as shown by the imaginary
      lines in FIG. 3 is partly received in each of the channels 6 in the seat
      frame 2 formed in the manner above described. These bars 10 may be of
      steel material or any other suitable hard material and are secured at
      opposite ends thereof to the floor surface 14 of a vehicle or the like by
      a pair of supporting members 12 as shown in FIG. 4. Thus, the seat frame 2
      is mounted on the two bars 10 with the channels 6 engaging with the upper
      portion of the bars 10 which are secured to the floor surface 14 at the
      opposite ends thereof.
PAR  In the state shown in FIG. 4, the seat frame 2 can make free sliding
      movement on the bars 10. A locking means as shown in FIG. 5 may be used to
      lock this seat frame 2 in a desired position. This locking means comprises
      a plurality of suitably spaced cutouts 16 formed in the inner end of one
      of the flanges 4, and a locking member 18 engageable with any desired one
      of these cutouts 16. This locking member 18 is swingably mounted by any
      suitable means on the floor surface 14 and is connected to a lever 20
      whose handle is disposed at a position adjacent to the seat in the vehicle
      so that the locking member 18 can be manipulated by the lever 20. The
      locking member 18 is normally urged by a spring (not shown) toward the
      position in which it engages with one of the cutouts 16.
PAR  When it is desired to adjust the position of the seat in the longitudinal
      direction of the vehicle, the lever 20 is swung in a direction as shown by
      the arrow in FIG. 5 to cause swinging movement of the locking member 18 in
      a direction as shown by the arrow so that the locking member 18 can be
      disengaged from the cutout 16. Then, the seat is moved to the desired
      position by sliding same along the bars 10. When the disengaging pressure
      imparted by hand to the handle of the lever 20 is released as soon as the
      seat is moved to the desired position, the locking member 18 is urged by
      the spring (not shown) to engage with another cutout 16 at the desired
      position. The seat may be slightly slided in the longitudinal direction
      when the locking member 18 fails to engage with the desired cutout 16, so
      that the locking member 18 can be engage with one of the cutouts 16 which
      is nearest to the locking member 18.
PAR  FIG. 5 illustrates merely one form of preferred locking means and any other
      suitable locking means may be employed in lieu of the form shown in FIG.
      5. For example, a pin may be provided to engage with one of cutouts or
      openings formed in the flange 4 of the seat frame 2.
PAR  The bar 10 shown by the imaginary lines in FIG. 3 may be replaced by
      another bar 10' having a sectional shape as shown in FIG. 6. In this case,
      this bar 10' need not be secured to the floor surface 14 by the supporting
      members 12 shown in FIG. 4 and may be directly secured at the bottom
      surface thereof to the floor surface 14 or to a stationary part similar to
      the floor surface.
PAR  FIG. 7 shows another embodiment of the seat frame preferably employed in
      the seat adjuster according to the present invention. Referring to FIG. 7,
      a seat frame generally designated by the reference numeral 22 comprises a
      pair of inwardly extending flanges 24 similar to those shown in FIGS. 2
      and 3 although only one of them is also shown in FIG. 7. Each flange 24 is
      bent in an arcuate fashion at the central portion thereof to form a
      channel 26 having a semicircular sectional shape as shown in FIG. 8. Two
      pairs of cutouts 28 of semicircular shape are formed at the lower end of
      the front and back walls of the seat frame 22 in such a position that
      these cutouts 28 are continuous with the channels 26 as shown in FIG. 7.
PAR  In the embodiment shown in FIGS. 7 and 8, a reinforcing member 32 is fixed
      to the lower surface of each of the flanges 24. This reinforcing member 32
      has a semicircular channel 34 which cooperates with the channel 26 of the
      flange 24 to form a channel of circular cross section. A bush 36 may be
      fitted in this circular channel at each end portion or at any other
      suitable portions of the circular channel as seen in FIG. 8 so that a bar
      of circular or annular cross section (not shown) can be received in each
      of the circular channels while being supported by these bushes 36.
      Although not shown, these bars, are secured to the floor surface by
      supporting means similar to the supporting members 12 supporting the bars
      10 shown in FIG. 4. It will thus be seen that, in the embodiment shown in
      FIGS. 7 and 8, each flange 24 and the associated reinforcing member 32
      cooperate with each other to reliably hold the bar therebetween so that
      the bars are difficult to disengaged from the seat frame supporting
      position even when an abrupt impact is imparted to the seat. Although the
      reinforcing member 32 in FIGS 7 and 8 is shown extending over the entire
      length of each flange 24, this member 32 may be disposed solely at each
      end portion or at any other suitable position of the flange 24. Further,
      the reinforcing member can be attached to the upper surface of the flange
      so that the lower surface portion of the bar may be borne by the flange
      and the upper surface portion of the bar may be borne by the reinforcing
      member and the edge portions of the cutouts 28 formed at the lower end of
      the side walls of the seat frame. Furthermore, the channels 26 and 34 of
      the flange 24 and reinforcing member 32 may have various other shapes
      depending on the shape of the bar, and the bar may also have any other
      sectional shape including a solid or hollow cylindrical shape. A locking
      means similar to that shown in FIG. 5 may be provided in this second
      embodiment.
PAR  FIG. 9 shows a further embodiment of the present invention. Referring to
      FIG. 9, a seat frame comprises a pair of inwardly extending flanges 44
      each of which is similar to that shown in FIG. 7.
PAR  Each flange 44 includes a plurality of upwardly curved portions 46 of
      semicircular shape and a plurality of downwardly curved portions 47 of
      semicircular shape, and these portions 46 and 47 are alternately disposed
      to define therebetween a channel 48 as seen in FIG. 9. A bar having a
      solid or hollow cylindrical shape is passed through each of these channels
      so that the seat frame can make sliding movement along these bars. The
      sectional shapes of the portions 46 and 47 in the flange 44 are shown on
      the righthand side of FIG. 9.
PAR  The structure shown in FIG. 9 is advantageous in that the flanges 44
      including the portions 46 and 47 can be very easily formed into the
      illustrated shape during shaping of the seat frame by means such as a
      press and a high mechanical strength can be obtained due to the fact that
      the seat frame can be supported bodily by the bars which are engaged at
      its upper and lower surface portions by the corresponding surface portions
      of the channel 48.
PAR  Reinforcing means as shown in FIG. 8 may be combined with the embodiment
      shown in FIG. 9. Referring to FIG. 10, a reinforcing member 50 is secured
      to the lower surface of the end portion of a flange 44 having alternate
      upwardly and downwardly curved portions 46 and 47 as shown in FIG. 9. This
      reinforcing member 50 has a channel of semicircular cross section which
      cooperates with the endmost upwardly curved portion 46 to define a channel
      48 for receiving a bar therein. Preferably, a bush 52 may be fitted in
      this channel 48.
PAR  Any detailed description as to the operation of the embodiments shown in
      FIGS. 9 and 10 and locking means to be combined therewith will not be
      given herein as such is readily apparent from the detailed description
      given with reference to the first and second embodiments.
PAR  FIG. 11 shows another embodiment of the present invention. In a seat frame
      22' shown in FIG. 11, a flange 24' and a reinforcing member 32' are the
      same as those shown in FIGS. 7 and 8, but the bush 36 shown in FIG. 8 is
      replaced by an internally threaded bearing member 53. Such a bearing
      member 53 is fixed at each end portion or at any other suitable positions
      of the flange 24'. A solid cylindrical bar 54 is externally threaded so
      that it can make threaded engagement with the internally threaded portion
      of the bearing member 53. A pair of such bars 54 are rotatably supported
      on the floor surface and are adapted to be rotated by a suitable drive
      means (not shown). Thus, in the embodiment shown in FIG. 11, the
      longitudinal position of the seat can be adjusted by causing rotation of
      the bars 54 by the drive means (not shown) without separately providing a
      locking means as shown in FIG. 5. The bars 54 which are disposed on
      opposite sides of the seat may be driven in interlocking relation through
      an interlocking means such as a gear train or chain.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seat adjuster for use in a vehicle or the like comprising a pair of
      bars supported in parallel with each other on the floor surface of the
      vehicle, a seat frame supporting a seat body thereon and including a pair
      of opposite vertical side walls each having a substantially horizontal
      flange formed integrally therewith extending inwardly therefrom, said
      flanges extending the depth of the seat, and bar engaging means formed on
      each of said flanges, said bar engaging means having a sectional shape
      complementary to the sectional shape of at least a portion of each said
      bar, said bar engaging means engaging with said bars for allowing free
      sliding movement of said seat frame on said bars so that said seat frame
      can make sliding movement along said bars.
NUM  2.
PAR  2. A seat adjuster as claimed in claim 1, wherein said bar engaging means
      comprises channel means formed integrally with said flanges by bending a
      portion of said flanges to a shape for slidably receiving therein said
      bars so that said seat frame slides along said bars, said bar engaging
      means extending the depth of the seat for elongate engagement with said
      bars.
NUM  3.
PAR  3. A seat adjuster as claimed in claim 2 wherein said channel means extend
      upwardly and have a semicircular sectional shape, and said bar engaging
      means include a reenforcing member having a downwardly extending
      semicircular channel formed therein to form a channel of circular shape in
      section with said channel means to receive a bar and retain the seat
      against both upward and downward movement.
NUM  4.
PAR  4. A seat adjuster as claimed in claim 1 further comprising reinforcing
      means having a sectional shape complementary to the sectional shape of
      another portion of said bars, said reinforcing means being secured to said
      bar engaging means to define therebetween a space for slidably receiving
      therein said bars so that said seat frame can make sliding movement along
      said bars.
NUM  5.
PAR  5. A seat adjuster as claimed in claim 1, wherein said bar engaging means
      comprises channel means formed by upwardly and downwardly curving
      alternate portions of said flanges for slidably receiving therein said
      bars so that said seat frame can make sliding movement along said bars.
NUM  6.
PAR  6. A seat adjuster as claimed in claim 1 wherein said bars are rotatably
      supported on the floor surface and are provided with an externally
      threaded portion, and bearing means having an internally threaded portion
      for threaded engagement with said externally threaded portion of said bars
      are secured to said bar engaging means so that the position of said seat
      frame can be adjusted by causing rotation of said bars.
NUM  7.
PAR  7. A seat adjuster as claimed in claim 2 wherein said seat frame extends
      around the periphery of the seat, said seat frame having openings in its
      front and rear lower margins aligned with said bar engaging means for said
      bars to extend therethrough for engaging the seat with the bars.
NUM  8.
PAR  8. A seat adjuster as in claim 7 wherein said seat frame lies in and
      defines a plane, at least the upper portions of said bars extending up
      into said seat to be above the lower surface of the seat.
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ABST
PAL  Folding display easel for supporting documents for easy viewing. Easel has
      a center panel with upper and lower flanges, two inner panels slidingly
      engaging the flanges, and two outer panels hinged to outer edges of
      respective inner panels. Inner panels engage track means on flanges of
      center panel and are supported so that inner panels are spaced laterally
      from each other and from the center panel to permit the five panels to be
      stacked together without interference between adjacent panels. One leg
      hinged to rear of center panel, when extended supports the easel erected,
      and when folded serves also as handle. When extended outer panels are
      inclined obliquely to inner panels for easy viewing. Latch means holds
      panels together for carrying.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a folding display easel for supporting documents
      for easy viewing, particularly for use when it is necessary to refer to
      several documents essentially simultaneously.
PAR  2. Prior Art
PAR  Folding display easels are known and are commonly used by salesmen and
      lecturers for displaying items as visual aids, or by persons who require a
      relatively large area for displaying documents for ready reference.
      Commonly, such easels are characterized by a plurality of panels hinged
      together at adjacent edges and supported by a plurality of folding legs.
      Commonly one leg extends from each panel and assembling and disassembling
      such easels is time consuming and generally inconvenient. Often, when the
      easel is extended the panels are coplanar, which introduces difficulties
      for viewing as many such displays extend over distances of several feet.
PAC  SUMMARY OF THE INVENTION
PAR  The invention reduces difficulties of the prior art by providing a folding
      display easel having five panels to provide a large display area, but
      requires only one support leg and thus can be assembled and disassembled
      quickly and conveniently. When erected outer panels are inclined obliquely
      to inner panels for easy viewing. Some panels of the easel can also slide
      relative to each other for folding the device for storage or carrying, and
      when folded the support leg also serves as a handle.
PAR  The folding easel according to the invention has a center panel, right-hand
      and left-hand inner and outer panels and a leg. The center panel has
      spaced parallel upper and lower edges and spaced side edges, the upper and
      lower edges having track means adjacent thereto. The leg is hinged to the
      center panel and is adapted to extend therefrom. The leg is restricted
      against swinging relative to the center panel to support the center panel
      generally upright when the easel is erected and stood on a generally
      horizontal working surface. The right-hand and left-hand inner panels
      engage the respective track means of the center panel for sliding of the
      inner panels relative to the center panel. The inner panels are spaced
      laterally from each other and from the center panel to permit sliding
      together of the panels for stacking. The inner panels also have respective
      inner and outer edges and respective parallel upper and lower edges. The
      right-hand and left-hand outer panels have respective inner and outer
      edges, the inner edges of the left-hand and right-hand outer panels being
      hinged to the outer edges of the left-hand and right-hand inner panels
      respectively. Each outer panel is adapted to be folded essentially flat
      against a respective inner panel and when so folded to be spaced laterally
      from the adjacent inner panel and the center panel. Thus when each outer
      panel is folded against its respective inner panel, the inner panels can
      be slid together along the track means without interference between
      adjacent panels so that the five panels are stacked together.
PAR  A detailed disclosure following, related to drawings, describes a preferred
      embodiment of the invention, which however is capable of expression in
      structure other than that particularly described and illustrated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified isometric view of a folding display easel according
      to the invention, the easel being shown erected on a horizontal working
      surface,
PAR  FIG. 2 is an isometric of the easel folded,
PAR  FIG. 3 is a side elevation of the easel prior to erecting the easel, a leg
      being shown extended to support the easel,
PAR  FIG. 4 is a fragmented perspective of a hinge means adjacent edges of two
      panels,
PAR  FIG. 5 is a fragmented top plan view of a portion of the hinge means of
      FIG. 4,
PAR  FIG. 6 is a fragmented perspective of a handle adjacent an upper edge of a
      center panel of the invention,
PAR  FIG. 7 is a fragmented perspective of latch means associated with edges of
      the panels,
PAR  FIGS. 8 and 9 are exploded fragmented perspectives showing stop means
      adjacent ends of track means of the invention,
PAR  FIG. 10 is a fragmented elevation of a portion of an alternative strap.
DETD
PAC  DETAILED DISCLOSURE
PAC  FIG. 1
PAR  A folding display easel 10 according to the invention has a center panel
      12, right-hand and left-hand inner panels 14 and 15, and right-hand and
      left-hand outer panels 18 and 19. The easel is shown erected on a
      generally horizontal working surface 20 and is supported thereon by a leg,
      not shown, to be described with reference to FIGS. 2 and 3.
PAR  The center panel 12 has spaced parallel upper and lower edges 22 and 23 and
      spaced parallel right-hand and left-hand side edges 24 and 25
      respectively, end portions only of the side edges being shown. The upper
      and lower edges 22 and 23 have upper and lower flanges 28 and 29 extending
      forwardly therefrom so as to have oppositely disposed parallel inner
      faces. The right-hand inner panel 14 has parallel inner and outer edges 31
      and 32, and parallel upper and lower edges 34 and 35 respectively. A pair
      of spaced parallel extensions 36 and 37 extend inwards from the inner edge
      31 and are aligned with the upper and lower edges respectively of the
      inner panel and are coplanar therewith. The left-hand inner panel 15 has
      similar edges and extensions and is essentially a mirror image of the
      right-hand panel. As will be described with reference to FIGS. 8 and 9,
      the extensions and upper and lower edges of the inner panels are adapted
      to engage parallel track means provided on respective inner faces of the
      flanges, to permit lateral sliding of the inner panels relative to each
      other and to the center panel with negligible rocking of the panels. Stops
      38 and 39, shown in broken outline, are provided on rear faces of the
      inner panels 14 and 15 respectively and serve to limit outwards movement
      of the inner panels relative to the centre panel by engaging end stops at
      ends of the track means, to be described with reference to FIGS. 8 and 9.
PAR  The right-hand outer panel 18 has spaced parallel inner and outer edges 41
      and 42, the inner edge 41 being hinged to the outer edge 32 of the
      right-hand inner panel by hinge means 43 and 44, as will be described with
      reference to FIGS. 4 and 5. The left-hand outer panel 19 has similar edges
      and is similarly hinged at the inner edge thereof to the outer edge of the
      inner panel 15.
PAR  Support means, severally 45, are provided adjacent the lower edges of each
      of the five panels to support documents thereagainst, such as books. Each
      support means is suitably a flat strip of sufficient thickness and length
      to retain a book thereon when the panel is inclined at approximately
      45.degree. to the horizontal, as shown in FIG. 3. The panels can be made
      of a magnetic material, such as sheet steel, and small magnets, severally
      47, can be used to retain pieces of paper against the panel. Alternatively
      thin metal plates can be bonded to panels of plastic or wood to serve a
      similar purpose. A portion of a latch means 49 is provided on the outer
      edge 42 of the right-hand panel 18 and can engage a complementary portion
      (not shown) on the center panel 12, to be described with reference to FIG.
      7. A projection 50 adjacent the upper edge 22 of the panel 12 forms a
      portion of a handle latch means 51 to be described with reference to FIG.
      6.
PAC  FIGS. 2 and 3
PAR  In FIG. 2 the easel 10 is shown folded for carrying by a handle 52 adjacent
      the upper flange 28. The handle 52 is a portion of a leg 54, which also
      serves to support the easel generally upright when the easel is erected as
      shown in FIG. 1, or prior to erection as shown in FIG. 3.
PAR  Referring to FIG. 3, the leg 54 is hinged to the center panel 12 and
      extends therefrom to a supporting position to support the center panel
      generally upright when the easel is stood on the generally horizontal
      surface 20. The term "generally upright" refers to an angle of inclination
      55 of the center panel relative to the surface 20 of about 45.degree.. The
      angle could range between approximately 70.degree. and 40.degree.
      depending on desired angle for viewing exhibits or documents on the
      panels.
PAR  In FIG. 2, the panels are stacked together and the latch means 49 holds the
      panel 18 to the center panel 12 for carrying and storage. The center panel
      12 has front and rear faces 57 and 58, the flanges 28 and 29 extending
      forwardly from the front face 57, best seen in FIG. 3. The leg 54 has a
      pair of spaced leg members 62 and 63 hinged at inner ends 64 and 65
      thereof to the rear face 58 for swinging about a common hinge axis 67. The
      leg members have outer ends 70 and 71 respectively aligned with the handle
      52, and shoulders 74 and 75 respectively adjacent the outer ends thereof.
      The handle 52 contacts the working surface 20 when the easel is erected
      and is a connecting member extending between the outer ends of the spaced
      leg members parallel to the common hinge axis and serves as a handle when
      the device is folded and is to be carried.
PAR  The shoulders 74 and 75 offset the handle 52 forwardly relative to the
      hinge axis so that the handle is positioned over the center of the easel
      when folded, thus causing the easel to hang essentially vertically when
      carried by the handle. The shoulders are positioned so as to be aligned
      with the projection 50, for engagement of a complementary latch portion
      with the handle latch means 51 to hold the handle raised. A portion of the
      leg member 63 adjacent the shoulder 75 thereof has a passage 76 which
      forms a portion of the handle latch means 51, as will be described with
      reference to FIG. 6. Note that the handle is spaced from the hinge a
      distance greater than the hinge is spaced from the upper edge of the
      center panel so that in the raised position the handle is spaced upwards
      from the upper edge of the center panel.
PAR  A strap 78 has an inner end 79 hinged to the rear face 58 of the center
      panel 12, and an outer end 80 provided with a boss having a passage 81
      extending transversely therethrough. The outer end of the strap also has a
      pin 83 extending transversely therefrom and disposed parallel to the
      common hinge axis 67. The pin is positioned on the strap so that, with the
      leg in the supporting position and the pin resting on the shoulders 74 and
      75, the passage 76 of the latch means 51 and the passage 81 of the boss
      are aligned. The passage 81 is a portion of the handle latch means 51, the
      pin 83 thus facilitating engagement of the latch means 51 with the passage
      81. Thus the outer end of the strap 78 is held adjacent the shoulders 74
      and 75 by the handle latch means. In this position, the latch means 51
      thus locates the strap relative to the leg means to restrict the leg
      members from swinging relative to the center panel.
PAR  When the leg is swung upwards to the raised position as shown in FIG. 2,
      the latch means 51 is released and the pin is relocated in a complementary
      aligned pin recess 82 on the leg members 62 and 63 so as to be held
      between the leg members and the rear face 58 of the center panel. Thus
      when the leg 54 is retracted and swung into the raised position, the strap
      78 is automatically simultaneously raised and located against the center
      panel.
PAR  Thus the strap 78 is a tie means to cooperate with the leg and the center
      panel to limit outwards swinging of the leg when the leg is to support the
      easel erected, and to permit the leg to swing upwards to the fully raised
      position when the easel is to be folded and carried.
PAR  When the device is folded, a tongue 84 of the latch means 49 extends past
      the adjacent end edges of the inner and outer panels and engages a
      complementary recess 85 on the left-hand side edge 25 of the inner panel.
      As will be described with reference to FIG. 7, the edge 25 has a tab 86
      extending therefrom for manually engaging and disengaging the latch means
      49.
PAR  End stops 88 and 89 are fitted at opposed upper and lower edges of the
      center panel 12 and, as will be described with reference to FIG. 8,
      prevent the panels sliding off the track means. Other end stops, shown
      only in FIG. 9, are fitted at opposite ends of the track means adjacent
      the right-hand side edge 24 of the center panel.
PAC  FIGS. 4 and 5
PAR  Referring to FIG. 4, the hinge means 43 and 44 are essentially similar and
      provide a simple means of releaseably hinging the panels 14 and 18
      together for rotation about a hinge axis 94, and also provide hinge stop
      means 93 to limit swinging between the panels. The outer panel can also be
      easily separated from the inner panel by lifting the outer panel along the
      axis 94.
PAR  The hinge means 43 includes a downwardly extending hinge pin 95 extending
      from a lug 96 secured to the edge 41 of the outer panel 18, the pin being
      accepted in a complementary opening 98 in a similar lug 99 secured to the
      adjacent edge 32 of the inner panel 14. The pin and opening are concentric
      with the axis 94 and form a simple releaseable hinge means, weight of the
      outer panel holding the hinge portions in engagement. As best seen in FIG.
      5, the lugs 96 and 99 have extending projections 101 and 102 respectively,
      the projections extending sufficiently so as to engage edges 32 and 41 of
      the panels 14 and 18 respectively when the panels are inclined to each
      other at an angle 105, about 150 degrees. When the projections engage the
      edges, further outwards swinging of the panels is prevented and thus the
      projections and edges serve as the hinge stop means 93 cooperating with
      respective inner and outer panels to limit the swinging of the outer panel
      relative to the respective inner panel and to support the outer panels at
      a desired angle for convenient viewing. Clearly, in theory, only one
      projection is needed and the second projection is redundant. Similarly the
      hinge means 44 at a lower end of the panel has two further projections
      which are also redundant. However, due to flexibility of the panels, at
      least one stop means is provided, thus reducing loading on the hinge
      portions.
PAC  FIG. 6
PAR  When the easel is folded for carrying, the handle 52 is positioned adjacent
      the upper flange 28 and held thereagainst by the handle latch means 51.
      The passage 76 of the leg member 63 carries a spring-loaded plunger 114
      having a tab 115 extending therefrom and passing through a slot 117 in the
      leg 63 communicating with the passage 76. A spring 116 forces the plunger
      outward of the leg member 63 to engage the latch means and the tab serves
      as a means to move the plunger manually for disengaging the latch means.
      The tab 115 also serves as a stop means for limiting sliding of the
      plunger along the passage 76 by interference of the tab 115 with ends of
      the slot.
PAR  The projection 50 has a bore 119 which is aligned with the passage 76 when
      the handle is in the raised position as shown, so as to accept an outer
      end of the plunger 114 urged therein by the spring 116. Thus the plunger
      114 and bore 119 are engaging portions of the handle latch means 51
      cooperating with the leg and the center panel to engage the leg in the
      raised position to hold the leg adjacent the rear face of the center
      panel.
PAR  Thus, as previously described with reference to FIG. 3, when the leg 54 is
      extended, the plunger of the latch means 51 engages the passage 81 at the
      end of the strap 78. Thus the latch means 51 is used to retain the leg in
      both the raised and supporting position of the leg 54, thus serving two
      important functions.
PAC  FIG. 7
PAR  As previously described with reference to FIGS. 1 and 3, the right-hand
      inner and outer panels 14 and 18 are spaced forwardly of the left-hand
      inner and outer panels 15 and 19 respectively. Thus, when the easel is
      partially folded as shown in FIG. 7, the right-hand panel is on the
      outside of the stack of panels. The tongue 84 of the latch means 49 is
      adjacent the outer edge 42 and the recess 85 provided on the edge 25
      accepts an outer end of the tongue 84. The center panel has a passage 124
      extending adjacent to and parallel with the edge 25 of the panel and
      across the recess 85. A plunger 126 is slideable along the passage 124 and
      is urged across the recess 85 by a spring 127. A longitudinal slot 129
      communicating with the passage 124 extends along the edge 25 and the tab
      86 extends through the slot for manually moving the plunger along the
      passage 124 for disengagement of the plunger, similarly to the plunger 114
      of the latch means 51 of FIG. 6. The tongue 84 has a bore 132 which, when
      the tongue engages the recess 85, is aligned with the passage 124. Thus
      when the plunger 126 is extended it engages the bore 132 and retains the
      panels together. Thus the recess 85 and spring-loaded plunger 126 serve as
      portions of the latch means 49 provided at the left-hand edge of the
      center panel, and hold the panels stacked together when the easel is
      folded.
PAC  FIG. 8
PAR  As stated with reference to FIG. 1, the lower flange 29 has track means 133
      to accept the inner panels 14 and 15, the track means being spaced
      forwardly from the front face 57 of the panel 12. The track means includes
      a pair of spaced parallel grooves 134 and 135 provided in an upper or
      inner face 136 of the flange 29. The grooves 134 and 135 have sufficient
      width to accept the lower edges of the inner panels 14 and 15 respectively
      which can thus slide freely along the grooves. The right-hand inner panel
      14 is prevented from passing the left-hand edge 25 of the flange by
      interfering with the end stop 89, which seals off the end of the groove
      134. The end stop 89 has a clearance groove 139 which is aligned with the
      groove 134 to permit the left-hand inner panel to slide beyond the end
      stop. The stop 39 on the rear face of the panel 15 interferes with a
      projection 140 extending above the surface 136 of the flange when the
      panel 15 is fully extended from the center panel. This prevents removal of
      the panel 15 from the center panel unless screws (not shown) securing the
      end stop to the flange are removed. The end stop 88 (FIG. 1 only) is
      basically similar to the end stop 89 and cooperates with the left-hand end
      of the upper flange 28. Thus both upper and lower edges of the panels are
      limited against excessive outwards movement and both inner panels are
      prevented from leaving the left-hand end of the flanges.
PAC  FIG. 9
PAR  The lower flange 29 has a right-hand end adjacent the edge 24 of the panel,
      the right-hand end being provided with an end stop 142 which closes off
      the end of the groove 135, to prevent the panel 15 leaving the groove. The
      stop 142 has a clearance groove 143 aligned with the groove 134 for
      passing the panel 14. A projection 145 extends upwards from the end stop
      142 above the inner surface 136 and interferes with the stop 38 on the
      rear face of the panel 14 when the panel 14 is fully extended. The stop 38
      thus limits extension of the panel 14 similarly to the stop 39 on the
      panel 15. A further end stop (not shown) is provided at the right-hand end
      of the upper flange and is similar to the end stop 142 to prevent the
      panels leaving the right-hand end of the flanges. Thus both inner panels
      have stop means cooperating with the track means to limit outwards sliding
      of the inner panels relative to the centre panel.
PAC  OPERATION
PAR  The device is normally carried folded as shown in FIG. 2, and thus can be
      lifted easily and placed so that the lower flange 29 rests on the working
      surface 20. The stack of panels is held in one hand, whilst the latch
      means 51 is released permitting the handle 52 and the leg 54 to swing
      downward so that the handle 52 contacts the working surface as the stack
      of panels is inclined backwards as in FIG. 3. Simultaneously with the
      release of the leg members 62 and 63, the outer end 80 of the strap 78
      swings outwards and downwards towards the latch means 51 at the outer end
      of the leg 54. The plunger 114 is engaged easily in the passage 81 at the
      outer end 80 of the strap 78 which is held in register with the passage 76
      by the pin 83. The stacked panels and the leg and strap are then
      positioned as shown in FIG. 3, with the leg in the supporting position.
PAR  The latch means 49 is released from the center panel 12 so that the
      right-hand outer panel 18 can hinge about the inner panel 14 as the inner
      panel is simultaneously slid outwards along the flanges until the stop 38
      engages the projection 145 on the end stop 142, (FIG. 9). The outer panel
      18 hinges about the hinge axis 94 until the projections 101 and 102 (FIG.
      5) engage edges of the panels to limit swinging of the outer panel. The
      left-hand inner and outer panels can now be slid leftwards along the
      groove 135 until the stop 39 engages the projection 140 extending from the
      end stop 89 (FIG. 8). The left-hand outer panel can then be swung outwards
      about the hinge connecting the inner and outer left-hand panels. Books or
      other documents or exhibits can be supported on the support means. The
      reverse procedure is followed for folding the device.
PAC  ALTERNATIVES AND EQUIVALENTS
PAC  FIG. 10
PAR  An alternative tie means is a flexible chain 150 made of a plurality of
      interconnected links, the chain being substituted for the strap 78 of FIG.
      3. The chain has an inner end 152 secured adjacent the lower edge of the
      rear face 58 of the panel 12, and an outer end 153 hanging freely as shown
      from the leg 54. A releasable chain attachment means 155 is provided
      adjacent the outer end of the leg 54 and has a pin 156 adapted to pass
      through a link to releaseably secure the chain to the attachment means.
      The particular link through which the pin 156 is threaded is selected so
      that the leg is held in the supporting position at an angle for supporting
      the device when erected at a suitable angle for viewing. By selecting
      different links for attachment, a wide range of angles of inclination of
      the panels can be attained. When the device is to be folded, the chain 150
      is released from the means 155 and the leg is folded upwards to the fully
      raised position, as in FIG. 2, and the end 153 is connected to the
      attachment means 155 for convenience. Thus the chain 150 has sufficient
      length to extend to the attachment means when the leg is in the fully
      raised position, the chain not being shown in this position.
CLMS
STM  I claim:
NUM  1.
PAR  1. A folding display easel for supporting documents for easy viewing, the
      easel having:
PA1  a. a center panel having a front face and spaced, parallel upper and lower
      edges and spaced side edges, the upper and lower edges having parallel
      track means spaced forwardly of said front face,
PA1  b. a leg hinged to the center panel and adapted to extend therefrom, the
      leg being restricted against swinging relative to the center panel to
      support the center panel generally upright when the easel is erected and
      stood on a generally horizontal working surface,
PA1  c. right-hand and left-hand inner panels engaging the respective parallel
      track means of the center panel for sliding of the inner panels relative
      to the center panel, the inner panels being spaced laterally from each
      other and forwardly from the center panel to permit sliding together of
      the panels for stacking, each inner panel having respective inner and
      outer edges and respective parallel upper and lower edges,
PA1  d. right-hand and left-hand outer panels having respective inner and outer
      edges, the inner edges of the left-hand and right-hand outer panels being
      hinged to the outer edges of the left-hand and right-hand inner panels
      respectively, each outer panel being adapted to be folded essentially flat
      against the respective inner panel and when so folded to be spaced
      laterally from the adjacent inner panel and the center panel, so that when
      each outer panel is folded against its respective inner panel, the inner
      panels can be slid together along the track means without interference
      between adjacent panels so that the five panels are stacked together.
NUM  2.
PAR  2. A folding display easel as claimed in claim 1 further including:
PA1  i. hinge stop means cooperating with respective inner and outer panels to
      limit the swinging of the outer panels relative to the respective inner
      panels and to support the outer panels at a desired angle for convenient
      viewing.
NUM  3.
PAR  3. A folding display easel as claimed in claim 1 further including:
PA1  i. support means on each panel to hold documents against the panel for
      convenient viewing.
NUM  4.
PAR  4. A folding display easel as claimed in claim 1 in which the track means
      have stops at ends thereof and each inner panel has:
PA1  i. a pair of spaced parallel extensions extending from the inner edge of
      the inner panel and aligned with the upper and lower edges of the inner
      panel, the extensions being adapted to engage the track means to permit
      outward sliding of the inner panel relative to the center panel with
      negligible rocking of the inner panel relative to the center panel,
PA1  ii. stop means cooperating with the stops of the track means to limit
      outwards sliding of the inner panel relative to the centre panel.
NUM  5.
PAR  5. A folding display easel as claimed in claim 1 in which:
PA1  i. the center panel has a rear face
PA1  ii. the leg has an inner end hinged to the rear face of the center panel,
      and has an outer end having a handle adapted to contact the working
      surface when the easel is erected, the handle being spaced from the hinge
      a distance greater than the hinge is spaced from the upper edge of the
      center panel so that when the leg swings to a raised position the handle
      is spaced upwards from the upper edge of the center panel for carrying,
PA1  iii. a tie means cooperates with the leg and the center panel to limit
      outwards swinging of the leg when the leg is to support the easel erected,
      and to permit the leg to swing upwards to the fully raised position when
      the easel is to be folded and carried.
NUM  6.
PAR  6. A folding display easel as claimed in claim 5 further including:
PA1  i. latch means cooperating with the leg and the center panel to engage the
      leg when in the raised position to hold the leg adjacent the rear face of
      the center panel.
NUM  7.
PAR  7. A folding display easel as claimed in claim 5 in which:
PA1  i. the leg has a pair of spaced leg members hinged at inner ends thereof to
      the rear face of the center panel for swinging about a common hinge axis
      of the hinges, one of the leg members adjacent the outer end thereof
      having a latch means,
PA1  ii. a connecting member extends between the outer ends of the spaced leg
      members parallel to the common hinge axis, the member serving as a handle
      when the device is to be folded and carried,
PA1  iii. the tie means is a strap having an inner end hinged to the rear face
      of the center panel and an outer end having a pin extending transversely
      therefrom and disposed parallel to the common hinge axis, the pin being
      adapted to be retained between the leg members and the center panel when
      the leg is in the raised position, the outer end of the strap also having
      a complementary latch means to be engaged by the latch means of the leg
      member when the leg member and the strap are extended to a supporting
      position thus preventing the leg members from swinging about the center
      panel,
PA1  iv. the center panel has a complementary latch means to be engaged by the
      latch means of the leg member when the leg members are folded against the
      center panel.
NUM  8.
PAR  8. A folding display easel as claimed in claim 5 further including:
PA1  i. a releaseable chain attachment means provided adjacent an outer end of
      the leg, and in which the tie means includes:
PA1  ii. a flexible chain of interconnected links attached to the center panel,
      a link of the chain being releaseably attached to the chain attachment
      means to hold the leg at an angle for supporting the device when erected,
      and when the leg is released from the chain to swing upwards to the fully
      raised position, the chain having sufficient length to extend to the
      attachment means for re-attachment thereto.
NUM  9.
PAR  9. A folding display easel as claimed in claim 1 in which:
PA1  i. the center panel has a pair of spaced parallel flanges extending
      forwardly from the upper and lower edges of the panel, the flanges having
      oppositely disposed parallel inner faces,
PA1  ii. the track means includes a pair of spaced parallel grooves provided in
      each inner face of the flanges of the center panel, the grooves being of
      sufficient width and spaced apart to accept the upper and lower edges of
      respective inner panels with the outer panels folded thereagainst, lateral
      spacing between adjacent panels being such that there is negligible
      interference between the panels when folded and stacked together.
NUM  10.
PAR  10. A folding display easel as claimed in claim 1 in which:
PA1  i. the right-hand inner and outer panels are spaced forwardly of the
      left-hand inner and outer panels so that when the easel is folded the
      right-hand outer panel is on the outside,
PA1  ii. a panel latch means portion is provided on the outer edge of the
      right-hand outer panel,
PA1  iii. a complementary panel latch means portion is provided at the left-hand
      edge of the center panel, the latch means being adapted to hold the panels
      stacked together when the easel is folded.
PATN
WKU  039387739
SRC  5
APN  5149320
APT  1
ART  322
APD  19741015
TTL  Apparatus including cammed fastening means for making modular crypts
ISD  19760217
NCL  9
ECL  1
EXA  McQuade; John
EXP  Husar; Francis S.
NDR  4
NFG  8
INVT
NAM  Duwe; Edward C.
CTY  Oshkosh
STA  WI
INVT
NAM  Duwe; William E.
CTY  Oshkosh
STA  WI
ASSG
NAM  Duwe Precast Concrete Products, Inc.
CTY  Oshkosh
STA  WI
COD  02
CLAS
OCL  249 27
XCL  249165
XCL  249172
EDF  2
ICL  B28B  722
FSC  249
FSS  50;91;93;163;165-172;27
UREF
PNO  800643
ISD  19051000
NAM  Haffey
OCL  249 93
UREF
PNO  942092
ISD  19091200
NAM  May
OCL  249172
UREF
PNO  961659
ISD  19100600
NAM  Taylor
OCL  249163
UREF
PNO  1172451
ISD  19160200
NAM  Hall
OCL  249165
UREF
PNO  1580281
ISD  19260400
NAM  Bowe
OCL  249 93
UREF
PNO  1905897
ISD  19330400
NAM  Cahill
OCL  249 93
UREF
PNO  2486038
ISD  19491000
NAM  Landon
OCL  249163
UREF
PNO  2942321
ISD  19600600
NAM  Pinter et al.
OCL  249170
UREF
PNO  3071836
ISD  19630100
NAM  Tumey
OCL  249 50
UREF
PNO  3348802
ISD  19671000
NAM  Corbett
OCL  249172
UREF
PNO  3625468
ISD  19711200
NAM  Marcott
OCL  249165
FREF
PNO  633,291
ISD  19280100
CNT  FR
OCL  249166
OREF
PAL  General Catalog; Form-Crete Steel Forms, 1959, pp. 1-4.
LREP
FRM  Wigman & Cohen
ABST
PAL  An apparatus for casting reinforced concrete modular crypts for use in
      constructing a substantially monolithic mausoleum edifice. The casting
      apparatus includes a frame having a plurality of vertically disposed
      generally U-shaped brackets attached thereto and a plurality of
      longitudinal members connecting the brackets which support a flexible,
      shaped sheet metal casting form. The frame is provided with upright sides
      or doors, at least one of which is hingedly mounted to the frame. A
      plurality of arm members attached exteriorly to the casting form engage
      slots or openings in the hingedly mounted door which is forcibly urged
      into engagement with the edges of the casting form to enclose the form
      prior to introduction of a fluent casting material. The casting form is
      sufficiently rigid to support the casting material without deformation,
      yet sufficiently flexible to permit rapid extraction of the cast element
      therefrom with no damage to either the form or element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for casting concrete structural
      elements. More particularly, the invention relates to an improved casting
      apparatus for economically casting reinforced concrete crypts for use in
      substantially monolithic mausoleum structures, of the type disclosed in
      our copending patent application Ser. No. 459,299, filed Apr. 9, 1974, and
      entitled "Modular Mausoleum Crypt System," now U.S. Pat. No. 3,878,656,
      the description of which is incorporated herein by reference.
PAR  1. Description of the Prior Art
PAR  In recent years there has been increasing emphasis placed on the efficient
      utilization of land, especially for burial purposes, in areas where the
      population growth has been significant. One particular pressing problem
      which has received attention for at least the past two decades is the use
      of above-ground mausoleums, similar in concept to highrise apartments. The
      advantages of the above-ground, multi-level mausoleums are readily seen
      since this concept permits a more efficient utilization of land and has
      the added advantage of permitting visitors to be indoors while paying
      respects to the deceased, where lobby-like facilities are provided.
PAR  Heretofore, a variety of construction techniques have been employed to
      construct multi-level, above-ground mausoleums. One such technique
      utilizes the "poured-in-place" technique used in apartment construction.
      Thus, concrete is poured in forms on the site, level by level, until the
      entire structure is completed. In this manner, a multi-story mausoleum can
      be fabricated according to design. This approach yields a highly
      satisfactory product but is economically undesirable by virtue of the slow
      and relatively expensive fabrication technique employed.
PAR  The various techniques for casting concrete structural elements in a shaped
      form are known. One approach for casting relatively large reinforced
      concrete components is to initially fabricate a wooden form and cast
      therein a concrete pattern of the shape of the ultimately desired
      component. A final concrete form is then fabricated by pouring concrete
      within a wall constructed around the concrete pattern which is removed
      when the form sets. A significant disadvantage of this technique is that
      the concrete form is entirely inflexible. Unless very accurately
      controlled drafts of substantial magnitudes are used, removal of the cast
      component from such an inflexible concrete form results in damage to the
      form or the cast component, or both.
PAR  Others have utilized forms fabricated from metal plate for casting concrete
      structural elements. However, this approach utilized rigid, heavy metal
      plates to prevent deformation of the form and consequent difficulty in
      releasing the element as well as undesirable dimensional distortion
      thereof. Even though a degree of form flexibility is achieved with a metal
      plate form, release and removal of the element is still time-consuming and
      did not prove satisfactory in all cases involving complex shapes.
PAR  To overcome some of the foregoing difficulties encountered when removing a
      cast concrete element from a form, others have suggested the use of a
      plurality of separate and detachable sections which, when assembled,
      receive the poured concrete. To extract the finished element from the
      form, the form is broken down. Utilization of such forms is obviously
      time-consuming and unless the mating sections of the form are well fitted
      and reasonably rigid, the fluent casting material will leak out from the
      form at the adjoining surfaces of the sections. This disadvantageously
      results in rapid accumulation of concrete flash and debris on the assembly
      or production line.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it should be apparent that a need still exists in
      the art for a reusable form for casting reinforced concrete structural
      elements which is characterized by sufficient rigidity to prevent
      distortion of the form surface during pouring, yet sufficiently flexible
      to permit rapid extraction of the cured element from the form without
      damage to either the form or element. It is, therefore, a primary object
      of the present invention to provide a novel and improved form for
      economically casting reinforced concrete structural elements which is
      constructed to facilitate rapid release and removal of the cast element
      and concomitantly to minimize damage to the element.
PAR  More particularly, it is an object of the invention to provide a casting
      form fabricated of relatively light gauge sheet metal supported on its
      underside by a novel arrangement of support elements so as to achieve
      sufficient rigidity and prevent significant form distortion yet maintain a
      high degree of flexibility for rapid extraction of the element from the
      form.
PAR  Still more particularly, it is an object of the invention to provide a
      casting form which incorporates and combines in a novel manner
      advantageous aspects of the structure of a one-piece or unitary form with
      similar aspects of a multi-section form and eliminates the aforementioned
      disadvantages of both.
PAR  Another object of the present invention is to provide a casting form for a
      concrete element utilizing at least one hingedly mounted form section
      which may be pivoted away from the cast element to facilitate its removal
      and further which may be securely sealed against mating form sections by a
      camming arrangement.
PAR  Yet another object of the invention is to provide an improved apparatus for
      casting reinforced concrete structural elements on an assembly line which
      largely eliminates the undesirable accumulation of concrete flash or
      debris.
PAR  Briefly described, these and other objects of the invention are
      accomplished by a casting apparatus according to the present invention
      comprising a sturdy, rectangular frame or base for supporting a plurality
      of generally U-shaped upright brackets arranged in parallel relation in
      one or more rows beneath a lightweight sheet metal form of predetermined
      configuration conforming to the shape of the modular crypt being cast. A
      plurality of longitudinal stiffening members disposed perpendicularly of
      the brackets and located in cutouts provided on the bracket edges
      confronting the sheet metal form are affixed to the underside surfaces of
      the form. A pair of end doors, at least one of which is hingedly mounted
      at its lower portion to the frame, are arranged oppositely of each other
      to close off the form cavity at the end thereof. Each end door is provided
      with a plurality of slots or openings for engaging respective arm members
      connected to and extending from locations on the underside of the sheet
      metal form. Camming means are arranged in at least two vertically spaced
      horizontal planes for urging the end doors sealingly against the mating
      edges of the sheet metal form and the edges of the fixedly mounted
      oppositely disposed walls of the form, prior to introducing the fluent
      casting material therein. The engagement of the arm members on the form
      with the slots or openings on the end doors aids significantly in
      rigidifying the form prior to introduction of the fluent casting material.
PAR  After filling the form cavity, lifting holes are provided at predetermined
      spaced locations by inserting and then removing a pin into the top surface
      of the partially set casting material at an angle with respect to the
      vertical. Upon setting of the casting material, the end door cams are
      released, permitting at least one of the end doors to be pivoted away from
      the form, thereby disengaging the arm members from the slots or openings
      in the doors.
PAR  To remove the cast element from the form, Lewis pins, connected via four
      slings to a hoisting device, are inserted in each of the four holes
      provided in the upper surface of the cast element. With the end doors
      hinged out of engagement with the arm members of the form, the flexibility
      thereof is additionally improved over that achieved by the novel
      arrangement of the U-brackets and angle members alone, so as to permit
      rapid extraction of the element vertically from the form with no damage to
      either the form or the cast element.
PAR  Another important feature of the invention relates to the fabrication of
      the sheet metal form surface. When possible, of course, it is desirable to
      construct the form surface of a single continuous sheet metal member. If,
      however, welds are necessary in the form surface, it was found highly
      advantageous to locate the welded seam along the bottom of the form
      surface, i.e., the lowermost portion of the form cavity corresponding to
      the leg portion of the modular crypt being cast. This construction
      prevents the cast element from hanging up on the weld line during
      extraction.
PAR  Other objects, advantages and features of the invention relate to
      structural details and novel combinations and arrangements thereof which
      will become hereinafter apparent when considered in conjunction with the
      accompanying drawings wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a view in perspective of the casting apparatus of the present
      invention;
PAR  FIG. 2 is a view in cross-section of the casting apparatus taken along
      section 2--2 of FIG. 1;
PAR  FIG. 3 shows a perspective view of the inwardly facing side of one hingedly
      mounted end door;
PAR  FIG. 4 shows a perspective view of the inwardly facing side of a second
      hingedly mounted end door;
PAR  FIG. 5 shows a view in perspective of the exterior side of the casting form
      as viewed from beneath the casting apparatus of FIG. 1;
PAR  FIG. 6 shows a partially broken side view of the cam means of the invention
      taken along sections 6--6 of FIG. 1;
PAR  FIG. 7 is a perspective view of a portion of the casting form confronting
      the end door of FIG. 3; and
PAR  FIG. 8 is a perspective view of one form of a crypt module cast in the
      apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawings, wherein like parts are represented
      throughout with like reference numerals, FIG. 1 shows a preferred
      embodiment of the casting apparatus 10 according to the present invention.
      The casting apparatus 10 includes a rigid rectangular frame or base 11,
      which may be constructed of rolled-steel channel or other suitable
      structural members, which in turn supports an internally positioned sheet
      metal casting form or support 12, with a predetermined cross-section as
      shown in FIG. 2. Although the form 12 is shown to be configured for
      casting the crypt module 14 of FIG. 8, it is to be understood, however,
      that the form 12 may be configured for casting other reinforced concrete
      elements, as for example, the crypt modules designated A, B and D, and
      illustrated in FIG. 3 of the aforementioned U.S. Pat. No. 3,878,656.
PAR  The sheet material of the form 12 of the embodiment described herein is
      preferably formed of a single sheet of standard 11-gauge stock. If a
      single sheet is unavailable or cannot be properly shaped with available
      forming means, the casting form may be provided with welded seams. It is
      important, however, that the weld be so located to avoid hanging up of the
      cast element in the form. A preferred weld location is shown in FIG. 2 at
      the lowermost portions of the form 12 designated by reference numeral 13.
PAR  Referring now to FIGS. 2 and 5 there is illustrated stiffening means which
      are positioned interiorly of casting apparatus 10 below the sheet metal
      form 12 and in substantially adjacent relationship.
PAR  Base 11 includes attached channel members 16. A plurality of upright,
      generally U-shaped brackets 18 fabricated of sheet metal and arranged in
      spaced relation in two parallel rows beneath the form 12 are provided.
      Each of the U-shaped brackets 18 includes an upper portion 19 and upright
      side portions 21. Also provided are side brackets 20, 22 in spaced
      relation in planes coincident with the rows of brackets 18. Side brackets
      20, 22 are arranged to support the outermost walls 24, 26, respectively,
      of the form 12. Each bracket 18 has three generally rectangular cutouts or
      notches 28 in its outwardly disposed edges confronting the exterior of the
      form 12. One cutout 28 is positioned centrally of the upper portion 19 and
      the other two notches are located approximately midway along the depending
      side portions 21. Each side bracket 20, 22 is similarly provided with a
      cutout 30 positioned approximately midway along its edge confronting the
      walls 24, 26 of the form 12. Angle brackets 32 are disposed
      perpendicularly of brackets 18, 20, 22 in the corresponding cutouts of the
      bracket rows.
PAR  Referring now to FIGS. 1 and 2, the form 12 is provided with three
      open-ended longitudinal wall cavities 50, 52, 54 for receiving the casting
      material. When the casting material is introduced, the open ends of
      cavities 50, 52, 54 are closed by the end doors 34, 36. The end doors 34,
      36 are positioned at the ends of the form 12 corresponding to the front 38
      and rear 40, respectively, of crypt module 14.
PAR  In FIG. 3, there is shown end door 34 which is formed of longitudinal
      channel member 42, and vertical channel members 44, 46, 48, laterally
      spaced to confront the open ends of wall cavities 50, 52, 54,
      respectively, of form 12. The end door 34 is hingedly mounted to the base
      11 via the bottom surfaces of channels 44, 46, 48 to permit end door 34 to
      be pivoted away from the end of form 12 when removing a hardened cast
      element. A plurality of spaced slots or openings 56 are arranged in two
      vertically spaced parallel rows, the first row of slots being disposed in
      longitudinal channel member 42, the second row in vertical channel members
      44, 46, 48.
PAR  The slots 56 are arranged to receive penetrating arm members 57 projecting
      laterally from opposite ends of the casting form, as best seen in FIGS. 6
      and 7. Each arm member 57 is provided with a U-shaped cam slot 59 disposed
      in the upwardly oriented edge thereof and of a size which conforms with
      the opening 63 in the adjacent parallely disposed cam plates 61 of channel
      members 42, 44, 46, 48. Each of the cam plates 61 includes an inverted
      L-shaped opening 63, the long portion of which is arranged generally
      vertically. The vertical portion of the opening 63 is disposed adjacent
      the cam slot 59 of the arm member 57 when the end doors 34, 36 are in the
      upright position. Elongated cam bars 65 are located in the aligned
      openings 63 of each row of cam plates 61. Axially spaced along the cam
      bars 65 at the locations of the arm members 57 and slots 56 are eccentric
      cams 67. With the cams 67 engaged in the cam slots 59 of the arm members
      57 and rotated into the position shown in FIG. 6 by cam bar handles 69,
      the end doors 34, 36 are sealingly urged against the mating surfaces of
      the casting form 12. End door 36 is provided with a similar cam means for
      each slot 56 therein.
PAR  The engagement of the arm members 57 with the slots 56 is especially
      advantageous in rigidifying the end of the casting form 12 confronting end
      door 34. The end of the form 12 confronting end door 36 is, of course,
      made rigid by the end walls 71 thereof. The above described arrangement of
      stiffening elements, including end walls 71, brackets 18, 20, 22, 32 and
      arm members 57 engaging slots 56 has been found to provide sufficient
      rigidity to the sheet metal casting from 12 to prevent distortion thereof
      when the form is filled with the cementitious casting material, and still
      exhibit sufficient flexibility to permit rapid extraction of a cast crypt
      module 14 after the casting material has set or hardened. It is apparent
      that the end doors and casting form of the apparatus 10 could be
      configured otherwise than as depicted in FIG. 1. For example, both
      oppositely disposed end doors and their cooperating elements could be in
      the form of end door 34 or end door 36.
PAR  In FIG. 4, end door 36 is constructed of a flat plate member 58 hingedly
      mounted at its lower portion to the base 11. Four slots 56 are provided in
      end plate 36, two at each end thereof in vertically spaced relation. End
      door 36 is spaced from the end of form 12 to provide a solid wall member
      at the rear end 40 of the crypt module 14. Pins 60 are arranged in
      predetermined locations to form blind holes in the solid rear wall of
      module 14 in a known manner.
PAR  Each end door 34, 36 is provided with overhanging flange members 62, 64
      which form the grooves 66, 68 in the front and rear, respectively, of the
      top surface of crypt module 14. Each flange member 62, 64 is provided with
      three spaced notches 70 for receiving three longitudinal strips 72, 74, 76
      which are inserted in the notches 70, as shown in FIG. 1, subsequently of
      pouring the casting material into the form 12, and after the material has
      partially set. The strips 72, 74, 76 are arranged to form the longitudinal
      grooves 78, 80, 82 in the top surface of crypt module 14. Each end of the
      strips 72 and 76 is provided with an aperture 84 located so that the
      diagonals therebetween intersect at a point which is substantially
      coincident with a vertical line through the center of gravity of a crypt
      module 14 in the form 12.
PAR  To prepare the casting apparatus 10 for receiving a fluent casting
      material, a suitable reinforcing material is inserted in the leg cavities
      50, 52, 54. The hingedly mounted portion 90 of the casting apparatus 10 is
      next positioned over the leg cavity 54, as shown in FIG. 2, and secured in
      place by fastening means (not shown). The end doors 34, 36 are pivoted
      generally upwardly toward the form 12. As the end doors 34, 36 approach
      the upright position, the arm members 57 penetrate the slots 56 and extend
      therethrough to the exterior side of the end doors. The cam bars 65 are
      then positioned in the vertical portion of the opening 63 in plates 61 so
      that cams 67 engage the cam slots 59 of the arm members 57. The cam bar
      handles 69 are then rotated downwardly about the cam bar axis so as to
      urge the end doors 34, 36 sealingly against the mating portions of the
      casting form 12. The cementitious casting material is introduced by
      conventional means into the casting apparatus 10 which, if desired, may be
      agitated by vibration means (not shown) to insure complete filling of the
      casting form and removal of undesirable air voids which may have been
      entrapped during pouring. The casting material is poured to a level
      substantially coincident with the plane of the top surface of the casting
      apparatus 10. Strips 72, 74, 76 are then located in notches 70 of the
      flanges 62, 64 of the end doors 34, 36, as hereinbefore described. To
      accelerate the hardening of the poured-in-place concrete, heating coils or
      pipes can be placed beneath the frame to convey heat upwardly into the
      concrete through the form 12. Alternatively, the poured concrete can be
      air-cured without heat, although a longer time would be required, 3 days
      compared against 1 day.
PAR  When the concrete has partially set, pins 86 are inserted through
      respective apertures 84 into the casting material. Preferably, the axis of
      each pin is disposed in diagonal planes through the holes 84 and forms an
      angle of approximately 45.degree. with the vertical. Thereafter, the pins
      86 are removed, leaving four angularly oriented blind holes 88 in the top
      surface of a cast crypt module 14.
PAR  After the casting material has completely set, the strips 72, 74, 76 are
      removed, hingedly mounted form portion 90 is unfastened and pivoted
      upwardly about its hinged axis to its full open position, and end doors
      34, 36 are pivoted away from the form 12 after releasing the cam means. To
      remove the cast element 14 from the form 12, a hoisting apparatus is
      brought into position over the casting apparatus 10. A hoisting sling (not
      shown) made up of four cables or chains of equal length, each attached at
      one end to a ring and having a Lewis pin secured at the free ends thereof,
      is attached to the free terminus of the hoisting cable. The Lewis pins are
      inserted in the angularly disposed holes 88 in the cast element and the
      hoisting cable is tensed to cause a frictional engagement of the Lewis
      pins internally of the holes 88. The crypt module 14 may now be extracted
      from the casting form 12 by raising the hoisting cable vertically.
      Although it is preferred that the hoisting cable axis coincide with a
      vertical line through the center of gravity of the module 14, the casting
      form 12 is sufficiently flexible to permit some variation between the
      lifting axis and center of gravity without damage to either the form 12 or
      the cast element 14.
PAR  Many modifications and variations in the present invention, other than
      those described herein, are possible in light of the above teachings and
      within the purview of the appended claims, without departing from the
      spirit and intended scope of the invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. Apparatus for casting reinforced concrete crypt modules comprising;
PA1  a base;
PA1  a shaped casting form supported on said base for receiving fluent casting
      material therein, one end of said casting form being open;
PA1  an end door pivotally mounted to said base in confronting relation with the
      open end of said casting form, said end door having spaced slots extending
      therethrough; and
PA1  means mounted to said end door and said casting form for urging said end
      door sealingly against the open end of said casting form;
PA1  said means including spaced arm members positioned at the open end of said
      casting form and arranged to penetrate a respective slot in said end door,
      each arm member having a cam slot disposed in the penetrating end thereof,
      spaced cam plates affixed to said end door, each of said cam plates
      positioned adjacent a respective slot in said end door and having an
      opening therethrough, cam bar means having axially spaced cams thereon and
      extending through the openings of at least two cam plates, said cams being
      disposed in said cam slots of each of said arm members.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said casting form is further
      supported by a plurality of upright brackets secured to said base and a
      plurality of angle brackets affixed perpendicularly of said upright
      brackets.
NUM  3.
PAR  3. The apparatus according to claim 1, including means for forming spaced
      holes in the upper surface of the material cast, including at least two
      strips positioned in predetermined locations on said apparatus in
      overlying relation to said casting form, each strip having at least two
      apertures, four of said apertures defining a rectangle such that vertical
      planes through the diagonals of the rectangle intersect at a line
      subsubstantially coincident with a vertical line through the center of
      gravity of a module cast in said casting form.
NUM  4.
PAR  4. The apparatus according to claim 3 including pins for insertion through
      a respective one of said four apertures into the top surface of the cast
      material, the axis of each of said pins forming an acute angle with a
      vertical line through the aperture, associated therewith.
NUM  5.
PAR  5. The apparatus according to claim 1 wherein the end door slots are
      arranged in at least two spaced lines in said end door.
NUM  6.
PAR  6. The apparatus according to claim 1 wherein said casting form is
      fabricated of flexible sheet metal.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein said flexible sheet metal
      casting form defines at least two spaced longitudinal wall cavities, each
      having a closed bottom and a lower and upper portion, the sides of the
      lower portion of each wall cavity from the bottom thereof being divergent
      upwardly at a first angle to form a wall of the cast module, the sides of
      the upper portion of each wall cavity from the lower portion thereof being
      divergent upwardly at a second angle greater than said first angle, to
      thereby form a thickened portion of said wall of the cast module.
NUM  8.
PAR  8. The apparatus according to claim 1 wherein said casting form has a
      second open end and including a second end door pivotally mounted to said
      base in confronting relation with said second open end and means mounted
      to said second end door and said casting form for urging said second end
      door sealingly against the second open end of said casting form.
NUM  9.
PAR  9. The apparatus according to claim 1 wherein said urging means includes
      lever means connected to said cam bar means for rotating said cam bar
      means whereby, upon actuation of said lever means, said bar means bears
      against said at least two cam plates and said cams bear against the cam
      slots of said arm members to thereby urge said end door toward the open
      end of said casting form.
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ABST
PAL  A leaking joint in a pipeline is sealed by locating a separable mould
      around the joint to form in conjunction with the pipeline a mould chamber
      enclosing the joint. Sealant is injected into the mould chamber and the
      volume of the mould chamber is reduced by deforming a flexible wall of the
      chamber to pressurize the sealant to a pressure above that inside the
      pipeline until the sealant has solidified around the joint.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method and apparatus for sealing a leaking joint
      in a pipeline.
PAR  It is already known to provide moulds made of flexible or rigid material
      which are located around a joint in a pipeline and are sealed to the
      circumference of a pipeline on each side of the joint by using straps
      compressing the flexible material to the pipe surface in the first case or
      by using rubber seals pressed against the pipe surface by the rigid moulds
      when they are clamped around the joint in the latter case. Sealant is
      injected into the mould so that it fills the moulds and is at a pressure
      above the pressure within the pipeline. With both flexible and rigid
      moulds the pressure is maintained on the sealant during hardening by
      virtue of strain energy in the mould material which results because the
      sealant is injected at a pressure to produce a certain expansion of the
      mould, and the inlet is immediately shut off to maintain the pressure
      during hardening. However, a disadvantage of this method of sealing is
      that only a small leakage of sealant can be tolerated before the pressure
      on the sealant drops below the pressure within the pipeline and gas starts
      to leak. Furthermore, since there is a discontinuity of the flexible seals
      on each side of the mould chamber to allow them to fit around pipes and
      compression of the flexible material against the pipes by the bonds or the
      mould parts when clamped together is relied upon to force the seal ends
      together. This is unreliable and sealant is liable to leak out. Also such
      seals are often ineffective when undersize or badly pitted pipes are
      encountered.
PAR  The object of the invention is to provide a method and apparatus for
      sealing leaking joints in pipelines which gives an improved performance
      over the above described prior art moulds.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a method of sealing a leaking joint in a pipeline,
      which method comprises locating a mould around the joint to provide a
      mould chamber enclosing the joint, injecting a sealant into the mould
      chamber, and reducing the volume of the mould chamber to pressurize the
      sealant to a pressure above the pressure within the pipeline until the
      sealant has solidified around the joint.
PAR  The invention also provides a method of sealing a leaking joint in a
      pipeline, which method comprises a separable mould which can be located
      around, and sealed to, a pipeline to provide in conjunction therewith a
      mould chamber enclosing a joint in the pipeline, and means to reduce the
      volume of the mould chamber to pressurize sealant injected into the mould
      chamber when the mould is located around a pipeline joint.
PAR  The mould may have a flexible wall which can be deformed inwardly of the
      mould chamber.
PAR  The advantages of using a method and apparatus according to the invention
      are that a saving in sealant material for each joint is achieved by
      effecting pressurization of the sealant by reducing the volume of the
      mould chamber, and a single mould can be used to seal different joint
      designs without using an excessive volume of sealant. Furthermore, leakage
      from the mould chamber will not reduce the pressure of the sealant since a
      constant pressure is applied to the flexible wall of the mould chamber
      while the sealant is hardening.
PAR  According to a feature of the invention, sealing means are provided on the
      mould to seal the mould to the pipeline on each side of the joint. The
      sealing means may comprise resilient sealing members on the parts of the
      separable mould, which members co-operate when the mould parts are fitted
      together to provide sealing rings one on each side of the mould chamber.
      The sealing members may be U-shaped in cross-section with the limbs of the
      U projecting radially outwardly from the base of the U, a rigid element
      being located between the free ends of the limbs of each member to define
      a space between the sealing member and the rigid element, and means being
      provided to connect that space to a source of fluid pressure. The sealing
      means may be releasably secured to the mould.
PAR  The provision of inflatable seals which are releasably secured to the mould
      gives the further advantages that a single mould can be used for sealing a
      range of pipe diameters merely by changing the end seals, again without
      using an excessive amount of sealant. For example if the smallest pipe
      diameter accommodated by a mould according to the invention is D, the
      mould can also seal pipes having a diameter up to 11/2 D. Also leakage
      from the inflatable end seals is less likely than with the prior art
      constructions especially when undersize or badly pitted pipes are
      encountered.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side view of a mould embodying the invention and positioned
      around a pipeline joint;
PAR  FIG. 2 shows a section through the upper portion of the mould and pipeline
      joint of FIG. 1;
PAR  FIG. 3 shows an exploded view of the upper half of the mould of FIG. 1; and
PAR  FIG. 4 shows a scrap section of another mould embodying the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 to 3 of the drawing, there is shown a pipeline joint
      between adjacent ends of two pipes 10 and 11. The joint comprises a
      joggled end portion 12 on the pipe 10, the free end of which is provided
      with an outwardly extending flange 13. An L-section gland ring 14 is
      located around the pipe 11 at a short distance from its end. The end of
      pipe 11 engages within the joggle portion 12 and a sealing ring 9 is
      located therebetween. The joint is made by bolting together the flange 13
      and the outwardly directed portion of the ring 14.
PAR  During use of a pipeline for conveying gas at pressures substantially above
      atmospheric, the sealed joints therein, such as the one shown in the
      drawing, may begin to leak due to shrinkage or stress relaxation in the
      flexible sealing ring and it has been found generally to be unsatisfactory
      or impossible to remake the seal by tightening the bolts on the gland
      ring.
PAR  According to the embodiment of the invention shown in the drawings, such
      leaking pipeline joints are sealed by using an encapsulation mould
      comprising an upper half 15 and lower half 16 which are placed around the
      joint to be encapsulated and are bolted or otherwise joined at integral
      flanges 17. Each mould half comprises two main shells 18, made in a
      suitable light material such as aluminium, bonded, or otherwise secured to
      elastomeric forming liners 19 and equipped with end seals 20. The
      elastomeric liners 19 are in the form of truncated cone halves equipped
      with flanges on all edges which flanges are bonded or otherwise secured to
      mating flanges on the main shells 18 so that pressure tight chambers 21
      are formed when the mould is assembled.
PAR  The end seals 20 comprise a semi-circular metallic outer member, 22, a
      semicircular elastomeric sealing member 23 of U-shaped cross-section
      within the member 22 with flanges 36 formed by the limbs of the U-shaped
      cross-section which embraces the member 22, and a semicircular locking
      plate 24. The assembled seals are shown in FIG. 2. One of the limbs of the
      elastomeric sealing member 23 is trapped between the locking plate 24 and
      a side face of the outer member 22. THe other limb of the sealing member
      23 is trapped between the other side face of the outer member 22 and a
      flange 25 on one of the liners 19 when the end seal is attached to the
      mould half by a suitable number of bolts. The sealing member 23 is
      equipped with flanges 26 which are trapped between the ends of the outer
      member 22 and the mating lower sealing member when the mould is assembled
      on the pipe joint.
PAR  Air or other pressurising fluid can be admitted through connectors 35 into
      the space enclosed between the outer members 22 and the sealing members 23
      and all four such members are connected to a common source of pressurised
      fluid after the mould is assembled on the joint. This has the effect of
      deforming the bases of the U-Shaped cross-sectioned sealing members 23
      radially inwardly so that they seal tightly against the pipe surfaces and
      prevent the egress of gas or sealant.
PAR  Similarly air or other pressurising fluid, at a pressure less than that in
      the end seals, can be admitted into the chambers 21 via connectors 34 in
      the outer shells 18 which are suitably inter-connected to maintain equal
      pressure inside them.
PAR  A passage 27 is provided in the bottom half of the mould to enable the
      sealant material to be admitted to the cavity formed by the forming liners
      19, the end seals 20 and the pipe and joint surfaces. A valve is provided
      to shut off the passage 27 when necessary. A similar passage 28 equipped
      with a bleed valve 29 is provided in the top half of the mould to enable
      gas and excess sealant to be evacuated from the cavity.
PAR  In use the two mould halves are bolted together around a pipe joint which
      is to be sealed, the surfaces of the pipes adjacent the joint and the
      gland rings having first been cleaned by grit blasting or other suitable
      means. The valve 29 on the top half of the mould is open at this stage and
      air or other suitable fluid is admitted to the end seals 20 at a pressure
      considerably in excess of the pressure of the gas in the pipeline so that
      the elastomeric members 23 of the end seals 20 are forced against the pipe
      surface forming complete circumferential seals. If the pipe joint is
      leaking at a considerable rate the bleed valve 29 is kept open until gas
      has displaced the air within the mould cavity so that air cannot be forced
      into the pipeline during subsequent pressurisation. The valve is then shut
      off and the liquid sealant resin is pumped in through the passage 27 in
      the bottom half of the mould at a pressure in excess of the pressure in
      gas in the pipeline.
PAR  The sealant may be any suitable thermo-setting resin such as polyurethane,
      epoxide or polyester or may be a thermo-plastic material heated to a
      liquid or semi-liquid state and may contain bulk fillers and reinforcing
      agents.
PAR  After sufficient sealant has been injected the valve in the passage 27 is
      shut off and air or other pressuring fluid is admitted to the four
      chambers 21 at a pressure greater than that of the gas in the pipeline but
      not greater than that in the end seals 20. This has the effect of
      deflecting the elastomeric liners 19 towards the axis of the pipeline. The
      bleed valve 29 is opened to allow air or gas above the sealant to escape
      and is closed again when sealant starts to exude through it.
PAR  Because the elastomeric liners 19 are fixed to the main shells at the
      vertical equator, the liners are prevented from folding as they are forced
      inwards and they therefore confine the sealant in fillets around the pipe
      joint in areas of possible gas leakage. On the horizontal parting line of
      the mould, the liners 19 are joined to the flanges of the main shells by
      flanges 30 of the same elastomeric material which flanges 30 are bonded
      only on their outer edges to the flanges of the main shells. Thus the
      major area of the flanges 30 are free to stretch inwards when pressure is
      applied, thereby minimising the web of sealant which otherwise would form
      at the mould parting line.
PAR  The pressure is maintained in the cavities 21 and end seal 20 until the
      sealant has set to a stage where it will withstand the gas pressure in the
      pipelines. The encapsulation mould is then removed for re-use on other
      joints.
PAR  In the embodiment of the invention shown in FIG. 4 the end seals are
      removable so that alternative end seals can be fitted to accommodate
      smaller pipe diameters. The alternative smaller diameter seals comprise an
      outer member 31 with a U-section elastomeric seal 32 of appropriate
      internal diameter combined with two semi-circular plates 33 of inside
      radius only slightly greater than the outside radius of the pipeline
      adjacent the joint to be sealed, arranged to prevent the elastomeric seal
      32 from deformation along the pipeline axis in either direction.
PAR  The advantages of using a method and apparatus described above rather than
      using conventional moulds which are expanded to a certain extent by the
      injection of sealant to maintain pressure of the sealant by virtue of
      strain energy in the mould material, are that by reducing the volume of
      the mould chamber to pressurize the sealant a saving in the amount of
      sealant used is achieved. Also a single mould can be used to seal
      different joint designs without using an excessive volume of sealant.
      Furthermore, leakage from the mould chamber does not reduce the pressure
      of the sealant as with the use of conventional moulds hitherto, since a
      constant pressure is applied to the flexible lining 19 during hardening of
      the sealant. The inflatable seals which are releasable from the mould
      allow a single mould to be used for a range of pipe diameters merely by
      changing the seals, again without an excessive amount of sealant being
      used. Leakage from the inflatable seal is less likely than with seals on
      conventional moulds especially when undersize or badly pitted pipes are
      encountered.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for sealing a leaking joint in a pipeline, which apparatus
      comprises a separable mould which can be located around, and sealed to, a
      pipeline, which mould comprises a flexible inner lining which in use
      defines in conjunction with the pipeline a mould chamber enclosing the
      joint, an outer rigid casing which in use surrounds and is sealingly
      connected to the lining to provide a space therebetween, means to allow
      sealant under pressure to be injected into the mould chamber and means for
      connecting the space between the lining and the casing to a source of
      fluid pressure.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the lining comprises two
      frusto-conical portions having their larger diameter ends in abutment with
      one another, both axial ends of each of said portions being secured with
      respect to the casing.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein sealing means are provided on
      the mould to seal the mould to a pipeline, one sealing means on each side
      of a joint in the pipeline.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein the sealing means comprise
      resilient sealing members located with respect to respective parts of the
      separable mould at locations one on each side of the mould chamber which
      members co-operate when the mould parts are fitted together, to provide
      sealing rings one on each side of the mould chamber.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein the sealing members are U-shaped
      in cross-section with flanges provided by the limbs of the U-shaped
      cross-section projecting radially outwardly from the base of the U-shaped
      cross-section, a rigid element being located between the free ends of the
      limbs of each member to define a space between the sealing member and the
      rigid element, and means being provided to connect that space to a source
      of fluid pressure.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein means are provided for
      restraining the sealing rings from axial deformation when subjected to
      fluid pressure.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein said restraining means comprise
      arcuate plates which are made of a material substantially more rigid than
      that of the sealing members and are located one on each side of a sealing
      member.
NUM  8.
PAR  8. Apparatus as claimed in claim 3 wherein the sealing means are releasably
      secured to the mould so that they can be removed and replaced by further
      scaling means.
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ABST
PAL  A method of making mold assemblies in which are cast polymerized synthetic
      resin, single vision and multi-focal plastic ophthalmic lenses. Molds are
      used to produce optical surfaces on the cast resin lenses. These are of
      glass which is optically surfaced and then assembled within a resilient
      carrier and supported frictionally in sealed engagement with the tubular
      resilient walls of the mold assembly carrier. The carrier is designed to
      provide for positioning the mold elements dimensionally so as to control
      concentricity, thickness and prism of the finished casting with no portion
      of the body of the carrier interlying the glass mold elements.
      Unrestricted shrinkage therefore is allowed to take place in thickness so
      as to allow full curing of the lens without premature mold separation. The
      mold assembly is sealed to provide a hermetic closure against leakage of
      contents or intrusion of air into the mold assembly during curing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to casting single vision and multi-focal
      synthetic resin polymerized plastic lenses, both spherical and toric, with
      finished optics on one or both sides.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Plastic lenses are cast according to the present art between a pair of
      glass mold pieces, at least one of which has an optically finished surface
      prepared to the optical configuration desired to be made on a finished
      surface of the cast plastic lens. The other mold piece of the pair may be
      of precisely the curvature and characteristics corresponding to that
      desired of an opposite side of the lens to be cast, or may be of random
      configuration which surface is later ground and polished to the desired
      prescribed optical surface.
PAR  In order to cast such a lens from the liquid monomers, of which such lenses
      are polymerized, it is necessary to mount the mold faces in an annular
      resilient gasket which is recessed so as to position the mold faces
      concentrically in seats and is made with a gasket rib extending inwardly
      all around the inside of the gasket body a short distance to interlie the
      molds and thereby establish the desired sealed cavity in which to cast a
      lens and also to establish the thickness and parallelism of the lens.
PAR  A plastic lens intended to be cast as a toric lens will necessarily have
      edges of unequal thickness at different points about the periphery. This
      requires a thickness control rib of specified thickness corresponding to
      the variables desired in the edge thickness of the cast lens.
PAR  It is well known in the art of casting plastic lenses that a lens having
      large differences in thickness from center to edge, or large variations in
      thickness at different points about the periphery will be very troublesome
      to cure. In cases where such thickness variations exceed a certain minimum
      amount, the gasket must be removed entirely when the lens has been
      partially cured in order to allow the lens to shrink without further
      resistance due to compression of the gasket rib. This is done after
      gelling but before hardening, so as to allow the cure to be completed
      without causing premature separation of the lens and molds due to back
      pressure from the overly compressed annular gasket thickness control rib.
PAR  Extremely high internal strains are created within a lens during the final
      cure period. These occur after gelling and solidification of the monomers
      and while approaching final polymerization and cure. During this period,
      the partially polymerized monomers form a tenacious adhesive bond to the
      glass mold face. This bond can exceed the internal tensile strength of the
      body of the glass. There is an undesirable possibility during these final
      stages of cure when shrinkage due to polymerization causes the lens faces
      to separate from the mold faces. When this occurs, air is drawn into the
      mold assembly. Air acts as an inhibitor to polymerization and inhibits
      further curing of the surfaces. This causes a soft lens to be made, and
      optical aberrations may also occur in the surface of the lens due to this
      same premature opening of the mold assembly.
PAR  The separation of lens from the mold bodies results from the build-up of
      back pressure which results from the increasing resistance to compression
      which builds up in the thickness control rib of the gasket due to
      shrinkage of the lens casting during polymerization and cure. This
      reduction in thickness in the rib is as much as 14%. In the case of toric
      lenses, the lens edge thickness can differ as much as ten to one when
      measured on ninety degree meridians. It can be seen that 14% shrinkage at
      the thickest point on the edge may be easily accomodated to at that point
      by compression of the relatively thick section of the gasket rib, but it
      may be impossible for the thin portion of the gasket rib to compress an
      equal distance without creating back pressures of a very high order due to
      resistance to such massive proportional compression in its thickness.
PAR  In cases where the lens and mold are forced apart due to massive resistance
      to compression at the thinner section of the gasket rib, and where the
      lens retains its bond to the glass surface of the mold, a catastrophic
      rupture can occur in a portion of the mold face whereby there may be
      pulled out bodily from the glass mold surface a substantial chunk of
      glass.
PAR  The monomers and monomer mixtures used may be as described in my U.S. Pat.
      No. 2,964,501 wherein I disclose many combinations of co-polymers and
      temperature sequences suitable for making synthetic resin lenses with the
      methods and style of molds which are the subject of my present invention.
      A very acceptable lens may be cast using a single monomer, namely,
      diethylene glycol bis (allyl) carbonate, which forms a hard cross linked
      polymer when cured. This monomer is best catalyzed with from 3% to 5% by
      weight of isopropyl percarbonate. The monomer is usually placed in a non
      reactive container such as one of stainless steel, glass or polyethylene
      and a slow speed stirrer provided to agitate the mix. The catalyst is then
      added to the monomer and mixed until thoroughly dissolved.
PAR  Amongst the features which make the above monomer desirable are that the
      polymer is insoluble in the monomer, that the vapor pressure is relatively
      low below the boiling point, that there is a gradual and uniform gelling
      and hardening during polymerization. Such monomers as referred to in my
      former U.S. Pat. No. 2,964,501 and as described above are desirable as
      lens casting agents in the application of the prior art of casting lenses.
      There are serious limitations in the prior art methods, the mold
      assemblies allow leakage of the monomer while liquid and in the first
      stages of heating when expansion occurs. Furthermore, there are certain
      unpredictable contingencies which occur, for example if gelling begins to
      take place from the center of the monomer mass and then moves outwardly it
      can be seen that shrinkage occurs overall and air is drawn into the mold
      through the liquid which lies adjacent the inadequate pressure seal which
      is common today, spoiling the casting due to the intrusion of air which as
      stated has an inhibiting effect on the polymerization process as described
      above.
PAR  The combination of the above shortcomings of the prior art result in the
      existence of a very unpredictable process. Quality and quantity yields
      vary from batch to batch. This serious set of limitations makes it
      necessary, in order to maintain a reasonable percentage level of quality
      yields, to run different types of lenses under different curing heat
      cycles. Mold assemblies in some cases must be disassembled early to
      prevent premature opening and the soft lenses then removed from the molds
      and cured further to questionable hardness in vacuum chambers. In other
      cases the mold assemblies are removed from the curing ovens, the gaskets
      removed and then are put back into the curing ovens to allow final
      shrinkage to take place. Such a procedure results in soft peripheries on
      the lenses for the edges do not fully polymerize once they have been
      exposed to air.
PAR  These methods of the present art are tedious, clumsy and costly to
      implement. They result in waste due to the fact that lenses removed while
      partially cured are extremely sensitive to receiving fingerprints,
      scratches and other damage during handling. Furthermore, once air has
      contacted the exposed lens surface or edges it inhibits that area from
      becoming fully polymerized and cured regardless of the care which may be
      taken to attempt to finish the curing cycle thereafter.
PAR  In addition to the above drawbacks, a lens which has become exposed to air
      will change color to an undesirable yellow tint which is not acceptable to
      the trade.
PAR  For these reasons, plus the additional reason of the possibility of
      suffering great economic losses due to these unpredictable drawbacks,
      there is an urgent need in the field of this invention for reliable
      systematic methods of casting ophthalmic lenses so that greater precision,
      speed, economy and reliability of quality yield can be realized without
      reliance on the skill of the hand operator in removing and curing soft
      lenses.
PAC  SUMMARY OF THE INVENTION
PAR  The basic prerequisite of the present process is a resilient mold assembly
      support member which is designed without an inner thickness control rib
      interlying the mold faces. This is to insure that no mass of material
      interlies the mold faces to bar freedom of movement of the opposed
      elements, one toward the other, as the lens shrinks. Provision is made in
      the mold assembly support member to seat the mold elements in spaced
      annular seats of different diameter, and spaced apart at a given distance
      axially. The mold elements are appropriately sized so as to fit tightly
      inside the walls of the resilient mold assembly support at their edge
      periphery when seated in the mold assembly support member. The mold face
      elements are made in different diameters with the lower mold element,
      which forms the concave side of the lens, made of a smaller diameter than
      the upper mold face element. The lower mold element is seated for
      thickness reference in a lower, smaller diameter annular seat of the mold
      assembly support member. The wall of the support member is made of a small
      enough diameter so as to snugly cling to the periphery of the lower mold
      when stretched. This creates a seal at the mold's outer edge periphery due
      to resilience provided for in the elastic composition of the material of
      the walls of the support member. The lower mold element is also seated
      with its underside against a shelf formed by an annular wall extension at
      its lower end. This shelf extends inwardly under the lower mold element at
      right angles and forms a flat seat area of reference and positioning. The
      lower mold element thus bottoms on an annular shelf at the lower end of
      the mold assembly support member. Thickness and parallelism are controlled
      by virtue of the depth of the outer dimension wall which connects at right
      angles to the bottom shelf and extends peripherally between the lower
      annular shelf to the upper annular shelf wherein the mold for forming the
      upper surface is supported. This outer wall is relatively thin and may
      contract rather easily but has high resistance to elongation and thereby
      controls the thickness dimension determination while the mold assembly is
      being put together. It also has the characteristic of giving way in
      compression very easily to allow contraction during curing to allow free
      shrinkage and freedom of movement of the mold faces one toward the other.
PAR  The mold assembly is put together with both mold elements spaced axially
      and securely seated in position on the upper and lower annular shelves of
      the mold assembly carrier. A cavity thus formed has its boundary defined
      by the walls of the mold assembly support member and the mold faces within
      the mold assembly. The cavity is then filled with monomers through a tube
      provided in the annular dimension wall. After filling, the needle is
      withdrawn and any overfill is allowed to bleed out of the tube whereupon
      the tube is sealed by heat fusion by a suitable device. An additional step
      which further guarantees hermetic sealing is accomplished by providing an
      upper cover element which lies over the top of the upper mold element and
      which is heat fused all around to an extension of the upper wall of the
      mold support assembly. Hermetic sealing provides a safeguard against
      leakage of the monomer from the mold assembly and further provides
      positive prevention of entry to within the mold assembly, of air or water
      or other contaminants which would inhibit proper lens polymerization and
      curing.
PAR  This assembly is then cured in air ovens or while totally immersed in a
      liquid medium such as water for maximum curing speed and uniformity of
      characteristics of the cast lenses.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1. Illustrates a complete mold assembly, in plan view, ready for
      curing.
PAR  FIG. 2. Is a cross section taken on line A-A' of FIG. 1.
PAR  FIG. 3. Illustrates a cross section of a complete mold assembly according
      to the prior art, taken on line B-B' of FIG. 4.
PAR  FIG. 4. Is a plan view of a mold assembly of the prior art.
PAR  FIG. 5. Illustrates, in plan view, a mold assembly of my present invention
      shown in a cradle.
PAR  FIG. 6. Is a cross section taken on line C-C' of FIG. 5.
PAR  FIG. 7. Is an exploded view showing a plurality of mold elements.
PAR  FIG. 8. Is a sketch which is partially broken to show mold filling action.
PAR  FIG. 9. Is a sketch, partly broken away, to illustrate a sealing method of
      the filler tube.
PAR  FIG. 10. Shows an elevation view of a mold separation method.
PAR  FIG. 11. Shows molds and lens after separation.
PAR  FIG. 12. Shows a cutting device for stripping mold assembly support
      members.
PAR  FIG. 13. Is an elevation view, partly broken away, of a semifinished lens
      making mold assembly.
PAR  FIG. 14. Is a view of elevation, partly broken away, to show the use of
      spacer rings.
PAR  FIG. 15. Is a view of elevation, partially broken away, to show the use of
      prism spacer rings.
PAR  FIG. 16. Is a view in elevation, partly broken away, to show the use of a
      prismatic lower mold element.
PAR  FIG. 17. Is a plan and end view of a prismatic lower mold element.
PAR  FIG. 18. Is a plan and end view of a spacer ring.
PAR  FIG. 19. Is a plan and end view of a wedge type spacer ring.
PAR  FIG. 20. Is a work flow diagram illustrating my manufacturing method.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The basic prerequisite for the present process is a resilient mold assembly
      support member. This is made in the form of an irregular cylinder with an
      upper shelf and a lower shelf between which a wall extends a given
      distance to control lens thickness and parallelism. A sealing cap is
      provided and heat sealed to the upper sealing wall, if desired, to
      hermetically seal the unit.
PAR  To cast a lens it is necessary to make a lower mold element out of glass,
      with a first optically correct convex surface, and on the concave side
      having a flattened seating portion extending inwardly at right angles from
      the periphery of the lower mold element for about 1/4 inch all around. The
      lower mold element is sized so that as it is pressed downwardly into the
      mold assembly support with the flattened rim of the concave side down, it
      acts to stretch the lower wall to provide a tight seal around its edge
      until eventually its flat seat area comes to rest against the bottom mold
      shelf from which dimensional reference can be had to control lens
      thickness and parallelism.
PAR  The upper mold element is made with the optically correct surface on the
      concave side with a flattened portion about the periphery of the concave
      side, thus both upper and lower molds are provided with flat seats on the
      concave sides. The upper mold element is sized so that when it is pressed
      into the mold support assembly, concave side down, it stretches the
      annular upper sealing wall to provide a tight seal about its edge
      periphery until it comes to rest with its flattened seat against the upper
      annular mold shelf from which reference may be had relatively of the
      bottom shelf to determine the thickness and parallelism of the dimension
      wall which connects upper and lower shelves, and other techniques
      described further herein. As should be apparent to effect proper sealing,
      the inner diameter of the walls of the mold support elements must be
      slightly less than the diameter of the associated mold elements.
PAR  The mold assembly as stated earlier is then filled with a catalyzed liquid
      monomer by way of a hollow needle which is inserted through the filling
      tube which is provided at one point in the dimension wall. When full, the
      needle is withdrawn and any superfluous monomer is drained away whereupon
      the filler tube is heat sealed. Then the upper end of the mold assembly
      may be capped with the upper cover member, a sealing disc of resilient
      material, which can be heat sealed to the annular extension of the upper
      sealing wall to provide a more positively hermetically sealed mold
      assembly.
PAR  The optical properties of the lens to be cast are determined by the
      configuration of the inner opposed faces of the mold elements against
      which the lens is cast. The thickness or degree of parallelism is
      controlled by the depth of the lower dimension wall of the mold support
      assembly and the thickness or wedge dimensions of the lower mold element
      plus any thickness adjustment disc or washers which can be placed on the
      lower annular shelf under the lower mold element to adjust the depth of
      the lens casting cavity. The lower mold element may also be made
      wedge-like to cause its upper surface to lie at an angle relatively of the
      upper mold face. This forms a wedge-like cavity wherein a lens having a
      prismatic refractive characteristic may be cast. The degree of prism power
      is determined by the amount of wedge induced in the lower lens mold
      element or in thickness adjustment discs or washers placed on the lower
      annular shelf to provide an annular seat on which the lower mold element
      is made to lie. In addition to this, it can readily be seen that the lens
      is cast to a thickness which is governed also by the thickness of the
      lower mold element. Lenses of different thickness and prism may be cast in
      mold support elements having a uniform depth of dimension wall by varying
      the thickness and/or wedge of the lower mold element, or of thickness
      discs and washers underlying the lower mold element.
PAR  The upper surface of the lower mold element may be made in toric or
      sphero-cylindrical form against which lenses of toric form may be cast.
      Thus, by varying the thickness, the wedge, the curve or curve combinations
      of the lower mold element, and the curves or combination of curves which
      are ground into the lower face of the upper mold element, many myriad lens
      combinations may be cast to produce a finished or semi-finished lens blank
      of varied optical characteristics. Bifocal lenses can readily be cast by
      making and using molds according to the techniques taught by R. E. Casko
      in U.S. Pat. No. 3,460,928 and in other similar patents.
PAC  REFERRING TO THE DRAWINGS
PAR  My present invention is further described with reference to the drawings
      wherein I show in FIGS. 1 and 2, a mold assembly which has been filled and
      is ready to be inserted into a heating apparatus for curing. The assembly
      is composed of the mold assembly support member 1 with the sealing cap 2,
      shown in place with a filler tube 3 shown as an integral part of the mold
      assembly support member 1. Mold elements 4 and 5 are shown in place within
      the mold assembly support member and a heat fusion is illustrated at 6 on
      the filler tube and at 7 on the sealing cap periphery to cause the
      assembly to be hermetically sealed. The flattened seating portions 8 and 9
      of the mold elements 5 and 4 lie in contact with complementary annular
      seats in the wall of the mold assembly support member. A tension type seal
      is formed at annular contact areas 10 and 11 to further confine the liquid
      monomers to the lens casting cavity area 12 leaving only the entry port 13
      in the filler tube 3 whereby monomeric liquids may be entered. By way of
      comparison and to further teach my method over that of the prior art, I
      show in FIGS. 3 and 4 an illustration of a mold assembly according to the
      prior art. Particular attention is directed to the massive rib 14 of
      gasket 15 wherein upper mold element 16 is supported and overlies the lens
      casting cavity 17, the lower portion of which cavity 17 is formed by the
      lower mold element 18. The massive rib 14 has been completely removed from
      between the mold elements in my present invention to eliminate resistance
      to shrinkage and consequent leakage and premature mold separation.
PAR  In FIGS. 5 and 6, I illustrate a mold assembly which includes the addition
      of a stiffening cradle 19 which is designed to receive a mold assembly
      support member to provide for greater stability in making certain lens
      castings where great accuracy of relative positioning of the mold elements
      4 and 5 is required. The cradle 19 may be made of highly heat resistant
      plastics such as phenolics and polycarbonates but is preferably made of a
      good heat conducting metal such as copper or its alloys or aluminum. The
      cradle 19 is generally shaped to the outer contour of the mold assembly
      support member 1 so as to receive it snugly and to provide close support.
      A clamping ring 20 which can be constricted by clamping screw 21 is formed
      integrally with the body of the cradle 19 wherein a slot 21a is cut to
      allow a portion of the clamping ring to move for a portion of its length
      peripherally so as to allow it to constrict inwardly against the upper
      wall 22 of the mold assembly support member 1 to form a pressure hermetic
      seal at 23 with the outer edge periphery of the upper mold member 5. In
      this configuration a seal is accomplished which eliminates the need for
      use of a sealing cap 2.
PAR  In FIG. 7, I have shown an exploded view of all the elements which go into
      both last previously described assembly options. I will also now describe
      a third assembly option. The third assembly option which is illustrated in
      FIG. 13 is used for casting semi-finished rough blanks where only one side
      of the lens casting needs to be to optical standards.
PAR  The three assembly options; Option No. 1 requires the use of the elements
      of FIG. 7 as follows: elements 7a, 7b, 7c, and 7d. These elements when put
      together according to the manner of FIG. 2, provide an assembly which is
      sealed and ready to be advanced to curing.
PAR  Option No. 2, the assembly illustrated in FIGS. 5 and 6 requires the use of
      elements of FIG. 7 7b, 7c, 7d, and 7e, such an assembly is used where
      great accuracy is required and need not be heat fusion sealed at the
      sealing cap.
PAR  Option No. 3, as illustrated in FIG. 13, is designed to produce only
      semi-finished lenses and may be assembled using elements of FIG. 7 as
      follows: 7b, 7d, and 7e in combination or 7a, 7b, and 7d, as may best suit
      the requirements at any given time.
PAR  In order to demonstrate the manner in which the liquid monomers are
      introduced into the lens casting cavity 12, a simulated partial cutaway is
      shown, by way of illustration in FIG. 8, wherein a tube 24 which carries
      monomer mixtures under pressure has at its terminus a needle 25 which is
      shown within part 13 of tube 3. This illustration is made to show the
      liquids entering under pressure while the displaced air escapes at 27
      between the needle 25 and the inner walls of filler tube 3.
PAR  When the lens casting cavity 12 has been filled, it is then heat fusion
      sealed as illustrated in a partially broken away simulation sketch in FIG.
      9. Electrodes 27 and 28 shown as compressing the filler tube 3 at 6 by
      virtue of forces F and F1 delivered by suitable arrangement within a
      conventional press and energized by a conventional electronic high
      frequency sealing generator connected to the electrodes 27 and 28 by
      suitable means and as represented in FIG. 9 by the symbols + and -.
PAR  In FIG. 10, I have illustrated the mold elements 4 and 5 and the finished
      cast lens 29 as they appear after curing. At this time the three pieces 4,
      5 and 29, as shown are firmly adhered, surface to surface and must be
      separated in such a manner as to avoid the undue application of mechanical
      force which may damage the lens or mold elements. The first step after
      curing, according to my invention, to separate the finished lens casting
      safely and so as to avoid damage to the molds or the lens casting, is to
      place the finished mold assembly support member, after removal from the
      curing medium, and after removal of the cradle therefrom, into a press
      arrangement as shown by way of illustration in FIG. 12. A conventional
      press ram 30 is fitted with circular cutter 31 and aligned with a
      positioning recess 32 wherein a finished cured mold assembly is situated
      for cutting. As the ram 30 decends it cuts the hermetically sealed mold
      assembly support member 1 at the annular contact area 33. Once the cut has
      been made, the press is reversed so as to retract cutter 31, and the mold
      assembly then is divested manually of the mold assembly support member
      lower portion 1 and the sealing cap 2. The remainder of the assembly
      consisting of the upper and lower mold elements 4 and 5 and the finished
      lens 29 are advanced to a conventional high frequency electronic generator
      having electrodes 30 and 31 as shown in FIG. 10, of a surface area
      adequate to induce internal heating within the finished lens blank 29.
      High frequency energy is then caused to be applied to the assembly for
      such length of time as is required to break the adhesive bond between the
      mold elements 4 and 5 and the lens casting 29, due to internal heating
      within the finished lens casting 29.
PAR  In FIG. 13, I have shown an illustration of an Option No. 3 type of
      assembly for casting semi-finished lenses. It will be seen that the upper
      mold element 5, and the mold assembly support member 1, are all that are
      needed to complete this optional arrangement. The optical surface produced
      on the semi-finished lens casting in contact with the underside 34 of the
      upper mold element 5 becomes the only optical surface on the finished
      lens. The remaining surfaces are of the same texture as of the inner walls
      of the mold assembly support member 1.
PAR  In FIG. 14, I have shown how lenses of different desired center or edge
      thicknesses can be made within a mold assembly support member of a given
      dimension.
PAR  Spacer rings 35, as detailed in FIG. 18, are introduced under the flattened
      area 36 of the lower mold element 4 to adjust the apex 37 of the lower
      mold element relatively of the upper mold element 5 for the purpose of
      controlling the thickness of the finished cast lens.
PAR  In FIG. 15, I have shown an arrangement whereby prism can be cast into the
      finished lens by introducing a wedge shaped spacer ring 38, as detailed in
      FIG. 19, under the lower mold element 4 to cause it to lie at an angle
      with relation to upper mold element 5 so as to produce a wedge shaped lens
      casting which will operate to create a prismatic optical component within
      the finished lens casting.
PAR  In FIG. 16, I have shown an alternate method of producing prism lenses
      through the use of a wedge shaped lower mold element 39, as detailed in
      FIG. 17.
PAR  In FIG. 20, I have shown a lens casting method using my invention which
      outlines the steps involved in producing finished lens castings.
PAR  My lens mold elements are produced in the conventional manner with
      conventional optical surfacing equipment and are stored ready for use in
      the mold storage area.
PAR  The first step in my process is the molding by injection molding techniques
      or other suitable techniques, of the mold assembly support member 1 and
      the support member cap 2. These are preferably made of polyethylene or a
      polyvinyl chloride formulation which is plasticized to a hardness of
      between 60 to 90 durometer. Mold elements are inserted into position
      within the mold carrier support member, heat sealed or clamped, as the
      case may be, and then advanced to an air oven or a liquid bath on
      continuous conveyors to effect the cure. After curing, the next step is
      the removal of the mold assembly carrier, then subjecting the adhered mold
      elements and lens to electronic or ultrasonic high frequency to weaken or
      separate the adhesive bond between the finished lens and the mold element.
      Finally the finished lens casting is inspected, graded and packed and the
      mold elements returned to washing and storage for reuse in the future.
PAR  In order to further describe the method of my invention as applied to the
      art of casting lenses I will outline the steps which I used in preparation
      of the mold assemblies in order to produce different types of lenses,
      i.e., single vision, bifocal, plus power, minus power and sphero-cylinder
      or toric types, in accordance with my invention.
PAR  I first prepared a series of mold elements with optically ground and
      polished surfaces of assorted radii. In the case of those mold elements
      which were ground and polished on the concave side, I ground an annular
      flat seat area 36 inwardly of the edge and contiguous to the ground and
      polished area. The peripheral edges I finished to a surface texture which
      was smoothed enough to form a hermetic seal with contact under tension
      against the undersized resilient wall member 40 of the mold assembly
      support member when in contact with the edge of the mold under the degree
      of pressure supplied by the natural resilience of the upper sealing wall
      22. On those mold elements which were ground and polished on the convex
      side, I supplied the annular flat seat 36a, on the concave side as shown
      in FIG. 11.
PAR  In order to cast a lens of little or no power, i.e., a plano lens, I first
      chose a convex surfaced mold element such as shown in FIG. 2. I placed
      this within the mold assembly support member 1 and pressed it down firmly
      against the resistance of the lower dimension wall so that the annular
      seat 36 came firmly in contact with the lower annular shelf 9. I then
      chose a mold element 5 having the concave side surfaced optically to
      substantially the same radius of curvature as the lower mold element but
      having a larger diameter than the lower mold element 4. I pressed this
      firmly down against the resistance of the upper sealing wall 22 until it
      became firmly seated with the annular seat 8 firmly seated against the
      upper shelf 41 of the mold support member. I heat sealed the sealing cap 2
      in position as shown in FIG. 2 and introduced the needle 25 through the
      filler tube 3 through which I inserted a catalyzed liquid monomer under
      pressure and which was prepared as described previously until the lens
      casting cavity 12 was completely filled. I removed the needle 25 and
      allowed the surplus monomer to drain away and advanced the mold assembly
      to the heat sealing press where I sealed the filler tube 3 at 6 as shown
      in FIG. 9.
PAR  I then suspended the total mold assembly from a support 42 into a heat
      controlled liquid bath 43 as shown in FIG. 20 for curing. I maintained the
      heated baths at a temperature of 130.degree.F for a period of 8 hours. I
      then removed the mold assembly from the heated bath and allowed it to cool
      to room temperature. I then cut away the outer envelope 1, as shown in
      FIG. 12, and separated the mold elements from the finished cast lens by
      the method illustrated in FIG. 11. By this method I produced a hard lens
      casting, the optical power of which was substantially zero dioptric power.
PAR  In this last above illustration I chose to use mold elements with opposed
      optical curves of similar radius. I controlled the thickness by choosing a
      given depth for the lower dimension wall of the mold assembly support
      member which allowed depth enough in the cavity to receive the lower mold
      element and to accommodate its thickness while leaving a cavity of
      approximately 3 millimeters of axial separation between the apex of the
      opposed curves of the upper and lower mold elements.
PAR  In order to produce a lens of plus power I proceeded substantially as I did
      in the above example with the exception that I chose a lower mold element
      with a flatter curve of longer radius and of such thickness that when
      matched with given dimension of the dimension wall of the mold support
      assembly produced an edge thickness of the plus power lens of 2
      millimeters. I did this by controlling the depth of the lower cavity and
      the height of the lower mold element from seat to apex of the convex
      curve.
PAR  In order to cast a lens containing a prismatic correction I first prepared
      a lower mold element with the desired optics ground on the convex surface.
      I then ground the seat on the outer area of the convex side of the lower
      mold element at an angle to the normal axis of the convex ground optical
      surface of the lower mold element as shown in FIG. 16. In order to obtain
      various lens thicknesses I varied the thickness of the lower mold element
      or adjusted the height, as shown in FIGS. 14 and 18, of the lower mold
      element 4 by means of spacer rings 35 to suit the desired lens
      characteristics. In order to obtain various prism powers I varied the
      wedge angle as shown in FIG. 15, at which I ground the seat of the lower
      mold element or used wedge shaped spacer rings as shown in FIGS. 15 and
      19.
PAR  In a further illustration of the invention I produced a semi-finished lens
      blank by using only an upper mold element, leaving the lower surface of
      the lens to be formed against the resilient lower wall of mold assembly
      support member as shown in FIG. 13.
PAR  I assembled the mold assembly and processed it as described above to
      produce a lens casting having only one finished surface, as shown in FIG.
      13, leaving one surface to be finished by grinding and polishing. In
      another application of my invention I used only an upper mold element and
      a mold assembly support member. I pressed the mold element firmly onto the
      upper shelf of the mold, I filled the cavity with monomer and sealed the
      filler tube. I relied upon the tension seal at the periphery of the mold
      element to create the hermetic seal during the heat curing cycle. I was
      able, in this way, to produce a satisfactory lens casting. The mold
      assembly did not leak during the heating cycle.
PAR  While a preferred form of the invention has been illustrated in the
      drawings and discussed above, it should be adequately clear that
      considerable modifications may be made thereto without departing from the
      principles of the invention. Therefore, the foregoing should be considered
      in an illustrative sense rather than a limiting sense, and accordingly the
      extent of this invention should be limited only by the spirit and scope of
      the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mold assembly for casting synthetic resin lenses comprising a
      resilient mold assembly support member in the form of an irregular
      cylinder having at least a pair of mold element positioning shelves of
      different diameters for supporting said mold elements and adjacent
      resilient walls connected to said positioning shelves, at least one of
      said walls interconnecting a pair of shelves, a plurality of mold elements
      of different diameters, each mold element being positioned on one of said
      shelves, said mold elements being disposed in an axially spaced
      relationship and with the periphery of said mold elements being in sealing
      contact with the inner surface of the walls, of said cylinder, each of
      said walls having an inner diameter slightly less than the diameter of the
      associated mold element before insertion of the mold elements and a sealed
      cavity having a boundary formed by opposing surfaces of the mold elements
      and the wall of the mold assembly supporting member between said mold
      elements within which a synthetic resin may be cast by polymerization, the
      boundary of said cavity including the entire surface of one face of one of
      the mold elements said face extending to the outermost periphery of the
      mold element.
NUM  2.
PAR  2. A mold assembly according to claim 1 wherein said mold elements are of
      different diameter forming an optical lens casting cavity therebetween for
      casting a lens the optical properties of which are determined by the inner
      opposed faces of the mold elements against which the lens is cast.
NUM  3.
PAR  3. A mold assembly according to claim 1 wherein said resilient wall is of a
      material having the characteristic of high resistance to axial elongation
      and relatively light resistance to axial compression.
NUM  4.
PAR  4. A mold assembly according to claim 1 further including a cradle of
      substantially rigid construction for receiving and supporting said mold
      assembly support member and a sealing ring on said cradle arranged for
      constrictive movement cooperatively affixed to strengthen the sealing
      tension of said resilient wall and maintain sealing contact of said
      resilient wall with the periphery of said mold element.
NUM  5.
PAR  5. A mold assembly according to claim 1 further including a substantially
      rigid cradle for supporting the resilient walls of said mold assembly
      support member against expansive travel.
NUM  6.
PAR  6. A mold assembly according to claim 1 further including spacer means
      positioned under at least one of said mold elements and adjacent a mold
      element support shelf for setting the distance of the apex of one mold
      element relative to the mold support shelf and another mold surface.
NUM  7.
PAR  7. A mold assembly according to claim 6 wherein spacer means is wedge
      shaped in the thickness dimension.
NUM  8.
PAR  8. A mold assembly according to claim 1 wherein one of said mold elements
      is of wedge construction in thickness dimension.
NUM  9.
PAR  9. A mold assembly according to claim 1 further including filler means in
      one of said walls by which a synthetic resin may be added to the sealed
      cavity.
NUM  10.
PAR  10. A mold assembly for casting synthetic resin lenses, mold element means
      having one or more optical finished surfaces corresponding to the optical
      configuration desired on the lens to be cast, a resilient mold assembly
      support member including a shelf for supporting said mold element means
      and a resilient wall lying in sealing contact under tension with the
      periphery of said mold element, a sealing member overlying the mold
      element means and in contact with the wall of the mold assembly support
      member, said sealing member being heat fusion sealed to the wall of said
      mold assembly support member to cause said mold assembly to be
      hermetically sealed thereby forming a sealed cavity including one or more
      surfaces of the mold element means and the mold assembly support member
      wherein a synthetic resin lens may be cast by polymerization.
NUM  11.
PAR  11. A mold assembly for casting synthetic resin lenses comprising a pair of
      mold elements of different diameters, a resilient mold assembly support
      member in the form of an irregular cylinder including a plurality of
      stepped mold element positioning shelves of different diameters, for
      supporting the mold elements and a resilient wall interconnecting said
      shelves and in sealing contact under tension with the periphery of said
      mold elements, a sealed cavity having a boundary formed by one or more
      surfaces of the mold elements and the walls of the mold assembly support
      member wherein a synthetic resin lens may be cast by polymerization and
      one portion of said wall having an inner diameter less than that of one
      mold element and greater than that of the second mold element between
      which the cavity is formed, the entire surface of one face of one of the
      mold elements forming part of the boundary of said cavity, said face
      extending to the outermost periphery of the mold element.
NUM  12.
PAR  12. A mold for forming lenses by the polymerization therein of moneric
      material, a mold support element of one piece construction in the form of
      an irregular cylinder made of resilient thermoplastic material and
      including a first and a second wall of different inner diameters, a shelf
      interconnecting said walls, a base integrally joined to the first wall for
      completely closing off said cylinder at one end and an opening in said
      mold support element at the other end, a substantially rigid mold element
      having an inwardly facing optical surface adapted to be positioned on said
      shelf with its periphery in sealing contact with the second wall and
      thereby forming a hermetically sealed cavity with the second wall of the
      mold support element, the base and the inner face of the rigid mold
      element wherein a lens may be formed by polymerization of a monomer
      therein.
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ABST
PAL  A readily assembled and readily stripped, reusable concrete form is
      constructed from a plurality of similar flat-faced panels having spaced,
      co-planar, open-ended edge-oriented slots in the margins of the other or
      opposite faces thereof; and a plurality of elongated L-shaped keys which
      are employed both to interlock the panels on each side of the form, and to
      interlock the form from side to side. The panels are arranged in two
      spaced, parallel, oppositely disposed, edge to edge, co-planar flat-faced
      arrays of the same; and are interlocked with one another in each array by
      placing a first set of the keys in the plane of the slots opposite points
      relatively within the margins of the panels, and slidably engaging the
      keys in the adjacent slots of adjacent panels. The arrays are interlocked
      with one another by placing a second set of the keys in the plane of the
      slots opposite points relatively without the margins of the panels,
      slidably engaging the latter keys in the slots of the panels along
      corresponding edges of the arrays, and interconnecting the latter keys
      with one another transversely of the space between the arrays.
PARN
PAR  This application is a division of Ser. No. 77,935 filed on Oct. 5, 1970,
      now U.S. Pat. No. 3,687,411.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a means for constructing reusable, multi-paneled
      forms for molding concrete and the like; and in particular to a means and
      technique of this nature wherein the forms are constructed from
      essentially no more than a plurality of marginally slotted panels and a
      plurality of keys which slidably engage in the slots to interlock the
      panels with one another on each side of the form, as well as to interlock
      the form from side to side.
PAC  BACKGROUND OF THE INVENTION INLCUDING CERTAIN OBJECTS THEREOF
PAR  Reusable, multi-paneled forms have been disclosed previously for molding
      concrete and the like, but in most such disclosures, they have required an
      elaborate array of additional elements with which firstly, to interlock
      the panels with one another and to interlock the form from side to side,
      and then to strip the form so that it can be reused at a new site.
PAR  One object of the present invention is to provide a means whereby a
      reusable, multi-paneled form can be constructed for molding concrete or
      the like, using only a single additional readily hand-strippable element
      to interlock the panels with one another on each side of the form and to
      interlock the form from side to side. Another object is to provide a means
      of this nature wherein the interlock element is employed at points which
      are spaced apart from one another about the margins of the outside faces
      of the panels, so that the spaces therebetween can be employed as bearing
      surfaces for studs, walers or other such shoring which is strung crosswise
      of the panels to further rigidify the assembly of the same. A further
      object is to provide a means of this nature wherein the interlock element
      interengages with the panels in such a fashion that the panels can be
      reinforced with framing material at the margins thereof, including framing
      members which run crosswise of the shoring without interfering with the
      interlock procedure. A still further object is to provide a means of this
      nature wherein the sides of the form can be cross-tied with one another at
      points other than on the margins of the panels, such as at points on the
      main center body sections of the panels within the margins thereof. Still
      another object is to provide a means of this nature wherein the same
      interlock element can be employed in filling out the form in all other
      regards, such as in fashioning the corners of a cornered form, or in
      providing bulkheads for a form, or in providing for windows, corbeling, or
      other such appointments which are to be incorporated into the finished
      product. A still further object is to provide a means of this nature
      wherein the interlock element is quickly engaged and stripped in and from
      the form, and operates to align the panels one to another immediately upon
      its engagement in the form. Still another object is to provide a means of
      this nature wherein the interlock element can be employed in making up
      gang forms for other such forms in which the panels are more permanently
      interlocked with one another. Other objects include the provision of a
      means of this nature wherein the panels can be made from light weight wood
      material, such as plywood, yet are tightly sealed against moisture over
      all surfaces thereof, including the surfaces of any holes for cross-ties
      therein; and wherein the panels are adapted to receive any form of
      cross-tie including snap ties, she bolts, and threaded rods, and are
      easily stacked or otherwise stored in a minimal amount of space. Still
      other objects include the provision of a means of this nature wherein the
      panels have a flat inside face which is highly conditioned as a parting
      surface, and edge formed so as to tightly abut from panel to panel, and
      thus virtually eliminate the presence of ridge lines in the molded
      concrete; and wherein the panels also have three contact points for
      shoring on the outside faces thereof, to virtually eliminate any
      deflection in the same when the shoring is clamped to them. Still further
      objects will become apparent from the description of the invention which
      follows hereafter.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and advantages are realized by a means of my invention
      wherein a form is constructed from a plurality of similar flat-faced
      panels having spaced, co-planar, open-ended, edge-oriented slots in the
      margins of the other or opposite faces thereof; and a plurality of
      elongated L-shaped keys which are employed both to interlock the panels
      with one another on each side of the form and to interlock the form from
      side to side. The panels are arranged in two spaced, parallel, oppositely
      disposed, edge to edge, co-planar flat-faced arrays of the same; and are
      interlocked with one another in each array by placing a first set of the
      keys in the plane of the slots opposite points relatively within the
      margins of the panels, and slidably engaging the keys in the adjacent
      slots of adjacent panels. The arrays are interlocked with one another by
      placing a second set of the keys in the plane of the slots opposite points
      relatively without the margins of the panels, slidably engaging the latter
      keys in the slots of the panels along corresponding edges of the arrays,
      and interconnecting the latter keys with one another transversely of the
      space between the arrays.
PAR  The keys may be sized so that each individually slidably engages in a slot;
      or they may be sized so that they slidably interengage in pairs in an
      individual slot when slidably inserted through the opposite end openings
      thereof.
PAR  The keys employed to interlock the arrays with one another may be slidably
      engaged in their respective slots to project relatively away from one
      another outside the space between the arrays; or to project relatively
      toward one another in the space between the arrays. In the latter
      instance, they are normally interconnected by fastening them together in
      overlapping relationship with one another in the space; in the first
      instance, they must be fastened to some third member such as the footing
      structure of a wall form, which bridges the space between the arrays.
PAR  Where a dissimilar panel is abutted with a pair of spaced, parallel similar
      panels, for purposes of closing the space therebetween, the keys may be
      slidably engaged in the slots in the adjacent margins of the similar
      panels and projected relatively outwardly from the adjacent edges of the
      similar panels, to secure the dissimilar panel upright in the form. For
      example, to fill the gap between a pair of similar panels in the same
      array, the dissimilar panel is interposed edge to edge therebetween in the
      plane of the array, and the keys are projected to abut the adjacent face
      of the dissimilar panel. Or, in the case of a dissimilar panel extending
      crosswise of the space between the arrays and abutted with corresponding
      edges of opposing panels in the arrays, the keys are projected to abut the
      adjacent edges of the dissimilar panel.
PAR  In the preferred embodiments of the invention, the panels have U-shaped
      straps outstanding on the margins of the aforesaid other faces thereof,
      the channels of which form the slots in the margins. The keys take the
      form of flat, elongated bars having flat right angular flanges of equal
      thickness on one end thereof. The straps are spaced relatively inwardly
      from the edges of the panels by at least this thickness to enable the bars
      and flanges to stand on perpendiculars to the faces of the panels, within
      the edges of the same, when the keys are engaged in the channels of the
      straps from points of entry adjacent the edges.
PAR  Preferably the keys are apertured, both in the bars and in the flanges, to
      provide for securing them to one another, or to some third member such as
      a footing structure or one of the aforesaid dissimilar panels, by fastener
      means such as bolts or nails passed therethrough. Also, where a pair of
      keys are slidably interengaged in a single slot, fastener means such as
      bolts, may be employed to interconnect the flanges of the keys for a more
      permanent installation, such as in a gang form.
PAR  In certain of these embodiments, moreover, the panels have a raised
      marginal frame on the aforesaid other face thereof; and a co-planer
      bearing surface for shoring is raised on the face within the frame, at a
      point coincident with a line which is disposed on a parallel to one axis
      of the panel and extends through the space between a pair of straps along
      one edge of the panel, so that the shoring can make three point contact
      with the face of the panel between the straps. Preferably, the panel also
      has an aperture therein which opens into the bearing surface to pass a
      cross-tie therethrough adjacent the shoring. When the panel is constructed
      from a water permeable core material, the aperture has a water impermeable
      sleeve inserted therethrough flush with the flat face of the panel. The
      water permeable core material may also have a water impermeable coating on
      both the flat face and the aforesaid other face thereof, to seal it
      against moisture. Preferably, the coating on the flat face of the panel
      also acts as a parting film with respect to concrete.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These features will be better understood by reference to the accompanying
      drawings which illustrate a presently preferred mode of practicing the
      invention in a form for molding a cornered concrete wall.
PAR  In the drawings, FIG. 1 is a part elevational view of the erected form on
      one side;
PAR  FIG. 2 is a cross-sectional view of the form along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a part plan, part sectional view of a corner of the form;
PAR  FIG. 4 is a perspective view of one of the modular panels employed in
      erecting the form;
PAR  FIG. 5 is a similar view of a modular corner unit employed in erecting the
      same;
PAR  FIG. 6 is a part cross-sectional view of the panel in FIG. 4 along the line
      6--6 thereof;
PAR  FIG. 7 is another such view of the panel along the line 7--7 of FIG. 4, but
      as it is seen in use in the form;
PAR  FIG. 8 is a part cross-sectional view of the main center section of the
      panel, again as it is seen in use;
PAR  FIG. 9 is a part elevational view of the form on one side, at a point where
      four panels are abutted and interlocked with one another by a set of
      L-shaped keys;
PAR  FIG. 10 is a perspective view of one of the keys;
PAR  FIG. 11 is a part cross-sectional view of the form, illustrating the manner
      in which the keys are employed to interlock the sides of the form across
      the top;
PAR  FIG. 12 is a part cross-sectional view of one side of the form,
      illustrating the manner in which the sides are secured to the footing
      structure of the form using the keys;
PAR  FIG. 13 is a part sectional view at a joint between a pair of panels which
      are more permanently interlocked by a pair of bolt-interconnected keys, as
      for example, where the panels are to be used as part of a gang form;
PAR  FIG. 14 is a part cross-sectional view of a form, illustrating the manner
      in which the keys are used to secure the panels to a bulkhead and vice
      versa;
PAR  FIG. 15 is a part elevational view of one side of the form, illustrating
      the manner in which allowance is made on either or both sides for odd
      dimensions in the modular assembly; and
PAR  FIG. 16 is a part plan view of the form at a point corresponding to that of
      FIG. 15.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, it will be seen that the wall form comprises a
      plurality of modular panels 4 which are arranged in co-planar array and
      abutted edge to edge with one another to define each side of the form. The
      individual panels 4 are constructed from a 2 foot .times. 4 foot plywood
      core 6 which is typically 1 inch thick and coated with a polyester resin
      material 8 on both faces thereof. In addition, the coating 8 on the
      relatively inside face of the panels, from the standpoint of their use in
      the form, is reinforced with wovern fiberglass material 10; and the edges
      and coated, relatively outside margins of the same are covered and
      reinforced by a frame 12 of 1/4 inch thick, flat, right angularly flanged,
      extruded aluminum bar material which is sized and bonded to the edges and
      margins so as to be flush with the coated inside face of the panels. Each
      panel also comprises a set of outwardly flanged, U-shaped straps 14 which
      are bonded or otherwise secured to the margins of the frame, two for each
      stile 12' and each rail 12"  of the frame, and spaced apart in mutual
      alignment with one another, from stile to stile or rail to rail.
PAR  Finally, each panel is also equipped with a pair of apertured, waler
      bearing plates 16 which are one fourth inch in thickness to match the
      thickness of the frames, and bonded or otherwise secured on the coated,
      outside face of the panel, at equally spaced points inboard from the
      rails, along the longitudinal or major axis of the panel. At these points,
      moreover, the panels have apertures 18 therein; and the plates have
      eyelets 20 outstanding on the inside faces therof, about the aperture 22
      therein, which are slidably inserted in the apertures 18 in the panels,
      and flared or otherwise flushed out with the coated inside faces of the
      panels.
PAR  Each corner panel unit 24 is right angular in construction, and comprises a
      pair of the aforedescribed panels 4' for the sides of the form, which are
      suitably interconnected and modified to account for conditions at the
      outside corners of the form. Firstly, the adjacent edges of the panels 4'
      are mitered to abut edge to edge at the angle of the corner, and their
      abutting edges are overlaid and reinforced with right angular clips 26
      which are bonded or otherwise secured to the relatively adjacent stiles
      12' of the panels at the edges. Moreover, the rails 12" of the respective
      panels are equipped with only a single strap 14 each, and the straps 14
      are displaced to points adjacent the relatively remote stiles of the
      panels. Similarly, the waler bearing plates 16 are also displaced to
      points adjacent these stiles; and, of course, there are no straps along
      the relatively adjacent stiles of the panels.
PAR  In the wall form, the panels are interlocked with one another by sets of
      two-legged L-shaped keys 28 which are also employed as the means for
      interconnecting the respective sides of the form at the top and bottom, as
      well as the means for filling out the form in all other regards, as shall
      be explained. Each key 28 comprises a flat, elongaged bar 28' having a
      longitudinally extending series of equally spaced apertures 30 therein,
      and a flat, right angular flange 28" on one end thereof which is also
      apertured. The transverse body dimensions of the bar and the flange are
      the same; and in addition, the transverse body dimensions of both
      correspond to the transverse dimensions of the channels 32 in the straps
      to the extent that either is slidably interengagable in the channel 32 of
      a strap, although the bar 28' projects to a far greater extent on the
      other side of the channel than does the flange 28".
PAR  Assuming that a form height of more than 4 feet is needed, the panels are
      stacked in tiers upright on edge on a pair of spaced parallel base plates
      33 overlaid on a conventional footing structure 34 of spaced parallel 2
      .times. 6 or 2 .times. 8 boards 36 laid on edge and interconnected by
      transversely disposed 1 .times. 4 material 38 at intervals along the
      length of the form. Initially at each side of the form keys 28 are held in
      hand in the plane of the channels 32, at points relatively outside the
      margins of the panels, and are passed upward through the channels of the
      straps on the lower rail 28" of the panels in the lower or lowermost tier
      in the form. Then, these latter panels are arranged flush with the inside
      or relatively adjacent edges of the base plates 33, and the flanges 28" of
      the keys are nailed or otherwise secured to the tops of the plates. At the
      same time, the panels are abutted stile to stile with one another, and
      other keys are held at points relatively inside the margins of the panels
      and passed through the mutually aligned straps on the stiles to interlock
      the panels lengthwise of the tier, there being sufficient projecting
      length in the bars of the keys to interconnect the straps as seen. On the
      other hand, the bars are not so long that the keys interfere with one
      another, from rail to stile, at the corners of the panels.
PAR  As the lowermost tier of panels is erected on each side, moreover,
      conventional snap ties 40 are inserted through the mutually opposing
      eyeleted apertures 18 in the panels, and pairs of spaced parallel walers
      42 are stratled to either side of the projecting ends of the ties and held
      in place lengthwise of the tier, to be clamped to the tier by wedge-like
      tie clamps 44 in conventional fashion. When clamped, the walers bear
      against the stiles of the panels, as well as the bearing plates interposed
      therebetween.
PAR  Next, the second and still higher tiers of panels are added on each side of
      the form, and again keys are used, not only to interlock the panels in
      each tier, but also to interlock the abutting rails of the panels from one
      tier to the next. Also, more sets of walers are added and clamped together
      by additional snap ties in the same manner as was done with the first tier
      of panels.
PAR  Finally, additional keys are employed to interconnect the top tier of
      panels from one side of the form to the other. In this instance, the
      flanges of the keys are held in hand in the plane of the channels at
      points outside the margins of the panels, and are dropped into the straps
      on the top stiles of the panels, with the bars of the keys extending
      toward one another so as to overlap in the manner of FIG. 10, the key on
      the left being slightly raised to allow for the overlap therebetween.
      Then, nuts 46 and bolts 48, or other such means, are employed to
      interconnect the keys through mutually registering apertures of the
      overlapping bars of the keys.
PAR  At the corner or corners of the form, a pair of corner units 24 are stacked
      one on the other to form the outside of the corner, as seen in FIG. 3.
      Once again, keys 28 are employed to interlock the units with one another,
      and with the adjacent wall panels 4 of the tiers on each side. Also, the
      bottom corner panel unit 24 is secured to the base plates 33 at the
      outside of the corner by means of keys, in the same fashion as was done
      with the wall units in FIG. 12.
PAR  The inside 49 of the corner is made up on the job from two or more pieces
      of 11/4 inch plywood 50 joined in a right angle as in FIG. 3. Backing for
      the corner 49 is provided not only by the walers, but also by additional
      keys 28 which are passed through the straps on the adjacent stiles of the
      panels 4 to each side of the corner. Holes are drilled in the plywood 50
      corner to accommodate the snap ties passed across the form from the
      bearing plates 16 of the outside corner 24.
PAR  A similar technique is used to allow for any variation in the length of the
      wall relative to the nearest multiple of the panel width. Thus, in FIGS.
      15 and 16 a sheet of plywood 52 is cut and interposed between a pair of
      panels, on each side of the form, and backed by keys 28, to take up the
      difference. The plywood 52 may be secured to the keys through the
      apertures 30 of the same, if desired. However, the flanges 59 (FIG. 7) of
      the snap ties 40 serve to space the sheets of plywood 52 apart, and they
      are retained in this condition by the bars 28' of the keys.
PAR  When a bulkhead 54 is needed, the technique of FIG. 14 is employed. A strip
      of plywood 56 of appropriate width is abutted against the exposed vertical
      edges of the adjacent panels 4, and keys 28 are passed through the straps
      on the stiles of the panels, and secured to the plywood 56 by nails driven
      through apertures 30 of the same. Blocking, such as vertical studding 58,
      may be used to reinforce the assembly on the back face of the plywood
      strip 56.
PAR  If it is desired to assemble a plurality of panels in gang form which can
      be moved in mass by a crane boom or the like, the panels can be more
      permanently interlocked in the manner of FIG. 13. In this instance, keys
      28m are employed, whose bars 28'" are one-half the thickness of the keys
      28 employed elsewhere; and the keys 28m are slidably interengaged in a
      strap, and then bolted flange to flange in the manner at 60 in FIG. 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. A forming member comprising a quadrilateral panel, the edges of which
      are straight from corner to corner thereof, said panel having a flat
      operatively interiorly oriented face and a raised marginal frame around
      the perimeter of the operatively exteriorly oriented face thereof, which
      frame has a flat face adapted to serve as a bearing surface for a waler,
      and pairs of connector means laterally outstanding therefrom, at spaced
      points thereon, which define pairs of spaced, coplanar, open-ended, edge
      oriented slots on all four sides of the panel, the open ends of which
      slots are spaced inwardly from the adjacent edges of the panel to enable
      one leg of an L-shaped key to be inserted in each slot while the other leg
      of the key is interposed in laterally outstanding condition from the
      frame, between the slot and the adjacent edge of the panel, said pairs of
      connector means being aligned with one another on spaced lines extending
      parallel to the axes of the panel, between the opposing sides thereof, and
      there being an apertured intermediate bearing surface for the waler raised
      on the operatively exteriorly oriented face of the panel, which is
      coplanar with the face of the frame, but disposed within the frame at a
      point positioned intermediate opposing sides of the panel in the space
      between the pairs of connector means thereadjacent, so that the waler can
      make three pointed contact with the intermediate surface and the frame
      within the space between the latter pairs of connector means.
NUM  2.
PAR  2. The forming member according to claim 1 wherein the connector means take
      the form of inverted U-shaped straps which are spaced apart from one
      another at said points on the frame.
NUM  3.
PAR  3. The forming member according to claim 1 wherein the frame is L-shaped in
      cross section and secured to the edge of the panel so as to cover the
      edge.
NUM  4.
PAR  4. The forming member according to claim 1 wherein the aperture of the
      intermediate bearing surface has a water impermeable sleeve inserted
      therethrough, flush with the operatively interiorly oriented face of the
      panel.
NUM  5.
PAR  5. The forming member according to claim 1 wherein both faces of the panel
      have a resinous plastic coating thereon.
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ABST
PAL  Three flow control valves are described, each of which incorporates a
      sleeve having a double conical valve seat and at least one frusto-conical
      valve member mounted on a support stem in a valve bore between first and
      second ports. In the first and second flow control valves, a restricted
      flow of fluid in one direction and substantially unrestricted flow in an
      opposite direction between the ports is obtained. The third control valve
      is provided with two valve members, and controlled flow rates in both
      directions between the ports are obtained. Any one of the control valves
      is readily converted into either of the other control valves and a total
      of only seventeen different parts is needed to construct any one of the
      valves.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A flow control valve incorporates a sleeve having a double conical seat
      located in a valve bore between first and second ports which are,
      respectively, a supply/exhaust port and an outlet port leading to an
      air-operated device. A valve member capable of engaging with either of the
      seats is carried by a support stem which is adjustably mounted in one end
      of the bore. In a first embodiment the valve member is situated on the
      opposite side of the double conical seat from the mounting means for the
      support stem and rotation of the support stem in its mounting means
      positions the valve member relative to the second seat so that there is a
      controlled supply of air to the device. The valve member is resiliently
      maintained in this position so that it will yield under exhaust pressure
      from the cylinder to permit an essentially unrestricted flow of exhaust
      air. In a second embodiment the valve member is positioned on the same
      side of the double conical seat as the mounting means and co-acts with the
      first valve seat to control the flow of exhaust air from the device whilst
      permitting an unrestricted supply of air to the device. In a third
      embodiment the means by which the valve member is positioned in relation
      to the first valve seat is duplicated at the opposite end of the valve
      bore so that a second similar valve member co-acts with the second valve
      seat and the valve provides for control of the flow of both supply air and
      exhaust air, the two controls being independent of one another.
PAR  The constructions of the various embodiments of the flow control valve are
      such that the majority of the valve parts may be used in any of the
      embodiments with the result that great flexibility in manufacture is
      provided by the ability to assemble three valves for different purposes
      from relatively few valve parts.
PAR  Flow control valves in accordance with the present invention have
      particular application in glassware forming machines, and more
      particularly in conjunction with the valve block of co-pending U.S. patent
      application Ser. No. 523,784, filed Nov. 13, 1974 of T. V. Foster et al.,
      assigned to the assignee of the present invention, which is a continuation
      of Ser. No. 369,693, filed June 13, 1973, now abandoned. The flow control
      valves of the present invention may be used instead of conventional spring
      check valves and ball check valves which provide one-way control of flow
      through the valve, and, if preferred, two-way control of flow through the
      valve may be provided by the use of a suitable flow control valve in
      accordance with the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal cross-sectional view of a flow control valve for
      giving controlled fluid flow into an actuating device and unrestricted
      exhaust flow from the device;
PAR  FIG. 2 is a longitudinal cross-sectional view of a flow control valve for
      giving unrestricted fluid flow into an actuating device and controlled
      exhaust flow from the device; and
PAR  FIG. 3 is a longitudinal cross-sectional view of a flow control valve for
      giving controlled fluid flow in both the supply to and the exhaust from an
      actuating device.
DETD
PAR  In the drawings the same or similar parts are designated by like reference
      numerals.
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown a valve housing 1 having a valve bore 2
      therein and two ports 3 and 4 which communicate with the bore 2. The valve
      bore 2 is closed at one end by means of a solid plug 5 and at the other
      end by means of a plug 6 which is provided with a threaded bore 7 and
      which constitutes adjustable mounting means. A sleeve 8 is mounted within
      the valve bore 2 and is secured to the plug 6 by means of a nylon pin 9.
      At the end of the sleeve 8 which is remote from the nylon pin 9, the
      sleeve 8 is provided with a double conical seat 10 which provides a pair
      of valve seats 11 and 12, each having a frusto-conical surface. The double
      conical seat 10 is located between the two ports 3 and 4.
PAR  A valve bobbin 13 having a frusto-conical surface which is capable of
      mating with the frusto-conical surface of either of the valve seats 11 and
      12 is slidably mounted within the bore 2 upon a support stem 14. In the
      embodiment of FIG. 1 the valve bobbin 13 is slidably mounted on the
      support stem 14 between the port 3 and the valve seat 12. The support stem
      14 which extends longitudinally within the bore 2 includes a screw portion
      15 which coacts with the threaded bore 7 in the plug 6 so that the support
      stem 14 is adjustably mounted in the plug 6 for longitudinal movement
      relative to the valve bore 2 as a result of rotation of the support stem
      14, for example manual rotation through a knurled knob not shown in the
      drawings. The support stem 14 is also provided with an air seal 16
      positioned in the bore 2 between the port 4 and the plug 6.
PAR  The valve bobbin 13 is slidably mounted on a portion 17 of the support stem
      14 which is of reduced diameter in comparison with the remainder of the
      support stem 14. The valve bobbin 13 is urged into contact with a stop 18,
      which is a shoulder formed by the junction between the main portion of the
      support stem 14 and one end of the portion 17 of reduced diameter, by
      means of a compression spring 19 which acts at one end against the valve
      bobbin 13 and at the other end against an end stop 20 which is present at
      that end of the support stem 14 which is remote from the plug 6.
PAR  The port 3 of the control valve is connected alternatively to an air supply
      and an exhaust system by means of a suitable valve means (not shown) and
      the other port 4 is connected to a cylinder which is operable by air
      pressure. Rotation of the support stem 14 in the plug 6 causes the support
      stem 14 to be moved longitudinally relative to the bore 2 and the sleeve
      8. Consequently the stop 18 on the support stem 14 is moved longitudinally
      with the result that the valve bobbin 13 is moved out of engagement with
      the valve seat 12 so that, when the port 3 is connected to an air supply,
      a controlled rate of flow of air to the port 4 is obtained. The rate of
      flow of air to the port 4 may be regulated by adjusting the position of
      the valve bobbin 13 relative to the valve seat 12 by further rotation of
      the support stem 14.
PAR  When the port 3 is connected to an exhaust system, exhaust air pressure
      exerted through port 4 against the valve bobbin 13 overcomes the force
      exerted by the spring 19. Thus a substantially unrestricted flow of air to
      exhaust is permitted by the flow control valve of FIG. 1.
PAR  In FIG. 2 there is shown a flow control valve having parts essentially
      similar to the flow control valve of FIG. 1, except that the valve bobbin
      13 is slidably mounted on the support stem 14 between the valve seat 11
      and the port 4. In consequence the support stem 14, in place of the
      portion 17 of FIG. 1, has a reduced portion 21 upon which the valve bobbin
      13 is slidably mounted between the air seal 16 and an end stop 22. The
      valve bobbin 13 is urged against the end stop 22 by means of the
      compression spring 19, which in this embodiment acts between the valve
      bobbin 13 and the air seal 16.
PAR  When the port 3 is connected to an air supply, air pressure against the
      valve bobbin 13 overcomes the force exerted by the spring 19 and a
      substantially unrestricted flow of air to the port 4 is permitted. On the
      other hand, when the port 3 is connected to an exhaust system, the flow of
      air from the port 4 to the exhaust system is regulated according to the
      position of the valve bobbin 13 relative to the valve seat 11. This
      position may be adjusted by rotation of the support stem 14 in the plug 6.
PAR  The flow control valve illustrated in FIG. 3 includes all of the parts of
      the control valve of FIG. 2 with the exception of the solid plug 5. The
      solid plug 5 is replaced with a plug 6a which is similar to the plug 6 in
      FIGS. 1 and 2. A second sleeve 23 is mounted within the bore 2 and is
      secured to the plug 6a in the same way as the sleeve 8 is secured to the
      plug 6. A support stem 14a which is similar to the support stem 14 of FIG.
      2 has a valve bobbin 13a, which is similar to valve bobbin 13, slidably
      mounted thereon. The position of the valve bobbin 13a relative to the
      valve seat 12 may be adjusted by the rotation of the support stem 14a.
PAR  When the port 3 is connected to an air supply, the flow of air is regulated
      by the position of the valve bobbin 13a relative to the valve seat 12
      since the air pressure against the valve bobbin 13 will overcome the force
      exerted by the spring 19 allowing substantially unrestricted flow of air
      past the valve bobbin 13. When the port 3 is connected to an exhaust
      system, the flow of air from the port 4 to the exhaust system is regulated
      by the position of the valve bobbin 13 relative to the valve seat 11. The
      pressure of air against the valve bobbin 13a is sufficient to displace the
      valve bobbin 13a and hence flow of air from the port 4 to the port 3 is
      substantially unimpeded by the valve bobbin 13a.
PAR  In each of the embodiments shown, once the support stem 14 has been
      adjusted to the desired position, the frictional resistance of the nylon
      pin 9 pressing against the screw portion 15 is sufficient to hold the
      support stem 14 in the desired position. Support stem 14a of the
      embodiment of FIG. 3 is similarly held in the desired position in plug 6a.
PAR  The flow control valves specifically described have the advantage that they
      provide precise and finely adjustable control of air flow. It has been
      found that over a substantial range of adjustment of the rotational
      position of the support stem the rate of air flow through the valve is
      proportional to the rotational position of the support stem.
PAR  The preferred embodiments described also have the advantage that they are
      very compact and of lightweight construction.
PAR  A further advantage possessed by the preferred embodiments is that the
      parts necessary to make any one of the embodiments are selected from a
      total of only seventeen different parts. Each of the embodiments described
      has an identical valve housing and by changing various parts any one of
      the embodiments described may be converted into one of the others.
PAR  The third embodiment of the present invention specifically described has
      the advantage that two valves, giving two-way control of air flow are
      incorporated in a single valve bore.
PAR  Advantageously, the support stems in the preferred control valves
      specifically described are provided with knurled knobs which enable
      adjustments to the position of the support stem in the valve bore to be
      made without the use of tools.
PAR  The flow control valves specifically described may advantageously be
      employed in the control of an I.S. glassware forming machine in place of
      the conventional spring or ball check valves, resulting in more precise
      and less restricted control of air flow to the various mechanisms of the
      glassware forming machine. This improved control results in more accurate
      speed regulation of the mechanisms of the glassware forming machine.
PAR  In addition to the improved control resulting from the use of the flow
      control valves specifically described in place of the conventional spring
      or ball check valves in a glassware forming machine, the flow control
      valves specifically described have the advantage that they are
      considerably more compact and lighter in weight than the spring or ball
      check valves which they may be used to replace.
PAR  Since any one of the preferred flow control valves described may be
      converted into one of the others and the parts necessary to make any one
      of the preferred flow control valves are selected from a total of
      seventeen parts, the preferred flow control valves are considerably more
      versatile than the conventional spring or ball check valves in a glassware
      forming machine. A conventional spring or ball check valve by comparison
      comprises over forty different parts and is only capable of one-way
      control of fluid flow.
PAR  Conventional spring or ball check valves require special tools to enable
      the needle valves in the spring and ball check valves to be set and
      located. The preferred flow control valves specifically described, in
      which the support stems are provided with knurled knobs, therefore have
      the further advantage over the conventional spring and ball check valves
      used in glassware forming machines that they require no special tools for
      adjustment.
CLMS
STM  We claim:
NUM  1.
PAR  1. A flow control valve for controlling the rate of flow of gas in one
      direction through the valve comprising a housing having therein a bore
      with first and second ends, first and second ports communicating with the
      bore in the housing, the first port being a lesser distance from the first
      end of the bore than is the second port, a sleeve mounted within the bore
      and having a double conical seat located between the first and second
      ports and providing similar first and second valve seats of which the
      first valve seat is at a lesser distance from the first end of the bore
      than is the second valve seat, a support stem extending longitudinally
      within the bore, a valve member slidable along the support stem within the
      bore, a stop in a fixed position on the support stem within the bore,
      spring means carried by the support stem and biasing the valve member
      towards the said stop and towards one of the valve seats, and adjustable
      mounting means mounting the support stem in the first end of the bore and
      enabling longitudinal movement of the support stem relative to the bore to
      be effected whereby the stop may be positioned relative to one of the
      valve seats such that the valve member is biased into engagement with the
      stop by the spring means and a predetermined aperture is formed between
      the valve member and the said one of the valve seats for controlling the
      rate of flow of gas past the said one valve seat in a first direction but
      the valve member is able to move against the action of the spring means to
      permit a substantially unrestricted flow of gas past the valve seat in a
      direction opposite to the said first direction.
NUM  2.
PAR  2. A flow control valve as defined in claim 1, wherein the valve member and
      the valve seat have mating frusto-conical surfaces.
NUM  3.
PAR  3. A flow control valve as defined in claim 1, wherein the valve member is
      situated on the same side of the double conical seat as the adjustable
      mounting means and wherein the spring means biases the valve member in a
      direction away from the first end of the bore and towards the first valve
      seat.
NUM  4.
PAR  4. A flow control valve as defined in claim 3 including a second adjustable
      mounting means located in the second end of the bore, a second support
      stem extending longitudinally within the bore and mounted in the second
      adjustable mounting means for longitudinal movement relative to the bore,
      a second stop in a fixed position on the second support stem within the
      bore, a second valve member slidable along the second support stem within
      the bore and situated on the same side of the double conical seat as the
      second adjustable mounting means, and second spring means carried by the
      second support stem and biasing the second valve member in a direction
      away from the second end of the bore towards the second valve seat and
      towards the second stop.
NUM  5.
PAR  5. A flow control valve as defined in claim 4 in which the adjustable
      mounting means is similar to the second adjustable mounting means and is
      interchangeable therewith, the support stem is similar to the second
      support stem and is interchangeable therewith, the valve member is similar
      to the second valve member and is interchangeable therewith, and the
      spring means carried by the support stem is similar to the second spring
      means carried by the second support stem and is interchangeable therewith.
NUM  6.
PAR  6. A flow control valve as defined in claim 1, wherein the valve member is
      situated on the opposite side of the double conical seat from the
      adjustable mounting means, the support stem extends through the double
      conical seat, the spring means carried by the support stem is positioned
      between the double conical seat and the second end of the bore, and the
      spring means biases the valve member towards the first end of the bore and
      towards the second valve seat.
NUM  7.
PAR  7. A flow control valve for controlling the rate of flow of gas in one
      direction through the valve comprising, a housing having therein a bore
      with first and second ends and first and second ports communicating with
      the bore in the housing, the first port being a lesser distance from the
      first end of the bore than is the second port, a first valve seat located
      in a fixed position in the bore between the first and second ports, a
      first support stem extending longitudinally within the bore, a first
      movable valve member which is slidable along the first support stem within
      the bore, a first stop in a fixed position on the first support stem
      within the bore, first spring means positioned in the bore between the
      first valve member and the first end of the bore and acting to bias the
      first valve member towards the first valve seat and towards said first
      stop, first adjustable mounting means mounting the first support stem in
      the first end of the bore and enabling longitudinal movement of the first
      support stem relative to the bore to be effected whereby the position of
      the first stop relative to the first valve seat may be adjusted such that
      the first valve member is biased into engagement with the first stop by
      the first spring means and a predetermined aperture is formed between the
      first valve member and the first valve seat for controlling the rate of
      flow of gas past the first valve seat in a direction from the first port
      to the second port, the first valve member being movable against the
      action of the first spring means to permit a substantially unrestricted
      flow of gas past the first valve seat in a direction from the second port
      to the first port, a second valve seat in a fixed position in the bore
      between the first valve seat and the second port, a second support stem
      extending longitudinally within the bore between the second end of the
      bore and the second valve seat, a second movable valve member which is
      slidable along the second support stem within the bore and positioned
      within the bore between the second valve seat and the second port, a
      second stop in a fixed position on the second support stem within the
      bore, second spring means positioned in the bore between the second valve
      member and the second end of the bore and acting to bias the second valve
      member towards the second valve seat and towards the second stop, and
      second adjustable mounting means mounting the second support stem in the
      second end of the bore and enabling longitudinal movement of the second
      support stem relative to the bore to be effected whereby the position of
      the second stop relative to the second valve seat may be adjusted such
      that the second valve member is biased into engagement with the second
      stop by the second spring means and a predetermined aperture is formed
      between the second valve member and the second valve seat for controlling
      the rate of flow of gas past the second valve seat in a direction from the
      second port to the first port, the second valve member being movable
      against the action of the second spring means to permit a substantially
      unrestricted flow of gas past the second valve seat in a direction from
      the first port to the second port.
NUM  8.
PAR  8. A flow control valve as defined in claim 7, wherein said first valve
      member is adapted to mate with said first valve seat, and said second
      valve member is adapted to mate with said second valve seat.
NUM  9.
PAR  9. A flow control valve as defined in claim 8, wherein said first valve
      seat and said first valve member have mating frusto-conical surfaces, and
      said second valve seat and said second valve member have mating
      frusto-conical surfaces.
NUM  10.
PAR  10. A flow control valve for controlling the rate of flow of fluid in at
      least one direction through the valve comprising a housing having therein
      a bore with first and second ends, first and second ports communicating
      with the bore in the housing, the first port being a lesser distance from
      the first end of the bore than is the second port, first and second valve
      seats located between the first and second ports, the first valve seat
      being the nearer of the valve seats to the first port and the second valve
      seat being the nearer of the valve seats to the second port, first and
      second valve members adapted to cooperate, respectively, with the first
      and second valve seats, first and second stops adapted to cooperate,
      respectively, with the first and second valve members, first and second
      biasing means for biasing the first and second valve members towards the
      valve seats and towards the stops with which they are adapted to
      cooperate, respectively, and first and second adjustable mounting means
      for adjusting the positions of the first and second stops, respectively,
      in relation to the first and second valve seats in order to vary the
      minimum spacing between the first and second valve members and the first
      and second valve seats, respectively, whereby the rates of flow of fluid
      through the valve in both directions between the first and second ports
      can be adjusted independently of one another.
NUM  11.
PAR  11. A flow control valve as defined in claim 10, wherein each valve member
      is slidably mounted on a respective support stem, each support stem being
      movable relative to the valve seat with which its respective valve member
      is adapted to cooperate, each said support stem carrying the respective
      stop and spring means, which spring means constitutes the biasing means
      which biases the respective valve member towards the valve seat with which
      it is adapted to cooperate into engagement with its respective stop.
NUM  12.
PAR  12. A flow control valve as defined in claim 11, wherein each valve member
      and the valve seat with which each valve member is adapted to cooperate,
      respectively, have mating frusto-conical surfaces.
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ABST
PAL  An immersed electromagnetic torque motor having a movable flapper is
      protected against the accumulation of contamination in magnetic gaps of
      the motor and the resulting jamming of the motor by coating the motor with
      a lacquer or other fluid-impermeable material and mounting the motor in a
      blind fluid chamber from which the flapper projects. An aperture is
      provided in the coating at a low flux area on the exterior of the motor to
      admit the immersing fluid for purposes of mechanical damping and, at the
      same time, to restrict the migration of fluid and contaminants toward
      magnetic gaps within the torque motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an electromagnetic torque motor
      having a torsionally suspended flapper that is caused to move or deflect
      slightly in response to electrical signals supplied to electromagnetic
      torquing coils of the motor. More particularly, the present invention
      relates to immersible torque motors of the type used, for example, in fuel
      controls for gas turbines and the like.
PAR  The use of electromagnetic torque motors for controlling hydraulic pressure
      or flow is well known. It is also common to immerse such torque motors in
      a fluid to damp flapper motions produced by motor torquing. For example,
      fuel controls for gas turbine engines have torque motors immersed in fuel
      which is utilized as the hydraulic medium for operating various components
      elsewhere in the fuel control.
PAR  Even though the fuel serving as a hydraulic medium is highly filtered,
      ferromagnetic particles such as magnetic oxides suspended in the fuel may
      be present. Over a long period of time the particles accumulate as
      contaminants in magnetic gaps of the torque motor where a strong magnetic
      flux field exists. The magnetic gaps are small, in the order of 0.015 inch
      (0.38mm), and the accumulation of contamination in these gaps eliminates
      all freedom of motion of the motor armature and connected flapper so that
      the motor becomes jammed and unresponsive to electrical signals
      transmitted to it. Engine failure due to the accumulation of contaminants
      in the torque motor obviously is unacceptable and, therefore, the
      protection of the torque motors against contaminants suspended in the fuel
      is desirable.
PAR  It is, accordingly, a general object of the present invention to provide a
      method and apparatus for protecting a torque motor having a movable
      flapper against contaminants.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a method and apparatus for protecting a
      torque motor against the accumulation of contaminants suspended in a fluid
      in which the motor is immersed during operation.
PAR  The torque motor is mounted in a position permitting the flapper to move
      relative to the rest of the motor in response to motor torquing generated
      by electrical signals applied to the motor. Preferably, the motor is
      mounted in a blind chamber, that is a chamber having only a single inlet
      passage, so that fluid within the chamber surrounding the motor remains
      relatively stagnant. A fluid impermeable coating is applied to the
      exterior of the torque motor within the blind chamber and serves as
      covering means preventing the immersing fluid from entering the motor
      interior through cracks or openings between the motor elements. Sealing
      means, for example, a flexible diaphragm, surrounds the flapper and closes
      the opening in the motor through which the flapper extends to prevent the
      migration of fluid and contaminants around the flapper into the motor
      interior without restraining flapper movements. To equalize pressures
      interiorly and exteriorly of the torque motor, an aperture is located in
      the coating at a station in a low flux area on the motor exterior. Thus
      the migration of ferromagnetic contaminants through the immersing fluid
      and into magnetic gaps of the torque motor is substantially restricted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary view partially in section and shows a torque motor
      mounted in a fuel control in accordance with the present invention.
PAR  FIG. 2 is a side view showing part of the torque motor in section at the
      section line 2--2 in FIG. 1 and the remaining part of the motor in full
      with the protective coating, the cover plate over the armature and the
      belly band cut away for clarity.
PAR  FIG. 3 is a perspective view of the torque motor partially cut away to show
      the torquing coils and the magnetic gaps between the motor poles and the
      cooperating end of the motor armature.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-3 illustrate a conventional torque motor, generally designated 10,
      provided with protection against contamination in accordance with the
      present invention. For, purposes of discussion, it is assumed that the
      torque motor 10 is mounted in the housing 20 of a gas turbine fuel control
      and receives electrical signals to control movement of the torque motor
      flapper 12 relative to the outlet port of a nozzle or orifice 14. Finely
      filtered fuel from a pressure source is supplied to the orifice 14 and
      discharges into a cavity 16 at drain pressure within the fuel control
      housing 20. Movement of the depending end of the flapper 12 in the cavity
      regulates the fluid flow or pressure upstream of the orifice 14 for
      appropriate control functions elsewhere within the fuel control.
PAR  It should be understood that while the invention is described with respect
      to a fuel control, the utility of the invention is not so limited and
      extends to many other environments.
PAR  In order to more fully appreciate the present invention, it is necessary to
      understand the general construction and operation of the conventional
      torque motor 10. The motor is comprised of a number of elements assembled
      in a generally cubicle configuration which, apart from the present
      invention, creates a number of cracks or openings between the motor
      elements at the exterior of the motor. The principal motor elements which
      generate movements of the flapper 12 include a motor armature 24
      torsionally mounted to the motor frame 26 by means of a torque rod 28, two
      electromagnetic torquing coils 30 and 32 mounted in the frame coaxially
      about opposite ends of the armature 24, pole pieces 34 and 36 and two sets
      of permanent magnets, the two magnets 38 and 40 forming one set
      cooperating with the motor poles at one end of the armature 24 and a
      corresponding set (not visible) cooperating with the motor poles at the
      opposite end of the armature. It will be observed that the flapper 12 is
      suspended directly from the armature 24 so that torsional movements of the
      armature on the torque rod 28 result in variations of the distance between
      the depending end of the flapper and the tip of the nozzle 14.
PAR  The torquing coils 30 and 32 are connected in series and are polarized so
      that magnetic fields induced in the armature 24 by the coils are additive.
      Thus currents through the coils 30 and 32 generate magnetic flux fields or
      circuits through the armature 24 and pole pieces 34 and 36. By controlling
      the magnitude and polarity or sense of the current through the coils 30
      and 32, the magnitude and sense of the electromagnetically induced field
      in the armature is controlled.
PAR  The two sets of permanent magnets induce like polarizations in the motor
      poles of the respective U-shaped pole pieces 34 and 36. For example, the
      motor poles at opposite ends of the pole piece 34 are polarized "north"
      while the motor poles of pole piece 36 are polarized "south." The ends of
      the armature 24 magnetically polarized by the current in the coils 30 and
      32 are attracted to opposite magnetic poles in the pole pieces 34 and 36
      and, thus, a torsionsl moment which deflects the depending end of the
      flapper 12 is produced. The direction of the moment and resulting
      deflection is controlled by the direction of the current in the coils 30
      and 32. Such operation of the torque motor is, of course, conventional and
      forms no part of the present invention.
PAR  The deflection of the depending end of the flapper 12 and, correspondingly,
      the deflections of the opposite ends of the armature 24 between the motor
      poles on the pole pieces 34 and 36 are relatively small. The gaps between
      the ends of the armature 24 and the pole pieces 34 and 36 have a nominal
      value in the range of .015 inches (0.38 mm) and the flux density in the
      gaps is relatively high. Thus, the gaps are referred to as magnetic gaps.
      With a strong magnetic flux field in the gaps, ferromagnetic particles
      such as magnetic oxides suspended in a fluid in which the torque motor 10
      is immersed have the propensity of migrating toward the gaps and
      accumulating in the gaps as contamination. Such accumulation reduces or
      eliminates the torsional motion of the armature producing flapper
      movements and consequently reduces or eliminates any torque motor output.
      Complete or even partial blocking of the magnetic gaps and the
      consequential jamming of the torque motor can have unacceptable results.
PAR  It will be observed that a strap or belly band 50 circumscribes the torque
      motor and holds a pair of cover plates 52 and 54 over the exposed portions
      of the magnetic gaps at the opposite ends of the armature 24 respectively.
      Such band and cover plates, however, cannot prevent the migration of
      fluid-suspended ferromagnetic particles through the cracks between the
      cover plates and belly band and through other openings in the motor frame
      26 which lead by way of the motor interior to the magnetic gaps. It should
      be understood that since the magnets 38 and 40 are permanent magnets, such
      migration is continual and does not depend entirely upon the period of
      time that the torque motor is in operation.
PAR  In accordance with the present invention, protection of the torque motor 10
      against the accumulation of contamination in the magnetic gaps is obtained
      by several means, all of which either impede the flow of immersing fluid
      through the gaps or restrict the migration of magnetic particles through
      the immersing fluid into the gaps.
PAR  Firstly, the torque motor 10 is mounted within a blind chamber 60 formed by
      a removable cap 62 and a mounting plate 64 forming one wall of the
      chamber. The term "blind chamber" refers to a chamber having no
      through-flow of fluid or a chamber forming a dead end at the end of a
      fluid passageway. In the illustrated fuel control, for example, a single
      fluid passageway 66 drilled in the fuel control housing 20 interconnects
      the interior space of the chamber 60 with the drain cavity 16 into which
      fuel is discharged from the nozzle 14. Such a chamber and cavity would
      normally be filled with fuel at a relatively low drain pressure near or
      slightly above ambient pressure. The cap 62 may be provided with a bleed
      plug; however, such plug is normally closed and, therefore, there is no
      flow of fuel from the cavity 16 through the passageway 66 and the chamber
      60, and fuel filling the chamber is relatively stagnant.
PAR  Since the flapper 12 must project from the chamber 60 in order to cooperate
      with the nozzle 14 where a continuous fuel flow does exist, a chamber
      opening 68 must be provided in the mounting plate 64 as well as a motor
      opening 70 in the lower pole piece 36 of the torque motor 10. To prohibit
      any circulation of fuel through the chamber 60 between the passageway 66
      and the openings 68 and 70 surrounding the flapper 12, a flexible
      diaphragm 72 circumscribes and engages the flapper 12. A thick peripheral
      flange 74 of the diaphragm 72 is clamped between the fuel control housing
      20 and the lower surface of the mounting plate 64 in sealing relationship,
      and an annular fold near the center of the diaphragm and surrounding the
      flapper accommodates flapper movements in response to motor torquing.
PAR  To further restrict the migration of contamination into the magnetic gaps
      of the torque motor 10, the exterior of the motor exposed above the
      mounting plate 64 is covered with a coating 80 of material impermeable to
      the fuel or other fluid in which the motor is immersed. The thickness of
      the illustrated coating 80 is exaggerated for clarity. In the case of
      fuels, the torque motor 10 is coated with a fuel resistant lacquer or
      enamel such as a two part (base and catalyst) polyurethane. Preferably,
      the torque motor 10 is first mounted on the plate 64 and then the lacquer
      is applied to the exposed exterior of the motor and the bordering surface
      of the plate to close the crack at the parting line between the motor and
      plate.
PAR  If the torque motor were completely sealed with lacquer, fluid occupying
      the torque motor interior for damping could generate excessive internal
      pressures due to heating during motor operation. Such pressures could
      rupture the coating and thus reduce its protective effect. For this
      reason, a single aperture 82 is provided at a selected location in the
      coating 80 on the exterior of the torque motor. More specifically, the
      aperture 82 is located in a low flux area on the exterior of the torque
      motor so that ferromagnetic particles suspended in the fuel are not
      attracted to the aperture and allowed to enter the torque motor interior.
      As illustrated, the aperture 82 is located near the axis of the torque rod
      28 on one side of the motor. The aperture overlies a crack or opening
      between the motor elements forming the frame 26 immediately above the band
      50. The high flux areas of the motor are located in the vicinity of the
      magnetic gaps at opposite ends of the armature 24 and in the pieces 34 and
      36 lying in a central plane of the motor perpendicular to the axis of the
      torque rod 28. Thus the location of the aperture 82 near the torque axis
      and at a side of the motor parallel with the plane in which the pole
      pieces 34 and 36 lie is as far as the aperture can be placed from the high
      flux areas on the exterior of the torque motor 10.
PAR  It will be noted that the opening of the passageway 66 in the chamber 60 is
      located at a side of the torque motor 10 other than that bearing the
      aperture 82 so that there is no direct path from the passageway to the
      aperture. Thus, the migration of any particle suspended in the fuel
      discharged into the cavity 16 must traverse a circuitous path through the
      passageway 66, the chamber 60 and the interior of the torque motor 10 in
      order to reach the magnetic gaps at the ends of the armature 24.
      Accordingly, the illustrated apparatus makes jamming of the torque motor
      difficult by virtue of its geometric configuration and arrangement.
PAR  While the present invention has been disclosed in a preferred embodiment,
      it should be understood that modifications and substitutions may be had
      without departing from the spirit of the invention. For example, the
      diaphragm 72 illustrated in the drawings is particularly designed to mate
      with the mounting plate 64 so that both the plate and the diaphragm seal
      the torque motor 10 between the coating 80 and the flapper 12 along the
      entire side of the torque motor from which the flapper projects. It is
      apparent that other sealing means may extend between the flapper 12 and
      the coating 80 to close cracks and openings on the exterior of the torque
      motor without inhibiting flapper movement. Insofar as the method of
      protecting the torque motor is concerned, the application of lacquer or
      other material to the portion of the torque motor exposed within the
      chamber 60 may be accomplished either before the torque motor is mounted
      on the plate 64 or afterward. As described above, the application after
      the torque motor is mounted establishes a seal between the motor and the
      mounting plate. Accordingly, the present invention has been described in a
      preferred embodiment by way of illustration rather than limitation.
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STM  We claim:
NUM  1.
PAR  1. Contamination resisting apparatus for an immersible electromagnetic
      torque motor having a movable flapper projecting from the motor for
      cooperative operation with a fluid orifice comprising:
PA1  a blind chamber having an interior space in which the torque motor is
      mounted and a chamber wall with an opening through which the torque motor
      flapper extends to cooperate with the fluid orifice externally of the
      chamber;
PA1  flexible sealing means engagable with the flapper for preventing fluid flow
      through the opening in the chamber wall and for allowing the flapper to
      move relative to the opening in the chamber wall in response to motor
      torquing; and
PA1  means within the chamber providing a covering over the torque motor, the
      covering means having an aperture interconnecting the interior space of
      the chamber with the interior of the motor whereby fluid in the chamber
      may restrictively enter the motor.
NUM  2.
PAR  2. Contamination resisting apparatus for a torque motor as described in
      claim 1 wherein the aperture in the covering means is located in a low
      flux area at the exterior of the torque motor.
NUM  3.
PAR  3. Contamination resisting apparatus as defined in claim 1 wherein the
      covering means comprises a coating applied to the exterior of the torque
      motor.
NUM  4.
PAR  4. Contamination resisting apparatus as defined in claim 3 wherein the
      aperture is in the coating of the covering means and is located at a crack
      between the motor elements on the exterior of the motor.
NUM  5.
PAR  5. Contamination resisting apparatus as defined in claim 3 wherein the
      aperture is in the coating covering the torque motor at a low flux area on
      the exterior of the motor.
NUM  6.
PAR  6. Contamination resisting apparatus as in claim 1 for a torque motor in
      which the flapper is suspended in the motor for movement about a torque
      axis of the motor wherein:
PA1  the aperture in the covering means is located at a low flux area in the
      vicinity of the torque axis at the exterior of the motor.
NUM  7.
PAR  7. Contamination resisting apparatus for a torque motor as defined in claim
      1 wherein:
PA1  the blind chamber has a chamber wall having a single fluid passageway
      interconnecting the interior space of the chamber with an external source
      of fluid, the opening of the passageway being located in the chamber wall
      at a station other than a station on a direct path leading to the aperture
      in the covering means, whereby particles suspended in the fluid in the
      passageway must traverse a circuitous path to reach the aperture and the
      interior of the torque motor.
NUM  8.
PAR  8. Contamination resisting apparatus as defined in claim 1 wherein:
PA1  the flexible sealing means is a diaphragm seal.
NUM  9.
PAR  9. Apparatus for protecting a torque motor having a movable flapper against
      the accumulation of contamination in magnetic gaps of the motor
      comprising:
PA1  a fluid impermeable coating on the exterior of the torque motor other than
      the exterior area from which the movable flapper projects, the coating
      also having an aperture located at a low flux area on the exterior of the
      torque motor through which fluid may reach the interior of the motor; and
PA1  fluid sealing means extending between the coating on the motor exterior and
      the movable flapper to permit the flapper to move in response to motor
      torquing.
NUM  10.
PAR  10. Apparatus for protecting a torque motor as defined in clain 9 wherein:
PA1  the sealing means comprises a flexible diaphragm seal engaging the flapper.
NUM  11.
PAR  11. Apparatus for protecting a torque motor as defined in claim 9 further
      including:
PA1  a fluid chamber having a chamber wall through which the flapper projects
      and enveloping the remainder of the torque motor to restrict the flow of
      fluid or particles suspended in the fluid around the aperture in the
      coating and into the torque motor interior.
NUM  12.
PAR  12. A method of protecting magnetic gaps in an electromagnetic torque motor
      against contaminants in a fluid in which the torque motor is immersed to
      provide damping of the movement of the torque motor flapper comprising:
PA1  mounting the torque motor with the flapper free to move relative to the
      rest of the motor in response to motor torquing:
PA1  coating openings and cracks on the exterior of the torque motor with a
      material impermeable to the fluid in which the torque motor will be
      immersed;
PA1  providing an aperture in the coating at an opening or crack in a low flux
      area on the exterior of the motor to admit fluid to the torque motor
      interior for damping flapper movements and to restrict the migration of
      contaminants in the fluid into the magnetic gaps within the motor.
NUM  13.
PAR  13. The method of protecting a torque motor against contaminants as defined
      in claim 12 further including the step of:
PA1  providing a flexible seal about the flapper to restrict the migration of
      fluid and contaminants into the torque motor interior around the movable
      flapper.
NUM  14.
PAR  14. The method of protecting a torque motor as defined in claim 12 wherein:
PA1  the step of coating comprises applying a polyurethane coating to the cracks
      and openings on the exterior of the torque motor.
NUM  15.
PAR  15. The method of protecting as in claim 12 wherein the step of coating
      comprises applying a coating to the portion of the torque motor exterior
      exposed when mounted.
NUM  16.
PAR  16. A method of protecting a torque motor as defined in claim 12 wherein:
PA1  the step of mounting includes mounting the torque motor in a blind fluid
      chamber with the flapper projecting out of the chamber through a chamber
      opening; and
PA1  an additional step comprises sealing the chamber opening around the flapper
      to prevent migration of fluid and contaminants into the chamber and permit
      flapper movement.
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ABST
PAL  A gate valve having a non-yielding body with a gate accommodating chamber
      with flat, downwardly converging end seating surfaces about portions of a
      flow passage communication with the chamber and downwardly convergent side
      seating surfaces, a wedge-shaped relatively soft resilient gate with
      downwardly convergent end sealing surfaces to establish tight sealing and
      wedging engagement with the end seating surfaces and downwardly convergent
      side surfaces to establish wedging engagement with the side seating
      surfaces, the angle of said end surfaces being less accute than the angle
      of said side surfaces whereby forces directed laterally inwardly and
      resolved axially in the gate by the side walls is greater than axial
      forces generated by the end surfaces when the gate is urged down in the
      body and whereby the end surfaces are urged and held in conforming seated
      and sealed engagement by the laterally directed and axially resolved
      forces, and operating means carried by the body and engaging the gate to
      selectively move the gate vertically upwardly and downwardly in the body
      chamber and into and out of intersecting relationship with the flow
      passage and said surfaces in the body.
BSUM
PAR  This invention relates to a fluid handling gate valve and is more
      particularly concerned with an improved gate valve construction
      established of molded plastic parts.
PAR  The ordinary gate valve construction comprises a valve body with a flow
      passage extending therethrough, a normally closed chamber in the body,
      intersecting flow passage and having flat, axially spaced downwardly
      convergent seating surfaces, a wedge shaped valve member or gate with
      spaced downwardly convergent end sealing faces to oppose said seating
      surfaces, annular sealing means in the said surfaces about the flow
      passage to engage and seal with the gate, or, sealing means carried by the
      gate to seal with said seating surfaces about the flow passage and means
      operable to shift the gate into and out off intersecting engagement with
      the passage and to make and break the seal established by the sealing
      means provided.
PAR  It is to be noted that the taper or wedge shape imparted in the bodies and
      gates of such valves is normally intended to permit the necessary movement
      of the gate in the body and the effective movement of the parts and/or
      portions of the sealing means into and out of cooperative relationship
      with each other without adverse effects and to effect the application of
      desired and necessary operating forces and pressure on and to the sealing
      means.
PAR  It has long been desired and sought to easly and economically establish a
      gate valve structure for general use wherein the gate establishes an
      effective and dependable seal with the seating surfaces in the chamber of
      the valve body, without the need of the separate, special sealing means
      normally required. With such a structure, the substantial costs of the
      sealing means and the service problems associated therewith can be
      eliminated and a less costly and relatively service free valve can be
      provided.
PAR  In the prior art some gate valves have been provided wherein the gate per
      se seals in and with the body and the provision of separate sealing means
      is eliminated. In such cases, the elimination of the sealing means and the
      establishment of the necessary sealing relationship between the gates and
      the bodies have been made possible by the special and costly machining and
      dressing of the opposing and mating surfaces of the gates and bodies. In
      such instances, the cost of machining and dressing the surfaces of the
      valve structures is, as a general rule, far more costly than the provision
      of separate sealing means. Accordingly, such practices are ordinarily
      resorted to only in those cases where, for some reason, the provision or
      inclusion of a separate sealing means must be avoided.
PAR  Another form of gate valve structure provided by the prior art which does
      not require and include separate sealing means between the gate and the
      body consist of a valve structure wherein the valve member or gate is
      eatablished of soft, resilient, rubber or a rubber substitute. In such
      valves, the rubber wedges or gates are simply yieldingly urged into
      sealing engagement with the opposing seating and sealing surfaces in the
      valve bodies, where they intersect the flow passage. While such valves
      might be effective in situations where little or no appreciable fluid
      pressures are encountered, they are not suitable for general use where the
      fluids handled are under pressure and act upon the gates to move or
      displace the soft materials and destroy the seals established thereby.
PAR  In the case of gate valves wherein the body and the gate are molded of
      plastic materials, continuing efforts have been made to establish the
      parts so that the mating surfaces of the body and gate are sufficiently
      flat and smooth to establish a seal, without requiring machining and/or
      dressing those surfaces and with the result that a dependable and
      serviceable valve, without separate and costly sealing means can be
      economically produced and marketed. Unfortunately, due to the inherent
      tendency of all known plastics, suitable for use in establishing valves,
      to shrink and warp in the course of their being molded and formed, the
      above noted and sought for end has been and presently appears to be
      unattainable, within the limits of practability.
PAR  While present day plastic molding practices and means are such that nearly
      flat and smooth mating surfaces in molded plastic valve structures can be
      produced, the slight and oftentimes minor imperfections and irregularities
      which occur in those surfaces make it impossible to practically and
      economically produce such valves without incorporating some separate and
      special sealing means in them.
PAR  An object and feature of my invention is to provide a gate valve structure
      with an improved soft, deformable, resilient, molded plastic gate adapted
      to be urged into conforming fluid sealing engagement with related sealing
      surfaces in the valve body and which resists and is not subject to being
      displaced by fluids under pressures acting upon it.
PAR  It is an object and feature of the instant invention to provide a wedge
      shaped valve gate of the character referred to having axially spaced
      downwardly convergent and oppositely disposed end sealing walls or faces
      to establish tight wedging, conforming and sealing engagement with related
      end seating surfaces in the valve body and a gate having laterally spaced,
      outwardly disposed and downwardly convergent side walls or surfaces to
      establish tight wedging engagement with related side surfaces in the body
      whereby the gate is held captive and contained between both its ends and
      sides.
PAR  Yet another object and feature of this invention is to provide a valve
      structure of the character referred to wherein the angle of inclination of
      the related end surfaces is different from the angle of inclination of the
      related side surfaces whereby the machanical advantage afforded by the
      side surfaces and the forces directed laterally inwardly in the gate are
      greater than the mechanical advantage afforded by the end surfaces and the
      forces directed axially in the gate when the gate is wedged tight in the
      body, whereby the forces exerted by the gate on the end surfaces of the
      body are greater than the axial forces established by and between the end
      surfaces and whereby the end surfaces of the gate are urged into
      conforming, sealing engagement with their related mating end surfaces of
      the body and held against displacement by fluid under pressure acting
      thereon by said greater laterally inwardly directed forces.
PAR  Still another object and feature of my invention is to provide a valve
      structure of the character referred to above wherein the said related side
      surfaces of the gate and body and gate are formed and disposed whereby the
      laterally directed forces are resolved and directed laterally inwardly and
      axially outwardly from the sides of the gate to the portions of the end
      surfaces of the gate related thereto and so that said lateral forces are
      most efficiently utilized to urge and hold the related end surfaces of the
      construction engaged.
DRWD
PAR  The foregoing and other object and features of my invention will be
      apparent and understood from the following description of a typical
      preferred form and application of the invention throughout which
      description reference is made to the accompanying drawings in which:
PAR  FIG. 1 is an end elevational view of a gate valve embodying the present
      invention;
PAR  FIG. 2 is a sectional view taken as indicated by line 2--2 on FIG. 1;
PAR  FIG. 3 is a view of the valve gate taken substantially as indicated by line
      3--3 on FIG. 2;
PAR  FIG. 4 is a view taken as indicated by line 4--4 on FIG. 3;
PAR  FIG. 5 is a view taken as indicated by line 5--5 on FIG. 3;
PAR  FIG. 6 is a view taken as indicated by line 6--6 on FIG. 3;
PAR  FIG. 7 is a view taken substantially as indicated by line 7--7 on FIG. 2;
      and
PAR  FIG. 8 is a view taken as indicated by line 8--8 on FIG. 7.
DETD
PAR  In the drawings I have elected to illustrate one typical and preferred form
      of gate valve structure in which the present invention can be
      advantageously employed and/or put to practice.
PAR  The valve structure is shown as including generally, a body B, a bonnet C,
      a valve member or gate G within the body, a stem S cooperatively related
      to and with the body, bonnet and gate, a manually engageable operating
      handle M carried by the stem, sealing means O between the stem and the
      bonnet and sealing means O' between the body and the bonnet.
PAR  The body B, gate G, stem S and bonnet C are each unitary molded plastic
      parts.
PAR  The body B is characterized by an elongate, horizontal lower portion 10
      with a central, axially extending flow passage 11. The opposite,
      longitudinally outwardly opening end portions of the passage 11 are
      adapted to communicate with related fluid conducting means and are shown
      provided with internal pipe threads 12 to facilitate connecting the body
      with related pipe sections.
PAR  The exterior of the above noted end portions of the body are preferably
      polygonal to facilitate engaging the body with suitable hand tools when
      connecting said body with related fluid conducting means, such as pipe
      sections.
PAR  The body B next includes an elongate, vertical, central case portion 13,
      the lower portion of which intersects the lower portion 10, between the
      ends thereof and the upper portion which projects freely upwardly from
      said lower portion.
PAR  The portion 13 defines an elongate vertical chamber D having a lower
      portion L with which opposite end portions of the flow passage 11
      communicate and an upper portion U that opens at the top of the body. The
      upper portion U of the chamber D is preferably rectangular in
      cross-section and is characterized by flat, vertical end walls with
      axially spaced opposing surfaces 14 and vertical side walls with laterally
      spaced opposing surfaces 15.
PAR  The lower portion L of the chamber D is defined by extensions of the end
      and side walls and by the lower portion of the body and has flat, axially
      spaced downwardly convergent, inclined seating surfaces 16, laterally
      spaced, opposing, downwardly convergent, concaved or radiused side
      surfaces 17, and an axially straight, upwardly and inwardly disposed
      semi-circular bottom surface 18.
PAR  The details of the lower portion L of the chamber D and its relationship
      with the gate G will be considered in greater detail in the following:
PAR  The flow passage 11 intersects to central portion of said lower portion of
      the chamber to be bisected thereby and so that the inner ends of the
      opposite end portions of the passage open, centrally, at the seating
      surfaces 16.
PAR  The body B is next provided with an enlarged cylindrical head portion H. At
      the upper end of the case portion, the portion H has a flat top 19 and an
      upwardly opening, large diameter, internally threaded socket 20 with a
      flat upwardly disposed bottom 21 at which the chamber D opens.
PAR  The gate G is an elongate vertical wedge-like part corresponding generally
      in outside configuration with the lower portion U of the chamber D and is
      characterized by flat, axially spaced, oppositely disposed, downwardly
      convergent end sealing walls 30, laterally spaced, oppositely disposed,
      downwardly convergent, convexly curved side walls 31 and a downwardly and
      radially outwardly disposed, substantially axially straight, semi-circular
      bottom wall 32. The gate has a flat top 33 and a central core 34 with an
      upwardly opening, vertical, threaded bore 35.
PAR  The details of the gate and its relationship with the chamber D and stem S
      will be considered further in the following.
PAR  The stem S is an elongate vertical part with a central, flat, disc-shaped
      thrust flange 36, a lower shank portion 37 and an upper shaft portion 38.
      The flange 36 is slidably engaged on and supported by the bottom 21 of the
      socket 20. The shank portion 37 is threaded at its lower end portions, as
      at 39 and is threadedly engaged in the bore in the gate.
PAR  The lower end of the shank portion terminates on a plane above the
      uppermost or top portion of the flow passage 11, at the lower end of the
      upper portion U of the chamber D.
PAR  The shaft portion 38 of the stem projects freely upwardly from the flange
      36 and from within the confines of the socket C.
PAR  The bonnet B is a unitary part with a central stop flange 40 engaging the
      top of the head H of the body, a lower externally threaded skirt 41
      engaged in the socket 20 and a central tube portion 42 in and through
      which the shaft portion of the stem is rotatably engaged and which depends
      from the stop flange into close, opposing relationship with the top of the
      thrust flange of the stem. The lower end of the tube portion is provided
      with a radially and axially downwardly opening radiused groove. The
      junction between the thrust flange and shank portion of the stem is
      radiused to establish a radially outwardly and upwardly disposed annular
      seat spaced from and opposing the radiused groove and an O-ring seal is
      engaged with and between the radiused groove and seat. The said radiused
      groove, seat and O-ring establish the sealing means O between the stem and
      bonnet. The sealing means O' between the bonnet and the body, includes an
      annular radially inwardly and axially upwardly opening sealing ring groove
      at the upper end of the stocket 20 in the head H and an O-ring seal in
      that groove and engaging the bottom of the stop flange and the skirt of
      the bonnet.
PAR  The handle M is a simple manually engageable substantially disc-shaped part
      above the bonnet B in driving engagement with the upper end of the shaft
      portion of the stem and is releasably secured to the stem by a suitable
      screw fastener.
PAR  In operation, upon rotation of the handle M and stem S in one direction,
      the gate is advanced upwardly relative to the stem S and from engagement
      in the lower portion L of the chamber C into the upper portion U thereof,
      to open the valve. Upon rotation of the handle and stem in the other
      direction, the gate is advanced down from within the upper portion U of
      the chamber into the lower portion L thereof to close the valve.
PAR  But for the configuration of the gate G and the chamber D and the
      cooperative relationship of those parts and portions of the construction,
      the details of construction can be varied widely, as desired and/or as
      circumstances require.
PAR  Novelty of the of the instant invention resides in configuration and
      cooperative relationship of the valve gate and valve chamber.
PAR  As noted above, the lower portion L of the chamber D has flat, axially
      spaced, downwardly convergent, opposing end seating surfaces 16, laterally
      spaced, opposing, concaved or radiused downwardly convergent side surfaces
      17 and an axially straight, radially upwardly and inwardly disposed
      semi-circular bottom surface 18. The gate G, as noted above, corresponds
      in general exterior configuration with the inside configuration of the
      lower portion L of the chamber D and has flat, axially spaced, oppositely
      disposed, downwardly convergent end sealing walls 30, laterally spaced,
      laterally outwardly disposed, convex, downwardly convergent side walls 31,
      an axially straight semi-circular bottom wall 32 and a flat top 33. In
      addition, the gate has the previously noted central core 34 with its
      upwardly opening threaded bore 35 and in which the lower threaded end
      portion of the stem S is engaged.
PAR  It is important to note at this time that while it is desired and effort is
      made to establish the end sealing surfaces 17 in the chamber D of the body
      and the exterior surfaces of the end sealing walls 30 of the gate truly
      flat and smooth so that they might match and mate to establish a fluid
      seal when moved into engagement with each other, such desired results are
      not practically attainable due to the nat re and tendency of the plastic
      materials of which these parts are made to warp and/or shrink in the
      course of their manufacture. As a result, the noted opposing sealing
      surfaces of the construction are seldom, if ever, sufficiently flat and
      smooth to establish an effective seal by themselves and are such that
      other and supplemental means and/or forces must be utilized to compensate
      for those undesirable irregularities which are commonly found to be
      present.
PAR  Considering the gate or valve member G and its relationship with the
      chamber D in greater detail, it is to be noted first that the gate G is
      established or molded of a flexible, resilient plastic material with good
      memory characteristics, such as "Hytrel No. 6355", a product of DuPont,
      and is softer than the body B which is made or molded of a relatively hard
      or substantially nonyielding plastic material such as Polypropylene.
PAR  In practice, the gate can have a shore hardness of about 55D and the body
      can have a Rockwell hardness of about M-57-R111.
PAR  In accordance with the above, the body is a substantially non-yielding
      structure and the gate is a soft, and resilient structure with respect to
      the body and has good memory.
PAR  The gate G, made up of the several noted walls 30, 31 and 32, is an
      upwardly opening shell-like structure.
PAR  The core 34 is an elongate vertical portion of the gate arranged centrally
      thereof and extends vertically from the bottom wall 32 to a point spaced
      above the top 33 of the gate per se and is integrally joined with and
      extends between the end sealing walls 30, along the central vertical axes
      thereof to provide central support therefore.
PAR  The bottom wall 32 is provided with a port P which communicates with and
      vents the lower end of the threaded bore 35 in the core.
PAR  The end seating surfaces 16 in the body or chamber and the end sealing
      walls 30 of the gate G are inclined at about 5.degree. relative to the
      central vertical axes of the gate and chamber and the downwardly
      convergent side surfaces and walls 17 and 31 of the chamber and gate are
      inclined at less than one-half the angle of the surfaces and walls 16 and
      30, for example, at about 1.5.degree. or 2.degree. relative to said
      central vertical axis. Accordingly, the angles of the side surfaces and
      walls are materially less than the angles of the end surfaces and walls
      and the mechanical advantage afforded by the inclined plane of the related
      side surfaces and walls is materially greater than that afforded by the
      related end surfaces and walls when the gate is urged downwardly in the
      direction indicated by the arrow X in FIG. 2 of the drawings and into
      tight wedging engagement in the chamber.
PAR  As a result of the above, the opposing laterally inwardly directed forces
      exerted onto and through the gate and indicated by the arrows Y in FIG. 8
      of the drawings is greater than the opposing end forces exerted onto and
      through the gate at the end sealing walls 30 thereof. The noted greater
      lateral forces indicated by the arrows Y are resolved in and through the
      gate in the directions indicated by the arrows Z in FIG. 8 of the drawings
      and serves to urge the end walls 30 axially outwardly toward and into
      conforming tight sealing engagement with their opposing seating surfaces
      16 and about the portions of the flow passage 11 opening centrally of said
      seating surfaces.
PAR  It is to be further noted that the side walls 31 of the gate, being
      outwardly convex and inwardly concaved have and/or are characterized by
      laterally inwardly and longitudinally outwardly inclined vertical edges
      which join the vertical side edges of the end walls 30 and are such that
      the forces transmitted through the side walls toward the end walls are
      transmitted laterally inwardly and longitudinally outwardly to the
      vertical edges of the end walls and are resolved thereon to urge the end
      walls axially outwardly toward and into tight engagement with their
      opposing seating surfaces 16 and about the portions of the flow passage 11
      opening centrally of said seating surfaces.
PAR  In practice, the gate G is established sufficiently large in exterior
      dimensions and/or configuration so that upon downward movement of the gate
      in the chamber, the side and end walls thereof first establish sliding
      running fit with their related surfaces in the chamber and upon further,
      limited downward movement of the gate in the chamber, establish tight,
      wedging and interfering fit therewith. When the noted interfering fit is
      established, the material of the gate is confined about and between the
      side and end surfaces of the chamber and the major forces exerted into and
      through the gate, indicated by the arrows Y and Z, tend to urge and
      displace the soft and resilient end sealing walls into sealing engagement
      with the end seating surfaces. The laterally applied and resolved forces Y
      and Z act most effectively on the opposite vertical side portions of the
      end sealing walls 30 of the gate and are less effective on the vertical
      central portions thereof. The vertical central portions of the walls 30
      are, however, supported and backed by the core 34 and are positively urged
      and held engaged with the surfaces 16 and across the portions of the flow
      passage 11 opening at said surfaces thereby.
PAR  In practice, the bottom surface 18 of the chamber D and bottom wall 32 of
      the gate G are complimentary and are such that when the gate is advanced
      downwardly in the chamber to its maximum anticipated extent and the gate
      is wedged as tight in the chamber as structural limits of the valve will
      afford, the wall 32 seats with the surface 18. In practice, it is
      preferred that the gate, under normal circumstances, establishes closed
      engagement in and with the chamber before the gate actually seats of the
      bottom of the chamber, whereby suitable allowance is made for slight
      deviations in the proportioning of parts, wear and the like.
PAR  From the foregoing, it will be apparent that the gate G that I provide is
      sufficiently soft and resilient so that when it is urged down and into
      tight wedging engagement in the chamber, the end sealing walls 30 can and
      will flex and conform to and establish sealing engagement with the
      opposing and seating surfaces 16 in the chamber. In addition to the
      foregoing, it will be noted and it will be apparent that the fluid
      pressures acting upon the soft and flexible gate, centrally of the end
      sealing walls (at and about the inner open ends of the section 7 of the
      flow passage) and which tend to urge those walls from sealing engagement
      with their related opposing seating surfaces are countered by the greater
      forces generated by and between the related side walls 31 and surfaces 17
      of the construction which are directed laterally inwardly into the gate
      and thence axially and inwardly into and through the end sealing walls 30,
      to maintain those walls sealed with their opposing surfaces 16. By virtue
      of the forces generated and directed by the related side walls and
      surfaces 31 and 17, a gate of soft, resilient material capable of
      conforming to and establishing sealing engagement with related sealing
      surfaces and which is effectively supported and acted upon to resist fluid
      pressure which would otherwise destroy the seal established, is provided.
PAR  Having illustrated and described only one preferred form and carrying out
      of my invention, I do not wish to be limited to the specific details
      herein set forth, but wish to reserve to myself any modifications and/or
      variations that might appear to those skilled in the art and which fall
      within the scope of the following claims:
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A gate valve comprising a body with an elongate horizontal axially
      extending lower portion and an elongate central portion between the ends
      of and extending upwardly from the lower portion and defining a normally
      closed chamber with an upper portion and a lower portion with flat axially
      spaced, substantially axially inwardly disposed, axially inwardly and
      downwardly inclined end seat surfaces, laterally spaced substantially
      laterally inwardly disposed, laterally inwardly and downwardly inclined
      side support surfaces and a substantially upwardly disposed bottom
      surface, an axially extending flow passage in the lower portion of the
      body intersecting the lower portion of the chamber and communicating
      therewith substantially centrally of said seat surfaces, a vertically
      extending vertically shiftable gate of flexible resilient material in the
      chamber and having a top, axially spaced substantially axially outwardly
      disposed and axially inwardly and downwardly inclined end sealing
      surfaces, laterally spaced substantially laterally outwardly disposed and
      downwardly and laterally inwardly inclined side supported surfaces and a
      substantially downwardly disposed bottom surface, said gate normally
      arranged in the lower portion of the chamber with its supported and
      sealing surfaces in tight wedging engagement with opposing related seat
      and support surfaces of the chamber and with the bottom surface of the
      gate in spaced opposing relationship with the bottom surface of the
      chamber and operating means to selectively shift the gate vertically to
      and from said normal position and in the upper portion of the chamber, the
      angle of inclination of said supported and support surfaces is less from
      the central vertical axis of the gate and chamber than is the angle of the
      sealing and seat surfaces from said vertical axis.
NUM  2.
PAR  2. A structure as set forth in claim 1 wherein the supported and support
      surfaces have upwardly, axially and laterally outwardly extending edge
      portions joining adjacent edge portions of their related sealing and seat
      surfaces.
NUM  3.
PAR  3. A structure as set forth in claim 1 wherein said operating means
      includes an upwardly opening internally threaded vertical bore in the
      gate, an elongate vertical rotatable stem with a lower externally threaded
      end engaged in said bore and projecting upwardly through and from the
      body, a manually engageable handle on the stem at the exterior of the
      body, sealing means between the stem and the body and thrust bearing means
      between the body and stem.
NUM  4.
PAR  4. A gate valve comprising a body with an elongate horizontal axially
      extending lower portion and an elongate central portion between the ends
      of and extending upwardly from the lower portion and defining a normally
      closed chamber with an upper portion and a lower portion with flat axially
      spaced, substantially axially inwardly disposed, axially inwardly and
      downwardly inclined end seat surfaces, laterally spaced substantially
      laterally inwardly disposed, laterally inwardly and downwardly inclined
      side support surfaces and a substantially upwardly disposed bottom
      surface, an axially extending flow passage in the lower portion of the
      body intersecting the lower portion of the chamber and communicating
      therewith substantially centrally of said seat surfaces, a vertically
      extending vertically shiftable gate of flexible resilient material in the
      chamber and having a top, axially spaced substantially axially outwardly
      disposed and axially inwardly and downwardly inclined end sealing
      surfaces, laterally spaced substantially laterally outwardly disposed and
      downwardly and laterally inwardly inclined side supported surfaces and a
      substantially downwardly disposed bottom surface, said gate normally
      arranged in the lower portion of the chamber with its supported and
      sealing surfaces in tight wedging engagement with opposing related seat
      and support surfaces of the chamber and with the bottom surface of the
      gate in spaced opposing relationship with the bottom surface of the
      chamber and operating means to selectively shift the gate vertically to
      and from said normal position and in the upper portion of the chamber, the
      angle of inclination of said supported and support surfaces is less from
      the central vertical axis of the gate and chamber than is the angle of the
      sealing and seat surfaces from said vertical axis, said supported and
      support surfaces have upwardly axially and laterally outwardly extending
      edge portions joining adjacent edge portions of their related sealing and
      seat surfaces.
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ABST
PAL  A low profile lifting device having an elongated base, a rotatable shaft
      extending along said base, an arm having a nut at one end threadably
      mounted on the shaft and a lifting pad at the other end, means at one end
      of the base for rotating the shaft, a pair of side levers having one end
      pivoted to the other end of the base and extending to a pivotal connection
      at an intermediate portion of the arm, and means for preventing unwanted
      shaft rotation in response to weight on the lifting pad.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to manual or motor-operated lifting devices having a
      low profile for lifting objects that are very close to the floor or
      ground, such as the frame or chassis of an automotive vehicle.
PAR  Presently, most automobile lifting devices are bumper jacks engageable with
      the front or rear bumper of the automobile to raise that portion of the
      auto by the bumper. "Scissor jacks" are also known, which are insertable
      beneath the car; however, this type of jack is inconvenient to position
      properly and is often unstable or unsafe. The present invention raises a
      portion of the car by contacting the frame or chassis and may be called a
      chassis jack.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel and improved
      automobile chassis jack that may be used for raising a portion of an
      automobile from underneath the car frame in a safe, efficient and
      convenient manner.
PAR  It is another object of the invention to provide an automobile chassis jack
      of this character which is reliable in use and is relatively easy and
      inexpensive to manufacture.
PAR  Briefly, the illustrated embodiment of the invention comprises: a low
      profile lifting device having an elongated base, a rotatable shaft
      extending along said base, an arm having a nut at one end threadably
      mounted on the shaft and a lifting pad at the other end, means at one end
      of the base for rotating the shaft, a pair of side levers having one end
      pivoted to the other end of the base and extending to a pivotal connection
      at an intermediate portion of the arm, and means for preventing unwanted
      shaft rotation in response to weight on the lifting pad.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the jack shown at its lowered
      position.
PAR  FIG. 2 is a view similar to FIG. 1 but showing the jack in its raised
      position.
PAR  FIG. 3 is a fragmentary perspective view of one portion of the jack showing
      the relative configurations of the lifting arm and side levers.
PAR  FIG. 4 is a fragmentary perspective view of the end portion of the jack
      having the crank connection and clutch for preventing inadvertent jack
      movement.
PAR  FIG. 5 is an exploded view of the clutch showing its elements.
PAR  FIG. 6 is a cross-sectional view of the clutch.
PAR  FIG. 7 shows a fragmentary perspective of a modified form of the invention
      using a threadless screw.
PAR  FIG. 8 is a fragmentary perspective view of a modified form of the
      invention in which a power operating means is used to drive the screw.
PAR  FIG. 9 is a perspective view of another modification of the invention which
      permits the direct attachment of a hand crank to the shaft drive and
      allows the crank to rotate continuously through a full 360.degree..
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to the embodiments of FIGS. 1 through 6, the jack is
      generally indicated at 11 and comprises a base generally indicated at 12,
      a lifting arm generally indicated at 13 and a pair of levers generally
      indicated at 14 and 15. The base is of elongated shape, having a
      channel-shaped cross section with a lower web 16, a pair of upstanding
      side flanges 17 and 18, and outwardly extending flanges 19 and 21. A
      transverse thrust plate 22 is secured to one end of base 12, the plate
      being wider than the base and having forwardly extending flanges 23 and
      24. The underside 25 of thrust plate 22 extends below the web 16 of base
      12, and a foot 26 is disposed beneath the base adjacent the forward end
      thereof. Underside 25 of the thrust plate and foot 26 will rest on ground
      27 when the jack is being used, with base 12 horizontal.
PAR  A clutch supporting plate 28 is secured to the forward end of the base 12
      and extends transversely thereacross. This plate is wider than the base
      and secure thereto by brackets 29 and fasteners 31. A threaded shaft 32
      extends between thrust plate 22 and clutch supporting plate 28. One end 33
      of this shaft extends through thrust plate 22, and a collar 34 is secured
      to shaft end 33 by a pin 35. This collar engages a thrust bearing 36
      carried by thrust plate 22. With this arrangement, screw shaft 32 may be
      rotated by the hand crank means described below in order to raise or lower
      the load, regardless the force of the load on the screw shaft.
PAR  A nut 37 is threadably mounted on shaft 32. This nut may be of any
      appropriate type such as an Acme or ball nut with appropriate
      recirculating balls. This nut travels along the track formed by
      channel-shaped base 12 when the shaft is rotated.
PAR  Lifting arm 13 has one end pivotally connected at 38 to nut 37, and the
      other end carries a lifting pad 39 by a pivotal connection 41. Pad 39 is
      shown as being of inverted channel-shaped construction with an upper
      surface engageable with a load 42, such as the underside of the car frame.
      The shape of lifting arm 13 will be such as to have proper load bearing
      characteristics, and as shown, has its intermediate portion of greater
      depth than the end portions, the arm being of tapered construction.
PAR  Side levers 14 and 15 are each of bent shape as seen in FIG. 3, having one
      end 43 pivoted at 44 to flange 23 or 24 of thrust plate 22. The other end
      45 of each side lever is pivoted at 46 to the intermediate portion of arm
      13. The intermediate portions of levers 14 and 15 are reinforced by
      flanges 46 and 47.
PAR  Preferably, thrust plate 22 is of sufficient width as to impart stability
      to the jack. It will be observed that lifting pad 39, lifting arm 13 and
      side levers 14 and 15, together with their connecting parts, form a stable
      tripod arrangement.
PAR  The means for rotating shaft 32 may comprise a wrench indicated
      schematically in dot-dash lines at 48 which is removably applied to a
      square crank connection 49. This crank connection is part of an input
      element generally indicated at 51 of a self-locking clutch generally
      indicated at 52 mounted on clutch supporting plate 28. The construction of
      this clutch is seen best in FIGS. 5 and 6. The clutch has a housing 53
      secured by a flange 54 and fasteners 55 to a central apertured portion of
      plate 28. Input element 51 comprises a shaft 56 extending through a
      central apertured portion 57 in the end of housing 52 and carrying crank
      connection 49 and its outer end. Input element 51 further comprises a
      thrust bearing portion 58, and extending from the thrust bearing portion
      is a cylindrical cartridge portion 59 with an arcuate cut-out 61 having
      radial shoulders 62 and 63.
PAR  Cartridge 59 extends into a helical coil spring 64 having inbent ends 65
      and 66. The arrangement is such that spring end 65 is adjacent surface 62
      of cartridge 59 and end 66 adjacent surface 63. The diameter of spring 64
      is such that it normally lightly engages the cylindrical inner surface 67
      of housing 53, or is adjacent thereto.
PAR  Shaft 32 carries a collar 68 disposed within housing 53 and attached to the
      shaft by a pin 69. Collar 68 has an axially extending tab 71 having radial
      walls 72 and 73. Tab 71 is disposed between spring ends 65 and 66 and
      within cut-out 61 of cartridge 59.
PAR  The arrangement is such that when shaft 32 is urged to rotate in either
      direction by an axial load applied to nut 37 through pivot pin 38, one
      surface 72 or 73 of tab 71 will engage the adjacent inbent end 65 or 66 of
      the spring. This will tend to expand the spring which will frictionally
      engage inner surface 67 of housing 53, preventing shaft 32 from rotating.
      However, when rotative forces are applied to input element 51 by means of
      wrench 48 acting as a crank, shoulder 62 or 63 of cartridge 59 will engage
      the adjacent spring end, contracting the spring and permitting it to
      freely rotate inside housing 53. The rotative force will be transmitted
      through the spring end to tab 71 and thus to shaft 32. Thus, load 42
      resting on lifting pad 41 cannot drop inadvertently.
PAR  In operation, assuming an initial position as shown in FIG. 1 in which arm
      13 and levers 14 and 15 are nearly horizontal, and load 42 resting on
      lifting pad 41, crank 48 will be placed on connection 49 and rotated to
      raise the load. During this movement, nut 37 will travel along shaft 32
      and both arm 13 as well as side levers 14 and 15 will pivot upwardly, a
      raised position being shown in FIG. 2.
PAR  Because of the mechanical advantage afforded by threaded shaft 32 and the
      lever arrangement, a heavy load such as a portion of an automotive vehicle
      may be easily lifted by this method. The load will be held in position by
      self-locking clutch 52. Alternatively, clutch 52 may be omitted and the
      means for preventing shaft rotation by the load may comprise deliberate
      bearing friction which reduces the efficiency of the load lifting system
      to less than 50 percent.
PAR  FIG. 7 shows a modified form of the invention which is similar to that of
      FIGS. 1 through 6 but in which a feed mechanism of the type shown in my
      U.S. Pat. No. 3,081,639 is in place of the threaded shaft and nut. This
      feed mechanism is indicated generally at 101 and comprises a smooth shaft
      102 comprising the inner race, a nut 103 comprising the outer race, and a
      cage 104 with inclined rollers 105 as more fully described in said patent.
PAR  FIG. 8 illustrates a third embodiment of the invention which is basically
      similar to the first and second embodiments but has a rotary power unit
      201 for driving shaft 202. Base 203 has a gear box 204 secured to one end
      thereof, the gear box containing gears (not shown) which connect power
      operating means 201 to shaft 202. Gear box 204 preferably contains means
      equivalent to self-locking clutch 52 for preventing a load on the lifting
      pad from rotating shaft 202. The power operating means may be electric,
      hydraulic or other rotatable means for obtaining torque. A crank
      connection 205 may also extend outwardly from gear box 204 to facilitate
      manual actuation of the jack as an alternate to power operation.
PAR  FIG. 9 shows a fourth embodiment of the invention basically similar to the
      other embodiments and generally indicated at 301, but is intended to
      permit continuous rotation of a crank 302. In this case, a foot 303 is
      provided in place of foot 26 of the previous embodiment, foot 303 being of
      substantially greater height so that base 304 is inclined upwardly from
      thrust plate 305. This will provide sufficient ground clearance so that
      crank 302 may be continuously rotated when raising or lowering lift pad
      306.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automobile chassis jack, an elongated base, a shaft extending
      along said base, a nut mounted on said shaft, means interconnecting said
      nut and shaft whereby rotation of said shaft will cause axial movement of
      the nut, a lifting arm pivotally connected at one end to said nut, a
      lifting pad pivotally mounted at the outer end of said lifting arm, a
      thrust plate mounted at one end of said base and extending transversely
      thereacross, a pair of side levers each having one end pivoted adjacent
      said thrust plate, the opposite ends of said side levers being pivotally
      connected to an intermediate portion of said lifting arm, means at the end
      of said base remote from said thrust plate for rotating said shaft in
      either direction, whereby said lifting pad may be moved between a raised
      position and a lowered position, the lifting pad in its lowered position
      being remote from said rotating means whereby the lifting pad may be
      placed beneath a chassis without the necessity of inserting intermediate
      portions of the jack beneath the chassis, and means for preventing a load
      on said lifting pad transmitted to said nut from rotating said shaft.
NUM  2.
PAR  2. The combination according to claim 1, said thrust plate having portions
      extending laterally a substantial distance on opposite sides of said base,
      said side levers being connected adjacent the outer ends of said thrust
      plate and being bent inwardly toward said lifting arm said connections,
      said lifting arm being substantially narrower than said thrust plate,
      whereby the lift pad, lifting arm and side levers with their connecting
      parts form a tripod support for a load resting on the lifting pad.
NUM  3.
PAR  3. The combination according to claim 1, said means for preventing rotation
      of said shaft by a load on said lifting pad comprising a self-locking
      clutch mounted on the end of said base opposite said thrust plate.
NUM  4.
PAR  4. The combination according to claim 3, said shaft rotating means
      comprising an input element extending from said self-locking clutch and
      having a non-circular end to which a crank may be connected.
NUM  5.
PAR  5. The combination according to claim 3, further provided with a clutch
      supporting plate secured to said opposite end of the base and carrying
      said self-locking clutch.
NUM  6.
PAR  6. The combination according to claim 1, said shaft being threaded.
NUM  7.
PAR  7. The combination according to claim 1, said shaft being smooth and
      comprising an inner race, said nut being cylindrical and comprising an
      outer race, said means interconnecting the shaft and nut comprising a cage
      with inclined rollers.
NUM  8.
PAR  8. The combination according to claim 7, said shaft rotating means
      comprising a gear box mounted on said base and carrying a rotary power
      unit.
NUM  9.
PAR  9. The combination according to claim 1, said thrust plate extending below
      said base, and a foot adjacent the opposite end of said base whereby the
      base will be parallel to the ground when the foot and thrust plate rest
      thereon.
NUM  10.
PAR  10. The combination according to claim 1, said thrust plate having a
      portion extending below said base and resting on the ground and a foot
      adjacent the opposite end of said base and substantially higher than said
      last-mentioned portion of the thrust plate, whereby said base is inclined
      upwardly from the thrust plate, said shaft rotating means comprising a
      crank removably connectable to the shaft, the height of said foot being
      such that the crank may rotate continuously.
NUM  11.
PAR  11. In a vehicle chassis jack, a base having a channel-shaped cross section
      with outwardly extending flanges, a thrust plate at one end of said base
      and extending transversely from both sides thereof, a portion of said
      thrust plate extending below said base and resting on the ground, a foot
      adjacent the opposite end of said base, a shaft extending along said base
      within the channel formed thereby, one end of said shaft extending through
      said thrust plate, a collar carried by said extending end of the shaft and
      engageable with thrust bearing means carried by the thrust plate, a nut
      mounted on the shaft, means connecting the nut and shaft whereby rotation
      of the shaft will cause the nut to travel axially, a lifting arm having
      one end pivotally connected to the nut, a lifting pad pivotally connected
      to the opposite end of said lifting arm, a pair of side levers, one end of
      each side lever being connected adjacent an outer end of said thrust
      plate, the side levers being bent inwardly with their opposite ends
      pivotally connected to an intermediate portion of said lifting arm, a
      clutch supporting plate mounted at the opposite end of said base, a
      self-locking clutch carried by said clutch plate, an input element mounted
      on said self-locking clutch carrying a non-circular crank connection
      adapted to removably receive a crank, and means connecting the output of
      said self-locking clutch to said shaft, the self-locking clutch being so
      constructed as to prevent rotation of said shaft by axial force exerted
      thereon by said nut.
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ABST
PAL  A winch and its power source are anchored as a unit by means of a pair of
      rearwardly extending flexible cables secured to a suitable fixed object.
      Extending forwardly from the winch frame is a cable guide controlling the
      lateral movement of cable to be wound about the drum of the winch. As a
      cable is wound, the winch unit pivots about a vertical axis, which it
      automatically establishes, until the cable reaches one end of the drum.
      Just before the layer is completed, the cable contacts a vertical bar
      mounted on the cable guide, adjacent the end of the drum, the guide
      exerting an inwardly directed lateral force causing the winch to pivot
      about the established vertical axis in the opposite direction and causes
      the cable to move up one layer and wind a succeeding overlapping layer in
      the opposite direction until the opposite end of the drum is reached, at
      which time the action is repeated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of large winches mounted upon vehicles or relatively fixed, large
      winches driven by their own power source is well-known in the art. These
      known winches are necessary and useful items but there must of necessity
      be access by which the bulky equipment can reach the desired location or
      alternatively there must be a large enough demand for the winch to justify
      the building of a road or other access means whereby the winch may be
      transported to the location of intended use.
PAR  There has developed a need for a small portable winch which can be carried
      to inaccessible areas by hand and be attached on site to a portable power
      source. The demand for timber has increased to the point where it is being
      harvested from terrain previously ignored because of the expense and/or
      inconvenience. The suburbanite, the hunter and the gentleman farmer find
      need for a large pulling power and would like to have assistance in this
      operation without investing a great deal of capital. In addition, a need
      has been developed for a small portable winch with high capacity pulling
      power relative to its weight and size which may be used in conjunction
      with a mobile power source such as a chain saw engine.
PAR  Many people have a chain saw at their disposal. It is, of course, extremely
      desirable to be able to use the engine of the chain saw in conjunction
      with a portable winch without structural change to the saw itself. It is
      also desirable to be able to rapidly convert a chain saw to use the same
      engine with a portable winch. Rapid conversion without structural change
      in the chain saw allows use of the saw in both modes without severely
      hindering the use for which it was designed.
PAR  Small winches which are adapted to be powered by engines such as chain saw
      engines are known as shown by U.S. Pat. No. 2,869,822 issued Jan. 20,
      1959, and U.S. Pat. No. 3,197,162 issued July 27, 1965. Although these
      patents teach driving a small winch by means of a chain saw or other
      portable power source, they do not disclose any means for level winding
      the cable on the drum. This is extremely critical during outfeed of the
      cable for smooth and uniform feed and is important in wrapping the maximum
      amount of cable about a drum. Level winding avoids serious damage or
      destruction of the cable which frequently occurs when randomly or loosely
      wound cable about a winch drum is subjected to severe tension loading.
PAR  It is an object of the present invention to provide a small winch adapted
      to be powered by a light weight prime mover wherein the winch includes, as
      an integral part thereof, means assuring that the cable will be wound upon
      the drum in a plurality of smooth layers.
PAR  It is another object of the present invention to provide an attachment to a
      small portable winch so that the winch, although secured to a dead man,
      may pivot about a vertical axis causing the cable to sequentially and
      smoothly wrap across the drum, first in one direction and then in the
      other.
PAR  Still another object of the invention is to provide a small portable winch
      which pivots about a vertical axis and which has a forwardly extending
      cable guide to restrict the relative angle of approach of the cable to the
      winch and provide means for causing the cable to smoothly move up to the
      next layer when reaching the end of the drum on any given particular
      layer, thus assuring a smooth and level wind.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a small portable winch adapted to be powered by a
      chain saw engine having attached thereto the level wind mechanism of this
      invention; and
PAR  FIG. 2 is an elevational view of the winch and level wind mechanism as seen
      in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIG. 1, the portable winch including the novel level wind mechanism is
      adapted to be attached to a chain saw engine, as shown in phantom. The
      main winch housing 2 includes a structural portion and cover for the drive
      train 4 which receives its motive power from the saw engine which is
      fitted with a bar 6. The saw engine transmits its rotational power via a
      chain which is guided by adapter bar 6, driving a series of gears within
      the housing 4 through a manually engageable clutch having a control handle
      8. The drum itself, 10, is partially shielded by housing 12 and includes
      at the opposite end of the clutch mechanism a brake 14.
PAR  Extending forwardly from the drum is a cable guide which includes a pair of
      forwardly extending arms 16 joined at their outer end by a guide throat 18
      which includes horizontal slot 20 through which a cable 22 may pass. The
      rear end of the bar 16 is pivotally attached to the housing so that the
      guide may move upwardly and downwardly as the wrap diameter on the drum
      changes. Intermediate the ends of the guide are a pair of upwardly
      extending smoothly curved guides 24 which are located to be contacted by
      the cable 22 when it reaches the end of one wrap and, as to be explained
      in greater detail hereinafter, provides an inwardly directed force causing
      the cable to reverse directions on the next subsequent wrap.
PAR  Mounted to the rear of the housing 2 of the winch is a spreader bar 26
      which is mounted to the housing 2 such that it extends outwardly on both
      sides of the center of the drum equidistantly. The outer ends of the
      spreader 26 include cable retainers 28. A pair of equal length cables 30
      are secured to the under portion of the housing 2, extend rearwardly
      through the retainers 28 and terminate in a hook 32 or other fastening
      means suitable for attachment to a fixed object, commonly known as a "dead
      man."
PAR  It is to be noted at this point that the cable retainers, the spreader and
      the anchor points for the cable 30 and the housing 2 are all equally
      spaced along lines perpendicular to a center line which passes through the
      longitudinal center of the drum thus completely balancing the winch
      portion of the mechanism.
PAR  In operation, the saw engine, or any other suitable power source, is
      secured to the winch housing so that the power is transmitted via the gear
      train to the drum which may be selectively driven by engagement of the
      clutch 8. As the cable is rolled onto the drum, it proceeds across the
      drum laying one wrap of cable adjacent the previous wrap. As the cable
      approaches the outer limits of one side of the drum, it exerts a biasing
      force on the winch unit and engine which are secured together as a unit
      causing the winch to pivot about a vertical axis approximately through the
      drum.
PAR  As the winch pivots, it puts a greater strain on the cable 30 opposing the
      direction of pivot and simultaneously causes the cable, on rolling, to
      contact one of the cable guides 24. There is sufficient force exerted
      between a combination of the lateral force exerted by cable guide 24 and
      the force generated by uneven loading on the two portions of cable 30 that
      the cable elevates one wrap and begins another layer in the opposite
      direction. This process repeats itself at the opposite end of the drum
      until the drum is either full or until the cable is fully wound, so that
      the cable is continuously and smoothly wrapped in succeeding layers on the
      drum 10. The present invention provides for a small portable winch and an
      inexpensive and trouble-free means of assuring a level wind.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A level wind winch for use in combination with a power source,
      comprising:
PA1  a winch unit including a frame and a winch drum mounted for rotation about
      its central axis to the frame,
PA1  flexible rope means secured about the drum,
PA1  a flexible bridle comprising a pair of equal length cables securing
      opposite sides of the winch frame to a common fixed point of attachment
      rearwardly of the winch frame,
PA1  a spreader bar of greater length than the winch drum extending intermediate
      the point of attachment and the winch frame substantially parallel to the
      central axis of rotation of the winch drum,
PA1  cable retainers on the outer ends of the spreader bar through which the
      cables of the flexible bridle pass, the bridle allowing the winch unit to
      pivot about an imaginary vertical line perpendicular to the central axis
      of the winch drum and intermediate the winch drum and spreader bar when
      the rope means is being wrapped about the winch drum under tension and
      approaches either of the ends of the drum, the force generated by uneven
      loading on the flexible bridle elevating the rope means one wrap and
      causing the rope means to reverse directions and begin wrapping a
      succeeding layer over the initial layer.
NUM  2.
PAR  2. The winch of claim 1 including deflectors positioned adjacent the ends
      of the drum for deflecting the rope laterally inwardly when the end of the
      drum is reached, the deflector aiding in elevating the rope means by
      exerting, on contact with the rope means, an inwardly directed force
      acting in combination with the force generated by uneven loading on the
      bridle.
NUM  3.
PAR  3. The winch of claim 1 including a pair of rigid arms secured to and
      extending forwardly of the winch frame.
NUM  4.
PAR  4. The winch of claim 3 wherein the deflectors are a pair of vertical
      posts, one secured to each of the rigid arms adjacent each of the ends of
      the winch drum.
NUM  5.
PAR  5. The winch of claim 3 wherein the rigid arms are pivotally connected to
      the winch frame, permitting the arms to move vertically as the wrap
      diameter of the rope means on the drum changes.
NUM  6.
PAR  6. The winch of claim 5 wherein the rigid arms are joined at their outer
      ends by a slotted bar through which the rope means passes.
NUM  7.
PAR  7. The winch of claim 1 wherein the retainers, spreader bar and points of
      attachment of the cables of the flexible bridle are along imaginary lines
      perpendicular to the central axis of the winch drum.
NUM  8.
PAR  8. A portable winch that level winds under load, comprising:
PA1  a winch unit including a winch frame and a winch drum mounted for rotation
      about its central axis to the frame,
PA1  a gear train mounted on said winch frame,
PA1  manually engageable clutch means for engaging and disengaging the winch
      drum to said gear train,
PA1  a portable power source operatively connected to said gear train,
PA1  flexible rope means secured about the winch drum,
PA1  a pair of rigid arms secured to the winch frame and extending from the
      winch drum, the rigid arms joined at their outer ends by a slotted bar
      through which the flexible rope means passes,
PA1  a pair of vertical deflector posts, one secured to each of the rigid arms
      adjacent each end of the winch drum for deflecting the rope means
      laterally inwardly when the end of the drum is reached,
PA1  a flexible bridle comprising a pair of equal length cables securing
      opposite sides of the winch frame to a common fixed point of attachment
      rearwardly of the winch drum,
PA1  cable retainers on the outer ends of the spreader bar through which the
      cables of the flexible bridle pass, the bridle allowing the winch unit to
      pivot about an imaginary vertical line perpendicular to the central axis
      of the winch drum and intermediate the winch drum and spreader bar when
      the rope means is being wrapped about the winch drum under tension and
      approaches either of the ends of the drum, the rope means at the end of
      the drum contacting the deflector adjacent the end of the drum, the
      deflector exerting sufficient inwardly directed lateral force in
      combination with the force generated by uneven loading on the flexible
      bridle to elevate the rope means one wrap and cause the rope means to
      reverse directions and begin wrapping a succeeding layer over the initial
      layer.
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ABST
PAL  Apparatus for producing a foamed fibre dispersion for deposition on the
      foraminous support of a machine for manufacturing non-woven fibrous
      material includes an outlet manifold closed except for an outlet from
      which foamed fibre dispersion issues for deposition on the foraminous
      support, as well as a plurality of input openings, an inlet manifold
      closed except for an inlet through which the apparatus is supplied with
      dispersion to be foamed, and a plurality of outlet openings. A plurality
      of closed foam-forming pipes each effect communication between an
      individual one of the inlet manifold outlets and an individual one of the
      outlet manifold inlet openings. Each foam-forming pipe includes at least
      one internal region defined by zones of alternately decreasing and
      increasing cross section so as to establish cross sectional restriction to
      increase the speed of flow of dispersion, thereby to create in the
      foam-forming pipe turbulence to effect foaming of the dispersion. A pump
      is operable to pump a dispersion of air and fibres in a liquid containing
      a surface active agent into and through the inlet manifold, through the
      foam-forming pipes, and into and out of the outlet manifold.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of application Ser. No. 347,561,
      filed Apr. 3, 1973.
BSUM
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for producing a foamed fibre dispersion
      for use in the manufacture of non-woven fibrous material, including paper.
PAR  2. Description of the Prior Art
PAR  It is known to manufacture paper and other non-woven fibrous material by
      depositing a suspension of fibres in a liquid, usually water, onto a
      foraminous support, called the wire, of a paper-making machine, which
      allows the liquid to drain through while retaining most of the fibres in
      the form of a web in which the fibres lie intermeshed, all substantially
      in the plane of the web. Due to the random nature of the process of
      deposition, and also because of the natural tendency of most fibres to
      form flocs, or clumps, the web is usually not uniform but contains areas
      which are particularly thin or light, or which are particularly thick or
      heavy. The degree of uniformity, or the lack of uniformity, of the web,
      may be controlled to some extent by the exercise of the machine operator's
      skill and by the design of the machine. In particular, the formation of
      acceptably uniform webs from fibres which have an excessive tendency to
      flocculate, or clump together, such as long synthetic fibres, or long,
      lightly beaten cotton or wood fibres, or other long natural fibres from
      animal, vegetable or mineral sources, requires that the fibres be
      dispersed in very large volumes of liquid. The subsequent drainage of such
      large volumes of liquid cannot be accomplished on conventional
      paper-making machines but requires costly modifications thereto.
PAR  A less common known method of manufacturing fibrous material is that in
      which fibres are first dispersed in a liquid medium of high viscosity,
      such as an aqueous solution of sugar, or of natural gums, the dispersion
      then being drained through the wire of a paper-making machine thereby to
      form a fibrous web on the wire.
PAR  This method has the advantage that when the dispersing action ceases, the
      fibres very quickly cease their motion in the liquid medium, and become
      immobile before they can become flocculated and clumped together to any
      appreciable extent. Thus, the fibres in such a liquid medium remain well
      dispersed until the liquid medium is drained from the dispersion and the
      web formed. However, due to the always high viscosity of the liquid medium
      initial dispersion of fibres therein is difficult, and its drainage
      through the forming web and through the supporting wire is slow and
      difficult, so that this known method is not well suited to the large-scale
      continuous manufacture of fibrous material.
PAR  It has also been proposed to add a surface active agent to the water
      conventionally used in the waterlaying of fibrous webs on a paper-making
      machine, and by agitation produce a foamed fibre dispersion having an air
      content of at least 65 percent by volume to assist in the formation of a
      uniform fibrous web and, more especially, a uniform fibrous web comprising
      fibres longer than those conventionally employed in the water-laying
      manufacture of fibrous webs on a paper-making machine i.e. fibres having a
      length in excess of about 3 mm.
PAR  Known methods of forming such a foamed fibre dispersion involve subjecting
      water containing surface active agent to a vigorous shearing action, for
      example by the use of apparatus comprising a casing for containing the
      water, and an impeller mounted within the casing for rotation relative
      thereto such that the water is subjected to a vigorous shearing action
      between blades of the impeller and an inner surface of the casing. With
      the use of such apparatus fibres can be added either to the water prior to
      foaming thereof or to foam already formed in the apparatus.
PAR  Known foamed fibre dispersion forming apparatus as described above, while
      being effective to form dispersions having required properties, has the
      disadvantage that it comprises relatively moving parts, i.e., the impeller
      and the casing, and thus requires an input of power to provide the
      necessary movement. Further, the relative movement of the parts results in
      wear in the apparatus.
PAC  SUMMARY
PAR  It has now been discovered, firstly that fibrous material having a higher
      degree of uniformity of fibre dispersion throughout the material than can
      be produced at the same weight consistency using only water as the
      dispersion medium, can be manufactured using a foamed liquid medium having
      an air content above a lower limit less than 65 percent; secondly that
      there is an air content level for the foamed liquid medium above which
      although the dispersion of fibres in the foamed liquid medium is more
      uniform than can be obtained at the same weight consistency using only
      water as the dispersion medium, nevertheless the fibres in the foamed
      liquid medium have a tendency to agglomerate; and thirdly that the size
      distribution of the bubbles in the foamed liquid medium is of considerable
      importance.
PAR  It has also been discovered that not all foamed liquid media comprising gas
      bubbles dispersed in a liquid containing a surface active agent are useful
      for dispersing fibres, and in fact that certain foamed liquid media can be
      used to produce agglomeration of fibres (and particles) rather than
      dispersion thereof, albeit that the overall fibre dispersion may be better
      than could be obtained at the same weight consistency using water only as
      the dispersion medium.
PAR  It has further been discovered that an important parameter in relation to
      the dispersion/agglomeration properties of a foamed liquid medium of the
      kind under consideration is the volume percentage of gas therein, and that
      the possible volume percentage of gas range (i.e. 0 percent to about 99.9
      percent) can be divided into three subranges two of which, namely up to
      about 55 percent and over about 75 percent, can be used to effect
      agglomeration of fibres and/or particles, and the other, namely from about
      55 percent to about 75 percent, can be used to effect substantially
      uniform dispersion of generally discrete fibres.
PAR  The volume percentage of gas required to effect the most uniform dispersion
      of any particular fibres and/or particles is generally dependent upon the
      shape, size, physical properties and concentration of the fibres and/or
      particles. The relationship between the size of the fibres and/or
      particles and the arithmetic mean diameter of the gas bubbles is also
      relevant in determining the most uniform dispersion of any particular
      fibres and/or particles.
PAR  It has been ascertained that at all volume percentages of gas, fibres
      normally occupy only the liquid between the gas bubbles; that is that
      fibres do not penetrate the gas bubbles. Thus, factors determining whether
      a particular foamed liquid medium will effect dispersion or agglomeration
      of fibres apart from the volume percentage of gas therein are the number,
      shape and size of the gas bubbles in the medium.
PAR  When the foamed liquid medium contains a volume percentage of gas of
      between about 55 percent and 75 percent, the fibres are dispersed
      substantially, uniformly throughout the foamed liquid medium.
PAR  When the volume percentage of gas in a foamed liquid medium is less than
      about 55 percent, the gas is contained in a relatively few relatively wide
      diameter range bubbles which devide the medium into pockets of liquid in
      which the fibres collect, and as the viscosity of the liquid (normally
      water) is relatively low, the fibres are free to move and thus agglomerate
      within the liquid pockets.
PAR  When the volume percentage of gas in a foamed liquid medium is greater than
      about 75 percent and the bubbles have a substantially uniform size
      distribution, the packing density of the bubbles is so high that the
      bubbles are deformed from their normally spherical shape into polyhedrally
      shaped bubbles. In a medium containing such bubbles, surface tension
      effects result in forces in the planes of the inter-bubble lamellae, the
      forces being directed towards the line of intersection of the lamellae and
      into the points of intersection of the lines of intersection of the
      lamellae. These forces move fibres into the lines of intersection of the
      lamellae and the fibres become aligned in bundles in these lines.
PAR  However, although when using a foamed liquid medium having a volume
      percentage of gas above 75 percent therein there is some degree of fibre
      agglomeration, nevertheless the overall fibre dispersion in a web produced
      using such a foam can be better than can be obtained at the same fibre
      weight consistency using only water as the dispersion medium.
PAR  Work has shown that as the volume percentage of gas in a foamed liquid
      medium increases, firstly the number of bubbles per unit volume of the
      medium increases; secondly the arithmetic mean diameter of the bubbles
      decreases; and thirdly the range of bubble diameters decreases. The
      inherent desirable viscosity properties of the foamed liquid medium
      produced in accordance with the present invention derive from not only the
      number of bubbles therein per unit volume, but also from the substantially
      uniform size of the bubbles.
PAR  The effect on the viscosity of the medium of the bubble size distribution
      is thought to result from the fact that the volume percentage of gas
      required for close packing of the bubbles is less if the bubbles have a
      substantially uniform size distribution.
PAR  The chemical nature of the surface active agent used is not critical
      provided that it is able to produce a foamed liquid medium having the
      specified properties. The surface active agent may be anionic, cationic,
      or nonionic and it has been found that proprietary surface active agents
      such as that sold under the name "ACE" liquid, this being an anionic
      substance, by Industrial Soaps Ltd., that sold as "TEXTOFOR (Registered
      Trade Mark) FN 15", a nonionic substance, by Glover Chemicals Ltd., and
      that sold as "AMINE Fb 19", a cationic substance, by Float-Ore Ltd., are
      all suitable. Other surface active agents that have been used are
      octylphenoxypolyethoxy ethanol, and commercial grade dodecyl benzene
      sulfonate.
PAR  The arithmetric mean diameter of the bubbles in a foamed liquid medium can
      be determined by plunging a microscope slide cooled to about -70.degree.C
      into the medium, and then removing the slide with a sample of the medium
      frozen thereto and placing the slide into a freezing stage of a
      microscope. Photomicrographs at say 100 .times. magnification can then be
      taken and the arithmetic mean diameter of the visible bubbles then
      determined therefrom. This method has the advantage that a sample of the
      medium is taken from within the medium mass, and it is not only the outer
      layer of bubbles that is examined.
PAR  It is an object of the present invention to provide an apparatus for
      producing a foamed fibre dispersion for use in the manufacture of
      non-woven fibrous material, which apparatus comprises no moving parts, and
      a further object is to combine with the apparatus means for controlling
      the production so as to produce foamed fibre dispersions having the
      desirable properties which follow from the discoveries described above.
PAR  According to the invention there is provided apparatus for producing a
      foamed fibre dispersion for use in the manufacture of non-woven fibrous
      material, said apparatus comprising a plurality of foam-forming pipes, and
      an inlet manifold and an outlet manifold connected one to the other by
      said pipes, the arrangement being such that by feeding, under pressure, a
      dispersion of air and fibres in a liquid containing a surface active agent
      into the inlet manifold and through the pipes a foamed fibrous dispersion
      is delivered to the outlet manifold. Each foam-forming pipe includes at
      least one internal region defined by zones of alternately decreasing and
      increasing cross section so as to establish cross sectional restriciton to
      increase the speed of flow of dispersion.
PAR  In use of apparatus according to the invention the fibre dispersion
      supplied to the inlet manifold passes into the foam-forming pipes through
      those regions defined by zones of alternately decreasing and increasing
      cross section, and then passes from the outlet manifold in a foamed
      condition. These regions of foam-forming pipes serve to create turbulent
      flow of the fibre dispersion before it passes along the foam-forming
      pipes, the dispersion thus becoming foamed, without the use of moving
      parts, during its passage along the foam-forming pipes. It has been found
      that the undulating cross sectional area changes provide a significant
      foam-forming advantage over the mere presence of a constriction to
      throttle flow.
PAR  Foam stability is considerably enhanced where the foam-forming pipes are
      each provided with a coiled section including at least two coils between
      the outlet manifold and the undulating sections.
PAR  An advantage of apparatus according to the invention is that it can be
      positioned in-line between a source of air and fibre dispersed in water
      containing surface active agent, and a foraminous support on which the
      foamed fibre dispersion formed in the apparatus is to be drained, without
      the need for any pumping means which could upset the characteristics of
      the foamed fibre dispersion, between the apparatus and the foraminous
      support. The foamed fibre dispersion can be fed straight from the
      apparatus of the invention on to the foraminous support by means of a mere
      flow spreader, for example a pipe shaped to spread the flow emanating from
      the apparatus to the width of the foraminous support, but is preferably
      fed by way of a conventional type of paper-making machine head box, closed
      or open.
PAR  A mixer connected to the inlet manifold can be arranged to effect an
      initial dispersion of air and fibres in liquid containing the surface
      active agent and metering means be connected with an inlet to the mixer to
      admit metered quantities of air to the mixer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of one form of the apparatus,
PAR  FIG. 2 is an end elevation of the apparatus of FIG. 1,
PAR  FIG. 3 is a sectional view through a connection between the inlet manifold
      and a foam-forming pipe of the apparatus,
PAR  FIG. 4 is a plan diagrammatically illustrating another form of the
      apparatus,
PAR  FIG. 5 is a section diagrammatically illustrating a part of the apparatus
      of FIG. 4,
PAR  FIG. 6 is a block diagram of a part of a nonwoven fibrous material
      manufacturing system including apparatus according to the invention; and
PAR  FIGS. 7-9 are cross-sectional views of alternative forms of pipe inserts
      that may be employed instead of the insert depicted in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 to 3, the apparatus comprises a plurality of
      foam-forming pipes 1 each having at least one internal region of
      constricted cross-section formed by a tubular insert 2. As clearly
      depicted in FIG. 5, this region is defined by zones of alternately
      decreasing and increasing cross-section. Such an undulating region has
      been found to provide a significant foam-forming advantage over the mere
      presence of a constriction to throttle flow. FIGS. 7-9 depict tubular
      inserts 2a, 2b, and 2c which may be employed in place of the insert 2
      depicted in FIG. 5. As is apparent, these inserts of FIGS. 7-9 also
      provide an internal region of constricted cross-section defined by zones
      of alternately decreasing and increasing cross-section, which undulating
      regions also provide the aforementioned foam-forming advantages.
PAR  An inlet manifold, formed by an inlet pipe 3, and an outlet manifold formed
      by an outlet pipe 4, are connected one to the other by the foam-forming
      pipes 1.
PAR  The inlet pipes 3 and outlet pipes 4 may have an internal diameter of 6
      inches for a flow of 3000 liters per minute, the foam-forming pipes an
      internal diameter of three-quarters of an inch, and the tubular insert an
      internal diameter of one-half of an inch. The foam-forming pipes 1, in
      this embodiment are straight pipes which extend between the inlet and
      outlet pipes 3, 4 in spaced substantially parallel relation, the length of
      the foam-forming pipes 1 being about ten feet and the spacing between the
      axes of the foam-forming pipes about six and one-quarter inches.
PAR  Bossed flanged members 5 are secured to each of the inlet and outlet pipes
      3, 4 and one end of a foam-forming pipe 1 is located in the boss 6 of each
      said member as illustrated in FIG. 1. Each end of a foam-forming pipe is
      secured in its boss 6, as illustrated in FIG. 3, by two co-acting sleeves
      7, 8 one within the other, the inner sleeve 7 being secured to the end of
      the pipe 1 and to the outer sleeve 8, and the outer sleeve 8 being secured
      to the boss 6.
PAR  Each end of each of the inlet and outlet pipes 3, 4 is provided with an
      apertured flange member 9 to connect the opposite ends of the pipes in
      common respectively to an input pipe and an output pipe, as described
      below.
PAR  Some of the foam-forming pipes 1, alternate ones as shown in FIG. 1, are
      provided with on/off valve 10 by which the through put of the apparatus
      can be controlled.
PAR  In the embodiment of the apparatus diagrammatically illustrated in FIGS. 4
      and 5, the inlet and outlet manifolds are formed by housings 11, 12 and
      each foam-forming pipe 1 extends laterally from a housing and is coiled,
      as at 13, between the ends thereof connected respectively to the inlet and
      the outlet housing.
PAR  Preferably, each pipe 1 is coiled at least at two locations 13 between the
      outlet manifold and the insert. The coiling considerably enhances foam
      stability.
PAR  In a preferred embodiment the housings 11, 12 are circular and the
      foam-forming pipes extend radially therefrom.
PAR  Each end of each of the foam-forming pipes is connected to a housing 11, 12
      through a manually operable valve 14 connected to a stub pipe 15 extending
      laterally from the housing. The tubular inserts 2 (or 2a, 2b, or 2c) are,
      in this embodiment, connected to the valves 14 and the foam-forming pipes
      1, which may be formed by flexible tubes, are fitted over the inserts 2 as
      illustrated in FIG. 5.
PAR  One end 16 of the inlet housing 11 is open to permit a dispersion of air
      and fibres in a liquid containing a surface active agent to flow into the
      housing and the end of the housing opposite said open end is closed by a
      plug, FIG. 5, having a conical configuration 17 extending into the housing
      to prevent the formation of air pockets in the inlet housing 11 and to
      provide substantially even flow through the foam-forming pipes 1. One end
      of the housing 12 is also open to permit the flow of foamed fibre
      dispersion from the housing.
PAR  With this embodiment there may be 48 foam-forming pipes 1 arranged in four
      ranks or banks each of twelve pipes and the housings 11, 12 are preferably
      independently supported so that little or no vibration is transmitted
      between the inlet and outlet manifolds. Generally before using the
      apparatus to make any particular kind of product the number of
      foam-forming pipes to be used will be selected by manipulation of the
      valve 14. If desired, the number of foam-forming pipes in use can also be
      changed during operation of the apparatus also by manipulation of the
      valves 14.
PAR  When the apparatus of FIGS. 4 and 5 is in operation a mixture of air,
      fibre, surface active agent, and liquid fed to the inlet manifold 11 is
      substantially equally divided into each foam-forming pipe 1 and the
      tubular inserts 2 (or 2a, 2b, 2c) set up turbulence in the mixture which
      effects the formation of a foamed fibre dispersion having desired
      properties as referred to above.
PAR  FIG. 6 diagrammatically illustrates the use of apparatus according to the
      invention in a non-woven fibrous material manufacturing system. The system
      includes a closed in-line mixer 18, for example a closed tank containing a
      rotatable paddle, in which an initial dispersion of air and fibre in
      liquid, usually water, containing a surface active agent is formed. From
      the mixer 18 the dispersion is fed under pressure, about 25 to 30 pounds
      per square inch, by a pump 19 to an input pipe 20 to the inlet manifold 2
      or 11 as appropriate.
PAR  Foamed fibre dispersion leaves the outlet manifold 4 or 12 through an
      output pipe 23 and is fed on to a foraminous suspport 24 in the form of
      the wire of a Fourdrinier paper-making machine. The foamed fibre
      dispersion drains on the foraminous support 24 under the action of a
      vacuum applied to the underside of the support 24, the vacuum being
      provided by a vacuum system 25. Some of the liquid, which is generally in
      a foamed condition, drained from the foamed fibre dispersion on the
      foraminous support 24 is fed back by a pump 26 through a pipe 27 to the
      mixer 18 for re-use, and further fibre, either dry or as a dispersion, is
      fed into the mixer 18 through a pipe 28 for dispersion in the re-used
      liquid. Air under pressure is delivered to a metering device 21 by a
      compressor 22 or the like and the device 21 delivers metered quantities of
      air into the pipe 28. The amount of air supplied is indicated by the
      metering device 21 and is controlled so that the foamed fibre dispersion
      to be formed contains a required volume percentage of air such as will
      result in the formation of a foamed fibre dispersion having desired
      properties as described above.
PAR  The apparatus of the invention has been described above in relation to the
      production of a foamed fibre dispersion from an initially substantially
      un-foamed dispersion of fibres in a liquid containing a surface active
      agent and air; it will be appreciated that the mixer described with
      reference to FIG. 6 will effect some foaming of the mixture passing
      therethrough, the apparatus of the invention serving controllably to
      provide a foamed fibre dispersion having required properties.
PAR  Further, from the description of the re-use of liquid drained from the
      foamed fibre dispersion on the foraminous support, which liquid is
      generally in a foamed condition, it will also be appreciated that the
      apparatus of the invention, or the mixer described, can be supplied with a
      fibre dispersion in a foamed condition, albeit not in a foamed condition
      required for supply of the dispersion to the foraminous support.
PAR  It will be appreciated that although the undulating zones of alternately
      increasing and decreasing cross-section have been described in conjunction
      with inserts 2, 2a, 2b, and 2c, such zones need not be provided by inserts
      to realize advantages of aspects of the present invention, and accordingly
      such zones may be provided by establishing an undulating configuration of
      the pipe itself. In any event, in each pipe one or more internal regions
      of relatively short extent and defined by zones of alternately lesser and
      greater cross-section are provided. These regions may take the form shown
      in FIGS. 3 and 5 where the undulation is continuously sinusoidal-like in
      cross-section, the form of FIG. 7 where the undulation is continuously
      toothed, the form of FIG. 9 where the undulation is continuous and formed
      by converging and diverging frustoconical sections, the form of FIG. 8
      where the undulation is discontinuous and formed by converging and
      diverging frustoconical sections, or other suitable forms. The undulations
      may be symmetrical as depicted or may be assymmetrical and a combination
      of undulation profiles with or without discontinuity may be employed.
PAR  Generally, lengths of the undulation region in the range of 3  to 13 mm,
      preferably 10 mm, are preferred, and differences in the narrowest
      cross-sectional dimension and the greatest cross-sectional dimension in
      the range of 1  to 4 mm, preferably 3 mm are preferred.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing a foamed fibre dispersion for deposition on the
      foraminous support of a machine for manufacturing non-woven fibrous
      material, said apparatus comprising an outlet manifold closed except for
      an outlet from which foamed fibre dispersion issues for deposition on the
      foraminous support and a plurality of input openings, an inlet manifold
      closed except for an inlet through which the apparatus is supplied with
      dispersion to be foamed and a plurality of outlet openings, a plurality of
      closed foam-forming pipes each effecting communication between an
      individual one of the inlet manifold outlets and an individual one of the
      outlet manifold inlet openings, each said foam-forming pipe including at
      least one internal region defined by zones of alternately decreasing and
      increasing cross section so as to establish cross sectional restriction to
      increase the speed of flow of dispersion thereby to create in the
      foam-forming pipe turbulence to effect foaming of the dispersion, and a
      pump operable to pump a dispersion of air and fibres in a liquid
      containing a surface active agent into and through the inlet manifold,
      through the foam-forming pipes, and into and out of the outlet manifold.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said at least one internal
      region is located adjacent to the position of connection of the pipe to
      the inlet manifold.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said at least one internal
      region is formed by a tubular insert located in a foam-forming pipe.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the inlet and outlet manifolds
      are formed respectively by an inlet pipe and an outlet pipe and the
      foam-forming pipes are straight pipes extending between the inlet and
      outlet pipes in spaced substantially parallel relation.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein bossed flanged members are
      secured to each of the inlet and outlet pipes, and one end of a
      foam-forming pipe is located in the boss of each said member and is
      secured therein by two coacting sleeves one within the other, the inner
      sleeve being secured to said pipe and to the outer sleeve, and the outer
      sleeve being secured to the boss of said member.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein at least some of the
      foam-forming pipes are provided with on/off valves to control the
      through-put of the apparatus.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein the inlet and outlet manifolds
      are each formed by a housing, each foam-forming pipe extends laterally
      therefrom and is coiled between the ends thereof connected respectively to
      the inlet and the outlet housing, one end of the inlet housing is open to
      permit air and a dispersion of air and fibres in a liquid containing a
      surface active agent to flow into the housing, and the outlet housing has
      an open end to permit the flow of foamed fibre dispersion therefrom.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein each foam-forming pipe is coiled
      at least at two locations between the ends thereof connected to the inlet
      and the outlet housing.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein each foam-forming pipe is
      connected to the inlet housing through a manually operable valve.
NUM  10.
PAR  10. Apparatus according to claim 8, wherein the end of the inlet housing
      opposite the open end thereof is closed by a plug having a conical
      configuration extending into the housing to prevent the formation of air
      pockets in the inlet housing.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein the inlet manifold is
      connected through a delivery pipe with a mixer arranged to effect an
      initial dispersion of air and fibres in liquid containing a surface active
      agent, wherein the pump is connected to the delivery pipe between the
      inlet manifold and the mixer, and wherein metering means is connected with
      an inlet to the mixer to admit thereto metered quantities of air.
NUM  12.
PAR  12. Apparatus according to claim 11, including a vacuum system operable to
      remove liquid from foamed fibre dispersion on the foraminous support and a
      pump and return pipe arranged to return to the mixer liquid removed from
      the foamed fibre dispersion on the foraminous support.
NUM  13.
PAR  13. Apparatus according to claim 8, wherein the opposite ends of each
      foam-forming pipe are connected respectively one to the inlet housing and
      one to the outlet housing through manually operable valves connected to
      stub pipes extending laterally from the housings.
NUM  14.
PAR  14. Apparatus according to claim 13, wherein the end of each foam-forming
      pipe connected to the inlet housing is fitted over a tubular insert
      connected to one of said valves.
NUM  15.
PAR  15. Apparatus according to claim 13, wherein the inlet manifold is
      connected through a delivery pipe with a mixer arranged to effect an
      initial dispersion of air and fibres in liquid containing a surface active
      agent, wherein the pump is connected to the delivery pipe between the
      inlet manifold and the mixer, and wherein metering means is connected with
      an inlet to the mixer to admit thereto metered quantities of air.
NUM  16.
PAR  16. Apparatus according to claim 15, including a vacuum system operable to
      remove liquid from foamed fibre dispersion on the foraminous support and a
      pump and return pipe arranged to return to the mixer liquid removed from
      the foamed fibre dispersion on the foraminous support.
NUM  17.
PAR  17. Apparatus according to claim 7, wherein the housings are circular and
      the connections of the foam-forming pipes thereto extend radially
      therefrom.
NUM  18.
PAR  18. Apparatus according to claim 7, wherein the inlet manifold is connected
      through a delivery pipe with a mixer arranged to effect an initial
      dispersion of air and fibres in liquid containing a surface active agent,
      wherein the pump in connected to the delivery pipe between the inlet
      manifold and the mixer, and wherein metering means is connected with an
      inlet to the mixer to admit thereto metered quantities of air.
NUM  19.
PAR  19. Apparatus according to claim 18, including a vacuum system operable to
      remove liquid from foamed fibre dispersion on the foraminous support and a
      pump and return pipe arranged to return to the mixer liquid removed from
      the foamed fibre dispersion on the foraminous support.
NUM  20.
PAR  20. Apparatus according to claim 1, wherein the inlet manifold is connected
      through a delivery pipe with a mixer arranged to effect an initial
      dispersion of air and fibres in liquid containing a surface active agent,
      wherein the pump is connected to the delivery pipe between the inlet
      manifold and the mixer, and wherein metering means is connected with an
      inlet to the mixer to admit thereto metered quantities of air.
NUM  21.
PAR  21. Apparatus according to claim 20, including a vacuum system operable to
      remove liquid from foamed fibre dispersion on the foraminous support and a
      pump and return pipe arranged to return to the mixer liquid removed from
      the foamed fibre dispersion on the foraminous support.
NUM  22.
PAR  22. Apparatus comprising a plurality of pipes connecting an inlet manifold
      to an outlet manifold each pipe including between the inlet and outlet
      manifolds at least one internal portion consisting of a succession of
      zones of short extent and alternate lesser and greater cross section which
      when a dispersion of air and fibres in a liquid containing a surface
      active agent is fed under pressure from the inlet manifold effect foaming
      of the dispersion for delivery to the outlet manifold, each said pipe
      between the outlet manifold and said internal portion of the pipe being
      provided with a coiled portion for enhancing foam stability.
NUM  23.
PAR  23. Apparatus according to claim 22, wherein said coiled portion comprises
      at least two coiled sections.
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ABST
PAL  Methods and apparatus are disclosed for continuous mixing of formulations
      for urethane products. A hydroxyl mixture and isocyanate, the major foam
      components, are supplied to a mixer. In the mixer, the components are
      mixed by transverse shearing and agitation means. The degree of agitation
      is varied along the length of the mixer, which runs at a constant speed,
      by varying the shearing pin configuration. The flow path through the mixer
      is arranged to control pressure on the fluid as well as minimize the
      tendency of internal foam build-up to occur.
PARN
PAR  This is a continuation of application Ser. No. 85,639, filed Oct. 30, 1970,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved methods for producing urethane foam and
      the like and, more particularly, relates to improved methods for mixing
      liquid reactants for the production of foam.
PAR  One of the techniques for the production of urethane foam is to
      continuously mix reactive materials while continuously pouring them. This,
      of course, involves the need for providing a continuous flow of reactive
      mixture from a discharge nozzle at suitable volumes with proper mixing so
      that the deposited mixture reacts to provide an acceptable product.
PAR  In continuous molding of rigid foam, a reactive mixture is deposited on a
      moving conveyor at the input side of a tunnel mold and, as the reaction
      and foaming occur, the mixture expands and is defined in configuration by
      the cross-section of the tunnel mold and solidifies into a predetermined
      configuration. The quality of the resulting product is heavily dependent
      upon the quality of the mixing of the materials which are deposited for
      the reception by the mold.
PAR  In continuous molding of flexible foam, a reactive mixture is deposited on
      a moving conveyor at the input side of a U-shaped form, and, as the
      reaction and foaming occur, the mixture expands and is defined by the
      cross-section of the form.
PAR  There are, of course, other types of foam molding other than with a
      continuously moving conveyor. In almost all instances, proper mixing is
      essential to the formation of a good product.
PAR  As noted heretofore, urethane foam products can be produced by a number of
      techniques and can be either rigid or flexible. The present invention is
      principally concerned with a mixer for high volume, short time and
      intimately mixed throughputs where the chemical components are supplied to
      the mixer.
PAR  The raw materials used to produce foams typically consist of a di- or
      polyfunctional isocyanate, a polyfunctional hydroxyl material, a blowing
      agent, catalysts, cell size regulators, surfactants, and sometimes fillers
      or additives to obtain special properties. For the production of rigid
      foams, a relatively viscous hydroxyl compound is employed, and the
      objective is to obtain thorough mixing and dispersion of the various
      ingredients; the chemicals are such that about ninety percent of the cells
      in the foam product are closed. On the other hand, for flexible foams the
      polyester and polyether hydroxyl compounds are much less viscous, and the
      cells in the foam product are substantially all open. Obviously, viscosity
      of the chemical ingredients plays an important part in mixing and the
      likelihood of obtaining a thorough mixing action. The mixing head is
      supplied with a preblended mixture of hydroxyl, catalyst, coloring and
      acid which do not produce the foaming reaction. The other main mixture
      supplied to the mixer head is the isocyanate. Thus, the function of the
      mixing head is to blend the isocyanate and hydroxyl mixtures as quickly
      and thoroughly as possible to provide the reactive mixture. In this
      system, it is necessary to use the preblended mixture as soon after
      preblending as possible, since chemical reactions can occur.
PAR  In U.S. Pat. No. 3,482,822, a mixing head is illustrated which has some
      features in common with the present invention. In the U.S. Pat. No.
      3,482,822, a preblended hydroxyl mixture was combined with an isocyanate,
      and mixing of the isocyanate and preblended mixture were accomplished by
      intermeshing pins on the barrel and a whipper. This was highly
      satisfactory for certain formulations but lacks a controlled and proper
      mixing for faster reaction formulations. In any event, this head did not
      meet the entire set of problems posed by foam formulations.
PAR  To mix compounds for flexible foam, heretofore it has been necessary to use
      a high pressure injection system for the ingredients in the order of 2000
      psi. The ingredients are injected into a mixing chamber through an
      injection nozzle system to provide a finely atomized, high velocity stream
      for mixing and dispersion purposes. This system obviously has drawbacks.
      With the present invention, relatively low pressure mixing of compounds
      for flexible foam can be accomplished.
PAR  The mixing head can have outputs from 90 to 600 pounds/minute and typically
      traverses a moving conveyor at right angles while the liquid is laid down
      in a pattern of nearly parallel lines which merge before creaming. Upon
      mixing, the reaction begins immediately, and a foam rise can start at as
      little as two seconds after mixing (and even faster reactions are
      possible) and be completed within 1 to 2 minutes. Obviously, therefore,
      there is little time available for mixing. However, one of the most
      significant factors in producing good foam is proper mixing, particularly
      to handle dispersion of the vaporizing liquid and complex systems
      involving more than one reactant to obtain very highly cross-linked
      systems. A part of the difficulty in mixing the components for a urethane
      foam stock is the fact that some of the constituents are immiscible with
      one another, and others produce undesired reactions if not properly
      combined.
PAC  SUMMARY OF THE INVENTION
PAR  The advantages of the present invention are obtained principally with a
      mixer having a cylindrical interior configuration and a central whipping
      means which jointly define an annulus or flow passage for flow of
      constituents therethrough. The mixing is accomplished by transverse
      shearing members on a whipper body and the housing. By controlling the
      relative configuration of the whipping members, varying degrees of
      agitation or mixing are obtained along the flow path.
PAR  In the preblending operation, the resin (polyhydroxyl) is first mixed with
      catalysts, surfactants, etc. The mixture is continuously supplied to a
      mixer section where isocyanate is combined with the mixture in an
      expanding chamber. Thereafter, violent mixing of the isocyanate and resin
      mixture with one another is obtained by oppositely inclined, transverse
      blades in horizontal rows which straddle transverse pins in a housing,
      thereby transversely shearing and mixing the liquids. The oppositely
      inclined blades cancel out the turbine effect of the blades and also
      provide for a constriction and expansion of space between the turbine
      blades and the pins in the housing so that a thorough intermixing is
      obtained.
PAR  To produce varying degrees of mixing, a pin configuration which is
      cylindrically shaped is used for less violent mixing because a
      cylindrically shaped pin will generate a lesser amount of turbulence in
      mixing, and therefore a fairly mild mixing is initially performed.
      Subsequently, along the flow path, rectangularly shaped pins with their
      diagonals aligned with the axis of the whipper introduce an intermediate
      mixing intensity and, subsequent to this, square shaped pins are employed
      to introduce a more violent degree of mixing before discharge of the
      materials from the mixer. The configuration of the flow path is controlled
      to minimize internal foam build-up.
PAR  In another aspect of the present invention, it is desired to provide a
      mechanical floating seal which will protect against scoring or abrasion of
      the rotative surfaces and therefore enhance and lengthen the life of the
      equipment.
DRWD
PAR  These and other features of the present invention will be further described
      or will become apparent in the following detailed description wherein
      reference is made to the figures in the accompanying drawings, as follows:
PAR  FIG. 1 is an overall view of a mixing head and mounting structure therefor
      in accordance with the present invention.
PAR  FIG. 2 is a view in cross section taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view in cross section taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a view in cross section taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is a plan view of the surfaces of the mixer and whipper body
      suspended in the plane of the drawing.
PAR  FIG. 6 is a view in cross-section taken along line 6--6 of FIG. 3.
PAR  FIG. 7 is a view in cross-section taken along line 7--7 of FIG. 3.
PAR  FIG. 8 is a view in cross-section taken along line 8--8 of FIG. 3 and FIG.
      2B.
PAR  FIG. 9 is a view in cross-section taken along line 9--9 of FIG. 3.
PAR  FIG. 10 is a view in cross-section taken along line 10--10 of FIG. 3.
PAR  FIG. 11 is a view in cross-section along line 11--11 of FIG. 10.
PAR  FIG. 12 is a view in cross-section along line 12--12 of FIG. 11.
DETD
PAR  Referring now to FIG. 1, a mixing nozzle 20 is illustrated as attached to a
      mounting bracket 21 by a mounting means which includes triangularly shaped
      supporting blocks 22 welded to the bracket 21. The bracket 21 is, of
      course, adaptable for attachment to a traverse cradle or the like in a
      foam production system so that it may be moved transversely or vertically
      as desired. The mixer 20 generally consists of a port block section 23, an
      upper mixer barrel 24, a lower mixer barrel 25, a barrel adapter 26 and a
      discharge nozzle 27 which is coupled to a barrel adapter by an adapter nut
      28. The port block section 23 includes an upper sealing block 29, a middle
      port block 30 and a lower port block 31.
PAR  As shown in FIG. 2, the mounting means includes the blocks 22 and a
      transverse block member 32 welded to the blocks 22. The block member 32
      has a cylindrical opening 33 which receives a cylindrical portion 34 of
      the upper sealing block 29, while a flanged portion 35 of the upper
      sealing block engages the lower surfaces of the block member 32. An upper
      bearing housing 36 has a flanged portion 37 fitting over the block member
      32, and bolts 38 attach the bearing housing 36 to the upper port block
      section 29.
PAR  The bearing housing 36 has a central opening which receives a whipper shaft
      42. In an enlarged part of the housing 36 are thrust bearings 40, and
      needle bearings 41 are in the central opening for rotatively supporting
      the whipper shaft 42. As illustrated, a flange 43 on the whipper shaft 42
      is disposed between upper and lower thrust bearings 40 which contain the
      shaft between the bearing housing and the upper port block section and
      prevent longitudinal movement of the whipper shaft 42. The needle bearings
      41 rotatively support the shaft relative to the bearing housing and
      provide longitudinal bearing supports for the shaft 42. A drive shaft 44
      is supported by needle bearings 45 in upper and lower blocks 46 attached
      to the bracket 21. The drive shaft 44 is interconnected to the whipper
      shaft 42 by a spline connected drive coupling 47. The drive shaft 44 has a
      flanged portion 48 which is supported between thrust bearings 49 and
      contained by an upper bearing housing 50 attached to the upper block 46. A
      pulley and belt arrangement 51 is coupled to a variable hydraulic driving
      means 51a for supplying the motivating force for the drive shaft at
      selected, desired speeds. Coupled to the upper end of the drive shaft 44
      is a tachometer pick-up 52 for indicating the speed of rotation.
PAR  The port block 29 (FIG. 2) has a central, stepped diameter opening which
      receives a sliding seal block arrangement 53 for sealing the shaft 42
      relative to the upper port block 29. Referring to FIG. 4 where the seal
      block 53 is shown in more detail, the seal block 53 is comprised of an
      enlarged annular recess 54 in the upper port block 29 which receives an
      annular, floating seal member 55 having two spaced-apart external grooves
      for receiving O-rings 56 and three spaced-apart internal grooves for
      receiving O-rings 57. The upper end of the seal member 55 has a tapered
      outer surface 58 so that an O-ring 59 may be disposed in the corner of the
      recess 54. The seal member 55 is retained in the recess 56 by means of an
      annular sealing nut 60 threadedly received in the upper port block 29 and
      locked in place by a suitable pin 61. The sealing nut 60 has an enlarged,
      upwardly facing recess 62 which receives an O-ring 63, and a stepped
      portion of the seal member with an annular tapered surface 64 engages the
      O-ring 63. It will be appreciated from an inspection of FIG. 4 that the
      seal member 55 is supported for limited axial and transverse motion or is,
      in effect, "floating." Shaft 42 is hard flash chrome plated, and the
      floating seal member prevents undue or premature wearing on the shaft
      coating. In addition, replacement of the seals, when necessary, is easily
      accomplished.
PAR  Referring now to FIG. 3, the middle port block 30 is shown disposed between
      the upper sealing block 29 and lower port block 31. The upper port block
      29 has a depending cylindrically shaped pin 67 which is received in a
      cylindrically shaped recess 68 in the middle port block 30. An O-ring seal
      69 is provided between blocks 29 and 30. The lower port block 31 has a
      cylindrically shaped pin 70 which is received in a cylindrical recess 71
      of the middle port block 30. An O-ring 72 is provided for sealing blocks
      30 and 31 relative to one another.
PAR  The upper mixing barrel 24 is tubular and has an upper cylindrically shaped
      pin 73 which is received in a cylindrical recess 74 of the lower port
      block 31 and sealed with respect thereto by means of a suitable O-ring.
      The upper barrel 24 and the port blocks 29-31 are interconnected by means
      of fastening means such as bolts 24a (FIG. 1). The lower end of the upper
      barrel 24 is threadedly coupled at 75 to the upper end of the tubular,
      lower mixing barrel 25, and the barrels are sealed with respect to one
      another by means of a suitable O-ring. The lower end of barrel 25 is
      threadedly coupled at 76 to the adapter 26 and sealed with respect thereto
      by an O-ring. The lower end of the barrel adapter 26 has an annular recess
      77 which receives an annular support ring 78, and a flange 79 on the
      discharge nozzle 27 abuts the ring 78. A flanged adapter nut 28 engages
      flange 79 and is threadedly coupled to the barrel adapter 26.
PAR  With respect to the interior of the mixer section 25, the middle port block
      30 has a cylindrical opening 80, and the lower port block 31 has an
      outwardly diverging conically shaped wall 81 which is preferably at an
      angle of 17.degree. with respect to the vertical. This angle should be
      within the range of 15.degree. to 20.degree.. The conically shaped wall 81
      extends to the lower part of the lower port block 31 where it merges with
      the larger diameter, inner cylindrical wall 82 of the mixing barrel 24.
      Wall 82 has a uniform diameter throughout the length of the mixing barrel
      24. The lower mixing barrel 25 has an inner cylindrical wall 83. Walls 82
      and 83 have a uniform diameter throughout the length of the upper and
      lower mixing barrels 24 and 25. The barrel adapted 26 has an inner,
      inwardly diverging wall surface 84, and ring 78 and nozzle 27 have inner
      wall surfaces 85 and 86 which continue the slope of the wall 84 and merge
      with the cylindrically shaped wall surface 87 of the nozzle 27.
PAR  To summarize the internal wall surface configuration of the mixer, it
      includes a cylindrically shaped opening 80, an outwardly diverging wall
      81, larger diameter cylindrically shaped walls 82 and 83, inwardly
      diverging wall surfaces 84, 85 and 86, and a cylindrically shaped
      discharge passage 87.
PAR  The whipper assembly 90 is received in the hollow chamber formed by the
      internal wall surfaces of the mixer. The whipper assembly, which is
      attached to the whipper shaft 42 by a threaded connection at 91, is
      supported for rotation by the seal bearing housing (FIG. 4) at its upper
      end, and by a lower bearing assembly 92 at its lower end.
PAR  The lower bearing assembly 92 includes the ring 78 which carries three
      equidistant and circumferentially spaced support arms 93(a-c) and a
      fairing member 94 with a conically shaped outer surface portion and a
      cylindrically shaped body portion 96. In the lower end of the whipper
      assembly 90 is a centrally located, stepped recess with a larger diameter
      opening slidably and rotatively receiving body portion 96, and needle
      bearings 97 in the opening rotatively mount the whipper assembly relative
      to the body 96. An O-ring 98 is located between the opening in the whipper
      assembly and body 96 to isolate the bearings and prevent build-up of foam
      product.
PAR  The whipper assembly 90 of the mixer includes a portion of shaft 42, an
      upper whipper part 99 and the lower whipper part 100. The lower whipper
      part 100 is threadedly coupled at 101 to the upper whipper part 99 which
      is disposed in barrel 24.
PAR  The upper whipper part 99 has an outwardly extending conically tapered
      outer surface 102 which begins at the upper end of the port block 31 and
      extends to the lower end of the port block. Preferably the angle of taper
      is 15.degree. from the vertical and falls within a range of 13.5.degree.
      to 19.degree., dependent upon the angle of wall 81. Coextensive with the
      wall surfaces 82, 83 of the barrels 24 and 25, the parts 99 and 100 have a
      cylindrical surface 103 so that an annular flow passage is formed between
      the barrel and whipper.
PAR  With respect to the conical wall sections 81 and 102 in the upper end of
      the block 31, the angles are such that the cross-section is increased by a
      linear change to give a constant linear change in velocity of fluid flow.
      Similarly, the walls 84 and 105 are interrelated to provide a constant
      decrease in the cross-sectional area.
PAR  The outer wall surfaces of the whipper assembly 90 thus include the
      cylindrical surface of shaft 42, the outwardly tapered surface 102 of part
      99, the larger diameter cylindrical surface 103 of parts 99 and 100, and
      the inwardly tapered surface 105. Between the inner surfaces of the mixer
      and the outer surfaces of the whipper part, an annular flow passage is
      defined which begins with a first cross-sectional area in port block 30, a
      second, expanding cross-sectional area in the tapered portion, a third
      larger cross-sectional area along the mixer barrel, and a fourth
      decreasing cross-sectional area in the adapter 26. Pin means on the
      whipper, however, decrease the area along the mixer barrel. Insofar as the
      flow is concerned, it is desirable to have a uniform spacing between the
      inner walls of the mixer and the outer wall of the whipper assembly
      between the top of the mixer barrel 25 to the adapter 26.
PAR  With respect to the conical wall sections 84 and 105 along the adapter 26,
      the angles are similar to the angles of surfaces 81 and 102, so that there
      is a constant increase in velocity and a decreased cross-section. At the
      lower end of mixer 25, the conical walls 84-86 are converging, the angle
      of walls 84-86 being 15.degree. and the angle of walls 104 and 95 being
      13.degree.. The angles provide for a constant increase in velocity. Thus,
      the flow path is narrowed somewhat at the adapter 26 to provide
      back-pressure to the flow of liquids therethrough.
PAR  The middle port block 30 has a perpendicularly arranged inlet port 108
      through which a hydroxyl mixture can be supplied. By hydroxyl mixture, it
      is meant a resin, catalysts, silicone, castor oil, phosphoric acid,
      coloring and a fire retardant, if desired. Freon and/or nitrogen also can
      be injected into the mixture. These ingredients are commonly used in the
      production of polyurethane foam and can be premixed without precipitating
      a foaming reaction. The supply of the ingredients at a continuous
      predetermined flow rate fills the annulus between wall 80 and shaft 42 and
      enters into the expanding area between wall 81 and tapered surface 102. An
      inlet port 104 in the lower port block 31 is disposed along an axis
      perpendicular to a line along wall 81. A polyisocyanate such as "PAPI" (a
      registered trademark of the Upjohn Company) is injected through port 104
      at a predetermined continuous flow rate and merges in the expanding area
      with the resin. The angle of injection is such that, together with the
      flow of resin, isocyanated or mixed isocyanate and resin are prevented
      from back-flowing towards the resin port 108.
PAR  Turning now to the mixer blade configuration, the whipper assembly 90 and
      the port blocks 30, 31, barrels 24, 25 and adapter 26 (hereinafter
      collectively referred to as the mixer housing) are illustrated in a plan
      view in FIG. 5, where the surfaces are laid out in the plane of the
      drawing for ease of illustration and explanation. In FIG. 5, the adjoining
      edge surfaces of the mixer housing are illustrated by the dash-dot-dot
      lines 115 and 116. The adjoining edge surfaces of the whipper assembly 90
      are illustrated by the dash-dot lines 117 and 118. There are various sets
      of whipper pins having different configurations and arrangements along the
      length of the mixer. For convenience of illustration, the pins on the
      whipper assembly 90 are depicted in a solid shade, while the pins on the
      housing of the mixer are depicted in outline form. Several of the pin
      sections are shown in FIGS. 7-10.
PAR  In the mixer section, the whipper assembly 90 has, in longitudinal
      sequence, five horizontal rows 140-144 of pins which have a parallelogram
      shape in cross-section, four horizontal rows 145-148 of pins which have a
      cylindrical cross-section, two horizontal rows 149 and 150 of square
      shaped pins arranged with their diagonals parallel to the axis of the
      whipper assembly, and three horizontal rows 151-153 of square shaped pins
      arranged with two side surfaces parallel to the axis of the whipper
      assembly. The rows 140-147, 149, 151 and 153 of pins each have four pins
      equidistantly spaced around the circumference of the whipper assembly. The
      rows 148, 150 and 152 of pins each have eight pins equidistantly spaced
      around the circumference of the whipper assembly. As shown in FIG. 3, the
      pins are normal to the whipper assembly, i.e., the axis of each pin
      intersects the central axis of the whipper assembly, and each pin extends
      from the body of the whipper assembly to a point very close to the
      interior wall of the mixer housing.
PAR  In the mixer section, the mixer housing has, in longitudinal sequence,
      thirteen horizontal rows 160-172 of pins. Each horizontal row of pins
      contains four pins equidistantly spaced around the circumference of the
      mixer housing. As shown in FIG. 3, the pins extend normal to the mixer
      housing i.e., the axis of each pin intersects the central axis of the
      mixer housing, and each pin extends from the housing to a point very close
      to the wall of the whipper assembly. The pins of rows 160 and 164-172 are
      cylindrically shaped in cross-section, while the pins of rows 161-163 are
      square shaped in cross-section with two sides parallel to the central axis
      of the housing.
PAR  The rows of pins on the whipper assembly alternate with the rows of pins on
      the mixer housing, and the center-to-center spacing between pins in the
      rows is uniform.
PAR  The significance of the pin arrangement may best be understood by comparing
      relative drag coefficients of 1.0 for round pins, 1.9 for square shaped
      pins turned to present a diagonal to the fluid and 2.8 for square shaped
      pins with sides parallel to the whipper axis. What this means is that the
      turbulence increases as the drag coefficient increases.
PAR  Referring back to horizontal rows 140-144 on the whipper assembly, the pins
      of each row are in the form of a blade and there are four blades in each
      row. Considering row 140, blades 140(a-d) each have end sides aligned
      parallel to the axis of the whipper assembly. The inclination of each
      blade with respect to a horizontal line is 30.degree. with blades 140a and
      140c pitched in an opposite direction to the pitch of blades 140b and
      140d. Blades 140a and 140c are diametrically opposed, as are blades 140b
      and 140d. The opposite pitch cancels out the turbine effect of the blades.
      The blades 141(a-d) of are similarly similarly similaarly arranged as the
      blades of row 140, except that the pitch of blades 141a and 141c is
      opposite to the pitch of blades 140a and 140c. Blades 141b and 141d are
      oppositely pitched relative to blades 140b and 140d. As illustrated, the
      relative pitch inclination of the individual blades of horizontal rows
      140, 142 and 144 is similar with respect to corresponding, longitudinally
      aligned blades. The relative pitch inclination of individual blades of
      horizontal rows 141 and 143 is similar with respect to corresponding,
      longitudinally aligned blades. The effect of the pitch configuration is to
      make, for example, blades 140a and 141a converging and to make
      circumferentially adjacent blades 140b and 141b diverging. Thus, between
      each horizontal row of blades, circumferentially alternating converging
      and diverging flow paths are defined.
PAR  Near the bottom portion of the mixer barrel 24, pins 117c and 117d are
      formed into nozzles. As shown in FIG. 6, the pin 117c, which is typical,
      has a longitudinally extending hollow passageway 121 which extends through
      the pin 117c and a right angle outlet 122 arranged to inject into the
      mixture in the same direction as the direction of rotation of the whipper
      body. Nozzle pin 117c may, for example, be used to inject nitrogen, while
      a liquid blowing agent such as Freon may be injected in liquid form into
      the mixture via nozzle pin 117d after it has been violently mixed and
      after the temperature has been reduced somewhat since the PAPI and warmer
      resin have been intermixed, thereby reducing the temperature. This is
      significant since the Freon is introduced at a temperature of about
      35.degree.F., and it is desirable to have a minimum temperature spread to
      avoid undue flashing or gasification of the Freon.
PAR  In the mixer section 25 are longitudinally spaced opening 117c and 117d
      which are respectively located on a level with pin rows 162 and 163. The
      openings 117c and 117d may be blanked or receive fluid according to the
      dictates of the formulation mixing, which will hereafter be more fully
      explained.
PAR  For the production of a rigid polyurethane foam according to the present
      invention, a typical formulation would include a hydroxyl compound or
      resin, methylene chloride, castor oil and water, coloring, silicone, an
      acid catalyst, nitrogen, Freon and an amine catalyst which are mixed in
      the preblender and supplied to an isocyanate in the mixer. Additional
      Freon or a catalyst may be supplied through ports 117c or 117d.
PAR  In the operation of the foregoing described mixer, a resin mixture is
      injected through port 108 and feeds downwardly into an expanding area. The
      whipper assembly is rotated clockwise, and the shaft 42 is sealed with
      respect to the port block 30 by means of the floating seal. In the
      expanding area, PAPI is introduced normal to the flow of the resin mixture
      and is fed downwardly by the resin into the blade mixer section where a
      violent mixing action occurs, the blades being alternately pitched so as
      to avoid creating longitudinal hydraulic forces. Near the end of the blade
      mixer section, liquid Freon can be introduced in the same direction as the
      direction of rotation. Following dispersion of the blowing agent into the
      mixture, a relatively low action mixing section of round pins intermixes
      the vaporizable liquid into the resin and PAPI, followed by increased
      mixing action to the end of the pin sections where the converging flow
      path increases the velocity of mixture to the discharge nozzle to maintain
      the density of the liquid and keep the vaporizable liquid in solution
      until at least after discharge from the nozzle.
PAR  Summing up the features of the present invention, there is provided a
      continuous, streamlined flow path in which a first reactive hydroxyl
      mixture is injected at a first inlet. A second reactive isocyanate is
      injected into the hydroxyl flow in an expanding chamber. The reactive
      components are transversely sheared by meshing blades and pins where the
      blades have horizontally constricting and expanding areas and are inclined
      in opposite directions to offset forces on the liquid. Following
      substantial mixing of the components, Freon in liquid form can be supplied
      and subjected to a comparatively less violent transverse shearing and
      mixing section comprised of alternating cylindrically shaped pins.
      Subsequently, the mixing section utilizes square shaped pins oriented with
      diagonals parallel to the axis of the whipper assembly to increase the
      mixing action, and the mixing is finally completed by a further increase
      in the mixing action by use of square shaped pins arranged with two sides
      parallel to the axis of the whipper assembly.
PAR  The mixing is accomplished in a section of the flow path having a
      substantially uniform annulus formed between the mixer barrels and the
      whipper body. Supply of the Freon is at a location close to the whipper
      body where the velocity is less as compared to the velocity near the mixer
      wall. The mixed liquids are converged via a conical flow path to a
      cylindrically shaped outlet orifice. The whipper body and lower bearing
      support have an insert arrangement whereby the whipper and bearing support
      provide a substantially uniform surface, and there is little room
      available for build-up of materials on the bearing support. At the supply
      point for the hydroxyl, the rotating shaft is provided with a floating
      seal which eliminates wear on the shaft surface and is easily replaceable.
PAR  Relative to the construction of a mixer embodying the present invention,
      the overall internal diameter may be 3.25 inches and the outer diameter of
      the whipper may be 1.875 inches. It is desired to keep the diameter of the
      whipper means within 20 to 40 percent of the barrel diameter. The pin
      cross-section is 0.25 inch in diameter or length of side. For a 3-inch
      I.D. barrel, a 3/16-inch pin would be used, and for a 41/2to inch I.D.
      barrel, a 3/8-inch pin would be used. The pins are welded in place or can
      be removably inserted by threaded connections. The spacing between
      adjacent pin centers on the housing and whipper is about 0.875 inch. This
      spacing desirably should be between 0.625 and 1 inch or 45.degree. to
      80.degree. of the pin diameter. The clearance between adjacent pins should
      be on the order of 75 percent of a pin diameter. If the clearance is too
      great, the shearing action will not be effective. In general, the annulus
      defining the flow passage is a function of the viscosity of the fluids.
      That is, for higher viscosity fluids, the annulus should be larger than
      for lower viscosity fluids. The speed of rotation is similarly a function
      of viscosity, the more viscous fluids being agitated at lower speeds than
      the less viscous fluids. The surfaces defining the flow path are
      preferably hard flash chrome plated to avoid chemical reaction. The design
      of the flow path is arranged to minimize the tendency for an internal
      build-up of reacting foam. A typical temperature increase of 10.degree.F.
      may be expected from the heat generated due to mixing. The blades of rows
      140-145 may range from one-eighth .times. three-sixteenths inch to
      one-eighth .times. five-sixteenths inch for typical cross-section
      dimensions. In the design of port 108, it generally has the same
      cross-section as the annulus between the shaft 42 and opening 54.
PAR  The hold-up time through the mixer can be very short -- as little as
      one-half of a second. This is typically determined by the input volume and
      the volume of the flow path.
PAR  The two piece whipper assembly 90 with upper and lower parts 99 and 100
      corresponds to the two piece barrel assembly of barrels 24 and 25. The
      advantage of this construction is that a longer lower barrel and longer
      whipper part 100 can easily be substituted to provide a longer mixer.
      Hence, a longer delay time can be provided to increase mixing time for any
      given formulation.
PAR  With respect to the ring 78, it has three support arms 93(a-c) as noted
      heretofore. The support arms are generally rectangular and are inclined at
      an angle with respect to the vertical. The shape of the arm is
      streamlined. The pitch angle of the arms is selected in accordance with
      the swirl angle of the fluids to minimize turbulence of the liquid as it
      is discharged. Typically, an angle of 20.degree. is satisfactory for light
      fluids, while the angle for a highly viscous fluid might be 8.degree..
PAR  In summary of the fore-going apparatus and methods, there is an upper and a
      lower hollow closed chamber defined by the various blocks and barrels.
      Rotatively mounted in the chambers is a whipper assembly which defines, in
      connection with wall surface of the chamber, a flow path or passageway.
      The flow path in the upper chamber includes an annular passage into which
      a resin is injected and an outwardly extending conically shaped passage
      which increases in cross-section from the annular passage to a second,
      larger diameter annular passage. Midway along the conically formed path,
      an inlet port for isocyanate is provided which is perpendicular or normal
      to a line along the conical surface of the chamber. In a larger diameter
      annular flow path there are four longitudinal rows of mixing pins which
      are equidistantly spaced about a circumference and respectively disposed
      on the chamber and on the whipper assembly. The pins alternate along the
      length of the chamber respectively between positions on the whipper
      assembly and positions on the chamber. On the whipper assembly a first set
      of pins has a parallelogram cross-section arranged to alternate lengthwise
      between opposite directions of inclination, so that adjacent blades have
      alternately converging and diverging facing surfaces. This arrangement
      provides for violent mixing. Near the end of the blade section, an
      alternate inlet port is provided in a chamber pin for the injection of a
      blowing agent, if desired or necessary.
PAR  Following the blade section, the pins are cylindrical in cross-section on
      the whipper assembly. The next section of pins on the whipper assembly are
      square shaped but have a diagonal dimension arranged parallel to the axis
      of the whipper body. The final section of pins are square shaped with two
      sides parallel to the axis of the whipper assembly. whipper The effect of
      the pin configurations is to selectively increase the whipping and mixing
      action.
PAR  Following the pin sections, the flow path converges from a larger
      cross-section to a smaller cross-section of annular flow path and passes
      to a cylindrical discharge opening. With respect to the pin section along
      the whipper, a number of horizontal sets of pins on the whipper assembly
      include eight pins to increase the mixing action at that particular
      section.
PAR  While particular embodiments of the present invention have been shown and
      described, it is apparent that changes and modifications may be made
      without departing from this invention in its broader aspects; and,
      therefore, the aim in the appended claims is to cover all such changes and
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of commingling liquid materials having different viscosities to
      provide a substantially homogeneous mixture, comprising
PA1  introducing said materials into a stream flowing along an annular
      passageway, different ones of siad materials being introduced into said
      passageway at different locations therealong,
PA1  transversely shearing said stream at a plurality of locations along its
      path with pin-like members having cross-sectional configurations which are
      different at different locations such that the mixing and shearing action
      exerted on said stream progressively increases during its flow along said
      annular passageway.
NUM  2.
PAR  2. A process according to claim 1 in which the liquid materials which are
      commingled are the reactants for producing a polyurethane foam where
      liquid hydroxyl mixture and liquid isocyanate are introduced at first and
      second locations in said annular pathway, and the stream of mixed
      components is subjected to transverse shearing by transversely
      intersecting said stream with a series of pin-like members, the first of
      which members have a cylindrical cross-section, the next series of which
      members have a square cross-section with diagonals aligned parallel to the
      direction of travel of the said stream, and the final series of pin-like
      members have a square cross-section with sides aligned parallel to the
      direction of travel of the said stream.
NUM  3.
PAR  3. The process of claim 2 in which blowing agent is introduced into the
      stream flowing along said annular passageway at a third location
      downstream of said first and second location, said third location being
      prior to the point at which the stream is transversely sheared by said
      pin-like members.
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PAL  A blender for mixing beverages that has a cylindrical upright,
      substantially closed, frustoconically bottomed blending bowl with an
      intake port at the top and a discharge port at the outer edge of the
      bottom of the bowl. A motor driven impeller is mounted for rotation about
      a longitudinal axis in the bowl and has blades projecting radially
      therefrom for coaction with stationary blades that extend inwardly from
      the bowl wall. One stationary blade is located just past the discharge
      port in the direction of impeller rotation to force the contents out the
      discharge port, which is located within the longitudinal extent of the
      stationary blades for this purpose. The impeller blades have edges
      complementary to the stationary blade edges and inclined with respect
      thereto and in a direction to direct the contents longitudinally toward
      the discharge port, for which latter purpose the impeller blades have
      bottom edges that are complementary to the sloping bottom wall.
PAL  In an alternative embodiment, the blending bowl and impeller are
      horizontally disposed with the intake port at the rear end and the
      discharge port at the bottom of the front end, and the bowl being
      forwardly radially enlarged to facilitate advancement of its contents. The
      intake port is laterally offset in the direction of impeller rotation and
      a radially inwardly extending baffle plate is provided laterally opposite
      the inlet. The impeller blades are triangularly shaped and the stationary
      blades are complementarily triangularly shaped with one stationary blade
      just past the discharge port in the direction of impeller rotation.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to blenders for mixing liquids, liquids and powders,
      or similar products. More particularly, it pertains to beverage blenders
      in which a dry powder, for example, is mixed with a liquid such as water
      to produce a potable beverage.
PAR  Beverage blenders of this general type are commonly included in vending
      machines of the type that dispense soft drinks, coffee, cocoa, and other
      beverages so that a relatively small volume of dry powder supply can be
      used with tap water to provide a large number of drinks without frequent
      replenishing and without a large liquid reservoir, but at the same time it
      is of course important that the blending be accomplished rapidly and
      automatically to satisfy customer demands.
PAR  A typical prior art example of a blender of this type is disclosed in
      Joschko U.S. Pat. No. 3,168,292, issued Feb. 2, 1965, for a Beverage
      Mixing Device. That device has a horizontally disposed cylindrical casing
      mounted on a panel, and has a laterally offset inlet port located
      generally adjacent the top of one end of the casing and an outlet port
      located at the bottom of the other end. An impeller rotates on a
      longitudinal axis within the casing and has axially aligned blades that
      have a greater radial extent at the inlet end of the casing than at the
      outlet end, which is said to produce enhanced mixing near the inlet and
      smooth flow at the outlet.
PAR  The present invention represents a substantial advance over the prior art
      and particularly over the blender of the Joschko patent as it provides
      faster, more uniform blending and rapid discharge.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the blender of the present invention is comprised of a
      substantially closed blending bowl having spaced intake and discharge
      ports, stationary blades, an impeller, and means for rotating the
      impeller. The impeller is mounted in the bowl for rotation about a
      longitudinal axis and has radially extending blades disposed intermediate
      the intake and discharge ports. The stationary blades extend
      longitudinally and radially inwardly from the bowl into close proximity to
      the impeller blades for cooperation with them for enhanced mixing. One of
      the stationary blades is disposed adjacent the discharge port in the
      direction of impeller rotation to facilitate discharge through the
      discharge port.
PAR  In the preferred embodiment, the blending bowl is disposed vertically and
      has a bottom wall which slopes downwardly and towards the discharge port
      to facilitate discharge. The impeller and stationary blades may have
      complementary adjacent edges to provide a shearing action for enhanced
      mixing and the impeller blades may also be inclined to direct the contents
      of the blending bowl longitudinally toward the discharge port and to
      provide enhanced shearing coaction with the stationary blades.
PAR  In an alternate embodiment, the blending bowl is disposed horizontally with
      the intake port located adjacent the rear end of the bowl and the
      discharge port located adjacent the bottom of its forward end, and
      blending bowl may be forwardly radially enlarged to facilitate advancement
      of its contents. The intake port may be laterally offset in the direction
      of impeller rotation, and a baffle plate extending radially inwardly from
      the bowl may be located laterally opposite the intake port to confine the
      contents of the bowl and facilitate longitudinal advancement to the
      discharge port.
PAR  The present invention also is directed to a blender embodying a generally
      vertically disposed bowl that has a bottom wall adjacent a discharge port,
      with the bottom wall sloping outwardly toward the discharge port to
      facilitate discharge as a vertically disposed impeller rotates in the bowl
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a blender according to the preferred
      embodiment of the present invention;
PAR  FIG. 2 is an exploded perspective view of the blender of FIG. 1;
PAR  FIG. 3 is a front elevation of the blending bowl and impeller of the
      blender of FIG. 1;
PAR  FIG. 4 is a plan view of the bowl and impeller of FIG. 3 with the top of
      the bowl removed;
PAR  FIG. 5 is a vertical section taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a side elevational view of an alternative embodiment of the
      blender of the present invention;
PAR  FIG. 7 is an exploded perspective view of the blender of FIG. 6; and
PAR  FIG. 8 is a vertical section taken along line 8--8 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The blender 10 of the preferred embodiment of the present invention is
      designed for use in a beverage dispensing machine of the type in which a
      dry powder product and a liquid, such as water, are blended to form a soft
      drink, coffee, cocoa, or some other beverage that is dispensed in a
      measured quantity.
PAR  The blender 10 is generally vertically disposed for receipt of a measured
      amount of dry product from a feed tube 12 opening centrally above a
      funnel-shaped upper portion 14 of the blender 10, with a measured quantity
      of liquid being fed through a conduit 16 tangentially into the
      funnel-shaped upper portion 14 for swirling of the liquid in a manner that
      clears any dry product from the upper portion 14 and also enhances the
      blending action described hereinafter. The funnel-shaped upper portion 14
      has a bottom opening 18 of sufficient size to allow the dry product and
      liquid to flow freely therethrough into and through an intake port 20 in
      the dome 22 of a blending bowl 24 disposed therebelow. As seen in FIGS. 3
      and 5, the intake port 20 extends cylindrically into the bowl 24 to
      control product flow into the center of the bowl and to minimize back
      splashing therefrom.
PAR  The funnel-shaped upper portion 14 is supported on the blending bowl dome
      22 with the bottom opening 18 of the upper portion 14 seated in the intake
      port 20 of the dome 22, and the dome enlarges downwardly to the same
      direction as a cylindrical base 26 of the blending bowl 24 on which the
      dome 22 is mounted by engagement of radially protruding flanges 28 on the
      dome 22 in slots 30 formed in mating lug projections 32 on the base 26.
      The dome 22 and base 26 are complementarily recessed annularly as
      indicated at 34 for retention of the dome 22 on the base 26 against
      lateral movement while the engagement of the flanges 28 and lug
      projections 32 prevent vertical separation of these parts. The base 26 in
      turn is fixed to a horizontal platform 36 of a dispensing machine (not
      shown), adjacent to which platform 36 a discharge port 38 is formed at the
      bottom outer edge of the base 26 for discharge of blended beverage from
      the discharge port 38 through a spout 40 into a cup or other receptacle
      (not shown). With this arrangement the blending bowl 24 is substantially
      closed, with the intake port 20 being adjacent one end of the bowl and the
      discharge port 38 adjacent the other end.
PAR  The dry mix and liquid are blended within the bowl 24 by the action of an
      impeller 42 that is mounted for rotation about a vertical axis coaxial
      with the axis of the blender 10. This impeller is driven by an electric
      motor 44 mounted on the bottom of the dispenser platform 36 and has a
      drive shaft 46 extending upwardly through the platform 36 coaxially into
      the blending bowl 24 for drivingly mounting thereon of the impeller 42,
      which is secured for rotation therewith by a key plate 48.
PAR  The impeller 42 has a hub 50 that tapers downwardly and outwardly in a
      frustoconical configuration to an enlarged cylindrical configuration and
      has four radially projecting blades 52 that are disposed intermediate the
      intake and discharge ports 20, 38 for blending of the bowl contents in the
      space therebetween, and that are inclined downwardly from upper leading
      edges 54 to bottom trailing edges 56, with this blade inclination being
      related to the direction of impeller rotation to direct the contents of
      the blending bowl 24 longitudinally downward toward the discharge port 38.
      The frustoconical shape of the hub 50 and the centrifugal force imparted
      by the rotating impeller blades 52 directs the contents radially outward
      toward the discharge port 38, which outward direction is enhanced by the
      shape of the bottom wall 58 of the blending bowl base 26, which slopes
      downwardly and outwardly in a frustoconical configuration toward the level
      of the discharge port 38, which, as seen in FIG. 5, is in effect a
      continuation of the adjacent portion of the bottom wall 58 of the blending
      bowl base 26. To enhance the mixing action and to assure substantially
      complete discharge of the contents from the blending bowl 24 through the
      discharge port 38, the trailing edges 56 of the impeller blades 52 extend
      downwardly and outwardly to provide a configuration complementary to the
      frustoconical configuration of the bottom wall 58 of the blending bowl
      base 26.
PAR  The impeller blades 52 terminate radially at a relatively short spacing
      from the cylindrical wall of the blending bowl base 26, in which space are
      disposed four vertically extended stationary blades 60, each of which is
      secured to the blending bowl dome 22 and extends downwardly into the
      blending bowl base 26 along the cylindrical wall thereof. The inner
      vertical edges 62 of the stationary blades 60 are disposed in close
      proximity to and complementary with the adjacent outer edges 64 of the
      impeller blades 42 for shearing coaction therewith in blending the
      contents of the bowl 24, with the aforementioned inclination of the
      impeller blades 52 enhancing such shearing coaction.
PAR  The stationary blades 60 extend downwardly into contact with the bottom
      wall 58 of the blending bowl base 26, which has a short upwardly and
      outwardly sloping outer portion 66 that connects the main frustoconical
      surface with the cylindrical wall and is of generally the same radial
      extent as the bottom edge of the stationary blades 60. The aforementioned
      discharge port 38 opens into this outer portion 66 and is, therefore,
      disposed within the longitudinal extent of the stationary blades 60.
PAR  The stationary blades 60 not only enhance the blending action in
      cooperation with the impeller blades 52, but one of the stationary blades
      60 is located immediately adjacent the discharge port 38 in the direction
      of impeller rotation, as seen in FIGS. 3, 4 and 5, to facilitate discharge
      of the contents of the blender through the discharge port 38 by
      restricting circular flow of the contents, thereby building pressure at
      the discharge port that causes discharge of the contents through the port.
      Without disposition of this stationary blade just past the discharge port
      the contents of the blender would be less imposed toward the discharge
      port and would, therefore, require a greater length of time to complete
      emptying of the blender. Thus, this stationary blade location, in
      cooperation with the downwardly and outwardly sloping bottom wall 58 and
      the downwardly inclined impeller blades 52 results in a rapid discharge of
      the contents from the blender, which is of particular importance in a
      beverage dispensing machine because of the reduced power requirements and
      particularly because of the reduced time necessary to deliver a beverage
      to the user of the machine. The resulting faster cycling of the machine
      also allows more drinks to be dispensed in a given period of time for the
      benefit of the owner or operator of the machine.
PAR  Of course, to have a short cycle or blending period, it is necessary that a
      full blending action can be accomplished in the cycle time. This is
      obtained in the blender of the present invention by the combination of
      stationary and impeller blades and the shearing coaction of the edges as
      described hereinabove. The blending is also enhanced by providing
      apertures 68 in the stationary blades 60. All of these factors also
      contribute to the creation of substantial turbulence not only to
      accomplish rapid blending but also importantly to produce substantial
      aeration for taste qualities and for economy of cost per drink.
PAR  In an alternate form of the present invention, a generally horizontally
      disposed blender 70 is utilized, having a substantially closed blending
      bowl 72 that enlarges radially from a rear end adjacent which a downwardly
      opening intake port 74 is located to a forward end adjacent the bottom of
      which a discharge port 76 is located. The rear end of the blending bowl 72
      extends cylindrically for mounting in the frame of a beverage dispensing
      machine and has an end flange 78 for locking to a machine frame. The shaft
      80 of a drive motor (not shown) extends through the rear end of the
      blending bowl 72 and carries a key plate 82 that locks the shaft 80 in the
      hub 84 of an impeller 86 disposed coaxially within the blending bowl 72
      for rotation by the shaft 80.
PAR  The impeller 86 has four radially projecting blades 88 disposed
      intermediate the intake port 74 and the discharge port 76 for blending of
      dry product and liquid received through the intake port 74 and advancing
      longitudinally through the blending bowl 72 and ultimately through the
      discharge port 76.
PAR  As in the case of the embodiment of FIGS. 1-5, the impeller blades 88
      operate in cooperation with stationary blades 90 mounted in the blending
      bowl 72 and projecting radially therein with inner edges 92 in close
      proximity to and shaped complementary with the outer edges 94 of the
      impeller blades 88. These complementary edges 92, 94 taper from relatively
      near the base of the impeller blades 88 at the forward end of the blending
      bowl 72 to adjacent the cylindrical wall of the bowl intermediate the ends
      thereof. Thus, as seen in FIGS. 6 and 7, the impeller blades 88 are
      triangular with one side thereof being the inner edge secured to the
      impeller hub 84 and the other sides converging to an apex closely adjacent
      the blending bowl wall, and the stationary blades 90 are triangularly
      shaped with an inclined base side forming the aforementioned inner edge 92
      adjacent the impeller blade 88 and the other triangular sides extending
      longitudinally at the blending bowl wall and radially along an end cap 96
      forming the forward end of the blending bowl 72. These stationary blades
      90 are secured to the end cap 96 and extend therefrom into the blending
      bowl 72 so that the discharge port 76 is disposed within the longitudinal
      extent of the stationary blades 90. As in the case of the embodiment of
      FIGS. 1-5, these stationary blades 90 are formed with apertures 98, and in
      this embodiment the impeller blades 88 are also formed with apertures 100
      for enhanced turbulence and shearing action.
PAR  Also as in the embodiment of FIGS. 1-5 one of the stationary blades 90 is
      disposed closely adjacent the discharge port 76 in the direction of
      impeller rotation to facilitate discharge of the blended contents of the
      bowl 72, with the discharge also being controlled by the size of the
      opening 102 in the discharge adapter 104 that is disposed exteriorly over
      the discharge port 76. This adapter 104 may be changed to use adapters
      with different size openings for more rapid or slower discharge depending
      upon the blending cycle required for the particular material being
      blended.
PAR  The discharge port 76 is located at the bottom of the forward end of the
      blending bowl 72 and the intake port 74 is disposed near the top of the
      rear of the bowl 72, but laterally offset in the direction of impeller
      rotation so that the product and liquid introduced through the intake port
      74 will be directed downwardly rather than upwardly or partially upwardly
      were the intake port 74 located centrally or to the opposite side. Also to
      retain the contents against upward movement and thereby to facilitate
      longitudinal advance, a baffle plate 106 is secured to the wall of the
      blending bowl 72 and extends radially inwardly therefrom laterally
      opposite the intake port 74. This baffle plate 106 is shaped to cooperate
      with but not to interfere with the operation of the impeller blades 88.
PAR  The aforementioned end cap 96 is secured to the forward end of the blending
      bowl 72 by radial projections 108 on the end cap 96 that engage
      hook-shaped flanges 110 extending from the blending bowl 72 longitudinally
      over the radial projections 108. This projection-flange connection
      prevents longitudinal separation of the end cap 96 and blending bowl 72,
      and the stationary blades 90, which are fixed to the end cap 96, prevent
      lateral relative movement of the end cap 96 and blending bowl 72.
PAR  From the foregoing descriptions, it will be apparent that fast uniform
      blending and rapid discharge are produced by the various embodiments of
      the present invention, which is not intended to be limited by the detailed
      description and illustrations herein, but is intended to be capable of
      variation within the scope of the invention and is not to be limited by
      this disclosure or otherwise except as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blender for mixing liquids, liquids and powders, or similar products,
      said blender comprising a substantially closed blending bowl having spaced
      intake and discharge ports, an impeller mounted in said bowl for rotation
      about a longitudinal axis and having radially extending blades disposed
      intermediate said intake and discharge ports, means for rotating said
      impeller, and longitudinally extending stationary blades extending
      radially inwardly from said bowl into close proximity to said impeller
      blades for cooperation therewith, one of said stationary blades being
      disposed adjacent said discharge port and past said port in the direction
      said impeller advances product, said one blade thereby obstructing advance
      of the product past said discharge port to facilitate discharge of product
      through said discharge port.
NUM  2.
PAR  2. A blender according to claim 1 and characterized further in that said
      stationary and impeller blades have complementary adjacent edges.
NUM  3.
PAR  3. A blender according to claim 2 and characterized further in that said
      impeller has a base from which said blades extend radially, and said
      complementary edges of said stationary and impeller blades taper radially
      outwardly from relatively near said base of said impeller blades at one
      end of said bowl to adjacent the wall of said bowl intermediate the ends
      thereof.
NUM  4.
PAR  4. A blender according to claim 2 and characterized further in that said
      impeller blades are inclined with respect to said stationary blades to
      provide enhanced shearing coaction therewith.
NUM  5.
PAR  5. A blender according to claim 4 and characterized further in that said
      impeller blades are inclined forwardly in the direction of impeller
      rotation from said discharge port toward said intake port, thereby
      directing the contents of said blending bowl longitudinally toward said
      discharge port.
NUM  6.
PAR  6. A blender according to claim 1 and characterized further in that said
      discharge port is disposed within the longitudinal extent of said
      stationary blades.
NUM  7.
PAR  7. A blender according to claim 1 and characterized further in that said
      stationary blades have apertures therethrough for enhanced mixing action.
NUM  8.
PAR  8. A blender according to claim 7 and characterized further in that said
      impeller blades have apertures therethrough for enhanced mixing action.
NUM  9.
PAR  9. A blender according to claim 1 and characterized further in that said
      blending bowl is disposed vertically with said intake port adjacent the
      top thereof and said discharge port adjacent the bottom thereof.
NUM  10.
PAR  10. A blender according to claim 9 and characterized further in that said
      impeller blades are inclined forwardly in the direction of impeller
      rotation from said discharge port upwardly toward said intake port,
      thereby directing the contents of said blending bowl downwardly toward
      said discharge port.
NUM  11.
PAR  11. A blender according to claim 9 and characterized further in that the
      bottom wall of said blending bowl slopes downwardly and outwardly toward
      said discharge port.
NUM  12.
PAR  12. A blender according to claim 11 and characterized further in that said
      impeller blades have bottom edges extending in a configuration
      complementary to said sloping bottom wall of said blending bowl.
NUM  13.
PAR  13. A blender according to claim 11 and characterized further in that said
      discharge port is located at the outer edge of said sloping bottom wall.
NUM  14.
PAR  14. A blender according to claim 13 and characterized further in that said
      sloping bottom wall is frustoconically shaped.
NUM  15.
PAR  15. A blender according to claim 1 and characterized further in that said
      blending bowl is disposed horizontally with said intake port located
      adjacent the rear end thereof and said discharge port located adjacent the
      bottom of the forward end thereof.
NUM  16.
PAR  16. A blender according to claim 15 and characterized further in that said
      blending bowl is forwardly radially enlarged to facilitate advancement of
      the contents thereof.
NUM  17.
PAR  17. A blender according to claim 15 and characterized further in that said
      intake port is laterally offset in the direction of impeller rotation.
NUM  18.
PAR  18. A blender according to claim 17 and characterized further by a baffle
      plate extending radially inwardly from said blending bowl and laterally
      opposite said intake port to confine the contents of said blending bowl to
      facilitate longitudinal advancement thereof.
NUM  19.
PAR  19. A blender for mixing liquids, liquids and powders, or similar products,
      said blender comprising a substantially closed blending bowl generally
      vertically disposed and having a bottom wall, an intake port adjacent one
      end of said bowl and a discharge port adjacent the other end thereof, said
      discharge port being disposed adjacent the outer edge of said bottom wall
      and said bottom wall sloping downwardly toward said outer edge thereof, an
      impeller mounted in said bowl for rotation about a generally vertical
      longitudinal axis and having radially extending blades disposed
      intermediate said intake and discharge ports and extending over said
      bottom wall, and means for rotating said impeller.
NUM  20.
PAR  20. A blender according to claim 19 and characterized further in that said
      impeller blades have edges adjacent said bottom wall and said impeller
      blades are inclined forwardly in the direction of impeller rotation from
      said discharge port upwardly toward said intake port, thereby directing
      the contents of said blending bowl longitudinally toward said discharge
      port.
NUM  21.
PAR  21. A blender according to claim 19 and characterized further in that said
      impeller blades have edges extending in a configuration complementary to
      said sloping bottom wall of said blending bowl.
NUM  22.
PAR  22. A blender according to claim 19 and characterized further in that said
      sloping bottom wall is frustoconically shaped.
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ABST
PAL  A method and apparatus for manufacturing a coating mass for road
      constructions are disclosed wherein stone minerals of different grain size
      ranges are dosed, dried, heated, dusted off and supplemented with a
      binding agent and other flux materials. The stone minerals of the various
      grain size ranges are separated from each other and are predosed, dried
      and heated. This divides the stone minerals of each grain size range into
      a stone fraction and a respectively absorbed fine grain size material
      which is divided into a sand fraction and a self filler fraction by means
      of filtering, the sand fraction is thereafter added again to the stone
      fraction of the respective grain size range, and the self filler fractions
      of all grain size ranges are combined weighted. All of the heated stone
      and sand fractions are also weighted and combined and are mixed together
      with the combined and weighted self filler fraction, and the binding agent
      in order to provide the coating mass.
PARN
PAR  This is a division of application Ser. No. 368,352, filed June 8, 1973 now
      U.S. Pat. No. 3,880,410.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the known methods for manufacturing coating masses for road
      constructions the different grain sizes which are required for
      manufacturing the required grain mixture of each coating mass are predosed
      by dosing means and are then commonly subjected to a drying operation. The
      drying is effected in a known drying drum, which can be operated in a
      one-direction current mode or a counter-current mode and which comprises
      an energy source in the form of an oil or gas burner. During this drying
      operation, a fine grain size fraction is taken off together with the
      heating gases, which form the heat carrier supplied to the material to be
      dried. The fine grain size fraction is reobtained in a one-stage or
      multi-stage filtering means.
PAR  The fine grain size fraction taken off together with the heating gases has
      a relatively heterogeneous grain composition. The grain size stepping
      depends on several factors, such as the initial humidity, the velocity of
      the air in the drying drum, the specific weight, the shape of the
      insertions, the heating medium used, and the like. Also, during the drying
      operation the grain size composition of the fine grain size fraction
      entrained by the heating gases varies, especially because of power
      variations and because of the different grain composition for different
      prescriptions.
PAR  In the known methods for manufacturing coating masses for road
      constructions, the stone minerals mixed from different grain size ranges
      are also screened in their hot condition after the drying operation and
      before being mixed with bitumen. This is necessary in order to assure a
      highly homogeneous mixture of the stone minerals. The screen apertures and
      surfaces required for the screening operation are especially remarkable in
      the grain size range from 0 - 2 mm. Thus, in most cases greater screen
      apertures are used in order to decrease the screen surfaces and to be able
      to screen a greater volume per screen surface unit. However, this has the
      disadvantage that stone fractions in the lower grain size ranges are
      rather inaccurate. On the other hand, these stone fractions substantially
      determine the cavity fraction of the finished coating mass. The cavity
      fraction of a coating, in turn, is significant because of a number of
      essential qualities such as the rigidness of the bitumen binding, the
      bitumen fraction, and the compression strength of the coating mass. Known
      manufacturing methods have the further disadvantage that the period of
      dwell of the individual grain size fractions in the drying drum varies
      markedly. In the counter-current mode the fine grain size fraction remains
      in the drying drum for a relatively long time as it is obtained from the
      heating gases in certain grain size ranges. However, in the one-direction
      mode the fine grain size fraction is especially accelerated by the heating
      gases.
PAR  Another essential disadvantage of known manufacturing methods is based on
      the fact that the fine grain fractions taken off together with the heating
      gases can to a great extent be considered as a fraction of the grain size
      range of 0 - 3 mm and only to a smaller extent as a self filler fraction
      in the grain size range of 0.09 - 0.3 mm. Thus, it becomes obvious that
      for a given prescription the fractions of smaller grain size ranges are
      especially difficult to control. However, the essential characteristics of
      the road coating mass are determined by these fractions.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is the object of this invention to overcome the shortcomings of
      the prior art and to provide a method and an apparatus that make it
      possible to follow more accurately the prescription as to the grain size
      ranges of the stone minerals than was possible before. It is especially
      essential that the fractions of the smaller grain size ranges be
      controlled more accurately.
PAR  This object is achieved according to the present invention by providing a
      method for manufacturing a coating mass for road constructions wherein
      stone minerals of different grain size ranges are dosed, dried, heated,
      dusted off, and supplemented by a binding agent and other flux materials.
      This method is characterized in that the stone minerals of the different
      grain size ranges are separately predosed, dried, and heated and in that
      the respectively absorbed fine material thereby respectively separated
      from a stone fraction of each respective individual grain size range is
      divided into a sand fraction and a self filler fraction, after which the
      sand fraction is again added to the stone fraction of the respective
      individual grain size range from which it was separated and the self
      filler fractions of all grain size ranges are combined and weighted. The
      heated stone and sand fractions are weighted and mixed together with the
      combined and weighted self filler fractions and the binding agent in order
      to form the coating mass.
PAR  In accordance with the present invention, each grain size range may be
      treated individually for a sufficient amount of time. For example,
      material in the grain size range of 0 - 2 mm, which is separately supplied
      to the construction site, is predosed and supplied to a separate drying
      means. In this drying means the material is separated into the stone
      fraction passing the drying means and into the absorbed fine material. The
      absorbed fine material already has a substantially closer grain size range
      than the fine grain size fraction that is supplied with the conventional
      drying means. However, the absorbed fine material can be separated into a
      sand fraction and into a self filler fraction. The sand fraction will, for
      example, include particles in the grain size range of about 0.3 - 0.8 mm.
      Concomitantly the self filler fraction will include particles in the grain
      size range of about 0.09 - 0.3 mm. The sand fraction and the stone
      fraction are re-united, while the self filler fraction is taken off
      separately and is combined with the self filler fractions of the remaining
      grain size ranges. By this individual treatment separate dried and heated
      stone fractions of the individual grain size ranges are obtained free from
      the self filler fraction. With these heated stone fractions it is possible
      to follow prescriptions more accurately than was possible before. If
      desired, strange filler fractions can be added to the combined self filler
      fraction. The heated stone fractions of the individual grain size ranges
      are preferably weighted charge-wise and combined. However the sand
      fractions of the absorbed fine materials are added to the stone fractions
      of the corresponding grain size ranges. This can be done by adding each
      sand fraction to the stone fraction from which it is derived, or by adding
      each sand fraction to another suitable stone fraction.
PAR  The separation of the absorbed fine material into sand and self filler
      fractions is done in several filter stages. Thus, it is possible to form
      only one sand fraction and one self filler fraction. However, it is also
      possible to separate several sand fractions and one self filler fraction.
PAR  The apparatus for performing this method includes a mixing container for
      mixing the stone and sand fractions, the self filler fraction and the
      binding agent and is characterized in that for the stone minerals of each
      individual grain size range preparing means is provided for predosing,
      drying, and the stone minerals to separate absorbed fine material from a
      stone fraction of the stone minerals and for and separating the absorbed
      fine material into a sand fraction and a self filler fraction. In
      addition, there is provided a conveyor means for combining all self filler
      fractions. Each preparing means for the treatment of the individual grain
      size ranges includes a drying drum, a filter means, and a heating silo
      with a scale and a take-off means. The filter means can be a multi-stage
      means having a pre-separator for the sand fraction and a conveyor located
      for conveying the sand fraction separated from the fine material. In
      addition the filter means has a main separator for the self filler
      fraction and a conveyor located for conveying the self filler fraction
      separated from the stone fraction and the sand fraction.
PAR  On the side of the material inlet each drying drum has a hollow inlet screw
      with a preceding dosing means, the filter means for taking off the
      absorbed fine material and the heating gases being connected by a channel
      to this hollow inlet screw. The preseparator of the filter means can have
      an enlarged cross section relative to this channel in order to decelerate
      the stream of absorbed fine material and to separate the sand fraction
      therefrom. Preferably, each drying drum is constructed to also serve as a
      conveyor means for the respective sand fraction separated from the fine
      material. On its outer circumference each drying drum has an outlet screw
      with a corresponding housing to provide such conveyor means. In order to
      combine the stone fractions and the sand fractions this conveyor means and
      the interior of each drying drum are connected to a respective heating
      bucket conveyor and heating silo.
PAR  Several dosing means can precede the hollow inlet screw of the drying drum
      so that, for example, stone minerals of the same grain size ranges but of
      different origin can be prepared together. The heating silo includes a
      sample take-off stub with a test screen having an electro-mechanical drive
      means. A portion of the dried stone and sand fraction can be taken off by
      means of this take-off stub and can be fed to a lower test screen in order
      to control the grain size of the stone and sand fractions in the dried
      condition. After the weight of the oversize fraction and or the undersize
      fraction has been determined the preceding and the subsequent grain size
      can immediately be corrected in accordance with the total prescription.
PAR  The described method and apparatus have several advantages. One of these
      advantages is that the feed back of the sand fraction pre-separated from
      the fine material reduces the self filler fraction and simultaneously
      limits its grain size range. Another is that the feed back of each sand
      fraction to the outer circumference of the respective drying drum improves
      the efficiency of the heat exploitation. Still another is that the hollow
      inlet screw at the inlet of each drying drum assures that the stone
      minerals are introduced into each drying drum in an air tight manner such
      that no infiltrating air can enter into the apparatus that would increase
      the exhaust gas quantity and decrease the drying temperature. The
      absorption channel connected to the hollow inlet screw at the inlet of
      each drying drum is also sealed against the entry of infiltrating air.
      This leads to smaller exhaust gas quantities and smaller filter surfaces.
      The outlet of each drying drum can simply be constructed to serve
      simultaneously as a drive for the heating bucket conveyor. Thus, the stone
      fraction and the sand fraction can be re-united in a simple manner. The
      undisturbed heat gas conduction and the exclusion of the entry of
      infiltrating air favor a maximum drying effect by radiation and convection
      and thus a maximum fraction of the fine material. In principle, the stone
      fractions of the individual grain size ranges are thereby made cleaner.
PAR  The apparatus allows a quick change of the prescription without the need of
      operating on preceding stone quantities which are in the preparation
      process. The control capability of each individual fraction in the range
      of the heating silo makes it possible to correct the composition of the
      mixture at any time during the preparation process. During the entire
      operation there will be no grain overflow, as always only a single
      fraction is absorbed from each heating silo. The burner means of each
      drying drum can be adjusted to the respective grain size range. Thus, the
      drying process is accommodated to the individual materials. Each
      individual drying drum can also be used as a filler drying apparatus with
      direct heating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated below with the aid of the accompanying
      drawings wherein:
PAR  FIG. 1 is a flow and schematic diagram according to the preferred
      embodiment of the method and apparatus of this invention;
PAR  FIG. 2 is a schematic, longitudinal-sectional view of a single section of
      an apparatus according to the preferred embodiment of this invention; and
PAR  FIG. 3 is a schematic or is, cross-sectional view of the same section of
      the apparatus shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  During the manufacturing process of a coating mass for road constructions,
      stone minerals of different grain size ranges are supplied seaprately at
      the construction site. In FIG. 1 this is schematically indicated by the
      stone minerals 1 which are designated by the corresponding grain size
      ranges. Each stone mineral 1 of a certain grain size range is prepared by
      a separate means 2. All means 2 for preparing the stone minerals are
      substantially equal or similar. Each serves to pre-dose, dry, and heat the
      stone minerals of a respective grain size range and to thereby separate
      them into a stone fraction and into absorbed fine material comprising a
      sand fraction and a self filler fraction. A heating silo 3 with a scale 4
      is located at the end of each preparing means 2. The stone fraction of the
      respective grain size range is taken from the heating silo 3 via a scale 4
      and, as is explained later, the sand fraction will be added to it. The
      stone and sand fractions of the different grain size ranges, but not the
      self filler fractions, are combined via a conveyor means 5 and are stored
      charge-wise in a container 6.
PAR  Each preparing means 2 has a filter means 7, which, apart from other
      purposes, serves to separate the self filler fraction from the stone
      fraction and the sand fraction such that the self filler fraction can be
      taken off separately from the stone and sand fractions via a conveyor
      means 8. The self filler fraction is supplied to a silo 9. Another silo 10
      is provided for a strange filler fraction. The self filler fraction is
      taken off from the silo 9 and/or the strange filler fraction is taken off
      from the silo 10 via a filler scale 11. This filler fraction is supplied
      to a filler container 12.
PAR  The stone and sand fractions, the filler fractions, and the bitumen, as
      well as eventually further flux materials, are supplied from the container
      6, the filler container 12, and a bitumen container 13 into a mixing
      container 14 and from there to a storage container 15 or to a transport
      station. The material in the storage container 15 is already the coating
      mass.
PAR  It is essential that each stone mineral 1 of the respective grain size
      range be prepared separately from the stone minerals 1 of the remaining
      grain size ranges. During this preparation process, each stone mineral 1
      is pre-dosed, dried, and in the preparing means 2 heated and thereby
      divided into the stone fraction and into the fine material. The fine
      material is divided into the sand fraction and into the self filler
      fraction with the aid of the filter means 7, and the sand fraction is
      again added to the stone fraction. Both the stone and the sand fractions
      are supplied to the respective heating silo 3. The self filler fraction is
      separately taken off from each filter means 7 and combined with the other
      self filler fractions.
PAR  In FIGS. 2 and 3 a single preparing means 2 is illustrated. It consists
      substantially of a dosing means 16 with a dosing screw 17, a drying drum
      18 with a hollow inlet screw 19, a heating bucket conveyor 20, a heating
      silo 3, and a scale 4. Furthermore, each preparing means 2 has a filter
      means 7 with a blower 21, a pre-separator 22, and a main separator 23. The
      drying drum 18 has a known burner 24. Furthermore, on its outer
      circumference it is constructed to serve as a conveyor means. For this
      purpose it is provided with a screw 25. There is provided a housing 26,
      which cooperates with the screw 25. Each preparing means 2 also has a
      filler return screw 27, which is part of the conveyor means 8 of FIG. 1.
      The hollow inlet screw 19 and, the drying drum 18, and preferably the
      heating bucket conveyor 20 are supplied with drive power via a single
      drive means 28. The filter means 7 has a channel 29, which is connected to
      the hollow inlet screw 19. A sample take-off stud 30 is located in the
      area of the heating silo 3.
PAR  The respective stone minerals 1 on the respective grain size range, for
      example, 0 2 mm, are fed into the dosing means 16 according to the arrow
      31. From the dosing means 16 the stone minerals 1 of this grain size range
      are supplied to the hollow inlet screw 19 by means of the dosing screw 17.
      The hollow inlet screw 19 introduces the material into the drying drum 18
      in an air tight manner. Thus, the stone minerals 1 of the respective grain
      size range are introduced into the drying drum 18 in dosed form. The
      burner 24 provides the drying and heating of these stone minerals 1. In
      the illustrated embodiment, the drying drum 18 is operated in the
      counter-current mode. Within the drying drum 18 the stone minerals 1 of
      the respective grain size range are divided into the stone fraction, as
      indicated by the arrow 32, and into the fine material absorbed together
      with the heating gases, as indicated by the arrow 33. The stone fraction
      travels through the drying drum 18 in a direction opposite from that of
      the heating gases. At the end of the drying drum 18 it is guided to the
      heating bucket cnveyor 20 in the direction of the arrow 34. As indicated
      by the arrow 33, the stream of heating gases and the fine material
      absorbed together therewith pass through the hollow inlet screw 19 and the
      channel 29 by which they are guided to the pre-separator 22, which has an
      extended cross section relative to the channel 29 such that the stream is
      substantially decelerated. This divides the fine material into a sand
      fraction, as indicated by the arrow 35, and a self filler fraction as
      indicated by the arrow 36. The sand fraction falls from the pre-separator
      22 onto a suitable conveyor means or directly onto the outer circumference
      of the drying drum 18 where the screws 25 is located. Thus the sand
      fraction is transported on the outer circumference of the drying drum 18
      towards the heating bucket conveyor 20 and is introduced into the heating
      bucket conveyor 20, as is the case with the stone fraction passing through
      the drying drum 18. Although the fine material has already been heated in
      the drying drum, a further heating of the sand fraction at the outer
      circumference of the drying drum takes place thereby improving the
      efficiency of the heat transfer. The stone fraction and the sand fraction
      are supplied to the heating silo 3 via the heating bucket conveyor 20.
      From there they are taken off charge-wise by means of the scale 4. The
      grain size range of the stone and sand fractions can be examined at all
      times by means of the take off stud 30. In the illustrated embodiment with
      the grain size range of 0 - 2 mm, the stone fraction has a range of about
      0.8 - 2 mm, while the sand fraction has a range of about 0.3 - 0.4 mm. The
      self filler fraction has a range of less than 0.3 mm. It supplied via the
      pre-separator 22 to the main separator 23, as indicated by the arrow 36,
      and at that location is separated. And supplied to the filler return screw
      27 of the conveyor means 8 as indicated by the arrow 38. The self filler
      fractions from all the preparing means 2 are combined and are transported
      by the conveyor means 8 into the silo 9 (see FIG. 1).
PAR  As explained all grain size ranges are treated separately. Thus, in each
      heating silo 3 an exactly controllable stone and sand fraction without
      self filler is obtained. Of course, it is also possible to use the
      preparing means 2 within the total apparatus for preparing the filler
      fraction. Furthermore, it is possible, to locate two dosing means 16 with
      dosing screws 17 within the hollow range of the inlet screw 19 of a
      preparing means 2 in order to jointly prepare stone minerals of the same
      grain size range but of different origin. For example, this can be done
      with washing sand or pit-sand, where a certain ratio thereof is defined in
      the prescription.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for manufacturing a coating mass for road constructions,
      wherein stone minerals of different grain size ranges are dosed, dried,
      heated, dusted off, and mixed with a binding agent and other flux
      materials, the stone minerals of the various grain size ranges being
      separately pre-dosed, dried, and heated, wherein individually absorbed
      fine material is divided into a sand fraction and into a self filler
      fraction by means of filtering, wherein the sand fraction is again added
      to the stone fraction of the respective grain size range, wherein the self
      filler fractions of all grain size ranges are combined, and wherein the
      heated stone fractions are weighted and mixed together with the combined
      self filler fractions and the binding agent in order to form the coating
      mass.
NUM  2.
PAR  2. A method as in claim 1 wherein a strange filler fraction is added to the
      combined self filler fractions.
NUM  3.
PAR  3. A method as in claim 1 wherein the stone fractions are weighted
      charge-wise.
NUM  4.
PAR  4. A method as in claim 1 wherein the sand fractions are added to the stone
      fractions corresponding to their grain size ranges.
NUM  5.
PAR  5. A method as in claim 1 wherein the division of the absorbed fine
      material into the sand and self filler fractions is effected in a
      plurality of filter stages.
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ABST
PAL  An apparatus for the wet spraying of concrete, comprising a mixer embodying
      a mixing container incorporating means for closing such in a gastight
      fashion, a compressed air source connected with the mixing container, said
      mixing container incorporating a closable concrete outlet opening, a
      substantially cylindrical concrete containing conduit detachably
      introduced at one inner end through the concrete outlet opening and in a
      position substantially in alignment with the inner wall of the mixing
      container and a number of supplementary air infeed conduits located near
      the mixer and opening into the concrete containing conduit for the infeed
      therein of compressed air.
PARN
PAC  CROSS REFERENCE TO RELATED CASE
PAR  This is a divisional application of my copending U.S. application Ser. No.
      311,500, filed Dec. 4, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved apparatus for wet
      spraying concrete wherein the concrete is forced by means of compressed
      air out of a mixer into a concrete conduit and then sprayed out of such
      conduit.
PAR  During spraying of concrete with a standard granulation size up to 15 mm.
      and when working with one of its particular forms, so-called "gunite",
      problems particularly occur in the conduits during spraying. These
      problems do not appear to be capable of solution with conventional means.
      Thus, it was not heretofore possible, notwithstanding blowing-in of
      additional air, to convey the concrete in desired manner through the
      conduit for the spraying thereof, and even the heretofore proposed
      reduction in the cross-section of the conduit did not produce the desired
      result.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide an
      improved apparatus for the wet spraying of concrete in a manner which
      effectively and reliably fulfills the existing needs in the art and is not
      associated with the aforementioned drawbacks and limitations of the prior
      art proposals.
PAR  Now it has been surprisingly found that the existing drawbacks can be
      reliably overcome by the method aspects of this development which
      contemplates blowing supplementary air into the tubular conduit containing
      the moving concrete at the periphery of the conduit in the form of a
      number of air currents. These air currents may be infed in (a) radial
      direction, (b) in radial direction but offset from one another in the
      axial direction of the tubular conduit, (c) in a direction transverse to
      the lengthwise axis of the tubular conduit, or (d) in a direction
      transverse to the lengthwise axis of the tubular conduit and axially
      offset with respect thereto.
PAR  By means of this supplementary or additional air infeed it is possible to
      provide, on the one hand, a gliding or sliding layer with regard to the
      wall of the tubular conduit and, on the other hand, to increase the flow
      properties of the concrete, for instance the "gunite", when it is
      penetrated by the air and agitated thereby. Advantageously, by means of
      the supplementary air currents the concrete is placed into rotation about
      the lengthwise axis of the tubular conduit, thereby increasing the flow
      and sliding properties thereof.
PAR  Blowing-in of the supplementary air can take place into a tubular conduit
      or pipe which is advantageously cylindrical and extends past the location
      of infeed of the supplementary air. Thereafter, the remainder of the
      section of the tubular conduit can conically taper to the desired
      diameter, which remains constant up to the point of connection with the
      spray hose or conduit.
PAR  As previously indicated, not only is the invention concerned with the
      aforementioned method aspects but also relates to a new and improved
      construction of apparatus for the performance of the aforesaid method
      which comprises a mixer incorporating a mixing container which can be
      closed in a gastight fashion and possesses a stud-like concrete outlet
      opening which can be closed and which is connectable with a source of
      compressed air. In the stud-shaped concrete outlet opening there is
      detachably inserted a cylindrical or tubular concrete conduit which has
      its inner end in alignment with the inner wall of the mixing container.
      There are also provided a number of supplementary air infeed conduits
      located near the mixer, such air infeed conduits being connected to a
      source of compressed air and opening into such tubular concrete conduit.
      The supplementary air infeed conduits may be either approximately radially
      directed with the respective center of the outfeed mouths of the infeed
      conduits located in a common plane extending substantially perpendicular
      to the lengthwise axis of the tubular conduit, or such radial infeed
      conduits may be axially offset in the lengthwise direction of the tubular
      conduit. Further, the air infeed conduits may be axially inclined
      forwardly in the direction of feed of the concrete, with the center of
      each outfeed mouth located substantially in the same plane extending
      substantially perpendicular to the lengthwise axis of the tubular conduit,
      or such axially inclined air infeed conduits may be axially offset in the
      lengthwise direction of the tubular conduit wherein the center of each
      outfeed mouth thereof is then located in a different plane extending
      substantially perpendicular to the lengthwise axis of the tubular conduit.
PAR  These supplementary air infeed conduits are advantageously coupled to one
      another by an annular or ring-shaped distributor conduit, in which case
      then there is provided at the annular or ring-shaped conduit a connection
      location for the compressed air source.
PAR  After the aforementioned cylindrical or tubular concrete conduit there is
      advantageously connected the already mentioned conically tapering section
      of the concrete conduit.
PAR  Since the cross-section of the tubular conduit remains constant from the
      mixing container up to the location or locations of infeed of the
      supplementary or additional air, there is no damup or blocking of the
      material and there does not occur any change in its flow velocity. Only
      following the infeed locations for the supplementary air, with this
      embodiment, is the cross-section of the further section of the conduit
      reduced, increasing the flow velocity. Due to the liquefying action of the
      supplementary air which is blown-in according to the concepts of this
      development, it is possible to undertake a reduction in size of the
      cross-section of the conduit arrangement without having to fear that
      clogging will occur as was previously the case.
PAR  Good results have been obtained, for instance, if the aforementioned
      cylindrical or tubular conduit is provided with an inner width of, for
      instance, 70 mm. and then following the infeed locations for the
      supplementary air the conical conduit portion or section is reduced to
      about 50 mm. The spraying operation for the concrete can be carried out
      with good results with pressures in the order of 3 to 5 atmospheres
      absolute, wherein for a great number of situations it is possible to keep
      the pressure of the supplementary air lower.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a longitudinal sectional view through a mixing and conveying
      apparatus mounted upon a single axle travelling carriage or undercarriage
      and designed according to the teachings of the present invention;
PAR  FIG. 2 is an end view, looking in the direction of the arrow II of FIG. 1,
      of the arrangement of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view, on an enlarged scale in relation
      to FIGS. 1 and 2, of a portion of the concrete conduit or pipe and taken
      substantially along the line III--III of FIG. 4;
PAR  FIG. 4 is a cross-sectional view on a reduced scale with regard to FIG. 3,
      taken substantially along the line IV--IV of FIG. 3;
PAR  FIG. 5 is a fragmentary view depicting a further modification of the
      tubular concrete conduit with forwardly inclined air infeed conduits, the
      center of the respective outfeed mouths of which are located substantially
      in a common plane extending essentially perpendicular to the lengthwise
      axis of the tubular conduit; and
PAR  FIG. 6 is a modification of the arrangement of FIG. 5 with the air infeed
      conduits axially offset in the lengthwise direction of the tubular conduit
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in FIGS. 1 and 2 there is depicted a single
      axle travelling carriage or undercarriage 100 having wheels 102 and
      supports 103 upon which is mounted a mixer unit embodying a mixing
      container or drum 1. At the front end 1a of the mixing container 1 there
      is mounted an infinitely variable drive or transmission 41 and thereat a
      suitable drive motor 42, such that a mixer shaft 110, which will be
      considered in greater detail hereinafter, can be driven at a random
      rotational speed and in a random rotational sense or direction.
PAR  The mixing container 1 has an upper filling or infeed opening 43 with a
      suitable closure member or cover 44, which by means of any appropriate
      locking mechanism 45 permits the infeed opening 43 and therefore the
      mixing container 1 to be closed in gastight fashion. For the purpose of
      introducing pressurized gas, delivered by a compressor 60 through the
      agency of the schematically indicated conduit 50, there is provided an
      inlet 46 with a closure 46'. There is also contemplated the use of
      conventional overpressure protecting means for the system, such as valves
      or equivalent structure, which have not been particularly shown in the
      drawings since they may be of conventional design and are not really
      necessary for understanding the basic concepts of this development.
PAR  For the purpose of removing the handled material, typically concrete, from
      the mixing container 1 there is provided a connection or pipe stud 2 at
      the front closure cover 1' of the container 1, and this connection or stud
      2 also can be closed by any suitable means such as a cover or the like.
PAR  A funnel 107, which has only been conveniently depicted in FIG. 2, can be
      suitably shifted over or in alignment with the infeed opening 43 if it is
      desired to fill the mixed material being handled, for instance the
      aggregate of cement, gravel and water, into the container 1.
PAR  The interior of the container 1 is lined with a wear resistant lining 108
      which also extends to the region of the closure cover 1' of the container
      1 and prevents wear of the container proper. This wear resistant lining
      108 is exchangeable when there is removed the closure cover 1' at the rear
      end 1b of the container 1, for which purpose it is attached by suitable
      fastening means, for instance not particularly illustrated screws. When
      this rear closure cover 1' has been removed it is also possible to remove
      and exchange the mixer shaft 110 guided in bearings 90 and 90' through the
      agency of claw couplings 91. Then it is also possible to exchange the
      helically extending mixer worm or screw 110" together with its supports
      110' which are threadably connected to the shaft 110. It should be equally
      recognized that the screw or worm 110" and the supports 110' intensively
      tumble and agitate the material within the container 1, thus conveying and
      therefore repeatedly mixing such material from one end of the container to
      the other. Consequently, the mixed material, namely in this case the
      concrete, arrives at the connection or pipe stud 2, from which location it
      is then expelled by the compressed air.
PAR  A cover 111" at a cleaning stud or connection 111' can be conveniently
      removed if it is desired to clean the equipment after completion of the
      work or in the event it becomes clogged.
PAR  The closures 44 and 46', if desired, can be designed such that they can be
      conveniently remote-controlled in conventional fashion, for instance
      electropneumatically.
PAR  For the purpose of accommodating the diameter of the connection or stud 2
      to the fineness or granulation size of the concrete it is possible to
      introduce a suitable tubular pipe or conduit 5 into the connection or pipe
      stud 2 such that the innermost end 5' of the pipe 5 and the inner surface
      1" of the container are flush with one another, thereby insuring for a
      good transition of such components, as best seen by referring to FIG. 3.
      The pipe 5 is welded to bayonet closure flange means 6 which engage with
      mating or counter flange means 3 at the connection or pipe stud 2 and at
      that location can be closed in a gastight fashion by means of the sealing
      arrrangement 4.
PAR  As best seen by referring to FIG. 3 supplementary air infeed conduits 7
      open at their one respective outfeed mouth end into the pipe or conduit 5
      and such infeed conduits 7 are here shown to be approximately radially
      directed. Further, as shown in phantom lines at 7' these radial conduits
      may be offset relative to one another in the direction of the lengthwise
      axis of the tubular conduit 5. The infeed conduits 7 are connected at
      their other end with an annular or ring-shaped distributor conduit 8. The
      annular conduit 8 is connected via connection or stud 9 and schematically
      indicated conduit 70 with a compressor, which conveniently is the
      aforementioned compressor 60 for the mixer container although a separate
      compressor could be also employed. The supplementary or additional air
      which is forced through the conduits 7 and enters the pipe 5 at the
      peripheral region thereof, passes intensively through the concrete,
      improves its flow properties and advantageously places such into rotation.
      The concrete then flows in the direction of the arrows B and this concrete
      is thus rotated about its feed direction in accordance with the spirals
      indicated by means of the arrows C.
PAR  Instead of the air infeed conduits being purely radially directed, it would
      be possible for same to be axially inclined in the direction of feed of
      the concrete through the tubular conduit. Modifications of the invention
      employing this concept have been shown in FIGS. 5 and 6.
PAR  Hence, in FIG. 5, it will be seen that the air infeed conduits 7A are
      axially inclined from the right towards the left of FIG. 5 in the
      direction of feed of the concrete through the tubular conduit 5A, each
      such air infeed conduit 7A having an air outfeed mouth 7A' communicating
      with the interior of the tubular conduit 5A and at the respective opposite
      end an air infeed mouth 7A" connected with the ring-shaped or annular
      distributor conduit 8A. The center of each respective outfeed or outlet
      mouth 7A' of each air infeed conduit 7A is located in a plane which
      extends substantially perpendicular to the lengthwise axis of the tubular
      concrete conduit 5A.
PAR  In FIG. 6, there is again shown an arrangement of axially inclined air
      infeed conduits 7B, the air outfeed or outlet mouths 7B' of which
      communicate with the interior of the tubular concrete conduit 5B, and the
      air infeed mouths 7B" of which are in flow communication with the annular
      or ring-shaped distributor conduit 8B. In this modification, however, it
      will be noted that the respective air infeed conduits 7B are axially
      offset with respect to one another in the lengthwise direction of the
      tubular concrete conduit 5B, and thus the center of each outfeed mouth 7B'
      is located in a respective plane extending substantially perpendicular to
      the lengthwise axis of the tubular concrete conduit 5B.
PAR  Of course, it would be conceivable for each of the embodiments disclosed
      herein to have only some of the air infeed conduits which communicate with
      the tubular concrete conduit axially offset with regard to one another and
      others located in a common radial plane or with the center of the
      respective outfeed mouth thereof located in a respective common radially
      extending plane. In all of the embodiments herein disclosed, it will be
      recognized that the air infeed conduits have their lengthwise axis
      extending transversely with respect to the lengthwise axis of the tubular
      concrete conduit.
PAR  Continuing, as shown in FIG. 3, a conically tapering reduction conduit or
      line 12 is mounted by means of non-illustrated screws or equivalent
      fastening devices via the flanges 10 and 11 at the concrete containing
      conduit or pipe 5, and by means of which it is possible to realize a
      reduction in the diameter of the conduit system down to the diameter of
      the non-illustrated spray hose or hoses. These spray hoses or spray
      conduits can be conveniently threaded to the flange 13.
PAR  Such equipment can be operated with an air supply of about 6 m.sup.3 /min.
      and a pressure of about 1 to 4 atmospheres absolute, there preferably
      being used a conduit diameter of 90 to 100 mm. (connection or stud 2) and
      after an internal reduction of the diameter of the pipe or conduit 5 to
      about 70 mm. Good conveying of the concrete can be realized with a
      pressure of 1 to 3 atmospheres absolute and a grain size of 0.01 to 30
      mm., whereas for spraying there would be required a pressure of about 3 to
      4  atmospheres absolute. It is possible to convey, for instance, 150
      meters in the horizontal or 25 meters in the vertical, and the pressure
      can be maintained within conventional limits.
PAR  Finally, the feared fluttering and irregularity of operation or surging of
      the system is suppressed, and as a practical matter no clogging occurs.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. An apparatus for the wet spraying of concrete, comprising a mixer
      embodying a mixing container incorporating means for closing such in a
      gastight fashion, a compressed air source connected with the mixing
      container, said mixing container incorporating a closable concrete outlet
      opening defined by a connection pipe, a substantially cylindrical concrete
      containing conduit of substantially constant diameter detachably
      introduced at one inner end through the connection pipe and in a position
      substantially flush with the inner wall of the mixing container, and a
      number of supplementary air infeed conduits located near the mixer and
      opening into the concrete containing conduit at locations spaced
      circumferentially about the periphery thereof for the infeed therein of
      compressed air to suppress the formation of concrete slugs, the infed
      compressed air flowing towards the central lengthwise extending axis of
      the concrete containing conduit to break-up any possibly formed concrete
      slugs.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein said number of
      supplementary air infeed conduits extend substantially transversely with
      respect to the lengthwise axis of the concrete containing conduit.
NUM  3.
PAR  3. The apparatus as defined in claim 1, wherein said number of
      supplementary air infeed conduits are arranged in a common plane extending
      substantially radially with respect to the lengthwise axis of the concrete
      containing conduit.
NUM  4.
PAR  4. The apparatus as defined in claim 1, wherein said number of
      supplementary air infeed conduits are arranged axially offset in the
      lengthwise direction of the concrete containing conduit and extend
      substantially radially with respect to the lengthwise axis of the concrete
      containing conduit.
NUM  5.
PAR  5. The apparatus as defined in claim 1, wherein said number of
      supplementary air infeed conduits are inclined with respect to the
      lengthwise axis of the concrete containing conduit.
NUM  6.
PAR  6. The apparatus as defined in claim 5, wherein the inclined supplementary
      air infeed conduits are axially offset in the lengthwise direction of the
      concrete containing conduit.
NUM  7.
PAR  7. The apparatus as defined in claim 1, wherein there is provided a
      compressed air source of the supply of compressed air to the supplementary
      air infeed conduits.
NUM  8.
PAR  8. The apparatus as defined in claim 7, wherein a common compressed air
      source is employed for the infeed of the supplementary air and the air
      into the mixing container.
NUM  9.
PAR  9. The apparatus as defined in claim 1, further including an annular
      distributor conduit means for interconnecting the supplementary air infeed
      conduits with one another, said annular distributor conduit means being
      connected with said compressed air source.
NUM  10.
PAR  10. The apparatus as defined in claim 1, further including a conically
      tapering concrete conduit section connected with the substantially
      cylindrical concrete containing conduit.
NUM  11.
PAR  11. The apparatus as defined in claim 1, wherein said closable concrete
      outlet opening possesses a diameter in the order of 90 to 100 mm.
NUM  12.
PAR  12. The apparatus as defined in claim 11, wherein the inner diameter of
      said cylindrical concrete containing conduit is in the order of about 70
      mm.
NUM  13.
PAR  13. The apparatus as defined in claim 12, wherein the compressed air source
      provides a pressure in the order of 1 to 3 atmospheres for conveying the
      concrete through said cylindrical concrete containing conduit.
NUM  14.
PAR  14. The apparatus as defined in claim 1, wherein the inner diameter of said
      cylindrical concrete conveying conduit is in the order of about 70 mm.
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ABST
PAL  The apparatus is provided with a bowl rotatable about a vertical axis and
      accommodating therein two groups of vanes fixedly secured on a portion of
      a framework, overlying the bowl. The vanes adjoining the discharge opening
      of a bowl curve arcuately in longitudinal and transverse directions, each
      having its side which is convex in the longitudinal direction and concave
      in the transverse direction facing the direction of rotation of the bowl.
      The vanes adjoining the peripheral wall of the bowl are defined by several
      steps arranged in the horizontal direction and having their concave sides
      facing the rotation of the bowl, with the sides curving arcuately in a
      transverse direction. A discharge blade has its side which is concave in
      the longutidinal and transverse directions facing the rotation of the bowl
      and jointly with the vertically reciprocable vane spans the space between
      the peripheral wall of the bowl and the discharge opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for mixing and granulating bulk
      materials, such as agglomerated blast furnace charges and can be employed
      in the manufacture of various granules, e.g. ore pellets, in various
      industries in which bulk materials are to be mixed and granulated, for
      instance, for subsequent conveying.
PAC  PRIOR ART
PAR  At present, various rotary drum and bowl type apparatus are widely used for
      mixing and granulating bulk materials. The mixing and granulating
      apparatus of the prior art differ both in their operation principle and
      design.
PAR  Among them definite advantages are offered by a recirculation type
      apparatus for mixing and granulating blast furnace charge, disclosed in
      USSR Inventor's Certificate No. 405,668. This apparatus includes a bowl
      mounted for rotation about a vertical axis on a stationary framework, with
      the bowl having the area where the material to be treated is charged
      thereinto, adjacent to the peripheral wall thereof and a discharge opening
      or outlet in the central bottom part thereof.
PAR  The portion of the framework, overlying the bowl, has mounted thereon a
      plurality of vanes, each having a rectilinear longitudinal axis and
      arcuate cross-section. Each blade has its concave side in the transverse
      direction facing in a direction opposing that of rotation of the bowl.
      There are also mounted on the portion of the framework, a discharge blade
      and means for feeding liquid binding agent into the bowl. The vanes and
      the delivery blade have minimal clearance from the bottom and from the
      peripheral wall of the bowl. One group of the vanes is positioned adjacent
      to the discharge opening of the bowl, with each vane having one of its end
      facing this opening.
PAR  Another group of the vanes is positioned at the peripheral wall of the
      bowl, with each vane of this group having one of its end facing this wall.
      The opposite ends of the vanes are positioned so that all the vanes act as
      guides for the material being treated and upon rotation of the bowl
      repeatedly and successively direct the material from the vane of one group
      onto the successive vane of the other group. Consequently, the material
      being treated is granulated by the action of its swirl-like flow toward
      the discharge blade. The latter completely spans the space between the
      peripheral wall of the bowl and the discharge opening. The blade is
      associated with a drive effecting its vertical reciprocation, and the bowl
      is associated with a drive effecting its rotation about the vertical axis.
      The liquid binding agent is fed into the stream of the material in front
      of the vanes of the first group, with each vane of this group adjoining
      the discharge opening of the bowl.
PAR  The above described apparatus of the prior art operates, as follows:
PAR  A material to be granulated is fed through the charging port in the upper
      portion of the framework upon the bottom of the bowl at the peripheral
      wall thereof. The granulation of the bulk material is caused by its
      intense rolling along the work surfaces of the vanes which have a profile
      which is curvilinear in a tranverse direction. A portion of the liquid
      binding agent is fed onto the material in front of each granulating vane.
PAR  However, experience has shown that the operation of the above described
      prior art apparatus involves certain difficulties. The moistened material
      displays a tendency to stick to the vanes, which not only affects the
      quality of the granulation, but might lead to hanging of the material
      being treated in the apparatus. The dangerous accumulation of the material
      being treated in such apparatus can be prevented by stepping up the speed
      of rotation of the bowl, but this has been found to curtail the time
      during which the material is processed by the apparatus at the work
      surfaces of the granulating vanes adjoining the peripheral wall of the
      bowl, and thus affects the quality of the granulation.
PAR  Furthermore, the vertical reciprocation of the discharge blade is liable to
      result, on the one hand, in the destruction of already shaped granules, as
      the latter are engaged by the pointed edge of the blade, and, on the other
      hand, in the appearance of unwanted oversized granules that may pass under
      the raised blade.
PAR  The final granulated material is directed by the discharge blade toward the
      discharge opening. While the blade is raised, a portion of the material is
      able to pass thereunder and mix with the material fed into the bowl by the
      feeding means. Thus, there is established a recirculation stream which has
      been found to intensify the mixing operation. i.e. to yield a highly
      homogeneous mixture of the bulk material.
PAR  The design of the above described prior art apparatus ensures that the
      apparatus can be successfully used for mixing relatively dry bulk
      materials.
PAR  However, the efficiency of such apparatus becomes considerably lower, when
      it is used as a granulator, particularly, as a granulator of a relatively
      damp blast furnace charge.
PAR  The experience and the research conducted by the present applicants have
      shown that the difficulties involved in operation of the apparatus of the
      prior art are caused by the shape of the granulating vanes and of the
      discharge blade as well as certain design features of this apparatus.
      Thus, the rectilinear shape in the longitudinal direction axis of the
      vanes adjoining the discharge opening of the bowl promotes an unwanted
      accumulation of the material being treated at the work surfaces of the
      vanes. While the same shape of the vanes adjoining the peripheral wall of
      the bowl accelerates the exit of the material from the work surfaces of
      these last-mentioned vanes, which has been found to affect the quality of
      the final product and the performance of the apparatus.
PAR  The applicants have also discovered certain negative phenomena connected
      with the operation of the discharge blade.
PAR  It has been established that while the material moves along the discharge
      blade, already lumped particles of the material roll off the work surface
      of the blade and are directed for repeated granulation, which might lead
      to the formation of oversize granules, as well as in the destruction of
      granules of a proper size, as they pass under the pointed edge of the
      discharge blade.
PAR  The above shortcomings of the prior art apparatus result in its relatively
      low productivity and, which is even more important, in its being incapable
      of delivering a quality product in terms of homogeneity and gas
      permeability of the layer of agglomerate. These shortcomings of the above
      described apparatus, which are also found in other commonly known
      granulators of the drum and bowl types, become particularly pronounced in
      the manufacture of an agglomerated blast furnace charge, in which the
      quality of the agglomerated charge prepared for sintering predetermines
      both the productivity of the sintering machines and the metallurgical
      worth of the agglomerate. Consequently, the shortcomings of the apparatus
      employed for mixing and granulating become of great significance, since
      they constrain the growth of productivity of sintering machines and
      improvement of the quality of agglomerate.
PAR  Therefore, the provision of an apparatus enabling to control actively the
      properties of an agglomerated blast furnace charge in the process of its
      mixing and granulating has become a task of top priority, considering the
      decisive role it plays in the advance of the art of preparing raw
      materials for metallurgical processes having specified properties.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is the main object of the present invention to provide an apparatus for
      mixing and granulating bulk materials, which delivers a product of high
      homogeneity in terms of granule size, providing for improved gas
      permeability of subsequently sintered layers of the material.
PAR  It is an equally important object of the present invention to step up the
      productivity of the apparatus of the specified type.
PAR  It is a further object of the present invention to increase the strength of
      the granules produced.
PAR  These and other objects are attained in an apparatus for mixing and
      granulating bulk materials, comprising a bowl mounted on a framework for
      rotation about a vertical axis, the bowl having an area in which a
      material to be treated is loaded thereinto, adjacent to a peripheral wall
      thereof, and a discharge opening at the center of a bottom thereof, a
      portion of the framework, overlying the bowl, having mounted thereon to
      reach into the bowl, a discharge blade, a device for feeding a liquid
      binding agent into the bowl and two groups of vanes, each vane being
      arcuately curved in a transverse direction and having its concave side in
      the transverse direction facing in a direction opposite to that of
      rotation of the bowl, each vane of the first group having one its end
      adjoining the discharge opening of the bowl and each vane of the second
      group having one of its ends adjoining the peripheral wall of the bowl,
      each vane of either one of the two groups being positioned to act as a
      guide for the material being treated, directing it onto the corresponding
      vane of the other group, as the material is being advanced by rotation of
      the bowl, in which apparatus, in accordance with the present invention,
      each vane adjoining the discharge opening of the bowl curves arcuately in
      a longitudinal direction and has its side which a convex in the
      longitudinal direction and concave in the transverse direction facing in a
      direction which is opposite to that of rotation of the bowl each vane
      adjoining the peripheral wall of the bowl being, defined by at least two
      arcuately curving in the transverse direction, arranged in the horizontal
      direction and skewing in the direction of rotation of the bowl to form an
      acute angle with a radius extending from the center of the bottom of the
      bowl to the end of this stepped vane, adjoining the peripheral wall of the
      bowl, that one of the stepped vanes, which is the most remote one in the
      direction of rotation of the bowl from the area of charging of the
      material, extending relative to the discharge blade so that this
      last-mentioned vane, together with the discharge blade, are spanning the
      space between the peripheral wall of the bowl and the discharge opening in
      the bowl.
PAR  The vane which curves in the longitudinal direction and has its convex side
      in the longitudinal direction facing the rotation of the bowl, and,
      consequently, facing the flow of the material being treated, has no
      material sticking thereto, since the latter slips off its surface.
PAR  The stepped shape of the vanes provides for intensification of the process
      of exerting dynamic action upon the particles of the material, as a result
      of a repeated transfer of the particles of the material from one step to
      the successive one, which yields increased strength of the granules
      produced. It is known that increased strength of the granules prevents
      their untimely destruction at handling and conveying, which is of
      particular consequence in cases in which the material being treated is
      either a blast furnace charge or some other material which is to undergo
      subsequent handling and transportation.
PAR  An advantage of the stepped vanes over straight ones is the fact that they
      prolong the path of the particles along the work surfaces of the vanes
      and, which is also very important, prolong the time of contact of the
      material with the vanes.
PAR  It is expedient that the stepped vane which is the most remote one from the
      area of charging of the material be mounted for vertical reciprocation and
      associated with a drive for effecting such vertical reciprocation.
PAR  The vertical adjustment of this last-mentioned vane provides for
      controlling the level of the material passing under this vane in the bowl
      of the apparatus without altering the speed of this rotation. This is
      highly advantageous, since it enables to direct a pre-determined portion
      of the material to repeated mixing and granulation, which, in turn,
      enables to attain higher homogeneity of the product in terms of the size
      of the granules and the chemical-mineralogical composition.
PAR  Another advantage offered by this feature is the fact that the portion of
      the material, engaging the work surface of the vane, is additionally
      granulated and directed onto the discharge blade, there being prevented
      access to the blade of eversize particles, because in the stream or in the
      layer of the material, the larger particles are in the higher portion of
      this stream, if viewed in cross-section. The provision of the drive
      effecting vertical reciprocatory adjustment of the vane offers
      mechanization of the operation of adjusting the the volume of the streams
      directed, respectively, to recirculation and discharge.
PAR  It is further expedient that each stepped vane extends at an angle within a
      range from 40.degree. to 50.degree. relative to the respective radius of
      the circle of the bowl. This can be explained by the fact that should the
      angle be in excess of 50.degree., the resistance exerted by the vanes to
      the flow of the material would rise considerably and result in an
      accumulation of the particles of the material at the vanes, and this would
      promote the phenomenon of sticking of the particles to the work surface of
      the vane, which is extremely undesirable.
PAR  Should this angle be substantially short of 40.degree., the time of contact
      of the material being treated with the work surfaces of the vane would be
      insufficient to convert the particles to the state of granules. In
      addition, a smaller angle (i.e. one substantially short of 40.degree.)
      makes it impossible to increase the strength of the granules, due to their
      motion along the work surfaces of the vanes.
PAR  The range of 40.degree. to 50.degree. has been found to be the optimal one
      from the point of view of maximum utilization of the granulating
      properties of the vanes.
PAR  It is also expedient that the discharge blade be curved arcuately in the
      longitudinal and transverse directions, the side which is concave in the
      longitudinal and transverse directions facing the rotation of the bowl,
      with the clearance between the bottom edge of the blade and the bottom of
      the bowl being minimal.
PAR  This shape and arrangement of the discharge blade prevents passage of
      lumped particles or granules of the material being treated under the
      discharge blade and provides for unobstructed progress of the granules of
      the material along the blade surface toward the discharge opening in the
      bottom of the bowl. The arcuate shape of the discharge blade in the
      longitudinal and transverse directions ensures additional rolling of the
      particles of the material along the concave surface, which steps up the
      quality of the product by additionally strengthening the granules.
PAR  With the above specified vane being vertically adjustable and the discharge
      blade being stationary, there is prevented breakage of the particles of
      the material which have acquired the specified size in the process of
      mixing and granulation.
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PAR  The present invention will be further described in connection with
      embodiments thereof, with reference being had to the accompanying set of
      drawings, wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertically sectional view along the longitudinal axis of an
      apparatus embodying the invention;
PAR  FIG. 2 is a plan view of the bowl of the apparatus, partly broken away in
      the area of charging the material into the bowl;
PAR  FIG. 3 is a fragmentary perspective enlarged view of a vane adjoining the
      discharge opening in the bottom of the bowl; and
PAR  FIG. 4 is a fragmentary perspective enlarged view of a vane adjoining the
      peripheral wall of the bowl.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, the apparatus for mixing and granulating bulk materials
      includes a framework 1 (FIG. 2) having mounted thereon a bowl 2 rotatable
      about a vertical axis extending through a centre (0) of a bottom 3 of the
      bowl 2. Rotation of the bowl 2 is effected by a drive 4 including an
      electric motor and a reducer 5 coupled to the motor and to a bevel gear 6
      (FIG. 1) meshing with a toothed rim 7 of the bowl 2, with the latter being
      journalled for rotation in antifriction bearings 8. Overlying the bowl 2
      is a portion 9 of the framework 1, in the form of a lid having an opening
      or port 10 (FIG. 2) through which a bulk material to be treated can be fed
      from an outlet 11 of a charging device into the area of the bowl 2,
      adjoining a peripheral wall 12 thereof.
PAR  The central portion of the bottom 3 of the bowl 2 has a discharge opening
      13 provided therethrough.
PAR  Accommodated within the bowl 2 (FIG. 1) adjacent to the bottom 3 thereof
      are two groups of vanes 14 and 15 which are mounted with the help of posts
      16 and springs 17 on the upper portion 9 of the framework 1, overlying the
      bowl 2. A discharge scraper blade 18 is mounted in a similar manner.
PAR  A liquid binding agent can be fed into the bowl 2 (FIG. 2) by a device 19
      likewise mounted on the portion 9 of the framework 1, overlying the bowl
      2.
PAR  The vanes 14 and 15 curve arcuately in a transverse direction and have
      their side which is concave in this transverse direction facing in a
      direction opposite to that (indicated with arrow A) of rotation of the
      bowl 2.
PAR  Besides, each vane 14 (FIG. 3), has one of its end adjoining the discharge
      opening 13 of the bowl 2, while each vane 15 (FIG. 4) has one of its ends
      adjoining the peripheral wall 12 of the bowl 2. With respect to the
      annular surface of the bottom 3 of the bowl 2, the vanes 14 and 15 (FIG.
      2) of both groups are arranged so that each vane 14 of one group serves as
      a guide directing the material advanced by the bottom 3 of the rotating
      bowl 2 toward the corresponding vane 15 of the other group, adjoining the
      peripheral wall 12 of the bowl 2. Similarly, each vane 15 serves as a
      guide directing the material onto the successive vane 14.
PAR  Each vane 14 (FIG. 3) situated at the discharge opening 13 of the bowl 2
      curves arcuately in the longitudinal direction and has its side which is
      convex in the longitudinal direction and concave in the transverse
      direction facing the rotation of the bowl 2 (the direction of rotation
      being indicated with arrow A). Each vane 15 (FIG. 4) adjoining the
      peripheral wall 12 of the bowl 2 is defined by at least two steps or
      sections 20 curved arcuately in the transverse direction and arranged in a
      stepwise fashion in the horizontal direction. Furthermore, each vane 15
      (FIG. 2) is skewing in the direction of rotation of the bowl 2 so that it
      forms an acute angle (.alpha.) with a radius (R) extending from the center
      (o) of the bottom 3 of the bowl 2 to the end of this stepped vane 12,
      adjoining the peripheral wall 12 of the bowl 2. This angle is preferably
      within a range from 40.degree. to 50.degree..
PAR  A stepped vane 15' which is the most remote one in the direction of
      rotation of the bowl 2 from the area where a material is charged thereinto
      is so arranged with respect to the discharge blade 18 that they jointly
      span the space between the peripheral wall 12 of the bowl 2 and the
      discharge opening 13 in the bottom 3 thereof. The length of the discharge
      blade 18 can span one half of this space.
PAR  The discharge blade 18 is curved arcuately in the longitudinal and
      transverse directions and has its side which is concave in the
      longitudinal and transverse directions facing in a direction opposite to
      that of rotation of the bowl 2, with the discharge blade being positioned
      so that the clearance between the bottom edge thereof and the bottom 3 of
      the bowl 2 is minimal. The vane 15' is mounted on the portion 9 (FIG. 1)
      of the framework 1, overlying the bowl 2, for vertical reciprocatory
      adjustment and which latter adjustment is effected with the help of an
      actuator 21. The actuator 21 is operably connected with an n-shaped frame
      22 supporting the vane 15'.
PAR  The delivery blade 18 and the vanes 14 and 15 can be provided in the areas
      of their moutnig with telescopic casings enveloping the springs 17
      received about the posts 16.
PAR  Each step 20 (FIG. 2) of the blade 15 extends with respect to the radius
      (R) of the bottom 3 of the bowl 2 at an acute angle within a range from
      40.degree. to 50.degree.. So as not to oppose the rotation of the bowl 2,
      the delivery blade 18 and the vanes 14 and 15 are spaced from the bottom 3
      of the bowl and from the wall 12 thereof by appropriate small gaps or
      clearances.
PAR  Mounted in front of the stepped vanes 15 are spraying means 24 of the
      device 19 for feeding a liquid binding agent, supplied via their
      respective independent conduits 25 and associated with each is an
      independently adjustable tap valve 26 for controlling the feed of the
      agent.
PAR  The conduits 25 connect the respective spraying means 24 to a common supply
      conduit 27 which is supported on brackets 28 mounted on the vertical
      portions of the framework 1.
PAR  The upper portion of the framework 1 is mounted by means of bolted
      connections 29 on vertical portions 30 of this framework 1.
PAR  The present apparatus operates, as follows:
PAR  A material to be treated, i.e. mixed and granulated, is fed from the outlet
      11 (FIGS. 1 and 2) through the port 10 in the upper portion 9 of the
      framework 1 onto the bottom 3 of the rotating bowl 2 (the direction of
      rotation is indicated in the drawings with the arrow A) and is advanced
      thereby toward the discharge blade 18.
PAR  As the material is being thus advanced, its particles roll along the
      curving surfaces of the vanes 14 and 15 (FIGS. 3 and 4) and are
      successively transferred from the vane 14 of one group onto the
      corresponding vane 15 (FIG. 2) of the other group and vice versa. While
      the material is being advanced, it is being sprayed with the liquid
      binding agent supplied through the spraying means 24 of the device 19,
      with the material being thus moistened, and the particles thereof
      intensely aggregating into lumps, i.e. granulating.
PAR  The stepped structure of the vanes 15 adjoining the peripheral wall 12 of
      the bowl 2 provides for intense formation of granules, due to the
      increased time of contact between the material being treated and the vanes
      14 and 15. Furthermore, the stepped shape of the vanes and their arcuate
      shape in the transverse section ensure active strengthening of the
      granules formed.
PAR  The shape of the vanes 14 adjoining the discharge opening 13 and the
      arrangement thereof provide for a relatively unobstructed passage of the
      material being treated along the vanes 14 and 15 and prevent its
      accumulation, caused by either sticking or hanging, at the work surfaces
      of the vanes.
PAR  The stepped vane 15' positioned adjacent to the discharge blade 18 can be
      raised by the actuator 21 of the vertical adjustment mechanism above the
      bottom 3 of the bowl 2, thus ensuring a specified clearance or gap between
      the bottom edge of this vane and the surface of the bottom 3 of the bowl
      2. Consequently, the initial stream of the material is divided into a
      recirculation stream passing under the bottom edge of the now raised vane
      15' and a stream of granules directed by this vane toward the discharge
      blade 18 to be guided thereby into the discharge opening 13 to leave the
      apparatus. The volume of the recirculation stream is defined by the size
      of the gap between the bottom edge of the vane 15' and the bottom 3 of the
      bowl 2. This stream joins the stream fed from the outlet 11 through the
      port 10 into the bowl 2 of the apparatus and thus undergoes repeated
      granulation. It should be noted that the small-size granules which have
      passed through the above mentioned gap act as additional nuclei of the
      granulation of the material being treated, which has been found to
      intensify considerably the granulation process.
PAR  With the last-in-succession vane 15' being adjustable directly in the
      process of mixing and granulating, the process of granulation becomes
      controllable.
PAR  The possibility of having, in the apparatus, an internal controllable
      recirculation stream is a decisive feature ensuring formation of the final
      product having pre-selected specified physical and mechanical properties.
PAR  In addition to initiating the recirculation stream, the vertically
      adjustable stepped vane 15' shapes the stream of granules, directed to the
      discharged, by separating that portion of the material, which engages its
      surface and directing it toward the discharge blade 18. The material
      engaging the surface of the discharge blade 18 additionally rolls
      therealong and advances toward the discharge opening 13, i.e. to the exit
      from the apparatus.
PAR  With the discharge blade being fixedly mounted, there is prevented access
      of the granules to the space under the bottom edge of this blade and their
      resulting destruction, which in itself is a considerable advantage of the
      present apparatus over the similar apparatus of the prior art.
PAR  The applicants improved mixing and granulating apparatus precludes the
      sticking and accumulation of the particles of a blast furnace charge at
      the granulating vanes 14 adjoining the discharge opening 13.
PAR  This is attained due to the vanes being curved arcuately in the
      longitudinal direction and having their convex side in the longitudinal
      direction facing the direction of rotation of the bowl 2 and, hence,
      facing the stream of the material being treated and advanced thereupon.
      Furthermore, as compared with the apparatus of the prior art, the area of
      feeding the liquid binding agent has been transferred from the vanes 14 to
      the vanes 15 adjoining and peripheral wall 12 of the bowl 2.
PAR  In the present apparatus, the liquid binding agent, e.g. water is fed at
      the vicinity of the vanes 15 where higher radial speeds ensure that the
      moistened material leaves the vanes without sticking thereto. This is
      further ensured by the vanes being arranged at the peripheral wall 12 of
      the bowl 2 at an angle from 40.degree. to 50.degree. to the radial
      direction.
PAR  The apparatus solves the problem of preparing a quality blast furnace
      charge for sintering and has all the prerequisites for wide utilization.
PAR  Tests have shown that the apparatus improves the homogeneity of a blast
      furnace charge, as far as the granule size is concerned, and also improves
      the gas permeability of the charge, which steps up the productivity of
      sintering machines and at the same time improves the quality of the final
      product, i.e. of the agglomerate.
PAR  Comparatory tests carried out with a pilot model of the present apparatus
      have shown which the gas permeability of a sintered blast furnace charge
      that have been processed by the apparatus is 23% higher than that of a
      charge processed by the bowl type apparatus of the prior art and 28%
      higher than that of charge processed by the known apparatus of the rotary
      drum type. As a result, the specific capacity of the sintering machine has
      been increased by 17 per cent.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for mixing and granulating bulk materials, comprising: a
      framework; a bowl mounted on said framework for rotation about a vertical
      axis; a peripheral wall for said bowl, adjacent to which a material to be
      treated can be charged into said bowl; a bottom for said bowl having a
      discharge opening at the center thereof; a portion of said framework, said
      portion overlying said bowl; a first group of vanes, in which each vane
      has one end thereof adjoining the discharge opening of said bowl, the vane
      curving arcuately in longitudinal and transverse directions and having a
      side thereof, which is convex in the longitudinal direction and concave in
      the transverse direction, facing in a direction which is opposite to that
      of rotation of said bowl, the vane being mounted on said portion of said
      framework, overlying said bowl; a second group of vanes, in which each
      vane has one end thereof adjoining the peripheral wall of said bowl, the
      vane being defined by at least two steps curving arcuately in the
      transverse direction and arranged in a horizontal direction, the vane
      having a side thereof, which is concave in the transverse direction,
      facing in a direction which is opposite to that of rotation of said bowl,
      the vane being inclined in the direction of rotation of said bowl so that
      it provides an acute angle with a radius extending from the center of said
      bowl to the end of this stepping vane, adjoining the peripheral wall of
      said bowl, the vane being mounted on said portion of said framework,
      overlying said bowl; a discharge blade spanning jointly with such one of
      said stepping vanes, which is the most remote in succession in the
      direction of rotation of said bowl; the space between the peripheral wall
      of said bowl and the discharge opening in said bowl, said discharge blade
      being mounted on said portion of said framework, overlying said bowl; each
      said vane of said first group being arranged so that said vanes set as
      guides directing the material being treated toward the corresponding vanes
      of said second group, with the vanes of said second group, in turn, being
      arranged so that they act as guides directing the material being treated
      onto the successive ones of said vanes of said first group; a device for
      feeding a liquid binding agent into said bowl, said feeding device being
      mounted on said portion of said framework, overlying said bowl; and a
      drive to effect rotation of said bowl about the vertical axis thereof.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, in which the stepped vane, which
      is the most remote in the direction of rotation of said bowl from the area
      of charging of the material thereinto, is mounted for reciprocating in a
      vertical direction and a drive operably associated therewith to effect
      such vertical reciprocation.
NUM  3.
PAR  3. The apparatus as set forth in claim 1, in which each of said stepped
      vanes extends at an angle within a range from 40.degree. to 50.degree.
      relative to the respective radius of the circle of said bowl.
NUM  4.
PAR  4. The apparatus as set forth in claim 1, in which said discharge blade
      curves arcuately in longitudinal and transverse directions and has a side
      thereof, which is concave in the longitudinal and transverse directions,
      facing in a direction opposite to that of rotation of said bowl, with said
      discharge blade being mounted so that the clearance between a bottom edge
      thereof and the bottom of said bowl is minimal.
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ABST
PAL  An improvement in an apparatus for the production or refinement of metals
      comprising a furnace and a hood disposed thereover, which improvement
      comprises an upper chamber surrounding the sides and the top of said
      furnace, said upper chamber having at least one chamber side wall, said
      wall having a first movable door therein, a runway disposed within said
      chamber and partially out of said chamber, a charging crane disposed on
      said runway having disposed on one side thereof a second movable door
      movable therewith, means connected to said charging crane for moving said
      first movable door to permit entry of said charging crane, the size of
      said first and second movable doors being such as to substantially occupy
      the entire entrance way to said upper chamber.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a construction disposed over a smelting furnace,
      e.g., an electric arc furnace, whereby air pollution due to dust and other
      particles is eliminated from the balance of the plant. This invention is
      particularly directed to an apparatus wherein means are provided for
      removing dust associated with a metal production or refinement operation
      and means are also employed for providing sound insulation. This invention
      is particularly directed to an enclosed smelting furnace having an upper
      chamber and a lower chamber disposed over said smelting furnace, said
      upper chamber having at least one wall having a movable door, a runway
      disposed partially within said upper chamber and partially out of said
      upper chamber, said runway carrying a charging crane. Attached to the
      charging crane is a second door member which is movable therewith whereby
      the doors can be moved in unison with one another along the path of the
      runway in the tapping direction whereby to insure that there is a minimum
      amount of air movement during the charging operation.
PAC  DISCUSSION OF THE PRIOR ART
PAR  It is known in the production of metals by a smelting metallurgical process
      that a substantial amount of dust becomes entrained in the atmosphere. For
      example, it is known to dispose a hood above the furnace for purposes of
      dust removal. However, this hood can only collect a certain percentage of
      the dust which occurs in the atmosphere especially during the charging
      operation. In particular, the dust resulting from charging or tapping
      finished steel and from the slag removal is not collected. In connection
      with blast converters, in order to overcome these difficulties, it has
      been suggested that the entire working platform together with the
      converter be screened by a separating wall from the remaining part of the
      workshop, and that the screened-off portion be connected to an isolated
      dust removed device. Such a construction is suggested in German
      Offenlegungsschrift 2,155,537. However, such a solution is quite expensive
      in terms of the amount of materials and time required for the construction
      of such a separating wall. Moreover, the use of such an operating wall
      does not provide any noise insulation for operating personnel who are also
      subjected to other forms of contamination.
PAR  Another solution to such problem is discussed in German Offenlegungsschrift
      2,233,443. Therein, it is suggested to encircle only the converter vessel
      with a hood which extends to the floor. Dust removal is effected by a
      suction apparatus when tapping or charging the pig iron. For this, an
      isolated suction pipe is required. This device is particularly
      unsatisfactory when charging the furnaces, as the quantities resulting
      thereby cannot effectively be removed.
PAR  It is an object of this invention, therefore, to provide an apparatus which
      during the entire steel production results in effective removal of plant
      stresses, notably dust and dirt in the atmosphere and noise, while
      permitting full accessability of the smelting vessel at all times.
PAR  It is another object of this invention to provide a construction with which
      the dust removal device is only charged with controllable volumes of air,
      thereby providing efficient dust removal. As a large volume of dust and
      noise result in electric arc furnaces, it is a particular object of the
      invention to provide a construction for an electric arc furnace which is a
      relatively uncomplicated and simple unit and which does not provide
      distractions to operating personnel. A special object is to provide a
      construction about an electric arc furnace which substantially reduces
      noise and air pollution.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are provided in an apparatus for the
      production or refinement of metals, which apparatus comprises a furnace
      and a hood disposed thereover. The apparatus is improved, according to the
      invention, by providing an upper chamber which surrounds the top and the
      sides of the furnace, the upper chamber having at least one chamber side
      wall, said wall having a first movable door therein, a runway disposed
      partially within said chamber and partially out of said chamber, a
      charging crane disposed on said runway having disposed at one end thereof
      a second movable door movable therewith, means connected to said charging
      crane for moving said first movable door to permit entry of said crane,
      the size of said first and second movable doors being such as to
      substantially occupy the entire entrance way to said upper chamber.
PAR  In accordance with the present invention, there is provided a device which
      will also deaden sound created during the charging and slagging operations
      employed in connection with the metal production or refinement while also
      allowing for maximum dust removal. The smelting furnace is employed in
      connection with a tap ladle and a slag bucket. The upper portion of the
      furnace is surrounded by an upper chamber which surrounds the side wall
      and the top of the furnace. The furnace is supported on a furnace platform
      beneath which is a lower chamber which surrounds the lower portion of the
      furnace. Disposed in the lower chamber is a tap ladle and a slag bucket,
      each of which is disposed on a transport car. In the upper chamber, there
      is a wall having a movable door therein through which doorway or
      entranceway, there is disposed a runway on which a charging crane is
      movable. The movable door on the upper chamber is movable to permit
      entrance of the charging crane. The charging crane itself carries a
      similarly sized doorway which can be disposed in the entranceway after it
      has entered the upper chamber whereby to seal the same again so that dust
      does not escape during the charging operation. Thus, the charging crane is
      movable on the runway in the tapping direction, the crane runway running
      within the upper chamber disposed over the smelting furnace.
PAR  According to the invention, there is provided a construction having a hood
      and a lower chamber. The upper and lower chambers are functionally
      regarded as a single unit so that the entire complex of the furnace is
      screened off from the remaining portion of the workshop. The cells or
      chambers are so arranged that there is such a distance from the smelting
      unit that adequate air accessability is guaranteed within the chamber
      during the charging operation. As atmospheric air can only enter the
      interior of the upper chamber in controllable quantities, the dust removal
      apparatus must only handle relatively small volumes of air. Since only
      relatively small volumes of air are involved, good dust removal is
      guaranteed.
PAR  In a particularly desirable embodiment of the present invention, there is
      provided a lower chamber which is built as a wall passing through the
      furnace platform to the floor of the workshop. The furnace platform rests
      on supports disposed exteriorly and separately interiorly of the cell. The
      hood can be guided with overlapping walls over the solid chamber masonry
      so that with this construction the furnace is sealed particularly tight
      from the remaining workshop. In order to attain sufficient soundproofing,
      it is recommended that the hood be made of a sound insulating material,
      e.g., formed sandwich-like from sheets of metal having glass wool
      therebetween. It is to be understood that each smelting furnace in a plant
      has its own charging crane, which charging crane runs in the region of the
      smelting furnace within an upper chamber disposed over the smelting
      furnace. This upper chamber has doors which can again be shut after the
      charging crane has entered. With this construction, efficient
      soundproofing and efficient dust removal are guaranteed at almost all
      steps in the metal production.
PAR  In the construction of the invention, the charging crane travels into a
      compact chamber. In a preferred construction for the passage of the
      charging bucket under the crane runway, the cell has a door which can be
      moved when charging. In the region of the crane runway, the cell has
      another or second door which shuts the cell and is movable in the crane
      runway direction both in front of and behind the crane.
PAR  In a particularly preferred and exemplified embodiment, doors are movable
      in the crane runway direction and can be moved on a separate runway
      arranged above the first-mentioned crane runway. When moving, the charging
      crane then pushes the door, shutting the cell in front of it, and the
      second door again shuts the cell backwards after entry. This procedure can
      be executed automatically by couplings. In a particularly preferred
      solution, the charging crane is unmanned and controlled externally from an
      operating platform which simultaneously supervises the entire smelting
      procedure. In order to be able to supervise the smelting procedure
      visibly, the cell has a glass window in the region of the operating
      platform.
PAR  In order to avoid the harmful environmental effects during the entire metal
      production process, the lower chamber has a tap ladle and a slag bucket
      therein employed during the tapping operation. According to a preferred
      embodiment of the invention, the tap ladle and slag bucket are movable
      under the furnace platform on transporter cars in the tapping direction
      and in the tapping position are surrounded by the walls of the lower
      chamber. For the passage of the transport cars, the lower chamber has
      apertures therein which can be closed by doors. In one embodiment, these
      doors are movable parallel to the cell walls. In another desirable
      alternative, the doors are arranged at the endway from the furnace on
      transport cars. In this case, the apertures are desirably tunnellike so
      that a certain mobility of the transport cars is guaranteed in the tapping
      position without impairment to the efficient dust removal and
      soundproofing.
PAR  For the inlet of air, the upper cell can have controllable ventilation
      apertures. By this means one can regulate the temperature in the upper
      furnace without introducing unnecessary quantities of air which might
      impair the dust removal operation.
PAR  The structural unit on which the charging crane rests is table-like, having
      four generally vertical supports disposed above the smelting furnace. This
      table-like construction can be assembled at low construction costs to
      provide a structural unit for carrying the charging crane which is
      completely autonomous to the smelting furnace. The tablelike construction
      preferably includes a storage bunker and, if necessary, the roof of the
      workshop so that essential parts of the steel works are borne by a simple
      construction. This has the advantage that the structural unit can be
      prefabricated with standard parts and can be assembled without difficulty.
      The construction according to the invention, therefore, offers the
      possibility of prefabricating essential components of the invention
      without affecting the smelting furnace assembly. Moreover, the table-like
      construction can be easily connected to pre-established metal refining
      plants.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention can be more readily understood and appreciated when reference
      is made to the accompanying drawings in which:
PAR  FIG. 1 is a cross-sectional view taken through an installation having an
      electric arc furnace showing the charging crane disposed out of the upper
      chamber, i.e., prior to use in a charging operation;
PAR  FIG. 2 is a sectional view similar to FIG. 1 showing the crane in the
      charging position disposed above the electric arc furnace, i.e., within
      the upper chamber surrounding the electric arc furnace;
PAR  FIG. 3 is a frontal elevation according to FIG. 2; and
PAR  FIG. 4 is an aerial plan view of an installation having a plurality of
      electric arc furnaces.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  A specific embodiment of the invention is shown in the accompanying
      drawings. In FIGS. 1 to 3 there is shown an electric arc furnace 1 having
      a part 3a of a crane runway 3. Part 3a is disposed within an upper chamber
      2 which surrounds the upper portion of a furnace 1. Furnace 1 is supported
      by a furnace platform 1a beneath which there is disposed a tap ladle 6 and
      a slag bucket 7. The tap ladle 6 and slag bucket 7 are enclosed by a lower
      chamber designated by reference numeral 2a, the upper chamber being
      designated by reference numeral 2, it being understood that they cooperate
      to form a single compact cell. Part of chamber 2 comprises a hood 5 which
      is connected to a dust removal device (not shown).
PAR  The crane runway 3 and 3a run in the tapping direction, a smaller part 3a
      of the crane runway being surrounded by the cell 2. In order to enable
      access of the crane 4 within the chamber 2, the upper chamber has a door
      element 8b which can be moved in the crane runway direction and which can
      be connected via a coupling 10b to the crane.
PAR  Moreover, at the rearward end of the crane 4 having a coupling 10a, there
      is arranged a corresponding door element 8a having substantially the same
      size as door element 8b. Door element 8a adopts the position of door
      element 8b as seen when one compares FIG. 1 with FIG. 2. The door elements
      8a and 8b move on their own runway 9 running parallel and above the crane
      runway 3.
PAR  In order to enable the charging operation, chamber 2 has a door 11 under
      the craneway 3, 3a which is closed respectivley directly after the entry
      or exit of the charging bucket 4a or other charging device. The chamber 2
      reaches within the lower chamber part 2a through the platform 1a to the
      workshop floor 1b. The furnace platform 1a inside and outside the chamber
      stands independently on supports so that the lower chamber part 2a can
      consist of continuous vertical masonry. The lower chamber part 2a also
      surrounds the ladle 6 and slag bucket 7 which can be moved in the tapping
      direction on transport cars 12a or 12b. At the end thereof remote from the
      furnace, the transport cars 12a and 12b have door elements 14a and 14b
      which after entry seal apertures 13a and 13b of the lower chamber portion.
      Therefore, the assembly is constructed to resemble a tunnel. The
      tunnel-like apertures 13a and 13b guaranty a certain mobility of ladle 6
      and slag bucket 7 without impairing the dust removal and soundproofing
      insulation provided.
PAR  The masonry of chamber does not have to reach all the way to the hood. It
      is preferred that the walls of the upper chamber consist of a
      soundproofing material constructed sandwich-like, preferably with a
      material as one containing glass wool. In order to guaranty a largely
      tight passage between the upper chamber walls and the lower solid masonry
      2a, the guiding of the cell walls in a vertical direction slightly
      overlapping the masonry construction is recommended.
PAR  In FIG. 1 there is shown the chamber 2 having controllable ventilation
      apertures 15. These apertures allow in a controllable manner the entry of
      a certain amount of air whereby to control the temperature within the
      upper chamber and to particularly control the temperature of the exhaust
      gases. In FIGS. 1 and 4 there is shown the crane runway 3 on which the
      charging crane 4 is disposed. This crane runway 3 is disposed on four
      generally vertical supports 16. This construction is guided table-like
      over the electric arc furnace. Next to the crane runway 3, the supports 16
      also bear the runway 9 for the wall elements 8a and 8b. Extended support
      elements 16a support the workshop roof 16b. Moreover, additional bunkers
      17 rest at the right-hand end on the extended end of runway 3. The
      table-like construction gives complete autonomy for this assembly from the
      furnace. Moreover, each assembly is autonomous from the assembly of
      another furnace, thereby providing an assembly which can be constructed
      with low construction cost. The parts required for the table-like
      construction can be prefabricated away from the site of the steelworks and
      quickly anchored into the available foundations. The total structural unit
      can easily be connected to present plant facilities.
PAR  In the aerial or plan view of FIG. 4, the operating house 18 is also shown
      from which the unmanned crane can be visibly driven through a window
      provided in the chamber 2. For the non-visible positions, additional
      television cameras can be provided.
PAR  On the tapping side of the electric arc furnace 1 there is the casting
      house having a foundry crane which can travel transverse to the tapping
      direction, the path of which is arranged above the path 3. The casting
      house is normally equipped with casting buggies 20 movable on tracks 22
      and a pouring platform 21. The casting ladle 6 shown in FIG. 4 is outside
      the chamber 2 after tapping. After removal of the tapping ladle 6, the
      transport car 12b can again be driven into the lower chamber. The narrow
      cell causes a high rate of ventilation in normal dust removal
      installations as air can only penetrate in controllable quantities. Good
      soundproofing is guaranteed. Operating personnel are not plagued with dust
      and dirt particles which escape from the region of the smelting furnace.
PAR  The invention is particularly useful in electric arc furnaces where the
      incidence of dust and noise is particularly high. This is particularly
      true when scrap contaminated with oil is charged which results in dense
      smoke in many cases.
PAR  As is known, there is also a large incidence of dust development with the
      use of pig iron or when relining the electric arc furnace with
      tar-containing dolomite. These impairments are avoided by the construction
      of the present invention, as during all these activities the region around
      the electric arc furnace is closed from the remaining workshop. As all the
      activities can be carried out via the unmanned crane or supervised from
      outside, the operating personnel are no longer plagued by noise, dust and
      dirt. A further advantage resides in the fact that each furnace has its
      own charging crane so that no difficulties can occur in coordinating the
      charging operation of one furnace with the operations of related furnaces.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for the production or refinement of metals comprising a
      furnace and a hood disposed thereover, the improvement which comprises an
      upper chamber surrounding the sides and the top of said furnace, said
      upper chamber having at least one chamber side wall, said wall having a
      first movable door therein, a runway disposed partially within said
      chamber and partially out of said chamber, a charging crane disposed on
      said runway having disposed at one end thereof a second movable door
      movable therewith, means connected to said charging crane for moving said
      first movable door to permit entry of said charging crane, the size of
      said first and second movable doors being such as to substantially occupy
      the entire entrance way to said upper chamber.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said furnace is provided with
      a lower chamber having walls encircling the bottom of said furnace, said
      upper chamber and said lower chamber separated by a furnace platform.
NUM  3.
PAR  3. An apparatus according to claim 2 wherein at least the walls of said
      upper chamber are made of a sound-deadening material.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein the walls of said lower
      chamber have a pair of openings therein, closed by doors, said lower
      chamber having a slag bucket transport car and a tap ladle transport care
      therein, said slag bucket transport car carrying a slag bucket, said tap
      ladle transport car carrying a tap ladle.
NUM  5.
PAR  5. An apparatus according to claim 4 wherein the walls of the upper chamber
      have variable sized openings for air entry.
NUM  6.
PAR  6. An apparatus according to claim 4 wherein said charging crane is
      supported on four generally vertical supports and is guided table-like
      over said furnace.
NUM  7.
PAR  7. An apparatus according to claim 1 wherein said means connected to said
      charging crane for moving said first movable door comprises a coupling,
      said first movable door having means thereon for engagement with said
      coupling.
NUM  8.
PAR  8. An apparatus according to claim 1 wherein said furnace is an electric
      arc furnace.
NUM  9.
PAR  9. An apparatus according to claim 2 wherein said lower chamber has a wall
      passing through the said furnace platform to a workshop floor, said
      furnace platform resting on supports disposed inside and supports disposed
      outside said chamber.
NUM  10.
PAR  10. An apparatus according to claim 4 wherein the doors in said lower
      chamber are movable parallel to the walls of said lower chamber.
NUM  11.
PAR  11. An apparatus according to claim 4 wherein each of said transport cars
      has attached thereto a door element.
NUM  12.
PAR  12. An apparatus according to claim 4 wherein said first and second movable
      doors are carried on a door runway disposed over the runway on which said
      charging crane is disposed.
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ABST
PAL  A panel for use in metallurgical type furnaces comprising a pair of
      outwardly disposed metal plate members spaced apart and joined together at
      their edges to provide a fluid transmitting passageway with at least one
      of the plate members including laterally spaced corrugations defining
      parallel channels in the passageway for directing fluid flow
      longitudinally of the panel. Manifold members are disposed at the opposed
      ends of the plate members and communicate therewith with one of the plate
      members terminating interiorly of at least one of the manifold members and
      in laterally off-set relation to the other plate member for uniformly
      controlling fluid flow for heat transfer exteriorly of the panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to internally cooled panels for metallurgical
      furnaces, and more particularly relates to an improved construction and
      arrangement for water-cooled panels adapted for use in assembly into fume
      hoods, ducts or the like, for metallurgical furnaces, such as basic oxygen
      furnace, electric furnace, converters and the like. This invention relates
      to and constitutes a modification over the type of panel and fume hood
      assembly contained in U.S. application Ser. No. 572,403 filed Aug. 15,
      1966 to June H. Reighart, now U.S. Pat. No. 3,445,101.
PAR  Heretofore, such panels have been employed in sections and/or assembled
      into fume hoods for transmitting gasses emitted during operation of the
      furnace to a stack where they are cooled for ultimate disposition so as to
      avoid the loss of such gasses and to prevent contamination of the
      atmosphere. The individual panels, or sections, from which the hood may be
      assembled are water-cooled in order to protect the hood as well as to aid
      and cool the gasses emitted during the oxygen blow. By reason of the high
      temperatures and velocities with which the gasses contact the hood, the
      water-cooled linings of the hood are subject to rapid deterioration and
      require frequent repair and/or replacement. Moreover, as there is a
      considerable difference in temperature between the hot and cold sides of
      the panel, there results a greater expansion of the metal on the hot side.
      This heat differential causes the panel to buckle or to warp generally in
      a vertical direction requiring frequent repair and/or replacement.
      Specifically, the drastic temperature differentials encountered during the
      oxygen blow initiates internal stresses in the component parts of the
      panel and/or fume hood assembly which results in a tendency for the parts
      to pull and/or tear apart, particularly at the weld joints. Accordingly,
      in addition to the cost of repair and/or replacement of the panel, the
      loss of production time during the replacement period represents a
      considerable increase in production costs.
PAR  In addition to the foregoing, the panels should be constructed and arranged
      to provide an optimum uniform longitudinal coolant flow through the panel
      with minimum cross flow or channeling for maximum heat transfer. More
      specifically, the panel of the present invention is constructed and
      arranged to provide a more uniform and controlled flow of coolant through
      the panel so as to minimize the diffusion type effect, particularly in the
      manifolds, so as to remove the concentration of stresses at the weak
      points, such as the weldments, and so as to otherwise avoid hot spots and
      failures which have heretofore occurred with prior art panels. Manifestly,
      by this improved arrangement, the life of each panel may be prolonged so
      as to increase the over-all efficiency of the furnace operation.
PAR  In accordance with one aspect of the present invention, the panels are
      formed so as to reduce welds, both on the inside and outside of the hot
      face so that a practically seamless face is presented to the fume, while
      retaining the necessary resistance to movement under hydrostatic pressure.
      The panels thus formed provide single-pass unidirectional fluid flow which
      is non-turbulent so as to effectively wash the panel hot face plate.
      Preferably, the desired spacing between the hot and cold face plates is
      achieved by plug welds extending axially thereof, insuring equalization of
      pressure in all fluid passageways with controlled interflow between
      passageways. The turbulence-free flow thus obtained has marked advantages;
      the flow pattern takes maximum advantage of natural convection forces in
      all vertical and inclined panels. The flow resistance is minimal, thus
      reducing pressure drop through the panel and reducing the possibility of
      hose, fitting and pipe leaks, extending pump life, and allowing more water
      to flow through the panels for a given supply pressure. The flow is
      without eddy-currents and sharp bends which tend to cause bubbling and to
      precipitate solids in the water. The smooth stream prevents dead spots for
      contaminants to settle and accumulate. These advantages give extended
      trouble-free service life to the panels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generally perspective view, partly in section, illustrating a
      panel made in accordance with the present invention;
PAR  FIG. 2 is a fragmentary, generally perspective view looking at one end of
      the panel of FIG. 1;
PAR  FIG. 3 is an assembly view in perspective of two sheet members shaped to
      form the corrugated cold face and a smooth hot face respectively;
PAR  FIG. 4 is a front elevation view of a fume hood showing the general
      assembly using panels of the invention;
PAR  FIG. 5 is a top plan view illustrating a typical arrangement of the
      invention;
PAR  FIG. 6 is a fragmentary, section view on an enlarged scale taken along the
      line 6--6 of FIG. 5; and
PAR  FIG. 7 is an elevation view showing another modified form of the panel of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now again to the drawings, there is illustrated in FIGS. 1 to 3 a
      water cooled panel of the present invention, designated generally as 2,
      for use in a fume hood assembly 1 (FIG. 4). As shown, the fume hood is
      disposed over a furnnace 4, such as a basic oxygen furnace, for connection
      to a conventional stack (not shown) through which the fumes pass on their
      way to a dust separator or other recovery equipment, as desired. In FIG.
      4, there is illustrated an aperture, or opening 6, through which the
      conventional type oxygen lance (not shown) may be inserted into the
      furnace. The panels, designated generally as 2' are modifications of the
      panels of the invention constructed and arranged to be disposed around the
      opening 6. As shown, the panels in the upper sections of the fume hood are
      rectangular in configuration, while the panels in the flared out lower
      portion are constructed and arranged to accomodate the cleared
      configuration. In the invention, the configuration of the fume hood can
      take various designs dependent upon the particular location of the
      furnace, the adjoining equipment and the stack to which the hot gasses are
      to be delivered from the fume hood.
PAR  As best seen in FIGS. 1 to 3, the panel 2 may be of a polygonal
      configuration, such as rectangular, triangular configuration or the like,
      including an upwardly facing cold face member 8 for securement in a hot
      face member 10. The cold face member 8 may be fabricated from a piece of
      plate steel having a series of grooves or corrugations, as at 12,
      extending axially thereof and disposed in symmetric width-wise spaced
      relation transversely thereof. By this arrangement, the strength of the
      panel against vertical bending is achieved to withstand the buckling and
      other strain to which the panel may be exposed during normal usage. While
      the corrugations in the form shown are disposed on one side of the cold
      face member 8, it is to be understood that the corrugations may be placed
      on both faces of the panel with the corrugations in one face, either
      directly opposite or disposed in staggered relationship to the
      corrugations in the other face. Further, the depth, or crest, of the
      corrugations can be sufficient as to cause contact between the two faces 8
      and 10 or can be of a lesser dimension to prevent actual contact between
      the faces. For example, it is sometimes desirable to prevent actual
      contact between the corrugations and faces, and thereby allow a flow of
      water therebetween in order to prevent deposits from accumulating. Such
      accumulations decrease the heat transfer from the metal to the circulating
      water and thereby reduce the efficiency of cooling.
PAR  In the present invention, the expression "corrugations" as employed herein
      describe linear indentations or curves in either the cold face member 8 or
      the hot face member 10. The expression is used herein to denote linear
      indentations, curved valleys or grooves impressed in one direction into
      the otherwise flat surface of the respective member which can be made by
      rolling or forming, as desired. In other instances, the depressions can be
      singly rolled in a sheet or a pre-fabricated corrugated plate may be
      employed, if desired.
PAR  In the invention, the number of corrugations and the spacing between
      corrugations in the particular face member will depend, among other
      things, upon the increase in strength desired. For example, the strength
      desired depends somewhat upon the shock temperature to be encountered, the
      number of corrugations required being correspondingly increased with a
      greater thermal shock to which the panels may be exposed. The depth or
      thickness of the passageways or channels, as at 14, between the two face
      members, or in other words, the distance between the hot and cold faces,
      may vary depending on whether it is desirable to have a high or low flow
      velocity through the channel, as well as the quantity of the cooling mixes
      required. The size and shape of the panels is generally dependent upon the
      particular application and location of the panel. The thickness of the
      steel plate employed being preferably between 1/4 inch to 1/2 inch.
PAR  To provide optimum strength and to achieve longitudinal fluid flow, with
      minimum cross-over between channels, it is preferred that the corrugations
      extend a sufficient depth into the space defined by the two face members.
      This depth may range from that desired to give the minimum increase in
      strength to the maximum possible distance, which is the full distance
      between the two face members, and which maximum distance will vary in
      accordance with variations in the space between the face members.
      Preferably, the corrugations extend at least a distance twice the
      thickness of the plate, or to a distance of at least 1/2 inch for 1/4 inch
      thick plate. Moreover, by this arrangement, there is not only provided an
      increased panel strength to withstand thermal shock, but such corrugations
      act to prevent cross flow or angular flow through the panel, thereby
      providing a more uniform longitudinal flow throughout the interior of the
      panel. Such avoidance of channeling in the flow of the cooling medium
      through the panel enables a more uniform cooling of the panel thereby
      obviating the heating with the resultant formation of hot spots and
      failures in the panel.
PAR  As best seen in FIG. 3, the cold face member 8 is dimensioned so as to be
      fitted within the interior of the hot face member 10. In the form shown,
      the cold face member 8 has its lateral edges 16 bent upwardly at right
      angles to the general horizontal plane, as at 18, of the member 8 to
      provide longitudinally extending edges which define the interior wall
      which form side rail channels 20 (FIG. 2) that extend lengthwise of the
      panel.
PAR  In the embodiment shown, the hot face member 10 includes a generally flat,
      smooth bottom surface 24 (FIG. 3), thereby to avoid the build-up of slag
      particles, etc., on the surface of the panel. This surface, in the form
      shown, is bent upwardly 90.degree. to provide lateral side walls 26 which,
      in turn, are turned inwardly 90.degree. to form top rails 28 which extend
      generally parallel to the surface 24. The lateral edges 16 of the hot face
      member 8, together with the edges 26 and top rails 28, define the closed
      channels 20 which extend throughout the length of and along the opposed
      sides of the panel. Accordingly, the upper terminal ends of the lateral
      edges 16 are made integral, such as by welding or the like, to the outer
      terminal edge, as at 30 (FIG. 2), of the top rails 28 so as to provide a
      fluid type closure defining the channels 20 for communication with
      manifold headers disposed at opposite ends of the panel.
PAR  As best illustrated in FIG. 1, the panel 2 is provided with a pair of
      oppositely disposed manifolds or headers 32 and 34 which communicate with
      each of the individual channels, as at 14, for transfer of fluid flow from
      end-to-end interiorly of the panel. As shown, suitable connectors 36 can
      be secured to the manifold 34 for connection to a suitable fluid source of
      water (not shown) so that water may be circulated longitudinally through
      the channels 14 out through the manifold 32 via outlets 38. Similarly, the
      side rail channels 20 communicate at their opposed ends with the
      respective headers 32 and 34 maximizing longitudinal circulation through
      the panel between the hot and cold face members. In the embodiment
      illustrated, the manifolds are generally of an identical construction,
      whereas, the openings may be provided for water inlet or outlet from
      either end as desired.
PAR  In accordance with the present invention, to improve strength
      characteristics to withstand heat differentials with resultant stresses
      and to provide improved control of fluid flow through the panel, an
      improved construction and arrangement of the hot face, cold face and
      manifold members are provided to achieve an optimum synergistic heat
      transfer result. To achieve this purpose, the cold face member is extended
      interiorly of the manifold 32 (FIG. 2) a predetermined distance, as at X,
      so as to terminate interiorly of the manifold to enable fluid flow in the
      direction, as shown by the arrows. Specifically, the terminal end edge, as
      at 42, of the cold face member 8 terminates a predetermined lineal
      distance, as at X, from the confronting interior surface of the wall 44
      defining the end of the manifold 32. In the invention, the distance X is
      related to the pipe inlet diameter to achieve turbulence free-flow for
      maximum heat exchange to the coolant fluid. For example, a pipe with an
      inlet (O.D.) diameter of 3 inches would provide a minimum distance X of
      13/4inches. Similarly, an inlet diameter of 8 inches would provide a
      minimum distance X of 41/4 inches. Preferably, the ratio of the distance X
      to the pipe inlet diameter is in the range of 1:2.
PAR  In forming this construction, the bold face member 8 is mounted within the
      hot face member 10 as aforementioned, and the manifold then simply
      installed over the cold face member. For example, the end wall 44 is bent
      upwardly at right angles, as at 45, and the outer top of the manifold 46
      is welded along the edges, as at 48, to the top rails 28 while the inner
      right angle face 50 of the manifold is welded, as at 52, at its opposed
      ends to the confronting interior lateral edge 16 of the cold face member 8
      and, hence, axially inwardly of the terminal end of the lateral edge 16
      defining the channel 20. The inner face 50 of the manifold is cut so as to
      have a shape corresponding to the confronting exposed side of the cold
      face member containing the corrugations 12 and channels 14 and is secured
      thereto, as at 54. Accordingly, the interior face 50 of the manifold is
      welded at its opposed edges, as at 52, to the confronting interior lateral
      edges 16 of the cold face member 8 thereby to eliminate a bend point or
      corner combination at intersections of 30, 52 and 54, as would be the case
      with welding abutting edges, as for example in U.S. Pat. No. 3,445,101. By
      this arrangement, there is provided an improved construction which acts to
      prevent stresses, deformation and warp which would ordinarily take place
      adjacent the corner juncture, as at 52, due to the heat differential
      resulting from heat transfer between the hot and cold faces of the panel.
      In addition, this greatly facilitates fabrication and installation of the
      component parts. For example, this eliminates the need for exacting
      tolerance requirements in dimensioning the manifold in order to secure the
      proper butt weld at the opposed corners as well as at the juncture, as at
      54, with the cold face member 8. Moreover, this enables the manifold to be
      installed, as a unit, over and in overlapping relation with respect to the
      cold face member 8 for positive assembly with a relatively reduced
      tolerance requirements with reduced stress concentrations at the weld
      points.
PAR  As best seen in FIG. 2, the lateral side edges 16 of the cold face member 8
      extend interiorly of the manifold, as at 56, so as to be co-terminus with
      the interior extension of the terminal edge, as at 42 of the cold face
      member. Moreover, this provides a more controlled uniform flow of fluid
      through the extending channels 14 and the side rail channels 20 interiorly
      of the manifolds 32 and 34 so as to minimize any diffusion effect which
      would otherwise result in heat transfer losses to the exterior of the
      manifold. As seen in FIGS. 1 and 2, the headers or manifolds 32, and 34
      are adapted to feed or exit water into or from the respective channels 14
      between corrugations 12, or between the channels 14 and the side rail
      channels 20. The side rail channels 20 extend above the general plane of
      the cold plate member 8 an amount equal to the height of the side walls 16
      and liner, provide added strength to the longitudinal edges of the panels
      while at the same time affording coolant flow.
PAR  In the invention, the securement of and spacing between the plates 8 and 10
      is provided by a series of axially extending plug welds 60 disposed in the
      corrugations 12 between the channels 14. As best seen in FIG. 2, the welds
      60 are symmetrically arranged in staggered relationship to one another
      accross the width of the cold plate 8 and preferably have a length of
      about 6 inches, except at the terminal ends, as at 62, wherein the weld
      length is proportionately reduced (e.g. 2-3 inches) dependent upon the
      length of the respective plates, etc. Moreover, the plug welds disposed at
      the confronting areas between the corrugations between the two plates or
      between the corrugations in one plate and the smooth inner face of the
      other plate provide sufficient rigidity and strength as permit dispensing
      with staybolts or the like. Avoiding the use of staybolts and separating
      strip minimizes the amount of welded areas and also reduces the
      nonuniformity of heat transfer and strains provided by a large number of
      welds. Excessive weld areas with consequent repeated heating-cooling
      cycles produce resultant cracks and separation of the panel elements,
      thereby requiring a greater frequency of replacements.
PAR  In FIGS. 5 and 6, there is shown a modification of the panel for
      application in the fabrication of a BOF hood transition elbow, for
      example. As shown, the panel illustrated includes a single hot face 10 and
      two cold face plates 8' separated at their midpoint by a tight full length
      corrugation, as at 64, for circulating fluid (water) from an inlet 66
      through channels 14 in the panel through a manifold 68 and out through
      outlet 70. In this form, the hot and cold face plates may be angularly
      disposed relative to the full length corrugation 64 so as to diverge
      downwardly and outwardly from one another from the corrugation 64. For
      example, the cold face plates 8' on either side of the corrugation and the
      single hot face plate may be disposed so as to provide an included angle
      of about 60.degree. so that the cold and hot face plates extend
      divergently outwardly and downwardly from one another on either side of
      the corrugation 64, as viewed looking from the right hand side of FIG. 5.
      In this form, one end of the panels may be angularly tapered, as at 72 and
      74, in order to facilitate the installation for a particular location.
      Moreover, in this form the inner terminal edges, as at 42, of the cold
      face members 8 terminate a distance x interiorly of the manifold 76 for
      the purposes as aforesaid. In some cases, the extension of the cold face
      plate 8' interiorly of the header or manifold 76 may be shortened, as at
      X', to accomodate a baffle or the like 78, as desired.
PAR  In FIG. 7, there is illustrated another modified form of the panel 2A
      wherein the cold 8 inch and hot 10 inch face plates are curved rather than
      be disposed parallel to one another as in FIG. 1 or angularly disposed as
      in FIG. 5. For example, in this form, the plates are curved rather than
      angularly disposed as in FIG. 7.
PAR  While certain features of this invention have been described in detail with
      respect to various embodiments thereof, it will, of course, be apparent
      that other modifications can be made within the spirit and scope of this
      invention, and it is not intended to limit the invention to the exact
      details shown above except insofar as they are defined in the following
      claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A panel for use in internal cooling comprising,
PA1  a pair of oppositely disposed metal plate members,
PA1  said plate members being spaced apart and joined at their edges to provide
      a fluid transmitting passageway therebetween,
PA1  at least one of said plate members including integral laterally spaced
      continuous corrugations defining generally parallel channels in said
      passageway for directing fluid flow longitudinally in said panel,
PA1  manifold means disposed adjacent each of the opposed ends of said plate
      members and communicating with said channels,
PA1  said manifold means is of a box-like construction extending transversely
      across the width of said plate members,
PA1  said box-like construction defined by an end wall, an inner wall and a top
      wall,
PA1  said inner wall secured in fluid sealed relation to the confronting surface
      of said one plate member and axially inwardly of the terminal end edge
      thereof,
PA1  one of said plate members terminating interiorly of one of said manifold
      means and in laterally off-set relation to said other plate member for
      controlling fluid flow interiorly of said manifold means,
PA1  said one plate member includes integral upstanding side walls extending
      longitudinally thereof and secured in fluid sealed relation to the
      corresponding opposed sides of said other plate member,
PA1  said side walls extending parallel to each other and interiorly of said
      manifold means,
PA1  said inner wall being secured in fluid sealed relation at its opposed ends
      to said side walls axially inwardly of the respective ends thereof,
PA1  a series of plug welds securing said one plate member to said other plate
      member, and
PA1  said plug welds being disposed in the area of said corrugations between
      said channels.
NUM  2.
PAR  2. A panel in accordance with claim 1, wherein
PA1  said one plate member includes integral upstanding side walls extending
      longitudinally thereof, and
PA1  said other plate member including integral upstanding side walls extending
      generally parallel to and secured to the side walls of said one plate
      member and defining hollow rail members extending lengthwise of said
      panels for communication with said manifold means.
NUM  3.
PAR  3. A panel in accordance with claim 2, wherein
PA1  said manifold means extends transversely across the width of said plate
      members,
PA1  said manifold means including an end wall extending at right angles to said
      one plate member, a top wall secured to and extending transversely between
      said members and an inner wall disposed parallel to said end wall and
      disposed in fluid sealed relation along one edge with the confronting
      surface of said other plate member, and
PA1  said inner wall secured at its opposed ends in fluid sealed relation to the
      side walls of said one plate member and axially inwardly of the free ends
      of said side walls.
NUM  4.
PAR  4. A panel in accordance with claim 2, wherein
PA1  said rail members are continuous with said one plate member interiorly of
      said manifold means, and
PA1  said rail members having a greater cross-sectional area in transverse
      section, as compared to the channels defined by said corrugations.
NUM  5.
PAR  5. A panel in accordance with claim 4, wherein
PA1  said rail members extend in the same general plane with one another and
      with said manifold means, and
PA1  said plane disposed above the general plane of said one plate member a
      distance equal to the height of the inner wall of said manifold means.
NUM  6.
PAR  6. A panel in accordance with claim 1, wherein
PA1  said corrugations are selected from the group consisting of linear and
      curved configurations in transverse section.
NUM  7.
PAR  7. A panel in accordance with claim 6, wherein
PA1  said one plate member contains said corrugations and said other plate
      member is of a generally flat construction.
NUM  8.
PAR  8. A panel in accordance with claim 1, wherein
PA1  said plug welds are symmetrically arranged in staggered relation accross
      the width of said plate member, and
PA1  said plug welds being axially spaced apart in a lengthwise direction.
NUM  9.
PAR  9. A panel in accordance with claim 1, wherein
PA1  said one plate member includes a terminal end edge which terminates
      inwardly of the end wall of said manifold means, and
PA1  said end edge is disposed to extend substantially parallel throughout its
      length in relation to the end wall of said manifold means.
NUM  10.
PAR  10. A panel in accordance with claim 9, wherein
PA1  one of said manifold means includes an inlet member for receiving a cooling
      fluid, and
PA1  said terminal end edge spaced from the end wall of said manifold means by a
      distance in relation to the diameter of the inlet member in a ratio of
      1:2.
NUM  11.
PAR  11. A panel in accordance with claim 9, wherein
PA1  the side walls of said one plate member which extend interiorly of said
      manifold means are coextensive in length with the terminal end edge of
      said one plate member, and
PA1  said end edge extending substantially parallel throughout its length in
      relation to the end wall of said manifold means.
NUM  12.
PAR  12. A panel in accordance with claim 1, wherein
PA1  the inner wall of said manifold means is welded at its opposed ends to the
      confronting side walls of said one plate member and is welded at the
      juncture with the confronting upper surface of said one plate member.
NUM  13.
PAR  13. A panel for use in internal cooling comprising,
PA1  a pair of outwardly disposed metal plate members spaced laterally apart and
      joined at their edges to provide a fluid transmitting passageway
      therebetween,
PA1  at least one of said plate members including integral laterally spaced on
      interrupted corrugations defining generally parallel channels in said
      passageway for directing fluid flow longitudinally through said panel,
PA1  manifold means disposed adjacent each of the opposed ends of said plate
      members and communicating in fluid flow with said channels,
PA1  said manifold means each being of a box-like construction extending
      transversely across the width of said plate members,
PA1  said box-like construction defined by an end wall, and inner wall and a top
      wall,
PA1  said inner wall secured in fluid sealed relation to the confronting surface
      of said one plate member and axially inwardly of the terminal end edge
      thereof,
PA1  one of said manifold means including an inlet member and the other of said
      manifold means including an outlet member for directing cooling fluid into
      said one manifold means, through said passageway and out through said
      outlet member of said other manifold means,
PA1  said one plate member including integral upstanding side walls extending
      longitudinally thereof and secured in fluid sealed relation to the
      corresponding opposed sides of said other plate member,
PA1  said side walls extending parallel to each other and interiorly of said
      manifold means,
PA1  said inner wall being secured in fluid sealed relation at its opposed end
      to said side walls axially inwardly of the respective ends thereof,
PA1  said one plate member including a terminal end edge which terminates
      inwardly of the end wall of said manifold means,
PA1  said end edge extending substantially parallel throughout its length in
      relation to the end wall of said manifold means, and
PA1  the side walls of said plate members together defining hollow rail members
      extending lengthwise of said panels and communicating at their opposed
      ends with the associated manifold means.
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ABST
PAL  Pig-iron is refined into steel by blowing oxygen and a protective screen of
      an encasing gas through injecting means located at or near the bottom of a
      converter containing a melt of molten metal. The encasing gas while
      protecting the injecting means, allows it to be consumed at substantially
      the same rate as the bottom of the converter so that the injecting means
      is not left projecting from the bottom of the converter. The encasing gas
      can be one which is inert to the melt or the metal of the injecting means
      or both, or it can be a gas which reacts sluggishly with the melt or the
      material of the oxygen feed pipe or both. Desirably, the oxygen jet is
      circular in cross-section and the encasing gas is in the form of a
      concentric jet.
PAR  A converter for carrying out the method is made up of a pear-shaped
      sheet-steel casing having a refractory lining and an inserted bottom
      provided with nozzles in the form of metal tubes for the oxygen and
      encasing gas. Preferably, a substantial portion (for example about half)
      of the converter bottom is free of nozzles. The nozzles can be arranged in
      groups and there can be rows running parallel with the tilting axis of the
      converter. The nozzles may also be arranged to cause circulation of the
      molten metal in the converter. The nozzles can be constructed to provide
      for swirling movement of the encasing gas. Examples of encasing gas which
      may be used are hydrogen, nitrogen, noble-gases, carbon monoxide, carbon
      dioxide, ammonia, hydrogen-fluoride, furnace-mouth gas, coke-oven gas,
      natural gas and other gases containing hydrocarbons.
PARN
PAR  This application is a divisional of U.S. patent application Ser. No.
      800,892, filed Feb. 20, 1969 now patent No. 3,706,549.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a method and a converter for refining pig-iron
      into steel, in which oxygen is blown into the melt from below its surface.
PAR  2. Description of Prior Art
PAR  Even about 100 years ago, the relevant literature mentioned the possibility
      of blowing pure oxygen instead of air through the converter bottom in the
      case of bottom-blown converters. The unusually rapid wear in the converter
      bottom associated with the blowing-in of pure oxygen prevented this
      proposal from being realized. Moreover, the quality of steel refined with
      air was adequate for decades, and there was therefore no need to use
      oxygen instead of air. At a later date, for the purpose of eliminating the
      harmful action of high nitrogen contents in steel on the welding and
      cold-working properties of converter-refined steel, the practice of using
      oxygen-enriched air was initiated. The increase in oxygen-air
      contamination results in a considerable loss of iron in the form of brown
      smoke consisting mainly of iron oxide, and the yield was correspondingly
      low.
PAR  Failures in attempts to blow pure oxygen into bottom-blown converters
      finally resulted in the known oxygenblowing process, in which pure oxygen
      is blown from above on to the iron melt by a lance. Although this process
      is very economical for manufacturing ordinary low-carbon steels, it has a
      number of disadvantages in comparison with the bottomblown converter. For
      instance, it requires costly lances which are subject to considerable wear
      from splashes of iron and slag and from high temperatures in the region of
      the stream of oxygen impinging on the surface of the bath. Moreover, the
      mixing of the bath, and thus the equalization of concentrations, with the
      oxygen-blowing process is not as good and intensive as with the
      bottom-blown converter. Another disadvantage is that a substantial portion
      of the oxygen passes to the melt through the slag, the iron-oxide content
      of which is correspondingly high. This, and the large volume of brown
      smoke, results in relatively high iron losses. Thus, in the oxygen-blowing
      (lance) process, the Fe content of the slag amounts to up to 30%, and the
      iron loss through brown smoke, to about 1.5% of the weight of the steel.
      This renders necessary costly gas-cleaning installations, to remove the
      large amounts of iron oxide contained in the waste gas.
PAR  Furthermore, in the oxygen-blowing (lance) process, only a portion of the
      oxygen issuing from the lance is utilized, while a not inconsiderable
      amount of oxygen reacts with the waste gas of the refining reactions.
      Since in the said oxygen-blowing process, the carbon contained in the
      pigiron is burned only to carbon monoxide, the waste gases still contain
      about 75% of the theoretical combustion heat of carbon to carbon dioxide.
      Although for this reason further utilization of these waste gases is
      advantageous, it is difficult and costly with the said process since, due
      to the frequent strong ejection of these converters, the gases are hard to
      collect and must also be subjected to costly cleaning because of the high
      content of brown smoke. Additional considerable heat losses arise from
      vaporization of the iron in the region of the burning spot, which is the
      cause of the brown smoke. Other disadvantages of this process arise from
      the absence of the stirring motion essential to the homogenization of the
      melt, usually produced by the blast in conventional bottomblown
      converters.
PAR  Because of the increased iron-oxide enrichment of the slag in this process,
      and the considerable increase in the amount of slag arising during the
      refining of a pig-iron rich in phosphorus (basic Bessemer pig-iron), in
      comparison with the refining of pig-iron poor in phosphorus, it is
      necessary, to ensure a quiet refining operation, to reduce the silicon and
      manganese content of the pig-iron far below the usual limits. The
      manganese content which is basic Bessemer pig-iron amounts, as a rule, to
      1% must be reduced to a maximum of 0.6% with the oxygen-lance process,
      while the silicon content must be reduced to a maximum of 0.3%. This leads
      to a corresponding restriction in the choice of blast-furnace charge
      material, and thus to increased costs.
PAR  Because of the reduced bath movement in comparison with the basic Bessemer
      process in the bottom-blown converter, de-phosphorizing with the
      oxygen-lance process, with a given slag composition, is not as effective
      as in the bottomblown basic Bessemer converter. In order to obtain low
      phosphorus contents, two slags must therefore be used, resulting in a
      lengthening of the overall process and higher wear in the converter.
      Furthermore, varying amounts of the first slag, of varying composition,
      remain behind in the converter, and this affects the course of the second
      refining operation in an uncontrollable manner. The slag change also
      brings about considerable heat losses.
PAC  SUMMARY OF THE INVENTION
PAR  An aim of the present invention is to utilize the advantages of refining
      with pure oxygen in producing steel in bottom-blown converters, while
      eliminating the disadvantages of the oxygen-lance process, especially the
      large volume of brown smoke and the use of costly gas-cleaning
      installations rendered necessary thereby.
PAR  The invention is also concerned with a refining method combining quiet
      blowing with high yield, i.e. low iron losses in comparison with the
      oxygen-lance process. The new method aims also to provide for the highest
      possible utilization of the oxygen and to produce a relatively low FeO
      content in the slag.
PAR  Another aim of the invention is to provide for refining a
      phosphorus-containing pig-iron, which is relatively cheaper than a
      pig-iron poor in phosphorus, into a steel of high quality with a low
      nitrogen content, with pure oxygen, in a bottom-blown converter, producing
      a slag which may be utilized as a phosphorus-containing fertilizer.
PAR  Finally, the durability of the converter bottom, provided with nozzles, is
      increased by the method of the invention, and a higher proportion of scrap
      may be added in the charge or a higher tapping temperature may be
      achieved, or both.
PAR  The method of the invention is based on the principle of slowing down the
      violent reaction of the oxygen with the melt and the high wear in the
      mozzles and converter bottom, in such a manner that only a small amount of
      brown smoke, or none at all, is formed and the wear in the nozzles and
      bottom is reduced. According to the invention, this is accomplished by
      introducing a stream of oxygen into the melt through at least one nozzle
      located in the converter bottom, the said stream being surrounded by a
      haze or screen of shielding gas which reacts sluggishly, or is inert, to
      the melt and/or the material of the nozzle. The encasing gas acts as a
      coolant and slows down the reaction velocity of the oxygen emerging from
      the nozzle to such an extent that bottom wear and nozzle burning are
      reduced and substantially less brown smoke arises. By altering the ratio
      of oxygen to encasting or shielding gas, and by the choice of an
      appropriate gas, optimal conditions may be obtained in practice.
PAR  With a view to the desired slowing down of the reaction of the oxygen with
      the melt, and because of the cooling effect, the encasing gas should
      surround the stream of oxygen in the form of a concentric flow of uniform
      thickness. Hydrogen, which has a positive action on the solidification
      behaviour of the refined steel, and nitrogen, which is relatively cheap,
      may be considered for encasing gases, but noble gases, ammonia, gaseous
      hydrogen fluoride or hydrogen fluoride, carbon monoxide, carbon dioxide,
      or hydrogen-containing gases are also suitable as encasing gases. The
      vapour of a liquid which evaporates at the temperature of the bath may
      also be blown-in as an encasing or cooling gas. Hydrocarbons, for example,
      methane, propane, butane, or light oil in the form of vapour may also be
      blown-in as encasing gases. However, casing gases containing a high
      proportion of hydrocarbons, such as natural gas or coke-oven gas may also
      be used.
PAR  When using combustible encasing gases, to prevent a flow-back of oxygen
      into the encasing-gas ducts and to prevent possible damage to the mouth of
      the nozzle, the gases are introduced into the melt at a pressure at least
      half that of the oxygen pressure.
PAR  The above mentioned gases may be blown-in individually, side by side,
      mixed, or consecutively. For instance, refining may be carried out
      initially with oxygen surrounded by an encasing-gas haze of hydrogen. The
      resulting increased water content of the melt may be reduced later by
      blowing for a short period with nitrogen or argon. In this case, in
      addition to slowing down the oxygen reaction, the nitrogen or argon act as
      scavenging gases to remove the hydrogen from the melt. Thus by
      after-blowing for 30 to 60 seconds, the hydrogen content of the melt may
      be reduced to about 50%.
PAR  A somewhat unduly high nitrogen content may also be reduced by subsequent
      blowing with carbon dioxide or argon. As a rule, however, this is not
      necessary, tests having shown that the nitrogen contents arising from the
      use of nitrogen as an encasing gas are far below those of steel melts
      refined by using oxygen-enriched air. By blowing with commercially pure
      oxygen and nitrogen-free encasing or cooling gases, according to the
      method of the invention, nitrogen contents between 0.001 and 0.002% may be
      obtained. These values are below the minimal nitrogen contents obtainable
      by the oxygenlance process.
PAR  The use of hydrocarbons as encasing or cooling gases results in a
      relatively high hydrogen content in the steel, especially if the volume of
      encasing gas is increased at the end of the blow. To this extent, the
      method according to the invention is particularly suitable for producing
      steels semikilled by a relatively high hydrogen content, even if the
      content of other elements having an affinity for oxygen is relatively
      high. If a steel of this kind is killed prior to pouring in the
      conventional manner, e.g. with about 0.3% of silicon, and is cast into
      ingots, then the ingots solidify like semi-killed steels because of the
      relatively high hydrogen content of the melt. In addition to the pouring
      advantages associated therewith, a high yield of about 93% is produced in
      rolling.
PAR  Another advantage of the high hydrogen content arising from the encasing
      gas surrounding the oxygen is that with a steel having an oxygen content
      of 0.08%, about half of the hydrogen is burned within the melt into steam
      (water vapour), thus adding a large amount of heat. This makes it possible
      to vary the bath temperature within wide limits by adjusting the ratios of
      oxygen to hydrocarbon- or hydrogen-encasing gas. However, a
      high-temperature melt permits a correspondingly high addition of scrap and
      thus to a more economical operation. With the method according to the
      invention, the addition of scrap may be up to 35%, whereas in the
      traditional refining of basic Bessemer pig-iron with an oxygen-enriched
      blast or the oxygen-lance process, the scrap content runs to only about
      20%.
PAR  The method according to the invention may also be carried out by blowing-in
      streams of oxygen through a plurality of jets, the said streams being
      surrounded by different encasing gases. Moreover, for the purpose of
      homogenizing and cleaning the melt, certain jets may be supplied with an
      inert scavenging gas, for example argon, instead of oxygen and an encasing
      gas. A scavenging gas introduced in this way may also be used to reduce
      the hydrogen content, too high for certain qualities, resulting from a
      prior blowing with a hydrogen encasing gas.
PAR  The method of the invention is of special significance in the refining of
      pig-irons containing phosphorus; in this case, in contrast to the known
      oxygen-lance process, a single slag having an iron content of only 10 to
      15% may be used. Such low slagging of the iron, and the practically
      ejection-free refining process of the method according to the invention,
      result in a high metallic yield. Thus, for example, with a scrap addition
      of 30%, an iron yield of 92% was obtained in refining basic Bessemer
      pig-iron.
PAR  The low FeO contents of the slag, in comparison with the oxygen-lance
      process, has a particularly favourable effect in refining alloy pig-irons
      by the method of the invention. For example, when refining a
      chromium-alloy pig-iron, a lower final carbon content can be obtained than
      by the oxygen-lance process, and even a lower proportion of the chromium
      contained in the iron is slagged.
PAR  The quiet course of the blow also permits better utilization of the
      converter since, in comparison with a bottom-blown converter operated with
      oxygen-enriched air, may be increased by about 50%. In contrast to the
      oxygen-lance process or conventional refining in a bottom-blown converter,
      the quiet blow is not disturbed even when the pig-iron is at a relatively
      low temperature or has a high silicon and manganese content. Another
      advantage of the quiet blow is that the mouth of the converter no longer
      builds up with steel and slag deposits. For these reasons, and due to the
      elimination of the slag change, the sequence of charges may be increased
      which results in, among other things, a highly economical process.
PAR  It is an essential constituent of the method according to the invention
      that the volume and type of encasing gas and the type of material used for
      the oxygen feed pipe are matched in such a manner that the nozzles wear
      away at approximately the same rate as the refractory compound of the
      converter bottom in which the said nozzles are embedded. At the same time,
      care must be taken to ensure that solid deposits on the mouths of the
      nozzles, which may build up from the melt to be refined, are avoided. Such
      a combination of encasing gas and oxygen feed-pipe material, by means of
      which the effect according to the present invention may be obtained,
      consists in using about 3% by volume of propane as the encasing gas,
      related to the throughput of oxygen, and a 15% chromium steel for the
      oxygen feed pipe. If a copper pipe, for example, is used in place of the
      15% chromium steel, the amount of propane must be reduced to about one
      half, which leads to a substantial increase in the formation of brown
      smoke. Another combination consists, for example, in using about 10% of
      coke-oven gas as the encasing gas (approximate composition: 55% H.sub.2,
      25% CH.sub.4, 10% CO, remainder inert gases) and an oxygen feed pipe of
      15% chromium steel. By using a steel with about 25% of chromium and 2% of
      molybdenum, the percentage of coke-oven gas may be reduced by about 1/3,
      but this again leads to increased formation of brown smoke.
PAR  If, on the other hand, for example, 20% of methane or 10% of propane and a
      copper oxygen feed pipe are used, heavy deposits are formed within a short
      time on the nozzle mouths, which reduce the throughput of oxygen and
      result in a substantial lengthening of the refining time. Furthermore,
      while the scrap is being charged-in or during the blow, the deposits on
      the converter bottom may be so deformed by the lumps of scrap, already
      present in the bath, that the flow of gases is largely cut off, which may
      endanger operational safety.
PAR  It has been found, surprisingly enough, that with extreme requirements for
      the suppression of brown smoke, higher proportions of reactive encasing
      gases may be used if these are admixed to an oxygen-containing gas, e.g.
      air. Under the above mentioned conditions, for instance, the amount of
      propane could be doubled by mixing propane and air in the ratio of 1:1.
PAR  On the other hand, there is no particular significance in the material used
      for the outer and encasing-gas pipe; simple steel pipes generally suffice.
      If the above mentioned conditions relating to the combination of nozzle
      material and encasing-gas proportions are adhered to, the life of the
      converter bottom with the method according to the invention is about 200
      melts, whereas the bottom of the traditional bottom-blown converter has to
      be renewed after about 50 melts. Since the converter lining itself usually
      withstands 400 melts, only one bottom change is necessary with the method
      and converter according to the invention. However, if by chance, for
      example due to non-uniform distribution of the encasing gas to individual
      nozzles, deposits are formed on the nozzle outlet openings, such deposits
      may, within the scope of the method according to the invention, be melted
      away by brief blowing with a mixture of nitrogen and oxygen, the oxygen
      content of which is preferably between 10 and 20%. If the oxygen content
      is kept to within 10 to 20%, the said deposits are usually removed within
      about one minute. This is preferably accomplished by afterblowing at the
      end of the refining time. If the nozzles are individually adjustable, the
      cleaning blow according to the invention may be restricted to those
      nozzles on which deposits are observed. The mixture is preferably blown
      through both the oxygen pipe and the encasing-gas pipe.
PAR  A quiet refining operation in the converter is of critical importance for
      the economics of the method. It was found, surprisingly enough, that quiet
      refining is greatly influenced by the number of nozzles in relation to the
      filling level of the converter. For reasons of economics, and for the
      simplest possible supervision of the process, it is naturally of interest
      to keep the number of nozzles as small as possible. The minimal number of
      nozzles and the maximal permissible nozzle diameter may be calculated from
      the following relationships.
PAR  The total nozzle area in cm.sup.2 should correspond approximately to the
      weight of the pig-iron to be refined in tons. Moreover, the maximal nozzle
      diameter is determined by the height of the bath; it should amount, at the
      most, to 1/35 of the depth of the bath in the refining vessel. These data
      are valid for the oxygen pressure of about 5 to 10 atm. normally used in
      refining, but are also approximately correct in other pressure ranges. By
      way of example, it may be stated here that the converter used had an
      average capacity of 30 t and a bath depth of 70 cm. This gives a maximal
      nozzle diameter for the oxygen feed pipe of 20 mm; the number of nozzles
      is then calculated from the overall nozzle area of 30 cm.sup.2 as being
      10.
PAR  Nozzles larger than those calculated from the foregoing relationships may
      be used if the axis of the nozzles is, rather than being perpendicular to
      the surface of the bath, at a certain angle of inclination to the
      longitudinal axis of the converter, or is built into the wall of the
      converter parallel with the surface of the bath. If the nozzles are
      incorporated obliquely, e.g. at an angle of about 30.degree. to the
      vertical arrangement, the maximal nozzle diameter may be increased by
      about 20%. If the nozzles are incorporated horizontally into the side wall
      of the converter, the nozzle diameter calculated in accordance with the
      above relationship may even be doubled. In this case, therefore, only 3
      nozzles with a diameter of 36 mm are needed for the oxygen feed pipe for a
      30 t melt.
PAR  The oxygen and the encasing gas may be blown-in at one or two opposing
      locations in the converter bottom. This imparts to the melt a definite
      circulating movement, which is of considerable significance for the
      thorough mixing of the melt, in view of the small volume of gas as
      compared with the traditional bottom-blown converter. When blowing-in
      takes place on one side, the flow of metal above the nozzles is in an
      upward direction and, in the remainder of the converter, in a downward
      direction, whereas if the blowing-in is on two sides, the outside of the
      melt rises while the melt at the center of the converter flows downwards.
      The cooperation of the oxygen and the encasing gas with the circulating
      movement induced by the type of gas supply over the converter bottom leads
      to a rapid exchange of material, lower iron-oxide contents in the slag,
      and thus to very low iron losses.
PAR  The method according to the invention is preferably carried out in a
      converter having the following characteristics. It has a pear-shaped steel
      casing with an inserted bottom and a refractory lining. The nozzles are
      located in the converter bottom, a substantial portion of which is free of
      nozzles. The result of this is that the melt rises in the nozzle region,
      sweeps partly through the layer of slag, and is drawn down again in the
      nozzle-free area of the bottom. The nozzles are preferably arranged
      entirely in one half of the bottom, and may be arranged in groups so that
      a strong suction arises at the converter bottom. Satisfactory mixing of
      the gases introduced and the melt also leads to a sort of gas-lift effect
      and thus to rapid rising of the melt above the nozzles. The distance
      between individual groups of nozzles is preferably selected in such a
      manner that the funnel-shaped upward currents intersect to some extent
      just below the surface of the bath, thus ensuring near the surface of the
      melt a uniform distribution of gases which contributes to a reduction in
      ejection.
PAR  Special advantages are obtained when all of the nozzles on the diameter of
      the bottom lie parallel with the tilting axis of the converter. A
      converter of this kind, in which the nozzles are arranged along a central
      strip on the bottom, may be made rotationally symmetrical with its
      longitudinal axis, the rows of nozzles terminating at a distance from the
      side walls of the converter which is dependent, in the individual case,
      upon the number of nozzles. The rotationally symmetrical converter with a
      row of nozzles lying, for example, parallel with the axis of rotation
      (tilting axis) and along the diameter, makes it possible to tilt the
      converter in both directions. In this way, slag may be removed by tilting
      in one direction, while the melt may be tapped by tilting in the other
      direction. During the tilting, gas is fed continuously through the nozzles
      to prevent them from becoming blocked and, above all, to prevent them from
      coming into contact with the steel and the highly aggressive slag.
PAR  If the nozzles are arranged obliquely, it then becomes possible, with the
      method to remove the refining slag by means of jets of gas impinging
      obliquely on the surface of the bath when the converter is in the
      horizontal position. Slag removal may then be effected by means of hot
      gases, for example, the combustible gases of an oxygen/hydrocarbon-gas
      mixture which forms at the outlet apertures of the nozzles when the oxygen
      is blown through the inside pipe and hydrocarbon gas through the outside
      pipe.
PAR  For the purpose of slag removal, the converter need merely be tilted beyond
      the horizontal position, so that the level of the bath is at an acute
      angle to the longitudinal axis of the converter and to the jet of gas
      issuing from the nozzles. The degree of tilt is determined in the
      individual case by the curvature of the converter lining or casing and, is
      greater in the case of a non-rotationally symmetrical converter than in
      the case of a rotationally symmetrical converter.
PAR  Particularly satisfactory slag removal conditions are obtained if the
      longitudinal axes of some or all of the nozzles are at an angle to the
      longitudinal axis of the converter so that the emerging jets of gas
      impinge upon the slag cover or bath surface at an acute angle when the
      rotationally symmetrical converter is in the horizontal position.
      Individual nozzles among those arranged along a central strip may be
      inclined, or several nozzles with inclined axes may be located in one half
      of the bottom. The said nozzles may also be inclined at different angles.
      Tests have shown that the nozzles may, with advantage, be inclined in such
      a manner that their longitudinal axes intersect in the upper part of the
      converter with the longitudinal axis thereof, so that, when the converter
      is on its side, the gas jets impinge on the slag or on the surface of the
      bath approximately between the center of the bath surface and the mouth of
      the converter. If only a few nozzles are inclined in relation to the
      longitudinal axis of the converter, these nozzles may have a separate gas
      connection, so that they may be supplied with gas independently of the
      other nozzles. The slag-removal nozzles arranged at an angle to the
      longitudinal axis of the converter may also be operated at a pressure
      which is substantially higher than the gas pressure during refining and
      which may amount, for example, to 60 atm., whereas the gas pressure for
      refining is only 6 atm. If the nozzles are at different angles of
      inclination, this produces a more or less widely fanned-out jet which, at
      a correspondingly high pressure, provides effortless and rapid slag
      removal.
PAR  Commercially pure oxygen is generally used for the execution of the method.
      At 99.7% purity, and with nitrogen-free encasing gases, nitrogen contents
      of less than 0.002% are obtained in the finished steel. However, a higher
      nitrogen content is required for certain qualities of steel. In contrast
      to the oxygen-lance process, the method according to the invention offers
      the advantage of producing higher nitrogen contents in the steel by mixing
      nitrogen with the oxygen. The simplest way of doing this, of course, is to
      mix air with oxygen. If, for example, nitrogen contents between 0.008 and
      0.10% are required in the liquid steel, this can be obtained with 4% of
      nitrogen in the oxygen. It is also within the scope of the present
      invention to add the additional nitrogen only towards the end of the
      refining, approximately during the last 1/3 of the process. The increase
      in nitrogen may also be obtained by using ammonia as the encasing gas.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is explained in greater detail hereinafter with the aid of
      practical examples illustrating preferred embodiments. In the drawings:
PAR  FIG. 1 is a plan view of a horizontally sectioned converter with an example
      of the construction of a converter bottom according to the invention;
PAR  FIG. 2 is a vertical section through the converter in FIG. 1, along the
      line II--II;
PAR  FIGS. 3 to 6 are converter bottoms with differently arranged nozzles;
PAR  FIG. 7 shows nozzles according to the invention for oxygen and encasing or
      cooling gas, on an enlarged scale incorporating a non-return valve;
PAR  FIG. 8 is a vertical longitudinal section through a rotationally
      symmetrical converter according to the invention;
PAR  FIG. 9 is a horizontal section along the line X--X in FIG. 8;
PAR  FIG. 10 shows a converter according to the invention with nozzles inclined
      to the longitudinal axis of the converter;
PAR  FIG. 11 shows a converter, with a plurality of nozzles at different angles,
      in the tilted position during slag removal;
PAR  FIG. 12 is an enlarged representation of a nozzle according to the
      invention with a wire spiral used as a spacer between the nozzle pipes;
PAR  FIG. 13 is a cross-section through a nozzle according to the invention with
      spacer ribs;
PAR  FIG. 14 is a cross-section of a nozzle according to the invention with
      porous refractory material in the annular space between the two nozzle
      pipes;
PAR  FIG. 15 is a schematic illustration of a converter according to the
      invention, having a common oxygen line for the oxygen pipes and individual
      connections for the encasing-gas pipes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The converter according to the invention (FIG. 2) consists of the usual
      steel casing 1 having a refractory lining 2 and a refractory bottom 3 on a
      bottom plate 13. The one-sided arrangement of nozzles 4 in bottom 3 has
      the advantage that when the converter is tilted to the right in the
      drawing -- for charging, the nozzles are not damaged and the scrap can be
      accommodated in the nozzle-free half of the bottom. Moreover, when the
      converter is on its side, it can be filled up to the level of the first
      row of nozzles. Finally, and again when the converter is on its side, the
      scrap in the lower, nozzle-free half of the converter may be pre-heated by
      introducing oxygen and hydrocarbon through nozzles 4, as in an open-hearth
      furnace. When the converter is on its side, the nozzles are protected from
      melting by the introduction of a gas, preferably an inert gas.
PAR  In the converter according to the invention, the bottom half provided with
      nozzles 4 may also be made interchangeable, while the other half of the
      bottom is a fixed part of the lining.
PAR  The nozzles may also be arranged in circular or triangular groups (FIGS. 3,
      4) in several rows of two (FIG. 6) or may also be distributed uniformly
      over one half of the bottom (FIG. 5). The relatively great distance
      between individual nozzles or groups of nozzles results in a nozzle-free
      space in the converter bottom, allowing unimpeded access of the metal to
      the nozzles and to the gas/metal jets forming above the nozzles. The
      nozzles (FIG. 7) consist of an internal pipe 6 for oxygen and a concentric
      external pipe 7 for the encasing or cooling gas. The pipe ends projecting
      from the converter bottom carry a T-shaped connecting piece 8 with an
      adaptor 9 for the encasing or cooling gas and a connection 11 for the
      oxygen.
PAR  The converter illustrated in FIG. 8 is rotationally symmetrical in relation
      to the longitudinal axis 12 of the converter and also consists of a
      steel-plate casing 1 and a refractory lining 2. Inserted into the
      converter 1,2 and resting upon a bottom plate 13, is a bottom 3 of
      refractory material, for example burned coal-tar dolomite. The converter
      bottom 3 has a plurality of nozzles 4 arranged in a row along bottom
      diameter 15 and parallel with the tilting axis (not shown) of the
      converter. Nozzles 4 consist of an external pipe 7 and a concentric
      internal pipe 6 which are connected to a gasline for the encasing gas 19
      and a common oxygen line 21.
PAR  The refining of pig-iron with the converter shown in FIGS. 8,9 is
      accomplished by blowing pure oxygen through internal pipe 6, and an
      encasing gas, for example propane, through external pipe 7 into the
      converter which is approximately half full of pig-iron. The hydrocarbon
      gas acts as an encasing gas and prevents rapid melting away of the nozzles
      mouths an thus premature wear of converter bottom 3. When the refining
      slag resulting from the oxidation products and the additives is to be
      removed, the converter is tilted out of the position shown in FIG. 8 to
      beyond the horizontal, so that the level of the bath, as shown in FIG. 11
      for another converter, is at an acute angle to the longitudinal axis 12 of
      the converter. During the tilting, blowing with oxygen and propane is
      continued in order to prevent damage to nozzles 4 by the melt of the slag.
PAR  Since hydrocarbons are gases which burn with a high development of heat, a
      very hot flame is produced. In accordance with the arrangement of the
      nozzles, a widely fanned-out jet of gas is produced which, at the high
      blowing pressure, forces the slag from the surface of the bath to the
      mouth of the converter. The high temperature of the jet of combustion gas
      produces a very liquid slag which easily runs out of the converter.
PAR  The example illustrated in FIG. 10 contains a plurality of nozzles 4 in
      converter bottom 3, these nozzles being at an angle to the longitudinal
      axis 12 of the converter. A main advantage of these inclined nozzles 4 is
      that they produce a relatively deeply staggered jet of combustion gas
      during slag removal in the tilted position, which, as shown in FIG. 11,
      moves the slag towards the mouth of the converter and then out of the
      converter. However, in addition to nozzles 4 running at an angle to the
      axis of the converter, but parallel with each other, the converter bottom
      3 may also contain a plurality of nozzles running parallel with the
      longitudinal axis 12 of the converter. In this case, however, it is
      advisable to provide the inclined nozzles with their own gas connections,
      in order to be able to vary the pressure, and if necessary the type, of
      the gases issuing from the inclined nozzles independently of the other
      nozzles.
PAR  Another improvement in slag removal is obtained if the inclined nozzles do
      not run parallel with each other, but are at different angles to
      longitudinal axis 12 of the converter. In this case, the jets of gas,
      issuing from individual nozzles 4, cover most of the slag and bath
      surfaces in the tilted position according to FIG. 11, so that the slag may
      be very quickly removed from the converter. Individual adjustment of
      individual nozzles, or rows of nozzles, allows very rapid slag removal
      without any assistance from mechanical means. Furthermore, the converter
      is in a tilted position in which, as may be seen in FIG. 11, there is no
      longer any danger of steel running out of the converter with the slag,
      whereas in removing the slag from the traditional converter, the said
      converter must be tilted until the level of the bath reaches at least the
      upper edge of the lower part of the converter mouth, if the slag is to be
      poured off the surface of the bath as far as possible under the influence
      of gravity. In this way, considerable steel losses cannot be avoided.
PAR  As already mentioned in connection with FIG. 7, the nozzles consist of an
      internal pipe 6 for oxygen and an external pipe 7 for encasing gas.
      Located between the two pipes 6,7 is a wire spiral 25 which maintains a
      constant annular space 26 between the two pipes 6 and 7 (FIG. 12). The
      said wire spirals also cause the encasing or cooling gas to enclose the
      oxygen jet, closely and uniformly, when it leaves oxygen pipe 6, since the
      said wire spirals 25 impart a twist to the said encasing gas. Instead of a
      separate wire spiral 25, encasing-gas pipe 7 may also be provided with
      internal ribs 27 acting as spacers (FIG. 13).
PAR  The annular space 26 between the oxygen pipe and the encasing-gas pipe may
      also be filled, as shown in FIG. 14, with a porous material 28, for
      example, a porous sintered metal or a refractory substance.
PAR  For the purpose of increasing operational safety and preventing the entry
      of oxygen into the encasing-gas system in the event of one or more oxygen
      pipes becoming blocked, a non-return valve 30 (FIGS. 7,15) is located in
      line 19 to encasing-gas pipe 7. This non-return valve is set to a specific
      pressure at which it closes immediately. While the oxygen pipes are
      generally connected to a common oxygen line, the encasing-gas pipes
      preferably have their own supply lines with flow meters 31 and regulating
      valves 32. In this case, the supply of encasing gas to each nozzle may be
      adjusted individually, so that the said nozzle may be fed with different
      encasing gases and different volumes of encasing gas.
PAR  In an operational melt in a bottom-blown converter according to the
      invention, the nozzles were arranged in a converter bottom made of
      coal-tar dolomite in four rows of five nozzles each, 20 nozzles in all,
      the oxygen pipes thereof having an inside diameter of 12 mm and the
      encasing-gas pipes an inside diameter of 18 mm. The oxygen pipes were made
      of a steel consisting of 18% chromium, 10% nickel, and the remainder
      mainly iron. The wall thickness was about 1 mm. This left a concentric
      annular gap of about 1 mm between the internal and external pipe for the
      introduction of the propane. The encasing-gas pipe was a steel pipe having
      a wall thickness of about 2 mm. The encasing-gas pipes were connected to a
      nitrogen line, a propane line, and an air line.
PAR  6 tons of scrap and then 21 tons of liquid basic Bessemer pig-iron at
      1250.degree.C and with the following analysis were charged into the
      converter in the tilted position:
PA1  3.5% carbon
PA1  0.6% silicon
PA1  1.7% phosphorus
PA1  1.0% manganese
PA1  0.50% sulphur
PA1  remainder mainly iron.
PAL  During charging, both nozzle tubes were supplied with atmospheric air at 3
      atm.
PAR  After charging, the air supply was shut off and propane was fed to the
      encasing-gas pipe and oxygen to the oxygen pipe. After the propane had
      ignited, the converter was returned to the vertical position and 3 t of
      lime were added. The volume of propane gas amounted to 170 Nm.sup.3 /h and
      the volume of oxygen to 4000 Nm.sup.3 /h. After about 10 minutes, an
      additional 2 t of scrap were charged from above into the blowing
      converter. The volume of oxygen was then increased to 5000 Nm.sup.3 /h
      while the volume of propane gas was kept constant. During the entire
      blowing time, the converter blew quietly without developing any
      appreciable noise and without ejection. After about 17 minutes of blowing
      time, the converter was tilted and at the same time the internal pipe was
      charged with air, while nitrogen was fed to the external pipe. On the
      basis of a chemical analysis of a sample, the converter, as described
      above, was tilted back up again and was afterflown for about 60 seconds,
      in order to obtain the desired steel composition. The converter was then
      tilted to the horizontal again and the slag was removed. The composition
      of the slag was as follows:
PA1  14% Fe (in the form of Fe0)
PA1  45% Ca0
PA1  16% P.sub.2 P.sub.5
PA1  remainder Mn0, Si0.sub.2
PAR  The steel was tapped at 1620.degree.C and analyzed as follows:
PA1  0.02% carbon
PA1  0.15% manganese
PA1  0.026% phosphorus
PA1  0.023% sulphur
PA1  0.002% nitrogen
PA1  0.0010% hydrogen
PAR  The advantages of the method according to the invention, as compared with
      the known oxygen-lance process, are the substantially lower iron-oxide
      content of the slag, which therefore attacks the converter lining less,
      resulting in a longer life for the lining. In spite of the low Fe0 content
      of the slag, very good de-phosphorizing is obtained, as shown by the
      foregoing analysis. As a result of optimal utilization of the oxygen
      introduced into the melt, blowing times are short, the blow is quiet in
      spite of the high proportion of scrap, and production is therefore
      increased. Finally, because of the quiet blow, the method according to the
      invention is almost independent of the pig-iron composition, whereas the
      known oxygen-lance process requires a pig-iron analysis held within narrow
      limts and thus the use of pig-iron mixers to equalize fluctuations in
      analysis.
CLMS
STM  We claim:
NUM  1.
PAR  1. A converter consisting essentially of a sheet-steel casing with a
      refractory lining and an inserted nozzle bottom in which a substantial
      portion of the converter bottom is free of nozzles, and in which the
      nozzles are each made up of an oxygen pipe and a concentric encasing gas
      pipe, and in which a non-return valve is arranged in the feed line to each
      encasing-gas pipe.
NUM  2.
PAR  2. A converter consisting essentially of a sheet-steel casing with a
      refractory lining and an inserted nozzle bottom in which a substantial
      portion of the converter bottom is free of nozzles, and in which the
      nozzles are each made up of an oxygen pipe and a concentric encasing gas
      pipe, and in which the oxygen pipes are connected to a common oxygen line
      and the encasing-gas pipes each have their own feed line.
NUM  3.
PAR  3. A converter according to claim 2, in which each of said encasing gas
      pipes is provided with a regulating valve in each said pipe, whereby the
      flow in each pipe may be controlled by said valve.
NUM  4.
PAR  4. A converter according to claim 2, in which each of said encasing gas
      pipes is also provided with a flow-meter in each said pipe.
NUM  5.
PAR  5. The converter of claim 1 in which said oxygen pipes are of a steel
      containing at least about 15% chromium.
NUM  6.
PAR  6. The converter of claim 2 in which said oxygen pipes are of a steel
      containing at least about 15% chromium.
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PAL  A device for plugging the taphole in reactors for metallurgical processes
      in which the plug includes: a solid element, made of refractory material,
      which expands in a substantially cylindrical head having a diameter
      greater than that of the tap-hole, and applied to the solid element, and
      O-ring packing made of a material consisting essentially of a mixture of a
      refractory material in powder form and of a binder, said material being
      cold coherent, plastically deformable for increasing values of the
      temperature within the limits of the thermal interval within which the
      mixture sets, and becoming indeformable for values of the temperature
      higher than the said thermal setting interval, but lower than the
      operating temperature of the reactor, after a period of exposure to the
      operative conditions longer than the time necessary for installing the
      plug.
PARN
PAR  This is a continuation of application Ser. No. 378,994, filed July 13,
      1973, and now abandoned.
BSUM
PAR  The present invention relates to a device for plugging the tapholes in
      reactors for metallurgical processes. Particularly for completing and
      improving the invention disclosed in U.S. Pat. No. 3,776,532. The present
      invention provides further technical improvements in order to improve the
      technical result attained by the invention described in said patent.
PAR  The use of the device according to the cited patent has certain drawbacks.
PAR  The first drawback is that of being unable to avoid losses, even if of
      small amount, of the material contained within the reactor, due to an
      imperfect mating of the plug (renewed at each tapping, and therefore
      provided with an even lateral surface) and the contour of the taphole
      which will be on the contrary worn and therefore showing an irregular
      shape due to the erosion caused by the flow of the steel and of the slag
      during the preceding tappings
PAR  The improved device accordng to the present invention allows said primary
      drawback to be overcome, through an improved sealing action.
PAR  Other advantages inherent to the use of the improved device are: an
      improved adhesion of the plug to the tap-hole and an easier removal of the
      plug after its use.
PAR  All these advantages are consequent to an embodiment of the plug for the
      taphole according to a modified constructive principle, which provides for
      the use of an intermediate element connecting the hole to the plug,
      according to a solution which represents a technical improvement with
      respect to the solution disclosed in the cited patent.
PAR  Said intermediate element, which consists of a mixture of refractory powder
      with a binder, has a shape which is technologically suitable to serve the
      function of sealant packing.
PAR  The most important features of the mixture are:
PAR  -- A sufficient cold cohesion, so as not to deform and to disjoin during
      the normal handling operations, including those for inserting the plug in
      the taphole;
PAR  -- TO BE PLASTICALLY DEFORMABLE FOR INCREASING VALUES OF THE TEMPERATURE
      WITHIN THE LIMITS OF THE THERMAL INTERVAL BETWEEN WHICH THE MIXTURE
      HARDENS;
PAR  -- TO BE INDEFORMABLE, HAVING REFRACTORY CHARACTERISTICS, ABOVE SAID
      THERMAL INTERVAL, DUE TO AN OCCURRED CHEMICAL AND/OR CERAMIC SETTING
      AND/OR DUE TO TRANSFORMATIONS OF EITHER THE BINDER AND/OR THE BASE.
PAR  Another advantage of said mixture is that of having a low strength against
      dynamic impact due to the chemical and/or ceramic setting and/or to the
      transformations of the binder and/or the base.
PAR  When the plug, provided with the cited packing is pressed against the
      taphole, the packing, which contacts the hot walls of the reactor, will
      deform so as to seal the possible surface irregularities of the orifice of
      the tap-hole. Immediately after, due to the effect of the further increase
      of the temperature, the packing will harden, becoming indeformable, so
      that the plug and the tap-hole will be permanently connected. When the
      tap-hole is to be opened, the plug will be easily removed due to the weak
      strength against dynamic impact presented by the packing after its
      hardening.
PAR  The improvement forming the subject matter of this invention will be now
      described, only by way of non limitative example, with reference to the
      attached drawings showing preferred embodiments thereof.
DRWD
PAR  Particularly, in the drawins:
PAR  FIG. 1 shows a vertical section view of a first embodiment of the plug
      according to the present invention;
PAR  FIG. 2 shows a vertical section view of another embodiment of said plug;
      and
PAR  FIG. 3 shows a cross-sectional view of a metallurgical reactor with a plug
      according to the present invention in place therein.
DETD
PAR  With reference to both said FIGS. 1 and 2, the plug is formed of two parts
      and specifically: a solid element (A) of refractory material, and a ring
      packing (B) or 1c, made of said mixture material (refractory powder and
      binder).
PAR  The solid element (A) has a composite shape, with a cylindrical base 1a
      having a diameter smaller than that of the taphole, so as to allow the
      solid element to be introduced into the tap-hole. Said base 1a widens, at
      its end facing the inside of the reactor, to a cylindrical head 1b the
      base of which has a diameter greater than that of the tap-hole (see FIGS.
      1).
PAR  The cited solid element (A) can also have a more complicated shape wherein
      the two cylindrical parts: base 1a and head 1b are connected by a frusto
      conical element 1d (see FIGS. 2).
PAR  The annular packing 1c can be pre-fabricated independently from the solid
      element (A) or it can be directly formed by casting on said solid element
      (A) utilizing a collar member 1e which surrounds the cylindrical head 1b.
      The part of said collar member 1e projecting through a certain height
      towards the smaller sectioned end of the solid element (A) serves the
      function of preventing the material forming the packing from flowing
      before the plug is installed.
PAR  In both cases the collar member 1e can serve the same containment function
      also while the plug is being installed, preventing any possible radial
      outflow of the material forming the packing.
PAR  As aforesaid, the collar member can be made of metal sheet or of any other
      plastically deformable material, while the packing consists of a mixture
      of a refractory material and a binder in suitable proportions.
PAR  The compositions which have been found to be preferable for preparing said
      mixture, indicated in percentage by weight are the following:
TBL                         percent by weight                                  
     Magnesite, grain size .ltoreq. 3 mm                                       
                            75 - 95                                            
     Dry pitch in powder form                                                  
                             0 - 12                                            
     Tar                     2 - 10                                            
PAR  In a particularly preferable composition the percents by weight as
      hereinafter reported have been used:
TBL                         percent by weight                                  
     Magnesite, grain size &lt; 1 mm                                              
                            52.18                                              
     Magnesite, grain size .gtoreq. 1 mm &lt; 2 mm                                
                            21.74                                              
     Magnesite, grain size .gtoreq. 2 mm &lt; 3 mm                                
                            13.04                                              
     Dry pitch in powder form                                                  
                             9.13                                              
     Tar                     3.91                                              
PAR  It is important to remark that the improvement according to this invention
      renders the plugging device useful also for stationary reactors; for
      instance in those reactors where iron or steelmaking oxygen top-blown
      processes are carried out.
PAR  In fact, like in the rotating and/or oscillating reactors, also in the
      cited stationary reactors it occurs that, due to the slag becoming
      emulsified, to stirring and other unforeseeable reasons, the projection
      and the escape of liquid materials occur through the taphole, even if said
      tap-hole is at a level even much higher than that of the bath, with the
      consequence that the following drawbacks occur:
PA1  -- losses of metal and/or slag;
PA1  -- heavy wear of the refractory material forming the wall of the taphole
      due to chemical etching of the slag, and
PA1  -- possibility of clogging, even if partial, of the taphole due to
      solidification of the projected material inside the hole.
PAR  The improved plug forming the subject matter of the present invention is
      suitable particularly to solve the cited problems also in case of
      stationary reactors. In fact, the setting or hardening of the connecting
      material forming the packing in each case ensures the additional adhesion
      of the plug (necessary to avoid the effects of an unpredictable breakage
      of the plug locking members) to the taphole, said adhesion, in case of the
      technical solution envisaged for the rotating and/or oscillating reactors
      in the cited patent, being on the contrary ensured by centrifugal force.
PAR  The present invention has been described with particular reference to
      certain specific embodiments thereof, it however understood that changes
      and variations might be made therein, without thereby departing from the
      scope of the present invention.
CLMS
STM  Having thus described the present invention, what is claimed is:
NUM  1.
PAR  1. A device for plugging the taphole from within reactors for metallurgical
      processes, comprising a solid element made of refractory material and
      having an enlarged substantially cylindrical head, an annular packing
      consisting essentially of a mixture of refractory material in powder form
      and of a binder, said packing being disposed on the same side of said head
      as said element and surrounding one end of said element, said material
      being cold coherent and plastically deformable for increasing values of
      the temperature within the limits of the thermal interval within which the
      mixture sets, and becoming indeformable for values of the temperature
      higher than the said thermal setting interval, but lower than the
      operating temperature of the reactor, after a period of exposure to the
      operative conditions longer than the time necessary for installing the
      plug, and an annular collar member made of sheet material and surrounding
      said annular packing and spaced outwardly from said solid element by said
      annular packing.
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ABST
PAL  The hooked ends of the springs or like members by which the bed of a
      trampoline or similar apparatus is suspended from its frame are equipped
      with protective sleeves of flexible material. The sleeves are split at
      their outer ends to form two flaps, one of which covers the exposed ends
      of the hooks to prevent injury to a performer inadvertently striking them,
      while the two flaps together are foldable back onto the sleeve to assist
      hooking and unhooking of the springs to and from the bed and the frame.
PARN
PAR  This is a division of application Ser. No. 462,662 filed Apr. 22, 1974 now
      U.S. Pat. No. 3,869,120 issued Mar. 4, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, the bed of a trampoline or similar apparatus is suspended
      from framework by means of a large number of coil springs or elastic cords
      to provide the requisite resiliency for the bed. The springs or cords are
      hooked at one end to the frame members and at the other end to the edges
      of the bed. So that the springs or cords can be easily replaced or the bed
      readily detached, simple open hooks are used, formed integrally on the
      ends of the springs or clamped to the ends of the cords, as the case may
      be. Invariably, the open ends of the metal hooks are sharp, and though the
      springs or cords are attached so that the hook ends are generally just to
      the rear of the working face of the bed, they nevertheless constitute an
      ever present hazard to a performer should his hand or foot inadvertently
      slip between adjacent springs or cords. It is not feasible to round over
      or further blunt the hook ends during their manufacture owing to the time
      and effort that would be involved and the great number of springs or cords
      required. Even were that done, there is doubt whether it would really be
      sufficiently effective to preclude injury under the circumstances referred
      to. Instead, therefore, other approaches have been tried.
PAR  One is to dip the hooks so that they, including their ends, are covered
      with a protective coating of elastomeric nature. The trouble with this,
      however, is that the coating tends to wear off rather rapidly during use,
      especially in the areas of the hook which engage the moorings provided for
      them along the frame members and the edges of the bed. Even at the ends of
      the hook, the coating is not always adequate, and any severe contact with
      them tends to cause the metal to tear through and protrude from the
      coating. Besides, the coating of course increases the diameter of the
      hooks and thus the difficulty of getting them through the moorings along
      the bed and the frame unless these are specially enlarged. Another
      approach has been to cover the hook ends with elastomeric knobs. These
      would be satisfactory except that they too readily become detached and
      lost. Some times, even, they are idly pulled off and not replaced by
      persons standing around the apparatus. In any event, the knobs must be
      applied after the springs are in place and must be laboriously removed one
      by one before the springs can be detached.
PAR  Despite the fact that the problem has persisted literally for many years no
      really effective and practical solution has previously emerged. The matter
      has become more acute owing to impending regulations requiring protective
      covers for the ends of all springs used on trampolines and like apparatus
      where injury might otherwise occur. The design of effective such covers,
      which are both economical to provide and practical to use, is thus the
      primary object of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing is achieved by devices which are as completely effective as
      they are disarmingly simple. Before each spring or cord is hooked into
      place, short sleeves of flexible material are slipped over each end and
      encompass both the hooks and the adjacent end portions of the springs or
      cords. The sleeves fit snugly over the latter, especially in the case of
      springs whose ends taper in diameter toward the hooks, so that the sleeves
      are restrained against longitudinal displacement. The wall of each sleeve
      portion enveloping the hook is slit in two opposite places inwardly from
      its outer end to provide a pair of flaps, one of which overlies the sharp
      end of the hook to provide the required protective cover. The two flaps
      can be folded back along the remainder of the sleeve to expose the hook so
      that the latter can be readily attached to or detached from, as the case
      may be, the frame or the bed, all without any need to remove the sleeves
      beforehand.
PAR  The sleeves also provide an additional benefit, especially where springs
      are used, in that they help prevent injury in the event of spring
      breakage. Generally, as tests have confirmed, when a spring breaks it does
      so at the hook rather than at some point along its body. Should a spring
      break, the sleeve at that end remains in place and thus protectively
      encloses the sharp, broken end of the spring as it whips back and might
      otherwise cause injury. Furthermore, regardless of where the break occurs
      along the spring, the sleeves also act as "keepers" and prevent either
      portion of the spring from flying off its mooring at the bed or the frame.
      That otherwise often happens in the case of the broken portion attached to
      the frame since the breakage usually occurs when the bed is deflected,
      whereupon owing to the resulting angle of the spring with respect to its
      mooring on the frame, the hook at that point can fly out of its mooring as
      the broken portion of the spring snaps back. Finally, the protective
      sleeves of the present invention are as readily adaptable to apparatus
      already in the field as to that newly manufactured, so that no replacement
      parts or other special reworking is needed for the former.
PAR  The invention is further explained in the more detailed description which
      follows, read in conjunction with the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of a typical trampoline
      illustrating a pair of the springs suspending its bed equipped with the
      protective split sleeves of the present invention, the flaps of the
      sleeves on one of the springs being shown in their pulled back position to
      assist hooking or unhooking of the spring.
PAR  FIG. 2 is a detail view of the end of one spring hooked to the trampoline
      bed, the protective sleeve being shown in vertical section to illustrate
      its relation to the end of the spring and its hook.
PAR  FIG. 3 is an isometric view of one of the protective sleeves.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the webbed trampoline bed 10 is connected to an
      opposed frame member 11 of flattened oval tubing by means of extensible,
      helical springs 12 having a hook 13 at each end. The hooks 13 are formed
      integrally with the bodies of the springs 12 whose ends 12a taper in
      diameter toward the hooks 13 (see FIG. 2). The hooks 13 extend arcuately
      from and transversely across the spring body ends 12a and terminate in
      open ends 14 which are invariably sharp or sometimes even jagged. At one
      end the springs 12 are hooked through mooring eyes 15 welded along the
      inner edge of the frame member 11 and at the other end through
      delta-shaped mooring bars 16 along the edge of the bed 10 through which
      its webs are looped at 17. In each case the spring ends 14 point to the
      rear of the working face of the bed 10. All the foregoing is conventional
      and well known.
PAR  Before each spring 12 is attached, over its ends 12a and hooks 13 are
      slipped short protective sleeves 20 cut from suitable flexible tubing,
      such as rubber vinyl. The inner sleeve portions 20a fit snugly over the
      tapered body ends 12a which restrain the sleeves 20 from slipping back to
      expose the hooks 13. The walls of the outer portions of the sleeves 20 are
      slit at 21 at diametrically opposite points inwardly from their ends to
      form protective flaps 22a and 22b which, as shown in FIG. 1, are foldable
      back toward the inner sleeve portions 20a to expose the hooks 13 and to
      assist their hooking and unhooking to and from the frame member 11 and the
      mooring bar 16. In order to relieve strain, the inner ends of the slits
      are radiused at 21a. As will be observed from FIGS. 1 and 2, the flaps 22a
      and 22b substantially entirely encompass the hooks 13, and the flaps 22b
      in particular form complete protective covers over the sharp hook ends 14.
      Hence, even should a performer's hand, arm, foot or leg inadvertently slip
      between the springs 12, the sleeves 20 effectively protect him from any
      contact with the sharp hook ends 14 no matter what the direction of his
      movement may be between the springs 12. Obvious modifications of size and
      the like will adapt the sleeves 20 to other forms of springs and to other
      elastic suspension members, such as shock cord to whose ends similar hooks
      are clamped or otherwise secured. Accordingly, the present invention
      provides economical, feasible and yet fully effective protection for
      hooked ends of suspension members for trampolines or any other rebound
      apparatus in which such members are used.
PAR  Though the present invention has been described in terms of a particular
      embodiment, being the best mode known of carrying out the invention, it is
      not limited to that embodiment alone. Instead, the following claims are to
      be read as encompassing all adaptations and modifications of the invention
      falling within its spirit and scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use with apparatus for rebound of a performer in connection with
      trampoline, gymnastic and like activities, the apparatus having a frame
      and a flexible bed resiliently suspended from the frame by a plurality of
      resiliently extensible members between opposed marginal edges of the frame
      and the bed, each extensible member having an end portion and an outer
      hook removably connected to one of said marginal edges, the hook extending
      transversely across the adjacent end portion of the extensible member and
      terminating in an exposed hook end subject to contact by a performer, a
      protective device comprising: a flexible sleeve having two longitudinally
      adjacent portions, the first portion being adapted to encompass said
      member end portion to locate the sleeve relative to the extensible member,
      the wall of the second sleeve portion having a pair of slits therein
      extending in a longitudinal direction inwardly from the outer end thereof
      to form a pair of flap portions foldable back toward the first sleeve
      portion, one of the flap portions being adapted to protectively overlie
      said hook end.
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ABST
PAL  A pneumatic spring of the piston-and-cylinder type suitable for balancing
      the trunk lid of a motorcar and like applications is equipped with a stop
      mechanism which stops relative axial movement of the piston or piston rod
      and of the cylinder in response to a force axially applied to the spring,
      but releases the cylinder and piston or piston rod from each other in
      response to an applied force greater than the first-mentioned force.
      Cooperating stop members on the cylinder and piston rod engage each other
      as long as the relative axial movement of the principal spring elements is
      stopped.
BSUM
PAR  This invention relates to pneumatic springs of the type in which a piston
      is axially movable in a cylinder, a piston rod projects axially from the
      cylinder cavity and is biased outward of the cavity by a compressed gas in
      the cylinder cavity. The invention more particularly relates to a
      pneumatic spring in which relative axial movement of the cylinder and
      piston rod may be stopped.
PAR  Pneumatic springs of the type described are known, and they are being
      employed for partly balancing the trunk lid of a motor car and like
      applications. It is also known to equip such a spring with a device which
      stops relative movement of the cylinder and piston rod. The known stopping
      devices are relatively inconvenient to use. They are located outside the
      cylinder cavity and mar the appearance of the spring. They must be engaged
      and disengaged manually.
PAR  The primary object of the invention is the provision of a pneumatic spring
      equipped with a stopping device which is operated more simply than the
      known devices, yet is inexpensive to build.
PAR  In one of its more specific aspects, the stopping device of the invention
      responds to a first, relative, axial movement of the cylinder and piston
      rod of the otherwise conventional pneumatic spring for impeding axial
      relative movement of the same, yet responds to a second, different axial
      movement for releasing the cylinder and piston rod. Cooperating stop
      members of the stopping device are axially secured on the cylinder and the
      piston rod respectively and engage each other while relative movement of
      the two principal elements of the spring is impeded.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated as the same becomes better
      understood by reference to the following detailed description of preferred
      embodiments when considered in connection with the appended drawing in
      which:
PAR  FIG. 1 shows a first pneumatic spring of the invention in section on its
      longitudinal axis;
PAR  FIG. 2 illustrates a second embodiment in the manner of FIG. 1; and
PAR  FIG. 3 is a fragmentary developed view of cams in the spring of FIG. 2.
DETD
PAR  Referring initially to FIG. 1, there is seen a pneumatic spring of
      conventional external appearance whose principal elements are a cylinder 6
      and a piston rod 7. The piston rod is sealed for axial movement in a
      transverse end wall 10 of the cylinder 6. Axially remote ends of the
      piston rod 7 and the cylinder 6 carry respective fastening eyes 20, 21.
      The normally obscured axial end of the piston rod 7 in the cavity of the
      cylinder 6 is fixedly fastened to a piston 8 provided with a permanently
      open axial throttling passage 22. Air or nitrogen at a pressure greater
      than atmospheric pressure fills the remainder of the cylinder cavity and
      biases the piston rod 7 outward of the cavity. The structure described so
      far is well known.
PAR  The axial end portion of the piston rod 7 adjacent the piston 8 is reduced,
      and a sleeve 1 is axially secured between the piston 8 and the shoulder of
      the piston rod 7 which separates the reduced portion from the main portion
      of uniformly cylindrical shape partly visible outside the cylinder 6. The
      sleeve 1 has an axial face 2 which tapers conically in a direction from
      the piston 8 toward the main portion of the piston rod 7. The narrower end
      of the face 2 is equal in diameter with the main portion of the rod 7. A
      wider portion of the face 2, axially spaced from the narrower end, is
      provided with an annular groove 3 whose bottom has a diameter only
      slightly greater than that of the narrower end of the sleeve face 2.
PAR  A liner 9 is axially secured in the cavity of the cylinder 6 between the
      end wall 10 and an internal, annular rib 19 formed in the wall of the
      cylinder 6 by rolling. The inner diameter of the liner 9 is sufficient to
      receive the sleeve 1. A groove 4 in the inner face of the liner 9 receives
      a ring clip 5 of spring wire approximately coaxial with the cylinder 6.
      The depth of the groove 4 is sufficient for permitting substantial
      expansion of the split ring 5. The axial width of the groove 4 is
      approximately eight times the corresponding dimension of the ring 5. The
      stroke of the piston 8 is limited by its arresting abutment against the
      liner 9 and by abutment of the eye 20 against the end wall 10.
PAR  When one of the fastening eyes 20, 21 is attached to the frame of a
      motorcar, and the other eye is suitably attached to the trunk lid of the
      car, the piston rod 7 and cylinder 6 are secured against relative angular
      movement about the cylinder axis. The gas in the cylinder 6 tends to drive
      the piston rod 7 out of the cylinder 6, and thereby to swing the
      non-illustrated trunk lid toward the open position. The gas pressure in
      the cylinder 6 is preferably chosen so that the gas alone will move the
      lid from the closed position to a partly open position when the lid is
      unlocked, but that further force manually applied is needed fully to open
      the trunk lid.
PAR  When the trunk lid is raised toward the fully open position, the conical
      face 2 of the sleeve 1 enters the central aperture of the ring 5 and lifts
      the ring. When the ring abuts against the wall of the groove 4 near the
      end wall 10, further axial movement of the piston rod 7 outward of the
      cylinder cavity causes the ring 5 to be expanded as it moves over the
      conical face 2 in frictional engagement until it ultimately drops into the
      groove 3. When the lid is now released, it can drop only until the ring 5
      retaining the sleeve 1 and the piston rod 7 reaches the position shown in
      FIG. 1.
PAR  Further movement of the trunk lid toward the closed position is possible
      only after a sufficient force is manually applied to expel the ring 5 from
      the groove 3. The radius of curvature of the groove 3 in the plane of FIG.
      1 determines the force required for releasing the stopping mechanism.
      Release of the stopping device is facilitated if the trunk lid is first
      lifted, thereby to shift the ring 5 upward from the position illustrated,
      and by thereafter reversing the lid movement so that the ring abuts
      suddenly against the lower wall of the groove 4 and is stopped thereby,
      while the movement of the released piston rod 7 continues inward of the
      cylinder 6.
PAR  The stopping device described with reference to FIG. 1 is entirely
      concealed within the cylinder 6, and the user never sees it nor need he
      actually be aware of its existence. He merely handles the trunk lid. No
      more than one hand is needed for opening the lid, stopping it in its open
      position, releasing the stopping mechanism, and closing the lid.
PAR  Another pneumatic spring of the invention that may be locked in its
      extended position is shown in FIGS. 2 and 3. Referring initially to FIG.
      2, there is seen a spring whose visible elements are identical with those
      described with reference to FIG. 1. A cylinder 6 and a piston rod 7' are
      the principal elements of the spring and carry respective fastening eyes
      20, 21. The normally concealed portion of the piston rod 7' carries a
      piston 8, but is of generally uniform, circular cross section.
PAR  A cylindrical sleeve 11 and a spacer 11' are axially juxtaposed between the
      piston 8 and a spring clip 23 with sufficient clearance to permit free
      rotation of the sleeve 11 about the common axis of the cylinder 6, the
      piston rod 7, and the sleeve 11. The sleeve 11 carries four equiangularly
      spaced, radially outwardly projecting, integral cams 12 of which each has
      two axial flat faces 13 and two faces 13', 13" obliquely transverse to the
      spring axis, as is best seen in FIG. 3.
PAR  The cylinder 6 carries two internal, axially juxtaposed sleeves 14, 17
      between the rib 19 and the end wall 10 in a friction fit which also
      prevents angular displacement of the sleeves 14, 17 relative to the
      cylinder 6. The sleeve 14 carries a circular row of inwardly projecting
      cams 15 circumferentially spaced to permit passage of the cams 12
      therebetween. Each cam 15 has two cam faces 15', 15" obliquely inclined
      relative to the spring axis and is formed with a notch or recess 16 open
      axially toward the end wall 10.
PAR  The sleeve 17 carries a row of integral deflector teeth 17' similar in
      shape to saw teeth and having axial faces circumferentially alternating
      with obliquely inclined cam faces 18. The cam faces 13" are parallel to
      the cam faces 15' and 18 when axially aligned with the same. The cams 12,
      15, and the teeth 17' are located in a common cylindrical surface about
      the spring axis.
PAR  The pneumatic spring illustrated in FIGS. 2 and 3, when installed between
      the trunk lid and the frame of a motorcar, operates as follows:
PAR  When the trunk lid is unlocked, the expanding air in the cylinder 6 expels
      the piston rod 7' and thereby lifts the trunk lid until the weight of the
      trunk lid balances the force exerted by the air. The air then facilitates
      further manual opening of the lid.
PAR  As the lid approaches the open position, the condition of the spring shown
      in FIG. 2 is reached and passed as the cams 12 move toward the cams 15. If
      the angular position of the cams 12, 15, initially is as shown in FIG. 3,
      the cam faces 13" and 15' are abuttingly engaged and cause the sleeve 11
      to be turned until the cams 12 can pass axially between pairs of cams 15.
      During further opening movement of the trunk lid, each cam face 13"
      engages an oblique cam face 18 on one of the deflector teeth, and the
      sleeve 11 is turned further nuntil the cams 12 no longer are aligned with
      the passages between two adjacent cams 15 but with the cams 15 themselves.
      When the trunk lid now is released, its weight causes the cams 12 to
      approach the axially aligned cams 15, and the acute points between the cam
      faces 13' and axial faces 13 of the cams 12 are seated in notches 16 of
      cams 15, as shown in FIG. 3 in broken lines, whereby the sleeve 11 again
      is turned through a small angle. The lid is held in the open position.
PAR  When it is desired to close the trunk, the lid is manually raised a little
      so that the cam faces 13" are again engaged with cam faces 18 of deflector
      teeth 17', and the sleeve 11 is turned into a position in which the cams
      12 are aligned with passages between two cams 15. The trunk lid may now be
      lowered under the combined forces of gravity and of the operator.
PAR  The stopping device in the pneumatic spring shown in FIG. 2 is capable of
      obvious modifications without significant change in its mode of operation.
      Thus, the sleeve 11 may be fixedly fastened on the piston rod 7' if the
      sleeves 14 and 17 are made rotatable. It is only necessary that there be
      relative angular movement between the sleeve 11 and the sleeves 14, 17.
PAR  The pneumatic springs illustrated and described above are capable of
      numerous applications other than that chosen for illustration.. The
      locking device of the invention may be modified for such other
      applications to lock the piston rod to the cylinder when the overall
      length of the spring is not at its maximum, as illustrated, but at its
      minimum, and it will be simple on the basis of the above teachings to
      provide a pneumatic spring with stopping devices which impede relative
      axial movement of the cylinder and of the piston rod in both axially
      terminal positions of the associated piston.
PAR  All operating elements of the stopping mechanism are protected in the
      cylinder cavity against contamination. Being of simple shape and not
      relying on critically precise dimensions for operativeness, they have a
      useful life comparable to that of any other element of the pneumatic
      spring. They need no maintenance.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to preferred embodiments of the invention, and that it is intended to
      cover all changes and modifications of the examples of the invention
      herein chosen for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the invention set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatic spring comprising:
PA1  a. a cylinder having an axis and bounding a sealed cavity therein;
PA1  b. a piston axially movable in said cavity;
PA1  c. a piston rod axially fastened to said piston and extending outward of
      said cavity in movable, sealing engagement with said cylinder, said piston
      rod and said cylinder constituting the two principal elements of said
      spring;
PA1  d. a gas under a pressure higher than atmospheric pressure retained in said
      cavity and biasing said piston rod outward of said cavity;
PA1  e. stop means responsive to a first relative axial movement of said
      elements for impeding relative axial movement of said elements,
PA2  1. said stop means responding to a second axial movement of said elements
      different from said first movement for releasing said elements,
PA2  2. said stop means including cooperating stop members axially secured to
      said elements respectively,
PA2  3. said stop members engaging each other while said stop means impede said
      axial movement; and
PA1  f. means for securing said elements against relative angular movement
      during said relative axial movements thereof.
NUM  2.
PAR  2. A spring as set forth in claim 1, wherein said stop members are arranged
      in said cavity.
NUM  3.
PAR  3. A spring as set forth in claim 2, further comprising arresting means for
      arresting said piston in said cavity in a first and second terminal, axial
      position, said piston rod moving inward of said cavity during movement of
      said piston from said first toward said second terminal position, said
      stop means stopping said axial movement in response to said piston closely
      approaching said first position thereof.
NUM  4.
PAR  4. A spring as set forth in claim 1, wherein said stop members frictionally
      engage each other while said stop means impede said axial movement.
NUM  5.
PAR  5. A spring as set forth in claim 1, wherein said piston rod is fastened to
      said piston in angularly fixed relationship.
NUM  6.
PAR  6. A spring as set forth in claim 1, wherein said stop members abuttingly
      engage each other while said stop means impede said axial movement.
NUM  7.
PAR  7. A pneumatic spring comprising:
PA1  a. a cylinder having an axis and bounding a sealed cavity therein;
PA1  b. a piston axially movable in said cavity;
PA1  c. a piston rod axially fastened to said piston and extending outward of
      said cavity in movable, sealing engagement with said cylinder, said piston
      rod and said cylinder constituting the two principal elements of said
      spring;
PA1  d. a gas under a pressure higher than atmospheric pressure retained in said
      cavity and biasing said piston rod outward of said cavity; and
PA1  e. stop means responsive to a first relative axial movement of said
      elements for impeding relative axial movement of said elements,
PA2  1. said stop means responding to a second axial movement of said elements
      different from said first movement for releasing said elements,
PA2  2. said stop means including cooperating stop members axially secured to
      said elements respectively,
PA2  3. said stop members engaging each other while said stop means impede said
      axial movement,
PAR  4.  one of said stop members being conical and mounted on said piston rod,
      said conical stop member tapering in the direction of movement of said
      piston rod,
PA2  5. a portion of said conical stop member spaced from the narrower end of
      said stop member in said direction being formed with a groove in a plane
      transverse to said direction,
PA2  6. the other stop member being a resiliently expandable ring formed with a
      central aperture dimensioned to receive said narrower end when said ring
      is in the relaxed condition, but too small to receive said portion without
      being expanded,
PA2  7. said cylinder carrying abutment means in said cavity for limiting axial
      movement of said ring.
NUM  8.
PAR  8. A spring as set forth in claim 7, wherein said abutment means bound an
      annular groove extending about said axis and open toward said axis, said
      ring being at least partly received in said groove, the axial width of
      said groove being greater than twice the axial dimension of said ring.
NUM  9.
PAR  9. A pneumatic spring comprising:
PA1  a. a cylinder having an axis and bounding a sealed cavity therein;
PA1  b. a piston axially movable in said cavity;
PA1  c. a piston rod axially fastened to said piston and extending outward of
      said cavity in movable, sealing engagement with said cylinder, said piston
      rod and said cylinder constituting the two principal elements of said
      spring;
PA1  d. a gas under a pressure higher than atmospheric pressure retained in said
      cavity and biasing said piston rod outward of said cavity; and
PA1  e. stop means responsive to a first relative axial movement of said
      elements for impeding relative axial movement of said elements,
PA2  1. said stop means responding to a second axial movement of said elements
      different from said first movement for releasing said elements,
PA2  2. said stop means including a first cam member, a second cam member, and a
      deflector member,
PA2  3. said first cam member being mounted in axially fixed position on one of
      said elements, said second cam member and said deflector member being
      mounted on the other element in respective axially spaced positions,
PAR  4.  said one cam member being arranged for angular movement about said axis
      relative to said second cam member and said deflector member,
PA2  5. said second cam member and said deflector member having respective faces
      oblique relative to said axis and engageable with said first cam member
      during said axial relative movement of said elements for causing said
      angular movement of said first cam member.
NUM  10.
PAR  10. A pneumatic spring comprising:
PA1  a. a cylinder having an axis and bounding a sealed cavity therein;
PA1  b. a piston axially movable in said cavity;
PA1  c. a piston rod axially fastened to said piston and extending outward of
      said cavity in movable, sealing engagement with said cylinder, said piston
      rod and said cylinder constituting the two principal elements of said
      spring;
PA1  d. a gas under a pressure higher than atmospheric pressure retained in said
      cavity and biasing said piston rod outward of said cavity; and
PA1  e. stop means responsive to a first relative axial movement of said
      elements for impeding relative axial movement of said elements,
PA2  1. said stop means responding to a second axial movement of said elements
      different from said first movement for releasing said elements,
PA2  2. said stop means including cooperating stop members axially secured to
      said elements respectively,
PA2  3. said stop members engaging each other while said stop means impede said
      axial movement,
PA2  4. one of said stop members including a first cam, said one stop member
      being mounted on one of said elements for rotation about said axis, and
      the other stop member including a plurality of second cams spacedly
      distributed about said axis, the spacing of said second cams being
      sufficient to permit axial passage of said first cam between said second
      cams during relative axial movement of said elements in one direction,
PAR  5.  said stop means further including deflector means on said other element
      engageable with said first cam for rotating said one stop member in
      response to said passage into a position of axial alignment of said first
      cam with one second cam, whereby said aligned cams abuttingly engage each
      other during relative movement of said elements in an axial direction
      opposite to said one direction after said passage.
NUM  11.
PAR  11. A spring as set forth in claim 10, wherein said deflector means further
      include means for deflecting said first cam out of alignment with said one
      second cam in response to movement of said first cam in said one direction
      out of abutting engagement with said one second cam.
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PAL  A spring unit comprising spring means, a cage for the spring means, and
      means to control the path of movement of the spring means within the cage
      having in association therewith means to apply a required pre-load on the
      spring means within the cage.
PAL  In preferred embodiments of the caged spring assemblies, the open spaces
      between the coils of a contained spring are reduced to a dimension less
      than that of the thickness of the coils themselves. This prevents the
      coils from winding or screwing and from materially affecting the
      prescribed pre-load in event of spring breakage.
PARN
PAR  This application is a division of application for United States Letters
      Patent Ser. No. 323,955 filed Jan. 15, 1973 for DIE AND SPRING ASSEMBLIES
      HAVING PARTICULAR APPLICATION TO STRIPPER PLATES.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in spring units and more
      particularly to a caged spring unit wherein a contained spring can be
      simply endowed with a required pre-load which can be precisely maintained.
      The invention and its benefits can be most readily comprehended by a
      discussion of its embodiment in a stripper spring, the use thereof in
      application to the stripper plate of a die, and the problems solved in the
      process. Therefore, it will be so described by way of illustration. It
      should be understood, however, that neither the form of its embodiment nor
      the application thereof is so limited. Such is not intended.
PAR  In a die, the stripper plate is intended to serve several important
      functions. These functions should include a flattening of the stock to
      which the die tools are applied, prior to their impact. If not properly
      achieved, the surface of the stock presented to the tools might be wavy
      and cause fracture or malfunction of the die tools. A second desired
      function of a stripper plate is to prevent lateral movement of the stock.
      Failure to achieve this will obviously result in ruin of the stock. A
      third desired function of the stripper plate is to strip stock from the
      die tools, as a die is moved from its closed to its open position
      following a cutting, perforating, or forming operation by the tools.
PAR  In efforts to achieve the desired functions above noted, it has been the
      practice in the past to heavily pre-load the stripper plate through the
      medium of its backing or biasing springs. In conventional practice the
      mount and pre-load of a stripper plate is such that the stripper plate is
      continuously stressed, even in the open position of the die in which it is
      embodied. The stress so applied creates pressure points which tend, either
      initially or eventually, to bow or warp the stripper plate. Moreover, when
      the die is open this stress is transferred to the plate hangers in direct
      shear. This last introduces a requirement for a considerable number of
      hangers in the conventional mount of a stripper plate.
PAR  Further problems encountered in the mount of stripper plates as practiced
      in the prior art are evidenced each time the die punches or other tools
      must be sharpened or adjusted as to their projected length. While a
      shortening of the tools, the stripper plate must be adjusted. When this
      occurs, the problems noted above are compounded. This is self evident
      since the backing or biasing springs are normally further loaded, adding
      to the pre-load and stressing further the stripper plate and its hangers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention obviates the above noted problems as well as other
      problems which are inherent in prior art practice referenced to the
      subject matter at hand. It enables an improved die incorporating a spring
      biased stripper plate, the backing springs of which are pre-loaded and so
      applied that there is no pressure on the stripper plate in an open
      position of the die. Means are provided to facilitate the adjustment of
      the position of the stripper plate without affecting the pre-load of the
      stripper springs. Thus, in accordance with the invention practice the
      spring pre-load may be maintained constant.
PAR  The improvements noted are enabled by a particular caging of the stripper
      springs. An extremely important advantage of the invention is that the
      construction of the caged stripper spring assemblies as here provided
      offers safety in use to a degree not heretofore possible.
PAR  The illustrated embodiment of the invention provides a spring unit
      comprising spring means, a cage for the spring means, and means to control
      the path of movement of the spring means within the cage having in
      association therewith means to apply a required pre-load on the spring
      means within the cage.
PAR  In preferred embodiments of the caged spring assemblies, the open spaces
      between the coils of a contained spring are reduced to a dimension less
      than that of the thickness of the coils themselves. This prevents the
      coils from winding or screwing and from materially affecting the
      prescribed pre-load in event of spring breakage.
PAR  A primary object of the invention is to provide a caged spring unit wherein
      the spring means may be endowed with a prescribed pre-load, which spring
      unit is economical to fabricate, more efficient and satisfactory in use,
      adaptable to a wide variety of applications and unlikely to malfunction.
PAR  Another object of the invention is to provide an improved spring assembly
      having a particularly advantageous application as a means for biasing a
      stripper plate forming part of a die.
PAR  A further object of the invention is to provide improvements in springs for
      backing a stripper plate in a die whereby a stripper plate may be
      maintained under a constant load which in an open position of the die
      apparatus applies no pressure to the stripper plate and thereby
      facilitates assembly and maintenance of the die.
PAR  Another object of the invention is to provide a spring assembly possessing
      the advantageous structural features, the inherent meritorious
      characteristics and the means and mode of use herein described.
PAR  With the above and other incidental objects in view as will more fully
      appear in the specification, the invention intended to be protected by
      Letters Patent consists of the features of construction, the parts and
      combinations thereof, and the mode of operation as hereinafter described
      or illustrated in the accompanying drawings, or their equivalents.
DRWD
PAR  Referring to the accompanying drawings wherein is shown one but obviously
      not necessarily the only form of embodiment of the invention;
PAR  FIG. 1 is a fragmentary view of a die in an open position, shown party
      diagrammatic and in cross section, embodying caged spring units in
      accordance with the present invention; and
PAR  FIG. 2 is a view similar to that shown in FIG. 1 but illustrating the die
      in a closed position.
DETD
PAR  Referring to the drawings, the portions of the die there illustrated are
      embodied in a suitable press to perform punching and like operations. Only
      so much of the structure as may be necessary for an understanding of the
      invention is shown.
PAR  As shown, elements of the die include a tool or punch retainer plate 10, a
      matrix or die retainer plate 12 and an interposing stripper plate 14. The
      plate 10 is backed by and releasably attached to an upper die shoe 11. The
      latter is suitably fixed to the ram of the press (not shown). Bolts are
      conventionally applied to hold the plate 10 in a fixed relation to the die
      shoe. The die retainer plate 12 as installed, will have a fixed mount to a
      lower die shoe (not shown) and forms a work surface over which a piece of
      stock W is positioned for performance of work thereon by suitable die
      tools fixed to and projected from the plate 10. The tool retainer plate 10
      and its backing shoe 11, and the die retainer plate 12 and its backing
      shoe, may be regarded as providing, respectively, an upper or first die
      means and a second or lower die means.
PAR  The tool or punch retainer plate 10 has a plurality of through bores 16,
      the upper end of each of which is expanded adjacent the die shoe 11 by a
      counterbore 18. Each bore 16 accommodates the shank of a perforator or
      punch type tool 20 the head of which is expanded to provide thereon an
      external flange which seats to the annular shoulder provided by the
      counterbore 18. It will be noted that the surface defining the head
      extremity of each punch 20 will so position that it is flush with the
      uppermost surface of the plate 10. Each punch element 20 projects through
      and beyond the plate 10 and at the outer projected extremity thereof has a
      reduced diameter work engaging portion 22.
PAR  The plate 10 has a further plurality of through bores 28, each of which
      accommodates the projection therethrough of a hanger device 24. Each
      device 24 includes a cylindrical sleeve 26 which has a sliding fit with
      respect to the wall defining its bore 28. At what might be considered its
      upper end, each sleeve 26 projects through and beyond the bore 28 and has
      an external flange 27 which has an annular configuration. The flange 27 is
      adapted to seat to the upper surface of the plate 10, about the bore 28 in
      which the sleeve is inserted. The opposite end of the sleeve 26 projects,
      in each case, through and beyond its bore 28 to orient in a substantially
      parallel relation to the punch elements 20. Further comprised in each
      hanger device 24 is a socket head cap screw 25. The threaded shank of the
      screw 25 is projected through the sleeve 26 to have its lower extremity
      project through and beyond what might be regarded as a lower or outer end
      of the sleeve. The projection of the screw 25 is limited as its relatively
      enlarged head 30 seats on the flange 27. It is noted that the head 30 has
      a socket to receive an Allen type wrench.
PAR  The plate 10 is formed with a plurality of additional through bores 36,
      each of which accommodates a caged spring assembly 38. Each spring
      assembly 38 has a generally cylindrical configuration which, as installed,
      has a generally parallel relation to the punches 20 and the hanger devices
      24. The outer housing 44 of each spring assembly has a generally
      cylindrical tube form and its respective vertical extremities are each
      turned over to define inwardly projected and radially directed flange-like
      abutment portions 29 and 31. With reference to the drawings, it may be
      seen that the upper abutment portion or flange 29 defines an opening the
      center of which lies in the central or vertical axis of the housing 44.
      Each housing 44 provides a cage for a coil spring 46 the lower extremity
      of which seats to the lower flange or abutment 31 while its upper
      extremity positions concentrically about the pin-like lower end portion of
      a plunger element 48. The plunger 48 has an intermediately positioned
      portion 50 which is enlarged in diameter to form a shoulder to either face
      thereof. The portion 50 has the shoulder provided at its upper surface
      arranged to limit against the upper abutment 29 formed on the housing 44.
      The lower shoulder surface of portion 50 provides a limiting surface for
      the upper end of the spring 46. The plunger 48 includes an extension 35
      which projects beyond the portion 50 and through the opening defined by
      the upper abutment 29. It will be seen that by a suitable selection of the
      spring 46, an appropriate selection as to the length of the cage 44, and a
      predetermined axial dimension of the portion 50 on the plunger 48 one can
      provide a definite pre-load on the spring element 46. The criteria for
      obtaining the desired pre-load are obviously easy to determine.
PAR  Noting the drawings, the upper die shoe 11 is provided with apertures or
      recesses to form extensions of the bores 28 and 36 provided in the punch
      retainer plate 10 to accommodate their variously related components. For
      example, formed in the die shoe 11 are openings 32 positioned in
      correspondence with the bores 28 and forming axial extensions thereof. In
      each case the bore 32 is enlarged in diameter with respect to the diameter
      of the related bore 28 in the plate 10. This enables the bore 32 to
      accommodate the flange 27 on a sleeve 26 which seats to the upper surface
      of the plate 10 and the head 30 of the screw 25, which seats in turn to
      the flange 27. Further, the die shoe 11 has a series of cylindrical
      recesses 40 formed in the bottom thereof each of which is of like diameter
      and forms an axial extension with respect to a related bore 36 in the
      plate 10. In the case illustrated the upper end of each cage 44 and the
      relatively projecting extension 35 of the related plunger 48 is
      acccommodated in a recess 40. The length of the spring assembly 38 will
      preferably be such that the projected end of plunger extension 35 will
      have a slight clearance at its upper surface with respect to what may be
      considered the bottom of the recess 40 when the die is in the open
      position. The material of the portion 35 of the plunger 48 is such to lend
      itself to easy grinding whereby to make specific changes in its thickness
      or length, the purpose of which will be further described.
PAR  The upper die shoe 11 does not provide recesses to align with bores 16 in
      the plate 10. Thus, the bottom surface of the die shoe 11 provides for an
      abutting engagement therewith of the heads of the punches 20.
PAR  Referring now to the stripper plate 14, it will be seen that this plate has
      a through bore 52 aligning with each retainer plate bore 16, adapted to
      receive therein the reduced diameter working extremity 22 of a punch 20.
      At the upper extremity thereof each bore 52 is enlarged by a counterbore
      to accommodate the entry therein of a portion of the shank of the related
      punch, in the course of a working of the die. The stripper plate 14 also
      has an internally threaded aperture 34 arranged to align with each bore 28
      formed in the plate 10. The dependent extremity of each screw 25 is
      threaded into an aperture 34 and the plate 14 is thereby suspended from
      the plate 10. Still further, the stripper plate 14 has a cylindrical
      recess 42 in its upper surface aligning with each bore 36 in the plate 10
      to accommodate therein and seat to its base the lower extremity of a
      stripper spring assembly 38.
PAR  The matrix or die retainer plate 12 similarly has a plurality of through
      bores 54 respectively aligning with the bores 16 of the retainer plate 10
      and with the through bores 52 of the intermediately disposing stripper
      plate 14. Pressed in each bore 54 is a tubular die button 58. The latter
      has an expanded head portion which seats in a counterbore 56 in the lower
      end of the particular bore in which it is placed.
PAR  In an assembled position of the parts, it will be seen that each punch 20
      is aligned with a die buttom 58 in the die retainer plate 12 and the head
      thereof is abutted to and backed by the lower die shoe. (not shown).
PAR  The caged stripper spring assemblies (only one thereof being illustrated)
      are oriented similarly to the punches to have the lower end thereof seated
      in each case in a recess 42 in the stripper plate 14 and the vertically
      projected plunger portion thereof received in a recess 40 in the upper die
      shoe 11. The head extremity of the plunger portion 35 will position with
      slight clearance thereabove under no load conditions as in the open
      position of the die.
PAR  Additionally, the hanger devices 24 (only one thereof being illustrated)
      will in the no load position of the parts shown in FIG. 1 have the sleeve
      portion 26 thereof positioned so its lower end seats freely on the top of
      the stripper plate as it is suspended by virtue of the flange 27 at its
      upper extremity seating to the top of the punch retainer plate 10. The
      screw portion 25 of each hanger device will engage the stripper plate as
      described and have the head 30 thereof abutted to the flange 27 of the
      related sleeve.
PAR  As mentioned previously, in the first instance, in the caging of the
      springs 46, there is applied thereto a pre-load of a definite
      predetermined character, which is readily determined by the original
      length of the springs and their contained length as determined by the
      thickness or depth of the enlarged portion 50 of the plunger 48 and the
      dimension between the flange-like abutment portions of the cages 44. It
      should be noted that in each assembly the spring 46 is not only closely
      contained and guided by the inner wall of its cage but the pin-like body
      portion of the plunger 48 which depends below the portion 50 will closely
      guide and maintain the vertical orientation of the spring. The hanger
      devices 24 will be dimensioned correspondingly to the spring assemblies as
      indicated so that in an open position of the die there will be no
      additional load placed on the springs 46 and accordingly there will be no
      load or stress placed on the stripper plate 14 in an open position. The
      built-in specific pre-load in the springs 46 per se determine that the
      stripper plate assembly will function precisely as desired in every
      respect.
PAR  Considering the assembly of the die parts as illustrated in FIG. 1, it will
      be therefore seen that the stripper plate 14 is effectively suspended from
      the retainer plate 10 by hanger devices 24 with the flanged heads 27 of
      their sleeves 26 abutting against the upper surface of the punch retainer
      plate 10 to define the extent to which the stripper plate will be
      projected relative to plate 10. In such projected position the stripper
      plate will occupy a position relative to the punches 20 to house the lower
      dependent working extremities 22 of the punches within the bores 52,
      immediately adjacent and spaced from the lower surface of the stripper
      plate.
PAR  Thus, the compression springs 46 are fully contained and their length and
      pre-load basically determined by their respective cages 44. The pre-load
      effect on the springs will be such, of course, to urge their related
      plungers 48 axially outward and upward in each case with such motion being
      limited by the contact of the upper shoulder on portion 50 with the
      abutment 29 formed by the inturned upper extremity of its particular cage.
      The parts of each spring assembly as previously noted are so structured
      and related that with the spring 46 expanded to its allowable limits and
      with portion 50 engaging the abutment 29, the upper extremity of the
      plunger portion 35 is spaced from the bottom of recess 40 thereabove a
      distance slightly to clear the same. Thus, in the no load position of the
      die shown, no reactant force of a spring 46 is applied to the upper die
      shoe and there is no reactant force directed from the caged spring
      assemblies to the stripper plate 14. Attention is directed to the fact
      that in preferred embodiment for certain applications the spacing of the
      coils of each spring are made such that the axial dimension thereof is
      less than the thickness of the wire of which the spring is made. Thus, if
      during die operation a spring might break it inherently will not be able
      to wind or screw on itself. This insures that there will not be any
      material change in the pre-load.
PAR  In the operation of the die apparatus illustrated, when the ram of the
      press in which it is installed descends, the die shoe 11, tool retainer
      plate 10 and its mounted punch elements 20 descend simultaneously and
      vertically therewith, toward the relatively stationary die retainer plate
      12 and the work piece W which is moved thereon. In the course of such
      movement, the lost motion inherent in the spacing between the heads of
      plungers 48 of the caged spring assemblies and the bases of the recesses
      40 which contain them is taken up and thereafter the stripper plate spring
      assemblies and the stripper plate 14 itself move unitarily downward with
      the tool retainer plate 10, the springs 46 providing a yielding force to
      maintain the position required of the stripper plate by virtue of their
      pre-load. The relationship of the parts substantially as illustrated in
      FIG. 1 accordingly is substantially retained until stripper plate 14
      contacts the work piece W whereupon the upper die shoe 11 and tool
      retainer plate 10 move relatively to the stripper plate, with the
      extremities 22 of punch elements 20 being caused thereby to project
      through and beyond bores 52 to penetrate the work piece and pass into the
      die buttons 58 in the lower die plate 12. In the course of this motion, as
      the punch extremities pierce the work W they project into the die buttons
      the cut slugs, which are allowed to drop free of the die buttons, through
      the expanding tapering bores thereof. Downward motion of the shoe 11 and
      tool retainer plate 10 relative to stripper plate 14 as the latter engages
      the work piece accomplishes a compression of the springs 46. This is
      produced by reason of the reactant load forcing the cages 44 vertically of
      the plungers 48, which at this point are abutted to the die shoe 11.
      Resultingly, as seen in FIG. 2, the flange portions 29 of the cages will
      be displaced vertically, from their no-load position in abutment with
      plunger portions 50. Each hanger sleeve 26 will be correspondingly
      displaced with its related hanger screw 25. At this time the stripper
      plate 14 is powerfully stressed with, however, the applied load being
      sustained by the plate 11 and the structure which backs the same. Due to
      the uniformity of the pre-load on the springs 46, there is a uniform
      distribution of the applied pressure. The applied pressure fixes the work
      piece and insures a condition of flatness thereof allowing for precise
      penetration of the punch elements and the formation of sharp edged
      openings in the work piece W.
PAR  At the bottom of a closing stroke of the press, the parts assume a position
      substantially as shown in FIG. 2. In a return or opening stroke of the
      press, retainer plate 10 and die shoe 11 are pulled away from die plate
      12, retracting punch extremities 22 from the die buttons 58 and from the
      apertures cut in the work piece. Facilitating the latter process is the
      pressure applied by the springs 46 which hold the stripper plate 14 to the
      work while the punch elements are being withdrawn. Again the influence of
      springs 46 willl be balanced. Movement of the tool retainer plate 10
      relatively to the stripper plate 14 continues until plate 10 abuts hanger
      sleeve flanges 27 whereupon continued retraction of the upper die shoe and
      retainer plate 10 is accompanied by a lifting of plate 14 from the work.
      The return motion continues until the parts reach substantially the
      position shown in FIG. 1, which may be described as the fully open
      position of the press and the die. In the interval during which the press
      is open or during which it is opening, the work piece W may be advanced to
      clear the die or bring a new section thereof to overlie the die buttons 58
      in preparation for the next closing stroke of the press.
PAR  In the early part of the return stroke of the tool retainer plate 10,
      accomplished relatively to stripper plate 14, the spring or springs 46 are
      gradually relieved of their compression and at about the same time that
      the plate 10 abuts hanger flanges 27, upper shoulder surfaces on portions
      50 of the spring plungers will limit against abutments 29. The superposed
      reactant pressure applied on the stripper springs in the die operation
      accordingly is released and as the die parts reach an open position and
      while they retain such position the stripper plate 14 is unstressed by the
      stripper springs 46, though they inherently retain their pre-load.
      Excessive shear force upon the hanger devices 24 is avoided, as well as
      warping or otherwise damaging influences being exerted upon the stripper
      plate. As long as the press remains in an open position, the spring or
      springs 46, while maintaining a pre-loaded condition, are ineffective to
      apply their stored energy in a stressing of the plate 14.
PAR  In use of the die, the punch elements 20 will wear and their operating
      portions 22 must be resharpened by grinding. This naturally has the effect
      of shortening the overall length of the punch elements and alters the
      relationship between the punch elements and the stripper plate 14 with
      possible loss of punching or cutting effectiveness unless the position of
      the stripper plate is adjusted. Thus, following a grinding down of punch
      elements 20, the stripper hanger devices must be adjusted to retract the
      stripper plate 14 in a manner to restore the original relationship between
      the plate and the punch elements. As will be evident, in the invention
      assembly a rotary motion applied to the heads 30 of screw means 25 will
      turn the latter in threaded bores in the stripper plate. This is necessary
      to bodily reposition the plate 14 but in accordance with the invention,
      the screws 25 cannot be turned into the stripper plate unless there is an
      adjustment as to the length of the sleeves 26. In accordance with the
      invention, the sleeves 26 will be ground off at their lower end portions
      an amount equal to the length of material ground from the operating ends
      22 of the punches 20. This will enable a precise adjustment of the
      stripper plate 14 on turning the screw means 25 into the stripper plate in
      correspondence with the adjustment of the length of the punches 20. If
      only this is done, the adjustment of the position of the stripper plate 14
      as to its open position relative the plate 10 can obviously cause an
      addition to the pre-load on the springs 46 to thereby stress the stripper
      plate in the open position thereof. This is avoided in accordance with the
      invention by the provision that the extensions 35 of the plungers 48 may
      be easily reduced as to their length by grinding or other suitable means
      in correspondence with the amount of the shortening of the punches 20 and
      the sleeves 26. Thus, by a corresponding and equal adjustment of the
      length of the punches 20, sleeves 26 and extensions 35 of the plungers 48,
      once more we have, in a simple fashion, provided for an unstressed
      condition of the stripper plate 14 in the no load or open position of the
      die. There is no complexity in the operation of the invention system and
      the adjustment thereof and one can readily insure a uniform and constant
      pre-load in reference to the stripper spring assemblies.
PAR  In summary, the invention stripper plate spring assemblies enable a uniform
      and constant loading of the contained springs in the first instance. As
      employed, moreover, the stripper spring assemblies, in accordance with the
      invention, will neither distort the stripper plate or unevenly stress the
      same. In addition, load in shear on the hanger devices utilized for the
      stripper plate is completely avoided. This enables that a stripper plate
      may be suspended by relatively few hanger devices, thereby reducing
      machining and number of parts required for a die. An ancillary advantage
      is the enabling of an increase in available tool area within a die. It is
      obvious, of course, that the involved parts will have a longer operating
      life. The fact that the springs 46 can in the first instance be endowed
      with precise design specifications and retained as to specified pre-load
      values throughout the operation of die apparatus is an important factor in
      the substantial benefits of the invention. Safety is also inherent in the
      spring assemblies as here provided due to both the inner and outer
      containment of the spring devices.
PAR  While in the spring assemblies illustrated only one spring element has been
      shown in each instance, it is of course obvious that plural spring
      elements can be utilized in tandem within a cage such as the cage 44
      illustrated without departing from the basic concept of the invention.
      Where plural springs are employed within a cage, there obviously can be a
      suitable modification of the plunger or plungers employed such as 48 in a
      manner well evident to one versed in the art. Where plural springs are
      employed within a single cage, the arrangement could of course also
      provide for a differential rating of the simultaneously contained springs.
      The use of spring assemblies of this nature may be considered, for
      example, where one contemplates a light lead-in pressure and a heavier
      working pressure towards the end of a stroke of a die set.
PAR  It is also evident that spring assemblies here illustrated can be employed
      in a reverse or inverted position with the plunger abutting against the
      stripper plate without loss of effectiveness and still within the concept
      of the invention.
PAR  As is obvious the spring assemblies here illustrated can have a utility
      apart from the specific embodiment shown. The assembly will have advantage
      in any case where safety, constant pre-load and adjustment without
      changing pre-load are important and necessary assets.
PAR  From the above description it will be apparent that there is thus provided
      a device of the character described possessing the particular features of
      advantage before enumerated as desirable, but which obviously is
      susceptible of modification in its form, proportions, detail construction
      and arrangement of parts without departing from the principle involved or
      sacrificing any of its advantages.
PAR  While in order to comply with the statute the invention has been described
      in language more or less specific as to structural features, it is to be
      understood that the invention is not limited to the specific features
      shown, but that the means and construction herein disclosed comprise but
      one of several modes of putting the invention into effect and the
      invention is therefore claimed in any of its forms or modifications within
      the legitimate and valid scope of the appended claims.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A device for use as an independent pre-loaded stripper spring unit
      comprising a cage containing a longitudinally extending compressible
      spring, means at one end of said cage providing a seat for one end of said
      spring, means at the other end of said cage defining an aperture therein,
      a plunger-like means within and oriented axially of said cage having a
      portion enlarged in diameter to form opposite facing, axially spaced,
      shoulders, an inwardly facing shoulder being engaged by an opposite end of
      said spring and an outwardly facing shoulder limiting against the said
      other end of said cage around said aperture, under the urging of said
      spring, an extension of said plunger-like means being projected through
      said aperture to extend the length of the assembly comprising said cage,
      said spring and said plunger, said plunger-like means being accessible
      through its said extension to be moved inwardly of said cage to reduce the
      normal length of said assembly and apply a spring load to urge an axial
      projection of said cage, and said plunger extension being fabricated to
      facilitate a reduction of its projected length and the normal length of
      said assembly without a requirement for applying an additional load on
      said spring or said cage.
NUM  2.
PAR  2. A device according to claim 1, wherein said plunger-like means is a
      single element one end of which projects within and axially of said
      opposite end of said spring.
NUM  3.
PAR  3. A device according to claim 1, wherein said spring is comprised of coil
      spring means which in the normal condition of said assembly has a spacing
      between adjacent coils the dimension of which is less than the thickness
      of the wire forming said coils.
NUM  4.
PAR  4. A device according to claim 1, wherein said cage is a symmetrical member
      with its said opposite ends turned over to provide abutments respectively
      for said one end of said spring and for said outwardly facing shoulder,
      said spring being fully contained thereby in said cage in a pre-loaded
      condition.
NUM  5.
PAR  5. A device according to claim 1, wherein said plunger-like means has a
      free floating mount in said cage and said enlarged portion thereof has a
      substantially sliding contact with an interior wall surface of said cage.
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ABST
PAL  This disclosure concerns crush resistant bumpers suitable for use on
      vehicles. There is disclosed a resilient bumper cushion rigidly mounted on
      the vehicle and having an outwardly facing impact surface. A flexible belt
      is connected to the cushion in the vicinity of the impact surface and
      extends along the entire length of the cushion. The belt is connected to
      the cushion at points lying along the entire length of the interface
      between the belt and the cushion in order to disperse localized impact
      forces throughout the cushion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to bumpers in general, and more particularly
      to crush resistant vehicular bumpers for dissipating concentrated or
      localized impact forces in order to minimize the chance of permanent
      deformation or other damage to the bumper or to a vehicle provided with
      the bumper.
PAR  Resilient shock absorbing bumpers for vehicles have been known heretofore,
      and include, for example, the type of bumper disclosed in U.S. Pat. No.
      1,754,122 to Robert J. Lusse. This patent discloses a bumper which is
      intended for use in amusement "bumper" cars. A highly resilient rubber
      cushion is peripherally connected around the circumference of the vehicle.
      The impact surface of the rubber cushion is covered with a flexible steel
      band which also extends circumferentially around the vehicle. The steel
      band is tightly secured to the vehicle by pairs of screws positioned
      substantially adjacent its abutting ends. The band is intended merely to
      resist the wear and tear resulting from the operation of the amusement
      car.
PAR  This arrangement, however, is not directed to resisting the effect of a
      highly localized or concentrated impact force, such as occurs when the
      bumper of an automobile is impacted against a railing or post or some
      protrusion from another vehicle. It is this type of collision, which, even
      at low speeds, can easily result in a permanent deformation of the bumper
      thereby requiring a considerable exxpenditure for effecting repairs. There
      is no disclosure in this patent that the bumper of the amusement car is
      intended to or is enabled to resist such a concentrated or localized
      impact without permanent deformation of the steel band.
PAR  Another type of vehicular bumper which has been utilized heretofore is
      disclosed in German Patent No. 1,000,702. This patent illustrates an
      automobile having a solid metal core which is imbedded within a plastic
      material. The plastic material is substantially thicker on one side of the
      metal core than it is on the other side. The thick portion of the material
      constitutes the impact accepting portion of the bumper.
PAR  There is no disclosure, however, that the imbedded metal core is in any way
      capable of resisting a localized or concentrated impact force without
      permanent deformation.
PAR  Still another form of bumper which has been used heretofore consists
      entirely of a unitary resilient fiber glass body. Some resistance to
      impact forces is achieved in this construction by utilizing a fiber glass
      material. However, such construction does not appear to have the
      capability of resisting permanent deformation or cracking in the presence
      of a highly concentrated impact force.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of the present invention to provide a shock
      absorbing bumper, particularly for use on vehicles, which effectively
      resists permanent deformation over a broad range of vehicle operating
      speeds.
PAR  Another object of the present invention is to provide a shock absorbing
      bumper capable of resisting permanent deformation in the presence of
      highly localized or concentrated impact forces.
PAR  Still another object of the present invention is to provide a shock
      absorbing impact resistant vehicular bumper which is economical to
      manufacture and which rarely requires replacement.
PAR  In accordance with these and other objects, the present invention provides
      a resilient bumper having a flexible belt element connected to the bumper
      at points lying along the entire interface between the belt and the body
      element. Highly concentrated or localized forces impacting against the
      bumper and its flexible belt are thereby effectively transmitted by the
      belt to diverse points within the body of the bumper. This dispersion of
      otherwise concentrated impact forces is effected as a result of the
      continuous interconnection along the interface between the belt element
      and the bumper material. The effect of a concentrated impact is minimized
      at the actual point of the impact, thereby reducing the possibility that
      such an impact will give rise to a permanent deformation of the bumper
      material.
PAR  The belt element may be a heavy interwoven fabric construction having fiber
      glass or steel strands. The belt preferably extends longitudinally across
      the entire length of the impact accepting portion of the bumper, and may
      either be imbedded within the material of the bumper or affixed externally
      to the impact area of the bumper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a further understanding of the present invention, reference may be had
      to the accompanying drawings in which:
PAR  FIG. 1 is a schematic plan view of a bumper constructed in accordance with
      the present invention prior to an impact; and
PAR  FIG. 2 is a view similar to FIG. 1 of the bumper during the course of an
      impact.
PAR  FIG. 3 is a cross-sectional view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view similar to FIG. 3, showing an alternate
      embodiment of the invention.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, and in particular to FIG. 1, there is
      illustrated a shock absorbing bumper constructed in accordance with the
      present invention which consists of a body element 1, preferably formed
      from an elastically deformable plastic or rubber material such as, for
      example, polyurethane or ethylene-propylene rubber, a material also known
      by the brand name Nordel, a registered trademark of Dupont. In the
      embodiment illustrated, the body element 1 is secured to a reinforced body
      portion or frame 2 of the vehicle. Where desired, the body element 1 may
      be bonded directly to the vehicle by means of a synthetic resin, or the
      like, or may be mounted on the ends of protruding bumper supports or
      similar frame members of the vehicle.
PAR  An impact resistant bond or belt 4 is connected to the elastic body element
      1 in the vicinity of the external impact accepting surface area 3 of the
      bumper body. In the preferred embodiment, the belt 4 is imbedded in the
      material of the body element 1 in a position substantially adjacent to and
      underlying the impact accepting surface 3. The belt 4 extends along the
      entire longitudinal dimension of the impact accepting surface of the body
      element, and is bonded to or affixed to the body element 1 at points which
      lie along this length.
PAR  In one embodiment of the invention, the belt 4 is bonded to the material of
      the body element 1 at each interface between the belt and the elastic
      material of the body element. This may be accomplished, for example, by
      injection molding the plastic or rubber material around the belt.
      Alternatively, the bonding agent may be a synthetic resin, or other
      suitable agent, known to those skilled in the art as being capable of
      withstanding the anticipated stresses and strains to be induced during
      normal operation of the vehicle.
PAR  It should be noted, that the invention is not to be limited to any
      particular type of bonding material or interconnection between the belt
      and the elastic body material. As will be appreciated by those skilled in
      the art, the selection of the particular technique for securing the belt
      to the body element, may often depend upon the nature of the particular
      materials involved. In accordance with the invention, however, the belt 4
      is connected to the resilient body of the bumper at points lying
      substantially along the entire length of the interface between the belt
      and the bumper material.
PAR  In the embodiment illustrated, the belt 4 is enclosed or surrounded on all
      sides by the material of the body element 1. It should be noted, however,
      that the invention need not be limited to this arrangement, and that under
      some circumstances, it may be desirable to affix the belt 4 along one of
      its major surfaces directly to the external impact surface 3 of the
      bumper. In this event, any adhesive or bonding agent capable of adhering
      to both the bumper material and the belt will be suitable.
PAR  The belt 4 may be constructed similarly to a heavy interwoven or layered
      fabric made with glass fibers or steel strands, as desired. Other textiles
      made of glass fiber and produced in various types of weaves or meshes may
      also be suitable. The belt may also be a flexible resilient band made of
      metal, such as steel, or some other material strong enough to resist
      impact forces. An important aspect of the belt construction is that the
      belt is suitably resilient and does not stretch when deformed by an impact
      force. Being resistant to stretching, the belt is said to be substantially
      stable in its longitudinal dimension. The interconnection between the belt
      and the bumper material is preferably continuous along the length of the
      belt which defines the impact accepting surface of the bumper. However,
      such interconnection may be interrupted if necessary, although it is
      preferred that the points of interconnection define, at least, a line
      which is substantially coextensive with the length of the belt.
PAR  FIG. 2 illustrates the operation of the present invention. The bumper,
      constructed in accordance with the present invention, is undergoing a
      concentrated impact force resulting from engagement with a tube-shaped
      object 5. Under these circumstances, the shape of the bumper body element
      1 is altered from that indicated by the phantom line 1a, to the position
      indicated by reference numeral 1b. The forces which develop at the point
      of impact between the body element 1 and the tube 5a are effectively
      dispersed longitudinally throughout the length of the body element by
      means of the action of the flexible belt 4. As a result of the impact with
      the tube 5, the belt 4, flexes in the direction of the impact force
      thereby reducing its transverse or longitudinal extension. Since the belt
      4 is connected to the body element 1 at every point along its longitudinal
      dimension, the forces which develop at the point of impact are transmitted
      longitudinally throughout the length of the body element 1. These forces,
      therefore, have components directed substantially parallel to the plane of
      the impact surface area of the bumper prior to the collision illustrated,
      thereby deforming the shape of the body element to that indicated by the
      reference numeral 1b.
PAR  It is apparent that in the absence of the belt 4, the impact with the tube
      5 would merely compress the material of the body element 1 in the
      immediate vicinity of the impact area. The distal or remote ranges of the
      body element 1 would therefore not be drawn into participation with the
      resistive forces developed in the body element in the vicinity of the
      impact. Thus, in the absence of the belt 4, the overall resistance of the
      bumper to such an impact is considerably reduced, and there is a greater
      chance that the collision will result in permanent deformation or other
      damage.
PAR  The body element 1 may consist of homogenous material or comprise
      structures, for instance resulting from small cavities created by a
      foaming process or from larger chambers inside the body element.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A crush resistant bumper for protecting an object against impact
      collisions, said object having a continuous elongate support surface for
      said bumper; said bumper comprising:
PA1  an elongate resilient cushion member having one side disposed on said
      support surface of said object, said one side being attached to said
      support surface in a substantially continuous line along substantially the
      entire length of said cushion member, said cushion member having an impact
      accepting surface on the side thereof which is opposite said one side and
      faces away from said support surface; and
PA1  a flexible, pliant band of high tensile strength which is substantially
      stable in its longitudinal dimension, said band being secured on said
      cushion member in a region thereof which is closer to said impact
      accepting surface than to said support surface, said band further being
      attached to said cushion member at points which define a substantially
      continuous line substantially coextensive with the long dimension of said
      impact accepting surface,
PA1  whereby forces impacting against a restricted area of said bumper are
      distributed longitudinally by said band to and along said cushion member
      to resist permanent crushing of said cushion member in the vicinity of the
      impact area.
NUM  2.
PAR  2. The crush resistant bumper of claim 1 in which said flexible band is
      bonded to said cushion along substantially the entire interface between
      said band and said cushion.
NUM  3.
PAR  3. The crush resistant bumper of claim 1 in which said flexible band is
      enclosed on all sides by the material of said cushion.
NUM  4.
PAR  4. The crush resistant bumper of claim 2 in which said band is secured
      substantially parallel to the impact accepting surface of said cushion.
NUM  5.
PAR  5. The crush resistant bumper of claim 1 in which said cushion comprises an
      homogeneous elastically deformable material.
NUM  6.
PAR  6. The crush resistant bumper of claim 1 in which said band is bonded to on
      said impact accepting surface.
NUM  7.
PAR  7. A crush resistant bumper for protecting an object from impact
      collisions, said object having a continuous elongate support surface for
      said bumper; said bumper comprising:
PA1  an elongate resilient cushion member having one longitudinal side attached
      to said support surface in a substantially continuous line along
      substantially the entire length of said cushion member; and
PA1  a flexible, pliant band of high tensile strength which is substantially
      stable in its longitudinal dimension, said band being secured on the
      longitudinal side of said cushion member which is opposite said one side
      and faces away from said support surface, said band defining an outwardly
      facing impact accepting surface, said band further being attached to said
      cushion member at points which define a substantially continuous line
      substantially coextensive with its long dimension,
PA1  whereby forces impacting against a restricted area of said bumper are
      distributed longitudinally by said band to and along said cushion member
      to resist permanent crushing of said cushion member in the vicinity of the
      impact area.
NUM  8.
PAR  8. The crush resistant bumper of claim 7 in which said band comprises a
      belt formed of glass fibers.
NUM  9.
PAR  9. The crush resistant bumper of claim 7 in which said band comprises a
      belt formed of metal fibers.
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ABST
PAL  A sawing location apparatus adapted to be placed on a workpiece has a
      bearing engagement for the workpiece to one side of a saw guide device and
      a location device on the other side of the saw guide device for setting
      the workpiece to a desired position in a direction transverse to the
      cutting plane defined by the saw guide device. Arrangements are described
      for making right-angled and oblique transverse cuts in an elongate
      workpiece as well as longitudinally directed cuts in an end face of such a
      workpiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for the location of a workpiece to
      allow a saw cut to be made in the workpiece at a required position.
PAR  Such apparatus is known in which the workpiece is placed on the apparatus
      for cutting, for example mitre boxes have been produced in the form of a
      channel in which the workpiece is held and guide slots in the sides of the
      channel provide for oblique and sometimes right-angled transverse saw cuts
      to be made in the workpiece. This known apparatus is, however, relatively
      cumbersome and is limited in the size of workpiece it can accept. A more
      compact form of guide apparatus has been proposed that is placed upon the
      workpiece but this is extremely limited in the tasks that can be performed
      with it. Reference may be had to applicant's U.S. Pat. No. 3,861,665 which
      discloses a sawing jig which is capable of use in connection with the
      accurate placing of saw cuts in the end face of an elongate workpiece
      substantially in the direction of the longitudinal axis of such workpiece.
      The present invention provides improved apparatus whereby the saw cuts are
      made across the upper face of the workpiece.
PAR  It is an object of the present invention to provide an improved form of saw
      guide apparatus of the kind that can be placed on a workpiece.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided location apparatus for use in
      making a saw cut in an elongate workpiece comprising bearer means adapted
      to be placed on the workpiece to engage a side face thereof, said means
      carrying saw guide means defining a saw cutting guide plane perpendicular
      to said side face, and workpiece location means mounted on the bearer
      means to define a location for the workpiece in a direction transverse to
      said guide plane, the position of said location means relative to the
      guide plane being adjustable in said transverse direction.
PAR  Advantageously said bearer means are arranged to engage said side face to
      one side of the saw guide plane and said workpiece location means are
      mounted on the bearer means to project to the opposite side of the saw
      guide plane and define said workpiece location at said opposite side.
PAR  The use of apparatus according to the invention may be extended by
      providing means to locate the workpiece at a predetermined oblique
      orientation relative to the plane of a face of the bearer means engaging
      said workpiece side face whereby the workpiece is offset obliquely to said
      guide plane. Other oblique saw cuts may be made with the employment of
      supplementary means to locate the workpiece with its longitudinal axis
      oblique to the saw guide plane while said axis is parallel to the plane of
      a face of the bearer means engaging said workpiece side face.
PAR  Further uses of the apparatus are possible moreover if there is provided an
      element having a contact face locatable parallel to said saw guide plane
      is displaceable towards and away from said plane and forms an abutment for
      location of an elongate workpiece with the workpiece axis parallel to said
      plane.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention are illustrated by way of example in the
      accompanying drawings, wherein:
PAR  FIG. 1 shows one form of apparatus according to the invention,
PAR  FIG. 2 is a plan view of the selector head in the apparatus of FIG. 1,
PAR  FIGS. 3 and 4 are side and partly sectional end views respectively of the
      saw guide spring plate in the apparatus of FIG. 1,
PAR  FIGS. 5 and 6 are detail side and end sectional views respectively of the
      fixing of the gauge bar in the apparatus of FIG. 1,
PAR  FIG. 7 is a plan view of a modified arrangement of apparatus according to
      the invention generally similar in its constructional details to the
      apparatus of the preceding figures,
PAR  FIG. 8 illustrates one of the wedges shown in FIG. 7,
PAR  FIG. 9 is a side view of another modified arrangement of apparatus
      according to the invention, and
PAR  FIG. 10 shows an alternative form of the apparatus according to the
      invention.
DETD
PAR  The apparatus shown in FIG. 1 of the drawings comprises a right-angled
      bearer member 2 carrying a saw guide plate 14 on its forward, dependent
      limb 2a and having a rib 4, which may be detachable, projecting from the
      face of its longitudinal limb 2b. The apparatus is used - is placing it on
      an elongate workpiece, which for simplicity is not illustrated, with
      planar side face 8 of the bearer member below the rib 4 against a side
      face of the workpiece, normally in such a way that the forward limb 2a-is
      disposed vertically. With a uniform cross-section workpiece this setting
      can conveniently be obtained by using the bottom edge of the rib 4 as an
      abutment for the top face of the workpiece transverse to said side face.
      Having thus placed the apparatus on the workpiece a saw cut can be made in
      the workpiece perpendicular to its axis using saw guide 10, gripping the
      workpiece and the apparatus firmly together with one hand while the cut is
      made using a handsaw held in the other hand.
PAR  The saw guide comprises a wear-resistant plastics plate 14 which forms a
      contact face for one side of the saw blade and thus defines the saw guide
      plane. The saw blade is urged against the plate by a spring blade 16, e.g.
      of nylon, mounted on a fixed pintle 18 that may be integral with the
      bearer member. The spring blade is retained on the pintle by a collar 20
      that ensures that nose 22 of the spring blade is held against the plate 14
      so that the saw blade is engaged by the spring blade. Over the main part
      of its height, however, there is a gap between the plate 14 and the spring
      blade to avoid unnecessary wear from rubbing of the saw teeth. The blade
      is integrally formed with a downwardly open yoke 24 that engages the
      pintle, the cross-section of which, as FIG. 4 shows, is a modified square
      form with rounded corners. The engaging surface of the yoke 24 has similar
      flat portions and the yoke is sufficiently resilient to allow the spring
      blade to be pivoted on the pintle, to rest for example horizontally away
      from the plate 14. The top portion of the yoke is of increased thickness
      as in use it may be expected the saw will sometimes inadvertently be
      allowed to cut into it. Chamfers 114 can be provided to facilitate
      insertion of the saw blade between the plate 14 and the nose 22 of the
      spring.
PAR  For positioning a workpiece in the direction transverse to the saw guide
      plane and so to determine the point along the length of the workpiece at
      which a saw cut is made, a location device 30 is provided. This comprises
      an angled gauge bar 32 having horizontal and vertical arms 32a, 32b, the
      horizontal arm 32a being rotatably and slidably received in an aperture in
      the limb 2a of the bearer member co-axial with and extending through the
      pintle 18. The vertical limb 32b lies in front of and projects above the
      saw guide.
PAR  The gauge bar is fixed in place by a collar 50 gripped by spring washers 52
      that are compressed between opposed faces of a slot 54 in the bearer
      member. The limb 32a of the bar passes through the collar and is
      releasably secured to it by a thumbscrew 56, which thus sets the gauge bar
      position transversely of the saw guide plane since the collar is itself
      fixed in this direction. The gauge bar is also rotationally fixed to the
      collar 50, the aperture in the collar receiving the bar having flats 58
      engaging the flat portions 38 that extend along the bar, and the collar
      and bar are jointly restrained from pivoting by the frictional force of
      the washers 52 and by a ball detent 60 in the top of the slot 54 that
      serves to locate the gauge bar with its limb vertical.
PAR  Slidably mounted on the limb 32b is a reversible selector head 36 of the
      location device that is used in locating a workpiece longitudinally
      relative to the saw guide plane formed by the plate 14. The selector head
      36 has alternative blades 36a, 36b these each being of double wedge form
      and each having a perpendicular gauging face. Diametrically opposite flat
      portions 38 along the length of the gauge bar engage complementary flat
      portions 42 on boss 40 of the selector head to locate said perpendicular
      faces of the blades parallel to the saw guide plane.
PAR  The use of the location device as thus far described will be explained by
      reference to the cutting of an open-ended recess or step at the end of an
      elongate workpiece, e.g. for a halving joint in a timber frame, using the
      further elongate timber member that is to form the other half of the joint
      to gauge the saw cut to be made.
PAR  After the spring blade 16 has been swung to the horizontal position, as
      described above, said further member is placed transversely between the
      plate 14 and the vertical arm 32b of the gauge bar. The gauge bar is then
      moved towards the plate 14 to grip the width of said further member
      lightly between the plate and the opposed rear flat 38 of the arm 32b and
      the gauge bar is clamped by the thumbscrew 56. In this state, and with the
      blade 36a of the selector head projecting, as illustrated in FIG. 1, out
      of the plane of the side face 8, the rearwardly directed perpendicular
      face of the blade 36a is coplanar with said opposed rear flat 38. Said
      face is then in a position to locate an end face of the workpiece for the
      inner end of the open-ended recess to be cut. With the further member
      removed, the apparatus can now be placed on the workpiece with a side face
      of the workpiece against the bearer member side face 8 and the end of the
      workpiece aligned with the bottom edge of the blade 36a and a saw cut made
      to the required depth by a saw located in the saw guide, this producing
      the inner end of the required open-ended recess having a length equal to
      the width of said further member.
PAR  When cutting a recess for a halving joint recess intermediate the length of
      a workpiece, after a saw cut has been made for the first end of the
      recess, the location device 30 is used in a similar manner to locate the
      workpiece for the second cut. The further member of the joint is used in
      precisely the same manner as previously to set the gauge bar position but
      now the alternative blade 36b of the selector head locates the workpiece.
PAR  To do this, the selector head is rotated on the gauge bar to bring the
      blade 36b to the position in which it porjects out of the plane of the
      bearer member side face 8 and over the workpiece. For this purpose, the
      arm 32b of the gauge bar has a necked portion 66 of a sufficiently small
      diameter to allow the selector head to be swung round when its boss 40 is
      raised to that portion. The perpendicular face of the blade 36b is now
      co-planar with the rear opposed flat 38 referred to above and the blade
      can be slid downwards into the first saw cut in the workpiece so that said
      face of the blade engages that face of said saw cut that will form an end
      face of the recess. A second saw cut made using the saw guide will then
      form the opposite end of the recess.
PAR  The different position obtained by use of the alternative blade 36b as
      compared with the use of the blade 36a for an open-ended recess
      compensates for the thickness of the saw kerfs within the length of the
      required recess, there being two saw kerfs in the intermediate jointing
      recess as compared with the single saw kerf in an end recess.
PAR  Where it is desired to make a number of recesses of corresponding lengths,
      it may only be necessary to gauge the width of the first recess and to not
      engage the selector head blade with the first end saw cut of subsequent
      recesses. This can be done by again pivoting the spring blade No. 16
      downwards so that relative longitudinal movement is possible between the
      apparatus and the workpiece while a saw is lodged in the first saw cut in
      the workpiece to bring the saw blade from said plate 14 to said gauge bar
      in order thereby to obtain a repositioning of the apparatus on the
      workpiece to an extent predetermined by the spacing of said gauge bar from
      the saw guide plane.
PAR  Single or a series of identical open ended recesses can similarly be formed
      without the use of the selector head 36, by rotating upper arm 32b against
      the action of ball detent 60, so that the arm provides an abutment for the
      end of the workpiece.
PAR  It may be mentioned here that although the perpendicular faces of the
      blades have been described as being coplanar with said rear opposed flat,
      this is preferably not exactly so. It is advantageous to arrange that the
      blade 36a causes an open-ended recess to be cut marginally longer than is
      theoretically correct, so allwoing the end face of the workpiece to be
      cleaned up, as is often needed with timber sections: also, the blade 36b
      should cause an intermediate recess to be cut marginally shorter than is
      theroretically correct to give an interference fit with the further
      jointing member and thus a tight joint. The out-of-plane divergence need
      only be slight -- less than 1 mm -- in each instance.
PAR  The double wedge formation of each blade 36a, 36b allows the apparatus to
      be used as by a left-handed operator by taking the selector head off the
      gauge bar and replacing it in the reversed position. The bearer member
      will then project to the right of the saw guide allowing the operator to
      hold the saw in his left hand.
PAR  In the preceding description, it has been assumed that the bearer member
      locating face 8 will engage the rear side face of the workpiece. Provided
      both opposite sides of the bearer member have a similar arrangement of
      locating face 8 and rib 4, it is also possible to use the apparatus with
      it against the front side face of the workpiece but now the selector head
      orientation described for a left-handed operator will serve instead for a
      right-handed operator and vice versa.
PAR  The apparatus can further include means for limiting the depth of a saw cut
      to a predetermined extent. In one form this comprises a screwed member 72,
      the head 74 of which is sufficiently close to the saw guide plane to be in
      the way of the spine of a backsaw or dovetail saw as the saw descends. The
      member 72 is a free fit in an aperture in the bearer member and can be
      dropped into place. Its height is determined by a nylon nut 76 screwed
      onto it that rests on the top surface of the bearer member. The member can
      thus be simply lifted out when not needed and will take up its previous
      setting automatically when dropped in again.
PAR  The drawings also show the saw guide plate 14 to be adjustable in a way
      that allows it to be used too as a depth stop in the path of the saw
      spine. It is desirable to have the plate replaceable as it will be subject
      to wear from the saw teeth and as shown it has opposed lips 77 to slide
      into place along a dovetail 78 on the bearer member forward limb 2a. If
      the plate is left in a partly raised position and locked there by a grub
      screw 80, it will similarly limit the descent of a back saw.
PAR  A modified arrangement is shown in FIG. 7 using two bearer members 2,
      connected together by parallel rods 82 through apertures 84 (FIG. 1)
      immediately above the ribs 4. Said apertures can conveniently be insert
      into ribs 4 so that the bottom faces of the ribs and the underside of rods
      82 are coplanar, as illustrated in FIG. 10. The members are retained on
      the rods by bent over ends 86 at one end of the rods and spring clips 88
      at the other, the arrangement permitting variation of the spacing between
      the members 2 to suit a particular workpiece sandwiched between them.
      Corresponding saw guides 10 on both members 2 locate the saw blade on both
      sides of the workpiece but it will generally be necessary to employ only
      one location device 30.
PAR  The double-member arrangement is particularly advantageous when oblique saw
      cuts are to be made in the workpiece, as for dovetail joints. FIG. 7 shows
      the use of wedges 90 (FIG. 8) to make such cuts in a horizontally disposed
      workpiece, oblique to its engaged side faces. Slots 92 in the wedges
      locate then on the ribs 4 with their major part below the ribs, the
      further slots 94 in both tapered faces 90a receiving the portions of the
      rods 82 adjacent the slots. The rods provide locating abutments setting
      the top face of the workpiece horizontal. It will be clear that the wedges
      can be reversed from the position shown to give an oppositely inclined saw
      cut in the workpiece, for example the oppositely inclined faces of a
      dovetail slot being cut by these alternative positions of the wedges.
PAR  The wedges 90 can also be used when making a cut oblique to the side faces
      of the workpiece but at right-angles across its top face. To do this a
      tapered face 90a  of the wedge is placed against a bearer member side face
      8 and a parallel-sided face 90b is placed against the underside of a rib.
      The slots 96 in this latter face now receive the rods 82, said slots 96
      being provided in both parallel-sided faces. A workpiece placed against
      the side face 8 with the workpiece top face abutting the underside of the
      wedge thus has its axis inclined to the horizontal at the wedge angle.
PAR  Another modified arrangement shown in FIG. 9 is capable of being placed on
      the upper end of an upright elongate workpiece to make saw cuts in its
      upper end face. An angled locating member 100 has a top edge located by
      the rib 4 to set front edge 102 parallel to the saw guide plane as a
      location for a side edge of the workpiece. The locating member is slidable
      along the rib to determine the spacing of said side edge from the saw
      guide plane and is secured in place by a locking screw 104 engaging a nut
      106 in a recess 108. The screw projects through an aperture in the bearer
      member, its head being hidden behind that member in the drawing and
      through a slot 110 in the locating member that thus allows the locating
      member to be displaced along the bearer member.
PAR  Improved lateral saw control is achieved with the apparatus shown in FIG.
      10. Shoulders 112 extend from the bearer member 2 above the line of the
      bottom edges of the ribs 4; the plastics contact plate 14 attached to the
      front face of the bearer member is consequently T-shaped.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Workpiece location apparatus for making a saw cut at a predetermined
      location in an elongate workpiece comprising: a bearer member adapted to
      be placed on the workpiece in fixed relation to and engageable with a side
      face thereof; saw guide means including a planar element carried by said
      bearer member in fixed relation therewith to thereby define a saw cutting
      guide plane perpendicular to said side face, said saw guide means
      including biasing means adapted to urge a saw blade against said planar
      element and presenting a guide opening for introduction of the saw blade
      from above, said biasing means and planar element thus being adapted to
      maintain the saw blade in said saw cutting guide plane during the cutting
      cycle; and workpiece location means mounted on said bearer member adapted
      to define a location for the workpiece in a direction transverse to said
      saw cutting guide plane, said location means being adjustably mounted on
      said bearer member relative to said guide plane in said transverse
      direction.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said bearer member are arranged
      to engage said side face to one side of the saw guide plane and said
      workpiece location means are mounted on the bearer member to project to
      the opposite side of the saw guide plane and define said workpiece
      location at said opposite side.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the saw guide means comprises a
      surface at said saw guide plane and facing said workpiece location means,
      the arrangement providing or permitting to be provided an unobstructed
      space between said guide means surface and an element of said location
      means whereby relative longitudinal movement is possible between the
      apparatus and the workpiece while a saw is lodged in a transverse saw cut
      in the workpiece to bring the saw blade from said guide means surface to
      said location means element in order thereby to obtain a repositioning of
      the apparatus on the workpiece to an extent predetermined by the spacing
      of said location means from the saw guide plane.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the bearer member comprise two
      bearer elements arranged to engage the workpiece between them, co-planar
      saw guides being carried by the bearer elements to define the guide plane
      for the saw cut in the engaged workpiece.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein connecting members extend between
      and joining the bearer elements are adapted to permit the spacing of the
      bearer elements to be adjusted.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein means are provided to locate the
      workpiece at a predetermined oblique orientation relative to the plane of
      a face of the bearer member engaging said workpiece side face whereby the
      workpiece is offset obliquely to said guide plane.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein supplementary means are provided
      to locate the workpiece with its longitudinal axis oblique to the saw
      guide plane while said axis is parallel to the plane of a face of the
      bearer member engaging said workpiece side face.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein the bearer member are provided
      with means to engage a further side face of the workpiece transverse to
      the first-mentioned side face, and to locate said further side face
      perpendicular to the saw guide plane.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein the workpiece location means
      comprise a limb or column extending parallel to said saw guide plane.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein a blade is carried by said limb
      or column for indicating the workpiece position for said location of the
      workpiece.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein means are provided for gauging
      the position of said blade for the making of a transverse saw cut of a
      jointing recess by measurement directly from the other member of the
      joint.
NUM  12.
PAR  12. Apparatus according to claim 10 wherein there is a pair of blades to be
      used alternatively in association with said location means, in dependence
      upon whether the recess is to be formed at an end of the workpiece or
      intermediate its length.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein an adjustable selector head
      carried by said column has said blades integral therewith.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein pivot engagement means are
      provided for the selector head for rotation of the head about an axis
      parallel to the saw guide plane to bring alternative ones of said blades
      to their operative positions.
NUM  15.
PAR  15. Apparatus according to claim 1 wherein an element having a contact face
      locatable parallel to said saw guide plane is displaceable towards and
      away from said plane and forms an abutment for location of an elongate
      workpiece with the workpiece axis parallel to said plane.
NUM  16.
PAR  16. Apparatus according to claim 1 wherein the saw guide means includes
      resilient means adapted to urge a saw blade into contact with said
      element, said resilient means being displaceable to and from a position
      opposite the planar element.
NUM  17.
PAR  17. Apparatus according to claim 1 wherein the saw guide means comprises a
      rigid planar element defining a guide plane and securable at an adjustable
      height to the bearer member to act as stop means adapted to limit the
      depth of a cut made by the saw.
NUM  18.
PAR  18. Apparatus according to claim 9 wherein workpiece location is effected
      by rotation of said limb or column, about an axis perpendicular to said
      saw guide plane, to provide an abutment for an end of an elongate
      workpiece.
NUM  19.
PAR  19. Workpiece location apparatus for making a saw cut at a predetermined
      location in an elongate workpiece, comprising a bearer member adapted to
      be placed on the workpiece to engage a side face thereof, saw guide means
      carried by said bearer member to define a saw cutting guide plane
      perpendicular to said side face, and workpiece location means mounted on
      said bearer member adapted to define a location for the workpiece in a
      direction transverse to said saw guide plane, said location means being
      adjustably mounted on said bearer member, said location means including a
      limb extending parallel to said saw guide plane and said location means
      being mounted on said bearer member by mounting means adapted to permit
      adjustment of said limb in said transverse direction, said location means
      further including a pair of gauging blades arranged on said limb for use
      selectively in dependence upon the location of the saw cut to be made
      along the length of the workpiece.
NUM  20.
PAR  20. Workpiece location apparatus for making a saw cut at a predetermined
      location in an elongate workpiece comprising a bearer member adapted to be
      placed on the workpiece to engage and provide a planar location for a side
      face thereof, saw guide means carried by said bearer member defining a saw
      cutting guide plane perpendicular to said side face, and workpiece
      location means carried by said bearer member defining a location for the
      workpiece in a direction transverse to said guide plane, said location
      means being carried by said bearer member in a manner permitting
      adjustment of the position of said location means relative to the guide
      guide plane in said transverse direction, said location means including a
      limb extending parallel to said saw guide plane and rotatable about an
      axis perpendicular to said saw guide plane to project selectively to
      either side of said workpiece side face location plane whereby in one of
      said selected positions of projection it provides an abutment for an end
      face of the workpiece.
NUM  21.
PAR  21. Workpiece location apparatus for making a saw cut at a predetermined
      location in an elongate workpiece comprising a bearer member adapted to be
      placed on and be supported by the workpiece, said bearer member comprising
      respective elements for location against a side and a top face of the
      workpiece, saw guide means carried by said bearer member to provide a saw
      guide face extending below said bearer member top face location element
      and defining a saw cutting guide plane perpendicular to said side face,
      and workpiece location means mounted on the bearer member to define a
      location for the workpiece in a direction transverse to said guide plane,
      the position of said workpiece location means relative to the guide plane
      being adjustable in said transverse direction, said workpiece location
      means including an attaching element disposed below the saw guide face and
      extending from the bearer member transversely to the saw guide plane, and
      an elongate element extending upwardly from said attaching element
      parallel to the saw guide plane and at least substantially to the level of
      said top face location element, said bearer member and said elongate
      element being disposed on opposite sides of the saw guide plane whereby
      said workpiece transverse direction location means register with a portion
      of the workpiece projecting beyond the bearer member.
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ABST
PAL  This clamping device provides opposed banks of clamping units attached to
      an associated reaction beam above a work table, for clamping workpiece
      plates to the table during seam welding. Each clamping unit includes an
      upright clamping member, having an inclined finger engageable with a
      workpiece plate, and each member is connected to its reaction beam by a
      pair of transverse link members: the clamping member, link members and the
      reaction beam cooperate to provide a four-bar linkage. Downward pressure
      is applied to the clamping members by an inflatable flexible hose
      positioned between the lower link member of each unit and an associated
      reaction beam and the clamping members are upwardly biased by individual
      return springs extending between the upper link member and the reaction
      beam. The connection points of the upper and lower link members to the
      reaction beam are vertically and horizontally adjustable to facilitate
      alignment of the clamping units with the reaction beam and to vary the
      location of the pressure point of the inclined finger relative to the
      workpiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a clamping device for a seamer and
      particularly to improvements in a four-bar linkage clamp adapted to
      position plates edgewise for seam welding.
PAR  There are many different clamping devices available for seam welding plate
      material having the same general purpose as the present device; they can
      be conveniently considered in terms of two broadly defined groups, namely
      those referred to as paddle clamps and those referred to as four-bar
      linkage clamps. In the case of the paddle clamps, the clamping force is
      applied to each workpiece by a radial arm and the horizontal component of
      this force tends to urge the workpieces apart. In the case of the four-bar
      linkage clamps the linkage can be arranged so that the horizontal
      component of the clamping force tends to urge the workpieces together
      which is a desirable feature.
PAR  Unfortunately, clamping devices using a four-bar linkage system tend to be
      complicated partly because they must be manufactured to close tolerances
      so that the individual clamps act in concert. This factor tends to
      increase the expense of such devices prohibitively. Moreover, in the more
      common four-bar linkage devices, the pressure levers of the individual
      clamping units are not readily removable because they are attached to
      common horizontal pivot shafts of considerable length. Removal of
      individual clamping units is an advantage because it provides a simple
      means of avoiding local obstructions on the workpiece such as pimples.
      Inflatable flexible hoses are the most common medium used for applying the
      clamping force in seamers. A disadvantage of the common type of four-bar
      linkage lies in the application of the clamping force from the flexible
      hose to the clamping member through the relatively indirect medium of a
      bell crank pressure lever, the flexible hose being disposed between said
      lever and the sidewall of the reaction beam.
PAR  In addition to the above, another disadvantage of known four-bar linkage
      devices lies in the difficulty of adjusting the location of the linkage
      pivot points to vary location of the points of pressure to suit workpiece
      plates of varying thickness. This is a particularly serious problem when
      longitudinal pivot shafts are used to mount a large number of individual
      clamping units to an overhead beam because of the common existence of
      longitudinal misalignment of such overhead beams caused during
      fabrication.
PAR  The present clamping device overcomes these and other problems in a manner
      not disclosed in the known prior art.
PAC  SUMMARY OF THE INVENTION
PAR  This clamping device provides opposed banks of individual clamping units,
      each unit comprising a four-bar linkage clamp pivotally attached to an
      overhead reaction beam which is spaced from a horizontal work table. The
      individual clamping units are adjustable to maintain alignment of said
      units and to vary the location of the clamping pressure points
      collectively to suit workpiece plates of varying thickness. The vertical
      clamping pressure is accompanied by a horizontal component which tends to
      urge the workpiece plates together on the work table.
PAR  Each of the individual clamping units includes an upright clamping member,
      providing a substantially constant clamping force, and transversely
      related upper and lower link members which are pivotally attached between
      said clamping member and the reaction beam.
PAR  The lower link member provides a pressure lever member and an inflatable
      flexible hose is disposed between said pressure lever member and the
      bottom of the reaction beam to provide a substantially vertical clamping
      force, applied directly to said pressure lever member. The pivotal
      connection of the pressure lever member to the reaction beam is provided
      by a cradle which facilitates installation and removal of the individual
      clamping units from the reaction beam. The downward pressure applied to
      the pressure lever members by the inflatable hose tends to maintain the
      cradle parts in engagement during the operation of the device. The pivot
      connection between the pressure lever member and the clamping member is
      relatively loose and this, together with the provision of the cradle
      connection, permits the manufacture of the clamping device without the
      need for close tolerances.
PAR  Each upper link member includes a return spring applying an upward bias to
      the clamping member and to the pressure lever member, and a lateral bias
      to the pressure lever member toward the reaction beam which facilitates
      installation and removal of the individual clamping units.
PAR  This clamping device is relatively uncomplicated and is therefore
      inexpensive to manufacture and can be used by an operator without special
      instruction.
PAR  It is an important object of this invention to provide a plurality of
      clamping units disposed in side-by-side relation and pivotally attached to
      an elongate, overhead reaction beam support member at vertically spaced
      connection points each clamping member unit including an upright clamping
      member, having upper and lower connection points and an outstanding
      bearing finger adapted to engage workpiece plates, and upper and lower
      link members pivotally connecting the clamping member with the spaced
      connection points on the support member.
PAR  It is another object to provide an inflatable flexible hose disposed
      between the support member and the lower link members, said members
      thereby constituting pressure lever members, and to apply a force to said
      lower link members whereby to urge the clamping member into bearing
      engagement with the workpiece plate; and to provide a resilient means
      attached between the upper link member and the support member to return
      the clamping member out of engagement with the workpiece plate when the
      hose is deflated.
PAR  Yet another object of the invention is to provide a pin connection between
      each upper link member and the support member which is adjustable and
      includes a journal block mounted to the support member and a plurality of
      shims disposed between the block and the support member to provide
      selective horizontal relocation of the pin axis.
PAR  A further object is to provide a cradle connection between each lower link
      member and the support member which includes an abutment block, mounted to
      the support member and providing an arcuate tongue, and to provide an
      arcuate groove formed in the lower link member to receive said tongue in
      pivotal relation, said abutment block being movable to provide selective
      horizontal relocation of the tongue.
PAR  Yet another object is to provide the journal block of the pin connection
      and the abutment block of the cradle connection with threadedly adjustable
      means to provide selective vertical relocation of the pin axis and the
      tongue respectively.
PAR  Another object is to provide a connection between each lower link member
      and clamping member by means of an elongate pin which is received within
      an elongate bore provided in the lower link member, said bore including a
      relatively short journal portion and flanking oversize portions to permit
      relative tilting of each bore and pin axis, and thereby of adjacent
      clamping members, to ensure substantially uniform engagement of the
      clamping member bearing edge on the workpiece.
PAR  Yet another important object is to provide an inclined tension spring
      extending between each upper link member and the support member, which
      applies vertical and horizontal force components tending to urge the upper
      link member inwardly against the support member and tending to urge the
      lower link member upwardly against the support member when the hose is in
      the deflated condition.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section through the reaction beam of the seamer
      illustrating the connection of a clamping unit to said beam;
PAR  FIG. 2 is a reduced elevational view of adjacent clamping units;
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 1 and
      illustrating the pressure lever member connections;
PAR  FIG. 4 is an enlarged sectional view taken on line 4--4 of FIG. 1 and
      illustrating the upper link member connections;
PAR  FIG. 5 is a schematic illustrating the effect of vertical adjustment of the
      connection between the upper link member and the reaction beam, on the
      path of the clamping edge;
PAR  FIG. 6 is a schematic illustrating the effect of horizontal adjustment of
      the connection between the upper link member and the reaction beam, on the
      path of the clamping edge;
PAR  FIG. 7 is a schematic illustrating the effect of vertical adjustment of the
      connection between the pressure lever member and the reaction beam, on the
      path of the clamping edge; and
PAR  FIG. 8 is a schematic illustrating the effect of horizontal adjustment of
      the connection between the pressure lever member and the reaction beam, on
      the path of the clamping edge.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by characters of reference to the drawings and first to FIG.
      1 it will be understood that the welding machine with which the clamping
      device is used includes a work table 10, providing a base, and a
      longitudinal reaction beam 11, which is attached to the base in the
      conventional manner and is vertically spaced from the table as shown to
      provide an overhead support member. The reaction beam 11 carries a
      plurality of clamping units generally indicated by numeral 12, which are
      mounted in side-by-side relation along the length of the beam 11 as shown
      in FIG. 2. It will be understood that the clamping units 12 are pivotally
      mounted to the reaction beam 11 and can be lowered by means of an
      inflatable flexible hose 13 to clamp a workpiece such as the curved plate
      14 to the table 10 and to locate the plate 14 accurately in edgewise
      relation to a corresponding plate 14, which is similarly clamped to the
      table 10, so that said plates can be properly spaced for seam welding.
PAR  Each clamping unit 12 includes a substantially vertical clamping member 15
      which is pivotally connected to the reaction beam 11 by means of an upper
      link member 16 and a lower link member 17, said lower link member 17
      constituting a pressure lever member. In effect, the reaction beam 11
      cooperates with the clamping member and the upper and lower link members
      to provide a four-bar linkage assembly.
PAR  The reaction beam 11 includes front and rear plates 20 and 21 and a bottom
      plate 22 having an outwardly extending portion 23. A continuous keep plate
      24 depends from the outer end of the bottom plate 22, and an ell-shaped
      seat 25 depends from the other end of said bottom plate. The keep plate 24
      and the ell-shaped seat 25 are coextensive with the bottom plate and serve
      purposes which will be described later.
PAR  In the preferred embodiment the clamping member 15 is a weldment having a
      front portion 26 and spaced side portions 27 as best shown in FIG. 2. At
      the upper end the clamping member 15 is provided with a pair of journal
      blocks 30 having bores 31 aligned to receive a pivot pin 32. The blocks 30
      are spaced to accommodate the upper link member 16, and said link member
      16 is provided with a bore 33 which also receives the pivot pin 32, said
      pin 32 defining a first point of connection on the clamping member 15 at
      which it is connected to the upper link member 16. Intermediate its upper
      and lower end the clamping member 15 is provided with another pair of
      spaced journal blocks 34 having bores 35 adapted to receive a pivot pin
      36. The blocks 34 are spaced to accommodate the pressure lever member 17
      and said lever member is provided with a bore 37 which also receives the
      pin 36, said pin 36 defining a second point of connection on the clamping
      member 15 at which it is connected to the pressure lever member 17. The
      bore 37 is provided with a relatively short intermediate bearing portion
      38 and counterbored flanking portions 39. This structural arrangement of
      parts permits slight tilting of the clamping member 15 relative to the pin
      36 and facilitates alingment of adjacent clamping members.
PAR  At its lower end the clamping member 15 includes an inclined, outstanding
      finger 29 having a bearing edge 40, which is adapted to provide a line of
      pressure engagement with the workpiece 14.
PAR  As shown in FIGS. 1 and 4 the upper link member 16 is pivotally connected
      to the front plate 20 of the reaction beam 11 by means of a connector
      block 41. The connector block 41 is mounted to said front plate 20 by
      means of a plurality of threaded fasteners 42, and the block 41 is
      provided with vertically elongate slots 43, which permit vertical
      adjustment of said block. Outstanding lugs, indicated by numeral 44, are
      provided above and below said block 41, each lug receiving a pair of set
      screws 45 to facilitate vertical adjustment of the block. As clearly shown
      in FIG. 4 the connector block 41 includes a notch 46 which accommodates
      the upper link 16. The link 16 is provided with an aperture 47 which
      receives a pivot pin 50 defining a first point of connection of the
      reaction beam 11 at which the upper link member 16 is connected. The
      connector block 41 is provided with an open-ended recess 51 at each side
      of the notch 46 which receives the pin 50 and is closed by cover plates
      52. Removal of the plates 52 permits the pin 50 to be readily withdrawn
      from the connector block 41. The connector block 41, and therefore the
      pivotal connection defined by pin 51, is horizontally adjustable by means
      of a plurality of shims 53. The connector block 41 and the attachment
      thereof constitutes a first adjustment means providing compound movement
      of the first connection point.
PAR  The upper link member 16 is substantially triangular in configuration and,
      as shown in FIG. 1 includes an aperture 54 which receives one end of a
      return spring 55. The other end of the return spring 55 is connected to
      the rear plate 21 of the reaction beam 11, an aperture 56 being provided
      in said rear plate 21 for this purpose. An aperture 57 is provided in the
      front plate 20 to receive said spring 55 in clearance relation. It will be
      understood that any downward movement of the clamping member 15 is
      resisted by said return spring 55, which provides a potential vertical
      component of force on the clamping member 15 by virtue of the upper link
      member 16 to which it is connected.
PAR  A second point of connection of the reaction beam 11 at which the pressure
      lever member is connected is clearly shown in FIGS. 1 and 5. The
      connection is defined by a rocker or cradle means and the cradle members
      are provided by an arcuate recess 60 in the member 17, and an elongate
      tongue 62 on an abutment block 61 which is received by said recess 60. The
      abutment member 61 and hence the pivotal connection provided by the cradle
      means is adjustable relative to the ell-shaped seat 25 by which it is
      carried. The adjustment is provided by means of a pair of threaded
      fasteners 63 which extend through a vertically elongate slot 64 and are
      threadedly received by the abutment member 61, and by a pair of threaded
      fasteners 65 which are received by horizontally elongate slots 66. Set
      screws, such as those indicated in FIG. 3 by numerals 67 and 68, are
      provided adjacent each of the threaded members 66 and 65 respectively to
      facilitate accurate positioning of the abutment member tongue 62. The
      abutment member 61 and the attachment thereof constitutes a second
      adjustment means providing compound movement of the second connection
      point of the reaction beam 11.
PAR  It is thought that the structural features and functional advantages of
      this clamping device have become fully apparent from the foregoing
      description of parts, but for completeness of disclosure, the operation
      and adjustment of the device will be briefly described with particular
      reference to FIG. 1 and FIGS. 5-8.
PAR  FIG. 1 illustrates the position of the clamping unit 12 in the raised
      condition with the adjustable pivot points, represented by upper pin 50
      and the tongue 62, in the median positions. In this raised condition the
      bearing edge 40 of each clamping finger 29 is disposed above the workpiece
      14, and is spaced from the center line of the seamer, which is indicated
      by numeral 28. When the flexible hose 13 is expanded to exert pressure on
      the pressure lever member 17, this member pivots in a counterclockwise
      direction about the tongue 62 and the clamping member 15 descends against
      the resistance of the return spring 55 until the bearing edge 40 engages
      and clamps the workpiece 14 to the table 10. The lowered condition of the
      clamping unit 12 is shown in fragmentary fashion in phantom outline in
      FIG. 1.
PAR  It can be seen from the path of the bearing edge 40, that said edge moves
      toward the seamer center line 28. The bearing edge 40 follows this path
      because the radius of the upper link member 16 is less than that of the
      pressure lever member 17. Thus, there is a horizontal component of the
      clamping force which tends to urge the workpiece plates 14 together rather
      than apart. Moreover, in the expanded condition the hose exerts a
      horizontal component on the lever member 17 tending to urge said member
      into engagement with the tongue 62 which provides a secure connection at
      this location.
PAR  When the flexible hose 13 is deflated, the inclined spring 55 returns the
      clamping unit 12 to its original position. The residual pull in the return
      spring 55 is sufficient to provide a vertical component to urge the
      pressure lever member 17 upwardly into engagement with the keep plate 24,
      and a horizontal component to urge the pivot pin 50 into the open-ended
      recess 51 and into engagement with the connection block 41. This
      structural arrangement of parts ensures that the tongue and groove
      connection cannot be inadvertently disengaged and further provides that a
      simple cover plate 52 is all that is necessary to maintain the pivot pin
      50 in position within the recess 51. The advantage of this latter feature
      is that the pin 50, and therefore the upper link member 16, can very
      easily be disconnected from the reaction beam 11. Further, because of the
      tongue and groove connection the pressure member 17 can also be easily
      removed. Thus, an individual clamping unit 12 can be pulled clear from a
      bank of such units.
PAR  As shown in FIGS. 2 and 3, the pressure lever member 17 includes a bore 37
      receiving the pin 36, which serves to connect said pressure lever member
      17 to the clamping member 15. This bore 37 includes a relatively short
      intermediate portion 38 receiving the pin 36 in journal relation. The
      outer portions 39 on the other hand are oversize. This mounting
      arrangement at one end of the pressure lever member 17, in combination
      with the tongue and groove arrangement at the other end of said member 17
      permits the clamping member 15 to be tilted slightly. Thus, the engagement
      of the clamping finger bearing edge 40 is, to some extent, self-aligning
      and this alignment is achieved without the close tolerances and accuracy
      of machined parts which is usually necessary in order to achieve full line
      bearing.
PAR  The adjustment of the location of the pivot pin 50 and tongue 62 offers
      several advantages. For example, and with reference to FIGS. 1, 3 and 4,
      the location of the clamping edge 40, relative to the seamer center line
      28, can be accurately determined and can be adjusted to suit various
      thicknesses of workpiece plates 14. In addition, the provision of shims 53
      between the connector block 41 and the reaction beam 11 permits an initial
      alignment of adjacent journal blocks 41 to compensate for undesirable
      curvature in the reaction beam 11 caused during fabrication. Once this
      initial misalignment condition has been corrected, shims can be added or
      removed equally behind each connector block 41 to adjust the horizontal
      position of the pivot 50. The vertical adjustment of pin 50, on the other
      hand, is achieved by slackening fasteners 42, adjusting set screws 45 to
      move the block 41 to the desired location, and then tightening the
      fasteners 42.
PAR  With regard to horizontal adjustment of the tongue 62, this is achieved by
      slackening fasteners 63 and 65, adjusting set screws 67 to the desired
      location and then tightening fasteners 63 and 65. Vertical adjustment is
      similarly achieved by slackening fasteners 63 and 65, adjusting set screws
      68 to the desired location and then tightening fasteners 63 and 65.
PAR  FIGS. 5-8 illustrate schematically the change in the path of the bearing
      edge 40 which results from adjustment, both vertical and horizontal, of
      the pivot pin 50 and the tongue 62. For convenience, each adjusted
      position is shown independently with reference to the theoretical median
      position of the clamping member 15 illustrated in FIG. 1. In the preferred
      embodiment the movements under consideration, for purposes of example, are
      of the order of plus or minus .+-. 1/4  inch for a clamping member having
      a length of 12 inches.
PAR  FIG. 5 illustrates the effect of vertical adjustment of the pivot pin 50
      above and below the median position. The path of the bearing edge 40 in
      the pivot high position is shown in broken outline and in the pivot low
      position in phantom outline. The location of the bearing edge 40 in the
      raised position of the clamping member 15 remains substantially unchanged
      regardless of whether the pivot pin 50 is high or low. However, the
      location of the bearing edge 40 in the lowered position of the clamping
      member 15 changes significantly as a result of divergence of the path of
      said edge from the median path. FIG. 6 illustrates the effect of
      horizontal adjustment of the pivot pin 50 to the right and to the left.
      The path of the bearing edge 40 in the pivot left position is shown in
      broken outline and in the pivot right position in phantom outline. The
      change in the location of the bearing edge 40 in the raised position of
      the clamping member 15 is significant and it can be seen that movement of
      the pivot pin 50 in one direction results in movement of the bearing edge
      40 in the opposite direction. The path of the bearing edge 40 as it is
      lowered substantially parallels that of the median path.
PAR  FIG. 7 illustrates the effect of vertical adjustment of the tongue 62 above
      and below the median position. The path of the bearing edge 40 in the
      tongue-high position is shown in broken outline and in the tongue-low
      position in phantom outline. The location of the bearing edge 40 in the
      raised position of the clamping member 15 remains substantially unchanged
      regardless of whether the tongue 62 is high or low. However, the location
      of the bearing edge 40 in the lowered position of the clamping member 15
      changes significantly as a result of divergence of the path of the edge 40
      from the median path. FIG. 8 illustrates the effect of horizontal
      adjustment of the tongue 62 to the right and to the left. The path of the
      bearing edge 40 in the tongue-left position is shown in broken outline and
      in the tongue-right position in phantom outline. The change in the
      location of the bearing edge 40 in the raised position of the clamping
      member 15 is significant and it can be seen that movement of the tongue 62
      in one direction results in movement of the bearing edge 40 in the
      opposite direction. The path of the bearing edge 40 as it is lowered
      substantially parallels that of the median path.
PAR  It will be clear from the above that the provision of two adjustable points
      of connection to the reaction beam, each having vertical and horizontal
      adjustment capability, affords considerable versatility of movement with
      respect to the relocation of the clamping edge 40, and it will be
      understood that, although the adjustments have been described separately,
      they can be combined to provide a cumulative effect. For example, by
      raising the pivot 50 (FIG. 5) the clamping edge 40 is moved toward the
      centerline 28. By moving the tongue 62 to the left the clamping location
      of bearing edge 40 is also moved toward the centerline 28. This movement
      toward the centerline 28 is cumulative. Thus, relatively large movements
      of the bearing edge 40 can be achieved with relatively small movements of
      the individual connection points. This feature is particularly useful in
      that it permits thick workpiece plates and corrugated workpiece plates to
      be clamped as close to the centerline 28 as desired.
PAR  The structural arrangement of the clamping member 15 and the link members
      16 and 17 together with the application of the clamping force directly to
      the lower link or pressure lever member 17 from the flexible hose 13, in
      cooperation with return spring 55 results in a substantially constant
      vertical clamping force over the entire clamping stroke. As the hose 13
      expands and the pressure lever member 17 goes down, the angular force
      vector of the upper triangular link member 16 increases the down pressure.
PAR  The line of action of the clamping force can be changed from shallow to
      steep by varying the lengths of the transverse links, ie the upper link 16
      and the pressure lever member 17. In addition, relatively small changes in
      the line of action can be made by varying the positions of the pivot pin
      50 and the tongue 62.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a clamping device for a seamer:
PA1  a. a base including a workpiece table,
PA1  b. a support member spaced above the table and including first and second
      connection points,
PA1  c. a clamping unit including:
PA2  1. a clamping member transversely disposed of said table and having a
      bearing end adapted to engage a workpiece on the table, a first connection
      point disposed in lengthwise spaced relation from said bearing end, and a
      second connection point disposed between said bearing end and said first
      connection point,
PA2  2.
NUM  2.
PAR  2. a link member pivotally connected between the first connection point of
      the support member and the first connection point of the clamping member,
PA2  3. a pressure lever link member pivotally connected between said second
      connection point of the support member and the second connection point of
      the clamping member, and
PA2  4. adjustable means for varying the path of the bearing end,
PA1  d. an inflatable flexible hose disposed between the support member and the
      pressure lever link member to apply a force to said pressure lever link
      member between the connection points to the support member and the
      clamping member,
PA1  e. means for inflating the hose to rotate the pressure lever link member
      about the second connection point of the support member to urge the
      bearing end of the clamping member into engagement with the workpiece,
PA1  f. means for returning the clamping member out of engagement with the
      workpiece when the hose is deflated,
PA1  g. said clamping member being substantially vertical, and including an
      inclined outstanding finger at the lower end providing a bearing edge at
      the bearing end, and
PA1  h. the horizontal distance between the link member pivotal connections to
      the clamping member and support member being less than the horizontal
      distance between the pressure lever link member pivotal connections to
      provide relative movement of said bearing edge laterally away from said
      support member as said bearing edge is urged toward said workpiece table.
PAR    . In a clamping device for a seamer:
PA1  a. a base including a workpiece table,
PA1  b. a support member spaced above the table and including first and second
      connection points,
PA1  c. a clamping unit including:
PA2  1. a clamping member transversely disposed of said table and having a
      bearing end adapted to engage a workpiece on the table, a first connection
      point disposed in lengthwise spaced relation from said bearing end, and a
      second connection point disposed between said bearing end and said first
      connection point,
PA2  2. a link member pivotally connected between the first connection point of
      the support member and the first connection point of the clamping member,
PA2  3. a pressure lever link member pivotally connected between said second
      connection point of the support member and the second connection point of
      the clamping member, and
PA2  4. adjustable means for varying the path of the bearing end,
PA1  d. an inflatable flexible hose disposed between the support member and the
      pressure lever link member to apply a force to said pressure lever link
      member between the connection points to the support member and the
      clamping member,
PA1  e. means for inflating the hose to rotate the pressure lever link member
      about the second connection point of the support member to urge the
      bearing end of the clamping member into engagement with the workpiece,
PA1  f. means for returning the clamping member out of engagement with the
      workpiece when the hose is deflated,
PA1  g. cradle means connecting the pressure lever link member to the support
      member at the second connection point, said cradle means including a
      tongue on the support member and a cooperating recess in the pressure
      lever link member, said recess receiving the tongue with a fit to
      substantially preclude movement of said pressure lever link member along a
      line connecting said second connection points but to permit separation of
      said pressure lever link member from the support member in a direction
      transverse to said line.
NUM  3.
PAR  3. In a clamping device for a seamer:
PA1  a. a base including a workpiece table,
PA1  b. a longitudinal support member spaced above the table and including a
      plurality of longitudinally spaced upper connection points and a plurality
      of longitudinally spaced lower connection points,
PA1  c. a plurality of clamping units disposed in side-by-side relation
      lengthwise of said support member, each clamping unit including:
PA2  1. a substantially upright clamping member having upper and lower
      connection points and an outstanding bearing finger adapted to engage a
      workpiece on the table,
PA2  2. an upper link member having one end pivotally connected to the clamping
      member at the upper connection point, and
PA2  3. a lower pressure lever link member, pivotally connected to the clamping
      member at the lower connection point,
PA1  d. pin connection means pivotally connecting the other end of each upper
      link member to the support member at an associated upper connection point
      of the support member,
PA1  e. cradle connection means pivotally connecting the other end of each
      pressure lever link member to the support member at an associated lower
      connection point of the support member,
PA1  f. at least one of said connection means including an adjustable mounting
      for varying the path of the bearing finger,
PA1  g. an inflatable flexible hose disposed between the support member and the
      pressure lever link members to apply a force to said pressure lever link
      members between the ends thereof,
PA1  h. means for inflating the hose to rotate the pressure lever link members
      about the lower connection points of the support member to urge the
      bearing fingers into engagement with the workpiece, and
PA1  i. resilient means extending between the support member and each clamping
      unit for returning the clamping member out of engagement with the
      workpiece when the hose is deflated.
NUM  4.
PAR  4. A clamping device for a seamer as defined in claim 3, in which:
PA1  j. the resilient means includes an inclined tension spring extending
      between the upper link member and the support member and applying a
      vertical force component to the clamping member tending to urge said
      member upwards, and a horizontal force component to the pin connection
      means tending to urge the pin connection means toward the support member,
      and
PA1  k. said vertical force component urges said pressure lever link member into
      engagement with the support member when the hose is in the deflated
      condition.
NUM  5.
PAR  5. A clamping device for a seamer as defined in claim 3, in which:
PA1  j. the adjustable mounting for the pin connection means includes:
PA2  1. a connector block mounted to the support member,
PA2  2. a pin received by the connector block and pivotally connected to the
      upper link member, and
PA2  3. a plurality of shims disposed between the block and the support member
      to provide selective horizontal relocation of the pin axis.
NUM  6.
PAR  6. A clamping device for a seamer as defined in claim 5, in which:
PA1  k. the adjustable mounting for the pin connection means includes means
      adjustably mounting the connector block to the support member for
      selective vertical relocation of the pin axis.
NUM  7.
PAR  7. In a clamping device for a seamer:
PA1  a. a base including a workpiece table,
PA1  b. a longitudinal support member spaced above the table and including a
      plurality of longitudinally spaced upper connection points and a plurality
      of longitudinally spaced lower connection points,
PA1  c. a plurality of clamping units disposed in side-by-side relation
      lengthwise of said support member, each clamping unit including:
PA2  1. a substantially upright clamping member having upper and lower
      connection points and an outstanding bearing finger adapted to engage a
      workpiece on the table,
PA2  2. an upper link member having one end pivotally connected to the clamping
      member at the upper connection point, and
PA2  3. a lower pressure lever link member, pivotally connected to the clamping
      member at the lower connection point,
PA1  d. pin connection means pivotally connecting the other end of each upper
      link member to the support member at an associated upper connection point
      of the support member,
PA1  e. cradle connection means pivotally connecting the other end of each
      pressure lever link member to the support member at an associated lower
      connection point of the support member,
PA1  f. at least one of said connection means including an adjustable mounting
      for varying the path of the bearing finger,
PA1  g. an inflatable flexible hose disposed between the support member and the
      pressure lever link members to apply a force of said pressure lever link
      members between the ends thereof,
PA1  h. means for inflating the hose to rotate the pressure lever link members
      about the lower connection points of the support member to urge the
      bearing fingers into engagement with the workpiece,
PA1  i. resilient means extending between the support member and each clamping
      unit for returning the clamping member out of engagement with the
      workpiece when the hose is deflated, and
PA1  j. the cradle connection means including:
PAR  1. an abutment block mounted to the support member and providing an
      elongate arcuate tongue, and
PA2  2. an elongate arcuate groove formed in the pressure lever member and
      receiving said tongue in pivotal relation.
NUM  8.
PAR  8. A clamping device for a seamer as defined in claim 7, in which:
PA1  k. the cradle connection means includes means adjustably mounting the
      abutment block to the support member for selective horizontal relocation
      of the tongue.
NUM  9.
PAR  9. A clamping device for a seamer as defined in claim 7, in which:
PA1  k. the cradle connection means includes means adjustably mounting the
      abutment block to the support member for selective vertical relocation of
      the tongue.
NUM  10.
PAR  10. A clamping device for a seamer as defined in claim 7, in which:
PA1  k. the finger includes an elongate bearing edge,
PA1  l. an elongate pin connects each pressure lever link member to its
      associated clamping member at the lower connection point of said clamping
      member, the
PA1  m. each pressure lever link member includes an elongate bore receiving the
      pin, said bore including a relatively short intermediate journal portion
      and a relatively long oversize flanking portions to permit slight relative
      tilting of each bore axis and pin axis to provide a substantially uniform
      engagement of the clamping member bearing edge with lhe workpiece.
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ABST
PAL  An adjustable work support having a work supporting plunger adjustable to a
      position for support of a workpiece and having two sets of locking pins
      with one set being movable with respect to the other along with the work
      supporting plunger and selectively operable means for exerting a
      horizontal force against the sides of the two series of pins to provide
      frictional engaging forces between locking pins to resist the vertical
      force of the load of the workpiece against the adjustable work support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to an adjustable work support which is
      automatically self-adjusting to a supporting position beneath a workpiece
      and which may be held firmly in adjusted position under substantial load
      force of the workpiece.
PAR  Adjustable work supports are known in the prior art. Such supports have had
      an adjustable work-supporting plunger which may automatically move to an
      adjusted position and which is held in such position by the application of
      force applied either mechanically or hydraulically. The application of
      hydraulically applied force includes application to a compressive sleeve
      surrounding a stem of a work-supporting plunger, as shown in U.S. Pat. No.
      3,729,185. Another type of structure is as shown in Tridgell U.S. Pat. No.
      3,421,750 wherein a hydraulically-actuated piston applies force to two
      sets of interleaved flat plates with one set being stationary and the
      other set having plates alternating with plates of the first set and being
      movable with the work-supporting plunger. When the plunger moves to a
      position required for support of a workpiece, the hydraulically operated
      piston causes compressive engagement between the interleaved plates to
      hold the plunger in adjusted position.
PAR  The use of a wedging action to hold an adjustable work support in position
      is shown in Cleveland U.S. Pat. No. RE. 23,732.
PAC  SUMMARY
PAR  An objective of the invention disclosed herein is to provide an adjustable
      work support which may be economically constructed of relatively simple
      parts and which has increased load capacity whereby a workpiece may be
      held in position without inadvertent movement of the work support and
      possible resulting deflection of the workpiece.
PAR  In carrying out the invention, the adjustable work support disclosed herein
      has a casing with a cylindrical open-ended chamber and an adjustable
      work-supporting plunger extending therefrom. A cylindrical stem of the
      plunger is movable in the chamber and two series of elongate pins are
      positioned between the stem and the chamber wall, with one set movable
      with the stem and the other set held stationary in the casing, whereby the
      two sets of pins move relative to each other as the work-supporting
      plunger moves relative to the casing and, upon the application of a
      horizontal force to certain of said pins, all of the pins are brought into
      frictional engagement with each other along their lengths to firmly hold
      the work-supporting plunger in adjusted position.
PAR  The adjustable work support, as defined in the preceding paragraph, has the
      one set of pins movable with the work-supporting plunger mounted between a
      shoulder on the stem of the plunger and an annular pin retainer at the
      lower end of the stem which is yieldably held in position by a spring
      which also acts to normally urge the work-supporting plunger outwardly of
      the casing.
PAR  A further feature of the invention resides in the mounting of the second
      set of pins stationarily in the casing by the lower ends thereof engaging
      the lower wall of the casing chamber and there being a second annular pin
      retainer engaging the upper ends of the second set of the pins and
      yieldably held in position by a yieldable spacer mounted in the casing.
      The pins have flat ends and are of the same length within very close
      tolerance and the parts engaging therewith are also flat, whereby all of
      the pins of the two sets are fully effective in holding the
      work-supporting plunger in a work position beneath a workpiece.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a central vertical section of the adjustable work support;
PAR  FIG. 2 is a section, taken generally along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a fragmentary section, taken generally along the line 3--3 in
      FIG. 1; and
PAR  FIG. 4 is a section, taken generally along the line 4--4 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The adjustable work support has a work-supporting plunger 10 with a
      cylindrical stem 11 movable within a cylindrical open-ended chamber 15 in
      a casing, indicated generally at 16.
PAR  An annular space exists between the cylindrical stem 11 and a wall 17 of
      the chamber and this space is filled by a driving pin 18 and two sets of
      elongate, round locking pins, with the locking pins of a first set being
      identified at 20 and the locking pins of a second set being identified at
      21. These pins are ground to the same length within very close tolerance
      and with flat ends and to a length less than the height of the chamber 15.
      The pins 20 and 21 of the two sets alternate with each other and the pins
      of the set 20 are held generally stationary within the chamber 15 by
      having their lower flat ends in engagement with a base 25 of the casing 16
      and their upper flat ends engaged by an annular pin retainer 26 having
      spaced, inwardly-extending prongs 27. A prong 27 overlies each of the pins
      20, as shown in FIG. 2. A central part 30 of the casing has an annular
      recess receiving the outer periphery of the pin retainer 26 and a rubber
      washer 31 is positioned in the recess above the pin retainer and held in
      position by a top part 32 of the casing whereby the pin retainer 26 is
      yieldably held in the position shown in FIG. 1.
PAR  The pins 21 of the second set move with the work-supporting plunger 10 and
      have their flat upper ends engaged with the underside of a shoulder 40 on
      the stem 11 and their lower ends engaged by an annular pin retainer 41
      having a series of spaced-apart, outwardly-extending prongs 42 engaging
      the lower flat surfaces of the pins 21. The pin retainer 41 is yieldably
      held against the bottom end of pins 21 by a spring retainer 45 extending
      into a recess in the lower end of the stem 11 and having an
      outwardly-turned flange 46 engaging the underside of the pin retainer 41.
      A spring 47 acts between the spring retainer 45 and the casing base 25 to
      urge the work-supporting plunger 10 outwardly of the casing 16. The spring
      retainer 45 is loosely fitted within the opening of the stem 11 whereby
      the pin retainer 41 is yieldably held in position through the engagement
      thereof by the flange 46 of the spring retainer. Two of the
      inwardly-extending prongs 27 of the annular pin retainer 26 and also two
      of the outwardly-extending prongs 42 of the annular pin retainer 41 are at
      an increased spacing from each other because of the increased spacing
      between a pair of pins of the first and second sets caused by the location
      of the driving pin 18 between two of the pins.
PAR  The work-supporting plunger 10 is shown fully extended in FIG. 1. In use, a
      workpiece placed upon supports including one or more of the adjustable
      work supports disclosed herein results in lowering of the work-supporting
      plunger 10 to a supporting position which is permitted by the loose
      engagement between the sets of pins 20 and 21 and by their length which is
      less than the height of the chamber 15. In lowering of the work-supporting
      plunger 10, the second set of pins 21 moves downwardly relative to the
      first set of pins 20, with full lowering of the work-supporting plunger 10
      bringing the second set of pins 21 down to a level only slightly above the
      level of the first set of pins 20 whereby there is line contact between
      the two sets of pins for substantially their entire length.
PAR  The actual supporting position can be at the position shown in FIG. 1 down
      to the fully depressed position described immediately above. When the
      position is obtained, a horizontal force is applied to the two sets of
      pins to bring them into tight contact with resulting frictional forces
      which, in effect, interlock the pins and function to hold the work support
      in adjusted position by the first set of pins 20 being firmly against the
      base 25 of the casing and the second set of pins 21 having their upper
      ends firmly against the shoulder 40. This horizontal force is provided by
      a fluid cylinder, indicated generally at 50, having a movable piston 51
      normally urged to a retracted position toward the right, as viewed in FIG.
      1, by a spring 52 surrounding a stem 53 movable with the piston 51.
      Application of fluid under pressure to the piston 51 through a port 55
      results in moving the piston toward the left, as viewed in FIG. 1, against
      the action of the spring 52 to have the stem 53 push against the driving
      pin 18 which is positioned between a pin 20 of the first set of pins and a
      pin 21 of the second set of pins. This forces the two sets of pins into
      tight engagement with each other, with their retention by the chamber wall
      17 whereby the line contact along their length results in strong
      frictional forces to resist the vertical force of a load of a workpiece
      acting against the work-supporting plunger 10. Upon release of the
      pressure acting against the piston 51, the spring 52 acts to move the stem
      53 toward the right, as viewed in FIG. 1, to relieve the force against the
      driving pin 18 whereby the horizontal force acting on the two sets of pins
      is released. The pins of the two sets are free for movement with respect
      to each other, whereby the spring 47 urges the work-supporting plunger 10
      and the second set of pins 21 upwardly to the inactive position shown in
      FIG. 1.
PAR  With the two sets of pins ground to the same length with very close
      tolerances and with the ends thereof being flat as well as accurate
      flatness of the pin retainers 26 and 41 and the shoulder 40 on the stem
      11, there is an assurance that the lower ends of the first set of pins 20
      bear fully against the base 25 of the casing and that the upper ends of
      the second set of pins 21 firmly engage the underside of the shoulder 40
      to have all of the pins acting to resist a vertical force resulting from
      the load of a workpiece on the work-supporting plunger 10.
CLMS
STM  We claim:
NUM  1.
PAR  1. An adjustable work support comprising a casing with a cylindrical
      open-ended chamber, a plunger having a cylindrical stem movable lengthwise
      in said chamber and an end outside said casing for work-supporting
      engagement, said chamber having a diameter greater than said stem to
      provide a space therebetween, a series of round locking pins in said space
      in side-to-side contact, every other pin movable with the stem and the
      remaining pins held against movement with the stem, a driving pin
      positioned between two of said locking pins, and means for exerting a
      force on said driving pin to force said two locking pins apart and exert a
      compressive force on said locking pins one against the other to hold the
      stem in adjusted position.
NUM  2.
PAR  2. An adjustable work support as defined in claim 1 wherein said locking
      pins have a length substantially less than the height of said chamber and
      an annular pin retainer mounted to said casing at a location to engage and
      hold said remaining pins against movement with said stem.
NUM  3.
PAR  3. An adjustable work support as defined in claim 2 and including a rubber
      spacer held in position by said casing and engaging said annular pin
      retainer to yieldably urge said annular pin retainer and said remaining
      pins toward the bottom of said chamber.
NUM  4.
PAR  4. An adjustable work support as defined in claim 2 including a second
      annular pin retainer movable with said stem and engageable with said every
      other pin to cause the latter pins to move with the stem.
NUM  5.
PAR  5. An adjustable work support as defined in claim 4 including a spring
      urging said stem outwardly of the casing, a spring retainer carried by
      said stem for said spring, and said spring retainer engaging said second
      annular pin retainer to yieldably hold said every other locking pin in
      position to move with the stem.
NUM  6.
PAR  6. An adjustable work support as defined in claim 4 wherein the two of said
      annular pin retainers each have laterally-extending pin engaging prongs
      spaced apart to engage alternate ones of said series of pins.
NUM  7.
PAR  7. An adjustable work support having a casing with an open-ended
      cylindrical chamber, a work-supporting plunger extending out from the
      casing and with a stem movable lengthwise within said chamber to various
      adjusted positions, said chamber having a diameter greater than said stem
      to have a chamber wall at a distance from the stem, a first series of
      stationary pins and a second series of movable pins disposed alternately
      one to the other between the chamber wall and the stem, means movable with
      the stem for causing said second series of pins to move with the stem,
      means associated with the casing for holding the first series of pins in
      position against the bottom of said chamber, said two series of pins
      having a length less than the height of the chamber and all being at
      approximately the same level when the stem is fully depressed in said
      chamber, and selectively operable means for urging said two series of pins
      tightly against each other and the chamber wall to hold the
      work-supporting plunger against movement under load.
NUM  8.
PAR  8. An adjustable work support as defined in claim 7 wherein the means for
      causing the first series of pins to move with the stem includes a shoulder
      adjacent the upper end of the stem and an annular pin retainer with
      outwardly-extending spaced prongs engaging the lower ends of said first
      series of pins, a spring urging said stem outwardly of said casing, and
      means interconnecting said spring and annular pin retainer to floatingly
      retain said annular pin retainer in engagement with said stem for movement
      therewith.
NUM  9.
PAR  9. An adjustable work support as defined in claim 8 wherein the means
      associated with the casing includes a second annular pin retainer with
      inwardly-extending spaced prongs engaging the tops of the first series of
      pins, an annular recess in said chamber wall to movably receive the outer
      periphery of said second pin retainer and a rubber spacer in said recess
      above the second pin retainer to yieldably hold said second pin retainer
      in position.
NUM  10.
PAR  10. An adjustable work support as defined in claim 9 wherein all of said
      pins are of the same length, the ends of the pins and said retainer prongs
      being flat to assure firm seating of the first series of pins against the
      bottom of the chamber and the second series of pins against said stem
      shoulder.
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ABST
PAL  A device and method for arranging book signatures or single sheets of paper
      in an inside each other stacked or side-by-side array in which a single
      mechanism may be utilized for either operation, dependent upon the
      relative position of the signature backbone in the holder magazine. A
      single transfer is employed with a triangularly shaped saddle above the
      collating tray. If signatures are fed, backbone first, to the cylinder,
      the signatures will be collated side-by-side in the collating tray; if fed
      open face first, the signatures will be inserted and stacked inside of
      each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a signature inserting and collating
      device employed in a bookbinding operation, and specifically to a single
      device that can be utilized in providing either inserted into each other
      or side-by-side signature array.
PAR  In the past, two different machines were required for arranging signatures
      in two different arrays, one to insert them inside each other (inserting)
      and another for stacking one on top of the other (collating). Having
      different machines required more space, less flexibility and increased
      expense.
PAR  Applicant's invention provides a single device which can accomplish either
      operation utilizing a single transfer cylinder.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A device for arranging and collating signatures or single sheets of paper
      in a bookbinding operation comprising a signature holder magazine, a
      transfer cylinder having a signature pickup means, a vacuum aperature
      coupled adjacent said magazine, a signature receiving means, and a linear,
      reciprocating pusher finger adjacent said receiving means, said finger
      adjustable relative to receiving means to a first position for moving
      inserted signatures in a first direction and to a second position for
      moving collated signatures in a second direction.
PAR  In operation, signatures are placed in the holding magazine with the
      signature backbone pointing toward the cylinder or away from the cylinder
      dependent upon the desired signature array, either collated or inserted.
PAR  A signature is defined as a sheet of paper folded in a predetermined
      pattern a number of times to achieve a number of pages of the following
      multiples: 2, 4, 8, 12, 16, 20, 24, 32, 36, 48, or 64.
PAR  For providing an inserted (one inside the other) signature array,
      signatures are removed from the holding magazine by a vacuum operated
      holding means located on the continuously rotating transfer cylinder
      surface, which rotates the signature to a predetermined point of cylinder
      travel. At that point, the vacuum is shut off, releasing the signature
      from the cylinder surface. Centrifugal force from rotation opens one side
      of the signature (the other side being held firmly to the cylinder
      surface) until vacuum cutoff. At cut-off, the signature is released and
      its forward momentum moves it into the top of a triangularly shaped
      saddle.
PAR  For the collated array, the signatures are stacked in the same holding
      magazine with the signature backbones adjacent the cylinder. The vacuum
      again holds the bottom signature in the magazine to the continuously
      rotating cylinder surface. A vacuum cut-off (at a predetermined point of
      cylinder travel), the signature is released (backbone downward), its
      forward momentum carrying it into a collating tray.
PAR  A plurality of transfer cylinders are disposed along a common shaft which
      provides rotational motion for all cylinders from a single motor. After a
      signature is received, either on the saddle apex or in the receiving tray,
      it is moved laterally to a position adjacent the next in line cylinder
      where another signature is deposited in a similar manner either inserted
      over or side-by-side to the previously deposited signature. Thus
      progressing in the direction of work flow from cylinder to cylinder, a
      stack of signatures in the desired array will be formed. After the last
      signature has been deposited at the end line cylinder, the signature array
      is then moved to the next binding operational stage such for stitching or
      glueing.
PAR  The work flow direction is dependent upon the particular signature array
      desired. The position of a reversible or removeable pusher finger
      determines the actual direction of work flow and allows for individual or
      split, simultaneous signature array operation.
PAR  In one embodiment, the receiving tray, saddle and a first pusher finger are
      constructed as a unit, so as to move as a unit. An attachable pusher
      finger is necessary with unitary construction to reverse the direction of
      work flow.
PAR  In an alternate embodiment, the saddle and receiving tray are stationary
      with a pair of moveable pusher fingers coupled adjacent the saddle to move
      the signature stacks to adjacent cylinders. In this embodiment, work flow
      direction is reversed by a 180.degree. rotation of only one of the pusher
      fingers.
PAR  The motion in either embodiment, i.e. the unitary receiving tray, saddle
      and pusher finger or the pusher fingers relative to the stationary
      receiving tray and saddle, is reciprocal, moving back and forth between
      adjacent cylinders only.
PAR  It is an object of this invention to provide a single device which collates
      signatures and single sheets of paper or inserts signatures inside each
      other (inserting) for a bookbinding operation.
PAR  It is another object of this invention to provide a simplified machine
      which accomplishes assembling of folded sheets of paper into different
      arrays with a single device.
PAR  And yet another object of this invention is to provide a device with
      improved efficiency and economy for collating sheets of paper.
PAR  And still yet another object of this invention is to provide a
      multi-operational inserting and/or collating device utilizing a single
      drum with a vacuum pickup.
PAR  And yet still another object of this invention is to provide a dual purpose
      machine which collates folded sheets of paper both on top of each other or
      inserts them into each other either independently or simultaneously.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of Applicant's invention
      with the holding magazine exploded away from the housing.
PAR  FIG. 2A shows a typical signature utilized with Applicant's invention.
PAR  FIGS. 2B and 2C shows different signature arrays produced by Applicant's
      invention.
PAR  FIGS. 3A, 3B, and 3C shows schematically the operation of Applicant's
      invention for collating signatures in a receiving tray.
PAR  FIGS. 4A, 4B, and 4C shows schematically the operation of Applicant's
      invention for inserting signatures into each other and onto a saddle.
PAR  FIG. 5 shows a schematic of the transfer mechanism utilized in Applicant's
      invention.
PAR  FIG. 6 shows a schematic of the transfer mechanism utilized in Applicant's
      invention is a different mode of operation than FIG. 5.
PAR  FIGS. 7A and 7B shows a partial view in perspective of a saddle and pusher
      fingers utilized in one embodiment of Applicant's invention.
PAR  FIG. 8 shows a partial view in perspective of a transfer cylinder and
      vacuum aperture utilized in Applicant's invention.
PAR  FIG. 9 shows an enlarged view of a jogger stripper utilized in one
      embodiment of Applicant's invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings, and in particular to FIG. 1, one embodiment
      of Applicant's invention is shown generally at 10 comprising a two drum
      device, the operation being the same at each drum. Any number of drums may
      be utilized dependent upon the number of different signatures to be
      inserted or collated.
PAR  The device is housed and supported by a plurality of rigid, vertical plates
      12 connected together by top crossbars 36 and 40 and a plurality of bottom
      cross-bars (not shown). Transfer drums 16 are rotatably mounted on a
      common shaft between adjacent support plates 12 within plate aperatures
      20. Shaft 14 is coupled to a special bushing 18 having a vacuum mask
      chamber 22 and a vacuum inlet 48. The vacuum operation is explained below.
      A motor (not shown) drives common shaft 14, thus rotating drums 16
      simultaneously. Additional drums may be connected along the common shaft
      as required.
PAR  Along one side, in line, a plurality of signature holding magazines 13 are
      coupled adjacent and facing drums 16. Signatures are stacked into the
      magazines 13 and are transferred individually, bottom first to the drum
      surface. The magazines 13 are adjustable in length and width to accomodate
      various sized signatures.
PAR  Coupled between the magazines 13 and the drum 16 are a plurality of air jet
      guide bars 50 supported by arms 44 connected to cross-bar 42. Air under
      pressure is forced out of small aperatures in bar 50 to separate like
      signatures to prevent the drum from picking up two signatures
      simultaneously.
PAR  A vacuum pick-up box 46 is mounted on each drum surface for pulling the
      signature from the magazine 13 and holding the signature to the drum
      surface during transfer.
PAR  Mounted on the opposite side and below the drums is the signature receiving
      tray 24 coupled adjacent to triangularly shaped saddle 26 which includes
      pusher finger 28 and pusher finger 54 illustrated by dotted lines and the
      adjacent connecting holes 54' and 54', the saddle and fingers moveably
      mounted on stationary support 31. Mounting bracket 34 couples support 31
      to plate 12. The saddle 26 is driven by a motor (not shown) in linear,
      reciprocating motion, the distance before reversal being slightly greater
      than the distance between adjacent plates 12. A stripper 40 holds the
      signature adjacent the drum 16 during transfer.
PAR  FIG. 2A shows a typical eight page signature 52 which may be utilized in
      Applicant's invention, the backbone 54 being the final fold in a
      signature.
PAR  FIG. 2B shows four signatures A, B, C, and D stacked side-by-side one upon
      another (collated) achieved in one mode of operation of Applicant's
      invention.
PAR  FIG. 2C shows four signatures A', B', C', and D' inserted into each other
      (inserted) on saddle 26 achieved in an alternate mode of operation.
PAC  COLLATING MODE
PAR  FIG. 3A shows the transfer cylinder 16 coupled to a signature so that a
      point on its surface is tangentially engaged with the bottom sheet of the
      signature stacked in the holding magazine 13. The bottom signature is held
      to the drum by a vacuum aperature and is rotated and taken from the
      magazine around the drum as it rotates. The signatures in the magazine are
      stacked with the backbones closer to and adjacent the drum.
PAR  FIG. 3C shows the signature approximately 180.degree. from its starting
      position at which point the vacuum holding the edge is released while the
      cylinder continues to rotate. At approximately the same moment another
      signature is removed from the bottom of the magazine and held by the
      cylinder. Once the vacuum on the cylinder aperature is released at the
      predetermined cylinder position, momentum will drive the signature down
      into the receiving tray 24, backbone first. The signature is then moved
      along to the next drum with others that have been previously positioned in
      the same way. Since the signature was positioned within the magazine with
      the backbone adjacent the cylinder, the entire signature will move into
      the tray as shown in FIG. 3C. A plurality of cylinders and receiving trays
      are disposed along a linear axis and each signature group is transferred
      with reciprocating motion in the receiving tray to the next stage or next
      cylinder. Another signature comes down and will be positioned adjacent the
      one previously deposited. Ultimately, at the end of the work line, the
      signatures will be stacked in a collated array, side-by-side, one on top
      of another as in FIG. 2B.
PAC  INSERTING MODE
PAR  FIG. 4A shows the same device with the signatures arranged in the holding
      magazine 13 so that the signature face is toward the cylinder (backbone
      reversed from collating). The signature will be held to the cylinder as it
      is pulled out of the holding magazine as shown in FIG. 4A. FIG. 4C shows a
      signature with the open-face down and the signature edge at the
      predetermined rotation position of the drum whereby one side of folded
      pages are still coupled to the drum by the vacuum, while the other side
      will open due to the centrifugal force of rotation opening into a V-shaped
      signature. At a predetermined position, the vacuum is shut off which
      disengages the signature from the drum. Momentum drives the signature onto
      the saddle apex. Thus, the signature face straddles the saddle 26, the
      backbone being along the top of the saddle. In FIG. 4C, a signature is
      shown as it is about to leave the drum surface to be inserted upon a
      previously deposited different signature arriving from an adjacent
      transfer cylinder station. Thus, a plurality of signatures will be stacked
      inside each other and will be moved as a unit the requisite number have
      been stacked together where they will be removed at the end of the line
      for the next operation.
PAC  SIGNATURE ARRAY MOVEMENT
PAR  FIG. 5 shows a plurality of cylinders disposed above the saddle and
      collating tray and the direction of work flow (collating) dependent upon
      the position of pusher finger 30. The fingers move in a reciprocating
      manner, linearly between adjacent transfer cylinders to move the work load
      (signature array) along to the next step. The tray in FIG. 5 receives
      signatures and provides for collating folded signatures one on top of the
      other utilizing one transfer cylinder only. With the position of pusher
      finger 30 pointed away from the direction of the work flow (with the
      protruding back portion), FIGS. 5 and 7B, as each signature is dropped
      into the tray and contacts pusher finger 30, motion of the finger to the
      right will move and slide the signatures along the tray until the finger
      reverses motion at the next cylinder. In the preferred embodiment (FIG. 1)
      the saddle 26 and pusher finger 54 (added for collating) move as a unit.
      In an alternate embodiment of that shown in FIGS. 5 and 6, the saddle
      remains stationary, with the pusher fingers moving the work. When motion
      of the finger is opposite the work flow, the finger, having a tapered
      portion, will slide under the signatures allowing the finger to return to
      the adjacent cylinder without moving any signatures in the direction away
      from work flow. A fixed stripper (in either embodiment) also prohibits
      backward motion of the work flow. Upon transferring of the next signature
      at each station, the procedure is repeated continuously.
PAR  FIGS. 6 and 7A shows the same device (for inserting) with finger 30 rotated
      180.degree. and pointed again in the direction opposite the work flow. In
      this position the protruding back portion (which is perpendicular to the
      work flow direction) contact folded signatures resting on the saddle that
      are placed on top of and into each other and moves them to the left. Upon
      the reversal of motion of the fingers 28 and 30, the signatures will
      remain in their position by means of fixed strippers in front of the
      adjacent cylinder while the fingers return back to their former positions.
      In the preferred embodiment of FIG. 1, finger 54 is removed from holes 54'
      and 54"; the saddle and finger 28 move the inserted signatures. Fixed
      stripper 56 (FIG. 9) prevents backward motion of the signatures as the
      saddle and finger 28 return to a position in front of the adjacent
      cylinder.
PAR  Thus, in operation Applicant's invention can provide different signature
      stacking arrays with a single device by merely removing or rotating a
      pusher finger located on or adjacent the saddle. Also, either operation
      can be accomplished utilizing a single transfer drum.
PAR  FIG. 8 shows a transfer cylinder with a vacuum pickup box 46 with vacuum
      aperatures 58 through the cylinder surface connected to the vacuum
      surface. A channel 60 links the aperatures 58 along the surface. The
      pickup box 46 has an angled surface which contacts the bottom signatures
      surface in the holding magazine. The angle insures flush engagement
      between the signature and the pickup box.
PAR  A vacuum tube which rotates with the drum is connected to the aperatures 58
      at one end and adjacent bushing 18 at the other end. As the tube end
      passes vacuum mask chamber 22 (FIG. 1) the vacuum will be on. The
      operation of the vacuum system is well known and any conventional system
      may be utilized.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A signature inserting and collating device utilized in a bookbinding
      operation for providing signatures stacked one inside the other in an
      inserted array or stacked side by side in a collated array comprising:
PA1  a magazine for holding a plurality of signatures in said magazine with
      backbone in a first position or in a second position, oppositely disposed;
PA1  a rotatable cylindrical drum having a surface signature connecting means
      connected tangentially at one point along its surface, said drum connected
      adjacent to said signature magazine and positioned to receive one edge
      portion of a signature in said magazine;
PA1  said signature connected means separates and holds a signature in said
      magazine to said cylindrical surface for a predetermined amount of
      rotational distance of said drum;
PA1  movable means coupled adjacent said cylinder for receiving said signatures
      from said drum surface in a first or second position in a receiving area
      relative to said magazine signature position;
PA1  signature drive means for driving said movable means for moving signatures;
      and
PA1  finger means connected to said movable means, adjustable to a first
      position for moving signatures in a first direction and to a second
      position for moving signatures in an opposite direction.
NUM  2.
PAR  2. A signature inserting and collating device utilized in a bookbinding
      operation for providing signatures stacked one inside the other in as
      inserted array or stacked side by side in a collated array, as set forth
      in claim 1, wherein,
PA1  said movable means includes a collating tray coupled adjacent said drum,
      and
PA1  a triangularly shaped saddle coupled adjacent and  above said tray, said
      tray mounted to support signatures in a collated array and said saddle
      mounted to support signatures in an inserted array.
NUM  3.
PAR  3. The method of arranging signatures in a predetermined array either
      collated signatures stacked side by side or inserted stacked one inside
      the other into each other comprising:
PA1  a. positioning at least one signature in a storage tray with the backbone
      in a first position adjacent a transfer cylinder or in a second position
      oppositely disposed away from said transfer cylinder;
PA1  b. transferring said signature to another means at a receiving area to a
      first location on said means for a collated signature array or to a second
      location on said means for an inserted signature array, the receipt of
      said signature into said first location or said second location dependent
      upon the position of the backbone in said storage tray.
NUM  4.
PAR  4. The method of arranging signatures, as in claim 3, including the step
      of:
PA1  c. moving the signatures collected in said (receiving) means in either a
      first direction or the opposite direction.
NUM  5.
PAR  5. In a signature arranging and transferring device having a storage tray,
      a rotatable transfer drum connected adjacent said storage tray for
      receiving signatures within said storage tray individually, a vacuum
      actuated signature attaching means for attaching said signature to said
      drum for a predetermined rational movement of said drum and receiving
      means positioned adjacent said transfer drum for receiving signatures from
      said drum, the improvement comprising:
PA1  said receiving means including a generally V-shapped saddle,
PA1  a signature collecting tray disposed and connected to said saddle, said
      tray positioned adjacent said transfer cylinder for receiving signatures
      in a collated array of signatures stacked side by side, said saddle
      positioned to receive signatures in an inserted array of signatures
      stacked one inside the other
PA1  said finger means moveable connected and positioned relative to said saddle
      and said tray for moving signatures in a first direction with said finger
      placed in a first position and moving signatures in the opposite direction
      with said finger placed in a second position, said signatures moveable in
      one direction along said saddle in an inserted array and movable in
      another direction along said tray in a collated array.
NUM  6.
PAR  6. A device for providing a collated array of signatures stacked side by
      side or inserted array of signatures stacked one inside the other
      dependent upon the position of the backbone when first feed into the
      device comprising:
PA1  a storage tray;
PA1  means for transferring sigantures individually stacked in said storage
      tray; and
PA1  a receiving means having a first portion for receiving signatures in an
      inserted array and a second portion for receiving signatures in a collated
      array, said transfer means including a means for depositing said
      signatures onto either said first portion of said receiving means of said
      second portion of said receiving means dependent upon the position of the
      backbone of the signature when disposed in the storage tray.
NUM  7.
PAR  7. A device as set forth in claim 6 wherein;
PA1  said means for transferring is a single means.
NUM  8.
PAR  8. A device as set forth in claim 7 wherein;
PA1  said single means is a drum.
NUM  9.
PAR  9. A device for arranging signatures of folded sheets of material in at
      least two arrangements, one of which is an inserted array with one
      signature having a backbone placed inside another signature comprising;
PA1  a transfer means,
PA1  a receiving means, and
PA1  a magazine means for holding a plurality of stacked signatures in at least
      two positions, a first position with the signature backbone adjacent said
      transfer means, a second position oppositely disposed away from said
      transfer means with the open face of said signature adjacent said transfer
      means,
PA1  said transfer means connected to and positioned adjacent said magazine
      means for receiving one of said signatures in either position adjacent a
      leading edge;
PA1  said transfer means including connecting means for connecting said
      signature to said transfer means, and for disengaging said connecting
      means to transfer said signature to said receiving means receives a
      signature in either of two positions, said transfer means shaped to allow
      said connecting means to deposit said signature in a first position at the
      receiving means when said signature is placed in said magazine means in
      the first position, and in a second position at the receiving means when
      said signature is placed in said magazine means in the second position.
NUM  10.
PAR  10. A device for arranging signatures as set forth in claim 9 including,
PA1  movable fingers connected to said receiving means for moving said
      signatures, said fingers movable into a first finger position and a second
      finger position to move said signatures in the first and second position
      respectively, and means for driving said transfer means and for driving
      said receiving means to move the two arrangements of signatures from the
      device.
NUM  11.
PAR  11. A device for providing inserted array of signatures stacked on inside
      the other dependent upon the position of the backbone when first feeding
      into the device comprising:
PA1  a storage tray;
PA1  a means for transferring signatures individually stacked in said storage
      tray; and
PA1  a receiving means having a portion for receiving signatures in an inserted
      array, said transfer means including a means for depositing said
      signatures onto said portion of said receiving means dependent upon the
      position of the backbone of the signature when disposed in the storage
      tray.
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ABST
PAL  A suction head for feeding sheets in sheet-processing machines from a
      stacked pile of sheets to further sheet transporting means includes
      suction separation devices for lifting sheets off of a pile of sheets and
      transport suction devices for taking over the lifted sheet lifted by the
      suction separation devices and advancing the lifted sheet in a transport
      direction towards the further sheet transporting means. Control means are
      provided for moving the separation suction devices in the transport
      direction for at least part of the transport distance at the same velocity
      as the transport suction devices whereby the suction separation devices
      assist in transporting the lifted sheet over the aforementioned part of
      the transport distance.
PARN
PAR  This is a continuation of application Ser. No. 352,191, filed Apr. 18,
      1943, now abandoned.
BSUM
PAR  This invention relates to a suction head for sheet feeding apparatus as
      used in conjunction with sheet-processing machines for forming overlapping
      sheet feeding, with separation suction devices for lifting sheets off a
      pile, as well as with transport suction devices which take over the sheet
      lifted by the separation suction devices and advance it in a direction
      toward further sheet transporting means.
PAR  An object of the present invention is to make the feeding of sheets more
      reliable, particularly in machines handling large sheet sizes.
PAR  In suction heads of the kind mentioned hereinabove, separation suction
      devices initially lift the top sheet off of a pile. Then a probing foot
      which is hinged at the suction head is reset on what has then become the
      new top sheet of the pile. Nozzles are provided in the probing foot and
      these nozzles blow air against the underside of the lifted sheet. The
      blast of air provides a support cushion which carries the sheet in such a
      manner that its front edge is lifted above the stops. The supporting air
      is blown out in synchronism with the printing machine operation. The air
      blast must be terminated when the separation suction devices have passed
      the sheet on to the transport suction devices.
PAR  As soon as the separation suction devices release the lifted sheet, its
      rear part drops onto the pile. If air would still continue to flow from
      the nozzles of the probing foot, this air flow would strike the top side
      of the sheet being transported by the transport suction devices. Thus the
      sheet would be blown together in the direction toward the transport
      cylinder and thereby cause an interruption in the operation.
PAR  While the transport suction devices grip the sheet in its rear third
      portion, the front part of the transported sheet drops down on the pile as
      soon as the stream of blast air terminates and the air cushion is
      exhausted. If the air cushion disappears too fast, the front edge of the
      sheet might hang up at the controlled stops and not be pushed into the gap
      between the transport cylinder and the timing rollers. This phenomenon is
      called "stumbling" of the sheet and leads to operational disturbances.
PAR  The principal disadvantage of the premature termination of the blast of
      supporting air is, however, that when the forward part of the transported
      sheet drops down, the front edge of the sheet moves away somewhat from the
      transport cylinder. This phenomenon is called "falling back" of the sheet.
      The distance by which the dropping front edge of the sheet falls back in
      this process must be compensated by the transport suction devices by
      increasing the transport travel. If the sheet were supported by the blast
      air continuously during the transport, the travel distance would therefore
      be shorter. The actual travel distance of the transport suction devices is
      consequently longer by the lost distance which is caused by the dropping
      of the forward portion of the transported sheet due to early termination
      of the blast of support air.
PAR  However, the longer the transport distance, the greater also is the load on
      the control and drive parts of the suction head. An increase in output and
      the service life are therefore substantially dependent on the transport
      distance required. Furthermore, a high transport velocity resulting from a
      relatively long transport distance has an unfavorable effect on the
      running of the sheet.
PAR  From German Pat. No. 1,943,913 it is known to provide a suction head in
      which, at the mountings for the shaft of the transport suction devices, a
      third transport suction device is attached. In the sheet transfer
      position, the third transport suction device is aligned with the lift
      suction devices and therefore, permits a prolonged blasting of the support
      air by holding the sheet at the rear edge during the transport toward the
      further sheet transporting means.
PAR  This known suction head, however, has several shortcomings. For one, the
      third suction device which is attached to the sliding carriage of the
      transport suction devices must be adjusted to the transfer height of the
      lift suction devices. As a consequence, the third suction device slides
      during its return on the sheet, which has already been lifted up by the
      transport suction devices, and causes undesirable marks. Furthermore, in
      the case of thin paper, a lateral drooping of the sheet is not impossible.
      The drooping rear corners of the sheet can be influenced detrimentally by
      the support air which leads to the abovementioned disturbances.
PAR  It is a further disadvantage that the additional third transport suction
      device increases the weight of the reciprocating mass and therefore
      interferes with an increase in output. Finally, the sucking up of the
      lifted sheet by three transport suction devices is critical insofar as
      these suction devices are situated in different planes. A malfunction of
      one of these suction devices causes the deactivation of the others, that
      is, the sheet is not transferred properly.
PAR  Accordingly, it is an object of the present invention to provide low-cost
      suction heads of the type mentioned above which are arranged such that
      during the sheet transport, blast air can flow under the transported sheet
      as long as possible without the danger of blowing against drooping parts
      of the sheet and without increasing the weight of the reciprocating masses
      of the transport suction devices.
PAR  The disadvantages of the aforementioned prior art devices are overcome in
      the present invention by providing control means that move the separation
      suction devices in the transport direction, after lifting the sheet, for
      part of the travel distance of the transport suction devices with the same
      velocity as the latter, whereby the separation suction devices assist in
      carrying the lifted sheet during this part of the transported distance.
PAR  A particularly advantageous embodiment of the invention consists in
      providing that the separation suction devices are driven periodically by a
      lever mechanism moved by a cam having an external curve; that vertical
      parallel guidance device is provided; that the parallel guidance device is
      suspended in pendulum fashion; and that a control cam swings the parallel
      guidance device and therewith the separation suction devices synchronously
      with the transport suction devices in the transport direction.
PAR  The resulting improvement of the sheet transfer to the transport means
      which transport the sheet further, as well as the now possible increase in
      output were obtained in suction heads with parallel-guided separation
      suction devices by few additional means. Only the swinging suspension of
      the parallel guidance device as well as the arrangement of an additional
      cam on the control shaft were necessary for this purpose.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described in relationship to
      specific embodiments, it is nevertheless not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made therein without departing from the spirit of the invention and within
      the scope and range of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view of a section head, according to one
      embodiment of the invention, disposed above a pile of sheets to be fed.
PAR  FIG. 2 is a top view of the suction head and the pile of sheets shown in
      FIG. 1.
PAR  FIG. 3 is a longitudinal cross-sectional view taken through the suction
      head shown in FIGS. 1 and 2.
PAR  FIG. 4 is a top view of the same suction head shown in FIG. 3, partially in
      cross section but omitting the control means.
DETD
PAR  Referring to the drawings, FIGS. 1 and 2 show a suction head 1 for lifting
      the top sheet 2 off a pile of sheets 3. The suction head 1, which can be
      adjusted automatically to a given height carries two separation suction
      devices 4 which pass the lifted sheet 2 on to two transport suction
      devices 5. The transport suction devices 5 move the lifted sheet 2 into
      the gap between the transport cylinder 6 and the timing rollers 7. In this
      process the front edge of the transported sheet 2 must be moved over the
      stops 8.
PAR  As shown in FIG. 3, the transport suction devices 5 are attached to a
      mounting rod 9 which in turn is pivotally mounted to the free end of a
      crank lever 10. The crank lever 10 swings or pivots about a support shaft
      11 which is fixed with respect to the suction head housing. The crank
      lever 10 is swung back and forth by a crank drive arranged on a control
      shaft 12. Accordingly, the transport suction devices 5 execute a
      reciprocating motion parallel to the surface of the pile 3, the parallel
      guidance of the former being provided by control means, not shown.
PAR  A roller lever 14 is pivotally mounted on the support shaft 11. The roller
      lever 14 rotatably mounts a roller 15 which engages and cooperates with a
      cam 16. The roller 15 is biased by a spring 17 against the cam 16. The cam
      16 is attached or mounted on the control shaft 12.
PAR  An eccentric support 18 on which a free-swinging lever 19 is mounted, is
      provided at the free end of the roller lever 14. The eccentric support 18
      is adjustable in such a manner that the height of the free-swinging lever
      19 can be varied as desired. The lower end of the lever 19 carries a cross
      bar 20 to which the separation suction devices 4 are attached. The lever
      19 is further brought or passes through a parallel guide 21 having
      guideways 22 by which the lever 19 is supported by means of two ball
      bearings 23. The parallel guide 21 is in turn suspended by means of a
      pendulum arm 24 pivotally supported from a bearing post 25. The pendulum
      arm 24 carries a roller 26 which cooperates with a cam 27 which is firmly
      keyed to the control shaft 12. A compression spring 28 is biased, on the
      one hand, against a rib 29 of the housing and, on the other hand, against
      the pendulum lever 24, whereby the roller 26 of the latter is biased
      against the cam 27.
PAR  A probing foot 30 is supported in the suction head 1 so that it can be
      lifted from the surface of the pile 3. The probing foot 30 has nozzles 31
      on its front side through which air is blown under the lifted sheet 2.
PAR  The housing 33 of the suction head is designed in the shape of a shell. The
      control shaft 12 is supported rotatably therein by means of two ball
      bearings 34 and 35. The support shaft 11, on the other hand, is rigidly
      connected to the wall 33 of the housing.
PAR  The operation of the arrangement described above is as follows: In order to
      lift the top sheet 2 off of the automatically adjusted pile 3, the lever
      19 is lowered by means of the control cam 16, the roller 15, and the
      roller lever 14 and in the process the movement of lever 19 is rectified
      and guided by the parallel guide 21. The separation suction devices 4 move
      accordingly down to the top sheet 2 of the pile of sheets 3. As the
      separation suction devices 4 come to the pile of sheets 3, underpressure
      is generated in the separation suction devices 4 and the top sheet 2 is
      thereby sucked up or drawn up onto the suction devices 4. This occurs
      after the probing foot 30 has been swung back. The cam 16 then causes the
      roller lever 14, the lever 19, and thereby the separation suction devices
      4 to be lifted into the position which is shown by solid lines in FIGS. 1
      and 3. The probing foot 30 then swings forward under the lifted sheet 2
      and pushes or bears on the surface of the next-highest sheet of the pile
      3. At the same time, support air is blown from the nozzles 31 of the
      support foot 30 and this separates the sheet 2 from the pile 3 all the way
      to the front edge, and thereby lifts the sheet 2.
PAR  As soon as the separation suction devices 4 reach the position shown by the
      solid lines in FIGS. 1 and 3, the crank mechanism 10-13 has also moved the
      transport suction devices 5 into the rear postion which is shown in solid
      lines in FIGS. 1 and 3. It should further be noted that the transport
      suction devices 5 are designed as dropping suction devices and therefore
      also drop onto the sheet 2 lifted up by the separation suction devices 4
      when they are supplied with suction air. Thus the suction devices 5 begin
      taking over the sheet 2, that is, the suction devices 5 start sucking up
      the lifted sheet 2 as soon as the separation suction devices 4 have
      reached their highest position. The crank mechanism 10 to 13 then sets the
      transport suction devices 5 in motion in the transport direction, that is,
      in a direction which moves the sheet 2 from right to left as viewed in
      FIGS. 1 and 3, as the control shaft 12 continues to rotate.
PAR  At the same time the cam 27 controls the parallel guide 21 in the transport
      direction via the roller 26 and the pendulum lever 24 in cooperation with
      the compression spring 28, so that the separation suction devices 4 also
      move horizontally to the surface of the pile in the transport direction
      synchronously with the transport suction devices 5. This simultaneous
      movement of the two groups of suction devices 4 and 5 lasts or occurs
      until the separation suction devices 4 occupy the position 36 shown in
      broken lines in FIGS. 1 and 3. During the time that this distance is
      traversed the nozzles 31 blow support air continuously under the lifted
      and horizontally transported sheet 2. When the separation suction devices
      4 have reached the position 36, shown in broken lines in FIGS. 1 and 3,
      the front edge of the sheet 2 has passed over the hinged stops 8, aided by
      the support air, so that the well-known "stumbling" of the sheet when it
      enters the gap between the transport cylinder 6 and the timing rollers 7
      can no longer occur.
PAR  After the separation suction devices 4 release the sheet 2, the transport
      suction devices 5 continue to transport the sheet until they reach the
      position 37 shown by broken lines in FIGS. 1 and 3. In this position, the
      lifted and transported sheet 2 can reliably be gripped by the transport
      cylinder 6 and the timing rollers 7. The separation suction devices 4
      return during the further advance of the sheet 2 by the transport suction
      devices 5 to the position shown in solid lines due to the appropriate
      reciprocating return movement of the parallel guide 21 and thereafter are
      ready to begin with the lifting of the next sheet.
PAR  Due to the initial, synchronous motion of the separation suction devices 4
      and the transport suction devices 5, a reliable and accurate transfer of
      the sheets between the two groups of suction devices 4 and 5 takes place,
      even if the transport suction devices, which are designed as dropping
      suction devices, exert suction unevenly in terms of time due to height
      differences of the sheet surface.
PAR  Because no additional suction devices are required to keep the sucked-up
      sheet up at its rear edge, any uncertainty regarding the suction is
      avoided. The crank mechanism 10 to 13 which has been tested at high speeds
      as regards its long life and favorable properties can be retained,
      according to the invention, in a manner which ensures reliable operation
      of the drive even under high stress. Furthermore, no transport travel is
      lost through drooping of the sheet transported by the transport suction
      devices because the nozzles can blast the underside of the transported
      sheet 2 relatively long. As mentioned heretofore, stumbling of the front
      edge of the sheet at the stops 8 cannot occur for this reason. However, it
      is important that the available travel distance can be utilized completely
      and in its entirety, which also has a beneficial effect on the running of
      the sheet.
PAR  The invention is, of course, not limited to the embodiment shown. Instead
      of swinging about the pendulum shaft 25, the parallel guide can, for
      example, also be actuated by a translatory motion.
PAR  The transport motion can furthermore be initiated by the drive of the
      transport suction devices or their mounting rod.
CLMS
STM  I claim:
NUM  1.
PAR  1. A suction head for feeding sheets to further sheet transporting means
      comprising suction separation means for lifting sheets off a pile of
      sheets, transport suction means for taking over the sheet lifted by the
      suction separation means, said transport suction means being movable over
      a given transport distance for advancing the sheet in a transport
      direction towards said further sheet transporting means, and control means
      for moving said suction separation means in said transport direction over
      a distance shorter than said transport distance simultaneously with and at
      the same velocity as said transport suction means, whereby said separation
      suction means assist said transport means in transporting the lifted sheet
      over said shorter distance.
NUM  2.
PAR  2. A suction head for feeding sheets according to claim 1 wherein said
      suction separation means including a suction device, a lever mechanism
      operatively connected to said suction device, and a first cam actuating
      said lever mechanism to provide vertical displacement of said suction
      device.
NUM  3.
PAR  3. A suction head for feeding sheets to further sheet transporting means
      comprising suction separation means for lifting sheets off a pile of
      sheets, transport suction means for taking over the sheet lifted by the
      suction separation means and advancing said sheet in a transport direction
      towards said further sheet transporting means, and control means for
      moving said separation suction means in said transport direction for a
      predetermined part of the transport distance of said sheet at the same
      velocity as said transport suction means, whereby said separation suction
      means assists in transporting the lifted sheet over said part of said
      transport distance, said suction separation means including a suction
      device, a lever mechanism operatively connected to said suction device,
      and a first cam actuating said lever mechanism to provide vertical
      displacement of said suction device, said lever mechanism including a
      generally vertically disposed first lever on the lower end portion of
      which said suction device is mounted, guidance means guiding said lever as
      the latter moves in a vertical direction, means for pivotally and
      pendulously mounting said guidance means, and a second cam for effecting
      pivotal movement of said guidance means and the suction device mounted on
      said guided lever in a synchronous manner with the operation of said
      transport suction means.
NUM  4.
PAR  4. A suction head for feeding sheets according to claim 3 wherein said
      lever mechanism includes a second lever, said first cam actuating said
      second lever, and an eccentric connection between said first and second
      levers to provide for adjusting the height of said suction device.
NUM  5.
PAR  5. A suction head for feeding sheets according to claim 4 including a
      second shaft for pivotally mounting said second lever on a fixed pivotal
      axis.
NUM  6.
PAR  6. A suction head for feeding sheets according to claim 5 wherein said
      transport suction means includes transport suction devices, and a third
      lever on which said transport suction devices are mounted, said third
      lever being pivotally mounted on said second shaft.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said predetermined part of the transport
      distance is chosen so that the separating sucker can be in position to
      separate a subsequent sheet while the preceding sheet is still being
      forwarded by the transport sucker.
NUM  8.
PAR  8. A suction head for feeding sheets according to claim 3 wherein said
      guidance means includes bearings for guiding said vertically disposed
      first lever, and a cam follower mounted on said guidance means for
      actuation by said second cam.
NUM  9.
PAR  9. A suction head for feeding sheets according to claim 3 including a
      common first shaft on which said first and second cams are mounted.
NUM  10.
PAR  10. A suction head for feeding sheets according to claim 3 including first
      biasing means biasing said lever mechanism against said first cam and
      second biasing means biasing said guidance means against said second cam.
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ABST
PAL  This invention is for a collator for business papers wherein multiple
      copies and multiple pages are prepared. The collator, for the same page,
      can run continuously thereby saving time and money and paper. The collator
      comprises bins, arranged with one bin above the other bin, and with the
      bins offset from each other so as to appear to be at an angle.
BSUM
PAC  GENERAL BACKGROUND OF THE INVENTION
PAR  In many places there are reproduction centers or inplant reproduction
      centers. For example, in industry there are inplant reproduction centers.
      In commercial houses there are inplant reproduction centers. Also, in
      various government agencies there are inplant reproduction centers. These
      reproduction centers may produce cataloges, maintenance manuals for
      equipment, instruction books for operating equipment, brochures, sales
      material and specifications for bidders to use in making a bid. These are
      only a few of the uses to which a reproduction centers may be used.
PAR  In a reproduction center there is used a printing machine such as an offset
      duplicator. The printed material from the offset duplicator must be
      collated so as to be made into the catalog, manual, instruction book and
      the like. It is possible to collate the printed material by hand. However,
      the cost of collating material manually is expensive and therefore
      self-defeating. As a result, at the present time, very few places use
      manual labor to collate the printed material.
PAR  In the last few years, in order to lessen the manual labor in the collation
      process and in order to lessen the cost and also to lessen the time
      required for collating, there has been developed apparatus to assist in
      the collating of the printed material. This apparatus has taken the form
      of a series of vertical bins. Each bin receives a copy of the printed
      material. There is a feeding apparatus for feeding the printed material to
      the bins. From experience, the number of vertical bins in a vertical
      column has been established as 52 bins. The feeding apparatus in feeding
      the printed material or printed sheet to a column of bins will feed the
      necessary sheets to one column of bins and then the column of bins in the
      feeding apparatus will move with respect to each other. In this time that
      the column of bins and the feeding apparatus move with respect to each
      other, the offset duplicator or printing apparatus is not operating. As a
      result, the image thickens and there becomes excess ink on the printing
      plate. The excess ink, upon being printed upon the next sheet of paper,
      appears messy and sloppy. In order to remove the excess ink from the
      printing plate, it is necessary to run a number of printed sheets such as
      say, ten printed sheets. This means that ten printed sheets have been
      wasted in order to clean the printing plate. This can be translated into a
      waste of time as well as a waste of paper. The press speed of many
      duplicators is nine thousand sheets per hour which means one hundred fifty
      sheets per minute or two and one-half sheets per second. With a collator
      having 52 bins in a vertical column, there is required approximately 3 to
      4 seconds to move the bins and the feeding apparatus with respect to each
      other. Then, to start the offset duplicator printing, again, there is
      required another three-to-four seconds. Then to clean the printing plate,
      there is required about 10 copies of printed material or about 4 seconds.
      It is seen that this process of stopping the printing apparatus, moving
      the feeding apparatus and the vertical bins with respect to each other and
      then starting the printing apparatus again, requires from 10 to 12
      seconds. To print the material to go into 52 bins requires approximately
      20 seconds. In other words, the printing apparatus, the feeding apparatus,
      and the collating apparatus are wasting about one-half of the time
      required to print the printed page.
PAR  If the collating apparatus can function continuously, then there is a
      saving of approximately one-third of the time as it is not necessary to
      stop the printing apparatus. The printed pages can be printed continuously
      and collated into the bins.
PAR  It is my understanding that, at the present time, when a catalog or a
      maintenance manual or an instruction book or other multiple copies and
      pages are printed and collated the national average of copies is about 65
      copies. As there are 52 bins in a vertical column of bins, this means that
      there must be two vertical columns of bins or one hundred four bins. A
      large bank of bins will have 624 bins. Again, to repeat, from the above
      calculation, if there is used a continuous operating collator there is
      saved about one-third of the time required in printing the printed sheet
      and in collating the printed sheet. A saving of one-third in time is a
      large percentage of saving or a large saving in time.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  This invention is directed to a collator comprising bins. The bins may be
      in a, substantially, vertical column or may be in a spiral. The bins in a
      spiral may be positioned along a horizontal spiral or may be in a vertical
      spiral or at an angle.
PAR  The adjacent and successive bins are offset from each other so that the
      bins move a short distance or move in increments of a predetermined
      distance to accept a sheet of material from the feeding mechanism. The
      collator or bins and the feeding mechanism move with respect to each
      other.
PAR  If the bins are positioned in a, substantially, vertical column, the bins
      are offset from each other so that in two adjacent columns the top bin in
      the second column, substantially, overlies the bottom bin in the first
      column. In this manner the feeding mechanism can continually feed a sheet
      of material such as a printed page to the collator without having to stop
      to move the collator and the column of bins a distance equal to the width
      of the bins.
PAR  If the bins are in a spiral, the adjacent and succesive bins are offset
      from each other a slight distance or are offset in increments of a
      predetermined distance so that with the rotation of the bins in the spiral
      a new receiving bin is positioned adjacent to the feeding mechanism or
      feeding apparatus to receive the sheet of material from the feeding
      apparatus.
PAR  There is means to move the bins and the feeding apparatus relative to each
      other so as to have a new receiving bin in an acceptance position with
      respect to the feeding apparatus.
PAC  OBJECTS AND ADVANTAGES
PAR  One of the objects of this invention is to provide a collator and a system
      for collation wherein there is less waste of sheet materials such as
      printed paper than with prior used equipment and methods; another
      important object is to provide an apparatus and a system for collation
      where there is less cost than with prior used equipment and apparatus;
      another important advantage is to provide equipment and a system wherein
      there is a considerable saving in time as compared with the present
      equipment and systems available and which saving in time may be as great
      as a fifty percent saving in time; an additional object is to provide
      equipment and a process for collation wherein there is a saving in labor
      in the press time and therefore a saving of money; a further important
      object and advantage is to provide equipment and apparatus wherein an
      increase in production of the sheet material or printed material for the
      same printing apparatus and for the same amount or quantity of labor; a
      further important object is to provide equipment and process for producing
      a better quality of printed paper or printed material; and, a further and
      important object is to provide, in certain instances, equipment and a
      process which inherently has a greater storage capacity for sheet material
      or printed material for a given floor area than was attainable with prior
      available equipment and methods.
PAR  These and other important objects and advantages of the invention will be
      more particularly brought forth upon reference to the detailed description
      of the invention, the appended claims and the accompanying drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view looking at specific embodiment of the collator
      and illustrating the columns of offset bins and the means for moving these
      columns;
PAR  FIG. 2 is a front elevational view of the collator;
PAR  FIG. 3 is a top plan view of the collator, the feed table and the off-line
      feeder;
PAR  FIG. 4 is a side elevational view of the collator, the feed table and the
      off-line feeder;
PAR  FIGS. 5, 6, 7 and 8 illustrate the relative movement of the collator and
      the feeding apparatus with respect to each other and the movement of the
      feeding apparatus for feeding into different bins in different columns in
      the collator;
PAR  FIG. 5 is a perspective view looking at the position of the collator and
      the feeding mechanism wherein the feeding mechanism can feed sheet
      material into the top receiving bin of the first column of the collator;
PAR  FIG. 6 is a perspective view illustrating the relative position of the
      collator and the feeding mechanism, after the two have moved with respect
      to each other as compared with FIG. 5, and illustrates the feeding
      mechanism feeding sheet material into a bin in the middle part of the
      first column;
PAR  FIG. 7 is a perspective view looking at the relative position of the
      collator and the feeding mechanism after the collator and the feeding
      mechanism have moved with respect to each other as compared to FIG. 6 and
      illustrates the feeding mechanism feeding of sheet material into one of
      the lowest receiving bins in the first column and also feeding sheet
      material into the top receiving bin in the second column;
PAR  FIG. 8 is a perspective view looking at the collator and the feeding
      mechanism and illustrates the relative movement of the collator and the
      feeding mechanism as compared with the position of the collator and the
      feeding mechanism in FIG. 7 and also illustrates the feeding of sheet
      material into the bottom receiving bin in the first column and into an
      upper receiving bin in the second column;
PAR  FIGS. 9 and 10 are illustrative of a continuous rotary collator wherein
      FIG. 9 is a front elevational view and illustrates the cylindrical drum
      for holding the sheet material and the rotating cylindrical drum; and,
      FIG. 10 is a side elevational view illustrating means for rotating the
      cylindrical drum, the arrangement of the bins in a spiral pattern on the
      cylindrical drum, and means for moving the cylindrical drum past an
      off-line feeder for feeding the sheet material to said bins.
DETD
PAC  SPECIFIC DESCRIPTION OF THE INVENTION
PAR  In FIGS. 1 and 2 there is illustrated the collator 20. The collator 20
      comprises a bin frame 22 having a bottom support and guide rail 24 and a
      top rail 26. The bottom rail 24 and the top rail 26 are connected by
      stiles 28 and 30 to form the upright integral bin frame 22.
PAR  In the bin frame 22 are four columns of bins; a first column of bins 32; a
      second column column of bins 34; a third column of bins 36; and a fourth
      column of bins 38. On each side of the first column of bins 32 are support
      members, a first support member 40 and a second support member 42. The
      second column of bins 34 is positioned between the second support member
      42 and the third support member 44. The third column of bins 36 is
      positioned between the third support member 44 and the fourth support
      member 46. The fourth column of bins 38 is positioned between the fourth
      support member 46 and the fifth support member 48. It is seen in FIGS. 1
      and 2 that the support members 40, 42, 44, 46 and 48 run at an angle or
      are diagonally spaced with respect to the bin frame 22 and that the
      support members are parallel to each other.
PAR  As previously stated, the standard collator has fifty-two bins in a column.
      In FIGS. 1 and 2 there are fifty-two bins in the first column and the top
      bin will be identified by reference numeral 1 and the next bin will be
      identified by reference numeral 2 and the bottom bin will be identified by
      reference numeral 52 and the next to the bottom bin will be identified by
      reference numeral 51. It is to be realized that between bins 2 and 51 in
      the first column there are 48 bins. In column 2 the top bin will be
      identified by reference numeral 53 and the next to the top bin will be
      identified by reference numeral 54. Also, in the second column the bottom
      bin will be identified by the reference numeral 104 and the next to the
      bottom bin in column 2 will be identified by reference numeral 103. It is
      to be realized that in the second column between bin 54 and bin 103 there
      are 48 receiving bins for sheets of material or printed material.
PAR  Likewise, in columns 3 and 4 there are 52 bins with the top bin in column 3
      bearing reference numeral 105 and the next to the top bin bearing
      reference numeral 106 and the bottom bin in column 3 bearing reference
      numeral 156 and the next to the bottom bin bearing reference numeral 155.
      In the third column between bins 106 and 155 there are 48 bins. In the
      fourth column the top bin will bear reference numeral 157 and the next to
      the top bin will bear reference numeral 158 with the bottom bin bearing
      reference numeral 208 and the next to the bottom bin bearing reference
      numeral 207. In the fourth column between bin 158 and bin 207 there are 48
      bins.
PAR  In a column of bins, and, for example, column number 32, it is seen that
      bins 1 and 2 are spaced apart an incremental distance or an increment of a
      predetermined distance so that bin number 1 does not, completely, overlie
      bin number 2 even though the bins in the columns are, substantially,
      vertically positioned. The adjacent bins in a column are offset from each
      other a short distance such as about one-quarter of an inch to one-half an
      inch. Or, in other words, bins 1 and 2 are offset from each other about
      one-quarter of an inch or one-half inch. In columns 1 and 2 the uppermost
      bin 53 in column 2 substantially overlies the next to the lower bin 51 in
      column 1 and the next to the upper bin 54 in column 2 overlies the
      lowermost bin 52 in column 1. With this arrangement of the bins, it is
      possible to introduce, substantially, simultaneously, sheets of material
      or printed pages into bins 53 and 51 and likewise to introduce,
      substantially, simultaneously, sheets of material or printed pages in the
      bins 54 and 52 so as to continuously feed the printed pages to the
      collator 20 without having to stop the feeding mechanism.
PAR  In FIGS. 1 and 2 it is seen that there is a support frame 60 having two
      spaced-apart sides 64 and 66 and two spaced-apart ends 68 and 70. The
      support frame 60 is integral. The support frame 60 supports the bin frame
      22 and also acts as a guide for the rectilinear movement of the bin frame
      22 in the support frame 60
PAR  At one end of the support frame 60, and outside of the end 68, there is a
      control and motor unit 72. The control and motor unit 72 connects with and
      drives a screw shaft 74.
PAR  Near the end 68 and inside the support frame 60 there is a bearing 78 and
      near the other end 70 there is a bearing 76 for the screw shaft 74.
PAR  There is attached to the bottom support and guide rail 24 and the bin frame
      22 a lug 80 having a tapped center passageway 82. The screw shaft 74
      passes through the tapped center passageway 82. The screw shaft 74 on
      rotating moves the bin frame 22 in a rectilinear path in the support frame
      60.
PAR  In FIGS. 3 and 4 there is illustrated a feed table 80 and an off-line
      feeder 82.
PAR  This off-line feeder 82 is positioned adjacent to the feed table 80 so that
      the printed sheets of material are readily available to the feed table 80.
PAR  In FIG. 4 it is seen that the feed table 80 comprises a vertical column 84.
PAR  The vertical column 84 has three traveling feed paper ejector fingers 86,
      88 and 90. The paper ejector fingers travel vertically and also move
      around the ends of the vertical column 84. In FIG. 4 it is seen that the
      ejector finger 88 is in a position to introduce a sheet of printed
      material 94 into bin 52 in the first column or column 32 and,
      substantially, simultaneously, to introduce a sheet of printed material 92
      into a bin 53 in the second column 34.
PAR  It is to be clearly understood that the feed table 80 and the off-line
      feeder 82 are commercially available units. In fact, there are a number of
      manufacturers for the feed table 80 and the off-line feeder 82.
PAR  In FIGS. 5, 6, 7 and 8 there is illustrated the movement of the column of
      bins with respect to the feed table 80 and the vertical column 84. In FIG.
      5, the vertical column 84 and the ejector finger is so positioned as to
      introduce the printed paper into bin Number 1 in the first column or
      column 32. Then, in FIG. 6 the bin frame 22 has been moved so that the
      feed table 80 and the vertical column 84 are capable of introducing the
      printed page or printed paper into a bin in the middle of the first column
      or column 32 and which bin may be, for example, bin number 25. Then, in
      FIG. 7 the bin frame 22 has been moved horizontally with respect to the
      feed table 80 and the vertical column 84 so that an ejector finger is
      introducing a printed sheet or a printed page into bin 51 in the first
      column or column 32 and, substantially, simultaneously, introducing a
      printed sheet or a printed page into bin 53, the top bin, in the second
      column or column 34. Finally, in FIG. 8 the bin frame 22 has been moved
      horizontally with respect to the feed table 80 and the vertical column 84
      so that the vertical column 84 is introducing a printed sheet or a printed
      page into the bottom bin 52 in the first column 32 and, substantially,
      simultaneously, introducing a printed sheet or printed page into the next
      to the top bin 54 in the second column 34.
PAR  In this manner it is seen that the feed table 80 and the vertical column 84
      need not be stopped; but, can continuously feed the printed sheet or the
      printed page into the bins in the collator 20. In FIGS. 5 through 8 there
      are four columns of bins. Again, it is to be realized that there may be
      two columns of bin or many columns of bins, dependent upon the size of the
      printing unit and the capacity required. Once the feed table 80 and the
      vertical column 84 start feeding the printed page into the bins in the
      collator 20, it is possible to continuously feed all of that set of
      printed pages or printed sheets into the collator without stopping the
      feed table 80 and the vertical column 84. Naturally, with a new set of
      printed sheets, such as a new printed page, it is necessary to start
      feeding the printed sheets again. More particularly, there may be 175
      copies of page number 1 and these 175 copies can be continuously collated.
      Then, there will 175 copies of page number 2; and, it will be necessary to
      start the collation step and process over again for the page 2. But, once
      the 175 copies of a printed sheet are introduced into the collator 20, the
      collation process can continue until all of that sheet, such as sheet 1 or
      sheet 2, is collated.
PAR  In FIGS. 9 and 10 there is illustrated a continuous rotary collator 250.
PAR  The collator 250 comprises a cylindrical drum 252.
PAR  The cylindrical drum 252 comprises circular end support plates 254 having a
      central passageway 256. In each of the passageways 256 there is a bearing
      258. A shaft 260 is positioned in the bearing 258.
PAR  There connects with the circular end support plates 254 an inner support
      cylinder 262. There is attached to the inner support cylinder 262, by tack
      welding or other suitable means, a spiral strip 264. The spiral strip
      winds around the inner support cylinder 262 and functions as a divider
      between bins in the cylindrical drum 252.
PAR  In FIG. 9 it is seen that there are a number of radial dividers 266 which
      are attached to the spiral strip 264 and also to the inner support
      cylinder 262. The radial dividers may be attached by means of tack welding
      or other appropriate means. The radial dividers 266 form a plurality of
      bins such as 268, 270 and 272 for illustrative purposes.
PAR  In FIG. 10 it is seen that said bins are in a, substantially, overlapping
      relationship. The bins 268, 270 and 272 are in a, substantially,
      overlapping relationship. The bin 270, termed a first bin, is exposed on
      one edge with respect to the preceding bin 268 and is exposed on the other
      edge with respect to the succeeding bin 272. The bin 270 may be offset
      about 1/4 inch to 1/2 inch from bin 268 and may be offset a like distance
      or a like amount from the bin 272. The bins 268 and 272 may be offset from
      each other a distance of about 1/2 inch to about 1 inch. In this manner,
      it is seen that by rotating the cylindrical drum 252 and also by
      longitudinally moving the cylindrical drum 252 there is exposed another
      bin for receiving sheet material.
PAR  From FIG. 9 it is seen that the opening 274 in a bin is larger than the
      inner end 276 of the bin.
PAR  In the interior of the inner support cylinder 262 there may be an interior
      circular brace attached to the inner support cylinder 262 and having a
      passageway 280. In the passageway 280 there is positioned a bearing 282
      and in which bearing there is journaled the shaft 260.
PAR  There is an off-line feeder 284. The off-line feeder 284 is positioned next
      to the continuous rotary collator 250 and feeds sheet material 286 to an
      appropriate bin such as 268, see FIG. 9.
PAR  The off-line feeder 284 is permanently positioned. Therefore, it is
      necessary to provide means for rotating the cylindrical drum 252 and for
      moving longitudinally the cylindrical drum 252 past the off-line feeder
      284 so as to expose a fresh bin for receiving the sheet material 286. In
      order to accomplish this there is provided a movable support means for the
      cylindrical drum 252 and means for rotating the cylindrical drum 252.
PAR  The movable support means for the cylindrical drum 252 comprises a carriage
      290 having lateral beams 292 on the ends and longitudinal beams 294 on the
      sides.
PAR  There may be a bottom wall 296, side walls 298 and end walls 300 to form
      the carriage 290. The walls 296, 298 and 300 may be welded or bolted to
      the beams 292 and 294.
PAR  At the ends of the carriage 290 and attached to the lateral beams 292 and
      the end walls 300 are two upright central supports or two upright central
      standards 302. The top of the upright standards 302 are connected by a
      support rail 304. There depends from the support rail 304 a bracket 306
      and which bracket connects with the motor 308. The motor 308 has an output
      shaft 310 and on the end of the output shaft 310 is a sprocket 312.
PAR  On one end of the cylindrical drum 252 is a sprocket 314. The sprockets 312
      and 314 are aligned and are connected by a chain 316. As is, readily,
      appreciated the motor by means of the sprocket 312, the chain 316 and the
      sprocket 314 drive the cylindrical drum or rotate the cylindrical drum
      252.
PAR  To longitudinally move the carriage 290 and the cylindrical drum 252 there
      is provided a moving means. On the front and the rear of the carriage 290
      and positioned or supported by the bottom wall 296 and the lateral beams
      292 are axles 320. On the ends of the two axles 320 are the wheels 322.
      The wheels 322 ride on two spaced-apart tracks or rails 324. There may be
      a motor and reel combination 326 mounted on a support or pedestal 328. The
      motor and reel combination 326 are positioned away from one end of the
      carriage 290. A cable or rope 330 connects with the end wall 300 by means
      of a bracket 332. The cable 330 winds around the reel and motor
      combination 326 and underneath the bottom wall 296 of the carriage 290.
      The cable may pass around a pulley 334 and which pulley 334 is attached by
      means of a bracket 336 to the bottom wall 296.
PAR  Spaced apart from the other end of the carriage 290 is a support 338 and on
      which support 338 there is mounted a pulley 340. The cable 330 passes
      underneath or around the pulley 334, around the pulley 340 and attaches to
      the other end of the carriage 290 by means of a bracket 342.
PAR  From this description it is seen that by operating the motor and reel
      combination 326 it is possible to move, rectilinearly, the carriage 290
      past the off-line feeder 284.
PAR  There is a control unit 350 and which control unit connects with the
      off-line feeder 284 by means of electrical cable 352, connected to the
      motor 308 by electrical cable 354 and to the reel and motor 326 by means
      of electrical cable 356.
PAR  It is seen that the control unit 350 controls the motor 308 for rotating
      the cylindrical drum 252 for positioning a bin with respect to the
      off-line feeder 284. Simultaneously, the control unit 350 controls the
      motor and reel combination 326 for, rectilinearly, moving the carriage 290
      and the cylindrical drum 252 next to the off-line feeder 284 and thereby
      positioning the bin next to the off-line feeder 284. And, the control unit
      350 controls the off-line feeder 284 for feeding sheet material 286 to the
      bin positioned next to the off-line feeder 284. In other words, it is
      possible to rotate the cylindrical drum 252 and to rectilinearly move the
      cylindrical drum 252 to position a bin for receiving sheet material 286
      from the off-line feeder 284.
PAR  The continuous rotary collator 250 can accept a large number of printed
      pages or a large number of sheet material such as printed or copied pages
      in the bins. For example, the continuous rotary collator 250 can accept
      page 1 of a document, then the process can be repeated for the continuous
      rotary collator to accept page 2 and to continue this process until all of
      the pages of the document have been fed into the respective appropriate
      bins in the collator 250.
PAR  In FIG. 9 it is seen that there is a retaining shield 360 and which
      retaining shield is underneath the cylindrical drum 252. The reason for
      the retaining shield 360 is to prevent the sheet material in the bins,
      which are in the lower half of the cylindrical drum 252, from falling out
      of the bins. Naturally, due to the force of gravity the sheet material in
      the bins in the lower half of the cylindrical drum 252 will tend to fall
      out. Therefore, it is necessary to have the retaining shield 360.
PAR  From the foregoing, it is seen that I have provided two types of continuous
      collators. It is possible to feed all of one sheet material to these
      continuous collators and then to repeat the process as many times as
      necessary to prepare a document or a book or the like. Further, it is not
      necessary to shut down the printing machine and start up the printing
      machine once the collating process is underway. The printing machine can
      be started, the collating process can be initiated and all of that
      particular sheet of material such as page 1 of material can be fed,
      continuously, or in one continuous operation, to the collator. There is a
      resultant saving in time over the intermittent stopping of the collator, a
      resultant saving in labor, a resultant saving in material as some of the
      printed sheet material is not wasted due to the ink thickening on the
      printing machine, and as a result of these savings there is a resultant
      saving in cost.
CLMS
STM  From the foregoing and having presented this invention, what I claim is:
NUM  1.
PAR  1. A collator comprising:
PA1  a. at least two columns identified as a first column and a second column,
PA1  b. each column having a plurality of bins;
PA1  c. said columns being juxtapositioned to each other;
PA1  d. said columns being on a bias at a slant;
PA1  e. said bins being, substantially, horizontal;
PA1  f. an upper bin, partially, overlying the next lower bin and, partially
      extending over the next lower bin; and,
PA1  g. the top bins in the second column overlying, substantially, the lowest
      bin in the first column.
NUM  2.
PAR  2. A collator according to claim 1 and comprising:
PA1  a. a first means to move the columns in increments of a predetermined
      distance; and,
PA1  b. said predetermined distance being, substantially, the distance an upper
      bin extends over the next lower bin.
NUM  3.
PAR  3. A collator according to claim 1 and comprising:
PA1  a. the top receiving bin in the second column overlying, substantially, the
      lowest receiving bin in the first column.
NUM  4.
PAR  4. A collator according to claim 2 and comprising:
PA1  a. the top receiving bin in the second column overlying, substantially, the
      lowest receiving bin in the first column.
NUM  5.
PAR  5. A collator according to claim 2 and comprising:
PA1  a. said top receiving bin extending over the lowest receiving bin by a
      distance equal to, substantially, said increment of a predetermined
      distance.
NUM  6.
PAR  6. A collator according to claim 4 and comprising:
PA1  a. said top receiving bin extending over the lowest receiving bin by a
      distance equal to, substantially, said increment of a predetermined
      distance.
NUM  7.
PAR  7. A collator according to claim 2 and comprising:
PA1  a. a platform, and,
PA1  b. said two columns being, movably, positioned on said platform.
NUM  8.
PAR  8. A collator according to claim 7 wherein said first means moves
PA1  a. said two columns on said platform.
NUM  9.
PAR  9. A collator according to claim 7 wherein said first means moves
PA1  a. said two columns on said platform said increment of a predetermined
      distance.
NUM  10.
PAR  10. A collator according to claim 7 wherein said first means moves
PA1  a. said two columns on said platform in steps; and,
PA1  b. a step being equal in length to said increment of a predetermined
      distance.
NUM  11.
PAR  11. A collator according to claim 6 and comprising:
PA1  a. a platform; and,
PA1  b. said two columns being, movably, positioned on said platform.
NUM  12.
PAR  12. A collator according to claim 11 wherein said first means moves
PA1  a. said two columns on said platform.
NUM  13.
PAR  13. A collator according to claim 11 wherein said first means moves
PA1  a. said two columns on said platform said increment of a predetermined
      distance.
NUM  14.
PAR  14. A collator according to claim 1 wherein said first means moves
PA1  a. said two columns on said platform in steps; and,
PA1  b. a step being equal in length to said increment of a predetermined
      distance.
NUM  15.
PAR  15. A combination of a collator and a feeding mechanism, said collator
      comprising:
PA1  a. at least two columns identified as a first column and a second column;
PA1  b. each column having a plurality of bins;
PA1  c. said columns being juxtapositioned to each other;
PA1  d. said columns being on a bias at a slant;
PA1  e. said bins being, substantially, horizontal;
PA1  f. an upper bin, partially, overlying the next lower bin and, partially
      extending over the next lower bin;
PA1  g. the top bins in the second column overlying, substantially, the lowest
      bin in the first column;
PA1  h. said feeding mechanism being positioned to introduce a material to a bin
      in a column;
PA1  i. said feeding mechanism being capable of introducing said materials to
      adjacent bins in a column;
PA1  j. said feeding mechanism being capable of introducing said materials to
      bins in adjacent columns; and,
PA1  k. means to move said collator and said feeding mechanism with respect to
      each other a distance equal to, substantially, the distance the upper bin
      extends over the next lower bin.
NUM  16.
PAR  16. A combination according to claim 15 and comprising:
PA1  a. a first means to move the columns in increments of a predetermined
      distance; and,
PA1  b. said predetermined distance being, substantially, the distance an upper
      bin extends over the next lower bin.
NUM  17.
PAR  17. A combination according to claim 15 and comprising:
PA1  a. the top receiving bin in the second column overlying, substantially, the
      lowest receiving bin in the first column.
NUM  18.
PAR  18. A combination according to claim 16 and comprising:
PA1  a. the top receiving bin in the second column overlying, substantially, the
      lowest receiving bin in the first column.
NUM  19.
PAR  19. A combination according to claim 16 and comprising:
PA1  a. said top receiving bin extending over the lowest receiving bin by a
      distance equal to, substantially, said increment of a predetermined
      distance.
NUM  20.
PAR  20. A combination according to claim 18 and comprising:
PA1  a. said top receiving bin extending over the lowest receiving bin by a
      distance equal to, substantially, said increment of a predetermined
      distance.
NUM  21.
PAR  21. A combination according to claim 16 and comprising:
PA1  a. a platform; and,
PA1  b. said two columns being, movably, positioned on said platform.
NUM  22.
PAR  22. A combination according to claim 21 wherein said first means moves
PA1  a. said two columns on said platform.
NUM  23.
PAR  23. A combination according to claim 21 wherein said first means moves
PA1  a. said two columns on said platform said increment of a predetermined
      distance.
NUM  24.
PAR  24. A combination according to claim 21 wherein said first means moves
PA1  a. said two columns on said platform in steps; and,
PA1  b. a step being equal in length to said increment of a predetermined
      distance.
NUM  25.
PAR  25. A combination according to claim 20 and comprising:
PA1  a. a platform; and,
PA1  b. said two columns being, movably, positioned on said platform.
NUM  26.
PAR  26. A combination according to claim 25 wherein said first means moves
PA1  a. said two columns on said platform.
NUM  27.
PAR  27. A combination according to claim 25 wherein said first means moves
PA1  a. said two columns on said platform said increment of a predetermined
      distance.
NUM  28.
PAR  28. A combination according to claim 25 wherein said first means moves
PA1  a. said two columns on said platform in steps; and,
PA1  b. a step being equal in length to said increment of a predetermined
      distance.
NUM  29.
PAR  29. A method for, continuously, collating sheet material, said method
      comprising:
PA1  a. positioning a first column and a second column of bins adjacent to each
      other;
PA1  b. each column having a plurality of bins;
PA1  c. positioning said bins in a column so that an upper bin, partially,
      overlies the next lower bin and, partially, extends over the next lower
      bin;
PA1  d. the top receiving bin in the second column overlying, substantially, the
      lowest receiving bin in the first column; and,
PA1  e. feeding, continuously, said sheet material to said bins in said columns
      and in feeding said sheet material moving said sheet material and said
      columns with respect to each other both, horizontally, and, vertically.
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ABST
PAL  This invention relates to a sheet stacking apparatus for stacking sheets
      into inclined trays moved past a sheet discharge zone. The trays each have
      first and second tray portions which are inclined to the horizontal and
      vertical, respectively, to enable a nested configuration. A pair of
      vertically extending stacking members are positioned adjacent to the sheet
      discharge zone to form an acute angle with the first tray portion of the
      receiving tray. The stacking member is pivotally mounted such that as a
      sheet enters the tray the kinetic energy of the sheet is converted to
      rotational kinetic energy. As the stacking member returns to its normal
      position, its rotational kinetic energy acts upon the topmost portion of
      the stack of sheets in the tray rather than upon a single top sheet. As a
      result the top sheet is not moved relative to the tray. As the stack
      height increases, the acute angle decreases to effect a stacking
      arrangement of the sheets' edges against the second tray portion.
PARN
PAR  This is a continuation of application Ser. No. 319,956 filed Dec. 29, 1972,
      now abandoned.
BSUM
PAR  This invention relates to a sheet stacking apparatus for stacking sheets
      into trays as for example, sorter trays receiving copies from a
      reproduction system into collated sets.
PAR  With advent of high speed copier/duplicator systems there has been a
      growing concern for the distribution and handling of the copy sheets in a
      collated fashion. In the past sheet distribution systems have included
      stacking by rotating or moving a housing carrying bins or trays past a
      copy sheet path as described in U.S. Pat. Nos. 2,876,008, 2,951,697
      3,076,647, and 3,561,754. Depending upon the tray arrangement for
      receiving the sheets, there is an associated problem for stacking of the
      sheets into a neat pile to facilitate unloading of the stacks and also to
      maximize the number of sheets that may be received.
PAR  The present invention is, generally speaking, an improved stacking
      apparatus for enhancing reliability in producing sets of sheets received
      in bins or trays for rapid distribution and unloading of copy sheets in
      collated sets.
PAR  It is therefore a general object of this invention to improve the
      distribution and unloading of copy sheets.
PAR  It is another object of this invention to enable the distribution and
      unloading of copy sheets in collated sets in a reliable manner.
PAR  It is still a further object of the invention to eliminate the bouncing
      and/or skewing of sheets received in a tray.
PAR  It is still a further object of the invention to achieve sorting of copy
      sheets into a tray configuration which is simple and compact in
      construction.
DRWD
PAR  The above and added advantages of the present invention will be more
      apparent after reading the following detailed description which refers to
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a high speed copier/duplicator system
      including a sorter/collator apparatus having sheet stacking apparatus
      according to the present invention.
PAR  FIG. 2 is a schematic view illustrating the xerographic components of the
      copier/duplicator system;
PAR  FIG. 3 is an elevation view of the tray assemblies;
PAR  FIG. 4 is a plan view of the tray assemblies;
PAR  FIGS. 5a-c are exploded views of the tray assemblies illustrating details
      of the opening tray operation;
PAR  FIG. 6 is an isometric view of the drive assembly for the sorter/collator
      apparatus;
PAR  FIG. 7 is an exploded view of the tray illustrating set separation upon
      unloading;
PAR  FIG. 8 is a side view illustrating a tray assembly without the stacking
      apparatus of the invention, and
PAR  FIG 9a and 9b are side views illustrating a tray assembly with a stacking
      apparatus of the invention in an empty condition and in a loaded
      condition, respectively.
DETD
PAR  FIG. 1 shows a copier/duplicator system generally designated 2 including a
      copier machine 3, which is a high speed copier/duplicator capable of
      producing simplex or duplex copies at the option of a machine operator.
      The copier machine 3 has a platen 4 for receiving documents to be
      reproduced, and a control panel 5 which includes various control knobs,
      buttons, and switches for selecting various modes of operation such as
      simplex and duplex copies and the number of copies to be reproduced. In
      accordance with the invention, the copier/duplicator system includes a
      sorting apparatus 6 having tray assemblies 7 and a sheet stacking
      apparatus 8.
PAR  As best shown in FIG. 2, the copier/duplicator system includes an automatic
      xerographic apparatus which includes a photosensitive plate including a
      photoconductive layer 10 that is placed over a conductive backing. The
      plate is formed in the shape of a drum 11 and the drum mounted upon a
      shaft 12 that is journaled for rotation in the machine frame. Basically,
      the xerographic drum is rotated in the direction indicated so as to pass
      sequentially through a series of xerographic processing stations. The
      photosensitive drum and the xerographic processing apparatus are driven at
      predetermined speeds relative to each other from a drive system (not
      shown) and the operations thereof coordinated in order to produce proper
      cooperation of the various processing mechanisms.
PAR  The original, to be reproduced, is placed upon a transparent horizontally
      supported platen 4 and the original scanned by means of a moving optical
      scanning system and to produce a flowing light image of the original. The
      scanning system includes an elongated horizontal extended aperture lamp 15
      and a movable lens element 18. The lamp and lens element moves in
      coordination across the object supported upon the platen to focus
      successive incremental bans of illumination reflected from the object onto
      the moving drum surface at synchronous speeds therewith. The optical path
      is folded by means of a pair of image mirrors 19 and 20 interposed between
      the lens and the drum surface, the drum is first uniformly charged by
      means of a corona generator 13 positioned in charging Station A. Under the
      influence of the flowing light image, the uniformly charged
      photoconductive surface is selectively dissipated in the non-image areas
      to form what is commonly known as a "latent electrostatic image".
PAR  The latent electrostatic image is carried on the drum surface from the
      exposure station into the developing station C. The developing station
      primarily is comprised of a developer housing 22 adapted to support a
      supply of two-component developer material 21 therein. The developer
      material is transported by means of a bucket system 23 from the bottom of
      the developer housing to an elevated position where the material is
      delivered into the active development zone. The developer material is
      caused to flow downwardly in contact with the upwardly moving drum surface
      under closely controlled conditions wherein charged toner particles are
      attracted from the developer mix into the image areas on the plate surface
      thus making the image visible.
PAR  The moving drum surface next transports the developed xerographic image to
      a transfer station D. Cut sheets of final support material are also moved
      into the transfer station, the backside of the copy sheet is sprayed with
      an ion discharge from a transfer corotron 25 inducing on the sheet a
      charge having a polarity and magnitude sufficient to attract the toner
      material from the drum surface to the final support material. The induced
      charge also electrostatically tacks the final support material to the drum
      surface. In order to remove the copy sheet from the drum surface, a
      stripper finger 28 is positioned downstream from the transfer corotron.
      The finger is arranged to move between the drum surface and the copy sheet
      and lifts the sheet from the drum surface and the copy sheet is directed
      along a predetermined path of travel into contact with a stationary vacuum
      transport 29.
PAR  Although a preponderance of the toner material is transferred from the drum
      surface to the copy sheet during the transfer process, invariably some
      residual toner remains behind on the drum surface after transfer. This
      residual toner is transported on the drum surface after transfer. The
      residual toner is transported on the drum surface into a cleaning station
      E where it is brought under the influence of cleaning corotron 30 adapted
      to neutralize the electrostatic charge tending to hold the residual toner
      to the drum surface. The neutralized toner is mechanically cleaned from
      the drum surface by means of a brush or the like and the toner collected
      within a housing 31. A conveyor moving in an endless loop through tubes 32
      transport the collected residual toner back to the developer housing where
      it is deposited within the developer mix so that it can be once again
      reused in the xerographic developing process.
PAR  The copy sheet, which has been removed from the drum surface after the
      transfer operation, is moved along stationary transport 29 into fusing
      station F. The fuser 33 is basically made up of an upper fuser roll 34 and
      a lower fuser roll 35 mounted in operative relation to each other and
      arranged to coact so as to support a sheet of material in pressure driving
      contact therebetween. The lower roll is heated. As the heated roll is
      rotated in the direction indicated, the heated surface of the lower roll
      is pressed into intimate contact with the image face of the support sheet.
      Mechanical and heat energy transported from the roll surface to the
      support sheet to permanently bond the toner particles to the support
      material.
PAR  Upon leaving the fuser, the fixed copy sheet is passed through a
      curvalinear sheet guide system, generally referred to as into cooperating
      advancing rolls 43 and 44. At this point, depending on the mode of
      operation selected, the copy sheet is either forwarded directly to the
      sorter or into the upper supply tray 52 by means of a movable sheet guide
      45 before entering the sorter.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to show the general operation of a xerographic
      reproducing machine. For a more detailed explanation of the
      copier/duplicator xerographic components reference is made to U.S. Pat.
      No. 3,645,615, entitled Copying Apparatus.
PAC  SORTING APPARATUS
PAR  Sorter apparatus 6 comprises a horizontal vacuum transport assembly 103
      which receives copy sheets from the copier/duplicator and advances them to
      a plurality of tray assemblies 7. A drive apparatus moves the tray
      assemblies vertically intermittently for receiving copy sheets advanced
      along the transport path as will be explained hereinafter. A drive motor
      111 serves to drive transport assembly 103 which uses vacuum generated by
      a blower 108.
PAR  The tray assemblies 7 are arranged in groups of approximately five (5)
      trays each for purposes of multiple bin unloading as will become more
      apparent. Each of the tray assemblies has a tray portion 205 which is
      inclined at an angle of approximately 20.degree. to the horizontal and an
      end portion 207 which is perpendicular to the tray portion 205 and then
      extends in a horizontal direction at tail portion 209. Tray portion 205
      and tail portion 209 are mounted on cam followers which engage the spiral
      slot formed in the cylindrical surface of cam members to be described.
PAR  Tail portion 209 has a cam follower mounted 213 which includes a spring
      member 215 for enabling movement of the cam follower 213 relative to the
      tray assembly 203. Tray portion 205 has a pair of cam followers 211
      mounted adjacent the leading corners thereof and received in spiral
      grooves 221 of camming members 223 and 224 positioned at opposite sides of
      the entrance to the tray assembly. A third cam member 225 which has spiral
      portions 227 for receiving cam follower 213. By this arrangement, a three
      point suspension is provided by the tray assemblies.
PAR  Each of the cam members 223 and 224 at the entrance of the tray assemblies
      and cam member 225 at the rear of the tray assemblies have the same path.
      The path has a series of fine closely spaced or low pitch surfaces 231
      separated by a high pitch surface 233 providing separation of the tray
      assemblies into groups to enable multiple bin unloading. It will be noted
      that by this arrangement that multiple bin unloading results in copy sets
      in adjacent tray assemblies being offset about 1/4 inch such that set
      separations of sets or books is effected upon simultaneous unloading of a
      group of the tray assemblies (FIG. 7). Also by the above arrangement, the
      tray assemblies compact in space in a series of nested arrangements, to
      enable getting a large number of trays into a confined area.
PAR  At the vicinity of sheets entering the sorter is a very high pitch portion
      235. The construction of the cam members 223, 224, and 225 with pitch
      portion 235, renders an opening tray or bin feature as each of the tray
      assemblies passes the horizontal transport which moves the copy sheets
      into each of the tray assemblies. By this structure, as the tray
      assemblies pass the horizontal transport, there is an opening movement
      between the tray assemblies greatly facilitating receipt of copy sheets
      into them. The tray assemblies then close to the normal gap from the
      previous tray assembly. It has been found that this opening bin feature,
      makes less difficult the movement of the copy sheets, into the moving tray
      assemblies, even where large stacks of paper are received in the tray
      assemblies to enable a reliable trouble free operation. At the same time,
      by virtue of the sorter construction, a great number of tray assemblies
      can be used in a relatively small area. Moreover, the construction of the
      cam members enables receiving a high volume of sheets in a tray assembly.
PAR  The drive mechanism for moving the tray assemblies vertically includes a
      drive motor 250 which drives three timing belts 251, one each for the cam
      members 223, 224, and 225. Torque is transmitted to each of the cam
      members by a pulley associated with each of the cam members by a pulley
      associated with each of the timing belts 251. The cam members may be made
      out of any suitable material such as "Delrin", a trademark of DuPont
      Corporation, Wilmington, Delaware. The drive motor 250, is energized
      intermittently by electrical signals supplied by machine control when
      sheets on transport assembly 105 are detected by a lamp and photocell
      sensing unit 253 with the aid of a reflector 255 FIG. 6. One or more
      switches 256 are mounted near cam member 233 to control de-engerization of
      motor 250 upon a single revolution of the cam member. Also limit switches
      257 are provided to detect the upper and lower limits of the path of the
      tray assemblies to reverse the direction of motor 250.
PAR  In accordance with the present invention to insure that the sheets in the
      tray assemblies are neatly stacked in a pile, a sheet stacking apparatus
      260 is positioned on the frame adjacent to the discharge zone. As best
      shown in FIG. 8, sheets entering the tray assemblies have a tendency to
      curl along tray portion 207 thereby forming an obtuse angle therewith as
      soon as one sheet enters. This is especially prevalent in extreme
      environmental conditions, such as high and low humidity. The sheet
      stacking apparatus 260 FIGS. 9a and 9b comprises a pair of light weight
      plate members 260 and 262 each positioned at one side of the sheet
      discharge zone best seen in FIG. 4. Since each of the plate members has
      the same structure only one will be described, it being appreciated that
      both cooperate to perform the necessary function and result.
PAR  The plate member has connecting linear side portions 264-269. When the tray
      assembly is empty, it will be noted that side portion 264 forms an acute
      angle .theta..sub.1 with tray portion 205. The plate member is pivotally
      mounted on a pin member 271 on the frame. When an incoming sheet strikes
      the plate member the kinetic energy is transformed to rotary kinetic
      energy. As the plate member returns to its normal rest position, its
      rotational kinetic energy acts on all the sheets in the stack of the tray
      assembly. As a result the top sheet is precluded from moving relative to
      the stack and the tray assembly. As the sheets fill the tray assembly FIG.
      9b an acute angle .theta..sub.2 being formed by the top most sheet and the
      side portion 264 decreases gradually as plate member pivots slowly away
      from the sheet edges stacking against tray portion 207.
PAR  In operation the plate member becomes the effective tray back to prevent
      the sheets from curling. The plate member is sufficiently light in weight
      that the sheet actually follows tray portion 207. Any suitable material
      can be used for plate member such as plastic. It will now be appreciated
      that the plate member transforms kinetic energy which is absorbed by the
      topmost portion of stack thereby preventing the plate member from pushing
      the top sheet away from the stack. As a result sheet skew and bounce are
      minimized as sheets enter the tray assemblies. To assist in preventing
      sheet movement each tray assembly is provided with rollers 280 FIGS. 3 and
      5 which are hinged to an adjacent tray assembly.
PAR  By the above described invention a stacking apparatus is provided which is
      effective over a wide range of sheet weights. Thus the rotational
      displacement of the plate members vary with the weight of the sheets with
      the heavier sheets having greater kinetic energies and therefor greater
      rotational displacement. With the present invention sheets are stacked
      neatly in trays to facilitate unloading of the stack.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment, it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and in its operation may be
      made by those skilled in the art without departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sorting apparatus in which copy sheets are sorted into tray members
      moved past a sheet path, wherein each tray member is arranged with a first
      tray portion inclined to the horizontal plane on which sides of copy
      sheets are received and a second tray portion against which edges of the
      copy sheets are received, the improvement comprising:
PA1  a frame,
PA1  at least two light weight plate members positioned on said frame in spaced
      relation with at least one plate member on each side of the center line of
      the sheet path and terminating the sheet path at an acute angle to said
      first tray portion,
PA1  said plate members being pivotable on an axis parallel to and adjacent said
      second tray portion to move relative to the tray member whereby a copy
      sheet entering the tray member strikes said plate members transferring
      kinetic energy to rotational kinetic energy which is absorbed by the
      topmost sheets in said tray member upon return of said plate members to a
      rest position,
PA1  wherein each of said plate members is in the shape of a polygon which is
      relatively thin, said polygon having a leading edge in the sheet path
      forming said acute angle with said first tray portion,
PA1  wherein said acute angle decreases as the tray member fills with copy
      sheets whereby curling of sheets along said second tray portion is
      minimized.
NUM  2.
PAR  2. In a sorting apparatus in which copy sheets are sorted into tray members
      moved past a sheet path, wherein each tray member is arranged with a first
      tray portion inclined to the horizontal plane on which sides of copy
      sheets are received and a second tray portion against which edges of the
      copy sheets are received, the improvement comprising:
PA1  a frame,
PA1  at least one light weight plate member located on said frame at the
      termination of the sheet path at an acute angle to said first tray
      portion,
PA1  said plate member being pivotable on an axis parallel to and adjacent to
      said second tray portion to move relative to the tray member whereby a
      copy sheet entering the tray member strikes said plate member transferring
      kinetic energy to rotational kinetic energy which is absorbed by the
      topmost sheets in said tray member upon return of said plate member to its
      rest position,
PA1  wherein said plate member is in the shape of a polygon which is relatively
      thin, said polygon having a leading edge in the sheet path forming said
      acute angle with said first tray portion,
PA1  wherein said acute angle decreases as the tray member fills with copy
      sheets whereby curling of sheets along said second tray portion is
      minimized.
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ABST
PAL  A dual purpose exercising device comprised of a bar with hand grips on the
      outer ends. Wheeled handles are slidably disposed on the bar and are
      abutted against the hand grips. A spring is disposed about the bar between
      the wheeled handles to urge them outwardly. The wheeled handles may be
      moved inwardly against the spring for compression exercising; the wheeled
      handles acting as wheels for using the device as a roller exerciser.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Heretofore, no economical and simple device has been devised to allow
      multiple types of exercises. Many devices provide more than one exercise
      but are bulky and relatively expensive.
PAR  Our society suffers from overweight. We do not get the proper exercise to
      trim the excessive weight we gain from our bodies, which is a major cause
      of heart attacks, the primary cause of death in our country.
PAR  One reason many people do not exercise is the cost involved for the
      equipment to exercise with.
PAR  Another factor involved is the time and space needed to exercise with
      presently available exercising devices. Running requires a great deal of
      time and space to keep stomach muscles in condition. For a good physique,
      one must keep his chest and arms in condition which usually requires
      lifting weights, involving the purchase of relatively expensive equipment.
PAC  SUMMARY OF INVENTION
PAR  We have provided a dual purpose exercising device comprising two wheeled
      handles slidably disposed on a bar between hand grips rigidly attached to
      the ends of the bar. A spring is slideably disposed on the bar between the
      wheeled handles so that when the user presses inwardly on the wheeled
      handles he must apply sufficient force to compress the spring. The two
      wheeled handles act as wheels rotatably and slideably disposed on the bar
      so that when the user grips the stationary hand grips he may roll the
      device while in a prone position.
PAR  A primary object of our invention is to provide an inexpensive means of
      keeping the body trim and fit.
PAR  A further object of our invention is to allow the user to perform multiple
      exercises with a single exercising device.
PAR  Another object of our invention is to provide a method of keeping the arm
      and chest muscles in condition with a minimum amount of effort and
      expense.
PAR  A still further object of our invention is to provide means to keep the
      stomach and back muscles in condition with a minimum of effort, space, and
      time consumed.
PAR  A general object of the invention is to provide a relatively inexpensive,
      compact exercising device which has a multiplicity of uses and
      applications.
PAR  Other and further objects of my invention will become apparent upon
      referring to the detailed description hereinafter following and to the
      drawings annexed hereto.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  Drawings of a preferred embodiment of the invention are annexed hereto so
      the invention may be better and more fully understood, in which:
PAR  FIG. 1 is a partially sectionalized elevational view of the dual purpose
      exercising device,
PAR  FIG. 2 is an end elevational view of FIG. 1; and
PAR  FIG. 3 is a cross-sectional view taken along line 3-3 of FIG. 1.
PAR  Numeral references are employed to designate like parts throughout the
      various figures of the drawing.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the numeral 1 generally designates a dual purpose
      exercising device.
PAR  The exercising device 1 generally comprises a bar 2 with hand grips 3 and 4
      disposed at both ends thereof, and preferably held in place by screw 5 and
      washer 6 or they may be held in place by friction. The hand grips 3 and 4
      are preferably comprised of non-slip material such as molded plastic, or
      the like and are preferably shaped and dimensioned so as to accommodate
      the hands of the user gripped about grips 3 and 4 when using it as a
      rolling exerciser in the manner hereinafter described.
PAR  The interior ends of hand grip 3 and 4 provide shoulders 17 and 18 against
      which is urged wheeled grips 7 and 8 by spring 13. Wheeled grips 7 and 8
      have a bore extending longitudinally therethrough, through which bar 2 is
      slidably disposed, so that the wheeled grips are rotatable thereabout.
      Outer webs 10 support the rims of wheels 11 and 12 and add structural
      strength to allow the exercising device 1 to be used as a rolling
      exerciser.
PAR  Spring 13 is slideably disposed about bar 2, between hollow inner end
      extensions 7a and 8a on wheeled grips 7 and 8, and extends into
      counterbore 14 in each of the extensions 7a and 8a. Counterbore 14 has a
      diameter larger than that of spring 13, allowing the spring 13 to enter
      counterbore 14. Hollow outer extensions 7b and 8b on wheeled grips 7 and 8
      provide grips to accommodate the hands of the user.
PAR  The spring 13 has ends abutted against shoulders 15 in counterbore 14 so
      that the spring is disposed between the two wheeled grips 7 and 8, thereby
      allowing compression of spring 13 when the wheeled grips 7 and 8 are moved
      inwardly thereover, as illustrated by broken lines in FIG. 1.
PAR  It should be readily apparent that springs 13 of varying compression or a
      multiplicity of such springs may be substituted in the device to thereby
      vary the effectiveness of the exerciser.
PAR  The operation and function of the device heretofore described is as
      follows:
PAR   The use as a rolling device, the exercising device 1 is gripped about
      handles 3 and 4 while the user is in a standing position. Bending at the
      waist the user positions the wheels 11 and 12 onto the floor adjacent his
      feet. The user then extends his body, keeping his feet stationary and
      rolling the wheels 11 and 12, which are independently rotatable about bar
      2, across the floor away from his feet.
PAR  It should be readily apparent that stomach and chest muscles will be
      stretched as the exercising device is moved across the floor when the
      weight of the user is supported by his feet and the exercising device.
PAR  When used as a compression device to exercise the arm muscles and chest,
      outer extensions 7b and 8b of wheeled grips 7 and 8 are gripped. The
      wheeled grips are pushed inwardly along bar 2 to the position 11' and 12',
      shown in broken lines in FIG. 1, compressing spring 13 between the wheeled
      grips thereby exercising the muscles in the arms and chest. As external
      force exerted on the wheeled grips 7 and 8 is slowly released spring 13
      urges wheeled grips 7 and 8 into engagement with shoulders 17 and 18 on
      hand grips 3 and 4.
PAR  It will be understood that other and further embodiments of the device may
      be devised without departing from the spirit and scope of the appended
      claims.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. An exercise device comprising: an elongated cylindrical bar having a
      smooth outer surface; a pair of hand grips; an abutment on each of said
      hand grips, one of said hand grips being secured to each end of said bar
      such that each of said abutments is positioned intermediate opposite ends
      of said bar; a pair of tubular sleeves having inner and outer ends, each
      of said sleeves having a bore extending therethrough, said bar being
      telescopically disposed in said bores, each of said sleeves having an
      enlarged counterbore formed in inner ends thereof, said bore and
      counterbore in each of said sleeves being concentric forming a shoulder
      inside each of said tubular sleeves intermediate opposite ends of said
      sleeves; a coiled spring having a central passage, said bar extending
      through said central passage, said spring having ends extending into said
      counter bores and into abutting relation with said shoulders such that an
      outer end of each of said sleeves is urged into engagement with one of
      said abutments on said hand grips secured to opposite ends of said bar; a
      pair of wheels; and means rigidly securing one of said wheels to each of
      said sleeves, each of said wheels being spaced from the outer end of each
      of said sleeves to provide an extension between the outer end of each of
      said sleeves and each of said wheels, said extensions being adapted to be
      gripped by human hands to urge said sleeves inwardly along said bar to
      move outer ends of said sleeves out of engagement with said abutments on
      said hand grips on opposite ends of the bar.
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ABST
PAL  A safety base for athletic events, particularly for the first base position
      of softball and baseball playing fields, includes a first portion of
      conventional size and shape for conventional placement in the infield at
      first base position, and an integral, extended, colorcoded portion for
      placement across and outside the base line, whereby an extended portion of
      the base is available to a player running toward first base, which the
      player may tag in order to be safe, and thus the danger of collision with
      another player attempting to tag the first player out at first base is
      substantially reduced, with a resultant reduction in the incidence of
      injury to either of the players.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of Applicataion Ser. No.
      415,835, filed Dec. 10, 1973, now abandoned.
BSUM
PAR  This invention relates to a safety base for athletic events, and in
      particular to an extended base for the first base position on softball and
      baseball playing fields.
PAR  Practically since the inception of the games of baseball and softball the
      bases and general dimensions and layout of the playing fields have been
      unchanged, and at least for the past 30 or 40 years the bases and other
      dimensions have remained substantially the same. Heretofore, conventional
      bases used in the game of softball or baseball are typically 15 inches
      square and from 3 to 5 inches thick, according to official softball and
      baseball rules, and are padded and made of suitable materials to withstand
      the rough usage frequently encountered in the game. In baseball, for
      example, a distance of 90 feet exists between home plate and first base,
      and for the last 45 feet between home plate and first base a 3 foot wide
      running lane is provided outside the foul line or base line. First base,
      on the other hand, is disposed wholly in the infield, and since prior art
      conventional bases are only 15 inches square, a relatively small area is
      provided for tagging by the runner and/or by the fielder attempting to
      make a play at first base. Thus, in the distance of 90 feet, the runner
      attains full speed and he generally runs in the 3 foot running lane
      provided outside the base line. Consequently, the runner will frequently
      turn infield immediately before reaching first base in order to be sure to
      tag or touch the base. However, the fielder or other player may either be
      standing on the base and attempting to catch a ball thrown with great
      speed toward the base to get the runner out, or the fielder will also be
      running at full speed toward first base in order to beat the runner there
      and thus get the runner out. Thus, a very dangerous situation is created
      in which the possibility of collision between the runner and first baseman
      or fielder is very great. The problem is particularly acute when amateurs
      are playing, such as in the many youth leagues around the world, wherein
      relatively unskilled young people are encouraged to play the sports of
      softball and baseball. These young people are frequently not as well
      coordinated as more mature people and, therefore, the danger of collision
      between a runner and a first baseman or fielder is enhanced. Consequently,
      the incidence of injury between players at the first base position is
      quite high.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide a safety base for
      athletic events, and particularly for the first base position of softball
      and baseball playing fields, and wherein the safety base has an extended
      end portion projecting outwardly of the base line into the 3 foot running
      area, whereby a player running toward the base has available to him an
      extended portion which he may tag, thus eliminating the necessity of the
      runner of turning inwardly toward the portion of the base disposed in the
      infield area, and thus substantially reducing the danger of collision
      between the runner and a fielder attempting to get the runner out at first
      base.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating the manner in which the extended
      safety base of the invention is used.
PAR  FIG. 2 is a view in elevation of the safety base of the invention.
PAR  FIG. 3 is an enlarged, plan view of the safety base of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, wherein like reference numerals indicate like parts
      throughout the several views, a safety base B in accordance with the
      invention is shown in position on a playing field, and the safety base B
      includes a first portion 10 of substantially conventional size and shape
      disposed in the infield area at the first base position, a second portion
      11 which coincides with the base line L, and a third portion 12 which
      projects outwardly of the base line L into the running area or lane R
      extending along the base line.
PAR  The base B is of one-piece construction, and is made of a suitable durable
      material, such as conventionally used in the manufacture of conventional
      bases, and may comprise, for example, a vinyl, nylon, canvas or other
      suitable covering, having a wood-wool stuffing or foam padding and the
      like, with web straps and metal spikes and/or metal pegs or peg connectors
      with metal sleeves positioned on the bottom of the base, as desired.
PAR  In the example shown, a pair of pegs 13 and 14 are suitably attached to the
      underside of base B adjacent opposite end portions thereof, whereby the
      pegs may be inserted into the ground to firmly anchor the base in
      position.
PAR  The first portion 10 preferably is square in shape and has a length and
      width each of about 15 inches and a thickness of from 3 to 5 inches. The
      second portion 11 has the same width of 15 inches, but has a length of
      only 4 inches, and the third portion 12 also has the same width of 15
      inches, but has a length of 6 inches. Thus, the base has a first end
      portion M of substantially conventional size and shape and a second, or
      extended, end portion N which is adapted to extend over and outwardly of
      the base line L. Moreover, the first and third portions 10 and 12 are
      preferably white or off-white in color, and the second portion 11 is
      preferably black in color, such that the different sections or portions of
      the base are clearly distinguished for the purpose of establishing certain
      areas for rules regarding the use of the extended safety base.
PAR  The optional provision of pegs or spikes 13' and 14' at substantially the
      center of each of the opposite sides and opposite ends, respectively, of
      the base is indicated in dot and dash lines in FIG. 3. Also, suitable
      webbing W is provided on the base to help retain the shape of the base.
PAR  Thus in use, the base B is positioned at the first base position of either
      a softball or baseball playing field, as shown in FIG. 1, with the second
      portion 11 coinciding with the base line L and the first portion 10
      disposed in the infield area, and the third portion 12 disposed outwardly
      of the base line L in the 3 foot running lane R. Accordingly, when a play
      is made at first base, the runner P1 is enabled to stay in the 3 foot
      running lane R and may tag the extended end portion 12 without creating an
      excessive danger of collision with the fielder P2, who may tag or touch
      the first portion or infield area 10 of the base. By the present invention
      it will be seen that a safe distance is left between a runner and fielder
      at the first base position, which thus substantially reduces the danger of
      collision between the runner and fielder, and yet the integrity of the
      game is not harmed.
PAR  It is recognized that the official rules, both for professional and amateur
      sport, would need to be changed in order to use the base according to the
      present invention, but in view of the added safety to the players
      involved, and further in view of the fact that the nature and style of the
      game would not otherwise be changed or effected, it is not seen that this
      will create any undue hardship or problems in the use of the invention.
PAR  Also, not only will the present invention substantially reduce the danger
      of collision between a fielder and runner at first base, and consequently
      reduce the injuries between the players, but will also afford the first
      baseman more flexibility in making a play at first base, and will also
      enable better management training of novice or beginner players in running
      toward first base and making plays at that base. In other words, less
      emphasis can be placed on attempting to avoid collisions with other
      players, and more emphasis placed on learning the basics of the game and
      in attempting to reach first base at full speed in order either to be safe
      to to make a play at that base.
PAR  As this invention may be embodied in several forms without departing from
      the spirit or essential characteristics thereof, the present embodiment
      is, therefore, illustrative and not restrictive, since the scope of the
      invention is defined by the appended claims rather than by the description
      preceding them, and all changes that fall within the metes and bounds of
      the claims or that form their functional as well as conjointly cooperative
      equivalents are, therefore, intended to be embraced by those claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety base for the first base position of softball and baseball
      playing fields, comprises an elongate, rectangularly shaped base having a
      first end portion of the size and shape of a conventional softball and
      baseball base for disposition in a conventional position in the infield at
      the first base position, an integral, extended end portion for placement
      across and outside the base line to thus present an extended end portion
      of the base to a player running toward the base, which extended end
      portion may be tagged by the runner, thereby significantly reducing the
      danger of collision between the runner and another player attempting to
      get the runner out at the base, said extended end portion comprising a
      second portion which has a length substantially the same as the width of
      the base line and is adapted to overlie the base line, and a third portion
      which is adapted to extend outwardly of the base line, said first and
      third portions being readily visually distinguishable one from the other
      and said second portion being readily visually distinguishable from the
      first and third portions.
NUM  2.
PAR  2. A safety base as in claim 1, wherein the first end portion is
      approximately 15 inches long, the second portion is approximately 4 inches
      long, and the third portion is approximately 6 inches long, all of said
      portions having a width of 15 inches.
NUM  3.
PAR  3. A safety base as in claim 2, wherein said first and third portions are
      of one color and said second portion is of another color.
NUM  4.
PAR  4. A safety base as in claim 3, wherein the base is from 3 to 5 inches
      thick, and said one color is white and said another color is black.
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ABST
PAL  A golf accessory comprising a first element to be used as a green marker, a
      second element releasably supporting said first element, and a flexible
      thin sheet secured to the bottom surface of said second element, said
      flexible sheet having pressure-sensitive adhesive applied on its bottom
      surface on which adhesive-coated bottom is applied a release paper. In
      place of said flexible thin sheet, a base member having an upright flange
      may be secured to the bottom of the second element, said base member being
      covered on its bottom with pressure-sensitive adhesive. A release paper
      may be applied to the adhesive-coated bottom surface of said base member.
      Or alternatively, a flexible thin sheet may be secured to the bottom of
      said base member having the upstanding flange. Pressure-sensitive adhesive
      may thus be applied to the bottom of the bottom surface of the flexible
      thin sheet to which bottom a release paper is attached. The golf accessory
      as described may be attached to any desired location such as the grip end
      of a putter, golf shoes, belt or the like. When using the golf accessory
      of this invention, the green marker which is apt to be lost may be removed
      from the retainer means as necessary and put back after use.
BSUM
PAC  OBJECTS AND SUMMARY OF INVENTION
PAR  This invention relates to a golf accessory comprising in combination a
      green marker and its retainer means, and more particularly to a golf
      accessory comprising a green marker for marking the location of the ball
      to prevent the ball from being an obstacle to other players and a retainer
      means for holding the green marker when it is not in use.
PAR  Thin pieces made of woolen yarn or synthetic resin have heretofore been
      commonly used as green markers, but there have been no special means for
      storing the green marker, so that players had to put such markers in their
      pockets. However, as the players usually play the golf in light clothes in
      which the pockets are naturally few, the pockets are filled up with
      various items necessary for the golf play such as score cards, pencils,
      hankerchiefs, tees, balls and etc. Consequently, small items such as green
      markers are liable to get mixed with things in the pockets so that the
      players have often have difficulty in taking markers out of their pockets
      when necessary. This difficulty has caused not only a delay in the play
      but also loss of the green markers.
PAR  The present invention has for its object the provision of a golf accessory
      designed to eliminate the aforesaid drawbacks. According to the invention,
      a golf accessory in combination of a green marker and its retainer means
      is provided comprising a first element to be used as a green marker, a
      second element releasably holding said first element, and a flexible thin
      sheet secured to the bottom surface of said second element, said flexible
      sheet having pressure-sensitive adhesive applied on its bottom surface, a
      release paper being applied on said adhesive-covered bottom.
PAR  The first element to be used as a green marker and the second element for
      holding the first element are preferably formed of separable fastening
      materials such as are commercially available under the trademark of
      "Velcro" fastener or the like. Said separable fastening device is
      described in U.S. Pat. No. 3,009,235. Due to the easiness in fastening and
      detaching and the superior gripping properties, the aforesaid fastening
      means is particularly effective for use as the first element constituting
      a green marker of the golf accessory of this invention and the second
      element for holding the first element. The fastening means is so light in
      weight that there is virtually no possibility that the two parts of the
      fastening means may accidentally be separated, to whatever location the
      golf accessory of this invention may be attached by the pressure-sensitive
      adhesive. In addition, the first element or green marker formed of the
      separable fastening means has a good gripping relation with the putter
      green so that the need is eliminated for providing the marker with a
      projecting pin whereby the marker is inserted into the grass of the green.
PAR  Alternatively, the first element to be used as a green marker and the
      second element releasably holding the first element may be formed of thin
      sheet-like magnets. On this case, the easiness in detaching and fastening
      and gripping properties are also provided by the magnetic coupling power,
      although the handling easiness is not so great as the aforesaid separable
      fastening means.
PAR  The flexible thin sheet may be made of synthetic resin such as
      polyvinylchloride, treated paper such as synthetic resin-treated paper, or
      other flexible materials. What is essential is that the material should be
      water-proof, moistureproof, tough, and capable of being formed into a thin
      sheet or film. The flexible thin sheet may be provided on its upper side
      with a roughened surface to which the first and second elements of the
      golf accessory are firmly secured. The pressure-sensitive adhesive which
      is applied to the bottom surface of the flexible thin sheet may be any
      commercially available adhesives including linking type acrylic resinous,
      natural rubber type or synthetic rubber type adhesives. Whichever type
      adhesive may be used, it should be prepared so as to provide a proper
      adhesive power.
PAR  The release paper may be formed of any commercially available water and
      moisture proof material including synthetic film such as a polyethylene
      sheet or treated paper such as silicone-coated paper, so long as the
      release paper is of the nature which can be separated from the
      pressure-sensitive adhesive as described above.
PAR  According to an alternate embodiment of the golf accessory of this
      invention, in place of the flexible thin sheet, a base member having
      upright flange means extending therefrom may be secured to the bottom of
      said second element, said base member having pressure-sensitive adhesive
      applied to its bottom and the release paper being attached to said
      adhesive-covered bottom. Said upright flange means is located outward of
      the first element to be used as a green marker and the second element
      supporting said first element to thereby protect the two elements from
      outside interference which may possibly remove the first element from the
      second element. Said base member having upright flange means may be in the
      form of a concave tray or a generally circular plate having at least two
      upright projections extending therefrom. The base member may be of any
      suitable configuration to prevent outside interference and yet permit easy
      removal and attachment of the green marker. The upright flange means may
      be inwardly inclined to protect the green marker or outwardly inclined to
      facilitate the removal of the marker. The base member with upright flange
      means may be formed of synthetic resin, metal or the like, but is
      preferably made of synthetic resin because of its workability. The golf
      accessory according to this embodiment is used by being attached to a flat
      surface as the bottom of the base member is usually formed flat. However,
      the base member may not necessarily be flat. The upright flange means
      serves to protect said first element as a green marker and said second
      support element from any interference from the top and sides while the
      base member is firmly secured to the second element to prevent the
      deformation of the latter.
PAR  According to a further embodiment of the invention, a golf accessory is
      provided comprising a first element to be used as a green marker, a second
      element releasably supporting the first element, a base member having
      upright flange means and secured to the bottom of said second element, and
      a flexible thin sheet secured to the bottom of said base member, said
      flexible thin sheet having pressure-sensitive adhesive applied to its
      bottom and a release paper being applied to said adhesivecovered bottom of
      the flexible sheet. Since this form of golf accessory is provided with
      both the flexible sheet and the base member having upright flange means,
      it provides both of the aforesaid advantages that the golf accessory may
      be secured to even an irregular surface and that the first and second
      elements are protected from outside interference.
PAR  The golf accessory according to this invention may easily be attached to
      any location such as the grip end of a putter, caddie bag, belt, gloves or
      others after the release paper is removed. Thus, a green marker liable to
      be lost may be removed from its retainer means for use as necessary and
      put back after use. The golf accessory having a flexible thin sheet may be
      firmly attached to an irregular surface, while with a golf accessory
      having a base member with upright flange means, the green marker and its
      retainer piece are protected. Particularly, when the golf accessory is
      secured to the grip end face of the putter, the green marker and its
      retainer piece is prevented from being damaged by contact with the bottom
      of a caddie bag while the putter is placed in the bag.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will now be described with reference to several
      embodiments illustrated in the accompanying drawings, it being understood,
      however, that the invention is not limited to the precise arrangements
      shown.
PAR  FIG. 1 is a perspective view of a golf accessory according to this
      invention;
PAR  FIG. 2 is a vertical sectional view of the golf accessory of FIG. 1;
PAR  FIG. 3 is a vertical sectional view showing the golf accessory of FIG. 1 as
      being attached to the top grip end of a putter;
PAR  FIG. 4 is a perspective view of an alternate form of the golf accessory
      according to this invention;
PAR  FIG. 5 is a vertical sectional view of the accessory of FIG. 4;
PAR  FIG. 6 is a side elevational view illustrating the accessory of FIG. 4
      being secured to the top grip end of a putter; and
PAR  FIG. 7 is a perspective view of a further alternate form of the golf
      accessory according to this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, a green marker 1 is formed of a Velcro fastener
      (trademark) and a retainer piece 2 for holding the green marker is also
      made of the same material. The retainer piece 2 releasably supports the
      green marker 1. The bottom of the retainer piece is adhesively secured to
      a flexible thin sheet 3 of polyvinylchloride the bottom surface of which
      is coated with pressure-sensitive adhesive 4. Applied to said
      adhesive-coated bottom surface is a silicone-coated paper 5.
PAR  Reference is now made to FIG. 3. In use, the siliconecoated paper 5 is
      removed to expose the pressure-sensitive adhesive 4. The flexible thin
      sheet 3 with the pressuresensitive adhesive exposed is then pressed
      against the raised surface of the grip end such that the flexible sheet
      covers the entire raised surface.
PAR  It is preferable and convenient in use that the flexible thin sheet 3 is
      generally circular and dimensioned so as to extend beyond the outer
      periphery of the retainer piece 2. The green marker 1 is preferably of
      smaller size than the retainer piece 2 to facilitate the removal and
      attachment.
PAR  In FIGS. 4 through 7, the same parts as shown in FIGS. 1 to 3 bear the same
      reference numerals. Referring to FIGS. 4 and 5, a retainer piece or
      support member 2 releasably holding a green marker 1 is secured at its
      bottom surface to a base member 6 to the bottom of which
      pressure-sensitive adhesive is applied, a release paper 5 being attached
      to the adhesive-covered bottom of said base member. The base member is in
      the shape of a concave tray with an upright peripheral flange 7 extending
      therefrom. As shown in FIG. 6, in use the release paper 5 is removed and
      the golf accessory is fixed to the flat end face of the putter grip 8 by
      means of the adhesive-applied bottom of the base member. The golf
      accessory as illustrated in FIG. 4 to 6 protects the green marker 1 and
      its support member 2 from interference from the outside so that the green
      marker and its support member will not be subject to damage due to contact
      with the bottom of the caddie bag.
PAR  Still another embodiment of the golf accossory is illustrated in FIG. 7. A
      support member 2 of separable fastening material releasably holding a
      green marker 1 of the same material is bonded to a base member 6 having
      upright flange means 7 comprising, in this embodiment, three
      circumferentially spaced vertical projections extending from the periphery
      of the base member. Adhesively bonded to the bottom of the base member is
      a flexible thin sheet 3 having pressure-sensitive adhesive applied to its
      bottom. A release paper 5 is attached to the adhesive-applied bottom of
      the flexible sheet. The vertical projections 7 serve to protect the green
      marker from outside interference, and yet the spaces between the
      projections provides an easy access when the user removes the marker. The
      release paper 5 has a larger size than the flexible sheet 3 so that the
      release paper may easily be separated.
PAR  While the present invention has been described with reference to several
      preferred embodiments, it should be understood that the invention may be
      embodied in other specific forms without departing from the spirit thereof
     .
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A golf accessory comprising:
PA1  a green marker of a Velcro fastener material;
PA1  a retaining element of a Velcro fastener material for retaining said green
      marker;
PA1  a base member fixedly secured to said retaining element and having a
      protecting means for protecting said green marker from being accidentally
      brushed off when retained; and
PA1  an adhering means attached to said base member for adhering said base
      member to a suitable position comprising a layer of pressure-sensitive
      adhesive and a release paper attached thereto.
NUM  2.
PAR  2. The golf accessory according to claim 1 wherein said base member is in
      the shape of a disc and said protecting means comprises an annular flange
      on the perimeter of said disc.
NUM  3.
PAR  3. The golf accessory according to claim 2 wherein said adhering means is
      directly affixed to said base member.
NUM  4.
PAR  4. The golf accessory according to claim 1 wherein said base member is in
      the shape of a disc having a face and said protecting means comprises at
      least two protrusions extending perpendicular to said face of said disc.
NUM  5.
PAR  5. The golf accessory according to claim 4 wherein said adhering means is
      affixed to a thin flexible sheet, said thin flexible sheet being secured
      to said base member.
NUM  6.
PAR  6. The golf accessory according to claim 1 wherein said adhering means is
      directly affixed to said base member.
NUM  7.
PAR  7. The golf accessory according to claim 1 wherein said adhering means is
      affixed to a thin flexible sheet, said thin flexible sheet being secured
      to said base member.
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PAL  A net roller for putting up and taking down game nets such as a volley ball
      net is disclosed. The net is provided with hooks fixed to the upper and
      lower margins of the net at each end for attachment of the net to spaced
      support members. The net roller comprises a cylinder having a length
      slightly greater than the width of the net, half rings fixed to each end
      of the cylinder, and a pair of handles rotatably mounted to the ends of
      the cylinder. The net roller can be used to take down the net by detaching
      the hooks at one end of the net from one support member and reattaching
      them to the half rings on the cylinder, rolling the net onto the cylinder,
      and then detaching the hooks at the other end of the net from the other
      support member. The net can thereafter be put up by connecting the hooks
      at the free end of the net to one of the support members, grasping the
      handles on the net roller while moving toward the remaining support member
      so that the net unrolls from the cylinder, and then connecting the
      remaining end of the net to the other support member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to game equipment, and in particular to an
      apparatus and method for putting up and taking down game nets such as a
      volley ball net.
PAR  Most elementary and secondary schools offer a physical education period for
      students as one of their class periods for the day. The physical education
      period ordinarily starts out with a few minutes of calisthenics, and then
      the students are then formed into teams to play various games. The
      physical education period is ordinarily held in the gymnasium, and various
      groups of students have their gymnasium period at different times of the
      day. Since space must often be provided for calisthenics, and different
      games are often played by different groups of students throughout the day,
      any equipment required to play the games must ordinarily be put up and
      taken down several times each day. A substantial portion of the physical
      education period is thus wasted by changing the game equipment, such as
      putting up and taking down volley ball nets, tennis nets, and the like. As
      a result, the game session is ordinarily quite short and the student is
      given relatively little exercise, often defeating the purpose of the
      physical education period to significant extent.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides apparatus for putting up and taking down
      nets such as volley ball nets, tennis nets and so forth. The net is
      provided with connector elements of a first type fixed to the upper and
      lower margins of the net at each end for attachment of the net to spaced
      support members. The apparatus of the present invention comprises a
      cylinder having a length slightly greater than the width of the net, at
      least one connector element of a second type complementary to the
      connector elements of the first type connected to each end of the
      cylinder, and a pair of handles rotatably mounted to the ends of the
      cylinder.
PAR  The apparatus of the present invention can be used to take down a net by
      detaching the connector elements at one end of the net from one support
      member and reattaching the detached connector elements to the
      complementary connector elements on the cylinder, rolling the net onto the
      cylinder, and then detaching the connector elements at the other end of
      the net from the other support member. The net can subsequently be put up
      by connecting the connector elements at the free end of the net to one or
      the other of the support members, grasping the handles while moving toward
      the remaining support member to allow the net to unroll from the cylinder,
      and connecting the connector elements at the remaining end of the net to
      the other support member.
PAR  The primary advantage of the present invention is that games nets can be
      put up and taken down in a fraction of the time formerly required. As a
      result, the game portion of the physical education period can be expanded,
      and as a result, the students will receive increased exercise. After the
      net has been taken down, it can conveniently be stored on the apparatus of
      the present invention until it is again needed.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      following description considered in connection with the accompanying
      drawings in which a preferred embodiment of the invention is illustrated
      by way of example. It is to be expressly understood, however, that the
      drawings are for the purpose of illustration and description only and are
      not intended as a definition of the limits of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the net roller of the present invention;
PAR  FIG. 2 is a plan view illustrating a net partially wound on the net roller
      of the present invention;
PAR  FIG. 3 is an expanded view of the connector elements of the present
      invention;
PAR  FIG. 4 is an elevation view of a mounted volley ball net;
PAR  FIG. 5 illustrates the volley ball net of FIG. 4 being taken down using the
      net roller of the present invention;
PAR  FIG. 6 illustrates the volley ball net of FIG. 4 being put up using the net
      roller of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The net roller 10 of the present invention is illustrated by way of
      reference to FIG. 1. Net roller 10 includes a cylinder 12 having a length
      which exceeds the width of the net to be rolled thereon. Pairs of half
      rings 14, 15 and 16, 17 are disposed at the opposite ends of cylinder 12.
      The individual half rings such as 14, 15 of each pair are disposed on
      opposite sides of cylinder 12. A pair of handles 18, 19 are rotatably
      mounted to the opposite ends of cylinder 12.
PAR  Referring next to FIG. 2, a net 20 such as a volley ball net, tennis net
      and so forth having snap hooks 22, 23 fixed to the upper and lower margins
      of the net is shown partially wound on net roller 10. Snap hooks 22, 23
      are engaged with one half ring 14, 16 of each pair, and the net is shown
      partially rolled onto cylinder 12 of net roller 10. As is evident from
      FIG. 2, the distance between the pairs of half rings 14, 15 and 16, 17 is
      slightly greater than the width of net 20 so that the net can easily be
      rolled onto cylinder 12.
PAR  In the preferred embodiment of the present invention, the net is provided
      with snap hooks as illustrated in the enlarged view of FIG. 3. The snap
      hook 22 can easily be engaged with the half rings such as 14 or any
      similar loop type structure. However, it is apparent that various types of
      connector elements can be fixed to the net for engagement with
      complementary connector elements on cylinder 12. While such snap hooks and
      half rings are illustrated herein, it is to be expressly understood that
      the present invention is not limited to these particular types of
      connector elements.
PAR  Referring next to FIG. 4, net 20 is illustrated mounted to two spaced
      support members 30, 31. Each support member 30, 31 is provided with
      vertically spaced half rings 32 or similar loop structures. Net 20 is
      mounted to support members 30, 31 by engaging the snap hooks such as 22,
      23 to the various half rings 32.
PAR  When net 20 is to be taken down as illustrated in FIG. 5, the snap hooks
      connected to one support member such as 31 are disconnected therefrom and
      attached to half rings on opposite ends of net roller 10. The operator 34
      of the net roller can then roll the net onto the roller by holding one of
      the handles 18 in one hand and rolling the net onto the roller with either
      an overhand or an underhand motion. Once the entire net 20 has been rolled
      onto net roller 10, the snap hooks connected to the other support member
      30 can be disconnected therefrom and reconnected to the half rings on the
      opposite ends of the net roller. The net 20 can conveniently be stored on
      the net roller until again needed.
PAR  The net 20 stored on net roller 10 can easily be put up when needed as
      illustrated in FIG. 6. The snap hooks at the free end of net 20 are
      attached to complementary half rings 32 on support member 30. The operator
      34 then grasps the handles 18, 19 of net roller 10 in each hand and backs
      toward the other support member 31, allowing the net to unroll from the
      roller. When the operator 34 reaches support member 31, the snap hooks at
      the free end of the net can be disconnected from net roller 10 and
      reconnected to half rings 32 on that support member.
PAR  While a preferred embodiment of the present invention has been illustrated
      in detail, it is apparent that modifications and adaptations of that
      embodiment will occur to those skilled in the art. However, it is to be
      expressly understood that such modifications and adaptations are within
      the spirit and scope of the present invention, as set forth in the
      following claims.
CLMS
STM  What I claim as new is:
NUM  1.
PAR  1. Apparatus for putting up and taking down game nets such as volley ball
      net comprising a net having connector elements of a first type fixed to
      the upper and lower margins of the net at each end for attachment of the
      net to spaced support members, a portable cylinder having a length at
      least as great as the width of said game net, at least one connector
      element of a second type complementary to the connector elements of the
      first type fixed to each end of the cylinder, and a pair of handles
      rotatably mounted to the ends of the cylinder, so that the net can be
      taken down by detaching the connector elements of the first type at one
      end of the net from one support member and reattaching the detached
      connector elements to the respective connector elements on the cylinder,
      rolling the net onto the cylinder while holding the cylinder by one of the
      handles, and then detaching the connector elements at the other end of the
      net from the other support member, and the net thereafter can be put up by
      connecting the connector elements at the other end of the net to one or
      the other of the support members, grasping the handles while moving toward
      the remaining support member to allow the net to unroll from the cylinder,
      and connecting the connector elements at said one end of the net to the
      other support member.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein the connector elements of the
      first type each comprise a snap hook, and wherein the connector elements
      of the second type each comprise a half ring.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein a pair of half rings are
      provided at each end of the cylinder, the half rings of each pair being on
      opposite sides of cylinder.
NUM  4.
PAR  4. Apparatus for providing a net structure for a volley ball game or
      similar activity wherein the net structure is to be frequently put up and
      taken down, said apparatus comprising:
PA1  a net having a pair of hooks at each end fixed to the respective upper and
      lower margins of the net;
PA1  a portable cylinder having at least one loop structure at each end, the
      width of the cylinder between the loop structures being no less than the
      width of the net;
PA1  a pair of handles rotatably mounted to the respective ends of the cylinder;
      and
PA1  a net support including two spaced apart support members each having a
      vertically spaced pair of loops for mounting of the net to the support
      structure with the hooks, so that the net can be taken down by detaching
      the hooks at one end of the net from one support member, attaching the
      hooks to the loop structures on the cylinder, rolling the net onto the
      cylinder while holding the cylinder by one of the handles and detaching
      the hooks at the other end of the net from the other support member, and
      wherein the net can subsequently be put up by reattaching the hooks at
      said other end of the net to the other support member, grasping the
      handles and allowing the net to unroll from the cylinder while moving
      toward the first support member, and detaching the hooks at said one end
      of the net from the loops structures on the cylinder and reattaching the
      hooks to said one support member.
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PAL  A ball game has a housing with a transparent cover, and a labyrinthine
      platform disposed in the housing. A plurality of balls are positioned
      between the platform and the transparent cover. The labyrinthine platform
      is resiliently loaded in the direction towards the transparent cover, and
      thus tends to trap the balls between the platform and the cover. One or
      more actuating handles are provided to project externally of the housing
      for shifting the labyrinthine platform against the action of its loading,
      thereby to free the balls, thus giving the user a possibility of
      controlling the running of the balls on the labyrinthine platform.
BSUM
PAR  Ball games of skill are known which have a platform, movable in all
      directions, which forms the playing area and is provided with channels,
      transverse passages and openings through which the balls can drop. The
      object is to guide the balls along the channels and transverse passages
      towards a given goal by altering the angle of tilt of the playing area or
      of the platform. In so doing, the balls can move freely and are thus to
      some extent uncontrollable, with the result that chance triumphs over
      skill, thereby detracting from the pleasure derived from the game.
PAR  The subject of the present invention differs from these familiar ball games
      of skill in that, in the area in which the balls can move, means are
      provided for arbitrarily slowing down the balls or bringing them to a halt
     .
DRWD
PAR  The drawing shows, as examples, various versions of the subject of the
      invention, as follows:
PAR  FIG. 1 a view from above of a first version,
PAR  FIG. 2 a section through the line II-II in FIG. 1,
PAR  FIG. 3 a section through the line III-III in FIG. 1,
PAR  FIG. 4 a diagrammatic representation of a second version,
PAR  FIG. 5 a third version in diagrammatic form,
PAR  FIG. 6 a view from above of a fourth version,
PAR  FIG. 7 a sketch relating to FIG. 6, partly in section,
PAR  FIG. 8 a vertical section through a fifth version,
PAR  FIG. 9 a vertical section through a sixth version,
PAR  FIG. 10 the same version in diagrammatic form,
PAR  FIG. 11 a seventh version in diagrammatic form,
PAR  FIG. 12 an eighth version, partly in section.
DETD
PAR  In FIGS. 1 to 3, 1 indicates a flat plastic housing, the detachable cover 2
      of which is preferably made of transparent plastic such as plexiglass and
      which is secured by a spring catch. 3 is a labyrinthine platform of
      plastic, wood or metal which can be moved vertically in the housing and
      which is pressed against the cover 2 by a spring element 4 made of foam or
      Sorbo rubber, located on the base 1' of the housing. Any suitable steel
      spring can also be used to achieve this spring effect. The playing area of
      the movable labyrinthine platform 3 has, at the top, open longitudinal and
      transverse channels 5 and 5' for the steel balls 6. The longitudinal and
      transverse channels 5 are connected to one another by transverse passages
      5". 7 are recesses let into the sidewalls of the channels 5, on one or
      both sides, which act as obstacles to the passage of the balls along the
      channels 5. Indentations 8 for trapping the balls, consisting, with a few
      exceptions, of shallow hollows formed in the channels, are provided in the
      transverse passages 5" of the longitudinal channels 5, to hinder rolling
      of the balls. Similar indentations 8 are provided in some of the channel
      recesses 7. 8' are flat indented hollows arranged in rows near the ends of
      the longitudinal channels 5 on a raised section running at right angles
      thereto and marked on the cover 2 by a red boundary line 9, numerals on
      the cover 2 indicating the points scored. Behind the raised section 9, the
      channels are provided with very deep indentations 10, each of which has a
      coloured minus sign 11 above it on the cover 2. Opposite the very deep
      indentations 10, the labyrinthine platform 3 has an equally deeply
      indented transverse channel 12 for storage of the balls, which is linked
      to the transverse passage 5' by a longitudinal passage 13. The storage
      channel 12 is interrupted in the middle by a marginal recess 14 in the
      labyrinthine platform 3. A wedge 15 for bringing the balls into play
      engages in this marginal recess 14 and is located inside the housing wall
      1". Projecting above all four corners of the labyrinthine platform 3 are
      operating buttons 16, which pass through the cover 2 in openings 17 in the
      corners.
PAR  Because the diameter of a ball 6 is greater than the dept of a channel 5,
      5' and of a passage 5", release of the buttons 16 means that any ball 6 in
      the playing area is clamped and slowed down between the labyrinthine
      platform 3 and the cover 2, so that it is held stationary. If, however, as
      a result of pressing the appropriate buttons 16, the labyrinthine platform
      3 is brought into a tilted position which causes the balls to roll in the
      desired direction, then the griping pressure on the balls is released and
      they can roll. Releasing the buttons 16 results in momentary braking and
      stoppage of the balls. If all the balls are in the storage space 12, the
      depth of which is greater than the diameter of a ball 6, then, if all the
      buttons 16 are released, the result is that sufficient space is left
      between the labyrinthine platform 3 and the cover to prevent braking or
      clamping of the balls.
PAR  When the ball game is being played, it should rest on a horizontal support
      such as a table top. To start the game, all ten balls should be brought
      into the storage space 12. This is done by depressing all the buttons 16
      simultaneously and placing the housing 1 on the sidewall 1". When all the
      balls 6 have been rolled in this manner into the storage space 12, one
      person can start the game by placing two fingers of each hand on each of
      two opposite buttons. By pressing one or two of the buttons 16, the
      labyrinthine platform 3 can be made to tilt in any desired direction and
      the ball which has been brought into play made to roll in accordance with
      the inclination of the labyrinthine platform 3.
PAR  A ball 6 is shot into the playing area by conveying one of the balls in the
      storage area 12 into the marginal recess 14 by appropriate tilting of the
      labyrinthine platform 3. It is now possible to shoot the ball via the
      longitudinal passage 13 into the playing area by simultaneously depressing
      all four buttons 16, and using the wedge 15 (FIG. 3) which projects into
      the marginal recess 14. The ball 6, which first enters the transverse
      passage 5', can now, by appropriate tilting of the labyrinthine platform
      3, be made to roll into the outermost longitudinal channel 5 on the left
      and then, by alternately depressing the appropriate buttons 16, made to
      roll through the longitudinal channels 5 and those transverse passages 5"
      which do not have a hollow 8 to trap the ball. If, however, a ball rolls
      into a trap 8, it is regarded as out of play, as it is impossible to
      retrieve it therefrom solely by means of the permissible operation of the
      buttons. Another ball 6 must therefore be shot into the playing area. If a
      ball is successfully rolled into a winning hole 8', then this ball scores
      the number of points allotted to this hole 8'. If, however the ball rolls
      over the hole 8' into the deep identation 10, this counts as a double
      penalty which is to be deducted from the final score.
PAR  Several persons may take part, one after another, in the ball game
      described, trying to get the ten balls into the winning holes 8'. The
      winner is the person who, in the final score, has the most points.
PAR  The same operating method and form of play apply to the versions of the
      ball game described below.
PAR  In accordance with FIG. 4, two handles 18 are provided for operating the
      labyrinthine platform 3, the ends of which pass through handle holes 17 in
      the cover 2 and are secured to the corners of the labyrinthine platform 3.
PAR  In accordance with FIG. 5, two elongated buttons or controls 16, which pass
      through corner holes in the cover 2, are secured to two diagonally
      opposite corners of the labyrinthine platform 3.
PAR  In FIGS. 6 and 7, the labyrinthine platform 3 is fitted with an operating
      lever 19 secured at its centre, which protrudes upwards through a hole 20
      in the cover 2. In this case, the channels 5 are arranged in concentric
      circles in relation to one another, and are linked to one another by
      radial passages 5", indentations 8 being inserted as additional hazards in
      the majority of the passages 5". 8' indicates the winning holes, which are
      arranged in radial passages in two radial rows. 10 represents deeper
      holes, and balls falling into them count as double penalties. By pressing
      down the lever 19 and placing the housing 1 on to the sidewall 1", all the
      balls in the playing area are simultaneously fed to the storage area 12.
      In addition, pressing down the operating lever 19 when the playing area is
      horizontal causes one ball to be ejected each time from the storage area.
PAR  In FIG. 8, the housing 1 is fitted with a hollow base 21 with a suction cup
      22 on its underside, making it possible to secure the game to a smooth
      table top. The base 21 has two large recesses 23 located opposite one
      another, giving free access by hand to an operating lever or control 24
      extending vertically downwards inside the hollow base. This lever is
      located centrally on the underside of the labyrinthine platform 3 and
      passes through a central opening 25 in the bottom of the housing 1'. A
      ring-shaped foam cushion 4 presses the labyrinthine platform 3 against the
      cover 2 and, when the control 24 is not under pressure, causes any balls 6
      which may be in the playing area to be blocked (FIG. 8). Pulling the
      control 24 downwards releases the ball 6, which can then roll into the
      channels 5, depending on the angle of tilt of the labyrinthine platform 3.
      Appropriate movement of the control 24 tilts the labyrinthine platform 3
      in all directions.
PAR  As shown in FIGS. 9 and 10, the housing is round. A transparent securing
      plate 26 fitted a short distance above the transparent cover 2 is
      connected to the platform 3 by means of three pins 27 passing through the
      former in marginal recesses 17. Fixed to the centre of the securing plate
      26 is an operating lever 28, manipulation of which causes the angle of
      tilt of the labyrinthine platform 3 to be changed in all directions.
      Pressing the control 28 downwards lowers the labyrinthine platform 3
      against the action of the foam cushion 4 and releases the balls in the
      playing area, while removal of pressure on the control 28 locks the balls
      6 present in the playing area.
PAR  The round housing shown in FIG. 11 is supported by the hollow base 21, and
      the latter with a suction cup 22 operated by a lever 22'. Easily
      accessible in two opposite recesses 23 are two operating levers 29 which,
      as in FIG. 8, pass, with some play, through openings 25 in the base 1' of
      the housing and are connected to the labyrinthine platform 3.
PAR  As shown in FIG. 12, the labyrinthine platform 3 is supported on a
      centrally located spring-loaded ball 30 against the base 1' of the
      housing. The ball, which can be solid or hollow, engages in suitable
      cavities in the base 1' of the housing. Instead of this ball 30, it would
      also be possible to have a coil spring standing vertically on the base 1'
      of the housing.
PAR  The labyrinthine platform 3 can have channels 5, 5' and passages 5" in
      various shapes, as may be seen from FIGS. 1 and 6, by means of which the
      degree of difficulty of the game is determined. The labyrinthine platform
      3 is interchangeable, and can easily be replaced by a platform of a
      different degree of difficulty.
PAR  Because of the possibility of slowing down and stopping the balls at
      selected points on the labyrinthine platform, the players are to a large
      extent dependent on their skill, and chance, which detracts from the fun
      of the game, does not have any decisive effect on the course of the game.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ball game comprising a housing having a transparent cover, a
      labyrinthine platform in said housing, a plurality of balls disposed
      between the cover and the labyrinthine platform, loading means for urging
      the labyrinthine platform resiliently towards the cover whereby the cover
      and the platform may engage the opposite diametrical portions of at least
      one of said balls, and actuating means connected to the labyrinthine
      platform and accessible externally of said housing for manual shifting of
      said labyinthine platform against the action of its loading means and
      thereby releasing said at least one engaged ball.
NUM  2.
PAR  2. A ball game as claimed in claim 1, wherein said housing comprises a
      transverse passage for storage of said balls, and wherein there is
      provided in said housing a projecting device for projecting balls into
      play from said storage passage, said projecting device being positioned
      for operation by said labyrinthine platform when said platform is shifted
      manually against the action of its loading means.
NUM  3.
PAR  3. A ball game, as claimed in claim 1, wherein said labyrinthine platform
      includes transverse passages and lateral recesses therefor, and wherein
      indentations are provided in said passages and recesses for trapping said
      balls.
NUM  4.
PAR  4. A ball game, as claimed in claim 1, wherein said loading means comprises
      a resilient cushion disposed between said housing and said labyrinthine
      platform.
NUM  5.
PAR  5. A ball game, as claimed in claim 1, wherein said actuating means
      comprise buttons which project with clearance through openings in said
      transparent cover.
NUM  6.
PAR  6. A ball game, as claimed in claim 1, wherein said actuating means
      comprise elongated handles each having two legs which pass with clearance
      through marginal openings of said transparent cover.
NUM  7.
PAR  7. A ball game, as claimed in claim 1, wherein said actuating means
      comprise a handle positioned centrally on said labyrinthine platform and
      extending with clearance through an opening in said cover.
NUM  8.
PAR  8. A ball game, as claimed in claim 1, wherein said housing is supported on
      an apertured hollow foot, and wherein said actuating means comprise a
      handle positioned centrally on said labyrinthine platform and projecting
      through an opening in said housing into said hollow foot.
NUM  9.
PAR  9. A ball game, as claimed in claim 1, wherein said actuating means
      comprises a securing plate carrying a centrally mounted handle, said
      securing plate being spaced from said transparent cover at the side of
      said cover remote from said labyrinthine platform, said securing plate
      being coupled to said labyrinthine platform by a plurality of pins passing
      with clearance through marginal openings of said transparent cover.
NUM  10.
PAR  10. A ball game, as claimed in claim 1, wherein said housing is supported
      on an apertured hollow foot, and wherein said loading means is a ball
      disposed centrally between said housing and said labyrinthine platform,
      and wherein said actuating means comprises two handles disposed at
      diagonally opposite points of said labyrinthine platform and passing with
      clearance through openings in said housing and projecting through the
      aperturing of said foot to the exterior thereof.
PATN
WKU  039388085
SRC  5
APN  5456657
APT  1
ART  334
APD  19750130
TTL  Game apparatus including board and pieces
ISD  19760217
NCL  5
ECL  1
EXP  Lowe; Delbert B.
NDR  1
NFG  5
INVT
NAM  Bockmon, Jr.; William E.
CTY  Louisville
STA  KY
ASSG
NAM  Gamut Games, Inc.
CTY  Shepherdsville
STA  KY
COD  02
CLAS
OCL  273131BA
XCL  273131K
XCL  273137R
EDF  2
ICL  A63F  300
FSC  273
FSS  131
UREF
PNO  3455555
ISD  19690700
NAM  DeBono
OCL  273131K
UREF
PNO  3603591
ISD  19710900
NAM  Shoptaugh
OCL  273131AB
UREF
PNO  3799547
ISD  19740300
NAM  Hills
OCL  273131B
LREP
FRM  Dowell & Dowell
ABST
PAL  A game, including gameboard and pieces, wherein the board comprises a
      number of similar discrete areas each capable of receiving a piece during
      a move by one of several participating players, the areas and pieces being
      symetrically disposed as viewed by the players at the start of the game.
      The pieces include for each player uniquely colored pawns and another
      similarly-colored larger piece referred to herein as a knight, the latter
      occupying multiple contiguous areas at the same time. The players have
      sequential "moves", each complete move of a player requiring that he first
      move his knight to a location including at least one newly occupied area
      and that he thereafter move one of his pawns to a different new area.
      These pieces can be moved anywhere on the board so long as the areas to
      which they move are not already occupied. The game ends for a losing
      player when he is no longer able to move his knight so as to occupy at
      least one new area.
BSUM
PAR  This invention relates to a new game including a gameboard and pieces
      sufficient for several players, the game being played with more than half
      of the discrete areas on the gameboard occupied by pieces and at least one
      of the pieces of each player being a larger piece shaped to occupy
      multiple contiguous areas, whereby with all of the pieces on the board it
      is possible for them to be arranged at the start of the game so that the
      larger pieces can be moved about rather freely, but so that at the finish
      of the game the losing player finds it impossible to move his larger piece
      to occupy a new combination of areas so that his larger piece or knight is
      trapped in its present location.
PAR  It is the purpose of this invention to provide a game having only a few
      simple rules easily learned by children and having simple pieces
      comprising pawns and larger pieces called knights, but having the
      capability of intriguing more competitive intellects by providing the
      opportunity for complex move-planning strategy resulting partly from the
      fact that each player can find his own pawns are as much a hazzard to the
      next move of his knight as are the pieces which are not under his own
      control.
PAR  The object of the game is to have plural players move their pieces in
      sequential turns in such a way as to trap an opponent and leave him
      without the capability of making the moves required of him during his next
      turn. Each complete turn requires that a player first move his knight to
      any unoccupied pattern of areas on the board which it will fit and which
      includes at least one newly occupied area, and then move one of his pawns
      to a new area not now occupied. The knight may be flipped over, turned
      around and/or picked up and set down again in another zone of the board.
      The sequence of such turns proceeds until a player is unable to move his
      knight to an area including at least one new area of its occupancy.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 is a perspective view of a gameboard and pieces illustrative of this
      invention;
PAR  FIG. 2 is a perspective view of a pawn piece;
PAR  FIG. 3 is a perspective view of a knight piece;
PAR  FIG. 4 is a schematic plan view showing an exemplary starting placement of
      the pieces on the board for two-player participation; and
PAR  FIG. 5 is a schematic plan view of one of many possible endings of the game
      in which the player having the shaded pieces has completed his turn and
      has trapped the player having the unshaded pieces, since the unshaded
      knight can not be further moved as required in the rules.
DETD
PAR  Referring to FIGS. 1, 2, and 3, these views show a practical embodiment of
      the game designed for two-player participation. The game includes a
      gameboard 10 having a large number of discrete areas 12 arranged in rows
      and columns which can be occupied by game pieces including pawns 14 and
      knights 16, FIGS. 2 and 3. Each player is provided with his own
      color-distinguished set of pieces including a knight and plural pawns. In
      the embodiment illustrated, which corresponds with the one being currently
      manufactured, the areas 12 are provided with sockets 13 shaped to receive
      the pawns which can be plugged thereinto for greater stability when the
      game is played for instance in a moving vehicle. In this embodiment, the
      central area 11 is never occupied by any piece. It should be noted that
      all of the pieces remain on the board 10 at all times and that they occupy
      a total of sixteen discrete areas, whereas the board has a total of
      twenty-four occupiable areas. Thus two-thirds of the areas are always
      occupied in this embodiment. Each player has enough pawns to occupy at
      least as many areas as are occupied by his own knight.
PAR  FIG. 4 shows a suitable placement of pieces to "START" the game, the
      placement being symmetrical as viewed by both players, one manipulating
      the unshaded pieces 14 and 16 and the other manipulating the shaded pieces
      14' and 16'. Note that in FIG. 4 the placement of the pawns 14 and 14' is
      such that there is plenty of room on the board to freely move both knights
      16 and 16' according to the rule that after each move a knight must occupy
      areas including at least one previously vacant area. However, as the game
      progresses, the pawns 14 and 14' become a hazard to both knights.
PAR  FIG. 5 shows a situation which can be the end of the game for the player
      manipulating the unshaded knight 16. If the other player has just
      completed his move he is the winner because the unshaded knight 16 can not
      now be moved so as to occupy a new area. Conversely, if the player having
      the unshaded pieces had just completed his move, the game would not be
      over yet because the player manipulating the shaded knight 16' can still
      move it another time. Incidentally, the unshaded knight, under the latter
      suppositions, would just have participated in a very poorly planned move,
      since the player has left no place to move the knight 16 on his next turn.
PAR  Although the illustrative embodiment of FIG. 1 is suitable for two-player
      participation, it is contemplated that the board can be altered and
      enlarged to accomodate more than two players using additional sets of
      pawns and knights having different distinguishing colors. With more than
      two players, the losing players would be eliminated one at a time and
      would stop playing although their pieces would remain on the board frozen
      in their final-move positions.
PAR  This invention is not to be limited to the exact forms shown in the
      drawings, for obviously changes can be made therein within the scope of
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A game for plural participating players including a gameboard having
      multiple discrete areas disposed in rows and columns, each row and each
      column having an odd number of areas so that there is on the board one
      central discrete area, the areas being symmetrically disposed as viewed by
      each of the players; and differently colored sets of pieces for the
      different players, each set including a fixed number of pawns each
      occupying one discrete area and including a knight shaped to occupy at
      least several contiguous areas, all of the areas except the central area
      being capable of occupation by a piece and the discrete areas of the
      gameboard which are occupied when all of the pieces are positioned thereon
      being greater than half the total number of discrete areas on the
      gameboard but never including the central area.
NUM  2.
PAR  2. A game as set forth in claim 1, wherein said pieces occupy about
      two-thirds of the discrete areas of the gameboard.
NUM  3.
PAR  3. A game as set forth in claim 1, wherein the gameboard is rectangular
      wherein said knights are L-shaped and each occupies at least four discrete
      areas, and wherein the number of pawns in the participating sets are
      sufficient that the total number of areas occupied by the pawns is at
      least equal to the total number of areas occupied by the knights.
NUM  4.
PAR  4. A game as set forth in claim 1, wherein the gameboard has mutually
      crossing rows of discrete areas, and wherein said knights are shaped such
      that they occupy contiguous areas in different rows and the numbers of
      areas occupied by each knight in these rows are different.
NUM  5.
PAR  5. A game for two participating players including a rectangular gameboard
      having five rows and five columns of discrete areas disposed symmetrically
      as viewed by each of the players; and differently colored sets of pieces
      for the different players, each set including four pawns each occupying
      one discrete area and including an L-shaped knight shaped to occupy four
      contiguous areas, the total number of discrete areas of the gameboard
      occupied when all of the pieces are positioned thereon being greater than
      half the total number of discrete areas on the gameboard, said discrete
      areas having sockets extending into the board into which the pawns are
      shaped to fit and the center discrete area of the board having no socket
      and never being occupied by a piece.
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ABST
PAL  An apparatus for playing a golf game based on the momentum of propelled
      golf balls. The apparatus includes a golf tee from which golf balls are
      hit, an upright target for halting the balls propelled from the tee, and a
      ball momentum determining and indicating package for providing a numerical
      momentum magnitude representation for each ball propelled toward the
      target with either tee or fairway type golf clubs. The ball momentum
      determining and indicating package includes a time sequence signal
      producing device for providing a discrete sequence of intermittent timed
      signals based on ball traverse time from tee to target, a numeric
      indicating device for translating the intermittent timed signals to
      provide ball momentum magnitude representation, a sensing device disposed
      with respect to the tee for activating the time sequence signal producing
      device when a ball is dislodged from the tee, and sensing units disposed
      with respect to the target for de-activating the time sequence signal
      producing device when a ball hits the target. For playing the game, each
      player hits a predetermined number of balls with each predetermined type
      of club. The resulting score of each shot is displayed on the numeric
      indicating device situated on a score table located at the golf tee area.
PARN
PAR  This application is a division of application Ser. No. 204,890, filed Dec.
      6, 1971, now U.S. Pat. No. 3,784,207.
BSUM
PAR  The aim of this invention is to provide a golf game apparatus that will aid
      the golfer in developing greater power for hitting a golf ball.
PAR  Accordingly, other objects of this invention are as follows:
PAR  To provide a golf game apparatus adaptable for use both indoors and
      outdoors.
PAR  To provide a golf game apparatus which accommodates the use of wood, long
      iron, medium iron, and short iron clubs.
PAR  To provide a golf game adaptable to a game rating such as men's and women's
      par, so that golfer handicaps can be established.
PAR  To provide a golf game adaptable to both league and tournament play.
PAR  To provide a golf game apparatus whereby a ball momentum representation
      score is provided for every shot hit from the tee.
PAR  To provide a game scoring system that can be adapted with a score
      projection unit to display player scores for spectator viewing.
DRWD
PAR  These objects and other objects of this invention should be discerned and
      appreciated from the description and claims taken in conjunction with the
      accompanying drawing in which:
PAR  FIG. 1 depicts a schematic showing of the invention.
DETD
PAR  In explaining the invention in detail, it can be discerned that this
      invention is capable of many embodiments of which the preferred is herein
      described and illustrated in the associated drawing.
PAR  With reference to FIG. 1, it can be readily discerned that the invention
      includes a golf tee 10 locatable at one end of a play area, an upright
      target 19 disposed at the opposite end, and ball momentum determining and
      indicating means. Said ball momentum determining and indicating means
      include an acoustic transducer with controls, one or more inertia
      switches, a time sequence programmer, a latch relay, a control relay, a
      counter, and a D.C. power supply unit.
PAR  Target 19 can be fabricated from a material such as reinforced plastic
      sheet and erected by use of conventional means. Said target contains a
      plurality of ball-to-target impact sensing means such as inertia switches
      strategically and properly mounted thereupon for detecting ball impact
      regardless of where said ball hits said target. Said inertia switches will
      be electrically interconnected in parallel so that actuation of any one or
      any number of them will operate to provide a signal for control purposes.
      The terms inertia switch, acceleration switch, and G-switch are used
      synonymously in the art to refer to an acceleration sensitive device.
PAR  The acoustic sensing system, the counter, the control relay, the latch
      relay, the inertia switches, the time sequence programmer, and the D.C.
      power supply are standard commercially available components. It is to be
      noted that equivalent devices classified as fluidic, electronic,
      electromechanical, etc., can be substituted for the above cited components
      without departing from the teachings of the invention.
PAR  Terms herein utilized should bear interpretation such as follows:
PA0  Time Sequence Programmer-- It is a time sequence signal producing means for
      providing time sequenced signals or sequentially timed output control
      pulses.
PA0  Sensing Means for Initiating the Time Sequence Signal Producing Means-- It
      is to be construed as acoustic or ultrasonic sensing units, photoelectric
      sensing units, inertia switches, etc.
PA0  Sensing Means for Terminating the Time Sequence Signal Producing Means-- It
      is to be construed as inertia switches, ultrasonic sensing units,
      photoelectric sensing units, etc.
PAR  Since ball momentum is dependent on the velocity at which the ball leaves
      the golf club head or the average velocity of said ball in flight, such
      trajectory parameters as distance from the golf ball tee to said target
      and the time required for said ball to travel said distance could be
      utilized for numerical classification exemplifying said ball momentum
      representation. As can be discerned, said ball momentum designation can
      therefore be represented by the time required for the ball to travel from
      said tee to said target. For a tee-to-target distance of 50 feet, the
      following typical scoring system could be utilized to represent ball
      momentum.
TBL  ______________________________________                                    
     Momentum Factor                                                           
                 Momentum Parameters                                           
     Score       Average Vel.(ft/sec)                                          
                                 Time (sec)                                    
     ______________________________________                                    
     1            .infin. to 200   0 to .250                                   
     2           200.sup.- to 180                                              
                                 .250.sup.+ to .278                            
     3           180.sup.- to 160                                              
                                 .278.sup.+ to .312                            
     4           160.sup.- to 140                                              
                                 .312.sup.+ to .357                            
     5           140.sup.- to 120                                              
                                 .357.sup.+ to .417                            
     6           120.sup.- to 100                                              
                                 .417.sup.+ to .500                            
     7           100.sup.- to 80 .500.sup.+ to .625                            
     8           80.sup.- to 60  .625.sup.+ to .833                            
     9           60.sup.- to 40   .833.sup.+ to 1.250                          
     10          40.sup.- to 0   1.250.sup.+ to .infin.                        
     ______________________________________                                    
PAR  Ball momentum is defined as the product of ball mass and its velocity.
      Since ball mass is constant, said momentum can be represented by velocity
      or the time required for said ball to travel the fixed distance between
      said tee and target.
PAR  A ball hit by an average male golfer with a driver into the target will
      probably hit said target at an average velocity of 200 feet per second or
      within a time of 0.250 seconds, and therefore said shot will be scored as
      1. When hit with an average velocity of 120 feet per second or within a
      time of 0.417 seconds, the score will be 5. When hit with an average
      velocity of 140 feet per second or within a time of 0.357 seconds, the
      score will be 4.
PAR  A ball hit by an average male golfer with a 5-iron into the target will
      probably hit said target at an average velocity of 150 feet per second or
      within a time of 0.333 seconds, and therefore said shot will be scored as
      4.
PAR  A ball hit by an average male golfer with a 7-iron into the target will
      probably hit said target at an average velocity of 140 feet per second or
      within a time of 0.357 seconds, and therefore said shot will be scored as
      4.
PAR  A ball hit by an average male golfer with a 9-iron into the target will
      probably hit said target at an average velocity of 130 feet per second or
      within a time of 0.385 seconds, and therefore said shot will be scored as
      5.
PAR  All balls not hitting said vertical target will be scored as 10. By
      completely missing said target, the golfer is penalized for poor
      performance by an assessment of zero velocity or infinitely great
      tee-to-target time for the shot, thereby, subject to an automatic
      imposition of a momentum factor score of 10.
PAR  It is to be discerned that the above cited scores can be displayed on a
      counter situated at a score table located adjacent to each golf tee. Such
      scores can in turn be recorded by players onto a score sheet positioned on
      said score table. A score projector unit attached to said table can then
      be used to project said scores from said score sheet onto a screen for
      spectator viewing.
PAR  With reference to FIG. 1, it can be discerned that when the ball is
      dislodged from the golf ball tee 9 the acoustic transducer picks up the
      sound of impact and transmits the signal to the acoustic controls which in
      turn operates to emit an output pulse from terminal 60. Said pulse will be
      conveyed to the indicating device or counter to reset it to a zero count,
      and through to terminal 61 of the latch relay to effectuate the closing of
      its normally open contacts for conveyance of power therethrough to
      terminal 62 of the time sequence programmer. Also, said pulse will be
      conveyed to terminal 63 of said programmer to inititate its operation.
      After activation, said programmer such as an electromechanical single
      cycle multi-cam timing programmer will immediately emit a pulse from
      terminal (a) to the counter to register a momentum factor count of 1
      therein. If the said ball hits the vertical target 19 within 0.250
      seconds, the inertia switches will operate and power will be conveyed
      therethrough to provide a pulse to terminal 64 of the control relay. This
      pulse will cause a momentary closure of contacts 65 such that the release
      coil of said latch relay is momentarily energized to return its contacts
      to the initial normally open condition for termination of power to said
      programmer by way of terminal 62. This means that the said programmer is
      de-activated at a momentum factor score of 1 and at the end of the
      programed cycle, all output contacts will assume the normally open
      position at reset.
PAR  If said ball does not hit said target 19 within 0.250 seconds, said
      programmer will continue to operate and at 0.250.sup.+ seconds a second
      pulse will be emitted from terminal (b) to the counter. If said ball hits
      said target within 0.278 seconds, said programmer will be de-activated as
      previously stated, and a momentum factor count of 2 will remain registered
      on said counter.
PAR  If said ball does not hit said target within 0.278 seconds, said programmer
      will continue to operate and at 0.278.sup.+ seconds a third pulse will be
      emitted from terminal (c) to advance the counter. If said ball hits said
      target within 0.312 seconds, said programmer will be de-activated and a
      momentum factor count of 3 will remain registered on said counter.
PAR  If said ball does not hit said target within 0.312 seconds, said programmer
      will continue to operate and at 0.312.sup.+ seconds a fourth pulse will be
      emitted from terminal (d) to advance the counter. If said ball hits said
      target within 0.357 seconds, said programmer will be de-activated and a
      momentum factor count of 4 will remain registered on said counter.
PAR  If said ball does not hit said target within 0.357 seconds, said programmer
      will continue to operate and at 0.357.sup.+ seconds a fifth pulse will be
      emitted from terminal (e) to advance the counter. If said ball hits said
      target within 0.417 seconds, said programmer will be de-activated and a
      momentum factor count of 5 will remain registered on said counter.
PAR  If said ball does not hit said target within 0.417 seconds, said programmer
      will continue to operate and at 0.417.sup.+ seconds a sixth pulse will be
      emitted from terminal (f) to advance the counter. If said ball hits said
      target within 0.500 seconds, said programmer will be de-activated and a
      momentum factor count of 6 will remain registered on said counter.
PAR  If said ball does not hit said target within 0.500 seconds, said programmer
      will continue to operate and at 0.500.sup.+ seconds a seventh pulse will
      be emitted from terminal (g) to advance the counter. If said ball hits
      said target within 0.625 seconds, said programmer will be de-activated and
      a momentum factor count of 7 will remain registered on said counter.
PAR  If said ball does not hit said target within 0.625 seconds, said programmer
      will continue to operate and at 0.625.sup.+ seconds an eighth pulse will
      be emitted from terminal (h) to advance the counter. If said ball hits
      said target within 0.833 seconds, said programmer will be de-activated and
      a momentum factor count of 8 will remain registered on said counter.
PAR  If said ball does not hit said target within 0.833 seconds, said programmer
      will continue to operate and at 0.833.sup.+ seconds a ninth pulse will be
      emitted from terminal (i ) to advance the counter. If said ball hits said
      target within 1.250 seconds, said programmer will be de-activated and a
      momentum factor count of 9 will remain registered on said counter.
PAR  If said ball does not hit said target within 1.250 seconds, said programmer
      will continue to operate and at 1.250.sup.+ seconds a tenth pulse will be
      emitted from terminal (j) to advance the counter. Now, all balls
      hereonafter whether hitting the target or not will register a momentum
      factor count of 10.
PAR  If a ball driven from said tee 9 does not hit said vertical target, the
      programmer will operate to emit one pulse from each terminal from (a)
      through (j) of said programmer, thus providing 10 consecutive pulses to
      the counter to register a count of 10 thereupon. After a time delay, such
      as 3 seconds, a pulse will be emitted from terminal (k) of said
      programmer. The pulse from terminal (k) will operate the release coil of
      the latch relay to return its contacts to the normally open condition such
      that power is terminated to the programmer through terminal 62.
PAR  It is to be noted that each pulse emitted from terminals (a) through (j)
      represents an incremental range of ball velocities.
CLMS
STM  Having thusly described the invention, the following is claimed:
NUM  1.
PAR  1. A golf game apparatus, comprising a golf ball tee from which golf balls
      are hit, an upright target for halting balls propelled from said tee, and
      ball momentum determining and indicating means functionally associated
      with said tee and said target to provide a numerical momentum magnitude
      representation for each ball propelled toward said target with either tee
      or fairway type golf clubs; said ball momentum determining and indicating
      means include time sequence signal producing means for providing one or
      more pulses of which each pulse represents a predetermined increment of
      ball velocities, and a remotely interconnected numeric indicating device
      operative in receiving and translating said pulses to provide a numeric
      display of said momentum magnitude representation.
NUM  2.
PAR  2. The invention as defined by claim 1, wherein said ball momentum
      determining and indicating means is further characterized as including
      sensing means disposed with respect to said tee and operative in
      initiating said time sequence signal producing means to emit said pulses
      when a ball is dislodged from said tee.
NUM  3.
PAR  3. The invention as defined by claim 2, wherein said ball momentum
      determining and indicating means is further characterized as including
      sensing means disposed with respect to said target and operative in
      terminating the signal emission of said time sequence signal producing
      means when said ball hits said target.
NUM  4.
PAR  4. The invention as defined by claim 3, wherein said indicating device is
      further characterized as a counter.
NUM  5.
PAR  5. The invention as defined by claim 4, wherein said sensing means for
      initiating the operation of said time sequence signal producing means is
      further characterized as an acoustic sensing unit, and said sensing means
      operative in terminating the signal emission of said time sequence signal
      producing means is further characterized as one or more inertia switches.
NUM  6.
PAR  6. The invention as defined by claim 5, wherein said time sequence signal
      producing means is further characterized as comprising a time sequence
      programmer.
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ABST
PAL  A video disc having signal information stored in a spiral groove, has a
      center hole formed by creating a closed convolution of predetermined
      diameter concentrically to said spiral groove and removing the disc
      material within this closed convolution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to video discs and more particularly to creating a
      center hole in such a disc that is concentric to a formed information
      storing spiral groove.
PAR  A typical method of forming a video disc suitable for reproducing
      information stored therein is described in a copending U.S. application in
      the name of Jon K. Clemens, Ser. No. 126,772, now U.S. Pat. No. 2,842,194,
      assigned to the same assignee as the present invention. According to the
      method described by Clemens, an aluminum disc is machined flat and a thin
      lacquer coating is formed on the machined surface. The lacquer formed on
      the surface of the disc is first strained through a series of micro-mesh
      filters and then poured over the surface of the disc while the disc is
      rotated at about 10 rpm. Disc rotation is continued until a smooth lacquer
      coating is formed on the metal surface when dried. After several days of
      drying, the lacquer surface is further machined flat in preparation for
      subsequent formation of a spiral, information-storing groove.
PAR  The lacquer-coated disc is then mounted for rotation about its apparent
      center on the turntable of a record cutting lathe and is rotated at a
      substantially constant velocity of about 15 rpm. Typically, a hole formed
      at about the center of the lacquer-coated disc is used as an aid to center
      the disc upon the turntable. A heated cutting stylus is positioned on the
      disc and a spiral groove is formed therein. Stylus heating is desirable to
      provide smooth cutting of the lacquer.
PAR  Signal information may be formed in the spiral groove of the disc by
      modulating the cutting stylus motion to form a signal-representative
      topography concurrently with the formation of the spiral groove. A similar
      method is utilized in the audio recording art and may be extended to video
      recording with the aid of a cutting stylus arrangement having a relatively
      high frequency response. Another method of forming an
      information-representative topography utilizes the beam of a scanning
      electron microscope to expose an electron beam sensitive material which is
      coated on a spiral grooved substrate. A system of the latter type is
      described in the above-mentioned patent of Jon K. Clemens.
PAR  After the spiral groove and topography have been formed in either the
      lacquer-coated disc or the disc coated with electron beam sensitive
      material, a metal replica is made thereof by methods known in the audio
      recording art. This metal replica, having groove and topography of
      opposite contour from that of the lacquer, may be used to stamp or emboss
      discs of, for example, thermoplastic material. The thermoplastic replica
      is then metalized to make the surface conducting and the metalization is
      thereafter coated with a dielectric. In playing back the recorded
      information, a metal-coated stylus is caused to ride in the
      dielectric-coated groove. This stylus, along with the metalization and
      dielectric, acts as a capacitor. Capacitance variations in the groove,
      which correspond to the recorded video information, are then detected
      electronically to recover the video information.
PAR  Video information typically is recorded on the disc in an
      image-line-sequential format requiring precise timing of each line with
      respect to others. A deviation in the linear velocity between the spiral
      groove and the signal pick-up stylus of the pressed or embossed record as
      compared with that existing during recording results in a non-linear
      presentation of the decoded signal information on a monitor, such as a
      television receiver. If the spiral information groove on the disc is not
      concentric with the center hole on the playback disc, the information
      extracted from the disc will have a recurrent or periodic velocity error.
      This velocity error manifests itself as frequency modulation of the
      extracted video information and causes undulations in the vertically
      disposed image components displayed on the video monitor. Deviations in
      concentricity between the spiral groove and center hole in the disc may
      result from errors which occur during the early stages of playback disc
      formation such as during the mastering process or in the centering of the
      stamper in the stamping press. In the mastering process, the
      lacquer-coated aluminum disc may be imperfectly centered on the turntable
      of the spiral-cutting lathe. Such a deviation in centering causes the
      formation of the spiral groove to be about an apparent center rather than
      the actual one. If the center hole of the lacquer-coated disc is utilized
      as a means for locating the center hole in a stamper, and thereby center
      holes in the embossed or pressed playback discs, then such a centering
      error in the lacquer-coated disc would be undesirably transferred to the
      playback discs.
PAR  A similar centering error may occur if the center of the stamper is located
      by, for example, rotating the stamper on a turntable and continuously
      repositioning the stamper on the turntable until a groove located near the
      outside of the stamper disc appears to remain stationary during rotation.
      This method of centering is not precisely accurate and may result in
      erroneous location of the center of the stamper and consequently error in
      the location of the center of the embossed or pressed disc.
PAC  SUMMARY OF THE INVENTION
PAR  A system for providing a center hole in a video disc that is concentric
      with an information groove comprises a turntable upon which a disc of
      formable material may be rotated. A forming or cutting means is mounted
      with respect to the turntable for forming a closed convolution of
      predetermined diameter in the disc. Further means, also mounted with
      respect to the turntable are provided for forming or cutting a spiral
      depression in the disc concentric with and at a radius greater than the
      closed convolution. An information forming means operates upon the
      formable disc for forming an information representative topography in the
      spiral depression.
DRWD
PAR  A better understanding of the invention may be derived from the following
      detailed description in connection with the accompanying drawings, of
      which:
PAR  FIG. 1 is a diagrammatic representation of a groove-cutting lathe useful in
      practicing the invention;
PAR  FIG. 2 is an enlarged diagrammatic representation of closed convolution
      cutters shown in FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a lacquer-coated disc with closed
      convolutions and spiral convolutions formed therein in accordance with the
      present invention;
PAR  FIG. 4 is a diagrammatic representation of a stamper used for pressing or
      embossing discs in accordance with the present invention;
PAR  FIG. 5 is a plan view of the stamper shown in FIG. 4.
DETD
PAR  In FIG. 1 a disc 20 is seated on a turntable 22. Disc 20 comprises, for
      example, an aluminum disc of about 14 inch diameter and 1/2 inch thick
      machined to a flatness of about 0.0005 inch and upon the surface of which
      a uniform coating of about 5 mils thick lacquer has been formed. A vacuum
      pad 24 is interposed between the turntable 22 and the disc 20 and
      functionally operates to retain disc 20 upon turntable 22. A vacuum source
      26 is coupled to vacuum pad 24 through a spindle 28 which passes through
      the apparent center of the disc and the center of the turntable 22.
      Turntable 22 is rotated at a relatively constant velocity of, for example,
      about 15 rpm by a synchronous motor 30.
PAR  In the formation of a spiral groove or depression in the disc 20, a cutting
      stylus 32 is caused to impinge upon the disc's surface and slowly traverse
      the disc along a radius. An advance ball 70, located adjacent cutting
      stylus 32 is adjusted to ride on the uncut portion of disc 20 and prevent
      stylus 32 from cutting into disc 20 to more than a predetermined depth. A
      lead screw 34 rotated by a further synchronous motor 36 causes cutting
      stylus mounting stock 38 to traverse along a radius of the disc at a
      substantially constant velocity. A stylus mounting arm 40 is hinged to
      stock 38 at a hinge 44 and is arranged so that the cutting stylus 32 can
      be lifted from the lacquer-coated disc at the end of the spiral cutting
      operation. Audio, video and synchronizing signal information to be
      recorded on the disc is coupled to signal processing circuitry 48 wherein
      the signal is translated onto an FM carrier. The FM carrier signal is
      coupled to a PZT driver 46 and from there to the cutting stylus 32. FM
      representative information signals driving the piezoelectric material
      cause stylus 32 to topographically form an information pattern in disc 20
      concurrently with the formation of the spiral groove.
PAR  Closed convolution cutters 50 and 52 are mounted by a hinge 54 to a member
      56 affixed to cutting lathe bed 58. Cutter 50 has a stylus 60 with a
      cutting edge arranged a predetermined distance from the center of spindle
      28. An advance ball 72, mounted on cutter 50, inhibits the depth to which
      stylus 60 may cut. When stylus 60 is lowered to impinge upon the rotating
      disc 20, a closed V-shaped convolution having an acute angle is inscribed
      in disc 20 at a predetermined diameter. The diameter selected for this
      inscribed convolution is typically of about 1 1/2 and corresponds to a
      spindle diameter utilized in playing back the embossed or pressed playback
      disc. Cutter 52 has a stylus 62 arranged to impinge upon disc 20 at a
      radius less than, but close to the extreme radial measurement of disc 20.
      When stylus 62 is lowered to impinge upon disc 20, an advance ball 74,
      located adjacent stylus 62 allows this stylus to cut to a predetermined
      depth and a further closed convolution is formed therein. This closed
      convolution is utilized in the formation of the playback disc to form the
      outer perimeter of the embossed disc.
PAR  FIG. 2 illustrates, in greater detail, the disc 20 and cutters 50 and 52.
      Stylus 60 is illustrated having a sloped edge of about 60.degree. facing
      towards the inside (i.e., near the center) of the disc and a vertical edge
      facing towards the outside edge of the disc 20. In a complementary
      fashion, stylus 62 has a sloped edge of about 60.degree. towards the
      outside of the disc and a vertical edge towards the inside. The vertical
      cutting edges correspond in position to the portion of the playback disc
      that is retained after stamping or embossing.
PAR  FIG. 3 is a diagrammatic cross-sectional view of disc 20 having closed
      convolutions 64 and 66 formed therein by stylii 60 and 62 and spiral
      convolutions 68 formed by stylus 32. The closed convolutions 64 and 66 are
      formed to a greater depth than the spiral groove portions 68 for reasons
      to be explained later with reference to the stamper shown in FIG. 4.
PAR  FIGS. 4 and 5 show a stamper replicated from the grooved substrate
      illustrated in FIG. 3 and mounted on a base plate. Stampers may be formed
      by a replication process known in the audio recording art, such as the
      following.
PAR  The grooved lacquer disc is first dipped in a colloidal solution containing
      stannous and stannic ions. This allows the lacquered surface to adsorb the
      ions and thereby sensitize the surface for subsequent nickel adhesion. The
      sensitized lacquer disc is thereafter dipped into a second solution of
      palladium chloride. The palladium chloride solution interchanges with the
      stannous ions, allowing pure palladium to be adsorbed on the surface of
      the disc. This coating of palladium on the disc surface provides the
      necessary catalytic action for electroless depositing of nickel on the
      disc. Hence, when the palladium-coated disc is immersed in a solution such
      as nickel chloride or nickel sulfate, pure nickel is taken from the
      ionized solution and deposited on the disc. In this nickel deposition
      process, 1 mil (0.001 inches) of bright nickel is deposited on the disc
      and thereafter 9 mils of sulfamate nickel is deposited. A more detailed
      description of such an electroless nickel deposition process may be found
      in U.S. Pat. No. 3,666,527, dated May 30, 1972, in the name of Nathan
      Feldstein, et al and assigned to RCA Corporation.
PAR  If playback discs are to be embossed in relatively thin thermoplastic
      material, for example, material of about 4 mils thick, then the depth of
      the inner and outer closed convolutions formed in the master and
      replicated in the stamper should be just less than the thickness of the
      thermoplastic material, i.e., less than 4 mils. When the closed
      convolutions are made to this depth (slightly less than 4 mils), the
      center portion and the portion adjacent to the outer perimeter may be
      easily removed from the spiral grooved area of the disc. Techniques
      utilizing, for example, compressed air to separate the center portion and
      the outer portion of the disc may be utilized allowing removal of these
      portions without physically handling the information storing portion of
      the disc. The hole formed thereby in the center of the disc will be
      concentric with the information storing spiral groove and the perimeter of
      the disc.
PAR  Formation of the center hole in thick discs, for example, those of about
      1/16 inch thick material, may be achieved utilizing a similar technique to
      that described above. However, the closed convolutions formed in the
      lacquer-coated disc are made to a symmetrical cross-sectional shape by
      replacing the original cutting stylii 60 and 62 with symmetrically shaped
      stylii, isosceles in shape with an acute cutting angle of about
      60.degree.. The closed symmetrical convolutions formed in the lacquer are
      made to a depth of about 4 mils, and replicated by the process described
      above to the same height in a metal stamper. The closed convolution
      representative of the center hole lies on a fault line coincident with the
      peak of this formed convolution in the metal stamper. This fault line
      extends through the metal stamper perpendicular to the surface of this
      disc, allowing removal of this center portion from the stamper by punching
      along this fault line. To facilitate removal of this center portion, a
      "dinking" die readily may be positioned in the formed center groove and
      the center portion is removed by a punch having a slightly smaller
      diameter than the desired center hole. The stamper may now be positioned
      in a stamping or embossing press by utilizing a centering pin which has
      been formed within 1 mil to the diameter of the disc's center hole. This
      stamper will now be aligned in the press and may be subsequently aligned
      with a second stamper utilized for stamping the underside of the pressed
      plastic disc. Alignment of the two stampers is easily facilitated by
      utilizing the same centering pin in the press for aligning both upper and
      lower stampers.
PAR  Another method that may be utilized for centering the stamper in a stamping
      press utilizes a stamper having a center hole formed in the manner
      described above but smaller in diameter than the desired center hole in
      the embossed or stamped plastic disc. For example, if the desired center
      hole diameter in the stamped disc is 1 1/2 inches, a center hole of 1 1/4
      inches is formed in the stamper. A centering pin having a 1 1/4 inch
      diameter and concentric head portion 1 1/2 inches in diameter is inserted
      through the stamper and is secured in the stamping press such that the
      head portion of the pin holds the stamper to the press. The head portion
      of the pin is formed to a cylindrical shape with a height equal to
      one-half the thickness of the pressed disc. When two stampers, one for
      each side of the pressed disc, are concurrently used to press a disc, the
      total height of the head portions of the centering pins equals the total
      thickness of the pressed disc. This total centering pin head thickness
      allows formation of a center hole in the stamped disc equal to the
      diameter of the head of the centering pin.
PAR  By utilizing the center forming techniques above described, discs having
      centers substantially concentric with the spiral information may be formed
      and velocity errors inherent in non-concentric discs may be substantially
      eliminated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for providing a centrally apertured disc with a replica disc
      center hole edge locator concentric with a spiral information groove, said
      apparatus comprising:
PA1  a turntable for receiving a centrally apertured disc and causing rotation
      thereof;
PA1  inscribing means, mounted with respect to said turntable so as to be
      subject to engagement with a surface of a disc during rotation thereof by
      said turntable, with said engagement being maitnained at a fixed distance
      from the center of rotation of said disc so that said inscribing means
      serves to cut, in a region of said disc surrounding and spaced from the
      central aperture thereof, a closed circular groove of a predetermined
      depth and a first diameter, centered about said center of rotation of said
      disc; and
PA1  means, subject to radial motion with respect to said turntable during said
      rotation of said disc, for forming an information storing groove in said
      surface of said disc in a spiral configuration centered about said center
      of rotation of said disc, with all of the convolutions of said spiral
      groove having a greater diameter than said first diameter and with the
      maximum depth of said information storing groove being small relative to
      said predetermined depth.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein: said inscribing means includes a
      cutting stylus coupled to an arm, said arm being arranged to pivot in a
      vertical plane about a position fixed with respect to said turntable for
      providing impingement of said stylus upon said disc.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein: said stylus is adapted to
      provide a V-shaped groove in said disc, the intersecting sides of said
      groove forming an acute angle.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein:
PA1  said inscribing means is shaped so as to form said circular groove with a
      side wall remote from said center of rotation of said disc which extends
      in a substantially perpendicular relationship to said surface of said
      disc.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein: said stylus is adapted to form a
      groove having sides disposed at a substantially equal angle from a line
      perpendicular to the surface of said disc such that a positive replica of
      such disc has a fault line about the valley of said groove and
      substantially perpendicular to the surface of said replica.
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ABST
PAL  A rotatable crankshaft extends from a crankcase and is sealed for leakage
      of gas under pressure by an oil chamber surrounding the crankshaft wherein
      the oil therein is rotated in the direction of crankshaft rotation and is
      supplied from an oil sump of the crank casing by a conduit with a one-way
      flow valve into the chamber.
BSUM
PAR  This invention relates to a sealing device for preventing leakage of gas
      through a crank casing wall along a crank shaft extending therethrough,
      said crank casing containing gas at a cyclically varying elevated
      pressure.
PAR  Crank casings containing gas at a cyclically varying elevated pressure may
      be found in small hot gas engines required to work during long intervals
      between services, and it is of great importance that no gas or very little
      gas will leak from such engines.
PAR  It is well known that in hot gas engines it is easier to seal against
      leakage of oil than of gas. Therefore it is an object of the invention to
      provide an oil seal which practically may substitute a conventional gas
      seal.
PAR  According to the invention there is provided a sealing device for
      preventing leakage of gas through a crank casing wall along a crank shaft
      extending therethrough, said crank casing containing gas at a cyclically
      varying elevated pressure, characterised in that an oil-containing chamber
      is arranged at the outside of said crank casing and surrounding the said
      crank shaft, and that a conduit connects an oil sump of said crank casing
      with said chamber, a non-return valve being arranged in said conduit
      allowing flow of oil only in the direction from said sump to said chamber,
      means being provided for causing rotation of the oil in said chamber in
      the direction of rotation of said crank shaft.
DRWD
PAR  How the invention may be put into practice is described in more detail with
      reference to the accompanying drawing showing a sealing device according
      to the invention partly in axial section.
DETD
PAR  The drawing shows a wall 1 of a crank casing containing a crank shaft 2
      which is journalled in a ball bearing 3 and extends through an opening in
      said wall 1. An elastically deformable radial shaft seal 4 retained by a
      ring 5 provides a one-way seal between the stationary wall 1 and the
      surface of the crank shaft 2, as further described below.
PAR  A housing 6 limiting a chamber 7 is secured to the wall 1 surrounding the
      passage of the crank shaft 2 through the opening in the wall 1.
PAR  The chamber 7 is filled with oil and is connected to an oil sump 8 in the
      crank casing through a conduit 9 containing a non-return valve 10 allowing
      flow of oil only in the direction towards the chamber 7. The radial shaft
      seal 4 is designed to allow flow of oil only in the direction from the
      chamber 7 to the bearing 3.
PAR  The crank shaft 2 extends through an opening in an opening in an end wall
      11 of the housing 6. A sealing device of known type comprising a
      stationary element 12 and a rotating element 13 prevents leakage of oil
      from the chamber 7. The rotating element 13 is a sleeve mounted to be
      telescopically displaceable on another sleeve 14 rigidly connected to the
      shaft 2. O-rings 15, 16 and 17 constitute stationary seals. A spring 18
      ensures that the sealing elements 12 and 13 are in engagement with each
      other even in the event of wear of the contacting surfaces. A screw 19
      secured to the element 14 and protruding into a slot 20 in the element 13
      connects the elements 13 and 14 so as to prevent any relative rotation
      while allowing relative movements in the axial direction.
PAR  A perforated rubber ring 21 is mounted on the crank shaft 2 for rotation
      therewith.
PAR  The device described will operate as follows:
PAR  The crank casing limited by the wall 1 contains working gas at a high
      cyclically varying pressure. During periods of maximum pressure oil is
      pumped through the conduit 9 containing the non-return valve 10 into the
      chamber 7.
PAR  During periods in which the oil pressure in the chamber 7 exceeds the
      pressure of the working gas in the crank casing oil will start to leak
      along the crank shaft 2 and through the one-way radial shaft seal 4 in the
      direction towards the crank casing. Owing to the flow of oil in this
      direction no gas will leak into the chamber 7.
PAR  During periods when the engine is not in operation some gas may leak into
      the chamber 7 and accumulate at the top thereof. However, as soon as the
      engine is started the oil in the chamber 7 will be caused to rotate by the
      radially extending surfaces bounding the slot 20. The slot 20 extends in
      the axial direction, and generally three such slots will be arranged,
      although only two are shown in the drawing.
PAR  The perforated rubber ring 21 will contribute to cause rotation of the oil
      within the chamber 7.
PAR  Thus the slotted element 13 and the perforated ring 21 are included in
      means for causing rotation of the oil in the chamber 7 in the direction of
      rotation of the crank shaft 2.
PAR  Due to the centrifugal force acting upon the oil in the chamber 7 the gas
      contained therein will now accumulate near the crank shaft 2 and will leak
      back through the radial shaft seal 4 into the crank casing when the
      pressure in the chamber 7 exceeds the pressure in the crank casing.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A sealing device for preventing leakage of gas through a crank casing
      wall along a rotatable crank shaft extending therethrough, said crank
      casing containing gas at a cyclically varying elevated pressure,
      characterised in that an oil-containing chamber is arranged on the outside
      of said crank casing wall and surrounding the said crank shaft, said crank
      casing has an oil sump within said wall, a conduit connects said oil sump
      of said crank casing with said chamber, a non-return valve being arranged
      in said conduit allowing flow of oil only in the direction from said sump
      to said chamber, a one way sealing member about said shaft and located
      between the shaft and said wall to permit flow of oil in the direction
      from said chamber into said crank casing, and rotation means being
      provided for causing rotation of the oil in said chamber in the direction
      of rotation of said crank shaft.
NUM  2.
PAR  2. A sealing device according to claim 1, wherein said rotation means
      includes a rotating element connected to the crank shaft.
NUM  3.
PAR  3. A sealing device according to claim 2, wherein said rotating element is
      in the form of a sleeve provided with slots extending in the axial
      direction of said shaft.
NUM  4.
PAR  4. A sealing device according to claim 2 wherein said means includes a
      perforated ring mounted on the crank shaft for rotation therewith.
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ABST
PAL  A gland for making a fluid tight seal between a casing and a sleeve which
      were rotatable with respect to each other is disclosed. The gland
      comprises a rubbing ring mounted in a casing, a floating ring keyed to
      said sleeve, and a spring acting between said sleeve and said floating
      ring to urge said floating ring into engagement with said rubbing ring. A
      first part of a sealing ring of fluid-resistant elastomeric material is
      mounted in a recess of one of said sleeve and floating ring and forms a
      seal with at least one wall surface of said recess. A second part of said
      sealing ring forms a sliding seal with the surface of the other of said
      sleeve and floating. An L-shaped rubbing ring has a first surface abutting
      said floating ring, a second surface substantially parallel to said first
      surface and adapted to abut a step in said casing and a third surface
      substantially perpendicular to and intersecting said second surface. A
      cuff, positioned between said casing and rubbing ring and spaced from said
      second surface of said rubbing ring forms a seal with said third surface
      of said rubbing ring. The outer diameter of said floating ring where it
      abuts the said first surface of said rubbing ring is greater than the
      inner diameter of said cuff where it forms said seal with said rubbing
      ring.
BSUM
PAR  The present invention relates to devices for making fluid-tight joints
      between two relatively rotating parts such as a shaft and a casing and
      more particularly to an improved form of the device described and claimed
      in my British Pat. No. 1,148,554.
PAR  The device described in such patent relies for sealing upon a first
      substantially L-shaped cuff of fluid resisting elastomeric material and a
      second flexible cuff of similar material designed to flex whilst
      maintaining a seal to permit relative movement between the members with
      which it co-operates against the action of a helical spring disposed
      around such flexible cuff.
PAR  It has now been found that in certain applications of the device of my
      patent the tendency is for higher pressures and higher temperatures to
      prevail in use in relation to those for which the device was designed, and
      that under these conditions there is an increased risk of failure of the
      cuff seals. The failure of the L-shaped cuff seal is thought to be due to
      the material of the cuff being extruded out of its design position and
      shape by the pressure exerted upon the cuff in use of the device and it is
      an object of the invention to overcome this source of failure of the seal.
      The failure of the flexible cuff seal is thought to be due at least in
      part to the effect of localised heating upon the material of the cuff
      reducing its ability to flex whilst maintaining a seal. It is also an
      object of the invention to overcome this source of failure.
PAR  To achieve these objects the invention contemplates a redesigning of the
      relatively movable parts of the device to reduce the pressure with which
      such parts bear against each other in use and thus reduce the local
      generation of heat, coupled with a redesigning of the flexible cuff to
      provide a sliding seal so that it is no longer necessary for such cuff to
      flex in order to accommodate relative movement between the parts to which
      such cuff seals. Additionally the invention contemplates a redesigning of
      the parts accommodating the L-shaped cuff to protect the latter from the
      effect of axially directed forces tending to cause extrusion of the
      material of the cuff.
DRWD
     The individual modifications of the basic device of my British Pat. No.
      1,148,554 can be applied either individually or in combination with
      varying degrees of advantage under different conditions of use, and in the
      following description various examples of such applications are dealt with
      in detail, reference being made to the accompanying drawings of which:
PAR  FIG. 1 is an axial section through a fluid coupling gland in accordance
      with my British Pat. No. 1,148,554,
PAR  FIG. 2 is a similar section of such a gland modified by the incorporation
      of improved arrangements of both the flexible cuff and of the L-shaped
      cuff seal and the mountings thereof,
PAR  FIG. 3A is a similar section of the housing part of such a gland with the
      internal part omitted showing an alternative mounting arrangement of the
      cuff seal and FIGS. 3B and 3C are fragmentary sections showing two
      alternative forms of and mounting arrangements of the cuff seal,
PAR  FIG. 4 is a section similar to that of FIG. 3A showing the use of a
      U-shaped cuff in place of the L-shaped cuff seal of FIG. 2,
PAR  FIG. 5 is a section similar to that of FIG. 2 without an L-shaped cuff
      seal,
PAR  FIG. 6 shows a modification of the gland of FIG. 5,
PAR  FIG. 7 shows an alternative arrangement of the cuff of the gland of FIG. 5
      and
PAR  FIG. 8 shows a modification of the gland of FIG. 7.
DETD
PAR  In all the figures of the drawings the same references denote the same
      parts of the gland and it will therefore suffice to describe only the
      points of difference between the various constructions. The gland of FIG.
      1 is fully described in my British Pat. No. 1,148,554 and comprises,
      briefly, a housing 8 in which a rubbing ring 13 is sealed by an L-shaped
      cuff seal 15 and located in position by a locking ball 16 and a circlip
      14. In housing 8 is disposed a relatively rotatable sleeve 17 carrying a
      floating ring 3 sealed to sleeve 17 by a flexible cuff 5 and urged against
      rubbing ring 13 by a coil spring 10. Ring 3 is keyed to sleeve 17 by a
      ball 1 and key 2. A circlip 4 is provided in the sleeve 17 substantially
      in alignment with the circlip 14. Cuff 5 is held on ring 3 and on sleeve
      17 by spring bands 19 and 20 and backing plate 6 and retaining plate 7,
      and is housed together with spring 10 within cover plates 11, 12.
PAR  Referring now to FIG. 2, the flexible cuff 5 of FIG. 1, which provided the
      seal between sleeve 17 and floating ring 3 and was designed to flex to
      accommodate relative movement between these parts whilst maintaining
      sealing engagement with both, is replaced in the construction of FIG. 2
      with a U-section sealing ring 25 designed to provide a sliding seal at 33
      with floating ring 3 so that it need not flex to accommodate relative
      axial movement between ring 3 and sleeve 17. Ring 25 is located outside
      spring 10 instead of inwardly of such spring as in FIG. 1. To accommodate
      this form of sealing ring, the sleeve 17 is extended radially outwardly
      and is formed with an axially directed extension 17a providing in its
      outer surface an annular groove 26 to receive one limb of the U-section of
      ring 25 which is held in groove 26 by spring belt 20. Beyond such groove
      the extension 17a provides a support for the centre of the base of the
      U-section of ring 25. At the junction of extension 17a is formed an
      annular recess 27 to accommodate one end of pressure spring 10 the other
      end of which is accommodated in an annular recess in the face of floating
      ring 3 which faces sleeve 17. The radially outward surface of ring 3 is of
      simple cylindrical form and against this cylindrical surface the other
      limb of the U-section of ring 25 is urged by spring belt 19 to form a
      sliding seal.
PAR  With this construction the cover plates 11 and 12, the backing plate 6, and
      the retaining plate 7 of FIG. 1 are no longer necessary and any fluid
      pressure in the casing 8 tends to force ring 25 radially into firmer
      sealing engagement with extension 17a and floating ring 3. Additionally
      the tendency of such fluid pressure, in the construction of FIG. 1, to
      drive floating ring 3 and thus rubbing ring 13 against cuff 15 is entirely
      eliminated.
PAR  The L-shaped cuff 15 disposed between the casing 8 and the rubbing ring 13
      is of the same form in both FIGS. 1 and 2 of the drawings but in the
      construction of FIG. 2 the rubbing ring 13 is formed with an outer flange
      13a and the casing 8 is formed with step 8a serving as an abutment for the
      flange 13a. The disposition of ring 13 relative to cuff 15 is such that
      when flange 13a abuts step 8a there are clearances between confronting
      surfaces of ring 13 and cuff 15. Thus flange 13a prevents axially directed
      forces exerted by the floating ring 3 upon the rubbing ring 13 affecting
      the cuff 15.
PAR  The cuff 15 is sealed at its radially inward facing surfaces to the ring 13
      and to the wall of the recess in the casing 8 as indicated at 34 and 35.
      Thus when the flange 13a is spaced from step 8a the fluid pressure in the
      casing 8 imparts a thrust to the ring 13 in the direction towards the
      floating ring 3 in a sense to supplement the contact pressure between
      rings 3 and 13 by virtue of the fact that the diameter at surface 34 is
      less than the diameter at surface 33 and the overall fluid thrust on
      flange 13a is towards ring 3. This thrust towards ring 3 is further
      supplemented by fluid passing around between cuff 15 and the radial wall
      of the casing recess. A further manner of supplementing the contact
      pressure between rings 3 and 13 above that provided by spring 10 by
      allowing fluid pressure within the casing 8 to exert a thrust upon ring 13
      in a direction towards ring 3 is shown in FIG. 3A.
PAR  In FIG 3A the limiting abutment to prevent extrusion of cuff 15 is provided
      between a step 8b of casing 8 and ring 13. The cuff 15 is sealed at its
      radially inward facing surfaces at 34 and 35 with the ring 13 and the step
      8b. Fluid is able to pass behind the cuff 15 between the cuff 15 and the
      radial wall of the casing recess housing the cuff 15. Fluid pressure in
      casing 8 is thus able to act between the walls of the recess housing cuff
      15 and the cuff itself and by appropriate selection of the relative
      diameter of the inner sliding contact surface 35 of cuff 15 with casing 8
      and of the outer surface 33 of ring 3 where it bears against ring 13 so
      that the latter diameter is slightly larger than the former this fluid
      pressure applies a thrust to cuff 15 and thus to ring 13 urging the latter
      towards ring 3. The magnitude of such thrust depends upon the fluid
      pressure and the difference in surface areas upon which it acts in
      opposite directions due to the difference in the two diameters. To achieve
      this supplement of the contact pressure between rings 3 and 13 it is of
      course necessary that the arrangement of the locking ball 16 and the
      circlip 14 should allow a limited degree of axial movement of ring 13.
PAR  FIG. 3b shows a modification of the arrangement of FIG. 3a in which the
      step 8b has greater radial depth and the inner diameter of the limb of
      cuff 15 which contacts step 8b at 35 is only slightly different from the
      outer diameter of ring 13 at 34. Such an arrangement is suited to the case
      where the outer diameters of rings 3 and 13 are the same and a pressure
      supplement is desired.
PAR  FIG. 3c shows a further modification of the arrangement of FIG. 3a in which
      the L-shape of cuff 15 is eliminated the cuff being of rectangular shape
      in cross section. This arrangement is suitable where the outer diameter of
      ring 3 is greater than that of ring 13, the cuff 15 being retained in
      position in the recess in casing 8 by a flange 13b formed on ring 13.
PAR  The U-shaped cuff 25 of the sleeve 17 in FIG. 2 can also be used in place
      of the L-shaped cuff in the housing 8, as shown in FIG. 4. In the
      arrangement of this FIG. 4 the rubbing ring 13 has an axially extending
      recess in register with a similar recess formed in casing 8 and a locking
      peg 30 extends into both recesses. The ring 13 and the casing 8 each have
      radially outwardly directed flanges 13c and 8c and a U-shaped cuff 15 is
      located with one limb located in a recess in casing 8 and the other
      disposed around the outer periphery of ring 13 with the base of the
      U-shape bridging across the flanges 13c and 8c. The free end surface 31 of
      one limb forms a seal to the ring 13 and the free end surface 32 of the
      other limb forms a seal to the casing 8. As in the case of the arrangement
      of FIG. 3c, this arrangement cannot provide a fluid pressure derived
      thrust of ring 13 against ring 3 opposed to the pressure exerted by spring
      10.
PAR  Referring now to FIG. 5, the arrangement of the sleeve 17, floating ring 3
      and U-shaped seal 25 are largely the same as in FIG. 2 but the arrangement
      of the rubbing ring 13 and the housing 8 is modified to eliminate the
      L-shaped cuff seal of FIG. 2. The ring 13 has a radially extending groove
      22 through most of its thickness which divides it into a relatively thick
      flange 23 and a relatively thin flange 24 of larger out-side diameter than
      flange 23. The ring 13 is held in position in the housing 8 by a
      cylindrical housing liner 8a which abuts the outer periphery of flange 24
      and holds it between the end face of liner 8a and the confronting face of
      the housing 8.
PAR  As in the arrangement of FIG. 2, the U-shaped cuff 25 is secured to sleeve
      17 and has a wiping engagement with the outer periphery of floating ring 3
      at 33 radially outwardly of ball 1. The radial end face 26 of cuff 25 is
      located on the centre line of ball 1 and key 2 so that any tilting
      movement of floating ring 3 relative to the sleeve 17 produces the minimum
      of flexure of cuff 25. The actual rubbing surface of floating ring 3
      bearing against ring 13 is provided by a flange formation 3a which extends
      both radially and axially beyond the main body of ring 3. The outer
      diameter of formation 3a at 36 is chosen to be a little greater than the
      inner diameter of the limb of cuff 25 which forms a sliding seal against
      ring 3 at 33. The fluid pressure within the casing 8 acting upon the
      annular step surface between 33 and 36 provides a supplement to the thrust
      exerted by spring 10 urging ring 3 into contact with ring 13.
PAR  Referring to FIG. 6, there is shown a modified form of the sleeve and cuff
      arrangement of FIG. 5, the casing 8 being omitted for simplicity of
      illustration, in which the cuff 25 is secured to the floating ring 3 and
      has sliding engagement with the radially outer periphery of sleeve 17 at
      33. The radially extending portion of the flange formation 3a in this
      figure extends outwardly to the full outer diameter of cuff 25 and a
      supplement to the pressure exerted by spring 10 is achieved by appropriate
      choice of the diameters of the radially outer cylindrical surface 36 of
      the axially extending portion of flange 3a and of the contact surface 33
      between cuff 25 and sleeve 17.
PAR  FIG. 7 shows an alternative form of the sleeve sealing arrangements of FIG.
      5 in which the U-section cuff 25 is located radially inwardly of the
      spring 10 instead of radially outwardly of such spring. In this
      construction the sleeve is formed as an inner sleeve 17 and an outer
      sleeve 17a held together by a circlip 30. The cuff is secured in a recess
      in the inner sleeve 17 by the outer sleeve 17a and projects into an axial
      recess formed in the floating ring 3. The of the limb of cuff 25 which
      forms a sliding seal against ring 3. The fluid pressure within the casing
      8 acting upon the annular step surface between 28 and 29 provides a
      supplement to the thrust exerted by spring 10 urging ring 3 into contact
      with ring 13.
PAR  Referring to FIG. 6, there is shown a modified form of the sleeve and cuff
      arrangement of FIG. 5, the casing 8 being omitted for simplicity of
      illustration, in which the cuff 25 is secured to the floating ring 3 and
      has sliding engagement with the radially outer periphery of sleeve 17. The
      radially extending portion of the flange formation 3a in this figure
      extends outwardly to the full outer diameter of cuff 25 and a supplement
      to the pressure exerted by spring 10 is achieved by appropriate choice of
      the diameters of the radially outer cylindrical surface 28 of the axially
      extending portion of flange 3a and of the contact surface 29 between cuff
      25 and sleeve 17.
PAR  FIG. 7 shows an alternative form of the sleeve sealing arrangements of FIG.
      4 in which the u-section cuff 25 is located radially inwardly of the
      spring 10 instead of radially outwardly of such spring. In this
      construction the sleeve is formed as an inner sleeve 17 and an outer
      sleeve 17a held together by a circlip 30. The cuff is secured in a recess
      in the inner sleeve 17 by the outer sleeve 17a and projects into an axial
      recess formed in the floating ring 3. The axially extending flange 3a of
      ring 3 is located radially inwardly of the radially outer surface of cuff
      25. The spring 10 is located partly in an axial recess in outer sleeve 17a
      and partly in the axial recess in ring 3, the outer diameter of the ring 3
      and sleeve 17a being the same. The radial end face of cuff 25 adjacent the
      area of sliding contact of the cuff with the ring 3 is located on the
      centre line through the ball 1 and key 2 to secure minimal flexure of cuff
      25 upon tilting of ring 3 and the outer diameter 36 of the flange 3a of
      the ring 3 is greater than that of the surface 33 of ring 3 contacted by
      the cuff 25 to provide a pressure supplementing arrangement.
PAR  FIG. 8 shows a modification of the arrangement of FIG. 7 wherein the sleeve
      17 is in one piece but the floating ring 3 is formed as an inner ring and
      an outer ring secured together by a circlip 31. The spring 10 is housed
      partly in an axial recess in sleeve 17 and partly in a registering axial
      recess in the outer ring of the floating ring 3. The cuff 25 is secured in
      an axial recess in the inner ring of floating ring 3 by the outer ring and
      has a sliding contact with a surface of the sleeve 17 at 33. The
      arrangements for pressure supplementing are the same as in FIG. 7.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A gland for making a fluid-tight seal between a casing and a sleeve
      which are rotatable with respect to each other, said gland comprising a
      rubbing ring mounted in said casing, a floating ring keyed to said sleeve,
      a spring acting between said sleeve and said floating ring to urge said
      floating ring into engagement with said rubbing ring, a sealing ring of
      fluid-resistant elastomeric material having a first part mounted in a
      recess in one of said sleeve and said floating ring to form a seal with at
      least one wall surface of said recess and a second part forming a sliding
      seal with the surface of the other of said sleeve and floating ring, an
      L-shaped rubbing ring having first, second and third surfaces, said first
      surface abutting said floating ring, said second surface substantially
      parallel to said first surface and adapted to abut a step in said casing
      when said second surface is urged towards said step, said third surface
      substantially perpendicular to said second surface and intersecting said
      second surface, a cuff positioned between said casing and rubbing ring and
      forming a seal with said third surface of said rubbing ring, said cuff
      spaced from said second surface of said rubbing ring, the outer diameter
      of said floating ring where it abuts said first surface of said rubbing
      ring being greater than the inner diameter of said cuff where it forms
      said seal with said rubbing ring, whereby fluid pressure in said casing
      exerts pressure on only said rubbing ring in a sense which tends to
      increase the contact pressure between said rubbing and sealing rings when
      said second surface of said rubbing ring is spaced from said step.
NUM  2.
PAR  2. A gland as claimed in claim 1 wherein said spring is a coil spring
      disposed radially inwardly of said sealing ring.
NUM  3.
PAR  3. A gland as claimed in claim 1 wherein said floating ring is keyed to
      said sleeve by means of a driving ball and a driving key and said sealing
      ring is disposed with a radially extending end face lying on a common
      centre line of said ball and key.
NUM  4.
PAR  4. A gland as claimed in claim 3 wherein said end face of the sealing ring
      is the end face of the part of the sealing ring making said sliding seal.
NUM  5.
PAR  5. A gland as claimed in claim 1 wherein said floating ring is formed of an
      inner ring and an outer ring secured together by releasable securing
      means, said inner ring having a recess therein to receive one part of said
      sealing ring and said outer ring serving to secure said one part of said
      sealing ring in said recess.
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ABST
PAL  An improvement in a sealing assembly for a shaft which sealing assembly has
      a housing for a fluid medium, a flexible sealing ring disposed within said
      housing and adapted to be disposed about said shaft in contact therewith
      and means for urging said flexible sealing ring disposed within said
      housing and adapted to be disposed about said shaft in contact therewith
      and means for urging said flexible sealing ring into contact with said
      shaft. The improvement resides in that the flexible sealing ring comprises
      a layer which is impermeable to said fluid medium, said layer disposed in
      facing relationship to the interior of said housing, said sealing ring
      having on its exterior surface which is to be in contact with the shaft
      free fiber ends, a majority of which are oriented in an axial direction
      towards the interior of said housing and are disposed in the direction of
      rotation of the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a sealing assembly to be disposed about shafts
      which are operated at high speed and generate considerable frictional
      heat. More particularly, this invention is directed to an assembly to be
      disposed about a rotatable shaft which assembly contains a fluid medium
      such as an oil wherein there is provided a flexible sealing ring adaptable
      to be disposed against the shaft and to be in contact with the contained
      fluid medium which flexible sealing ring has on the surface to be in
      contact with the fluid medium and, thus, the surface facing the interior
      of the housing a layer which is impermeable to the fluid medium. The
      flexible sealing ring has on its opposite surface, the surface in
      engagement with the shaft, free fiber like ends which are adaptable to be
      disposed a majority of which fiber like ends are adaptable to be disposed
      in an axial direction towards the interior of the housing and to be
      disposed in the direction of rotation of the shaft. This invention is
      particularly directed to positive-contact seals of the radial or axial lip
      seal type having a self-adjusting helix.
PAR  2. Discussion of the Prior Art
PAR  The use of sealing seals has long been known. For instance, it has been
      known to utilize felt rings or leather shaft seals which are disposed
      about a shaft and can help in containing a fluid medium. This technology
      has given way in recent years to the use of elastomeric shaft sheilds.
      These seals are useful in low rotation speed operations. Particularly,
      felt and leather seals can be employed where the rotational speed of the
      shaft is low and only moderate heats of friction are generated. However,
      the application of these kinds of materials is limited by the rate of
      revolution of the shaft and by the temperature thusly generated.
PAR  For the higher rates of speed, shaft seals of elastomers have proven to be
      of value. These have a generally better sealing capacity. For this purpose
      it is necessary that the sealing edge be operated exactly in the range
      between dry operation and full hydrodynamic lubrication. Strict
      consideration must be given to the frictional heat which is generated
      during the rotation of the shaft if one is to preserve the lubricant so
      that it functions and thus to insure that the sealing material is present
      during the desired lifetime. With the rise in temperature during such high
      speed operations the range of application of the elastomeric sealing rings
      becomes limited. The use of such elastomeric sealing rings is thus quite
      dependent upon the temperature of the medium.
PAR  As all elastomers are not fully suited for dry operation by design, a well
      lubricated sealing edge which is as narrow as possible is often provided.
      In order to achieve a perfect sealing, a minimum contact pressure
      (pre-stressing) of the lip seal is necessary. The frictional heat which is
      generated causes a high rise in temperature at the narrow contact surface.
      This means that great precision is required to avoid leakage of the
      medium. High requirements must be observed if even minimum defects
      resulting in leakage are to be avoided as a result of the high rise in
      temperature at the narrow contact surface.
PAR  Attempts have been made to produce a sealing lip of a material having a low
      coefficient of friction. For instance, it has been proposed to utilize
      polytetrafluoroethylene as a sealing lip material. Such attempts have
      improved the principal difficulties encountered owing to the development
      of heat of friction, but they have introduced the disadvantages such as in
      poor dynamic sealing properties and high wear characteristics which
      ultimately lead to an early breakdown of the sealing ring. Additionally,
      the sealing improvement initially obtained as a result of the low
      coefficient of friction of the polytetrafluoroethylene is observed only in
      particular cases under particular conditions.
PAR  In the case of fast rotating shafts where extreme requirements must be met
      these sealing lips of polytetrafluoroethylene have not fully met the
      requirements.
PAR  There have already been developed, in respect of high speed rotational
      shafts improvements in order to wind back leaking oil. For instance, there
      has been applied to the traditional sealing lips of elastomeric material
      an additional helix. To wind back leaking oil on the sealing surface,
      helical ribs and grooves have been molded or ground. The operation of this
      helix can be compared to the operation of a wind back thread, i.e., the
      lubricant, e.g., the medium to be sealed, is prevented from leaking
      through to the atmosphere between the rotating shaft and the sealing lip
      by means of the action of the helix.
PAR  Seals made of elastomers are known and described in, for example, German
      Offenlegungsschrift 1,916,214. Here a seal is described which achieves the
      winding back of the sealed medium by supplying the sealing lips with
      mobile axial extensions which deform according to the direction or torsion
      due to the frictional movement created by the revolution of the shaft.
      According to the motion of the shaft, these edges become inclined and wipe
      off the oil or other medium from the shaft. As these wiping edges are
      arranged towards the oil side, these and similar embodiments have the
      disadvantage in that by wiping too well, too little oil reaches the
      sealing edge. On the other hand, if the wiping effect is too small, the
      sealing lip again has, as in the traditional radial shaft seal, to take
      over the sealing effect.
PAR  It, therefore, has become desirable to provide a flexible sealing ring
      which can be employed about a shaft which can be rotated at high speeds as
      well as at slow speeds and can be employed independent of the extent of
      frictional heat generated by rotation of the shaft. More particularly, it
      has become desirable to provide a shaft seal which does not permit
      excessive oil to diffuse through the point of contact. On the other hand,
      it has also become desirable to provide such a shaft seal which does not
      restrain too much oil so that the shaft is disposed against the proper
      amount of fluid medium at the point it which engages the flexible sealing
      ring.
PAC  SUMMARY OF THE INVENTION
PAR  The objects above outlined are met by an improved sealing assembly for a
      shaft which sealing assembly comprises a housing for a fluid medium, a
      flexible sealing ring disposed within said housing and adaptable to be
      disposed about said shaft in contact therewith and means for urging said
      flexible sealing ring into contact with said shaft. The improved sealing
      assembly is characterized in that the flexible sealing ring comprises a
      layer which is impermeable to the fluid medium to be used, said layer is
      disposed in facing relationship to the interior of said housing, said ring
      has on its exterior surface which is to be in contact with the shaft free
      fiber ends. A majority of the free fiber ends are oriented in an axial
      direction towards the interior of the housing and are disposed in the
      direction of rotation of the shaft.
PAR  By utilizing a particular type of flexible sealing ring, preferably made of
      a non-woven fabric, the disadvantages attendant prior art seals are not
      encountered. The seal assembly has a self-adjusting helix which assures a
      perfect sealing effect even under extreme conditions.
PAR  At the heart of the present invention there is the use of a particular
      material having free fiber ends. A preponderant majority of the free fiber
      ends are oriented in axial direction towards the medium to be sealed,
      e.g., the fluid medium. The free fiber ends are also oriented to follow
      the shaft in the direction of rotation.
PAR  Generally speaking, numerous woven and non-woven materials can be employed
      for this purpose. Generally speaking, a multiplicity of free ends is
      rising from the surface of flexible sealing ring so that there is assured
      that a significant number of the free fiber ends are axially oriented in
      the direction of the fluid medium to be sealed, i.e., in the direction of
      the interior of the sealing assembly housing.
PAR  It is absolutely necessary that at least the fiber end of the flexible
      sealing ring with come in contact with the rotating shaft are mobile. The
      fiber ends must have the necessary restorative force in order to form
      during movement an angle with the direction of the periphery which angle
      is other than 0. Non-woven fabrics have been found to especially suited
      where they are sealed on the side to be in contact with the fluid medium.
      Such sealing can be accomplished by impregnating a composition on that
      side or by coating the fabric with a material which is not removed or
      otherwise affected by the fluid medium. Numerous different fibers of
      varying staple length can be employed as the fibers of the fabric having
      the fiber free ends. Especially desirable are synthetic fibers such as
      polyesters and polyamides, notably nylon fibers. However, numerous other
      fibers, particularly fibers of cellulosic fibers such as cellulose
      acetate, cellulose acetate butyrate, acrylics such as fibers of
      polymethylmethacrylate, polyethylmethacrylate, copolymeric systems such as
      polymers of acrylonitrile-butadiene-sytrene, fibers of polycarbonates,
      polystyrene, other vinyl polymers and copolymers, polyurethanes and the
      like. The selection of the composition of the fiber will depend upon the
      particular application of the sealing and, the speed at which the shaft is
      to be rotated and the extent of frictional heat to be generated.
      Especially desirable are fibers which have a high crystalline component.
      These are desirable because of their high restorative ability.
PAR  In order to achieve the desired orientation of the fiber ends in the axial
      direction, it is normally not possible to take advantage of the privileged
      direction of a non-woven or woven fabric as the seal must be cut in the
      form of a ring. Therefore, it is necessary to orient the fiber material by
      means of a subsequent surface treatment so that the fiber material is
      disposed in the proper direction. Thus, the free fiber ends must be mobile
      in the sense that they must be mobile by action of the rotating shaft. A
      sufficient orientation, however, can already be obtained in many cases by
      allowing an original non-oriented, plain material to abut taperingly the
      contact counterpart of the shaft so that a different contact pressure
      results. This decreases from the edge of the sealing surface facing the
      medium towards the side disposed away from the medium and which side is to
      be in contact with the shaft.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention can be more readily understood and appreciated when reference
      is made to the accompanying drawings in which;
PAR  FIG. I is a side elevation of a shaft, the sealing assembly thereabout
      disposed being in section;
PAR  FIG. II is a view similar to FIG. I showing another embodiment of the
      invention;
PAR  FIG. III is another view similar to FIGS. I and II showing still another
      embodiment of the invention;
PAR  FIG. IV is a view similar to FIGS. I-III showing a fourth embodiment of the
      invention;
PAR  FIG. V is a view similar to FIGS. I-IV showing a fifth embodiment of the
      invention;
PAR  FIG. VI is a view similar to FIGS. 1-V showing a sixth embodiment of the
      invention wherein a foam is employed;
PAR  FIG. A is a side representative view of a portion of the sealing ring
      material showing loose fiber ends;
PAR  FIG. B is a plan view of the fabric of FIG. A;
PAR  FIG. C is a plan view similar to FIG. B showing the orientation of the
      fibers f in an axial direction towards the medium and interior of the
      casing or housing of the sealing assembly; and
PAR  FIG. D is a view similar to FIG. C showing the reverse orientation of the
      fibers f.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring to FIGS. A-D there is shown a preferred arrangement of the free
      fiber ends in an apparatus embodying a self-adjusting helix. In FIG. A,
      the front portion of the sealing surface, i.e., the contact surface is
      shown in section. It will be seen that a predominating majority of the
      freely mobile fiber ends become oriented in the direction of the medium
      which is to be sealed. See FIGS. C and D. FIG. B shows the contact surface
      before orientation has been given to the fibers f, i.e., before the
      commencement of the sealing process. FIGS. C and D show the disposition of
      the free fiber ends which have become adjusted in relation to the
      direction of rotation r of the rotation of the machine embodying the
      sealing apparatus. Through the deflection of the free fiber ends f, a
      helix adjusts automatically which restores the material to be sealed.
PAR  In the use of the fabric shown in FIGS. A-D optimal properties can be
      provided by suitably loosening the fiber structure itself by removing a
      portion of the fibers from the surface which engages the shaft, i.e., the
      mating surface. In the sealing ring of the invention, the helix adjusts
      automatcially to correspond to the direction of rotation of the shaft.
PAR  By this construction, one can regulate the extent to which the non-woven
      fabric sealing ring is in contact with the rotating shaft. For instance,
      the contact can be made at a narrow contact surface on the circumference
      of the rotating shaft or contact can be made over a broader area as shown
      in FIG. I where the flexible sealing ring contacts the shaft 1 over a
      distance A. The low coefficient of friction of the fiber material results
      in low frictional heat. Because of this the extent to which the flexible
      sealing ring contacts the shaft can be increased. This permits a better
      seal of the fluid medium. This low frictional heat is due to the wide
      contact surface between fibers, oil, and shaft where, during operations,
      the rise in temperature at the contact surface is markedly lower than
      encountered in the use of known elastomeric seals. The bigger sealing
      surface permits slight defects of the surface respectively and allows for
      greater tolerances of manufacture of the shaft.
PAR  Due to the pore-containing structure of the fiber material, one can apply
      additional lubricants, such as grease materials, graphite or the like.
      This insures an excellent lubrication against dry operation. It also
      provides an additional securement of the static seal to the shaft. The
      filling lubricant, i.e., grease, will therefore not represent an obstacle
      against the mobility of the fibers. Dry operations are also permitted even
      in the presence of non-lubricating media as, for instance, water as even
      in the presence of such non-lubricating media the necessary density can be
      maintained over long periods of time.
PAR  According to its structure, the sealing ring is especially suited for use
      as a shaft sealing ring in fast rotating machines. With the corresponding
      construction, the sealing ring can also abut axially with its lip. Thus,
      the shaft can rotate and the sealing assembly can be maintained static. On
      the other hand, the operations can be performed by rotating the sealing
      assembly about a static shaft. In fact, operations can be conducted by
      rotating the shaft in one direction and the sealing assembly in another.
      The sealing ring can either be fastened to the case itself or to the
      shaft. Means are generally provided to urge the sealing ring into contact
      with the shaft.
PAR  In many instances, it is suitable to press the sealing surface with the aid
      of a spring against the shaft and respectively against the machine part
      which is to be sealed. Satisfactory results are obtained, for example, by
      the use of a foam material spring made of a synethetic foam such as
      polystyrene foam, polyester foam or other suitable synthetic foam, e.g.,
      foams made of a phenol or formaldehyde of these foams or provides the
      required elasticity in addition to having the required aging resistance to
      permit the sealing assembly to have an extended lifetime. Foamed material
      springs are suited to shape the distribution of contact forces in the
      axial direction according to requirements of the machine.
PAR  It should be understood that the contact pressure of the sealing surface
      can, with good success, be beneficially affected by means of a metal or a
      mineral fiber non-woven fabric. In this case, an excellent and constant
      restorative force is obtained. The metal or mineral fiber non-woven fabric
      is utilized as a continuous layer against the sealing. Of course, an
      appropriate contact pressure must be employed so that the sealing ring is
      properly disposed against the shaft. In many cases a simple garter spring
      or blade spring can be employed to dispose the sealing ring against the
      shaft. A meander-shaped bent steel band or even a bent steel wire will be
      sufficient to dispose the sealing ring against the shaft with the proper
      contact pressure.
PAR  It will be realized that numerous different types of fabric are useful for
      the flexible sealing ring and these include woven and non-woven materials.
      The free-fiber ends can be provided by using a commercially available
      non-woven material or they can be provided by a careful cutting process of
      a woven material. A web of free fiber ends can suitably be provided by a
      flocking technique wherein a non-woven fabric is flocked additionally with
      mobile fibers. There is also contemplated foils, rubber, elastomeric
      materials, molding materials and other shaped objects which are flocked
      with mobile fibers on the surface thereof to be contact with the shaft. In
      fact, the sealing surface need be fibrous only to the extent that there
      are free mobile fibers on the surface which is contact with the shaft.
PAR  Because of the necessary restorative capacity of the fibers, synthetic
      fibers have proven to be especially suited. However, natural fibers can
      also be employed so long as they show the desired mobility and restorative
      properties. In this connection one can utilize metal fibers, mineral
      fibers such as asbestos fibers, carbon fibers or mixtures of these with
      synthetic fibers.
PAR  If the sealing ring is to be laminated with another material on the side
      which is to be sealed, the sealing lip will also consist of at least two
      layers. When the sealing lip comprising the layer having the free fiber
      ends, the mating layer, and the layer which is treated to retain the fluid
      media is disposed within the housing of the sealing assembly, the mating
      layer can be brought around to be disposed over the contact surface in
      order to assure a proper engagement of the sealing lip or ring against the
      shaft even in the case of a stationary shaft. If necessary the sealing lip
      can be treated with a greasy substance or graphite in an appropriate
      manner.  In order to achieve an improved statical sealing, the sealing lip
      can be cut, for example, at an incline.
PAR  The layer of the sealing ring in contact with with fluid medium, the
      contact surface, is usually provided with an impregnate or a coating
      composition to restrain the fluid medium from migrating through the
      fabric. This coating can be dispensed with if the layer itself is provided
      with a surface which is composed of closed pores or pores which are of
      such a size that they will not appreciably absorb the fluid medium or when
      they absorb the same and equilibrium will be set up whereby further
      migration of the fluid medium through the material is substantially
      precluded. The section of pores on the surface facing the fluid medium can
      be adjusted so that the medium to be sealed does not penetrate through the
      sealing lip owing to surface tension.
PAR  When there is experienced an increase in pressure from the medium side of
      the sealing ring, the side disposed away from the medium, the mating
      surface, can also be provided with a material which condenses the
      structure so as to further seal the fluid medium within the housing.
      Normally the mating surface is then contacted with a condensing
      composition which has good lubricity properties so as to permit the
      desired amount of lubrication at the point where the sealing ring is in
      contact with the shaft. Good lubrication or good freedom of rotation
      should be preserved at the points where the shaft may contact with the
      mating surface. However, it is absolutely necessary that the mating
      surface maintain the free fiber ends in a mobile condition so that they
      can assume the orientation described above. Thus, treatment of the mating
      surface with condensation materials must be done so as not to adversely
      affect the mobility of the free fiber ends. The free fiber ends must be
      allowed to adjust their disposition in accordance with the shafts
      direction of rotation. However, it is suitable that the mating material is
      a material which is robust in case of dry operation as for instance
      polytetrafluoroethylene.
PAR  The use of the sealing ring allows for a simplicity of construction and a
      greater tolerance in the manufacture of the shaft and related parts. The
      sealing ring makes few demands on the nature of the surface of the
      contacting counter-part in the area of the contact. Thus, by use of the
      novel sealing ring, the sealing apparatus is characterized by low cost in
      manufacture compared with traditional elastomeric sealing rings.
PAR  The disposition of the sealing rings within a sealing assembly is
      illustrated in the accompanying drawings. Referring to FIG. I a sealing
      ring 3 is disposed about a shaft 1 and is in contact with a relatively
      broad area of the shaft defined by line A, it being realized that an area
      around the circumference of shaft A is in contact with this sealing ring
      when the sealing ring surrounds the shaft. There is provided a case 2
      which operates as a housing for a fluid medium disposed generally between
      the outer casing wall disposed in facing relationship to the shaft 1 and a
      layer of the sealing ring. A spring 4 is provided which consists of a
      metal non-woven fabric. This spring provides the necessary contact
      pressure against the sealing lip 3 thereby insuring the proper contact
      pressure of the sealing ring 3 against the shaft 1. A coating 5 can be
      disposed over the spring 4 so as to inhibit medium diffusion through the
      sealing lip.
PAR  Referring to FIG. II another embodiment is shown wherein another seal is
      disposed in sealing contact with a shaft. Here, the sealing lip 3 is
      inserted about the shaft by means of a clamping ring 7 disposed within
      case 6. The sealing lip 3 on its mating surface engages shaft 1 over a
      line A. The sealing lip 3 is sealed by means of a covering layer in the
      same manner as in FIG. I with the exception that no spring 4 is employed.
      The spring 4 in FIG. I and the clamping ring 7 comprise means for urging
      the sealing ring to be in contact with the shaft 1.
PAR  Referring to FIG. III there is shown still another embodiment of the
      invention wherein sealing lip 3 engages the shaft 1 in the same manner as
      in FIGS. I and II. Here, the sealing lip 3 is provided with a condensed
      layer 5 in facing relationship with the medium. The sealing lip 3 abuts
      the case 17 and is urged into abutting relationship by means of clamping
      ring 9. Clamping ring 9 is responsive to a holding ring 8 which provides
      the necessary tensional force against spring 10, shown in cross section,
      which engages the covering layer 5 and serves to hold the sealing ring
      against shaft 1. In this FIG. III there is thus provided two means for
      urging the flexible sealing ring into contact with the shaft 1.
PAR  Referring to FIG. IV there is shown still another embodiment of the seal of
      the invention whereby the sealing lip 3 is provided with a sliding
      material 11 which has a sealing function. There is also provided a spring
      14 disposed along the surface of the sealing ring 3 which spring urges the
      lip 3 toward the shaft 1. A clamping ring 27 is employed to insure that
      the flexible sealing ring 3 and spring 14 are maintained in a generally
      stationary manner against the housing 16.
PAR  Referring to FIG. V there is shown a seal in section being clamped tightly
      against a shaft 1 by means of a clamping ring 12. The sealing lip 3 abuts
      against line A of the case 13. The side facing the medium is condensed
      with a material which inhibits migration of the fluid medium into the
      sealing lip 3.
PAR  Referring to FIG. VI there is shown still another embodiment in which the
      sealing lip 3 abuts shaft 1 along line A and is held against shaft 1 by
      means of a foam material spring 14. The foam material spring 14 provides
      the necessary contact pressure for proper engagement of the sealing ring 3
      against the housing or case 32 and the shaft 1. By disposing the foam
      material 14 over the contact surface of the sealing lip 3 the medium is
      prevented from migrating towards the shaft 1 when rotation of shaft 1
      ceases.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sealing assembly for a shaft comprising a housing for a fluid
      medium, a flexible sealing ring disposed within said housing and adaptable
      to be disposed about a shaft in contact therewith, and means for urging
      said flexible sealing ring into contact with said shaft, the improvement
      wherein said flexible sealing ring comprises a layer which is impermeable
      to the fluid medium to be used, said layer in facing relationship to the
      interior of said housing, said flexible sealing ring having on its
      exterior surface which is in contact with the shaft free fiber ends, a
      majority of which are oriented in an axial direction towards the interior
      of said housing and are disposable in the direction of rotation of the
      shaft.
NUM  2.
PAR  2. A sealing assembly according to claim 1 wherein said flexible sealing
      ring is provided with a sealing lip.
NUM  3.
PAR  3. A sealing assembly according to claim 1 wherein the sealing ring abuts
      axially with its lip.
NUM  4.
PAR  4. A sealing assembly according to claim 1 wherein the sealing ring abuts
      radially with its lip.
NUM  5.
PAR  5. A sealing assembly according to claim 1 wherein the sealing lip consists
      of at least two layers.
NUM  6.
PAR  6. A sealing assembly according to claim 1 wherein said free fiber ends are
      flocked on said sealing ring.
NUM  7.
PAR  7. A sealing assembly according to claim 1 wherein said sealing lip is cut
      inclined in the range of the contact surface with the shaft so that the
      sealing layer touches the contact surface.
NUM  8.
PAR  8. A sealing assembly according to claim 1 wherein the layer facing the
      interior of said housing is provided with a condensed structure which
      layer is pulled around the front surface of the sealing lip.
NUM  9.
PAR  9. A sealing assembly according to claim 1 wherein said flexible sealing
      ring comprises a non-woven material.
NUM  10.
PAR  10. A sealing assembly according to claim 1 wherein said flexible sealing
      ring comprises a sealing lip of a web having free mobile fiber ends.
NUM  11.
PAR  11. A sealing assembly according to claim 1 wherein said free fiber ends
      possess a high, constant restoring force.
NUM  12.
PAR  12. A sealing assembly according to claim 1 wherein said means for urging
      said sealing ring in contact with said shaft comprises a foam material
      spring.
NUM  13.
PAR  13. A sealing assembly according to claim 12 wherein said foam material
      spring comprises a synthetic foam.
NUM  14.
PAR  14. A sealing assembly according to claim 1 wherein said synthetic foam is
      selected from the group consisting of polyurethane foam, polyester foam
      and polyethylene foam.
NUM  15.
PAR  15. A sealing assembly according to claim 14 wherein said means for urging
      said flexible sealing ring towards said shaft comprises a metal fiber
      non-woven fabric or a mineral fiber non-woven fabric.
NUM  16.
PAR  16. A sealing assembly according to claim 1 wherein the metal or mineral
      fiber non-woven fabric is worked into said flexible sealing ring.
NUM  17.
PAR  17. A sealing assembly according to claim 1 wherein said means for urging
      said flexible sealing ring toward the shaft comprises a garter spring or a
      blade spring.
NUM  18.
PAR  18. A sealing assembly according to claim 1 wherein said means for urging
      said flexible sealing tile into contact with said shaft comprises a spring
      element of meander-shaped like bent steel wire or steel band.
NUM  19.
PAR  19. A sealing assembly according to claim 1 wherein the flexible sealing
      ring is, at least in the region proximate the sealing lip on the side
      facing the interior of said housing, coated or laminated.
NUM  20.
PAR  20. A sealing assembly comprising a housing, a flexible sealing ring
      disposed within said housing, means for urging said flexible sealing ring
      toward a shaft about which the said sealing assembly is connectable
      wherein said flexible sealing ring comprises a fiber-containing material,
      which is provided on the side opposite the interior of said casing with a
      material which is impermeable to a fluid medium, and robust in case of dry
      operation said side opposite that to which faces the fluid medium having
      free fiber ends in the region wherein said sealing ring would make contact
      with a shaft disposed therewithin, the proponderant majority of said free
      fiber ends being orientable in an axial direction towards the medium to be
      sealed, said free fiber ends being disposable in the direction of shaft
      rotation.
NUM  21.
PAR  21. A sealing assembly according to claim 20 wherein the surface of the
      material disposed away from the interior of said housing bears an
      impermeable coating comprising a polytetrafluoroethylene coating material.
NUM  22.
PAR  22. A sealing assembly according to claim 1 wherein said flexible sealing
      ring contains, at least in the region wherein it is in contact with a
      shaft, a lubricant or lubricity additive which fills at least a portion of
      the pores of the fiber containing flexible sealing ring, whereby the same
      has improved lubrication properties.
NUM  23.
PAR  23. A sealing assembly according to claim 22 wherein said flexible sealing
      ring comprises a non-woven fabric which contains coarse and fine fibers in
      which the fine fibers are at least partially removed in the range of the
      sealing lip.
NUM  24.
PAR  24. A sealing assembly according to claim 23 wherein the cross section of
      the pores of the fiber-containing material is small enough to retain the
      medium to be sealed, whereby in the front range of the contact surface the
      fiber structure is loosened up, e.g. by means of partially removing the
      fibers.
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ABST
PAL  A bearing member such as a piston ring for internal combustion engines
      having a wear resistant alloy coating applied to its wear surface by
      plasma spraying an aggregate mixture of particles thereon. The mixture is
      made by first alloying carbon, silicon, chromium, nickel, iron, and boron
      together to form intermetallic brazing and binding alloy particles and by
      alloying substantially 75% cobalt and 25% molybdenum to form
      cobalt-molybdenum alloy particles, for mixing with individual particles of
      pure molybdenum. These three different particles form the aggregate
      mixture to be sprayed on the bearing surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to bearing members such as piston rings
      and more particularly to a coating for the wear surface of the bearing
      members to produce a wear resistant, oxidation resistant, and scuff
      resistant coating thereon.
PAR  2. Description of the Prior Art
PAR  High temperatures in today's internal combustion engine adversely affect
      the wear characteristics of the piston ring and cylinder bore. The higher
      the engine's R.P.M., the greater the frictional heat that is created
      between the piston ring and the cylinder bore. This increase in frictional
      heat is in addition to the normal increase in temperature due to greater
      compression in the engine. Because the piston ring reciprocates at such
      high velocity against the cylinder bore, and at such high operating
      temperatures, the rubbing surfaces of the piston ring and the cylinder
      bore tend to wear rapidly. Accordingly, great advances have been made in
      applying metallic coatings to the wear surface of the piston ring, such
      coatings being designed to decrease the friction between the piston ring
      and the cylinder bore.
PAR  Many flame sprayable compositions have been developed for coating the wear
      surfaces of piston rings. For example, one widely used composition
      includes a high percentage of molybdenum alloyed with various other
      binding elements such as shown in Prasse et al U.S. Pat. No. 3,690,686.
      Such coatings have improved the wear resistance of piston rings that
      operate at relatively low and intermediate temperatures, but it has been
      found that molybdenum oxides form at temperatures above 450.degree.F which
      are hard, abrasive, brittle and tend to dissociate from the coating. These
      oxides have an adverse effect on the soft cylinder bore and often causes
      damage by abrading the soft surface of the cylinder bore which reduces the
      life of the piston ring and cylinder bore.
PAR  Molybdenum has a body-centered crystalline structure which is essentially
      cubical in shape which is rather abrasive when used as a rubbing wear
      surface. On the other hand, cobalt has a hexagonal close-packed
      crystalline structure which is less abrasive than molybdenum. As long as
      cobalt maintains its hexagonal crystalline structure, abrasive oxides are
      not formed. However, cobalt exists in both hexagonal and cubic crystalline
      forms. Cobalt maintains its hexagonal crystalline form up to temperatures
      of about 752.degree.F and then transforms into a cubic crystalline form
      similar to molybdenum.
PAR  It has also been learned that the temperature at which crystalline
      transformation of cobalt from hexagonal to body centered cubic occurs can
      be altered by selectively alloying it with molybdenum. For example, the
      addition of 25% molybdenum to cobalt can increase the transformation
      temperature appreciably. Thus, a coating containing cobalt alloyed with
      molybdenum would be extremely desirable in engines that reach temperatures
      above 752.degree.F.
PAR  However, it has been found that by adding just molybdenum and other metals
      the desired results of low wear is not obtained automatically. Usually,
      intermettalic brazing and binding alloy particles are used as the starting
      material which serves as a bonding agent in the final coating and also
      forms a fairly good wear resistant coating in itself. To these alloyed
      particles are added specific amounts of other materials in an attempt to
      obtain beneficial characteristics of the added materials. Thus,
      experimentation must be conducted in order to obtain a coating that will
      give the maximum wear resistance and maximum life to the piston ring. The
      mere addition of cobalt and molybdenum particles to an intermetallic
      brazing and binding alloy and then plasma spraying the resulting mixture
      onto the bearing surface of the piston ring will not necessarily create
      the desired results. It has been found through experimentation and
      research that the molybdenum, cobalt, and the intermetallic brazing and
      binding alloy must be formed as specific particles and in specific amounts
      in order to form a good wear resistant coating. Cobalt is a relatively
      expensive metal as compared to molybdenum but, since its wear properties
      are so much better than molybdenum, it is desirable to have a coating that
      contains cobalt but which will be competitive in the industrial market.
PAR  We have discovered through experimentation that the wear resistant
      properties of a coating can be greatly improved by alloying molybdenum
      with cobalt to form one particle; alloying an intermetallic brazing and
      binding compound to form another particle; and then alloying the two
      particles with a particle of pure molybdenum. The percentage of molybdenum
      used in the final coating is extremely important to prevent formation of
      molybdenum oxides above 450.degree.F which results in an extremely
      abrasive coating. Therefore, the percentages of molybdenum and cobalt used
      in the final coating must be balanced in order to achieve high wear
      resistance and still produce a piston ring that will be competitive on the
      market.
PAR  We have also discovered that alloying of the material in the final coating
      can best be achieved by properly preparing the mixture to be sprayed.
      However, the particles in the final coating should be alloyed only with
      the surfaces of the adjacent particles thereby leaving distinct particles
      of specific materials intermixed on the final coating. This will result in
      a highly wear resistant coating.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a bearing
      member with a coating on its wear surface which is highly wear resistant
      at substantially high temperatures.
PAR  This is generally accomplished by providing a bearing member with a wear
      resistant coating which is applied to a wear surface thereon by plasma
      flame spraying a mixture of particles on the wear surface. The mixture
      comprises three types of individual particles. The first particle is an
      intermetallic brazing and binding alloy consisting of carbon, silicon,
      chromium, nickel, iron, and boron and makes up approximately 15 to 40% of
      the entire mixture. The second particle is a cobalt molybdenum alloy which
      makes up approximately 5% to 30% of the entire mixture. The cobalt
      molybdenum alloy contains substantially 75% cobalt alloyed with
      substantially 25% molybdenum. The third particle is pure molybdenum which
      makes up approximately 30 to 60% of the entire mixture.
PAR  The above and further objects and novel features of the invention will
      appear more fully from the following detailed description when the same is
      read in connection with the accompanying drawings. It is to be expressly
      understood, however, that the drawings are not intended as a definition of
      the invention but are for the purpose of illustration only.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like parts are marked alike:
PAR  FIG. 1 is a sectional view of a cylinder and piston assembly showing the
      piston with a top ring, an intermediate compression ring, and a bottom oil
      control ring;
PAR  FIG. 2 is an enlarged cross-sectional view of the top compression ring of
      FIG. 1 showing the piston ring with a circumferentially extending groove
      filled with the coating of the present invention;
PAR  FIG. 3 is an enlarged cross-sectional view of the intermediate compression
      ring of FIG. 1 showing the piston ring with a slanted face covered with
      the coating of the present invention;
PAR  FIG. 4 is an enlarged cross-sectional view of the bottom oil control ring
      of FIG. 1 showing a pair of radially extending and axially spaced bearing
      faces covered with the coating of the present invention and also showing
      an expander assembly for expanding the piston ring into contact with wear
      surface of the cylinder bore;
PAR  FIG. 5 is a phase diagram illustrating the maximum percentage by weight
      ranges of the ingredients of the mixture that will produce the best
      coating on the wear surface of each of the piston rings of FIG. 1; and
PAR  FIG. 6 is a table setting forth the ranges of the ingredients of the
      mixture within the boundaries of points A, B, C, and D of FIG. 5 and also
      showing the preferred range E and alternate ranges F and G.
DETD
     DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a portion of a piston and cylinder assembly denoted
      generally by numeral 10. Assembly 10 includes a piston 12 within a
      cylinder 14. Piston 12 includes three axially spaced and circumferentially
      piston ring grooves 17, 19, and 21 extending around the periphery of
      piston 12. Three circumferentially split piston rings 18, 20, and 22, are
      respectively placed within the three piston ring grooves. Top piston ring
      18 includes an outer circumferentially extending groove 26; the middle
      ring 20 is an intermediate compression ring having a tapered face; and,
      the bottom ring 22 is an oil control ring which is expanded radially
      outward by a conventional U-shaped expander 38.
PAR  Top compression ring 18 is generally made of a ductile cast iron and, as
      illustrated in FIG. 2, includes a groove 26 in which is deposited coating
      40 of this invention to form a wear resistant bearing face on ring 18 in
      contact with the wall 24 of cylinder 14.
PAR  Intermediate compression ring 20 includes a tapered face 30, as shown in
      FIG. 3, on which is deposited coating 40 of this invention to form a wear
      resistant and bearing face thereon.
PAR  The oil control ring 22 shown in FIG. 4 includes a pair of axially spaced
      bearing faces 32 extending radially outward thereby forming channel 34
      therebetween. Control ring 22 further includes an inner channel 36
      extending around the inner periphery of ring 22. A conventional U-shaped
      expander 38 fits within inner channel 36 and expands piston ring 22
      radially outward so that bearing faces 32 will bear against the wall 24 of
      cylinder 14. The coating 40 of this invention may also be deposited on
      bearing faces 32 of piston ring 22 to provide wear resistant surfaces
      thereon.
PAR  Therefore, it can be seen that the bearing faces of each of the rings may
      be coated with coating 40 of this invention. The bearing faces on each of
      the rings slideably engages the wall 24 and the rings are compressed
      therein in accordance with the usual practice so as to be expanded tightly
      against the wall 24 to maintain a good sealing engagement therewith.
PAR  Although three piston rings have been shown in FIG. 1, it should be
      understood, however, that any number of different configurations of rings
      may be used. Other types of piston rings may also be used with piston 12
      such as, for example, rectangular flat faced rings with or without grooves
      or keystone piston rings with or without grooves. The faces of the piston
      ring not in contact with the cylinder wall may also be coated with a wear
      resistant coating although it is not usually necessary to do so.
PAR  The engine cylinder 14 preferably includes a cylinder liner 16 having a
      liner bearing surface 24 that is made from a grey iron casting having a
      carbon content of about 3.0 - 3.5% by weight, a silicon content of about
      1.8 - 2.2% by weight, a manganese content of about 0.6 - 1.0% by weight, a
      maximum sulfur content of about 0.15% by weight, and a maximum phosphorus
      content of about 0.50% by weight. Such typical grey iron compositions for
      use as liners in engine cylinders are designated as SAEG-3500 and G-4500
      materials.
PAR  The starting mixture that forms coating 40 is applied to the piston rings
      by a well-known and conventional plasma flame spray technique using a
      plasma jet gun. The plasma flame of such a gun produces temperatures of
      approximately 32,000.degree.F and such temperatures are achieved by
      applying electrical energy to a gas mixture (such as, for example, a 10 to
      1 nitrogen to hydrogen mixture) which causes the gas molecules of the gas
      mixture to dissociate into an atomic stage. The gases are then ionized,
      producing electrons and charged ions. The electrical energy absorbed by
      such ionization is converted to heat energy by deionization of the gas.
      The coating particle mixture is directed into the plasma flame by a
      carrier gas, for example, nitrogen. The particles of the mixture are
      propelled by the gas escaping through the nozzle of the gun as a stream of
      molten particles. The nozzle  is aimed at the surface to be coated so that
      the molten particles impinge thereon. The molten particles solidify to
      provide a continuous and adherent coating 40 on the surface that results
      from a combination of mechanical and atomic bonding at the interface of
      coating 40 and the substrate body of piston rings 18, 20, and 22 and
      between the particles themselves to form an alloy of the ingredients of
      the starting mixture.
PAR  In accordance with the invention, the starting mixture generally consists
      of a loose mixture of thoroughly mixed finely divided and generally
      spherical particles of the required physical composition. The mixture
      contains particles of particular amounts by weight of an intermetallic
      brazing and binding alloy consisting principally of nickel, a cobalt
      molybdenum alloy, and pure molybdenum particles. Preferably, the mixture
      is blended from a combination of commercially available flame sprayable
      particles or powders or which can be prepared on order from various
      sources as will be discussed in greater detail later. The diameter of the
      particles may vary from 5 to 100 microns but the preferred diameter is 10
      to 74 microns, it being understood that the particles are not perfectly
      spherical. The particle size distribution of the mixture can be readily
      ascertained by screening the particles in accordance with AFTM test B214.
      The various particles should have the general overall shape and
      configuration of conventional plasma flame sprayable compositions and
      should be as uniform in diameter as possible. It has been found that when
      the particles of the preferred size are flame sprayed on the surface of
      the piston ring face, proper alloying of the three mixed particles is
      achieved to produce the desired wear resistant surface.
PAR  The starting mixture contains particles of an intermetallic brazing and
      binding alloy consisting principally of nickel, a cobalt molybdenum alloy,
      and pure molybdenum particles. The final coating is essentially a
      partially alloyed mixture of the three ingredients. The three ingredients
      are not completely alloyed with each other but are bound in a fused and
      alloy mixture wherein each of the ingredients is individually
      distinguishable in the final coating. However, each ingredient has an
      alloyed phase with the other ingredients thereby providing a continuously
      bonded coating that is extremely wear resistant.
PAR  The first ingredient of the mixture is essentially an intermetallic brazing
      and binding alloy powder in which each particle has the following
      chemistry in parts by weight:
TBL  Carbon           .18 to .48 parts                                         
     Silicon          .60 to 1.60 parts                                        
     Chromium         2.58 to 6.88 parts                                       
     Nickel           10.5 to 28.0 parts                                       
     Iron             .60 to 1.60 parts-                                       
                                     and                                       
     Boron            .54 to 1.44 parts                                        
PAR  These individual elements are mixed and then melted to form a complete
      alloying of the elements, the alloy then being processed in any
      conventional manner to form particles ranging from 10 to 74 microns in
      diameter with the cross section of a typical particle being generally
      spherical. When this particle is plasma flame sprayed onto a metal
      substrate by itself, the resulting coating has essentially the same
      composition as the powder and forms a very hard coating which has good
      wear properties at relatively high temperatures. The first ingredient is
      readily commercial available and may be obtained from a number of
      commercial sources such as, for example, Refractory Metals, Inc., P. O.
      Box 34606, Houston, Tx. 77034 and may be purchased under the name RMI No.
      60.
PAR  The second ingredient of the mixture is essentially a cobalt molybdenum
      alloy. The cobalt molybdenum particle is essentially an alloy of 75%
      cobalt alloyed with 25% molybdenum. The cobalt and molybdenum elements are
      thoroughly mixed and then melted to form an alloy of the two metals. The
      resulting alloy is then processed in a conventional manner to form
      particles of substantially 10 to 74 microns in diameter. Since this second
      particle is an alloy of 75% cobalt and only 25% molybdenum, the resulting
      crystalline structure of the alloy is essentially hexagonal in shape, the
      alloy has inherently good wear properties at high temperatures and has a
      low coefficient of friction. This contributes to good wear properties at
      high temperatures because the cobalt and molybdenum alloyed particles will
      retain their hexagonal crystalline structure even at high temperatures as
      previously explained. This second ingredient may be obtained from a number
      of sources by specification, that is, by specifying that the powder is an
      alloy 75% cobalt and 25% molybdenum having a diameter between 10 and 74
      microns. The powder may be obtained from GTE Sylvania Corp., Precision
      Materials Group, Chemical and Metallurgical Division, 4700 Parkside Ave.,
      Philadelphia, Pa. 19131.
PAR  The third ingredient of the mixture is essentially a spherical particle of
      pure molybdenum. The molybdenum particle should have a particle size of
      between 10 and 74 microns in diameter. This third ingredient may also be
      obtained from GTE Sylvania Corp., (Sylvania powder 450) and from Wah Chang
      Corp., 7300 West Decatur Highway, Huntsville, Al. 35806 (MSP-200 powder).
PAR  The three ingredient particles are blended together in a conventional
      blender at the preferred weight ratio to form the starting mixture for
      plasma flame spraying onto the wear surface to be coated. The following
      table 1 sets forth the minimum, preferred, and maximum amounts of the
      three ingredients by weight in the starting mixture.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Blends (Percent by Weight)                                                
                    MINIMUM                                                    
                          PREFERRED                                            
                                 MAXIMUM                                       
     __________________________________________________________________________
     1ST INGREDIENT                                                            
     (INTERMEDIATE BRAZING                                                     
     AND BINDING ALLOY                                                         
     PARTICLES)     15    35     40                                            
     2ND INGREDIENT                                                            
     (COBALT MOLYBDENUM                                                        
     ALLOY PARTICLES)                                                          
                    5     6.7    30                                            
     3RD INGREDIENT                                                            
     (MOLYBDENUM PARTICLES)                                                    
                    30    58.3   60                                            
     __________________________________________________________________________
PAR  The starting mixture may be manufactured or blended from any commercially
      available composite powders so long as the ingredients are formed as
      previously described. The foregoing table illustrates the manner in which
      the plasma flame sprayable mixtures of the invention may be derived from
      commercially available materials. The minimum and maximum weight limits of
      the plasma flame sprayable ingredients are the critical limits of the
      mixture.
PAR  FIG. 5 is a phase diagram showing the percentage by weight of each of the
      ingredients wherein each ingredient and its percent weight is shown on
      each side of the phase diagram. The shaded area within the phase diagram
      which is bounded by points A, B, C, and D is the percentage range limit by
      weight of coating 40. As shown in FIG. 5, and in table form in FIG. 6,
      Point A shows a limit of 40% for the intermetallic brazing and binding
      alloy particles, 30% for the pure molybdenum particles, and 30% for the
      cobalt molybdenum alloy particles, Point B shows a limit of 40% for the
      intermetallic brazing and binding alloy particles, 53% for the pure
      molybdenum particles, and 7% for the cobalt molybdenum alloy particle.
      Point C shows a limit of 35% intermetallic brazing and binding alloy
      particles, 60% for the pure molybdenum particles, and 5% for the cobalt
      molybdenum alloy particles. Point D shows a limit of 15% for the
      intermetallic brazing and binding alloy particles, 55% for the pure
      molybdenum particles, and 30% for the cobalt molybdenum particles.
PAR  Referring again to FIG. 5, within the shaded area bounded by points A, B,
      C, and D, a second shaded area bounded by points E, F, and G shows the
      preferred range of the ingredients. Point E shows a preferred limit of 35%
      for the intermetallic brazing and binding alloy particles, 58.3% for the
      pure molybdenum particles, and 6.7% for the cobalt molybdenum alloy
      particles. Point F shows a preferred limit of 35% for the intermetallic
      brazing and binding alloy particles, 50% for pure molybdenum particles,
      and 15% for the cobalt molybdenum alloy particles. Point G shows a
      preferred limit of 25% for the intermetallic brazing and binding alloy
      particles, 58.3% for the pure molybdenum particles, and 16.7% of the
      cobalt molybdenum alloy particles.
PAR  It has been found through experimentation and engine testing that the
      preferred coating includes the individual ingredients in the proportions
      shown at Point E in the phase diagram of FIG. 5 and in the table of FIG.
      6. Although point E is the preferred range for the percentage by weight of
      the ingredients for the starting mixture, it is believed that alternate
      mixtures having the proportion of ingredients specified at points F and G
      will also produce substantially the same desired wear properties that the
      proportion of point E produces.
PAR  As stated above, Point E sets forth the preferred proportion for each of
      the three ingredients. The preferred percentages at point E are shown
      below in Table 2, and will hereafter be referred to as coating K-1000F.
TBL                TABLE 2                                                     
     ______________________________________                                    
     (K-1000 F Coating)                                                        
     ______________________________________                                    
     1ST INGREDIENT --                                                         
                  35% INTERMETALLIC BRAZING AND                                
                  BINDING ALLOY PARTICLES, CON-                                
                  SISTING OF BY WEIGHT:                                        
                   .4% CARBON;                                                 
                   1.4% SILICON;                                               
                   6.0% CHROMIUM;                                              
                  24.5% NICKEL;                                                
                   1.4% IRON; AND                                              
                   1.3% BORON                                                  
     2ND INGREDIENT --                                                         
                  6.7% COBALT MOLYBDENUM ALLOY                                 
                  PARTICLES CONSISTING OF BY                                   
                  WEIGHT:                                                      
                  5.0% COBALT AND - 1.7% MOLYBDENUM                            
     3RD INGREDIENT --                                                         
                  58.3% PURE MOLYBDENUM                                        
                  PARTICLES                                                    
     ______________________________________                                    
PAR  As stated above, although point E (K-1000F coating) represents the
      preferred proportions for the mixture of the particles, the proportions of
      point F may be used as an alternate mixture. The percentage by weight at
      point F (hereinafter designated as K-1000H coating) of each of the
      ingredients is shown below in Table 3.
TBL                TABLE 3                                                     
     ______________________________________                                    
     (K-1000 H Coating)                                                        
     ______________________________________                                    
     1ST INGREDIENT --                                                         
                  35% INTERMETALLIC BRAZING AND                                
                  BINDING ALLOY PARTICLES CONSISTING                           
                  OF BY WEIGHT:                                                
                   .4% CARBON;                                                 
                   1.4% SILICON;                                               
                   6.0% CHROMIUM;                                              
                  24.5% NICKEL;                                                
                   1.4% IRON; and                                              
                   1.3% BORON                                                  
     2ND INGREDIENT --                                                         
                  15% COBALT MOLYBDENUM ALLOY                                  
                  PARTICLES CONSISTING OF BY WEIGHT:                           
                  11.3% COBALT AND                                             
                   3.7% MOLYBDENUM                                             
     3RD INGREDIENT --                                                         
                  50% PURE MOLYBDENUM                                          
                  PARTICLES                                                    
     ______________________________________                                    
PAR  Point G shows the percentage weights of a second alternative mixture to the
      preferred coating K-1000F. The percentage by weight of the ingredients at
      point G (hereinafter designated as K-1000I coating) is shown below in
      Table 4.
TBL                TABLE 4                                                     
     ______________________________________                                    
     (K-1000 I Coating)                                                        
     ______________________________________                                    
     1ST INGREDIENT --                                                         
                  25% INTERMETALLIC BRAZING AND                                
                  BINDING ALLOY PARTICLES CON-                                 
                  SISTING OF BY WEIGHT:                                        
                   .3% CARBON;                                                 
                   1.0% SILICON;                                               
                   4.3% CHROMIUM;                                              
                  17.5% NICKEL;                                                
                   1.0% IRON; AND                                              
                   .9% BORON                                                   
     2ND INGREDIENT --                                                         
                  16.7% COBALT MOLYBDENUM ALLOY                                
                  PARTICLES CONSISTING OF BY WEIGHT:                           
                  12.5% COBALT AND -  4.2% MOLYBDENUM                          
     3RD INGREDIENT --                                                         
                  58.3% PURE MOLYBDENUM                                        
                  PARTICLES                                                    
     ______________________________________                                    
PAR  The preferred coating K-1000 F (Point E) preferably has a porosity of
      between 0 and 15%. Conventional plasma flame sprayed molybdenum coatings,
      that is, those having a substantial amount of molybdenum, generally have a
      porosity of between 15 and 30%. It appears that high porosity in the
      surface of the coating increases corrosion and that low porosity reduces
      corrosion. However, a certain amount of porosity is needed in the face of
      the coating in order to retain a certain amount of lubricating oil used in
      the engine to provide a lubricated surface between the coating on the
      piston ring and the wall of the cylinder bore to reduce friction. It has
      been found that coating K-1000F of the present invention has a porosity of
      substantially 5%. This 5% porosity in the coating face will reduce
      corrosion and at the same time retain sufficient lubricating oils.
PAR  A number of top compression rings 18 were constructed substantially the
      same as that shown in FIG. 2 and were prepared with a coating 40 prepared
      from a mixture of ingredients having the percentage by weight combination
      as shown at point E in FIG. 5 and table 2 and designated K-1000F. The
      piston rings were prepared for testing in an internal combustion diesel
      engine. The top compression rings 18 were prepared in the following
      manner. The bearing surfaces of piston rings 18 were preconditioned by
      well-known techniques of degreasing and grit blasting. The piston rings 18
      were stacked on an arbor with their side faces tightly pressed against
      each other and with the outer or bearing surfaces fully exposed and coated
      with K-1000F coating mixture by using a plasma jet gun during rotation of
      the arbor. The starting mixture was sprayed on the piston ring to the
      desired thickness of the coating, about 0.016 inches. The coating
      thickness depends on the geometry of the part to be coated and the type of
      finish required; however, a coating of approcimately 0.012 - 0.020 inches
      in thickness is usually applied. Subsequently, the coating was ground flat
      by conventional grinding techniques to a thickness of about 0.006 - 0.008
      inches although in some cases the coating is crowned about 0.0002 - 0.0006
      inches in a conventional manner. The final coating K-1000F was hard and
      adhered to the bearing surface of the piston ring. The piston ring was
      then ready for use in a conventional manner in the internal combustion
      diesel engine as the top compression ring.
PAR  In order to compare the results obtained by use of coating K-1000F of the
      present invention, duplicate top compression rings were also prepared with
      a molybdenum base alloy coating that is used extensively today and which
      hereinafter will be designated K-1000C coating. Coating K-1000C is a
      mixture of two different ingredients that are alloyed together by the
      conventional flame spray method thereby providing an alloy coating on the
      piston ring bearing face. The first ingredient of K-1000C is a molybdenum
      particle and the second ingredient is an intermetallic binding alloy such
      as previously described. The coating K-1000C sprayed on the other top
      compression rings was a mixture by weight of 75% molybdenum particles and
      25% intermetallic binding alloy. The intermetallic binding alloy consisted
      by weight of 0.3% carbon, 1.0% silicon, 4.3% chromium, 17.5% nickel, 1.0%
      iron, and 0.9% boron. The particles were substantially the same size as
      those of the mixture for K-1000F.
PAR  The mixture of K-1000C was flame sprayed on the surface of the piston rings
      under the same conditions and in the same manner as the coating K-1000F.
      The K-1000C coating contains no cobalt and contains an alloy of only two
      particles, the pure molybdenum particles and the intermetallic binding
      alloy particles; thus the K-1000C mixture does not contain a cobalt
      molybdenum alloy particle as does mixture K-1000F of the present
      invention.
PAR  In the first test, three top compression piston rings with the K-1000F
      coating of the present invention were installed in three pistons of a six
      cylinder diesel engine and three top compression piston rings with the
      K-1000C coating were installed in the other three pistons of the engine.
      The engine was run at 2,000 RPM and developed 430 HP and 191 BMEP (break
      mean effective pressure). In the first test, the engine was run for
      approximately 597.6 hours with the piston rings having the K-1000F coating
      and was run for approximately 400 hours with the piston rings coated with
      the K-1000C coating. The results obtained were computed for 600 hours so
      that results obtained at 400 hours and 597.6 hours were extrapolated to
      the 600 hour mark. The piston rings were run against soft cylinder liners.
      After the first 400 hours, the piston rings with the K-1000C coating were
      removed from the engine and after 597.6 hours the piston rings having the
      K-1000F coating were removed. The change in end clearance of the piston
      rings was measured to determine the amount of wear of the coatings and the
      increase in diameter of the liners was measured to determine the wear of
      the bores.
PAR  The end clearance increase of a piston ring is determined by measuring the
      gap of each piston ring with the ring in a gauge having a diameter equal
      to the diameter of the cylinder liner. The gap of the piston ring is
      measured before and after engine testing and the difference between these
      two measurements determines the end clearance increase. Cylinder liner
      wear is determined by measuring the diameter of the cylinder liners before
      and after engine testing at the turn around point of the top compression
      rings and taking the difference between these two measurements. The
      greatest amount of wear occurs at the turn around point.
PAR  The results obtained were quite remarkable when extrapolated to 600 hours.
      The average end clearance increase of the three piston rings having the
      K-1000F coating was 0.0049 inches, while the end clearance increase of the
      piston rings having the K-1000C coating was 0.0063 inches. Thus, in the
      first test, it can be seen that the K-1000F coating of the present
      invention wore less than the K-1000C coating. The cylinder liners were
      also measured to find the amount of wear of the soft liners. The diameter
      of the liners used with the K-1000F coating increased 0.00016 inches. The
      liners used with the K-1000C coating increased 0.00018 inches. Thus, it
      can be seen that the liners used with the piston rings coated with K-1000F
      coating of the present invention had less wear than those liners used with
      piston rings coated with K-1000C coating.
PAR  The K-1000F coating when made in accordance with this invention is superior
      to the coating of the prior art such as coating K-1000C. The reason is
      believed to be that the hexagonal atomic crystalline structure is
      maintained by the cobalt molybdenum particle when it is alloyed with the
      other ingredients. The K-1000C coating, which has a substantial amount of
      pure molybdenum and no cobalt, has a body centered cubic atomic
      crystalline structure rather than the hexagonal crystalline structure in
      the K-1000F coating. Because of the hexagonal crystalline structure of
      cobalt, and in particular, the cobalt molybdenum alloy particle,
      substantially better wear properties were obtained by using the K-1000F
      coating.
PAR  In test number two, three piston rings having the K-1000F coating of the
      present invention were again installed as top compression rings in three
      of the pistons of the same diesel engine as used in test number 1. Three
      top compression rings were also prepared having a K-1000C coating and were
      installed on the other three pistons of the diesel engine. The diesel
      engine again developed 430 H.P. and 191 BMEP at 2,000 RPM. In this test,
      the engine was run for 611.5 hours with all the piston rings. After the
      test, the piston rings were removed and their end clearance measured to
      determine the increase in end clearance, thus showing the amount of wear
      of the piston rings. The rings coated with K-1000F had an average end
      clearance increase of 0.0056 inches. The piston rings coated with K-1000C
      had an average end clearance increase of 0.0079 inches. Thus, the piston
      rings coated with the K-1000C coating again showed a remarkably high wear
      rate compared to the piston rings coated with the K-1000F coating. The
      cylinder bore liners were also measured for wear. The liners used with the
      K-1000F increased by 0.00017 and those used with K-1000C increased by
      0.00045 inches. Thus, it can be seen that in test two the liners used in
      conjuction with piston rings having the K-1000C coating wore considerably
      more than those used with K-1000F.
PAR  In the third test, three piston rings were again prepared with the K-1000F
      coating of the present invention and installed as the top compression ring
      in three pistons of the diesel engine used in the first and second tests.
      Also, three rings were prepared having the K-1000C coating and these were
      installed on the other three pistons of the diesel engine. In this test,
      the engine was run as before for 210.8 hours for all rings. After the
      test, the rings were removed and their end clearance increase measured to
      find the amount of wear. The average end clearance increas of the piston
      rings having the K-1000F coating was 0.00143 inches and the increase of
      the piston rings having the K-1000C coating was 0.00297 inches. Thus, it
      can again be seen that there was a substantial increase in wear of the
      piston rings having K-1000C coating compared to those having the K-1000F.
      The cylinder liner diameter was also measured for wear. Those liners that
      were used with piston rings having the K-1000F coating showed an average
      increase of 0.00013 inches while those liners associated with those piston
      rings coated with the K-1000C coating showed an average increase of
      0.00023 inches. Thus, it can be seen that the K-1000F coating caused far
      less wear of the liners than those used in conjunction with the piston
      rings coated with the K-1000C coating.
PAR  On the basis of the foregoing tests, the coating of the present invention
      was judged to be better since less ring wear and less liner wear occurred.
      The reason for the remarkable difference in the wear rates of the two
      coatings is attributed to the decrease in the amount of molybdenum and the
      addition of the cobalt molybdenum alloyed particles used in the starting
      mixture. The K-1000C coating maintained a body centered cubic crystalline
      structure throughout the test which inherently results in higher friction
      and wear than a hexagonal crystalline structured metal. In addition, the
      high wear rates of K-1000C can also be attributed to the highly abrasive
      molybdenum oxides formed at temperatures above 400.degree.F. The K-1000F
      coating of the present invention has exceptionally good wear properties as
      shown by the engine tests, and this is attributed to the fact that the
      coating maintained a hexagonal crystalline structure throughout the tests.
      The results obtained show that the K-1000F coating produced less ring wear
      and less cylinder wear than the K-1000C coating. In addition, abrasive
      molybdenum oxides will not form as long as the crystalline structure is
      hexagonal and thus the K-1000F coating does not contain abrasive
      particles. Thus, it can be seen that by decreasing the molybdenum content
      of the coating and by adding the cobalt molybdenum alloy particles to the
      coating, better wear rates were obtained.
PAR  From the foregoing, it has been concluded that the preferred amount of
      molybdenum should not be in excess of 60% and the amount of cobalt
      molybdenum alloy particles should not be less than 6.7% to insure that the
      coating maintains its hexagonal crystalline structure throughout wide
      temperature ranges present in current diesel engines.
CLMS
STM  Accordingly, the invention having been described in its best embodiment and
      mode of operation, that which is desired to be claimed by Letters Patent
      is:
NUM  1.
PAR  1. A bearing member having a wear resistant coating applied to a wear
      surface thereon by plasma spraying a mixture of particles on said wear
      surface, said mixture comprising by weight:
PA1  15-40% intermetallic brazing and binding alloy particles,
PA2  said particles consisting of:
PA3  0.18 - 0.48 parts carbon,
PA3  0.60 - 1.60 parts silicon,
PA3  2.58 - 6.88 parts chromium,
PA3  10.50 - 28.00 parts nickel,
PA3  0.60 - 1.60 parts iron, and
PA3  0.54 - 1.44 parts boron;
PA1  5-30% cobalt molybdenum alloy particles,
PA2  said cobalt molybdenum alloy particles consisting substantially of 75%
      cobalt alloyed with 25% molybdenum; and
PA1  30 - 60% molybdenum particles.
NUM  2.
PAR  2. The bearing member of claim 1 wherein the weight percentage of said
      brazing and binding alloy particles is substantially 25 - 35%.
NUM  3.
PAR  3. The bearing member of claim 1 wherein the weight percentage of said
      cobalt-molybdenum alloy particles is substantially 6.7 - 16.7%.
NUM  4.
PAR  4. The bearing member of claim 1 wherein the weight percentage of said
      molybdenum particles is substantially 50 - 58.3%.
NUM  5.
PAR  5. The bearing member of claim 1 wherein the weight percentage of said
      brazing alloy particles is substantially 35%,
NUM  6.
PAR  6. The bearing member of claim 1 wherein the weight percentage of said
      cobalt-molybdenum alloy particles is substantially 6.7%.
NUM  7.
PAR  7. The bearing member of claim 1 wherein the weight percentage of said
      molybdenum particle is substantially 58.3%.
NUM  8.
PAR  8. The bearing member of claim 1 wherein the porosity of said coating is
      substantially 0-15%.
NUM  9.
PAR  9. The bearing member of claim 8 wherein said porosity of said coating is
      substantially 5%.
NUM  10.
PAR  10. The bearing member of claim 1 wherein the average diameter of said
      particles is from 5 to 100 microns.
NUM  11.
PAR  11. A piston ring having a bearing face coated with a wear resistant alloy,
      said alloy obtained by plasma spraying a mixture of particles
      substantially comprising by weight:
PA1  35% intermetallic brazing and binding alloy particles,
PA2  said particles consisting of:
PA3  0.4 parts carbon,
PA3  1.4 parts silicon,
PA3  6.0 parts chromium,
PA3  24.5 parts nickel,
PA3  1.4 parts iron, and
PA3  1.3 parts boron;
PA1  6.7% cobalt molybdenum alloy particles, of which 5 parts is cobalt and 1.7
      parts is molybdenum; and
PA1  58.3% molybdenum particles.
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ABST
PAL  A chuck or coupling for connecting a rotary shaft to variable diameter work
     ieces; the work piece can be a pulley, shaft, bar stock or other mechanism
      required to be gripped by a chuck. The chuck structure comprises radially
      movable jaws slidably mounted on a rotary base or chuck body, together
      with a counter-balance for each jaw. Each counterbalance is located on a
      diametrical line passing through the associated jaw, whereby the jaw and
      counterbalance are subjected to oppositely directed radial forces during
      high speed rotation of the chuck structure. Centrifugal force is utilized
      to increase the gripping force of each jaw on the work piece.
GOVT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without payment to me of any
      royalty thereon.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  High speed rotary equipment such as a lathe, or an electric generator, or
      an electric motor, or a centrifugal compressor impeller, is sometimes
      required to be connected to varying diameter work pieces or drive
      elements. The "variable diameter" nature of the work piece or drive
      element poses a "connection" problem.
PAR  The present invention provides a high speed coupling or chuck structure
      comprising radially movable jaws adjustable for gripping work pieces of
      varying diameter. The chuck structure is designed so that high centrifugal
      forces associated with high rotational speeds are suitably controlled to
      increase the gripping forces of the jaws on the work pieces. The chuck
      structure is thus adapted for use at higher speeds than other chuck
      structures not having this controlled-force feature.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a sectional view taken on line 1--1 in FIG. 2 through a chuck
      structure incorporating the invention.
PAR  FIG. 2 is a sectional view taken on line 2--2 in FIG. 1.
PAR  FIG. 3 is a fragmentary sectional view taken on line 3--3 in FIG. 2.
PAR  FIG. 4 is a perspective view of a jaw element used in the FIG. 1 chuck
      structure.
DETD
PAR  The chuck structure shown in the drawings comprises a two piece base
      comprised of members 10 and 12 bolted together by six bolts 14 equi-spaced
      around the periphery of the defined base. Member 10 includes a flat
      plate-like disc portion 10a and a tubular hub portion 10b suitably
      configured for connection to a shaft 16. Shaft 16 may be a powered shaft,
      in which case it acts as the input drive member for the chuck structure.
      Alternately shaft 16 can be the output driven member. In either event the
      shaft and chuck structure are arranged for rotation around a central axis
      18.
PAR  Base member 12 comprises a circular block having an upper exposed face 12a
      and a lower face 12b engaged with the upper face of the aforementioned
      disc portion 10a. Lower face 12b is formed with three rectangular
      slideways 12c extending diammetrically from one point on the block
      peripheral surface 12d to another point on the block peripheral surface.
      Each slideway 12 communicates with two slots 12e and 12f extending
      radially inward from peripheral edge 12d toward central axis 18. Each slot
      12e has a relatively long radial dimension a; each slot 12f has a
      relatively short radial dimension b. Slot dimension a is selected to
      permit the associated jaw 22 to slide radially inward toward central axis
      18. Slot dimension b is selected to prevent the associated counterbalance
      24 from inward sliding movement.
PAR  As seen in FIG. 1, there are three jaws 22 and three counterbalances 24.
      Each counterbalance is connected to the associated jaw by a tensioned
      connector means 26 that extends diammetrically across the intervening
      space between the jaw and counterbalance. By suitable adjustments of the
      three connector means 26 it is possible to move the three jaws radially
      toward the central axis 18, thereby causing said jaws to grip the
      circumscribed work piece 28. As seen in FIG. 2, the work piece takes the
      form of a pulley having three sections of differing diameter. When the
      pulley is oriented so that the large diameter section is gripped by jaws
      22, the small diameter portion of the pulley is exposed for operative
      connection to a non-illustrated drive belt; the belt may drive the chuck
      structure or the chuck structure may drive the belt, depending on the
      installation requirement. When the pulley is oriented with its small
      diameter section gripped within the jaws 22 the large diameter section of
      the pulley is exposed for operative connection with the belt. The work
      piece 28 can of course be some device other than a pulley, e.g. a shaft or
      length of bar stock.
PAR  As seen in FIG. 4, jaw 22 is of I cross-section, comprising a lower shoe
      portion 22a, an intermediate neck portion 22b, and an upper shoe portion
      22c; a work-gripper element 22d is suitably secured to shoe portion 22c,
      as by screws, welding, rivets, etc. Each jaw is slidably accommodated in
      base member 12 so that its shoe portion 22a fits within slideway 12c, and
      its neck portion 22b fits within slot 12e.
PAR  Each counterbalance 24 has essentially the same shape and dimensions as the
      jaw 22; however the counterbalance has no work gripper element
      corresponding to element 22d. As seen in FIG. 2, the counterbalance
      slidably fits within member 12 so that it can shift from its illustrated
      position radially outward (away from axis 18). In the static at-rest
      condition counterbalance 24 abuts surface 25 defined by the associated
      slot 12f in member 12.
PAR  Each of the aforementioned connector means 26 comprises a flat metal band
      26a suitably connected to jaw 22 and a bolt 26b freely extending through
      the counterbalance 24 to a threaded connection with a nut 26c that is
      suitably secured to the metal band. The nut cross-section corresponds to
      the dimension of slideway 12c; accordingly the nut is slidably keyed for
      movement toward or away from the chuck structure axis 18 while being
      restrained against rotation around the nut axis.
PAR  It will be seen that suitable manual rotation of bolt 26b (by a socket
      wrench not shown) produces a translational movement of nut 26c along
      slideway 12c. Band 26a is sufficiently stiff to transmit such movement to
      the associated jaw 22. By selective turning of the three bolts 26b it is
      possible to tighten the three jaws 22 on the work piece 28. Slot dimension
      a enables each jaw to accommodate itself to different diameter work
      pieces.
PAR  During high speed rotation of the chuck structure the centrifugal force
      tends to throw each jaw 22 radially outward away from central axis 18.
      However, at the same time the centrifugal force exerts a similar outward
      bias on each counterbalance 24 (but in an opposite direction). Assuming
      each counterbalance has the same mass and radial spacing from axis 18 as
      the associated jaw 22, the outward biasing forces generated in members 22
      and 24 during high speed rotation of the chuck will be cancelled;
      therefore the centrifugal force will have no tendency to loosen the grip
      of each jaw 22 on the work piece. If each counterbalance 24 is constructed
      of a heavier material (or is longer in the radial direction) than each jaw
      22 then the jaws will in fact tend to more tightly grip the work piece as
      the rotational speed is increased. The mass of each counterbalance can be
      selected according as it is desired to achieve partial counterbalancing,
      full counterbalancing, or over counterbalancing.
PAR  It is contemplated that during rotation of the chuck each counterbalance 24
      will maintain its position substantially engaged with surface 12f. The
      clamped work piece 28 will exert a reaction force on jaw 22 that is
      transmitted through connector means 26 to the associated counterbalance.
      Therefore even though each counterbalance is made to have a greater
      effective mass than the diammetrically opposed jaw 22, there will be no
      substantial outward displacement of the counterbalance except for the
      minor displacement permitted by the stress-strain character of connector
      means 26.
PAR  The central areas of the flat metal bands 26a lie flatwise against one
      another so that the bands exert mutual frictional forces tending to resist
      outward deflection of the jaws or counterbalances. The metal bands are
      slightly bent or deformed because their anchorage points (at shoe portion
      22a and nut 26c) are in the same radial plane. Centrifugal forces tend to
      produce an increase in the frictional pressure of one band on another,
      thus further adding to the stabilizing action achieved by the use of
      counterbalances 24.
PAR  The jaws 22, counterbalances 24 and connector devices 26 are initially
      installed prior to the operation of bolting members 10 and 12 together.
      Maintenance on the components involves a reverse series of operations.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described for obvious modifications will
      occur to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chuck structure comprising a base adapted to be rotated around a
      central axis; work gripper jaws slidably mounted on said base for radial
      adjustments toward and away from said central axis; a counterbalance for
      each jaw; each counterbalance being slidably mounted on the base for
      movement along a diammetrical line passing through the associated jaw and
      the central axis; and tensioned connector means joining each jaw with its
      counterbalance.
NUM  2.
PAR  2. The chuck structure of claim 1: each tensioned connector means
      comprising a first threaded member carried by the respective jaw, and a
      second cooperating threaded member carried by the respective
      counterbalance; said threaded members being rotatably interengaged to draw
      the jaw and counterbalance toward each other.
NUM  3.
PAR  3. The chuck structure of claim 1: said base including an abutment surface
      for limiting slidable movement of each counterbalance toward the central
      axis, whereby in the static at-rest position each counterbalance functions
      as a fixed anchorage point for the associated connector means.
NUM  4.
PAR  4. The chuck structure of claim 3: each abutment surface being spaced the
      same distance from the chuck structure axis, whereby each counterbalance
      exerts the same radial force on the associated connector means.
NUM  5.
PAR  5. The chuck structure of claim 1: each connector means comprising a flat
      metal band extending across the chuck structure axis; said metal bands
      lying flatwise against one another to exert mutual frictional effects
      thereon.
NUM  6.
PAR  6. The chuck structure of claim 1: each connector means comprising a flat
      metal band carried by the associated jaw, and a threaded bolt extending
      through the counterbalance to a threaded connection with a nut secured to
      the metal band.
NUM  7.
PAR  7. The chuck structure of claim 6: each nut being slidably keyed to the
      base, whereby each nut can be adjusted radially toward or away from the
      chuck structure axis while being restrained against rotation around the
      nut axis.
NUM  8.
PAR  8. The chuck structure of claim 1: each counterbalance having substantially
      the same mass as its associated jaw.
NUM  9.
PAR  9. The chuck structure of claim 8: each jaw and its counterbalance
      comprising similarly shaped block elements having shoe sections slidably
      keyed in a diammetrically extending slideway formed in the base; each
      tensioned connector means being trained between the shoe sections of the
      associated jaw and counterbalance in the vacant area defined by the
      slideway.
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PAL  A chuck of the indexing type is comprised of a chuck housing, a pair of
      opposed jaw supports mounted within the housing with one of the supports
      being fixedly secured thereto and the other of the supports including an
      inclined cam surface and being movable toward and away from the fixed
      support. A jaw is mounted on each support through a live center and
      rotates relative to the support into any one of a number of indexed
      positions. A hydraulic jaw operator mounted on the housing includes a
      wedge drive engaging the cam surface of the movable support for driving
      the movable support and its associated jaw toward and away from the fixed
      support. Another feature of the invention is the provision for index
      locking means for each jaw mounted on the housing for locking the jaws
      against rotation. The rigidity of the chuck is enhanced by the chuck
      housing construction that includes a pair of substantially planar support
      plates rigidly interconnected in spaced parallel relationship with at
      least one of the plates having an enlarged central aperture of sufficient
      size to readily permit passage of a workpiece therethrough for engagement
      by the opposed jaws. One of the jaws of the chuck also may be provided
      with a plurality of fluid-operated work stabilizing clamps and a closed
      fluid circuit interconnecting the clamps for controlling engagement of the
      workpiece.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to chucks and is more particularly
      concerned with a new and improved chuck of the indexing type.
PAR  Indexing chucks are employed where it is desired to incrementally pivot a
      piece of work without releasing it from the chuck so that multiple
      operations such as machining operations may be performed thereon. These
      chucks conventionally include a pair of radially movable jaws for gripping
      the work and for rotating the work about the jaw axis through
      predetermined angles to present new faces or sides of the work to the
      machine tool operating thereon. Usually the chuck employs a pair of
      diametrically opposed gripping jaws that are each movable inwardly so as
      to grasp the workpiece under full jaw pressure yet are capable of being
      rotatably indexed and secured within each indexed position so as to
      present the appropriate surface of the workpiece to the machine tool. As
      will be appreciated, it is imperative that the workpiece be firmly and
      securely held by the chuck in each of its rotatably indexed positions.
PAR  Accordingly, a principle object of the present invention is to provide a
      chuck of the indexing type that insures maximum rigidity when the jaws
      close on the workpiece yet at the same time provides balanced jaw pressure
      at each point of jaw contact with the workpiece regardless of the indexed
      orientation of the jaws.
PAR  Another object of the present invention is to provide a chuck of the type
      described that includes an improved jaw closing mechanism wherein the
      power for moving the jaw is centered directly behind the jaw as it is
      closed on the workpiece and provides an equalized jaw pressure thereon.
      Included in this object is the provision for a chuck having an index
      locking mechanism that promotes rigidity between the jaw housing and the
      workpiece through the locking portions of the opposing jaw members.
PAR  Still another object of the present invention is to provide a new and
      improved indexing chuck of the type described that provides support for
      the workpiece gripping jaws not only along the axis of the jaws that are
      generally perpendicular to the direction of machine tool pressure but also
      in a direction that is directly opposed to the direction of machine tool
      pressure.
PAR  A still further object of the present invention is to provide an indexing
      chuck of the type described that provides the features mentioned
      hereinbefore yet is constructed of economical standard components without
      sacrificing durability, precision or desired operating characteristics
      within the chuck.
PAR  A further object of the present invention is to provide a chuck of the
      indexing type that utilizes a housing having rigidly interconnected top
      and bottom plates with the opposed jaws being firmly secured between the
      plates for added rigidity and with the indexed locking and supporting
      mechanism mounted on the plates and providing a wedging action that
      rapidly locks and unlocks the master jaws for indexing and further
      promotes the rigidity of the chuck construction when the jaws are locked
      in their indexed positions.
PAR  Other objects will be in part obvious and in part pointed out in more
      detail hereinafter.
PAR  These and related objects are accomplished in accordance with the present
      invention by providing a chuck of the indexing type comprising a chuck
      housing, a pair of opposed jaw supports mounted within the housing with
      one of the supports being fixedly secured thereto and the other of the
      supports including a cam surface and being movable toward and away from
      the fixed support. A jaw is mounted on each support for rotation relative
      thereto into any one of a number of indexed positions. A jaw operator
      mounted on the housing includes drive means engaging the cam surface of
      the movable support for driving the movable support and its associated jaw
      toward and away from the fixed support. Another feature of the invention
      is the provision for index locking means for each jaw mounted on the
      housing for locking the jaws against rotation. The rigidity of the chuck
      is enhanced by the chuck housing construction that includes a pair of
      substantially planar support plates rigidly interconnected in spaced
      parallel relationship with at least one of the plates having an enlarged
      central aperture of sufficient size to readily permit passage of a
      workpiece therethrough for engagement by the opposed jaws. One of the jaws
      of the chuck also may be provided with a plurality of fluid-operated work
      stabilizing clamps and a closed fluid circuit interconnecting the clamps
      for controlling engagement of the workpiece thereby.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawings which set forth an
      illustrative embodiment indicative of the way in which the principles of
      the invention are employed.
DRWD
PAC  A BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an elevational view of an indexing chuck incorporating the
      features of the present invention;
PAR  FIG. 2 is a sectional view, partially broken away, taken along the line
      2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2 illustrating
      the fixed master jaw and index locking mechanism therefore; and,
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2 illustrating
      the movable master jaw and associated mechanism.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings in greater detail wherein like reference
      numerals indicate like parts throughout the several figures, there is
      illustrated a chuck 10 of the indexing type comprised of a cylindrical
      chuck body formed from a circular, substantially flat base plate 12 and a
      complementary circular top plate 14 spaced from the base plate and fixed
      in substantial parallelism thereto by means of four equally spaced
      peripheral support members 16, 18, 20 and 22. The top plate 14 is provided
      with a large generally rectangular central aperture 24 of sufficient size
      to permit the passage therethrough of a workpiece to be gripped by the
      chuck, such as the valve body 26. As will be appreciated the aperture 24
      must also be of sufficient size to permit indexed rotation of the
      workpiece by the chuck so that appropriate tooling operations can be
      performed on various angularly spaced portions thereof. Thus in the
      specific embodiment illustrated the generally rectangular central aperture
      24 exhibits longitudinal and transverse dimensions well in excess of the
      size of valve body 26 and sufficiently large to accommodate indexed
      rotation of the workpiece as it is held by the chuck.
PAR  A pair of opposed jaw supports 30, 32 are mounted on diametrically opposite
      sides of the elongated central aperture 24 immediately adjacent the
      underside of the top plate 14 and in spaced relationship to the circular
      bottom plate 12. Jaw support 30 is fixedly positioned and rigidly secured
      within a housing 34 secured at its outer end to the peripheral support 16
      and at its inner end by a pair of support posts 36 extending between the
      top and bottom plates. The jaw support 30 is provided with an axially
      extending aperture 38 within which is seated a live center 40 that mounts
      a fixed master jaw 42. As shown in FIG. 3, the fixed master jaw 42 is of
      octagonal configuration and, in turn, mounts a jaw adapter 44 configured
      so as to properly engage the particular workpiece being held by the
      indexing chuck. Thus in the specific embodiment illustrated, a jaw adapter
      44 suited for contacting the valve body 26 at six spaced pad locations is
      fixedly secured to the master jaw 42 for indexed rotation therewith about
      the radially extending axis of the live center 40.
PAR  The opposed jaw support 32 is also mounted within an individual housing 46
      secured to the peripheral support 20 and to a pair of support posts 48
      fastened to the top and bottom plates of the chuck body. However, unlike
      support 30 the support 32 is slideably movable within the housing 46
      toward and away from the fixed support 30 to effect opening and closing of
      chuck jaws. The support 32 includes a live center 52 mounted in coaxial
      alignment with the live center 40 carried by the fixed jaw support 30 and
      mounts a movable master jaw 54 which, in the illustrated embodiment,
      supports a jaw adapter plate 56 and three hydraulically operated,
      work-engaging clamps 58 disposed within a tripod-like array.
PAR  As mentioned, the jaw support 32 and its associated master jaw 54 are
      adapted for axial movement toward and away from the fixed or stationary
      jaw 42 located at the opposite side of the workpiece receiving aperture
      24. The movable jaw support 32 includes a pair of spaced drive tracks 62
      located along the inclined rear wall 64 of the jaw support. The tracks 62
      are positioned adjacent opposite sides of the support and slideably
      receive the drive rails 66 on the free ends of a U-shaped driving plug 68
      adapted for reciprocating movement along support 20 in a plane transverse
      to the axis of movement of the movable support 32. The plug 68 also
      includes a guide pin 70 keyed with the slot 72 in support 20 to control
      reciprocal movement thereof. The plug 68 is reciprocally driven toward and
      away from top plate 14 by a drive rod 74 associated with a hydraulic
      cylinder 76 mounted on support 20. The movable jaw support 32 thus is
      driven radially inwardly along its housing as the jaw drive plug 68 moves
      toward the top plate 14. As mentioned, the pin 70 positioned within the
      elongated slot 72 of the bracing member 20 travels therealong to maintain
      the jaw drive plug 68 in its appropriately centered position while the
      interengaged tracks 62 and rails 64 provide a smooth slideable driving
      action for closing and opening of the jaws.
PAR  Both the movable master jaw 54 and the fixed master jaw 42 are rotatable
      about their coaxially aligned live centers 40 and 52 and are provided with
      substantially identical index locking mechanisms with the exception that
      the index locking mechanism for the movable master jaw 54 is appropriately
      supported so that it will travel radially with the movable jaw as it moves
      toward and away from the fixed master jaw. These index locking mechanisms
      also provide an auxiliary jaw support function as will be more fully
      understood hereinafter.
PAR  As illustrated in FIGS. 2 and 3, the index locking mechanism for fixed jaw
      42 comprises a jaw engaging block 78 configured so as to supportably
      engage the jaw at two spaced locations about the periphery thereof. The
      block 78 is mounted between the octagonal master jaw 42 and the base plate
      12 of the housing and is disposed within substantially the same plane as
      the jaw 42 thereby relieving the live center 40 of some of the jaw load
      and directly opposing the tool pressure produced by boring and turning
      operations. The side 80 of block 78 facing the back plate 12 is provided
      with an elongated rail-like portion 82 disposed at an inclined angle to
      the plate 12. A sliding wedge-like member 84 is provided with a
      complementary recess 86 for receiving the rail 82 and is slideably mounted
      on the bottom plate 12 by means of a pair of guide members 88. The wedge
      drive member 84 is reciprocably driven by a hydraulic cylinder 92 and the
      support block 78 is keyed for linear movement away from or toward the
      master jaw 42 through the cooperative interaction of a pin 94 carried by
      the block 78 and an elongated slot 96 in a guide bar 98 fixed to the jaw
      support 30. Consequently as the wedge 84 is driven to the right as viewed
      in FIG. 3, it drives the block 78 toward the jaw 42 until it lockably
      engages the jaw for retention within a specific indexed orientation.
      Conversely, wedge movement to the left as viewed in FIG. 3 unlockably
      releases the master jaw 42 for further indexing.
PAR  As mentioned, the movable master jaw 54 is also provided with an indexed
      locking mechanism substantially identical to the mechanism used for the
      fixed jaw except that the indexed locking mechanism for the movable jaw is
      constructed so as to move with the movable jaw toward and away from the
      fixed jaw 42. Thus the indexed locking mechanism for the movable jaw 54
      includes a jaw engaging block 100 substantially identical in configuration
      to the block 78 for the fixed jaw and a wedge-like drive member 102
      interconnected with the block through the cooperative interaction of a
      rail-like portion 104 on the block 100 and a track 106 within the sliding
      drive wedge member 102. A pin 108 secured to the block 100 coacts with an
      elongated slot 110 in a guide bar member 112 secured to the movable jaw
      support 32 to control linear movement of the block 100 toward and away
      from the master jaw 54. The guide bar 112 is also provided with a
      transversely extending base portion 114 which defines a guideway for the
      sliding wedge drive member 102 to assure its proper orientation relative
      to the block 100 so as to permit cooperative driving engagement between
      the rail 104 and track 106 of the respective members. The transversely
      extending base 114 of the guide bar 112 also supports a hydraulic cylinder
      116 (FIG. 1) adapted to actuate the sliding wedge drive member 102 in
      substantially the same fashion as the hydraulic cylinder 92 of the index
      control unit for the fixed master jaw 42.
PAR  As mentioned, the jaw adapter 44 mounted on the stationary master jaw 42
      will contact the valve body 26 at six pad locations. However, the movable
      jaw has an adapter 56 that provides three-point contact with the workpiece
      and is capable of adjustment to accommodate variations in the shape of the
      particular workpiece held by the jaws. Thus, as illustrated in FIGS. 1 and
      2 the jaw adapter 56 mounted on the movable master jaw 54 includes three
      similar hydraulic cylinders or clamping members 58 that are interconnected
      with each other through a closed hydraulic circuit 118. In this manner
      each of the clamping cylinders 58 can adjust to slight variations in the
      configurations of the workpiece and at the same time provide equal
      pressure contact at the three remote contact locations thus assuring that
      the jaw pressure applied to the workpiece is uniform and a firm clamping
      action is achieved.
PAR  As mentioned hereinbefore, it is also a feature of the present invention
      that the structure hereinbefore described provides not only substantial
      rigidity within the chuck assembly but achieves this desired result while
      using standard components such as standard hydraulic cylinders to power
      the movable jaws and the index locking mechanism. Standard live centers
      are also used and serve as spindles for indexing the workpiece into the
      desired rotational position relative to the machining tool. Additionally
      the dual plate construction of the chuck body obviates the need for heavy
      castings or forgings without sacrificing strength, durability or rigidity.
      It is also an advantage of the present invention that the jaw closing and
      indexing mechanisms utilize a wedging action such that the entire unit
      reinforces the rigidity of the structure as it clamps the workpiece and
      makes it practically impossible for the jaw to move after it has gripped
      the workpiece.
PAR  As will be appreciated by persons skilled in the art, various
      modifications, adaptations and variations of the foregoing specific
      disclosure can be made without departing from the teachings of the present
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chuck of the indexing type for holding a large workpiece weighing up
      to about 2,000 pounds comprising a pair of substantially planar support
      plates rigidly interconnected in spaced parallel relationship and
      consisting of a base plate and a top plate having an enlarged central
      aperture of sufficient size to readily permit passage of a workpiece
      therethrough, a pair of opposed jaw supports mounted between said plates
      adjacent the periphery of said aperture, a housing for each of said jaw
      supports fixedly positioned and rigidly supported between said plates, one
      of said jaw supports being slidably movable within said housing relative
      to said plates toward and away from the other support, said jaw supports
      including live centers positioned coaxially along the axis of movement of
      said movable support, a jaw mounted on each live center for indexed
      rotation relative to said supports into any one of a number of indexed
      rotary positions, a jaw support operator mounted on the housing between
      said plates and having wedge-like drive means in alignment with said live
      centers for driving said movable support and associated jaw toward and
      away from said other jaw and support for clampably engaging and releasing
      a workpiece positioned between the jaws, and jaw locking means supportably
      mounted on the base plate and directly engaging the jaws to provide
      support for the jaws in a direction normal to the base plate and directly
      opposite machine tool pressure on the workpiece, said locking means
      rigidly immobilizing the indexed jaws against rotation and readily
      releasing the jaws for indexed rotation.
NUM  2.
PAR  2. The chuck of claim 1 wherein said movable jaw support includes an
      inclined track and said wedge-like drive means includes a track follower
      for driving said movable support toward said other support during movement
      of the follower along the inclined track.
NUM  3.
PAR  3. The chuck of claim 2 including a reciprocal hydraulic drive connected to
      the track follower for driving it along the inclined track.
NUM  4.
PAR  4. The chuck of claim 1 wherein the locking means includes a jaw engaging
      member reciprocably movable toward the jaw for lockable engagement
      therewith and a wedge-like drive member for driving the jaw engaging
      member into locking engagement with the jaw.
NUM  5.
PAR  5. The chuck of claim 4 wherein said drive member is fluid operated and
      said locking means at least partially supports the jaw when the jaw is
      locked in one of said indexed rotary positions.
NUM  6.
PAR  6. The chuck of claim 1 wherein the locking means include separate locking
      members for each jaw supported on said base plate and the locking member
      for the movable jaw is movable therewith.
NUM  7.
PAR  7. The chuck of claim 1 wherein one of said jaws has a plurality of
      fluid-operated work stabilizing clamps for both locating and gripping the
      workpiece and a fluid circuit interconnecting said stabilizing clamps for
      controlling engagement of the workpiece thereby and equalizing pressure on
      the workpiece.
NUM  8.
PAR  8. The chuck of claim 7 wherein the fluid circuit is a closed hydraulic
      circuit adapted to equalize hydraulic pressure on the workpiece by the
      stabilizing clamps.
NUM  9.
PAR  9. The chuck of claim 7 wherein the work stabilizing clamps include at
      least three fluid operated cylinders movable toward and away from a
      workpiece located between the opposed jaws.
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ABST
PAL  A chuck has a chuck body adapted to be rotated about an axis and formed
      with an axial passage having a seat on which three jaws are slidable to
      grasp a tool shank. A tightening ring is formed on its inner periphery
      with threads that engage threads on the jaws to displace them axially. A
      cylindrical sleeve has one end resting on an outside ledge formed on the
      ring and is deformed at this one end into a groove on the ring which has a
      sharp edge that bites into the sleeve.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to my copending application Ser. No. 268,752
      filed on 3 July 1972 for a SELF-TIGHTENING DRILL CHUCK (Now U.S. Pat. No.
      3,795,406) and is a continuation-in-part of my copending application Ser.
      No. 377,730 filed on 9 July 1973 for a DRILL CHUCK FOR POLYGONAL-SECTION
      AND CIRCULAR-SECTION BITS (now abandoned).
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a drill chuck. More specifically this
      invention concerns a heavy-duty chuck for use in a rotary drill of the
      impact type.
PAC  BACKGROUND OF THE INVENTION
PAR  A conventional type of drill chuck has a chuck body formed with an axial
      passage itself having a tapered seat on which three jaws slide. A ring is
      threaded on the three jaws so that when it is rotated the jaws move
      axially in the passage to grip the shank of a tool inserted in the
      passage.
PAR  In order to cover the ends of the jaws and to permit hand tightening of the
      chuck a cover or guide sleeve surrounds the chuck body above the
      tightening ring and has one end secured to this ring. The ring and sleeve
      are usually connected together by a simple force fit. In impact-type
      drills such an arrangement is in sufficiently strong, however, especially
      in view of the fact that the sleeve in turn is axially coupled to the
      chuck body. In such devices it is common to form the outer periphery of
      the tightening ring and the inner wall of the ring with matching grooves
      in which an eye wire is inserted. This type of connection is not rigid,
      and is relatively expensive to make.
PAR  In my above-cited copending application Ser. No. 377,730 I describe such a
      chuck wherein the jaws are each formed with two axially elongated teeth
      having inwardly directed bearing edges which are spaced from each other
      transversely and are also spaced inwardly of the longitudinal edges of the
      bearing face of the respective jaw. These teeth are triangular in section
      and their bearing edges lie on a plane tangent to a cylinder centered on
      the axis of the tool-receiving hole in the chuck. Between the teeth each
      jaw is formed with a connecting region which lies wholly radially outside
      of the respective tangent plane.
PAR  With such a structure the facets of a tool of prismatic section are engaged
      at two angularly spaced locations, greatly stabilizing the tool and
      preventing twisting thereof relative to the chuck. A tool with a shank of
      hexagonal section, for example, will have three of its facets each engaged
      at two separate locations, so that six different regions of line contact
      with the shank are formed. Similarly a circular-section tool is engaged at
      three different locations at least, and if the connecting region lies on
      cylinder centered on the chuck axis and touching each bearing edge, it is
      engaged at more locations.
PAR  In accordance with another feature of my earlier invention, each jaw is
      formed between its two teeth with a third tooth parallel to these teeth.
      This third tooth has a bearing edge which lies on a cylinder as described
      above which is centered on the chuck axis and on which the two outer
      bearing edges lie. Thus in a three-jaw drill chuck a tool having a
      circular-section shank can be engaged in nine separate locations. The most
      secure possible gripping of both prismatic and circular tool shanks
      therefore is possible.
PAR  The drill chuck of my earlier invention generally comprises three jaws
      angularly equispaced about the axis and having tool-engaging faces which
      are moved parallel to themselves by a nut rotatably mounted on the body of
      the chuck which is attached to the shaft of a rotary impact drill by
      threads formed on outer tapered surfaces of the jaws. The tool-engaging
      faces each have a pair of main gripping edges or cutting teeth inwardly of
      the edges of the face and lying on opposite sides of a symmetry plane
      through the jaw and including the chuck axis. Along this plane is a
      central edge or cutting tooth which is radially set back from the main
      gripping edge or cutting tooth so that all three gripping edges or cutting
      teeth lie along generatrices of a right-circular cylinder centered on the
      chuck axis. The term, "edge" or "tooth" as used here is intended to
      describe formations which, at least prior to wear or use of the chuck,
      have angle profiles, preferably defined by flanks including an angle of at
      most 90.degree. and, most advantageously, at most 60.degree., the teeth
      being hardened so as to bite into the tool seized thereby. Each tooth,
      moreover, is symmetrical about a bisecting plane coinciding (in the case
      of the central tooth) with the symmetry plane and parallel (in the case of
      the outer teeth) with the symmetry plane. The grooves between the teeth
      are likewise of V-section.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an improved drill chuck
      using principles developed in my above-cited earlier patent application.
PAR  A further object is a method of making such a chuck.
PAR  Another object is the provision of such a chuck which is inexpensive to
      manufacture and which is more robust than the prior-art chucks.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a drill
      chuck of the above-described general type wherein the tightening ring is
      formed with a sharp-edged shoulder on its outer periphery. The sleeve
      surrounds the ring at the shoulder and is plastically deformed over this
      shoulder so as to form a very solid connection between these two elements.
PAR  In accordance with another feature of this invention the ring is formed on
      its outer periphery with a groove one of whose flanks extends
      perpendicular to the chuck axis and constitutes the shoulder. The sleeve
      is formed at one end with an inwardly projecting ridge that is plastically
      deformed into this groove.
PAR  The sleeve according to the invention is formed at one of its ends on its
      inside wall with the ridge, and on the opposite region at the outer wall
      with a frustoconical bevel. A die formed with a seat corresponding to the
      shape of the bevel in the assembled chuck is used to secure the sleeve to
      the tightening ring. The sleeve is fitted onto the otherwise complete
      chuck and its end is set on the die, then axial force is applied to the
      sleeve to plastically and permanently deform the sleeve inwardly, thereby
      making the bevel and the ridge.
PAR  In a chuck so made the sleeve is virtually unitary with the ring. This
      solid connection is made without great difficulty or expense and
      withstands the considerable jarring produced by an impact drill.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following description, given with reference to
      the accompanying drawing in which:
PAR  FIG. 1 is a side-elevational view partly in section through a chuck
      according to this invention;
PAR  FIG. 2 is a large-scale sectional view of the detail indicated by arrow II
      in FIG. 1; and
PAR  FIG. 3 is a side-elevational view illustrating how the chuck according to
      the present invention is assembled.
PAC  SPECIFIC DESCRIPTION
PAR  The chuck shown in FIG. 1 has a steel body 1 which is formed at one end
      with a threaded axial hole 2 adapted to receive the shaft 18 of an impact
      hammer and at the other end with a passage 15 extending back as three
      passages 15' each receiving a respective jaw 3. As described in U.S. Pat.
      application Ser. No. 377,730 mentioned above, the jaws 3 are each formed
      with a threaded region 3' that meshes with the threaded inner periphery of
      a tightening ring 4. The body is formed with a radially opening blind bore
      5 in which a conventional chuck key 6 having bevel-type gear teeth 7 can
      fit. Similar bevel teeth 8 mesh with the teeth 7 so that rotation of the
      key 6 about its axis A' perpendicular to the axis A of the chuck body 1
      rotates the ring 4 relative to the body 1 and screws the teeth 3 along the
      tapered seat 15".
PAR  A cylindrically tubular sleeve 9 formed with a pair of milled regions 19
      surrounds the body 1 above the ring 4 and has a formation 10 which axially
      links it to the body 1 but allows it to rotate on this body 1.
PAR  FIG. 2 shows how the body 4 is formed with a ledge 20 against which the end
      surface 21 of the sleeve 9 rests. Upwardly of this flange 20 the ring 4 is
      formed with a shallow rectangular-section groove 14 having an upper flank
      13 forming a shoulder having a sharp right-angle edge 12. The sleeve is
      formed on its inner wall 22 with an inwardly directed ridge 16, formed by
      flattening the lower edge of its outer wall 23 as shown at 17. Originally
      the sleeve 9 has the shape shown by dot-dash lines. The deformed shape is
      obtained as shown in FIG. 3 by seating the chuck with its sleeve 9 in
      position in a die 24 having a frustoconical seat 25 and then applying
      pressure axially to the tube 9 as shown by arrows 26 to force it down into
      the die 24, thereby making the frustoconical formation 17 on the outside
      of the sleeve 9 and the ridge 16 on the inside.
PAR  In this manner the sleeve 9 is permanently plastically deformed and is made
      integral with the ring 4. Such an arrangement is relatively easy and
      inexpensive to produce, and is stronger than any hitherto proposed system.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chuck comprising:
PA1  a chuck body adapted to be rotated about an axis and having an axial
      passage formed with an axially tapered seat;
PA1  a plurality of jaws axially slidable on said seat;
PA1  a tightening ring surrounding said body and having a conically threaded
      inner periphery threadedly engaging said jaws for axial displacement of
      same and a cylindrical outer periphery formed with a sharp-edged shoulder;
      and
PA1  a cylindrical sleeve surrounding said body and having one end plastically
      deformed over said shoulder, said ring being formed on its outside
      periphery with an outwardly open circumferential groove, having a pair of
      flanks, one of said flanks constituting said choulder, said sleeve being
      formed at said one end with an inwardly projecting ridge received in said
      groove and a beveled outer edge, said ring being formed at one side of
      said groove with an outwardly projecting ledge forming a continuation of
      the other flank of said groove, said one end of said sleeve bearing on
      said ledge.
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PAL  A draw pulling pallet and method of making same, wherein the pallet is
      constructed of a thin flexible sheet of resinous material, preferably
      thermoplastic synthetic resinous material, which has been roughened on one
      side to prevent slippage of cargo therefrom. In preferred embodiments, the
      side of the sheet is roughened by longitudinally extending grooves and/or
      rhomboid pattern grooves. Preferred embodiments also include markings
      indicating the direction which the pallet is to be pulled. In one
      preferred embodiment, these markings are in the form of arrow shaped
      embossments and in other preferred embodiments, these markings are in the
      form of longitudinally extending colored embossments adjacent one side of
      the pallet. Preferred embodiments of the pallets also include perforations
      for accommodating drainage of water therefrom. Also, the pulling end or
      edge of the pallets includes reinforcements in the form of bevelling of
      the thin sheet of material and/or in the form of reinforcing bars mounted
      in a flanged-over edge of the sheet. These reinforcements, particularly
      the reinforcing bar and adjacent flanged-over edge portion of the sheet
      also serve as attachment points for clamping means of a truck or the like
      which is to pull the pallet during conveyance of goods stacked thereon.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a draw or pulling pallet for the
      conveyance of stackable piece goods or cargo, as utilized, for example, in
      connection with forklift trucks as the transportation means. It is known
      to make these type of pallets of wood or other materials, such as metal
      sheets, for example. However, the use of wooden pallets, for instance,
      entails a high expenditure in originally buying the pallets and relatively
      high freight costs for the return of empty pallets due to the weight and
      bulkiness thereof.
PAR  The present invention contemplates providing a readily manipulatable draw
      pallet at a minimum of cost, which renders the conveyance of the cargo as
      economical as possible.
PAR  More specifically, the present invention contemplates providing a draw
      pallet constructed to be flexible with a roughened and/or embossed surface
      on one side. The present invention further contemplates constructing such
      pallets preferably of a thermoplastic synthetic resin of high strength.
      Preferred embodiments of pallets constructed in accordance with the
      present invention include a fabric-like reinforcing insert of glass or
      cloth fabric, a synthetic resin fabric, and similar materials. Preferred
      embodiments of draw pallets of this invention are constructed of
      especially high-pressure polyethylene, low-pressure polyethylene, soft and
      hard PVC, and rubber; with and without fabric inserts.
PAR  The draw pallets of the present invention are distinguished in that they
      can be used repeatedly under high weight loads. The cargo is safely
      prevented from sliding off due to the roughened and/or embossed pallet
      surface on the cargo contacting side. Additionally, the draw pallets have
      a low weight, because only a minor thickness, preferably in the range of
      about 1 1/2 mm., is required for the pallet, due to the use of
      particularly thermoplastic synthetic resins. Furthermore, the draw pallets
      of this invention are weatherproof and can be utilized in a temperature
      range of from -50.degree. to +70.degree. C. Also the high abrasion
      resistance and resistance to chemicals of the synthetic resins employed
      prove to be advantageous.
PAR  In order to make it possible to drain rain water or water of condensation
      from the pallets, a further feature of certain preferred embodiments of
      this invention include perforations, wherein many desired geometrical
      shapes for the perforations and arrangements of the holes are
      contemplated. As a consequence of these perforations, it also becomes
      feasible to stack cargo in the open air with the use of the draw pallets
      of this invention.
PAR  To facilitate transporting with the draw pallets with the stacked cargo by
      means of forklift trucks or stacking trucks or the like, which are
      equipped with a clamping slide for seizing the draw pallet, advantageous
      preferred embodiments of the invention include embossed arrows and/or
      colored strips extruded in the material which mark the drawing directions.
      Simultaneously a handle is formed for the clamping slide of the truck.
      Preferred embodiments of the draw pallets include strengthed edge portions
      and/or beveled edge portions in the drawing direction or at the drawing
      end or side of the pallets. Further preferred embodiments of the invention
      include a reinforcing rail or bar incorporated into the edge of the
      pallet, which bar or rail serves as the pulling handle or strap for
      connecting the clamping slide of the truck which pulls the draw pallet.
PAR  The draw pallets of the present invention also lend themselves to being
      manufactured in various colors in accordance with another advantageous
      feature of the present invention, so that the differently colored draw
      pallets can be utilized also for the respective characterization or
      marking of cargo placed thereon.
PAR  The strength of the draw pallets and the respective load bearing capacity
      made possible thereby are achieved in accordance with the present
      invention by the use of suitable synthetic resin and/or glass fabrics
      which are introduced during the manufacturing process and/or applied or
      mounted in a subsequent laminating process.
PAR  As compared to conventional draw pallets, the draw pallets of this
      invention are also distinguished by the low space requirement during use
      and during nonuse, i.e. during storage and return. Furthermore, the draw
      pallets have a relatively low weight, so that they can be easily handled.
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of a draw pallet constructed in accordance
      with a first preferred embodiment of the present invention;
PAR  FIG. 2 is a view similar to FIG. 1 showing another preferred embodiment of
      a draw pallet constructed in accordance with the present invention;
PAR  FIG. 3 is a view similar to FIG. 1 showing yet another preferred embodiment
      of a draw pallet constructed in accordance with the present invention; and
PAR  FIG. 4 is a cross-sectional view through a draw pallet constructed in
      accordance with FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The draw pallet 1 of FIG. 1 is provided with a roughened surface on one
      side (side to be contacted by cargo), with grooves 2 formed, for example,
      by means of a wire brush. Embossed arrows 5 are disposed on the roughened
      surface side and indicate the direction which the pallet should be pulled.
      The pulling edge of the draw pallet is reinforced by means of a
      reinforcing rail 7 inserted in a flanged-over edge, as can be seen from
      FIG. 4. The flanged over-edge which encloses rail 7 serves as a handle for
      accommodating clamping of the draw pallet by a clamping slide of a truck
      or the like.
PAR  In the draw pallet 1' according to FIG. 2, the surface is roughened on the
      upper cargo contacting side by embossing in rhomboid configuration 3. The
      marking of the drawing direction in the FIG. 2 embodiment is effected by
      means of a colored strip 6 which is continuously extruded into the pallet
      over the length thereof at one predetermined side of the centerline
      thereof.
PAR  FIG. 3 shows another embodiment of a draw pallet 1" of this invention,
      fashioned with one surface roughened by means of grooves 2 (similar to
      grooves 2 of FIG. 1) and equipped with a continuous colored strip 6
      (similar to strip 6 of FIG. 2) to mark the pulling direction. Perforations
      4 through the pallet 1" are provided in mutually offset rows so that any
      rain water or the like can drain away when the stacked cargo is stored in
      the open air.
PAR  The reinforcing rail 7 arrangement of FIG. 4 is included in the embodiments
      of FIGS. 2 and 3 as well as in the FIG. 1 embodiment.
PAR  Preferred embodiments of the drawing pallets constructed in accordance with
      the present invention have a width in the range between 1 and 1.5 meters,
      a length in the range of 1 to 2 meters and a thickness in the range
      between 1.5 and 3 mm. It would be understood that the length dimension is
      in the pulling or drawing direction of the pallets.
PAR  In use, the drawing pallets are slidably pulled onto a supporting base of a
      lift truck by a clamping slide, together with whatever load is resting on
      the pallets. After transportation of the pallets and the load stacked
      thereon, the pallets and load are pushed off the supporting base of the
      lift truck. It is also contemplated to use the pallets with arrangements
      which retain the pallet on the lift truck while pushing the load off of
      the pallet. Dynamit Nobel AG, Mar. 1973 Brochure No. 15 contains further
      details of use environment contemplated by the present invention.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Draw pallet for conveying stackable cargo comprising:
PA1  a thin flexible sheet of high strength resinous material, said thin
      flexible sheet defining perforations therein for accommodating drainage of
      water therethrough,
PA1  and roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side.
NUM  2.
PAR  2. Draw pallet according to claim 1, wherein said roughening means includes
      grooves formed in said resinous material at said one side of said thin
      sheet.
NUM  3.
PAR  3. Draw pallet according to claim 1, wherein said draw pallet is formed
      substantially completely by said thin sheet of resinous material.
NUM  4.
PAR  4. Draw pallet according to claim 1, wherein said thin sheet of resinous
      material is reinforced by a fabric-like reinforcing insert of one of glass
      fabric, synthetic resin fabric, and the like.
NUM  5.
PAR  5. Draw pallet according to claim 1, wherein said resinous material is
      selected from the group consisting of high pressure polyethylene, low
      pressure polyethylene, polyvinyl chloride, and rubber.
NUM  6.
PAR  6. Draw pallet according to claim 1, wherein said thin sheet is
      approximately 1.5 mm thick.
NUM  7.
PAR  7. Draw pallet according to claim 1, wherein said roughening means is
      capable of limiting sliding of cargo stacked on said one side while the
      portion of the flexible sheet on which said cargo rests is essentially
      flat.
NUM  8.
PAR  8. Draw pallet according to claim 1, wherein the lateral edge portions of
      said thin flexible sheet are continuous.
NUM  9.
PAR  9. Draw pallet according to claim 1, wherein the lateral edge portions of
      said thin flexible sheet are formed substantially completely from said
      thin sheet of resinous material.
NUM  10.
PAR  10. Draw pallet according to claim 9, wherein the leading edge of said thin
      flexible sheet includes reinforcing means.
NUM  11.
PAR  11. Draw pallet according to claim 1, wherein said perforations are located
      in a central portion of said thin flexible sheet.
NUM  12.
PAR  12. Draw pallet according to claim 11, wherein the lateral edge portions of
      said thin flexible sheet are continuous.
NUM  13.
PAR  13. Draw pallet according to claim 11, wherein the lateral edge portions of
      said thin flexible sheet are formed substantially completely from said
      thin sheet of resinous material.
NUM  14.
PAR  14. Draw pallet for conveying stackable cargo comprising:
PA1  a thin flexible sheet of high strength resinous material,
PA1  roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side, and
PA1  visible marking means on said one side which indicates a predetermined
      desired drawing direction for said pallet, said marking means including
      arrow-shaped embossments formed in said resinous material at said one
      side.
NUM  15.
PAR  15. Draw pallet according to claim 14, further comprising perforations
      through said thin sheet for accommodating drainage of water therethrough.
NUM  16.
PAR  16. Draw pallet according to claim 1, further comprising reinforcing means
      at an edge of said thin sheet, said reinforcing means including handle
      means for clamping said pallet to a vehicle for slidably pulling the
      pallet.
NUM  17.
PAR  17. Draw pallet according to claim 16, wherein said reinforcing means
      includes a reinforcing rail enclosed within an edge portion of said thin
      sheet which also forms a pulling handle or strap for said pallet.
NUM  18.
PAR  18. Draw pallet for conveying stackable cargo comprising:
PA1  a thin flexible sheet of high strength resinous material,
PA1  roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side, and
PA1  visible marking means on said one side which indicates a predetermined
      desired drawing direction for said pallet, said marking means including at
      least one strip extruded into said resinous material, said strip being of
      a color different than the color of the adjacent visible surface of the
      thin sheet of said resinous material.
NUM  19.
PAR  19. Draw pallet according to claim 18, further comprising perforations
      through said thin sheet for accommodating drainage of water therethrough.
NUM  20.
PAR  20. Draw pallet for conveying stackable cargo comprising:
PA1  a thin flexible sheet of high strength resinous material,
PA1  roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side,
PA1  visible marking means on said one side which indicates a predetermined
      desired drawing direction for said pallet, and
PA1  perforations through said thin sheet for accommodating drainage of water
      therethrough.
NUM  21.
PAR  21. Draw pallet for conveying stackable cargo comprising:
PA1  a thin flexible sheet of high strength resinous material,
PA1  roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side, and
PA1  reinforcing means at an edge of said thin sheet including handle means for
      clamping said pallet to a vehicle for slidable pulling said pallet.
NUM  22.
PAR  22. Draw pallet according to claim 21, wherein said reinforcing means
      includes a reinforcing rail enclosed within an edge portion of said thin
      sheet which also forms a pulling handle or strap for said pallet.
NUM  23.
PAR  23. Draw pallet for conveying stackable cargo comprising:
PA1  a thin flexible sheet of high strength resinous material,
PA1  roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side,
PA1  visible marking means on said one side which indicates a predetermined
      desired drawing direction for said pallet, and
PA1  reinforcing means at an edge of said thin sheet, said reinforcing means
      including handle means for clamping said pallet to a vehicle for slidably
      pulling the pallet.
NUM  24.
PAR  24. Draw pallet according to claim 23, wherein said reinforcing means
      includes a reinforcing rail enclosed within an edge portion of said thin
      sheet which also forms a pulling handle or strap for said pallet.
NUM  25.
PAR  25. Draw pallet for conveying stackable cargo comprising:
PA1  a thin flexible sheet of high strength resinous material, and
PA1  roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side,
PA1  the edge of the thin sheet facing said pallet being beveled in a
      predetermined drawing direction.
NUM  26.
PAR  26. A method of making a draw pallet comprising:
PA1  forming a thin sheet of high strength synthetic resinous material,
PA1  roughening one side of said thin sheet to limit sliding of cargo therefrom,
      and
PA1  marking said thin sheet by embossing arrows on said one side to indicate a
      predetermined pulling direction for said pallet.
NUM  27.
PAR  27. A method according to claim 26, further comprising perforating said
      thin sheet to form water drain holes therethrough.
NUM  28.
PAR  28. In a method for conveying stackable cargo in which stackable cargo is
      stacked on a draw pallet and said draw pallet together with the stack of
      stackable cargo thereon is transported by transportation means adapted to
      carry said draw pallet and said stack the improvement wherein said draw
      pallet comprises a thin flexible sheet of high-strength resinous material,
      and roughening means on one side of said thin sheet for limiting sliding
      of cargo stacked on said one side, the lateral edge portions of said thin
      flexible sheet being formed substantially completely from said thin sheet
      of resinous material, said draw pallet defining perforations through the
      central portion of said thin sheet for accommodating drainage of water
      therethrough.
NUM  29.
PAR  29. In a method for conveying stackable cargo in which stackable cargo is
      stacked on a draw pallet and said draw pallet together with the stack of
      stackable cargo thereon is transported by transportation means adapted to
      carry said draw pallet and said stack, the improvement wherein said
      transportation means is a lift truck, said draw pallet being slidably
      pulled onto a supporting base of said lift truck, said draw pallet
      comprising a thin flexible sheet of high-strength resinous material and
      roughening means on one side of said thin sheet for limiting sliding of
      cargo stacked on said one side.
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PAL  A sheet-like bottom has a rounded leading edge. A sheet-like front is
      affixed to and extends from the bottom at right angles thereto. A pair of
      sheet-like sides are affixed to the sides of the bottom in parallel spaced
      relation and extend from the bottom at right angles thereto. A sheet-like
      back is removably positioned at right angles to the bottom and the sides
      to form a rectilinear container.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a slidable multipurpose container device.
PAR  Objects of the invention are to provide a slidable multipurpose container
      device of simple structure, which is inexpensive in manufacture, usable as
      a sledge-type container on all types of surfaces, including snow, mud,
      earth, grass, sand, ice and the like for hauling all types of items,
      children and people with facility, convenience and efficiency.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a schematic diagram of an embodiment of the slidable multipurpose
      container device of the invention in use;
PAR  FIG. 2 is a schematic diagram of an embodiment of the slidable multipurpose
      container device of the invention; and
PAR  FIG. 3 is an exploded view of another embodiment of the slidable
      multipurpose container device of the invention.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The slidable multipurpose container device of the invention comprises a
      sheet-like bottom 1 (FIG. 2) or 1' (FIG. 3) having a rounded leading edge
      2 (FIG. 2) or 2' (FIG. 3). A sheet-like front 3 (FIG. 2) or 3' (FIG. 3) is
      affixed to and extends from the bottom 1 or 1' at substantially right
      angles thereto.
PAR  A pair of sheet-like sides 4 and 5 (FIG. 2) or 4' and 5' (FIG. 3) are
      affixed to the sides of the bottom 1 or 1' in substantially parallel
      spaced relation and extend from the bottom at substantially right angles
      thereto.
PAR  A sheet-like back 6 (FIG. 2) or 6' (FIG. 3) is removably positioned at
      substantially right angles to the bottom 1 or 1' and the sides 4 and 5 or
      4' and 5' to form a substantially rectilinear container.
PAR  In the embodiment of FIG. 2, the front 3 is affixed to, or is integrally
      formed with, the bottom 1 and each of the sides 4 and 5 is affixed to the
      bottom and the front. A substantially U-shaped member 7 reinforces and
      strengthens the structure.
PAR  In the embodiment of the FIG. 3, the front 3' and each of the sides 4' and
      5' are hingedly affixed to the bottom 1' via hinges 8, 9 and 10, 11, 12
      and 13, and 14, 15 and 16, respectively, of any suitable type.
PAR  A substantially rod-like member 17 (FIG. 2) or 17' (FIG. 3) is swively
      mounted on the front 3 or 3', respectively, and extends forward thereof. A
      loop handle 18 (FIG. 2) or 18' (FIG. 3) is provdied at the free end of the
      rod-like member 17 or 17', respectively.
PAR  A pair of spaced handles 19 and 20 (FIG. 2) or 19' and 20' (FIG. 3) are
      affixed to the front 3 or 3'. A handle 21 (FIG. 2) or 21' (FIG. 3) is
      affixed to the top of the back 6 or 6'.
PAR  Track members 22 and 23 (FIG. 2) or 22' and 23' (FIG. 3) are provided on
      the rear ends of the sides 4 and 5 or 4' and 5' in facing relationship for
      removably positioning the back 6 or 6', respectively.
PAR  While the invention has been described by means of specific examples and in
      specific embodiments, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A slidable multipurpose container device, comprising
PA1  a sheet-like bottom having a rounded leading edge;
PA1  a sheet-like front affixed to and extending from the bottom at
      substantially right angles thereto;
PA1  a pair of sheet-like sides affixed to the sides of the bottom in
      substantially parallel spaced relation and extending from the bottom at
      substantially right angles thereto;
PA1  a sheet-like back removably positioned at substantially right angles to the
      bottom and the sides to form a substantially rectilinear container;
PA1  a substantially rod-like member swivelly mounted on the front and extending
      forward thereof and a loop handle at the free end of the rod-like member;
      and
PA1  track members on the rear ends of the sides in facing relationship
      removably positioning the back.
NUM  2.
PAR  2. A container device as claimed in claim 1, further comprising a pair of
      spaced handles affixed to the front and a handle affixed to the top of the
      back.
NUM  3.
PAR  3. A container as claimed in claim 1, wherein the front and each of the
      sides are hingedly affixed to the bottom.
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ABST
PAL  An invalid cart and lift, designed primarily for use in hospitals and the
      like, is comprised of a horizontally disposed frame movable on two back
      wheels and a front steering wheel. A steering shaft, extending vertically
      from the front steering wheel, has at its upper end a drop down handle by
      which this cart it pulled and steered. A housing extending vertically from
      the frame supports a vertically movable seat. A manual crank operates
      through a mitre gear and a ball nut-screw combination to raise and lower
      the seat. A friction brake when engaged holds the seat at a desired level.
      A sanitary chin and chest rest adjustable to the invalid's height raises
      and lowers with the seat. A safety belt with a positive lock prevents the
      invalid from falling from the seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an invalid cart and lift, and more particularly
      to an improved invalid cart and lift that is particularly adapted for
      hospital use.
PAR  Present invalid carts and lifts, as disclosed in U.S. Pat. No. 3,493,245
      issued to the present applicant, are designed to give invalids a degree of
      independence by putting the propelling means under their control. This
      type of device serves particularly well in a home or the like where
      limited care is all that is needed and all that is desired.
PAR  However, hospitals and nursing homes have found this type of cart and lift
      to be impractical. Many hospital patients are not physically capable of
      performing the minimal work needed to operate this device. Moreover, many
      hospital patients, particularly among the elderly, are temporarily or
      permanently mentally incapable of being put in control of unlimited
      self-propelling means. Further, hospitals are generally complex facilities
      where, to avoid confusion, patients in transit are accompanied by an
      attendant. A cart having self-propelling features is thus not needed and
      not wanted. What is needed is a cart and lift under the complete control
      of the attendant. Experience with the prior art carts has also shown that
      the chin rest must be continuously sterilized. A chin rest lending itself
      to rapid sterilization would be a very desirable feature.
PAC  SUMMARY OF THE INVENTION
PAR  An invalid cart and lift designed primarily for use in hospitals and the
      like is comprised of a horizontally disposed frame having a closed end and
      an end with an opening therein. The frame is movable on two rear wheels
      rotatably connected to the sides of the opening and on a front steering
      wheel rotatably connected to the closed end of the frame. Two stabilizing
      wheels straddle the front steering wheel. A steering shaft, extending
      vertically from the front steering wheel, has at its upper end a drop down
      handle by which the cart is pulled and steered.
PAR  A housing extending vertically from the frame supports a vertically movable
      seat. A manually operated crank actuates a drive shaft which acts through
      a mitre gear to drive a ball screw and nut combination. The ball nut being
      integral with the seat results in the seat moving up or down as the crank
      is rotated. A friction brake when engaged holds the seat at the desired
      height.
PAR  A sanitary chin and chest rest, adjustable to the invalid's height raises
      and lowers with the seat. The chin rest is easily removed from the cart
      for sterilization. The design of the chin rest permits a thorough, rapid
      cleaning. A safety belt with a positive lock prevents the invalid
      loosening the belt and falling from the seat. Straps are provided so that
      if need by the invalid's legs can be secured to the cart.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the invalid cart and lift embodying the
      invention;
PAR  FIG. 2 is a top plan view of the invalid cart and lift with parts of the
      platform broken away to show the stabilizing wheels;
PAR  FIG. 3 is a longitudinal section taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged side elevation of the drop-down pulling and steering
      handle;
PAR  FIG. 5 is an enlarged vertical section through the means for raising and
      lowering the seat;
PAR  FIG. 6 is a horizontal section through the means for raising and lowering
      the seat;
PAR  FIG. 7 is a transverse cross section of the braking means taken on line
      7--7 of FIG. 5;
PAR  FIG. 8 is an enlarged vertical section through the chin and chest rest lock
      means; FIG. 9 is an enlarged side elevation of the chin and chest rest
      means;
PAR  FIG. 10 is an enlarged left end view of the chin and chest rest means; and
PAR  FIG. 11 is an enlarged side elevation of the safety belt positive lock
      means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, the improved cart and lift 11 of this
      invention, hereinafter referred to as the cart, is comprised of a
      conventional horizontally disposed frame 12 having a closed end 14 and an
      end with an opening 16 therein, the opening 16 having a portion of the
      frame 12 as its opposing side walls 18. At the outer end 20 of each side
      wall 18 is a slot 22 in which a rear caster 24 is retained by an axle 25.
      Conventionally, opening 16 receives a wheel chair, a toilet, etc. for
      transferring an invalid thereto or therefrom.
PAR  The closed end 14 of the frame forms a platform surface 26. Although other
      shapes are workable, the B shaped platform of the preferred embodiment
      provides a support surface for the invalid's feet while keeping the
      platform's surface area and thus the cost and weight of the platform to a
      minimum. A rubber bumper 28 on the outside of the vertical surfaces of the
      frame protect furniture and the like from being scarred should the cart
      accidentally bump into same.
PAR  Two spaced, parallel stabilizing wheels 30, seen in the broken away portion
      of FIG. 2, straddle a third wheel 32 (to be described). Normally raised
      approximately one half inch off the floor these wheels prevent the cart 11
      from overturning due to an uneven distribution of load.
PAR  A housing 34 extends vertically from and is connected to the closed end 14
      of the frame 12. The housing, a rectangular box-like structure, includes
      two front and two rear corner posts 36, 38, FIG. 3. A cylindrical support
      member 40 (as best seen in FIG. 5) has corresponding apertures in its
      upper and lower surfaces through which the upper parts of the front corner
      posts 36 pass. Caps 41, FIG. 1, close the open ends of the cylinder.
PAR  A top panel 42, FIG. 3, spanning the gap between the four corner posts 36,
      38 is welded to the cylindrical support 40. A front panel 44 spanning the
      gap between the front corner posts 36 is also welded to the cylindrical
      support. In this manner, a portion of the surface of the cylindrical
      support becomes the front edge 46 of the cart 11 making the front edge
      rounded and thus safer for the invalid. The cylindrical support 40
      additionally provides support for horizontal shaft 47 to be described.
PAR  Side panels 48, FIG. 1, extend between successive front and rear corner
      posts 36, 38. The rear corner posts 38, FIG. 3, are hollow to slidably
      receive chin rest supports 50 to be described.
PAR  A support housing 52, FIG. 3, extending forwardly of front panel 44 forms a
      guard and support for a bearing housing 54 secured therein. A bore through
      the bearing housing contains upper and lower ball bearings 58 retained in
      flanged cages 60. An inverted U shaped steering wheel support 62, having
      steering wheel 32 mounted therein, has a post 66 extending upwards
      therefrom through bearings 58. A steering shaft 68 is telescopically fit
      on the aforesaid post 66 and extends upwardly therefrom.
PAR  A steering plate 70, FIGS. 2, 3 and 4, is anchored in the upper portion of
      the front panel 44 and extends outwardly therefrom. A support post 72,
      FIG. 4, having a flanged top 74 extends downwardly through an aperture in
      the steering plate 70 and is telescopically received in the upper end of
      the steering shaft 68. Bushings 76 encircle the support post on either
      side of the steering plate 70.
PAR  A pulling handle assembly 78 is connected to the upper portion of the
      steering shaft 68. While any appropriate pulling means with the ability to
      rotate steering shaft 68 is workable, the preferred handle is long enough
      so that the cart 11 will not strike the heels of the person doing the
      pulling but does not protrude when not in use. One way these features are
      achieved is with a hinged handle comprised of an anchor bar 82, fixed by
      bolt 84 to the upper portion of the steering shaft 68, and extending
      perpendicularly from the shaft a distance short of the foremost point of
      the steering wheel 32, see FIG. 1. A rectangular drop down handle 86 is
      secured by hinge means to the outer end of the anchor bar 82. The handle
      and hinge means (as best seen in FIG. 2) are comprised of a bolt 88
      passing horizontally through an aperture in the anchor bar 82 with spacer
      bushings 90 on either side of the anchor bar. Pull bars 92 extend
      perpendicularly from the spacer bushings 90 and have their outer ends
      joined by a bolt 96 passed through a knurled hand grip 98.
PAR  The above described handle 86 will be rotated downwardly by gravity to the
      position shown in FIGS. 1 and 4 when the handle is not in use. A plastic
      bumper 99 protects steering shaft 68 from being marred by the downwardly
      rotating handle 86. With the handle in the lowered position the foremost
      point on the cart 11 is the cart's steering wheel 32. Therefore if the
      cart accidentally strikes a wall or the like there is no protruding handle
      to cause damage. When the cart 11 is to be pulled the handle 86 is rotated
      upwards to the position seen in FIG. 2.
PAR  A second steering handle 100, FIG. 4, projects upwardly from the anchor bar
      82 and is held in place by screw 102. This handle is used to steer the
      cart while backing up and maneuvering. A handle 104, FIGS. 1 and 3,
      extending upwardly from cylindrical support 40 has an inverted U shape.
      This handle is used to push the cart while backing up and maneuvering.
PAR  A horizontally disposed seat 106, FIG. 3, has its front end 107 secured to
      the top of a triangularly shaped support structure 108. The support
      structure is either made from a composition material or is provided with a
      composition covering on its angularly disposed surfaces 109 in order to
      prevent accidental damage to a wheelchair, toilet, etc. during transfer.
PAR  The triangular support structure 108 passes between rear corner posts 38 to
      connect to bearing blocks 110. Successive front and rear corner posts 36,
      38 form guideways in which these blocks 110 slide. As the seat 106 moves
      vertically (in a manner described hereinafter) the blocks 110 coact with
      the corner posts to withstand the rotational component of force on the
      seat. To ensure that the corner posts will not be forced apart by this
      rotational force the side panels 48 can be constructed with their edges
      bent around the aforesaid successive posts 36, 38.
PAR  As best seen in FIGS. 5 and 6, a crank handle 112 extends from the front of
      the cart 11. Being on the front, the crank is both easily accessible to
      the attendant and non-accessible to the invalid. Crank handle 112 is
      secured by appropriate means to the extending end of horizontal drive
      shaft 47. The horizontal shaft is rotatably supported by bearings 116a, b
      and c, with bearings 116a and b mounted in aligned apertures in
      cylindrical member 40 and bearing 116c mounted in an aperture in a gear
      support housing 118 (to be described).
PAR  Mitre gear 120 formed by bevel gears 120a, b, transfers horizontal rotation
      to vertical rotation. Bevel gear 120b and the driven vertical shaft 122
      affixed thereto are supported by a flanged bearing 124.
PAR  Gear support housing 118 holding bearings 116c and 124 is formed of a plate
      having a U shape in cross section, as seen in FIG. 5. The two upper edges
      of the plate are welded to the top panel 42 while the ends of the plate
      are welded to the side panels 48.
PAR  Vertical shaft 122, FIGS. 3 and 8, passes through an aperture in seat 106
      and through ball nut 126 welded to the underside of the seat. Shaft 122 is
      threaded to form a ball screw to act in conjunction with ball nut 126.
      Block 128 fixed on the lower end of the vertical shaft acts as a stop to
      limit the downward movement of the seat 106.
PAR  As crank handle 112 is manually turned, FIGS. 3, 5 and 6, horizontal shaft
      47 rotates. The rotating horizontal shaft 47 acts through mitre gear 120
      to rotate vertical shaft 122. As vertical shaft 122 rotates, ball nut 126
      acts conventionally to move seat 106 vertically up or down.
PAR  Because a ball screw and ball nut combination is used, the frictional
      resistance to raising the seat is minimal. With low friction levels, the
      weight of an invalid on the seat will cause the seat to move vertically
      downward. In the preferred embodiment a friction brake 128 operates to
      supply frictional resistance to prevent the seat from lowering
      inadvertently while not adding significantly to the frictional resistance
      to raising the seat.
PAR  This friction brake 128, best seen in FIGS. 5 and 7, includes a friction
      disc 130 secured to and rotatable with horizontal shaft 47. A friction
      band 132 is anchored at one end by stationary means 134, here a screw
      fixed to housing 118. The friction band is then wrapped over the friction
      disc 130 in the direction of rotation of shaft 47 which causes seat 106 to
      descend, here clockwise as seen in FIG. 7. The friction band 132 is biased
      into engagement with the friction disc 130 through an I-shaped actuator
      block 135 on an extension spring 136. The extension spring has a hooked
      end 137 which is anchored to eyebolt 138. The eyebolt in turn passes
      through an anchor strip 140, FIGS. 3, 5 and 7, and is secured thereto by
      bolt 142. The anchor strip is welded to that part of the steering plate 70
      that extends through front panel 44, FIG. 5.
PAR  As seen in FIGS. 6 and 7, a shaft 144 has ends 146 extending through
      apertures in front corner posts 36. Shaft ends 146 have the inner ends of
      handles 150 received therein. The outer ends of these handles are capped
      by spherical knobs 152. Secured to shaft 144 between the corner posts is
      an actuator arm 154. The actuator arm extends perpendicularly to shaft
      144, its extended end being forked to receive the recessed portion of the
      I-shaped actuator block 135.
PAR  Extension spring 136 biases the friction band 132 into binding engagement
      with friction disc 130 to thereby prevent rotation of shaft 47 and shaft
      122. Bolt 142 can be adjusted to increase the tension on this spring.
PAR  To relieve the tension caused by spring 136, knobs 152 are lifted
      vertically, FIGS. 5 and 7. This upward movement is transmitted by handles
      150 to shaft 144 and thus actuator block 134. As the actuator block is
      forced upward it extends spring 136, removing its biasing pull on friction
      band 132 and lifts the friction band from engagement with friction disc
      130. With friction disc 130 free to rotate shafts 47 and 122 are free to
      rotate permitting the seat 106 to move downwardly. To stop the downward
      progression of seat 106 knobs 152 are pushed downwardly. This downward
      force is transmitted by the handles 150 to shaft 144 and the actuator
      block 134. As the block moves downward it pulls friction band 132 into
      binding engagement with friction disc 130.
PAR  When the seat is being raised, shaft 47 and the friction disc 130 are
      rotated counterclockwise (FIG. 7). The friction between friction disc 130
      and friction band 132 will cause the friction band to tend to rotate with
      the disc. As the band tends to rotate it will pull against extension
      spring 136 and thus counteract a portion of its biasing pull. With the
      biasing pull released, the friction disc 130 will be able to rotate
      relative to the friction band 132. In this manner the friction brake will
      not impede upward movement of seat 106.
PAR  Chin and chest rest means include a chin and chest rest unit 156, FIGS. 9
      and 10, and is supported by threaded shaft 158. This unit is given
      stability by the aforementioned chin rest supports 50, FIG. 3. As seen in
      FIGS. 3 and 8, threaded shaft 158 extends downwardly from the chin rest
      unit 158 through an aperture in seat 106 and terminates in stop block 162.
PAR  A releasable chin rest lock 164 is comprised of a pin 166 spanning the gap
      between the triangular seat supports 108. A bar 170 pivoting on pin 166
      has a forked end 172. The forked end 172 of the bar straddles threaded
      shaft 158. In the crotch of the fork are teeth 174 dimensioned to mate
      with the threads of the shaft. A lock releasing means consists of a shaft
      178 having knob 180 at one end, the shaft 178 passing through an aperture
      in the seat 106 and being connected to bar 170 by nut 182.
PAR  When the teeth 174 of bar 170 are in engagement with threaded shaft 158,
      the chin rest unit will move vertically with the vertically moving seat
      106. To adjust the height of the chin rest unit relative to the height of
      the seat to accommodate invalids of varying heights, knob 180 is pulled
      upwardly causing bar 170 to pivot and disengage teeth 174 from shaft 158.
      Shaft 158 and thus chin rest unit 156 are now free to be moved vertically
      independent of seat 106. When the chin rest unit 156 is positioned as
      desired, knob 180 is released. Gravity pulls bar 170 and thus teeth 174
      back into engagement with threaded shaft 158.
PAR  Chin and chest rest unit 156, FIGS. 9 and 10, is comprised of two
      continuous strips of plastic material, such as low density polyethylene,
      each strip rolled so as to form a small cylinder 186 within a larger
      cylinder 188. A rectangular bar 190 is bolted at the junction 192 of each
      set of cylinders to a chin rest plate 194 by means of two bolts 196. The
      four protruding bolt heads are received in corresponding recesses in a
      plate 197, thereby aligning the two plates 194, 197, see FIG. 10, Quick
      connecting screws such as conventional Lion connectors, formed by
      receptacles 198 and screws 200 are used to secure the chin and chest rest
      means to plate 197. Plate 197, connected to chin rest supports 50, has two
      vertical sides with apertures 202 running parallel and proximate each
      vertical side, the apertures being dimensioned to receive the fingers of a
      hand, enabling an invalid to grip the plate 197 for support. Chin rest
      plate 194 is attached to plate 197 between these two apertures 202.
PAR  The novel design of this chin and chest rest unit allows it to be easily
      removed from the cart whereupon the unit can be submerged in antiseptic
      for sterilization and then rapidly reattached to the cart. This is
      particularly necessary as invalids are frequently incapacitated to the
      point where they will salivate excessively. The use of a smaller cylinder
      within a larger cylinder provides the necessary strength and flexibility
      for the unit while permitting the antiseptic to completely penetrate it.
PAR  While the preferred embodiment contains a continuous strip of plastic
      rolled to form two cylinders it is obvious that two separate cylinders can
      perform the same function. Also while two sets of cylinders are used, the
      lower set is not strictly necessary as it is primarily for supporting the
      invalid's chest. A chin rest only unit may include only one set of
      cylinders.
PAR  A safety belt 203, FIGS. 2 and 3, made of cotton webbing has spaced
      apertures 204 therein. One end of the belt 203a  passes through a slot
      206a, FIG. 10, in the plate 197. The other end of the belt 203b is wrapped
      around an invalid being transported by the cart 10 and then passed through
      a slot 206b in plate 197. Both ends are held by safety belt lock means
      208.
PAR  The lock means 208, FIG. 11, includes a lock shaft 210 extending
      horizontally from plate 197, the lock shaft having a reduced diameter
      portion 212 with a slot 214 in its outer end. The diameter of this reduced
      portion is dimensioned to be received in the apertures 204 in belt 203.
PAR  A lever 216 has one end held in the slot of lock shaft 210 by a roll pin
      218 whereby the lever 216 can rotate from the horizontal, FIG. 2, to the
      vertical, FIG. 11. An aperture in belt end 203a is slipped over the
      reduced diameter portion 212 and is held thereon by a washer 220. Washer
      220 can be slid off to remove safety belt 203 for washing.
PAR  After the belt end 203b has been passed through slot 206b in plate 197, an
      aperture 204 in the belt is slipped over lever 216 and onto reduced
      diameter portion 212. The lever is then allowed to drop perpendicularly to
      the lock shaft to form a stop and thereby hold the safety belt from
      inadvertent disconnection.
PAR  The safety belt 203 will hold an invalid upright even while unconscious.
      Other retaining means in carts presently available will allow an
      unconscious person to slip off the cart. The positive lock 208 requires a
      conscious effort to release it. This will prevent an invalid from
      inadvertently releasing the belt 203.
PAR  Straps 218a and b, FIG. 1, are used to secure the invalids' legs to strap
      loops 220a and b. An invalid occasionally will not have complete control
      over his extremities and in this situation his legs are strapped to strap
      loop 220a. If an invalid is unable to bend his knee (i.e. cast on leg) his
      leg is strapped to strap loop 220b.
PAR  From the foregoing description it will be apparent the invention disclosed
      herein provides a novel and highly useful invalid cart and lift. As will
      be understood by those familiar with the art, the invention may be
      embodied in other specific forms without departing from the spirit or
      essential characteristics thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved invalid cart and lift comprising:
PA1  a horizontally disposed frame having a closed end and an end with an
      opening therein, the opening having a portion of the frame as its opposing
      side walls;
PA1  a support wheel rotatably connected to each of the opposing side walls of
      the opening;
PA1  a horizontally disposed platform integral with the closed end of the frame;
PA1  a steering wheel supporting the closed end of the frame;
PA1  a steering shaft operably connected to the steering wheel and extending
      upwardly therefrom;
PA1  a handle for pulling and steering the cart connected to the upwardly
      extending portion of the steering shaft, with the handle, the steering
      shaft and the steering wheel being operably connected so that horizontal
      movement of the handle results in a corresponding movement of the plane of
      rotation of the steering wheel;
PA1  a housing projecting vertically from the frame;
PA1  a seat supported by the housing, the seat being vertically movable for
      raising and lowering a patient by means including a manually operated
      crank extending from the housing, a horizontal drive shaft actuated by the
      crank, a vertical threaded driven shaft, a mitre gear for transmitting the
      rotation of the drive shaft to the driven shaft, with the mitre gear, the
      drive and the driven shafts being for the most part contained in the
      housing, and a ball nut forming a part of the seat, the ball nut being
      operably connected to the vertical threaded driven shaft whereby rotation
      of said shaft effects vertical movement of the ball nut and therefore the
      seat; and
PA1  braking means to slow or totally stop the downward vertical movement of the
      seat, the braking means including a disc operably connected to rotate with
      one of said drive and driven shafts, a band having two ends with one end
      anchored securely, the band being wrapped over a portion of the disc,
      spring means, operably connected to the other end of the band, biasing the
      band into frictional engagement with the disc, and brake release means
      which when actuated relieve the biasing effect of the spring means.
NUM  2.
PAR  2. The improved invalid cart and lift of claim 1 wherein the seat has an
      aperture therethrough and wherein the cart and lift includes a chin rest
      means comprised of:
PA1  a support shaft passing through the aperture in the seat and extending
      vertically upwardly and downwardly therefrom;
PA1  releasable lock means operable to connect the support shaft to the seat
      whereby the support shaft will move vertically with the vertical movement
      of the seat; and
PA1  a chin rest unit operably connected to the upwardly extending portion of
      the support shaft.
NUM  3.
PAR  3. The improved invalid cart and lift of claim 2 wherein the chin rest unit
      is comprised of:
PA1  a rigid plate having two vertical sides with an aperture running parallel
      to and proximate each vertical side, the apertures being dimensioned to
      receive the fingers of a hand enabling an invalid to grip the plate for
      support; and
PA1  a continuous strip of flexible material rolled so as to form a larger
      cylinder surrounding a smaller cylinder, the cylinders being operably
      connected to the plate between the apertures.
NUM  4.
PAR  4. The improved invalid cart and lift of claim 2 wherein the lock means
      includes:
PA1  threads on the support shaft;
PA1  a forked bar;
PA1  a pin operably connected to the underside of the seat and forming a pivot
      for the forked bar, teeth in the crotch of the forked bar dimensioned to
      mesh with the threads of the support shaft, the teeth being held against
      the threads by gravity; and
PA1  release means for pivoting the bar on the pin to move the teeth out of
      engagement with the threads of the support shaft.
NUM  5.
PAR  5. The improved invalid cart and lift of claim 2 including:
PA1  a safety belt having spaced apertures therein, the belt being fixed at one
      point to the chin rest unit;
PA1  a safety belt lock including a lock shaft connected to and extending
      horizontally from the chin rest unit, the lock shaft having a slot in its
      extended end and being dimensioned to be received in the safety belt
      apertures;
PA1  a lever with one end dimensioned to be received in the slot in the lock
      shaft; and
PA1  a roll pin passing through both the lock shaft and the lever whereby the
      lever can be rotated to form a stop perpendicular to the lock shaft and
      thereby hold the safety belt on the lock shaft.
NUM  6.
PAR  6. The improved invalid cart and lift of claim 1 wherein the handle
      includes a hinge to permit a part of the handle to rotate to the vertical
      when not in use.
NUM  7.
PAR  7. An improved invalid cart and lift comprising:
PA1  a horizontally disposed frame having a closed end and an end with an
      opening therein, the opening having a portion of the frame as its opposing
      side walls;
PA1  a support wheel rotatably connected to each of the opposing side walls of
      the opening;
PA1  a horizontally disposed platform connected to the frame at its closed end;
PA1  a steering wheel supporting the closed end of the cart and lift;
PA1  a steering shaft operably connected to the steering wheel and extending
      upwardly therefrom;
PA1  a handle for pulling and steering the cart and lift, the handle being
      connected to the upwardly extending portion of the steering shaft and
      extending horizontally therefrom, the handle, steering shaft and steering
      wheel being operably connected so that horizontal movement of the handle
      causes a horizontal movement of the plane of rotation of the steering
      wheel;
PA1  a housing projecting vertically from the frame;
PA1  a seat supported by said housing;
PA1  means to move the seat vertically;
PA1  brake means to slow or stop the downward vertical movement of the seat
      including a disc operably connected to rotate with one of said drive and
      driven shafts, a band having two ends with one end anchored securely, the
      band being wrapped over a portion of the disc, spring means, operably
      connected to the other end of the band, biasing the band into frictional
      engagement with the disc, and brake release means which when actuated
      relieve the biasing effect of the spring means; and
PA1  a chin rest unit movable vertically with the seat, the unit being
      adjustable in the vertical direction independent of the seat.
NUM  8.
PAR  8. The improved invalid cart and lift of claim 7 including:
PA1  a backup handle extending upwardly from the housing; and
PA1  straps connected to the cart housing for securing the invalid's legs
      thereto.
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ABST
PAL  A vehicle body includes an energy absorbing steering column having a
      forward portion rigidly secured to the forward wall of the body and a
      rearward portion slidably connected by energy absorbing structure to the
      forward portion for movement forwardly thereof under impact. A rigid
      bracket structure extends rearwardly from the forward body wall. Impact
      releasable structure secures the column bracket structure to the rearward
      portion of the column. The rigid bracket structure guides movement of the
      column bracket structure during forward movement of the rearward column
      portion. A knee panel is mounted on the body opposite the driver and
      includes a center portion which partially surrounds the lower part of the
      rearward column portion and driver knee deformable side portions to each
      side of the center portion. A U-shaped bracket has its base secured to the
      center portion of the knee panel and has its legs straddling the rearward
      column portion and secured to the rigid bracket structure, to assist in
      blocking deformation of the center portion into the rearward column
      portion.
BSUM
PAR  This invention relates generally to a vehicle driver knee restraint and
      more particularly to the mounting of such a knee restraint on the vehicle.
PAR  The knee restraint is disclosed in detail in copending application Ser. No.
      276,084 Arntson et al., filed July 28, 1972 and assigned to the assignee
      of this invention. Generally the knee restraint includes a center portion
      and a pair of driver knee deformable side portions. The center portion
      partially surrounds the lower part of the rearward or movable portion of
      an energy absorbing steering column which is impact secured to releasably
      rigid bracket structure mounted on a forward wall of the body. The side
      portions extend to each side of the center portion and are deformed by
      engagement with the driver's knees to absorb the kinetic energy and apply
      a resultant compressive load longitudinally of the femurs of the driver to
      control the kinematics of the upper torso of the driver with respect to
      the rearward column portion. The upper and lower edges of the side
      portions are secured to the rigid bracket structure and to other fixed
      body structure to ensure the desired kinetic energy absorption by
      deformation thereof, and the application of the desired resultant loads
      thereby to the driver's knees when impacted to control driver kinematics.
      In accordance with this invention, the center portion of the knee
      restraint is secured to the rigid bracket structure by a mounting
      arrangement to help restrict deformation of the center portion into the
      rearward column portion and possible interference with column collapse. In
      the preferred embodiment, the mounting arrangement includes a generally
      U-shaped bracket having its base secured to the center portion below the
      rearward column portion. The legs of the bracket straddle the column
      portion and are secured to the rigid bracket structure adjacent and
      outwardly of the impact releasable securement of the column portion to the
      rigid bracket structure.
PAR  The primary feature of this invention is that it provides a mounting
      arrangement for a driver knee restraint which ensures energy absorbing
      collapse of a steering column assembly without interference by surrounding
      the column assembly with a rigid bracket which reduces deformation of the
      knee restraint into the column assembly.
DRWD
PAR  This and other features of the invention will be readily apparent from the
      following specification and drawings wherein:
PAR  FIG. 1 is a partially broken away elevational view showing a mounting
      arrangement according to this invention;
PAR  FIG. 2 is a view showing the relationship of the mounting arrangement to
      the knee restraint;
PAR  FIG. 3 is an enlarged view of a portion of FIG. 1; and
PAR  FIG. 4 is a partially broken away, blown apart perspective view of a
      portion of FIG. 1.
DETD
PAR  Referring now to FIGS. 1 and 2, a vehicle designated generally 10 includes
      a floor pan 12 which supports a schematically indicated conventional front
      seat 14 for supporting the vehicle driver 16 in seated attitude. The
      vehicle likewise includes a forward wall 18 which is conventionally known
      as a fire wall or cowl structure and a windshield 20 which extends
      upwardly and rearwardly of the vehicle. An upper wall portion 22 and a
      rear wall portion 24, formed integrally with the remainder of wall 18,
      provide the instrument panel 26 of the body. The instrument panel is
      conventionally covered with suitable energy absorbing material and an
      outer decorative covering.
PAR  The vehicle 10 further includes an energy absorbing steering column
      assembly 28. The assembly 28 is the same as that disclosed in U.S. Pat.
      No. 3,702,081 Arntson, issued Nov. 7, 1972 and assigned to the assignee of
      this invention. Only a brief description of the column necessary for an
      understanding of this invention will therefore be given.
PAR  The assembly 28 includes a forward portion 30 which is rigidly secured at
      its lower end to a portion of the wall 18. The assembly 28 further
      includes a rearward portion 32 which is telescopically related, as shown,
      to the portion 30 and is adapted for movement axially thereof and
      forwardly of the body during collapse of the column when loaded by the
      driver 16. The column portions 30 and 32 are interconnected by suitable
      means which normally maintains them against relative telescopic movement
      and absorbs energy during such movement. A conventional steering wheel 34
      is rotatably mounted on the column portion 32 and is secured to the
      conventional steering mechanism of the body by a steering shaft 36 shown
      in FIG. 3. Also as shown therein, a shift tube 38 concentrically surrounds
      the shaft 36 to connect the shift lever mechanism with the transmission.
PAR  A steering column support bracket 40, FIGS. 2, 3 and 4, has its forward end
      rigidly secured to a wall portion 42 of wall 18 adjacent the wall portion
      22. The rearward end portion of the bracket 40 is offset and shaped to
      provide a flattened generally U-shaped portion 44, FIGS. 3 and 4, which
      spans the portion 32 of the steering column assembly 28. A steering column
      guide bracket 46 is bolted at 48, FIG. 4, to bracket 40, and secured at
      50, FIG. 2, to column portion 30 to support this column portion on wall
      18. The rearward offset portion 52 thereof is shaped in generally the same
      manner as the portion 44 of bracket 40 and fits therewithin in spaced
      relationship, as shown in FIG. 3, except for their respective abutting
      lateral flanges 54 and 56 to each side of the column portion 32. The
      abutting flanges are provided with aligned apertures. A generally U-shaped
      bracket 58, FIG. 3, is suitably bolted at 60 to the column portion 32 and
      includes lateral flanges 62 which are slotted at 64, with the slots 64
      being closed at their forward ends with respect to the body and open at
      their rearward ends with respect to the body. A side slotted mounting
      capsule 66 is slidably received in each of the slots 64 and is impact
      releasably secured to a respective flange 62 by a series of plastic shear
      pins, not shown, which may be injection molded within aligned apertures in
      the capsules and in the flanges. Each capsule includes a closed slot. A
      bolt 67 extends through the aligned apertures in the abutting flanges 54
      and 56 of the bracket portions 44 and 52 and the closed slots in each
      capsule 66 and is retained by a nut 70 to support the column portion 32 on
      the forward wall 18 of the body.
PAR  When the steering wheel 34 is engaged by the upper torso of the driver 16
      with a predetermined force, the resultant load is transferred from the
      steering wheel to the upper column portion 32 through the hub of the
      steering wheel. When the component of this load which is directed axially
      of the column reaches a predetermined minimum magnitude, the plastic shear
      pins which interconnect the flanges 62 and the capsules 66 are fractured
      and the column portion 32 is thereby released for movement axially of the
      column portion 30 as the energy absorbing means connecting the column
      portions functions to absorb the energy of the axial load. During such
      movement, the bracket 58 moves with the column portion 32 and the flanges
      62 slide along and are guided by the bracket portion 52 of bracket 46
      after the flanges are released from the slots of the capsules.
PAR  It can be seen from FIG. 3 that flanges 62 are provided with side
      extensions which are received within generally L-shaped side extensions of
      flanges 56 to control movement of column portion 32 laterally or
      downwardly of column portion 30.
PAR  From the foregoing description, it can be seen that the performance of the
      steering column 28 is dependent upon the axial component of the impact
      load applied to the column by the driver. It is therefore desirable that
      this load be applied coaxially of the column or with minimum deviation
      therefrom. In order to accomplish this, the kinematics of the driver 16
      should be such that the upper torso of the driver rotate in a forward
      direction relative to the vehicle about the H point or hip axis indicated
      in FIG. 2 and that the lower torso of the driver move only a limited
      distance forwardly of the seat 14 whereby the driver remains on the seat
      and maximum rotation of his torso about the H point will occur.
PAR  With reference to FIG. 2 the H point or hip axis of the driver is indicated
      by the letter H, the K point or knee axis is indicated by the letter K,
      and the A point or ankle axis is indicated by the letter A. It is assumed
      that the driver's legs are laterally aligned so that the H, K and A points
      of the driver's legs are coaxial. The full lines connecting the H, K and A
      points indicate the normal seated position of the driver under nonimpact
      conditions. The driver's feet are normally located adjacent the toe pan
      portion of wall 18. Although his feet may move slightly forwardly under
      impact conditions, the A points can be considered relatively stationary
      during such conditions. Under impact conditions, the lower legs of the
      driver swing forwardly and upwardly of the vehicle about the A points. The
      upper leg portions of the driver concurrently move forwardly and upwardly
      of the vehicle so that the H points move forwardly and the angularity of
      the axes K-H of the femurs decreases with respect to the axes K-A of the
      lower leg portions. The engagement of the frontal surfaces of the knees of
      the occupant with an occupant knee restraint 68 applies a resultant
      compressive load axially of the femurs of the upper leg portions of the
      occupant and aids in producing maximum forward rotation of the upper torso
      of the driver about the H point as it moves forwardly.
PAR  The knee restraint 68 includes a pair of knee deformable side portions 70
      interconnected by a center portion 72 which partially surrounds the lower
      part of the upper portion 32 of the column. The center portion is rigidly
      connected to the brackets 40 and 46 by the mounting arrangement of this
      invention to ensure that if any accidental deformation of this center
      portion by the driver's knees should occur, it cannot be deformed into the
      column portion 32 to thereby restrict movement of this column portion
      relative to the column portion 30 and in turn detract from the overall
      performance of the column.
PAR  The knee restraint includes a formed metal base or back 74 which is capable
      of energy absorption with square wave efficiency for the duration of the
      impact of the driver's knees with the side portions 70 of the restraint.
      Each side portion 70, FIG. 2, includes a knee-engageable first frontal
      wall or part 76 angled to the vertical and having an offset attachment
      flange 78 to the lower edge thereof. A second frontal wall 80 extends
      angularly to wall 76 and to the vertical and merges into an upper wall 82
      which terminates in an offset attachment flange 84 for a portion of the
      extent thereof. The walls 76 of the knee restraint are normally engaged by
      the driver's knees intermediate the upper and lower junctures thereof with
      walls 80 and flanges 78 respectively. The base 74 is covered with soft
      foam material 86 which absorbs very little energy under impact conditions
      other than normal. Its primary purposes are to aid in distributing the
      loads over the walls 76 and to aid in "pocketing" the driver's knees. The
      foam material is covered with an outer decorative covering 88, preferably
      of a supported vinyl fabric or similar material which blends colorwise and
      aesthetically with the interior of the vehicle. The upper and lower edges
      of the covering are cemented to wall 82 and to the foam opposite flange
      78.
PAR  With reference to FIG. 4, the manner in which the left hand side portion 70
      is secured to the vehicle will be described. It is understood that the
      securement of the right hand side portion 70 is the same unless otherwise
      noted. A generally J-shaped instrument panel tie bar 90 is of channel
      cross section and has an inboard leg 92 engaging the flange 54 of the
      portion 44 of bracket 40, FIG. 3. The inner wall of the leg 92 is cut away
      so that this leg of the tie bar can nest underneath the flange 54. A
      flange of an offset knee restraint upper tie bar 94 nests against the
      offset flange 84 of wall 82 and is secured thereto by a plurality of sheet
      metal screws 96 extending through the flange of the tie bar 94 and the
      flange 84. Another offset flange 98 of the tie bar 94 nests against the
      lower edge of the instrument panel, FIG. 2, and a plurality of sheet metal
      screws 100 extend through aligned openings in the tie bar 90 and in the
      tie bar 94 to secure the upper edge of portion 70 and the lower edge of
      the instrument panel to the tie bars 90 and 94 and in turn rigidly anchor
      them to the bracket 40, as will be described.
PAR  The outboard leg of the bracket 90 includes an upwardly offset slotted ear
      104 which is bolted to suitable bracket structure mounted on the A pillar
      of the body. An apertured ear 106 of tie bar 94 nests underneath and is
      bolted to the outboard leg of the tie bar 90 to further secure these
      together adjacent their outboard ends. A knee restraint lower tie bar 108
      of channel cross section extends along the lower edge of the knee
      restraint as shown in FIG. 4. The base of tie bar 108 nests against the
      flange 78 of wall 76 and is secured thereto at a number of places 110,
      FIG. 2. The rearward leg of tie bar 108 is provided with a pair of slotted
      ears 112, FIG. 4, which are secured at 114 to flanged legs 116 of a
      U-shaped bracket 118. Bracket 118 forms part of the mounting arrangement
      of this invention as will be apparent from a further description. Flanges
      120 of the legs 116 bear against respective legs 92 of the tie bar 90,
      FIG. 3, and bolts 122 extend through aligned apertures in the flanges 120,
      legs 92, and flanges 54 and are received within tapped blocks 124 welded
      to the flange 54 to thereby rigidly anchor the tie bars 90, 94 and 108 to
      the bracket 40.
PAR  The outboard left-hand end of the tie bar 108 is offset upwardly at 126 as
      shown in FIG. 4 and is bolted to suitable bracket structure mounted on the
      A pillar of the body. This bracket structure may be the same as that for
      the bars 90 and 94.
PAR  The base of bracket 118 is bolted at 128, FIG. 3, to the lower wall 130 of
      the center portion 72 of the knee restraint. Wall 130 is a continuation of
      flange 78 and merges into wall 76 through side wall 132, FIG. 4. It also
      merges into forward wall 134 which terminates in an arcuate flange 136
      which defines an arcuate opening receiving the portion 32 of column 28.
      The center portion 72 is thus of boxlike shape and may provide a housing
      for an air conditioning outlet if desired. The walls 130, 132 and 134 and
      flange 136 of the center portion are covered with the foam material 86 and
      covering 88. The bracket 118 surrounds the portion 32 of the column 28 as
      shown in FIG. 4 and is located within the center portion 72. It can be
      therefore seen that the bracket 118 assists in blocking deformation of the
      center portion 72 of the knee restraint into the steering column due to
      engagement of the driver's knees therewith. Thus, the overall performance
      of the column cannot be influenced by any deformation of the knee
      restraint.
PAR  The left-hand tie bars 90 and 94 rigidly anchor the upper edge of the
      left-hand side portion 70 of the knee restraint to the bracket 40 and in
      turn are anchored at their outboard ends to the A pillar of the vehicle,
      which is a fixed body structure. The lower edge of the left-hand side
      portion 70 is anchored to the bracket 118 and also to the A pillar. Thus,
      the left-hand side portion 70 has its upper and lower edges rigidly
      anchored to fixed vehicle body structure so that any engagement thereby by
      the driver's knee will result in energy absorption deformation of wall 76
      rather than deformation of the instrument panel or release of the knee
      panel from the instrument panel and the fixed vehicle body structure.
PAR  The right-hand side portion 70 is anchored to the brackets 40 and 118 in
      the same manner as the left-hand side portion 70 by like numbered tie bars
      90 and 94 and the right-hand continuation of tie bar 108. The right-hand
      ends of the tie bars 90 and 108 may either be secured to additional tie
      bars which carry them through a knee panel for the right-hand front seat
      passenger or may be secured to the forward wall 18 of the body by suitable
      bracket structure, such as the bracket 138 indicated in FIG. 4.
PAR  From the foregoing description, it can be seen that the bracket 118 of the
      mounting arrangement of this invention assists to restrict deformation of
      portion 72 into the column 28. The bracket surrounds the column and
      rigidly anchors the center portion 72 to the support structure of the
      column. The securement of bracket 118 to the bracket 40 by bolts 122 is
      located outboard and to each side of the impact releasable securement of
      column portion 32 to brackets 40 and 46 to protect this securement against
      interference from the knee restraint.
PAR  Thus, this invention provides an improved occupant knee restraint.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination comprising, an automotive vehicle including an occupant
      compartment for supporting a driver in seated attitude, an energy
      absorbing steering column assembly for absorbing the kinetic energy of the
      upper torso of said driver when engaged thereby, column support means
      mounted on the vehicle, means mounting said steering column assembly to
      said column support means, a knee restraint including a center portion
      partially surrounding the lower part of said steering column assembly and
      a pair of knee deformable side portions, each located to one side of said
      steering column assembly and engageable by the knees of said driver to
      absorb kinetic energy of the lower torso of said driver and control the
      kinematics of the upper torso of said driver with respect to said steering
      column assembly, and rigid generally U-shaped bracket means including a
      base portion connected to said center portion of said knee restraint below
      said lower part of said steering column assembly and spaced leg portions,
      each located to one side of said steering column assembly and secured to
      said column support means, said bracket means being spaced from said
      column assembly and blocking deformation of said center portion into said
      steering column assembly upon engagement of said driver's knees with said
      knee restraint.
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ABST
PAL  An adjustable tie rod assembly for a motor vehicle steering linkage
      according to the present invention includes a tie rod having a threaded
      end, a ball joint with a split tubular attachment portion and a tubular
      intermediate member. The tubular portion of the joint has an internal
      thread. The intermediate member has both inner and outer threads. The
      threaded end of the tie rod, the intermediate member and the tubular
      portion of the joint are arranged in concentric fashion. The internal and
      external threads of the intermediate member are of right-hand and
      left-hand pitch whereby the intermediate member may be rotated to adjust
      the length of the assembly. Clamping means is provided for securing the
      three components in tight engagement.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This invention relates generally to tie rod assemblies for motor vehicle
      steering linkage systems and more particularly to improved adjusting means
      therefor. It is desirable to adjust the length of a tie rod assembly in
      order to obtain the prescribed degree of toe-in of a vehicle's front
      wheels.
PAR  Tie rod assemblies conventionally employ turnbuckle adjustment means in
      which a sleeve member has internal threads at each of its end portions
      that engage threads on the ends of first and second rod elements.
      Adjustment of the overall length of the tie rod assembly is accomplished
      by rotating the turnbuckle sleeve in an appropriate direction. A pair of
      locking bolts are then tightened to secure the sleeve in position. This
      construction has the disadvantage that two locking bolts are required, one
      for each end of the sleeve and the further disadvantage that space
      limitations within the vehicle may prevent ready access to both locking
      bolts when it is desired to make an adjustment.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  In view of the prior art, it is an object of the present invention to
      provide an adjustment means for a tie rod assembly that is characterized
      by its simplicity of construction and ease of manufacture. A tie rod
      adjustment means according to this invention is noted for its compact
      construction and the ease with which the adjustment can be performed.
PAR  In the presently preferred embodiment of the invention, a tie rod assembly
      includes a tie rod having a threaded end. A ball joint has a tubular
      extension with an internal thread. An intermediate member of generally
      tubular construction has both external and internal threads. The internal
      threads of the intermediate member and the mating threads of the rod end
      are of left-hand pitch. The external threads of the intermediate member
      and the mating threads of the tubular extension are of right-hand pitch.
      The tubular portion of the ball joint, the intermediate member and the
      threaded end of the rod are arranged in concentric fashion.
PAR  One end of the intermediate member has a tool receiving portion and when
      the member is rotated, the axial length of the assembly is changed. The
      intermediate member may be rotated in an appropriate direction and an
      appropriate number of turns to achieve the desired adjustment in the
      length of the tie rod assembly. In a steering linkage system the length of
      the tie rod assembly is adjusted in order to obtain a prescribed degree of
      front wheel toe-in.
PAR  The intermediate member has an axially extending slot. Similarly the
      tubular portion of the joint has an axially extending slot. A pair of
      radial flanges extend outwardly from either side of the slot in the joint.
      Aligned holes are provided in the flanges and a single bolt connects the
      flanges. When the bolt is tightened the tubular portion of the joint is
      contracted and a corresponding load is imposed upon the intermediate
      member causing it to contract. Therefore, the single bolt carried by the
      flanges of the joint provides a means for rigidly securing the tubular
      portion, the intermediate member and the threaded end of the rod in rigid
      engagement after the adjustment is made.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of a tie rod assembly having an adjustment
      means in accordance with this invention will become apparent upon
      consideration of the following detailed discussion and the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view of a tie rod assembly having a unique adjustment
      means;
PAR  FIG. 2 is a side elevational view, partly in section, of the adjustment
      device taken along section line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along section line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein the presently preferred embodiment
      of this invention is illustrated, FIG. 1 discloses a tie rod assembly for
      a motor vehicle steering linkage system. The assembly of FIG. 1 includes a
      tie rod 10 that has a ball joint assembly 12 at one end. A ball joint
      assembly 14 is connected to the other end of the rod 10 by an adjustment
      means 16. Ball joint 12 connects the rod 10 to the steering arm 15 of a
      spindle for a front wheel.
PAR  The joint 14 includes a socket 18 that pivotally supports a ball stud 20.
      The ball stud 20 is connected to crosslink 22 of the vehicle steering
      linkage system. The crosslink 22 is connected to a steering gear. Thus,
      the tie rod assembly 10 provides a connection between the steering gear
      and the steering arm 15 of a vehicle steering system.
PAR  The adjustment means 16 according to this invention provides a device for
      adjusting the length of the tie rod assembly for the purpose of regulating
      the toe-in of the vehicle's front wheels.
PAR  The adjustment means 16 includes an externally threaded portion 24 on the
      end of the tie rod 10. These threads are of left-hand pitch. A tubular
      extension 26 is integrally connected to the socket portion 18 of the joint
      14. The tubular extension 26 has internal screw threads 28 of right-hand
      pitch. The joint portion 26 is provided with an axially extending slot 30
      that extends for the major portion of the axial length of the threads 28.
      A pair of generally radially extending flanges 32 and 34 protrude from the
      tubular portion 26 on either side of the slot 30.
PAR  The flanges 32 and 34 are provided with aligned drilled holes 36 and 38. A
      bolt 40 has its shank portion extending through the aligned holes 36 and
      38 with a head 42 adjacent the flange 32 and a nut 44 adjacent the flange
      34.
PAR  An intermediate member 46 has a generally tubular construction. The member
      46 has an internal bore with left-hand screw threads 48 that mate with the
      threads 24 of the end of the rod 10. Right-hand threads 50 are formed on
      the exterior of the intermediate member 46. The threads 50 mate with the
      threads 48 of the tubular extension 26. The end of the intermediate member
      46 is provided with a hexagonal tool receiving portion 52. A portion of
      the length of the intermediate member is split to form an axially
      extending slot 54.
PAC  OPERATION
PAR  The tie-rod assembly is shown in FIG. 1 in its fully assembled condition.
      The intermediate member 46 of the tie-rod assembly is threaded onto the
      end of the rod 10 and extension 26 of joint 14 is threaded onto the
      intermediate member 46 so that the extension 26, the intermediate member
      46 and the end 24 of the rod 10 are arranged concentrically. When it is
      desired to make an adjustment in the total length of the tie rod assembly,
      a tool is used to grip the portion 52 and the intermediate member 46 is
      rotated. Due to the differential in the pitch between the internal and
      external threads 48 and 50, rotation of the member 46 will cause axial
      displacement of the joint 14 relative to the rod 10. This axial
      displacement may be either a lengthening or shortening of the rod assembly
      depending upon the direction in which the intermediate member 46 is
      rotated. In a steering linkage system the adjustment of the length of the
      tie rod assembly will adjust toe-in angle of the vehicle's front wheels.
PAR  After an adjustment is made, the nut 44 is tightened causing a reduction in
      the width of the slot 30. The tightening of the nut 44 will cause the
      tubular extension 26 to clamp the intermediate member and the intermediate
      member 46 in turn will be clamped upon the end of the rod 10 whereby a
      rigid interconnection will be provided. When the nut is tightened
      accidental rotation of the intermediate member 46 will be prevented.
PAR  In summary, an adjustable tie rod assembly according to the present
      invention is particularly characterized by its simplicity of construction
      and its compactness. The clamping bolt 40 and nut 44 are maintained in a
      fixed position with respect to the socket 14. Therefore, these elements
      may be located within the vehicle where they are readily accessible.
PAR  Unlike prior art designs only a single nut 44 need be loosened to permit
      rotation of the intermediate member 46 for adjustment purposes and only
      the single nut 44 need be tightened to prevent accidental rotation of that
      member.
PAR  The foregoing description presents the presently preferred embodiment of
      this invention. Details of construction have been disclosed for purposes
      of illustration and are not to be considered limits of the invention.
      Modifications and alterations may occur to those skilled in the art that
      will come within the scope and spirit of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable tie rod assembly comprising a rod, a joint and an
      intermediate member,
PA1  said rod having an externally threaded end portion,
PA1  said joint having a tubular extension with an internally threaded portion,
PA1  said intermediate member having a generally tubular construction with an
      internally threaded portion engaging the end portion of said rod,
PA1  said intermediate member having an externally threaded portion engaging the
      internally threaded portion of said tubular extension,
PA1  said internally threaded portion of said intermediate member having a
      different pitch from the externally threaded portion of said intermediate
      member,
PA1  said intermediate member having a tool receiving portion at one of its
      ends,
PA1  said intermediate member being rotatable relative to said rod and said
      joint whereby the length of said tie rod assembly may be changed,
PA1  said tubular extension having an axially extending slot whereby said
      tubular extension may be reduced in circumferential dimension when
      subjected to a clamping force,
PA1  said intermediate member having an axially extending slot whereby said
      intermediate member may be reduced in circumferential dimension when
      subjected to a clamping force,
PA1  clamping means engaging said tubular extension constructed to impose a
      clamping force on said tubular extension and said intermediate member
      whereby said intermediate member may be held against rotation relative to
      said rod and said joint,
PA1  said clamping means comprising a first flange extending radially from said
      tubular extension on one side of said slot in said tubular extension and a
      second flange extending radially from said tubular extension on the other
      side of said slot in said tubular extension,
PA1  said clamping means also including a threaded fastener extending between
      said first and second flanges and constructed to draw said flanges
      together when tightened.
NUM  2.
PAR  2. A steering linkage system for a motor vehicle having means for adjusting
      front wheel toe-in,
PA1  said linkage system including a crosslink, a wheel spindle steering arm and
      an adjustable tie rod assembly operatively interconnecting said cross link
      and said steering arm,
PA1  said tie rod assembly comprising a rod, a joint and an intermediate member,
PA1  said rod having an externally threaded end portion,
PA1  said joint being connected to one of said cross-link or steering arm and
      having a tubular extension with an internally threaded portion,
PA1  said intermediate member having a generally tubular construction with an
      internally threaded portion engaging the end portion of said rod,
PA1  said intermediate member having an externally threaded portion engaging the
      internally threaded portion of said tubular extension,
PA1  said internally threaded portion of said intermediate member having a
      different pitch from the externally threaded portion of said intermediate
      member,
PA1  said intermediate member having a tool receiving portion at one of its
      ends,
PA1  said intermediate member being rotatable relative to said rod and said
      joint whereby the length of said tie rod assembly may be changed,
PA1  said tubular extension having an axially extending slot whereby said
      tubular extension may be reduced in circumferential dimension when
      subjected to a clamping force,
PA1  said intermediate member having an axially extending slot whereby said
      intermediate member may be reduced in circumferential dimension when
      subjected to a clamping force,
PA1  clamping means engaging said tubular extension constructed to impose a
      clamping force on said tubular extension and said intermediate member
      whereby said intermediate member may be held against rotation relative to
      said rod and said joint,
PA1  said clamping means comprising a first flange extending radially from said
      tubular extension on one side of said slot in said tubular extension and a
      second flange extending radially from said tubular extension on the other
      side of said slot in said tubular extension,
PA1  said clamping means also including a threaded fastener extending between
      said first and second flanges and constructed to draw said flanges
      together when tightened.
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ABST
PAL  Valves impart a fluid lock on the vehicle body level adjustors when the
      sensed roll and/or pitch of the vehicle body exceeds a certain level to
      prevent delayed and erroneous compensation by the leveling system.
BSUM
PAR  The present invention relates to a fluid operated leveling system of a
      motor vehicle body including novel means for preventing delayed and
      erroneous compensation by the system when the roll and/or pitch of the
      vehicle body exceeds a certain level.
PAR  It is well known in the prior art to provide a hydropneumatic leveling
      system for a body of a motor vehicle to maintain the vehicle body level
      with respect to the road surface or equivalently to the vehicle wheels by
      employing hydraulic adjustors in mechanical series with air springs at
      selected locations between the vehicle axles and the vehicle body. Each
      adjustor is communicable with a hydraulic pump and a fluid reservoir
      through a leveling valve, which is controlled to supply fluid into the
      respective adjustor from the pump or to drain fluid from the respective
      adjustor into the reservoir to raise or lower the vehicle body
      respectively at the location of the adjustor in response to a sensed lack
      of parallelism between the vehicle body and the road surface. Several,
      usually four, adjustors acting in combination maintain the vehicle body
      level constant, and the air springs serve as shock absorbers.
PAR  However, a problem remains in that there is a time delay in the system
      between sensing of a tilt condition of the vehicle body and compensation
      by the system. This problem is most evident in cases in which the vehicle
      undergoes radical acceleration or deceleration or makes a sharp turn at
      relatively high speed. If the vehicle undergoes, for example, sudden
      deceleration from high speed, the vehicle body will be pitched forward
      with the vehicle body rear end level being higher than that of the front
      end from ground. The opposite occurs during acceleration.
PAR  In the case of the vehicle making sharp turns in alternating directions
      when driven on a meandering road, during each turn the vehicle body
      without the provision of the leveling system will roll away from the turn
      with the side of the vehicle body closest to the center of the turn and
      tilted higher than the side farthest from the center of the turn. The
      leveling system compensates for this by supplying fluid under pressure
      into the adjustors on the side of the vehicle body farthest from the
      center of the turn to raise that side, and drains fluid from the adjustors
      on the side of the vehicle body closest to the center of the turn to lower
      the same to restore parallelism between the vehicle body and the road
      surface. However, due to the delay in system operation, compensation will
      occur after the vehicle has started the turn and will continue for a
      period after the vehicle has finished the turn, resulting in an unnatural
      and unpleasant sensation for the vehicle occupants. In the worst possible
      case, the system can be extremely dangerous if the delay in the system is
      equal to the rate at which the vehicle is making alternating turns. In
      this case, compensation for a turn in one direction will occur while the
      vehicle is making another turn in the opposite direction, with the result
      that the inclination of the vehicle during the second turn is twice what
      it would be without the leveling system. The inclination would
      progressively increase so that during the following turn it would be four
      times that without the provision of the leveling system. As a result, a
      side of the vehicle body could eventually strike the road surface, and
      could cause a serious accident.
PAR  It is therefore an important object of the present invention to provide a
      fluid operated leveling system of a vehicle body including means to ensure
      the safety of the vehicle occupants by limiting the compensation of the
      leveling system.
PAR  It is a further object of the present invention to provide a fluid operated
      leveling system of a vehicle body which minimizes the effects of time
      delay in the leveling system.
PAR  It is a still further object of the present invention to provide a novel
      and useful fluid operated leveling system for a vehicle body which is
      simple in construction, inexpensive to manufacture, and can be easily
      mounted on a variety of motor vehicles with practically no modification to
      the motor vehicle designs.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following detailed
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of a leveling system of a motor vehicle body
      embodying the present invention;
PAR  FIG. 2 is an electrical schematic diagram of a delay unit and a solenoid
      control unit shown in FIG. 1;
PAR  FIG. 3 is a schematic diagram showing a modification of the solenoid valve
      arrangement shown in FIG. 1; and
PAR  FIGS. 4A, 4B, 4C, are timing charts illustrating the relationship between
      electrical signals produced within the system of FIG. 1 and time.
DETD
PAR  Referring now to FIG. 1, a leveling system of a vehicle body embodying the
      present invention includes a source 10 of hydraulic fluid under pressure
      having a pump 12, a pressure control or bypass valve 14, and an
      accumulator 16. The pump 12 receives fluid from a reservoir 18, with which
      the bypass valve 14 also communicates. The source 10 and reservoir 18
      communicate through a pressure line 20 and a drain line 22 respectively
      with four adjustors 24, one for each wheel of the vehicle in this
      embodiment. Each adjustor 24 includes a hydraulic cylinder 26 in which a
      piston 28 is slidable. The cylinder 28 is attached to a structural member
      of a vehicle body 30 through an air spring 32 which acts as a shock
      absorber. A piston rod 34 extends from the piston 28 and is pivotally
      connected to an axle 36 carried by a wheel 38. Each adjustor 24 also
      includes a leveling valve 40 to control communication between the interior
      of the cylinder 26 and the pressure and drain lines 20 and 22
      respectively. Each leveling valve 40 is responsive to the inclination of
      the vehicle body 30 relative to the road surface or the plane
      substantially defined by the wheels 38, and connects the interior of the
      respective cylinder 26 to the pressure line 20 or the drain line 22 to
      raise or lower the respective portion of the vehicle body 30 as required
      to restore parallelism between the vehicle body 30 and the road surface.
PAR  The improvement of the present invention includes a sensor 42, which is
      mounted on the vehicle body 30 in a vertical position and is operative to
      sense the roll and/or pitch of the vehicle body 30 and to feed an
      electrical tilt signal to a delay unit 44 when the sensed level of the
      roll and/or pitch is above a predetermined level or in response to a
      sensed lack of parallelism between the vehicle body and the road surface
      exceeding a predetermined degree. The exemplary sensor 42 shown is a
      pendulum switch having an arm contact or pendulum 52 connected to an
      electrical power source such as a 12 V DC car battery (not shown), and a
      fixed contact 54 connected to the delay unit 44. The pendulum 52 engages
      the contact 54 when the car body 30 is tilted beyond a predetermined angle
      in either direction, and stops 56 are provided to limit the relative
      movement of the car body 30 and the pendulum 52. The electrical tilt
      signal is generated upon engagement of the pendulum 52 with the contact
      54. This signal is fed to the delay circuit 44. After a suitable delay
      period, an electrical signal is generated by a solenoid control unit 46
      responsive to the output of the delay circuit 44 and fed to a pressure
      line solenoid valve 48 and a drain line solenoid valve 50 controlling
      communications through the pressure and drain lines 20 and 22 between the
      source 10 and the reservoir 18 respectively and the adjustors 40. The
      solenoid valves 48 and 50 are normally open, but close in response to the
      electrical signal to impart a fluid lock on the adjustors 40. If desired,
      the two solenoid valves 48 and 50 can be provided as a single integral
      solenoid valve 60, as shown in FIG. 3.
PAR  It will be understood that the sensor 42 as shown is capable of sensing
      only the roll or the pitch of the vehicle body 30. However, two
      orthogonally arranged sensors 42 electrically connected in parallel can
      detect roll and/or pitch greater than predetermined degrees.
      Alternatively, any other known sensor may be employed in place of the
      shown sensor 42 which may sense the yaw of the vehicle body 30.
PAR  FIG. 2 shows the delay unit 44, the solenoid control unit 46 and the coils
      48a and 50a of the solenoid valves 48 and 50. The delay unit 44 comprises
      a resistor R.sub.1 having one end connected to an input terminal In
      leading to the sensor 42 and the other end connected to ground through a
      capacitor C.sub.1. The junction between the resistor R.sub.1 and the
      capacitor C.sub.1 also leads to ground through resistors R.sub.2 and
      R.sub.4. The solenoid control unit 46 comprises a transistor T.sub.1
      connected at its base to the junction between the resistors R.sub.2 and
      R.sub.4. The base of the transistor T.sub.1 is also connected through the
      R.sub.2 -R.sub.4 junction and through a resistor R.sub.3 to the 12V DC
      battery. The collector of the transistor T.sub.1 is connected to the 12V
      DC battery through a resistor R.sub.5, and its emitter is connected to the
      base of a transistor T.sub.2. The collector of the transistor T.sub.2 is
      connected to the 12V DC battery through the resistor R.sub.5, and its
      emitter is connected to ground through a resistor R.sub.6. The emitter of
      the transistor T.sub.2  is also connected to the base of a transistor
      T.sub.3. The collector of the transistor T.sub.3 is connected to the 12V
      DC battery through a diode D.sub.1, and its emitter is connected directly
      to ground. The coils 48a and 50a of the solenoid valves 48 and 50 are
      connected in parallel across the diode D.sub.1.
PAR  The resistors R.sub.3 and R.sub.4 act as a voltage divider to bias the base
      of the transistor T.sub.1 to a suitable voltage in the cutoff region. The
      resistor R.sub.1 and capacitor C.sub.1 constitute an integrating circuit
      to integrate the electrical tilt signal from the sensor 42 with respect to
      a function of time. The transistor T.sub.1 and associated components act
      as a level detector to switch on the transistor T.sub.3, which acts as a
      power transistor, when the integrated level of the electrical tilt signal
      exceeds the cutoff voltage of the transistor T.sub.1.
PAR  The operation of the system will now be described with reference also to
      FIG. 4. During normal operation, the pendulum 52 and contact 54 are not
      engaged and the electrical tilt signal is not generated by the sensor 42.
      The integrating circuit comprising the resistor R.sub.1 and the capacitor
      C.sub.1 of the delay circuit 44 does not produce a voltage output, and the
      transistor T.sub.1 of the solenoid control unit 46 is biased and cutoff as
      shown by a line f in FIG. 4b. The transistor T.sub.3 of the solenoid
      control unit 46 is thereby turned off, and no electrical signal is fed to
      the solenoid coils 48a and 50a. The solenoid valves 48 and 50 are thus
      open, and the level of the vehicle body 30 is controlled by means of the
      leveling valves 40 of the adjustors 24.
PAR  If, however, at a time t.sub.1, the roll and/or pitch of the vehicle body
      30 should exceed the predetermined values, the pendulum 52 and contact 54
      of the sensor 42 will engage and the terminal In of the delay circuit 44
      will be connected to the 12V DC battery therethrough as shown in FIG. 4c.
      The capacitor C.sub.1 will then begin to charge through the resistor
      R.sub.1 as shown by a curve a in FIG. 4b. When the voltage across the
      capacitor C.sub.1, or the integral of the electrical tilt signal with
      respect to a function of time reaches the cutoff point of the transistor
      T.sub.1 represented by a line b at a time t.sub.3, the transistor T.sub.1
      and thereby the transistor T.sub.3 will conduct, with the result that the
      electrical signal will be fed to the coils 48a and 50a of the solenoid
      valves 48 and 50 as represented by a curve c in FIG. 4a. The solenoid
      valves 48 and 50 then close, and lock the adjustors 24 so that delayed and
      erroneous compensation by the leveling system of the tilt of the vehicle
      body 30 is prevented. At a time t.sub.2, when the tilt of the vehicle body
      30 is reduced below the predetermined value, the pendulum 52 and contact
      54 disengage, and generation of the electrical tilt signal is terminated
      as shown in FIG. 4c. The capacitor C.sub.1 of the delay circuit then
      starts to discharge through the resistor R.sub.4, and when the voltage
      across the capacitor C.sub.1 drops below the cutoff level b of the
      transistor T.sub.1, the transistor T.sub.1 will be rendered non-conductive
      as will the transistor T.sub.3, and generation of the electrical signal
      will be terminated as shown in FIG. 4a. The solenoid valves 48 and 50 will
      then open, and the leveling system will operate normally.
PAR  The delay circuit 44 serves to prevent erroneous operation of the leveling
      system by inhibiting closure of the solenoid valves 48 and 50 unless
      excessive roll and/or pitch condition has persisted beyond a predetermined
      length of time corresponding to the time constants of the resistor R.sub.1
      and capacitor C.sub.1. This condition is shown in FIG. 4. If the sensor 24
      starts generating the electrical tilt signal at the time t.sub.1 but stops
      generating it at a time t.sub.4, the capacitor C.sub.1 will not have
      sufficient time to charge up to the cutoff level b  of the transistor
      T.sub.1 and will start discharging at the time t.sub.4 as shown by a curve
      e. The solenoid valves 48 and 50 will thereby not be closed, and erroneous
      operation of the leveling system will be prevented.
PAR  From the above description, the safety and other features of the invention
      should be readily apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fluid operated levelling system of a vehicle body having a source
      of fluid under pressure connected to a fluid reservoir, the combination
      comprising:
PA1  adjustors operative to raise and lower the vehicle body relative to ground;
PA1  levelling valves communicating with the source and the reservoir and being
      responsive to the tilt of the vehicle body with respect to road surface
      and operative to communicate the adjustors with the source and the
      reservoir to move the vehicle body to a level substantially parallel to
      the road surface;
PA1  first electrically controlled normally open valve means connected between
      the source and inlets of the levelling valves;
PA1  second electrically controlled normally open valve means connected between
      the reservoir and outlets of the levelling valves;
PA1  sensing means for sensing the tilt of the vehicle body relative to road
      surface and generating an electrical tilt representing signal in response
      to said sensed tilt;
PA1  a delay unit connected to the sensing means and including integrating means
      for integrating said electrical tilt representing signal with respect to
      time; and
PA1  a solenoid control unit connected between the delay unit and the first and
      second valve means, said solenoid control unit including a level detector
      responsive to the output of the delay unit and operative to feed said
      electrical tilt representing signal to the electrically controlled valve
      means when the integrated level of said electrical tilt representing
      signal is above a predetermined value for thereby closing said
      electrically controlled valve means to block fluid communication between
      the source and the reservoir and the levelling valves.
NUM  2.
PAR  2. The combination according to claim 1, in which said sensing means is
      responsive to at least one of the roll and pitch of the vehicle body.
NUM  3.
PAR  3. The combination according to claim 1, in which said first and second
      electrically controlled normally open valve means comprise first and
      second solenoid valves.
NUM  4.
PAR  4. The combination according to claim 1, in which said sensing means
      includes a pendulum switch having one contact fixed to the vehicle body
      and another contact in the form of a pendulum engageable with said one
      contact when the lack of parallelism between the vehicle body and a
      horizontal road surface exceeds a predetermined degree.
NUM  5.
PAR  5. The combination according to claim 1, in which the fluid is in liquid
      form, and in which the source includes a pump, a pressure control valve
      and an accumulator.
NUM  6.
PAR  6. The combination according to claim 3, in which said first and second
      solenoid valves are integral.
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ABST
PAL  A protective installation, especially for the passengers of motor vehicles,
      which is equipped with an air bag automatically inflatable by means of a
      gas when exceeding a predetermined vehicle deceleration; an insert which,
      in relation to the main flow direction of the gas, is disposed at a
      distance to the bag bottom during the inflation and which extends
      transversely to the main flow direction of the gas is thereby coordinated
      to the air bag; the insert forms in its area disposed in the main gas flow
      a baffle surface for the inflowing gas; the air bag is thereby securely
      connected with the insert within the area of its bottom facing the
      passenger while the insert is also anchored at a relatively fixed vehicle
      part by elastic retaining means.
BSUM
PAR  The present invention relates to a protective installation, especially for
      the passengers of motor vehicles, with an air bag which is automatically
      inflatable by means of a gas upon exceeding a predetermined vehicle
      deceleration, whereby an insert extending transversely to the main flow
      direction of the gas and in relation to the main flow direction of the
      gas, disposed at a distance to the bag bottom, is coordinated to the air
      bag during the inflation, which insert forms in its area disposed in the
      gas main flow an impact or baffle surface for the inflowing gas whereby
      the air bag within the area of its bottom facing the passenger is securely
      connected with the insert, as disclosed in German Patent Application P 21
      52 902.2, and corresponding U.S. Pat. No. 3,874,693 the subject matter of
      which is incorporated herein by reference to the extent necessary.
PAR  It was to be avoided by such a construction of the air bag that the air bag
      is inflated by the inflowing gas at the beginning of the inflation
      operation essentially only in one direction, and more particularly toward
      the person to be protected, and expands at first in the flow direction of
      the gas with a relatively small diameter and with a corresponding high
      velocity lying near the supersonic range.
PAR  A forcible radial expansion of the air bag is instead attained by means of
      such a type of construction, whereby the height of the thus-formed "air
      bag disk" is determined essentially by the length of the retaining means
      of the insert.
PAR  However, tests with such air bags have demonstrated that the fastening
      places of the retaining means at the insert and/or at the bottom of the
      air bag are stressed very highly during the sudden impact-like
      deceleration thereof so that in particularly unfavorable cases a
      destruction of these fastening places may occur.
PAR  A further considerable disadvantage of this sudden deceleration of the air
      bag resides in that a very high additional sound pressure is produced by
      this braking action which may lead to an increased danger, for example, of
      the ear drums of the vehicle passengers.
PAR  The present invention is therefore concerned with the task to avoid these
      disadvantages and to provide an air bag, in which a destruction of the
      connection of the retaining means with the insert and with the air bag
      bottom is precluded and which additionally does not effect any further
      increase of the already considerable sound pressure in the interior space
      of a vehicle during the unfolding of an air bag.
PAR  The underlying problems are solved according to the present invention in
      that the insert is anchored at a relatively fixed part of the vehicle by
      elastic retaining means.
PAR  These elastic retaining means may be made, for example, out of the air bag
      material by cutting at a predetermined angle to the warp or weft direction
      of the fabric.
PAR  Accordingly, it is an object of the present invention to provide a
      protective installation, especially for the passengers of motor vehicles,
      which avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in a protective
      installation, especially for the passengers of motor vehicles, in which a
      damage to the connection of the retaining means with the insert or the air
      bag bottom is effectively precluded.
PAR  A further object of the present invention resides in a protective
      installation, especially for the passengers of motor vehicles, which
      minimizes an increase in the danger to the ear drums of the passengers due
      to the further development of high pressure sound waves, especially
      supersonic sound waves.
PAR  Still another object of the present invention resides in a protective
      installation for the passengers of motor vehicles of the type described
      above which is simple in construction, yet is highly reliable in operation
     .
DRWD
PAR  These and other objects, features, and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  The single FIGURE is a schematic partial side elevational view of a
      passenger motor vehicle cut open in the area of the passenger space and
      equipped with a protective installation for the driver in accordance with
      the present invention.
DETD
PAR  Referring now to the single FIGURE of the drawing, an air bag generally
      designated by reference numeral 2 is secured in a conventional manner not
      illustrated in detail herein at the steering wheel 1 of the passenger
      motor vehicle schematically illustrated in a cut-away view; the air bag 2
      is thereby illustrated in the single FIGURE of the drawing in the inflated
      or filled condition. An insert 3 which is disposed in the main flow
      direction S of the gas serving for the filling of the air bag 2, is
      arranged on the inside of the air bag 2. The insert 3 is anchored also
      within the area of the steering wheel 1 by way of elastic retaining means
      which are constructed in the illustrated embodiment as side or flank 4.
      The bottom 5 of the air bag 2 facing the vehicle passenger is thereby
      securely connected with the insert 3, for example, by bonding, gluing or
      sewing.
PAR  As mentioned hereinabove, the elastic retaining means may be realized in
      any conventional manner, for example, by cutting the fabric material of
      the air bag at a predetermined angle to the warp or weft direction of the
      fabric. This is so as the air bags normally consist of a fabric material
      which already has a considerable elasticity in certain
      directions--depending on the weft and warp direction, i.e., from the
      pattern of the threads. If this fabric is now cut into strips in such a
      manner that by reason of the pattern of the threads a certain elasticity
      in the longitudinal direction of the strips exist, then these strips may
      be used as elastic retaining means within the meaning of the present
      invention.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a protective installation, especially for the passengers of motor
      vehicles, which includes an air bag means automatically inflatable by
      means of a gas upon exceeding a predetermined vehicle deceleration, and an
      insert means coordinated to the air bag means which during the inflation
      is disposed at a distance to the bag bottom, in relation to the main flow
      direction of the gas and extends essentially transversely to the main flow
      direction of the gas, said insert means forming in the area thereof
      disposed in the main flow of the gas a baffle surface for the inflowing
      gas, and the air bag means being securely connected with the insert means
      within the area of its bottom facing the passenger, the improvement
      comprising elastic retaining means for anchoring said insert means at a
      relatively fixed vehicle part, said elastic retaining means including
      strips of the fabric material of said air bag means.
NUM  2.
PAR  2. An installation according to claim 1, wherein the elasticity of said
      elastic retaining means minimize stress on said fixed vehicle part during
      expansion of said air bag means.
NUM  3.
PAR  3. An installation according to claim 1, wherein the elastic retaining
      means are flanks connecting the insert means with the fixed vehicle part.
NUM  4.
PAR  4. An installation according to claim 1, wherein the relatively fixed
      vehicle part forms part of the steering wheel assembly.
NUM  5.
PAR  5. An installation according to claim 4, wherein said insert means is
      securely connected to said air bag means by means of at least one of a
      bond, a glue or a sewn connection.
NUM  6.
PAR  6. An installation according to claim 1, wherein said strips of fabric
      material of said air bag means have a predetermined angle to at least one
      of the warp or weft direction of said fabric material such as to impart
      elasticity to said strips.
NUM  7.
PAR  7. An installation according to claim 1, wherein said elastic retaining
      means hold said insert means at approximately a predetermined distance
      from said relatively fixed vehicle part determined substantially by the
      length of said elastic retaining means.
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ABST
PAL  Safety apparatus for a vehicle having a passenger seat, comprising an
      energy absorbing panel positioned in front of the seat and movably mounted
      on the vehicle for movement between a first position wherein the panel is
      spaced from the occupant of the seat and a second position wherein the
      panel is positioned closely adjacent to the upper torso of the occupant of
      the seat. A bumper is movably mounted on the vehicle and is connected to
      the energy absorbing panel so that movement of the bumper inwardly toward
      the vehicle in response to an impact thereon effects movement of the
      energy absorbing panel from the first to the second position wherein it
      restrains forward movement of the occupant of the seat.
PARN
PAR  This is a continuation of application Ser. No. 201,803 filed Nov. 24, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The continuing increase in automobile traffic throughout the world, while
      bringing with it many conveniences and advantages, has had the corollary
      results of producing an increasingly higher incidence of fatal accidents,
      particularly resulting from collisions between vehicles. While vehicles
      have been equipped with bumpers and other shock absorption devices
      designed to reduce the force of impact, they are still characterized by a
      marked inadequancy to solve the problem of fatalities and serious injuries
      resulting from collisions. This is well demonstrated by the fact that,
      despite the equipping of almost all passenger vehicles with bumpers or the
      like, vehicle collisions result, all too often, in fatal or serious injury
      to the driver and passengers.
PAR  While most vehicles at the present time are equipped with seat belts and/or
      shoulder harness belts, many drivers and passengers of vehicles do not use
      these belts owing to the inconvenience of fastening them or fear of
      entrapment. Inflatable devices, such as bags, are not being proposed for
      use in vehicles to restrain the forward movement of the driver and
      passenger in the event of a collision. Such inflatable devices, however,
      have limited usefulness depending on the impact angle; may not be
      completely reliable owing to the complicated systems for inflating them in
      response to an impact; are accompanied by a large amount of noise when
      inflated rapidly in response to an impact; and seat belts would still be
      necessary with such inflatable devices for high speed frontal impacts and
      for side and roll-over protection.
PAR  It will be readily seen, therefore, that a need has arisen for a reliable
      passive restraint system for protecting the driver and passengers of a
      vehicle in the event of a collision, which provides the safety features
      both of seat and shoulder harness belts without the inconvenience and
      action required of the occupants to effect the system's performance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides safety apparatus for a vehicle having a
      passenger seat, wherein an energy absorbing panel is positioned in front
      of the seat and is movably mounted on the vehicle for movement between a
      first position wherein the panel is spaced from the occupant of the seat
      and a second position wherein the panel is positioned closely adjacent to
      or in engagement with the upper torso of the occupant of the seat. A
      bumper is movably mounted on the front and/or sides of the vehicle and is
      connected to the energy absorbing panel so that movement of the bumper
      inwardly toward the vehicle in response to an impact thereon effects
      movement of the energy absorbing panel from the first to the second
      position wherein it restrains movement of the occupant of the seat.
PAR  The energy absorbing panel may be a portion of or may be mounted adjacent
      to the dashboard of the vehicle for the protection of the driver and front
      passengers of the vehicle. In the case of the rear passengers of the
      vehicle, one or more panels may be movable mounted adjacent the rear of
      the front seat of the vehicle for movement rearwardly into closely
      adjacent relation with the upper torso of the rear passengers to restrain
      their movement in the event of a collision. Preferably, the energy
      absorbing panels are formed of substantially rigid material and have a
      layer of energy absorbing material that faces the occupant of the vehicle
      seat when the panel is in its second position closely adjacent to the
      occupant.
PAR  In one embodiment, the inward movement of the movable bumper in response to
      an impact thereon effects rearward movement of a linkage connecting the
      bumper to the energy absorbing panel. The rearward movement of the linkage
      causes the panel to move rearwardly into the second position wherein it is
      closely adjacent to the occupant of the vehicle seat. In a second
      embodiment of the present invention, the inward movement of the bumper
      effects release of a linkage between the bumper and the energy absorbing
      panel, thereby allowing a spring or other resilient means to move the
      energy absorbing panel rearwardly to its second position wherein it
      restrains movement of the occupant of the vehicle seat.
PAR  For the purpose of allowing the occupant to leave the vehicle after a
      collision, a manually operable release mechanism is provided for effecting
      the movement of the energy absorbing panel from the second position to the
      first position wherein it is spaced forwardly of the occupant of the
      vehicle seat.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are schematic plan views of a first embodiment of vehicle
      safety apparatus constructed in accordance with the principles of the
      present invention, showing the safety apparatus in inoperative and
      operative positions, respectively;
PAR  FIG. 3 is a schematic side elevational view of the safety apparatus shown
      in FIGS. 1 and 2 as incorporated in an automobile;
PAR  FIG. 4 is a side elevational view, with parts broken away, of a second
      embodiment of the vehicle safety apparatus of the present invention;
PAR  FIG. 5 is a plan view, with parts broken away, of the safety apparatus
      shown in FIG. 4;
PAR  FIG. 6 is a side elevational view, with parts broken away, of a third
      embodiment of a vehicle safety apparatus of the present invention;
PAR  FIG. 7 is a plan view, with parts broken away, of the embodiment of the
      vehicle safety apparatus shown in FIG. 6;
PAR  FIG. 8 is a plan view, with parts broken away, of a fourth embodiment of
      the vehicle safety apparatus of the present invention;
PAR  FIG. 9 is an enlarged elevational view, with parts broken away and partly
      in section, of an embodiment of the release mechanism utilized in the
      embodiments of the vehicle safety apparatus shown in FIGS. 6 and 7;
PAR  FIG. 10 is an elevational view, with parts broken away, of a fifth
      embodiment of the vehicle safety apparatus of the present invention; and
PAR  FIG. 11 is an elevational view, with parts broken away, of a sixth
      embodiment of the vehicle safety apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 through 3 illustrate a first embodiment of the vehicle safety
      apparatus of the present invention. In this embodiment, front bumper
      segments 10 are pivotally mounted on the vehicle frame 12 in any suitable
      manner. The bumper segments 10 are connected, through spring or dashpot
      devices 14 of any suitable construction, to pairs of pivotally connected
      links 16 and 18. The links 16 are pivotally connected at one end to the
      vehicle frame 12 and at the other end to the adjacent link 18. Each of the
      links 18 is pivotally connected at a common point to a movable frame 20.
PAR  The movable frame 20 supports a laterally extending front panel 22 and a
      laterally extending rear panel 24. As shown in FIG. 3, the front panel 22
      is positioned forwardly of the front vehicle seat 26, and the rear panel
      24 is positioned forwardly of the rear seat 28. The frame 20 is provided
      with a first pair of rearwardly extending arms 30 for supporting the panel
      22, and a second pair of rearwardly extending arms 32 for supporting the
      rear panel 24.
PAR  In operation, if one or both of the bumper segments 10 are moved inwardly
      in response to an impact thereon caused by a collision of the vehicle with
      another vehicle or with some other object, the links 16 and 18 are pivoted
      rearwardly to the position shown in FIG. 2, which results in corresponding
      rearward movement of the frame 20 and the panels 22, 24. The rearward
      movement of the panels 22 and 24 from the solid line to the broken line
      positions shown in FIG. 3, serves to restrain forward and other movement
      of the passengers in the front and rear seats 26 and 28, respectively.
      Preferably, the front and rear panels 22 and 24 are provided on their rear
      faces with a covering of an energy absorbing material, such as crushable
      plastic foam or the like, which will cushion and restrain the forward
      movement of the occupant of the front or rear seat in the event of a
      collision. Within the scope of the present invention, the linkages 14, 16,
      18 may be of any suitable construction, and the frame 20 and panels 22 and
      24 may be of any suitable size and shape. The front panel 22 may be formed
      in multiple sections and may also be formed as part of the dashboard for
      the vehicle V shown in FIG. 3. Since the bumper segments 10 are pivotally
      connected at their outer ends to the vehicle frame 12, and then bend
      inwardly toward the center of the vehicle V, side impacts on either of the
      bumper segments 10 will also result in rearward pivotal movement of the
      bumper segments and corresponding rearward movement of the links 16, 18
      and the frame 20 to position the energy absorbing panels 22 and 24 closely
      adjacent the occupants of the front and rear seats 26 and 28,
      respectively. If the vehicle V is involved in a front end collision,
      therefore, the energy absorbing panels 22 and 24 will rapidly and
      automatically be moved rearwardly to the broken line positions shown in
      FIG. 3 wherein they will serve to cushion and restrain forward movement of
      the passengers and prevent them from being seriously injured as a result
      of the collision.
PAR  The extent of the rearward movement of the frame 20 and the energy
      absorbing panels 22 and 24 can be controlled in any suitable manner, such
      as by limiting the rearward movement of the bumper sections 10 or limiting
      the rearward movement of the frame 20 by using any suitable type of stop
      or other means (not shown). In the event of a high speed or severe
      collision of the vehicle V, the pivot points between the links 16, 18 and
      the frame 20 could be formed with one or more shear pins which would be
      constructed to break or shear-off in response to the application of a
      rearward force in excess of a predetermined force. In this manner,
      excessive rearward movement of the front and rear energy absorbing panels
      22 and 24, which could be harmful to the occupant, would be prevented.
PAR  After a collision of the vehicle V has occurred, it would be possible for
      the occupant of the front or rear seat of the vehicle V to slide out of
      the vehicle V by lateral movement or, alternatively, to push the
      respective energy absorbing panel 22 or 24 forwardly, by disengaging the
      panel 22 or 24 from the frame 20 in any suitable manner so as to allow
      sufficient room for egress from the vehicle. The springs or dashpot
      devices 14 serve to bias the bumper segments 10 and the linkages 16, 18 to
      the position shown in FIG. 1, and could aid in the forward movement of the
      energy absorbing panels 22 and 24 after a collision.
PAR  FIGS. 4 and 5 disclose a second embodiment of the vehicle safety apparatus
      of the present invention wherein pivotally movable front and rear energy
      absorbing panels 122 and 124 are utilized. In this embodiment of the
      invention, the front bumper 110 of the vehicle V' preferably is formed in
      a one piece curved configuration, and is pivotally connected to the
      vehicle frame 112 by any suitable type of shock absorbing devices 114. At
      its center portion, the bumper 110 is provided with a rearwardly facing,
      curved cam slot 116 in which the front portion of a rotary cam member 118
      is received. The cam member 118 is rotatably mounted on a first link 120
      which extends rearwardly in the lower portion of the vehicle V'. The link
      120 is connected by an over-travel coupling 126 of any suitable
      construction to a second link 128. A first bell crank lever 130 is
      pivotally connected to the second link 128 and is pivotally supported by
      the seat or vehicle frame at 132. The bell crank lever 130 comprises a
      pair of upwardly extending arms that are pivotally connected to a front
      energy absorbing panel 122 which is biased for rotation in a clockwise
      direction (as seen in FIG. 4) by any suitable type of spring means, such
      as a torsion spring (not shown). From the foregoing description, it will
      be readily seen that rearward movement of the first and second links 120
      and 128 results in clockwise or rearward rotation of the bell crank lever
      130 and its arms 134.
PAR  A second bell crank lever 136 is pivotally connected to the second link 128
      and is pivotally supported on the seat or vehicle frame at positions 138.
      The second bell crank lever 136 comprises upwardly extending arms 140 that
      are in telescoping relation with elongated tubes 142 in which helical coil
      springs 144 are positioned for the purpose of urging the elongated tubes
      upwardly and outwardly as shown in FIG. 4. The upper ends of the tubes 142
      are connected to the rear energy absorbing panel 124, and the tubes 142
      are maintained in the stored position shown in FIG. 4 against the force of
      the springs 144 by the retaining bracket 146 that is received in a
      complementary slot 148 in the panel 124.
PAR  In the operation of the embodiment of the vehicle safety apparatus shown in
      FIGS. 4 and 5, a front impact on the bumper 110 will result in rearward
      movement of the bumper and corresponding rearward movement of the links
      120 and 128. The rearward movement of the link 128 causes clockwise or
      rearward rotation of the bell crank lever 130 and the bell crank lever
      136, which causes corresponding rearward rotation of the arms 134 and 142,
      and the energy absorbing panels 122 and 124, respectively. When the front
      energy absorbing panel 122 is moved rearwardly a sufficient distance, it
      clears the upper portion of the dashboard of the vehicle V' and the
      torsion spring (not shown) serves to rotate the panel 122 from the solid
      line position to the broken line position shown in FIG. 4, wherein the
      panel 122 is positioned closely adjacent the occupant of the front seat so
      as to restrain forward movement of the occupant during the collision.
PAR  In a similar manner, the rearward pivotal movement of the bell crank lever
      136 and arms 140 causes the rear energy absorbing panel 124 to be released
      from the locking bracket 146, and thus the springs 144 move the elongated
      tubes 142 and the panel 124 to the extended position shown in broken lines
      in FIG. 4. In this position, the energy absorbing panel 124 serves to
      restrain forward movement of passengers in the rear seat of the vehicle V'
      during the collision and prevents fatal or serious injury to these
      passengers.
PAR  Preferably, a spring 160 is provided to bias the bell crank levers 130 and
      136 in a forward or counter-clockwise direction (as seen in FIG. 4), and
      the second link 128 is provided with ratchet teeth 150 which are engaged
      by a detent arm 152 for the purpose of retaining the link 128 and the
      energy absorbing panels 122 and 124 in the rearward protective positions
      to which they have been moved in response to an impact on the bumper 110.
      The detent arm 152 preferably is pivotally mounted on the vehicle frame in
      any suitable manner and can be manually moved away from the ratchet teeth
      on the second link 128 by an occupant of the vehicle for the purpose of
      effecting the forward movement of the bell crank levers 130 and 136, and
      energy absorbing panels 122 and 124, so as to allow egress of the occupant
      from the vehicle.
PAR  The energy absorbing panels 122 and 124 may be formed in any suitable
      manner and of any suitable materials, and may be similar to panels 22 and
      24 previously described herein and shown in FIGS. 1 through 3. As shown in
      FIG. 4, the panels 122 and 124 may be provided with recesses that face the
      occupant when they are disposed in their rearward protective positions.
      These recesses 160 and 161 are for the purpose of accommodating the head
      of a child or reducing the constraints on female occupants. Within the
      scope of the present invention, the energy absorbing panels 122 and 124
      could be of any suitable configuration.
PAR  In the event of a side impact on the vehicle V' shown in FIGS. 4 and 5,
      side bumper sections 170 are provided which are pivotally connected at 172
      to the vehicle frame portion 174. Each of the side bumper sections 170 is
      pivotally connected to a first link 176 which is in turn pivotally
      connected to second and third links 178 and 180. Each of the second links
      178 is pivotally supported on a fixed portion of the vehicle 182, and the
      third links 180 are pivotally connected at a common point to the
      rearwardly extending link 128. Preferably, the rear ends of the links 180
      are provided with elongated slots (not shown) at their common pivot point
      with the link 128 such that rearward movement of the link 128 in response
      to rearward front bumper movement will not require movement of the links
      180.
PAR  In the event of an impact on one of the side bumpers 170, the respective
      side bumper is pivoted inwardly which results in inward movement of the
      first link 176 pivotally connected thereto, and rearward movement of the
      links 180 and the link 128. The rearward movement of the link 128 causes
      the clockwise or rearward rotation of the bell crank levers 130 and 136
      and their arms 134 and 140, respectively, which results in movement of the
      energy absorbing panels 122 and 124 to their broken line protective
      positions shown in FIG. 4, as hereinbefore described.
PAR  In the embodiment of the present invention shown in FIGS. 4 and 5
      therefore, it will be readily seen that the energy absorbing panels 122
      and 124 will be moved into protective positions to restrain forward
      movement of the occupants of the front and rear seats in the event of an
      impact on the front bumper 110 or the side bumper sections 170.
PAR  FIGS. 6 through 9 disclose further embodiments of the present invention
      wherein one or more spring members are utilized to move the energy
      absorbing panel or panels rearwardly to their protective positions in the
      event of a collision. In FIGS. 6 and 7, a releasable locking assembly 200
      is positioned rearwardly of the front bumper 210. As shown in FIG. 9, the
      locking assembly 200 comprises a deformable bracket member 202 which is
      fixed to the bumper 210 and engages an enlarged portion of the cross bar
      204 connected to actuating rods 206 which are pivotally connected to an
      energy absorbing panel 222. A helical coil spring 208 surrounds a portion
      of each actuating rod 206 and has one end in engagement with a fixed
      portion 210 on the vehicle V", through which the rod 206 extends, and the
      other end of the spring 208 is in engagement with a second flange 212 on
      the actuating rod 206. The coil springs 208, therefore, serve to urge the
      actuating rods 206 and the energy absorbing panel 222 connected thereto in
      a rearward direction, and this rearward movement of the rods 206 and panel
      222 is prevented by the engagement of the deformable bracket 202 with the
      cross bar 204 connected to the rods 206. In the embodiment shown in FIGS.
      6 and 7, the energy absorbing panel 222 is also pivotally connected to a
      link 214 which is pivotally connected at its other end to the seat or
      vehicle frame in any suitable manner.
PAR  In the operation of the embodiment shown in FIGS. 6 and 7, an impact on the
      front bumper 210 caused by a collision serves to force the front narrow
      portion 202a of the bracket 202 against a laterally extending rod 216 that
      is secured to the vehicle frame. The engagement of the narrow portion 202
      with the rod 216 serves to deform the bracket 202 outwardly to the broken
      line position shown in FIG. 9 wherein the inwardly extending tabs 202b of
      the bracket 202 are moved outwardly beyond the cross bar 204 connected to
      the actuating rods 206. Since the bracket 202 no longer engages the cross
      bar 204, the springs 208 serve to move the actuating rods 206 and the
      energy absorbing panel 222 from the solid line position to the rearward
      broken line position shown in FIGS. 6 and 7, wherein the energy absorbing
      panel 222 is positioned closely adjacent to the upper torso of the
      occupant of the vehicle seat to restrain forward movement of the occupant
      and to prevent serious injury resulting from the collision.
PAR  In the embodiment shown in FIG. 8, which is similar to the embodiment shown
      in FIGS. 6 and 7, the actuating spring 408 is disposed within the
      releasable locking device 400 and is in engagement with a flange 404 on a
      single actuating rod 406 that is connected to the energy absorbing panel
      422. When the front bumper 410 is subjected to a frontial impact as a
      result of a collision, it moves rearwardly which causes the narrow portion
      402a of bracket 402 to engage the cross bar 416 and to separate the
      portions of the bracket 402. This separation of the bracket 402 results in
      movement of the tabs 402b out of engagement with the flange 404 on the
      actuating rod 406, and allows the spring 408 to move the actuating rod 406
      rearwardly. The rearward movement of the actuating rod 406 serves to move
      the energy absorbing panel 422 to the rear protective position shown in
      broken lines in FIG. 8 wherein it will restrain movement of the occupant
      or occupants of the vehicle to prevent serious injury as a result of the
      collision.
PAR  In the embodiments shown in FIGS. 6-8, a side impact on the front bumper
      will serve to move the tabs 202b or 402b laterally out of engagement with
      the enlarged portion of the cross bar 204 or the flange 404, thereby
      enabling the springs 208 or 408 to move the actuating rods 206 or 406
      rearwardly and to also more the energy absorbing panel 222 or 422
      rearwardly to the occupant protective position.
PAR  A fifth embodiment of the vehicle safety apparatus of the present invention
      is shown in FIG. 10. This embodiment is similar to the embodiment shown in
      FIGS. 4 and 5 in that rearward movement of the bumper 610 in response to
      an impact causes rearward movement of the cam member 618 and the actuating
      rod or link 620 connected thereto. The actuating rod 602 extends
      rearwardly beneath the front seat and is pivotally connected at its rear
      end to a bell crank lever 636 that is pivotally supported on the vehicle
      frame. The bell crank lever 636 comprises upwardly extending arms 640 that
      are in telescoping relation with elongated tubes 642 in which helical coil
      springs 644 are positioned for the purpose of urging the elongated tubes
      upwardly and outwardly as shown in FIG. 10. The upper ends of the tubes
      642 are connected to the rear energy absorbing panel 624, and the tubes
      642 are maintained in the stored position shown in FIG. 10 against the
      force of the springs 644 by a retaining bracket 646 that is received in a
      complementary slot in the front of the panel 624.
PAR  Under the front seat, an adjustable positioning lever 652 is movably
      connected to the actuating rod 620. The lever 652 is adjustably connected
      near its upper end to a rod 629 which is mounted on the seat frame in any
      suitable manner for substantially horizontal sliding movement in forward
      and rearward directions. Links 634 and 635 are pivotally connected at
      their upper ends to the front energy absorbing panel 622, and are
      pivotally connected at their lower ends to the rod 629 and at 632 and 633
      to the seat frame. A coil spring 660 is disposed between a portion of the
      vehicle frame 661 and a flange 662 on the actuating rod 620 for the
      purpose of urging the actuating rod 620 towards the front of the vehicle.
PAR  In the operation of the embodiment of the vehicle safety apparatus shown in
      FIG. 10, a front or side impact on the bumper 610 results in rearward
      movement of the cam member 618 and the actuating rod 620. This rearward
      movement of the rod 620 causes rearward movement of the rod 629, owing to
      the connection therebetween established by the lever 652, and results in
      clockwise rotation of the front energy absorbing panel 622 from the solid
      line to the broken line position shown in FIG. 10. The rearward movement
      of the rod 629 causes the links 634 and 635 to pivot in a clockwise
      direction, which in turn causes the above described clockwise rotation and
      rearward movement of the energy absorbing panel 622.
PAR  The rearward movement of the actuating rod 620 also causes the clockwise
      rotation of the rear energy absorbing panel 624 and its release from the
      locking bracket 646, thereby enabling the springs 644 to move the
      elongated tubes 642 and the panel 624 to the extended rearward position
      shown in broken lines in FIG. 10. In this position, the energy absorbing
      panel 624 serves to restrain forward movement of passengers in the rear
      seat of the vehicle to prevent fatal or serious injury to these passengers
      during a collision.
PAR  As shown in FIG. 10, the rod 629 may be provided with a foot pedal portion
      630 which extends into the rear seat area. In this manner, after a
      collision has occurred, an occupant of the rear seat can push forwardly
      with his foot on the foot pedal 630 to disengage the lever 652 from the
      rod 620 in any suitable manner and to allow the rod 629 to move forwardly,
      which results in forward movement of the rear energy absorbing panel 624
      to facilitate egress from the rear seat.
PAR  In a similar manner, an occupant of the front seat after a collision can
      release the rod 629 from the rod 620 by moving the lever 652 to a position
      wherein it is no longer connected to the rod 629 or to the rod 620. After
      the release of the rod 629 from the rod 620, the rod 629 can be moved
      forwardly so as to pivot the links 634 and 635 and the front energy
      absorbing panel 622 forwardly to facilitate egress from the front seat.
PAR  In the use of the above described embodiments of the present vehicle safety
      apparatus for the protection of the driver rather than the passengers of a
      vehicle, it is contemplated that the conventional steering wheel would be
      replaced with a bar, stick or other steering device which would not
      interfere with the forward and rearward movement of the energy absorbing
      panel or panels. In the case of a vehicle with a conventional steering
      wheel, the driver could be protected in the manner shown in FIG. 11
      wherein a flexible and resilient cushioning member or energy absorbing
      panel 722 is positioned in the center of the steering column 723 in the
      area where the horn actuating button is normally positioned. This energy
      absorbing panel 722 on the steering wheel 724 could be formed of any type
      of flexible and resilient material, or could be inflatable by any suitable
      device, such as a source of compressed air 725 which is normally cut-off
      by a valve 726 that is adapted to be opened by rearward movement of an
      actuating rod 720 connected to a cam member 718 which is moved rearwardly
      by an impact on the bumper 710, in the manner shown and described
      hereinbefore with respect to the various embodiments of the present
      invention. In operation, an impact on the front bumper 710 results in
      rearward movement of the actuating rod 720 which, in turn, causes the
      valve 726 to open and connect the compressed air or other pressure source
      725 to the inflatable member 722 via the line 721, thereby inflating the
      member or bag 722 in the center portion of the steering column to cushion
      forward movement of the driver of the vehicle in the event of a collision.
      In addition, inflatable members rather than movable panels could be
      positioned in front of the passengers other than the driver, and could be
      inflated in the manner described above with respect to the member 722 for
      the protection of all of the passengers in the event of a collision.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Safety apparatus for a vehicle having a passenger seat, comprising an
      energy absorbing panel positioned in front of the seat and movably mounted
      on the vehicle for movement between a first position wherein said energy
      absorbing panel is spaced from the occupant of the seat and a second
      position wherein said energy absorbing panel is positioned closely
      adjacent to and in front of the occupant of the seat, bumper means movably
      mounted on the vehicle, a linkage connecting said bumper means to said
      energy absorbing panel, said linkage being operable to effect movement of
      said energy absorbing panel from said first position to said second
      position in response to inward movement of said bumper means caused by an
      impact thereon to restrain forward movement of the occupant of the seat
      before significant forward body movement of the occupant in response to
      the force of the impact, and means for retaining said energy absorbing
      panel in said second position during the impact.
NUM  2.
PAR  2. The safety apparatus of claim 1 wherein said energy absorbing panel
      extends laterally in front of the passenger seat, said panel having a
      layer of energy absorbing material facing the passenger seat when in said
      second position.
NUM  3.
PAR  3. The safety apparatus of claim 2 wherein said energy absorbing material
      is a plastic foam material.
NUM  4.
PAR  4. The safety apparatus of claim 2 wherein said panel is a portion of the
      dashboard of the vehicle.
NUM  5.
PAR  5. The safety apparatus of claim 2 wherein means are provided to pivotally
      support said panel on said vehicle, whereby said panel is pivotally
      movable from said first position wherein it is substantially horizontally
      disposed to said second position wherein it is substantially vertically
      disposed.
NUM  6.
PAR  6. The safety apparatus of claim 1 wherein said bumper means comprises a
      bumper pivotally mounted on the vehicle.
NUM  7.
PAR  7. The safety apparatus of claim 4 wherein said bumper is resiliently
      mounted on the front of the vehicle.
NUM  8.
PAR  8. The safety apparatus of claim 4 wherein said bumper is mounted on the
      side of the vehicle.
NUM  9.
PAR  9. The safety apparatus of claim 4 wherein said bumper means comprises a
      first bumper resiliently mounted on the front of the vehicle and second
      bumpers mounted on the sides of the vehicle.
NUM  10.
PAR  10. The safety apparatus of claim 1 wherein said linkage is so connected to
      said bumper means and said energy absorbing panel that inward movement of
      said bumper means causes rearward movement of said linkage and rearward
      movement of said energy absorbing panel to said second position.
NUM  11.
PAR  11. The safety apparatus of claim 9, further comprising means for
      releasably retaining said energy absorbing means in said second position,
      said releasable retaining means being manually releasable by the occupant
      of the seat.
NUM  12.
PAR  12. The safety apparatus of claim 1 wherein said linkage comprises spring
      means for urging said energy absorbing means toward said second position,
      and means for normally holding said energy absorbing panel in said first
      position against the force of said spring means, said holding means being
      releasable in response to inward movement of said bumper means caused by
      an impact thereon, whereby said spring means moves said energy absorbing
      panel to said second position.
NUM  13.
PAR  13. The safety apparatus of claim 1 wherein said vehicle has front and
      reaar passenger seats, and said energy absorbing means is positioned in
      front of the front and rear seats.
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PAL  An improved aspirated, inflatable vehicle occupant restraint system is
      provided of the type including a housing, a confinement, means for
      expanding the confinement from a collapsed condition to an expanded
      condition and aspirator means having an inlet in fluid communication with
      the confinement. At least one flap is attached to the inner surface of the
      confinement, each flap being positioned to
PA1  I. normally close the inlet of the aspirator means when the confinement is
      in the collapsed condition, and
PA1  Ii. gradually expose the inlet of the aspirator means when the expanding
      means is activated and the confinement moves from the collapsed condition
      to the expanded condition.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  The present invention relates to a vehicle safety apparatus for restraining
      an occupant of a vehicle during a collision, and more particularly, to
      such an apparatus having an inflatable confinement which aspirates during
      inflation.
PAR  Vehicle safety devices for protecting the occupant of a vehicle by
      restraining his forward motion, relative to the vehicle, during a
      collision have become well known. Such systems include a confinement which
      is inflated by a flow of fluid from a reservoir to expand the confinement
      in time to cushion the forward movement of the occupant, absorbing his
      kinetic energy, and thereby preventing injury. Various problems have
      arisen in the development of such systems, however. The desired expansion
      of the confinement requires a relatively large amount of fluid, which in
      turn requires a fairly large, heavy fluid reservoir. In addition, if the
      inflator system employs pyrotechnics, i.e., the ignition or burning of a
      propellant fuel to facilitate the expansion of the inflation gas, there is
      the added problem of the heat of the inflation gas and the possible
      presence of toxic fumes.
PAR  It is also necessary to be able to quickly deflate the confinement, either
      when the confinement may engage an obstruction, such as an occupant in an
      unusual seating position, or immediately after the collision when it may
      be desirable for the occupant to exit the vehicle quickly. In the
      conventional inflatable restraint systems, various devices have been
      employed to deflate the confinement. Typical of these are the blow-out
      patches illustrated in U.S. Pat. No. 3,560,018. In operation, when the
      confinement is deployed and the pressure within the confinement exceeds a
      predetermined value, the patch is blown loose from the confinement,
      exposing an aperture therein through which the inflation gas may be
      exhausted. Such exhaust means are useful, but merely add to the
      manufacturing expense of the system and are thus undesirable.
PAR  An additional requirement which has been imposed both by the trend toward
      smaller cars and the desire to be able to locate the devices on the
      steering wheel, is an increase in the speed of inflation. Inflation of the
      confinement may be restricted in smaller cars because as the confinement
      expands, the volume of air in the passenger compartment must be either
      compressed or forced from the compartment.
PAR  The above and other problems encountered in the vehicle safety art have
      been partially solved by the development of the aspirated vehicle occupant
      restraint system, by which it is meant that air from outside the system is
      drawn into the confinement during the expansion thereof. Aspirated systems
      of the type illustrated in U.S. Pat. No. 3,632,133 utilize an arrangement
      of concentric nozzles, through one of which a stream of the inflation gas
      is passed into the confinement, and through the other, a larger volume of
      air is drawn into the confinement from outside the system, such as from
      under the dashboard, thus maintaining the atmospheric pressure within the
      passenger compartment during expansion of the confinement. In such prior
      art aspirated systems, the interior of the confinement is in permanent,
      open communication with the atmosphere outside the system and there is no
      possibility of control over the amount or rate of aspiration. Nor is it
      feasible, with a concentric-nozzle aspiration system, to utilize an
      elongated diffuser to distribute the inflation gas uniformly across the
      entire width of the confinement. Another problem which has arisen in the
      use of both the aspirated and conventional air bag systems is the
      possibility of injury to a passenger, in certain circumstances, for
      example, a child standing in front of the seat adjacent the dashboard.
      Such injury may result when the child is too close to the confinement as
      it begins to deploy. Therefore, it has been desirable to provide adequate
      exhaust or "blow-off" means for such situations.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved aspirated, inflatable vehicle occupant restraint system which is
      of a simple, inexpensive construction and is compact enough to be used in
      smaller cars or to be mounted on the steering wheel.
PAR  It is another object of the present invention to provide an aspirated
      vehicle safety device which is capable of being aspirated at a
      progressively increasing rate as the confinement expands.
PAR  It is a related object of the present invention to provide such a device
      which is aspirated in a manner that minimizes the time required to inflate
      the confinement, but which subsequently permits quick and automatic
      deflation without the need for special exhaust valves or blow-out patches.
PAR  It is also an object of the present invention to provide an aspirated,
      inflatable vehicle occupant restraint system which does not require, for
      its operation, that the inflation gas enter the confinement as a
      continuous, integral stream of fluid.
PAR  These and other objects of the present invention, which will become
      apparent upon a reading of the following detailed description, are
      accomplished by the provision of an improvement in an aspirated vehicle
      occupant restraint system of the type including a housing, a confinement
      having a collapsed condition in which it is located in the housing, and an
      expanded condition for restricting the movement of an occupant in the
      passenger compartment of the vehicle, means for expanding the confinement
      from the collapsed condition to the expanded condition and aspirator means
      having an inlet in fluid communication with the confinement. The
      improvement comprises:
PA1  at least one flap attached to the inner surface of the confinement, with
      each flap positioned to
PA2  i. normally close the inlet of the aspirator means when the confinement is
      in a collapsed condition, and
PA2  ii. progressively expose the inlet of the aspirator means when the
      expanding means is activated in a confinement moves from the collapsed
      condition to the expanded condition, moving the flap.
PAR  In accordance with another aspect of the present invention, the aspirator
      means and the inlet thereof comprise the housing defining a plurality of
      perforations, and a plurality of flaps are provided which are positioned,
      when the confinement is in the collapsed condition, to cover substantially
      the entire area of the housing defining said perforations.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a vehicle wherein there is mounted a
      safety device constructed in accordance with the present invention.
PAR  FIG. 2 is an enlarged half-section of the device in a collapsed condition.
PAR  FIG. 3 is a cross section similar to FIG. 2, with the confinement beginning
      to open.
PAR  FIG. 4 is a cross section, similar to FIG. 3, showing the confinement
      partially opened.
PAR  FIG. 5 is a cross section, similar to FIG. 4, with the confinement in the
      expanded condition.
PAR  FIG. 6 is an end view of the housing of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, which are for the purpose of illustrating
      preferred embodiments of the present invention, and not for limiting the
      same, FIG. 1 illustrates schematically the operation of the present
      invention in a vehicle 10. Although the inflatable occupant restraint
      system constructed in accordance with the present invention can be used to
      protect the occupant of many types of vehicles, such as trucks, tractors,
      boats, and airplanes, the present system is especially useful in an
      automotive vehicle 10 and will be described in connection therewith. The
      restraint system generally designated as 30, can be mounted in many
      different locations, in a passenger compartment 12 of the vehicle 10. In
      the subject embodiment, the apparatus 30 is mounted within the dashboard
      14, and includes an inflatable confinement 32 expandable from a collapsed
      non-operative condition to an expanded operative condition in which it
      restrains the vehicle occupant as shown in FIG. 1.
PAR  A sensor assembly 16 of the type well known in the art is provided for
      detecting the occurrence of a collision and activating the restraint
      system by means of electrical circuitry 18 which includes a battery 20 and
      a pair of leads 22, 24.
PAR  FIG. 2 illustrates the structural details of the safety apparatus 30. The
      inflatable confinement 32 is in its normal, collapsed condition, wherein
      the confinement 32 is folded and stored within the apparatus 30. It should
      be clearly understood that the manner in which the confinement 32 is
      arranged and folded in FIG. 2 is for illustration purposes only and the
      confinement 32, within the scope of the present invention, may be folded
      and stored in any manner consistant with the purpose of the invention. It
      is preferred that the confinement 32 be made of a flexible material which
      is fluid tight, such as woven nylon coated with a fluid impervious
      coating. However, it will be understood that other suitable materials may
      be utilized, including uncoated fabric of sufficiently tight weave.
PAR  The confinement 32 is attached along its peripheral edge 34, between a
      flange 36 projecting from the housing member 38, and a cover 40. It should
      be noted that FIG. 2 is semi-schematic, and the details of the actual
      attaching arrangement for the peripheral edge 34 of the confinement 32,
      form no part of the present invention.
PAR  Within the generally V-shaped housing 38 is a diffuser 42 having apertures
      43 through which the inflation gas flows to inflate the confinement 32.
      The diffuser 42 merely represents the inflation system and indicates that
      the inflation system may be of the concentric type in which the gas
      generating means is positioned within an elongated, cylindrical diffuser
      or the inflation system may be of the end-fed type in which the gas
      generating means is located external to the diffuser and the gas is fed
      into the diffuser from one end. While the inflation system may within the
      scope of the present invention be of any configuration, it is preferred to
      use an elongated cylindrical diffuser of either the concentric or end-fed
      arrangement, as opposed to one or more individual streams of inflation
      fluid coming from the gas generating means directly into the housing. This
      is partly because the safety system 30, and therefore the housing 38, may
      be required to extend over a portion of the width of the passenger
      compartment, generally 1 foot or more in length.
PAR  As illustrated in FIG. 2, the wall of the housing 38 defines a plurality of
      passages or perforations 44. A flap 46 is attached by its end portion 48
      to the inner surface of the wall of confinement 32, at a point
      intermediate the peripheral edge 34 and the oppositely disposed terminal
      portion. When the confinement 32 is in the collapsed condition of FIG. 2,
      the flap 46 is positioned along the inner surface of the wall of the
      housing 38, covering the perforations 44. The flap 46 may be maintained in
      this position by means of a slight positive pressure within the housing
      38, or more preferably, merely by making the housing 38 small enough that
      the confinement 38, in its collapsed condition, completely fills the
      housing 38, holding the flap 46 against the wall. The flap 46 may be made
      from a material similar to that of the confinement 32 and may have its end
      portion 48 permanently joined to the inner surface of the confinement by
      any workable means such as stitching or a suitable adhesive.
PAR  FIG. 6, an end view of the housing 38, shows the preferred end wall
      configuration of the subject embodiment. The end wall, generally
      designated by the number 50, comprises a down-turned upper flange 52 and
      an up-turned lower flange 54, both of which define a plurality of
      perforations 144. It should be noted that although the perforations 44, as
      shown in FIGS. 2 and 3, were relatively small, it may be more desirable to
      employ larger ones such as the end wall perforations 144 of FIG. 6 in
      order to provide a sufficiently large exhaust or blow-off area through the
      housing 38 such that there is no need for additional blow-off valves or
      patches in the confinement. The end wall 50 also defines an aperture 56
      which provides for entry into the housing of a feed duct (not shown) to
      the end of the diffuser (omitted in FIG. 6) as is required in an "end-fed"
      inflation system. As mentioned above, the housing 38 preferably has a
      generally V-shaped configuration with flat end walls, and the confinement
      32 preferably has generally flat end panels (not shown) attached at end
      wall 50 in much the same manner as the confinement 32 is attached to the
      housing flange 36. Attached to the inside of each of these end panels may
      be an end flap which covers the perforations 144 in the same general
      manner as flaps 46 cover perforations 44. Such end flaps operate as
      explained for flaps 46 but, depending on the configuration of the
      confinement, the end flaps may require a longer period of time to uncover
      their respective perforations than do the flaps 46.
PAC  OPERATION
PAR  FIGS. 2 through 5 illustrate the successive stages in the inflation of the
      confinement 32. When the sensor 16 detects the occurrence of a collision,
      the gas generating means is activated, and the inflation gas passes
      through the openings in the diffuser 42, exerting pressure against the
      confinement 32. This pressure, in turn, forces open the cover 40,
      preferably by causing it to separate or rupture along a portion which may
      be slightly perforated, or thinner or in some other way weakened ralative
      to the remainder of the cover 40, as is well known in the art. After the
      cover 40 has been forced open, as is shown in FIG. 3, the confinement 32
      is then forced out of the housing 38 and begins deployment. At the stage
      of deployment shown in FIG. 3, the flap 46 still covers substantially all
      of the perforations 44 in the walls of the housing 38. Therefore, at this
      point in time, the confinement 32 is being inflated solely by the
      inflation gas passing from the diffuser 42. The flaps 46 continue to cover
      the holes 44 as shown in FIG. 3 because the portion of the confinement 32
      to which the end portion 48 of the flap 46 is attached has not yet moved
      very far from its normal storage position. In addition, the flaps 46 are
      maintained against the wall of housing 38 by the pressure exerted by the
      inflation gas.
PAR  In FIG. 4, the confinement 32 has been inflated to about one-half of the
      volume it will occupy in its fully expanded condition. In reaching this
      stage of deployment, the confinement has pulled the flaps 46 a sufficient
      distance out of the housing 38 to expose some of the perforations 44 which
      are furthest from the flange 36. When some of the perforations have been
      uncovered, the inflation of the confinement 32 no longer occurs solely by
      means of the inflation gas, but includes passenger compartment air drawn
      therein by aspiration through the perforations 44.
PAR  As mentioned previously, some occupant restraint systems utilize a burning
      propellant to facilitate the expansion of the inflation gas. Where this
      type of inflation is used, the flap arrangement of the present invention
      provides a system which initially prevents the inflation gas from being in
      fluid communication with the vehicle passenger compartment. As the
      confinement is inflated, however, aspiration occurs as the perforations
      are progressively uncovered and atmospheric air is drawn into the
      confinement to cool the inflation gas, and to dilute any toxic propellant
      combustion products that may be present.
PAR  Referring to FIG. 5, illustrating the confinement 32 in its fully expanded
      condition, the flaps 46 have now been pulled completely out of the housing
      38, thereby exposing all of the perforations 44. As this occurs, the
      influx of inflation gas and atmospheric air tends to force the flaps 46
      into the positions shown in FIG. 5, until the pressure within the
      confinement and the housing stabilizes.
PAR  It should be clearly understood that although air is aspirated in the
      subject embodiment through perforations 44 in the housing 38, it is
      contemplated that other aspirator means may be used. It is necessary only
      that there be an aspirator or air inlet means provided which has an inlet
      in fluid communication with the interior of the confinement, and that at
      least one flap be attached to the inner surface of the confinement and
      positioned in such a way that it normally closes the inlet of the
      aspirator means when the confinement is in the collapsed condition, and
      gradually exposes the inlet of the aspirator means when the expanding
      means is activated and the confinement is inflated, the flap being moved
      in response to deployment of the wall of the confinement. Alternatively,
      means other than the flaps 46 may be provided for normally closing the air
      inlet when the confinement is in the collapsed condition, as long as the
      closing means are capable of gradually exposing the air inlet in response
      to the deployment and expansion of the confinement. It is also a feature
      of the present invention that the closing means permits the inflation gas
      to be exhausted through the air inlet when the confinement is subjected to
      sufficient external pressure, as when the confinement engages an
      obstruction such as a child standing in front of the seat or is impacted
      by the occupant. Under these conditions, the inflation gas may be
      exhausted through the end wall perforations 144 as well as the
      perforations 44. Therefore, aspirator means such as the perforations 44 in
      the subject embodiment is preferred because the amount of aspirated air
      entering the confinement is thereby progressively increased.
PAR  During a collision, the confinement becomes fully inflated as in FIGS. 1
      and 5, generally before the occupant begins to move forward with respect
      to the passenger compartment. Therefore, it is desirable as the occupant
      is thrown forward against the inflated confinement that the confinement
      not provide a rigid, immovable obstacle to the occupant, but rather a
      resilient cushion, which is capable of some deflation as soon as the
      occupant engages the confinement, in order to minimize the "rebound" of
      the occupant. It is a feature of the present invention that the desired
      deflation can occur quickly and automatically through the aspirator means,
      the perforations 44. It is another important feature of the invention, in
      view of the possible presence of toxic propellant combustion products in
      the inflation gas, that the fluid contained within the confinement is
      exhausted through the housing 38 behind the dashboard 14, rather than
      directly into the passenger compartment 12. It will be apparent to those
      skilled in the art that the selection of the number and size of the
      perforations 44 will affect the deflation characteristics of the
      confinement as it is engaged by the occupant.
PAR  The invention has been described in great detail, sufficient to enable one
      of ordinary skill in the art to make and use the same. Obviously,
      modifications and alterations of the preferred embodiments will occur to
      others upon a reading and understanding of the specification and such
      modifications and alterations are included as part of our invention
      insofar as they come within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an aspirated vehicle occupant restraint system including a housing, a
      confinement having a collapsed condition in which it is located in the
      housing and an expanded condition for restricting movement of an occupant
      in the passenger compartment of the vehicle, means for expanding the
      confinement from the collapsed condition to the expanded condition and
      aspirator means fixed in said housing having an inlet in fluid
      communication with the confinement, the improvement comprising:
PA1  flap means attached to the inner surface of the confinement wall
      intermediate the margins thereof, said flap means
PA2  i. normally closing the inlet of the aspirator means when the confinement
      is in the collapsed condition, and
PA2  ii. being progressively moved to expose the inlet of the aspirator means by
      movement of the confinement wall as the confinement moves from the
      collapsed condition to the expanded condition.
NUM  2.
PAR  2. The system of claim 1 wherein the opening of the confinement is attached
      around the opening of the housing and the aspirator means includes a
      plurality of perforations formed in said housing.
NUM  3.
PAR  3. The system of claim 2 wherein said flap means includes a plurality of
      flaps positioned, when the confinement is in the collapsed condition, to
      cover substantially the entire area of the housing defining said
      perforations.
NUM  4.
PAR  4. The system of claim 2 wherein the housing is elongated and includes an
      upper member and a lower member, said members being disposed in
      converging-diverging arrangement and diverging in a direction toward the
      confinement.
NUM  5.
PAR  5. The system of claim 4 wherein the expanding means includes an elongated
      diffuser positioned near the convergence of the upper member and the lower
      member, said diffuser having passage means for directing fluid flow
      therefrom into the confinement, such that air is drawn from outside the
      apparatus through said perforations in increasing amounts as the
      perforations are progressively exposed by the movement of said flap means.
NUM  6.
PAR  6. The improvement of claim 4 wherein said aspirator means includes a pair
      of end walls formed in said housing means each defining a plurality of
      perforations, the improvement further comprising said flap means including
      a pair of end flaps each substantially covering one of said end walls when
      the confinement is in the collapsed condition.
NUM  7.
PAR  7. A vehicle occupant restraint system comprising:
PA1  a. housing means;
PA1  b. a confinement attached to said housing means having a collapsed
      condition in which it is located in said housing means and an expanded
      condition for restricting movement of an occupant in the passenger
      compartment of the vehicle;
PA1  c. means for expanding said confinement, with inflating fluid from the
      collapsed condition to the expanded condition;
PA1  d. said housing means including means defining an air inlet in
      communication with the interior of said confinement; and
PA1  e. means operable to normally close the air inlet when the confinement is
      in the collapsed condition, said inlet closing means including means
      attached to the wall of said confinement intermediate the margins thereof
      and being movable by movement of the confinement wall progressively
      exposing the air inlet, said closing means including means permitting the
      inflating fluid to be exhausted through the air inlet in the event the
      confinement contacts the occupant prior to full expansion.
NUM  8.
PAR  8. The improvement of claim 7 wherein said means for progressively exposing
      the air inlet includes at least one flexible flap attached to the inner
      surface of the confinement wall.
NUM  9.
PAR  9. The improvement of claim 7 wherein the confinement has a mounting
      portion attached to the housing and an oppositely disposed terminal
      portion, with said means normally closing the air inlet including means
      attached intermediate said mounting portion and said terminal portion.
NUM  10.
PAR  10. A vehicle occupant restraint system comprising:
PA1  a. a source of fluid pressure;
PA1  b. means for activating said fluid source in response to the vehicle
      experiencing a collision;
PA1  c. an inflatable confinement having a collapsed inoperative condition and
      an expanded operative condition; and
PA1  d. means operable to direct fluid from said source into said confinement,
      said fluid directing means including valve means operable to permit fluid
      communication between the interior of said confinement and the atmosphere
      external thereto, said valve means including fluid port means and means
      slidably movable with respect to said port means, said slidably movable
      means being attached to the wall of said confinement and operable to
      prevent said fluid communication through said port means when said
      confinement is collapsed and operable by movement of said confinement wall
      to permit progressively increasing fluid communication through said port
      means between the atmosphere and said confinement.
NUM  11.
PAR  11. The system defined in claim 10, wherein:
PA1  a. said fluid directing means includes a housing having the periphery of
      said confinement attached thereto in a fluid pressure sealing manner;
PA1  b. said valve means includes at least one aperture disposed in said
      housing; and
PA1  c. said means attached to the wall of said confinement includes an
      elongated flexible member having one end thereof attached to the wall of
      said confinement, said member being disposed to block said apertures when
      said confinement is in the collapsed condition and movable upon expansion
      of said confinement to progressively uncover said apertures.
NUM  12.
PAR  12. The system defined in claim 10 wherein said fluid directing means
      includes means for diffusing flow of fluid from said source to said
      confinement.
NUM  13.
PAR  13. An assembly for an inflatable vehicle occupant restraint system of the
      type having a source of fluid pressure and means operable to activate said
      source upon occurrence of a collision, said assembly comprising:
PA1  a. an inflatable confinement expandable from a collapsed non-operative
      position to an expanded operative position, said confinement having an
      aperture formed therein for introducing inflating fluid therein;
PA1  b. means attached to the periphery of said confinement aperture, said means
      being operable to direct inflating fluid into said confinement upon
      connection to said fluid source, said fluid directing means including
      valve means operable to permit fluid communication between said
      confinement and the surrounding atmosphere, said valve means including
      fluid port means and means attached to the wall of said confinement
      intermediate the margins thereof and operable to prevent said fluid
      communication through said port means when said confinement is collapsed
      and operable by movement of the wall of said confinement to move
      transversely with respect to said port means to permit progressively
      increasing fluid communication through said port means between said
      confinement and the atmosphere.
NUM  14.
PAR  14. The assembly defined in claim 13 wherein:
PA1  a. said fluid directing means includes a housing having the periphery of
      said confinement attached thereto, said valve means including a plurality
      of apertures formed in said housing for communicating the interior of said
      confinement with the surrounding atmosphere; and
PA1  b. said means attached to the wall of said confinement includes an
      elongated flexible member having one end thereof attached to the wall of
      said confinement, said member being disposed to block said apertures when
      said confinement is in the collapsed condition and movable upon expansion
      of said confinement to progressively uncover said apertures.
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ABST
PAL  Interconnecting bars are employed to connect two standard bicycles in a
      side-by-side relationship. The bicycles are interconnected adjacent the
      respective rear axles thereof, adjacent their respective seats and
      adjacent the front of the frames thereof, for stabilizing the bicycles and
      are also interconnected at their respective steering mechanisms with a tie
      rod that is adjustable to allow setting of wheel toe-in for proper
      steering and handling characteristics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to bicycles and more particularly to an apparatus
      for side-by-side interconnection of two standard bicycles.
PAR  2. Description of the Prior Art
PAR  In many instances people who would like to ride a bicycle for
      transportation, exercise, and pleasure purposes refrain from doing so due
      to their dislike for riding alone and/or their lack of skills required to
      balance and steer such mechanisms.
PAR  Several types of velocipedes have been employed in attempts to overcome the
      above discussed reasons why some people do not ride a bicycle. One such
      mechanism is the well known tandem bicycle which does not enhance
      conversation and therefore is not particularly attractive to those people
      who dislike riding alone. Also, the balancing and handling characteristics
      of tandem bicycle are not materially improved over those same
      characteristics of a standard bicycle and the tandem bicycle cannot be
      converted to a conventional bicycle.
PAR  Adult size three wheel tricycles have become popular in recent times, and
      such structures of course, are inherently stable and therefore the need
      for acquiring the skill of balance is minimized. Such mechanisms to not
      solve the companionship problem and are considerably heavier than a
      bicycle due to the third wheel and the necessary frame and other
      structural devices. These mechanisms also are relatively expensive and
      cannot be converted to a conventional bicycle.
PAR  Several devices have been proposed for interconnecting standard bicycles in
      a side-by-side relationship, and such devices have not achieved commercial
      acceptance for various reasons. In general, devices for interconnecting
      standard bicycles in a side-by-side relationship have been relatively
      complex, expensive, and in some instances require modification of one or
      both of the bicycles. Such devices have also failed to take into account
      the various size differences which exist between different brands of
      so-called standard bicycles. Further, these prior art devices make no
      provisions for altering the steering geometry of the interconnected
      bicycles to achieve ideal steering and handling characteristics, and such
      devices are usually coupled to the bicycles in a fashion so that it is
      difficult to convert back to two disconnected standard bicycles if
      desired.
PAR  Therefore, a need exists for a new and improved bicycle interconnecting
      apparatus which solves some of the problems of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an apparatus for side-by-side
      interconnection of two standard bicycles is disclosed as preferrably
      having four points of interconnection. The first interconnecting point is
      adjacent the respective rear axles of the bicycles, and the second
      interconnection is made adjacent the respective bicycle seats by a
      V-shaped interconnecting bar that is connected to the bicycle seats on its
      opposite ends and is connected intermediate its ends to the rear axle
      interconnecting bar. The V-shaped bar is adjustable as to its length to
      accommodate various sizes of bicycle frame structures. A third
      interconnecting bar couples the frames adjacent the front portions
      thereof. The steering mechanisms of the bicycles are interconnected with a
      tie rod that is adjustable to allow setting of the interconnected bicycle
      steering geometry to achieve ideal steering and handling characteristics.
PAR  Each of the coupling means employed to connect the interconnecting bars and
      the tie rod are of a suitable quick disconnect type which facilitates
      interconnection and decoupling of the bicycles.
PAR  The interconnecting bar which is adjacent the axles of the bicycles is of
      special construction which allows an article carrying basket to be mounted
      thereon. Accordingly, it is an object of the present invention to provide
      a new and improved apparatus for interconnecting a pair of standard
      bicycles in side-by-side relationship.
PAR  Another object of the present invention is to provide a new and improved
      apparatus for the side-by-side interconnection of a pair of standard
      bicycles with the apparatus being adjustable to allow for various
      dimensional differences of the bicycles.
PAR  Another object of the present invention is to provide a new and useful
      apparatus for the side-by-side interconnection of a pair of standard
      bicycles with that apparatus being adapted to facilitate simple coupling
      and decoupling of the bicycles.
PAR  Another object of the present invention is to provide a new and useful
      apparatus for the side-by-side interconnection of a pair of standard
      bicycles with that interconnection apparatus being adapted to support an
      article carrying basket.
PAR  A still further object of the present invention is to provide a new and
      useful apparatus of the above described character which employs an
      adjustable tie rod for interconnecting the steering mechanisms of the
      bicycles so that the steering geometry may be adjusted to achieve ideal
      steering and handling characteristics.
PAR  The foregoing and other objects of the present invention, as well as the
      invention itself, may be more fully understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a pair of bicycles interconnecting in a
      side-by-side relationship with the interconnecting apparatus of the
      present invention.
PAR  FIG. 2 is an enlarged fragmentary sectional view taken on the line 2--2 of
      FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary sectional view taken on the line 3--3 of
      FIG. 1.
PAR  FIG. 4 is an enlarged fragmentary sectional view taken on the line 4--4 of
      FIG. 1.
PAR  FIG. 5 is a fragmentary sectional view taken on the line 5--5 of FIG. 4.
PAR  FIG. 6 is a fragmentary sectional view taken on the line 6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, FIG. 1 illustrates a pair of
      standard bicycles which are indicated generally by the reference numerals
      10 and 12, respectively.
PAR  Each of the bicycles has the usual frame 13, seat 14, rear wheel assembly
      15, pedals 16, and steering mechanism 17.
PAR  As will hereinafter be described in detail, the apparatus of the present
      invention includes a first interconnecting bar 20 which interconnects the
      bicycles 10 and 12 adjacent the rear axles 21 thereof. A second
      interconnecting bar 23 couples the bicycles 10 and 12 adjacent their
      respective seats 14. A third interconnecting bar 26 interconnects the
      forward portions of the bicycle frames 13. And, an adjustable tie rod 28
      is employed to interconnect the steering mechanisms 17 of the bicycles 10
      and 12. thereto
PAR  As seen best in FIGS. 1, 4, and 6, the first interconnecting bar 20
      includes an elongated tubular member 30 of fixed length and which is
      preferably of square cross sectional configuration to provide an upwardly
      facing flat surface 31 to facilitate mounting of a flat plate 32 thereon.
      The flat plate 32 is affixed to the upper surface 31 of the tubular member
      30 such as with suitable bolts 33, or the plate may be welded thereto. In
      any event, the flat plate 32 is located approximately intermediate the
      opposite ends of the tubular member 30 and is transverse theret so as to
      provide a forwardly extending portion 34 and a rearwardly extending
      portion 35. An article carrying basket 38 of conventional wire
      construction is carried on the plate 32 and is demountably affixed thereto
      by a tie down strap 39. The tie down strap 39 is positioned to overlay a
      portion of the bottom 40 of the basket 38 and to coextend with the plate
      32. The tie down strap 39 is demountably secured through the basket 38 to
      the plate 32 with suitable bolts 41, so that the portion of the bottom 40
      of the basket 38 is gripped between the plate 32 and the tie down strap
      39.
PAR  Each of the opposite ends of the tubular member 30 is provided with a
      transverse mounting strap 44, and those mounting straps 44 are employed to
      demountably couple the first interconnecting bar 20 to the bicycles 10 and
      12 as will hereinafter be described in detail.
PAR  As is customary in the bicycle art, each of the bicycles 10 and 12 is
      provided with a bifurcated frame portion 45 having a pair of substantially
      parallel legs 46 which extend rearwardly from the pedals 16. The rear
      wheel assembly 15 of each of the bicycles 10 and 12 is journaled for
      rotation on the rear wheel axle 21 which is transversely secured to the
      rearwardly disposed free ends of the legs 46 by nuts 49.
PAR  As seen best in FIGS. 4 and 6, with the bicycles 10 and 12 placed in a
      side-by-side position and the first interconnecting bar 20 in place, the
      opposed mounting straps 44 of the bar 20 are in coextending contiguous
      engagement with the inwardly facing legs 46 of the bicycles. Each of the
      mounting straps 44 have a forwardly extending portion 50 and a rearwardly
      extending portion 51. The forward portions 50 of the mounting straps 44
      are demountably coupled to the legs 46 such as with a pair of clamps 52.
      The rearwardly disposed portions 51 of the mounting straps 44 each have a
      horizontal rearwardly opening slot 53, one shown in FIG. 6, formed therein
      whereby the straps 44 may be slidingly demountably secured between the
      legs 46 and the axle securing nuts 49.
PAR  As hereinbefore described, the flat plate 32 carried on the tubular member
      30 of the first interconnecting bar 20 has a forwardly extending portion
      34, and as seen best in FIGS. 4 and 5 that portion 34 extends beyond the
      limits of the basket 38. The forwardly extending portion 34 of the flat
      plate 32 is employed as an attaching point for the second interconnecting
      bar 23 which as best seen in FIG. 1, is of V-shaped configuration. This
      second bar 23 has a substantially flat portion 55 intermediate its
      opposite ends and that flat portion 55 is secured to the plate 32 such as
      with a suitable bolt 56. A pair of angularly upwardly extending arms 57,
      which are integral with the flat portion 55, extend from the opposite ends
      of that flat portion to points adjacent the seats 14 of the bicycles 10
      and 12. The flat portion 55 and the arms 57 are formed of a single hollow
      tubular member in each of the uppermost ends of which rods 58 are axially
      slidingly telescopically mounted. Each of the rods 58 has a flat 59 formed
      on the end thereof for attachment to the seat adjusting clamp 60 of the
      respective bicycles 10 and 12. The telescopically slidable mounting of the
      rods 58 to the arms 57 is provided so that variations in bicycle frame
      structures can be compensated for by increasing or decreasing the distance
      between the ends of the second interconnecting bar 23 as needed. Once the
      proper adjustment is made, the rods 58 are secured in place by any
      suitable means such as with screws 62 which pass through the tubular arms
      57 into engagement with the rods 58.
PAR  The second interconnecting bar 23 is of V-shaped configuration and is
      attached as previously described to obtain improved structural rigidity
      over the strength that could be obtained if such an interconnection were
      made with a straight bar (not shown). Also, the V-shaped configuration of
      the bar 23 places that bar in a location where it will not interfere with
      pedal movements of the bicycles.
PAR  The third interconnecting bar 26 is a fixed length tubular member the
      opposite ends 64 and 65 of which are demountably connected to the frames
      13 of the bicycles 10 and 12, respectively. This transverse
      interconnection is ideally made on the frame members 66 of the bicycles
      which extend angularly upwardly from the pedal areas to the necks 67
      located at the front of the bicycle frames 13. So as not to interfere with
      the normal pedaling of the bicycles, the third interconnecting bar 26
      should be located at the forward ends of the frame members 66 adjacent the
      necks 67. Demountable interconnection of the bar 26 to the frame members
      66 of the bicycles 10 and 12 may be made in any suitable fashion such as
      with U-bolts 68 as seen best in FIG. 3 of the drawings.
PAR  The bicycles 10 and 12 are provided with the usual steering mechanisms 17
      each of which includes a front wheel 70 mounted in a fork 71, with that
      fork 71 journaled for rotation in the neck 67 of the frame 13. A handlebar
      post 72, sometimes referred to as a gooseneck, is coupled in the usual
      fashion to the fork 71 and projects upwardly from the neck 67 of the frame
      13 and has the handlebar 74 connected thereto.
PAR  The steering mechanisms 17 of the bicycles 10 and 12 are interconnected by
      the tie rod 28, which as best seen in FIG. 2, includes a hollow tubular
      member 76 having a rod 77 axially slidingly movable therein. Thus, the
      length of the tie rod 28 may be changed by telescopically moving the rod
      77 with respect to the tubular member 76. When the desired length of the
      tie rod 28 is achieved, as hereinafter will be described in detail,
      further telescopic movements are prevented such as by a sheet metal screw
      78 which is mounted in the tubular member 76 and may be moved into
      engagement with the rod 77.
PAR  The opposite ends of the tie rod 28 are pivotably connected by suitable
      pivot pins 79 to the extending ends of the cranks 80 and 81. The cranks 80
      and 81 are demountably connected to the handlebar posts 72 of the bicycles
      10 and 12 such as with U-bolts 82.
PAR  It may now be seen that the steering mechanisms 17 of the bicycles 10 and
      12 are interconnected as described above to operate as a single entity and
      turning movement applied by either rider of the bicycles will cause the
      front wheels to turn in unison.
PAR  As is well known particularly in the automotive arts, simultaneously
      steering of two spaced apart front wheels can be difficult and result in
      undesirable handling characteristics unless the steering geometry is set
      to establish certain relationships. Among these relationships, toe-in is
      of particular importance in achieving the desirable steering and handling
      characteristics of the interconnected bicycles 10 and 12. Therefore, the
      previously described adjustment feature of the tie rod 28 is employed to
      achieve the proper amount of toe-in. As hereinbefore described, axial
      sliding movement of the rod 77 relative to the tubular member 76 will
      change the length of the tie rod 28 which will alter the relationship of
      the cranks 80 and 81 with respect to each other, i.e., a parallel
      relationship can be achieved or they can be moved into a converging or
      diverging relationship as desired. Changes in the relationship of the
      cranks 80 and 81 will, of course, cause rotation of the forks 71 of the
      bicycles 10 and 12 which in turn will cause the front wheels 70 to move in
      a manner similar to the movement imparted to the cranks 80 and 81. It has
      been found that a toe-in of approximately 3/8 inch to 1/2 inch is ideal to
      produce the desired steering and handling characteristics in standard size
      bicycles.
PAR  While the principles of the invention have now been made clear in an
      illustrated embodiment, there will be immediately obvious to those skilled
      in the art, many modifications of structure, arrangements, proportions,
      the elements, materials, and components used in the practice of the
      invention, and otherwise, which are particularly adapted for specific
      environments and operation requirements without departing from those
      principles. The appended claims are therefore intended to cover and
      embrace any such modifications within the limits only of the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for interconnecting a pair of bicycles comprising:
PA1  a) a pair of bicycles positioned in a side-by-side relationship, each of
      said pair of bicycles having a frame, a rear wheel axle, a seat and a
      steering mechanism;
PA1  b) a first interconnecting bar extending between said pair of bicycles and
      coupled on the opposite ends thereof to the frames of said bicycles
      adjacent the rear wheel axles thereof;
PA1  c) a second interconnecting bar extending between said pair of bicycles and
      coupled on the opposite ends thereof to said pair of bicycles adjacent the
      seats thereof, said second interconnecting bar comprising,
PA2  a V-shaped hollow tubular member a portion intermediate the opposite ends
      of which is connected to said first interconnecting bar,
PA2  a rod axially slidably mounted in each of the opposite ends of said
      V-shaped hollow tubular member for adjusting the length of said second
      interconnecting bar, each of said rods coupled to a different one of said
      pair of bicycles, and
PA2  means on said V-shaped tubular member for optionally allowing axial sliding
      movement of said rods relative to said V-shaped tubular member; and
PA1  means extending between the steering mechanisms of said pair of bicycles
      and connected thereto for causing the steering mechanisms to turn in
      unison, said means for interconnecting the steering mechanisms of said
      pair of bicycles being adjustable for setting the toe-in relationship of
      the steering mechanisms of said pair of bicycles.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 further comprising a third
      interconnecting bar extending between said pair of bicycles and coupled on
      the opposite ends thereof to the frames of said pair of bicycles adjacent
      the forward ends thereof.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 further comprising an article
      carrying basket supported on said first interconnecting bar.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein said first interconnecting
      bar comprises:
PA1  a. an elongated tubular member of fixed length the opposite ends of which
      are demountably coupled to said pair of bicycles; and
PA1  b. a plate affixed to the upper surface of said elongated tubular member
      substantially intermediate the opposite ends thereof upon which an article
      carrying basket is mountable.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 wherein said means for
      interconnecting the steering mechanisms of said pair of bicycles
      comprises:
PA1  a. a pair of cranks each of which is attached to a different one of the
      steering mechanisms of said pair of bicycles, each of said cranks having
      an extending end; and
PA1  b. a tie rod of adjustable length pivotably connected on each of its
      opposite ends to the extending of said pair of cranks so that the steering
      mechanisms of said pair of bicycles will turn in unison.
NUM  6.
PAR  6. An apparatus as claimed in claim 5 wherein said tie rod comprises:
PA1  a. a hollow tubular member;
PA1  b. a rod axially slidably mounted in said hollow tubular member for
      adjusting the length of said tie rod; and
PA1  c. means on said hollow tubular member for optionally allowing the axial
      sliding movement of said rod relative to said hollow tubular member.
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ABST
PAL  An occupant propelled, tricycle type, recreational vehicle has an inflated
      flexible bag attached to its outer periphery to provide safe, controlled
      bumping of similar vehicles or other objects for the amusement of the
      occupant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One of the most popular amusement rides in a Carnival or Fair is the
      "Bumper Car". This is usually an electric powered vehicle having a
      resilient bumper around its outside and is driven by the occupant, who is
      restrained in his seat by a seat belt, in such a manner as to collide with
      the other vehicle in the raceway.
PAR  These controlled collisions are not overly dangerous as the speed of the
      vehicle is limited and the resilient bumper absorbs the sharp initial
      shock of contact.
PAR  Although these Bumper Car rides are very popular, they are also
      prohibitively expensive for an individual.
PAR  Therefore it is obvious that a need for an inexpensive, manually powered
      Bumper Bike which may be used on streets, parking lots or patios, exists.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed generally to recreational vehicles and
      more specifically to an occupant propelled Bumper Bike.
PAR  It is the primary object of this invention to provide a tricycle type
      recreational vehicle propelled by manual power and having a flexible
      inflated bumper around its outside.
PAR  It is also an object of this invention to provide a recreational vehicle
      which may be easily manufactured from inexpensive materials by known
      methods.
PAR  A full understanding of the invention and its further objects and
      advantages will be had from the following description of which the
      accompanying drawings are a part.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the preferred embodiment.
PAR  FIG. 2 is a side view of the preferred embodiment.
PAR  FIG. 3 is a section taken along line 3--3 in FIG. 1.
PAR  FIG. 4 is a cut showing the rear axle support assembly taken along line
      4--4 in FIG. 1.
PAR  FIG. 5 is a cut showing the attachment of the inflatable bumper taken along
      line 5--5 in FIG. 1.
PAR  FIG. 6 is a section showing the steering column assembly and the foot
      propulsion assembly taken along line 6--6 of FIG. 3.
PAR  FIG. 7 is a view of the foot pedal drive shaft and sprocket gear taken
      along line 7--7 in FIG. 2.
PAR  FIG. 8 is a section of the steering column assembly showing the attachment
      of the foot pedal support brackets and the sprocket chain guard taken
      along line 8--8 in FIG. 3.
PAR  FIG. 9 is a view of the rear axle assembly.
PAR  FIG. 10 is a section showing the square ends of the rear axle shaft taken
      along line 10--10 in FIG. 9.
PAR  FIG. 11 is a view of the rear wheel showing the square aperture for
      receiving the square end of the rear axle shaft.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An occupant propelled, tricycle type, recreational vehicle 10 comprises a
      floorboard 11, a seat 12, a steering column assembly 13, a front axle 14,
      a front wheel 15, a foot powered propulsion assembly 16, at least two rear
      axle support bracket assemblies 17, a rear axle assembly 18, a pair of
      rear wheels 19, and an inflated bumper 20 removably attached to the
      outside periphery of the floorboard 11.
PAR  The floorboard 11 has an upwardly indented surface 21 for mounting the seat
      12 and its outer periphery 22 extends upwardly and adequately to engage
      the inner surface of the inflatable bumper 20.
PAR  The floorboard 11 has apertures therethrough for installing the steering
      column assembly 13 and the foot powered propulsion assembly 16 to the rear
      axle assembly 18.
PAR  The steering column assembly 13 comprises a shaft housing assembly 23, a
      steering shaft 24 having a goose-neck clamp 25 engaging a pair of handle
      bars 26 with handgrips 27 at one end and a "U" shaped fork 28 attached by
      suitable means at the other end.
PAR  The shaft housing assembly 23 comprises a tube 29, having a stepped bore 30
      therethrough, attached by suitable means such as welding to an apertured
      plate 31 which attaches the shaft housing assembly 23 by suitable means to
      the floorboard 11. The steering shaft 24 extends through, and is suitably
      journaled inside the shaft housing assembly 23, and the forks 28 engage
      the front axle 14 supported by the front wheel 15.
PAR  As shown in FIG. 4 the two rear axle support bracket assemblies 17 each
      comprise a flat plate 32 having a semi-circular cutout 33 in its lower end
      34 and a flat bar 35 configured with a semi-circular indentation 36. The
      flat bar 35 is removably engaged by suitable means such as bolts to the
      flat plate 32 so that the semi-circular cutout 33 and the semi-circular
      indentation 36, form a round journal. The top end of the flat plate 32 is
      secured by suitable means to the floorboard 11.
PAR  The rear axle assembly 18 comprises a round shaft 37 having a circular
      sprocket gear 38 attached substantially equal distant from each end by
      suitable means such as welding.
PAR  As shown in FIG. 9 and 10 the shaft 37 has its outer ends 39 configured
      square and adjacent the square ends 39, the metal of the shaft 37 has been
      deformed to cause ridges of metal 40 to extend beyond the diameter of the
      shaft 37.
PAR  The rear axle assembly 18 is mounted in the rear axle support bracket
      assemblies 17 with the brackets 17 engaging the shaft 37 in the area
      between the extended ridges of metal 40. The shaft 37 will rotate in the
      journal formed by the semi-circular cutout 33 in the plate 32 and the
      semi-circular indentation 36 in the bar 35.
PAR  As shown in FIG. 11 the rear wheels 19 have an aperture 41 therethrough
      configured to fit the square ends 39 of the shaft 37 and are retained on
      the shaft 37 by cotter pins 42.
PAR  As shown in FIGS. 3, 6 and 7 the foot powered propulsion assembly 16
      comprises a pedal drive shaft 43 with a circular sprocket gear 44 attached
      by suitable means, such as welding at a point substantially equal distant
      from its ends. Adjacent the sprocket gear 44 the metal of the pedal drive
      shaft 43 has been deformed to cause ridges of metal 45 to extend beyond
      the diameter of the shaft 43. The pedal drive shaft 43 is configured to
      have two pedal support shafts 46 and one center shaft 47.
PAR  As shown in FIGS. 3 and 8 the foot powered propulsion assembly 16 is
      supported for rotation by two support brackets 48 having apertures 49
      therethrough and which are attached by suitable means to the steering
      column assembly 13. The aligned apertures 49 in the support brackets 48
      act as journals for the pedal drive shaft 43 and the extended ridges of
      metal 45 keep the pedal drive shaft 43 from excessive lateral movement. A
      foot pedal 50 is installed on each pedal support shaft 46 and retained in
      place by cotter pins 51.
PAR  A sprocket chain 52 is engaged around the sprocket gear 44 of the foot
      powered propulsion assembly 16 and the sprocket gear 38 of the rear axle
      assembly 18. A chain guard 53 is installed over the chain 52 in the area
      above the floorboard 11, being secured at one end to the pedal drive shaft
      support brackets 48 and at the other end to the side 54 of the upwardly
      indented surface 21 in the floorboard 11.
PAR  As shown in FIGS. 1 and 5 the inflatable bumper 20 is removably attached to
      the outer periphery 22 of the floorboard 11 by a plurality of strap
      assemblies 55 comprising a flexible web 56 having a hook 57 at each end.
      The flexible webs 56 encircle the bumper 20 and each hook 57 is engaged in
      an apertured angle clip 58 which are mounted by suitable means in opposed
      pairs to the top and bottom surfaces of the floorboard 11.
PAR  The seat 12 is mounted by suitable means to the upwardly indented surface
      21 of the floorboard 11. The seat 12 is equiped with a flexible safety
      belt 59 having fastening means 60.
PAR  In operation the occupant in the seat 12 will fasten the safety belt 59 and
      by pedaling the foot powered propulsion unit 16 set the vehicle 10 in
      motion. By controlling his rate of speed the vehicle 10 may be
      deliberately collided with a similar vehicle or other object whereby the
      inflated bumper will take the initial shock of the collision. In the event
      there is damage to the inflated bumper it is a very easy matter to take it
      off and repair it.
CLMS
STM  I claim:
NUM  1.
PAR  1. An occupant propelled, tricycle type, recreational bumper vehicle
      comprising:
PA1  a. a floorboard;
PA1  b. a seat attached to said floorboard;
PA1  c. a steering column assembly attached to and extending through said
      floorboard to engage;
PA1  d. a front axle, supported by;
PA1  e. a front wheel;
PA1  f. a foot powered propulsion assembly attached to said steering column
      assembly;
PA1  g. at least two rear axle support bracket assemblies attached to said
      floorboard and supporting;
PA1  h. a rear axle assembly supported by;
PA1  i. two rear wheels;
PA1  j. a sprocket chain engaged between said foot powered propulsion assembly
      and said rear axle assembly whereby mobility for said vehicle may be
      obtained;
PA1  k. a safety guard for covering said sprocket chain in the area above said
      floorboard;
PA1  l. an inflatable bumper removably attached to the outside periphery of said
      floorboard;
PA1  m. said steering assembly comprising;
PA1  n. a shaft housing assembly;
PA1  o. a steering shaft, having at one end;
PA1  p. a gooseneck clamp, engaging;
PA1  q. a pair of handlebars, having;
PA1  r. handgrips;
PA1  s. said steering shaft having at its other end a "U" shaped fork;
PA1  t. said shaft housing assembly comprising;
PA1  u. a tube, having;
PA1  v. a stepped bore therethrough for bearing engagement with the steering
      shaft; and
PA1  w. said tube being attached at its lower end to a plate having an aperture
      therethrough for connection to the floorboard.
NUM  2.
PAR  2. The vehicle as described in claim 1 wherein said foot powered propulsion
      assembly comprises:
PA1  a. a pedal drive shaft, having;
PA1  b. a circular sprocket gear attached.
NUM  3.
PAR  3. The vehicle as described in claim 2 wherein said foot pedal is installed
      at each end of said pedal drive shaft.
NUM  4.
PAR  4. The vehicle as described in claim 1 wherein said rear axle support
      bracket assembly comprises:
PA1  a. a flat plate; having
PA1  b. a semi-circular cutout in one end;
PA1  c. a flat bar; having
PA1  d. a semi-circular identation therein; and
PA1  e. said flat bar being removably attached to said flat plate.
NUM  5.
PAR  5. The vehicle as described in claim 4 wherein said round shaft of said
      rear axle assembly is engaged for rotation in said semi-circular cutout
      and said semi-circular indentation.
NUM  6.
PAR  6. The vehicle as described in claim 1 wherein said rear axle assembly
      comprises:
PA1  a. a round shaft; having
PA1  b. a circular sprocket gear attached; and
PA1  c. said round shaft having its ends configured square.
NUM  7.
PAR  7. The vehicle as described in claim 6 wherein a rear wheel is installed on
      each end of said round shaft.
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ABST
PAL  A boat latching device is disclosed for use on boat trailers. The latching
      device includes an elongated support member and a bow conforming guide
      member having a spring-loaded latching mechanism mounted thereto. An
      adjustable or resiliently mounted bow stop member is attached at or near
      the top of the support member. The entire latching device is mounted at
      the forward end of a boat trailer so that it can receive and hold an
      elongated eye fixed to the bow of a boat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  This invention is directed to a latching device and particularly to an
      automatic boat latching device which is adapted for use on boat trailers.
PAR  2. State of the Art
PAR  The use of trailers for transporting, launching or retrieving pleasure
      boats are widely used by the boating public. Most commercially available
      boat trailers utilize a combination of a winch and tow rope for retrieving
      boats from the water onto a boat trailer. One major disadvantage inherent
      in the use of a winch and tow rope is that at least two people are
      required to effectively retrieve and load the boat. One person is normally
      needed to connect the towline to the boat and operate the winch. The other
      person is required to navigate and maintain the boat in alignment with the
      boat trailer. In rough or turbulent waters the alignment of the boat with
      the trailer, as well as the attachment of the towline to the boat, becomes
      an extremely difficult and precarious task.
PAC  OBJECTS OF THE INVENTION
PAR  To avoid the above shortcomings, it is an object of this invention to
      provide a boat trailer latching device which is simple in mechanical
      construction and operation. Another object of this invention is to provide
      a boat latching mechanism which requires the use of only one person, even
      when the retrieval is attempted under adverse conditions. Still another
      object of this invention is to provide a boat latching mechanism which
      does not require the use of a winch and tow rope. Still another object of
      this invention is to provide a boat trailer latching device which
      facilitates alignment of the boat with the latching mechanism and permits
      automatic latching of the boat on the trailer. Other objects and
      advantages of this invention will be more apparent from the description
      which subsequently follows.
PAC  PRIOR ART
PAR  Relevant prior art relating to the trailer latching device of this
      invention includes the following U.S. Pat. Nos. 3,224,019; 3,295,864;
      3,303,951; and 3,632,138.
PAC  SUMMARY OF THE INVENTION
PAR  The boat and trailer latching device of this invention comprises generally
      a bow conforming guide member having a mouth and throat section and a
      latching means affixed in a plane proximal to the throat section of the
      bow conforming guide member. Preferably the latching device is mounted to
      an upstanding support member, having a bow stop member adjustably and/or
      resiliently attached to the forward end thereof. More specifically, the
      upstanding support member is designed to be fixed to the forward end of a
      boat trailer so that the bow of a boat, having an elongated eyelet
      vertically affixed thereto, can enter the mouth of the bow conforming
      guide member and automatically connect the eyelet with the latching
      device. The latching means includes a latch housing or enclosure, having a
      curved, "V" shaped opening providing a mouth and throat section similar to
      that of the bow conforming guide member. A spring-loaded slideable locking
      bar is actuatably contained within the latch housing and traverses the
      throat section of the latch housing. When a forward force is exerted upon
      the locking bar, such as that generated by contact of an elongated eyelet
      mounted to the bow of a forward moving boat, the locking bar overcomes the
      spring tension and is slideably forced into the latch housing. The
      elongated eyelet passes beyond the locking bar and into an interior space
      located deep in the latch housing's throat section, permitting the
      spring-loaded locking bar to return to its normally extended position.
      With the locking bar in its extended position, the elongated eyelet is
      retained within the interior space until such time that the locking bar is
      retracted into the housing and thereby releasing the eyelet. With the
      eyelet in a locked position, the boat is held firmly in position against
      the upright member and may be transported on the boat trailer without fear
      of an inadvertent release.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the latching device of this invention
      operationally mounted to a boat trailer. The bow of a boat is also shown
      connected to the latching device.
PAR  FIG. 2 is an enlarged isometric view of the front section of the device
      shown in FIG. 1.
PAR  FIG. 3 is a top view of the latching device of this invention taken along
      line 3--3 of FIG. 2.
PAR  FIG. 4 is a side cross sectional view of the latching device of this
      invention taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a front cross sectional view of the latching device of this
      invention taken along line 5--5 of FIG. 4.
PAR  FIG. 6 is a front sectional view of the latching device of this invention
      taken along lines 6--6 of FIG. 3.
PAR  FIG. 7 is an isometric view of another embodiment of the device of this
      invention.
PAR  FIG. 8 is a side cross sectional view of the device shown in FIG. 7.
PAR  FIG. 9 is a front elevation of the device shown in FIG. 8 taken along line
      9--9.
PAR  FIG. 10 is a top view of the device shown in FIG. 9 taken along line 10--10
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2, the latching device of this invention, shown
      generally by the numeral 10, is pivotally mounted at its base section to a
      horizontal frame member 12 of a wheeled boat trailer (not shown). The bow
      of a partially shown boat, identified generally by the numeral 14, is
      carried on the trailer with its bow connected to the latching device 10 by
      means of an elongated eyelet 90 vertically fixed thereto. The trailer is
      connected to a vehicle by means of a captive cap 16 and ball 18, which in
      combination forms the vehicle-trailer connecting mechanism.
PAR  The latching device 10 has an upwardly slanted elongated support member 20,
      pivotally mounted at its base to a pair of upward extending extensions 24
      welded to the horizontal frame member 12 of the boat trailer by means of a
      traversing threaded bolt or pin and nut arrangement 22. A downward
      extending support brace 26 is pivotally mounted at its upper end to a pair
      of extensions 30, extending forwardly from about the center of the
      upwardly slanted elongated support member 20. The pivotal connection is
      provided by means of a threaded pin and bolt 28. The lower end of the
      downward extending support brace 26 is pivotally attached to a pair of
      upward extending extensions 32 welded to the horizontal frame member 12 by
      means of a third threaded pin and nut arrangement 34.
PAR  As is more clearly shown in FIGS. 3 - 6, the latching device of this
      invention includes a bow conforming guide member 36 constructed from a
      pair of metal plates 38 and 40, welded at an angle of between about
      90.degree. and 140.degree.. To accommodate most pleasure boats, an angle
      of about 125.degree. is for the most part satisfactory. A nonmetallic,
      relatively soft material such as wood or plastic (not visible) is attached
      to the plates' inner face by gluing, recessed screws, or the like. The
      dimensions of the nonmetallic material are such that an open central area
      41 is provided (See FIG. 6). The nonmetallic pieces are then covered with
      a mar protective material 42 such as carpeting, plastic and the like. A
      pair of winged members 44 extend outwardly from or near the apex of the
      angled plates for attachment to the upward extending elongated support
      member 20 by means of bolts and nuts 46 or other removable securing means.
      Mounted at or near the top of the bow conforming guide member 36 is a
      latching device shown generally by the numeral 50. (See FIGS. 3 and 5.)
      The latching device 50 comprises a latch housing 52, having a rounded or
      curved "V" shaped opening 53. The "V" shaped opening is characterized by
      having a forward or mouth section 55 and a rear or throat section 56. A
      biased locking bar 54 is slideably carried within the latch housing 52 so
      that its leading curved end traverses the throat section of the latch
      housing. The locking bar is continually urged to an extended position
      across the throat section 56 of the latching device by means of a fixed
      biasing means such as a coiled spring 58 attached at one end to the handle
      57 of the locking bar 54 and at the other end to the latch housing 52. As
      earlier indicated, the locking bar is preferably rounded or curved along
      its leading edge 60 to facilitate its slideable movement into the latch
      housing whenever a forward force is perpendicularly exerted thereon. The
      locking bar can be retained in its retracted position by means of a pawl
      or a pin 61 and chain 62 arrangement as shown in FIG. 3. This is
      accomplished by inserting the pin 61 through a pair of registerable
      openings 64 and 66 drilled through both the housing and the locking bar
      respectively. Registry of the openings 64 and 66 is achieved by the
      slideable movement of the locking bar.
PAR  Although a slideable spring-loaded bar is depicted as the preferred
      embodiment, the locking bar can, with minor variations of the housing
      member, be pivotally mounted therein. In such an embodiment the pivotal
      locking bar would be biased to a normally closed position; that is, the
      locking bar would be continually urged to traverse the throat section of
      the latch housing. An extended handle member would be connected to the
      locking bar and would extend beyond the latch housing for manual
      operation. Whenever a force is exerted on the locking bar, it would
      pivotally move about its pivotal point, permitting the elongated,
      vertically mounted eyelet to enter into the deep interior space of the
      latch housing's throat section.
PAR  An inverted L shaped bow stop member 70 is adjustably mounted at or near
      the top of the upwardly slanted elongated support member. As depicted in
      the drawings, the bow stop member is constructed from a vertical 72 and
      horizontal metal plate 74 welded perpendicularly to each other at or near
      its ends to form an inverted L. A nonmetallic material 75, such as wood or
      plastic, is cut to conform to the dimensions of the metal plate 72 and 74
      and secured thereto. The nonmetallic material is then covered with a
      non-marring covering material, such as carpeting 76. The stop member is
      secured for adjustable movement to the upwardly slanted elongated support
      member 20 by bolts and nuts 78 fixed to the stop member and passing
      through an elongated slot 77 cut in the upwardly slanted support member
      20. In lieu of nuts and bolts, the stop member can be mounted on a biased
      sleeve overriding the upwardly slanted support member 20 to permit
      slideable movement thereon. This embodiment will be subsequently described
      in more detail.
PAR  For connecting a boat to the latching device, an elongated U-shaped eyelet
      90 is vertically fixed to the bow of a boat 14. The eyelet 90 is connected
      to the latching device by the forward movement of the boat, forcing the
      eyelet against the rounded leading edge 60 of the locking bar 54. The
      force exerted by the eyelet is horizontally transferred to the locking
      bar, urging the locking bar into the housing until such time that the
      eyelet passes therebeyond and enters into the interior space contained
      deep in the throat of the latching device. As the eyelet moves into the
      interior opening, the locking bar is returned to its closed position by
      the tension of the extended spring 58, trapping the elongated eyelet 90 in
      the interior opening. The eyelet is released from the interior opening by
      the manual movement of the locking bar which withdraws the locking bar 54
      from across the throat section of the locking device and into the housing
      member. The locking bar may then be retained in its open position by means
      of the pin 61 and chain 62 arrangement previously described.
PAR  Referring now to FIGS. 7 - 10, the embodiment shown is essentially
      identical to that shown in FIGS. 1 - 6. Since the latching device shown
      includes elements common to both embodiments, only a cursory explanation
      shall be given to the like elements. The embodiment shown includes an
      upwardly slanted elongated support member 20 and its accompanying downward
      extending support brace 26. A bow conforming guide member 36 is attached
      to the upwardly slanted elongated member in the manner earlier described.
PAR  The major differences between the embodiment shown in FIGS. 7 - 10 and that
      earlier described are that the stop member 70 is mounted to a slideable
      sleeve 80 biased downwardly by an adjustably mounted coiled spring 82. The
      slideable sleeve telescopically engages the top end of the upwardly
      slanted support member 20. The lower portion of the downward extending
      brace is pivotally mounted to the horizontal frame by means of a second
      sleeve 84 biased upwardly by means of a heavy duty coiled spring 86
      adjustably mounted to extensions 88 and 89 welded to the sleeve 84 and the
      brace 26, respectively.
PAR  The latter biased sleeve arrangement permits the boat trailer to "bend" as
      the towed trailer passes over rises and depressions normally found on
      unimproved roadways. The use of a biased sleeve is particularly
      advantageous if the trailer possesses tandem wheels.
PAR  The use of a biased sleeve 80 for holding the bow stop member 70 in
      position is advantageous for preventing the bow of the boat to abruptly
      contact the bow stop member when it is deflected upwardly during the
      connecting operation. This shock absorbing arrangement permits the boat to
      be driven against the latching device at a relatively high speed without
      causing damage to the latching device or to the boat.
PAR  Another feature which distinguishes this embodiment from that earlier
      described is that the bow conforming guide member 36 contains a bow
      deflecting connecting member 92 located at the base of the throat section
      of the bow conforming guide member 36. This bow deflecting member
      transfers most all of the forward force of the boat upward and thereby
      reduces the force exerted against the latch device during the connecting
      operation. The bow deflecting member is sufficiently recessed so that when
      the eyelet is in contact therewith it can still make connection with the
      latching device. In comparing FIG. 6 with FIG. 10, it can be seen that a
      portion of the open area 41 is filled with an extension of the nonmetallic
      covering 92.
PAR  The locking bar 54 and it's curved leading edge 60 extends across the
      throat 56 of the latch housing 52. To facilitate slideable movement of the
      locking bar, a leverage arm 94 is pivotally mounted to the latch housing
      by means of a pin 96. The locking bar 54 contains a perpendicularly welded
      stop member 97 against which the leverage arm 94 is urged to cause
      slideable movement. The sliding bar is continually urged across the throat
      of the latch housing by means of a coiled spring 98. As shown in phantom,
      the locking bar may be held in its open position by partial rotation of
      the pivoted pawl 95 and placement of the pawl against the stop member 97.
      The pawl is pivoted about pin 96 as is the leverage arm 94.
PAR  In retrieving a boat from the water, the empty boat trailer is backed down
      a boat ramp and into the water by means of a vehicle attached thereto. The
      boat is then aligned with the latching device by positioning the bow in
      alignment with the stop member 12 positioned at the top of the upward
      extending elongated support member 20. After the boat has been properly
      aligned, the operator will move the boat forward against the latching
      device, forcing the eyelet 90 against the leading edge 60 of the locking
      bar 54. As the eyelet is forced against the locking bar, the locking bar
      is forced into the housing and the eyelet passes therebeyond into the
      interior space deep in the throat of the locking device. As the eyelet
      passes therethrough, the force of the boat entering thereon will be
      deflected upward and against the stop member positioned at or near the top
      of the upwardly slanted elongated support member 20. When the inertia of
      the boat has been negated, the boat will slide gracefully backward with
      its eyelet securely latched within the latching device. The vehicle
      carrying the trailer may then be moved forward, carrying both the trailer
      and boat out of the water.
PAR  The latching device of this invention facilitates the retrieval of pleasure
      boats from waters, even though the waters may be of a turbulent nature.
      The only requirement necessary for latching the boat to the trailer is the
      operator's ability to navigate the boat in alignment with the latching
      device and driving it forward with sufficient force to complete the
      connecting action.
PAR  While the invention has been described with reference to certain specific
      embodiments, it is understood that changes may be made by one skilled in
      the art and it would not thereby depart from the spirit and scope of the
      invention which is to be limited only by the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A boat latching device comprising an upstanding support member, a bow
      stop member slidably biased to the upper end of said upstanding support
      member, a bow conforming guide member fixed to said upstanding support
      member below said stop member and a means for automatically latching the
      bow of a boat to said upstanding support member.
NUM  2.
PAR  2. The boat latching device of claim 1 wherein the means for automatically
      latching the bow of said boat is carried at or near the top of said bow
      conforming guide member.
NUM  3.
PAR  3. The latching device of claim 1 wherein said latching means comprises a
      latch housing having a rounded "V" shaped opening and a biased locking bar
      traversing said rounded "V" shaped opening.
NUM  4.
PAR  4. The latching device of claim 3 wherein said locking bar is carried for
      slideable movement within said housing and is adapted with a means for
      holding said locking bar in a retracted position.
NUM  5.
PAR  5. The device of claim 4 wherein said bow stop member is adjustably
      attached to said upstanding support member.
NUM  6.
PAR  6. The latching device of claim 1 wherein said bow stop and bow conforming
      guide members are padded.
NUM  7.
PAR  7. The latching device of claim 1 wherein said upstanding support member
      includes a pivotally mounted brace member.
NUM  8.
PAR  8. The latching device of claim 7 wherein said pivotally mounted brace
      member is extendable.
NUM  9.
PAR  9. In combination with a boat and trailer wherein said boat includes an
      elongated eye member vertically secured to the bow of said boat and said
      trailer includes an upstanding support member mounted at the forward end
      thereof, a bow stop member slidably biased to said upstanding support
      member, a bow conforming guide member mounted to said upstanding support
      member below said bow stop member and a latching means for receiving and
      holding said elongated eye member, whenever said elongated eye member is
      urged against said latching means.
NUM  10.
PAR  10. A latching device for attachment to an upstanding support member
      mounted to a boat trailer comprising a bow conforming guide member, having
      a mouth and throat section and a latching means mounted in proximity to
      said throat section, said latching means including a latch housing having
      a rounded "V" shaped opening, a biased locking bar slideably carried
      within said housing for traversing said "V" shaped opening and a means for
      holding said biased locking bar in a retracted position.
NUM  11.
PAR  11. The latching device of claim 10 wherein said biased locking bar
      contains a rounded leading edge and wherein said means for holding said
      biased locking bar in a retracted position comprises in combination a
      pivotally mounted pawl and an operatively associated stop member.
NUM  12.
PAR  12. A boat latching device comprising an upstanding support member, a bow
      stop member mounted to the upper end of said upstanding support member, a
      bow conforming guide member fixed to said upstanding support member below
      said stop member and a latching means for latching the bow of a boat to
      said upstanding support member, said latching means being fixed to said
      upstanding support member intermediate to said bow stop member and said
      bow conforming member.
NUM  13.
PAR  13. The boat latching device of claim 12 wherein said latching means is
      adapted to receive an elongated eye vertically fixed to the bow of a boat.
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ABST
PAL  A tow bar assembly including a pair of draft bars, attachment members for
      the bumper of a towed vehicle, universally coupled to the trailing ends of
      the tow bars, and a towing vehicle coupling member pivotally joined to the
      leading ends of the tow bars, to permit pivotal adjustable movement of the
      draft bars in a substantially horizontal plane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tow bar, and more particularly to a tow bar
      assembly having a pair of adjustable draft bars.
PAR  Heretofore, most trailer vehicles have been towed behind towing vehicles,
      such as automobiles, by conventional "ball hitches," in which the ball
      connector is fixed to the rear end of the towing vehicle and the ball
      receptor is attached to the tongue of the trailing vehicle.
PAR  Tow bars including single draft bars for towing trailing vehicles are also
      known in the art.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a tow bar assembly including a
      hitch member, such as a ball receptor of conventional construction, for
      coupling with a mating hitch member, such as a ball hitch member, on the
      rear end of a towing vehicle. One of the hitch members is pivotally
      connected to a pair of draft bars which are free to be swung for
      adjustment in a substantially horizontal plane. Each of the opposite ends
      of the draft bars are connected by a substantially universal coupling
      member to an attachment member for detachable connection to laterally
      spaced points along the front end of a trailing vehicle.
PAR  Such a tow bar assembly facilitates attachment of a towing vehicle, such as
      an automobile or pick-up truck, to the front end of a trailing vehicle,
      such as another automobile, having a front bumper of one of various
      designs or contours.
PAR  Moreover, the tow bar assembly made in accordance with this invention
      includes various pivotal and journal connections which compensate, not
      only for the differences in the vertical angles between the towing and
      trailing vehicles as they move over hills and valleys, but also for the
      relative turning movement between the towing and trailing vehicles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the tow bar assembly in operative position
      connecting a trailing vehicle to a towing vehicle, fragmentarily shown;
PAR  FIG. 2 is an enlarged top plan view of the tow bar assembly in operative
      position, with the trailing vehicle bumper shown fragmentarily and the
      hitch tongue of the towing vehicle disclosed fragmentarily;
PAR  FIG. 3 is a side elevation of the tow bar assembly disclosed in FIG. 2;
PAR  FIG. 4 is an enlarged perspective view of one of the bumper attachment
      members coupled to the trialing end of a draft bar, shown fragmentarily;
      and
PAR  FIG. 5 is an enlarged fragmentary view of the trailing end of a draft bar
      disclosing the tongue of the coupling member in an angular position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in more detail, FIG. 1 discloses the tow bar
      assembly 10 made in accordance with this invention, and in operative
      position connecting a towing vehicle, such as an automobile or station
      wagon 11 and a trailing vehicle 12, such as another automobile, adapted to
      be pulled over a roadway 13.
PAR  As disclosed in FIG. 3, the hitch tongue 15 of the towing vehicle 11 is
      provided with a ball hitch member 16. Accordingly, the front end portion
      of the tow bar assembly 10 is provided with a ball receptor hitch member
      17, of a conventional construction, adapted to cooperate and couple with
      ball hitch member 16.
PAR  The ball receptor hitch member 17 is mounted upon a hitch plate 18 having
      depending side walls 19 and 20. The hitch plate 18 is adapted to be
      disposed in a substantially horizontal position when the ball receptor
      hitch member 17 is locked to the ball hitch member 16 in operative
      position, as disclosed in FIGS. 1, 2 and 3.
PAR  As disclosed in FIG. 2, the hitch plate 18 is fan-shaped with the depending
      side walls 19 and 20 diverging rearward. The bottom edges of the side
      walls 19 and 20 are fixed to, and bridged by, a bottom strap 21 (FIG. 3).
PAR  Received between the hitch plate 18 and bottom strap 21, and also between
      the diverging side walls 19 and 20, are the leading or front ends of a
      pair of elongated draft bars 23 and 24. The leading ends of the draft bars
      23 and 24 are journaled between the hitch plate 18 and the bottom strap 21
      by a pair of pivot pins 25 and 26, so that the front ends of the draft
      bars 23 and 24 are slightly spaced from each other and also spaced from
      their adjacent side walls 19 and 20, to permit pivotal adjustable movement
      in a substantially horizontal plane. The swinging adjustable movement of
      each draft bar 23 and 24 is limited inward by the position of the other
      draft bar, and outward by engagement with the corresponding side wall 19
      and 20.
PAR  The trailing or rear end of each draft bar 23 and 24 is connected to a
      corresponding attachment member 29 and 30, each of which is preferably of
      identical construction, one being the mirror image of the other. Each
      attachment member 29 and 30 is adapted to be fixed, preferably detachably,
      to laterally spaced apart front portions of the trailing vehicle 12.
PAR  As illustrated in the drawings, each attachment member 29 and 30 is
      preferably in the form of a bumper shoe of short length adapted to fit
      flush against laterally spaced apart rear surfaces of a bumper 32 fixed to
      the front end of the trailing vehicle 12. Although the attachment members
      29 and 30 are described as being laterally spaced apart, they are spaced
      apart longitudinally of the bumper 32.
PAR  Each bumper shoe is specifically disclosed in the form of a short length of
      a channel member having a web portion 34 and flange portions 35 and 36
      (FIG. 4). The web portion 34 is aligned longitudinally of the bumper 32
      and provided with a hole therethrough, not specifically disclosed, for
      registry with a hole 37 in the bumper 32 (FIG. 3). Extending through the
      hole in the web portion 34 and the hole 37 is a bolt member 38 with its
      headed end against the web 34 and its threaded end projecting behind the
      bumper 32 and secured thereon by a nut 39. The hole 37 may be an existing
      hole in a bumper 32 supporting a bumper guard. Thus, to assemble the tow
      bar assembly 10 upon a bumper 32 having a bumper guard, the bumper guard
      is merely removed, exposing the hole 37 for reception of the bolt member
      38.
PAR  Each attachment member 29 and 30 is joined to the trailing end of the
      corresponding draft bar 23 and 24 by a universal-type coupling members 41
      and 42. Each universal-type coupling member 41 and 42 includes a tongue
      member or tongue plate 43 having its rear portion 44 in the form of a
      sleeve for receiving a journal pin 45 projecting through the journal
      sleeve 44 and both flange portions 35 and 36 of the bumper shoe 29 and 30,
      as best disclosed in FIG. 4. Thus, the tongue 43 is journaled to the
      attachment member 30, or 29, for free pivotal movement about the axis of
      the journal pin 45. The axis of the journal pin may be substantially
      vertical, depending upon the shape of the bumper 32, and therefore the
      attitude of the bumper shoe 29 or 30.
PAR  The front end portion of the tongue member 43 projects between a pair of
      laterally spaced ears 47 and 48 projecting rearward from the trailing or
      rear portion of each draft bar 23 and 24. A pivot pin 50 extends through
      apertures 51 in ears 47 and 48 and registering aperture 52 in tongue
      member 43 to permit free relative pivotal movement between the tongue
      member 43 and the ears 47 and 48. The pivot pin 50 has a collar 53 at one
      end and a locking clip 54 at the opposite end extending through a hole in
      the pin 50.
PAR  Under normal road conditions, the relative pivotal movement between the
      tongue member 43 and the ears 47 and 48 would be in a vertical pivotal
      plane.
PAR  As best disclosed in FIGS. 2 and 5, the ears 47 and 48 are spaced apart
      laterally a distance substantially greater than the thickness of the
      tongue member 43, to permit play for lateral shifting of the tongue member
      43 between the ears 47 and 48 in the axial direction of the pivot pin 50.
      Also, the hole 52 in the tongue 43 receiving the pivot pin 50 is
      substantially larger than the diameter of the pivot pin 50 to permit
      canting or a diagonal attitude of the tongue 43 relative to the ears 47
      and 48, as best disclosed in FIG. 5.
PAR  Thus, the coupling members 41 and 42 permit relative motions of multiple
      types between each of the respective draft bars 23 and 24 and their
      respective bumper shoes 29 and 30.
PAR  In mounting the tow bar assembly 10 upon the front bumper 32 of a trailing
      vehicle 12, draft bars 23 and 24 may be pivoted in a horizontal plane
      about their respective pivot pins 25 and 26 relative to the hitch plate
      18. Thus, the draft bars 23 and 24 may be spread apart or moved together
      so that the bumper shoes 29 and 30 may occupy the most desirable or the
      optimum positions upon the bumper 32 for purposes of seating and
      connection to the bumper 32. Moreover, the spreading apart of the draft
      bars 23 and 24 permits a certain structural stability to the two bar
      assembly 10.
PAR  The pivotal axes about the journal pins 45 and 50 permit better seating
      between each attachment member 29 and 30 and its respective portion of the
      bumper 32. For example, as disclosed in FIGS. 3 and 4, the front surface
      of bumper 32 is angled downward and rearward. Accordingly, the pivot pin
      50 permits the shoes 29 and 30 to be pivoted upward so that the web
      portion 34 fits flush against the front surface of the bumper 32 for
      attachment. The journal pin 45 also permits the flush attachment of the
      attachment members 29 and 30 to the surface of the bumper 32, regardless
      of the angular dispositions of the draft bars 23 and 24, as best disclosed
      in FIG. 2.
PAR  Furthermore, with the tow bar assembly 10 in operative position and the
      towing vehicle 11 towing the trailing vehicle 12 over a road surface 13
      including bumps, hills and valleys, the bumper shoes 29 and 30 are free to
      swing in substantially vertical planes about the respective pins 50
      without applying undue stress either to the bumper shoes 29 and 30 or to
      the respective tow bars 23 and 24.
PAR  In turning movements of the vehicles 11 and 12, as well as during
      momentary, but frequent, vibration and jostling, such as when only one
      side of the trailing vehicle 12 encounters a bump, the journal pins 45,
      the spacing between the ears 47 and 48 and the tongue 43, and the enlarged
      hole 52 in the tongue 43, permit corresponding movements, without undue
      stress, between the attachment members 29 and 30 and the corresponding
      draft bars 23 and 24.
PAR  In removing the two bar assembly 10 from the vehicles 11 and 12, either end
      of the tow bar assembly 10 may be disconnected from its respective
      vehicle, or both ends may be removed. If the tow bar assembly 10 remains
      upon the trailing vehicle 12, it is readily removed from the towing
      vehicle 11 by actuating the conventional latch means 56 and locking handle
      57 to disconnect the ball receptor hitch 17 from the ball hitch 16.
      Because of the hinge axes of the pivot pins 50, the receptor 17 may merely
      be lowered to, and rest upon, the ground or roadway 13, until the towing
      vehicle 11 is recoupled, or another towing vehicle is substituted.
PAR  To remove the rear end of the tow bar assembly 10 from the bumper 32, the
      nuts 39 are merely unthreaded, while the bolts 38 are removed from their
      respective holes 37 in the bumper 32.
PAR  When both ends of the tow bar assembly 10 are removed from their respective
      vehicles 11 and 12, the draft bars 23 and 24 are swung together about
      their respective pivot pins 25 and 26 to minimize the space which they
      occupy, for transportation or storage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tow bar assembly adapted to be attached to the front portion of a
      trailing vehicle, for towing by a towing vehicle having a draft hitch
      member, comprising:
PA1  a. a cooperative hitch member adapted to detachably couple with said draft
      hitch member in operative position,
PA1  b. a pair of elongated draft bars having leading and trailing end portions,
PA1  c. means pivotally connecting each of said leading end portions to said
      cooperative hitch member to permit pivotal movement of said draft bars in
      a substantially horizontal plane when said hitch members are coupled in
      operative position,
PA1  d. an attachment member for each draft bar, each of said attachment members
      having means for detachable connection to a trailing vehicle,
PA1  e. coupling means connecting the trailing end portion of each draft bar to
      a corresponding attachment member,
PA1  f. each of said coupling means comprising a pair of laterally spaced ears
      projecting rearward from each of said trailing end portions,
PA1  g. said coupling means further comprising a tongue projecting forward from
      said corresponding attachment member between said ears, and a transverse
      pin connecting said ears and said tongue for relative pivotal movement
      about the longitudinal axis of said pin,
PA1  h. the spacing between said ears being greater than the dimension of said
      tongue in the same direction as said ear spacing, to permit translatory
      shifting movement of said tongue between said ears.
NUM  2.
PAR  2. The invention according to claim 1 in which said tongue has a hole
      receiving said transverse pin therethrough, said hole being substantially
      larger than the cross-section of said transverse pin.
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ABST
PAL  A metal book binding comprising a metal cover laminated to hard covers and
      a spine cover of a conventional fabric-hinged, bound book with flexible
      mesh or woven wire metal hinges connecting the metal portions of the
      covers and spine to completely cover the book with metal, while not
      interferring with its normal hinge action.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional metal covered books incorporate pin hinges. With such
      construction, the metal cover must be of heavy gauge and strength to be
      self-supporting. The metal covers cannot be laminated to the hard covers
      since it is necessary to allow for a slide action between the metal covers
      and the hard cover. The metal and hard covers are constrained to pivot
      about separate points when the book is open. The disadvantage of this
      conventional structure is that the metal must be thick and is prone to
      damage in its unsupported state. Also, because it must be slidably
      attached, the raw edges of the metal cannot be hidden by the inner trim
      sheet normally laminated to the inside of the hard cover.
PAR  The present invention relates to metal covered books. More particularly,
      the present invention is directed to a construction of a book which will
      allow a metal layer to be directly laminated to hard covers and spines so
      that the disadvantages of prior metal books construction can be avoided,
      while at the same time covering all exposed all exposed portions of the
      book cover with metal.
PAR  The invention allows full backing of the metal layer which is often
      decoratively embossed, by filling and attaching with epoxy or the like.
      This invention allows covering the raw edges of the metal layer wrapped on
      the hard covers by means of a trim sheet. Hence, no sliding is required
      between the metal layer and hard cover during opening and closing of the
      book.
PAR  The flexible portion of the cover which joins the rigid parts allows free
      opening and closing of the book covers on their normal fabric hinges
      without the dual pivot points and related strains normally associated with
      hinged metal covered books. By laminating the metal layer directly to the
      hard covers, it is no longer necessary to use metal sheets of heavy gauge.
      As a result, it becomes practical to use thin precious metals such as gold
      or silver as covering for the book. Furthermore, under the present
      invention, the metal layer is never in an unsupported state wherein it
      would easily be susceptible to damage.
PAR  Further advantages and benefits of the present invention will become
      apparent upon the reading of the description of the preferred embodiments
      of the invention taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is a perspective view, partially in cross section, of a book
      embodying the features of my here-described invention.
PAR  FIG. 2 is an enlarged fragmentary cross-sectional bottom end view of the
      area 2 circumscribed in FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary cross-sectional view of area 3
      circumscribed in FIG. 1.
PAR  FIG. 4 is an enlarged cross-sectional view taken on line 4 -- 4 of FIG. 1.
PAR  FIG. 5 is an enlarged cross-sectional view of an embossed section of a book
      embodying the features of my here-described invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, wherein like numerals indicate like elements,
      there is shown in FIG. 1 a sectional view of a book in accordance with
      this invention designated 10. The book 10 is composed generally of
      signatures 12 between covers 14 and 16 and spine 18. The front cover 14 of
      the book 10 is composed of an outer metal layer 22 laminated to a rigid
      core or cover 20. Back cover 16 is similarly composed of outer metal layer
      22' laminated to a rigid core or cover 20'. The outer metal layers 22 and
      22' can be of any practical thickness from foil-like thicknesses to much
      heavier construction such as 0.001 to 0.015 inches thick. The metal layers
      can be embossed or electro-formed, with heavy patterns being filled behind
      and fully supported by the rigid cover or core 20 or 20'. The metal layers
      can be etched or laminated or otherwise decorated if desired. Many metals
      can be utilized such as silver, gold, silver or gold-plated brass or
      steel, stainless steel, copper base metals, etc.
PAR  The rigid core or cover 20 can be of any normal material in construction
      like binders board, composition pressed board, wood, plastic, or the like.
      An adhesive is used to bond the metal layers 22, 22' to the rigid covers
      20, 20', respectively, and can be of any suitable material such as epoxy.
PAR  The metal layers have flanges which overlap three edges of the associated
      hard cover. Thus, the metal layer 22 has an end flange 24 and a pair of
      side flanges 26 which overlap edges of hard cover 20. A trim sheet 28 of
      paper is adhesively bonded to the inner surface of hard cover 20 and
      overlies the flanges 24, 26. A similar construction is provided for cover
      16 wherein the trim sheet is designated 28'.
PAR  Spine 18 is similarly composed of an outer sheet metal layer 36 and rigid
      core 32. Metal layer 36 may be of the same construction as layers 22 and
      22'. Also, the rigid core 32 may be composed of an appropriate rigid
      material as per cores 20 and 20'. Flanges 38 and 40 on layer 36 overlie
      side edges of core 32.
PAR  Referring to FIG. 2, the core 32 of the spine 18 is connected to said
      covers 14, 16 by conventional fabric hinges 34, 34'. A free-flexing metal
      mesh or woven wire metal hinge 50 is metallurgically or adhesively bonded
      to exposed legs 44 and 48 protruding from metal clips 42 and 46,
      respectively. Clips 42 and 46 are embedded between the sheet metal layers
      22' and 36, respectively, and their associated cores or covers and extend
      substantially throughout the entire height of the book. Hinge 52 extends
      between spine 18 and cover 14 while overlying cloth hinge 34. Hinge 50
      extends between spine 18 and cover 16 while overlying cloth hinge 34'.
      Hinges 50 and 52 are identical and are mounted in the same manner.
PAR  Referring to FIG. 5, protrusion 60 is an embossment on a section of layer
      22. The raised embossment 60 is supported from below by filler material 62
      which can be any suitable material such as an epoxy, cement, adhesive,
      polymeric plastics, etc. As such, in most cases, material 62 can be the
      same material as the adhesive 64 which bonds the metal layer 22 to its
      associated rigid cover 20. Filler material 62 prevents embossment 60 from
      being deformed.
PAR  In a specific example of the invention, metal layers 22, 22' and 36 are
      embossed sterling silver layers about 0.008 inches thick. Hinges 50 and 52
      as well as the clips 42, 46 are also sterling silver.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A book comprised of rigid front and back covers connected to a spine,
      each cover being a laminate of an outer layer of metal and a hard
      non-metallic substrate, said metal layers of said front and rear covers
      extending around three edges of said hard non-metallic substrates, said
      spine being a laminate of an outer layer of metal and a hard non-metallic
      substrate, two fabric hinges, each fabric hinge being connected to one of
      said covers and to said spine, four elongated metal clips, each of said
      clips extending substantially throughout the entire height of said book,
      two of said clips being embedded in said spine between said layer of metal
      and said substrate and being exposed along both side edges of said spine,
      each of the other two of said clips being embedded in a different one of
      said covers between said layers of metal and said substrates and being
      exposed along the edge of each of said covers adjacent said spine, two
      hinges of flexible metal mesh overlying said fabric hinges, each said
      metal mesh hinge having an exposed outer surface of metal, each metal mesh
      hinge being connected along one side edge portion to the metal clip of one
      of said covers and along an opposite side edge portion to the metal clips
      of said spine to form metal mesh hinges between the spine and the covers
      whereby the entire outer surfaces of said covers, spine and hinges are
      metal.
NUM  2.
PAR  2. A book according to claim , wherein the inside of each of said covers
      include a discrete trim sheet covering exposed edges of said metal layers
      and said hard non-metallic substrates.
NUM  3.
PAR  3. A book in accordance with claim 1 wherein said metal layers are sterling
      silver.
NUM  4.
PAR  4. A book in accordance with claim 1, wherein said layers of metal range
      from a foil-like thickness to 0.015 inches thick.
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ABST
PAL  A fabricated packed pipe coupling gland suitable for a connection where
      there is at least one brittle pipe, the coupling forming a pressure tight,
      leak proof coupling which is semi-rigid. The coupling is particularly
      useful for coupling glass pipe to metal pipe for conveying highly
      corrosive vapors at high temperature, for example heated titanium
      tetrachloride vapors to a reactor for forming titanium dioxide.
BSUM
PAR  The present invention relates to a fabricated pipe coupling for connecting
      a plain end brittle pipe to a metal pipe or reactor, or to another similar
      brittle pipe, where the pipes may be subjected to mechanical and high
      thermal stresses. The invention more particularly relates to such a
      connection for handling highly corrosive vapors, and more particularly to
      a coupling between brittle pipes in process lines for forming titanium
      dioxide by the oxidation of titanium tetrachloride.
PAR  For sake of illustration, the present inventive pipe coupling will be
      described in conjunction with the production of titanium dioxide by the
      vapor phase oxidation of titanium tetrachloride, although it will be
      understood that it is not solely confined to this use.
PAR  The vapor phase oxidation of titanium tetrachloride to form titanium
      dioxide is described in U.S. Pat. No. 3,512,219. In that process, titanium
      tetrachloride vapors are heated to a temperature of about 800.degree. to
      1100.degree.C. before reaction with oxygen in a reactor. The titanium
      tetrachloride vapors are highly corrosive at such elevated temperatures.
      Thus all surfaces which are contacted by titanium tetrachloride vapors
      should be sufficiently inert to reaction with the vapors.
PAR  Because of the temperature and corrosion factors, heating of the titanium
      tetrachloride vapors has been done in a furnace having glass (fused
      silica) pipes. The heated titanium tetrachloride vapors are passed from
      the glass pipe furnace to a platinum lined metal reactor. Thus the glass
      pipe must be connected to the inlet of the metallic reactor by a coupling.
      Previously the connection has been made by using a short section of glass
      pipe which has a slightly belled end and has been carefully machined on
      its connecting end to fit against the metal flange of the reactor, and
      clamped, with sealing gaskets, by means of a flanged collar. This is
      called a buttress connection. The short pipe was welded to the end of the
      furnace pipe. In order to form a leakproof seal, the clamping pressure is
      such that it frequently put such stress on the glass pipe so that it
      broke. Moreover, it has been difficult to form a good leakproof seal by a
      gasket in the buttress connection, since any imperfection in the machined
      end of the glass pipe will not allow the gasket to seal perfectly. Another
      problem is that the coupling must be replaced fairly often, and the
      atmosphere in the vicinity of the furnace is so heated as to be relatively
      exhausting to workmen. Thus there were considerable problems with the
      buttress connection, since often the connection, once made, would leak and
      had to be replaced immediately, with great inconvenience and expense due
      to the process down time.
PAR  It is therefore an object of this invention to provide a semi-rigid,
      leak-proof pipe coupling.
PAR  A further object is to provide such a coupling which may be prefabricated
      and more easily installed.
PAR  Another object is to provide a pipe coupling that does not have to be
      manufactured to close machining tolerances.
PAR  A further object is to provide a pipe coupling which will withstand high
      temperature and highly corrosive vapors.
PAR  These and other objects of the invention will become apparent as the
      description thereof proceeds.
DRWD
PAR  The invention may be more readily understood by reference to the drawings
      in which
PAR  FIG. 1 shows a cross-sectional view of the inventive pipe coupling,
PAR  FIG. 2 shows a cross-sectional view of a pipe coupling according to the
      prior art,
PAR  FIG. 3 shows a cross-sectional side view taken along the lines 3--3 of FIG.
      4 of a variation of the inventive coupling to connect two brittle pipes in
      a U-bend,
PAR  FIG. 4 shows an end view taken along the lines 4--4 of FIG. 3 with parts
      broken away of the pipe coupling in FIG. 3,
PAR  FIGS. 5 and 6 are plan views of parts of the pipe coupling of FIG. 3, and
PAR  FIG. 7 is a schematic view in elevation of the furnace and reactor zones
      for a vapor phase titanium dioxide process.
DETD
PAR  Referring to FIG. 7, in the production of titanium dioxide by the vapor
      phase oxidation of titanium tetrachloride, the titanium tetrachloride
      vapors are fed into the inlet 1 of glass pipes 2 in furnace 3. Pipes 2 are
      composed of a series of U-bends of fused silica pipe. The titanium
      tetrachloride vapors are heated to about 1000.degree.C. and leave the
      furnace at 4 which is the point where a coupling 5 is made between furnace
      3 and reactor zone 6. A section of glass pipe 21 is fusion welded to the
      furnace pipes 2 at point 4 and is inserted into a metallic coupling 5.
      Coupling 5 is connected to metallic reactor 7 by means of a water cooled
      flanged metallic pipe section 8. It will be clear, however, that coupling
      5 could be fastened directly to reactor 7. In the process as shown, oxygen
      is fed to reactor 7, together with the heated titanium tetrachloride
      vapors, to produce titanium dioxide. A nitrogen purge gas is passed into
      the coupling 5 at 31 to prevent vapor leakage from the coupling, as will
      be described in greater detail subsequently. In the arrangement described
      in FIG. 7, it is possible to prefabricate coupling 5 including the pipe
      joing 21, and install it by bolting to reactor 7 at the flanged end, and
      welding pipe 21 at point 4. The coupling is removable by fusion cutting at
      point 4 and unbolting the flanges.
PAR  In FIG. 2, a coupling used by the prior art is shown. A section of silica
      pipe 10 having a machined buttress 11 was bolted to a water cooled flange
      12 by a water cooled backing flange 13 buttress insert ring 14 and bolts
      15 with spring washers 16. The coupling included gaskets 17 and 18. This
      gave rigid connection requiring precise installation procedures and
      preparation of component parts. Face 19 of buttress 11 and 20 of flange 12
      had to be precisely machined. It resulted in a fragile connection subject
      to frequent breaks due to stresses occurring under various operating
      conditions and to bolting pressure at the buttress 11. Leaks at the flange
      face 20 were also common since it was not possible to compress gasket 18
      sufficiently tight because the necessary pressure might break buttress 11.
      In addition, if faces 19 and 20 were not perfectly machined, the gasket 18
      would not form a good seal between the faces and leaks occurred.
PAR  The problems of the prior art were solved by the use of a packed coupling
      as shown in FIG. 1.
PAR  Briefly, FIG. 1 is a horizontal cross-section of the packed coupling 5. A
      length of plain end machined silica pipe 21 is inserted into flanged
      packing gland 22 which consists of high temperature packing 23 and one or
      more lantern rings 24. An inert gas purge (nitrogen) is used on the
      lantern rings to prevent hot titanium tetrachloride vapor from leaking
      backwards through the packing to the atmosphere. The follower 25 has
      spring loading 26 to apply continuous pressure and compensate for
      expansion of metal and compression of packing at high temperatures. The
      unit is bolted to a water cooled flange 27 at the inlet of a water cooled
      metal reactor 7. (See FIG. 7) Then the machined pipe 21 is fusion welded
      to a length of unmachined glass pipe 2 at the outlet 4 of a fired heater
      3. Flange 27 may be part of a water cooled extension 8 (as shown in FIG.
      7) to enable installation in an unheated area adjacent to a fire box 6 in
      which the reactor is located.
PAR  Considering the coupling in greater detail, packing gland 22 consists of a
      sleeve 28 having a flange 29 at one end and a flange 30 at the other end.
      In FIG. 1, gland 22 also has two fluid inlet lines 31 for a purge gas.
      Flange 29 forms an annular abutment 32 for holding compressible packing
      rings 23. In addition, the internal diameter of flange 29 is slightly
      larger than the outside diameter of pipe 21, so that there is no contact
      between them. In assembling the coupling, the section of fused silica pipe
      21 is inserted into gland 22 leaving a space 33 at the face of flange 29.
      Packing rings 23 and metallic lantern rings 24 are then inserted into the
      annular space between the outside of pipe 21 and the inside of gland 22.
      The number of packing rings will be such that the lantern rings are spaced
      opposite the openings of inlet lines 31. The metallic lantern rings 24
      have an inside diameter slightly larger than pipe 21, and are annular
      perforated rings which admit purge gas to the packed annular space between
      gland 22 and pipe 21. Follower 25 is then placed over pipe 21 and inserted
      into gland 22 until it contacts packing 23. Follower 25 consists of a
      sleeve 34 and flange 35, sleeve 34 having an inside diameter slightly
      larger than the outside diameter of pipe 21. Bolts 36 are inserted into
      springs 26 and through flange 35 of follower 25 and flange 30 of gland 22.
      The bolts are then tightened sufficiently to compress packing rings 23 so
      that pipe 21 is held solely by the pressure of the packing rings and is
      not in contact with any metal parts of the coupling. It has been found
      that this may be done with a torque of 120 pounds on the tightened bolts.
      The packed coupling is less rigid, is more easily installed and can absorb
      shocks without frequent breaks. The spring loading and nitrogen purge
      prevent leaks which could cause air pollution and corrosion damage
      problems. The prefabricated packed coupling can be installed by bolting
      flange 29 to flange 27 with a gasket 37 between the flange faces by means
      of bolts 38. Since there is no fragility at this point, bolts 38 may be
      tightened as much as possible to form a gas tight seal at gasket 37. The
      installation of the coupling is completed by fusion weld pipe 21 to pipe
      2, by known methods. The titanium tetrachloride vapors, which are normally
      under a pressure of about 5 p.s.i.g., are prevented from escaping through
      the coupling by the combination of packing rings 24, and the purge gas
      which is fed into lantern rings 24 at a pressure of about 10 p.s.i.g.
PAR  In the titanium dioxide process the metallic follower 25, gland 26 and
      lantern rings 24 are of high heat and corrosion resistent metal such as a
      high nickel alloy, having at least 60 percent nickel, e.g. Nickel 200,
      Nickel 201, Inconel 600, Inconel 625, and the like, (as made by
      International Nickel Co.). Lines 31 and bolts 36 and 38 and springs 26 may
      be stainless steel. The bolts and springs may be ordinary carbon steel,
      except that they may not be reusable then. Gasket rings 23 are of a heat
      and corrosion resistent material such as graphite or fiberglass, e.g.
      Refrasil fiberglass packing (as manufactured by H.I. Thompson Fiberglass
      Co.). Gasket 37 between flanges 27 and 29 may be of a suitable heat and
      corrosion resistent material, e.g. asbestos. Modifications designed to
      provide additional protection of metal against more corrosive substances
      and/or higher temperature by using cooling jackets or protective linings
      do not change the basic design of the apparatus. Likewise, the number or
      type of lantern rings or packing rings as well as the type of purge gas
      can be varied to provide additional protection of packing and construction
      material or to meet sealing requirements. For instance, there are some
      applications in which purge gases other than nitrogen would be more
      readily available or more compatible with the system. There are some
      applications at lower temperatures in which the metallic parts and packing
      could be varied. The unit can be easily modified to couple two sections of
      brittle pipe together by having a packing gland at both ends of the unit
      (as when two units are bolted together back to back).
PAR  One embodiment of the invention used to connect two brittle pipes together
      is shown in FIGS. 3 to 6. The coupling is for a U-bend such as those in
      the silica pipe 2 in furnace 3. Because of the high temperature, the pipe
      bends are subject to movement resulting in breakage, particularly in the
      sections of pipe closest to the outlet of furnace 3. By use of a U-bend
      coupling as shown in FIGS. 3 to 6, pipe 2 is given some flexibility so
      that breakage is not as likely to occur. The basic principal of the U-bend
      coupling is essentially similar to that illustrated in FIG. 1. A silica
      pipe 121 is inserted into a packing gland 122 with packing rings 123. A
      follower 125 fits into gland 122 against packing 123 and is bolted at
      flanges 130 and 135. In this embodiment, flange 130 is an elongated plate
      140 having two packing glands welded thereto. Flange 135 is an elongated
      plate 141 having two follower sleeves 125 which fit into the two packing
      glands 125. Flanges 130 and 135 are bolted together at 142. The U-bend
      silica pipe section 143 is contained in a metallic housing 144 having a
      flange 145 with elongated opening 146 which is securely bolted to follower
      flange 135, with a gasket 137 between the flange faces. Pipes 121 are
      inserted so that they do not make contact with U-bend pipe 143. No purge
      gas means is shown since it is not necessary at this point. The U-bend
      coupling allows flexing and temperature compensation in the furnace pipes
      preventing breaking of the pipes.
PAR  While the coupling has been described as useful in the vapor phase
      oxidation of titanium tetrachloride to produce titanium dioxide, this same
      basic design is suitable for use with a wide range of materials other than
      the titanium tetrachloride used here. It can also be adapted for much
      higher temperature operation by simply fabricating a cooling jacket for
      gland body and/or follower. This type modification would, also, enable
      installation in a heated firebox. Protective coatings can be used to
      handle more corrosive materials. The unit can easily be for use in
      coupling two sections of brittle pipe. A wide variation of packing
      materials or alloys is available depending on the specific application.
      The packing inventive gland coupling provides a superior seal, is much
      less rigid and is more easily installed than the standard buttress type of
      connection. Therefore, it is less subject to leaks and breaks due to
      stresses which occur during startups, shutdowns and system upsets as well
      as normal operations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coupling for a U-bend in a brittle pipe comprising a flanged housing
      means for a brittle U-bend of pipe, a flanged follower plate removably
      secured to said housing flange, said flanged follower plate having
      follower sleeves opposite the ends of said pipe U-bend, a flanged plate
      carrying two packed sleeves and adapted to fit over said follower and be
      secured to said follower plate, said packed sleeves containing packing
      rings, each packed sleeve containing a brittle pipe, and means to urge
      said follower flange toward said packed sleeve flange such that said
      packing is compressed and holds said brittle pipes.
NUM  2.
PAR  2. The coupling of claim 1 wherein said urging means is a plurality of
      spring loaded bolts through said follower flange and the adjacent sleeve
      flange.
NUM  3.
PAR  3. The coupling of claim 1 wherein said brittle pipe is a silica pipe.
NUM  4.
PAR  4. The coupling of claim 1 wherein said packing is thermally and chemically
      resistent.
NUM  5.
PAR  5. The coupling of claim 4 wherein said packing is fiberglass.
NUM  6.
PAR  6. The coupling of claim 1 wherein said sleeves, followers and flanges are
      of a thermally and chemically resistent metal alloy.
NUM  7.
PAR  7. The coupling of claim 6 wherein said alloy is a high nickel alloy.
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ABST
PAL  A universal joint construction connecting the ends of two pipes is formed
      by a pair of articulation rings, each fitted over the end portion of one
      of the pipes and attached thereto. A spherical convex outer surface on
      each articulation ring is engaged in opposite axial directions by a pair
      of concave inner surfaces - one on a joint or coupling pipe, and the other
      on a separation preventive ring attached to the joint pipe. A sealing
      member is provided between each pipe and articulation ring and between
      each joint pipe and articulation ring. For attachment, each of the
      articulation and separation preventive rings is provided with an internal
      annular groove receiving a split lock ring which is contracted to engage
      an external recess in the associated pipe by radially extending screws
      entering the groove at circumferentially spaced locations. The recess
      engaged by the lock ring attaching an articulation ring to one of the
      pipes can be made axially wider than the lock ring to permit relative
      axial movement at the joint.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a universal pipe joint construction and
      more particularly it relates to a universal pipe joint construction having
      a spherical articulation.
PAR  In order to protect a pipeline from movement in or displacement of the
      ground, especially in soft ground or in the occurrence of an earthquake,
      it is necessary to place in the pipeline a universal pipe joint
      construction which allows a large amount of bending.
PAR  The present invention is intended to provide a universal pipe joint
      construction fit for use in a pipeline liable to be subjected to movement
      or to displacement of the ground as described above.
PAR  Thus, a universal pipe joint construction according to the present
      invention comprises a pair of articulation rings each having a spherical
      convex outer surface portion and a cylindrical inner surface adapted to
      fit over one of the pipes, means for attaching one of the articulation
      rings to each one of the pipes, and a sealing member interposed between
      each articulation ring and the pipe associated therewith; a joint pipe
      having at each end thereof an annular concave inner surface adapted to
      engage a portion of the convex outer surface of one of the articulation
      rings, and a second sealing member interposed between the convex outer
      surface of each articulation ring and the joint pipe; and, a pair of
      separation preventive rings, means for attaching the separation preventive
      rings to the joint pipe at the ends thereof, each separation preventive
      ring having an annular concave inner surface which is adapted to engage a
      portion of the convex outer surface of one of the articulation rings in an
      axial direction opposite to the concave inner surface of the joint pipe
      engaging such one articulation ring.
PAR  Preferably, the means for attaching each of the articulation and separation
      preventive rings to a pipe or joint pipe, respectively, consists of an
      internal groove in the ring, an external recess in the pipe or joint pipe,
      and a split lock ring which is contracted in diameter so as to engage the
      recess by radially extending screws entering the groove at
      circumferentially spaced locations.
PAR  According to such arrangement of the present invention, since the joint
      pipe is capable of swinging in any direction around the center of
      curvature of each of the spherical convex surfaces of the articulation
      rings with respect to either of a pair of pipes to be connected together,
      said pair of pipes can articulate in any direction relative to each other.
      Therefore, the placement of the universal pipe joint of the present
      invention in a pipeline liable to be subjected to movement or to
      displacement of the ground accommodates such movement or displacement
      without allowing the latter to be concentrated on the pipe joint section
      or other region of the pipeline.
PAR  Furthermore, in the universal pipe joint construction, there is no need to
      form spherical convex surfaces directly on the outer peripheral surfaces
      of the connection ends of a pair of pipes, and it is only necessary to
      provide the straight pipe connection ends with lock ring receiving
      recesses, which means that there is no inconvenience of being unable to
      connect pipes unless they are specially manufactured. Further, the
      articulation rings for forming spherical convex surfaces on the outer
      peripheral surfaces of pipe connection ends and the separation preventive
      rings to be attached to the ends of the joint pipe can be firmly attached
      to the predetermined locations by a simple operation of causing the split
      lock rings fitted in inner peripheral grooves in said rings in question to
      be pushed out toward the pipe axis side and decreased in diameter by means
      of screws. The removal of these rings is possible by simply loosening the
      screws to allow the lock rings to spring back. Therefore, the separation
      of the connected pipes can be extremely easily effected.
PAR  According to another preferred embodiment of the present invention, the
      joint pipe is not only swingable relative to the pipe on either side but
      is also movable in the direction of the pipe axis, so that in the event of
      relative movement between two connected pipes, one pipe at one level will
      not be drawn toward the other pipe at a different level by the joint pipe.
      Thus, the different parts of the pipeline are allowed to smoothly adjust
      to different depths without exerting any undesirable force on the pipe
      joint section in the direction of the pipe axis.
PAR  Other features and mertis of the present invention will be readily
      understood from the preferred embodiments of the invention to be described
      with reference to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR   FIG. 1 is a side view of an entire joint structure;
PAR  FIG. 2 is an enlarged longitudinal section showing the connection of one
      pipe to a joint pipe; and
PAR  FIG. 3 is a longitudinal section showing the joint construction connecting
      two pipes in another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2, the characters 1a and 1b designate pipes connected
      together through a joint pipe 2. Since the connection construction between
      the pipe 1a and joint pipe 2 is the same as the connection construction
      between the pipe 1b and the joint pipe 2, only the connection construction
      between one pipe 1a and the joint pipe 2 will be described.
PAR  An articulation ring 3 fitted over an end of the pipe 1a has a spherical
      convex surface 4 concentric with the center of the pipe 1a, separation
      preventive steps 5 and 6 at opposite ends of said spherical convex surface
      4, and a projecting cylindrical portion 3b extending in the direction of
      the pipe axis from one end of a portion 3a having said spherical convex
      surface 4. The inner cylindrical surface of the ring 3 is provided with a
      lock ring receiving annular groove 7 and with sealing member receiving
      annular grooves 8 and 9 in the order mentioned from the side of the
      projecting cylindrical portion 3b. With a lock ring 10 cut through or
      split so as to be capable of being decreased in diameter against the
      elasticity thereof received in the annular groove 14, and a sealing member
      11 and a bending preventive rubber ring 12 received in the annular grooves
      8 and 9 respectively, the ring 3 is fitted over an end of the pipe 1a with
      the liquid sealing ring 11 and rubber ring 23 pressed against the outer
      cylindrical surface 13 of the pipe 1a. The outer cylindrical surface 13 is
      provided with a lock ring receiving annular recess 14 at a position
      opposed to the lock ring receiving annular groove 7 in the ring 3.
PAR  The ring 3 is provided with a plurality of circumferentially spaced
      threaded openings 15 radially extending between the bottom of the annular
      groove 7 and the outer peripheral surface of the projecting cylindrical
      portion 3b, and screws 16 are threadedly engaged in these threaded
      openings. Thus, by turning the screws 16 into the threaded openings 15 to
      push out the lock ring 10 from the annular groove 7 to decrease the
      diameter thereof until the inner peripheral surface of said lock ring 10
      enters the annular recess 14, it is possible to fix the ring 3 with
      respect to the pipe 1a so that the ring 3 is unmovable in the direction of
      the pipe axis.
PAR  Each end portion of the joint pipe 2 has a spherical concave surface 17 on
      the inner side thereof adapted to make surface contact with a portion of
      said spherical convex surface 4 of the ring 3 when the joint pipe 2 is
      fitted axially over the spherical convex surface 4, and has an annular
      groove 19 for receiving a sealing member 18 pressed against the spherical
      convex surface 4.
PAR  A separation preventive ring 20 has a spherical concave inner surface 21
      which is adapted to engage a portion of the spherical convex surface 4 in
      an axial direction opposite to the concave surface 17 of the joint pipe,
      and has a projecting cylindrical portion 22 adapted to be fitted over an
      end portion of the joint pipe. The inner cylindrical surface of the
      projecting portion 22 is provided with an annular groove 24 for receiving
      a split lock ring 23 similar to said lock ring 10, and there are a
      plurality of circumferentially spaced threaded openings 25 radially
      extending between the bottom of the annular groove 24 and the outer
      peripheral surface of the projecting cylindrical portion 22. Lock ring
      pusher screws 26 are engaged in these threaded openings 25.
PAR  The outer cylindrical surface of the end portion of the joint pipe 2 is
      provided with a shallow lock ring receiving recess 27 at a position
      opposed to the inner peripheral annular groove 24 in the projecting
      cylindrical portion 22. Therefore, by successively turning the screws 26
      to push out the lock ring 23 from the annular groove 24 in which it is
      fitted, thereby decreasing the diameter of the lock ring 23 so that the
      inner peripheral portion of the lock ring 23 is fitted in the annular
      recess 27 in the joint pipe 2, it is possible to firmly fix the separation
      preventive ring 20 to the joint pipe 2.
PAR  The joint pipe 2 and pipe 1a connected in the manner described above are
      capable of swinging relative to each other in any direction around the
      center of the spherical convex surface 4 until the ring 20 abuts against
      the step 6 or the joint pipe 2 abuts against the step 5. Moreover, the
      liquid flowing through the pipe is prevented from leaking to the outside
      by the sealing members 11 and 18. Since the connection construction
      between the pipe 1b and the joint pipe 2 is the same as the connection
      construction between the pipe 1a and the joint pipe 2, the articulation
      provided by the connection of each of the pipes 1a and 1b is additive to
      the other, thereby providing a large angle of bend.
PAR  In an embodiment shown in FIG. 3, a lock ring receiving annular recess 28
      provided in the outer cylindrical surface of each of said pipes 1a and 1b
      has a greater width extending in the direction of the pipe axis than the
      width of the lock ring 10, so that the lock ring 10 is movable in the
      direction of the pipe axis within the annular recess 28. With this
      arrangement, a spherical convex surface-equipped articulation 129 is
      movable axially relative to the associated pipe 1i a or 1b within a fixed
      range. As a result, when one pipe moves with respect to the other pipe,
      the moving pipe can withdraw from the joint pipe 2, so that there is no
      possibility of the moving pipe being pulled toward the other pipe by the
      joint pipe 2.
PAR  In the embodiment shown in FIG. 3, a sealing member 11 for the ring 29 is
      located on the side opposite to the lock ring 10, so that there is no need
      to use a bending preventive ring, and is spaced axially from the lock ring
      10 a distance greater than the width of the recess 28. Hence, the sealing
      members 11 will not fall into the wide annular recesses 28 even if the
      pipes 1a and 1b are axially moved.
CLMS
STM  I claim:
NUM  1.
PAR  1. A universal pipe joint for connecting a pair of pipes comprising:
PA1  a pair of articulation rings each having a spherical convex outer surface
      portion and a cylindrical inner surface portion adapted to fit over one of
      the pipes, and a sealing member interposed between each articulation ring
      and the pipe associated therewith;
PA1  means for attaching one of the articulation rings to each one of the pipes
      comprising an annular groove formed in the inner surface of the
      articulation ring, a first split lock ring adapted to fit in said groove,
      an annular recess formed in the outer surface of the pipe associated with
      such one articulation ring, and means for engaging the first lock ring in
      said recess by decreasing the diameter of the first lock ring;
PA1  a joint pipe having at each end thereof an annular concave inner surface
      adapted to engage a portion of the convex outer surface of one of the
      articulation rings, and a second sealing member interposed between the
      convex outer surface of each articulation ring and the joint pipe; and,
PA1  a pair of separation preventive rings, and means for attaching the
      separation preventive rings to the joint pipe at the ends thereof, each
      separation preventive ring having an annular concave inner surface which
      is adapted to engage a portion of the convex outer surface of one of the
      articulation rings in an axial direction opposite to the concave inner
      surface of the joint pipe engaging such one articulation ring.
NUM  2.
PAR  2. A pipe joint as set forth in claim 1 wherein the articulation ring is
      provided with a cylindrical portion extending axially from the convex
      outer surface portion thereof, said annular groove is formed in said
      cylindrical portion, and said means for engaging the lock ring in said
      recess includes a plurality of radially extending screws spaced
      circumferentially around said cylindrical portion and engageable with said
      lock ring in said groove.
NUM  3.
PAR  3. A pipe joint as set forth in claim 1 wherein said means for engaging the
      lock ring in said recess includes a plurality of circumferentially spaced
      threaded openings extending between said groove and the convex surface of
      the articulation ring, and headless screws adapted to be sunk within said
      threaded openings.
NUM  4.
PAR  4. A pipe joint as set forth in claim 1 wherein said annular recess formed
      in the outer surface of the pipe has a greater width in the direction of
      the pipe axis than the lock ring, thereby permitting relative axial
      movement between the articulation ring and the pipe associated therewith.
NUM  5.
PAR  5. A pipe joint as set forth in claim 1 wherein said means for attaching
      the separation preventive rings to the joint pipe comprises an inner
      cylindrical surface on each separation preventive ring adapted to fit over
      an outer cylindrical surface on the joint pipe, an annular groove formed
      in said inner cylindrical surface of the separation preventive ring, a
      second split lock ring adapted to fit in said groove, an annular recess
      formed in the outer cylindrical surface on the joint pipe, and means for
      engaging the second lock ring in said recess by decreasing the diameter of
      the second lock ring.
NUM  6.
PAR  6. A pipe joint as set forth in claim 1 wherein said means for attaching
      the separation preventive rings to the joint pipe comprises an inner
      cylindrical surface on each separation preventive ring adapted to fit over
      an outer cylindrical surface on the joint pipe, an annular groove formed
      in said inner cylindrical surface of the separation preventive ring, a
      second split lock ring adapted to fit in said groove, an annular recess
      formed in the outer cylindrical surface on the joint pipe, and means for
      engaging the second lock ring in said recess by decreasing the diameter of
      the second lock ring.
NUM  7.
PAR  7. A pipe joint as set forth in claim 1 wherein said concave inner surfaces
      of the joint pipe and one of the separation preventive rings which engage
      the convex outer surface of one of the articulation rings are spaced apart
      in the axial direction, and said second sealing member is located between
      such axially spaced concave inner surfaces.
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ABST
PAL  Pipe connection for plastic pipes comprising two penetrating pipe parts and
      a receiving pipe part, which is provided with corrugations at each end.
      The radius of curvature or the height of the corrugations decrease from
      each end to the centre part of the receiving pipe part.
BSUM
PAC  DISCUSSION OF THE PRIOR ART:
PAR  My invention relates to a pipe connection for plastic pipes comprising at
      least one penetrating pipe part and a pipe receiving part of plastics
      receiving the penetrating pipe part or parts, while the pipe receiving
      part is provided with a space, situated in the vicinity of its penetrating
      end, in which sealing means are accommodated.
PAR  Pipe connections in which the pipe-connecting part consists of a sleeve are
      commonly known. These sleeves should however, be manufactured by means of
      injection moulding, while they moreover should have a minimal thickness in
      order to be capable of absorbing the stresses produced.
PAR  It is obvious that as a consequence those pipe connections are rather
      expensive owing to the application of expensive pipe-connecting parts.
PAR  Similar objections hold for pipe connections comprising a penetrating pipe
      part and a receiving widened end of another pipe.
PAC  SUMMARY OF THE INVENTION:
PAR  My invention now aims to provide a pipe connection of the aforementioned
      type which has not the drawbacks mentioned hereinbefore, while a receiving
      part with a rather small wall thickness suffices without any risk of
      deformation of the receiving parts.
PAR  This according to the invention is achieved by the arrangement that the
      receiving part has at least two transversal or helical corrugations
      besides the space or spaces while as seen from each recieving end of the
      receiving part the surface area of the cross section of the corrugations
      decrease. The surface area of a corrugation is the area of the figure
      enclosed by the circumference of the cross section of a corrugation and
      its elongation and the part of the longitudinal axis situated between the
      two intersection points of the elongation of said circumference with said
      longitudinal axis.
PAR  The difference in surface area can be obtained by means of corrugations
      having a different radius of curvature and or a different height, the
      different radius of curvature now being preferred.
PAR  One has found that when identical transverse or helical corrugations are
      applied, the receiving part will show the flow effect "or deformation" at
      the first corrugation besides the receiving end in case of some angular
      displacement of the receiving part with respect to the penetrating pipe
      part. This phenomenon does not occur when a receiving part according to
      present invention is applied.
PAR  When the receiving part is exposed to tensions the outer larger
      corrugation(s) will easier deform than the inner, smaller ones.
PAR  Preferably three transverse or helical corrugations are provided near said
      penetrating end, their radius of curvature and or height decreasing from
      the penetrating end of the receiving part. The hollows between consecutive
      corrugations decrease likewise in an efficient way.
PAR  According to a preferred embodiment the crests of the transverse or helical
      corrugations, preferably three, are lying on a truncated cone surface
      having its greatest circumference, at the penetrating end, provided with
      the locking ring.
PAR  My invention relates likewise to a receiving part adapted to application
      with a pipe connection as hereinbefore described.
PAR  The receiving part and the pipe connection consist preferably of
      polyvinylchloride, polyethylene, polypropylene or ABS material.
PAR  According to a preferred embodiment the receiving part consists of a pipe
      connecting part with an inner abutment edge and at least two corrugations
      at each of both sides of the edge, the surface areas of the corrugations
      increasing from the abutment edge towards each penetrating end.
PAR  The narrowing or abutment or abutment edge in the pipe-connecting part is
      preferably constituted by a hollow between two corrugations.
PAR  Preferably the difference in surface area is obtained by means of different
      radius of curvature.
DRWD
PAC  SURVEY OF THE DRAWING:
PAR  FIG. 1 represents a pipe connection according to the invention in outline;
      and
PAR  FIG. 2 represents a pipe connection of a tube with a widened end having
      corrugations according to the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT:
PAR  The FIG. 3 shows a pipe connection of polyvinylchloride comprising two
      penetrating pipe parts 1 and a pipe-connecting receiving part 2 with two
      receiving ends. The part 2 is provided with an inner abutment edge 3,
      which is constituted by a hollow between two corrugations, which is
      symmetrical with respect to the two ends of the receiving part. On either
      side of the narrowing or abutment edge 3 are in the vicinity of the ends
      of the receiving part 2 the recesses 4 in which a rubber sealing 5 with a
      skirt 6 is accommodated. This skirt 6 with sealing ring 5 is retained by
      means of a locking ring 7 cooperating with recesses on the outer side,
      near the penetrating ends of the pipe connecting receiving part 2, the
      ring 7 having an inwardly bent over channel section end 8.
PAR  Between the inner abutment edge 3 and the locking ring 7 are three
      transverse or helical corrugations 9, 10 and 11. The radii of curvature or
      heights of these transverse or helical corrugations 9, 10 and 11 increase
      from the narrowing 3 towards the free end of the pipe-connecting part 2.
      Thus the radius of curvature for the transverse corrugation 9, amounts to
      seven for the transverse corrugation 10 it amounts to eight and a halt and
      for the transverse corrugation 11 it amounts to ten. Transverse
      corrugations are preferred.
PAR  The hollows 12, 13 respectively between the consecutive helical or
      transverse corrugations have likewise a radius of curvature of increasing
      size, the radius of curvature of the hollow 12 amounting to three and the
      radius of curvature of the hollow 13 on the outer side amounting to four
      and a half. The corrugations have preferably equivalent shapes.
PAR  It has been found that an increase of the radius of curvature of the
      helical or transverse corrugations 9, 10, 11, respectively, gives rise to
      a considerable improvement of the properties of the pipe-connecting
      receiving part 2, even when it is manufactured from very thin-walled
      material.
PAR  The penetrating pipe parts 1 consist e.g. of polyethylene,
      polyvinylchloride, polypropene or ABS materials.
PAR  The same materials can be used for manufacturing the pipe-connecting part
      2, the locking ring 7, respectively.
PAR  The receiving part 2 required for such a pipe connection can be
      manufactured by deforming an extruded plastic pipe by means of compressed
      air in the way in which a so-called corrugated pipe is made.
PAR  It will be obvious that a receiving part 2 can be divided into two parts
      along the abutment edge 3 and by removing the inner edge a helically
      corrugated receiving part can be screwed into another threaded pipe part
      thereby providing a receiving part for a penetrating pipe part.
PAR  The receiving pipe part can also have a widened end being integral with a
      plastic pipe as shown in FIG. 2.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Pipe-connection for the ends of plastic pipes comprising a tubular
      plastic pipe receiving part of preferably thermoplastic material receiving
      the end of a plastic pipe, said pipe receiving part having a recess in the
      vicinity of its end, sealing means accommodated in said recess, the
      receiving part having a substantially uniform wall thickness and at least
      two continuous annular corrugations being contiguous with the inserted
      pipe spaced inwardly of said recess, the cross section area of the
      corrugations between the corrugations and the pipe decreasing from the end
      of the receiving part, and the corrugations have a different radius of
      curvature for obtaining the different cross section areas and the inner
      diameters of the hollows between the corrugations being equal.
NUM  2.
PAR  2. Pipe-connection according to claim 1, wherein the receiving part has two
      receiving ends and an inner abutment edge between said two receiving ends.
NUM  3.
PAR  3. Pipe-connection according to claim 1 wherein the receiving part
      comprises at least three corrugations adjacent each receiving end thereof.
NUM  4.
PAR  4. Pipe connection according to claim 1 wherein the abutment edge in the
      receiving piece comprises an inwardly directed corrugation.
NUM  5.
PAR  5. Pipe-connection according to claim 1 wherein the receiving pipe part is
      a widened end of a plastic pipe.
NUM  6.
PAR  6. Receiving pipe part for a pipe connection for the ends of plastic pipes
      comprising a tubular element having an abutment edge therein and on both
      sides of the abutment edge there being at least two continuous annular
      corrugations, the outer surface thereof increasing from the abutment edge,
      by different heights, and different radii of curvature of said
      corrugations and the inner diameters of the hollows between the
      corrugations being equal.
NUM  7.
PAR  7. Receiving pipe part for use in a pipe connection according to claim 6,
      wherein one end of the receiving part is integral with a plastic tube.
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PAL  A hopper structure is disclosed for receiving sand from a main supply and
      selectively depositing the sand adjacent to one or more wheels of a motor
      vehicle. The sand deposition hopper is preferably arranged forward of the
      associated wheel and may be operated for traction sanding, braking sanding
      or the combination thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates, in general, to an apparatus for use with a
      motor vehicle for depositing sand adjacent to one or more wheels of the
      vehicle. More particularly, the present invention relates to a double
      action sand deposition apparatus that is selectively operable to provide
      traction sanding, braking sanding or both.
PAR  In my U.S. Pat. No. 3,774,945, there is disclosed a hopper arrangement for
      providing both traction sanding and braking sanding. Although this
      structure is more than adequate, there are some drawbacks associated
      therewith. For example, the prior art structure is rather bulky. Also,
      this prior art structure provides an excessive amount of sand storage
      thereby increasing the size of the hopper.
PAR  Accordingly, it is an object of the present invention to provide an
      improved sand deposition hopper of the type that is operated to
      selectively deposit either a small amount of sand upon application of the
      vehicle brakes or a larger amount of sand in an emergency situation.
PAR  Another object of the present invention is to provide a sand deposition
      hopper that is relatively compact, inexpensive to manufacture and that is
      efficient in operation.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention, there is
      provided an apparatus for use with a motor vehicle. The apparatus is for
      depositing sand of a like material on the roadway adjacent at least one
      wheel of the vehicle. This apparatus, in one embodiment, comprises a tank
      housing associated with at least one wheel of the vehicle and having means
      for receiving sand and an outlet. In the disclosed embodiment, the means
      for receiving the sand is a tubular member extending into the housing and
      connecting at another end to a supply of sand or the like material. A wall
      separates the housing into first and second compartments. Preferably, one
      of the compartments has sand only selectively coupled therethrough while
      the other compartment functions as a reservior for a larger amount of
      sand. The structure further comprises a single action valve means operated
      to permit sand to flow from the sand receiving means through the first
      compartment to the outlet. This single action valve means may be operated
      from the vehicle brake pedal. There is also provided a double action valve
      means including two closure members and means commonly holding the closure
      members. When the double action valve means is in a first position, one
      closure member is open and the other closure member is closed to permit
      sand to flow from the sand receiving means to the second compartment and
      fill the second compartment. In this first position, the bottom member
      being closed prevents any sand deposition. When the double action valve
      means is in a second position, the one closure member is closed and the
      other closure member is open to permit sand to flow from the second
      compartment to the outlet. At the same time, with closure of one of the
      members, filling of the second compartment is prevented so that there will
      not be an excessive amount of sand deposited.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention will now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawing, which is a sole FIGURE in
      cross-section of the sand deposition hopper of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  My U.S. Pat. No. 3,774,945 shows a system for depositing sand adjacent the
      wheels of a vehicle. That patent teaches the placement of the storage tank
      associated with the system. The placement of the tank shown in the present
      application may be made in a similar manner or it may be supported in any
      suitable manner adjacent a wheel of the vehicle.
PAR  The sole FIGURE shows the tank housing 10 having a top tubular inlet 12 for
      carrying sand to the housing 10. The housing also has a slanted wall 16
      terminating as bottom end in an outlet 18 through which the sand may be
      deposited on the roadway. A second slanted wall 20 defines, in part, the
      other side of the outlet 18.
PAR  Within the housing 10 there is disposed and suitably supported a vertical
      wall 22 defining at opposite ends passages 24 and 26. The wall 22 also has
      a horizontal section 30 extending from the top thereof. The lip 32 of
      section 30 defines with inlet 12 another passage 34. The section 30 also
      has a conical extension 36 for directing the sand toward the passages 24
      and 32.
PAR  Disposed and supported in the housing 10 is a first single action valve 40
      which comprises a slide bar 42 and an elongated operating or control rod
      44. A guide 46 is provided suitably secured from a wall of the housing for
      guiding the vertical movement of the rod 44. The rod 44 may be operated in
      the manner shown in my co-pending application Ser. No. 385,419. This rod
      44 may be operated either in a mechanical arrangement or from a hydraulic
      arrangement. Also, the rod may be operated selectively by application of
      the brakes or through some other switching arrangement.
PAR  In the drawing, the valve means 40 is shown in its open position wherein
      sand may travel through the inlet 12, via the passage 34, through the
      compartment 50 and out the outlet 18. The valve 40 is also shown, in
      dotted, in its closed position, preventing the flow of sand through the
      compartment 30 to the outlet.
PAR  The drawing also shows another valve means 52 which includes an elongated
      slide bar 54 and an elongated operating or control rod 56 which connects
      to opposite ends of the slide bar 54. A pair of suitably supported guides
      58 and 60 support the valve means 56 which is of the double action type.
      This valve means is of the double action type in that it controls the flow
      of sand through the two passages 24 and 26. In this embodiment this
      control is provided by a single slide bar 54 but the same control could
      actually be provided by a pair of separate slide bars which are operated
      in unison.
PAR  In the position shown in the drawing, the slide bar covers the passage 26
      and opens the passage 24 so that sand can flow to the compartment 62 and
      be accumulated therein as shown. The rod 56 may be operated in a manner
      similar to the rod 44 but is preferably operated only in an emergency
      situation in which case the slide bar moves upwardly to the position
      shown, in dotted, in the drawing. In this case, the passage 24 is closed
      and the passage 26 is open permitting preferably a larger amount of sand
      to be deposited through the passage 26 and the outlet 18 from the
      compartment 62.
PAR  Having described one embodiment of the present invention, it should now be
      apparent to those skilled in the art that there are numerous other
      embodiments and modifications of the one shown herein, all of which are
      contemplated as falling within the spirit and scope of the present
      invention. For example, the slide bars have been disclosed as operating in
      a vertical direction. Obviously, the structure could be modified so that
      these bars, one or both, operate in a vertical direction or any other
      direction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for use with a motor vehicle for improving the traction of
      the vehicle especially when traveling on ice covered highways or the like
      comprising;
PA1  a housing associated with at least one wheel of the vehicle and having
      means defining an inlet port at the top of the housing for receiving sand
      and an outlet port at the bottom of the housing,
PA1  a wall for separating the housing into first and second compartments and
      defining at least in part an inlet passage and an outlet passage to the
      second compartment,
PA1  said receiving means of the housing defining a chamber having an inlet to
      the first compartment,
PA1  first valve means operable to permit sand to flow from the sand receiving
      means, via the inlet to the first compartment and through the first
      compartment to the outlet in the housing,
PA1  and second valve means including two closure members and means commonly
      supporting the closure members,
PA1  whereby in a first position one closure member is open and the other
      closure member is closed to permit sand to flow from the sand receiving
      means via the inlet passage to the second compartment, and in a second
      position the one closure member is closed and the other closure member is
      open to permit sand to flow from the second compartment via the outlet
      passage to the outlet of the housing.
NUM  2.
PAR  2. An apparatus for use with a motor vehicle for improving the traction of
      the vehicle especially when traveling on ice covered highways or the like
      comprising;
PA1  a tank housing associated with at least one wheel of the vehicle and having
      means for receiving sand and an outlet,
PA1  a wall for separating the housing into first and second compartments and
      defining at least in part an inlet passage and an outlet passage,
PA1  single action valve means operable to permit sand to flow from the sand
      receiving means through the first compartment to the outlet in the tank
      housing,
PA1  and double action valve means including two closure members defined by a
      unitary slide bar and an actuating rod for controlling the slide bar,
PA1  whereby in the first lower position of the slide bar one closure member is
      open and the other closure member is closed to permit sand to flow from
      the sand receiving means via the inlet passage to the second compartment,
      and in a second upper position of the slide bar the one closure member is
      closed and the other closure member is open to permit sand to flow from
      the second compartment via the outlet passage to the outlet of the tank
      housing.
NUM  3.
PAR  3. An apparatus for use with a motor vehicle for improving the traction of
      the vehicle especially when traveling on ice covered highways or the like
      comprising;
PA1  a tank housing associated with at least one wheel of the vehicle and having
      means for receiving sand and an outlet,
PA1  a wall for separating the housing into first and second compartments and
      defining at least in part an inlet passage and an outlet passage,
PA1  single action valve means operable to permit sand to flow from the sand
      receiving means through the first compartment to the outlet in the tank
      housing
PA1  and double action valve means including two closure members and means
      commonly holding the closure members,
PA1  said wall having a top extension defining at least in part a passage
      associated with the single action valve means, said extension also
      defining a bottom of the sand receiving means, said sand receiving means
      including an inlet member extending into the housing,
PA1  whereby in the first lower position of the means commonly holding one
      closure member is open and the other closure member is closed to permit
      sand to flow from the sand receiving means via the inlet passage to the
      second compartment, and in a second upper position of the means commonly
      holding the one closure member is closed and the other closure member is
      open to permit sand to flow from the second compartment via the outlet
      passage to the outlet of the tank housing.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said extension has means for directing
      sand through the passages to the two compartments.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said single action valve means includes
      an actuating rod and slide bar for covering the passage defined by the
      extension.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the double action valve means includes
      an actuating rod and the two closure members are defined by a unitary
      slide bar controlled from the actuating rod.
PATN
WKU  039388360
SRC  5
APN  487997&
APT  1
ART  351
APD  19740712
TTL  High strength bolt assembly for doors and the like
ISD  19760217
NCL  5
ECL  1
EXP  Wolfe; Robert L.
NDR  2
NFG  5
INVT
NAM  Smith; Donald V.
STR  Northern Nevada Childrens Home
CTY  Carson City
STA  NV
ZIP  89701
CLAS
OCL  292148
EDF  2
ICL  E05C  104
FSC  292
FSS  148;104;205;302
UREF
PNO  1317092
ISD  19190900
NAM  Maurer et al.
OCL  292148
UREF
PNO  1594084
ISD  19260700
NAM  Weymann
OCL  292302
UREF
PNO  2358914
ISD  19440900
NAM  Dray
OCL  292148
UREF
PNO  2613970
ISD  19521000
NAM  Holmsten
OCL  292148
UREF
PNO  3094861
ISD  19630600
NAM  Sayles
OCL   70 95
LREP
FRM  Warren, Chickering & Gruenewald
ABST
PAL  A high strength bolt assembly for positive securement of doors and the like
      is disclosed. The assembly includes a pair of mounting elements adapted
      for mounting to a door and door frame, and a slide bolt mounted to one of
      the elements for sliding movement to and from a bolted position engaging
      the remaining element. The mounting elements include flange portions and
      the flange portions and the slide bolt are each formed with openings
      therethrough positioned to enable padlocking of the flanges and bolt
      together as a unit. The mounting elements further are preferably formed
      for access to the padlock locking the bolt assembly from either side of
      the door. In one embodiment the flanges are provided on each of the
      mounting elements and extend toward each other to overlap in side-by-side
      relation. In another embodiment, particularly well suited for sliding
      glass doors, the flanges are provided on a single mounting element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years there has been a steadily increasing need for security for
      one's property and person. The instance of burglaries and forced entries
      into homes, office buildings, schools, industrial areas and other
      structures has steadily increased. One approach to this problem has been
      through the development of a multitude of alarm or warning systems, but
      law enforcement authorities constantly point to the need for the use of
      more secure locks and lock mechanisms.
PAR  One type of lock mechanism which is regarded highly by law enforcement
      officials is the so-called "dead bolt." This type of lock has the
      advantage of requiring a key to open the same from the inside as well as
      the outside of the structure. Thus, if the door is provided with a dead
      bolt, a burglar cannot enter through a small opening and open a door from
      the inside to carry away large objects. One of the primary disadvantages,
      however, of a dead bolt lock mechanism is that it is somewhat difficult
      and costly to install. The average homeowner often is not willing to
      attempt to install a dead bolt and is further unwilling to pay the added
      cost for installation by a locksmith. Still further, a dead bolt is
      difficult to adapt for use in securing sliding glass doors of the type
      found in many modern homes.
PAR  Attempts have been made to utilize the relatively simple and inexpensive
      padlock as part of a locked latch or bolt mechanism. These approaches have
      ranged from the relatively simple padlocking together of members as shown
      in U.S. Pat. No. 1,201,940 to the relatively complex use of multiple
      padlocks, bolts and keeper bars, as shown in U.S. Pat. No. 3,094,861. Such
      simple systems suffer from the disadvantage of not being suitable for
      opening from both sides of the door, while the complex system has solved
      this problem at the expense of complexity and cost.
PAR  Accordingly, it is an object of the present invention to provide a high
      strength, lockable bolt assembly for a door, window or the like which is
      simple and inexpensive to construct and may be adapted to a wide variety
      of applications.
PAR  It is another object of the present invention to provide a high strength
      bolt assembly for positive securement of a door, window or the like which
      can be locked or unlocked from either side of the door on which it is
      mounted.
PAR  Still a further object of the present invention is to provide a high
      strength bolt assembly for doors and the like in which the strength of the
      bolt mounting elements, as well as the bolt, may be locked in place as a
      barrier against entry.
PAR  Still a further object of the present invention is to provide a high
      strength, lockable bolt assembly which is reliable, easy to operate and
      easy to install.
PAR  The lockable bolt assembly of the present invention has other objects and
      features of advantage, some of which are set forth in more detail in and
      will be apparent from the following description and accompanying drawing.
PAC  SUMMARY OF THE INVENTION
PAR  The high strength bolt assembly for positive securement of a door, window
      or the like includes, briefly, a pair of assembly mounting elements with a
      first of the elements being adapted for mounting to the door proximate a
      door frame and the second of the elements being adapted for mounting to
      the door frame proximate the first of the elements. A bolt, preferably a
      slide bolt, is mounted to one of the elements for movement to and from a
      bolted and an unbolted position. The improvement of the present invention
      includes adjacent flange portions on the mounting elements which define a
      bolt receiving slot. The flange portions and bolt are each formed with a
      channel therethrough dimensioned for receipt of lock means, preferably a
      padlock, with the channels being in aligned registry when the bolt is in
      the bolted position. In one form of the bolt assembly of the present
      invention the flanges protrude in a side-by-side overlapping orientation
      with the bolt passing therebetween so that the flanges and the bolt may
      all be locked together as a unit. The mounting elements are further formed
      to provide access to the lock from either side of the door. In another
      embodiment of the high strength bolt assembly of the present invention, a
      gravity-biased slide bolt particularly well suited for mounting to sliding
      glass doors or the like is provided.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary, side elevational view of a high strength bolt
      assembly constructed in accordance with the present invention.
PAR  FIG. 2 is a fragmentary, top view in cross-section taken substantially
      along the plane of line 2--2 in FIG. 1.
PAR  FIG. 3 is a fragmentary, top perspective view of an alternative embodiment
      of the bolt assembly of the present invention showing the door in an open
      position.
PAR  FIG. 4 is a fragmentary, top perspective view of the bolt assembly of FIG.
      3 showing the door in a partially closed position.
PAR  FIG. 5 is a fragmentary, top perspective view of the bolt assembly of FIG.
      3 showing the door in a fully closed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, the bolt assembly, generally designated 21,
      is shown mounted on a pair of doors 22 and 23. As will be understood, the
      bolt assembly of the present invention can be mounted on swinging or
      sliding doors, windows, and similar closure means for various openings. As
      used herein, the word "door" shall include windows and other closure
      means. Moreover, while bolt assembly 21 is shown mounted to a pair of
      doors, either of door 23 or 22 can be a stationary door frame which
      defines the opening in which the door is mounted. Accordingly, the
      expression "door frame" shall include frames for doors and windows as well
      as a second door or window which itself can be opened or closed.
PAR  Bolt assembly 21 includes a first assembly mounting element 24 formed for
      and mounted to door 22 and a second assembly mounting element 26 formed
      for and mounted to second door, or what may be considered in reference to
      door 22 as a door frame 23, proximate the first assembly mounting element.
      As best may be seen in FIG. 2, mounting elements 24 and 26 preferably have
      generally U-shaped bodies from which flange portions 27 and 28 protrude.
      In the form of the invention shown in FIGS. 1 and 2, flange portions 27
      and 28 can be seen in FIG. 2 to protrude from the corresponding assembly
      mounting elements to a side-by-side overlapping relationship which defines
      a slot 29 into which slide bolt 31 projects. Slide bolt 31 is preferably
      mounted to one of the assembly mounting elements, in this case element 24,
      for movement to and from a bolted position, as shown in FIG. 2. In the
      bolted position the end 32 of the bolt projects in through a slot 33 in
      mounting element 36 so as to bolt the two mounting elements together. The
      inner end 34 of slide bolt 31 passes through a slot 36 in U-shaped
      mounting element 24 and through a second vertically extending slot 37 in
      support member or portion 38. As will be seen from FIG. 2, end 34 of slide
      bolt 31 is retained in slot 37 of member 38, even when the bolt is
      reciprocated to the fully bolted position of FIG. 2. It is preferable for
      manipulation of the slide bolt that manually engageable handles 39 and 41
      be provided and extend through slots 42 and 43 in the side walls of
      mounting element 24 for bolting and unbolting of the assembly from either
      side of door 22. When door 22 and 23 are mounted as swinging doors, the
      unbolted position is reached when end 32 clears slot 33 in the mounting
      member 26, since the doors are free for articulated movement at this
      point. The slide bolt, as shown in FIGS. 1 and 2, will secure the doors
      against pivotal or swinging movement when the bolt is in the bolted
      position, regardless of whether or not the bolt is locked in the bolted
      position. Positive securement of the bolt assembly in the bolted position
      is, however, the central aspect of the present invention.
PAR  In order to provide a positive securement of the bolt assembly in the
      bolted position, flange portions 27 and 28 are formed with channels 46 and
      47, and slide bolt 31 is formed with channel 48, with each of the channels
      being dimensioned for receipt of lock means therein, in this case the
      locking shackle 51 of padlock 49. The channels 46, 47 and 48 are
      positioned respectively in the flanges and the slide bolt for aligned
      registration of the channels upon closing of the door and sliding of the
      bolt to the bolted position of FIG. 2. The combined thickness of the
      flange portions and slide bolt proximate the channels is thin enough to
      enable shackle 51 of padlock 49 to be passed through the channels to lock
      the flanges and slide bolt together as a high strength unit.
PAR  In many installations it is highly desirable to be able to lock or unlock
      the bolt assembly of the present invention from either side of doors 22
      and 23. In order to accommodate securement of the bolt assembly from
      either side of the doors, it is preferable that the flanges 27 and 28 of
      the mounting elements be formed with notches 52 and 53 which define
      therebetween an opening extending transversely between the door and door
      frame, in this case between the pair of doors. The opening defined by
      notches 52 and 53 is dimensioned for mounting of padlock 49 therein when
      the padlock is in the locked position and is dimensioned to provide access
      to the padlock from both sides of the doors, as best may be seen in FIG.
      2. The user may, therefore, use either of handles 39 or 41 to reciprocate
      the slide bolt to the bolted position and lock the bolt and flanges
      together by inserting shackle 51 of the padlock through the aligned
      channels or openings, with the padlock hanging down below the slide bolt
      in the opening defined by notches 52 and 53. Conversely, the padlock is
      accessible from either side of the door and may be tilted in either
      direction to expose the key receiving slot. If desired, the opening
      defined by notches 52 and 53 can be covered by a flexible fabric shield or
      flap (not shown), which could be lifted or displaced away from the bolt
      assembly to expose the assembly for locking and unlocking an yet prevent
      the passage of air through the opening defined by notches 52 and 53.
PAR  As best may be seen in FIG. 1, it is preferable that first and second
      mounting elements 24 and 26 be mounted in recesses or notches 54 and 56
      which are formed in the door and door frame. This construction allows
      flanges 27 and 28 to overlap a substantial portion of each other and
      enables the opening defined by notches 52 and 53 in the flanges to be
      centered over the slot defined by the edges 57 of the door and door frame.
      As will be understood, there may be installations in which it is
      advantageous to provide a notch only in the door or only in the door frame
      instead of recesses 54 and 56 of substantially equal depth in both the
      door and door frame. Additionally, it is not always necessary or desirable
      to provide for locking and unlocking from both sides of the door, and in
      such instances the recesses 54 and 56 can be substantially eliminated,
      with the flanges being formed to overlap on one side of the door rather
      than at about the midpoint in the thickness of the door.
PAR  Mounting elements 24 and 26 are shown fastened to doors 22 and 23 by means
      of carriage bolts 58 which pass through the door and the U-shaped bodies
      of the mounting elements. It is preferable that the smooth heads of the
      bolts 58 face outwardly of the structure so as to prevent unbolting from
      the outside of the structure. Additionally, the nuts on the inside may be
      welded or otherwise secured against removal. It should be noted, however,
      that padlocking of the flanges and slide bolt together as a unit when
      combined with mounting of the bolt assembly and recesses in the door and
      door frame produces a unit that would be most difficult and tedious to
      attempt to remove, even if the carriage bolts could be removed.
PAR  The overall strength of the bolt assembly of the present invention is
      further enhanced by means of supporting member or portion 38, which is
      adapted and positioned to engage and support the inner end 34 of slide
      bolt 31, and T-shaped supporting member or portion 59, which supports the
      opposite end 32 of the slide bolt against bending moments which might
      result in the event that the doors were attempted to be forced open. Thus,
      the slide bolt is not only supported in slots 33 and 36 against bending,
      but additionally is provided with supporting portions 59 and 38 which
      engage the ends and provide additional support against attempts to force
      the door.
PAR  Referring now to FIGS. 3, 4 and 5, an alternative embodiment of the bolt
      assembly of the present invention may be described. The bolt assembly,
      generally designated 61, may be seen to be mounted to sliding door 62 and
      door frame 63. In this case, the sliding door includes a glass pane 65 and
      is constructed in a conventional manner. Mounted to the stile of door 62
      is assembly mounting element 64, while a second mounting element 66 is
      mounted to door frame 63 proximate, but in this case below, first mounting
      element 64. Second mounting element 66 is provided with a pair of
      side-by-side flange portions 67 and 68 which define slide bolt receiving
      slot 69 therebetween. Mounted to element 64 is slide bolt 71 having
      manually engageable handle 72 extending outwardly through slot 73 in the
      mounting element. As so mounted, slide bolt 71 is gravity biased to the
      downward position, which is the bolted position, as best may be seen in
      FIG. 5.
PAR  In order to provide for an automatic bolting of the assembly, slide bolt 71
      is preferably formed with a tapered surface 74 which is adapted to
      slidably engage the edge 76 of mounting element 66 and thereby move bolt
      71 against gravity from the bolted position to an unbolted position
      enabling the end 77 of the slide bolt to pass over edge 76 so that the
      bolt may enter slot 69. Thus, as door 62 is closed, edge 76 and tapered
      surface 74 causes bolt 71 to be progressively upwardly urged, as is shown
      in FIG. 4, until end 77 passes over the edge of the mounting element and
      enables slide bolt 71 to drop downwardly automatically under the influence
      of gravity to the bolted position of FIG. 5. The bolt assembly may be
      opened by engaging handle 72 and sliding the bolt upwardly, after which
      door 62 may be opened.
PAR  As was the case with the previously described embodiment of the bolt
      assembly of the present invention, slide bolt 71 is provided with an
      opening or channel 81 which is positioned to align with openings or
      channels 82 and 83 in flange portions 67 and 68, when the bolt is in the
      bolted position shown in FIG. 5. As so aligned, the shackle 84 of a
      padlock 86 may be passed through aligned openings 81, 82 and 83 to
      positively lock the assembly against opening.
PAR  The high strength bolt assembly of FIGS. 3, 4 and 5 may be easily installed
      by means of fasteners 87 to provide the homeowner with what would be the
      equivalent of a dead bolt for a sliding glass door. Thus, a burglar could
      not enter through the locked door, nor could he enter through another door
      and exit through door 62.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a high strength bolt assembly for positive securement of a door,
      window or the like, said assembly including a pair of assembly mounting
      elements with a first of said elements being formed for mounting to said
      door proximate a door frame and a second of said elements being formed for
      mounting to said door frame proximate said first of said elements, and a
      bolt mounted to one of said elements for movement to and from a bolted
      position and an unbolted position, the improvement comprising:
PA1  said elements being formed to provide, as mounted on said door and door
      frame, adjacent flange portions defining a bolt receiving slot
      therebetween, said flange portions each spanning across the slot defined
      by the confronting edges of said door and said door frame when said door
      is in a closed position;
PA1  said bolt being mounted for movement into said bolt receiving slot upon
      movement to said bolted position and being mounted to span across the slot
      defined by the confronting edges of said door and said door frame in said
      bolted position; and
PA1  said flange portions and said bolt each being formed with a channel therein
      dimensioned for receipt of lock means, and each said channel being
      positioned for aligned registration of all of the channels in a direction
      extending substantially parallel to the slot defined by the confronting
      edges of said door and door frame upon closing of said door and movement
      of said bolt to said bolted position, said elements being further formed
      and said channels oriented for positioning of said lock means therethrough
      for access to said lock and unlock the same from both sides of said door.
NUM  2.
PAR  2. A high strength bolt assembly as defined in claim 1 wherein,
PA1  said first element is formed with one of said flange portions and said
      second element is formed with the remainder of said flange portions, said
      flange portions protruding toward each other in a side-by-side overlapping
      relationship to define said bolt receiving slot therebetween and said
      flange portions being formed with notches therein below said channels
      dimensioned for receipt of a padlock having the shackle portion thereof
      passed through said channels.
NUM  3.
PAR  3. In a high strength bolt assembly for positive securement of double doors
      or the like, said assembly including a pair of assembly mounting elements
      with a first of said elements being adapted for mounting to a first of
      said double doors proximate a second of said double doors and a second of
      said elements being formed for mounting to said second of said double
      doors proximate said first of said elements, and a slide bolt formed for
      mounting proximate said elements and formed for sliding movement to and
      from a bolted position and an unbolted position, the improvement
      comprising:
PA1  said elements each being formed with flange portions formed to extend
      toward and overlap each other and the slot defined by the confronting
      edges of said double doors when said elements are mounted to said double
      doors and said double doors are in a substantially closed position;
PA1  said slide bolt being formed to overlap the overlapped flange portions and
      span across between said elements when said double doors are in a
      substantially closed position and said slide bolt is in said bolted
      position; and
PA1  said flange portions and said slide bolt each being formed with a channel
      therein dimensioned for receipt of lock means and positioned for aligned
      registration of all of the channels in a direction substantially
      perpendicular to said doors upon positioning of said double doors in a
      substantially closed position and sliding of said slide bolt to said
      bolted position, said elements and said slide bolt being further formed
      for cooperative securement of said double doors against a forced opening
      independently of lock means positioned in said channels.
NUM  4.
PAR  4. A high strength bolt assembly as defined in claim 3 wherein,
PA1  said slide bolt is mounted for sliding movement to said bolted position in
      a slot defined between said flange portions, and the channels in said
      slide bolt and said flange portions are formed and said slide bolt and
      said flange portions have a thickness proximate said channels enabling
      locking of said flange portions and said slide bolt together as a unit by
      means of a padlock, said flange portions being formed and said channels
      being oriented to extend through to both sides of said double doors for
      access to said padlock for passage of the shackle thereof through and
      removal of the shackle from said channels and locking and unlocking of
      said padlock from either side of said double doors.
NUM  5.
PAR  5. A high strength bolt assembly as defined in claim 4 wherein,
PA1  said first element and said second element each are formed with slide bolt
      supporting portions adapted and positioned to engage and support said
      slide bolt against bending moments resulting from attempts to force open
      said door.
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ABST
PAL  A safety lock for enclosures having a first lock portion attached to the
      first of two members to be locked together. This lock portion includes a
      bolt rotatable for accomplishing a locking function. The bolt has a head
      of non-conventional shape. A second lock portion is attached to the other
      of the members to be locked together and is engageable by the bolt. The
      first lock portion includes a protective wall peripherally surrounding the
      bolt head and open at its outer end. The surrounding wall defines a socket
      which is at least as deep as the thickness of the bolt head to prevent
      side engagement of the bolt head and which is of greater diameter than the
      bolt head to permit removal of the bolt by a special wrench inserted
      through the open end of the protective wall. The second lock portion in
      one embodiment includes a pin having a radial notch intermediate its ends
      engageable by the bolt to provide a more positive lock. Also, in some
      embodiments, the pin projects beyond the first lock portion and receives a
      padlock or the end of the pin may project into a socket member to conceal
      the end thereof. A further locking feature may employ a spring acting on
      one of the lock portions with a force great enough to prevent children
      from opening the lock even though other fastening means of the lock are
      released.
PARN
PAC  REFERENCE TO PRIOR APPLICATIONS
PAR  This application is a division of application Ser. No. 230,223, filed Feb.
      29, 1972, for Safety Lock For Enclosures, now U.S. Pat. No. 3,791,683
      issued Feb. 12, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvement in safety locks for
      enclosures.
PAR  Various types of locking means have been proposed for preventing
      unauthorized access to enclosures for electrical equipment and other types
      of enclosures. However, conventional locks can be knocked off or
      conventional fasteners can be opened with conventional tools. When the
      enclosure contains dangerous equipment or the like, such unauthorized
      tampering may expose the person to injury. In some instances, the
      unauthorized personnel may be children who do not understand the danger
      involved or who are not responsible for their actions. Thus, lock means
      are now demanded in the trade which provide a margin of safety against
      entrance into enclosures which contain dangerous equipment even though
      entrance may be sought by unauthorized personnel.
PAC   SUMMARY OF THE INVENTION
PAR  According to the present invention and forming a primary objective thereof,
      lock means are provided for enclosures utilizing specially shaped bolt
      means which cannot be opened by conventional tools but which require
      special tools, whereby a child or other unauthorized person who may tamper
      with the lock means cannot ordinarily gain access to the enclosures.
PAR  A more particular object of the present invention is to provide lock means
      of the type described including a bolt having a head of non-conventional
      shape for requiring a special tool and also including a protective wall
      for the head of the bolt which prevents the bolt head from being engaged
      from the side, the protective wall being of greater diameter than the bolt
      head to permit such head to be engaged endwise by a special socket wrench
      corresponding in shape to the shape of the bolt head.
PAR  It is another object to provide in an embodiment of the invention, a
      combination of said bolt lock means and a locking latch or pin adapted to
      receive a padlock, thus providing a double locking feature. Further, the
      latch may be spring loaded with a force such that even though the double
      lock means is released, a child could still not operate the latch.
PAR  A further object is to provide in another embodiment of the invention a
      combination of said bolt lock means and a locking pin having a radial
      notch engageable by the locking bolt to provide a more positive lock, and
      further yet to provide a locking pin of a length to project through a lock
      portion and be engaged in a socket which conceals the end of the pin to
      prevent the pin from being driven out.
PAR  Still another object is to provide lock means on a double door enclosure,
      with each door having a locking arrangement utilizing a bolt with a head
      of non-conventional shape and a protective wall for such bolt head.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description taken in
      connection with the accompanying drawings which illustrate preferred forms
      of the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view, partly broken away, of an enclosure
      utilizing lock means of the present invention;
PAR  FIG. 2 is an enlarged vertical fragmentary sectional view taken on the line
      2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged horizontal fragmentary sectional view taken on the
      line 3--3 of FIG. 1;
PAR  FIG. 4 is an elevational view of a second form of enclosure with which the
      present invention may be used;
PAR  FIG. 5 is an enlarged vertical fragmentary sectional view taken on the line
      5--5 of FIG. 4;
PAR  FIG. 6 is a vertical sectional view through another form of lock embodying
      features of the present invention,
PAR  FIG. 7 is a fragmentary elevational view of still another form of lock of
      the invention; and
PAR  FIG. 8 is a sectional view taken on the line 8--8 of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 4 illustrate two forms of enclosures with which the present
      locking means may be employed. It is to be understood, however, that the
      enclosures shown are merely exemplary and that the present invention may
      be employed with many other types of enclosures. With reference first to
      FIGS. 1, 2 and 3 the numeral 10 designates an enclosure for electrical
      equipment or the like having an outer door 12 and an inner door 14. The
      front wall 16 has an inwardly offset portion 18 which receives the inner
      and outer doors to make a substantially flush front surface for the
      enclosure. The door opening 20 is provided in the inwardly offset portion
      18, and each of the doors 12 and 14 has bottom tongues which fit in cutout
      portions 24, FIG. 1, at the bottom portion of the opening so that in order
      to open either of the doors they first must be swung out from the top and
      then lifted up. For maximum safety against unauthorized access, both doors
      have safety locks, now to be described.
PAR  With particular reference to FIGS. 1 and 2, the safety lock means for the
      outer door comprises a right angle lock portion 26 secured to the front
      wall of the enclosure immediately above the inwardly offset portion 18.
      The securement of the lock portion 26 to the housing is accomplished by
      suitable tamperproof means 28 such as rivets. Secured to the door 12 is
      another lock portion 30. This latter lock portion is secured to the upper
      portion of the door by suitable fastening means 32 extending from the
      inner side of the door and engaging the rear portion of said lock portion.
      Lock portion 30 is aligned vertically with the lock portion 26, and the
      two lock portions have bores 34 and 36, respectively, in vertical
      alignment for receiving a lock pin 38 having a head 40 at its upper end
      and an aperture 42 at its lower end. The aperture 42 is arranged to
      receive a padlock 44, and it is apparent that with the padlock in place,
      the pin cannot be removed. The door 12 is thus securely locked.
PAR  To provide a double locking feature, a bolt or setscrew 46 is threadedly
      engaged in a threaded bore 48 which extends transversely in from the front
      of the lock portion 30 and intersects the bore 36. The bolt 46 has end
      abutment with the side surface of the pin 38 to lock the pin securely
      against longitudinal movement. Bolt 46 has a head 50 received in a
      counterbore or socket portion 54 communicating with the bore 48. Socket 52
      has a greater depth than the thickness of the head 50 so that the head 50
      cannot be engaged laterally by a wrench or other tool.
PAR  The head 50 is of unconventional shape so that wrenches or other tools
      marketed through normal channels cannot obtain a grip thereon. One such
      shaped head would be five sided or pentagonal shape which as is well known
      cannot be engaged endwise by wrenches which are in normal use. Operating
      personnel would of course have special socket wrenches for engaging the
      head 50. Unauthorized personnel would be discouraged because of the
      tamper-proof nature of the lock. The diameter of the socket 52 is
      sufficiently greater than the outer diameter of the head 50 to allow the
      special wrench to be engaged endwise with the head.
PAR  The locking pin 38 has a peripheral notch 54 in the area in which it is
      engaged by the end of bolt 46. Such notched engagement of the lock pin 38
      provides a more positive connection in a case where the padlock may have
      been knocked off since the pin cannot be pounded out, at least with any
      facility. The inner end of bolt 46 terminates in an enlargement or swedged
      portion 55 to prevent removal of the bolt 50 so that it will not become
      lost. The enlarged end 55 operates in a counterbore 56 of bore 48 so that
      the bolt can be backed out a sufficient distance to allow the pin 38 to be
      removed.
PAR  Thus, according to the structure thus far described, not only is the bolt
      head of unconventional shape and difficult to rotate but also it is
      countersunk so that it cannot be engaged laterally. Such locking
      arrangement which prevents unauthorized removal of locking pin 38 is in
      addition to the padlock.
PAR  FIGS. 1 and 3 show lock means for the inner door 14. To illustrate such
      lock means, the inner door has offset portions 57 at the sides which
      engage a portion of offset 18 of the front wall of the enclosure so that
      the main portion of the door 14 is substantially flush with the inner
      vertical plane of offset 18. Two individual locks are provided, one on
      each side. Each of the lock means comprises a front clamp plate 58 and a
      rear clamp plate 60 which extends beyond the front clamp plate at one
      side, namely, that side adjacent to the outer edge of the door. These
      clamp plates are adapted to be clamped securely against opposite sides of
      the door 14 for secured positioning but also are adapted to be unclamped
      for movement to an unlocked position. Such is accomplished by a bolt or
      screw 62 passing freely through an aperture 63 in clamp plate 58 and
      threadedly engaged in a threaded boss 64 on the rear side of clamp plate
      60. The bolt 62 extends freely through a laterally elongated slot 66 in
      wall 14 arranged such that upon loosening the bolt, both plates 58 and 60
      in the pair are slidable laterally. In the laterally outward or locking
      position of the clamp plates, the clamp plate 60 extends behind the offset
      portion 18 so that the door is held closed. On the other hand, if the
      clamp plates are moved to the right as shown in phantom lines in FIG. 3,
      the clamp plate 60 clears the inner edge of opening 20 so that the door
      can be opened.
PAR  As in the structure of FIG. 2, the locking bolts 62 have odd shaped heads
      68, such as pentagonal shape, and are surrounded by peripheral walls 70
      which prevent lateral engagement of the heads 68 by a wrench. The walls 70
      have diameters larger than the heads 68 so that a socket wrench can engage
      the heads endwise. The ends of bolts 62 are swedged at 71 to prevent the
      bolts from being completely removed and possibly lost.
PAR  Clamp plates 60 have integral pins 72 which project through slots 66 in the
      door 14 and through openings 74 in clamp plates 58. These pins hold the
      two clamp plates in the pairs in parallel relation.
PAR  The structure described with relation to FIGS. 2 and 3 will thus provide
      door means which are almost impossible to open except of course by
      authorized personnel. Even though the outer door could be broken off, the
      inner door is still intact.
PAR  FIGS. 4 and 5 show the application of principles of the present invention
      to an enclosure having a housing base portion 76 permanently attached to a
      ground supporting post 78. An enclosure 80 is supported on the base
      portion 76, such enclosure having a tongue engagement 82 with the base
      portion 76 such that to remove the enclosure, it must be lifted upwardly.
      The post 78 extends upwardly above the base portion 76 and the enclosure
      has an eye member 84 secured thereto, this eye member projecting through
      an opening 86 in the post 78 and receiving a padlock 88 for providing a
      first lock.
PAR  To provide a safety lock, and utilizing the principles of the present
      invention, a bolt 90 passes freely through an aperture 87 in the post 78
      and is engaged with a threaded portion 92, such as a nut, secured to the
      inside of the enclosure 80. Bolt 90 has an odd shaped head 94 as in the
      other embodiments for engagement by a special wrench, and such head is
      protected by a peripheral wall 96 which prevents lateral engagement of the
      head by a wrench. Upon removing the bolt 90, and the padlock 88, the
      enclosure 80 can be tilted slightly away from the post and then lifted
      away from the tongue engagement 82 for removal from its base 76.
PAR  In FIG. 6, which shows another embodiment of the invention, a pair of
      members to be locked together are designated by the numerals 100 and 102.
      A lock portion 104 is secured to the member 100 by fastening means 106
      extending from the inside of the enclosure and has a vertical bore 108 for
      receiving a locking pin 110. A lock bolt or setscrew 112 is threadedly
      mounted in a threaded bore 114 extending in from the front of the lock
      portion 104 and is adapted to engage the lock pin 110 for holding it in
      place, the lock pin having a peripheral notch 116 in the area of
      engagement by the lock 112. Bolt 112 has an odd shaped head 118 as in the
      other embodiments and the lock portion 104 has a socket 120 which
      surrounds the head 118 to prevent it from being engaged laterally by a
      wrench. Bolt 112 also has an enlarged inner end 119 to prevent complete
      withdrawal of the bolt, such enlarged end operating in a counterbore 121
      of bore 114 to permit removal of pin 110.
PAR  The locking pin 110 projects beyond the bottom of lock portion 104 and
      extends into an upwardly opening socket portion 122 of another lock
      portion or protector member 124 secured to the member 102 by fastening
      means 126 extending from the inside of the member 102. The socket 122 is
      closed at the bottom to prevent unauthorized persons from driving the pin
      up. When it is desired to open the member 102 relative to the member 100,
      the bolt 112 is backed off and the pin 110 raised sufficiently to clear
      the top of the member 124. The parts 100 and 102 can then be separated.
PAR  In a preferred arrangement, the peripheral notch 116 is provided adjacent
      to the upper end of the pin 110 and the portion of the opening 108 which
      receives such upper portion of the pin is smaller in diameter than the
      portion which receives the lower portion of the pin so that even though
      the pin can be raised sufficiently to be released from the block 124, it
      cannot be completely displaced from the hasp member, thus preventing the
      pin from becoming lost. The upper end of bore 108 terminates in a
      counterbore 128 to partially receive the head of lock pin 110 so that it
      is impossible for an unauthorized person to engage the underside of the
      pin with a prying tool.
PAR  FIGS. 7 and 8 show another arrangement of the invention wherein a pair of
      members to be locked together are designated by the numerals 130 and 132.
      A lock portion 134 is secured to member 130 by fastening means 136
      extending from the inside of member 130. This lock portion has an inner
      longitudinal slot 138 for slidably receiving a latch member or bolt 140. A
      compression spring 142 is housed in the inner end of slot 138 and urges
      the latch member outwardly into locked relation with another lock portion
      144 secured to member 132 as by fastening means 146. To release the latch
      member 140 from lock portion 144, it must be retracted against the force
      of spring 142 which according to the invention is of sufficient strength
      that a child could not operate the latch member in its opening movement.
PAR  The embodiment of FIGS. 7 and 8 has double lock means in addition to the
      safety locking feature resulting from spring 142. One such lock means
      comprises a lock bolt or screw 148 threadedly engaged in a bore 150 in
      lock portion 134. The lock bolt 148 is adapted to engage the latch member
      140 for holding it in place, the latch member having a recess or socket
      152 engageable by the end of the bolt to prevent forced movement thereof.
      Bolt 148 has an odd shaped head 154 as in the other embodiments, and the
      lock portion 134 has a socket 156 which surrounds the head 154 to prevent
      it from being engaged laterally by a wrench. Bolt 148 has an enlarged
      inner end 158 to prevent complete withdrawal thereof.
PAR  Another lock means in the embodiment of FIGS. 7 and 8 comprises an eye
      member 160 forming an integral part of latch member 140 and projecting
      through a slot 162 in lock portion 134. The eye member 160 is arranged to
      receive a padlock, not shown, which prevents opening movement of the latch
      member. The structure just described thus has two locking functions, as
      well as the spring loaded feature of the latch member 140 for added
      safety.
PAR  It is to be understood that the forms of my invention herein shown and
      described are to be taken as preferred examples of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departing from the spirit of my invention or the scope
      of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. An enclosure comprising
PA1  a. defining walls with at least one of said walls having a door opening
      therein and an inwardly disposed offset flange adjacent said opening
      parallel with said wall in which said opening is provided,
PA1  b. a door in said opening having opposite face surfaces and having a
      portion thereof overlapping said flange in its closed position,
PA1  c. a pair of clamp plates on opposite face surfaces of said door,
PA1  d. said plates having a slidable mounted engagement on said door in an
      arrangement whereby one of said plates is movable into and out of
      overlapping relation with said flange on the opposite surface of said
      flange from the door,
PA1  e. means defining a slot in said door,
PA1  f. a bolt extending through said slot and threadedly engaged in one of said
      clamp plates,
PA1  g. said bolt being arranged in a tightened condition to clamp said clamp
      plates together on said door in an overlapping position of said one clamp
      plate with said flange to lock the door and in a loosened condition to
      allow slidable movement of said clamp plates to a position wherein said
      one clamp plate is out of overlapping position with said flange to permit
      the door to open,
PA1  h. the bolt associated with said clamp plates having a head of
      non-conventional shape whereby to be capable of rotation only by a special
      tool and thus non-removable by unauthorized persons,
PA1  i. the clamp plate on the bolt head side including a protective wall
      portion peripherally surrounding said bolt head and open at the open end,
PA1  j. said wall portion defining a socket which is at least as deep as the
      thickness of the bolt head to prevent side engagement of the bolt head by
      unauthorized persons and which is of greater diameter than said bolt head
      to permit removal of the bolt by a special tool inserted through the open
      end of the protective wall portion.
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PAL  A lock for a sliding door comprising a base member fixedly secured to an
      outer surface of a sliding door guide channel with a leaf member pivotly
      connected to the base member. The leaf member is pivotable from a position
      where it is substantially an extention of the base member and the door is
      freely slidable to a second position substantially perpendicular to the
      base member and the door is obstructed from movement from a closed to an
      open position. A translatable locking means carried by the base members is
      provided to prevent the leaf member from movement from its second position
      to its first position. An additional stop member is provided for
      attachment to the door when the door is positioned remote from its outer
      channel member for engagement with the leaf member when the leaf member is
      in its second position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved door lock and more
      specifically to a lock means for preventing the opening of a slidable
      door.
PAR  Presently available locking means for this specific purpose are quite
      complicated in that they utilize a plurality of moving parts thus making
      them expensive and susceptible to failure. Most require a key for
      operation. The key is often misplaced or is inconvienent to use because of
      physical placement of the lock. Other less expensive and complicated
      locking means have proven inadequate in that the door is still free to be
      moved vertically and can be pryed upward and rearward in a semi-rotational
      movement allowing easy removal of the entire door panel for entry.
PAR  The solution to these problems had not been successfully resolved until the
      emergence of the instant invention.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the instant invention there is provided a new and novel
      inexpensive locking device for slidable doors having simplicity of
      operation, using but a minimum of movable parts, requires no key and
      prevents rotational movement of the door when the lock is operative
      thereby preventing unwanted door removal.
PAR  Other features and advantages of this novel invention will become apparent
      from the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and examination,
      certain embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the locking device of the invention mounted to a slidable
      door.
PAR  FIG. 2 is a sectional perspective view of a portion of FIG. 1.
PAR  FIG. 3 is a sectional view of FIG. 2 taken along line 3--3.
PAR  FIG. 4 is a sectional perspective view of FIG. 1 showing a second
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF ONE EMBODIMENT
PAR  Referring now to FIG. 1, a conventional dwelling patio door 10 is shown.
      One panel 12 is fixed in place and immovable. Door panel 14 is movable in
      the direction of arrow 16 by manual operation of handle 18. The door panel
      14 is shown in a closed position with its back upright 20 positioned
      slightly forward of lock member 22. The forward upright 24 of door panel
      14 is against door casing channel member 26. The lock member 22 is shown
      secured to upper door casing channel member 28.
PAR  Referring now to FIGS. 2 and 3, the locking means 22 includes a base plate
      30 and a leaf member 32. Both base plate 30 and leaf member 32 include
      bearing means 34 attached thereto. The bearing means 34 have a common bore
      36 therethrough and are inter meshing as shown resembling a conventional
      leaf hinge. A hinge pin 38 passes through the bores 36 of bearing means 34
      to secure the base plate 30 and leaf member 32 together and to
      additionally provide for relative pivotable movement between the members
      30, 32. It should be understood that the number of bearing members 34
      shown and the configuration of the base plate 30 and leaf member 32 are
      descriptive only and not limiting. Obviously any convenient shape for
      members 30 and 32 or various numbers of bearing means 34 on the members
      could be utilized to successfully practice the invention.
PAR  One of the bearing means 34 carried by the leaf member 32 is provided with
      a cutaway portion 40 extending from its outer surface to its bore 36.
PAR  A locking lever 42 is carried by the base plate 30. The locking lever 42 is
      shown pivotly connected to the base plate 30 by a keeper 44. The keeper
      44, shown as a rivet passing through the base plate 30 with enlarged heads
      (one not shown), is for securing therein. Obviously any convenient
      attachment could be used for this purpose. The opposite end of the locking
      lever 42 has a downward extending tab 46 and an outward extending
      actuating portion 48.
PAR  Aperatures through the upper base plate 30 are provided to secure the
      locking means 22 to upper door casing channel 28. The base plate 30 must
      be secured to the channel 28 in a manner so that the attachment means does
      not interfer with the free sliding movement of the door panel 14. The
      attachment means shown includes a bushing 50 having a portion passing
      through an aperture in the upper channel 28 and base plate 30. The bushing
      50 is shown with an enlarged head of narrow cross sectional width, this
      feature prevents the inter bushing from passing through the aperatures.
      The inner portion of the bushing 50 (not shown) includes threads. A
      threaded bolt 52 having a length slightly less than the combined
      cross-sectional width of the base plate and bushing is tightly screwed
      into the bushing 50.
PAR  The phantom positional showing 32' of the leaf member 32 (in FIG. 2) is the
      first inoperative position of the locking apparatus. In this position door
      panel 14 is free to move in the direction of arrow 16 without interference
      from the leaf 32 of lock member 22.
PAR  In the second operative position shown for leaf member 32, perpendicular to
      the base plate 30, is the lock position wherein the leaf is directly
      adjacent and behind upright of door panel 14 preventing movement of the
      door panel in the direction of arrow 16.
PAR  In the showing of FIG. 4, the description of the lock member 22 is as
      hereinbefore described. As can be readily seen, the door panel 14 of FIG.
      4 is positioned in a guide channel remote from lock member 22 with the
      rear upright 20 of door panel 14 positioned behind the forward upright
      portion of door panel 12 (not shown) thus making the upright 20 of door
      panel 14 inaccessible for locking as hereinbefore described. When the
      sliding panel 14 is in this position an addition stop member 54 is secured
      to the top portion of forward upright 24 to engage leaf member 32 of the
      lock member 22 when in the perpendicular position shown in FIGS. 2, 3 and
      4.
PAR  The stop member 54 can be secured to the door panel by any convenient
      attachment means common sheet metal screws being shown.
PAC  OPERATION
PAR  The operation of the lock member 22 is obviously very basic. As
      hereinbefore described, when the leaf member 32 is in its downward free
      hanging position, as the phantom showing in FIG. 2, the door panel 14 is
      free to slide in a direction of arrow 16.
PAR  When it is desired to secure the door panel from movement the door is first
      closed, as shown in FIG. 1, then leaf member 32 is pivoted into its
      perpendicular position as shown in FIG. 2, 3, and 4 and the locking lever
      42 is then moved in the direction of arrow 56 of FIGS. 2 and 4 wherein the
      extending tab 46 fits within cutaway portion 40 thereby preventing the
      leaf member 32 from returning to the FIG. 2 phantom free hanging
      inoperative position. The door panel 14 now cannot now be moved from its
      FIG. 1 closed position.
PAR  When it is desirable to again provide free movement of the door panel the
      locking bar 48 is moved upward, as shown by arrow 58 of FIG. 3, wherein
      gravity returns the leaf member 32 in the direction of arrow 60 to its
      free hanging position shown in phantom in FIG. 2.
PAR  Since obvious changes may be made in the specific embodiments of the
      invention described herein, it is indicated that all matter contained
      herein is intended as illustrative and not limiting in scope.
CLMS
STM  Having thus described the invention, what is claimed as new and desire to
      be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. An improved locking apparatus for a slidable door panel, said panel
      slidable within upper and lower channels of a door casing comprising:
PA1  a base member fixedly attached to the outer surface of said upper channel
      parallel to and remote from said slidable door panel;
PA1  a leaf member having a hinged attachment to said base member of movement
      from a first position where said leaf member hangs downward by the force
      of gravity and is substantially an extension of said base member to a
      second position inwardly toward said slidable door panel where said leaf
      member is substantially perpendicular to said base member, a section of
      the hinge of said leaf member having a cutaway portion, one edge of said
      cutaway portion being positioned adjacent said base member when said base
      member is in said second position; and
PA1  a locking lever positioned parallel to the surface of said base member and
      pivotable about its end attachment thereto, said locking lever having a
      downward extending tab portion on its end remote from its attachment end
      for abutting said one edge of said cutaway portion and holding said leaf
      member in said second position and an outward extending actuating member
      adjacent said tab for actuation of said locking lever.
NUM  2.
PAR  2. The invention of claim 1 wherein said locking apparatus additionally
      comprises a stop bracket attached to said slidable door for abutment with
      said leaf member when said leaf member is in said second position.
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ABST
PAL  A plate-like clip member is bent at one end and is positioned inside a
      window between parallel first and second units slidable relative to each
      other and fits over the edge of one of the units at its bent end. An
      elongated clamp member is bent at one end. The clamp member is positioned
      inside the window in operative proximity with the clip member and fits
      over the edge of the other of the units at its bent end. A fastening
      device releasably affixes the clamp member to the clip member inside the
      window thereby preventing relative movement of the members and the window
      units.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a sliding window lock. More particularly,
      the invention relates to a sliding window lock for a sliding window having
      a pair of parallel units each of which is slidable relative to the other.
PAR  Objects of the invention are to provide a sliding window lock of simple
      structure, which is inexpensive in manufacture and functions efficiently,
      effectively and reliably to keep a pair of parallel sliding window units
      locked in position either closed or in selected positions relative to each
      other.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is an exploded schematic diagram of an embodiment of the sliding
      window lock of the invention; and
PAR  FIG. 2 is a side view of the embodiment of FIG. 1 locking a window in
      closed position.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The sliding window lock of the invention is for a sliding window, as shown
      in FIG. 2, having a pair of substantially parallel units 1 and 2, each of
      which is slidable relative to the other. The window units are positionable
      with a first of the units 1 having a bottom edge portion 3 and a second of
      the units 2 having a top edge portion 4 overlapping the bottom edge
      portion of the first unit.
PAR  A substantially plate-like clip member 5 is bent at one end 6 and is
      positioned inside the window between the first and second units 1 and 2.
      The clip member 5 fits over the upper edge 4 of the unit 2 at its bent end
      6.
PAR  A substantially elongated clamp member 7 is bent at one end 8 and is
      positioned inside the window in operative proximity with the clip member 5
      and fits over the lower edge 3 of the window unit 1 at its bent end 8.
PAR  A fastening device releasably affixes the clamp member 7 to the clip member
      5 inside the window thereby preventing relative movement of the members
      and the window units 1 and 2. The fastening device comprises a slot 9
      formed through the clip member 5. Serrations 10 and 11 are formed in the
      surface 12 of the clip member 5 along the edges of the slot 9. A bore 13
      is formed through the clamp member 7. A bolt 14 passes through the slot 9
      and the bore 13. The bolt 14 has a head 15 with a serrated undersurface 16
      in abutment with the serrations 10 and 11 in the surface of the clip. A
      wing nut 17 is threadedly coupled to the bolt and releasably secures said
      bolt.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sliding window lock for a sliding window having a pair of
      substantially parallel units each of which is slidable, relative to the
      other and which are positionable with a first of the units having a bottom
      edge portion and the second of the units having a top edge portion
      overlapping the bottom edge portion of the first unit, said lock
      comprising
PA1  a substantially plate-like clip member bent at one end at substantially
      right angles to the remainder thereof to form a head part, the clip member
      being positioned inside the window between the first and second units with
      the head part thereof fitting over the edge of one of the units, said clip
      member having a slot formed therethrough in the remainder thereof and
      extending longitudinally therealong and serrations formed in the surface
      of said clip member along the slot and extending from both longitudinal
      edges of the slot substantially perpendicularly thereto;
PA1   a substantially elongated clamp member bent at one end at substantially
      right angles to the remainder thereof to form a first head part, bent at
      the first head part at substantially right angles to the remainder of the
      head part to form a lip, and bent at an opposite end at substantially
      right angles to the remainder thereof to form a second head part extending
      in a plane substantially parallel to the first head part, the first and
      second head parts extending in opposite directions from the remainder of
      the clamp member, said second head part having a free edge and a cutout
      formed therein for accommodating the clip member, the clamp member being
      positioned inside the window in operative proximity with the clip member
      with the first head part thereof fitting over the edge of the other of the
      units bordered by the lip thereof, said clamp member having a bore formed
      through the remainder thereof; and
PA1  fastening means for releasably affixing the clamp member to the clip member
      inside the window thereby preventing relative movement of said members and
      said window units, said fastening means comprising a bolt passing through
      the slot and the bore and having a head with a serrated undersurface in
      abutment with the serrations in the surface of the clip, and a wing nut
      threadedly coupled to the bolt and releasably securing said bolt.
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ABST
PAL  In a shock absorber assembly for a vehicle, a closed flexible hollow body
       mounted on a rigid support member, such as a part of the vehicle
      understructure, and a highly compressible fluid medium, for instance air,
      is filled into the hollow body. Another rigid support member of closed
      hollow construction is mounted against the opposite side of the hollow
      body from the support member on the vehicle understructure. The hollow
      support member can be lined interiorly with a closed bladder-like member
      and connected by a throttling member to the hollow body to act as an
      equalizing member when the hollow body is compressed by shock forces. As
      an alternative, two similar shock absorber assemblies can be spaced apart
      on a vehicle with each including one of the closed flexible hollow bodies
      and with the throttling member connected between the hollow bodies in the
      separate shock absorber assemblies.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a shock absorber assembly for a
      vehicle and, more particularly, it is directed to the arrangement of a
      flexible hollow body filled with a highly compressible fluid medium, such
      as air, and with the interior of the hollow body connected to an
      equalizing chamber formed by a hollow rigid support member which forms a
      part of the shock absorber assembly or by a similar hollow body in another
      shock absorber assembly.
PAR  In a shock absorber assembly containing a hollow body under internal fluid
      pressure, it has been suggested to connect the hollow body with an
      equalizing chamber so that, when the shock asborber assembly strikes
      against an obstacle, the fluid medium can flow from the hollow body into
      the equalizing chamber and then return from the equalizing chamber into
      the hollow body after the external forces causing the displacement of the
      fluid medium have been removed from the shock absorber assembly.
      Accordingly, the air volume which has been displaced from the hollow body,
      due to its compression or contraction, does not have to be replaced when
      the forces causing the contraction have been removed. Furthermore, this
      type of shock absorber meets the so-called "Motor Vehicle Safety
      Standards" of the U.S.A. and according to these standards a device for
      absorbing impact energy by the accumulation of air pressure or hydraulic
      pressure must not release the pressure into the atmosphere.
PAR  Such shock absorbers are required only in the exceptional instance where
      the vehicle experiences an impact with an obstacle and the problem is to
      provide the equalizing vessel within the vehicle in a space saving manner,
      for example, without cutting down on the space for the passenger
      compartment, the engine or the trunk compartment and without changing the
      shape of the vehicle or car body.
PAR  Therefore, the primary object of the present invention is to provide an
      equalizing vessel for the shock absorber assembly of the type described
      above which can be placed in communication with the hollow body in the
      assembly without taking up any space in the vehicle.
PAR  In accordance with the present invention, a closed hollow rigid support is
      incorporated into the shock absorber assembly and its interior is arranged
      in fluid medium communication with the interior of the flexible hollow
      body so that the support member acts as the equalizing chamber. As an
      alternative, the vehicle can be provided with two similar shock absorber
      assemblies and the hollow body of each can be used as the equalizing
      chamber for the hollow body of the other. In both of these solutions the
      same characterizing feature is used in that the equalizing chamber is
      incorporated into the shock absorber assembly in such a way that one part
      of each shock absorber assembly performs a double function. With such an
      arrangement the shock absorber assembly can be made substantially smaller
      and of a lesser overall weight, compared to the shock absorber device
      described above which is arranged on a vehicle and affords only a storage
      function. Further, when the hollow rigid support member is used as the
      equalizing chamber it has the additional advantage that, when the shock
      absorber assembly strikes against an obstacle, the shearing force of the
      support member is relieved due to the overpressure within its interior. In
      the alternative arrangement where the equalizing chamber is provided by
      the hollow bodies themselves, it is not necessary to provide any special
      design of the support member. In a vehicle such as a conventional motor
      car, there is a shock absorber assembly at the front and rear ends of the
      car and the flexible hollow bodies in such shock absorbers need only be
      connected over a bypass.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the invention
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a transverse cross-sectional view of a shock absorber assembly
      embodying the present invention;
PAR  FIG. 2 is an enlarged partial detail view of a connection between two parts
      of the shock absorber assembly shown in FIG. 1; and
PAR  FIG. 3 is a cross-sectional view on a reduced scale illustrating two shock
      absorber assemblies of the type shown in FIG. 1 mounted on the opposite
      ends of the understructure of a car body.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawing a shock absorber assembly is shown and is used to protect a
      motor vehicle, not shown, against shocks experienced in a collision. The
      shock absorber assembly shown in FIG. 1 includes a closed flexible hollow
      body 1 which is positioned, on one side, against a rigid support member 2
      and can be a part of the understructure or chassis of a car body. The
      support member 2 is of the type which is exposed to a bending action and
      is formed to resist such bending action. The flexible wall of the hollow
      body 1 is formed of an elastic material, for example, a hose fabric with
      an interior spring action which prevents a hollow body without internal
      pressurization from collapsing. A highly compressible fluid medium is
      filled into the hollow body and, preferably, air is used as the fluid
      medium. On the opposite side of the hollow body from the support member 2
      is another rigid support member or girder 3. The surface of the support
      member 3 in contact with the hollow body 1 has the same general
      configuration as the surface of the support member 2 which contacts the
      hollow body. The support member 3 is a hollow closed member and consists
      of two shell parts 4, 5 for facilitating the production and maintenance of
      the support member. The shell parts 4 and 5 are detachably connected
      together by bolt means 6 threaded into one of the parts.
PAR  As shown in FIG. 1, the hollow support member 3 forms an equalizing chamber
      for the hollow body 1 and the interior of both of the parts of the shock
      absorber assembly are connected through conventional valves 7 which open
      automatically when a certain overpressure or limiting pressure is reached
      within the interior of the hollow body 1. Further, the valves 7 provide a
      throttling effect on the return flow of the fluid medium from the
      equalizing chamber in the support member 3 into the hollow body 1. Air,
      used as the fluid medium in the hollow body 1, flows through the valves 7
      into the support member 3 and is received within a bladder-like lining 8
      formed of rubber or a similar material which is secured to the interior of
      the support member. The interior of the bladder-like lining 8 is
      maintained at the same internal pressure as the space within the hollow
      body 1. Since the bladder-like lining 8 forms a gas-tight coating on the
      interior of the support member 3, it prevents air introduced into the
      support member from escaping into the atmosphere. Any possible damage to
      the lining 8 by sharp edges within the interior of the support member,
      particularly in the range of the joint between the shell parts 4, 5, is
      prevented by means of a cover section 9 attached to one of the shell parts
      and extending over the inner end of the bolts 6. Spacer elements can be
      arranged between the shell parts 4, 5 to support the shell parts and
      prevent the support member 3 from collapsing during the transmission of
      shearing force. Further, the shell parts 4, 5 can be provided with
      corrugations for this purpose.
PAR  Arranged on the opposite side of the support member 3 from the hollow body
      1 are two flexible hollow bodies 10 each seated in contact against the
      surface of the support member. These two hollow bodies form the front
      surface, that is the surface of the shock absorber assembly which is
      contacted initially when a collision or impact with an obstacle occurs.
      These flexible hollow bodies 10 are also filled with air as a compressible
      fluid medium and, as a rule, the air is provided within the hollow body
      under an overpressure, however, such pressure conditions are not necessary
      in the hollow body 1 or within the chamber defined by the lining 8 in the
      support member 3. The shock absorber assembly, that is the hollow body 1,
      the support member 3, and the hollow bodies 10, are enclosed and held
      together by a flexible jacket 11 which can be adhered to the surface of
      the support member 2. It can be noted in FIG. 1 that the flexible jacket
      11 is positioned between and in surface contact with the convex surface of
      the hollow body 1 and the concave surface of the support member 2.
PAR  When the shock absorber assembly shown in FIG. 1 experiences an impact as
      the result of contact with an obstacle, the impact is transmitted over the
      hollow bodies 10, forming the forward portion or rearward portion of the
      assembly depending on the position of the assembly on a vehicle, to the
      rigid support member 3. Locally limited impact forces directed against the
      hollow bodies 10 are transformed by the support member 3 into a line load
      or force against the surface of the hollow body 1. The two hollow bodies
      10 can absorb punctiform shocks and protect the support member 3 against
      local overload. It can be appreciated that FIG. 1 illustrates a transverse
      view of a shock absorber which extends longitudinally across the surface
      of a vehicle, such as the front and rear bumper surfaces of a vehicle. The
      hollow body 1 which receives the shock as a line load, functions both for
      suspension and absorption. When the effect of the shock is transmitted to
      the hollow body 1 it will initially contract under the action of the shock
      forces and its internal pressure will rise. When the limiting pressure of
      the valves 7 is reached, such pressure depends on the weight of the car
      and the dimensions of the shock absorber, the valves will open and permit
      the flow of the compressible fluid medium from the hollow body into the
      chamber within the support member 3. As a result the shock forces caused
      by the impact are absorbed by the shock absorber assembly and because the
      hollow body 1 can contract completely because of the mating forms of the
      support members 2, 3, there is practically no springback experienced when
      full contraction takes place. The total volume of the air within the
      hollow body can, for all practical purposes, flow completely into the
      chamber in the support member 3 defined by the bladder-like lining 8.
      After the shock absorber assembly is relieved, that is the force causing
      the impact no longer acts against the body member 10, a throttled return
      flow of the volume of air displaced from the hollow body 1, flows from the
      chamber in the support member 3 into the hollow body and slowly and
      automatically the hollow body regains its original shape. Accordingly,
      there is nothing that need be done to return the shock absorber assembly
      to its original arrangement, the return of its shape or configuration
      takes place automatically.
PAR  It should be noted that the hollow body 1 can also communicate with the
      support member 3 over one or a number of nozzle-shaped bypasses 12 instead
      of the valves 7, note the shape of the bypasses 12 in FIG. 2. With this
      arrangement there is the advantage that the hollow body 1 and the chamber
      within the lining 8 of the support member 3 are constantly under the same
      internal pressure. The mouth or end 13 of the bypass 12 within the chamber
      in the support member protrudes inwardly from the lining 8. Further, the
      entrance to the bypass 12 on the hollow body side has a greater
      cross-section than on the support member side and the wall surfaces of the
      bypass converge from the hollow body side to the support member side.
      Accordingly, the mouth 13 acts on any return flow from the chamber in the
      support member into the hollow body like a diaphragm. The return flow is
      throttled to a greater degree than the oppositely directed flow from the
      hollow body 1 into the support member 3.
PAR  In FIG. 3 another embodiment of the invention is illustrated and consists
      of two identically constructed shock absorber assemblies 14, 14', with the
      absorber assembly 14 located on the front end of a vehicle understructure
      and the other absorber assembly 14' located at the rear end of the
      understructure. These shock absorber assemblies 14, 14' are constructed
      substantially in the same manner as the assembly illustrated in FIG. 1
      with the exception of the construction of the suupport member 16 located
      between the flexible hollow bodies. As differentiated from the support
      member 3 in FIG. 1, the bending members 16 are not designed as equalizing
      chambers for the corresponding flexible hollow body 17, 17'. The function
      of the equalizing chamber is assumed by the flexible hollow bodies 17, 17'
      themselves, that is when one of the shock absorber assemblies experiences
      shock forces the air driven from the hollow body as it is compressed or
      contracted flows through a bypass 18 into the hollow body in the other
      shock absorber assembly. As can be seen in FIG. 3 the bypass 18 extends
      through the understructure 15 between the two hollow bodies 17, 17'. If
      the shock absorber assembly 14 is considered as being located at the front
      of the vehicle and the front of the vehicle experiences an impact in a
      collision, the air flows from the hollow body 17 in the assembly 14 into
      the hollow body 17' of the rear end shock absorber assembly 14'. If the
      rear end of the vehicle experiences an impact in a collision the flow
      between the hollow bodies 17, 17' takes place in the reverse direction.
PAR  It should be noted that the hollow support member in a shock absorber
      assembly as shown in FIG. 1, can be subdivided, that is, it can be formed
      of an extruded section.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a shock absorber assembly for a vehicle, such as a bumper member for
      a vehicle, including a flexible closed hollow body arranged to be filled
      with a flowable, highly compressible fluid medium, such as air, said
      hollow body arranged to absorb impact forces, and a first rigid support
      member extending along and disposed in juxtaposition with said hollow
      body, a second support member arranged on the opposite side of said hollow
      body from said first support member, wherein the improvement comprises
      that said second support member is a rigid closed hollow vessel and is
      disposed in juxtaposition with said hollow body substantially
      complementary to said first support member, means establishing
      communication between said second support member and said hollow body so
      that said second support member acts as an equalizing vessel for receiving
      the fluid medium from said flexible hollow body when such hollow body is
      compressed under the application of shock forces directed against the
      shock absorber assembly and being transmitted to said hollow body through
      said second support member, said first support member arranged to be
      mounted on the understructure of a vehicle body, at least one second
      flexible hollow body mounted in contact with said second support member on
      the opposite side thereof from said hollow body located between said first
      and second support members, a flexible jacket laterally enclosing and
      disposed in contact with said hollow body between said first and second
      support members and said second hollow body and also with said second
      support member and located between the juxtaposed surfaces of said hollow
      body and said first support and disposed in surface contact with said
      hollow body and said first support member.
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ABST
PAL  A resilient bumper assembly comprising an outer cover, an inner energy
      absorbing member and a rigid backing member. The front cover is made of an
      elastic material of low durometer and high elongation capability. The
      inner energy absorbing member is made of an elastomeric material of a
      higher durometer. The energy absorbing member has a preformed bellows
      shape constructed to concentrate bending at predetermined locations.
PARN
PAR  This is a division of application Ser. No. 422,946, filed Dec. 7, 1973, now
      U.S. Pat. No. 3,897,095 issued July 29, 1975.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Energy absorbing bumper structures for automotive vehicles have been found
      to be an effective means for reducing damage resulting from low speed
      collisions. One type of energy absorbing bumper which gives favorable
      results comprises a hollow elastomeric shell mounted to a rigid backing
      member. The hollow shell has integrally formed partitions or baffles to
      increase its stiffness and energy absorbing capacity. Difficulties have
      been encountered in the selection or development of materials having
      adequate energy absorption over a necessarily wide range of temperatures
      and also providing a smooth paintable finish.
PAR  Another type of elastomeric bumper known in the art is that having a
      plastic "egg crate" or honeycomb within an elastomeric cover and mounted
      to a backing member.
PAR  This invention provides an elastomeric bumper construction in which the
      local stress concentrations induced in the energy absorbing members from
      an impact are significantly reduced. It also provides a construction in
      which the energy absorbing members are so designed as to deform along
      predetermined locations. In addition, the invention provides substantially
      full recovery of the energy absorbing members following impact. Further,
      this invention provides an elastomeric bumper assembly having composite
      materials in which one material suitable for finishing is used on the
      outer cover and a second material suitable for energy absorption under a
      variety of temperature conditions is used for the energy absorbing
      components. Further, this invention provides an elastomeric bumper
      assembly in which the shape or contours of the exterior surfaces are
      unaffected by the position and presence of the energy absorbing
      components.
PAR  A resilient bumper assembly constructed in accordance with this invention
      includes (1) a rigid elongate backing member extending transversely of the
      automotive vehicle, (2) an elastomeric outer shell secured to the backing
      member, and (3) separate energy absorbing means received within the outer
      shell and abutting the backing member. The energy absorbing means include
      a plurality of elastomeric bellows elements having their axes positioned
      essentially parallel to the direction of travel of the vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a transverse cross sectional view of a resilient bumper assembly
      constructed in accordance with this invention;
PAR  FIG. 2 is an exploded view similar to FIG. 1;
PAR  FIG. 3 is a perspective view of the elastomeric portions of the bumper
      assembly viewed at an angle from the rear;
PAR  FIG. 4 is a perspective view of modified energy absorbing member
      configurations;
PAR  FIG. 5 is a transverse cross sectional view of an alternate embodiment of
      the invention;
PAR  FIG. 6 is a perspective view of portions of the alternate embodiment view
      at an angle from the rear;
PAR  FIG. 7 is a horizontal cross sectional view of the energy absorber of the
      alternate embodiment.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A bumper assembly constructed in accordance with this invention includes
      three primary components: an outer shell 11, inner energy absorbing means
      13 and a bumper backing member or beam 15. The outer shell and the energy
      absorbing means are secured to the backing member by any suitable
      fastening means, such as threaded fasteners 17. The backing member is then
      attached to the motor vehicle frame (not shown).
PAR  The outer shell 11 is molded or cast of an elastomeric material into the
      shape and contour desired by the vehicle designers. The outer shell
      includes a front wall portion 19 and upper and lower walls 21 and 23,
      respectively, which extend rearwardly from the front wall portions to the
      backing member 15. The exterior contour shape of the bumper is completed
      by upper and lower exterior walls 25 and 27 which also extend rearwardly
      from the front wall and cover the fastening means 17 and the upper and
      lower surfaces of the backing member 15.
PAR  The outer shell 11 is formed of low durometer material having a high
      elongation capability. Also, the outer surface material must be smooth and
      capable of being painted. Materials having been found suitable are
      urethanes or polyester elastomers.
PAR  The energy absorbing means 13 in the preferred embodiment takes the form of
      a series of rectangular bellow or convoluted boxes. The axis of symmetry
      about which the convolutions are disposed is perpendicular to the front
      face of the backing member 15 and essentially parallel with the direction
      of travel of the vehicle. The bellows have a contoured front face 29 which
      corresponds with the contour of the inner surface of the front wall 19 of
      the outer shell. The rear portion of the energy absorbing means 13
      includes upper and lower flanges 31 and 33 which extend about front
      portions of the backing beam 15 between the beam and the end portions of
      the upper and lower walls 21 and 23 of the outer shell. Threaded fasteners
      17 extend through openings formed in the end portions of the outer shell
      walls and in the flanges of the energy absorbing means 13 and together
      with clamping strip 35 retain the outer shell and the energy absorbing
      member to the backing member.
PAR  The purpose of the convolutions in the energy absorbing members 13 is to
      promote a controlled and predetermined manner of bending when an impact
      results in the collapse of the energy absorbing member. It has been found
      that recovery of such an energy absorbing member following an impact is
      substantially better than the recovery of prior art devices such as simple
      egg crate baffles or honeycomb structures. The energy absorbing member 13
      is constructed of an elastomeric material of a relatively high durometer
      and modulus of elasticity as compared with the outer shell. The member 13
      appears to be a rigid member when examined under unimpacted conditions or
      when significant forces are not applied. The energy absorbing member is
      preferably of a high durometer natural rubber; however, synthetic rubbers
      and ethylene propylene diene monomers also may be suitable.
PAR  The energy absorbing means may take a variety of bellows configurations in
      addition to the individual bellows members as shown in FIGS. 1 through 3.
      Pyramidal shapes, as shown in FIG. 4, may be utilized to accommodate
      certain contours of bumpers. Such pyramidal bellows would be equally
      effective in concentrating stresses at predetermined positions within the
      energy absorbing means. Cylindrical bellows or conical bellows are also
      suitable. Furthermore, a number of bellows elements may be integrally
      formed in one horizontally extending unit as is described below.
PAR  The backing member 15 is of a welded box beam construction and its upper
      and lower walls 39 and 41, respectively, contoured to cooperatively
      receive the edges of the outer shell 11 and the energy absorbing bellows
      members 13. The front face 37 of the box beam is planar and provides an
      abutment for the inner ends of the bellows members.
PAC  DETAILED DESCRIPTION OF AN ALTERNATE EMBODIMENT
PAR  An alternate embodiment of the invention is similar to the preferred
      embodiment except that the energy absorbing means is an integrally formed
      series of bellows-like elements. The alternate embodiment also includes
      three primary components: an outer shell 51, inner energy absorbing means
      53 and a bumper backing member or beam 55. The outer shell and the energy
      absorbing member are secured to the backing member by any suitable
      fastening means, such as threaded fasteners 57.
PAR  The outer shell 11 is molded or cast of an elastomeric material into the
      shape and contour desired by the vehicle designers. The outer shell
      includes a front wall portion 59 and upper and lower walls 61 and 63,
      respectively, which extend rearwardly from the front wall portion to the
      backing member 55. An upwardly extending sight shield 65 extends from the
      upper wall 61 to the rear of the vehicle grill 67.
PAR  The outer shell 51 is formed of low durometer material having a high
      elongation capability. Also, the outer surface material must be smooth and
      capable of being painted. Materials having been found suitable are
      urethanes or polyester elastomers.
PAR  The energy absorbing means 53 in the alternate embodiment takes the form of
      an integrally molded series of horizontally disposed rectangular
      bellow-like elements or convoluted boxes 66. Each element 66 shares one or
      two common walls or partitions 69 with its adjacent element or elements.
      The axes of symmetry about which the convolutions are disposed are
      perpendicular to the planar front face 68 of the backing member 55 and
      essentially parallel with the direction of travel of the vehicle.
      Alternatively stated, the energy absorbing means is a hollow elongate
      elastomeric enclosure with convoluted walls and convoluted vertical or
      transverse partitions dividing the enclosure into a series of
      compartments. The rear portion of the energy absorbing means 53 opens
      against the front face 68 of the backing member and includes upper and
      lower flanges 71 and 73, respectively, which overlie the front portions of
      the upper and lower walls 76 and 77, respectively, of the backing member
      15. Threaded fasteners 57 extend through openings formed in the end
      portions of the outer shell walls 61 and 63 and in the flanges of the
      energy absorbing means 53 and together with clamping strip 75 retain the
      outer shell and the energy absorbing member to the backing member. Tapped
      holes (not shown) or the equivalent may be provided in the backing member
      to receive the threaded fasteners 57.
PAR  The outer shell 51 and the energy absorbing member 53 are formed of
      materials of dissimilar physical characteristics or properties as
      described in the preferred embodiment.
PAR  Modifications and alterations will occur to those skilled in the art which
      are included within the scope of the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A resilient bumper assembly for an automotive vehicle including:
PA1  a rigid elongate backing member extending transversely of the vehicle,
PA1  an elastomeric outer shell,
PA1  means securing said outer shell to said backing member,
PA1  energy absorbing means received within the outer shell and abutting the
      backing member,
PA1  said energy absorbing means having convoluted upper and lower walls and
      convoluted transverse partitions, said upper and lower walls and said
      partitions forming a plurality of rectangular bellows-like elements
      positioned side-by-side, each of said element having at least one
      partition common with its adjoining element, said bellow-like elements
      having axes parallel to the direction of travel of the vehicle.
NUM  2.
PAR  2. A resilient bumper assembly for an automotive vehicle including:
PA1  a rigid elongate backing member extending transversely of the vehicle,
PA1  an elastomeric outer shell,
PA1  means securing said outer shell to said backing member,
PA1  energy absorbing means received within the outer shell and abutting the
      backing member,
PA1  said energy absorbing means defining a hollow enclosure being open against
      said backing member,
PA1  said energy absorbing means having convoluted walls and convoluted
      transversely extending partitions dividing said enclosure into a plurality
      of individual compartments, the walls of each of said compartment
      comprising rectangular bellows-like elements, each of said element having
      at least one partition common with its adjoining element, said
      bellows-like elements having axes parallel to the direction of travel of
      the vehicle.
NUM  3.
PAR  3. A resilient bumper assembly according to claim 2,
PA1  said outer shell and said energy absorbing means constructed of elastomeric
      materials having different characteristics, said energy absorbing means
      being formed of material of higher durometer and a higher modulus of
      elasticity than said outer shell.
NUM  4.
PAR  4. A resilient bumper assembly for an automotive vehicle including:
PA1  a rigid elongate backing member extending transversely of the vehicle,
PA1  an elastomeric outer shell,
PA1  means securing said outer shell to said backing member,
PA1  energy absorbing means received within the outer shell and abutting the
      backing member,
PA1  said energy absorbing means including a plurality of elastomeric bellows
      elements having axes positioned essentially parallel to the direction of
      travel of the vehicle,
PA1  said energy absorbing means having horizontally disposed rectangular
      bellows-like elements, adjoining elements having common walls.
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ABST
PAL  A bumper assembly including an elongated metal bumper, at least one
      self-supporting impact resistant plastic upright bumper guard and at least
      two longitudinal bumper guards secured to the bumper on opposed sides of
      the upright bumper guard. The upright bumper guard includes a U-shaped
      portion conforming to the bumper and opposed integral tabs which overlie
      the bumper and include integral connectors. The longitudinal bumper guards
      are channel-shaped in transverse cross-section and enclose the upright
      bumper guard tabs. The longitudinal bumper guards include connectors
      integral with the side walls of the channel. The bumper includes a
      plurality of apertures which lockingly receive the connectors. The upright
      bumper guard is assembled first on the bumper and the longitudinal bumper
      guards are disposed over the upright bumper guard tabs and secured in
      place by forcing the connectors in the bumper apertures.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This disclosure relates to a bumper assembly and method utilizing impact
      resistant plastic bumper guards, including an upright bumper guard and
      longitudinal bumper guards suitable for protecting vehicle bumpers, panels
      and the like from normal wear and damage. The bumper guard assembly may
      also be utilized in other applications, such as appliances and the like.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The bumper assembly, guards and method of this invention eliminates the
      requirement for a separate adapters and clips which are utilized in the
      conventional automotive molding assemblies disclosed by the prior art. The
      adapter or clip of the prior art molding assembly is first received on a
      headed fastener and the molding or trim strip is then snapped or
      telescopically received over the adapter or clip. The adapter or clip may
      also be disposed within the trim strip, prior to assembly, and the molding
      is then snapped or otherwise secured to the headed fasteners,
      interconnecting the adapters or clips to the fasteners.
PAR  A resilient bumper assembly serves two primary functions. The bumper may be
      utilized for decorative purposes in automotive applications for example
      and the projecting bumper also serves to protect the supporting surface.
      More recently, impact resistant plastic bumper guards have been developed
      which include integral tubular connectors which are received within mating
      panel apertures and secured in place. These bumper guards have been used
      both to protect the bumper itself and the vertical metal bumper guards
      normally used in automotive applications. The metal bumper guards may also
      include a plastic guard, which is an elongated strip secured to the bumper
      guard. Such strips do not however protect the bumper guard from side
      impact.
PAR  The bumper guards and assembly of the present invention includes an
      elongated longitudinal bumper guard, which is an improvement over the
      prior longitudinal bumper guards and an integral self-supporting plastic
      upright bumper guard which will resiliently yield under side impact and
      eliminates the requirement for an upright metal guard.
PAC  SUMMARY OF THE INVENTION
PAR  The bumper assembly of this invention includes an elongated metal bumper,
      which may be a metal extrusion, such as aluminum. The upright bumper
      guards are formed from an impact resistant resilient plastic material and
      are self-supporting. The upright bumper guard is channel-shaped in
      transverse cross-section, opening toward the bumper and includes opposed
      integral tab portions overlying the bumper and secured to the bumper. The
      assembly preferably also includes at least two longitudinal bumper guards
      preferably formed of impact resistant resilient plastic. The longitudinal
      bumper guards are channel-shaped in cross-section, opening toward the
      bumper and are secured on opposite sides of the bumper guard, enclosing
      the upright bumper guard tabs.
PAR  In the preferred embodiment of the bumper assembly, the upright bumper
      guard tabs include integral connectors which are secured to the bumper.
      The connectors for the longitudinal bumper guards are integral with the
      side walls of the bumper guard. A resilient plastic foam insert may also
      be enclosed in the channel-shaped bumper guards to provide additional
      impact resistance and structural integrity during impact. The disclosed
      embodiment of the upright bumper guard includes a box-shaped enclosure
      which receives the foam plastic insert.
PAR  The method of this invention then includes forming a plurality of spaced
      apertures in the bumper configured and spaced to receive the connectors of
      the bumper guards. The upright bumper guard is then secured to the bumper
      by disposing the U-shaped portion over the bumper and securing the
      connectors on the bumper tabs. Finally, the longitudinal bumper guards are
      secured on opposed sides of the upright bumper guard by locating the
      longitudinal guards generally in the longitudinal axis of the bumper and
      enclosing the upright guard tabs and securing the connectors in the bumper
      apertures.
PAR  Other advantages and meritorious features of the present invention will be
      more fully understood from the following description of the preferred
      embodiments and the method of this invention and the drawings, a
      description of which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an end elevation of a metal bumper utilized in the bumper
      assembly of this invention;
PAR  FIG. 2 is a top elevation of the bumper shown in FIG. 1, with the bumper
      guards secured in place;
PAR  FIG. 3 is an end view of the bumper assembly shown in FIG. 2;
PAR  FIG. 4 is a side cross-sectional view of the longitudinal bumper guard and
      assembly shown in FIG. 2, in the direction of view arrows 4--4;
PAR  FIG. 5 is a side cross-sectional view of the bumper assembly of FIG. 2, in
      the direction of view arrows 5--5;
PAR  FIG. 6 is an end view of the upright bumper guard shown in FIG. 5, in the
      direction of view arrows 5--5;
PAR  FIG. 7 is a top cross-sectional view of the bumper assembly shown in FIG.
      3, in the direction of view arrows 7--7; and
PAR  FIG. 8 is a reverse end view of the longitudinal bumper guard shown in FIG.
      2, in the direction of view arrows 8--8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS AND METHOD OF THIS INVENTION
PAR  FIG. 1 illustrates a metal bumper 20 which is suitable for the bumper
      assembly of this invention. An automotive bumper for example is generally
      made of steel having a chrome bright metal finish, however the metal
      bumper shown in FIG. 1 may be formed of an extrusion of aluminum or
      similar metals, particularly because of the bumper guard assembly
      described below. The bumper includes a plurality of generally rectangular
      apertures 22 which are aligned generally along the longitudinal axis of
      the bumper and receive the connectors of the bumper guard assembly. The
      disclosed bumper is shaped for automotive applications, including a linear
      portion 24 which extends across the rear of the automobile, for example,
      and curved portions 26 which wrap around the rear quarter panels. It will
      be understood that the shape and design of the bumper does not form a part
      of the invention, except as described hereinbelow.
PAR  The bumper assembly 30 shown in FIGS. 2 and 3 include two vertical or
      upright bumper guards 32 and three longitudinal bumper guards 34 generally
      in the longitudinal axis of the bumper 20. The bumper guards 32 and 34 are
      preferably formed of a resilient impact resistant plastic having
      sufficient structural integrity to resiliently absorb impact. As described
      above, the upright bumper guards 32 are self-supporting, eliminating the
      requirement for a metal bumper guard, frame or further metal support. The
      preferred material for the resilient bumper guards of this invention will
      however depend upon the particular application. A suitable material for an
      automotive bumper guard is a high impact polyethylene sold by E. I. du
      Pont de Nemours and Co. under the tradename "Surlyn". Other suitable
      plastic materials may also be used.
PAR  The structure of the horizontal or longitudinal bumper guard 34 is best
      shown in FIGS. 4 and 8. The longitudinal bumper guard is channel-shaped in
      cross-section, as shown in FIG. 4, having an end wall 36 and side walls
      38. The longitudinal bumper guards include a plurality of spaced
      connectors 40, as shown in FIG. 8, which are preferably integral with the
      side walls 38 as shown in FIG. 4. The disclosed connectors are tubular,
      having an opening 42 and inclined camming portions 44. The side walls of
      the connectors including the camming portions 44 are relatively rigid to
      collapse the end walls 45 inwardly during receipt of the connectors in the
      rectangular panel apertures 22. The advantages of the tubular connectors
      are more fully disclosed in the copending application of the Assignee
      herein, Ser. No. 362,638, filed May 21, 1973, now U.S. Pat. No. 3,842,565,
      incorporated herein by reference.
PAR  A rectangular plastic foam insert 50 is disposed within the channel-shaped
      longitudinal bumper guard 34 in the disclosed embodiment, which will
      provide additional resistance to impact loading. Ribs 52 integral with the
      end wall 36 extend into the channel-shaped recess to contact the plastic
      foam insert 50 and prevent the insert from moving in the channel. The foam
      insert may be formed of any suitable material, such as foamed "Surlyn"
      described above. Additional support may also be provided in the disclosed
      embodiment by integral vertical and longitudinal webs, 54 and 56
      respectively, as shown in FIG. 6. In the disclosed embodiment, the webs
      are provided adjacent the ends of the longitudinal bumper guard.
PAR  The structure of the disclosed vertical or upright bumper guards 32 is
      shown in FIGS. 5 to 7. The upright bumper guards are also generally
      channel-shaped in cross-section, including a U-shaped end wall 56 and
      integral, opposed side walls 58. A U-shaped cut-out 60 is defined in the
      side walls to receive the U-shaped bumper 20, as best shown in FIG. 5. The
      preferred embodiment of the upright bumper guards also include opposed tab
      portions or wings 62 which are integral with the side walls as shown in
      FIGS. 6 and 7. The tabs include integral triangular gusset portions 64 and
      tubular connectors 66 for securement of the upright bumper guards 32 to
      the bumper 20.
PAR  In the disclosed embodiment, a box-shaped chamber is defined in the upright
      bumper guards, opposite the bumper, including the vertical side walls 58
      and end walls 68 which also reinforce the bumper channel. A foamed plastic
      insert 70 is received within the chamber for additional reinforcement.
      Further, vertical webs 72 may be provided, as shown in FIGS. 5 and 6,
      which reinforce the ends of the bumper guard 32. As described above, the
      upright bumper guard of this invention is preferably self-supporting and
      will absorb end and side impact. End impact against end wall 56 will tend
      to resiliently collapse the channel-shaped structure and side impact will
      be absorbed by the side walls 58 and the gusset portions 64. On side
      impact, for example, one gusset portion will be placed in tension and the
      opposed gusset will be compressed, resiliently absorbing the impact.
PAR  The method of assemblying the bumper guards is best illustrated by FIG. 7.
      First, the upright bumper guards are secured in place by aligning the
      connectors 66 with the bumper apertures 22. The opposed or distal ends of
      the tabs 62 are then impacted or pressed toward the bumper 20, collapsing
      the tubular connectors and receiving the connectors within the panel
      apertures, in locking engatement. The longitudinal bumper guards 34 are
      then connected to the bumper 20 on opposed sides of the upright bumper
      guards, first by disposing the longitudinal guards over the upright bumper
      tabs 62, then aligning the connectors with the longitudinal apertures in
      the bumper and finally urging the connectors into the parallel rows of
      spaced parallel apertures in the bumper. In the disclosed embodiment,
      spaced slots 74 are provided in the end walls 76 of the longitudinal
      bumper guards for receipt of the triangular gusset portion 64 of the
      vertical bumper guard. The tab portions 62 are thereby enclosed and hidden
      from view, providing continuous protection for the bumper 20, as best
      shown in FIGS. 3 and 7. The disclosed embodiment of the bumper includes a
      channel or recess 46, as shown in FIGS. 1 and 5, which closely receives
      and aligns the longitudinal bumper guards 34, as shown in FIG. 4.
PAR  The bumper guard assembly of this invention thus provides a high impact
      resistant bumper guard assembly which is continuous along the length of
      the bumper, as best shown in FIGS. 2 and 3. The upright or vertical bumper
      guards 32 and the longitudinal bumper guard 34 may each be formed of a
      single plastic member, except where foam plastic inserts are utilized. The
      necessity for the foam plastic insert will depend upon the particular
      application. The bumper guard assembly is therefore rust-proof,
      particularly where an aluminum extruded bumper is utilized and provides an
      attractive high impact resistant bumper assembly. It will be understood
      however that modifications may be made to the disclosed bumper assembly
      without departing from the perview of the following claims. For example,
      the longitudinal bumper guards 34 may be used independently of the upright
      guards, or vice versa. Further, the design and shape of the metal bumper
      20 may be modified for any particular application.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bumper assembly, comprising in combination, an elongated metal bumper,
      at least one self-supporting impact resistant plastic upright member
      having a longitudinal axis generally perpendicular to the longitudinal
      axis of said bumper, said upright member being channel-shaped in
      transverse cross-section, opening toward said bumper and having integral
      opposed tab portions extending longitudinally of said bumper and secured
      to said bumper by connectors generally perpendicular to the longitudinal
      axis of said bumper, and at least two elongated impact resistant plastic
      bumper guards, channel-shaped in transverse cross-section and opening
      toward said bumper, said bumper guards being secured to said bumper on
      either side of said upright member, said guards lying generally in the
      longitudinal axis of said bumper and enclosing said upright member tabs
      adjacent said upright member.
NUM  2.
PAR  2. The bumper assembly defined in claim 1, wherein said upright member tabs
      and said bumper guards each includes integral connectors projecting toward
      said bumper and said bumper includes apertures receiving and retaining
      said connectors.
NUM  3.
PAR  3. The bumper assembly as defined in claim 2, wherein said channel-shaped
      bumper guards each include side walls abutting said bumper and an integral
      end wall spaced from said bumper and said connectors integral with the
      side walls of said bumper guards.
NUM  4.
PAR  4. The bumper assembly defined in claim 1, wherein said upright member
      includes an integral box-shaped enclosure opening toward said bumper,
      including the longitudinal side walls of said bumper guard and end walls
      spaced from the distal ends of said bumper guard and a solid resilient
      plastic member received in said enclosure providing additional impact
      resistance and structural integrity during impact.
NUM  5.
PAR  5. The bumper assembly defined in claim 1, wherein said channel-shaped
      bumper guards each include an elongated solid resilient plastic insert
      therein, abutting said bumper.
NUM  6.
PAR  6. The bumper assembly as defined in claim 5, wherein said plastic insert
      is foamed plastic and said bumper guards include integral ribs projecting
      into said channel, abutting said insert.
NUM  7.
PAR  7. An elongated bumper guard formed of an impact resistant, resilient
      plastic material for securement in overlying relating to a metal bumper
      having two rows of spaced apertures, said bumper guard being
      channel-shaped in transverse cross-section and having an end wall and
      integral opposed side walls forming a hollow box-shaped structure, and a
      plurality of connectors integrally formed on each of said side walls and
      projecting generally in the plane of said side walls to be received in the
      spaced apertures in said bumper.
NUM  8.
PAR  8. The bumper guard as defined in claim 7, wherein said guard includes an
      elongated solid foam plastic insert generally rectangular in transverse
      cross-section.
NUM  9.
PAR  9. The bumper guard as defined in claim 8, wherein said bumper guard
      includes at least one integral rib projecting into said channel, abutting
      said insert.
NUM  10.
PAR  10. The bumper guard as defined in claim 7, wherein said connectors are
      tubular, each having at least one camming protuberance projecting from the
      side of the bumper guard.
NUM  11.
PAR  11. A self-supporting upright bumper guard formed of an impact resistant
      resilient plastic for securement to a metal bumper, transverse to the
      longitudinal bumper axis, said bumper guard being channel-shaped in
      cross-section having side walls and an integral end wall, support tabs
      integrally joined to said side walls and projecting from said side walls
      generally perpendicular thereto and integral connectors joined to said
      support tabs generally parallel to said side walls for securement in
      apertures in said bumper.
NUM  12.
PAR  12. The upright bumper guard defined in claim 11, wherein said side walls
      have a U-shaped cut-out to conform to the bumper and said tabs are
      integrally joined to the side walls adjacent said cut-out, generally
      perpendicular to said side walls.
NUM  13.
PAR  13. The upright bumper guard defined in claim 12, wherein said end wall of
      said guard is U-shaped and generally parallel to the edges of said
      cut-outs.
NUM  14.
PAR  14. The upright bumper guard defined in claim 11, wherein said tabs include
      triangular gusset protions integrally joined to said tabs and said side
      walls.
NUM  15.
PAR  15. The upright bumper guard defined in claim 11, wherein said guard
      includes a generally rectangular foam plastic insert disposed in the
      channel defined by said end and side walls.
NUM  16.
PAR  16. The upright bumper guard defined in claim 15, wherein said guard
      includes a box-shaped enclosure defined by said side walls and opposed
      enclosure end walls integral with said side walls and said insert is
      received within said enclosure.
NUM  17.
PAR  17. A bumper assembly, comprising: an elongated extruded metal bumper
      having a continuous constant transverse cross-section, at least one
      upright bumper guard fixed to the bumper, an elongated impact resistant
      plastic longitudinal bumper guard secured to said bumper on either side of
      said bumper guard generally in the longitudinal axis of said bumper, said
      longitudinal bumper guard being channel-shaped in transverse
      cross-section, opening toward said bumper, having an end wall generally
      parallel to said bumper and opposed integral side walls terminating in
      integral spaced connectors projecting toward said bumper generally
      parallel to said side walls and said bumper having two longitudinal rows
      of generally parallel spaced apertures on either side of said upright
      bumper guard receiving said connectors and retaining said longitudinal
      bumper guards in generally parallel relation.
NUM  18.
PAR  18. The bumper assembly defined in claim 17, wherein said upright bumper
      guard is self-supporting and formed of an impact resistant plastic, said
      upright plastic guard having an upright U-shaped channel portion
      conforming to the shape of the bumper and opposed lateral wing portions
      overlying said bumper having integral connectors lockingly received in
      spaced apertures in said bumper.
NUM  19.
PAR  19. The bumper assembly defined in claim 18, wherein said longitudinal
      bumper guards each have an end wall defining an enclosure within said
      channel section receiving and enclosing said upright bumper guard wing
      portions.
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ABST
PAL  A manual snow moving tool made entirely of soft wood, with the exception of
      bolts used as fastenings, comprising a concaved curved faced scoop or
      blade, with the two longer ends of the long handles fastened on the convex
      back of the scoop, spacing the upper end of the handles apart the required
      distance, so a body may easily stand between them, and the cross arm
      fastened about two thirds of the distance from the top of the scoop, the
      three extreme handles facing the operator having a long flat chamfered
      handles.
DRWD
PAC  DRAWINGS AND DESCRIPTIONS.
PAR  On which,
PAR  FIG. 1, Is a perspective view of the Snow Cradle in the normal position the
      operator would be using this tool.
PAR  FIG. 2, Shows the end section of the concave and the convex shape of the
      scoop and the lower cutting blade.
PAR  FIG. 3. Shows in plan, Clearly, the scoop and all the handles in their
      proper placement bolted together, ready as a tool to do the required work
      it was designed for moving snow.
DETD
PAR  The parts of the manually operated snow cradle on the drawings in FIG. 1
      show the position which they would occupy in the hands of the user. The
      scoop of the snow mover is indicated at 1 and is in the form of a
      concaved, curved, rectangular, laminated, veneered wood, hot resin bonded,
      with a curved cut on the leading lower edge which cuts and enters the
      snow. A soft wood arm 2, rectangular in cross section, has at the lower
      end a twisted cut on the edge and is fastened to the back of the convex
      scoop 1 at a given angle. The other end of this arm contains a long
      chamfered flat handle. A second longer wood arm 4 rectangular in cross
      section has its lower end fastened on the top of arm 2 near the top edge
      of the scoop and has an extra long chamfered handle. A short rectangular
      section wood arm 3 is secured across the top of the spread-apart arms 2
      and 4 with a long chamfered handle end extending over the top of arm 4.
      FIG. 3 clearly shows the parts in their rightful positions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A manually operated snow mover comprising a curved wooden scoop, a pair
      of spaced handle arms fastened to the convex back of the scoop, a lower
      cutting edge and a leading circular cutting toe on the scoop, the free
      ends of the arms being spaced apart so the longer flat arm may be placed
      under a user's arm pit to act as a lever, the other arm having a long
      handle portion to form one half of a fulcrum and a cross arm with a handle
      portion connected across the two arms and extending over a considerable
      distance to be grasped by a user's hand to form the other half of the
      fulcrum whereby the fulcrum has a circular motion acting as a movable
      imaginary pivot, the center of this pivot floating up and down and side to
      side as the snow mover is used in a sweeping motion.
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ABST
PAL  A pelican hook of the type utilized to make rapid and secure connections
      with cables, chains and eyelets is provided with adjustment features
      permitting the distance between or tension applied to the connected
      articles to be varied. The hook is designed to permit the distance or
      tension adjustment to be made while the articles are interconnected by the
      hook. Additional safety features prevent the hook from opening until it is
      manually released.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to pelican hooks of the type which are used
      to make rapid connections and disconnections between cables, chains and
      the like. More particularly, the present invention relates to an
      adjustable pelican hook which permits the tension in connected cables or
      chains or the distance between two connected points to be varied while the
      hook is closed and connected to the points.
PAR  Pelican hooks are well known in the art. Examples of patents disclosing
      such hooks are: U.S. Pats. 827,795, 2,513,245 and 3,615,116. Such hooks
      are employed in situations where a rapid and simple release mechanism is
      needed to couple and uncouple two or more articles.
PAR  Pelican hooks generally include two rather elongated and pivotally
      connected members, one of which sometimes resembles the curvature of a
      pelican's lower mandible from which the name is derived. To engage the
      hook, the one elongated member or jaw resembling the shape of a pelican's
      mandible is laced through or placed around an article being attached and
      then is pivoted into a locking position with the other elongated member
      generally forming the body of the hook to capture the attached article. A
      ring or other catch mounted on the body holds the jaw in the closed
      position.
PAR  In pelican hooks of the prior art, it was not possible to adjust the
      tension with which the hook pulled the attached articles together or the
      distance between the attached articles while the pelican hook was closed.
      Any adjustment permitted by the hook was made only while the hook was open
      and, therefore, establishing the correct tension or distance between
      attached articles was a trial-and-error process.
PAR  It is, accordingly, a general object of the present invention to disclose a
      pelican hook having features permitting it to be adjusted while the hook
      is in the closed condition.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a pelican hook having adjustment features.
      The hook includes a body member and a releasable jaw member pivotally
      connected to the body member for movement between opened and closed
      positions. The body member in one light-weight form is comprised of a
      folded metal plate resembling a shell structure. A catch is also connected
      to the body member and cooperates with the jaw member for locking the jaw
      member in the closed position.
PAR  Adjustment of the pelican hook is achieved primarily by an adjustable link
      supported on the body member and means for adjusting the position in which
      the link is supported. The link includes a fastening at one end for
      connecting the pelican hook to another article, and the means for
      adjusting the link increases or decreases the distance between the
      fastening and the jaw member in the closed position. In a preferred form
      of the invention, the adjustable link includes a threaded shaft and the
      means for adjusting includes a rotatable nut which moves the shaft back
      and forth relative to the body member.
PAR  Further means are provided to prevent the threaded shaft from rotating
      relative to the body so that rotation of the nut insures movement of the
      nut along the threaded shaft and, correspondingly, movement of the shaft
      relative to the body member. Adjustment of the shaft shortens or lengthens
      the overall distance of the pelican hook and produces a corresponding
      change in position of the attached articles. Such a change in position may
      also cause tension to be applied to a cable or chain to which the hook is
      joined or attached.
PAR  Other safety features include means, such as a detent, for holding the
      catch in locking engagement with the jaw member until the hook is manually
      opened.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a horizontal elevation view of the pelican hook in accordance
      with one embodiment of the present invention.
PAR  FIG. 2 is a top plan view of the pelican hook in FIG. 1.
PAR  FIG. 3 is a cross sectional view of the pelican hook as viewed along the
      sectioning line 3--3 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 illustrate one embodiment of a pelican hook having an
      adjustment feature in accordance with the present invention. The hook,
      generally designated 10, includes an elongated shell body member 12 to
      which the remaining components of the hook are attached. The body member
      12 is formed preferably by a metal plate which is folded into a U-shaped
      configuration seen most clearly in FIG. 2. In this configuration, two
      elongated sides 14 and 16 extend longitudinally along the hook between the
      bent or folded end 18 and an open end 20.
PAR  A jaw 22 is pivotally connected to the open end 20 of the body member 12 by
      means of a pin 24. The jaw pivots relative to the body member between the
      closed position illustrated and the open position shown in phantom. The
      jaw also has a curved configuration so that in the closed position a space
      is provided between the body member 12 and the jaw to accommodate a link
      L, an eyelet or other object to which the hook 10 attaches.
PAR  A catch 30 formed by a split ring seen most clearly in FIG. 3 is attached
      to the body member 12 and cooperates with the free end of the jaw to lock
      the jaw in the closed position illustrated. Two ears 32 and 34 on the ends
      of the ring forming the catch 30 project through apertures in the
      respective sides 14 and 16 of the body member and permit the catch to be
      pivoted relative to the free end of the jaw between a locking position
      illustrated and an unlocked position shown in phantom in FIG. 1.
PAR  A detent holding the catch 30 in both the locked and unlocked positions is
      formed by a pair of dimples 36 and 38 in the sides 14 and 16 respectively
      of the body member 12. The width of the dimples at the upper extremities
      of the sides 14 and 16 is slightly greater than the corresponding width of
      the catch 30; however, the flexing of the sides 14 and 16 allows the
      dimples 36 and 38 to shift slightly inwardly as the catch is pivoted over
      the dimples between the locking and unlocking positions. It will be
      understood that the curved, free end of the jaw 22 captured by the catch
      30 holds the catch in the locking position as long as tension is applied
      to the pelican hook by the link L. However, the detent formed by the
      dimples 36 and 38 assures positive locking of the jaw 22 by the catch 30
      even in the absence of applied tension and, hence, the detent is a safety
      device preventing inadvertent opening of the hook. At the same time,
      manual operation of the catch and jaw is executed with substantial
      freedom.
PAR  As a further safety feature, aligned apertures 40 and 42 in the sides 14
      and 16 respectively are provided to accommodate a lock pin (not shown) for
      positively holding the catch 30 in the locked position. The apertures 40
      and 42, however, would only be utilized in situations where the pelican
      hook 10 is to be held in the closed condition for extended periods of time
      and where there is sufficient danger of the hook being opened by a child
      or other means at an inappropriate time.
PAR  In accordance with the present invention, an adjustable link 50 including a
      threaded shaft 52 is supported on the body member 12 adjacent the folded
      end 18. The link 50 has a fastening 54 to which a cable C or other article
      may be connected so that the link L and the cable C can be joined together
      by the hook 10. The fastening 54 illustrated includes a bore 56 into which
      the cable C is inserted and captured by swaging the end of the fastening.
PAR  The threaded shaft 52 extends through an aperture 58 in the folded end 18
      of the body member 12 and extends longitudinally through the pelican hook
      between the sides 14 and 16. A knurled adjusting nut 60 at the side of the
      aperture opposite the fastening 54 is threadably engaged with the shaft 52
      and is captured within two cut-outs 62 in the respective sides 14 and 16
      of the body member. The cut-outs 62 define a longitudinal reference
      station in the body member against which the nut 60 is pulled by the
      adjusting link 50. The end of the shaft 52 adjacent the pivoted jaw 22
      contains an aperture through which a retention ring 64 is laced to limit
      the rotation of the shaft relative to the body member 12. Accordingly,
      rotation of the adjusting nut 60 will increase or decrease the distance
      between the fastening 54 on the adjusting link and the pivoted jaw 22 to
      permit the overall dimensions of the pelican hook 10 in the closed
      condition to be adjusted and to thereby vary the tension that might be
      applied, for example, to the cable C to which the hook is attached. The
      ring 64 also prevents the adjusting nut 60 from being unscrewed entirely
      from the threaded shaft 54 which would allow the link 50 to be pulled
      through the aperture 58 and thus separate the cable C and the link L. The
      ring 64, therefore, aids the function of adjusting the hook without
      opening the jaw 22 and performs a safety function by preventing the hook
      from separating during adjustment.
PAR  From the above, it is apparent that the pelican hook 10 is adjustable while
      it is closed and performing a joining function. Also, the hook possesses a
      number of safety features preventing the hook from either separating or
      opening while it is performing the joining function.
PAR  While the present invention has been defined in a preferred embodiment, it
      should be understood that still other modifications and substitutions can
      be had without departing from the spirit of the invention. For example,
      the jaw 22 may take different shapes than that illustrated and
      correspondingly, the body member 12 may be changed in form and structure
      as long as there is a space between the jaw and body member for
      accommodating the link or other article to which the hook 10 attaches. The
      fastening 54 on the end of the adjusting link may take other forms for
      connecting the hook to items other than the cable C. The catch 30 can also
      be varied in shape and the detent formed by the dimples 36 and 38 can be
      replaced by a ball detent, a spring or other device for holding the catch
      30 in the locking position. The limiting ring 64 can also be replaced by
      other members such as a slide block fixed to the shaft 52 and filling the
      space between the sides 14 and 16 so that it would serve as a stop
      preventing the shaft 52 from rotating between the sides 14 and 16 and also
      preventing the knurled nut 60 from being threadably disengaged from the
      shaft. Accordingly, the present invention has been described in a
      preferred embodiment by way of illustration rather than limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pelican hook having an adjustment feature comprising:
PA1  an elongated U-shaped body member having generally parallel sides connected
      together at one end and a opening between the sides at the other end;
PA1  a jaw member pivotally connected to the body member between the sides at
      the other end for movement between opened and closed positions;
PA1  a catch formed from a ring pivotally mounted in the body member to move
      into locking engagement with the jaw member in the closed position;
PA1  means for holding the catch in locking engagement with the jaw member
      including a detent mounted on the body member;
PAR  an adjustable link including a threaded shaft extending through the body
      member at the one end and between the sides adjacent the one end, the link
      also having a fastening for connecting the pelican hook to another
      article;
PA1  means for adjusting the position of the link relative to the body member to
      increase and decrease the distance between the fastening on the adjustable
      link and the jaw member in the closed position, the adjusting means
      including a rotatable nut on the threaded shaft and captured by the
      parallel sides of the body member at a longitudinal station on the body
      member; and
PA1  means for limiting the rotation of the threaded shaft relative to the body
      member, the limiting means including a member extending transversely
      through the threaded shaft and between the parallel sides of the body
      member.
NUM  2.
PAR  2. A pelican hook as defined in claim 1 wherein the one end of the threaded
      shaft between the parallel sides of the body member has a transverse
      aperture; and
PA1  the means for limiting comprises a retention member laced through the
      aperture in the threaded shaft.
NUM  3.
PAR  3. A pelican hook as defined in claim 2 wherein the rotatable nut is
      mounted on the threaded shaft between the one end of the body member and
      the retention member whereby the retention member prevents the rotatable
      nut from being rotated off of the threaded shaft.
NUM  4.
PAR  4. A pelican hook as defined in claim 1 wherein:
PA1  the U-shaped body member is a shell body comprised by a folded metal plate
      having an aperture accommodating the threaded shaft at the one end, and
      cutouts in the parallel sides accommodating the rotatable nut on the
      threaded shaft to capture the nut at the longitudinal station on the body
      member.
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ABST
PAL  A device for the placement of rod shaped fuel elements and control bars
      especially in a nuclear reactor, in which a gripper body is adapted for
      being connected to gripper tools and which gripper tools are engageable
      with the elements to be placed. The gripper tools are carried in a frame
      and are moveable in the frame laterally to the axis of the gripper body so
      as to selectively be engageable therewith. A single power operated device
      in the gripper body is provided for actuating the gripper elements carried
      by the gripping tools.
BSUM
PAR  In core reactors it is necessary from time to time to exchange the rod
      shaped fuel elements which means that it is necessary to pull out
      burned-off fuel elements from the reactor core, to convey the same to a
      storage place and there to place the same into a storage frame whereas new
      fuel elements have to be withdrawn from the storage place, conveyed to the
      core reactor and inserted into the same. Moreover, the control bars
      inserted in bores of fuel elements have to be pulled out from time to time
      from the burned-off fuel elements and to be inserted into other fuel
      elements.
PAR  A charging device intended for this purpose has become disclosed in German
      Pat. No. 1,764,176 corresponding to U.S. Pat. No. 3,691,011--Kruger issued
      Sept. 12, 1972. This known device is characterized primarily by a
      vertically movable double gripper with an automatically operable control
      rod gripper and with a fuel element gripper. The fuel element gripper head
      is located at the lower end of a control bar guiding insert which is in
      vertical direction displaceably guided in a centering bell. This centering
      bell is in its turn vertically displaceably guided in a guiding post which
      extends downwardly from the carriage frame of the charging device. Within
      the guiding insert for the control bar there is vertically displaceably
      guided a control rod gripper lever system having at its lower end provided
      a control bar gripper head. The upper end of said control rod gripper
      lever system is engaged by a cable winch. By lifting said lever system by
      means of said winch, the control bar guiding insert which in this instance
      rests with its upper flange upon the control bar gripper head is lifted,
      while after a certain stroke, the centering bell is taken along.
PAR  It is an object of the present invention to provide a gripper device of a
      lifting device for longitudinally extending bodies which pertain to at
      least two different groups with different functions, especially in a core
      reactor, for depositing and picking up fuel elements and control bars in a
      particularly simple and thus relatively inexpensive manner which is also
      practically foolproof.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIGS. 1, 3 and 4 illustrate in axial sections parallel to a square side the
      lower portion of a gripper body adapted to be lifted and lowered and also
      showing a gripper tool of a square cross section and a fuel element head
      shown in FIGS. 1 and 3 and a gripper tool holding means FIG. 4.
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1.
PAR  FIG. 5 illustrates in section the lower part of a gripper body adapted to
      be lifted and lowered, a gripper tool, and a fuel element head, said
      section being taken along the line V--V of FIG. 2 diagonally with regard
      to the square cross section.
PAR  FIG. 6 illustrates partially in axial section and partially in side view
      the lower portion of a guiding post, a gripper head with a rod receiving
      means and a device for receiving holding means for gripper tools.
PAR  FIG. 7 represents a section taken along line VII--VII of FIG. 6.
PAR  FIG. 8 is a section similar to that of FIG. 1 and illustrates a second
      embodiment of the present invention.
PAR  FIG. 9 illustrates a further embodiment in a manner similar to the
      illustration of FIG. 3.
PAR  FIG. 10 shows in section a portion of the device according to FIG. 9 with a
      structural modification, said section being taken along the line X--X of
      FIG. 9.
PAR  FIG. 11 illustrates a detail of the arrangement of FIG. 9 for a modified
      construction.
DETD
PAR  The gripper device according to the present invention is characterized
      primarily in that of various gripper tools of which each is determined for
      a group of longitudinal extending bodies, always only one is adapted to be
      coupled with the gripper body which includes a power operable device
      suitable for actuating all gripper tools. Thus, the present invention
      which differs fundamentally from the heretofore known double gripper
      brings about the advantage that for the actuation of different grippers,
      for instance a fuel element gripper and a control rod gripper, only one
      power operable device has to be arranged in the gripper body which is
      adapted to be lifted and lowered while it is left to the operator, if
      desired, to actuate also more than two groups of longitudinally extending
      bodies by means of one and the same power operable device since without
      difficulty a corresponding number of gripper tools could be provided.
PAR  It is particularly advantageous in this connection when the two or more
      gripper tools which are employed selectively are arranged in one device at
      the lower end of a guiding post while selectively one of the gripper tools
      may be moved into a position in which it can be coupled to the gripper
      body adapted to be lifted and lowered. In this way even without the
      embodiment of a double gripper, unnecessary movements of the loading or
      charging device carrying the guided post will be avoided.
PAR  Referring now to the drawings in detail, the arrangement shown therein
      comprises a hollow cylindrical guiding post 1 (FIG. 6) which extends
      downwardly from the frame of a loading or charging device which is movable
      above a container containing the core of a reactor and above a bearing vat
      for fuel elements. Within said hollow cylindrical guiding post 1 is, by
      means of rollers 2 a hollow gripper body 3 of square shaped cross section
      vertically displaceably guided. For lifting and lowering the gripper body
      3 there is provided a cable winch which is mounted on the frame of said
      carriage and from which extend two cables 4 the lower ends of which are by
      means of bolts 5 connected to the upper ends of racks 6. These racks 6 are
      by means of rollers 8 vertically displaceably guided within a pot-shaped
      supporting body 7. The teeth of the two racks 6 face each other and mesh
      with two pinions 9, the axes of which are journaled in the supporting body
      7 so that the latter is supported by the cables 4 which are uniformly
      loaded. The supporting body 7 is with radial play vertically guided in the
      upper portion of the gripper body 3. Provided on the gripper body 3 on the
      upper end face thereof is an annular flange 10 which when lifting the
      supporting body 7 rests thereon. One of two gripper tools 11, 12 may
      selectively be coupled to the lower end of the gripper body 3. Both
      gripper tools have the same outer shape and the same outer dimensions. The
      cross section is square shaped with the same length of the sides as the
      cross section of the gripper body 3. The two gripper tools 11 and 12 are
      supported by a device at the lower end of the guiding post. This device
      has a rectilinear frame 13 which is mounted on a narrow downwardly
      directed extension 14 of the guiding post 1 and extends in horizontal
      direction on both sides of the center line 15 of the guiding post 1 and
      the gripper body 3 to the same extent. The spars of the frame 13 have a U
      profile and receive rollers 16 which are journaled in pairs on the upper
      ends of two pot-shaped holding means 17, 18 while being located on
      opposite sides. Each of the holding means 17, 18 has inserted through with
      slight play a gripper tool 11, 12 in such a way that the upper parts of
      the gripper tool project upon the rims of the holding means 17, 18.
PAR  In the position of the holding means 17, 18 which is shown in FIG. 6 in
      solid lines, there is also provided the gripper tool 11 arranged in the
      holding means 17, said gripper tool being located along the central axis
      below the gripper body 3, whereas the holding means 18 with the gripper 12
      is moved to the right hand end of the frame 13.
PAR  For purposes of moving the holding means 17 and 18 within the frame 13,
      there are provided two pneumatic adjusting devices, the cylinders 19 of
      which are suspended on brackets or cantilevers 20 on opposite sides of the
      guiding post 1. The connecting rods of the pneumatic adjusting devices
      engage short legs 21 of two angle levers which are located on the guiding
      post 1 by means of axles 22, the center lines of which are parallel to the
      axes of rotation of the rollers 16. Mounted on the axles 22 on opposite
      sides of the guiding post 1 are downwardly extending relatively long legs
      23 the lower ends of which in a coulisse-like manner embrace pivots 24 on
      the holding means 17 and 18 respectively.
PAR  The two gripper tools have similar upper guiding means which are formed by
      bores 25 of the same diameter and the same depth. The upper rims of the
      bores 25 are at 26 broadened in a conical manner. In bores 25 there are
      provided at the same level annular grooves 27 of the same trapezoidal
      profile.
PAR  As clutch foot or pedal of the gripper body 3 serves a housing 28 (FIG. 4)
      the upper portion of which has a square-shaped cross section which equals
      the inner cross section of the gripper housing 3 and is inserted from
      below into said housing 3 until it engages a flange 29 on the lower end
      face of the gripper body 3. The lower portion of the housing 28 is formed
      by a cylindrical collar 30, the outer diameter of which is by a slight
      play shorter than the diameter of the bore 25.
PAR  The length of the collar 30 measured from the flange 29 is by a slight play
      greater than the depth of the bore 25. At the lower end, the
      circumferential surface of the collar 30 tapers at 31 in a conical manner.
      The collar 30 has a plurality of radial bores 32 at such a level that when
      the collar 30 is moved into the bore 25 up to the bottom, the radial bores
      32 are located centrally opposite the annular groove 27. Located in said
      bores 32 are supporting balls 33 the diameter of which is greater than the
      length of the bores.
PAR  In the interior of the housing 28 (FIG. 3) is vertically slidably guided a
      pot-shaped slide 34 which is open in downward direction. In the blocking
      position shown in FIGS. 1, 3, 5, 6 and 8, in which its lower rim rests on
      the bottom 35 of the housing, the slide 34 by means of a cylindrical
      surface 36 closes the bores 32 toward the inside so that the supporting
      balls 33 are prevented from leaving the annular groove 27. FIG. 4 shows
      the upper end position of the slide 34 in which position slide 34 engages
      the upper bottom 37 of the housing 28. Its surface 36 will then free the
      bores 32.
PAR  The lifting and lowering of the slide 34 is with the embodiment of FIGS.
      1-7 effected by means of a pneumatic power operable device the cylinder 38
      of which is located on the bottom 37 and is by means of a rod 40 connected
      to the pertaining piston 39 by means of the upper plate of the pot-shaped
      slide 34. The rod 40 extends through a bore in the bottom 37. Air
      conveying conduits 41 and 42 are connected to the cylinder space below the
      piston 39 and above the same. One of these conduits 41, 42 may alternately
      be connected with a compressed air source of high over-pressure whereas
      the other conduit may be connected with a source of compressed air of low
      over-pressure. Located in the upper cylinder chamber is a compression
      spring 43 which urges the piston 39 downwardly thereby trying to move the
      slide 34 into its blocking position.
PAR  The two gripper tools 11, 12 also have similar lower guiding means. These
      guiding means are formed by downwardly extending fingers 44 which as shown
      in FIG. 1 are adapted to rest upon a shoulder surface 45 of a fuel element
      head 46 while their outer surfaces are flush with the respective outer
      surfaces of the fuel element head 46. Fingers 47 which extend upwardly
      from the fuel element head 46 engage the chamber located on the inner side
      of the fingers 44.
PAR  Each gripper tool 11, 12 is approximately at half its height provided on
      the outside thereof with a groove 48 adapted to be engaged by balls 49
      (FIG. 4) which are so arranged in bores in the upper rim portions of the
      holding means 17, 18 that they are able against the thrust or resistance
      of leaf springs 50 to move radially outwardly and thus to leave the groove
      48.
PAR  The gripper tool 11 includes a gripper for grasping a bundle of control
      bars 51. These bars are as shown for instance in FIG. 1 inserted in bores
      of a fuel element and have those ends thereof which protrude from the fuel
      element connected to each other by a head plate 52. This plate 52 may be
      coupled to the fuel element head 46 by a sleeve inserted into said head
      plate engaging by means of downwardly extending collar 53 a sleeve 54
      which extends upwardly from the fuel element head 46 and is connected to
      said sleeve by supporting balls 55. These balls 55 engage from radial
      bores of collar 53 an annular groove of the sleeve 54. Within the sleeve,
      a control rod 56 is vertically slidably guided between two end positions.
      These end positions are determined by a rod 57 connected to the head plate
      52 passing in horizontal direction through a slot 58 of the control rod or
      bar 56. A pressure spring 59 which is located in an upwardly extending
      extension of the sleeve in the head plate 52 and which engages the bottom
      side of a flange 60 at the upper end of the control bar tends to move the
      control bar into the upper end position illustrated in FIG. 1. In this end
      position, that circumferential surface 61 which is located at the
      lowermost end of the control bar 56 closes off toward the inside the
      radial bores of the collar 53 which contain the supporting balls 55 so
      that the supporting balls cannot leave the annular groove of sleeve 54
      which means that the head plate 52 of the control bars 51 is coupled to
      the fuel element head 46.
PAR  The rod gripper provided in the gripper tool 11 includes a bolt 62 which is
      slidably guided in a sleeve 63 centrally with regard to the center line
      15. The sleeve 63 is located in a bottom 64 which closes off the bore 25
      of the gripper tool 11. The upper end of bolt 62 is provided with an
      abutment plate 66 which is engaged by a pressure spring 65 resting on the
      sleeve 63. The spring 65 tends to hold the bolt 62 in the upper end
      position shown in FIG. 1. This upper end position is defined by a flange
      67 which is located at the lower end of bolt 62 and which engages the
      lower rim portion of a collar 68 extending from the sleeve 63 in downward
      direction. In this position, a turned-out portion 69 of the bolt 62 is
      located opposite the radial bores in the collar 68. These radial bores
      contain supporting balls 70 which, when according to FIG. 1 the fingers 44
      of the gripper tool 11 rest upon the shoulder surface 45 of the fuel
      element head 46, are adapted to enter an annular groove in the collar 68
      receiving upper portions 71 of the sleeve inserted into the head plate 52.
PAR  The gripper tool 12 for grasping the fuel element head 46 has two pairs of
      gripper pawls 72 which are pivotally mounted in oppositely located
      recesses of the lower part of the gripper tool. This pivotal arrangement
      is effected by means of bolts 73 so that the pawls 72 can pivot about
      horizontal axes. The lower hook-shaped ends 74 of said pawls 72 will when
      occupying their coupling position (FIG. 3) engage windows of members 75
      between the fingers 47, said members 75 being located on fuel element head
      46. Each two oppositely located gripper pawls 72 are by means of legs
      extending from the bolts 73 in upward direction connected to an elbow
      lever system 76. The elbow joints 77 of the two pairs of elbow lever means
      76 are arranged on two bolts 79 which are connected to each other by means
      of a cross head 78. Bolts 79 are vertically displaceably guided in
      vertical bores of a bottom 80 provided in the gripper tool. A pressure
      spring 81 resting on the bottom 80 tends to move the cross head 78 to an
      upper end position shown in FIG. 4 which corresponds to the opening
      position of the gripper pawls 72 which is illustrated in dot-dash lines in
      FIG. 3.
PAR  For purposes of selectively actuating one of the gripper tools 11 or 12,
      there is provided a single power operable device which is arranged within
      the housing 28 at the lower end of the gripper body 3. This power operable
      device is in FIGS. 1-6 represented by a pneumatic power operable device.
      The cylinder 82 of this power operable device is mounted on the bottom 35
      and has its top closed by a cover 83. From the piston 84 reciprocably
      guided in the cylinder 82, a short rod 85 extends through a bore of the
      bottom 35. Air conveying conduits 86 and 87 are respectively connected to
      the cylinder chamber below the piston 84 and to the cylinder chamber above
      the piston 84. Of these conduits 86, 87 alternately one can be connected
      to a source of compressed air with high over-pressure while simultaneously
      the other conduit is connected to a source of compressed air with low
      over-pressure. In the cylinder chamber provided above the piston 84 there
      is located a compression spring 88 which urges the piston 84 in downward
      direction.
PAR  The length of the rod 85 is so selected that when one of the gripper tools
      11, 12 is coupled to the gripper body 3 in the manner shown in FIGS. 1 and
      3, and when the piston 84 is moved to its upper end position against the
      thrust of spring 88 (FIG. 1) by means of the air of higher pressure
      introduced into the lower cylinder chamber, it will be appreciated that
      with the gripper tool 11 according to FIG. 1, the abutment plate 66 of
      bolt 73 moved to its upper end position by spring 65, and with the gripper
      tool 12, the cross head 78 moved by spring 81 to its upper end position
      will just contact the end surface of rod 85. Accordingly, as shown in FIG.
      1, the rod gripper is disengaged which means that the turned-out portion
      69 of the bolt 62 is located opposite the supporting balls 70. In this
      position, the head plate 52 of the control bars 51 is by the control rod
      56 which is moved upwardly as far as possible and by the supporting balls
      55 coupled to the fuel element head 46. With the gripper tool 12, this
      corresponds to the open position of the gripper pawl 72 indicated in
      dot-dash lines in FIG. 3.
PAR  When the piston 84 is from its FIG. 1 position by the pressure spring 88,
      if desired, aided by air with higher over-pressure from conduit 87, moved
      to its lower end position, the rod gripper is closed. This means that the
      bolt 62 is moved downwardly until it prevents the supporting balls 70 from
      leaving the annular groove of the sleeve part 71. At the same time, the
      control rod 56 is by bolts 62 moved to its lower end position in which a
      recess 89 provided at its lower end occupies a position opposite the
      supporting balls 55 so that the head plate 52 is disengaged from the
      sleeve 54 of the fuel element head 46.
PAR  Now the gripper body 3 can by means of the winch cables 4 through the
      intervention of the supporting body 7 of gripper body 3 be lifted so that
      the plate 52 which is coupled through the gripper tool 11 will be taken
      along and the control bars 51 will be pulled out of the fuel element.
PAR  When in conformity with FIGS. 3 and 4 the gripper tool 12 is coupled to the
      gripper body 3 and the piston 84 is by spring 88 and, if desired, by air
      with high over-pressure from conduit 87 moved to its lower end position of
      FIG. 3, the cross head 78 is against the thrust of spring 81 likewise
      pressed downwardly so that through the intervention of the elbow lever
      system 76, the gripper pawls 72 are pivoted into the closing position
      shown in FIG. 3. Now the fuel element can by lifting the gripper body be
      pulled out of the reactor core or of a bearing frame.
PAR  From the position illustrated in FIG. 6, the gripper tool 11 containing the
      rod gripper can be coupled to the gripper body 3 by lowering the gripper
      body 3 by means of the cables 4. Here it is first assumed that the slide
      34 occupies its lower end position which means occupies its locking
      position so that the supporting balls 33 protrude with regard to the
      collar 30. This is brought about by the fact that air is discharged
      through conduit 41 from that chamber of the cylinder 38 which is located
      below the piston 39, so that the pressure spring 43 is able to move the
      collar 39 to its lower end position. In the conduit 41 there is interposed
      a shift-over or reversing valve 90 (FIG. 6). The displaceable part of this
      valve is against the thrust of a spring 91 by means of a plate 92 moved
      into its upper end position, said plate 92 being located on a rod 93 which
      extends downwardly from the supporting body 7.
PAR  As long as the gripper body 3 by means of its annular flange 10 is
      supported by the supporting body 7 suspended on cables 4, the plate 92 is
      relative to the reversing valve mounted on the gripper body 3 moved
      upwardly to such an extent that the plate 92 holds the displaceable part
      of the valve in the upper end position shown in FIG. 6. Consequently, the
      conduit 41 is interrupted which means that the air below the piston 39 is
      able through the valve 90 to escape in a pressureless manner.
PAR  When further lowering the gripper body 3 by means of the cables 4, the
      protruding supporting balls 33 will engage the inclined surface 26 at the
      upper rim of bore 25 of the gripper tool in the holding means 47.
      Consequently, in response to a further lowering of the cables 4, the
      supporting body 7 moves downwardly relative to the gripper body 3 so that
      the plate 92 moves into the position indicated in FIG. 6 by dot-dash
      lines. Consequently, the spring 91 moves the displaceable part of the
      valve 90 to the lower end position in which the conduit 41 is closed and
      consequently from the compressed air source with the higher over-pressure
      air passes below the piston 39 and moves the latter against the thrust of
      spring 43 upwardly as shown in FIG. 4. Consequently, the surface 36 of
      slide 34 frees the radial bores 32 so that the supporting balls 33 can
      move inwardly. Thus, they will no longer prevent the further lowering of
      the gripper body 3 so that the collar 30 is lowered firmly to the ground
      of the bore 25. Subsequently, the compressed air is discharged from the
      cylinder chamber below the piston 39. Consequently, the pressure spring 43
      moves the piston 39 to the lower end position according to FIGS. 1 and 3
      and thus moves the slide 34 into its locking position in which the
      supporting balls 33 are kept in engagement with the annular groove 27. The
      gripper tool 11 is thus coupled to the gripper body 3 and can be pulled
      out of the holding means 17. This is brought about by pulling up the
      cables 4 whereby the plate 92 is relative to the gripper body 3 lifted to
      the position shown in FIG. 6. Consequently, the displaceable part of the
      valve 90 moves again to its upper end position in which the conduit 41 is
      interrupted. In this way, it will be assured that no compressed air
      overcoming the spring 43 can pass below the piston 39. Therefore, the
      pressure spring 43 keeps the slide 34 in its locking position. In this
      way, it is assured that an undesired disengaging of the gripper tool 11
      mounted on the gripper body 3 cannot occur.
PAR  When instead of the gripper tool 11 the gripper tool 12 containing the fuel
      element gripper is to be coupled to the gripper body 3, first the gripper
      tool 11 is lowered by lowering the gripper body 3 into the holding means
      17 centrally located below the gripper body 3. Subsequently, by conveying
      air of high over-pressure through conduit 41 below the piston 39, the
      slide 34 is moved from the locking position upwardly and the gripper body
      thus disengaged from the gripper tool 11 is lifted off from the gripper
      tool 11. The gripper tool 11 is held in the holding means 17 by the balls
      49 which form a snap closure.
PAR  Thereupon the holding means 17 is with the gripper tool 11 moved leftwardly
      to the FIG. 6 position illustrated by dot-dash lines, whereas the holding
      means 18 is with the gripper tool 12 moved into the position centrally
      below the gripper body 3. The gripper tool 12 can now in the described
      manner by means of the gripper body 3 be pulled out of the holding means
      18 while the snap closure of the balls 49 is overcome. Subsequently, the
      empty holding means 18 is returned to its outer end position at the right
      hand in frame 13 so that the gripper tool 12 suspended on the gripper body
      3 can by lowering the gripper body 3 be lowered through the frame 13 as it
      is necessary for placing a fuel element head 46. In order to notify the
      operator, who, in order to avoid danger by radioactivity, has to remain at
      a great distance from the fuel elements and the control bars, whether a
      gripper tool is in engagement with the coupling foot of the gripper body
      and whether it is coupled thereto, the following devices are provided.
PAR  FIG. 5 shows that in a corner of the housing 28 there is provided a
      vertical bolt in which a gripper pin 94 is guided. This gripper pin is
      acted upon by a pressure spring 95 which tends to move the same downwardly
      so that it will adjacent the collar 30 project from the housing 28. This
      displacement is limited by a flange on the feeler pin 94 which flange is
      adapted to engage a step of the above mentioned bore. When the gripper
      body 3 rests upon a gripper tool for instance, 11, so that the collar 30
      rests on the bottom surface of the bore 25, the feeler pin 94 is moved
      upwardly as far as possible against the thrust of spring 95. Consequently,
      a conical profile surface 97 at the upper end of feeler pin 94 has
      actuated a limit feeler 98 which through a conductor 99 conveys a signal
      to the operator. When the slide 34 reaches its blocking position so that
      the coupling between the gripper tool 11 and the gripper body 3 is
      established, this fact is conveyed to the operator through a conductor 100
      through a limit feeler 101 which cooperates with a conical profile surface
      102 at the upper end of a rod which is located on the piston 39 and
      extends through the cylinder 38.
PAR  A further remote indication is conveyed to the operator by a limit feeler
      103 which cooperates with a truncated cone-shaped profile surface 104 at
      the upper end of a rod which from the piston 84 extends outwardly through
      a cylinder 82. In this way, the operator knows whether the rod gripper of
      the gripper tool 11 or of the fuel element gripper of the gripper tool 12
      occupies its closing or opening position.
PAR  In this connection the operator will also be notified as to whether the
      head plate 52 of the control bars 51 is coupled to the fuel element head
      46 or is disengaged therefrom. To this end there is provided a feeler bar
      105 which is displaceably guided in serially arranged bores of the rod
      105, the piston 84, the rod comprising the profiled surface 104, the
      piston 39 and the subsequent bar comprising the profiled surface 102. At
      that upper end of the feeler bar 105 which end protrudes beyond the last
      mentioned bar there is provided a cam piston 106 on which a pressure
      spring 107 which rests against a yoke 108 exerts a force in downward
      direction. Consequently, the lower end of the feeler pin 105 which is
      adapted from the flange 67 at the lower end of the bolt 67 to move
      outwardly in downward direction will always be held in engagement with the
      flange 60 at the upper end of the control rod 56. Consequently, the cam
      piston 106 also carries out the movements of the control bar 56 in
      downward and upward direction. The cam piston 106 therefore through the
      intervention of a limit feeler 109 indicates to the operator the
      respective position of the control bar 56 which is indicative as to
      whether the head plate 52 is coupled or not coupled to the sleeve 54.
PAR  Furthermore, the operator is notified whether the gripper tool 11 or 12 has
      set down properly upon a fuel element head 46. As shown in FIG. 5, in a
      further corner of housing 28 there is provided an additional vertical
      bore. In this bore is slideably guided a feeler pin 110 in the same manner
      as the feeler pin 94. The feeler pin 110 is under the influence of a
      pressure spring 111 which has the tendency to cause the feeler pin 110 to
      protrude downwardly from the bore until a flange 110a abuts an abutment.
      When the gripper tool 11 in the manner shown in FIG. 5 is coupled to the
      gripper head 3, a vertically arranged bore in the gripper tool is in
      alignment with the bore of the housing 28 which last mentioned bore
      contains a feeler pin 110. The abovementioned vertical bore in the gripper
      tool contains a feeler pin 112 which by means of a pressure spring is
      urged downwardly and under the influence of said pressure spring is
      adapted to move downwardly until a piston 113 at the upper end of the
      feeler pin 112 engages an abutment surface 114. As long as the gripper
      tool 11 has not yet properly engaged the fuel element head 46, the feeler
      pin 112 occupies its lower end position, and the feeler pin 110 is by
      spring 111 moved downwardly to such an extent that it rests upon the
      piston 113 while the lower end of the feeler pin 112 protrudes
      considerably downwardly from the gripper tool 11.
PAR  When depositing the gripper tool 11 upon the fuel head 46, the lower end of
      the feeler pin 112 hits the upper end face of one of the fingers 47 so
      that with the final placing of the gripper tool 11 upon the fuel element
      head 46, the feeler pin 112 moves relative to the gripper tool 11 upwardly
      so that consequently also the feeler pin 110 is relative to the housing 28
      moved upwardly. In this connection, through the intervention of a
      truncated cone-shaped profiled surface 114a located at the upper end of
      the feeler pin 110, a limit feeler 115 is actuated which through a
      conductor 115 conveys a signal to the operator. This signal will notify
      the operator to the effect that the gripper tool 11 or 12 has properly
      been placed upon the fuel element head 46.
PAR  FIG. 8 shows that the pneumatic power devices 38, 39 and 82, 84 can be
      replaced by electromagnetic power devices. The rod 40 originating at the
      piston 39 is replaced by a magnetic core 118 which is located within a
      magnetic coil 117 while the lower end of the magnetic core 118 has
      connected thereto the slide 34. The pressure spring 43 in cylinder 38 is
      replaced by a compression spring 119 which embraces the magnetic coil 117
      and is clamped between an upper bottom 120 to housing 28 and the slide 34.
      The piston 84 is replaced by a magnetic coil 121 having its lower end
      provided with a plate 122 against which from below the abutment plate 66
      is pressed by the spring 65. A compression spring 123 corresponding to the
      spring 88 tends to press the magnetic coil 121 downwardly. The cylinder 82
      is replaced by the magnetic coil 124 which embraces the magnetic core. The
      magnetic coils 117 and 124 are supplied with electric current through
      non-illustrated conductors.
PAR  With the embodiment of FIG. 9, the gripper body 3 ends at its lower end in
      a collar 125 which when being lowered will seat upon an annular shoulder
      surface 126 of the gripper tool 127. It may be assumed that a gripper tool
      with a fuel element gripper is involved. In such a gripper tool, the
      gripper pawls 128 are pivotable about bolts 129.
PAR  Short legs 130 which extend from the gripper pawls 128 at the level of the
      bolts 129 in the direction toward the center line 15, are engaged by rods
      131 which extend upwardly to a disc 132. The bars 131 are pivotally
      connected to the disc 132 which is vertically displaceably guided in a
      wide bore of the gripper tool 127. A compression spring 133 which rests on
      a yoke 134 within the gripper tool 127 tends to move the disc 132
      upwardly. In other words, the pressure spring 133 tends to hold the
      gripper pawls 128 in the closing position shown in FIG. 9.
PAR  The gripper tool 127 has an upwardly extending collar 135 the outer
      diameter of which is shorter than the width of the gripper tool 127 so
      that the gripper tool 127 forms an annular surface 136 sorrounding the
      collar 135. In the arrangement of FIG. 9, the gripper body 3 is placed
      upon the gripper tool 127 and the collar 125 which surrounds the collar
      135 rests on the annular surface 136. The gripper body 3 is in this
      connection connected to the gripper tool 127 through a snap closure. The
      snap closure is formed by balls 137 which are so arranged in recesses of
      the collar 125 that they are adapted against the thrust of the springs to
      escape radially outwardly to such an extent that they do not protrude
      relative to the cylindrical inner surface of the collar 125. In their
      closing position shown in FIG. 9, the balls 137 will in view of the
      pressure exerted by the spring extend into depressions of the collar 135
      and fit therein whereby the gripper body 3 is coupled with the gripper
      tool 127. The disengagement or uncoupling is brought about by pulling the
      gripper body 3 upwardly while the gripper tool 127 is secured in holding
      means 138 against a movement in vertical direction.
PAR  There also exists a non-yieldable connection between the gripper body 3 and
      the gripper tool 127 as shown in FIG. 10. According to FIG. 10, a ball 139
      engages a recess of the collar 135 in such a way that the ball protrudes
      relative to the circumferential surface of said collar. The collar 125 has
      its inner side provided with a vertical groove 140 into which the ball 139
      moves when the gripper body 3 is deposited upon the gripper tool 127.
      Subsequently, the gripper body 3 is turned relative to the gripper tool
      127 in such a way that the ball 139 enters a horizontal groove 141
      adjacent the vertical groove 140. In this way a bayonet connection is
      established between the gripper body 3 and the gripper tool 127.
PAR  Within the gripper body there is provided a pneumatic power operable device
      with a cylinder 142 and a piston 143 from which a piston rod 144 extends
      vertically downwardly. This piston rod 144 has its lower end provided with
      a coupling pivot 145 which has a diameter shorter than that of the piston
      rod 144. When the gripper body 3 in the manner illustrated in FIG. 9 is
      placed upon the gripper tool 127, the pivot 145 fittingly engages a sleeve
      146 which extends upwardly from the slide 132. This slide has been moved
      to its upper end position by spring 133. Also piston 143 is held in its
      upper end position by a compression spring 147 located in the cylinder
      142. Also between the pivot 146 and the sleeve 145 there is provided a
      snap closure. This snap closure is formed by balls 148 which are so
      mounted in recesses of the pivot 145 that they can escape inwardly in
      radial direction. In coupling position, the balls 148 are by springs
      radially pressed outwardly in to recesses which are provided on the inner
      surface of sleeve 146.
PAR  The snap closures 137 and 148 may be replaced by non-yieldable coupling
      elements.
PAR  As will be seen from FIG. 11, in openings of the collar 135 there are
      tiltably mounted pawls 160 which are pivotable about horizontal bolts.
      According to FIG. 11, the pawls 160 occupy a position in which they do not
      protrude relative to the cylindrical inner surface 149 of the collar 135
      and in which by a finger each they engage recesses 150 of the collar 135.
      In this way, the gripper body is positively coupled to the gripper tool
      127.
PAR  Pawls 160 are held in blocking position by a cylindrical slide 151 which is
      located at the lower end of a control bushing 152 embracing the sleeve
      146. Bushing 152 projects upwardly into a cylinder 153 which is located
      below the cylinder 142. Bushing 152 carries a piston 164 which is guided
      in cylinder 153. A pressure spring 155 acts upon piston 154 in such a way
      as to urge the same downwardly.
PAR  In recesses 156 of sleeve 146 there are provided pawls 157 which are
      located at the same level as the pawls 148 and are pivotable about
      horizontal bolts. In FIG. 11, the pawls 157 occupy a position in which
      they do not protrude beyond the outer surface of sleeve 146 and with a
      finger each engage recesses 158 of the coupling pin 145 so that they
      establish a positive connection between the piston 143 and the disc 132
      which serves for setting or adjusting the gripper pawls 128.
PAR  The annular slide 151 is provided with inclinations which in response to a
      lowering of the control bushing 152 by the compression spring 155 move the
      pawls 160 and 157 into the illustrated blocking position.
PAR  In order to disengage the gripper body 3 from the gripper tool 127 and to
      disengage the piston 143 from the disc 132, the piston 154 is by means of
      compressed air which is introduced into the cylinder chamber below said
      piston 154 moved upwardly against the thrust of compression spring 155.
      Consequently, the annular slide 151 frees the pawls 148 and 157 so that
      under the influence of non-illustrated springs they will be pivoted in
      counterclockwise direction (FIG. 11) in such a way that their fingers
      leave the recesses 150 and 156 respectively.
PAR  At any rate, the coupling of the gripper tool to the gripper body 3 is
      effected in such a manner that first the coupling pin 145 moves outwardly
      in downward direction by a distance from the gripper body 3 by introducing
      compressed air into the cylinder chamber above the piston 143. By lowering
      the gripper body, the coupling pin 145 is introduced into the sleeve.
      Consequently, the winch cables on which up to that time the gripper body 3
      was suspended is relaxed. If now compressed air is allowed to escape from
      the cylinder chamber above the piston 143, the gripper body will due to
      its weight move downwardly until it has been placed upon the annular
      surface 136. The coupling between the gripper body 3 and the gripper tool
      127 and also the coupling between the piston 4 and the disc 132 is in this
      connection effected either by the described snap closures 137, 148 or by
      means of the pawls 148, 157 by releasing compressed air from the cylinder
      chamber below the piston 154.
PAR  After the gripper tool 127 has been deposited in holding means, it is
      secured against a lifting out of said holding means. When the snap
      closures 137, 148 are provided, the separation of the gripper body from
      the gripper tool and the separation of the coupling pin 145 from the
      sleeve 146 is effected simply by a lifting movement.
PAR  When the bayonet joint according to FIG. 10 is provided, the gripper body 3
      must first be so turned that the ball 139 can pass through the vertical
      groove 140.
PAR  When the coupling is effected by the locking pawls 148 and 157, it is
      necessary that prior to lifting the gripper body 3 by compressed air,
      which is passed below the piston 154, the annular slide 151 be moved
      upwardly so that it frees the pawls.
PAR  The supporting balls 33, 55, 70 as well as the balls 49, 137 and 148 of
      snap closures, and the ball 139 are, when the radial bores or recesses
      receiving said balls are not closed off by blocking elements, prevented
      from dropping out. This is brought about by constriction of the radial
      bores or recesses at the exit sides.
PAR  It is, of course, to be understood, that the present invention is, by no
      means, limited by the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gripping device especially for use in connection with the placement of
      fuel elements and control bars of a reactor core; a tubular member, a
      gripper body moveable axially in said member, gripper tools adapted for
      being coupled to the lower end of said gripper body, a single power
      operable device in said gripper body for actuating said gripper tools,
      said gripper tools having like upper and lower guiding means, said upper
      guiding means being engageable by the lower ends of said gripper body,
      said lower guiding means being engageable with elements to be placed, said
      upper guiding means telescopically engaging the lower end of said gripper
      body, abutment means limiting said telescopic engagement, and connecting
      means substantially positively connecting the gripper body to a gripper
      tool in telescopic engagement therewith.
NUM  2.
PAR  2. A gripping device according to claim 1 in which said connecting means
      are carried by one of said gripper body and gripper tool on the side
      facing the other and forming a snap connection therebetween.
NUM  3.
PAR  3. A gripping device according to claim 1 which includes elements of
      bayonet latch means on said gripper tool and gripper body engageable by
      relative rotation between said gripper tool and gripper body when in
      telescopic engagement.
NUM  4.
PAR  4. A gripping device according to claim 1 in which said connector means
      includes radially moveable balls in said gripper body engageable with the
      gripper tool, and a slide in the gripper body to actuate said balls into
      gripper tool engaging position.
NUM  5.
PAR  5. A gripping device according to claim 4 which includes a spring biasing
      said slide toward locking position and remotely operable means connected
      to the slide for moving the slide away from locking position.
NUM  6.
PAR  6. A gripping device according to claim 5 in which said remotely operable
      means is a fluid motor, a valve connected to the motor, a lift connected
      to the gripper body for movement thereof vertically, means on the lift
      operated by lowering of the gripper body to actuate said valve into
      position to permit said slide to move away from locking position and to
      raising of said gripper body to cause said slide to move into locking
      position.
NUM  7.
PAR  7. A gripping device according to claim 4 in which said slide
      telescopically surrounds said power operable device.
NUM  8.
PAR  8. A gripping device according to claim 7 in which the said balls actuated
      by said slide are within the axial range of said power operable device,
      and are at all times held captive in said gripper body by said slide.
NUM  9.
PAR  9. A gripping device according to claim 1 in which said single power
      operable device is a fluid motor in said gripper body, spring means acting
      on the fluid motor in a direction to cause closing of said gripper tools,
      and remotely controlled means for actuating said motor in tool opening
      direction.
NUM  10.
PAR  10. A gripping device according to claim 1 which includes cooperating
      elements of a feeler means on said gripper body and gripper tool for
      indicating engagement of the tool by said body.
NUM  11.
PAR  11. A gripping device according to claim 1 which includes a reciprocable
      member connected to said power operable device for actuation thereby, a
      profiled region on said member, and a feeler in the gripper body engaging
      said profiled region for an indication of the actuated position of said
      member.
NUM  12.
PAR  12. A gripping device according to claim 1 which includes a first feeler
      pin in the gripper tool, a second feeler pin in the gripper body engaged
      by the first pin, and a feeler in the gripper body actuated by said second
      pin when the gripper tool engages a part to be moved thereby.
NUM  13.
PAR  13. A gripping device according to claim 1 which includes a frame extending
      transversely to the axis of said gripper body, at least two gripper tools
      moveable in said frame, and guide means for said frame dependent from said
      tubular member.
NUM  14.
PAR  14. A gripping device according to claim 13 in which said frame includes
      holding means for supporting said two gripper tools, each holding means
      adapted for presenting the respective gripper tool to said gripper body
      for engagement thereby, each holding means being moveable in the frame to
      clear the space beneath a gripper tool engaged by said gripper body.
NUM  15.
PAR  15. A gripping devide according to claim 14 in which said frame is
      connected to the lower end of said tubular member, guide means in said
      frame for guiding said holding means in the lateral direction of said
      tubular member, each holding means being moveable in the frame from a
      position of alignment with the gripper body to a position far enough away
      from said position to permit the other holding means to be moved into said
      position.
NUM  16.
PAR  16. A gripping device especially for use in connection with the placement
      of fuel elements and control bars of a reactor core; a tubular member, a
      gripper body moveable axially in said member, gripper tools adapted for
      being coupled to the lower end of said gripper body, a single power
      operable device in said gripper body for actuating said gripper tools,
      said single power operable device being a fluid motor in said gripper
      body, spring means acting on the fluid motor in a direction to cause
      closing of said gripper tools, remotely controlled means for actuating
      said motor in tool opening direction, said gripper tool having an
      adjustable body therein, said fluid motor including an element engageable
      with said adjustable body, and connector means for connecting said element
      to said adjustable body.
NUM  17.
PAR  17. A gripping device according to claim 16 in which said connector means
      is in the form of pivoted pawls.
NUM  18.
PAR  18. A gripping device according to claim 16 in which said adjustable body
      is spring biased toward tool unlocking position, tool actuating elements
      in said gripper tool, and spring means in said gripper tool biasing said
      tool actuating elements into abutting engagement with said adjustable
      body.
NUM  19.
PAR  19. A gripping device according to claim 16 in which said connector means
      comprise pawls pivotally mounted on the upper end of said gripper tool,
      recesses in the gripper body to receive the pawls, and a member carried by
      said gripper body and operable to move said pawls into said recesses upon
      reciprocation of said member on said gripper body.
NUM  20.
PAR  20. A gripping device according to claim 19 in which movement of said power
      operable device in tool locking direction also locks said pawls in said
      recesses.
NUM  21.
PAR  21. A gripping device according to claim 20 in which said power operable
      device is on the opposite side of said member from said gripper tool and
      includes a rod extending reciprocably through said member for actuating
      said tools between release and locking positions, and spring means biasing
      said rod in tool locking direction.
NUM  22.
PAR  22. a. A gripping device for use in connection with the placement of
      longitudinal bodies, especially of fuel elements and control bars of a
      reactor core, comprising:
PA1  b. a tubular member,
PA1  c. a gripper body movable axially in said member,
PA1  d. at least two various gripper tools each of which is determined for
      another group of longitudinal bodies and has upper guiding means,
PA1  e. the upper guiding means of all gripper tools being adapted to the same
      guiding means at the lower end of the gripper body,
PA1  f. in such a manner that selectively only one of said gripper tools may be
      attached to the gripper body in its operational position and coupled to
      the gripper body by connector means,
PA1  g. said gripper body containing a power operable device for actuating any
      one gripper tool which will be coupled to the gripper body.
NUM  23.
PAR  23. A gripping device according to claim 22 in which said various gripper
      tools further have lower guiding means adapted to guiding means at the
      upper end of longitudinal bodies to be placed, said upper guiding means
      and said lower guiding means of said gripper tools engaging the guiding
      means at the lower end of the gripper body and the guiding means at the
      upper end of longitudinal bodies respectively telescopically, abutment
      means limiting said telescopic engagement.
NUM  24.
PAR  24. A gripping device according to claim 22 in which said connector means
      includes radially moveable balls in said gripper body engageable with one
      gripper tool, and a slide in the gripper body to actuate said balls into
      gripper tool engaging position.
NUM  25.
PAR  25. A gripping device according to claim 24 which includes a spring biasing
      said slide toward locking position and remotely operable means connected
      to the slide for moving the slide away from locking position.
NUM  26.
PAR  26. A gripping device according to claim 25 in which said remotely operable
      means is a fluid motor, a valve connected to the motor, a lift member
      telescopically guided within and engageable with said gripper body for
      raising it, abutment means fixed to said lifting member in such
      arrangement that by lowering said lifting member relative to the gripper
      body said valve will be actuated into position to permit said slide to
      move away from locking position whereas by raising of said gripper body by
      said lifting member said valve will be actuated into position to cause
      said slide to move into locking position.
NUM  27.
PAR  27. A gripping device according to claim 25 in which said remotely operable
      means includes a reciprocable bar provided with a profiled region a feeler
      in the gripper body engaging said profiled region for an indication of the
      actuated position of said member.
NUM  28.
PAR  28. A gripping device according to claim 25 which includes a first feeler
      pin in the gripper tool, a second feeler pin in the gripper body engaged
      by the first pin, and a feeler in the gripper body actuated by said second
      pin when the gripper tool engages a part to be moved thereby.
NUM  29.
PAR  29. A gripping device according to claim 24 in which said slide
      telescopically surrounds said power operable device.
NUM  30.
PAR  30. A gripping device according to claim 22 in which said power operable
      device includes an adjusting element engageable with an adjustable body
      vertically shiftably guided within each gripper tool for actuating
      coupling means by which said gripper tool may be coupled to any one of
      said longitudinal bodies.
NUM  31.
PAR  31. A gripping device according to claim 30 in which said adjustable body
      is spring biased toward tool unlocking position.
NUM  32.
PAR  32. A gripping device according to claim 22 in which said connector means
      form a snap connection between said gripper body and any gripper tool.
NUM  33.
PAR  33. A gripping device according to claim 22 which includes elements of
      bayonet latch means on any gripper tool and said gripper body engageable
      by relative rotation between said gripper tool and gripper body when in
      telescopic engagement.
NUM  34.
PAR  34. A gripping device according to claim 22 in which said connector means
      comprise pawls pivotally mounted on the upper end of any gripper tool,
      recesses in the gripper body to receive pawls, and a member carried by
      said gripper body and operable to move said pawls into said recesses upon
      reciprocation of said member in said gripper body.
NUM  35.
PAR  35. A gripping device according to claim 34 in which said power operable
      device is arranged in said gripper body above said member and includes a
      rod extending reciprocably through said member and into a bore of an
      actuating body for actuating said tool between release and locking
      positions, further pawls pivotally mounted in openings of said actuating
      body engaging recesses in said rod, said member being operable to move
      said further pawls into said recesses.
NUM  36.
PAR  36. A gripping device according to claim 22 which includes cooperating
      elements of a feeler means on said gripper body and gripper tool for
      indicating engagement of the tool by said body.
NUM  37.
PAR  37. A gripping device according to claim 22 which includes a frame attached
      at the lower end of said tubular member and extending transversely to the
      axis of said gripper body, at least two gripper tools moveable in said
      frame.
NUM  38.
PAR  38. A gripping device according to claim 37 in which said frame includes
      holding means for supporting said two gripper tools each holding means
      adapted for presenting the respective gripper tool to said gripper body
      for engagement thereby, each holding means being moveable in the frame to
      clear the space beneath a gripper tool engaged by said gripper body.
NUM  39.
PAR  39. A gripping device according to claim 38 in which said frame includes
      guide means for guiding said holding means in the lateral direction of
      said tubular member, each holding means being moveable in the frame from a
      position of alignment with the gripper body to a position far enough away
      from said position to permit the other holding means to be moved into said
      position.
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ABST
PAL  An automatic loader for depositing parts in work holders mounted on a
      movable support for movement continuously and in succession relative to a
      station at which operations are to be performed on the parts while held by
      said work holders, comprising instrumentalities for receiving parts to be
      operated upon, move them in synchronism with the respective work holders
      and while so moving them deposit them in the work holders. Following
      deposit of each part the instrumentalities are returned to their initial
      positions for receiving a succeeding part. The loader is controlled by
      programming to operate cyclically once its operation at any stage of
      operation in a cycle of operation in the event that a part is not present,
      and there are safety releases operable under pressure or jamming of any
      parts during the operation to stop the loader.
PARN
PAR  This is a division of application Ser. No. 225,090, filed on Feb. 10, 1972
      now U.S. Pat. No. 3,805,944.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of conveyors provided with work holders for receiving and moving
      parts to a broaching machine and for holding the parts during the
      broaching operation as well as for other kinds of machining operations are
      known. Conveyors of this kind are generally loaded by a helper who stands
      at one end of the conveyor and as often as a work holder moves into
      position picks up the part to be operated upon and inserts it into the
      work holder. Such manual loading is extremely tedious and is an
      inefficient use of manpower. This invention relates to an automatic loader
      for eliminating manual disposition of the parts to be operated upon in the
      work holders. Further objects are to provide an apparatus for precision
      loading of the parts to be processed; to provide apparatus for loading
      while on the move and hence maximum capacity; to provide apparatus
      embodying release means for minimizing damage by reason of accidental
      lock-up between the parts and the travelling components of the loader; to
      provide apparatus which can be used not only to load but to unload the
      parts following processing; and to provide apparatus which can be quicly
      converted from automatic to manual use.
PAC  SUMMARY
PAR  As herein illustrated, the loader is designed for depositing parts in work
      holders mounted on a movable support for movement continuously and in
      succession relative to a station at which operations are performed on the
      parts while held by the work holders, comprising a stationary support
      adjacent the movable support relative to which the movable support
      travels, a picker at the stationary support adapted to pick up a part
      therefrom, means for effecting forward movement of the picker with a work
      holder on the movable support each time the work holder arrives at the
      stationary support a predetermined distance and then to return to said
      stationary support in time to be moved forwardly with the succeeding work
      holder, and means for causing the picker to deposit the part held thereby
      in the work holder during the forward movement. Means is provided for
      gravitationally delivering the parts to the stationary support in the form
      of an inclined chute supported with its lower end at the level of the
      stationary support. There is means opposite the lower end of the chute for
      stopping the parts gravitationally delivered onto the stationary support
      and means on the stationary support in the form of a reciprocal feeder
      operable to move the parts delivered thereto forwardly to the picker.
      There is means for guiding the parts during said forward movement and for
      stopping the foremost part in a position to be picked up by the picker.
      The picker is supported for reciprocal movement perpendicularly to the
      stationary support and is operable to pick up a part from the work support
      and dispose it in a predetermined oriented position with respect to the
      work holders.
PAR  There is means associated with the picker operable following lifting a part
      from the work support in the form of a plunger movable into engagement
      with members on the work holders to effect forward movement of the picker
      in consonance with the work holders, and means operable during said
      forward movement to cause the picker to deposit a part in the work holder.
      Following deposit of a part in the work holder the picker is returned to
      its initial position for receiving the next succeeding part. There is a
      presser foot situated beyond the place of deposit of the parts in the work
      holders operable by engagement with the parts as they pass therebeneath to
      press them into the work holders and beyond the presser foot a gauge
      member through which the parts pass operable in the event of misalignment
      to stop the loader. The foregoing instrumentalities comprising the feed
      chute, the reciprocal feeder and picker, including the stationary work
      support are supported by a frame member pivoted at its forward end with
      respect to the direction of the movable support to be moved upwardly away
      from the movable support in the event of jamming of a part between the
      work holders and the instrumentalities and/or to enable purposely lifting
      the instrumentalities from the movable work support to permit it to be
      manually loaded if desired. There is a carriage for moving the picker
      forwardly with the movable support on which the plunger for engagement
      with the movable support is pivotally mounted. A pivoted support mounted
      on the carriage and held at a predetermined position by yieldably
      interengaged blocks normally holds the picker and plunger in a vertically
      disposed position for engagement of the plunger with the members on
      successive work holders and movement of the picker toward the work holders
      to deposit parts in the work holders. In the event of excessive resistance
      to movement of the picker with a work holder the interengaged block
      becomes disengaged to permit the pivoted support to swing away from the
      work holder and thus to disengage the plunger from the member on the work
      holder.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is an elevation of the loader as seen from one side of the apparatus
      in its association with the conveyor;
PAR  FIG. 2 is an elevation as seen from the left end of FIG. 1 with parts
      broken away and parts in section;
PAR  FIG. 3 is a fragmentary elevation, to much larger scale, of that portion of
      the loader at the left end of the apparatus as seen in FIG. 1, located
      above the conveyor;
PAR  FIG. 4 is a horizontal section taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is an elevation, partly in section, taken on the line 5--5 of FIG.
      1;
PAR  FIG. 6 is a vertical section taken on the line 6--6 of FIG. 5;
PAR  FIG. 7 is a plan view of the loader;
PAR  FIG. 8 is a fragmentary plan view, to much larger scale, showing the
      carriage at its retracted position;
PAR  FIGS. 9, 10, 11 and 12 diagrammatically illustrate the operation of the
      picker fingers as disclosed in FIG. 5; and
PAR  FIGS. 13 to 20, inclusive, diagrammatically illustrate alternative forms of
      picker fingers.
DETD
PAR  Referring to the drawings (FIGS. 1 and 2), the loader 10 is shown mounted
      above a conveyor 12 for depositing parts in work holders 14 mounted on the
      conveyor for movement along a predetermined path relative to a station A
      at which operations are to be performed on the parts while held in the
      work holders such, for example, as broaching operations or machining
      operations. It is to be understood, however, that the loader may be used
      for depositing parts in work holders for other purposes or solely for the
      purpose of transporting the parts from one place to another.
PAR  The conveyor herein illustrated comprises spaced parallel chains 16--16
      (FIG. 2) entrained about sprockets 18--18 supported on horizontal shafts
      20--20 mounted at the opposite ends of a base frame 22 in suitable
      bearings 23, one of the shafts 20 being adapted to be connected to a drive
      motor (not shown) by means of which the conveyor may be driven
      continuously. The work holders 14 are mounted on the conveyor between the
      chains at uniformly spaced intervals by pins 24--24. As thus constructed,
      the conveyor has an upper horizontal run 26 along which the work holders
      travel from the left end toward the right, as illustrated in FIG. 1. The
      parts are deposited in the work holders near the left end, are moved
      toward the right end to and through the station A where they are operated
      upon, and from thence to the right end where thay are mechanically removed
      from the work holders or gravitationally discharged therefrom.
PAR  Each work holder 14 comprises a block 28 (FIG. 1) containing a recess 30
      into which a part is adapted to be deposited, having fixed and movable
      sides 32, 34, the movable side being adapted to be pressed against a part
      in the recess to clamp the part against the fixed side. As illustrated,
      the movable side is constituted by one end of a ram 36 mounted in a
      suitable longitudinally disposed passage 38 in the block for movement
      longitudinally therein. A cam bar 40 is mounted in a transverse passage in
      the block which intersects the longitudinal passage for engagement with
      the other end of the ram so that by movement of the cam bar transversely
      with respect to the ram the latter may be forced against the part in the
      recess to clamp the part or retracted to release the part.
PAR  The loader 10 is supported above the horizontal run of the conveyor near
      the left end on a pivotally supported rigid frame 42 comprising
      longitudinally extending, spaced parallel shafts 44--44 connected at one
      end to a transverse shaft 46 and at their opposite ends to a transverse
      beam 48. The transverse shaft 46 is journaled at its opposite ends in
      bearing blocks 50--50 at the upper ends of stanchions 52--52 which are
      secured to the base of the conveyor. The beam 48 rests on caps 54--54 at
      the upper ends of posts 56--56 secured to the base. As thus constructed,
      the frame is supported in a horizontal position above and parallel to the
      upper run of the conveyor upon the caps 54--54 by the gravitational effect
      of its weight and that of the loading instrumentalities but may be moved
      upwardly relative to the conveyor by swinging it upwardly about the axis
      of the shaft 46. The frame is stationary relative to the conveyor under
      normal operating conditions but may be lifted away from the conveyor when
      the occasion arises.
PAR  The frame 42 supports the instrumentalities comprising the loader adjacent
      the upper run of the conveyor and these instrumentalities comprise a
      stationary part support 58 (FIGS. 2, 3 and 6) on which parts are adapted
      to be deposited, a feeder 60 for moving the parts on the stationary
      support forwardly, a picker 62 for picking up parts from the stationary
      support and depositing them in the respective work holders, and a carriage
      64 for effecting movement of the picker with and relative to the conveyor.
PAR  The part support 58 comprises a platform 66 having transversely spaced side
      walls 68--68 (FIG. 3), the upper edges of which are attached by bolts 70
      to a horizontal plate 72, the latter comprising part of a depending
      bracket 74 bolted to the underside of the beam 48. The wall 68 at the
      right side of the platform constitutes a stop opposite the delivery end of
      a chute 76 mounted on the frame for gravitationally delivering parts onto
      the platform 66 at a position such that they are symmetrically disposed
      thereon with respect to the feeding means which will be described
      hereinafter. The pressure of successive parts in the chute holds the part
      on the platform firmly against the wall 68. The chute 76, as shown in FIG.
      3, is fastened to the frame by bolts 78 and has a cross-section adapted to
      guide the parts downwardly from a hopper (not shown) in the proper
      position for disposition on the platform.
PAR  The feeder 60 is mounted on the upper side of the platform between the side
      walls 68--68 for reciprocal movement and is connected for this purpose to
      the forward end of a piston rod 80 (FIG. 6) projecting through the forward
      end of a cylinder 82 bolted to the underside of the plate 72. The feeder
      is guided in its reciprocal movement between the side walls 68--68 on
      longitudinally spaced guides 84, 86 (FIG. 6) having arcuate upper surfaces
      88, 90 on which the feeder straddles. The space between the guides
      provides a transverse slot 92 on the platform into which a part gravitates
      from the chute. A detector bar 94 (FIG. 4) is pivotally supported at the
      left side of the platform on a pivot pin 96 with an end 98 situated at the
      place where the part is to be picked up. A spring 100 biases the end 98
      inwardly from the side wall 68 and if there is no part at this position
      such inward displacement actuates a limit switch L2 (FIG. 4) by way of an
      arm 102 integral with the bar to prevent further operation of the loader
      until a part is delivered to this position.
PAR  Forward movement of the part on the platform is limited by engagement with
      a vertically disposed plate 104 (FIG. 6) fixed to the forward end of the
      guide 86. As shown in FIG. 6 the distance between the place of delivery of
      a part to the platform and the place of pick-off is such that there are
      three parts resting on the platform, one at the place of delivery, one at
      the place of pick-off and an intermediate part.
PAR  The picker 62 (FIGS. 5 and 6) is supported by the carriage 64 for
      reciprocal movement on the shafts 44--44. The carriage 64 is comprised of
      sleeves 106--106 (FIGS. 7 and 8) slidably mounted on the shafts 44--44
      rigidly connected to each other by a transversely extending beam 108. The
      picker 62 is mounted on the carriage 64 for movement with the carriage on
      a vertically disposed plate 110 (FIG. 6) pivotally supported at its upper
      end (FIG. 5) for angular movement about a horizontal axis transverse to
      the direction of movement of the conveyor on trunnions 112--112 supported
      between members 114, 116 welded to the sleeves. The plate 110 has
      transversely spaced, rearwardly extending side walls 118--118, forming
      with the plate 110 a U-shaped, vertically disposed way in which is
      slidably mounted a slide plate 120 having spaced parallel, forwardly
      extending flanges 122--122 which fit within the side walls 118--118. Gibs
      124--124 fastened to the edges of the side walls 118--118 by screw bolts
      126 hold the slide plate 120 in the way. The picker 62 comprising the
      clamp fingers 128--128 and a support 130 therefor is mounted on the slide
      plate 120 for vertical movement relative to the plate 110 and the carriage
      64. Vertical movement of the picker 62 relative to the plate 120 is
      effected by a piston and cylinder assembly 132 mounted at the top of the
      slide plate 120 and is provided with a downwardly extending rod 134
      threaded into the upper end of a coupling 136, the lower end of which is
      threaded into a yoke 138 (FIGS. 5 and 6) which supports the picker clamp
      fingers. Vertical movement of the picker and slide plate 120 relative to
      the plate 110 is effected by a cylinder and piston assembly 140 bolted to
      the plate 110 which has a piston rod 142 projecting from its upper end,
      the upper end of which is connected to a horizontal bracket plate 144
      secured to the top of the slide plate 120. The aforesaid construction
      permits the picker clamp fingers to be raised from the part platform when
      the carriage is at the retracted position to close the picker clamp
      fingers on a part and lift the part away from the platform for movement
      forwardly with the carriage so as to clear the platform and to be moved
      downwardly to force the part held thereby into a work holder on the
      conveyor.
PAR  The picker 62 may take various forms which will depend to some extent upon
      the geometry of the part which is being processed. In FIG. 5 the picker
      comprises the yoke 138 connected to the lower end of the coupling 136 and
      a depending lug 148 pivotally supporting the picker linkage which
      comprises two links 150--150 and two links 152--152 pivotally connecting
      the clamp fingers 128--128. The links 150--150 are pivotally connected at
      their upper ends to the lug 148 and at their lower ends to the clamp
      fingers 128--128. The links 152--152 are pivotally connected to each other
      on an axis situated below the pivoted upper ends of the clamp fingers and
      at their lower ends to the clamp fingers intermediate their ends. The
      lower ends of the clamp fingers 128--128 have confronting sides which are
      adapted to be brought into engagement with the part to be picked up and
      are provided with pads 154--154 fixed thereto for engagement with the part
      to be picked up and are comprised of frictional material. A pair of gear
      sectors 156--156 are mounted on the links 152--152 intermediate their ends
      in mesh with each other. Downward movement of the piston in the cylinder
      132 through the coupling 136 moves the yoke 138 and hence the linkage
      comprising the links 150--150 clamp fingers 128--128 and links 152--152
      downwardly at a spacing such as to clear the opposite ends of the part
      resting on the part support and to bring the links 152--152 into
      engagement with a fixed stop 158 having downwardly divergent surfaces
      160--160. Engagement of the links 152--152 with the fixed stop 158 limits
      downward movement so that further downward movement of the yoke 138 causes
      the clamp fingers 128--128 to pivot at the ends of the links 152--152 into
      engagement with the part. The stop 158 embodies a pair of transversely
      spaced fixed locating members 162--162 situated above the part support and
      as the clamp fingers are lifted they raise the part into engagement with
      the locating members 162--162 so as to properly position the part for
      later disposition in the work support (FIG. 5), even though the initial
      grasp is somewhat uneven. The retractile capacity of the linkage is
      important because it guarantees an exact relationship between the part and
      the locating members on the travelling work holders. A pair of stops
      164--164 engaged by the clamp fingers 128--128, as they are raised from
      the work support, limit the upward rise, and therefore end the amount of
      lifting or "stripping" action of the clamp fingers relative to the part
      and continuing pressure from cylinder 132 holds the part firmly against
      the positioning members. The upward movement to effect such clamping is
      determined by the proportions of the linkage and the nature of the part.
      Following clamping the picker is moved forwardly with the carriage to a
      position to clear the part platform whereupon the picker is moved
      downwardly to deposit the part in a work holder and release the part.
      FIGS. 9 to 12 inclusive diagrammatically illustrate the linkage shown in
      FIG. 5 described above.
PAR  Several different forms of picker linkage are shown in FIGS. 13 to 20
      inclusive, which are considered basic. The rectractile capability of the
      illustrated structure is an important feature in that it guarantees an
      exact relationship between the part being handled and the locating
      surfaces on the work holders. The several linkages disclosed are designed
      to approach in performance some of the faculties and dexterity of the
      human hand. Some variations provide for more effective or increased
      amounts of lift while others provide for self-centering of the clamp
      fingers.
PAR  All of the linkages are supported above the part on the work support and
      gravity therefor affects the linkage in a direction which assists in
      closing action of the clamping fingers upon the part. The limit stops
      shown restrict the downward motion of the links and produce an initial
      centering of the clamping fingers at the beginning of the lifting
      operation and the limiting members insure orientation of the clamp parts
      for proper disposition in the work holders. If the linkage were to be used
      in an inverted manner the effects of gravity could be counteracted by use
      of suitable springs.
PAR  Referring specifically to the several kinds of linkage which may be used,
      FIG. 13 comprises clamp fingers 166--166 connected at their upper ends to
      the lug 148 by links 168--168 and intermediate their ends by links
      170--170. A tension spring 172 is connected between the upper ends of the
      clamp fingers 166--166 and stops 174--174 are provided below the links
      170--170.
PAR  In FIG. 14 the clamp fingers 176--176 are connected to the lug 148 by links
      178--178 and intermediate their ends by links 180--180. The links 180--180
      are pivotally mounted independently of each other. Stops 182--182 are
      provided below the links 180--180.
PAR  In FIG. 15 the clamp fingers 184--184 are connected by links 186--186 to
      the lug 148 and intermediate their ends to links 188--188, which have at
      their adjacent ends intermeshing gear sectors 190--190. This construction
      keeps the gripper fingers 184 and the part they grasp, centered about a
      vetical centerline through the linkage.
PAR  In FIG. 16 the clamp fingers 192--192 are connected by links 194--194 to
      the lug 148 and intermediate their ends by links 196--196. A locating
      saddle 198 is designed especially for a part having a curved surface and
      is provided with a concave bearing surface 200 for this purpose. The
      center-line of links 192 and the part is therefore established by locating
      saddle 198.
PAR  FIG. 17 shows clamp fingers 202--202 connected by links 204--204 and
      intermediate their ends by links 206--206. The links 204--204 have at
      their adjacent ends intermeshing gear sectors 208--208 for the purpose of
      keeping the linkage centered about a vertical center-line.
PAR  FIG. 18 shows clamp fingers 210--210 connected by links 212--212 to the lug
      148 and intermediate their ends by cross-links 214--214 which in turn are
      connected by links 216--216 to a vertically slidable part 218 movable in a
      fixed guide 220 for the same purpose of keeping the linkage centered about
      a vertical center-line.
PAR  FIG. 19 shows clamp fingers 222--222 connected by links 224--224 to the lug
      148 and intermediate their ends to links 226--226 pivoted at 228--228. The
      links 226--226 extend outwardly from the clamp fingers 222--222 and ride
      on fixed stops 230--230 situated below them.
PAR  FIG. 20 shows clamp fingers 232--232 connected by cross-links 234--234 to
      the lug 148 and intermediate their ends by links 236--236.
PAR  The various linkages operate substantially in the same way and hence a
      detailed description of the operation of each linkage is not considered
      necessary.
PAR  After clamping of a part the carriage 14 is moved forwardly in consonance
      with the conveyor. To effect such forward movement the plate 110 is
      provided with an extension 238 (FIG. 5) to which there is fastened a block
      240 in which there is supported for vertical movement a plunger 242. The
      plunger 242 is connected at its upper end to the lower end of a piston rod
      244 projecting from the lower end of a cylinder 246 bolted to the
      extension 238 by means of which the plunger 242 is projected downwardly to
      the level of the upper run of the conveyor. A block 248 is fastened to
      each work holder so that as the work holders move beneath the loader the
      block 248 will engage the lower end of the plunger 242 and move the
      carriage forwardly. A latch bar 250 is pivotally mounted at the lower end
      of the plunger 242 and is biased downwardly by a spring-pressed pin 252
      mounted on the extension 238. A toe 254 at the distal end of the latch bar
      serves to raise the latch bar as the block moves into engagement with it
      to permit the block to enter between the toe 254 and the rear side of the
      plunger and thus interconnect the carriage and the conveyor.
PAR  As was related above the plate 110 is pivotally mounted on horizontal
      trunnions 112--112 and is held in its vertically disposed position against
      a stop 256 (FIG. 5) by interengagement of blocks 258, 260 (FIG. 6). The
      block 258 is fastened to the block 240 and has an upwardly peaked tooth
      264 which is engaged with a V-shaped recess 266 in the block 260. The
      block 260 is mounted in a vertically disposed slideway above the block 258
      and is held yieldably engaged therewith by a spring 258a. As thus
      constructed if after the latch 250 engages a block 248 and for some reason
      or other the carriage will not move forwardly with the conveyor, forward
      pressure at the lower end of the plunger bar 242 will disengage the block
      260 from the block 258, allowing the plate 110 to swing forwardly relative
      to the slide member 114 which, in turn, allows the block 248 on the
      conveyor to move forwardly beneath the lower end of the plunger 242.
PAR  Assuming that there is nothing preventing forward movement of the carriage
      with the conveyor as the latter moves forwardly, the slide plate 120 and
      picker 62 are moved downwardly by means of the cylinder 140 to force the
      part held in the picker fingers into the work holder, whereupon the picker
      fingers are caused to release the part, the slide plate 120 and picker 62
      are raised and the carriage 64 is returned to its initial position.
PAR  Retraction of the carriage 64 is effected by a piston and cylinder assembly
      268 supported in a horizontal position on a bracket 270 fastened to the
      member 48, provided with a piston rod 272. The piston rod 272 is connected
      by a coupling 274 to a rod 276 which extends forwardly through an opening
      278 in a block 280 bolted to the carriage member 114. The rod 276 contains
      a beveled recess 282 within which there is held the beveled end 284 of a
      spring-pressed plunger 286, the latter being mounted in an opening 288 in
      the block situated at right angles to the opening 278. The recess and
      plunger provide a release coupling which will permit the rod 276 to be
      moved relative to the carriage in the event that the latter is prevented
      from moving or is moved forwardly by the conveyor beyond the extent of
      movement determined by the stroke of the piston in the piston and cylinder
      assembly. A bumper 271 (FIG. 8) comprising a spring-backed rod 273 is
      mounted in the beam 48 to bring the carriage to a stop as it is retracted.
PAR  If for some reason a part is not discharged from a work holder, that is, is
      carried around thereby to the loading end of the conveyor, jamming is
      automatically taken care of by the fact that the auxiliary frame 42 is
      pivotally supported at its forward end in respect to the direction of
      movement of the conveyor and so the upward movement of the part with the
      conveyor as it travels upwardly along the curved run at the left end of
      the conveyor, as viewed in FIG. 1, toward the auxiliary frame will exert
      pressure upwardly to lift it about the axis of the shaft 46. A limit
      switch L6 is provided which is operable by such upward movement to stop
      the loader thereby to enable the operator to remove the offending part.
PAR  As the part moves forwardly from the work holder after having been released
      by the picker final exact location for clamping up is accomplished by
      pressing the part downwardly into the work holder against a locating
      member situated therein by a presser foot 290 (FIG. 1) pivotally supported
      on the shaft 46 above the conveyor which has a lower surface 292
      substantially parallel to the conveyor situated at such a level as to
      force a part which is carried forwardly by the conveyor beneath it into
      the work holder. The presser foot 290 is biased downwardly by a spring 294
      and is provided with a stop 296 which, by engagement with the stanchions
      52--52, limit its lowermost position. Optionally, the clamping fingers may
      be employed to hold the part in its exact location in space within the
      work holder for clamping in that position.
PAR  Just beyond the presser foot 290 there is a gauge plate 298 supported at
      the lower end of a bar 300, the upper end of which is pivoted at 302 to
      the forward end of a bracket plate 304. The gauge plate is shaped to the
      contour of the part and if the latter is not seated properly, either
      laterally or heightwise, it will deflect the gauge plate 292, swinging it
      forwardly. Such forward movement will operate a limit switch L7 to stop
      the loader. If the part passes through the gauge plate 292 it is now
      rigidly clamped in the work holder by the cam bar 40 which, as previously
      related, is arranged transversely of the work holder and which is operable
      by transverse movement to apply longitudinal movement to the ram 36, one
      end of which enters the slot 30 in the work holder so as to apply clamping
      pressure to the part. Transverse movement of the cam bar 40 is effected by
      an impact hammer 306 (FIG. 7) pivotally supported at 308 on the frame
      alongside the conveyor, the impact of which is effected by a
      spring-pressed piston and cylinder assembly 310 from which projects a rod
      312 which is adapted to drive the hammer against the end of the cam bar
      40. The hammer 306 is cocked by movement of the end of the cam bar 40
      along a converging cam surface 314 and is released to apply impact to the
      end of the cam bar by a notch 316 at the end of the cam surface. The
      hammer is held against the rod 312 by a spring 313.
PAR  The part now being rigidly clamped in the work holder moves forwardly on
      the conveyor for the broaching operation at the station A. Following the
      broaching operation the part is released by an unlocking cam plate mounted
      on the opposite side of the conveyor which drives the cam bar in the
      opposite direction to unclamp the part. The unclamped part may be
      discharged gravitationally as it is carried over the end of the conveyor
      at the right end onto an inclined chute. Alternatively, the part may be
      mechanically picked out of the work holder by a picker similar to that
      which was employed as heretofore described to load the parts into the work
      holders.
PAR  The loader is programmed to operate cyclically and limit switches are
      provided which are operative in the absence of a part at a specific place
      at the right time in a cycle of operations or the failure of a component
      of the loader mechanism to be in its proper relation to other components
      to stop the loader.
PAR  In the normal cycle the feeder advances a part to the picker, the picker
      picks it up from the work support, the plunger is moved downwardly to
      engage a block on the conveyor, the carriage is moved forwardly by
      engagement of the plunger with the block in synchronism with the conveyor,
      the picker is moved down to press a part into a work holder on the
      conveyor and is caused to release the part and to be elevated and the
      conveyor is retracted to complete the cycle. Throughout the cycle each
      component of the mechanism, after having performed its function, moves
      back to its initial position in readiness for the next cycle of operation.
PAR  As referred to above, the successive operations are controlled by limit
      switches. Referring to FIG. 4 the presence of a part on the part support
      is detected by a limit switch L1 which signals the feed cylinder 82 to
      advance the part to the picker. At this stage the carriage is in its
      retracted position which places the picker directly over the part support
      in a position to receive a part moved forwardly on the part support by the
      feeder. As soon as the part reaches a position below the picker its
      presence is detected by a limit switch L2 (FIG. 4) which signals the
      cylinder 132 to cause the clamp fingers to close on the part and raise the
      part against the locating members 162--162. Downward movement of the
      picker linkage to grasp and raise the part into engagement with the
      locating members is detected by a limit switch L3 (FIG. 5) which signals
      the cylinder 246 to lower the plunger 242 into the path of the block 248.
      If a work holder should be damaged, the block is made so as to be readily
      removable and that work holder would be skipped and not loaded. When the
      block 248 engages the plunger 242 the carriage 44 moves forwardly in
      synchronism with the carriage. After moving a predetermined distance,
      approximately 15/8 inches, the slide plate and picker having moved far
      enough to clear the part support, a limit switch L4 (FIG. 7) detects its
      presence and signals the cylinder 140 to move the slide plate and picker
      downwardly to press the part into the work holder. If the picker slide
      completes its downward stroke, a limit switch L5, (FIG. 5) actuated by a
      cam 121, attached to slide 120, signals the cylinder 132 to cause the
      picker fingers to release the part, the cylinder 140 to raise the slide
      plate and picker and the cylinder 268 to move the carriage back to its
      initial position. The feed cylinder 82 in the meantime has again moved a
      new part to a position on the part support in readiness to be picked up.
      The cycle repeats every 21/4 seconds as long as parts continue to be
      delivered to the pick-up fingers.
PAR  If there is no part on the part support in a position to be picked up, the
      cycle is stopped by limit switch L2 and waits until on arrives. The
      pick-up cylinder 132 remains retracted and as a result the carriage
      remains stationary in its retracted position. The cycle will also be
      stopped if the number of parts in the chute falls below a minimum level as
      detected by a limit switch L6 (FIG. 2). This is necessary in order to
      provide sufficient thrust from gravity at all times to move parts onto the
      part support.
PAR  One of the important features of the apparatus is that in the case of
      malfunction the components that can be damaged, locked up or jammed by
      moving fixtures are readily displaced and may be swung away from the
      conveyor so as to minimize damage by means of the fact that the frame upon
      which the loader parts are mounted can be moved upwardly relative to the
      conveyor by upward pressure applied thereto and that in the event that
      hand loading is preferred for some reason, the automatic loading
      instrumentalities may be lifted away from the conveyor without in any way
      disassembling the component parts thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A loader for transferring work pieces from a work support to a moving
      conveyor, wherein a carrier is supported for reciprocation perpendicular
      to the work support and parallel to the conveyor, positioning means fixed
      to the carrier, first means for effecting movement of the carrier
      downwardly relative to the work support to engage the positioning means
      with the work piece resting on the work support, spaced gripper fingers
      mounted on the carrier for movement thereon relative to the positioning
      means from a position in which the fingers are spread apart to a position
      of engagement with the work piece when the latter is engaged with the
      positioning means, second means comprising a vertically reciprocable
      member, a first pair of links pivotally connected at one end to said
      member and at their other ends to the respective gripper fingers, a second
      pair of links pivoted at one end at a predetermined fixed position on the
      carrier and at their other ends to the respective gripper fingers
      intermediate the ends of the latter, and means for limiting downward
      movement of the gripper fingers to a predetermined level wherein the lower
      ends of the fingers extend below the positioning means opposite the work
      piece so that further movement of said first means operates to rock the
      gripper fingers about the second links into engagement with the work
      piece, said first means being operable thereafter to effect upward
      movement of the carrier, positioning means, and gripper fingers to lift
      the work piece from the work support.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the gripper fingers and links
      are symmetrically disposed with respect to the support and the pivot axes
      at the upper ends of the first an second links lie on a perpendicular to
      the support through the pivot axis connecting the upper ends of the first
      links to the support.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the gripper fingers and links
      are symmetrically disposed with respect to the pivot axis connecting the
      first links to the support, and the pivot axes of the lower ends of the
      links lie on spaced parallel perpendiculars to the support equally spaced
      from and parallel to a perpendicular to the support through the pivot axis
      connecting the first links to the support.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the upper ends of the second
      links are pivotally supported at a predetermined fixed position situated
      below the upper pivoted ends of the gripper fingers.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein the second links are pivoted on
      a common axis at said predetermined fixed position.
NUM  6.
PAR  6. Apparatus according to claim 4, wherein said second links are pivotally
      supported at said predetermined fixed position for pivotal movement on
      spaced parallel axes.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein there are meshing pinions
      mounted at the upper ends of said second links.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein there are meshing pinions fixed
      to the upper ends of the first links.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein the second links are pivotally
      connected to each other intermediate their ends and there are third links
      connected at one end to the distal ends of the second links and at their
      opposite ends to each other.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein the pivot axis connecting the
      upper ends of said third links is vertically moveable on a perpendicular
      through the pivot axis connecting the upper ends of the first links to the
      support.
NUM  11.
PAR  11. Apparatus according to claim 1, wherein said other ends of the second
      links are supported on pivots situated below the ends pivotally connected
      to the gripper fingers and situated laterally outwardly thereof.
NUM  12.
PAR  12. Apparatus according to claim 1, wherein the first links are crossed as
      they extend and are connected at their distal ends to the support.
NUM  13.
PAR  13. Apparatus according to claim 1, wherein there is a work holder on the
      conveyor and wherein the positioning means bears a predetermined relation
      to the work holder for depositing parts gripped by the gripper fingers to
      predetermined positions.
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ABST
PAL  A Full Depth Uncaser for automatically removing bottles from a case having
      a depth substantially equal to the bottle height, and delivering the
      bottles to a delivery conveyor. The Uncaser utilizes a system of
      individual grippers arranged in the general pattern of the bottles in the
      cases, with the various rows of grippers supported by continuous chains at
      each side of a gripper assembly. Each individual gripper utilizes an
      over-center toggle mechanism held to the open position by the toggle, and
      triggerable by the contact of the center member with the top of a bottle
      to allow a spring to cause the gripper to close on the neck of the bottle.
      Bottles are released onto the delivery conveyor by depression of the
      center member at that point to reset the over-center mechanism. Provisions
      for synchronizing the cases with the gripper motion as well as other
      features and improvements for such equipment are disclosed.
PARN
PAR  This is a continuation-in-part of application Ser. No. 305,709, filed on
      Nov. 13, 1972, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is related to the field of bottle handling apparatus,
      and more particularly to apparatus for removing bottles from a full depth
      case and delivering the bottles to a conveyor.
PAR  2. Prior Art
PAR  Bottle cases, as commonly used for soft drinks and the like, are generally
      characterized as one of two kinds. The first type of case is referred to
      as the half depth case, and is characterized by a depth which is only a
      fraction of the height of the bottles intended to be used in the case.
      Such cases generally provide for bottle separation and have handles on the
      ends thereof for lifting, but only extend part way up the bottles and
      support the lower part of each bottle in the sidewise direction. Thus, in
      stacking such cases, each case is stacked upon the tops of the bottles on
      a lower case. In terms of removing bottles from such half depth cases, the
      neck portion of each of the bottles is available without having to reach
      over the edge of the case, so that apparatus may be disposed to intercept
      and grasp the necks of the bottles as the cases pass thereunder. One such
      type of half depth uncaser is disclosed in U.S. Pat. No. 3,570,693 by John
      J. Peyton, issued Mar. 16, 1971 and assigned to Industrial Automation
      Corporation, Santa Barbara, California, the assignee of the present
      invention.
PAR  The second type of bottle case is characterized as having a depth
      substantially equal to, but generally slightly greater than the height of
      the bottles to be used therein, so that upon stacking, each case rests
      upon the top of the lower case, rather than upon the tops of the bottles.
      To unload bottles from such cases, apparatus must be provided for
      effectively reaching into the case to grasp the bottles and lift them
      therefrom. Thus, such apparatus may not be disposed so as to merely
      intercept the necks of the bottles, as the cases pass the apparatus, but
      instead some form of bottle gripper must be inserted over the edges of the
      cases to grasp each bottle therein, thereby requiring synchronization in
      the position and operation of the grippers with respect to the motion or
      position of cases within the case unloader.
PAR  There are two types of full depth uncaser grippers which are commonly used.
      The first type of gripper is characterized as having a substantially rigid
      outer cup-like structure, with the open portion directed downward so as to
      be disposable over the tops of the bottles. Within the top is a generally
      angular, flexible (usually rubber) inner wall sealed with respect to the
      top so that the region between the flexible inner wall and the cup may be
      pressurized to encourage the inner wall to a smaller diameter to close
      around the neck of a bottle. Thus, when the gripper is placed down near
      the neck of a bottle, there is clearance between the neck and the flexible
      inner wall. However, upon pressurization of the gripper, the inner wall
      moves inward to grasp the neck of the bottle and retain the bottle with
      respect thereto. Characteristically, this type of gripper is supported in
      a downward projecting direction by a rubber member supported by some form
      of continuous belt or chain system coordinated with respect to the motion
      of cases thereunder to reach into the cases, grasp bottles, lift them free
      of the case and deliver them to a delivery station.
PAR  The grippers described above operate well under most conditions. However,
      they have certain characteristics which cause occasional problems, and are
      subject to deterioration and puncture so as to require occasional
      replacement. By way of example, if a bottle in a case has a broken neck,
      the sharp edges may cut and puncture a gripper. Similarly, excessive
      pressure sometimes presented in an effort to increase the speed of
      operation of the device may result in deterioration and blow out of a
      gripper, particularly if the equipment is operated without bottles passing
      therethrough. Also, the screw cap bottles, also referred to as convenience
      closure bottles, as often returned with the caps thereon (as specifically
      requested) or at least loosely disposed over the tops of the bottles.
      Thus, the gripper may grip such a cap and remove it from the bottle but
      not release the cap at the position where the bottle should have been
      released, so that the cap remains in the gripper to jam the gripper from
      further operation. Also, if a bottle in a case is tilted or upside down,
      that bottle may force the corresponding gripper to the side so as to
      interfere with the proper disposition of surrounding grippers, thereby
      resulting in as much as one-half of the case or more not being unloaded as
      a result of the problem with merely one bottle in the case. Obviously,
      this equipment requires a substantial supply of compressed air, as well as
      expensive valving, plumbing, etc. to couple the air supply to the
      individual grippers and to coordinate the action of individual grippers.
PAR  The second type of full depth uncaser utilizes a purely mechanical gripper
      having a pair of gripping fingers spring-loaded to the closed position,
      but encouragable to the open position by the engagement of an actuating
      member with a cam surface as the grippers move along their predetermined
      track determined by a continuous chain system. These grippers are
      characterized as requiring considerable motion of the grippers along their
      predetermined paths of travel for the gripper to either open or close,
      since a significant length of cam engagement is required to force the
      gripper to the open position, or conversely to allow the gripper to
      smoothly return to the closed position. Consequently, such gripper follow
      a predetermined path characterized by motion having a substantial downward
      component to project the gripper into a case while the gripper is in the
      open condition, followed by a substantially horizontal motion during which
      time the gripper is allowed to close, then followed by motion having a
      substantial upward component to lift the bottle out of the case. Since all
      grippers are supported on a continuous chain arrangement, the horizontal
      component of velocity of the grippers during these three segments of the
      chain path cannot be equal, whereas the horizontal velocity of the cases
      under the grippers is uniform. Thus, such grippers are characterized as
      having some elongated characteristic in a longitudinal direction so as to
      allow some longitudinal motion of the bottles with respect to the
      grippers. Since the grippers must be accurately inserted into the case,
      the net result is that the grippers, and particularly the bottles, tend to
      drag against the edge of the cases when being lifted therefrom, resulting
      in substantial swinging of the bottles once free of the case. Also, such
      gripper tend to be mechanically complex, and close to a fixed position so
      as to grasp the bottles with varying degrees of security depending upon
      the exact size of the neck of the bottles. In this regard, the grippers
      are purposely fabricated so as to not firmly grasp the bottles, since some
      longitudinal sliding of the bottles in the elongated grippers is desired
      to accommodate the variations in the horizontal component of velocity of
      the grippers with respect to the cases.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A Full Depth Uncaser for automatically removing bottles from a case having
      a depth substantially equal to the bottle height, and delivering the
      bottles to a delivery conveyor. The Uncaser utilizes a first conveyor
      system for delivering cases full of bottles to a gripper system which
      grips the bottles, removes them from the cases and deposits the bottles on
      a delivery conveyor. The gripper system utilizes groups of individual
      grippers arranged in the general pattern of the bottles in the cases, with
      the various rows of grippers supported by continuous chains at each side
      of a gripper assembly. Each individual gripper utilizes an over-center
      toggle mechanism held to the open position by the toggle, and triggerable
      by the contact of a center member with the top of a bottle to allow a
      spring to cause the gripper to close on the neck of the bottle. Bottles
      are released onto the delivery conveyor by depression of the center member
      at that point. Gripping of individual bottles is rapidly achieved, with
      the horizontal component of velocity of the grippers being equal to the
      velocity of the case. Provisions for synchronizing the cases with the
      gripper motion as well as other features and improvements for such
      equipment are disclosed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the uncaser of the present invention.
PAR  FIG. 2 is a side view of the uncaser.
PAR  FIG. 3 is a cross-section of the input conveyor illustrating the drive
      means therefor.
PAR  FIG. 4 is a cross-section taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a cross-section taken along line 5--5 of FIG. 1.
PAR  FIG. 6 is a cross-section taken along line 6--6 of FIG. 5.
PAR  FIG. 7 is a cross-section taken along line 7--7 of FIG. 6.
PAR  FIG. 8 is a partial cross-section similar to the cross-section of FIG. 7
      illustrating the grippers in the open position.
PAR  FIG. 9 is a side view of a gripper illustrating the operation thereof upon
      incurring an obstruction.
PAR  FIG. 10 is a cross-section taken along line 10--10 of FIG. 7.
PAR  FIG. 11 is a typical cross-section of the transport means illustrating the
      manner of guiding the chains and cam members.
PAR  FIG. 12 is a cross-section taken along line 12--12 of FIG. 11.
PAR  FIG. 13 is a cross-section taken along line 13--13 of FIG. 11.
PAR  FIG. 14 is a cross-section taken along line 14--14 of FIG. 11.
PAR  FIG. 15 is a cross-section taken along line 15--15 of FIG. 1.
PAR  FIG. 16 is a cross-section taken along line 16--16 of FIG. 1.
PAR  FIG. 17 is a cross-section taken along line 17--17 of FIG. 1.
PAR  FIG. 18 is a top view of the guide track in the region 300 of FIG. 15.
PAR  FIG. 19 is a view of the sprocket 508 taken on an expanded scale.
PAR  FIG. 20 is a block diagram illustrating the case synchronizing control
      system.
PAR  FIG. 21 is a partial cross section of an alternate gripper design.
PAR  FIG. 22 is a view of the drive sprocket system for the alternate conveyor
      system for the present invention.
PAR  FIG. 23 is a top view of the conveyor of FIG. 22.
PAR  FIG. 24 is a cross section of the conveyor taken along lines 24--24 of FIG.
      23.
PAR  FIG. 25 is an exploded view of one of the cleats taken along the line
      25--25 of FIG. 24.
PAR  FIG. 26 is a view of the bottom of one of the cleat mounting members taken
      along line 26--26 of FIG. 25.
PAR  FIG. 27 is a circuit diagram of the case synchronizing system utilizing the
      alternate conveyor construction of FIGS. 22 through 26.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  First referring to FIGS. 1 and 2, a top view and a side view respectively
      of the present invention bottle uncaser may be seen. The Uncaser is
      characterized by an input conveyor, generally indicated by the numeral 20,
      a delivery conveyor, generally indicated by the numeral 22, and an
      uncasing head generally indicated by the numeral 24 and located on and
      supported by a frame assembly 26. The frame assembly as well as the input
      conveyor, generally integral therewith, is supported on adjustable feet
      28. On the frame assembly is a conventional drive motor means 30 and an
      elevation adjusting means for adjusting the relative elevation of a head
      24 with respect to the input conveyor 20 and delivery conveyor 22. The
      elevation adjusting means adjusts the elevation of plates 30 and
      particularly yokes 32, in which the uncasing head 24 rests by means of
      pins 36. This elevation adjusting means is comprised of cylindrical
      members 28 slideably engaging the frame assembly and driven in vertical
      motion by lead screws, such as lead screw 40, to adjust the elevation of
      the uncasing head. The screws for all four support points are driven by a
      common chain drive system, so that both the forward and rear portion of
      the uncasing head are adjustable simultaneously in accordance with the
      size of the bottle being uncased. The elevation adjusting means is
      described in more detail in the patent entitled Case Unloading Machine
      U.S. Pat. No. 3,570,693, heretofore referred to. The plates 30 on the
      forward lower adjustment means have an integral downward extension 42,
      with a support yoke 44 attached to the piston of a compressed air
      cylinder-piston assembly 46 supported on the downward extension 42. The
      purpose of this support yoke 44 is to provide a support and adjustment
      means for a half depth uncasing depth of the type disclosed in the
      hereinabove mentioned patent, with the air cylinder 46 providing one of
      the features covered in that patent. Thus, the basic frame assembly 26,
      together with the input conveyor 20 and the output conveyor 22, may be
      utilized with the uncasing head 24 of the present invention, or may be
      utilized to uncase half depth cases utilizing an uncasing head as
      described in the heretofore mentioned patent.
PAR  The delivery conveyor, generally indicated by the numeral 22, is a conveyor
      of generally conventional construction driven by the drive motor 30, and
      is provided with side fences 48 to prevent the accumulation of bottles on
      the conveyor from forcing the bottles off the side thereof. Thus the
      bottles are deposited on the conveyor to be delivered to a bottle washer
      or other apparatus as may be appropriate in the particular application.
PAR  The metal chain conveyors for the input conveyor are similar to that used
      for delivery conveyor. However, three conveyor chains are actually used.
      There is provided a relatively wide center conveyor chain 50, with
      narrower side chains 52 disposed on each side thereof. The chain 50 is at
      a slightly higher elevation than the chain 52, and in fact is driven at a
      slightly higher linear speed than the chains 52. Thus the cases 54 rest on
      the center chain 50 and are driven or carried along thereby.
PAR  FIG. 3 presents a cross-section of the input conveyor 20 at the sprocket
      drive position for the chains 50 and 52. The sprocket drive is provided by
      conventional drive means driving shaft 56 in rotation. Shaft 56 drives a
      central sprocket 58 driving chain 50, and a pair of side sprockets 60
      driving the side chains 52. It is to be noted that all three sprockets are
      driven at the same angular velocity. However, sprocket 58, being larger in
      diameter, has a higher surface speed, and therefore drives chain 50 with a
      higher linear velocity. Each of the chains 50 and 52 rest on support
      members such as members 62, with intermediate self lubricating plastic
      members 64 minimizing wear and frictional drag on the chains.
PAR  Adjacent the inner edge of the outer chains 52 are blocks 66, which may
      also be seen in the cross-section taken along lines 4--4 of FIG. 3. The
      blocks 66 have a substantially vertically disposed face 68 directed so as
      to engage cases resting on chain 50, when those cases catch up to a
      respective pair of blocks 66 as a result of the higher speed of the center
      chains supporting the case. Thus it may be seen that cases resting on
      chain 50 between two pair of blocks 66 on the smaller chains will move at
      a higher velocity linear than the blocks until catching up with the blocks
      66, at which time the velocity of the case and its position on the
      conveyor system will be determined by the velocity and position of the
      blocks 66.
PAR  It is to be noted in FIG. 4 that the back surface of the blocks 66, that is
      surface 70, is an inclined surface. While this has certain structural
      advantages, it also is functional in that in the event of any misadventure
      occurring under the uncaser head 24, an operator may grasp a case 54 as it
      is just about to enter the uncasing head and hold it at that point, with
      the blocks 66 encouraging the cases to an upward position to allow the
      blocks to slide thereunder as the input conveyor system continues to
      operate.
PAR  The smaller chains 52 extend outward to the position generally indicated by
      the numeral 72 (FIG. 1). The larger center chain 50, however, extends
      outward to the position indicated by the numeral 74. Beyond that position
      may be a conventional roller or ball bearing type unpowered delivery
      conveyor 76. Thus, cases such as cases 54a and 54b may be delivered by
      unpowered conveyor 76 to first engage the larger center chain 50 to be
      carried along thereby. Prior to position 72, there is provided a pair of
      sidewise moveable members 78, facingly disposed and driveable into clear
      separation by compressed air cylinders 80 supporting and driving each end
      of the members 78. The members 78 are covered on their inward faces with
      rubber so as to be frictionally engageable with the sides of cases to
      retain the cases at that position, allowing the chain 50 to slide
      thereunder.
PAR  There is further provided three photoelectric sensors 82, 84 and 86. These
      sensors, as shall be subsequently described in detail, are for sensing the
      position of cases 54 to provide for the timely release of case 54a with
      respect to the cooperative position of a pair of blocks 66 on the smaller
      chains, so that the released case will come to rest against the blocks
      before entering under the uncaser head 24.
PAR  Now referring to FIG. 5, a cross section taken along lines 5--5 of FIG. 1,
      illustrating the basic operation of the uncasing head 24, may be seen. The
      uncasing head utilizes a pair of continuous chains, indicated by the
      numeral 90, at each side thereof, with the chains being guided in a
      predetermined path by a combination of sprockets 92, 94, 96 and 98 as well
      as by various slide tracks between sprockets to support and guide the
      chain. Mounted between the chains are a plurality of cross bars 120, each
      supporting grippers 100, which are adapted to grip the necks of the
      bottles just below sprocket 98, to support the bottles as they are lifted
      from the cases, and to release the bottles as the grippers pass by rollers
      102 mounted on the same shaft as the sprockets 94.
PAR  The construction of the individual grippers is illustrated in FIGS. 6
      through 10. FIG. 6 is a view taken along line 6--6 of FIG. 5, illustrating
      the general orientation of the grippers in the uncaser with respect to the
      path of the cases thereunder. In particular, two gripper members 104 are
      adapted to close on the neck of a bottle 106, with the gripper members 104
      being split into separate members along a plane inclined at 45 degrees
      with respect to the directional motion of the cases, generally indicated
      by the arrow 108. The purpose of inclining the grippers in this manner is
      to allow the greater separation of the gripper members 104 when the
      gripper is in the open condition without interference with the adjacent
      grippers. This 45.degree. inclination is also indicated in FIG. 5.
      However, in the remaining figures, that is FIGS. 6 through 10, for
      purposes of illustration and clarity, the plane separating the two gripper
      members 104 has been oriented in the fore and aft direction so as to allow
      a more illustrious description of the operation of the grippers. Such an
      orientation is of course both operative and satisfactory, though the
      45.degree. inclination previously described allows greater room,
      particularly for gripper patterns for smaller bottles.
PAR  The grippers are comprised of first and second gripper members 104,
      together approximately defining an annular structure. Each of the gripper
      members 104 extend upward into an appropriately disposed support member
      110, and are rotationally supported thereby by pins 112. Thus, the gripper
      members 104 may rotate about the pins from a closed position as indicated
      in FIG. 7 to an open position, indicated in FIG. 8. The gripper members
      104 are provided with rubber inserts 114, disposed so as to be engageable
      with the neck or top of a bottle to provide increased friction therewith
      and to cushion the impact of the gripper members onto the bottle top. The
      support members 110 are retained to a metal cylindrical member 116 by a
      pin 118. The cylindrical members 116 extend upward to be retained by a
      cross member 120, forming a portion of the transport means, by a pin 122.
      The cylindrical member 116 has a slot 124 therein so as to be moveable,
      within limits, in a vertical direction. A coil spring 126, extending
      between member 110 and a cross member 120, yieldably encourages the
      gripper assembly into the position shown in FIG. 7, but upon striking an
      object such as the base of an upside down bottle 128, the gripper assembly
      may move upward with respect to the cross bar 120 by the compression of
      the coil spring, as shown in FIG. 9.
PAR  Within the cylindrical member 116 and extending downward between the two
      gripper members 114 is an actuator member 130. This member extends upward
      above the top of cylindrical member 116 and downward so as to be
      engageable with the top of a bottle as shown in FIG. 7. The actuator
      member 130 is adapted for vertical motion within the limits defined by the
      slot 132 in the actuator member through which pin 118 passes. The actuator
      member 130 also has a slot 134 through which pin 122 passes, so as to not
      restrict motion of the actuator member by the pin 122. The actuator member
      has a large slot 138, with cooperatively disposed slots 140 in the gripper
      members 104. Within these slots are a pair of coupling members 142 each
      coupled to the actuator member and one of the tripper members at the ends
      thereof by pins 144. Adjacent the bottom of slots 140 (the slot being
      somewhat narrower in this region) is a coil spring 146 loaded in tension
      and supported as shown by pins 148. Thus, with the actuator member in the
      position shown in FIG. 7, coil spring 146 encourages the two gripper
      members into closer separation, thereby forcing the rubber inserts 114
      against the top portion of the neck of a bottle 99. When engaging a bottle
      as shown, pin 118 not quite engages the bottom of slot 132, so that the
      actuator member 130 will not restrict the closing of the gripper members
      114.
PAR  The cross members 120 are supported at the ends thereof by the chains 90
      (FIG. 5) in a manner to be subsequently described in greater detail.
      However, it is to be noted that at the release point for the bottles, the
      cross bars 120 pass under rollers 102 which are aligned with the grippers.
      This is shown in detail in FIG. 8, where it is shown that a roller 102 is
      disposed so as to engage and depress the top of the actuator member 130,
      thereby forcing the gripper members 104 to the open position and further
      deflecting the coupling members 142 past "center" so as to lock the
      gripper assembly at that condition by the orientation of the coupling
      members 142, the coil spring 146 and the engagement of pin 118 with the
      top of the slot 132 in the actuator member. It should be noted also that
      when the gripper is open, as shown in FIG. 8, thereby releasing the bottle
      99, the gripper may still be forced upward against the coil spring 126 in
      the same manner as shown in FIG. 9. Further, it should be noted that since
      the gripper is normally supported by the engagement of pin 122 with the
      top of slots 124 in member 116, thereby supporting the assembly fore and
      aft of the actuator member, engagement of the actuator member 130 with the
      roller 102 provides an aligning force on the gripper, encouraging it to
      remain in the vertical orientation.
PAR  When a gripper progresses to a position just below sprocket 98 (FIG. 5) the
      lower end of the actuator member 130 will engage the top of bottle 99 so
      as to be forced slightly upward, thereby tripping the over-center
      mechanism and allowing the coil spring 146 to pull the gripper members 104
      against the side of the neck of the bottle, and forcing the actuator
      member 130 further upward. Thus it may be seen that the gripper members
      104 are coupled to an over-center mechanism or toggle mechanism, which may
      retain the grippers in the open position but allow the rapid triggering of
      the mechanism for the engagement of the actuator member with the top of a
      bottle to provide almost instantaneous gripping of the neck of a bottle.
      In the event no bottle is disposed beneath the gripper as it passes
      sprocket 98, the gripper will remain in the open condition until again
      passing sprocket 98 and engaging a bottle. Similarly, once the grippers
      are opened by roller 102, they will remain open until engaging a bottle so
      as to close. Thus it may be seen that the rubber inserts 114 both cushion
      the impact of the gripper members 104 with the neck of the bottle, and
      further provide a relatively high frictional force therewith, (the gripper
      members 104, coupling members 142 and the actuator member 130 in the
      preferred embodiments are of the self lubricating molded plastic).
PAR  The lower portion of the gripper members have a chamfer 150 thereon so as
      to encourage the alignment of the gripper with the top of a bottle as it
      proceeds downward into a case. For this to be accomplished in the event of
      misalignment, a bottle neck may generally be horizontally deflected for
      gripping. To further accomodate this action, the hole in the cross member
      120 through which metal cylindrical member 116 passes is purposely made a
      predetermined amount larger than the cylindrical member so as to allow for
      some sidewise deflection of the lower portion of each gripper to align the
      gripper with the bottle. This sidewise motion, however, is limited by the
      binding of cylindrical member 116 with the hole so as to prevent the
      sidewise deflection from being excessive as to interfere with the
      operation of the neighboring grippers.
PAR  Now referring to FIGS. 11 through 14, and with reference to FIG. 5, certain
      of the details of the transport means may be seen. Each of the cross
      members 120 has a small metal endplate 152 fastened thereto. A cam member
      154 has an axle pin 156 fastened thereto by a retaining pin 158. The axle
      pin 156 extends through a hole in the endplate 152 and is retained with
      respect to the endplates by a coil spring 160 and snap ring 162. Thus, cam
      member 154 is yieldably encouraged toward engagement with endplate 152. A
      pair of balls 164 are disposed in pockets in the face of cam member 154,
      so as to be encouraged into mating holes 166 in the endplate. Thus, the
      cooperative function of these parts is to provide a detent by the
      engagement of the balls with the openings 166 to yieldably lock the cam
      members 154 in a predetermined position with respect to the endplate.
      Thus, if cam members 154 are restrained to their rotation, endplates 152
      may be forced by an inadvertant extraordinary force to rotate from the
      detent position, though the endplates will remain in the detent position
      under normal conditions, so that an extraordinary requirement may be
      required to do so.
PAR  The axle pin 156 extends outward into a hole 172 in a chain slide member
      170. The chain slide member 170 in turn has a pair of pins 174 pressed
      therein which pins have a spacing so as to be insertable into a pair of
      hollow pins of the chains 90 providing the basic drive for the transport
      system. The lateral disposition of the grippers and the number of grippers
      disposed on a crossbar 120 will depend upon the lateral distribution of
      bottles within a case. Similarly, the longitudinal disposition of bottles
      within the cases will determine the separation between adjacent crossbars.
      Since the spacing of bottles may not be in fixed relation to the chain
      length dimensions in the preferred embodiment, three functionally
      equivalent but dimensionally different chain slide members 170 are
      provided so that the cross members 120 may be spaced within a matter of
      few tens of thousandths of an inch from the ideal location. In particular,
      the holes 172 in these three chain slide members are located at different
      positions with respect to the pins 174 therein. Thus, since none of the
      chain slide members have the pins centered, six cross bar positions may be
      selected by using either of two positions for either of the three standard
      chain slide members. Also, obviously changes in spacing may be readily
      made, if necessary, due to the lack of permanent attachment to the chains.
PAR  Now referring specifically to FIG. 11, it will be noted that each of the
      side plates 200 of the uncase head assembly 24 are provided with channels
      defined by channel plates 202 having a self lubricating plastic liner 204.
      These channel plates are generally provided throughout the path of travel
      of the chains 90. The channel plates retain chain 90 at both sides of the
      assembly. On the right hand side of FIG. 11, it may be seen that the
      channel plates further extend in and provide a slide for chain slide
      members 170. On the left hand side of this figure, the channel plates
      provide a slide region not only for the chain slide members 170, but
      further extend inward to provide a slide region for cam members 154. Thus,
      cross member 120 is restrained in rotation about a horizontal axis in FIG.
      11 by the retention of the cam member 154 between the channel plates on
      the left hand side of the figure. Thus, this figure is representative of
      the cross sections in the transport means between the sprockets 96 and 98
      (FIG. 5). Accordingly, cam members 170 on one side of the uncaser head
      (the left side) engage a restraining track in the region between sprockets
      96 and 98 so as to retain the cross members 120 in a horizontal
      disposition in that region (e.g., the grippers in a vertical disposition).
      Cross-sections taken along lines 12--12 and 13--13 of FIG. 11 showing the
      two sides and the disposition of the cams are shown in FIGS. 12 and 13
      respectively. For purposes of clarity, the various cam members 154 and
      chain slide members 170 are identified in some of the following figures by
      the appropriate numerals folled by an L or R to designate the left or
      right sides of the transport means as viewed in the direction of movement,
      i.e. from input conveyor 20 toward delivery conveyor 22. Thus, in FIG. 12,
      the cam member 154L may be seen in line with the chain follower 170L (not
      shown) immediately therebehind. In FIG. 13 the cam member 154R on the
      right side of the assembly may be seen not aligned with the (narrower)
      track or the chain slide member 170R riding therein. Thus, it may be seen
      that the angular disposition of cross member 120 about a horizontal axis
      may be controlled by the engagement of either cam members 154L or 154R
      with extentions of the chain slide track, with FIG. 11 specifically
      illustrating the alignment of cross member 120 by the left cam member 154
      designated 154L in FIG. 12.
PAR  Now referring to FIGS. 15, 16 and 17, further details of the transport
      means may be seen. FIG. 15 is a cross-sectional view taken along lines
      15--15 of FIG. 1, showing the right side of the transport means. FIGS. 16
      and 17 are cross-sections taken along lines 16--16 and 17--17 of FIG. 1,
      illustrating the left side of the transport means. As a typical cross
      member 120, such as member 120a shown in FIG. 16, proceeds through the
      region between sprocket 96 and sprocket 98, it is maintained in a
      horizontal disposition and therefore the grippers in a vertical
      disposition by engagement of cam member 154L with the channel plates
      defining the chain slide region. In the region of sprocket 98, the
      grippers grip the bottles as hereinbefore described. Similarly, at
      sprocket 98 as well as in positions beyond sprocket 98, such as the
      position of the cross member 120b, neither cam member is guided or
      restrained (though the chain slide members are always guided on both sides
      of the transport means), so that the cross members and the gripper
      maintain their horizontal and vertical dispositions respectively as a
      result of the high pendulosity thereof (caused by the bottles hanging
      therebelow though the pendulosity in the grippers along is adequate for
      this purpose). It should be noted that in the region between sprockets 96
      and 98, the grippers proceed downward at a relatively high rate due to the
      angle of the track in this region, and further rapidly change direction
      because of the relatively small size in the sprocket 98 to then proceed
      upward at the same angle. Consequently, the horizontal component of
      velocity of the grippers in the downward portion of the transport means
      path in this region is equal to the horizontal component of the grippers
      in the upward portion of their motion beyond sprocket 98. Consequently,
      there is not significant relative horizontal component of velocity between
      the grippers and the cases, as they proceed under the region of sprocket
      98. Thus, there is no tendency to longitudinally drag the bottles with
      respect to the cases or the cases with respect to the bottles, unlike the
      prior art systems. The lack of said dragging is made possible by the rapid
      gripping action of the individual gripper upon initial contact with the
      bottle, which in turn avoids any significant substantially horizontal
      section of track in place of sprocket 98.
PAR  There is provided a skate like member 250 (FIGS. 2 and 5) disposed just
      above the path of the cases in the region of gripping, and further
      disposed so that the bottles pass to either side thereof. This member
      assures that the cases and/or bottle separators within the cases are not
      allowed to rise as the bottles are lifted out of the cases. Once the
      bottles are lifted free and clear of the cases, the chain guides curve in
      a region generally indicated by the numerals 252 to define a short section
      of horizontal track. Slide members 254 and 256 are disposed so as to
      engage the cross members 120 in this region, to assure that they are
      horizontal. Accordingly, as the chains pass around sprockets 94, the
      rollers 102 aligned with each longitudinal row of the grippers, depress
      the actuating members 130 to open the grippers and release the bottles,
      thereby allowing the bottles to freely rest on the delivery conveyor. At
      the same time, as may be seen in FIG. 15, the right hand cam member 154R,
      will engage and be guided by the track in the region between the rollers
      102 and the end sprocket 92, thereby assuring that the cross members 120
      are maintained in horizontal position during this portion of the path to
      avoid tipping over the bottles deposited on the conveyor.
PAR  Mounted on the same shaft as sprocket 92 and aligned with the trajectory of
      a portion of the cam member 154R is a circular member 260, which will
      engage the cam members 154R, causing them to rotate with the member 260
      until being deposited into an upper return track, generally indicated by
      the numeral 262. The return track has a lip member 264 projecting past the
      edge of member 260 so as to engage the cam followers at the point to
      assure that they properly enter the return track.
PAR  As may be seen from FIG. 5 the grippers as they enter the return track are
      not at the proper angle with respect to the chain tracks to eventually
      project perpendicularly downward into the cases at the pick-up point under
      sprockets 98. Consequently, the angle of the grippers with respect to the
      chain track must be changed from that of the region generally indicated by
      the numeral 270 to that in the region generally indicated by the numeral
      272. To accomplish this, the determination of the angularity of the cross
      members 120 must be changed from the right hand cam member 154R to the
      left hand cam member 154L. To accomplish this change over, the slide in
      which the cam members 154R are guided in the initial return path into an
      expanding region, generally indicated by the numeral 300 (FIG. 15),
      thereby gradually releasing the previous guidance of the cam members. At
      the same time, the left hand side of the transport means (FIG. 16) is
      provided with a decreasing taper in the cam buide region, generally
      indicated by the numeral 302, so as to gradually change the guidance of
      the cam members 154 from the right hand side to the left hand side,
      thereby changing the angularity of the cross members 120 as shown. The top
      view of the right hand track in the region 300 may be seen in FIG. 15. It
      may be noted therein that the track in the region 320 is sufficiently wide
      to engage both the chain slide member and the cam member, with the area
      322 engaging the cam member tapering and finally terminating so that the
      track in the region 324 only engages the chain slide member and not the
      cam member.
PAR  Like sprocket 92, sprocket 96 also has a circular member 306 attached
      thereto to guide the cam members 154L around the sprocket into the section
      of track leading to the pickup point below sprocket 98. To insure smooth
      transition of the cam member on and off the circular member 306,
      projections 308 and 310 adjacent the edge of the circular member 306 guide
      the cams in this region.
PAR  There has heretofore been described a unique gripper for gripping
      individual bottles by the tops thereof, together with a continuous
      transport means for causing the grippers to engage the necks of bottles in
      cases passing thereunder on a first conveyor, and depositing the bottles
      onto an output conveyor. To achieve the desired result, cases must be
      appropriately released by the members 78 (FIG. 1) in coordination of the
      motion of the smaller chains 52 in the input conveyor, so that the cases
      are aligned with the sets of grippers in the uncasing head. To achieve
      this result, the photosensors 82, 84 and 86 are used to sense the position
      of the chain and/or cases and to cause members 78 to release cases at the
      appropriate time. In particular, each of the photo cells 82, 84 and 86
      provide a signal to a control circuit 400, as shown in FIG. 20. The
      control circuit 400 combines the signals in a predetermined manner to
      provide a control signal to a solenoid valve in the compressed air line
      coupled to cylinders 80. Of course, other actuators for members 78 may
      also be used if desired.
PAR  Photo cell 82 is positioned so as to sense a case located between members
      78. Photo cell 84 is positioned to sense the passage of a pair of
      reference blocks 66 in the smaller chains, and photo cell 86, positioned a
      case length forward of photo cell 82, is positioned at an elevation so as
      to sense passage of a case, but not the passage of only a pair of
      reference blocks 66. Whenever the photosensor 82 is light, members 78
      should be in the withdrawn position, since such a condition indicates that
      no cases are either in proper position between members 78 or are passing
      beyond that region toward the uncasing head. When the first case reaches
      the photosensor 82, the control circuit will cause members 78 to close on
      the case to retain it at that position. When the photosensor 84 senses the
      passage of a pair of reference blocks 66, the control circuit will cause
      members 78 to be withdrawn to release one case which eventually will catch
      the corresponding pair of blocks. It will be noted, however, that assuming
      there is a supply of cases behind the case released, a steady stream of
      cases would be delivered to the uncaser, thereby keeping both photo
      sensors 82 and 84 dark and holding members 78 in a withdrawn position. To
      avoid this, the photosensor 86 is provided to sense the passage of cases
      thereby. Thus, when photosensor 86 first goes dark, the control circuit
      causes members 78 to close on a case. A time delay in the control circuit
      causes photosensor 86 to maintain members 78 in a closed position until
      the end of the case sensed by photosensor 86 at least passes the
      photosensor 84, at which time photosensor 84 itself will cause members 78
      to be in the closed position until sensing a subsequent pair of reference
      blocks 66. Thus, it may be seen that the signals of the photosensors are
      logically combined in the control circuit, to cause the periodic opening
      and closing of members 78 to release cases in a coordinated manner with
      respect to the reference blocks 66 on the small chains, so that cases may
      be delivered to the uncasing head in synchronization with the operation of
      the transport means in the head.
PAR  Since the transport means in the uncasing head must be synchronized with
      the input conveyor system, a means should be provided to advance or retard
      the operation of the uncasing head to achieve this synchronization. In the
      preferred embodiment, the uncasing head drive is provided through a driven
      sprocket 500 and chain 502 with an idler sprocket 504 and a second idler
      sprocket 506 to allow for a chain pick-up during adjustment of the height
      of the uncasing head. Sychronization may be achieved in part by changing
      the engagement of chain 502 by the desired number of links with respect to
      the teeth of sprocket 508 on the uncasing head. To provide for a even more
      accurate adjustment, a special adjustment mechanism is provided with
      sprocket 508 as shown in detail in FIG. 19. In particular, the sprocket
      508 is adapted for free rotation from the shaft 510 but is bolted by bolts
      512 to a member 514 which is keyed to the shaft key 516. The bolt 512
      passed through slot 518 in member 514 so that the bolts may be loosened
      and the sprocket turned the desired amount up to at least one chain link
      length to achieve the fine adjustment desired.
PAR  An alternate gripper design is shown in FIG. 21. In this gripper, otherwise
      identical to the gripper hereinbefore described, the gripper members 104A
      each have a relief 600 proportioned so that the lower lip 602 thereof
      engages the neck of a bottle 604 just below the top flange 606.
      Accordingly, gripping in this embodiment is by way of mechanical
      engagement, as opposed to frictional engagement. In this manner, positive
      gripping is assured even with wet and/or slippery bottles.
PAR  An alternate case transport and synchronizing means is shown in FIGS. 22
      through 27. In this embodiment, the chain sprockets 60A and 58A are the
      same size, so that the outer chain members 52A and the inner chain members
      50A travel at the same surface speed. However, the inner chain members 50A
      are spaced further outward in the operative part of the track between
      sprockets by the spacers 51, fixed to the conveyor frame, so that the
      center chain members 50A are higher than the outer chain members 52A in
      the operative part of the track.
PAR  At various positions along chain members 52A are welded cleat mounting
      members 608 with a predetermined spacing to coincide with the case spacing
      requirements for synchronization with the groups of grippers on the
      uncasing head. The cleat mounting members 608 have rearward extending
      flanges 610 to accept a pivot pin 612. The cleat mounting members are also
      provided with a groove 614 at the bottom thereof to receive an end 616 of
      a coil spring 618. Cleats 620 are provided with flanges 622 which are
      supported by pins 612 and are also provided with a slot to receive a
      second end 624 of the coil spring 618. In this manner, cleats 620 are
      spring loaded to the vertical position as shown in FIG. 25, but upon
      sufficient force will deflect to the position shown in phantom in that
      figure. Also, the thickness of the cleats and the cleat mounting members
      is approximately equal to or less than the spacing provided by spacers 51,
      so that when deflected into the position shown in phantom in FIG. 25, the
      center chain members 50A will hold the case above both the cleat mounting
      members and the cleats. In addition, the leading edge 630 of the cleat
      mounting member 608 is tapered so as to encourage a case upward in the
      event any part of the case extends downward in that region. Finally, there
      is provided a pair of skid-like members 632 between the inner and outer
      chains, which members are slightly higher than chain members 50A. The skid
      members 632 are located at a position just before the cases proceed under
      the uncasing head and provide the final synchronization of the cases by
      raising the case off of chain members 50A and stopping the case until the
      next set of cleats 620 engage the case and encourage the case onward under
      the uncasing head.
PAR  Accordingly, in this embodiment the cleats 620 provide a positive drive to
      the case by pushing the case from behind, though if the case meets some
      obstruction, cleat members may deflect downward to allow the chain to
      continue even though the case has stopped. The advantage of this positive
      drive from behind is that it provides a driving force to continue the
      motion of the case in the presence of retarding forces such as those that
      may be encountered when using case strippers, that is, a stationary member
      mounted between rows of grippers to engage the top of the case and to
      prevent the case from lifting upward when the bottles are removed
      therefrom. Such strippers and other factors have a tendency to retard the
      case which may cause some wedging of the bottles in the case and
      resistance to their being lifted therefrom by the grippers. Thus, it may
      be seen that by using the cleat system, as hereabove described, ideal
      synchronization and drive for the cases is obtained provided there is also
      a means for releasing cases one at a time at any point between cleats.
PAR  An alternate circuit diagram for achieving the required release is shown in
      FIG. 27. In this system, four photosensor switches and two double pole,
      single throw relays are used. Three of the four photosensing switches are
      generally located in the same positions as the three switches utilized
      with respect to the previously described system, and accordingly for easy
      reference with respect to FIG. 1 are again given their previous numbers.
      The fourth photo switch, also indicated on FIG. 1, has been identified as
      switch 700. The two relays are numbered 702 and 704, and in addition to
      the solenoid valve 402 there is also provided a switch 706 operated in
      conjunction with the main power control to the bottle conveyor power
      system.
PAR  All of the photoswitches are shown in their light position, and each will
      change to the opposite position shown in phantom when the photosensor is
      dark. Similarly, the relay contacts are shown in the unenergized
      condition. Power is applied on terminals 708 and 710, which in the
      preferred embodiment is 24 volts DC. It may be seen that as long as the
      case position sensor 82 is light, relay 704 will be unenergized, and
      accordingly the case stop solenoid valve 402 cannot be operated regardless
      of the condition of the other three photoswitches and the condition of
      relay 702. Thus, when the system has started without any cases therein,
      the solenoid valve will be unactuated and the movable members 78 (see FIG.
      1) will be withdrawn. Accordingly, when the first case then enters the
      system photo switch 82 will sense the edge of the case, which in turn will
      energize relay 704 to change the switch contacts to that as shown in
      phantom in FIG. 27. This couples the solenoid 402 through line 708 to
      relay 702. However, it may be seen that power will not be delivered
      through relay 702 to line 708 unless the relay 702 is unactuated and power
      is applied thereto through line 710. These conditions depend in part upon
      the state of the switches 700, 86 and 84 as well as, in certain
      situations, the past history of these switches. There are a great number
      of possible states for these switches, only some of which will be
      described in detail herein as all are readily traceable by proceeding
      through the normal operating modes of the sequential machine by anyone of
      ordinary skill in the art.
PAR  When the uncaser is first turned on with no cases being delivered thereto,
      the photoswitch 82 which senses a case in position between members 78
      awaiting a synchronized release is light. Relay 704 is unenergized, and
      thus solenoid valve 402 is off. Accordingly, members 78 are in the
      withdrawn position and will allow a case to enter therebetween until the
      photoswitch 82 goes dark. While it is possible that this may occur at the
      desired synchronized time, in general this will not be true, and
      photoswitches 700, 86 and 84 will all be light. Accordingly, power is
      delivered through these three photoswitches through the lower set of
      switch contacts and through line 78 to the solenoid valve 402, thereby
      actuating the valve to close members 78 against the case to maintain it in
      that position. When a pair of cleats pass the cleat photoswitch 84, that
      switch momentarily goes dark. This actuates relay 702, which latches in
      the actuated position because of the connection of the upper set of switch
      contacts therein, thereby turning off solenoid 402 and releasing the case
      at that time. Of course, photoswitch 82 remains dark, and while the cleat
      photoswitch 84 will go light immediately after the cleat passes, it will
      again go dark very shortly thereafter, as the leading edge of the just
      released case starts past the photoswitch.
PAR  Photoswitch 86 is preferably located along the conveyor very slightly
      greater than one case length from the photoswitch 82. Accordingly, when
      switch 86 goes dark indicating the arrival of the leading edge of the case
      at that point solenoid 402 will again be turned on (providing switch 82 is
      still dark indicating a supply of cases) to stop the flow of cases until
      the next case is to be released. When switch 86 first goes dark, cleat
      photoswitch 84 will also be dark sensing not a cleat but the case itself.
      As the case continues, its trailing edge will soon pass the cleat switch
      84, allowing that switch to go light. This signal from cleat switch 84
      could be used to enable the release of the next case when cleat switch 84
      again went dark upon the passage of a cleat. However, in the present
      embodiment a signal from photoswitch 700 is used to enable the release,
      which signal is actuated by the darkening of the photoswitch 700 by the
      leading edge of the case just after the trailing edge passes switch 84.
      Thus, just after the trailing edge of the case passes photoswitch 84
      allowing it to go light, photoswitch 700 goes dark (photoswitch 86 already
      being dark). This enables the cleat photoswitch 84 (e.g. resets the
      system) causing the actuation of solenoid 402 upon the next passage of a
      pair of cleats past photoswitch 84 to release the next case. Accordingly,
      cases are individually synchronously released as required, so as to allow
      the cases to proceed initially along the conveyor, each located between
      two sets of cleats. Of course, after passage beyond the photoswitch 700,
      the cases are lifted slightly as hereinbefore described so as to be
      stopped until the set of cleats immediately therebehind catches up with
      the case and provides a positive (though yieldable) drive for the case
      under the uncasing head even in the presence of ski-like members to hold
      the case down against the lifting forces of the individual bottle
      grippers.
PAR  The above described embodiment for the circuitry and photoswitches to
      control the synchronization of the cases performs three important
      functions, among others. These are:
PAR  1. It provides a latch to release a case upon the momentary passage of the
      cleat past a predetermined position.
PAR  2. It provides a means for sensing the arrival of the next case between the
      members 78 for temporary retention at that point (which may not be sensed
      by the case position sense photoswitch 82 alone because that switch will
      be maintained permanently dark by a continuous flow of cases) and
PAR  3. It provides a means for resetting or enabling the cleat photoswitch 84
      so as to allow the release of the next case the next time the cleat
      photoswitch 84 goes dark sensing the passage of a pair of cleats
      therebetween.
PAR  Of course, this last requirement could be eliminated by placing the cleat
      photoswitch 84 at an appropriate position below the case trajector such as
      approximately level with the axis of the forward chain sprockets and
      forward thereof so as to sense the passage of the cleats in their upward
      travel at that point. Of course, other modifications to the sensor
      location and the circuitry may also readily by made by one skilled in the
      art to achieve the desired result. Applicants have found, however, that
      photo sensors placed where they may readily be observed together with the
      relays provide an easily maintained, easily tested and highly reliable
      system, which may be manufactured at a relatively low cost. Also by using
      photoswitches having adjustable mounting, adjustment in the position
      thereof may be made so as to achieve preferred operating sequences with
      varying size cases.
PAR  There is described herein a reliable, high speed full depth uncaser with a
      variety of safety and other operational features, the frame and conveyor
      system of which may also receive an alternate type of uncasing head for
      uncasing half depth uncasers. Of course, for such operations, members 78
      would be maintained in the withdrawn condition so that a continuous flow
      of cases could be delivered to the half depth uncaser, and reference
      blocks 66 would generally be removed (or folded downward) so as to not be
      operative. Thus, the full depth and half depth cases may be uncased at the
      same station and utilizing much common equipment.
PAR  There has been described herein the preferred embodiment of the present
      invention. It is to be noted, however, that alternate embodiments may be
      readily fabricated by one skilled in the art. By way of example, an
      embodiment could easily be fabricated wherein cases would be delivered to
      a larger uncasing head in a sidewise orientation so as to effectively
      increase the speed of the uncaser without any increase in the linear
      velocity of the transport means. Similarly, the transport means within the
      uncasing head could be provided with groups of grippers in two or more
      case patterns, with appropriate changes in the case sensing and operation
      of the case holding members 78, so that cases of either two or more types
      could be released in synchronism with the corresponding grippers, thereby
      allowing one uncasing head to uncase more than one type of full depth
      case. Of course, other features may also be provided, such as by way of
      example, the guard 550 normally disposed outward and above the cases to
      detect any obstruction in cases projecting above that level. Such a guard
      is pivoted at point 552 and is adapted to actuate a micro-switch 554 to
      turn off the machine, should an obstruction force the guard 550 upward.
      Similarly, portions of the cover 556, generally at each end for the
      transport means, are hinged for access to the transport means and may be
      provided with similar micro-switches which are to turn off the machine
      whenever the covers are tilted opened by an operator or by an obstruction
      in the transport means. Thus, while the preferred embodiment of the
      present invention has been disclosed herein, various changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bottle handling apparatus, a bottle gripper comprising:
PA1  a support means;
PA1  first and second gripping members each pivotally supported by said support
      means, said gripping members being rotatable between a first position
      whereby the lower portion of said gripping members may engage a bottle
      neck and a second position not engaging a bottle neck;
PA1  spring means for encouraging said gripping members to said first position;
PA1  an actuator member moveable between third and fourth positions, said
      actuator extending upward so as to be engageable from above for
      encouragement from said third position to said fourth position;
PA1  over-center toggle means, said toggle means being coupled between said
      first and second gripping member and said actuator member, said toggle
      means being a means for allowing said first and second gripping members to
      be moved by said spring means toward said first position as said actuator
      member moves toward said third position, and for locking said actuator
      member at said fourth position and said first and second gripping members
      at said second position by the over-center action of said toggle means,
      whereby said first and second gripping members will snap to said first
      position and said actuator member to said third position as said actuator
      is encouraged to move from said fourth position;
PA1  means for yieldably supporting said support means so that the lower portion
      of said gripping members may be deflected from their normal positions upon
      contact with a bottle, the lower portion of said gripping members being
      chamfered to engage a bottle neck and encourage said gripper and said
      bottle neck into approximate axial alignment.
NUM  2.
PAR  2. The bottle gripper of claim 1 wherein said first and second gripping
      members are disposed in a generally vertical disposition and are pivotally
      supported adjacent the upper end thereof, and said first position is a
      position whereby the lower ends of said gripping members are encouraged
      into closer proximity to be closeable around the neck of a bottle.
NUM  3.
PAR  3. The bottle gripper of claim 2 wherein said actuator member is an
      elongate, generally vertically disposed member extending downward between
      said first and second gripping members, said actuator member being
      moveable in a vertical direction between an upper said third position and
      a lower said fourth position, said actuator member being a means for
      contacting the top of a bottle to cause said first and second gripping
      members to close around said bottle.
NUM  4.
PAR  4. In a bottle handling apparatus, a bottle gripper comprising: a generally
      elongate, vertically disposed hollow support means;
PA1  first and second gripping members, each having first and second ends, each
      of said gripping members being rotationally coupled to said support means
      on first and second substantially parallel, horizontally disposed spaced
      apart first axes, adjacent said first ends thereof, said gripping members
      being means for engaging and encouraging said bottle necks into axial
      alignment with said support means when said second ends are encouraged
      into close disposition;
PA1  a coil spring coupled between said first and second gripping members so as
      to encourage said members into closer proximity;
PA1  an actuator member slidable between lower first and higher second actuator
      positions within said support means and between said first and second
      gripping members so as to be engagable with the top of a bottle and said
      first actuator position is vertically below said second actuator position,
      said actuator member being generally disposed within said support means
      and between said first and second gripping members and extending upward
      through said support means to be engagable from above for encouragement
      from said second position toward said first position;
PA1  first and second coupling members, said first and second coupling members
      being rotationally coupled adjacent the ends thereof, on second axes
      substantially parallel to said first axes; to said actuator member and
      said first and second gripping members respectively, said coupling members
      being substantially horizontal when said actuator member is adjacent said
      first actuator position;
PA1  said gripper further comprising coil springs, retaining means, a transport
      means and a mounting means, said transport means being a means for
      supporting and moving said mounting means along a predetermined path, said
      mounting means having a hole therethrough for each of said grippers a
      predetermined amount larger than the cross-section of said support means,
      said support means of each said gripper extending upward through one of
      said holes, said retaining means being a means for slideably retaining
      said support means with respect to said mounting means to prevent said
      support means from being encouraged downward out of said holes, each of
      said coil springs being disposed in compression over one of said support
      means between said mounting means and the lower portion of said support
      means to yieldably encourage each of said grippers in a downward
      direction.
NUM  5.
PAR  5. The gripper of claim 4 wherein the lower ends of said gripping members
      have a substantial chamfer so as to be engagable with a bottle top to
      encourage said bottle top and said gripper into relative disposition with
      said bottle top disposed between said gripping members.
NUM  6.
PAR  6. The grippers of claim 5 wherein the facingly disposed lower portions of
      said gripping members have rubber inserts thereon so that said rubber
      inserts are engageable with said bottle neck when said gripping members
      are in said first position.
NUM  7.
PAR  7. In a bottle handling apparatus, a bottle gripper comprising:
PA1  a support means for coupling of said bottle gripper to said bottle handling
      apparatus;
PA1  a pair of gripping members having a generally split cylindrical shape, said
      pair defining a first axial cavity within said split cylindrical shape,
      for accommodating a bottle neck, said gripping members being rotationally
      coupled to said support means at one end of said gripping members;
PA1  a spring coupled between said pair of gripping members so as to encourage
      said members into closer proximity;
PA1  an on-center actuator member, axially disposed within said first cavity and
      a second cavity centrally defined within said support means, said actuator
      member being a single rigid rod slideable within said first and second
      cavity and extending within said first cavity to be engageable with the
      top of a bottle accommodated therein; and
PA1  a pair of over-center toggle members rotationally coupled to said gripping
      members and said actuator member,
PA1  whereby movement of said actuator member to a first position rotates said
      toggle members to third position locking and spreading said gripping
      members into an open position against the tension of said spring, and
      whereby movement of said actuator member to a second position rotates said
      toggle members to a fourth position allowing said spring to close said
      gripping members;
PA1  wherein said support means comprises a base member coupled to said gripping
      members and retaining said actuator member within said second cavity;
PA1  a mounting member coupled to said base member, said mounting member
      defining an opening therein, said base member loosely and slideably
      disposed and retained in said opening;
PA1  a coil spring disposed about said base member and compressible between said
      base and mounting members; and
PA1  a transport means for translating said mounting member and gripper along a
      predetermined path,
PA1  whereby said grippers are resiliently and slideably coupled to said
      mounting member and are translated in a controlled manner by said
      transport means.
NUM  8.
PAR  8. The bottle gripper of claim 7 wherein:
PA1  said spring is a single on-center spring coupled between said gripping
      members; and
PA1  said gripping members have a chamfer on that portion distal from said
      support means,
PA1  whereby said gripping members are substantially aided in efficiently
      engaging a bottle neck in a disordered array of bottles.
NUM  9.
PAR  9. In a bottle handling apparatus, a bottle gripper comprising:
PA1  a support means having a generally elongate, vertically disposed support
      member having a longitudinal opening therein;
PA1  first and second gripping members disposed in a generally vertical
      disposition and are pivotally supported adjacent the upper end thereof by
      said support means, said gripping members being rotatable between a first
      position whereby the lower ends of said gripping members are encouraged
      into closer proximity to be closeable around the neck of a bottle neck and
      a second position not engaging a bottle neck, said gripping members having
      first and second ends, each of said gripping members being rotationally
      coupled to said support means on first and second substantially parallel,
      horizontally disposed spaced apart first axes, adjacent said first ends
      thereof, said gripping members being means for engaging and encouraging
      said bottle neck into axial alignment with said support means when said
      second ends are encouraged into close disposition;
PA1  spring means for encouraging said gripping members to said first position;
PA1  an elongate, generally vertically disposed actuator member extending
      downward between said first and second gripping members, said actuator
      member being moveable in a vertical direction between an upper said third
      position and a lower said fourth position, said actuator member being a
      means for contacting the top of a bottle to cause said first and second
      gripping members to close around said bottle, said actuator member being
      generally disposed within said longitudinal opening and extending above
      said support means so as to be forceable into said fourth position by
      engagement from above with a depression means; and
PA1  over-center toggle means, said toggle means being coupled between said
      first and second gripping member and said actuator member, said toggle
      means being a means for allowing said first and second gripping members to
      be moved by said spring means toward said first position as said actuator
      member moves toward said third position, and for locking said actuator
      member at said fourth position and said first and second gripping members
      at said second position by the over-center action of said toggle means,
      whereby said first and second gripping members will snap to said first
      position and said actuator member to said third position as said actuator
      is encouraged to move from said fourth position.
NUM  10.
PAR  10. A plurality of bottle grippers of claim 9 further comprised of coil
      springs, retaining means, a transport means and a mounting means, said
      transport means being a means for supporting and moving said mounting
      means along a predetermined path, said mounting means having a hole
      therethrough for each of said grippers a predetermined amount larger than
      the cross-section of said support means, said support means of each said
      gripper extending upward through one of said holes, said retaining means
      being a means for slideably retaining said support means with respect to
      said mounting means to prevent said support means from being encouraged
      downward out of said holes, each of said coil springs being disposed in
      compression over one of said support means between said mounting means and
      the lower portion of said support means to yieldably encourage each of
      said grippers in a downward direction.
NUM  11.
PAR  11. The grippers of claim 10 wherein, for each of said grippers, the lower
      ends of said gripping members have a substantial chamfer so as to be
      engageable with a bottle top to encourage said bottle top and the
      respective one of said grippers into relative disposition with said bottle
      top disposed between said gripping members.
NUM  12.
PAR  12. The grippers of claim 11 wherein the facingly disposed lower portions
      of said gripping members have rubber inserts thereon so that said rubber
      inserts are engageable with said bottle neck when said gripping members
      are in said first position.
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ABST
PAL  A method for pneumatically conveying material through a conveyor conduit
      comprises automatically interposing into the conveying operation cleaning
      phases in which no material is introduced into the conduit, to remove
      material previously deposited in the conduit. Apparatus has a timing means
      which rhythmically interrupts the introduction of material, and the
      strength of the air flow in the cleaning phases can be greater than that
      of the air flow during the conveying phases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Difficulties are often encountered in pneumatically conveying material such
      as finely powdered substances which tend to form deposits on the wall of a
      conduit through which the substances are conveyed.
PAR  Such a tendency is shown by particularly fine bulk materials having grain
      sizes of less than about 10 .mu.m, and occasionally the conduit may become
      so incrusted with material on its internal surface that the conduit is
      completely blocked.
PAR  Various possible ways of pneumatically conveying such materials have
      already been proposed, for example in one method of pneumatic conveying, a
      pipe is arranged within a conveyor conduit and air is blown into the pipe
      and thence into the conveyor conduit, in order to prevent material from
      accumulating in the conveyor conduit. However, this is often ineffective
      when conveying very fine substances such as dye pigments, milk and
      polyvinylchloride powders. Another method of pneumatically conveying fine
      materials comprises disposing a by-pass pipe parallel to the conveyor
      conduit, so that air in the by-pass pipe can be blown into the conveyor
      conduit to prevent material accumulating. However, the by-pass pipe can
      easily become blocked.
PAR  Another such method comprises introducing material into a conveyor conduit,
      with an intermittent feed, so that in effect short blocks or plugs of
      material are conveyed in succession through the conduit. If this method is
      employed in a conveyor conduit of transparent material, it is possible to
      see that the blocks or plugs of material are only maintained as such for
      about 5 to 15 minutes, and then break up into a semicontinuous stream or
      hank of material, which subsequently breaks up uncontrolledly, resulting
      in deposits of material being formed on the conduit wall which in turn can
      result in complete blockage of the conduit.
PAR  Yet again, intermediate cleaning of the conveyor conduit, of deposits in
      the conduit, can be effected by utilising the flow of conveyor air. In
      this method the delivery of material into the conveyor conduit is
      temporarily restricted or completely stopped, whenever the conveying
      pressure in the conduit rises beyong a given value, such rise indicating
      the danger of a blockage. However, when conveying some substances, or when
      conveying substances in a certain condition, for example with a high
      moisture content, the rise in conveying pressure is followed immediately
      and irresistibly by blockage of the conduit, so that this method is not
      satisfactory. This applies particularly when the material being conveyed
      is liable to form on the conduit walls a deposit which subsequently peels
      off, giving rise to a sudden accumulation of material so that the rise in
      conveying pressure and blockage of the conduit occur almost
      simultaneously.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of the present invention is to overcome the disadvantages of
      the previously proposed methods.
PAR  A further object of the present invention is reliably to prevent blockages
      in a conveyor conduit, due to the deposition of material on the conveyor
      conduit wall, when pneumatically conveying materials having a tendency to
      form deposits on the conveyor conduit wall.
PAR  Yet another object of the present invention is to provide a method in which
      a conveyor conduit is cleaned by the conveyor air flow, and such cleaning
      occurs automatically.
PAR  In accordance with the invention, these and other objects are achieved,
      when conveying material which tends to form deposits on a conveyor conduit
      wall, by an automatically determined alternate succession of conveying
      phases, in which material is introduced into and conveyed in the air flow,
      and cleaning phases in which the introduction of material into the air
      flow is stopped, the air flow removing deposited material from the
      conveyor conduit. Conveyor conduit cleaning phases are thus automatically
      interposed in the conveying operation, so that the flow through the
      conduit in a cleaning phase consists only of air, and does not include any
      material to be conveyed, and all the air is available to clean out the
      conduit. It is desirable for the strength of the air flow through the
      conduit in the cleaning phases to be greater than the flow of air through
      the conduit in the material conveying phases, to provide an enhanced
      cleaning action. The rate of alteration as between conveying and cleaning
      phases should be so adjusted as to be more rapid than the specific rhythm
      of material depositing on the conduit wall and deposited material peeling
      from the conduit wall.
PAR  Apparatus according to the invention comprises a conveyor conduit and a
      compressor means for producing a flow of conveying air through the
      conduit. The material is introduced into the conduit, for conveyance
      therein by the air flow, while timing means rhythmically and automatically
      control the material introducing means, in order periodically to interrupt
      the introduction of material into the conduit. Therefore, there is an
      alternate succession of conveying phases and conduit-cleaning phases. The
      means for introducing material can be a rotatable bucket-wheel charging
      valve, or a shut-off valve. The timing means can also control a valve on a
      branch or by-pass pipe which is arranged in shunt to the compressor means,
      so that when the valve forming the material introducing means is closed to
      interrupt the introduction of material into the conduit, the valve on the
      branch pipe is also closed, with the result that the entire air output
      from the compressor means is passed through the conveyor conduit, instead
      of a part being passed through the branch pipe, as occurs when the valve
      on the branch pipe is open.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a first embodiment of apparatus according to the invention,
PAR  FIG. 2 shows a second embodiment of apparatus according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIG. 1, the first embodiment of the apparatus has a
      conveyor conduit 1 for carrying material to be pneumatically conveyed. A
      pressure-free delivery container 2 for the material is connected to the
      conveyor conduit 1 by way of a flow control valve in the form of a bucket
      wheel charging valve 3 comprising a rotatable wheel forming cells or
      buckets for carrying material from the container 2 to the conduit 1.
      Arranged upstream of the input of material into the conveyor conduit 1 is
      a compressor diagrammatically shown at 4. Connected into a current supply
      line 7 for drive motor 8 for driving the charging valve 3 is an
      electromagnetically operated switch 9 which is actuatable by an adjustable
      timing means 10. The switch 9 has two contact assemblies, the first of
      which controls the supply of current to the motor 8, while the second
      controls an electromagnetically operated valve 13, as will now be
      described.
PAR  The compressor 4 is provided with a branch or by-pass connection pipe 11
      with flow-restrictor or screening means 12 and the above-mentioned
      electromagnetically operated valve 13. The second contact assembly of the
      switch 9 actuatable by the timing means 10 is arranged to close and open
      respectively the current supply line 14 to the valve 13. The output of the
      compressor 4 is greater than that required for conveying material through
      the conduit 1, for a purpose that will become apparent below.
      Consequently, in normal conveying operation the valve 13 is open and part
      of the output air from the compressor 4 is passed through the pipe 11,
      this part being determined by the means 12. To clean the conduit 1, the
      delivery of material into the conduit 1 is interrupted in a time rhythm by
      operation of the timing means 10 to actuate the switch 9 thereby to stop
      rotation of the charging valve 3. At the same time the valve 13 in the
      pipe 11 of the compressor 4 is also closed so that no air from the
      compressor 4 will flow in the branch pipe 11. Therefore the air flow in
      the conduit 1 is no longer limited by the above-mentioned part of the
      compressor output being taken off through the pipe 11, and the full air
      output of the compressor is without delay passed into the conveyor conduit
      1 and causes it to be rapidly cleaned of any material deposited therein.
      Then charging valve 3 is set in operation again, and the valve 13 in the
      branch pipe 11 is opened, by the operation of the timing means 10.
      Material is therefore passed into the conduit 1 for conveying, and the air
      flow in the conduit 1 is reduced to the normal operation flow. This cycle,
      in which a cleaning phase and a conveying phase alternate with each other,
      can be repeated as desired.
PAR  It has previously been found, when conveying substances of a particular
      nature, or when conveying substances in a particular condition, for
      example when the substances contain moisture, that material deposited in a
      conveyor conduit tends, after a given amount of deposit has been formed,
      to peel suddenly from the surface of the conduit on which the deposit
      occurs. This peeling can give rise to a sudden accumulation of material in
      the conduit, causing the conduit to be blocked in some cases.  The
      diameter of the conduit and the air and material through-put also
      influence the cycle of deposition and peeling off. For example with
      polyvinylchloride pastes, this cycle lasts about 5 minutes, with material
      loadings of 10 kp substance/kp air in a conduit of NW 100. In the case of
      such substances, the cycle of the alternation between the conveying and
      the cleaning phases as described above, should be adjusted in accordance
      with the deposition-peeling cycle which is specific to that substance
      being conveyed, that is to say, the conveying-cleaning cycle should be
      made somewhat shorter, i.e. more rapid, than the cycle specific to the
      substance. In this way it was found possible for the through-put of a PVC
      powder conveyor apparatus to be increased by about 80%, under otherwise
      identical conditions.
PAR  The embodiment shown in FIG. 2 differs from that shown in FIG. 1 only in
      that a pressurised container 15 is used for the material to be discharged
      into the conduit 1, instead of the pressure-free container 2 in FIG. 1,
      and an electromagnetically operated shut-off valve 16 replaces the
      charging valve 3. The mode of operation of this embodiment will thus be
      apparent in the light of the description of the FIG. 1 embodiment, to
      produce the conveying phase-cleaning phase cycle as described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of pnuematic conveying by air flow of material which tends to
      form deposits on a conveyor conduit wall and, when given amounts of such
      deposits have been so formed, to peel off the thus formed deposits from
      the conduit wall with the probability that such peeled off deposits will
      form a blockage in the conduit, and wherein the deposit and peeling off
      process possesses a rhythm cycle specific to the material being conveyed,
      comprising the steps of automatically alternating conveying phases in
      which the material is introduced into the conveying air flow and conveyed
      in continuous flow through said conduit, and cleaning phases in which the
      introduction of material into the air flow is stopped and only air passed
      through said conduit for completely removing all material in said conduit,
      including deposited material, for cleaning said conduit before additional
      material is introduced into said conduit, and further including the step
      of alternating said conveying and cleaning phases with a rhythm that is
      substantially more rapid than said rhythm cycle of material deposit and
      peeling off so as to remove the deposits from the conduit wall before thay
      build up in size sufficient to peel off and cause blockage.
NUM  2.
PAR  2. The method according to claim 1, including the separate step of
      increasing the flow of air supplied to said conveying conduit upstream of
      where the material is introduced into said conveying conduit during said
      cleaning phase as compared to said conveying phase and independently of
      the fluid flow resistance characteristics of the material and the conveyor
      conduit.
NUM  3.
PAR  3. The method according to claim 2, wherein said step of increasing the
      flow of air includes the steps of supplying air to said conveyor conduit
      by a compressor having its output connected to said conveyor conduit
      upstream from where the material is introduced into said conveyor conduit
      during both said cleaning and conveying phases, conducting only a portion
      of the output of the compressor through the conveyor conduit during the
      conveying phase and conducting the entire output of the compressor through
      said conveyor conduit during the cleaning phase.
NUM  4.
PAR  4. The method according to claim 3, wherein said step of increasing the
      flow of air further including conducting the remaining portion of the
      output of the compressor during said conveying phase back to the input of
      the compressor by means of a by-pass passage having therein an open valve,
      and further including the step of closing the valve during the cleaning
      phase to prevent movement of air through said by-pass passage.
NUM  5.
PAR  5. The method according to claim 4, further including the step of
      restricting the flow of air through said by-pass passage independently of
      said valve to control the air flow characteristics for said conveying
      phase.
NUM  6.
PAR  6. Apparatus for the pneumatic conveying by air flow of material which
      tends to form deposits on a conveyor conduit wall and, when given amounts
      of such deposits have been so formed, to peel off the thus formed deposits
      from the conduit wall with the probability that such peeled off deposits
      will form a blockage in the conduit, and wherein the deposit and peeling
      off process possesses a rhythm cycle specific to the material being
      conveyed, comprising: a conveyor conduit having an input end and a
      discharge end; means for producing an air flow through said conveyor
      conduit; means for introducing material to be conveyed into the input end
      of said conveyor conduit so as to be conveyed continuously through said
      conduit by the air flow and discharged through said discharge end of said
      conduit; timing means for rhythmically and automatically controlling the
      material introducing means for periodically interrupting the introduction
      of material into said conveyor conduit to thereby produce an alternate
      succession of conveying phases and conduit cleaning phases of a
      predetermined phase rhythm, the material in the conduit during the
      conveying phase, including said deposited material, being completely
      removed from the conduit during the cleaning phase before additional
      material is introduced into said conduit; said timing means being adjusted
      so that said rhythm of said conveying and conduit cleaning stages is more
      rapid then said rhythm cycle of material deposit and peeling off whereby
      deposits of material are removed by the cleaning phase before they build
      up in size sufficient to peel off and cause blockage of said conveyor
      conduit.
NUM  7.
PAR  7. The apparatus of claim 6, including means for automatically increasing
      the flow of air through said conveyor conduit during said cleaning phase
      as compared to said conveying phase and independently of the fluid flow
      resistance characteristics of the material and said conveyor conduit.
NUM  8.
PAR  8. The apparatus of claim 7, wherein said means for producing an air flow
      includes a compressor having a discharge and an inlet, and said means for
      increasing the flow of air through said conveyor conduit includes means
      for conducting only a portion of the compressor discharge through said
      compressor discharge only during said conveying phase, and conducting the
      entire output of said compressor discharge through said conveyor conduit
      during said cleaning phase.
NUM  9.
PAR  9. The apparatus of claim 8, wherein said means for increasing the flow of
      air through said conveyor conduit includes a by-pass extending from a
      position between said compressor discharge and said conveyor conduit where
      the material is introduced to a position upstream from the compressor
      inlet for conducting said remaining portion of compressor discharge in a
      by-pass from said compressor discharge directly to said compressor inlet,
      and further including a valve in said by-pass passage for closing said
      by-pass passage during said cleaning phase and opening said by-pass
      passage during said conveying phase.
NUM  10.
PAR  10. The apparatus of claim 9, further including restrictor means in said
      by-pass passage independent of said valve means for controlling the flow
      of air through said by-pass passage when said valve is opened and thus
      controlling the flow of air through said conveyor conduit during said
      conveying phase.
NUM  11.
PAR  11. The apparatus according to claim 6, wherein said introducing means
      includes a rotatable bucket wheel charging valve and a drive motor for
      rotating the charging valve, said timing means automatically deenergizing
      said drive motor to stop rotation of said charging valve during said
      cleaning phase and energizing said motor to rotate said charging valve
      during said conveying phase.
NUM  12.
PAR  12. The apparatus of claim 6, including a pressurizable container for the
      material to be introduced into said conduit, and wherein said introducing
      means includes a shut-off valve that is selectively opened and closed by
      said timing means to provide flow of material into said conveyor conduit
      when open and to interrupt the flow of material into said conveyor conduit
      when closed.
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ABST
PAL  An anti-skid control system for use with vehicle brakes which system
      comprises a control device which actuates a valve to interrupt the passage
      of brake pressure to a brake chamber in a cyclic manner should the wheel
      associated with the brake chamber tend to lock or skid. A pump generates a
      control signal according to the rotational speed of the wheel and the
      device compares this signal with a signal derived from the brake pressure.
      The control device operates in conjunction with a number of further valve
      devices to initiate the aformentioned cyclic interruption of brake
      pressure to the brake chamber should the control signal fall below a
      pre-set threshold level and this control sequence repeats itself so the
      brakes are successively applied and released until the wheel ceases to
      skid so that the control signal again rises above the threshold level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for automatically controlling a
      vehicle braking system to inhibit wheel locking, i.e., to a so-called
      anti-skid control system. The invention is particularly, but not solely,
      concerned with motor vehicles especially commercial vehicles with
      pneumatic braking systems. Various forms of anti-skid systems have been
      proposed which operate electrically. Generally such systems are expensive
      and a general object of this invention is to provide a non-electrical
      system which is relatively cheap and simple yet reliable and robust in
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the invention there is provided a control system
      for automatic control of a vehicle braking system to inhibit wheel
      locking: said control system comprising means for generating a first
      pressure control signal from the rotation of a vehicle wheel, a valve
      incorporated in the brake pressure flow path and capable, when subjected
      to a second pressure control signal, to interrupt said flow path and means
      for automatically actuating said valve to periodically interrupt said flow
      path when the first pressure control signal indicates wheel locking said
      means including a control device which is fed with said first pressure
      control signal and with a further control signal dependent on the
      application of brake pressure, the control device producing said second
      pressure control signal to actuate the valve and interrupt said flow path
      when the further control signal is greater than the first control signal
      thereby signifying wheel locking.
PAR  Preferably the invention provides a control system for automatic control of
      a vehicle braking system to inhibit wheel locking: said control system
      comprising means for generating a pressure control signal in dependence
      upon the rotation of a vehicle wheel; first valve means with an input for
      receiving brake pressure and an output for application of said brake
      pressure to a brake chamber associated with said wheel, the first valve
      means being settable into a first state where communication between the
      input and output is established so that the brake pressure can be
      transferred through said valve means to said brake chamber or a second
      state where communication between the input and output is blocked and the
      passage for brake pressure interrupted; a control device having a first
      control input for receiving said control signal, a second control input
      for receiving pressure at least derived from the brake pressure and input
      and outputs, one of said outputs being connected to said valve means to
      cause the latter to change to the second state when pressure appears at
      said one output, said control device being settable into different states
      to establish selective communication between various groups of input and
      outputs in dependence upon the pressure differential between the first and
      second control inputs; and further valve means connected to at least some
      of the inputs and outputs of the control device and co-operating therewith
      to initiate a control sequence whereby the first valve means is changed
      from the first to the second state and back to the first state should said
      control signal signify wheel locking.
PAR  The generating means can be a high-frequency diaphragm pump and the control
      device can be a multi-port rapid-action diaphragm valve which can be set
      into one of two states with selective communication between the ports
      depending on the differential pressure between its control inputs.
PAR  Preferably the first valve means has a second output vented to atmosphere
      and this second output communicates with the first-mentioned output when
      the first valve means is in the second state.
PAR  The invention may be understood more readily and various other features of
      the invention may become more apparent from consideration of the following
      description:
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The present invention will be more fully understood by reference to the
      following detailed description thereof, when read in conjunction with the
      attached drawings, wherein like reference numerals refer to like elements,
      and wherein:
PAR  FIG. 1 is a block schematic diagrammatic representation of a control system
      according to the present invention, and
PAR  FIG. 2 is a partial schematic partial diagrammatic representation of
      another embodiment of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In the control system described hereinafter various pneumatic valves are
      provided and in the drawing and following description a somewhat pictorial
      reference is made to the valves as having connecting elements or paths to
      represent the operative state of the valves. It is to be understood that
      such references are not intended to relate to the actual operation or
      construction of the valves but are used for convenience in simplifying the
      understanding of the control system. It should also be appreciated that
      although the system is described primarily in connection with pneumatic
      braking systems it can equally well be adapted for use with hydraulic
      braking systems.
PAR  The system as depicted in the drawing utilizes the rotation of a vehicle
      wheel to produce a pneumatic control pressure signal indicative of
      rotational speed. In the drawing the reference numeral 10 designates the
      vehicle wheel and the reference numeral 11 designates a rotation-sensing
      device adapted to drive a pump to generate the pressure signal. Usually
      each wheel would have such a device allocated to it. The device 11 may
      have a rotary element in frictional engagement with the brake drum of the
      vehicle wheel 10. This rotary element may be carried by a spindle which is
      coupled to an input shaft 70 of a high-frequency diaphragm pump 13. Other
      arrangements can be adopted to drive the pump 13 from the wheel 10. The
      pump 13 itself has an inlet 9 for admitting atmospheric air and an outlet
      8 at which the aforesaid control pressure signal is generated. This outlet
      is connected via a non-return valve 14 to a conduit 63. The arrangement is
      such that the diaphragm of the pump 13 oscillates at an appreciable speed
      even when the wheel is rotating slowly as would be the case in heavy
      traffic. Gearing can be provided to increase the rotational speed of the
      input shaft 70 if desired.
PAR  As can be appreciated, in general, if the wheel 10 is stationary there will
      be no pressure signal on the outlet 8 of the pump 13 and hence in the
      conduit 63, whereas so long as the wheel rotates there is a pressure
      signal at the outlet 8 of the pump 13. There is also a gradual reduction
      in the pressure of the control signal at the pump outlet 8 as the
      rotational speed of the wheel 10 falls.
PAR  Turning now to the remainder of the system a notional main pressure supply
      or source 22, which is only active when the vehicle brakes are applied, is
      connected via a conduit 57 to an input port 35 of a valve device 20 and
      via a conduit 58 to an input port 85 of a valve device 19. A branch
      conduit 59 leads from the conduit 58 to an input port 41 of a valve device
      18. The valve device 20 has an input/output port 32 which is connected
      through a conduit 62 to the brake chamber 15 associated with the wheel 10
      and connected in a known manner to a brake-actuating mechanism denoted 12.
      The valve device 20 has a further output port 33 which is connected to
      atmosphere, i.e., to exhaust designated E. The valve device 20 has a
      connecting element or path 69 which can establish communication between
      the ports 32, 35 in a first position or between the ports 32, 33 in a
      second position. The two positions of the connecting element 69 represent
      the operative state of the device 20 and similar references are used
      hereinafter in connection with the other valve devices. The element 69 is
      biased by a spring 30 into the first position and the biasing action of
      the spring 30 can be overcome to set the element 69 to the second position
      when pressure is applied to a control input 34 to the valve device 20.
      With the element 69 in the first position the brake pressure can pass from
      the conduit 57 to the conduit 62 whereas with the element 69 in the second
      position the brake pressure is cut off and the conduit 62 is connected to
      atmosphere via the port 33. The outlet 8 of the pump 13 besides being
      connected to the conduit 63 is also connected to an adjustable bleed
      device 16 which vents to atmosphere and can be manually adjusted and
      pre-set to establish a correct range of operative pressure in the conduit
      63. The conduit 63 is connected to a first control input 51 of a six port
      control valve device 17. A branch conduit 70 connects the conduit 59 to an
      input port 46 of the valve device 17 and the device 17 has a complementary
      output port 45 connected to atmosphere or exhaust. An input/output port 47
      of the device 17 is connected via a branch conduit 71 to a conduit 60
      which in turn is connected to the control input 34 of the valve device 20.
      The valve device 17 has an input port 49 which connects with a conduit 65
      via a branch conduit 86 and an output port 50 which is connected to
      atmosphere. An input/output port 48 of the valve device 17 is connected to
      a conduit 64. The valve device 17 has two connecting elements or paths
      designated 72, 73. The element 72 can establish communication between the
      ports 48, 46 in a first position or between the ports 48, 45 in a second
      position. In an analogous manner the element 73 can establish
      communication between the ports 50, 47 in a first position or between the
      ports 49, 47 in a second position. The valve device 17 has a second
      control input 52 and incorporates a rapid-action diaphragm which is
      sensitive to the pressure differential between the inputs 51, 52 to set
      the elements 72, 73 into either their first or second positions. The
      control input 52 is connected via a conduit 66 to an input/output port 53
      of a pre-set pressure regulating valve device 21. This device 21 has an
      input port 55 connected to the conduit 65 which also connects with an
      input/output port 36 of the valve device 19. The device 21 has an output
      port 56 connected to atmosphere and a connecting element or path 74 which
      can establish communication between the ports 53, 55 in a first position
      or between the ports 53, 56 in a second position. A pre-settable spring 88
      serves to bias the element 74 of the device 21 into the second position
      and the action of the spring 88 is overcome when pressure prevails at the
      port 55 to cause the element 74 to adopt its first position. The spring 88
      primarily serves however to adjust the pressure applied to the input 52 of
      the device 17 when the system is initially set up.
PAR  The conduit 60, which connects to the port 47 of the valve device 17 as
      well as the control input 34 of the valve device 20 is also connected to a
      control input 44 of the valve device 18. In addition to the input port 41
      the device 18 has an output port 42 connected to atmosphere and an
      input/output port 43 connected via a conduit 61 to a control input 39 of
      the valve device 19. In a similar manner to the device 20, the device 18
      has a connecting element or path 75 which can establish communication
      between the ports 43, 42 in a first position or between the ports 43, 41
      in a second position. A spring 40 biases the element 75 into the first
      position and the device 18 has a control input 44 which is connected to
      the conduit 60, which it will be recalled connects via the conduit 71 with
      the port 47 of the valve device 17. Pressure at the input 44 serves to
      overcome the biasing action of the spring 40 to set the element 75 to the
      second position. The valve device 18 however is designed to have a time
      delay so when pressure is applied to the input 44 to change the element 75
      from the first to the second position this change over takes place after a
      pre-set time.
PAR  Finally, the valve device 19 has, in addition to the ports 85, 36 and the
      control input 39, a control input 38 which is connected to the conduit 64
      leading to the port 48 of the valve device 17 and an output port 37 which
      is connected to atmosphere. The valve device 19 has a connecting element
      or path 76 which can establish communication between the ports 37, 36 in a
      first position and between the ports 85, 36 in a second position. The
      presence of pressure at the input 39 causes the element 76 to adopt the
      first position and the presence of pressure at the input 38 causes the
      element 76 to adopt the second position. The control system as described
      functions to prevent the wheel 10 from locking when the brakes are applied
      to thereby inhibit skidding. To achieve this the control system
      continually monitors the rotational speed of the wheel 10 and if the speed
      decreases faster than a predetermined amount, signifying tendency to lock,
      the system momentarily cuts-off the braking pressure and exhausts the
      brake chamber 15 before allowing the pressure to be re-applied. This
      cut-off and re-application of the brake mechanism may occur rapidly a
      number of times in succession until the locking of the wheel ceases.
PAR  The operation of the system is as follows:
PAR  Assume initially that the wheel 10 is rotating so that pressure prevails in
      the conduit 63 due to the pump 13 and the brakes are not applied. Under
      these conditions the pressure at the input 51 of the valve device 17
      causes the connecting elements 72, 73 to adopt the first position shown in
      full outline. Since the brakes are not applied no pressure prevails in the
      conduits 57, 58 or 59. The connecting element 69 of the valve device 20 is
      maintained by its spring 30 in the first position shown in full outline.
      Similarly the connecting element 75 of the valve device 18 is also
      maintained by its spring 40 in the first position shown in full outline.
      No pressure is applied to either input 38, 39 of the valve device 19 but
      the connecting element 76 of this device 19 is biased under these
      conditions to adopt the first position shown in full outline. No pressure
      is applied to the input 55 of the regulator device 21 so the connecting
      element 74 of this device assumes the second position shown in dotted
      outline. Assume now that the brakes are applied so that pressure is now
      present in the conduits 57, 58 and 59 and no wheel locking occurs under
      braking. Under these conditions the brake pressure is conveyed through the
      conduits 57, 62 and the valve device 20 to the brake chamber 15. The
      pressure in conduit 59 is applied to the input port 46 of the valve device
      17 and is conveyed from the port 48 thereof to the conduit 64 and thence
      to the control input 38 of the valve device 19. This causes the connecting
      element 76 of the device 19 to adopt the second position shown in dotted
      outline so that the pressure applied to the input port 85 of the valve
      device 19 by the conduit 58 is conveyed to the port 36 and thence through
      the regulator device 21, the connecting element 74 of which assumes its
      first position, in full outline, to the control input 52 of the valve
      device 17. Since no locking has occurred the pressure at the input 51
      exceeds that at the input 52 and this condition can be ensured by
      appropriate adjustment of the devices 21, 16. It follows therefore that
      the connecting elements 72, 73 remain in their first positions. The
      connecting element 75 of the valve device 18 also remains in its first
      position. If during braking the wheel 10 should suddenly lock so its
      rotational speed decreases rapidly the pressure at the input 51 of the
      device 17 will fall until the pressure at the input 52 of the device 17
      exceeds it and the connecting elements 72, 73 will now assume their second
      positions shown in dotted outline. In this case the pressure prevailing in
      the conduit 65 will be conveyed from the input port 49 of the device 17 to
      the port 47 and thence via the conduit 71 to the control input 34 of the
      device 20.
PAR  The effect of this pressure at the input 34 of the device 20 causes the
      connecting element 69 thereof to adopt its second position, shown in
      dotted outline, to connect the brake chamber 15 to the port 33 and to
      atmosphere to momentarily cut off the brake pressure. The pressure in the
      conduit 60 is also connected to the control input 44 of the valve device
      18 to cause the connecting element 75 of this device to assume its second
      position shown in dotted outline after a certain time delay. The effect of
      this is to convey the pressure in the conduit 59 through the ports 41, 43
      of the device 18 and to the conduit 61 and thence to the control input of
      the valve 39. The pressure formerly applied to the input 38 of the device
      19 is now no longer present since the ports 46, 48 of the device 17 are
      not connected so that the connecting element 76 of this device 19 now
      assumes the first position shown in full outline to thereby remove the
      pressure from the input 52 of the device 17. The pressure at the input 51,
      albeit low now prevails to trip the connecting elements 72, 73 back to
      their former first positions to remove the pressure in the conduits 60 and
      to allow the connecting elements 75, 69 of the devices 18, 20 to revert to
      their first positions. The brake pressure is then re-applied via the
      conduits 57, 62. The pressure at the input 39 of the device 19 is removed
      while the pressure at the input 38 is re-established to cause the
      connecting element 76 to change back to its second position and thereby
      pressure is re-applied to the input 52. The pressure at the inputs 51, 52
      of the device 17 are again effectively compared and if the pressure at the
      input 52 is still greater the above sequence is repeated and indeed many
      cycles of operation, with a periodic time determined by the inertia of the
      mechanisms and the time delay of the valve device 18, may take place with
      the effect that the brake pressure is rapidly applied and exhausted to
      inhibit the tendency to lock whereupon the pressure at the input 51 should
      eventually prevail until the static condition described above
      re-establishes itself.
PAR  In the case where the wheel 10 is stationary and no braking pressure is
      established then the connecting elements 69, 75 of the valve devices 20,
      18 assume their first positions while the connecting element 74 of the
      device 21 assumes its second position. Although no pressure is present at
      the inputs 51, 52 of the device 17 or at the inputs 39, 38 of the device
      19 the device 17 is biased under these conditions so that the connecting
      elements 72, 73 assume their second position and, as mentioned previously,
      the device 19 is biased so that the connecting element 76 assumes its
      first position. In this way the supply of pressure during braking takes
      place normally through the valve device 20 since the input/output port 47
      leading to the control input 34 of the valve device 20 is connected to the
      output 37 of the valve device 19. Only when the wheel rotates does the
      system become enabled for control and the above-mentioned operative
      conditions establish themselves.
PAR  In order to improve the speed of response of the system to wheel locking
      the brake chamber 15 can incorporate a diaphragm and two working chambers
      one of which is pressurized to cause the application of the brake and the
      other of which is pressurized to cause the positive release of the brake.
      A further valve device, similar to the device 20 but operating in a
      contrary sense thereto would feed the release working chamber so that the
      application of pressure to the input 34 of the device 20 which causes the
      exhaust of the main working chamber occurs simultaneously with the
      application of pressure to the corresponding control input of this other
      valve device to cause the latter to open communication between the conduit
      57 and the release working chamber. This modification is represented in
      the scrap view at the bottom of the drawing where the reference number 90
      denotes the release chamber, 91 the main working chamber, 92, the
      diaphragm, and 93 the associated brake mechanism. The additional valve
      device is designated 99 and has a control input 94 leading to the conduit
      60, an input/output port 95 connected to the release chamber 90, an input
      port 96 connected via a conduit 97 to the conduit 57 and an output port 98
      connected to atmosphere. The valve device 99, similarly to the device 20,
      has a connecting element 100 which is biased by a spring 101 into a first
      position, shown in full line, to connect the ports 95, 98. The element 100
      can be switched into a second position, shown in dotted outline, by the
      application of pressure to the control input 94.
PAR  The operation of the modified system can be readily appreciated from the
      description above.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control system for automatic control of a vehicle braking system to
      inhibit wheel locking: said control system comprising means for generating
      a first fluid pressure in dependence upon the rotation of a vehicle wheel;
      first valve means with an input for receiving brake pressure and an output
      for application of said brake pressure to a brake chamber associated with
      said wheel, the first valve means being settable into a first state where
      communication between the input and output is established so that the
      brake pressure can be transferred through said valve means to said brake
      chamber or a second state where communication between the input and output
      is blocked and the passage for brake pressure interrupted; a multi-port
      fluid valve control device having two positions and having a first control
      input for receiving said first fluid pressure, and a second control input
      for receiving a second fluid pressure, said second fluid pressure being
      the brake pressure, and the control device having a plurality of inputs
      and outputs, one of said outputs being connected to said first valve means
      to cause the latter to change to the second state when pressure appears at
      said one output, said control device being movable between said two
      positions to establish selective communication between various groups of
      said inputs and outputs in dependence upon the pressure differential
      between said first and second control inputs; and said control device
      being in its second state when pressure appears at said one output, and
      being at its first state when pressure does not appear at said one outlet
      and said control device being movable from said first state to said second
      state when the pressure at said second control input is greater than the
      pressure at said first control input.
NUM  2.
PAR  2. A system according to claim 1, wherein said generating means is in the
      form of a high frequency diaphragm pump.
NUM  3.
PAR  3. A system according to claim 2, wherein the pump is connected to an
      adjustable bleed device which can vary to the pressure presented to the
      first control input of the control device.
NUM  4.
PAR  4. A system according to claim 1, wherein the first valve means is biased
      by a spring into the first state and the force of the spring is overcome
      by pressure at said one output of the control device.
NUM  5.
PAR  5. A system according to claim 4, wherein the first valve means has a
      second output vented to atmosphere and this second output communicates
      with said one of said outputs when the first valve means is in the second
      state.
NUM  6.
PAR  6. A system according to claim 1, wherein the control device is a six port
      diaphragm valve device the ports of which form a first input, a second
      input, a first output, a second output, a first input/output port and a
      second input/output port, the first input/output being connected to the
      first valve means and constituting said one output, and the first and
      second outputs being vented to atmosphere, means for establishing
      communication between the second input/output and either the first output
      or the first input, means for establishing communication between the first
      input/output and either the second output or the second input; said means
      being operable in unison by the differential pressure between the first
      and second control inputs to set the device in either a first or second
      state.
NUM  7.
PAR  7. A system according to claim 6 wherein the first and second inputs serve
      to receive brake pressure and in the first state the second input/output
      communicates with the first input while the first input/output
      communicates with the second output and in the second state the second
      input/output communicates with the first output while the first
      input/output communicates with the second input.
NUM  8.
PAR  8. A system according to claim 7, wherein the first input receives brake
      pressure directly while the second input receives brake pressure via at
      least part of said further valve means.
NUM  9.
PAR  9. A system according to claim 7, wherein said further valve means
      comprises first and second valve devices, the first valve device having an
      input for receiving brake pressure, an output vented to atmosphere, an
      input/output connected to the second control input of the control device
      and first and second control inputs whereby the application of pressure to
      said first control input sets the valve device to a first state where
      communication is only established between the input/output and the output
      and the application of pressure to said second control input sets the
      valve device to a second state where communication is only established
      between the input/output and the input, the second control input being
      connected to the second input/output of the control device.
NUM  10.
PAR  10. A system according to claim 9, wherein the second valve device has an
      input serving to receive the brake pressure, an output vented to
      atmosphere and an input/output connected to the first control input of the
      first valve device, the valve device being settable in a first state where
      communication is only established between the output and the input/output
      or a second state where communication is only established between the
      input and the input/output, the second valve device having a spring for
      biasing the device into the first state and a control input connected to
      the first input/output of the control device so that when pressure appears
      at the first input/output of the control device the second valve device
      changes to the second state after a pre-set time delay.
NUM  11.
PAR  11. A system according to claim 9, wherein an adjustable pressure
      regulating device is interposed between the input/output of the first
      valve device and the second control input of the control device.
NUM  12.
PAR  12. A system according to claim 1, wherein the first valve means is
      connected to a brake application chamber which is separated by a diaphragm
      from a brake release chamber, the brake release chamber being connected to
      another valve means which is arranged to apply pressure to the release
      chamber when the first valve means is in the second state and to exhaust
      the release chamber when the first valve means is in the first state.
NUM  13.
PAR  13. In a control system for automatic control of a vehicle braking system
      to inhibit wheel locking including a fluid pressure actuated brake for
      braking a vehicle wheel and a conduit through which braking fluid pressure
      is applied from a source to the brake, the improvement wherein: said
      control system comprises means for generating a first fluid pressure from
      the rotation of a vehicle wheel, a valve incorporated in said conduit and
      capable, when subjected to a second fluid pressure, to interrupt fluid
      flow therein and means for automatically actuating said valve by
      subjecting it to said second fluid pressure to periodically interrupt said
      flow when the first fluid pressure indicates wheel locking, said means
      including a multi-port fluid valve control device which is fed with said
      first fluid pressure and with a further fluid pressure dependent on the
      applied brake pressure, the control device producing said second fluid
      pressure to actuate said valve and interrupt said flow when said further
      fluid pressure is greater than the first fluid pressure thereby signifying
      wheel locking.
NUM  14.
PAR  14. In a control system for automatic control of a vehicle braking system
      to inhibit wheel locking and including a fluid pressure actuated brake for
      braking a vehicle wheel, a conduit through which braking fluid pressure is
      applied from a source to the brake, and a valve in said conduit for
      controllably interrupting and releasing the application of pressure to the
      brake, the improvement comprising:
PA1  a. means responsive to rotation of a vehicle wheel for generating a first
      fluid pressure in proportion to the rotational speed of the wheel,
PA1  b. means for comparing said first fluid pressure with a second fluid
      pressure, said second fluid pressure being the applied pressure in said
      brake fluid conduit upstream of said valve, and
PA1  c. means for causing said valve to start to oscillate back and forth
      between a first state and a second state, when said second fluid pressure
      is a predetermined value greater than said first fluid pressure, said
      first state being wherein said valve is open between said source and said
      brake and provides fluid communication through said conduit to said brake,
      and said second state being wherein said valve is closed between said
      source and said brake and blocks fluid communication through said valve
      between said source and said brake and said second state also being
      wherein said valve is open between said brake and a pressure release port
      and releases the fluid pressure in said brake.
NUM  15.
PAR  15. The apparatus according to claim 14 wherein said brake is a pneumatic
      brake and wherein said valve includes means for exhausting air in said
      conduit downstream from said valve to atmosphere when said valve is in
      said second condition.
NUM  16.
PAR  16. The apparatus according to claim 14 wherein said valve includes a
      spring for urging said valve to said first condition and said means for
      causing said valve to oscillate between its first and second conditions
      comprises a fluid pressure input port whereby fluid pressure can move said
      valve from said first to said second condition and said spring moves said
      valve from said second to said first condition after said fluid pressure
      has been removed.
NUM  17.
PAR  17. The apparatus according to claim 14 wherein said comparing means is
      also said means for causing said valve to oscillate and comprises means
      for alternately applying pressure to and removing pressure from said valve
      means in response to the existence of at least a predetermined difference
      between said first pressure and said second pressure.
NUM  18.
PAR  18. The apparatus according to claim 17 wherein said comparing means
      comprises a longitudinally movable spool valve having two positions and
      having a plurality of inlet and outlet ports and a pair of control inputs
      and wherein said means for generating a first fluid pressure comprises
      means for applying said first fluid pressure to a first one of said
      control inputs and wherein said means for comparing said first fluid
      pressure with said second fluid pressure comprises means for applying said
      second fluid pressure to a second one of said control inputs.
NUM  19.
PAR  19. The apparatus according to claim 18 wherein said valve includes a
      spring for urging said valve to said first condition and said means for
      causing said valve to oscillate between its first and second conditions
      comprises a fluid pressure input port whereby fluid pressure can move said
      valve from said first to said second condition and said spring moves said
      valve from said second to said first condition after said fluid pressure
      has been removed.
NUM  20.
PAR  20. The apparatus according to claim 19 wherein said brake is a pneumatic
      brake and wherein said valve includes means for exhausting air in said
      conduit downstream from said valve to atmosphere when said valve is in
      said second condition.
NUM  21.
PAR  21. The apparatus according to claim 20 wherein said generating means
      comprises a high frequency diaphragm pump including a drive means
      responsive to the wheel rotation.
NUM  22.
PAR  22. The apparatus according to claim 14 wherein said comparing means
      comprises a longitudinally movable spool valve having two positions and
      having a plurality of inlet and outlet ports and a pair of control inputs
      and wherein said means for generating a first fluid pressure comprises
      means for applying said first fluid pressure to a first one of said
      control inputs and wherein said means for comparing said first fluid
      pressure with said second fluid pressure comprises means for applying said
      second fluid pressure to a second one of said control inputs.
NUM  23.
PAR  23. The apparatus according to claim 14 wherein said generating means
      comprises a high frequency diaphragm pump including a drive means
      responsive to the wheel rotation.
NUM  24.
PAR  24. The apparatus according to claim 14 wherein said comparing means
      comprises a multi-port rapid action diaphragm valve having two control
      inputs and being movable between a first position and a second position in
      response to the pressure differential between said two control inputs, and
      wherein said first fluid pressure is connected to said first one of said
      control inputs and said second fluid pressure is connected to said second
      control input.
NUM  25.
PAR  25. The apparatus according to claim 24 wherein said diaphragm valve is a
      six port device, the ports of which form a first input, a second input, a
      first output, a second output, a first input/output port and a second
      input/output port, the first input/output port being connected to the
      first valve means for causing said first valve means to move from said
      first to said second condition, said first and second outputs being vented
      to atmosphere, and said diaphragm valve including means for establishing
      communication between the second input/output and either the first output
      or the first input and means for establishing communication between the
      first input/output and either the second output or the second input.
NUM  26.
PAR  26. The apparatus according to claim 25 wherein the first and second inputs
      serve to receive brake pressure, and when said diaphragm valve is in said
      first position the second input/output communicates with the first input
      while the first input/output communicates with the second output and when
      said diaphragm valve is in said second position the second input/output
      communicates with the first output while the first input/output
      communicates with the second input.
NUM  27.
PAR  27. The apparatus according to claim 26 wherein said first input receives
      brake pressure directly while the second input receives brake pressure
      indirectly via additional valve means connected to at least some of said
      inputs and outputs.
NUM  28.
PAR  28. The apparatus according to claim 26 wherein said additional valve means
      comprises first and second valve devices, the first valve device having an
      input for receiving brake pressure, an output vented to atmosphere, an
      input/output connected to the second control input of the diaphragm valve
      and first and second control inputs whereby the application of pressure to
      said first control input of said first valve device sets the valve device
      to a first state where communication is only established between the
      input/output and the output and the application of pressure to said second
      control input of said first valve device sets the valve device to a second
      state where communication is only established between the input/output and
      the input, the second control input of the first valve device being
      connected to the second input/output of the diaphragm valve.
NUM  29.
PAR  29. The apparatus according to claim 28, wherein the second valve device
      has an input serving to receive the brake pressure, an output vented to
      atmosphere, and an input/output connected to the first control input of
      the first valve device, the second valve device being settable in a first
      state where communication is only established between the output and the
      input/output or a second state where communication is only established
      between the input and the input/output, the second valve device having a
      spring for biasing the second valve device into the first state and a
      control input connected to the first input/output of the diaphragm valve
      so that when pressure appears at the first input/output of the diaphragm
      valve the second valve device changes to the second state after a pre-set
      time delay.
NUM  30.
PAR  30. The apparatus according to claim 29 wherein an adjustable pressure
      regulating device is interposed between the input/output of the first
      valve device and the second control input of the diaphragm valve.
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ABST
PAL  A brake valve for a motor vehicle brake system is interposed in the brake
      line between the master cylinder and the rear wheel brakes and is
      constructed to limit the increase in fluid pressure at the rear brakes
      relative to the increase in pressure at the front brakes during the
      application of master cylinder pressure. Pressure is limited at the rear
      brakes for the purpose of balancing the pressure between the front and
      rear brakes in accordance with the relative effectiveness of those brakes.
      The valve includes an inertia sensor that senses the rate of vehicle
      deceleration and modulates the pressure ratio between the front and rear
      brakes. The valve mechanism including its inertia sensor provides a device
      for compensating for the amount of load carried by the vehicle which, in
      turn, affects the relative effectiveness of the front and rear brakes.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  It is known in the art to provide a pressure proportioning valve in a
      vehicle brake system that includes a master cylinder and front and rear
      wheel brakes. A typical proportioning valve limits the pressurization of
      the rear brakes relative to the front brakes in response to a master
      cylinder pressure that exceeds a predetermined minimum. During initial
      buildup of master cylinder pressure, the front and rear brakes are
      substantially equal. When the master cylinder pressure exceeds a
      predetermined minimum, the proportioning valve becomes effective to limit
      further increases in the pressure at the rear brakes whereby the
      front-to-rear pressures are at a ratio of less than one-to-one. U.S. Pat.
      No. 3,423,936 discloses such a proportioning valve.
PAR  A pressure proportioning valve interposed in a brake system functions to
      compensate for differences in the effectiveness of the front and rear
      brakes. The differences in effectiveness may be due, in part, to
      differences in the types of brakes employed (for an example, disc brakes
      on the front wheels and self-energizing drum brakes on the rear wheels)
      and also, for the dynamic weight shift to the front axle during a brake
      application. It is the weight shift which produces the principal need for
      a proportioning valve.
PAR  The imbalance between the effectiveness of the front and rear brakes is
      particularly apparent in a truck and varies substantially depending upon
      the amount of load which the truck carries. In a fully loaded truck, the
      weight on the rear axle may be such that the rear brakes having a braking
      capability that is almost as great as that of the front wheels. When the
      same truck is in an unladen condition, however, its rear brakes will not
      be nearly as effective as the front brakes. In such an unladen truck,
      equal pressure at the front and rear brakes would produce rear wheel skid
      when the master cylinder pressure is high enough to produce a moderate
      rate of vehicle deceleration.
PAR  The proportioning valve for a passenger automobile brake system is provided
      with a fixed split point, that is, a fixed point in the buildup of master
      cylinder pressure at which the proportioning valve becomes effective to
      limit or retard further increases in pressure at the rear brakes. Because
      the amount of load carried by a passenger automobile is not substantial in
      relationship to the total weight of the vehicle, the relative
      effectiveness of the front and rear brakes is not changed substantially by
      vehicle load changes. Therefore, a proportioning valve having a fixed
      split point is acceptable in passenger cars.
PAR  In a truck, however, where the relative effectiveness of the front and rear
      brakes changes greatly depending upon the load of the vehicle, it is
      desirable to have a proportioning valve with a split point that may be
      modulated in response to the load on the vehicle and the effectiveness of
      the brakes. In accordance with the present invention, a proportioning
      valve is provided having inertia sensitive means for modulating the split
      point of a brake proportioning valve in response to the rate of vehicle
      deceleration and master cylinder pressure.
PAR  In a vehicle brake system, two inherent conditions exist that are
      compensated for by the valve of the present invention. These conditions
      are known as "dead time" and "vehicle lag". Dead time refers to the delay
      that occurs between initial pressure buildup and brake application at the
      wheels. During dead time the brake shoes are moving from an at-rest
      position into contact with the brake drums. The second condition known as
      vehicle lag refers to the delay or lag that occurs between the instant
      brake pressure is established and the time when the vehicle begins to
      decelerate. This delay results from the dynamic character of the brake
      system and the vehicle. It is caused, in part, by elasticity in the brake
      system such as in the brake lines and in the suspension system which
      supports the vehicle wheels.
PAR  In the presently preferred embodiment of this invention, a brake valve is
      provided that includes (1) means for proportioning front to rear brake
      pressures, (2) inertia sensing means for modulating the proportioning
      function of the valve as a factor of vehicle loading, and (3) means for
      modifying the operation of the valve to compensate for dead time and
      vehicle lag.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  In the embodiment of the invention disclosed in the drawings, a brake valve
      includes a spring pressed proportioning valve. The brake valve has an
      inlet that may be connected to a master cylinder and an outlet that may be
      connected to a rear wheel brake. The proportioning valve is constructed so
      that outlet pressures will be equal to the inlet pressure when the inlet
      pressure is less than a predetermined minimum pressure referred to as the
      split point. The split point of the proportioning valve is determined, in
      part, by the force exerted by a proportioning valve spring acting on a
      valve piston. When inlet pressures are above the split point the
      proportioning valve is operative to limit further increases in outlet
      pressure. With master cylinder pressures above the split point, the rate
      of increase in outlet pressure will be a fraction of the rate of increase
      in inlet pressure.
PAR  A modulating piston is disposed in a chamber normally in communication with
      inlet pressure. The piston has a cam surface that is coupled to the spring
      of the proportioning valve. In response to an increase in inlet pressure,
      the piston and cam surface will be displaced and the loading of the
      proportioning valve spring will be thereby increased. An increase in
      spring force will cause an increase in the pressure at which the split
      point occurs.
PAR  The contour of the cam is designed so that for any given master cylinder
      pressure between a predetermined minimum and maximum pressure, the split
      point will be above the master cylinder pressure and, hence, the
      proportioning valve will be inoperative insofar as its pressure limiting
      function is concerned.
PAR  The valve includes inertia sensing means for limiting the pressure buildup
      in the chamber having the modulating piston. An inertia weight that senses
      vehicle deceleration is arranged to close the inlet port to the chamber
      behind the modulating piston when the rate of deceleration reaches a
      predetermined amount such as 0.4 G's. When the specified rate of
      deceleration is realized, the chamber behind the modulating piston will be
      sealed so that any further increase in master cylinder pressure will not
      increase the pressure behind the the modulating piston. As a consequence,
      the modulating piston and associated cam surface will not be further
      displaced with respect to the proportioning valve spring. The
      proportioning valve will, therefore, have a stabilized split point.
      Subsequent increases in master cylinder pressure will exceed the
      stabilized split point and the proportioning valve will become operative
      to limit rear brake pressure.
PAR  In order to compensate for dead time in the brake system, the modulating
      cam has a cam surface with an initial flat or straight portion whereby
      initial displacement of the modulating piston and associated cam surface
      will not affect the force exerted by the spring in the proportioning
      valve. Therefore, displacement of the modulating piston will not affect
      the operation of the proportioning valve until after the pressure in the
      chamber increases by a preset amount over and above an initial split point
      pressure.
PAR  Means are provided in the valve for compensating for vehicle lag. The
      phenomena of vehicle lag is most noticeable during a spike stop, that is,
      a stop caused by an application of a high force at a rapid rate on the
      brake pedal. Compensating for vehicle lag is particularly desirable in an
      unladened vehicle in order to avoid rear wheel skid.
PAR  In a brake valve that is merely inertia sensitive, a spike stop might cause
      a pressure increase in the chamber behind the modulating piston that would
      produce a split point at an excessively high pressure not commensurate
      with the actual rate of vehicle deceleration due to vehicle lag. With such
      a condition, a rear wheel skid could be produced. In a proportioning valve
      in accordance with this invention, the initial buildup in inlet pressure
      does not affect the establishment of the initial split point of the
      proportioning valve because the modulating piston and modulating cam must
      be displaced by a minimum amount that exceeds the extent of the flat spot
      on the cam before the operation of the proportioning valve is affected. In
      addition, means are provided responsive to a surge in inlet pressure that
      closes the inlet to the chamber adjacent the modulating piston. Such
      action anticipates the buildup in rate of deceleration so that the
      modulating piston is not displaced by an amount that exceeds its
      programmed displacement for the actual rate of deceleration.
PAR  In summary, the present invention provides in its preferred embodiment a
      brake valve that incorporates a proportioning valve having a split point
      which may be modulated. The valve includes means for modulating the
      proportioning valve in response to a buildup of inlet pressure and the
      rate of vehicle deceleration. The valve includes (1) means for delaying
      the modulation of the proportioning valve until the buildup of inlet
      pressure exceeds a predetermined amount in order to compensate for dead
      time and (2) means for limiting the modulation of the proportioning valve
      in response to a surge in inlet pressure that precedes a buildup in
      vehicle deceleration in order to compensate for vehicle lag.
PAR  A brake valve in accordance with this invention portions the fluid pressure
      at the front and rear brakes in accordance with the relative effectiveness
      of those brakes as determined by the rate of vehicle deceleration which,
      in turn, is dependent upon master cylinder pressure buildup and vehicle
      loading.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The many objects and advantages of a brake valve for a motor vehicle brake
      system that is constructed in accordance with this invention will become
      apparent upon consideration of the following detailed discussion and the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, in section, of an improved brake valve having
      a pressure proportioning valve;
PAR  FIG. 2 is a schematic view of a vehicle brake system incorporating the
      brake valve of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view of a portion of the proportioning
      valve of FIG. 1;
PAR  FIG. 4 is an enlarged view, partly in section and partly in elevation, of
      one of the parts of the proportioning valve illustrated in FIG. 3;
PAR  FIG. 5 is an end view of a portion of the valve element illustrated in FIG.
      4;
PAR  FIG. 6 is a sectional view of the valve element of FIG. 4 taken along
      section lines 6--6 thereof;
PAR  FIG. 7 is a sectional view of a portion of the valve element of FIG. 4
      taken along section lines 7--7 thereof; and
PAR  FIG. 8 is a graph comparing inlet pressure and outlet pressure of the brake
      valve of FIG. 1 under various conditions of pressure buildup and vehicle
      loading.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein the presently preferred form of this
      invention is illustrated, a motor vehicle brake system (see FIG. 2)
      includes an unique brake valve 10. A brake pedal 2 is linked to a brake
      master cylinder 3 which is connected by brake lines 4 and 5 to front wheel
      brakes 6. The brake valve 10 is interposed in the rear brake line 7 which
      is connected to the rear wheel brakes 8.
PAR  The brake valve 10 provides a means for regulating the pressure at the rear
      brakes 8. More particularly, the brake valve 10 includes a proportioning
      valve 12 and means for modulating the functioning of the proportioning
      valve in response to master cylinder pressure and rate of vehicle
      deceleration.
PAR  The brake valve assembly 10 has a housing 11 with an inlet port 14 that is
      connected by brake line 4 to the master cylinder 3 of the vehicle brake
      system. The inlet port 14 is joined with an inlet chamber 16 in which a
      surge responsive valve assembly 18 is situated. The internal wall of the
      housing 11 defining the inlet chamber 16 has a shoulder against which a
      button-shape member 20 is seated. The edge of the shoulder is cut away at
      circumferentially spaced locations to form bypass passages 22 around the
      edge of the button 20. A reed spring 23 is supported by the valve housing
      11 and includes a plurality of ports 24 which combine with the passages 22
      to permit communication between the upper end of the inlet chamber 16 and
      its lower end.
PAR  The reed spring 23 supports a tubular spring seat 26 that has an outwardly
      extending flange at its lower end. A coil spring 27 surrounds the tubular
      spring seat 26. The spring 27 is operatively interposed between the button
      or cap 20 and the flange of the spring seat 26. A valve element 28 is
      situated on the lower side of the reed spring 23. A pin 29 has a large
      diameter upper portion that extends through an aperture in the reed spring
      23 and into the central bore of the tubular spring seat 26. A flange on
      the pin 29 engages the valve element 28. The lower end of the inlet
      chamber 16 is provided with a port 31 that leads to a pressure chamber 32.
      A reduced diameter portion 33 of the pin 29 extends through the port 31.
PAR  A valve passage 34 connects the lower end of the inlet chamber 16 with the
      proportioning valve 12. The structure of the surge sensing valve assembly
      18 is such that free communication of master cylinder pressure fluid is
      provided from the inlet port 14, through the inlet chamber 16, through the
      passage 34 and to the proportioning valve assembly 12.
PAR  The construction of the proportioning valve 12 will now be described. The
      housing 11 of the valve 10 is constructed to provide a chamber 36 to which
      the passage 34 is connected. A reduced diameter outlet chamber 37 is
      situated at the end of the chamber 36. A valve piston 38 has portions
      disposed in both the chambers 36 and 37. The piston 38 has a shank portion
      39 that is surrounded by the cylindrical portion 41 of a spring retainer
      42. The piston 38 has a flange 43 that is spaced apart from a flange 44
      formed on the spring retainer 42. A helical proportioning valve spring 46
      is situated between the flanges 43 and 44. A groove 47 is formed on the
      piston 38 and an elastomeric valve element 48 is situated in the groove.
      The valve element 48 engages the wall of the chamber 36 and the shoulder
      49 situated between the two chambers 36 and 37.
PAR  An outlet port 51 in chamber 37 is connected by brake line 7 to the rear
      brakes 8. A series of ports 52 in the end of the piston 37 assure
      communicaton for the flow of brake fluid from the chamber 37 to the outlet
      51.
PAR  The elastomeric valve element 48 is engageable with the shoulder 49, the
      wall of the chamber 36 and the piston flange 43. A rounded shoulder or
      valve head 53 on the piston 38 functions either to permit the unrestricted
      transmission of fluid pressure from the chamber 36 to the outlet chamber
      37 and the outlet port 51, or to close the fluid passage and modulate
      pressure at the outlet opening 51 with respect to the pressure in the
      passage 34. This is accomplished by the displacement of the piston 38 in
      response to the various fluid pressures acting on it.
PAR  The details of the construction of the elastomeric valve element 48 are
      shown in FIGS. 4 to 7. It will be seen that the valve element 48 has a
      depending lip 54, which in its free state is inclined angularly outwardly.
      When the valve element 48 is fitted in the chamber 56, lip 54 is deflected
      radially inwardly slightly by the engagement of its outer periphery with
      the wall of the chamber 36. This prevents the flow of fluid from the
      chamber 36 to the chamber 37 outwardly around the lip 54. The outer
      periphery of the valve element 48, adjacent the lip 54, is provided with a
      plurality of circumferentially spaced apart axially extending ribs 55 of
      generally semi-cylindrical shape. The ribs 55 contact the wall of the
      chamber 36.
PAR  The flange 43 of the piston 38 lies partly within the lip 54 and its
      shoulder 56 engages a plurality of spaced apart hemispherical bosses 57
      projecting from the valve element 48. The outer diameter of the flange 43
      is less than the inner diameter of the lip 54, thus permitting fluid to
      flow from the chamber 36, around the flange 43 and through the spaces
      between the bosses 57. The diameter of the groove 47 of the piston 38 is
      less than the diameter of the inner peripheral surface 58 of the valve
      element 48 adjacent thereto so that an open fluid path exists from the
      spaces between the bosses 57 to the outlet chamber 37 and the outlet 51
      when the piston 38 is disposed in the position illustrated in FIG. 3.
PAR  One side of the valve element 48 is provided with a plurality of angularly
      spaced ribs 59 engageable with the housing shoulder 49 and in alignment
      with the ribs 55 to provide spaces therebetween for the return flow of
      fluid from the outlet chamber 36. By this means, fluid pressure at the
      outlet opening 51 can gain access to the outer periphery of the lip 54 so
      that if fluid pressure at the outlet 51 is higher than fluid pressure at
      the passage 34 after valve closure, the outlet pressure can force the lip
      54 radially inwardly for the reverse flow of fluid from the outlet 51 to
      the chamber 36 around the valve element 48.
PAR  It will be seen that the valve element 48 has a rounded valve seat 60
      disposed at the downstream end of its inner peripheral surface 58. The
      valve seat 60 of element 48 is engageable with the valve head or shoulder
      53 of the piston 38 upon movement of the piston 38 in an upstream
      direction against the force exerted by the proportioning valve spring 46.
PAR  The proportioning valve 12 provides a path for the direct transmission of
      pressure from the passage 34 to the outlet port 51. This occurs around the
      periphery of the flange 43 of the piston 38, through the spaces between
      the bosses 57, through the annular gap between the seat 60 of valve
      element 48 and the valve head 53 of piston 38, and into the outlet chamber
      37 which is in communication with the outlet port 51. This path remains
      open until the fluid pressure delivered to the chamber 36 attains a
      predetermined level known as the split point which is determined, in part,
      by the force exerted by the spring 46 on the piston 38.
PAR  The level of pressure at which the split point occurs is dependent upon the
      force of the spring 46 compared to the effective area of the piston 38
      acted upon by fluid pressure in a direction opposing the force of the
      spring 46. This effective area is equal to the diameter of the cylindrical
      portion 39 of the piston 38, inasmuch as the end of the cylindrical
      portion 39 is sealed off from the inlet fluid pressure by the cylindrical
      portion 41 of the spring retainer 42 while fluid pressure acts against all
      of the remaining portions of the piston 38.
PAR  During the lower ranges of pressure in passage 34, the pressures in
      chambers 36 and 37 are equal because the fluid pressure acting on the
      effective area of the piston produces a force in an upstream direction
      that is insufficient to overcome the force of the spring 46. Assuming that
      P.sub.1 equals the inlet fluid pressure in passage 34, A equals the cross
      sectional area of the cylindrical portion 39, and S equals the force of
      the spring 46, then the piston 38 will close (that is, valve head 53 will
      move into engagement with seat 60) when P.sub.1 A is greater than S.
PAR  When the valve head 53 closes against the valve member 48 in response to an
      increase in fluid pressure acting against the area A and the fluid
      pressure at the inlet passage 34 is further increased by the master
      cylinder 3, the increased level of fluid pressure will act against the
      piston 38 over an effective circular area having a diameter equal to the
      mean sealing diameter of the valve head 53 (hereafter called area B) less
      the area A. This produces a force on the piston 38 assisting the spring 46
      and tending to reopen the piston 38 to deliver at least a portion of this
      increased fluid pressure to the outlet. It will be noted, however, that
      any of this increased fluid pressure delivered to the outlet 51 creates an
      opposing force on the piston 38 acting over the area B. This, of course,
      tends to reclose the piston 38 against the valve element 48.
PAR  These opposing forces tend to keep the valve head 53 closely adjacent to
      the valve seat 60 for the restricted flow of fluid from the inlet passage
      34 to the outlet port 51 to create a pressure at the outlet 51 which
      increases at a lower rate than the rate of increase in pressure in the
      passage 34. The ratio of the pressures is determined by the relationship
      of the effective areas previously referred to. After the valve first
      closes, the increase in pressure at the inlet passage 34 (hereafter called
      .DELTA. P.sub.1) will produce an increase in pressure at the outlet
      opening 51 (hereafter called .DELTA. P.sub.2) in accordance with the
      following formula:
      ##EQU1##
PAR  Similarly, if we assume P.sub.2 is the pressure at the outlet port 51, then
      P.sub.2 B = P.sub.1 (B-A) + S after the valve piston 38 becomes operative.
      Accordingly, the fluid pressure existing at the front brakes 6 will be
      greater than the fluid pressure in the rear brakes 8 when the brakes are
      applied with a pressure greater than necessary to move the piston 38
      against the force of the spring 46.
PAR  During that portion of a brake application in which the applied petal
      effort is reduced subsequent to a brake application of sufficient
      intensity to have moved the piston 38 to the restricted flow position,
      P.sub.1 acting on the area
      ##EQU2##
      is reduced. Thus, the forces tending to move the valve piston 38 toward
      the outlet 51 are reduced and the piston 38 moves downwardly (as seen in
      FIG. 3) under the influence of the pressure of the outlet chamber 37
      acting on the area B. As the piston 38 moves in a direction away from the
      port 51, the available volume for the fluid at the rear brake cylinders is
      increased, thereby accomplishing a reduction in the pressure P.sub.2. The
      piston 38 will continue its movement away from the port 51 in an effort to
      reduce the pressure P.sub.2 to satisfy the previously mentioned formula:
EQU  P.sub.2 B = P.sub.1 (B-A) + S.
PAR  However, the valve piston 38 will not completely achieve this result
      because of the limited possible travel thereof. During the reduction in
      pressure in the passage 34 the pressure at the outlet port 51 can never be
      greater than the pressure in the passage 34. This is because the fluid at
      the outlet 51 is able to flow around the valve element 48 and between the
      lip 54 and the wall of the chamber 36 if the fluid pressure in the chamber
      36 is at a lower level. The valve element 48 accordingly functions as a
      check valve to prevent rear brake pressure (the pressure at port 51) from
      ever being greater than front wheel or master cylinder pressure.
PAR  When the pressure in the passage 34 is reduced beneath the level at which
      the proportioning valve 12 originally closed, the valve piston 38 will be
      moved toward the port 51 by the spring 46 to reopen the annular passage
      between the valve head 53 and the valve member seat 60.
PAR  In summary, the proportioning valve 12 provides direct communication
      between the passage 34 and the outlet port 51 until such time as the
      pressure buildup reaches a predetermined value known as the split point.
      When the inlet pressure exceeds the predetermined split point, the
      proportioning valve operates to limit the pressure at the outlet port 51.
      More particularly, the proportioning valve 12 operates to limit the rate
      of pressure buildup at port 51 as the pressure increases in the passage 34
      above the split point.
PAR  The split point for the valve 12 is a function in part of the force exerted
      by the spring 46 on the piston 38. Means are provided in accordance with
      the present invention for loading the spring 46 and changing the split
      point of the proportioning valve 12. In accordance with the invention, the
      proportioning valve 12 is modulated by an inertia sensitive means that
      compensates for vehicle loading.
PAR  A modulating piston 62 is slidably supported in the housing 11 of the valve
      10 and has an area exposed to the pressure in fluid chamber 32. A
      modulating cam 63 is connected to the piston 62. The cam 63 is situated in
      a chamber 64 that is adjacent a smaller diameter chamber 66. A spring seat
      67 formed on the end of the modulating cam 63 is slidably supported in the
      bore of chamber 66. It will be noted from the drawing that the modulating
      piston 62, the modulating cam 63 and the spring seat 67 are rigidly
      interconnected.
PAR  A coil spring 68 engages the spring seat 67 and an adjustable spring seat
      69 that is threadedly supported in the housing 11 at the end of the
      chamber 66. The coil 68 exerts a spring force urging the cam 63 to the
      right (as seen in FIG. 1) and the piston 62 into the chamber 32. Under the
      force of the spring 68, the shoulder 85 intermediate the piston 62 and the
      cam 63 is seated against the abutment 86 of the housing 11 when the
      chamber 32 is not pressurized.
PAR  The spring retainer 42 for the coil spring 46 of the proportioning valve 12
      has a rod-like extension 70 that protrudes from the chamber 36 of the
      proportioning valve 12 into the chamber 64 of the modulating cam 63. The
      end of the pin 70 has a rounded surface that functions as a cam follower
      and is in slidable engagement with the cam surface of the modulating cam
      63. It will be readily apparent that the position of the cam 63 will
      determine the position of the spring retainer 42 and, hence, the force of
      the spring 46 (force S) on the valve piston 38.
PAR  The modulating piston 62 and cam 63 are displaced in accordance with the
      pressure in chamber 32. Chamber 32 is normally in communication with the
      pressure in inlet chamber 16 and inlet port 14. Means are provided in
      accordance with the present invention for closing the port 31 and sealing
      the chamber 32 from the inlet port 14. The valve member 28 of the surge
      sensing valve 18 is arranged to close the port 31 in response to the
      displacement of an inertia weight 71 from its normal position.
PAR  The inertia weight 71 has a pivot shaft 72 at its lower end. The shaft 72
      is rotatably supported by bearings 73 provided in the housing 11 of the
      valve 10 with the axis of the shaft 72 arranged transversely of the
      vehicle of FIG. 2. A bell crank 74 is pivotally supported by a bushing 76
      in the housing 11 and has a first lever arm 77 that engages the end of the
      extending portion 33 of the pin 29. A second lever arm portion 78 of the
      bell crank 74 contacts the back side of the inertia weight 71.
PAR  A plunger 79 is slidably supported in a bore in the housing 11 of the valve
      10 and is pressed by a spring 80 into engagement with the inertia weight
      71. The spring 80 and plunger 79 urge the inertia weight 71 in a
      counterclockwise direction (as seen in FIG. 1) about the axis of the pivot
      pin 72 into engagement with the portion 78 of the bell crank 74.
PAR  The spring 80 exerts a force on the inertia weight 71 that is transmitted
      through the bell crank 74 to the pin 29. This spring force holds the valve
      element 28 in a spaced relationship with respect to the port 31. If the
      weight 71 is moved by an inertia force against the spring 80, the spring
      27 will cause the valve element to move to a position sealing the port 31.
PAR  A passage 81 is situated at the inlet of the valve 10 and connects the
      inlet port 14 with the passage 34. A spring pressed check valve 82 is
      interposed in the passage 81. The valve element 82 of the check valve is
      slightly biased so as to provide a substantially unrestricted path for the
      return flow of fluid from the passage 34 to the inlet port 14 which
      bypasses the inlet chamber 16 and the surge sensing device 18.
PAC  OPERATION
PAR  As previously explained, the brake valve 10 is interposed in the brake line
      between the master cylinder 3 and the rear brakes 8 of a motor vehicle
      brake system. It functions to limit the fluid pressure at the rear brakes
      8 relative to the fluid pressure at the front brakes 6 when the master
      cylinder pressure exceeds a predetermined minimum amount. The valve 10
      modulates that predetermined minimum amount in accordance with the rate of
      vehicle deceleration. In addition, means are provided for modulating the
      modulating means in order to compensate for dead time and vehicle lag.
PAR  During a brake application, the master cylinder 3 delivers fluid pressure
      to the front wheel brakes 6 and through the brake valve 10 to the rear
      brakes 8. During initial pressure buildup, the pressures at the front and
      rear brakes are substantially equal. At a predetermined master cylinder or
      inlet pressure (the split point), the proportioning valve 12 becomes
      operative to limit further increases in output pressure at the output 51.
PAR  The split point for the proportioning valve 12 is determined, in part, by
      the force of the spring 46. The pressure responsive modulating piston 62
      and modulating cam 63 provide a means for displacing the spring retainer
      42 and increasing the force exerted by the spring 46 on the piston 38 in
      response to the pressure in the chamber 32. During an initial phase of a
      brake application, the pressure in chamber 32 will be equal to inlet
      pressure 14.
PAR  FIG. 1 discloses the modulating piston 62 and modulating cam 63 displaced
      in a left-hand direction in response to a pressure buildup in chamber 32.
      Prior to the transmittal of fluid pressure to the valve 10 by the master
      cylinder 3, the modulating piston 62 and modulating cam 63 will be spring
      pressed to a right-hand position (as seen in FIG. 1) with the shoulder 85
      seated against the abutment surface 86 of the housing 11 and portion 84 of
      the spring seat 67 adjacent the end of the cam follower 70. Assuming a
      brake application with a progressively increasing pressure at the inlet
      14, an equivalent increase in pressure will occur in the modulating
      pressure chamber 32 and in the pressure passage 34 leading to the
      proportioning valve 12. As the pressure increases, the fluid pressure at
      the outlet 51 will equal the pressure in the passage 34. The piston 62
      will remain stationary with the shoulder portion 85 seated against the
      abutment 86 under the force of the spring 68.
PAR  When the fluid pressure in the passage 34 reaches a predetermined amount,
      the proportioning valve 12 will become operative to limit further
      increases in pressure at the outlet 51. At the same time, modulating
      piston 62 and modulating cam 63 will begin to be displaced to the left
      against the spring 68. The initial portion 87 of the cam surface contacts
      the cam follower 70 along a straight line parallel to the axis of the cam
      63 and piston 62. Therefore, initial displacement of the modulating cam 63
      will not cause displacement of the spring retainer 42 or a change in the
      loading of the proportioning valve spring 46.
PAR  As the pressure builds up and the cam follower 70 passes the straight area
      87 and engages the curved portion of the cam 73, the cam surface is
      contoured to force the spring retainer 42 inwardly to increase the loading
      on the proportioning valve piston 38. This will cause the proportioning
      valve 12 to cease its pressure limiting function by raising the split
      point above the pressure in passage 34. Thereafter, the pressure at the
      outlet port 51 will increase from a reduced pressure to a value equal to
      the pressure in the passage 34. After the modulating cam 63 has been
      displaced by the pressure in chamber 32 to its full extent (when spring 68
      is fully collapsed), a further increase in pressure in the passage 34 will
      cause the proportioning valve 12 to again function as a pressure limiting
      device and subsequent increases in pressure in the passage 34 will be
      accompanied by lesser increases in pressure at the outlet 51. When the cam
      63 has been fully displaced, a maximum split point for the proportioning
      valve 12 will have been achieved and further increases in master cylinder
      pressure (the pressure in passage 34) will exceed that split point.
PAR  Referring to the graph of FIG. 8, the pressure at the valve inlet 14
      (P.sub.1) is plotted against the pressure at the valve outlet 51
      (P.sub.2). This is equivalent to a plot of the relative pressures at the
      front and rear brakes. The graph begins at an initial point where all
      pressures are equal to zero. As the master cylinder pressure slowly
      increases, the front and rear pressures are increased in equal amounts
      until the master cylinder pressure reaches the initial split point which
      is indicated by reference numeral 90 on the graph. Subsequent increases in
      pressure at the inlet port 14 are accompanied by substantially lesser
      increases in pressure at the outlet port 51 as the proportioning valve 12
      becomes operative. As the inlet pressure increases, the cam 63 will be
      displaced so that the cam follower 71 will engage the curve portion of the
      cam and thereby cause the spring retainer 42 to be displaced and increase
      the loading on the coil spring 46. The cam surface is contoured to
      increase the loading of spring 46 to an extent whereby the split point is
      raised above the pressure in passage 34.
PAR  With the pressure in passage 34 below the new higher split point, the
      proportioning valve 12 will temporarily cease to function as a pressure
      limiting device. Thereafter, the pressure at outlet 51 will increase
      rapidly until it again becomes equivalent to the pressure in the passage
      34. This operation is illustrated in the graph. The portion of the graph
      between points 90 and 91 shows the pressure limiting operation of the
      proportioning valve 12. At point 91, the modulating cam 63 has been
      displaced to an extent whereby the spring 46 is loaded so as to deactivate
      the proportioning valve 12. The portion of the curve between points 91 and
      92 shows the pressure at the outlet 51 increasing to a point where it
      becomes equal to the pressure in the passage 34. From point 92 to point
      93, the inlet and outlet or front and rear brake pressures are
      substantially equal.
PAR  At point 93, the cam 63 reaches the limit of its travel and the limit of
      its ability to disable the proportioning valve 12. Therefore, point 93
      represents the maximum split point for the proportioning valve 12.
      Subsequent increases in pressure in the passage 34 are limited at the
      outlet 51 by the proportioning valve. During further increases in pressure
      above the point 93, the proportioning valve 12 resumes its function of
      limiting the increases in pressure at the outlet 51 and at the rear
      brakes.
PAR  The curve containing the points 90, 91, 92, 93 and 94 represents the ratio
      of front to rear pressure for a vehicle having a full load. In a vehicle
      that is unladen, a given pressure at the master cylinder 3 will cause the
      vehicle to decelerate at a greater rate than if it were fully loaded. In
      order to compensate for the fact that the rear brakes of an unladen
      vehicle are less effective, means are provided for limiting the operation
      of the modulating cam whose normal function it is to disable the
      proportioning valve.
PAR  In an unladen vehicle having the brake valve 10, a buildup in master
      cylinder pressure will produce a front to rear or P.sub.2 to P.sub.1 curve
      that passes through the points 90 and 91. If the vehicle is unladen, the
      inertia weight 71 will sense a higher rate of deceleration and will pivot
      against the plunger 79 and spring 80. With the weight 71 displaced, the
      valve element 28 will be pushed downwardly by the coil spring 27 whereby
      the inlet port 31 to chamber 32 will be sealed.
PAR  With the port 31 sealed, there will be no further pressure increase in the
      chamber 32 and the position of the piston 62 and modulating cam 63 will be
      stabilized. Therefore, further increases in pressure in the passage 34
      will be met by a proportioning valve 12 that is operative to limit any
      increase in pressure at the outlet 51. This is represented in the graph of
      FIG. 8 by the line passing through points 90, 91 and 95. In effect, the
      cam 63 will be prevented from increasing the split point of the
      proportioning valve 12 above the pressure in the passage 34 by the
      displacement of inertia weight 71 and the valve element 28 coupled
      thereto.
PAR  During a very rapid increase in brake line pressure as might occur during a
      spike stop, a pressure buildup in the chamber 32 could displace the piston
      62 and modulating cam 63 in a left-hand direction whereby the
      proportioning valve 12 would be disabled except for high master cylinder
      pressures. In the event this should happen in an unladen vehicle, skidding
      of the rear brakes would occur. A lag occurs between a rapid buildup in
      brake line pressures and deceleration of the vehicle in a spike stop
      situation. Under this circumstance, the pressure would buildup in the
      chamber 32 to displace the piston 62 and cam 63 before the inertia weight
      71 would sense any vehicle deceleration. In order to compensate for this
      vehicle lag condition, the surge device 18 is provided. Under conditions
      of a very rapid increase in brake line pressure, the button 20 will be
      displaced downwardly and this displacement will cause the valve element 28
      to move to a position sealing the port 31. The pin 29 and its extension 33
      will cause the crank 72 to be angularly displaced which, in turn, will
      move the inertia weight 71. Thus, a surge in brake line pressure will be
      sensed by the surge device 18 whereby the chamber 32 will be sealed and
      the piston 62 and cam 63 will be prevented from further displacement.
      Therefore, the modulating cam 73 will not be displaced by a sudden
      increase in master cylinder pressure and the proportioning valve 12 will
      be operative to limit the increase in pressure at the outlet 51 and at the
      rear brakes 8.
PAR  As a result of test work, it has been found desirable to select an inertia
      weight 71 and spring 80 combination such that the weight will be displaced
      when it senses a rate of vehicle deceleration equal to 0.4 G's. With such
      a construction, when the vehicle is braked and reaches a rate of
      deceleration of 0.4 G's, the chamber 32 will be sealed and further
      displacement of the modulating cam 63 will be prevented whereby any
      increase in master cylinder pressure and the pressure in passage 34 will
      cause the proportioning valve 12 to become operative to limit the outlet
      pressure. The surge device 18 provides a means for sealing the chamber 32
      prior to the achievement of an 0.4 G rate of deceleration. Due to the
      phenomena of vehicle lag, the surge device 18 provides a means that
      anticipates a high rate of deceleration that will follow jamming the brake
      pedal 2 by the vehicle operator.
PAR  The graph of FIG. 8 plots the inlet and outlet pressures or front to rear
      pressures for an unladen vehicle along the points 90, 91, 95 and for a
      fully loaded vehicle along the points 90, 91, 92, 93 and 95. A vehicle
      having only a partial load would exhibit a curve intermediate the two
      lines through points 91, 95 and through points 93, 94. For the unladen
      vehicle, the proportioning valve 12 has a single split point indicated by
      point 90 on the curve. For a fully loaded vehicle, the proportioning valve
      12 has an initial split point indicated by point 90. The proportioning
      valve 12 becomes deactivated at point 91 due to the displacement of the
      cam 63 and it has a second split point indicated by graph point 93.
PAR  For a partially loaded vehicle, the proportioning valve 12 would have an
      initial split point, would become deactivated at graph point 91 due to the
      displacement of the cam 63 and then would have a second split point that
      would lie somewhere along the curve passing through points 91, 92 and 93.
      After the second split point, the curve for the partially loaded vehicle
      would be parallel to the lines through points 91, 95 and points 93, 94.
PAR  A spike stop in an unloaded vehicle would follow the curve 90, 91, 95 due
      to the operation of the surge valve 18 which seals chamber 32. The surge
      valve prevents a rapid buildup of pressure in the chamber 32 which would
      cause the valve to portion the pressure along the curve 90, 91, 92, 93
      before the inertia weight 71 would sense a 0.4 G rate of deceleration.
PAR  In summary, the present invention provides a brake valve for installation
      in a rear brake line to portion the fluid pressure at the rear brakes
      relative to the pressure at the front brakes. The valve includes a
      proportioning valve which limits the rear brake pressure after the master
      cylinder pressure reaches a split point. The valve includes disabling or
      modulating means that deactivates the proportioning valve by increasing
      its split point above the inlet pressure in response to a buildup in such
      pressure. An inertia sensitive device is arranged to deactivate the
      disabling or modulating means whereby the split point of the proportioning
      valve will be stabilized. The disabling or modulating means also include
      means for delaying its operation to compensate for dead time in the brake
      system. Means are further provided for compensating for vehicle lag by
      deactivating the disabling means.
PAR  The brake valve 10 is adaptable to a brake system having a manually
      actuated master cylinder as seen in FIG. 2. It is intended that the term
      "master cylinder" be considered as any source of brake fluid pressure,
      whether such pressure is generated manually or by a power source.
PAR  The foregoing description presents the presently preferred embodiment of
      this invention. Modifications and alterations may occur to those skilled
      in the art that will come within the scope and spirit of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brake valve for a motor vehicle brake system,
PA1  said brake valve having a pressure inlet constructed to be connected to a
      brake master cylinder and a pressure outlet constructed to be connected to
      a wheel brake,
PA1  said brake valve having a proportioning valve constructed to limit a
      pressure increase at said outlet relative to a pressure increase at said
      inlet when the pressure at said inlet exceeds a pressure determined, in
      part, by the force exerted by a proportioning valve spring,
PA1  a fluid chamber and communicating means connecting said chamber to said
      inlet,
PA1  a piston disposed, in part, in said chamber,
PA1  a second spring biasing said piston to an at-rest position,
PA1  said piston being coupled to a cam means,
PA1  said cam means being coupled to said proportioning valve spring and
      constructed to increase said force exerted by said proportioning valve
      spring in response to displacement of said piston,
PA1  said piston being displaceable in response to fluid pressure in said
      chamber that exceeds a predetermined minimum pressure that is determined,
      in part, by the biasing force of said second spring on said piston whereby
      said cam means increases said force exerted by said proportioning valve
      spring in response to the fluid pressure in said chamber,
PA1  said cam means having a cam surface with a straight line portion whereby
      initial displacement of said cam means will not produce an increase in
      said force exerted by said proportioning valve spring,
PA1  inertia sensitive valve means disposed, in part, in said communication
      means and constructed to close the communication between said chamber and
      said inlet in response to a rate of vehicle deceleration that exceeds a
      predetermined minimum rate,
PA1  pressure limiting means disposed in said communication means and
      constructed to limit the communication between said inlet and said chamber
      in response to a rate of increase in pressure in said inlet that exceeds a
      predetermined minimum rate thereby providing means to compensate for
      vehicle lag.
PATN
WKU  039388514
SRC  5
APN  5072646
APT  1
ART  316
APD  19740919
TTL  Recoil mechanism
ISD  19760217
NCL  9
ECL  1
EXA  Carroll; John A.
EXP  Goodman; Philip
NDR  1
NFG  4
INVT
NAM  Shelby; Robert L.
CTY  Chillicothe
STA  IL
INVT
NAM  Oestmann; Eldon D.
CTY  Washington
STA  IL
ASSG
NAM  Caterpillar Tractor Co.
CTY  Peoria
STA  IL
COD  02
CLAS
OCL  305 10
XCL  213 43
EDF  2
ICL  B62D 5530
FSC  305
FSS  10;22
FSC   74
FSS  242.1 FP;242.14 R
FSC  213
FSS  43
FSC  267
FSS  34;64 A
UREF
PNO  3456764
ISD  19690700
NAM  Myers
OCL  213 43
UREF
PNO  3525449
ISD  19700800
NAM  Zanon
OCL  213 43
UREF
PNO  3645586
ISD  19720200
NAM  Piepho
OCL  305 10
UREF
PNO  3692368
ISD  19720900
NAM  Alexander
OCL  305 10
UREF
PNO  3792910
ISD  19740200
NAM  Kaufman
OCL  305 10
UREF
PNO  3829172
ISD  19740800
NAM  Oestmann
OCL  305 10
FREF
PNO  1,158,379
ISD  19631100
CNT  DT
OCL  305 10
LREP
FRM  Phillips, Moore, Weissenberger Lempio & Strabala
ABST
PAL  A tractor recoil mechanism for maintaining tension of the track includes a
      cylinder having a sleeve piston movably disposed therein, associated with
      a rear frame portion. A rod member, disposed within the sleeve piston to
      form therewith a closed chamber with the cylinder means, extends through
      an open end of the cylinder means. A helical spring acts between the
      sleeve piston and reaction means associated with a front frame portion to
      urge them apart. Recoil movement of the front portion in one direction
      relative to the rear portion moves the rod therewith, so that, with the
      chamber filled with incompressible fluid, the sleeve piston moves in the
      opposite direction relative to the cylinder means, with compressive
      movement of the helical spring being greater than the amount of movement
      of the front portion toward the rear portion. Vent means associated with
      the chamber allow introduction of substantially incompressible fluid
      therein while air may be properly vented therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to track tensioning and recoil systems, and more
      particularly, to such a system which utilizes cylinder means and a sleeve
      piston associated therewith for movement therein.
PAR  In track-type vehicles, it is well known to provide movement of a front
      idler toward and away from a rear drive member so that (i) the track
      entrained thereabout may be properly tensioned between the front idler and
      the rear drive member and/or (ii) recoil of the front idler may be
      allowed. In a conventionally designed vehicle, recoil is allowed by means
      of a resilient spring which is compressed at the same rate of movement as
      the actual recoil movement of the front idler toward the rear rotatable
      member (see, for example, U.S. Pat. No. 2,887,342 to Helsel). While such
      systems are generally effective, it is to be noted that, because spring
      compression movement is equal to recoil movement, a relatively large,
      stiff spring must be used (i.e., if spring travel could be designed as
      greater than the corresponding amount of recoil movement, a smaller, less
      stiff, and consequently less expensive spring, with greater impact load
      recoil capacity, could be used).
PAR  Examples of systems which achieve different rates of movement are shown in
      U.S. Pat. No. 3,493,124 to Thompson, U.S. Pat. No. 3,574,418 to Okabe, and
      U.S. Pat. No. 3,539,229 to Scully. However, it is to be noted that the
      Thompson device achieves less spring compression than the corresponding
      recoil movement, so that, for good performance, a very stiff, heavy spring
      would have to be used in this place, which is exactly the opposite of the
      aim of this invention.
PAR  The Okabe and Scully devices do indeed provide greater spring movement than
      the corresponding recoil movement. However, the Okabe device achieves this
      by use of an annular ring-type piston, which requires sealing on both the
      inner and outer surfaces thereof, and in addition may be subject to
      possible skewing, since such piston is of relatively large diameter. And
      the Scully device includes a wall with a valve therein preventing
      compression of the spring until a certain, predetermined pressure on the
      valve is achieved.
PAR  Of more general interest in this area is U.S. Pat. No. 3,343,889 to Bexten.
PAR  U.S. Pat. No. 3,829,172, assigned to the assignee of the present invention,
      discloses a system which achieves greater spring compressive movement than
      the corresponding amount of recoil of the front track frame portion toward
      the rear track frame portion. Such system utilizes a pair of pistons of
      different diameter, each sealingly engaged in a bore of a member, and such
      member and pistons together define a chamber within which substantially
      incompressible fluid is disposed. While such a system has proved
      relatively effective in operation, it will be understood that improvement
      in the operating efficiency and design of such a structure are always
      being sought, especially in view of the fact that each piston of that
      patent must be sealingly associated with such member with which it is
      slidably associated.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide, in a track-type
      vehicle or the like, track-tensioning and recoil means incorporating
      recoil spring means which provide, upon such recoil, greater spring
      movement than actual recoil.
PAR  It is a further object of this invention to provide, in a track-type
      vehicle or the like, track-tensioning and recoil means which, while
      fulfilling the above object, allow recoil operation freely and properly
      under all conditions.
PAR  It is a still further object of this invention to provide, in a track-type
      vehicle or the like, track-tensioning and recoil means which, while
      fulfilling the above objects, allows proper and convenient tensioning of
      the track.
PAR  It is still further object of this invention to provide, in a track-type
      vehicle or the like, track-tensioning and recoil means which are extremely
      simple in design and manufacture.
PAR  Broadly stated, the invention is in combination with first and second
      members generally reciprocable so as to be movable in one and to the other
      directions relative to each other. Such invention comprises recoil means
      comprising cylinder means associated with the first member and movable
      therewith upon relative movement between the members in one direction, the
      cylinder means having an open end, and a sleeve piston disposed within the
      cylinder means and movable therein. A rod member is disposed within the
      sleeve piston and extends inwardly of the cylinder means through the open
      end of the cylinder means, the cylinder means, rod member and sleeve
      piston forming a substantially closed chamber in which substantially
      incompressible fluid may be disposed. Reaction means are associated with
      the second member for movement therewith. The rod member is movable with
      the second member upon relative movement between the members in the one
      direction. Compressible and extensible resilient means are associated with
      the sleeve piston and reaction means to urge them apart. With the chamber
      substantially filled with substantially incompressible fluid, movement of
      the rod member with the second member, upon relative movement between the
      members in such one direction, inwardly of the cylinder means, moves the
      sleeve piston relative to the cylinder means directionally opposite the
      movement of the rod member relative to the cylinder means, whereby, upon
      the relative movement of the first and second members in such one
      direction, the amount of compressing movement of the resilient means is
      greater than the corresponding amount of relative movement of the first
      and second members in such one direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will become apparent from a study
      of the following specification and drawings, in which:
PAR  FIG. 1 is a side elevation of a vehicle incorporating the present inventive
      track-tensioning and recoil system;
PAR  FIG. 2 is a view mainly in section taken along the line II--II of FIG. 3;
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 1; and
PAR  FIG. 4 is a sectional view taken along the line IV--IV of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Shown generally in FIG. 1 is a track-type vehicle 10 having track
      assemblies on either side thereof, one of which is shown at 12. Such track
      assembly 12 includes a track frame 14 made up of a first, or rear track
      frame portion 18, and a second, or front track portion 16. The track frame
      portion 18 comprises a tubular body member 20, and the track frame portion
      16 comprises a tubular body member 22, disposed within the tubular body
      member 20. The members 20,22 are generally reciprocable relative to each
      other through the use of oppositely extending trunnions 24 fixed relative
      to the member 22 and mating and engaging with slots 26 defined by covers
      28 which are included as a part of the member 20. Forward bearings are
      included at 30 for further aiding in the guiding of such reciprocal
      movement.
PAR  An additional cylinder 32 is secured to the member by means of a plurality
      of bolts 34. Such cylinder aids in supporting the trunnions 24.
PAR  A cylinder 36 has fitting 38 fixed thereto through which substantially
      incompressible fluid may be introduced to within the cylinder 36, and
      fitting 40 fixed thereto through which pressure within such cylinder may
      be vented therefrom. The cylinder 36 has an open end 42, and slidably
      disposed within the cylinder 36 to be movable therein is a sleeve piston
      44. A rod member 46 extends inwardly of the cylinder 36, from adjacent a
      reaction member 48 fixed relative to the member 22, and extends through
      the open end 42 of the cylinder 36. The end 50 of the rod member 46 within
      the cylinder 36 extends through and from the sleeve piston 44. Bearings
      are provided as shown at 52 to allow such relative sliding as described
      above.
PAR  A single annular resilient double-faced seal 54 is disposed about the rod
      member 46 within the cylinder 36, for providing sealing between the rod
      member 46 and cylinder 36. The annular seal 54 contacts the annular end
      face 56 of the sleeve piston 44 as shown, and is retained thereon by means
      of a snap ring 58 disposed adjacent the end 50 of the rod member 46. It
      will be seen that the rod member 46, sleeve piston 44, and cylinder 36
      together form a substantially closed chamber 60 into which the
      substantially incompressible fluid described above may be introduced. Upon
      such introduction of such substantially incompressible fluid through the
      fitting 38, pressure within the chamber 60 serves to extend the rod member
      46 to contact the reaction member 48, and the rear of the cylinder 36
      contacts a projection 62 defined by the member 20, so that the member 20
      and member 22 are urged apart to properly tension the track. It is to be
      noted that, with the apparatus disposed in its operating position, the
      inlet fitting 38 and vent fitting 40 are positioned elevationally above
      the chamber 60. Such positioning is chosen so that, upon introduction of
      substantially incompressible fluid into the chamber 60, air within the
      chamber 60 may be properly released therefrom, and will not be trapped
      within the chamber 60 to detrimentally effect operation of the system.
PAR  The rod member 46 extends through an aperture 64 in an annular flange
      member 66, and a single helical spring 68 is positioned between and in
      contact with the reaction member 48 and the annular flange member 66, the
      annular flange member 66 being positioned to contact the sleeve piston 44,
      whereby the sleeve piston 44 and reaction member 48 are urged apart. An
      auxiliary spring guide sleeve 69 is fixed to the reaction member 48 and is
      employed to insure positive piloting of the spring 68 and to limit travel
      of the recoil mechanism. A cable 70 connects cylinder 36 and cylinder 32,
      to retain the cylinder 36 in its position about the sleeve piston 44
      during disassembly of the apparatus, to prevent dirt from entering the
      cylinder 36 cavity, and to prevent its separation where it would be
      difficult to retrieve.
PAR  In such state, with the chamber 60 substantially filled with substantially
      incompressible fluid, and the rod member 46 and cylinder 36 extended
      relative to each other due to the substantial filling of such chamber 60,
      during reciprocal movement of the first and second members 20,22 in one
      direction generally toward each other (i.e., the recoil condition), the
      rod member 46 moves with the member 22, and the cylinder 36 moves with the
      member 20, so that the rod member 46 is urged further inwardly of the
      cylinder 36. Pressure buildup in the chamber 60 due to such urging of the
      rod member 46 inwardly of the cylinder 36 acts on the end face 56 of the
      sleeve piston 44 (through the annular seal 54). The sleeve piston 44 will
      thereby be moved outwardly of the cylinder 36, in a direction relative to
      the cylinder 36 opposite the movement of the rod member 46 relative to the
      cylinder 36. Such movement of the sleeve piston 44 in turn moves the
      annular flange member 66 to compress the helical spring 68, such helical
      spring 68 actually being compressed between the reaction member 48, which
      is itself moving rearwardly relative to the vehicle, and the annular
      flange member 66, which is itself moving forwardly relative to the
      vehicle. It will thus be seen that the amount of compressing movement of
      the helical spring 68 is greater than the corresponding amount of relative
      movement of the members 20,22 in such recoil direction.
PAR  Compressing the helical spring 68 from both ends as described permits the
      use of a smaller, less stiff, and less expensive spring to be used,
      meanwhile achieving substantially the same impact and load recoil capacity
      of a larger spring. In this embodiment, the square area of the end 50 of
      the rod member 46 within cylinder 36 is chosen as the same as the square
      area of the end face 56 of the sleeve piston 44. With such configuration,
      as the rod member 46 is moved inwardly of the cylinder 36, the helical
      spring 68 is compressed from both ends by reaction member 48 and annular
      flange member 66 an equal amount. It will be understood that these square
      areas, and other areas involved in the apparatus, can be varied to achieve
      any desired amount of differential movement as desired.
PAR  The overall apparatus is extremely simple in design, and is also simpler in
      construction than previous designs, with few close tolerances required in
      order to achieve proper operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with first and second members generally reciprocable so
      as to be movable in one and the other directions relative to each other,
      recoil means comprising:
PA1  cylinder means associated with the first member and movable therewith upon
      relative movement between said members in one and the other directions,
      said cylinder means having an open end;
PA1  a sleeve piston disposed within said cylinder means and movable therein;
PA1  a rod member disposed within the sleeve piston, and extending inwardly of
      said cylinder means through said open end of said cylinder means, said
      cylinder means, rod member and sleeve piston forming a substantially
      closed chamber in which substantially incompressible fluid may be
      disposed;
PA1  reaction means associated with the second member for movement therewith;
PA1  said rod member being movable with said second member inwardly of the
      cylinder means upon relative movement between said members in the one
      direction;
PA1  compressible and extensible resilient means associated with the sleeve
      piston and reaction means to urge them apart,
PA1  whereby, with said chamber substantially filled with substantially
      incompressible fluid, movement of the rod member with the second member
      inwardly of the cylinder means, upon relative movement between said
      members in said one direction, moves the sleeve piston relative to the
      cylinder means directionally opposite the movement of the rod member
      relative to the cylinder means, whereby, upon said relative movement of
      said first and second members in said one direction, the amount of
      compressing movement of the resilient means is greater than the
      corresponding amount of relative movement of the first and second members
      in said one direction.
NUM  2.
PAR  2. The combination of claim 1 and further comprising a single annular seal
      member disposed about the rod member and within the cylinder means for
      providing sealing between the rod member and cylinder means.
NUM  3.
PAR  3. The combination of claim 2 wherein the annular seal contacts the annular
      end face of the sleeve piston.
NUM  4.
PAR  4. The combination of claim 1 wherein said resilient means comprise a
      single helical spring.
NUM  5.
PAR  5. The combination of claim 4 and further comprising an annular flange
      member, said helical spring being positioned between and in contact with
      said reaction means and said annular flange member, said annular flange
      member being positioned to contact said sleeve piston, whereby said sleeve
      piston and reaction means are urged apart.
NUM  6.
PAR  6. The combination of claim 5 wherein said rod member is positioned through
      an aperture in said annular flange member.
NUM  7.
PAR  7. The combination of claim 6 wherein said rod member extends through and
      from said sleeve piston.
NUM  8.
PAR  8. The combination of claim 1 wherein said rod member extends through and
      from said sleeve piston.
NUM  9.
PAR  9. The combination of claim 1 and further comprising means through which
      pressure may be released from the chamber, and positioned elevationally
      above said chamber.
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ABST
PAL  An improved elastomeric bearing structure adapted for use to support
      members such as beams or decks upon piers, foundations, sills, etc., to
      accommodate static and dynamic loading, thermal movement, non-parallel
      surfaces or rotation caused by beam deflection and the like. Bearing
      structure includes a monolithic elastomeric member which defines two
      substantially parallel side surfaces bounded at their peripheries by a
      curvilinear edge surface; the elastomeric member is confined at its edge
      surface by a plurality of elongated inextensible tension members disposed
      in both vertically spaced apart relation and horizontally offset or
      staggered relation and of selected accumulative height to allow selected
      adjacent areas of the edge surface to remain unconfined. Such structure
      permits a substantial increase in horizontal shear deflection for a
      bearing of specified thickness while also permitting superior
      accommodation to rotation caused by beam deflection and limiting
      deflection caused by vertical loading.
PARN
PAR  This is a continuation of application Ser. No. 394,692, filed Sept. 6, 1973
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally pertains to bearing members adapted to support
      beams or decks upon piers, foundations, sills, etc., and more particularly
      pertains to an improved elastomeric bearing structure which, solely
      through compressive and shear strain or deformation, will accommodate
      imposed static and dynamic loading, thermal movement, non-parallel loading
      and the like.
PAR  In the construction of large structures, such as a bridge or a building, an
      important factor which must be taken into consideration is the movement of
      the individual structural members relative to one another. Such movement
      can be due to a number of factors, such as the thermal expansion and
      contraction of the materials being used and also external forces, such as
      wind, earth movement and the like on the structure along with the static
      and dynamic loads applied to the members themselves. In a bridge
      structure, horizontal beams are suspended between spaced vertical supports
      with the ends of the beams terminating at the supports. In such an
      application, it is necessary that provision be made for the thermal
      expansion and contraction of each beam as well as the angular or
      rotational movement caused by beam deflection from traffic loads on the
      bridge. The present invention, as herein disclosed, comprises an improved
      elastomeric bearing for such applications.
PAR  The basic concept of supporting bridge beams or the like by means of load
      bearing elastomeric material is a pertinent application of elastomers as a
      structural material. The applied unit loads and various movements are
      compatible with the load bearing and elastic characteristics of the
      material, while design and fabrication requirements fall readily into
      accepted practices in the rubber industry. Beam movements are accommodated
      by rubber deformation, not relative motion. It has been proven that
      elastomeric bearings may effectively support the various reactions and
      accommodate the required movements of structures within the load bearing
      and elastic properties of the material. Considerable cost advantages are
      obtained and the necessity is eliminated for design of expensive moving
      parts and their subsequent maintenance.
PAR  The design of an elastomeric bearing begins with the understanding that a
      rubber compression spring is a device by which the gravity forces of a
      structure are to be balanced by the "memory" of a specific elastomeric
      compound or its capability to regain its original form. Rubber has this
      ability to deform and comply to extreme load conditions, and will
      predictably resist the resulting stress and return to normal upon release
      of the load.
PAR  Toward this end, extensive research has been devoted to study the load
      deformation characteristics of load bearing rubber. Because it is a
      complex material, designing to ultimate limits is also somewhat complex.
      Keeping the spring concept in mind, bearing design is begun on the simple
      premise that the less the compound has to deform or remember, the better
      and longer it can function properly. Keeping initial compression
      deflection and deformation within limits which are low enough to insure
      against further deformation, or settling, during the life of the
      structure, becomes the principle ruling criteria.
PAR  Probably the most important characteristic of rubber that makes it suitable
      for use in bridge bearings is the relative ease with which its compression
      modulus can be altered to meet the designer's needs. The compressive
      modulus is highly dependent upon the geometrical confinement of the
      rubber, which has been characterized by the term "Shape Factor" and is
      defined as the ratio of the effective bearing area under load to the
      exposed area free to bulge as a result of rubber displacement.
PAR  For example, if a bearing receives 500 p.s.i. dead load, and the rubber
      thickness is such that the perimeter surface area free to bulge is equal
      to the load area (shape factor of 1), the bearing will compress about 30%
      of its thickness immediately upon placement of the beam, and with time,
      will continue to creep or bulge out the sides. However, if the rubber
      thickness is reduced until this bulge area is only one-sixth the load area
      (shape factor of 6), deformation will then be less than 5% of thickness
      and subsequent creep or progressive deformation well be inconsequential or
      non-existent.
PAR  It should be noted, that in shape factors above 6, durometer change has no
      significant effect upon compressive deflection; a valid indication that a
      degree of rubber confinement has been reached where compression stability
      is permanent. This shape factor versus compression strain relationship,
      therefore, is simply a precise statement of the correct degree of rubber
      confinement required for the load ranges involved.
PAR  To summarize these load bearing design procedures, two principal controls
      are used: (1) a correct number of square inches in the plan area to
      support a given load, and (2) an effective thickness allowed for bulge
      which is correctly proportioned to the plan area in order to eliminate
      failure from settling or permanent deformation.
PAR  It should be noted that the shape factor effect assumes that bearings are
      restricted from any lateral movement between load surfaces by way of
      chemically bonding the elastomer to sole plates or having the elastomer in
      contact with a rough surface exhibiting a high frictional coefficient,
      such as concrete and the like. A simple unbonded bearing will function
      satisfactorily only if the load surfaces are permanently clean and dry and
      no outward surface creep between the load surfaces and the surfaces of the
      bearing is possible. In terms of functional longevity, the compression or
      settling life of an unbonded bearing depends substantially on the ability
      of the coefficient of friction between the bearing and the beam to be
      sufficiently high to prevent spreading. In applications of the present
      invention, there is intended to be substantially no slippage or creep
      between surfaces of the elastomeric body surfaces and the loading surfaces
      when reliance is placed on frictional engagement.
PAR  Designing the bearing to accommodate the various movements of the beam is a
      matter of selecting the thickness as a function of the amount of lateral
      movement anticipated. This comparison is necessary to determine. the shear
      strain in the rubber. In order to minimize high shear loads being
      transmitted to the pier or foundation, the elastomeric mass should not be
      extended laterally more than 25% of its thickness each way while under
      load, for example, as an empirically sound design rule.
PAR  As known, the rubber mass moves equally well in any direction. Since
      allowable shear travel will be 0-25%, for example, total allowable
      movement is half the thickness of the bearing. Conversely, the bearing
      thickness must be twice the expected total movement. Although it is
      unlikely that beams will be installed at temperatures representing the
      exact midpoint of their expansion, any additional strain or deformation
      should fall well below the ultimate permissable shear strain.
PAR  Assume that a beam or deck proves to have a potential horizontal movement
      equal to the thickness of the rubber. The basic bearing of a selected
      shape factor then provides only half the required travel capacity because
      of its thickness. In the prior art, another identical bearing has been
      positioned on top to gain the required thickness and both are bonded to a
      common steel plate at their common load surfaces. This double bearing
      still has the same load carrying capacity as the single basic bearing, but
      the accumulated lateral travel capacity of the two bearings now equals the
      expected beam movement. However, the common steel plate adds thickness to
      the composite bearing which does not contribute to such lateral travel
      capacity as permitted by the present invention.
PAR  The flexural or bending of beams under load causes a rotating movement of
      the upper surface of the bearing. The rotating load effect on the rubber
      is different from the effect of vertical dead beam load for several
      reasons. Dead load compression, evenly applied, causes transfer of rubber
      mass into the side bulge volume. The live rotating load causes an increase
      in bulge on that side of the bearing facing the beam length with a
      corresponding reduction on the opposite face. The actual difference in
      effect on the rubber is a uniform outward mass movement in the case of
      dead load and a non uniform mass transfer during bearing rotation.
PAR  Still another load effect is due to permanent non-parallelism of load
      surfaces. In this instance, side transfer is permanent and, over a fairly
      wide latitude, does not materially reduce the load carrying capacity of
      the bearing. While rubber has the ability to conform to a new permanent
      working position, care must be used not to exceed the "memory" of the
      compound.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention is an improvement to structures such as disclosed in
      German Pat. No. 1,179,978, published Oct. 22, 1964. Related U.S. Pat. Nos.
      3,504,905, 3,514,165 and 3,544,415 disclose laminated structures of
      elastomer and metal bonded together which serves to give a high shape
      factor for loads in compression and to utilize the accumulative lateral or
      shear deformation of successive layers of rubber.
PAR  Information concerning application of elastomers is found in publications
      respectively entitled NATURAL RUBBER IN BRIDGE BEARINGS (Bulletin No. 7)
      and ENGINEERING DESIGN WITH NATURAL RUBBER (Third Edition 1970) both
      published by the Natural Rubber Producers Research Association, 19
      Buckingham Street, London W.C. 2., England. The foregoing publications
      including the patents will serve as references to provide additional
      information concerning the following detailed description.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved elastomeric bearing structure
      having a high shape factor, yet with a high shear displacement relative to
      the thickness of the structure.
PAR  The present invention also provides an improved elastomeric bearing
      structure wherein essentially the entire effective height, and
      substantially the entire volume of the bearing, is rubber which is adapted
      for maximum lateral deformation with optimum pressure distribution of
      vertical and horizontal loading.
PAR  The present invention further provides an improved elastomeric bearing
      structure which may be fabricated more simply and at less expense than
      prior art structures.
PAR  The present invention further provides an improved elastomeric bearing
      structure of simple design and of less weight for a given load application
      and installation space requirement.
PAR  The foregoing and other provisions and advantages are accomplished with an
      elastomeric bearing structure including a monolithic elastomeric support
      body defining a lower surface and an upper surface adapted to support a
      load in a structure and defining a peripheral edge about the perimeters of
      the lower and upper surfaces. A plurality of tension support members such
      as rods or rings are disposed in continuous confining relation about the
      peripheral surface and embedded in the peripheral edge. Adjacent tension
      support members are provided or different peripheral lengths or diameters
      and accordingly are disposed in both offset or staggered relationship and
      in vertically spaced apart relationship above one another within the
      support body. An elastomeric sheath may be disposed in bonded weather
      protective relation over the peripheral edge surface and tension support
      members. The tension support members are adapted to divide the peripheral
      surface into selected smaller areas subject to bulging when a compressive
      load is exerted on the lower and upper surfaces of the support body. The
      accumulative vertical dimensions of the tension support members should be
      in the order of not less than about 40% of the total thickness of the
      support body. The support body may include a central body bounded by an
      elastomeric retaining body disposed in bonded relationship about the
      periphery of said central body and between the central body and the
      tension support members. In such case the tension support members are
      embedded in the outer edge of the retaining body. The retaining body
      confines the support body to transmit forces from a compressive load on
      the central body through the central body to the retaining body. The
      retaining body is confined in turn by the tension support members. The
      bearing structure may comprise a plurality of the support bodies as
      described which are joined in cooperative disposition through connection
      with a spanning member. Sole plates may be provided in bonded relation to
      the upper and/or lower surfaces of the bearing structure as appropriate.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings,
PAR  FIG. 1 is a partly cut-away plan view of the elastomeric bearing of the
      present invention as viewed along the line 1--1 of FIG. 2;
PAR  FIG. 2 is a sectional and elevational view of an installation of the
      elastomeric bearing of the present invention, including a sectional view
      of the bearing taken at line 2--2 of FIG. 1;
PAR  FIG. 3 is a partially cut-away plan view of an alternate embodiment of
      elastomeric bearing of the present invention;
PAR  FIG. 4 is a sectional view taken at line 4--4 of FIG. 3;
PAR  FIG. 5 is a detailed sectional view of one embodiment of the invention
      taken at line 5--5 of FIGS. 1 and 3;
PAR  FIG. 6 is an alternate embodiment of the structure shown in FIG. 5;
PAR  FIG. 7 is another embodiment of the structure shown in FIG. 6; and
PAR  FIG. 8 is a further modification of the embodiment shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As a brief definition of terms used herein, the inextensible tension
      support members may also be termed rings, rods, or the like. Elastomer and
      rubber as used herein are used interchangeably to denote appropriate
      synthetic or natural rubbers. Like elements in the different embodiments
      disclosed are identified with the same numbers.
PAR  Referring to FIGS. 1 and 2, there is shown an elastomeric bearing structure
      10 incorporated in load bearing relation and supporting a beam or deck 12
      from a pier or foundation 14. Bearing structure 10 essentially comprises
      an elastomeric support body 16 retained or confined as shown by a
      plurality of tension support members 18. As understood and clearly shown
      in FIGS. 2 and 4-8, the tension support rings are embodied of metal in
      order to be substantially inextensible or unstretchable.
PAR  Bearing structure 10 is shown as being generally of inverted frusto-conical
      shape. Body 16 defines a lower surface or face 20 and an upper surface or
      face 22 bounded at their edges by a peripheral edge or surface 24. The
      rings 18 are shown as being completely embedded in the rubber body 16
      about its peripheral edge 24. The rings or hoops 18 are disposed within
      the body as shown not only to create a more monolithic structure, but also
      to dispose the rings in vertically offset or staggered relationship as
      will become evident.
PAR  FIG. 5 depicts a cross section of the bearing structure 10 taken at 5--5 of
      FIG. 1 and FIG. 3. As shown, the support rings 18 are disposed in the
      peripheral face 24 so as to leave selected areas for the rubber to bulge
      between adjacent rings 18 and a smaller selected distance between a
      designated ring and the upper or lower face of body 16. FIGS. 5--8 all
      illustrate exemplary vertical spacing for rings 18.
PAR  A basic concept herein is to substantially restrict the radial displacement
      over a large percentage of the rubber thickness (40% or more) when it is
      subjected to a compression load without appreciably affecting the shear
      strain characteristics. For example, FIGS. 1, 2 and 5-8 show the basic
      construction, which consists of a plurality of stress rings 18 which
      essentially encircle an elastomeric body. The summation of the cross
      sectional diameters of rings 18 should equal or exceed 0.4 of the
      thickness of support body 16.
PAR  When a compression load is applied to the bearing 10, the elastomer will
      tend to act as an incompressible fluid and exert forces in all directions.
      As a compression load is applied, a reduction in bearing height will
      result. Since elastomers are essentially incompressible, the reduction in
      bearing height forces the rubber body to extend radially. The elastomer
      located in the areas confined by the rings cannot displace radially since
      the rings 18 inhibit movement in that direction and is thus forced to
      displace into the nonrestricted areas between the rings.
PAR  However, the change in shape is also exerting forces which are trying to
      radially displace the elastomer but which inteferes with the tendency of
      the elastomer to freely enter the nonrestricted zones. The result of this
      configuration substantially reduces the amount of height reduction of body
      16 under a given compression load. Whereas the shortest fiber length will
      be equal to the bearing thickness which is the longest possible for a
      given size bearing it is known that the fiber length is indirectly
      proportional to the shear load required to effect a shear strain rated as
      a percentage of such thickness i.e. the longer the fiber, the less shear
      load required for a given shear strain.
PAR  Other features are:
PAR  The body of the bearing is to be molded from a monolithic elastomer having
      good low temperature shear characteristics such as natural rubber, for
      example.
PAR  The exposed surface of the bearing is to be molded from an elastomer having
      good weathering, ozone and oil resistance characteristics such as
      neoprene.
PAR  The unrestricted rubber layer between faces 20 and 22 and the nearest
      respective ring 18 will be substantiallly less in thickness than the
      internal unrestricted layers between adjacent rings 18 to prevent
      "scrubbing" due to radial displacement.
PAR  A bearing may be molded as a short cylindrical column (FIGS. 6-8) in lieu
      of a frustum of a right circular cone (FIGS. 2 and 5). This would involve
      the use of stress rings of unequal outside diameters.
PAR  A bearing may be molded incorporating multiples of the basic bearing in
      combination, (for example as shown in FIG. 3) which would allow the
      bearing to be placed on a rectangular bearing seat which are most commonly
      used and reduce the magnitude of the hoop tension of the respective rings
      of the multiple combination for a given compressive load as compared to
      one of the larger rings of a larger basic bearing as described.
PAR  A bearing would be molded having some of the rings 18 unequal in outside
      diameter which would give a staggered or offset ring configuration (FIGS.
      5-8) which would allow additional bearing rotation without excessive
      localized compression stress between the rings. Also, the offset or
      staggered configuration of rings 18 would permit the rings to be of
      selected larger cross-sectional diameter, giving a larger total
      accumulative ring height relative to total thickness of body 16 to provide
      substantially greater confinement and corresponding unit loading with
      substantially undiminished capability for movement in lateral shear.
PAR  The different embodiments disclosed and their variations may be molded with
      either or both of faces 20 or 22 bounded to a sole plate and the number
      and diameter of rings 18 provided may vary to fulfill shear movement
      requirement, unit loading, rotational requirement and shape factor.
PAR  The function of the rings 18 is to effectively increase the shape factor S
      of bearing structure 10 by dividing the peripheral area of edge 24 into
      smaller discrete areas subject to bulge while the area of surface 22,
      subject to vertical loading, remains constant. Concurrently, the total
      thickness of support body 16 effectively remains available for deflection
      in lateral shear. If prior art type laminations of plates of the same
      thickness as the diameter or accumulative height of rings 18 were
      substituted in lieu of rings 18, then the increase in shape factor would
      be substantially the same but the thickness and volume of rubber available
      for lateral shear equivalent to plate thickness would be lost.
PAR  As shown in FIGS. 1, 2 and 5 and previously mentioned, bearing 10 is formed
      in the shape of a truncated cone with parallel faces 20 and 22 and by the
      tapered edge or surface 24. As later discribed with reference to FIGS.
      6-8, bearing 10 may also be provided in the shape of a short cylinder with
      the edge 24 being disposed perpendicular to the faces 20 and 22. The
      embodiment of FIGS. 1, 2 and 5 illustrates a structure which provides a
      constant load carrying area of elastomer equivalent to the area of surface
      20 throughout the permissable lateral shear deflection of bearing 10 as
      caused by lateral movement of the beam 12. FIGS. 1 and 5 show dashed lines
      indicative of the position and shape attained by bearing 10 through a
      shear displacement distance S.sub.s. The distance S.sub.s indicates the
      designated movement in shear provided by the angle of taper of edge 24 to
      bring a portion of edge 24 to a posture which is perpendicular to faces 20
      and 22 when the maximum permitted lateral movement is attained.
PAR  Each ring 18 is shown in FIGS. 2 and 5 to be embedded in the face 24 in
      vertically displaced apart and laterally offset relation with respect with
      each adjacent ring. In this embodiment the offset relation of the rings
      conveniently conform to the profile of the tapered surface of edge 24.
      More significantly, the effective lateral unconfined bulge area between
      adjacent rings may be reduced while the effective distance between the
      rings remain at an optimum to permit maximum rotational deflection within
      the bearing as caused by deflection of a supported beam 12, for example,
      and also to permit substantially uninhibited lateral movement in shear or
      body 16 commensurate with the full thickness of the rubber mass.
PAR  Though several kinds of natural and synthetic rubber may be provided for
      support body 16, a natural rubber of 40-50 durometer hardness is
      recommended, for example. The reason that natural rubber is preferred is
      that natural rubber has the most consistent shear modulus with various
      changes of temperature, as compared with some of the synthetic rubbers
      which exhibit a marked increase in shear modulus with comparable decreases
      in temperature.
PAR  Since natural rubber is less ozone resistant and more prone to
      deterioration from weathering, a protective sheath 28 (FIGS. 1-8) may be
      provided which is bonded to surface 24. The preferred material for sheath
      20 is neoprene, selected for its superior ozone and weathering resistance.
      Other protective materials may be provided, however, such as certain
      grades of butyl rubbers, ehtylene polypropylene rubbers, polysulfide
      rubbers, silicone rubber and the like as dictated by effectiveness vs.
      price.
PAR  The embodiment of FIG. 5 is illustrated as being provided with three rings
      18 disposed in both vertically spaced apart and laterally offset relation
      as shown. However, it is evident that the benefits of this invention may
      be attained by providing two or more of such rings disposed in vertically
      spaced apart and laterally offset or staggered relation, the number
      provided being dependent upon the cross-sectional diameters of each ring,
      the expected rotational and lateral movement to be imposed on body 16, the
      shape factor desired and related loading conditions.
PAR  FIG. 6 illustrates an alternate embodiment of the structure shown in FIGS.
      2 and 5. In this embodiment the peripheral edge 24 is provided
      perpendicular to the surfaces 20 and 22. Three rings 18 are disposed in
      embedded relation about the edge 24 with each ring 18 being disposed both
      in vertically spaced apart and laterally staggered relationship relative
      to an adjacent ring or rings 18 as shown. The upper and lower rings 18 are
      of greater diameter or peripheral length than the center ring and
      consequently are disposed closer to edge 24 than the center ring. The
      upper and lower rings 18 are also disposed close to surfaces 20 and 22
      respectively to prevent "scrubbing", as previously mentioned, when no sole
      plates are provided. The accumulative cross-sectional height of the rings
      18 is shown as being not less than about 40% of the total thickness of
      body 16. Routine tests conducted with a selected elastomer for body 16 and
      with the support rings 18 being selected cross-sectional height and being
      disposed in selected vertical and lateral spaced apart relationship can
      result in an accumulative height of the rings 18 being somewhat greater or
      less than 40%, depending on a desired rating of structure 10 for vertical
      loading, lateral displacement, rotational requirement and/or shape factor.
      It is to be seen that the lateral distance between adjacent rings will
      permit vertical compression strain of body 16 without direct decrease in
      the effective distance between adjacent rings through the vertical
      decrease in distance between adjacent rings will be linear with such
      compressive strain.
PAR  As with the embodiment of FIG. 5, the body 16 of FIG. 6 may be provided
      with a protective sheath 28 bonded about the surface of edge 24 as shown.
PAR  FIG. 7 depicts an embodiment similar to that of FIG. 6 with the difference
      being that the center ring 18 is provided of greater peripheral diameter
      than the adjacent rings and accordingly is closer to edge 24. This
      embodiment will function substantially the same as the embodiments of
      FIGS. 5 and 6 when supporting the beam 12 through vertical loading,
      horizontal or lateral deflection and/or deflectional rotation of the beam
      as previously mentioned. When a beam 12 is supported from a pier 14 by any
      of the embodiments of bearing 10 as shown in FIGS. 5-7, the bearing 10 is
      considered to provide a "floating" type of support for a beam 12 which
      will support the vertical loading from the beam 12 and also accommodate
      the various horizontal and rotational movements of the beam.
PAR  FIG. 8 differs from the embodiments of FIG. 6 by the provision of support
      body 16 including a central body surrounded by a peripheral elastomeric
      retaining body 26. When provided as shown, the bulging action of retaining
      body 26 replaces the bulging action of the rubber central body of support
      body 16. Retaining body 26, as preferably provided, will be in the range
      of 50-60 durometer or a suitable range of greater hardness which is more
      resistant to deformation than the central body of support body 16. When
      the retaining body 26 is provided as shown, the bearing structure 10 is
      capable of handling greater loads since the harder rubber requires more
      applied force to bulge out between the rings 18.
PAR  When the bearing structure 10 is under a loaded condition such as depicted
      in FIG. 2, the elastomeric body 16, particularly near the center, behaves
      as a semiperfect liquid transferring vertical loading stresses to lateral
      stresses tending to cause the periphery of the member to bulge, as
      previously described. As shown in FIG. 8, the peripheral retaining body 26
      acts as a "dam", confining the elastomeric body 16 and transmitting its
      force into bulges of the harder material between the rings 18. This
      arrangement provides increased vertical loading capacity. However, the
      resistance of the element 26 to lateral forces creating stresses in shear
      of the bearing structure 10 as a whole is not sufficient to be appreicable
      or undesirable.
PAR  The ghost lines in FIGS. 3, 4, 5 and 8 are to illustrate the optional upper
      sole plate 32 and/or an optional lower sole plate 30. When such sole
      plates are provided, they are firmly bonded to the rubber and fillet (not
      shown) is provided at the outer intersection of the rubber to the plate to
      minimize stress risers when the plates place the rubber in shear,
      compression or rotation. The purpose of the plates is for welding,
      bolting, or otherwise attaching the upper plate 30 to beam 12 when beam 12
      is provided of metal rather than concrete as shown. Lower plate 30 is
      likewise provided for immovable attachment to pier 14 if the pier provided
      of steel or otherwise presenting a low friction coefficient to bearing
      structure 10.
PAR  It is pointed out that variations of the elements shown in FIGS. 4-8, such
      as sole plates 30 and 32, protective sheath 28, retaining body 26, and the
      number of rings 18 may be varied and combined as desired for a particular
      design and environmental condition, all within the purview of the present
      invention. It is also to be noted that retaining body 26 and sheath 28 may
      be combined as a common body formed of neoprene or the like as desired.
PAR  FIGS. 3 and 4 depict another embodiment of the invention wherein two of the
      bearing structures 10 are combined with a connecting elastomeric spanning
      member 34. The structure of FIG. 3 behaves substantially as described for
      the structure of FIGS. 1 and 2, but is shown to illustrate that more than
      one of the bearing structures 10 may be utilized in combination.
      Additional bearing structures 10 may be arranged in desired goemetric
      relation depending on the size and shape of beams such as 12 to be
      supported and available support area on piers or foundations 14. For
      example, three of the bodies 16 may be combined to provide a bearing 10 of
      generally triangular configuration. Four bodies 10 may be combined for a
      bearing 10 of square configuration. Six bodies 10 may be combined for a
      larger triangular or rectangular configuration and so on.
PAR  Bearing 10 has been described as frusto-conical or disc shaped with tension
      support members or rings 18 being circular in configuration. It is
      apparent that rings 18 would be urged to become circular upon application
      of loading force to bearing 10 which would place rings 18 under hoop
      stress as the elastomer body 16 seeks to deform under compression.
      However, rings 18 may have initial configurations other than exactly
      circular. For example, rings 18 may be provided of elliptical shape (not
      shown). When so provided, the minor diameter of the ellipse so formed may
      be restrained in shape by means of a tie rod or bar (not shown) connected
      to each ring 18 across the minor diameter.
PAR  It is also noted that corresponding rings 18 of adjacent bodies 16, such as
      shown in FIG. 3, might be a single ring or hoop formed in the shape of a
      figure "8" approximately as shown and joined at its waist with a tie rod
      or other appropriate connection.
PAR  The foregoing description and drawing will suggest other embodiments and
      variations to those skilled in the art, all of which are intended to be
      included in the spirit of the invention as set forth herein.
CLMS
STM  That being claimed is:
NUM  1.
PAR  1. An internally reinforced elastomeric bearing structure adapted to
      support a tilting and laterally movable load without external support or
      confinement within an enclosure, comprising:
PA1  a. a substantially flat monolithic elastomeric support body defining an
      upper surface disposed in parallel spaced apart relation with a lower
      surface and a peripheral edge bounding the perimeters of said surfaces;
PA1  b. a plurality of inextensible tension support rings embedded in said
      peripheral edge and around the periphery of said support body with each
      support ring being selectively disposed both in laterally spaced apart
      relation and in vertically spaced apart relation to the next adjacent
      support ring, and said support rings extending serially from close to the
      top surface to the close to bottom surface of said support body.
NUM  2.
PAR  2. The structure of claim 1 wherein said support member is comprised of a
      natural rubber of about 40-50 durometer in hardness and includes a
      protective neoprene sheath disposed in bonded relation to the surface of
      said peripheral edge.
NUM  3.
PAR  3. The structure of claim 1 wherein said support body includes an
      elastomeric central body of about 40-50 durometer horizontally surrounded
      by an elastomer retaining body of about 50-60 durometer with said tension
      support rings embedded as aforesaid within the edge of said retaining
      body.
NUM  4.
PAR  4. The structure of claim 1 further including a metal sole plate bonded to
      at least one of said lower surface and said upper surface.
NUM  5.
PAR  5. A structure comprising a plurality of bearing structures as defined in
      claim 1 with said bearing structures being formed together to provide a
      preselected load bearing configuration adapted to function cooperatively
      in combination.
NUM  6.
PAR  6. The structure of claim 1 wherein the effective cumulative total vertical
      thickness of said support rings in established through selection of the
      elastomer for said support body, selection of the cross-sectional height
      of each said support ring and selection of the lateral and the vertical
      spaced apart relationship of said rings.
NUM  7.
PAR  7. The structure of claim 6 wherein said support rings have a cumulative
      total vertical thickness of not less than about 40% of the total thickness
      of said support body.
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ABST
PAL  Sleeve apparatus for mounting on a cylindrical periphery of a drill string,
      or other running string, including an inner sleeve having cylindrical
      interior and a conical exterior disposable at any selected location along
      a drill string member, an outer sleeve being mounted on the inner sleeve
      and having an inner conical surface companion to the outer conical surface
      of the inner sleeve, the outer sleeve being shrink-fitted on the inner
      sleeve, and the latter on the cylindrical periphery of the drill string
      member by fluid pressure actuated hydraulic means, permitting a safe,
      strong interconnection between the outer sleeve, inner sleeve and the
      drill string member, the inner and outer sleeves being readily removable,
      when necessary, for relocation on the drill string or for replacement by
      another inner and outer sleeve combination similarly shrink-fitted onto
      the drill string. The outer sleeve, positioned on the drill string, may be
      a stabilizer sleeve, a wear protection sleeve, a reamer, and the like.
PARN
PAR  This application is a Continuation-In-Part of our application Ser. No.
      465,818, filed May 1, 1974, for "Shrink-Fit Sleeve Apparatus for Drill
      Strings" now abandoned.
BSUM
PAR  The present invention relates to rotary bore hole apparatus, and more
      particularly to apparatus, such as a stabilizer, wear sleeve, reamer, and
      the like, mounted on a drill string to control its deflection, reduce or
      eliminate abrasive wear on the drill string members, or to insure the
      drilling of the bore hole to its required diameter.
PAR  In the rotary drilling of bore holes, the length of the drill string, which
      is made up of drill collars and drill pipe sections, can be several miles
      long. The relatively small diameter of the drill string members compared
      to the drill string length makes it very flexible. In addition, the lower
      portion of the drill string nearest the drill bit is in compression during
      rotary drilling, so that weight can be applied to the drill bit attached
      to the lower end of the drill string, which causes the lower section to
      tend to assume a deflected or bowed condition during drilling.
PAR  The deflected drill collar string can contact the wall of the well bore,
      causing wear on the drill collars. Since the drill bit is rigidly attached
      to the collars, the drill bit is pointed in some direction which may
      differ from the desired path of the well bore. The location or locations
      where the drill collars contact the well bore determines the lateral force
      at the bit, and this lateral force at the bit can also move the bit from
      the desired path for the hole.
PAR  Drill string stabilizers have been used to help resolve the above problems.
      However, the methods of attaching the stabilizers limited their
      effectiveness. One method included the attachment of stabilizer ribs by
      welding them onto a drill collar body, which is normally undesirable
      because the welded joint may fail, large pieces of metal remaining in the
      hole. In addition, once the ribs are attached to the drill collar body,
      they cannot be relocated conveniently along the length of the drill
      string. Integral blade stabilizers are available, but they have the
      disadvantage of requiring at least one additional drill collar connection,
      since they are mounted on or form an integral part of a short collar sub.
      This may increase the difficulty of retrieving the drill string members if
      the drill string becomes disconnected in the bore hole. In addition, the
      desired lengths of drill collar subs may not be available at the rig site,
      preventing relocation of the stabilizers except after substantial delay.
PAR  The optimum location for stabilizers on the drill collars for a specific
      set drilling conditions can be predetermined, in order to keep the drill
      collars from contacting the wall of the bore hole, aim the drill bit in
      the desired direction, and force the drill bit in such desired direction.
      If the proper technique of locating the stabilizers along the length of
      the drill collars is not observed, it may cause the collars to undergo
      excessive stress and stain. If the stabilizers are located too far apart,
      they will not prevent the drill collars from contacting the hole wall, the
      collars becoming worn by rubbing thereagainst. If the proper locations are
      not used, control over the direction of drilling will also be lost.
PAR  The shrink-fitting of stabilizers and the like on drill string members is
      known, being illustrated and described in U.S. Ser. No. 430,077, filed
      Jan. 2, 1974, for "Stabilizer for Drill Strings". However, the stabilizers
      disclosed therein can be placed at predetermined locations along the drill
      string through the provision of special subs at such locations on which
      the stabilizers have been shrink-fitted. Relocation of the stabilizers
      cannot be undertaken readily, and particularly at the drill site. In
      addition, the shrink-fitting of a stabilizer sleeve on a drill collar sub
      or body member required accurate machining of a conical surface on the
      drill collar member, and also in the stabilizer sleeve, to close
      tolerances so that they accurately match each other.
PAR  By virtue of the present invention, a stabilizer sleeve, or, for that
      matter, a wear sleeve or a reamer, can be mounted at any desired position
      along the length of a one-piece drill collar having a cylindrical
      periphery. No separate subs of predetermined length and configuration are
      necessary, since the sleeve is affixed directly to the cylindrical drill
      collar itself. As a result, difficult machining of an accurate conical
      surface on a drill collar sub is eliminated, as in prior arrangements.
      When the sleeves are stabilizers, they can be spaced from one another by
      the optimum distances to maintain the drill collars from contacting the
      hole, to direct the drilling bit properly, and to force the latter in the
      desired direction. In the event that drilling conditions change, requiring
      different locations of the stabilizers along the length of the drill
      collars, the stabilizers are readily releasable from the cylindrical
      periphery of the drill collars for relocation at the desired points. A
      stabilizer can be mounted on the lowermost drill collar immediately
      adjacent the drill bit, which is highly desirable in preventing deviation
      of the drill bit from its desired path. In addition to being readily
      removable for relocation, stabilizers, and, for that matter, wear
      protective devices or reamers, can be removed from the drill string and
      replaced by corresponding new devices, and such replacement can occur at
      the rig site in a facile and rapid manner.
PAR  By virtue of the ability to locate stabilizers at the optimum points along
      the length of the drill collars, a higher drill bit weight can be used
      which increases the bit penetration rate, thereby reducing the cost per
      foot of drilling the bore hole. In addition, a drill bit is capable of
      drilling a much greater footage of hole, which further decreases the cost
      per foot of drilling the bore hole.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of several
      forms in which it may be embodied. Such forms are shown in the drawings
      accompanying and forming part of the present specification. These forms
      will now be described in detail for the purpose of illustrating the
      general principles of the invention; but it is to be understood that such
      detailed description is not to be taken in a limiting sense.
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PAR  Referring to the drawings:
PAR  FIG. 1 is a side elevational view of the lower portion of a rotary drill
      string, with stabilizers mounted thereon and embodying the invention;
PAR  FIG. 2 is an enlarged longitudinal section taken along the line 2--2 on
      FIG. 1;
PAR  FIG. 3 is an enlarged cross-section taken along the line 3--3 on FIG. 2;
PAR  FIG. 4 is a longitudinal section taken along the line 4--4 on FIG. 2;
PAR  FIG. 5 illustrates the manner of mounting a stabilizer sleeve on a drill
      collar member at a desired location along its length; and
PAR  FIG. 6 is a view similar to FIG. 4 illustrating the invention as applied to
      a wear sleeve mounted at a desired location along the length of a drill
      collar member;
PAR  FIG. 7 is a view similar to FIG. 2 disclosing another embodiment of the
      invention;
PAR  FIG. 8 is an enlarged cross-section taken along the line 8--8 on FIG. 7;
PAR  FIG. 9 is a view corresponding to FIGS. 2 and 7 of still a further
      embodiment of the invention;
PAR  FIG. 10 is cross-section taken along the line 10--10 on FIG. 9, and
PAR  FIG. 11 is an isometric view of an inner sleeve of the FIGS. 9 and 10
      embodiment.
DETD
PAR  As disclosed in FIG. 1, the lower portion of a drill string 10 is
      disclosed, the bottom end of which is secured to a rotary drill bit 11 for
      drilling a bore hole 12. As shown, drill collars 13 are threadedly secured
      to one another in a known manner, the uppermost drill collar being
      attached to drill pipe (not shown) extending to a drilling rig (not shown)
      and through which the entire drill string is rotated to effect the
      rotation of the drill bit and the transmission of the required torque
      thereto in the production of the bore hole. Longitudinally spaced
      stabilizer devices 14, 15, 16 are mounted at preselected locations along
      the length of the drill collar string. As specifically disclosed, a
      near-bit stabilizer apparatus 14 is mounted on the lowermost drill collar
      immediately adjacent to the drill bit 11. At a predetermined location
      thereabove, a second stabilizer apparatus 15 is firmly secured to a drill
      collar section 13, and at yet a higher elevation along the length of the
      drill collar string, a third stabilizer apparatus 16 is firmly secured to
      a section 13 of the drill collar string. By way of example, the
      intermediate and upper stabilizer apparatus 15, 16 may be spaced about 16'
      and 49', respectively, from the bit 11. This spacing will vary, depending
      upon drilling conditions and the formation being drilled.
PAR  Each of the stabilizers disclosed includes an inner sleeve 17 having an
      internal cylindrical surface 18 conforming to the cylindrical periphery 19
      of the drill collar 13 on which it is mounted. The outer surface 20 of
      each inner sleeve is conical or tapered at a small angle to the sleeve
      axis. By way of example, the angle of taper may be from about 11/2.degree.
      to about 4.degree.. An external sleeve 21 is mounted on the internal
      sleeve, having a conical or tapered internal surface 22 companion to the
      external surface 20 on the inner sleeve. The external sleeve 21, as
      specifically illustrated in FIGS. 1 to 5, inclusive, is formed as a
      stabilizer having circumferentially spaced longitudinally extending
      helical ribs 23 adapted to engage the wall of the bore hole 12. Typically,
      these ribs have hardfacing material 24 on their outer surfaces for
      resisting wear when bearing against the wall of the hole during rotation
      of the drill string, drill bit, and of the stabilizer apparatus secured at
      the predetermined locations on the drill collars. The ribs may be
      constituted as cutters for maintaining the bore hole to gauge.
PAR  As specifically shown, the inner sleeve 17 has a longitudinal split 25
      completely through its wall, to permit the sleeve to flex in a lateral
      direction, and, therefore, enable its internal cylindrical surface 18 to
      conform to minor deviations that might be present in the cylindrical
      periphery 19 of the drill collar. However, the outer sleeve 21 is
      circumferentially continuous, with its internal surface 22 adapted to
      frictionally grip the conical external surface 20 of the inner sleeve. The
      outer sleeve 21 is shrink-fitted onto the inner sleeve 17, forcing the
      latter into shrink-fitted engagement with the drill collar 13, the
      shrink-fitting being effected hydraulically, as described hereinbelow in
      connection with FIG. 5 of the drawings.
PAR  It is to be noted that the outer sleeve has an elastomer seal ring
      structure 30, including circumferential upper and lower portions 31, 32
      each extending slightly less than 360.degree. around the circumference of
      the outer sleeve. The circumferential portions are integral with opposed
      longitudinal seal ring portions 33, 34 laterally spaced from each other
      and extending on opposite sides of the longitudinal split 25 through the
      inner seal. The portions 31, 32 of the seal ring structure 30 are disposed
      in internal circumferential grooves 35, 36 that merge into longitudinal
      grooves 37, 38 within the otuer sleeve containing the longitudinal seal
      ring portions 33, 34, the upper and lower seal ring portions sealingly
      engaging the periphery of the internal sleeve at locations 17 adjacent to
      the upper and lower ends of the external sleeve, and the longitudinal seal
      portions 33, 34 bearing against the exterior surface 20 of the sleeve on
      opposite sides of its split 25.
PAR  Fluid under pressure can be introduced through a port 40 extending through
      the wall of the outer sleeve 21 to its interior, this pressure being
      confined by the seal ring structure 30 and effecting hydraulic expansion
      of the outer sleeve and inward compression of the inner sleeve 17. During
      such expansion of the outer sleeve and inward compression of the inner
      sleeve, they are moved longitudinally with respect to one another to force
      the inner sleeve 17 deeper into the outer sleeve 21, the expansion of the
      outer sleeve permitting such relative longitudinal or axial movement to
      take place. After the hydraulic pressure introduced into the outer sleeve
      has been increased to a desired extent, with the sleeves moved relatively
      axially of one another, the fluid pressure is relieved, the outer sleeve
      21 contracting into firm and secure frictional engagement with the
      periphery 20 of the inner sleeve 17 and forcing the inner sleeve into firm
      frictional engagement with the circumferential periphery 19 of the drill
      collar 13. The inner and outer sleeve combination is, therefore,
      frictionally secured to the drill collar and is capable of resisting,
      without slippage, the usual torques and longitudinal forces transmitted to
      the stabilizer structure during the drilling of the bore hole.
PAR  The friction can be increased by appropriately cleaning the external and
      internal tapered surfaces 20, 22, and also the cylindrical interior 18 of
      the inner sleeve and the periphery of the drill collar where the
      stabilizer apparatus is to be mounted, then coating the cleaned surfaces
      with a suitable abrasive material. By way of example, the material may be
      10% by volume of tungsten carbide powder of 200 mesh size suspended in a
      light oil. The sleeves are then mounted on the drill collar at the desired
      location, as described above, the hydraulic pressure applied to expand the
      outer sleeve 21 while axial forces are exerted on the inner and outer
      surfaces 17, 21 in opposite directions to relatively wedge the inner
      sleeve within the outer sleeve, whereupon the hydraulic pressure is
      released, allowing the shrink-fitting of the inner and outer sleeves 17,
      21 upon the drill collar 13 and inner sleeve 17, respectively.
PAR  To facilitate distribution of the hydraulic fluid and pressure over the
      entire surface of the outer sleeve 21 bounded by its seal ring structure
      30, the port 40 of the outer sleeve communicates with an internal groove
      41 in the outer sleeve extending therearound and terminating just short of
      the grooves 37, 38 containing the longitudinal seal portions 33, 34. A
      longitudinal internal groove 42 also extends from the port 40 in both
      directions to the upper and lower circumferential seal ring portions 31,
      32, the upper and lower portions of this internal groove communicating
      with upper and lower circumferential grooves 43, 44 extending around the
      inner surface of the outer sleeve to the same extent as the central groove
      41. By virtue of the circumferential and longitudinal groove arrangement,
      assurance is had that the fluid pressure will be applied to the entire
      internal area of the outer sleeve 21 bounded by the seal ring structure
      30, to secure a more uniform expansion of the sleeve during its mounting
      on the inner sleeve and the wedging of the inner sleeve within the outer
      sleeve.
PAR  An apparatus for frictionally mounting the inner sleeve and stabilizer
      sleeve on the drill collar member is disclosed in FIG. 5. The split inner
      sleeve 17 is placed on the drill collar 13, whereupon the outer sleeve 21
      is mounted thereon and shifted upwardly until the seal ring structure 30
      is sealingly engaging the tapered periphery 20 of the inner sleeve. An
      upper plate 50 having a central bore 51 therethrough is then slipped over
      the drill collar member 13 and is brought to bear against the large end 52
      of the inner sleeve 17. A second plate 53 having a bore 54 therethrough is
      then slipped over the drill collar from its opposite end and brought to
      bear against the end 55 of the outer sleeve 21. Piston rods 56 having
      threaded ends 57 are then moved through holes 58 in the lower plate and
      aligned holes 59 in the upper plate, these piston rods being suitably
      connected to pistons 60 disposed within cylinders 61 brought to bear
      against the lower end of the lower plate 53. Collars 62 are mounted on the
      threaded ends of the piston rods, engaging the upper surface of the upper
      plate 50, suitable nuts 63 then being threaded on the ends of the threaded
      rods to firmly force the collars against the upper plate.
PAR  A fitting 65 is connected to the outer sleeve in communication with the
      port 40, a pressure hose line 66 extending therefrom to a valve gear block
      67. Similarly, pressure hose lines 68 extend from the cylinders 61 to the
      valve gear block 67, which has a control monometer 69 connected thereto to
      indicate the pressure in the pressure hose lines. Hydraulic pressure is
      applied through a suitable hydraulic pump unit 70 that can be hand
      operated through manipulation of a lever 71. The pressure derived from the
      hydraulic pump unit passes through the pressure hose line 66 and through
      the port 40 to the interior of the outer sleeve 21. At the same time,
      fluid under pressure passes into the cylinders 61, forcing them upwardly
      against the lower plate 53 and the pistons 60 and piston rods 56
      relatively downwardly of the cylinders, to cause the rods and the collars
      62 and nuts 63 thereon to bear downwardly against the upper plate 50, the
      upper plate moving the inner sleeve 17 axially in the direction of its
      taper, while the cylinders 61 move the outer sleeve 21 in the opposite
      direction at the same time. The pressure is increased to further expand
      the outer sleeve 21 while the outer and inner sleeves are moved axially
      with respect to each other to cause the outer sleeve 21 to advance
      upwardly along the taper or conical surface 20 of the inner sleeve, until
      a desired pressure is reached, which, by way of example, can range from
      about 6,000 psi to about 14,000 psi, depending upon the dimensions of the
      parts. The pressure is then relieved, which allows the outer sleeve 21 to
      contract inherently and shrink-fit around the inner sleeve 17, contracting
      the inner sleeve against the periphery 19 of the drill collar 13, thereby
      effecting the attachment by shrink-fitting of the inner and outer sleeves
      on the drill collar. The friction force between the parts is relatively
      great and easily capable of withstanding the torque and longitudinal
      forces imposed by the drill collar 13 on the inner sleeve 17 and outer
      sleeve 21 during use of the apparatus. The assembly apparatus can then be
      released and removed from the collar 13.
PAR  In the event the stabilizer apparatus is to be removed from the drill
      collar, the assembly apparatus can be reversed from the position shown,
      the plate 50 engaging the lower end 52a of the inner sleeve and the plate
      53 the upper end 55a of the outer sleeve. The pressure is applied by the
      pump through the port 40 to the outer sleeve 21 to expand the latter,
      while, at the same time, the plates 50, 53 shift the inner sleeve 17 in an
      upward direction and the outer sleeve 21 in a downward direction to
      unwedge and release the sleeves from one another and effect release of the
      inner sleeve 17 from the drill collar 13.
PAR  In the form of invention illustrated in FIG. 6, the outer sleeve 21a is a
      wear member which may have bands 21b of wear resistant material, such as
      tungsten carbide, mounted on its periphery. The inner and outer sleeves
      17, 21a bear the same structural relation to one another as illustrated
      and described in connection with the stabilizer apparatus, being mounted
      on the drill collar 13 at a desired location in the same manner.
      Ordinarily, each wear sleeve 21a does not engage the wall of the bore
      hole. However, one or more sleeves are mounted on the drill collar or
      collars at required points along their length, to insure that the drill
      collars will not contact the wall of the hole, which would produce wear
      thereon during rotation of the drill collar string while it is being
      subjected to compressive forces as a result of its application of drilling
      weight to the drill bit.
PAR  Although it is desirable to employ a split inner sleeve, it may be unsplit
      and will still function properly since it is ordinarily relatively thin,
      when compared to the outer sleeve, and deformable under the hydraulic
      pressure applied to the interior of the outer sleeve and under the
      shrinking action of the outer sleeve upon release of the hydraulic force
      therewithin. When the sleeve is not split, the longitudinal portions of
      the seal ring structure in the outer sleeve need not be used, the upper
      and lower seal ring portions and their companion ring grooves being
      circumferentially continuous.
PAR  In the form of invention illustrated in FIGS. 7 to 10, inclusive, in lieu
      of the sleeve 17 having a single split 25, as disclosed in FIG. 3, the
      inner split sleeve 17a is made of two corresponding like segments or
      sectors, each preferably having the same arcuate extent slightly less than
      180.degree.. With the single split sleeve, such as illustrated in FIG. 3,
      an unbalance of radial pressure or stress results. When hydraulic pressure
      is applied between the inner and outer sleeves 17, 21, such pressure will
      exert its expanding force around the circumferential extent of the sleeve,
      except for the relatively short arcuate distance between the longitudinal
      seal rings 33, 34. Accordingly, while expanding hydraulic pressure force
      is being exerted between the outer sleeve and the inner sleeve in the
      region diametrically opposite the split 25, such force is not being
      exerted directly at the region of the split. There will be some outer
      sleeve expansion at the split, caused by the hydraulic outer sleeve
      expansion adjacent to the region of the split, which is transferred
      through the metal of the outer sleeve to its portion overlapping the
      split. The result is that the expanding force diametrically opposite the
      sleeve is several times greater than the expanding force on the outer
      sleeve at the split between the longitudinal seal rings.
PAR  Upon relieving the hydraulic pressure, the outer sleeve 21 contracts
      against the inner sleeve 17 in the region diametrically opposite the
      sleeve with a far greater shrinking force than exists at the region of the
      split. By way of example, with a 171/2 inches outside diameter hydraulic
      drill collar stabilizer assembly, a shrinking force of the outer sleeve
      upon the inner sleeve in the region diametrically opposite the sleeve
      would be greater than the shrinking force at the region of the split by
      approximately 200,000 lbs., the unbalanced radial stress in the region
      opposite the split being approximately 7,000 p.s.i. Galling or fretting of
      the contacting steel surfaces results where the sleeves contact opposite
      the split.
PAR  To avoid the undesired galling or fretting just referred to, the inner
      sleeve 17a disclosed in FIGS. 7 to 10 is made in two parts or sectors 17b,
      17b confronting one another, providing a two-piece, double split sleeve in
      which the splits 25, 25 are diametrically opposite one another. The
      two-piece sleeve 17a has the same internal cylindrical surface as the
      sleeve with a single split, as well as the same external tapered surface.
      The outer sleeve or stabilizer sleeve 21 is substantially the same as
      illustrated in FIGS. 1 to 4, inclusive, except that the seal rings 30 have
      been modified. As shown in the FIGS. 7 and 8 embodiment, the outer sleeve
      has upper and lower arcuate seal ring grooves 35a, 36a merging into
      longitudinal grooves 37a, 38a that are disposed near the longitudinal ends
      of a sleeve sector. A continuous seal structure 30a is disposed in such
      grooves, longitudinal portions 33a, 34a being disposed within the
      longitudinal grooves 37a, 38a and merging into upper and lower seal ring
      portions 31a, 32a in the upper and lower grooves 35a, 36a. A pair of seal
      ring grooves and seal rings are provided, one for sealing against the
      periphery of each sector or segment 17 b.
PAR  Fluid under hydraulic pressure can be introduced through a port 40a in the
      outer sleeve, which communicates with a pair of port branches 40b, each of
      which leads into the sealed region bounded by the seal structure 30 for
      each sector. Fluid pressure will be applied to the entire internal area of
      the outer sleeve bounded by the seal structures 30 for both sectors. As
      the pressure is increased, the outer sleeve 21 is expanded and the sectors
      compressed while the inner and outer sleeves 17a, 21 are shifted
      longitudinally with respect to one another to, in effect, force the inner
      sleeve 17a relatively downwardly within the outer sleeve 21 to the
      required extent. Relieving of the pressure will cause the outer sleeve to
      contract and shrink-fit against the two opposed sectors 17b of the inner
      sleeve 17a.
PAR  The including of the opposed sectors or segments in lieu of the single
      split sleeve of FIG. 3 results in the elimination of the unbalanced radial
      pressure or stress that exists with the single split sleeve. Referring to
      FIG. 8, the radial pressure exerted between the upper segment 17b and the
      outer sleeve 21 balances the radial pressure exerted between the lower
      sector 17b and the outer sleeve. The elimination of the unbalanced forces
      which attend the single split sleeve design prevents the contacting
      surfaces between the inner sleeve and the outer sleeve from galling or
      fretting.
PAR  In the form of invention illustrated in FIGS. 9 and 10, the opposed sector
      or double split sleeve design 17c is also used. Instead of the seal ring
      structures 30b being mounted in the outer sleeve, as in FIGS. 7 and 8,
      they are mounted on the peripheral portion of the inner two-piece sleeve.
      Thus, the inner surface 22 of the outer sleeve 21 does not have seal ring
      grooves provided therein. Instead, the grooves are provided within the
      opposed sectors of the double split sleeve. Thus, upper and lower arcuate
      grooves 35b, 36b extend around the periphery of each sector which merge
      into opposed longitudinal grooves 37b, 38b extending between the upper and
      lower grooves, these longitudinal grooves terminating short of the upper
      and lower ends of each sector. A seal ring structure 30b is disposed in
      the grooves of each sector, the seal ring structure preferably being of
      one continuous piece of elastomeric material.
PAR  The hydraulic pressure for expanding the outer sleeve 21 is also provided
      through the port 40 and the port branches 40b, each branch opening into
      the region between a sector and the outer sleeve bounded by the seal
      structure 30b. The application of pressure effects the expansion of the
      outer sleeve 21, while the inner sleeve 17c is shifted relatively further
      into the outer sleeve. After the desired pressure has been applied and the
      inner sleeve shifted longitudinally within the outer sleeve 21 to the
      desired extent, the hydraulic pressure is relieved, permitting the outer
      sleeve 21 to contract and shrink-fit upon the double split inner sleeve
      17c, 17c, and shrink-fitting the latter upon the drill collar section 13.
PAR  As disclosed in FIG. 9, the inner sleeve 17c can, if desired, be made
      shorter than the outer sleeve 21, particularly in view of the provision of
      the seal grooves and seal rings in the inner sleeve. Machining of the
      grooves in the outer sectors 17c is a much simpler and more economical
      operation than the formation of the grooves within the outer sleeve, as in
      FIGS. 7 and 8.
PAR  Guide rings 80 may be threadedly secured within the opposite ends of the
      outer sleeve 21, these guide rings having outer surfaces 81 tapering in a
      longitudinal outward direction toward the axis of the drill collar body. A
      washer ring 82 is located in a groove 83 formed between the inner portion
      of each guide ring 80 and opposed shoulder 84 on the outer sleeve, this
      ring 80 extending inwardly into close adjacency to the periphery of the
      collar body 13. Each washer ring 82 may have a beveled inner corner 85
      opposed to a beveled surface 86 in the guide ring, providing a generally
      V-shaped space in which an elastomeric seal 87 is disposed for preventing
      foreign material from entering the longitudinal space 88 between each
      washer ring 82 and the neighboring end of the inner sleeve 17c. If
      desired, oil, grease, and the like, may be packed within this space to
      insure against entry of contaminating materials between the inner and
      outer sleeves 17c, 21, as well as into the longitudinal splits 25 between
      the inner sleeve sectors 17c, 17c.
PAR  The outer sleeve 21 and inner sleeve 17c are assembled on the drill collar
      body or section 13 in the absence of the guide rings 80, washer rings 82
      and elastic seals 87. The hydraulic expansion of the outer sleeve 21 and
      the relative longitudinal shifting between the sleeves 21, 17c takes place
      and the shrink-fit effected, after which the end guide rings 80, washers
      82 and seal rings 87 can be assembled and secured in place by threading
      the guide rings 80 within the upper and lower ends of the outer sleeve 21,
      as illustrated in FIG. 9.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus adapted to be disposed in a bore hole, comprising a drill
      string member having a cylindrical exterior surface, an inner sleeve on
      said member and having an internal cylindrical surface conforming to the
      cylindrical surface of said member, said sleeve also having an external
      conical surface, an outer sleeve surrounding said inner sleeve and having
      an internal conical surface conforming to said external conical surface
      and in contact therewith, spaced seal means between the exterior of said
      inner sleeve and interior of said outer sleeve providing a confined region
      for tapping fluid under pressure between said sleeves, and means for
      conducting fluid under pressure to said confined region to expand said
      outer sleeve and enable said outer sleeve to be moved relatively
      longitudinally along said inner sleeve outer surface to shrink-fit said
      outer sleeve on said inner sleeve and said inner sleeve on said drill
      string member upon relieving of the fluid pressure.
NUM  2.
PAR  2. Apparatus as defined in claim 1, said outer sleeve being a stabilizer
      engageable with the wall of the bore hole.
NUM  3.
PAR  3. Apparatus as defined in claim 1, said outer sleeve being a wear
      resistant member engageable with the wall of the bore hole to prevent
      contact of the drill string member therewith.
NUM  4.
PAR  4. Apparatus as defined in claim 1, the angle of taper of said conical
      surfaces ranging from about 1-1/2.degree.  to about 4.degree..
NUM  5.
PAR  5. Apparatus as defined in claim 1, the angle of taper of said conical
      surfaces ranging from about 1-1/2.degree.  to about 4.degree., said outer
      sleeve being a stabilizer engageable with the wall of the bore hole.
NUM  6.
PAR  6. Apparatus as defined in claim 1, the angle of taper of said conical
      surfaces ranging from about 1-1/2.degree.  to about 4.degree., said outer
      sleeve being a wear resistant member engageable with the wall of the bore
      hole to prevent contact of the drill string member therewith.
NUM  7.
PAR  7. Apparatus as defined in claim 1, said inner sleeve having at least one
      split extending throughout its length, said seal means including laterally
      spaced circumferential portions, said seal means further including
      longitudinal portions adjacent said split extending between said
      circumferential portions.
NUM  8.
PAR  8. Apparatus as defined in claim 1, said inner sleeve having at least one
      split extending throughout its length, said seal means including laterally
      spaced circumferential portions, said seal means further including
      longitudinal portions adjacent said split extending between said
      circumferential portions, said outer sleeve being a stabilizer engageable
      with the wall of the bore hole.
NUM  9.
PAR  9. Apparatus as defined in claim 1, said inner sleeve having at least one
      split extending throughout its length, said seal means including laterally
      spaced circumferential portions, said seal means further including
      longitudinal portions adjacent said split extending between said
      circumferential portions, said outer sleeve being a wear resistant member
      engageable with the wall of the bore hole to prevent contact of the drill
      string member therewith.
NUM  10.
PAR  10. Apparatus as defined in claim 1, said inner sleeve having at least one
      split extending throughout its length, said seal means including laterally
      spaced circumferential portions, said seal means further including
      longitudinal portions adjacent said split extending between said
      circumferential portions, the angle of taper of said conical surfaces
      ranging from about 1-1/2.degree.  to about 4.degree..
NUM  11.
PAR  11. Apparatus as defined in claim 1, said inner sleeve having at least one
      split extending throughout its length, said seal means including laterally
      spaced circumferential portions, said seal means further including
      longitudinal portions adjacent said split extending between said
      circumferential portions, the angle of taper of said conical surfaces
      ranging from about 1-1/2.degree. to about 4.degree., said outer sleeve
      being a stabilizer engageable with the wall of the bore hole.
NUM  12.
PAR  12. Apparatus as defined in claim 1, said inner sleeve having at least one
      split extending throughout its length, said seal means including laterally
      spaced circumferential portions, said seal means further including
      longitudinal portions adjacent said split extending between said
      circumferential portions, the angle of taper of said conical surfaces
      ranging from about 1-1/2.degree. to about 4.degree., said outer sleeve
      being a wear resistant member engageable with the wall of the bore hole to
      prevent contact of the drill string member therewith.
NUM  13.
PAR  13. Apparatus adapted to be mounted on a cylindrical exterior of a drill
      string member disposable in a bore hole, comprising an inner sleeve having
      an internal cylindrical surface conforming to the cylindrical surface of
      the drill string member and an external conical surface, an outer sleeve
      surrounding said inner sleeve and having an internal conical surface
      conforming to said external conical surface and in contact therewith, said
      inner sleeve having at least one split extending throughout its length,
      spaced seal means between the exterior of said inner sleeve and interior
      of said outer sleeve providing a confined region for trapping fluid under
      pressure between said sleeves, said seal means including longitudinally
      spaced circumferential portions and further including longitudinal
      portions adjacent said split extending between said circumferential
      portions, and means for conducting fluid under pressure to said confined
      region to expand said outer sleeve and enable said outer sleeve to be
      moved relatively longitudinally along said conical outer surface to
      shrink-fit said outer sleeve on said inner sleeve and said inner sleeve on
      the drill string member upon relieving of the fluid pressure.
NUM  14.
PAR  14. Apparatus as defined in claim 13, said outer sleeve being a stabilizer
      engageable with the wall of the bore hole.
NUM  15.
PAR  15. Apparatus as defined in claim 13, said outer sleeve being a wear
      resistant member engageable with the wall of the bore hole to prevent
      contact of the drill string member therewith.
NUM  16.
PAR  16. Apparatus as defined in claim 13, the angle of taper of said conical
      surfaces ranging from about 1-1/2.degree.  to about 4.degree..
NUM  17.
PAR  17. Apparatus as defined in claim 13, the angle of taper of said conical
      surfaces ranging from about 1-1/2.degree.  to about 4.degree., said outer
      sleeve being a stabilizer engageable with the wall of the bore hole.
NUM  18.
PAR  18. Apparatus as defined in claim 13, the angle of taper of said conical
      surfaces ranging from about 1-1/2.degree.  to about 4.degree., said outer
      sleeve being a wear resistant member engageable with the wall of the bore
      hole to prevent contact of the drill string member therewith.
NUM  19.
PAR  19. Apparatus as defined in claim 1, said seal means including an internal
      groove in said outer sleeve, and an elastomer seal in said groove
      sealingly engaging said conical surface of said inner sleeve.
NUM  20.
PAR  20. Apparatus as defined in claim 1, said inner sleeve having at least one
      split extending throughout its length, said seal means including
      longitudinally spaced circumferential grooves in said outer sleeve,
      longitudinal grooves in said outer sleeve adjacent said split and
      extending between said circumferential grooves, and an elastomer seal in
      said grooves sealingly engaging said conical surface of said inner sleeve
      opposite said circumferential grooves adjacent said split.
NUM  21.
PAR  21. Apparatus as defined in claim 13, said longitudinally spaced
      circumferential portions of said seal means including longitudinally
      spaced circumferential grooves in said outer sleeve, said longitudinal
      portions of said seal means adjacent said split including longitudinal
      grooves in said outer sleeve extending between said circumferential
      grooves, said seal means further including an elastomer seal in said
      grooves sealingly engaging said conical surface of said inner sleeve
      opposite said circumferential grooves adjacent said split.
NUM  22.
PAR  22. Apparatus as defined in claim 1; said inner sleeve having a plurality
      of splits extending throughout its length to provide separate sleeve
      sectors which collectively have said external conical surface, said spaced
      seal means being provided between the exterior of each sector and interior
      of said outer sleeve providing confined regions for trapping fluid under
      pressure between said sectors and outer sleeve, said conducting means
      conducting fluid under pressure to said confined regions.
NUM  23.
PAR  23. Apparatus as defined in claim 1; said inner sleeve having a pair of
      diametrically opposed splits extending throughout its length to provide a
      pair of opposed sleeve sectors which collectively have said external
      conical surface, said spaced seal means being provided between the
      exterior of each sector and interior of said outer sleeve providing
      confined regions for trapping fluid under pressure between said sectors
      and outer sleeve, said conducting means conducting fluid under pressure to
      said confined regions.
NUM  24.
PAR  24. Apparatus as defined in claim 1; said inner sleeve having a plurality
      of splits extending throughout its length to provide separate sleeve
      sectors which collectively have said external conical surface, said spaced
      seal means being provided between the exterior of each sector and interior
      of said outer sleeve providing confined regions for trapping fluid under
      pressure between said sectors and outer sleeve, said conducting means
      conducting fluid under pressure to said confined regions, said seal means
      including internal grooves in said outer sleeve, and elastomer seals in
      said grooves sealingly engaging said external conical surface.
NUM  25.
PAR  25. Apparatus as defined in claim 1; said inner sleeve having a plurality
      of splits extending throughout its length to provide separate sleeve
      sectors which collectively have said external conical surface, said spaced
      seal means being provided between the exterior of each sector and interior
      of said outer sleeve providing confined regions for trapping fluid under
      pressure between said sectors and outer sleeve, said conducting means
      conducting fluid under pressure to said confined regions, said seal means
      including external grooves in said sectors, and elastomer seals in said
      grooves sealingly engaging said internal conical surface.
NUM  26.
PAR  26. Apparatus as defined in claim 1; said inner sleeve having a pair of
      diametrically opposed splits extending throughout its length to provide a
      pair of opposed sleeve sectors which collectively have said external
      conical surface, said spaced seal means being provided between the
      exterior of each sector and interior of said outer sleeve providing
      confined regions for trapping fluid under pressure between said sectors
      and outer sleeve, said conducting means conducting fluid under pressure to
      said confined regions, said seal means including external grooves in said
      sectors, and elastomer seals in said grooves sealingly engaging said
      internal conical surface.
NUM  27.
PAR  27. Apparatus as defined in claim 1; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      the ends of said outer sleeve.
NUM  28.
PAR  28. Apparatus as defined in claim 1; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      the ends of said outer sleeve, and ring means secured to the outer end
      portions of said outer sleeve and extending laterally to said drill string
      member to enclose said inner sleeve within said outer sleeve.
NUM  29.
PAR  29. Apparatus as defined in claim 1; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      the ends of said outer sleeve, said inner sleeve having a pair of
      diametrically opposed splits extending throughout its length to provide a
      pair of opposed sleeve sectors which collectively have said external
      conical surface, said spaced seal means being provided between the
      exterior of each sector and interior of said outer sleeve providing
      confined regions for trapping fluid under pressure between said sectors
      and outer sleeve, said conducting means conducting fluid under pressure to
      said confined regions, said seal means including external grooves in said
      sectors, and elastomer seals in said grooves sealingly engaging said
      internal conical surface.
NUM  30.
PAR  30. Apparatus as defined in claim 1; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      the ends of said outer sleeve, said inner sleeve having a pair of
      diametrically opposed splits extending throughout its length to provide a
      pair of opposed sleeve sectors which collectively have said external
      conical surface, said spaced seal means being provided between the
      exterior of each sector and interior of said outer sleeve providing
      confined regions for trapping fluid under pressure between said sectors
      and outer sleeve, said conducting means conducting fluid under pressure to
      said confined regions, said seal means including external grooves in said
      sectors, and elastomer seals in said grooves sealingly engaging said
      internal conical surface, and ring means secured to the outer end portions
      of said outer sleeve and extending laterally to said drill string member
      to enclose said inner sleeve within said outer sleeve.
NUM  31.
PAR  31. Apparatus as defined in claim 13; said inner sleeve having a plurality
      of splits extending throughout its length to provide separate sleeve
      sectors which collectively have said external conical surface, said spaced
      seal means being provided between the exterior of each sector and interior
      of said outer sleeve providing confined regions for trapping fluid under
      pressure between said sectors and outer sleeve, said conducting means
      conducting fluid under pressure to said confined regions.
NUM  32.
PAR  32. Apparatus as defined in claim 13; said inner sleeve having a pair of
      diametrically opposed splits extending throughout its length to provide a
      pair of opposed sleeve sectors which collectively have said external
      conical surface, said spaced seal means being provided between the
      exterior of each section and interior of said outer sleeve providing
      confined regions for trapping fluid under pressure between said sectors
      and outer sleeve, said conducting means conducting fluid under pressure to
      said confined regions.
NUM  33.
PAR  33. Apparatus as defined in claim 13; said inner sleeve having a plurality
      of splits extending throughout its length to provide separate sleeve
      sectors which collectively have said external conical surface, said spaced
      seals means being provided between the exterior of each sector and
      interior of said outer sleeve providing confined regions for trapping
      fluid under pressure between said sectors and outer sleeve, said
      conducting means conducting fluid under pressure to said confined regions,
      said seal means including internal grooves in said outer sleeve, and
      elastomer seals in said grooves sealingly engaging said external conican
      surface.
NUM  34.
PAR  34. Apparatus as defined in claim 13; said inner sleeve having a plurality
      of splits extending throughout its length to provide separate sleeve
      sectors which collectively have said external conical surface, said spaced
      seal means being provided between the exterior of each sector and interior
      of said outer sleeve providing confined regions for trapping fluid under
      pressure between said sectors and outer sleeve, said conducting means
      conducting fluid under pressure to said confined regions, said seal means
      including external grooves in said sectors, and elastomer seals in said
      grooves sealingly engaging said internal conical surface.
NUM  35.
PAR  35. Apparatus as defined in claim 13; said inner sleeve having a pair of
      diametrically opposed splits extending throughout its length to provide a
      pair of opposed sleeve sectors which collectively have said external
      conical surface, said spaced seal means being provided between the
      exterior of each section and interior of said outer sleeve providing
      confined regions for trapping fluid under pressure between said sectors
      and outer sleeve, said conducting means conducting fluid under pressure to
      said confined regions, said seal means including external grooves in said
      sectors, and elastomer seals in said grooves sealingly engaging said
      internal conical surface.
NUM  36.
PAR  36. Apparatus as defined in claim 13; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      its ends.
NUM  37.
PAR  37. Apparatus as defined in claim 13; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      its ends, and ring means secured to the outer end portions of said outer
      sleeve and adapted to extend laterally to the drill string member to
      enclose said inner sleeve within said outer sleeve.
NUM  38.
PAR  38. Apparatus as defined in claim 13; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      its ends, said inner sleeve having a pair of diametrically opposite splits
      extending throughout its length to provide a pair of opposed sleeve
      sectors which collectively have said external conical surface, said spaced
      seal means being provided between the exterior of each sector and interior
      of said outer sleeve providing confined regions for trapping fluid under
      pressure between said sectors and outer sleeve, said conducting means
      conducting fluid under pressure to said confined regions, said seal means
      including external grooves in said sectors, and elastomer seals in said
      grooves sealingly engaging said internal conical surface.
NUM  39.
PAR  39. Apparatus as defined in claim 13; said inner sleeve being shorter than
      said outer sleeve and disposed entirely within said outer sleeve between
      its ends, said inner sleeve having a pair of diametrically opposite splits
      extending throughout its length to provide a pair of opposed sleeve
      sectors which collectively have said external conical surface, said spaced
      seal means being provided between the exterior of each sector and interior
      of said outer sleeve providing confined regions for trapping fluid under
      pressure between said sectors and outer sleeve, said conducting means
      conducting fluid under pressure to said confined regions, said seal means
      including external grooves in said sectors, and elastomer seals in said
      grooves sealingly engaging said internal conical surface, and ring means
      secured to the outer end portions of said outer sleeve and adapted to
      extend laterally to the drill string member to enclose said inner sleeve
      within said outer sleeve.
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ABST
PAL  A machine slide comprises an elongated bar having two opposite sides with
      respective upper portions having respective arcuate surfaces with
      circumferentially spaced apart cylindrical recesses extending along the
      length thereof having ball bearings therein. A saddle member has a
      circularly cylindrical recess with a bottom having an opening into which
      the bar extends and which is engaged on the ball bearings of the bar for
      movement thereon. The sides of the bar have respective stop recesses below
      the arcuate surfaces into which respective bottom edges of the saddle
      which bound the recess extend.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates in general to ball bearing slides, and in
      particular to an improved track rod forming guides for ball bearings
      arranged on an arcuate part thereof.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  The known ball slides include saddle parts which are engageable over
      trackways and which ride on the trackways on ball bearings. The known
      constructions are of comparatively large size and they have the
      disadvantage that a non even loading of the saddle member which rides on
      the trackway may cause an unbalancing of the bearing and a misalignment
      and destruction.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement over the prior art primarily in the
      construction of a machine slide which includes an elongated bar which has
      two opposite sides with respective portions which have arcuate surfaces
      and which include circumferentially spaced apart cylindrical recesses
      having ball bearings therein. The ball bearings are engaged by a saddle
      member which has a circularly cylindrical recess with a bottom opening for
      receiving the bar therein. The bar also has respective stop recesses below
      the arcuate surfaces into which the bottom end edges of the saddle member
      bounding the recess extend. The advantage of the invention is that the
      device will ride evenly on the ball bearing structure regardless of
      whether the loading is even or uneven. The saddle is constructed so that
      the cylindrical recess of the saddle will permit the saddle to shift
      arcuately on its mounting on the ball bearings only to the extent that the
      bottom edges of the recess of the saddle member bear against the stop
      recesses defined on the bar.
PAR  Accordingly it is an object of the invention to provide an improved slide
      having ball bearings contained in grooves which are defined on arcuate
      surfaces on each side of a supporting trackway or bar and wherein a saddle
      member having a cylindrical recess into which the bar extends is provided
      with end edges on each end of the recesses which bear into stop recesses
      of the bar.
PAR  A further object of the invention is to provide an improved machine slide
      which is simple in design, rugged in construction and economical to
      manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings
PAR  FIG. 1 is a prespective view of an improved track shaft-bed of ball bearing
      according to the present invention;
PAR  FIG. 2 is an elevational view of FIG. 1; and
PAR  FIG. 3 is a magnified side view of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Preferring to FIGS. 1 through 3, there is shown an improved track shaft-bed
      assembly of ball bearing according to the present invention. The track
      shaft-bed assembly includes a straight square bar 1 with two opposite
      sides each having a pair of circumferentially spaced apart cylindrical
      receway grooves 4,4 for balls 3 arranged on respective arcuate surfaces or
      shoulder portion 1, thereby forming a track shaft part 10. In addition
      grooves 6,6 on respective sides of the bar 1 located below the arcuate
      portion form stop recesses for corresponding bottom edges of the sleeve 5
      of the arcuate ball bearing race 2 are provided on the bottom of the bar
      1. Below the two grooves 6 there is a vertical bed part 11. A plurality of
      fixing or mounting slots 8 extend through the bar 1 in the vertical
      direction at spaced locations along the longitudinal length of the bar 1.
      A reference numeral 9 in FIGS. 1 through 3 is a saddle member which
      provides a mounting for a machine tool.
PAR  The track bar 1 according to the present invention is locked on a bed of a
      machine, such to form planing machine as a guide member for receiving stud
      bolts of a machine part which are inserted in a plurality of slots of the
      part and threaded into corresponding screw holes of the bar.
PAR  The improved track shaft-bed according to the present invention is simple
      in construction and easy to manufacture and has the following advantages;
      namely, it may be made of a small-size, higher degree of accuracy and
      lower in cost than prior track shaft-bed constructions.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine slide comprising an elongated bar having two opposite sides
      with respective upper portions having respective arcuate surfaces with a
      plurality of circumferentially spaced apart cylindrical recesses each of
      said recesses having ball bearings therein, and a saddle member having a
      circularly cylindrical recess and with a bottom having a lower opening
      into which the bar extends, said saddle member being engaged on said ball
      bearings for movement thereon, said sides of said bar having a respective
      stop recess below the respective arcuate surface into which the respective
      bottom edges bounding the saddle member cylindrical recess extends.
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ABST
PAL  A large converter construction that is trunnion-supported in a driven
      expansion bearing and a driven fixed bearing with a trunnion-receiving
      bushing and a trunnion-connected driving toothed wheel on either side, has
      torque-transmitting crowned rollers inserted between the bushing and the
      trunnion, at least on the expansion side. A force-locking connection
      between the trunnion and bushing is provided on the fixed bearing side.
      The fixed bearing assembly also comprising a bearing containing inner
      rings and outer rings with spherical running faces having a common center.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a large converter arrangement which is driven on
      the expansion bearing side and on the fixed bearing side.
PAR  In the field of general engineering it is customary to mount a shaft in a
      fixed bearing on one side and in an expansion bearing on the other side in
      order to accommodate thermal expansions and assembly deficiencies, and in
      order to guarantee smooth operation. Also in a converter plant for the
      production of steel it is customary to mount the converter carrying ring
      in a fixed bearing by means of one carrying trunnion and in an expansion
      bearing by means of the other carrying trunnion.
PAR  In large converters it is necessary, because of the great torques to be
      transmitted, to provide a tilting drive on the fixed bearing side as well
      as on the expansion bearing side. Special problems arise in the torque
      support of the drive on the expansion bearing side due to axial movements
      which can be on the order of .+-. 80 mm. The drive on the the expansion
      bearing side must be able to follow this axial movement and the torque
      support must remain fully operable. Further difficulties in large
      converters also arise because the displacement which is accommodated by
      pendulum roller bearings, e.g., gives rise to a pronounced eccentric
      movement of the converter during tilting, since the points of displacement
      are relatively far away from the places where the displacement actually
      occurs. Finally, there are welding problems during the binding-in of the
      carrying trunnion into the carrying ring. When quenched and subsequently
      tempered steel, that meets the requirements to the fullest extent, is to
      be used for the carrying trunnion it is difficult to heat up the trunnion
      during welding. Therefore, steels with a hot yield point of up to 25
      kp/mm.sup.2  were generally used and it was necessary to put up with
      overdimensioned trunnions.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the invention to eliminate these difficulties and to
      create a construction on the expansion bearing side as well as on the
      fixed bearing side, which requires little space, enables the use of
      quenched and subsequently tempered materials, and optimally meets the
      requirements of displacement on the expansion bearing and fixed bearing
      sides as well as axial movability on the expansion bearing side.
PAR  The invention solving this problem comprises providing the expansion
      bearing with a bushing inserted into the converter wall or into the
      converter carrying ring. This bushing has recesses of semi-circular
      cross-section and receives an axially movable trunnion with corresponding
      recesses of semi-circular cross-section. The trunnion is connected with
      the driving toothed wheel of the expansion bearing or forms a part of the
      same. Crowned rollers are inserted into the complementing recesses of the
      bushing and the trunnion for transmitting the torque. The fixed bearing on
      the opposite side is also provided with a bushing inserted into the
      converter wall or into the converter carrying ring and the trunnion of the
      driving toothed wheel of the fixed bearing side protrudes into this
      bushing. The bushing and the trunnion part protruding into the bushing are
      force-locked to one another and a bearing comprised of inner rings and
      outer rings, whose mutual running faces formed as spherical faces have a
      common center, is provided between the bushing and the trunnion.
PAR  For transmitting the torque, according to one embodiment of the invention,
      the trunnion protruding into the bushing on the fixed bearing side is
      provided with a spherical-zone-shaped hub with an arcuate external
      toothing following the spherical zone, which meshes with a straight
      internal toothing of the bushing.
PAR  According to another embodiment for the fixed bearing side -- similar to
      the construction on the expansion bearing side -- the trunnion protruding
      into the bushing can have recesses of semi-circular cross-section around
      its periphery and corresponding recesses of semi-circular cross-section
      may be provided on the inner side of the bushing. Crowned rollers are
      inserted into the complementing recesses of the trunnion and the bushing
      for transmitting the torque.
PAR  The invention makes it possible to produce the trunnions on the fixed
      bearing and on the expansion bearing sides of quenched and subsequently
      tempered steel, since there are no welding problems.
PAR  According to the invention the drives on the fixed bearing side and on the
      expansion bearing side are made in the same way, the driving toothed
      wheels being enclosed in a housing secured to the base.
PAR  On the fixed bearing side and on the expansion bearing side one pinion, or
      preferably more than one, together with intermediate gearing and motors
      can be flanged to the housings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully understood, an embodiment
      thereof will now be described by way of example with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a general view of a converter plant;
PAR  FIGS. 2 and 3 are the corresponding plan and side views, respectively;
PAR  FIG. 4 shows a section through the fixed bearing along line IV--IV of FIG.
      3;
PAR  FIG. 5 shows a section through the expansion bearing, the section being
      analogous to FIG. 4; and in
PAR  FIG. 6 a section along line VI--VI of FIG. 5 is shown.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the drawings the converter is denoted with 1, the carrying ring with 2,
      the trunnion on the fixed bearing side with 3, the drive on the fixed
      bearing side with 4, and the base on the fixed bearing side with 5. On the
      opposite side the trunnion on the expansion bearing side is denoted with
      6, the drive on the expansion bearing side with 7, and the base on the
      expansion bearing side with 8.
PAR  As can be seen from FIG. 4, a bushing 9 is welded into the carrying ring 2
      on the fixed bearing side. On the inner side of bushing 9 a straight
      toothing 10 is provided. The outer rings 11 of the bearing according to
      the invention, which have spherical running faces 12, are secured to the
      bushing. Into the bushing a trunnion 13 protrudes, which trunnion is
      connected to the driving toothed wheel 14 forming a one-piece unit with
      the driving toothed wheel. On the part of the trunnion protruding into the
      bushing a spherical-zone-shaped hub 15 is provided which has an arcuate
      toothing 16 meshing with the counter toothing 10. On both sides of the hub
      the inner rings 17 of the bearing of the invention are arranged on the
      trunnion, which inner rings also have spherical running faces 12 and
      enclose the toothings of the trunnion and the bushing. The spherical faces
      12 of the rings 11 and 17 and the arcuate toothing 16 have a common center
      M lying in the trunnion axis. The bearing is dimensioned in such a way
      that a slight play 18 is present between the top circle of the toothing 16
      and the root circle of the toothing 10, thereby freeing the toothing from
      load. It is understandable that in a displacement the outer rings and the
      inner rings of the bearing pivot against one another, thus accommodating
      angular displacements of .+-..alpha..
PAR  On the side of the converter an end lid 19 is provided on the bearing which
      lid braces the bearing toward the shoulder-like step 20 of the trunnion.
      On the side of the drive there is a closing ring 21 which serves with
      seals 22 as a seal toward the trunnion. The toothed wheel 14 is inserted
      in a housing 23 secured to the base 5. Due to the fact that the housing is
      secured to the base, a separate torque support is unnecessary. Reference
      numbers 24 and 25 indicate slide, articulation-, or ball and roller
      bearings, one of which acts as a fixed bearing and the other of which acts
      as an expansion bearing. Furthermore, four pinions 26 are flanged to the
      housing, together with intermediate gearing 27 and motors 28, as can be
      seen in detail in FIGS. 2 and 3. According to the invention quenched and
      subsequently tempered steel can be used for the trunnion 13, because it is
      not welded into the carrying ring and thus no problems arise due to
      pre-heating. Therefore, the trunnion may be constructed according to the
      wear and stresses expected and may be optimally dimensioned, i.e., it need
      not be overdimensioned.
PAR  As can be seen from FIG. 5, on the expansion bearing side a bushing 30 is
      welded into the carrying ring 2, which bushing is closed with a lid 31 on
      the converter side. On the drive side a lid 32 is provided which is passed
      through by the trunnion 33. Reference number 34 indicates seals. On the
      inner side of the bushing 30, semi-circular recesses 35 are provided,
      which extend over the whole depth of the bushing. The part of the trunnion
      protruding into the bushing is provided with corresponding semi-circular
      recesses 36, so that the recesses lying opposite one another complement
      one another forming a circular profile, as can be seen in FIG. 6. The
      trunnion recesses are limited on the converter side by a distance disc 37
      and on the drive side by a divided position ring 38. Into the recesses 35
      and 36 crowned rollers 39 are inserted for transmitting the torque. The
      trunnion 33 is connected to the driving toothed wheel 40 forming a
      one-piece unit therewith that is comprised of quenched and subsequently
      tempered steel, especially cast steel. The toothed wheel is enclosed in
      the housing 41 and is mounted in the bearings 42 and 43, one of which acts
      as a fixed bearing and the other of which acts as an expansion bearing.
      The housing 41 is secured to the base 8, thus making an additional torque
      support superfluous. The bearings 42 and 43 may be slide, articulation, or
      ball and roller bearings. Into the external toothing of the toothed wheel
      40 pinions 44 engage. These pinions may have herring-bone toothing or
      straight toothing. Suitably, four pinions together with their intermediate
      gears and motors are flanged to the housing. The construction according to
      the invention enables the accommodation of angular displacements of
      .+-..alpha. up to a few degrees, as is suggested in FIG. 5. Also, an axial
      movement is possible to a considerable extent by the sliding of the
      rollers 39 in the recesses 35 of the bushing. This possibility of axial
      movement is denoted with "S" in FIG. 5. The construction according to the
      invention is simple, has little weight and is much less complex than,
      e.g., a pendulum roller bearing with cast housing, because a considerably
      longer path is available for the axial movement due to the width of the
      carrying ring. Furthermore, it is possible according to the invention to
      accommodate the axial movement and the angular displacement in the places
      where they occur. The points of displacement are near the center of the
      carrying ring profile; therefore, these displacements have no or only very
      little influence upon the eccentric movement of the converter during
      tilting. Although one embodiment of the invention has been described in
      the drawing on a converter with a carrying ring, those skilled in the art
      will know that the invention can also be realized in a converter without a
      carrying ring, in which case bushings for transmitting the torque are
      inserted into the converter wall itself on the fixed bearing side as well
      as on the expansion bearing side.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A drive and bearing arrangement for a large converter construction with
      an expansion bearing assembly on one side, a fixed bearing assembly
      opposite the expansion bearing assembly and driving means for both the
      expansion bearing assembly and the fixed bearing assembly, characterized
      in that the expansion bearing assembly comprises
PA1  a first bushing with recesses of semi-circular cross-section therein,
PA1  an axially movable first trunnion supported in said first bushing and
      having recesses of semi-circular cross-section therein, the recesses in
      said first bushing and the recesses in said first trunnion complementing
      one another so as to form spaces of circular profile,
PA1  a first driving toothed wheel in connection with said axially movable first
      trunnion, and
PA1  torque-transmitting crowned rollers located within said spaces of circular
      profile; and further characterized in that the fixed bearing assembly
      comprises
PA1  a second bushing,
PA1  a second trunnion, part of which protrudes into and is force-locked to said
      second bushing,
PA1  a second driving toothed wheel in connection with said second trunnion, and
PA1  a bearing, containing inner rings and outer rings, provided between the
      bushing and the trunnion, said rings having spherical faces acting as
      mutual running faces, which running faces have a common center.
NUM  2.
PAR  2. A drive and bearing arrangement as set forth in claim 1, wherein the
      converter construction comprises a converter carrying ring and wherein
      said first bushing and said second bushing are inserted in said converter
      carrying ring.
NUM  3.
PAR  3. A drive and bearing arrangement as set forth in claim 1, wherein said
      first bushing and said second bushing are inserted in the converter wall.
NUM  4.
PAR  4. A drive and bearing arrangement as set forth in claim 1, wherein said
      axially movable first trunnion forms part of said first driving toothed
      wheel.
NUM  5.
PAR  5. A drive and bearing arrangement as set forth in claim 1, wherein said
      second trunnion forms part of said second driving toothed wheel.
NUM  6.
PAR  6. A drive and bearing arrangement as set forth in claim 1, further
      comprising in the fixed bearing assembly, a hub with a spherical face
      provided on the part of said second trunnion protruding into said second
      bushing, said hub having an arcuate external toothing following the
      spherical face and said second bushing having a straight internal toothing
      meshing with said arcuate external toothing of the hub.
NUM  7.
PAR  7. A drive and bearing arrangement as set forth in claim 1, wherein in the
      fixed bearing assembly the part of the second trunnion protruding into the
      second bushing has peripheral recesses of semi-circular cross-section and
      the second bushing has internal recesses of semi-circular cross-section,
      the recesses in the second bushing and the recesses in the second trunnion
      complementing one another, so as to form spaces of circular profile,
      torque-transmitting crowned rollers being located in said spaces of
      circular profile of the fixed bearing assembly.
NUM  8.
PAR  8. A drive and bearing arrangement as set forth in claim 1, wherein said
      first trunnion and said second trunnion are comprised of quenched and
      subsequently tempered steel.
NUM  9.
PAR  9. A drive and bearing arrangement as set forth in claim 1, wherein the
      driving means for the expansion bearing assembly and the driving means for
      the fixed bearing assembly are of identical design, said first driving
      toothed wheel and said second driving toothed wheel being enclosed in
      base-secured housings.
NUM  10.
PAR  10. A drive and bearing arrangement as set forth in claim 9, wherein the
      expansion bearing assembly and the fixed bearing assembly each comprises
      at least one pinion with gearing and motors flanged to the base-secured
      housings.
NUM  11.
PAR  11. A drive and bearing arrangement as set forth in claim 6, wherein the
      external toothing has a top circle arranged with a slight play relative to
      the internal toothing root circle.
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ABST
PAL  A water collecting device for the side window of a vehicle comprises an
      impervious channel formed by the combination of an outer edge of a side
      door, an adjacent windshield column and a sealing member positioned in the
      space between the side door and the column. The channel is capable of
      intercepting water, when water is flowing from the front windshield of the
      vehicle towards the side window, and transferring the water downward by
      gravity away from the side window. An outlet is included at the lower end
      of the channel for discharging the water remotely from the side window.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates essentially to a device for collecting water
      which is flowing towards a side window of a vehicle and, more pertinently,
      to such a device for intercepting rain or dirty water flowing off of the
      front windshield of a motor vehicle.
PAR  Prior art vehicular water collecting devices utilize catch channels which
      are incorporated into the side of the windshield, the windshield column,
      or the rubber sealing bordering the windshield. These catch channels
      usually include a front edge which protrudes outwardly from the external
      surface of the vehicle.
PAR  The purpose of the channels is to collect rain or other dirty water which
      is blown across the windshiled towards the sides of the vehicle by the
      force of wind resulting from the travel of the vehicle. Thus, the catch
      channels prevent the water from reaching the vehicle's side window panes.
PAR  Maintaining the side windows free from water is a significant safety
      factor. For example, in the case of motor vehicles, the soiling or wetting
      of the front side windows is especially undesirable because the panes must
      remain clear so that the side view mirror may be used without impaired
      visibility.
PAR  A major disadvantage of these prior art devices is that it is difficult, if
      not impossible, to guide the collected water downward through the channels
      in a predetermined path without altering the external appearance of the
      vehicle. Such prior art devices may prevent water, flowing laterally off
      of the windshield, from flowing directly onto the side windows. However,
      because these prior art channels usually terminate in a region adjacent
      the bottom portion of the side window, there exists a substantial
      possibility that the collected water exiting from the channels might again
      be forced into the vicinity of the side window pane. Yet another
      disadvantage is that the construction of these prior art devices requires
      the utilization of special components having comparatively complex shapes,
      e.g., a frame for the windshield must be provided with a specially
      constructed channel.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, a principle object of the present invention is to overcome the
      defects of the prior art, such as indicated above.
PAR  The water intercepting device of the present invention is characterized in
      that the door joint, located between the front, i.e., hereinafter that
      direction generally corresponding to the normal direction of travel of the
      vehicle, windshield column and the side window, in combination with a
      sealing member, which is employed for waterproofing the vehicle's
      interior, form a catch channel. Water is conducted to the channel through
      a crevice or gap formed between the column adjacent the door joint and the
      outer door edge opposite the column. The channel is provided at its lower
      end with an outlet for discharging the water remotely from the side window
      to be protected.
PAR  Thus, in accordance with the present invention, a hollow space normally
      present in most vehicles, namely, the door joint immediately forward of
      the side window to be protected, is utilized as an essential component of
      the intercepting device. Since the door joint and, thus, the channel
      extend downwardly to the floor region of the vehicle, the present
      invention serves to conduct by gravity the collected rain or dirty water
      so that it is conveyed, unseen, to a location remote from the side window.
PAR  Additional components for the purpose of manufacturing the intercepting
      device of the present invention are not necessary, inasmuch as the
      elements forming the door joint and the seal are standard components of
      most vehicles. Modification of the normal door construction and, possibly
      but not necessarily, the cross sectional configuration of the column may
      be made. However, such modification is necessary only to the extent that
      between the column and the adjacent outer door edge there is provided a
      relatively narrow crevice or gap which is suitable to receive the water
      flowing off of the windshield. In furtherance of this object, it may be
      advantageous to allow the outer edge of the side door to partially project
      outward, away from the column, a predetermined distance, measured between
      the outer lateral portion of the door edge and the periphery of the
      column, so that the water is carried directly into the gap which extends
      across the direction of flow of the water.
PAR  While the embodiment of the present invention described hereinabove does
      not appreciably modify the external appearance of the vehicle, special
      stylistic possibilities are offered by another embodiment which is
      characterized in that the outer edge of the door laterally overlaps or
      covers at least a portion of the column, whereby an extended water
      receivng gap is formed. Thus, in the alternate embodiment the outer edge
      of the side door, or more precisely, the outer metal plate of the door, is
      forwardly extended so that it partially overlaps the column.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a further understanding of the present invention, reference may be had
      to the accompanying drawing, in which:
PAR  FIG. 1 is a partial side elevational view of an automobile showing the
      environment of the present invention;
PAR  FIG. 2 is a sectional view taken along line A--A of FIG. 1 showing one
      embodiment of the present invention; and
PAR  FIG. 3 is a sectional view taken along line A--A of FIG. 1 showing an
      alternate embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, there is shown the front left portion of a
      passenger car including a windshield 1, a side door 2 and a window 3
      mounted in the upper portion of the side door 2. Other components include
      a windshield column 4, a rubber windshield frame 5 extending between the
      column 4 and the windshield 1, and a resilient sealing member 6 positioned
      in the space between the side door 2 and the column 4 (see FIGS. 2 and 3)
      for waterproofing the interior of the vehicle.
PAR  Without the intercepting device of the present invention, there is a danger
      that rain or dirty water 7 may be driven from the windshield 1 by the
      wind, as indicated by 7a, towards the vicinity of the side window 3,
      thereby resulting in the wetting or soiling thereof. In accordance with
      the present invention, the water 7 is prevented from reaching the vicinity
      of the side window 3. This is accomplished by collecting the water in an
      intercepting device employing a door joint 8 (see FIG. 2) and a crevice or
      gap 9 which is formed by the space between the column 4 and the adjacent
      outer edge 10 of the side door 2. Since the door joint 8 runs the
      longitudinal length of the side door 2, the door joint 8 forms a
      downwardly extending channel which terminates in an outlet (not shown) at
      the floor of the vehicle. Significantly, the outlet is utilized for
      discharging the downwardly flowing water remotely from the side window 3.
PAR  Referring specifically to FIG. 2, the outer door edge 10 projects outward,
      away from the column 4, by a predetermined distance a, measured between
      the outer lateral portion of the door edge 10 and of the column 4.
      Accordingly, the gap 9, formed between the outer door edge 10 and the
      column 4, opens outward substantially perpendicular to the direction of
      flow of the water 7 flowing off of the windshield 1. This distance a, like
      the distance b, measured between the front edge of the outer door edge 10
      and the front edge of the column 4, is determined experimentally for each
      vehicle so that optimum design dimensions may be attained.
PAR  Referring now to FIG. 3, there is shown an embodiment wherein a door joint
      11 is also used as a discharge channel for water intercepted by a
      downwardly extending gap or crevice 12. However, in this embodiment, the
      outer door edge 13 is extended forward a sufficient distance so that it
      laterally covers at least a portion of the column 4.
PAR  As is evident from the drawing, the pertinent distance b', measured from
      the front edge of the column 4 to the front edge of the outer door edge
      13, is considerably less than the distance b in the embodiment shown in
      FIG. 2. Moreover, it is apparent that the distance a', measured between
      the outer lateral portion of the door edge 13 and the periphery of the
      column 4, is greater than the distance a of the embodiment shown in FIG.
      2. It will be understood that the ability of the arrangement to catch or
      collect the rain or dirty water 7 is dependent upon the design dimensions
      of the outer door edge 10 and 13, respectively.
PAR  Whereas, in accordance with the embodiment shown in FIG. 2, the gap 9 is
      externally visible when the door is closed, the outer door edge 13 of the
      embodiment shown in FIG. 3 covers the gap 12 so that it cannot be readily
      seen. Thus, the embodiment shown in FIG. 3 offers an attractive stylistic
      alternative to the embodiment shown in FIG. 2.
PAR  It will be understood that the above described embodiments are merely
      exemplary and that persons skilled in the art may make many variations and
      modifications without departing from the spirit and scope of the
      invention. All such modifications and variations are intended to be
      included within the scope of the invention as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle comprising a front windshield capable of being contacted by
      water, a column adjacent said windshield for the mounting thereof, a side
      door located laterally rearward of said column and having an outer edge
      adjacent said column, said side door and said column forming a joint
      therebetween, a side window arranged in said side door and occupying a
      first elevational position, and a sealing member positioned in said joint
      for preventing passage of water therethrough; the improvement wherein said
      outer edge of said side door projects substantially outward, away from
      said column, by a predetermined distance from the outermost periphery of
      said column, wherein said outer edge of said side door, and said column
      and said sealing member are dimensioned so as to form an impervious
      channel, having an opening extending across the direction of flow of water
      which would normally flow rearwardly and laterally from the windshield
      onto the side window of the door, for intercepting water when water is
      flowing from said windshield rearwardly and laterally towards said side
      window, for transferring intercepted water downward away from said side
      window, and wherein said channel has a lower end occupying a second
      elevational position lower than said first elevational position of said
      side window, said lower end terminating at an outlet for discharging water
      remotely from said side window.
NUM  2.
PAR  2. The device of claim 1, wherein said outer edge of said side door
      laterally covers at least a portion of said column.
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ABST
PAL  A rocker spring unit utilizes separately formed rocker elements and
      outboard rocker springs. The rocker springs and rocker elements are
      assembled with two plate members having the rocker springs extended
      between opposite plate member edges and the rocker elements mounted at
      inner faces of the plate members inboard of the rocker springs in paired
      relation to each other and in symmetrical relation to the rocker springs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to rocker spring units which provide
      controlled rocking capability to chairs in which they are used. More
      particularly, the present invention relates to rocker spring units of the
      foregoing sort which are also adaptable for use with a swivel means to
      provide the rocker chairs in which they are used with controlled swiveling
      capability.
PAR  A functional rocker spring unit of the type described herein is disclosed
      in U.S. Pat. No. 3,190,693. The swivel rocker unit of this patent utilizes
      a base member which is arranged for swivel mounting on a swivel means and
      which has upwardly extending opposite side portions that are flanged
      outwardly along their upper edges to present elongated rocker supporting
      areas. Also included is a bracket component of complementary form in that
      it has corresponding downwardly extending opposite side portions that are
      flanged outwardly at the lower edges to present curved rocker surfaces
      which engage and ride upon the base member support areas. The rocker
      springs are attached to the inside of the base member's upwardly extending
      side portions and also to the upper face of the bracket component.
      Apertured outwardly extending tab sections cut from the side portion of
      the bracket component are provided for chair frame attachment.
PAR  The rocker spring unit of this prior patent offers significant advantages,
      but it is rather difficult to assemble because of the internal disposition
      of the rocker springs. Also, the chair frame attachment tabs, being cut
      from the side portions of the bracket component, are difficult to
      strengthen adequately, and difficulty has been encountered in maintaining
      the rocker surfaces in riding position consistently during use of the unit
      because of the necessarily narrow width of the rocker surfaces and support
      areas.
PAR  Such difficulties are eliminated, and a rocker spring unit of much
      simplified construction is provided, by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The rocker spring unit of the present invention has top and bottom plate
      members, rocker springs attached to the plate members, and rocker elements
      mounted in paired relation on the respective inner faces of the plate
      members. The rocker springs are extended between opposite edge portions of
      the respective plate members and the rocker elements are mounted inboard
      of the rocker springs in symmetrical relation to the attachment of the
      rocker springs at the opposite edge portions of the plate members.
      Preferably, two pairs of inboard rocker elements are mounted on
      rectangularly shaped plate members in parallel relation to opposite side
      edge portions thereof.
PAR  The combination of inboard rocker elements and outboard springs permits
      easy assembly of the springs to the opposed plates to form the completed
      unit and allows the top plate to extend outward to provide easily
      accessible lands for use in attaching the plate to a chair bottom without
      requiring attaching tabs struck from downturned rocker flanges as in the
      aforementioned prior patent. Furthermore, the use of rocker elements
      rather than flanges formed on the plates allows the rocker elements to be
      of any width sufficient to provide reliable rocker element contact and
      strength while utilizing the preassembly advantages of an opposed plate
      construction, and also allows the rocker elements to be made of any
      desired material, such as wood, plastic, or other suitable material,
      without limitation to the material of the plate.
PAR  Preferably, the inboard rocker elements are formed of wood with the rocker
      elements mounted on the top plate member having a downwardly facing
      lengthwise convex curvature to ride rocker elements mounted on the bottom
      plate that have an upwardly facing level surface. Rocker elements of wood
      or the like are, of course, old in the art as shown by U.S. Pat. No.
      2,625,983, for example, but insofar as I am aware, such rocker elements
      have not heretofore been employed in rocker spring units of the sort dealt
      with here and have not been proposed in any combination offering
      advantages comparable to that of the present invention as described
      further below in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a rocker spring unit embodying the present
      invention;
PAR  FIG. 2 is a plan of the device illustrated in FIG. 1;
PAR  FIG. 3 is a front elevation of the device illustrated in FIG. 1;
PAR  FIG. 4 is a vertical section taken along line 4--4 of FIG. 1; and
PAR  FIG. 5 is an exploded perspective view of the device shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The rocker spring unit embodying the present invention that is shown in the
      drawings includes a rectangular top plate member 10, a rectangular bottom
      plate member 12, rocker springs 14, rocker elements 16 and 16', and a
      swivel base 18. The top and bottom plate members 10, 12 are aligned
      vertically and four rocker springs 14 are attached to and extend between
      these plate members in pairs at opposite side edge portions 20 thereof,
      allowing easy positioning of the rocker springs 14 at the side edge
      portions 20 of the plate members 10, 12 to assemble the unit. Four rocker
      elements 16 and 16' are also mounted in paired relation on the respective
      inner faces of the top and bottom plate members 10, 12 in parallel
      relation to the opposite side edge portions 20 thereof and to the
      attachment of the rocker spring pairs 14 thereat, and in inboard adjacent
      relation to the rocker spring pairs 14. Finally, the bottom plate member
      12 is assembled with the swivel base 18 in the usual manner as noted
      further below.
PAR  The rocker elements 16 and 16' have apertures 22 into which fastening
      elements, such as screws 24, are inserted to mount them on the plate
      members 10, 12 (see FIG. 5). The rocker elements 16 mounted on the top
      plate member 10 have a downwardly facing lengthwise convex curvature and
      ride upon upwardly facing level surfaces of the rocker elements 16'
      mounted on the bottom plate member 12 (see FIGS. 1 and 4). This
      arrangement could, of course, be reversed, or both rocker elements of each
      pair could be curved lengthwise, if desired. Separate formation of the
      rocker elements 16 and 16' makes it possible to proportion them at
      sufficient width for adequate strength and stable riding alignment during
      operation, and also allows a non-metallic material to be used in forming
      them so that the sound of the rocker action is much improved. Rocker
      spring units are normally formed entirely of metal, commonly steel, as are
      the plate members 10, 12 and the springs 14 here, but if the rocker
      surfaces are formed integrally, as in the previously noted prior U.S. Pat.
      No. 3,190,693, the metallic contact during rocking can produce a
      disagreeable sound or give the impression of inferior quality for a chair
      in which the unit is installed. A much nicer and more reassuring sound is
      generated by non-metallic rocker elements such as the present invention
      allows, wherein any sufficiently rigid non-metallic material can be used.
      Wood is preferred because of its general acceptance for rocker use, but a
      suitable plastic material could be used as well. Also, such materials
      offer the further advantage of allowing the contacting rocker surfaces to
      be configurated in complementary fashion, such as with an interfitting
      tongue and groove, whenever it is desired to provide positive means for
      holding the rocker elements in riding alignment.
PAR  The top plate member 10 has apertures 26 spaced inwardly from the opposite
      side edge portions 20 for mounting of the rocker elements 16 on the top
      plate member 10 with the fastening elements 24. The opposite side edge
      portions 20 of the top plate member 10 extend beyond the location of the
      inboard rocker elements 16 and each has a pair of bosses 28 displaced
      therein which form attaching seats for the rocker springs 14. Each of the
      bosses 28 has a raised inwardly facing tab portion 30 displaced therein
      which engages and holds the top end of the rocker spring 14 which is
      seated thereat. These extending side edge portions 20 of the top plate
      member 10 also reach laterally beyond the spring-seating bosses 28 to
      provide lands 32 at each corner of the top plate member 10 which lands
      have apertures 34 for securing the rocker spring unit to a chair bottom
      (not shown). The end edges 36 of the corner lands 32 are flanged
      downwardly so as to add strength, along with the bosses 28, at the
      extending side edge portions 20.
PAR  The bottom plate member 12 also has apertures 38 spaced inwardly from the
      opposite side edge portions 20 thereof for mounting the rocker elements
      16' to its inner face with fastening elements 24 (see FIG. 5) and a large,
      centrally positioned aperture 40 for attachment by a central staking rivet
      42 to the swivel base 18. The side edge portions 20 of the bottom plate
      member 12 extend from the mounting position of the rocker elements 16'
      outward and each has a pair of bosses 28 of the same description as those
      in the top plate member 10 which thus are suitable for seating and
      engaging the bottom ends of the rocker springs 14 and for strengthening
      the extending side edge portions 20 of the bottom plate member 12.
PAR  The bottom plate member 12 is arranged for swivel mounting about the
      central staking rivet 42 by complementary grooves 44, 46 concentrically
      formed in the lower face of bottom plate member 12 and in the upper face
      of the swivel base 18 to contain bearing balls 48 that support the
      swiveling action in the manner described in the above-mentioned U.S. Pat.
      No. 3,190,693.
PAR  Use of plate members 10, 12 of the foregoing type eliminates a good portion
      of the metal forming required in rocker spring units of the usual sort, as
      well as rendering the strengthening needed for chair attachment and
      providing relatively easy spring assembly. In addition, the combination of
      such plate members with separately formed inboard rocker elements 16 and
      16' greatly simplifies assembly of the rocker springs 14 and provides the
      advantages in rocker operation and action that have already been noted.
PAR  The present invention has been described in detail above for purposes of
      illustration only and is not intended to be limited by this description or
      otherwise to exclude any variation or equivalent arrangement that would be
      apparent from, or reasonably suggested by, the foregoing disclosure to the
      skill of the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rocker spring unit comprising top and bottom generally flat plate
      members, rocker springs attached to and extending between opposite edge
      portions of said plate members, and separate rocker elements attached to
      said plate members in paired relation inboard of said rocker springs at
      the respective inner faces of said top and bottom plate members and in
      symmetrical relation to the attachment of said rocker springs at said
      opposite edge portions of said plate members, said top plate member
      extending to provide a land at each corner thereof beyond said rocker
      springs and said rocker elements for securing the rocker spring unit to a
      chair bottom thereat.
NUM  2.
PAR  2. A rocker spring unit as defined in claim 1 and further characterized in
      that the rocker elements mounted on said top plate member have a
      downwardly facing lengthwise convex curvature and the rocker elements
      mounted on said bottom plate member have an upwardly facing level surface.
NUM  3.
PAR  3. A rocker spring unit as defined in claim 1 and further characterized in
      that a pair of rocker springs is attached at each opposite edge portion of
      said plate members, and in that a pair of inboard rocker elements is
      mounted on said plate members adjacent and parallel to each of said rocker
      spring pairs.
NUM  4.
PAR  4. A rocker spring unit as defined in claim 3 and further characterized in
      that said plate members have opposite side edge portions extending beyond
      said inboard rocker elements for attachment of said rocker springs, and in
      that said extending side edge portions have bosses displaced therein which
      form attaching seats for said rocker springs and by which said extending
      portions are strengthened.
NUM  5.
PAR  5. A rocker spring unit as defined in claim 1 and further characterized in
      that the end edges of said corner lands are flanged downwardly for
      additionally strengthening said extending side edge portions.
NUM  6.
PAR  6. A rocker spring unit as defined in claim 1 and further characterized in
      that said plate members and rocker springs are formed of metal and said
      inboard rocker elements are formed of a rigid non-metallic material.
NUM  7.
PAR  7. A rocker spring unit as defined in claim 1 and further characterized in
      that siad plate members and rocker springs are formed of metal and said
      inboard rocker elements are formed of wood.
NUM  8.
PAR  8. A rocker spring unit as defined in claim 1 and further characterized in
      that said inboard rocker elements are formed of wood, and in that the
      rocker elements mounted on said top plate member have a downwardly facing
      lengthwise convex curvature and the rocker elements mounted on said bottom
      plate member have an upwardly facing level surface.
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ABST
PAL  A chair having an adjustable backrest wherein the backrest comprises a
      backplate and a backrest member and with the backplate being pivotally
      supported relative to the said seat. An adjusting member is provided for
      varying the space between at least one part of the backrest member
      relative to the backplate as the angle of inclination of the backrest
      varies relative to the seat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Chairs are known which have frames in the form of a curved backplate to
      which a backrest cushion is secured. The backrest cushion stretches from
      the seat cushion to the top edge of the backplate. When the backplate is
      moved back and forth, the backrest cushion moves with it, being displaced
      to a greater extent in the upper region than in the lower because of the
      chosen position of the pivot at the base. The movement achieves only a
      slight change in the depth of the seat in the lower region, and the user
      is obliged to incline the body according to the position of the backrest.
      Consequently, the optimal body inclination is not possible in all backrest
      positions. For example, when the backrest is pivoted to its most forward
      position, it is not possible to adopt a relaxed upright posture because
      the edge of the backrest extends too far forward at the top.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to avoid the disadvantages of the known
      chairs and to provide a chair of the type mentioned above in which a
      relaxed, upright posture is possible in all backrest positions. This
      object is achieved according to the invention in that an adjusting means
      is provided on the backplate, which is arranged to simultaneously adjust
      the horizontal distance of at least one zone of the backrest relative to
      the backplate depending upon the backplate angle of inclination. With such
      an arrangement, the lower portion of the backrest padding automatically
      experiences a greater forward movement than the mere angular movement of
      the backplate itself in this zone as the backplate moves forwardly.
      Similarly, a backward movement of the backplate results in greater
      backward displacement of the backrest lower portion than that of the
      backplate in this zone. The backrest effects a forward positioning of the
      pelvis, thus supporting the sacrolumbar area of the back in a manner
      beneficial to the health of the user. In a preferred embodiment of the
      invention, the lower end of the backrest is provided with a means which
      draws this portion against the backplate.
PAR  This invention can be used to special advantage when the supporting frame
      is of the known, curved-plate type.
PAR  The adjusting means of one suitable embodiment of the invention is provided
      with at least one substantially vertically rod pivoted to a fixed point
      and secured at its upper end to a crossbar, arranged at right-angles to
      the plane of pivot, and in contact with a guide means which is mounted on
      the backplate, so that the crossbar is moved relative to the backplate,
      taking with it at least one portion of the backrest whenever the backplate
      is pivotally adjusted.
PAR  A variety of shapes and angles can be used for the guide means. The desired
      support and movement of the backrest in relation to the inclination of the
      backplate may be attained by selecting a suitable form and location for
      the guide means. An especially simple construction provides a guide means
      having a downwardly sloping guide surface.
PAR  It has proved advantageous to arrange the pivot point of the rod behind
      that of the backplate.
PAR  With one suitable embodiment, the means of adjustment comprises two
      parallel rods, connected by a crossbar with bent-over ends which support
      the backrest, whereby the guide means are arranged between the two rods.
      The rods may be pivoted to a lug on the seat frame.
PAR  Principally, two different embodiments of the backrest are possible. With
      the first embodiment, the backrest is provided with a rigid backboard. The
      result of providing a rigid backboard is that the horizontal curvature of
      the backrest remains unchanged during adjustment. In a second embodiment,
      the backrest is in itself flexible. With such an embodiment, the curvature
      is altered during adjustment in that the zone affected by the bow of the
      crossbar is moved to a greater extent than the other zones of the
      backrest.
PAR  The upper edge is pivoted to provide pivotal movement between the backrest
      and the backplate. A suitable means for drawing back the base of the
      backrest is an elastic tape.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following, preferred embodiments of the invention are described in
      detail with the aid of the drawings which show:
PAR  FIG. 1 is a longitudinal section through a first embodiment of the
      invention with two inclinations of the backrest and the backplate, the
      backrest having a rigid backboard; and
PAR  FIG. 2 is a view, analogous to FIG. 1 of a second embodiment in which the
      backrest is flexible.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a supporting frame 3 in the form of a curved backplate
      is shown as being pivoted at pivot point 2 to the seat 1. The backrest
      cushion 4 is mounted on the curved backplate 3 at pivot point 5. The
      backrest 4 is backed by a curved, rigid backboard 4". Two lugs 13,
      arranged next to each other, are provided on the frame of the seat 1, of
      which only one is visible in the drawing. Two parallel rods 7 are
      vertically pivoted to the lugs at pivot point 6. The two rods 7 are
      connected by means of a crossbar 7' the bent-over ends of which contact
      the backboard 4". The crossbar 7' rests upon the guide surface 9 which is
      connected to the backplate 3 and, in the depicted example, slopes
      downwardly towards the front.
PAR  The uppermost point of the guide surface 9 on the backplate 3 describes the
      arc indicated by arrow 10, when the backrest is pivotally moved. The
      center of this arc is the pivot 2. The crossbar 14 describes the arc shown
      by arrow 11 having as its center the pivot 6 of the rod 7.
PAR  In the position shown in full lines, the crossbar 7' is at its nearest
      point to the backplate 3. When the broken-line position is assumed, the
      crossbar 7' slides down the guide surface 9 and, simultaneously, moves
      forward a distance, thus increasing the space between the backboard 4" and
      the backplate 3. When this happens, the elastic tape 8 which draws the
      lower zone 4' of the backrest 4 towards the backplate, is extended.
PAR  The adjusting means, comprising rods 7, crossbar 7', and guide surface 9
      has thus displaced the lower zone 4' of the backrest 4 to a greater extent
      than the mere pivoting of the backplate would achieve. This provides an
      especially beneficial supporting of the lower spinal zone, and a healthy
      posture for the user due to the forward positioning of the pelvis.
PAR  Displacement of the lower zone 4' of the backrest 4 occurs over the entire
      pivotal arc of the backplate 3 and can be influenced by the shape and
      position of the guide surface to perform in a desired manner.
PAR  When the backplate 3 is pivoted rearwardly, the elastic tape 8 draws the
      backrest into its original position. The adjusting means is thereby also
      urged into the original position depicted in full lines.
PAR  The embodiment shown in FIG. 2 differs from the embodiment according to
      FIG. 1 in that there is no rigid backboard 4". The rest of the mechanism,
      however, is unchanged. Instead of the rigid backboard 4" the backrest 4 is
      provided with a flexible backboard 4"'. Thus the whole backrest 4 is
      flexible.
PAR  When the backplate 3 of this embodiment is pivotally moved, the base 4"' of
      the backrest 4 is held by the connection 8, and the forward displacement
      of the crossbar 14 affects only the zone where the bow 15 contacts the
      backrest 4. The curvature of the zone 16 increases when the backplate is
      pivoted forwards, becoming more defined. Rearward movement of the
      backplate reduces the curvature of the zone 16 so that it becomes
      gradually flatter.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A chair of the type having a seat and a pivotable backrest wherein said
      backrest includes:
PA1  a backplate pivotally supported to a frame,
PA1  a backrest member forwardly of said backplate and secured adjacent its
      upper portion to said backplate,
PA1  and means responsive to the pivotal movement of said backplate about its
      pivotal support for moving at least that portion of said backrest member
      which is disposed adjacent the sacro-lumbar region of a seat occupant by
      an amount in excess of that resulting from said pivotal movement alone,
      said responsive means moving said portion of said backrest member
      forwardly as the backrest is forwardly pivoted and moving said portion of
      said backrest member rearwardly as the backrest is rearwardly pivoted.
NUM  2.
PAR  2. The chair of claim 1 in which said responsive means includes:
PA1  at least one arm pivotally supported between said backplate and said
      backrest member on a fixed pivot whose axis is parallel to the pivot axis
      of the backrest,
PA1  and means on the free end of said arm and urged against said backrest
      member as the backrest is pivoted forwardly to move said portion of said
      backrest member forwardly relative to said backplate.
NUM  3.
PAR  3. The chair of claim 1 which further includes means for urging said
      backrest member at its base toward said backplate.
NUM  4.
PAR  4. The chair of claim 1 in which said backplate is curved.
NUM  5.
PAR  5. The chair of claim 1 wherein said responsive means comprises a vertical
      rod pivoted at a fixed pivot point and secured at its upper end to a
      crossbar which is normal to the pivot plane, a guide surface mounted on
      said backplate for guiding said vertical rod, and means responsive to the
      movement of said rod as it moves relative to said guide surface as said
      backplate pivots for moving said backrest portion relative to said
      backplate.
NUM  6.
PAR  6. The chair of claim 5 wherein the pivot point of said vertical rod is
      positioned rearwardly of said fixed pivot point of the backplate.
NUM  7.
PAR  7. The chair of claim 6 wherein said crossbar abuts the rear surface of
      said backrest portion and the pivoting of both said backplate and said
      vertical rod vertically forward about their respective displaced pivots
      causes said crossbar to exert a force against said backrest portion to
      separate it from said backplate.
NUM  8.
PAR  8. The chair of claim 5 wherein said rod is pivoted to a lug secured to
      said seat.
NUM  9.
PAR  9. The chair of claim 1 wherein said backrest member has a rigid backboard.
NUM  10.
PAR  10. The chair of claim 1 wherein said backrest member has a flexible
      backboard and said crossbar varies the curvature of flexible backboard as
      the backrest is pivoted.
NUM  11.
PAR  11. The chair of claim 1 wherein said backrest member is pivoted to said
      backplate at its upper end.
NUM  12.
PAR  12. The chair of claim 3 wherein said urging means comprises an elastic
      tape.
PATN
WKU  039388590
SRC  5
APN  4714652
APT  1
ART  355
APD  19740520
TTL  Child safety seat for vehicles with harness release inaccessible to
      child passenger
ISD  19760217
NCL  8
ECL  1
EXP  McCall; James T.
NDR  2
NFG  7
INVT
NAM  Henderson; Cyril
CTY  Woodland Hills
STA  CA
INVT
NAM  Broughton; John N.
CTY  Northridge
STA  CA
ASSG
NAM  American Safety Equipment Corporation
CTY  Encino
STA  CA
COD  02
CLAS
OCL  297385
XCL  297253
XCL  297DIG2
EDF  2
ICL  A62B 3500
FSC  297
FSS  384;385;388;390;DIG. 2;253;254;255;256;377;192;232
UREF
PNO  3335434
ISD  19670800
NAM  Gamon
OCL  297DIG.2
UREF
PNO  3563600
ISD  19710200
NAM  Converse
OCL  297254
UREF
PNO  3596986
ISD  19710800
NAM  Ragsdale
OCL  297DIG.2
UREF
PNO  3606453
ISD  19710900
NAM  Cicero
XCL  297385
UREF
PNO  3709558
ISD  19730100
NAM  Jakob
OCL  297389
UREF
PNO  3746390
ISD  19730700
NAM  Koah
OCL  297192
ABST
PAL  A child safety seat for use in vehicles is provided with a safety harness
      mounted to the seat with releasable buckling parts positioned and
      maintained in a buckle-receiving cavity formed in the child safety seat
      base beneath the portion thereof a child passenger is seated upon to place
      and maintain such buckling parts in a generally inaccessible location
      relative to a child seated in the child safety seat. The buckle-receiving
      cavity is formed integrally of a pedestal-type base with a forwardly
      opening aperture having a guide fitting for guiding a crotch strap to the
      cavity and maintaining one of the buckling parts thereunder and a rear
      webbing slot for introduction of a strap associated with harness shoulder
      straps which is connected to a mating buckling part also positioned and
      maintained within the cavity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to child safety seats for use in
      vehicles for restraining the child passenger in the vehicle, and more
      particularly to an improvement in construction of such child safety seats
      wherein the releasable buckling parts for the harness arrangement is
      positioned in a generally inaccessible location relative to the child
      passenger, yet readily available to other passengers in the vehicle.
PAR  A variety of child safety seats have been devised and constructed
      heretofore for supporting and restraining children in vehicles such as
      automobiles. Many of these child safety seats are used for supporting
      infants and small children in locations outside of the vehicle as well as
      in the vehicle. It has been found that conventional safety belts and
      harnesses devised for adult passenger usage in automobiles are less
      desirable for use with infants or small children. Therefore, most child
      safety seats developed heretofore have provided harness arrangements in
      association with the child safety seat with the seat and/or harness in
      turn being connected to the preexisting seat belts in the vehicle.
PAR  However, where the releasable buckling parts or fittings for a harness or
      seat belt are within the reach of a child or an infant, there is always
      the possibility that the child or infant will inadvertently release the
      mechanism and thus release the safety restraint intended and provided by
      the child safety seat and its associated harness arrangement.
PAR  It is, therefore, a primary object of the present invention to disclose and
      provide an improved child safety seat construction for use in vehicles
      wherein the releasable buckling parts or fittings associated with a
      harness for the child safety seat are generally inaccessible to the infant
      or child passenger in the child seat.
PAR  It is another object of the present invention to disclose and provide a
      child safety seat construction as in the foregoing object wherein the
      child safety seat construction incorporates receptacle means in the seat
      in a generally inaccessible location to the child passenger in which the
      buckling parts may be maintained in such a manner that the child will not
      be able to easily reach them, yet another passenger, such as an adult
      passenger who is placing the child into or out of the seat, can easily
      reach the buckling means.
PAC  SUMMARY OF THE INVENTION
PAR  Generally stated, the present invention in child safety seat construction
      includes the provision of a buckle receptacle means positioned generally
      under the surface of the child safety seat upon which the child sits and
      providing means for maintaining the buckle parts therein when connected or
      released. More specifically, the within invention contemplates the
      provision of a buckle-receiving cavity formed integrally of the base of a
      child safety seat with the cavity positioned beneath the area upon which
      the child sits, but above the bottom surface of the seat which rests upon
      the vehicle seats. Such cavity preferably has a forwardly opening aperture
      for ease of manipulation of the buckle part by a passenger other than the
      child passenger and, in order to increase the inaccessibility of the
      buckle parts, preferably has an upper and inner recess area into which the
      buckle parts recede on connection and tensioning of the associated straps
      so that they are out of the way of an infant or child's grasp, yet readily
      accessible to another vehicle passenger who may find it necessary to
      release the child from the child safety seat in a hurry, particularly in
      the event of an emergency.
PAR  Various advantages of the present improvement in child safety seat
      construction, as well as additional objects thereof, will become apparent
      to those skilled in the art from a consideration of the following detailed
      explanation of a preferred exemplary embodiment of seat construction.
      Reference will be made to the appended sheets of drawings which will now
      be briefly described.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an exemplary child safety seat for use in
      vehicles including the improvement in means for maintaining a harness
      release buckle in a generally inaccessible location to the child passenger
      in accordance with the present invention;
PAR  FIG. 2 is a vertical section view of the child safety seat of FIG. 1 taken
      therein along the plane II--II;
PAR  FIG. 3 is a detailed view of a portion of the child safety seat of FIG. 2
      taken therein along the plane III--III;
PAR  FIG. 4 is a section view of the portion of the child safety seat of FIGS. 1
      and 2 illustrated in FIG. 3, taken therein along the plane IV--IV.
PAR  FIG. 5 is a detailed front view of a portion of the child safety seat of
      FIG. 2 showing the buckle-receiving cavity formed integrally of the
      exemplary emobdiment of child safety seat of FIG. 2 taken therein along
      the plane V--V;
PAR  FIG. 6 is a section view, looking upwardly, along the plane VI--VI in FIG.
      2; and
PAR  FIG. 7 is a detailed view of the child safety seat construction of FIG. 2
      showing the releasable buckle parts for the harness in released condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EXEMPLARY EMBODIMENT
PAR  The preferred exemplary embodiment of child safety seat, in accordance with
      the present invention, is indicated generally at 10, and as best seen in
      FIG. 1, is preferably provided with a pedestal-type base 11 for mounting
      on a vehicle seat 12 against the seat back 13. The child safety seat is
      preferably formed of a one-piece molded plastic material as generally
      known heretofore in the art. In the exemplary embodiment, the child safety
      seat, indicated generally at 10, is restrained upon vehicle seat 12 by
      wrapping the preexisting vehicle lap belt strap 14 across the child safety
      seat and connecting the associated end fitting 15 to a complementary
      buckle part 16, the latter being anchored in conventional manner to a
      floor-anchored strap 17.
PAR  As explained in more detail in the co-pending application Ser. No. 471,457,
      filed May 20, 1974, now abandoned, entitled "Child Safety Seat for
      Vehicles with Improved Seat Restraining Means," the exemplary embodiment
      of child safety seat is provided with load-bearing surfaces 18 and 19,
      seen in FIG. 1, over which strap 14 passes. These load-bearing surfaces 18
      and 19 preferably include means for raising the co-efficient of friction
      between the surfaces 18 and 19, and the underside of safety belt strap 14
      in order to restrain the child safety seat against lateral or twisting
      motion on the vehicle seat beneath the seat belt. As seen in FIGS. 3 and
      4, such means in the exemplary embodiment comprises the provision of a
      plurality of grooves 20, formed integrally of each of the surfaces 18 and
      19, which run transverse to the direction seat belt strap 14 passes
      thereby.
PAR  Normally, the child passenger is placed in the child safety seat and
      restrained therein by associated harness means before securing the child
      safety seat to the vehicle seat via the safety belt as explained
      hereinbefore. In the preferred exemplary embodiment, harness means for
      restraining the child in the seat are illustrated generally at 25 and
      include a pair of shoulder straps 26 and 27 connected by an abdominal
      restraint member 28 to a crotch strap 29. As more fully explained in the
      co-pending application Ser. No. 472,079, filed May 22, 1974 entitled
      "Abdominal Restraint and Belt Storage Means for Child Safety Seats for
      Vehicles," a load-receiving plate (not shown) is disposed within a padded
      housing or member 29 to adjustably anchor and store excess strap length of
      the ends of shoulder straps 26 and 27 and crotch strap 29. For purposes of
      the present application, it need merely be understood that the shoulder
      straps 26 and 27 are normally connected to crotch strap 29 with the rear
      ends of straps 26 and 27 being joined at a sewn connection 30 to a back
      strap running down the outside of the back 32 of the child seat.
      Appropriate slots 33 and 34 are provided in upper portions of seat back 32
      to facilitate passing of the shoulder straps therethrough.
PAR  The exemplary embodiment of harness means includes a releasable buckling
      means indicated generally at 40 which may comprise the buckle of U.S. Pat.
      No. 3,790,994. As more fully described in said patent, the releasable
      buckling means indicated generally at 40 comprises a tongue plate 41 which
      is releasably connectable via push button 42 to a through-load member (not
      shown) positioned within housing 43 and connected in load transmitting
      relation to strap 31. This buckle construction is exemplary only, and any
      type of manually releasable buckling means may be employed with any
      convenient harness arrangement for restraining a child in a safety seat as
      in the exemplary embodiment.
PAR  As particularly contemplated within the present invention, means are
      provided for storing and positioning the releasable buckling parts for the
      exemplary harness means in a position on the child safety seat which is
      generally inaccessible to the child passenger in the seat, yet is readily
      available to others, such as an adult passenger in the vehicle who wishes
      to remove the child from the seat, particularly in an emergency situation.
      In the exemplary embodiment, such means comprises the provision of a
      buckle receptacle or cavity, preferably formed integrally of the child
      safety seat, in a portion of the seat beneath the area of the seat upon
      which the child sits. By providing a safety belt restraint for the child
      safety seat, as seen in FIG. 1, with the buckle 16 spaced from the child
      seat, and through the location of the harness means and releasable
      buckling means in an inaccessible location, the maintenance of restraint
      for a child in the exemplary child safety seat construction is assured,
      while maintaining the ease of release of both the child safety seat and/or
      the child from the harness arrangement of the seat in normal entry and
      egress of the child safety seat, and particularly under emergency
      conditions.
PAR  As seen in FIG. 1, the preferred exemplary embodiment of child safety seat
      is of the pedestal type, wherein the seat portion 45 is mounted up above
      the vehicle seat 12 by the pedestal portion 11. Seat portion 45 is
      preferably formed with contoured side walls 46 and 47, which are contoured
      to provide lateral support and restraint to a child positioned in the
      seat. The pedestal-type base 11 places the child in a somewhat elevated
      position on the seat providing leg room for comfort as well as possibly
      improved visibility from the child seat. The pedestal-type base for the
      child seat is exemplary in the present embodiment, and it is contemplated
      that other type base constructions could be employed for a child safety
      seat within the scope of the present invention.
PAR  The buckle receptacle or cavity, aforenoted, is indicated generally at 50,
      and as seen in FIG. 1 and FIG. 2, provides a forwardly opening aperture
      through which the releasable buckling parts indicated generally at 40 are
      readily available to others than the child passenger in the child safety
      seat.
PAR  Referring now particularly to FIGS. 2 and 5 through 7, the exemplary buckle
      receptacle means, indicated generally at 50, includes a cavity 51 formed
      integrally of the child safety seat in the base 11 by the integrally
      molded top wall 52, bottom wall 53 and side walls 54 and 55. As seen in
      FIG. 2, top wall 52 is a continuation of the seat wall 56, with a guide
      channel 57 to entrain the crotch strap 29 as it passes into cavity 51. At
      the rear juncture of top wall 52 and bottom wall 53, a webbing slot 58 is
      provided to allow back strap 31 to pass into chamber 51 where the
      releasable buckling parts, indicated generally at 40, are normally
      maintained.
PAR  In addition to the guide means of recess or slot 57, a fitting 60 may be
      provided on the forward juncture of walls 52 and 56, where crotch strap 29
      passes beneath seat wall 56, to securely entrain crotch strap 29 thereto
      and to prevent the buckling part in cavity 51 from being inadvertently
      removed from the cavity and to discourage possible nonuse of the harness
      means.
PAR  The buckle receptacle cavity 51, is further provided with a slight recessed
      area in the upper portions thereof provided by the recess 70 in wall 52
      relative to the more forward portions 71 thereof. The buckling parts,
      indicated generally at 40, are therefore not only positioned beneath the
      seat, but are recessed back up under the seat surface 56 upon which the
      child sits to make the buckling parts quite inaccessible to the child
      passenger although readily accessible to other vehicle passengers.
PAR  From the foregoing detailed description of a preferred exemplary embodiment
      of the child safety seat construction in accordance with the present
      invention, it should be appreciated by those skilled in the art that the
      improvement in buckle receptacle means for positioning the seat harness
      buckling parts in a generally child passenger inaccessible location
      achieves the objects aforestated. Those skilled in the art should also
      take notice that other forms, embodiments or variations of the present
      child safety seat construction may be made within the scope and spirit of
      the present invention which is defined and limited only by the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a child safety seat having a child seating surface and a supporting
      base structure securable to a vehicle seat by a pre-existing vehicle seat
      belt and wherein the child seat is provided with its own child seat safety
      harness having releasable buckling parts to facilitate the child's entry
      and egress of the child seat when the latter is secured by said
      pre-existing vehicle seat belt to the vehicle seat, the improvement
      comprising the provision of:
PA1  buckle receptacle means in said child seat base structure positioned
      generally under said child seating surface for receiving the child seat
      safety harness buckling parts and maintaining them in a substantially
      inaccessible location relative to a child seated in said child safety
      seat.
NUM  2.
PAR  2. The provision in child safety seat of claim 1 wherein said buckle
      receptacle means comprises:
PA1  a cavity formed integrally of the child safety seat with a forwardly
      directed opening for manipulation of the buckling parts when positioned
      therein.
NUM  3.
PAR  3. The provision in child safety seat of claim 2 wherein said buckle
      receptacle means comprises:
PA1  a guide slot through a rear portion of said seat base adjacent said cavity
      to facilitate the passage of a portion of said harness from said cavity to
      a position exteriorally and rearwardly of said child safety seat.
NUM  4.
PAR  4. The provision in child safety seat of claim 3 wherein said buckle
      receptacle means comprises:
PA1  guide means formed at a forward upper portion of said cavity for guiding a
      portion of said harness into said cavity.
NUM  5.
PAR  5. In a child safety seat construction including a seat mounted upon a
      pedestal-type base positionable upon a passenger seat of vehicles and
      secured thereto by the pre-existing vehicle seat belt, the improvement
      comprising the provision of:
PA1  a child safety harness mounted entirely on said child safety seat and
      having buckling parts thereof;
PA1  a buckle-receiving cavity in said pedestal-type base beneath said seat and
      opening forwardly thereof to receive said child safety harness buckling
      parts;
PA1  a safety belt guide means in a forward portion of said seat above and
      adjacent to said cavity; and
PA1  safety belt guide slot means through a rearward portion of said
      pedestal-type base and communicating with said cavity for passing a safety
      belt associated with said seat therethrough, whereby said safety belt may
      be entrained through said guide means and guide slot means with a belt
      buckle thereof positioned in said cavity in a generally inaccessible
      location relative to a child seated in said child safety seat while being
      readily available to others.
NUM  6.
PAR  6. The provision in child safety seat construction of claim 5 wherein said
      child safety seat and buckle-receiving cavity are formed integrally of one
      another.
NUM  7.
PAR  7. The provision in child safety seat construction of claim 5 wherein said
      belt buckle comprises releasably connectable parts, each mounted to a
      safety belt end, and wherein guide means are provided on a forward portion
      of said seat generally adjacent and above said cavity for entraining a
      safety belt therethrough with an associated buckling part retained
      thereunder generally adjacent said cavity.
NUM  8.
PAR  8. The improvement in child safety seat construction of claim 5 wherein a
      safety belt guide slot is provided through a rear portion of said cavity
      in said pedestal-type base to facilitate the passage of a safety belt
      therethrough but preventing the passage of a belt end fitting out of said
      cavity therethrough.
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ABST
PAL  An article of furniture comprising a plurality of rigid tubes arranged
      vertically in side-by-side relation, and fastened together. A load-bearing
      member, such as a flat board, rests upon the upper ends of at least some
      of the tubes. The board may carry inserts which frictionally fit into the
      upper ends of the tubes to help hold the tubes together in a unitary
      assembly. The article may include relatively short tubes for supporting
      the board, and relatively long tubes defining a chair back and chair arms.
BSUM
PAR  This invention relates to furniture, and more particularly to furniture
      formed of an assembly of very simple elements.
PAR  Most articles of furniture, even collapsible furniture, are composites of
      many different shaped elements fitted together according to a particular
      scheme. Thus, to assemble a conventional piece of furniture, many
      different parts must first be formed by the use of appropriate tools, and
      the parts must then be carefully assembled usually with the use of tools.
      The fact that many different shaped parts are needed, and the great effort
      required to assemble these parts, both add significantly to the cost of
      the furniture.
PAR  It is an object of the present invention to greatly simplify furniture
      construction by providing an article of furniture formed primarily from a
      single type of very simple element, namely, tubes.
PAR  It is another object of the invention to provide an article of furniture
      made primarily from very inexpensive paper tubes.
PAR  It is a further object of the invention to provide such an article of
      furniture which can readily be assembled without the exercise of great
      skill, and with only the simplest of tools, or in some cases no tools at
      all.
PAR  It is an additional object of the invention to provide an article of
      furniture which although easily assembled from inexpensive materials, is
      nevertheless attractive, comfortable, and sturdy.
PAR  Additional features and advantages of the present invention will be
      apparent from the following description in which reference is made to the
      accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view showing three tubes adhesively secured
      together in side-by-side relation;
PAR  FIG. 1a is a fragmentary top plan view of FIG. 1;
PAR  FIG. 2 is a perspective view of three tubes stapled together in
      side-by-side relation;
PAR  FIG. 2a is a fragmentary top plan view of FIG. 2;
PAR  FIG. 3 is a perspective view of three tubes bolted together in side-by-side
      relation;
PAR  FIG. 3a is a fragmentary top plan view of FIG. 3;
PAR  FIG. 4 is a perspective view of three interconnected tubes covered by sheet
      material;
PAR  FIG. 5 is an exploded perspective view of a chair fabricated according to
      the present invention;
PAR  FIG. 6 is a perspective view of the chair in assembled condition;
PAR  FIG. 7 is a vertical cross-sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a horizontal cross-sectional view taken along line 8--8 of FIG.
      7;
PAR  FIG. 9 is a perspective view showing a clip interconnecting tubes forming
      the chair; and
PAR  FIG. 10 is a vertical cross-sectional view taken along line 10--10 of FIG.
      9.
DETD
PAR  The article of furniture chosen to illustrate the present invention is a
      chair, shown in FIG. 6. The chair comprises a front section 12, side
      sections 13 and 14, and a back section 15. Each of these sections is
      formed of vertically-arranged tubes fastened together in side-by-side
      relation.
PAR  Tubes which are admirably suited to the purposes of the present invention
      are the conventional paper tubes used as cores on which textile fabrics,
      paper, and other sheet material is wound for delivery to users of such
      sheet material. In common practice, once the sheet material has been used,
      the paper tube cores are discarded. This is an indication of the low cost
      of these tubes. Nevertheless, it has been found that these tubes are rigid
      enough to be used for furniture fabrication according to the present
      invention. The tubes are very strong in axial compression, and for this
      reason, in furniture according to the present invention the tubes are
      always used in a vertical orientation. Paper tubes having an outer
      diameter of 21/4 inches and a wall thickness of 1/8 inch have been used
      successfully in fabricating furniture according to this invention.
PAR  Referring to FIG. 5, it will be seen that in the present example front
      section 12 comprises an outer row including relatively short tubes 18 and
      a relatively long tube 19 at each end of the row, as well as an inner row
      of short tubes 20. Each of the side sections 13 and 14 comprises an outer
      row of relatively long tubes 21 and an inner row of relatively short tubes
      22. Back section 15 comprises an outer row of relatively long tubes 23 and
      an inner row of relatively short tubes 24.
PAR  The manner in which the tubes of each section may be joined together is
      illustrated in FIGS. 1-3. In these figures, the relatively long tubes 21
      of one of the side sections of the chair are used to illustrate the
      joining of the tubes. However, the fastening methods illustrated and to be
      described can be used will all the tubes of any particular section.
PAR  FIGS. 1 and 1a illustrate tubes 21 arranged parallel and side-by-side, and
      bonded together by a suitable adhesive 27. FIGS. 2 and 2a illustrate a
      similar arrangement of tubes 21 secured together by staples 28. If
      desired, for additional strength tubes 21 could be both stapled together
      and adhesively secured together. When the tubes are adhesively secured
      together and/or stapled together, the tubes of each of the sections 12-15
      are permanently secured together into a unitary assembly. If it is desired
      that the tubes of each of the sections be separable, so that the piece of
      furniture can be reduced to its separate individual elements, tubes 21 can
      be fastened together as illustrated in FIGS. 3 and 3a. In this
      arrangement, bolts 29 pass through aligned holes in each two adjacent
      tubes, and are held in place by nuts 30.
PAR  After the tubes are interconnected, in any of the ways illustrated in FIGS.
      1-3, or in any other suitable manner, their outer exposed surfaces may be
      covered by a suitable sheet material 32 (FIG. 4). The sheet material may
      be paper, cloth, or plastic. Preferably, this sheet material is adhesively
      secured to the tubes. The sheet material serves a decorative function, and
      also helps to hold the tubes together. Use of the sheet material is not
      essential, and the tubes could be left in their natural state, or painted
      if desired.
PAR  In addition to the parts described above, the chair of the example being
      described includes a rectangular base board 35 (FIGS. 5, 7, and 8), a
      load-bearing member in the form of a flat rectangular board 36 (FIGS.
      5-7), a pair of arm slats 37 and a back slat 38 (FIGS. 5-7). Each of the
      boards 35 and 36 may be formed of plywood or Masionite, and the slats 37
      and 38 may be formed of wood. Each of the boards 35 and 36 and slats 37
      and 38 is formed with projecting cylindrical inserts sized to fit very
      snugly within an end of one of the tubes. The inserts may be permanently
      affixed to the boards and slats by suitable fastening means, such as
      adhesive or nails.
PAR  When the chair is to be assembled, the four sections 12-15 are arranged in
      a rectangular configuration upon base board 35. Two of the inserts 41
      projecting from board 35 are pressed into the lower ends of two of the
      tubes 20 of front section 12 (see FIGS. 7 and 8). Two other inserts 42
      projecting from board 35 are pressed into the lower ends of tubes 22 of
      chair sections 13 and 14, respectively. Another two inserts 43 projecting
      from board 35 are pressed into two tubes 24 of back section 15.
PAR  Board 36, which serves as a seat element, is then placed upon the upper
      ends of short tubes 18, 20, 22, and 24. Two inserts 44 projecting from
      board 36 are pressed into the upper ends of two tubes 18 of front section
      12 (see FIG. 7). Two other inserts 45 are pressed into the upper ends of
      tubes 22 of side sections 13 and 14, respectively, and two further inserts
      46 projecting from board 36 are pressed into the upper ends of two of the
      tubes 24 of back section 15. It will be seen, therefore, that the four
      chair sections 12-15 are held together in assembled relationship by the
      boards 35 and 36 and the inserts projecting from these boards which are
      frictionally accommodated within the ends of certain of the tubes forming
      the sections.
PAR  Slats 37 also can be used to hold the chair sections in assembled
      condition. Thus, the inserts 49, 50, and 51 projecting from one of the
      slats 37 can be pressed into the upper ends of one of the tubes 19 of
      front section 12, one of the tubes 21 of side section 14, and one of the
      end tubes 23 of back section 15 (see FIG. 7). Similarly, the slat 37
      carrying inserts 49', 50', and 51' can be fitted over the side section 13.
      The inserts 52 projecting from back slat 38 are pressed into the upper
      ends of two of the tubes 23 of back section 15. In addition to the fact
      that slats 37 help to hold the assembled sections together, slats 37 and
      38 give a finished appearance to the chair, and slats 37 provide a
      comfortable rest for the arms of the person sitting in the chair.
PAR  While boards 35 and 36, and slats 37, are usually sufficient to hold the
      chair sections in assembled condition, additional fastening means may be
      employed for this purpose if desired. An example of such fastening means
      is illustrated in FIGS. 9 and 10. It will be seen that a clip 55 in the
      form of a U-shaped metal rod is sized so that its ends 56 fit within two
      alternate tubes having a third tube between them, and tightly squeeze the
      three tubes together. Specifically, the clip 55 is shown holding together
      an end tube 19 of front section 12 and two tubes 21 of a side section 13
      or 14. In this way, clip 55 holds front section 12 and the side section
      together.
PAR  To increase the comfort of the chair, it is desirable to place a cushion 57
      (FIG. 7) on board 36, and a bolster 58 against the back of the chair.
PAR  The invention has been shown and described in preferred form only, and by
      way of example, and many variations may be made in the invention which
      will still be comprised within its spirit. It is understood, therefore,
      that the invention is not limited to any specific form or embodiment
      except insofar as such limitations are included in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article of furniture, comprising:
PA1  a. a plurality of rigid tubes arranged vertically in side-by-side relation,
      some of said tubes being relatively short and some being relatively long,
PA1  b. fastening means connecting said tubes together into a unitary assembly
      in which all of said tubes are arranged vertically,
PA1  c. a seat defined by horizontal load-supporting means resting upon the
      upper ends of at least some of said short tubes, and
PA1  d. a back defined by a row of said relatively long tubes, said long tubes
      being arranged side-by-side with, and fastened to, some of said short
      tubes.
NUM  2.
PAR  2. An article of furniture as defined in claim 1 wherein said tubes are
      made of paper.
NUM  3.
PAR  3. An article of furniture as defined in claim 1 wherein said fastening
      means includes an adhesive substance.
NUM  4.
PAR  4. An article of furniture as defined in claim 1 wherein said fastening
      means includes staples, each of said staples extending through the side
      walls of two adjacent tubes.
NUM  5.
PAR  5. An article of furniture as defined in claim 1 wherein the exposed
      surfaces of said tubes are covered by sheet material.
NUM  6.
PAR  6. An article of furniture as defined in claim 1 comprising a plurality of
      sections, each section being a unitary assembly of said tubes, and means
      for separably interconnecting said sections together.
NUM  7.
PAR  7. An article of furniture as defined in claim 6 wherein said
      interconnecting means includes inserts fixed to said load-supporting
      means, said inserts being frictionally accommodated within the upper ends
      of at least some of said tubes.
NUM  8.
PAR  8. An article of furniture as defined in claim 1 including two additional
      rows of relatively long tubes defining chair arms, said additional rows of
      tubes being arranged side-by-side with, and fastened to, some of said
      short tubes.
NUM  9.
PAR  9. An article of furniture as defined in claim 1 wherein said
      load-supporting means is a generally rectangular board and said tubes upon
      which said board rests are arranged in a rectangular configuration, and
      including a row of relatively long tubes along each of three sides of said
      rectangular configuration, each row of long tubes being fastened to the
      adjacent short tubes of said rectangular configuration and defining,
      respectively, a chair back and two chair arms, a slat resting upon the
      upper ends of the long tubes in each row, and inserts fixed to said slat,
      said inserts being frictionally accommodated within the upper ends of at
      least some of the long tubes in its respective row.
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ABST
PAL  A hopper bed for grain or the like is provided by the present invention. An
      opening in the hopper bed is closed by a flat plate structure which is
      mounted on first and second track components disposed on either side of
      the opening. A flat flange portion is coupled with the structure on each
      side in longitudinal alignment with a track component. Each flange portion
      has a plurality of closely spaced aligned openings which are also aligned
      with two spur gears. The spur gears are rotated to mesh with the gear
      track presented by the openings in the flange and thereby reciprocate the
      plate structure to close or open it. This construction precludes the
      accumulation of most foreign material in the gear track although any which
      does accumulate is cleaned out by the action of the gear itself moving in
      the track.
BSUM
PAR  This invention relates to hopper bed constructions generally and, more
      particularly, to a hopper bed employing an improved delivery door at the
      hopper opening.
PAR  Hopper cars have become increasingly widely used for the purpose of
      transporting many materials in bulk because of the ease and efficiency
      with which a hopper car can be unloaded. In nearly all environments where
      hopper cars are utilized there is a chronic problem of dust and dirt
      entering working mechanisms. The problem has been accute in many instances
      involving the means by which the door on a hopper car is moved between its
      open and closed positions.
PAR  The practice heretofore has been to utilize a gear track meshed with a spur
      gear to open and close hopper car doors in many situations. Such a
      construction has the advantage of being a relatively inexpensive means and
      being readily subject to manual operation but is very susceptible to the
      accumulation of foreign material in the gear track. This is particularly
      the case with hopper cars utilized over the road where dirt, snow, ice,
      and even the grain itself often become lodged in the gear track making it
      unworkable. The only solution heretofore has been to periodically clean
      the track before any attempt is made to open the hopper car door.
PAR  It is, therefore, an object of the present invention to provide a hopper
      car construction utilizing a gear track for the hopper door which is built
      so as to substantially preclude the accumulation of foreign material in
      the gear track.
PAR  Another important object of this invention is to provide a hopper car
      construction utilizing a gear track for the hopper door wherein the track
      is completely self cleaning and if any foreign material does accumulate in
      it, it will be forced from the track as the gear moves over it.
PAR  Still another aim of this invention is to provide a hopper car construction
      wherein the gear track for the hopper door is constructed to eliminate the
      need for projecting teeth and therefore is not subject to teeth breaking
      under stress.
PAR  Still another object of this invention is to provide a gear track
      construction which is more positive and stronger than a conventional gear
      track as a result of the fact that openings in a flat plate are utilized
      instead of gear teeth.
DRWD
PAR  Other objects of the invention will be made clear or become apparent from
      the following description and claims when read in light of the
      accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of a hopper car trailer constructed according
      to the teachings of the present invention;
PAR  FIG. 2 is a fragmentary perspective view, on an enlarged scale, of the
      hopper car door construction and mechanism for moving the door between
      open and closed positions;
PAR  FIG. 3 is a fragmentary side elevational view showing the hopper door in
      its open position with a partially closed position being illustrated in
      broken lines; and
PAR  FIG. 4 is a cross-sectional view of the track components and door structure
      taken along line 4-4 of FIG. 2;
DETD
PAR  Referring initially to FIG. 1, a hopper car vehicle is designated generally
      by the numeral 10 and includes a hopper bed 12 mounted on a framework 14.
      The framework is supported at one end by a wheel and axle assembly
      designated generally by the numeral 16 and at the other end by two
      foldable standards 18.
PAR  Referring additionally to FIG. 2, bed 12 is formed by two sets of opposed
      sidewalls 20 and 22. These sidewalls converge as they approach the bottom
      of the bed and terminate in spaced apart relationship to present a hopper
      opening 24 (FIG. 4).
PAR  Opening 24 is of generally rectangular configuration and is bordered by
      channel stock 26 and 28 on two opposed sides. The channel stock 26 mounts
      a C hook 32 for purposes to be made clear hereinafter. The other two sides
      of opening 24 are bordered by two elongated track components 30 which
      extend in the longitudinal direction of the trailer bed and project beyond
      the vertical plane of the side edge of opening 24. As both of the track
      components 30 are identical only one of the same will be described in
      detail. Track component 30 is of generally U-shaped cross-sectional
      configuration with the lower portion of the component forming a L which
      extends outwardly away from opening 24. The shorter leg of the L presents
      a flat planar tracking surface 34.
PAR  Mounted to one side of hopper bed 12 immediately adjacent opening 24 are
      sleeves 36 which are rigid with track components 30 and are also rigidly
      supported by gusset plates 38. Sleeves 36 receive an elongated shaft 40
      which extends transversely of components 30 and projects outwardly at one
      end beyond side 20 of bed 12. The end of shaft 40 is supported by a sleeve
      42 which is rigid with braces 44 and 46. The end of shaft 40 terminates in
      a hex head 48 for purposes to be made clear hereinafter. Rigidly mounted
      in spaced apart relationship on shaft 40 are two spur gears 50, one of
      which is mounted outside of each of the sleeves 36.
PAR  Opening 24 is closed by a flat plate-like structure 52 of a size at least
      equal to the size of the opening. Preferably, structure 52 extends beneath
      the leg of each component 30 which presents surface 34 as illustrated in
      FIG. 4. The structure 52 is supported around its peripheral edge by a
      framework 54 which is bolted or otherwise rigidly secured to two opposed
      track mounting members 56. Each of the members 56 is identical and only
      one will be described in detail. Each member 56 is of generally T-shaped
      configuration with one side thereof presenting an L which is complemental
      to the leg of component 30 which presents surface 34. Thus, member 56
      presents a track follower surface 58 which rides along surface 34. The
      other side of member 56 presents a flange portion 60 integral with and in
      the same horizontal plane as the leg which presents surface 58. Flange
      portion 60 is disposed to project outwardly from the vertical plane of the
      central leg of member 56 and is characterized by a plurality of closely
      spaced longitudinally aligned openings 62. It is to be noted that the
      teeth 51 of each of the gears 50 are of a length at least equal to the
      thickness of flange portion 60 so that the teeth project substantially all
      the way through openings 62 (See FIG. 3). Disposed at one end of the
      member 56 is a stop pin 64. Framework 54 also mounts a second C hook 64'
      disposed in opposed relationship to the first C hook 32.
PAR  Disposed on brace 46 is a collar 66 that slidably mounts a Y-shaped locking
      element 68. The interior face of element 68 is constructed in a
      complemental hex configuration so as to be received by hex head 48.
PAR  In actual use, vehicle 10 is pulled over the road filled with a bulk
      material such as grain or the like. It is to be understood that
      appropriate coupling structure, not shown, would be disposed at the front
      of the vehicle for coupling it with either another trailer or with a
      pulling vehicle. The area beneath hopper bed 12 is particularly subject to
      accumulation of foreign material including dirt, ice, grain, small rocks,
      and any other material which is being hauled in the vehicle. Because of
      the construction of the gear rack presented by openings 62 in flange
      portion 60, however, there is only minimal accumulation of foreign objects
      in the gear rack. Since openings 62 are unobstructed on either side, any
      material landing on or near flange portion 60 will simply drop through the
      opening and pass on to the ground without accumulating. Any foreign
      material which does accumulate in opening 62, however, is cleaned out of
      the opening before it has an opportunity to interfere with operation of
      door structure 52. This is accomplished by rotation of spur gears 50 with
      the teeth on the gears projecting into openings 62 to force foreign
      material out through the opposite side of the opening.
PAR  Structure 52 is held in its closed position by locking element 68 which
      slips over the end of hex head 48 as best illustrated in FIG. 2. When it
      is desired to open structure 52, element 68 is moved out of the way as
      indicated in FIG. 3 and an appropriate ratchet mounted socket is slipped
      over the end of hex head 48. Rotation of shaft 40 will in turn rotate spur
      gears 50 to move the track mounting members 56 relative to track
      components 30 as indicated in FIG. 3. Movement of components 56 relative
      to members 30 is limited by stop pins 64 disposed at the end of the line
      of openings 62.
PAR  For closing structure 52 the direction of rotation of shaft 40 is reversed
      and as the structure approaches its fully closed position hook 32 will
      engage the bottom edge of framework 54 and exert a slight upward force on
      the structure as movement against the hook is continued to assure a tight
      closure at one end. The same effect is achieved at the opposite end by
      hook 64 which engages the flange edge of channel member 28.
PAR  It is to be noted that the construction of structure 52 with the
      complemental disposition of mounting members 56 and track components 30
      together with the hook 32 and 64 absolutely precludes any lateral or
      transverse movement of the door structure. It has been found highly
      economical to construct a gear track from flat stock, utilizing openings
      in the stock rather than forming a conventional gear rack with teeth
      projecting from it. Substantial strength advantages are also obtained by
      distributing the forces between the gear teeth and the gear rack over a
      much greater area than is possible with gear teeth projecting from a piece
      of bar stock. Thus, all of the objectives of the invention are achieved
      without sacrificing either strength or economy in construction.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. In combination with a land vehicle, hopper construction comprising:
PA1  a hopper bed having an opening in its bottom for the discharge of material;
PA1  first and second track components of L-shaped cross-sectional configuration
      extending longitudinally on opposite sides of said opening with one leg of
      each component extending away from the opening;
PA1  closure structure for said opening having a transverse dimension greater
      than the width of the opening so as to extend beneath said track
      components;
PA1  first and second mounting members of inverted L-shaped cross-sectional
      configuration disposed in opposed relationship to said track components
      and extending longitudinally along opposite sides of said closure
      structure with one leg of each member substantially overlying said one leg
      of a corresponding track component,
PA1  said mounting members being rigidly coupled with said closure structure and
      adapted to move relative to said track components;
PA1  generally planar flange structure having a portion substantially overlying
      said one leg of at least one of said mounting members and another portion
      projecting from the said one leg of said one mounting portion;
PA1  said flange structure extending substantially along the length of said one
      member, being rigidly coupled therewith and having a plurality of
      longitudinally aligned through openings in said other portion; and
PA1  a spur gear mounted for rotation with its teeth complementally received by
      the openings in said flange portion whereby rotation of said gear moves
      said closure structure.
NUM  2.
PAR  2. The invention of claim 1, wherein the length of the teeth of said spur
      gear are at least substantially equal to the thickness of said flange
      structure whereby said teeth extend at least substantially through said
      openings.
NUM  3.
PAR  3. The invention of claim 1, wherein is included a second flange structure
      rigidly coupled with the other of said members, and a second spur gear
      mounted for rotation on a common shaft with said first spur gear with its
      teeth received in the openings of said second flange structure.
NUM  4.
PAR  4. The invention of claim 3, wherein is included first hook means on said
      hopper bed intermediate said track components and disposed for engagement
      with the closure structure when the latter is moved into a closed
      position, said hopper bed terminating in a flange presenting edge in
      opposed relationship to said first hook means, and second hook means on
      said structure engageable with said flange presenting edge when the
      structure is moved to its closed position.
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PAL  A fluid bearing system for journalling a shaft against radial and/or axial
      loads. The described bearing consists of a housing having at least one
      fluid compression chamber. The housing surrounds the shaft and is provided
      with at least one portion which is stationarily fixed with respect to the
      shaft. Inlet means are provided through the stationary portion for the
      introduction of air or liquid. A ring securely fixed to the shaft for
      rotation therewith extends in opposition to the stationary portion. The
      ring forms with a surface of the stationary portion a throttling gap
      between the inlet and the compression chamber by which the restriction of
      fluid flow is accomplished.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fluid bearing for journalling rotating
      shafts, in particular to a hydrostatic and/or aerostatic radial and/or
      axial load carrying bearings.
PAR  Fluid bearings are commonly employed to journal high speed rotary shafts
      such as yarn spinning or twisting spindles. In general, such bearings
      comprise an outer shell or housing in which one or more compression
      pockets are distributed uniformly about the axis of the shaft and into
      which a fluid under pressure is supplied. In these bearings, wherein the
      pressure medium is supplied by one pump, it is essential to provide
      throtting means or valve means to control the flow of fluid into the
      compartments in order to ensure the proper stability of the bearing.
      Different types of construction are known wherein these throtting means
      are integrated into the bearing itself.
PAR  Of the so called laminar (steady flow) throtting means the most common type
      comprises the use of a capillary tube valve. The drawback of this type of
      valve lies in the tolerance of the inner diameter of small capillary
      tubes. With the same length of tubes, the variances between inner
      diameters produces different hydraulic or aerostatic resistance. Since the
      resistance produced by capillary tubes is in a ratio to the inner radius
      of the tube approximating the "fourth power," it is disadvantageous that
      the fluctuation of the resistance is very great. Moreover, a pressure
      tight sealing connection of the capillary tube to the bearing compression
      compartment, is most difficult to obtain.
PAR  In addition to the use of capillary tubes, slot throtting means, integrated
      into the bearing, have also become known. These slot throttles are formed
      by the space between two surfaces of the fixed housing running normal to
      the axis of the shaft. While such constructions are effective the valve
      means formed therein have the drawback that the narrow flow apertures
      forming the throttling means readily become fouled so that frequent
      breakdown occurs during the operation of the bearing. It will of course be
      realized that this same drawback exists in the use of capillary tubes,
      since it is virtually impossible to provide a fluid media perfectly free
      of certain impurities.
PAR  It is the object of the present invention to provide a fluid bearing of the
      type described which overcomes the difficulties and drawbacks of the prior
      art.
PAR  It is a further object of the present invention to provide a fluid bearing
      employing either fluid or air media in which the throttling gaps or means
      are reliably prevented from fouling.
PAR  It is a further object of the present invention to provide a fluid bearing
      system in which an improved construction forming the throttling or valving
      means is provided, integrated totally within the bearing itself.
PAR  It is a further object of the present invention to provide a fluid bearing
      system having superior load capacity and rigidity for axial and/or radial
      load conditions.
PAR  The foregoing objects, other objects, and numerous advantages will be
      apparent from the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the objects and advantages of the present invention are obtained
      by securing to the rotating shaft an annular ring which extends outwardly
      in opposition to the housing and which forms with a stationary surface of
      the housing a throttling gap, which gap appears to be constantly rotating
      due to the relative movement of the annular ring and the housing. More
      specifically the bearing comprises a housing or shield surrounding the
      shaft which has at least one compression chamber formed on an interior
      surface. At least one portion of the housing is fixed so as to be
      stationary with respect to the shaft and is provided with conduit means
      for the inlet of the fluid under pressure. An annular ring is secured or
      otherwise fixed to the shaft to be conjointly rotatable with the shaft.
      The ring extends in opposition to the stationary portion of the housing
      and is spaced from a surface of the stationary portion to form a
      throttling gap between the inlet conduits and the compression chamber
      whereby restriction of the fluid flow into the chamber can be effected.
PAR  Because of the relative movement between the two surfaces that form the
      throttling gap, the probability of fouling by impurities found in the
      fluid media is effectively precluded. The throttling gap is consequently
      self-cleansing. By virtue of the construction according to the present
      invention a distinct advantage can be obtained in that the space forming
      the throttling gap can be of a very low height or narrow dimension while
      at the same time have a large width and a short length of flow. The
      present invention has an additional advantage in that the manufacture of
      the bearings utilizing the present construction is simple because they are
      formed mainly of cylindrical parts which may be machined with particularly
      fine surfaces without difficulty.
PAR  According to the present invention, bearings adapted to receive axial
      loads, are characterized by the fact that the throttling gap can be easily
      formed to lie between the peripheral surface of the rotating ring and the
      inner bore of an annular portion of the housing, which portion can be
      fixed against rotation and be provided with radially directed supply
      inlets for the pressurized medium. The compression chamber or compression
      chambers are arranged to be normal to the shaft to absorb axial loads.
      However, because the direction of flow of the throttle gap runs axially,
      any relative axial movement between the shaft and the housing, due to an
      external load, would not cause any variation in the throttling gap, the
      movement being parallel to the direction of the throttling gap. Thus, any
      influence or effect upon the throttle resistance to the flow of fluid
      media is precluded.
PAR  Correspondingly, it is possible to obtain a constant throttle gap
      integrated in a radial load absorbing bearing. According to the present
      invention a bearing adapted to receive radial loads is formed so that the
      throttling gap lies normal to the axis of the shaft between the frontal
      end surfaces of the rotating ring and the opposing surfaces of the
      stationary portion of the housing. The bearing compartments are recessed
      and run parallel to the axis of the shaft. In this manner the direction of
      flow of fluid in the throttle gap will be radial so that any radial
      shifting of the shaft relative to the housing will not result in any
      variation of the size of the throttling gap and will therefore not
      influence the resistance of the throttling gap to the flow of fluid.
PAR  In a further development of a bearing adapted to receive radial loads, it
      may be preferable to arrange the rotating ring on the shaft so as to be
      axially movable along its surface while being held for conjoint rotation.
      This measure is of particular advantage in the situation where loose or
      free bearings are intended. It may also be preferable in radial bearings
      to form pre-throttling gaps running axially between the peripheral surface
      of the rotating ring and the inner surface of the annular bore of the
      stationary housing portion opposite to it. It is the purpose of these
      pre-throttling gaps to ensure that in the event of any axial shifting of
      the ring between the pre-throttle gap and the main radial throttling gap,
      different pressures can be formed on either side of the rotating ring.
      This difference in pressure forces the axially movable ring back into its
      original position so that both the main radial throttling gaps are kept of
      equal size.
PAR  It may also be preferable, in order to prevent different pressures from
      being built up in axially adjacent compartments of the loose bearing
      constructions, to provide conduit drillings running generally in an axial
      direction through the housing to connect the axially adjacent pair of
      compartments.
PAR  Full details of the present invention together with the details of the
      several preferred embodiments are given in the following description and
      are shown in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudindal section of the upper portion of an axial bearing
      formed in accordance with the present invention mounted upon a shaft,
PAR  FIG. 2 is a view similar to FIG. 1 showing a second form of axial bearing,
PAR  FIG. 3 is a similar view of a axial bearing in conjunction with a radial
      bearing,
PAR  FIG. 4 is a view of a radial bearing formed in accordance with the present
      invention,
PAR  FIG. 5 is a view similar to FIG. 4 showing another form of radial bearing,
PAR  FIG. 6 is a view of a radial and axial bearing formed in accordance with
      the present invention, and
PAR  FIG. 7 is still another view of a radial axial bearing formed in accordance
      with the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In general, the following description omits such details, except for the
      present invention, as are conventional and well known to those skilled in
      the art. Amongst the omitted details are the forms for bearing supports,
      the form of the compression chambers, and details of the fluid media, its
      pressure pump or the like. In the accompanying drawings all of the Figures
      bear similar reference numerals depicting similar parts of the structure
      and function.
PAR  The bearing depicted in FIG. 1 serves for the axial support of a rotatable
      shaft mounted to rotate about its axis X--X and on which axial loads can
      be placed from both directions.
PAR  The bearing comprises a unitary housing 1 consisting of a central spacer 2
      interposed between a pair of similarly formed end discs 3. The end discs
      and the central spacer are preferably unitarily or integrally secured
      together to form a generally cylindrical sleeve like housing arranged
      about a rotatable shaft 4. The spacer 2 has a larger inner diameter than
      that of the end discs 3 and within the space so formed there is arranged
      an annular ring 5 which is fixedly secured as by wedging, welding or the
      like to the shaft 4. The ring 5 is thus conjointly rotatable with the
      shaft 4 and extends radially outwardly between the end discs 3 toward the
      inner surface of the spacer 2. The shaft 4 is provided with a shoulder
      against which the ring 5 abuts. Such a shaft is conventional in supporting
      spindles and the like against axial loads.
PAR  Each of the end discs 3 is provided with a continuous annular groove
      forming a compression chamber 6. The groove is cut into the interior
      frontal face lying generally opposite to the ring 5. If desired, the
      single compression chamber may be replaced by a plurality of chambers or
      pockets extending in a circle about the interior frontal faces of the
      discs 3 uniformly about the central axis. The spacer 2 is provided with a
      radially directed feed duct 7 through which is introduced a pressurized
      media such as oil, air or the like from a pump or accumulator located
      exteriorly of the bearing and not shown in the drawings. The inlet duct 7
      leads into an annular groove 8 cut into the interior face of the spacer 2.
      The diameter of the ring 5 and the inner diameter of the spacer 2 are
      designed so that the ring 5 is spaced from the surface of the spacer 2 to
      provide an annular gap 9 to either side of the annular groove 8. The gap 9
      forms an inlet throttle or restrictor gap between the groove 8 and the
      compression compartments 6, allowing the pressurized fluid media to flow
      from the inlet 7 to the compression compartment 6. Similarly, the axial
      width of the ring 5 is designed so that its frontal faces are spaced from
      the frontal faces of the discs 3 providing an outlet or discharge gap 10
      between them. It will be observed that the inlet throttle or restrictor
      gaps 9 extend axially or parallel to the axis of the shaft while the
      outlet or discharge gaps 10 extend radially or normal to the shaft. The
      pressurized medium flows via the inlet duct 7, the annular groove 8 into
      the bearing compartment 6 (or plural compartments 6) from which it flows
      outwardly to the discharge gaps 10 without, or at zero pressure.
      Stabilization of the bearing under axial load conditions is provided by
      the restriction of one or the other of the discharge gaps 10 allowing for
      the build-up of pressure in the corresponding compression chamber 6 and
      the simultaneous decrease in pressure in the opposing chamber 6. These
      pressure differences cause the forces within the bearing to counteract the
      external axial force thus causing the shaft to counteract against this
      force until a state of balance or equilibrium is achieved within it.
PAR  Since the two inlet throttle gaps 9 run axially, an axial shaft of the
      shaft 4, on account of any external load does not create any variation in
      the size of the gap and therefore does not create any change in the
      throttling resistance to the flow of fluid. Therefore the integrated
      throttling gaps 9 remain constant and provide a uniform pressurized flow
      constantly to the compression chambers 6. Preferably the entire housing 1
      is fixed within an outer bushing (not shown) so that it is stationary with
      respect to the shaft 4. As a result the relative movement between the ring
      5 and the spacer 2 creates an apparently constantly movable throttling or
      restricting gap 9 in which fouling by impurities carried in the fluid
      media, is effectively precluded. The constant rotation of the ring 5
      during regular operation effects a constant cleaning of the gaps 9. A
      further advantage of the bearing according to the invention resides in the
      fact that in comparison to the traditional or the commonly used axial
      bearings, only half the flow of the pressure medium is needed.
PAR  It is further emphasized that the throttling ratio (the ratio between the
      inlet throttling resistance and the discharge resistance) does not alter
      at high speeds because the frictional heat created in both the inlet gap 9
      and the discharge gap 10 is the same. Thus, the viscosity of the
      pressurized medium is varied uniformly at both points. It is finally
      mentioned that the pressure medium can not be hurled by centrifugal force
      outwardly of the discharge gaps because due to the flow obtained in the
      bearing compartments 6 the centrifugal force is oppositely directed.
PAR  In FIG. 2 a variant of the bearing of FIG. 1 is shown. In this variant the
      spacer 2 and discs 3 forming the housing are separable from each other.
      The discs 3 are fixed to the shaft 4 while the spacer 2 is fixed to the
      bushing or other support. The rotating ring 5 is arranged between the two
      discs 3 and rotates conjointly with the shaft 4 and the discs 3. The discs
      3 are provided with compression chambers 6 of the singular annular type or
      of the plural pocket type on their inward frontal faces. An inlet duct 7
      radially extends through the stationary spacer 2 which has a smaller inner
      diameter than that of FIG. 1. The distribution groove for the fluld media
      is formed in the peripheral face of the ring 5 and is depicted by the
      numeral 8'. As in FIG. 1, the peripheral surface of the ring 5 is spaced
      from the spacer 2 so as to provide axially extending inlet throttling gaps
      9 leading from the annular groove 8' into each of the compression chambers
      6. The discharge gaps 10 as in FIG. 1, run in a radial direction. However,
      here they exist between the frontal faces of the discs 3 and the spacer 2
      and lead into the space between the housing and the supporting bushing
      illustrated in the dot-dash lines. The bearing of FIG. 2, as well as of
      FIG. 1, may be retained in place by locating a retaining sleeve indicated
      by the dot-dash lines in the left hand side of the shaft 4 abutting
      against either the ring 5 in FIG. 1 or the disc 3 in FIG. 2. Axial loads
      placed on the shaft 4 from either direction is thus transmitted to the
      bearing.
PAR  FIG. 3 depicts the combination of a axial fluid bearing of the type shown
      in FIG. 1 with a conventional radial fluid bearing. The left hand end disc
      3, of the housing 1 of the axial bearing represented in FIGS. 1 or 2 is
      replaced by the outer ring 11 of the conventional radial bearing. The
      inner frontal end surface of the bearing 11 adjusts against the stationary
      spacer 2 and is provided with the compression chambers 6 corresponding to
      those formed on the right end disc. The pressure media supplied from the
      pump passes through the inlet duct 7 via the inlet throttling gaps 9 into
      the chambers 6. The radial portion of the bearing is similarly provided
      with an inlet duct in which is located a disc type throttling valve 12
      leading to the compression compartments 13 of the radial bearing. The
      compression compartments 13 may be a continuous annular groove formed on
      the inner face of the outer member 11 or it may be in the form of a
      plurality of uniformly spaced pockets encircling the shaft 4. The
      compression pockets 13 extend axially or parallel to the shaft 4 and are
      provided with axial outlet or discharge gaps 15. The rotating ring 5,
      secured to the shaft 4 is provided with a bore 14 running in an axial
      direction communicating with the radial discharge gap 10 from the axial
      compression chambers 6 and the axial discharge gap 15 running from the
      radial compression compartments 13 allowing the discharge fluid to flow
      under zero pressure outwardly of the bearing. In this embodiment the
      entire housing 1 may be considered as the right end disc 3, the spacer 2
      and the outer portion 11 of the radial bearing section. The housing 1 is
      preferably secured in a bushing or similar supporting member so as to be
      non-rotatable with respect to the shaft 4.
PAR  The bearing depicted in FIG. 4 serves to absorb and receive radial loads
      only. The bearing comprises a housing 1 formed of end discs 3 and a
      central spacer 2 preferably secured and stationarily held in an exterior
      bushing. The compression pockets 6 are uniformly distributed over the
      inner radial surface of the end discs 3. This Figure depicts the uniform
      distribution of a plurality of pockets or compression chambers 6 separated
      by bridging or wedge portions on the interior or bore surface of the discs
      3. This Figure further illustrates a means for joining the end discs 3 and
      the spacer 2. A plurality of bolts 16 interconnecting these members is
      shown. The bolts 16 are distributed about the bearing so as to prevent
      twisting or separation of the discs 3 and the spacer 2. The spacer 2 is
      provided with one or more inlet ducts 7. Arranged on the shaft 4 so as to
      be axially movable with respect to it is a ring 5, whose peripheral edge
      is spaced from the spacer 2 so as to provide an annular space for the
      distribution of the fluid media from the inlet ducts 7. The frontal end
      surfaces of the ring 5 are spaced from the opposite edges of the end discs
      3 so as to form radially directed inlet throttling gaps 9 through which
      the pressurized medium may flow into the compression compartments 6. The
      compression chambers or compartments 6 are bounded on their axial exterior
      ends by radially inwardly directed shoulders 17 which are spaced from the
      surface of the shaft 14 to provide suitable discharge gaps 10 through
      which the fluid media may flow outwardly from the bearing chambers 6.
PAR  The fluid radial bearing according to FIG. 4 is in the form of a loose or
      axially free bearing. Since in a loose bearing the shaft 4 has to be
      axially movable, it is important to prevent the inlet throttling gaps 9,
      at each of the frontal ends of the ring 5, to be subjected to fluctuation.
      Otherwise in the axially adjacent compression compartments 6 different
      pressures would be built up. In order to prevent such fluctuation,
      pressure compensating ducts 18 are drilled in the housing 1 so that a
      connection for the by-pass flow of fluid media can be made between each of
      the axially spaced rows of compression chambers 6. In the event of any
      dynamic build-up in pressure in the inlet throttling gaps 9 the axially
      movable ring 5 is shifted or slided axially along the shaft 4.
PAR  The bearing represented in FIG. 5 also serves to absorb radial loads. In
      the form shown in this Figure, the pressure medium passes through the
      radially directed annular inlet throttling gaps 9 formed as in FIG. 4
      between the axially movable ring 5 and the surfaces of the end discs 3
      opposite the latter, into the compression compartments 6 from which it
      flows outwardly through the discharge gaps 10. In distinction to the
      construction shown in FIG. 4, the construction shown in FIG. 5 provides a
      spacer 2 similar to that shown in FIG. 1 which is provided with an annular
      distribution groove. The peripheral surface of the ring 5 is spaced from
      the inner bore of the spacer 2 so as to provide a second set of pre- or
      auxiliary- inlet throttling gaps 19. These gaps 19 lead to a set of
      compression compartments similar to those shown in FIG. 1 formed on the
      inner frontal surfaces of the end discs 3. The inlet throttling gaps 19
      are directed axially parallel to the shaft. It is the purpose of the
      pre-throttling gaps 19 to provide, that under the axial movement of the
      ring 5 in the space between the discs 3, that different pressure can be
      built up between the main throttling gap 9 and the pre-throttling gap 19.
      This pressure difference will then cause the shifting of the ring 5 back
      into its original central or equilibrium position so that the main inlet
      throttling gaps 9 are kept and maintained at the same size ensuring a
      constant resistance of the two main throttling gaps 9. In the event a
      purely radial load is created on the shaft, no pressure differential
      occurs between the axially adjacent bearing compartments 6, however, the
      absorption of momentary loads may create pressure differentials between
      such axially adjacent compartments 6. This is done so that, for instance
      when the shaft is tilted downward to the left, the left hand upper
      throttle gap 9 and the right hand lower throttle gap diametrically
      opposite to the latter are reduced in size, increasing restriction on the
      flow of fluid, while on the other hand the right hand upper throttling gap
      9 and the left hand lower throttling gap diametrically opposite thereto
      are increased. At the same time the corresponding discharge gaps 10 are
      reduced or enlarged corresponding thereto so that the equilibrium or state
      of balance condition is achieved.
PAR  A fluid bearing adapted to absorb both radiall and axial loads is shown in
      FIG. 6. The bearing comprises in the main a combination of a double row
      radial bearing formed in accordance with FIG. 4 centered between two
      halves of the double row axial bearing shown in FIG. 1. Two rings 5 are
      fixed about the shaft 4, separated by a spacing sleeve 20. The bearing
      compression compartments 6 for the radial bearing are formed on the inner
      surface of a common cylindrical member and are separated by radially
      inwardly directed shoulders 17 which are spaced from the central spacer 20
      so as to provide discharge gaps 10 leading to a common annular discharge
      distribution groove 21 formed between the shoulders 17. Leading from the
      discharge distribution groove 21 radially outward is one or more ducts 7a
      for the discharge of the media. The discharge gaps 10 for the radial
      bearing extend axially in parallel with the shaft 4. The discharge gaps
      10a for the axial bearing extend radially or normal to the shaft 4 on
      opposite side of the respective rings 5 communicating with the axial
      bearing compartments 6a. The spacers 2 each have inlet ducts 7 through
      which the pressure medium is initially supplied into the annular chambers
      or spacers 8. From there it flows on the one hand via the axially directed
      annular inlet throttling gaps 9a to the bearing compartments 6a of the two
      axial bearings and on the other hand via the radially directed inlet
      throttling gaps 9 which are formed between the inward facing end surfaces
      of the rings 5 and the housing surfaces opposite the latter into the
      compression compartments 6 of the double row radial bearing section. As
      has already been mentioned, the pressure medium flows outwardly of the
      bearing compartments 6a of the axial bearings via the radially directed
      discharge gaps 10a and out of the compression compartments 6 of the radial
      bearing section outwardly through the ducts 7 via the axially directed
      bearing gaps 10.
PAR  A pressure equalizing bore 18 runs axially in the housing 1 between the
      axially spaced compression compartments 6 of the radial bearing so as to
      prevent the occurrence of pressure differential between these
      compartments. Such pressure differentials could occur as a result of the
      axial shifting of the shaft 4 on account of external forces thereon,
      because here the radially directed throttling gaps 9 of the radial bearing
      section may be caused to vary under such loads. The pressure compensating
      conduit 18 is only needed, however, if fluctuations in the bearing
      stability have to be prevented at all cost. If this condition is not
      essential, the pressure equalizing conduits 18 can be dispensed with so
      that the radial bearing can absorb momentary load changes.
PAR  In FIG. 7, a complete spindle bearing is shown with which axial and radial
      loads may be absorbed. It differs from the example of FIG. 6 mainly in
      that the bearing compression compartments 6a for the axial bearing
      sections are arranged in the middle of the bearing as a whole while the
      bearing compression compartments 6 for the two radial bearings are
      provided to either side or axial ends of the axial bearing section. The
      inlet throttling gaps 9a which run axially for the axial bearing section
      and the gaps 9 which run radially for the radial bearing section are
      provided on either side of the annular chambers 8 formed by the spacers 2
      in which inlet ducts 7 are provided. The pressurized medium is supplied
      through the throttling gaps 9, wherein it is reduced to compression
      compartment pressure, and passed to the compression compartment 6 of the
      radial bearing section and through gaps 9a to the axial bearing sections
      9a whence it flows outwardly through the discharge gaps 10a under zero
      pressure.
PAR  Both the axial and radial bearings shown in this variant, require only half
      the quantity of flow of pressurized medium compared with conventional
      hydrostatic or aerostatic bearings. On the other hand with the same
      quantity of pressurized medium flowing through the bearings, the surfaces
      of the shoulders 17, 17a forming the discharge gaps 10 and 10a
      respectively can be reduced thereby reducing significantly the amount of
      friction created. According to the structural conditions required for the
      placement of the bearing and the momentary loads to be absorbed, the
      distance between the left and right hand halves of the bearings can be
      varied by the installation of central spacer members 22 of differing
      lengths, denoted by the spatial arrows a.
PAR  As seen from the foregoing, each of the embodiments of the present
      invention provide inlet throttling gaps in which at least one of the
      surfaces forming the gap is under rotation so that the throttling gap may
      be considered as rotating itself. In this manner the advantage of
      providing a non-fouling inlet to the compression chambers is obtained.
      Further the objects, advantages and relative improvements enumerated in
      the introduction to the present description will be obvious from the
      preceding description of the preferred embodiments. While the description
      emphasized axial and/or radial bearings having compression compartments
      arranged in two rows relative to each other, it will be quite obvious to
      those skilled in the art that the concept of the present invention may be
      applied to single row fluid bearings. Various other embodiments and
      changes will be obvious to those skilled in the art. Accordingly, it is
      intended that the present disclosure be taken as illustrative only of the
      invention and not as limiting of the scope thereof.
PAR  Should additional details of the specific construction of bearings of the
      general type herein described be necessary reference may of course be made
      to the copending application, Ser. No. 409,704, filed on Oct. 25, 1973 by
      two of the inventors herein, and assigned to the same assignee, the
      disclosure of which is incorporated herein as if it were fully set forth.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid bearing for a rotary shaft comprising a housing surrounding said
      shaft and forming at least one annular compression chamber on the interior
      surface thereof, at least one portion of said housing being annular and
      fixed stationary with respect to said shaft and having conduit means for
      the inlet of fluid under pressure to said chamber, a ring secured to said
      shaft for rotation therewith and extending within said compression chamber
      in spaced opposition to said stationary portion, having a peripheral
      surface coacting with said annular portion to divide said compression
      chamber into laterally spaced sections, said ring forming with the surface
      of said stationary portion a circumferential compression space and lateral
      throttling gaps between the inlet conduit and said lateral sections of the
      compression chamber for restriction of fluid flow under both radial and
      axial loads.
NUM  2.
PAR  2. The bearing according to claim 1 wherein said throttling gap extends
      axially with respect to said shaft.
NUM  3.
PAR  3. The bearing according to claim 1, wherein said stationary portion has an
      annular surface lying normal to the axis of said shaft, said throttling
      gap being formed between said surface and a parallel and opposite lying
      end of said ring.
NUM  4.
PAR  4. The bearing according to claim 1 wherein said throttling gap extends
      radially with respect to said shaft.
NUM  5.
PAR  5. The bearing according to claim 1 wherein the ring is axially movable on
      said shaft.
NUM  6.
PAR  6. The bearing according to claim 1 including at least two rows of
      compression chambers axially spaced from each other and ducts extending
      between said rows for equalizing the pressure therein.
NUM  7.
PAR  7. The bearing according to claim 1, wherein said housing comprises a pair
      of end discs and said annular portion comprises at least one spacer
      located therebetween fixed against rotation relative to said shaft and
      forming the stationary portion of said bearing.
NUM  8.
PAR  8. The bearing according to claim 7 wherein said housing is formed with two
      rows of compression chambers lying on the frontal faces of said end discs
      on opposite sides of said stationary portion in a direction normal to said
      shaft.
NUM  9.
PAR  9. The bearing according to claim 7 wherein said housing is formed with two
      rows of compression chambers lying on the interior faces of said discs in
      a direction parallel to the axis of said shaft.
NUM  10.
PAR  10. A fluid bearing according to claim 1, wherein said housing is formed by
      a central annulus having a large internal diameter, and a pair of lateral
      annular members integrally secured with said annulus having an internal
      diameter smaller than that of said annulus and positioned each on one side
      of said annulus; the open interior of said housing being defined by the
      inner surface of said annulus extending in axial direction parallel to the
      axis of the shaft and by the side walls of said lateral annular members
      extending adjacent said bottom radially and substantially perpendicularly
      to the axis of said shaft; said conduit means being open to the interior
      of said housing and being coupled to a source of a fluid under pressure.
NUM  11.
PAR  11. The bearing according to claim 1, wherein said annular compression
      chamber is defined by an annular depression provided in and along the
      bottom of said annular stationary portion and by the peripheral surface of
      said ring.
NUM  12.
PAR  12. The bearing according to claim 1, wherein said annular compression
      chamber is defined by an annular depression provided in and along the
      peripheral surface of said ring and by the bottom of said annular
      stationary portion.
PATN
WKU  039388638
SRC  5
APN  5097495
APT  1
ART  312
APD  19740927
TTL  Aerostatic bearing
ISD  19760217
NCL  19
ECL  1
EXA  Church; Gene A.
EXP  Wood, Jr.; M. Henson
NDR  2
NFG  2
INVT
NAM  Victor; Hans R.
CTY  Karlsruhe
CNT  DT
INVT
NAM  Schmidt; Jurgen
CTY  Karlsruhe
CNT  DT
ASSG
NAM  SKF Kugellagerfabriken
CTY  Schweinfurt
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730929
APN  2349072
CLAS
OCL  308  9
XCL  308107
EDF  2
ICL  F16C 1716
ICL  F16C 1302
FSC  308
FSS  9;93;100;107;DIG. 1
UREF
PNO  3499692
ISD  19700300
NAM  Kaiser
OCL  308  9
UREF
PNO  3645590
ISD  19720200
NAM  Bird et al.
OCL  308  9
UREF
PNO  3799630
ISD  19740300
NAM  Chisholm
OCL  308  9
FREF
PNO  1,085,184
ISD  19670900
CNT  UK
OCL  308  9
FREF
PNO  1,225,067
ISD  19710300
CNT  UK
OCL  308  9
ABST
PAL  An aerostatic bearing for the shaft of a spinning turbine of an open end
      spinning unit. The shaft is located in a cylindrically hollow housing to
      which gas under pressure is supplied to form a radial aerostatic bearing
      about the shaft. A permeable supporting sleeve is preferably interposed
      between the housing and the shaft. The shaft is provided with a radial
      duct and an axial bore opening only toward the rear end of the shaft. A
      supporting surface is fixed opposite the rear end of the shaft and is
      spaced therefrom so that the exhausting gaseous media impinges thereon and
      forms an axial bearing. Preferably, means are provided for resiliently
      biasing the shaft toward the supporting surface against the action of the
      axial aerostatic bearing. Such means are preferably magnetic.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the journalling of spinning turbines of
      open end spinning units and in particular to a combination radial and
      axial aerostatic bearing for journalling the shaft of the spinning
      turbine.
PAR  It has been known to journal the shaft of a spinning turbine in a radial
      aerostatic bearing comprising a generally cylindrically hollow housing
      surrounding the shaft, through which the gaseous lubricating medium is
      supplied and the shaft being provided with radial ducts which communicate
      with an axial duct through which the gaseous medium is exhausted. A
      bearing of this type is described in German patent publication 2110261
      which shows the axial duct communicating with the surrounding environment,
      in which the exhausted medium is in fact discharged. In German patent
      publications 1,934,099 corresponding to British Pat. No. 1,225,067, German
      patent publication 1,933,929 and British Pat. No. 1,085,184 disclose
      devices wherein the spinning turbine is supported with an aerostatic
      radial bearing as well as an aerostatic axially bearing. In these devices
      separate ducts, leading from a common air supply, extend to separate
      radial and axial bearing constructions. As a result these devices are
      rather complex in their structure and consume relatively great amounts of
      air or medium. The cost of manufacture is thus relatively expensive as is
      the cost of operation.
PAR  It is an object of the present invention to provide a simple and easily
      constructed aerostatic bearing for spinning turbines which overcome the
      disadvantages of the prior art.
PAR  It is another object of the present invention to provide a combined axial
      and radial aerostatic bearing for a spinning turbine.
PAR  It is still another object of the present invention to provide a combined
      axial and radial aerostatic bearing in which less air is consumed than in
      those devices heretofore known.
PAR  The foregoing objects, together with other objects as well as numerous
      advantages of the present invention will be apparent from the following
      disclosure of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a spinning turbine of an open end
      spinning unit is journalled in a combined aerostatic axial and radial
      bearing comprising a cylindrically hollow housing surrounding the shaft
      through which the gaseous medium under pressure is introduced. And which
      forms with the shaft a radial aerostatic bearing. The shaft is provided
      with at least one radial duct and an axial bore communicating with a duct
      for the exhaust of the medium. The bore is closed to the end of the shaft
      on which the turbine is mounted and extends through the shaft to open at
      the other end thereof. A supporting surface or wall is fixed, with respect
      to the housing, at the end of the shaft and is spaced therefrom opposite
      the opening of the bore. The exhausting gas exiting from the bore impinges
      upon the supporting surface and produces with the end of the shaft an
      axial aerostatic bearing for the shaft.
PAR  The major advantage of the present invention lies in the fact that the
      axial duct serves both to exhaust the air and to supply the medium to the
      axial bearing formed by the end of the shaft and the supporting surface.
      As such only one source of medium under pressure and one supply means is
      required. The apparatus as a whole can therefore be made smaller, more
      compact, lighter in weight and more economical.
DRWD
PAR  Full details of the foregoing and other aspects of the present invention
      are set forth in the following description of its preferred embodiments
      and are shown in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal section through a spinning turbine and its
      bearing, showing the present invention, and
PAR  FIG. 2 is a view similar to that of FIG. 1 showing a second embodiment of
      the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As seen in FIG. 1 the bearing comprises a main housing section 1 forming a
      bearing sleeve of generally cylindrically hollow form. A plurality of
      O-rings 2 are set within corresponding annular grooves formed on the inner
      surface of the housing section. The O-rings 2 (in the present embodiment
      being three in number) support a hollow cylindrically permeable bearing
      sleeve 3 so that an annular air gap or space is formed between the housing
      and the sleeve. The O-rings 2 also permit oscillatory reciprocation of the
      sleeve axially within the housing. The permeable sleeve may be made of
      sintered metal, plastic or the like, or may be a solid sleeve provided
      with radial holes etc., over its entire surface. Located within the sleeve
      3 is the shaft, generally depicted by the numeral 4, for the spinning
      turbine. The spinning turbine comprises a chamber 6 which is removably
      attached, as for example by a set screw 5 to the front end of the shaft 4.
      The shaft 4 extends rearwardly beyond the main housing section 1 and
      terminates in an extending necked down cylindrical extension about which a
      balancing ring or flywheel 7 and a rotor 8 of an electric motor are
      mounted.
PAR  The shaft 4 has a central portion 4' which lies intermediate end portions
      4" of larger diameter, equal to each other. The larger diameter portions
      4" are substantially equal in outer diameter to the inner diameter of the
      permeable sleeve 3. At least one radial duct 9 is formed through the shaft
      within the smaller diameter portion 4'. The duct 9 communicates with an
      axial bore 10, in the form of a blind bore, formed substantially along the
      center of the shaft. The axial bore 10 extends from the radial duct 9 only
      toward the rear end of the shaft through the necked down portion carrying
      the flywheel 7 and the rotor 8 and opens outwardly of the frontal face of
      the shaft 4. The shaft 4 can be made in the form of a hollow cylinder,
      i.e., having a continuous axial duct. In this construction the axial duct
      can be tightly closed in the area between the radial duct 9 and the
      spinning chamber 6 by the insertion of a suitable plug or other packing
      device.
PAR  A hose connection 11 is secured, in a manner to form a seal, radially
      within the wall of the main housing section 1. Compressed medium, such as
      air or other inert gas is supplied from a source not shown through a pipe
      secured to the connection 11 so that the medium passes into the annular
      space formed between the main section 1 of the housing and the permeable
      shell 3. The medium under pressure penetrates through the permeable shell
      and creates between the permeable shell 3 and the two enlarged portions 4"
      of the shaft 4 an air cushion which radially supports the shaft 4 during
      its rotation. In the arrangement shown in FIG. 1, wherein three O-rings 2
      are provided, the middle ring is preferably formed with at least one axial
      passage such as a hole or groove, which thus permits the air to move
      between the two outer rings and insures equalization of pressure and
      unhampered air scavenging in the entire annular scap between the main
      housing section 1 and the sleeve 3. In order to allow the compressed
      medium to pass through the permeable sleeve 3 only in the regions of the
      two axially outer portions of the shaft, i.e., the enlarged diameter
      portions 4", the permeable sleeve 3 can be made impermeable to the gaseous
      media in the zone opposite the smaller diameter portion 4' of the shaft.
      This can be accomplished by coating at least the inner surface of the
      permeable sleeve 3, in this particular zone with a layer of rapid drying
      enamel. This measure insures particularly good supporting and bearing
      capacity for the shaft 4 by maintaining the air cushion under uniform
      pressure at both ends of the sleeve 3 while maintaining adequate
      scavenging of the medium. The medium escaping from the space between the
      permeable sleeve 3 and the two outer portions of the shaft 4" passes into
      the annular space between the permeable sleeve 3 and the smaller diameter
      portion 4' of the shaft from which it passes through the radial duct 9
      into the axial duct 10.
PAR  Mounted on the frontal face at the rear end of the shaft 4 is a disc-like
      bearing cap 12 having a hub which may be screwed into the end of the shaft
      and if necessary also glued or otherwise adhered to conjointly rotate with
      the shaft 4. The bearing cap 12 serves to fix the rotor 8 and the flywheel
      7 on the necked down end of the shaft 4. The rotor and the flywheel may be
      conventionally secured to the shaft as by gluing or by the use of other
      fastening means so as to conjointly rotate with the shaft as well. The
      bearing cap 12 therefore has a diameter at least equal to the largest
      diameter of the shaft 4 and/or the rotor 8. The bearing cap 12 is provided
      with an axial hole 10' which terminates at its outer end rearwardly in a
      relatively narrow diameter nozzle-type opening so as to restrict the
      exhausting medium. The bearing cap 12 has a substantially planar outer
      face.
PAR  Located opposite the face of the bearing cap 12 is a supporting surface or
      wall, generally depicted by the numeral 13. The supporting surface 13 is
      mounted in a second housing section 14 which is generally cylindrically
      hollow and closed at the end on which the supporting surface 13 is
      arranged. The second housing section 14 forms a cover for the rear end of
      the shaft 4 and houses the stator 15 of the electric motor in opposition
      to the rotor 8. The second housing section 14 is detachably secured to a
      radial flange 16 formed at the rear end of the main housing section 1 by
      means of suitable fasteners such as the bolts 17. The main housing section
      1 and the second housing section 14 are in general axially aligned and
      arranged so as to maintain an axial gap 18 between their ends. At least
      one oblique duct 19 leads from the axial gap 18 outwardly into the
      surrounding atmosphere. The axial gap 18 communicates with the annular
      space between the stator 15 and the rotor 8 of the electric motor. Thus
      the exhausted air exiting from the nozzle portion 10' into the axial
      bearing formed by the bearing cap 12 and the supporting surface 13 can
      escape between the rotor 8 and the stator 15 out of the axial gap 18 and
      the oblique duct 19. The stream of air thus produced acts as a cooling
      media on the rotor 8 of the electric motor.
PAR  The supporting surface, generally depicted by the numeral 13, which forms
      an abutment wall cooperating with the spaced bearing cap 12 to form the
      aerostatic axial bearing, is itself formed of a planar disc 20 which is
      secured by a layer of adhesive 21 to a T-shaped pedestal support 22 which
      is attached to the end wall of the second housing cover member 14. The
      stem of the pedestal support 22 extends through a hole in the bottom wall
      of the housing member 14 and is held therein by a screw fastener 24 or
      similar bolt provided with a sealing washer 23 and end cover 25 is
      attached to the second housing member 14 to cover the attachment screw 24.
PAR  The planar disc 20, forming the abutment plate for the axial aerostatic
      bearing is formed of ferromagnetic material, such as iron, iron filings or
      iron particles embedded in a plastic carrier, this ferromagnetic material
      cooperates with the magnetic forces inherent in the rotor 8 of the
      electric motor which in operation produces a magnetic force which biases
      the shaft 4 toward the ferromagnetic disc 20, i.e.: directed oppositely to
      the aerostatic axial support bearing effected by the impingement of air on
      the disc 20. Therefore, in operation, the exhaust of air under pressure
      through the nozzle 10' creates a cushion of compressed air between the
      bearing cap 12 and the disc 20 which overcomes the normal bias of the
      magnetic force so that there is no metal contact between the parts of the
      aerostatic bearing. The planar disc 20 forming the aerostatic abutment
      plate can be coated on its surface with a low friction material which has
      emergency running properties so that in the event of any axial overloading
      of the shaft 4 resulting in the undesirable contact between the disc 20
      and the bearing cap 12, such contact would be without excessive friction
      and without the production of heat.
PAR  The use of a layer of adhesive 21 to fix the planar abutment disc 20 to the
      supporting pedestal 22 has several advantages if it is carried out in the
      manner to be described below. One of the important advantages lies in the
      ability to insure the highest degree of planar abutment freedom between
      the frontal end of the shaft 4 and the face of the planar disc 20. In
      accordance with the preferred procedure, the secondary housing member 14
      is detached from the main housing portion 1 and has the pedestal support
      22 initially fixed in its end wall. Simultaneously the shaft 4, supported
      in the housing 1 is supplied with compressed air which exhausts freely
      through the nozzle 10'. The planar abutment disc 20 is then applied
      directly to the face of the bearing cap 12 and is held thereon by the
      magnetic force exerted by the rotor 8. The air cushion formed between the
      face of the bearing cap 12 and the planar abutment disc 20 enables the
      planar disc 20 to be self-centered, free from friction in the magnetic
      field. The free surface of the planar disc 20 (i.e., its rear face) is
      then coated with the layer of adhesive and the second housing part 14 is
      then placed over the end of the shaft 4 and is subsequently attached to
      the main housing section 1 so that the adhesive layer 21 on the planar
      disc 20 comes into contact with the face of the pedestal support 22. The
      layer of adhesive 21 is then allowed to harden under the continued
      introduction of compressed medium which, exhausting from the nozzle 10',
      produces the accurate spacing of the planar abutment disc 20 from the
      bearing cap 12. During the hardening process the adhesive layer flows so
      that the uniform spacing is obtained and any manufacturing errors or
      tolerances present in the production of either the planar bearing cap or
      the planar abutment disc are fully compensated for and adjusted in
      relation to one another. Simultaneously, the rotation of the shaft
      produced by the assembly of the rotor and stator under operating
      conditions by the joining of the housing members 1 and 14 establishes
      dynamic operating conditions so that the uniform bearing gap between the
      bearing cap and the abutment disc 20 is even further insured.
PAR  It will be therefore seen from the foregoing that the present apparatus
      provides a journalling for the shaft of a spinning turbine which combines
      both a radial aerostatic bearing and an axial aerostatic bearing having a
      single source of compressed air. The pressure of the air in both the
      radial and axial bearing portions are equalized by the fact that the
      communicating axial duct 10 exists between the two. Further, the
      pressurized medium is exhausted through the electric motor which not only
      acts to cool the electric motor but also acts as a radial bearing between
      the stator and the rotor of the motor. The present apparatus thus combines
      the advantages inherent in a static pneumatic system as well as in a
      dynamic pneumatic system. Further, the use of a magnetic system acting
      along the longitudinal axis of the shaft in direct opposition to the axial
      aerostatic bearing has itself several advantages. This provides a
      resilient axial bias on the shaft which permits the shaft a certain degree
      of oscillation or axial reciprocation while tending to maintain the
      uniform bearing gap in the axial aerostatic bearing section. As a result,
      the shaft can absorb the normal forces of operation in the spinning
      chamber 6 without its shaft binding within its bearing.
PAR  A modification of the present invention is depicted in FIG. 2 wherein the
      device differs from that shown in FIG. 1 only in the fact that the
      magnetic force acting axially on the shaft is located in association with
      the spinning chamber. As seen in FIG. 2 the frontal end of the main
      housing section 101 is provided with an annular magnet 26 embedded within
      a conforming annular slot or groove so as to completely surround the shaft
      104 and open toward the back of the spinning chamber 106. A ferromagnetic
      member, in the form of an annular ring 27 is attached to or formed
      integrally with the spinning chamber 106 in opposition to the magnet 26.
      The annular magnet 26 and the ferromagnet ring 27 act to normally bias the
      spinning chamber 106 toward the housing 101 thus pushing the shaft 104 to
      the right as seen in FIG. 2. In the present embodiment the axial
      aerostatic bearing generally depicted by the numeral 13 may be of
      simplified construction, since it does not require the use of the magnetic
      means at this end. Thus the bearing cap 112 at the rear end of the shaft
      104 can be of simpler construction as can the planar abutment disc 120. In
      each case these members 112 and 120 may be adhered or otherwise fixed to
      the shaft and rotor and to the second housing portion 114 respectively in
      any suitable manner. FIG. 2 also shows the use of only two O-rings
      locating and positioning the permeable sleeve providing a single bearing
      chamber about the sleeve. As regards the remaining construction of the
      device shown in FIG. 2 the elements are identical and equivalent to those
      shown in FIG. 1 and function in similar manner.
PAR  It will be seen from the foregoing that the various objects and advantages
      enumerated earlier herein have been easily obtained by the present
      invention. Various changes and embodiments have also been suggested and it
      is intended that the present disclosure be taken as illustrative only and
      not limiting of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aerostatic bearing for the spinning turbine of an open end spinning
      machine comprising a rotatable shaft secured at one end to said turbine, a
      cylindrically hollow housing surrounding said shaft, means for introducing
      a gaseous medium under pressure through said housing to form a radial
      aerostatic bearing about said shaft, said shaft having at least one radial
      duct and an axial bore communicating with said duct for exhaust of said
      gaseous medium, said bore being closed to said one end of said shaft and
      extending through said shaft to open at the other end, an abutment surface
      fixed with respect to said housing spaced from the other end of said shaft
      opposite to the opening of said bore to receive the gaseoue media
      exhausting therefrom and to produce an axial aerostatic bearing with the
      end of said shaft.
NUM  2.
PAR  2. The bearing according to claim 1 including a permeable sleeve interposed
      between said shaft and said housing.
NUM  3.
PAR  3. The bearing according to claim 1 including means for resiliently biasing
      said shaft axially toward said abutment surface.
NUM  4.
PAR  4. The bearing according to claim 3 wherein said resilient biasing means is
      magnetic.
NUM  5.
PAR  5. The bearing according to claim 1 wherein said shaft is provided with an
      axial section intermediate its ends of reduced diameter and said radial
      duct is located within said reduced diameter section.
NUM  6.
PAR  6. The bearing according to claim 5 including a permeable sleeve
      surrounding said shaft, the section of said sleeve conforming to the
      section of said shaft of reduced diameter being rendered impermeable on at
      least one surface.
NUM  7.
PAR  7. The bearing according to claim 2 including a plurality of O-rings
      interposed between said housing and said permeable sleeve, to maintain
      said permeable sleeve spaced from said housing to form an annular air gap.
NUM  8.
PAR  8. The bearing according to claim 1 wherein said shaft is provided with a
      bearing cap at its other end, said cap having an axial hole aligned with
      said axial bore in said shaft to cause impingement of said medium on said
      abutment surface.
NUM  9.
PAR  9. The bearing according to claim 1 wherein said abutment surface is
      detachably secured to said housing.
NUM  10.
PAR  10. The bearing according to claim 1 wherein said magnetic means comprises
      an annular magnet secured to said housing at the end adjacent said
      spinning turbine and cooperating magnetic means conjointly rotatable with
      said shaft in opposition to said annular magnet.
NUM  11.
PAR  11. The bearing according to claim 1 wherein said abutment surface is
      coated with a low friction material.
NUM  12.
PAR  12. The bearing according to claim 1 wherein said abutment surface is fixed
      to said housing by an adhesive.
NUM  13.
PAR  13. The bearing according to claim 12 wherein said adhesive is hardened
      during operation of said turbine and wherein said abutment surface disc
      may be dynamically positioned in a minimum planar abutment stroke with
      respect to the opposing end of said shaft.
NUM  14.
PAR  14. The bearing according to claim 13 wherein said adhesive is located
      directly between said disc and said housing.
NUM  15.
PAR  15. The bearing according to claim 13 wherein said abutment surface is
      adhered to a support, said support being removably secured to said
      housing.
NUM  16.
PAR  16. The bearing according to claim 1 including an electric motor
      surrounding said shaft, the rotor of said electric motor being attached to
      said shaft and the stator of said electric motor being secured to said
      housing.
NUM  17.
PAR  17. The bearing according to claim 1 wherein said housing is formed of two
      axial sections and the end of said shaft opposite the spinning turbine
      extends beyond one of said housing sections, an electric motor surrounding
      said extending shaft, the rotor of said electric motor being attached to
      said extending shaft, the stator of said electric motor being secured to
      the other one of said housing sections, said housing sections being
      removably attached to each other.
NUM  18.
PAR  18. The bearing according to claim 16 wherein said abutment surface
      comprises a planar disc of ferromagnetic material adapted to cooperate
      with said rotor of said electric motor to develop an attractive magnetic
      force axially along said shaft.
NUM  19.
PAR  19. The bearing according to claim 17 wherein said housing sections are
      spaced from each other to provide a gap for the exhaust of gaseous medium
      from between said housing sections, said rotor and stator of said electric
      motor being aligned so that the space therebetween communicates with the
      axial aerostatic bearing and said gap.
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ABST
PAL  A journal bearing for supporting the hubs of wheels and rollers comprises
      at least two axially spaced rows of rolling elements between an outer
      bearing ring and an inner bearing member. The inner bearing member has
      connecting means at each end to enable the bearing to be fitted to a wheel
      fork. The inner bearing member also carries sealing means on its axial end
      portions to protect the rolling elements. These axial end portions may be
      of reduced external diameter and can project axially beyond the outer
      bearing ring.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a journal bearing, in particular for supporting
      of hubs of wheels, rollers and the like, comprising at least two rows of
      rolling elements which are arranged, spaced from one another axially of
      the hub, between an outer bearing ring supporting the wheel hub and an
      inner bearing member.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Such journal bearings permit the use of only one structural element for
      supporting large loads. Known rolling bearings of this kind are connected
      with the shaft or axle, i.e. the inner bearing ring is secured by
      shrinking or by a groove and tongue joint. The axle or shaft is supported
      for example on load-bearing housing walls or other support members, or it
      is loaded and supports itself by means of the outer bearing ring on a
      wheel or the like.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a rolling bearing of
      the kind first mentioned above in which the inner bearing member can be
      secured more easily than with known methods of securement and which is
      formed at the same time as a structural unit equipped with the necessary
      bearing.
PAR  In accordance with the invention there is provided a rolling bearing
      comprising an inner bearing member, an outer bearing ring encircling said
      inner bearing member and arranged to provide central support for a wheel
      or the like, at least two rows of rolling elements between said bearing
      member and bearing ring with the rows spaced from one another axially of
      the bearing ring, the inner bearing member being provided with connecting
      means for the securement of the bearing to external means, and sealing
      means protecting the rolling elements against contamination and carried on
      axial end portions of the inner bearing member.
PAR  The rolling bearing so formed is particularly suitable for supporting hubs
      of wheels or rollers, in which the load is taken up over a comparatively
      wide hub flange. Moreover, the outer bearing ring which is common to the
      rows of rolling elements can perform the mechanical connection of two
      wheel discs of a double-disc wheel so that they are not coupled directly
      together in the region of the hub. The discs and the rolling bearing,
      prefabricated as a structural unit, can be fitted together in a simple
      manner by pressing together the wheel discs and the rolling bearing or its
      outer bearing ring, particularly if the wheel discs are made of a plastic
      material.
PAR  It is important for the invention that the inner bearing member has said
      connecting means by means of which it can be fitted into wheel forks for
      example to hold the wheel and can be secured. With known wheels for
      vehicles, apparatus and the like, instead of this, and as a result of the
      use of two individual rolling bearings, a support sleeve must be fitted to
      the two individual rolling bearings, with their inner rings held spaced by
      spacer rings and secured together by a screw bolt penetrating through all
      the sleeves and rings. In addition, in these known bearings there is the
      problem of fitting seals to the bearing. The present invention avoids this
      problem since the inner bearing member carries seals, preferably at each
      end, for protection of the rolling elements against dirt, the seals being
      arranged on unitary axial end portions of the inner bearing member. The
      rolling bearing thus offers the possibility of substantially simplifying
      the internal construction of the bearing and its attachment to a
      supporting part, e.g. a wheel fork.
PAR  In a preferred embodiment, the inner bearing member is a solid member with
      threaded pins projecting from each axial end to be receivable in the
      prongs of a wheel fork so that securing nuts can then be screwed on to the
      pins. Alternatively, the inner bearing member may be provided with
      threaded bores in each end, into which pins penetrating through and
      supporting the fork prongs can be screwed. The inner bearing member is
      preferably made from solid stock by automatically-operating machine tools.
PAR  With rolling bearings of small internal dimensions, it is difficult to make
      long bores and to provide these with threads. The rolling bearing with
      threaded projecting pins is thus of particular importance, especially as a
      hole weakens the supporting cross-section of the inner bearing member to
      too great an extent with large loads.
PAR  The inner bearing member may however alternatively be a sleeve with
      internal threading or with a reducing sleeve with internal threading
      secured therein. The reducing sleeve, if fitted, may be secured against
      axial displacement relative to the bearing sleeve by radial projections
      therebetween. The bearing sleeve and reducing sleeve may be made of solid
      stock if production of tubular material is too expensive or is too
      time-consuming, particularly with small diameters.
PAR  Preferably, the axial end portions of the inner bearing member carrying the
      sealing means are of reduced external diameter and project axially beyond
      the outer bearing ring. The seals are prevented from axial movement
      towards the rolling elements by the reduction of the external diameter.
PAR  Each sealing means preferably defines a labyrinth annular passage arranged
      to receive a radially inwardly projecting annular tongue of a wheel hub
      portion, and includes a sealing lip arranged to rest sealingly against the
      outer bearing ring and forming the inner limit of the labyrinth passage.
      While the sealing lip provides a fine seal, the labyrinth passage prevents
      damage of the sealing lip by coarse or granular impurities. If each
      sealing means includes an axially outer annular portion formed as a lip
      arranged to rest sealingly against said annular tongue of the wheel hub
      portion, then the reliability of the seal is increased.
PAR  In one construction of the invention, hub flanges of wheel discs of a
      double-disc wheel or of a spoked wheel are secured to the outer bearing
      ring by press-fitting or by welding.
PAR  According to a further arrangement, the outer bearing ring carries two
      flanges to which a wheel hub or a wheel disc may be rigidly connected. The
      wheel hub or the wheel disc can be arranged between the two flanges on the
      outer bearing ring so that they are secured to the bearing ring safely and
      durably according to the structural requirements.
PAR  In a preferred arrangement, at least one flange is screwed on to the outer
      bearing ring and the wheel hub or wheel disc is clamped rigidly between
      the two flanges. The arrangement of the hub or the wheel disc between the
      two flanges effects not only its securement in the axial directions, but
      also has the effect that the hub or the wheel disc cannot move in a
      peripheral direction relative to the outer bearing ring. Thus, in many
      cases, the previously necessary press-fitting or clamping of the hub or of
      the wheel disc on the outer bearing ring can be dispensed with. This is
      the case in particular if at least one flange is connected to the hub or
      wheel disc in a manner preventing relative rotation therebetween. For
      example, the or each flange may have radial ribs which engage in
      corresponding grooves in the hub or the wheel disc.
PAR  It should be understood that the flanges secured to the outer bearing ring
      can be fixed in some other manner than by screwing, for example by
      caulking or by turning over the edges. However, a screw connection of the
      two flanges gives a simple and above all a readily repeatable setting of
      the mounting of the hub or of the wheel disc on the outer bearing ring.
PAR  In one preferred embodiment of the invention, the outer bearing ring
      extends in the axial direction at each end beyond the rolling elements and
      carries on the extension portiosn fastening means for the flanges. Thus,
      not only is the space on the outer bearing ring which is necessary for
      screwing on the flanges created, but an annular gap is formed between the
      bearing ring and the inner bearing member so that a sealing ring can be
      fitted which protects the rolling elements against contamination. This
      sealing ring can be formed as a simple lip seal.
PAR  In another arrangement, fastening holes to hold wheel spokes are provided
      in the flanges, so that the rolling bearing so formed is suitable for
      bicycles, motorcycles or similar vehicles equipped with spoked wheels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Certain preferred embodiments of the invention will now be described by way
      of example and with reference to the accompanying drawing, in which:
PAR  FIG. 1 shows a double-rowed rolling bearing in conjunction with a
      double-disc wheel, wherein a solid element having threaded pins projecting
      axially from both ends is provided on the inner bearing member;
PAR  FIG. 2 shows a rolling bearing corresponding to FIG. 1 is a double-disc
      wheel, wherein however the rolling elements are formed so as to receive
      axial loads and the inner bearing member has a threaded bore at each end;
PAR  FIG. 3 shows a rolling bearing in which a bearing sleeve provided with a
      reducing bushing is provided as the inner bearing member;
PAR  FIG. 4 is a schematic illustration of a rolling bearing as in FIG. 1, 2 or
      3, with a special means of securement of wheel spokes to the outer bearing
      ring;
PAR  FIG. 5 shows a double-rowed rolling bearing in conjunction with a
      single-disc wheel, wherein to the right and to the left of the rolling
      bearing are illustrated a part of a wheel fork and a pin for connection to
      the inner bearing member; and
PAR  FIG. 6 shows a modified form of flange which is positively engageable with
      the hub or with the wheel disc.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The rolling bearing shown in FIG. 1 essentially comprises an outer bearing
      race 10 in the form of a ring, an inner bearing race 11 in the form of a
      cylinder, and two rows 12 and 12' of rolling elements 13 and 13' in the
      form of balls positioned between the races with the rows spaced from one
      another axially of the bearing. The rolling elements 13, 13' of this wide
      bearing are held spaced apart in each row by a separate cage (not shown)
      slipped in from the outside after the rolling elements occupy their
      correct positions between the races. Two wheel discs 14 and 15 of a
      double-disc wheel, whose peripheral portion is not shown in the drawing
      and which may for example include a pneumatic tyre, have respective
      axially inwardly directed flanges 16 and 17 which are pressed on to the
      outer bearing ring 10 and are thereby secured to the outer bearing ring. A
      direct mechanical connection between the two discs 14 and 15 in the region
      of their centres is therefore not necessary, so the wheel discs may be
      shaped very simply in order to accomplish their interconnection with the
      rolling bearing. The inner bearing race 11 is formed as a solid bearing
      pin which is provided with circumferential grooves 18 and 19 in which the
      rolling elements 13 and 13' are carried. Axially projecting portions 20
      and 21 which are integral with the bearing pin 11 are provided at each of
      the bearing pin. These projecting portions 20 and 21 are of lesser
      diameter than the outer diameter of the bearing pin 11 and in length
      correspond to the axial dimension of seals 22 and 23 carried thereby.
      These bearing pin portions 20, 21 which project axially beyond the outer
      bearing ring 10 are continued axially further outwards as integral
      threaded pins 24 and 25. These threaded pins 24, 25 are screw-threaded
      fastening means by means of which the wheel can be secured in a wheel fork
      for example. It should be appreciated that the screw-threaded fastening
      means can take some alternative form appropriate to the particular form of
      securement which is required. Thus, it is possible to form the inner
      bearing race 11 as a stub axle with a threaded pin extending from only one
      end thereof and on which a securing nut is arranged to be screwed.
PAR  The seals 22 and 23 serve to protect the rolling bearing against
      contamination. The seal 23 comprises a base ring 28 fitted over the
      projecting portion 21 and having an inner sealing lip 26 adjacent to the
      rolling bearing and which rests sealingly against the end face of the
      outer bearing ring 10. An outer lip 27, likewise in the form of a radially
      outwardly projecting circumferential shoulder, forms together with the
      sealing lip 26 an annular labyrinth passage 29 into which projects a
      radially inwardly extending annular tongue 30 of the wheel disc hub.
      Preferably, the outer lip 27 rests sealingly against the annular tongue 30
      of the wheel disc hub.
PAR  The rolling bearing shown in FIG. 2 incorporates cylindrical rolling
      elements which are inclined to the axis of the wheel so that the rolling
      bearing can take up greater axial loads. The inner bearing race 11'
      comprises a bearing pin with threaded bores 31, 32 extending axially
      inwardly at each end in which bearing pins 33, 34 may be screwed, these
      bearing pins 33, 34 passing through and supporting wheel fork legs 35 and
      36. In order to reduce weight, the external diameter of the inner bearing
      race 11' may be reduced in the centre between the rows of rolling elements
      as indicated at 37.
PAR  The rolling bearing shown in FIG. 3 differs from the two rolling bearings
      described above in that in this third embodiment the inner bearing race is
      formed as a sleeve 38. This bearing sleeve 38 has at its ends sections of
      reduced external diameter which project axially outwardly beyond the outer
      bearing ring and which provide seating surfaces for seals for the bearing.
      A reducing sleeve 39 with an internal screw thread in which bearing pins,
      for example as shown in FIG. 2, can be screwed is fitted inside the
      bearing sleeve 38. The reducing sleeve 39 is pressed into the surrounding
      bearing sleeve 38. In order to prevent any axial displacement between the
      two parts they may be connected to one another by means of a snap
      connection for example. Thus, the reducing sleeve 39 has a pair of
      circumferential lugs 40 with sloping side walls, while the bearing sleeve
      38 is provided with a corresponding pair of internal annular grooves 41
      into which the peripheral lugs 40 will snap when the two parts 38 and 39
      are pressed together. The reducing sleeve 39 may be formed for example of
      a plastics material or of aluminium in order to reduce the total weight of
      the rolling bearing as much as possible.
PAR  FIG. 4 illustrates a different construction of the outer bearing ring 42
      suitable for a bicycle wheel hub. Annular flanges 43 and 44 are provided
      at each end of the outer bearing ring 42 and the spokes 45, 46 of the
      wheel fit into these flanges. The annular flanges 43, 44 may be welded on
      to the outer bearing ring 42 if this ring has not been hardened to bear
      the rolling elements and if the outer surface layer has been roughened. It
      will be appreciated that the conventional cone ball-bearing with its
      relatively complicated construction has in this way been simplified. This
      applies also to cone ball-bearings heretofore used on other wheels or
      rollers.
PAR  With all rolling bearings it is common practice to manufacture them as
      finished components and then to store them. It is not necessary that the
      individual parts must in the first instance be connected to the object to
      be supported, for example a wheel for a vehicle or other object. This
      simplifies any necessary replacement of a rolling bearing in a wheel which
      is already in use. Now, conventional roller bearings in which relatively
      long rollers extend over the whole width of the wheel hub can be replaced
      by the rolling bearings of the invention described above. This is clearly
      advantageous since the production of these long rollers is expensive
      because of the multiple polishing and hardening steps which are involved.
      Moreover, cone ball-bearings can be replaced by the rolling bearings of
      the present invention, the latter being simple in structure and thus
      competitive in price. The bearings of the present invention also avoids
      problems associated with the fitting together of a large number of
      component parts.
PAR  In the embodiments shown in FIGS. 1 and 2 circumferential grooves 48 and 49
      are provided in the radially outwardly facing cylindrical surfaces of the
      axially projecting portions 20, 21 which carry the seals 22, 23. These
      grooves 48, 49 simplify and make possible the fitting of the wheel discs
      14, 15 which in the assembly of a double-disc wheel are connected to one
      another by pushing them together axially and over the outer bearing ring
      10. In this procedure the radially inwardly projecting annular tongue 30
      must be pressed over the seal lips 27. The grooves 48, 49 thus receive the
      portions of the seals 22, 23 which are thereby deformed by the rigid discs
      14, 15. Thus, in the embodiment of FIG. 1, the seal forming the bottom of
      the annular passage 29 which lies between the seal lips 26 and 27 yields
      into the groove 48 so that the annular tongue 30 can snap over the lip 27.
      In FIG. 2, the lip 27 is forced down into the groove 49 as the tongue 30
      is pushed over it.
PAR  The rolling bearing which is shown in FIG. 5 shows how the rolling elements
      of the wheel bearing which are here formed as balls are held spaced apart
      in two rows by cages 50, 50' which are inserted from the outside after the
      rolling elements have been set in position. The construction of the inner
      bearing member 11" corresponds, in respect of the securement of the
      partially shown wheel forks 35, 36 to the embodiment shown in FIG. 2.
PAR  The outer bearing ring 10' is in this embodiment extended axially in both
      axial directions beyond the rows 12, 12' of rolling elements of the
      bearing. Seals in the form of sealing rings 52, 52' are provided between
      the extended portions 51, 51' of the outer ring and the peripheral surface
      of the inner bearing 11" which faces the outer bearing ring. These sealing
      rings 52, 52' which may be formed for example as lip seals protect the
      interior of the rolling bearing against contamination by dust, flakes of
      powder and the like, and also have the effect that no lubricating means
      can escape from the interior of the rolling bearing and thereby becomes a
      contamination hazard to a person using or working with the wheel.
PAR  A wheel comprising a radial disc 53 terminating in a hub 54 which is
      secured to the rolling bearing is arranged to be fitted around the
      circumference of the outer bearing ring 10'. The fitting is effected by
      flanges 56, 56' which are screwed on to the ends of the bearing ring 10'
      on each side of the hub 54 and which hold the axial faces of the hub 54
      clamped between them.
PAR  The assembly of the flanges 56 and 56' is effected so that initially the
      flanges 56 for example, which has an internal screw thread, is screwed on
      to the external screw thread 55 of the outer bearing ring 10'. Then, the
      bearing ring 10' or the whole rolling bearing with its as yet flange-less
      end 51' is inserted into the bore in the wheel hub 54 and finally is
      secured by screwing on the second flange 56'. This method of fitting is
      applicable not only with wheels or wheel discs of this type which are of
      metal, but can also be used with wheels of a plastics material,
      particularly if made as one-piece wheels. In this latter case, the wheel
      hub is correspondingly bored out or widened and then the flanges can be
      secured rigidly to the wheel rolling bearing by merely dropping in the
      bearing and clamping the hub or the wheel disc by drawing the flanges
      together. Particularly with wheels of a plastics material, the clamping
      can be so arranged that a press-fitting of the hub on to the bearing ring,
      which is usual with conventional fittings, can be avoided. A suitable
      means of securement is however also possible if the flanges are keyed to
      the bearing ring 10' and to the hub 54 or the wheel disc 53, or if they
      are connected by turning in the edges of the flanges. In this connection,
      FIG. 6 shows a flange ring 56" which has at least one keying rib 57
      extending radially of the axis of rotation of the bearing and which is
      arranged to come into positive engagement with a corresponding groove in
      the hub 54'  and thus prevent any relative rotation between the wheel and
      the outer bearing ring of the rolling bearing.
PAR  The flanges 56, 56' shown in FIG. 5 are provided with holes 58 to receive
      the ends of wheel spokes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A journal bearing comprising an inner bearing member defining a pair of
      axially spaced inner bearing races, a tubular outer bearing ring
      encircling said inner bearing member and arranged to provide central
      support for a wheel or the like, said outer bearing ring being formed with
      outer bearing races juxtaposed with said inner bearing races, at least two
      rows of rolling elements between said bearing member and bearing ring with
      the rows spaced from one another axially of the bearing ring, each of said
      rows being received in an inner bearing race and an outer bearing race
      juxtaposed therewith, the inner bearing member axially extending beyond
      the respective inner bearing races in opposite directions respective
      annular seals mounted upon each end of said inner bearing member and
      engaging said ring for protecting the rolling elements against
      contamination, and respective threaded elements carried on axial end
      portions of the inner bearing member for retaining said seals thereon.
NUM  2.
PAR  2. A journal bearing according to claim 1, in which the inner bearing
      member is a solid member with threaded pins projecting from each axial end
      thereof to receive said said threaded elements.
NUM  3.
PAR  3. A journal bearing according to claim 1, in which the inner bearing
      member is a solid member with a threaded bore provided in each end
      thereof.
NUM  4.
PAR  4. A journal bearing according to claim 1, in which the inner bearing
      member is a bearing sleeve, and a reducing sleeve with an internal
      threaded is secured in the bearing sleeve.
NUM  5.
PAR  5. A journal bearing according to claim 4, in which the reducing sleeve is
      secured against axial displacement relative to the bearing sleeve by
      radially projecting means therebetween.
NUM  6.
PAR  6. A journal bearing according to claim 1, in which the axial end portions
      of the inner bearing member carrying the seal are of reduced external
      diameter and project axially beyond the outer bearing ring.
NUM  7.
PAR  7. A journal bearing according to claim 1, in which each seal defines a
      labyrinth annular passage arranged to receive a radially inwardly
      projecting annular tongue of a wheel hub portion, and includes a sealing
      lip arranged to rest sealingly against the outer bearing ring and forming
      the inner limit of the labyrinth passage.
NUM  8.
PAR  8. A journal bearing according to claim 7, in which each seal includes an
      axially outer annular portion formed as a lip arranged to rest sealingly
      against said annular tongue of the wheel hub portion.
NUM  9.
PAR  9. A journal bearing according to claim 8, in which the axial end portions
      of the inner bearing member carrying the seal are of reduced diameter in
      the region of the lip arranged sealingly to engage against the wheel hub
      portion.
NUM  10.
PAR  10. A journal bearing according to claim 1, which includes hub flanges of
      wheel discs of a double-disc wheel secured to the outer bearing ring by
      press-fitting.
NUM  11.
PAR  11. A journal bearing according to claim 1, which includes flange means
      apertured to receive the spokes of a spoked wheel and welded to the outer
      bearing ring.
NUM  12.
PAR  12. A journal bearing according to claim 1, in which the outer bearing ring
      carries two flanges to which a wheel hub or a wheel disc is rigidly
      connected.
NUM  13.
PAR  13. A journal bearing according to claim 12, in which at least one flange
      is screwed on to the outer bearing ring and the wheel hub or wheel disc is
      clamped rigidly between the two flanges.
NUM  14.
PAR  14. A journal bearing according to claim 12, in which at least one flange
      is connected to the wheel hub or wheel disc in a manner preventing
      relative rotation therebetween.
NUM  15.
PAR  15. A journal bearing according to claim 14, in which said at least one
      flange has radial ribs which engage in corresponding grooves in the wheel
      hub or wheel disc.
NUM  16.
PAR  16. A journal bearing according to claim 12, in which the outer bearing
      ring extends in the axial direction at each end beyond the rolling
      elements and carries on the extension portions fastening means for the
      flanges.
NUM  17.
PAR  17. A journal bearing according to claim 16, in which a sealing ring is
      provided within each extension portion of the outer bearing ring.
NUM  18.
PAR  18. A journal bearing according to claim 12, in which fastening holes to
      hold wheel spokes are provided in said flanges.
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PAL  A roller bearing construction that eliminates the need for a cage or
      separator to align and position the rollers. Gear teeth formed on the
      rollers and races function as spaced apart planetary gear sets to insure
      correct roller alignment and spacing, reducing friction and wear and
      increasing load capacity.
BSUM
PAR  This invention relates to the construction of roller bearings. Specifically
      it discloses a method of utilizing gear teeth formed on the ends of the
      rollers and mating with teeth on the inner and outer races to maintain
      correct roller spacing and alignment. At least one of the sets of gear
      teeth comprises a miniature fine tooth planetary system that prevents the
      rollers from ever touching each other and makes a cage or separator
      entirely unnecessary. Since 85 to 95% of the friction, wear and heating in
      a roller bearing results from the rollers rubbing against the separator or
      the separator rubbing against one of the races (or in a needle bearing the
      rollers rubbing against each other), the cageless roller bearing herein
      disclosed affords major improvements in bearing performance. Also, since
      no separator is needed, the rollers can be spaced so there is only a few
      thousandths of an inch clearance between them; this allows several extra
      rollers to be introduced and increases the radial load capacity 25 to 40%
      as compared to a conventional roller bearing.
PAR  The object of the invention is thus the provision of a roller bearing with
      a longer service life, a lower operating temperature, a higher allowable
      speed and a greater load capacity.
DRWD
PAR  In the drawings:
PAR  FIGS. 1 and 2 are half sections of cylindrical roller bearings taken in a
      plane containing the bearing axis.
PAR  FIGS. 3 and 4 are similar views of tapered roller radial and thrust
      bearings respectively.
PAR  FIG. 5 is an enlarged partial end view of the bearing of FIG. 1, showing
      the mating teeth on the roller and outer race.
PAR  FIG. 6 is an enlarged view of one end of a cylindrical roller such as shown
      in FIG. 1.
DETD
PAR  In detail and referring to FIG. 1, a plurality of cylindrical rollers 11
      are mounted between an inner race 12 and an outer race 13. Gear teeth 14
      on both ends of each roller 11 are meshed with mating teeth on the inner
      race 12 and the outer race 13. The central portions 15, 16, 17 of the
      rollers 11 and races 12, 13 respectively, are ground smooth and carry the
      main radial load.
PAR  It may be noted in conjunction with FIG. 1 that of the four sets of gear
      teeth that may be employed on the races 12, 13 (two external and two
      internal, respectively), one is redundant and may be eliminated in the
      interest of less expensive fabrication and easy assembly. That is, if gear
      teeth are provided at both right and left sides of one race, only one set
      of teeth at the right or left side of the other race is needed to insure
      both proper spacing and alignment of the rollers.
PAR  FIG. 2 is again a centerline section of a cylindrical roller bearing, but
      in this case the rollers 21 have helical teeth 22, preferably of opposite
      hand on opposite ends of the rollers 21. If both planetaries are complete
      (that is, both have an internal and an external gear), this type of
      bearing can carry moderate axial loads in either direction. However, if
      both planetaries are complete, assembly requires that one of the two races
      23, 24 have a separable toothed lip 25, fixed as by one or more roll pins
      26, to prevent rotation relative to the race portion 23 that carries the
      other set of teeth. In applications where there is axial load to be
      carried and the two portions of the separable race 23, 25 are not held
      together axially by shaft mounting fixtures such as washers or snap rings,
      shoulder screws should be used instead of roll pins 26.
PAR  FIG. 3 shows a tapered roller bearing embodying the invention. In this type
      of bearing the teeth 32 on the rollers 31 are ideally straight or spiral
      bevel gear teeth, although for small taper angles sufficient clearance or
      backlash in the teeth will allow teeth of the "face gear" type to be
      employed. In the construction shown, only the small ends of the rollers 31
      have a full planetary set, with mating teeth 34 on the outer race 33 as
      well as the inner race 35. Also, in this configuration the portion of the
      outer race 33 opposite the larger end of the rollers 31 has been
      eliminated, since it would have no function if it does not have any teeth.
      This is also true of the constructions of FIGS. 1 and 2 if only one
      planetary system is complete.
PAR  FIG. 4 shows a tapered roller thrust bearing wherein the rollers 41 have
      straight bevel teeth 42. The teeth could also be spiral bevel, if desired,
      and as in the construction of FIG. 2 the spiral angle should preferably be
      opposite and on opposite ends of the rollers 41. In this type of bearing,
      assembly is no problem, and neither the lower race 43 or the upper race 44
      needs to have a separable toothed lip to permit assembly.
PAR  FIG. 5 shows an enlarged partial end view of the teeth 14 on the rollers 11
      meshed with the teeth 50 on the outer race 13 of FIG. 1. The teeth shown
      in this figure are of a type that has considerable utility in this kind of
      bearing, in that no part of the teeth 14 on the rollers 11 projects beyond
      the roller pitch circle 51. Since this pitch circle 51 lies exactly in the
      same cylindrical surface as the rolling surface 15, there will be no
      tendency for the gear teeth 14, 50 to induce traction on the rolling
      surfaces 15, 16, since all velocities relative to the axis of the rollers
      11 will be the same; and in addition, the avoidance of any tooth
      projections beyond the rolling surface 15 allows for inexpensive unitary
      construction of the races and avoids assembly problems. This kind of
      gearing is generally known as "all addendum," "all dedendum" or "full
      recess action" gearing. Other useful gear tooth profiles which may also be
      both non-conjugate and all dedendum are the Novikov, cycloidal and
      Vickers-Bostock-Bromley systems.
PAR  It should be noted in connection with FIG. 5 that the teeth 14, 50 are
      shorter and have higher pressure angles than standard 20.degree. involute
      teeth. As the teeth 14, 50 do not transmit any appreciable power but serve
      only to maintain the spacing and alignment of the rollers, the optimum
      tooth form will be one that is nonconjugate, having most of its action
      near the pitch line so as to minimize friction. Teeth with circular arc
      profiles having a relative radius of curvature smaller than that of
      involute teeth (c.f., U.S. Pat. No. 3,438,279; U.S. Pat. No. 3,824,873,
      but having slightly different pressure angles to shift the center of the
      contact areas slightly away from the pitch line, are the optimum teeth. A
      high pressure angle, of at least 30.degree. to 35.degree., is also
      desirable, since it reduces the sliding velocity between mating teeth and
      provides a tooth form that is especially well suited to roll forming. The
      teeth should also be quite fine, in the range from 48 to 200 DP.
PAR  FIG. 6 is an enlarged view of one end of a roller 11 such as shown in FIG.
      1, indicating one means of preventing axial movement of the rollers. It
      will be noted that a groove 60 is provided between the teeth 14 and the
      load bearing portion 15. This serves two functions: It provides clearance
      for the end of the rolling die (or in small runs the shaping tool), and it
      provides a shoulder 61 against which the ends of the mating teeth on the
      races can bear to prevent relative displacement between rollers and races
      in the direction of the axis of the roller. It may be noted that in
      addition to this method of preventing axial displacement of the rollers,
      and to the above-mentioned method of using helical (or spiral) teeth,
      there is a third method which comprises providing a lip at both sides of
      one race, as is often done with conventional roller bearings.
PAR  In addition to the cylindrical (or needle) and tapered roller bearing types
      shown in FIGS. 1 through 4, it should be noted that the invention may be
      applied to spherical roller bearings, of both the cylindrical and tapered
      roller type. In these bearings the generating element of the rolling
      surface is not quite a straight line but has a slight camber. In this case
      the generating element can still be considered "substantially straight"
      and the gear tooth pitch surfaces selected to contain extensions of
      straight lines lying more or less equally inside and outside the cambered
      or "slightly barrel shaped" rolling surfaces.
PAR  The teeth on the rollers and races need not be of the same material. For
      example, if it is desired to make a bearing that is particularly quiet in
      operation, the teeth on the races may be made of plastic and molded onto
      the races. The use of molded plastic gear teeth (which if desired may also
      be used on the rollers) introduces enough resiliency into the system so
      that errors in effective rolling radii as a result of load changes or
      manufacturing tolerances will not induce any significant tractive forces
      on the rolling surfaces. Plastic teeth may be particularly useful in
      spherical roller bearing types, for this reason.
PAR  The advantages of a high helix angle in roller bearings embodying the
      invention should be noted. Angles in the range of 40.degree. to 75.degree.
      will minimize operating noise and provide the greatest axial thrust
      capacity, as well as being especially easy to roll form on conventional
      thread rolling equipment. Also, since the two planetary systems will
      normally have opposite hand helix or spiral angles, thrust loads
      ordinarily associated with steep helix or spiral angles are completely
      balanced out.
PAR  To avoid undesirable centrifugal effects the rollers should be evenly
      spaced about the bearing axis. This imposes certain requirements on the
      number of teeth that may be used on the races, but the limitations are
      fairly broad. All that is required is that the sum of the number of teeth
      on the sun (external) and ring (internal) gears of any complete planetary
      system be an even number and divisible by the number of planetaries
      (rollers).
PAR  The type of bearing herein disclosed is better suited to operation without
      lubrication than any other type of bearing. This is particularly the case
      if "Rolling Contact" teeth are used, if at least one set of each pair of
      mating gears is plastic, and if one of the various known surface films
      employed to prevent metal seizure is applied to the load-bearing surfaces.
PAR  Roller bearings embodying the present invention can be made using gear
      teeth that are not of the all-dedendum form, but the manufacturing cost of
      such constructions will normally be higher because at least one race or
      the rollers must be comprised of two or three separate parts (as in the
      case of the inner race 24, 25 of FIG. 2) to permit assembly.
PAR  It will be evident from consideration of the above specifications that the
      preferred forms of the invention shown in the figures combine two
      structural features. One is to use spaced-apart sets of gear teeth to
      insure roller alignment, the other to use at least one full planetary set
      to insure proper roller spacing. Either of these features may of course be
      used alone. For example, in FIG. 1, teeth could be provided on both ends
      of the outer race 13 and those on the inner race omitted. This
      construction may be used to prevent skewing of the rollers in a needle
      bearing, for applications where minimum friction is not essential and
      maintenance of roller spacing so as to prevent rubbing of the rollers on
      each other is not required. In this case the shaft may be used as the
      inner race.
PAR  In the ensuing claims, the term "pitch line" refers to an imaginary line
      lying in the plane of the axes of a pair of mating gears, all points of
      which line are removed from each of these axes by distances exactly
      proportionate to the number of teeth on each of said gears respectively.
      The term "pitch surface" means the surface of revolution generated by a
      pitch line as it moves about one of the axes of said mating gears.
PAR  The specific description given above the preferred form of the invention
      should not be taken as restrictive as it will be apparent that various
      modifications in design may be resorted to by those skilled in the art
      without departing from the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a roller bearing having a pair of circumferentially continuous races,
PA1  a plurality of rollers in rolling engagement with said races,
PA1  each of said rollers having a load bearing portion formed to a surface of
      revolution and a pair of spaced apart toothed portions,
PA1  each of said races having a load bearing portion formed to a surface of
      revolution and a toothed portion, one of said races having two spaced
      apart toothed portions in meshing engagement with the toothed portions on
      said rollers,
PA1  each of said surfaces of revolution having substantially straight
      generating elements,
PA1  the pitch surface of each of said toothed portions containing straight-line
      extensions of said straight generating elements, the teeth of one of said
      toothed portions being formed to profiles contacting their mating tooth
      profiles substantially at the pitch line.
NUM  2.
PAR  2. A roller bearing as in claim 1 wherein the teeth of one of said toothed
      portions are formed at an angle with respect to the pitch lines of said
      toothed portions.
NUM  3.
PAR  3. A roller bearing as in claim 1 wherein the teeth of one of said toothed
      portions have active profiles which are entirely on one side of the pitch
      surface of said toothed portion.
NUM  4.
PAR  4. A roller bearing as in claim 1 wherein said rollers are provided with a
      second surface of revolution disposed at an angle of at least 45.degree.
      to said surface of revolution and engaged by a mating surface on one of
      said races, whereby axial movement of said rollers relative to said race
      is prevented.
NUM  5.
PAR  5. A roller bearing as in claim 1 wherein the teeth of one of said toothed
      portions has a pressure angle greater than 20.degree..
NUM  6.
PAR  6. A roller bearing as in claim 1 wherein the surface of revolution of said
      load-bearing portion of said rollers is cylindrical.
NUM  7.
PAR  7. A roller bearing as in claim 1 wherein the surface of revolution of said
      load-bearing portion of said rollers is conical.
NUM  8.
PAR  8. A roller bearing as in claim 1 wherein the surface of revolution of said
      load-bearing portion of said rollers is slightly barrel-shaped.
NUM  9.
PAR  9. In a roller bearing having a pair of circumferentially continuous races,
PA1  a plurality of rollers interposed between said races,
PA1  each of said rollers having a load bearing portion formed to a surface of
      revolution and a toothed portion,
PA1  each of said races having a load bearing portion formed to a surface of
      revolution and a toothed portion,
PA1  each of said surfaces of revolution having substantially straight
      generating elements,
PA1  the pitch surface of each of said toothed portions containing straight line
      extensions of said straight generating elements, the toothed portion of
      one of said races having teeth the active profiles of which are entirely
      on one side of the pitch surface of said toothed portion.
NUM  10.
PAR  10. A roller bearing according to claim 9 wherein each of said rollers has
      two spaced apart toothed portions and one of said races has two spaced
      apart toothed portions in meshing engagement with said toothed portions of
      said rollers.
NUM  11.
PAR  11. A roller bearing as in claim 10 wherein the sum of the tooth numbers on
      said toothed portion of said pair of races is even and divisible by the
      number of rollers.
NUM  12.
PAR  12. A roller bearing as in claim 10 wherein the teeth of one of said
      toothed portions are formed at an angle with respect to the pitch lines of
      said toothed portions.
NUM  13.
PAR  13. A roller bearing as in claim 10 wherein the teeth of one of said
      toothed portions are formed to profiles contacting their mating tooth
      profiles substantially at the pitch lines.
NUM  14.
PAR  14. A roller bearing as in claim 10 wherein said rollers are provided with
      a second surface of revolution disposed at an angle of at least 45.degree.
       to said surface of revolution and engaged by a mating surface on one of
      said races, whereby axial movement of said rollers relative to said race
      is prevented.
NUM  15.
PAR  15. A roller bearing as in claim 10 wherein the teeth of one of said
      toothed portions has a pressure angle greater than 20.degree..
NUM  16.
PAR  16. A roller bearing as in claim 10 wherein the surface of revolution of
      said load-bearing portion of said rollers is cylindrical.
NUM  17.
PAR  17. A roller bearing as in claim 10 wherein the surface of revolution of
      said load-bearing portion of said rollers is conical.
NUM  18.
PAR  18. A roller bearing as in claim 10 wherein the surface of revolution of
      said load-bearing portion of said rollers is slightly barrel-shaped.
NUM  19.
PAR  19. A roller bearing as in claim 10 wherein one of said races comprises two
      ring shaped segments and means are provided to prevent relative rotation
      of said two segments.
NUM  20.
PAR  20. A roller bearing as in claim 10 wherein one of said races comprises two
      ring shaped segments and means are provided to prevent axial separation of
      said two segments.
NUM  21.
PAR  21. A roller bearing as in claim 9 wherein the sum of the tooth numbers on
      said toothed portion of said pair of races is even and divisible by the
      number of rollers.
NUM  22.
PAR  22. A roller bearing as in claim 9 wherein the teeth of one of said toothed
      portions are formed at an angle with respect to the pitch lines of said
      toothed portions.
NUM  23.
PAR  23. A roller bearing as in claim 9 wherein the teeth of one of said toothed
      portions are formed to profiles contacting their mating tooth profiles
      substantially at the pitch lines.
NUM  24.
PAR  24. A roller bearing as in claim 9 wherein said rollers are provided with a
      second surface of revolution disposed at an angle of at least 45.degree.
      to said surface of revolution and engaged by a mating surface on one of
      said races, whereby axial movement of said rollers relative to said race
      is prevented.
NUM  25.
PAR  25. A roller bearing as in claim 9 wherein the teeth of one of said toothed
      portions has a pressure angle greater than 20.degree..
NUM  26.
PAR  26. A roller bearing as in claim 9 wherein the surface of revolution of
      said load-bearing portion of said rollers is cylindrical.
NUM  27.
PAR  27. A roller bearing as in claim 9 wherein the surface of revolution of
      said load-bearing portion of said rollers is conical.
NUM  28.
PAR  28. A roller bearing as in claim 9 wherein the surface of revolution of
      said load-bearing portion of said rollers is slightly barrel-shaped.
NUM  29.
PAR  29. A roller bearing as in claim 9 wherein one of said races comprises two
      ring shaped segments and means are provided to prevent relative rotation
      of said two segments.
NUM  30.
PAR  30. A roller bearing as in claim 9 wherein one of said races comprises two
      ring shaped segments and means are provided to prevent axial separation of
      said two segments.
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PAL  A roller cage for a roller bearing assembly is made from first and second
      apertured separators alternately interlocked in one another. Each
      apertured separator has a housing provided with two apertures and a roller
      adapted to be received in the housing through one of the apertures where
      it is resiliently encased. Each housing is symmetrical about the axis of
      revolution of the roller and has a symmetrical center at the mid height of
      the axis of symmetry. The first and second separators each have two part
      spherical surfaces symmetrical about a plane of symmetry containing the
      axis of the housing and the axis of the cage with the part spherical
      surfaces on the first separator being convex and those of the second
      separator being concave. The radius of curvature of the convex surfaces is
      equal to the radius of the concave surface so that the two separators can
      interlock with each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to roller bearings and is concerned with
      separators designed to form a cage for the rollers of roller bearings,
      which separators may be used in bearings of different types but having
      identical rollers.
PAR  2. Description of the Prior Art
PAR  Apertured separators for thrust bearings with cylindrical rollers are
      already known. With these apertured separators of known type, which
      contain a roller, two consecutive separators are in contact over
      cylindrical surfaces whose generatrices are parallel to the axis of the
      thrust bearing. Thus apertured separators of this type have a convex
      cylindrical portion on one side and a concave cylindrical portion on the
      other. In a roller cage made of consecutive separators, a concave
      cylindrical portion co-operates with a convex cylindrical portion.
PAR  The above-mentioned cylindrical surfaces are effectively in contact in a
      thrust roller bearing, the race dimensions of which can be calculated from
      the geometrical form of the separators used.
PAR  The same apertured separators of known type, used in a thrust bearing with
      cylindrical rollers whose race has different radial dimensions, then no
      longer allow a true contact surface between them. In fact, in the case of
      a thrust bearing whose race dimensions are larger, the separators touch
      along a single line of contact, which is the generatrix of the intended
      contact surface most distant from the axis of the thrust bearing.
      Conversely, in the case of a bearing thrust whose radial dimensions are
      smaller, the separators touch at the generatrix of the intended contact
      surface closest to the axis of the thrust bearing. These linear contacts
      cause an angular deviation of the axes of the rollers contained in these
      apertured separators whose cylindrical surfaces are not in contact with
      each other. The rollers, whose axes are then removed from their ideal
      positions, wear prematurely.
PAC  SUMMARY OF THE INVENTION
PAR  The apertured separators designed to form the roller cage of a roller
      bearing in accordance with the invention enable this disadvantage to be
      avoided. Whatever the diameters of the roller bearings used may be, the
      successive separators are applied to each other in pairs over a true
      contact surface. An additional advantage of the apertured separators in
      accordance with the invention resides in the fact that these separators
      may be used in any bearings using the same rollers, i.e., thrust and other
      roller bearings, the successive separators still being applied to each
      other over a true contact surface, whatever may be the nature of the
      roller bearing in which they are mounted.
PAR  The apertured separators forming the roller cage which is the object of the
      invention are symmetrical about a plane containing the roller axis. They
      have two portions with spherical surfaces of the same radius and which are
      symmetrical about the plane of symmetry of the separator, these two
      portions being adapted to form the contact surfaces between successive
      separators.
PAR  In a roller cage made of apertured separators in accordance with the
      invention, two types of apertured separators are alternately interlocked
      in each other. The first have concave spherical surfaces and the second
      convex spherical surfaces. The radii of the spherical surfaces of the two
      types of apertured separators are equal.
PAR  A symmetrical housing in the form of a portion of a surface of revolution
      formed in each separator retains a roller inserted in the said separator
      by force through one of the two openings placing the said housing in
      communication with the outside. To permit this insertion, the separators
      in accordance with the invention will advantageously be made of an elastic
      material, for example a plastic material. A play exists to allow a roller
      a certain amount of movement towards one or the other of the openings of
      the aperture.
PAR  The point situated at mid-height of the axis of revolution of the said
      housing being termed the center of the housing, the fact that the center
      of the housings of the separators of at least one of the above-mentioned
      two types are situated at a certain distance from a straight line joining
      the centers of the above-mentioned spherical surfaces forms part of the
      present invention.
PAR  In fact, in a complete cage consisting of a certain number of separators of
      the two above-mentioned types and also defined by a certain single angle
      which each of the axes of the housing must form with the axis of the
      complete cage, the centers of the housings are inscribed on a common
      circle, due to appropriate spacing of the center of the housing of at
      least one of the two types of separator from the straight line joining the
      center of its spherical surfaces.
PAR  Any cage for a roller bearing may be formed with separators provided for a
      different complete cage. Because of the above-mentioned movement permitted
      to each roller in its housing the axes of the rollers may be arranged,
      depending on the case in question, on a same cone with a circular base
      whose axis is the axis of the cage, on a same cylinder of revolution
      centered on the axis of the cage, or lastly in a same place perpendicular
      to the axis of the cage.
PAR  Therefore, with the separators of the two abovementioned types, roller
      cages can be formed without differentiation for thrust roller bearings,
      for cylindrical journal bearings and for taper bearings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be performed in many ways and various specific
      embodiments will now be described by way of example with reference to the
      accompanying drawings in which
PAR  FIG. 1 is a plan view of one embodiment of an apertured separator for a
      cylindrical roller according to the invention;
PAR  FIG. 2 is a section of the line II--II of FIG. 1;
PAR  FIG. 3 is a plan view of a second embodiment of an apertured separator for
      a cylindrical roller according to the invention;
PAR  FIG. 4 is a section of the lince IV--IV of FIG. 3;
PAR  FIG. 5 is a section of a portion of a bearing with cylindrical rollers and
      cylindrical journal, the section being taken perpendicularly to the
      bearing axis;
PAR  FIG. 6 is a plan view of a portion of a thrust bearing with cylindrical
      rollers, the upper ring of which has been removed;
PAR  FIG. 7 is a plan view of a portion of a thrust bearing with tapered
      rollers, the upper ring of which has been removed, and
PAR  FIG. 8 is a section on the line VIII--VIII of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An apertured separator 1 of the first embodiment in accordance with the
      invention is shown in FIGS. 1 and 2. It comprises a cylindrical housing 3
      opening out through two apertures 4 and 5. In the cylindrical housing 3
      which may be formed of a plastic material is elastically encased a
      cylindrical roller 6, the diameter of which is slightly greater than the
      width of apertures 4 or 5, and the cylindrical roller 6 is forced through
      one of the apertures 4,5 and then remains imprisoned in the cylindrical
      housing 3. The height of the roller 6 is less than the height of the
      cylindrical housing 3, so that the roller 6 has an axial play indicated at
      7 and 8 in the cylindrical housing 3. The radius of the cylindrical
      housing 3 is greater than the radius of the roller 6, which permits a
      certain amount of movement of the cylindrical roller 6 placed in the
      housing 3 towards one of the apertures 4 or 5.
PAR  The apertured separator of this first embodiment has two convex spherical
      surfaces 9 and 10 of the same radius, which are symmetrical with respect
      to one another and whose centers are indicated by the reference numerals
      9a and 10a.
PAR  An apertured separator 2 of a second embodiment according to the invention
      is shown in FIGS. 3 and 4. The same reference numbers as in FIGS. 1 and 2
      have been used to indicate like parts which are substantially identical to
      those of the separator described above, and will not again be described.
      This separator 2 has two concave spherical surfaces 11 and 12 of the same
      radius and which are symmetrical about the center of the cylindrical
      housing 3. The radius of these concave spherical surfaces 11 and 12 is
      equal to the radius of the convex spherical surface 9 and 10 of the
      separator 1 described above.
PAR  The apertured separators of the first and second embodiments are designed
      to interlock alternately in each other with their spherical surfaces to
      form roller cages of bearings with cylindrical rollers. Two examples of
      roller cages formed from these separators are described in FIGS. 5 and 6.
PAR  FIG. 5 shows in section the inner ring 13 and the outer ring 14 of a
      bearing with cylindrical rollers and for a cylindrical journal together
      with three apertured separators containing rollers 6 retained on one side
      by an inner race 13a and on the other side by an outer race 14a. The
      apertured separator 1 is an apertured separator of the first embodiment
      described above with reference to FIGS. 1 and 2. The separators 2 are
      separators of the second embodiment as described above with reference to
      FIGS. 3 and 4. The radii of the inner and outer races 13a and 14a enable
      the rollers 6 to be placed exactly at the centers of their respective
      cylindrical housings 3 as described above.
PAR  In the portion of a thrust bearing with cylindrical rollers shown in FIG.
      6, only the lower ring 15 has been shown. This has a race 16 the sides of
      which are formed by an inner shoulder 16a and an outer shoulder 16b. Three
      apertured separators contain rollers which run on the race 16. The
      apertured separator 1 is an apertured separator of the first embodiment as
      described above with reference to FIGS. 1 and 2, and the two separators 2
      are separators of the second embodiment as described above with reference
      to FIGS. 3 and 4. It will be observed that the rollers 6 situated in the
      centers of their respective cylindrical housings 3 are not positioned on a
      same pitch circle, the rollers of the separators 2 being closer to the
      center of the thrust bearing than that of the separator 1. In the thrust
      bearing shown in part of FIG. 6, the separators 2 of the second embodiment
      are guided by the shoulder 16a and the separators 1 of first embodiment
      are retained radially and guided by the shoulder 16b.
PAR  In addition to the use of these separators of the first and second
      embodiments in a roller cage for bearings with cylindrical rollers it is
      also possible to use them for tapered journals, for which they are also
      perfectly suitable. In this case the geometrical arrangement of these
      separators is an intermediate position between those shown in the two
      examples of bearings for a cylindrical journal of FIG. 5 and of the thrust
      roller bearing of FIG. 6. The rollers adopt their ideal positions, using
      the axial play permitted in the cylindrical housing and the radial play
      existing between the lateral surfaces of the rollers and of the respective
      chambers.
PAR  In the portion of a thrust bearing with tapered rollers of FIGS. 7 and 8,
      only the lower ring 17 has been shown. This has a frusto-conical race 18
      the side of which is formed by a shoulder 18a. Three separators shown in
      FIG. 7 respectively contain three tapered rollers 106 in respective
      housings 103. The separator 101 is of the first embodiment such as
      described above with reference to FIGS. 1 and 2 and whose housing 103 is
      frusto-conical to receive the roller 106. The separators 102 are of the
      second embodiment such as described above with reference to FIGS. 3 and 4
      and their housings 103 are similarly adapted to receive the tapered
      rollers 106.
PAR  In this thrust bearing, the rollers are retained by the shoulder 18a. The
      separators are not guided, but the radial play 103a has been removed in
      the separators 101 and they cannot move radially outwards. A radial play
      103a exists for the separators of the second embodiment 102. For these two
      types of separators 101 and 102 the upper and lower axial plays 107 and
      108 respectively have large dimensions and are not necessarily equal in
      value.
PAR  The separators of the first and second embodiments described in this
      invention permit the formation of any bearing cages with cylindrical or
      tapered rollers of any type.
PAR  It will be understood that various changes, improvements or additions may
      be made to the embodiments which have been described, or certain elements
      replaced by equivalent elements, without thus deteriorating the general
      efficacity of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A roller cage for a roller bearing assembly comprising first and second
      apertured separators alternately interlocked in one another and each
      having a housing provided with two apertures, a roller adapted to be
      received in the housing through one of the apertures and resiliently
      encased therein, each housing being symmetrical about the axis of
      revolution of the roller and having its symmetrical center at the mid
      height of the axis of symmetry, the said first and second separators each
      having two part spherical surfaces symmetrical about a plane of symmetry
      containing the axis of the housing and the axis of the cage, the part
      spherical surfaces on the first separators being convex and those of the
      second separators being concave and the radius of curvature of the convex
      surfaces being equal to the curvature of the concave surfaces.
NUM  2.
PAR  2. A roller cage as claimed in claim 1, in which the centers of the
      housings of at least one of the first and second separators are situated
      at a predetermined distance from a straight line joining the centers of
      the spherical surfaces, so that in a complete cage comprising a number of
      first and second separators and also defined by a predetermined angle
      which each of the axes of the housings forms with the axis of the said
      complete cage, the centers of all the housings are inscribed on the same
      pitch circle situated in a plane perpendicular to the axis of the complete
      cage.
NUM  3.
PAR  3. A roller cage as claimed in claim 1, in which the housings of the first
      and second separators have an internal form permitting predetermined
      movement of a roller elastically encased in a housing, the axis of the
      roller remaining parallel to itself and moving in the plane of symmetry.
NUM  4.
PAR  4. A roller cage as claimed in claim 3, wherein the first and second
      separators are arranged such that because of the movement permitted to
      each roller, the axes of the rollers are situated on the same mean cone
      with a circular base, the apex of which is situated on the axis of the
      cage.
NUM  5.
PAR  5. A roller cage as claimed in claim 3, wherein the first and second
      separators are arranged such that because of the said movement permitted
      to each roller, the axes of the rollers are situated on a cylinder of
      revolution centered on the axis of the cage.
NUM  6.
PAR  6. A roller cage as claimed in claim 3 wherein the first and second
      separators form a thrust roller bearing cage, the arrangement being such
      that because of the said movement permitted to each roller, the axes of
      the rollers are situated in a plane perpendicular to the axis of the cage.
NUM  7.
PAR  7. A roller cage as claimed in claim 1 in which the cage forms a roller
      bearing and in which the said bearing is a thrust roller bearing.
NUM  8.
PAR  8. A roller cage as claimed in claim 7 in which the rollers are cylindrical
      and the housings of the separators are cylindrical.
NUM  9.
PAR  9. A roller cage as claimed in claim 7 in which the said rollers are
      frusto-conical and the housings of separators are frusto-conical.
NUM  10.
PAR  10. A roller cage as claimed in claim 1, in which the cage forms a roller
      bearing.
NUM  11.
PAR  11. A roller cage as claimed in claim 10 in which the rollers are
      cylindrical and the housings of the separators are cylindrical.
NUM  12.
PAR  12. A roller cage as claimed in claim 10 in which the said rollers are
      frusto-conical and the housing of the separators are frusto-conical.
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ABST
PAL  The new thrust washer includes an inner flange with circumferentially
      spaced cutouts. The washer is formed from flat strip steel. A circular
      hole and a plurality of cutouts extending from the circumference of the
      circular hole are made in the flat strip steel. The circular hole and
      cutouts may be made consecutively or simultaneously. A forming tool forms
      the inner flange.
BSUM
PAR  This invention relates to thrust bearings. More particularly, this
      invention is a new and novel thrust washer.
PAR  With current methods of forming thrust washers having axially extending
      inner and outer flanges, it is highly important that during the formation
      of these flanges, cracks do not form in the flanges due to the stressing
      of certain areas of the flange. The high carbon steel used in thrust
      washers work-hardens readily. The piercing of the center hole in the
      washer results in work-hardened material near the sheared edges. Thus, as
      the punch forms the inner flange, the free end of the flange is highly
      stressed as it is stretched. Cracks occur extremely often giving an
      unacceptable product.
PAR  In some current methods of forming thrust washers, it is attempted to
      eliminate the cracks by annealing the washers in an annealing furnace
      after the hole has been pierced in the flat strip steel, the washer has
      been blanked out, and before the inner flange is formed. The annealing of
      the thrust washers has somewhat eliminated the edge cracking, but there is
      still some cracking at the points where the flange extends from the washer
      because frictional drag on the punch as the flange is formed stresses the
      material so highly.
PAR  Thus, with current methods of producing thrust washers from flat stripped
      steel, the steel is: (1) pierced to form a circular hole; (2) blanked out
      in an annular form; (3) annealed in an annealing furnace; (4) the flanges
      formed, and (5) the other manufacturing steps completed.
PAR  The annealing steps are time consuming. The annular blanks must be removed
      from the flat stripped steel. The annealing step and the flange forming
      steps each require a great deal of time. Also, even though the cracks on
      the edges of the resulting flanges are substantially eliminated, cracks
      still sometimes occur where the flange extends from the annular portions.
PAR  The advantage of a method which requires no annealing step, results in a
      thrust washer with no edge cracks on the flange, and no cracks where the
      flange is connected to the annular portion, is obvious.
PAR  My new method of forming a thrust washer with an inner flange has all of
      these advantages. The annealing step and two material-handling steps are
      eliminated; and the resulting new thrust washer has no cracks at any place
      on the flange, including the edge portion and the portion connected to the
      thrust washer.
PAR  Briefly described, my new method of forming a thrust washer from flat
      stripped steel comprises forming a circular hole in the flat strip steel
      and forming a plurality of cutouts extending from the circumference of the
      circular hole. The cutouts may be equally spaced or unequally spaced; and
      equally sized or unequally sized to suit each particular requirement. The
      circular hole and cutouts may be formed simultaneously or consecutively.
      An inner flange forming tool having a radius at least as large as the
      furthest radial extent of the cutouts is pressed against the metal around
      the circular hole and the cutouts to form the inner flange.
PAR  The new thrust washer formed by my method comprises an annular washer with
      a flange extending axially from the inner periphery of the annular washer.
      The flange has a plurality of cutouts extending around the circumference.
DRWD
PAR  The invention, as well as its many advantages, may be further understood by
      reference to the following detailed description and drawings in which:
PAR  FIG. 1 is a plan view illustrating my new method;
PAR  FIG. 2 is a view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the new thrust washer formed by the method
      illustrated in FIG. 1;
PAR  FIG. 4 is a fragmentary plan view showing an alternative method;
PAR  FIG. 5 is a fragmentary plan view showing another alternative method;
PAR  FIG. 6 is an elevational view, partly in section, illustrating my new
      thrust washer used as part of a single washer thrust bearing; and
PAR  FIG. 7 is an elevational view, partly in section, illustrating my new
      thrust washer used as part of a two washer thrust bearing.
DETD
PAR  In the various figures, like numbers refer to like parts.
PAR  Referring to FIG. 1, the new thrust washer is formed from a long sheet 10
      of flat strip steel. Piloting pins (not shown) extend into the holes 12 so
      the flat strip may be moved longitudinally through the various stations
      used for forming the thrust washer.
PAR  In the method illustrated by FIG. 1, a progressive die is used. A circular
      hole 14 is first punched through the flat strip steel 10. For purposes of
      illustration, only one hole 14 is shown. However, in actual practice, a
      plurality of holes 14 will be made at a particular station of the
      manufacturing process.
PAR  After the hole 14 is formed in the flat strip steel 10, a plurality of
      spaced cutouts 16 is formed. The cutouts 16 extend from the circumference
      18 of the previously formed hole 14. The cutouts 16 are in the shape of
      circular sectors. The circular hole 14 and cutouts 16 may be made
      simultaneously as well as consecutively.
PAR  The flat strip steel 10 is then fed to the next station where an inner
      flange forming tool (not shown) is pressed against the flat strip steel to
      form bore 20 and inner flange 22 of the thrust washer (see FIG. 1 and FIG.
      2). The flange forming tool has a radius at least as large as the furthest
      radial extent of the cutouts 16.
PAR  At a next stage in the method, annular blank 24 is blanked out. If there is
      to be an outer flange, this flange would be formed at the next station
      (not shown). If there is to be no outer flange, the washer is ejected
      leaving hole 26.
PAR  As with the hole 14, for purposes of illustration only, one cutout portion
      area, one hole 20, one annular blank 24, and one hole 26 are shown in FIG.
      1. However, in actual practice probably several of each of these will be
      made simultaneously. There is no annealing. Therefore, there is no need to
      remove the material from the flat strip steel 10 before the inner flange
      is formed. Because the free end of the flange is provided with cutouts,
      the stress level is low enough that cracking does not occur at the free
      end of the flange. Also, because the stress is low enough, the frictional
      drag on the flange forming punch is much lower. Cracking seldom occurs at
      the point where the flange extends from the plate 10. In addition, punch
      life is greater.
PAR  FIG. 3 shows a completed race with an outer flange as well as an inner
      flange. The outer flange 28 may be formed by bending the outside portion
      of the annular blank resulting in a washer having a radially extending
      annular portion 30, an outer flange 28 extending axially from the outer
      periphery of the radially extending annular portion, and inner flange 22
      with the circumferentially spaced cutouts 16. Preferably, the cutouts do
      not extend the full length of the flange. The material extending axially
      from the radially extending annular portion 30 provides rigidity and
      strength to the part.
PAR  In FIG. 4, instead of circular sectors, oval sectors 32 extend from the
      circumference 18 of the hole and in FIG. 5, the cutouts are in the shape
      of rectangular sectors 34 with rounded outer edges 36. For certain
      purposes, the oval or rounded rectangular cutouts will work better for
      particular washers.
PAR  In each embodiment, unequally spaced cutouts are sometimes used. Unequally
      sized cutouts are also sometimes used.
PAR  An example of the use of my new thrust washer in a bearing having one race
      is shown in FIG. 6. A plurality of tabs 40 have been formed adjacent the
      outer edge of the flange 28. Preferably there are three tabs
      circumferentially spaced apart on flange 28. Only one of these tabs is
      shown in the figure. The tabs serve to keep the cage 42 and rollers 44
      within the thrust washer.
PAR  An example of the use of my new thrust washer in a bearing having two races
      is shown in FIG. 7. Added to the new thrust washer shown in FIG. 2 is a
      second thrust washer having a radially extending annular portion 50 and
      also having an outer flange 52. As with FIG. 6, a plurality of tabs 54
      (only on tab being shown) are formed adjacent the outer edge of flange 52.
PAR  Though the new thrust washer is shown with tabs in FIG. 6 and FIG. 7, any
      other appropriate means can be used to keep the cage and rollers in the
      thrust washer, such as a full annular radially extending flange in place
      of the tabs 40.
PAR  If we have two thrust washers with inner flanges of the same bore size, but
      different lengths, the washer with the longer flange must have the center
      hole pierced to a smaller diameter than the center hole of the washer
      which has the shorter flange. The reason for this is that all the material
      which goes into the flange comes from the metal around the hole. Thus if
      you need a longer flange, you need to start with more material in the
      washer.
PAR  The material around this smaller hole has to be pushed out and stretched
      out much further than the material around the larger hole. This is what
      causes the higher stress level in the material when forming longer
      flanges. This is one reason why my new thrust washer is a great
      improvement in that I can form a relatively longer flange with a
      comparatively low stress level. Therefore, there is a great reduction in
      stress and a reduced tendency for the metal to crack.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thrust washer comprising: a radially extending annular portion and a
      flange extending axially from the inner periphery of the radially
      extending annular portion, said annular portion and flange being made of
      flat strip steel, said flange having circumferentially spaced cutouts
      extending around the circumference of the flange; the circumferential
      lengths of the cutouts at the free end of the flange forming the major
      part of the total circumference of the flange at such free end with at
      least a portion of each cutout having a curved surface, the axial lengths
      of the cutouts being less than the full length of the flange to provide
      rigidity and strength.
NUM  2.
PAR  2. The thrust washer of claim 1 wherein the cutouts are circular sectors.
NUM  3.
PAR  3. The thrust washer of claim 1 wherein the cutouts are oval sectors.
NUM  4.
PAR  4. The thrust washer of claim 1 wherein the cutouts are rectangular sectors
      with curved surfaces.
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ABST
PAL  A bearing construction is provided having a temperature responsive
      lubrication system. The invention is particularly applicable to bearings
      having hard, wear resistant bearing surfaces, such as ceramic surfaces,
      lubricated by solid lubricants placed in reservoirs in the bearing
      surface. Preferably, expansion members or plugs of material of higher
      thermal expansivity than the bearing material are placed in the reservoirs
      under the lubricant. Upon heating of the bearing due to friction or wear
      of the bearing surfaces, the lubricant expands out of the reservoirs onto
      the bearing surface to form a lubricant film and reduce the friction.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract, or subcontract thereunder, with the Department of Defense.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to bearings having hard, wear resistant
      surfaces such as ceramic bearings, and more particularly to an improved
      lubrication system for such bearings.
PAR  The invention is particularly suitable for oscillatory bearings such as
      airframe bearings used, for example, in aircraft and hydrofoils for
      control surface pivotal bearings and similar purposes, although this
      invention is equally applicable to other types of bearings where similar
      operating conditions may exist. Such bearings are subject to oscillatory
      operation under loads which in many cases are very high and which may be
      either unidirectional or reversing. Since the loads frequently exceed the
      capability of anti-friction bearings, plain slider bearings are usually
      used, and in many cases the bearings are subject to misalignment during
      operation making it necessary to use spherical or self-aligning types of
      slider bearings.
PAR  Bearings for this type of service preferably have hard, wear resistant
      bearing surfaces and ceramic materials are very desirable for this purpose
      because of their relatively inert characteristics, high hardness and
      ability to be machined to a smooth surface. Ceramic materials or other
      such hard materials, however, require lubrication to reduce friction and
      to eliminate or minimize wear between engaging surfaces. Solid lubricants
      are very suitable for this purpose and a thin film of lubricant coated on
      the engaging surfaces results in very low friction and can substantially
      eliminate wear. The life of such a thin film, however, is of relatively
      short duration and since an oscillatory bearing does not inherently
      distribute lubricant over the bearing surfaces in the manner of a
      continuously rotating bearing, means must be provided for maintaining the
      necessary lubrication between the engaging bearing surfaces.
PAR  In some conventional slider bearing designs, a lubricant liner has been
      utilized made of a lubricant such as polytetrafluoroethylene (TEFLON)
      fabric, or other material having similar lubricating properties. The load
      capacity of such bearings is severely limited, however, by the compressive
      strength of the liner material. Such liners are also subject to rapid wear
      and in many cases the wear rate is greater than can be permitted. Bearings
      have also been proposed in which lubricant is supplied in response to
      heating caused by friction as shown, for example, in patents to Vigne U.S.
      Pat. No. 1,941,768, Dalzell et al. U.S. Pat. No. 3,206,264 and Campbell et
      al. U.S. Pat. No. 3,509,957. These systems, however, all utilize fusible
      or metallic lubricant materials and are not suitable for the type of
      bearing applications to which the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a temperature responsive lubricant system
      for bearings of the type discussed above; that is, bearings having
      engaging surfaces of hard, wear resistant material which require a
      lubricant film to be maintained between the engaging surfaces to keep
      friction and wear as low as possible.
PAR  In accordance with the invention, a slider type bearing is provided having
      engaging, relatively movable bearing surfaces which are made of a hard,
      wear resistant material such as ceramic although any suitable material
      having similar characteristics may, of course, be utilized. A plurality of
      lubricant reservoirs are provided in at least one of the engaging bearing
      surfaces, the reservoirs opening to the bearing surface and a substantial
      number of such reservoirs being distributed over the surface. A suitable
      solid lubricant, such as molybdenum disulfide or graphite, is placed in
      each of the reservoirs. Preferably, an expansion member or plug of a
      material having higher thermal expansivity than the bearing material is
      placed in each lubricant reservoir underneath the lubricant. As the
      lubricating film between the bearing surfaces wears away and disappears,
      the resulting increase in friction raises the temperature of the bearing
      material and heats the lubricant and expansion member, which causes the
      lubricant to expand or be forced out of the reservoirs onto the surface of
      the bearing. The lubricant film is thus replenished and friction and wear
      are reduced to acceptable levels. In this way, adequate lubrication can be
      maintained even for slider type bearings in oscillatory service under very
      heavy loads.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description, taken in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a fragmentary, somewhat diagrammatic perspective view of a
      portion of a bearing member embodying the invention;
PAR  FIG. 2 is a longitudinal sectional view of a bearing in accordance with the
      present invention; and
PAR  FIG. 3 is a fragmentary elevational view of the bearing surface of the
      outer bearing member of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As previously discussed, the present invention is particularly intended for
      slider bearings for oscillatory service under heavy load, and relates
      particularly to an improved lubrication system for such bearings.
PAR  The principle of the present invention is illustrated in FIG. 1 which shows
      a portion of a bearing member. The bearing member of FIG. 1 has a bearing
      surface 10 made of a hard, wear resistant material such as ceramic which
      may be supported on a steel outer shell 11, or other suitable support, and
      which is adapted to engage a cooperating bearing surface (not shown). A
      plurality of lubricant reservoirs 12 are provided in the bearing surface
      10. Each of the reservoirs 12 is shown as a generally cylindrical recess
      open to the bearing surface and extending a substantial depth into the
      bearing member to provide adequate lubricant capacity. A solid lubricant
      13 of any suitable type is placed in each of the reservoirs 12 to supply
      lubricant to the bearing surface 10. In order to insure operation in the
      desired manner, an expansion member 14 is placed in each bearing reservoir
      12 under the lubricant which fills the reservoir. The expansion members 14
      may be in the form of plugs, as shown in FIG. 1, filling the reservoirs
      under the lubricant and are made of a material having a higher coefficient
      of thermal expansion than that of the lubricant and of the material of the
      bearing surface 10.
PAR  In the operation of this structure, assuming the bearing surface 10 to be
      in engagement with another relatively movable bearing surface and
      subjected to load, it will be apparent that if there is inadequate
      lubrication between the engaging surfaces, the relatively high friction
      will generate sufficient heat to substantially raise the temperature of
      the bearing surface 10. The temperature of the expansion members 14 and of
      the lubricant 13 will, of course, also be raised by thermal conduction
      from the bearing material. Since the expansion members have higher thermal
      expansivities than the bearing material, they will expand sufficiently to
      force some of the lubricant 13 out of the reservoirs onto the bearing
      surface 10 where it will be spread out as indicated at 15 by the relative
      movement of the bearing surface 10 and the surface which it engages. A
      film of lubricant is thus formed between the engaging surfaces which
      reduces the friction and heating and permits the bearing surfaces to cool,
      stopping further supply of lubricant from the reservoirs. The film of
      lubricant between the engaging surfaces reduces friction and wear to low
      levels for some period of time until the thin film begins to wear away. As
      this occurs, the friction and heating increase and the process described
      above is repeated to reestablish the lubricating film. In this way,
      adequate lubrication is maintained and excessive friction and wear are
      prevented.
PAR  The invention can, of course, be applied to bearings of any suitable type
      or construction. A ceramic slider bearing of the self-aligning type
      embodying the invention is shown by way of example in FIG. 2. The bearing
      there shown has an inner member including a steel shell or sleeve 20 which
      is shown as being made in two parts bonded together after assembly, to
      facilitate manufacture, and which is adapted to be pressed or otherwise
      secured on an oscillatory shaft. A bearing member 21 having a spherical
      outer surface is carried by the inner sleeve 20 and may be secured to it
      by a suitable adhesive 22 such as an epoxy resin, or other suitable
      bonding agent. The bearing member 21 may be made of any suitable material
      to provide a bearing surface which is hard and wear resistant. The member
      21 is preferably made of a ceramic material having these characteristics
      such as alumina (Al.sub.2 O.sub.3) or silicon nitride (Si.sub.3 N.sub.4).
      Both of these materials are capable of being finely ground and molded to a
      desired size and shape with a suitable binder, if desired, and then
      sintered or fired at a relatively high temperature to form a hard ceramic
      product. These or similar materials may be used and can be molded or
      machined to fit the inner sleeve 20 with the bearing surface ground or
      otherwise finished to an accurate spherical configuration.
PAR  The outer member of the bearing of FIG. 2 has a steel shell 24 which is
      also shown as being made in two halves bonded together to facilitate
      manufacture. A generally annular bearing member 25 is mounted in the shell
      24 and bonded to it by an adhesive 26. The member 25 has a spherical inner
      surface conforming to the outer surface of the bearing member 21, and is
      preferably made of the same material as the member 21, or of a similar
      material having the same characteristics. As shown in FIGS. 2 and 3, the
      bearing member 25 has a substantial number of cylindrical recesses 27
      molded or otherwise formed in it and opening to the spherical surface to
      constitute lubricant reservoirs. A relatively large number of these
      reservoirs may be provided, preferably distributed in a pattern over the
      entire bearing surface which will result in a transfer of lubricant that
      will cover the entire engaging surface, as shown in FIG. 3. The bearing
      reservoirs 27 each contain a solid lubricant material 28 and preferably
      also an expansion member or plug 29. As previously described, the solid
      lubricant 28 may have a higher coefficient of thermal expansion than the
      material of the bearing member 25, and the expansion member 29 has a still
      higher coefficient of thermal expansion to insure a large amount of
      expansion relative to the member 25 when heated.
PAR  Any suitable solid lubricant capable of expanding out of the reservoirs and
      providing effective lubrication may be utilized. A preferred material
      which has been found to give highly satisfactory results in molybdenum
      disulfide (MoS.sub.2) which may be utilized in the form of a metal-bonded
      material or composite. Thus, for example, one satisfactory material is a
      composition containing 90% molybdenum disulfide bonded in a metal matrix
      consisting of 8% molybdenum and 2% tantalum by weight, and it is to be
      understood that the terms molybdenum disulfide and solid lubricant, as
      used herein, include such metal-bonded materials. Other suitable solid
      lubricants which have given good results are graphite and
      polytetrafluoroethylene.
PAR  In order to insure proper operation, as previously described, it is
      preferred in most cases to provide an expansion member of much higher
      coefficient of expansion than the bearing member under the solid lubricant
      to insure that the lubricant will be positively forced out of the
      reservoir in response to temperature rise of the bearing material. Any
      suitable material can be used for this purpose which has good thermal
      conductivity and a coefficient of thermal expansion substantially higher
      than that of the bearing itself. Ceramic bearing materials, for example,
      have quite low expansion coefficients of the order of 4 .times.
      10.sup.-.sup.6 in./in./.degree.F, and any material with a substantially
      higher coefficient and good thermal conductivity could be used. Many
      organic polymers such as the polyolefins meet the requirements and can be
      used. A preferred material which has been found to give good results is
      polyethylene which can readily be molded into small plugs to fit the
      lubricant reservoirs and which has relatively high thermal expansivity of
      approximately 11 .times. 10.sup.-.sup.5 in./in./.degree.F. Silicone rubber
      with a coefficient of 30 .times. 10.sup.-.sup.5 is another suitable
      material having the required characteristics and readily moldable to the
      desired size and shape.
PAR  In operation, the bearing of FIG. 2 operates in the manner described above
      in connection with FIG. 1. That is, as the lubricant film between the
      engaging bearing surfaces wears away, the friction increases and heats the
      material of the bearing member 25. This increase in temperature causes
      expansion of the expansion members 29, and the lubricant 28, and the
      lubricant is forced out of the reservoirs onto the bearing surface. The
      relative movement of the bearing surfaces spreads the lubricant and a film
      of lubricant is thus formed between the bearing surfaces. The lubricant is
      supplied from the numerous bearing reservoirs provided over the entire
      surface of the member 25 so that the film is formed quite rapidly and an
      adequate supply of lubricant is provided. The lubricant film thus formed,
      or renewed, immediately reduces the friction to a low value, reducing the
      amount of heat generated and permitting the bearing members to cool so
      that the expansion members 29 tend to contract and cease to supply
      lubricant to the bearing film. The friction and wear between the bearing
      surfaces are thus kept at acceptable levels. The lubricant film is, of
      course, very thin so that it tends to wear and will disappear in some
      period of time. As this occurs, however, the friction and heating will
      increase and the process described above is repeated, resulting in the
      formation of a renewed lubricant film. Proper lubrication with low
      friction and wear is thus maintained.
PAR  It will now be apparent that a temperature sensitive lubrication system has
      been provided for bearings of the slider type having hard, wear resistant
      bearing surfaces. The invention is particularly suitable for bearings for
      such uses as airframe bearings where the bearing is used in oscillatory
      service with high loads, and it is particularly suitable for ceramic
      bearings. It will be understood, however, that the invention is not
      limited to the use of any specific materials since the bearing surfaces
      can be made of any wear resistant material, such as tool steel, for
      example, or other hard materials. The bearing members might also be made
      of a suitable metal such as steel or titanium with the bearing surface
      coated with a ceramic material. Similarly, certain specific lubricant
      materials have been mentioned, but any suitable solid lubricant could be
      utilized which has the necessary characteristics. The use of the high
      expansivity plug or expansion member under the lubricant in the reservoirs
      insures an adequate supply of lubricant to the bearing surfaces in
      response to heating of the bearing material and any suitable material
      capable of providing this function could be used. The lubricant reservoirs
      have been shown as cylindrical recesses in the bearing surface, which is
      the preferred configuration, but other shapes such as square or
      rectangular recesses or slots could be used.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A bearing structure including relatively movable members having engaging
      bearing surfaces, one of said members having a plurality of lubricant
      reservoirs therein opening to the bearing surface, a solid lubricant
      material contained in each of said reservoirs, said solid lubricant having
      a coefficient of thermal expansion greater than the material of said one
      bearing member, and expansion members in said reservoirs under the
      lubricant, said expansion members having a higher coefficient of thermal
      expansion than the bearing material.
NUM  2.
PAR  2. A bearing structure as defined in claim 1 in which said solid lubricant
      is selected from the group consisting of molybdenum disulfide, graphite
      and polytetrafluoroethylene.
NUM  3.
PAR  3. A bearing structure as defined in claim 2 in which said expansion
      members are made of a material selected from the group consisting of
      polyethylene and silicone rubber.
NUM  4.
PAR  4. A bearing structure as defined in claim 1 in which at least one of said
      bearing surfaces is made of a ceramic material.
NUM  5.
PAR  5. A bearing structure as defined in claim 4 in which said ceramic material
      is selected from the group consisting of alumina and silicon nitride.
NUM  6.
PAR  6. A bearing structure comprising inner and outer bearing members adapted
      for relative rotational movement, said members having engaging bearing
      surfaces of hard, wear resistant material, one of said surfaces having a
      plurality of recesses extending therethrough into the bearing member, a
      solid lubricant in each of said recesses comprising a material having a
      higher coefficient of thermal expansion than the bearing member, and an
      expansion member disposed in the bottom of each of said recesses under
      said solid lubricant, said expansion members being made of a material
      having a higher coefficient of thermal expansion than the bearing
      material.
NUM  7.
PAR  7. A bearing structure as defined in claim 6 in which at least one of said
      bearing surfaces is a ceramic material.
NUM  8.
PAR  8. A bearing structure as defined in claim 7 in which said ceramic material
      is selected from the group consisting of alumina and silicon nitride, and
      said solid lubricant is selected from the group consisting of molybdenum
      disulfide, graphite, and polytetrafluoroethylene.
NUM  9.
PAR  9. A bearing structure comprising relatively movable bearing members having
      engaging bearing surfaces of hard, wear resistant material, one of said
      members having a plurality of recesses therein opening to the bearing
      surface, an expansion member disposed in the bottom of each of said
      recesses, said expansion members being made of a material having a higher
      coefficient of thermal expansion than the material of said bearing
      members, and each of said recesses containing a solid lubricant material
      above the expansion member.
NUM  10.
PAR  10. A bearing structure as defined in claim 9 in which said bearing
      surfaces consist of a ceramic material and said solid lubricant is
      selected from the group consisting of molybdenum disulfide, graphite and
      polytetrafluoroethylene.
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ABST
PAL  A multiple beverage can holding assembly that may be removably mounted on a
      cart supported golf bag. The beverage cans are supported as a stack in the
      container, and may be removed one by one through an opening formed in the
      lower portion of the container. A cup is provided that has a gimbal
      assembly secured thereto. The cup is removably secured to the open end of
      the container. After a beverage can has been removed from the container
      and opened, the cup is removed from the container and thereafter mounted
      on the container by use of the gimbal assembly. The open beverage can may
      now be disposed in the cup, and the cup and beverage can thereafter
      remaining in a substantially vertical position due to the gimbal assembly
      when the bag is in either a vertical position, or a tilted position where
      the cup and container are free to pivot. After a beverage container has
      been emptied it is inserted through the open end of the container to rest
      on the stack of beverage cans remaining therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Golf bag supported beverage can holding assembly.
PAR  2. Description of the Prior Art
PAR  In playing a round of golf, certain players desire to carry a number of
      cans of beverage with them for refreshment purposes. The carrying of such
      cans presents problems, in that, no compact means have been available
      previously for keeping the containers in a cool condition prior to being
      opened, nor have means been available to carry the empty cans back to the
      clubhouse where they may be disposed of in a trash receptacle.
PAR  The primary purpose in devising the present invention is to supply a light
      weight, inexpensive portable device that may be removably secured to a
      cart supported golf bag, and the device when so supported capable of
      holding a number of beverage cans in a stack configuration from which they
      may be removed one by one as required.
PAR  Another object of the invention is to supply a container for a number of
      beverage cans that has a cup removably secured to the upper end thereof,
      with the cup by a gimbal assembly associated therewith being securable to
      the upper portion of the container, and the cup capable of receiving and
      holding an open beverage can in a substantially vertical position both
      when the golf bag is vertically disposed as well as inclined at an angle.
PAR  A still further object of the invention is to supply a beverage can holding
      device that not only holds filled cans, but is adapted to receive the
      empty cans whereby the latter may be transported back to the clubhouse and
      disposed of in a suitable trash receptacle, rather than being discarded on
      the golf course.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is adapted for use in carrying a number of beverage cans in a
      stack configuration when the device is removably secured to a golf bag,
      which bag in turn is mounted on a conventional cart. The invention
      includes an elongate container defined by a cylindrical side wall that has
      a first open end and a second lower end that is closed by a bottom. A cup
      is provided that slidably and removably engages the upper open end of the
      container, with the cup being defined by a cylindrical side wall, a bottom
      and an open end portion. The cup has a gimbal assembly associated
      therewith that may be removably secured to first means that form a part of
      the assembly, which first means is capable of positioning the container
      transversely relative to the bag. When the cup has been removed from the
      bag and supported from the first means by the gimbal assembly, the cup
      assumes a vertically disposed position. One of the cans of beverage that
      has been opened may then be disposed in the cup, and the can being held
      vertically therein to prevent the contents of the can being spilled
      irrespective of whether or not the golf bag is vertically positioned or is
      situated at an inclined angle.
PAR  The container has an opening in the lower portion thereof from which the
      beverage cans may be removed one by one for refreshment purposes. The
      container also has second means mounted thereon which are removably
      secured to the bag to hold the container in a fixed lateral position
      relative thereto. First and second straps are provided that are secured to
      the first and second means, with the straps encircling the bag to
      removably hold the invention in a fixed position thereon. As the cans are
      emptied, they are inserted into the upper portion of the container to rest
      on the stack of filled cans therein. After the invention has served its
      purpose, the cup is disengaged from the supported position on the
      container, and is inverted and slidagly mounted in a closing position on
      the upper end of the container. The container, and the cup, are preferably
      formed from a material such as plastic, that has low heat conductivity, to
      maintain the beverage cans situated in the container in a cool condition
      during the time they are being transported on the cart supported golf bag.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of the moldable beverage can container
      removably supported from a golf bag that is mounted on a cart;
PAR  FIG. 2 is a longitudinal cross-sectional view of the container assembly;
PAR  FIG. 3 is a second longitudinal cross-sectional view of the container
      assembly taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary plan view of the container assembly mounted on a
      golf bag, with the latter being shown in phantom line; and
PAR  FIG. 5 is a transverse cross-sectional view of the assembly taken on the
      line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The multiple beverage can holding container assembly A is shown in FIG. 1
      as removably secured to a golf bag B of conventional design that is
      mounted on a cart C, with the bag and cart being shown in phantom line.
      The cart C includes a frame 10, a pair of supporting wheels 12, and a
      handle 14 for guiding and pushing the cart.
PAR  The assembly A includes an elongate container D that is defined by a
      cylindrical side wall 16 having a first open end 18 and a second lower end
      20 that is closed by a bottom 22. A cup E is provided as may be seen in
      FIG. 2 that includes a cylindrical side wall 24, a bottom 26, and an open
      end portion 28.
PAR  The side wall 16 adjacent the first end 18 is formed with an externally
      recessed portion 19 that is adapted to slidably engage an internal
      recessed portion 21 on the cup E, to permit the cup to be removably
      mounted on the container in the closing position as shown in phantom line
      in FIG. 2. The recessed portions 19 and 21 now developed into body
      shoulders 19a and 21a that are in abutting contact with one another when
      the cup E is in the position shown in phantom line in FIG. 2. Container D
      and cup E are preferably formed from a commercially available plastic
      material that has good heat insulating characteristics. The cup E as may
      be seen in FIG. 2 has a gimbal assembly F operatively associated
      therewith, which gimbal assembly includes a band 29 that encircles the
      upper exterior portion of the cup E and the band 29 having two
      diametrically opposed first pins 32 that extend outwardly therefrom and
      pivotally engage a bail 34 of semi-circular shape. The bail 34 at
      substantially the center thereof has a third pin 36 extending outwardly
      therefrom, and the pin on the free end thereof supporting a circular plate
      38.
PAR  First means G are provided on the upper portion of the container D to
      removably engage the upper open end of the bag B and removably support the
      assembly A in a fixed lateral position relative thereto. The first means G
      also pivotally engaging the third pin 36 and plate 38 to permit the gimbal
      assembly F to hold the cup E in a substantially vertical position both
      when the bag B is vertically positioned as well as when it is disposed at
      an angle at which the gimbal assembly is free to pivot.
PAR  The first means G includes a first circular band 40 that extends
      transversely around the portion of the side wall 16 adjacent the open end
      18 thereof, with the band having first, second, third and fourth lugs 42,
      44, 46 and 48 projecting outwardly therefrom. The lugs 42, 44, 46 and 48
      are equally spaced from one another. The first, second and third lugs 42,
      44, and 46, have slots 50 extending upwardly therein as may be seen in
      FIGS. 2 and 3.
PAR  The fourth lug 48 as shown in FIG. 4 has a transverse plate 52 secured
      thereto and extending downwardly therefrom, with the plate capable of
      engaging an interior upper end portion of the bag B. The slots 50 as shown
      in FIG. 4 are engaged by a first strap J that has a buckle 53 as
      illustrated in FIG. 1 included as a part thereof, with the strap
      encircling the upper portion of bag B to secure the assembly thereto. The
      lower exterior portion of the container has a second band 54 shown in FIG.
      5 secured thereto, which band has first, second, third and fourth lugs 56,
      58, 60 and 62 extending outwardly therefrom. The lugs 56, 58, 60 and 62 on
      the second band 54 are spaced on the quadrants thereof in the same manner
      as the lugs previously described on first band 40.
PAR  The first, second and third lugs 56, 58, 60 have slots 50 extending
      upwardly therein, and these slots being engaged by a second strap K that
      includes a buckle 64, with the strap extending around the lower exterior
      portion of the bag B to removably secure the assembly A thereto.
PAR  The fourth lug 62 has a pin 62a extending downwardly therefrom which pin is
      adapted to removably engage a recess 66 formed in a lug 68 that is
      included as a part of the bag structure B, with the recess 66 normally
      being used to receive the tip of an umbrella (not shown) that is carried
      with the bag B.
PAR  The beverage cans L as can be seen in FIGS. 1 and 2 are arranged in a stack
      end to end within the confines of the cylindrical side wall 16. The side
      wall 16 on the lower portion thereof is formed with a semi-circular
      opening 68 to permit the cans L to be removed one by one from the assembly
      A as required. Each time a can L is removed from the assembly the stack of
      cans L move downwardly by gravity to dispose another can in a position
      relative the opening 68 where it can be removed from the assembly A.
PAR  When the assembly A is to be used during the transportation thereof on bag
      B, the cap E is removed from the position on container D shown in phantom
      line in FIG. 2, and the gimball assembly F is then used to support the cup
      E in the position illustrated in solid line in FIG. 2 where a beverage can
      L that has been opened may be disposed therein. The cup E when supported
      by the gimbal assembly F will remain in a vertical position when the bag B
      is tilted, for the cup E may pivot relative to the bail F due to the pins
      32, and the bail can pivot relative to third lug 46 due to the plate 38
      and pin 36 rotating in a downwardly extending cavity 70 and communicating
      slot 72 formed in the third lug 46. The plate 38 and pin 36 are pivotally
      supported in the cavity 70 and slot 72 as shown in FIGS. 2 and 4.
PAR  When a can L is emptied, it is slid downwardly through the upper open end
      18 of the side wall 16 to occupy a transportable position within the
      container D. When the assembly A has served the function of providing a
      support for an opened beverage can L, the cup E is removably mounted on
      the upper end of side wall 16 in the position shown in phantom line in
      FIG. 2. The assembly A can be removed from the bag B by separating the
      straps J and K therefrom by use of buckles 53 and 64.
PAR  Should it be desired a cylindrical shell 80 may be slidably mounted on the
      lower exterior portion of container D to close opening 68 except when a
      beverage can L is being removed from container D.
PAR  The use and operation of the invention has been described previously in
      detail and need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a cart supported golf bag, which bag is of the type
      that has a lug supported from the lower portion thereof in which a
      longitudinal opening is defined to receive the tip of an umbrella and an
      open end through which golf clubs project, a multiple beverage can holding
      container assembly that may be removably secured to said bag, said can
      holding assembly including:
PA1  a. an elongate container defined by a cylindrical side wall that has a
      first open end and a second end closed by a bottom, said container being
      of sufficient length that a plurality of beverage cans may be arranged end
      to end as a stack therein, with a longitudinal opening in said side wall
      adjacent said bottom through which the lowermost one of said beverage cans
      may be withdrawn when desired; said stack moving downwardly by gravity to
      dispose another of said beverage cans in alignment with said opening when
      one of said beverage cans is withdrawn through the latter, and said
      beverage cans when emptied being insertable in said container through said
      first open end to rest on said stack;
PA1  b. an elongate cup having an open end, a cylindrical sidewall, and a
      bottom, said sidewall adjacent said open end of said cup being capable of
      snugly and slidably engaging said sidewall of said container adjacent said
      first end thereof to be removably supported from said container and close
      the latter;
PA1  c. a gimbal assembly secured to said cup adjacent said open end thereof and
      above the center of gravity of said cup;
PA1  d. first means secured to said container adjacent said first open end
      thereof for removably engaging said bag adjacent said open end thereof to
      transversely position said container relative to said bag, said first
      means removably supporting said gimbal assembly when said cup is removed
      from said container, with said cup when supported by said gimbal assembly
      from said first means capable of having one of said beverage containers
      disposed therein, and said cup and beverage container remaining in an
      upright position at all times when said bag is in either vertical or
      tilted in a direction in which said gimbal assembly is free to pivot, said
      first means including:
PA2  1. a first circumferentially extending band secured to said container
      adjacent said first open end thereof;
PA2  2. a plurality of circumferentially spaced first lugs secured to said first
      band, with one of said lugs having said cavity and transverse slot
      therein; and
PA2  3. a plate secured to one of said first lugs, said plate being insertable
      in the open end of said golf bag to laterally position said container to
      the latter;
PA1  e. second means secured to said container for removably engaging said
      opening in said bag to transversely position the lower portion of said
      container adjacent said bottom relative to said bag; said second means
      including:
PA2  1. a second circumferentially extending band secured to said container
      adjacent said bottom thereof;
PA2  2. at least one second lug that extends outwardly from said second band;
      and
PA2  3. a third pin secured to said second lug that removably engages said
      opening in said lug secured to said golf bag;
PA1  f. strap means operatively associated with said first and second means,
      which strap means encircle said bag and secure said can holding assembly
      thereto, and
PA1  g. cover means removably supported from said container for closing said
      opening in said container through which said cans are sequentially
      removed.
NUM  2.
PAR  2. A can holding assembly as defined in claim 1 in which said gimbal
      assembly includes:
PA1  g. two diametrically opposed first pins that extend outwardly from said cup
      adjacent said open end thereof;
PA1  h. a bail that pivotally engages said first pins;
PA1  i. a second pin that extends outwardly from substantially the center of
      said bail; and
PA1  j. a circular plate secured to said second pin, with said circular plate
      and second pin removably and pivotally engaging a cavity and transverse
      slot formed in said first means to support said gimbal assembly and cup
      therefrom.
NUM  3.
PAR  3. A can holding assembly as defined in claim 1 in which said strap means
      includes:
PA1  n. a first strap that is removably positionable in slots formed in said
      first lugs, with said first strap encircling said bag to hold said can
      holding assembly in a secure position thereon.
NUM  4.
PAR  4. A can holding assembly as defined in claim 3 in which said strap means
      includes:
PA1  n. a second strap that is removably positionable in slots formed in said
      second lugs, with said second strap encircling said bag to hold said can
      holding assembly in a secure position thereon.
NUM  5.
PAR  5. A can holding assembly as defined in claim 4 in which said cover means
      is a cylindrical sleeve slidably mounted on said container.
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ABST
PAL  Document filing apparatus comprising two rails adapted for mounting on
      opposite side edges of a drawer or the like container for converting the
      drawer to contain documents or files in a suspended filing system and a
      plurality of tabs which are attachable to the documents or files and which
      can be slidably mounted on the rails. Each rail comprises a channel shaped
      portion having two side walls joined by a web, which is adapted to embrace
      the edge of the drawer to locate the rail on the drawer edge, and a flange
      projecting outwardly from one of the side walls of the rail to slidably
      carry an end of each tab. The flange has a horizontal guideway surface for
      the tab and a rib spaced from the side wall of the rail which locates in a
      recess formed in the tab to locate the tab on the rail and resist
      accidental dislodgement of the tab from the rail. Adjustment means are
      provided on the channel shaped portion of the rail allowing fine
      adjustment of the position of the rail in relation to the side of the
      drawer and locking of the rail in position relative thereto.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application constitutes a continuation-in-part of application, Ser.
      No. 365,635, filed May 31, 1973 now abandoned, and entitled DOCUMENT
      FILING APPARATUS.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The present invention relates to document filing apparatus of the type
      comprising two spaced rails and a tab adapted for attachment to a document
      or file, which is slidably mounted on the rails.
PAR  In our co-pending U.S. application Ser. No. 139,410 there is described a
      document filing device comprising a tab for attachment to a leaf of a
      document or document folder and supporting means for the tab on which the
      tab can be slidably mounted. The present invention is concerned with the
      supporting means for the tab and more particularly is concerned to provide
      supporting means in the form of a rail which can be readily mounted on a
      side wall of a cabinet drawer or the like so as to convert the drawer to
      one which can hold files in a suspended filing system and the position of
      which relative to the side of the drawer can be finely adjusted and
      locked.
PAR  It has already been suggested in U.S. Pat. No. 3,614,185 to provide a rail
      which can fit over the edge of a drawer and which will support file rods
      or tabs. This known rail construction has comprised a portion which is
      sprung onto the edge of the side of the drawer and this has the
      disadvantage that it will only fit a relatively narrow range of drawer
      panel thicknesses and if the drawer panel thickness is too great it is
      liable to work upwardly and spring off the panel edge. The risk of
      dislodgement in this way is increased if files snag the rail as they are
      removed from the drawer.
PAR  A further disadvantage of this known construction is that there is no
      facility for adjusting the position of that part of the rail which
      supports the files in relation to the side of the drawer. The spacing of
      those parts of the two rails which carry the files is therefor determined
      solely by the width of the drawer and if this varies the file supporting
      tab or rod may not fit on the rails or may fit imperfectly so that the tab
      or rod will not slide smoothly along the rails.
PAR  We have also found that substantial economies can be achieved in
      manufacture if the rail is so designed that it can be extruded and
      subsequently cut to the required length. This results in a saving in
      manufacturing costs and a greater flexibility in use since standard
      lengths of rail can be cut to fit any length of drawer or cabinet.
PAR  It is an object of the present invention to provide a rail which can be
      mounted on the side wall of a drawer so as to support files within the
      drawer which substantially reduces or obviates the above described
      problems and disadvantages associated with known rail constructions
      provided for this purpose.
PAC  STATEMENT OF THE INVENTION
PAR  According to the present invention there is provided a rail for attachment
      on a horizontal edge of a vertical panel such as the side wall of a
      cabinet drawer so as to receive an end of a tab having a recess extending
      upwardly from a horizontal edge surface thereof and spaced from a vertical
      edge surface thereof, the rail comprising a channel shaped portion having
      two side walls joined by a web adapted to embrace the said panel edge
      whereby the rail is readily mountable on the panel edge, a flange
      projecting outwardly from one of the said side walls at right angles
      thereto, an upwardly projecting rib extending lengthwise of the flange
      which is spaced from the said one side wall, an upwardly facing
      substantially flat surface on the flange located between the rib and the
      adjacent side wall of the rail and forming a guideway for the said
      horizontal edge surface of the tab when the recess in the tab is located
      over the said rib and adjustment means on the channel shaped portion of
      the rail enabling the spacing of the rib from the panel to be adjusted and
      thereafter clamped in position.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, parly in section of a desk drawer equipped
      with the rails and tabs of the present invention;
PAR  FIGS. 2 and 3 are respectively an end elevation partly in section and side
      elevation of a rail according to the present invention with a part of a
      tab and folder mounted thereon shown in FIG. 2, the rail being mounted on
      a drawer side panel of narrower gauge than that shown in FIG. 1,
PAR  FIG. 4 is an end view of a document folder mounted on two of the tabs
      forming a part of the present invention;
PAR  FIG. 5 is a view similar to FIG. 2 of a modification of the tab attached to
      a single document and mounted on a rail according to the present invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, a desk drawer is indicated generally at 10, having spaced
      parallel side panels 11 and 12. The drawer 10 is formed from metal and has
      upper edge portions 13 and 14. Mounted on the upper edges 13 and 14 of the
      side panels 11 and 12 are two similar rails 15 and 16 only one of which
      will be described in detail.
PAR  The rail 15, which is formed from an extruded metal or metal alloy such as
      aluminium, comprises a channel-shaped portion 17 having side walls 18 and
      19 joined by a flat web 20, a flange 21, and a raised rib 22 on the outer
      edge of the flange 21.
PAR  The internal width of the channel shaped portion 17 is such that it is a
      loose fit over the edge 13 of the panel 11, with the side walls 18 and 19
      embracing the edge of the panel to mount the rail thereon. In order to
      provide for fine adjustment of the position of the rail relative to the
      side panel 11 for a purpose to be described below, each side wall 18 and
      19 of the rail is provided with two tapped holes 23, 23a and 24, 24a
      respectively. The holes in each side wall are spaced apart and similar
      grub screws 25 are threadedly engaged in the holes 23, 23a, 24 and 24a. In
      order to clamp the rail in position on the edge 13 of the panel 11, the
      grub screws 25 in the side walls 18 and 19 are tightened against the
      opposite sides of the panel 11. It will be appreciated that, in addition
      to clamping the rail 15 on the panel 11, the grub screws 25 in each side
      wall 18 and 19 can be used to adjust the position of the rail in relation
      to the panel 11. For instance, the rail can be located and clamped with
      the outer side wall 18 touching the outer surface of the panel 11 or with
      the inner side wall 19 touching the inner surface of the panel 11 or at
      any intermediate position therebetween.
PAR  The side wall 19 is longer than the side wall 18 and the flange 21 projects
      outwardly from the end of the side wall 19 substantially at right angles
      thereto. The upper surface of the flange 21 is substantially flat and
      forms a guideway 26. The raised rib 22 is located along the edge of the
      flange remote from the side wall 19 and extends lengthwise of the rail. An
      internal face 27 of the rib, which faces the side wall 19 lies in a plane
      perpendicular to the guideway 26 and extends upwardly from the guideway to
      a height of approximately 0.062 inches. The flange 21 is approximately
      0.063 inches thick and the dimension a from the bottom surface of the
      flange 21 to the top of the rib 22 is thus approximately 0.125 inches.
PAR  The rails 15 and 16 carry a plurality of tabs 30, 30a each of which is
      attached to a leaf of a document folder 40, 40a. The tabs 30, 30a are
      similar and only the tab 30 will be described in detail. The tab 30 is
      formed, preferably by extrusion in strip form, from a synthetic plastics
      material such as polypropylene or polyvinyl chloride and is rectangular in
      shape, having straight parallel side edges 32 and 33. Two aligned slots 34
      and 35 extend inwardly from the side edges 32 and 33 and recesses 36 and
      37 are formed at the ends of the slots 34 and 35 respectively. The slots
      34 and 35 are defined by upper and lower parallel faces 38, 38a, and 39,
      39a respectively and are approximately 0.120 inches wide, that is 0.005
      inches less than the dimension a referred to above.
PAR  The recesses 36 and 37 extend upwardly from the end of each slot to a
      height substantially greater than the height of the ribs 22 of the rails
      so that the upper edges 38 and 39 of the tab rest on the guideways 23 when
      the tab is mounted on the rails. The width of each slot 34 and 35
      respectively is slightly less than the combined depth of the rib and
      flange of each rail, e.g. dimension a, so that the flange and rib is a
      press fit through the slot. The length of the upper edge faces 38 and 39
      respectively of the slots is substantially less than the width of the
      guideways 23 of the rail.
PAR  Each of the folders 40, 40a comprises two leaves 41 and 42 the free edge
      portion of each of which is folded over and adhered to the remainder of
      the leaf to form an open ended slot 43 and 44 respectively. Each folder is
      attached to a pair of tabs 30, 30a by sliding a tab through each of the
      slots 43 and 44. As can be seen from FIG. 1 the length of the folders is
      such that the ends of the tabs project from the folder to an extent such
      that the slots 34 and 35 of each tab are located wholly outside the
      folder.
PAR  In order to mount a folder 40 on the rails 15 and 16, the folder is held by
      the two tabs 30, 30a which extend through the slots in the leaves 41 and
      42, the folder is positioned above the drawer 10 at an acute angle to a
      line at right angles to the rails and lowered into the drawer until the
      slots 34 and 35 in the two tabs are in line with the flanges of the rails
      15 and 16. The folder and the tabs 30, 30a are then rotated so that they
      extend across the rails, thus forcing the flanges 22 and ribs 21 of the
      rails through the slots 34, 35 in the tabs until the ribs 21 on the ends
      of the flanges locate in the recesses 36 and 37 at the ends of the slots
      in the two tabs. The tabs are then free to slide along the rails with the
      faces 38 and 39 of each tab sliding on the guideways 23 of the two rails.
PAR  If the folder 40 is subjected to a rotational force during its normal usage
      in the drawer 10, this is resisted  pg,9 by the interengagement of the
      tabs and the ribs on the rails. If the folder is accidentally lifted and
      rotated at the same time, the height of the rib on each rail, in relation
      to the width of the slots in the tab is such that the rib will still
      resist rotation of the tab and thus prevent accidental displacement of the
      folder from the rails. The rail itself is securely clamped to the side
      panel of the drawer and thus will not lift away from the drawer under the
      lifting forces applied to it in normal usage.
PAR  It will be appreciated that, in order to achieve an easy and smooth sliding
      action of the tabs along the rails 15 and 16, the spacing of the ribs 22
      of the two rails 15 and 16 must correspond exactly to the spacing of the
      recesses 36 and 37 of each tab. It will be found that the width of a
      drawer will vary substantially and accordingly it is essential that means
      are provided on the rail for compensating and adjusting for these
      variations in drawer width. This is achieved in the present invention, as
      can be seen most clearly from FIG. 2, by adjusting the grub screws 25 on
      each side of the rail 15 and rail 16 to achieve the exact spacing of the
      ribs 22 required to ensure that the recesses 36 and 37 of each tab locate
      exactly over the ribs with the ribs positioned centrally of the recesses.
      The grub screws 25 in the rails 15 and 16 thus provide a means for
      clamping the rails on the drawer sides and for providing the fine
      adjustment which is necessary to ensure that a standard size tab can be
      mounted on the rails and slide freely therealong regardless of small
      variations in the width of the drawer on which the rails are fitted.
PAR  It will be understood that the tabs 30, 30a can be attached to the folders
      40, 40a by alternative methods, for instance they can be stapled to the
      folders and/or adhered to the folders. The tabs can also be attached to
      single documents or document files as shown in FIG. 5 which illustrates a
      tab 50 attached to a document 51. As can be seen, the tab 50 differs from
      the tab 30 in that recesses 52 are formed at the ends of horizontal edge
      surfaces 53 which constitute shoulders on each side of the tab. The
      document 51 is wider than portion 54 of the tab which is attached by
      rivets 55 to the document and thus upper edge 55 of the document performs
      the same function as the bottom edges 38a, 39a of the slots in the tab 30.
      The tab 50 and document 51 are mounted on the rails 15 and 16 in the same
      manner as the tab 30 and function similarly with the same ease of sliding
      movement along the rods and security against accidental dislodgement since
      the spacing between the upper edge of the document and the edge surfaces
      53 of the tab is similar to the width of the rods 34 and 35 in the tab 30.
PAR  The rib on the flange of each rail is preferably positioned at the outer
      edge of the flange, but this is not essential and the rib can be
      positioned between the side wall 19 of the rail and the edge of the flange
      provided that the rib is spaced from the side wall so as to leave a
      guideway surface therebetween to receive the face 38 or 39 of the tab.
PAR  It will be seen from the above that we have provided apparatus comprising a
      pair of rails and a plurality of tabs which can be used to convert an
      empty drawer of a desk or cabinet into an effective suspended filing
      system for documents in a manner which is cheap to produce, easy to
      assemble and which can be readily dismantled so as to return the drawer or
      the like to its original use if required.
PAR  It will also be seen from the above that the rail of the present invention
      is extruded from a metal or metal alloy. This enables the rail to be
      manufactured in standard lengths at a low cost and subsequently cut to
      length to suit the length of the drawer or cabinet into which it is to be
      fitted. This eliminates the necessity to manufacture and stock a range of
      lengths.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Document filing device for a filing cabinet having a drawer provided
      with laterally spaced vertical side wall panels comprising in combination,
PA1  a. a rail for the horizontal edge of each vertical side wall panels,
PA1  b. each rail comprising a channel shaped portion having a depending inner
      and an outer side wall joined by a web connecting the upper edges thereof
      and adapted to embrace said panel edge, whereby the rail is readily
      mountable on the panel edge,
PA1  c. a flange projecting inwardly from said inner side wall at right angles
      thereto,
PA1  d. an upwardly projecting rib extending lengthwise of said flange and
      spaced from said inner side wall,
PA1  e. said rib terminating substantially short of the plane of said web,
PA1  f. an upwardly facing substantially flat surface on said flange located
      between said rib and said inner side wall and forming a guideway,
PA1  g. a tab of a document folder similarly formed at opposite ends with a
      recess extending upwardly from a horizontal edge surface thereof and
      spaced laterally from a vertical edge surface thereof,
PA1  h. said horizontal edge surface engaging said horizontal edge surface of
      the tab respectively when the recess in the tab is located over said rib,
      and
PA1  i. adjustment means on the channel shpaed portion of the rail to engage
      opposite sides of said panel enabling the spacing of the rib from the
      panel to be infinitely adjusted and thereafter secured in position.
NUM  2.
PAR  2. The organization as claimed in claim 1, wherein said adjustment means
      comprises an adjusting screw in each side wall of said rail for engagement
      with the vertical drawer panel.
NUM  3.
PAR  3. Apparatus for converting a container such as a drawer into a document
      filing space comprising a pair of rails each rail for attachment on a
      horizontal edge of a vertical panel such as the side wall of a cabinet
      drawer so as to receive an end of a tab having a recess extending upwardly
      from a horizontal edge surface thereof and spaced from a vertical edge
      surface thereof, the rail comprising a channel shaped portion having two
      side walls joined by a web adapted to embrace the said panel edge, whereby
      the rail is readily mountable on the panel edge, a flange projecting
      outwardly from one of the said side walls at right angles thereto, an
      upwardly projecting rib extending lengthwise of the flange which is spaced
      from the said one side wall, upwardly facing substantially flat surface on
      the flange located between the rib and the adjacent side wall of the rail
      and forming a guideway for the said horizontal edge surface of the tab
      when the recess in the tab is located over the rib and adjustment means on
      the channel shaped portion of the rail enabling the spacing of the rib
      from the panel to be adjusted and thereafter clamped in position, and a
      plurality of tabs each of which is adapted for attachment to a document
      folder, each tab being formed with two parallel side edges, a horizontal
      edge surface adjacent each side edge and a recess extending upwardly into
      each horizontal edge surface and adapted to receive the said rib of a rail
      so that the tab is slidably engaged thereon with the horizontal edge
      surface resting on the said guideway of the rail and slidable therealong,
      the horizontal edge surfaces of each tab comprise the upper edges of a
      pair of slots in the tab and wherein the width of each slot is such in
      relation to the dimensions of the rib on each rail that the rib is a
      force-fit through the slot for location in the recess.
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ABST
PAL  A cassette or similar article storage cabinet including an open frame
      enclosure means including opposed sides having vertically spaced
      horizontally positioned support flanges. One or more flexible partition
      members having support flanges on opposite sidewalls thereof are removably
      engagable with the frame to provide support action. Different sized
      articles can be accepted by providing one or two parallel vertically
      extending partition members in the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore there have been many different types of storage cabinets or the
      like provided. However, frequently it is desirable to use such a storage
      cabinet for storing articles therein of different sizes or, when the
      cabinet is made, it will not be known what sizes of articles are to be
      stored therein. Hence various efforts have been made to provide adjustable
      shelves and partition means in cabinets but all of such structures have
      been relatively costly to make, or they have been difficult to use or to
      adjust for receiving articles therein. Yet a further problem with storage
      cabinets is to provide one that does not have loose components therein
      that can be lost or broken and destroy the operativeness and effectiveness
      of the cabinets.
PAR  The general object of the present invention is to provide a novel and
      improved storage cabinet or device particularly adapted for storing tape
      cassettes therein and which cabinets are characterized by the provision of
      an extra partition member therefor to make the device of a size for
      receiving either of two different sizes of cassettes therein depending
      upon the number of partition members used in the cabinet.
PAR  Another object of the invention is to provide a sturdy low cost but
      dependable storage device for articles, such as tape cassettes, and
      wherein the storage device is made from a plurality of molded members and
      with the cabinet having substantially no removable or loose parts therein.
PAR  A further object of the invention is to provide a storage cabinet
      specifically adapted to receive either small or large cassettes therein
      depending upon the use of one or two removable vertically extending
      partition members in the storage cabinet and forming a portion of the
      storage means therefor.
PAR  Another object of the invention is to provide an attractive inexpensive
      storage cassette cabinet and wherein movable front closure means are
      provided in the unit and wherein the partition members are flexible in one
      direction and they can be readily engaged with and disengaged from the
      cabinet as desired.
PAR  The foregoing and other objects and advantages of the invention will be
      made more apparent as the specification proceeds.
DRWD
PAR  Reference now is particularly made to the accompanying drawings, wherein:
PAR  FIG. 1 is a front elevation of a cassette storage device embodying the
      principles of the invention with one cover member being shown in its
      closed position;
PAR  FIG. 2 is a side elevation of a storage device of FIG. 1 with a portion
      thereof removed and shown in vertical section;
PAR  FIG. 3 is a fragmentary vertical section through the top of the storage
      device taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a side elevation of a modification of the partition member shown
      in FIGS. 1 and 2 of the drawings;
PAR  FIG. 5 is a fragmentary elevation of a storage device of FIG. 1 modified
      for use with different sized articles therein;
PAR  FIG. 6 is a sectional detail of the hinge means on the cover for the
      cassette;
PAR  FIG. 7 is a fragmentary elevation of a portion of a modified storage unit;
      and
PAR  FIG. 8 is a fragmentary vertical section of a modified partition.
DETD
PAR  When referring to corresponding members shown in the drawings and referred
      to in the specification, corresponding numerals are used to facilitate
      comparison therebetween.
PAC  SUBJECT MATTER OF THE INVENTION
PAR  A molded plastic storage cabinet which is adapted to receive articles of at
      least two different sizes therein is provided and includes a frame formed
      from a top, a bottom, and opposite sides, the frames having an open front,
      and closure means slidably engaging the frame and movable to a position
      covering the open front thereof. The sides have vertically spaced
      horizontal support flanges on the inner walls thereof, and a flexible,
      vertically positioned partition member extends depthwise of the frame and
      engages the same, the partition member having support flanges on both
      sides thereof aligned with the side wall support flanges for receiving
      articles and positioning them on both sides of the partition member, the
      partition member being deflectable in a lateral direction for removable
      engagement with the frame by protruding lugs formed on the partition
      member and engaging slots or recesses provided in the frame means.
PAR  Reference now is made to the details of the construction shown in the
      drawings, and a storage cabinet is indicated as a whole by the numeral 10.
      This cabinet 10 is preferably made from molded plastic components suitably
      secured together in a conventional manner for forming a unitary structure.
      The storage cabinet is particularly adapted to receive articles such as
      tape cassettes therein. These cassettes commercially are made today in
      either a small or large size, and the cabinet of the invention is adapted
      to receive and store either the smaller or the larger tape cassettes as
      desired.
PAR  The cabinet includes a frame formed from a top 12, a bottom 14, and
      opposite sides 16 and 18 as well as a back member 20. Each of these sides
      16 and 18 has a plurality of vertically spaced, horizontal support flanges
      22 formed on the inner walls thereof and extending depthwise of the
      cabinet.
PAR  To complete the storage area of the cabinet, one or more flexible,
      vertically positioned partition members 24 is provided and it extends
      depthwise of the frame. In the particular embodiment of the invention
      shown in FIG. 1, two identical partition members 24 are provided in
      parallel relationship spaced equally from each other and the sides of the
      frame. These partition members 24 each have a continuous vertical center
      wall and flat support flanges 26 on the sides thereof and these support
      flanges 26 are horizontally aligned with the flanges 22 on the sides of
      the cabinet to provide spaced support flanges for engaging the stored
      articles, particularly tape cassettes. Each of the partition members 24
      has a plurality of protruding flat lug means or members thereon and one
      such lug member 28 is shown in FIG. 2 as engaging a slot or recess 30
      formed in the back 20 of the cabinet. Similar lugs are provided on the top
      and bottom margins of each partition member for removably engaging slots
      provided in the top and bottom of the cabinet, respectively.
PAR  All of the components of the cabinet 10 are made from suitable moldable
      plastic material such as styrene, or other similar materials to form a
      relatively hard, durable cabinet means. However, even though the partition
      member 24 is relatively sturdy and can support light loads thereon, the
      construction of the partition member is such that it is flexible in a
      lateral direction so that by deflection of the partition member, the top
      and bottom lugs provided thereon can be disengaged from their receiving
      slots provided in the cabinet frame means for engaging the partition
      member therewith or removing it therefrom when temporary laterally
      directed distortion forces are applied to the partition member
      intermediate the top and bottom thereof.
PAR  The smaller tape cassettes to be stored in the cabinet 10 normally do not
      extend the depth of the cabinet 10. Hence, the partition members 24
      usually have vertically spaced, short stops or flanges 32 formed on and
      extending laterally from the partition member in both directions adjacent
      the rear edge thereof, but spaced therefrom, as indicated in FIGS. 1 and 2
      of the drawings. These flanges 32 are not continuous and are positioned
      between and spaced vertically from adjacent pairs of the support flanges
      26 on the partition member whereby the flanges 32 do not interfere with
      the lateral bending or flexibility of the partition members 24.
PAR  Since it is desirable to enclose the cabinet 10 and the contents thereof at
      some times, a pair of closure members 34 and 36 are present in the cabinet
      with one closure 34 being the top closure and the closure 36 being at the
      bottom of the cabinet. Such closures slidably engaged with suitable
      slotted portions or front openings are provided in the cabinet 10 adjacent
      the top and bottom thereof. Each of these closures 34 and 36 has an
      outwardly extending short center handle section 37 provided thereon
      terminating in a flange edge 38 which is adapted to be snapped into or
      seated in slots or recesses 40 individually positioned in opposed vertical
      edges of a short protuberance 41 formed on each of the partition members
      24. Hence, the closures can be removably engaged, when closed, with the
      partition members to provide an attractive appearance for the cabinet and
      to protect the contents of the cabinet from dust and other contaminates.
PAR  The closures 34 and 36 each have an arcuately shaped rear edge 42 formed
      thereon which engages a cylindrically shaped rib 44 provided on the front
      portion of the cabinet adjacent the top and bottom thereof for pivotal
      engagement of the edges 42 of the closures therewith. Thus one can slide
      the closures out of the cabinet and swing the closures through an arc from
      a horizontal inoperative position up to a vertical operative position, as
      indicated in FIG. 2. The ribs 44 usually extend about the width of the
      cabinet and are formed on members adjacent the top and bottom thereof and
      on one margin of the slotted front openings in the cabinet for receiving
      such sliding closures.
PAR  A modified type of a partition member 24a is shown in FIG. 4. In this
      instance, a plurality of support flanges 26a are provided on the partition
      member and extend the depth thereof. The partition member has a number of
      lugs 28a on the back edge thereof for engaging with slots in a cabinet
      back to position the partition member. The partition member 24a is also
      provided with protruding lugs 50 at the top and bottom edges thereof for
      removable engagement with recesses or slots in top and bottom parts of the
      cabinet. Lugs similar to the lugs 50 are also provided on the partition
      member 24, but are not clearly shown in the drawings.
PAR  It should be noted that the partition member 24a has no members thereon
      equivalent to the flanges 32 so that longer depth cassettes can be
      received in the cabinet 10 when the one partition member 24a is positioned
      therein, as indicated in FIG. 5.
PAR  The top 12 normally has an integral handle 52 formed in an elevated center
      section thereof. The handle is defined by hand receiving openings 54
      formed at each side of the central handle section to facilitate grasping
      and moving the cabinet.
PAR  The back of the cabinet normally has keyhole shaped slots 60 provided
      therein whereby the cabinet can be hung onto nails or equivalent members
      on a wall, if desired.
PAR  Normally the bottom 14 of the cabinet frame is recessed as indicated at 70
      for receipt of the elevated handle section on a lower cabinet if two
      cabinets are stacked on top of each other.
PAR  It should also be understood that the partition members 24, which are made
      from styrene or other rather brittle plastic material can have the flanges
      32 snapped or broken therefrom. Hence, the partition member 24 would then
      be of the same shape and style as the partition 24a shown in FIG. 4. Thus,
      the cabinet member could originally be made and sold with two partition
      members 24 for receiving the smaller, shorter cassettes therein, but one
      partition member could be removed and stored while the other partition
      member could be removed by laterally directed forces applied thereto, the
      flanges 32 be broken therefrom and then the partition member could be
      reassembled to provide a center partition and the structure shown in FIG.
      5 for the larger cassettes. Or the cabinet could be provided initially
      with the two partitions 24 and the one partition 24a for alternate use as
      desired.
PAR  By the structure of the invention, a relatively sturdy, low cost plastic
      cabinet member having adjustable storage compartments therein for
      receiving either of two sizes of articles is provided.
PAR  The portions or parts of the cabinet frame can be secured together by
      suitable adhesives or in other manners, as by use of sonic welding or
      making the parts molded to such shapes as to mechanically interlock or
      snap together, as desired.
PAR  It will be realized that the storage device of the invention can be used in
      any position as on its side, also back down (or horizontal) as on a car
      seat, etc., but normally the cabinet would be positioned as shown in the
      drawings and reference is made to the relationship of the parts in regard
      to a vertical positioning of the member.
PAR  In some instances, it may even be desirable to form the flanges 22 on a
      separate partition member and just extending laterally therefrom on one
      side of the partition and then have this partition movably engage with the
      cabinet frame.
PAR  Furthermore, the cabinet top and base could be provided with grooves as
      indicated at 170 in FIG. 7 and in that instance, then the partition
      members 71 used could be rigid and just have sliding engagement with top
      and bottom portions of the cabinet. But, usually the partitions would have
      some lateral flexibility for frame engaging or release action. Obviously,
      the cabinet frame structure still would be adapted to provide slide
      grooves properly positioned for either engaging one center partition
      member, or two spaced center partitions, as well as any side or edge
      partitions as may be used. The partitions preferably all have the stop
      flanges 32 initially formed thereon.
PAR  While the invention has been particularly described with relation to a
      molded storage cabinet, it is possible that the cabinet can be made from
      metal, pressed board or other substances, as desired.
PAR  In some instances, it may even be desirable to provide more partitions than
      those shown in the embodiment of the drawings. However, still the
      partitions and the partition engaging means provided on the cabinet would
      be adapted to receive the partitions removably whereby the size of the
      article being received and the number of articles received can be varied.
PAR  In the cabinet shown, usually the sides 16, 18, the back 20 and the top 17
      can be formed as a unit, or the cabinet members can be otherwise formed
      and be secured together. By forming separate frame or cabinet members, it
      can be shipped in knocked down conditions and then be secured together, as
      by mechanical interlocks at the point of use.
PAR  FIG. 8 shows a modified partition 24b having stops or flanges 32b thereon.
      The flanges 32b are made more easily removable by notches 80 where the
      flanges engage the vertical wall 25 in the partition and by an aperture 82
      in such wall.
PAR  The articles adapted to be stored in the storage device are tape cartridges
      or cassettes and some looseness or freedom is provided in the positioning
      of these articles between the partitions on the support flanges provided
      whereby if the cassettes, cartridges, or tapes are jacketed, they still
      can be received in the storage spaces provided.
PAR  The device of the invention is of low cost, but sturdy construction and is
      readily adapted for use in storing a number of articles of preselected
      sizes therein. Any molded components of the device are designed for ready
      release from the mold by suitable draft angles such as 1.degree. provided
      thereon as on the flanges 26. Hence, the objects of the invention are
      thought to be achieved.
PAR  While several complete embodiments of the invention have been disclosed
      herein, it will be appreciated that modification of these particular
      embodiments of the invention may be resorted to without departing from the
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molded plastic storage cabinet for receiving articles of varied sizes
      comprising
PA1  a frame including a top, a bottom, and opposed sides, which frame has an
      open front, said sides having vertically spaced support flanges on the
      inner walls thereof, a removable vertical partition member extending the
      height of the frame and depthwise thereof, said partition member having
      support flanges on the sides thereof aligned with said side wall support
      flanges for support of articles on both sides of the partition member,
      said partition member being laterally deflectible intermediate its upper
      and lower edges for removable engagement with said frame,
PA1  said top including an integral elevated elongated handle section defined by
      hand receiving openings formed in said top on opposed sides of such handle
      section,
PA1  two cover members individually slidably engaging the frame adjacent either
      the top or the bottom thereof for operatively enclosing the front of said
      frame, each cover member having an arcuately shaped rear edge, a pair of
      transversely extending cylindrically shaped ribs on the front portion of
      the cabinet, one for each cover member, to engage said arcuately shaped
      rear edge of a said cover member for controlled pivotal movement, and
      means on a front portion of said partition member to engage edges of said
      cover members to aid in retaining them in closed position.
NUM  2.
PAR  2. A molded plastic storage cabinet for receiving articles of varied sizes
      comprising
PA1  a frame including a top, a bottom, and opposed sides, which frame has an
      open front, said sides having vertically spaced support flanges on the
      inner walls thereof, a removable vertical partition member extending the
      height of the frame and depthwise thereof, said partition member having
      support flanges on the sides thereof aligned with said side wall support
      flanges for support of articles on both sides of the partition member,
      said partition member being laterally deflectible intermediate its upper
      and lower edges for removable engagement with said frame,
PA1  said partition member having a center wall and laterally directed,
      vertically extending stop flanges on said center wall adjacent but spaced
      from a rear edge thereof, said stop flanges being positioned intermediate
      and spaced from each vertically adjacent pair of support flanges thereon
      and extending into a storage area formed therebetween to contact articles
      moved into said storage area, and notches are formed at the connection of
      said stop flanges to said center wall at one face of said flanges, and an
      aperture is formed in said center wall at the other face of said center
      wall to facilitate breaking off said flanges.
NUM  3.
PAR  3. A molded plastic storage cabinet for receiving articles of either of two
      selected sizes comprising
PA1  a frame including a top, a bottom, and opposed sides, which frame has an
      open front, said sides having vertically spaced support flanges on the
      inner walls thereof, a removable flexible vertical partition member
      extending the height of the frame and depthwise thereof, said partition
      member having support flanges on the sides thereof aligned with said side
      wall support flanges for support of articles on both sides of the
      partition member, said partition member being laterally deflectible
      intermediate its upper and lower edges for removable engagement with said
      frame,
PA1  said partition member having a center wall and laterally directed,
      vertically extending flat surfaced stop flanges on said center wall
      intermediate the front and rear thereof but adjacent to and spaced from a
      rear edge thereof, said stop flanges being positioned intermediate and
      spaced vertically from each vertically adjacent pair of support flanges to
      permit lateral deflection of said partition member, said stop flanges
      extending into a storage area formed between each vertically adjacent pair
      of said support flanges to contact and stop articles being moved into such
      storage area, the said storage areas being adapted to receive one size of
      article when abutted against said stop flanges and to receive the other
      and larger size articles when said stop flanges are removed.
NUM  4.
PAR  4. A molded plastic storage cabinet as in claim 3 where said top includes
      an integral elevated elongated plastic handle section forming a portion of
      said top and defined by hand receiving openings formed in said top on
      opposed sides of said handle section.
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PAL  A retainer device for refrigerators in mobile vehicles such as campers,
      trailers, motor homes and boats to prevent articles on the refrigerator
      shelves from inadvertently and suddenly displacing by motion of the
      vehicle particularly when the door of the refrigerator is opened, the
      retainer device comprises a pair of adjustable support members
      horizontally mounted in a spaced, parallel arrangement across the open
      front of a refrigerator, the support members have a plurality of
      interconnecting bands of preferably elastic material vertically positioned
      against the refrigerator shelves when the article retainer is installed,
      the interconnecting bands having a plurality of bands of preferably less
      elastic material horizontally arranged across the vertical bands forming a
      grid to retain articles on the shelves within the refrigerator.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a device for retaining articles on the shelves of
      a refrigerator of the type used in mobile vehicles where the articles are
      subject to sudden or gradual displacements caused by motion of the
      vehicle. Refrigerators, particularly small compact refrigerators, are
      currently installed in a variety of mobile vehicles such as campers, vans,
      trailers, mobile or motor homes, and a variety of sailing or cruising
      boats. Often, such refrigerators are opened when the vehicle is in motion
      or is parked after having been in motion that has caused articles on the
      refrigerator shelves to be shifted against the door. The sudden and
      inadvertent displacement of the articles when the door of the refrigerator
      is opened is both anoying and inconvenient, particularly when items on the
      shelves are spilled out onto the floor. Additionally, in many
      refrigerators, shelves are arranged within a refrigeration compartment
      such that they are normally displaced from the inside wall of the
      refrigerator door providing a clearance. In such refrigerators, the
      articles on the shelves are subject of a back and forth displacement
      during rocking of the vehicle although the door remains shut. Such sudden
      or gradual displacements may cause articles supported on the shelves to be
      lodged in the clearance and to fall or spill when the door is opened.
PAR  The retainer device of this invention restricts the articles on the shelves
      from movement over the edges of the shelves both when the refrigerator
      door is shut and open. The device comprises a pair of elongated support
      members which are adjustable in length in order that they may be installed
      across the openings of refrigerators having different dimensions. The
      support members are telescopic and spring loaded such that the ends of the
      support members are mountable against the inside side walls of a
      refrigerator and retained in place by the expansion force of a compressed
      spring within the support members. Interconnecting the two support members
      are a plurality of spaced bands fabricated from an elastic material, such
      as elastic cloth webbing. The support members are horizontally mounted
      across the top and bottom of the refrigerator opening such that the spaced
      bands are vertically arranged and stretched against the front edge of the
      refrigerator shelves.
PAR  In addition to the vertical bands, a plurality of horizontal bands are
      included in the preferred embodiment to form a grid or web for retaining
      articles on the shelves which have shifted forward during motions of a
      vehicle. While these bands may also be elastic, it is preferred that they
      be fabricated of a less elastic cloth material for economy and simplicity.
      The horizontal bands are preferably, but not necessarily, slidably
      connected to the vertical bands when the retainer is installed in a
      refrigerator, such that the horizontal bands receive support from the
      vertical bands, yet are adjustable to optimum position for retaining
      articles on the shelves. The horizontal bands are connected at their ends
      to the two outermost vertical bands such that a grid is formed in front of
      the shelves by the bands and support members.
PAR  While the vertical bands may also be fabricated from a plain cloth material
      with satisfactory results, it is preferred that these bands be elastic to
      allow the retaining device to be adjustable within limits in the vertical
      direction, and to generate a firm retaining force against the front edges
      of the shelves. This will prevent the shelves from rattling and in those
      cases where the shelves are slidable, will prevent the shelves from
      displacing. Furthermore, the elastic nature of the vertical bands allows
      them to be manually stretched aside for removal of smaller items from the
      shelves without removing the retaining device from in front of the
      refrigerator opening.
PAR  It is contemplated that removal of larger items may require the removal of
      the retainer device, most conveniently by withdrawing and lowering the
      upper of the two support members.
PAR  While the retainer device may be oriented such that the two support members
      are vertically positioned, being mounted against the top and bottom inside
      surfaces of a refrigerator, the horizontal arrangement is preferred since
      the horizontal dimensions of refrigerators of this type are generally more
      consistent than the vertical dimensions and thus more compatible with the
      range of adjustment of the support members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the shelf retainer illustrated installed in
      a compact refrigerator.
PAR  FIG. 2 is a fragmentary front elevational view of the shelf retainer.
PAR  FIG. 3 is an enlarged fragmentary front elevational view, partially in
      cross section, illustrating the detail of a support member of the shelf
      retainer.
PAR  FIG. 4 is a fragmentary sectional view of the support member taken on the
      lines 4--4 in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the article retainer designated generally by the
      reference numeral 10 is illustrated installed on a compact refrigerator 12
      of the type customarily carried by mobile vehicles (not shown) such as
      campers, vans, trailers, mobile and motor homes, botas, and the like. The
      refrigerator 12 includes a plurality of shelves 14 carried on mounts 16
      (one visible in FIG. 1) within a refrigeration compartment 15, defined by
      inside walls 17 and a door 18. The refrigerator 12 in FIg. 1 has the door
      18 shown open permitting access through the open front of the
      refrigeration compartment to articles designated generally by the
      reference numeral 20, supported on the shelves 14.
PAR  The article retainer 10 is mounted in the front of the refrigerator against
      the front edges 22 of the shelves 14. The article retainer is constructed
      with two support members 24 and 26, respectively, which are mounted
      against the inside sidewalls 17 of the refrigerator 12. Connecting the
      upper and lower support members 24 and 26 are a plurality of spaced
      vertical bands 28, fabricated of an elastic material such as elastic cloth
      webbing. The support members 24 and 26 are horizontally arranged across
      the open refrigerator in an upper and lower parallel spaced manner such
      that the elastic bands 28 are stretched between the two support members
      against the front edges 22 of the shelves 14.
PAR  Horizontally arranged bands 30, fabricated from a cloth material, are
      connected at their ends 30a to the outermost vertical bands 28. These
      horizontal bands 30 are preferably positioned in front of the vertical
      bands 28 when the retainer device 10 is installed in the refrigerator 16,
      thereby gaining the lateral support of the elastic vertical bands 28.
PAR  The preferred manner of connecting the vertical bands 28 to the support
      members 24 and 26, and the horizontal bands 30 to the vertical bands 28 to
      form a grid is illustrated in FIG. 2. Referring to FIG. 2, the support
      members 24 and 26 are telescopically constructed with outer sleeve members
      32 and 34 and inner slide members 36 and 38, respectively, enabling the
      support members to span the distance between the sidewalls 17 of the
      refrigerator, shown, as well as other refrigerators of differing
      dimensions. The support members have rubber-like shoes mounted at each end
      which abut the sidewalls 17.
PAR  The vertical bands 28 are connected to the support members 24 and 26 by
      looping the ends 42 of the bands over the support members and fastening
      the ends 42 to the body of the bands by stitching 44. Similarly, the ends
      46 of the horizontal bands 30 are looped around the outermost of the
      vertical bands 28 and fastened to the body of the bands by stitching 48.
      Additionally, a plurality of short strips 47 are fastened by stitching 49
      to the body of the bands 30 on each side of a vertical band as shown. It
      is preferred, but not necessary, that the vertical bands and the
      horizontal bands be loop stitched in the manner shown since this manner of
      fastening has the beneficial features of allowing the vertical bands to be
      uniformly adjusted along the length of the support members, regardless of
      the telescoped length of the support members, and allowing the horizontal
      bands to be vertically adjusted to the most effective position for
      retaining items on the refrigerator shelf.
PAR  The mechanism employed for adjusting the length of the support members 24
      and 26 and for supporting the members against the sidewalls 17 of the
      refrigerator is shown in FIGS. 3 and 4.
PAR  Referring to FIGS. 3 and 4, the upper support member 24, shown as an
      exemplar of the two identically constructed members 24 and 26, has the
      inner slide member 36 telescopically inserted within outer sleeve member
      32. The outer sleeve member 32 has a longitudinal slot 50 through which a
      locking bolt 52 is inserted. The locking bolt 52 is seated on a washer 54
      and engages a sliding anchor bracket 56 within the sleeve member 32
      fastening thereto by a nut 58. The anchor bracket 56 has an end tab 60
      fixed to one end of a compression spring 62, as shown also in FIGS. 3 and
      4. The opposite end of the compression spring 62 abuts the closed end 64
      of the slide member 36, as shown in FIG. 3.
PAR  By loosening the bolt 52, the telescopic position of the sleeve member 32
      and slide member 36 can be adjusted by movement of the anchor bracket 56
      and compression spring 62. For proper support, the adjusted length,
      without compression of the spring 62, should be approximately an inch
      longer than the span across which the support members are mounted.
PAR  The bolt 52 is then tightened thereby fixing the position of the anchor
      bracket 56. By forcing the slide member 36 in the sleeve member 32,
      thereby compressing the compression spring, the effective length of the
      support member is reduced. The support member can thus be positioned
      between the sidewalls 17 of the refrigerator and released. The expansion
      force of the compression springs acts on the inserted shoes 40 on the ends
      of the support members and the sidewalls to hold the support members, by
      force of friction, in position.
PAR  While in the foregoing specification, embodiments of the invention have
      been set forth in considerable detail for the purposes of making a
      complete disclosure thereof, it will be apparent to those skilled in the
      art that numerous changes may be made in such details without departing
      from the spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a mobile refrigerator having, in combination, a refrigeration
      compartment defined by inside walls, an open front, and a door affording
      access to the refrigeration compartment through the open front, the
      compartment having at least one shelf for supporting removable articles
      thereon, the improvement comprising: an article retaining device
      including:
PA1  a. first elongated adjustable cross-member mounted between the sidewalls;
PA1  b. second elongated adjustable cross-member mounted between the sidewalls,
      and below and parallel to said first cross-member; each of said
      cross-members comprising a sleeve member and a slide member with an end
      telescopically inserted in said sleeve member;
PA1  c. means for horizontally mounting said crossmembers between the sidewalls
      comprising an anchor bracket slidably connected to said sleeve member;
      locking means for selectively fixing said anchor bracket to said sleeve
      member; a compression spring having a first end contacting said anchor
      bracket and a second end contacting the end of said slide member said
      compression spring being compressible between said anchor bracket and the
      end of said slide member, said cross-members having opposite ends which
      are forced against said opposing sidewalls when said compression spring is
      compressed, and;
PA1  d. a web comprising a plurality of elastic vertical bands and a plurality
      of horizontal bands, said plurality of vertical bands each having first
      ends connected to said first cross-member and second ends connected to
      said second cross-member.
NUM  2.
PAR  2. The article retaining device of claim 1 wherein said plurality of
      horizontal bands are slidably connected to said plurality of vertical
      bands.
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ABST
PAL  A device for incorporation into the housing of a hand held power tool to
      locate an electrical plug body firmly in place on the housing exterior. A
      base of the device is firmly held within the housing by being of a
      corresponding shape with filler means contributing towards base
      securement. A neck portion extends through the power cord opening in the
      housing. The plug body is exterior of the housing and may be of the
      standard type or provided with twist-lock terminals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed toward a device for the novel mounting of
      an electrical plug member rigidly on a power tool housing.
PAR  Hand held power tools commonly include a length of permanently attached
      electrical cord several feet in length with a plug member thereon for
      insertion into a wall or extension cord outlet or socket. Often many power
      tools are stored or carried together by workmen within a tool box
      resulting in their attached lengths of cord becoming entangled with one
      another and with other tools which necessitates time consuming
      disentanglement prior to starting each job. A second disadvantage to tools
      having permanently attached lengths of cord is that hurried untangling of
      same oftimes results in damage to other tools within the tool box and to
      their cords. Further, the length of electrical cord provided integrally
      with each tool contributes to tool cost which could be avoided by use of a
      single cord of convenient length for all power tools.
PAC  Summary of the Invention
PAR  The present invention is directed toward the installation of a plug member
      on a power tool housing such as for example on the handle of a power drill
      to enable convenient attachment and separation of a suitable length of
      power cord.
PAR  For installation within a tool housing, the present device includes a base
      of dielectric material which is configured for reception within the
      housing. Said base, in conjunction with filler means, serves to mount an
      electrical plug member exteriorly adjacent the tool housing wall in a
      secure manner. Accordingly, both axial and twisting loads as may be
      imparted during socket coupling or uncoupling as well as loads encountered
      during tool use are withstood without dislocation of the device. An
      exterior portion of the device embodies substantially conventional plug
      components which may be those of either standard three-prong configuration
      or twist-lock prongs commonly found on cords used in conjunction with
      heavy-duty power tools. A modified form of the invention utilizes shims
      providing secure attachment of the device to the tool housing.
PAR  Important objects of the invention include the provision of: a plug member
      adapted for convenient incorporation into an existing tool housing to
      provide an electrical plug closely adjacent the tool housing for reception
      of a service cord of any length; a plug member having a base interiorly
      disposed within a tool housing in a manner resisting both axial and
      twisting loads imparted to the plug member during coupling and uncoupling
      of the cooperating plug member; a plug member readily adaptable to
      existing power tools without modification of the tool; a device attaining
      the aforementioned objectives while providing insulative protection to
      current carrying wires; a device having a base internally housed within
      the tool and rigidly supporting plug components of either the standard or
      twist-lock type for use with a power cord of a desired length which may be
      detached and stored separately in an orderly manner at the completion of a
      job.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of a hand held power tool with a portion
      of the tool housing broken away to disclose the present invention,
PAR  FIG. 2 is a side elevational view of the device removed from the tool
      housing,
PAR  FIG. 3 is a plan view of FIG. 2,
PAR  FIG. 4 is a view similar to FIG. 3 with the base configured for
      incorporation within the tool housing of FIG. 1,
PAR  FIG. 5 is an elevational view of separated tool housing halves with the
      present device being shown partially installed therewithin,
PAR  FIG. 6 is a view similar to FIG. 1 showing a portion of a tool housing
      broken away and within which a modified form of the invention is
      installed,
PAR  FIG. 7 is an enlarged plan view of a shim used in the modified form of the
      invention, and
PAR  FIG. 8 is a perspective view of a collar for use in conjunction with the
      modified form of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With continuing reference to the accompanying drawings wherein applied
      reference numerals indicate parts similarly identified in the following
      specification, the reference numeral 1 indicates generally a conventional
      power drill of the hand held type used primarily for powering drill bits
      2. Such power drills normally include a light weight housing 3 of cast
      metal or a combination of cast metal and durable plastic enclosing the
      drill motor and switch components.
PAR  Conventionally, electrical current is provided to the drill motor via a
      power cord 4 which extends through a tool housing handle portion 3A the
      cord normally being several feet in length beyond a handle bottom wall 5
      and fitted with a plug for insertion into a wall outlet or extension cord
      socket.
PAR  The present plug device is indicated generally at 10 having a base 11 for
      disposition internally within the tool housing which, as shown in FIG. 1,
      may be the handle portion 3A of a power drill housing. As the present
      invention is intended for incorporation into other hand held power tools
      it will be readily obvious that its use is not restricted to the
      particular combination shown but rather is intended for use with any tool
      having a separable housing within which may be installed base 11. Other
      tools for example may include various types of portable sanders and saws.
PAR  With reference to FIG. 2, base 11 is integral with a neck portion 12 which,
      in turn, is integral with a plug body 13. The base, neck and plug body are
      of molded, dielectric construction having an opening 14 extending
      therethrough for the reception of power cord segment 4 which may be that
      cord originally provided with the power tool. Power cord wire leads
      terminate in securement with binding posts 19 or other suitable connection
      to contact blades 15 and a ground prong 16. Details of the binding posts
      and lead attachment thereto are in accordance with conventional practice.
PAR  Base 11 is of a durable dielectric material such as nylon, of a planar
      shape, which lends itself to shaping, as by filing, to correspond to that
      area of the tool housing in which it is to be received. FIG. 4 discloses
      the base 11 typically configured for placement within the handle portion
      3A of power drill 1 with other configurations of base 11 being suitable
      for other tool installations. An objective obtained by the reconfiguration
      of base 11 is the prevention of rotational movement of the base within the
      housing. In other instances where there is no housing structure
      immediately adjacent base 11, later described filler means is of a
      cementitious nature to effect secure attachment between the base and
      internal housing structure.
PAR  With reference to FIGS. 1 and 5, the separable housing 3 of the drill is
      opened for installation of the device within hand portion 3A. Typically, a
      bottom wall 5 of said handle portion defines an opening which normally
      receives power cord 4 and some sort of grommet device to prevent cord
      abrasion. Device 10 is placed into one-half of the drill housing handle as
      shown in FIG. 5 with filler means in the form of tube contained
      cementitious material 17 being injected intermediate the base and bottom
      wall 5 of the handle portion. A suitable material for this purpose is
      silicone cement which has an adhesive nature and sets up to a very firm
      consistency. The cement adheres to base 11 and bottom wall 5 thereby
      securing base 11 firmly within the handle portion. The remaining half of
      the disassembled handle portion 3A is likewise provided with a thickness
      of cementitious material 17 approximately the thickness equal to the space
      between the opposing surfaces of base 11 and bottom wall 5 with reassembly
      of the drill housing resulting in the lowermost surface of base 11 being
      supported fully by the cementitious material 17. The passage of any
      material upwardly past the outer edge of base 11 is not critical and in
      some instances further secures base 11 within its encompassing housing 3A.
      Setting up of the cementitious material 17 provides a firm support for
      base 11 to resist axial and rotational displacement of the device during
      both coupling and uncoupling of an extension cord socket S or loads
      imparted during use or accidental dropping of the tool.
PAR  FIG. 6 discloses a modified form of the invention wherein the device
      indicated generally at 10' includes a base 11', a neck 12', a plug body
      13' with contact blades 15' and a ground prong 16'. The embodiment is as
      above described in the first form of the invention with the exception of
      the use of shims 18 in place of cementious material 17. The shims are
      bifurcated at 20 to enable same or a number of same to be slipped onto
      neck 12' immediately below base 11' prior to placement of the device into
      the disassembled handle portion of tool 1. Each shim 18 is desirably of
      dielectric material which may also be shaped along with base 11' if
      necessary for accommodation within a particular tool housing. The shims 18
      serve to act as filler means between a handle wall 5' functioning in the
      manner of cementitious material 17 to secure the device in place. A collar
      21 serves as an adapter in instances where neck 12' is of considerably
      less diameter than the opening in bottom wall 5' of the housing. Collar 21
      may be used with either form of the invention to take up any disparity
      between the outer diameter of neck 12 or 12' and the cord opening
      typically provided in bottom wall 5, 5' of a power drill.
PAR  In a typical installation procedure, drill housing 3 is separated into its
      complementary halves as shown in FIG. 5 with the power cord 4 being
      severed a few inches below bottom wall 5. The severed cord end is threaded
      through opening 14 of the device whereupon the device is initially placed
      into a handle portion. The wire leads are stripped, cut and secured to
      binding posts 19 all in the well known manner. The contact blades 15 and
      prong 16 are intended to be typical of plug mounted contacts as it is to
      be understood the present device is equally adaptable to mounting
      twist-lock contacts as commonly used on heavy-duty power cords and power
      tools. Similarly, the attachment of leads of power cord 4 to plug contacts
      may be in any suitable manner.
PAR  While I have shown but a few embodiments of the invention it will be
      apparent to those skilled in the art that the invention may be embodied
      still otherwise without departing from the spirit and scope of the
      invention.
CLMS
STM  Having thus described the invention what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. A device for incorporation into the separable housing of a hand held
      power tool for mounting an electrical plug member component in exterior
      abutment with the housing, said device including,
PA1  a base of non-metallic material disposed within the tool housing, said base
      of a shape substantially corresponding to an interior cross section of the
      housing,
PA1  a plug body exterior of the tool housing and having contact blades
      projecting outwardly therefrom, a wall surface of said plug body for
      abutment with an exterior wall surface of the tool housing,
PA1  a cylindrical neck portion extending intermediate said base and the plug
      body and of slightly greater length than the thickness of the tool housing
      wall, said neck portion of a diameter enabling reception within a cord
      receiving opening formed within said wall surface of the tool housing, and
PA1  filler means disposed and fully occupying that area intermediate said base
      and the interior of said wall surface of the tool housing, said filler
      means contributing towards securement of the base in place within the tool
      housing thereby rigidly mounting the exteriorly located plug body against
      both axial and rotational loads.
NUM  2.
PAR  2. The device claimed in claim 1 wherein said filler means is of a
      cementitious nature.
NUM  3.
PAR  3. The device claimed in claim 1 additionally including a collar disposed
      about said neck portion and constituting an adapter.
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ABST
PAL  An electrical connector that includes an assembly for demountably mounting
      the electrical contacts within a connector body. The contact retention
      system includes an insert (30) that includes a plurality of generally
      rectangularly shaped retention members (31) that provide for lateral
      support of a contact (10) in addition to preventing rearward movement of
      the contact once it is completely inserted into the insert (30). The
      retention members are resiliently expandable in a radial direction so that
      the contact retention members will expand to allow the enlarged portion of
      the contact to pass through the insert but contract behind the enlarged
      portion of the contact to prevent rearward movement thereof.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 433,965 filed Jan. 16, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical connectors of the type having a
      plurality of contacts in one connector member which are mateable with a
      plurality of contacts in another connector member when the members are
      inter-engaged. This invention is more particularly related to a retention
      mechanism in the connector members which permits the contacts to be
      snapped into their operative position in respective bores in the
      insulators of the connector members and also permits the contacts to be
      released for withdrawal from the respective bores by use of a suitable
      release tool.
PAR  Various systems have been employed in the electrical connector art for
      snap-in retention of the contacts in the insulation bodies of the
      connector members. Some systems of this general type utilize individual
      spring retention clips or rings which circumscribe the respective contact
      members and are either mounted on the contacts for engagement against
      respective shoulders in the insulator bores or mounted in the bores for
      engagement against the respective shoulders on the contacts. Two examples
      of such retention mechanisms may be found in U.S. Pat. No. 3,366,921
      entitled "Electrical Connector," issued Jan. 30, 1968 to P. C. Culver; and
      U.S. Pat. No. 3,158,424 entitled "Contact Mounting", issued Nov. 24, 1964
      to R. Bowen.
PAR  In electrical connector assemblies where it is not necessary to have
      individual contact retention mechanisms, the individual contact retention
      mechanisms may be assembled into a single assembly which demountably
      retains a plurality of electrical contacts, each of which is independently
      releasable. One example of a single assembly that demountably retains
      electrical contacts may be found in U.S. Pat. No. 3,165,369 entitled
      "Retention Systems for Electrical Contacts", issued Jan. 12, 1965 to J. W.
      Maston. A particular disadvantage associated with this design is that it
      is characterized by a plurality of tower configurations that extend above
      the surface of the inset and, because of the material which they were
      comprised of, and their exposed position, are subject to damage during
      handling. Obviously, damage to one of the insert retention towers made it
      necessary to discard the entire assembly since the retention towers were
      an integral part of the retention assembly.
PAR  Subsequent improvements to the foregoing types of contact retention
      mechanisms involve moving the integral contact retention fingers from the
      outside surface of an insert to the internal portions of the insert by
      placing them within the passages in the insert which receive the contacts.
      One example of this type of contact retention mechanism may be found in
      U.S. Pat. No. 3,727,172 entitled "Electrical Connector" issued Apr. 10,
      1973 to K. M. Clark.
PAR  A significant problem associated with all the aforementioned contact
      retention mechanisms is that the retention fingers which prevent rearward
      movement of the contact must be resilient enough to expand, yet rigid
      enough to prevent rearward movement of the contact against forces normally
      operating on the contact. It has been pointed out that a severe problem
      arises in making integral plastic fingers strong enough to resist the
      rearward forces imposed on the contact without buckling and breaking. The
      retention fingers are loaded as columns, and, because their outer ends are
      free from engagement with a contact shoulder, they ordinarily lack
      stability. This, in turn, reduces the loading that they can withstand
      before buckling. Also, retention fingers of conventional configuration are
      loaded eccentrically to their neutral column centers, increasing the
      tendency to buckle under load. The relatively thin fingers additionally
      are subject to possible failure in shear, or may break from an inability
      to flex properly. The most recent approach to solving this problem is
      disclosed in the aforementioned Clark patent wherein the forward ends of
      the fingers are made thicker than the bases of the fingers and are
      provided with radial edges to engage the contact shoulders. The finger
      ends also include inner surfaces that are cylindrical segments to
      complementarily engage the barrel of a contact, the thinner base portions
      of the fingers providing the flexibility to allow contact insertions but
      also providing a weak point in the retention finger.
PAR  Accordingly, the problem with existing electrical connector contact
      retention assemblies is that the retention fingers used therein are
      subject to forces which adversely affect or cause failure of the retention
      fingers.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an alternate approach to existing contact retention
      assemblies by providing contact retention members integral with the
      contact returning insert that have a shape and arrangement that
      distributes the forces applied thereto by a contact in a manner that
      prevents failure or adverse stress and strain on the retention fingers.
PAR  The invention is an electrical connector characterized by a contact
      retaining mechanism that includes a plurality of generally rectangularly
      shaped contact retaining members 31 that are an integral part of the
      contact retaining insert. The arrangement of the retention members within
      the connector insert passage provides an improved means for preventing
      rearward movement of an electrical contact inserted into the passage as
      well as providing longitudinal support to the contact which inhibits
      radial movement of the contact during normal use or handling.
PAR  In one embodiment of the invention, an electrical connector unit
      incorporating the principle of the invention comprises: a first insulator
      20 having a plurality of bores 25 therethrough extending from a forward
      face 21 to a rearward face 26, each of said bores 25 having a central
      axis; and a second insulator having a front face 36 mounted against the
      rearward face 26 of the first insulator 20, said second insulator 30
      having a plurality of passages 35 therethrough, each axially aligned with
      the central axis of a respective bore 25 in said first insulator 20, each
      of said bores 25 and passages 35 adapted to receive an electrical contact
      10, which is insertable from the rear of said second insulator 30, each of
      said contacts 10 having an enlarged section 12 defining a rearwardly
      facing shoulder 120 and a forwardly facing shoulder 122, said second
      insulator 30 further including: a plurality of rectangularly shaped
      contact retention members 31-34 disposed in each of said passages 35, said
      members 31-34 having a front end, a rear end 311 and an adjacent side
      between said front and rear ends which is integral with said second
      insulator 30 so that said retention members 31-34 extend from the walls of
      said second insulator passages 35, each of said rear ends 311 tapering
      inwardly from the wall of said passage toward said central axis in the
      direction of said first insulator 20, each of said forward ends including
      a forwardly facing surface 310 which is integral at one end with the
      passage wall, each of the forwardly facing surfaces 310, 320 being equally
      distant from the front face 36 of said second insulator 30, each of said
      retention members 31-34 being resiliently expandable away from said
      central axis to permit the enlarged contact section 12 to pass into said
      passage and past the retention members 31-34 upon forward insertion of the
      contact into the passage and respective bore from the rear of the second
      insulator 30, the retention members 31-34 contracting behind the
      rearwardly facing shoulder 120 on the contact 10 upon insertion so that
      the forwardly facing surfaces 310, 320 of the retention members 31-34
      engage the rearwardly facing shoulder 120 of contact 10 to limit rearward
      movement of the contact in the passage 35, the contact retention members
      being substantially rigid in the axial direction when in their contracted
      position behind the enlarged portion of the contact so as to provide a
      positive stop against rearward movement of the respective contact.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved approach to prior art contact mounting systems.
PAR  It is another object of this invention to provide contact retaining members
      that provide lateral support for a retained contact so as to inhibit
      radial movement of a contact.
PAR  It is also an object of this invention to provide contact retaining fingers
      that have a configuration which improves their contact retaining function.
PAR  It is a further object of this invention to provide contact retaining
      fingers that have a configuration that reduces the stress and/or strain
      applied to such fingers during use.
PAR  It is a further object of this invention to provide an improved electrical
      connector.
PAR  It is still a further object of this invention to provide a contact
      mounting assembly which allows for individual removal of contacts mounted
      therein. In this connection, the invention contemplates that a suitable
      tool, such as a blade or semi-circular sleeve, may be inserted to depress
      the resilient retention members away from its locking position with the
      contact and thus enable the contact terminal to be manually withdrawn from
      the rear of the insulator without access to or engagement of any part of
      the forward end of the terminal or face of the insulation bar.
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings and claims which form a part of this
      specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of an electrical connector that
      illustrates the contact retention members in their contact retaining
      position.
PAR  FIG. 2 is a cross-sectional view of the contact retaining members taken
      along lines II--II of FIG. 1.
PAR  FIG. 3 is a diagrammatic view which illustrates the shape of the contact
      retaining members, with an electrical contact located in a partially
      inserted position before the retention members have been deflected.
PAR  FIG. 4 is a partial cross-sectional view which illustrates the position of
      the contact retention members when the enlarged portion of an electrical
      contact has deflected the retention members.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of an electrical connector wherein
      a contact 10 is located in the fully inserted position with the contact
      retention members 31, 32 contracted behind the shoulder 120 of the contact
      10 to prevent rearward movement of the contact. The electrical connector
      unit shown in FIG. 1 includes a forward insulator 20; a rear insulator 30,
      that includes an integral part thereof contact retention members 31, 32;
      and a contact 10 retained by the insulators 20 and 30.
PAR  The forward insulator 20 includes a forward face 21, a rear face 26, and a
      plurality of bores 25 which extend between the front face 21 and a rear
      face 26, each of the bores 25 in the insert 20 having a generally
      cylindrical configuration for receiving the contact member 10 and having a
      central axis.
PAR  The rear insulator 30 includes a forward face 36; a cylindrical passage 35
      axially aligned with the central axis of a respective bore 25; and a
      plurality of rectangularly shaped retention members 31, 32 extending from
      the wall of the passage 35. Each of the rectangularly shaped retention
      members 31, 32 include a forwardly facing surface 310, 320 which are
      equally distant from the faces 36 of the insert 30. The front portions
      310, 320 of the retention members 31, 32 provide internal forwardly facing
      shoulders. Each of the retention members are resiliently deflectable in
      the direction away from the central axis. Although the passage 35 is
      illustrated as having a uniform diameter, the diameter of the passage 35
      may be increased or decreased to obtain different advantages. For example,
      the diameter of the passage 35 along that portion that includes retention
      members 31, 32 may be enlarged so that the thickness of the retention
      members 31, 32 may be increased and sufficient clearance provided to allow
      the retention members to be deflected in the direction away from the
      central axis, thereby allowing the large portion 12 of the electrical
      contact 10 to pass by the retention members in the forward direction.
PAR  The contact 10 is a male pin-type electrical contact that includes an
      enlarged portion 12 that has a forwardly facing shoulder 122, a rearwardly
      facing shoulder 120 and a peripheral portion 121. When the contact 10 is
      in the fully inserted position as shown, the forwardly facing surfaces
      310, 320 of the retention members 31, 32 engage the rearwardly facing
      shoulder 120 of the contact 10 to prevent rearward movement of the
      electrical contact 10. Forward movement of the electrical contact 10 is
      prevented by engagement of the forwardly facing contact shoulder 122 which
      engages the rearward face 26 of the forward insert 20.
PAR  FIG. 2 is a cross-sectional view of the contact retaining members taken
      along lines II--II of FIG. 1. FIG. 2 illustrates how each of the contact
      retaining members 31, 32, 33, 34 are arranged behind the enlarged portion
      12 of the electrical contact 10 to prevent rearward movement thereof.
PAR  Each of the contact retaining members 31, 32, 33, 34 are an integral part
      of the insulator 30 and are resiliently deflectable in the radial
      direction to allow the enlarged portion 12 of the contact 10 to pass into
      the passage 35 when the contact 10 is inserted in the passage from the
      rear of the passage. Although two retention members may be joined to the
      insulator 30 at a common point, it is preferred that each of the retention
      members 31, 32, 33, 34 be integral with the insulator 30 at different
      points so as to better distribute shear forces acting upon the members 31,
      32, 33, 34 may radially deflect sufficiently to allow the passage of the
      enlarged portion 12 of the contact 10 through the passage 35.
PAR  FIG. 3 is a diagrammatic view used to illustrate the configuration of the
      retention members. Each retention member 31 has a rear end portion 311
      that is tapered inwardly from the wall of the passage towards the central
      axis in the direction of the first insulator 20 and a front portion that
      includes the forwardly facing surface 310, one end of which is integral
      with the wall of the passage 35. This configuration is substantially
      different from prior art retention members which terminate in a free end
      that contracts behind a contact shoulder 120 to retain the contact 10. The
      inventor believes that this configuration of a retention member is not as
      subject to buckling as a result of rearwardly applied force as are the
      retention fingers described in the aforementioned patents which incline
      inwardly and forwardly with respect to the central axis. The configuration
      shown in FIG. 3 allows the enlarged portion 12 of a contact 10 to expand
      the contact retention member 31 away from the central axis when the
      contact 10 is inserted into the passage 35 towards the forward insert 20.
      FIG. 3 also illustrates the fact that the retention member 31 will be
      subject substantially only to shear when a contact 10 is retained and a
      rearward force applied to a contact.
PAR  FIG. 4 is a partial cross-sectional view which illustrates the position of
      the contact retention members 31, 32, 33, 34 when enlarged portion 12 of
      the electrical contact 10 has deflected the retention members 31, 32, 33,
      34.
PAR  While a preferred embodiment of the invention has been disclosed, it will
      become apparent to those skilled in the art that changes may be made in
      the invention as set forth in the appended claims and, in some instances,
      certain features of the invention may be used to advantage without
      corresponding use of other features. Accordingly, it is intended that the
      illustrative and descriptive materials herein be used to illustrate the
      principles of the invention and not to limit the scope thereof.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. An electrical connector unit comprising:
PA1  a first insulator having a plurality of bores therethrough extending from a
      forward face to a rearward face, each of said bores having a central axis;
      and
PA1  a second insulator having a front face mounted against the rearward face of
      the first insulator, said second insulator having a plurality of passages
      therethrough, each axially aligned with the central axis of a respective
      bore in said first insulator, each of said bores and passages adapted to
      receive an electrical contact, which is insertable from the rear of said
      second insulator, each of said contacts having an enlarged section
      defining a rearwardly facing shoulder and a forwardly facing shoulder,
      said second insulator further including:
PA1  a plurality of rectangularly shaped contact retention members disposed in
      each of said passages, said members having a front end, a rear end, and an
      adjacent side between front and rear ends which is integral with said
      second insulator so that said retention members extend from the walls of
      said second insulator passages, each of said rear ends tapering inwardly
      from the wall of said passage towards said central axis in the direction
      of said first insulator, each of said forward ends including a forwardly
      facing surface which faces in the direction of said first insulator, said
      forwardly facing surface being generally parallel to the front face of
      said second insulator and integral with said passage wall at the end
      furthest from the axis of said passage, each of said forwardly facing
      surfaces being equally distant from said second insulator front face, each
      of said retention members being resiliently expandable away from said
      central axis to permit said enlarged contact section to pass into said
      passage and past said retention members upon forward insertion of the
      contact into said passage and respective bore from the rear of said second
      insulator, said retention members contracting behind the rearwardly facing
      shoulder on the contact upon insertion so that the forwardly facing
      surfaces of said retention members engage the rearwardly facing shoulder
      of the contact to limit rearward movement of the contact in said passage,
      said contact retention members being substantially rigid in the axial
      direction when in their contracted position behind the enlarged portion of
      the contact so as to provide a positive stop against rearward movement of
      the respective contact.
NUM  2.
PAR  2. The electrical connector unit recited in claim 1 wherein the plurality
      of contact retention members comprises four retention members, each of
      said retention members forwardly facing surfaces having a substantially
      uniform cross-sectional area, each of said retention members being
      perpendicular to at least one other member so as to provide a generally
      square shaped opening adapted to receive that portion of said contact
      which extends rearwardly from the rearwardly facing shoulder of the
      contact.
NUM  3.
PAR  3. The electrical connector unit as recited in claim 1 wherein each of the
      bores in said first insulator are sized so that the enlarged portion of a
      contact cannot pass through said bore, whereby said first insulator
      provides means for stopping the forward movement of a contact inserted
      into said bore.
NUM  4.
PAR  4. The electrical connector unit as recited in claim 2 wherein each of the
      bores in said first insulator are sized so that the enlarged portion of a
      contact cannot pass through said bore, whereby said first insulator
      provides means for stopping the forward movement of a contact inserted
      into said bore.
NUM  5.
PAR  5. In the combination of an electrical connector of the type having a
      plurality of electrical contacts retained by an insert, the improvement
      wherein the insert comprises:
PA1  an insulator having a front face, a rear face, and a plurality of passages
      therethrough extending from the front face to the rear face, each of said
      passages having a central axis, each of said passages adapted to receive a
      respective electrical contact which is insertable from the rear of said
      insulator, each contact having an enlarged section defining a rearwardly
      facing shoulder; and
PA1  a plurality of contact retention members disposed in each of said passages,
      each of said retention members integral with said insulator and including
      a forward portion and a rearward portion, each of said rear portions
      tapering from the wall of said passage inwardly towards the central axis
      in the direction of said insulator front face, each of said forward
      portions of said retention members including a forward facing surface
      which faces in the direction of the front face of said insulator, said
      forward facing surface being generally parallel to the front face of said
      insulator and integral with said passage wall at the end furthest from the
      central axis of said insulator, each of said forward facing surfaces being
      equally distant from said insulator front face, each of said retention
      members being resiliently expandable away from said central axis to permit
      said enlarged contact section to pass into said passage and past said
      retention members upon forward insertion of the contact into the passage
      from the rear of said insulator, said retention members contracting behind
      the rearwardly facing shoulder on the contact so that each of the forward
      facing surfaces of said retention members engage the rearward facing
      shoulder on the contact to limit rearward movement of the contact in said
      passage, said contact retention members being substantially rigid in the
      axial direction when in their contracted position behind the enlarged
      portion of the contact so as to provide a positive stop against rearward
      movement of the respective contact.
NUM  6.
PAR  6. The electrical connector unit recited in claim 5 wherein the plurality
      of contact retention members comprises four retention members, each of the
      forwardly facing surfaces of said retention members having a substantially
      uniform cross-sectional area, each of said retention members being
      perpendicular to at least the other member so as to provide a generally
      square shaped opening adapted to receive that portion of said contact
      which extends rearwardly from the rearwardly facing shoulder of the
      contact.
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ABST
PAL  A sighting device for a firearm to be used with both eyes open is provided,
      wherein a tubular housing, open at the end nearest the shooter, includes
      means for forming a virtual image of a small luminous spot. When viewed by
      the shooter, the spot appears to be at infinity. Means are provided to
      adjust the position of the spot within the housing.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present invention relates to a sight for use on firearms and is a
      continuation-in-part of pending patent application Ser. No. 830,566, filed
      May 9, 1969 and now abandoned as a continuation-in-part of patent
      application Ser. No. 789,627, filed Oct. 18, 1968, now abandoned, as a
      continuation of patent application Ser. No. 495,094, filed Oct. 12, 1965,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The sight according to the invention is intended to be used instead of open
      sights of the conventional type which are mounted on such weapons, and has
      for its purpose to simplify the aiming procedure, to facilitate target
      practising by using a simpler aiming method which is easy to learn, and to
      increase the percentage of hits when firing at mobile targets in daylight
      and at all kinds of targets in darkness. The sight according to the
      invention is intended to be used according to the same principle as open
      sights, i.e., by finding the aiming-line over the sights, contrary to what
      is the case with optical sights, where the target is observed through a
      telescope or another similar optical instrument giving an enlarged image
      of the target, whereupon the aiming proper is done with the aid of e.g.
      crosshairs or other suitable markings on the sight.
PAC  SUMMARY OF THE INVENTION
PAR  The primary characteristic feature of the sight according to the invention
      is that it comprises a housing which is adapted to be mounted on a weapon
      and has an opening directed towards the shooter and located in such a way
      that when aiming the weapon the shooter can look into the opening with one
      eye. Means are enclosed in the housing for generating a luminous spot, and
      a convergent lens means which is mounted in the path of the light beam
      passing from the generated luminous spot to the opening is adjusted in
      such a way that the shooter can see the luminous spot through the said
      opening in the same way as if it were located at an infinite distance in
      front of him. The sight is adapted to be adjusted in such a way in
      relation to the weapon that the luminous spot seems to lie in a target
      observed by the shooter when the weapon is being aimed at the said target.
PAR  The sight according to the invention differs from other sights, both open
      and optical ones, in that the shooter at the aiming of the gun with the
      aid of the present sight, sees a luminous spot with that eye with which
      the target is observed over open sights of the conventional type, the said
      spot occupying a position in relation to the target which is desired by
      the shooter. Although some shooters use both eyes in aiming a firearm,
      many shooters close one eye when using either optical or open sights. The
      use of a luminous spot device such as that provided by the invention
      permits the shooter to use the same eye to aim and to observe the whole or
      a major portion of the target area during the firing. The visual angle is
      consequently increased in comparison to that obtained when other kinds of
      sights are used, in particular in those cases when the shooter keeps both
      eyes open, for in those cases the target area is not screened downward by
      parts of the weapon or by the sight or, towards one side, by the shooter's
      nose. This makes it easier to aim at a mobile target with the correct
      presetting angle, and also makes it possible to switch the fire quickly to
      more dangerous targets. The sight according to the invention consequently
      improves the tactical usefulness of the weapon and makes it easier to
      distribute the fire correctly over the target area. Due to the facility
      with which even untrained shooters will discover the luminous spot and
      measure its position in relation to the target, the aiming method is
      considerably simplified and target practising is facilitated to a
      corresponding degree, for an important part of training marksmen consists
      in teaching them how to find the aiming-line and how to choose the right
      spot in relation to the target against which to aim the weapon.
PAR  When used in darkness the sight according to the invention has very great
      advantages in comparison to previous types of sights. Sights for shooting
      in darkenss are either open sights, which are mounted on the weapon
      specifically for fighting in darkness and consist of lugs or the like with
      fluorescentspots of varying form and appearance, or of sights using the
      principle of infrared radiation (IR sights). The latter have the
      disadvantage of being easy to detect through IR reconnaissance, thus
      revealing the presence of weapons and troops. They are also complicated
      and expensive and rather difficult to handle and quite cumbersome when
      used in connection with musketry, and are also very delicate to handle and
      therefore unsuitable for field use. The former kinds of sights are
      impractical in use and have the disadvantage of making it necessary to
      direct the aiming-line into the target, which has for its result that in
      darkness the target seems to disappear because of the way in which the
      eyes function. In order to retain the image or outline of an object in
      darkness it is necessary to direct the gaze slightly beside the object,
      and firing at targets in darkness over open sights cannot, therefore, be
      done with any considerable degree of precision.
PAR  Contrary to this, the sight according to the invention, in addition to its
      uncomplicated construction, has the advantage when used as a darkness
      sight that in the event that the shooter aims the weapon with both eyes
      open and without seeking the aiming-line over the rear sight and the front
      sight and instead places the luminous spot in a certain relation to the
      target, he can direct his gaze slightly beside the target and thus retain
      its image on the retina, at the same time as quick aiming of the weapon is
      considerably facilitated.
PAR  By using the aiming method described above the shooter can keep both eyes
      accommodated for aiming at a distance from the very moment when aim is
      taken and until the firing begins, whereas when using conventional open
      sights the weapon has first to be aimed and the eye thereupon accommodated
      from the target to the rear sight, from the rear sight to the front sight,
      and finally back to the target. By avoiding this aiming method when using
      the sight according to the invention, the target itself and the whole
      target area can be kept under observation throughout the firing, even
      under rapid fire and irrespective of whether this fire consists of rapid
      nonautomatic fire or of bursts of fire from an automatic weapon. This
      makes it possible also for untrained shooters to adjust the aim quickly.
PAR  Another advantage of the sight according to the invention is that it does
      not require that the eye observing the luminous spot has to be kept
      exactly on the optical axis. If the eye is moved slightly to the side of
      this axis, the apparent position of the luminous spot will not, despite
      this, change in relation to the target, and this spot can therefore be
      said to be practically parallax-free.
PAR  The size, shape, brightness and color of the luminous spot is of great
      importance to the construction of the sight, in order to assure a proper
      response by the eye of the user. As has been stated, the sight is used
      with both eyes open and focussed on the target, and the weapon bearing the
      sight is moved into the line of vision of one of the eyes; for example,
      the right eye. The left eye then continues to see the target, while the
      right eye looks into the sight housing and views the spot. If the luminous
      spot is not of proper size and intensity with respect to the outside light
      conditions, the eyes will not remain coordinated and the spot will either
      disappear or the eyes will attempt to focus on the spot instead of on the
      target. On the other hand, the proper spot characteristics will cause a
      spot of light to appear as a virtual image on the distant target.
PAR  If the luminous source is not properly designed with respect to the source
      of light used to illuminate it, a "corona" may appear around the spot,
      making it appear enlarged and with fuzzy outlines. This gives the
      appearance that the spot is closer than the target, and causes the eyes to
      try to compensate either by changing their focus or by causing the line of
      sight to shift to the spot and away from the target. If the spot is too
      small, it will not appear as a disk, but will be of indeterminate shape,
      again causing the eyes to tend to shift away from the target and to the
      spot, in order better to determine its shape.
PAR  The spot must be of proper luminosity with respect to the target, for too
      dim a spot will cause the target to dominate. When this occurs, the image
      of the spot seen by the right eye (in the example) will tend to be ignored
      by the user's brain, and only the dominant target will be seen. The prior
      art has experienced a great deal of difficulty in developing a light
      source for a sight which will provide the correct amount of light under
      varying conditions. A light bulb may be a satisfactory source under
      certain conditions, and thus one embodiment of the invention proposes to
      use a bulb. However, it has been found that the filaments will vary from
      one bulb to another, both in intensity and location within the bulb
      envelope; thus it is difficult to obtain a luminous spot of constant
      intensity. Further, slight movement of the eye with respect to the sight
      optics will present different portions of the bulb to the small opening
      which is the luminous source, and this can also result in a variation in
      intensity, a variation which can be disturbing to the user, and can cause
      his eyes to focus on the spot instead of the target.
PAR  This latter problem may be overcome through the use of the diffused light
      source described herein, which produces a constant luminosity no matter
      how it is viewed, thereby assisting the shooter in maintaining
      concentration on the target. This source is used in combination with an
      aperture of specified size and shape to produce a sight that produces
      great accuracy and ease of use. The luminous spot is of such a size that
      it intersects an angle of between about 10 and 60 minutes, as viewed by
      the shooter. Relatively large spots are preferred for most uses, even
      though they may be superimposed over the entire target. However, it has
      been found that good accuracy can be obtained with a relatively large
      spot, first because it is relatively simple to center a small target in
      the image of the disk, and second, because the sight is primarily used for
      shooting a moving target such as a deer or bird, rather than marksman type
      shooting. Further, a very small disk is not well defined, for the eye
      mosaic is not capable of responding to very small shapes, and the
      dimensions and shape of such a source cannot be determined. The optimum
      size of the luminous spot will depend upon the brightness of the source.
      Finally, the disk must be round within a very small tolerance, or the eye
      will tend to reject it. If it is not round, the eye will try to change
      focus to make it round, and interfere with the aiming operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will be apparent from the
      following description, reference being had to the accompanying drawings
      showing preferred embodiments of the invention chosen by way of example.
      In the drawings:
PAR  FIG. 1 is a longitudinal section of one embodiment of the sight;
PAR  FIG. 2 is a cross-section on line A--A in FIG. 1 through one of the main
      portions of the sight;
PAR  FIG. 3 is a fragmentary longitudinal section on line B--B in FIG. 2;
PAR  FIG. 4 is a side view of a weapon having a sight according to FIGS. 1 to 3
      mounted on it;
PAR  FIG. 5 shows roughly how the sight is used by a shooter and further shows
      the increased field of vision obtained by using the sight according to the
      invention;
PAR  FIG. 6 is a diagrammatic horizontal section of a second embodiment of the
      sight according to the invention mounted on a weapon;
PAR  FIG. 7 is an end elevation of the said embodiment as seen from the rear;
PAR  FIG. 8 is a longitudinal section of a third embodiment of the sight;
PAR  FIG. 9 is an exploded perspective view of the sight shown in FIG. 8;
PAR  FIG. 10 is a diagram graphically illustrating the luminance of the luminous
      spot; and
PAR  FIG. 11 is a diagram graphically illustrating the wave length of the light
      radiating from said spot.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The sight shown in FIG. 1 has a tubular housing which is impenetrable to
      light and consists of two metal tubes 1 and 2 united by an intermediate
      portion 3 having an exterior square cross-section and having a cylindrical
      bore with internally threaded ends, into which the tubes 1 and 2 are
      screwed with an external thread on one of their ends. The tube 1, which
      forms the front portion of the housing (to the left in FIG. 1) encloses
      means for illuminating a very small diaphragm aperture disposed behind the
      tube 1 in the intermediate portion 3, and the tube 2, which forms the rear
      portion of the housing, has a convergent lens means screwed onto its outer
      (rear) end for observing the diaphragm aperture which is visible as a
      luminous spot in the intermediate portion 3.
PAR  The illuminating means in the tube 1 comprises a circular body 4 mounted
      fixedly in the rear end of the tube, said body preferably being of metal
      and having on its side which faces towards the rear a recess with a
      spherical or parabolical reflecting surface 5, in the center of which
      there is provided a lamp-socket 6 holding a miniature bulb 7. Immediately
      inside the body 4 the tube 1 encloses an automatic mercury switch 8. This
      consists of a composite Plexiglas body 9 having a completely enclosed
      angular inner caavity 10 and two wire electrodes 11 and 12 passing tightly
      through the Plexiglas body 9 from the ends thereof, where they are
      connected with contacts, and project with their points into the cavity 10.
      In this cavity there is a drop of mercury 13, which closes the circuit
      between the electrodes when the sight occupies the position shown in FIG.
      1 but keeps the circuit open in all other positions. In front of the
      switch 8 there is a dry battery 14 of a standard type mounted in the tube
      1 so that one of its end contacts 15 rests against the electrode end
      contact of the switch which is located exactly opposite. The battery is
      kept pressed against the switch by a helical spring 16 and a capsule 17
      screwed onto the outer end of the tube 1.
PAR  In the intermediate portion 3 the diaphragm aperture illuminated by the
      bulb 7 and the reflector surface 5 is formed by a diaphragm means which
      not only determines the size of the aperture but also admits of close
      adjustment of the position of the aperture in the field of vision. This
      means consists of two circular plates 18 and 19 of metal having a close
      fit in the bore of the intermediate portion and being kept pressed against
      each other by the ends of the two tubes 1 and 2 screwed into the
      intermediate portion, one from each direction. They may also be mutually
      screwed together by means of a pair of screws 20 (FIG. 2). Each plate 18
      or 19 has a deep diametrical groove 21 and 22 (FIG. 3), respectively, cut
      in that side which faces the other plate, and the plates are arranged in
      such relation to each other in the bore of the intermediate portion 3 that
      the grooves 21 and 22 are disposed at right angles to each other. In the
      opposite side, each plate has a central orifice extending to the
      respective groove and a bevelled orifice margin, the orifice in the plate
      18 to the left in FIGS. 1 and 3 being slightly larger than the orifice in
      the plate 19. In the grooves 21 and 22, respectively, metal bodies 23 and
      24, respectivley, are guided slidingly, a leaf spring 25 being provided on
      one side wall of each groove in order to keep the corresponding body
      pressed without play against the other side wall. The bodies 23 and 24,
      respectively, serve as holder for cylindrical glass bodies 26 and 27,
      respectively, which have a close fit in a through bore in the bodies 23
      and 24 in the longitudinal direction of the tubular housing. The two glass
      bodies 26 and 27, the ends of whcih engage each other at those sides of
      the plates 18 and 19 which face each other, are intended to provide a path
      for the light falling from the bulb 7 through the central orifice in the
      plate 18 and emerging through the central orifice in the plate 19. The
      ends of the glass bodies which engage each other are coated with a layer
      which is impenetrable to light (not shown in the drawings) except for a
      very narrow diametrical slot extending in each glass body at right angles
      to the groove 21 and 22, respectively, in which its holder is guided. The
      diaphragm aperture is formed by the intersection of the two slots, and the
      position of the said aperture in the field of vision can be adjusted by
      displacing the holders 23 and 24 in their guides. In order to bring about
      this displacement each holder is provided with an adjustment which is
      accessible on the outside of the intermediate portion 3. The said
      adjustment means is described in the following.
PAR  Each holder 23 and 24, respectively, has on one end a pinshaped extension
      28 into which the end of an adjustment screw 29 is screwed. The said screw
      29 passes freely through a lateral opening in the intermediate portion 3
      and is rotatably mounted in a disk 31 secured by means of screws 30 on the
      outside thereof. Against the outer side of the said disk 31 the head 32 of
      the adjustment screw 29 abuts through a friction washer 33. A helical
      spring 34 is mounted around the extension 28 between the end of the metal
      body 23 and 24, respectively, and the inside of the disk 31 in order to
      avoid play in the threads. A protective hood 35 is screwed onto the disk
      31 in order to prevent unintentional changes of the angular position of
      the screw 29.
PAR  The convergent lens means screwed onto the outer end (to the right in FIG.
      1) of the tube 2 consists of a tubular barrel 36 having an internal thread
      at one end on which the tube 2 is to be screwed and a single convergent
      lens 37 mounted in the said barrel. The focal distance of the said lens is
      adjusted in such way that the diaphragm aperture in the intermediate
      portion 3 is located at least approximately in the focal plane of the
      lens. As seen through the lens a virtual image of the diaphragm aperture
      will consequently be located at an infinite distance in front of the
      shooter.
PAR  The sight is intended to be mounted on a weapon 38 in the same way as an
      ordinary telescopic sight and preferably by using the same kind of
      fastening means (see FIG. 4).
PAR  When aiming with the aid of a sight according to the invention the shooter
      regards the target with his eyes accommodated to the distance to the
      target. When aiming the weapon at the target the eyes do not have to be
      re-accommodated to a short distance in order to find the aiming-line to
      the target, as must be done when using a rear sight and a front sight of
      the conventional type. The weapon is instead aimed in such a way that the
      luminous spot generated by the sight is placed in such a relation to the
      target as is called for by the speed with which the target moves, the
      strength and direction of the wind, the light conditions, the type of
      ammunition used, and other factors which affect the aim. When the shot is
      fired the same accommodation is retained and the marksman keeps both eyes
      open, whereby it is easy for him to take the right aim with the aid of the
      luminous spot. As a result of the adjustment means described above for the
      diaphragm aperture, the latter can be adjusted in such way that the weapon
      is aimed correctly at the target when the shooter can see the luminous
      spot in the desired position in relation to the target, even if the sight
      housing has not been given an exactly correct position on the weapon. This
      is made clear in FIG. 5, where the target is shown at 39 at a relatively
      short distance from the shooter in order to make the angle between the
      lines of vision of the eyes clearly visible. FIG. 5 also shows how the
      shooter can use the full visual angle .gamma. of his eye when regarding
      the target area, as compared to the small visual angle which is obtained
      for instance in telescopic sights.
PAR  The embodiment of the sight shown in FIGS. 6 and 7 differs from the
      embodiment described above in such a way that the shooter can also see the
      target area with the eye which regards the luminous spot. This embodiment
      has a housing which consists of a tube 40 arranged so as to be looked
      through and intended to be mounted on the weapon, an angular tube 41, at
      one end of which the means generating the luminous spot is located and at
      the other end of which the convergent lens means is mounted, and an
      intermediate tube 42 by means of which the end of the tube 41 which houses
      convergent lens means is joined to the side of the tube 40 at an area
      where the said tube has an opening. The tube 40 also encloses a clear
      glass plate 43 mounted at a 45 degree angle to its axis and to the axis of
      the intermediate tube 42, and its ends are preferably covered by glass
      plates 44 and 45. The means generating a luminous spot consists of a
      bottomed sleeve or socket 46 displaceable in the open end of the tube 41
      and carrying in its interior at the bottom a lamp-socket for a bulb 47 and
      being covered in front of the bulb by a diaphragm disk 48 having a very
      small central orifice 49 which thus forms the luminous spot generated by
      said means. In the angle of the tube 41 there is provided a mirror 50
      deflecting the light from the orifice 49 towards the convergent lens means
      which may in this case consist of a single convergent lens 51 mounted at
      the end of the tube 41. The said lens has a focal distance adjusted in
      such a way that the diaphragm aperture 49 can be made to lie seemingly in
      the focal plane of the lens by precision adjustment of the sleeve 46.
PAR  A battery (not shown) and a switch 52 feeding current to the bulb 47 are
      provided in a sleeve 53 which may be disposed beside the tube 41 in a
      housing 54 which is common to both of them.
PAR  When using the sight according to FIGS. 6 and 7 the shooter looks with one
      eye through the tube 40 and sees not only the target area but also the
      diaphragm aperture (the luminous spot) 49 which on account of the
      convergent lens 51 seems to be located at an "infinite" distance from him,
      like the target area. In this case the shooter may according to discretion
      regard the target area also with his other eye or keep this eye closed. In
      other respects the method of using this embodiment of the sight is the
      same as described in connection with FIGS. 1 to 5.
PAR  The embodiments of the sight described above can be used in various
      respects without departing from the essential principle of the invention.
      For instance it is possible to dispense with the bulb and instead use
      daylight, if the device is to be used during the day. In this instance,
      daylight can be made to illuminate the diaphragm orifice by means of a
      suitable optical device and thus generate the luminous spot. The third
      embodiment shown in FIGS. 8 and 9 is based on this principle and will now
      be described.
PAR  The sight shown in FIGS. 8 and 9 in the drawings comprises an outer metal
      tube 60 which is adapted to be secured to the weapon by suitable fastening
      means and has an enlarged end portion 61 and an enlarged intermediate
      portion 62 said portions joining the rest of the tube by flaring
      transients. At the end of the tube opposite end portion 61 there is press
      fitted in said end a light permeable dome 63 of a plastic material. In
      tube 60 there is inserted a tubular housing 64 having at one end thereof a
      flaring end portion 65 and between the ends an intermediate
      circumferential bead 66 providing a transversely curved outer surface. At
      the other end of the housing 64 there is provided a light permeable
      element 67 to be described in more detail later. This element is press
      fitted in said end of the housing 64 and engages a circular diaphragm 68
      having a small diameter circular or at least substantially circular
      aperture 69 arranged centrally therein, which is held against a shoulder
      70 in the housing 64 an O-ring type sealing gasket 71 being interposed
      between the shoulder 70 and the diaphragm 68. The diameter of the aperture
      preferably should have a variation of not more than .+-. 5 percent.
PAR  Housing 64 is inserted into tube 60 from the enlarged end portion 61
      thereof to have element 67 disposed in the interior of the dome 63 as
      shown in FIG. 8. The housing seats with a spherically convex annular
      surface on portion 65 against a spherically concave annular surface on a
      bearing ring 72 engaged with the inner surface of the tube 64 at the
      transient between the end portion 61 and the rest of the tube and is kept
      against said bearing ring by means of an annular eyepiece member 73 of
      resilient synthetic rubber bearing against the end surface of the flaring
      portion 65 of the housing 64 and being pressed against said surface by
      means of an outwardly threaded locking ring 74 engaging an inner threading
      on the end portion 61. Eyepiece element 73 also secures a convergent lens
      75 against a shoulder 76 in the flaring portion 65 an O-ring sealing
      gasket 77 being disposed between said lens and a shoulder 78 in the
      portion 65. The lens 75 has the focal point thereof in the centre of the
      aperture 69 in the diaphragm 68.
PAR  The resilient pressure provided on the end of the housing 64 by the locking
      ring 74 over the annular eyepiece element 73 allows for angular adjustment
      of the housing 64 on the bearing ring 72 within narrow limits such
      adjustment being provided by three supports 79, 79 and 80. The supports 79
      are identical and are disposed in the enlarged portion 62 of the tube 60
      so as to be mutually perpendicular. The support 80 is disposed
      substantially on the bisectrix of the right angle between the supports 79.
      The three supports 79 and 80 are disposed in a common transverse plane of
      the tube 60, and the bead 66 is also disposed in said plane to be engaged
      by the supports. The identical supports 79 each comprise a push rod 81, an
      adjuster 82, a bushing 83, a click pin 84 and a spring 85 for biasing said
      click pin. The push rod 81 is of hexagonal cross sectional form and is
      non-rotatably axially guided in the bushing 83, the adjuster 82 being
      rotatable but non-displacable axially in the bushing 83 which is secured
      by threading engagement in an opening 86 in the portion 62. The adjuster
      82 is in threading engagement with the push rod 81 and may be rotated in
      the bushing 83 to axially displace the push rod.
PAR  A slot 87 is provided in the adjuster 82 for facilitating such rotation.
      Further, the adjuster 82 has a circumferential toothing 88, and the click
      pin 84 is disposed in a radial bore 89 in the bushing 83 to be axially
      displacable therein. It is biased by the spring 85 surrounding said
      bushing, to engage the toothing 88 and thereby retain the adjuster 82 in
      the adjusted position thereof.
PAR  The support 80 comprises a plunger 90, a biasing spring 91, a spring cap 92
      and a retainer ring 93. The plunger 90 is axially displacable in an
      opening 94 in the portion 62 of the tube 60 and is biased against the bead
      66 by the spring 91 bearing at opposite ends against the plunger 90 and
      the spring cap 92 which is retained in the opening 94 by the retainer 93.
PAR  Thus it will be seen that the housing 64 is supported at three points by
      supports 79 and 80. The position of the forward end of the housing 64,
      having the element 67 provided therein, may be adjusted into two mutually
      perpendicular directions by the adjustable supports 79, the spring 91
      keeping the bead 66 continuously in contact with the push rods 81 thereof
      and allowing for controlled adjustment of the housing 64 by the adjustment
      of the supports 79. A protector 95 of plastic material may be fitted over
      the bushings 83 of the supports 79 to protect the slots 87 thereof thereby
      excluding invitation to non-authorized adjustment of the supports. The
      adjustment thus achieved by the means just described is for the purpose to
      adjust the position of the diaphragm aperture in relation to the tube 60
      as described in connection with the first embodiment of the invention
      disclosed herein. However, in the embodiment according to FIGS. 8 and 9
      the position of the aperture 69 in relation to the lens 75 is not affected
      by such adjustment, providing more favourable optical conditions than
      those provided in the embodiment first described.
PAR  The element 67 collects the daylight in order to transmit the light through
      the aperture 69 in the diaphragm 68 against the rear end of the sight to
      be seen by the shooter when looking through the eyepiece 73 and the lens
      75, such light being seen as a small circular luminous spot.
PAR  Aperture 69 preferably should be dimensioned to form a luminous spot of a
      size which will be seen under an angle of sight when observed through the
      optical system described, which has a value between 6 and 60 angular
      minutes. The cone angle of the diverging light beam emitted from aperture
      69 towards lens 75 -- such angle may be defined as the luminance angle --
      if designated v as shown in FIG. 8 should satisfy the following
      expression:
      ##EQU1##
      where
PAR  .phi. is the diameter of that part of the lens 75 which is uncovered by the
      means holding the lens in place, and
PAR  F is the focal distance of lens 75.
PAR  Element 67 is made of acryl plastic such as that marketed by Imperial
      Chemical Industries Limited, Welwyn Garden City, England, under the name
      PERSPEX 451 red. This plastic material is a luminous material which
      diffuses light falling onto the outer surface of the element and produces
      of ultraviolet light contained therein visible light and thus may be said
      to function as a light amplifier. The element has two surfaces 67A and 67B
      which are arranged in angle to each other and are disposed in such angle
      to the longitudinal axis of the housing 64 that they do not give a total
      reflection of light falling onto said surfaces in the axial direction of
      the housing 64. This means that the shooter does not look through the
      element 67 against the background which is aimed at. Light falling from
      all directions, even from behind the shooter, is collected by the element
      67 and transmitted through the aperture 69 in the diaphragm 68. Even if
      the background is dark a luminous spot will be seen by the shooter.
PAR  Preferably the luminous spot is red for daylight purposes since during
      daylight conditions the red light is most favourably observed by the human
      eye and this is why a red acryl plastic is used in the element 67.
      However, during dark conditions a green light spot is the most favourable
      one to be observed by the human eye. The sight described with reference to
      FIGS. 8 and 9 is not usable under dark conditions since no luminous spot
      is produced under such conditions. In order to make the sight usable also
      under dark conditions a small nuclear light source may be provided in the
      element 67 for example in an axial bore from the inner end surface of the
      element. Such light source may be a SRNE BETALIGHT provided by
      Saunders-Roe and Nuclear Enterprises Limited, England. This light source
      provides a green light during dark conditions but during daylight
      conditions such green light is suppressed by the red light transmitted
      from the surroundings by element 67.
PAR  Regarding the luminance and colour of the spot reference is made to the
      diagrams shown in FIGS. 10 and 11.
PAR  In FIG. 10 there is shown a plot of the value of the expression L . F.sup.2
      where L is the surface luminance of the spot, in mcd/mm.sup.2 as measured
      at aperture 69 and F is the focal distance of lens 75 in mm, vs. light
      intensity of the surroundings in lux. The lower curve of this diagram
      gives the preferred lower limit for the expression L . F.sup.2, and this
      lower limit preferably should be 10.sup.4 for a light intensity of
      10.sup.3 lux. The upper curve gives the preferred upper limit for the
      expression L . F.sup.2. For darkness represented by a light intensity of
      the surroundings which is zero (origo), the upper limit preferably should
      be 10.sup.3. For conditions between daylight and darkness the value of the
      expression L . F.sup.2 preferably should fall within the hatched area
      defined by the two curves of FIG. 10.
PAR  The wave length of the light of the spot preferably should be chosen to be
      maximum 680 m.mu.  for daylight conditions and 520 m.mu.  to 550 m.mu.
      for darkness which means that the red light preferably is used during
      daylight conditions and the green light during darkness. However, in case
      a composite light source is provided as described above the light will
      pass through the range between 680 m.mu.  and 520 m.mu.  when the
      conditions continuously change between bright daylight and darkness and,
      thus, the colour of the spot will change between red and green passing
      through the ranges of orange and yellow light. This is graphically
      illustrated by FIG. 11 wherein the upper curve is a plot of the maximum
      wave length in m.mu.  vs. the light intensity of the surroundings in lux
      starting from a wave length of 550 m.mu.  at a light intensity of zero
      corresponding to darkness and raising to a wave length of 680 m.mu.  at
      daylight conditions, and wherein the lower straight line is the minimum
      wave length in m.mu.  vs. the light intensity of the surroundings. The
      hatched area defined by the curve and the straight line is the preferred
      range of wave lengths.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sighting device for a firearm including in combination:
PA1  a housing;
PA1  means for mounting said housing on a firearm comprising an outer tube
      adapted to receive said housing, said tube being closed at its forward end
      and open at its rearward end, bearing means within said tube for engaging
      and pivotally supporting one end of said housing, and adjustable
      supporting means within said tube for supporting said housing and for
      adjusting the angular position of said housing within said tube, said
      housing extending axially into said outer tube and forming at said
      rearward end of said tube an opening to be looked into by a shooter when
      aiming the firearm;
PA1  a light unit mounted on the forward end of said housing and comprising a
      light-collecting member of a luminous, light-diffusing and
      light-transmitting material, said light-collecting member having a
      substantial surface area exposed to ambient light, and being constructed
      to emit light of a first color from a rearwardly-facing surface when
      exposed to said ambient light;
PA1  said light unit further comprising light source means adapted to emit light
      of a second color from said rearwardly-facing surface, whereby said
      emitted light varies from said first color to said second color as the
      intensity of said ambient light varies;
PA1  aperture means in said housing providing an opening of circular
      configuration to form of light emitted by said light-collecting member a
      small luminous spot visible through said opening at the rearward end of
      said tube;
PA1  said adjustable supporting means for adjusting the angular position of said
      housing within said tube further controlling the position of said aperture
      means in mutually perpendicular directions in relation to the axis of said
      outer tube; and
PA1  convergent lens means at the rearward end of said housing in the path of
      the light forming said luminous spot, said convergent lens being adjusted
      to make a virtual image of said luminous spot at an infinite distance, as
      viewed through said opening.
NUM  2.
PAR  2. The sighting device of claim 1, wherein the diameter of said opening
      formed by said aperture has a maximum variation from the nominal diameter
      length of .+-. 5 percent around the periphery of the opening.
NUM  3.
PAR  3. The sighting device of claim 1, wherein the luminous spot formed by said
      aperture means is of such a size that it will be seen under an angle of
      sight between 6 and 60 angular minutes when observed through said rearward
      opening.
NUM  4.
PAR  4. The sighting device of claim 1, wherein the color of said luminous spot
      formed by said aperture means varies with the intensity of the ambient
      light, and the color shifting from a frequency of about 680 m.mu.  toward
      a frequency of about 520 m.mu. , as the intensity of ambient light
      decreases.
NUM  5.
PAR  5. The sighting device of claim 1, wherein the frequency of the light
      emitted by said luminous spot is at least 520 m.mu..
NUM  6.
PAR  6. The sighting device of claim 1, wherein the maximum frequency of the
      light emitted by said luminous spot is 680 m.mu..
NUM  7.
PAR  7. The sighting device of claim 1, wherein the apparent luminance of said
      luminous spot formed by said aperture means has a value between 1 and 1
      .times. 10.sup.3 mcd when the light intensity of the surroundings
      corresponds substantially to darkness, has a maximum value of 10.sup.4 mcd
      when the light intensity of the surroundings is approximately 10 lux, has
      a minimum value of 10.sup.4 mcd when the light intensity of the
      surroundings is approximately 10.sup.3 lux, and has a maximum value of
      10.sup.5 mcd when the light intensity of the surroundings is approximately
      10.sup.5 lux.
NUM  8.
PAR  8. The apparatus of claim 1, wherein said bearing means is at the rearward
      end of said outer tube, whereby the rearward end of said housing is
      pivotally secured near the rearward opening and the forward end thereof is
      pivotally movable within said tube.
NUM  9.
PAR  9. The apparatus of claim 1, wherein the forward, closed end of said outer
      tube is transparent to ambient light, said light unit being located within
      the transparent portion of said tube whereby ambient light illuminates
      said light unit to produce said luminous spot.
NUM  10.
PAR  10. The sighting device of claim 1, wherein said light source means is a
      nuclear light source located within said light-collecting member and
      adapted to emit light from said rearwardly-facing surface.
NUM  11.
PAR  11. The sighting device of claim 10, wherein the intensity of said nuclear
      light source is such that the luminance and color of said luminous spot
      formed by said aperture means automatically varies with the intensity of
      the ambient light, the light produced by said luminous light-transmitting
      material predominating when the ambient intensity is high, and the light
      produced by said nuclear light source predominating when the intensity of
      the ambient light approaches darkness.
NUM  12.
PAR  12. The sighting device of claim 11, wherein the color of said luminous
      spot shifts from a frequency of about 680 m.mu. toward a frequency of
      about 520 m.mu. as the intensity of the ambient light decreases.
NUM  13.
PAR  13. The sighting device of claim 12, wherein the apparent luminance of said
      luminous spot varies with the intensity of the ambient light, the apparent
      luminance varying from a maximum value of 10.sup.5 mcd to a maximum value
      of 10.sup.3 mcd as the intensity of the ambient light decreases from about
      10.sup.5 lux to darkness.
NUM  14.
PAR  14. The sighting device of claim 13, wherein the value of the apparent
      luminance of said luminous spot is determined by the value of the product
      LF.sup.2, where L is the surface luminance of the spot, in mcd/mm.sup.2 as
      measured at said aperture, and F is the focal distance in mm of said
      convergent lens.
NUM  15.
PAR  15. A sighting device for a firearm including in combination:
PA1  a housing;
PA1  means for mounting said housing on a firearm, including an outer tube for
      receiving said housing and means for adjusting the angular position of
      said housing within said tube, said housing and said tube having a
      rearward opening to be looked into by a shooter when aiming the firearm;
PA1  a light unit carried by said housing and including a light-collecting
      member of a luminous material having a substantial surface exposed to
      ambient light, said luminous material emitting light of a first color in a
      rearward direction;
PA1  said light unit further comprising light source means adapted to emit light
      of a second color from said rearwardly-facing surface, whereby said
      emitted light varies from said first color to said second color as the
      intensity of said ambient light varies;
PA1  aperture means in said housing providing an opening of circular
      configuration to form of light emitted by said light collecting member a
      small luminous spot visible through said rearward opening, the luminance
      of said spot varying with the intensity of the ambient light;
PA1  and convergent lens means in said housing to form a virtual image of said
      luminous spot at an infinite distance, as viewed through said rearward
      opening.
NUM  16.
PAR  16. The device of claim 15, wherein the luminous spot formed by said
      aperture means is of such a size that it will be seen under an angle of
      sight between 6 and 60 angular minutes when observed through said rearward
      opening.
NUM  17.
PAR  17. The device of claim 16, wherein said light source means comprises a
      nuclear light source located within said light-collecting member.
NUM  18.
PAR  18. The device of claim 15, wherein the diameter of said aperture opening
      measured at any point around the periphery thereof has a maximum variation
      from the nominal diameter length of .+-. 5 percent.
NUM  19.
PAR  19. The device of claim 18, wherein said aperture opening is of such a
      diameter that it will be seen under an angle of sight of between 6 and 60
      angular minutes when observed through said rearward opening.
NUM  20.
PAR  20. The device of claim 15, wherein the forward end of said tube is closed
      by a dome-shaped cap of light-transmitting material, said light unit being
      received in the interior of said cap for exposure to ambient light.
NUM  21.
PAR  21. A sighting device for a firearm including, in combination: a housing
      having a conical portion and a cylindrical portion, one end of said
      cylindrical portion joining the small end of said conical portion; outer
      tube means for mounting said housing on a firearm; means for pivotally
      mounting said housing within said outer tube including bearing means at
      one end of said outer tube and a bearing surface formed by said housing at
      the large end of said conical portion, the bearing surface on said housing
      being pivotally supported by said bearing means so that said housing
      extends axially into said outer tube and forms at said large end a
      rearward opening to be looked into by a shooter when aiming the firearm;
      resilient means fitted into said one end of said outer tube to press said
      bearing surface into engagement with said bearing means; a light unit
      mounted to said housing at the other end of said cylindrical portion, said
      light unit comprising a daylight collecting member of a luminous light
      transmitting material having a substantial exposed surface; a dome-shaped
      cap of light-transmitting material carried by the other end of said outer
      tube, said daylight collecting member being received in the interior of
      said cap; a diaphragm providing a central opening of at least
      substantially circular configuration mounted in said cylindrical portion
      of said housing at said other end thereof and inwardly of said daylight
      collecting member to form of light emitted by said light unit a small
      luminous spot visible through said rearward opening; means for adjusting
      the angular position of said housing in said outer tube to control the
      position of said aperture means in mutually perpendicular directions and
      in relation to the outer tube, said adjusting means comprising two
      mutually perpendicular adjustable supports and an opposite resilient
      support for said housing in said tube; and convergent lens means in said
      housing at said large end of said conical portion in the path of the light
      forming said luminous spot, said convergent lens being adjusted to make a
      virtual image of said luminous spot at an infinite distance as viewed
      through said rearward opening.
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PAL  A front projection screen is disclosed which is made from a transparent
      material. Prism-like elements are formed on the backside thereof so that
      light incident upon the screen from a preferred direction will be totally
      reflected by the screen while light incident upon the screen from other
      directions will pass therethrough. Sides of the prism-like elements are
      curved for dispersion in the horizontal plane while the front surface of
      the projection screen has segments of cylindrical columns formed thereon
      perpendicular to the prism-like elements to provide an angular spread in
      the vertical plane. The thickness of the screen is between 30 percent and
      70 percent of the focal length of the cylindrical columns to allow the
      screen to be tilted in the vertical plane.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to projection screens and particularly front
      projection screens.
PAC  BACKGROUND OF THE INVENTION
PAR  Projection screens are well known in the art which are employed for picture
      display. Most screens as they are traditionally known have a material on
      the surface thereof for the purpose of dispersing light in a multitude of
      directions which is incident upon the screen from the projector.
PAR  In situations where the efficiency of the screen is important, attempts
      have been made to direct light incident upon the screen from the projector
      into a predetermined viewing area. For example in my prior patent, Ser.
      No. 178,990 which was filed on Sept. 9, 1971 and is entitled "Lenticular
      Projection Screen" now U.S. Pat. No. 3,712,708, a lenticular projection
      screen is disclosed which consists of a plurality of overlapping spherical
      concave lenses formed in reflective material. The lenses and the screen
      are constructed so that the projected light rays are reflected to
      predetermined viewing areas in front of the screen.
PAR  When screens are made of a reflective material it is of course obvious that
      reflections from sources other than the projector become a problem. In the
      past people have overcome this problem by using the screen in a dark room.
      Attempts have been made to use such screens in lighted areas by putting
      light absorbing elements in predetermined locations with respect to the
      reflective material in the screen. These attempts have been somewhat
      successful but have added additional annoyance to the use of the screen
      and/or additional cost and encumberance in the manufacture and use of the
      screen. Notwithstanding these efforts to overcome the problems of unwanted
      reflections, difficulties are still encountered when using these screens.
PAR  Even in a dark movie theater, people open the door to come in and go out
      and ushers use flashlights which create difficulty with reflections
      therefrom. The use of light absorbing material while having a limited
      beneficial affect still does not completely overcome the problem of
      unwanted reflections.
PAR  On Dec. 14, 1926, U.S. Pat. No. 1,610,423 issued to A. J. Cawley which was
      entitled "Daylight Projecting System." In FIG. 4 of this patent a daylight
      projection screen is disclosed in which a transparent material is shaped
      to have prism like ridges on the back thereof for the purpose of
      reflecting light which is incident thereon from a predetermined angle.
      Cawley teaches that the critical angle of the material should be as close
      to 45.degree. as possible and that the angle of the sides of the prism
      like portions should be inclined with respect to the plane of the material
      at 45.degree.. The reason for this is to insure that only light incident
      upon the screen from a single direction will be reflected back towards the
      audience. All other light incident upon the screen will strike one side of
      the prism or the other at an angle less than 45.degree. with respect to a
      normal to the surface thereof and pass therethrough rather than be
      reflected.
PAR  The Cawley system is an interesting curiousity but is of no practical
      significance since all of the light is focused back in a single direction
      so that the audience must be located directly in front of the screen. If
      the screen is moved by an angle of say 1.degree. with respect to the
      incoming projected light, the image reflected back to the audience will be
      lost because the largest portion of the light incident upon the screen
      from the projector will pass therethrough rather than being reflected
      back. Further, if the audience is not sitting at the precise angular
      relationship with respect to the screen, they will again see very little
      because the screen of Cawley will project light back parallel to the rays
      incident thereof and provide no dispersive angular affect of reflection.
PAR  In my prior U.S. Pat. No. 3,782,805, I disclosed a front projection screen
      made from a sheet of light transmitting material and having a
      predetermined critical angle of internal reflection less than 45.degree..
      That front projection screen, as the one disclosed herein, had a plurality
      of parallel ridges on the front and the back thereof with specific
      relationships (as does the screen of the instant invention) between the
      ridges on the backside thereof and the critical angle of internal
      reflection.
PAR  In that patent, I taught that the thickness of the screen determined the
      degree of vertical dispersion and further taught that with a zero
      thickness, maximum dispersion would be achieved and with a thickness equal
      to the focal length of the ridges on the front surface, no dispersion
      would be achieved. In that patent, I taught further that the optimum
      thickness for mechanical stability would be between one and one and half
      times the focal length of the front ridges.
PAR  I have found that a screen of such thickness will not produce double images
      as taught in my patent. I have further found that unwanted dead spots in
      the viewing area does result. I have further found that if the screen is
      constructed of a thickness for optimum dispersion in the vertical plane,
      the screen cannot be tilted in the vertical plane with respect to the
      projected light without losing some reflection in the viewing area. As a
      result of this, the vertical location of the projector with respect to the
      screen becomes critical and, further, often requires the location of the
      projector at a vertical location which interferes with the viewing area.
PAR  Therefore, it is an object of this invention to provide a new and improved
      front projection screen.
PAR  It is a further object of this invention to provide a front projection
      screen which efficiently uses the light provided by the projector, does
      not reflect undesirable images to the audience and is viewable from
      positions other than directly in front of the screen.
PAR  It is still another object of this invention to provide a front projection
      screen which may be employed in daylight with a minimum of reflection
      without the use of light absorbing members affixed thereto.
PAR  It is yet another object of this invention to provide a front projection
      screen which can be tilted in the vertical plane with respect to a
      projector without affecting reflection.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  With these and other objects in view the present invention contemplates a
      front projection screen made from a sheet of light transmitting material
      having a predetermined critical angle of internal reflection less than
      45.degree.; the sheet has a front surface and a back surface; the back
      surface having formed thereon a plurality of parallel ridges; each of the
      ridges have curved sides terminating at a peak; the curved sides extend
      away from the sheet at an angle equal to or greater than 45.degree.; the
      angle of the sides with respect to the sheet continuously decrease as the
      curved sides extend towards the peak; the angle of the sides being greater
      than or equal to the predetermined critical angle of internal reflection
      at the peak but less than 45.degree.. The front surface has formed thereon
      a plurality of parallel ridges each forming a section of a cylinder. The
      ridges on the front surface are disposed perpendicularly to the ridges on
      the back surface for the purpose of giving dispersion of the light in the
      vertical plane.
PAR  The thickness of the screen is made to be between 30 and 70 percent of the
      focal length of the cylindrical sections on the front thereof to provide a
      screen which can be tilted with respect to the projector in the vertical
      plane without affecting the reflection of the projector images.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention, reference should be
      made to the following detailed description and drawings in which:
PAR  FIG. 1 is a schematic prospective view of a front projection system
      employing a screen constructed in accordance with the teachings of this
      invention;
PAR  FIG. 2 is a front prospective view of a section of the screen shown in FIG.
      1; and
PAR  FIG. 3 is a back prospective view of the screen shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 we see a front projection system employing a screen
      constructed in accordance with the teachings of this invention. A
      projector 10 is mounted a fixed distance from a screen 11 which is formed
      as a section of a sphere having a radius of curvature equal to the
      distance between the screen 11 and the projector 10. It is of course
      understood that as the distance between the projector 10 and the screen 11
      becomes greater, the need for the precise curvature of the screen 11
      becomes less important so that as the distance becomes substantial the
      screen 11 may in fact be flat. The reason for the curvature of the screen
      11 is to insure that the rays of light emanating from the projector 10
      incident upon the screen 11 strikes a front surface of the screen 12
      normal thereto at each point thereof.
PAR  Referring now to FIG. 2 we see the details of a small section of the screen
      11. It should be understood that the screen is uniform throughout so that
      the section shown in FIG. 2 is representative of the makeup of screen 11.
PAR  The screen 11 is made from a transparent material which has a critical
      angle of internal reflection less than 45.degree.. A critical angle of
      internal reflection is defined as the angle at which light must strike a
      surface of a material when passing from the inside to the outside thereof
      to a second predetermined medium so as to be totally reflected rather than
      passing to the second medium. The angle of incidence as referred to above
      is measured between the ray of light and a line normal to the surface of
      interest at the point of incidence. The critical angle of internal
      reflection is the angle which defines the limit of total reflection so
      that any incident light beam which has an angle of incidence greater than
      the critical angle will be totally reflected.
PAR  As can be seen when looking at FIGS. 2 and 3 the back surface of the screen
      11 has a plurality of ridges thereon which form prism like elements. The
      ridges 13 are parallel to each other and have curved sides 14 and 15. Each
      of the curved sides 14 and 15 meet at a peak thereof which appears in FIG.
      3 as a line.
PAR  The angle of the sides 14 and 15 with respect to a plane extending through
      the screen 11 at the point of interest is equal to or greater than
      45.degree.. As the sides 14 and 15 extend away from the screen 11 towards
      the intersection thereof, the angle with respect to the aforementioned
      plane decreases until the intersection is reached. At the intersection or
      peak, the angle of the side 14 and/or 15 with respect to the
      aforementioned plane is less than 45.degree. but greater than or equal to
      the critical angle of internal reflection of the material forming the
      screen 11. The curvature of the sides 14 and 15 as above described is the
      key to the functioning of the instant screen. In the first place, without
      regard to any other considerations, the curvature of the sides 14 and 15
      allow a certain amount of leeway in the angular relationship between the
      projector 10 and the mounting of the screen 11. As will be appreciated if
      a predetermined angle were necessary with a tolerance of 1.degree. or
      less, the slightest movement of the projector 10 or the screen 11 would
      render the system less functionable and therefore would detract from it as
      a commercial item. By curving the sides of the screen 14 and 15 by, for
      example 6.degree. to 10.degree., a considerably greater range of angular
      tolerance in without greatly adding to the directions from which ambient
      light can be reflected back to the audience.
PAR  Further advantages accrue from the curvature of the sides 14 and 15 which
      render the screen 11 of the instant invention a commercially usable item.
      By curving the sides, the direction in which light incident upon the
      screen 11 is transmitted back towards the audience is determined by the
      portion of the side 14 or 15 upon which it strikes. Therefore if the sides
      14 and 15 were straight, all of the light incident thereon would either be
      reflected directly back towards the projector or if at an improper angle
      of incidence would pass therethrough. Under the teaching of the instant
      invention, the light incident upon the screen 11 at a predetermined angle
      will be reflected back towards the audience at a plurality or range of
      angles which can be controlled by the degree of curvature of the sides 14
      and 15 to provide a predetermined viewing area greater than merely
      directly in front of the screen. While this curvature does increase the
      directions from which light will be reflected back, the small angular
      range of viewing areas necessary for display purposes renders the
      compromise a practical commercial one.
PAR  A light ray emanating from the projector 10 and striking the screen 11 so
      as to hit the surface 14 or 15 close to a trough will be hitting a surface
      of approximately 45.degree.. Such a light ray will be totally reflected
      and passed across to an opposite side thereof ad is reflected back toward
      the projector parallel to the incident light ray. It should be noted at
      this point that a reversal or inversion takes place in small segments of
      the picture as the light rays pass through the prism like ridges 13.
PAR  It will be appreciated that as the position of incidence of a light ray
      varies along a side 14 or 15 of a ridge 13, the angle at which the light
      ray will strike the back surface of the screen 11 will be altered since
      all incident light rays are parallel to each other. Therefore as the
      position moves from the 45.degree. at the troughs of the ridges 13 towards
      the lessening angles at the peaks thereof, the direction in which light
      ray is reflected back towards the audience is varied. It will be
      appreciated that since there are two reflections and each time a
      reflection occurs, the angle of deviation from 45.degree. is multiplied by
      two in terms of direction of reflection, a 6.degree. curvature in the
      sides 14 and 15 of the ridges 13 will result in a dispersion of 24.degree.
      on each side of the normal to the screen. It will of course be appreciated
      that additional dispersion occurs due to refraction as the light ray
      passes back out the front face of the screen 11 so that the small
      curvature at the back thereof provides a substantial degree of dispersion
      of the projected light. In contradistinction to this if in fact the sides
      were straight, not only would the dispersion caused by the curvature of
      the sides 14 and 15 not occur, but no refraction would occur since the
      light entering the front face of the screen 11 normal thereto would exit
      normal thereto and be undisturbed.
PAR  At this point it is important to understand that the curvature must begin
      at an angle of 45.degree. or greater since no light would be reflected
      back towards the audience if there were not a 45.degree. angle. Therefore,
      the 45.degree. angle provides the beginning point of total reflection. An
      angle of greater than 45.degree. will not reflect at all in the present
      configuration since one of the sides 14 or 15 would allow the light ray to
      pass completely therethrough or would reflect the ray elsewhere. It is
      thought that it is better to allow a small amount of light to be lost
      rather than have a dead spot in the center of the audience. In the
      preferred embodiment, the critical angle of the material making up the
      screen 11 is less than 45.degree. by an amount equal to the degree of
      curvature desired in the sides 14 and 15. Thus if a 6.degree. curvature
      were desired, a material having a critical angle of 39.degree. would be
      employed so that the sides 14 and 15 would vary in angle of curvature from
      slightly greater than 45.degree. to cover the center portion of the
      audience to 39.degree. at the peak. As a result of such an arrangement,
      all of the projected light incident upon the screen would be reflected
      back towards the desired portions of an audience array while the maximum
      angle of directions from which ambient incident light would be reflected
      is minimized.
PAR  Several materials exist which have critical angles in internal reflection
      with respet to air with approximately 39.degree.. For example, polystyrene
      has a critical angle under such circumstances of 38.93.degree. while poly
      (N-2, phenethyl) methacrylamide has a critical angle of 39.01 and poly
      (o-tolyl) methacrylate has a critical angle of 39.54. Listed below are
      additional materials which are suitable for use as the material making up
      the screen 11 with their critical angle with respect to air at 20.degree.
      to 25.degree. centigrade listed adjacent thereto:
TBL  MATERIAL                 CRITICAL ANGLE                                   
     ______________________________________                                    
     polymethylacrylate       42.53                                            
     polyethylacrylate        42.92                                            
     polytutylacrylate        43.01                                            
     polyethoxyethylacrylate  42.83                                            
     poly (2 methoxyethyl) acrylate                                            
                              43.12                                            
     poly (2 bromo sec.butyl) acrylate                                         
                              40.43                                            
     poly (2 bromo phenyl) acrylate                                            
                              38.34                                            
     poly (2 chloromethyl) acrylate                                            
                              41.23                                            
     polyacrylonitrile        41.47                                            
     polymethylmethacrylate   42.16                                            
     polyethylmethacrylate    42.33                                            
     poly butyl methacrylate  42.4                                             
     poly (i-butyl) methacrylate                                               
                              43.09                                            
     polycyclohexyl methacrylate                                               
                              41.59                                            
     poly (2-hydroxyethyl) methacrylate                                        
                              41.41                                            
     poly (2-phenoxyethyl) methacrylate                                        
                              39.96                                            
     poly phenylmethacrylate  34.82                                            
     poly (o-chloro) styrene  38.4                                             
     poly (2.6) dichloro) styrene                                              
                              37.99                                            
     poly (0-methoxy) styrene 38.87                                            
     polyacetal               41.47                                            
     poly (n-benzyl) methacrylamide                                            
                              38.78                                            
     poly (N-butyl) methacrylamide                                             
                              41.36                                            
     polyvinyl chloride       40.53                                            
     polyvinyl fluoride       38.68                                            
     polyvinylidene chloride  38.68                                            
     polyvinyl acetate        42.97                                            
     polyvinyl carbazole      36.36                                            
     polyvinyl isobutyl ether 43.58                                            
     polyvinyl alcohol        41.81                                            
     poly (n-vinyl) phthalimide                                                
                              38.13                                            
     polyallyl phthalate      41.21                                            
     polyester-Styrene        40.5                                             
     poly carbonates (bisphenol)                                               
                              39.12                                            
     zinc crown glass         41.24                                            
     higher dispersion crown glass                                             
                              41.14                                            
     light flint glass        39.41                                            
     heavy flint glass        37.31                                            
     heaviest flint glass     31.94                                            
     ______________________________________                                    
PAR  Looking at the front surface of the screen 12, it will be noted that a
      plurality of ridges 16 are formed thereon which are disposed
      perpendicularly to the ridges 13 formed on the back surface of the screen.
      It will be noted that the ridges 16 are formed from arcuate portions of
      cylinders. In this particular instance, each ridge 16 forms the surface of
      30.degree. of a cylinder. These ridges 16 act as optical elements for
      operating on the incoming light from the projector 10 for the purposes of
      creating dispersion of the light to a predetemined range of areas in front
      of the screen 11 in the vertical field.
PAR  It should be appreciated that the ridges 16 operate in conjunction with the
      reflecting surfaces 14 and 15 to provide the dispersion in the vertical
      plane. Therefore, the position of the surfaces 14 and 15 with respect to
      the ridges 16 (the thickness of the screen 11) determines the degree of
      dispersion produced by the ridges 16. Therefore if the back surface of the
      screen 11 made up of the surfaces 14 and 15 were considered flat and
      positioned at the focal point of each of the ridges 15, there would be no
      vertical dispersion of light. Rather, all of the light would be focused to
      come out parallel to the incident light. By varying the thickness it will
      be appreciated that a vertical field will be developed as the thickness of
      the screen is made less than the focal length of the ridges 16. The angle
      of dispersion and therefore the vertical field of the screen is increased
      until the thickness approaches zero.
PAR  It has been found that when the vertical field is maximized, the screen
      cannot be tilted in the vertical plane with respect to the projector
      without losing some of the reflected picture. As a result, a screen with
      maximum vertical field requires the vertical positioning of the projector
      at a precise location.
PAR  Normally, the location required for the projector is at a height which
      interferes with the viewing area. In situations where the precise vertical
      location of the projector with respect to the screen is not predetermined,
      it is desirable to have a screen which can accept projected light at
      various angles with respect to the screen in the vertical plane. It has
      been found that when the thickness of the screen is one half the focal
      length of the ridges 16, the maximum flexibility is achieved with regard
      to vertical tilting of the screen with respect to the projected light. It
      has been found that when the thickness of the screen is between 30 percent
      and 70 percent of the focal length of the ridges 16, practical screens
      having a good trade-off between vertical field and tilt ability are
      achieved. Since the decrease of focal length increases dispersion, it is
      of course preferred to employ screens having thicknesses between 30% and
      50% of the focal length of the ridges 16.
PAR  It should be understood that while this invention has been described with
      respect to a specific embodiment thereof numerous others may become
      obvious to those of ordinary skill in the art in light thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A front projection screen made from a sheet of light transmitting
      material having a predetermined critical angle of internal reflection less
      than 45%; said sheet having a front surface and a back surface; said
      screen being characterized by:
PA1  said back surface having formed thereon a plurality of parallel ridges;
      each of said ridges having curved sides terminating at a peak; said curved
      sides extending away from said sheet at an angle equal to or greater than
      45.degree. immediately adjacent to said sheet; the angle between a line
      tangent to said sides and said sheet continuously decreasing as said
      curved sides extend towards said peak; the angle between a line tangent to
      said sides and said sheet being greater than or equal to said
      predetermined critical angle of internal reflection at said peaks but less
      than 45.degree.;
PA1  said front surface having formed thereon a plurality of parallel ridges
      each forming a section of a cylinder; said ridges on said front surface
      being disposed perpendicularly to said ridges on said back surface; and
PA1  said parallel ridges which form sections of cylinders each have therefore a
      focal length and the distance from said front surface to said back surface
      is between 30 percent and 70 percent of said focal length.
NUM  2.
PAR  2. The front projection screen as defined in claim 1 in which the distance
      from the front surface to said back surface is between 30 percent and 50
      percent of said focal length.
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PAL  A hyperfine filter for the resonance lines of alkali metals, as caesium and
      rubidium, comprising:
PAL  A cell transparent to the light rays and which contains vapours of the
      alkali metal to be filtered;
PAL  Means for generating a magnetic field, into which is placed said cell;
PAL  A lamp of said metal, means to direct the light beam emitted from the lamp
      to hit said cell where only one of the two orthogonal components of
      circular polarization is absorbed;
PAL  A circular analyzer provided to separe one of the hyperfine component of
      the light beam emerging from said cell from the other; and
PAL  An interference filter to select the particular resonance line which is
      desired to be used.
BSUM
PAR  The present invention relates to the hyperfine filters for the resonance
      lines of alkali metals, and in particular to the hyperfine filters for the
      resonance lines of caesium and rubidium.
PAR  It is well known that the main difficulty in obtaining a hyperfine optical
      pumping of alkali atoms consists in the filtering of one of the two
      hyperfine components of the resonance lines. Since the hyperfine structure
      is less then 0,1 A, the commonly available known kinds of filters are
      quite useless.
PAR  For the D.sub.1 line of the caesium a filter has been proposed consisting
      of an absorption cell placed in a magnetic field orthogonal to the light
      beam direction, by means of which a good hyperfine optical pumping of the
      atoms could be obtained only in the lower hyperfine sublevel, but, on the
      contrary, it was impossible to obtain a sufficient pumping in the upper
      hyperfine sublevel, as it is necessary for certain applications, as
      masers. Another type of filter, already known in the art, consists in a
      glass cylindrical cell containing caesium vapours and placed in a magnetic
      field parallel to the light beam direction said magnetic field being
      generated by a cylindric solenoid. Even if the results of this filter may
      be in part acceptable, it however presents several inconveniences, as, for
      instance, the difficult of its construction.
PAR  As far as the rubidium is concerned, appreciable but not entirely
      satisfactory results have been achieved by means of a filter using an
      isotopic dephasing between two stable isotopes.
PAR  The filter constructed according to the present invention overcomes several
      inconveniences of the filters of the prior art and, in any case, it
      enables to obtain a high efficiency as well as a very good hyperfine
      filtering of the resonance lines of alkali metals and particularly, of
      caesium and rubidium.
PAR  Thus it is an object of the present invention to provide an improved
      hyperfine filter for the resonance lines of alkali metals and in
      particular of caesium or rubidium, which is highly efficient and without
      the inconveniences present in the analogous types of the filters of the
      prior art.
PAR  The filter, which is the object of the present invention, essentially
      comprises a cell transparent to the light beam and containing vapours of
      the alkali metal of which the filtering has to be performed, means for
      generating a magnetic field into which said cell, is placed a lamp of the
      metal, of which the filtering has to be performed, the light beam
      generated from which is caused to hit said cell so that the hyperfine
      components of the resonance light crossing said cell are absorbed
      respectively as .sigma. .sup.+ and .sigma. .sup.- radiation by the atoms
      in the absorption cell, in each hyperfine line only one of the two
      orthogonal components of circular polarization being absorbed by a
      circular analyzer separating one of the hyperfine components of the ray
      coming out of the cell from the other one, and a-n interference filter for
      selecting the particular resonance line which is desired. The intensity of
      the magnetic field in which said cell is placed has a value comprised
      between 3000 and 5000 Gauss and the cell temperature is set up according
      to the line which will be transmitted and to the useful thickness of said
      cell in order that said cell contains an optimal amount of vapour of the
      metal, the filtering of which has to be performed. That may be achieved by
      introducing the device into a small furnace in order to be able to perform
      an easier and readier control of the cell temperature and also to attain a
      more uniform temperature.
PAR  The generated magnetic field is parallel to the light beam crossing said
      cell and circular analyzer; said field can be generated by a device
      consisting in two horse-shoe permanent magnets positioned according to the
      well known configuration commonly named "C-magnets."
PAR  Other main characteristics of the invention provide that the light beam
      generated by the lamp of the metal of which the filtering has to be
      performed is guided by light guides, that the circular analyzer comprises
      a .lambda./4-wave plate and a linear polarizer, and that the circular
      analyzer can be placed on the opposite position with respect of the lamp,
      i.e., placing the same just after the lamp and before the light beam
      generated by this latter hits said cell.
PAR  As has hereinabove already stated, the magnetic field has to be higher than
      3000 Gauss and lesser than 5000 Gauss.
PAR  With reference to the first limit value, it is to be pointed out that this
      latter depends on the residual coupling between the electronic spin and
      the electronic spin which is the effect of the sufficiently high intensity
      of some Zeeman lines which are typical of the magnetic fields of low
      intensity which must disappear under the Back-Goudsmit effect at higher
      magnetic fields and which cause the alteration of the absorption process
      of the components .sigma. .sup.+ and .sigma. .sup.-; as far as the second
      limit is concerned, on account of the fact that at a magnetic field of
      high intensity the separation between the lines .sigma. is greater than
      that of the hyperfine structure at a zero magnetic field, it is impossible
      to perform any filtering in these operative conditions.
DRWD
PAR  In order to better understand the invention, a preferred embodiment will be
      now described which is given merely by way of example and without limiting
      the invention, reference being made to the accompanying drawings, in
      which:
PAR  FIG. 1 shows a diagrammatic longitudinal centre sectional view of a filter
      according to a preferred embodiment of the present invention;
PAR  FIG. 2 shows the record of the results of measurements performed with the
      use of the device shown in FIG. 1 and relating to the line D.sub.2 of the
      caesium and the component F=4;
PAR  FIG. 3 shows the record of the results of measurements performed with the
      use of the device shown in FIG. 1 and relating to the line D.sub.2 of the
      caesium and the component F=3.
DETD
PAR  According to this preferred embodiment of the present invention and in
      order to generate the magnetic fields which are necessary for the
      operation of the filter two horse-shoe permanent magnets 1 are used
      arranged in the conventional configuration known under the name
      "C-magnets," but other suitable magnets could be also used.
PAR  The two permanent magnets 1 face two pole shoes 2 and 3 of soft iron
      provided with through holes 4 and 5 respectively, aligned on the centre
      axis 6 of the device which is placed in the longitudinal centre plane of
      the two magnets 1. Two light guides 7 and 8 are provided, each consisting
      in a copper or brass tube having a polished, silver- or gold-plated inner
      surface in order to increase its reflecting capacity, said tubes 7 and 8
      being introduced into the holes 4 and 5, respectively. At the middle of
      the two pole shoes 2 and 3 is placed a cell 9 of glass or quarz which is
      filled with saturated vapour of the metal, the filtering of which has to
      be performed (in particular, caesium or rubidium). The arrangement is such
      that a magnetic field is generated about the cell 9 which can vary between
      3500 and 5000 Gauss.
PAR  In register with the axis 6 and at one side of the device a lamp 10 is
      located of the metal of which the filtering has to be performed (in
      particular, caesium or rubidium) so that the light beam generated by the
      lamp is conveyed by the light guides 7 and 8 so as to become parallel to
      the magnetic field generated by the two magnets and to cross the cell 9.
      The light beam coming out of the cell 9 has two hyperfine components of
      the resonance lines circularly polarized in opposite directions. After
      said beam having left the light guide 8, it passes through a circular
      analyzer 11, where one of the hyperfine components is separated from the
      other.
PAR  The circular analyzer usually consists in a .lambda./4-wave plate 12 and of
      a linear polarizer 13 with the addition of an interference filter 14. In
      the preferred embodiment, the .lambda./4-wave plate 12 is constituted of a
      mica sheet having a suitable thickness and the polarizer is made of
      Polaroid HN7 manufactured by the Polaroid. The interference filter 14 of
      any common type serves to select the particular resonance line which is
      wanted.
PAR  By unscrewing the screws 15, the upper part of the analyzer can be rotated
      through an angle with regard of the .lambda./4-wave plate 12, said upper
      part comprising the polarizer 13 and the interference filter 14. In
      particular a rotation through an angle of 90.degree. serves to transmit at
      will either one or the other of the resonance line groups.
PAR  In order that the filter can operate, it is necessary that in the cell 9
      there is an optimal amount of vapour of the metal, the filtering of which
      has to be performed (in particular, caesium or rubidium). This is achieved
      by controlling the cell temperature according to the line which will be
      wanted and according to the useful thickness of the cell 9, using a small
      furnace 16 into which is placed the whole filter which is supported and
      fixed thereto by a set of screw-threaded bolts 17. For instance, in the
      case as the line D.sub.2 of the caesium is concerned and if the cell 9 has
      a usefull thickness of 5 mm, the optimal temperature is comprised between
      95.degree. and 98.degree.C. Using another line or thickness, the
      temperature must be varied accordingly.
PAR  The filter according to the present invention is very efficient. By way of
      example in FIGS. 2 and 3 are shown the results of measurements which have
      been effected in order to control the efficiency of the device of the
      invention according to one of its preferred embodiments, concerning the
      line D.sub.2 of the caesium. More particularly, in FIG. 2 can be seen the
      transmission effects of a filter the polarizer 13 of which is so oriented
      with regard to the .lambda./4-wave plate 12 as to transmit the component
      F=4 and in FIG. 3 can be seen the transmission effects of a filter which
      has its polarizer oriented with respect of the .lambda./4-wave plate 12 so
      as to transmit the component F=3.
PAR  In each of said FIGS. 2 and 3 a linear scale has been used. it will be
      apparent to the persons skilled in the art, that several modifications can
      be made in the invention without departing from the field of this
      invention. For instance, the shown configuration of the "C-magnets" type
      used for generating the magnetic field could be replaced by "E-magnets" or
      "thoroidal-magnets" structures.
PAR  In addition, it is to be pointed out that the useful thickness of the cell
      9 is not at all critical, since it is sufficient to duly modify the
      operative temperature of the filter to attain an equally high efficiency.
PAR  Likewise the position of the circular analyzer in regard to other
      components can be varied without adversely affecting the device operation.
      For instance, said analyzer can be positioned just after the lamp, i.e.,
      the filter parts may be mounted according to an opposite disposition with
      respect to the lamp.
PAR  These and other modifications, which will be well evident to the persons
      skilled in the art, can be made in the device of the invention without
      departing from its informing principle.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hyperfine filter for the resonance lines of the alkali metals, caesium
      and rubidium which comprises in series,
PA1  a cell transparent to light rays and which contains vapors of the alkali
      metal to be filtered;
PA1  a device for generating a magnetic field into which said cell is placed;
PA1  a lamp of the metal of which filtering is desired, the light beam emitted
      therefrom being directed to strike said cell so that the two hyperfine
      components of the resonance line passing through the cell are absorbed by
      the atoms present in the cell as radiation 6.sup.+ or 6.sup.- respectively
      so that in each hyperfine line only one of the two orthogonal components
      of circular polarization is absorbed;
PA1  a circular analyzer for separating one of the hyperfine components of the
      light beam emerging from the said cell from the other and which includes a
      .lambda./4-wave plate and a linear polarizer arranged in series; and
PA1  an interference filter for selecting the particular resonance line desired.
NUM  2.
PAR  2. A hyperfine filter according to claim 1, wherein the intensity of the
      magnetic field adjacent the cell has a value between 3000 and 5000 Gauss.
NUM  3.
PAR  3. A hyperfine filter according to claim 1, wherein the temperature of the
      said cell is determined according to the selected line and according to
      the useful thickness of said cell in order that said cell contains an
      optimal amount of the vapour of that metal, the filtering of which is to
      be performed.
NUM  4.
PAR  4. A hyperfine filter according to claim 1, wherein it is housed within a
      small furnace to facilitate and temperature control of the said cell and
      to obtain a more uniform temperature.
NUM  5.
PAR  5. A hyperfine filter according to claim 1, wherein the generated magnetic
      field is parallel to the light beam crossing the cell and the circular
      analyzer.
NUM  6.
PAR  6. A hyperfine filter according to claim 1, wherein the device for
      producing the magnetic field comprises two permanent magnets of the
      horse-shoe structure, having so-called "C-magnets" configuration.
NUM  7.
PAR  7. A hyperfine filter according to claim 1, wherein the light beam
      generated by the lamp of the metal of which the filtering is wanted, is
      conveyed through light guides.
NUM  8.
PAR  8. A hyperfine filter according to claim 1, wherein the circular analyzer
      is placed in the opposite position with respect to the lamp, by
      positioning it just after the lamp and before the light beam generated by
      said lamp strikes the said cell.
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ABST
PAL  A light modulator comprises a crystal of the m3m class such as potassium
      tantalum niobate in which electrically-induced birefringence is obtained
      by setting up a field within the crystal in a direction which is not
      parallel to any of the crystallographic axes. With this orientation of the
      field (preferably at 45.degree. to the axes) the crystal becomes
      birefringent for light travelling parallel to the field direction. The
      birefringence is proportional to the square of the field. The modulator
      may, for example, be constructed as an amplitude modulator in which case
      it will be situated between a crossed polarizer and analyzer.
PARN
PAR  This is a continuation of Ser. No. 261,288 filed June 9, 1972, which is a
      continuation of Ser. No. 104,077, filed Jan. 5, 1971, now both abandoned.
BSUM
PAR  This invention relates to a light modulator comprising a light-permeable
      crystal of the m3m point group provided with a pair of conductive
      electrodes for setting up an electric field in a given direction within
      the crystal.
PAR  It is known that crystals of the m3m point group are birefringent in the
      presence of an applied electric field and that the resulting ordinary and
      extraordinary refractive indices thereof can be varied by varying this
      electric field. Thus the phases of both an ordinary and extraordinary ray
      of light passing through the crystal in a direction in which the effect is
      significant will be changed by amounts which depend on the value of the
      field. For crystals of the m3m point group both the ordinary and the
      extraordinary refractive indices are proportional to the square of the
      value of the field, and thus a simple phase-modulator may be formed by a
      crystal of the m3m point group provided with a pair of conductive
      electrodes for setting up a field in a given direction within the crystal.
PAR  One such modulator is disclosed in FIG. 2 of British patent specification
      No. 1087042. The crystal used in this modulator is potassium tantalum
      niobate which will be referred to a KTN (actually KTa.sub.x Nb.sub.1
      .sub.-x O.sub.3 where x has a value from 0.2 to 0.8). The provision of a
      crossed polarizer and analyzer in the input and output paths for the
      radiation respectively enables the crystal to operate effectively as an
      amplitude modulator. The ordinary and extraordinary refractive indices of
      KTN both have a large dependence upon field, but the magnitude of this
      dependence is different in the two cases. Thus the application of a field
      across the crystal can give rise to a large phase-difference between the
      ordinary and extraordinary rays as they traverse the crystal, with the
      result that plane-polarized light incident on the crystal from the
      polarizer is, in general, converted to elliptically polarized light before
      it reaches the analyzer. Thus the analyzer will transmit light with an
      intensity which depends upon the square of the magnitude of the applied
      field. Because of this dependence on the square of the field the
      dependence of the transmitted intensity on an applied field can be
      increased, if desired, by maintaining a suitable bias field across the
      crystal.
PAR  It has hitherto been assumed that the aforementioned electro-optic effect
      in crystals of the m3m point group such as KTN or other perovskited or
      BaTiO.sub.3 is fundamentally a transverse one, i.e., that a maximum effect
      is observable when the applied field direction is orthogonal to the light
      path through the crystal and that no effect would be obtained if the
      applied field and light path were parallel to one another. Thus, in the
      modulator exemplified in the aforesaid British patent specification, the
      field is applied to the crystal in a direction which is normal to the
      direction in which the light passes through the crystal. This relative
      orientation of the field and light path is a disadvantage for certain
      applications.
PAR  With the orientations of the applied field relative to the crystallographic
      axes used hitherto it is in fact true that no birefringence is observable
      if the light traverses the crystal parallel to the field direction.
      However, it has now been discovered that, with certain orientations of the
      field relative to the crystallographic axes, the m3m crystal becomes
      birefringent for light travelling parallel to the field direction.
PAR  Accordingly one aspect of the invention provides a light modulator
      comprising a light-permeable crystal of the m3m point group provided with
      a pair of electrically conductive light-permeable electrodes for setting
      up an electric field within the crystal in a direction which is not
      parallel to any of the crystallographic axes.
PAR  The modulator may include means for directing light through the crystal in
      a direction which is not parallel to any of the crystallographic axes and
      which is not normal to the field direction. Said means for directing light
      may be constructed and arranged for directing plane-polarized light
      through the crystal and a polarization analyzer may be provided in an
      output path for the light from the crystal, the polarization direction of
      the analyzer being perpendicular to the polarization direction of the
      light incident on the crystal. The means for directing light may be a
      source of plane-polarized light such as a laser, or as an alternative, it
      may be a source of unpolarized light in combination with a polarizer in
      the light path between the source and the crystal.
PAR  It is likely that the maximum electro-optical effect for light travelling
      through the crystal in a direction which has a component parallel to the
      field direction will be obtained when the field direction is at
      substantially 45.degree. to the crystallographic axes.
PAR  The light direction may be substantially parallel to the field direction.
PAR  The term "light" is to be understood to include radiation of a frequency
      which lies outside the visible part of the spectrum. For example potassium
      tantalum niobate of the composition quoted above is transparent at least
      over the wavelength range 0.3 .mu.m to 6.mu.m so that a modulator for
      infra-red radiation can be constructed using this material.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings wherein
PAR  FIG. 1 is a schematic of one embodiment of the invention,
PAR  FIG. 2 is a graph showing the parameters of the optical elements in FIG. 1,
      and
PAR  FIG. 3 is a schematic of another embodiment according to the invention.
DETD
PAR  In FIG. 1 radiation 1 of wavelength 0.63.mu.m from a source 2 passes
      through a polarizer 3, a crystal 4 of KTa.sub.0.65 Nb.sub.0.35 O.sub.3 a
      polarization analyzer 5 crossed relative to polarizer 3, and is detected
      by a detector 6. The crystal 4 (which is viewed edge-on) is 0.2 mm thick
      and is cut so that the major faces thereof are perpendicular to the (0, 1,
      1) crystal direction and thus the light 1 travels parallel to this
      direction. Radiation-permeable electrically conductive electrodes 7 and 8
      are provided on the major faces of the crystal 4. These electrodes may be
      provided, for example, by evaporating a layer of tin oxide onto each face.
PAR  A pulse generator 9 applies electrical pulses having an amplitude of
      approximately 225 volts across the electrodes 7, 8. This amplitude is such
      as to cause a relative phase change of 180.degree. between the ordinary
      and extraordinary light rays passing through crystal 4, i.e., a relative
      retardation of half a wavelength in one ray relative to the other is
      obtained with an applied voltage of 225 V. Thus the polarization plane of
      the light incident on the crystal 4 is rotated through 90.degree. therein
      and the light emerging from the crystal is transmitted by analyzer 5
      during the pulse peaks, provided that the crystal 4 is orientated relative
      to the polarizer 3 so that the extraordinary and ordinary rays therein
      have the same amplitude, i.e., provided that the polarization directions
      of 3 and 5 are at 45.degree. to the fast and slow directions of the
      crystal 4. During the intervals between pulses no light will be
      transmitted by analyzer 5. Thus the light incident on detector 6 will be
      "chopped" at the pulse frequency (which may be .about.100 Hz). This
      feature is useful in certain applications where light of very low
      intensity has to be detected.
PAR  If desired, the required pulse height (225V) from generator 9 may be
      reduced by maintaining a standing d.c. bias across electrodes 7 and 8 of
      such value as to cause a phase difference between the output ordinary and
      extraordinary rays of 2 n.pi. where n is an integer. This is because the
      birefringence of crystal 4 is proportional to the square of the applied
      voltage.
PAR  It will be evident that the normal state of the modulator 3, 4, 5, 7, 8 of
      FIG. 1 may, as an alternative, be made transmissive, if the directions of
      polarizer 3 and analyzer 5 are made parallel or if the bias field is such
      as to cause a phase difference of (2n-1).pi. between the output ordinary
      and extraordinary rays, the transmission being reduced to zero in the
      presence of the applied pulses.
PAR  The KTN modulator is particularly suitable for use with an indium
      antimonide photo-detector because the transmission characteristic of the
      former closely matches the response curve of the latter. With a modulator
      and a detector of these materials the radiation 1 from the source 2 may
      have a wavelength up to 6.mu.m. A change in wavelength will, however,
      affect the pulse height necessary for changing from transmission by the
      modulator to extinction, or vice versa, because the necessary pulse height
      (nominally 225V for = 0.63.mu.m) is proportional to the square root of the
      wavelength and to the inverse three-halves of the normal refractive index
      of the KTN for the radiation.
PAR  It should be noted that the acceptance angle of a modulator according to
      the invention is quite large (.about.30.degree.) so that it is not
      normally necessary that the radiation from the source 2 be collimated.
PAR  An alternative material for the crystal 4 is barium titanate, cut in the
      same way. However, the Curie point for this material is high
      (.about.120.degree.C) so that it would have to be heated to above this
      temperature if it were to operate satisfactorily.
PAR  Growth and compositional details of a suitable crystal 4 of KTN are
      described in the aforesaid British patent specification No. 1,087,042. It
      should be noted that cutting a crystal 4 so that its major faces lies in
      the direction described tends to give a better optical result than if the
      major faces were parallel to the crystal facets. In the latter case the
      growth striae tend to be troublesome, but when cutting is at an angle to
      the crystal facets the striae tend to average out with the result that the
      optical quality appears more uniform.
PAR  The arrangement of FIG. 1 may alternatively be used as a source of light of
      variable frequency if the detector 6 and the generator 9 are omitted and
      the source 2 is broad-band, the components, 3, 4 and 5 then acting as a
      filter of variable pass-band frequency. Referring to FIG. 2, if the fast
      and slow directions of the crystal 4 are OY and OX, and the polarization
      directions of polarizer 3 and analyzer 5 are OP and OA respectively, it
      can be shown (see e.g., "Light" by R. W. Ditchburn published by Blackie
      (1952) equation 12(43) page 386) that the light intensity E transmitted by
      analyzer 5 is given by:
EQU  E = a.sup.2 cos.sup.2 (.alpha.-.beta.)-a.sup.2 sin 2.alpha.sin 2.beta.
      sin.sup.2 1/2 .epsilon..sub.P where a is the amplitude of the light from
      source 2 at a wavelength .lambda. in air
PAL  and .epsilon..sub.P is given by:
EQU   .epsilon..sub.P = 2.pi.e/.lambda.(.mu..sub.2 -.mu..sub.1)
PAL  where e is the thickness of crystal 4 and .mu..sub.1 and .mu..sub.2 are the
      refractive indices of the crystal 4 in the fast and slow directions
      respectively.
PAR  If the polarizer and analyzer are crossed the first term in the equation
      for E becomes zero and
EQU  E = - a.sup.2 sin 2.alpha. sin 2.beta. sin.sup.2 .pi.e/.lambda. (.mu..sub.2
      -.mu..sub.1).
PAR  Thus, providing that the polarization directions of the (crossed) polarizer
      and analyzer do not coincide with the fast and slow directions of the
      crystal 4,
EQU  E.alpha. sin.sup.2 (.mu..sub.2 -.mu..sub.1).lambda. .pi.e.
PAR  This variation with .lambda. is a maximum if
EQU  Sin 2.alpha. = sin 2.beta. = 1
PAL  i.e., if .alpha.and .beta.= 45.degree. , 135.degree.. . . etc.
EQU  Then E = - a.sup.2 sin.sup.2 (.mu..sub.2 - .mu..sub.1)/.lambda. .pi.e.
PAL  and E is a maximum when
EQU  .mu..sub.2 -.mu..sub.1 /.lambda. e = 1/2,3/2, etc.
PAL  i.e.,
EQU  when .mu..sub.2 -.mu..sub.1 = .lambda.12e,  3.lambda.12e , 5.lambda./2e
      etc.
PAL  Similarly E is zero when .mu..sub.2 -.mu..sub.1 = 0, .lambda./e,
      2.lambda./e etc.
PAR  Thus, if .mu..sub.2 -.mu..sub.1 is varied by varying the potential across
      the electrodes 7 and 8 in FIG. 1, the values of .lambda. which are
      transmitted and the values of .lambda. which are stopped by the components
      3, 4, 5 of FIG. 1 will be varied, these components thus forming a filter
      whose passband(s) for the light from source 2 can be varied in position in
      the spectrum in this way. Such a filter may be used, for example, as a
      switchable colour filter in a colour television display.
PAR  FIG. 3 shows a deflector for deflecting a parallel beam of light from a
      source 2 to a plurality of positions on a screen 11. The light 1 from
      source 2 is plane-polarized by a polarizer 3 (if the source 2 emits
      plane-polarized light the polarizer 3 may be omitted) so that it has a
      polarization direction at 45.degree. to the fast and slow directions of a
      first m3m crystal 4a cut and provided with electrodes 7a and 7b so that it
      is substantially identical with that described with reference to FIG. 1.
      Similar crystals and electrodes 4b, 4c, 7b, 7c and 8b, 8c are also
      provided in the light path 1. A source 9 of approximately 225v (again this
      voltage may be reduced if a suitable steady bias is maintained across each
      pair of electrodes 7, 8) can be applied across any pair of electrodes 7, 8
      by means of switches 12a, 12b and 12c to cause a phase differences of .pi.
      between the ordinary and extraordinary light rays in any of the crystals
      4a, 4b, and 4c.
PAR  In the output path of the light from each crystal of the group 4, 44b, and
      4c is situated a uniaxial crystal of the group 10a, 10b, and 10c made, for
      example, of calcite and orientated so that its fast and slow directions
      are at 45.degree. to those of the preceding crystal of the group 4a, 4b,
      and 4c. Each crystal of the group 10a, 10b, and 10c has half the thickness
      of the preceding crystal of the group 10a, 10band 10c, and the crystal of
      the group 4a, 4b, and 4c following each crystal of the group 10a, 10b, and
      10c has its fast and slow directions at 45.degree. to the fast and slow
      directions of the preceding crystal of the group 10a, 10b, and 10c.
PAR  If, now, 225 volts from the source 9 is applied to crystal 4a by closing
      switch 12a the plane of polarization of the light emerging from crystal 4a
      will be rotated through 90.degree., i.e., from one of the fast and slow
      directions to the other of crystal 10a. Thus it can be changed from an
      ordinary ray to an extraordinary ray for the crystal 10a and will be
      displaced sideways by an amount depending on the thickness of crystal 10a.
      A similar effect will be obtained on closing switches 12b and 12c for the
      crystals 10b and 10c, but the displacement due to each crystal will be
      half that due to the preceding crystal of the group 10a, 10b, and 10c.
      Thus, with the three crystals 4a, 4b, and 4c shown, the area of incidence
      of the light beam 1 on the screen 11 can be switched between eight equally
      spaced positions which lie on a straight line. This number may be
      increased, if desired, by increasing the number of crystal pairs, and the
      "scan" obtained thereby can be made two-dimensional by providing a further
      group of crystal pairs for deflecting the area of incidence parallel to
      the plane of the paper of FIG. 3. If desired, the beam 1 may be focussed
      to a point on screen 11 by providing a converging lens (not shown) in the
      path thereof.
PAR  The arrangement of FIG. 3 may be used, for example, for displaying images
      on the screen 11 if an amplitude modulator is provided between source 2
      and screen 11 or, if screen 11 is replaced by an optical storage bank such
      as an array of photo-diodes, the light deflector may be used as an
      addressing arrangement therefor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light modulator comprising a light-permeable crystal of the m3m point
      group provided with a pair of electrically conductive light-permeable
      electrodes for setting up an electric field within the crystal in a
      direction making an angle greater than zero with all of the
      crystallographic axes, means for directing light polarized in a plane at
      an angle to the fast and slow directions of the crystal through the
      crystal in a direction making an angle greater than zero with all of the
      crystallographic axes and which makes an angle smaller than 90.degree.
      with the field direction, and a polarization analyzer provided in an
      output path for the light from the crystal.
NUM  2.
PAR  2. A modulator as claimed in claim 1, wherein the polarization direction of
      the analyzer is perpendicular to the polarization direction of the light
      incident on the crystal.
NUM  3.
PAR  3. A modulator as claimed in claim 1, wherein the polarization directions
      of the incident light and the analyzer are at substantially 45.degree. to
      the fast and slow directions of the crystal.
NUM  4.
PAR  4. A modulator as claimed in claim 1, wherein the means for directing
      polarized light comprises a source of unpolarized light with a polarizer
      in a light path between it and the crystal.
NUM  5.
PAR  5. A modulator as claimed in claim 1, constructed and arranged so that the
      light direction through the crystal will be substantially parallel to the
      field direction.
NUM  6.
PAR  6. A modulator as claimed in claim 5, constructed and arranged as a light
      beam deflector, the means for directing light through the crystal being
      arranged so that the so-directed light will be plane-polarized at
      substantially 45.degree. to the fast and slow directions of the crystal, a
      uniaxial plate being provided in the output path of the light from the
      crystal with its fast and slow directions at substantially 45.degree. to
      those of the crystal.
NUM  7.
PAR  7. A modulator as claimed in claim 1, constructed and arranged so that the
      field direction will be at substantially 45.degree. to the
      crystallographic axes.
NUM  8.
PAR  8. A modulator as claimed in claim 1, wherein said crystal is a crystal of
      potassium tantalum niobate having the formula KTa.sub.x Nb.sub.1-x O.sub.3
      where x has a value from 0.2 to 0.8.
NUM  9.
PAR  9. A modulator as claimed in claim 8, including an indium antimonide
      photo-conductive detector for light transmitted by the crystal.
NUM  10.
PAR  10. A light modulator comprising a light-permeable crystal plate of the m3m
      point group provided with a pair of electrically conductive
      light-permeable electrodes on the major faces thereof for setting up an
      electric field within the crystal in a direction making an angle greater
      than zero with all of the crystallographic axes, and a polarization
      analyzer facing one of said major faces.
NUM  11.
PAR  11. A modulator as claimed in claim 10 including a polarizer facing the
      other of said major faces.
NUM  12.
PAR  12. A modulator as claimed in claim 9 wherein the polarizer has its
      polarization direction at substantially 45.degree. to the fast and slow
      directions of the crystal, and the polarization analyzer also has its
      polarization direction at substantially 45.degree. to said fast and slow
      directions.
NUM  13.
PAR  13. A modulator as claimed in claim 12 wherein the polarizer is crossed
      relative to the analyzer.
NUM  14.
PAR  14. A light modulator comprising a light-permeable crystal plate of the m3m
      point group provided with a pair of electrically conductive
      light-permeable electrodes on the major faces thereof for setting up an
      electric field within the crystal in a direction making an angle greater
      than zero with all of the crystallographic axes, and an uniaxial plate
      facing a said major face with its fast and slow directions at
      substantially 45.degree. to those of the crystal.
NUM  15.
PAR  15. A light modulator comprising a light-permeable electro-optic crystal of
      the m3m point group provided with a pair of electrically conductive
      light-permeable substantially planar electrodes confronting two opposite
      sides of the crystal for setting up a substantially linear electric field
      within the crystal in a direction making an angle greater than zero with
      all of the crystallographic axes, means for directing light polarized in a
      plane at substantially 45.degree. to the fast and slow directions of the
      crystal through the crystal in a direction making an angle greater than
      zero with all of the crystallographic axes and making an angle less than
      90.degree. with the direction of the electric field.
NUM  16.
PAR  16. A modulator as claimed in claim 15, wherein the light direction through
      the crystal is substantially parallel to the direction of the electric
      field.
NUM  17.
PAR  17. A modulator as claimed in claim 15 wherein the direction of the
      electric field makes an angle of approximately 45.degree. with at least
      two of the crystallographic axes.
NUM  18.
PAR  18. A modulator as claimed in claim 15 wherein the means for directing
      polarized light comprises a source of unpolarized light and a polarizer in
      the light path between the unpolarized light source and the crystal.
NUM  19.
PAR  19. A modulator as claimed in claim 15 further comprising a uniaxial plate
      in an output path of the light from the crystal, wherein the fast and slow
      directions of the uniaxial plate make an angle of approximately 45.degree.
      with the fast and slow axes of the crystal.
NUM  20.
PAR  20. A modulator as claimed in claim 15 further comprising a polarization
      analyzer in an output path of the light from the crystal, said analyzer
      having a polarization direction substantially perpendicular to the
      polarization direction of the light from said light directing means.
NUM  21.
PAR  21. A modulator as claimed in claim 15, wherein the crystal is a crystal of
      potassium tantalum niobate having the formula KTa.sub.x Nb.sub.1-x O.sub.3
      where x has a value of from 0.2 to 0.8.
NUM  22.
PAR  22. A modulator as claimed in claim 21 further comprising an indium
      antimonide photo-conductive detector in the path of light transmitted by
      the modulator.
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PAL  This invention relates to liquid crystal display devices. One aspect of the
      invention concerns the electrolytic growing of projections on one plate of
      the device so that the projections register with the tin-oxide segment
      array on the other plate; another aspect concerns utilizing similar
      projections as internally placed spacers. An insulative sheet is deposited
      over the segment array in order to filter D.C. components, according to a
      third aspect of the invention, and, according to a fourth aspect, a
      spacing technique is disclosed which utilizes alumina particles in a glass
      matrix as an edge spacer. Further, a light concentration technique,
      utilizing a one-way mirror and a prism or fiber optic assembly, is
      disclosed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation, of application Ser. No. 272,524 filed July 17,
      1972, now abandoned.
BSUM
PAR  The convention priority application for this invention is Italian
      application No. 70842-A/71 filed on Nov. 24, 1971, in Italy.
PAC  BACKGROUND OF THE INVENTION
PAR  Liquid crystals have recently found wide application in the display art due
      to their ability to switch from a transparent to an opaque mode in the
      presence of electric fields. However, the prior art devices (which will be
      discussed in detail hereinafter) are subject to a number of substantial
      disadvantages, among them, poor definition, short life and problems of
      assembly.
PAC  OBJECTS OF THE INVENTION
PAR  It is the primary object of this invention to overcome the disadvantages of
      the prior art liquid crystal devices.
PAR  It is a further object of this invention to increase the visual definition
      of displayed characters.
PAR  It is a further object of this invention to provide a display of longer
      life than currently available.
PAR  It is a further object of this invention to provide simple and effect means
      for precisely spacing the glass plates which are used in liquid crystal
      displays.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1a shows a conventional liquid crystal display used in the
      transmissive mode; FIG. 1b shows one plate of a conventional liquid
      crystal display.
PAR  FIG. 2 shows a conventional liquid crystal display used in the reflective
      mode.
PAR  FIG. 3 shows one plate of a display utilizing projections which register
      with the segment array of the plate opposite.
PAR  FIG. 4 shows the segment array covered with a film of insulative material;
PAR  FIG. 5 shows a side view of a display utilizing alumina-glass as an edge
      spacer.
PAR  FIG. 6 a and b, shows both plates of a display constructed with internal
      spacers.
PAR  FIG. 7a shows a transmissive display adapted to utilize ambient light; FIG.
      7b shows a bundle of optical fibers which can be used in the structure of
      FIG. 7a.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1a and b show a typical state of the art liquid crystal display
      device consisting of two parallel glass plates 1 and 2 having a layer of
      liquid crystal material 3 sandwiched between. Transparent conductive
      coatings 4 and 5, which are generally of tin oxide, are deposited over the
      inner surfaces of the glass plates; on one plate, the conductive coating
      is applied so as to form the familiar seven segment arrangement as seen in
      FIG. 1b; on the other plate the coating is applied so as to completely
      cover the enclosed surface of the glass plate. Electrodes 6 (FIG. 1b) are
      deposited along with the array 4 and both of the conductive, transparent
      coatings 4 and 5 are connected to a source of voltage. Polymeric spacers 7
      are bonded to the plates with epoxy resin to complete the fabrication.
PAR  FIG. 1a shows a liquid crystal display designed or used in the transmissive
      mode. A ray of light 10 is directed at the side of the display which is
      opposite the observer 9. Since the glass plates and conductive coatings
      are transparent, the observer sees light ray 11 which is passed unaltered
      through the display; the observer sees, therefore, a uniformly bright
      upper surface. When an electric field is impressed across the array 4 and
      the sheet 5, the liquid crystal in the path of the field becomes
      turbulent, causing the incident light ray 10 to be scattered. The
      scattered light 12 does not reach the observer and, consequently, he sees
      a rather milky pattern on a light field, which pattern corresponds to the
      particular segments of array 4 which were energized.
PAR  FIG. 2 shows the typical liquid crystal display used in the reflective
      mode. A reflective sheet 8 is applied to the outer surface of the glass
      plate 2 which is opposite the observer 9. A ray of incident light 10 is
      caused to be directed toward the surface of upper plate 1; since the
      liquid crystal is transparent the light ray 10 is reflected in the normal
      manner (angle of incidence equaling the angle of reflection) and no light
      reaches the eye of the observer 9. When a voltage is impressed across the
      conductive sheet 5 and conductive array 4, the liquid crystal which is
      subjected to the consequent electric field loses its transparency and
      causes the incident light ray 10 to be scattered. A portion of the
      scattered light 12 is directed back to the eye of the observer 9 and he
      sees a light pattern on a dark field, which pattern corresponds to the
      particular segments of array 4 which have been energized.
PAR  FIG. 3 shows one of the glass plates of the liquid crystal display
      constructed in accordance with one aspect of the invention. The other
      (opposite) plate which contains the aforedescribed seven segment array is
      not shown. Glass plate 20 is coated with a thin sheet of reflective metal
      (e.g. aluminum or silver) 21, which sheet is connected to an alternating
      voltage source A.C. Sheet 21 carries projections 22 which are placed so as
      to register with the transparent tin oxide seven segment array carried by
      the upper plate. The metallic sheet serves two purposes: to create, along
      with the tin oxide array, the electric field through the liquid crystal
      and to reflect light rays which are incident from above. The plate of FIG.
      3 will therefore be used only in the reflective displays generally
      described in connection with FIG. 2. (A transmissive display can be
      constructed by substituting tin-oxide for the reflective metal.)
PAR  Projections 22 are made by conventional electrolytic growing; that is,
      sheet 21 is masked with an insulative material over all areas except those
      where the projections are desired, the plate is then placed in an
      electrolytic bath (e.g. aluminum or silver), made a cathode, and the
      projections are grown. By monitoring the total charge transfer, the
      thickness of the projections can be very accurately controlled. Typically
      the projections will be 15 microns in thickness with the distance between
      the upper plate and sheet 21 being 25 microns, thereby making the distance
      between the upper plate and upper surface of the projections 22 to be 10
      microns.
PAR  The physics of liquid crystal phenomenon is not entirely understood but it
      is known that the transparent-opaque switching property is caused by a
      mechanical resonance of the crystal molecules, which resonance depends on
      both the thickness of the liquid crystal and the frequency of the
      excitation voltage. It has been found that, for a given thickness, there
      is a particular frequency value above which no switching occurs and that
      as the thickness decreases, the frequency value increases.
PAR  The exact frequency above which no switching occurs is highly dependent on
      the particular liquid crystal utilized and can range from 50 to 5000 c/s.
      In any event, for the embodiment described above, the cut-off frequency
      between the upper plate and the projections will be 10 times as great as
      the cut-off frequency between the upper plate and the unraised areas of
      the lower plate.
PAR  By utilizing the grown projections 22, the turbulence in the liquid crystal
      can be precisely limited to that crystal which is between the projections
      and the tin-oxide array. The displayed numbers are consequently more
      sharply defined than those of a conventional display; in addition, there
      will be no superfluous glows caused by the electric fields which emanate
      from the leads 6 connected to the tin-oxide array 4 (FIG. 1b). The glows
      caused by these leads 6 are quite distracting; in order to limit their
      effect, the prior art devices require that each display unit (FIG. 1b) be
      surrounded by a window frame mask which hides the more substantial glows
      which occur about the edges of each unit. These masks cause a
      multi-character display to appear as a row of windows, each character
      being segregated from those adjoining by dark strips of mask. The effect
      is unsightly and further causes the observer to tend to read individual
      digits rather than the single multi-digit number. The utilization of the
      disclosed projections eliminates these masks.
PAR  FIG. 4 shows the tin-oxide seven segment array 4 deposited on glass plate 1
      in the conventional fashion. However, deposited over the plate 1 and array
      4 is a thin layer of insulative material 30 (e.g. Si O.sub.2). (This
      insulative layer, while shown covering the entire surface of the plate 1,
      need only cover the segments of the array 4). The insulative layer 30
      causes the display to behave as a capacitor; any D.C. currents which are
      impressed across the liquid crystal gap are blocked, while A.C. current is
      conducted. The insulative layer 30 filters all D.C. components; since it
      is the presence of D.C. current components which cause failure in liquid
      crystal displays, the utilization of the insulative layer 30 enables one
      to obtain a display which will have a longer life than the conventional
      devices.
PAR  One of the more difficult problems which are encountered in the
      construction of liquid crystal display is assuring that the glass plates
      are permanently spaced at a proper distance. The conventional technique,
      as described in connection with FIG. 1a, is to use polymeric spacers 7
      which are affixed to the glass plates with epoxy resin. This technique has
      a number of rather serious drawbacks, one being that the organic liquid
      crystal tends to dissolve the organic spacer and resin.
PAR  One solution to the problem is depicted in FIG. 5. FIG. 5 is a highly
      simplified representation of a liquid crystal display; only glass plates 1
      and 2 are shown but it is to be understood that the seven segment array
      and other elements necessary to a liquid crystal device are properly
      affixed. About the edges of a glass plate is deposited a mixture of
      powdered glass and alumina which is conveniently applied by conventional
      silk screen techniques. Powdered alumina, which consists of grains of
      highly controlled diameter, is currently commercially available. Alumina
      grains of 8 to 10 microns in diameter are mixed with powdered glass, the
      mixture is deposited about the edges of one of the glass plates, the other
      plate is pressed over the lower plate with the mixture sandwiched between,
      and the assembly is heated to the melting point of the glass. The alumina
      particles (which have a higher melting point than glass) form a spacer
      ridge while the glass, upon resolidification, securely bonds the assembly.
      FIG. 5 shows alumina grains 31 fixed in glass matrix 32. Should there be a
      relatively small number of alumina grains which are of overly large
      diameter, these grains will penetrate the surface of the glass plates
      since alumina is far harder than glass. The plates will therefore be
      separated by a proper distance, even in the presence of out-of-tolerance
      alumina grains in the mixture.
PAR  FIG. 6, a and b, depict the upper and lower plates of a liquid crystal
      display constructed in accordance with another aspect of the invention.
      The problem of precisely spacing the plates of a liquid crystal device is
      not completely solved by assuring that the plates are properly separated
      along their edges - one must also be certain that the central regions of
      the display are separated by the precise distance required. FIG. 6a  shows
      the upper plate having the seven segment array and further having two
      deposited conductive regions 51 and 52 with end tabs 53 and 54. These
      regions and tabs can be of tin-oxide or metal and, if tin-oxide, can be
      deposited simultaneously with the seven segment arrays. The bottom plate
      seen in FIG. 6b has two projections 55 and 56 which are electrolytically
      grown on the metallic sheet 57; these projections are grown in the same
      fashion as those described in connection with FIG. 3. Projections 55 and
      56, however, are grown to a thickness which is equal to the desired
      spacing between the plates. Tabs 53 and 54 and projections 55 and 56 are
      so located so that when the plates are placed together, the tabs and
      projections will make contact. During the assembly process, after the
      plates are placed together, a small voltage V is connected to the metallic
      plate 57 while conductive regions 51 and 52 are monitored. If the voltage
      is conducted to regions 51 and 52, it is known that plates are properly
      spaced in the internal regions. Should the voltage fail to appear at 51 or
      52, it is known that some error has been made and the display must be
      reassembled or discarded.
PAR  The tabs and regions 51-54 are utilized only during the assembly process;
      once it has been determined that the plates are properly spaced, the tabs
      and regions are ignored. Projections 55 and 56, however, continue to serve
      the function of keeping the plates properly spaced; the projections assure
      that the plates will not be bent toward each other throughout the life of
      the display.
PAR  (A modification of FIG. 6b would be to electrically isolate each projection
      from sheet 57 by etching paths through the sheet down to the glass plate.
      Each path would almost surround each projection and would extend to the
      edge of the plate to form a "key hole" shaped configuration. Each
      projection together with a thin channel of sheet 57 would be electrically
      isolated from the rest of the sheet. During display operation, the
      projections would therefore be unenergized and there would be no danger of
      superfluous glows. Another modification would be to impress the test
      voltage on one of the conductive regions (e.g. 51) and monitor the other
      region 52; by so doing, one would not have to impress any test voltages on
      the lower plate.)
PAR  As seen in connection with FIG. 1a, liquid crystal displays can be used in
      the transmissive mode, that is, with light passing completely through the
      display before reaching the observer. When used in the transmissive mode,
      however, it is necessary to place an artificial light source behind the
      display in order to obtain adequate light passage. FIG. 7a shows a
      technique whereby the liquid crystal display 60 can be used in the
      transmissive mode using only ambient light. Placed behind the display is a
      prism 61 (which can be a conventional rectangular type) positioned so that
      light passing through the prism is concentrated about the seven segment
      array (not shown) of the display 60. Instead of prism 61, a bundle of
      optical fibers 70 can be used (see FIG. 7b).
PAR  Display 60 is usually read at an angle of about 45.degree., that is, the
      conventional, comfortable angle at which an observer 62 would read any
      document. At this angle, the back of the display is directed at the lower
      portions of the room where the ambient light is weakest. By placing prism
      61 behind the display, the stronger ambient light from the upper portions
      of the room is utilized; furthermore, the prism can be selected to give
      any desired degree of light concentration.
PAR  In addition to prism 61 or optical fibers 70 (FIG. 7b), a "one-way mirror"
      63 is placed behind the display. The one-way mirror 63 is of conventional
      construction (that is, a vacuum deposition of metal or sequence of
      insulators on glass). Mirror 63 allows the prism concentrated light to
      pass to the display and, further, reflects the ambient light 64 through
      the display. The reflected ambient light 64 is relatively intense since it
      emanates from the upper portions of the room.
PAR  While the various inventive concepts disclosed have been described in
      connection with numerical display devices, it must be clear that the
      invention is not to be limited to these particular devices; the inventions
      can obviously be used in many liquid crystal applications.
PAR  In order that they be more easily understood, the various aspects of the
      invention were described separately; however, it is clear that two or more
      of these aspects can be incorporated in a single device, depending upon
      the designers' specific requirements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a device having two parallel members adapted to contain liquid
      crystal material therebetween and spacer means for spacing said members
      from each other a given distance and attaching same to each other, wherein
      the improvement comprises:
PA1  said spacer means comprising alumina particles in a glass matrix and
      disposed proximate to the edges of said members with the diameter of the
      particles equal to said given distance and wherein the glass matrix is in
      a molten state during the assembly of said device and solidifies attaching
      said members to each other with said members spaced apart said given
      distance by said particles.
NUM  2.
PAR  2. In a device according to claim 1, wherein said spacing means further
      comprises
PA1  a conductive projection centrally situated on the first of said members and
      having a thickness equal to said given instance, and
PA1  a conductive area centrally situated on said second member and contacting
      said projection, whereby
PA1  the central area of the two members are spaced apart an equal distance to
      that of the edges and the passage of a voltage from said conductive
      projection to said conductive area during the assembly assures that said
      conductive projection contacts said conductive area.
PATN
WKU  039388808
SRC  5
APN  4735986
APT  1
ART  257
APD  19740528
TTL  Spherulitic liquid crystalline texture
ISD  19760217
NCL  56
ECL  56
EXA  Koren; Matthew W.
EXP  Smith; Alfred E.
NDR  4
NFG  9
INVT
NAM  Haas; Werner E. L.
CTY  Webster
STA  NY
INVT
NAM  Adams; James E.
CTY  Bear Creek Harbor East
STA  NY
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  350160LC
EDF  2
ICL  G02F  113
FSC  252
FSS  299
FSC  350
FSS  160 LC
UREF
PNO  3703331
ISD  19721100
NAM  Goldmacher et al.
OCL  350160LC
UREF
PNO  3803050
ISD  19740400
NAM  Haas et al.
XCL  350160LC
UREF
PNO  3806230
ISD  19740400
NAM  Haas
OCL  350160LC
OREF
PAL  Hezlmeier et al. "A New Electric-Field-Controlled..."  APL Vol. 13, No. 4
      pp. 132-3, 15 Aug. 1968.
LREP
FR2  Cannon; George J.
ABST
PAL  Liquid crystalline compositions comprising dielectrically negative nematic
      liquid crystalline materials from about 0.4 percent by weight to about 3
      percent by weight optically active materials, in contact with an aligning
      agent, and characterized by a helical pitch to layer thickness ratio of
      from about 1 to about 10 are transformed from an initially homeotropic or
      homogeneous texture into a novel stable spherulitic texture upon removal
      of an applied D.C. or low frequency A.C. electrical field. Erasure and
      imaging of the novel spherulitic texture are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid crystalline materials having optical
      storage capability and more particularly relates to a novel, stable liquid
      crystalline spherulitic texture, a process for the preparation thereof,
      the erasure thereof and the use thereof in liquid crystalline displays.
PAR  Liquid crystalline materials having optical storage capability are
      disclosed in U.S. Pat. Nos. 3,642,348; 3,680,950; 3,704,056. These liquid
      crystalline systems are transformed from a cholesteric liquid crystalline
      material from one of its Grandjean and focal-conic texture states to the
      other of its texture states. That is, the transformation from Grandjean to
      focal-conic or from focal-conic to Grandjean.
PAR  Cholesteric liquid crystalline materials are known to exhibit various
      observable textures. For example, cholesteric liquid crystals may adopt a
      focal-conic, or a Grandjean plane texture as modifications of the
      cholesteric mesophase itself, as described in Gray, G. W., MOLECULAR
      STRUCTURE AND THE PROPERTIES OF LIQUID CRYSTALS, Academic Press, London,
      1962, pp. 39-54.
PAR  Generally speaking, liquid crystalline substances exhibit physical
      characteristics which include characteristics typically associated with
      liquids and characteristics which are typically associated with solid
      crystals. The name "liquid crystals" has become generic to substances
      exhibiting these dual properties. In addition to the cholesteric
      mesophase, liquid crystals are known to exist in the smectic and nematic
      mesophases. The three mesophase forms of liquid crystalline materials
      mentioned above are characterized by different structures wherein the
      molecules of the compound are arranged in a molecular structure which is
      unique to each of the three mesomorphic structures.
PAR  Each of these structures is well known in the liquid crystal art. For
      example, the smectic mesophase is typically structurally described as
      having its molecules arranged in layers with the major axes of the
      molecules approximately parallel to each other and approximately normal to
      the planes of the layers. Within a given layer, the molecules in the
      smectic mesophase may be organized in uniform rows or randomly distributed
      throughout the layer. The layers of the smectic mesophase are free to move
      in relation to each other because the attractive forces between the layers
      are relatively weak, thereby providing the smectic liquid crystalline
      substances with the mechanical properties of a planar or two-dimensional,
      soap-like fluid.
PAR  The nematic mesophase, on the other hand, is typically described in the
      literature as having molecules which are not organized into definite
      layers as in the smectic structure but which molecules have their major
      axes lying approximately parallel to one another locally.
PAR  The cholesteric mesophase is typically described in the literature as
      having molecules believed to be arranged in definite layers as in the
      smectic mesophase; however, within a given layer, molecules are believed
      to be arranged with their major axes approximately parallel in a fashion
      resembling the structure of nematic liquid crystals. The cholesteric
      structure derives its name from the fact that materials exhibiting the
      cholesteric liquid crystalline structure typically have molecules which
      are derivatives of cholesterol and which are shaped very similarly to
      molecules of cholesterol. Because of the shape of the cholesteric
      molecule, in the cholesteric structure the direction of the major axes of
      the molecules in each of the aforementioned thin layers is displaced
      slightly from the direction of the major molecular axes in the adjacent
      molecular layers. When compared to a hypothetical straight line axis
      passing through a cholesteric liquid crystalline substance and
      perpendicular to the molecular planes within said substance, the angular
      displacement of the direction of the molecular axes within each adjacent
      layer traces out a helical path around the hypothetical straight line
      axis.
PAR  More particularly, with respect to the cholesteric mesophase, the two
      predominately studied textures are typically described in the literature
      as follows. The focal-conic and Grandjean textures are similar to each
      other in that they both have the same local symmetry, namely, helical; but
      the orientation of the helical regions vary greatly. The Grandjean texture
      consists of regions of helical order the axes of which are all
      approximately parallel to each other and normal to the substrate, whereas
      the focal-conic texture consists of similar regions the axes of which are
      all approximately parallel to the substrate and oriented randomly in that
      plane. The Grandjean texture of the cholesteric mesophase is typically
      characterized by selective dispersion of incident light around a
      wavelength .lambda..sub.o (where .lambda..sub.o = 2np, where n equals the
      index of refraction of the liquid crystalline film and p equals the pitch
      of the liquid crystalline film) and optical activity for wavelengths of
      incident light away from .lambda..sub.o. If .lambda..sub.o is in the
      visible spectrum, the liquid crystalline film appears to have the color
      corresponding to .lambda..sub.o for normal incidence and normal
      observation, and if .lambda..sub.o is outside the visible spectrum the
      film appears colorless and non-scattering. The Grandjean texture of
      cholesteric liquid crystals is sometimes referred to as the "disturbed"
      texture. The focal-conic texture is also typically characterized by
      selective dispersion but in addition this texture also exhibits diffuse
      scattering in the visible spectrum, whether .lambda..sub.o is in the
      visible spectrum or not. The appearance of the focal-conic texture state
      is typically milky white. The focal-conic texture of cholesteric liquid
      crystals is sometimes referred to as the "undisturbed" texture.
PAR  With regard to mixtures of nematics and optically active materials, it has
      been reported by A. D. Buckingham et al, Chem. Phys. Letters, 3, 7, 540
      (1969) that the addition of small amounts, for example, about 10 percent
      by weight or less, of optically active, non-mesomorphic materials such as
      l-menthol and tartaric acid to nematic liquid crystalline materials will
      provide compositions having the optical properties of the cholesteric
      liquid crystalline mesophase. Also, U.S. Pat. No. 3,806,230 to Werner E.
      L. Haas, and assigned to a common assignee, discloses that liquid
      crystalline compositions possessing the optical properties of the
      cholesteric liquid crystalline mesophase and comprising a nematic liquid
      crystalline material and at least one optically active, non-mesomorphic
      material have optical storage capabilities upon removal of an applied
      electric field or current. An image formed according to the disclosure of
      said application is typically scattering and contrasts with the clear
      unaffected region not subjected to the electrical field. The application
      discloses that the image can be erased with a high frequency A.C. field.
PAR  In new and growing areas of technology such as liquid crystalline imaging
      systems, new methods, apparatus, compositions, and articles of manufacture
      are often discovered for the application of the new technology in a new
      mode. The present invention relates to a new and advantageous system for
      imaging liquid crystalline members.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a novel liquid
      crystalline composition exhibiting a novel, stable texture.
PAR  It is another object of this invention to provide a novel process for
      producing said texture.
PAR  It is yet a further object of this invention to provide a novel imaging
      system utilizing said texture.
PAR  It is still a further object of this invention to provide a novel imaging
      or display system having image memory or storage capability.
PAR  It is another object of this invention to provide an imaging system
      suitable for use in display devices which may be addressed by various
      means.
PAR  It is yet still a further object of this invention to transform a liquid
      crystalline composition having the optical characteristics of the
      homeotropic or homogeneous texture of the nematic mesophase into a stable,
      field-induced birefringent spherulitic texture.
PAR  Another object of this invention is to cause the stable, field-induced
      birefringent spherulitic texture to revert to its initial homeotropic or
      homogeneous texture state of the nematic mesophase.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by a system transforming layers of dielectrically negative
      nematics doped from about 0.4 percent by weight to about 3 percent by
      weight with optically active materials, having a helical pitch to layer
      thickness ratio of from about 1 to about 10 and having the optical
      properties of the homeotropic or homogeneous texture of the nematic
      mesophase, to a birefringent, slightly scattering spherulitic texture upon
      removal of an applied D.C. or low frequency A.C. voltage or potential; and
      an imaging system wherein the electrically induced transformation images a
      homeotropic or homogeneous nematic liquid crystalline member in a desired
      image configuration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a photographic reproduction of a photograph taken through a
      microscope and is typically representative of the induced stable
      spherulitic texture produced in accordance with the invention.
PAR  FIG. 2 is a cross-sectional view of a liquid crystalline imaging member.
PAR  FIG. 3 is an isometric view of an embodiment of a liquid crystalline
      imaging member wherein the desired image is defined by the shape of the
      spacing member.
PAR  FIG. 4 is an isometric view of an embodiment of a liquid crystalline
      imaging member wherein the desired image is defined by the shape of at
      least one of the electrodes.
PAR  FIG. 5 is an isometric view of an embodiment wherein a typical liquid
      crystalline imaging member is viewed between polarizers.
PAR  FIG. 6 is a cross-sectional view of an imaging system wherein a liquid
      crystalline imaging member is imaged by an electron beam address system.
PAR  FIG. 7 is an exploded isometric view of an imaging system wherein a liquid
      crystalline imaging member is imaged by an X-Y address system.
PAR  FIG. 8 is a partially schematic cross-sectional view of a liquid
      crystalline imaging member wherein at least one of the electrodes has a
      photoconductive surface.
PAR  FIG. 9 is an isometric view of a uni-planar, multiple cell, liquid
      crystalline imaging member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the process of the instant invention, liquid crystalline
      compositions of dielectrically negative nematic liquid crystalline
      materials and from about 0.4 percent by weight to about 3 percent by
      weight optically active materials are provided on a substrate in layer
      configuration and in either the homeotropic or homogeneous texture of the
      nematic mesophase. The layered compositions are characterized by a helical
      pitch to layer thickness ratio of from about 1 to about 10, and by either
      the homeotropic texture of the nematic mesophase (major axes of the
      molecules parallel to one another and perpendicular to the plane of the
      layer) or the homogeneous texture of the nematic mesophase (major axes of
      the molecules parallel to one another and parallel to the plane of the
      layer) in at least one region or portion of interest of the layer.
PAR  The homeotropic or homogeneous portion or region of interest of the layer
      is transformed from the homeotropic or homogeneous texture to a novel,
      stable spherulitic texture upon removal of an applied D.C. or low
      frequency A.C. voltage or potential.
PAR  The nematic liquid crystalline material can comprise any suitable
      dielectrically negative liquid crystalline nematic. These nematics align
      with the major axes of their molecules perpendicular to the electrical
      field created by a voltage applied across a layer of the nematic liquid
      crystalline material.
PAR  Typical suitable nematics are disclosed in Vol. 18, Ann. Physique, p. 273,
      G. Friedel (1922), hereby expressly incorporated by reference. Typical
      suitable dielectrically negative nematics include p-azoxyanisole,
      p-azoxyphenetole, p-ethoxybenzylidene-p'-n butylaniline,
      trans-4-butyl-.alpha.-chloro-4'-ethoxystilbene,
      trans-4-octyl-.alpha.-chloro-4'-ethoxystilbene,
      p-methoxybenzylidene-p'-n-butylaniline; mixtures of the above, and others.
PAR  Optically active material added to the dielectrically negative nematic to
      provide the liquid crystalline composition can comprise any suitable
      optically active materials, whether mesomorphic or non-mesomorphic.
      Mesomorphic optically active materials include, for example, optically
      negative liquid crystalline materials such as, for example, derivatives
      from reactions of cholesterol and inorganic acids; for example,
      cholesteryl chloride, cholesteryl bromide, cholesteryl iodide, cholesteryl
      fluoride, cholesteryl nitrate; esters derived from reactions of
      cholesterol and carboxylic acids; for example, cholesteryl crotonate;
      cholesteryl nonanoate; cholesteryl hexanoate; cholesteryl formate;
      cholesteryl docosonoate; cholesteryl propionate; cholesteryl acetate;
      cholesteryl valerate; cholesteryl linolenate; cholesteryl oleate;
      cholesteryl erucate; cholesteryl butyrate; cholesteryl caproate;
      cholesteryl laurate; cholesteryl myristate; cholesteryl clupanodonate;
      ethers of cholesterol such as cholesteryl decyl ether; cholesteryl lauryl
      ether; cholesteryl oleyl ether; cholesteryl dodecyl ether; carbamates and
      carbonates of cholesterol such as cholesteryl decyl carbonate; cholesteryl
      oleyl carbonate; cholesteryl methyl carbonate; cholesteryl ethyl
      carbonate; cholesteryl butyl carbonate; cholesteryl docosonyl carbonate;
      cholesteryl cetyl carbonate; cholesteryl heptyl carbamate; and alkyl
      amides and aliphatic secondary amines derived from
      3.beta.-amino-.DELTA..sup.5 -cholestene and mixtures thereof; peptides
      such as poly-.gamma.-benzyl-L-glutamate; derivatives of beta sitosterol
      such as sitosteryl chloride and amyl esters of cyano benzylidene amino
      cinnamate. The alkyl groups in said compounds are typically saturated or
      unsaturated fatty acids, or alcohols, having less than about 25 carbon
      atoms, and unsaturated chains of less than about five double-bonded
      olefinic groups. Aryl groups in the above compounds typically comprise
      simply substituted benzene ring compounds.
PAR  Typical suitable non-mesomorphic optically active materials include:
      derivatives of alcohols such as l-menthol, l-linannol, d-mannitol,
      d-borneol, and d-guercitol; derivatives of ketones such as d-camphor,
      d-3-methylcyclohexanone, and 1-6-isopropyl-3-cyclohexanone; derivatives of
      carboxylic acids such as d-citronellic acid, 1-citronellic acid,
      d-chaulmoogric acid, 1-campholic acid, 1-arabonic acid, d-tartaric acid,
      and 1-ascorbic acid; derivatives of aldehydes such as d-citronellal;
      derivatives of alkenes such as 1-B-pinane, d-silvesterene, and d-limonene;
      derivatives of amines such as 1-2-methylpiperidine; derivatives of
      nitriles such as d-mandelonitrile; derivatives of amides such as
      d-hydrocarbamide; and mixtures thereof.
PAR  Mixtures of the nematic liquid crystalline material and the optically
      active material can be prepared in organic solvents such as chloroform,
      petroleum ether, methyl ethyl ketone and the like, which are typically
      subsequently evaporated from the mixture thereby leaving the liquid
      crystalline composition. Alternatively, the individual components of the
      liquid crystalline composition can be combined directly by heating to an
      appropriate temperature.
PAR  The optically negative liquid crystalline composition formed by adding the
      nematic liquid crystalline substance and an optically active material can
      be provided in the homeotropic or the homogeneous texture of the nematic
      mesophase by any suitable method known in the art, such as, for example,
      aligning agents added to the composition or coated upon substrates and
      surface treatments such as rubbing.
PAR  The aligning agents may be applied to a suitable substrate upon which the
      layer of optically negative liquid crystalline composition resides or may
      be added to the mixture of nematic and optically active material or a
      combination of coatings and additives can be employed.
PAR  Any suitable aligning agent can be used. Typical suitable aligning agents
      include those added to the nematic liquid crystal material such as, for
      example, additive aligning materials disclosed in U.S. Pat. No. 3,656,834,
      hereby expressly incorporated by reference, a typical example of which is
      hexadecyltrimethylammonium bromide. Other typical aligning agents which
      may be added to the mixture of nematic and optically active material
      includes the resinous materials enumerated in U.S. Pat. No. 3,803,050,
      hereby expressly incorporated by reference, which resins include polyamide
      resins, epoxy resins, and others as enumerated therein; surfactants
      (surface active agents) such as, for example, esters of polyhydric
      alcohols, alkorylated amides, esters of polyorypropylene glycols, ethers
      of polyoxyalkylene glycols, sulfonated hydrocarbons and their salts,
      heterocyclic amines, amphoterics such as: cetyl betane, sequestrants such
      as: trisodium nitrilotriacetate and many others as enumerated therein.
PAR  The aforementioned aligning agents to be added to the liquid crystalline
      composition (mixture of nematic and optically active material) are to be
      added in accordance with the practice disclosed in the aforementioned
      patents. For example, a suitable range is broadly disclosed as 0.25
      percent to about 2.5 percent by weight of the nematic in the former
      patent; and from about 0.1 and about 10% by weight in the latter patent.
PAR  Homeotropic or homogeneous alignment can also be accomplished by coating a
      suitable substrate upon which the layer of optically negative liquid
      crystalline material is placed by coating or adding any of the many
      materials known in the art. Such known coating materials include, for
      example, silanes such as alcoxysilanes for homoeotropic alignment and
      additive and coating materials listed in Vol. 61, No. 7, Proceedings of
      the IEEE, p. 823, July, 1973 in the article "Surface-Produced Alignment of
      Liquid Crystals" by Kahn, Taylor and Schonhorn; hereby expressly
      incorporated by reference, for homeotropic and homogeneous alignment.
      Homogeneous alignment can be accomplished by rubbing the substrate as is
      well known to those skilled in the art.
PAR  Once the optically negative liquid crystalline composition is formed as
      above described and provided in the homeotropic or homogeneous texture of
      the nematic mesophase, a voltage or potential is applied at a level
      sufficient to produce dynamic scattering. The applied voltage will have an
      electrical field associated with the voltage and the voltage is applied in
      a manner that provides a direction to the electrical field which is
      perpendicular to the plane of the layer of liquid crystalline composition;
      that is, across the thickness of the cell. The voltage level and not the
      electrical field strength is the important parameter for dynamic
      scattering. That is, dynamic scattering is dependent upon the amount of
      voltage and not the thickness of the layer of liquid crystalline
      composition across which the voltage is applied. Dynamic scattering is
      well known to and easily recognized by those skilled in the art. When a
      voltage of such strength is applied in such manner, dynamic scattering is
      observed. Upon removal of the applied voltage, the liquid crystalline
      material transforms to the spherulitic texture of which the photograph in
      FIG. 1 is typically representative.
PAR  The voltage level and the time during which the voltage is applied are
      interdependent with respect to producing a relatively densely packed
      texture (that is, one at least as densely packed as the spherulites in
      FIG. 1). For example, substantially total transformation to a densely
      packed spherulitic texture can be typically obtained with the application
      of voltage of about 15 volts across a 4 micron thick sample of the liquid
      crystalline layer for a period of about 1 second. On the other hand, for
      the same layer, generation of substantially the same packing density in a
      period of about 0.05 second requires a voltage of about 20 volts.
      Formation of isolated spherulites can be observed down to the millisecond;
      by control of voltages and times it is possible to obtain a wide gamut of
      packing densities ranging from 1 or more small number of spherulites in
      the liquid crystalline material up to a very dense, closely packed,
      numerous number of spherulites approaching total transformation of the
      liquid crystalline material into spherulites. The generation of a closely
      packed spherulitic texture can also be accomplished by successive
      application of D.C. pulsed electrical fields, each of which by itself only
      generates a small number of spherulites. The electrical fields can be
      conveniently generated by application of D.C. voltages, or low frequency
      A.C. voltages of less than about 1000 Hz. By "low frequency" is herein
      meant less than about 1000 Hz.
PAR  The novel spherulitic texture thus produced is stable. That is,
      deterioration with time is not detected. The stable spherulitic texture
      can conveniently be erased by either mechanically shearing the liquid
      crystalline layer or by applying a high frequency A.C. electrical field,
      for example, above about 1000 Hz. The phrase "high frequency" is used
      herein to mean above about 1000 Hz. Erasure is a one step process when the
      liquid crystalline composition is returned to an originally homogeneous
      texture.
PAR  The erasure of the spherulitic texture and the return of the liquid
      crystalline material to its original homeotropic texture state involves a
      two step process and the interdependence of electrical field strength and
      period of time during which the electrical field is applied. In the
      homogeneous case, the homogeneous texture returns immediately upon
      application of the erasing field. With respect to the two step process, it
      is observed that during application of the high-frequency A.C. electrical
      field, or erasing field, the liquid crystalline state observable between
      crossed polarizers is birefringent and substantially uniform. This state
      of the liquid crystalline material during application of the erasing
      electrical field is typically identified as the "Schlieren texture." The
      actual return to the initial state of the liquid crystalline material
      begins only after removal of the applied erasing, high frequency A.C.
      electrical field. The portions of the liquid crystalline material which
      were initially in the homeotropic texture immediately return to such
      initial state immediately upon removal of the erasing electrical field.
      The field of view for such regions becomes dark between crossed
      polarizers. On the other hand, regions, if any, of the liquid crystalline
      layer which were not initially homeotropic when regions of interest were
      homeotropic but which nevertheless were transformed into spherulites or
      regions containing spherulites, also return to their initial state only
      upon removal of the high frequency erasing A.C. electrical field, These
      regions however, return more slowly to their initial state and the period
      of time required for erasure in these regions is measured in seconds. That
      is, for such regions less than a minute is typically required for erasure
      upon removal of the erasing electrical field.
PAR  When erasing the spherulitic texture to an initially homogeneous texture,
      the field of view is dark between crossed polarizers when the axis of
      polarization of one of the polarizers is placed parallel to the initial
      direction of the major axes of the molecules. That is, when substrate
      rubbing is used to provide the homogeneous texture, then that axis of
      polarization is placed parallel to the direction of rubbing.
PAR  With respect to the interdependence of the erasing electrical field and the
      time required for such erasing electrical field strengths, typical
      parameters at an A.C. frequency of 2 KHz include the application of 100
      volts per mil thickness of the liquid crystalline layer applied for about
      1 second and about 133 volts per mil thickness of liquid crystalline layer
      applied for about 1/2 second; and further include, at an A.C. frequency of
      about 2 KHz, the application of about 167 volts per mil thickness of
      liquid crystalline layer for a period of time of about 1/10 second.
      Erasure is dependent upon electrical field strength; that is, the voltage
      level and the thickness across which it is applied. Partial erasure of the
      stable spherulitic texture can occur if the applied erasing electrical
      field strength is too low or the period of time during which the erasing
      electrical field is applied is too short. This is analogous to the
      interdependence of the amount of voltage and time of its application
      during the application of D.C. or low frequency A.C. voltages for
      transformation of the liquid crystalline material from its initial state
      into the spherulitic texture. It will be appreciated, of course, that by
      control of the erasure parameters of electrical field strength and time
      during which it is applied, a wide gamut of packing densities can be
      obtained by partial erasure of a previously existing densely packed
      spherulitic texture.
PAR  With regard to the stable spherulitic texture of which the photograph in
      FIG. 1 is typically representative, it is noted that the individual
      spherulites are birefringent and that the array of spherulites is slightly
      scattering. By "slightly scattering" as used herein is meant scattering
      which is less intense than dynamic scattering of the same material, when
      voltage is applied. The optical phenomena of scattering and dynamic
      scattering is well known to those skilled in the art. Speaking generally,
      scattering occurs due to interfaces between two kinds of materials, each
      of which has a different index of refraction. In dynamic scattering,
      liquid crystalline material containing many regions of different
      orientations scatters light intensely. Generally speaking, scattering is
      caused by light scattering centers which may be either an interface
      between two different kinds of materials or between different regions of
      orientations in the same material. With respect to dynamic scattering,
      this is generally observed in nematic liquid crystalline materials upon
      application of an electrical field of sufficient strength. Without being
      under the influence of an aligning agent or an electrical field, nematic
      molecules in any local area of the layer of nematic liquid crystalline
      material point in one direction although the orientation differs from area
      to area.
PAR  Upon application of an electrical field across the layer of nematic liquid
      crystalline material, the molecules of the nematic line up with their long
      axes at some predetermined relationship to the field direction, depending
      upon materials, electrical field strength and presence or absence of
      aligning agents. When the electrical field is of sufficient strength to
      cause ions to move towards the electrodes by which the electrical field is
      applied, the ions disrupt the order of alignment of the nematic molecules
      and create relatively large regions of turbulence. Dynamic scattering
      results.
PAR  The advantageous transformation provided by the instant invention differs
      fundamentally from the previously reported storage effects in liquid
      crystalline mixtures of cholesterics and dielectrically negative nematics.
      The previously reported effects are based upon reversible transformtion
      between the Grandjean (planar) texture and the focal-conic textures of the
      cholesteric mesophase. The initial state of the liquid crystalline
      material in accordance with the advantageous transformation process of the
      instant invention is the above described aligned state of the nematic
      doped with optically active materials. This initial state is clear, the
      optic sign is positive and the overall optical characteristics are that of
      a nematic. On the other hand, in the previously reported transformations,
      the initial state is characterized by a negative optic sign and the
      general optical characteristics are that of a cholesteric. The final
      spherulitic texture state of the transformation provided by this invention
      is also very different from the final state of the previously reported
      transformations. A single layer of spherulites, preferably closely packed,
      is presented by the spherulitic texture and is readily recognized as being
      very different from the previously described cholesteric or nematic
      texture.
PAR  Interesting, reproducible effects were observable during experimentation
      and characterized the liquid crystalline material in which the spherulitic
      texture is created. These characteristics are set forth immediately below
      for the nematic methoxy benzylidene-p'-n butylaniline (MBBA) doped with
      cholesteryl oleyl carbonate (COC) in the amount of about 2.2 percent by
      weight and placed in an unsealed cell consisting of two flat, rectangular,
      indium oxide coated glass plates separated by about 0.15 mil Mylar spacer.
      A thin film of alcoxysilane was overcoated upon the indium oxide coating
      of the glass plates. The doped nematic was sandwiched between the
      alcoxysilane films and the indium oxide coatings were electrical connected
      to a D.C. voltage source. Although the observations reported here refer to
      the particular doped nematic, very similar observations were made with
      different liquid crystalline mixtures. Some of the below reported
      parameters varied somewhat, of course, for the particular mixture
      utilized.
PAR  The particular unsealed cell constructed as above was experimented with and
      it was determined that under the influence of D.C. electrical fields, two
      distinct regions are observable: (a) at voltages smaller than required for
      dynamic scattering, all electro-optic effects are transient. The cell
      returns to its initial state after field removal; and, (b) if the applied
      voltage is sufficient to produce dynamic scattering, the entire cell
      transforms to the stable spherulitic texture upon removal of the applied
      voltage and exhibits dynamic scattering during the application of such
      voltage. With the voltage setting at about 2.0 volts the liquid
      crystalline material becomes birefringent and at about 3.0 volts
      striations appear which bear similarities to both Williams domains and
      large pitch focal-conic textures. As the voltage is increased, a branching
      effect is observable between about 4 to about 6 volts with short branches
      growing from the main filaments. At about 7.0 volts, swirling begins.
      Turning off the voltage at this point, i.e., removing the electrical
      field, results in formation of the first domains of spherulites. When the
      voltage is increased to about 12.0 volts, and at higher voltages, the
      liquid crystalline material becomes dynamically scattering. Upon removal
      of such dynamic scattering voltages, first branching, then circular
      motion, and finally formation of relatively closely packed spherulites are
      observed all across the cell. The spherulites typically have diameters of
      from about  5 microns to about 100 microns with some minor deviation
      occurring for any one sample. Between crossed polarizers it was observed
      that the spherulites were birefringent and that the liquid crystalline
      material between spherulites were in the homoeotropic texture of the
      nematic mesophase. Dense packing of the spheres generates a hexagonal
      structure which becomes most evident between parallel polarizers. These
      events were also observable with the low frequency A.C. electrical fields,
      including the formation of the spherulitic texture.
PAR  During experimentation, it was determined that the helical pitch (p) and
      the thickness of the layer of liquid crystalline composition provided on a
      substrate in contact with an aligning agent is critically interdependent
      to the formation of the novel spherulitic texture. As indicated in Table I
      below, the ratio of the helical pitch of the optically negative liquid
      crystalline composition to the thickness of the layer thereof on the
      substrate and in contact with the aligning agent must be within the range
      of about 1 to about 10. Ratios within the range of from about 3.5 to about
      5 are preferred because such ratios yield a stable spherulitic texture
      having a packing density of spherulites at least substantially approaching
      the packing density depicted in the photograph of FIG. 1. Ratios within
      the ranges of from about 1 to about 3.5 and from about 5 to about 10
      produce a spherulitic texture which has a relatively low packing density
      of spherulites. This is illustrated in Table I below which lists typical
      cell thicknesses and helical pitches, as above described, both in microns.
      The helical pitch is read along horizontal lines and the cell thicknesses
      are read along vertical lines; the intersection denotes the combination of
      helical pitch and cell thickness utilized in a typical attempt to form the
      novel spherulitic texture of the instant invention. The designation P
      stands for preferred, indicating the formation of spherulites with a
      packing density substantially approaching that represented by the
      photograph of FIG. 1. The designation S, indicating satisfactory results,
      stands for a packing density of about 1/2 that represented in the
      photograph of FIG. 1, or a lesser packing density. Combinations of helical
      pitch and cell thickness other than those designated by either capital
      letter P or capital letter S did not form stable spherulites.
TBL                TABLE I                                                     
     ______________________________________                                    
     PITCH (.rho.)   CELL THICKNESS (.mu.)                                     
     ______________________________________                                    
                     4      12     19   25                                     
     100                           P    P                                      
     60                     P      P    S                                      
     40              S      P      S                                           
     15              P      S                                                  
     ______________________________________                                    
PAR  For the production of spherulites having a satisfactory packing density,
      the helical pitch can satisfactorily be in the range of from about 5
      microns to about 200 microns and the cell thickness can satisfactorily be
      in the range of from about 1 micron to about 100 microns. For the
      production of spherulites having a preferred density, the helical pitch is
      preferably within the range of from about 15 microns to about 100 microns
      and the cell thickness is preferably within the range of from about 4
      microns to about 25 microns. Spherulites can be produced with helical
      pitches outside the range of from about 5 microns to about 200 microns and
      with cell thicknesses outside the range of about 1 micron to about 100
      microns, provided the ratio of helical pitch to cell thickness is within
      the range of from about 1 to about 10. It will be appreciated, of course,
      that the cell thickness in microns is equal to the thickness of the layer
      of liquid crystalline composition. Therefore, the satisfactory ranges and
      preferred ranges for cell thicknesses are the satisfactory and preferred
      ranges, respectively, for layers of liquid crystalline composition
      employed in accordance with the instant invention.
PAR  In FIG. 2 a typical liquid crystalline imaging member 10, sometimes
      referred to as an electroded imaging sandwich, is shown in cross-section
      wherein a pair of transparent plates 11 having substantially transparent
      conductive coating 12 upon the contact surface, comprise a parallel pair
      of substantially transparent electrodes. An imaging member wherein both
      electrodes are transparent is preferred where the imaging member is to be
      viewed using transmitted light; however, a liquid crystalline imaging
      member may also be viewed using reflected light thereby requiring only a
      single transparent electrode while the other may be opaque. The
      transparent electrodes are separated by spacing member 13 which contains
      voids which form one or more shallow cups which contain the liquid
      crystalline film or layer which comprises the active element of the
      imaging member. A field is created between the electrodes by an external
      circuit 15 which typically comprises a source of potential 16 which is
      connected across the two electrodes through leads 17. The potential source
      may be either D.C., A.C. or a combination thereof; and is preferably
      variable with respect to the application of A.C., D.C. voltage levels and
      A.C. frequencies (hereinafter referred to as variable voltage source).
PAR  In the liquid crystal imaging members described in FIG. 2, the electrodes
      may be of any suitable transparent, conductive material. Typical suitable
      transparent, conductive electrodes include glass or plastic substrates
      having substantially transparent and continuously conductive coatings of
      conductors such as tin, indium oxide, aluminum, chromium, tin oxide, or
      any other suitable conductor. These substantially transparent conductive
      coatings are typically evaporated onto the more insulating transparent
      substrate. NESA glass, a tin oxide coated glass manufactured by the
      Pittsburgh Plate Glass Company, is a commercially available example of a
      typical transparent conductive electrode material.
PAR  The spacer, 13 of FIG. 2, which separates the transparent electrodes and
      contains the liquid crystal film between said electrodes, is typically
      chemically inert, transparent, substantially insulating and has
      appropriate dielectric characteristics. Materials suitable for use as
      insulating spacers include cellulose acetate, cellulose triacetate,
      cellulose acetate butyrate, polyurethane elastomers, polyethylene,
      polypropylene, polyesters, polystyrene, polycarbonates, polyvinylfluoride,
      polytetrafluoroethylene, polyethylene terephthalate, and mixtures thereof.
PAR  In FIG. 3 the embodiment of the liquid crystal imaging member described in
      FIG. 2 is shown with the desired image defined by the shape of the void
      areas in the spacer gasket 13. As before, transparent electrodes 18 are
      separated by the spacer 13, but the entire desired image area 19 comprises
      the liquid crystal film or layer. In this embodiment the entire inner
      faces of the transparent electrodes comprise substantially transparent
      conductive coating 12 and the conductive coatings are electrically
      connected to external circuit 15. In operation there is an electrical
      field across the entire area of the spacer 13, however, the image caused
      by the electrical field-induced transition in the liquid crystal film,
      occurs only in the area 19 where the liquid crystal film is present. Again
      here, depending upon whether the desired image is to be viewed by
      transmitted or reflected light, both or only one of the electrodes,
      respectively, may be transparent.
PAR  In FIG. 4 another preferred embodiment of the liquid crystal imaging member
      described in FIG. 2 is shown. In FIG. 4 the desired image is defined by
      the shape of an electrode, and therefore by the shape of the corresponding
      electrical field. The imaging member here comprises transparent plates 11
      separated by spacer gasket 13 having void area 20 filled with liquid
      crystalline composition and comprising substantially the entire area of
      spacer layer 13. The desired image is defined by the shape of the
      substantially transparent conductive coating shown at 21, which is affixed
      to the inner surface of one or both of the transparent support plates 11,
      and is affixed only in the desired image configuration. The embodiment
      illustrated in FIG. 4 shows only one of the two electrodes in image
      configuration, however it will be understood by those skilled in the art
      that both electrodes could easily be made in a matched pair to define the
      same desired image. When the single image electrode configuration is used,
      the second electrode will comprise transparent plate 11 with substantially
      transparent conductive coating 12 upon the entire area of the inner
      surface of the transparent electrode. It is noted that a very thin, or
      substantially invisible conductor 22 is necessary in this embodiment to
      electrically connect the electrode in the desired image configuration to
      external circuit 15 which is similarly connected to the conductive coating
      of the opposite electrode. In operation this embodiment will produce an
      electric field only in areas where there are parallel electrodes, i.e.,
      between the electrode in the desired image configuration, and the opposite
      electrode, whether or not the second electrode is also in the desired
      image configuration. Again here, one of the electrodes may be opaque if it
      is desired to observe the imaged member by reflected light rather than
      transmitted light.
PAR  In FIG. 5 a liquid crystal imaging member comprising a pair of
      substantially transparent electrodes 18 sandwiching a spacer 13 containing
      a liquid crystal film is shown being observed between polarizers 23. As
      described earlier, the spherulites in the spherulitic texture are
      typically birefringent thereby rendering the transformed portion of the
      liquid crystalline film substantially transparent to transmitted light
      when viewed between crossed polarizers. At the same time, those areas
      remaining in the homeotropic state remain dark between crossed polarizers.
      When such a liquid crystalline imaging sandwich is observed between
      polarizers, light from source 24 is plane polarized while passing through
      polarizer 23a. A viewer 27 sees the light which passes through polarizer
      23b which originated from source 24 and passed through the spherulitic
      image portion 26. Although the light was polarized by polarizer 23a in a
      plane crossed with the plane of polarizer 23b, the birefringent effect of
      the spherulites between the substantially transparent electrodes is
      sufficient to allow some of the originally plane-polarized light to pass
      through polarizer 23b. However, in the non-image areas 25, the effect of
      polarizers 23, when said polarizers have their respective planes of
      polarization crossed, is to cut off the light transmitted through
      polarizer 23a and non-image area 25 so that the non-image area 25 appears
      dark. When area 25 is homeotropic the orientation of the polarizer is
      incidental whereas in the homogeneous case maximum contrast will be
      produced when the incident plane polarized light is either parallel or
      perpendicular to the alignment direction (e.g., the direction of rubbing
      of the substrate).
PAR  Although the embodiment of the advantageous system of the present invention
      illustrated in FIG. 5 shows observation between polarizers, it will be
      appreciated that any other means for enhancing the contrast between image
      and non-image areas may perform the same function as the polarizers in the
      illustrated embodiment. For example, in addition to polarizers, an
      edge-lighting system wherein the spherulitic texture in imaged areas
      scatters the light entering the imaging member from its edge, so that only
      the light scattering areas are visible while the homoeotropic or
      homogeneous nematic areas remain transparent, may be used. It is therefore
      clear that any desired image may be created in dark-on-light or
      light-on-dark image-background combinations.
PAR  In FIG. 6 another preferred embodiment of the advantageous system of the
      present invention is illustrated wherein an electron beam address system
      is provided for the generation of an imagewise field across a liquid
      crystalline imaging member. In FIG. 6 the electron beam address system is
      within vacuum tube 28, and the address system itself comprises electron
      gun 29, accelerator 30 and deflector 31 which are provided with electrical
      leads through vacuum tube 28 so that suitable electrical circuitry may be
      connected therewith to operate the electron beam imaging system. The
      liquid crystalline imaging member in conjunction with the electron beam
      address system comprises substantially transparent substrate 32 upon which
      substantially transparent conductive coating 33 is affixed. Substantially
      transparent coating 33 is also grounded at 34. The liquid crystalline
      imaging layer 35 may be coated directly onto substantially transparent
      conductive layer 33, provided the liquid crystalline material has a
      sufficiently high viscosity to support itself on a surface even when the
      surface is oriented vertically or horizontally with the liquid crystalline
      imaging layer on the lower surface of such horizontal imaging member.
      Alternatively, transparent insulating layer 36 may be placed over the
      liquid crystalline imaging layer 35 to protect and support the liquid
      crystalline material. The impingement of electrons is directed from
      electron gun 29 and impinging upon layer 36 or liquid crystalline imaging
      layer 35 creates a momentary field when taken in conjunction with grounded
      transparent conductive layer 33. This momentary field across liquid
      crystalline layer 35 causes the texture transition of the advantageous
      system of the present invention, thereby creating an image visible to an
      observer 37.
PAR  Another embodiment of the electron beam address system is a configuration
      wherein the electric field created by the electron beam is transmitted
      through a thin layer which is substantially insulating in the lateral
      directions parallel with the plane of said layer, but is substantially
      conductive through the thickness of said layer in the direction
      perpendicular to the plane of the layer (i.e., a pin tube). This
      embodiment permits the liquid crystalline layer to be outside the vacuum
      system. For transient displays using this embodiment of the electron beam
      address system, the face plate is substantially insulating in all
      directions.
PAR  It will also be appreciated that the electron beam address system may be
      used in conjunction with an electroded liquid crystalline imaging member
      wherein the sum of the fields created by the electrode system and the
      electron beam address system is sufficient to create a total voltage
      greater than that required for dynamic scattering of the particular liquid
      crystalline imaging composition. Similarly, any suitable combination of
      address systems including any of the other systems disclosed herein and
      even others, may be combined in the same manner so that the total field
      created by the combination of address systems has a field strength value
      equal to or greater than that required for the creation of spherulites in
      the particular composition used.
PAR  Again here it is noted that the sources of potential used in the circuits
      which produce the electrical fields in the various address systems
      suitable for use with the advantageous system of the present invention,
      may be either A.C. or D.C. or combinations thereof, as previously
      described.
PAR  The electron beam address system does not itself illuminate the image which
      it creates. However, external sources of light 38 and 39 are illustrated
      to show that the liquid crystalline imaging member comprising the face of
      vacuum tube 28 may be observed by light transmitted, as from light source
      38, or reflected, as from light source 39. Alternatively, transmitted
      light may originate from a source placed inside vacuum tube 28 at a
      location indicated, for example, at point 40. However, the in-tube source
      of illumination should be so placed as to not interfere with the electron
      beam which creates the image on the face of the tube.
PAR  In related embodiments, the substantially insulating overlayer 36 may be
      selected from materials which may exhibit secondary emission effects when
      bombarded by the initial electron beam, and such secondary emissions may
      be the imaging emissions, or, alternatively, the secondary emission system
      may be suitable as a method for erasing the previous image on the liquid
      crystalline imaging member.
PAR  In FIG. 7 an X-Y address system suitable for imaging a liquid crystalline
      imaging member is illustrated in exploded isometric view. The liquid
      crystalline imaging film is placed in void area 20 within the transparent
      and substantially insulating spacer gasket 13. The liquid crystalline film
      and spacer 13 are sandwiched between a pair of substantially transparent
      electrodes comprising transparent support plates 11 upon which strips of
      substantially transparent, conductive material 41 is coated. The
      substantially transparent electrodes are oriented so that conductive
      strips 41b and conductive strips 41a on the respective electrodes cross
      each other in an X-Y matrix or grid. Each conductive strip in each set of
      parallel strips 41a and 41b, is electrically connected to a circuit system
      42 which is suitable for selective or sequential operation. Through
      selection systems 42 and external circuit 15 including source of potential
      16, an electric field suitable for creating the homoeotropic or
      homogeneous spherulitic texture transition of the advantageous system of
      the present invention can be created across selected points or a selected
      sequence of points in the illustrated imaging system. It will be
      understood that substantially transparent conductive strips 41 may vary in
      width from a very fine, wire-like structure to any desired strip width. In
      addition, one support plate 11 may be opaque where the imaging system is
      to be observed from one side, using only reflected light.
PAR  FIG. 8 depicts a liquid crystalline electro-optic imaging cell wherein one
      of the electrodes comprises a photoconductor and imaging is effected by
      applying a uniform potential across the entire area of the electrodes and
      subsequently exposing the photoconductor to an imagewise pattern of
      activating electromagnetic radiation corresponding to a desired image
      configuration. Referring now to FIG. 8 there is seen an electro-optic
      imaging cell, generally designated 80, where in a pair of plates,
      generally designated 82 and 84, respectively, comprise a parallel pair of
      electrodes at least one of which is substantially transparent. For
      purposes of illustration both electrodes are shown as being transparent.
      Electrode 82 is made up of a photoconductive insulating material layer 83
      overlying a conductive substrate which in this instance is shown as a
      substantially transparent conductive layer 81 deposited on a substantially
      transparent support member 85. Electrode 84 is shown as a substantially
      transparent conductive layer 86 deposited on substantially transparent
      substrate 87.
PAR  When it is desired to view the electro-optic cell using transmitted light
      it is preferred that both electrodes be substantially transparent. Of
      course, in this instance there is required a photoconductive insulating
      material layer which is substantially transparent to the viewing
      electromagnetic radiation. Typical suitable substantially transparent
      photoconductive materials include, for example, relatively thin, e.g.,
      about 5 microns, layers of selenium. However, the electro-optic imaging
      cell may also be viewed using reflected light thereby requiring only a
      single transparent electrode while the other may be opaque. In this
      instance one of the electrodes is preferably made up of an opaque
      photoconductive insulating layer deposited on an opaque substrate which
      may be any suitable conducting material such as a metallic layer.
PAR  The transparent electrodes are separated by spacing member 88 which
      contains voids which form one or more shallow cups which contain the
      liquid crystalline film or layer 89. The electrodes are connected to
      opposite terminals of an external circuit 90 which typically comprises a
      source of potential 92 which is connected across the two electrodes
      through leads 94. When a potential is applied to the conducting surface 81
      of electrode 82 in the dark no current will flow since layer 83 is
      insulating under these conditions. However, when the imaging cell is
      exposed to an imagewise pattern of activating radiation, the light-struck
      areas of photoconductive insulating layer 83 become conductive causing
      current to flow in the light-struck areas.
PAR  FIG. 9 illustrates a uni-planar, multiple cell, liquid crystalline imaging
      member suitable for use with the electrically induced texture transition
      imaging system of the present invention. In the imaging member of FIG. 9
      the substantially transparent electrodes 18 are separated by the typical
      spacer gasket 13 which contains voids 54 which contain the liquid crystal
      film. Corresponding areas 55 are the shaped substantially transparent,
      conductive coating on the inner surface of electrode 18a. Each one of
      these cells 55 is capable of being selectively imaged either individually
      or jointly as desired, through the use of switching system 56 in external
      circuit 15 which is also connected to the substantially transparent
      conductive layer on the inner surface of substantially transparent
      electrode 18b, by electrical lead 57. It will be appreciated that
      uni-planar, multiple cell, imaging members such as the one in FIG. 9 may
      be designed so that various combinations of the desired image cells may be
      imaged to create any desired figure or character in any language or number
      system. It will also be appreciated that either a character shaped spacer
      as described in FIG. 3, or a character-shaped electrode system as
      described in FIG. 4, in addition to the combination shaped spacer and
      electrode system here described in FIG. 9 can be used in such a
      uni-planar, multiple image system.
PAR  The following examples further specifically define the present invention
      with respect to formation and erasure of the novel spherulitic texture.
      The parts and percentages are by weight unless otherwise indicated. The
      examples below are intended to illustrate various preferred embodiments.
PAC  EXAMPLES
PAR  In all of the examples, flat rectangular glass plates are coated on one
      side with indium oxide. Each of the oxide coatings are provided with an
      electrical lead for connection to a terminal of a suitable voltage source.
      In Examples I-X, the indium oxide coatings are overcoated with a thin
      coating of alcoxysilane. Cells are constructed by placing the glass plate
      in a parallel relationship, spaced apart by a Mylar spacer, coated sides
      oppositely facing one another.
PAC  EXAMPLE I
PAR  A composition of about 2.2 percent by weight cholesteryl oleyl carbonate
      (hereafter COC) and p-methoxy-benzylidene-p'-n-butylaniline (hereafter
      MBBA) is placed in a cell provided with alcoxysilane coatings and an about
      4 micron thick spacer. A D.C. voltage of about 15 volts is applied across
      the cell for about 1 second and removed. Upon removal, a densely packed
      spherulitic texture is observed between crossed polarizers comprising the
      spherulites of FIG. 1 surrounded by the composition in the homoeotropic
      texture of the nematic mesophase.
PAC  EXAMPLE II
PAR  The spherulitic texture of Example I is completely erased. About 40 volts
      A.C. peak to peak voltage at a frequency of about 2 KHz is applied for
      about 0.5 seconds and removed. Upon removal, the homeotropic texture of
      the nematic mesophase is observed between crossed polarizers throughout
      the composition.
PAC  EXAMPLE III
PAR  Example I is repeated and the resulting spherulitic texture completely
      erased in accordance with the procedures, and with the results of, Example
      II. However, about 30 volts A.C. peak to peak voltage at about 2KHz is
      applied for about 1 second and removed. Upon removal of the voltage, the
      spherulites disappear.
PAC  EXAMPLE IV
PAR  Example I is repeated and the resulting spherulitic texture only partially
      erased by applying about 80 volts A.C. peak to peak voltage at about 2KHz
      for about 0.1 second. Upon removal of the A.C. voltage spherulites are
      observed between crossed polarizers but are reduced in number. The
      remainder of the composition is in the homoeotropic texture of the nematic
      mesophase.
PAC  EXAMPLE V
PAR  A composition of about 2.0 percent by weight cholesteryl nonanoate and MBBA
      is placed in a cell provided with alcoxysilane coatings and an about 4
      micron thick spacer. A D.C. voltage of about 15 volts is applied across
      the cell for about 1 second and removed. Upon removal, a densely packed
      spherulitic texture is observed between crossed polarizers comprising the
      spherulites of FIG. 1 surrounded by the composition in the homoeotropic
      texture of the nematic mesophase.
PAC  EXAMPLE VI
PAR  A spherulitic texture less densely packed than that of Example I is
      obtained by following Example I except that a D.C. voltage of about 10
      volts is applied for about 0.5 seconds.
PAC  EXAMPLE VII
PAR  Example I is repeated to obtain a less densely packed spherulitic texture
      by applying a D.C. voltage of about 20 volts for about 0.1 second.
PAR  In Examples VIII-X, Example I is followed to provide densely packed
      spherulites surrounded by the composition in the homoeotropic texture
      except that the percentage of COC the spacer thickness, the amount of D.C.
      voltage and the time during which the D.C. voltage is applied are about
      the values listed below in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                     Spacer                                                    
     Example                                                                   
            % COC    Thickness D.C. Voltage                                    
                                         Time (secs.)                          
                     (microns) (volts)                                         
     ______________________________________                                    
     VIII   0.4      25        12        3                                     
     IX     0.7      19        12        3                                     
     X      1.0      12        12        3                                     
     ______________________________________                                    
PAC  EXAMPLE XI
PAR  The indium oxide coatings of a cell are rubbed in accordance with the
      Chatelain technique and the cell assembled with a composition of about 0.7
      percent by weight COC and MBBA and a spacer thickness of about 25 microns.
      The homogeneous texture of the nematic mesophase is observed between
      crossed polarizers, the axis of polarization of one of which is parallel
      to the direction of rubbing.
PAR  A D.C. voltage of about 12 volts is applied across the cell for about three
      seconds and removed. Upon removal of the applied voltage, densely packed
      spherulites are observed (between the polarizers crossed and oriented as
      above). The spherulites are surrounded by the composition in the
      homogeneous texture of the nematic mesophase.
PAC  EXAMPLE XII
PAR  The spherulitic texture of Example XI is immediately erased upon
      application of about 30 volts A.C. peak to peak voltage at about 2 KHz.
PAR  It will be appreciated that other variations and modifications will occur
      to those skilled in the art upon a reading of the present disclosure.
      These are intended to be within the scope of this invention.
PAR  For example, it will be appreciated that when transmission viewing is
      desired both electrodes are to be transparent to the wavelength of light
      employed.
PAR  Similarly, when reflection viewing is desired, then one of the electrodes
      is transparent and the other provided, if required, with a reflective
      coating to insure adequate reflection of the wavelengths of light
      employed. It will be understood that transmission viewing embodiments of
      this invention can be utilized in reflection viewing in accordance with
      the practice described.
PAR  It will be further appreciated that only a particular region or portion of
      the layer of liquid crystalline composition, of interest, need be provided
      initially in the homoeotropic or homogeneous texture of the nematic
      mesophase and transformed into the novel, spherulitic texture of the
      present invention in accordance with the pracrice of the present
      invention.
PAR  While we have spoken in terms of applied voltage or potential with respect
      to the method of forming the spherulitic texture, we have described the
      texture transformation as electrically induced, and have indicated the
      desirability of using a voltage or potential of sufficient magnitude to
      cause dynamic scattering, it will be appreciated by those skilled in the
      art that these descriptions are all interrelated in that dynamic
      scattering is caused by current flow. Thus, a voltage preferably
      sufficient to cause dynamic scattering is one by virtue of which current
      flows through the liquid crystalline composition wherein dynamic
      scattering is produced. Accordingly, since current flow is utilized to
      induce the texture transformation the texture transformation is herein
      referred to above as an electrically induced transformation.
PAR  Further, while FIGS. 2-9 are described in terms of applied electrical
      field, it will be appreciated by those skilled in the art that the fields
      described for imaging with texture transformation are those associated
      with voltage application and that, in accordance with the method of
      effecting the texture transformation into the spherulitic texture as
      described hereinabove, the voltage applications are preferably sufficient
      to create dynamic scattering.
PAR  Finally, in contra-distinction to the last two paragraphs, the erasing step
      utilizing high frequency A.C. voltage is an electrical field effect and,
      as described hereinabove, the high frequency electrical field strength is
      a parameter which effects erasure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a stable spherulitic liquid crystalline texture,
      comprising:
PA1  a. providing an optically negative liquid crystalline composition
      comprising a dielectrically negative nematic liquid crystalline material
      and from about 0.4 to about 3 percent by weight of an optically active
      material, said optically negative composition having a light reflection
      band centered about .lambda..sub.o equal to 2np, where n equals the index
      of refraction and p equals the helical pitch of said optically negative
      liquid crystalline material;
PA1  b. providing on a substrate, a layer of said liquid crystalline composition
      with at least a portion of said layer in the homeotropic or homogeneous
      texture of the nematic mesophase; said layer having a thickness which
      provides a ratio of said helical pitch to layer thickness of from about 1
      to about 10;
PA1  c. applying a voltage potential across said layer portion at a voltage
      level and for a period of time wherein upon removal of said applied
      voltage spherulites are formed; and
PA1  d. removing said voltage potential whereby spherulites are produced at
      least within said layer portion.
NUM  2.
PAR  2. The method according to claim 1 wherein said layer portion in step (b)
      is homeotropic further including the step (e) of applying an A.C.
      electrical field at a frequency of at least about 1000 Hz, and at an
      electrical field strength and for a period of time wherein when said A.C.
      electrical field at least about 1000 Hz is removed at least some of said
      spherulites disappear, and further including the step (f) of removing said
      applied A.C. electrical field at at least about 1000 Hz.
NUM  3.
PAR  3. The method of claim 1 wherein said layer portion in step (b) is
      homogeneous and further including the step (e) of applying an A.C.
      electrical field at a frequency of at least about 1000 Hz and at an
      electrical field strength sufficient to cause at least some of said
      spherulites to disappear.
NUM  4.
PAR  4. The method of claim 3 wherein said aligning agent is added to said
      liquid crystalline compositions.
NUM  5.
PAR  5. The method of claim 3 wherein said aligning agent is coated upon said
      substrate.
NUM  6.
PAR  6. The method of claim 5 wherein said aligning agent coated upon said
      substrate comprises alcoxysilane.
NUM  7.
PAR  7. The method according to claim 6 wherein said dielectrically negative
      nematic liquid crystalline material comprises methoxybenzylidene-p'-n
      butylaniline.
NUM  8.
PAR  8. The method according to claim 7 wherein said optically acitve material
      is selected from the group consisting of cholesteryl oleyl carbonate,
      cholesteryl chloride, and mixtures thereof.
NUM  9.
PAR  9. The method of claim 1 wherein said step (b) of providing on a substrate,
      a layer of said liquid crystalline composition with at least a portion of
      said layer in the homeotropic or homogeneous texture of the nematic
      mesophase comprises the step of contacting said liquid crystalline
      composition with an aligning agent.
NUM  10.
PAR  10. The method according to claim 1 wherein said helical pitch is from
      about 5 microns to about 200 microns.
NUM  11.
PAR  11. The method according to claim 10 wherein said helical pitch is from
      about 15 to about 100 microns.
NUM  12.
PAR  12. The method according to claim 1 wherein said layer thickness is from
      about 1 micron to about 100 microns.
NUM  13.
PAR  13. The method according to claim 12 wherein said layer thickness is from
      about 4 microns to about 25 microns.
NUM  14.
PAR  14. The method of claim 1 wherein said applied voltage is applied in
      imagewise configuration.
NUM  15.
PAR  15. The method according to claim 14 wherein said imagewise configured
      applied voltage is created by an electrical X-Y address system and wherein
      said spherulites produced in step (d) upon removal of said imagewise
      configured applied voltage are in imagewise configuration corresponding to
      said imagewise configured applied voltage.
NUM  16.
PAR  16. The method according to claim 14 wherein said imagewise configured
      applied voltage is applied by means of a shaped electrode.
NUM  17.
PAR  17. The method as defined in claim 1 wherein said layer of liquid
      crystalline composition is provided between a pair of electrodes at least
      one of which is substantially transparent and at least one of which
      includes a photoconductive surface and said imagewise applied voltage in
      step (c) is created by applying a potential to said electrodes and
      exposing said photoconductive surface to an imagewise pattern of
      activating electromagnetic radiation.
NUM  18.
PAR  18. The method according to claim 1 wherein said ratio of helical pitch to
      layer thickness is from about 3.5 to about 5.
NUM  19.
PAR  19. The method according to claim 1 wherein said layer of liquid
      crystalline composition provided on said substrate is provided in an
      imagewise configuration.
NUM  20.
PAR  20. The method according to claim 1 wherein the layer of liquid crystalline
      composition is used with means for enhancing contrast between spherulites
      produced within said layer portion and other portions of said layer of
      liquid crystalline composition.
NUM  21.
PAR  21. The method according to claim 20 wherein the layer of liquid
      crystalline composition is viewed between polarizers.
NUM  22.
PAR  22. On a substrate: a layer of liquid crystalline composition comprising a
      dielectrically negative nematic liquid crystalline material and from about
      0.4 to about 3 percent by weight of an optically active material, said
      liquid crystalline composition when out of contact with an aligning agent
      or treated substrate being optically negative and having a light
      reflection band centered about .lambda..sub.o = 2np where n = index of
      refraction and p = helical pitch of said liquid crystalline composition,
      said liquid crystalline composition when in contact with an aligning agent
      or treated substrate in the homeotropic or homogeneous texture of the
      nematic mesophase; the ratio of said helical pitch to the thickness of
      said layer being from about 1 to about 10; and, an aligning agent or
      treated substrate in contact with said layer of liquid crystalline
      composition.
NUM  23.
PAR  23. The layer of liquid crystalline composition according to claim 22
      wherein said layer is in imagewise configuration.
NUM  24.
PAR  24. The layer of liquid crystalline composition according to claim 22
      wherein said layer is in contact with an aligning agent coated upon said
      substrate.
NUM  25.
PAR  25. The layer of liquid crystalline composition according to claim 22
      wherein said layer is in contact with an aligning agent dispersed within
      said layer of liquid crystalline composition.
NUM  26.
PAR  26. The layer of liquid crystalline composition according to claim 22
      wherein said dielectrically negative nematic liquid crystalline material
      comprises methoxybenzilidene-p'-n butylaniline.
NUM  27.
PAR  27. The layer of liquid crystalline composition according to claim 26
      wherein said optically active material is selected from the group
      consisting of cholesteryl oleyl carbonate, cholesteryl nonanoate, and
      mixtures thereof.
NUM  28.
PAR  28. The layer of liquid crystalline composition according to claim 27
      wherein said ratio of helical pitch to layer thickness is from about 3.5
      to about 5.
NUM  29.
PAR  29. The layer of liquid crystalline composition according to claim 28
      wherein said helical pitch is from about 5 to about 200 microns.
NUM  30.
PAR  30. The layer of liquid crystalline composition according to claim 29
      wherein said helical pitch is from about 15 to about b 100 microns.
NUM  31.
PAR  31. The layer of liquid crystalline composition according to claim 28
      wherein said layer thickness is from about 1 to about 100 microns.
NUM  32.
PAR  32. The layer of liquid crystalline composition according to claim 31
      wherein said layer thickness is from about 4 to about 25 microns.
NUM  33.
PAR  33. The layer of liquid crystalline composition according to claim 22
      wherein the ratio of said helical pitch to said layer thickness is from
      about 3.5 to about 5.
NUM  34.
PAR  34. The layer of liquid crystalline composition according to claim 22
      wherein said helical pitch is from about 5 to about 200 microns.
NUM  35.
PAR  35. The layer of liquid crystalline composition according to claim 34
      wherein said helical pitch is from about 15 to about 100 microns.
NUM  36.
PAR  36. The layer of liquid crystalline composition according to claim 22
      wherein said layer thickness is from about 1 to about 100 microns.
NUM  37.
PAR  37. The layer of liquid crystalline composition according to claim 36
      wherein said layer thickness is from about 4 to about 25 microns.
NUM  38.
PAR  38. On a substrate: a layer of liquid crystalline composition comprising a
      dielectrically negative nematic liquid crystalline material and from about
      0.4 to about 3 percent by weight of an optically active material, said
      liquid crystalline composition when out of contact with an aligning agent
      or treated substrate being optically negative and having a light
      reflection band centered about .lambda..sub.o equal to 2np, where n =
      index of refraction and p = helical pitch of said liquid crystalline
      composition, said liquid crystalline composition when in contact with an
      aligning agent or treated substrate being in the homeotropic or
      homogeneous texture of the nematic mesophase, said liquid crystalline
      composition when in the homeotropic or homogeneous texture of the nematic
      mesophase capable of undergoing electrically induced transition into a
      spherulitic texture upon removal of an applied voltage; the ratio of said
      helical pitch to the thickness of said layer being from about 1 to about
      10; an aligning agent or treated substrate in contact with said layer of
      liquid crystalline composition; and, within said layer of liquid
      crystalline composition, at least one spherulite, said spherulite lacking
      the optical characteristics of the homoeotropic or homogeneous texture of
      the nematic mesophase and being surrounded by said liquid crystalline
      composition having the optical characteristics of the homeotropic or
      homogeneous texture of the nematic mesophase.
NUM  39.
PAR  39. The layer of liquid crystalline composition according to claim 38
      wherein said at least one spherulite of liquid crystalline composition has
      a diameter substantially equal to said layer thickness.
NUM  40.
PAR  40. The layer of liquid crystalline composition according to claim 38
      wherein said diameter is from about 10 to about 70 microns.
NUM  41.
PAR  41. The layer of liquid crystalline composition according to claim 38
      further including a plurality of spherulites of said liquid crystalline
      composition, said plurality of spherulites lacking the optical
      characteristics of the homeotropic or homogeneous texture of the nematic
      mesophase and being separated one from the other by said liquid
      crystalline composition having the optical characteristics of the
      homeotropic or homogeneous texture of the nematic mesophase.
NUM  42.
PAR  42. The layer of liquid crystalline composition according to claim 41
      wherein said plurality of spherulites is in imagewise configuration.
NUM  43.
PAR  43. The layer of liquid crystalline composition according to claim 41
      wherein said layer of liquid crystalline composition is in imagewise
      configuration.
NUM  44.
PAR  44. The layer of liquid crystalline composition according to claim 38
      wherein said layer is in imagewise configuration.
NUM  45.
PAR  45. The layer of liquid crystalline composition according to claim 38
      wherein said layer is in contact with an aligning agent coated upon said
      substrate.
NUM  46.
PAR  46. The layer of liquid crystalline composition according to claim 38
      wherein said layer is in contact with an aligning agent dispersed within
      said layer.
NUM  47.
PAR  47. The layer of liquid crystalline composition according to claim 38
      wherein said dielectrically negative nematic liquid crystalline material
      comprises methoxy benzylidene-p'-n butylaniline.
NUM  48.
PAR  48. The layer of liquid crystalline composition according to claim 47
      wherein said optically active material is selected from the group
      consisting of cholesteryl oleyl carbonate, cholesteryl nonanoate, and
      mixtures thereof.
NUM  49.
PAR  49. The layer of liquid crystalline composition according to claim 48
      wherein said ratio of helical pitch to layer thickness is from about 3.5
      to about 5.
NUM  50.
PAR  50. The layer of liquid crystalline composition according to claim 38
      wherein said ratio of helical pitch to layer thickness is from about 3.5
      to about 5.
NUM  51.
PAR  51. The layer of liquid crystalline composition according to claim 38
      wherein said helical pitch is from about 5 to about 200 microns.
NUM  52.
PAR  52. The layer of liquid crystalline composition according to claim 51
      wherein said helical pitch is from about 15 to about 100 microns.
NUM  53.
PAR  53. The layer of liquid crystalline composition according to claim 38
      wherein said layer thickness is from about 1 to about 100 microns.
NUM  54.
PAR  54. The layer of liquid crystalline composition according to claim 53
      wherein said layer thickness is from about 4 to about 25 microns.
NUM  55.
PAR  55. The method according to claim 1 wherein said layer portion in step (b)
      is in the homogeneous texture of the nematic mesophase.
NUM  56.
PAR  56. A method of producing a stable spherulitic liquid crystalline texture,
      comprising:
PA1  a. providing on a substrate a layer of aligned liquid crystalline
      composition comprising a dielectrically negative nematic liquid
      crystalline material and from about 0.4 to about 3 percent by weight of an
      optically active material, said liquid crystalline composition prior to
      alignment being optically negative and having a light reflection band
      centered about .lambda..sub.o = 2np where n = index of refraction and p =
      helical pitch, the ratio of the helical pitch of the non-aligned liquid
      crystalline composition to the layer thickness of liquid crystalline
      composition being from about 1 to about 10;
PA1  b. applying a voltage potential across the layer of liquid crystalline
      composition; and
PA1  c. removing said voltage potential whereupon spherulitic regions of the
      liquid crystalline composition are formed within the aligned liquid
      crystalline composition.
PATN
WKU  039388816
SRC  5
APN  5264936
APT  1
ART  256
APD  19741125
TTL  Acousto-optic modulation device
ISD  19760217
NCL  17
ECL  1
EXA  LaRoche; E. R.
EXP  Borchelt; Archie R.
NDR  2
NFG  5
INVT
NAM  Biegelsen; David K.
CTY  Woodside
STA  CA
INVT
NAM  Starkweather; Gary K.
CTY  Saratoga
STA  CA
INVT
NAM  Zesch; James C.
CTY  Mountainview
STA  CA
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  350161
XCL   29594
XCL  264  1
XCL  310  91
EDF  2
ICL  G02F  133
ICL  G02F  111
FSC  350
FSS  161;DIG. 2
FSC   29
FSS  25;35;594
FSC  310
FSS  8.1;8.3;9.1
FSC  264
FSS  1;239
OREF
PAL  aviram et al., Multi-monomolecular Film Material for Acoustic and Optical
      Devices, IBM Technical Disclosure Bull., Vol. 14, No. 1, June 1971, pp.
      290-292.
LREP
FR2  Beck; J. E.
FR2  Anderson; T. J.
FR2  Zalman; Leonard
ABST
PAL  An acousto-optic modulation device is provided which is comprised of an
      interaction material of an injection moulded plastic integrally combined
      with a transducer which is bonded automatically to the interaction
      material during the injection process. A beam of light is projected
      through the interaction material, the light being diffracted by an
      acoustic field established by the transducer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to acousto-optic devices and a method of
      making one. More particularly, the invention provides for such a device
      which has an associated transducer bonded integrally with it.
PAR  Acousto-optic devices usually comprise an electrically driven piezoelectric
      transducer bonded to an acousto-optic medium. The medium material
      generally applied is a high refractive index material, such as telluride
      glass. Such devices have applications as light deflectors in optical
      memories, acoustic delay lines, acoustic switches, and light modulators.
      An acoustic strain wave provided by the transducer modulates the
      refractive index of the medium which in turn diffracts light in a
      preferred direction when light incident on the medium is near the Bragg
      angle. The medium acts as a grating, the grating period being equal to the
      wavelength of the sound in the medium.
PAR  Since the amount of sound which enters the acousto-optic medium depends on
      the quality of the bond between the transducer and the acousto-optic
      medium, the bond is important. U.S. Pat. No. 3,798,746 to Alphonse, issued
      Mar. 26, 1974, teaches that the bond between the transducer and the
      acousto-optic medium can be improved by following certain process steps
      and utilizing special metals as primer metals.
PAR  It is an object of the present invention to provide a natural bond between
      an acousto-optic medium and its associated transducer.
PAR  It is yet another object of the present invention to provide an
      acousto-optic device which has as the interaction material an injection
      moulded plastic with a transducer integrally bonded to it.
PAR  Other objects of the invention will be evident from the description
      hereinafter presented.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an acousto-optic device which is comprised of an
      acousto-optic medium of an injection moulded plastic for the interaction
      material and a transducer which is integrally bonded with the medium. An
      acoustic strain wave generated by the transducer modulates the refractive
      index of the medium which in turn diffracts light incident upon the medium
      in a preferred direction when the angle of incidence is near the Bragg
      angle.
PAR  The device is fabricated by first laying the transducer element in a mould
      which is configured to provide the desired shape of the acousto-optic
      medium. Moulten plastic is injected through an aperture in the mould where
      upon cooling, the transducer is integrally bonded with the acousto-optic
      medium and the medium has the desired optical configuration.
PAR  Another feature of the invention is that a heat sink may be provided which
      is bonded to the acousto-optic medium during injection moulding. Prior to
      injection of the moulten plastic, a copper sleeve is located in the mould,
      the copper sleeve having an aperture aligned with the aperture in the
      mould for the injection of plastic between the sleeve and the side of the
      mould supporting the transducer. After the plastic is injection moulded,
      both the heat sink and the transducer are integrally bonded to the
      acousto-optic medium provided.
PAR  Yet another feature of the present invention is that the top plate of the
      mould may be designed to provide for fixtures in the side of the
      acousto-optic medium opposite the transducer such fixtures being useful
      for holding ancillary electronics and/or for mounting the device.
PAR  These and other features which are considered to be characteristic of this
      invention are set forth with particularly in the appended claims. The
      invention itself, however, as well as additional objects and advantages
      thereof, will best be understood from the following description when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of a prior art acousto-optic device;
PAR  FIG. 2 is a perspective view of an acousto-optic device in accordance with
      the invention;
PAR  FIG. 3 is an isometric drawing of a mould containing a transducer which is
      used in the fabrication of an acousto-optic device of the present
      invention;
PAR  FIG. 4 is an isometric view of a transducer which is combined with the
      interaction material of the device in accordance with the invention; and
PAR  FIG. 5 is an isometric drawing of a mould containing a transducer and a
      heat sink.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 is shown a prior art acousto-optic device which is comprised of
      an acousto-optic medium through which a beam 3 of incident light passes to
      be focused by a lens 5. The beam 3 may be a narrow, highly collimated
      light beam, such as could be provided by a laser. A piezoelectric
      transducer 7 is bonded to the medium 1 to generate an acoustic strain wave
      in the medium 1 when electrically driven. The acoustic strain wave
      modulates the refractive index of the medium 1 which diffracts the light
      beam 3 in a preferred direction when the light incident on the medium 1 is
      near the Bragg angle. In this way, the light beam 3 passing through the
      medium 1 is modulated by a modulated carrier, in this case an electrical
      signal.
PAR  In FIG. 2, is shown an acousto-optic device in accordance with the present
      invention. A laser beam is incident upon the acousto-optic medium 11 which
      may be modulated by acoustic strain waves generated by a transducer 14,
      which is integral with the medium 11. The medium 11 is an interaction
      material comprised of an injection moulded plastic. The bonding of the
      transducer 14 to the medium 11 in this fashion is achieved by a particular
      process of fabrication.
PAR  As shown in FIG. 3, a mould 16 is provided which defines the optical
      configuration for the acousto-optic medium 11. The top plate 18 of the
      mould 16 is removed for the placement of the transducer 14 at the bottom
      of the mould 16 along the center of its width. The contacts 1 and 2
      deposited on the transducer 14, as shown in FIG. 4, are located toward the
      bottom of the mould 16. An aperture 20 is located in the top plate 18 of
      the mould 16 through which the moulten plastic is injected into the mould
      16. Upon cooling of the plastic interaction material, the transducer 14 is
      integrally bonded to the plastic which serves as the acousto-optic medium
      11.
PAR  The optical faces of the medium 11 are provided through the moulding itself
      to the desired optical orientation without any lens forming steps usually
      required. The lenses or flat sides of the medium 11 would be its outer
      surfaces. Additionally, these lenses, or outer surfaces, would be
      automatically aligned when moulded. The inner surface of the mould plate
      18 may be configured to provide fixtures in the side of the acousto-optic
      medium 11 opposite the transducer 14 for holding ancillary electronics
      and/or for mounting the acousto-optic device. The transducer 14 as shown
      in FIG. 4 may be made of lithium niobate, sodium potassium niobate,
      lithium gallate, quartz, lead-zirconatetitanate ceramic or the like. The
      contacts 1 and 2 provide wrap-around electrodes for receiving the
      electrical signals which serve as the modulated carrier. The contacts 1
      and 2 are applied through conductive plating. For example, chrome or gold
      plating may be vapor deposited on the transducer surfaces.
PAR  Whereas prior art acousto-optic media 1 have included ferroelectric
      material such as lead molybdate, lead tungstate, barium sodium molybdate,
      and other high refractive index materials such as telluride glass, the
      materials which would serve as a useful medium 11 for the device of the
      present invention would be thermoplastics. Of course, all injection
      mouldable plastics could serve the requirements of the present invention.
      A particularly suitable material would be polysulfone, which is a rigid,
      strong thermoplastic that can be moulded, extruded or thermoformed into a
      wide variety of shapes. The heatdeflection temperature of polysulfone is
      345.degree.F at 264.degree. p.s.i. with a long-term use temperature of
      300.degree. to 340.degree.F. Acrylic resins, such as
      polymethelmethacrylate, would also provide a suitable medium 11. In
      practicing the invention, it would be desired that plastics with the
      highest melting temperature be used to minimize the effects of temperature
      gradients which may be caused by absorption of the acoustic waves in the
      medium 11 so that optical distortions would be in turn minimized.
PAR  An additional feature may also be provided in accordance with the
      invention. As shown in FIG. 5, a heat sink 24 may be placed in the mould
      16 prior to injection of the plastic near the aperture 20. The heat sink
      24 may be a copper sleeve having an aperture through its upper surface in
      alignment with the aperture 20 in the mould plate 18 for the injection of
      the interaction material. After the injection of plastic and subsequent
      cooling, an acousto-optic device is provided which has both a transducer
      14 and a heat sink 24 integrally bonded to the acousto-optic medium 11.
      The mould 16 may be of any material that provides rigid boundaries, even
      under conditions of high temperature. Certainly, any metal used for
      castings would be suitable, such as copper or aluminum.
PAR  The teaching of the present invention provides an ease of fabrication of
      acousto-optic devices and transducer bonding to the interaction material.
      The use of injection moulded plastics for the interaction material would
      have several advantages. Material costs would be negligible, cutting or
      polishing operations required in the fabrication of prior art devices
      would no longer be necessary, and the transducer 14 and/or heat sink 24
      would be bonded automatically to the interaction material during the
      injection process.
PAR  Obviously, many modifications of the present invention are possible in
      light of the above teaching. It is therefore to be understood that, in the
      scope of the appended claims, the invention may be practiced otherwise
      than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acousto-optical light deflection device comprising:
PA1  a plastic sound medium, and
PA1  a piezo-electric sound transducer integrally bonded to said medium, said
      transducer being adapted to receive a modulated signal so as to generate
      acoustic waves, whereby acoustic waves transmitted to said medium form a
      diffraction grating for a light beam passing through said medium.
NUM  2.
PAR  2. The device as defined in claim 1 wherein said sound medium is a
      thermoplastic.
NUM  3.
PAR  3. The device as defined in claim 2 wherein said sound medium is an acrylic
      resin.
NUM  4.
PAR  4. The device as defined in claim 2 wherein said sound medium is
      polysulfone.
NUM  5.
PAR  5. The device as defined in claim 1 wherein is further included a heat sink
      coupled to said medium.
NUM  6.
PAR  6. The device as defined in claim 5 wherein both said sound transducer and
      said heat sink are integrally bonded to said medium.
NUM  7.
PAR  7. The device as defined in claim 6 wherein said sound medium is a
      thermoplastic.
NUM  8.
PAR  8. The device as defined in claim 7 wherein said sound medium is an acrylic
      resin.
NUM  9.
PAR  9. The device as defined in claim 7 wherein said sound medium is
      polysulfone.
NUM  10.
PAR  10. A method of making an acousto-optical light deflection device
      comprising the steps of:
PA1  setting a piezo-electric sound transducer in a mould with said mould having
      dimensions defining the configuration of the acousto-optic medium of said
      device, and
PA1  injecting a heated plastic into said mould, whereby an injection moulded
      plastic medium is provided which conforms to the mould configuration and
      is integrally bonded with said transducer.
NUM  11.
PAR  11. The method as defined in claim 10 wherein said plastic is a
      thermoplastic.
NUM  12.
PAR  12. The method as defined in claim 11 wherein said thermoplastic is a
      polysulfone.
NUM  13.
PAR  13. The method as defined in claim 11 wherein said thermoplastic is an
      acrylic resin.
NUM  14.
PAR  14. The method as defined in claim 10 wherein is further included prior to
      said injecting step a step of setting a heat sink in said mould, and after
      said injecting step said heat sink is integrally bonded to said medium.
NUM  15.
PAR  15. The method as defined in claim 14 wherein said plastic is a
      thermoplastic.
NUM  16.
PAR  16. The method as defined in claim 15 wherein said thermoplastic is a
      polysulfone.
NUM  17.
PAR  17. The method as defined in claim 15 wherein said thermoplastic is an
      acrylic resin.
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PAL  A 7 group 8 lens photographic objective lens which corrects for aberration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a high numerical aperture intermediate
      wide angle lens system of image angle ranging from 55.degree. to
      60.degree., which is small in size and suitable for use in a single lens
      reflex camera as a retro focus type objective.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves high numerical aperture intermediate wide
      angle objective lens system whose aberration is corrected to a high degree
      of excellence and which is a retro focus lens system consisting of a 7
      group 8 lens system characterized in that the image angle is 55.degree. or
      greater and which satisfies the following conditions:
EQU  F / 1.4 &lt; .vertline.F.sub.1.2 .vertline. &lt; F / 0.8 , F.sub.1.2 &lt; 0 1
EQU  F / 1.4 &lt; .vertline.F.sub.1.2.3.4 .vertline. &lt; F / 0.9     2
      ##EQU1##
EQU  1.1 &lt; (.nu..sub.1 + .nu..sub.2) / (.nu..sub.3 + .nu..sub.4) &lt; 1.6 4 WHERE;
TBL  F:       is the resultant focal length of the                             
              whole optical system;                                            
     F.sub.1.2...i :                                                           
              is the resultant focal length of the first                       
              to the i-th lenses;                                              
     n.sub.i :                                                                 
              is the d-line index of refraction of the                         
              i-th lens;                                                       
     .nu..sub.i :                                                              
              is the Abbe's number of the i-th lens;                           
     r.sub.k :                                                                 
              is the radius of curvature of the k-th                           
              surface;                                                         
     d.sub.j :                                                                 
              is the j-th lens spacing or lens thickness.                      
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the lens system of example 1;
PAR  FIG. 2 shows graphs of the aberration curves of example 1;
PAR  FIG. 3 shows the lens system of example 2;
PAR  FIG. 4 shows graphs of the aberration curves of example 2;
PAR  FIG. 5 shows the lens system of example 3; and
PAR  FIG. 6 shows graphs of the aberration curves of example 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The first and the second lenses 1 and 2 are of negative meniscus type whose
      concave surfaces are directed to the image side; the third and the fourth
      lenses 3 and 4 are of positive type and are positioned opposite to the
      fifth lens with a diaphragm (not shown) positioned therebetween. The fifth
      lens 5 is of negative type. In example 3 (FIG. 5), the fifth lens 5 and
      the sixth lens 6 are cemented together. In examples 1 and 2, the sixth
      lens 6 is of negative type and is cemented to the seventh lens 7. In all
      examples, the seventh and eighth lenses 7 and 8 are of positive type. Each
      example is of 7 group 8 lens structure.
PAR  In the conditions indicated below, the characters denote as follows:
TBL  F:       is the resultant focal length of the                             
             whole optical system;                                             
     F.sub.1.2...i :                                                           
             is the resultant focal length of the first                        
             to the i-th lenses;                                               
     n.sub.i :                                                                 
             is the d-line index of refraction of the                          
             i-th lens;                                                        
     .nu..sub.i :                                                              
             is the Abbe's number of the i-th lens;                            
     r.sub.k :                                                                 
             is the radius of curvature of the k-th surface;                   
     d.sub.j :                                                                 
             is the j-th lens spacing or lens thickness.                       
PAR  In accordance with the present invention, the optical system is
      characterized with the following conditions:
EQU  F / 1.4 &lt; .vertline.F.sub.1.2 .vertline. &lt; F / 0.8 , F.sub.1.2 &lt; 0 1
EQU  F / 1.4 &lt; .vertline.F.sub.1.2.3.4 .vertline. &lt; F / 0.9     2
      ##EQU2##
EQU  1.1 &lt; (.nu..sub.1 + .nu..sub.2) / (.nu..sub.3 + .nu..sub.4) &lt; 1.6 4
PAR  Condition 1 indicates the power of the front group negative lenses of the
      retro focus lens system. Naturally, for small size, it is necessary to
      increase the power of the negative lenses and diminish the spacing.
      However, if the negative value of the focal length F.sub.1.2 is too much
      smaller than F / 1.4, the desired result is obtained but aberration is
      aggravated and it is difficult to compensate for aberration at the rear
      lens group. If focal length F.sub.1.2 is greater than F / 0.8,
      miniaturization of the lens system is not likely to be attained. Under
      this condition, steps must be taken to obtain greater back focus at the
      rear lens group, and also corresponding steps must be taken for correction
      of aberration.
PAR  Conditions 2, with relation to the condition 4, indicate steps for
      compensation of chromatic aberration, and is, naturally, for correcting
      aberrations caused under the condition 1. If the focal length
      F.sub.1.2.3.4 is smaller than F / 1.4, the desired chromatic aberration
      can be advantageously corrected, but this is apt to cause decrease of
      Petzval sum or decrease of the radius of curvature of each surface, and
      especially variation of coma aberration. Furthermore, this will
      disadvantageously prevent increase in the value of back focus determined
      by the focal length F.sub.1.2. On the other hand, a focal length value
      which is greater than F / 0.9 is advantageous for Petzval sum, but this
      will naturally cause a limitation such that for correction of chromatic
      aberration, a very small value of Abbe's number .nu. must be utilized.
      Thus, condition 2 is most advantageous.
PAR  Condition 3 is necessary for miniaturization and also for keeping balance
      between the front lens group and the rear lens group. If the value of the
      condition 3 ratio is smaller than the left side value, miniaturization is
      advantageously attained, but a far greater power combination is required
      at the front lens group and this will naturally cause failure of condition
      1 and disadvantage in correction. In order to retain vignetting light, in
      relation to coma aberration, certain steps are taken such as increasing
      the diameter of the rear lens group, but this causes a failure in balance
      between the front lens group and the rear lens group. Further, difficulty
      is caused in correction of aberration. This requires such undesirables as
      increasing the number of lenses used or impossibility in retaining
      numerical aperture. On the other hand, if condition 3 is greater than 1.3,
      for the admission of the proper amount of light into the diaphragm
      aperture, the front lens group must be made greater in size. This is
      contra to the object of miniaturization and is therefore undesirable.
PAR  Condition 4 is closely related with condition 2 and determines the value of
      Abbe's number .nu. which is necessary for correction of chromatic
      aberration. If (.nu..sub.1 + .nu..sub.2) / (.nu..sub.3 + .nu..sub.4) is
      smaller than 1.1, correction of chromatic aberration up to the fourth lens
      is not sufficient and particularly too much of the transverse chromatic
      aberration may be produced. This requires that special steps should be
      taken at the rear lens group which is undesirable for correction of
      aberrations. On the other hand, if the last mentioned value of ratio is
      greater than 1.6, it is feared that correction of chromatic aberration up
      to the fourth lens would be too little, and this is undesirable for
      overall balance of chromatic aberration.
PAR  The data for the examples and the Seidel's coefficients of the examples are
      as follows:
TBL  Example 1                                                                 
     Radius of Curvature                                                       
                    Lens Spacing                                               
     in m m         in m m       n.sub.i / .nu..sub.i                          
     ______________________________________                                    
     r .sub.1                                                                  
           92.500       d .sub.1                                               
                                3.95   1.51633 / 64.1                          
     r .sub.2                                                                  
           57.275       d .sub.2                                               
                                9.52                                           
     r .sub.3                                                                  
           132.250      d .sub.3                                               
                                5.32   1.69350 / 53.3                          
     r .sub.4                                                                  
           55.875       d .sub.4                                               
                                9.42                                           
     r .sub.5                                                                  
           167.500      d .sub.5                                               
                                7.50   1.83400 / 37.2                          
     r .sub.6                                                                  
           1537.500     d .sub.6                                               
                                2.50                                           
     r .sub.7                                                                  
           68.313       d .sub.7                                               
                                26.50  1.78590 / 44.2                          
     r .sub.8                                                                  
           -178.523     d .sub.8                                               
                                9.27                                           
     r .sub.9                                                                  
           -149.500     d .sub.9                                               
                                9.00   1.76182 / 26.6                          
     r.sub.10                                                                  
           68.250       d.sub.10                                               
                                9.67                                           
     r.sub.11                                                                  
           -159.375     d.sub.11                                               
                                5.00   1.74077 / 27.8                          
     r.sub.12                                                                  
           80.750       d.sub.12                                               
                                19.20  1.80610 / 40.8                          
     r.sub.13                                                                  
           -79.500      d.sub.13                                               
                                3.75                                           
     r.sub.14                                                                  
           -951.448     d.sub.14                                               
                                8.75   1.78590 / 44.2                          
     r.sub.15                                                                  
           -111.275                                                            
     ______________________________________                                    
      F = 100.0                                                                
      .vertline.F.sub.1.2 .vertline. = 95.13                                   
      F.sub.1.2.3.4 = 83.54                                                    
     Seidel's Coefficients                                                     
     ______________________________________                                    
     Lens                                                                      
     Surface S.sub.1  S.sub.2  S.sub.3                                         
                                      S.sub.4                                  
                                             S.sub.5                           
     ______________________________________                                    
             0.284    0.131    0.061  0.368  0.198                             
     2       -2.375   -0.138   -0.008 -0.595 -0.035                            
     3       0.493    0.272    0.151  0.310  0.255                             
     4       -9.272   -0.324   -0.011 -0.733 -0.026                            
     5       2.942    0.879    0.263  0.271  0.160                             
     6       -0.187   -0.225   -0.270 -0.030 -0.360                            
     7       4.454    0.977    0.214  0.637  0.187                             
     8       3.146    -1.869   1.111  0.247  -0.806                            
     9       -2.925   1.608    -0.884 -0.289 0.645                             
     10      -1.069   -0.892   -0.743 -0.634 -1.148                            
     11      0.003    -0.010   0.034  -0.267 0.771                             
     12      0.264    0.175    0.116  0.026  0.094                             
     13      1.593    -0.366   0.084  0.561  -0.148                            
     14      -0.074   0.120    -0.193 -0.046 0.386                             
     15      3.029    -0.261   0.023  0.395  -0.036                            
     SUM     0.306    0.078    -0.054 0.223  0.134                             
     ______________________________________                                    
TBL  Example 2                                                                 
     Radius of Curvature                                                       
                    Lens Spacing                                               
     in m m         in m m       n.sub.i / .nu..sub.i                          
     ______________________________________                                    
     r .sub.1                                                                  
           175.400      d .sub.1                                               
                                6.90   1.53172 / 48.9                          
     r .sub.2                                                                  
           73.563       d .sub.2                                               
                                9.42                                           
     r .sub.3                                                                  
           128.468      d .sub.3                                               
                                3.00   1.54072 / 47.2                          
     r .sub.4                                                                  
           56.023       d .sub.4                                               
                                10.95                                          
     r .sub.5                                                                  
           168.280      d .sub.5                                               
                                15.37  1.83400 / 37.2                          
     r .sub.6                                                                  
           -3453.988    d .sub.6                                               
                                8.27                                           
     r .sub.7                                                                  
           71.325       d .sub.7                                               
                                23.82  1.79952 / 42.3                          
     r .sub.8                                                                  
           -246.250     d .sub.8                                               
                                9.05                                           
     r .sub.9                                                                  
           -195.000     d .sub.9                                               
                                6.25   1.72825 / 28.5                          
     r.sub.10                                                                  
           58.013       d.sub.10                                               
                                10.25                                          
     r.sub.11                                                                  
           -176.700     d.sub.11                                               
                                3.75   1.69895 / 30.1                          
     r.sub.12                                                                  
           70.078       d.sub.12                                               
                                18.85  1.78590 / 44.2                          
     r.sub.13                                                                  
           -79.025      d.sub.13                                               
                                0.25                                           
     r.sub.14                                                                  
           996.250      d.sub.14                                               
                                18.80  1.65830 / 53.4                          
     r.sub.15                                                                  
           -155.585                                                            
     ______________________________________                                    
      F = 100.0                                                                
      .vertline.F.sub.1.2 .vertline. = 103.37                                  
      F.sub.1.2.3.4 =76.42                                                     
     Seidel's Coefficients                                                     
     Lens                                                                      
     Surface S.sub.1  S.sub.2  S.sub.3                                         
                                      S.sub.4                                  
                                             S.sub.5                           
     ______________________________________                                    
             0.042    0.052    0.063  0.198  0.321                             
     2       -1.634   -0.162   -0.016 -0.472 -0.049                            
     3       0.628    0.264    0.111  0.273  0.162                             
     4       -7.842   0.147    -0.003 -0.627 0.012                             
     5       2.577    0.686    0.183  0.270  0.121                             
     6       -0.036   -0.082   -0.186 0.013  -0.393                            
     7       -3.425   0.878    0.225  0.623  0.217                             
     8       3.292    -1.920   1.119  0.181  -0.758                            
     9       -3.040   1.651    -0.897 -0.216 0.604                             
     10      -1.488   -1.040   -0.727 -0.727 -1.016                            
     11      -0.000   0.000    -0.000 -0.233 0.699                             
     12      0.433    0.258    0.154  0.041  0.116                             
     13      2.211    -0.480   0.104  0.557  -0.144                            
     14      -0.063   0.121    -0.233 0.040  0.373                             
     15      1.834    -0.388   0.082  0.255  -0.071                            
     SUM     0.339    -0.015   -0.020 0.177  0.194                             
     ______________________________________                                    
TBL  Example 3                                                                 
     Radius of Curvature                                                       
                    Lens Spacing                                               
     in m m         in m m       n.sub.i / .nu..sub.i                          
     ______________________________________                                    
     r .sub.1                                                                  
           217.623      d .sub.1                                               
                                6.17   1.49782 / 66.8                          
     r .sub.2                                                                  
           69.596       d .sub.2                                               
                                9.20                                           
     r .sub.3                                                                  
           234.650      d .sub.3                                               
                                4.75   1.51454 / 54.7                          
     r .sub.4                                                                  
           64.373       d .sub.4                                               
                                12.02                                          
     r .sub.5                                                                  
           108.900      d .sub.5                                               
                                23.57  1.83400 / 37.2                          
     r .sub.6                                                                  
           -34888.149   d .sub.6                                               
                                6.52                                           
     r .sub.7                                                                  
           91.838       d .sub.7                                               
                                21.75  1.78800 / 47.5                          
     r .sub.8                                                                  
           -269.731     d .sub.8                                               
                                12.27                                          
     r .sub.9                                                                  
           -215.345     d .sub.9                                               
                                5.00   1.84666 / 23.9                          
     r.sub.10                                                                  
           57.528       d.sub.10                                               
                                9.77   1.78800 / 47.5                          
     r.sub.11                                                                  
           79.998       d.sub.11                                               
                                13.67                                          
     r.sub.12                                                                  
           -87.823      d.sub.12                                               
                                10.60  1.77250 / 49.6                          
     r.sub.13                                                                  
           -62.057      d.sub.13                                               
                                0.25                                           
     r.sub.14                                                                  
           182.638      d.sub.14                                               
                                14.45  1.81600 / 46.8                          
     r.sub.15                                                                  
           -229.152                                                            
     ______________________________________                                    
      F = 100.0                                                                
      .vertline.F.sub.1.2 .vertline. = 92.05                                   
      F.sub.1.2.3.4 = 85.04                                                    
     Seidel's Coefficients                                                     
     Lens                                                                      
     Surface S.sub.1  S.sub.2  S.sub.3                                         
                                      S.sub.4                                  
                                             S.sub.5                           
     ______________________________________                                    
     1       0.022    0.047    0.102  0.153  0.554                             
     2       -2.087   -1.194   -0.683 -0.478 -0.664                            
     3       0.324    0.383    0.452  0.145  0.705                             
     4       -7.452   -3.837   -1.976 -0.528 -1.289                            
     5       5.660    3.694    2.411  0.418  1.846                             
     6       -0.005   -0.025   -0.125 0.001  -0.612                            
     7       1.232    1.165    1.102  0.480  1.496                             
     8       2.528    -0.212   0.018  0.163  -0.015                            
     9       -2.383   0.094    -0.004 -0.213 0.009                             
     10      -0.066   -0.074   -0.082 -0.031 -0.126                            
     11      -0.630   -0.970   -1.496 -0.551 -3.155                            
     12      -0.093   0.035    -0.014 -0.496 0.194                             
     13      1.778    0.654    0.240  0.702  0.346                             
     14      -0.002   -0.010   -0.041 0.246  0.853                             
     15      1.473    0.372    0.094  0.196  0.073                             
     SUM     0.299    0.122    -0.000 0.208  0.217                             
     ______________________________________                                    
PAR  In the foregoing examples, the number of the lens surfaces and the radius
      of curvature are taken from the left hand side of the figures.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An intermediate wide angle retro focus objective lens system comprising
      a 7 group, 8 element lens wherein the lens elements have the following
      characteristics:
TBL  Radius of Curvature                                                       
                    Lens spacing                                               
     in m m         in m m       n.sub.i / .nu..sub.i                          
     ______________________________________                                    
     r .sub.1                                                                  
           92.500       d .sub.1                                               
                                3.95   1.51633 / 64.1                          
     r .sub.2                                                                  
           57.275       d .sub.2                                               
                                9.52                                           
     r .sub.3                                                                  
           132.250      d .sub.3                                               
                                5.32   1.69350 / 53.3                          
     r .sub.4                                                                  
           55.875       d .sub.4                                               
                                9.42                                           
     r .sub.5                                                                  
           167.500      d .sub.5                                               
                                7.50   1.83400 / 37.2                          
     r .sub.6                                                                  
           1537.500     d .sub.6                                               
                                2.50                                           
     r .sub.7                                                                  
           68.313       d .sub.7                                               
                                26.50  1.78590 / 44.2                          
     r .sub.8                                                                  
           -178.523     d .sub.8                                               
                                9.27                                           
     r .sub.9                                                                  
           -149.500     d .sub.9                                               
                                9.00   1.76182 / 26.6                          
     r.sub.10                                                                  
           68.250       d.sub.10                                               
                                9.67                                           
     r.sub.11                                                                  
           -159.375     d.sub.11                                               
                                5.00   1.74077 / 27.8                          
     r.sub.12                                                                  
           80.750       d.sub.12                                               
                                19.20  1.806610 / 40.8                         
     r.sub.13                                                                  
           -79.500      d.sub.13                                               
                                3.75                                           
     r.sub.14                                                                  
           -951.448     d.sub.14                                               
                                8.75   1.78590 / 44.2                          
     r.sub.15                                                                  
           -111.275                                                            
     ______________________________________                                    
      F = 100.0                                                                
      .vertline.F.sub.1.2 .vertline. = 95.13                                   
      F.sub.1.2.3.4 = 83.54.                                                   
     Seidel's Coefficients                                                     
     Lens                                                                      
     Surface S.sub.1  S.sub.2  S.sub.3                                         
                                      S.sub.4                                  
                                             S.sub.5                           
     ______________________________________                                    
     1       0.284    0.131    0.061  0.368  0.198                             
     2       -2.375   -0.138   -0.008 -0.595 -0.035                            
     3       0.493    0.272    0.151  0.310  0.255                             
     4       -9.272   -0.324   -0.011 -0.733 -0.026                            
     5       2.942    0.879    0.263  0.271  0.160                             
     6       -0.187   -0.225   -0.270 -0.030 -0.360                            
     7       4.454    0.977    0.214  0.637  0.187                             
     8       3.146    -1.869   1.111  0.247  -0.806                            
     9       -2.925   1.608    -0.884 -0.289 0.645                             
     10      -1.069   -0.892   -0.743 -0.634 -1.148                            
     11      0.003    -0.010   0.034  -0.267 0.771                             
     12      0.264    0.175    0.116  0.026  0.094                             
     13      1.593    -0.366   0.084  0.561  -0.148                            
     14      -0.074   0.120    -0.193 -0.046 0.386                             
     15      3.029    -0.261   0.023  0.395  -0.036                            
     SUM     0.306    0.078    -0.054 0.223  0.134                             
     ______________________________________                                    
PAL  Wherein the lenses are numbered from 1 to 8 from the object side, and
      lenses 5 and 6 form doublets; and wherein
TBL  F:     is the resultant focal length of the whole                         
            optical system;                                                    
     F.sub.1.2...i :                                                           
            is the resultant focal length of the first to the                  
            i-th lenses;                                                       
     n.sub.i :                                                                 
            is the d-line index of refraction of the i-th                      
            lens;                                                              
     .nu..sub.i :                                                              
            is the Abbe's number of the i-th lens;                             
     r.sub.k :                                                                 
            is the radius of curvature of the k-th                             
            surface; and                                                       
     d.sub.j :                                                                 
            is the j-th lens spacing or lens thickness.                        
NUM  2.
PAR  2. An intermediate wide angle retro focus objective lens system comprising
      a 7 group, 8 element lens wherein the lens elements have the following
      characteristics:
TBL  Radius of Curvature                                                       
                    Lens Spacing                                               
     in m m         in m m       n.sub.i / .nu..sub.i                          
     ______________________________________                                    
     r .sub.1                                                                  
           175.400      d .sub.1                                               
                                6.90   1.53172 / 48.9                          
     r .sub.2                                                                  
           73.563       d .sub.2                                               
                                9.42                                           
     r .sub.3                                                                  
           128.468      d .sub.3                                               
                                3.00   1.54072 / 47.2                          
     r .sub.4                                                                  
           56.023       d .sub.4                                               
                                10.95                                          
     r .sub.5                                                                  
           168.280      d .sub.5                                               
                                15.37  1.83400 / 37.2                          
     r .sub.6                                                                  
           -3453.988    d .sub.6                                               
                                8.27                                           
     r .sub.7                                                                  
           71.325       d .sub.7                                               
                                23.82  1.79952 / 42.3                          
     r .sub.8                                                                  
           -246.250     d .sub.8                                               
                                9.05                                           
     r .sub.9                                                                  
           -195.000     d .sub.9                                               
                                6.25   1.72825 / 28.5                          
     r.sub.10                                                                  
           58.013       d.sub.10                                               
                                10.25                                          
     r.sub.11                                                                  
           -176.700     d.sub.11                                               
                                3.75   1.69895 / 30.1                          
     r.sub.12                                                                  
           70.078       d.sub.12                                               
                                18.85  1.78590 / 44.2                          
     r.sub.13                                                                  
           -79.025      d.sub.13                                               
                                0.25                                           
     r.sub.14                                                                  
           996.250      d.sub.14                                               
                                18.80  1.65830 / 53.4                          
     r.sub.15                                                                  
           -155.585                                                            
     ______________________________________                                    
      F = 100.0                                                                
      .vertline.F.sub.1.2 .vertline. = 103.37                                  
      F.sub.1.2.3.4 = 76.42.                                                   
     Seidel'3 Coefficients                                                     
     Lens                                                                      
     Surface S.sub.1  S.sub.2  S.sub.3                                         
                                      S.sub.4                                  
                                             S.sub.5                           
     ______________________________________                                    
     1       0.042    0.052    0.063  0.198  0.321                             
     2       -1.634   -0.162   -0.016 -0.472 -0.049                            
     3       0.628    0.264    0.111  0.273  0.162                             
     4       -7.842   0.147    -0.003 -0.627 0.012                             
     5       2.577    0.686    0.183  0.270  0.121                             
     6       -0.036   -0.082   -0.186 0.013  -0.393                            
     7       -3.425   0.878    0.225  0.623  0.217                             
     8       3.292    -1.920   1.119  0.181  -0.758                            
     9       -3.040   1.651    -0.897 -0.216 0.604                             
     10      -1.488   -1.040   -0.727 -0.727 -1.016                            
     11      -0.000   0.000    -0.000 -0.233 0.699                             
     12      0.433    0.258    0.154  0.041  0.116                             
     13      2.211    -0.480   0.104  0.557  -0.144                            
     14      -0.063   0.121    -0.233 0.040  0.373                             
     15      1.834    -0.388   0.082  0.255  -0.071                            
     SUM     0.339    -0.015   -0.020 0.177  0.194                             
     ______________________________________                                    
PAL  Wherein the lenses are numbered from 1 to 8 from object side, and lenses 6
      and 7 form doublets; and wherein
TBL  F:        is the resultant focal length of the whole                      
               optical system;                                                 
     F.sub.1.2....i :                                                          
               is the resultant focal length of the first                      
               to the i-th lenses;                                             
     n.sub.i : is the d-line index of refraction of the                        
               i-th lens;                                                      
     .nu..sub.i :                                                              
               is the Abbe's number of the i-th lens;                          
     r.sub.k : is the radius of curvature of the k-th                          
               surface; and                                                    
     d.sub.j : is the j-th lens spacing or lens thickness.                     
NUM  3.
PAR  3. An intermediate wide angle retro focus objective lens system comprising
      a 7 group, 8 element lens wherein the lens elements have the following
      characteristics:
TBL  Radius of Curvature                                                       
                    Lens Spacing                                               
     in m m         in m m       n.sub.i / .nu..sub.i                          
     ______________________________________                                    
     r .sub.1                                                                  
           217.623      d .sub.1                                               
                                6.17   1.49782 / 66.8                          
     r .sub.2                                                                  
           69.596       d .sub.2                                               
                                9.20                                           
     r .sub.3                                                                  
           234.650      d .sub.3                                               
                                4.75   1.51454 / 54.7                          
     r .sub.4                                                                  
           64.373       d .sub.4                                               
                                12.02                                          
     r .sub.5                                                                  
           108.900      d .sub.5                                               
                                23.57  1.83400 / 37.2                          
     r .sub.6                                                                  
           -34888.149   d .sub.6                                               
                                6.52                                           
     r .sub.7                                                                  
           91.838       d .sub.7                                               
                                21.75  1.78800 / 47.5                          
     r .sub.8                                                                  
           -269.731     d .sub.8                                               
                                12.27                                          
     r .sub.9                                                                  
           -215.345     d .sub.9                                               
                                5.00   1.84666 / 23.9                          
     r.sub.10                                                                  
           57.528       d.sub.10                                               
                                9.77   1.78800 / 47.5                          
     r.sub.11                                                                  
           79.998       d.sub.11                                               
                                13.67                                          
     r.sub.12                                                                  
           -87.823      d.sub.12                                               
                                10.60  1.77250 / 49.6                          
     r.sub.13                                                                  
           -62.057      d.sub.13                                               
                                0.25                                           
     r.sub.14                                                                  
           182.638      d.sub.14                                               
                                14.45  1.81600 / 46.8                          
     r.sub.15                                                                  
           -229.152                                                            
     ______________________________________                                    
      F = 100.0?                                                               
      .vertline.F.sub.1.2 .vertline. = 92.05?                                  
      F.sub.1.2.3.4 = 85.04.                                                   
     Seidel's Coefficients                                                     
     Lens                                                                      
     Surface S.sub.1  S.sub.2  S.sub.3                                         
                                      S.sub.4                                  
                                             S.sub.5                           
     ______________________________________                                    
     1       0.022    0.047    0.102  0.153  0.554                             
     2       -2.087   -1.194   -0.683 -0.478 -0.664                            
     3       0.324    0.383    0.452  0.145  0.705                             
     4       -7.452   -3.837   -1.976 -0.528 -1.289                            
     5       5.660    3.694    2.411  0.418  1.846                             
     6       -0.005   -0.025   -0.125 0.001  -0.612                            
     7       1.232    1.165    1.102  0.480  1.496                             
     8       2.528    -0.212   0.018  0.163  -0.015                            
     9       -2.383   0.094    -0.004 -0.213 0.009                             
     10      -0.066   -0.074   -0.082 -0.031 -0.126                            
     11      -0.630   -0.970   -1.496 -0.551 -3.155                            
     12      -0.093   0.035    -0.014 -0.496 0.194                             
     13      1.778    0.654    0.240  0.702  0.346                             
     14      -0.002   -0.010   0.041  0.246  0.853                             
     15      1.473    0.372    0.094  0.196  0.073                             
     SUM     0.299    0.122    -0.000 0.208  0.217                             
     ______________________________________                                    
PAL  Wherein the lenses are numbered from 1 to 8 from the object side, and
      lenses 6 and 7 form doublets; and wherein
TBL  F:       is the resultant focal length of the whole                       
              optical system;                                                  
     F.sub.1.2....i :                                                          
              is the resultant focal length of the first                       
              to the i-th lenses;                                              
     n.sub.i :                                                                 
              is the d-line index of refraction of the i-th                    
              lens;                                                            
     .nu..sub.i :                                                              
              is the Abbe's number of the i-th lens;                           
     r.sub.k :                                                                 
              is the radius of curvature of the k-th                           
              surface; and                                                     
     d.sub.j :                                                                 
              is the j-th lens spacing or lens thickness.                      
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ABST
PAL  There is disclosed a retrofocus type wide angle lens system having a back
      focus about 1.6 times as large as the focal length of the lens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a wide angle lens system, and more particularly
      to a retrofocus type wide angle lens system.
PAR  There is a current tendency to provide lens systems for increasingly wider
      angle photographing in compact sizes.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a novel retrofocus type
      wide angle lens system.
PAR  Another object of the present invention is to provide a novel retrofocus
      type wide angle lens system which is compact in size and of reduced total
      length.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the present invention are achieved by providing
      a retrofocus type wide angle lens system having a back focus about 1.6
      times as large as the focal length of the lens.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention as well as other objects
      and advantages thereof will become apparent from the detailed disclosure
      thereof taken with the accompanying drawings wherein:
PAR  FIG. 1 illustrates the lens arrangement for the retrofocus type wide angle
      lens system of the present invention; and
PAR  FIG. 2 illustrates various aberration curves of the lens system of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The wide angle lens system of the present invention is composed of 9
      elements in 8 groups. Referring to FIG. 1, there is illustrated the lens
      system, generally indicated as 10, comprised of a first lens 12 which is a
      positive lens having a face of larger curvature turned towards the subject
      side; a second lens 14 which is in light communication with lens 12 and
      which is a negative meniscus lens having a face of larger curvature turned
      towards the image side; a third lens 16 which is in light communication
      with lens 14 and which is a negative meniscus lens having a face of larger
      curvature bonded to a fourth lens 18 which is in light communication with
      lens 16 and which is a positive meniscus lens; a fifth lens 20 which is in
      light communication with lens 18 and which is a negative meniscus lens
      having a face of larger curvature turned towards the image side; a sixth
      lens 22 which is in light communication with lens 20 and which is a
      positive biconvex lens; a seventh lens 24 which is in light communication
      with lens 22 and which is a negative biconcave lens; an eighth lens 26
      which is in light communication with lens 24 and which is a positive
      meniscus lens having a face of larger curvature turned towards the image
      side; and a ninth lens 28 which is in light communication with lens 26 and
      which is a positive lens. The first to fifth lens 10 to 22 comprise a
      front lens group of the negative retrofocus type.
PAR  The wide angle lens system of the foregoing construction is provided with
      the following features:
      ##EQU1##
      wherein F is the composite focal length of the total lens system;
PAR  F.sub.1, 2, . . ., i is the composite focal length of the lens group
      consisting of 1st to ith lenses;
PA1  r.sub.j is the radius of curvature of jth lens face;
PA1  d.sub.k is the kth spacing or lens thickness;
PA1  n.sub.i is the d-line refractive index of ith lens; and
PA1  .nu..sub.i is the Abbe number of ith lens.
PAR  Condition (1) is for correcting distortion and for making the wide angle
      lens system compact. In a wide angle lens system having a back focus about
      1.6 or more times as large as its focal length, it is not preferred to use
      an excessively strong lens as the first lens since this necessitates an
      increased negative power to obtain an increased back focus and readily
      brings about disadvantages, such as the reduction in Petzval's sum. It is
      desired therefore that F.sub.1 is larger than F/0.22. On the other hand,
      F.sub.1 having a larger value than F/0.12, although advantageous for
      attaining a long back focus, is not preferred in that it cannot eliminate
      the difficulty in correcting distortion. Additionally, the use of F.sub.1
      in such a range makes it meaningless to arrange positive lenses.
PAR  Condition (2) represents the arrangement of the main lens group of lenses
      10 to 22 and the combination of lens powers in the main lens group as
      required for obtaining a desired back focus. Although advantageous for
      obtaining a desired back focus, a condition of
      ##EQU2##
      will put an increased burden on the positive lenses included in subsequent
      lens groups so that it will become useless to use a single lens as the
      sixth lens. To increase the value of .vertline.F.sub.1.2.3.4.5
      .vertline..vertline. increase the size of entire lens system. This is
      contrary to the purpose of making a compact lens system. It is not
      preferred either to increase the value of .vertline.F.sub.1.2.3.4.5
      .vertline., since it will readily lead to a reduction of Petzval's sum and
      an increase of comatic aberration. On the other hand, when
      .vertline.F.sub.1.2.3.4.5 .vertline. is larger than F/1.35, it is
      difficult to obtain a desired back focus unless the lenses are rearranged
      at increased intervals. This also is contrary to a compact lens system.
PAR  Condition (3) is for maintaining the effect which results from imparting a
      negative power to the third lens 16 and at the same time for maintaining a
      proper distribution of color aberration. If an excessively large stress is
      placed on the effect of the negative lenses by imparting excessively
      different refractive indices, then the negative lenses with a large
      .nu.-value will be reduced in number. This will necessitate the use of
      positive lenses with a small .nu.-value for achromatization purpose, which
      in turn will make it difficult to blend appropriately the glass material.
PAR  Condition (4) represents the positive power of sixth lens 22 in comparison
      with the composite negative power of the first to fifth lenses as defined
      above with reference to condition (2). A composite focal length
      F.sub.1.2.3.4.5.6 shorter than F/0.85 is not preferred because in such
      case an excessively large burden will be placed upon the sixth lens to
      correct various aberrations, increasing the coma aberration, reducing
      Petzval's sum and destroying the balance between various aberrations. On
      the other hand, when F.sub.1.2.3.4.5.6 exceeds F/0.55, the sixth lens
      presents only a reduced effect of a positive lens, which has an adverse
      influence over the entire lens system.
PAR  In a bright wide angle lens having a brightness in the range of 1:2.8,
      condition (5) is necessary for maintaining the spherical and other
      aberrations at values appropriate to that lens brightness and also for
      maintaining a proper balance of the chromatic aberration. When the average
      refractive index is less than 1.55, it is difficult to maintain said
      various aberrations at proper values. Besides the average refraction index
      in such range will increase Petzval's sum. Judging from blending the glass
      material, however, such average refractive index is advantageous because
      it facilitates the removal of chromatic aberration as long as the average
      .nu.-value can be maintained above 50.
PAR  Although advantageous for correcting the chromatic aberration, the average
      refractive index exceeding 1.75 is not preferred when the .nu.-value,
      convenience of mass-production, and increased cost of the glass material
      are considered.
PAR  FIG. 2 illustrates representative curves for spherical aberration, sine
      condition; chromatic aberration; distortion; and astigmatism;
      respectively.
PAC  EXAMPLE
PAR  The following is an example of a wide angle lens system according to one
      embodiment of the present invention:
TBL          F=100                                                             
     r.sub.1                                                                   
          246.8          d.sub.1                                               
                             19.2   n.sub.1                                    
                                        1.71300 .nu..sub.1                     
                                                    54.0                       
     r.sub.2                                                                   
          604.7          d.sub.2                                               
                             0.4                                               
     r.sub.3                                                                   
          103.5          d.sub.3                                               
                             6.1    n.sub.2                                    
                                        1.62041 .nu..sub.2                     
                                                    60.3                       
     r.sub.4                                                                   
          43.6           d.sub.4                                               
                             23.1                                              
     r.sub.5                                                                   
          183.0          d.sub.5                                               
                             4.1    n.sub.3                                    
                                        1.78590 .nu..sub.3                     
                                                    44.2                       
     r.sub.6                                                                   
          47.5           d.sub.6                                               
                             15.8   n.sub.4                                    
                                        1.67270 .nu..sub.4                     
                                                    32.1                       
     r.sub.7                                                                   
          172.8          d.sub.7                                               
                             2.0                                               
     r.sub.8                                                                   
          111.4          d.sub.8                                               
                             5.3    n.sub.5                                    
                                        1.64250 .nu..sub.5                     
                                                    58.4                       
     r.sub.9                                                                   
          53.0           d.sub.9                                               
                             18.5                                              
     r.sub.10                                                                  
          113.5          d.sub.10                                              
                             43.2   n.sub.6                                    
                                        1.74320 .nu..sub.6                     
                                                    49.4                       
     r.sub.11                                                                  
          -  91.2        d.sub.11                                              
                             10.7                                              
     r.sub.12                                                                  
          - 126.2        d.sub.12                                              
                             16.0   n.sub.7                                    
                                        1.80518 .nu..sub.7                     
                                                    25.4                       
     r.sub.13                                                                  
          171.9          d.sub.13                                              
                             5.5                                               
     r.sub.14                                                                  
          - 563.0        d.sub.14                                              
                             14.3   n.sub.8                                    
                                        1.52307 .nu..sub.8                     
                                                    58.4                       
     r.sub.15                                                                  
          -  65.3        d.sub.15                                              
                             0.4                                               
     r.sub.16                                                                  
          34680.0        d.sub.16                                              
                             10.8   n.sub.9                                    
                                        1.69680 .nu..sub.9                     
                                                    55.7                       
     r.sub.17                                                                  
          - 146.9                                                              
                      F                                                        
             F.sub.1 = 571.4 =                                                 
                      0.175                                                    
                          F                                                    
             F.sub.1.2.3.4.5 = - 65.4 = -                                      
                          1.53                                                 
                         F                                                     
             F.sub.1.2.3.4.5.6 = 149.3 =                                       
                         0.67                                                  
PAR  While the invention has been described in connection with one exemplary
      embodiment thereof, it will be understood that many modifications will be
      apparent to those of ordinary skill in the art; and that this application
      is intended to cover any adaptations or variations thereof. Therefore, it
      is manifestly intended that this invention be only limited by the claim
      and the equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A retrofocus type wide angle lens system which comprises:
PA1  a first positive lens;
PA1  a second negative meniscus lens having a face of larger curvature towards
      the image side and being in light communication with said first lens;
PA1  a third negative meniscus lens having a face of larger curvature towards
      the image side and being in light communication with said second lens;
PA1  a fourth positive lens bonded to said face of larger curvature of said
      third lens and being in light communication with said third lens;
PA1  a fifth negative meniscus lens having a face of larger curvature towards
      the image side and being in light communication with said fourth lens;
PA1  a sixth positive lens in light communication with said fifth lens;
PA1  a seventh negative lens in light communication with said sixth lens;
PA1  an eighth positive meniscus lens having a face of larger curvature towards
      the image side and being in light communication with said seventh lens;
PA1  a ninth positive lens being in light communication with said eighth lens,
      said lens system satisfying the following conditions:
      ##EQU3##
      wherein F equals 100 and is the composite focal length of the total lens
      system;
PA1  F.sub.1,2, . . ., i is the composite focal length of the lens group
      consisting of 1st to ith lenses;
PA1  r.sub.j is the radius of curvature of jth lens face;
PA1  d.sub.k is the k th spacing or lens thickness;
PA1  n.sub.i is the d-line refractive index of ith lens;
PA1  .nu..sub.i is the Abbe number of ith lens;
TBL  r.sub.1 =                                                                 
          246.8          d.sub.1 =                                             
                              19.2   n.sub.1 =1.71300                          
                                              .nu..sub.1 =54.0                 
     r.sub.2 =                                                                 
          604.7          d.sub.2 =                                             
                              0.4                                              
     r.sub.3 =                                                                 
          103.5          d.sub.3 =                                             
                              6.1    n.sub.2 =1.62041                          
                                              .nu..sub.2 =60.3                 
     r.sub.4 =                                                                 
          43.6           d.sub.4 =                                             
                              23.1                                             
     r.sub.5 =                                                                 
          183.0          d.sub.5 =                                             
                              4.1    n.sub.3 =1.78590                          
                                              .nu..sub.3 =44.2                 
     r.sub.6 =                                                                 
          47.5           d.sub.6 =                                             
                              15.8   n.sub.4 =1.67270                          
                                              .nu..sub.4 =32.1                 
     r.sub.7 =                                                                 
          172.8          d.sub.7 =                                             
                              2.0                                              
     r.sub.8 =                                                                 
          111.4          d.sub.8 =                                             
                              5.3    n.sub.5 =1.64250                          
                                              .nu..sub.5 =58.4                 
     r.sub.9 =                                                                 
          53.0           d.sub.9 =                                             
                              18.5                                             
     r.sub.10 =                                                                
          113.5          d.sub.10 =                                            
                              43.2   n.sub.6 =1.74320                          
                                              .nu..sub.6 =49.4                 
     r.sub.11 =                                                                
          -  91.2        d.sub. 11 =                                           
                              10.7                                             
     r.sub.12 =                                                                
          - 126.2        d.sub.12 =                                            
                              16.0   n.sub.7 =1.80518                          
                                              .nu..sub.7 =25.4                 
     r.sub.13 =                                                                
          171.9          d.sub.13 =                                            
                              5.5                                              
     r.sub.14 =                                                                
          - 563.0        d.sub.14 =                                            
                              14.3   n.sub.8 =1.52307                          
                                              .nu..sub.8 =58.4                 
     r.sub.15 =                                                                
          -  65.3        d.sub.15 =                                            
                              0.4                                              
     r.sub.16 =                                                                
          34680.0        d.sub.16 =                                            
                              10.8   n.sub.9 =1.69680                          
                                              .nu..sub.9 =55.7                 
     r.sub.17 =                                                                
          - 146.9                                                              
                      F                                                        
             F.sub.1 = 571.4 =                                                 
                      0.175                                                    
                          F                                                    
             F.sub.1.2.3.4.5 = - 65.4 = -                                      
                          1.53                                                 
                         F                                                     
             F.sub.1.2.3.4.5.6 = 149.3 =                                       
                         0.67                                                  
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PAL  A large aperture photographic lens system comprising six components of
      seven lenses wherein flare due to coma at intermediate field angles has
      been eliminated by so adapting as to satisfy the following conditions:
TBL  (1)    0.9 &lt; r.sub.11 /r.sub.9 &lt; 1.05 ,                                   
                                  r.sub.9   &gt; 0.55f                            
     (2)    0.95 &lt; d.sub.8 /d.sub.10 &lt; 1.25                                    
     (3)    1 &lt; r.sub.5 /r.sub.4 &lt; 1.3                                         
     (4)    0.03f &lt; d.sub.4 &lt; 0.05f                                            
     (5)    n.sub.1, n.sub.2, n.sub.5, n.sub.6, n.sub.7 &gt; 1.75                 
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to a variant type of Gauss photographic lens
      with an aperture ratio of 1.2 and a field angle of about 43.degree. which
      is intended for use with 35 mm single-lens reflex photographic cameras.
PAR  B. Description of the Prior Art
PAR  Conventional Gauss type lenses had a great defect that flare was produced
      due to coma at intermediate field angles.
PAC  SUMMARY OF THE INVENTION
PAR  A general object of the present invention is to provide a compact
      photographic lens system of the above-mentioned Gauss type wherein said
      flare due to coma is favourably corrected at intermediate field angles.
PAR  The photographic lens system according to the present invention comprises
      six components of seven lenses wherein the first component is a positive
      meniscus lens, the second component is a positive meniscus lens, the third
      component is a negative meniscus lens, the fourth component is a cemented
      doublet lens composed of a negative lens and a positive lens, the fifth
      component is a positive meniscus lens, a sixth component is a positive
      lens. The lens system according to the present invention satisfies the
      following conditions
     (1)    0.9 &lt; r.sub.11 /r.sub.9 &lt; 1.05 ,                                   
                                   9   &gt; 0.55f                                 
     (2)    0.95 &lt; d.sub.8 /d.sub.10 &lt; 1.25                                    
     (3)    1 &lt; r.sub.5 /r.sub.4 &lt; 1.3                                         
     (4)    0.03f &lt; d.sub.4 &lt; 0.05f                                            
     (5)    n.sub.1, n.sub.2, n.sub.5, n.sub.6, n.sub.7 &gt; 1.75                 
PAL  Wherein the reference symbols denote as defined below:
PA1  f: focal length of the entire lens system
PA1  r.sub.4, r.sub.5, r.sub.9 and r.sub.11 : radii of curvature of the image
      side surface of the second lens, the object side surface of the third
      lens, the image side surface of the fourth lens component and the image
      side surface of the fifth lens respectively.
PA1  d.sub.4 : air space between the second lens and the third lens
PA1  d.sub.8 and d.sub.10 : thicknesses of the image side lens of the fourth
      component and the fifth lens respectively
PA1  n.sub.1, n.sub.2, n.sub.5, n.sub.6 and n.sub.7 : refractive indices of the
      first lens, the second lens, the image side lens of the fourth component,
      the fifth lens and the sixth lens respectively.
PAR  Now, the significance of the above-mentioned conditions will be described
      below:
PAR  When a large radius of curvature .vertline.r.sub.9 .vertline. is selected
      for the image side surface of the fourth lens as defined in condition 1 on
      the assumption that the refractive power of the fourth component is kept
      at a constant value, it is possible to select a large value of r.sub.7 as
      the radius of curvature for the object side surface of the fourth
      component. For reducing flare, it is effective to select such a large
      value of .vertline.r.sub.7 .vertline.. Further, the flare can be corrected
      more favourably by selecting small value of .vertline.r.sub.11 .vertline.
      within the range specified by condition 1. If the value of r.sub.11
      /r.sub.9 is selected below the lower limit of condition 1, spherical
      aberration can hardly be corrected. When, on the other hand, the value of
      r.sub.11 /r.sub.9 exceeds the upper limit of condition 1, it is impossible
      to obtain sufficient effect for correcting flare.
PAR  According to condition 2, a small value of d.sub.8 is selected as the
      thickness of the image side lens of the fourth component, while a large
      value of d.sub.10 is adopted as the thickness of the fifth lens. This
      measure serves for further enhancing the above-described effect of
      condition 1. If the value of d.sub.8 /d.sub.10 is below the lower limit of
      condition 2, spherical aberration will be aggravated. When, on the other
      hand, the value of d.sub.8 /d.sub.10 exceeds the upper limit of condition
      2, it will be impossible to correct flare to a sufficient degree.
PAR  Condition 3, which can exhibit sufficient effect in combination with
      condition 4, is required for favourably correcting coma and astigmatism.
      If the value of r.sub.5 /r.sub.4 is selected below the lower limit of
      condition 3, spherical aberration can not be corrected to a sufficient
      degree. When, on the other hand, the value of r.sub.5 /r.sub.4 exceeds the
      upper limit of condition 3, coma will be aggravated and curvature of field
      can not be corrected sufficiently.
PAR  Condition 4 which has been adopted in combination with condition 3 as is
      already described above is required for selecting relatively large value
      of d.sub.4 as the air space between the second lens and the third lens for
      the purpose of enhancing the correcting effect obtained by condition 3.
      Hence, it will be impossible to obtain sufficient correcting effect for
      coma and astigmatism if the value of d.sub.4 is selected below the lower
      limit of this condition. When, in contrast; the value of d.sub.4 exceeds
      the upper limit of condition 4, lateral chromatic aberration will be
      aggravated to an undesirable degree.
PAR  Finally, condition 5 is necessary both for favourably correcting spherical
      aberration and for minimizing Petzval's sum. In contrast to the fact that
      the above-mentioned conditions 1 through 4 are required with a view to
      correcting aberrations for offaxial rays, condition 5 is necessary for
      favourably correcting aberrations for paraxial rays and minimizing
      Petzval's sum. Therefore, these effects will not be obtained if the
      refractive indices of respective lenses are selected outside the range
      defined by condition 5. When glass with high refractive index is used as
      material of the first and second lenses in order to satisfy condition 1,
      it is impossible to design these lenses so as to have large Abbe's
      numbers. In order to favourably correct lateral chromatic aberration under
      such a restriction, it is required to design the image side lens of the
      fourth component, fifth lens and sixth lens in such a manner that they
      have Abbe's numbers .nu..sub.5, .nu..sub.6 and .nu..sub.7 which are close
      to Abbe's numbers .nu..sub.1 and .nu..sub.2 of the first and second
      lenses. In view of this requirement, it is preferable to select these
      Abbe's numbers within the range of .nu..sub.1, .nu..sub.2, .nu..sub.5,
      .nu..sub.6 and .nu..sub.7 &lt; 50.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view illustrating the composition of a large aperture
      lens system according to the present invention;
PAR  FIG. 2A through FIG. 2C illustrate curves showing the aberration
      characteristic of the embodiment 1;
PAR  FIG. 3A through FIG. 3C show graphs illustrating the aberration
      characteristic of the embodiment 2; and
PAR  FIG. 4A through FIG. 4C show graphs illustrating the aberration
      characteristic of the embodiment 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now, some numerical data of the lens system according to the present
      invention will be exemplified below:
     Embodiment 1                                                              
     __________________________________________________________________________
          f = 1.0 ,                                                            
                  f.sub.B =                                                    
                       0.7066 ,  F/1.2                                         
     r.sub.1 =                                                                 
          0.8731                                                               
          d.sub.1 = 1.034                                                      
                       n.sub.1 = 1.8061                                        
                                   .nu..sub.1 = 40.9                           
     r.sub.2 =                                                                 
          3.5977                                                               
          d.sub.2 = 0.0023                                                     
     r.sub.3 =                                                                 
          0.4580                                                               
          d.sub.3 = 0.0982                                                     
                       n.sub.2 = 1.8061                                        
                                   .nu..sub.2 = 40.9                           
     r.sub.4 =                                                                 
          0.7210                                                               
          d.sub.4 = 0.0454                                                     
     r.sub.5 =                                                                 
          0.8444                                                               
          d.sub.5 = 0.0268                                                     
                       n.sub.3 = 1.7847                                        
                                   .nu..sub.3 = 26.2                           
     r.sub.6 =                                                                 
          0.3054                                                               
          d.sub.6 = 0.3200                                                     
     r.sub.7 =                                                                 
          -0.3510                                                              
          d.sub.7 = 0.0268                                                     
                       n.sub.4 = 1.78472                                       
                                   .nu..sub.4 = 25.7                           
     r.sub.8 =                                                                 
          3.2095                                                               
          d.sub.8 = 0.1327                                                     
                       n.sub.5 = 1.79952                                       
                                   .nu..sub.5 =  42.2                          
     r.sub.9 =                                                                 
          -0.6036                                                              
          d.sub.9 = 0.0018                                                     
     r.sub.10 =                                                                
          -2.3687                                                              
          d.sub.10 = 0.1107                                                    
                       n.sub.6 = 1.79952                                       
                                   .nu..sub.6 = 42.2                           
     r.sub.11 =                                                                
          -0.6074                                                              
          d.sub.11 = 0.0023                                                    
     r.sub.12 =                                                                
          1.9981                                                               
          d.sub.12 = 0.0504                                                    
                       n.sub.7 = 1.7859                                        
                                   .nu..sub.7 = 44.2                           
     r.sub.13 =                                                                
          -5.2395                                                              
     __________________________________________________________________________
     Embodiment 2                                                              
     __________________________________________________________________________
          f = 1 , f.sub.B =                                                    
                       0.6910 ,  F/1.2                                         
     r.sub.1 =                                                                 
          0.8135                                                               
          d.sub.1 = 0.0887                                                     
                       n.sub.1 = 1.8061                                        
                                   .nu..sub.1 = 40.9                           
     r.sub.2 =                                                                 
          2.8782                                                               
          d.sub.2 = 0.0023                                                     
     r.sub.3 =                                                                 
          0.4419                                                               
          d.sub.3 = 0.1071                                                     
                       n.sub.2 = 1.8061                                        
                                   .nu..sub.2 = 40.9                           
     r.sub.4 =                                                                 
          0.6246                                                               
          d.sub.4 =  0.0339                                                    
     r.sub.5 =                                                                 
          0.6965                                                               
          d.sub.5 = 0.0268                                                     
                       n.sub.3 = 1.78472                                       
                                   .nu..sub.3 = 25.7                           
     r.sub.6 =                                                                 
          0.2948                                                               
          d.sub.6 = 0.3262                                                     
     r.sub.7 =                                                                 
          -0.3460                                                              
          d.sub.7 = 0.0268                                                     
                       n.sub.4 = 1.78472                                       
                                   .nu..sub.4 = 25.7                           
     r.sub.8 =                                                                 
          2.6761                                                               
          d.sub.8 = 0.1178                                                     
                       n.sub.5 = 1.8061                                        
                                   .nu..sub.5 = 40.9                           
     r.sub.9 =                                                                 
          -0.6001                                                              
          d.sub.9 = 0.0018                                                     
     r.sub.10 =                                                                
          -1.6420                                                              
          d.sub.10 = 0.1184                                                    
                       n.sub.6 = 1.7859                                        
                                   .nu..sub.6 = 44.2                           
     r.sub.11 =                                                                
          -0.5630                                                              
          d.sub.11 = 0.0023                                                    
     r.sub.12 =                                                                
          1.7856                                                               
          d.sub.12 = 0.0513                                                    
                       n.sub.7 = 1.79952                                       
                                   .nu..sub.7 = 42.2                           
     r.sub.13 =                                                                
          -5.3612                                                              
     __________________________________________________________________________
     Embodiment 3                                                              
     __________________________________________________________________________
          f =  1 ,                                                             
                  f.sub.B =                                                    
                       0.6912 ,  F/1.2                                         
     r.sub.1 =                                                                 
          0.8267                                                               
          d.sub.1 = 0.0888                                                     
                       n.sub.1 = 1.8061                                        
                                   .nu..sub.1 = 40.9                           
     r.sub.2 =                                                                 
          3.4012                                                               
          d.sub.2 = 0.0023                                                     
     r.sub.3 =                                                                 
          0.4529                                                               
          d.sub.3 = 0.1072                                                     
                       n.sub.2 = 1.8061                                        
                                   .nu..sub.2 = 40.9                           
     r.sub.4 =                                                                 
          0.7059                                                               
          d.sub.4 = 0.0341                                                     
     r.sub.5 =                                                                 
          0.8472                                                               
          d.sub.5 = 0.0268                                                     
                       n.sub.3 = 1.78472                                       
                                   .nu..sub.3 = 25.7                           
     r.sub.6 =                                                                 
          0.3014                                                               
          d.sub.6 = 0.3211                                                     
     r.sub.7 =                                                                 
          -0.3541                                                              
          d.sub.7 = 0.0268                                                     
                       n.sub.4 = 1.78472                                       
                                   .nu..sub.4 = 25.7                           
     r.sub.8 =                                                                 
          6.4741                                                               
          d.sub.8 = 0.1179                                                     
                       n.sub.5 = 1.8061                                        
                                   .nu..sub.5 = 40.9                           
     r.sub.9 =                                                                 
          -0.6131                                                              
          d.sub.9 = 0.0019                                                     
     r.sub.10 =                                                                
          -1.7444                                                              
          d.sub.10 = 0.1184                                                    
                       n.sub.6 = 1.7859                                        
                                   .nu..sub.6 = 44.2                           
     r.sub.11 =                                                                
          -0.5707                                                              
          d.sub.11 = 0.0023                                                    
     r.sub.12 =                                                                
          1.8066                                                               
          d.sub.12 = 0.0513                                                    
                       n.sub.7 = 1.79952                                       
                                   .nu..sub.7 = 42.2                           
     r.sub.13 =                                                                
          -5.3646                                                              
     __________________________________________________________________________
PAL  wherein reference symbols r.sub.1 through r.sub.13 represent radii of
      curvature of respective lens surfaces, d.sub.1 through d.sub.12 denote
      thicknesses of respective lenses and distances between respective lenses,
      n.sub.1 through n.sub.7 indicate refractive indices of the lenses and
      .nu..sub.1 through .nu..sub.7 designate Abbe's number. Seidel's
      coefficients of the above-mentioned embodiments will be listed below:
TBL  Embodiment 1                                                              
     B         F        C         P       E                                    
     ______________________________________                                    
     1    0.3713   0.0924   0.0230  0.5112  0.1329                             
     2    0.0813   -0.2375  0.6939  -0.1241 -1.6650                            
     3    0.0296   0.0065   0.0014  0.9745  0.2148                             
     4    0.0654   -0.2745  1.1533  -0.6190 -2.2444                            
     5    -0.1940  0.5314   -1.4553 0.5207  2.5594                             
     6    -1.0751  -0.3186  -0.0944 -1.4397 -0.4547                            
     7    -1.7189  -0.7705  -0.3454 -1.2527 0.7163                             
     8    0.0081   0.0120   0.0179  0.0014  0.0288                             
     9    0.1664   -0.1318  0.1043  0.7361  -0.6655                            
     10   0.0002   -0.0013  0.0094  -0.1876 1.2830                             
     11   1.7270   -0.1622  0.0152  0.7315  -0.0701                            
     12   -0.0138  0.0692   -0.3479 0.2202  0.6417                             
     13   0.6545   -0.3469  0.1839  0.0840  -0.1420                            
     .EPSILON.                                                                 
          0.1018   0.0091   -0.0406 0.1566  0.3353                             
     ______________________________________                                    
     Embodiment 2                                                              
          B        F        C       P       E                                  
     ______________________________________                                    
     1    0.4590   0.0928   0.0188  0.5486  0.1147                             
     2    0.0621   -0.2005  0.6472  -0.1551 -1.5886                            
     3    0.0553   0.0101   0.0018  1.0100  0.1842                             
     4    0.0093   -0.0924  0.9149  -0.7146 -1.9835                            
     5    -0.0595  0.2611   -1.1450 0.6313  2.2526                             
     6    -1.0937  -0.2974  -0.0809 -1.4829 -0.4252                            
     7    -1.8167  0.7881   -0.3419 -1.2708 0.6996                             
     8    0.0113   0.0172   0.0262  0.0025  0.0439                             
     9    0.1706   -0.1427  0.1194  0.7437  -0.7219                            
     10   -0.0034  0.0130   -0.0499 -0.2680 1.2212                             
     11   1.7282   -0.1288  0.0096  0.7816  -0.0590                            
     12   -0.0073  0.0508   -0.3538 0.2488  0.7317                             
     13   0.6841   -0.3440  0.1866  0.0829  -0.1462                            
     .EPSILON.                                                                 
          0.1495   0.0272   -0.0469 0.1581  0.3234                             
     ______________________________________                                    
     Embodiment 3                                                              
          B        F        C       P       E                                  
     ______________________________________                                    
     1    0.4374   0.0966   0.0213  0.5399  0.1240                             
     2    0.0946   -0.2639  0.7367  -0.1312 -1.6900                            
     3    -0.0020  -0.0005  -0.0001 0.9855  0.2251                             
     4    0.0899   -0.3364  1.2582  -0.6323 -2.3414                            
     5    -0.2478  0.6243   -1.5725 0.5190  2.6536                             
     6    - 1.0637 -0.3068  -0.0885 -1.4588 -0.4462                            
     7    -1.7187  0.7783   -0.3525 -1.2417 0.7219                             
     8    0.0070   0.0122   0.0212  0.0010  0.0386                             
     9    0.1541   -0.1349  0.1182  0.7280  -0.7411                            
     10   -0.0019  0.0081   -0.0351 -0.2523 1.2398                             
     11   1.7167   -0.1525  0.0136  0.7711  -0.0697                            
     12   -0.0073  0.0506   -0.3512 0.2459  0.7310                             
     13   0.6365   -0.3507  0.1932  0.0828  -0.1521                            
     .EPSILON.                                                                 
          0.0948   0.0245   -0.0375 0.1569  0.2935                             
     ______________________________________                                    
            B:      spherical aberration                                       
            F:      Coma                                                       
            C:      astigmatism                                                
            P:      Petzval's sum                                              
            E:      distortion                                                 
     ______________________________________                                    
PAR  As is clearly understood from the foregoing descriptions, the present
      invention provides a compact lens system for photographic cameras which
      has high aperture ratio and which is capable of correcting aberrations
      very effectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. A large aperture photographic lens system comprising a first positive
      meniscus lens, a second positive meniscus lens, a third negative meniscus
      lens, a fourth cemented doublet lens component consisting of a negative
      lens and a positive lens, a fifth positive meniscus lens and sixth
      positive lens, and said large aperture photographic lens system satisfying
      the following conditions:
TBL  (1)    0.9 &lt; r.sub.11 /r.sub.9 &lt; 1.05 ,                                   
                                 .vertline.r.sub. 9 .vertline. &gt; 0.55f         
     (2)    0.95 &lt; d.sub.8 /d.sub.10 &lt; 1.25                                    
     (3)    1 &lt; r.sub.5 /r.sub.4 &lt; 1.3                                         
     (4)    0.03f &lt; d.sub.4 &lt; 0.05f                                            
     (5)    n.sub.1, n.sub.2, n.sub.5, n.sub.6, n.sub.7 &gt; 1.75                 
PAL  wherein reference symbol f represents the focal length of the entire lens
      system, reference symbols r.sub.4, r.sub.5, r.sub.9 and r.sub.11 represent
      respective radii of curvature of the image side surface of said second
      lens, the object side surface of said third lens, the image side surface
      of said fourth component and the image side surface of said fifth lens,
      reference symbol d.sub.4 represents the air space between the second lens
      and the third lens, reference symbols d.sub.8 and d.sub.10 represent
      respective thicknesses of the image side lens of said fourth component and
      the fifth lens and reference symbols n.sub.1, n.sub.2, n.sub.5, n.sub.6
      and n.sub.7 represent respective refractive indices of said first lens,
      said second lens, the image side lens of said fourth component, said fifth
      lens and said sixth lens.
NUM  2.
PAR  2. A large aperture photographic lens system comprising a first positive
      meniscus lens, a second positive meniscus lens, a third negative meniscus
      lens, a fourth cemented doublet lens component consisting of a negative
      lens and a positive lens, a fifth positive meniscus lens and sixth
      positive lens, and said large aperture photographic lens system having the
      following numerical data:
TBL       f = 1.0 ,   f.sub.B =                                                
                             0.7066 ,  F/1.2                                   
     r.sub.1 =                                                                 
          0.8731                                                               
          d.sub.1 = 1.034    n.sub.1 = 1.8061                                  
                                         .nu..sub.1 = 40.9                     
     r.sub.2 =                                                                 
          3.5977                                                               
          d.sub.2 = 0.0023                                                     
     r.sub.3 =                                                                 
          0.4580                                                               
          d.sub.3 = 0.0982   n.sub.2 = 1.8061                                  
                                         .nu..sub.2 = 40.9                     
     r.sub.4 =                                                                 
          0.7210                                                               
          d.sub.4 = 0.0454                                                     
     r.sub.5 =                                                                 
          0.8444                                                               
          d.sub.5 = 0.0268   n.sub.3 = 1.7847                                  
                                         .nu..sub.3 = 26.2                     
     r.sub.6 =                                                                 
          0.3054                                                               
          d.sub.6 = 0.3200                                                     
     r.sub.7 =                                                                 
          -0.3510                                                              
          d.sub.7 = 0.0268   n.sub.4 = 1.78472                                 
                                         .nu..sub.4 = 25.7                     
     r.sub.8 =                                                                 
          3.2095                                                               
          d.sub.8 = 0.1327   n.sub.5 = 1.79952                                 
                                         .nu..sub.5 = 42.2                     
     r.sub.9  =                                                                
          -0.6036                                                              
          d.sub.9 = 0.0018                                                     
     r.sub.10 =                                                                
          -2.3687                                                              
          d.sub.10 = 0.1107  n.sub.6 = 1.79952                                 
                                         .nu..sub.6 = 42.2                     
     r.sub.11 =                                                                
          -0.6074                                                              
          d.sub.11 = 0.0023                                                    
     r.sub.12 =                                                                
          1.9981                                                               
          d.sub.12 = 0.0504  n.sub.7 = 1.7859                                  
                                         .nu..sub.7 = 44.2                     
     r.sub.13 =                                                                
          -5.2395                                                              
PAL  wherein reference symbols r.sub.1 through r.sub.13 represent radii of
      curvature of respective lens surfaces, d.sub.1 through d.sub.12 denote
      thicknesses of respective lenses and distances between respective lenses,
      n.sub.1 through n.sub.7 indicate refractive indices of the lenses and
      .nu..sub.1 through .nu..sub.7 designate Abbe's number.
NUM  3.
PAR  3. A large aperture photographic lens system comprising a first positive
      meniscus lens, a second positive meniscus lens, a third negative meniscus
      lens, a fourth cemented doublet lens component consisting of a negative
      lens and a positive lens, a fifth positive meniscus lens and sixth
      positive lens, and said large aperture photographic lens system having the
      following numerical data:
TBL       f = 1 ,     f.sub.B =                                                
                             0.6910 ,  F/1.2                                   
     r.sub.1 =                                                                 
          0.8135                                                               
          d.sub.1 = 0.0887   n.sub.1 = 1.8061                                  
                                         .nu..sub.1 = 40.9                     
     r.sub.2 =                                                                 
          2.8782                                                               
          d.sub.2 = 0.0023                                                     
     r.sub.3 =                                                                 
          0.4419                                                               
          d.sub.3 = 0.1071   n.sub.2 = 1.8061                                  
                                         .nu..sub.2 = 40.9                     
     r.sub.4 =                                                                 
          0.6246                                                               
          d.sub.4 = 0.0339                                                     
     r.sub.5 =                                                                 
          0.6965                                                               
          d.sub.5 = 0.0268   n.sub.3 = 1.78472                                 
                                         .nu..sub.3 = 25.7                     
     r.sub.6 =                                                                 
          0.2948                                                               
          d.sub.6 = 0.3262                                                     
     r.sub.7 =                                                                 
          -0.3460                                                              
          d.sub.7 = 0.0268   n.sub.4 = 1.78472                                 
                                         .nu..sub.4 = 25.7                     
     r.sub.8 =                                                                 
          2.6761                                                               
          d.sub.8 = 0.1178   n.sub.5 = 1.8061                                  
                                         .nu..sub.5 = 40.9                     
     r.sub.9  =                                                                
          -0.6001                                                              
          d.sub.9 = 0.0018                                                     
     r.sub.10 =                                                                
          -1.6420                                                              
          d.sub.10 = 0.1184  n.sub.6 = 1.7859                                  
                                         .nu..sub.6 = 44.2                     
     r.sub.11 =                                                                
          -0.5630                                                              
          d.sub.11 = 0.0023                                                    
     r.sub.12 =                                                                
          1.7856                                                               
          d.sub.12 = 0.0513  n.sub.7 = 1.79952                                 
                                         .nu..sub.7 = 42.2                     
     r.sub.13 =                                                                
          -5.3612                                                              
PAL  wherein reference symbols r.sub.1 through r.sub.13 represent radii of
      curvature of respective lens surfaces, d.sub.1 through d.sub.12 denote
      thicknesses of respective lenses and distances between respective lenses,
      n.sub.1 through n.sub.7 indicate refractive indices of the lenses and
      .nu..sub.1 through .nu..sub.7 designate Abbe's number.
NUM  4.
PAR  4. A large aperture photographic lens system comprising a first positive
      meniscus lens, a second positive meniscus lens, a third negative meniscus
      lens, a fourth cemented doublet lens component consisting of a negative
      lens and a positive lens, a fifth positive meniscus lens and sixth
      positive lens, and said large aperture photographic lens system having the
      following numerical data:
TBL       f = 1 ,     f.sub.B =                                                
                             0.6912 ,  F/1.2                                   
     r.sub.1 =                                                                 
          0.8267                                                               
          d.sub.1 = 0.0888   n.sub.1 = 1.8061                                  
                                         .nu..sub.1 = 40.9                     
     r.sub.2 =                                                                 
          3.4012                                                               
          d.sub.2 = 0.0023                                                     
     r.sub.3 =                                                                 
          0.4529                                                               
          d.sub.3 = 0.1072   n.sub.2 = 1.8061                                  
                                         .nu..sub.2 = 40.9                     
     r.sub.4 =                                                                 
          0.7059                                                               
          d.sub.4 = 0.0341                                                     
     r.sub.5 =                                                                 
          0.8472                                                               
          d.sub.5 = 0.0268   n.sub.3 = 1.78472                                 
                                         .nu..sub.3 = 25.7                     
     r.sub.6 =                                                                 
          0.3014                                                               
          d.sub.6 = 0.3211                                                     
     r.sub.7 =                                                                 
          -0.3541                                                              
          d.sub.7 = 0.0268   n.sub.4 = 1.78472                                 
                                         .nu..sub.4 = 25.7                     
     r.sub.8 =                                                                 
          6.4741                                                               
          d.sub.8 = 0.1179   n.sub.5 = 1.8061                                  
                                         .nu..sub.5 = 40.9                     
     r.sub.9  =                                                                
          -0.6131                                                              
          d.sub.9 = 0.0019                                                     
     r.sub.10 =                                                                
          -1.7444                                                              
          d.sub.10 = 0.1184  n.sub.6 = 1.7859                                  
                                         .nu..sub.6 = 44.2                     
     r.sub.11 =                                                                
          -0.5707                                                              
          d.sub.11 = 0.0023                                                    
     r.sub.12 =                                                                
          1.8066                                                               
          d.sub.12 = 0.0513  n.sub.7 = 1.79952                                 
                                         .nu..sub.7 = 42.2                     
     r.sub.13 =                                                                
          -5.3646                                                              
PAL  wherein reference symbols r.sub.1 through r.sub.13 represent radii of
      curvature of respective lens surfaces, d.sub.1 through d.sub.12 denote
      thicknesses of respective lenses and distances between respective lenses,
      n.sub.1 through n.sub.7 indicate refractive indices of the lenses and
      .nu..sub.1 through .nu..sub.7 designate Abbe's number.
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ABST
PAL  A sound motion-picture system employing a film handling cassette within
      which the film is retained throughout all photographic and audio
      operations. The film handling cassette includes both an audio station and
      an exposure-projection station, and the camera and viewer apparatus
      includes a pair of drive arrangements for progressively advancing
      incremental sections of such film across the exposure-projection station
      and for substantially uniformly advancing the film strip through the audio
      station. To isolate these different film motions, the drive arrangements
      cooperate with the cassette to provide a free loop of film extending
      exteriorly of the cassette. A sensing element monitors the loop of film
      and adjusts one of the drives so as to retain the loop within
      predetermined limits. In the camera, the audio drive is coupled to the
      start switch so as to displace the audio drive into a standby position
      when the camera is not being operated. Additionally, means are provided
      for eliminating the loop so as to facilitate removal of the cassette from
      the apparatus.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of U.S. application Ser. No. 374,578 filed
      June 28, 1973, now U.S. Pat. No. 3,848,977.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a photographic system and more particularly to an
      improved sound motion-picture system employing a multipurpose film
      handling cassette in which the film is retained throughout both the audio
      and the photographic programs.
PAR  2. Description of the Prior Art
PAR  Recent important technological advantages have made it possible to provide
      multipurpose motion-picture cassettes from which the film need not be
      removed during exposure, processing and projection operations. Exemplary
      of such new and unique systems are those described in prior U.S. Pat. No.
      3,615,127 of Edwin H. Land issued Oct. 26, 1971; U.S. Pat. No. 3,600,071
      issued to Rogers B. Downey on Aug. 17, 1971; and U.S. Pat. No. 3,604,790
      issued to Rogers B. Downey on Sept. 14, 1971. Each of the systems
      described in the aforementioned patents employs a cassette from which the
      film need not be removed during exposure, processing and projection
      operations. In these systems, the cassette is operated in a camera for
      exposure of the film strip and then subsequently loaded into a projector
      apparatus which first subjects the cassette to a sequence of operations
      intended to process the film strip to a viewable condition and then
      subsequently projects the developed recorded images.
PAR  Advantageously, audio operations may also be included in this cassette
      system. Exemplary of such an audio visual system is described in prior
      U.S. Pat. No. 3,604,790 of Rogers B. Downey issued Sept. 14, 1971. The
      latter patent describes a film handling cassette in which the film is
      permanently retained during exposure, processing, sound recording, sound
      playback and projection operations. While the system of the above noted
      patent provides a satisfactory audio-visual system, it provides a cassette
      having a centrally located audio station which increases cassette size and
      requires substantially complete insertion of the cooperative audio
      elements, such as the sound head, of the camera or other apparatus within
      the confines of cassette housing during cassette operation.
PAR  Hence, it is desirable to minimize the structural arrangement of both the
      cassette and its operational apparatus so as to simplify the
      cassette-apparatus interface and to provide an efficient, reliable system
      capable of substantially automatic operation.
PAR  Consequently, it is a primary object of this invention to provide an
      improved audio-visual cassette system.
PAR  Another object of this invention is to provide an improved compact
      multipurpose film handling cassette in which the strip of motion picture
      film is permanently retained and in which the film can be exposed,
      processed and projected and in which sound information can be first
      recorded on the film and subsequently extracted therefrom.
PAR  A further object of this invention is to provide photographic apparatus
      configured for cooperation with a film handling cassette for performing
      photographic and audio operations therewith.
PAR  A still further object of this invention is to provide a photographic
      camera adapted for simultaneous recording of both visual and audio
      information.
PAR  An additional object of this invention is to provide projector apparatus
      adapted for substantially automatic processing and projecting a film strip
      as well as performing of audio operations therewith.
PAC  SUMMARY OF THE INVENTION
PAR  The photographic system of this invention briefly comprises a compact
      audio-visual cassette which includes a strip of motion picture film
      carrying a sound track. The film is permanently retained within the
      cassette housing and the latter includes an exposureprojection station, a
      normally inoperative processing station, and an audio station. The
      apparatus, designed to cooperate with the cassette so as to operate it
      through the different programs comprises means for receiving the cassette
      in an operative location within the apparatus, first drive means for
      cooperating with such audio station of such cassette to substantially
      constantly advance the film strip through the latter station, second drive
      means for cooperating with the cassette so as to intermittently advance
      the film strip through the exposure-projection station, and means for
      selectively activating the first and second drive means and for bringing
      the second drive means into pressure engagement with the film strip so as
      to provide an audio program therewith during advancement of the film strip
      through the projection station.
PAR  Cooperation of the cassette with the drive means of the camera or projector
      provides an isolating film loop exteriorly of the cassette and between the
      sound station and the projection station. Means, responsive to the loop
      size, are provided for controlling the drive means so as to form and
      thereafter maintain a predetermined loop size extending exteriorly of the
      cassette.
PAR  Additionally, the apparatus also includes means for eliminating the film
      loop so as to facilitate withdrawal of the cassette from the apparatus. In
      one embodiment, a film protruberance which cooperates with the cassette
      processing station to partially activate the latter, is engaged by a stop
      member of the apparatus so as to prevent further displacement of the film
      towards the projection station, and thus, elimination of the film loop at
      the completion of the program. In another embodiment, the intermittent
      drive is automatically activated just prior to cassette removal, while the
      constant speed drive is rendered inoperative to advance the film strip so
      as to thereby eliminate the free film loop.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and its method of operation together
      with additional objects and advantages thereof, will best be understood
      from the following description of the preferred embodiments when read in
      connection with the accompanying drawings wherein like numbers have been
      employed in the different figures to denote the same parts and wherein:
PAR  FIG. 1 is a diagrammatic view in elevation, partially cut away to show the
      interior, of a compact multipurpose film handling cassette embodying
      features of this invention;
PAR  FIG. 2 is an end view of the cassette shown in FIG. 1;
PAR  FIG. 3 is a plan view of a portion of the film strip employed in the
      cassette shown in FIG. 1;
PAR  FIG. 4 is a sectional view taken along lines 4--4 of the film strip shown
      in FIG. 3;
PAR  FIG. 5 is a view in elevation partially cut away of a camera embodying
      features of this invention and employing the cassette illustrated in FIG.
      1;
PAR  FIG. 6 is a view in elevation of the camera audio mechanism illustrating
      its disengaged position;
PAR  FIG. 7 is a view in elevation of the camera audio mechanism illustrating
      the standby position of the latter;
PAR  FIG. 8 is a schematic diagram illustrating a portion of the motor control
      circuit employed in the camera shown in FIG. 5;
PAR  FIG. 9 is a view in elevation of a portion of a camera illustrating a
      snubber and spool drive control employed in an alternate embodiment of the
      camera illustrated in FIG. 5;
PAR  FIG. 10 is a view in elevation illustrating another operational position of
      the control elements shown in FIG. 9;
PAR  FIG. 11 is a schematic diagram of a portion of the motor control circuit
      employed with the spool drive control shown in FIG. 10;
PAR  FIG. 12 is a diagrammatic view in elevation partially cut away, of a
      projector apparatus embodying features of this invention;
PAR  FIG. 13 is a diagrammatic view in perspective illustrating some of the
      operational mechanisms of the projector shown in FIG. 12; and
PAR  FIG. 14 is a detailed view of a loop control arrangement employed in the
      projector apparatus of FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the illustrated embodiment of this invention which may be best
      understood by first referring to FIG. 1 of the drawing, a multipurpose
      film handling cassette 10 is employed. The cassette 10 comprises a
      generally parallelepiped casing or housing 12 constituted by a pair of
      planar sidewalls 14 and 16 joined together at their edges by end walls 18
      and 20 and elongated top and bottom edge walls 22 and 24.
PAR  The illustrated cassette is similar to that described in the commonly
      assigned copending patent application Ser. No. 227,092 of John F. Batter,
      Jr. et al. filed Feb. 17, 1973. In this cassette arrangement, the several
      operations of exposure, chemical processing, drying and projection of the
      recorded images is accomplished without transferring the film from its
      cassette. In this structure, processing of the film is automatically
      initiated responsive to film movement at a given time during the cassette
      operation. To accomplish this, the film spools and the film itself are
      operatively associated with the processor as explained below.
PAR  As shown in FIG. 1, a supply spool or reel 26 and a take-up spool or reel
      28, to which opposite ends of a photographic film strip 30 are affixed,
      are coplanarly mounted within housing 12 for rotation about parallel axes.
      Each reel 26 and 28 includes a pair of flanges, only the upper of which is
      shown at 27 and 29 to guide the film strip 30 as the latter is coiled on
      the reels.
PAR  In its path from the supply reel 26, the film strip 30 first encounters a
      bobulator roller 31, engaging a portion of its periphery as shown, and
      passes therefrom across an audio station 32, which includes an idler
      roller 33, and thence through a film processing station 34. Beyond the
      film processing station 34, the film 30 extends through an
      exposure-projection station 36, next passes over a snubber roller 38 and
      finally passes to the take-up reel 28.
PAR  The audio station 32 is located in end wall 18 and comprises a pair of
      openings 40 and 42, shown more clearly in FIG. 2, which are designed to
      accommodate a sound-head e.g. a magnetic recording and reproducing head
      and sound-drive capstan as later explained in more detail with respect to
      FIG. 5. Additionally, the sound station 32 includes a support element 44
      which resiliently supports the film as it passes beneath opening 40.
PAR  As previously indicated, the film strip 30 is exposed, processed and
      projected without removal from the cassette. Prior to describing the
      processing station and its operation, the projection station will be
      described with respect to FIG. 1. The projection station 36 includes an
      opening 46 in the bottom wall 24 which functions to permit image bearing
      light rays to impinge upon progressive incremental sections of the film
      strip 30 when the cassette is operated in a camera (later described with
      respect to FIG. 5) and to subsequently permit light rays from an external
      source to be directed through the incremental sections of the film strip
      and outwardly of the cassette for projection operations when the cassette
      is operated in a projector (later described with respect to FIG. 12).
      Hence, the opening 36 first comprises an exposure station and subsequently
      a projection station of the cassette 10. To facilitate these functions a
      pressure plate 48 and a prismatic reflector element 50 are mounted behind
      opening 70. Additionally, an aperture 52, shown in dotted lines, is
      provided in side wall 14 to permit entrance of a projection beam.
PAR  As previously indicated, the film processing station 34 is activated and
      controlled by the film strip 30 and the supply reel 26. In this
      arrangement, the processing station 34 includes a fluid reservoir 62 from
      which fluid is released responsive to displacement of a release tab shown
      at 54. This release tab 54 is drawn from the processor by operation of the
      supply reel 26 in a clockwise direction as shown in FIG. 1. The latter
      motion of the reel 26 is achieved during rewind of the film from the
      take-up reel 28.
PAR  The film processing station, fragmentarily shown in FIG. 1, generally
      comprises a housing 60 which includes a reservoir of internal chamber 62
      containing a fluid 64. The release tab or tear tab 54 extends from the
      reservoir 62 back upon itself and out of the processing station 34 to an
      actuating assembly 66 which is coupled to the supply reel flange 27 such
      that upon rewind of the film 30, the tear tab 54 is torn from its sealing
      position on the reservoir 62 to release the fluid 64 within the processing
      station 34.
PAR  The base of the processor housing 60 includes a chamber 68 which is
      designed to receive the fluid 64 when the latter is released from
      reservoir 62. A nozzle opening 70 communicates between the chamber 68 and
      the portion of the film strip 30 passing beneath the processor station
      such that during processing operation the fluid 64 is permitted to pass to
      the film strip 30 and coat its entire length. During this coating
      operation a support pad 72 urges the film strip 30 into contact with the
      base 61 of the processor housing 60. Initially, the pad 72 is stored in an
      inoperative, non-processing position and is selectively displaced to an
      operating position for the processing operation by means of the film strip
      whose structure is described in detail with respect to FIG. 3.
PAR  Broadly, the film 30 comprises a base of any suitable transparent material
      of the kind conventionally used for film bases. This base is coated at
      least over a portion thereof with a photosensitive coating of any
      conventional variety adapted to be developed by a monobath processing
      composition to form a positive transparency suitable for projection. The
      supply end of the film is illustrated in FIG. 3 is viewed from the base
      side, or that is, the exterior side of the film when it is mounted in the
      cassette, and the emulsion is on the opposite side. On this base is
      applied, at least over the central portion of the photographically usable
      length 82, an emulsion comprising a photosensitive coating, whereon a
      series of latent images illustrated by a series of frames 84 may be formed
      with a suitable camera. The film 30 is formed along one edge with sprocket
      holes, such as at 86, at regular intervals adapted to cooperate with a
      drive pawl (in a manner to be described) in either a camera or projector,
      for incremental advancement of the film. The series of sprocket holes 86
      adjacent the trailing end 80 of the film is interrupted by a first
      elongated sprocket hole 88, which by way of example, may span two of the
      sprocket holes 86. Further along the film in the direction of the supply
      reel end, the series of sprocket holes 84 is again interrupted by a second
      elongated sprocket hole 90, which is longer than the sprocket hole 88 and,
      for example, may span three of the latter sprocket holes. As later
      described in detail, the first elongated sprocket hole 88 establishes an
      exposure end point (terminating advance of the film in the camera) whereas
      the second sprocket hole 90 determines a film take-up termination point in
      the projection apparatus.
PAR  The use of two different termination points following exposure and
      projection is employed to facilitate processing of the film strip 30. For
      the latter purpose, the trailing end 80 of the film carries discontinuity,
      in this case, a protruberance or detent engaging element 92 which forms a
      projecting bump or hook, seen more clearly in FIG. 3a, adapted to engage
      the film pressure pad 72 and to displace the latter pad into operative
      engagement with the film during initiation of the processing operation in
      the projector.
PAR  A pair of raised tracks 93 and 94 are provided along the lateral margins of
      the strip 30. These tracks 93 and 94 space adjoining turns of the film
      from one another when the latter is coiled on the film reels so as to
      preclude disturbance of the processing fluid layer applied, as later
      explained, during the processing operation. For audio operations, one
      track 94 includes magnetic material suitable for sound recording.
PAR  Prior to describing the overall operation of the cassette 10, the camera
      apparatus will be described with reference to FIG. 5. As can be seen from
      the latter figure, the camera 96 comprises a housing 98 which includes a
      supporting pistol grip handle designated at 100. At the leading end 102 of
      the camera housing 98 is an exposure mechanism 104 which consists of a
      lens-shutter mechanism designated at 106 and a light sensitive, aperture
      control means 108. Also mounted on the leading edge 102 of the housing is
      a microphone unit designated at 110.
PAR  Towards the trailing end 112 of the camera housing 96 is a
      cassette-receiving pocket 114. A door member 116 is provided to enclose
      the cassette 10 when it is properly inserted within the pocket 114 as
      shown. The cassette-receiving pocket 114 is designed to receive the
      cassette 10 such that its exposure-process opening 46 is aligned with the
      optical axis 118 of the lens assembly 106 so as to appropriately expose an
      incremental portion of the film strip 30 when it is presented in the
      exposureprojection aperture 46. A shuttle or claw mechanism 128 is located
      in the pocket 114 so as to enter the cassette opening 46 and engage the
      film 30. Further, the hub 29 of the take-up spool 28 is in engagement with
      a spool drive spindle 120 which is mounted in the bottom or base 121 of
      the pocket 114 and the snubber roller 38 of the cassette 10 is in
      engagement with a snubber member or latch 122. The latter precludes
      rotation of the snubber roller as later explained in detail with respect
      to operation of the camera. The spindle 120 is appropriately driven
      through a clutch 124 by means of a drive motor 126 and, as later explained
      in detail, in conjunction with a claw mechanism, also driven from motor
      126, intermittently advances the film strip 30 within the cassette from
      the supply spool to the take-up spool.
PAR  In the camera, the snubber roll 38 is stopped by engagement of its hub 39
      with a snubber latch 122. When the snubber roll is appropriately stopped,
      operation of the claw mechanism 128 to incrementally advance the film
      towards the take-up spool 28, by engagement of the claw with the sprocket
      holes in the film 30, will momentarily loosen the film from engagement
      with the stationary snubber roll 38 and allow the slip clutch 124 driving
      the take-up spool 28 to take up that increment of the film advanced by the
      pawl. Accordingly, between engagements of the claw, the snubber
      arrangement in conjunction with the slip clutch 124 prevents the take-up
      spool 26 from advancing the film and from thereby interferring with the
      intermittent advancement.
PAR  As later explained, arrangements are provided in one embodiment of the
      camera shown in FIG. 10 and in the projector apparatus to release the
      snubber roll 38 for particular purposes. That is, it may be employed in
      the camera to eliminate the free film loop at the end of the film run. In
      the projector apparatus, as later explained with regards to FIG. 13, the
      snubber latch is disengaged during rewind of the film strip to the supply
      spool 26 such that the snubber roll 38 acts as a simple idler roll. As
      will appear, this disengagement occurs during rewinding of the film.
PAR  Prior to completing the description of the intermittent advancement of the
      film strip, the audio mechanism also included within the camera housing
      will be described. Essentially, the audio mechanism, designated at 130,
      comprises a magnetic head 132, a capstan-drive arrangement 134 which is
      operatively coupled to a capstan drive motor 136, and a loop sensor or
      loop control switch 138.
PAR  Overall operation of the camera is controlled by a trigger member 140,
      positioned within the handle 100. The trigger 140 is coupled through a
      lever mechanism 142 to a slide switch 144 which activates the electrical
      operation of both the claw motor 126 and the capstan drive motor 136. In
      this respect, the camera handle 100 includes batteries or other electrical
      power source which is coupled through the switch 144 to both of the motors
      126 and 136 on appropriate inward displacement of the trigger 140. As
      later explained, the control switch 140 is also mechanically coupled to
      the capstan drive motor 136 by means of a linkage designated at 146 such
      that upon depression of the trigger in the direction shown by the arrow
      shown in FIG. 4, the capstan drive motor 136 is also released so as to
      bring the capstan mechanism 134 and the sound-head 130 into pressure
      contact with the cassette film strip 30.
PAR  In FIG. 5, the cassette camera operation is shown in an operating mode with
      a film loop 148 extending from the cassette through its opening 42 and in
      adjoining relation to the capstan mechanism 134. Both, the loop 148 and
      audio mechanism 130 operate through an opening 163 in one wall 161 of the
      camera pocket 114.
PAR  As shown in FIGS. 4, 6 and 7, the sound-head 132 is carried by a support
      133 which is pivotally mounted at 152 so as to permit pivotal displacement
      of the head 132 from a position partially within the cassette-receiving
      pocket 114 (see FIGS. 5 and 7) and a position where it is wholly displaced
      from the cassette-receiving pocket 114 as shown in FIG. 6. Carried on the
      head support member 133 are a pair of spaced side guides 154 and 156 which
      laterally located the film beneath the sound-head 132. Additionally, a
      stop member 158 depends from the head support so as to cooperate with the
      film discontinuity 92, as later explained in regards to the overall
      operation of the camera. A spring 160 biases the head support member 133
      towards the cassette-receiving pocket 114 and the capstan drive mechanism
      134 is coupled to the head support member 133 by means of bracket 162 so
      as to allow joint displacement of both.
PAR  The drive motor 136 of the capstan mechanism 134 includes a bracket
      assembly 164, the bottom of which is shown at 165 in FIGS. 5, 6 and 7,
      which supports both the motor 136 and a capstan spindle 167 which carries
      a drive capstan 166. The bracket 164 is pivotally mounted as at 168 to
      permit pivotal motion of the motor and capstan in conjunction with the
      head 132 towards and away from the cassette pocket 114. Mounted on the
      spindle 166 is the capstan 166 and a drive disc 170. The latter is coupled
      to and driven by a drive shaft 172 of the motor 136 Coupling between the
      drive disc 170 and the motor shaft 172 is provided by a frictional
      element, e.g. a rubber tire-like arrangement 174, which is positioned in
      the upper face of the drive disc 170.
PAR  Initially, as shown in FIG. 6, the capstan 134 is displaced outwardly of
      the cassette pocket by means of a displaceable stop member 178 which takes
      the form of a cantilever spring, or the like. This stop 178 extends
      upwardly to engage the bracket 162 so as to hold the capstan 166 and also
      the head 132 completely disengaged from the cassette 10 when the camera
      door 116 is in an open position. Closing of the door 116 engages and
      displaces the spring stop 178 towards the cassette-receiving pocket 114 so
      as to release the capstan mechanism 134 which under the bias of the spring
      160 is urged towards a standby position, shown in FIG. 7, where the
      capstan 166 and the head 132 are held just out of pressure engagement,
      e.g. approximately 0.010 inch away from the film, under the influence of
      the trigger linkage 146.
PAR  The operation of the camera 96 will now be explained in detail. As
      previously indicated, prior to insertion of the cassette in the
      cassette-receiving pocket 114, the capstan assembly 134 and the head 132
      are displaced out of the pocket against the pressure of the spring 160 by
      virtue of the stop 178. Once the cassette is inserted in the pocket 114
      and the door 116 of the camera is closed, the stop 178 is displaced
      towards the pocket due to contact of the door. This releases the capstan
      bracket 162 so as to permit the capstan 166 and the head 132 to be
      displaced towards the cassette pocket 114 and to enter the cassette 10 as
      shown in FIG. 7. This position represents a standby position in which the
      capstan 166 and the head 132 are held slightly out of engagement (at least
      not in pressure contact) with the film 30 and represents the capstan and
      head position when the camera is fully loaded but is not actually
      undergoing exposure and sound operations. As noted above, the capstan 134
      and the head 132 are held in this standby position by means of the linkage
      146 which is coupled to a motor bracket 137 so as to permit complete
      release of the capstan assembly 134 only when the camera trigger 140 is
      depressed.
PAR  Once the cassette has been loaded in the camera 96 and the door 116 closed,
      operation ensues by depressing trigger 140. This displaces slide switch
      144 to energize the motors 126 and 136 and to displace the cable extension
      146 which, as shown in FIG. 5, releases the capstan assembly 134 along
      with the head 132 into film engagement. At this time, the shutter
      mechanism, not shown, is released and driven from the claw drive motor 126
      so as to permit light rays from the scene being photographed to be focused
      by the camera lens assembly 106 through the cassette opening 46 onto the
      film strip 30 as it is incrementally advanced by the claw 128. At this
      time, the drive motor 136 through the capstan 166 draws the film at a
      substantially constant speed across the sound-head 132. To provide a free
      loop of film and thereby isolate the continuous film motion at the
      sound-head 132 from the intermittent motion occuring at the exposure
      aperture, the motor 136 is designed to advance the film slightly faster
      than the intermittent film advancement. This rapid advancement towards the
      exposure-projection station causes an excess of film between the latter
      and the capstan 166, which excess follows a path of least resistance so as
      to form a free loop 148 of film extending through the capstan opening 42
      of the cassette 10. The loop 148 continues to increase in size, during
      this initial operation until the loop control switch 138 is actuated to
      control the size of the loop as explained below with regards to FIG. 8.
      The loop extends through the cassette opening 42 rather than looping
      within the cassette because the film is retained or guided in a
      substantially flat condition between the cassette processor 60 and the
      support pad 72 etc. between the opening 42 and the exposure station 36.
PAR  Referring now to FIG. 8, it can be seen that the operation of both the claw
      motor 126 and the capstan motor 136 are directly controlled through the
      slide switch which couples them to a camera battery 174. However, while
      motor 136 is controlled solely by this switch 144, the claw drive motor
      126 is additionally controlled by the loop sensor switch 138, which in its
      inactive state, couples a resistor 172 in series with the motor 126 so as
      to thereby reduce the speed of the latter. Initially, the switch 138
      couples the motor 126 to the battery 174 through resistor 172. This
      insures that the motor 126 (by means of the claw 128) will at this time
      advance the film strip 30 at a slower average rate than the motor 136
      advances it by means of the capstan 166. As the film loop 148 continues to
      grow, it contacts the switch 138 which directly couples the battery 174 to
      the motor 126 such that the latter motor is driven at an increased speed,
      which advances the film at an average velocity slightly exceeding that
      provided by motor 136. This reduces the film loop so as to allow switch
      138 to return to its normal position (coupling resistor 178 in the motor
      circuit) and allowing the film loop 148 to again grow in size until it
      activates the switch 138. In this way, the film loop 148 is formed and
      then maintained within narrow bounds.
PAR  As previously indicated the camera 96 includes a sound microphone 110 which
      is coupled (through appropriate circuitry, not shown) to the head 132 so
      that during advancement of the film strip sound occurring within the scene
      will be magnetically recorded on the film strip. In this way both audio
      and visual components are simultaneously recorded.
PAR  As previously indicated, it is desirable to eliminate the film loop 148
      before removing the cassette 10 from the camera 96, at least at the
      completion of the length of film which is intended to be exposed. Inasmuch
      as the camera termination point is not at the complete end of the film,
      the film loop 148 will remain unless special precautions are taken. In the
      camera 96, the claw mechanism 128 ceases to advance the film when the claw
      reaches the first perforation 88. Hence, at this time even though the claw
      continues to operate, the film will no longer be advanced past the
      exposure aperture 46. However, as long as the trigger 140 remains
      depressed, the capstan drive 166 will continue to draw film from the
      supply spool 26. This means that the film loop 148 would remain at the end
      of the camera exposure operation. To prevent this occurrence, or that is,
      to eliminate the film loop 148 at the end of the exposure run, the stop
      member 158 is designed to engage the film bump 92 and thereby stop the
      capstan advancement of the film while the claw advancement continues. The
      film bump 92 is spaced a proper distance (approximately equal to the
      distance from the stop to the claw) from the film perforation 88 so that
      when the latter reaches the claw 128 no loop will remain.
PAR  Upon completion of the camera operation and opening of the camera door 116
      to remove the cassette 10, the spring latch 178 automatically springs away
      from the pocket 114 so as to displace the capstan 166 outwardly of the
      pocket 114. This displacement, in turn, by means of the bracket arm 162
      also carries the sound-head 132 from within the cassette 10 so as to
      permit its removal from the camera. In the camera structure just
      described, it should be noted that the free film loop 148 will remain
      until the exposure run is completed and at which time the film bump 92
      engages the stop member 158. Consequently, if the operator desires to
      remove the cassette at any earlier time during the exposure run, the film
      loop would be extending exteriorly of the cassette. In an alternate
      embodiment, shown in FIGS. 9 and 10, the camera is designed to
      automatically eliminate the film loop at any time during operation upon
      opening of the camera door 116. In this arrangement, the door 116 is
      configured to automatically operate a snubber release mechanism 181 and
      trigger a fixed time interval, drive switch circuit generally designated
      at 184.
PAR  As shown in FIG. 9 the snubber release 181 includes a rocker arm 182
      connected at one end 186 to an actuating arm 188 which extends upwardly
      through the base 121 of the pocket 114 so as to engage a lip 190 of the
      cover 116 when the latter is in its closed position. The other end 192 of
      the rocker arm 182 is operatively coupled to the snubber 122 and the drive
      circuit 184. The latter includes a switch 196 and other suitable circuitry
      as explained below with regard to FIG. 11. A spring member 194 biases the
      rocker arm to withdraw the snubber 122 and actuate the switch 196 when the
      cover 116 is open as shown in FIG. 10. This actuation withdraws the
      snubber lock 122 from the cassette snubber roller 38 (shown in FIG. 1) and
      additionally couples the spindle drive motor 126 to the battery 174 as
      shown in FIG. 11. As can be seen from the latter figure, the switch
      circuit 184 modifies the camera circuitry (previously described with
      regard to FIG. 8) so as to bypass the trigger switch 144. The switch
      circuit 184 comprises the switch 196 coupled between the camera battery
      174 and a pulse generator 198. Closing of the switch 184 activates the
      pulse generator which is, for example, a single shot multivibrator or the
      like so as to provide a pulse of given duration. This pulse in turn
      activates a relay or other electronic switch designated at 200 which
      couples the battery 174 to the motor 126 so as to activate the latter. At
      this time the capstan drive motor 136 remains inactive. Consequently, the
      claw mechanism 128 and the spindle 120 (shown in FIG. 5) are driven to
      advance the film further forward within the cassette. Since the capstan
      drive 136 is inactive during this time, the free loop 148 is therefore
      eliminated. To minimize the amount of film further advanced by this
      operation, the pulse generator 198 is designed to provide a single pulse
      of given duration so as to operate the switch 200 for a precise length of
      time, for example, to provide one turn of the cassette reel so as to
      merely take up the approximate length of film stored within the film loop
      148. Hence, this arrangement provides means responsive to arranging the
      camera for removal of the cassette, i.e., opening of the camera door, for
      eliminating the free loop of film and thereby facilitating removal of the
      cassette at anytime during the exposure operations.
PAR  The snubber latch 122 is released in this embodiment so as to provide
      further advancement of the film even where the claw has reached the film
      perforation 88. Hence, in this embodiment the film stop 158 (shown in FIG.
      5) which cooperates with the film protuberance is no longer needed. This
      follows from the fact that without the restriction of the cassette snubber
      roller 38, the rotation of the take-up spool 28 will advance the film
      without the aid of the claw.
PAR  Advantageously, if the film stop 158 is employed with the circuit shown in
      FIG. 11, the snubber latch 122 may be left engaged during loop
      elimination. That is, the snubber 122 may be fixedly positioned on the
      base 121 of the camera pocket 114, and only the switch circuit 184
      activated by the rocker arm 182. In this case, since the snubber latch 122
      is not released, operation of the film spool 26 when the cover is opened
      will only advance the film when the claw is engaging the film
      perforations. However, the claw is arranged to engage the film
      perforations at all times except when the claw reaches the first cutout 88
      of the film, and operation of the switch 184 and the pulse generator 198
      will advance the film at all times except when the end of the film has
      been reached. In the latter case, however, the stop member 158 will have
      engaged the film bump 92 and cause the loop to be eliminated.
      Consequently, the loop of film is eliminated at the end of the film run by
      the film stop 158 whereas the loop is eliminated at other times by the
      opening of the door and the activation of the switch circuit 184.
PAR  Following completion of the exposure operation, the cassette 10 is removed
      from the camera and placed in a combined processor and projection
      apparatus 210 such as is shown in FIGS. 12 and 13. As can be seen in these
      figures, the apparatus 210 is illustrated as a rear projection viewer
      comprising a box-like housing 212 defined in part by a front viewing
      screen 214. Positioned rearwardly of the screen 214 in adjoining relation
      to the top surface 216 of the housing 212 is a cassette-receiving slot or
      well 218 which extends to and is in communication with the top surface.
      Mounted beneath the cassette-receiving well 218 is a projection lens
      assembly 220 and a reflector element 223 which in conjunction with a
      conventional projection lamp (not shown) is configured to project film
      images forwardly to the rear of the transparent screen 214 once the
      cassette film has been processed to a viewable condition.
PAR  Means are also provided in the apparatus 210 for recording and playback of
      sound information. These means include a sound-head, indicated at 224, and
      a capstan drive arrangement 226 which are configured to extend within
      openings 225 and 227 of one end wall 229 of the cassette well 218.
      Additionally, appropriate circuitry 228 along with a loudspeaker 230 are
      provided at the base 232 of the viewer for adequate reproduction of the
      sound information recorded on the film strip. Further, a microphone (not
      shown) is included to permit editing and recording of sound information on
      the film when the cassette is within the viewer 210.
PAR  As illustrated in FIG. 13, the magnetic sound-head 224 and the capstan
      drive arrangement 226 are coupled to a frame member 236 which is pivotal
      about an axis shown at 238. The frame member 238 is coupled, by means of a
      linkage or push-rod 240, to a cam 242, which as later explained in regards
      to the operation of the projector apparatus 210, is configured to displace
      the sound-head 224 and the capstan drive 226 between an inoperative
      position shown in FIG. 13 and an operative position shown in FIG. 12 where
      they are in operative engagement with the cassette 10 and its film strip
      30. A spring member 241 appropriately biases the rod 240 into cam
      following engagement. Carried in the frame 236 is a capstan drive motor
      244 which is coupled by means of its drive shaft 246 to a capstan drive
      disc 248. As in the previously described camera, the capstan drive disc
      248 includes a resilient, high friction surface insert 250 of, for example
      rubber, which provides a suitable surface contact and compliance with the
      drive shaft 246. A capstan 252, positioned on the drive disc 248, is
      rotatably driven in accordance with operation of the capstan drive motor
      244.
PAR  The magnetic head 224 is carried on a support 225 which is mounted for
      pivotal movement at one end 227. A spring 229 biases the head support 225
      towards the cassette receiving well 218 and into engagement with an
      upwardly extending arm 237 of the frame 236. The arm 237 in conjunction
      with the spring 229 couples the sound-head 224 to the capstan drive
      arrangement 226 so that both are displaced between their operative and
      inoperative positions in accordance with the rotational position of the
      cam 242.
PAR  Prior to completing the description of the apparatus 210, it should be
      noted that this viewer is designed to also process the exposed film strip
      to a viewable condition prior to projection. Examplary structure suitable
      for such processing is set forth in detail in the commonly assigned,
      copending patent application Ser. No. 227,080, Edwin H. Land filed on Feb.
      17, 1972. In regards to the processing operation, it should be noted that
      when the cassette 10 is removed from the camera 96, at least a substantial
      portion of the film strip 30 has been transported from the supply spool 26
      to the take-up spool 28. As previously indicated, the camera is intended
      to stop before the supply end of the film strip is reached. That is, it is
      preferred to advance the film beyond the exposure termination point
      established in the camera just prior to applying processing composition to
      the exposed film. Hence, as described in the aforementioned application
      Ser. No.  227,080 a double pawl claw 234 is employed in the projector 210.
      This claw 234 will advance the film beyond the first termination point due
      to its double pawl until the latter reaches the second termination point,
      or that is, the second elongated opening 90.
PAR  Overall advancement of the film within the cassette 10 is carried out in
      the projector 210 by a pair of spindle drives designated at 256 and 258,
      which as later explained, are driven along with the claw 234 by means of a
      second drive motor shown at 260. The spindles 256 and 258 are coupled to
      the drive motor 260 through appropriate, selectively operated clutches
      (not shown) so as to reversibly transport the film between the supply reel
      26 and the take-up reel 28 of the cassette 10. Additionally, to accomplish
      the overall operation of the projector 210, motion sensing devices (not
      shown) are coupled to the spindles 256 or 258 so as to indicate stoppage
      of either of the film reels occurring when the film strip 30 has been
      substantially completely transported from one to the other. Further, as
      more fully explained in the aforementioned application Ser. No. 227,080
      projector 210 is programmed by means (not shown) to reverse motor 260 and
      control the position of the cam 242 in response to these motion sensing
      devices and in accordance with the particular stage of the processing and
      projection operation as later explained with respect to the overall
      operation of the projector.
PAR  To control film snubbing within the cassette 10, a snubber latch 262 is
      also coupled to the cam 242 and appropriately displaced into latching
      engagement with the snubber roll 38 of the cassette in co-ordination with
      displacement of the sound mechanism 226 into cassette engagement. These
      engagements are achieved by a cam drive motor, such as a stepping motor
      designated at 264.
PAR  As in the camera 96, the constant speed advancement of the film strip 30 in
      the area of the capstan is isolated from the intermittent claw advancement
      by a loop of film 270, illustrated in FIG. 14, which extends through the
      opening 42 of the cassette 10 and the opening 227 of the side wall 279 of
      the cassette-receiving well 218.
PAR  In this arrangement, a lamp 272 (emitting nonactinic radiation as regards
      the film) operates in conjunction with a photocell 274 to control the
      speed of the capstan drive motor 244 so as to form the film loop 270 and
      thereafter maintain it within predetermined limits. The capstan motor 244
      is initially operated so as to advance the film at a speed slightly in
      excess of the average speed of film advancement produced by the claw.
      Then, once the film loop 270 is of sufficient size to intercept the light
      directed to the photocell 274, the latter reduces the capstan motor speed
      slightly (by switching on appropriate resistor in series with the motor
      244) so as to allow the size of the loop to be reduced. The loop is then
      automatically maintained within this predetermined size. Although the
      capstan speed is varied to maintain the loop size, the variation is not
      abrupt and is only a slight change such that the sound reproduction
      remains adequate. Such a system is described in detail in the commonly
      assigned application Ser. No. 374,639 of D. T. Scholz, filed June 28,
      1973.
PAR  Since in the preferred embodiment, the claw drive motor 260 is a motor
      former device through which voltage is directed to other components, such
      as the projection lamp (not shown) of the projector 210, it is preferable
      to vary the capstan motor 126. It should be understood, however, that in
      some applications, the system described for the camera 96 could also be
      employed in the projector 210. In this regard, it should also be noted
      that the sensor-switch arrangement for maintaining the loop of film in
      camera 96 could be utilized in the projector 210 instead of the lamp and
      photocell arrangement shown in FIG. 14.
PAR  The projector operation will now be described. As previously noted, when
      the cassette 10 is first inserted in the receiving well 218, following
      exposure, the projector automatically processes the film strip 30 and then
      projects the viewable images while also reproducing the recorded sound.
PAR  Overall control of the projector program is provided in part by a cam
      mechanism (not shown) which is designed to first initiate forward
      advancement of the film, from the supply reel 26 to the take-up reel 28,
      while projecting the film images etc., rewind the film back to the supply
      spool and eject the cassette. For an unprocessed cassette, the forward and
      rewind cycle is repeated twice prior to ejection and the projection
      operations are prevented during the first transport cycle. This is
      accomplished by means of an indicator (not shown) carried on the cassette
      which provides a signal to the projector 210 to indicate the processed or
      unprocessed condition of the film strip.
PAR  Hence, in response to cassette insertion in the projector 210, the cassette
      is automatically operated through a pre-programmed sequence to either
      process and project the film or to merely project and rewind the latter.
      In either case, the projector is pre-programmed to initially engage the
      claw mechanism 234 and to drive the take-up spindle 256 so as to advance
      the film to the take-up spool 28. At this time, the capstan drive motor is
      also energized and the cam mechanism 242 rotated by drive motor 264 so as
      to engage the snubber latch 262 with the snubber roll 38 and to bring the
      sound-head 224 and the capstan into operative engagement with the film
      strip 30. With an unprocessed cassette, the projection lamp is held off at
      this time. As the film strip is advanced forward, only a short distance
      beyond the camera termination point, the film discontinuity 92 engages the
      film support pad 72 so as to displace the latter to its processing
      position where it supports the film strip 30 beneath the cassette
      processor 60. Hence, the film discontinuity or bump 92 cooperates with the
      stop 158 in the camera to eliminate the film loop, and then activates the
      processor.
PAR  Since the film has not been previously processed, the claw is capable of
      only advancing the film a short distance before the second elongated
      sprocket hole is reached and film advancement terminated. At this time,
      the snubber 262 prevents further take-up of the film by the take-up reel
      28 which stops further motion of the take-up spindle 256. Further,
      although the capstan continues to rotate, the end of the film is reached
      at the supply reel 26 which also stops the spindle 258. This stopping of
      the spindles signals the projector to disengage the claw, rotate the cam
      242 to disengage the snubber latch and the capstan, and reverse the
      direction of the film drive motor 260 thereby rewinding the film strip to
      the supply spool 26, during which time the fluid is released and
      processing of the film strip 30 occurs. That is, as the first rewind of
      the film strip 30 is initiated, the tab actuating assembly 66 is
      operatively engaged by a reversal of the supply spool 26 so as to release
      the fluid 64 from the reservoir 62 and to the film strip thereby providing
      a layer of processing fluid on the film strip as the latter is returned to
      the supply spool 28. During this interval, light is precluded from
      entering the projection station by means of a blinder member (not shown)
      which is interposed in the projection path.
PAR  Once the film strip 30 has been completely rewound on the supply spool 26,
      the spindle motion again ceases. Since the cassette was previously
      unprocessed, and has so signalled the projector, the film transport cycle
      is again repeated such that the film is forwardly advanced, during which
      projection operations are initiated and the drying of the film strip is
      completed. Specifically, once the spindle motion ceases at the end of this
      process rewind, the projector 210 programs the cassette through a
      projection and an audio playback mode. That is, the projector 210 now
      operates the just processed cassette in a manner substantially identical
      to that of a previously processed cassette as explained below.
PAR  Consequently, following the process rewind or upon insertion of a
      previously processed cassette in the projector 210, the cam drive motor
      264 is activated so as to displace the snubber latch 262 into cassette
      engagement and to operate push rod 240 so as to displace the sound-head
      224 and the capstan into film engagement. At this time, operation of both
      the capstan drive motor 246 and the claw drive motor 260 are initiated,
      the claw drive motor being energized so as to drive the claw and the
      take-up spindle 256 to incrementally advance the film strip 30 in a
      forward direction across the exposure-projection opening 46. The
      projection lamp (not shown) is energized so as to direct a beam of light
      through the incremental portions of the film strip presented at the
      exposure-projection station so as to display the recorded images.
PAR  As the claw 234 advances the film incrementally across the exposure station
      46, the capstan also advances the film strip 30 across the magnetic
      sound-head 224. Initially, the advancement of the film due to the capstan
      is faster than the average advancement due to the claw such that the free
      film loop is formed. As indicated previously, the size of the loop is then
      controlled by the light 272 and photocell 274 which operate to slowly
      speed up and slow down the capstan drive motor 246.
PAR  During this operation, the sound-head is operative in conjunction with the
      speaker 230 to play back sound previously recorded on the film track
      during the camera operation. Upon completion of the forward advancement of
      the film during projection and playback, the film 30 is again rewound in
      the manner described with regards to processing rewind, and the cassette
      10 is partially ejected from the projector 210 to complete the program.
PAR  It should be noted that inasmuch as the film strip is always rewound during
      which time the capstan mechanism is inoperative, i.e., displaced from the
      cassette 10, the loop 270 is eliminated prior to removal of the cassette
      from the projector 210.
PAR  Those familiar with the motion picture arts will readily appreciate the
      novel and highly unique advantages of this audio-visual system employing a
      highly compact cassette in which the film is permanently retained, in
      conjunction with camera and projector apparatus providing both recording
      and playback of audio and visual information. The apparatus cooperates
      with the cassette to automatically form, control and to subsequently
      remove an isolating film loop located between the audio and
      exposure-projection stations of the cassette.
PAR  This invention may be practiced or embodied in still other ways without
      departing from the spirit or essential character thereof. The preferred
      embodiments described herein are therefore illustrative and not
      restricted, the scope of the invention being indicated by the appended
      claims and all variations which come within the meaning of the claims are
      intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A film handling cassette for use with audiophotographic apparatus, the
      apparatus including first and second drive means for advancing a strip of
      film having a perforated edge, said first drive means including a capstan
      arrangement configured for advancing said film strip in accordance with
      capstan pressure engagement therewith, said second drive means including a
      shuttle drive configured for advancing said film strip in accordance with
      shuttle engagement of said perforated edge of said film strip, said
      cassette comprising a housing, a strip of photographic film material
      retained within said housing, means for guiding said film strip in a given
      direction along a given path within said housing, means for defining an
      opening in said housing for facilitating performance of a photographic
      program and an audio program with said film strip, said opening defining
      means including means for receiving the first drive means for engagement
      with said film strip at a first location along said given path and for
      receiving the second drive means in engagement with said film strip at a
      second location along said given path so that said film strip is advanced
      in said given direction from said first location to said second location,
      said guiding means including means for defining a minimum length of film
      path between said first and second locations and for storing an excess of
      film between said first and second locations in a free film loop extending
      out of said opening defining means and exteriorly of said housing, and
      said film strip including a first and second discontinuity located near
      the trailing end of said film strip with said first discontinuity
      interposed between said second discontinuity and said trailing end of said
      film strip, said second discontinuity including an interruption in said
      perforated edge of said film strip, said interruption being configured for
      disabling film cooperation with the second drive means so as to preclude
      advancement of said second discontinuity past said second location, said
      first discontinuity including means for engaging the first drive means to
      preclude advancement of said first discontinuity past said first location,
      and said first and second discontinuity being spaced from each other along
      said film strip a distance substantially equal to said minimum path length
      for halting the advancement of said first discontinuity at said first
      location while said second discontinuity is further advanced to said
      second location to automatically withdraw said film loop back into said
      housing responsive to advancement of said first and second film
      discontinuities respectively to said first and second locations.
NUM  2.
PAR  2. The cassette of claim 1 wherein said first discontinuity comprises a
      protuberance extending from one surface of said film strip and configured
      to engage a portion of said first drive means so as to preclude further
      advancement of said film strip therepast.
NUM  3.
PAR  3. The cassette of claim 1 including selectively operable processing means
      for depositing a coating of processing fluid on said film strip, said
      processing means including means for rendering said processing means at
      least partially enabled responsive to engagement with said first
      discontinuity.
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ABST
PAL  In a slide projector a plurality of slide films contained in a tray are
      successively selected and shifted to a projected position. A switch is
      provided which controls movement through a clutch to a running motor of
      each slide film between its tray-stored position and its projection
      position and also movement of the tray itself. This switch serves also as
      a switch for resetting a timer which holds each slide film in its
      projected position for any desired time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a slide projector with automatically controllable
      projection, time and more particularly to a slide projector which has a
      control device for variably setting the projection time when a plurality
      of slide films contained in a tray are successively selected for
      projection.
PAR  1. Description of the Prior Art
PAR  In the conventional slide projectors, variation of the slide film
      projection time has been accomplished by transmitting the drive of a drive
      motor for vertically moving each slide film and for horizontally moving a
      tray to a mechanical timer mechanism, which in turn holds the slide film
      in its projected position for a set period of time. The use of such
      mechanical timer mechanism has led to the larger size and higher cost of
      the projector device. Further, since the timer mechanism utilized the
      revolutions of the drive motor, the motor had to be rotated at all times
      and this caused overheating of the motor which could adversely affect not
      only the motor but also adjacent portions.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a slide projector which
      eliminates the above-noted disadvantages peculiar to the prior art and
      which has a slide film projection time control device permitting a compact
      size of the device and highly accurate control of the projection time.
PAR  It is another object of the present invention to provide in a slide
      projector which permits a plurality of slide films contained in a tray to
      be successively selected and projected, a projection time control device
      in which means for controlling vertical movement of the slide films and
      horizontal movement of the tray serves also as reset switch means in a
      timer circuit for holding each slide film in its projected position for a
      set period of time, thereby making the slide projector compact and
      econmical as well as highly accurate in operation.
PAR  Other objects and features of the present invention will become fully
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial, perspective view of the slide projector according to
      an embodiment of the present invention.
PAR  FIG. 2 diagrammatically shows an example of the electric circuit applicable
      to the slide projector of the present invention.
PAR  FIG. 3 is a front view showing a form of the mechanism applicable to the
      present invention for effecting the driving of the slide film and movement
      of such film to its projected position.
PAR  FIG. 4 is a side view showing the mechanism of FIG. 3 in its position for
      moving a slide film storage tray forwardly.
PAR  FIG. 5 is a view similar to FIG. 4 but showing the mechanism in its
      position for moving the slide film storage tray backwardly.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a pictorial view of the slide projector
      according to an embodiment of the present invention which comprises a
      slide projector body Bo having a lens Le attached thereto in a well-known
      manner. The slide projector includes a tray removal switch 1 having a
      projection contact 1a and a tray removal contact 1b. It further includes a
      switch 2 having contacts 2a and 2b for permitting movement of the tray to
      be changed over between the forward and the backward direction. A timer
      switch 3 is provided to hold a slide film in its projected position for a
      set period of time.
PAR  FIG. 2 diagrammatically shows a projection time control circuit in which
      numerals 1, 2 and 3 designate the respective switches described above in
      connection with FIG. 1. An AC power source 11 is connected through a main
      switch 12 and a transformer 13 to the input terminals 14a and 14b of a
      rectifier circuit 14 comprising four diodes. The rectifier circuit 14 has
      an output terminal 14c connected through a first plunger solenoid 15 to
      the movable contact 1c of the aforesaid tray removal switch 1. The tray
      contact 1b of the switch 1 is connected through a first switch 16 to
      another output terminal 14d of the rectifier circuit 14. The projection
      contact 1a of the switch 1 is connected through a forward diode 18 and a
      second switch 19 to the output terminal 14d of the rectifier circuit 14.
      Further, the projection contact 1a of the switch 1 is connected through
      the forward movement contact 2a of the aforesaid switch 2 to the output
      terminal 14d of the rectifier circuit 14. In addition, the projection
      contact 1a of the switch 1 is connected through a forward diode 20 to the
      juction between a second plunger 21 and the backward movement contact 2b
      of the switch 2. The second plunger 21 and the backward movement contact
      2b are connected together between the output terminals 14c and 14d
      respectively, of the rectifier circuit 14. Also between these output
      terminals 14c and 14d there are parallel-connected a transistor circuit
      27, a timer circuit and a capacitor 29, the transistor circuit 27
      comprising first to fourth transistors 17,24,25 and 26. The timer circuit
      28 includes therein the aforesaid timer switch 3. The movable contact
      3.sub.1 of the timer switch 3 is, on the one hand, connected to the base
      of the fourth transistor 26 and on the other hand, connected through a
      capacitor 30 to the output terminal 14d of the rectifier circuit 14.
PAR  Further, the movable contact 3.sub.1 is connected through a resistor 31 and
      a forward diode 32 to the junction between the diode 18 and the second
      switch 19, thus constituting a discharge circuit for the capacitor 30. A
      fixed contact 3.sub.2 of the timer switch 3 is connected through a
      resistor 33 to the output terminal 14d of the rectifier circuit 14, and
      further fixed contacts 3.sub.3,3.sub.4
      ,3.sub.5,3.sub.6,3.sub.7,3.sub.8,3.sub.9,3.sub.10,3.sub.11 and 3.sub.12
      are respectively connected through resistors
      34.sub.3,34.sub.4,34.sub.5,34.sub.6,34.sub.7,34.sub.8,34.sub.9,34.sub.10,3
     4.sub.11 and 34.sub.12 to the positive potential side. These resistors
      34.sub.3,34.sub.4,34.sub.5,34.sub.6,34.sub.7
      ,34.sub.8,34.sub.9,34.sub.10,34.sub.11 and 34.sub.12 are respectively set
      to cooperate with the capacitor 30 to turn on the fourth transistor 26,
      for example, after two, four, six, eight, ten, twenty, thirty, forty,
      fifty and sixty seconds. The transistor circuit 27 is designed so that
      when the transistor 26 is turned on the transistor circuit 27 turns on the
      third and second transistors 25 and 24 and then turns on the first
      transistor 17.
PAR  FIG. 3 shows a drive mechanism in which numerals 15,16 and 19 designate the
      first solenoid plunger, the first switch and the second switch shown in
      FIG. 2. Numeral 40 denotes a tray containing therein a plurality of slide
      films 41 and this tray 40 is provided with a tray moving mechanism 42 and
      a slide vertically moving mechanism 43 for shifting each slide film 41 to
      its projected position (the position as indicated by dots-and dash lines
      in FIG. 3). Numeral 44 designates a drive motor which is drivingly
      connected to a disc 45 by a belt 47 wrapped around the output shaft of the
      drive motor and around a pulley 46 rotatably secured to the disc. The belt
      47 is provided with a tension adjusting mechanism 48. The tension
      adjusting mechanism 48 is actuated by the aforesaid first solenoid plunger
      15 in such a manner that upon energization of the first solenoid plunger
      15 the tension adjusting mechanism tightens the belt 47 to transmit the
      drive from the motor 44 to the pulley 46 which in turn rotates the disc 45
      clockwisely as viewed in FIG. 3 and that upon deenergization of the first
      plunger solenoid 15 the tension adjusting mechanism loosens the belt 47 so
      as not to transmit the drive of the motor 44 to the pulley 46. The disc 45
      has a notch 49 formed in the periphery thereof, and around the disc 45
      there are first and second switches 16 and 19 disposed with a phase
      difference of 180.degree. so that these switches 16 and 19 are opened when
      their contacts 16a and 19a  are engaged with the notch 49. The slide
      vertically moving mechanism 43 is connected to the disc 45 and has an
      operating rod 50 for converting the rotational movement of the disc 45
      into a linear movement to thereby effect vertical movement of a slide film
      41 between its stored position in the tray 40 and the projected position
      indicated by the dots-and-dash lines. The operating rod 50 is formed with
      a first elongated slot 50a which is engaged by a pin 50b studded in the
      disc 45. The rod 50 is also formed with a second elongated slot 50c
      perpendicular to the first elongated slot 50a and engaged by a pin 50d
      secured to the projector body, thereby guiding the vertically moving
      mechanism 43 vertically as viewed in FIG. 3. The disc 45 is provided with
      a projection 45a adapted to actuate the tray moving mechanism 42 during
      rotation of the disc 45. The tray moving mechanism 42 is designed as will
      be described hereinafter with reference to FIGS. 3 to 5. The tray 40 has a
      rack 51 provided on one side thereof and meshing with a circular pinion 52
      which moves the tray 40. The pinion 52 rotatably mounted on a base plate
      54 by means of a screw 53. On the pinion 52, there are provided a
      predetermined number of projections 52a arranged like a circle concentric
      with the center of the pinion 52. A transmission plate 55 has one end
      thereof pivotally supported on the base plate 54, and is provided with a
      projected member 55a which is adapted to be raised by the projection 45a
      of the disc 45 to thereby raise the transmission plate 55. A U-shaped feed
      rod 56 having pawls 56a and 56b at the two ends thereof is mounted to the
      transmission plate 55 for pivotal movement by means of the pin-slot
      engagement between the pin 55b and the slot 55c and for movement along an
      elongated slot 55d formed in the projector body. The feed rod 56 is
      provided with its positioning mechanism 57 controlled by the second
      solenoid plunger 21 in the manner as shown in FIGS. 4 and 5. The
      positioning mechanism 57 is set so that during non-energization of the
      second solenoid plunger 21 it is engaged with an actuator member 21a to
      tilt the feed rod 56 rightwardly as viewed in FIG. 4. When the
      transmission plate 55 is then raised, the feed rod 56 is also raised in
      unison therewith to bring one pawl 56a thereof into engagement with a
      projection 52a on the pinion 52 thereby rotate the pinion 52 clockwisely
      as viewed in the figure. When the solenoid plunger 21 is energized, the
      actuator member 21a is attracted to the plunger 21 so that the positioning
      mechanism 57 is brought out of engagement with the actuator member 21a to
      thereby tilt the feed rod 56 leftwardly as shown in FIG. 5. When the
      transmission plate 55 is then raised, the feed rod 56 is also raised in
      unison therewith along the elongated slot 55d to bring the other pawl 56b
      thereof into engagement with a projection 52a on the pinion 52, thus
      rotating the pinion counter-clockwisely. A lever 58 having a roller 58a is
      provided and designed to that when the tray moves to a position suitable
      for a slide film 41 to be raised, the roller 58a is received between two
      adjacent projections 52a of the pinion 52 by an unshown conventional
      mechanism to thereby maintain the tray 40 in that position.
PAR  Operation of the described arrangement will now be described on the
      assumption that the position in which a slide film 41 is raised for
      projection as indicated by dots-and-dash lines in FIG. 3 is the initial
      position. The second switch 19 is then opened with its contact 19a engaged
      in the notch 49 of the disc 45. The projection contact 1a of the tray
      removal switch 1 is closed, the movable contact 3.sub.1 of the timer
      switch 3 is closed with respect, for example, to the fixed contact 3.sub.3
      (the projection time for the slide 41 is two seconds), and the main switch
      12 is closed, whereby the capacitor 30 is charged through the resistor
      34.sub.3 until the voltage across the capacitor reaches a predetermined
      level after a period of time determined by the time constant of the
      capacitor 30 and resistor 34.sub.3 (in the present case, two seconds). At
      this moment, the fourth transistor 26 is turned on to turn on the third
      and second transistors 25 and 24, and then turn on the first transistor
      17. As a result, there is completed a closed circuit comprising the power
      source, the first plunger solenoid 15, the projection contact 1a and the
      first transistor 17, so that the first solenoid plunger 15 is electrically
      energized. This in turn drives the belt tension adjusting mechanism 48 to
      permit the drive of the motor 44 to be transmitted through the belt and
      pulley 46 to the disc 45. Thus, the disc 45 begins to rotate clockwise to
      bring its notch 49 out of engagement with the contact 19a of the second
      switch 19 while, at the same time the rotating disc 45 causes the
      operating rod 50 to move the slide film 41 down from its projected
      position. Such disengagement occurring between the contact 19a of the
      second switch 19 and the notch 49 of the disc 45 results in closing of the
      second switch 19. As a result, there is formed a discharge circuit for the
      capacitor 30, which now begins discharging while, at the same time, there
      is formed a closed circuit comprising the power source, the first plunger
      solenoid 15, the projection contact 1a, the diode 18 and the second switch
      19. Since the first plunger solenoid is thus maintained energized, the
      transmission of the drive from the motor 44 to the disc 45 can continue.
      Thus, the slide film 41 is continuedly moved down until it is fully
      received in the tray 40.
PAR  Then, the projection 45a of the disc 45 is engaged with the projecting
      member 55a to raise the transmission plate 55, so that the feed rod 56 is
      also raised in union therewith along the elongated slot 55d. As a result,
      the pawl 56a of the feed rod 56 is brought into engagement with the
      projection 52a of the pinion 52, which is thus rotated clockwise. This
      causes the slide film tray 40 to be moved forwardly by an amount
      corresponding to one frame, whereupon the slide film tray is maintained in
      that position by the roller 58a of the lever 58 being received between two
      adjacent projections 52a of the pinion 52 to hold the pinion 52 immovably.
      Then, disengagement occurs between the projection 45a of the disc 45 and
      the projected member 55a of the transmission plate 55. This disengagement
      permits the operating rod 50 to raise a slide film 41 up to its projected
      position, whereupon the notch 49 of the disc 45 is engaged by the contact
      19a of the second switch 19, which is thus opened. This prevents the
      formation of the closed circuit comprising the power source, the first
      plunger solenoid 15, the projection contact 1a, the diode 18 and the
      second switch 19, so that the first plunger solenoid 15 is deenergized to
      stop the disc 45 from rotating, thus completing a cycle of operation. A
      second cycle of operation may be initiated when the capacitor 30 begins to
      be charged through the resistor 34.sub.3. By repetition of such operation,
      a slide film 41 may be projected for a set period of time (say, two
      seconds). The projection time of the slide film 41 can be varied by
      changing over the movable contact 3.sub.1 of the timer switch 3 to any
      desired one of the other fixed contacts 3.sub.4 ,3.sub.5 ,3.sub.6 ,3.sub.7
      ,3.sub.8 ,3.sub.9 ,3.sub.10 ,3.sub.11 ,3.sub.12.
PAR  Where it is desired to move the tray 40 forwardly and project a slide film
      41 without using the timer circuit 28, the movable contact 3.sub.1 of the
      timer switch 3 is changed over to the fixed contact 3.sub.2 and the
      forward movement contact 2a is closed, whereby a closed circuit comprising
      the power source 1, the first plunger solenoid 15, the projection contact
      1a and the forward movement contact 2a is first formed to permit
      occurrence of the same operation as that described above, thus returning
      the slide film 41 to its projected position. The slide film 41 is
      projected for any desired period of time, whereafter the forward movement
      contact 2a may be closed to repeat the described operation.
PAR  Where it is desired to move the tray 40 backwardly and project a slide film
      41 without using the timer circuit 28, the movable contact 3.sub.1 of the
      timer switch 3 is changed over to the fixed contact 3.sub.2 and the
      backward movement contact 2b is closed, whereby a closed circuit
      comprising the power source, the first solenoid plunger 15, the projection
      contact 1a, the diode 20 and the backward movement contact 2b and a closed
      circuit comprising the power source, the second plunger solenoid 21 and
      the backward movement contact 2b are first formed to effect the same
      operation as described above. In this case, however, the second plunger
      solenoid 21 is energized and therefore, the feed rod 56 is tilted
      leftwardly, as shown in FIG. 5, by the positioning mechanism 57, so that
      the pinion 52 is rotated counter-clockwisely by the pawl 56b to move the
      tray 41 backwardly.
PAR  The slide film 41 is returned to its projected position and projected for
      any desired period of time, and then the backward movement switch 2b is
      again closed, whereby the same operation as described is repeated.
PAR  To remove the tray 40, the tray removal switch 1 may be changed over to the
      removal contact 1b to form a closed circuit comprising the power source,
      the first plunger solenoid plunger 15, the removal contact 1b and the
      first switch 16, thus electrically energizing the first plunger solenoid
      15. As a result, the tension adjusting mechanism tightens the belt to
      permit transmission of the drive from the motor 44 to the disc 45, which
      is thus rotated to move down the slide film 41 from its projected position
      into its fully received position in the tray 40. Thereupon, engagement
      occurs between the contact 16a of the first switch 16 and the notch 49 of
      the disc 45, thus closing the first switch 16. As a result, the first
      plunger solenoid 15 is deenergized to stop the disc 45 from rotating. This
      makes the tray 40 ready for removal.
PAR  To replace the tray 40 and return the slide film 41 to its projected or
      initial position, the removal switch 1 may be changed over to the
      projection contact 1a and this, together with the then closed second
      switch 19, forms a closed circuit comprising the power source, the first
      plunger solenoid 15, the projection contact 1a, the diode 18 and the
      second switch 19. As a result, the first plunger 15 is electrically
      energized to actuate the tension adjusting mechanism 48 to permit
      transmission of the drive from the motor 15 to the disc 45. Thus, the disc
      45 is rotated to move the tray forwardly by an amount corresponding to one
      frame, and then raise the slide film 41 up to its projected position.
      Thereupon, the second switch 19 is opened with its contact 19a engaged in
      the notch 49 of the disc 45. This deenergizes the first plunger solenoid
      15, which in turn stops the disc 45 to maintain the slide film 41 in its
      raised or projected position.
PAR  According to the present invention, as has been described in detail
      hereinbefore, there is provided, in a projector which permits a plurality
      of slide films contained in a tray to be successively selected and
      projected, a projection time control device in which switch means for
      controlling vertical movement of the slide films and horizontal movement
      of the tray serves also as reset switch means in a timer circuit for
      holding each slide film in its projected position for a set period of
      time. Such projection time control device may be made compact and
      economical since it eliminates the use of any mechanical timer mechanism
      which has heretofore been required. Moreover, since the drive of the drive
      motor is transmitted to the slide vertically moving mechanism only when
      required, the control device can be highly accurate in operation,
      eliminating any variation in the speed of revolution which would otherwise
      result from the stoppage or start of the motor.
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STM  We claim:
NUM  1.
PAR  1. A slide film projector, comprising in combination:
PA1  a. slide film supporting means for supporting a plurality of slides while
      supporting one of said slides in a ready position;
PA1  b. slide film moving means for causing a slide film to move between said
      ready position and a projection position;
PA1  c. means for driving said slide film moving means including a motor
      arranged for running without interruption in between a plurality of
      successive operations of said slide film moving means;
PA1  d. means for programming movement of said slide film moving means,
      including:
PA2  1. slide film movement control means including a selectively connectable
      and disconnectable driving connection with said driving means, for causing
      said slide film moving means to operate sequentially in a predetermined
      cycle by receiving driving force from said driving means through said
      driving connection;
PA2  2. switching means, operatively connected with said control means, for
      disconnecting the driving connection of said control means with said
      driving means when a slide film is positioned at said projection position
      by said slide film moving means, and for maintaining the driving
      connection therebetween when no slide film is in said projection position;
      and
PA2  3. timer switch means, operatively connected to both said switching means
      and said control means, for governing the projection time of said slide
      film, said timer switch means being provided with selective setting means
      for setting a particular projection time for said slide film and having
      time measuring means responsive to said switching means for restoring the
      driving connection between said control means and said driving means upon
      lapse of the time set by said setting means, said timer switch means
      further having means for resetting said time measuring means to a
      beginning state in response to said switching means when said slide film
      is caused to shift from said projection position to said ready position by
      said slide film moving means, and
PA1  e. means for shifting said slide film support means, between cycles of said
      slide film moving means, so as to bring different slides successively into
      said ready position.
NUM  2.
PAR  2. A slide film projector as claimed in claim 1 wherein said control means
      includes:
PA1  a. an operation control member for sequentially operating said slide film
      moving means in a predetermined cycle by receiving driving force from said
      driving means when said driving connection is connected; and
PA1  b. means for selectively connecting and disconnecting said operation
      control member respectively with and from said driving means in response
      respectively to first and second states of said selective connection means
      said selective connecting means being arranged in electric circuit so as
      to be changed over from said first state to said second state under
      control of said switching means, and from said second state to said first
      state under control of said timer switch means.
NUM  3.
PAR  3. A slide film projector as claimed in claim 2 wherein said selective
      connecting means includes:
PA1  a. a connecting member for operatively connecting said driving means with
      said operation control member; and
PA1  b. change-over means for acting on said connecting member to connect and
      disconnect the operative connection between said driving means and said
      operation control member by said connecting member in response
      respectively to first and second states of said change-over means, said
      change-over means being connected to said switching means so as to change
      over from said first state to said second state under control by said
      switching means, and being connected to said timer switch means so as to
      change over from said second state to said first state under control of
      said timer switch means.
NUM  4.
PAR  4. A slide film projector as claimed in claim 1 wherein said control means
      includes:
PA1  a. a rotary disc for translating rotary movements to reciprocating movement
      and having a belt-receiving surface for receiving rotary movements from
      said driving means;
PA1  b. a belt passing around said belt-receiving surface of said rotary disc
      and around a belt-receiving surface provided in said driving means; and
PA1  c. a solenoid-controlled plunger having a solenoid electrically connected
      in circuit with said switching means so as to change over said solenoid
      and plunger under control of said switching means from a first state,
      wherein said belt is highly tensioned to operatively connect said rotary
      disc and said driving means, to a second state, wherein said belt is
      slackened to release the operative connection between said rotary disc and
      said driving means, and also connected in circuit with said timer switch
      means so as to change over said solenoid and plunger under control of said
      timer switch means from said first state to said second state.
NUM  5.
PAR  5. A slide film projector as claimed in claim 4 wherein said rotary disc is
      provided with a mark at one part of said disc to impart an information
      corresponding to the position of said slide film, and wherein said
      switching means is able to detect said mark of said rotary disc, and,
      furthermore, is located at a position where it detects said mark when the
      slide film is set in its projection position, and is so constituted as to
      cause said solenoid and plunger to change over from said first state to
      said second state in response to detection of said mark.
NUM  6.
PAR  6. A slide film projector as claimed in claim 4 wherein said time measuring
      means includes means for producing a predetermined output signal after the
      lapse of time set by said setting means and said timer switch means
      includes a semiconductor switching means for controlling the change-over
      operation of said solenoid and plunger in response to said output signal
      of said time-measuring means, said semiconductor switching means being
      electrically connected to said time-measuring means and to said solenoid
      so as to cause said solenoid and plunger to change over from said second
      state to said first state when said output signal is produced by said time
      measuring means.
NUM  7.
PAR  7. A slide film projector for use with slide films pre-mounted in slides
      and pre-placed in a tray and loaded in the projector by means of the tray,
      both the tray and the slide film mountings being of predetermined
      dimensions and configuration, said projector comprising in combination:
PA1  a. tray guiding means for accepting and guiding a tray which accommodates
      therein a plurality of slide films in such a manner that said tray is
      shiftable within said tray guiding means;
PA1  b. optical projection means including a slide film projection station
      therein;
PA1  c. means for moving said tray in said guiding means in such a manner that
      each of said slide films may be projected one by one;
PA1  d. means for moving each of said slide films one by one between a position
      in which it is supported in said tray and said film projection station;
PA1  e. a motor for supplying driving power both for said tray moving means and
      said slide moving means;
PA1  f. means for sequentially actuating said tray moving means and said slide
      moving means, said actuating means being arranged to receive driving force
      from said motor upon its being operatively connected with said drive
      motor;
PA1  g. means for selectively connecting and disconnecting said motor and said
      actuating means operatively, having a first state, wherein operative
      connection between said drive motor and said actuating means is possible,
      and a second state, wherein said operative connection between them is not
      possible and including electrical change-over means for producing a
      change-over from one of said states to the other;
PA1  h. a first control switch for changing over said connecting means from said
      first state to said second state when said slide film is placed in said
      projection station by said slide film moving means and for setting and
      maintaining said connecting means in said first state, when said slide
      film is set in a position other than in said projection station;
PA1  i. a timer circuit for controlling the projection time of said slide film,
      including means for setting a particular projection time for said slide
      film, and including time-measuring means, responsive to actuation by said
      first control switch when said control means causes said connecting means
      to change over from said first state to said second state, and for
      producing a predetermined output signal after measuring out said
      projection time;
PA1  j. a second control switch responsive to the output signal from said
      time-measuring means of said timer circuit, for causing said connecting
      means to change over from said second state to said first state when said
      predetermined output signal is produced by said time-measuring means, and
PA1  k. means for resetting said time-measuring means to an initial state
      thereof when said slide film is shifted from said projection station to
      said tray, said initial state being a state of readiness for again
      measuring out said projection time.
NUM  8.
PAR  8. A slide film projection as claimed in claim 7 wherein said actuating
      means includes: a rotary disc rotatable by receiving driving force from
      said motor when operatively connected to said motor for causing, by its
      rotation, the operation, in alternating sequence in a predetermined cycle,
      of said tray moving means and said slide film moving means.
NUM  9.
PAR  9. A slide film projector as claimed in claim 8 wherein said rotary disc
      includes a mark provided on one part of said rotary disc for providing
      information corresponding to a position of said slide film, and wherein
      said first control switch is capable of detecting said mark of said rotary
      disc, and is located at a position where it detects said mark when said
      slide film is positioned in said projection station.
NUM  10.
PAR  10. A slide film projector as claimed in claim 7 wherein said
      time-measuring means of said timer circuit includes:
PA1  a. a resistance circuit for producing varying resistance values to make it
      possible to set one of several values of film projection time by selecting
      an amount of resistance of said resistance circuit corresponding to film
      projection time and putting said amount of resistance into circuit in said
      time-measuring means;
PA1  b. a manually operable third control switch for selecting and putting into
      use said amount of resistance of said resistance circuit;
PA1  c. a capacitor for measuring out said film projection time in accordance
      with the resistance value selected by said third control switch, said
      capacitor being electrically connected to said first, second, and third
      control switches so as to be caused by said first control switch to
      commence measuring out the film projection time by altering its charge at
      a rate determined by said amount of resistance of said resistance circuit
      selected by said third control switch, and to provide said predetermined
      output signal to said second control switch upon completion of measuring
      out of the film projection time,
PA1  said resetting means including a connection between said capacitor and said
      first control switch for resetting said capacitor into a state of charge
      wherein it is ready to measure out said film projection time anew after
      said slide film is shifted from said projection station to said tray.
NUM  11.
PAR  11. A slide film projector, comprising in combination:
PA1  a. a removable tray for supporting a plurality of slide films in readiness;
PA1  b. a tray guiding means for accepting said tray and guiding movement
      thereof in said projector;
PA1  c. means for moving said tray in said tray guiding means in such a manner
      that each of a plurality of slide films accommodated in said tray may be
      projected one by one;
PA1  d. optical projection means including a slide film projection station, a
      light source and an optical system for for projecting an image of said
      slide film;
PA1  e. means for moving each of said slide films one by one between a position
      where said slide film is accommodated in said tray and a position where
      said film is set in said film projection station;
PA1  f. a motor for driving both said tray moving means and said slide film
      moving means, said motor being arranged to run without an interruption
      between successive movements of said slide film moving means in
      successively moving slide films supported in said tray;
PA1  g. means for actuating said slide film moving means and said tray moving
      means in a predetermined cycle by receiving driving force from said motor
      through a connection with said drive motor, said actuating means being
      provided at one part thereof with a mark for providing information
      corresponding to a position of said slide film;
PA1  h. means for connecting and disconnecting said motor and said actuating
      means, including means for performing change-over between a first state,
      wherein the operative connection between said motor and said actuating
      means is possible, and a second state, wherein operative connection
      therebetween is not possible;
PA1  i. switching means responsive to said positional information of said slide
      film provided by said mark, said switching means being located at a
      position wherein said switching means is able to detect said mark when
      said slide film is set in said film projection station, for causing said
      connecting and disconnecting means to change over from said first state to
      said second state when said switching means detects said mark, and for
      setting and maintaining said connecting and disconnecting means in said
      first state when said switching means does not detect said mark;
PA1  j. a timer switch means including means for setting the projection time for
      said slide film, for measuring out said film projection time, beginning
      when said switching means causes said connecting and disconnecting means
      to change over from said first state to said second state, and for causing
      said connecting and disconnecting means to change over from said second
      state to said first state after lapse of said film projection time, and
PA1  k. means for resetting said timer switch means in response to said
      switching means when said slide film is shifted by said slide film moving
      means from a position where it is set in said film projection station to a
      position where it is accommodated in said tray so that said timer switch
      means is thereafter ready to measure out said film projection time anew.
NUM  12.
PAR  12. A slide film projector, comprising in combination:
PA1  a. a removable tray for supporting a plurality of slide films in readiness;
PA1  b. a tray guiding means for accepting said tray and guiding movement
      thereof in said projector;
PA1  c. means for moving said tray in said tray guiding means in such a manner
      that each of a plurality of slide films accommodated in said tray may be
      projected one by one;
PA1  d. optical projection means including a slide film projection station, a
      light source and an optical system for for projecting an image of said
      slide film;
PA1  e. means for moving each of said slide films one by one back and forth
      between a position where said slide film is accommodated in said tray and
      a position where said film is located in said film projection station;
PA1  f. a motor for driving both said tray moving means and said slide film
      moving means, said motor being arranged to run without an interruption
      between successive movements of said slide film moving means in
      successively moving slide films supported in said tray;
PA1  g. a control disc arranged to rotate when receiving driving force provided
      by said motor for causing said tray moving means and said slide film
      moving means to operate in a predetermined cycle, said disc being provided
      on one part thereof with a mark for providing information corresponding to
      the position of said slide film with rotation of said disc;
PA1  h. means for controllably connecting operatively said motor and said disc;
PA1  i. electrically actuatable change-over means arranged to act on said
      connecting means for performing change-over operation between a first
      state, wherein said operative connection between said motor and said disc
      by said connecting means becomes possible, and a second position, wherein
      said operative connection therebetween becomes impossible;
PA1  j. a first switching means responsive to said information provided by said
      mark and located at a position where it is set in said film projecting
      station, for causing said change-over means to change from said first
      state over to said second state when said first switching means detects
      said mark, and for setting and maintaining said change-over means in said
      state when said first switching means does not detect said mark;
PA1  k. a timer circuit for producing a predetermined signal output at the end
      of the projection time of said slide film, said timer having means for
      setting the film projection time for said slide film and being
      electrically connected to said first switching means in such a way as to
      be actuated by said switching means to commence measuring out said film
      projection time when said first switching means causes said change-over
      means to perform the change-over operation from said first position to
      said second position;
PA1  l. a second switching means responsive to said signal output from said
      timer circuit for causing said change-over means to perform the
      change-over operation from said second state to said first state when said
      predetermined signal output is produced by said timer circuit, and
PA1  m. means for resetting said timer circuit responsive to said first
      switching means when said slide film is shifting by said slide film moving
      means from a position where said slide film is set in said projection
      station into a position where said slide film is accommodated in said tray
      for putting said timer circuit into a state wherein it is ready to begin
      again the measuring out of said film projection time.
NUM  13.
PAR  13. The slide film projector as claimed in claim 12, wherein said setting
      means includes:
PA1  a. a resistance circuit capable of producing various resistance values to
      make it possible to set by said setting means any of various film
      projection times, and
PA1  b. a third switching means to select a resistance value of said resistance
      circuit to be put in service, said third switching means being capable of
      being operated manually from outside of said projector; and wherein said
      timer circuit includes
PA2  i. a capacitor for measuring out the film projection time in conformance to
      the resistance value of said resistance circuit selected by said third
      switching means, beginning upon operation of said first switching means,
      and for providing said predetermined signal output to said second
      switching means upon completion of measuring out the film projection time,
      and
PA2  ii. means for resetting said capacitor by said first switching means when
      said slide film is shifted from said projection station to said tray, and
      for thereby putting said capacitor back into a state of readiness for
      beginning a time-measuring operation.
NUM  14.
PAR  14. The slide film projector as claimed in claim 12, further comprising:
PA1  a. a manually operable third switching means provided between said
      change-over means and said first switching means for making possible
      selective provision for the use and for the non-use of said first
      switching means;
PA1  b. a fourth switching means responsive to information provided by said mark
      corresponding to a position of said slide film and located for that
      purpose at a position where it detects said mark when said slide film has
      reached a position where said slide film is accommodated in said tray, but
      connected to be effective only when selectively connected to said
      change-over means through said third switching means in the state of the
      latter that puts said first switching means in the state of non-use, for
      causing said change-over means to perform a change-over operation from
      said first state when said fourth switching means detects said mark, and
      for setting and maintaining said changeover means in said first state when
      said fourth switching means does not detect said mark, and
PA1  c. means responsive to said fourth switching means for enabling removal of
      said tray from said guiding means.
NUM  15.
PAR  15. The slide film projector as claimed in claim 12, further comprising: a
      manually operable third switching means for setting and maintaining said
      change-over means in said first state, regardless of said first and second
      switching means, said third switching means being electrically connected
      to said change-over means so as to be in a parallel connection with said
      first and second switching means, so that by use of said third switching
      means, said tray moving means and said slide film moving means may be
      caused to operate continuously and alternately at said predetermined cycle
      regardless of said first and second switching means.
NUM  16.
PAR  16. A slide film projector as claimed in claim 15 wherein said setting
      means includes a resistance circuit for providing various resistance
      values in various settings thereof to make it possible to set various
      values of film projection time and having a fourth switching means
      manually operable from outside the projector for setting a value of
      projection time, and wherein said timer circuit includes a capacitor
      electrically connected to said resistance circuit through said fourth
      switching means for settable connection to a resistance value thereof for
      measuring out the film projection time in conformity to the resistance
      value of said resistance circuit, beginning in response to said first
      switching means when said slide film is set in said film projection
      station, and for providing said predetermined signal output to said second
      switching means upon completion of measuring out said film projection
      time, and also includes means for resetting said capacitor when said slide
      film is shifted from said projection station to said tray, such resetting
      being into the original state of said capacitor for time measuring, said
      fourth switching means being connected to disconnect the connection
      between said capacitor and said resistance circuit when said third
      switching means is put into a position in which it makes possible the
      manual control of the projection time without relying on said timer
      circuit.
NUM  17.
PAR  17. A slide film projector as claimed in claim 12, wherein said tray moving
      means is operable in a first operational mode wherein said tray is moved
      forward in said tray loading station, and in a second operational mode
      wherein said tray is moved backward, and wherein said slide film projector
      further comprises:
PA1  a. a mode changing means for changing over the operational mode of said
      tray moving means between said first operational mode and said second
      operational mode; and
PA1  b. a manually operable third switching means electrically connected to said
      mode changing means, for causing operation of said tray moving means in
      said second operational mode by operation of said third switching means.
NUM  18.
PAR  18. A slide film projector as claimed in claim 12, wherein said tray moving
      means is operable in a first operational mode wherein said tray is moved
      forward in said tray guiding means, and in a second operational mode
      wherein said tray is moved backward, and wherein said slide film projector
      further comprises:
PA1  a. a mode changing means for changing over the operational mode of said
      tray moving means between said first operational mode and said second
      operational mode; and
PA1  b. a manually operable third switching means which is capable of setting
      the operational mode of said connected to said change-over means in a
      manner to be parallelconnected to said first and second switching means
      for selectively causing said tray moving means and said slide film moving
      means to be operated alternately in a continuous manner in said
      predetermined cycle and in said second operational mode, regardless of
      said first and second switching means.
NUM  19.
PAR  19. A slide film projector as claimed in claim 18, wherein said slide film
      projector further comprises a fourth switching means which is manually
      operable and is electrically connected to said change-over means in
      parallel with said first and second switching means for enabling, through
      use of said third switching means, continuous alternate operation of said
      tray moving means and said slide film moving means in said predetermined
      cycle in said first operational mode irrespective of said first and second
      switching means.
NUM  20.
PAR  20. A slide film projector as claimed in claim 19 wherein said setting
      means includes: a resistance circuit for providing various settable
      resistance values to make it possible to set any of various film
      projection times and having a fifth switching means manually operable from
      outside the projector for setting a film projection time and wherein said
      timer circuit includes a capacitor electrically connected to said
      resistance circuit through said fifth switching means, for measuring out
      the film projection time in conformance to the set resistance value of
      said resistance circuit, beginning in response to said first switching
      means when said slide film is located in said film projection station and
      for providing said predetermined  signal output to said second switching
      means upon completion of measuring out said film projection time, and also
      includes means for resetting said capacitor by said first switching means
      when said slide film is shifted from said projection station to said tray
      into the initial state of said capacitor for time measuring, said fifth
      switching means being connected so as to be operable also to disconnect
      the connection between said capacitor and said resistance circuit, and at
      the same time to enable, by operation of said fourth switching means,
      manual control of said projection time without reliance on said timer
      circuit.
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PAL  A reproduction camera having a movable table which at two adjacent corners
      is guided in two vertical guides on the frame of the camera and moved by
      an endless cord which is passed over cord pulleys arranged above and below
      said guides, the endless cord being further passed over a winding drum and
      connected to the said movable table in such manner that the two connecting
      points are moved in the same direction when the cord is moved, whereby a
      very exact translatory movement of the table is obtained by a very simple
      mechanism which is easy to manufacture and to operate.
BSUM
PAR  The invention relates to a reproduction camera of the kind having a frame
      which carries a fixed table with a supporting plate, preferably a glass
      plate, for a light-sensitive sheet, and another table with a supporting
      plate, preferably a glass plate, for a photographic object such as a
      drawing or a document, the said latter table being displaceable parallelly
      in vertical direction toward and away from the former table.
PAR  In such a reproduction camera, which is usually used for making
      enlargements or reductions of available objects such as drawings and
      documents, it is of essential importance that the movable table may be
      moved easily up and down and in particular in such manner that it is a
      pure parallel displacement, since even very small misalignments will have
      an adverse effect on the photographic exposure.
PAR  In the known cameras of the aforesaid kind rather complicated operating
      members such as spindles or toothed racks have been used for displacing
      the movable table in parallel, and since the driving member, usually a
      handwheel, has to be provided at a convenient location of the frame, the
      mechanism is a rather bulky and relatively heavily operable one which
      enhances the cost of manufacturing the apparatus. An essential feature of
      the reproduction camera according to the present invention is that the
      parallelly displaceable table at two adjacent corners is guided in two
      vertical guides on the frame, cord pulleys being provided at each guide
      above and below, and an endless cord passed over all the cord pulleys and
      further over a winding drum, the said cord being connected with the table
      in such manner that the two connecting points are moved in the same
      direction when the cord is moved.
PAR  By means of this design the operating mechanism obtained is very simple,
      easy to manufacture and easy to operate, and it is capable of giving a
      very exact translatory movement of the table.
PAR  In a convenient embodiment counterweights may be inserted in the cord runs
      that have no connection with the table, so that it becomes very easy to
      move the table.
PAR  The winding drum may according to the invention consist of a shaft with a
      helical groove in which the cord is wound a number of times. By a suitable
      tension of the cord, which may appropriately be a steel wire, it will be
      possible to obtain a movement of the cord wholly without slip with
      consequent translatory movement of the table.
DRWD
PAR  The invention will now be described with reference to the drawing, in which
PAR  FIG. 1 shows a reproduction camera according to the invention, viewed in
      perspective, and
PAR  FIG. 2 a diagrammatic representation of the driving means for the movable
      table.
DETD
PAR  The camera according to FIG. 1 consists of a frame 1 supported by a base 2
      and having at its upper end a fixed table 3 with a glass plate 4 which is
      adapted for the arrangement of a sheet of light-sensitive material. A lid
      5 is adapted to be lowered on the glass plate 4 so as to retain the sheet.
PAR  A photographic lens 6 is carried by bellows 7 and may be moved upwards and
      downwards. Beneath the lens is a table 8 resting in two vertical guides
      formed by columns 9 of the frame. The table may thus be moved upwards and
      downwards, that is, toward and away from the lens 6. The table 8 carries a
      glass plate 10 on which may be deposited a photographic object such as a
      drawing or a document to be photographed, that is, projected through the
      lens 6 onto the glass plate 4.
PAR  Illuminators 12 mounted on swingable arms 11 are adapted to illuminate the
      photographic object lying on the table 8.
PAR  When the camera is to be adjusted, the table 8 is moved vertically by means
      of a handwheel 13 which drives the cords shown in FIG. 2.
PAR  The vertical positions of the lens 6 and the table 8 may be read on
      graduated scales 14.
PAR  As will appear from FIG. 2, the handwheel 13 is permanently connected with
      a shaft 15 which has a helical outer groove in which is passed an endless
      cord 16 wound several times on the shaft 15 in grooves lying side by side
      and then passed over two pulleys 17 at the upper end of one column 9. From
      the pulleys 17 the two runs 18 and 19 of the cord are passed downwards.
      The cord run 18 is attached at 20 to a member of the table 8 and the cord
      run 19 is attached to a counterweight 21. From a point 22 of the member
      connected with the table emanates a cord portion 23 which is passed over a
      pulley 24 at the lower end of the column 9 and hence in horizontal
      direction to a pulley 25 at the lower end of the left-hand column 9.
PAR  From the pulley 25 the cord portion 23 is passed upwards and connected with
      a counterweight. At the upper end of the apparatus the counterweight is
      connected with a cord portion 26 which is passed over a pulley 27 above
      and downwards from here to a point of attachment 28 of a member connected
      with the table 8. From the lower end of the said member emanates a cord
      portion 30 from a point 29; the said cord portion is passed down over a
      pulley 31 beside the pulley 25 and hence horizontally to a pulley 32
      beside the pulley 24 and upwards again from same as it is connected with
      the lower portion of the counterweight 21.
PAR  The said cord portions constitute together an endless cord, consisting
      appropriately of a steel wire, and if adequately tensioned the system will
      be absolutely without slip.
PAR  When the shaft 15 is turned in clockwise direction as viewed in FIG. 2, the
      cord portion 18 will move downwards and the cord portion 19 upwards. The
      said movements will be transmitted through the cord portions 23, 26 and 30
      to the other side of the table 8 and at the same time the points 20, 22,
      28 and 29 will be lowered, that is, the table 8 will be lowered in a pure
      translatory movement, whilst the counterweights 21 will be raised
      correspondingly.
PAR  When the shaft 15 is turned in the opposite direction, the table 8 will be
      raised and the counterweights 21 be lowered.
CLMS
STM  We claim:
NUM  1.
PAR  1. A reproduction camera comprising:
PA1  a frame,
PA1  a fixed table carried by said frame and having a supporting plate for a
      light-sensitive sheet,
PA1  two vertical guide members on said frame at adjacent corners of said frame,
PA1  first and second counterweights,
PA1  two pairs of cord pulleys associated with one of said guide members, one of
      said pair being mounted above and the other of said pair being mounted
      below said one of said guide members, a third pair of cord pulleys and a
      single pulley associated with the other of said guide members, said third
      pair being mounted below the other of said guide members and said single
      pulley being mounted above said other guide member, and
PA1  a winding drum mounted on said frame for rotation,
PA1  means attached to said drum member for manual rotation thereof,
PA1  an endless cord wound several times on said drum,
PA1  a movable table,
PA1  said cord extending from said drum to and engaging one of said pulleys
      mounted above said one guide member, and then vertically downwardly past
      said one guide member and fixedly attached to said movable table, and then
      to and engaging one of said pulleys mounted below said one guide member
      and then horizontally to and engaging one of said pulleys below said other
      guide member, and then vertically past said other guide member and
      attached to one of said counterweights, and then vertically to and
      engaging said single pulley, and then vertically past said other guide
      member and fixedly attached to said movable table and then to and engaging
      the other pulley below said other guide member and then horizontally to
      and engaging the other pulley below said one guide member and then
      vertically past said one guide member and attached to the other of said
      counterweights and then to and engaging the other pulley above said one
      guide member and then to said drum, so that rotation of said drum in one
      direction raises said counterweights and lowers said movable table and
      rotation of said drum in the opposite direction lowers said counterweights
      and raises said movable table.
NUM  2.
PAR  2. A camera as claimed in claim 1 wherein said winding drum consists of a
      shaft with a helical groove in which the cord is laid in a number of
      windings.
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ABST
PAL  A net spectral intensity signal is derived from a comparison between the
      absolute spectral intensity of the signal interest and the intensity of a
      spectral continuum on which it rides. To derive the net signal, a pivotal
      refractor plate is mounted over the exit slit of a standard 1-meter
      monochromator. Pivoting of the plate produces a quick shift from the peak
      to its baseline signal. A programming circuit synchronizes the pivotal
      action with rotatably-indexed sample changer having a plural number of
      sample holders. The changer includes a fixed valve plate communicating
      with the capillary feed of a flame-emission burner and a rotatably-indexed
      plate having a plurality of ports each carrying a hypodermic needle for
      aspirating the test sample into the burner when the plate ports are mated.
      Repeated burnings are conducted for each sample both at the peak line and
      that of the spectral continuum and a multiplicity (300) of instantaneous
      digital signals are taken for each burning. A calculator computes an
      average and a standard deviation based upon the repeated burnings and upon
      the 300 instaneous signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to flame-emission photometric apparatus and, in
      particular, to precision-oriented improvements in the monochromator and in
      the sample changers used with such apparatus.
PAR  As is known spectrometric analysis can be achieved in a variety of ways.
      However, the present invention is concerned with the widely-used flame
      emission technique in which a liquid sample is aspirated into a flame. The
      resulting spectral line emission is isolated in a monochromator and passed
      to a phototube for producing a measurable electrical signal. This
      technique is considered, at least for present purposes, simpler, more
      effective and more precise than other techniques such, for example as the
      neutron activation methods used by some investigators.
PAR  I further should be recognized that the present invention has resulted
      primarily to permit extremely precise measurements of cesium present in
      the ocean or in its sediments and its organisms. Even so, as will be
      readily apparent, the use or applications of the present apparatus and its
      measurement techniques is by no means limited to the study of cesium or
      even to the trace amount measurements which have complicated the cesium
      studies.
PAR  The study of cesium and particularly the study of typical cesium
      concentrations in the ocean is a matter of considerable significance
      although, apparently, for a long time cesium has been treated as a minor
      alkali metal with relatively little effort directed toward its precise
      determination. For example, text data relating to typical cesium
      concentrations, over the past decades has demonstrated significant
      variations and it is quite clear that the data variations have been due
      primarily to the lack of precision in the analytical apparatus and
      methods. The need for advancing the art of measuring the alkali metal
      cesium has been recognized and described in a technical paper "Flame
      Photometer Specialized For Cesium" T. R. Folsom, C. Sreekumuran, W. E.
      Weitz, Jr., and D. A. Tennant, Applied Spectroscopy, 22 (2), March/April
      1968, as well as a U.S. Patent "Flame Photometric Method and Apparatus for
      Quantatively Analyzing Material" Folsom, Weitz and Tennant, U.S. Pat. No.
      3,588,257 issued June 28, 1971. However, even the more precise method
      described in these publications has proven somewhat inadequate. For
      example, their use has failed to disclose any statistically significant
      variation of cesium in the ocean even though it seems quite apparent that
      movement of terrestrial detritus through the ocean over a geological
      timescale should give rise to some differences of local concentrations of
      this very "rare" alkali metal.
PAR  Another matter of more practical concern is the fact that in recent years
      traces of the radioactive nuclides of cesium have shown up as fallout all
      over the world. Moreover, there now is evidence that large amounts of
      radioactive cesium are and will be accumulating in nuclear wastes which,
      accidently or otherwise, will find its way into the ocean where it will be
      of very real concern, particularly to marine food supplies. Manifestly, it
      is of considerable importance to know just how cesium traces have been
      distributed in the ocean over geological periods. Such analytical
      procedures as have been available have proven entirely too inadequate to
      produce reliable, realistic data.
PAR  One reason for the difficulties experienced in the measurements of cesium
      is the fact that this material occurs in the ocean only in very small
      traces mixed with much larger amounts of alkali metals. For example, the
      following table indicates the concentration of natural alkali metals
      present in sea water;
TBL                Table 1.                                                    
     ______________________________________                                    
     Natural alkali metals present in sea water.                               
     Alkali    Symbol    Approximate Concentration (g/)                        
     ______________________________________                                    
     cesium    Cs        0.3                                                   
     rubidium  Rb        120                                                   
     lithium   Li        170                                                   
     potassium K         380,000                                               
     sodium    Na        10,500,000                                            
     ______________________________________                                    
PAR  As is obvious from the above table, any study of cesium involves the
      measuring of this element in microgram amounts in the presence of millions
      of times this amount of other elements that behave as chemicals or, at
      least, somewhat similarly to chemicals. Reliable measurements of these
      microgram amounts requires a precision and reproducibility well beyond any
      presently known techniques.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to produce
      flame-emission photometric apparatus capable of providing unusually
      precise and highly reproducible measurement data.
PAR  A more specific object is to provide an improved monochromator and sample
      changer both synchronized by a programming circuit to perform a particular
      procedure capable of yielding the desired precision and reliability.
PAR  Another object is to provide a special sample changer capable of performing
      in accordance with the other objects.
PAR  A further object is to combine the sample changer with an improved
      monochromator arrangement to permit the programmed operation of both with
      a minimum effect upon the precision of the resulting data.
PAR  Still another important object is to provide an integrating measurement
      technique when, when applied as a program logic to the present apparatus,
      produces the desired precision and reliability even when the material
      being tested is present in extremely small amounts.
PAR  Other objects and their attendant advantages will become more apparent in
      the ensuing description.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings of which:
PAR  FIG. 1 is a schematic illustration of the present flame-emission
      spectroscopy system;
PAR  FIG. 2 illustrates a sample-changing component of the system, this figure
      being an assembly view of the sample changer shown in side elevation;
PAR  FIGS. 3 and 4 are top and side views of a special sample changer valving
      arrangement;
PAR  FIG. 5 is a section of the valve structure taken along lines 55 of FIG. 4;
PAR  FIG. 6 is a top view illustrating a special wavelength shifting accessory
      mechanism used in a monochromator of the present system;
PAR  FIGS. 7 and 8 are views taken along lines 77 and 88 respectively of FIG. 6;
PAR  FIG. 9 is a block diagram illustrating in particular a programming system
      for synchronously commanding the various functions of the system as well
      as a special biasing arrangement for the chart recorder of the system, and
PAR  FIG. 10 is a combination view of a pair of recorder traces in which a
      biased tracing or record of one analysis is compared with an unbiased
      recording of the same analysis.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the system illustrated in FIG. 1, the liquid samples to be tested are
      contained in a plurality of sample holders 1 from which the sample is
      aspirated into a flame 2 to produce spectral lines or beam 3 which then is
      processed and analyzed. Flame 2 is produced by a conventional burner
      mechanism, such as a 4020 Bechman burner, which admits hydrogen and oxygen
      through the identified inlets. Aspiration into the flame is accomplished
      in the usual manner by a conventional capillary feed tube 4. A circulatory
      arrangement including a hood 6 and its associated fans, conduits and
      motors is employed to conduct the products of combustion to an effluent
      stack. Obviously, this arrangement should be designed to achieve a maximum
      burning stability free of fluctuations and other degrading influences.
PAR  As illustrated in FIG. 1, the system is adapted primarily for determining
      and recording the concentration of small traces of cesium or other alkali
      metals present in sea water or the like. Thus, for present purposes, the
      liquid samples contained in holders 1 can be considered to be cesium
      samples. However, with very little modification, it is capable of
      providing superior analyses of many other liquids.
PAR  It is known that a strong optical signal at 852.1 nm can be obtained by
      burning small amounts, such as 0.3 micrograms of cesium dissolved in 10 ml
      of organic (hexonecyclohexane) solution of tetraphenylboron (TPB) in a
      standard total combustion aspirating burner, such as the illustrated
      burner 5. Obviously, the liquid samples must be very carefully prepared
      and a preferred procedure will be described. Also, since the analysis is
      concerned primarily with trace elements of the alkali metal, care must be
      taken to avoid losses to the walls of holders 1. Fortunately, cesium
      especially in acid solution, is little attracted to polyethelyne,
      polycarbonate or to certain other plastic surfaces so that the holders can
      be closed plastic cylindrical containers which, as will be noted, can be
      provided by ordinary test tubes. Glass, especially with basic solutions,
      should be avoided. This principle also is applicable to all other
      components with which the test sample comes into contact. Each of the test
      tube holders is closed by means of a plastic dust cover 7 which, as will
      become apparent, is functionally important.
PAR  Beam 3, which contains the optical signal of cesium at 852.1 nm is received
      by a standard monochromator 8 which, with one notable exception to be
      described, may be provided by any standard monochromator having good
      resolution and good stability such, for example, as a 1-meter model CT 103
      of Chromatix Inc., Mountain View, Calif. In the usual manner, the
      monochromator is provided with an entrance slit 9 over which, preferably,
      is placed a bandpass interference type filter of 852.0 plus or minus 5.0.
      Interiorally, the beam utilized a standard lens arrangement to reflect it
      in a beam path ultimately focussed onto an exit slit 12 leading into a
      photomultiplier tube 13 which converts the optical signal into an
      electrical signal of commensurate strength. Exit slit 12 may include a
      well-known grating or equivalent device for isolating or selecting the
      spectral line to be processed by the phototube. As is well known in the
      optical arts, the selection or isolation is dependent, among other things,
      upon the direction of the optical beam as it impinges on or strikes the
      exit slit.
PAR  Phototube 13 also is a standard commercial component, operated at a low
      constant temperature by means of refrigeration at -40.degree.C. The analog
      electrical signal produced by the tube is processed in a manner to be
      described and applied to a chart recorder 14 as well as a computer 16
      which may be a simple desk-top calculator such as the Wang 600 model. More
      sophisticated implementations could utilize a control computer system or
      any other arrangement capable of computing and providing the desired
      read-out. Calculator 16 is controlled by digital program contained in
      block 17. In a comparable manner a cycle program of block 18 synchronizes
      and controls other functions of both the monochromator and the sample
      holder. These programming functions will be described in some detail with
      reference to FIG. 9.
PAR  A principle concern of the present system is to achieve unusual sensitivity
      and precision in the measurements of very small amounts of cesium or other
      alkali metals. Extremely high precision requires the suppressing of all
      backgrounds and signal fluctuations whenever possible and it is assumed
      that such measures will be applied preparatory to making the precise
      measurements with the flame. However, it is not widely recognized that
      extremely high precision can be obtained in spite of certain fluctuations
      that are quite difficult to express. The present system achieves this
      result by exploiting simple modern digital systems to progam numerous
      sampling and data handling operations. More specifically, the present
      system contemplates an automatic comparison of a plural number of unknown
      samples and sample standards by successively aspirating each of these
      samples into flame 2. Each unknown sample is rapidly compared with a
      standard sample and the comparisons are repeated a number of times, i.e.,
      six or more with the comparisons being under the control of the digital
      programming system. The simple desk-top digital calculator, such as
      calculator 16, then is used to compute concentrations, means and standard
      deviations, all of which, as will be recognized, represent averages based
      upon the repeated comparisons.
PAR  Another significant burn procedure is that each sample is burned first at
      the peak wavelength of the material being tested, such as the peak cesium
      wavelength of 852.1 nm, following which the monochromator produces a
      wavelength shift permitting a subsequent burning at a baseline signal
      reference wavelength which represents the large spectral continuum on
      which the peak signal is riding. Generally, this comparison of peak and
      continuum wavelengths produces a net signal representing, for example, the
      cesium concentrations in the samples. Analyses based upon such net signals
      are quite well known. The use of optical band-pass filter 11 significantly
      improves the accuracy of the net signal since it effectively removes
      unwanted background and provides, in effect, a relatively smooth and flat
      continuum against which the peak wavelength is measured. Obviously, if the
      continuum wave form is fluctuating radically, the accuracy of the net
      signal measurement is reduced.
PAR  With the foregoing generalized description in mind, it now can be noted
      that the principle improvements in the present system reside in the sample
      changing mechanism which permits the plural number of sample holders to be
      successively rotated into communication with the flame of the burner and,
      additionally, in the ability to shift the wavelength quickly and simply to
      produce the desired net signal. Both of these mechanisms significantly
      contribute to the desired precision. Also, the fact that the sample
      changing mechanism, as well as the wavelength shifting mechanism, are
      under the control of a digital programming system which permits each
      unknown sample to be rapidly compared with a standard in a repetitive
      manner significantly promotes the desired sensitivity and precision. In
      particular, the repetitive data permits extremely precise data in spite of
      certain background and signal fluctuations that are quite difficult to
      suppress.
PAR  Before describing the apparatus, some attention should be directed toward
      the preparation of the cesium samples, although, as indicated, such
      preparatory techniques are not a direct concern of the present invention.
      The present system utilizes the effective and well known method of
      standardizing the signal by using a so-called `spiked` solution as a
      yardstick. This yardstick, of course, represents a `standard addition`
      which indicates the efficiency of the chemical recovery as well as the
      standardized brightness of the flame. In this procedure, a number of
      samples are prepared some of which contain the unknown solution while
      others include a spiked aliquot. For example, the sample changer may
      include four sample tubes arranged in such a manner that a spiked aliquot
      follows its unspiked aliquot. Thus, the unknown sample and its spiked mate
      provide a pair of samples which can be burned to provide single first
      estimate of the concentrations. A second pair may follow the first pair in
      sequence and additional concentration data computed. When each of these
      pairs is sequentially burned a plural number of times, the repetition is
      capable of producing precise statistical information. Of course, other
      sequences can be utilized to the extent that instead of burning duplicate
      pairs, the second pair can include a second unknown and its spiked aliquot
      or the system may be used to burn concentrates from samples of reference
      sea water without an internal standard.
PAR  In preparing cesium samples, the desired amount of cesium is extracted from
      1-liter samples of sea water using a so-called Feldman and Rains procedure
      described in the following publications: Folsom, Feldman and Rains,
      Science 144, 538, (1964) and Feldman and Rains, Analytical chemistry 36,
      405, (1964). In this procedure, each 1-liter of acidified sea water sample
      is contacted with one gram of highly purified AMP in 1/2 gallon, closed
      plastic containers which are rotated slowly at about 30 rpm around a
      horizontal shaft of a special gang tumbler. Each unknown aliquot then is
      tumbled together with a spiked aliquot and, if desired, with one or more
      standard reference sea water samples with or without added spikes of their
      own. After overnight settling, the AMP is transferred into a second
      plastic container for two or more extractions. The samples and standards
      next are handled in 100 ml propylene centrifuge tubes which are the test
      tubes identified as sample holders 7 of FIG. 1. Two tumbling operations
      are conducted with the tube being covered by plastic sheet clamped over
      their top portion. The first extraction within these tubes is into 100 mg
      of purified AMP and the AMP is centrifuged down and dissolved by adding
      sodium hydroxide. This solution then is contacted with exactly 10 ml of
      organic TPB solution during a second tumbling operation. The resulting 10
      ml of concentrate standing above the aqueous phase in the centrifuge tube
      then is ready for burning, although identical spiked concentrates as well
      as any required reference sample concentrates also must be ready on the
      same tumbler. As shown in FIG. 1, the sample holders 1 contain the
      requisite amount of cesium extracted into TPB standing above an aqueous
      phase and the holders are closed at their tops by plastic sheets 7 which
      serve, among other things, as dust covers. However, although the
      extraction procedure produces a 100 fold concentrate, it does not remove
      all of the other alkalis and it is for this reason that the cesium
      spectral peak must be measured while riding on a large spectral continuum.
      In other words, the presence of the other alkalis requires the
      previously-described wavelength changing for each sample burn for the
      purpose of producing a net signal or, in other words, a signal derived by
      subtracting the spectral line continuum which, when applied to cesium
      measurements, may be a region of about 852.5 nm. As would be expected, the
      wavelength used as the yardstick or, in other words, the baseline
      wavelength is not particularly critical although the wavelength used for
      peak measurements is extremely critical.
PAR  As far as apparatus is concerned, the principle features of the invention,
      as has been stated, involve improvements in the sample changing mechanism
      and in the monochromator which permits the described wavelength change for
      each burning. The sample changing mechanism is illustrated in FIGS. 1-5.
      With attention directed particularly to FIGS. 1 and 2, it will noted that
      the sample changer includes four of the previously identified
      sample-holders 1 carried by a rotatable shaft 21 and an appropriate
      clamping mechanism 22. Preferably, the sample-holders, which are plastic
      test tubes, are disposed in a circular arrangement at 90.degree. intervals
      and shaft 21 is sequentially rotated in 90.degree. increments under the
      control of the cycle program contained in block 18 (FIG. 1).
PAR  Specifically, the cycle program controls a step motor 23 driving a geared
      shaft 24 which, in turn, drives circular gear 25 secured to shaft 21.
      Indicator mechanism 26 insures a precise indexing of the shaft in each of
      its rotated positions and, although this indicator may assume a variety of
      forms, one suitable implementation includes a disc 27 mounted on the shaft
      and provided with a plurality of apertures or small bore openings 28
      permitting a beam 29 to pass through the disc when the shaft is indexed in
      its desired position. Disc 27 is driven by the shaft through a gear train
      designed to rotate the disc a fixed amount in each shaft rotation. Other
      types of indicators, of course, can be substituted providing they have the
      requisite accuracy. The passage of beam 29 through the aperture closes a
      circuit 30 to cycle program 18 to trigger the drive of the shaft. The
      entire sample changing mechanism is mounted in a suitable frame 31 (FIG.
      2) held in a stable disposition by a plate 32.
PAR  The principle function of the sample changer is to successively communicate
      the liquid sample contained in each sample holder 1 with burner 5 or, more
      specifically, with aspirating capillary tube 4 of the burner. For this
      purpose, the changer includes a multiported, flat-faced valve arrangement
      generally identified in FIG. 1 by numeral 33. Structural details of the
      valve mechanism are shown in FIGS. 3, 4 and 5. Valve mechanism 33 includes
      a fixed plate 34 secured to frame 31 and provided with a central bore in
      which shaft 21 is journaled. The plate being provided with a single port
      36 receiving capillary tube 4 of the burner. The second part of valve
      mechanism 33 is a second plate 37 carried by shaft 21 so as to be
      sequentially indexed in a rotary manner by the shaft. In contrast to fixed
      plate 34, rotatable plate 37 is provided with four ports 38 disposed
      circumferentially at a 90.degree. spacing in conformity with the
      90.degree. spacing of test tube holders 1. Each of these ports, in turn,
      mounts a capillary tube 39, which, preferably, is a hypodermic needle
      sized to conform with the dimensions of bore 38 and capillary feedtube 4
      of the burner. Each needle, as shown, has a pointed end which, in
      preparing the changer for the testing procedure is pierced through plastic
      dustcovers 7 of the test tubes into the contained cesium sample.
      Consequently, as shaft 21 is rotated in its programmed manner, each of the
      test tubes and the hypodermic needles is aligned through bore 38 of the
      rotatable plate with bore 36 of the fixed plate to communicate the sample
      with the flame of the burner and permit the sample to be aspirated into
      the flame. As previously noted, the shaft also rotates the optical
      indicator through approximate reduction gearing.
PAR  One of the advantages of this valve arrangement is that it permits the
      sequential burning of successive samples in the same flame and without
      admitting air to capillary tube 4 of the burner between the successive
      burnings. In this regard, it might be noted that conventionally
      self-aspirating total consumption burners employ an arrangement in which
      the aspirated tube is dipped into a sequence of sample cups on an
      automatic sample cup changer. However, this type of sample changer admits
      air to the aspirated tube between the sample burnings and apparently this
      admission causes the capillary tube of the burner to dry out and undergo
      temperature changes between the burnings. A capillary that drys must be
      washed repeatedly or deposits will form. Intermediate washings, in turn,
      produce temperature changes strong enough to modify the viscosity and
      effect the flow rate of the solution being burned. Further, a washing
      fluid such as acetone when alternated with the not-aqueous solvent may
      change surface conditions temporarily inside the tiny bore of the
      aspirating tube. There is at least a strong suspicion that the limitations
      on precision observed in presently-available equipment is due in part to
      the use of such open-transfer procedures. Washing, however, may be needed
      for certain tests samples. If so, one of the test tubes sample holders can
      be filled with a wash fluid. Alternatively, a wash basin reservoir or tank
      45 (FIG. 2) can be provided and this wash fluid can be aspirated into the
      burner through flexible tubing (not shown) leading to another hypodermic
      needle, such as needle 39, which can be indexed by the shaft into an
      aspiratory disposition.
PAR  The present valve arrangement essentially is a closed system produced by
      providing a sealed condition in which essentially no air is admitted
      during rotation of plate 37 or during burning. To achieve this result, the
      contacting surfaces of both fixed plate 34 and rotatable plate 37 are
      flat, highly polished surfaces and, in addition, rotatable plate 37 is
      tightly held against fixed plate 34 by a heavy spring 41 mounted on the
      lower portion of shaft 21. Additionally, the mounting of capillary tube 4
      in fixed plate 34 utilizes a packing 42 (FIG. 5) held in place by a clamp
      gland 43 pressured by a spring clamp 44 (FIG. 4). Also, it is preferred to
      form fixed plate 34 of a dense, tough, plastic material, such as Delrin,
      and to form rotatable plate 37 of stainless steel having a mating surface
      which is finely polished with diamond dust. Consequently, no lubricant is
      needed. Nevertheless, the valve remains airtight and it shows a little
      wear after extended use.
PAR  Several other factors should be noted with regard to the sample changer and
      its associated valve mechanism. First, as has been indicated, aspirations
      from the test tubes can be and preferably are made directly from the
      vessel used in the final separatory phase of the fluid sample preparation.
      Thus, these test tube holders can be the 100 ml plastic centrifuge tubes
      which have been described. This procedure, due to the use of plastic dust
      covers 7 eliminates dust from the air and brings only clean solution to
      the burner. The preceding centrifuging generally removes the particulates
      from the organic phase itself. The needles, of course, pierce the covers
      During loading and, in addition to eliminating dust, etc., the covers
      retard evaporation. Thus, as long as the samples themselves are carefully
      prepared and other conditions are stabilized, each of the samples can be
      burnt in essentially the same flame to produce optical signals providing
      reliable and extremely precise data. Also, as shown in FIG. 2, the entire
      sample holding mechanism can be detached from the valve and burner
      mechanisms by providing a detachable crown-type coupling 50 between the
      upper end of the shaft and the valve mechanism. The lower end of the shaft
      can be formed in two detachably-coupled sections which, as desired, also
      can use a similar crown coupling. Such detachability permits the tests
      tubes to be mounted on the central clamping section of the shaft and the
      assembly then to be completed by piercing the valve needles through dust
      covers 7. Complete detachability of the sample holding central sections
      permits the preparation of a number of these sections -- as united --
      which then can be quickly substituted one for another much in the manner
      of cartridge replacements.
PAR  Since the sample changer minimizes to the maximum possible degree, the
      effect of external conditions such as drying, viscosity changes, flame
      fluctuations, etc., it produces a spectral beam 3 that should be truly
      representative of the cesium content of the samples. However, it is
      equally as important to assume that monochromator 8 performs its function
      in such a manner that the resulting data has the precision and reability
      needed for the study of cesium or other comparable studies. In this
      regard, it has been noted that the fact that the cesium spectral peak must
      be measured while riding on a large spectral continuum requires a
      wavelength shifting procedure capable of producing a net signal or, in
      other words, a signal which has the baseline continuum subtracted from it.
      Generally considered, a feature of the present monochromator is that it
      utilizes a single exit slit 12 and a single phototube, detector 13 in
      achieving its purposes. Monochromator having dual slits and requiring dual
      detectors are known, but their use entails far more elaborate and
      expensive apparatus and further it imposes the difficult requirement that
      each of the dual phototube detectors operate in a precisely identical
      manner. Differences in operating characteristics obviously would downgrade
      the resulting data.
PAR  To permit the use of the single exit slit and a single phototube, a
      solenoid controlled, pivotal beam-deflecting plate 46 is disposed adjacent
      to exit slit 12 in the path of reflected beam 3. Mounting of plate 46 can
      easily be accomplished in any commercial grating monochromator such as the
      presently-used Czerny-Turner, 1-meter focal length monochromator. Thus,
      this monochromator has a housing provided in its cover plate which simply
      can be replaced by a plate which mounts the pivotal mechanism to be
      described. Functionally considered, plate 46 is pivotal through a fixed
      angle of 9.degree. although, of course, the arc can be varied to suit
      conditions. Also, as is known, commercial monochromator employ a grating
      or equivalent device at their exit slit. The present monochromator, for
      example, uses a 1200 groove/nm grating. The pivotal movement of plate 46
      varies the incidence of the spectral beam on the grating to produce the
      desired wavelength shift. In the present apparatus, the pivotal movement
      produces a wavelength shift from 8521 A to 8525 A. As shown, plate 46
      shifts the wavelength by refracting the beam. It, however, should be noted
      that a reflector plate also could be used if, for example, the exit slit
      were disposed in the top wall of monochromator and the reflector then
      pivoted to reflect the beam upwardly in the two pivotal directions.
PAR  Details of the wave-shifting mechanism are shown in FIGS. 6-8. Pivotal
      plate 46, which may be a flat piece of Plexiglas of about 3/8 inch
      thickness, is mounted on a vertical axis held by preloaded ball bearings
      which, in turn, are supported by metal plates 47 and 48 which in part
      replace the cover plate of the monochromator housing. An elongate arm 49
      carries plate 46 and produces the pivotal motion. Solenoids 51 and 52
      which, as indicated in FIG. 1, are controlled by cycle program 18, which
      also controls the indexing of the sample changer, are coupled to the rear
      portion of arm 49 to produce the pivoting motion. More specifically, as
      shown in FIG. 8, arm 49 is a two-part arrangement having a front portion
      49 that carries refractor plate 46 and a rear portion 49b coupled at its
      end to the solenoids. The two parts, 49a and 49b, are hinged together in
      the manner shown so that movement of the rear end of portion 49b moves the
      hinge in a path between two stops 52 and 53 at which points the arm is
      arrested by the action of a toggle spring arrangement 54.
PAR  One of the important factors to be noted, is that, although mechanical stop
      53 may be a fixed member, stop 52 utilizes a Vernier adjustment provided
      by the rotation of a knob 56. As has been noted, the adjustment for
      baseline wavelengths, such as the 8525 A wavelength of the cesium baseline
      continuum, are not especially critical since, in effect, the baseline
      measurements are used to provide a standard for deriving the desired net
      signal. However, the adjustment for the peak maximum of 8521 A is very
      critical and, furthermore, this adjustment must be capable of being made
      quickly and at any time desired by the operator. In the present
      arrangement the operator is provided with a Vernier mechanism so that,
      while, for example, a preliminary sample of cesium is being burnt, the
      operator can rotate this cam stop until he obtains a signal maximum.
      Subsequently, he may wish to test for possible off-peak drifting using
      this same adjustment. In operation, a wave shifting mechanism such as that
      shown in FIGS. 6-8 has demonstrated no significant off-peak drift over a
      period of several hours and one reason for this stability is the fact that
      refraction plate 46 is rotated on pairs of preloaded ball bearings held
      solidly on the mounting plate.
PAR  The wave-shifting mechanism permits each sample to be burnt for a short
      period of time at one of the wavelengths and then, as quickly as possible,
      to permit the same sample to be burnt for an equal period of time at the
      other wavelength. In practice, for example, the cesium samples are burnt
      for a period of 13 seconds at each wavelength with an interval of 0.2
      seconds allowed for the shifting of the plate. Again, as will be more
      fully described, the controls for these functions are provided by cycle
      program 18.
PAR  Plate 46, as has been described, is pivoted between two positions one of
      which (peak position) can be finely adjusted. However, it may be desirable
      to provide one or more additional stops (not shown) to permit succession
      measurements to be taken at several positions. If, as will be appreciated
      by those familiar with this ar, the continuum, for example, instead of
      being a horizontal baseline waveform, is slanted upwardly or downwardly,
      it would be advisable to take measures of the continuum on both sides of
      the peak waveform. The need for such measurements is a matter that should
      be recognized by the investigator and, of course, the mechanisms for
      implementising the additional stops can be readily provided in any desired
      manner providing that the stop on the peak measurement is adjustable in a
      highly precise manner.
PAR  The electronics of the system are more fully illustrated in FIG. 9.
      Generally, simple, modern digital systems is proveded for programming the
      numerous sampling and data handling operations. Obviously, other
      functionally-similar arrangements can be substituted. As shown, the
      electrical signal output of phototube 13 first is passed into an analog
      processor which contains a filter, a range switch 57 and an amplifier 58.
      The range switch is used to adjust the signal for widely-varying sample
      concentrations. In this regard, it has been noted that, although the
      present system is especially suitable for providing precise measurements
      of extremely small, microgram concentrations, it also can be used to
      measure concentrations. Analog processor 57 passes the signal to a digital
      processor 59 which includes an analog-to-digital converter 61 used to take
      350 instantaneous samples which are stored as digital signals in memory 64
      of computer 16. A storage register 62 that functions under the command of
      control logic 63 feeds memory 64. The calculator requires the use of an
      interface device 65 which may be a commercially-obtainable Wang 6051A
      unit. As shown, the control logic, derived from block 63, combines with
      the logic of block 66 to synchronize the calculator with both the position
      of the sample changer and the position of the wavelength shifter. Thus,
      control logic 66 is coupled through relays both ot motor 23 which drives
      the sample changer shaft and to solenoids 51 which control the pivotal
      motion of wavelength shifting refractor plate 46.
PAR  Previously identified, chart recorder 14 is employed for the purpose of
      providing a visual pen comparison of the signals which are recorded as
      voltages. However, most standard potentionmetric recorders suitable for
      flame analyses are not adequate for comparing signals from unknown and
      spiked reference samples. Their problem is illustrated in FIG. 10. At the
      left of this figure is represented a cesium spectral peak A derived, for
      example, from a natural sea water concentrate. Beside spectral peak A is a
      larger peak B obtained by spiking an aliquot of the same sea water so as
      to roughly double the amount of cesium naturally present. Considering
      these peaks, it will be apparent that if, for example, smaller peak A were
      plotted in the usual manner and with a full-chart amplitude, the large
      peak B would cause the pen to attemp to run off the chart.
PAR  The present system avoids this difficulty by employing a signal biasing
      technique which assures that the pen is not driven violently off the paper
      even though, as will be discussed, the signals are higher amplified. Thus,
      the right-hand side of FIG. 10 illustrates the same signals as the
      left-hand side except that the right-hand signals have been approximately
      biased. As shown, the abscissa is time and the four traces represent
      burnings of an unspiked aliquot at the two wavelengths each followed by a
      burning of a spiked aliquot at the two wavelengths. All signals, however,
      are plotted at high gain, biased automatically so as to stay on the chart
      and, preferably, so that the pen moves very little when changing from one
      signal to another. Since the baseline signals are much smaller than those
      of peaks, the baseline signals are biased upwardly while the very large
      signals from the spiked signals are biased downwardly to levels that
      permit recording.
PAR  Biasing is carried out by algebraically adding a precisely known voltage to
      the electrical signal coming into the recorder from the photomultiplier
      tube circuits. These biasing voltages are controlled by the same
      programmer that controls the rotation of the multi-ported flat-surfaced
      valve arrangement as well as the alternations of the wavelengths shifter.
      Using such arrangement, the performance of the burner of the system can by
      continuously monitored through inspection of the paper record of the
      analog pen recorder. Also, by graphically smoothing the pen traces and
      carefully measuring the average displacements on the chart, concentrations
      can be derived with acceptable precision providing carefully biasing
      circuits are employed. On the other hand, the present system contemplates
      so many individual measurements for each individual sample that a digital
      computer, such as computer 16 is, in practice, a highly desirable
      component.
PAR  The schematic of FIG. 9 illustrates the biasing principles which have been
      discussed. As shown, a biasing amplifier 68 is used to add or subtract a
      precisely-known voltage to the electrical signal derived from the
      photomultiplier and applied to chart recorder 14. It also should be noted
      that these biasing voltages are under the control of the control logic of
      block 66 which also controls the valve rotations and the wavelength
      shifter. An amplifier 71 applies the signal directly to the recorder and,
      as shown, the amplifier is inhibited at appropriate times by control logic
      66. Obviously, the biasing can be implemented in a variety of manners.
      However, as far as the present invention is concerned, it should utilize
      the principles of initial amplification of all inputs following which the
      added voltages are switched in at levels less subject to switching
      variabilities and, finally, the analog signal is reduced to levels
      suitable for the recorder.
PAR  Using the present system, actual analytical programs for measuring seawater
      cesium by flame analysis have been conducted and the programs have shown
      the extreme sensitivity and precision desired, for example, in the
      measuring of the unusually small amounts of cesium present in seawater.
      For example, the precision permits measurements of 0.3 microgram cesium
      sample with a precision of about 0.3 of a percent. A number of factors
      contribute to this precision. First, the sample changer utilizes the same
      test tube holders used in the final step of the sample preparation and the
      tube contents are protected at all times by dust covers 7 which also
      prevent evaporation during storage. Hypodermic needles 39 are employed to
      communicate the samples with the burner and these needles can be pierced
      through covers 7 during assembly. The flat-faced rotatably-indexed valve
      plates also contribute significantly in eliminating air from the
      aspiratory passageways and in minimizing the drying. Thus, each sample is
      supplied to the burner flame in precisely its prepared condition without
      being disturbed or affected by external conditions. The resulting flame
      emission, consequently, permits true comparisons.
PAR  The wavelength shifting arrangement of the monochromator is another
      advantageous factor in that, aside from the advantages inherent in
      obtaining a net signal, it utilizes the same exit slit and the same photo
      tube for each wavelength being compared. A single exit slit and a single
      photo tube not only are relatively simple and unexpensive, they also avoid
      problems arising because of differing operating characteristics between,
      for example, dual slits or dual defectors.
PAR  The manner in which the apparatus is programmed and used is another highly
      important factor in improving sensitivity and precision. Thus, the system
      is capable of using modern digital techniques which obtain a multiplicity
      (350) of instantaneous samples for each burning permits an integration of
      these samples to provide a highly reliable average and deviation for each
      burning. If, as is contemplated, each sample is burned for 13 seconds at
      each wavelength (peak and baseline) each of these burning provides the 350
      digital samples for integration in the computer. The time required to
      produce the wavelength shaft is only about 0.2 of a second. Further, the
      sample changer arrangements not only permits indexing of each sample, it
      further permits each sample to be burned repetitively or a plural number
      of times. As presently used, the four samples each are burned at the
      different wavelengths for 13 seconds and, in addition, each of the samples
      is burned six or nine times. The rotary motion of the valve mechanism
      permits the repetitive burnings. Each burning, in turn, is stored in the
      computer memory which then is programmed into the computer to be compared
      in the other five burnings and the integrating comparison is made between
      the multiplicity of instantaneous signals. The use of the programmed
      computer is a significant contribution. Also, the use of digital logic to
      control and synchronize the operations of the sample changer, the
      wavelength shifter and the computer insures precise actions with precise
      time sequences. The chart records also provide a visual record of the
      flame-emission signals although the record obviously does not have the
      sensitivity of the integrated computer record. Even so, the recorder
      record is most helpful in that it provides a visual method of adjusting
      the apparatus for maximum sensitivity. For example, the chart recorder can
      be used by the operator to finely adjust the wavelength changer to achieve
      an absolute peak intensity.
PAR  In general, the success of the system which has demonstrated an inherent
      reproducability of less than 1/3 percent is due to the use of the true
      mechanical eliments, ie, the sample changer and wavelength shifter, in a
      manner which permits whem to perform reliable, under control of an
      automatic programmer.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for use with a flame-emission spectrometer having an aspirator
      tube feeding a liquid test sample to a burner flame for producing
      photoelectrically-detectable spectral line emission beams, said apparatus
      comprising:
PA1  a fixed valve plate having a port sealably receiving said aspirator tube,
PA1  a movably-indexable valve plate provided with a plurality of
      capillary-sized ports disposed for communication with said fixed plate
      port when said movable plate is indexed,
PA1  an elongate hollow-bore aspirating tube mounted in and dependently carried
      by each of said movable plate ports,
PA1  a plurality of liquid sample holders each disposed for immersibly receiving
      one of said elongate tubes,
PA1  drivable support means carrying said indexable valve plate and said sample
      holders, and
PA1  means for driving said support means for successively indexing said movable
      plate and holders into aligned communication with said fixed plate port
      whereby each fluid sample can be aspirated into said burner flame,
PA1  said fixed and movable valve plates having mating flat valve-face surfaces
      constantly maintained in flush contact one with the other for excluding
      atmospheric leakage into said ports.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said movable valve plate is rotatably
      driven and said plurality of capillary-sized ports are arcuately spaced
      one from another in a circular path whereby each port can be rotatably
      indexed in a repetitious manner into communication with said afixed valve
      plate port.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said support means is a drive shaft,
PA1  said apparatus further including means carried by said shaft for
      resiliently urging said rotatable parts into said contact with the fixed
      plate.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said fixed valve plate is formed of a
      tough dense plastic material and the mating surface of said rotatable
      valve plate is formed of a highly polished metal.
NUM  5.
PAR  5. The apparatus of claim 3 further including:
PA1  digital logic means for controlling said rotary indexing movements, and
PA1  optical indicator means including circuit means coupled to said logic means
      for triggering said logic means when said plate ports are in said aligned
      communication.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said optical indicator means includes:
PA1  an apertured plate rotatably carried by said drive shaft and provided with
      a plurality of apertures disposed in accordance with said rotatable valve
      plate ports, and
PA1  an optical beam transceiver straddling said apertured plate in position for
      transmitting the beam through said apertures,
PA1  said triggering circuit means including said optical beam whereby said
      logic means is triggered when said apertures permit transmission of said
      optical beam and said aperture disposition being such that said
      transmission is permitted only when said valve ports are in said aligned
      communication.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said elongate aspirating tubes are
      sharply pointed hypodermic-type needles and wherein said sample holders
      further include:
PA1  membrane-like cover sheets sealably enclosing said test samples whereby
      said covers can be pierced by said needles when said sample holders are
      mounted on said holder-carrying-drivable support means.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said flame-emission spectrometer is of
      a type having a monochromator adapted to receive a flame-emitted spectral
      beam and to direct said received beam in an optical path to an exit slit,
      said apparatus further including:
PA1  a single phototube means optically communicated with said exit slit for
      receiving said beam and producing a corresponding electric signal output
      and a beam-deflecting plate pivotally mounted in said monochromator
      adjacent to said exit slit in the optical path of said beam,
PA1  said plate being pivotal between at least two positions for shifting the
      beam a predetermined amount whereby the impinging direction of the beam on
      said exit slit can be varied to induce a wavelength shift in the beam
      received by said phototube.
NUM  9.
PAR  9. The apparatus of claim 8 further including:
PA1  venier-like means for adjusting at least one of said positions, said means
      projecting outwardly of said monochromator for permitting manual
      adjustments.
NUM  10.
PAR  10. The apparatus of claim 9 further including: chart recorder means
      operatively coupled to the output of said phototube for producing a visual
      trace of said signal output, whereby said manual adjustments can be
      manually regulated by said visual trace.
NUM  11.
PAR  11. The apparatus of claim 10 further including means for biasing said
      recorder trace, said biasing means comprising:
PA1  means for amplifying said phototube output signal, and
PA1  means for algebraically adding a known voltage to said amplified output for
      regulating the magnitude of said trace in accordance with the available
      size of the chart recorder record sheet,
PA1  said voltage being subtracted from said amplified output when the test
      sample concentration is high and being added to said amplified output when
      said concentration is low, and
PA1  means synchronized with said sample holding indexing movements for
      coordinating said addition and subtraction with the particular test sample
      being burned.
NUM  12.
PAR  12. The apparatus of claim 8 further including:
PA1  electrically-energizable means for pivotally moving said beam deflector
      plate between said positions, and
PA1  digital logic means operatively coupled ot said energizable means and to
      said means for indexable driving said sample holder support means for
      synchronizing the pivotal movements with the particular test sample being
      burned.
NUM  13.
PAR  13. The apparatus of claim 12 further including:
PA1  analogue processing means coupled to said phototube output signal for
      converting the signal produced by each burn into a multiplicity
      instantaneous digital signals,
PA1  digital computing means having a memory component receiving said
      multiplicity of instantaneous digital signals for each burn,
PA1  said digital logic means also controlling said computer for coordinating
      its operation with the particular test sample being burned and with the
      pivotal movements of said beam-deflecting plate.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said port arrangements of said
      movable valve plate permits said communication of each port with the port
      of said fixed plate to be repetitively established whereby plural unknown
      and standard test samples each can be repetitively burned at selected
      wavelengths for producing a repetitive digital output for each burning,
PA1  said digital logic means being programmed to cause said computer to
      integrate said multiplicity of instantaneous signals and to compute an
      average concentration and a standard deviation based upon said repetitive
      signal data.
NUM  15.
PAR  15. The apparatus of claim 14 wherein the precision of said computations,
      as established by known test sample burnings, is in the order of a few
      tenths of one percent.
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ABST
PAL  A method and apparatus for measuring the linear thermal expansion of a
      polymeric material wherein a sample with a wedge surface is mounted on a
      graphite block within a temperature controlled chamber. The incident and
      reflected beam of a laser lie in a plane perpendicular to the plane of the
      base of the sample and make equal angles with a line perpendicular to the
      plane of the base of the sample. A holographic plate is exposed by the
      object beam from the sample and a reference beam. The temperature is
      gradually increased from 0.9.degree. to 4.degree. F. between a first
      exposure and a second exposure. A thermocouple and indicator are used to
      indicate the temperature of the sample at the time of each exposure of the
      holographic plate. The holographic plate is then developed and replaced in
      the plate holder for reconstruction of the images and the fringe pattern,
      which indicates the expansion of the sample.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the prior art, the most common means of measuring thermal expansion in
      polymeric materials are to either measure fluid or gas displacement in a
      closed system as the material expands or to measure the linear
      displacement of a mechanical rod that is placed against the material. A
      system is needed to more accurately measure the thermal expansion of
      polymeric materials.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to this invention, the technique of holographic interferometry is
      used in determining the thermal coefficient of expansion of a polymeric
      material. A wedge shaped sample is positioned on a graphite block with its
      base or back surface held to the graphite block with a silicone grease.
      The junction of the back surface of the sample with the graphite block is
      designated as the Y-Z plane and the direction perpendicular to this plane
      is designated the X direction.
PAR  With the tip of the wedge lying in the Y-Z plane, this edge can be used as
      a zero reference, since there will be no movement of this edge in the X
      direction due to expansion of the sample. The sample is illuminated with
      coherent light from a source with the reflected light from the sample
      being directed to a holographic plate. The light is directed toward the
      sample and holographic plate so that the central axis of the incident beam
      and the reflected light rays lies in the X direction.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a schematic diagram showing the apparatus for measuring the
      linear expansion of a polymeric material.
PAR  FIG. 2 is an enlarged isometric view of the sample holding member of the
      device of FIG. 1.
PAR  FIG. 3 is a schematic block diagram of the heating apparatus for the sample
      chamber of the device of FIG. 1.
PAR  FIG. 4 is a diagram representing a reconstructed image of a uniformly
      expanded polymeric sample.
PAR  FIG. 5 is a diagram representing a reconstructed image of a nonuniformly
      expanded polymeric sample.
PAR  FIG. 6 is a plan view of an alternate sample shape which may be used with
      the device of the invention.
PAR  FIG. 7 is a left side view of the device of FIG. 6.
PAR  FIG. 8 shows another sample shape which may be used with the device of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 of the drawing, which shows a conventional
      holographic system which is modified for use in obtaining thermal
      expansion information which may be used to obtain the thermal coefficient
      of linear expansion of the polymeric material.
PAR  The light from laser 10, which may be for example a Helium Neon laser, has
      its beam directed toward beam splitter 12 by means of mirror 14. A control
      shutter 15 controls the output of the laser. The reference beam 16 from
      beam splitter 12 is directed by a mirror 17 through a diverging lens 18
      and collimating lens 20 to the holographic plate 22 in plate holder shown
      schematically at 24. The object beam from beam splitter 12 is directed by
      mirror 28 through diverging lens 30 and collimating lens 32 to the sample
      34, with the reflected beam from the sample being directed toward
      holographic plate 22.
PAR  The sample is positioned on a graphite support block 36, shown in greater
      detail in FIG. 2, within a temperature controlled chamber 38. The sample
      used in one test was a polymeric solid propellant material TPH-1011 with
      the base surface 1 inch by 1 inch and a thickness of 1/2 inch. The sample
      34 is positioned in a notch 40 in the graphite block 36 with the base 42
      of the sample being secured to the surface 43 of the graphite block with a
      silicone grease. The junction of base 42 with surface 43 is designated the
      Y-Z plane. The sample has a wedge surface 45 with the tip 46 lying in the
      Y-Z plane.
PAR  The object beam is directed toward wedge surface 45 such that the incident
      beam 50 and the reflected beam 52 have their central beams designated 51
      and 53 respectively lying in a plane perpendicular to the Y-Z plane and
      with the central beams 51 and 53 forming equal angles .theta. with a line
      X perpendicular to the Y-Z plane. With this arrangement, only
      displacements in the X directions can be resolved in the hologram.
PAR  The chamber 38 may be any type of insulated chamber with a window for the
      transmission of laser beam. The device constructed had styrofoam walls
      with a window of a glass such as used for photographic plates of a
      thickness of approximately 1 mm. Heat was supplied to the chamber as shown
      in FIG. 3. Nitrogen from a supply 55 passes through a heater 57 through
      conduit 58 to the chamber 38 and then to a recovery system 59 or to the
      atmosphere depending upon the gas used. The Nitrogen could be returned to
      the N.sub.2 supply by means, not shown. The flow rate is set at a desired
      level by means of valve 60. The temperature of the gas to chamber 38 is
      maintained at the desired level by means of a temperature sensor 62 and
      temperature control 64. A manual control shown schematically at 65 may be
      used to set the desired temperature level.
PAR  In the use of the device of the invention, the sample is secured to the
      graphite block with a silicone grease such that the tip 46 of the wedge
      lies in the Y-Z plane. A thermocouple element 66 is secured to the side of
      the sample. The thermocouple output is applied to a temperature indicator
      68. The graphite block and sample are then positioned in the temperature
      control chamber 38 with the sample in the path of the object ray 50. The
      temperature on the indicator 68 is then recorded. With the sample at a
      given temperature, the shutter 15 is opened to illuminate the holographic
      plate 22 with reference beam 16 and object beam 53 for a predetermined
      interval of time such as 2 to 3 seconds. The laser shutter 15 is then
      closed and temperature in the chamber 38 is raised in 0.5.degree.
      increments each of about 10 to 15 minutes duration until the final desired
      temperature is reached. In samples measured, these temperatures were from
      0.9.degree. to 4.degree.F. above room temperature. After the temperature
      in the chamber reaches the desired temperature, the chamber is held at
      that temperature for from 30 to 45 minutes to allow the sample to
      equiliberate.
PAR  After the equilibration time, the shutter 15 is again opened to again
      illuminate the holographic plate 22 for about 2 or 3 seconds with the
      reference beam 16 and the object beam 53. The temperature on the indicator
      68 is again recorded.
PAR  After the shutter 15 is again closed, the holographic plate is then removed
      from the plate holder and developed in the usual manner. After
      development, the holographic plate is again replaced in the plate holder
      24 and illuminated with the reference beam with the object beam blocked,
      to reconstruct the sample image with the interference fringes as shown
      schematically in FIG. 4. If hot spots developed in the sample due to
      improper heating of the sample, a fringe pattern such as illustrated in
      FIG. 5 may be produced in the reconstructed image. When this happens, it
      indicates nonuniform heat distribution in the sample and the holographic
      plate is discarded.
PAR  With a uniform fringe pattern, such as shown in FIG. 4, the number of
      fringes on the wedge surface 45 will provide a direct measurement of the
      linear expansion of the sample. This can be used to determine the thermal
      coefficient of linear expansion as follows.
PAR  The change in an objects length due to a thermal change can be calculated
      by:
EQU  .DELTA.l  = (l) (.alpha.) (.DELTA.T)
PAL  where
PA1  l = original thickness in X direction
PA1  .DELTA.l = change in thickness in X direction
PA1  .alpha. = thermal coefficient of linear expansion
PA1  .DELTA.T = change in temperature
PAR  The expansion of the graphite block is small, about one-tenth that of the
      sample, however this need not be considered in taking the measurements
      since the wedge tip indicates a line of zero expansion of the sample
      block.
PAR  In holographic interferometry, fringe patterns are produced if the object
      is displaced betweeen exposures. The displacement is related to the fringe
      pattern by:
      ##EQU1##
      where .eta. = Number of fringes on wedge surface
PA1  .lambda. = Wavelength of laser light
PA1  2.theta. = Angle between incident and reflected light rays off object
      surface.
PAL  With the angle between the incident beam and the X axis made equal to the
      angle between the reflected beam and the X axis, the angle .theta. will be
      equal to these angles.
PAR  By equating these two equations and solving for .alpha., we find:
      ##EQU2##
      in one device measured .theta. = 16.degree. (cos.theta. = 0.96)
PA1  l = 0.5 inch
PA1  .lambda. = 6328A = 24.88 X 10.sup..sup.-6 inches
PAR  Putting these values into the equation for .alpha. we find:
      ##EQU3##
      Therefore, the thermal coefficient of linear expansion can be found from
      the number of fringes on the wedge surface and the change in temperature.
PAR  The starting temperature at which the first exposure is taken need not be
      room temperature, but may be any temperature desired as long as the sample
      is brought to that temperature slowly and allowed to equiliberate at that
      temperature. Also, the temperature need not be raised in definite
      increments but may be raised gradually by some automatic means up to the
      desired temperature over a long period of time for example one hour for a
      4.degree. temperature rise. A drop of a few degrees in temperature can
      also be used to determine the coefficient of linear expansion.
PAR  While a fixed time holographic system has been described, real time
      holography could also be used. In this system, the holographic plate would
      be removed and developed after the first exposure at room temperature. The
      holographic plate would be replaced in the holder after the sample has
      been raised to the desired temperature level. A three dimensional image of
      the sample would be reconstructed by illuminating the developed hologram
      with the reference beam. If the object beam is allowed to illuminate the
      sample at the same time, interference fringes will appear on the surface
      of the sample. These fringes may be used to determine the thermal
      coefficient of linear expansion as described above.
PAR  The sample may have other shapes than that shown, such as a disk shaped
      member with a wedge shaped edge as shown in FIGS. 6 and 7 or a triangular
      shaped member, as shown in FIG. 8. For other applications, other shapes
      may be desirable as long as a line of zero expansion is provided.
PAR  There is thus provided a method and apparatus for determining the linear
      expansion of a polymeric material and which will give an indication of
      nonuniform expansion.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of measuring the linear thermal expansion of a sample of a
      polymeric material for determining the coefficient of linear expansion of
      the material, comprising: preparing a wedge shaped sample of polymeric
      material having a sharp tip; positioning the wedge shaped sample on a
      graphite block within a temperature controlled chamber; securing the base
      of the wedge shaped sample to the graphite block with the tip of the wedge
      lying in the plane of the junction of the sample base and a surface of the
      graphite block; recording the temperature of the sample; directing a
      collimated coherent laser object beam toward said sample; positioning a
      holographic plate in the path of reflected light from said sample, with
      the central beam path of the incident beam on the sample and the central
      beam of the reflected beam from said sample to the holographic plate lying
      in a plane perpendicular to the plane of the junction of the sample base
      and the surface of the graphite block and being at equal angles with
      respect to a line perpendicular to the plane of the junction of the sample
      base and the surface of the graphite block; directing a collimated
      reference beam toward said holographic plate; blocking said object beam
      and said reference beam after a predetermined exposive time interval;
      heating the sample at small temperature increments to a predetermined
      temperature above the original measured temperature; allowing the sample
      to remain at such predetermined temperature for between 30 to 45 minutes;
      recording the sample temperature after expansion of the sample; exposing
      said holographic plate a second time to said reference beam and the
      reflected beam from said sample; blocking the reference beam and the
      object beam after a predetermined exposure time interval; removing the
      holographic plate; developing the holographic plate; restoring the
      holographic plate to its former position; illuminating the holographic
      plate with only the reference beam to reconstruct the sample images with
      the fringe pattern thereon which provide an indication of the thermal
      expansion of the polymeric sample.
NUM  2.
PAR  2. The method of measuring the linear thermal expansion of a sample of a
      polymeric material for determining the coefficient of linear expansion of
      the material, comprising: preparing a wedge shaped sample of polymeric
      material having a sharp tip; positioning the wedge shaped sample on a
      graphite block within a temperature controlled chamber; securing the base
      of the wedge shaped sample to the graphite block with the tip of the wedge
      lying in the plane of the junction of the sample base and a surface of the
      graphite block; recording the temperature of the sample; directing a
      collimated coherent laser object beam toward said sample; positioning a
      holographic plate in the path of reflected light from said sample with the
      central beam path of the incident beam on the sample to the holographic
      plate lying in a plane perpendicular to the plane of the junction of the
      sample base and the surface of the graphite block; and being at equal
      angles with respect to a line perpendicular to the plane of the junction
      of the sample base and the surface of the graphite block; directing a
      collimated reference beam toward said holographic plate; blocking and
      object beam and said reference beam after a predetermined exposure time
      interval; removing the holographic plate; developing the holographic
      plate; restoring the holographic plate in its former position; heating the
      sample at small temperature increments to a predetermined temperature
      above the original measured temperature; allowing the sample to remain at
      said predetermined temperature for between 30 and 45 minutes; recording
      the sample temperature after expansion of the sample; illuminating said
      holographic plate with said reference beam and the sample with the object
      beam to reconstruct the sample image on the sample with a resulting fringe
      pattern thereon which provide an indication of the thermal expansion of
      the polymeric sample.
NUM  3.
PAR  3. An apparatus for measuring the linear thermal expansion of a polymeric
      material; comprising; a temperature controlled chamber; a graphite block
      within said chamber; a notch on said block for holding a sample of said
      polymeric material; a sample of said polymeric material positioned in said
      notch; said sample having a wedge surface; means for securing the base of
      the sample to the surface of the graphite block with the tip of the wedge
      lying in the plane of the junction of the sample base and the surface of
      the graphite block; a window in said chamber for passing laser light to
      said sample; means for directing an object beam of collimated coherent
      light toward said sample; a holographic plate positioned in the path of
      reflected light from said sample with the central beam of the light
      incident on said sample and the central beam of the light reflected from
      said sample being in a plane perpendicular to the plane of the junction of
      the sample base and the surface of the graphite block and making equal
      angles with respect to a line perpendicular to the plane of the junction
      of the sample base and the surface of the graphite block; means, for
      directing a collimated reference beam toward said holographic plate; means
      for selectively blocking the light in said object beam and said reference
      beam; means for adjusting the temperature within said chamber and means
      for indicating the temperature of the sample within the chamber.
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ABST
PAL  Torque stress on a stationary or rotating shaft is measured in a
      contactless fashion utilizing differential optical sensing means. A pair
      of light-controlling discs are attached to opposite ends of a torsioning
      section of the shaft. The combination of light-valving discs comprises two
      areas, inner and outer, with complimentary light transmission control
      effects in response to differential angular rotation of the discs with
      respect to each other. Light is passed through the combination of discs
      and received by sensors aligned such that separate signals are generated
      from light passed through the inner and outer areas of the
      light-controlling discs. As torque is applied to the shaft in one
      direction, more light is transmitted through the one area, and less
      through the other. As torque is applied in the opposite direction, the
      opposite effect occurs. Over angles of such differential rotation of the
      discs, a stable signal is produced by the sensors that is proportional to
      the applied torque. Ring-configuration sensors, multiple sensor pairs, or
      optical distribution and collection means are utilized, as required, to
      minimize the effects of imperfections in the light transmission control
      materials, and thereby maximize the system signal-to-noise ratio.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to torque metering apparatus, and
      more particularly, to improvements in approaches involving sensing of the
      differential angular displacement of opposite ends of a torsioning shaft
      section.
PAR  Direct measurement of the torsional stress applied to a shaft via
      conventional strain-gauge technology suffers the significant disadvantage
      of the elaborate means required to extract the electrical torque signal
      from the rotating transducers. Slip-rings and brushes commonly used are
      expensive, deteriorate with age, and are susceptable to noise generated by
      contamination of the apparatus. Rotating transformer approaches, while
      eliminating the problems inherent in slip-rings, require considerable and
      expensive external excitation and detection circuitry to extract the
      strain-gauge signal, which, itself, often requires additional
      amplification before use, for example, in driving a panel meter.
PAR  Contactless indirect torque measurement means utilizing optical sensing of
      the angular displacement of opposite ends of torsioning shaft section have
      previously been devised, and most offer simplicity of construction and
      consequential low cost as advantages over the conventional
      direct-measurement approaches above. None of these devices, however,
      combines all of the features desired in a practical and inexpensive torque
      transducer. Specifically, it is a primary object of this invention to
      improve upon devices of the type described in U.S. Pat. Nos. 3,495,452 and
      3,596,100 to C. E. Johnson, et al., and R. W. Hollick respectively. These
      devices utilize the subject optical sensing approach, however, are limited
      in their application and economy due to inherent necessity to frequently
      compensate for variations in light source intensity, and, in the one case,
      elaborate external compensation required for inherent non-linearity.
PAR  Therefore, among the objects of the present inventions are the provisions
      of a torque transducer utilizing differential optical sensing means
      wherein:
PA1  A. an electrical signal output is developed proportional to applied shaft
      torque with a minimum un-compensated non-linearity, and,
PA1  b. said signal output is insensitive to changes in transducer light source
      intensity due to variations in excitation voltage or aging,
PA1  c. while, at the same time, additional desirable performance and
      construction features are not compromised.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which, by way of illustration, show preferred
      embodiments of the present invention and the principles thereof and what
      are now considered to be the best modes contemplated for applying these
      principles. Other embodiments of the invention employing the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the purview of the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, torque stress on a stationary or rotating shaft
      is measured in a contactless fasion utilizing differential optical sensing
      means. A pair of light-controlling discs are attached to opposite ends of
      a torsioning section of the shaft. The combination of light-valving discs
      comprise two areas, inner and outer, with complimentary light transmission
      control effects in response to differential angular rotation of the discs
      with respect to each other. Light is passed through the combination of
      discs and received by sensors aligned such that separate signals are
      generated from light passed through the inner and outer areas of the
      light-controlling discs. As torque is applied to the shaft in one
      direction, more light is transmitted through the one area, and less
      through the other. As torque is applied in the opposite direction, the
      opposite effect occurs. Over small angles of such differential rotation of
      the discs, a stable signal is produced by the sensors that is proportional
      to the applied torque. Ring-configuration sensors, multiple sensor pairs,
      or optical distribution and collection means are utilized, as required, to
      minimize the effects of imperfections in the light transmission control
      materials, and thereby maximize the system signal-to-noise ratio.
PAR  In a particular embodiment of the present invention, the light-controlling
      discs are constructed of optical polarizing material. One disc comprises
      two rings, inner and outer, with polarization 90.degree. to each other.
      The second disc has a single polarization aligned 45.degree. to that of
      both rings of the first disc. The sensors are photoresistors and are
      connected in one leg of a bridge circuit. The other leg of the bridge
      circuit uses fixed resistors, and a center-null meter is connected across
      the two legs of the bridge to read the direction and amount of the torque
      applied. In the bridge leg having the photoresistors, the photoresistors
      which measure the light transmitted through the inner ring are connected
      in series with the photoresistors which measure the light through the
      outer ring. In one form of this embodiment, a plurality of photoresistors
      are used for measuring the light transmitted through each of the two
      rings. By positioning the photoresistors for each ring at a number of
      circumferentially spaced positions and by connecting all of the
      photoresistors for each ring in parallel, the signal-to-noise ratio of the
      transducer is maximized.
PAR  In another particular embodiment of the present invention, the
      light-controlling discs have a light-dividing pattern comprising a series
      of alternately occurring light-transmitting and opaque areas. One disc
      comprises two rings of such areas, inner and outer, offset one area with
      respect to each other. The second disc has a single such area aligned with
      an offset of one-half area with respect to both rings of the first disc.
      The sensors are of the photo-voltaic type and are connected to operational
      amplifiers in a differential configuration, and a center-null meter is
      connected across the amplifier outputs to read the direction and amount of
      torque.
PAR  Torque transducer apparatus and methods which incorporate the structure and
      techniques described above and which are effective to function as
      described above constitute specific objects of this invention.
DRWD
PAR  Other objects, advantages, and features of my invention will become
      apparent from the following detailed description of preferred embodiments
      taken with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is an exploded perspective view of an embodiment of the invention
      utilizing a single light source and a single sensor pair.
PAR  FIG. 2 is a similar view of a second embodiment utilizing multiple light
      sources and sensor pairs. The shaft and mounting means have been omitted
      for clarity.
PAR  FIG. 3 is a similar view of a third embodiment utilizing a single light
      source and a single sensor pair with light distribution and collection via
      optical transmission means.
PAR  FIG. 4 is a similar view of a fourth embodiment utilizing a single light
      source distributed into two rings of light via optical transmission means
      and two ring-configuration light sensors.
PAR  FIG. 5 is a similar view of another embodiment showing details of
      construction of light-controlling discs utilizing alternately occuring
      light-transmitting and opaque patterns.
PAR  FIG. 6 is a functional schematic diagram showing electrical connection of
      light source(s) and photoresistive sensors for differential torque
      metering.
PAR  FIG. 7 is a similar diagram showing electrical connection of light
      source(s) and photo-voltaic sensors for differential torque metering.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A torque transducer for measuring in a shaft and constructed in accordance
      with one embodiment of the present invention is indicated generally by the
      reference numeral 10 in FIG. 1.
PAR  The torque transducer 10 comprises a torque shaft 12 which may be
      stationary or rotating.
PAR  Two light transmission controlling discs 14 and 16 are attached to opposite
      ends of a torsioning section 17 of the shaft by mounting hubs 18 and 20.
      The length, diameter, and materials of the torsioning section 17 determine
      the torque range of the device.
PAR  The disc 14 comprises two areas, an inner area 22 and an outer area 24,
      with complimentary light transmission control effects in response to
      differential angular rotation with respect to and in combination with the
      second disc 16.
PAR  The second disc 16 is aligned in such a manner with respect to the first
      disc 14 that, with no torque applied to the shaft 12, the optical
      transmission through both areas 22 and 24 of the first disc 14 and the
      second disc 16 are approximately equal or 50 percent of maximum.
PAR  In a specific embodiment of the invention shown in FIG. 1 the discs 14 and
      16 may be optical polarizing discs with the polarization of the areas 21
      and 22 offset 90.degree. with respect to each other as indicated by the
      arrows P1 and P2 and with polarization of the disc 16 aligned 45.degree.
      (as indicated by the arrow P3) to each area 22 and 24 when no torque is
      exerted on the shaft 12.
PAR  In the embodiments of the invention shown in FIGS. 2 through 5 the shaft 12
      and mounting components 18 and 20 are not shown so that other components
      may be seen more clearly.
PAR  With continued reference to FIG. 1, a light source 26 is mounted to direct
      light through both discs 16 and 14, and the light passing through the pair
      of discs is received by sensors 28 and 30. The sensors 28 and 30 are
      arranged in such a manner that the sensor 28 "sees" only light which
      passes through the disc 16 and the inner area 22 of the disc 14. The
      sensor 30 sees only light having passed through the disc 16 and the outer
      area 24 of the disc 14. As a result, separate signals are developed from
      light transmitted through the inner and outer areas.
PAR  It may be seen, that, as torque is applied to the shaft 12, the torsioning
      section 17 twists; and the light transmission control discs 16 and 14 are
      angularly displaced with respect to each other in proportion to the amount
      of torque applied. As the light controlling effects of the discs are
      complimentary through the inner and outer areas 22 and 24, the
      transmission through the inner area 22 is proportionately increased or
      diminished, depending upon rotational direction, while an equal but
      opposite effect occurs at the outer area 24. Thus, reciprocal signals are
      developed at the sensors 28 and 30 which are proportional to the applied
      torque.
PAR  In one particular embodiment of the present invention, the sensors 28 and
      30 are of the photoresistive type and are connected in series in one leg
      of a bridge circuit as illustrated in FIG. 6. The other leg of the bridge
      circuit includes two resistors 32 and 34 of approximately equal resistance
      value. In the bridge circuit, the voltage developed at point 36 between
      the photoresistors 28 and 30 is compared with the voltage at the divider
      point 38 between the resistors 32 and 34. It may be seen that, assuming
      equal initial light intensities on both sensors 28 and 30 with no torque
      applied, the voltages at points 36 and 38 will be equal. As torque is
      applied, the voltage at point 36 varies about that at point 38 in
      proportion to the amount of torque applied, and either positively or
      negatively according to the direction of the torque application. A
      center-null meter 40 is connected directly to these points 36 and 38 to
      read the direction and amount of torque applied. As a direct consequence
      of the differential and complimentary optical sensing utilized herein, the
      circuit, as shown, is largely immune to supply voltage variations,
      temperature, and aging effects.
PAR  In practice, the voltage at point 38 is made slightly adjustable (as with a
      variable potentiometer) to permit compensation for small differential
      variations in light intensity or sensor sensitivity at null, or to
      artifically induce a torque reading offset, if desired. Once so adjusted,
      however, the circuit remains stable thereafter. Such refinements of this
      circuit, or alternative circuits for these and other sensor and light
      source types, alternative output signals, indicators, or controls, or
      other adjustments, as for example, for sensitivity, may be easily
      implemented by those skilled in the art.
PAR  In another particular embodiment of the present invention, the sensors 28
      and 30 are of the photo-voltaic type, and are connected as shown in FIG.
      7. Here, sensors 28 and 30 are connected to the separate inputs of
      operational amplifiers 56 and 58, respectively. The output voltage of the
      one amplifier 56 at point 36 is compared differentially with the output of
      the other amplifier 58 at point 38 to obtain the torque reading. Again,
      circuit refinements and modifications incorporating null, offset, and
      sensitivity adjustments, etc., will be apparent to those skilled in the
      art. The feedback resistors 57 and 59 serve to establish the transfer
      characteristic of this circuit.
PAR  In certain applications where high accuracy and/or linearity is required,
      it may be desirable to resrict torque-induced angular deflection of the
      optical transmission controlling discs to very small angles. In these
      applications, the embodiment of FIG. 1 may not be entirely satisfactory,
      as imperfections in the optical transmitting material introduce variations
      in optical transmission, and consequently in torque reading, as the discs
      rotate. This may appear as an undesirable noise component in the signal,
      and, where angular deflection is minimized to increase linearity, or,
      where high accuracy is desired, such variations may be intolerable. To
      minimize or effectively eliminate these noise components, increasingly
      large areas about the circles of the optical transmission controlling
      discs may be illuminated and detected, as shown in the following
      additional embodiments of the invention.
PAR  FIG. 2 shows multiple light sources 26 and multiple sensors 28 and 30
      (which may be mounted in pairs as illustrated) used to accomplish large
      area signal sampling. The sensors 28 are connected in parallel and the
      sensors 30 are connected in parallel (as indicated by the dashed outlines
      for the additional sensors 28 and 30 in FIGS. 6 and 7); and large area
      imperfections are self-cancelling.
PAR  FIG. 3 shows an embodiment of the invention which incorporates optical
      distribution means 42 for the light source 26. FIG. 3 also incorporates
      optical collection means 44 for the sensor 28 and optical collection means
      46 for the sensor 30. With a single light source 26 and a single sensor
      pair 28 and 30, as much as the complete circle of each of the
      complimentary optical transmission controlling areas 22 and 24 may be
      integrated at once, effectively eliminating noise components in the
      signal. Although fibre-optic bundles are specifically shown here,
      alternative optical transmission means such as edge-lit plastic rings
      might be incorporated.
PAR  In the FIG. 4 embodiment, ring-configuration sensors 48 and 50 sample
      virtually the entire circle of the two differential optical transmission
      controlling areas 22 and 24 of the disc 14. The FIG. 4 embodiment includes
      optical distributing means 42 which, as illustrated, divides the output of
      the single light source 26 and transmits it to the two optical
      transmission controlling areas 22 and 24.
PAR  In any of the embodiments described above, the differential optical
      transmission controlling discs 14 and 16 may be constructed of optical
      polarizing material. The one disc 14 comprises two rings, an inner ring 22
      and an outer ring 24 with the polarization of the two rings offset 90
      degrees with respect to each other as indicated by the arrows P1 and P2 in
      FIG. 1. The second disc 16 has a single polarization aligned 45 degrees
      (as indicated by the arrow P3 in FIG. 1) to each ring of the first disc 14
      when no torque is applied to the shaft 12. Thus constructed, the discs 14
      and 16 develop the desired differential optical effects in the torque
      transducer 10. The resultant signal, in itself, is a well known result,
      and is described in technical literature. See, for example, U.S. Pat. No.
      3,474,255 to R. E. White.
PAR  The differential optical transmission controlling discs 14 and 16 might
      alternatively have a light-dividing pattern comprising a series of
      alternately occuring light-transmitting and opaque areas, as illustrated
      in FIG. 5. Here, only the discs 14 and 16 are shown, wherein the first
      disc 14 consists of an inner ring 22 of alternating transmitting areas 22a
      and opaque areas 22b and an outer ring 24 of alternating transmitting
      areas 24a and opaque areas 24b, the two rings being offset one area with
      respect to each other, that is, along a radius intersecting the center of
      a transmitting area 22a of the inner ring 22, lies the center of an opaque
      area 24b of the outer ring 24. The disc 16 comprises a single series of
      equally spaced alternating transmitting areas 16a aligned, at zero applied
      torque, such that they expose 50 percent of the transmitting and opaque
      areas of both inner and outer rings 22 and 24 of the other disc 14. It may
      be seen that, as the discs 14 and 16 are differentially rotated with
      respect to each other, complimentary differential optical transmission
      control occurs through disc 16 and the inner and outer rings 22 and 24 of
      disc 14.
PAR  The utilization of alternating transmitting and opaque areas for light
      controlling is well known in the art. See, for example, U.S. Pat. No.
      3,495,452 to C. E. Johnson, et al. It should be noted here, however, that
      the utilization of the principle in a dual, complimentary differential
      mode as described in the present invention for torque sensing constitutes
      a significant improvement over the prior art in that it specifically
      results in immunity of the device to variations in light intensity,
      temperature, and aging, thereby eliminating the consequential necessity of
      frequent compensatory adjustments.
PAR  In particular applications, various combinations of the above embodiments,
      or alternatives thereto, may be found optimum. The specific embodiments
      shown here are not intended to encompass the entire scope of the
      invention, rather, they are examples of configurations which might
      usefully be implemented by those skilled in the art, to whom many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves. The disclosures and the description
      herein are purely illustrative and are not intended to be in any sense
      limiting.
PAR  The advantages of the present invention include the following:
PAR  1. In a relatively inexpensive and uncomplicated apparatus, non-linearity
      may be easily held within 0.1 percent of full scale without external
      compensation.
PAR  2. With sensors operated in a series bridge or differential configuration,
      many variations such as in temperature, light source intensity, applied
      voltage, aging, etc. are self-cancelling.
PAR  3. As differential optical effects are measured, no electrical connection
      with shaft-mounted components is required.
PAR  4. The system is suitable for both static and dynamic torque measurements.
PAR  5. The system is insensitive to mechanical misalignments or diaplacements
      other than torque-induced differential angular deflections.
PAR  6. Even over small deflection angles, the system has high sensitivity, and
      the signal output is sufficient in many applications not to require
      amplification.
PAR  7. Via simple and inexpensive refinements, high signal-to-noise ratios may
      be achieved.
PAR  8. The system is directionally sensitive, inherently differentiating
      clockwise and counterclockwise torques.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A torque transducer for measuring a torque in a shaft, said torque
      transducer comprising:
PA1  a shaft;
PA1  light transmission control means attached thereto and responding to torque
      stress induced therein, having,
PA1  a first area of light transmission control and a second area of light
      transmission control responding in an equal but opposite manner to said
      torque stress;
PA1  light source means mounted on one side of said light transmission control
      means;
PA1  first and second photosensing and signal generating means mounted on the
      other side of said light transmission control means and oriented in such a
      manner as to separately and respectively receive light transmitted through
      each of said first and second areas thereof and to generate first and
      second signals respectively;
PA1  differential circuit means connected to said photosensing and signal
      generating means and receiving said first and second signals and
      subtracting one from the other to provide a difference signal and a
      polarity corresponding to the greater of said first and second signals,
      and
PA1  torque indicator means connected to said differential circuit means for
      receiving said difference signal and for indicating the amount and the
      direction of torques exerted on the shaft in response to the amount of
      light received by said photosensing means.
NUM  2.
PAR  2. The invention defined in claim 1 wherein
PA1  said light source means comprise multiple individual emitters and
PA1  each of said first and second photosensing and signal generating means
      comprises a plurality of light receptors so disposed as to accomplish
      large area signal sampling,
PA1  the light receptors being located in pairs, one from each said first and
      second means,
PA1  the receptors of each said means being connected in parallel to said
      differential circuit means,
PA1  whereby anomalies and noise are greatly reduced in their effect upon said
      differential signal.
NUM  3.
PAR  3. The invention defined in claim 1 wherein said photosensing means
      comprise multiple photosensor parts disposed in a circle on said other
      side of said light transmission control means, thereby reducing
      undesirable noise components in said signals, thereby increasing the
      sensitivity of said transducer.
NUM  4.
PAR  4. The invention defined in claim 1 wherein said light source means include
      optical transmission means for distributing the output of said light
      source means to a plurality of locations on said one side of said optical
      transmission control means and
PA1  each said photosensing and signal generating means include optical
      transmission means for collecting light transmitted through said optical
      transmission control means from a plurality of locations on said other
      side of said optical transmission control means, thereby reducing the
      noise components of said signals.
NUM  5.
PAR  5. The invention defined in claim 4 wherein said two photosensing means
      comprise two ring-configuration photosensors.
NUM  6.
PAR  6. The invention defined in claim 1 wherein said differential circuit means
      comprise a bridge circuit having the photosensors connected in one leg of
      the bridge and fixed resistors connected in the other leg of the bridge,
      and said torque indicator means comprises an electrical meter connected
      across the two legs of the bridge to read the direction and amount of
      torque applied.
NUM  7.
PAR  7. The invention defined in claim 6 wherein said first photosensing and
      signal-generating means include a first photosensor oriented to receive
      light through one of the two areas of the optical transmission control
      means and said second photosensing and signal-generating means include a
      second photosensor oriented to receive light transmitted through the other
      of the two areas of the optical transmission control means and wherein the
      first and second photosensors are connected in series in the first leg of
      the bridge circuit.
NUM  8.
PAR  8. The invention defined in claim 6 wherein said first photosensing and
      signal-generating means include a plurality of first photosensors oriented
      to receive light transmitted through one of the two areas of the optical
      transmission control means and said second photosensing and
      signal-generating means include a plurality of second photosensors
      oriented to receive light transmitted through the other of the two areas
      of the optical transmission control means and wherein the first
      photosensors are connected in parallel and the second photosensors are
      connected in parallel and the first and second parallel combinations are
      connected in series in said first leg of the bridge to increase the
      signal-to-noise ratio of the signal developed by the photosensors.
NUM  9.
PAR  9. The invention defined in claim 1 wherein said differential circuit means
      comprise a differential amplifier circuit having the photosensors
      connected to the two inputs thereof and said torque indicator means
      comprises an electrical meter connected across the output of said
      differential circuit means to read the direction and amount of torque
      applied.
NUM  10.
PAR  10. The invention defined in claim 9 wherein said first photosensing and
      signal-generating means include a first photosensor oriented to receive
      light through one of the two areas of the optical transmission control
      means and said second photosensing and signal-generating means include a
      second photosensor oriented to receive light transmitted through the other
      of the areas of optical transmission control means and wherein the first
      and second photosensors are connected to the two inputs of the
      differential amplifier.
NUM  11.
PAR  11. The invention defined in claim 9 wherein said first photosensing and
      signal-generating means include a plurality of first photosensors oriented
      to receive light transmitted through one of the two areas of the optical
      transmission control means and said second photosensing and
      signal-generating means include a plurality of second photosensors
      oriented to receive light transmitted through the other of the two areas
      of the optical transmission control means and wherein the first
      photosensors are connected in parallel and to one input of the
      differential amplifier and the second photosensors are connected in
      parallel and to the other input of the differential amplifier.
NUM  12.
PAR  12. The invention defined in claim 1 wherein said light transmission
      control means include,
PA1  first polarization means connected to a first location on the shaft and
      having two areas of polarization oriented 90 degrees with respect to each
      other, and,
PA1  second polarization means connected to a second location on the shaft and
      having a single polarization oriented 45 degrees with respect to both
      areas of said first polarization means when no torque is exerted on the
      shaft.
NUM  13.
PAR  13. The invention defined in claim 1 wherein said light transmission
      control means include,
PA1  first light dividing means connected to a first location on the shaft
      having two rings of alternating transmitting and opaque areas with the
      transmitting areas in one ring offset one area with respect to the
      transmitting areas in the other ring, and
PA1  second light dividing means connected to a second location on the shaft
      having alternating transmitting and opaque areas with the transmitting
      areas offset one-half area with respect to the transmitting area of both
      rings of said first light dividing means when no torque is exerted on the
      shaft.
NUM  14.
PAR  14. Apparatus for detecting the direction and amount or rotation of a shaft
      and comprising:
PA1  a pair of polarization means including,
PA1  first polarization means having two areas of polarization oriented
      90.degree. with respect to each other, and
PA1  second polarization means having a single polarization oriented 45.degree.
      with respect to both areas of said first polarization means in null or
      unrotated orientation of said pair of first and second polarization means;
PA1  light source means mounted on one side of said pair of polarization means;
PA1  first and second photosensing means mounted on the other side of said
      polarization means and oriented in such a manner as to separately and
      respectively receive light transmitted through each of the two areas of
      said first polarization means and the single polarization of said second
      polarization means;
PA1  said shaft being operatively associated with one of the first and second
      polarization means for rotating said one of the polarization means from
      said null position,
PA1  circuit means connected separately to said first and second photosensing
      means and for generating an electrical signal proportional to the
      difference between the intensities of the light received by said first and
      second photosensing means, and
PA1  indicator means in said circuit means for indicating, as a function of said
      signal the amount and direction of rotation of the shaft in response to
      the amount of light received by the photosensing means.
NUM  15.
PAR  15. A method of measuring torque in a shaft, said method comprising,
PA1  connecting a first polarizer disc to a first location on a shaft, said
      first polarizer disc having a first radially inner area of polarization
      and a second radially outer area of polarization with the first and second
      areas of polarization oriented 90.degree. with respect to each other,
PA1  connecting a second polarizer disc to a second location on the shaft, said
      second polarizer disc having a single polarization oriented 45.degree.
      with respect to both areas of said polarizer disc when no torque is
      exerted on the shaft,
PA1  mounting a light source on one side of said pair of polarizer discs,
PA1  mounting photosensing means on the other side of said pair of polarizer
      discs,
PA1  orienting the photosensing means in such a manner to separately receive
      light transmitted through each of the two areas of the first polarizer
      disc and the single polarization of the second polarizer disc,
PA1  generating an electrical signal directly proportional to the difference in
      light intensity between the light transmitted through the two areas of the
      first polarizer disc, and
PA1  reading the signal in terms of torque,
PA1  thereby detecting the amount and direction of torques exerted on the shaft
      in response to the amount of light received by the photosensing means.
NUM  16.
PAR  16. An instrument for measuring torque induced in a shaft coupled to
      torque-inducing means, including in combination:
PA1  first and second discs mounted on said shaft for rotation with said shaft
      and spaced apart from each other axially thereon by a torsioning portion
      of said shaft,
PA1  said first disc having an inner first annular light transmission control
      means and an outer second annular light transmission control means, said
      first control means and said second control means responding in an equal
      but opposite manner to torque induced in said shaft,
PA1  said second disc having a third annular light transmission control means at
      least equal in area to the sum of said first and second control means,
PA1  light source means mounted for sending light through both said discs and
      through all three said light transmission control means,
PA1  light sensing means mounted on the opposite side of said discs from said
      light source means and including first photosensitive means for receiving
      only the light passing through said first and third light transmission
      control means and generating a first electrical signal, and second
      photosensitive means for receiving only the light passing through said
      second and third light transmission control means and for generating a
      second electrical signal,
PA1  differential circuit means connected to said first and second
      photosensitive means for providing a third electrical signal proportional
      to the difference between said first and second electrical signals, and
PA1  torque indicating means for indicating, in terms of torque, both the
      magnitude and direction of said third signal,
PA1  said differential circuit means tending to cancel out inaccuracies due to
      variations in temperature, light source intensity, applied voltage, and
      aging.
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PAL  An apparatus and method for detecting deviations from a normal ocean wave
      pattern which may be caused by interference with artificially created wave
      patterns, such as from an underwater moving vehicle. A camera mounted in
      an aircraft has its optic axis vertically disposed and is provided in its
      image plane with an opaque plate having an arcuate aperture slit
      concentric with the vertical optic axis and angularly displaced an amount
      where the ratio of change in reflectance to the change of incidence angle
      for a light reflected from a smooth surface is a maximum.
PARN
PAR  This is a continuation of application Ser. No. 54,293, filed July 13, 1970
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an apparatus and method for the
      detection of underwater vehicular movement, by detecting and
      distinguishing deviations from a normal surface wave condition caused by
      interaction and interference with the bow and stern waves artificially
      generated by a vehicle moving underwater.
PAR  Detection of underwater vehicles, such as submarines, has proven to be a
      most challenging problem in recent years. A variety of approaches to the
      problem have been tried. It is noted that a vehicle moving on and below
      the surface of water leaves a wake that is generated by the interaction of
      the moving vehicle structure and the medium itself. Meteorological
      conditions above and at the ocean's surface provide a given characteristic
      surface wave pattern over a large area of the ocean at a time. A vehicle
      moving underwater generates a wave pattern which is transmitted around the
      moving vehicle and upon reaching the surface boundary of the medium
      interferes in a destructive manner with a given surface wave condition,
      producing a smoothing effect, unless the surface conditions are completely
      calm, unusual for most parts of the ocean today. Thus in a given overall
      ocean area, a surface deviation could be noted if one had efficient,
      accurate means to detect this interference between the natural wave
      pattern and an artificially interferring wave pattern. Applicant provides
      an apparatus and method for accomplishing this, thereby allowing one to
      detect the presence or recent passage of a moving underwater (or surface)
      vehicle from its wake.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  An apparatus and method for distinguishing wave pattern anomalies in an
      ocean's surface comprising a camera which is mounted on an observing
      platform such as an aircraft and having its optic axis vertically disposed
      and an arcuate aperture slit positioned in the focal plane concentric to
      the vertical optic axis and offset a sufficient angular distance from said
      optic axis to receive only those light rays reflecting from a plane
      surface that exhibit the maximum ratio of reflectance change to angle of
      incidence change. It can be shown that at approximately a 60.degree.
      offset angle (being just beyond Brewster's angle, approximately
      53.degree.) maximum ratio of reflectance change to the angle of incidence
      change occurs. The camera film is image motion compensated to compensate
      for the relative motion betweeen the observing platform and the surface of
      the earth being photographed. Thus when employing applicant's camera for
      observing and photographing a given segment of the ocean, sharp patterns
      will be produced and observable on the film by distinct photographic
      exposure changes in areas where a disturbing effect has occurred from an
      interaction between the normal surface wave conditions and an artificially
      generated vehicular wave pattern. Such disturbing effects have been
      recognized in photographs taken 30 minutes after the passage of a
      submarine at a keel depth of 150 feet.
PAR  It is an object of this invention to provide an apparatus and method for
      detecting the actual or recent presence of an underwater or surface moving
      vehicle.
PAR  It is another object of this invention to provide a device capable of
      noting changes in surface conditions of the ocean that are artificially
      induced.
PAR  It is still another object of this invention to provide a device that is
      highly sensitive to changes in the reflectance illumination of a surface
      for particular angles of incidence.
DRWD
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic diagram showing the basic operation of the
      applicant's camera.
PAR  FIG. 2 shows the desired aperture plate.
PAR  FIG. 3 shows a graph showing reflectance against the angle of incidence of
      parallel and perpendicular components of a light ray.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to FIG. 1, a schematic diagram shows one preferred embodiment
      of applicant's invention. A camera, in FIG. 1, is represented by an
      optical lens 10 mountable on an observation vehicle (not shown) so that
      its optic axis 11 is vertically oriented, i.e., perpendicular to the
      earth's surface. Positioned in the focal plane of lens 10 is an opaque
      plate 12 having an arcuate aperture slot 13 which is concentric about the
      optic axis 11 and behind which a photographic film (not shown) is moved in
      a manner to compensate for movement of the image as the camera moves over
      the ocean's surface 14. This image motion compensation is known as IMC.
      The arcuate slot 13 is more clearly shown in the plan view of opaque plate
      12 in FIG. 2. In one preferred embodiment, the arcuate slot 13 would be
      1/2.degree. in width and displaced from the graphic axis about 60.degree..
      In FIG. 3, the parallel and perpendicular components of sunlight as
      reflected by the ocean's surface 14 are plotted against the angle of
      incidence. At normal incidence where I=90.degree., the two components are
      equally reflected. At the Brewster angle (about 53.degree.), the
      reflectances of the parallel and perpendicular components are about 0 and
      15 percent respectively, and of course, polarized. For this reason, a
      polarizing filter 15 may be placed on the optical system and oriented to
      absorbed the polarized reflections of the perpendicular component.
PAR  In operation, a submerged object moving through a rough sea leaves behind a
      more flat surface area than the surrounding sea, meaning that the
      statistical distribution of the tilts and slants in the surface has been
      altered. In calm water, the smoothing effect of the hump may no be as
      apparent as the side wake, i.e., the interference of the bow and stern
      wakes of a submerged moving object. With the arcuate slot displaced
      60.degree. from the optic axis and image motion compensation, the camera
      will display differences between natural movements and man-made movements
      of the sea's surface of incidence and reflective sunlight most accurately
      because the ratio of change of reflectance over the change in incidence is
      large (as shown in FIG. 3) above a 60.degree. angle of incidence.
PAR  The camera employed may be a standard air reconnaissance IMC camera
      modified to provide in its image plane the particular arcuate slot
      concentric with and offset from its vertical optic axis from an angle
      greater than the Brewster angle.
PAR  Although the device has been shown for use in detection of submerged moving
      objects through the sea, it is noted that it can also be used for the
      detection of wakes of surface vesssels also.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for detecting the presence of a moving underwater vehicle which
      discerns differences in the natural occurring ocean surface wave pattern
      comprising:
PA1  an image forming means mounted for receiving reflected electro-magnetic
      radiation from the surface of said ocean;
PA1  arcuate aperture means in the focal plane of said image forming means, said
      arcuate aperture being spaced from the optical axis of said image forming
      means such that a ray having the angle of incidence to the mean ocean
      surface of greater than 57.degree. will pass through the aperture; and
PA1  means for detecting the intensity level of said received reflected
      radiation.
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PAL  An electronic optical analyzer for use in systems such as optical transfer
      function analyzers eliminates mechanical scanning systems and comprises
      entirely electronic image dissection means for dissecting an image
      transmitted by an optical system under test and producing an electric
      output signal representative of the beam intensity at a selected element
      of the image. The image dissection means is preferably (in the case of
      visible light) an image dissector tube whose positioning coils serve as an
      image element addressing means. The system is useable with any optical
      system including visible light, other electromagnetic radiation or charged
      particles (ions or electrons) so long as the image dissection means is
      responsive to the beam in question. The optical system under test must
      produce a real image at the image dissection surface of the image
      dissection means in order for readily evaluatable data to be obtained. The
      entire system is preferably computer controlled in order to obtain the
      necessary data quickly and accurately and to calculate the optical
      transfer function of the optical system under test on line. With this
      system both the modulation transfer function and the phase transfer
      function may be calculated. The digital computer can control the analyzer
      in any of several modes such as single scan, multiple scan with averaging
      of values to improve the signal to noise ratio and pass/fail production
      testing. output from the computer can be in any of several forms, such as
      displays on display devices, printouts or process control commands such as
      accept/reject commands in production testing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to the field of optical transfer function analyzers.
PAR  An optical transfer function analyzer is a device for quantizing the
      resolving quality of an optical system. The optical transfer function
      analyzer measures the light scattered out of a bright beam into an area
      which should be unlighted. If E(x) is the illumination on an image surface
      of the analyzer as a function of position x, then the optical transfer
      function is found by taking the fourier sine-cosine transform pair of the
      derivative of E(x). The value of E is measured for successive positions
      until the data necessary for calculating the optical transfer function of
      the system being tested has been obtained.
PAR  2. Prior Art
PAR  Prior art optical transfer function analyzers employ mechanical scanning
      systems such as precise scanning of a razor edge or precise rotation of a
      drum containing a precision machined slot. These systems use mechanical
      scanning to control which element of the image controls the output of a
      photosensitive electrical output device, usually a photomultiplier tube -
      the output of the tube being representative of the light intensity at the
      selected image element. These systems have problems in that mechanical
      scanning systems do not provide completely reproducible scans. This
      prevents the use of repetitive scans to improve the signal to noise ratio
      of the values of E by integration (averaging) of the results for different
      scans. The accuracy of those systems which produce analog output plots is
      further deteriorated by the necessity of manually assigning digital values
      to the analog output plots in order to digitally calculate the optical
      transfer function of the system under test. Errors can arise during the
      assigning of values or in keypunching these values for delivery to a
      digital computer for calculation of the optical transfer function.
PAR  Further, since the calculations are not performed on line, more data than
      is necessary for simple pass/fail tests must be measured and the optical
      systems under test must be accurately identified with the resulting output
      plots in order to prevent the final data values from being credited to the
      wrong optical system.
PAC  OBJECTS
PAR  A primary object of the invention is to provide an all electronic optical
      transfer function analyzer.
PAR  Another object of the invention is to provide an optical transfer function
      analyzer in which mechanical scanning is eliminated.
PAR  Another object is to provide an optical transfer function analyzer which
      provides all the data necessary to calculate both the modulation transfer
      function and the phase transfer function for any optical system having
      real images.
PAR  Another object is to provide an inexpensive optical transfer function
      analyzer.
PAR  Another object is to eliminate the requirement for precision machining the
      parts for an optical transfer function analyzer.
PAR  Another object is to eliminate the problems and inaccuracies of prior art
      optical transfer function analyzers.
PAC  SUMMARY OF THE INVENTION
PAR  The invention achieves the above objects by providing all electronic image
      dissection means in order to electronically control what portion of an
      image transmitted by an optical system under test contributes to the
      output of the system. So providing eliminates the inaccuracies of even
      precision mechanical scanning systems. The output from the image
      dissection means is preferably electronically digitized for easy and
      accurate storage of data and calculation of the transfer function being
      measured. A digital processor calculates the desired transfer function on
      line while the measurements are being made. Pass/fail tests can be
      terminated as soon as sufficient data has been obtained to allow
      calculation of the values necessary to determine the results of the test.
PAR  The image dissection means is preferably an image dissector tube having its
      focusing coils driven by the output of digital-to-analog converters
      controlled by a digital computer. The analog beam intensity output signal
      from the image dissector is preferably converted to digital values by an
      analog-to-digital converter whose output is provided to the same digital
      computer for storage and on line calculation of data values. The use of
      electronic image dissection and on line computation of values allows
      multiple scans of the same data to reduce the signal to noise ratio to a
      desired level without excess data being collected.
PAC  DESCRIPTION
PAR  In order to measure the optical transfer function of an optical system, it
      is preferred, in accordance with the invention, to pass a collimated light
      beam of small cross-sectional area through the optical system under test.
      The real image of the light source which is produced by the optical system
      under test is focused on an image surface of an analyzing system.
      According to the invention, the image surface is one which allows accurate
      all electronic dissection of the image, both as to the area selected for
      output and as to the beam intensity in the selected area. The beam
      intensity in a selected area is converted to an electrical signal
      representative of that intensity. The electric signal is then processed to
      provide the desired measurement values. The optical transfer function is
      determined from measurements of the beam intensity on the image surface
      outside the image of the beam source. The light outside this part of the
      image results from distortion, diffraction and defects in the optical
      system under test.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the preferred embodiment of the invention,
      shown in partial perspective for increased clarity in describing the
      invention.
PAR  FIG. 2 is a block diagram of a preferred implementation of the image
      dissection means of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Apparatus
PAR  In FIG. 1 the beam source 10 provides a beam 12 which is to be passed
      through the optical system under test in order to produce an image at the
      image surface 32 of an image dissection means 30. The optical system under
      test 24 must be appropriate to the test beam and in the case of a test
      light beam may comprise any optical elements, including, but not limited
      to lenses, mirrors, filters, prisms, etc. Beam 12 passes through a
      collimator 14 which eliminates any divergent or convergent light rays or
      particles from the beam 12 to provide a fully collimated beam 16.
      Naturally if the source is self-collimating as is the case with a laser
      light beam, the collimator 14 may be eliminated from the system. Source 10
      and collimator 14 together comprise a source of a collimated beam 16.
      Collimated beam 16 strikes a test beam limiting means shown as an opaque
      mask 18 which blocks all of the beam except that which passes through a
      small cross section opening 20 in the mask 18. The small cross section
      opening 20 is hereinafter referred to as slit 20, although such reference
      is not to be construed as limiting the shape of opening. A reduced cross
      section test beam 22 emerges from slit 20. Source 10, collimator 14, mask
      18 and slit 20 together comprise a test beam source means. The test beam
      22 may take any form desired, including test patterns created by
      illuminating test patterns such as grid lines, etc. However, the
      collimated beam passed through a slit is preferred. Test beam 22 enters
      the optical system under test 24 and emerges as data beam 26 whose
      characteristics depend on the transfer function of the optical system
      under test. While the position of beam 22 on the optical system under test
      is adjustable to illuminate any desired portion of the system, the
      position, once selected, is maintained until all of the data required for
      computation of the optical transfer function is obtained. For this reason,
      beams 22 and 26 are properly described as "spatially fixed."
PAR  Data beam 26 directly strikes an image surface 32 of an electronic image
      dissection means 30. The term "directly strikes" means that there is no
      optical modification of test beam 26 before it reaches surface 32. In
      other words, no impediment such as a mask or slit is interposed between
      the optical system under test and surface 32.
PAR  Preferably, means 30 is a conventional image dissector tube having
      positioning coils (not shown) responsive to an address signal for
      selecting which elemental area of the image surface determines the output
      signal of the tube. The amplitude of the output signal is a measure of the
      intensity of light incident on the selected elemental area.
PAR  Image surface 32 is preferably planar and circular, however, it may be made
      curved or of whatever shape is desired in accordance with the
      characteristics of system 24 which is to be tested, or in accordance with
      the requirements of image dissection means 30.
PAR  The element of the image which is selected for measurement or sensing is
      controlled by a control means 34 through cable 36. The output signal
      representative of the beam intensity is fed to control means 34 through
      cable 38. The necessary calculations are preferably carried out on line by
      control means 34 which may be a general purpose of minicomputer or a
      special purpose computer. The desired output values are transmitted to
      output means 40 through cable 42. Output means 40 may comprise a display
      system, a process control system, storage means or may be any other
      appropriate device.
PAR  It is preferred to have control means 34 completely program controlled to
      eliminate the need for human intervention during testing. Among the modes
      in which the system should be operable for maximum efficiency are single
      scan, multiple scan with averaging of all the output values for each
      element of the image surface over all the scans and an assembly line test
      mode in which the controller provides accept/reject commands in accordance
      with the data values measured and test standards with which it is
      provided. For performing pass/fail or accept/reject tests the control
      means 34 includes a comparison means for comparing the test values with
      the test standards or limiting values.
PAR  If it is desired to evaluate the optical system under test for varying
      locations of slit 20, control means 34 may also control the positioning of
      mask 18 through cable 44 and a mechanical drive means illustrated as an x
      drive motor, gear and rack 46 and a y drive motor, gear and rack 48. If
      desired, this system can be constructed to translate the entire test beam
      source means (10, 14 and 18) rather than just mask 18.
PAR  The preferred implementation of image dissection means 30 is an image
      dissector tube 50 as shown in FIG. 2. The x and y axis positioning coils
      of the image dissector tube constitute an image element addressing means
      responsive to electrical control signals for selecting the image element
      which controls the output signal.
PAR  For use with the image dissector tube 50, control means 34 can be broken
      down into subsystems. One such subsystem is an addressing signal
      generating means comprising digital-to-analog converter means 52 and 54
      for converting digital image element addresses from a processor 56 to the
      analog signals necessary for controlling the image element addressing
      means (the x and y axis positioning coils) of the image dissector 50. The
      positioning coils focus the photoelectrons from the selected element on
      the dissector aperture of the tube to provide an output signal from the
      electron multiplier section of the tube which is representative of the
      beam intensity at the selected element.
PAR  The analog output signal preferably drives analog-to-digital converter
      means 58 for converting the image dissector output signal from an analog
      amplitude to a digital value in a form suitable for processing by
      processor 56. The remainder of the system preferably remains as in FIG. 1.
PAR  In even the best image dissector tubes there are variations in the response
      of the photocathode to a given incident light intensity from element to
      element. For those applications where this variation is sufficient to be
      harmful, the use of an on-line digital controller makes compensation for
      these variations possible. The photocathode variations can be determined
      by illuminating the entire photocathode with a constant intensity light
      beam of an intensity level expected during test measurements and then
      reading out the intensity of the response for each element of the
      photocathode and storing these values for future use in compensating for
      photocathode variations. If desired, these values may be obtained for
      several illumination intensities and may be stored in look up table
      fashion for determining the true illumination on each element during tests
      or may be used to calculate a correction factor. Where the response for a
      given element is abnormal by a fixed percentage for all relevant
      illumination levels, the errors which would otherwise be introduced by
      this abnormality are easily compensated by always multiplying the measured
      value for that element by a compensating factor stored in the processor.
PAC  Operation
PAR  In operation, the optical transfer function analyzer is both fast and
      accurate for obtaining the data necessary for calculating the optical
      transfer function of the optical system under test because no mechanical
      scanning is involved in determining the light intensities of the various
      elements within an image. This allows fast scanning of the image as well
      as repeated scans for a single slit position when integration of the light
      intensity is necessary to provide a useable signal-to-noise ratio.
PAR  To measure the optical transfer function of a test optical system, source
      10 is energized and the collimated beam 16 is passed through slit 20 to
      limit the beam to a sharply defined small cross-sectional area at that
      point. The optical system under test 24, the image dissection means 30 and
      the beam source means comprised of elements 10, 14 and 18 are adjusted
      relative to each other until a real image of the source (slit 20) produced
      by test system 24 is focused on image surface 32 of image dissection means
      30. Then an element on the image surface 32 is selected for intensity
      measurement and the image dissection means produces an electrical output
      signal representative of the beam intensity at the selected element.
      Thereafter, the selection process is repeated for other elements until
      each element of interest for the test or measurement has been selected.
      The elements are preferably scanned in order and if desired are scanned
      repeatedly and the intensity values of individual elements are averaged
      until the signal to noise ratio of the measurement is reduced to a desired
      level.
PAR  Once all the data for a given position of the beam source means has been
      obtained, the beam source means, may be moved to a new position so that
      the test beam 22 is incident on and passes through a different portion of
      the optical system under test. The data point selection and measurement
      process then continues as previously.
PAR  With an image dissection means which provides analog output signals, the
      output signals preferably drive an analog-to-digital converter to convert
      the analog intensity values to digital signals suitable for processing by
      a digital processor.
PAR  In production testing systems where there are defined standards which an
      optical system under test must meet, the processor preferably performs
      pass/fail tests which cause rejection of the optical system if it fails a
      specified set of one or more tests and approves the optical system if it
      successfully passes all tests or a specified set of one or more tests. The
      use of pass/fail tests reduces the amount of data required in each
      instance where the optical system is rejected prior to completion of a
      test sequence, since subsequent tests do not need to be performed. This
      also reduces the logistical problems of identifying a given optical system
      with its test results, since the test values are known when the optical
      system is removed from the test system.
PAR  In performing tests where the quality of the image a specified distance
      from the optical system under test is important, the step of focusing the
      image on the image surface may be replaced by establishing a predetermined
      distance between the optical system under test and the image surface
      and/or the test light source means.
PAR  Although an image dissector tube is the preferred implementation of image
      dissection means 30, an array of photosensitive semiconductor devices may
      be used as the image dissection means, as can other systems which meet the
      requirements given hereinbefore for image dissection means 30. It appears,
      at present, that production semiconductor arrays have not achieved the
      resolution obtainable from image dissector tubes. However, as better
      resolution is obtained, such arrays will become feasible for use in the
      inventive system even when high resolution is needed.
PAR  With semiconductor arrays, the addressing means comprises the decoding
      means needed for selecting the desired array element. The decoding means
      may be integrated into the array as desired and will usually serve to
      enable the output from the selected element.
PAR  While the preferred embodiment and some variations have been described, it
      will be understood by those skilled in the art that many changes may be
      made without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An analyzer for obtaining the optical transfer function of an optical
      system under test comprising:
PA1  a. test beam source means for producing a collimated test beam incident on
      the optical system under test whereby the latter produces a data beam;
PA1  b. an image dissector tube having an image surface for receiving the data
      beam, and positioning coils responsive to an address signal for selecting
      which elemental area of the image surface determines the output signal
      whose amplitude is a measure of the intensity of light received by the
      selected elemental area;
PA1  c. address signal generating means for sequentially generating address
      signals that are applied to the positioning coils and are respectively
      associated with the various elemental areas of the image surface; and
PA1  d. storage means responsive to the output signals of the tube and to the
      address signal generating means for storing numbers representative of the
      light intensity on the various elemental areas at locations correlated
      with the addresses thereof.
NUM  2.
PAR  2. An analyzer according to claim 1 wherein the test beam source means
      produces a spatially fixed test beam and a spatially fixed data beam, and
      the image surface of the tube is positioned to directly receive the data
      beam.
NUM  3.
PAR  3. The system of claim 2 further comprising:
PA1  comparison means for performing pass/fail tests by comparing data for the
      optical system under test with limiting values.
NUM  4.
PAR  4. The analyzer of claim 3 wherein the control means provides a reject
      signal when an optical system under test fails a test and provides an
      accept signal when an optical system under test has passed a specified set
      of test.
NUM  5.
PAR  5. The analyzer of claim 2 wherein the test source means comprises:
PA1  a beam source;
PA1  collimator means for producing a collimated beam from the source;
PA1  test beam limiting means for limiting the collimated beam to a smaller
      cross section test beam.
NUM  6.
PAR  6. An analyzer according to claim 2 including means responsive to the
      contents of the storage means for computing the optical transfer function
      of the optical system under test.
NUM  7.
PAR  7. An analyzer according to claim 2 wherein the address signal generating
      means includes means for generating digital address signals, and
      digital-to-analogue converter means for converting the digital address
      signals to analogue address signals that drive the positioning coils.
NUM  8.
PAR  8. An analyzer according to claim 7 wherein the storage means includes an
      analogue-to-digital converter for converting the output signals to digital
      signals that represent the light intensities of the various elemental
      areas.
NUM  9.
PAR  9. A method of obtaining data on the characteristics of an optical system
      under test comprising the steps of:
PA1  a. passing a collimated, spatially fixed test beam through the optical
      system under test;
PA1  b. focusing the beam energing from the optical system under test directly
      onto the image surface of an image dissector tube;
PA1  c. selecting an elemental area of the image surface for sensing;
PA1  d. generating an address signal designating the address of the selected
      elemental area;
PA1  e. storing the resultant output signal of the tube at a location correlated
      with the address of the selected elemental area; and
PA1  f. repeating steps (c), (d) and (e) for different elemental areas until all
      of the desired elemental areas have been selected at least once.
NUM  10.
PAR  10. A method according to claim 9 including repeating step (f) a plurality
      of times to enable an average value of the output signal for each
      elemental area to be computed thus improving the signal-to-noise ratio of
      the data being obtained.
NUM  11.
PAR  11. An analyzer for obtaining the optical transfer function of an optical
      system under test comprising:
PA1  a. test beam source means for producing a collimated test beam incident on
      the optical system under test whereby the latter produces a data beam;
PA1  b. an image dissector tube having an image surface on which the data beam
      forms a two-dimensional brightness distribution covering a predetermined
      region thereof, and positioning coils responsive to an address signal for
      selecting which elemental area of the image surface determines the output
      signal whose amplitude is a measure of the intensity of light received by
      the selected elemental area;
PA1  c. address signal generating means for sequentially generating address
      signals that are applied to the positioning coils and are respectively
      associated with elemental areas of said predetermined region of the image
      surface; and
PA1  d. storage means responsive to the output signals of the tube and to the
      address signal generating means for storing numbers representative of the
      light intensity on the various elemental areas at locations correlated
      with the addresses thereof.
NUM  12.
PAR  12. A method of obtaining data useful in computing the optical transfer
      function of an optical system under test comprising the steps of:
PA1  a. passing a collimated test beam through the optical system under test;
PA1  b. focusing the beam emerging from the optical system under test directly
      onto the image surface of an image dissector tube;
PA1  c. selecting an elemental area of the image surface for sensing;
PA1  d. generating an address signal designating the address of the selected
      elemental area;
PA1  e. storing a representation of the resultant output signal of the tube at a
      location correlated with the address of the selected elemental area; and
PA1  f. repeating steps (c), (d) and (e) for a two-dimensional array of
      elemental areas until all of such elemental areas have been selected at
      least once.
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ABST
PAL  A mechanism for determining the focus by an objective lens of an image on a
      focal plane includes a needle shaped or other narrow scanning mask
      transversely oscillated in the focal plane between the lens and a
      transversely extending photoelectric element exposed to the mask
      intercepted image. The output of the photosensitive element is coupled by
      way of a high pass filter or differentiating circuit and a rectifier to a
      meter, the maximum meter reading indicating maximum AC output and hence
      maximum focus. The output of the photosensitive element is also connected
      through a low-pass filter to a meter or exposed control mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in image focussing
      mechanism, and it relates more particularly to an improved mechanism for
      determining the focus of an image by an objective lens on a predetermined
      focal plane, and to the combination therewith of a through the lens light
      measuring system.
PAR  A mechanism has heretofore been proposed for detecting the focussed
      condition of an image formed by an objective lens on a focal plane in
      which an image is scanned to obtain a video signal and the video signal is
      then differentiated or passed through a high-pass filter to derive a high
      frequency component indicative of the focus based on the phenomenon that a
      sharp image contrast results when proper focussing is effected. To this
      end, a scanner having a slit or pin hole is oscillated or rotated in a
      direction parallel to the image plane in the vicinity of the image
      focussing plane of a lens, and a video signal is thus obtained or produced
      by a photoelectric element placed in the rear of the scanning slit or pin
      hole. However, the aforesaid type of mechanism possesses important
      drawbacks in that there is provided as a scanner a plate having a
      sufficient area to shield the photoelectric element throughout  the course
      of its oscillation or rotation, the size of the device including the drive
      source is large and bulky, with a resulting large energy consumption and
      the mechanism otherwise leaves much to be desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      focus sensing mechanism.
PAR  Another object of the present invention is to provide an improved mechanism
      for determining the focussed condition of an image on a focal plane by an
      objective lens.
PAR  Still another object of the present invention is to provide an improved
      combined image focus determining mechanism and through the lens light
      measuring system.
PAR  A further object of the present invention is to provide a improved
      mechanism for determining the focussed condition of an image in which an
      oscillating mask in the focal plane is employed to produce an AC signal
      indicative of such focussed condition.
PAR  Still a further object of the present invention is to provide a mechanism
      of the above nature characterized by its reliability, simplicity,
      compactness, low bulk, low energy consumption and high versatility and
      adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate a preferred embodiment thereof.
PAR  In a sense, the present invention contemplates the provision of a mechanism
      for determining the focus condition of an image by an objective lens on a
      focal plane, comprising a masking element movable in the focal plane,
      means for repeatedly moving the masking element across a scan area
      delineating at least part of the image in the focal plane, the masking
      element having a width less than that of the scan area, a photoelectric
      image disposed behind the masking element and exposed to the image in the
      scan area and means responsive to an electrical parameter of the
      photoelectric element which varies with the scanning by the masking
      element as an indication of the focus condition. In the preferred
      mechanism the masking element is in the form of a needle or elongated vane
      which is transversely oscillated in the focal plane. The photoelectric
      element includes a transversely extending photosensitive section proximate
      and parallel to the focal plane transversed by the masking element and
      connected to the inputs of a low-pass filter and a high-pass filter or
      differentiating network, the output of the high-pass filter or
      differentiating network being rectified and applied to a first current
      meter and the DC output of the low-pass filter being applied to a second
      current meter. The first meter indicates the focus condition of the image
      on the focal plane and the second meter indicates the amount of incident
      TTL light.
PAR  The improved mechanism is simple, compact, reliable and consumes a minimum
      of electrical current.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary perspective view and block diagram of a mechanism
      embodying the present invention; and
PAR  FIG. 2 is a graph indicating the variation of current with time in the
      photoelectric element of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing which illustrates a preferred embodiment of
      the present invention, the reference numeral 1 generally designates an
      objective lens and 2 a photoelectric element disposed in or directly
      behind a predetermined focal plane of objective lens 1 and having a
      transversely extending elongated light receiving surface 2a and a scanning
      element or piece 3 consisting of an elongated or needle shaped light
      shielding or masking member is so constructed and supported as to be
      reciprocatable or oscillatable by a drive device 4 in a direction parallel
      to and lying in or proximate to the focal plane of objective lens 1 and
      transversely to the scanning element 3. The drive device 4 is energized by
      an oscillating electric power source 5.
PAR  A high-pass filter 6 is connected to and blocks the DC component of the
      output signal from photoelectric element 2 and passes the high frequency
      or alternating current component thereof. The high-pass filter may have a
      suitable gain and a gain control circuit may be provided for controlling
      such gain in accordance with the DC component of the signal from
      photoelectric element 2. A rectifier or detecting circuit 7 rectifies the
      AC signal output of the filter 6 into a DC signal whose level varies with
      the AC signal amplitude and is connected to a current meter 8 or other
      indicator which indicates the level of the DC output signal from rectifier
      7.
PAR  A low-pass filter 9 is connected to the output of photo-electric element 2
      and blocks the AC component of its output signal and passes the DC
      component. The output of low-pass filter 9 is connected through an
      amplifier 10 to a current meter 11 or other indicating device.
      Alternatively, the output of the amplifier 10 may be employed in a camera
      exposure control network.
PAR  In the operation of the above described mechanism, assume that the
      objective lens 1 is axially moved back and forth relative to a given
      object and that, as a result, proper focussing is obtained in the position
      or plane of the oscillating scanning piece 3, then, a high frequency
      component of an AC signal obtained from the photoelectric element 2 will
      be maximized. The output signal is shown in FIG. 2. As shown, the output
      signal consists of a combination of a DC component with a superimposed AC
      component, so that as an image becomes sharper, the AC component sharply
      varies in its magnitude. Although this AC component is not such a video
      signal as can be obtained by scanning with a pin hole as in the
      conventional mechanism, the AC component comprises a signal corresponding
      to the contrast level. The signal from photoelectric element 2 is detected
      by means of the circuit 6 only for its high frequency component. In
      general, when the brightness of an object is high, a sharp contrast may be
      obtained for an object, while, if the brightness of the object is low,
      then the sharpness of contrast is lowered. The DC level of an output
      signal from the photoelectric element 2 is high when the brightness of an
      object scene is high, so that the gain of the circuit 6 is controlled so
      as to be reduced, and vice-versa. As a result, a high frequency output
      serving as a suitable contrast signal may be detected, irrespective of the
      brightness of the object. The output from the circuit 7 is converted into
      a contrast DC signal and is measured by the indicating means 8.
      Accordingly, proper focussing may be obtained by focussing for a maximum
      reading on the indicating means 8. It should be noted that the objective
      lens 1 may be automatically moved to its optimum position by using an
      output from the circuit 7 by utilizing known devices. The DC component of
      the photoelectric element output signal as shown in FIG. 2 represents an
      average of the illuminances of such a portion of an image formed through
      the objective lens 1 which corresponds to the light receiving surface 2a
      of photoelectric element 2. In other words, the aforesaid DC component
      represents the value of a TTL light measurement on the light receiving
      surface 2a. Accordingly, if the DC component is derived through the
      low-pass filter 9 and then introduced by way of amplifier 10 to the
      indicating means, then there is achieved a TTL light measurement on the
      light receiving surface 2a as well as a focus detection signal. As has
      been described earlier, a known exposure control may be effected by
      feeding an output from the amplifier 10 to an exposure control circuit.
PAR  As is apparent from the foregoing description, the provision of the image
      scanning member in the form of an elongated, needle shaped light shielding
      piece permits the use of a scanning member of compact size and reduced
      mass. In addition, the scanning device is further reduced in size due to
      the reduced size of a drive means for the scanning member and the required
      energy consumption is minimized. Furthermore, since the majority of the
      light receiving surface is not shielded, the DC component of the output
      from the light receiving element may be employed as a photographic light
      measurement, thus eliminating a need to separately provide a light
      measuring device for effecting the TTL light measurement.
PAR  The aforesaid advantages are derived from the fact that the scanning is
      effected by means of a small sized light shielding piece having an area
      smaller than the light receiving surface in which small shadow runs over
      the light receptive surface, rather than by means of a slit or pin hole
      provided in the light shielding plate covering the whole area of the light
      receiving surface of a photoelectric element in which spot beam runs over
      the light receptive surface. It should be appreciated that the light
      shielding piece according to the present invention is by no means limited
      to a needle shape, but may be of any shape insofar as it provides the
      aforesaid features of the present invention.
PAR  While there has been described and illustrated a preferred embodiment of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mechanism for determining the focus condition of an image by an
      objective lens on a predetermined plane comprising a scanning needle
      element movable in said plane, means for repeatedly moving said needle
      element across a scan area delineating at least a part of said image in
      said plane, said needle element having a width which is a minor fraction
      of the dimension of said scan area in the direction of movement of said
      needle element, a photoelectric element exposed to said image as
      intercepted by said needle element and measuring means responsive to an
      electrical parameter of said photoelectric element varying with the
      movement of said needle element and the light incident on said
      photoelectric element for providing a signal indicative of said focus.
NUM  2.
PAR  2. The mechanism of claim 1 wherein said measuring means is responsive to
      the alternating current component of the electrical signal derived from
      said photoelectric element.
NUM  3.
PAR  3. The mechanism of claim 2 wherein said measuring means comprises a
      high-pass filter having an input coupled to said photoelectric element, a
      detecting circuit having an input connected to the output of said
      high-pass filter and current meter connected to the output of said
      detecting circuit.
NUM  4.
PAR  4. The mechanism of claim 2 including second measuring means responsive to
      the direct current component of the electrical signal derived from said
      photoelectric element for providing a signal responsive to the overall
      light incident on said photoelectric element.
NUM  5.
PAR  5. The mechanism of claim 4 wherein said second measuring means comprises a
      second current meter, and means including a low-pass filter connecting
      said second current meter to said photosensitive element.
NUM  6.
PAR  6. The mechanism of claim 1 wherein said moving means oscillates said
      needle element in a direction transverse to the length thereof.
NUM  7.
PAR  7. An image scanning device as set forth in claim 1, wherein a DC (direct
      current) component taken out of said scanning signal is used as a
      through-the-lens information.
NUM  8.
PAR  8. An image scanning device for detecting a focussing condition by means of
      a scanning signal obtained by scanning an image formed through a lens,
      characterized in that the image is scanned by means of a photoelectric
      element and a light shielding needle element which shields a minor part of
      the light receiving surface of said photoelectric element.
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PAL  A photoelectric focus detecting member includes a semiconductor substrate
      of a first polarity and at least two closely transversely spaced parallel
      longitudinally extending photosensitive laminae of a polarity opposite to
      the first polarity to form corresponding photodiodes. Each of the
      photosensitive laminae is masked to provide regularly spaced light
      receiving areas alternating with masked areas, the light receiving areas
      of successive transversely spaced photodiodes being relatively
      longitudinally offset to present a checkered pattern. The detecting
      element is positioned in the focal plane of a lens and is either
      stationary or oscillated. The difference in potential between the diodes
      or the amplitude of the AC current in a circuit including the photodiodes
      is a function of the condition of focus of the lens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in focus detecting
      devices and it relates more particularly to an improved photoresponsive
      member for sensing the condition of focus of a lens on a focal plane in an
      optical instrument such as a camera or the like.
PAR  An automatic focusing mechanism has heretofore been proposed in which a
      scanner having slits or pin holes therein is rotated or oscillated in a
      focusing plane in a direction at right angle to the optical axis of a lens
      to thereby scan an image, and the light which traverses the aforesaid
      slits or pin holes is received by stationary photodiodes to produce a
      oscillating or video signal, the high frequency component contained in the
      video signal being uses as a sensing signal for use in the automatic
      focusing. However, in the mechanisms of the above type, the device,
      including the scanner and the motor for driving the scanner occupies
      considerable space, thus resulting in incompatibility with a camera which
      is desired to be compact in size and light in weight. Furthermore, the
      aforesaid mechanism possesses the important drawback of an excessive
      amount of energy required for the scanner drive as well as very high power
      consumption. There has also been heretofore proposed an automatic focusing
      system in which the light receiving element itself is oscillated as a
      scanner, more particularly a photoconductor having slits is reciprocated
      in the focusing plane, as described in U.S. Pat. No. 3,830,571 filed on
      Dec. 19, 1972 and issued on Aug. 20, 1974. However, with the increase in
      the number of slits or apertures, the number of the output terminals of
      the element must be accordingly increased, with the resulting increase in
      the number of circuits associated therewith. In addition, there results a
      photoconductor presenting a poor response to low light, thus failing to
      scan at a higher oscillation cycle.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      focus detecting device.
PAR  Another object of the present invention is to provide an improved focus
      detecting device which overcomes the disadvantages and drawbacks of those
      heretofore proposed.
PAR  Still another object of the present invention is to provide an improved
      focus detecting device which is highly compact and suitable for use in
      cameras and highly responsive to high and low light conditions.
PAR  A further object of the present invention is to provide a focus detecting
      device having a minimum of electrical terminals, which is compact and of
      light weight, requires a minimum length reciprocation stroke and a minimum
      of power and current consumption.
PAR  Still a further object of the present invention is to provide a device of
      the above nature characterized by its high reliability and great
      versatility and adaptability.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate preferred embodiments thereof.
PAR  In a sense, the present invention contemplates the provision of a focus
      detecting device comprising first and second side-by-side longitudinally
      extending sets or groups of photoresponsive elements, advantageously
      photodiodes, the photosensitive element in each set being longitudinally
      spaced from each other and being longitudinally offset relative to the
      photosensitive elements in the other set to define a checkered pattern. In
      its preferred form, the improved device includes a semiconductor substrate
      of a first type or polarity having superimposed thereon at least two
      side-by-side strips of semiconductor of an opposite type or polarity.
      Masking overlies the strips to divide them into successive masked and
      unmasked areas, the respective areas of successive strips being
      longitudinally offset to provide a checkered pattern. A terminal is
      provided for the semiconductor substrate and each semiconductor strip.
      Alternatively, the semiconductor strips may be replaced by longitudinally
      spaced semiconductor laminae, the longitudinally spaced laminae being
      interconnected by conductors.
PAR  Although the detecting device is advantageously oscillated in the focusing
      plane for maximum resolution, stability and consistency, it may be
      satisfactorily employed in a stationary condition, and in either case,
      maximum response is provided at optimum focus and suitable circuits may be
      employed to achieve automatic focusing. The device is light and compact
      and requires a minimum of power and current consumption.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a first embodiment of the present
      invention;
PAR  FIG. 2 is an exploded perspective view thereof;
PAR  FIG. 3 is a schematic view illustrating the operation of the first
      embodiment;
PAR  FIG. 4 is a circuit diagram showing one example of a circuit in which the
      first embodiment is connected;
PAR  FIG. 5 is a graph showing an example of an output of the circuit of FIG. 4;
PAR  FIG. 6 is a perspective view of a second embodiment of the present
      invention;
PAR  FIG. 7 is an exploded, perspective view, illustrating a modification of the
      first and second embodiments in comparison with the first embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 to 5 of the drawings which illustrate a first
      embodiment of the present invention, a focus detecting element having a
      pair of photodiodes PD1, PD2 is disposed in the focus reference plane of a
      lens l, the photodiodes being arranged in parallel on an insulating base
      plate 1, with the light receiving surface divided into plurality of areas
      which are positioned in mutually staggered relation.
PAR  As best seen in FIG. 2, a semiconductor substrate or base plate 2 is
      superimposed on the insulating base plate 1, and the semiconductor base
      plate is made, for instance, of n type semiconductor. Semiconductors 3 and
      4 are superimposed on substrate 2 and present light receiving surfaces of
      the photodiodes, and the semiconductors 3, 4 are made of a p type, in
      contrast to the n type of the semiconductor 2. Alternatively, the n and p
      types may be interchanged. The semiconductors 3, 4 with the substrate 2
      define the aforesaid pair of photodiodes PD1, PD2, independently, due to
      the contact with semiconductor base plate 2, and connected to output
      terminals Out1 and Out2. Out3 is an output terminal connected to the
      semiconductor base plate 2. A mask 5 having a checkered pattern consists
      of transparent portions ai, bi (where i is a given number) and opaque
      portions C, with the upper half A which consists of ai and C covering the
      light receiving surface of semiconductor 3 and with the lower half B which
      consists of bi and C covering the light receiving surface of semiconductor
      4, respectively, thus dividing the light receiving surfaces of phtodiodes
      PD1, PD2 into light receiving photodiode element defining areas appearing
      in a staggered relation.
PAR  The aforesaid photodiodes and mask are advantageously prepared according to
      the known I.C. circuit technique. The semiconductors 3, 4 should
      preferably be as close to each other as possible whicle being mutually
      electrically insulated. The width t of the semiconductors 3, 4 is
      advantageously of the order of several hundreds microns, and the width d
      of the checkered pattern is advantageously of the order of several tens
      microns. The width d may be derived from a consideration of a spatial
      frequency contained in an image formed by the objective lens. However,
      limitations arising from the aspects of the I.C. circuit technique or SN
      ratio are imposed thereon.
PAR  FIG. 3 illustrates the sensing operation of the above described focus
      detecting element according to the present invention, in which the
      variation in brightness is shown in relation to the position on the
      photodiodes PD1, PD2. As shown in FIG. 3 a dark light is incident through
      a transparent portion a2 of the mask on the semiconductor 3, while a
      bright light is incident through the transparent portion b2 of the mask on
      the semiconductor 4 as shown by the line 6 of FIG. 3. The light having
      uniform brightness is incident through the remaining transparent portions.
      Assuming that load resistors R1, R2 having equal resistance are connected
      to PD1 and PD2, as shown in FIG. 4, the semiconductor 4 receives more
      light than semiconductor 3, so that the photodiode PD2 produces more
      photocurrent to thereby produce a larger potential across the opposite
      ends of the resistor R2 than across the opposite ends of R1. In brief, a
      voltage corresponding to the difference in potential will appear across
      the terminals P, Q. On the other hand, if the distribution of brightness
      on the light receiving surface of the element is such shown by the broken
      line 7 due to off-focusing, the output between the terminals P, Q is
      reduced. Accordingly, in the network employing the focus detecting element
      of the present invention, the focus detecting may be achieved by obtaining
      the maximum value of the difference in voltages appearing between Out1 and
      Out3 and between Out2 and Out3. The detecting element described above may
      be used in a stationary condition, but in order to achieve a more stable
      or consistent output, the detecting element is advantageously oscillated
      in a direction parallel to the length of the semiconductors 3 and 4 as
      shown by the arrow A in FIG. 1. When the detecting element is shifted by a
      distance d in parallel with the light receiving surface, then the light
      incident condition on the semiconductors 3 and 4 are reversed to that
      shown in FIG. 3, so that a voltage having a polarity reverse to that in
      the aforesaid case appears across the terminals P, Q. In addition, when
      the detecting element is oscillated at an amplitude of d/2, then an A.C.
      output appears across the terminals P, Q as shown in FIG. 5. As a result,
      by determining the maximum value of the amplitude of the A.C. output,
      there may be achieved a highly stabilized or consistent focus detection.
      In the aforesaid description, the distribution of the brightness of an
      image over the light receiving surface is so provided as to suit or
      enhance the detection. However, such a condition is commonly present in
      the case of an ordinary photographic object. In other words, there exists
      a contrast of light and shadow in an ordinary photographic object, and
      hence there exists a spatial frequency component on the boundary of the
      contrast, as shown in the uppermost portion of FIG. 3. Accordingly, it is
      possible in general, that the focusing may be achieved by detecting the
      position of an A.C. output across the terminals of P, Q which provides the
      maximum A.C. output, by oscillating the element.
PAR  A piezo-electric element for example, may be used as a means for
      oscillating the detecting element. In addition, a known circuit may be
      used for processing an output signal appearing across the terminals P,Q,
      it being noted that various methods may be utilized for the aforesaid
      purpose.
PAR  Referring now to FIG. 6 which illustrates a second embodiment of the
      present invention, an arrangement is used for achieving a pair of
      photodiode sets whose light receiving surfaces are divided into areas or
      sections disposed in a staggered relation. Specifically, a plurality of
      semiconductors 8a, 9a, 8a', 9a', 8a" and 9a" of the same size and of
      heights t and widths d, are located on the semiconductor substrate or base
      plate 2 in a staggered relation to each other. In this instance, one group
      of semiconductors 8a, 8a' and 8a" which are spaced in a line are connected
      by means of connecting wires 8b and 8b', while the other group of 9a, 9a'
      and 9a" are connected by 9b and 9b', thereby presenting a focus detecting
      element, without using a mask 5 such as given in the first embodiment. As
      shown in FIG. 6, the two groups of semiconductors are connected to Out1
      and Out2 respectively.
PAR  In FIG. 7 of the drawing there is illustrated another embodiment of the
      present invention of the nature of the first embodiment. There is provided
      in the modified detector element another pair of semiconductors 10 and 11
      similar to the pair of semiconductors 3 and 4 and formed on the common
      semiconductor substrate or base plate 2 carrying the pair of
      semiconductors 3, 4. Shown at 12 is a mask of checkered pattern, which
      consists of C, D in addition to A, B of the mask as used in the first
      embodiment for the other pair of semiconductors 10, 11. In case more than
      two pairs of photodiodes are placed in the focus reference plane of a
      lens, more than two pairs of semiconductors may be formed on the common
      semiconductor base plate 2, thus presenting a unitary focus detecting
      element. In FIG. 7, the output terminals of a pair of photodiodes
      including semiconductors 10, 11 are shown at Out3, Out4 and Out5.
      According to the present embodiment, a wider range of focus reference
      plane may be covered, thus promoting the positiveness of the focus
      detection, as well as the accurate positioning of a plurality of pairs of
      light receiving surfaces on the same plane, because of the use of the
      common semiconductor base plate.
PAR  Further, it should be noted that the focus detectng element according to
      the present invention may be applied not only to a focus adjusting device
      of a camera, but also to the measurement of OTF of a lens.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A focus detecting element positioned at a plane intended to be focussed
      by a lens for receiving light through the lens to produce an electrical
      signal, characterized in that said element comprises at least one pair of
      photodiodes elongated in longitudinal directions parallel to each other,
      each of said photodiodes having a light receiving surface divided into a
      plurality of longitudinally spaced areas along the elongated direction of
      said photodiode, the areas of one of said pair of diodes being
      longitudinally offset with respect to the areas of the other of said pair
      of diodes.
NUM  2.
PAR  2. The focus detecting element according to claim 1, characterized in that
      said element comprises a mask having a plurality of windows arranged in
      checkerboard relation, a first photodiode having an elongated light
      receiving surface disposed at the rear of one group of said windows which
      are aligned along an edge of said mask, and a second photodiode having an
      elongated light receiving surface disposed at the rear of another group of
      said windows which are adjacently aligned to said first group of the
      windows.
NUM  3.
PAR  3. The focus detecting element according to claim 2, characterized in that
      said element comprises a plurality of sets of said first and second
      photodiodes disposed at the rear of said mask.
NUM  4.
PAR  4. The focus detecting element according to claim 2, characterized in that
      said first and second photodiodes are constructed of a base semiconductor
      having a first output terminal and first and second semiconductors with a
      space left therebetween, mounted on said base semiconductor for forming
      said light receiving surfaces of said first and second photodiodes
      respectively, said first and second semiconductor having second and third
      output terminals, respectively.
NUM  5.
PAR  5. The focus detecting element according to claim 1 characterized in that
      said element comprises a base semi-conductor having a first output
      terminal, a plurality of semi-conductors mounted on said base
      semi-conductor in a checkerboard arrangement, one group of said
      semi-conductors which are aligned along an edge of said base
      semi-conductor being electrically connected with each other to form the
      light receiving surface of one of said pair of photodiodes, and another
      group of said semiconductors which are adjacently aligned to said first
      group being electrically connected with each other to form the light
      receiving surface of the other of said pair of photodiodes, said two group
      of semiconductors having second and third output terminals, respectively.
NUM  6.
PAR  6. The focus detecting element according to claim 1, including means for
      oscillating said element in parallel with said plane and along the
      direction of said elongated photodiodes.
NUM  7.
PAR  7. The focus detecting element according to claim 6, characterized in that
      said oscillating means oscillates said element within a range determined
      by the distance between two successive areas of said light receiving
      surface of one of said photodiodes.
NUM  8.
PAR  8. The focus detecting element according to claim 1, characterized in that
      said element comprises an insulator base, a base semiconductor mounted on
      said insulator base and having a first output terminal, first and second
      semi-conductors elongated in parallel with each other with a space left
      therebetween and mounted on said base semi-conductor, said first and
      second semi-conductors having second and third output terminals
      respectively, and a mask having a plurality of windows arranged in
      checkerboard like relation mounted on said first and second
      semi-conductors in a manner in which two neighboring lines of said windows
      are superimposed on said first and second semi-conductors, respectively.
NUM  9.
PAR  9. A focus detecting device comprising first and second side-by-side
      longitudinally extending sets of photoresponsive elements, the
      photosensitive elements in each set being longitudinally spaced from each
      other and being longitudinally offset relative to the phtosensitive
      elements in the other set.
NUM  10.
PAR  10. The device of claim 9 wherein said photoresponsive elements are
      photodiodes including first and second electrodes, the second electrodes
      being connected to a common first terminal and the first electrodes of the
      first and second sets of photodiodes being connected to respective second
      and third terminals.
NUM  11.
PAR  11. The device of claim 9 wherein said sets of photosensitive elements are
      defined by a semi-conductor substrate of a first type, a pair of
      side-by-side longitudinally extending semi-conductor strips of a type
      different from said first type superimposed on said substrate to define
      photodiodes therewith, and masking overlying said semi-conductor strips
      and masking and exposing longitudinally spaced alternate areas thereof.
NUM  12.
PAR  12. The device of claim 11 wherein said alternate masked and exposed areas
      are of substantially equal lengths, the masked areas of the first and
      second sets being relatively longitudinally offset.
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ABST
PAL  A method is described for positioning an optical fiber. The method takes
      two general forms: (1) The optical fiber is positioned carefully with
      respect to some predetermined external surface on a stationary holder such
      that the optical fiber may be later precisely located through use of that
      surface; and (2) Precisely orienting one or more optical fibers which have
      been prepositioned with respect to an article such that that article may
      be similarly precisely oriented. Generally, the methods involve the
      passing of light through the optical fiber, detecting the output therefrom
      through the use of a position-sensitive photodetector, and moving the
      optical fiber so as to achieve a desired relationship to the
      position-sensitive photodetector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related generally to methods for positioning
      optical fibers and is more particularly concerned with such methods which
      may be performed automatically with a high degree of accuracy.
PAR  A recent development in communicaton systems involves the use of optical
      fibers for very high bandwidth communication channels. The use of such
      optical fibers, which carry light energy distributed over a small area,
      has lead to a need for a device which can conveniently and efficiently
      optically couple a pair of such optical fibers to each other. The
      difficulty in accomplishing this end is directly attributable to the cross
      sectional dimensions of the optical fibers. The dimensions of the light
      carrying portions of the typical optical fiber are on the order of 50
      micrometers.
PAR  The coupling of optical fibers involves generally precise mechanical
      control of the alignment of the optical fibers to achieve low coupling
      losses. Furthermore, for such optical communication systems to be of
      general utility, the couplers associated therewith must be such as to be
      adaptable to use in the field. Therefore, the couplers must be rugged, yet
      simple in construction so as to provide physical protection of the actual
      optical fibers yet allow for quick and convenient operation of the
      coupling function.
PAR  Such a coupler and a connector for use therewith are disclosed and claimed
      in a separate patent application entitled "Optical Fiber Connector and
      Coupler" by Dakss et al., which is filed concurrently with the instant
      application and which has a common assignee. The optical fiber connector
      has external surfaces thereon which are finished accurately and which mate
      with other complimentary surfaces in the coupler body to enable the
      completed optical fiber coupler to establish highly efficient optical
      coupling between associated pairs of optical fibers. In one form of the
      optical fiber coupler, V-grooves are used to support and align the
      associated pairs of connectors.
PAR  In a second separate patent application entitled "Method and Apparatus for
      Forming Optical Fiber Connectors" by Dakss et al., which is also filed
      concurrently with the instant application and which has a common assignee,
      a method for assembling such optical fiber connectors is disclosed and
      claimed. This method provides for the accurate positioning of the optical
      fiber within the main body of the optical fiber connector. However, the
      method described therein is more suitable for manual performance and is
      not readily adaptable to an automated procedure as is desirable in an
      industrial environment.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a novel
      method for forming optical fiber connectors which is readily adaptable to
      automatic processing of such fibers in an industrial environment.
PAR  It is another object of the present invention to provide such a novel
      method which is simple to perform and which does not require the
      development of sophisticated machinery or procedures.
PAR  It is a further object of the present invention, to provide a method for
      utilizing optical fibers which have been previously positioned with
      respect to an object for precisely aligning that object with respect to
      external datum lines.
PAR  Accordingly, the present invention in its broadest aspects comprises a
      method for positioning an optical fiber. The method includes the step of
      defining an axis. An optical fiber assembly is aligned essentially
      parallel with that axis. The optical fiber is positioned along the axis so
      that an end of the optical fiber is positioned approximately at a
      predetermined point on the axis. Light is passed through the optical fiber
      so that it exits from the end of the optical fiber. A position-sensitive
      photodetecting means is positioned on the axis so that the light exiting
      from the end of the optical fiber is incident thereon. The light is
      detected and a signal generated which is indicative of the position of the
      end of the optical fiber relative to the axis. The optical fiber is then
      moved normal to the axis in response to the signal until the optical fiber
      is coaxial with the axis.
PAR  These and other objects, advantages and features of the invention will be
      apparent with respect to the following detailed description of the
      preferred embodiment taken together with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is an isometric view of an instrument with which the method of the
      present invention may be performed,
PAR  FIG. 2 is a schematic diagram of an exemplary optical system utilizable in
      performing the method of the present invention,
PAR  FIG. 3 is a schematic diagram, similar to that shown in FIG. 2, disclosing
      an alternative optical scheme for practicing the method of the present
      invention, and
PAR  FIG. 4 is a schematic diagram of a system utilizable in orienting an object
      with respect to predetermined external datum information.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In referring to several figures of the drawing hereinbelow, like reference
      numerals are used to refer to identical parts of the apparatus described.
PAR  Referring initially to FIG. 1, there is shown an apparatus for positioning
      an optical fiber which is identified generally by the reference numeral
      10. In this embodiment, the apparatus 10 includes a base 12 on which a
      vertical support column 14 is mounted. The column 14 supports a number of
      assemblies successively along its length. The lowermost of these
      assemblies is an optical fiber translator 16. Above the optical fiber
      translator 16 is located an optical fiber holder fixture 18 and a
      position-sensitive photodetecting means 20. Each of the assemblies 16, 18
      and 20 may be formed in a position along the support column 14 which is
      fixed at the time of manufacture or may be relatively movable and
      selective positionable along the column through the use of a means such as
      holding thumb screws 22, 24 and 26 respectively.
PAR  A typical optical fiber 28 is positioned in the optical fiber translator 16
      by securing it either directly or preferably within an inner sleeve 30 in
      a V-groove having a pair of operative surfaces 34 and 36 which cooperate
      with a holding thumb screw 38. The inner sleeve 30 has an axial bore
      therethrough in which the optical fiber 28 is attached. The bore is
      slightly larger in diameter than the optical fiber so that the optical
      fiber 28 is held very close to the axis of the inner sleeve. The V-groove
      and the thumb screw are disposed in an optical fiber fixture plate 32
      which is affixed to the optical fiber translator 16 so as to be movable in
      a plane generally perpendicular to the axis of the column 14. The optical
      fiber 28 is thereby also oriented parallel to that axis. The parallelism
      of the optical fiber 28 to the axis of the column is determined by the
      parallelism of the operative surfaces 34 and 36 to that axis.
PAR  The optical fiber holder fixture 18 includes means for orienting an optical
      fiber holder 40 in a predetermined position relative to the axis of the
      support column 14. Once again, the means chosen for the presently
      preferred embodiment is a V-groove within the fixture 18. The operative
      surfaces 44 and 46 of the V-groove are again parallel to the axis of the
      support column 14. A holding thumb screw 48 forces the optical fiber
      holder 42 firmly against operative surfaces 44 and 46 so as to position
      the optical fiber holder 40 in a precise relationship to the axis of the
      support column 14. Once the optical fiber holder 40 is positioned, an
      axis, parallel to the axis of the support column 14, is established along
      which it is desired to position the optical fiber 28. In the embodiment
      shown, that axis is established as the axis of the bore 42 in the optical
      fiber holder 40. The bore is of a size sufficient to allow the optical
      fiber 28 to be inserted therein. Furthermore by locating the optical fiber
      holder fixture 18 along the axis, a predetermined relationship may be
      determined between a second, lateral surface 54 on the optical fiber
      holder 40 so that the lateral surface 54 may be positioned relative to a
      predetermined point on the axis.
PAR  The position-sensitive photodetecting means 20 will be discussed in greater
      detail with reference to FIGS. 2 through 4 below; however, the general
      function of the means 20 is to provide a signal indicative of the position
      of the optical fiber 28 relative to the axis of the bore 42 to an
      electronic control system 50 which in turn provides a driving signal to
      the optical fiber translator 16 to align the optical fiber 28 with the
      axis. This function is accomplished by passing light through the optical
      fiber 28 from a light source 52 toward the photodetecting means 20. The
      light exits from the opposite end of the optical fiber 28 and is utilized
      by the position-sensitive photodetecting means 20 to generate the
      electrical signal which is provided to the electronic control system 50.
PAR  Means (not shown) are also included for positioning the optical fiber 28
      along the axis so that the end of the optical fiber is approximately at a
      point on the axis. This positioning has several functions. Firstly, a
      definite relationship is defined relative to the lateral surface 54.
      Secondly, a definite relationship is defined relative to the
      position-sensitive photodetecting means so that greater accuracy may be
      achieved during alignment of the optical fiber 28 with the axis.
PAR  Referring now to FIG. 2 of the drawing wherein an exemplary
      position-sensitive photodetecting means 20 is shown, the optical fiber 28
      emits light through its exit end in a cone defined by a pair of divergent
      rays 56 and 58. The divergency of the rays 56 and 58 is determined by the
      numerical aperture of the optical fiber 28. An optical system 60 is
      utilized to collect the rays in the cone and to focus those rays at a
      point 62 on the surface of a position-sensitive photodetector surface 64.
      The optical axis of the optical system 60 is coaxial with the axis of the
      bore 42. Generally, the position-sensitive photodetector 64 will be a
      planar detector, such as United Detector Technology, Inc. "Pin-Spot/4"
      four quadrant position photosensor which emits a signal indicative of the
      position of the spot of light 62 relative to some origin such as
      identified by the point 0. The point 0 is located at the intersection of
      the axis with the surface 64. When the signal from the photodetector 64 is
      applied to a servo system, such as the electronic control system 50
      together with the translator 16 in FIG. 1, the optical fiber fixture plate
      32 may be adjusted in position such that the focus of the rays exiting
      from the optical fiber 28 is made to coincide with the origin 0 on the
      photodetector surface 64. At this time the optical fiber 28 will be
      aligned with the axis of the bore 42 and the optical axis of the
      collecting optical system 60. If the optical fiber 28 is secured to the
      optical fiber holder 40 while in this position, a precise relationship is
      established between the optical fiber 28 and those surfaces of the optical
      fiber holder 40 which were disposed against the V-groove surfaces 44 and
      46 during the procedure.
PAR  The accuracy of this embodiment is dependent on the positioning of the
      optical fiber 28 along the axis since that position defines the size of
      the "point" 62 on the surface 64. The larger the size, the lower is the
      inherent accuracy of the result. Preferably, the optical fiber 28 and the
      inner sleeve 30 are coterminated at their exit ends and are polished at
      that end so that light emitted from the optical fiber is not diffused by
      any imperfections in the end surface.
PAR  FIG. 3 shows a second embodiment for the position-sensitive photodetecting
      means 20. In this embodiment, a second, fixed optical fiber 66 is
      positioned in close proximity to the plane of the exit end of the optical
      fiber 28 and along the axis of the bore 42 of the optical fiber holder 40.
      Since there is a distribution of intensity across the cone defined by the
      pair of exit rays 56 and 58, when the optical fiber 66 has an end
      positioned directly in line with the optical fiber 28, the intensity of
      the light received by and coupled into the optical fiber 66 will be at a
      maximum. Therefore, by placing a photodetector 68, which need not be
      position-sensitive per se, at the opposite end of the fixed optical fiber
      66, the magnitude of the signal generated by the photodetector 68 becomes
      indicative of the relative alignment of the optical fibers 28 and 66.
      Therefore, that amplitude sensitive signal from the photodetector 68 may
      be utilized to move the optical fiber 28 in its holding fixture plate 32
      until precise alignment of the two fibers is accomplished. Thereafter, the
      optical fiber 28 may be affixed to the optical fiber holder 40. The
      accuracy of the positioning of the optical fiber 28 is a function of the
      proximity of the optical fiber 28 to the optical fiber 66. The closer the
      ends are to each other, the greater the accuracy.
PAR  In the embodiments shown in FIGS. 2 and 3, the optical fiber 28 is intended
      to be positioned precisely within a fixed holding member 40. The holding
      member 40 may be, as stated hereinabove, the main body to an optical fiber
      connector. However, any body in which it is desired that an optical fiber
      be positioned with respect to some external surface may be substituted for
      the optical fiber connector main body. Once the optical fiber 28, whether
      or not including the protective inner sleeve 30, is positioned as desired
      within the chosen body the optical fiber 28 is fixed in position by use of
      a suitable adhesive.
PAR  The light source 52 may take many forms within the purview of the
      invention. A light emitting diode, a laser, or an incandescent source may
      be utilized to provide a beam of light to the entrance and to the optical
      fiber 28. The only requirement for the source 52 is that the wavelength of
      emission be compatible with the response of the photodetector utilized to
      determine the position of the optical fiber relative to the axis.
PAR  FIG. 4 shows a second utilization of the present invention. In this figure,
      a pair of essentially identical optical fiber systems and associated
      detection means are shown. The first system has an optical fiber 74
      through which light is passed from a light source 78. Collecting optics 82
      focuses the light from the optical fiber 74 at a spot 86 on a
      position-sensitive photodetecting surface 90. Similarly, the second
      optical fiber 76 emits light from a light source 80 through collecting
      optics 84 to a spot 88 on a second position-sensitive phtodetecting
      surface 92. In this embodiment, the optical fibers 74 and 76 have been
      previously precisely positioned and fixed within an object 70. The object
      70 is attached to a means 72 for moving the object 70 within a plane
      normal to the axes of the fibers 74 and 76. A pair of axes are defined by
      the photodetecting means 90 and 92 and the collecting optics 82 and 84.
PAR  In this embodiment, the object 70 is precisely positioned by initially
      causing a first one of the optical fibers 74 or 76 to be precisely aligned
      with the associated axis as discussed hereinabove with respect to FIGS. 1
      through 3. Thereafter, the object 70 is rotated about that aligned axis
      until precise alignment is attained for the second optical fiber with its
      associated axis. At this time, the object 70 is precisely positioned with
      respect to the pair of optical axes.
PAR  While there have been shown and described what are considered to be
      preferred embodiments of the present invention, it will be understood that
      various changes and modifications may be made therein by one of ordinary
      skill in the art without departing from the spirit of the invention as
      defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for positioning an optical fiber in a holder for subsequent use
      in coupling a pair of similarly mounted optical fibers together, the
      method comprising the steps of
PA1  defining an axis,
PA1  positioning an optical fiber holder main body such that a first external
      surface thereof is in a predetermined relationship to the axis and a
      second external surface is in another predetermined relationship to a
      point on the axis,
PA1  aligning an optical fiber essentially parallel with the axis,
PA1  positioning the optical fiber along the axis so that the optical fiber is
      in juxtaposition to the main body over a portion of its length and an end
      of the optical fiber is at a position approximately at the point on the
      axis,
PA1  passing light through the optical fiber so that light exits from the end of
      the optical fiber,
PA1  positioning a position-sensitive photodetecting means on the axis so that
      the light exiting from the end of the optical fiber is incident thereon,
PA1  detecting the light,
PA1  generating a signal indicative of the position of the end of the optical
      fiber relative to the axis,
PA1  moving the optical fiber normal to the axis in response to the signal until
      the optical fiber is coaxial with the axis, and
PA1  securing the optical fiber to the main body to form an optical fiber holder
      in which the position of the optical fiber is in a known relationship to
      at least two external surfaces thereby allowing for precise positioning of
      the optical fiber.
NUM  2.
PAR  2. A method according to claim 1, wherein light exiting from the end of the
      optical fiber forms a divergent beam of light, the position-sensitive
      photodetecting means has a detector plane disposed orthogonal to the axis,
      and the step of detecting the light includes the step of focusing the
      divergent beam of light onto the detector plane so that the signal
      generated is indicative of the position of the focus of the beam of light
      on the detector plane.
NUM  3.
PAR  3. A method according to claim 1, wherein prior to aligning the optical
      fiber essentially parallel with the axis, the additional step of fixedly
      placing the optical fiber in a bore in a rigid inner sleeve is performed.
NUM  4.
PAR  4. A method according to claim 3, wherein the end of the optical fiber is
      at an end of the inner sleeve and the additional step of polishing the
      ends of the optical fiber and inner sleeve is performed.
NUM  5.
PAR  5. A method for positioning an object comprising the steps of
PA1  mounting a pair of optical fibers in a predetermined parallel spaced
      relationship on the object, a first end of each of the optical fibers
      being disposed adjacent to a surface of the object,
PA1  defining a pair of similarly spaced parallel axes, each axis being
      associated with one of the optical fibers,
PA1  positioning the object such that the optical fibers are essentially
      parallel to the axes and such that the first ends of the optical fibers
      are in a predetermined relationship to a point on an axis.
PA1  passing light through each of the optical fibers so that light exits from
      the first end of the optical fibers,
PA1  positioning a position-sensitive photodetecting means on each of the axes
      so that the light exiting from the first ends of the optical fibers are
      incident respectively thereon,
PA1  detecting the light at a first one of the position-sensitive photodetecting
      means,
PA1  generating a signal indicative of the position of the first end of the
      associated optical fiber relative to the associated axis,
PA1  translating the object in a plane normal to the axis until the associated
      optical fiber and axis are aligned,
PA1  detecting the light at the other of the pair of position-sensitive
      photodetecting means,
PA1  generating a signal indicative of the position of the first end of the
      associated optical fiber relative to the associated axis, and
PA1  rotating the object about the axis associated with the first one of the
      pair of position-sensitive photodetecting means until the associated
      optical fiber and axis are aligned thereby precisely orienting the object
      relative to the pair of axes.
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PAL  A colorimeter includes an objective for focusing an object image on a first
      half of a viewing screen. A standard light reference beam is projected
      onto the second half of the screen. A moving shutter alternately blocks
      the first half then the second half of the screen. A light detector is
      responsive to the alternating images on the screen as they pass through
      color filters. The detector output may provide information of spectral
      distribution or color deviation of the object, relative to the standard
      reference.
PAC  FIELD OF THE INVENTION
PAR  The invention generally relates to colorimeters, and more particularly to a
      colorimeter for measuring color and spectrum distribution, based on the
      formation of an optical image of an object prior to measurement.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  The "narrow" definition of color flows from the rules set down by the C. I.
      E. (International Commission for Illumination) for the measurement of
      color on flat, uniform, opaque surfaces. It prescribes the "illuminants"
      which may be used (A, B, C, and variations thereof) and the angles for
      incident and reflected light, the latter being collected by a photosensor.
      These angles are normally prescribed at 45 deg. and 0 deg. respectively.
PAR  The "broad" definition of color takes into account the fact that color is a
      subjective sensation. It therefore associates "color" with light input to
      a particular area of the retina. Such light may come from illuminated
      objects or light sources. It is broken down into three "stimuli" X Y Z
      whose value can be derived by integration from the spectrum distribution
      of the light. This is also true of light collected from reflecting
      surfaces as in the "narrow" definition, above. Tristimulus functions are
      involved in the integration.
PAR  The "narrow" definition takes in, strictly speaking, only flat, opaque,
      non-luminous objects or surfaces. There are similar definitions for
      "transmitted" color of transparent objects illuminated from behind, but
      these do not widen the scope of the definition very much.
PAR  Conventional colorimeters are based on the "narrow" definition, which
      limits the range of objects that can be measured. However, they can be
      fitted with an "integrating chamber" which corresponds to another, equally
      narrow, definition of color. These chambers are so designed that light
      coming from all parts of the object in all directions is sampled and
      collected on the photosensor. Use of such devices is somewhat impractical
      and their light efficiency tends to be low.
PAR  All colorimeters compare the object to be measured, or "sample," with a
      "standard" which may be a tile placed on the instrument, or a built-in
      part: it may be white and identical for all measurements or it may be
      slightly different from the sample (in differential measurements). This
      comparison may be carried out in various ways. It may be "sequential," in
      which case the standard is placed on the instrument port first and the
      instrument is "zeroed" on this, or stores the values in a memory. After
      this, the sample is read. Other instruments automatically replace the
      standard with the sample periodically, with frequency high enough that
      comparison is "continuous" for all intents and purposes. In any case,
      however, the advantage of instrument comparison as against visual
      comparison, which is still the most popular method, is that the latter
      cannot tell us how much difference there is, or of what kind (except in a
      very elementary sense).
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention is capable of measuring color and spectrum energy
      distribution, based on the formation of an optical image of the object,
      prior to measurement. This permits application to a wide variety of
      products, including some of which do not lend themselves to color
      measurement with conventional means, such as irregularly shaped, non-rigid
      or fragmented foods or agricultural products.
PAR  The present invention utilizes an image method which can provide
      quantitative visual comparison, as well as automatic continuous
      comparison.
PAR  The above-mentioned objects and advantages of the present invention will be
      clearly understood when considered in conjunction with the accompanying
      drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a sectional view exposing the internal components of a basic form
      of the present invention.
PAR  FIG. 2 is a sectional view of a second embodiment of the present invention
      that is capable of effecting color measurements of large, non-flat
      objects.
PAR  FIG. 3 is a sectional view of a third embodiment of the invention which
      illustrates the components at the front-end of an instrument adapted to
      make color measurements of soft or loose materials.
PAR  FIG. 4 is a view, similar to FIG. 3, and illustrates an alternate
      embodiment for the front-end of the instrument, that is capable of making
      color measurements of printed mattter and small objects.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the figures, and more particularly FIG. 1 thereof, a basic
      form of the present invention is generally denoted by reference numeral
      10. The basic configuration is similar to that of a box camera. The
      objective 12 can be focused on objects at any distance, including infinity
      -- the sky, for example. It is equipped with a precise iris mechanism 14
      controlled by a large disc 16 with engraved numbers visible from the back.
      This regulates the amount of light entering the device.
PAR  At the back there is a viewing screen 18 much like that of a reflex camera,
      but divided in two. The image of the distant object forms on the upper
      half, while the lower half is evenly illuminated by a small bulb 20 placed
      behind opal glass 24, energized by a constant voltage mercury cell 22. The
      opal glass 24 is mounted to a vertical support that has an aperture 25
      formed therein to permit the passage of light from the bulb 20
      therethrough. Filter 26 can be placed over the entire screen: these can be
      tristimulus or "separation" filters as used in color photography. Since
      the viewing of detail is not important, and in the interest of economy,
      the viewing screen and the filters are rather small.
PAR  Operation is simple: after mounting the desired filter (or rotating a
      filter wheel) the device is focused on an object and the iris (aperture)
      adjusted so that there is no visible jump of brightness between the two
      halves of the screen. When tristimulus filters are used, C.I.E. color of
      distant objects, luminous or reflecting, can be read in this manner. A
      tripod is generally required.
PAR  The illustrated device is small, highly portable and relatively
      inexpensive. It could be used for visually comparing the color of prints,
      color lithographs etc., with that of the actual object represented under
      the same lighting. The device illustrated in FIG. 1 is not, per se,
      adapted for high precision color measurements. It has been described at
      this point, chiefly for explaining the basic operation of the invention.
      However, the described embodiment may be useful in particular application
      where a visual comparison, by an operator is sufficient.
PAR  Referring to FIG. 2, a second embodiment of the invention is illustrated.
      In essence, this figure depicts a selfcalibrating industrial type
      instrument rather than the more simplified version of FIG. 1 which
      requires visual comparisons by an operator. The embodiment illustrated in
      FIG. 2 is particularly adaptable for large objects. The illustrated
      instrument includes an elongated housing 28 that is positioned to sight a
      large irregular object 30. The housing has a "front-end" generally
      indicated by reference numeral 32. This portion includes an upper housing
      portion 34 with a bulb 36 positioned therein. A condensing lens 38
      condenses illuminated light from the lamp 36, toward the object 30, along
      light path 40. Reflected light from the object is shown along path 42. A
      first objective lens 44 produces a first image of the object 30 on the
      first image plane 46. The plane 46 intersects the light path 48, through a
      lower "front-end" section 49. A second objective 50 is positioned behind,
      or to the right of the first image plane 46. The objectives 44 and 50 are
      coaxial. The light path extends, as indicated, from the second objective
      to a second image plane 52. It is here that a projected image  of the
      object 30 appears. The second image plane 52 is analogous to the viewing
      screen 18, in the embodiment of FIG. 1. In actuality, the second image
      plane 52 is manifested by a transverse partition 53 that has an aperture
      54 formed therein, with a center that is coaxial with the light path
      through the housing 28. It is at this aperture, or window, that the second
      image is formed. As in the case of the first embodiment of FIG. 1, the
      window 54 is divided into an upper image half and a lower image half, on
      either side of the path 55. The lower half of the window 54 will occupy
      the image of object 30. The upper half of the window 54 will occupy the
      image of a white standard plate 62, located in the "front-end" housing
      section 49. The standard is oriented at 45.degree. angle, with its raised,
      left edge contiguous with the first image plane 46. This left edge also
      intersects the light path 48. Light from the lamp 36 shines through ground
      glass 58 and an aperture 60 formed in the partition 61. Thereafter, the
      illuminating light is reflected from a permanent white standard plate 62.
      The image as reflected from the standard 62 passes through the objective
      50 and forms on the upper half of the window 54. A collecting lens 56
      collects light from both object and standard images that are delimited by
      window 54. Thereafter, the collected light continues along path 55 until
      it passes through intermediate lens 64. The lens is mounted on a
      transverse partition 66 having an aperture 68 therein which allows the
      passage of collected light from intermediate lens 64 to a photocell 72,
      through a selected filter 70. The photocell 72 will receive a "spot" of
      light that includes intermingled components from the standard image and
      the object image.
PAR  An eccentric shaft 74 is continuously driven by a motor (not shown). The
      shaft extends across the width of the window 54. The shaft is a separator
      that periodically increases the area of the top half of window 54 at the
      expense of the lower half, and then reverses. If light flux is equal in
      both halves, this does not affect the total light collected at the
      photocell 72. Otherwise, a fluctuation occurs which results in a variation
      in the electrical output from the photocell 72. Any fluctuation would be
      in the nature of a continuous alternating signal. In order to make the
      signal from the photocell 72 more meaningful for a utilization device,
      such as a meter, the signal from the photocell must be rectified. The
      technique employed is of a conventional nature in colorimeters. Namely,
      synchronous rectification using a mask or chopper. The chopper takes the
      form of a disk 85 that is axially mounted to the same motor (not shown) as
      drives the separator 74. A hole 86 is formed in the disc and a pair of
      light source-photocell detectors (both not shown) are displaced so that
      signals from the photocell detectors occur when the hole 86 passes through
      the position indicated, as well as after being displaced 180.degree. as
      indicated by 88. As a result, the synchronous rectifier output will
      generate a gating signal, synchronized to the motion of the separator 74,
      which may be employed by the illustrated utilization device, in a manner
      well known in the art. The output from photocell 72 can be calibrated or
      zeroed by adjusting the movable shutter 84, that is capable of blocking a
      selected width of the upper half of window 54. One typical mechanism for
      adjusting the shutter 84 includes an actuator 76 that rotates a miniature
      reel 78. A belt 80 is entrained between the reel 78 and a displaced second
      reel 82. The second reel 82 is connected to a lead screw 83 that translate
      the rotational motion of the reel 82 to rectilinear motion. The shutter 84
      is pivotally mounted to the lead screw 83 so that it maintains a vertical
      blocking position, relative to the window 54. By adjusting the width of
      the upper half of window 54, the light flux of the image of the standard
      62 is effected. It is therefore necessary for the standard to be evenly
      illuminated, so that the light interception by the shutter 84 is
      proportional to its displacement. In other words, differences in
      brightness (light flow per unit area) in the object image are compensated
      by differences in width of the standard image which has constant
      brightness except for calibration adjustments.
PAR  Brightness of the object image, occupying the lower half of window 54, is
      not necessarily uniform. Non-flat objects will have variable image
      brightness, and this is averaged over the width of the window. It is also
      possible to obtain an averaging effect through defocusing. This feature is
      important and characteristic of image colorimetry: it permits repeatable
      measurement of irregular objects of non-uniform color. Other instruments
      achieve this "averaging" feature through the use of many sensors or large
      photo-sensitive areas, but this precludes, for practical engineering
      reasons, the use of automatic self-calibration (dynamic) arrangements.
      Image colorimeters combine both features.
PAR  The object 30 in the configuration of FIG. 2 is placed at a set distance in
      front of the objective 44 by means of a base 87 on which a jig 89 supports
      said object in a predetermined position. The larger the distance from
      object to objective, the less critical this is to the measurement. In
      practice, no particular accuracy is required when the distance exceed
      about 6 inches.
PAR  Condensing lens 38 concentrates the light from source 36 onto the area of
      object 30 which is imaged by the objective, or a larger area which
      includes it. Lens 38 is adjustable for both distance from source 36 and
      direction, which will depend on object distance. Optimum distance is
      determined before assembling the invention, depending on the object to be
      measured. It is affected by gloss, shape of the object, texture etc.
PAR  The configuration of FIG. 2 is suitable for large, free-standing objects,
      such as moldings, plastic cabinets, sheet-metal parts, car or motocycle
      body parts, and produce such as large fruits and vegetables.
PAR  FIG. 3 illustrates a further embodiment of the invention. The illustrated
      embodiment is particularly adapted for soft or loose materials. A housing
      28 is provided which includes the same components as previously described
      in the housing 28 of FIG. 2. The difference resides in the structure of
      the "front-end" 90. The "front-end" housing 92 includes a lamp 94 which
      shines light upwardly through an opening 96 in the upper wall 106 of the
      "front-end" housing 92. The light passes through a glass container, or
      plate 98 which contains a soft or loose material 100. Light is then
      reflected downwardly along path 102 until it passes through the aperture
      104, also located in the upper wall 106 of the housing 92. A lens 108 is
      positioned immediately below the aperture 104 and serves to concentrate
      light from a larger area of the object 100 for a given distance. The light
      is then reflected from a mirror 110, situated within the housing 92. The
      reflection is then directed horizontally, along light path 114, where it
      is admitted into the housing 28 for further processing as previously
      explained in connection with FIG. 2. The processed signal can then be fed
      to a utilization device. The lens 112 is positioned at a point
      intermediate the mirror 110 and the housing 28.
PAR  In order to produce a reference image, the lamp 94 shines downwardly
      through the frosted glass 116 and further through an aperture 118 that is
      formed in the partition 119. A permanent white plate 120 is mounted as
      previously discussed in connection with FIG. 2 to provide the image of a
      standard. A first image plane exists at 122, at the upper left edge of the
      plate 120. As in the case of the embodiment discussed in connection with
      FIG. 2, this image plane occupies the image of the observed object.
PAR  A larger area of the material is averaged when the height is greater from
      the housing 92. There is no condensing lens and therefore no need for
      other adjustments when the height is changed. The condensing lens 38 of
      FIG. 2, is needed only when the object is 12 inches or more from the
      objective.
PAR  Among the things that are best measured with the configuration of FIG. 3
      include such various materials as sliced fruit and Vegetables, grains,
      preserves, sauces, flour, butter, margarine, cereals, thick soups, meat
      and meat products.
PAR  The configuration as illustrated in FIG. 3 may also be utilized for
      measuring clear liquids such as soft beverages, beer, etc. By referring to
      FIG. 3, the container 98 and its contents would be absent. Instead, a
      clear glass container 124 would be positioned on top of the wall 106 of
      the "front-end" housing 90. A white tile 126 is positioned approximately
      where the previous object 100 was located. In operation of this set-up,
      light from the lamp 94 shines through the aperture 96, formed in the top
      wall of the housing 92. This light then is reflected from the white tile
      126. The reflected light is directed vertically downward along path 102
      and intercepts the liquid that is undergoing testing. The liquid is
      normally poured into a glass container 124. Subsequently, the light is
      processed as previously described.
PAR  FIG. 4 illustrates a further embodiment of the present invention that is
      particularly adapted to make color measurements of details in printed
      matter and small objects. The configuration shown in the "front-end" of
      the illustrated device indicates similar components to those in FIG. 3.
      However, the reflecting mirror has been re-oriented so as to pick up light
      from objects placed under it rather than above.
PAR  In operation of the embodiment illustrated in FIG. 4, the "front-end" is
      generally indicated by reference numeral 128 which is connected forwardly
      of the housing 28 that has interior components, as previously described in
      connection with FIGS. 2 and 3. The "front-end" housing 130 has its lower
      wall 136 positioned above a bench 132. An object 134 is positioned on the
      bench 132, the object typically being printed material. An opening 138 is
      formed in the lower wall 136 to permit the passage of light from lamp 140.
      The light is reflected by the object 134, and passes through the opening
      144. An objective 142 is located over the aperture 144. The light
      reflected from the object 134 is reflected from mirror 145, after passing
      through the objective 142. Light reflected from the mirror passes through
      lens 146 and aperture 148 where it continues as a light path 150 for
      further processing, as in the previously discussed embodiment. The lamp
      140 also shines light through aperture 152 and ground glass 154, covering
      the aperture. Thereafter, diffused light is reflected from the white
      permanent standard plate 156 which has its lower, downwardly inclined edge
      intersecting the first image plane 158. Reflection from the standard plate
      156 also continues along the path 150 until an image of the standard plate
      is formed at the second image plane (not shown), as previously described
      in connection with the embodiment of FIG. 3.
PAR  The objective 142 is short-focus and is placed near the object. There is no
      contact between the instrument and the object, so that wet proofs can be
      read if desired. If the instrument simply rests on the table, there is a
      limitation on sheet size, but this may be removed by suspending the
      instrument on a traversing runway. A small condensing lens 162 is mounted
      on a support 160, within the "front-end" housing 130. This lens is
      utilized to concentrate light on a small area of the sample and to provide
      sufficient image brightness after enlargement.
PAR  A still further embodiment (not shown) may be constructed in a manner
      resembling the structure of FIG. 2. This embodiment would be utilized for
      the color testing of luminous objects, for example, fluorescent lights, TV
      color tubes, etc. In this particular embodiment, the light source would be
      a low-power bulb energized from a regulated voltage supply, and serving
      only for standard illumination (since the sample would be luminous). This
      embodiment must be calibrated by using a sample of known brightness and of
      sufficient area to fill the window. In practice, calibration is
      unimportant because color and spectral distribution, not candle power, are
      of interest. Of course, conventional methods are available for measuring
      candle power. The embodiment as being described requires a large objective
      lens when the sample is not very bright, as in the case of TV picture
      tubes.
PAR  The utilization device indicated in the figures may represent a meter for
      permitting read out of the signal developed by photosensor 72 (FIG. 2).
      However, instead of a meter, the utilization device may be a recorder or
      control apparatus on a production line that produces the object being
      tested.
PAR  In order to obtain a fairly complete plot of energy distribution over the
      visible spectrum, a number of readings are required: currently, abridged
      spectrophotometers supply a minimum of 8 readings.
PAR  A tristimulus colormeter can be converted into an abridged
      spectrophotometer by adding means for switching a sufficient number of
      filters in the light beam. This may become a problem if the filters are
      large or exposed to heat.
PAR  Image colorimetry lends itself well to this alteration -- the replacement
      of 3 colorimetric filters with 8 or more narrow-band filters. This is
      because the light source is external and far from the filters and
      photosensor, and because the light beam, at the photosensor, has a small
      cross section.
PAR  When color deviation measurements from a standard are desired, an alternate
      mode of operation may be employed for the various embodiments of the
      described invention. This alternate mode utilizes fixed "templates" in
      place of the movable shutter 84 and the shutter adjusting components 76,
      78, 80, and 83, all in FIG. 2. The "templates" (not shown) may merely be a
      shield with an aperture formed therein, of preselected area. Preferably,
      the aperture area would be adjustable and they are set by zeroing a meter
      (utilization device) when a "production standard" is positioned in place
      of a sample. The template would be inserted behind the second image plane
      (FIG. 2).
PAR  A "library" of templates is put together for the entire line of objects to
      be checked, and for each component of color (X, Y, Z) or for critical
      points of the spectrum, using the narrow-band filters. In operation,
      templates are slipped into place, with sample and filter in place (each
      template is marked for a particular object and filter). The meter will
      then show a deviation according to the error (color difference between
      sample and production standard). Permissible deviations can also be marked
      on the templates, and in this manner the checking of color is simplified
      to the point that it becomes a "go-no-go" procedure. If color errors are
      due to a number of possible factors, permissible deviations read with the
      three tristimulus filters have to be correlated and cannot be considered
      apart from each other, but more frequently there is a "telltale"
      wavelength at which deviations are most frequent and severe, and tests can
      be made with the corresponding narrow-band filter exclusively.
PAR  It should be understood that the invention is not limited to the exact
      details of construction shown and described herein for obvious
      modifications will occur to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An image colorimeter comprising:
PA1  an enclosure having a light source therein;
PA1  a first opening formed in the enclosure for permitting illumination of an
      exterior object by the source;
PA1  a second opening formed in the enclosure for admitting reflected light from
      the object to be focused on a first image plane defined internally of the
      enclosure;
PA1  a permanent standard device mounted in the enclosure and intersecting the
      first image plane;
PA1  the standard device oriented to reflect light from the source within the
      enclosure;
PA1  a second image plane defined in the enclosure for producing images from
      reflected light of the object and the standard device;
PA1  the second image plane being transverse to the reflected light from the
      object and the standard device, permitting formation of separate image
      areas of the object and the standard reference at the second image plane;
PA1  means located adjacent the second image plane for alternately varying the
      size of the image areas;
PA1  optical means located at the second image plane for projecting a beam,
      having components combined from the object and standard device images,
      along the enclosure; and
PA1  detecting means located in the enclosure for intercepting the beams and
      producing an electrical signal, in response thereto which varies in
      accordance with the respective brightness of the object and standard
      device images.
NUM  2.
PAR  2. The subject matter of claim 1 together with an angularly oriented mirror
      positioned between the second opening in the enclosure and the first image
      plane for perpendicularly reflecting the light from the object which may
      be positioned in vertically spaced relation from the second opening.
NUM  3.
PAR  3. The subject matter of claim 1 wherein the means for alternately varying
      the size of the image areas comprises an eccentric mounted shaft disposed
      in spaced relation to the second image plane, rotation of the shaft
      alternately blocking the passage of light from the object and standard
      device images to their respective areas at the second reference plane.
NUM  4.
PAR  4. The structure of claim 3 together with means responsive to rotation of
      the eccentric shaft for performing synchronous rectification of the
      electrical signal from the detecting means.
NUM  5.
PAR  5. The subject matter defined in claim 1 together with shutter means
      adjustably positioned over one of the image areas for controlling the
      relative brightness of the images at the second image plane.
NUM  6.
PAR  6. The structure of claim 5 together with lens means positioned between the
      second image plane and the detecting means for concentrating the object
      and standard device images together as a spot on the detecting means.
NUM  7.
PAR  7. The structure of claim 6 together with light filter means positioned
      between the lens means and the detecting means for filtering the light
      from the images in accordance with a predetermined color frequency
      spectrum.
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ABST
PAL  A toothbrush having an elongated handle provided at one end with a head
      comprising a surface from which bristles project in the usual manner.
      Within and extending longitudinally of the handle is an elongated
      cartridge chamber terminating at the head end of the handle with an
      opening communicating at one end with the chamber and at its other end
      with the bristled surface. The smaller of the two angles between the
      opening and the bristled surface is no more than about 45.degree.. The
      cartridge chamber is adapted to receive therein an elongated, tubular,
      flattenable, dentifrice cartridge insertable through an opening at the end
      of the chamber remote from the head. A dispensing member slidable
      longitudinally of and within the chamber is engageable with the cartridge
      to flatten such cartridge progressively from the remote end of the handle
      toward the head end thereof, thereby dispensing the dentifrice into the
      bristles of the toothbrush through an elastomeric, tubular cartridge tip
      disposed in the opening in the toothbrush head and extending beyond the
      bristled surface. The end of the handle remote from the toothbrush head is
      provided with a slide-member or dispensing-member chamber adjacent and
      laterally offset from the remote end of the cartridge chamber, the
      slide-member chamber receiving the slide-member therein, in a position
      spaced laterally from the remote end of the cartridge chamber, to leave
      such end of the cartridge chamber unobstructed by the slide-member during
      removal of a used cartridge and insertion of a fresh one.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my co-pending patent
      application Ser. No. 232,714, filed Mar. 8, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates in general to brushes and, more particularly,
      to a brush having means for dispensing metered quantities of a desired
      material into the bristles of the brush for application to the objects
      with which the bristles are intended to come in contact. Devices of this
      general character may dispense wide varieties of materials, examples being
      such personal cleaning and/or grooming aids as dentifrices, hair grooming
      aids, shaving creams, or the like. Numerous other materials for other
      purposes may be dispensed also with devices of this general character.
PAR  Although not necessarily limited thereto, the invention will be considered
      herein in connection with a dentifrice dispensing toothbrush as a matter
      of convenience, with the understanding that various features of the
      invention may be incorporated in brushes of other types for dispensing
      other materials.
PAC  OBJECTS AND SUMMARY OF INVENTION
PAR  A general object of the present invention is to provide a dentifrice
      dispensing toothbrush which embodies various improvements over prior
      devices of this type.
PAR  The invention may be summarized as including, and a primary object is to
      provide a toothbrush, or similar article, which includes: a handle
      terminating in a head having a surface with projecting bristles; an
      elongated chamber extending longitudinally of the handle and adapted to
      receive an elongated, tubular, flattenable cartridge; a dispensing member
      slidable longitudinally of the cartridge chamber from one end thereof
      toward the head end of the handle and engageable with a cartridge in the
      chamber to progressively flatten the cartridge from one end of the chamber
      toward the other; a tubular dispensing tip of elastomeric material
      connected to the cartridge adjacent the head end of the cartridge chamber,
      and disposed in an opening through the brush head and the bristled surface
      thereof, for dispensing a material from the cartridge, as it is
      progressively flattened, into the bristles of the head of the brush; the
      cartridge chamber having at the end thereof remote from the brush head an
      opening for removal of a used cartridge and insertion of a fresh one; the
      handle being provided at its end remote from the brush head with a
      dispensing-member chamber adjacent and laterally offset from the
      corresponding end of the cartridge chamber; and the dispensing-member
      chamber receiving the dispensing member therein, in a position spaced
      laterally from the remote end of the cartridge chamber, to leave such end
      of the cartridge chamber unobstructed by the dispensing member during
      removal of a used cartridge and insertion of a fresh one.
PAR  An important feature of the foregoing construction is that, as a used
      cartridge is withdrawn from the cartridge chamber, it automatically
      retracts the dispensing member longitudinally toward the remote end of the
      cartridge chamber, and displaces it laterally into the dispensing-member
      chamber, an important object being to provide means for releasably
      latching the dispensing member in its chamber in a position laterally
      spaced from the corresponding end of the cartridge chamber to leave the
      cartridge chamber unobstructed for insertion of a fresh cartridge.
PAR  Another object is to provide the handle with a longitudinal slot
      communicating throughout most of its length with the cartridge chamber and
      adjacent one end thereof with the dispensing-member chamber, the
      dispensing-member being slidable in such slot and having a cam surface
      engageable with a cartridge in the cartridge chamber.
PAR  Other objects are to provide a cartridge chamber which is longitudinally
      straight, and, as is preferred, a cartridge chamber which is
      longitudinally nonlinear. The latter has the advantage of confining the
      cartridge in a nonlinear configuration to minimize the column strength
      required of the cartridge as it is progressively flattened to dispense a
      material from within the cartridge into the bristles of the head of the
      brush.
PAR  Still another important object of the invention is to provide a cartridge
      chamber which is laterally elongated in cross section to provide laterally
      spaced, longitudinally extending cavities to receive laterally spaced,
      longitudinally extending edge portions of a cartridge in the chamber as it
      is progressively flattened by the slidable dispensing member. This
      construction, by providing cavities specifically designed to receive the
      edges of the flattened portion of the cartridge, facilitates flattening of
      the cartridge and minimizes the resistance of the cartridge to flattening
      by the slidable dispensing member, thereby minimizing any tendency of the
      cartridge to buckle longitudinally ahead of the slide member, which is an
      important feature.
PAR  A further important object of the invention is to provide a construction
      wherein the opening through the brush head, for the dispensing tip of the
      cartridge, and the bristled surface of the cartridge intersect at an
      angle, with the smaller of the two angles between such opening and the
      bristled surface being no more than about 45.degree..
PAR  An object in connection with one embodiment of the invention is to provide
      a construction wherein the dispensing tip of the cartridge and its opening
      through the head of the brush are inclined relative to the axis of the
      cartridge chamber and the body of the cartridge at an angle of the order
      of about 45.degree..
PAR  The foregoing objects, advantages, features and results of the present
      invention, together with various other objects, advantages, features and
      results thereof which will be evident to those skilled in the dispensing
      brush art in the light of this disclosure, may be achieved with the
      exemplary embodiments illustrated in the accompanying drawings and
      described in detail hereinafter.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a bottom plan view of a dentifrice dispensing toothbrush which
      embodies the invention;
PAR  FIG. 2 is an enlarged, fragmentary, longitudinal sectional view of the
      toothbrush of FIG. 1 taken along the arrowed line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged transverse sectional view of a dentifrice dispensing
      tip of the invention and is taken as indicated by the arrowed line 3--3 of
      FIG. 2;
PAR  FIGS. 4 and 5 are transverse sectional views respectively taken along the
      arrowed lines 4--4 and 5--5 of FIG. 2;
PAR  FIG. 6 is a transverse sectional view similar to FIG. 3, but showing an
      alternative embodiment;
PAR  FIG. 7 is a fragmentary longitudinal sectional view similar to the right
      end of FIG. 2, but showing an alternative embodiment;
PAR  FIG. 8 is a fragmentary longitudinal sectional view similar to the left end
      of FIG. 2, but showing an alternative embodiment; and
PAR  FIG. 9 is a plan view of the embodiment shown in FIG. 8 of the drawings.
DETD
PAC  DESCRIPTION OF EXEMPLARY EMBODIMENTS OF INVENTION
PAR  Referring initially to FIGS. 1 to 5 of the drawings, the toothbrush of the
      invention illustrated therein is designated generally by the numeral 10
      and includes a handle 12 terminating in a head 14 having a surface 16 from
      which bristles 18 project in the conventional manner. In the particular
      embodiment under consideration, the head 14 is oval, as will be clear from
      FIG. 1, although it may be rectangular, as shown in FIG. 9. The head 14 is
      inclined at an acute angle relative to the handle 12, the inclination
      being such that the angle of the bristled surface 16 relative to the axis
      of the handle 12 adjacent the head 14 is not less than about 25.degree.,
      nor more than about 45.degree., the reasons for such angular relationship
      having been previously set forth.
PAR  Within the handle 12 is a dentifrice cartridge chamber 20 which is coaxial
      with the handle throughout a substantial portion of its length, but which
      is provided with a laterally offset portion 22 adjacent the end 24 of the
      handle. Within the cartridge chamber 20 is a dentifrice cartridge 26 which
      assumes a generally bowed configuration because of the
      hereinbefore-described configuration of the cartridge chamber itself. The
      cartridge 26 is made of a pliable, readily flattenable material, such as a
      suitable plastic.
PAR  The cartridge 26 terminates adjacent the head end of the handle 12 in an
      elastomeric, tubular, dentifrice dispensing tip 28 which is disposed in an
      opening 30 through the head 14 and projects somewhat beyond the bristled
      surface 16, bristles 18 being omitted from the area occupied by the
      projecting portion of the tip 18.
PAR  The terminus of the dispensing tip 18 is provided with a self-closing slit
      32 extending longitudinally of the tip and facing outwardly into the
      region occupied by the bristles 18 of the toothbrush head 14 so that a
      dentifrice discharged through the slit is dispensed into the bristles. It
      will be understood that the slit 32 is rendered self closing, upon
      relaxation of pressure applied to the dentifrice in the cartridge 26 in a
      manner to be described, by the inherent resilience of the elastomeric
      material, preferably a suitable plastic material, of which the dispensing
      tip 28 is made. Preferably, the self-closing slit 32 is formed partially
      in the end wall 34 of the dispensing tip 28 and partially in the
      peripheral wall 36 thereof, the bottom of the slit being at least
      substantially parallel to the bristled surface 16.
PAR  Turning to FIG. 3 of the drawings, in the embodiment under consideration,
      the peripheral wall 36 of the dispensing tip 28, when viewed in cross
      section, comprises nonconcentric inner and outer, substantially circular
      walls 38 and 40, the self-closing slit 32 being formed in the thinnest
      portion 42 of the peripheral wall. With this construction, when pressure
      is applied to the dentifrice within the cartridge 26 in a manner to be
      described, the slit 32 opens in such a manner that the edges thereof move
      laterally outwardly away from each other as generally indicated by the
      arrows 44. I have found that, with this construction, the self-closing
      slit 32 opens easily to dispense the desired metered quantity of
      dentifrice with a dentifrice pressure of only about one-half that which
      would be required if the slit were formed in a peripheral wall of uniform
      thickness, which is an important feature of the invention. At the same
      time, the slit 32 automatically closes readily and completely when the
      dentifrice pressure is relaxed, which is another important feature.
PAR  Turning for the time being to FIG. 6 of the drawings, illustrated therein
      is an alternative dispensing tip 46 which operates in much the same way as
      the dispensing tip 28. More particularly, the dispensing tip 46 is
      provided at its terminus with a self-closing slit 48 formed at least
      partially in a peripheral wall 50 having a substantially circular outer
      cross section 52 and a laterally elongated inner cross section 54, such
      lateral elongation being in a plane perpendicular to the plane of the slit
      48. For example, the interior of the dispensing tip 46 may be
      approximately oval or elliptical in cross section. The important thing in
      this embodiment is that the self-closing slit 48 is formed in one of the
      thicker portions 56 of the peripheral wall 50. This particular
      construction results in slit-opening movement in approximately the
      directions indicated by the arrows 58. The end result is that the
      operation of the dispensing tip 46 is very similar to that hereinbefore
      described for the dispensing tip 28, the same advantages being present.
PAR  Reverting to FIGS. 1 to 5 of the drawings, the dentifrice in the cartridge
      26 is progressively dispensed from the dispensing tip 28 by progressively
      flattening the cartridge 26 from the end 24 of the chamber 20 toward the
      head end thereof. Such progressive flattening of the cartridge 26 is
      caused by a slidable dispensing member or slide member 60 having a reduced
      portion 62 disposed in a longitudinal slot 64 in the handle 12. The slide
      member 60 is provided outwardly of the slot 64 with a finger piece 66 and
      is provided within the handle with a cam 68 comprising a cam surface 70
      and a surface 72 making an obtuse angle with each other. As shown in
      dotted lines in FIG. 2, as the slide member 60 progresses toward the head
      end of the handle 12, the surface 72 is substantially parallel to the side
      of the cartridge chamber 20 opposite the finger piece 66, while the cam
      surface 70 is inclined to progressively squeeze dentifrice from the
      cartridge.
PAR  The handle 12 is provided at the end 24 thereof with a slide-member chamber
      74 laterally spaced from the laterally offset portion 22 of the cartridge
      chamber 20. With this construction, when the slide member 60 is completely
      retracted, as shown in solid lines in FIG. 2, it leaves the cartridge
      chamber 20, including the laterally offset portion 22 thereof, completely
      unobstructed to facilitate removal of a used cartridge 26 and insertion of
      a new one, both by way of an opening 76 closed by a closure 78 integral
      with cartridge 26. An important feature of the invention is that the slide
      member 60 may be releasably latched in its laterally and longitudinally
      retracted positions by a latching means comprising integral detents 80 on
      opposite sides of the reduced portion 62 and respectively engageable with
      the edges of a widened portion 82 of the slot 64 at the end 24 of the
      handle 12. As will be apparent, the slide member can be releasably latched
      in its laterally and longitudinally retracted positions by pulling
      laterally outwardly on the finger piece 16, and can be released simply by
      pushing laterally inwardly on the finger piece. This construction shifts
      the slide member 60, when in its laterally and longitudinally retracted
      positions, completely out of the removal path of a used cartridge 26 and
      the insertion path of a fresh cartridge. To remove a used cartridge 26,
      the closure 78 can be grasped by the user's fingers. Thus, a used
      cartridge 26 can be removed readily. As will be apparent, a fresh
      cartridge 26 can be inserted readily simply by holding the toothbrush end
      head end down, and then dropping a fresh cartridge 26 into the cartridge
      chamber 20, care being taken to properly orient the self-closing slit 32.
      In order to seat the dispensing tip 28 in its opening 30, it may be
      necessary to shake the toothbrush 10 slightly, push on the closure 78, or
      to tap the head end thereof lightly on a convenient surface.
PAR  It will be noted that, in withdrawing a used cartridge 26, the junction of
      the head end of the cartridge with the dispensing tip 28 will
      automatically longitudinally retract the slide member 60, even if the user
      does not previously longitudinally retract the slide member manually.
      Thus, as a used cartridge 26 is withdrawn, the slide member 60 is
      automatically displaced approximately into the position shown in solid
      lines in FIG. 2 of the drawings, simply as the result of pulling out the
      used cartridge, which is an important feature of the invention.
PAR  As previously mentioned, having the portion 22 of the cartridge chamber 20
      laterally offset at the end 24 of the handle 12 results in bowing the
      cartridge 26 to some degree. Actually, as the dentifrice is dispensed from
      the cartridge 26 by the slide member 60, the upper side of the cartridge
      is in longitudinal tension to some degree, being anchored by the closure
      78. The net result is that any tendency of the slide member 60 to buckle
      the cartridge 26 ahead of the slide member, as the dentifrice is being
      dispensed, is minimized, which is another important feature.
PAR  As best shown in FIGS. 4 and 5 of the drawings, the cartridge chamber 20,
      for at least most of its length, is laterally elongated in cross section,
      in a plane perpendicular to the plane of the slot 64, to provide on
      opposite sides of the cartridge chamber laterally spaced, longitudinally
      extending cavities 86 to receive laterally spaced, longitudinally
      extending edge portions 88 of a flattened cartridge 26 in the chamber.
      This construction, by providing the cavities 86 specifically designed to
      receive the edges 88 of the flattened portion of the cartridge 86,
      facilitates flattening of the cartridge and minimizes the resistance of
      the cartridge to flattening by the slide member 60, thereby minimizing any
      tendency of the cartridge to buckle longitudinally ahead of the slide
      member, which is an important feature.
PAR  Turning now to FIGS. 7 to 9 of the drawings, illustrated therein is a
      toothbrush 110 of the invention which is generally similar to the
      toothbrush 10. For convenience, the various parts of the toothbrush 110
      are identified by reference numerals higher by one hundred than those used
      for corresponding parts of the toothbrush 10. Thus, it is necessary only
      to describe the differences between the toothbrush 110 and the toothbrush
      10.
PAR  Referring to FIG. 7, one difference in the toothbrush 110 is that the
      cartridge chamber 120 does not have the laterally offset portion 22 of the
      cartridge chamber 20. In other words, the cartridge chamber 120 is
      straight. This results in the advantage that a straight stiff, but
      collapsible tube may be used in that it does not have to bow, as
      herein-before discussed, but nevertheless still has the advantages of the
      toothbrush 10 with respect to the laterally offset slide-member chamber
      174, automatic longitudinal retraction of the slide member 160 upon
      withdrawal of a used cartridge 126, lateral latching of the slide member
      160 to permit unobstructed insertion of a new cartridge 126, and the like.
PAR  Turning to FIGS. 8 and 9, the head 114 of the toothbrush 110 has its
      bristled surface 116 more-or-less parallel to the axis of the handle 112,
      instead of being inclined relative thereto as in the case of the head 14
      of the toothbrush 10. (The head 114 is also shown as rectangular, but it
      may also be oval, as in the case of the head 14 of the toothbrush 10.)
PAR  Because of the angular relationship of the head 114 to the handle 112, the
      dispensing tip 128 and its opening 130 are bent at such an angle that the
      terminal portions of the opening and the tip makes angles of no more than
      about 45.degree. with the bristled surface 116 (considering the smaller of
      the two angles made by the terminal portions of the tip 128 and the
      opening 130). The dispensing tip 128 is sufficiently flexible that it can
      negotiate the bend in the opening 130 during insertion of a fresh
      cartridge 126, by passing the closure 178, the cartridge 126, and its tip
      128, into place. The proper orientation of the self-closing slit 132 may
      be achieved by correctly aligning the fresh cartridge 126 as it is
      inserted into the cartridge chamber 120 and allowing the notch to engage
      the stud. The cross section for the dispensing tip 128 at the self-closing
      slit 132 may be either of those hereinbefore discussed in connection with
      FIGS. 3 and 6 of the drawings.
PAR  Whether the angled toothbrush head 14 of FIG. 2, or the generally parallel
      toothbrush head 114 of FIG. 8, is used will depend primarily on the
      personal preference of the user. The construction of the toothbrush 10 has
      the advantage of making the cartridge 26 and its dispensing tip 28 easier
      to insert.
PAR  Although exemplary embodiments of the invention have been disclosed for
      illustrative purposes, it will be understood that various changes,
      modifications and substitutions may be incorporated in such embodiments
      without departing from the invention as hereinafter claimed.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In combination:
PA1  a. a brush having a handle and having at one end of said handle a head
      provided with a bristled surface;
PA1  b. said handle having a cartridge chamber therein and said head having an
      opening therethrough communicating at one end with said chamber and at its
      other end with said bristled surface;
PA1  c. said opening and said bristled surface including therebetween an acute
      angle of no more than about 45.degree.;
PA1  d. a cartridge disposed in said chamber and having an elongated tip of
      elastomeric material disposed in said opening and projecting beyond said
      bristled surface, said tip having adjacent its terminus a self-closing
      slit; and
PA1  e. said opening and the axis of the terminal portion of said tip making an
      acute angle with the axis of said chamber and said cartridge.
NUM  2.
PAR  2. In combination:
PA1  a. a brush having an elongated chamber to receive an elongated, tubular,
      flattenable cartridge;
PA1  b. a dispensing member movable longitudinally of said cartridge chamber
      from one end thereof to the other and engageable with a cartridge in said
      cartridge chamber to progressively flatten the cartridge from one end of
      said chamber toward the other;
PA1  c. said cartridge chamber having an opening at said one end thereof for
      removal of a used cartridge and insertion of a fresh one;
PA1  d. said brush being provided with a dispensing-member chamber adjacent and
      laterally offset from said one end of said cartridge chamber; and
PA1  e. said dispensing-member chamber receiving said dispensing member therein,
      in a position spaced laterally from said one end of said cartridge
      chamber, to leave said one end of said cartridge chamber unobstructed by
      said dispensing member during removal of a used cartridge and insertion of
      a fresh one.
NUM  3.
PAR  3. The combination set forth in claim 2 including means for releasably
      latching said dispensing member in said dispensing-member chamber in a
      position laterally spaced from said one end of said cartridge chamber.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said cartridge chamber is
      longitudinally straight.
NUM  5.
PAR  5. The combination defined in claim 3 wherein said one end of said
      cartridge chamber is laterally offset relative to the remainder of said
      cartridge chamber in a direction away from said dispensing-member chamber.
NUM  6.
PAR  6. The combination defined in claim 3 wherein said brush is provided with a
      longitudinal slot communicating throughout most of its length with said
      cartridge chamber and adjacent one end thereof with said dispensing-member
      chamber, said dispensing member being slidable in said slot and having a
      cam surface engageable with a cartridge in said cartridge chamber.
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ABST
PAL  A swab or applicator utilizing a generally pliable or bendable tubular
      member of plastic or similar material having one end inserted into and
      gripped by a gripping chuck and the other end provided with an absorbent
      swab of cotton or other natural or synthetic material with a passage being
      exposed at the tip end of the swab for discharging material therethrough
      and applying such material to a desired location. The inner end of the
      tubular member is beveled and provided with roughened surface area
      portions to facilitate the gripping thereof. Various chuck adapters mount
      the tubular member on containers having structural characteristics
      enabling the contents of the container to be discharged from the opening
      in the tip end of the swab. A closure disk is provided in the chuck
      adapter to maintain the contents of the container sealed until ready for
      use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to swabs or applicators for
      applying solutions to various surfaces and the like where an absorbent
      swab is desired with the invention more particularly relating to the
      specific construction of the swab, a chuck adapter for mounting the swab
      on a container and a closure member for the container to seal the contents
      thereof during periods of non-use.
PAR  2. Description of the Prior Art
PAR  Swabs with absorbent tips are used in many instances for applying
      solutions, ointments and the like onto various surface areas such as
      various areas of the human anatomy. Such devices are also used for
      cleaning such surface areas, gently massaging such areas and the like. It
      is also well known to provide various types of containers which have a
      dispensing function. Typical of such containers are squeezable bottles or
      containers constructed of plastic material such that the container may be
      squeezed to dispense material through a discharge opening. Other
      containers of this type are those which have a manually operated mechanism
      for dispensing a predetermined quantity of material such as found in my
      prior U.S. Pat. Nos. 3,039,476, issued June 19, 1962 and 3,728,035, issued
      Apr. 17, 1973. While such squeeze bottles and manually operated dispensing
      mechanisms are utilized extensively and perform satisfactorily for their
      particular purposes, such devices have limitations in their utility under
      certain circumstances.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a swab and applicator
      incorporating a tubular member of plastic material having a passageway
      therethrough and provided with an absorbent swab at the tip end thereof
      with the passageway being exposed or open to the tip end for discharge of
      material onto a surface.
PAR  Another object of the invention is to provide a swab or applicator in
      accordance with the preceding object in which the end of the tubular
      member remote from the absorbent swab is received in, gripped by and
      supported by a gripping chuck mounted on a container having a quantity of
      flowable material therein for discharge from the tip end of the swab.
PAR  A further object of the invention is to provide a swab and applicator in
      accordance with the preceding objects in which the chuck adapter is
      provided with a rupturable seal in the form of a disk which maintains the
      flowable material in the container sealed prior to discharge.
PAR  Still another object of the invention is to provide a swab or applicator in
      which the chuck adapter is constructed in different embodiments to enable
      association with containers having various structural characteristics.
PAR  A still further object of the invention is to provide a swab or applicator
      in which the chuck adapter is provided with a shoulder to limit insertion
      of the tubular member with the tubular member having serrated or roughened
      surface areas facilitating the gripping of the tubular member by the chuck
      adapter with the entire structure of the invention being of readily
      available and relatively inexpensive materials thereby rendering the
      device economically feasible and providing an effective applicator for
      many uses.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the swab or applicator of the present
      invention applied to a conventional squeeze bottle.
PAR  FIG. 2 is a vertical sectional view, on an enlarged scale, taken
      substantially along section line 2--2 of FIG. 1 illustrating the specific
      structural details of this embodiment of the invention.
PAR  FIG. 3 is an exploded group perspective view of the components of the
      invention.
PAR  FIG. 4 is an exploded group perspective view of a modified form of the
      invention in which the chuck adapter is provided with a male threaded
      lower end.
PAR  FIG. 5 is an exploded group perspective view of the chuck adapter having a
      female threaded lower end.
PAR  FIG. 6 is a sectional view similar to FIG. 2 but illustrating the closure
      disk incorporated therein and associated with a shoulder in the neck of
      the container.
PAR  FIG. 7 is a sectional view illustrating another modified form of the
      invention similar to FIG. 5 but illustrating the disk in position and
      illustrating a rigid type of container having a manually operated
      discharge mechanism such as disclosed in my prior patents.
PAR  FIG. 8 is a sectional view similar to the structure in FIG. 4 but also
      illustrating a rigid container and discharge mechanism.
PAR  FIG. 9 is a perspective view of the closure disk for the container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now specifically to FIGS. 1-3, the swab or applicator of the
      present invention is generally designated by the numeral 10 and is mounted
      on a plastic squeeze bottle 14 by a chuck adapter 16.
PAR  The bottle 14 is a conventional squeeze type bottle of any suitable size
      and configuration for receiving flowable materials such as liquid which
      can be discharged by squeezing the walls of the bottle towards each other
      in a well known manner. The bottle 14 includes a top wall 18 provided with
      an upwardly extending cylindrical neck 20 provided with external spiral
      screw threads 22 thereon.
PAR  The chuck adapter 16 includes a plastic body 24 having a depending
      cylindrical skirt 26 having a rib or flange 27 thereon which is telescoped
      into the open upper end of the neck 20 with the rib 27 received in a
      groove 27a as illustrated in FIGS. 2 and 3 for rotation of adapter 16. A
      peripheral flange 28 limits the insertion of the skirt 26 into the neck 20
      by engaging the upper end thereof. The lower end of the skirt is provided
      with a peripheral recess 30 and a hollow area 32 extending upwardly from
      the bottom of the skirt. A longitudinal passageway 34 extends centrally
      upwardly from the hollow area 32 with the upper end portion of the
      passageway 34 being slightly larger in diameter as indicated by numeral 36
      thus defining an intermediate shoulder 38 at the point of transition from
      the smaller passageway 34 to the larger upper end of the passageway 36.
      The external surface of the body 24 above the flange 28 tapers and curves
      inwardly on the external surface thereof as indicated by numeral 40 and is
      provided with a plurality of longitudinally extending slits 42 extending
      from the exterior of the tapered surface 40 to the passageway 36 thereby
      providing flexible gripping tongues 44 as part of the upper end portion of
      the body 24.
PAR  A tubular cap 46 having an externally serrated lower end portion 48 with a
      projecting tab 48a thereon is internally screw threaded and is in
      screwthreaded engagement with the threads 22 on the neck 20 of the bottle
      14. The upper portion of the cap 46 curves and tapers inwardly to an
      opening 50 in the apex thereof with the cap 46 generally conforming in
      curvature to the tapered or curved surface 40 on the body 24. Thus, when
      the cap 46 is threaded down onto the neck 20, it will collapse the tongues
      44 inwardly to reduce the internal dimensions of the upper end portion 36
      of the passageway through the body 24. As illustrated, the tip ends of the
      tongues 44 which define the passageway 36 actually project up through the
      opening 50 when the cap 46 is screw threaded onto the neck 20 for gripping
      the swab 10.
PAR  The swab or applicator 10 includes a tubular member 52 of plastic material
      which is generally rigid but substantially flexible so that it will
      maintain its substantially straight condition. The tubular member 52 has a
      longitudinal passageway 54 therethrough and an absorbent swab or tip 56
      which is bonded to the tubular member 52 in any suitable manner with the
      passageway 54 being continuous to the tip end of the swab 56 as indicated
      by numeral 58. Thus, the passageway 54 is continuous through the absorbent
      material 56 and actually has a discharge tip end 58. The other end of the
      tubular member 52 is beveled as at 60 and provided with a roughened
      external surface area 62 to facilitate the gripping of the tubular member
      52 by the tongues 44 so that the cap and body 24 cooperate to securely but
      releasably grip the tubular member in the passageway 36 with the shoulder
      38 engaging the beveled end 60 of the tubular member 52 to limit the
      insertion of the tubular member 52 so that a substantial length thereof is
      disposed above the chuck adapter 16 to maintain the desired degree of
      flexibility thereof.
PAR  FIG. 4 illustrates a slightly modified form of the invention in which the
      cap 46 remains the same as does the body 24. However, in this
      construction, rather than the container having a neck 20 which is
      externally threaded, an externally threaded neck 64 becomes an integral
      part of a depending externally threaded tubular member 66 having a flange
      70 with peripheral serrations 72 thereon so that the depending externally
      threaded tubular member 66 may be threaded into an internally threaded
      opening in a squeeze bottle or other container. The body 24 is associated
      with the neck 64 in exactly the same manner as the body 24 is associated
      with the neck 20 in FIG. 2. Thus, the neck 64, flange 70 and externally
      threaded tubular member 66 form a male adapter for mounting the chuck
      adapter on a container having an internally threaded discharge opening or
      neck thereby increasing the versatility of the device.
PAR  FIG. 5 illustrates another embodiment of the invention which is the same as
      that in FIG. 4 except that in this arrangement, an externally threaded
      neck 74 which is the same as the neck 64 in FIG. 4 and the neck 20 in FIG.
      2 is provided with an internally threaded depending tubular member or
      female member 76 which is externally serrated at 78 for screw-threaded
      engagement onto an externally threaded neck on a squeeze bottle or other
      container. The body 24 and cap 46 are associated with the neck 74 in the
      same manner as they are associated with the neck 64 in FIG. 4. In both
      forms of the adapter units as illustrated in FIGS. 4 and 5, the lower end
      of the adapter is provided with a recess designated by numeral 80 in FIG.
      4 and 82 in FIG. 5 for receiving a closure disk generally designated by
      numeral 84 in both FIGS. 4 and 5. Also, the swab or applicator will be
      associated with the structures of FIGS. 4 and 5 in exactly the same manner
      as in FIGS. 1-3.
PAR  FIG. 6 illustrates another embodiment of the invention which is
      substantially the same as that illustrated in FIGS. 1 and 2 with the same
      reference numerals being applied to the body 24, the cap 46 and the
      tubular member 52 with these components being associated with each other
      in the same manner. In this construction, the container 86 includes an
      externally threaded neck 88 having an outwardly extending peripheral
      shoulder 90 at the lower end thereof and an inwardly extending shoulder 92
      at the lower end thereof which defines a passageway 94 and which forms a
      support for a closure disk 84 to be described in detail hereinafter. The
      container 86 may be of rigid construction or of the squeeze type,
      pressurized in any manner or of any other suitable construction with the
      closure disk 84 defining a closure for the lower end of the body 24 and
      the passageways therethrough during periods of non-use thereby enabling
      the container with the product therein to be stored for relatively long
      periods of time without any damage thereto which could occur if air could
      have access to the products. This also prevents leakage of the products in
      the container and enables the products to be discharged when desired.
      Also, in FIG. 6, the depending skirt portion 26 of the body is provided
      with a peripheral rib or flange 27 thereon which sealingly and rotatably
      engages in groove 27a to secure the body 24 to the neck 88 in the same
      manner as in the other forms of the invention.
PAR  FIG. 7 illustrates a form of the invention similar to FIG. 5 but with the
      closure disk 84 incorporated therein. In this arrangement, the body 24 is
      the same as that illustrated in FIG. 6 except that the skirt 26 may be
      slightly shorter if desired. In this arrangement, the container 96 is
      provided with an externally threaded neck 98 with the container and neck
      being rigid and provided with a manually operated mechanism for forcing
      material from the container 96 with this mechanism being partially
      illustrated by the screw-threaded shaft 100 disclosed in my previously
      mentioned patents. In this embodiment, a neck comparable to the neck 74 in
      FIG. 5 is designated by numeral 102 with the internally threaded depending
      tubular member 104 being integral therewith and being comparable to the
      threaded member 76 in FIG. 5 for screw-threaded engagement with the neck
      98. The closure disk 84 is received in a recess 106 in a flange 108 that
      is disposed internally of the adapter unit which is equivalent to the
      recess 82 in FIG. 5. The closure disk 84 forms a closure for the
      passageway through the neck 98, the female adapter and into the passageway
      34 in the body 24. The association of the body 24, cap 46 and tubular
      member 52 remain the same in this embodiment of the invention.
PAR  FIG. 8 illustrates another embodiment of the invention similar to that
      illustrated in FIG. 4 with the male adapter being designated by numeral
      110 and including a neck 112 that is externally threaded and is equivalent
      to the neck 64 in FIG. 4 and a depending externally threaded tubular
      member 114 is provided which is equivalent to the tubular member 66 in
      FIG. 4. The closure disk 84 is received in a recess 116 equivalent to the
      recess 80 in FIG. 4 and rests against a flange 118 in the neck 120 of a
      rigid container 122 which also includes the operating screw-threaded shaft
      124 similar to the container illustrated in FIG. 7. The construction of
      the body 24, cap 46 and tubular member 52 are the same in this embodiment
      of the invention as in the other embodiments.
PAR  FIG. 9 illustrates the details of construction of the closure disk 84 which
      includes an annular ring 126 and a flat diaphragm or disk 128 of
      rupturable material with both of these components being constructed of
      plastic or equivalent material. Thus, the closure disk 84 provides a seal
      for the contents of the container with the closure disk being rupturable
      by the pressure exerted on the contents or manually rupturable if desired.
      The disk 84 may be snapped into its recess, frictionally held therein or
      adhesively bonded thereto. The tab or projecting lug 48a makes it easier
      to turn the cap 46 when gripping or releasing the swab 52. There is a
      reduction of effort required to operate the chuck adapter since there is
      no relative rotational movement between the cap 46, the grippers 42 and
      swab 52. Thus the tab 48a or ear like projection can be easily swung a
      partial turn to cause radial movement of the gripping tongues 42.
PAR  This occurs since grippers 42 swivel with respect to the neck 20 in which
      42 is telescopically received, since said grippers 42 are integral with
      dome shaped part 40 and skirt 26. The skirt has peripheral shoulders 27
      and 28 with shoulder 27 swivel set or snapped into accommodating circular
      recess 27a of neck 20. It can now be readily seen that such engagement
      permits aforementioned part 24 containing grippers 42 to rotate in a
      prescribed circular motion. This motion in concert with rotation of cap 46
      is due to flexible-fit-tightness between interior of part 46
      about-and-upon grippers 42 and dome part 40. Actually there is tightening
      and holding of swab 52 when pressure originates by part 50 of cap 46 at
      the moment this cap 46 is rotated in one prescribed direction. This is due
      to flexibility of grippers 42 as they are influenced by part 50 to
      compress and grip. The reverse is so when cap 46 is rotated in the
      opposite direction, thereby releasing the swab 52, with the flexibility
      and resiliency of grippers 42 again coming into play.
PAR  The swivel of grippers provides another significant advantage since the
      construction aforementioned acts to contain contents without leakage
      allowing communication of contents through hollow canal 54 and through end
      opening 58 of swab 52 throughout the sequence of operation.
PAR  The components may be constructed of readily available plastic materials
      and by using conventional and well known techniques the cost may be
      retained at a minimum. The materials may be any suitable color in order to
      provide an attractive assembly. Also, if desired, the annular groove or
      recess which normally receives the annular ring 126 of the rupturable
      closure disk 84 can be filled with an annular ring without a membrane 128
      when a closure disk is not used in order to provide a smooth interior
      surface to the passageway defined by the interior of the components of the
      applicator thereby eliminating the possibility of material being deposited
      in these areas.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An applicator comprising a tubular member having a swab on one end
      thereof with the swab enclosing only a minor portion of the length of the
      tubular member and projecting slightly beyond said one end of the tubular
      member whereby the swab is supported solely by the tubular member, the
      other end of the tubular member being open, said tubular member and swab
      having a passageway extending completely therethrough and terminating at
      the outer end of the swab to provide an uninterrupted, continuous
      passageway through the tubular member and swab for applying material to a
      surface, said tubular member being constructed of shape-sustaining
      material having sufficient flexibility to enable bending during
      application of material to a surface.
NUM  2.
PAR  2. The structure as defined in claim 1, and means mounting the tubular
      member on the container including an adapter in the form of a chuck body
      having a passageway extending therethrough telescopically receiving the
      open end of the tubular member, a cap on the body for movement toward and
      away from the container, said body having longitudinal slits therein
      terminating at its outer end, said body and cap having correspondingly
      tapered surfaces for collapsing the outer end of the body into gripping
      engagement with the tubular member when the cap is moved towards the
      container, said chuck body including a rupturable closure disk forming a
      closure for the container, said cap being screw threaded to the container
      for selectively gripping the tubular member, and means securing the chuck
      body to the container including a skirt portion on the chuck body
      telescopically received by a neck on the container.
NUM  3.
PAR  3. An applicator comprising a tubular member having a swab on one end
      thereof, said tubular member having a passageway extending completely
      therethrough and terminating at the outer end of the swab to provide an
      unterrupted, continuous passageway through the tubular member and swab for
      applying material to a surface, said tubular member being constructed of
      shape-sustaining material having sufficient flexibility to enable bending
      during application of material to a surface, means mounting the tubular
      member on the container including an adapter in the form of a chuck body
      having a passageway extending therethrough telescopically receiving the
      end of the tubular member, a cap on the body for movement toward and away
      from the container, said body having longitudinal slits therein
      terminating at its outer end, said body and cap having correspondingly
      tapered surfaces for collapsing the outer end of the body into gripping
      engagement with the tubular member when the cap is moved towards the
      container, said body including a peripheral limit shoulder in the central
      portion of the passageway therethrough for limiting the insertion of the
      tubular member, said tubular member including a serrated peripheral
      surface on the inner end thereof to facilitate gripping of the tubular
      member by the chuck body, said tubular member and body being constructed
      of plastic material, said body including means securing it to a neck
      portion of a container of the squeeze bottle type or dispensing type, said
      chuck body including a closure means therein forming a closure for a
      container to retain the contents thereof in sealed condition during
      periods of non-use, said closure means being in the form of a disk of
      rupturable material forming a closure for the container and being
      rupturable by pressure exerted on the contents of the container, said cap
      being provided with screw-threaded connection with the neck of a container
      at the end thereof remote from the tapered surface, said means securing
      the chuck body to the neck of a container including a depending skirt and
      an internal peripheral groove formed in the neck of the container
      receiving the rib for locking the chuck body in the neck of the container,
      said cap including a laterally projecting tab on the screw-threaded
      portion to facilitate rotation of the cap in relation to the neck of the
      container.
NUM  4.
PAR  4. An applicator comprising a tubular member having a swab on one end
      thereof, said tubular member having a passageway extending completely
      therethrough and terminating at the outer end of the swab to provide an
      uninterrupted, continuous passageway through the tubular member and swab
      for applying material to a surface, said tubular member being constructed
      of shape-sustaining material having sufficient flexibility to enable
      bending during application of material to a surface, means mounting the
      tubular member on the container including an adapter in the form of a
      chuck body having a passageway extending therethrough telescopically
      receiving the end of the tubular member, a cap on the body for movement
      toward and away from the container, said body having longitudinal slits
      therein terminating at its outer end, said body and cap having
      correspondingly tapered surfaces for collapsing the outer end of the body
      into gripping engagement with the tubular member when the cap is moved
      towards the container, said body including a peripheral limit shoulder in
      the central portion of the passageway therethrough for limiting the
      insertion of the tubular member, said tubular member including a serrated
      peripheral surface on the inner end thereof to facilitate gripping of the
      tubular member by the chuck body, said tubular member and body being
      constructed of plastic material, said body including means securing it to
      a neck portion of a container of the squeeze bottle type or dispensing
      type, said chuck body including a closure means therein forming a closure
      for a container to retain the contents thereof in sealed condition during
      periods of non-use, said closure means being in the form of a disk of
      rupturable material forming a closure for the container and being
      rupturable by pressure exerted on the contents of the container, said
      means securing the chuck body to the neck of a container including an
      adapter having screw-threaded engagement with the neck of the container,
      said chuck body including a depending skirt telescoped into the adapter
      and provided with a peripheral rib thereon received in a peripheral groove
      in the adapter, said cap including a screw-threaded end portion threaded
      onto the adapter, and a laterally extending tab on the cap adjacent the
      screw-threaded portion thereof to facilitate rotation of the cap.
NUM  5.
PAR  5. The structure as defined in claim 3 wherein said chuck body includes a
      peripheral rib engaged with the top edge of the neck of the container for
      anchoring the body to the neck of the container.
NUM  6.
PAR  6. The structure as defined in claim 4 wherein said chuck body includes a
      peripheral external rib engaging the top edge of the adapter, said disc of
      rupturable material being mounted in said adapter.
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ABST
PAL  A plunger-mounted pin moves axially in the tubular stylus projecting from
      the front end of a stylograph barrel. Ink is supplied to the stylus from a
      reservoir in the barrel through a continuous capillary conduit system
      partly constituted by an annular gap between the plunger and a feed bar in
      which the plunger is axially movable. A portion of the conduit system
      by-passes an air chamber behind the plunger.
BSUM
PAR  This invention relates to stylographs of the type employed by draftsmen for
      use with India ink, and particularly to a stylograph equipped with an
      improved ink supply from a reservoir in the stylograph barrel to a stylus
      axially projecting from the front end of the barrel.
PAR  The known stylographs are not entirely satisfactory. When a conventional
      stylograph is filled with India ink for the first time, it may take
      several minutes of shaking before ink can flow from the tip of the stylus.
      Even before this operative condition is reached, ink may be discharged
      from the conduit normally intended to admit air to the ink reservoir. In
      some stylographs, the ink reservoir must be kept filled to not much less
      than one half of its capacity if a continuous ink line is to be drawn.
      Some known stylographs cannot produce continuous, long ink lines at high
      speed and are thus unsuited for use in computer-controlled, automatic
      drafting devices.
PAR  It is the primary object of this invention to provide a stylograph having
      an ink supply system which permits prompt start-up and continuous drawing
      of uniform lines at high speed. Another object is the avoidance of ink
      discharge from the air intake openings and the resulting soiling of hands
      and drafting materials.
PAR  With these and other objects in view, the invention provides a stylograph
      in which a continuous system of capillary conduits connects the ink
      reservoir in the barrel of the device with the tip of the stylus. More
      specifically, a portion of the capillary conduit system bridges and
      by-passes the air chamber necessarily bounded by the plunger carrying a
      pin which is movably received in the stylus to prevent clogging of the
      stylus.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated as the same becomes better
      understood from the following detailed description of preferred
      embodiments when considered in connection with the appended drawing in
      which:
PAR  FIG. 1 shows a stylograph of the invention in fragmentary side-elevational
      section;
PAR  FIGS. 2, 3, 4, and 5 show the device of FIG. 1 in respective sections on
      the lines II--II, III--III, IV--IV, and V--V;
PAR  FIG. 6 illustrates the device of FIG. 1 in top plan view and partly in
      section;
PAR  FIGS. 7 and 8 show the device of FIG. 6 in section on the lines VII--VII
      and VIII--VIII respectively;
PAR  FIG. 9 illustrates a modification of the stylograph of FIG. 1 in a
      corresponding view; and
PAR  FIGS. 10, 11, and 12 illustrate the device of FIG. 9 in respective sections
      on the lines X--X, XI--XI, and XII--XII.
DETD
PAR  Referring initially to FIG. 1, there is seen a stylograph whose plastic
      barrel is of generally cylindrical shape and consists of a tubular front
      part 1 and a rear part 1', only partly seen and closed in a rearward
      direction in a conventional manner, not shown. The barrel parts are
      threadedly connected. A cylindrical front portion 1a of the bore in the
      barrel part 1 receives a feed bar 2 which is secured in the barrel part 1
      by threads 1b. A tubular stylus 3 coaxially projects forward from the feed
      bar 2 and communicates with the bore portion 1a.
PAR  A reduced, generally cylindrical plug 1c at the rear end of the barrel part
      1 extends from an integral radial flange 1f of the barrel part 1 axially
      into an ink cartridge 4. As is best seen in FIG. 5, the plug 1c is formed
      with two axial passages 1d offset in opposite radial directions from a
      median, axial plane of the plug 1c. Capillary axial slots 1e communicate
      with the passages 1d over their entire axial lengths. The orifices of the
      slots 1e toward the central portion 1g of the bore in the barrel part 1
      are enlarged in a radially outward direction to the circumferential wall
      of the bore portion 1g.
PAR  The feed bar 2 has a central, smoothly cylindrical bore 2a in which a
      plunger 5 of cylindrical shape is axially movable. The front end of the
      plunger 5 carries a fine pin 6 movably received in the bore of the stylus
      3. A generally cup-shaped retainer 7 threadedly mounted in the enlarged
      rear end of the bore 2a limits rearward movement of the plunger 5 and
      prevents the plunger from leaving the bore 2a when the feed bar 2 is
      removed from the barrel part 1. The axial bore 7c of the retainer 7 has
      the same cross section as the bore 2a so that the plunger 5 is separated
      from the feed bar 2 and the axial inner wall of the retainer 7 by a
      uniform, capillary, annular gap 11 extending over the entire length of the
      plunger.
PAR  The outer, radial end face 7a of the retainer 7 and the radial front face
      of the flange 1f bound a capillary gap 8 which communicates with the
      orifices of the slots 1e and with four equiangularly distributed axial
      slots 7b in the cylindrical wall of the retainer 7, best seen in FIG. 4.
      The slots 7b axially connect the annular gap 11 with the gap 8. They
      radially communicate with an annular space 9 between the retainer 7 and
      the inner wall of the barrel part 1.
PAR  In the illustrated position, the plunger 5 is separated from the inner
      bottom face 7e of the cup-shaped retainer 7 by a chamber 10 normally
      filled with air and communicating with the cartridge 4 through a wide,
      central opening 7d connecting the bottom face 7e with the outer end face
      7a of the retainer and through the passages 1d in the plug 1c. The stylus
      3 is thus connected with the ink cartridge 4 by a continuous, capillary
      conduit system constituted by the slots 1e in the plug 1c, the slots 7b in
      the retainer 7, and the annular gap 11. The conduit by-passes the air
      chamber 10 in all axial positions of the plunger 5. The plunger is
      normally held in the illustrated position by a helical compression spring
      16 whose axial ends are received in recesses of the plunger 5 and of the
      retainer 7.
PAR  The flow of air from the ambient atmosphere into the cartridge 4 is
      controlled by a metering orifice 14 which communicates with a capillary
      slot 13 and an air duct 12, and connects the gap 11 with a helical groove
      15 in the outer face of the feed bar 2, as is best seen in FIG. 6. The
      groove leads forward to the atmosphere and retains any excess of ink as is
      conventional. Air thus can enter the cartridge 4 at a rate sufficient to
      permit an uninterrupted ink line to be drawn at high speed by the stylus
      6, yet the air flow is interrupted instantaneously when ink is not
      discharged from the stylus or when the pressure in the cartridge and in
      the communicating air passages rises above ambient pressure, as may occur
      when the ambient pressure drops during airplane travel or when the
      temperature of the stylograph rises. Any ink entering the air ducts under
      such conditions is retained in the groove 15.
PAR  The spring 16 is desirable particularly when the stylograph is employed in
      computer-controlled drafting equipment, but may be omitted in a normally
      hand-held implement. Any ink film solidified in the gap 11 during an
      extended period of idleness is broken up when the stylograph is shaken in
      an axial direction, thereby reciprocating the plunger 5 in the bore 2a. As
      the air chamber 10 expands and contracts during the plunger movement, air
      is drawn into the cartridge 4 and ink is expelled. When drawing work is
      interrupted for a relatively short period, a liquid ink film is maintained
      in the afore-described continuous capillary conduit system between the
      cartridge 4 and the stylus 3, and the stylograph is immediately ready for
      use. The pin 6 moves with the plunger 5 to clear the bore of the stylus in
      the usual manner.
PAR  In the modified stylograph shown in FIGS. 9 to 12, the portion of the
      capillary ink conduit bridging the air chamber 10 is constituted by axial
      grooves 7f in the inner, axial wall of the retainer 7 which are closed in
      a radially outward direction and communicate with the annular gap 11 in
      all axial positions of the plunger 5. The grooves 7f extend through the
      radial bottom wall of the retainer 7, as shown in FIG. 10, and terminate
      in orifices open toward the gap 8, as is best seen in FIG. 11.
PAR  Except for minor dimensional variations, the device shown in FIGS. 9 to 12
      is not otherwise different from that described above with reference to
      FIGS. 1 to 8, and it functions in the same manner.
PAR  While the invention has been described with reference to a drafting
      implement employing a cartridge as a reservoir for its India ink supply,
      other known reservoir types may be employed, and the necessary minor
      modifications of the stylograph will be obvious to those skilled in the
      art.
PAR  Cup-shaped retainers for the pin-carrying plunger are commonly employed in
      this art and have known advantages. However, a plug or other element may
      be used for rearwardly closing the bore of the feed bar, and portions of
      the capillary conduit connecting the cartridge 4 with the stylus 3 which
      are formed in the retainer 7 in the illustrated embodiments of the
      invention may be formed in the barrel to provide a capillary bridge
      by-passing the air chamber 10.
PAR  It should be understood, therefore, that the foregoing disclosure relates
      only to preferred embodiments of the invention, and that it is intended to
      cover all changes and modifications of the examples of the invention
      herein chosen for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the invention set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stylograph comprising:
PA1  a. a tubular barrel member having an axis and being open in one axial
      direction;
PA1  b. a feed bar member formed with an axial bore and fixedly mounted in said
      barrel member;
PA1  c. a tubular stylus mounted on said feed bar member and projecting outward
      of said barrel member in said one axial direction;
PA1  d. a plunger mounted in said bore for axial movement toward and away from a
      predetermined position;
PA1  e. a pin secured on said plunger for joint axial movement and movably
      received in said stylus;
PA1  f. a retainer member mounted on said feed bar member and closing said bore
      in an axial direction opposite to said one direction,
PA2  1. said plunger and said retainer member axially bounding therebetween an
      air chamber in said bore in said predetermined position of the plunger,
      said plunger moving inward of said air chamber when moving away from said
      position thereof,
PA2  2. said plunger and said feed bar member radially bounding therebetween an
      annular gap of capillary dimensions in said bore, said gap axially
      connecting said air chamber with said stylus in all operative positions of
      said plunger;
PA1  g. means in said barrel member offset from said feed bar member in said
      opposite direction, and defining an ink reservoir,
PAR  1. at least one of said members being formed with a continuous capillary
      conduit communicating with said air chamber and having axially terminal
      portions directly communicating with said reservoir and said annular gap,
      a portion of said conduit extending over the entire axial dimension of
      said air chamber and by-passing said air chamber; and
PA1  h. means for admitting ambient air to said air chamber when ink flows from
      said reservoir to said stylus through said conduit and said gap.
NUM  2.
PAR  2. A stylograph as set forth in claim 1, further comprising a radial flange
      in said barrel member, said flange being formed with an axial bore
      communicating with said reservoir and having a radial face, said retainer
      member having an end face opposite said face of said flange, said faces
      axially bounding therebetween a capillary gap constituting a portion of
      said conduit.
NUM  3.
PAR  3. A stylograph as set forth in claim 2, wherein said flange is formed with
      a capillary slot elongated axially inward from said radial face and
      communicating with said bore, said slot constituting another portion of
      said conduit, said retainer member being formed with an aperture
      connecting said air chamber to said bore of the flange.
NUM  4.
PAR  4. A stylograph as set forth in claim 3, wherein said retainer member is
      formed with said portion of said conduit.
NUM  5.
PAR  5. A stylograph as set forth in claim 4, wherein said portion of said
      conduit passes axially through said retainer member and has an orifice in
      said end face.
NUM  6.
PAR  6. A stylograph as set forth in claim 1, further comprising yieldably
      resilient means biasing said plunger toward said predetermined position.
NUM  7.
PAR  7. A stylograph as set forth in claim 6, wherein said biasing means include
      a helical compression spring interposed in said air chamber between said
      plunger and said retainer member.
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ABST
PAL  A system for joining two or more members, at least one of which is tubular,
      wherein at least the longitudinal axis of the tubular member is out of
      alignment with the longitudinal axis of another member. The tubular member
      is provided with an opening for receiving a portion of another member and
      a fastener assembly is located within the tubular member for rigidly
      securing together the members.
BSUM
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  This invention relates to the joining together of two or more members
      wherein one of the members is tubular or at least includes a hollow
      section.
PAR  It has been the conventional practice for a number of years to join tubing
      members such as used in furniture including tables, chairs, bookshelves,
      displays, etc. by welding, brazing or soldering. Joints formed by such
      methods must be refinished prior to plating or painting. Such operations
      are costly and time consuming. Means for connecting tubing other than by
      welding, etc. are the subjects of U.S. Pat. Nos. 3,353,853 and 3,556,569.
      A new and improved tube joining system is disclosed in applicant's
      copending U.S. application Ser. No. 295,182, filed Oct. 5, 1972.
PAR  In the present invention, the tubular members are painted or plated prior
      to being formed into various furniture components, etc. Construction in
      this manner eliminates damage to the finished surfaces of the tubular
      members. In addition, all fastener assemblies securing tubular members
      together to form a joint are completely enclosed within the tubular
      members. The present invention also is directed to joints formed from two
      or more members which may be of square, rectangular or round
      cross-sectional configurations.
PAR  Briefly, the tube joining system of the present invention provides for a
      plurality of tubes to be angularly disposed relative to each other and
      rigidly connected by a concealed fastener assembly. In a preferred
      embodiment, a first tubular member has at least one opening therein for
      receiving an end portion of a second member, which may be tubular, and a
      fastener assembly housed within the first tubular member for rigidly,
      releasably securing together the two members. While the second member has
      been described as tubular, such member could be of solid construction,
      having an opening for receiving a portion of the fastener assembly. The
      fastener assembly includes a plate member frictionally engaging the inner
      periphery of the first tubular member and a fastener which passes through
      the second member and is threaded to the plate member. In the event two or
      more members extend through openings in the first tubular member for rigid
      attachment thereto, the two members may be provided with interlocking or
      overlapping portions, with a portion of the fastener passing through both
      members. The members extending through openings in the tubular member may
      be in the form of elongated tubes or relatively short stem members, as
      disclosed in applicant's copending U.S. application Ser. No. 295,182.
PAR  One of the primary objects of the invention is the provision of a new and
      improved system for joining a plurality of members with the longitudinal
      axes out of alignment, wherein at least a portion of one member is hollow
      or tubular.
PAR  Another object of the invention is the provision of a novel joint and a
      method of rigidly joining two members in an angular relationship wherein
      an assembly for joining the members is completely enclosed within one of
      the members.
PAR  A further object of the invention is the provision of a system for joining
      a plurality of members readily and economically without damage to the
      finished surface of the members.
PAR  Another object of the invention is the provision of a new and improved
      joining system for a plurality of members of different cross-sectional
      configurations.
PAR  Other objects and advantages of the invention will become apparent when
      considered in view of the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary, perspective view of one embodiment of the
      invention wherein a plurality of square tubular members are rigidly
      secured to a round tubular member;
PAR  FIG. 2 is an exploded, perspective view similar to FIG. 1 illustrating the
      fastener assembly, the overlapping or interconnection sections of the two
      members, the tubular member having openings for receiving the two members,
      and a cap for the end of the tubular member;
PAR  FIG. 3 is an enlarged, cross-sectional view of the joint formed by the
      three members and the fastener assembly; and
PAR  FIG. 4 is a perspective view of two interlocked or overlapped members
      retained in position by the fastener assembly and removed from the tubular
      member.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, FIG. 1 represents one embodiment of a joint
      embodying the invention. The joint 10 consists of two members 12 and 14
      rigidly coupled to a member 16 by a concealed fastener assembly. The
      members 12, 14 and 16 may be sections of tubing such as used in metal
      furniture. Alternatively, the members 12 and 14 may be of solid
      construction and member 16 may be provided with a hollow end portion to
      receive the members 12 and 14. While the drawing illustrates two members
      12, 14 secured to tubular member 16, it is to be understood that only one
      member or three or more members may be fixed to the tubular member 16 in a
      similar manner.
PAR  The open end of the tube 16 may be closed by a cap 18. Preferably the cap
      is of plastic construction, however, it may be formed of other suitable
      opaque or transparent materials of various constructions and
      configurations, depending upon the cross-sectional configuration of
      tubular member 16.
PAR  In the embodiment illustrated, each of members 12, 14 is of square tubing
      which extends through square apertures 24 formed in the peripheral wall of
      round tubing member 16. The exterior dimensions of members 12 or 14
      conform in size to the apertures 20 to form a relatively tight fit with
      the tubular member 16. The end of member 12 which is inserted through an
      opening 20 has a portion cut away to define a shoulder 22 and also is
      provided with a opening 24 drilled therein, as shown by FIG. 2. A portion
      of member 14 to be positioned within the tubular member 16 has a portion
      cut away to define a slot or notch 26 which is spaced from the end of such
      member. After inserting the notched end portion of member 14 into the tube
      16 through an opening 20, the member 12, having a portion removed from one
      end, is inserted through another aperture or opening with a portion 28
      extending through the notch 26 of member 14 and with shoulder 22 abutting
      the surface area 30 of member 14. FIGS. 3 and 4 illustrate the interlocked
      positions of members 12 and 14.
PAR  The ends of members 12 and 14 are retained within and secured to tubular
      member 16 by a fastener assembly 32. The assembly includes a bolt 34 which
      extends through opening 24 and member 12, opening 36 and member 14, and is
      threadably secured to the plate or cup member 38. The member 38 may be of
      solid construction having an opening for threadably receiving the bolt 34,
      or may be cup-shaped, as shown by FIG. 3, including a peripheral flange
      portion 40, the outer surface of which substantially corresponds in size
      to the internal diameter of the tubular member 16. The thickness of a
      plate 38 of solid construction or the length of the flange portion 40,
      FIG. 3 may vary depending upon the desired results. In addition, a second
      member 38 may be positioned on the opposite side of the tube member 12, 14
      for receiving the bolt 34 if so desired.
PAR  In the embodiment illustrated, the joint is formed by providing the desired
      number of openings in tube 16 and providing the notches, shoulders,
      apertures, etc., in members 12 and 14. The plate or cup-shaped member 38
      is placed in the tube 16, member 14 is inserted through an opening 20 and
      member 12 is inserted through another opening 20 with the projecting
      portion 28 of members 12 extending into notch 26 of member 14. Bolt 34 is
      placed through tube members 12, 14 and threaded into plate or cup member
      38. Cap 18 then is applied to the end of the tubular member 16.
PAR  Due to the sizes of the plate 38, the sizes of openings 20 and exterior
      dimensions of tube 12, 14, and the fact that the outermost edges of the
      tubes 12, 14 abut the inner periphery of the tube 16, firm and rigid
      attachment of members 12 and 14 to member 16 is provided.
PAR  The members 12, 14, 16 and 18 may be of various geometric configurations
      and cross-sections.
CLMS
STM  I claim:
NUM  1.
PAR  1. A joint formed from a plurality of members wherein the longitudinal axis
      of the members are out of alignment comprising; a first tubular member
      having an exterior surface defining at least one opening therein and an
      inner periphery, a second tubular member having an end portion extending
      through said opening into said first member toward the inner peripheral
      surface thereof, and means within said first member for releasably
      securing said first member to said second member including a first
      fastener member having a peripheral surface in abutting relation with said
      inner periphery of said member, and a second fastener member extending
      axially along said first tubular member and extending through said second
      member cooperatively coupled to said first fastener member for securing
      said first and second members together, said first fastener member is cup
      shaped and having a surface abutting said second member, and a peripheral
      surface extending axially of said first tubular member, and an aperture
      threadably receiving the end of said second fastener member within the
      cup.
NUM  2.
PAR  2. A joint as defined in claim 1, wherein the dimensions of said opening
      correspond substantially with the exterior cross-sectional dimensions of
      said second member.
NUM  3.
PAR  3. A joint as defined in claim 1, wherein a plurality of openings are
      provided in said first tubular member, and further including a third
      member extending through an opening in said first member.
NUM  4.
PAR  4. A joint as defined in claim 3, wherein said second member and said third
      member are interlocked within said first member.
NUM  5.
PAR  5. A joint as defined in claim 4, wherein one member of said second and
      third members defines a recess for receiving a portion of the other member
      of said first and third members.
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ABST
PAL  The invention contemplates selectively securing a bearing ring or the like
      to a cylindrical shaft, using a collar rotatably carried on a slotted end
      of the bearing ring. The collar bore and the collar-overlapped part of the
      slotted end have substantially conforming contours; in the case of the
      ring contour, a minimum radial extent characterizes the angular region of
      any slot, and a maximum radial extent characterizes an angularly offset
      location which, for the case of a two-slot ring, involves maximum radial
      extent angularly intermediate the slots. Various forms are described.
BSUM
PAR  This invention relates to means for selectively clamping a ring element,
      such as an inner ring of an antifriction bearing, to a cylindrical shaft.
PAR  It has been customary to employ a so-called eccentric locking collar as a
      means of clamping a bearing ring or the like to a cylindrical shaft. Such
      a collar relies upon coacting eccentric surfaces on an end of the ring and
      on the collar, for developing a jammed condition wherein the collar binds
      to the shaft at one angular location and locally jams the ring to the
      shaft at a diametrically opposite location, thus setting a clamp-force
      alignment which can never be purely radial. Usually, a set screw is relied
      upon to hold the collar to the shaft so that locking action can improve
      with rotation under load. This may work well as long as rotation continues
      in the same direction. But in a reversibly driven situation, the locking
      action frequently reverses its jam direction, thus at least momentarily
      unlocking the engagement, it often occurs that the lock is altogether lost
      or the set screw is caused to damage the shaft. Moreover, such locking
      collars necessarily involve axial length beyond the adjacent end of the
      ring, in order to establish the collar bind to the shaft.
PAR  It is an object of the present invention to provide an improved locking
      device, avoiding noted disadvantages of prior devices.
PAR  Another object is to provide a ring-locking device characterized by
      development of purely radial locking action.
PAR  It is also an object to provide a ring-locking device involving shaft
      engagement only by the ring, i.e., involving no locking-collar, set-screw
      or other added contact with the shaft.
PAR  A further object is to meet the above objects with a construction wherein
      the locking collar is or may be in self-retained unit-handling relation on
      the ring, and wherein the assembled locking collar requires no axial
      accommodation beyond the axial end of the ring.
PAR  A still further object is to provide an improved ring-locking mechanism
      wherein simple visual inspection alone can reveal the locked or unlocked
      condition thereof.
PAR  A specific object is to provide a ring-locking device without use of
      set-screw means and providing the capability of permanently locked
      shaft-mounting of a ring, such as the inner ring of an antifriction
      bearing, regardless of the number of rotation reversals under load.
PAR  It is a general object to achieve the above objects with basically simple,
      easily installable, low-cost structure, which is capable of achieving
      equally effective locking for either or both directions of rotation.
DRWD
PAR  Other objects and various further features of novelty and invention will be
      pointed out or will occur to those skilled in the art from a reading of
      the following specification in conjunction with the accompanying drawings.
      In said drawings, which show, for illustrative purposes only, preferred
      forms of the invention:
PAR  FIG. 1 is a longitudinal sectional view through an anti-friction bearing
      equipped with shaft-locking means of the invention;
PAR  FIGS. 2 and 3 are sectional views taken at 2--2 of FIG. 1, with the parts
      on a shaft, to respectively show unlocked and locked relations of the
      parts;
PAR  FIG. 4 is a fragmentary view similar to FIG. 2, to show an additional
      feature; and
PAR  FIG. 5 is a view similar to FIG. 2 to show a modification.
DETD
PAR  In FIG. 1, the invention is shown in application to the inner ring 10 of an
      antifriction bearing having plural balls 11 riding spaced raceways in a
      load-sustaining region at the left end of ring 10 and centered at the
      radial plane 12. The other end of ring 10 has one or more axially
      extending radial slots 13, to enable ring constriction when clamping to a
      shaft. A circumferentially continuous locking collar 14 axially overlaps
      part of the slotted region and is retained by shoulders or side walls of a
      peripheral groove 15 in said part of the slotted region. The collar bore
      16 and the bottom of groove 15 have conforming profiles which are relied
      upon to establish the lock action of the invention.
PAR  In FIG. 2, the number of slots 13 in ring 10 is seen to be two, at
      diametrically opposite locations, and the parts are shown on a cylindrical
      shaft 17, in unclamped condition. The two slots 13 render deformable two
      fingers 18-19 of the "split tail" of ring 10. According to a feature of
      the invention, the peripheral contour of the bottom of groove 15 is
      characterized by a minimum radial extent R.sub.min. (about the ring axis
      20) at each slotted region, and it is further characterized by maximum
      radial extent R.sub.max. at each of the regions angularly intermediate the
      slotted regions. Preferably, the peripheral contour of groove 15 is
      smoothly continuous and is thus elliptical in nature, wherein the
      minor-axis alignment is with slots 13 and wherein the major-axis alignment
      is half-way between, i.e., 90.degree. offset from alignment of slots 13.
      Generally speaking, for hardened steel parts, the major-axis or maximum
      radial extent should exceed the minor-axis or minimum radial extent by
      about 1.0 to 2.5 percent, a 1.5 percent figure being found satisfactory
      for the case of a bearing having an inner-ring bore of 1/2 inch diameter,
      and a 0.020 inch interference between the major-axis extent of surface 15
      and the minor-axis extent of surface 16 being typical for the case of an
      inner-ring bore to fit a 1 inch diameter shaft 17.
PAR  To facilitate assembly of the parts, one or both have cam formations, such
      as the chamfer or bevel 21 on ring 10. In such assembly, the chamfer 21
      engages in the collar bore 16 and transiently inwardly deforms fingers
      18-19 until collar 14 clears the axial-end shoulder of groove 15,
      whereupon fingers 18-19 snap outward to the collar-retaining position
      shown. Preferably, such assembly is made prior to shipment of the bearing,
      as there is never any need to remove collar 14. Such assembly is also made
      with the parts in their conforming angular relation, as shown in FIG. 2,
      and for convenience in recognizing this condition, one or more external
      indicia, such as spanner notches 22 are provided in collar 14 for registry
      with the alignment of slots 13, when in locked condition; thus, for the
      unlocked condition of FIG. 2, the notches 22 are shown in 90.degree.
      spaced relation to slots 13.
PAR  In use, the bearing with its preassembled locking collar set for alignment
      at 13--22 (as in FIG. 2) is slidably assembled to and positioned along
      shaft 17. To secure this as a mounting position, first and second suitable
      tools such as a first spanner to engage slots 13 and a second spanner to
      engage notches 22, are rotated 90.degree. with respect to each other to
      establish an aligned or registering relation of slots 13 and 22, as in
      FIG. 3. In this new position, the parts are locked by reason of the
      minimum-radius portions of the collar bore 16 seating upon the
      maximum-radius portions of the groove bottom 15. In the process, the hoop
      of collar 14 is stressed to spread on the axis of slots 13 (and to neck-in
      on the axis of slots 22) while radially inwardly compressing both fingers
      18-19 against diametrically opposite regions of the shaft, and with purely
      radially directed force.
PAR  FIG. 4 illustrates provision of a detent projection 23 in the collar bore
      and at 90.degree. offset from the angular location of a notch 22. Detent
      23 engages a suitable retaining indentation 24 in the groove bottom, to
      identify and retain the locked (FIG. 3) relationship, as will be
      understood.
PAR  The embodiment of FIG. 5 serves to illustrate that the number of slots in
      the "split tail" end of ring 10 need not be two. In FIG. 5, there are
      three slots 13' at equal angular spacing. At the same time, slot locations
      establish regions of minimum radial extent of the groove-bottom contour
      15', and the locations of maximum radial extent of surface 15' are
      intermediate the slot locations, i.e., 60.degree. angularly offset from
      the slot positions. Parts in FIG. 5 are given previous reference numbers,
      with primed notation, in view of similarity to FIGS. 1 to 3, and locking
      will be understood to be established upon 60.degree. rotation, rather than
      the 90.degree. described in connection with FIGS. 2 and 3.
PAR  The described structures will be seen to have achieved all stated objects,
      and it is well to summarize certain features:
PAR  1. The action of clamping is purely radial, with symmetrically distributed
      uniform squeezes of the inner ring (fingers) to the shaft, resulting in
      equally effective locking regardless of drive direction and regardless of
      the number of direction reversals.
PAR  2. Locking requires only two pieces -- the inner ring and the collar; there
      are not set screws or clips.
PAR  3. Locking is established due to an interference relation which is retained
      at a predetermined angular position of the parts; there can thus be no
      problem of how much torque to apply for locking, as in the case of set
      screws.
PAR  4. The magnitude of locking force is not related to friction coefficient or
      to angles; for any given application, an increased locking force is
      available without external dimension changes, merely by designing
      increased cam interference in the coacting surfaces, i.e., by increasing
      the ratio R.sub.max. :R.sub.min., at 15--16.
PAR  5. Locked or unlocked status is readily and visually identifiable by
      observing notch 22 vs. slot 13 location.
PAR  6. The device is simple to lock and unlock, all without scoring the shaft,
      and no amount of vibration can destroy or impair the force of the locking
      squeeze.
PAR  7. The collar 14 lends itself to cost saving by manufacture using
      pressed-metal blanking (cookie-cut) techniques.
PAR  8. The collar 14 is less than one-half the width of collars in prior
      eccentric locking devices for the same shaft size, and is less than half
      the width of conventional set-screw collars, all while achieving superior
      locking action.
PAR  9. As compared to prior-art eccentric-locking collars, the end-for-end
      face-profile symmetry of the collar 14 means simplification of automated
      assembly to finished bearings.
PAR  While the invention has been described for the preferred forms shown, it
      will be understood that modifications may be made without departure from
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Locking means for securing a bearing ring or the like to a cylindrical
      shaft, said ring having a cylindrical bore to fit the shaft and said ring
      having at one axial end a slot of limited axial length, whereby said ring
      is circumferentially discontinuous in an axial region of the slot and is
      therefore locally radially deformable in said axial region, said ring
      having at said axial region a circumferential contour characterized by a
      minimum radial extent at the angular region of the slot and by a maximum
      radial extent at a second angular region offset from said first-mentioned
      angular region to an extent less than 180.degree., and a circumferentially
      continuous locking collar having a bore conforming substantially to the
      said ring contour, said collar having an externally accessible formation
      engageable for relative angular displacement of said collar and ring to
      bring the second angular region of said ring into adjacency with the first
      angular region of said collar.
NUM  2.
PAR  2. Locking means according to claim 1, in which the axial slot is one of
      two diametrically opposed slots in said ring.
NUM  3.
PAR  3. Locking means according to claim 1, in which said circumferential
      contour is further characterized by a recurrence of said minimum and
      maximum radial extents at third and fourth angular regions which are
      respectively 180.degree. offset from said first and second angular
      regions.
NUM  4.
PAR  4. Locking means according to claim 1, in which said ring contour and the
      collar bore have rotation-resisting formations engageable when said ring
      and collar have been rotated into the relationship in which the second
      angular region of said ring is adjacent the first angular region of said
      collar.
NUM  5.
PAR  5. Locking means according to claim 1, in which said ring has a
      circumferential groove at said axial region of the slot, said
      circumferential contour characterizing the groove bottom, whereby a
      collar-retaining shoulder is defined between the groove and the adjacent
      end of the ring, and means including a cam formation coacting between said
      ring end and the collar bore for facilitating snap-action axial assembly
      and retention of said ring and collar.
NUM  6.
PAR  6. Locking means according to claim 1, in which said slot is axially open
      at said one axial end of said ring.
NUM  7.
PAR  7. Locking means according to claim 1, in which said slot is of greater
      axial extent than that axial part of the collar bore which has said
      ring-contour conformance.
NUM  8.
PAR  8. Locking means according to claim 1, in which the axial slot is one of
      three equally angularly spaced slots in said ring, in which said
      circumferential contour is further characterized by recurrence of said
      minimum radial extent at third and fifth angular regions which
      respectively coincide with the two additional slot regions, and in which
      said circumferential contour is still further characterized by recurrence
      of said maximum radial extent at fourth and sixth angular regions such
      that the second fourth and sixth angular regions are respectively
      intermediate said slotted regions.
NUM  9.
PAR  9. In combination, an inner ring for an antifriction bearing and a locking
      collar assembled to said ring for selective clamping of said ring to a
      shaft, said ring having a cylindrical bore to fit the shaft and said ring
      being externally characterized at one axial region by an
      antifriction-element raceway and being characterized at a second axial
      region by two diametrically opposed axially extending radial slots open to
      the adjacent axial end of said ring, thereby defining a "split-tail"
      region of said ring at an axial location offset from the region of said
      raceway, said ring having in at least a portion of said "split-tail"
      region a circumferential contour characterized by a minimum radial extent
      at each of the opposed angular regions of the slots and by a maximum
      radial extent at the opposed angular regions which are intermediate the
      slotted regions, said locking collar being circumferentially continuous
      and having a bore assembled and conforming substantially to the ring
      contour.
NUM  10.
PAR  10. In combination, an inner ring for an antifriction bearing and a locking
      collar adapted for assembly to said ring for selective clamping of said
      ring to a shaft, said ring having a cylindrical bore to fit the shaft and
      said ring being externally characterized at one axial region by an
      antifriction-element raceway and being characterized at a second axial
      region by two diametrically opposed axially extending radial slots open to
      the adjacent axial end of said ring, thereby defining a "split-tail"
      region of said ring at an axial location offset from the region of said
      raceway, said ring having in at least a portion of said "split-tail"
      region a circumferential contour characterized by a minimum radial extent
      at each of the opposed angular regions of the slots and by a maximum
      radial extent at the opposed angular regions which are intermediate the
      slotted regions, said locking collar being circumferentially continuous
      and having a bore assembled and conforming substantially to that of the
      ring contour, and coacting formations on said ring and collar for their
      snap-acting assembly and unit-handling retention.
NUM  11.
PAR  11. The combination of claim 10, in which said ring has a circumferential
      groove in the second axial region, said circumferential contour
      characterizing the groove bottom, whereby a collar-retaining shoulder is
      defined between the groove bottom and the slotted end of the ring, said
      coacting formations including a bevel cam surface at the slotted end of
      the ring.
NUM  12.
PAR  12. The combination of claim 10, in which said ring and collar include
      coacting rotation-resisting formations operative to retain an angular
      relation wherein the respective contours of the ring and collar bore have
      been rotated substantially 90 degrees from their angular location of
      conformance.
NUM  13.
PAR  13. The combination of claim 10, in which said collar includes an
      externally visible angle-marking indicium at a predetermined location with
      respect to the contour variations of the collar bore, whereby the locked
      or unlocked nature of said combination can be readily ascertained by
      observing the angular position of said indicium with respect to one of the
      slots.
NUM  14.
PAR  14. The combination of claim 13, in which said indicium is located to
      coincide with a slot location when said ring and collar-bore contours are
      in their locked angular relation.
NUM  15.
PAR  15. The combination of claim 14, in which said indicium is one of two,
      there being one indicium for registry with each slot for their locked
      angular relation.
NUM  16.
PAR  16. The combination of claim 15, in which each indicium is a
      tool-engageable formation.
NUM  17.
PAR  17. Locking means according to claim 1, in which the axial slot is one of a
      plurality n of equally angularly spaced slots in said ring, in which the
      circumferential contour is characterized by n recurrences of said minimum
      radial extent at the respective slot regions, and in which said
      circumferential contour is characterized by n recurrences of said maximum
      radial extent at regions respectively intermediate said slotted regions.
NUM  18.
PAR  18. The combination of claim 10, in which said circumferential contour is
      substantially elliptical.
NUM  19.
PAR  19. The combination of claim 18, in which the major axis exceeds the minor
      axis of said elliptical contour to an extent between approximately 10 and
      20 percent.
NUM  20.
PAR  20. The combination of claim 18, in which the major axis exceeds the minor
      axis of said elliptical contour to the extent of substantially 15 percent.
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ABST
PAL  For connecting together two wires which are to be placed under tension in
      series connection, a connector has a rigid body pierced by two
      substantially parallel bores. The wires are passed through the bores and
      anchored against the tension at opposite ends of the body by suitable
      anchoring means. The lengths which are to be tensioned extend through the
      bores. Where a wire has ruptured under tension, the broken ends can be
      respectively connected to two such connectors, which are themselves joined
      by a supplementary length of wire. Tension can then be re-applied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention relates to improvements in or relating to connecting devices
      for two wires which are to be placed under tension, and also to methods of
      connecting wires, especially the two ends of a wire which has ruptures. In
      this specification and claims, the term wire is used to include cable and
      rope, to which the invention is also applicable.
PAR  In various technical fields, there are utilised anchored wire stays which
      are tensioned and are capable of rupturing under tension. Particularly in
      the case of pre-stressed construction reinforcements, rupture of a wire is
      extremely detrimental, inasmuch as replacement of the ruptured wire
      involves removal of the tensioning jacks being used which are generally
      bulky and heavy, extraction of the ruptured parts, introduction of the
      fresh wire (this being sometimes a difficult operation among a group of
      wires), and once again placing the tensioning jacks in position so as to
      again initiate the tensioning process.
PAR  An object of the present invention is to provide a connecting device for
      two wires which renders it unnecessary to replace the wire which has
      ruptured on being tensioned or to remove the tensioning jack from its
      operational position in order to effect the connection and to put the wire
      again into a condition suitable for tensioning.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention in one aspect there is provided a connecting
      device for two wires which are to be placed under tension in series
      connection, having a rigid block which has two opposite ends and two
      substantially parallel bores extending from one end to the other to
      receive the wires, and two anchoring means respectively associated with
      the bores adapted to anchor the tensioned lengths of the wires
      respectively at the opposite ends of the block against the applied tension
      when the said tensioned lengths extend through the bores.
PAR  According to the invention in another aspect, there is provided a method of
      connecting two wires which are to be placed under tension in series
      connection, comprising providing a connecting device comprising a rigid
      block which has two ends and two substantially parallel bores extending
      from one end to the other, passing the two wires respectively through the
      said bores and anchoring the wires against the tension by anchoring means
      provided at opposite ends of the block and arranged so that the lengths of
      both wires which are, or are to be, subjected to tension extend through
      the respective bores from the anchoring means.
PAR  In order to connect the ruptured ends of a wire which has ruptured tension
      and to which tension is to be reapplied, two connecting devices may be
      used, one of the ends being connected to each of them in the manner
      described above and the two devices being linked by a supplementary length
      of wire connected to both of them in the manner described above.
PAR  The anchoring means may comprise terminal sleeves or bushings riveted or
      otherwise secured permanently to the wires or wedges which are adapted to
      grip the wire and are located in tapering orifices. The anchoring means
      may seat on the end faces of the rigid block. Preferably each end face of
      the block has two facets through which respectively the said bores open,
      one of the facets being substantially perpendicular to the bore which
      opens through it and being for abutment by the associated anchoring means,
      and the other being at an angle to the bore which opens through it so that
      it is substantially perpendicular to the connected wires when outside the
      block they are lying coaxially.
PAR  Alternatively, the one end of each bore may be flaring, e.g. conically, in
      order to receive a gripping wedge for the wire.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention in both aspects will now be described by way
      of non-limitative example with reference to the accompanying diagrammatic
      drawings, wherein:
PAR  FIG. 1 shows a simple connection established with a connecting device
      embodying the invention;
PAR  FIG. 2 shows the connecting device of FIG. 1 in longitudinal section;
PAR  FIG. 3 is an end view from the left-hand side of FIG. 2;
PAR  FIG. 4 shows a connection established with two connecting devices as shown
      in FIG. 1 and an intermediate section or length of connecting wire;
PAR  FIGS. 5 and 6 are each longitudinal sectional views of another connecting
      device embodying the invention, FIG. 5 being prior and FIG. 6 subsequent
      to the application of tension; and
PAR  FIG. 7 is a view corresponding to that of FIG. 4, showing a connection
      formed with the device of FIGS. 5 and 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 4, the connecting device is constituted by an
      essentially cylindrical rigid block 1 having a core 2 of strong steel. The
      opposite ends have plane facets 3 and 4 perpendicular to the axis of the
      block and facets 5 and 6 which are also plane and are oblique relative to
      the adjacent plane facets 3 and 4. The facets 5 and 6 are parallel to each
      other. Longitudinally from end to end through the block extend two
      straight and parallel bores 7 and 8, each extending between one of the
      said plane facets 3, 4 and one of the oblique facets 5, 6 i.e. in one case
      between the facet 3 and the facet 6, and in the other case between the
      facet 4 and the facet 5.
PAR  The angle of the facets 5, 6 to the adjacent facets 3, 4 is such that the
      circular configurations corresponding to the mouths of the bores at the
      two facets 5, 6 are coaxial (as indicated by the line 9 in FIG. 1), this
      being for a purpose to be described later.
PAR  The faces 3 and 4 form seatings for anchoring means which, in the
      embodiment illustrated, are constituted by separate conical sleeves or
      bushings 10, 11 having associated split-sleeve gripping wedges 12 for
      retaining and anchoring the wires 13, 14.
PAR  The mode of functioning of the device will now be described. Assuming, with
      reference to FIG. 1, that reference numerals 13 and 14 indicate the two
      ends of wires which permit overlap thereof, the end 13 is introduced
      through the bore mouth associated with the facet 5, and the end 14 through
      the mouth of the facet 6, in such manner that both project respectively
      from the faces 4 and 3. Against the latter are applied the terminal
      members, i.e. the wedges 10 and 11 which are keyed in the conventional
      manner, and tensioning or re-tensioning of the assembly of connected wire
      is effected.
PAR  On applying tension to the two wires, they tend to adopt a coaxial
      position, as indicated in FIG. 1, this being facilitated by the presence
      of the oblique facets 5, 6, which become perpendicular to the common axis
      of the wires. The bends which form in the wires are minimal and may be
      reduced in effect still further by providing appropriate oblique edges or
      curved portions at the mouths of the bores.
PAR  If the two wires are ends of a wire which has ruptured re-tensioning of the
      stays may be effected at one of the ends thereof, in the same manner as
      initially effected prior to rupture, or (particularly in the embodiment
      shown wherein wedge terminals are employed) at the location of one of the
      said terminals.
PAR  FIG. 4 shows how two of the connecting devices are employed to form a
      connection, each one being disposed on one of the wire ends adjacent the
      site of rupture and both being connected by means of a supplementary
      intermediate wire section or length 16. Tensioning may be applied at each
      of the free wire ends, provided that they are provided with wedge-type
      anchoring means, but it is also possible in this case to utilize a
      tensioning jack acting directly on the two blocks 1 in such manner as to
      cause them to approach each other.
PAR  In FIGS. 1 and 4, it can be seen how the series-connected pair of wires (or
      two pairs in FIG. 4) are anchored, against the tension applied,
      respectively at opposite ends of the block 1, with the tensioned portion
      in each case extending through the respective bores from the anchoring
      wedges and sleeves.
PAR  The embodiment illustrated in FIGS. 5 to 7 is similar, except that the
      anchoring means at each end of the block is constituted by a conically
      flaring mouth 15 of the bore, which receives the split, conical gripping
      wedge 12 which engages the wire. The mode of use and functioning of the
      device is similar.
PAR  While the invention has been illustrated above by reference to preferred
      but non-limitative embodiments thereof, it will be understood by those
      skilled in the art that various changes may be made without departing from
      the spirit and scope of the invention and it is intended to cover all such
      changes and modifications by the appended claims.
PAR  The bores described in this specification and claims need not, of course,
      be formed by boring. They may be formed in any suitable manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Connecting device for two wires which are to be placed under tension in
      series connection, having a rigid block which has two opposite ends and
      two substantially parallel bores extending from one end to the other to
      receive the wires, and two anchoring means respectively associated with
      the bores adapted to anchor the tensioned lengths of the wires
      respectively at the opposite ends of the block against the applied tension
      when the said tensioned lengths extend through the bores, the anchoring
      means comprising wedges received in tapering orifices and adapted to grip
      the wires, the said tapering orifices of the anchoring means being in
      members separate from the said rigid block and adapted to abut the ends of
      the block, each end face of the block having two facets through which
      respectively the said bores open, one of the facets being substantially
      perpendicular to the bore which opens through it and being for abutment by
      the associated anchoring means, and the other being at such an angle to
      the bore which opens through it that it is substantially perpendicular to
      a common axis of the connected wires.
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ABST
PAL  There is provided a highway lane divider and roadmarker, adapted to be
      affixed to a pavement surface.
PAL  Said marker characterized by a planar base, said base having protruding
      downwardly therefrom a multiplicity of studs arranged in spaced
      relationship, and dispersed substantially symmetrically over the area of
      said base to improve the bonding characteristics of said roadmarker to
      pavement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Both reflective and nonreflective highway lane dividers and roadmarkers, of
      either plastic or glazed ceramic, have been known, and are typified by
      those disclosed in U.S. Pat. Nos. D 207,038, D 215,376 and D 225,087.
PAR  Generally, these roadmarkers are affixed to a pavement surface with a
      suitable, conventional all-weather adhesive, usually having an epoxy base.
PAR  However, due to the various lateral forces the roadmarker is subjected to
      over a period of protracted exposure to heavy traffic, aggravated by the
      surface irregularities which occur in various types of pavement,
      displacement, and consequential replacement, of roadmarkers has posed a
      rather expensive problem to date.
PAR  As disclosed in U.S. Pat. No. 3,499,371, it has been proposed to enhance
      adherence through the utilization of concentric ridges formed on the
      bottom of the roadmarker.
PAR  However, it has been found that such ridges can actually detract from
      bonding characteristics because of air entrapment and consequential
      discontinuity in the epoxy adhesive interface, thereby weakening the bond.
PAR  Too, simply cutting radial grooves through the concentric rings of U.S.
      Pat. No. 3,499,371 would not materially alleviate the problem, as might at
      first be expected.
PAC  OBJECTS
PAR  It is therefore an object of this invention to provide a new and improved
      roadmarker having a studded bottom to improve its pavement bonding
      characteristics.
PAR  It is also an object of this invention to provide a new and improved method
      for bonding highway lane dividers and roadmarkers to pavement.
DRWD
PAC  DRAWINGS
PAR  Referring now to the drawings:
PAR  FIG. 1 is a perspective view of the roadmarker of the instant invention,
PAR  FIG. 2 is a bottom plan view of said roadmarker, and
PAR  FIG. 3 is an inverted section, 3--3 taken through FIG. 2.
DETD
PAC  THE INVENTION
PAR  Referring now to FIG. 1, one embodiment of the roadmarker of this
      invention, composed of glazed ceramic, is depicted generally by 1.
      Reflective medium 2 is recessed into the surface of the roadmarker to
      enhance its utility as a roadmarker at night.
PAR  Referring to FIG. 2, which is a plan view of the base of said roadmarker,
      there are shown substantially cylindrical studs 3 projecting downwardly
      from said roadmarker.
PAR  The marker, if of ceramic, is readily cast, or otherwise formed by
      conventional methods, fired to maturity, covered with a suitable glaze,
      then glost fired.
PAR  The reflective medium is then cemented into place, using conventional
      methods and materials.
PAR  Referring now more particularly to FIGS. 2 and 3, it will be noted that, in
      order to achieve the preferred embodiment of this invention, substantially
      cylindrical studs 3 are generally symmetrically dispersed over the area of
      the base 4 of roadmarker 1. It has been found also, for achieving optimum
      bondability, that the distance between studs, a, should be from 1/32 inch
      to about 1/4 inch or, from about 0.8 to 6.35mm, with the preferred range
      of spacing being from about 1/16 inch to about 1/8 inch, or from about 1.6
      to 3.2mm.
PAR  It has also been found that said studs have a critical length range, and
      should protrude from said base from about 0.025 inch, to about 0.1 inch,
      or about 0.64 to 2.5mm.
PAR  While best results are obtained from studs of generally circular cross
      section, it is to be understood the studs could be of any fairly
      symmetrical cross section so long as the cross sectional dimension in any
      given direction, did not exceed the cross sectional dimension normal to
      said first mentioned dimension by a ratio greater than 2:1.
PAR  As to the minimum number of studs which must be present in order to fully
      realize the optimum advantages of this invention, this is best expressed
      in terms of increase in area over the base 4 of said roadmarker, were no
      studs present.
PAR  Thus, the vertical cylindrical surface of the studs only is considered in
      computing the amount of increased bonding surface, since, if the studs
      could be theoretically pushed back into the roadmarker until flush with
      the bottom surface, the bottom surface of the stud would then have to be
      considered as part of the original base surface.
PAR  There must thus be a sufficient number of studs present on the bottom of
      the marker to provide, at a minimum, an increase of 30% more bonding
      surface, over the bottom surface of the roadmarker if there were no studs
      present.
PAR  While the increased surface area resulting from the studded feature
      increases the amount of epoxy bonding agent required, this is more than
      compensated for by the substantial savings in replacement cost.
PAR  Although flat bottomed studs are preferred, they could be formed with
      either rounded or pointed bottoms. In such design, the vertical surface of
      the studs would still be used to calculate the amount or percentage of
      stud surface area vis-a-vis the bottom surface area of the roadmarker,
      were no studs present.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a highway lane divider and roadmarker, adapted to be affixed to a
      pavement surface, said marker having a substantially planar base, the
      improvement of said base having a multiplicity of studs protruding
      therefrom in spaced relationship, said studs having substantially vertical
      sides, and bottom surfaces substantially parallel to said base, said studs
      protruding from said base from about 0.025 inch to about 0.1 inch, said
      studs spaced apart from each other a distance of from about 1/32 inch to
      about 1/4 inch, said studs dispersed substantially symmetrically over the
      area of said base, with the total exposed surface area of said studs,
      exclusive of their bottom surfaces, representing at least 30% of the total
      surface area represented by said base and the bottom surfaces of said
      studs.
NUM  2.
PAR  2. The article of claim 1 wherein said studs are spaced apart from each
      other a distance of from about 1/16 inch to 1/8 inch.
NUM  3.
PAR  3. The article of claim 1 whereon said studs have a cylindrical cross
      section.
NUM  4.
PAR  4. The article of claim 2 whereon said studs have a cylindrical cross
      section.
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ABST
PAL  A plurality of portable road-type structures which contain a variety of
      differently shaped surfaces to simulate driving conditions which might be
      experienced by an individual driving a vehicle, for example, a motorcycle.
      The portable road-type structures are used as an educational tool for
      giving the driver the fundamental knowledge and technique for driving a
      motorcycle before he is exposed to actual driving conditions.
BSUM
PAR  This invention relates to portable road-type structures for giving the
      driver fundamental knowledge and techniques for driving a motor cycle.
PAR  Recently, motor cycle driving has become very popular among the younger
      generation. However, most of the drivers begin driving a motor cycle
      without having any knowledge and techniques for driving it, and because of
      this fact traffic accidents involving motorcycles have sharply increased.
PAR  The object of the present invention is to provide various kinds of portable
      road-type structures which are formed on the basis of scientific analysis
      of driving techniques and which can be removably combined in blocks as
      desired in proper positions so as to enable two-wheeled motor cycle
      drivers to quickly obtain, under the same condition throughout the
      country, fundamental knowledge and concepts of driving techniques by
      driving on said passages portable roadways which simulate variable road
      conditions so that they can control the motor cycle safely and properly.
PAR  As the passage structures according to the present invention can be
      disassembled into several blocks and can be reassembled into a single
      unit, it is possible to take these blocks to a desired place and assemble
      them there.
PAR  It is one of the merits of the present invention that the passage
      structures can be installed at any desired place and taken easily to any
      other place.
DRWD
PAR  The present invention will now be described, by way of examples, with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a passage roadway according to the first
      embodiment of the present invention,
PAR  FIGS. 1--1 is a cross-sectional view of the roadway taken along a--a line,
PAR  FIGS. 1--2 is another embodiment of the roadway having a stepped portion
      formed in the longitudinal direction,
PAR  FIG. 2 is a plan view of a roadway according to the second embodiment of
      the present invention,
PAR  FIGS. 2--1 is a cross-sectional view of the roadway taken along b--b line,
PAR  FIG. 3 is a plan view of a roadway according to a third embodiment of the
      present invention,
PAR  FIGS. 3--1 is a cross-sectional view of the roadway along a--a line.
PAR  FIGS. 4 and 5 show a plan view of a roadway according to fourth and fifth
      embodiments of the present invention, respectively,
PAR  FIG. 6 is a plan view of a roadway according to the sixth embodiment of the
      present invention,
PAR  FIGS. 6--1 is a fragmentary cross-sectional view of the roadway shown in
      FIG. 6,
PAR  FIGS. 7 and 8 show a plan view of a roadway according to seventh and eighth
      embodiments of the present invention, respectively,
PAR  FIGS. 7--1 and 8--1 are side elevational views of the roadways shown in
      FIGS. 7 and 8,
PAR  FIG. 9 is a plan view of a roadway according to the ninth enbodiment of the
      present invention,
PAR  FIGS. 10 and 11 show a plan view of a roadway according to the tenth and
      eleventh embodiments of the present invention respectively,
PAR  FIG. 12 is a plan view of a roadway according to the twelveth embodiment of
      the present invention, and
PAR  FIGS. 12A, 12B and 12C show cross-sections of the roadway in the positions
      indicated in the drawing.
DETD
PAR  The portable roadways according to the present invention are made of a
      suitable material such as concrete, wood or steel plates, and are
      constructed in such a way that they can be broken up into sections of
      desired length. Referring to FIG. 1, there is shown a roadway which has a
      width of approx. 2 meters and a length of 20 meters and inclines upwards
      from its center line 0 to both of its sides so that both shoulders thereof
      are higher than the central portion. and It has pylons 2 installed at
      intervals of 2 meters along the center line. As the motor cycle is driven
      in a letter S shaped zigzag configuration across the central groove around
      each pylon, the driver can learn to compensate or adjust for the changes
      in the steering gear when the front wheel contacting point on the roadway
      surface moves at a time of cornering, and when the front fork extends or
      contracts at a time when the engine is accelerated or decelerated or when
      the road surface conditions change.
PAR  In order to compensate for the specific driving conditions, the driver must
      maintain a half sitting posture by shifting the center of gravity of the
      upper half of his body so that he can put himself in a lean-in or lean-out
      driving position.
PAR  FIG. 2 shows a passage having an inverse V-shaped cross section which is
      inclined downwards from its ridge or center line 0 to both of its sides.
      When the motor cycle is driven in a letter S shaped zigzag configuration
      on this roadway, the driver has to drive the motor cycle under an
      oppositely inclined condition compared to the roadway of FIG. 1.
      Therefore, unlike the rectilineal driving on a flat surface, the force of
      driver's arms excerted on the steering gear will change sharply. By
      driving the motor cycle in lean-in and lean-out postures on this roadway,
      the driver can learn the techniques of operating the motor cycle
      perpendicular to the road surface. FIGS. 1--2 shows the cross-section of a
      roadway having a stepped portion formed in the lengthwise direction
      thereof. This type of roadway enables the driver to learn how to keep his
      body balanced by means of the handle when driving the motor cycle in such
      a manner as to run its front wheel on the upper step and its rear wheel on
      the lower step.
PAR  FIG. 3 shows a roadway having a groove 3 of rectangular cross section
      formed along its center line 0 and also having pylons 2 installed
      alternately on both shoulders of the groove at intervals of a definite
      predetermined distance. The concrete surface should preferrably be covered
      by steel plates in order to prevent the shoulders of the groove from
      collapsing. When the motor cycle is driven in a letter S shaped zigzag
      configuration crossing the central groove around each pylon on this
      roadway, the stepped portion will become oblique to the running direciton
      of the motor cycle. Therefore, the front wheel's ground contacting point
      comes considerably ahead of the rear wheel when traversing the stepped
      portion, and thus the steering gear receives a shock. Once having passed
      the stepped portion, the shock once absorbed by the front fork and
      extension of the fork caused thereby tend to cause the motor cycle to lose
      its balance. In principle, the driver should drive the motor cycle in such
      a way as to direct its front wheel at a right angle to the stepped
      portion, and should open the throttle before the wheel strikes the stepped
      portion and close it at the moment the wheel has passed over the stepped
      portion. This type of roadway enables the driver to learn the technique of
      opening the throttle thereby to accelerate the motor cycle slightly before
      the rear wheel climbs up the stepped portion and also closing the throttle
      completely when the rear wheel has completed its climb.
PAR  In the embodiment shown in FIG. 4, a plurality of iron pipes 4 are fixedly
      secured to the surface of roadway 1 in such a manner that they are
      obliquely and alternately disposed from the left to the right and vice
      versa. Therefore, if the driver drives a motor cycle in a substantially
      straight line on this passage, both the front and rear wheels of the motor
      cycle are liable to spin. For this reason, the motor cycle must be driven
      at right angles to the iron pipe, so that the track or configuration along
      which the motor cycle is driven is in the shape of a letter S. Upon
      traversing this type of passage, the driver opens the throttle at a
      position in front of the pipe and closes it immediately before the front
      wheel strikes the pipe. With regard to the rear wheel, the driver advances
      the motor cycle by its inertia or accelerates it at a position in front of
      the pipe and closes the throttle when the rear wheel comes into contact
      with the pipe. It is better for the driver to drive the motor cycle at a
      reduced speed when passing the pipe, one by one. Driving of the motor
      cycle on this type of roadway enables the driver to learn the techniques
      of receiving the shock rhythmically which occurs when riding across the
      pipe and which is transmitted to his body through the motor cycle and
      relieving the amount of the shock to be transmitted to the upper half of
      his body by rhythmically using the spring like motion of his legs and loin
      rhythmically.
PAR  In FIG. 5, there is shown a roadway 1 having a plurality of rollers 5 each
      being rotatably mounted thereon by means of a roller shaft 5' and bearing
      portions 5" provided on both sides thereof. FIGS. 6 and 6--1 show a base
      plate of roadway 1 having a plurality of balls 6 each having a shaft 6'
      and being mounted partially below the surface of the base plate so as to
      rotate freely, and this type of roadway enables the driver to learn the
      driving techniques the same as that in the case of the roadway shown in
      FIG. 4.
PAR  In FIGS. 7 and 7--1, there is shown a roadway 2 meters wide and 20 meters
      long having a plurality of inclined steps 7, each having a vertical height
      of 7 cm formed stepwise at space intervals of 85 cm, the passage being
      made of concrete having a somewhat roughly finished surface.
PAR  The embodiment illustrated in FIGS. 8 and 8--1 is a modification of the
      embodiment of FIG. 7 wherein vertical steps 8 are employed in place of the
      inclined steps of FIG. 7. Driving up on these types of roadways enables
      the driver to learn the techniques of climbing up steps one by one using
      the inertia of the motor cycle and the upper half of his body and by
      controlling the accelerator and correcting the balance of the motor cycle
      due to extension and contraction of the front and rear suspensions by
      keeping the upper half of his body at a proper posture. The driver can
      thus learn to shift the upper half of his body in the forward direction at
      the same time when he opens the accelerator. Immediately thereafter the
      accelerator should be closed. These roadways according to the two
      embodiments of the present invention also enables the driver to acquire
      the technique of descending across stepped obstacles.
PAR  FIG. 9 shows a roadway comprising an open top vessel made of steel plates
      in which gravels 9 are laid to a suitable height, preferrably up to 30 cm.
      It is desirable to use large grained gravels, and concrete grains each
      having a diameter of about 10 cm for this purpose. Alternatively, sand may
      be used. By driving on this type of roadway, the driver can learn how to
      drive the motor cycle on such a gravelled road where the front wheel
      becomes partially embedded into the gravel when the speed of the motor
      cycle is low. This renders the control of the front wheel difficult. The
      pressure of the air in the tires should be kept low so that the small
      shock which can not be absorbed by the suspensions of the vehicle and be
      absorbed by the tires. The motor cycle should be driven at a proper speed
      by using a gear for somewhat higher speed, and the driver should sit in a
      half-sitting posture without exerting force on his shoulders and keep both
      hands gripping the handle and ready to move. By driving on this roadway,
      the driver can learn the techniques of opening and closing the accelerator
      a little at a time so as to keep the rear wheel always in a gripped state.
PAR  In FIG. 10, there is shown a flat roadway base plate 1 having a width of 1
      meter and length of 20 meters which has a groove 20 cm wide and 5 cm deep
      formed in the central part thereof. It is desirable to cover the surface
      of the groove with steel plates in order to give the shoulders of the
      groove sufficient strength and durability. The driver is allowed to drive
      the motor cycle on this passage under the condition that the front and
      rear wheels can run only within the straight groove. The groove is narrow
      in width, and so correction of the steering can not be effected.
      Therefore, driving on this passage enables the driver to learn the
      techniques of maintaining a straight driving line by shifting the center
      of gravity of the upper half of his body to the left and to the right and
      controlling the accelerator. FIG. 11 shows a modification of the passage
      of FIG. 10, in which the straight groove is substituted by a letter S
      shaped groove. By allowing the driver to drive the motor cycle with its
      front and rear wheels running only within the letter S shaped groove, he
      can learn balanced driving techniques.
PAR  FIG. 12 shows a letter S shaped passage which inclines from one side to the
      other in its cross section. The protions A, B and C of the roadway
      incline, in the cross section thereof, downwards and outwardly from the
      center of curvature different from the other portion thereof. The above
      portions constitute reversely inclined bank corners which produce poor
      adhesion of the tires on the surface thereof, and thus they are liable to
      cause the tires to slip. Therefore, driving on this roadway enables the
      driver to learn how to maintain his balance which driving by controlling
      the speed of the motor cycle and keeping his body in a proper posture.
PAR  Further, it is possible to form the grooves shown in FIGS. 11 and 12 deeper
      so as to allow only the rear wheel to run in the grooves. This driving
      technique is applied under the condition that the rear wheel slips, and so
      it is suitable for enabling the driver to know the relationship between
      the opening and shutting of the accelerator and the balancing of his upper
      half of his body.
PAR  By driving the motor cycle on the passages comprising in combination any of
      the above-mentioned embodiments, according to the present invention, which
      are set on the ground, the driver can acquire definite fundamental driving
      techniques when passing through each different roadway, thereby acquiring
      complicated driving techniques in a short period of time. This means that
      the driver can drive the motor cycle safely by proper operation, not only
      on public roads but also on roads to which various restrictions are
      applied, which contributes to the prevention and occurence of traffic
      accidents.
PAR  Further, when the roadway structure is too bulky, it can be made portable
      by dividing it in blocks of a proper length so that it can be set at a
      desired position. Therefore, it is not necessary to install the portable
      roadways of the present invention in a particular site such as driver's
      school. Accordingly, it is possible to prevent the occurrence of public
      hazards due to the noise generated by motor cycles if the passages are
      installed at a site where no residential house is built.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A portable road-type structure for driver education which can be moved
      readily from one location to another which comprises a roadway, at least
      part of the surface of said roadway possessing a V-shape and at least part
      of the surface of said roadway containing an inverse V-shape, both of said
      shapes being inclined from the center of the roadway to both of the
      shoulders thereof, and a plurality of pylons installed in the roadway
      along the center lines thereof at substantially equally predetermined
      intervals along the longitudinal direction of the roadway, said portable
      road-type structure functioning as an educational tool for teaching an
      individual the fundamental knowledge and techniques for driving a
      motorcycle before being exposed to actual driving conditions.
NUM  2.
PAR  2. A portable road-type structure for driver education which can be readily
      moved from one location to another which comprises a roadway, at least
      part of the surface of said roadway possessing a stepped portion formed in
      the longitudinal direction along one side thereof, thereby forming two
      substantially parallel longitudinal elevations in the surface of the
      roadway, said portable road-type structure functioning as an educational
      tool for teaching an individual the fundamental knowledge and techniques
      for driving a motorcycle before being exposed to actual driving
      conditions.
NUM  3.
PAR  3. A portable road-type structure for driver education which can be readily
      moved from one location to another which comprises a roadway, at least
      part of the surface of said roadway containing a groove of rectangular
      cross-section formed along the longitudinal centerline thereof, thereby
      forming two substantially parallel longitudinal elevations in the surface
      of the roadway, with the bottom of the groove forming one elevation and
      the lateral surfaces of the roadway forming the other elevation, said
      portable road-type structure functioning as an educational tool for
      teaching an individual the fundamental knowledge and techniques for
      driving a motorcycle before being exposed to actual driving conditions.
NUM  4.
PAR  4. The portable road-type structure of claim 3, wherein said roadway is
      straight in configuration and said groove is also straight in
      configuration.
NUM  5.
PAR  5. The portable road-type structure of claim 3, wherein said roadway has a
      serpentine configuration and said groove has a corresponding serpentine
      configuration.
NUM  6.
PAR  6. The portable road-type structure of claim 3, wherein pylons are disposed
      alternately on both shoulders of the groove at definite, predetermined
      intervals.
NUM  7.
PAR  7. The portable road-type structure of claim 6, wherein the roadway is made
      of concrete covered by steel plate in order to prevent the shoulder of the
      groove from collapsing.
NUM  8.
PAR  8. A portable road-type structure for driver education which can be readily
      moved from one location to another which comprises a roadway, at least
      part of the surface of said roadway containing metal pipes which are
      fixedly embedded in said roadway diagonally and alternately in opposite
      directions across the roadway, along the longitudinal direction thereof,
      said portable road-type structure functioning as an educational tool for
      teaching an individual the fundamental knowledge and techniques for
      driving a motorcycle before being exposed to actual driving conditions.
NUM  9.
PAR  9. A portable road-type structure for driver education which can be readily
      moved from one location to another which comprises a roadway, at least
      part of the surface of said roadway containing a plurality of rollers
      rotatably mounted across the surface thereof, substantially perpendicular
      to the longitudinal direction of said roadway, said rollers being spaced
      apart from each other a predetermined distance, said portable road-type
      structure functioning as an educational tool for teaching an individual
      the fundamental knowledge and techniques for driving a motorcycle before
      being exposed to actual driving conditions.
NUM  10.
PAR  10. A portable road-type structure for driver education which can be
      readily moved from location to another which comprises a roadway, at least
      part of the surface of said roadway containing a plurality of balls
      rotatably mounted in the surface thereof, at least a portion of the
      surface of said balls extending above the surface of the roadway, said
      portable road-type structure functioning as an educational tool for
      teaching an individual the fundamental knowledge and techniques for
      driving a motorcycle before being exposed to actual driving conditions.
NUM  11.
PAR  11. A portable road-type structure for driver education which can be
      readily moved from one location to another which comprises a roadway, at
      least part of the surface of said roadway containing a plurality of
      spaced-apart inclined steps, thereby providing a surface with multiple
      elevations, said portable road-type structure functioning as an
      educational tool for teaching an individual the fundamental knowledge and
      techniques for driving a motorcycle before being exposed to actual driving
      conditions.
NUM  12.
PAR  12. A portable road-type structure for driver edcuation which can be
      readily moved from one location to another which comprises a roadway, at
      least part of the surface of said roadway containing a plurality of
      spaced-apart steps, thereby providing a surface with multiple elevations,
      said portable road-type structure functioning as an educational tool for
      teaching an individual the fundamental knowledge and techniques for
      driving a motorcycle before being exposed to actual driving conditions.
NUM  13.
PAR  13. A portable road-type structure for driver education which can be
      readily moved from one location to another which comprises a roadway, at
      least part of the surface of said roadway comprising an open-top,
      rectangularly shaped, metal vessel containing large grained gravel or sand
      which forms the surface of said roadway, said portable road-type structure
      functioning as an educational tool for teaching an individual the
      fundamental knowledge and techniques for driving a motorcycle before being
      exposed to actual driving conditions.
NUM  14.
PAR  14. A portable road-type structure for driver education which can be
      readily moved from one location to another which comprises a roadway, at
      least part of the surface of said roadway having a serpentine
      configuration with the surface thereof inclining in cross section from one
      side of the roadway to the other side thereof, said portable road-type
      structure functioning as an educational tool for teaching an individual
      the fundamental knowledge and techniques for driving a motorcycle before
      being exposed to actual driving conditions.
NUM  15.
PAR  15. The portable road-type structure of claim 14, wherein various sections
      of the roadway along its longitudinal length, in cline in different
      amounts downwardly and outwardly from the center of curvature of the
      roadway.
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ABST
PAL  This invention pertains to an air-actuated vibrator of the turbine-type in
      which the rotor and enclosing chamber is contoured so as to provide within
      the normal operating range a low noise level which is below 80 db (hertz).
      In association with this chamber is a novel muffler which receives the
      output from the chamber and reduces the noise level to about 65 db or less
      which is much below the tolerance level established as acceptable. The
      rotor is the only moving part in this vibrator and has its periphery
      formed with small tooth-like transverse serrations but other similar
      profiles may be used. The tooth profile is of such small size that the
      driven rotor which is peripherally driven by pressurized air within a
      normal supply range produces noise levels which are sufficiently low so
      that the operation of the vibrator in combination with the associated
      muffler is considered to be virtually silent.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This invention pertains to and includes by reference my U.S. patent
      application Ser. No. 355,681, now U.S. Pat. No. 3,870,282, filed on Apr.
      30, 1973 and entitled, "Noiseless Air Actuated Turbine-Type Vibrator".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In accordance with the classification of art as established by the United
      States Patent Office this invention is found in the general Class
      entitled, "Agitating" (Class 259) and the subclass therein entitled,
      "miscellaneous" (subclass 1) which has been further indentified in this
      subclass as "1R" and "DIG. 43". The method of making a vibration apparatus
      as in the embodiment shown is found in the general Class entitled, "Metal
      Working" (Class 29) and the subclass therein of "impellers" (subclass
      156.8).
PAR  2. Description of the Prior Art
PAR  Air turbines are not new and making the rotor with an eccentric weight is
      also well known as seen in U.S. Pat. No. 3,074,151 to KROECKEL as issued
      on Jan. 22, 1963. Another patent using the same general concept includes
      U.S. Pat. No. 2,875,988 to WYSONG as issued on Mar. 3, 1959. Other air
      driven vibrators also generally used include ball-type vibrators as seen
      in U.S. Pat. Nos. to PETERSON, No. 2,793,009 as issued on May 21, 1957 and
      2,917,290 as issued on Dec. 15, 1959. In the above apparatus as well as
      others known to the applicant the noise levels exceed the tolerance levels
      for continuous duty operation (ie. 85 db) as established by the Federal
      Occupational Safety and Health Act of 1970.
PAR  The turbine-type pneumatic vibrator of this invention, as reduced to
      practice and extensively tested and used in commercial installations,
      operates substantially continuously at noise levels well below the
      established 85 db and with the associated muffler operates at levels of 60
      to 70 db. This, of course, falls well within the safety limits of the
      federal standard. In sharp contrast to this "quiet" vibrator is the
      ball-and-race vibrator now and for the past several years in extensive
      use. This ball-and-race vibrator is shown and described in U.S. Pat. Nos.
      2,793,009 as issued on May 21, 1957 and 2,917,290 as issued on Dec. 15,
      1959 both to PETERSON. The noise level usually found in the installations
      of these ball-and-race vibrators is often in excess of 100 db. This noise
      level for periods of 8 or more hours, of course, is unacceptable.
PAR  In the present invention the size of the rotor, the number and depth of
      teeth used therewith and the normal operating range of air pressure used
      to drive the vibrator are closely related factors. The air turbine
      vibrator of this invention uses a close limit control of these factors to
      successfully exceed the safe requirements for a "quiet" operation of the
      vibration apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be summarized at least in part with reference to
      its objects.
PAR  It is an object of this invention to provide, and it does provide, an
      air-actuated turbine-type vibrator in which the eccentrically weighted
      rotor has its periphery formed with a regular pattern and spacing of small
      saw-tooth forms. These tooth forms of a determined size and configuration
      commensurate with the size of the rotor. The discharge from the chamber is
      ninety degrees from the inlet and is through a side wall of the chamber
      and then an associated muffler.
PAR  It is a further object of this invention to provide, and it does provide,
      an air-actuated turbine-type vibrator in which the air inlet is of a size
      which is proportioned as to the diameter of the rotor. The outlet is also
      proportioned as to the diameter of the rotor and is through a side wall of
      the chamber and an associated muffler. The ratio of the inlet to the
      outlet diameter of the smaller diameter vibrators is about 40 percent of
      the outlet diameter whereas in the large diameter rotors the ratio of the
      inlet to the outlet is about 50 percent.
PAR  The air-actuated turbine-type vibrator of this invention, as reduced to
      practice, ranges from a rotor diameter of 13/8 inches to a diameter of
      five inches and the number of saw teeth carried by the rotor range from 50
      to 100  teeth. The groove depth of the saw-tooth on the various diameter
      rotors ranges from 1/32 to 1/4 of an inch depending upon the diameter of
      the wheel. The air turbine of this invention includes a standard
      circumferential chamber in which the outlet is disposed about ninety
      degress from the inlet and through the side wall of the chamber. In the
      various size units the inlet and outlet sizes vary. The outlet may be one
      or more holes in the side wall of the chamber, these holes leading
      directly to a muffler associated with the housing. The threaded portion of
      the inlet terminates at about one-eighth to 5/16 of an inch depending on
      size of the unit. The unthreaded portion creates a venturi action prior to
      the inlet entering the peripheral path of the turbine wheel. The inlet of
      the silent turbine is of a smaller diameter than is the outlet. The
      turbine has an eccentric weighted rotor and the eccentric weight is
      selected as to the amount of vibratory force to be exerted. The teeth are
      formed on the periphery and are generally transverse to the axis of the
      rotor and in many instances are saw-tooth in form. The number of teeth on
      the rotor is carefully calculated and in actual tests provides the lowest
      db noise level achievement while providing high r.p.m. output. The
      air-actuated turbine-type vibrator is contemplated to operate at air
      pressure ranging from 30 to 110 p.s.i.
PAR  In addition to the above summary the following disclosure is detailed to
      insure adequacy and aid in understanding of the invention. This
      disclosure, however, is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how it may
      later be disguised by variations in form or additions of further
      improvements. For this reason there has been chosen a specific embodiment
      for the "noiseless", air-actuated turbine-type vibrator as adopted for use
      with inlet air pressure of 30 to 110 p.s.i. and showing a preferred means
      for the construction of the turbine chamber and the tooth profile formed
      on the periphery of the rotor. This specific embodiment and an alternate
      embodiment have been chosen for the purposes of illustration and
      description as shown in the accompanying drawings wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents an exploded isometric view showing in general detail the
      construction and relationship of the components which comprise the air
      turbine vibrator and associated muffler;
PAR  FIG. 2 represents a side view of the housing of FIG. 1 and fragmentarily in
      section showing the inlet portion of the housing;
PAR  FIG. 3 represents a transverse sectional view of the housing of FIG. 2, the
      view taken on the line 3--3 thereof and looking in the direction of the
      arrows;
PAR  FIG. 4 represents an exploded isometric view of a vibrator assembly which
      is an alternate construction to the embodiment of FIG. 1, this view
      showing in general detail the construction and relationship of the several
      components;
PAR  FIG. 5 represents a side view of the housing of FIG. 4 and fragmentarily in
      section showing the inlet portion of the housing, and
PAR  FIG. 6 represents a transverse sectional view of the housing of FIG. 5,
      this view taken on the line 6--6 thereof and looking in the direction of
      the arrows.
DETD
PAR  In the following description and in the claims various details will be
      identified by specific names for convenience; these names, however, are
      intended to be generic in their application. Corresponding reference
      characters refer to like  members throughout the figures showing the
      construction of the turbine-type vibrator and in the charts and graphs
      used therewith.
PAR  The drawings and charts accompanying, and forming part of, this
      specification disclose certain details of construction for the purpose of
      explanation of the invention, but it should be understood that structural
      details may be modified in various respects without departure from the
      concept and principles of the invention and that the turbine-type vibrator
      may be incorporated in other structural forms than shown.
PAC  Description of the Embodiment of FIGS. 1-3
PAR  Referring now in particular to the drawings there is shown in FIG. 1 an
      isometric exploded view of the preferred construction of an air turbine
      vibrator of this invention. This vibrator includes a housing generally
      designated as 10 and having a base adapted for mounting onto a flat
      surface. This base includes leg portions 12 and 14 and above and between
      these portions is provided a chamber portion 16 which is circular in
      configuration and of a determined depth. This chamber has formed outwardly
      and on the near side an outer larger circular recess 18 adapted to receive
      and retain a disc-like end 20 which has mounted to it an axle 22. This
      axle includes a near threaded portion 23 and at its left or distal end a
      threaded portion 24, both threaded portions adapted to receive and be
      retained by a nut 25. A back wall 26 is formed in the housing and closes
      off the rear portion of the chamber area 16. This back wall is formed with
      a hole 28 providing a passage therethrough for the axle member 22.
PAR  Adapted for mounting on the axle 22 is a rotor generally designated as 30.
      This rotor includes a ball bearing 32 which provides the antifriction
      bearing portion around which the rotor is driven. Around this ball bearing
      32 is a rotor portion 34 which has formed on the outer periphery thereof
      teeth 36 whose size and spacing is essential in the quiet operation of the
      turbine. Between the bearing 32 and the outer tooth portion 36 there is
      mounted in the rotor portion 34 heavier elements in the form of dowels or
      rods and generally identified as 38. These heavier elements may be of
      steel, sintered heavy metal, lead or the like. These rods are mounted as
      by a press fit or by threaded retention into previously prepared holes in
      the rotor portion 34 which is usually a die casting or machined part of
      zinc or aluminum. It is to be noted that the rotor need not be limited to
      metal as plastic may also be used. Since the air being fed into the
      turbine often carries impurities with it in the form of rust, scale or
      dust the use of a plastic for the rotor may or may not be feasible
      depending upon the environment in which it is used. However, it is to be
      contemplated that the scope of this invention includes the use of plastics
      and the like for both the rotor and the housing.
PAR  Referring now to FIGS. 1, 2 and 3, there is depicted a preferred housing
      construction for guiding pressurized air to and from the chamber portion
      16. An inlet 40 has a reduced diameter inner portion and an outer threaded
      portion for mounting a threaded nipple therein. This thread is of a
      selected size to accommodate the pipe conduit not shown. Outlet holes 42
      and 43 are drilled holes whose combined area is 11/2  to 5 times the area
      of reduced diameter 44 leading from the threaded portion to chamber 16.
      This reduced inlet is disposed and sized to provide a jet force with this
      reduced diameter concentrating the incoming air as a tangential impinging
      force on the teeth of the rotor. This short length 44 ranges from 1/8  to
      1/2  of an inch in length depending on the size of rotor and chamber.
PAR  About 90.degree. clockwise from the reduced inlet 44, as seen in FIG. 2,
      are outlet holes 42 and 43 which are closely adjacent the outer wall of
      the chamber 16. These holes pass through wall 26 into a shallow annular
      recess 46 formed on the left side of wall 26 as in FIG. 3. In this recess
      is removably mounted a porous filter member 48 which, as the muffler pad,
      is shaped in the form of a washer. A closing plate 50 has its outer
      diameter sized to mount in annular outer groove 51 in housing 10. A hole
      52 is sized to slidably mount on the threaded portion 24 of axle 22. Holes
      54, 55 and 56 are drilled through plate 50 and when plate 50 is in mounted
      condition are at or close to the outer diameter of recess 46. In mounted
      condition the holes 54, 55 and 56, as depicted, are diametrically opposite
      the holes 42 and 43 in side wall 26. Nut 25 secures plate 50 in recess 51
      as well as the pad 48 in recess 46.
PAC  Assembly of the Vibrating Turbine of FIG. 1
PAR  The chamber 16 is of a determined size which, as reduced to practice, is
      substantially the diameter of the rotor and may be from 13/8 inches to 5
      inches in diameter. The weights 38 placed in the rotor portion 34 may be
      light, medium, or heavy depending upon the effective vibratory force
      exerted at the desired operating conditions of the unit. One or more ball
      bearings 32 are assembled in the rotor 34 as a press fit in a bore formed
      therein. This assembly 30 is then pressed as a snug fit on the smooth
      mid-shank portion of shaft 22 after which the disc end 20 and the shaft
      mounted rotor are then pushed into bore 16 of the housing 10. The
      periphery of the tooth portion 36 provides a clearance of a few
      thousandths of an inch to 1/8 of an inch between the outer periphery of
      the teeth and the inner surface of bore 16. The threaded end portion 24 of
      axle 22 is passed through the hole 28 and with nut 25 tightened the
      muffler pad and plate 50 are retained in mounted condition on the left
      side of the housing 10. End 20 is seated into recess 18 and with the nut
      25 mounted and tightened on threaded end 23 the unit is assembled.
PAR  The effectiveness of this vibrator as far as operating at or below a safe
      noise level results from a careful forming of the teeth portion 36
      preferably in the manner of a saw-tooth form. The relationship of this
      tooth form and the pressurized air fed through the inlet portion 44 of the
      inlet is selected so that the vibrator will operate at maximum r.p.m.'s
      with a noise level below seventy db's and preferably in the range of 60 to
      65 db's or less, which level is less than the established level permitted
      where continuous presence of workmen in or around these vibrators may
      occur without damage to their hearing.
PAC  Description of the vibrator of FIG. 4
PAR  Referring next to the embodiment as shown in FIG. 4, there is depicted a
      noiseless vibrator similar in most respects to the embodiment of FIG. 1
      except that the muffler is positioned on the near side which is opposite
      that shown in FIG. 1. As depicted, a housing generally designated as 60 is
      like housing 10 except for the forming of the back wall. The base has legs
      62 and 64 and above and between these legs is chamber portion 66 which is
      circular in configuration and of a determined depth. On the near or open
      side of this chamber is formed a shoulder recess 68 which is adapted to
      receive and retain a closing cover assembly which includes the muffler, to
      be hereinafter more fully described. A back wall 70 has an axle retaining
      hole 71 formed therein.
PAR  An axle 72 has a smooth diameter midportion and near and far threaded ends
      73 and 74. A pair of snap ring grooves 76 is adapted to each receive a
      snap ring 78. Adapted for mounting on the midportion of axle 70 is a rotor
      30 as in FIG. 1. This rotor is also carried on a pair of ball bearings 32
      which provide antifriction bearing properties and around which the rotor
      is driven. Rotor portion 34 has saw teeth 36 formed on its outer
      periphery. In rotor portion 34 is mounted the weight members 38.
PAR  The near end of chamber 66 is closed by a cup-shaped end member generally
      identified as 82 and having a circumferential band or rim 84 attached to
      and extending from an end wall 86. A hub 88 having an aperture 90
      therethrough is adapted for mounting on the near end of axle 72. A
      plurality of holes 92 is formed through end wall 86 and as viewed through
      the broken away portion of rim 84 lays immediately adjacent the inner
      surface of the rim. The broken away portion of rim 84 is only for the
      purpose of illustration as in practice this rim is unbroken. A
      washer-shaped porous muffler pad 48 is adapted for mounting in the annual
      recess between hub 88 and rim 84. A receiving and retaining shoulder or
      counter bore 93 is formed at the near or outer edge of rim 84 and is sized
      so as to receive and seat end disc 94. A plurality of holes 96 is formed
      in this disc and is disposed to lay adjacent the inner wall of rim 84 when
      the disc 94 is mounted in counter bore 93. A hole 98 is disposed to permit
      passage of the threaded end 73 and axle 72 therethrough.
PAR  An inlet 100 has a threaded portion 102 and a reduced diameter portion 104.
      The threaded portion is for securing a threaded nipple therein while the
      reduced diameter portion is disposed and sized to provide a jet force with
      this reduced diameter disposed and arranged to concentrate and direct the
      incoming pressurized air as a tangential impinging force on the teeth 36
      of the rotor. The sizes of this inlet correspond to the sizes of the inlet
      described in detail in my reference application. The area of outlet holes
      92 are equal to and preferably exceeds the corresponding outlet area of
      the discharge ports in the reference application. The combined area of
      holes 92 is less than the combined area of the final exit holes 96 in disc
      94.
PAC  Assembly of the Vibrating Turbine of FIG. 4
PAR  The diameter of the chamber 66 is a few thousandths to one-eighth inch
      larger than the diameter of rotor 30 which may be from 13/8 inches to 5
      inches in diameter. Weights 38 are a matter of selection depending upon
      the desired vibratory force to be exerted. One or more ball bearings 32
      are assembled in the rotor as a press fit in the bore of portion 34. This
      assembly is then pressed onto the smooth central portion of axle 72. Snap
      rings 78 are mounted in grooves 76 to position and retain the rotor
      assembly longitudinally on the axle 72.
PAR  This assembly is now mounted in housing 60 with the threaded end 74 of axle
      72 being passed through hole 71 and by means of nut 80 the rotor is
      secured to housing wall 70. The cup-shaped end member 82 is now readied
      for mounting on the axle 72 and in shoulder recess 68. As depicted in FIG.
      4, member 82 is oriented so that the holes 92 in wall 86 are disposed at a
      position which is about ninety degrees radially counterclockwise from the
      inner discharge end of reduced diameter inlet portion 104. As thus
      oriented the end member 82 is slid onto axle 72 and into seated condition
      in recess 68. The muffler pad 48 is now mounted in the outwardly facing
      recess of member 82. End disc 94 is next mounted on extending threaded end
      73 of axle 72 and holes 96 are disposed diametrically opposite the holes
      92 in member 82. This 180.degree.  orientation of the final outlet holes
      96 from exhaust holes 92 provides the longest discharge flow path through
      filter pad 48. Nut 80 is now mounted on and is tightened on threaded end
      73. The tightened nuts 80 retain the assembly in the desired operating
      condition.
PAC  Operative Improvement
PAR  In the several charts of the operation of the embodiment shown in my
      above-reference application, Ser. No. 355,681, the decibel ratings as in
      the chart of FIG. 3 of that application as compared to the performance of
      the embodiment of the present invention, have resulted in a drop of about
      ten percent from the charted decibel level in that found in the muffled
      vibrator of this application. The range of model 100 in the present
      embodiment is a noise level in the low fifties to about 65 and in the
      larger model 250 in a noise level of a decibel range of less than 60 to a
      high of 65 to 67 decibels. All tests were made with saw-tooth shaped tooth
      profiles with pitches on the large rotor of a coarse size of 24 pitch to a
      fine size tooth profile of 48 pitch on the small rotors. In addition to
      reducing the air flow pathway in the chamber of the present invention to a
      quarter revolution, it is believed that the devious flow path through the
      muffler and the use of plural holes reduces the resonant chamber effect.
      Comparative tests with the reference embodiment to the instant embodiments
      reveal that the saw-tooth profile rotor produces substantially equal
      r.p.m.'s at comparable inlet pressures and that the noise level of the
      instant embodiments is distinctly lower than the embodiment in the
      reference application where the influent air travel path in the chamber is
      slightly more than 180.degree..
PAR  In the above-described embodiments the description has been directed to the
      various components as shown, however, many alternate constructions are
      available. Among these alternate constructions is the placement of the
      inlet and outlet holes into and from the muffler chamber. These holes may
      be moved toward the axis of the rotor, if desired, and the muffler chamber
      need not be made circular. The circular chamber depicted is essentially a
      matter of aesthetics and economy. The muffler pad is also a matter of
      filling the chamber cavity and need not be a wafer except where
      construction dictates. The relationship of the inlet to the outlet need
      not be diametrically opposite but may be oriented at other angles. Such
      orientation alternates, of course, reduce the length of the flow path
      through the mufflers thus reducing its noise reducing ability.
PAR  Although snap rings 78 are shown in FIG. 4 that is not to limit the
      vibrator construction thereto. For example, spacers may be used as well as
      forming inwardly directed bosses on the end walls and closure plates. It
      is also to be noted that two muffler chambers may be provided on the same
      vibrator if and when desired. For example, the unit of FIG. 1 instead of
      plate 20 might use the members 82 and 94 and filter 48 to close the near
      side and thus with chamber 46 provides dual mufflers and muffler chambers.
PAR  It is, of course, realized that the holes 42 and 43 of the embodiment of
      FIG. 1 and holes 92 of the embodiment of FIG. 4 could be located in a
      boss-type outlet formed as a part of the radial wall of the housing. This
      outlet would also be about 90.degree. radially downstream from the inlet.
      This wall outlet would then be connected so that effluent stream would
      flow through a longitudinal muffler or, if desired, a washer-type muffler
      as in one of the depicted embodiments. It has been found that increasing
      the radial orientation of the discharge outlet from the inlet does not
      appreciably increase the decibel noise but an increase does reduce the
      r.p.m. output of the rotor. The tooth profiles of the reference
      application may be used but with some profiles the speed of the rotor is
      slightly reduced. The noise levels remain about the same when using the
      saw-tooth rotor as with other profiled rotors of the same diameter and at
      the same input pressure.
PAR  The gear tooth design of the reference application and with 24 pitch is the
      design used on the rotor in the commercial 5 inch vibrator model of this
      invention. Of course, the vibrator of this invention cannot be used in
      certain food or pharmaceutical manufacturing systems where direct air
      discharge into the manufacturing environment is not permitted.
PAR  Terms such as "left", "right", "up", "down", "bottom", "top", "front",
      "back", "in", "out", "clockwise", "counterclockwise" and the like are
      applicable to the embodiments shown and described in conjunction with the
      drawings. These terms are merely for the purpose of description and do not
      necessarily apply to the position in which the noiseless turbine-type
      vibrator with muffler may be constructed or used.
PAR  While a particular embodiment of these vibrators has been shown and
      described it is to be understood that modifications may be made within the
      scope of the accompanying claims and protection is sought to the broadest
      extent the prior art allows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A relatively silent, compressed gas-actuated, turbine-type vibrator
      having a rotor of not less than 1-1/4 inches and not more than 51/2 inches
      diameter and when operated within a speed range of 6,000 to 10,000 rpms
      having a noise level not greater than 75 decibels hz., the vibrator
      including: (a) a substantially closed housing having a cylindrical chamber
      therein; (b) a dynamically unbalanced rotor freely rotatable in the
      cylindrical bore of the chamber, the diameter and length of the rotor
      being established so that not less than 1/32 of an inch clearance is
      provided between the rotor and ends and bore of the chamber, the rotor
      having a plurality of tooth-like configurations formed on its outer
      periphery, the tooth-like configuration further having a depth which
      corresponds to a distance not exceeding 7 percent and not less than 11/2
      percent of the diameter of the rotor; (c) an air outlet formed in the
      housing and extending from the rotor chamber to the outside of the
      housing; (d) an air inlet formed in the housing and extending from the
      outside of the housing to the rotor chamber, the air inlet arranged to
      direct the incoming pressurized air tangentially against the teeth of the
      mounted rotor and with the tooth-like configuration so formed that in a
      plane normal to the axis of the rotor the face of the tooth-like
      configuration against which the incoming air impinges defining an angle of
      intersection with a theoretical radial line of said rotor, said defined
      angle being as little as zero and as great as 30.degree. as measured from
      said point of intersection and inclined in such a direction that the
      circumferential thickness of the tooth-like configurations tend to
      decrease as the radial distance from the axis increases, the
      cross-sectional area of the inlet being 30 to 55 percent of the area of
      the outlet diameter; (e) a muffler housing carried by the turbine housing
      and providing an attached muffler chamber, said muffler housing having an
      inlet side connected to the chamber outlet and on a side opposite the
      inlet side into the muffler housing there is provided a closure plate
      having an outlet leading substantially directly to atmosphere, and (f) a
      porous muffler member carried in the muffler housing, this muffler member
      constructed so as to provide myriad paths for the effluent air while
      flowing through the muffler housing to its discharge from this muffler
      housing.
NUM  2.
PAR  2. A turbine-type vibrator as in claim 1 in which the rotor is provided
      with saw-tooth formed teeth ranging in size from 48 to 24 diametral pitch
      on rotors whose outer diameters range from 13/8 inches to 5 inches.
NUM  3.
PAR  3. A turbine-type vibrator as in claim 1 in which the length of the
      controlling inlet size is between 1/8 and 1/2 inch and the diameter of the
      inlet is between 1/10 and 1/4 inch.
NUM  4.
PAR  4. A turbine-type vibrator as in claim 1 in which the closure plate is a
      disc and the axle is passed therethrough, the disc adapted to snugly
      engage a mating positioning means formed at the opening of the muffler
      housing to provide a seat for the disc and an end closing of the muffler
      housing and in which the back wall of the rotor housing has an aperture
      sized to receive and retain the axle which is passed therethrough and by a
      fastening means the axle and attached disc is tightly drawn into a closing
      condition of the chamber, the back wall of the rotor housing having at
      least one outlet hole and on the opposite side is provided said muffler
      housing which is mounted thereon and when secured to the vibrator housing
      retains said porous muffler member therein.
NUM  5.
PAR  5. A turbine-type vibrator as in claim 4 in which the muffler housing is
      cup-shaped and the muffler member is washer-shaped, the retaining of the
      housing to the vibrator housing being achieved by a nut removably mounted
      on and tightened on an extending threaded end of the axle.
NUM  6.
PAR  6. A turbine-type vibrator as in claim 5 in which the outlet hole through
      the end wall is disposed approximately ninety degrees downstream from the
      inlet in the rotor chamber and the outlet hole from the muffler housing is
      at least one hole in the side wall of this muffler housing.
NUM  7.
PAR  7. A turbine-type vibrator as in claim 1 in which the rotor chamber has an
      open side which is closed by said cup-shaped muffler housing adapted to be
      seated in the outer end of the rotor chamber, the cup-shaped muffler
      housing having at least one air passage hole formed in side wall portion
      thereof, this air passage hole providing the inlet for the air discharge
      through the muffler, and said closing end plate adapted for covering the
      open side of muffler housing, this closing end plate having at least one
      outlet air hole formed therethrough and in mounted condition providing a
      discharge passageway for the discharges of the effluent air.
NUM  8.
PAR  8. A turbine-type vibrator as in claim 7 in which the cup-shaped muffler
      housing has its side wall formed with a passageway sized to slide on an
      extending end of the axle and the closing end plate is also formed with a
      passageway sized to slide on the same extending end of the axle, this end
      of the axle being threaded sufficiently to removably retain a nut which is
      tightened thereon to retain the muffler housing and closing end plate in
      mounted condition.
NUM  9.
PAR  9. A turbine-type vibrator as in claim 8 in which the air passage in the
      muffler housing side wall is a plurality of holes positioned in the side
      wall so that in mounted condition they lay adjacent the circular wall of
      the rotor bore, and the outlet in the closing end plate is a plurality of
      holes so positioned that in mounted condition they lay adjacent the inner
      surface of an outer rim portion of the cup-shaped muffler housing.
NUM  10.
PAR  10. A turbine-type vibrator as in claim 9 in which the outer rim of the
      muffler housing is generally circular in configuration and the porous
      muffler is washer-shaped.
NUM  11.
PAR  11. A turbine-type vibrator as in claim 1 in which rotors of 11/4 inches in
      diameter to and including 31/2 inches in diameter have not less than 40
      teeth and more than 80 teeth, and rotors of 33/4 inches in diameter to and
      including 5 inches in diameter have not less than 60 teeth and more than
      120 teeth.
NUM  12.
PAR  12. A turbine-type vibrator as in claim 1 in which the teeth on the rotor
      are arranged to lay in a plane passing through the axis of the rotor.
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PAL  A slidable seal is disposed in one end of each stationary arcuate shroud
      segment in a gas turbine. The seal is forced by a spring across a gap
      between adjacent shroud segments, to abut against an end of an adjacent
      shroud segment. The slidable seal helps control fluid leakage in both the
      axial and the radial direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to gas turbines, and more particularly, to
      seals between stator shrouds in the gas turbines.
PAR  2. Description of the Prior Art
PAR  In axial flow gas turbines, the stator vanes are mounted in a group. They
      are held in this group by an arcuate shroud member on both their radially
      inner and their radially outer ends. The shrouds, when adapted to the
      turbine, form an annular array of support members for the vanes.
PAR  A gap exists between adjacent shrouds. The gap permits thermal expansion of
      the shrouds, and prevents the shrouds from buckling. The gap also, however
      permits leakage of hot working fluid from the hot working flow path.
      Turbines have been designed with shrouds that have an overlap between
      adjacent end portions of the shrouds, or with a tongue and groove seal
      arrangement. These designs have their limitations, because they allow
      either a radial or an axial leakage of fluid. A buckling or interference
      can occur between the shrouds, if the gap is too narrow, or if there is a
      mismatch or misalignment in the assembly of the shrouds. The present
      invention helps overcome these objections to the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the invention, a spring loaded seal is
      disposed across a gap between adjacent stationary shroud members in a gas
      turbine engine. The seal extends from one shroud, in a tongue-in-slot
      manner, and abuts an end of an adjacent shroud. This sealing arrangement
      prevents radial leakage of hot working fluid from the hot working fluid
      flow path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of an inlet nozzle of a gas
      turbine engine, showing a portion of the shroud constructed in accordance
      with the principles of this invention;
PAR  FIG. 2 is a perspective view of a sealing assembly showing a portion of an
      arcuate shroud;
PAR  FIG. 3 is an enlarged sectional view, of the seal assembly fully extended;
PAR  FIG. 4 is an enlarged view of the seal assembly fully compressed; and
PAR  FIG. 5 is a perspective view of an alternative embodiment of the seal
      assembly, showing the radial fluid seal as well as an axial fluid seal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, and particularly to FIG. 1, there is shown a
      portion of an inlet arrangement of an axial flow gas turbine 12 having a
      shroud and seal arrangement 10. The gas turbine 12 includes a turbine axis
      4, an outer cylinder 6, a plurality of stationary inlet vanes 8, and at
      least one rotor disc 9 with an array of rotating blades 11.
PAR  Shown more clearly in FIG. 2, is a portion of the shroud and seal
      arrangement 10 of an axial flow gas turbine 12. The seal arrangement 10,
      as shown in FIG. 2, includes a slidable elongated seal member 14, an
      expansion clip or spring 16, a retaining pin 18 and a portion of an
      arcuate circumferentially disposed shroud segment 20. Each shroud segment
      20 has a plurality of stator vanes 22 disposed radially thereon.
PAR  The shroud segments 20 are disposed in an annular array, within the turbine
      casing 6. The shroud segments 20 are disposed on both the radially inner
      and the radially outer ends of the stationary vanes 22.
PAR  On one end of each of the circumferentially disposed shroud segments 20,
      there is an axially disposed groove 24. The groove 24 slidably supports
      and maintains the elongated seal member 14. Disposed between the seal
      member 14 and the groove 24 is the spring member 16. A notch 26, in the
      seal member 14 engages the spring or clip 16 and prevents it from axial
      dislocation within the groove 24. The spring 16 causes the seal 14 to be
      pressed outwardly from groove 24, against an end of an adjacent shroud
      segment.
PAR  The retaining pin 18 prevents its respective seal member 14 from extending
      beyond the supporting walls of the supporting and maintaining groove 24.
      The retaining pin 18 is disposed through a hole 28 in one wall of the
      groove 24. The pin 18 cooperatively mates with a circumferentially
      directed slot 30 in the seal member 14. The slot 30 runs across only a
      portion of the seal member 14. The pin 18 abuts against a retaining lip
      32, as shown in FIGS. 2 and 3, the pin 18 in the slot 30 preventing the
      seal member 14 from further extension out of the groove 24.
PAR  The seal member 14 does not need an engaging slot in an end of an adjacent
      shroud, to complete the seal. FIG. 3 show the seal member 14 in full
      extension, abutting a planar end of an adjacent circumferentially disposed
      shroud member 20'.
PAR  The seal member 14, may be completely disposed within its supporting groove
      24, as shown in FIG. 4. The expansion clip or spring 16, is fully
      compressed, and no gap exists between the end portions of adjacent shroud
      segments 20 and 20'. This compressed condition would occur during maximum
      thermal expansion of the shroud 20 and 20', or during slight thermal
      expansion and misalignment of the shroud 20 or 20'.
PAR  An alternative embodiment of the sealing arrangement, is shown in FIG. 5.
      This embodiment includes a "U" shaped generally parallel legged seal
      member 34 having generally parallel leg members 37 and a transverse bridge
      portion 35. A radially directed notch 36 is disposed on one end of the
      elongated seal member 14, and the bridge portion 35 of the generally
      parallel legged seal member 34 is disposed therein. A generally radially
      directed slot 38 is disposed in the walls of the groove 24 in the shroud
      segment 20, corresponding to the position of the slot 36 in the sliding
      seal member 14. The bridge portion 35 of the generally parallel legged
      seal member 34 is mated with the slot 36 in the elongated seal member 14.
      The generally parallel legs 37 of the generally parallel legged seal
      member 34 contact the radially inner and outer surfaces of the seal member
      14. The legs 37, fit within and cooperate with the slot 38, and provide an
      axial sealing means for controlling leakage of an axial fluid flow that
      might flow around the elongated seal member 14, even when the seal member
      14 is disposed across the gap between adjacent shroud segments. The
      retaining pin 18 and the slot 30 in the seal member 14 with which it
      cooperates, are arranged in the same manner as was the pin 18 and slot 30
      arrangement shown in FIGS. 2 and 3.
PAR  Since numerous changes may be made in the above-described construction, and
      different embodiments of the invention may be made without departing from
      the scope and spirit thereof, it is intended that all subject matter
      contained in the foregoing description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seal structure for reducing leakage of a fluid between adjacent
      stationary shroud segments in a turbine comprising, a turbine casing, a
      blade ring disposed within said casing, an annular array of stationary
      blades disposed within said blade ring, said blades supported on their
      radially outer end by a plurality of arcuately formed outer shroud
      segments and on their inner ends by a plurality of arcuately formed inner
      shroud segments, said adjacent shroud segments defining gaps therebetween
      allowing dimensioned changes in said segments due to thermal causes,  one
      end of each of said shroud segment having a slot defined by opposing
      radially spaced legs, said slot having an opening facing said adjacent
      segment, a movable seal member mounted in said slot for guided movement
      towards said adjacent segment, a spring means disposed within said slot
      for biasing said seal member into abutting sealing engagement with said
      adjacent segment for sealing said fluid against radial flow across said
      shroud and radially directed slots in said opposing legs of said segment,
      said sealing member having a radially enlarged portion received within
      said radial slots whereby, in conjunction with said spring means, said
      slot defined by said opposed spaced legs is sealed against axial flow
      therethrough.
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PAL  A horizontal multidirectional turbine windmill comprising a housing having
      apertures on all sides for ingress and egress of air and a rotor on a
      drive shaft within the housing, each aperture being the larger end of a
      funnel-shaped passage, the smaller ends of said passages being positioned
      to deliver air at relatively high velocities against the rotor buckets,
      the air entering the housing through one or more apertures on the windward
      side thereof and being exhausted through apertures on the leeward side.
      The housing is preferably so shaped that ambient air impinging on the
      housing surface without entering an aperture will flow around the housing
      and create a low pressure zone adjacent the exhaust funnel apertures, and
      the housing is also preferably so shaped that a plurality of units can be
      stacked vertically with their drive shafts coupled together. The rotor
      buckets are flexible and their profiles are varied automatically as a
      function of wind and rotational speed.
BSUM
PAR  This invention relates to windmills of the type in which a rotor is
      arranged horizontally on a vertical axle and drive shaft, and in which
      funnel-shaped passages are disposed on all sides of the rotor, with
      deflecting surfaces positioned to efficiently conduct the air currents to
      the vanes or buckets of the rotor, the rotor having flexible vanes or
      buckets with means for automatically varying the profile thereof as a
      function of wind and rotational speed to ensure the most efficient
      operation under all conditions.
PAR  In the art of horizontally rotating windmills, it is known to provide a
      rotor without a housing but with a peripheral shield, movable according to
      the wind direction in order to cover the inactive side of the rotor while
      the wind acts on the exposed side. It is also known to provide windward
      and leeward funnel-shaped passages to direct the air flow to and from the
      vanes of the rotor, the funnels being movable to respond to the wind
      direction. Another known windmill comprises a rotor having fixed vanes
      surrounded by an annular casing in which are mounted flat vertical
      shutters which are rotated automatically (in response to wind velocity) to
      control the flow of wind to the rotor. It is also known to provide a rotor
      having flexible blades, with manual means to pre-set the amount of slack
      therein.
PAR  It is an object of the invention to provide a windmill wherein the rotor
      vanes or buckets automatically and instantly adjust their profile
      according to the wind velocity and rotational speed of the rotor.
PAR  It is a further object of the invention to provide windmill modules or
      units, each comprising a housing and a rotor on an axle, which are adapted
      to be stacked vertically with the axles intergaged to constitute a single
      drive shaft, driven by a plurality of rotors.
PAR  It is another object of the invention to provide, in a windmill of the
      character described, rotor vanes or buckets which are so proportioned as
      to ensure the most advantageous use of the wind energy during its passage
      through the rotor.
PAR  It is a further object to provide certain improvements in the form,
      construction and arrangement of the several parts whereby the above named
      and other objects may effectively be attained.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter described, and the scope of
      the invention will be indicated in the claims.
DRWD
PAR  Practical embodiments of the invention are shown in the drawings, wherein:
PAR  FIG. 1 represents a perspective view of a single unit in operative
      position, certain details being omitted;
PAR  FIG. 2 represents a vertical axial section of a first embodiment of the
      invention;
PAR  FIG. 3 represents a horizontal section on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a diagrammatic illustration of the manner in which a plurality of
      units may be stacked;
PAR  FIG. 5 represents a detail bottom plan view of the drive pulley;
PAR  FIG. 6 represents a top plan view of a modified form of unit;
PAR  FIG. 7 represents a vertical section on the line 7--7 of FIG. 6;
PAR  FIG. 8 represents a detail horizontal section of an adjustable rotor vane;
PAR  FIG. 9 represents a detail vertical section on the line 9--9 of FIG. 8;
PAR  FIG. 10 represents a top plan view of a modified form of rotor, the drive
      shaft and housing being in section;
PAR  FIG. 11 represents a detail vertical section on the line 11--11 of FIG. 10;
PAR  FIG. 12 represents a detail top plan view showing parts of the rotor
      shifted to positions different from those of FIG. 10;
PAR  FIG. 13 represents a detail vertical section of housing and rotor portions,
      modified from the form shown in FIG. 7; and
PAR  FIG. 14 represents a detail top plan view on the line 14--14 of FIG. 13.
DETD
PAR  Referring to the drawings, and particularly to FIGS. 1 to 3, the windmill
      comprises, as basic elements, a housing 11, rotor 12 and base 13. The
      housing is constituted by a top member 14, having a flat circular central
      portion 15 and an upwardly flaring frusto-conic rim portion 16, a bottom
      member 17, having a similar circular central portion 18 and downwardly
      flaring frusto-conic rim portion 19, and fixed vertical vanes 20 (eight
      being shown) connecting the respective rim portions. The vanes lie at
      angles of about 35.degree. to the radius of the housing at the periphery
      of the rim portions and curve inwardly to lie at a smaller angle adjacent
      their inner edges.
PAR  The rotor is constituted by upper and lower flat discs 21, 22, connected by
      vertically disposed buckets 23, and mounted on an axle 24. The buckets 23
      are so disposed and so angled as to receive on their concave sides the
      streams of air which are directed in a partially tangential direction by
      the angled vanes 20 of the housing. They terminate inwardly at a
      substantial distance from the axle, leaving a central space across which
      the air can flow freely after acting on the windward side buckets. The
      axle is journaled in upper and lower bearings 25, 26 and may be provided
      at its upper end with a coupling element 27 for engagement with a
      complementary element on the bottom of another unit when they are stacked,
      as described below. The lower end of the axle extends below the bearing 26
      to constitute a drive shaft on which is mounted a pulley 28.
PAR  The base 13 is shown as having legs 29, and a support 30 for the generator
      31 which is driven through pulley 32 by the drive belt 33 on the pulley
      28.
PAR  The top of the housing may suitably be covered by a flat conical roof 35
      which is made as a separate element, to be mounted on the uppermost
      housing-and-rotor unit of a stack containing two or more such units. In
      such a plural assembly only the lowermost unit has its axle connected to
      the generator, each upper unit having its axle provided with a coupling
      adapted to engage with the element 27 of the next lower unit. A stack of
      three units is shown diagrammatically in FIG. 4.
PAR  In operation, the unit of FIGS. 1 to 3 will present to the wind, from any
      direction, at least three apertures bounded by the outer edges of the top
      and bottom housing members and the outer edges of the adjacent vertical
      vanes, each such aperture being the larger end of a funnel, the
      cross-sectional area of which decreases to a minimum at the inner end,
      adjacent the rotor. Air passing through such a funnel increases in
      velocity so that the stream impinging on each rotor bucket on the windward
      side of the unit acts to rotate the rotor at a relatively high speed. The
      same air is exhausted past the buckets on the down-wind side in a
      direction to urge the rotor in the same rotary direction. Wind passing
      around the sides of the unit (where its effect is neutral) tends to create
      a certain amount of suction on the down-wind side, drawing the air through
      and out of the unit with increased velocity and resulting in very
      efficient use of the available wind flow. The direction of the wind is
      quite indifferent and changes in direction, at a constant velocity, will
      not affect the operation of the unit.
PAR  In the form of windmill shown in FIGS. 6 and 7 the housing and rotor are
      modified to provide improved air-flow characteristics. The top member 40
      and bottom member 41 are formed with frusto-conic rim portions 42, 43
      (like portions 16, 19), joined by fixed vanes 44, but are dished so that
      the central portions 45, 46 are more widely spaced, vertically, than the
      portions 15, 18 in FIG. 2, for a unit of the same overall size. The rotor
      in FIG. 7 is constituted by an upper central disc 47 with a downwardly
      sloping annular frusto-conic portion 48, and a lower central disc 49 with
      an upwardly sloping frusto-conic portion 50, both mounted on an axle 51,
      journaled in bearings 52, 53, corresponding to bearings 25, 26 of FIG. 2.
      The rotor is provided with buckets (one being indicated generally at 55)
      which lie in the zone between the frusto-conic portions 48 and 50, leaving
      the central interior of the rotor open for passage of air, as noted above.
      In this form of rotor the inward narrowing of the spaces between adjacent
      pairs of buckets is partially compensated for by the vertical widening of
      the spaces.
PAR  The rotor vanes or buckets 23 or 55 have been shown in FIGS. 1 to 7 as
      being fixed and relatively rigid, but an important object of the
      invention, as noted above, is to provide buckets which are automatically
      adjustable. Referring to FIGS. 8 and 9, the rotor is constituted by upper
      and lower flat discs 60, 61 (like discs 21, 22 in FIG. 2) connected by
      circularly disposed arrays of inner posts 62 and outer posts 63, the outer
      posts being larger in diameter than the inner posts. The bucket 64 is in
      the form of a flat sleeve of flexible material (e.g. sheet aluminum),
      fitting closely against the inner post and having a partially stream-lined
      nose piece 65 fixed in its outer folded edge. The position of the nose
      piece is controlled by means of upper and lower guide pins 66, 67 which
      pass freely through holes bored in the post 63, and the post is rotatable
      at least to the extent indicated in FIG. 8. The inner posts 62 are
      preferably located no closer to the axle 68 than about one-half the radius
      of the rotor, to leave free space in the center portion thereof.
PAR  In operation, the bucket 64 responds to a gentle flow of air, with slow
      rotation, by assuming its position of maximum curvature (approximated in
      full lines in FIG. 8); as the wind velocity increases and the rotor turns
      faster, the nose piece (having substantial mass) is urged radially outward
      by centrifugal force and the profile of the bucket is made flatter (broken
      lines in FIG. 8), as required for most efficient operation in a high speed
      wind stream. Such automatic adjustment of the bucket's profile is
      reversible, in that a lessening of the centrifugal force permits the nose
      piece to be drawn in toward the post 63 in response to filling of the
      bucket with air at a lower velocity.
PAR  Profile adjustment may be effected also by the means shown in FIGS. 10 to
      14. In FIGS. 10 and 12 the housing 70 is the same as in FIGS. 1 to 3. The
      rotor upper and lower flat discs are replaced by two-part assemblies;
      since the upper assembly is the same as the lower assembly, but inverted,
      only the lower one is shown and described. This comprises a central flat
      disc 71 fixed on the axle 72 and provided with a peripheral flange 73
      (FIG. 11) to form a groove 74 adapted to receive, with a loose sliding
      fit, the inner edge of the flat annular plate 75. The plate 75 carries a
      series of outer posts 76, each connected to a similar upper annular plate
      (not shown) and each being encased by the outer edge fold of a flat sleeve
      of flexible material (like the sleeves 64) constituting a rotor bucket 77.
      The disc 71 is provided with radial slots 78 spaced from its periphery and
      inner posts 79 are secured within the inner edge folds of the buckets with
      their lower and upper ends lying freely in the slots of the disc 71 and of
      a similar upper disc (not shown).
PAR  Relative rotation of the discs and annular plates is effected by toggle and
      weight devices, each comprising a short lever 80 pivoted on the disc 71 at
      81, a longer lever 82 pivoted on the annular plate 75 at 83, and a weight
      84 mounted on the joint where levers 80 and 82 are pivotally connected.
      Springs 85, extending between the disc and the annular plate, exert a
      tangential force tending to hold each lever 80 against a stop 86. The
      toggle assembly (80-83) could be replaced by other mechanical means, such
      as a bell crank, if desired.
PAR  At rest or at low velocities, the disc 71, plate 75 and associated parts
      are substantially in the positions shown in FIG. 10, the inner posts 79
      resting at points near the inner ends of their respective slots 78. As the
      rotor speed increases the weights 84 tend to move radially outward due to
      centrifugal force, moving from the position of FIG. 10 to that shown in
      FIG. 12. This causes the longer levers 82 to push the plate 75
      counterclockwise relative to the disc 71, the direction of movement of the
      weights, plate, and posts 76 being indicated by the arrows at the left of
      FIG. 10. As the posts 76 move away from the respective slots 78 the angle
      and profile of each bucket is altered to that considered most efficient
      for high speed operation (FIG. 12). As the wind velocity decreases, the
      springs 85 act to return the disc and plate to their at-rest position.
      Since the upper annular plate of the rotor is secured to the lower plate
      75 by the posts 76, the toggle and weight assemblies (80-84) need not be
      duplicated.
PAR  FIGS. 13 and 14 illustrate how the principle of FIGS. 10 to 12 can be
      applied to the rotor of FIG. 7. The frusto-conic portions of the top and
      bottom rotor members 90, 91 are divided to leave inner parts 92, 93
      connected to the axle (not shown) while annular outer parts 94, 95 are
      rotatably engaged in grooves 96, 97 (similar to groove 74, FIG. 11). Each
      flexible vane or bucket 98 is carried on an outer post 99 having its ends
      fixed adjacent the outer peripheral edge of the parts 94, 95, and on an
      inner post 100 having its ends resting in slots 90', 91' in the top and
      bottom rotor members. A stop pin 101 in a slot 102 limits the relative
      rotation of the parts and a spring 103 urges the parts toward the position
      of rest or low speed. Rotation toward a higher speed position can be
      effected by means of lever and weight assemblies similar to those shown in
      FIG. 10.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A horizontal multidirectional windmill comprising a fixed housing and a
      rotor, the housing being constituted by upper and lower horizontally
      disposed members and a plurality of vertically disposed vanes extending
      between said members adjacent the periphery thereof and lying at an angle
      from radial, each adjacent pair of vanes and the horizontal member
      surfaces therebetween forming a funnel to direct air inwardly with a
      tangential component, and the rotor being constituted by upper and lower
      horizontally disposed members lying in the planes of said housing members,
      a vertical axle to which said rotor members are secured, a plurality of
      buckets mounted between said rotor members and extending inwardly from the
      periphery thereof, each said bucket comprising a flexible vertically
      disposed surface portion and supports for the inner and outer edges of
      said portions, and means for varying automatically the distance between
      said supports as a function of rotational speed of the rotor, each of the
      upper and lower rotor members comprising a central element and an outer
      annular element, said elements being relatively rotatable, the supports
      for the inner edges of the buckets being carried by said central element
      and the supports for the outer edges being carried by said annular
      element, the distance varying means comprising at least one lever
      pivotally connected to at least one of said elements, and a weighted body
      mounted on said lever, said means being adapted to cause relative
      rotational movement of said elements.
NUM  2.
PAR  2. A windmill according to claim 1 wherein the distance varying means
      comprises two levers pivotally connected together, one of said levers
      being pivotally connected to one of said elements and the other lever
      being pivotally connected to the other of said elements, the weighted body
      being adjacent the connection of the levers to each other.
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ABST
PAL  A pump has an outer casing, an inner casing and a rotor within the inner
      casing. The inner casing is of brittle material of substantially U-shaped
      cross-sectional configuration with the legs of the U extending into sealed
      axially sliding contact each with one of a pair of covers between which
      the rotor is disposed. A pump is provided to introduce a fluid under
      pressure between the inner and outer casings thereby to place the inner
      casing in compression to prestress the inner casing in opposition to fluid
      pressure peaks within the inner casing.
PARN
PAR  This is a continuation of application Ser. No. 340,741, filed Mar. 13,
      1973, now abandoned. The present invention relates to a pump with a double
      pump casing. Pumps of this kind are known and the removable inner casing
      usually consists of very hard material, e.g. hardened steel, in order to
      limit wear. With said pumps the inner casing is rigidly but not sealingly
      connected to the outer casing. The spaces between the inner and outer
      casing are in open communication with the interior of the pump.
PAR  In consequence thereof, the stresses in the hard material are uncertain due
      to internal- and external forces. Hard material is brittle, whereby it
      cannot adapt itself to the situation by yielding. It is thereby also less
      suitable for taking pressure surges. Pressure surges may occur however in
      various applications, particularly with dredging pumps in the field of
      dredging.
PAR  The object of the invention is to provide a pump which is more suitable for
      taking pressure surges.
PAR  In accordance with the invention, said object is achieved in that the
      inner- and outer casing are relatively movable in the axial direction, at
      least unidirectionally and that the inner casing has been pre-stressed by
      external forces, said pre-stress being opposed to the stress resulting
      from the internal pressure. The axial movability realizes the
      disconnection as it were of the inner- and outer casing. In other words,
      there is no longer a fastening between the inner- and outer casing, which
      might affect the stress behaviour in an upredictable manner. By the
      pre-stress which is now given to this disconnected inner casing it is not
      only achieved that said casing can resist higher normal internal pressures
      but also that the range of deformation is wider before rupture occurs, as
      a result of which internal pressure surges can be borne in a better way.
PAR  The desired pre-stress can be achieved in various ways. In accordance with
      the invention, it is thus possible to seal the spaces between the inner-
      and outer casing and to bring said spaces into communication with a source
      of fluid of constant pressure. It is possible to provide a non-return
      valve with a bypass with controllable throttle passage in the supply pipe
      of the pressure fluid. It is thus achieved that fast deformations of the
      inner casing are transmitted directly to the outer casing via the pressure
      fluid. By the fact that the inner- and outer casing have been disconnected
      from each other but have been sealed relative to each other, the
      pre-stress is not affected by any fastening to the outer casing.
PAR  It is also possible to create the pre-stress by means of pressure elements,
      such as springs, provided at regular distances on the circumference of the
      inner casing. A combination of mechanical and hydraulic means is also
      conceivable.
PAR  It is known with centrifugal pumps to use separate diffusers, shaft- and
      suction covers; the impeller shaft is supported in the shaft cover, the
      suction pipe connects to the suction cover and the diffuser is provided
      around both covers. If this way of construction is used in the pump
      according to the invention, the inner diffuser is preferably connected
      with the covers in a sealing, movable manner.
DRWD
PAR  The invention will now be explained more in detail with reference to the
      accompanying drawing, illustrating a diagrammatic section of an embodiment
      of the pump in accordance with the invention.
DETD
PAR  The drawing illustrates a centrifugal pump with impeller 1 on shaft 2, said
      shaft being supported in a shaft cover 3, suction cover 4 with flange 5
      for connection to the suction pipe. An outer casing 6 is secured to the
      shaft cover 3, said casing being completed with a plate 7 which is secured
      in a sealing manner on the suction cover 4 at the region of flange 8.
PAR  The inner casing 9 being a casting and having the known diffuser shape (not
      illustrated) is provided on shaft cover 3 and suction cover 4 and can be
      moved in the axial direction; moreover, said inner casing is sealed with
      the aid of seals 10 and 11.
PAR  At various places, pins 12 have been sealingly guided through the plate 7,
      and compression springs (not illustrated) may act on said pins. These
      compression springs press the inner casing 9 against the casing 6 in the
      axial direction and they thereby pre-stress the inner casing, said
      prestress being opposed to the stress created by the pressure in the inner
      casing. Space 14 is in communication with a pressure line 15 at reference
      numeral 13. A non-return valve 16 with controllable bypass 17 is present
      in said pressure line 15. The casing 9 is also pre-stressed by the
      pressure in space 14, said pre-stress being opposed to the internal
      pressure.
PAR  In this manner, pressure surges on the most vulnerable inner casing are
      transmitted partly directly by the pressure fluid.
PAR  It is noted that the axial movability of the inner- and outer casing
      relative to each other does not mean that there is considerable freedom of
      movement. The inner casing may even be completely clamped between the
      walls of the outer casing, provided that the stress therein is independent
      of any outer influence.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pump having an outer casing and an inner casing of a brittle material
      and of unitary construction, a rotor mounted on a shaft and having an
      axial fluid passageway, said rotor being disposed in said inner casing,
      said outer casing comprising a cover surrounding said shaft and a cover
      surrounding said passageway, said inner casing radially outwardly
      overlying and axially overlapping both of said covers, and means to
      introduce a fluid under pressure between said inner and outer casings
      thereby to place the inner casing in compression to prestress the inner
      casing in opposition to fluid pressure peaks within the inner casing, said
      inner casing being of substantially U-shaped cross-sectional configuration
      with the legs of the U extending into sealed axially sliding contact one
      with one said cover and the other with the other said cover.
NUM  2.
PAR  2. A pump as claimed in claim 1, said covers being circular and coaxial
      with said rotor and with each other and having axially oppositely
      outwardly directed peripheral flanges against which radially inner edges
      of said inner cover are in sealed relationship.
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ABST
PAL  A blood pump system, typically employed in dialysis, includes a blood pump
      for withdrawing blood via a single hypodermic needle and valve means
      operated in synchronism therewith for returning treated blood via the same
      hypodermic needle. The operation of the blood pump is cyclically
      interrupted and the valve means opened for the alternate withdrawal and
      return of blood.
PARN
PAR  This is a division of application Ser. No. 348,509 filed Apr. 6, 1973, now
      U.S. Pat. No. 3,848,592.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the use of an "artificial kidney", dialysis of the patient's blood
      requires some means of withdrawing the blood from the patient's body and
      returning the same after treatment. With cannulae, providing permanent
      tubular connection to the patient, connection of the patient to the
      dialyzer apparatus is facilitated. However, a patient may not tolerate
      this arrangement because of infection or the like. Alternatively, plural
      hypodermic needles may be inserted in a patient's vein after insertion of
      a fistula between a vein and an artery, with one needle being utilized for
      withdrawal of blood while a second needle is employed to return blood to
      the vein. A more desirable system would avoid the requirement for repeated
      insertion of both needles.
PAR  A prior art single needle system withdraws and returns blood via the same
      hypodermic needle and includes a pair of clamp valves employed in two
      connections to the hypodermic needle so that blood can be alternately
      withdrawn and returned therethrough. In this system the valves are
      solenoid operated in response to pressure detected at a dialyzer output.
      However, pumping in such a system tends to produce a vacuum at the pump
      inlet, flattening the plastic tubing and causing cessation of system
      operation. Moreover, the addition of solenoid operated valves represents
      additional equipment and expense.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a liquid flow loop is connected at
      either end to a single path such as a hypodermic needle. This loop
      includes pumping means for transporting liquid in the loop, and valve
      means for temporarily impeding the passage of liquid. The pumping means
      and the valve means operate synchronously for the alternate pumping and
      opening of the valve means, whereby liquid is alternately withdrawn and
      returned via the single path.
PAR  In accordance with a particular embodiment of the present invention, the
      pumping means comprises a blood pump for receiving blood from a single
      path, and means are responsive to the blood pump operation for cyclically
      interrupting operation thereof whereby withdrawal of blood is interrupted.
      At the same time, the valve means is opened for returning blood via the
      single path.
PAR  It is accordingly an object of the present invention to provide an improved
      alternating flow blood pump system and method for alternate removal of
      blood from a blood vessel and return to said blood vessel via a single
      needle.
PAR  It is a further object of the present invention to provide an improved
      single needle alternating flow blood pump system and method which is
      reliable in operation, and economical in construction.
PAR  It is a further object of the present invention to provide an improved
      single needle alternating flow blood pump system and method which is
      readily adapted to a conventional blood pump.
PAR  It is a further object of the present invention to provide an improved
      attachment for a conventional blood pump facilitating withdrawal and
      return of blood from a patient.
PAR  It is a further object of the present invention to provide an improved
      liquid flow system for withdrawing and returning liquid to a single flow
      path from and to a loop attached thereto.
PAR  The subject matter which I regard as my invention is particularly pointed
      out and distinctly claimed in the concluding portion of this
      specification. The invention however, both as to organization and method
      of operation together with further advantages and objects thereof, may
      best be understood by reference to the following description taken in
      connection with the accompanying drawings wherein like reference
      characters refer to like elements.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a plan view of a blood pump as modified according to the present
      invention;
PAR  FIG. 2 is a partially broken away side view of the modified blood pump
      taken at 2--2 in FIG. 1;
PAR  FIG. 3 is a partially broken away side view of the FIG. 1 blood pump and
      attachment thereto according to the present invention, said view being
      taken at 3--3 in FIG. 1;
PAR  FIG. 4 is a diagram illustrating an electrical control circuit employed
      according to the present invention; and
PAR  FIG. 5 is a schematic illustration of an over-all system and method
      according to the present invention, depicting the connection thereof to a
      patient.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, and particularly to FIGS. 1, 2 and 3, the system
      according to the present invention utilizes a conventional blood pump of
      the roller-and-flexible-tube type indicated at 10, said blood pump
      including a rotatable rotor 12 provided with rollers 14 and 16 mounted on
      spindles 18 and 20, respectively, at corners of the rotor. When the rotor
      is rotated by means of drive shaft 22, the rollers 14 and 16 alternately
      engage pumping segment 24 of flexible plastic tubing disposed in a
      semicircle around the inside of U-shaped guide 26, the pumping segment
      being held in position by a crossbar 28 secured to the front of the pump.
      As the rotor 12 rotates in a counterclockwise direction, for example, the
      rollers rotate around the inside of U-shaped guide 26 forcing the pumping
      segment against the inside wall of the U-shaped guide and pumping blood in
      the direction indicated by the arrows. Movable guides 30 are also suitably
      mounted upon rotor 12 and act to keep the pumping segment aligned in front
      of the rollers 14 and 16. The speed of rotor rotation is suitably
      controlled by an adjusting knob 32 which is operative to control the speed
      of the pump motor (not shown) which turns drive shaft 22.
PAR  In accordance with an aspect of the present invention, an attachment having
      a frame 34 may be mounted on the front of the blood pump by means of
      bracket 36 secured to the blood pump with bolts 38 extending through and
      also securing crossbar 28 to the pump. A pivot pin 40 extends upwardly
      from the forward part of the frame upon which an actuating arm generally
      indicated at 42 is rotatable. This actuating arm includes a forward
      portion 44 comprising a hook-shaped rod secured to a rearward block
      portion 46 by means of a pair of bolts 50 extending through the block
      portion 46 on either side of pivot pin 40. The hook-shaped rod forward
      portion 44 extends upwardly from the end of block 46, and over the
      crossbar 28 for positioning forward end 52 in the path of upper rollers 54
      and 56 mounted upon spindles 18 and 20, respectively, above the
      conventional rollers 14 and 16. As can be seen in FIG. 1, the arm portion
      44 is hooked toward the rotor drive shaft 22 and as the rotor 12 turns,
      the upper rollers 54 and 56 will successively engage forward end 52 of arm
      portion 44.
PAR  Block 46 is provided with a leaf spring 58, also secured thereto by bolts
      50, which normally urges block 46 toward clamping pin 60, the latter
      extending upwardly from frame 34. The spring 58 bears against upwardly
      extending spring retaining pin 62 which may be horizontally slotted to
      receive the leaf spring. A section of flexible plastic tubing 64 is
      normally received between the body of block 46 and clamping pin 60 where
      it is normally compressed between the two, as illustrated, to close off
      the flow of liquid, i.e., blood, through tubing section 64. This portion
      of tubing together with elements 46 and 60 comprise a valve or clamp
      according to the present invention. For convenience in maintaining the
      proper position of tubing section 64, the same is held between a pair of
      horizontal pins 66 and 68 extending outwardly from block 46, the latter
      pin having an enlarged head for retaining the tubing section 64 in
      position. It will be seen that as one of the rollers 54 or 56 contacts
      forward end 52 of arm portion 44 and causes the arm 42 to rotate in a
      counterclockwise direction against the bias of spring 58, the tubing
      section 64 will be unclamped to a valve-open position from a valve-closed
      position.
PAR  Frame 34 further houses a limit switch 70 having an actuator 72 engageable
      by a downward extension 74 attached to block 46. Rotation of arm 42 also
      operates the limit switch closing its normally open contacts and opening
      its normally closed contacts, as hereinafter more fully described. As also
      hereinafter more fully described, the operation of the limit switch
      disconnects the blood pump whereby the blood pump rotor 24 stops rotation
      in a position wherein either roller 54 or roller 56 is in contact with arm
      portion 44. The blood pump rotor at such time will be positioned so that
      both rollers 14 and 16 compress pumping segment 24 at opposite sides of
      U-shaped guide 26 whereby the blood pump 10 effectively acts as a closed
      valve against the flow of blood into pumping segment 24. After a
      predetermined period of time, as selected by means of timer 76, power is
      restored to the blood pump motor and rotation of rotor 12 resumes until
      the next one of the upper rollers 54 or 56 contacts forward end 52 of arm
      portion 44. When the blood pump rotor resumes rotation, arm 42 rotates
      clockwise to its normal clamping position relative to tubing section 64,
      and limit switch actuator 72 is also returned to its initial position
      awaiting the turning of blood pump rotor 12 through 180.degree.  The time
      during which the rotor is temporarily stopped, and tubing section 64 is
      unclamped, is determined by the setting of timer adjustment 78. Timer 78
      is conveniently a conventional electric or electronic timer and is
      connected as hereinafter more fully described.
PAR  The blood pump 10 is of standard construction as hereinbefore indicated but
      is suitably modified by upward extension of spindles 18 and 20 to support
      the upper rollers 54 and 56. Also, a cover 80 is raised above the level of
      rollers 54 and 56 by means of upper supports 82 and 84.
PAR  FIG. 4 is an electrical circuit diagram illustrating the connection of
      limit switch 70, timer 76, and blood pump motor 86. Limit switch 70 has a
      normally closed contact 88 and a normally open contact 90, these contacts
      providing the indicated connection until actuator 72 is moved inwardly by
      extension 74 of block 46, whereupon the movable contact 92 opens a circuit
      from power line 94 to contact 88 and closes a circuit from power line 94
      to contact 90. One side of blood pump motor 86 is connected to power line
      96, and until actuation of the limit switch, a circuit from the blood pump
      motor is also completed to power line 94 through contacts 92 and 88
      bringing about motor operation and rotation of rotor 12. However, when the
      blood pump rotor moves to a position whereby arm 42 is rotated in a
      counterclockwise direction, the limit switch 70 disconnects motor 86
      whereby blood pump rotor rotation is temporarily halted. At the same time,
      timer coil 76a of timer 76 is energized via limit switch contact 90, and
      at the conclusion of a preset time period operating coil 76a closes
      normally open contacts 76b of the timer for re-energizing blood pump motor
      86, the circuit being completed from power line 94 through contacts 76b
      and the blood pump motor to power line 96. Thereupon, the blood pump rotor
      resumes rotation and the limit switch contacts resume their position
      illustrated in the drawing whereby blood pump motor 86 remains energized
      after the timer contacts reopen. The blood pump rotor will then continue
      rotation until the next upper roller rotates arm 42, i.e., 180.degree.
      later.
PAR  The over-all system and method according to the present invention is
      illustrated in FIG. 5 wherein the blood pump and attachment are employed
      in a blood flow loop including the pump, a blood receiving or treatment
      means typically comprising a dialyzer 98, a drip bulb 100, and a valve or
      clamp comprising block 46 and clamping pin 60 between which tubing section
      64 is received. A blood flow loop comprising a blood set alternately
      withdraws blood from a single path comprising a hypodermic needle 102,
      drawing the blood through the blood pump and into the dialyzer, and then
      expelling blood into the hypodermic needle as the valve 46, 60 opens.
      Common connection with both ends of the blood flow loop and the hypodermic
      needle is made by Y connection means 104.
PAR  The blood receiving means 98 comprising a dialyzer or the like is capable
      of receiving pressure as the membrane thereof expands slightly such that
      blood is forced into the hypodermic needle when valve 46, 60 opens. Thus,
      blood is drawn from the hypodermic needle through tubing portion 106 and
      delivered to the dialyzer as the pump rotor rotates through 180.degree.
      At this time, the pump rotor stops through the action of arm 42 and limit
      switch 70, while valve or clamp 46, 60 opens returning blood to the
      hypodermic needle via tubing portion 108. At such time, the blood pump
      rollers 14 and 16 themselves prevent the flow of blood through tubing
      portion 106 in the direction of the pump, i.e., the pump acts as the clamp
      or valve. After a predetermined time, governed according to the timer 76,
      the pump resumes rotation and valve 46, 60 is re-closed so that blood is
      once again withdrawn from the hypodermic needle. In a typical instance,
      the timing of timer 76 and the speed of rotation of the blood pump are
      adjusted so that the time of rotation of the pump rotor through
      180.degree.  is approximately one-half second, and the temporary
      interruption in blood pump operation is also approximately one-half
      second.
PAR  The hypodermic needle 102 may be inserted in an arm vein of a patient
      provided with a fistula by operative procedure, the latter causing
      expansion of the vein and allowing easier insertion of the hypodermic
      needle. The hypodermic needle, which may comprise a 14-gauge needle, is
      inserted in the direction of blood flow. Typically, the patient must
      undergo periodic dialysis and thus must reinsert the hypodermic needle at
      frequent intervals. The system and method according to the present
      invention permits the insertion of only one hypodermic needle, rather than
      two as in the case of the more conventional procedure, and is of
      appreciable advantage from the patient's point of view. The present system
      can also effect 200 cc per minute transfer of blood. The system according
      to the present invention, wherein blood is alternately withdrawn from the
      vein of the patient and returned through a single hypodermic needle, and
      wherein such withdrawal and return are synchronized primarily according to
      the operation of the blood pump, is preferable to a system wherein a pump
      is continuously operated since in the latter instance undesired vacuum
      then produced on the input side of the pump may cause tube flattening or
      the like. Moreover, the present system does not require additional
      solenoid operated clamps or pressure gauge control therefor but
      advantageously functions in response to the cyclical operation of the
      blood pump itself, or in synchronism therewith.
PAR  While I have shown and described the preferred embodiment of my invention,
      it will be apparent to those skilled in the art that many changes and
      modifications may be made without departing from my invention in its
      broader aspects. I therefore intend the appended claims to cover all such
      changes and modifications as fall within the true spirit and scope of my
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In blood pump including a guide for receiving a liquid-carrying tube, a
      rotor carrying rollers for bearing against said tube, and rotor drive
      means for rotating said rotor, the improvement comprising an attachment
      for said pump adapting said pump for use in a system for alternately
      withdrawing and returning blood via a single path, said attachment
      including:
PA1  mounting means for attachment relative to said blood pump,
PA1  an actuating arm pivotable with respect to said mounting means and having a
      first portion disposed in a path generated by a portion of said rotor
      whereby rotation of said rotor to a predetermined position pivots said arm
      from a first position to a second position,
PA1  a spring normally biasing said arm into said first position to be actuated
      by said rotor,
PA1  a clamping member disposed adjacent said arm and receiving a length of
      tubing between said arm and said clamping member such that said arm in its
      first position compresses said tubing against said clamping member and in
      said second position unclamping said tubing,
PA1  said tubing communicating with said liquid-carrying tube,
PA1  switching means operated by movement of said arm to said second position,
      said switching means being connected for interrupting power to said drive
      means for said pump, whereby said arm is effective for unclamping said
      tubing while said power is interrupted,
PA1  and means for subsequently restoring power to said drive means for
      reinitiating pumping by said pump.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said means for subsequently
      restoring power to said drive means comprises a timer also actuated by
      said switching means for restoring power to said drive means after a
      predetermined period of time.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said portion of said rotor
      comprises upward extensions proximate said rollers for contacting said
      actuating arm.
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PAL  Various functions of a production oil well are monitored to cause a switch
      closure for each normal cycle of the pump. Alternatively, the level of the
      fluid within the well is monitored to cause the switch closure. The switch
      closure activates a first oscillator whose count is compared with a
      variable frequency oscillator over a given period of time to ascertain the
      percentage of time of normal operation. The integrated time is adjusted to
      shut down the system when the percentage of time drops to or below the
      preselected amount. In response to the integration timer signal, a
      shutdown timer is turned on which restarts the cycle after a preselected
      amount of time. When the system is restarted by the shutdown timer, a
      pump-up timer is turned on which is adjusted to allow for a desired
      pump-up time. As the pump-up timer is allowing the system to recycle, the
      integration timer is reset and the recycling is completed if the
      requirements of the integration timer are met. Otherwise, the unit is shut
      down again and the system recycled. A variable electronic scaler is
      connected to the output of the integration timer which monitors the output
      signals from the integrator timer. After the preset number of times the
      integration timer produces a signal, unless reset by a normal cycle, the
      scaler turns off the whole system. It can then be restarted manually.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of my U.S. patent application
      Ser. No. 469,264, filed on May 13, 1974, which in turn is a
      continuation-in-part of my U.S. patent application Ser. No. 365,881, now
      U.S. Pat. No. 3,854,846 filed on June 1, 1973, for "Oil Well Pumpoff
      Control Utilizing Integration Timer".
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oil wells and more particularly to an automatic
      well cutoff system for pumping oil wells.
PAR  In the production of oil, a well is drilled to the oil bearing strata. At
      the bottom of the well, a pump is installed to pump oil to the surface of
      the earth from the pool that gathers at the bottom of the well. A
      desirable mode of operation is to pump the oil whenever there is
      sufficient oil in the pool and to stop the pumping when there is not
      sufficient oil in the pool.
PAR  Advantages of this desirable mode of operation are that the pump
      automatically reaches its optimum pumping rate with a result in a saving
      of man hours and equipment. The pump thus operates at a greater efficiency
      in pump displacement, thereby reducing the total number of pumping hours
      which in itself results in a saving of power and power cost.
PAR  Those in the prior art have long recognized the desirability of control
      systems for providing such an automatic pump-off control of oil wells.
      Examples of such prior art include U.S. Pat. No. 2,550,093 to G. A. Smith
      and U.S. Pat. No. 2,316,494 to R. Tipton. In the Smith patent, a valve
      activates an electrical circuit which causes the pump to be shut down
      after a predetermined time interval in the event the produced oil ceases
      to flow through the valve. In the Tipton patent, a clock is caused to run
      in response to there being no produced fluid, thus causing the pump to
      periodically cycle in response to the well being pumped dry.
PAR  These two patents exemplify the prior art in that various means and systems
      are provided which monitor the lack of produced fluid and which in turn
      cause the system to recycle in response thereto.
PAR  However, the prior art, to the best of my knowledge, has failed to provide
      a system which provides satisfactory pumpoff control for the various oil
      well pumping facilities having varying conditions and components thereof.
PAR  A need therefore exists in the oilfield for a means for controlling the
      operation of oil well pumps in such a manner that the duration of their
      pumping periods will be substantially or approximately in accordance with
      the actual time periods required for the pumping off of the wells. Such a
      need exists for a means of control whereby an oil well can continue in
      operation so long as it is pumping oil, but which will automatically stop
      when it has pumped off the oil, or for breakage, in response to cessation
      of discharge of oil from the pump.
PAR  It is therefore the primary object of the present invention to provide a
      well pumping control system wherein the pump control is a factor of the
      percentage of time during which oil is being pumped during a given period;
PAR  It is also an object of the invention to provide a new and improved well
      pumping control system wherein the operation of the pump is automatically
      stopped when the fluid in the borehole is depleted;
PAR  It is a further object of the invention to completely shut off the system
      after a predetermined number of shut-down cycles should proper flow not be
      reestablished; and
PAR  Another object of this invention is to provide a system having a variable
      timing subsystem providing greater flexibility than heretofore known in
      the prior art.
PAR  The objects of the invention are accomplished, generally, by a system which
      produces signals indicative of the normal operation of the well pumping
      installation which are used in conjunction with timing circuitry which
      determines the percentage of time of normal operation during a given time
      period, and based upon such determination, either allows the system to
      continue or to shut down. As additional features of the invention, means
      are provided for the system to recycle and to completely shut down after a
      predetermined number of nonproductive recycles.
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PAR  These and other objects, features and advantages of the invention will be
      more readily understood from the following description taken with
      reference to the attached drawing, in which:
PAR  FIG. 1 is a diagrammatic sketch illustrating the component parts of the
      present invention;
PAR  FIG. 2 is a view, partly in cross section, illustrating the valve and
      sensor means utilized to show produced fluid within the flow line;
PAR  FIG. 3 schematically illustrates the timing system, partly as a flow
      diagram, according to the present invention;
PAR  FIG. 4 schematically illustrates, partly in block diagram, the electrical
      circuitry of the invention;
PAR  FIG. 5 is a diagrammatic sketch illustrating the component parts of an
      alternative embodiment of the present invention;
PAR  FIG. 6 schematically illustrates, partly in block diagram, the electrical
      circuitry used with the embodiment according to FIG. 5;
PAR  FIG. 7 schematically illustrates yet another alternative embodiment of the
      present invention;
PAR  FIG. 8 is a diagrammatic sketch illustrating the component parts of still
      another alternative embodiment of the present invention;
PAR  FIG. 9 schematically illustrates, partly in block diagram, the electrical
      circuitry used with the embodiment according to FIG. 8; and
PAR  FIG. 10 illustrates schematically still another alternative embodiment of
      the present invention.
DETD
PAR  Referring now to the drawing in more detail, especially to FIG. 1, a
      subsurface pump (not shown) located in well 10 is actuated in a well-known
      manner by means of a sucker rod string 11, the well fluid lifted to the
      surface being directed to storage through a pipe 12. The sucker rod string
      11 is reciprocated in the well by the offsetting motion of a walking beam
      13, which is driven through a pitman 14, crank 15 and speed reducing
      mechanism 16 by a prime-mover 17 such as an electric motor receiving its
      power through lead 18. It should be appreciated that any suitable type of
      motor or engine may be used as the prime mover 17, for example, a gasoline
      engine having its energizing ignition current supplied through lead 18.
PAR  A valve assembly 19, shown in more detail in FIG. 2, is located within the
      pipe 12 and has an electrical conductor 20 leading from the valve assembly
      19 to a controller panel 21 shown in more detail in FIG. 3.
PAR  Referring now to FIG. 2, the valve assembly 19 is illustrated in greater
      detail. This valve assembly is substantially cylindrical in shape and has
      threaded connections 22 and 23 on opposite ends to facilitate assembly
      within the flow pipe 12 of FIG. 1. A cylindrical valve housing 24
      constructed, for example, of plastic and fabricated perpendicularly to the
      axis between threaded ends 22 and 23, has mounted on its exterior surface
      a proximity switch 25, for example, a reed switch having an electrical
      conductor 20 leading therefrom to the controller panel 21.
PAR  A valve 30 is located within the valve housing 24 and has an elongated
      cylindrical body portion 31 and a frusto-conical sealing section 32 at its
      lower end adapted to engage a frustoconical valve seat 33 in the lower
      portion of the valve housing 24. Although the valve 30 could be fabricated
      in various ways, it should be appreciated that it can be constructed in
      accordance with my co-pending U.S. patent application Ser. No. 301,557,
      now U.S. Pat. No. 3,861,646 filed on Oct. 22, 1972, for "Dual Sealing
      Element Valve for Oil Well Pumps and Method of Making Same", assigned to
      the assignee of the present invention. The full disclosure of said
      application is incorporated herein by reference.
PAR  A magnet 35 is attached to the uppermost section of the valve body 31 and
      is adapted to close the proximity switch 25 whenever the valve is lifted
      from the valve seat 33. A nonmagnetic spring 36 is used between the upper
      end of the housing 24 and the valve 30 to spring load the valve 30 into
      its seating arrangement with the valve seat 33. It should be appreciated
      that although the housing 24 is illustrated as being of a plastic
      material, other than non-magnetic housings can be used, for example,
      certain series of the stainless steel family.
PAR  The lower section of the cylindrical valve housing 24 above the valve seat
      33 is enlarged with respect to the upper section of the valve housing 24,
      thus forming a chamber 37 for movement of the sealing member 32 as it
      rises from the valve seat 33. The periphery of such enlarged section has
      two or more openings 38 and 39 to allow fluid to pass therethrough.
PAR  In the operation of the system described with respect to FIG.'s 1 and 2, it
      should be appreciated that as the fluid is pumped from the well 10, it
      enters the flow pipe 12 and is pumped through the valve assembly 19. In
      reference especially to FIG. 2, the flow is from the threaded end 22
      towards the threaded end 23. Each time the subsurface pump (not shown)
      causes a surge of fluid, the valve 30 is lifted off the valve seat 33 and
      the fluid passes out through the ports 38 and 39 and on to the threaded
      end 23 and out through the flow pipe 12. As the valve 30 is lifted off the
      valve seat 33, the magnet 35 travels near the proximity switch 25, thereby
      closing the switch and allowing the conductor 20 to be grounded.
PAR  Referring now to FIG. 3, there is illustrated in greater detail the control
      panel 21. The conductor 20, which is grounded each time the proximity
      switch 25 of FIG. 2 is closed, is connected into an integration timer 40,
      the output of the integrator timer 40 being connected to a shutdown timer
      41 whose output is connected to a pump-up timer 42. The output of the
      integrator timer 40 is also connected to the variable electronic scaler 45
      whose output drives a visual monitor 46 bearing the legend "EQUIPMENT
      MONITOR". The output of the pump-up timer 42, through a reset line 43,
      causes each of the three timers to be reset upon a recycling of the
      system. It should be appreciated that the illustration of FIG. 3 is
      included primarily to show the physical layout of the timing mechanisms
      and the visual monitor 46. As will be explained in more detail with
      respect to FIG. 4, the visual monitor 46 has any given number of lights
      but the preferred number is three, bearing the numerals "1", "2" and "3",
      respectively. As the signals are received sequentially by the scaler 45
      from the integrator timer circuit 40, the lights in the monitor 46 are
      activated in succession to indicate the number of times the system has
      been shut down. For example, during the operation of the system, the first
      time the system is shut down, the number "1" will be lighted by a red
      light on the monitor 46 and the numerals "2" and "3" will be sequentially
      illuminated on subsequent shutdowns. A recorder connection 47 is provided
      for utilizing a strip chart recorder or the like in providing a permanent
      monitor of the operation of the system.
PAR  The integration timer 40, shutdown timer 41 and pumpup timer 42 are
      commercially available from the Eagle Bliss Division of Gulf-Western
      Industries, Inc. of 925 Lake Street, Baraboos, Wisconsin 53193, such items
      bearing the following part numbers: integration timer 40, Part No. HP51A6;
      shutdown timer 41, Part No. HP510A6; and pump-up timer 42, Part No.
      HP56A6.
PAR  Referring now to FIG. 4, the electrical circuitry of the system is
      illustrated in greater detail. The proximity switch 25 is shown as
      applying, upon its closure, a ground to the conductor 20. The conductor 20
      is connected to one of the outputs of the oscillator 50 within the
      integrator timer circuit 40. The oscillator 50 can be set at any frequency
      desired, but as is explained hereafter, is preferably operating at
      approximately twice the frequency of the variable frequency oscillator 51.
      By way of further example, the oscillator 50 has a nominal frequency of 10
      kHz and the variable frequency oscillator 51 is set at 5 kHz. The outputs
      of the oscillator 50 and the oscillator 51 are connected to digital
      counters 52 and 53, respectively. The outputs of the counters 52 and 53
      are connected into a comparator circuit 54. If the output of the counter
      53 exceeds the output of the counter 52, as shown by the comparator 54,
      this is indicative that the system is pumping oil less than fifty percent
      of the time. In response to such an adverse comparison, the comparator 54
      generates a signal which in turn triggers the single shot multivibrator
      circuit 55 which in turn is connected into other of the components of the
      circuitry of FIG. 4. Although the oscillator 50 has been described as
      being set at twice the frequency of the oscillator 51, other frequencies
      can be used to provide different percentages. Thus, if the oscillator 50
      is set at four times the frequency of the oscillator 51, then the system
      ascertains whether the oil is being pumped 25 percent of the time. It
      should also be appreciated that it is preferable to provide a comparison
      over a given period of time, for example, during one minute. This
      eliminates problems such as might be occasioned by an infrequent gas
      bubble or the like which might cause the valve to not come off the seat 33
      upon any given stroke of the pump. Since a percentage of 50 percent is
      theoretically the perfect condition, a reasonable setting of the variable
      frequency oscillator would be 4 kHz in conjunction with the 10 kHz output
      of the oscillator 50. Under these conditions, a signal would not be
      produced from the single shot multivibrator 55 until there was a showing
      that the system was operating less than forty percent of the time. For
      this purpose, a clock 170 having an output connected to counters 52 and 53
      is used to supply the given period of time and can be preset for any
      desirable time period, such as one minute. The clock runs only during the
      normal pumping period and is started by the single output of the pump-up
      timer 42 transmitted along conductor 171. The clock is stopped by the
      shutdown signal from the single shot multivibrator 55 transmitted along
      conductor 172.
PAR  Counters 52 and 53 can be of the type having conventional shift registers
      which are clocked out into the comparator 54 upon receiving the clock
      pulse periodically, for example, every minute. Thus, during the time
      between the termination of the pump-up period and the shutdown signal
      generated by the single shot 55, the clock will transmit output pulses to
      the shift registers at the predetermined intervals. By then comparing the
      outputs of counters 52 and 53, the apparatus determines whether the
      percentage of time the switch 25 has been closed is at, above, or below
      the preset value.
PAR  The output of clock 170 is also connected to one input of an AND gate 173
      which is used in the reset circuit for the scaler 45. A reset line 174
      connects the AND gate 173 to the scaler 45. The AND gate receives as a
      second input the output from an inverter 175. The inverter 175 receives
      the output signal from comparator 54, inverts the signal and transmits it
      to the AND gate 173.
PAR  The output of the single shot multivibrator 55 is connected by conductor 60
      to the input of the shutdown timer 41 which can be adjusted to any
      predetermined period, for example, four hours. The output of the shutdown
      timer 41 is connected to the input of a pump-up timer 42 which can also be
      adjusted to any preselected time, for example, twenty minutes. The
      shutdown timer 41 and the pump-up timer 42 each contains a single shot
      multivibrator for producing a single pulse at their respective outputs at
      the conclusion of the given time periods.
PAR  The conductor 60 is also connected to the coil 63 of a relay 64, the other
      side of the coil 63 being grounded. The relay 64 has a pair of normally
      open and normally closed contacts. The output of the shutdown timer is
      also connected to the coil 65 of a relay 66, the other side of the coil 65
      being grounded. The relay 66 also has a pair of normally open and normally
      closed contacts. The output of the pump-up timer 42 is connected to the
      coil 67 of a relay 68, the other side of the coil 67 being grounded. The
      relay 68 also has a pair of normally open and normally closed contacts.
PAR  The lower normally open contact of relay 64 is connected to a power supply,
      illustrated as being a battery 70 which is of adequate voltage to maintain
      the relay 64 in the latched position. The lower normally open contact of
      relay 66 is similarly connected to a power supply 71 for similar reasons.
      The upper normally closed contact of relay 64 is connected to a conductor
      72 which in turn is connected to the upper normally open contact of relay
      66. The upper wiper arm of relay 64 is connected to conductor 73 which is
      connected directly to the prime-mover power supply 74 output. The
      conductor 73 is also connected to the upper wiper arm of relay 66. The
      lower wiper arm of relay 64 is connected to the upper wiper arm of relay
      68. The lower wiper arm of relay 66 is connected to the lower wiper arm of
      relay 68. The ungrounded side of the coil 65 in relay 66 is connected to
      the lower normally closed contact of relay 68. The upper normally closed
      contact of relay 68 is connected to the ungrounded side of the coil 63 in
      relay 64.
PAR  The output of the single shot multivibrator 55 is also connected through
      conductor 80 to the input of a variable electronic scaler 45 which, for
      example, produces one pulse out for each three pulses in from the single
      shot multivibrator 55. The output of the scaler 45 is connected to the top
      of a coil 82 of a relay 83, the other side of the coil 82 being grounded.
      The upper normally closed contact of relay 83 is connected directly to the
      prime-mover 17. The upper wiper arm of relay 83 is connected to conductor
      72. The lower wiper arm of relay 83 is connected to a power supply 84
      suitable for latching the relay 83. The lower normally open contact of
      relay 83 is connected through a spring-loaded normally closed switch 85
      back to the ungrounded side of the coil 82 of relay 83.
PAR  In the operation of the circuit of FIG. 4, there has already been described
      the effect of an adverse comparison being made in the circuit 54 to thus
      produce a single voltage pulse from the output of the single shot
      multivibrator 55 which occurs on the conductors 60 and 80. Such a pulse
      appearing on the input of the shutdown timer 41 causes the timer 41 to
      count for a predetermined time interval, for example, four hours.
      Simultaneously with the production of this signal upon conductor 60, the
      relay 64 is momentarily energized and latched into a position such that
      the wiper arms are in contact with the normally open contacts,
      respectively. The action of the power supply 70 causes the relays to be
      latched in such a position. This removes the prime-mover power supply 74
      from the prime-mover 17 and the pumping action terminates. As soon as the
      preselected time of the shutdown timer 41 has expired, a single pulse is
      generated at the output of the timer 41 which activates the relay 66. This
      causes the relay 66 to latch in position such that the wiper arms are in
      contact with the normally open contacts, respectively. This causes the
      output of the prime-mover power supply 74 to be connected to the
      prime-mover 17 and the pumping action is again commenced. Simultaneously
      with the activation of the relay 66, the output of the timer 41 is coupled
      into the pump-up timer 42 which is set for a predetermined time, for
      example, 20  minutes, and thereafter which generates a single pulse of its
      own which is coupled back to reset the pump-up timer 42, the shutdown
      timer 41 and the counters 52 and 53 in the integration timer 40.
      Simultaneously with this resetting operation, the output of the pump-up
      timer 42 activates the relay 68 which causes the relays 64 and 66 to be
      unlatched and their wiper arms to be returned to the positions as
      illustrated in FIG. 4. This allows the output of the prime-mover supply 74
      to remain connected to the prime-mover 17 and the system has thus been
      recycled.
PAR  Each time the output of the single shot multivibrator 55 produces a voltage
      pulse on the conductor 80, the pulse is coupled into the variable scaler
      45 which is set, by way of example, to product a single output pulse for
      each three pulses in. After the system has been shut down three times,
      unless reset in the interim by a pulse on the reset line 174, three pulses
      will have been produced by the single shot multivibrator 55 and thus the
      scaler circuit 45 will produce a single pulse at its output which
      activates the relay 83 and which is latched in such a position by the
      power supply 84. This causes the prime-mover power supply 74 to be removed
      from the prime-mover 17 and the pumping action is terminated. The system
      cannot be recycled at this point until the spring-loaded switch 85 is
      manually activated to the open position to unlatch the relay 83 and thus
      allow the system to be recycled. Before the occurrence of the
      predetermined number of unproductive cycles, a logic "0" at the output of
      comparator 54 causes a logic "1" to be coupled into the AND gate 173 which
      together with the clock pulse will cause the scaler to be reset.
PAR  Referring now to FIG. 5, an alternative embodiment of the invention is
      illustrated with respect to a well pumping operation similar to that
      illustrated in FIG. 1. However, instead of using a valve to indicate the
      amount of fluid flow within the flow line 12, means are provided to
      monitor the load current of the pump motor (illustrated in more detail in
      FIG. 6) to provide an indication of the well pumping operation. The
      circuitry is provided within the controller panel 100 to monitor the load
      current of the motor 101. A switch 102 is located on the walking beam 103
      and is electrically connected into the circuitry within the controller
      panel which is further illustrated in FIG. 6. The switch 102 is preferably
      one or more mercury-capsule type switches that are mounted on the walking
      beam and can be arranged to be opened or closed as desired upon either the
      up or the down stroke of the walking beam.
PAR  Referring now to FIG. 6, which schematically illustrates the circuitry used
      with the apparatus of FIG. 5, there is shown a motor 101 which has a power
      supplied thereto by any feasible electric power source that would be
      connected to a set of input terminals 105, 106 and 107. This power source
      may supply three-phase AC power, and the primary 108 of a transformer 109
      is connected in series with the phase which is connected to the terminal
      107. The secondary coil 110 of transformer 109 is connected to a
      difference amplifier 111 through switch 102 which is controlled by the
      walking beam 103 (FIG. 5) such that the voltage is applied only at such
      times as determined by the position of the walking beam. A second
      transformer 112 supplies a reference voltage from input terminals 113 and
      114 to an additional input of the difference amplifier 111. It should be
      appreciated that the difference amplifier 111 is conventional and is
      preferably arranged to supply an output voltage at such times as the
      voltage applied to transformer 109 exceeds the voltage applied through
      transformer 112 to the difference amplifier. It should also be appreciated
      that even though the switch 102 can be activated to close upon either the
      down stroke or the up stroke of the walking beam 103, the preferred
      embodiment contemplates that the switch is closed on the up stroke to
      indicate that the fluid, for example, oil, is being lifted by the pump. As
      is well known in the art, the motor 101 draws more current when oil is
      being lifted than when pumping dry. In such a case, the difference
      amplifier produces an output signal which is applied to the coil 113 of
      relay 114. The wiper arm 115 of the relay 114 is grounded, and the
      normally open contact 116 is connected to the oscillator 117. The output
      of the oscillator 117, which operates in the same manner as the oscillator
      50 of FIG. 4, is connected into a counter comparable to the counter 52 of
      FIG. 4.
PAR  In the operation of the circuitry of FIG. 6, as the switch 102 closes on
      the up stroke of the walking beam 103, the primary coil 108 draws current
      through the motor 101 and this signal is applied to the difference
      amplifier 111 in an amount such as to be greater than the signal applied
      through transformer 112 and a voltage is thus applied to the coil 113 of
      relay 114. This causes the ground to be applied to the contact 116 and the
      oscillator 117 thus causes pulses to be coupled into an appropriate
      counter. Thereafter, the circuitry operates in a similar fashion as that
      illustrated with respect to FIG. 4 and comparisons are made with another
      variable frequency oscillator and its associated counter to determine
      whether the system is operating in a normal fashion for a predetermined
      percentage of time during a given time period. Assuming that the system is
      not operating for the predetermined percentage of time in a normal
      fashion, then the system proceeds to shut down and be recycled as
      previously discussed with respect to FIG. 4.
PAR  Referring now to FIG. 7, there is illustrated an alternative embodiment of
      the present invention wherein a pumping apparatus similar to that
      illustrated in FIG. 5 is illustrated but which uses a hydraulic load
      indicator 120 manufactured, for example, by the J. M. Huber Corporation
      and which is installed within the sucker rod string 121. This type of
      indicator produces a hydraulic pressure signal of 100 pounds per square
      inch for each 1000 pounds of rod weight. Such pressure is carried by the
      hydraulic line 122 to a hydraulically-operated pressure switch 123, for
      which the pressure mechanism of the switch is adjustable. In a typical
      example, the pressure switch is set at 800 pounds per square inch as a
      threshold pressure so that the pressure switch 123 sends an electrical
      signal at its output leads which can be used whenever the pressure exceeds
      800 pounds per square inch. The electrical signal is coupled by means of
      conductor 124 to the input of a NOR gate 125 whose output is coupled into
      one input of AND gate 126. The other input to AND gate 126 is coupled to
      the output of a clock 127 which produces electrical signals on each down
      stroke of the walking beam 128. The output of the AND gate 126 is coupled
      to a coil 128 of relay 129. The wiper arm 130 of relay 129 is grounded,
      and the normally open contact 131 associated therewith is coupled into the
      oscillator 132 in a similar manner as is illustrated in FIG. 4 and the
      output of the oscillator 132 is coupled into an appropriate counter, for
      example, as illustrated in FIG. 4 with respect to the counter 52.
PAR  It is well known in the art, for example, in U.S. Pat. No. 3,306,210 to
      Harvey W. Boyd et al., that during the down stroke of the pump, the
      absence of fluid in the borehole causes the hydraulic load indicator 120
      to have an excess of weight on the sucker rod string and the switch 123
      causes an electrical signal to be coupled into the NOR gate 125. A "1"
      applied to the input of NOR gate 125 causes a "0" to be coupled into the
      input of the AND gate 126 which causes a "0" to be applied to the coil 128
      and the relay 129 is thus not activated. In such an instance, the ground
      is not applied to the oscillator 132 and thus no pulses are coupled into
      the counter. In the normal operation of the pumping sequence, a "0" is
      applied to the input of the NOR gate 125 and a "1" is thus coupled into
      the AND gate 126 along with a signal from the clock 127. This produces a "
      1" on the coil 128 and the ground is applied to the input of the
      oscillator 132 which causes pulses to be coupled into the counter as
      indicative of a normal pumping sequence.
PAR  It should be appreciated that even though the preferred embodiment
      contemplates the use of a clock 127 to generate pulses indicative of the
      downward movement of the walking beam 128, a switch could also be used as
      is illustrated with respect to FIG.'s 5 and 6 to couple a voltage source
      into the AND gate 126.
PAR  As previously explained with respect to FIG.'s 4, 5 and 6, the apparatus
      and circuitry according to FIG. 7 operates in a very similar manner in
      that the normal pumping sequence causes the relay 129 to be activated for
      each pumping stroke in which oil is being produced and that pulses will be
      coupled into a counter similar to counter 52 of FIG. 4 and that the
      remainder of the circuitry of the counting box 40 can be used to determine
      whether the pump is pumping fluid for at least a predetermined percentage
      of time during a given time interval.
PAR  Referring now to FIG. 8, there is illustrated an alternative embodiment of
      the present invention wherein a strain gauge 150 is attached to the
      walking beam 151 in a manner well knwn in the art to determine whether the
      walking beam 151 is experiencing a normal amount of stress which follows
      from the normal pumping sequence of pumping fluid, for example, oil, from
      a producing oil well. A switch 152, for example, as illustrated and
      discussed with respect to switch 102 of FIG. 6, is utilized for measuring
      the stress on either the up or down stroke of the walking beam 151 as
      desired. The output of the strain gauge 150 is connected to an input
      terminal 153 within the controller panel 154 and is amplified by an
      amplifier 155 and coupled through switch 152 into a difference amplifier
      156. A reference voltage 162 is coupled into another input of the
      difference amplifier 156. The output of the difference amplifier 156 is
      connected to a coil 157 of relay 158 which has its wiper arm 159 grounded.
      The normally open contact 160 associated therewith is connected to the
      oscillator 161 which has its output connected into a counter such as
      counter 52 of FIG. 4.
PAR  In the operation of the apparatus and circuitry illustrated in FIG.'s 8 and
      9, the electrical signal as measured by the strain gauge 150 is compared
      with the reference voltage 162 on the up stroke of each cycle of the
      walking beam 151 which causes switch 152 to close. For each such cycle
      that the stress exceeds a given level, the relay 158 is activated and the
      ground is applied to the oscillator 161. With each cycle of the pump that
      the stress is less than normal, the difference amplifier provides no
      output and thus no ground will be applied to the oscillator 161. For each
      normal cycle of the pump, i.e., one in which oil is being pumped, the
      oscillator 161 is grounded and pulses are connected into a counter and the
      sequence thereafter of the circuitry functions as is discussed above with
      respect to FIG. 4.
PAR  Referring now to FIG. 10, there is schematically illustrated a well pumping
      installation having a conventional pumping apparatus at the earth's
      surface, for example, as illustrated with respect to the apparatus of FIG.
      5, and having tubing 180 passing from the earth's surface to the location
      of the fluid 181 within the well and which is to be pumped to the earth's
      surface. Casing 182 is maintained between the earth formation and the
      interior of the well. A conventional pump 183 is connected to the sucker
      rod 184 and is arranged in a manner well known in the art to pump the
      fluid 181 to the earth's surface through the tubing 180. A small tube 185
      is lowered into the well alongside the tubing 180 and has therein a
      differential pressure gauge or other such conventional device therein for
      transmitting a signal to the earth's surface indicative of the liquid
      level within the well being beneath the sensor or other detector located
      within the tubing 185. The tubing 185 is connected by conduit 186 at the
      earth's surface to a switch 187 which generates an electrical signal at
      its output in response to the sensor within tube 185 being above the level
      of the fluid in the well. The electrical output of switch 187 is connected
      into the input of an inverter 188 whose output is connected into one input
      of AND gate 189. The other input to the AND gate 189 is connected to the
      output of a clock 190 which generates electrical pulses in coincidence
      with the movement of the walking beam 191 associated with the pumping
      apparatus. The output of AND gate 189 is connected to the coil 192 of
      relay 193. The other side of coil 192 is grounded and the wiper arm of
      relay 193 is also grounded. The normally open contact 194 of relay 193 is
      connected to oscillator 195 in a manner similar to the other embodiments
      illustrated herein, for example, as is illustrated and described with
      respect to FIG. 6.
PAR  In the operation of the apparatus and circuitry which is schematically
      illustrated with respect to FIG. 10, during the normal pumping sequence
      the sensor located in tube 185 is located beneath the fluid level 181
      within the well and no signal is generated by the switch 187. Thus, a
      logic "0" is applied to the input of the inverter 188 and a logic "1" is
      applied to the input of the AND gate 189 as is the output of the clock
      190. Thus, as the pump operates, a signal is produced at the output of AND
      gate 189 each time the pump cycles while the oil or other fluid within the
      well is above a predetermined level. This causes the relay 193 to be
      activated which causes the ground to be applied to the oscillator 195 and
      the circuit thereafter operates in a manner as described with respect to
      FIG. 4. Thus, this circuitry makes a determination as to whether the oil
      within the well bore is at or above a predetermined level for more than a
      given percentage of time during a given time interval.
PAR  It should be appreciated that other means are well known in the art for
      determining the level of the fluid 181 within the well, for example, by
      acoustic sounding wherein acoustic waves are transmitted from the earth's
      surface to the surface of the fluid and the returning acoustic waves are
      measured for time of travel from the earth's surface to the fluid
      interface to determine the depth of the fluid within the well. Thus, in a
      manner analogous to that described with respect to the apparatus of FIG.
      10, such acoustic sounding methods can be used to indicate that the fluid
      level is at a certain level for at least a given percentage of time during
      a predetermined time interval.
PAR  Thus it should be appreciated that there have been described and
      illustrated herein the preferred embodiments of the present invention
      wherein a vastly new and improved system has been provided for making a
      determination as to the percentage of time in which fluid is being
      produced from an oil well, and to control the pumping operation based upon
      such determination. Those skilled in the art will recognize that
      modifications can be made to those embodiments as illustrated and
      described. For example, other types of valves and sensing mechanisms can
      be used to create an event indicative of the normal sequence of pumping
      fluid. By way of specific example, the use of a float valve well known in
      the art can be used to generate an electrical signal or some other such
      event and such use is contemplated by the invention hereof. Such an event
      can then be used to aid in the determination of the percentage of time in
      which the oil is flowing through the flow line. Likewise, while the
      preferred embodiment contemplates the use of various electrical,
      mechanical and electro-mechanical timing mechanisms, as well as the use of
      solid state devices such as the scaler circuit 45, those skilled in the
      art will recognize that equivalent devices can be used to provide the
      results of the invention. For example, the entire circuitry of FIG. 4 can
      be fabricated from solid state components to provide greater space saving
      and cost reduction, as well as vastly improved reliability. Furthermore,
      although the preferred embodiment of the invention contemplates the use of
      electrical signals in determining the percentage of time in which the oil
      is being pumped, those skilled in the art will recognize that pneumatic
      signals can also be used in making such a determination. Likewise,
      although not illustrated, a ramp voltage device can be used and its
      amplitude compared at a given time with a known amplitude to provide a
      determination of the percentage of time during which the oil is being
      pumped.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A system for controlling the operation of a well pumping installation
      including a pump, a motor for operating said pump, a sucker rod string, a
      walking beam and a pumped fluid flowpipe, comprising:
PA1  means responsive to a predetermined characteristic of a component of said
      well pumping installation;
PA1  means to generate signals indicative of said response;
PA1  means to determine whether said signals are occurring less than a
      predetermined percentage of time during a given time interval; and
PA1  means to terminate the pumping operation in the event of said lesser
      determination.
NUM  2.
PAR  2. The system according to claim 1, including in addition thereto, means
      for recycling the operation after a predetermined time following the
      termination of the operation.
NUM  3.
PAR  3. The system according to claim 2, including in addition thereto, means
      for preventing recycling of the operation after such operation has been
      recycled a predetermined number of times.
NUM  4.
PAR  4. The system according to claim 1 wherein said means responsive to a
      predetermined characteristic of a component of said well pumping
      installation comprises circuitry for monitoring the load current of said
      motor and for comparing the level of said load current with a
      predetermined reference level.
NUM  5.
PAR  5. The system according to claim 1 wherein said means responsive to a
      predetermined characteristic of a component of said well pumping
      installation comprises means for monitoring the weight imposed on said
      sucker rod string during selected portions of the pumping cycle and for
      making determinations as to the level of said weight with respect to a
      given reference level.
NUM  6.
PAR  6. The system according to claim 1 wherein said means responsive to a
      predetermined characteristic of a component of said well pumping
      installation comprises means for measuring the stress imparted to said
      walking beam during selected portions of the pumping cycle and for making
      determinations as to the level of said stress with respect to a given
      reference level.
NUM  7.
PAR  7. In an oil well production control system having pumping means, means for
      monitoring well production, means for shutting down the pumping means in
      response to the production dropping below a predetermined level, said
      means for automatically restarting the pumping means after a period of
      time, the improvement comprising:
PA1  means for limiting the number of said automatic restarting cycles to a
      predetermined number of times.
NUM  8.
PAR  8. In an oil well production control system having pumping means, means for
      monitoring well production, means for shutting down the pumping means in
      response to the production dropping below a predetermined level, and means
      for automatically restarting the pumping means after a period of time, the
      improvement comprising:
PA1  means for limiting the number of said automatic restarting cycles to a
      predetermined number of times; and
PA1  means to reset said limiting means in response to said production rising to
      at least said predetermined level prior to said predetermined number being
      reached.
NUM  9.
PAR  9. A production control system for controlling an oil well pumping
      apparatus, comprising:
PA1  means for monitoring well production;
PA1  means for shutting down the pumping apparatus in response to the production
      dropping below a predetermined level;
PA1  means for automatically restarting the pumping apparatus after each
      shutdown; and
PA1  means for limiting the number of said automatic restarts to a predetermined
      number.
NUM  10.
PAR  10. A production control system for controlling an oil well pumping
      apparatus having a pumped fluid flowpipe, comprising:
PA1  means for monitoring the flow of oil through said pumped fluid flowpipe;
PA1  means for shutting down said pumping apparatus in response to said
      monitored flow dropping below a predetermined level;
PA1  means for automatically restarting the pumping apparatus after each
      shutdown; and
PA1  means for limiting the number of said automatic restarts to a predetermined
      number.
NUM  11.
PAR  11. A production control system for controlling an oil well pumping
      apparatus having a pump drawing electrical current, comprising:
PA1  means for monitoring said electrical current during selected portions of
      the pumping cycles;
PA1  means for shutting down said pumping apparatus in response to said
      monitored electrical current having an adverse comparison with a reference
      signal;
PA1  means for automatically restarting the pumping apparatus after each
      shutdown; and
PA1  means for limiting the number of said automatic restarts to a predetermined
      number.
NUM  12.
PAR  12. A production control system for controlling an oil well pumping
      apparatus having a sucker rod string, comprising:
PA1  means for monitoring the weight exerted on said sucker rod string during
      selected portions of the pumping cycles;
PA1  means for shutting down said pumping apparatus in response to said weight
      having an adverse comparison with a reference signal;
PA1  means for automatically restarting the pumping apparatus after each
      shutdown; and
PA1  means for limiting the number of said automatic restarts to a predetermined
      number.
NUM  13.
PAR  13. A production control system for controlling an oil well pumping
      apparatus having a walking beam, comprising:
PA1  means for monitoring the stress on said walking beam during selected
      portions of the pumping cycles;
PA1  means for shutting down said pumping apparatus in response to said stress
      having an adverse comparison with a reference signal;
PA1  means for automatically restarting the pumping apparatus after each
      shutdown; and
PA1  means for limiting the number of said automatic restarts to a predetermined
      number.
NUM  14.
PAR  14. A system for controlling the operation of a well pumping installation
      including a pump, a motor for operating said pump, a sucker rod string, a
      walking beam and a pumped fluid flowpipe, comprising:
PA1  means responsive to a predetermined characteristic of a component of said
      well pumping installation;
PA1  means to generate signals indicative of said response;
PA1  means to determine whether said signals are occurring less than a
      predetermined percentage of time during a given time interval;
PA1  means to terminate the pumping operation in the event of said lesser
      determination;
PA1  means for recycling the operation after a predetermined time following the
      termination of the operation; and
PA1  means for preventing recycling of the operation after such operation has
      been unsuccessfully recycled a predetermined number of times.
NUM  15.
PAR  15. The system according to claim 14 wherein said means responsive to a
      predetermined characteristic of a component of said well pumping
      installation comprises circuitry for monitoring the load current of said
      motor and for comparing the level of said load current with a
      predetermined reference level.
NUM  16.
PAR  16. The system according to claim 14 wherein said means responsive to a
      predetermined characteristic of a component of said well pumping
      installation comprises means for monitoring the weight imposed on said
      sucker rod string during selected portions of the pumping cycle and for
      making determinations as to the level of said weight with respect to a
      given reference level.
NUM  17.
PAR  17. The system according to claim 14 wherein said means responsive to a
      predetermined characteristic of a component of said well pumping
      installation comprises means for measuring the stress imparted to said
      walking beam during selected portions of the pumping cycle and for making
      determinations as to the level of said stress with respect to a given
      reference level.
NUM  18.
PAR  18. In an oil well production control system having pumping means, means
      for monitoring the level of fluid in the well, means for shutting down the
      pumping means in response to the fluid level dropping below a
      predetermined level, and means for automatically restarting the pumping
      means after a period of time, the improvement comprising:
PA1  means for limiting the number of said automatic restarting cycles to a
      predetermined number of times.
NUM  19.
PAR  19. In an oil well production control system having pumping means, means
      for monitoring the level of fluid in the well, means for shutting down the
      pumping means in response to the fluid level dropping below a
      predetermined level, and means for automatically restarting the pumping
      means after a period of time, the improvement comprising:
PA1  means for limiting the number of said automatic restarting cycles to a
      predetermined number of times; and
PA1  means to reset said limiting means in response to said fluid level rising
      to at least said predetermined level prior to said predetermined number
      being reached.
NUM  20.
PAR  20. A production control system for controlling an oil well pumping
      apparatus, comprising:
PA1  means for monitoring the level of fluid in a well;
PA1  means for shutting down the pumping apparatus in response to the fluid
      level dropping below a predetermined level;
PA1  means for automatically restarting the pumping apparatus after each
      shutdown; and
PA1  means for limiting the number of said automatic restarts to a predetermined
      number.
NUM  21.
PAR  21. A production control system for controlling an oil well pumping
      apparatus, comprising:
PA1  means for monitoring the level of fluid in a well;
PA1  means for shutting down the pumping apparatus in response to the fluid
      level dropping below a predetermined level;
PA1  means for automatically restarting the pumping apparatus after each
      shutdown;
PA1  means for limiting the number of said automatic restarts to a predetermined
      number; and
PA1  means to reset said limiting means in response to said fluid level rising
      to at least said predetermined level prior to said predetermined number
      being reached.
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ABST
PAL  There is disclosed a rotary distributor type liquid fuel injection pump for
      delivering measured charges of fuel under high pressure sequentially to
      the cylinders of an associated engine in timed relation therewith. The
      pump includes a movable metering valve for regulating the quantity of fuel
      in the charges. The metering valve also controls a normally closed bypass
      port which is opened by the metering valve as the metering valve
      approaches its closed position to continue the circulation of cool fuel
      from the supply tank through the pump whenever the metering valve is
      closed as during the downhill coasting of the vehicle on which the pump is
      mounted.
PARN
PAR  This is a division of application Ser. No. 336,538 filed Feb. 28, 1973, now
      U.S. Pat. No. 3,861,833, which  present invention relates to an improved
      fuel injection pump for compression-ignition engines and the like.
BSUM
PAR  Fuel injection pumps of the type involved in this invention deliver metered
      charges of liquid fuel under high pressure to the cylinders of an
      associated engine in timed relationship to their operation. It is
      desirable that such fuel injection pumps be effective over a wide speed
      range, effectively govern the engine to provide substantially constant
      speed operation under widely varying loads, and operate efficiently over
      relative long periods of time with little or no maintenance. Accordingly,
      it is a principal object of this invention to provide a new and improved
      fuel injection pump which meets these requirements.
PAR  Another object of this invention is to provide such a fuel pump having a
      new and improved positive displacement low pressure shuttle for feeding
      discrete charges of fuel to the high pressure pump chamber wherein
      charge-to-charge variation in the fuel delivered by the pump is minimized.
      Included in this object is the provision of such a pump in which the stops
      at both ends of a pair of alternately operating shuttles are accessible
      for control and/or easy adjustment in response to desired parameters
      selected for the operation of operating the pump with precision in the
      uniformity of charges delivered by the two shuttles.
PAR  Another object of this invention is the provision of an improved fuel
      injection pump in which an improved low inertia shuttle feeding system is
      utilized.
PAR  Still another object of this invention is to provide such a pump wherein
      the maximum fuel which can be injected at a given engine speed is
      accurately and automatically controlled at varying levels correlated with
      engine speed.
PAR  A further object of this invention is to provide such a pump having new and
      improved means for relieving excess pressure in the fuel conduits to
      plugged nozzles supplied by the pump. Included in this object is the
      provision of means for fixing the maximum unbalance in the radial forces
      acting on the distributor or rotor of the pump.
PAR  A still further object of this invention is to provide such a pump having a
      rotor mounted check valve with an improved positive acting closer for the
      valve to minimize the stresses imposed thereon.
PAR  It is also an object of this invention to provide such a pump having means
      for the continuous cooling of the pump under all operating conditions.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawing of an illustrative
      application of the invention.
DRWD
PAR  In the drawnigs:
PAR  FIG. 1 is a cross-sectional view of an exemplary fuel injection pump
      embodying the present invention;
PAR  FIG. 1A is a fragmentary cross-sectional view of the drive shaft assembly
      of the pump of FIG. 1;
PAR  FIG. 2 is a schematic view of the pump of FIG. 1 showing the hydraulic
      circuits thereof;
PAR  FIG. 3 is a partial schematic view similar to FIG. 2 showing a sequence
      during the charging of the pump chamber;
PAR  FIG. 4 is a cross-sectional view taken along the line 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged fragmentary cross-sectional view of the rotor mounted
      ball check mechanism of FIG. 1; and
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 1
DETD
PAR  Referring now to the drawings in detail, an exemplary pump incorporating
      the present invention is illustrated. The pump has a hydraulic head 10
      with a cylindrical bore 12 in which a sleeve 14 is tightly mounted. The
      sleeve 14 in turn provides a cylindrical bore 16 in which a distributor
      rotor 18 is rotatably mounted. Hydraulic head 10 is secured to a drive
      housing 11 by removable means (not shown). The drive housing includes a
      mounting flange for attaching the pump to the engine and contains a drive
      shaft 13 and shaft seals 15.
PAR  Briefly stated, fuel from a supply tank (not shown) is delivered to the
      pump inlet 20 to a vane-type low pressure inlet or supply pump 22, the
      output of which is pressurized to a pressure correlated with engine speed.
      The output is delivered to a large annular groove 24, through passage 26,
      and past an electric shutoff valve 28 which serves to shut off fuel
      delivery by the pump independent of governor operation. From the shutoff
      valve, the fuel flows through a passage 30 and a metering port 32 to an
      annulus 34 formed on the periphery of the distributor rotor 18 with the
      metered fuel pressure in the annulus 34 having a pressure regulated by the
      metering valve 134. From the annulus 34, and by way of additional passages
      including a low pressure shuttle chamber, the fuel flows past a one-way
      ball check valve 36 in a manner hereinafter more fully described and
      through axial passage to pump chamber 38.
PAR  The pump chamber 38 is shown as being formed by a pair of interescting
      transverse bores in an enlarged part of the rotor. A pair of opposed
      plungers 50 are mounted for reciprocating movement in each bore.
      Surrounding the distributor rotor 18 is a generally annular cam ring 60
      which is journaled in a cylindrical recess 62 for a limited arcuate
      movement and is disposed in the plane of revolution of the plungers 50.
      The cam ring 60 is restrained from rotating by an adjustable timing
      advance piston 64 and a connecting pin 66 which interconnects the advance
      piston 64 and the cam ring 60.
PAR  Cam rollers 68 and cam roller shoes 70 are carried by the rotor between the
      plungers 50 and the cam ring.
PAR  When metered fuel is admitted to the pump chamber 38, the plungers 50 move
      radially outwardly as required to receive the charge of fuel delivered to
      the pump chamber. At this time, the cam rollers 68 are positioned between
      adjacent cam lobes of the cam ring 60. Rotation of the rotor 18 then
      causes the rollers 68 to pass over the cam lobes of cam ring 60 to
      translate the profile of the cam into reciprocal motion of the plungers to
      pressurize the charge of fuel in the pump chamber 38 on the inward stroke
      of the plungers 50.
PAR  The fuel is pressurized to a high pressure, say, up to 12,000 psi, in
      chamber 38, and is delivered through passage 40, past delivery valve 41,
      and into delivery chamber 42. From the delivery chamber 42, the
      pressurized fuel flows through diagonal distributing passage 44 which
      registers sequentially with a plurality of passages 46 to the outlets 48
      for sequential delivery to the injector for each of the several cylinders
      of the associated engine.
PAR  The following is a more detailed description of the exemplary pump.
PAR  Referring particularly to FIGS. 1 and 2, fuel enters the pump through inlet
      20 providing a coaxial inlet fitting 80 which threadably engages end cap
      82 and is sealed thereto by O-ring 86. End cap 82 provides an annular
      recess which houses the low pressure or supply inlet pump 22 and is
      removably secured to the end of the pump housing 10 by suitable means (not
      shown). O-ring 84 seals the end cap 82 to the housing 10. The vane type
      inlet pump 22 is a positive displacement pump having a plurality of
      segmented vanes 88 which are encircled by a liner 90 disposed
      eccentrically with respect to the axis of rotation of distributor rotor
      18. An annular ring 82 having one end received in a circular groove 94
      locates the eccentric liner 92. The pump 22 is provided with an end plate
      96 which is resiliently biased against the end of the ring 90 by an
      annular washer 98 and a wave spring washer 100 which bottoms against the
      end of the annular recess 102 formed in the end cap 82.
PAR  Mounted within the inlet fitting 80 is a coaxial inlet strainer 104 through
      which new fuel entering the pump passes before entering the inlet passage
      106 of end plate 96. A kidney shaped arcuate groove 108 formed in the end
      plate 96 serves as an outlet for the pump 22 from which the fuel flows
      through a radial slot 110 in end plate 96 to a central cavity 112. From
      the central cavity 112, the output fuel flows axially through a central
      passage provided between the segmented vanes 88 and in the radial slots
      113 of the rotor 18 which slideably mounts the vanes 88 to hydraulically
      bias the segmented vanes outwardly into close contact with the inner
      periphery of the eccentric liner 90. The fuel then flows to the large
      annulus 114 provided at the end of the distributor rotor 18 immediately
      adjacent the supply pump 22. The end plate 96 further mounts an axially
      projecting coaxial pressure regulator generally indicated by the numeral
      116. The regulator 116 is provided with a cylindrical housing 118 mounting
      a valve 120 which is adjustably biased to a closed position against an
      annular stop 112 such that valve 120 closes spill port 126 in cylindrical
      housing 118. Stop 122 is fixedly secured in the end plate 96 by a split
      ring 124 mounted in an annular groove 125 in end plate 96. It is readily
      apparent that the output pressure from the inlet pump 22 is applied to the
      end of the valve 120 to open the valve 120 against the bias of spring 23
      to spill a portion of the output of the inlet pump 22 to the inlet passage
      through port 126.
PAR  With this construction, the excess fuel from the inlet pump 22 is spilled
      to the inlet of the pump without flowing through the main portions of the
      injection pump at or near the precision fitted portions of the rotor 18 in
      bore 12, so that the heat generated by the pressurizing of the fuel
      spilled by the regulator 116 is isolated from the rotor to minimize the
      prospect for localized heating and seizure of the rotor.
PAR  Regulated output fuel from pump 22 flows from annulus 24 through passage
      26, past shutoff valve 28, through passage 30 to port 130 in governor tube
      132. The metering valve 134 rotatably and slideably mounted in governor
      tube 132, has a necked-down portion 136 aligned with inlet port 130 to
      provide an annulus 137 within the governor tube. A triangular shaped
      metering port 32 is provided in the governor tube 132 at an axial position
      aligned with the shoulder of the metering valve at the left end of annulus
      137 so that its degree of opening is determined by the axial position of
      the metering valve 134 which is connected to rotate with governor
      flyweight assembly 139 which in turn is driven by the rotor through gears
      138, 140.
PAR  The governor flyweight assembly 139 exerts an axial force on the metering
      valve 134 to urge it toward a closed position against the bias of springs
      142 and 144 until an equilibrium condition is reached. The spring force of
      spring 144 is set by a movable seat 146 controlled by the throttle 148 to
      establish the speed at which equilibrium takes place.
PAR  When the flyweight assembly moves the metering valve 134 to the right, as
      viewed in FIG. 1, to fully close the metering port 32, the wall of
      metering valve 134 forming the right-hand edge of groove 130 uncovers a
      port 149 in the governor tube 132 to spill fuel back to the fuel tank by
      way of passage 150, annulus 152 formed on the outer periphery of governor
      tube 132, axial passage 154, annulus 156, passage 158, and housing
      pressure regulating valve 160 (FIG. 2) which maintains a housing pressure
      of, say, 15 psi. This provides a continuous circulation of cool new fuel
      from the tank through a pump at all times, including downhill operation
      when the metering valve is closed.
PAR  As shown in FIG. 1, the free end of the metering valve 134 is provided with
      a drilled axial passage 162. A movable closure 166 is biased against the
      end of the metering valve 134 by the spring 142 and/or spring 144 to close
      the drilled passage. Spring 142 has a low spring rate and is effective
      only at low speed where it provides improved governor operation.
PAR  The passage 162 is provided with a port 164 in the side wall of metering
      valve 134 which communicates with an annulus 172. Output fuel from inlet
      pump 22 is bled into the annulus 172 through the bleed orifice 182, and
      the pressure thereof, which is substantially higher at all operating
      speeds than the pressure in passage 162, causes a slight separation
      between the end of the metering valve 134 and the closure 166 to spill
      fuel from passage 162. Since the spring force of spring 144 opposes
      flyweight force and this force is transmitted hydraulically between
      closure 166 and metering valve 134, the spill of fuel from passage 162 is
      in an amount to result in a pressure in passage 162 correlated with
      flyweight force. Further, since flyweight force is directly proportional
      to the square of the speed, an equivalently proportioned N.sup.2 control
      pressure is established in passage 162, as well an in annulus 172, passage
      174, and annulus 176 to deliver a speed related N.sup.2 control pressure
      to advance piston 64 and fuel limiting plunger 178 through passage 180.
PAR  As shown in the schematic flow diagram of FIG. 2, conduit 180 is connected
      to a passage 184 in advance piston 64 to deliver N.sup.2 control pressure
      to operate a servo piston 186 which acts against the bias of a spring 188
      to control the flow of fuel from inlet pump 22 through conduit 190 from
      the transfer pump to chamber 192 at one end of the advance piston 64
      through annulus 194 and passage 195 with reed valve 196 preventing reverse
      flow through passage 195 and preventing sharp pressure impulses imposed in
      the trapped fuel in chamber 192 from being present in annulus 194. Passage
      197 is provided for dumping fuel from chamber 192 upon a reduction in
      operating speed. With the axial position of servo valve 186 in equilibrium
      under the influence of opposing forces of N.sup.2 control pressure applied
      at one end and the spring force of spring 188 at the other, the land 186A
      of servo valve 186 blocks flow through both conduits 195 and conduit 197.
      Since the ports of conduit 195 and 197 open into the servo piston chamber
      radially, only radial forces are exerted on servo valve 186 by the
      pressure in these conduits. If engine speed decreases, the N.sup.2 control
      pressure will decrease so that servo valve 186 is moved to the left to
      uncover conduit 197 to dump a portion of the fuel trapped in chamber 192
      until a new position of equilibrium of servo valve 186 is reached with a
      corresponding retardation of the timing of injection. Similarly, upon an
      increase in engine speed, the N.sup.2 control pressure acting on the end
      of servo valve 186 increases to open the port of conduit 195 for
      communication with annulus 194 to add fuel to chamber 192 to advance the
      time of injection, thus providing full servo control of the position of
      advance piston 64.
PAR  As the rollers 68 repeatedly ride up the cam lobes of cam ring 60 to
      pressurize sequential charges of fuel in the pump chamber 38, it is
      apparent that sharp intermittent loads of high intensity and minute
      amplitude will be imparted on the advance piston 64 causing it to vibrate
      in its bore in both radial and axial directions; the radial motion causing
      repeated impact loading between the piston and the bore, such that
      fretting or galling of these surfaces can occur. The magnitude of this
      radial impact loading is dependent on the radial velocity and mass of the
      advance piston 64. In the present invention, this undesirable surface
      destruction is overcome by having the piston made of a light weight
      material, i.e. aluminum, which is treated to produce a hardened porous
      surface with the pores filled with polytetrafluoroethylene. As a result,
      the rate of wear due to fretting corrosion is eliminated and the
      operational life span of an advance piston is increased. A steel insert
      198 is press fit in the crossbore of the advance piston for receiving the
      connecting pin 66 to prevent the enlargement and deformation of the
      crossbore under the high stress imposed between the pin 66 and the
      crossbore due to the repeated impact loads imparted thereon by the
      operation of the pump.
PAR  Further, as shown in FIG. 6, a reed valve 196 is attached to the end of the
      advanced piston 64 covering passage 195 to prevent reverse flow of trapped
      fuel in the chamber 192 through the passage 195. During pumping, the
      reaction pressure generated in chamber 192 is much larger than that
      provided by the supply pump and advancing motion of the piston therefore
      occurs only between pumping strokes.
PAR  Flow from chamber 192 through passage 197 is not prevented by reed valve
      196 said flow being controlled only by the position of servo piston 186.
PAR  Similarly N.sup.2 control pressure from conduit 180 controls the axial
      position of fuel limiting plunger 178 by controlling the addition to, and
      the dumping from, the chamber 202 of fuel by the position of the servo
      valve 204 relative to plunger 178.
PAR  As shown on FIG. 4, the cavity 201 communicates with conduit 190 and is
      connected to annulus 211 on valve 204 by passage 205. Fuel at N.sup.2
      control pressure enters chamber 203 at one end of valve 204 via conduit
      180. At the opposite end of servo valve 204 is a bias spring 208 which is
      adjustable by means of screw 207. Servo valve 204 reaches a position of
      equilibrium when the pressure in chamber 203 equals the spring force of
      spring 208.
PAR  The torque limiting plunger 178 is provided with a passage 209 having a
      radial port into the servo valve chamber controlled by land 204A. Since
      conduit 190 delivers pressure from supply pump 22 to the annulus 211,
      additional fuel may enter the chamber 202 when the land 204A is to the
      left relative to the port of conduit 209, and trapped fuel in chamber 202
      is dumped from chamber 202 when the port is to the left of the land 204A
      to control the axial position of torque limiting plunger 178 according to
      engine speed.
PAR  As previously described, metering valve 134 controls the amount of
      restriction offered to the flow of fuel through the triangular metering
      port 32 to maintain the speed of the associated engine despite varying
      loads. Fuel that passes through the metering port 32, flows to a groove 34
      on the rotor 18.
PAR  Upon the registry of axial slot 210 (FIG. 2) which communicates with groove
      34 on the rotor 18 with the port 212 during the rotation of the rotor,
      metered fuel is delivered to shuttle space 214 to move the shuttle 216
      upwardly from its position of rest on stop 238. If the metering valve is
      wide open, the shuttle 216 is moved upwardly until it contacts fixed stop
      218. If the metering valve 134 only partially open, upward velocity of the
      shuttle 216 is reduced and the termination of the registry of slot 210 of
      the rotor and the port 212 limits the upward movement of the shuttle prior
      to its contact with fixed stop 218. During the shuttle filling period,
      slot 222 on the rotor and port 220 are also in registry, as shown in FIG.
      2, to dump the fuel in the shuttle space 224 above the shuttle 216 back to
      the tank through passages 228 and 158, and housing pressure regulator 160.
PAR  Continued rotation of the rotor 18 causes axial slot 230 to move into
      registry with the port 212 and slot 232 to move into registry with port
      234, as shown in FIG. 3. As a result, pressurized fuel from inlet pump 22
      is delivered by passage 26 to shuttle space 224 to force the shuttle
      downward against stop 238 and serve as a positive displacement pump to
      deliver the charge of fuel previously delivered to shuttle space 214 into
      the pump chamber 38 (FIG. 1) past ball valve 36. The charge of fuel so
      delivered to the pump chamber 38 is equal to shuttle displacement. This
      charge is pumped into the pump chamber 38 by a pressure dependent only on
      the output pressure of inlet pump 22.
PAR  Further rotation of the rotor 18 causes the axial slots 230 and 232 to pass
      out of registry with ports 212 and 234, respectively, to conclude the
      charging of pump chamber 38 with shuttle 216 against stop 238.
PAR  It will be apparent that the fuel dumped from shuttle space 224, during the
      delivery of the metered charge of fuel to shuttle space 214, will be equal
      to the metered charge delivered to pumping chamber 38. Since such dumped
      fuel is returned to the tank, it is further apparent that this shuttle
      feeding of fuel to pump chamber 38 results in the entry of new cool fuel
      to the pump at least equal to twice the output of the pump.
PAR  Immediately after the end of the charging sequence, the pressure in rotor
      passage 40 decreases to the same level as housing pressure, and the
      pressure in passage 242, which is in continuous communication with the
      pressurized output of inlet pump 22 through passage 26 moves inlet ball
      check closer piston 244 upwardly to seat the ball 36 prior to the rotation
      of a roller 68 up a cam lobe of cam ring 60 and the resulting
      pressurization of the fuel in chamber 38.
PAR  The diameter of closer piston 244 is smaller than the seating diameter of
      ball 36 so that, despite the fact that supply pump pressure acts on each
      in opposition to the other during the delivery of a metered charge of fuel
      to pump chamber 38, the closer piston 244 does not prevent opening motion
      of ball 36 and charging flow is permitted.
PAR  As shown in FIG. 1, the highly pressurized fuel from pump chamber 38 is
      discharged through the axial passage 40, past delivery valve 41 into
      delivery chamber 42, and by diagonal passage 44 to a passage 46, with
      which the passage 44 registers during the pumping stroke, for injection
      into a cylinder of the associated engine.
PAR  The delivery valve 41 is of the volume retraction type so that as the
      rollers 68 reach the tops of the cam lobes to terminate the forward flow
      of fuel in passage 40, the spring 43 moves the delivery valve 41 to the
      left, as viewed in FIG. 1, to a position where cuff 45 overlies shoulder
      47 to prevent reverse flow past delivery valve 41 by way of external
      flutes 52. Further mvoement of the delivery valve adds a prescribed
      increase of space to be occupied by the fuel trapped downstream of valve
      41.
PAR  A feature of the invention is that the unique delivery valve disclosed
      provides a flat seat seal wherein the pressure of the trapped fuel in
      chamber 42 and spring 43 provide the biasing force for the seal. As shown,
      the delivery valve is provided with a flat end which seats against a
      transverse end wall 49 to form the seal.
PAR  Moreover, the end of delivery valve 41 is provided with a recess 51 aligned
      with passage 40. The recess is displaced or offset from the seal surface
      so that any cavitation erosion due to the sudden reduction in pressure in
      passage 40 and the inertia of the fuel therein does not damage the seal
      surfaces between delivery valve 41 and the annular shoulder 49 which are
      perpendicular to the axis of passage 40.
PAR  Following injection, a short axial slot 244 on rotor 18 momentarily
      registers with the passage 46, to relieve any high residual pressure which
      may be present in the passage 46 in the event of a plugged nozzle. As
      shown slot 244 is connected to annulus 256, passage 258, and a pressure
      relief valve 260 which limits the maximum residual pressure in the passage
      46 between injections to a safe level, say, 1500 psi, and prevents the
      maximum pressure generated during injection from progressively building-up
      to a destructive level despite the presence of a plugged nozzle and
      repeated injections of a charge of fuel thereto. This limits the side
      loading imposed on the rotor by the pressure in a passage 46.
PAR  As indicated above, the pumping plungers 50 are moved rapidly outwardly
      during the charging of pump chamber 38. This displaces the fuel which
      occupied the space radially outwardly of the plungers 50 immediately
      preceeding the charging of the pump chamber and results in a sudden
      pressure impulse up to, say, 80 psi. Such pressure pulses are repetitious
      and would normally have a deleterious effect on resilient seals such as
      shaft seals 15 exposed thereto. This invention provides a novel means for
      protecting shaft seals 15 from the harmful effect of these pressure
      pulses.
PAR  As shown in FIG. 1A, a pressure shield in the form of an annular dam 17 is
      disposed between the shaft seals 15 and fuel within the housing 11 which
      is subjected to the pressure spikes. The dam 17 is preferably formed of
      aluminum and is spaced from shaft 13 by a narrow annular gap 19 which
      offers a restricted passage to the flow of fuel therethrough and dampens
      the pressure spikes imposed on seals 15.
PAR  The dam 17 abuts a shoulder 21 and is secured against rotation by a pin 33.
      A spring 25 seated against a ring 27 and a ring 29 biases the shaft 13
      toward rotor 18 to maintain the engagement of tank 31 of shaft 13 with a
      mating slot of rotor 18.
PAR  Since the axial position of movable stop 238 is set by the profile of cam
      surface 240 of fuel limiting plunger 178 in accordance with engine speed
      as previously described, it is apparent that by shaping the profile of cam
      surface 240, the maximum shuttle movement at different engine speeds can
      be easily adjusted to provide any desired schedule of maximum fuel
      delivery versus speed, and therefore, a torque curve customized for any
      engine and, if the profile includes a recess such as shown at 240A, excess
      fuel for starting may be easily incorporated in the pump design.
PAR  The functioning of the shuttle 216 and the feeding of metered charges of
      fuel to the pump chamber 38 has been described in connection with a single
      shuttle 216. In practice, a pair of identical shuttles, as shown in FIG.
      4, are used. These identical shuttles function alternatively for
      delivering a charge of fuel to the pump chamber 38 with the distributor
      rotor 18 being provided with a plurality of each of the slots 222, 230,
      210, and 232 around its periphery for sequential registration with the
      passages associated with the two shuttles. The use of two shuttles, halves
      the number of slots 230 and 210 which are required.
PAR  A feature of this invention, as shown in FIG. 4, is that a pair of shuttles
      216, while alternating in the delivering of fuel to the pump chamber 38
      and involving a design subject to charge-to-charge variation due to
      manufacturing differences such as the length of the stems 238, and the
      shuttles 216, are constructed to prevent such variations. As shown in FIG.
      4, the stops at both ends of the shuttles 216 are accessible for
      adjustment or control. Where fixed stops 218 are used, they threadably
      engage their respective bores and may be precisely adjusted by bottoming
      the stops and then backed off a precise number of turns to provide precise
      vernier calibration of the maximum travel of the shuttles and hence the
      maximum charge of fuel delivered by the two shuttles.
PAR  As further shown in FIG. 4, the shuttle mechanism includes a light-weight
      low inertia shuttle 216, and an elongated massive stop 238. Not only does
      this design produce a faster response time of the shuttle, but is also
      results in shuttle chamber 214 for the metered fuel which is effectively
      sealed against leakage by the long path between stem 238 and its bore.
      Further since the mass of stem 238 is substantially greater than the mass
      of shuttle 215, the stem serves as an energy absorber for the shuttle 216,
      and reduces impact loading between stops 238 and cam surfaces 240.
PAR  As shown in FIGS. 1 and 5, one end of the ball check valve closer piston
      244 is subjected to the high pressure impulsed generated in the pump
      chamber 38. As a result, these forces drive the closer piston 244 against
      its stop 245 at high velocity when pumping starts. This invention provides
      means for cushioning the shock that would normally occur as the closer
      piston strikes the stop. As best shown in FIG. 5, the stop 245 is formed
      by a hardened button which is held against the bottom of the recess 247
      for the closer piston 244. A spring washer 249 tightly biases the stop 245
      against the bottom wall of recess 247. The end of the closer piston 244
      and the mating surface of the stop 246 are flat so that, as the closer
      piston reaches the stop 246 at high speed, the fuel therebetween must be
      squeezed out and serves to cushion the termination of movement of piston
      244. In addition, the button 246 is provided with a central passage 251
      which being filled with fuel, serves as a surge chamber with the fuel
      therein pressurized to assist in cushioning the impact and inhibiting
      cavitation.
PAR  As shown in FIG. 5, closer piston is elongated and its cross-section is
      small to provide a high length-to-diameter ratio. As a result, an
      effective seal is provided between the high pressure passage 40 and the
      laterally directed passage 242 along the full length of closer piston 244
      to substantially eliminate the possibility of leakage of high pressure
      metered charges of fuel.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid fuel injection pump comprising a supply tank, a low pressure
      supply pump having an inlet connected to said supply tank, a rotor
      mounting a high pressure pump which pressurizes measured charges of fuel
      for sequential delivery to the cylinders of an associated engine in timed
      relation therewith, a first passage connecting the outlet of said supply
      pump and said high pressure pump, a movable metering valve in said passage
      for controlling the restriction offered by a metering port to control the
      fuel delivered to said high pressure pump, and a bypass passage connecting
      said first passage to said supply tank and having a normally closed bypass
      port opened by said metering valve as said metering valve approaches its
      closed position to continue the circulation of new fuel from said tank
      through the fuel injection pump whenever said metering valve is closed.
NUM  2.
PAR  2. The fuel injection pump of claim 1 wherein said bypass passage includes
      a pressure regulating valve to maintain a predetermined pressure level on
      the fuel in said bypass passage.
NUM  3.
PAR  3. The fuel injection pump of claim 1 wherein the metering valve is axially
      slideable in a bore and the metering port and the bypass port are
      relatively displaced axially along the bore.
NUM  4.
PAR  4. The fuel injection pump of claim 1 wherein said supply pump is mounted
      at one end of the rotor and the inlet therefor is disposed at the end
      thereof remote from said rotor, said supply pump having a regulating valve
      also disposed at said end of said supply pump remote from said rotor to
      dump a portion of the output of said supply pump into said inlet thereby
      to isolate the heat absorbed by the fuel recirculated through said supply
      pump from the rotor.
NUM  5.
PAR  5. The fuel injection pump of claim 4 wherein said regulating valve is
      disposed coaxially with said rotor and with said inlet from said tank.
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ABST
PAL  There is disclosed a horizontal type hydrohoist, in which slurry is forced
      to feed under lower pressure into feed pipes which are connected to a
      transport pipeline at their one ends and to a high pressure clear water
      pump at the others, said pump being adapted to deliver clear water under a
      high pressure, after which clear water is transferred under a high
      pressure through said feed pipe from said high pressure clear water pump,
      thereby transferring said slurry. This hydrohoist system presents the
      provision of means for preventing mixing and its spreading at the boundary
      portion between slurry and water within the feed pipes. More particularly,
      a separator which is designed not to rotate during the transfer is
      inserted in the aforesaid boundary portion in a manner that the separator
      may be transferred together with fluid, thus preventing the mixing of
      water with slurry as well as the resultant spreading thereof. According to
      a further aspect of the invention, at the completion of the slurry
      transfer under a high pressure, the separator is caused to be gradually
      slowed down to stop for the purpose of obviating a water hammer phenomenon
      within the pipings. In addition, after the removal of the slurry remaining
      around the separator by using a high pressure water, the feeding of the
      high pressure water is interrupted, thereby preventing mixing and its
      spreading at the boundary portion of water with slurry at the time of the
      subsequent introduction of slurry under lower pressure.
BSUM
PAR  This invention relates to a horizontal type hydrohoist adapted for use in
      transportation of solid particles by using water.
PAR  FIG. 1 shows one example of the prior art, of a horizontal type hydrohoist.
PAR  At the opposite ends of a plurality of parallel feed pipes 1a, 1b, 1c,
      there are provided drive liquid side change over valves 2a, 2b, 2c and
      transport pipe side change over valves 3a, 3b, 3c. Connected by way of a
      piping 4 to the inflow sides of the valves 2a, 2b, 2c on one side is a
      pump 7 which is adapted to deliver a drive liquid 6 to each feed pipe,
      while a transport pipe 8 is connected to the outflow sides of the valves
      3a, 3b, 3c.
PAR  On the other hand, a slurry pump 13 is connected to the inflow sides of the
      other valves 3a, 3b, 3c, said pump being adapted to supply slurry within a
      tank to each feed pipes by way of slurry feed side valves 9a, 9b, 9c and a
      piping 10. On the other hand, a return piping 15 is connected to the
      outflow sides of the valves 2a, 2b, 2c, said return piping 15 being
      adapted to return the drive liquid 6 within each feed pipe to a tank 5 by
      way of drive liquid return side valves 14a, 14b, 14c.
PAR  Thus, for transferring the slurry 12 under pressure a transport pipeline 8,
      the drive liquid side valves 2a, 2b, 2c and transport pipe side valves 3a,
      3b, 3c are first closed, while the drive liquid return side valves 14a,
      14b, 14c and slurry feed side valves 9a, 9b, 9c are then opened, whereupon
      the slurry pump 13 is operated to feed the slurry 12 within the tank 11 to
      the feed pipes 1a, 1b, 1c. The feed of the slurry 12 causes the drive
      liquid within the feed pipes to return by way of the return spring 15 to
      the tank 5. When the feed pipes are filled with slurry 12, the drive
      liquid return side valves 14a, 14b, 14c as well as slurry feed side valves
      9a, 9b, 9c are closed. Then drive liquid feed side valves 2a, 2b, 2c are
      transport pipe side valves 3a, 3b, 3c are opened.
PAR  This causes the drive liquid 6 to be fed to each feed pipe, and then slurry
      12 is fed to the transport pipe 8.
PAR  Upon completion of feed of slurry in the feed pipes, the drive liquid feed
      side valves 2a, 2b, 2c and transport pipe valves 3a, 3b, 3c are closed,
      and on the other hand, drive liquid return side valves 14a, 14b, 14c are
      opened, thus repeating the above cycle.
PAR  In this respect, the opening and closing operations of each valve in feed
      pipes are accomplished according to a suitable timing cycle, and the
      aforesaid operations are repeated alternately for each feed pipes, thereby
      continuously operating the high pressure pump 7 and slurry pump 13 for
      continuous transfer of slurry.
PAR  The most important problem experienced with the aforesaid conventional
      horizontal type hydrohoist are that, upon transfer of slurry through the
      feed pipes, the speed distribution of slurry will be as shown in FIG.
      2(a), and that when slurry enters the feed pipes, the speed of slurry will
      be as show in FIG. 2(b), whereby the boundary between the slurry and the
      drive liquid becomes obscure or not clear, with the resultant enlarged
      mixing zone of the slurry and the drive liquid. If the mixing zone is
      spread to further extent, then the slurry will become contained in the
      drive liquid which is being transferred through the return piping 15, when
      slurry is forced into feed pipes. This results in loss of transport
      efficiency and in wear in the wearing portions of the high pressure pump
      7, when the slurry flows therethrough, thus lowering the function of the
      pump materially or causing binding or seizure of slurry, at valves.
PAR  It is accordingly the first object of the invention to provide a horizontal
      type hydrohoist, wherein there are provided within feed pipes separators
      adapted to be fed by means of drive liquid and slurry, thereby the
      spreading tendency of the mixing zone of slurry and drive liquid may be
      prevented.
PAR  It is the second object of the invention to provide a horizontal type
      hydrohoist, in which there are provided projecting type stoppers within
      feed pipes, whereby parts or the whole bodies of the separators are rested
      along the internal upper walls of the pipes, such that the slurry below
      the separators are swept or cleaned by drive liquid to thereby prevent
      spreading tendency of the mixing zones of slurry and drive liquid.
PAR  It is the third object of the invention to provide a horizontal type
      hydrohoist, in which there is provided electromagnetic stoppers sidewise
      of the outer peripheries of feed pipes, whereby energizing of stoppers
      causes parts or the whole bodies of the separators to stop or rest along
      the internal upper walls of pipes, thereby preventing spreading of the
      mixing zones of slurry and drive liquid, while avoiding impact of the
      separators acting on the stoppers.
DRWD
PAR  FIG. 1 is an outline of a conventional horizontal type hydrohoist;
PAR  FIGS. 2(a) and (b) are plots representing speed-distribution of slurry
      according to the conventional hydrohoist;
PAR  FIG. 3 is an enlarged cross-sectional view showing the essential part of
      one embodiment of the invention, illustrating projection type stoppers;
PAR  FIG. 4 is a cross-sectional view taken along the line IV--IV of FIG. 3;
PAR  FIG. 5 is an enlarged cross-sectional view showing the essential part of
      another embodiment of a horizontal type hydrohoist of the invention;
      illustrating projection type stoppers and injection ports provided in the
      internal bottom walls of pipes;
PAR  FIG. 6 is an enlarged cross-sectional view of the essential part of a
      further embodiment of a horizontal type hydrohoist of the invention,
      illustrating stoppers which may be electromagnetically operated;
PAR  FIG. 7 is an enlarged cross-sectional view of the essential part of a still
      further embodiment of the invention, illustrating electromagnetic stoppers
      and injection ports provided in the internal bottom walls of pipes;
PAR  FIG. 8 is an enlarged cross-sectional view of the essential part of a yet
      further embodiment of a horizontal type hydrohoist of the invention,
      illustrating stoppers having a spring;
PAR  FIG. 9 is a cross-sectional view taken along the line IX -- IX of FIG. 8;
PAR  FIG. 10 is a cross-sectional view taken along the line X--X of FIG. 8;
PAR  FIG. 11 is a cross-sectional view taken along the line XI--XI of FIG. 8;
PAR  FIG. 12 to FIG. 14 show embodiments of the separators of a horizontal type
      hydrohoist according to the invention, in which FIGS. 12(a) and (b) refer
      to a separator of a spheriodal body having a density greater than that of
      the liquid, FIG. 13 refers to a separator consisting of two spherical
      bodies inter connected by a connecting shaft, one of said bodies having a
      density greater than that of the liquid and the other having a density
      smaller than that of the liquid and FIG. 14 refers to a separator
      consisting of three spherical bodies connected in series by connecting
      shafts.
DETD
PAR  Description will now be given to one embodiment of the invention with
      reference to FIGS. 3 and 4.
PAR  FIG. 3 shows an enlarged view of the essential part of the horizontal type
      hydrohoist according to the present invention, while the like parts are
      designated like numbers in FIG. 1 and thus duplicate description will be
      omitted on such commonly used reference numerals. A transport pipe side
      valve 3a is connected to one end of a feed pipe 1a, while a transport pipe
      8 is connected to the outflow side of the transport pipe side valve 3a,
      and a slurry pump (not shown) is connected by way of a slurry feed side
      valve 9a to the inflow side of the transport pipe side valve 3a, said
      slurry pump being adapted to supply slurry to the feed pipe 1a. There is
      provided a separator 16 in the feed pipe 1a, and detailed description will
      be had on the separator 16 hereinafter. The separator 16 is inserted in or
      adjacent to the boundary portion of a drive liquid 6 and slurry 12. A pair
      of detectors are provided on the transversely opposite side of the feed
      pipe, one on the left side (not shown) and the other 17 on the right,
      respectively, said detectors being adapted to detect the approach of a
      separator.
PAR  When the detector 17 on the right side, that is, adjacent to the valve 7a
      detects the presence of the separator 16, the drive liquid feed side valve
      (not shown) and the transport pipe side valve 3a will be closed halfway
      for a given period of time and then fully closed. Positioned in a piping
      in the range covering between the detector 17 and the transport pipe side
      valve 3a is a stopper 18 which is provided in projecting relation from the
      internal wall surface of the pipe 1a.
PAR  The stopper 18 is located in such a position where, when the separator 16
      is detected at the detector 17 and then drive liquid feed side valve (not
      shown) and transport side valve 3a will thereby begin closing, thus the
      flow speed of the liquid in the piping is gradually slowed down so as to
      permit the separator to softly impinge on the stopper 18, i.e., in an
      attempt to prevent the water hammer created due to the sharp pressure rise
      in the piping. During the feed of slurry, the separator moves through the
      feed pipe 1a at the same speed as those of slurry 12 and drive liquid 6
      and then impinges on the sloped surface of the stopper 18 in the vicinity
      of the transport pipe side valve, whereby part or the whole body of the
      separator 16 will slide along the internal upper wall surface 1d of the
      pipe to stop. Even after stopping of the separator 16, the drive liquid
      side valve and transport pipe side valve will remain in halfway-closed
      condition for a given period of time, while the drive liquid 6 flows along
      the internal lower wall surface of the piping and underside of the
      separator, being accelerated, thereby excluding the slurry remaining in
      the neighborhood of the separator along the internal bottom wall of the
      pipe.
PAR  FIG. 5 shows another embodiment of a horizontal type hydrohoist according
      to the present invention, and the like parts bearing the like reference
      numerals will be omitted of the description hereinafter.
PAR  There is provided an injection port 20 of the high pressure liquid through
      the internal bottom wall of the pipe in the range covering between the
      detector 17 provided sidewise of the outer periphery of a feed pipe 1a for
      detecting a separator and the stopper 18, said injection port 20 being in
      communication with a high pressure source by way of a high pressure valve
      19.
PAR  When the separator 16 is decelerated and impinges on the stopper 18 to
      stop, the high pressure valve 19 will be opened, whereupon the high
      pressure liquid (normally the same as the drive liquid) will be injected
      through the injection port 20 therein, thereby forcing the remaining
      slurry together with the drive liquid 6 toward the transport pipe 8,
      thereby improving cleaning efficiency.
PAR  FIG. 6 shows a still further embodiment of the invention, in which like
      parts designate like reference numerals, thereby omitting duplicate
      description.
PAR  Provided sidewise of the outer periphery of the feed pipe 1a but in the
      range covering from the detector 17 for separator 16 provided in like
      manner to the transport pipe side valve 3a is an electromagnetic stopper
      21. When the separator 16 is detected at the detector, during the transfer
      of slurry, then the stopper 21 will be energized for a given period of
      time, whereby the separator 16 will be attracted to the internal upper
      wall 1d of the pipe to stop. Even after the stop of the separator 16, the
      drive liquid side valve (not shown) and transport pipe side valve 3a
      remain opened halfway for a given period of time, while the drive liquid 6
      will flow through the gap between the underside of the separator and the
      internal bottom wall 1e of the pipe, and at the same time, the remaining
      slurry 12a will be forced toward the transfer piping 8. Then, after
      cleaning, the drive liquid side valve and transport pipe side valve 3a
      will be completely closed.
PAR  FIG. 7 shows a still further embodiment of the present invention, in which,
      like in other embodiments, like parts are designated like reference
      numerals, thereby omitting duplicate description.
PAR  The injection port 20 which communicates by way of the high pressure valve
      19 with a high pressure source is provided through the internal bottom
      wall of the pipe in the range covering from the detector 17 for a
      separator to the stopper 21 which functions electromagnetically.
PAR  The separator 16 is attracted to the internal upper wall of the pipe by the
      stopper 21 energized, to stop. Even after the stoppage of the separator,
      the drive liquid side valve (not shown) and transport pipe side valve 3a
      maintain the halfway closed condition, such that the residual slurry 12a
      will be forced toward the transport pipe and cleaned by means of the drive
      liquid 6 passing through the gap defined between the underside of the
      separator 16 and the internal bottom wall 1e of the pipe as well as the
      hydraulic pressure due to the high pressure liquid from the injection port
      20 in the internal bottom wall 1e of the pipe.
PAR  FIGS. 8 to 11 show a still further embodiment of the invention. A
      separating pipe 22 has a small diameter portion 23 having a diameter
      larger than the inner diameter of the feed pipe, 1a tapered portion 24 and
      a large diameter portion 25, the end on the small diameter side thereof
      being connected to the feed pipe 1a and the end on the large diameter side
      thereof being connected by way of slurry feed side valve 9a to a slurry
      pump (not shown) as well as by way of transport pipe side valve 3a to the
      transfer piping 8, respectively. Fitted in the large diameter portion 25
      is a stopper 26 for the stopper 16 which is formed with a plurality of
      pawl portions 27 adapted to engage the separator 16, as show in FIG. 9 and
      has a stroke ring 28 welded thereto.
PAR  Interposed between the stopper 26 and a holding plate 29 is a spring 30 in
      extensible relation, and the spring 30 is maintained in an maximum
      extended condition in the normal condition, with the tapered portion 31
      for the stopper being in contact with the tapered portion 24 of the
      separating pipe. The tapered portion 24 adapted to contact the tapered
      portion 31 of the stopper is formed with a plurality of radially extending
      prooves 27 as shown in FIG. 10, which prevents interposition of the slurry
      in that portion. On the other hand, a plurality of separator guides 33 are
      formed in the internal bottom wall of the feed pipe 1a so as to give
      smooth sliding surfaces for the separator, as shown in FIG. 11.
PAR  When the detector 17 detects the approach of the separator moving from the
      left at the same speed of that of drive liquid 6 and slurry 12, then the
      valve (not shown) for supplying drive liquid 6 as well as the valve 3a are
      both maintained in halfway closed conditions for a given period of time,
      such that the flow speed of the liquid in the pipe will be decelerated,
      whereupon the separator 16 will abut on the stopper 26 to stop. Even after
      the stoppage of the separator 16, the drive liquid within the pipe will
      keep flowing, such that the residual slurry in the neghborhood of the
      separator 16 will be forced toward the transfer piping 8 by means of the
      drive liquid 6 to be cleaned, after which the aforesaid valves will be
      closed, respectively.
PAR  The fluid which is flowing in a full condition through the piping meets
      with the small diameter portion having a larger cross sectional area than
      that of the feed pipe, whereby the pressure of the fluid will be
      decreased, while the internal volume of the large diameter portion 25 will
      be increased due to the biasing of the stopper 26, thereby preventing the
      generation of water hammer phenomenon.
PAR  FIG. 12 to FIG. 14 show one embodiment of the separator adapted for use in
      a horizontal hydrohoist of the present invention.
PAR  Shown in FIG. 12(a) and (b ) is a separator 16 having an ellipse
      cross-section, said ellipse having a major axis larger than the inner
      diameter of the feed pipe and a minor axis smaller than the inner diameter
      of the pipe. In addition, the density of the separator 16 is somewhat
      greater than that of the drive liquid 6. Accordingly, when the separator
      is being transferred by and being carried on the drive liquid, the
      separator may move along the internal bottom wall of the pipe without
      rotation with respect to its advancing direction. In general, the
      suspending particles forming slurry are apt to be precipitated on the
      internal bottom wall of the pipe with the result that the flow speed of
      the slurry along the internal bottom wall is lower than that of the slurry
      in the other portion, thereby presenting flows in the form of separated
      layers at different flow speeds. However, the use of the aforesaid
      separator 16 avoids such disadvantages by presenting uniform flow through
      a pipe as shown in FIG. 12(a) and 12(b), because the separator 16 moves
      along the internal bottom wall of the pipe in contact relation, thereby
      accelerating the flow along the bottom wall, which tends to stagnate. As a
      result, this minimizes the spreading of the mixing zone of slurry and
      drive liquid.
PAR  A separator as shown in FIg. 13 consists of two spherical bodies 16a and
      16b interconnected by a connecting shaft 16d to thereby prevent the
      turnover in the advancing direction thereof, while the density of one of
      the aforesaid two spherical bodies greater than that of the drive liquid
      and that of the other is smaller than that of the drive liquid.
PAR  This causes the separator to move in an inclined attitude through the pipe,
      such that one of the two spherical bodies maintains contact with internal
      upper wall of the pipe and the other maintains to contact the internal
      bottom wall thereof, whereby the mixing of the drive liquid with the
      slurry may be minimized.
PAR  A separator as shown in FIG. 14 consists of three spherical bodies
      connected in series relation by means of connecting shafts 16d, thereby
      preventing the turnover of the separator in its advancing direction. The
      provision of three gaps defined by the three spherical bodies and the
      internal wall of the pipe further minimizes the spreading tendency of the
      mixing zone of drive liquid and slurry.
PAR  The increase in number of the spherical bodies will necessarily result in
      the increase in number of gaps defined between the spherical bodies and
      the internal wall of the pipe, such that the spreading tendency of the
      mixing zone will be further minimized.
PAR  As is apparent from the foregoing description, the advantages and
      efficacies of the present invention are as follows:
PAR  1. The provision of a separator having a portion of a density greater than
      that of the drive liquid in the feed pipe aids in presenting uniform
      distribution of the speed of slurry, while the construction of the
      separator designed prohibits the turnover thereof in an advancing
      direction thereof, thus minimizing the spreading tendency of a mixing zone
      of drive liquid and slurry.
PAR  2. Part of the whole body of a separator stops along the internal upper
      wall of a pipe due to the presence of a projecting type stopper within the
      pipe, such that the residual slurry remaining along the internal bottom
      wall of the pipe may be excluded smoothly.
PAR  3. The provision of electromagnetic stopper prevents impact between the
      separator and the stopper, when impinged on each other, thereby minimizing
      the spreading tendency of a mixing zone of drive liquid and slurry.
PAR  4. The provision of enlarged cross-sectional area at the abutting portion
      of the separator on the stopper suppresses the generation of water hammer
      due to the sharp pressure rise in the fluid flowing through piping.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A horizontal type hydrohoist comprising:
PA1  a plurality of substantially cylindrical feed pipes arranged horizontally
      and in parallel relationship with respect to each other;
PA1  a drive liquid pump communicating with a drive liquid tank and connected at
      one end of said feed pipes by first valve means;
PA1  transport piping connected at the other end of said feed pipes by second
      valve means for transporting slurry under pressure;
PA1  a slurry pump communicating with a slurry tank and connected with said feed
      pipes by third valve means in the vicinity of said other end of said feed
      pipes;
PA1  return piping connected with said drive liquid tank and said feed pipes by
      fourth valve means in the vicinity of said one end of said feed pipes for
      returning the drive liquid in the feed pipes to said drive liquid tank by
      the slurry fed by said slurry pump;
PA1  separator means arranged in each of said feed pipes at the boundary portion
      between the slurry and the drive liquid so as to provide a small space
      between said separator means and the inner peripheral surface of said feed
      pipe;
PA1  and stopper means located at the portion of said feed pipes on the drive
      liquid feed side of the junction of said feed pipes and piping
      communicating said feed pipes with said slurry pump for stopping movement
      of said separator means such that one end of said separator means is
      lifted from the bottom of said feed pipes to permit drive liquid to pass
      under said separator means.
NUM  2.
PAR  2. A horizontal type hydrohoist according to claim 1, wherein said stopper
      means comprises a projection disposed on the inner surface of said feed
      pipes at the bottom portion thereof to lift the separator means toward the
      upper portion of said feed pipes.
NUM  3.
PAR  3. A horizontal type hydrohoist according to claim 2, wherein separator
      detecting means is located at the outer periphery of each end of said feed
      pipes for detecting said separator means reciprocally moving in said feed
      pipes and an injection port is provided at the drive liquid feed side
      upstream of said stopper means for feeding high pressure liquid through
      the bottom wall of said feed pipes to discharge slurry remaining around
      said separator means to the transport piping in response to a signal from
      the separator detecting means.
NUM  4.
PAR  4. A horizontal type hydrohoist according to claim 1, wherein said stopper
      means comprise an electromagnetic stopper disposed at the outer periphery
      of said feed pipes to stop said separator means with at least one end of
      said separator means in an upper position in said feed pipes in order to
      provide a space between said separator means and the bottom surface of
      said feed pipes.
NUM  5.
PAR  5. A horizontal type hydrohoist according to claim 4, wherein separator
      detecting means is located at the outer periphery of each end of said feed
      pipes for detecting said separator means reciprocally moving in said feed
      pipes and an injection port is provided at the drive liquid feed side
      upstream of said stopper means for feeding high pressure liquid through
      the bottom wall of said feed pipes to discharge slurry remaining around
      said separator means to the transport piping in response to a signal from
      the separator detecting means.
NUM  6.
PAR  6. A horizontal type hydrohoist according to claim 1, wherein said stopper
      means include spring means for reducing the impact force caused by said
      separator means.
NUM  7.
PAR  7. A horizontal type hydrohoist comprising:
PA1  a substantially cylindrical feed pipe being disposed horizontally;
PA1  transport piping means connected at one end of said feed pipe for
      transporting slurry in said feed pipe under pressure;
PA1  drive liquid supply means connected to the other end of said feed pipe for
      supplying drive liquid to discharge the slurry in said feed pipe to said
      transport piping means;
PA1  slurry supply means connected with said feed pipe at a first portion
      adjacent said one end for supplying the slurry into said feed pipe;
PA1  separator means movably arranged in said feed pipe at the boundary portions
      between the slurry and the drive liquid and formed to provide a small
      space between the inner peripheral surface of said feed pipe and said
      separator means; and
PA1  stopper means arranged at a second portion of said feed pipe upstream of
      said first portion for stopping said separator means such that at least
      one end of said separator means is lifted from the bottom surface of said
      feed pipe so as to provide a space therebetween.
NUM  8.
PAR  8. A horizontal type hydrohoist according to claim 7, wherein said stopper
      means comprises a projection disposed on the bottom inner surface of said
      feed pipe.
NUM  9.
PAR  9. A horizontal type hydrohoist according to claim 8, wherein said
      projection has a sloped surface at the upstream end thereof for guiding
      said separator means to the upper position of said feed pipe.
NUM  10.
PAR  10. A horizontal type hydrohoist according to claim 8, further comprising
      an injection port disposed upstream of said stopper means through the
      bottom wall of said feed pipe for feeding a high pressure liquid to
      discharge the slurry remaining around said separator means to said
      transport piping means.
NUM  11.
PAR  11. A horizontal type hydrohoist according to claim 7, wherein said stopper
      means comprises an electromagnetic means disposed on the upper side of the
      outer periphery of said feed pipe to attract said separator means to the
      upper side of the inner wall of said feed pipe.
NUM  12.
PAR  12. A horizontal type hydrohoist according to claim 11, further comprising
      an injection port disposed through the bottom wall of said feed pipe
      upstream of said stopper means for feeding a high pressure liquid to
      discharge slurry remaining around said separator means to said transport
      piping means.
NUM  13.
PAR  13. A horizontal type hydrohoist according to claim 7, wherein said stopper
      means comprises an annular stopper movably arranged in said feed pipe and
      having a plurality of pawl portions formed radially inward to engage with
      said separator means and spring means supporting said annular stopper to
      reduce the impact force caused by said separator means.
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ABST
PAL  A flow machine for pumping and/or measuring the flow of agressive,
      radioactive, or special-purity flow mediums. The flow machine is provided
      with a rotatable impeller magnetically supported within a machine casing
      such that the impeller is spaced at all points from the inside walls of
      the machine casing. The casing inside walls and the outer configuration of
      the impeller include a central cylindrical center section joined by
      conically outwardly flared end sections. Electromagnetics are arranged in
      the conical flared section outside of the inside wall for cooperation with
      magnetic material arranged in the corresponding conically flared sections
      of the impeller to support the impeller in position. The conically flared
      section facilitate both radial and axial support of the impeller, since
      both axial and radial components of electromagnetic force is experienced
      at the conically flared sections of the impeller. Means are provided to
      detect the gaps around the circumference of the impeller between the
      impeller and the casing inside walls, which means provide signals to an
      electronic device for controlling the respective current supply to the
      electromagnets so as to assure the maintenance of a substantially uniform
      circumferential gap around the impeller for all operating conditions. In
      one embodiment, the flow machine is constructed as an axial flow pump
      driven by an asynchronous electric motor having a rotor formed around the
      cylindrical section of the impeller and a stator arranged outside of the
      inside walls along the cylindrical section thereof. A further embodiment
      of the flow machine is constructed as a flow meter which includes means
      for detecting the rotational speed of the impeller, which rotational speed
      is a direct function of the volumetric flow and/or velocity of the flow
      medium through the impeller.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a flow machine and more particularly this
      invention relates to a turbopump or flow meter device having an impeller
      which provides a passage for an agressive, radioactive or special-purity
      flow medium and is radilly supported in the interior of the machine
      casing. This impeller is in most instances radially supported over its
      radially extreme circumferential area. The aggressive flow medium may be,
      f.i., an acid or one for the chemical or pharmaceutical industry, where
      the conveyance of extremely pure flow media is a frequent requirement.
PAR  Turbomachines of this general type have been contemplated where the flow
      duct of the machine, or an axial impeller bore connected to the flow duct
      for the passage of the flow medium, communicates with the bearing gap or
      bearing gaps of the radially arranged bearing during operation of the
      machine and where this flow medium serves as a bearing lubricant. The
      disadvantage affecting this solution is that such a flow medium is very
      often ill-suited as a bearing lubricant generally or at least in many
      instances is ill-suited for the particular bearing or the material of its
      running surface. For example, numerous materials used for running surfaces
      are subject to attack by certain aggressive flow media.
PAR  Likewise a vertically arranged rotor has been contemplated which is
      restrained or axially supported by the attraction of a magnet arranged at
      its upper end.
PAR  A broad object of the present invention is to obviate the use of the flow
      medium as a bearing lubricant and equally to eliminate the necessity for a
      seal between the bearing gap and the flow area for preventing mutual
      contact or mixing of the flow medium with a bearing lubricant or contact
      of a bearing running surface material with the flow medium.
PAR  It is a particular object of the present invention to provide a flow
      machine where the radial bearing is free from mechanical contact by means
      of a magnetic device. The flow medium is here not used as a lubricant. The
      bearing properties may then be independent of the properties of the flow
      medium. Bearing lubricants, such as a liquid, are eliminated altogether.
      Special material for bearing running surfaces is not necessary since the
      bearing is free from contact, friction and wear, and the material can also
      not be attacked by the flow medium. Further, the need for said seal is
      eliminated in that sealing problems of this nature are removed. Mutual
      contact or mixing of a said flow medium with a bearing lubricant, such as
      a bearing oil, cannot take place; contamination of either medium by the
      other medium, mutual contamination or mutual chemical reactions are
      impossible. The aggressive, radioactive or special-purity flow medium may
      be allowed to dwell in or pass through the bearing gap. There is no need
      for keeping it away from the bearing gap. Nor does the impeller bearing
      require servicing.
PAR  Except to the inlet and outlet flow of the aggressive or similar flow
      medium the casing of the machine may be closed off against the outside.
      Shaft lead-ins in the casing to accommodate outboard bearings can be
      eliminated. Sealing problems connected therewith are likewise prevented.
      Inasmuch as a centrally arranged impeller shaft can be eliminated, the
      inlet area can be enlarged where the flow into the impeller is axial to
      it, which is of particular benefit to turbo processing machines.
PAR  The flow machine cited in the present invention is most often a turbo
      processing machine, more particularly a turbopump, or a turbine. This may
      be an axial-flow turbomachine, mixed-flow turbomachine or radial-flow
      turbomachine. The flow machine of the present invention may equally be a
      screw pump.
PAR  The flow machine cited in this invention may also be arranged for measuring
      the throughput of an aggressive, radioactive or special-purity flow medium
      by especially inductive measurement of the rotational speed of the
      impeller allowing passage to the flow, where this speed is a measure of
      the throughput. In this particular application of the invention the
      benefits discussed above are achieved as well. Also the function of speed
      is independent of bearing friction which would vary with speed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation illustrating an embodiment of the flow machine
      arranged in accordance with the present invention, where the machine is an
      axial-flow turbine pump;
PAR  FIG. 2 is a schematic view of a control system for maintaining the impeller
      centered within the flow casing in accordance with the present invention;
      and
PAR  FIG. 3 is an elevation illustrating a modification of the flow machine
      which operates as a flowmeter.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  With respect to FIG. 1, the horizontally disposed impeller 10 of the pump,
      which is driven by an asynchronous (squirrel cage) motor having a rotor 11
      revolving around the impeller 10 and a stator 12, is surrounded by
      stationary electromagnets 13 and 14. These electromagnets and the stator
      12, are surrounded by a tubular cylindrical center section of the pump
      casing which is not shown in detail here. This center section extends
      coaxially with and over approximately the entire length of the impeller 10
      and is axially bolted by its axial ends in the outer peripheral area of
      the end walls 15 and 16 of an inlet pipe 17 and an outlet pipe 18 of the
      casing to said pipes 17 and 18. The impeller 10 essentially consists of
      two axially successive, tubular cylindrical annular members 19 and 20
      which are axially clamped together, of a row of impeller blades 21 and a
      guide body 22, where the annular member 20 of the impeller, the guide body
      22 and the impeller blades 21 together form a rigid unit, and of two
      annular, coaxially arranged stacks of sheet 23 and 24, where the annular
      members 19 and 20 of the impeller are clamped one to the other by means of
      two clamping rings 25 and 26 and axial screws 27 through said stacks 23
      and 24 and the rotor 11. The inlet pipe 17 has a row of stationary guide
      vanes 38 and a guide body 39. The direction of flow of the aggressive or
      similar medium through the flow duct of the pump is indicated by an
      arrowhead 40.
PAR  The electromagnets 13 and 14 are each spaced equally through a 360.degree.
      arc, there being at least three and more preferably four each provided in
      this arrangement. One or more of these electromagnets is arranged in the
      upper area to sustain the weight of the impeller. As indicated by the
      hatchings 35 and 36, the electromagnets 13 and 14 are located in the
      center section of the pump casing, and this equally holds for the stator
      12 (see hatching 37). The electromagnets 13 and 14 and the stacks of sheet
      23 and 24 form a magnetic device for supporting the impeller 10 free from
      mechanical contact. Each of the electromagnets 13 and 14 essentially
      consists of a U-shaped stack of sheet 28, where the U-legs 29 succeed one
      another circumferentially, and of a winding 30 around the said stack of
      sheet 28. A coaxially arranged thin-walled tubular cylinder 31 which is
      centrally located against the inlet pipe 17 and the outlet pipe 18 serves
      among other functions to protect the electromagnets 13 and 14 and the
      stator 12 against the aggressive or similar flow medium. As it is
      indicated on the elevation, the pole faces 41 or 42, the tubular cylinder
      31 in that area, and the outer circumference of the stack of sheet 23 or
      24 extend at an angle with the centerline 32 of the impeller 10 and in
      parallel to each other. The resulting conical portions of the tubular
      cylinder 31 are in close proximity of the pole faces 41 or 42, and a
      cylindrical center section of the tubular cylinder 31 is arranged close to
      the inner circumference of the stator 12.
PAR  Present between the conical portions and the cylindrical center section of
      the tubular cylinder 31 on the one hand and the outer circumferential
      areas of the stacks of sheet 23 and 24 and the intervening cylindrical
      outer circumference of the impeller 10 and rotor 11 assembly on the other
      are the intercommunicating annular gaps 33, 34 and 43 and freedom from
      mechanical contact. The widths of these gaps, which extend normal to the
      impeller centerline, are in the order of magnitude of typically about 1
      mm. Support in the absence of mechanical contact, that is, the particular
      position of the impeller 10, where the said width of the annular gap 33 or
      34 is at least approximately equal through 360.degree. arc, is achieved in
      that current is passed separately along each winding of the electromagnets
      13 and 14, where the current passing along the windings of the
      electromagnets 13 and 14 in the upper area is of a superior intensity.
      These flows of current induce fixed electromagnetic fields of attraction
      which are equally spaced over 360.degree. arc and permeate the respective
      electromagnets 13 or 14 and the stack 23 or 24. It is the corresponding
      magnetic attractions which sustain the impeller 10 in its said position.
PAR  Since the annular gaps 33 and 34 are not extending in parallel with the
      impeller centerline but flaring out in opposite directions, the impeller
      is not only located or supported radially but also located or supported
      axially to either side, for the reason that the magnetic forces acting
      vertically on each pole face 41 and 42 each have a radial and an axial
      component and that the axial components for the pole faces 41 and those
      for the pole faces 42 are oppositely directed. The arc of flare depends on
      the ratio of the radial to the axial forces (which ratio depends on
      various factors such as weight of impeller and axial thrust of flow medium
      on impeller). Provision of a single conically extending annular gap or of
      two oppositely arranged conical gaps (33 and 34) permits the impeller
      centerline (32) to be located in any desired position in space, more
      particularly in the horizontal. To keep the impeller centerline 32 of the
      impeller 10 in a central position and/or to offset imbalance or the like,
      use may be made of a device (illustrated schematically in FIG. 2) for the
      inductive or capacitative measuring of the gaps 33, 34, 43, without
      mechanical contact between the measuring device and the impeller, where
      the results of measurement are fed into an electronic unit which regulates
      the respective attraction forces of the electromagnets 13 and 14 by
      controlling the current supply to these electromagnets. Since measuring
      devices of known construction could inductively or capacitatively measure
      the gaps and provide electrical output signals corresponding to the
      measured values, details of such measuring devices 45 and 51 are not
      included herein. Further, since electronic units of known construction
      could regulate current flow in a plurality of lines associated with the
      respective electromagnets in response to signals from the measuring
      devices, details of such electronic devices are also not included herein.
      It will be understood that the measuring devices would be positioned so as
      to provide the necessary gap measurements to furnish sufficient control
      information to facilitate centering of the impeller during all operating
      conditions.
PAR  The flow machine in accordance with this invention eliminates electrical
      inlets or outlets between the impeller and the stationary portion of the
      pump. The asynchronous motor may be replaced by a hysteresis motor whose
      drive portion, f.i., in the stationary portion of the pump, is arranged to
      surround the impeller at one end and whose drive disc is seated in the
      shape of a ring on this end of the impeller, as in a radially extending
      annular impeller slot. A bearing gap of a bearing assembled in accordance
      with the present invention can be arranged in a radial-flow turbomachine
      and more particularly in a radial-flow processing machine axially adjacent
      to a rotor blade exit. When necessary, all parts in the machine contacting
      with aggressive or similar flow media in service may be given a protective
      coating as of teflon, glass or the like.
PAR  The embodiment of the present invention constructed as a flowmeter (see
      FIG. 3) may be arranged such as the above-described axial-flow pump,
      except that the drive motor (11, 12) is eliminated and the row of guide
      vanes and the guide body (39) associated with it may be eliminated. The
      rotor blades of the flow meter are of a different shape than the blades of
      the axial-flow pump so as to accommodate the different flow metering
      function. Rotational speed measuring means 56 and 57 (which measuring
      means are of conventional construction in and by themselves) are provided
      for measuring the rotational speed of the impeller. The impeller speed may
      be precalibrated by other measuring devices to the expected range of
      volumetric flow or flow speeds of the fluid medium with which it is to be
      used. Once the functional relationship between the rotational speed of the
      impeller and the volumetric flow or velocity of the fluid medium has been
      established, the measurement of the rotational speed of the impeller can
      be used to directly determine the flow rate.
PAR  While we have shown and described only several embodiments in accordance
      with the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are known to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A flow machine for aggressive, radioactive, or special-purity flow
      mediums comprising:
PA1  machine casing means having inside walls which include a center section
      joined at both ends by respective conically outwardly flared sections,
PA1  rotatable impeller means with an outer configuration extending
      approximately parallel to said center section and said conical outwardly
      flared sections and arranged within said inside walls,
PA1  bearing support means for supporting said impeller means such that said
      impeller means is spaced at all points from the inside walls of said
      casing means, said bearing support means including magnetic material
      housed in the respective conical sections of said impeller means, a
      plurality of electro-magnets spaced from one another around the
      circumference of said inside walls, and electrical means for supplying
      electrical current to said electro-magnets, whereby both radial and axial
      support is provided to said impeller means by way of the respective
      components of magnetic force acting along the conical sections.
NUM  2.
PAR  2. A flow machine according to claim 1, wherein the longitudinal centerline
      of said conical and cylindrical sections of said impeller and said inside
      walls extends horizontally, and wherein the electro-magnets near the top
      part of said inside walls are supplied with more electric current than
      said electro-magnets positioned closer to the bottom part of said inside
      walls so as to create a stronger magnetic force in the upper direction to
      counteract gravity forces acting on said impeller means.
NUM  3.
PAR  3. A flow machine according to claim 1, wherein means are provided for
      controlling the current to each of said electro-magnets in response to
      measured variations in the distance between the outer surface of the
      impeller means and the inside walls, whereby said impeller means is
      automatically maintained in a central position with respect to said inside
      walls.
NUM  4.
PAR  4. A flow machine according to claim 3, further comprising motor means for
      imparting rotation to said impeller means.
NUM  5.
PAR  5. A flow machine according to claim 4, wherein said motor means is
      constructed as an electric motor with a rotor fixed to and arranged around
      the center section of said impeller means and a stator positioned around
      the outside of the center section of said inside walls of said casing
      means.
NUM  6.
PAR  6. A flow machine according to claim 1, wherein said center section of said
      inside walls is cylindrical.
NUM  7.
PAR  7. A flow machine for aggressive, radioactive, or special-purity flow
      mediums comprising:
PA1  machine casing means having inside walls, said inside walls including a
      center section joined at least at one end by a conically outwardly flared
      section,
PA1  rotatable impeller means arranged within said inside walls, said impeller
      means having an outer configuration which extends approximately parallel
      to said center section and said at least one conically outwardly flared
      section.
NUM  8.
PAR  8. A flow machine according to claim 7, wherein said inside walls and said
      impeller means are spaced from one another about the circumference of the
      impeller means by a uniform annular gap along said center section and said
      conically outwardly flared section.
NUM  9.
PAR  9. A flow machine according to claim 8, wherein said uniform annular gap is
      approximately 1 mm wide.
NUM  10.
PAR  10. A flow machine according to claim 7, further comprising motor means for
      imparting rotation to said impeller means.
NUM  11.
PAR  11. A flow machine according to claim 10, wherein said motor means is
      constructed as an electric motor with a rotor fixed to and arranged around
      the center section of said impeller means and a stator positioned around
      the outside of the center section of said inside walls of said casing
      means.
NUM  12.
PAR  12. A flow machine according to claim 7, wherein said flow machine is
      constructed as a flow meter including means for detecting rotational
      movement imparted to said impeller means by the flow medium.
NUM  13.
PAR  13. A flow machine according to claim 7, wherein the center section of the
      inside walls is joined at both ends by respectively oppositely conically
      outwardly flared sections.
NUM  14.
PAR  14. A flow machine according to claim 13, further including bearing support
      means for supporting said impeller means such that said impeller means is
      spaced at all points from the inside walls of said casing means, said
      bearing support means including magnetic material housed in respective
      conical sections of said impeller means and electromagnetic means within
      said casing such that both radial and axial support is provided to said
      impeller means by way of the respective components of magnetic force
      acting along the conical sections.
NUM  15.
PAR  15. A flow machine according to claim 7, wherein electromagnetic support
      means are provided for supporting said impeller means such that said
      impeller means is spaced at all points from the inside walls of said
      casing means.
NUM  16.
PAR  16. A flow machine according to claim 15, wherein said electromagnetic
      support means have conical pole shoe faces which face the at least one
      conically outwardly flared section of said impeller means.
NUM  17.
PAR  17. A flow machine according to claim 15, wherein said center section of
      said inside walls includes a thin-walled tubular cylinder to separate at
      least the center section of said inside walls from the flow mediums.
NUM  18.
PAR  18. A flow machine according to claim 15, wherein said center section of
      the inside walls is cylindrical.
NUM  19.
PAR  19. A flow machine according to claim 15, wherein said electromagnetic
      support means include electromagnets housed in said casing.
NUM  20.
PAR  20. A flow machine according to claim 19, wherein magnetic material is
      housed in the impeller means within the conical sections thereof and face
      similarly disposed electromagnets in said inside walls along faces which
      extend substantially parallel to the inside wall conical sections.
NUM  21.
PAR  21. A flow machine according to claim 20, wherein said magnetic material
      includes magnets.
NUM  22.
PAR  22. A flow machine according to claim 19, wherein the longitudinal center
      line of said impeller and said inside walls extend horizontally, and
      wherein said electromagnets housed in said casing are spaced from one
      another around the periphery of said inside walls, and electrical means
      are provided for supplying electrical current to said electromagnets, with
      electromagnets near the top part of said inside walls being supplied with
      more electric current than electromagnets positioned closer to the bottom
      part of said inside walls so as to create a stronger magnetic force in the
      upward direction to counteract gravity forces acting on said impeller
      means.
NUM  23.
PAR  23. A flow machine according to claim 22, wherein means are provided for
      controlling the current to each of said electromagnets in response to
      measured variations in the distance between the outer surface of the
      impeller means and the inside walls, whereby said impeller means is
      automatically maintained in a central position with respect to said inside
      walls.
NUM  24.
PAR  24. A flow machine according to claim 7, wherein said outer configuration
      is closest to said inside walls.
NUM  25.
PAR  25. A flow machine according to claim 7, wherein said outer configuration
      faces said inside walls.
NUM  26.
PAR  26. A flow machine according to claim 7, wherein said rotatable impeller
      means has inside walls which cooperate with portions of said casing means
      inside walls to define a flow passage for the flow mediums.
NUM  27.
PAR  27. A flow machine for aggressive, radioactive, or special-purity flow
      mediums comprising:
PA1  machine casing means having electromagnetic means between which a rotor
      means is disposed, said electromagnetic means having pole faces which
      extend conically outwardly in parallel relationship with an outer wall of
      said rotor means,
PA1  wherein said electromagnetic means form bearing support means for said
      rotor means.
NUM  28.
PAR  28. A flow machine according to claim 27, wherein said electromagnetic
      means have pole faces which extend oppositely, conically outwardly in
      parallel spaced relationship with said rotor means outer wall.
PATN
WKU  039389146
SRC  4
APN  8540195
APT  1
ART  343
APD  19690818
TTL  Pump impeller and coupling magnet structures
ISD  19760217
NCL  18
ECL  1
EXP  Freeh; William L.
NDR  1
NFG  8
INVT
NAM  Zimmermann; Frederick N.
CTY  Deerfield
STA  IL
ASSG
NAM  March Manufacturing Company
CTY  Glenview
STA  IL
COD  02
RLAP
COD  71
APN  679777
APD  19671101
PSC  03
CLAS
OCL  417420
XCL  310104
ICL  F04b 1700
ICL  F04b 3504
FSC  103
FSS  87;87 M
FSC  230
FSS  15 MC
FSC  310
FSS  104;156
FSC   64
FSS  28 M
FSC  192
FSS  84 PM
FSC  417
FSS  420
UREF
PNO  2350534
ISD  19440600
NAM  Rosinger
UCL  103 87
UREF
PNO  2555686
ISD  19510600
NAM  Farrelly et al.
XCL  103  6
UREF
PNO  2970548
ISD  19610200
NAM  Berner
OCL  103 87
UREF
PNO  3181018
ISD  19650400
NAM  Shafranek et al.
OCL  310156
UREF
PNO  3205827
ISD  19650900
NAM  Zimmermann
OCL  103 87
UREF
PNO  3411450
ISD  19681100
NAM  Clifton
OCL  103 87
LREP
FR2  Livingston; Callard
ABST
PAL  Cylindrical impeller-coupling magnets of the ceramic type in
      magnetically-coupled centrifugal pumps according to the disclosure are
      encircled by guard banding to aid in retaining the cylindrical
      configuration in cases of cracking and fissuring in the magnet body
      occasioned by exposure to superheated liquids in the impeller chamber.
      Supplements to the subject: the banding may be characterized as (1)
      non-metallic or metallic and non-magnetic; (2) multiple narrow bands or a
      single wide banding embracing the cylindrical aspect of the magnet in its
      entirety; (3) the cylindrical aspect of a cup-shaped metallic jacket with
      a bottom portion additionally shielding one axial end of the magnet; (4)
      the cylindrical aspect of a totally-enclosing encasement; (5) of thin
      cross section to lie upon the cylindrical surface (6) of moderately thick
      ring-like stock seating in recessing grooves in the cylindrical surface;
      (7) in all forms constrained against projection more than slightly into
      the magnetic air gap.
PARN
PAR  This application is a continuation of my application Ser. No. 679,777,
      filed Nov. 1, 1967, and now abandoned in favor of the instant application.
BSUM
PAR  The invention provides means for guarding against the jamming of impellers
      equipped with cylindrical coupling magnets of the ceramic type in
      magnetically-coupled centrifugal pumps wherein the impeller is rotated by
      an external motor impositively coupled therewith through the interaction
      of the magnetic flux of respectively internally and externally situated
      magnets, the inner one of which is affixed to the pump impeller, and the
      external one of which is rotated outside of the pump body in a path
      closely about the internal magnet.
PAR  Permanent magnets suitable for use in coupling arrangements of the class
      described are usually formed of pressure-molded magnetic compositions of
      the class of barium ferrite, and are sometimes characterized as "ceramic"
      magnets, in contradistinction to the essentially metallic ferrous magnetic
      materials, alloys and compositions containing nickel and like metals in
      combination with iron.
PAR  Cylindrical impeller magnets of the ceramic type are found to develop
      cracks and fissures as the result of exposure to very hot liquids
      traversing the impeller chamber, as a result of which the closely
      dimensioned cylindrical configuration of the magnet may change; and if
      there is any deformation in the direction radial to its axis so that even
      a small part projects into the narrow magnetic air gap subjoining the
      cylindrical surface of the magnet, which must rotate in very close
      proximity to the wall of the housing surrounding it, the impeller can
      easily be stopped with no indication of the stoppage, however, readily
      perceptible from any observation of the driving motor and external
      coupling magnet, which will continue to rotate, notwithstanding. Possible
      shifting of a fragmented portion of the internal magnet in an axial
      direction, however, does not present the same degree of danger because the
      impeller and its magnet are intentially designed to be shiftable limited
      amounts along the spindle, whereas, the air-gap requirements for the most
      efficient magnetic coupling are such as to allow only a very narrow
      tolerance for clearance between the cylindrical periphery of the magnet
      and the surrounding chamber wall, which may be of the order of 0.025 inch.
      Thus, it will be appreciated that a very slight projection of only a small
      portion of the magnet in a radial sense toward the air gap can bridge the
      clearance and impinge against the chamber wall with the consequences
      alluded to, as there is little margin afforded by the magnetic coupling
      forces for overload without slippage. Normally, this characteristic of
      magnetic coupling may be considered advantageous, over and above its other
      advantages in eliminating the passage of any driving shaft through the
      pump housing; but under the special jamming condition which may arise from
      a cracked magnet there is the danger that the pump failure can only be
      detected by observation of the flow in the pump line, or signals afforded
      by special monitoring equipment provided for the purpose.
PAR  The use of impeller magnet assemblies such as herein disclosed sufficiently
      guards against or reduces the incidence of pump failure from the causes
      alluded to, to obviate the expense of monitoring equipment and eliminate a
      great deal of down-time, and possibly serious damage which can arise in
      certain chemical processes, dependently upon the extent of the cylindrical
      surface encompassed and degree of containment of the entire magnet body,
      as will appear more fully from the following detailed description of the
      preferred embodiments of the invention considered in view of the annexed
      drawing in which:
DRWD
PAR  FIG. 1 is a cross section through a magnetically coupled pump with parts
      shown in elevation;
PAR  FIG. 2 is an exploded perspective detail of the impeller and magnet guard
      means employed in the embodiment of FIG. 1;
PAR  FIG. 3 is an elevational view of the impeller seen from the axial end
      thereof appearing in FIG. 2;
PAR  FIG. 4 is an elevational view of the impeller and its coupling magnet,
      viewed from the axial end opposite that seen in FIG. 3;
PAR  FIG. 5 is a cross-sectional detail, with parts shown in elevation, of an
      impeller and coupling magnet embodying a modified form of magnet guard
      means, the parts being shown separated;
PAR  FIG. 6 is a side elevation of an impeller and appertaining coupling magnet
      equipped with another modification of the guard means;
PAR  FIG. 7 is a composite elevation and fragmentary sectional detail of parts
      of a modified form of guard means and the appertaining impeller magnet;
PAR  FIG. 8 is a fragmentary elevational detail of an impeller and appertaining
      coupling magnet embodying another modified form of the guard means.
DETD
PAR  For purposes of illustration, the improvements are described in conjunction
      with the impeller employed in a magentically coupled pump such as depicted
      in FIG. 1, comprising a metallic housing or body casting 10 providing an
      impeller chamber 11 into which communicates a discharge duct 12
      terminating in a threaded coupling nipple 13, such chamber having an open
      side normally sealed off by a closure casting 14 having formed as an
      integral protuberance on the outer wall thereof, an inlet chamber 15 into
      which communicates an inlet duct 16 terminating in another coupling nipple
      17.
PAR  One end of a cantilever-supported or single-ended spindle 18 is footed in a
      low-pressure zone, generally indicated at 15Z defined within the special
      inlet chamber 15, the spindle being secured by means such as the screw 19,
      and projecting into space across the inlet chamber, into and beyond the
      impeller chamber 11, and thence into a coaxially extending magnet well 20,
      formed as an integral protuberance projecting axially away from the
      closure casting 14. The external aspect of the magnet well is adapted to
      fit freely but closely and coaxially within the bore 24 of an external
      driving magnet 25 secured in a carrier 26 upon a motor shaft 27 for
      rotation thereby.
PAR  Rotatably mounted on the spindle 18 is a pump impeller 30 having a hub
      portion 31 penetrated by a bushing 32 fitting onto the spindle. A driven
      impeller-coupling magnet 40 of cylindrical shape provided with a bore 41
      fitting upon the bushing 32, is secured in assembly with the impeller by
      staking or peening the ends 33a (FIG. 3) and 33b (FIG. 4) of the bushing.
PAR  Guard means, having a wide cylindrical wall adapted to encircle the entire
      cylindrical aspect, and one axial end of the driven magnet (distal from
      the hub), comprises a cup-shaped enclosure or jacket member 45 (FIG. 2
      also) of stainless steel of the non-magnetic type, dimensioned to fit
      closely onto the magnet body and embrace the entire cylindrical aspect and
      one axial end thereof. As seen in FIGS. 2 and 4, the bottom wall 46 of the
      cup-shaped jacketing means is provided with a hole 47 through which the
      appertaining end 33b of the bushing protrudes slightly for staking or
      peening, as aforesaid.
PAR  The wall thickness of the jacketing guard member 45 is desirably kept as
      thin as possible in respect to the width of the magnetic air gap, as will
      more fully appear, and in any case will project only minimally into such
      gap beyond the cylindrical periphery of the magnet body. Whether or not
      the attachment of the magnet in the impeller assembly is augmented by
      cementing, it is preferred to key these parts together by means such as
      boss 44 (FIGS. 1 and 4) projecting axially from the impeller hub into a
      keying dimple or depression 43 formed in the confronting axial end of the
      magent.
PAR  The described impeller assembly when mounted on the spindle 18, as in FIG.
      1, disposes the driven magnet 40 substantially within the magnet well 20
      and accordingly within the circumscribing ambit of the bore 24 of the
      outer driving magnet. The space at 22 between the subjacent peripheries of
      these magnets, constituting the magnetic air gap across which the magnetic
      lines of force interact in the coupling function, is kept quite narrow, it
      being necessary accordingly that the thickness of the wall of the magnet
      well (exaggerated slightly for clarity) which will lie in such air gap, be
      likewise kept as thin as feasible to afford a maximum safe clearance for
      free rotation of the coupled magnets. In such an environment, it will be
      evident that a modest shifting of a part of the magnet 40 into the air gap
      could readily jam the magnet and hence the impeller. Such a condition
      would stop the impeller but not the external magnet because of the
      slippage possible across the magnetic coupling fields. The guard jacket 45
      eliminates the possibility of such shifting and stoppage, should a
      fracture lead to fragmentation or deformation, or dislocation.
PAR  In effect, the cylindrical wall of the cup-shaped stainless steel jacket 45
      of FIG. 2, affords a single encircling band wide enough to embrace the
      entire cylindrical periphery of the magnet; and apart from the additional
      containment and shielding afforded by the appendant bottom-wall portion 46
      of such a banding means, there is the advantage that the entire jacket is
      further secured in the assembly by the peened end 33b of the bushing 32
      against such bottom portion. This is of significance for the reason that
      the wall thickness of the jacket must be kept minimal, and if a press fit
      alone is relied upon to hold the jacket in place (e.g., without cement,
      which may also seal off the magnet against chemical action), the press fit
      should not over-stress the band, and accordingly the further securing of
      the bottom by engagement of the headed or staked bushing therewith permits
      only moderate reliance upon the press fit, and or bonding or sealing
      cement in the case of chemically sealed magnets, FIGS. 1 and 5.
PAR  Because of material, fabrication, and assembly costs, the non-magnetic
      stainless steel jacketing embodiment of FIGS. 1 to 4 has been found to be
      economically suited mainly to smaller impeller assemblies in which the
      axial length of the magnet does not much exceed one and one-quarter inches
      in relation to a diameter of about the same proportions.
PAR  For impeller structures having magnets of larger size, the modified
      multiple-banding embodiments of FIGS. 6 to 8 are found more economical and
      suitably effective in those applications which do not require the magnet
      to be completely enveloped as a protection against chemical action.
PAR  As seen in FIGS. 6 and 7, the inner coupling magent 40X may be joined in
      assembly with its impeller 30X in the same manner as described in view of
      FIGS. 1 to 4; but in this modification circumferential grooves 48 are
      provided at effective locations along the cylinder axis, for example at
      both axial ends, affording recessive seats into which metal clamp rings
      49, of moderate stiffness and having a narrow split as at 49A to yield in
      slight spreading action, are sprung to seize the magnet body firmly in a
      substantially encircling grip preventing radial displacement of sections
      fracturing along generally axially-oriented fault lines.
PAR  The guard bands 49 may be of stiff wire stock having a round cross section.
      The diametric dimension (i.e., radially of the axis of rotation of the
      magnet cylinder) is such as to assure that the outermost margins of the
      rings do not stand out of their grooves appreciably into the air gap zone
      beyond the cylindrical boundry of the magnet.
PAR  While the aforesaid multiple-banding embodiment utilizes only two clamping
      rings, additional rings may be supplied at positions inwardly of the
      endwise rings 49 described.
PAR  Thus, in accordance with the multiple-band modification of FIG. 8, which is
      adapted to use with larger magnets, a greater portion of the cylindrical
      surface area of the magnet 50 may be encompassed along axially spaced
      zones by encircling bands 54A, 54B, 54C of stainless steel, preferably of
      the non-magnetic type, one of which is disposed at each of the axial ends
      of the magnet, as at 54A and 54C, with another situated in the mid-region
      therebetween, as at 54B.
PAR  Thus, the flat bands 54A, B, C as applied in a construction such as shown
      in FIG. 8, may leave greater or less portions of the magnet periphery
      exposed in the circumferential zones 56 intervening therebetween,
      depending upon the width of each band; and in this connection, it will be
      understood that such flat bands need not all be of the same width, nor
      limited to the multiple of three.
PAR  The greater width of the multiple-band guard means of FIG. 8, as compared
      with the construction of FIGS. 6 and 7, permits the use of thinner metal
      stock, comparable to the wall thickness of the metallic jacket 45,
      contemplated by the construction of FIG. 1, which has been shown at a
      slightly exaggerated scale for clarity of illustration, but which in
      practice may be of the order of 0.005 inches in both the single-band (FIG.
      1) and multiple-band embodiments (FIG. 8), such thickness making it
      unnecessary to provide grooves in the cylinder wall to reduce air-gap
      entry, since the extent to which the thin wide bands lie in the air gap
      are within the clearance limits, affording assured clearance for rotation
      of the magnet.
PAR  In the case of pumps required to handle chemicals or which may be
      susceptible to contamination, or have a corrosive or other reactive effect
      with the metals ordinarily used to cast pump bodies, the pump components,
      including body, spindle and impeller may be formed of synthetic plastic
      materials, for example, polypropylene, in accordance with the impellers in
      the disclosures in my copending application Ser. No. 584,171; and in many
      cases the impeller of such pumps may be usable with the stainless steel
      jacket means 45 encasing the coupling magnet in conjunction with suite
      able adhesives or cements wholly sealing off the juncture between the
      proximate end of the magnet and the impeller hub, so as to afford a
      non-reactive or non-contaminative structure for the intended application
      of the pump, the bushing being of a metal likewise compatible to such
      application, or being omitted altogether, and replaced, where necessary,
      by a plastic lining interiorly of the magnet bore.
PAR  In the event that the chemical nature of the liquid pumped will permit of
      no exposed metal-bearing materials whatsoever, including any metal bushing
      or portion of the magnet, the modified plastic magnet guard means of FIG.
      5 may be employed, in accordance with which the magnet 40Y is wholly
      enveloped in its external aspects by a cylindrical encasement 60 of
      plastic, such as polypropylene or polyethylene. The spindle bore 41Y in
      the magnet in this embodiment is closely fitted onto a stud-shaft 36S
      which is an integral part of the hub 36H of the plastic impeller 36, a
      suitable cementitious coating, indicated at 37, being applied between the
      impeller hub and the proximate end of the magnet encasement on the one
      hand, and the bore of the magnet and the plastic impeller stud shaft on
      the other, whereby the magnet is effectively encased within a non-metallic
      envelope which is substantially immune to chemical attack.
PAR  In order to procure a cylindrical wall of uniformly thin minimal thickness
      in the production of impeller structures, according to the embodiment of
      FIG. 5, it is preferred to have at least the cylindrical wall section of
      the plastic envelope overly thick initially and then machine the surface
      thereof down to the requisite clearance thickness for the particular air
      gap clearance involved.
PAR  In respect to the metallic forms of the guard banding, it will be
      understood that metals other than stainless steel of the non-magnetic
      variety may be employed, brass for example, provided such metal is
      compatible with the fluid to be pumped; but, in general, stainless steel
      can be used in the presence of so many liquids other than water, that it
      is preferable in the non-magnetic varieties for general application.
PAR  Insofar as the metallic banding is alluded to as "non-magnetic," it is
      known that some grades of non-magnetic stainless steel become slightly
      magnetic as the result of machining and similar working, particularly in
      thin sections for example, sufficiently so to show magnetic attraction in
      a moderately strong field, but still to a degree much less undesirable
      than would be the case with a magnetic type of the metal, so that in this
      sense, the term "non-magnetic" must be regarded as somewhat relative, and
      intended to mean a material with minimal or very little normal
      magnetizable or ferromagnatic quality.
PAR  The guard bands, FIG. 6 and 7, may be of ordinary springy wire stock and
      are split to eliminate inductive effects, while permitting some spring
      action for snapping into the grooves. The much thinner bands of FIG. 8, of
      relatively non-magnetic stainless steel, being a continuous ring press
      fitted into position over the ends of the magnet, will exhibit slight but
      unobjectionable inductive effects insignificant in the larger sizes of
      magnet to which this form of the banding is suited; while either form will
      have the constraining effect necessary to eliminate a major part of the
      stoppages caused by magnet deformation complained of, arising, as it does,
      from the cracks and fissures which tend to develop almost entirely along
      axially oriented lines owing to unrelieved stresses set up about the
      inside diameters of such magnets. It has been found, for example, that
      magnets of the type described can fragment at the axial ends, beginning
      along a line close to the bore, and free a sizable chip, which is itself a
      magnet, but one which has an opposing polarity to the parent magnet at the
      fracture line, which adds to the danger because this opposing polarity
      then causes the chip to be forcibly deflected in a generally radial sense
      away from the break zone toward the air gap. The encasing jacket type of
      guard means (FIG. 1), in addition to sealing off the magnet from fluid
      contact, wholly eliminates all forms of jamming, deformation and
      fragmentation; but the individual band means is very nearly as effective
      because it guards against the results of the most frequent type of
      faulting --breaks creeping along the bore axially--as well as most
      chipping at the ends of the cylinder.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a magnetically coupled pump of the type having a rotary impeller and
      conjoined, driven, one-piece cylindrical coupling magnet with a
      longitudinal bore and formed of a magnetic composition of the frangible
      type susceptible to fracture and like faulting, and rotating coaxially
      with the impeller with its cylindrical surface closely confronting an
      enclosure wall portion located in a narrow clearance space subjoining said
      surface in the magnetic air gap between the magnet and a cooperative
      driving magnet rotated externally of said wall portion, the combination
      with said driven magnet of guard means comprising substantially
      non-magnetic circumambiently extending restrictive band means
      substantially encircling the magnet body in a direction about the
      cylindrical aspect thereof to confine at least portions thereof in case of
      fracture or faulting, as aforesaid, against dislocation in a direction
      particularly toward said clearance space, the outermost periphery of said
      band means lying close to the outer periphery of the magnet body well
      within said clearance space.
NUM  2.
PAR  2. The combination of claim 1 wherein said band means embraces the entire
      cylindrical surface of the magnet body.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said band means is metallic as
      well as substantially non-magnetic and continuous in the circumferential
      direction about the cylindrical aspect of the magnet body.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said band means is metallic and
      interrupted in the circumferential direction about the cylindrical aspect
      of the magnet body.
NUM  5.
PAR  5. The combination of claim 1 wherein said band means lies on the surface
      of the cylindrical periphery of the magnet body.
NUM  6.
PAR  6. The combination of claim 1 wherein said band means lies substantially
      within circumambient grooved portions of the magnet body with an external
      peripheral portion thereof substantially flush with the outer cylindrical
      surface of said body.
NUM  7.
PAR  7. The combination of claim 1 wherein said band means has the form of a
      cup-shaped jacket of metal having low magnetizable properties, the jacket
      having a thin cylindrical wall portion closely embracing the entire
      cylindrical surface of the magnet body, and a bottom wall fitting against
      an axial end of the body remote from said impeller.
NUM  8.
PAR  8. The combination of claim 1 wherein said band means is a thin-walled
      jacket encasing the magnet body in its entirety and having low
      magnetizable properties.
NUM  9.
PAR  9. The combination of claim 1 wherein said band means is a thin-walled
      jacket of non-metallic, non-magnetic, substantially rigid synthetic
      plastic material formed about the entire external aspects, at least, of
      the magnet body.
NUM  10.
PAR  10. The combination of claim 1 wherein said band means comprises a
      plurality of uninterrupted ring-shaped members extending in a direction
      circumferentially about the cylindrical aspect of the magnet body and
      spaced apart along the axis of rotation thereof with at least one such
      member situated closely adjacent each of the axial end regions of said
      body.
NUM  11.
PAR  11. The combination of claim 1 wherein said band means comprises a
      plurality of ring-shaped members each lying in a groove in the magnet body
      extending in a direction circumferentially about the cylindrical aspect
      thereof, there being one of said members situated closely adjacent each of
      the axial ends of said body.
NUM  12.
PAR  12. The combination of claim 1 wherein said band means comprises a
      plurality of ring-shaped members of thin-walled metal having low
      magnetizable properties and each having a width substantially greater than
      the thickness thereof, the outermost periphery of each said member lying
      closer to the outer cylindrical periphery of the magnet than to said
      confronting wall portion so as to require no enlargement of the air gap
      for rotation wholly clear of said wall portion.
NUM  13.
PAR  13. The combination of claim 1 wherein said band means is a thin-walled
      cylindrical sleeve forming an integral part of a cylinder-shaped plastic
      jacket embracing the magnet body with portions extending over at least a
      substantial portion of both axial end regions thereof and respectively
      integrally joining with said sleeve.
NUM  14.
PAR  14. The combination of claim 1 wherein said band means constitutes a
      thin-walled cylindrical sleeve portion of a cylindrical jacket having
      integral portions covering all surfaces of the magnet body.
NUM  15.
PAR  15. In a magnetically coupled pump having a rotary impeller and a magnet
      well in which a cylindrical coupling magnet attached to the impeller
      rotates with the cylinder axis in alignment with the axis of rotation of
      the impeller and the outer cylindrical periphery of the magnet rotating in
      a narrow clearance space confronting wall portions of said well,
      improvements comprising: a coupling magnet in attachment to the impeller
      as aforesaid and formed in one homogeneous piece as a cylindrical tube of
      a magnetic composition of the ceramic type including barium ferrite, and
      guard means embracing the cylindrical aspect of the magnet body at least
      along portions of the axial length thereof, and comprising effectively
      non-magnetic band means extending in a circumferential direction about the
      cylinder axis to substantially encircle said body within a predetermined
      peripheral boundary subjoining the outer cylindrical surface thereof so as
      to lie wholly within said clearance space and serving to confine
      fragmented portions of the magnet body resulting from fracture and
      faulting within the body against displacement into the clearance space.
NUM  16.
PAR  16. The improvements defined in claim 15 further characterized in that said
      band means forms the cylindrical wall of an open-ended cylindrical cup of
      thin metal of low magnetizable properties, for example, non-magnetic
      stainless steel, said cup having a bottom wall and an adjoining
      cylindrical side wall of a diameter to fit snugly upon and about the
      entire outer cylindrical surface of said magnet body with said bottom wall
      confronting an axial end of said body.
NUM  17.
PAR  17. The structure of claim 16 wherein said axial end of the magnet body is
      the distal end relative to the impeller, and the axial end of the magnet
      body proximate to the impeller is sealed by a cementitious material
      interposed between said axial end and a juxtaposed axial portion of the
      impeller.
NUM  18.
PAR  18. In a centrifugal pump having an impeller with a driven coupling magnet
      sealed within a pump housing to rotate under the influence of an
      externally rotating driving magnet, the improvements which comprise:
      sealing the driven magnet against fragmentation and chemical attack by
      means of a thin-walled plastic shell enveloping the external surfaces of
      the magnet and providing said impeller with an axial hub extension at one
      axial side thereof, the annular bore of the driven magnet being tightly
      fitted upon said extension with an axial end wall portion thereof closely
      juxtaposed to said axial side of the impeller wherein said juxtaposed side
      and wall portion are provided with complementary interengaging formations
      keying the impeller and magnet against relative rotative displacement.
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ABST
PAL  A screw rotor machine is disclosed which comprises a screw cam rotor
      provided with gudgeons and a screw thread rotor enclosing the screw cam
      rotor. The screw cam rotor is made as single-thread-screw which is
      generated in relation to an inner base cylinder. The profile of the
      single-thread-screw is such that it in each cross section encloses both
      the inner base cylinder and the cylindrical extensions of the gudgeons.
      Furthermore the single-thread-screw comprises two parts having different
      lead angles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a screw rotor machine for a compressible working
      medium with a screw cam rotor provided with gudgeons at its ends and a
      hollow screw thread rotor provided with bearing surfaces and surrounding
      the screw cam rotor which are rotatably journalled in a housing for
      rotation around mutually sideways displaced rotation axes which are fixed
      relative to the housing and coaxial with the gudgeons and the bearing
      surfaces respectively which rotors during rotation form chambers between
      their screw cams and screw threads which chambers move from end to end of
      the rotors while changing their volume.
PAR  In screw rotor machines of this and the closely related type where the
      screw thread rotor is stationary and forms a stator there are a number of
      suggestions as regards the choice of profile for the cooperating screw
      cams and screw threads of the rotors. This is shown for example in Swedish
      patent specification No. 85,331 and U.S. Pat. specifications Nos.
      1,892,217 and 2,553,548. Hitherto existing combinations of working
      profiles with associated rotor journallings and drivings have, however,
      mostly been complicated, difficult to manufacture, and hardly suitable for
      effective work at high pressures and rpm.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has as purpose to combine the simplest possible rotor screw
      profiles in the above in the introduction mentioned type of screw rotor
      machines with a simple rotor journalling which can stand high working
      loads so that the screw cam rotor can work with short sealing lengths and
      consequently with small leakage losses in the surrounding screw thread
      rotor and form an effectively rolling bearing journalled drive screw for
      the screw thread rotor. Through this the machine becomes suitable for
      qualified applications e.g. as a compressor. This is achieved through the
      characteristics given in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described more in detail in connection with the
      accompanying drawings, in which
PAR  FIG. 1 shows a longitudinal section through a screw rotor machine according
      to the invention.
PAR  FIG. 2 is a cross section according to line II--II in FIG. 1.
PAR  FIG. 3 is a cross section according to line III--III in FIG. 1.
PAR  FIG. 4a is a cross section according to line IV--IV through the screw
      thread rotor in FIG. 1.
PAR  FIG. 4b is a corresponding cross section through the screw cam rotor.
PAR  FIGS. 5a - 5e are plane expansions which schematically show in one plane
      straightened out side views of the helicoidal working chambers which are
      formed between the rotors during their rotation.
PAR  FIGS. 6a and 6b show the opposite rotor chambers in FIG. 5a (FIG. 5e)
      helicoidally in perspective when the rotors are in a position
      corresponding to FIG. 3.
PAR  FIGS. 7a and 7b show corresponding perspective pictures when the screw cam
      rotor has turned 180.degree. and the screw thread rotor 90.degree..
PAR  FIGS. 8a and 8b  are corresponding perspective views when the rotors have
      turned 360.degree. and 180.degree. respectively. FIGS. 9a and 9b are
      corresponding perspective views of the chambers when the rotors have
      turned 540.degree. and 270.degree. respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIGS. 1 - 9 the invention is shown as applied to a screw compressor but
      the illustrated constructive solution is applicable also to other types of
      screw rotor machines e.g. to screw motors or screw pumps. The screw
      compressor shown has a housing 1, 2 which is divided transversely and
      which at flanges 1.sup.1 is fastened to a not shown compressor aggregate
      which as regards other components is built up in a conventional way. The
      housing parts 1 and 2 are kept together by means of screws 3 and enclose a
      chamber 4 for the compressible working medium, e.g. air. The air enters
      the housing part 2 via an inlet opening 5 after it has passed a not shown
      filter. The housing parts 1, 2 carry in the chamber 4 coaxially arranged
      rolling bearings 6, 7. A gate or screw thread rotor provided with screw
      threads is divided transversely and comprises two by means of screws
      10.sup.1 fixed hollow rotor parts 8, 9 which at their ends are fastened to
      end parts 11, 12. The end part 11 is fixed by the screws 10.sup.1 and has
      a tubular neck of shaft 13 with a reduced diameter which is carried by the
      rolling bearing 7. The end part 12 is fixed by screws 10.sup.11 at the
      rotor part 8 and has a similarly reduced neck of shaft 14 which is carried
      by the rolling bearing 6. Through this arrangement the screw thread rotor
      8, 9 is rotatably journalled in the chamber 4 for rotation around a fix
      rotation axis 15.
PAR  The rolling bearings 17, 18 are arranged in the respective housing parts 1,
      2 and carry rotatably a screw cam rotor formed with two axially aligned
      cam rotor parts 19, 20 which with gudgeons 22, 23 is introduced into the
      rolling bearings 17, 18 and rotates around a fix rotation axis 16 which is
      situated eccentrically at the distance a from and parallel with the
      rotational axis 15. The screw cam rotor 19, 20 can, if needed, be
      dynamically balanced by means of eccentric weights 44, 45 which are freely
      rotatable in hollow spaces in the end parts 11, 12. The screw cam rotor
      19, 20 is driven by an external, not shown, motor and gear change over a
      toothed wheel 24 which outside the housing part 2 is keyed to the gudgeon
      22. As will be described more in detail in the following, the screw cam
      means on the cam rotor parts 19, 20 are during rotation in cooperation
      with screw threads in the hollow rotor part 8, 9 so that the latter is
      driven around the axis 15 with a gear change depending on the choosen type
      of screw cooperation. From the chamber 4 the working medium flows via the
      neck of shaft 14 and the end part 12 into the screw thread means of the
      screw thread rotor 8, 9. The screw cam means of the screw cam rotor 19, 20
      cooperates with the screw thread means so that the working medium is
      compressed during its passage through the rotor parts 8 and 9. The
      compressed working medium enters the end part 11 and continues via the
      neck of shaft 13 to a pressure chamber 26 in the housing part 1 from which
      it is taken out under pressure via a high pressure outlet 27.
PAR  The pressure chamber 26 is via the rolling bearing 17 open towards a
      cylindrical guidance 28 which is coaxial with the rotation axis 16 and
      rotatably carries a balancing piston 29. The piston 29 is by means of a
      nut 31 together with the inner race of the rolling bearing 17 fastened to
      the gudgeon 23. Oil under pressure is supplied from a suitable not shown
      pressure source in the compressor aggregate via a conduit 32 to channels
      33, 34 in the housing part 1 of which the channel 33 emerges into a
      circumferential groove 35 around the piston 29 whereas the channel 34
      emerges into a corresponding circumferential groove 36 around the neck of
      shaft 13 and coaxial with the rotation axis 15. The circumferential
      grooves 35, 36 form liquid pressure seals by which the pressure chamber 26
      is sealed off in relation to the rotating rotor parts. The guidance 28 is
      covered by a cover 37 and provided with a not shown draining channel
      outside the piston 29.
PAR  As is shown in FIGS. 2 and 4b the screw cam means of the cam rotor part 19
      is made as a single-thread-screw which is circularly profiled with the
      radius R and generated in relation to an inner circular base cylinder 50
      which has a diameter equal to double the distance a between the rotation
      axes 15 and 16. In order to make possible a simple manufacturing with in
      one piece formed gudgeons 22, 23 and rotor 19 and good jounalling of the
      latter, through the gudgeons, around the fix rotation axis 15, the radius
      R is chosen such in relation to the distance a that each cross section of
      the screw cam rotor 19 will enclose both the inner base cylinder 50 and
      the maximum cross section of the cylindrical axial extension 51 of the
      gudgeons 22, 23. These conditions imply that the relation a/R should have
      a value of between 0.2 and 0.4. It is shown in FIG. 4b that the largest
      possible cross-sectional radius of the gudgeons 22, 23 hereby equals R-a.
      The cam rotor part 19 is given a wrap angle of approximately 720.degree.
      and a lead which is defined by the condition that the length of the rotor
      should be 3-8 times the radius R. The cam rotor part 19 forms a right-hand
      thread if it is desirable to drive the toothed wheel 24 counterclockwise.
PAR  The hollow rotor part 8 of the screw thread rotor 8, 9, FIGS. 2, 4a, has
      two, for glideable cooperation with the cam rotor part 19, identical
      opposite screw threads 52, 53 formed as half-circles which are joined
      mutually through straight flanks 54 to a hollow profile enclosed by the
      contour line 38. Cooperation with the cam rotor part 19 requires that
      there is a play of about 0.1 mm or less between the hollow profile 38 and
      the cam rotor part. The screw threads 52, 53 are generated in relation to
      an outer circular base cylinder 55 with the radius 2a. In each cross
      section of the hollow rotor part 8 the base cylinder 55 is situated inside
      the hollow profile 38 and its radius is always smaller than R. The
      direction of the thread of the hollow profile 38 is the same as for the
      cam rotor part but the wrap angle is half as large i.e. approximately
      360.degree.. This means that the hollow rotor part 8 has double the lead
      of the cam rotor part 19 and when it is driven thereby will rotate with
      half the rpm of the screw cam rotor 19, 20.
PAR  In simple pump or rotary motor applications it is sufficient with the above
      described simple screw engagement in which the rotors 8, 19 shown in FIG.
      1 are used and the rotor parts 9, 20 are excluded. In compressor
      applications it is, however, desirable to achieve inner compression of the
      working medium between the rotors before it is supplied to the pressure
      chamber 26. A continuously decreasing lead would make this possible but
      results in an undesirable complication of the manufacturing of the rotors.
PAR  In order to avoid this the lead of the cam rotor part 19 is suddenly
      changed without changing the profile at a leap plane 25 which is
      transverse to the rotors. The cam rotor part 20 has an essentially
      descreased constant thread lead suitably between 2-10 times smaller lead.
      The cam rotor part 20 which acts as a high pressure part has a wrap angle
      of approximately 720.degree.. The hollow rotor part 9 is at the leap plane
      25 divided from the hollow rotor part 8 and its screw threads form a
      continuation of the screw threads 52, 53 but with a decreased constant
      lead as for the cam rotor part 20 and with a wrap angle of approximately
      360.degree.. Through this arrangement the rotor parts 9, 20 will act as
      gates which axially dam the working medium and which during rotation make
      inner compression of the working medium between the rotor parts 8 and 19
      possible. This is illustrated more in detail in FIGS. 5a - 5e which for
      0.degree., 180.degree., 360.degree., 540.degree. and 720.degree.  turning
      respectively of the screw cam rotor 19, 20 show how the chambers V.sub.1 -
      V.sub.5 formed between the hollow rotor parts 8, 9 and the cam rotor parts
      19, 20 move in the figures from the low pressure end to the right in the
      direction towards the high pressure end. The hollow rotor parts 8, 9 are
      in these figures through a thought turning straightened out to a plane
      expansion and represented by straight lines on both sides of the cam rotor
      parts 19, 20 which are straightened out in the same plane. Since the high
      pressure parts 9, 20 of the rotors have essentially smaller leads than the
      low pressure parts 8, 19 the tangent points shown in FIGS. 5a - 5e and
      representing the sealing lines 58 - 64 and which confine the working
      medium chambers V.sub.1 - V.sub.5 axially will during rotation move
      axially slower in the high pressure parts than in the low pressure parts.
      The transverse sealing lines 59 - 64 will, therefore, be moved together
      axially from a value in the low pressure part 8 to a minimum value
      determined by the length of the high pressure rotor part 9 which with the
      wrap angles in the figures is determining the inner compression of the
      rotors.
PAR  In FIGS. 6a, 6b onwards to 9a, 9b the real shape and movement within the
      low pressure part 8, 19 of the rotors of the working medium chambers are
      illustrated in correspondence to FIGS. 5a - 5e respectively. The high
      pressure rotor chambers which are axially strongly compressed but
      otherwise progress analogously helicoidally have for better clearness been
      excluded. In FIGS. 6a, 6b and the subsequent figures the longitudinal
      sealing lines between the rotors are designated 56 and 57, The axial
      movement of the transverse sealing lines 60 - 63 towards the high pressure
      side during the turning of the rotors is clearly shown. The working medium
      passes through and is compressed in the working chambers V.sub.1 - V.sub.5
      during a pure axial movement, i.e. without rotating around the rotation
      axes 15, 16, FIG. 1, which because of the analogous build-up of the high
      pressure parts 9, 20 evidently also is valid for the passage of the
      working medium through these.
PAR  It is clear from FIGS. 5a -5e from the constantly axially moving engagement
      that the speed of the working medium at the inlet to the low pressure
      rotor parts 8, 19 is constant. In the same way it is clear that the speed
      at the outlet from the high pressure parts 9, 20 also is constant but of
      course essentially lower in proportion to the smaller lead.
PAR  Because of the high operational number of revolutions in the present
      embodiment which for the screw cam rotor can amount to 15,000 rpm and the
      high flow rate of the working medium following therefrom it is possible to
      decrease the length of the low pressure parts 8, 19 or their wrap angles
      so that compression in the working chambers V.sub.1 - V.sub.5 can start
      before the following transverse sealing line 62, 63, 64 of the respective
      chamber has been formed at the inlet of the rotor parts 8, 19, FIGS. 5a,
      6b and 5c, 8a. This fact is dependent on the lag which arises at the
      backwards propogation of the compression wave, created at the high
      pressure parts 9, 20, over the axial length of the low pressure parts and
      gives a possibility to overload the working medium chambers V.sub.1 -
      V.sub.5 with working medium before the chambers are closed at the low
      pressure end. This is used by choosing the wrap angles of the low pressure
      parts of the screw rotor part 19 and the hollow rotor part 8 to
      approximate 540.degree. and 270.degree. respectively. This means that the
      length of the screw rotor part 19 and the hollow rotor part 8 are
      shortened by 25 % with practically unchanged compressor capacity. This
      shortening of the rotors is illustrated in FIGS. 5a - 5e by the dotted
      line 65.
PAR  In order to improve the driving engagement and the sealing between the
      screw cam rotor 19, 20 and the screw thread rotor 8, 9 and for cooling the
      working medium during compression liquid is injected into the working
      medium, preferably oil in finely divided form. The oil can be injected via
      a nozzle device 66, carried by the housing part 2, into the neck of shaft
      14 so that the interior of the screw thread rotor 8, 9 forms a receiver
      for the injected liquid. The nozzle device 66 is supplied with oil under
      pressure via a conduit 67 and is directed towards the interior of the
      screw thread rotor 8, 9 on that side of the rotation axis 15 which is
      opposite to the rotation axis 16 i.e. in line with the axial path of
      movement of the chambers V.sub.1 - V.sub.5. While the screw cam rotor
      rotates a number of rounds the injected liquid cools the working medium in
      the chambers V.sub.1 - V.sub.5 during their entire axial movement. The
      liquid or oil is carried by the compressed medium via the outlet 27 to a
      not shown conventional oil separator and oil cooler which is incorporated
      in the compressor aggregate.
PAR  Alternatively the oil can be injected via a nozzle device 68 in form of one
      or more openings in the screw cam rotor 19, 20 to which the oil is
      supplied via an oil channel 69 through the cover 37 and one thereto
      rotatably but sealingly connected central axial rotor boring 70 through
      the parts 23, 20 and 19 of the screw cam rotor. Since the oil after the
      oil cooler can have a temperature of up to 50.degree. it is suitable to
      place the openings 68 in axial positions where a compression temperature
      between the rotors in the area for beginning compression in the chambers,
      V.sub.1 - V.sub.5 for the working medium which is closely to the oil
      temperature exists.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a screw rotor machine for compressible working medium including a
      screw cam rotor provided with gudgeons, a hollow screw thread rotor
      provided with bearing surfaces and enclosing the screw cam rotor, the
      rotors being journalled in a housing for respective rotation around
      parallel mutually displaced rotation axes, the rotors forming chambers for
      the working medium between their screw cam and screw threads which
      chambers move from end to end of the rotors during their rotation while
      changing their volumes, the improvement enabling high working loads with
      short sealing lengths and small leakage losses while maintaining simple
      rotor screw profiles comprising:
PA1  a circularly profiled single-thread-screw cam rotor having two parts with
      different lead angles,
PA1  the single-thread-screw being generated in relation to an inner base
      cylinder formed by the centers of the circular rotor cross sections taken
      along the screw cam rotor axis and having a diameter amounting to two
      times the distance between the rotation axes,
PA1  the single-thread-screw cam rotor circular profile enclosing, in each cross
      section, both the inner base cylinder and cylindrical extensions of the
      gudgeons the relation between the distance between the rotation axes and
      the radices of the cam rotor profile amounting to a value between 0.2 and
      0.4.
NUM  2.
PAR  2. A screw rotor machine according to claim 1, wherein the radii of the
      gudgeons maximally equals the difference between the radius of the cam
      rotor profile and the distance between the rotation axes.
NUM  3.
PAR  3. A screw rotor machine according to claim 2, wherein the rotors at a leap
      plane transverse to the rotors are separated into a low pressure part and
      a high pressure part whereby the leads of the screw cam and the screw
      threads in the low pressure part are suddenly changed at the leap plane to
      a smaller value in the high pressure part and that the screw thread rotor
      is divided at the leap plane.
NUM  4.
PAR  4. A screw rotor machine according to claim 3, wherein the screw cam and
      the screw threads on the high pressure side of the leap plane have wrap
      angles amounting to approximately 720.degree. and 360.degree.
      respectively.
NUM  5.
PAR  5. A screw rotor machine according to claim 4, wherein the screw cam and
      the screw threads on the low pressure side of the leap plane have wrap
      angles amounting to approximately 720.degree. and 360.degree.
      respectively.
NUM  6.
PAR  6. A screw rotor machine according to claim 4, wherein the screw cam and
      the screw threads on the low pressure side of the leap plane have wrap
      angles amounting to approximately 540.degree. and 270.degree.
      respectively.
NUM  7.
PAR  7. A screw rotor machine according to claim 1, wherein it is provided with
      a nozzle device for injecting liquid and that the interior of the screw
      thread rotor forms a receiver for the injected liquid.
NUM  8.
PAR  8. A screw rotor machine according to claim 7, wherein the nozzle device is
      arranged in the housing and directed towards the interior of the screw
      thread rotor at that side of the rotation axis of the screw thread rotor
      which is opposite to the rotation axis of the screw cam rotor.
NUM  9.
PAR  9. A screw rotor machine according to claim 7, wherein the nozzle device is
      formed in the screw cam rotor as one or more openings placed in the area
      for beginning compression in the working medium chambers (V.sub.1 -
      V.sub.5).
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ABST
PAL  A vane type engine having a housing, a shaft journalled therein with a
      piston member mounted on the shaft and a plurality of vanes forming with
      the housing a piston member a plurality of chambers. A seal member
      supported in each opposite axial end face of the piston member and
      engaging the end walls of the housing, an insert supported in each vane
      and extending therethrough to engage at one end the seal member in the
      piston member and at the other end the base of the slot in which the vane
      is disposed, the fit between the insert and the vane extension being such
      as to prevent the passage of gas between the insert and the vane extension
      but to permit movement therebetween in the axial direction resulting from
      different expansion of the piston, vane and housing during operation.
BSUM
PAR  This invention relates to an improved seal for incorporation in a vane type
      internal combustion engine between the vane and another component.
PAR  Because the vane is exposed to severe temperature conditions in the engine,
      the expansion thereof under normal operating conditions is greater than
      the other component. At some locations, this expansion tends to move the
      vane away from a related component and the resultant increased clearance
      provided a path for the escape of gas from the combustion chamber. Even
      though a seal may be provided between the vane and the related component
      in this area, the increase in the clearance due to expansion of the vane
      will naturally reduce the contact pressure between the seal and the
      respective components with a resultant reduction in seal efficiency.
PAR  It is, therefore, the principal object of this invention to provide a seal
      construction between the vane and an associated component in a vane type
      engine which will not be adversely affected by the difference in expansion
      rates of the vane and the associated components.
PAR  With this object in view, there is provided an internal combustion engine
      having a housing, a shaft mounted for rotation relative to the housing, a
      piston member carried by the shaft, a plurality of vanes arranged to form
      with the housing and piston member a plurality of chambers which vary in
      capacity in response to relative rotation between the shaft and the
      housing, each said vane having a portion interposed between a face of the
      housing and a face of the piston member, a seal interposed between one of
      said faces and the portion of the vane, an insert supported in said
      portion of the vane and extending therethrough in a direction normal to
      said faces and in engagement with the seal and the other of said face, the
      fit between the insert and said portion of the vane carrying it being such
      as to prevent the escape of gas from the chamber between the insert and
      the vane portion but to permit movement therebetween in a direction normal
      to the faces resulting from different expansion of the piston, vane and
      housing during operation.
PAR  Conveniently, said faces of the piston and housing are radially disposed
      with respect to the axis of the shaft and the portion of the vane
      interposed therebetween and supporting the insert is in the form of a leg
      extending radially with respect to the shaft. Preferably, the portion of
      the vane is disposed within a slot in the end wall of the housing and the
      insert is provided with a head portion at said one end which engages the
      seal and the opposed side walls of the slot.
PAR  In one arrangement, the engine comprising a housing having a generally
      cylindrical cavity defined by a peripheral wall and opposed end walls, a
      shaft rotatably supported in the housing coaxial with the cavity, a piston
      member disposed within the cavity and journalled eccentrically on said
      shaft to describe an orbital path about the shaft axis when the shaft
      rotates, a plurality of vanes disposed radially to and spaced equally
      about the shaft axis, each vane being slidably supported at each axial end
      in respective radial slots in the end walls for reciprocal movement
      radially with respect to the shaft axis, a radial extension on each axial
      end of each vane disposed within the respective slots, said extension
      being connected to the piston member so that each vane may reciprocate
      relative to the piston member in a direction at right angles to the
      direction of reciprocation of the vane in the housing upon orbiting of the
      piston member, sealing means operatively disposed between each vane and
      the piston member, the housing peripheral wall and the housing end walls
      to divide the cavity into a plurality of chambers, the volume of each
      chamber varying as the piston member orbits, said sealing means including
      a seal member supported in each opposite axial end face of the piston
      member and engaging the end walls of the housing, an insert supported in
      each vane extension and extending therethrough to engage at one end the
      seal member in the piston member and at the other end the base of the slot
      in which the extension is disposed, the fit between the insert and the
      vane extension being such as to prevent the passage of gas between the
      insert and the vane extension but to permit movement therebetween in the
      axial direction resulting from different expansion of the piston, vane and
      housing during operation.
PAR  By the provision of an insert which extends through the portion of the
      vane, but is free to move relative thereto, if the vane expands at a
      greater rate than the piston member or the housing, the resultant movement
      of the portion of the vane interposed between these two components does
      not affect the sealing therebetween, as the movement of the vane does not
      cause any corresponding movement of the insert which in effect is
      establishing the seal at that point.
PAR  In one practical arrangement, the insert is in the form of a pin extending
      through an aperture in the projecting portion of the vane and having an
      enlarged head at each end. The clearance between the pin and the hole in
      the leg in which it is received is such that sliding movements may take
      place therebetween in the direction of the axis of the pin. It will, of
      course, be appreciated that, in practice, the extent of movement only
      amounts to several thousandths of an inch.
PAR  The head portions at each end of the pin are received in recesses extending
      across the full width of the portion of the vane, and the respective head
      portions also extend across the full width of the vane. The overall length
      of the pin across the head is selected so that when the vane with the pin
      in position is assembled between the end wall and the piston of the engine
      with one head engaging the end wall the correct clearance will exist
      between the other head and the piston for efficient operation of the seal
      carried by the piston which engages said other head. Accordingly, any
      expansion of the vane in the axial direction due to heating of that
      portion of the vane exposed to extreme temperature conditions will not
      cause any relative movement between the pin and the end face and piston,
      and so the correct clearance will be maintained for effective operation of
      the seal independent of the vane expansion.
PAR  The invention will be more readily understood from the following
      description of one practical arrangement of an orbital engine
      incorporating the invention, and as illustrated in the accompanying
      drawings.
DRWD
      In the drawings:
PAR  FIG. 1 is a section elevation of the engine along a diametral plane;
PAR  FIG. 2 is a perspective side elevation with one end plate removed to show
      the vanes and piston;
PAR  FIG. 3 is a close-up view, partially in section, showing the relationship
      between the insert, the piston, the vane, and the housing end wall; and
PAR  FIG. 4 is a section view along the line 4--4 in FIG. 3.
DETD
PAR  Referring now to the drawing, the engine generally comprises a housing 9
      formed by the annular portion 10 and opposed end plates 11, 11a, the
      crankshaft 16 supported in bearing 15 mounted in the end plates, and the
      piston 40 mounted on the journal 17 of the crankshaft 16.
PAR  The vanes 70 are supported in the housing for sliding movement in a radial
      direction with respect to the crankshaft 16. Each vane 70 includes at each
      axial end thereof a leg 72 attached thereto by studs 83, and the legs 72
      are slidably received in radial slots 71 formed in the respective end
      plates 11, 11a. The vanes are also supported in slots 20 in the annular
      portion 10 of the housing.
PAR  In each side face 42 of the piston member there are provided six equally
      spaced slots 45 arranged in the formation of a hexagon having an axis
      coincident with the axis of the journal 17 of the crankshaft. The
      laterally projecting pin 76 secured to the inner end of each vane leg 72
      extends into the respective slots 45 so that, as the piston member orbits
      in the housing, the vanes reciprocate radially in the housing and slide
      relative to the piston member in a direction normal to the plane of the
      vane.
PAR  The seal means 73 are located in a recess in the radially inner end of each
      vane to engage the peripheral surface 46 of the piston member 40. Seal
      strips 74 on each side of each leg 72 of each vane engage the opposite
      side walls of the slot 71 in the end plate which supports the vane. Seal
      rings 60 are located in grooves in the side faces 42 of the piston and
      engage the inner face of each end plate 11, 11a.
PAR  Further details of the general construction and manner of operation of this
      engine are found in the complete specification of Australian Patent
      Application No. 30650/71 or its equivalent.
PAR  The construction of the vane leg and piston in the area of the connection
      therebetween and the sealing arrangement in that area will now be
      described in more detail with reference to FIGS. 3 and 4.
PAR  The leg 72 is of generally channel shape with internal bosses 80 and 81 to
      support the pin 76 and stud 83 respectively. The insert 50 has an integral
      head 51 at the piston side of the vane leg 72 and an attached head 52 at
      the opposite end. The attached head 52 is an interference fitted onto a
      stepped down portion of the shank 50a of the insert to facilitate
      assembly, but once fitted, is effectively integral with the shank. Each
      head is of generally rectangular shape.
PAR  The overall length of the insert across the end faces of the heads is
      selected so that, in operation, the required clearance will exist between
      the insert and the seal member 73 carried by the piston member and the
      base 71a of the slot 71, to permit radial movement of the vane in the slot
      and "tangential" movement of the vane relative to the piston member. The
      heads 51 and 52 of the insert are received in transverse recesses in the
      respective faces of the vane which extend across the full extent of said
      faces. The opposite side faces 55 and 56 of the respective heads engage
      the side walls of the slot 71 in which the vane slides.
PAR  The integral head 51 and the portion of the shank 50a adjacent thereto is
      split in the direction of the extent of the slot 71, that is radially, by
      the narrow slit 57 which terminates at the aperture 58. The provision of
      the slit imparts to the head 51 a degree of resilience to enable an
      effective sealing contact to be obtained between the faces 55 of the head
      51 and the side walls of the slot 71. The small notch in the face 55 acts
      as a pocket to receive oil and thus assist lubrication.
PAR  The clearance between the shank 50a of the insert and the aperture in the
      vane leg which receives it, and between the respective heads and the
      recesses which receive them, so that in operation the vane leg 72 may move
      relative to the insert in the direction of the length of the vane, that is
      parallel to the axes of the shaft and piston member.
PAR  The actual extent of this clearance can be determined by skilled persons
      and is dependent on the size of the respective components and the extent
      of cooling thereof.
PAR  FIG. 3 only shows portion of one vane leg and the associated insert, but it
      will be appreciated that the leg at the opposite end of the vane is of the
      same construction.
CLMS
STM  I claim:
NUM  1.
PAR  1. An internal combustion engine having a housing, a shaft mounted for
      rotation relative to the housing, a piston member carried by said shaft, a
      housing face on said housing, a piston face on said piston member in
      spaced opposed relationship to said housing face, a plurality of vanes
      arranged to form with said housing and said piston member a plurality of
      chambers which vary in capacity in response to relative rotation between
      said shaft and said housing, each said vane having a vane extension
      interposed between said housing face and said piston face, seal means on
      one of said faces adjacent to said vane extension, walls defining an
      opening in said vane extension at said seal means, said opening extending
      through said vane extension between said faces, an insert mounted in said
      opening and extending therethrough in a direction normal to said one of
      said faces, said insert being in engagement at one end with said seal
      means and at the other end with the other of said faces, said insert being
      relatively movable with respect to said vane extension in a direction
      normal to said one face, at least a portion of said insert having such a
      close fit with said walls of said opening as to be in sealing relationship
      therewith, whereby the passage of gas through said opening between said
      insert and said vane extension is prevented.
NUM  2.
PAR  2. An engine as claimed in claim 1 wherein said faces of the piston member
      and housing are radially disposed with respect to axis of the shaft.
NUM  3.
PAR  3. An internal combustion engine comprising a housing having a cavity
      defined by an internal housing peripheral wall and opposed housing end
      walls each having a housing end face, a shaft rotatably supported in said
      housing end walls, a piston member mounted on said shaft within said
      cavity, said piston member having an external piston peripheral wall in
      opposed relationship to said housing peripheral wall and a pair of piston
      side faces in opposed spaced relationship to said housing end faces, a
      plurality of vanes disposed in said cavity between said piston peripheral
      wall and said housing peripheral wall and extending to said housing end
      faces to divide said cavity into a plurality of chambers which vary in
      capacity in response to relative rotation between said shaft and said
      housing, each of said vanes comprising a vane extension extending beyond
      said piston peripheral wall and interposed between said housing end faces
      and said piston side faces, seal means on one of said faces adjacent to
      said vane extension, walls defining an opening in said vane extension at
      said seal means, said opening extending through said vane extension
      between said faces, an insert mounted in said opening and extending
      therethrough in a direction normal to said one of said faces, said insert
      being in engagement at one end with said seal means and at the other end
      with the other said of said faces, said insert being relatively movable
      with respect to said vane extension in a direction normal to said one
      face, at least a portion of said insert having such a close fit with said
      walls of said opening as to be in sealing relationship therewith, whereby
      the passage of gas through said opening between said insert and said vane
      extension is prevented.
NUM  4.
PAR  4. An engine as claimed in claim 3 wherein the extension of the vane
      carrying the insert is disposed in a slot in the end face of the housing
      and the insert comprises a cylindrical body supported in an aperture in
      the vane portion and a generally rectangular head at one end of the
      cylindrical portion, the end face of said head engaging the seal means and
      two opposite side faces engaging respectively opposite sides of the slot.
NUM  5.
PAR  5. An engine as claimed in claim 3 wherein said vane extension is disposed
      within a slot in the housing end face, said slot having side walls, and
      the insert is provided with a head portion at said one end which engages
      the seal means and the side walls of the slot.
NUM  6.
PAR  6. An engine as claimed in claim 5 wherein the head portion of the insert
      is divided across its full width by a slit extending in a direction
      parallel to said slot side walls, the head portion being dimensional so as
      to be resiliently compressed between the side walls of the slot when
      located within said slot.
NUM  7.
PAR  7. An engine as claimed in claim 6 wherein the insert comprises a body
      portion received in an aperture in the vane extension and having the head
      portion formed integral therewith, said slit in the head portion extending
      into the body portion.
NUM  8.
PAR  8. An engine comprising a housing having a generally cylindrical cavity
      defined by a peripheral housing wall and opposed housing end walls, each
      of said housing end walls having an end face, a shaft rotatably supported
      in said housing coaxial with said cavity, a piston member disposed within
      said cavity and journalled eccentrically on said shaft to describe an
      orbital path about the axis of said shaft when said shaft rotates, said
      piston member having a piston peripheral wall and a pair of piston side
      faces in spaced opposed relationship with said housing end faces, a
      plurality of vanes disposed radially to and spaced equally about the axis
      of said shaft, each said vane spanning the distance between said housing
      peripheral wall and said piston peripheral wall and extending between said
      opposed housing end faces, each said vane being slidably supported in
      respective radial slots in said housing end faces for reciprocal movement
      radially with respect to the axis of said shaft, each said vane having a
      pair of radial vane extensions disposed within said slots and extending
      between said housing end faces and said piston side faces, each said vane
      extension being connected to said piston member so that each said vane in
      response to orbital movement of said piston member reciprocates realtive
      to said piston member at right angles to the direction of reciprocating
      movement of said vanes in said slots, first seal means disposed between
      each said vane and said piston peripheral wall, second seal means on said
      piston side faces at each said vane extension, walls defining an opening
      in each said vane extension at said second seal means, said opening
      extending through said vane extension between said faces, an insert
      positioned in each said opening and extending therethrough in a direction
      normal to said piston side faces, said insert being in engagement at one
      end with said second seal means and at the other end with the said slot in
      which said vane is mounted, said insert being relatively movable with
      respect to said vane extension in a direction normal to said one face, at
      least a portion of said insert having such a close fit with said walls of
      said opening as to be in sealing relationship therewith, whereby the
      passage of gas through said opening between said insert and said vane
      extension is prevented.
PATN
WKU  039389170
SRC  5
APN  4231465
APT  1
ART  343
APD  19731210
TTL  Linear oil seal means principally intended to obtain an oil scraping
      effect
ISD  19760217
NCL  5
ECL  1
EXP  Vrablik; John J.
NDR  1
NFG  2
INVT
NAM  Morimitsu; Nobutaka
CTY  Toyota
CNT  JA
ASSG
NAM  Toyota Jidosha Kogyo Kabushiki Kaisha
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730717
APN  48-79810
CLAS
OCL  418142
EDF  2
ICL  F01C 1908
ICL  F04C 2700
FSC  418
FSS  142
FSC  277
FSS  24;96 A
FSC  184
FSS  11 A
FSC  308
FSS  36.1;36.5
FSC  123
FSS  8.01
UREF
PNO  1270776
ISD  19180700
NAM  Boomershine
OCL  308 36.1
UREF
PNO  3323713
ISD  19670600
NAM  Wenderoth et al.
OCL  418142
UREF
PNO  3575541
ISD  19710400
NAM  Hamada
OCL  418142
FREF
PNO  1,189,786
ISD  19650300
CNT  DT
OCL  123  8.01
FREF
PNO  1,300,123
ISD  19690700
CNT  DT
OCL  418142
LREP
FRM  Stewart and Kolasch, Ltd.
ABST
PAL  A linear oil seal means principally intended to obtain an oil scraping
      effect in a rotary piston engine, comprising a linear oil seal element
      mounted in a linear groove formed as cut at the side wall portion of the
      rotor along a line extending from an outer peripheral portion of the
      conventional annular oil seal means provided at the side wall of the rotor
      to a vicinity of the conventional corner seal of the rotor and adapted to
      exert a radially inwardly oriented force component to the oil to be
      scraped during the rotation of the rotor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an oil seal means of a rotary piston engine, and
      more particularly, a linear oil seal means principally intended to obtain
      an oil scraping effect.
PAR  2. Description of the Prior Art
PAR  A rotary piston engine has generally a center housing having a trochoidal
      inside surface and at least two side housings closing opposite open ends
      of said center housing to define a chamber therein, in which is
      eccentrically rotated a polygonal rotor, wherein the oil and gas tightness
      between said rotor and said side housing is maintained by an oil seal
      means composed of an oil seal ring mounted in an annular oil seal groove
      formed as a cut in a side wall portion of the rotor and urged against the
      inner wall of the side housing under the action of a spring force. An
      annular elastic means such as an O-ring is adapted to intercept the fluid
      passage crossing an annular space left between the wall of said annular
      oil seal groove and said oil seal ring.
PAR  In the oil seal means of the abovementioned structure, the axial outer end
      face of the oil seal ring is so shaped that it contacts with the inside
      surface of the side housing along the radially inside peripheral portion
      thereof and extends therefrom as inclined towards the radially outside
      portion thereof thereby defining a wedge space opening towards the
      radially outside region of the rotor between the inside surface of the
      side housing and the rotor, whereby it is so adapted that the oil flowing
      radially inwardly of the rotor by being urged by the gas pressure in the
      operating chamber is caught by the wedge membrane effect and recovered and
      that the oil flowing radially outwardly under pressure from the side of
      the eccentric shaft is scraped to prevent leakage of oil into the
      operating chamber. However, the oil recovering function made by the
      conventional oil seal means is only accomplished in a region located
      within an envelope of loci drawn by said annular oil seal ring during the
      rotation of the rotor. Therefore, by employing the conventional oil seal
      means, it is difficult to recover the oil which has moved out of said
      envelope, oil usually flows up to a corner seal and then enters into the
      combustion chamber through a clearance of the corner seal as well as that
      apex seal which burned therein, whereby there occurs much loss of oil and
      movability of the sealing means is affected by oil sludge.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is the object of this invention to solve the abovementioned
      problem and to provide an oil seal means principally intended to obtain an
      oil scraping effect that easily enables recovery of the oil which has been
      previously lost from said envelope of the loci of the oil seal ring.
PAR  The abovementioned object is accomplished, according to this invention, by
      providing a linear oil seal means for a rotary piston engine, said engine
      including an oil seal ring mounted in an annular oil seal groove formed as
      cut in a side wall portion of a rotor and urged onto the inner wall of the
      side housing of said engine under the action of a spring force. An annular
      elastic means is provided to intercept the fluid passage crossing an
      annular space left between the wall of said annular oil seal groove and
      said oil seal ring. The linear oil seal element is mounted in a linear
      groove formed as a cut in the side wall portion of the rotor along a line
      extending from an annular peripheral portion of said annular oil seal
      groove to the vicinity of the corer seal of the rotor, said element being
      urged against the inner wall of the side housing under the action of a
      spring force.
PAR  The linear oil seal means slides over the whole area of the inner surface
      of the side housing located outside the envelope of the loci drawn by the
      conventional oil seal ring during the rotation of the rotor about the
      eccentric shaft. Therefore, when said line is so inclined to the rotating
      direction of the rotor that the said linear oil seal element exerts a
      radially inwardly oriented force component to the oil to be scraped by
      said linear element, the oil which has flown out of said envelope is
      caught by the linear oil seal means and gradually returned to the region
      located within said envelope.
PAR  According to a particular feature of this invention, said line may be so
      determined that the radially outer end of said linear seal element joins a
      side seal element extended between two adjacent corner seals along the
      outer periphery of the rotor at a position preceding said corner seal as
      seen in the rotating direction of the rotor, said position being located
      outside said envelope.
PAR  Said linear oil seal element may be a linear member having a substantially
      rectangular cross section. Such a linear member may preferably be mounted
      in the groove formed as a cut in the side wall portion of the rotor and
      correspondingly shaped to allow sliding movement of said linear member
      therein so that the linear member is received in said groove so as to be
      freely slidable in the axial directions of the rotor according to the
      rotation of the rotor.
PAR  Said linear member should preferably be elastically supported against the
      bottom wall of said groove by way of a spring means, such as a corrugated
      spring.
PAR  In order to obtain a good oil scraping effect by the linear oil seal means
      according to this invention, it is of course preferable that said linear
      oil seal means is provided in plurality in a number corresponding to the
      number of the apexes of the rotor for each one side of the rotor. In this
      case, said plurality of linear oil seal means should preferably be
      arranged symmetrically about the axis of the rotor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing,
PAR  FIG. 1 is a side view of a rotor provided with the linear oil seal means
      according to this invention; and,
PAR  FIG. 2 is a section along line II--II in FIG. 1 but on an enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following, this invention will be described in more detail of a
      preferred embodiment with reference to the accompanying drawing.
PAR  In the drawing, a rotor 1 is provided with annular side seal means 10 and
      11 composed of annular oil seal grooves 2 and 3 formed as cut at side wall
      portions of the rotor, oil seal rings 4 and 5 mounted in said annular oil
      seal grooves, corrugated annular springs 6 and 7 mounted between the
      bottom faces of said oil seal rings and the bottom wall portions of said
      annular oil seal grooves in a manner to exert spring forces to urge said
      oil seal rings out of said grooves, and O-rings 8 and 9 made of an elastic
      material such as rubber each of said O-rings being adapted to intercept a
      fluid passage crossing an annular space left between the wall portions of
      said annular oil seal groove and said oil seal ring, respectively. Along a
      line extending from an outer peripheral portion of the outside side seal
      11 up to the vicinity of a corner seal 12 located at the apex portion of
      the rotor, there is provided a linear oil seal means 13 according to the
      present invention. The linear oil seal means 13 comprises a linear groove
      14 formed as cut at a side wall portion of the rotor and a linear sealing
      element 15 mounted in said groove, said linear sealing element having
      exerted thereon a spring force by a corrugated spring 16 positioned
      between the bottom face of said sealing element and the bottom wall of
      said linear groove so as to be resiliently urged outwardly from said
      groove 14, whereby the front end portion of the linear sealing element is
      pushed onto the inner surface of the side housing.
PAR  The rotor 1 is rotatable in the direction of arrow A, and as related
      therewith, the linear oil seal means 13 is arranged to follow a line
      extending as inclined, as shown in FIG. 1. In operation, when the rotor is
      rotated in the direction of arrow A, the oil residing in the area located
      outside the envelope of the loci drawn by the oil seal ring 5 is scraped
      by the linear oil seal means 13 toward the center of the rotor and is
      gradually brought into the area located within said envelope. Thereafter,
      the oil is caught by the oil seal rings 5 and 4 of the scraper type and is
      recovered into the inside of the rotor.
PAR  In the drawing, 17 is a outermost side seal means having substantially the
      same cross sectional constitution as the linear oil seal means 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary piston engine including a polygonal rotor containing side
      walls and having a plurality of apex portions with a corner seal being
      provided at each apex portion, at least one annular oil seal means and
      side seal means, said annular oil seal means comprising an annular oil
      seal groove disposed in the side wall portion of the rotor, said oil seal
      groove containing an annular oil seal ring resiliently supported by a
      spring means, said annular oil seal ring housing an annular elastic means
      which intercepts an annular space left between said annular oil seal ring
      and said annular oil seal groove, said side seal means comprising a linear
      groove disposed in the side wall portion of said rotor and extending
      between two adjacent corner seals provided at respective apex portions of
      said linear groove containing a linear sealing element resiliently
      supported by a spring means, the improvement which comprises providing a
      linear oil seal means which extends between said annular oil seal means
      and said side seal means, said linear oil seal means comprising a linear
      groove disposed in the side wall portion of said rotor, said linear groove
      containing a linear sealing element resiliently supported by a spring
      means, said linear oil means joining said side seal means in a region
      located on one side of a line which connects a particular corner seal with
      the central axis of the rotor, said linear oil seal means joining the
      annular oil seal means in a region located on the other side of said line
      said one side preceding the corner seal, as seen in the direction of
      rotation of the rotor.
NUM  2.
PAR  2. The rotary piston engine of claim 1, wherein the linear oil seal element
      is a linear member having a substantially rectangular cross section.
NUM  3.
PAR  3. The rotary piston engine of claim 1, wherein the spring means is a
      corrugated spring.
NUM  4.
PAR  4. The rotary piston engine of claim 1, wherein the linear oil seal means
      is provided in plurality in a number corresponding to the number of apexes
      of the rotor for each one side of the rotor.
NUM  5.
PAR  5. The rotary piston engine of claim 4, wherein said plurality of linear
      oil seals are arranged symmetrically about the axis of the rotor.
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ABST
PAL  An eccentric rotary vane device useful either as an engine or a pump. The
      rotary device has a conventional main chamber, an inlet port and an outlet
      port communicating with the main chamber, a plurality of angularly related
      radial vanes, independently pivotable and rotatable about a vane axis
      within the main chamber. A rotor is eccentrically mounted with respect to
      the main chamber, and a power delivery shaft is connected with the rotor.
      Cylindrical vane guides in the form of a single roller or sets of two
      rollers engage the faces of adjacent vanes on either side so that the vane
      guides are maintained in substantially uniform engagement with the lateral
      faces of the vanes as they traverse radially inwardly and outwardly
      therealong during rotation of the rotor. The vanes have novel
      configurations on their lateral faces so that substantially a perfect seal
      is maintained between the vane guides and the lateral faces of the vanes
      when single rollers are employed as the vane guides and the number of
      vanes is odd. The invention also includes novel configurations of vane
      lateral faces for maintaining substantially perfect sealing between the
      vane guides and the lateral faces of the vanes when the vane guides
      include a carrier body with two spaced oppositely disposed rollers
      constituting a vane guide set and the number of vanes is odd or even, and
      when the vane guides each comprise a pair of mutually contacting rollers.
BSUM
PAR  This invention relates to a rotary vane device of the type disclosed in the
      U.S. Pats. to Keller, No. 3,748,068 dated July 24, 1973 and No. 3,797,975
      dated Mar. 19, 1974. Such device is also described in the June, 1973 issue
      of Popular Science Magazine, volume 202 No. 6, pp. 90-92, where its use as
      both a steam engine and a pump are described.
PAR  Such rotary vane device, however, has a series of problems:
PAR  1. The vanes are expensive to build.
PAR  2. It is difficult to maintain a good seal between all the chambers of the
      device; the required pressures for an efficient engine are higher than
      that required in the internal combustion engine.
PAR  3. Up to the time of the present invention, no solution has been available
      to the problem of designing the vanes so that their lateral surfaces are
      of such contour that practically complete sealing engagement is maintained
      between the lateral faces of the vanes and the vane guides throughout the
      entire paths of travel of such elements during operation of the device.
PAR  The present invention has among its objects the provision of a rotary vane
      device wherein a practically perfect sealing engagement is maintained
      between the vane guides or followers and the lateral faces of the vanes.
      This object is attained, in accordance with the present invention, in
      rotary vane devices having a large degree of variation in the volumes of
      the sub-chambers between their minimum and maximum volumes, in devices of
      the type indicated having odd numbers of vanes and single rollers
      constituting the vane guides, and in devices of this type having an odd or
      even number of vanes and vane guide sets each composed either of a pair of
      mutually contacting rollers or of a carrier body with two oppositely
      disposed rollers contacting respective vanes.
DRWD
PAR  The above and other novel features of the present invention will be
      apparent from the following detailed description of specific embodiments
      of the apparatus, when read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a generalized schematic view in perspective of a rotary vane
      device in accordance with the invention;
PAR  FIG. 2 is a partial side elevational view of the main chamber, vanes and
      rotor sub-assemblies of a device of the type shown in FIG. 1, the vane
      chamber being omitted for clarity of illustration;
PAR  FIG. 3 is a fragmentary view in plan, partly exploded, illustrating two of
      the vanes and the vane shaft of the embodiment of FIG. 2;
PAR  FIG. 4 is a view in elevation of the assembly of vanes and vane guides
      similar to FIG. 2, such assembly being shown in the main, inner chamber of
      the device;
PAR  FIG. 5 illustrates the geometry used in the mathematical derivation of the
      following formulas for (a) the devices in which each vane guide is a
      single roller, (b) the devices in which each vane guide includes a carrier
      body with two spaced oppositely disposed rollers constituting a vane guide
      set, and (c) the devices in which each vane guide comprises a pair of
      mutually contacting rollers. This figure shows a vane in two successive
      positions, one shown in full lines and one in phantom lines, which are
      related to one another as the vane and guide system rotates in a
      counterclockwise direction;
PAR  FIG. 6 is a fragmentary view on a somewhat smaller scale of a single vane
      of the assembly of FIG. 5, such vane being disposed horizontally with a
      vane guiding roller disposed on each side thereof, the view showing in
      dash lines the locus of the center of each of the guide rollers as it
      travels from its inner terminal to its outer terminal position, the view
      also showing in phantom lines the loci of the axes of milling cutters
      which form the two lateral sides of the vane;
PAR  FIG. 7 is a view similar to FIG. 2 of a second embodiment having an
      assembly of six vanes and six sets of vane guides each composed of two
      mutually engaging vane guide rollers; and
PAR  FIG. 8 is a view similar to FIG. 2 of a third embodiment having vane guides
      with a supporting body bearing two oppositely disposed spaced rollers.
DETD
PAR  Turning now to the drawings, it will be seen that a first embodiment of the
      rotary vane device in accordance with the invention is illustrated in
      FIGS. 1-4, inclusive, and that a second embodiment of the rotary vane
      guide device of the invention is illustrated in FIG. 7, and that a third
      embodiment of the rotary guide device of the invention is shown in FIG. 8.
PAR  The present invention represents an improvement upon those described and
      claimed in Keller, U.S. Pat. No. 3,748,068 issued July 24, 1973 and Keller
      U.S. Pat. No. 3,797,975 issued Mar. 19, 1974, which are incorporated
      herein by reference in their entirety.
PAR  In FIG. 1 there is generally shown a vane device, generally designated 10,
      in accordance with the invention, such device having an outer casing or
      housing 11, there being a conduit 12 leading to an inlet port. An outlet
      conduit 14 is connected to an outlet port of the housing 11. When it is
      desired to run the device, which will be assumed to be a motor, in either
      direction fluid under pressure such as steam that is introduced into the
      conduit 12. As is apparent in the two Keller patents referred to above,
      and as will become apparent from the following description, the device 10
      has two parallel shafts, the first of which is a floating pin or stub
      shaft upon which the vanes are mounted, and the second of which has a cage
      mounted concentrically thereon. Such cage consists of two face plates 15
      which are connected and separated by the stub shafts 25 (FIG. 2) on which
      vane guide rollers 21 are journalled. The stub shafts 25 are fastened to
      the face plates 15 by nuts (not shown). Each of such vane guides is
      disposed between a pair of consecutive vanes. In FIG. 1 the shaft 17,
      which is journalled in a bearing 13 affixed to the housing 11, bears the
      cage upon which the vane guides are mounted. In FIG. 1, the space swept by
      the vanes is schematically designated 16.
PAR  Turning now to FIGS. 2-4, inclusive, there is shown somewhat schematically
      the inner, moving parts of a first embodiment of vane device in accordance
      with the invention. Such device has an odd number of vanes 19, there being
      nine such vanes employed in the device shown. The vanes are connected
      together by having knuckles 22 on their radially inner ends telescoped
      over a central floating axle pin 20. Taking a give vane 19, such given
      vane being designated 19a, as being the "mid-vane," four of the nine vanes
      will, like vanes 19b (FIG. 3), be disposed with their respective end
      knuckles axially outwardly of and inwardly of the knuckles of vane 19a
      (considered in the direction from the bottom to the top in FIG. 3), and
      the other four vanes, of which that vane with its knuckles furthest from
      those of vane 19a is designated 19i, will be disposed with their knuckles
      staggered in the opposite direction with respect to the knuckles of vane
      19a. The knuckles on the vanes are so disposed that the axial end faces 26
      of the vanes are disposed in respective planes so that, when provided with
      appropriate end seals (not shown), they effect seals with the opposed
      confronting disc-like end closure members of the housing 11.
PAR  In the illustrative embodiment, nine vane guides 21 are employed, one
      between each successive pair of vanes 19, the vane guides 21 being in the
      form of rollers journalled upon stub shafts 25 which are affixed to a cage
      mounted upon and affixed to the shaft 17. It will be seen that as the
      shaft 17 rotates the rollers 21 travel radially of the axle pin 20 from a
      radially inner position which is occupied by the two rollers 21 at the
      bottom of FIG. 2 to a radially outer position which is occupied by the
      topmost roller 21 in that figure. During such travel the rollers maintain
      intimate, sealing engagement with the lateral faces 24 of adjacent vanes
      19. The vanes 19 have radially outer ends 26 with part-cylindrical outer
      surfaces 27, surfaces 27 being sealingly engaged with the inner surface 30
      of an inner housing member 29 (FIG. 4) at all times. In their travel
      inwardly from the radially outer position of the roller (at the top in
      FIG. 2) to their radially inner position (at the bottom in FIG. 2), the
      space presented between the surfaces 24 of successive vanes 19 radially
      outwardly of the rollers 21, the surface of the roller 21, and the surface
      30 of the inner housing 29 becomes progressively larger, as can be seen at
      the left in FIG. 2. From the bottom position in FIG. 2 such space becomes
      progressively smaller until the roller 21 again lies in its radially
      outermost position.
PAR  As shown in FIG. 4, the device has an inner housing 29 in the form of a
      circular cylindrical sleeve, the inner surface 30 of such sleeve being
      sealingly engaged by the outer, part-cylindrical surfaces 27 on the
      radially outer ends of the vanes 19. At the top of the inner casing as it
      is shown in FIG. 4, there is provided an inlet chamber casing 32 which is
      fed with fluid such as steam under pressure through a central conduit 31,
      whereby the chamber 34 thus presented is filled with pressure fluid. The
      inner casing 29 is provided with an outlet port to which an outlet conduit
      35 is connected as shown. The upper wall of the inner housing 29 within
      the inlet chamber casing 32 is provided with a plurality of ports, there
      being three ports 38a, 38b and 38c disposed in angularly spaced
      relationship to the left of the inlet port and conduit 31 and three ports
      39a, 39b and 39c to the right of the inlet port 31. Each of said ports is
      provided with an electromagnetically actuated valve which is schematically
      shown in FIG. 4, such respective valves being designated 36a, 36b and 36c
      at the left and 37a, 37b and 37c at the right. If one or more of the
      valves 36a-36c is opened, assuming the conduit 31 receives pressure fluid,
      the vanes 19 rotate counterclockwise about the central floating pin 20. An
      auxiliary discharge 42, shown at the right, provided with a valve 44, is
      then employed to discharge a part of the fluid under pressure after it has
      reached the main discharge port and conduit 35. During such operation the
      valves 37a-37c, will of course, remain closed. If, however, the valves
      36a-36c are closed and one or more of valves 37a-37c are opened, the vanes
      19 will rotate in a clockwise direction. In this case the auxiliary
      discharge valve 44 is closed, whereas a valve 41 associated with a
      similar, but oppositely disposed auxiliary discharge port and conduit 40,
      shown at the left in FIG. 4, is opened. Such rotation of the vanes 19
      carries the guide rollers 21 with them, and of course, rotates the cage
      upon which the rollers 21 are journalled and the shaft 17 (FIG. 1) on
      which the cage is mounted.
PAR  Applicant's invention, which comprises vanes of such shape that perfect
      sealing is attained at all times between the lateral faces 24 of the vanes
      19 and the vane guides 21, will be more readily understood upon
      consideration of FIGS. 5 and 6 of the drawing. FIG. 5 shows a vane in two
      successive positions which are related to one another as the system
      rotates in a counterclockwise direction. The relation between the two
      positions is that the vane guide roller (which may be the entire vane
      guide or a single member of a pair of rollers in the vane guide)
      contacting the leading lateral race of the vane in the first position is
      located in the identical position as the vane guide roller contacting the
      trailing lateral face of the vane in the second or more counterclockwise
      position. It is to be understood that the following discussion applies to
      devices with vane guides having a single roller, to vane guides having a
      carrier body with two spaced oppositely disposed rollers, and vane guides
      comprising a pair of mutually contacting rollers. In order to attain such
      shape, the following conditions must be met:
PAR  1. Each vane must maintain contact with the two cylindrical rollers
      adjacent to it throughout all rotary positions of the vanes and rollers.
PAR  2. The centers of the cylindrical vane guide rollers are located on the
      circumference of a common circle 45, hereafter referred to as the vane
      guide circle. In FIG. 5 the center of such circle is located at the point
      A, and the radius of such circle is indicated by R.
PAR  3. The angle between the radial lines from the center A in FIG. 5 of the
      vane guide circle 45 through the centers of two vane guide rollers in
      contact with a common vane, indicated by .DELTA..phi. in FIG. 5 remains
      constant for all rotary positions of the vanes and vane guides.
PAR  4. Each vane is allowed to move freely about a point off-center from the
      vane guide circle 45. In FIG. 5 such point is indicated by O and the
      distance between this pivot point and the center A of the vane guide
      circle 45 is indicated by c.
PAR  5. Measured counterclockwise from the horizontal coordinate in FIG. 5, the
      radial line extending from the point O through the center of roller 21e
      which is there shown at the right in full lines is displaced through an
      angle .theta.(.phi.), and the next radial line passing through the vane
      guide roller 21d shown in phantom lines to the left of the one shown in
      full lines is displaced counterclockwise from the horizontal coordinate
      through an angle of .theta.(.phi.+.DELTA..phi.).
PAR  6. The angle between the central axis of vane 19e in the initial right-hand
      position and the radial line passing through the point O and the center of
      the full line vane guide roller 21e is .alpha.(.phi.), the angle between
      the last-named radial line and the longitudinal center line of vane 19d in
      the succeeding left-hand position is also .alpha.(.phi.), and the angle
      between such last-named center line and the radial line from the point O
      passing through the center of the vane guide roller shown at the left in
      phantom lines is .alpha.(.phi.+.DELTA..phi.).
PAC  STATEMENT OF EQUATIONS TO BE SOLVED TO SATISFY ABOVE CONDITIONS
PAR  From FIG. 5 we see that
EQU  .alpha.(.phi.) + .alpha.(.phi.+.DELTA..phi.) = .theta.(.phi.+.DELTA..phi.)
      - .theta.(.phi.)                                          (1)
PAL  By symmetry it is not difficult to see that
EQU  .alpha.(-.phi.) =.alpha.(.phi.)                            (2a)
EQU  .alpha.(.phi.+2.pi.) =.alpha.(.phi.)                       (2b)
PAL  Also
EQU  .theta.(-.phi.) = - .theta. (.phi.)                        (3a)
EQU  .theta.(.phi.+2.pi.) = .theta.(.phi.) + 2.pi.              (3b)
PAR  Furthermore from the periodic nature of the system it is clear that if m is
      an integer then
EQU  .alpha.(.phi.+ 2.pi. m) = .alpha.(.phi.)                   (2c)
EQU  .theta.(.phi.+ 2.pi. m) = .theta.(.phi.) + 2.pi. m         (3c)
PAR  It is important to realize that (1) is valid for all values of .phi.. In
      particular we can increase .phi. by integral multiples of .DELTA..phi. and
      obtain a whole system of equations
PA1  .alpha.(.phi.) + .alpha.(.phi.+.DELTA..phi.) = .theta.(.phi.+.DELTA..phi.)
      - .theta.(.phi.)
PA1  .alpha.(.phi.+.DELTA..phi.) + .alpha.(.phi.+ 2.DELTA..phi.) =
      .theta.(.phi.+2.DELTA..phi.) - .theta.(.phi.+.DELTA..phi.)
PA1  .alpha.(.phi.+2.DELTA..phi.) + .alpha.(.phi.+3.DELTA..phi.) =
      .theta.(.phi.+3.DELTA..phi.) - .theta.(.phi.+2.DELTA..phi.)
PAC                                                             (4)
PA1  .alpha.(.phi.+(N-2).DELTA..phi.)+.alpha.(.phi.+(N-1).DELTA..phi.) =
      .theta.(.phi.+(N-1).DELTA..phi.)-.theta.(.phi.+(N-2).DELTA..phi.)
PA1  .alpha.(.phi.+(n-1).DELTA..phi.)+.alpha.(.phi.+n.DELTA..phi.) =
      .theta.(.phi.+n.DELTA..phi.) - .theta.(.phi.+(n-1).DELTA..phi.)
PAC  no solution exists for certain values of .DELTA..phi.
PAR  for certain values of .DELTA..phi., the system (4) is inconsistent and has
      no solution. For example, there is no solution for the problem of
      obtaining the exact mathematically correct contour of the lateral faces 24
      of the vanes 19 when the engine contains an even number of vanes and has
      single roller vane guides.
PAR  In this circumstance
PAC  .DELTA..phi. = 2.pi./(2n)                                  (5)
PAL  where 2n is an even integer designating the number of vanes.
PAR  To see that the system of equations (4) is inconsistent in this case, we
      set N = 2n, multiply alternating equations in system (4) by -1 and sum up
      both sides.
TBL  ______________________________________                                    
      .alpha.(.phi.)                                                           
              +.alpha.(.phi.+.DELTA..phi.)                                     
                          =     .theta.(.phi.+.DELTA..phi.)                    
                                        -.theta.(.phi.)                        
     -.alpha.(.phi.+.DELTA..phi.)                                              
              -.alpha.(.phi.+2.DELTA..phi.)                                    
                          =     .theta.(.phi.+.DELTA..phi.)                    
                                        -.theta.(.phi.+2.DELTA..phi.)          
      .alpha.(.phi.+2.DELTA..phi.)                                             
              +.alpha.(.phi.+3.DELTA..phi.)                                    
                          =     .theta.(.phi.+3.DELTA..phi.)                   
                                        -.theta.(.phi.+2.DELTA..phi.)          
     -.alpha.(.phi.+3.DELTA..phi.)                                             
              -.alpha.(.phi.+4.DELTA..phi.)                                    
                          =     .theta.(.phi.+3.DELTA..phi.)                   
                                        -.theta.(.phi.+4.DELTA..phi.)          
     ______________________________________                                    
PA1  .alpha.(.phi.+(2n-2).DELTA..phi.) =)+.alpha.(.phi.(2n-1).DELTA.
      .theta.(.phi.+(2n-1).DELTA..phi.) - .theta.(.phi.+(2n-2).DELTA..phi.)
      -.alpha.(.phi.+(2n-1).DELTA..phi.)-.alpha.(.phi.+2n.DELTA..phi.) =
      .theta.(.phi.+(2n-1).DELTA..phi.) - .theta.(.phi.+2n.DELTA..phi.)
      ##EQU1##
      From (2), (3), and (5) we see that .alpha.(.phi.) -
      .alpha.(.phi.+2n.DELTA..phi.) = .alpha.(.phi.) - .alpha.(.phi.+2.pi.) = 0
      .theta.(.phi.+2n.DELTA..phi.) - .theta.(.phi.) = .theta.(.phi.+2.pi.) -
      .theta.(.phi.) = 2.pi.                                    (7)
PAL  Thus (6) implies
      ##EQU2##
PAR  It can be shown that the right-hand side of (8) is -- arctan (2 [c/R].sup.n
      sin n.phi. / [1 - (c/R).sup.2n ]) which is clearly not zero.
PAR  This is an important point since the single roller models so far built have
      eight vanes for which .DELTA..phi. = 2.pi./8. The first models leaked
      substantial amounts of steam when tested.
PAC  EXACT SOLUTIONS
PAR  It is to be understood that the following discussion applies to devices (a)
      in which each vane guide is a single roller, (b) in which each vane guide
      includes a carrier body with two spaced oppositely disposed rollers
      constituting a vane guide set, and (c) in which each vane guide comprises
      a pair of mutually contacting rollers.
PAL  If
EQU  .DELTA..phi. = 2.pi.m/(2n+1)                               (9)
PAL  where m and n are positve integers such that m and 2n + 1 have no common
      divisors, then (4) has an exact solution. A useful example would be m = 1
      and n = 4. This .DELTA..phi. would be used in a nine vane single roller
      type engine.
PAR  Returning to system (4) for .DELTA..phi. = 2.pi.m/(2n+1), we set N = 2n+1
      and again multiply alternating equations by -1. But now we have an odd
      number of equations. Thus
      .alpha.(.phi.)                                                           
              +.alpha.(.phi.+.DELTA..phi.)                                     
                          =     .theta.(.phi.+.DELTA..phi.)                    
                                        -.theta.(.phi.)                        
     -.alpha.(.phi.+.DELTA..phi.)                                              
              -.alpha.(.phi.+2.DELTA..phi.)                                    
                          =     .theta.(.phi.+.DELTA..phi.)                    
                                        -.theta.(.phi.+2.DELTA..phi.)          
      .alpha.(.phi.+2.DELTA..phi.)                                             
              +.alpha.(.phi.+3.DELTA..phi.)                                    
                          =     .theta.(.phi.+3.DELTA..phi.)                   
                                        -.theta.(.phi.+2.DELTA..phi.)          
     -.alpha.(.phi.+3.DELTA..phi.)                                             
              -.alpha.(.phi.+4.DELTA..phi.)                                    
                          =     .theta.(.phi.+3.DELTA..phi.)                   
                                        -.theta.(.phi.+4.DELTA..phi.)          
     ______________________________________                                    
PA1  -.alpha.(.phi.+(2n-1).DELTA..phi.)-.alpha.(.phi.+2n.DELTA..phi.) =
      .theta.(.phi.+(2n-1) - .theta.(.phi.+2n.DELTA..phi.)
PA1  .alpha.(.phi.+2n.DELTA..phi.)+.alpha.(.phi.+(2n-1).DELTA..phi.) =
      .theta.(.phi.+(2n+1).DELTA..phi.) - .theta.(.phi.+2n.DELTA..phi.)
      ##EQU3##
PAR  Taking advantage of (2c), (3c) and (9) we obtain
PA1  .alpha.(.phi.) + .alpha.(.phi.+(2n+1).DELTA..phi.) = .alpha.(.phi.) +
      .alpha.(.phi.+ 2.pi.m) = 2.alpha.(.phi.) .theta.(.phi.+
      (2n+1).DELTA..phi.)- .theta.(.phi.) = .theta.(.phi.+2.pi.m) -
      .theta.(.phi.) = 2.pi.m.
PAL  Therefore (10) becomes
      ##EQU4##
PAR  If we reverse the order of summation in the first term on the right-hand
      side of (11), we have
      ##EQU5##
      Therefore equation (11) becomes
      ##EQU6##
      Thus
      ##EQU7##
      From FIG. 5, it is possible to show that tan .theta.(.phi.) = R sin .phi.
      / (R cos .phi. - c)
PA1  sin .theta.(.phi.) = R sin .phi. / r(.phi.)
PA1  cos .theta.(.phi.) = (R cos .phi. - c)/r(.phi.)
PA1  exp i.theta.(.phi.) = R[exp (i.phi.) - c/R]/r(.phi.)       (14)
PAL  where
EQU  r(.phi.) = R.sqroot.1 - 2(c/R) cos .phi. + (c/R).sup.2     (15)
EQU  exp i[.theta.(.phi.-2k .DELTA..phi.)- .theta.(.phi.+2k .DELTA..phi.)] = exp
      [i .theta.(.phi.-2k .DELTA..phi.)].sup.. exp[-i .theta.(.phi.+2k
      .DELTA..phi.)]                                            (16)
PAL  Since (3a) is valid for arbitrary values of the dependent variable .phi.,
      it is also valid for the argument .phi.+ 2k .DELTA..phi..
PAL  Thus
EQU  exp [-i .theta.(.phi.+2k .phi.)] = exp i .theta.(-.phi.-2k .DELTA..phi.)
      (17)
PAL  In addition (14) is also valid for arbitrary values of the dependent
      variable .phi.. Thus we can replace .phi. in (14) by .phi.- 2k
      .DELTA..phi. or -.phi.-2k .DELTA..phi.. Therefore
EQU  exp i.theta.(.phi.-2k .DELTA..phi.) = R[exp(i.phi.-2k.DELTA..phi.) -
      c/R]/r(.phi.-2k .DELTA..phi.) exp i.theta.(-.phi.-2k .DELTA..phi.) =
      R[exp(-i .phi.-i2k.DELTA..phi.)- c/R]/r(-.phi.-2k .DELTA..phi.) (18)
PAL  Since cos .phi. is an even function, it is clear from (15) that
PAC  r(-.phi.-2k .DELTA..phi.) = r(.phi.+2k .DELTA..phi.)
PAL  From (16), (17) and (18) we have
EQU  exp i[.theta.(.phi.-2k.DELTA..phi.)- .theta.(.phi.+2k.DELTA..phi.)] =
      {R.sup.2 /[r(.phi.-2k.DELTA..phi.).sup.. r(.phi.+2k.DELTA..phi.)]}.sup..
      {exp (-i4k.DELTA..phi.)- (c/R) exp(-i2k.DELTA..phi.).sup..
      [exp(i.phi.)+exp(-i.phi.)]+(c/R).sup.2 }                  (19)
PAL  But
EQU  exp (i.phi.) + exp (-i.phi.) = 2 cos .phi. exp (-i4k.DELTA..phi.) = exp
      (-i2k.DELTA..phi.).sup.. (exp(-i2k.DELTA..phi.)+ exp(i2k.DELTA..phi.))-1 =
      2 cos (2k .DELTA..phi.) exp (-i 2k .DELTA..phi.) - 1.
PAL  Thus (19) becomes
EQU  exp i[.theta.(.phi.-2k.DELTA..phi.)- .theta.(.phi.+2k.DELTA..phi.)] =
      {R.sup.2 /[r(.phi.-2k.DELTA..phi.).sup.. r(.phi.+2k.DELTA..phi.)]}.sup..
      [exp(-i2k.DELTA..phi.).sup.. (2 cos (2k.DELTA..phi.)-2(c/R)cos .phi.) -
      1+(c/R).sup.2 ]                                           (20)
PAL  For the sake of brevity we now suppress the quantity .DELTA..phi. which is
      a constant for any given machine and introduce the quantities
PA1  c(k) = cos (2k .DELTA..phi.)
PA1  s(k) = sin (2k .DELTA..phi.)
PA1  f(k,.phi.) = cos (2k .DELTA..phi.) - (c/R) cos .phi.
PA1  a = (1/2)(1 - (c/R).sup.2)                                 (21)
PAL  Using the new quantities and dividing (20) into its real and imaginary
      parts we get
EQU  exp i[.theta.(.phi.-2k .DELTA..phi.)- .theta.(.phi.+2k .DELTA..phi.)] =
      {2R.sup.2 /[r(.phi.-2k.DELTA..phi.).sup.. r(.phi.+2k.DELTA..phi.)]}.sup..
      [(c(k).sup.. f(k,.phi.)-a) - i s(k).sup.. f(k,.phi.)]     (21a)
PAL  Now .vertline.exp i[.theta.(.phi.- 2k .DELTA..phi.)- .theta.(.phi.+2k
      .DELTA..phi.)].vertline. = 1
PAL  Thus
      ##EQU8##
      Since from (21) [c(k)].sup.2 + [s(k)].sup.2 = 1 it is possible to show
EQU  2R.sup.2 /[r(.phi.-2k.DELTA..phi.).sup.. r(.phi.+2k.DELTA..phi.)] =
      1/[f.sup.2 (k,.phi.)-2a.sup.. c(k).sup.. f(k,.phi.)+a.sup.2 ].sup.1/2 (22)
PAL  Now from (13), (21a), and (22) we obtain
      ##EQU9##
PAR  We note that in FIGS. 5 and 6 the center of the vane guide roller is
      denoted by C. By examining FIGS. 5 and 6, we see as .phi. increases from O
      to .pi. in FIG. 5, point C moves along path DE in FIG. 6 from point D to
      E.
PAR  Thus if we write the coordinates of point C as a function of .phi., we have
      a parametric equation for path DE. From FIGS. 5 and 6
PA1  X.sub.de (.phi.) = r(.phi.) .sup.. cos (.alpha.(.phi.))
PA1  Y.sub.de (.phi.) = r(.phi.) .sup.. sin (.alpha.(.phi.))
PAL  That is
PA1  X.sub.de (.phi.) = r(.phi.) Re exp (i .alpha.(.phi.))
PA1  Y.sub.de (.phi.) = r(.phi.) Im exp (i .alpha.(.phi.))
EQU  O .ltoreq. .phi. .ltoreq. .pi.                             (24)
PAR  In FIG. 6 there are shown a single vane and the two vane guide rollers on
      opposite sides thereof making sealing contact with the opposite lateral
      faces 24 of the vane. In such figure O represents the center of the stub
      shaft 20. DE = path of vane guide center relative to vane. The path DE in
      FIG. 6 is generated as .phi. goes from O to .pi.. GH = envelope generated
      by circle of radius .rho. moving along the path DE. This is also generated
      by taking points at distance .rho. along normals to path DE. FG = circular
      arc of radius .rho. and center at D. HI = circular arc with radius .rho.
      and center at E.
PAC  CALCULATION OF THE PATH JK (FIG. 6)
PAR  Path JK in FIG. 6 is the necessary path for the center of a milling cutter
      if the vane is to be cut on a milling machine. If the vane is to be cut on
      a jig grinder, the stations of the centers of the successive cuts must be
      chosen sufficiently close together from path JK.
PAR  To obtain JK let
PA1  .rho. = radius of vane guide roller
PA1  b = radius of milling cutter or grinding wheel
PA1  .delta. = .rho. - b.                                       (25)
PAL  For path JK
PA1  x(.phi.) = x.sub.DE (.phi.) + .delta..sup.. y.sub.DE '(.phi.) /
      .sqroot.(x.sub.DE '(.phi.)).sup.2 + (y.sub.DE '(.phi.)).sup.2
PA1  y(.phi.) = y.sub.DE (.phi.) - .delta..sup.. x.sub.DE '(.phi.) /
      .sqroot.(x.sub.DE '(.phi.)).sup.2 + (y.sub.DE '(.phi.)).sup.2
PAL  where X.sub.DE ' and Y.sub.DE '(.phi.) are respectively the first
      derivatives of X.sub.DE (.phi.) and Y.sub.DE (.phi.) with respect to
      .phi..
PAR  After some computation we obtain for the path of the milling cutter (JK of
      FIG. 6)
PA1  x(.phi.) = x.sub.DE (.phi.) + .delta. [y.sub.DE (.phi.)+x.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/(r(.phi.).sup.. .sqroot.1+(s.sub.O
      (.phi.)).sup.2)
PA1  y(.phi.) = y.sub.DE (.phi.) - .delta. [x.sub.DE (.phi.)-y.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/(r(.phi.).sup.. .sqroot.1+(s.sub.O
      (.phi.)).sup.2)
PAC  O .ltoreq. .phi. .ltoreq. .pi.                             (26)
PAL  In formula (26)
PA1  x.sub.DE (.phi.) = r(.phi.) Re exp (i .alpha.(.phi.))
PA1  y.sub.DE (.phi.) = r(.phi.)Im exp (i.alpha.(.phi.))
PA1  r(.phi.) = .sqroot.R.sup.2 +c.sup.2 -cR cos .phi.
      ##EQU10##
      c(k) = cos (2k .DELTA..phi.) s(k) = sin (2k .DELTA..phi.)
PAL  .DELTA..phi. = 2.pi. m/(2n+1) where m and (2n+1) have no common divisors.
PA1  f(k,.phi.) = cos (2k .DELTA..phi.) - (c/R) cos .phi.
PA1  a = (1/2)(1 - (c/R).sup.2)
      ##EQU11##
PAC  .delta. = .rho. - b
PA1  .rho. = radius of vane guide roller b = radius of milling cutter or
      grinding wheel.
PAR  Of course, b = O, (26) gives us the equation for the profile of the vane
      (path GH in FIG. 6). If b = .rho. then .delta. = 0 and we obtain the path
      of the center of the vane guide relative to the vane (path DE of FIG. 6).
PAR  In FIG. 7 there is shown a second embodiment of the device of the
      invention; in such embodiment the vane guides comprise two mutually
      contracting rollers constituting a roll set disposed between successive
      vanes. Parts in FIG. 7 which are similar to those in FIGS. 2-6, inclusive,
      are designated by the same reference characters with an added prime. The
      embodiment of FIG. 7 is of advantage in that the rollers rotate in
      directions, as they travel radially in and out, such that they do not
      scuff the lateral surfaces 24' of the vanes. Thus, for example, when the
      bottom pair of rollers is travelling radially outwardly as shown the
      left-hand roller 25' rotates clockwise and the right-hand roller rotates
      counterclockwise.
PAR  In FIG. 8 there is shown a third embodiment of the device of the invention.
      Parts in FIG. 8 which are similar to those in FIG. 2 are designated by the
      same reference characters with an added double prime.
PAR  The vane guides in FIG. 8 comprise two spaced parallel cylindrical rollers
      21' which are journalled for free rotation on a supporting body 46.
      Rollers 21 sealingly engage the surfaces 24" of the respective vanes 19".
      Means not specifically shown are provided on body 46 to effect a seal
      between it and the rollers 21".
PAR  Although the invention is illustrated and described with reference to a
      plurality of preferred embodiments thereof, it is to be expressly
      understood that it is in no way limited to the disclosure of such a
      plurality of preferred embodiments, but is capable of numerous
      modifications within the scope of the appended claims. The terms "milling
      cutter" and "cutter" used herein are intended also to include grinding and
      the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making vanes for an eccentric rotor vane device having a
      main chamber having a substantial cylindrical interior surface, first and
      second ports spaced around and communicating with said main chamber, a
      plurality of angularly related radial vanes, independently pivotal and
      rotatable within said main chamber about a vane axis therewithin, said
      vanes occupying substantially the total radial distance from said axis to
      said interior surface of said main chamber, a rotor that is eccentrically
      mounted with respect to said main chamber and rotatable about a rotor axis
      spaced from said vane axis said rotor having vane guides for
      interdigitating said vanes and effecting a change in volume of a sub
      chamber intermediate respective pairs of said vanes as said rotor and said
      vanes are rotated within said main chamber, each sub chamber being defined
      by a pair of confronting lateral vane surfaces and a corresponding vane
      guide between said lateral vane surfaces and said main chamber interior
      surface and varying from a minimum volume at the radially outermost
      position of said vane guides with respect to said vane axis, and a power
      delivery shaft connected with said rotor for delivering power in
      association therewith, comprising forming each of said confronting vane
      surfaces by cutting it with a rotating cutter the axis of which travels
      with respect to the longitudinal (x) axis of the vane and the transverse
      axis (y) of the vane along a path which is substantially defined by the
      following:
PA1  x(.phi.) = x.sub.DE (.phi.) + .delta.[y.sub.DE (.phi.) + x.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/[r(.phi.).sup.. .sqroot.1+(s.sub.O
      (.phi.)).sup.2 ]
PA1  y(.phi.) = y.sub.DE (.phi.) - .delta.[x.sub.DE (.phi.) - y.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/[r(.phi.).sup.. .sqroot.1+(s.sub.O
      (.phi.)).sup.2 ]
PAL  where
PA1  O .ltoreq. .phi. .ltoreq. .pi.
PA1  x.sub.DE (.phi.) = r(.phi.) Re exp (i.alpha.(.phi.))
PA1  y.sub.DE (.phi.) = r(.phi.) Im exp (i.alpha.(.phi.))
PA1  r(.phi.) = .sqroot.R.sup.2 +c.sup.2 -2cR cos .phi.
      ##EQU12##
      c(k) = cos (2k .DELTA..phi.) s(k) = sin (2k .DELTA..phi.)
PA1  .DELTA..phi. = .pi. m/(2n+1) where m and n are positive integers such that
      m and 2n+1 have no common divisors
PA1  f(k,.phi.) = cos (2k .DELTA..phi.) - (c/R) cos .phi.
PA1  a = (1/2).sup.. [1 - (c/R).sup.2 ]
      ##EQU13##
      R = radius of vane guide circle (distance from center of rotor axis to
      center of right circular cylindrical vane guide surface which engages
      vane.
PA1  c = distance between vane axis at center of main chamber and rotor axis at
      center of vane guide circle.
PA1  .delta. = .rho. - b .rho. = radius
PA1  .rho.right circular cylindrical vane guide surface which engages vane.
PA1  b = radius of milling cutter.
NUM  2.
PAR  2. In an eccentric rotor vane device having a main chamber having a
      substantial cylindrical interior surface, first and second ports spaced
      around and communicating with said main chamber, a plurality of angularly
      related radial vanes independently pivotal and rotatable within said main
      chamber about a vane axis therewithin, said vanes occupying substantially
      the total radial distance from said axis to said interior surface of said
      main chamber, a rotor that is eccentrically mounted with respect to said
      main chamber and rotatable about a rotor axis spaced from said vane axis.
      said rotor having vane guides for interdigitating and accurately engaging
      and guiding said vanes as said rotor and said vanes are rotated within
      said main chamber, and a power delivery shaft connected with said rotor
      for delivering power in association therewith, the improvement wherein
      each of said confronting vane surfaces has a contour with respect to the
      longitudinal (x) axis of the vane and the transverse axis (y) of the vane
      which is substantially defined by the following:
PA1  x(.phi.) = x.sub.DE (.phi.) + .rho.[y.sub.DE (.phi.) + x.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/[r(.phi.).sqroot.1+(s.sub.O (.phi.)).sup.2
      ]
PA1  y(.phi.) = y.sub.DE (.phi.) - .rho.[x.sub.DE (.phi.) - y.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/[r(.phi.).sqroot.1+(s.sub.O (.phi.)).sup.2
      ]
PAL  where
PA1  O .ltoreq. .phi. .ltoreq. .pi.
PA1  x.sub.DE (.phi.) = r(.phi.) Re exp (i.alpha.(.phi.))
PA1  y.sub.DE (.phi.) = r(.phi.) Im exp (i.alpha.(.phi.))
PA1  r(.phi.) = .sqroot.R.sup.2 +c.sup.2 -2cR cos .phi.
      ##EQU14##
      c(k) = cos (2k .DELTA..phi.) s(k) = sin (2k .DELTA..phi.)
PA1  .DELTA..phi. = .pi. m/(2n+1) where m and n are positive integers such that
      m and 2n+1 have no common divisors
PA1  f(k,.phi.) = cos (2k .DELTA..phi.) - (c/R) cos .phi.
PA1  a = (1/2)[1 - (c/R).sup.2 ]
      ##EQU15##
      R = radius of vane guide circle (distance from center of rotor axis to
      center of right circular cylindrical vane guide surface which engages
      vane).
PA1  c = distance between vane axis at center of main chamber and rotor axis at
      center of vane guide circle.
PA1  .rho. = radius of right circular cylindrical vane guide surface which
      engages vane.
NUM  3.
PAR  3. A device according to claim 2, wherein the portions of the surfaces of
      the vane guides which engage the vanes are right circular cylindrically
      curved in transverse section in a direction radial of the vanes.
NUM  4.
PAR  4. A device according to claim 2, wherein the vane guides comprise two
      mutually engaging circular cylindrical rollers which span the distance
      between and engage each other and the respective lateral vane surfaces.
NUM  5.
PAR  5. A device according to claim 2, wherein the vane guides comprise two
      spaced parallel circular cylindrical rollers journalled on a supporting
      body.
NUM  6.
PAR  6. A device according to claim 2, wherein the vane guides comprise circular
      cylindrical rollers, the peripheral surfaces of which engage the
      respective lateral vane surfaces.
NUM  7.
PAR  7. A device according to claim 6, wherein one roller is disposed between
      each consecutive pair of vanes.
NUM  8.
PAR  8. A device according to claim 6, wherein the number of vanes is odd.
NUM  9.
PAR  9. In an eccentric rotor vane device having a main chamber having a
      substantial cylindrical interior surface, first and second ports spaced
      around and communicating with said main chamber, a plurality of angularly
      related radial vanes independently pivotal and rotatable within said main
      chamber about a vane axis therewithin, said vanes occupying substantially
      the total radial distance from said axis to said interior surface of said
      main chamber, a rotor that is eccentrically mounted with respect to said
      main chamber and rotatable about a rotor axis spaced from said vane axis,
      said rotor having vane guides for interdigitating said vanes and effecting
      a change in volume of a sub chamber intermediate respective pairs of said
      vanes as said rotor and said vanes are rotated within said main chamber,
      each sub chamber being defined by a pair of confronting lateral vane
      surfaces and a corresponding vane guide between said lateral vane surfaces
      and said main chamber interior surface and varying from a minimum volume
      at the radially outermost position of said vane guides with respect to
      said vane axis, and a power delivery shaft connected with said rotor for
      delivering power in association therewith, the improvement wherein each of
      said confronting vane surfaces has a contour with respect to the
      longitudinal (x) axis of the vane and the transverse axis (y) of the vane
      which is substantially defined by the following:
PA1  x(.phi.) = x.sub.DE (.phi.) + .rho.[y.sub.DE (.phi.) + x.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/[r(.phi.).sqroot.1+(s.sub.O (.phi.)).sup.2
      ]
PA1  y(.phi.) = y.sub.DE (.phi.) - .rho.[X.sub.DE (.phi.) - y.sub.DE
      (.phi.).sup.. s.sub.O (.phi.)]/[r(.phi.).sqroot.1+(s.sub.O (.phi.)).sup.2
      ]
PAL  where
PA1  O .ltoreq. .phi. .ltoreq. .pi.
PA1  x.sub.DE (.phi.) = r(.phi.) Re exp (i.alpha.(.phi.))
PA1  y.sub.DE (.phi.) = r(.phi.) Im exp (i.alpha.(.phi.))
PA1  r(.phi.) = .sqroot.R.sup.2 +c.sup.2 -2cR cos .phi.
      ##EQU16##
      c(k) = cos (2k .DELTA..phi.) s(k) = sin (2k .DELTA..phi.)
PA1  .DELTA..phi. = .pi. m/(2n+1) where m and n are positive integers such that
      m and 2n+1 have no common divisors
PA1  f(k,.phi.) = cos (2k .DELTA..phi.) - (c/R) cos .phi.
PA1  a = (1/2)[1 - (c/R).sup.2 ]
      ##EQU17##
      R = radius of vane guide circle (distance from center of rotor axis to
      center of right circular cylindrical vane guide surface which engages
      vane).
PA1  c = distance between vane axis at center of main chamber and rotor axis at
      center of vane guide circle.
PA1  .rho. = radius of right circular cylindrical vane guide surface which
      engages vane.
NUM  10.
PAR  10. A device according to claim 9, wherein the portions of the surfaces of
      the vane guides which engage the vanes are right circular cylindrically
      curved in transverse section in a direction radial of the vanes.
NUM  11.
PAR  11. A device according to claim 9, wherein the vane guides comprise two
      mutually engaging circular cylindrical rollers which span the distance
      between and sealingly engage each other and the respective lateral vane
      surfaces.
NUM  12.
PAR  12. A device according to claim 9, wherein the vane guides comprise two
      spaced parallel circular cylindrical rollers journalled on a supporting
      body and having their peripheral surfaces sealed thereto.
NUM  13.
PAR  13. A device according to claim 9, wherein the vane guides comprise
      circular cylindrical rollers, the peripheral surfaces of which engage and
      effect a seal with the respective lateral vane surfaces.
NUM  14.
PAR  14. A device according to claim 13, wherein one roller is disposed between
      each consecutive pair of vanes.
NUM  15.
PAR  15. A device according to claim 13, wherein the number of vanes is odd.
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ABST
PAL  This invention relates to an improvement in a rotary piston machine of
      trochoidal construction for compressing a gaseous medium having working
      chambers between a trochoidal piston and a housing corresponding to the
      coordinated outer envelope curve, said working chambers being separated
      from each other by radial seals in the housing, and outlet openings
      closed-off by means preventing backflow for discharging medium from the
      working chambers, the improvement comprising trough-shaped recess means in
      the peripheral piston surface which, in the dead center position of the
      piston, are positioned immediately ahead of a radial seal.
BSUM
PAR  The present invention relates to a rotary piston machine of trochoidal
      construction for compressing gaseous media, comprising working chambers
      formed between a trochoidal piston and a housing corresponding to the
      coordinated outer envelope curve, which working chambers are separated
      from each other by radial seals in the housing whereby the medium is
      conveyed from the working chambers by way of outlet openings closed off by
      means of check valves.
PAR  When such rotary piston machines are employed as compressors, there arises
      the well-known problem of the return expansion which become apparent in a
      very adverse fashion also in lifting cylinder compressors. The effect of
      the return expansion is such that, in the harmful space of the compressor,
      i.e. in the greatly narrowed working chamber on the pressure side
      inclusive of the discharge openings at the outlet valve, there exists a
      high pressure which, during further rotation of the piston, must first
      expand before in the now-increasing working chamber an underpressure will
      prevail sufficient for suctioning-in a new charge. When uncontrolled
      valves are used, these valves will therefore open very late because of the
      return expansion. The delay due to return expansion is 20.degree. and more
      crankshaft revolution after the dead center position of the piston. This
      factor represents a considerable loss of usable stroke volume, and
      volumetric efficiency.
PAR  It is the object of the present invention to avoid the adverse effects of
      the return expansion, and to maintain the usable stroke volume as large as
      possible.
PAR  This object is obtained, according to the present invention, in rotary
      piston machines of the aforementioned construction by virtue of the fact
      that positioned on the peripheral piston surface are trough-shaped
      recesses which, in the dead-center position of the piston, viewed in the
      direction of rotation of the piston, are positioned immediately ahead of a
      radial seal. The trough-shaped recesses are advantageously so positioned
      on the circumferential piston surfaces that the beginning of the
      trough-shaped recesses is located, in the dead-center position of the
      piston, at the line of contact of the radial seal with the peripheral
      piston surface.
PAR  A factor contributing to the improvement of the aforementioned effect is
      that the outlet openings together with the outlet valves -- viewed in the
      direction of rotation of the piston -- are positioned in the area ahead of
      the radial seal closing-off the working chamber in the descending
      direction. When, in operation, the trough-shaped recesses rotate past the
      radial seal, there occurs for this short period of time a connection
      between the pressure side and the suction side. As a result thereof, at
      least a portion of the medium held under pressure in the harmful space can
      flow over from the pressure side to the suction side. The high pressure in
      the harmful space is rapidly reduced thereby, and the new suctioning--in
      procedure within this working chamber can begin sooner than was heretofore
      possible.
PAR  The particular advantage of the present invention is that not only is the
      usable stroke volume increased, and therewith the volumetric efficiency
      improved, but also no portion of the working medium is lost at that time.
      The portion of the medium flowing from the pressure side over to the
      suction side is added as an over-charging portion on the suction side to
      the medium already there present. In this manner not only is the adverse
      effect of the return expansion avoided entirely, or a significant part
      thereof, but even an advantageous positive use of the return expansion is
      effected.
PAR  The present invention may be employed in rotary piston machines of the most
      diversified types. The supply and discharge of the working medium is of no
      significance therein. The conveyance of the working medium into the
      working chamber, for example, may take place through openings in the front
      housing wall and in the housing jacket, or also through known control
      openings in the front piston wall, whereby these control openings slide
      past the stationary radial sealing strip and are in connection with supply
      openings in the housing side wall via channels extending in the piston by
      way of further openings in the piston side wall. Also the outlet or
      discharge of the compressed medium from the working chamber may take
      place, in principle, via openings in the front housing wall and in the
      housing jacket, or via corresponding control openings in the front piston
      wall. Here again, the control openings in the front piston wall must be in
      connection with outlet openings in the housing side wall by means of
      channels extending in the piston. In this connection, it is always
      essential that these outlet openings -- whether they be in the front
      housing wall and in the housing jacket, or in the housing side wall -- be
      closed-off by means preventing backflow. The supply and discharge of the
      working medium by means of the piston referred to hereinabove is known,
      for example, from British Patent No. 1,022,722, or French Patent No.
      1,495,120.
DRWD
PAR  One embodiment of the present invention now will be further described
      hereinbelow with reference to the accompanying drawings, wherein:
PAR  FIG. 1 schematically illustrates a rotary piston machine with a piston in
      the form of an epitrochoid 2 : 1;
PAR  FIG. 2 illustrates a section at an enlarged scale from the area of a radial
      seal;
PAR  FIG. 3 illustrates a section at an enlarged scale from the circumferential
      piston surface, and
PAR  FIGS. 4a and 4b illustrate the use of the present invention in rotary
      piston machines with discharge of the working medium through control
      openings in the piston.
DETD
PAR  Chosen as the embodiment in FIG. 1 is a rotary piston machine with a piston
      1 in the form of an epitrochoid 2 : 1, i.e. in the form of a reniform
      curve. The principle of the present invention is applicable, however, also
      to any other trochoidal form. In the example chosen, the piston 1 has
      alternately par-axis and off-axis zones. The piston center has been
      designated as M.sub.K. The piston center M.sub.K travels, during the
      operation of the machine, about the axle center M.sub.W of the drive
      shaft, on the crank circle indicated in dash-dotted lines. The direction
      of rotation of the drive shaft is indicated with an arrow at the crank
      circle. The direction of rotation of the piston 1 is opposite to the
      direction of rotation of the crankshaft and also has been indicated with
      an arrow and the reference symbol K. The housing 2 surrounding the piston
      1 is patterned closely after the outer envelope curve coordinated to the
      epitrochoid. Thus formed here between the piston 1 and the housing 2 are
      the three working chambers A, B, and C. These working chambers are
      separated from each other by the radial seals 3 in the housing 2. In FIG.
      1, the piston 1 is positioned in the upper dead-center position in the
      working chamber A. The working chambers B and C illustrate intermediate
      positions between the top dead center and the bottom dead center positions
      of the piston. The supply of the medium is here of secondary importance
      and therefore has not been shown in this figure. Arranged in each working
      chamber is an outlet opening with an outlet valve 4a, 4b, and 4c. The
      harmful space at the outlet openings up to the valve and the coordinated
      narrow clearance of the working chamber A in the top dead center position
      of the piston 1 is responsible for the return expansion. As has been
      mentioned hereinabove, it is advantageous that the outlet valves be
      positioned as closely as possible ahead of the coordinated radial seal 3
      on the descending side of the working chamber.
PAR  Arranged in the piston 1 on the peripheral surface thereof are
      trough-shaped recesses 5. These trough-shaped recesses 5 are so positioned
      that in the top dead center position of the piston they will be positioned
      immediately ahead of a radial seal 3. It is clearly apparent from FIG. 1,
      on the upper left-hand side, that the recess 5 is positioned between the
      radial seal 3 and the outlet valve 4a. Coordinated to each off-axis zone
      or each arc of the trochoidal piston is an arrangement of trough-shaped
      recesses 5. These trough-shaped recesses 5 are located in proximity to the
      end of the arc. For the two-arc epitrochoid illustrated in FIG. 1, two
      trough-shaped recesses 5 therefore have been shown in the piston.
      Accordingly, for a three-arc epitrochoid, three such arrangements or
      groups of recesses 5 would be provided.
PAR  As shown in FIG. 3, not only is a single trough-shaped recess 5 provided on
      the peripheral piston surface, but an entire row thereof. The beginning of
      the trough-shaped recesses 5 is positioned at line a; the end of the
      trough-shaped recesses is positioned at line b. Lines a and b also have
      been shown in FIG. 1 and define there an angle .lambda. which thus defines
      the length of the trough-shaped recesses 5. Line a and therewith the
      beginning of the trough-shaped recesses is advantageously so placed in the
      top dead center position of the piston 1 that the line a extends through
      the line of contact of the radial seal 3 with the piston surface 1. The
      trough-shaped recess 5 thus begins at the sealing line which is pivoted
      out of the plane of the radial seal 3 by the pivot angle .beta. in the top
      dead center position of the piston.
PAR  The operation of the trough-shaped recesses 5 is explained with reference
      to FIG. 2. Shown in this figure is the position of the piston 1
      immediately after leaving the top dead center position. After a few
      degrees of crankshaft rotation, the trough-shaped recess 5 is positioned
      precisely under the radial seal 3. The momentary pivot angle is designated
      here as .beta.. The working chamber A represents itself as a narrow gap or
      clearance between the surface 1 of the piston and the housing 2. The
      working chamber B positioned on the other side of the radial seal 3 is
      still relatively far extended. In the harmful space of the working chamber
      A, i.e. in the narrow gap or clearance between the piston and the housing,
      as well as in the bore of the outlet valve 4a, which has not been
      specifically shown in FIG. 2, there still prevails a high pressure of the
      compressed working medium. In the working chamber B, on the other hand,
      there prevails a considerably lower pressure of the suctioned-in medium.
      Through the trough-shaped recesses 5, a part of the medium of high
      pressure now can flow from the working chamber A into the working chamber
      B. As a result, the high pressure within the harmful space on the pressure
      side, i.e. within the working chamber A, is rapidly reduced so that a
      renewed suctioning-in can there take place much earlier. During the
      flow-over, no portion of the medium is lost, rather the transferred medium
      is added in addition to the normal charge in the working chamber B as an
      overcharging portion.
PAR  Additionally indicated in FIG. 2 are the boundary lines a and b of the
      trough-shaped recesses 5, as well as the angle .lambda.. The form and size
      of the trough-shaped recesses 5 may be accommodated to the other operating
      conditions of the machine, i.e. to speed, extent of the return expansion
      and the like. For the utilization of the return expansion, it is very
      advantageous when the harmful spaces are positioned as closely as possible
      at the radial seal of the descending side, as already has been set forth
      hereinabove. Required as a result are only short flow paths from this
      harmful space through the trough-shaped recesses 5 to the other working
      chamber. The pressure compensation takes place rapidly and completely. Due
      to the form of the troughs 5 with a flat end at line b, and a more marked
      curvature at line a there results a good flow-through from the working
      chamber A to the working chamber B. Toward this end, the curvature of the
      trough-shaped recesses 5 at line a of course need not form an edge with
      the circumferential piston surface, as has been shown in FIG. 2 for the
      sake of simplicity, but a small rounding-off or flattening instead may be
      there provided for.
PAR  Shown in FIGS. 4a and 4b is the application of the present invention in
      rotary pistons with exhaust of the working medium via control openings in
      the piston 1. For the sake of greater clarity, the construction of the
      machine has here been represented in a greatly simplified manner. From the
      trough-shaped recesses 5 in the piston 1, the bores 6 extend into the
      interior of the piston. These bores 6 like the recesses 5 are distributed
      over the piston width and are connected with each other, and moreover with
      the outlet opening 4 arranged in the housing side wall 8 via a channel 7.
      The outlet opening positioned within the housing side wall 8 is again
      closed-off by a check valve, as has been indicated in FIG. 4b. The outlet
      line in the housing 8 is shown by dash-dotted lines. The supply path of
      the working medium is as follows: From the working chamber via the bores
      6, the channel 7, the outlet opening 4, and the check valve to the outlet
      line. Nothing changes in this connection, with respect to the return
      expansion, in the operation of the trough-shaped recesses 5. The method or
      manner of the supply of the working medium is without consequence for the
      present invention.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary piston machine of trochoidal construction for compressing a
      gaseous medium having working chambers between a trochoidal piston and a
      housing corresponding to the coordinated outer envelope curve, said
      working chambers being separated from each other by radial seals in the
      housing, and outlet openings closed-off by means preventing backflow for
      discharging medium from the working chambers,
PA1  the improvement comprising trough-shaped recess means in the peripheral
      piston surface which, in the dead center position of the piston, are
      positioned immediately ahead of a radial seal.
NUM  2.
PAR  2. A machine according to claim 1 in which, in the dead center position of
      the piston, the beginning of the trough-shaped recess means is positioned
      at the line of contact of the radial seal with the peripheral piston
      surface.
NUM  3.
PAR  3. A machine according to claim 1 in which the length and cross-section of
      said trough-shaped recess means correspond to the degrees of angular
      rotation required in accordance with the respective operating speed of the
      machine for reducing return expansion at the outlet valves.
NUM  4.
PAR  4. A machine according to claim 1 in which the trough-shaped recess means
      are more markedly curved at the leading end thereof than at the trailing
      end thereof.
NUM  5.
PAR  5. A machine according to claim 1 in which the outlet openings are
      positioned in the housing ahead of the radial seals, viewed in the
      direction of rotation of the piston.
NUM  6.
PAR  6. A machine according to claim 1 including control openings, terminating
      in said trough-shaped recess means, for the discharge of the medium,
PA1  said control openings being adapted to connect with outlet openings, having
      means preventing backflow therein, in the housing side wall by way of
      channel means in said piston and terminating in the piston side wall.
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ABST
PAL  The specification describes a device for limiting the pressing force to a
      pre-established value in mechanical presses with an upper punch, which is
      mounted on the upper tup via a hydraulic cushion, which is connected via
      an overpressure valve and a pump with a pressure medium supply held in a
      pressureless condition. At the connection between the hydraulic cushion
      and the excess pressure valve, a duct is connected which opens in a
      pressureless manner and this duct is closed by valve whose closing
      pressure can be adjusted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field to Which Invention Relates
PAR  The invention relates to a device for limiting the pressing force to a
      pre-established value in mechanical presses with an upper punch, which is
      mounted on the upper tup via a hydraulic cushion, which is connected via
      an overpressure or pressure-relief valve and a pump with a pressure medium
      supply held in a pressureless condition.
PAR  II. The Prior Art
PAR  Such mechanical presses are used, usually in the form of thrust crank,
      eccentric or toggle lever presses for example for the compaction of
      pulverulent compositions to form solid bodies.
PAR  In the compaction such powder or pulverulent compositions to form solid
      bodies a basic distinction is drawn between two types of methods.
PAR  In the case of pressing to a constant height, which is used in the majority
      of cases, it is desired to produce bodies keeping to fixed dimensions.
      Since the properties of the material to be pressed are generally very
      constant, if the pressing die is filled to the proper volume only slight
      changes or variations in density occur between one pressed component and
      another.
PAR  In pressing to a constant pressure, the aim is that of pressing every
      pressed component with the same pressing or compression force so that,
      even in the case of different degrees of filling, components or parts with
      the same density are produced. This requirement can, however, only be
      achieved with the sacrifice of different heights of the components or
      parts, that is to say, the upper punch must be able to vary
      correspondingly in position, that is, compensation for the difference in
      component thickness.
PAR  In the case of material to be pressed with difficult filling properties and
      varying bulk density, the requirement more particularly comes into
      existence of undertaking the pressing operation with a constant pressure
      parameter. Since in this respect mouldings or pressings with a different
      height are produced, the pressing must generally be subsequently
      mehcanically worked or machined in order to achieve the correct final
      dimensions. This method is used for example in the case of the production
      of UO.sub.2 pellets for reactor fuel rods and in the case of some types of
      metallic carbides for wear-resistant parts.
PAR  A special case requiring a constant parameter of compression pressure in
      constituted by the calibration of flat sintered iron parts. The sintered
      parts often have variations in height of a few tenths of a millimeter.
      Since in accordance with the part height and the material during
      subsequent pressing to achieve a constant height, the differences in the
      part heights are taken up by the elasticity of the tool and the machine,
      pressing to a constant height is, in this case, liable to lead to
      excessively high loading of the tool and of the machine. Therefore, in
      such cases pressing to a constant pressure is preferred and the resulting
      pressings are calibrated or manufactured with the same pressing force,
      though in some circumstances they may have different heights.
PAR  In the case of pressing to a constant height, small, harmless variations in
      pressure must be compensated for without excessively high variations in
      the part height of the resulting pressings. If, however, owing to
      incorrect functioning or improper operation, for example, when a second
      filling is placed in the die without ejection of the previously produced
      pressing, danger of overloading of the tool or the press results and the
      device should be capable of avoiding such overloading or damage, that is
      to say, the upper punch must be able to yield without further buildup of
      pressure and the machine must be stopped.
PAR  In the case of pressing to the same density, the device should be capable
      of compensating for differences in the density of filling, that is to say,
      the pressing force should always achieve the same predetermined pressure.
      After achieving this predetermined pressure, the upper punch must be able
      to yield in an upward direction without a further increase in pressure. At
      the same time, however, the device must also ensure that, in the case of
      faulty operation, no overload occurs.
PAR  This problem has been recognized and various attempts have been made to
      solve it.
PAR  Thus, for example, the measure has been adopted of connecting with the
      hydraulic cushion a pressure accumulator, which is loaded with nitrogen at
      the respective opening pressure. This system has disadvantages, however.
      On changing the pressing force, it is necessary to charge the accumulator
      with additional gas from a nitrogen cylinder or nitrogen must be removed
      from the pressure accumulator. The gauge or manometor for the pressing
      force cannot be used to read off or determine the respective working
      pressure.
PAR  In the case of large presses, the hydraulic cushion becomes too large,
      since nitrogen supply cylinders are generally filled with a maximum
      pressure of 140 atmospheres gauge.
PAR  Finally, the hydraulic cushion must be precharged with the respective
      pressing force, that is to say, in the nonloaded, i.e., nonactual
      part-forming condition the pressing plunger exerts on the cover, which is
      generally attached with screws, a pressure in the order or magnitude of
      the actual pressing or part-forming force. In the case of large presses,
      this leads to a very complicated design.
PAR  In the case of another previously proposed form of construction, an excess
      pressure valve is connected between the hydraulic cushion and the pressure
      accumulator. This construction can, however, not be found satisfactory
      either.
PAR  The valves must be precontrolled or set due to the large quantities of oil
      flowing through them. Since the valves must respond to the same pressure
      during each operating stroke, lack of precision in the opening pressure
      occurs and, therefore, there is a lack of precision as regards the
      pressing force.
PAR  The precise opening pressure can, on the one hand, only be set by spring
      loading of the excess or overload pressure valve. This in itself also
      leads to a lack of accuracy.
PAR  Since the pressing operation is often carried out with displacement of
      large volumes of oil, the oil may be considerably heated by flowing
      through the excess pressure valve. This heating is increased by the fact
      that it is always the same oil which is displaced backwards and forwards
      between the hydraulic cushion and the pressure medium accumulator.
PAR  In the case of a third prior art device, the preloading of the hydraulic
      cushion is brought about by its own pumping unit via an excess or overload
      pressure valve. Certain disadvantages result from this, more particularly,
      the disadvantage of extra filling of the pressure accumulator, and in the
      case of large presses, high pressure pumps must be employed. The
      disadvantages that the respective working pressure cannot be read from the
      pressing force gauge and the hydraulic cushion must be preloaded at the
      respective pressing force, nevertheless remain.
PAC  SUMMARY OF THE INVENTION
PAR  One aim of the invention is to provide a device which makes possible not
      only pressing to a constant height but also pressing to a constant
      pressure and also serves as a means for preventing overloading and also in
      addition deals with the disadvantages existing in the case of previously
      proposed apparatuses.
PAR  A further aim of the invention is to provide a device for limiting the
      pressing force to a predetermined value in mechanical presses, with which
      it is possible to carry out pressing operations both to a constant height
      and also to a constant pressure and simultaneously in the case of both
      types of pressing operations, provides for overload protection.
PAR  The invention consists in a device for limiting the pressing force to a
      pre-established value in mechanical presses with an upper punch, which is
      mounted on the upper tup via a hydraulic cushion, which is connected via
      an overpressure valve and a pump with a pressure medium supply held in a
      pressureless or neutral condition, characterized in that at the connection
      between the hydraulic cushion and the excess pressure valve, a duct is
      connected which opens into a neutral or pressureless discharge area and
      this duct is closed by a valve, the closing pressure of which can be
      adjusted.
PAR  Preferably, the valve is provided with a piston which is pressed so that
      one end face of the piston lies against a seat, and the other end face of
      the piston is subjected to an adjustable pressure and behind the end face
      pressed against the seat the piston is surrounded by an annular space
      which is connected with the duct which opens into the neutral or
      pressureless area.
PAR  Preferably, the piston is constructed as a stepped or headed piston, whose
      large surface is subjected to the adjustable pressure.
PAR  In accordance with a further development of this proposal, the space
      adjacent to the back of the piston step or head is preferably also
      connected with the line or duct which opens in to the neutral or
      pressureless area in order in this manner, to be able to discharge without
      back pressure oil which leaks past the step.
PAR  The excess pressure valve is preferably adjustable so that it can be used
      for producing the adjustable closing pressure desired.
PAR  In accordance with a further embodiment of the invention, the connection
      between the excess or overload pressure valve and the hydraulic cushion is
      connected via an excess pressure valve with a fixed setting with the duct
      which opens to the neutral or pressureless area.
PAR  Finally, in accordance with a still further feature of the invention, in
      order to provide security as regards overloading, a mechanical switch can
      be provided to operate in the path of the upper punch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The accompanying drawing shows in a single FIGURE an embodiment of the
      invention.
PAR  The device consists of a cylinder A, a valve B, and a hydraulic part C. The
      parts A and B are attached on the upper tup of the mechanical press and,
      therefore, take part in and respond to its stroke. The upper punch of the
      pressing tool is attached to the rod-like upper punch mount 20 of piston 8
      of the cylinder A so that the pressing operation is carried out by the
      mechanically produced stroke of the upper tup via the hydraulic cushion
      8'. The respective pressing force occurring can be read off at the
      manometer or pressure gauge 10.
PAR  A hydraulic pump driven by an electric motor 2 conveys the pressure medium,
      preferably oil under pressure, into the connection X of the valve B, and
      as a result, the pressure accumulator 3 and the piston 4 are acted upon
      with the preset pressure, which can be set at the valve 5 and can be read
      off at the pressure gauge 6.
PAR  In the case of the embodiment shown, the oil bled off via the valve 5 is
      put under pressure once again by the excess pressure valve 7 and passes
      through the check valve 12 and port p of the valve B to act upon the
      piston 4 on its smaller piston surface and in the cylinder A acts upon the
      pressing piston 8, which carries the upper punch, not shown. The pressure
      at the port p can be read off at the pressure gauge or manometer 9.
PAR  The pressing force P acting through the punch mount 20 produces a pressure
      in the hydraulic cushion which acts on the small piston surface of the
      stepped piston 4. As long as the pressure exerted on the small piston
      surface of the stepped piston 4 tending to open it is less than the
      opposing or closing force exerted by the punch pressure at the connection
      X on the large piston surface of the piston 4, the upper punch of the tool
      will always move to the same level, since the oil of the hydraulic cushion
      cannot escape. Naturally, in the case of this discussion, the
      compressibility of the oil and the mechanical displacement or extension of
      the machine is not taken into account.
PAR  If the opening force at the stepped piston 4, however, reaches the
      magnitude of the closing force, the stepped piston 4 is moved from its
      seat so that oil can flow from the hydraulic cushion 8' without a further
      increase in pressure occurring. The pressing piston 8, therefore, remains
      stationary while maintaining the pressure set, although the press tup
      moves further downward with the cylinder A. It is to be pointed out that
      the stepped piston 4 is only moved from its seat a sufficient amount to
      allow the escape of that amount of the oil necessary to maintain the
      preset pressure. If the piston has slipped a certain adjustable amount,
      the press is stopped by the switch 11 being actuated by a projection or
      ramp fixed on the piston 8.
PAR  In the case of operation with a constant height product, the pump pressure
      at the valve 5 is set at such a high value that the working pressure,
      resulting in the hydraulic cushion 8', is just short of the level required
      for response of the valve B, that is to say, the closing pressure is so
      selected that on response of the system, the tool and the press are not
      yet overloaded.
PAR  In the case of operation with a constant pressing force, the pump pressure
      is set at the valve 5 at such a high level that the valve B opens on every
      working stroke and thus allows the escape of the excess quantity of oil
      into the pressure medium supply.
PAR  It is thus possible to ensure that on every press stroke the same pressing
      force is achieved. On the following return movement of the upper punch,
      the pump 1 passes or returns the displaced oil into the space of the
      hydraulic cushion 8' so that the piston returns to its starting position.
PAR  The pressure accumulator 3 can, as such, be omitted, though it should be
      provided in the case of the use of a stepped piston, because, in this
      case, a favorable damping of the movement of the stepped piston is
      achieved.
PAR  A particular advantage of the device in accordance with the invention
      resides in that the action on the end, remote from the seat, of the
      stepped piston can be remotely controlled, because, as is made clear by
      the drawing, the regulatable pressure valve 5 and the motor with its
      setting means can be arranged at a considerable distance from the press by
      the use of suitably long ducts and can be placed in a zone which is
      readily accessible.
PAR  It will further be seen that owing to the device in accordance with the
      invention, only a slight preloading pressure is exerted on the hydraulic
      cushion and furthermore, the pressing pressure can be read off at the
      pressure gauge 10 in each case.
PAR  All defects mentioned initially as regards the prior art are therefore
      dealt with and the aim of the invention is completely attained.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A device for limiting the pressing force to a pre-established value in a
      mechanical press, said press having an upper punch mount, hydraulic
      cushion means mounting said upper punch mount, a reservoir for hydraulic
      fluid and a prime mover driven pump and conduit means connecting said pump
      to said hydraulic cushion, a first pressure relief valve in said conduit,
      said device characterized in that a relief duct is provided
      interconnecting said hydraulic cushion and said reservoir; a second
      pressure relief valve in said duct, said second pressure relief valve
      being adjustable for varying the maximum hydraulic pressure exerted by
      said hydraulic cushion means.
NUM  2.
PAR  2. A device in accordance with claim 1 further characterized in that said
      second pressure relief valve has a valve seat and a piston, said piston
      having a pair of spaced ends, one of said ends being normally pressed
      against said seat and exposed to the hydraulic pressure of said hydraulic
      cushion; the other end of said piston being exposed to the hydraulic
      pressure of that portion of said conduit between said pump and first
      pressure relief valve, an annular space surrounding said piston adjacent
      said valve seat, said annular space being connected to said reservoir.
NUM  3.
PAR  3. A device in accordance with claim 2 further characterized in that the
      diameter of said other end of said piston is greater than the diameter of
      said one end thereof.
NUM  4.
PAR  4. A device in accordance with claim 3 further characterized in that said
      piston is provided with a circumferential step intermediate its ends, a
      bleed passage connecting the area exterior of said piston and adjacent the
      axially facing surface of said step to said reservoir.
NUM  5.
PAR  5. A device in accordance with claim 3 further characterized in that said
      other end of said piston is connected with a pressure accumulator.
NUM  6.
PAR  6. A device in accordance with claim 4 further characterized in that said
      first pressure relief valve is adjustable.
NUM  7.
PAR  7. A device in accordance with claim 6 further characterized in that in the
      path of said upper punch, an electrical switch is provided responsive to
      overtravel of the punch.
NUM  8.
PAR  8. A device in accordance with claim 1 further characterized in that said
      first pressure relief valve is adjustable.
NUM  9.
PAR  9. A device in accordance with claim 2 further characterized in that in the
      path of the upper punch, a mechanical switch is provided responsive to
      overtravel of the punch.
NUM  10.
PAR  10. A device for adjustably limiting the pressing force exerted by the
      upper punch mount of a mechanical press, a hydraulic cushion having piston
      means forming said upper punch mount, said device comprising: a pressure
      relief valve having a smaller end and a larger end; said smaller end
      surrounded by a valve portion and in hydraulic communication with said
      hydraulic cushion; a valve seat for said valve portion; a pressure head on
      said pressure relief valve facing oppositely from said smaller end; a
      pressure chamber; said pressure head seated in said chamber and having a
      surface in said chamber greater than the area of said smaller end; a
      source of hydraulic fluid under pressure connected to both said hydraulic
      cushion and to said chamber; an adjustable pressure valve between said
      chamber and said hydraulic cushion; said pressure relief valve having a
      pressure relief port communicating with said hydraulic cushion when said
      pressure relief valve opens in response to the hydraulic force operating
      on said smaller end exceeding the hydraulic force operating on said
      pressure head.
NUM  11.
PAR  11. The device described in claim 10 wherein a check valve is provided
      between said hydraulic cushion and said ajustable valve to prevent
      discharge of fluid from said hydraulic cushion.
NUM  12.
PAR  12. In a mechanical press having an upper punch mount, a device for
      limiting the pressing force exerted by said punch mount, to a
      pre-established value said press having a hydraulic cushion, said
      hydraulic cushion backing the upper punch mount, a headed pressure relief
      valve communicating with said hydraulic cushion, said valve hydraulically
      held by said head in normally closed position, a source of hydraulic fluid
      under pressure, said device characterized in that conduit means are
      provided connecting both said pressure relief valve head and said
      hydraulic cushion to said source of pressurized fluid, said conduit means
      having both an adjustable pressure valve and a return flow closed check
      valve between said pressure relief valve head and said hydraulic cushion
      for balancing the hydraulic pressures acting on said hydraulic cushion and
      said pressure relief valve head while preventing the escape of fluid from
      said hydraulic cushion except through said relief valve; a maximum
      pressure control valve communicating with said conduit means between said
      pressure relief valve head and said check valve for discharging fluid from
      behind said head and permitting said pressure relief valve to open when a
      predetermined pressure has been attained.
NUM  13.
PAR  13. The device described in claim 12 wherein the effective surface area of
      the head end of said pressure relief valve acted upon by hydraulic fluid
      is greater than the effective surface area of said valve end acted upon by
      hydraulic fluid.
NUM  14.
PAR  14. In a mechanical press having an upper punch mount, a device for
      limiting the pressing force exerted by said punch mount, to a
      pre-established value said press having a hydraulic cushion, said
      hydraulic cushion backing the upper punch mount, a headed pressure relief
      valve communicating with said hydraulic cushion, said valve hydraulically
      held by said head in a normally closed position, a source of hydraulic
      fluid under pressure, said device characterized in that means are provided
      for connecting both said pressure relief valve head end and said hydraulic
      cushion to a source of pressure, said means including a maximum pressure
      relief valve communicating only with said head end of said pressure relief
      valve for discharging fluid from behind said head end and permitting said
      pressure relief valve communicating with said hydraulic cushion to open;
      said pressure relief valve having means biasing it to closed position
      until the hydraulic force acting upon its valve end exceeds that acting
      upon its head end by a predetermined amount.
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ABST
PAL  A multi-piece mould, and a method of constructing it, for moulding wire
      reinforced rubber articles; the mould comprises material having a greater
      coefficient of expansion than said wire, and having a gasket of
      thermoplastic material which soften at the temperature of moulding,
      provided between at least two adjacent mould pieces, whereby during
      moulding the gasket is caused to flow by the expanding mould pieces and
      thereby compensate for the expansion of the mould material, of which the
      following is a specification.
BSUM
PAR  This invention relates to moulds and particularly to moulds for use in the
      manufacturing of wire reinforced rubber articles.
PAR  Previously, moulds for manufacturing wire reinforced rubber articles have
      generally been constructed from metals such as steel. The disadvantages of
      this type of mould are that they are expensive and heavy thereby causing
      difficulty in assembling and dismantling of such moulds.
PAR  The disadvantage of moulds constructed from suitable lighter and relatively
      inexpansible materials e.g. fibre glass is that their coefficients of
      expansion are greater than the coefficient of expansion of the wires, so
      that large stresses occur in the mould and the wires during heating.
PAR  According to the invention, apparatus for moulding wire reinforced rubber
      articles comprises a moulding surface said surface being a peripheral
      surface of a multipiece mould, said mould being constructed of a material
      having a greater coefficient of expansion than said wire, at least one
      spacer element being provided between at least two adjacent mould pieces,
      said element comprising a material which is thermoplastic and softens at
      the temperature of said moulding, whereby during the moulding said element
      is caused to flow by the expanding mould pieces and thereby compensate for
      the expansion of the mould material.
PAR  According to a further aspect of the invention, a method of constructing a
      multi-piece mould for use in manufacturing wire reinforced rubber articles
      comprises building said mould pieces of a material having a greater
      coefficient of expansion than said wire and providing at least one spacer
      element between at least two adjacent mould pieces, said element
      comprising a material which is thermoplastic and softens at the
      temperature of said moulding, whereby during use of the mould in moulding
      an article said element is caused to flow by the expanding mould pieces
      and thereby compensate for the expansion of the mould.
PAR  Preferably the material having a greater coefficient of expansion than the
      wire is a fibre glass/resin composite.
PAR  The material of the spacer element may be of a wide range of thermoplastic
      materials and may suitably be, for example, a thermoplastic polyolefin
      such as polyethylene.
PAR  The multi-piece mould can be of any desired shape but is preferably of
      cylindrical or barrelled shape and is preferably provided on its axially
      outer edges with means for securing wires of the wire reinforced article.
      The mould may be provided with means to facilitate its being rotatably
      mounted.
PAR  The mould may, for example, be a mould for use in moulding wire reinforced
      shaping diaphragms and more particularly shaping diaphragms for use in
      shaping radial ply pneumatic tyre carcasses.
PAR  A mould in accordance with the invention will now be described by way of
      example only with reference to the accompanying drawings:
PAR  FIG. 1 shows a sectional view of part of a radial ply pneumatic tire
      shaping diaphragm according to the invention.
PAR  FIG. 2 shows a diagrammatic plan view of the location of wires in the
      diaphragm shown in FIG. 1.
PAR  FIGS. 3A, 3B, and 3C shows a half axial cross-section of a mould in
      accordance with the invention.
PAR  FIGS. 4A and 4B show a half axial cross-section view of another mold in
      accordance with the invention.
PAR  The mould 1 is for use in moulding a wire reinforced rubber diaphragm, and
      comprises two frusto-conical pieces 2 and 3 and a cylindrical centre piece
      4. Each of the pieces 2, 3 and 4 consists of eight segments and is made of
      a fibre glass/resin composite material.
PAR  In modification of the mould (not shown) the outer peripheral surface 5 of
      the centre piece 4 has a convex shape to ensure the continuity of shape of
      the diaphragm in conjunction with the frusto-conical outer peripheral
      surfaces 6 and 7 of the pieces 2 and 3 respectively.
PAR  The mould pieces 2, 3 and 4 are each provided with webs for example 8, 9
      and 10 respectively, which help to support and strengthen the pieces and
      also facilitate the joining of the segments making up pieces, the joint
      being secured by nuts and bolts 12 passing through holes 11 in the webs.
PAR  The mould pieces 2, 3 and 4 are each provided at both ends with flanges 13,
      13a; 14, 14a; and 15, 15a respectively. The provision of the stepped
      flanges 15, 15a on the centre piece 4 and the complementary stepped
      flanges 13 and 14 on pieces 2 and 3 respectively facilitates the accurate
      location of the pieces 2 and 3 with respect to the centre piece 4. The
      pieces 2 and 3 with respect to the centre piece 4. The pieces 2 and 3 are
      secured to the centre piece 4 by means of nuts and bolts 16 which, in
      addition, secure spacer elements in the form of polyethylene gaskets 17 in
      position between the mould pieces 2 and 3 and the centre piece 4. Spew
      holes 18 are provided in the centre piece 4 of the mould, to enable
      softened polyethylene to be extruded from between the mould pieces 2, 3
      and 4 by the expansion of the mould pieces 2, 3 and 4 during moulding of
      the diaphragm.
PAR  Metal tubes 19 are also provided to allow water from condensed steam to
      flow into the mould centre piece 4 during moulding. The water collecting
      in the bottom of the mould centre piece 4 being syphoned off by syphon
      tubes 20, the operating steam pressure forcing the water through the tubes
      20.
PAR  In the assembled condition of the mould, the mould is also provided with
      hubs 21, end rings 22 and outer rings 23. An axle can be introduced into
      the hubs 21 thus enabling the mould 1 to be rotatably mounted.
PAR  The end rings 22 are of complementary shape to the flanges 13a and 14a of
      the pieces 2 and 3 respectively to facilitate the accurate location of
      said end rings 22, on the mould, said end rings 22 being secured to the
      flanges by screws 24. The end rings 22 are provided with ribs 25, which
      are provided with slots, each slot being a locating means for a wire
      during the building of the diaphragm on the surfaces 5, 6 and 7. Similarly
      ribs 26 which are provided on the end rings 22, are provided with notches,
      each notch being a locating means for the nippled ends of pairs of wires
      during the building of the diaphragm on the surfaces 5, 6 and 7.
PAR  The hubs 21 and outer rings 23 are attached to the end rings 22 by means of
      screws 27 and 28 respectively. The outer rings 23 are provided with
      axially extending flanges 29 which extend over the end rings 22. Spew hole
      30 and spew groove 31 are respectively provided in the outer rings 23 and
      between the end rings 22 and mould pieces 2 and 3.
PAR  In operation, the mould pieces 2, 3 and 4 are assembled with the gaskets 17
      in position. If necessary, small pieces of polyethylene can be inserted in
      the spaces 32 to assist assembly of the mould 1. The end rings 22 are
      secured to the pieces 2 and 3 and the hubs 21 are secured to the end
      rings. An axle is introduced through the hubs 21.
PAR  A first layer of rubber is applied to the outer peripheral surfaces 5, 6
      and 7 of the mould 1, the layer ending axially inwardly of the ribs 25.
      Wires, each end of each of which being provided with a nipple, are then
      positioned, on said first layer of rubber, in a plane which passes through
      the axis of rotation of said mould 1, each wire being located in its
      individual slots in the ribs 25. Pairs of wire ends are then located in
      the notches provided in ribs 26, the nipples of said wires abutting the
      axially outer surfaces 35 of the ribs 26, said surfaces 35 being cam
      shaped. The pairs of wires are then individually tensioned by the use of
      metal pads 33, positioned between the wires in the notches, and grub
      screws inserted into screw holes 34. Thus the nipples of said wires are
      forced axially outwardly by said cam surfaces 35 without any damage being
      sustained by the pairs of wires.
PAR  A second layer of rubber is then applied over the wires, said layer
      extending over the ribs 25 and 26. The outer rings 23 are then secured to
      the end rings 22, the flanges 29 of said outer rings 23 ensuring that the
      ends of the assembled diaphragm are securely held during moulding.
PAR  After moulding, the axle and the hubs 21 are removed and the remainder of
      the assembly is supported by the outer rings 23, each flange 29 of which
      rests on two rollers. The mould 1 is then collapsed and the diaphragm
      removed, the end rings 22 now being integral with the diaphragm, collapse
      of the mould 1 being facilitated by the segmental construction of the
      mould pieces 2, 3 and 4 the segments being shaped so that they may be
      removed through the interior of the mould 1.
PAR  In a modification, in order to reduce the possibility of the polyethylene
      gaskets 17 flowing onto the moulding surfaces 5, 6 and 7 during moulding
      strips of material e.g. shim steel can be wrapped around the moulding
      surfaces to cover the openings. In addition, the amount of polyethylene in
      the annulus may be reduced.
PAR  In a further preferred embodiment of the invention the gaskets 17 are
      dispensed with, and spacer elements in the form of small pieces of
      polyethylene are inserted into spaces 32. To ensure that the rubber of the
      diaphragm does not flow, during moulding, into the spaces left by the
      gaskets 17 strips of shim steel are wrapped around the mould to cover the
      spaces. This embodiment ensures that the polyethylene is not near the
      moulding surfaces and also reduces the amount of polyethylene used.
PAR  The construction of a diaphragm moulded on the mould according to the
      invention is described below.
PAR  The diaphragms are wire-reinforced rubber shaping diaphragms, particularly
      the cylindrical or barrel shaped diaphragms for shaping green pneumatic
      tires or tire carcasses from a substantially cylindrical shape to the
      toroidal shape of a finished tire.
PAR  According to the invention, an annular wire reinforced rubber shaping
      diaphragm comprises a layer of rubber in which a plurality of individual
      wires are embedded, said wires being disposed substantially at right
      angles to the mid-circumferential plane of the diaphragm, and an end ring
      at each axially outer edge of said diaphragm, each end of each wire being
      anchored to its respective end ring.
PAR  The word "rubber" as used in this specification denotes any suitable
      curable elastomeric material.
PAR  The diaphragm preferably comprises a diaphragm for shaping radial ply
      pneumatic tires.
PAR  The diaphragm may be provided with at least one valve communicating between
      the interior of the diaphragm and a surface of the diaphragm which comes
      into contact with an article to be shaped thereon to assist in the shaping
      and removal of said article.
PAR  Each end of each of said wires may be provided with an enlargement, said
      enlargement preferably being in the form of a nipple, to assist in
      anchoring said wires to said end rings.
PAR  The end rings may be provided with at least one circumferentially extending
      rib, said rib being provided with axially extending slots in which said
      wires can be located.
PAR  The effective length of each said wires may be adjustable, and is
      preferably adjustable by the provision of washers on each of said wires,
      the removal of which effectively lengthens each of said wires.
DRWD
PAR  A diaphragm according to the invention will now be described, by way of
      example only, with reference to the accompanying informal drawings of
      which:
PAR  FIG. 1 shows a sectional view of part of a radial ply pneumatic tire
      shaping diaphragm according to the invention, and
PAR  FIG. 2 shows a diagrammatic plan view of the location of wires in the
      diaphragm shown in FIG. 1.
DETD
PAR  The barrel shaped diaphragm 1 comprises two layers of rubber 2 and 3
      between which are located individual wires 4, each wire being provided
      with an enlargement in the form of a nipple 5 at each end. The ends of the
      wires 4 are anchored in end rings 6a and 6b which are provided with
      circumferentially-extending ribs 7 and 8, provided with axially-extending
      slots 9 and 10 respectively (see FIG. 2) in which the wires 4 are located.
      Each end ring 6a and 6b is provided with axially-extending holes 11 for
      the location of bolts when the diaphragm 1 is assembled with a tire
      shaping machine.
PAR  The diaphragm 1 is provided with two diammetrically-opposite valves 12,
      only one of which is shown, each valve being provided with a bore 13
      extending coaxially therewith connecting the interior 14 of the diaphragm
      1 with the shaping surface 15 of said diaphragm 1.
PAR  The method of wiring said diaphragm 1 will now be described with reference
      to FIG. 2.
PAR  Each of the wires 4 are provided with washers 16 which allow the length of
      each wire 4 to be adjusted by the removal of said washers 16.
PAR  One end of a first wire 4a is located in slot 10a of the end ring 6a, being
      held in place by a grub screw 17 and is then located in slots 9a and 9b
      one slot in each end ring 6a and 6b respectively. The other end of said
      wire 4a is located in slot 10b in the other end ring 6b, the length of aid
      wire 4a being adjusted by removal, if necessary, of washers 16. A metal
      pad 18 (see FIG. 1) is placed over the wire 4a to hold it in position. A
      second wire 4b is then located over the metal pad 18 in slot 10b and a
      grub screw 17 inserted until the correct tension is obtained in the wire
      4a, the tensioning of the wires 4 being assisted by the ribs 8 which are
      provided with a cam surface 19 (see FIG. 1) on their axially outer
      surface, which surface 19 engages the nipples 5 and force the wires 4
      axially outwardly of the diaphragm 1 as the grub screws 17 force the wires
      4 radially inwardly of said diaphragm. The wire 4b is then located in
      slots 9c and 10c respectively, the tensioning procedure then being carried
      out using a metal pad 18, wire 4c and a grub screw 17. This procedure is
      carried out until the necessary number of wires are located around the
      circumference of the end rings 6a and 6b.
PAR  The construction of the diaphragm comprising integral end rings obviates
      the necessity of providing split rings in which the axially outer edges of
      previously known diaphragms, i.e. of the type shown in the tire shaping
      apparatus disclosed in U K Pat. No. 932 792, were located when the
      diaphragms were assembled with a shaping apparatus. With the diaphragm of
      the invention the end rings can be connected directly to the shaping
      apparatus.
CLMS
STM  Having now described our invention what we claim is:
NUM  1.
PAR  1. Apparatus for moulding wire reinforced rubber articles comprising a
      moulding surface said surface being a peripheral surface of a multi-piece
      mould, said mould being constructed of a material having a greater
      coefficient of expansion than said wire, at least one spacer element being
      provided between at least two adjacent mould pieces, said element
      comprising a material which is thermoplastic and softens at the
      temperature of said moulding, whereby during the moulding said element is
      caused to flow by the expanding mould pieces and thereby compensate for
      the expansion of the mould material.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said material having greater
      coefficient of expansion than the wire is a fibre glass/resin composite.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the thermoplastic material from
      which said element is formed comprises a themoplastic polyolefin.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said thermoplastic polyolefin is
      polyethylene.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said multi-piece mould is of
      substantially cylindrical shape.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said multi-piece mould is of
      substantially barrelled shape.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said multi-piece mould comprises
      two end pieces and a centre piece.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said end pieces are
      frusto-conical in shape and said central piece is cylindrical in shape.
NUM  9.
PAR  9. Apparatus according to claim 7 wherein said element is located at least
      one between each end piece and the centre piece.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said element comprises small
      pieces of said material located between each end piece and the central
      piece whereby during moulding of the diaphragm said elements are caused to
      flow by the expanding mould pieces and thereby compensate for expansion of
      the mould.
NUM  11.
PAR  11. Apparatus according to claim 9 wherein said element comprises an
      annular gasket located between each end piece and the central piece
      whereby during moulding of the diaphragm said gaskets are caused to flow
      by the expanding mould pieces and thereby compensate for expansion of the
      mould.
NUM  12.
PAR  12. Apparatus according to claim 7 wherein a strip of material is wrapped
      around the opening between mould pieces whereby during moulding the
      material of the element is prevented from flowing on to the mould surface
      or rubber is prevented from flowing into said openings.
NUM  13.
PAR  13. Apparatus according to claim 1 wherein said multi-piece mould is
      provided with means to facilitate it being rotatably mounted.
NUM  14.
PAR  14. Apparatus according to claim 5 wherein said multi-piece mould is
      provided on its axially outer edges with means for securing said wires of
      the article.
NUM  15.
PAR  15. Apparatus according to claim 6 wherein said multi-piece mould is
      provided on its axially outer edges with means for securing said wires of
      the article.
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ABST
PAL  Cast panels for building assembly and erection are formed and cured through
      the use of an apparatus which particularly facilitates high rates of
      production of such panels and thereby facilitates more economical building
      construction practices. Fluid materials being cast into panels are
      received within forms which comprise a cured concrete bed defining a
      horizontal planar surface maintained at an elevated temperature. Following
      curing of the fluid materials cast into the forms, stripping of the panels
      from the form is facilitated by vertically movable side forming members
      and by bulkheads separating the cured materials into predetermined panel
      lengths.
PARN
PAR  This application is a division of copending application Ser. No. 186,837
      filed Oct. 6, 1971.
BSUM
PAR  The development of construction practices which satisfactorily employ
      precast panels of materials such as concrete has included the development
      of arrangements and methods for forming and curing such panels. Typically,
      the arrangements used heretofore provide a forming means for receiving
      fluid materials, such as concrete mixes of Portland cement or the like,
      aggregate and water being cast into panels. Concrete delivered as a fluid
      material and cast into a form to produce panels typically requires some
      interval of time before curing to such a strength that the panel may be
      handled as a monolithic structure. One practice heretofore followed was to
      permit the poured concrete to remain in the form until it had cured to the
      extent required to provide the necessary structural strength. This
      practice was quickly recognized as requiring an excessively long time in
      the form and thereby severly limiting the production rate of precast
      panels.
PAR  In efforts to decrease the time required to cure a panel, steam and the
      like has been introduced into pipes to heat fluid materials being cast
      into panels. However, the resultant thermal shock on admission of the
      steam has required that the forming means employed be constructed of
      metal, usually steel. This reliance upon metallic forming means heated by
      steam introduces several difficulties including the need to maintain the
      metal forming means in a suitably clean and rust free condition, the
      relatively high capital cost of such an arrangement, and a lack of
      flexibility in producing panels having varying characteristics.
PAR  It is an object of the present invention to form and cure panels cast of a
      fluid material such as concrete mix and the like in accordance with a
      method and through the use of an apparatus which overcome the difficulties
      and deficiencies of prior practices. In accomplishing this object of the
      present invention, reliance is placed upon use of a forming means defining
      a lengthy elongate bed which is maintained at an elevated temperature and
      which may be subdivided lengthwise to produce panels of varying
      dimensions. Further, the forming means of the present invention comprises
      a cured concrete bed defining a horizontal planar surface for supporting
      fluid material being cast into panels, which cured concrete bed may be
      placed into operation at a capital expenditure markedly below that
      required for prior metallic forming means. In using the cured concrete
      bed, the present invention obviates the possibility of thermal shock
      damage to the cured concrete bed by maintaining the bed at an elevated
      temperature.
PAR  Yet a further object of this invention is to facilitate the release of a
      cured precast panel from a forming means. In accomplishing this object of
      the present invention, reliance is placed upon side forming members
      arranged to move vertically for a short distance with the panel being
      stripped from the forming means and thereafter to return to the normal
      operative position by falling away from the panel being stripped. In
      accordance with this invention, the side forming means return to the
      operative position following stripping of the panel from the forming means
      and thereby facilitate more rapid recycling of the forming means for
      production of additional panels.
PAR  Another object of the present invention is to facilitate the production of
      panels of any desired lengths through the subdivision of an elongate
      forming means with bulkhead members. By the positioning of bulkhead
      members at desired spaced locations, panels of any desired length may be
      formed in the elongate forming means. Further, the bulkheads dividing
      adjacent panels, in accordance with this invention, freely release such
      panels to be stripped from the forming bed and thereby facilitate more
      rapid recycling of the forming means and greater rates of production for
      cast panels.
DRWD
PAR  Some of the objects and advantages of the invention having been stated,
      others will appear as the description proceeds, when taken in connection
      with the accompanying drawings, in which
PAR  FIG. 1 is a perspective view of an apparatus in accordance with this
      invention, partly broken away and partly schematic;
PAR  FIG. 2 is an enlarged perspective view of a portion of the apparatus in
      accordance with this invention, taken generally along the line 2--2 in
      FIG. 1, showing the forming means as prepared for receiving fluid material
      being cast into panels;
PAR  FIG. 3 is a view similar to FIG. 2, illustrating the stripping of a cast
      and cured panel from the apparatus of this invention;
PAR  FIG. 4 is an enlarged perspective view, partially broken away and partially
      in section, taken generally along the line 4--4 in FIG. 1;
PAR  FIG. 5 is a view similar to FIG. 4, illustrating a further step in the
      method of this invention for forming and curing panels; and
PAR  FIG. 6 is an exploded perspective view, in reduced scale, of a bulkhead
      illustrated in FIGS. 4 and 5.
DETD
PAR  In the detailed description which follows, reference will be had to the
      illustrative embodiment of this invention shown in the accompanying
      drawings. While the accompanying drawings and the detailed description are
      set forth in order that this invention may be readily and fully understood
      by persons skilled in the construction trades and in the forming and
      curing of cast concrete panels, it is contemplated that a person skilled
      in such arts may apply the present disclosure to apparatus and methods not
      disclosed in detail herein. For this reason, the accompanying drawings and
      the following detailed description are to be taken as illustrative only
      and not as limiting upon the scope of this invention.
PAR  The present invention contemplates the use of forming means generally
      indicated at 10 for receiving fluid materials such as concrete mix being
      cast into building panels to be used in the erection and assembly of
      building structures. Panels of this general class are known to persons
      engaged in the construction trades and have been disclosed in various
      previously issued patents, to which reference may be had for other and
      further disclosures. In accordance with an important feature of the
      present invention, the forming means 10 comprises a cured concrete bed 11
      defining a horizontal planar surface for supporting concrete being cast
      into panels as disclosed more fully hereinafter. Preferably, the cured
      concrete bed 11 is of substantial length, as on the order of 150 to 300
      feet long, and is of a width predetermined to produce a desired modular
      panel height, such as four feet to eight feet. For purposes of
      accommodating manufacture of panels using the cured concrete bed 11, a
      conventional cast concrete building floor 12 may surround the bed 11 if
      desired, with it being preferred that a suitable thermal insualtion
      barrier 13 be interposed between the surrounding factory floor 12 and the
      cured concrete bed 11.
PAR  In accordance with an important feature of this invention, the cured
      concrete bed 11 has positioned therewithin electrical resistance heating
      elements 14, cast in situ during initial formation of the cured concrete
      bed 11. By means of an appropriate electrical or electronic thermostatic
      control 15 and connection with a source of electrical current, such as
      conventional line power, the electrical resistance heating elements 14
      embedded in the cured concrete bed 11 may be maintained at an elevated
      temperature sensed within the bed by the control 15, cooled slowly to an
      ambient temperature, or heated slowly to the desired elevated temperature.
      The heating effect of the electrical resistance elements 14 is to be
      distinguished from the heating effects heretofore obtained by means of
      steam flowing through piping systems, in that the slower rate of change
      obtained by the electrical heating elements 14 avoids the thermal shock
      which occurs where steam is employed as a source of heat for curing of
      cast concrete.
PAR  Extending longitudinally of the cured concrete bed 11 and on either side
      thereof are side form means generally indicated at 16. Each of the side
      form means 16 includes an elongate stationary support member 18 mounted
      from the work floor 12 to extend adjacent but in spaced relation to the
      cured concrete bed 11. In the form illustrated, the elongate members 18
      are of channel cross-section and are supported by spaced triangular
      upright members 19. Engaging with the channel members 18 are slip side
      forms 20 of generally box-like cross-sectional configuration. Each side
      slip form 20 has a configured side to form a tongue or groove in a panel
      cast thereagainst and an elongate projecting lip portion 20a extending
      from the upper surface thereof to overlie the upper extremity of a
      cooperating channel member 18 (FIG. 2). By means of the engagement of the
      side slip form 20 with the channel member 18, the side forms are normally
      maintained in spaced relation one from another extending longitudinally of
      the cured concrete bed 11.
PAR  It is to be noted that the dimensions of the side slip forms 20, the cured
      concrete forming bed 11 and the factory floor 12 are such that the
      horizontal planar surface defined by the cured concrete bed 11 is elevated
      a short distance above the adjacent factory floor 12. Further, the cured
      concrete bed 11 incorporates side edge reinforcing members 21, such as
      elongate angle iron members, which extend along the outer upper
      longitudinal edges thereof to assist in guarding against impact damage to
      the bed 11. The side slip forms 20 (when in the position of FIG. 2)
      terminate closely adjacent the angle members 21 so as to provide a seal
      therewith against the flow of fluid material being cast and thereby
      prevent the concrete mix from escaping from the forming means.
PAR  It is contemplated that texture may be imparted to a panel being cast in
      the forming means of this invention by the inclusion of a form liner. By
      way of illustration only, a form liner 22 is shown in FIG. 2 which would
      impart to a panel cast thereagainst a decorative appearance simulating
      hand laid masonry such as brick. While the form liner 22 or other similar
      structures may be preferred for some applications of the apparatus of this
      invention, it is contemplated that such a form liner may be present or
      absent as may be desired or considered necessary.
PAR  Adjacent each terminal end of the elongate forming means which comprises
      the cured concrete bed 11 and the side form means 16 are positioned
      reinforcement securing bulkhead arrangements generally indicated at 24. In
      each instance, the reinforcement securing arrangements comprise a
      plurality of generally upright abutment members 25 which preferably extend
      downwardly a substantial distance into the factory floor 12 and are
      thereby securely anchored against tension forces directed longitudinally
      of the cured concrete bed 11. By means of transverse force distributing
      member 26, a plurality of cables 28 or the like are accommodated in
      extending longitudinally of the cured concrete bed 11. In accordance with
      conventional prestressed concrete construction practices, such cables are
      disposed in the forming means 10 prior to the casting of concrete mix
      thereinto and are placed under longitudinal tension by means of hydraulic
      jacks or the like before panel casting proceeds.
PAR  Prior to pouring concrete mix or the like into the bed 10 to form cast
      panels, the substantial length of the bed is subdivided longitudinally by
      disposition therein of bulkhead means as generally indicated at 29. Each
      bulkhead means 29 includes upper and lower plate members 30, 31 (FIGS.
      4-6) and side plate members 33, 34. Each of the side plate members has a
      plurality of upwardly opening notches 35 therein, for accommodation of
      tensioned reinforcing cables 28 (FIGS. 4 and 5). In preparation for
      casting of panels into the apparatus 10, lower plate members 31 are
      positioned along the cured concrete bed 11 at predetermined spaced
      intervals desired for the length of panels to be formed, such as 10 or 20
      feet. Thereafter, the side plate members 33, 34 are positioned on the
      lower plate members 31 in generally upright positions and upper plate
      members 30 are assembled with the side members to form a closed box for
      each bulkhead means 29. By such formation of a closed box, introduction of
      concrete to be cured into the space within the bulkhead means 29 is
      precluded.
PAR  Following forming and curing of panels, the upper plate members 30 are
      removed to permit access to the cables 28 which are severed to free
      adjacent cast panels (FIG. 5).
PAR  On stripping of a panel from the apparatus 10 (FIG. 3), the side form means
      16 and the bulkhead means 29 cooperate to facilitate quick return of the
      apparatus 10 to the condition required for the next subsequent cycle of
      casting. In particular, the side slip forms 20 rise with the panel being
      stripped from the bed 11 to such an extent as to free tongue and groove
      projections and recesses formed in the upper and lower side edges of the
      panels. The side slip forms 20 then move outwardly away from the panel and
      fall back down to the operative position. Similarly, the upper extremities
      of the side plate members 33, 34 of the bulkhead means 29 move away from
      the ends of the panel, toppling backward to a more nearly horizontal
      position due to engagement of lower lips 33a, 34a thereof with channel
      members 31a, 31b of the lower plate member 31. It is to be noted that
      channel members are also provided on the upper plate member 30 to assure
      proper spacing of the side plate members 33, 34 during casting of a panel.
PAR  In practicing the method disclosed herein electrical current is delivered
      through the control 15 to the resistance heating elements 14 embedded in
      the cured concrete bed 11, in order to slowly heat the bed to a desired
      operating temperature such as approximately 180.degree.F. When slowly
      heated to such an operating temperature, thermal shock to the cured
      concrete of the bed 11 is avoided while the temperature of the bed is
      elevated to such a degree as to contribute to accelerated curing of
      concrete poured thereonto. Reinforcing cables 28 are positioned to extend
      for the length of the forming bed and are placed under proper tension.
      Bulkhead means 29 are positioned at appropriate spaced intervals to
      subdivide the length of the elongate bed into individual panel lengths.
PAR  With the bed prepared for casting, suitable concrete delivery equipment
      (not to be disclosed herein in detail) is traversed from one end of the
      bed to the other, as along rails 38, 39 extending adjacent the cured
      concrete bed 11. Fluid material such as a concrete mix is deposited into
      the forming bed, to encase the reinforcing cables 28, to assume the shape
      imparted by any form liner 22, the side slip forms 20 and the bulkhead
      means 29. Due to the elevated temperature of the cured concrete bed 11,
      curing of the concrete poured into the bed proceeds more rapidly than
      would be the case if ambient temperature alone was relied upon.
      Thereafter, upon the concrete becoming cured to such a degree as to have
      the necessary strength, the cables 28 are cut and individual panels are
      lifted upwardly from the forming apparatus 10 and transported to a
      construction sit or to a storage yard.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for forming and curing cast panels comprising:
PA1  an elongate bed defining a horizontal planar surface for supporting
      material being cast,
PA1  side form means for facilitating stripping of a cast panel and including a
      pair of stationary support means extending parallel and in spaced relation
      to said bed and a pair of slip form means engaging corresponding ones of
      said support means for movement vertically relative to said bed and said
      support means between a forming position wherein material cast between
      said slip form means is retained therebetween and an elevated release
      position wherein a cast panel may be stripped from said apparatus, and
PA1  a plurality of bulkhead means disposed transversely between said side frame
      means for dividing material cast into said apparatus into a plurality of
      discrete panel lengths, each said bulkhead means being defined by a
      plurality of discrete plate members including a lower plate member, a pair
      of side plate members supported on said lower plate member and an upper
      plate member normally overlying said pair of side plate members, said
      plate members having stop means for normally arranging said plate members
      to define a hollow box structure, said stop means including inwardly
      directed lip portions of said side plate members and members extending
      vertically from said upper and lower plate members for engaging said lip
      portions and each of said side plate members being pivotally movable
      relative to the corresponding lower plate member upon removal of the
      corresponding upper plate member between an upright forming position
      whrein material being cast is retained and a tilted release position
      wherein a cast panel may be stripped from said apparatus.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said elongate bed comprises a
      body of cured concrete and further wherein the apparatus comprises means
      for accelerating curing of material supported on said elongate bed and
      including electrical heating means embedded in said body of cured concrete
      for raising the same to an elevated temperature, whereby said cured
      concrete body is protected against damage otherwise possibly occuring due
      to excessively high rates of temperature change.
NUM  3.
PAR  3. Apparatus according to claim 1 further comprising reinforcement securing
      bulkhead means disposed in alignment with and at the opposite ends of said
      bed for receiving terminal end portions of tensioned reinforcing members
      disposed in said apparatus in preparation for panel casting.
NUM  4.
PAR  4. A combination according to claim 1 wherein said slip form means have
      opposing vertical faces configured for shaping panel edges into matingly
      engaging surfaces and further wherein movement of said slip form means to
      said elevated release position accommodates extraction of said panel edges
      from said slip form means.
NUM  5.
PAR  5. A combination according to claim 1 wherein said slip form means have
      horizontal projecting portions overlying said corresponding ones of said
      support means and coupling therewith for facilitating return of said slip
      form means to said forming position following stripping of a cast panel
      from said apparatus.
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ABST
PAL  In the formation of cylindrically shaped heat regenerators from ceramic
      honeycomb structures for use in gas turbine engines, a gas-impervious seal
      of the peripheral honeycomb cells and a high strength outer ring are
      formed simultaneously in an apparatus which provides for surrounding the
      outer wall of the honeycomb structure with a castable ceramic composition
      suitable for forming the outer ring, contacting a peripheral area of the
      upper surface of the honeycomb structure defining a predetermined number
      of peripheral cell openings with a (different) ceramic slurry composition,
      evacuating the honeycomb cells whose openings are contacted with the
      slurry composition through corresponding openings in the lower surface of
      the honeycomb structure in order to promote flow of the slurry into the
      evacuated cells, thereby forming a gas impervious seal of these peripheral
      cells, while simultaneously vibrating the honeycomb structure and castable
      composition in order to promote flow and intimate contact of the castable
      composition with the outer wall of the structure, thereby to form an outer
      adherent layer of the castable composition on the wall of the structure.
      After drying, the honeycomb structure with the filled peripheral cells and
      the outer adherent layer of ceramic may be fired in the conventional
      manner to convert the structure to a unified ceramic regenerator having a
      sealed outer ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ceramic forming techniques and more particularly
      relates to an apparatus and method for forming a sealed outer ring for a
      ceramic honeycomb structure.
PAR  Due to the inherent fragility of ceramic honeycomb structures and to the
      fact that they must be driven externally in many cases, (for example, a
      cylindrical regenerator for a gas turbine engine must be continuously
      rotated through hot and cold gas streams), the need arises for an outer
      ring of higher strength than the honeycomb structure. Several approaches
      to this problem have been taken in the prior art, including for example
      forming the outer ring as one or more separate parts and gluing these
      parts to the honeycomb structure with special glues or other compositions
      as exemplified by U.S. Pat. No. 3,251,403 or placing stressed metal bands
      around the outside of the structure as exemplified by U.S. Pat. No.
      3,081,822. In addition to the strength requirement, the outermost or
      peripheral cells of the honeycomb structure must be closed in some manner
      to form an effective seal while the regenerator is operating in order to
      prevent the leakage of gas from the desired flow path in the gas turbine
      engine.
PAR  While these operations have been performed separately up to the present
      time, it would be desirable to be able to form these rings for strength
      and for sealing in one unitary operation, in order to render the
      production process more economical and commercially feasible.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention an apparatus is provided in which an outer
      supporting ring and an inner sealing ring for ceramic honeycomb structures
      are formed simultaneously. This is achieved by providing: a first
      reservoir for the structure and a castable ceramic composition surrounding
      the outer wall of the honeycomb structure; a second reservoir for a
      (second) ceramic slurry composition to contact a first surface of the
      structure defining honeycomb cell openings; means for temporarily sealing
      all but a predetermined number of peripheral cell openings in the first
      surface; and means for simultaneously evacuating the cells in order to
      promote flow of the slurry composition into the unsealed peripheral cells
      and for vibrating the structure in order to promote flow and intimate
      contact of the castable ceramic composition with the outer wall of the
      structure, thereby to seal the peripheral cells and to form an outer
      adherent layer of green ceramic on the wall of the structure.
PAR  While the apparatus and method of the invention are primarily useful in the
      formation of sealed outer rings for cylindrically shaped ceramic
      regenerators for use in gas turbine engines, it will be appreciated that
      structures having shapes other than cylindrical may also be advantageously
      treated in accordance with the teachings of the invention. For example
      ceramic recuperators having honeycomb structures and having rectangular or
      other cross sections may be treated in a manner analogous to the teachings
      of the present invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view partly in section of one embodiment of an
      apparatus in accordance with the invention;
PAR  FIG. 2 is a front elevation view partly in section of a portion of an
      apparatus similar to that of FIG. 1, but showing a preferred construction
      of the sealing ring for the slurry reservoir; and
PAR  FIG. 3 is a front elevation view partly in section of a portion of an
      apparatus similar to that of FIG. 1, but showing a preferred construction
      of a sealing ring for the bottom portion of the casting reservoir.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown one embodiment of the apparatus of
      the invention in which reservoir 10 is provided for holding a castable
      ceramic composition which may or may not exhibit thixotropic properties.
      By thixotropic is meant that upon the introduction of mechanical
      agitation, the ceramic undergoes a marked change in viscosity. The use of
      such casting compositions is well understood in the art and a detailed
      description is unnecessary to an understanding of the invention. The
      castable reservoir has a bottom portion 12 which defines a circular
      opening whose diameter is the same as or slightly larger than the diameter
      of the regenerator to be processed, and also has side walls 14 of a height
      at least equal to the thickness or outer wall height of the regenerator.
      The reservoir and regenerator are set on a supporting member 16 including
      a perforated or wire mesh portion 18 at least equal to the diameter of the
      regenerator cross section. This perforated or wire mesh portion should
      have sufficient strength to support the castable reservoir and regenerator
      but should have sufficient openings to permit the free flow of air or
      other gas. This supporting member 16 is in turn placed upon a vacuum box
      20 having an outlet 22 connected to a vacuum source not shown. This vacuum
      box is in turn supported upon a vibrator 24, which may be of any
      conventional (e.g., mechanical or ultrasonic) type known in the art. A
      second reservoir 26 for containing a ceramic slurry composition is
      comprised of an outer layer 28 for structural strength and an inner
      sealing layer 30 of rubber or other suitable material and contains fill
      spout 32 for the introduction of slurry to the reservoir. The reservoir is
      of the same or slightly smaller diameter than the regenerator cross
      section in order to provide a snug fit between the reservoir and the
      regenerator outer wall and to prevent leakage of slurry into the castable
      composition reservoir. A blocking sheet 34 is placed upon the upper flat
      surface of the regenerator in order to prevent contact of the slurry
      composition with all but a predetermined number of peripheral cell
      openings which are desired to be sealed and impregnated. This blocking
      sheet could be of rubber, plastic, or other suitable material or in the
      alternative the upper portions of these cells could be filled with
      paraffin, bees wax, or other resin or organic material which could be
      removed by volatilization at moderate temperatures. It will now be seen
      that as a vacuum is created in vacuum box 20 the peripheral cells to be
      sealed become evacuated through wire mesh member 18, thereby promoting the
      flow of ceramic slurry composition into these cells. A porous material
      such as filter paper or cloth is interposed as layer 36 between the
      regenerator and the wire mesh member 18. This material permits evacuation
      of the cells but substantially prevents leakage of the slurry material
      from the cells to be impregnated and sealed.
PAR  Referring now to FIG. 2 in which common elements are numbered as in FIG. 1
      there is shown an alternate construction of the sealing ring 30 for slurry
      reservoir 26. This sealing ring in cross section has a tapered side
      permitting the flow of slurry composition into the outermost peripheral
      cells of the honeycomb structure while also permitting the flow of
      castable composition to the upper extremities of the outer wall of the
      regenerator. In addition this construction permits accommodating a variety
      of different sized regenerators of circular cross section
PAR  Referring now to FIG. 3 in which common elements are numbered as in FIG. 1,
      there is shown an alternate construction for the bottom portion 12 of
      castable reservoir 10 in which a sealing ring is provided around the edge
      of the opening defined by bottom portion 12. The construction is similar
      to that of FIG. 2 in that the cross section of the sealing ring is tapered
      to permit flow of the castable composition to the lower extremities of the
      regenerator wall and also to permit evacuation of the outermost peripheral
      cells of the regenerator in order to promote flow of slurry down into
      these cells. The thickness of bottom portion 12 and of sealing ring 38
      could be extended so that the cross section of sealing ring 38 would be
      similar to that of sealing ring 30 of FIG. 2, whereby reservoir 10 could
      accommodate regenerators of various sizes. Alternatively, means could be
      provided for adjusting the size of the bottom opening.
PAR  In operation, once the combined effect of the vacuum and vibrator have
      caused the flow of slurry into the outer cells and the flow of castable
      ceramic composition around the outer wall of the regenerator, both the
      vacuum and the vibrator are turned off, the excess casting and slurry
      composition drained from the apparatus and the wet ceramic materials
      allowed to set. The upper portion of the apparatus can then be lifted up
      by the support member 16 and placed into a drying oven to remove excess
      moisture. Following this, the structure may be fired in the conventional
      manner to convert it to a unitary ceramic body including the inner
      honeycomb structure whose outer cells are now impregnated and sealed and
      the outer support ring.
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above-described drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming a gas-impervious ceramic seal within a
      predetermined number of the peripheral cells of a ceramic honeycomb
      structure having first and second opposing surfaces defining the cell
      openings and having an outer wall surrounding the cells, while
      simultaneously forming a ceramic layer on the outer wall, the apparatus
      comprising:
PA1  a. a first reservoir adapted to receive the structure and a castable
      ceramic composition, the reservoir having a bottom portion defining an
      opening corresponding in shape to the cross section of the structure and
      having an area at least equal to the area of the first surface, and having
      side walls of a height at least equal to the height of the outer wall of
      the structure;
PA1  b. first removable gas-impervious slurry-impervious contact means adapted
      for gas-impervious contact with a central portion of the second surface,
      for forming a temporary vacuum seal of the central portion cells, and
      leaving the peripheral cells exposed;
PA1  c. a second reservoir adapted for positioning atop the structure and having
      outer walls adapted for contact with the outer walls of the structure, for
      maintaining a ceramic slurry composition in contact with the exposed cells
      of the second surface;
PA1  d. second removable gas-pervious slurry-impervious contact means adapted
      for contact with at least the cell openings of the first surface
      corresponding to the exposed cell openings of the second surface;
PA1  e. vacuum means positioned below the second contact means in contact
      therewith, adapted for evacuating the exposed peripheral cells through the
      second contact means, to promote flow of slurry into the evacuated cells,
      thereby to at least partly impregnate and seal these cells against gas
      flow; and
PA1  f. vibrator means positioned below the vacuum means and in contact
      therewith for vibrating the apparatus to promote flow of the casting and
      slurry compositions.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the second reservoir comprises a ring
      having an outer rigid layer and an inner resilient layer whose inside
      dimensions are less than the dimensions of the first surface of the
      regenerator structure whereby the reservoir is capable of forming a vacuum
      seal with the upper portion of the outer wall of the regenerator.
NUM  3.
PAR  3. The apparatus of claim 2 in which the inner resilient layer of the
      second reservoir has a tapered cross section increasing in thickness from
      the bottom to the top of the reservoir wall, whereby the reservoir is
      capable of being substantially supported by the outer edge of the
      regenerator wall thereby to promote the flow of slurry composition into
      the outermost peripheral cells of the honeycomb structure and to promote
      the flow of castable ceramic composition to the outermost portions of the
      wall of the regenerator.
NUM  4.
PAR  4. The apparatus of claim 1 in which the second removable
      gas-pervious/slurry impervious contact means comprises a first layer of a
      flexible porous material selected from the group of materials consisting
      of paper and cloth, and a second layer of perforated rigid support
      material in contact therewith.
NUM  5.
PAR  5. The apparatus of claim 1 in which a sealing ring is attached to the
      inner edge of the opening defined by the bottom portion of the first
      reservoir for the castable ceramic composition, whereby the reservoir is
      capable of forming a vacuum seal with the lower portion of the outer wall
      of the regenerator.
NUM  6.
PAR  6. The apparatus of claim 5 in which the sealing ring has a tapered cross
      section increasing in thickness from the upper surface to the lower
      surface of the bottom portion of the casting composition reservoir.
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ABST
PAL  An apparatus for the continuous filtration and flow of molten thermoplastic
      polymer from a melt source to a shaping apparatus. The apparatus is
      characterized by the employment of a melt reservoir whose level is
      regulated by a level control means. Melt flow to the shaping apparatus is
      regulated by the level control means which controls the flow rate from the
      melt source as a function of the level in the melt reservoir.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  1. Field of the Invention
PAR  The instant invention is directed to an apparatus for continuous filtration
      and flow of molten thermoplastic polymer. More specifically, the instant
      invention is directed to an apparatus for continuous filtration and flow
      of molten thermoplastic polymer from a melt source to a shaping apparatus.
PAR  2. Background of the Prior Art
PAR  The employment of molten thermoplastic polymers in the production of such
      large usage applications as man-made fibers, polymeric films and the like
      represents immense volume activity. In most applications the second
      processing step in this procedure, subsequent to melt formation, but prior
      to the shaping of the melt into a fiber, film or the like is the
      filtration of the melt to eliminate foreign particles, and more
      importantly, to provide a homogeneous melt. A homogeneous melt assures
      that gels, impurities or other degradation products formed in the
      polymerization step are removed. Gels, degradation products and the like,
      as those skilled in the art are aware, result in the formation of inferior
      grade polymeric shaped articles.
PAR  In a typical thermoplastic melt filtration system two filter means are
      disposed in parallel configuration. The extruded molten polymer is
      typically directed into one of two lines by means of a three-way valve or
      the like. Each of the two lines is provided with a replaceable filter
      means. When the filter life of the filter means is expired due to plugging
      etc., the valve is turned and flow is directed to the second branch line
      equipped with a new filter means. While this second filter means is
      operating, the first filter means is replaced with a fresh filter and this
      replacement process is repeated as necessary. In this way, the costly
      process of shutting down the fiber or film forming process to replace
      filters is eliminated.
PAR  Although this procedure results in a process that eliminates complete
      shutdown, this process of the prior art has inherent disadvantages which
      results in substantial loss of product and oftentimes shutdown of
      production.
PAR  To understand the disadvantages of the prior art it is necessary to review
      the apparatus and process that are currently employed in thermoplastic
      melt processing. In the prior art, an extruder or the like extrudes a
      stream of molten thermoplastic polymer to a three-way valve. The three-way
      valve is provided with three positions -- a closed position, a position
      providing flow to a first line provided with a filter means and a third
      position providing flow to a second line also provided with a filter
      means. The three-way valve also can be set to intermediate positions,
      permitting flow to both parallel branch lines. In the normal operation of
      the prior art process, the three-way valve is set to provide thermoplastic
      melt flow through one of the two lines. In this prior art process the two
      branch lines, each provided with a replaceable filter means, come together
      downstream of the filters, meeting to form an inlet of a four-way valve.
      The outlet of the four-way valve communicates with a conduit in
      communication with the inlet of a shaping apparatus such as a spinneret, a
      die or the like where the melt is formed into a shaped article.
PAR  In the operation of the prior art process, a filter is replaced by
      initially moving the upstream three-way valve a slight amount so that some
      of the melt flow is diverted to the second line although the predominant
      melt flow is still directed through the first line, the line containing
      the filter that must be replaced. This results in the filling of the
      second line. With the parallel disposed first and second lines full with
      polymer the prior art process calls for the upstream three-way valve to be
      moved to a position which provided equal melt flow to the first and second
      lines. At this point the downstream valve is moved for the first time, so
      that instead of the first line being in communication with the shaping
      apparatus, and the second line communicating with a vent, communication is
      made between the second line and the shaping apparatus while the first
      lines communicate with the vent. Finally, with the downstream valve moved
      to provide communication with the second line containing the fresh filter,
      the upstream three-way valve is turned to provide sole communication
      between the melt source and the second line.
PAR  Although the above-described procedure represents the optimum manipulation
      of flow regimes for the process and apparatus of the prior art, the step
      in which the downstream valve is moved to provide communication between
      the on-coming line, having the new filter, and the shaping apparatus
      presents serious disruption in the normal operation of the shaping
      operation, i.e., film formation, fiber forming, etc. During the turning of
      the downstream valve the valve moves through a position in which all flow
      of the thermoplastic melt to the shaping apparatus is cut-off. As those
      skilled in the art are aware, a melt pump which moves thermoplastic melt
      from a melt source to a shaping apparatus is provided with safety controls
      which automatically cuts off flow when a critical pressure is reached. The
      momentary cut-off of melt flow to the shaping apparatus often causes a
      build-up of pressure in excess of the critical pressure resulting in an
      automatic shutdown of the pump. This results in a situation analagous to
      the position that was obtained before the introduction of the prior art
      process. That is, the apparatus must be completely shutdown and restarted,
      with a resultant serious loss of product and time, whenever a filter
      change is made.
PAR  Although the above result is most common, oftentimes the pump does not
      cutout so that no shutdown results. However, even this result causes
      serious problems in that there is still a discontinuity in the polymeric
      melt flow. Often this causes the formation of bubbles which usually result
      in a break in the shaped article upon the imposition of a stretching. A
      break results in a shutdown of production. Even, if no bubbles are formed,
      that is, in the best possible case, which is not usual, there is a
      decrease in the melt mass rate of flow resulting in a thinning of the
      formed sheet or a decrease in the diameter of the formed filament as the
      case may be. This causes an off-specification product at best or a tear in
      the shaped article at worse.
PAR  The above prior art operation of the process and apparatus for filtration
      of a thermoplastic melt between a melt source and a shaping apparatus not
      only results in serious processing difficulties, but moreover, results in
      inferior shaped article product. This is postulated to be caused by the
      frequent shutdown of the system which is postulated to cause residual melt
      in the lines. This melt, due to complex conditions, polymerizes to form
      gels and the degradation products. Upon restartup of the system the melt
      flow entrains these gels, many of which ultimately appear in the shaped
      article. This is especially true if the gels form downstream of the
      filters in the parallel branch lines.
PAR  The above description of the present prior art process indicates a need for
      a new improved apparatus for filtering and moving a thermoplastic melt
      between a melt source and a shaping apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an apparatus which overcomes the
      disadvantages of the process and apparatus of the prior art. This is
      accomplished by the replacement of the four-way downstream valve of the
      prior art with a melt reservoir apparatus which permits changeover from
      one parallel line provided with an exhaused filter to another parallel
      line provided with a fresh filter without any disruption in flow to the
      shaping apparatus. This eliminates the serious processing problems of the
      prior art associated with filter replacement in thermoplastic melt lines.
      It also results in an improved melt product as manifested by improved
      shaped article products.
PAR  In accordance with the instant invention an assembly is provided for the
      continuous filtration and transport of a thermoplastic melt from a melt
      source to a shaping apparatus. The assembly includes a melt source
      providing a continuous flow of a thermoplastic melt. A diverting means,
      disposed downstream of the melt source, provides communication between the
      melt source and at least two parallel conduits. Each of the parallel
      conduits is provided with a replaceable filter means to filter the
      thermoplastic melt stream. The assembly furthermore includes a melt
      reservoir downstream of and in communication with each of said parallel
      conduits into which the filtered melt flow. A level controlling means
      controls the output of the melt source to ultimately provide a uniform
      rate of melt flow downstream to the shaping apparatus. The level
      controlling means regulates flow in response to the level in the melt
      reservoir. The melt exits the reservoir by the motive force provided by a
      positive displacement pumping means. The pumping means is disposed
      downstream of the melt reservoir to transmit a constant flow to a shaping
      apparatus, disposed downstream of said reservoir and provided to shape the
      thermoplastic melt, supplied to it at a constant rate, into a shaped
      article.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The instant invention may be better understood by reference to the
      accompanying drawings of which:
PAR  FIG. 1 is a schematic flow diagram of the process of the instant invention;
PAR  FIG. 2 is another schematic flow diagram of the process of the instant
      invention;
PAR  FIG. 3 is still another schematic flow diagram of the process of the
      instant invention; and
PAR  FIG. 4 is a schematic representation of the melt reservoir and melt pump of
      the instant invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings in detail, the process and apparatus of the
      instant invention is directed to a thermoplastic polymeric melt processing
      apparatus for transporting and filtering a thermoplastic melt from a melt
      source to a shaping apparatus. The apparatus assembly is generally
      indicated at 1 and includes a melt source 10. The melt source 10 is
      preferably an extruder that emits a stream of thermoplastic melt. In an
      alternate preferred embodiment the melt source 10 comprises a
      polymerization vessel in which the product of the reaction is a
      thermoplastic melt.
PAR  The thermoplastic melt exiting the melt source 10 is transmitted by
      suitable conduit means to a diverting means 12 disposed downstream
      thereof. The diverting means 12 provides communication for the melt stream
      from the source 10 to at least two parallel branch lines. The diverting
      means 12 in the preferred embodiment is a three-way valve which provides
      communication between the melt source 10 and either of one or two parallel
      branch lines in communication with said three-way valve. Alternately, in
      another preferred embodiment, the diverting means 12 comprises a pump
      disposed at the upstream end of each parallel branch line. The operation
      or non-operation of these pumps supplies or stops flow respectively to
      that branch. In still another preferred embodiment of this invention, each
      branch line is provided with a valve at the upstream end thereof. The
      opening or closing of this valve once again regulates flow to that branch
      line.
PAR  In the preferred embodiment illustrated in FIG. 1, two parallel branch
      lines, designated by reference numerals 13 and 15 are shown. Each parallel
      branch is provided with a removable filter. The filters, disposed
      downstream of the pump or valves if either of these preferred embodiments
      of a diverting means 12 are employed (not shown in FIG. 1), are in a
      preferred embodiment, fine porosity sintered metal filters. Two such
      filters 14 and 16 are provided in the filtering assembly 1, one each in
      each parallel branch 13 and 15 respectively. In general, one filtering
      unit is provided in each parallel branch and there are as many filtering
      units as there are parallel branch lines provided.
PAR  The parallel branch lines all come together at the inlet of a melt
      reservoir. In illustrated assembly 1, the two parallel branches 13 and 15
      merge into melt reservoir 18. The melt reservoir 18 is more particularly
      depicted in FIG. 2. It comprises, in a preferred embodiment, a closed
      vessel provided with a plurality of inlet standpipes, equal in number to
      the number of parallel lines feeding into it. In assembly 1 there are two
      standpipes 17 and 19 in communication with conduit lines 13 and 15
      respectively. It should be emphasized that the melt flowing into the
      reservoir 18 enters at the approximate melt level 21. This is significant
      in that the outlet conduit 23 is disposed at the bottom of the reservoir
      18. Thus, extended holding time of the melt 21 in the vessel is prevented.
      This system insures a first in, first out flow regime. By this arrangement
      cooling or further polymerization of the melt with the resultant formation
      of solids or gels is minimized.
PAR  Another important design characteristic of the melt reservoir 18
      incorporated to prevent the formation of gels and other degradation
      products is the employment of an inert atmosphere in the reservoir. As
      those skilled in the art are aware, many thermoplastic melts are subject
      to oxidative degradation in the presence of a reactive gas such as the
      oxygen present in air. To overcome this problem the reservoir is closed
      with a suitable sealed cover 31. A source of an inert gas is provided
      through conduit 32 to provide an inert gas blanket 33 over the melt level
      in the reservoir 18. A pressure control means 34 comprising, in a
      preferred embodiment, a pressure relief valve is provided to maintain a
      fixed pressure in the reservoir. As shown in FIG. 2 the control means 34
      may include pressure indicating means, i.e., a pressure gauge 37.
PAR  An additional feature necessary to retain a closed vessel free of oxidizing
      air is a plurality of sealing means, one of said sealing means disposed in
      each of the standpipes. The sealing means, in one preferred embodiment a
      ball valve, is located outside the vessel. Obviously, an open line would
      permit the inert gas to bleed out of the melt reservoir. In the embodiment
      illustrated in FIG. 2 two valves 35 and 36 are shown disposed in inlet
      standpipes 17 and 19 respectively.
PAR  It should be appreciated that inlet means provided in the melt reservoir by
      the illustrated standpipes 17 and 19 may be as effectively provided by
      another preferred embodiment. That is, a plurality of side inlets, each
      inlet in communication with a parallel branch line, may be employed. In
      that case the side branch inlets are located at about the melt level
      height in the reservoir.
PAR  The assembly 1 is provided with a level controlling means 26 in
      communication with the melt reservoir. The level controlling means 26
      senses the level in the melt reservoir 18 and sends a signal in proportion
      to the level in the reservoir. Thus, a signal is generated to increase the
      melt flow to the reservoir 18 in the event that the level 21 is below the
      pre-set level. Also a signal to decrease the melt flow to the melt
      reservoir 18 is generated when the melt level 21 is above the pre-set
      level.
PAR  In a preferred embodiment the level controlling means 26 is a nuclear level
      gauge controller. Another controlling means that may be employed is a
      differential pressure level controller.
PAR  The signal generated by the level control means 26 is, in a preferred
      embodiment, in electrical communication with the melt source 10. Thus, a
      signal to increase the level in the melt reservoir 18 may activate an
      extruder to increase its speed so as to increase the melt flow. Similarly,
      the melt output from a continuous polymerizer may be increased as a result
      of the signal transmitted by the level controller. The opposite result may
      also be effected in a signal from the controller indicating too high a
      level in the melt reservoir.
PAR  The assembly 1 further includes a positive displacement pumping means 20
      disposed downstream and in communication with the melt reservoir 18
      through outlet conduit 23. As those skilled in the art are aware, a
      positive displacement pump provides a constant output. Thus, a constant
      rate of thermoplastic melt is pumped downstream from the melt reservoir 18
      by the pumping means 20.
PAR  The melt is conveyed downstream by way of conduit 27 toward the shaping
      apparatus. In a preferred embodiment illustrated in the drawings a
      polishing filter 22 may be disposed in the line connecting the melt
      pumping means 20 and the shaping apparatus. This filter has as its purpose
      the removal of large gels and degradation products that may form
      downstream of the primary filters 14 and 16. The polishing filter 22 is
      preferably the same type of filter as the primary filter 14 and 16, that
      is, a sintered metal filter. However, the polishing filter is coarser and
      preferably filters out impurities in the range of above 30 microns or
      larger. It should be noted that the fine size primary filters 14 and 16
      preferably filter out smaller size particles in the range of about 10 to
      15 microns or larger.
PAR  The preferably refiltered melt is thereafter conducted, by means of conduit
      27, to a shaping apparatus 24. The shaping apparatus is a generic term for
      an apparatus that shapes the thermoplastic melt into the shape of the
      desired solidified shaped article. The shaping apparatus 24 is a die, in
      the event that the shaped article is a film. In a second preferred
      embodiment, the shaping apparatus 24 is a spinneret when the shaped
      article to be produced is a filament. Other shaping devices may also be
      used when other types of shaped articles are to be produced.
PAR  In operation, a thermoplastic melt, provided at the melt source 10, is
      conveyed through a suitable conduit to the diverting means 12. The
      diverting means 12 provides communication, during normal production, with
      one of at least two parallel branch lines. Each of the branch lines, such
      as those depicted at 13 and 15, is equipped with a removable and
      replaceable primary filter such as those illustrated at 14 and 16, that
      preferably filters out gels, degradation products and foreign particles
      having a size equal to or more than 10 to 15 microns. It is noted that
      while melt flows through one of the branches, the other branches, having
      exhausted filters, are replaced without the necessity of any downtime.
PAR  The filtered melt is conveyed from the parallel branch line, for example 13
      or 15, to the melt reservoir 18 by a standpipe, such as that illustrated
      at 17 or 19, which communicates with the downstream end of the branch line
      13 or 15 respectively. The standpipe, 17 or 19, extends to about the melt
      level 21 so that the melt in the reservoir 18 leaves the reservoir prior
      to the incoming melt emitting from the standpipe.
PAR  The level in the melt reservoir 18 is maintained constant by a level
      controlling means 26. The level controlling means senses the melt level 21
      continuously. If the level is low, say the level is at 21 l, the level
      controlling means 26 sends a signal which activates the melt source 10 to
      provide additional melt to bring the melt level back up to 21. Similarly,
      the melt rate of flow from the melt source is diminished in the event the
      melt level rises to say 21 h. For example, a nuclear gauge may be
      stationed around the reservoir 18 to continuously measure the melt level
      21 and thus control the melt source output.
PAR  In order to prevent oxidation and degradation of the melt in the melt
      reservoir 18 the space above the melt level 21 is filled with a
      pressurized inert gas. It is preferred that the inert gas be nitrogen
      mainly because of its low price. Of course, any other inert gas may also
      be employed without any decrease in effectiveness.
PAR  In order to further insure against degradation a sealed cover 31 is
      provided at the top of the reservoir 18. As a safety precaution a pressure
      relief valve 34 and gauge 37 are provided to insure against
      overpressurization. A gas supply conduit 32 is provided to maintain the
      pressurized inert atmosphere.
PAR  In order to maintain the inert pressurized atmosphere the valves disposed
      at the upstream end of the standpipes outside the reservoir 18 are all
      closed save the valve in the operating standpipe, that is, the standpipe
      in which the melt is flowing. Thus, in the diagrammed embodiment, when
      melt enters the reservoir through standpipe 17 valve 35 is opened and
      valve 36 is closed.
PAR  The melt exits the reservoir 18 through outlet 23 by means of a positive
      displacement pumping means 20, the inlet of which communicates with the
      outlet end of conduit 23. As those skilled in the art are aware the
      positive displacement pumping means 23 provides a constant output. Thus,
      by maintaining a constant head, by means of a constant level in the melt
      reservoir 18, the supply to the pumping means 20, which in a preferred
      embodiment is a gear pump is constant. There is no buildup in pressure and
      the assembly operates without interruption. Obviously, the rate of
      production can be increased or decreased by changing the speed of the
      pumping means 20. This obviously causes an increased or decreased melt
      rate to the shaping apparatus 24. In addition, the decreased or increased,
      respectively, level in the reservoir 18 caused thereby is immediately
      sensed by the level controlling means 26 which signals the melt source 10
      to increase or decrease the melt output to restore the nominal level in
      the melt reservoir 18.
PAR  The melt continues downstream through the discharge end of the pumping
      means 20 through conduit 27 to a shaping apparatus 24 where it issues
      forth as a molten shaped article. In a preferred embodiment, it is
      preferred to provide a secondary filter 22 to remove gels or other
      degradation products that may form downstream of the primary filter, i.e.,
      filters 14 or 16.
PAR  To better appreciate the advance in the art provided by the process and
      apparatus of this invention a description of the operation of the assembly
      during a filter change is described below. In this operation, melt flow is
      transferred from a line containing an almost spent filter to another
      parallel branch line provided with a fresh filter.
PAR  Turning again to the drawings, assuming that filter 14 is almost completely
      spent the operation entails transferring thermoplastic melt flow through
      line 15 containing new filter 16. The first step is to adjust the
      diverting means 12, in a preferred embodiment a three-way valve, from its
      position providing communication between the melt source 10 and the branch
      conduit 13 to a position in which a small fraction of the flow is diverted
      to branch line 15. This position of the diverting means 12 is maintained
      until the line 15 is completely filled with polymeric melt. It should be
      appreciated that this operation may be provided by means of separate pumps
      or valves provided in each parallel branch if these other preferred
      embodiments are utilized. At this instant there is a momentary decrease in
      flow rate to the reservoir 18 since melt is employed to fill the
      previously open line, in this case conduit 15. However, unlike the prior
      art process and apparatus where this momentary decrease in flow caused by
      the decreased output from conduit 13 has a serious adverse effect, in this
      invention this results in a slight decrease of the melt level of reservoir
      18 which is immediately sensed by the level controlling means 26. The
      controlling means 26 immediately signals the melt source 10 to increase
      the melt output to immediately bring back the melt level in reservoir 18
      from say 21 l to 21 without any interruption in the output from the gear
      pump 20.
PAR  Returning now to the changeover sequence, upon filling of parallel conduit
      15, the diverting means 12 is adjusted to provide equal flow to both the
      previously employed and the soon to be used branches, in this case
      branches 13 and 15 respectively. This occurs at an increased melt output
      rate, which is required to bring back the level in the reservoir to its
      original height 21. It should be noted that in addition to the melt volume
      that is required to fill line 15, additional volume of melt must be made
      up for the amount that remains in the spent filter 14 and in the line 13.
      Of course, after this melt volume is made up by the increased melt output
      from the melt source 10, the melt output is automatically readjusted to
      its previous flow rate. As stated above this occurs when the melt level in
      the reservoir 18 rises to its previous height. With the pump 20 running at
      its usual output rate the diverting means 12 is again adjusted to provide
      complete melt flow to parallel branch line 15, thus completing the
      transfer of melt flow from the spent filter line 13.
PAR  The following examples are provided to illustrate the process and apparatus
      of this invention.
PAC  EXAMPLE 1
PAR  A series of runs were made in the production of polyethylene terephthalate
      film. Polyethylene terephthalate film production is illustrative of the
      processing of a thermoplastic melt from a melt source, here an extruder,
      to a shaping apparatus in this case a die to produce a shaped article, a
      thermoplastic film.
PAR  In one set of runs a series of 700 master rolls of polyethylene
      terephthalate film were produced by the prior art process. This process
      included the use of a four-way valve in communication with the downstream
      end of two parallel conduits, each provided with a replaceable filter.
      Each of the master rolls was inspected to determine the gel level.
PAR  The gel level is defined as the number of gels, foreign particles or
      degradation products having a large enough size to make the film
      containing said gel level unacceptable as a computer tape substrate.
      Obviously, a 0 gel level is the optimum desirable product. However, in
      polyethylene terephthalate film having a minimum number of gels per unit
      area is acceptable for computer tape usage. As those skilled in the art
      are aware, a polyethylene terephthalate film used as a computer tape
      substrate has one of the most severe quality specifications, that is, a
      very low acceptable gel level of any polyethylene terephthalate film
      application.
PAR  The 700 master rolls were inspected and the results were tabulated to
      indicate the gel level of each of the master rolls produced. The two most
      significant results indicate that approximately 25 percent of the master
      rolls had a 0 gel level and about 62 percent of the master rolls passed
      the most stingent quality test for computer tape usage.
PAR  The test was repeated with a sample of 250 master rolls produced in
      accordance with the process and apparatus of the instant invention. In
      this test polyethylene terephthalate film was produced in accordance with
      the process and apparatus depicted in FIGS. 1 and 2. Thus, in this test
      the melt reservoir, and level controlling means, controlling melt source
      output, were employed. Again the results of the inspection of these 250
      master rolls were tabulated. The most noteworthy results again are the
      percentage of the rolls in which a 0 gel level was observed, and the
      percentage of rolls in which a passible rate for computer tape application
      was attained. In this case about 63 percent of the rolls exhibited a zero
      gel level while approximately 92 percent of the 250 rolls had a gel level
      within acceptable limits for computer tape usage.
PAR  These results are totally unexpected in view of the standard view that
      holds that molten polymer, even under the greatest precautions, results in
      partial degradation of the polymer with inevitable increase in gel level.
      Not only does this conventional theory not apply but the result is
      opposite, unexpectedly much improved over the prior art.
PAC  EXAMPLE 2
PAR  During the production of polyethylene terephthalate film over a period of
      several weeks, employing the prior art method and apparatus, a record was
      kept of the average downtime, that is, the average period of time that
      film production had to be completely stopped, for a filter change. This
      average value included those cases in which no downtime was necessary. It
      was found that every filter change required a complete downtime of about 2
      hours. The same test was repeated during the production of several hundred
      master rolls employing the process and apparatus of this invention. During
      this period there was no appreciable downtime for a filter change.
PAC  EXAMPLE 3
PAR  During the production of the polyethylene terephthalate film made in
      accordance with the process and apparatus of the prior art, described in
      Examples 1 and 2, as well as in accordance with the instant invention,
      also described in Examples 1 and 2, records were kept of the time required
      after a filter change to get back to quality production. That is, the time
      required for film production to return to a gel level at least as low as
      that required for use in the most rigorous quality specification, that is,
      computer tape usage was recorded. It was found that the time period,
      employing the process and apparatus of the instant invention, was one half
      the time required in the process and apparatus of the prior art.
PAR  The description of the preferred embodiments and examples given above are
      meant to be illustrative of the scope and spirit of the instant invention.
      These preferred embodiments and examples will make apparent other
      embodiments and examples within the scope and spirit of the invention
      described herein. These other embodiments and examples, made apparent by
      this description, within the scope and spirit of this invention, are
      within the contemplation of this invention. Therefore, the invention
      should only be limited by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for the continuous filtration and transport of a
      thermoplastic melt from a melt source to a shaping apparatus comprising:
PA1  a melt source providing a continuous flow of a thermoplastic melt;
PA1  a diverting means disposed downstream of said melt source providing
      communication for said melt between said melt source and at least two
      parallel disposed conduits;
PA1  at least two parallel disposed conduits, each provided with a removeable
      filter means, wherein said thermoplastic melt stream is filtered;
PA1  a melt reservoir in communication with the downstream end of each of said
      parallel conduits, said reservoir providing a pool for storage of a fixed
      volume of said filtered thermoplastic melt;
PA1  a level controlling means, in control communication with said melt
      reservoir and said melt source said level controlling means regulating the
      melt output of said melt source as a function of the level in said melt
      reservoir to insure a uniform melt flow to said melt reservoir;
PA1  a positive displacement pumping means in communication with the outlet of
      said reservoir, said pumping means providing the motive force to provide a
      uniform rate of flow of said melt to a shaping apparatus; and
PA1  said shaping apparatus in communication with the discharge out of said
      positive displacement pumping means, for shaping said thermoplastic melt,
      which flows into said shaping apparatus at a uniform rate, into a shaped
      article.
NUM  2.
PAR  2. An assembly in accordance with claim 1 including a polishing filter
      disposed in the conduit providing communication between said positive
      displacement pumping means and said shaping apparatus, said polishing
      filter provided for the removal of impurities formed downstream of said
      filters disposed in said parallel conduits.
NUM  3.
PAR  3. An assembly in accordance with claim 1 wherein said melt source is a
      polymerization reactor.
NUM  4.
PAR  4. An assembly in accordance with claim 1 wherein said melt source is a
      melt extruder.
NUM  5.
PAR  5. An assembly in accordance with claim 1 wherein said diverting means is a
      three-way valve.
NUM  6.
PAR  6. An assembly in accordance with claim 1 wherein said removable filter
      means, disposed on said parallel conduits, comprises fine porosity
      sintered metal filters.
NUM  7.
PAR  7. An assembly in accordance with claim 6 wherein said fine porosity
      sintered metal filters remove from said thermoplastic melt gels,
      degradation products and foreign particles having a size in excess of 10
      to 15 microns.
NUM  8.
PAR  8. An assembly in accordance with claim 1 wherein each of said parallel
      conduits discharge said melt into said melt reservoir at a height in said
      reservoir equivalent to the melt level in said reservoir.
NUM  9.
PAR  9. An assembly in accordance with claim 8 wherein said melt reservoir is
      provided with a plurality of standpipes, equal in number to the number of
      parallel conduits feeding into said melt reservoir, each one of said
      standpipes connected to one of said parallel conduits, said standpipes
      having an outlet for flow of said thermoplastic melt at approximately the
      melt level in said reservoir.
NUM  10.
PAR  10. An assembly in accordance with claim 1 wherein said melt reservoir is a
      closed vessel provided with an inert gas atmosphere in the space above the
      melt level.
NUM  11.
PAR  11. An assembly in accordance with claim 1 wherein said level controlling
      means comprises a differential pressure level controller.
NUM  12.
PAR  12. An assembly in accordance with claim 1 wherein said level controlling
      means comprises a nuclear level gauge controller.
NUM  13.
PAR  13. An assembly in accordance with claim 1 wherein said positive
      displacement pumping means comprises a gear pump.
NUM  14.
PAR  14. An assembly in accordance with claim 1 wherein said shaping apparatus
      comprises a die.
NUM  15.
PAR  15. An assembly in accordance with claim 1 wherein said shaping apparatus
      comprises a spinneret.
NUM  16.
PAR  16. An assembly in accordance with claim 1 wherein said diverting means is
      a pump disposed at the upstream end of each of said parallel disposed
      conduits.
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PAL  A spin pack assembly for the extrusion of synthetic filaments. Novel
      features are the polymer flow channels of the breaker plate and spinneret
      plate which comprise a capillary with open ends, the entrance ends of the
      breaker plate and spinneret plate and the exit end of the breaker plate
      defining, respectively, enlarged inlets and outlets, the walls of which
      intersect with adjacent walls to form a closed, interlocking network of
      ridges on the top surfaces of the breaker plate and spinneret plate and on
      the bottom surface of the breaker plate, so as to eliminate areas of low
      or zero velocity flow of polymer and to reduce pressure differences in
      polymer in the breaker plate-spinneret plate area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for the extrusion of synthetic
      filaments. In particular, it relates to a spin pack assembly for the melt
      spinning of artificial filaments from thermoplastic materials such as
      nylon and polyester.
PAR  Although it will be understood from the following description that the
      present invention may be successfully used to produce fibers from various
      materials, it it nevertheless particularly applicable to the production of
      synthetic polymer fibers, and accordingly, stress will be placed on the
      use of polymer in the following description.
PAR  Conventional spin pack assemblies comprise a top cap, a filter assembly
      formed by a series of fine metal gauzes or fine refractory material which
      are held in position by metal retaining gauzes, a perforated breaker plate
      arranged so as to maximize mixing and minimize stagnation of the polymer
      and which supports the metal retaining gauzes of the filter assembly, an
      optional filter positioned next downstream from the breaker plate, a
      spinneret plate provided with shape imparting polymer flow channels and to
      which the melt is passed from the optional filter or directly from the
      breaker plate, and a spin pack body which supports the spinneret plate.
PAR  During the extrusion process within the spin pack assembly, it is important
      that zones of zero or low velocity polymer flow be eliminated so as to
      facilitate the uniform flow under pressure of the polymer. These zones
      occur wherever a flat surface perpendicular to the polymer flow inhibits
      the smooth, downward flow of the polymer, particularly on the top surfaces
      of the breaker plate and spinneret plate and in the breaker
      plate-spinneret plate area. There are only a finite number of shape
      imparting polymer flow channels provided in the breaker plate and
      spinneret plate, and the surface area between these polymer flow channels
      provides a plateau perpendicular to the polymer flow upon which polymer
      can accumulate. The polymer builds up on these plateaus until it forms
      small, semi-stagnant pools which become thermally degraded. These pools,
      or portions thereof, intermittently dislodge themselves from the surface
      area and enter the polymer stream, thus, either causing a break in
      extrusion or contributing to the formation of weak points in the
      filaments.
PAR  Also, the pools, or portions thereof, which do not dislodge themselves from
      the surface area necessitate stopping the extrusion process periodically
      so that they may be removed, and then restarting. Whenever a break occurs
      in the extrusion process, it is usually necessary to spin filaments to
      waste for about 15 minutes before operation returns to normal. This is a
      serious disadvantage economically.
PAR  In the space between the breaker plate and spinneret plate there are
      pressure differences which affect the quality of the extruded polymer
      filaments. When the polymer flow channels of the breaker plate are
      capillaries whose exit is such as to form a right angle with the bottom
      surface of the plate, the polymer stream will deviate from its normal
      downward flow by up to this 90.degree. angle, thus creating pressure
      differences in the breaker plate-spinneret plate area. The greater the
      angle of deviation, the greater the pressure drop. Free polymer flow in
      this area would provide a more nearly equal pressure on the polymer
      entering the spinneret plate.
PAR  The prior art discloses conically shaped inlets to the polymer flow
      channels of the breaker plate and spinneret plate, as well as conically
      shaped outlets from the polymer flow channels of the breaker plate. These
      conically shaped inlets and outlets reduce the surface area upon which
      polymer can accumulate, and additionally, furnish a guiding means for the
      polymer flow. In a plan view of the breaker plate or spinneret plate these
      conically shaped inlets may be represented by an arrangement of circles
      within a bounded area. It is obvious that no matter how closely these
      circles are placed, relatively extensive perpendicular surface area
      remains upon which polymer can accumulate and inhibit a continuous polymer
      sweep.
PAR  Although the conically shaped outlets of the breaker plate disclosed in the
      prior art reduce pressure differences in the breaker plate-spinneret plate
      area by providing a smaller angle of deviation from the normal downward
      polymer flow, they still form an angle with the bottom surface of the
      breaker plate about which the polymer must flow; thus, pressure
      differences still exist. To eradicate them, a greater area of free polymer
      flow must be provided.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a spin pack assembly the essential elements
      of which are a conventional filter assembly, a top cap, a breaker plate, a
      spinneret plate, a sealing means for providing a sealed distribution space
      between the breaker plate and spinneret plate, and a spin pack body. The
      top cap has a means thereon adapted for connection to a polymer source and
      a flow inlet passage which discharges to the interior of a conventional
      filter assembly. The breaker plate has a top and a bottom surface as well
      as a plurality of polymer flow channels. The top surface of the breaker
      plate has a recess upon which the filter assembly is mounted. Each polymer
      flow channel comprises an enlarged inlet, a capillary aperture, and an
      enlarged outlet. The capillary aperture is formed within the breaker
      plate, its top and bottom ends being located, respectively, beneath the
      top surface and above the bottom surface of the breaker plate. The
      enlarged inlet is formed by extending a wall upwardly and outwardly from
      the top end of the capillary aperture until it intersects with adjacent
      walls in a closed, interlocking network of ridges on the top surface.
      Similarly, the enlarged outlet is formed by extending a wall downwardly
      and outwardly from the bottom end of the capillary aperture until it
      intersects with adjacent walls in a closed, interlocking network of ridges
      on the bottom surface. The spinneret plate also has a top and a bottom
      surface as well as a plurality of polymer flow channels. Each polymer flow
      channel comprises an enlarged inlet and a capillary aperture. The
      capillary aperture is formed within the spinneret plate with its top end
      being located beneath the top surface of the spinneret plate. The enlarged
      inlet is formed by extending a wall upwardly and outwardly from the top
      end of the capillary aperture until it intersects with adjacent walls in a
      closed, interlocking network of ridges on the top surface. Means are
      provided for securing the spinneret plate to the breaker plate. A sealing
      means for providing a sealed distribution space between the breaker plate
      and the spinneret plate is located therebetween. The spin pack body has a
      lower shoulder which supports the spinneret plate and also has a means for
      securing it to the top cap. The breaker plate and spinneret plate of the
      present invention are preferably used in conjunction with one another, but
      may be used independently with other spin pack assemblies which are
      conventional in every other sense.
PAR  In a preferred embodiment, the spin pack assembly is used for the
      simultaneous extrusion of multiple end, multifilament, synthetic fiber.
      The essential elements are a divided flow top cap, a divided flow filter
      assembly, a divided flow breaker plate, a divided flow spinneret plate, a
      divided flow sealing means for providing a sealed distribution space
      between the divided flow breaker plate and divided flow spinneret plate,
      and a spin pack body. By divided flow is meant that the spin pack assembly
      has a section through which polymer cannot flow; the height of this
      section is substantially equal to that of the spin pack assembly and the
      width is such as will divide the spin pack assembly to form a visible
      split between the multiple ends as they leave the spin pack assembly. The
      divided flow top cap has means thereon adapted for connection to a polymer
      source and a flow inlet passage which branches to discharge to either side
      of the section. The divided flow filter assembly is a conventional filter
      assembly in every aspect save that it is actually composed of two
      distinct, symmetrical filter packs formed by eliminating the non-polymer
      conducting section from the divided flow filter assembly. The divided flow
      filter assembly is positioned just below the divided flow top cap so that
      the branching flow inlet passage discharges on either side of the section
      to the filter packs. The divided flow breaker plate also is divided into
      two distinct, symmetrical segments by leaving unpierced an area of the
      plate equal in area to the section above described. For convenience,
      reference to one of the segments of the divided flow breaker plate will be
      understood to apply equally to the other segment. Each segment has a top
      and a bottom surface as well as a plurality of polymer flow channels. The
      top surface of the segment has a recess upon which one of the filter packs
      of the divided flow filter assembly is mounted. Each polymer flow channel
      comprises an enlarged inlet, a capillary aperture, and an enlarged outlet.
      The capillary aperture, which is formed within the segment, has a top end,
      a bottom end, and a longitudinal axis; the top and bottom ends are
      located, respectively, beneath the top surface and above the bottom
      surface of the segment. The longitudinal axes of the capillary apertures
      are perpendicular to the surfaces of the segment and are equi-spaced
      within the segment. The enlarged inlet is formed by extending a wall
      upwardly and outwardly from the top end of the capillary aperture until it
      intersects with adjacent walls in a closed, interlocking network of ridges
      on the top surface of the segment. The walls are continuous, smooth
      surfaces of curvature which exhibit a converging pattern while proceeding
      from the top surface to the top ends of the capillary apertures.
      Similarly, the enlarged outlet is formed by extending a wall downwardly
      and outwardly until it intersects with adjacent walls in a closed,
      interlocking network of ridges on the bottom surface of the segment. The
      walls are continuous, smooth surfaces of curvature which exhibit a
      diverging pattern while proceeding from the bottom ends of the capillary
      apertures to the bottom surface. The ridges of the enlarged inlets and of
      the enlarged outlets define a plurality of equilateral polygonal sectional
      areas on their respective surfaces, more specifically, hexagons. The
      length of the capillary aperture is approximately 1.5 times the combined
      depths of the enlarged inlet and of the enlarged outlet; and the measure
      of the included angle formed by the walls of the enlarged inlet and
      enlarged outlet is from 30.degree. to 90.degree., more preferably from
      30.degree. to 60.degree.. By measure of the included angle formed by the
      walls is meant the imaginary intersection at the longitudinal axis of the
      inwardly extended straight lines which connect a ridge to its nearest end
      of the capillary aperture, all within each polymer flow channel. The
      divided flow spinneret plate is divided into two distinct, symmetrical
      segments by leaving unpierced an area of the plate equal in area to the
      section above described. Again, for convenience, reference to one of the
      segments of the divided flow spinneret plate will be understood to apply
      equally to the other segment. Each segment has a top and a bottom surface
      as well as a plurality of polymer flow channels. Each polymer flow channel
      comprises an enlarged inlet and a capillary aperture. The capillary
      aperture, which is formed within the segment, has a top end and a
      longitudinal axis; the top end is located beneath the top surface of the
      segment. The longitudinal axes of the capillary apertures are
      perpendicular to the surfaces of the segment and are equi-spaced within
      the segment. The enlarged inlet is formed by extending a wall upwardly and
      outwardly from the top end of the capillary aperture until it intersects
      with adjacent walls in a closed, interlocking network of ridges on the top
      surface of the segment. The walls are continuous, smooth surfaces of
      curvature which exhibit a converging pattern while proceeding in distance
      from the top surface to the top ends of the capillary apertures. The
      ridges of the enlarged inlets define a plurality of equilateral polygonal
      sectional areas, more specifically, hexagons. The length of the capillary
      aperture is approximately 3.0 times the depth of the enlarged inlet; and
      the measure of the included angle formed by a wall of the enlarged inlet
      is from 30.degree. to 90.degree., more preferably from 45.degree. to
      60.degree.. By measure of the included angle formed by the wall is meant
      the imaginary intersection at the longitudinal axis of the inwardly
      extended straight lines which connect a ridge to the top end of the
      capillary aperture, all within each polymer flow channel. A means is
      provided for securing the divided flow breaker plate to the divided flow
      spinneret plate. A divided flow sealing means for providing a sealed
      distribution space between the segments of the divided flow breaker plate
      and the divided flow spinneret plate is located therebetween. The spin
      pack body has a lower shoulder which supports the divided flow spinneret
      plate, and also has a means provided for securing it to the divided flow
      top cap.
PAR  Accordingly, by reducing the surface area upon which polymer can accumulate
      and by furnishing a guiding means for the polymer flow, zones of low or
      zero velocity polymer flow are reduced to a minimum. Pressure differences
      in the breaker plate-spinneret plate area are further reduced since the
      enlarged outlets of the breaker plate intersect with adjacent outlets in
      ridges on the bottom surface, thus eliminating any substantial angles
      about which the polymer must flow. As a direct consequence, synthetic
      filaments produced according to my invention are of a more uniform
      quality.
PAR  As used herein the word "ridge" connotes the intersection of the converging
      walls of the enlarged inlets of the polymer flow channels and the
      intersection of the diverging walls of the enlarged outlets of the polymer
      flow channels in such a manner as to present a relatively sharp or rounded
      surface to polymer flowing downwardly past said ridges through the spin
      pack assembly.
DRWD
PAR  The invention will be more clearly understood and additional objects and
      advantages will become apparent upon reference to the discussion below and
      to the drawings which are given for illustrative purposes.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. I is a vertical cross section of my spin-pack assembly;
PAR  FIG. II is a perspective view of the divided flow breaker plate;
PAR  FIG. III is a perspective view of the divided flow spinneret plate;
PAR  FIG. IV is an enlarged view of a polymer flow channel of the divided flow
      breaker plate of FIG. II;
PAR  FIG. V is an enlarged view of a polymer flow channel of the divided flow
      spinneret plate of FIG. III:
PAR  FIG. VI is a partial plan view on an enlarged scale of the polymer flow
      channels of FIGS. II and IV, which is identical to the bottom surface of
      the polymer flow channels of FIGS. II and IV;
PAR  FIG. VII is a partial plan view on an enlarged scale of the polymer flow
      channels of FIGS. III and V;
PAR  FIG. VIII is a cross-sectional view taken on the line VIII--VIII of FIG.
      VI; and
PAR  FIG. IX is a cross-sectional view taken on the line IX--IX of FIG. VII.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, wherein a preferred embodiment is illustrated in
      FIG. I, the spin pack assembly of the present invention is designated
      broadly by the numeral 1 and includes, as the major elements thereof,
      divided flow top cap 3, divided flow filter assembly 5, divided flow
      breaker plate 8, divided flow spinneret plate 28, divided flow sealing
      means 42, and spin pack body 44.
PAR  The spin pack assembly 1 of the preferred embodiment is designed for the
      simultaneous extrusion of two multifilament continuous ends 49 and 50. As
      a consequence there is a section 2, which runs substantially the entire
      height of and divides the spin pack assembly 1, through which molten
      polymer cannot flow. This section 2 is wide enough to form a visible
      stripe 51 between the two ends, 49 and 50, after they leave the divided
      flow spinneret plate 28.
PAR  The divided flow top cap 3 has means thereon adapted for connection to a
      polymer source (not shown) and a flow inlet passage 4 which branches to
      discharge to either side of the section 2. The divided flow filter
      assembly 5 is actually composed of two distinct, symmetrical filter packs
      6 and 6', which are derived by eliminating the section 2 from the divided
      flow filter assembly 5. The divided flow filter assembly 5 is positioned
      just below the divided flow top cap 3 so that the branching flow inlet
      passage 4 discharges on either side of the section 2 to the filter packs 6
      and 6'. The filter packs 6 and 6' comprise a conventional series of
      screens which are surrounded by a continuous metal strip for sealing
      purposes, as will be explained below.
PAR  Referring to FIGS. I and II, numeral 8 indicates the body of the divided
      flow breaker plate which is divided into two distinct, symmetrical
      segments 9 and 9' by means of an unpierced stripe 10 equal in area to that
      of the section 2 described above. For convenience, reference to one of the
      segments 9 of the divided flow breaker plate 8 will be understood to apply
      equally to the other segment 9'. Each segment 9 has a top surface 11, a
      bottom surface 12, and a plurality of polymer flow channels 13. The top
      surface 11 has a recess 14 upon which one of the filter packs 6 or 6' of
      the divided flow filter assembly 5 is mounted. Referring now to FIGS. IV,
      VI, and VIII, each polymer flow channel 13 comprises an enlarged inlet 15,
      a capillary aperture 16, and an enlarged outlet 17. The capillary aperture
      16, which is formed within the segment 9, has a top end 18, a bottom end
      19, and a longitudinal axis 20; the top 18 and bottom 19 ends are located,
      respectively, beneath the top surface 11 and above the bottom surface 12
      of the segment 9. The longitudinal axes 20 of the capillary apertures 16
      are perpendicular to the top 11 and bottom 12 surfaces of the segment 9
      and are equispaced within the segment 9. The enlarged inlet 15 is formed
      by extending a wall 21 upwardly and outwardly from the top end 18 of the
      capillary aperture 16 until it intersects with adjacent walls 21 in ridges
      22 to form a closed, interlocking network 23 on the top surface 11 of the
      segment 9. The walls 21 are continuous, smooth surfaces of curvature which
      exhibit a converging pattern while proceeding from the top surface 11 to
      the top ends 18 of the capillary apertures 16. Similarly, the enlarged
      outlet 17 is formed by extending a wall 24 downwardly and outwardly from
      the bottom end 19 of the capillary aperture 16 until it intersects with
      adjacent walls 24 in ridges 25 to form a closed, interlocking network on
      the bottom surface 12 of the segment 9. The walls 24 are continuous,
      smooth surfaces of curvature which exhibit a diverging pattern while
      proceeding from the bottom ends 19 of the capillary apertures 16 to the
      bottom surface 12. The ridges 22 and 25 of, respectively, the enlarged
      inlets 15 and the enlarged outlets 17 define a plurality of equilateral
      polygonal sectional areas 27 on their respective surfaces 11 and 12, more
      specifically hexagons. Alternately, the ridges can define a plurality of
      triangles, squares, etc. The depth of an enlarged inlet 15 or of an
      enlarged outlet 17 is dependent upon three things: the number of polymer
      flow channels 13 within the segment 9; the distance between the
      longitudinal axes 20 of the capillary apertures 16; and the measure of the
      included angle 48 formed by the walls, 21 or 24, of the enlarged inlet 15
      or enlarged outlet 17. By measure of the included angle 48 formed by the
      walls, 21 or 24, is meant the imaginary intersection at the longitudinal
      axis 20 of the inwardly extended straight lines which connect a ridge, 22
      or 25, to its nearest end, 18 or 19, of the capillary aperture 16, all
      within each polymer flow channel 13. Although any number of included angle
      48 measurements are within the scope of my invention, I have found that
      particularly preferable results are achieved with an angle size of
      30.degree. to 90.degree., more optimally from 30.degree. to 60.degree..
      The gross length of a polymer flow channel 13 of the divided flow breaker
      plate 8 ranges from 0.5 to 2.0 inches. The depth of an enlarged inlet 15
      and of an enlarged outlet 17 will determine the length of the residual
      capillary aperture 16. Optimal results are achieved when the length of the
      capillary aperture 16 is approximately 1.5 times the combined depths of
      the enlarged inlet 15 and of the enlarged outlet 17.
PAR  Referring to FIGS. I and III, numeral 28 indicates the body of the divided
      flow spinneret plate which is divided into two distinct, symmetrical
      segments 29 and 29' by means of an unpierced stripe 30 equal in area to
      that of the section 2 described above. Again, for convenience, reference
      to one of the segments 29 of the divided flow spinneret plate 28 will be
      understood to apply equally to the other segment 29'. Each segment 29 has
      a top surface 31, a bottom surface 32, and a plurality of polymer flow
      channels 33. Referring now to FIGS. V, VII, and IX, each polymer flow
      channel 33 comprises an enlarged inlet 34 and a capillary aperture 35. The
      capillary aperture 35, which is formed within the segment 29, has a top
      end 36 and a longitudinal axis 37; the top end 36 is located beneath the
      top surface 31 of the segment 29. The longitudinal axes 37 of the
      capillary apertures 35 are perpendicular to the top 31 and bottom 32
      surfaces of the segment 29 and are equi-spaced within the segment 29. The
      enlarged inlet 34 is formed by extending a wall 38 upwardly and outwardly
      from the top end 36 of the capillary aperture 35 until it intersects with
      adjacent walls 38 in ridges 39 to form a closed, interlocking network 40
      on the top surface 31 of the segment 29. The walls 38 are continuous
      smooth surfaces of curvature which exhibit a converging pattern while
      proceeding from the top surface 31 to the top ends 36 of the capillary
      apertures 35. The ridges 39 of the enlarged inlets 34 define a plurality
      of equilateral polygonal sectional areas 41, more specifically hexagons.
      Alternately, the ridges can define a plurality of triangles, squares, etc.
      The depth of an enlarged inlet 34 is dependent upon three things: the
      number of polymer flow channels 33 within the segment 29; the distance
      between the longitudinal axes 37 of the capillary apertures 35; and the
      measure of the included angle 52 formed by the wall 38 of the enlarged
      inlet 34. By measure of the included angle 52 formed by the wall 38 is
      meant the imaginary intersection at the longitudinal axis 37 of the
      inwardly extended straight lines which connect a ridge 39 to the top end
      36 of the capillary aperture 35, all within each polymer flow channel 33.
      Although any number of included angle 52 measurements are within the scope
      of my invention, I have found that particularly preferable results are
      achieved with an angle size of 30.degree. to 90.degree., more optimally
      from 45.degree. to 60.degree.. The gross length of a polymer flow channel
      33 of the divided flow spinneret plate 28 ranges from 0.5 to 1.5 inches.
      The depth of the enlarged inlet 34 will determine the length of the
      residual capillary aperture 35. Optimal results are achieved when the
      length of the capillary aperture 35 is approximately 3.0 times the depth
      of the enlarged inlet 34.
PAR  Referring again to FIG. I, a divided flow sealing means 42 is placed
      beneath the bottom surfaces 12 of the segments 9 and 9' of the divided
      flow breaker plate 8 and above the top surfaces 31 of the segments 29 and
      29' of the divided flow spinneret plate 28 and provides a sealed
      distribution space therebetween. The divided flow sealing means 42 is
      actually two distinct, symmetrical sealing means 42 and 42', the shapes of
      which are derived by eliminating the section 2 separating them; they may
      be conventional crushable metal seals. Optionally, another divided flow
      filter, the two halves of which are surrounded by a continuous metal
      strip, may be positioned here for further fine filtering before entrance
      to the divided flow spinneret plate 28.
PAR  Referring again to FIG. I, the divided flow spinneret plate 28 is provided
      with a means 43 for securing it to the divided flow breaker plate 8. The
      spin pack body 44 has a lower shoulder 45 upon which the divided flow
      spinneret plate 28 is positioned. The divided flow top cap 3 has separate
      means, 46 and 47, for securing it to, respectively, the spin pack body 44
      and the divided flow breaker plate 8. The operation of my spin pack
      assembly is as follows with reference to FIG. I. Molten polymer flows
      under high pressure into divided flow top cap 3 through flow inlet passage
      4. Flow inlet passage 4 branches to either side of the section 2 to
      uniformly distribute the molten polymer over the filter packs 6 and 6' of
      the divided flow filter assembly 5. From the filter packs 6 and 6' of the
      divided flow filter assembly 5, the polymer flows through polymer flow
      channels 13 provided in the segments 9 and 9' of the divided flow breaker
      plate 8. After passing through the divided flow breaker plate 8, the
      polymer travels through the sealed distribution space provided by the
      divided flow sealing means 42 and 42' to the polymer flow channels 33
      provided in the segments 29 and 29' of the divided flow spinneret plate
      28, from which two multifilament continuous ends, 49 and 50, are spun. An
      optional divided flow filter may be positioned in the sealed distribution
      space provided by the divided flow sealing means 42 and 42' for further
      fine filtering.
PAR  The materials of construction of the apparatus are not critical and may be
      selected from any materials that are known to be satisfactory for the
      extrusion of molten polymer, for example, corrosion resistant steel.
PAR  While the invention has been described primarily in conjunction with the
      extrusion of two ends of continuous multifilament fiber, it is not
      intended to exclude the extrusion of a single end of continuous
      multifilament fiber. Various modifications and other advantages will be
      apparent to one skilled in the art, and it is intended that this invention
      be limited only as set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spin pack assembly for the simultaneous extrusion of multiple end,
      multifilament, synthetic fiber, comprising in combination:
PA1  a. a section through which polymer cannot flow and running substantially
      the entire height of and dividing said spin pack assembly, said section
      being wide enough to form a visible split between said multiple ends as
      they leave said spin pack assembly;
PA1  b. a divided flow top cap having means thereon adapted for connection to a
      polymer source and a branching flow inlet passage discharging to either
      side of said section;
PA1  c. a divided flow filter assembly having two distinct, symmetrical filter
      packs, said filter packs being formed by eliminating said section from
      said divided flow filter assembly, said divided flow filter assembly being
      positioned just below said divided flow top cap so that said branching
      flow inlet passage discharges on either side of said section to said
      filter packs;
PA1  d. a divided flow breaker plate having two distinct, symmetrical segments,
      said segments being formed by leaving unpierced an area equal to that of
      said section from said plate, said segments each having a top and a bottom
      surface and having a plurality of polymer flow channels, each of said top
      surfaces having a recess upon which one of said filter packs of said
      divided flow filter assembly is mounted, each of said polymer flow
      channels having a capillary aperture formed within said segment, said
      capillary aperture having a top end, a bottom end, and a longitudinal
      axis, said top and bottom ends being located, respectively, beneath said
      top surfaces of said segments and above said bottom surfaces of said
      segments, said longitudinal axes being perpendicular to said surfaces and
      being equi-spaced within each of said segments, each of said polymer flow
      channels having an enlarged inlet comprising a wall extending upwardly and
      outwardly from said top end of said capillary aperture, said wall of said
      enlarged inlet intersecting with adjacent walls in a closed, interlocking
      network of ridges on said top surfaces of said segments, said walls being
      continuous, smooth surfaces of curvature which exhibit a converging
      pattern while proceeding from said top surfaces to said top ends of said
      capillary apertures, and each of said polymer flow channels having an
      enlarged outlet comprising a wall extending downwardly and outwardly from
      said bottom end of said capillary aperture, said wall of said enlarged
      outlet intersecting with adjacent walls in a closed, interlocking network
      of ridges on said bottom surfaces of said segments, said walls being
      continuous, smooth surfaces of curvature which exhibit a diverging pattern
      while proceeding from said bottom ends of said capillary apertures to said
      bottom surfaces, said ridges of said enlarged inlets and said ridges of
      said enlarged outlets defining a plurality of equilateral polygonal
      sectional areas on their respective surfaces, said equilateral polygonal
      sectional areas being hexagons, the length of said capillary aperture
      being approximately 1.5 times the combined depths of said enlarged inlet
      and said enlarged outlet, the measure of the included angle formed by said
      walls of said enlarged inlet and said enlarged outlet being from
      30.degree. to 90.degree.;
PA1  e. a divided flow spinneret plate having two distinct, symmetrical
      segments, said segments being formed by leaving unpierced an area equal to
      that of said section from said plate, said segments each having a top and
      a bottom surface and a plurality of polymer flow channels, each of said
      polymer flow channels having a capillary aperture formed in said segment,
      said capillary aperture having a top end and a longitudinal axis, said top
      end being located beneath said top surface, said longitudinal axes being
      perpendicular to said surfaces and being equi-spaced within each of said
      segments, and each of said polymer flow channels having an enlarged inlet
      comprising a wall extending upwardly and outwardly from said top end of
      said capillary aperture, said wall of said enlarged inlet intersecting
      with adjacent walls in a closed, interlocking network of ridges on said
      top surfaces of said segments, said walls being continuous, smooth
      surfaces of curvature which exhibit a converging pattern while proceeding
      from said top surfaces to said top ends of said capillary apertures, said
      ridges of said enlarged inlets defining a plurality of equilateral
      polygonal sectional areas, said equilateral polygonal sectional areas
      being hexagons, the length of said capillary aperture being approximately
      3.0 times the depth of said enlarged inlet, the measure of the included
      angle formed by said wall of said enlarged inlet being approximately
      30.degree. to 90.degree., said plate having a means for securing it to
      said divided flow breaker plate;
PA1  f. a divided flow sealing means for providing a sealed distribution space
      between said segments of said divided flow breaker plate and said segments
      of said divided flow spinneret plate and located therebetween; and
PA1  g. a spin pack body having a lower shoulder which supports said divided
      flow spinneret plate and having a means which secures said spin pack body
      to said divided flow top cap.
NUM  2.
PAR  2. A divided flow spinneret plate for the simultaneous extrusion of
      multiple end, multifilament, synthetic fiber, comprising:
PA1  a. an unpierced center section, said section being wide enough to form a
      visible split between said multiple ends as they leave said plate; and
PA1  b. two distinct, symmetrical segments, said segments being on each side of
      said unpierced center section of said plate, said segments each having a
      top and a bottom surface and having a plurality of polymer flow channels,
      each of said polymer flow channels having a capillary aperture formed in
      said segment, said capillary aperture having a top end and a longitudinal
      axis, said top end being located beneath said top surface, said
      longitudinal axes being perpendicular to said surfaces and being
      equi-spaced within each of said segments, and each of said polymer flow
      channels having an enlarged inlet comprising a wall extending upwardly and
      outwardly from said top end of said capillary aperture, said wall of said
      enlarged inlet intersecting with adjacent walls in a closed, interlocking
      network of ridges on said top surfaces of said segments, said walls being
      continuous, smooth surfaces of curvature which exhibit a converging
      pattern while proceeding from said top surfaces to said top ends of said
      capillary apertures, said ridges of said enlarged inlets defining a
      plurality of equilateral polygonal sectional areas, said equilateral
      polygonal sectional areas being hexagons, the length of said capillary
      aperture being approximately 3.0 times the depth of said enlarged inlet,
      the measure of the included angle formed by said wall of said enlarged
      inlet being approximately 30.degree. to 90.degree..
NUM  3.
PAR  3. A divided flow breaker plate for the simultaneous extrusion of multiple
      end, multifilament, synthetic fiber, comprising:
PA1  a. an unpierced center section, said section being wide enough to form a
      visible split between said filaments as they leave said plate; and
PA1  b. two distinct, symmetrical segments, said segments being on each side of
      said unpierced center section of said plate, said segments each having a
      top and a bottom surface and having a plurality of polymer flow channels,
      each of said polymer flow channels having a capillary aperture formed in
      said segment, said capillary aperture having a top end, a bottom end, and
      a longitudinal axis, said top and bottom ends being located, respectively,
      beneath said top surfaces of said segments and above said bottom surfaces
      of said segments, said longitudinal axes being perpendicular to said
      surfaces and being equi-spaced within each of said segments, each of said
      polymer flow channels having an enlarged inlet comprising a wall extending
      upwardly and outwardly from said top end of said capillary aperture, said
      wall of said enlarged inlet intersecting with adjacent walls in a closed,
      interlocking network of ridges on said top surfaces of said segments, said
      walls being continuous, smooth surfaces of curvature which exhibit a
      converging pattern while proceeding from said top surfaces to said top
      ends of said capillary apertures, and each of said polymer flow channels
      having an enlarged outlet comprising a wall extending downwardly and
      outwardly from said bottom end of said capillary aperture, said wall of
      said enlarged outlet intersecting with adjacent walls in a closed,
      interlocking network of ridges on said bottom surfaces of said segments,
      said walls being continuous, smooth surfaces of curvature which exhibit a
      diverging pattern while proceeding from said bottom ends of said capillary
      apertures to said bottom surfaces, said ridges of said enlarged inlets and
      of said enlarged outlets defining a plurality of equilateral polygonal
      sectional areas, said equilateral polygonal sectional areas being
      hexagons, the length of said capillary aperture being approximately 1.5
      times the combined depths of said enlarged inlet and said enlarged outlet,
      the measure of the included angle formed by said walls of said enlarged
      inlet and said enlarged outlet being from 30.degree. to 90.degree..
NUM  4.
PAR  4. A spin pack assembly for the extrusion of synthetic filaments,
      comprising in combination:
PA1  a. a conventional filter assembly;
PA1  b. a top cap having means thereon adapted for connection to a polymer
      source and having a flow inlet passage discharging to the interior of said
      filter assembly which is positioned next downstream;
PA1  c. a breaker plate having a top and a bottom surface and having a plurality
      of polymer flow channels, said top surface having a recess upon which said
      filter assembly is mounted, each of said polymer flow channels having a
      capillary aperture formed in said plate, said capillary aperture having a
      top and a bottom end, said top and bottom ends being located,
      respectively, beneath said top surface and above said bottom surface, each
      of said polymer flow channels having an enlarged inlet comprising a wall
      extending upwardly and outwardly from said top end of said capillary
      aperture, said wall of said enlarged inlet intersecting with adjacent
      walls in a closed, interlocking network of ridges on said top surface, and
      each of said polymer flow channels having an enlarged outlet comprising a
      wall extending downwardly and outwardly from said bottom end of said
      capillary aperture, said wall of said enlarged outlet intersecting with
      adjacent walls in a closed, interlocking network of ridges on said bottom
      surface;
PA1  d. a spinneret plate having a top and a bottom surface and having a
      plurality of polymer flow channels, each of said polymer flow channels
      having a capillary aperture formed in said plate, said capillary aperture
      having a top end, said top end being located beneath said top surface, and
      each of said polymer flow channels having an enlarged inlet comprising a
      wall extending upwardly and outwardly from said top end of said capillary
      aperture, said wall of said enlarged inlet intersecting with adjacent
      walls in a closed, interlocking network of ridges on said top surface,
      said spinneret plate being provided with a means for securing it to said
      breaker plate;
PA1  e. a sealing means for providing a sealed distribution space between said
      breaker plate and said spinneret plate and located therebetween; and
PA1  f. a spin pack body having a lower shoulder which supports said spinneret
      plate and having a means for securing said spin pack body to said top cap;
PA1  said spin pack assembly being further characterized in that the
      longitudinal axes of said capillary apertures of said polymer flow
      channels are perpendicular to said surfaces; said walls of said enlarged
      inlets and said walls of said enlarged outlets are continuous, smooth
      surfaces of curvature which exhibit, respectively, a converging pattern
      while proceeding from said top surfaces to said top ends of said capillary
      apertures and a diverging pattern while proceeding from said bottom ends
      of said capillary apertures to said bottom surfaces; and said ridges of
      said enlarged inlets and of said enlarged outlets define a plurality of
      equilateral polygonal sectional areas selected from the group consisting
      of triangles, squares, and hexagons.
NUM  5.
PAR  5. The spin pack assembly as defined in claim 4 wherein said ridges of said
      enlarged inlets and of said enlarged outlets define a plurality of
      equilateral polygonal sectional areas which are hexagons.
NUM  6.
PAR  6. The spin pack assembly as defined in claim 5 wherein the length of said
      capillary aperture of said breaker plate is approximately 1.5 times the
      combined depths of said enlarged inlet and said enlarged outlet, and the
      measure of the included angle formed by said walls of said enlarged inlet
      and said enlarged outlet is from 30.degree. to 90.degree..
NUM  7.
PAR  7. The spin pack assembly as defined in claim 6 wherein the length of said
      capillary aperture of said spinneret plate is approximately 3.0 times the
      depth of said enlarged inlet, and the measure of the included angle formed
      by said wall of said enlarged inlet is from 30.degree. to 90.degree..
NUM  8.
PAR  8. The spin pack assembly as defined in claim 7 wherein each of said plates
      is divided into two distinct, symmetrical segments by leaving unpierced a
      section wide enough to form a visible split between said filaments as they
      leave said spinneret plate.
NUM  9.
PAR  9. A spinneret plate for the extrusion of synthetic filaments, comprising:
PA1  a. a top and a bottom surface; and
PA1  b. a plurality of polymer flow channels, each of said polymer flow channels
      having a capillary aperture formed in said plate, said capillary aperture
      having a top end, said top end being located beneath said top surface, and
      each of said polymer flow channels having an enlarged inlet comprising a
      wall extending upwardly and outwardly from said top end of said capillary
      aperture, said wall of said enlarged inlet intersecting with adjacent
      walls in a closed, interlocking network of ridges on said top surface;
PA1  said spinneret plate being further characterized in that the longitudinal
      axes of said capillary apertures of said polymer flow channels are
      perpendicular to said surfaces; said walls of said enlarged inlets are
      continuous, smooth surfaces of curvature which exhibit a converging
      pattern while proceeding from said top surface to said top ends of said
      capillary apertures; and said ridges of said enlarged inlets define a
      plurality of equilateral polygonal sectional areas selected from the group
      consisting of triangles, squares and hexagons.
NUM  10.
PAR  10. The spinneret plate as defined in claim 9 wherein said ridges of said
      enlarged inlets define a plurality of equilateral polygonal sectional
      areas which are hexagons.
NUM  11.
PAR  11. The spinneret plate as defined in claim 10 wherein the length of said
      capillary aperture is approximately 3.0 times the depth of said enlarged
      inlet, and the measure of the included angle formed by said wall of said
      enlarged inlet is approximately 30.degree. to 90.degree..
NUM  12.
PAR  12. The spinneret plate as defined in claim 11 wherein said plate is
      divided into two distinct, symmetrical segments by leaving unpierced a
      section wide enough to form a visible split between said filaments as they
      leave said plate.
NUM  13.
PAR  13. A breaker plate for the extrusion of synthetic filaments comprising:
PA1  a. a top and a bottom surface; and
PA1  b. a plurality of polymer flow channels, each of said polymer flow channels
      having a capillary aperture formed in said plate, said capillary aperture
      having a top and a bottom end, said top and bottom ends being located,
      respectively, beneath said top surface and above said bottom surface, each
      of said polymer flow channels having an enlarged inlet comprising a wall
      extending upwardly and outwardly from said top end of said capillary
      aperture, said wall of said enlarged inlet intersecting with adjacent
      walls in a closed, interlocking network of ridges on said top surface, and
      each of said polymer flow channels having an enlarged outlet comprising a
      wall extending downwardly and outwardly from said bottom end of said
      capillary aperture, said wall of said enlarged outlet intersecting with
      adjacent walls in a closed, interlocking network of ridges on said bottom
      surface;
PA1  said breaker plate being further characterized in that the longitudinal
      axes of said capillary apertures of said polymer flow channels are
      perpendicular to said surfaces; said walls of said enlarged inlets and
      said walls of said enlarged outlets are continuous, smooth surfaces of
      curvature which exhibit, respectively, a converging pattern while
      proceeding from said top surface to said top ends of said capillary
      apertures and a diverging pattern while proceeding from said bottom ends
      of said capillary apertures to said bottom surface; and said ridges of
      said enlarged inlets and of said enlarged outlets define a plurality of
      equilateral polygonal sectional areas selected from the group consisting
      of triangles, squares and hexagons.
NUM  14.
PAR  14. Apparatus as defined in claim 13 wherein said ridges of said enlarged
      inlets and of said enlarged outlets define a plurality of equilateral
      polygonal sectional areas which are hexagons.
NUM  15.
PAR  15. Apparatus as defined in claim 14 wherein the length of said capillary
      aperture is approximately 1.5 times the combined depths of said enlarged
      inlet and said enlarged outlet, and the measure of the included angle
      formed by said walls of said enlarged inlet and said enlarged outlet is
      from 30.degree. to 90.degree..
NUM  16.
PAR  16. Apparatus as defined in claim 15 wherein said plate is divided into two
      distinct, symmetrical segments by leaving unpierced a section wide enough
      to form a visible split between said filaments as they leave said plate.
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ABST
PAL  A bakery machine adapted to shape dough pieces into thin pies suitable for
      pizzas. The machine includes upper and lower platens for supporting an
      upper pie-shaping die and a lower dough pan, and a crank mechanism for
      reciprocating both platens concurrently to cause the platens to move
      toward and away from each other, thereby effecting alternate engagement
      and disengagement of the die and pan. The crank mechanism includes crank
      rods terminating in pistons operating within hydraulic cylinders attached
      to the platens and moving therewith. Those compartments of the cylinders
      which are subjected to pressure when the platens move toward each other
      are filled with oil and are coupled by flexible lines to a compressible
      pressure chamber normally maintaining the oil in the compartments at a
      predetermined pressure level, such that when engagement takes place the
      pressurized oil is forced out of the compartments into the pressure
      chamber, and when disengagement takes place, the oil returns from the
      chamber to the compartments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to bakery dough-shaping machines, and more
      particularly to a high-speed machine adapted to shape pieces of dough into
      the form of uniformly thin pies suitable for pizzas.
PAR  A pizza is an open pie made of thinly rolled bread dough spread with a
      spiced mixture, such as tomato sauce, cheese and ground meat, the pie
      thereafter being baked. The traditional pizza is made manually by working
      a piece of dough to cause it to assume the form of a thin, flat pie, the
      pie being then covered with suitable ingredients before being placed in
      the oven.
PAR  With the growing popularity of pizzas and the enormous demand therefor, the
      making of pies has become a mechanized bakery operation. Existing
      pizza-pie-making machines include hydraulically operated reciprocating
      platens supporting dies adapted to engage pieces of dough on stationary
      pans and serving to press the pieces into pie shape. In order to subject
      the dough to forming pressure to create a pie of the proper thinness, it
      is the present practice to spring-load the dies. The amount of pressure
      imposed on the die is determined by the springs, the hydraulic system
      serving only to bring the dies into engagement with the dough pieces.
PAR  The disadvantage of a spring-loaded die is that, as a practical matter, it
      is very difficult to produce spring pressures which are uniform through
      the operating area. The lack of uniformity generally encountered in
      existing machines, results in pizza pies which are improperly formed, some
      regions of the pie being excessively thin and others too thick.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide a pizza-pie-making machine in which a dough piece placed in a pan
      is subjected to forming pressure by a reciprocating die, the pressure
      imposed on the die being substantially uniform throughout the die area
      whereby the resultant pies are uniformly thin.
PAR  More particularly, it is an object of the invention to provide a machine of
      the above-type in which the die and dough pan are supported on
      reciprocating platens which are mechanically operated and which are
      subjected to fluidic pressure only when the platens occupy positions
      bringing the die into engagement with the dough piece.
PAR  Thus, in the present invention, the reciprocating action of the platens is
      not effected by a hydraulic system, as in the prior art, but by a simple
      and reliable crank mechanism which does not require operating oil pumps
      and which is fast acting, whereas the pressure imposed on the die and pan
      is fluidic.
PAR  A significant advantage of the invention is that the hydraulic pressures on
      the die and pan which are imposed on the ends of the supporting platens,
      are predetermined and are the same at all points, so that pressure
      imbalances are avoided and pies are produced having the proper shape.
PAR  An important feature of the invention is that the hydraulic pressure system
      is closed and operates without pumps except on those infrequent occasions
      when it is necessary to replenish oil in the system.
PAR  Briefly stated, these objects are accomplished in a pizza-pie-forming
      machine comprising upper and lower platens for supporting a pie-shaping
      die and a dough pan, respectively. Mechanical crank means are provided to
      reciprocate both platens concurrently to cause the platens to alternately
      bring about engagement of the die and pan and to effect disengagement
      thereof. Reciprocation of the platens is effected by crank rods coupled to
      a crank shaft, the rods terminating in pistons operating within hydraulic
      cylinders attached to the platens and moving therewith.
PAR  In operation, those compartments of the cylinders which are subjected to
      pressure when the platens approach each other, are filled with oil and are
      coupled by flexible lines to a compressible pressure chamber normally
      maintaining the oil in the compartments at a predetermined level such that
      when engagement takes place, the pressurized oil is forced out of the
      compartments into the chamber, and when disengagement takes place, the oil
      returns from the chamber to the compartments.
DRWD
PAC  OUTLINE OF THE DRAWING
PAR  For a better understanding of the invention, as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawing,
      wherein:
PAR  FIG. 1 illustrates in perspective a piece of dough on a pan, prior to
      forming by the machine;
PAR  FIG. 2 illustrates in perspective, the dough on the same pan after forming
      into a pie; and
PAR  FIG. 3 schematically shows a machine in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and more particularly to FIG. 1, there is
      shown a lump of bread dough 10 placed on a circular pan P having an
      annular rim, the dough shape being unformed. It will be seen that the
      dough piece is relatively thick, but of small diameter, so that it
      occupies only the center of pan P. The purpose of the machine, in
      accordance with the invention, is to press and shape the dough so that it
      assumes the form of a thin pie 10A of uniform thickness, as shown in FIG.
      2, which occupies the full area of the pan.
PAR  This operation is carried out in the machine shown in FIG. 3, where a set
      of pans P is supported above a lower platen 11 which cooperates with an
      upper platen 12. Supported below upper platen 12 is a set of dies D which
      are adapted to engage the dough pieces 10 in the pans and to press them
      into the desired form. The illustration of the pans and dies is purely
      schematic. In practice, the several pans may be formed on a common plate
      which is received within a suitable socket on the lower platen and is
      removable therefrom after forming.
PAR  Platens 11 and 12 are caused to reciprocate simultaneously by means of a
      crank mechanism including a pair of crank rods 13 and 14 which raise and
      lower the lower platen, and a second pair of crank rods 15 and 16 which
      lower and raise the upper platen. Crank rods 13, 14, 15 and 16 are coupled
      in the usual manner to a motor-driven crank shaft (not shown), and serve
      to cause platens 11 and 12 to alternately approach each other and to
      retract. In the course of an operating cycle, dies D engage the dough pies
      10 and press them into shape in pans P, the dies and pans then withdrawing
      from each other to permit new dough pieces to be put in place.
PAR  Rods 13 and 14 terminate in pistons 17 and 18 slidable within hydraulic
      cylinders 19 and 20, respectively, which are fixedly attached to opposite
      ends of platen 11. The rods freely pass through bores in the platen so
      that the associated pistons are movable within their cylinders, which
      cylinders travel with the platen. In a similar manner, rods 15 and 16
      terminate in pistons 21 and 22 movable with hydraulic cylinders 23 and 24
      attached to opposite ends of platen 12. Thus the crank rods are not
      directly connected to the platens but are coupled thereto through the
      hydraulic cylinders.
PAR  Each hydraulic cylinder is divided by its operating piston into front and
      rear compartments 19A and 19B, 20A and 20B, 23A and 23B, and 24A and 24B.
      The front compartments are the compartments which are disposed between the
      piston and the associated platen, whereas the rear compartments lie
      between the piston and the end of the cylinder. When the rods move the
      platens toward each other, the associated pistons subject the rear
      compartments 19B and 20B of cylinders 19 and 20 to pressure, while
      subjecting the front compartments 23A and 24A of cylinders 23 and 24 to
      pressure. These compartments are all filled with oil in a manner to be
      later described.
PAR  When the rods move the platens away from each other, the associated pistons
      subject the front compartments 19A and 20A of cylinders 19 and 20 to
      pressure, while subjecting the rear compartments 23B and 24B of cylinders
      23 and 24 to pressure. These compartments communicate with the atmosphere
      and are filled with ambient air so that the air therein is forced out of
      the compartments when the rods push the platens away from each other.
PAR  The oil-filled compartments 19B, 20B, 23A and 24A are all coupled by
      flexible lines L to an external pressure chamber 25 having a piston 26
      therein which is spring-loaded and tends to force the oil out of the
      chamber into the compartments. The amount of spring pressure is adjustable
      by means of a knob 27. In practice, this range of pressure control may be
      from 200 to 500 psi. A pressure indicator 28 is coupled to the line
      leading to chamber 25 so that the operator is able to adjust pressure to a
      desired level. Alternately, instead of spring pressure, the pressure
      chamber compartment behind the piston 26 may be filled with an inert gas,
      such as nitrogen, which is pressurized to a level providing the desired
      pressure tending to force the oil out of the chamber, the gas being
      compressible.
PAR  The hydraulic system is closed so that when the two platens are
      mechanically caused to approach each other and dies D are brought into
      engagement with the dough pieces on the pans P, crank rods 13, 14, 15 and
      16 continue to move platens 11 and 12 and when movement of the platens is
      resisted by the moldable dough pieces, the pistons at the ends of the rods
      then proceed to force the oil from the oil compartments into the pressure
      chamber 25, where the incoming oil acts against the pressure imposed by
      piston 26.
PAR  Thus in a practical embodiment of the machine, the crank rods are so
      arranged that with each stroke thereof they travel six inches. The platens
      moved by the rods cause the dies and pans to engage when the rods have
      moved 5 inches, at which point the rods which still have an inch to go
      then act through the hydraulic cylinders to subject the oil in the
      compartments to pressure. There is no danger, therefore, of rod breakage,
      for when the die and pans are in engagement, movement of the rods is not
      arrested, but is merely resisted by the oil in the compartments.
PAR  The air-filled compartments of the cylinders may in time accumulate some
      oil by reason of leakage through the piston rings. Hence the system
      includes lines Ld to drain these compartments into tanks 29, 30, 31 and 32
      associated with cylinders 19, 20, 23 and 24, respectively.
PAR  Because some oil is gradually lost, it is necessary occasionally to
      replenish the oil in the closed hydraulic system. To this end, a pump 33
      is provided to feed oil into chamber 25 through a check valve 34 when
      replenishment is necessary. Should the pressure in the hydraulic line go
      above a safe value, say above 600 psi, this pressure is relieved by way of
      a relief valve 35.
PAR  Thus the system acts to equalize the pressure in the various hydraulic
      compartments, it is relatively foolproof, and is capable of uninterrupted
      high-speed operation to produce pizza pies of the desired shape and
      thinness.
PAR  While there has been shown and described a preferred embodiment of a
      pizza-pie-forming machine in accordance with the invention, it will be
      appreciated that many changes and modifications may be made therein
      without, however, departing from the essential spirit of the invention.
      Thus instead of using a set of hydraulic cylinders for both the upper and
      lower platens, one may have only one set of cylinders either on the lower
      or upper platens, in which event the crank rods are directly connected to
      the platen lacking cylinders. And instead of using oil-operated cylinders,
      the cylinders may be of the fluidic or air type, in which event the air is
      compressed to provide the desired pressure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for shaping dough pieces into pies suitable for pizzas, said
      machine comprising:
PA1  A. upper and lower platens in spaced, parallel relation for supporting a
      pie-shaping die and a dough-piece pan, respectively,
PA1  B. a crank mechanism for reciprocating both platens concurrently to effect
      engagement between the die and pan and to effect disengagement
      therebetween, said crank mechanism including crank rods which stroke up
      and down and are coupled to the platens to effect the reciprocating motion
      thereof; and
PA1  C. a hydraulic system for subjecting said dough piece to uniform fluidic
      pressure in the course of engagement, said system including cylinders
      mounted on at least one of said platens and movable therewith, each
      cylinder having a piston slidable therein, which piston is connected to a
      respective crank rod and acts to divide the associated cylinder into a
      front-side and a rear-side compartment whereby the cylinders are provided
      with a set of front-side compartments and a set of rear-side compartments,
      a compressible pressure chamber, means coupling the set of front-side
      compartments of the cylinders which compartments are subjected to pressure
      when the platens approach each other to said compressible pressure
      chamber, said set of front-side compartments being filled with oil whereby
      in the course of engagement, oil from the set of front-side compartments
      is forced into the chamber and is returned to the set of front-side
      compartments in the course of disengagement, and means connecting the set
      of rear-side compartments to the atmosphere whereby the set of rear-side
      compartments is filled with air.
NUM  2.
PAR  2. A machine as set forth in claim 1 wherein said platens are both moved
      the same distance with each stroke of the crank rods.
NUM  3.
PAR  3. A machine as set forth in claim 1, wherein said air-filled compartments
      are coupled by flexible pipes to a drainage to dispose of oil leaking
      therein.
NUM  4.
PAR  4. A machine as set forth in claim 3, wherein said compressible pressure
      chamber includes a spring-loaded piston, and means to adjust spring
      pressure to determine the oil pressure in the cylinder compartments.
NUM  5.
PAR  5. A machine as set forth in claim 3, further including pump means coupled
      to said chamber through a check valve to replenish oil therein.
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ABST
PAL  In apparatus for continuously pressing panels of particulate material, such
      as chips or fibres, a press drum with an endless belt looped partially
      therearound and pressed against the drum to press the panels between the
      drum and the belt, an inlet roller adjacent the drum, between which inlet
      roller and drum the belt carrying the particulate material to be pressed
      passes, a plurality of return rollers and a tensioning and control roller
      spaced from the inlet roller to form therebetween a horizontal pass of the
      belt onto which the particulate material to be pressed is sprinkled, the
      tensioning and control roller being adjustable in position to control
      tension and lateral movement of the belt.
BSUM
PAR  The invention relates to apparatus for the continuous manufacture of
      chipboard panels, fibre panels or the like.
PAR  Chipboard panels are manufactured from a ribbon of chips treated with a
      thermoplastics binder, pressed into panels under pressure, with
      simultaneous adjustment of the temperature of the chip cake.
PAR  While the pressing operation can be effected by a flat press, there is the
      disadvantage that, during the pressing operation, considerable variations
      in thickness occur over the length and breadth of the panels. An extremely
      uneconomical secondary finishing process is normally required to remove
      the thickness variation.
PAR  For the purpose of continuously producing chipboard panels, it is known,
      from German Pat. No. 2,050,325, to spread the ribbon of chips onto an
      endless belt which is passed over a heated revolving drum thereby to press
      the chips together into a chipboard panel between the belt and the drum by
      means of further presser rollers. It is possible with the apparatus
      described in German Pat. No. 2,050,325 to produce thin chipboard panels,
      that is to say with a thickness of 1.6 to 6mm. The endless belt which is
      used thereby is looped around approximately two-thirds of the press drum,
      which press drum has a diameter of approximately 3 m, the belt having a
      length of approximately 45 m.
PAR  According to the invention there is provided apparatus for the continuous
      manufacture of chipboard panels, fibre panels and the like comprising a
      heated and rotatable press drum, a tensioned endless belt onto which a
      ribbon of chips or fibres treated with a binder can be fed, an inlet
      roller positioned adjacent the drum such that the belt with the ribbon of
      chips or fibres thereon passes between the inlet roller and the drum, at
      least one return roller for the belt to press the belt against the drum
      and thereby to press the ribbon of chips or fibres between the belt and
      the drum, and a tensioning and control roller for the belt, the tensioning
      and control roller being spaced from the inlet roller thereby to provide a
      length of pass of the belt onto which the chips or fibres to be pressed
      can be fed.
PAR  Apparatus according to the invention can be substantially simplified and
      manufactured at lower cost, compared with the apparatus of German Pat. No.
      2,050,325, particularly since the endless belt can be substantially
      shortened, which endless belt is formed of a special steel and two rollers
      can be omitted.
PAR  The tensioning and controlling of the endless belt are not effected by a
      belt tensioning and control roller provided specially for this purpose but
      by the roller which is required anyway and which is disposed beneath the
      spreading-on pass of the belt. The roller which was formerly a tensioning
      and control roller can be used as a roller for the application of pressure
      against a press drum and as a return roller for the endless belt. Thus, it
      is possible to eliminate two presser rollers. Moreover, by disposing what
      was formerly the tensioning and control roller directly on the large press
      drum, it is possible for the endless pressing belt to be substantially
      shortened.
PAR  Preferably, the tensioning and control roller is mounted at one end or on
      both ends in bearings in sliding blocks and is/are therefore jointly or
      separately adapted for horizontal and vertical movement. Advantageously,
      horizontal movement of the slide block and the vertical movement of the
      bearing in the slide block are performed by hydraulic or mechanical means.
PAR  Preferably, travel of the belt is monitored and, in the event of
      deviations, regulating means act on the vertical adjusting device of the
      tensioning and control roller in accordance with the values resulting from
      such monitoring.
PAR  To control the consolidation of the sprinkled-on ribbon of material and the
      pressure required for the purpose, the horizontal adjusting device is
      operated to adjust the tensioning and control roller.
PAR  Some at least of the return rollers can be additionally pressed against the
      press drum by the endless pressing belt.
DRWD
PAR  The invention is diagrammatically illustrated by way of example in the
      accompanying drawings, in which:
PAR  FIG. 1 shows apparatus for the continuous manufacture of chipboard panels,
      fibre panels and the like according to the invention; and
PAR  FIG. 2 is a section taken on Line II--II of FIG. 1.
DETD
PAR  Referring to the drawings, an endless belt 2 is looped around a part of the
      circumference of a press drum 1. Chips or fibres are sprinkled onto a pass
      2b of the belt 2 at a sprinkling-on station 3, and pass on the belt
      between an inlet roller 4 and the drum 1. Return rollers 5, 6 and 7 press
      against the portion of the belt 2 looped around the drum 1 and have the
      belt 2 pressing against their outer sides.
PAR  A tensioning and control roller 8 has the endless belt 2 looped around it
      and is adjustable in a horizontal and vertical direction. For this
      purpose, journals 9 of the roller 8 are each mounted in a sliding block
      bearing 10. The sliding block bearing 10 is mounted in a slide mounting 12
      for displacement in a vertical direction, as indicated by the arrow 11.
PAR  The sliding mounting 12 is furthermore displaceable in a horizontal
      direction in a press stand 13. Vertical displacement of the slide block 10
      in the slide mounting 12 is effected by one or more double-acting
      hydraulic rams 15 while horizontal displacement of the slide mounting 12
      is effected by means of a double-acting hydraulic ram 14.
PAR  The mode of operation of the continuous pressing apparatus is as follows:
PAR  At the sprinkling-on station 3, a ribbon of chips is so sprinkled onto the
      endless belt 2 that fine chips lie at the bottom, coarse chips in the
      middle and again fine chips on top. The endless belt 2 carries this ribbon
      of chips into the gap between the inlet roller 4 and the rotating press
      drum 1. While the endless belt 2 is looped around the press drum 1 with
      the ribbon of chips disposed between the endless belt 2 and the press drum
      1, it is subjected not only to the surface pressure generated by the
      endless pressing belt 2 but also linear pressure in the roller gaps
      between the drum 1 and return rollers 5 and 6. Since the press drum 1, the
      inlet roller 4 and also the return rollers 5 and 6 are heated, the ribbon
      of chips, while it is being pressed, is subjected to a temperature
      required for hardening the thermoplastics binders, in order to form glue
      bridges between the individual chips. A completely moulded web 16 leaves
      the continuous pressing apparatus in order to be fed to a
      further-processing machine. The press drum 1 is driven and pulls the other
      rollers along through the intermediary of the pressing belt. The
      sprinkled-on ribbon of chips initially undergoes a linear pressing action
      in the gap between the inlet roller 4 and the press drum 1. Subsequently,
      the endless belt 2 which is under tension presses the ribbon of chips
      against the press drum 1 so that it undergoes a surface pressure. In the
      gap between the return roller 5 and the press drum 1, the ribbon of chips
      is again subjected to a linear pressure producing a further consolidation
      of the glue bridges of the thermoplastics binding agent. The return roller
      5 preferably has a diameter of approximately 2,000 mm, to give a broad
      linear zone of pressure between the roller 5 and the press drum 1. The
      pressing process is repeated in the gap between the return roller 6 and
      the press drum 1. The return roller 7 effects reversing of the direction
      of travel of the belt and is so disposed that the ready-pressed strip 16
      of chips can be withdrawn in a horizontal direction and without further
      curvature from the continuous pressing apparatus.
PAR  By means of the fact that what was formerly the tensioning and control
      roller is in the case of the present invention used as a pressing and
      return roller for the endless belt 2, it is possible to eliminate two
      presser rollers previously needed. Tensioning and controlling of the
      endless belt 2 is effected by the roller 8. The use of this roller as a
      tensioning and control roller has surprising advantages. Initially, since
      there is quite a considerable free surface area of belt, i.e. the very
      long upper belt pass 2b under the sprinkling station 3 and a very long
      lower belt pass 2a between the roller 5 and the roller 8, it is possible
      to keep the belt far more effectively taut. In addition, the endless belt
      2 exerts a pressure on the return rollers 5 and 6. Since this pressure is
      quite considerable due to the fact that the belt 2 is subject to tension,
      it is possible for the hydraulic pressure-applying equipment for the
      rollers 5 and 6 to be made substantially weaker than would otherwise be
      required. By reason of this measure, too, the cost of the machine can be
      greatly reduced. The roller 6 preferably has a diameter of approximately
      1,500 mm while the roller 5 has a diameter of approximately 2,000 mm, a
      weaker construction of the hydraulic drive arrangements for these rollers
      is consequently a considerable saving.
PAR  A further advantage according to the invention which arises due to the
      shortening of the endless pressing belt 2, is that the tensioning and
      control roller 8 results in the endless belt 2 being controlled
      substantially more gently.
PAR  FIG. 2 shows the arrangements for controlling the belt. The running of the
      belt is scanned by sensors 20. Scanning can be effected photoelectrically
      or by other suitable means. In the event of any divergencies from the
      normal belt running, for example to the right in the drawings, the sensor
      20 emits a pulse to a controller 21 which in turn so controls a two-way
      valve 22 that when the belt 2 is running to the right, the right-hand
      hydraulic ram 15 raises the sliding block bearing 10 by a certain
      distance, so that the endless pressing belt 2 moves leftwardly. By reason
      of the fact that the bottom pass 2a of the pressing belt 2 is very long
      (approximately 12 m), there is far more free length of belt which is not
      being stretched over rollers and which is available for belt control. But
      also the upper pass 2b of the belt, under the moulding station 3, is
      free-running over quite a considerable length (8 m) and can thus be
      advantageously utilised for precise belt control.
PAR  Preferably, additional central regulating arrangements, not shown, avoid
      any constant lateral belt movement.
PAR  In the case of known apparatus, far less free length of belt is available
      for belt control so that the unilaterally created tension in the belt 2,
      during control, is distributed over a very short length of belt and the
      life of the belt is therefore shortened. With the roller 8 constructed as
      the control roller and by reason of the substantial lengthening of the
      exposed belt area 2a and 2b of the pressing belt 2 which is achieved
      thereby, this disadvantage is overcome.
PAR  The following surprising advantages which go parallel with the solution of
      the problem have also been established:
PAR  a. a possible shortening of the pressing belt by approximately 10 m.
PAR  b. the saving of two presser rollers since what used to be the tensioning
      roller for the endless pressing belt can also be used as a larger-diameter
      press roller. By virtue of the fact that the former tensioning roller has
      a larger diameter than the presser rollers according to the state of the
      art, the zone of pressure in this gap between the rollers is made
      substantially wider, so that the application of pressure on the ribbon of
      chips is substantially improved;
PAR  c. a considerable improvement in belt control which substantially prolongs
      the effective life of the endless steel belt, because the necessary
      unilateral lengthening of the pressing belt during control of the belt is
      distributed over a portion of belt which is more than twice as long as it
      was previously;
PAR  d. by reason of the fact that the pressing belt 2 is stretched around the
      presser rollers 5 and 6 and thus exerts additional pressure on the presser
      rollers which acts in the direction of the press drum 1, hydraulic
      pressure-applying means for the rollers 5 and 6 can be made substantially
      weaker. The belt-tensioning force is therefore at the same time used as a
      pressure-applying force for the rollers 5 and 6. Listed below for purposes
      of comparison are two examples; firstly a comparative example for a
      continuous press according to German Pat. No. 2,050,325.
TBL  ______________________________________                                    
     1.  Diameter of press drum:                                               
                              approx.  3,000 mm                                
     2.  Diameter of return rollers,                                           
         including the original rear                                           
         tensioning roller:   approx.  1,400 mm                                
     3.  Heating zone (length of belt                                          
         looped around the press drum):                                        
                              approx.  6 m                                     
     4.  Heating time (peripheral speed                                        
         15 m/min):           approx.  24.0 sec.                               
     5.  Belt length:         approx.  45 m                                    
     Example 2, apparatus according to the present invention:                  
     1.  Heating drum diameter:                                                
                              approx.  4,000 mm                                
     2.  Return roller diameter                                                
                              approx.  1,500 mm                                
         4, 6, 7 and 8:                                                        
         roller 5 diameter:   approx.  2,000 mm                                
     3.  Heating zone:        approx.  7.5 m                                   
     4.  Heating time (peripheral                                              
         speed 15 m/min):     approx.  30 sec.                                 
     5.  Belt length:         approx.  33 m                                    
     ______________________________________                                    
PAR  Closer examination of these comparative examples will show that despite the
      fact that the diameter of the central press drum 1 has been increased by
      1,000 mm, namely to 4,000 mm, thus at the same time obtaining a longer
      heating zone of approximately 7.5 m, the belt 2 is shortened by
      approximately 12 m, namely to 33 m. A lengthening of the heating and
      pressing zone to approximately 7.5 m, however, for the same thickness of
      panel, results in a substantial increase in the output of the machine,
      because for the same binder hardening time, the machine can be operated at
      a higher peripheral speed. If a machine according to example 1 had been
      equipped with a press drum of 4,000 mm diameter in order to obtain a
      longer heating path of approximately 7.5 m, then this measure would
      indubitably have resulted in a further lengthening of the pressing belt.
PAR  As already mentioned, in the case of apparatus according to the present
      invention, the length of the lower free belt pass 2a is approximately 12 m
      and the length of the upper free belt pass 2b is approximately 8 m. It is
      these very long free portions 2a and 2b of the belt 2 which provide the
      particularly advantageous belt control arrangements. In the case of
      apparatus according to the state of the art, the distance from the rear
      tensioning roller (in the drawing in German Specification No. 2,050,325
      the tensioning roller 6), from the support point to the support point at
      the reversing roller 5 is approximately 5 m. The portion of belt between
      the tensioning roller 6 and the reversing roller 7 according to the
      aforesaid German Patent amounts to approximately 4 m. This information
      will make it readily obvious that only very little exposed area of belt is
      available for control of the endless belt. Nevertheless, if it is desired
      to achieve a system of control which can be carried out in an acceptable
      time, then the endless pressing belt can be stretched on one side. Since
      this stretching has to be carried out on a very short portion of belt, it
      is possible that the pressing belt may show an incipient tear on one side
      during regulation.
PAR  In order to achieve an improved or repeated linear pressing of the ribbon
      of chips, it is possible to dispose between the return roller 6 and the
      reversing roller 7, a further presser roller which gives significant
      advantages, particularly for the production of qualitatively thicker
      chipboard panel webs of a thickness of approximately 8 to 16 mm.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for the continuous manufacture of pressed panels of
      particulate material, a heated and rotatable press drum, a tensioned
      endless belt onto which a ribbon of particulate material treated with a
      binder can be fed, an inlet roller positioned adjacent said drum such that
      said belt with said ribbon of particulate material thereon passes between
      the inlet roller and the drum, at least one return roller for said belt to
      press said belt against said drum and thereby to press said ribbon of
      particulate material between said belt and said drum, a tensioning and
      control roller for said belt, said tensioning and control roller being so
      spaced and disposed with respect to said inlet roller that, between said
      tensioning and control roller and said inlet roller, said belt extends in
      a substantially horizontal pass, and means positioned above said
      substantially horizontal pass of said belt to feed said particulate
      material onto said substantially horizontal pass of said belt.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said tensioning and control
      roller is mounted at one of its ends in a bearing in a sliding block
      whereby said one of its ends is adapted for horizontal and vertical
      movement.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said tensioning and control
      roller is mounted at each of its ends in a bearing in a sliding block
      whereby each of said ends is adapted for horizontal and vertical movement
      independently of the other of its ends.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, including hydraulic means to effect
      horizontal and vertical movements of said sliding blocks.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, including means to monitor travel of
      said belt and regulating means to cause vertical movement of said ends of
      said tensioning and control roller in the event of deviations from a
      desired path of said belt and detected by said means to monitor.
NUM  6.
PAR  6. Apparatus as claimed in claim 3, including means to sense the tension in
      said belt and regulating means to effect horizontal movement of said
      tensioning and control roller to obtain desired tension in said belt to
      obtain a desired consolidation of the sprinkled-on ribbon of particulate
      material.
NUM  7.
PAR  7. Apparatus as claimed in claim 1, wherein at least two of said return
      rollers are provided and are additionally pressed against said drum by
      said belt.
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ABST
PAL  A rotary casting apparatus for molding hollow articles of synthetic plastic
      is described employing a plurality of hollow molds which are heated and
      rotated within a fixed oven. The molds and molded articles therein are
      cooled rapidly while they remain within the oven by injecting cool, moist
      air into such oven from an external blower fan and a sprayer which sprays
      water into the air inlet of such fan. Improved rotation and support means
      are provided for the molds, including a common tubular drive shaft which
      rotates all of the molds about a common axis and a plurality of rotor
      means for rotating each of the molds about another axis perpendicular to
      such common axis. The rotor means are coupled by bevel gears to a second
      drive shaft extending through the common drive shaft. Each of the molds is
      rotationally mounted on bearings which are supported on the common drive
      shaft. The bearings at the inner ends of the molds each include a tubular
      fixed shaft about which the mold is rotated by the rotor means and which
      also vents gas from such mold. A scraper ring of low adhesion material is
      attached to the fixed bearing shaft within each mold and spaced a
      predetermined distance from its inner surface to provide the molded
      article with a mounting flange portion of predetermined thickness and
      inner diameter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject matter of the present invention relates generally to rotary
      casting apparatus for molding hollow articles of synthetic plastic
      material in a plurality of hollow molds which are each rotated and heated
      within a fixed oven. In particular, the invention relates to such a rotary
      casting apparatus having an improved rotation and support means for
      rotating each of the molds about two perpendicular axes, as well as an
      improved cooling means for cooling the molds within the oven by injecting
      cool, moist air into such oven.
PAR  While the present rotary casting apparatus can be employed to manufacture
      other hollow plastic articles, it is especially useful in molding globes
      for lamp posts and is an improvement on the prior molding apparatus shown
      in U.S. Pat. No. 3,570,061, granted Mar. 16, 1971, to A. M. Andrews. This
      prior apparatus was used for molding single articles one at a time in an
      oven, but it is not suitable for molding a plurality of articles
      simultaneously because, among other reasons, such oven is rotated to
      rotate the mold about its second axis. In addition, it has been found that
      spraying water directly onto the molds by a sprayer nozzle positioned
      within the oven, as in this prior apparatus, can, under some
      circumstances, cause bubbles to occur in the molded article apparently due
      to excess moisture entering the molds. Both of these problems are overcome
      in the present invention by the improved rotation and support means for
      the molds which enables the oven to remain stationary and by the improved
      cooking means which directs moist air into the oven from an external
      source.
PAR  In previous multiple mold rotational casting apparatus employing a
      stationary oven, the molds are cooled in a separate cooling chamber
      outside of the oven by spraying water thereon, as shown in U.S. Pat. No.
      3,561,060 of Stevens. This results in a much more complicated and
      expensive apparatus and does not avoid the bubbling problem discussed
      above. Recently it has been proposed in U.S. Pat. No. 3,574,245 by R. G.
      Dohm to provide a rotational casting apparatus employing a plurality of
      molds which are heated and cooled by transmitting heating liquid and
      cooling liquid to jackets surrounding the molds without using an oven.
      However, this type of heating and cooling greatly complicates the rotation
      and support means for the molds because the heating and cooling fluids
      must pass through rotating shafts forming part of such rotation and
      support means. The present invention provides an improved multiple mold
      rotary casting apparatus which is much simpler, more compact and less
      expensive than these prior apparatus and which produces molded articles of
      improved quality.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, one object of the present invention to provide an
      improved rotary casting apparatus of simple, compact and economical
      construction capable of molding articles of high quality.
PAR  Another object of the invention is to provide such a casting apparatus in
      which a plurality of molds are rotated within a stationary oven by
      improved rotation and support means.
PAR  A further object of the present invention is to provide such a casting
      apparatus with an improved external cooling means for cooling the molds
      within the oven in a quick, efficient manner by injecting cool, moist air
      into such oven from an external source.
PAR  An additional object of the invention is to provide such an improved
      casting apparatus in which the molds are rotated about fixed bearing
      shafts which are connected to scraper rings of low adhesive material
      provided within the molds to form the molded article with a mounting base
      portion of predetermined thickness and inner diameter.
PAR  Still another object of the invention is to provide such a rotary casting
      apparatus in which the rotation and support means for the molds includes a
      common drive shaft which rotates all of the molds about a common axis and
      which supports all of such molds, as well as a plurality of rotor means
      for rotating the molds about different axes perpendicular to such common
      axis.
PAR  A still further object of the present invention is to provide such a
      casting apparatus in which the common drive shaft is tubular and a second
      drive shaft extends within it and is coupled by bevel gears to a plurality
      of rotor shafts in the rotor means supported on one end of the common
      drive shaft in order to provide a simple, compact rotation and support
      means for the molds.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Other objects and advantages of the present invention will be apparent from
      the following detailed description of a preferred embodiment thereof and
      from the attached drawings of which:
PAR  FIG. 1 is a front elevation view of a multiple mold rotary casting
      apparatus in accordance with a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a rear elevation view of the rotary casting apparatus of FIG. 1.
PAR  FIG. 3 is an enlarged vertical section view taken along the line 3--3 of
      FIG. 1 and schematically showing the heating elements and electrical
      circuitry associated therewith;
PAR  FIG. 4 is a vertical section view taken along the line 4--4 of FIG. 3
      showing one of the molds in place which is partially broken away for
      purposes of clarity;
PAR  FIG. 5 is an enlarged view of a portion of the mold and associated rotation
      and support means of FIG. 4; and
PAR  FIG. 6 is a vertical section view taken along the line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2, the rotary casting apparatus of the present
      invention includes a fixed oven 10 in the form of a cylindrical drum
      having a sliding door 12 mounted on its front end which slides up and down
      for insertion and removal of the molds. The oven is heated by electrical
      resistance heating elements 14 and 16, respectively, provided in the front
      and rear portions of the oven, as shown schematically in FIG. 3. The molds
      and the articles molded therein are cooled within the oven 10 by an
      external cooling means including a source of cool, moist air provided
      outside the oven by a blower fan 18 and a pair of water spray nozzles 20
      positioned to spray water into the air inlet opening 22 of such fan. The
      air outlet of the fan is connected by a tubular conduit 24 to an inlet
      opening 26 in the top of the oven for injecting in such oven the cool,
      moist air stream transmitted from the fan through such conduit, as shown
      by arrows 28.
PAR  The oven 10 is fixedly supported in a stationary position on a support
      frame 30. An electric motor 32 is attached to the support frame at the
      rear of the oven and its output shaft is connected by coupling belts 34 to
      a first pulley 36 which is keyed to a tubular drive shaft 38 for rotating
      such shaft within bearings 39. This tubular shaft 38 is a common drive
      shaft for rotating all of the molds about the horizontal axis of such
      shaft. In addition, a second drive shaft 40 is provided within the tubular
      common drive shaft 38 and connected through other belts 42 and 44 and two
      pulleys 46 on an idler shaft 48 to the common drive shaft which also
      drives the second shaft. Thus, while the tubular outer common drive shaft
      38 may rotate at a relatively slow speed of about 5 rpm the inner second
      drive shaft 40 may rotate at a much faster speed several times that of the
      outer shaft.
PAR  As shown in FIGS. 3 and 4, a plurality of hollow molds 50 of a suitable
      metal are supported for clockwise rotation about a common horizontal axis
      within the oven 10 on the tubular drive shaft 38 by support arms 52 which
      are connected together by reinforcing struts 53. The support arms are
      attached between a first bearing means 54 at the outer end of each of the
      molds and a common support plate 56 attached to an intermediate position
      of the outer drive shaft 38. A cup-shaped support member 58 is attached to
      the end of the tubular drive shaft 38 for supporting a plurality of rotor
      means each including a rotor shaft 60, employed to rotate the molds about
      different axes which are all perpendicular to the common horizontal axis.
      The rotor shafts 60 are each mounted within a bearing sleeve 62 attached
      to one side of the support member 58, as shown in FIG. 5. A bevel gear 64
      is provided on the inner end of the rotor shaft 60 of each of the rotor
      means and meshes with a common bevel gear 66 attached to the end of the
      second drive shaft 40. Thus, each of the rotor shafts 60 is rotated by the
      bevel gears 64, 66 coupling such rotor shaft to the second drive shaft 40.
      A pair of rods 68 and 70 are attached to each rotor shaft 60 so that such
      rods extend laterally from the rotor shaft at right angles thereto a
      sufficient distance to engage projections 92 extending from the inner ends
      of the molds 50 for rotation of such molds, as shown in FIGS. 5 and 6.
PAR  The four molds 50 are each provided with a removable cover 74 closing their
      inner end which is attached to the body of the mold by bolts 76 and
      associated nuts. Such molds are rotatably mounted on stationary bearing
      shafts 78 extending through a bushing 80 provided at the center of each
      mold cover. The bearing shaft 78 may be a hollow tube which opens into the
      mold cavity and is provided with vent holes 82 in the side of such tube
      outside of the mold in order to vent the gasses produced within the mold
      when melting the synthetic plastic molding material therein to form the
      molded article. Each bearing shaft 78 is keyed to a fixed bearing rod 84
      by a removable pin 86 passing through one end of such rod. The other ends
      of the bearing rods 84 are connected together by bolting them to a common
      connector plate 88 in order to prevent rotation of such rods relative to
      the second drive shaft 40. However, it should be noted that the "fixed"
      bearing rods 84 pass through the rotor shafts 60 and move with such rotor
      shafts when their support plate 58 rotates with the common outer drive
      shaft 38.
PAR  As shown in FIGS. 5 and 6, each of the molds 50 is provided with a scraper
      ring 90 of low adhesion material such as polytetrafluoroethylene plastic,
      known as "Teflon," which is mounted on a metal disc 92. The support disc
      92 is secured to the fixed bearing shaft 78 by a wire 94 passing through
      an aperture in such shaft and having its opposite ends fixed to a pair of
      bolts 96 attaching the scraper ring to the support disc. The scraper ring
      90 is spaced inwardly from a side portion 98 of the mold cover 74 so that
      the space 100 therebetween forms the mounting base portion of the globe or
      other article being molded to provide such base with a predetermined wall
      thickness and a predetermined inner diameter so that it will fit tightly
      on a lamp post or other tubular support. It should be noted that the
      scraper ring 90 is fixed to bearing shaft 78 against rotation about the
      axis of the rotor shaft 60 while the mold 50 rotates about such axis,
      thereby causing the scraper to smooth the inner surface of the base
      portion of the molded article. In addition, the inner end of the scraper
      ring 90 rubs against the inner surface of the mold cover 74 and prevents
      the plastic molding material from running beneath the support disc 92.
PAR  While any suitable synthetic plastic molding material may be employed, it
      has been found that a butyrate, sold by Eastman Plastics under the trade
      name "Tenite" is preferable for lamp post globes since it retains its
      light transparency and does not change color appreciably with ultraviolet
      radiation in prolonged exposure to sunlight. When such butyrate is
      employed as the plastic material, it has been found advantageous to make
      the molding surfaces of the mold 50 of cold rolled steel which seems to
      aid in preventing the formation of bubbles in the molded article, as does
      the previously described cooling technique which reduces the amount of
      moisture that enters the molds. In this regard, it should be noted that
      the inlet opening 26 of the oven for the cool, moist air is positioned
      above the fan 18 and the water sprayer nozzles 20 so that there is little
      likelihood of any water droplets being directed onto the mold and reaching
      the interior of the mold to cause the formation of bubbles in the molded
      article.
PAR  When the cool, moist or humid air strikes the heated molds 50, a large
      amount of steam is generated which is conveyed away from the oven 10
      through an exhaust conduit 102 connected to an outlet opening in the top
      of such oven. This exhaust conduit 102 may be provided with a gate valve
      104, as shown in FIG. 3. In addition, the gas fumes generated within the
      molds and vented into the oven 10 through vent tubes 78 when the plastic
      molded material is melted, are also exhausted through conduit 102.
PAR  The heating of the electrical heating elements 14 and 16 is accomplished in
      a conventional manner by connecting them to a suitable source 106 of
      electrical power, such as a 220 volt, 60 cycle A.C. power line, through a
      variable resistor 108 and a thermostat control 110, shown as a bimetallic
      switch. The thermostat switch 110 is set for the maximum temperature of
      the oven which is above the melting temperature of the synthetic plastic
      molding material and below the melting temperature of the mold members,
      including the scraper ring 90. The amount of current flowing through the
      heating elements may be varied by adjusting the variable resistor 108 to
      provide the proper amount of heat emitted by such elements. Of course,
      other suitable heating means can be employed, and that schematically shown
      in FIG. 3 is merely illustrative.
PAR  It will be obvious to those having ordinary skill in the art that many
      changes may be made in the details of the above-described preferred
      embodiment of the invention without departing from the spirit of such
      invention. Therefore, the scope of the present invention should only be
      determined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotational casting apparatus comprising:
PA1  mold means including a plurality of hollow molds for molding synthetic
      plastic material into hollow articles by rotation of said molds when they
      contain said plastic;
PA1  an oven enclosing said molds and having heating means for heating said
      molds, said oven being fixed in position;
PA1  cooling means separate from said heating means, for cooling said molds and
      the molded articles therein while they are in said oven by transmitting
      moist air cooling fluid from an external source into the oven in the space
      surrounding outside of the molds; and
PA1  rotation means for rotating said molds within said oven, including a common
      drive shaft for rotating all of the molds about a common axis, a plurality
      of rotor means for rotating each of said molds about its mold axis at an
      angle to said common axis, and support means for supporting each of said
      molds on said common drive shaft so their mold axes extend radially and
      are circumferentially spaced about said common axis.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 in which the support means include
      rotational bearing means for supporting the molds at their opposite ends
      and drive means different from the common drive shaft for rotating the
      molds on said bearing means.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 in which the drive means includes a
      plurality of rotor shafts for rotating the molds and which are coupled to
      a second drive shaft by bevel gears, said second drive shaft extending
      coaxial within the common drive shaft.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 in which the rotor means for each
      mold includes a driven rotor shaft and a rotor rod which is attached to
      the rotor shaft to extend laterally therefrom so that the rotor rod
      engages at least one projection on the mold for rotation of said mold on a
      fixed bearing shaft.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 in which the fixed bearing shaft
      includes a vent tube portion which extends into the mold for venting.
NUM  6.
PAR  6. Apparatus in accordance with claim 4 in which the fixed bearing shafts
      of all of the rotor means are connected together.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 in which support means each include
      a first bearing means for supporting the outer end of the mold associated
      therewith and a second bearing means for supporting the inner end of said
      mold.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 in which the first bearing means of
      the molds are supported on a plurality of support arms attached in
      radially spaced relationship to an intermediate portion of the common
      drive shaft, while the second bearing means of said molds are supported on
      a common support plate attached to one end of said common drive shaft.
NUM  9.
PAR  9. A rotational casting apparatus comprising:
PA1  mold means including at least one hollow mold for molding synthetic plastic
      material into hollow articles by rotation of said molds when they contain
      said plastic;
PA1  an oven including heating means for heating said mold above the melting
      temperature of said plastic, said oven being fixed in position;
PA1  rotational mounting means for mounting said mold for rotation within said
      oven; and
PA1  cooling means separate from said heating means for cooling said mold and
      the molded article therein while they are in said oven to a temperature
      below said melting temperature, said cooling means including a fan for
      providing an air stream, external water spray means for spraying water
      into the air inlet of said fan outside said oven to provide a stream of
      cool, moist air external to the oven and input means for transmitting said
      stream of moist air into said oven to cool said mold.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 in which the input means includes
      a conduit connected from the air outlet of said fan to an inlet opening in
      said oven at a point above said fan and water spray means.
NUM  11.
PAR  11. Apparatus in accordance with claim 9 in which the mold means includes a
      plurality of molds which are all rotated about a common axis and each of
      which also rotates about another axis at an angle to said common axis.
NUM  12.
PAR  12. Apparatus in accordance with claim 11 wherein the molding surfaces of
      the molds are made of cold rolled steel.
NUM  13.
PAR  13. Apparatus in accordance with claim 1 in which the cooling means
      includes air supply means for providing an air stream, external water
      spray means for spraying water into the air of said air stream outside
      said oven to provide a stream of cool, moist air external to the oven and
      input means for transmitting said stream of moist air into said oven to
      cool said mold.
NUM  14.
PAR  14. A rotational casting apparatus comprising:
PA1  mold means including a plurality of hollow molds for molding synthetic
      plastic material into hollow articles by rotation of said molds when they
      contain said plastic;
PA1  heating means including an oven enclosing said molds for heating said
      molds, said oven being fixed in position;
PA1  cooling means for cooling said molds and the molded articles therein while
      they are in said oven;
PA1  rotation means for rotating said molds within said oven, including a common
      drive shaft for rotating all of the molds about a common axis, a plurality
      of rotor means for rotating each of said molds about a fixed bearing shaft
      extending at an angle to said common axis, and support means for
      supporting each of said molds on said common drive shaft; and
PA1  scraper rings of low adhesion material attached to the bearing shafts
      within such molds so that the scraper rings are each spaced a
      predetermined distance from the inner surface of a side portion of one end
      of the mold to provide the molded article with a portion of predetermined
      thickness and inner diameter.
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ABST
PAL  A method of, and apparatus for manufacturing a flexible plastics hose the
      method comprising extruding a strip of a first plastics material and a
      reinforcing element of a second plastics material, winding said strip into
      a helix around a driven mandrel and bonding adjacent turns together by
      pressure applied between the mandrel and roller means external thereof to
      form a tubular wall of said plastics material and simultaneously winding
      said reinforcing element around the helix of said first plastics material
      in spaced apart helical turns and pressing it into the first plastics
      material by said roller means so as to partially embed said reinforcing
      element into said tubular wall.
PARN
PAR  This is a division, of application Ser. No. 355,593 filed Apr. 30, 1973,
      now U.S. Pat. No. 3,890,181.
BSUM
PAR  This invention relates to a flexible plastics hose of which the tube wall
      comprises a helically-wound strip of plastics material the turns of which
      are bonded together and surrounded by spaced turns of a helically-wound
      reinforcing element which is at least partially embedded in the material
      of the tube wall (hereinafter called "a flexible plastics hose of the kind
      referred to"), and more particularly to a method of and apparatus for
      manufacturing a flexible plastics hose of the kind referred to.
PAR  From one aspect the invention consists in a method of manufacturing a
      reinforced plastics hose of the kind referred to, comprising extruding a
      strip of a first plastics material, simultaneously extruding a reinforcing
      element of a plastics material which (a) is more rigid and/or has a higher
      mechanical strength than said first plastics material and/or (b) has a
      core of a material which imparts to said reinforcing element more rigidity
      and/or a higher mechanical strength than said first plastics material,
      winding said strip into a helix around a driving mandrel while the
      plastics material is still in a plastic condition and bonding adjacent
      turns together by pressure applied between said mandrel and roller means
      external thereof to form a tubular wall of said plastics material, and
      simultaneously winding said reinforcing element around said helix of said
      first plastics material in spaced helical turns having the same pitch
      angle as said helix of first plastics material while guiding the
      reinforcing element into said spaced helical turns and pressing it into
      the first plastics material by said roller means so as to partially embed
      said reinforcing element into said tubular wall and to feed the tubular
      wall with the reinforcing element partially embedded therein axially of
      the mandrel.
PAR  By selecting for the hose wall and the reinforcing element plastics
      materials which are compatible, the helical reinforcing element may be
      fused or bonded to the tubular wall of the hose by the pressure exerted by
      the roller means.
PAR  The reinforcing element is preferably wound so as to overlie the joins
      between adjacent turns of the strip of the first plastics material.
PAR  The reinforcing element may be made by extruding plastics material around a
      core, such as a metal wire or a textile cord to provide the reinforcement
      or additional reinforcement.
PAR  The guiding of the reinforcing element into its spaced helical turns is
      conveniently effected by annular guide grooves in the roller means, spaced
      apart corresponding to the pitch of said turns, and of a depth such that
      the base of a groove presses the reinforcing element to the desired
      partial extent into the wall layer of the first plastics material. The
      groove side walls act like a nut on the turns of the partially projecting
      reinforcing element moving therethrough to advance the formed hose towards
      and off the end of the mandrel. A plurality of roller means may be
      disposed around the mandrel which, in order to minimise frictional
      resistance against the advance of the formed hose along the mandrel,
      preferably comprises a plurality of driven rollers disposed on a circle
      around the centre axis of the mandrel, thereby providing gaps between the
      peripheral zones of the mandrel rollers against which the inner surface of
      the formed hose is supported.
PAR  The roller guide grooves need only extend along the mandrel for a distance
      such that the engaged turns of progressively hardening plastics materials
      exert a total reaction sufficient to ensure the forward feeding of the
      formed hose. Thereafter, if desired, the reinforcing element can be
      pressed further in to the plastics material of the tube wall, or a further
      extruded strip of plastics material may be wound around the formed hose,
      and preferably bonded thereto by pressure, so that the reinforcing element
      becomes completely embedded in the wall of the finished hose.
PAR  From another aspect, the invention consists in apparatus for manufacturing
      a flexible plastics hose of the kind referred to, comprising a mandrel
      around which the extruded strip of plastics material and the reinforcing
      element are to be wound, said mandrel comprising a plurality of mandrel
      rollers which are circumferentially equi-spaced on a circle around and
      extend substantially parallel to the centre axis of the mandrel, means for
      driving said mandrel rollers in the same direction and at the same speed,
      and a plurality of roller assemblies disposed at circumferentially spaced
      positions around said mandrel for pressing the plastics materials against
      the mandrel to bond the turns of the strip of plastics material together
      and to partially embed the reinforcing element in said plastics material,
      each said roller assembly comprising a plurality of roller sections
      rotatable about a common axis, each independently of other roller sections
      of a roller assembly, each roller assembly being disposed opposite a
      mandrel roller with its axis intersecting a radial line from the center
      axis of the mandrel through the axis of said opposing mandrel roller and
      inclined to said center axis of the mandrel, tangentially of the mandrel,
      at an angle equal to the pitch angle of the helical turns of the
      reinforcing element of the hose to be made, each roller section having a
      portion formed with a guide groove for receiving the reinforcing element
      with adjacent guide grooves of an assembly being spaced apart by a
      distance corresponding to the pitch of the helical turns of the
      reinforcing element and the diameters of at least the grooved portions of
      the roller sections increasing in the direction of hose formation, and
      successive roller assemblies in the direction of winding of the plastics
      materials being so positioned axially of the mandrel that the guide
      grooves thereof locate with the turns of the reinforcing element around
      the hose being made.
PAR  Preferably the first roller section of each roller assembly has a portion
      of such diameter that it touches or substantially touches the surface of
      the opposing mandrel roller, and thereby serves to guide the strip of
      plastics material forming the tube wall into the desired helical path and
      assists in feeding the formed hose along the mandrel.
PAR  The invention also consists in reinforced flexible plastics hoses made by
      the said method or apparatus.
DRWD
PAR  In order that the invention may be more readily understood, reference will
      now be made to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of one embodiment of an apparatus according to
      the invention,
PAR  FIG. 2 is a plan view of part of the apparatus of FIG. 1, and
PAR  FIGS. 3 to 7 are fragmentary sectional views of various different
      embodiments of hose according to the invention.
DETD
PAR  Referring to FIGS. 1 and 2, the apparatus comprises a mandrel 1 around
      which are helically wound plastics extrudates from two extrusion devices 2
      and 3 arranged alongside the mandrel. Each extrusion device comprises an
      extrusion die head 2a or 3a to which plastics material is fed from
      extruders 2b or 3b respectively. A strip 8 of a first thermo-plastics
      material, such as a soft grade of polyvinylchloride, is extruded by the
      device 2 and fed to the mandrel 1 and at an angle to the centre axis of
      the mandrel corresponding to the pitch angle at which the strip 8 has to
      be wound around the mandrel along a helical path so that adjacent turns of
      the helically wound strip 8 will touch one another or substantially so. A
      second plastics material is extruded by the device 3 to form a reinforcing
      element 9, the second plastics material, for example, rigid
      polyvinylchloride, being more rigid and/or having a higher mechanical
      strength than the first plastics material. The extruded reinforcing
      element 9 is fed to the mandrel 1 at the same pitch angle as the strip 8.
      As shown in FIG. 1 the extrusion nozzle of the device 3 is arranged above
      the extrusion nozzle of the device 2 so that the element 9 will be wound
      on the mandrel over the strip 8.
PAR  The mandrel 1 is mounted horizontally on a support 4 and comprises a
      plurality of mandrel rollers 1a which are circumferentially equi-spaced on
      a circle around and extend parallel to the center axis of the mandrel. The
      mandrel rollers 1a are driven at the same speed and in the same direction,
      as indicated by the arrows, from the belt driven pulley 5 through a
      suitable arrangement of gears, not shown.
PAR  A plurality of guiding and pressing roller assemblies 6, four in the
      embodiment shown, are disposed at circumferentially spaced positions,
      preferably circumferentially equi-spaced positions, around the mandrel for
      guiding the reinforcing element 9 and the strip 8 so that they will be
      wound around the mandrel at the desired helical pitch angle and for
      pressing the plastics materials thereof against the mandrel to bond the
      turns of the strip 8 together and to partially embed the reinforcing
      element 9 into the plastics material of the strip 8. Each roller assembly
      comprises a plurality of roller-sections 6a, 6b, etc. which are rotatable,
      each section independently of the others, on a common shaft 11. The shaft
      11 of each assembly is carried from the support 4 by an adjustable bracket
      12 which enables not only the radial spacing and circumferential location
      of the associated shaft 11 to be adjusted relative to the center axis of
      the mandrel 1 by the bolts 12a securing the bracket 12 to the support 4,
      but also the inclination of the axis of the shaft 11 relative to the
      central axis of the mandrel, tangentially of the mandrel, to be adjusted
      by turning the part of the bracket to which the shaft 11 is attached about
      a bolt 12b which can be tightened to lock the two parts of the bracket
      together in the adjusted position. Each roller assembly is disposed
      opposite a mandrel roller 1a and adjusted so that the axis of its shaft 11
      intersects a radial line from the center axis of the mandrel through the
      axis of the said opposing mandrel roller and is inclined to the center
      axis of the mandrel at an angle equal to the pitch angle of the helical
      turns of the reinforcing element of the hose to be made.
PAR  Each roller section 6a, 6b, 6c, etc., has a portion formed with a guiding
      groove 7a, 7b, 7c, etc., for receiving the reinforcing element, adjacent
      guiding grooves of a roller assembly being spaced apart by a distance
      corresponding to the pitch of the helical turns of the reinforcing
      element. Since the shaft 11 is inclined to the axis of the mandrel, its
      spacing from the surface of the opposing mandrel roller 1a increases in
      the direction of hose formation, and to compensate for this and enable the
      successive guiding grooves to maintain guiding contact with successive
      turns of the reinforcing element, the grooved portions of the successive
      roller sections of a roller assembly increase in diameter in the direction
      of hose formation. Preferably also the diameters of the troughs of the
      guiding grooves, and also the portions of the roller sections between
      adjacent grooves, similarly increase in diameter in the direction of hose
      formation to maintain pressure contact on the reinforcing element 9 and
      the material of the strip 8 throughout the length of each roller assembly.
      Theoretically, uniform contact pressure requires the increment of the
      diameters to follow a curved line depending on the inclination of the
      roller assembly and the diameter of the opposing mandrel roller 1a but in
      practice it has been found satisfactory if the diameters increase in a
      frusto-conical or simple taper form as illustrated in FIG. 2.
PAR  Successive roller assemblies in the direction of winding of the plastics
      materials are so positioned axially of the mandrel that the guide grooves
      thereof locate with the turns of the reinforcing element of the hose being
      made. Thus, in the case of the embodiment illustrated in FIGS. 1 and 2,
      having four roller assemblies equally spaced around the mandrel, the
      guiding grooves of corresponding roller sections of successive roller
      assemblies in the direction of winding are displaced axially of the
      mandrel by a distance equal to one quarter of the pitch of the turns of
      the reinforcing element.
PAR  As shown, the first roller section 6a of each roller assembly has a
      buttress portion 13 of such diameter that it touches or substantially
      touches the surface of the opposing mandrel roller. These buttress
      portions 13 serve to guide the first turn of the strip 8 into the desired
      helical path, the pressure exerted by them on the side of the strip 8
      urging it towards the previously wound turn and assisting in feeding the
      formed hose along the mandrel. In the embodiment shown, the surface of
      each buttress portion 13 which engages with the side of the strip 8 is of
      frusto-conical shape to substantially correspond with the slope of the
      side surface of the strip 8 which it engages, it being preferred that the
      strip 8 be formed with a rhombic cross-section, as shown in FIG. 3, as
      this formation assists in the bonding of adjacent turns of the strip 8 by
      the applied radial pressure.
PAR  As the extended strip 8 and the extruded reinforcing element 9 are in the
      thermoplastic condition as they are wound around the mandrel, the roller
      sections of the roller assemblies 6 press them together to partially embed
      the reinforcing element into the tube wall formed by the strip 8 and also
      to bond adjacent turns of the strip 8 together. Conveniently, the guiding
      grooves are arranged to guide the reinforcing element 9 so that it
      overlies the joins between adjacent turns of the strip 8 as shown in FIG.
      3. This has the advantage that the pressure exerted by the guiding grooves
      to partially embed the reinforcing element in the material of the strip 8
      ensures adequate pressure between adjacent turns of the strip 8 to achieve
      a good bond. The portions of the roller sections between the grooves apply
      such pressure on the portions of the strip 8 between the turns of the
      reinforcing element as is necessary to obtain a good bond between its
      turns. Preferably, the plastics materials of the strip 8 and reinforcing
      element are compatible so that as they are wound and pressed together in
      the thermoplastic condition, they will also be bonded together.
PAR  As the plastics materials are wound around the mandrel, the guiding grooves
      act as a kind of nut on the partially projecting helical turns of the
      reinforcing element, assisted by the force exerted by the portions 13 of
      the roller sections 6a on the side of the first turn of the strip 8, to
      advance the hose along the mandrel as it is formed, and finally off the
      end of the mandrel. The finished hose H discharged from the end of the
      mandrel, after plugging its open end, may be floated, while still
      rotating, on water contained in a long trough, whereby the plastics
      materials are also water cooled.
PAR  The reinforcing element, instead of or in addition to being made of a
      plastics material which is more rigid and/or of greater mechanical
      strength than the plastics material of the strip 8, may be provided with a
      core of metal wire, a textile or nylon cord, or of other material which
      provides the desired reinforcement. The core may be incorporated by
      providing the extrusion device 3 with a cross-head die 3a through which
      the core 10 is introduced as shown in FIG. 1. A core of metal wire, such
      as bare stranded wire or other conducting material when earthed, also
      serve to avoid a build up of static electricity along the hose and can
      also be used as an earthing wire between end couplings of lengths of hose
      for discharging static electricity which may be generated at a hose
      nozzle.
PAR  An earthing wire may alternatively be provided as an insert in the strip 8,
      and may be introduced therein by providing the extrusion device 2 with a
      cross-head extrusion head.
PAR  If desired, the strip 8 can comprise two or more layers of plastics
      materials, for achieving any particular desired hose characteristics. For
      example, it may have an inner layer of a plastics material possessing
      advantageous properties, e.g., oil resistance, for the use to which the
      hose is to be put. For example, the inner layer, which forms the inner
      wall of the hose, may be of polyurethane. The outer layer may be PVC.
PAR  Axial sections through the walls of examples of hose produced according to
      the invention are illustrated in FIGS. 3 to 7. Each hose comprises a tube
      wall constituted by the helically wound strip 8 of the first plastics
      material the turns of which are bonded together, having the helically
      wound reinforcing element 9 around the outside thereof and at least
      partially embedded therein, the adjacent turns of of the reinforcing
      element 9 being axially spaced apart. The reinforcing element which
      possesses greater rigidity or a higher mechanical strength than the wall
      material of the hose which it surrounds, serves to reinforce the hose.
      Preferably, as shown, the reinforcing element 9 overlies the joins between
      adjacent turns of the strip 8 constituting the tube wall. In the
      embodiments illustrated in FIGS. 3 and 5 the reinforcing element has a
      circular cross-section and in that illustrated in FIG. 4 it has a wider,
      flatter cross-section. In FIG. 6 the element 9 has an eccentrically
      disposed core in the form of bare strand wire surrounded by the second
      plastics material. In the hose of FIG. 7, two reinforcing helices are
      wound around the softer plastics material, one of the reinforcing helices
      9a being an extruded filament of the more rigid or harder plastics
      material and the other 9b comprising a strand wire covered with a
      conducting PVC (e.g., a PVC containing conductive particles). Where two
      different reinforcing elements are wound around the tube wall an extra
      extrusion nozzle is provided for the additional reinforcing element and
      the form of the guiding and pressing rollers must be appropriately
      modified.
PAR  While particular embodiments have been described, it will be understood
      that various modifications may be made without departing from the scope of
      the invention. Thus the guiding grooves 7a, 7b, etc., may progressively
      decrease in depth, so that the reinforcing helix becomes progressively
      further embedded in the tube wall material as the hose formation proceeds.
      The free ends of the roller assemblies may carry plain roller sections for
      achieving further embedment or flattening of the reinforcing element.
PAR  However, it must be borne in mind that the advance of the hose along the
      mandrel is produced by the total reaction of the turns of the projecting
      portions of the reinforcing element (the plastics material of which, as
      does the plastics material of the strip 8, progressively cools and hardens
      somewhat as it advances along the mandrel, which cooling can be assisted
      by impinging cold air thereon) on the guiding grooves, assisted by the
      axial forces exerted by the buttress portions 13 on the strip 8, so that
      care must be taken to provide sufficient axial reaction to advance the
      hose being made without undesirable distortion. For making hoses of
      particularly long length, or of softer materials, it may be necessary to
      provide two or more sets of roller assemblies, arranged in tandem along
      the mandrel, in order to provide sufficient axial reaction to advance the
      hose along the mandrel. In this regard, the construction of the mandrel of
      a plurality of mandrel rollers with spaces therebetween where the tube
      wall is unsupported, is important in reducing the resistance to axial
      advance along the mandrel.
PAR  According to another modification, the first roller section 6a, or at least
      the buttress portion thereof, of each roller assembly may be positively
      driven. The drives may be effected through suitable gearing from the
      pulley 5, and in order to enable the inclination of the shafts 11 to be
      adjusted to suit the hose to be made, they may be connected to the driving
      means by universal joints.
PAR  Further, instead of forming the guiding grooves at the ends of a roller
      section as shown in the illustrated embodiment they may be provided at an
      intermediate position along a roller section.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for manufacturing a flexible plastics hose wherein a strip
      of a first plastics material is extruded, a reinforcing element of a
      second plastics material is simultaneously extruded, said strip is wound
      into a helix around a driven mandrel while the plastics material is still
      in a plastic condition and adjacent turns are bonded together by pressure
      applied between said mandrel and roller means external thereof to form a
      tubular wall of said plastics material, said reinforcing element being
      simultaneously wound around said helix of said first plastics material in
      spaced helical turns having the same pitch angle as said helix of first
      plastics material while the reinforcing element is guided into said spaced
      helical turns and is pressed into the first plastics material by said
      roller means so as to partially embed said reinforcing element into said
      tubular wall and to feed the tubular wall with the reinforcing element
      partially embedded therein axially of the mandrel, said apparatus
      comprising a mandrel around which the extruded strip of plastic material
      and the reinforcing element are to be wound, said mandrel comprising a
      plurality of mandrel rollers which are circumferentially equi-spaced on a
      circle around and extend substantially parallel to the center axis of the
      mandrel, means for driving said mandrel rollers in the same direction and
      at the same speed, and a plurality of roller assemblies disposed at
      circumferentially spaced positions around said mandrel for pressing the
      plastics materials against the mandrel to bond the turns of the strip of
      plastics material together and to partially embed the reinforcing element
      in said plastics material, each said roller assembly comprising a
      plurality of roller sections rotatable about a common axis, each
      independently of other roller sections of a roller assembly, each roller
      assembly being disposed opposite a mandrel roller with its axis
      intersecting a radial line from the center axis of the mandrel through the
      axis of said opposing mandrel roller and inclined to said center axis of
      the mandrel, tangentially of the mandrel, at an angle equal to the pitch
      angle of the helical turns of the reinforcing element of the hose to be
      made, each roller section having a portion formed with a guide groove for
      receiving the reinforcing element with adjacent guide grooves of an
      assembly being spaced apart by a distance corresponding to the pitch of
      the helical turns of the reinforcing element and the diameters of at least
      the grooved portions of the roller sections increasing in the direction of
      hose formation, and successive roller assemblies in the direction of
      winding of the plastics materials being so positioned axially of the
      mandrel that the guide grooves thereof locate with the turns of the
      reinforcing element around the hose being made.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the first roller section of
      each roller assembly has a buttress portion adapted to be engaged by the
      side wall of the first turn of the strip.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein the roller sections of a roller
      assembly are mounted on a common shaft, means being provided for adjusting
      the inclination of said shaft to the center axis of the mandrel.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, in combination with two extrusion
      devices through which the strip of plastics material and the reinforcing
      element are adapted to be extruded, said extrusion devices being so
      disposed in relation to the mandrel that both extrudates will be fed to
      the mandrel at an inclination to the center axis of the mandrel
      substantially equal to the pitch angle at which the strip and reinforcing
      element are to be wound around the mandrel to make the hose to be made and
      with the reinforcing element outside the strip.
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ABST
PAL  A shim designed for insertion between mold segments on hot briquette rolls
      permits accurate alignment of the segments and at the same time, by virtue
      of its softening and melting temperatures permits uniform expansion of the
      segments on heating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods and devices for improving the performance
      of hot briquette rolls of the type used for highly reduced iron ore. In
      particular, the invention is an improvement in hot briquetting machines
      such as disclosed by Komarek in U.S. Pat. Nos. 3,077,634, 3,269,611, and
      3,143,769.
PAR  The difficulty in operating hot segmented roll briquette machines has been
      that the segments must be inserted when they are cold and, or course,
      relatively contracted. At operating temperatures, i.e., in the range of
      900.degree.F, they are fully expanded. The difference in size may be
      expected to be about 0.03". To achieve uniformity in the hot position of
      the rolls, they must be spaced with from 0.01" to 0.02" between them; the
      lower portions may be slightly closer together than the outer portions,
      depending on the shape of the mold segment. Frequently, the abutting mold
      segments each contain half a mold face, so that a complete briquette is
      formed half in one and half in the other. In this case, care must be taken
      that all segments, when they are expanded by the heat, meet precisely so
      no briquette material will enter the space between mold segments, and form
      a briquette having a raised portion in the center. Such a seam in the
      briquette is likely to stick in the mold and render the briquette
      difficult to dislodge. Uneven briquettes generally are more likely to have
      weak spots than symmetrical ones.
PAR  I am not aware of the use of low-melting alloys as sacrificial shims in the
      prior art.
PAC  SUMMARY OF THE INVENTION
PAR  My invention solves the problems of aligning the mold segments of a hot
      roll briquetting machine. A shim having a relatively low melting
      temperature, i.e., 550.degree.F to 700.degree.F, inserted in the expansion
      gap between mold segments will insure the uniform placement and expansion
      movement of mold segments and at the same time prevent the deposition of
      briquette material in the expansion gap. dr
PAR  My invention will be further described with reference to the accompanying
      drawings in which
PAR  FIG. 1 is more or less diagrammatic side sectional view of a briquette
      roll,
PAR  FIG. 2 is a sectional view of a roll segment positioned on the roll,
PAR  FIG. 3 is a side view of two segments showing the conventional expansion
      gap and
PAR  FIGS. 4 and 5 are profiles of preferred forms of my shim for insertion in
      the expansion gap.
PAR  In FIG. 1, the main body or roll core 1 of the briquette roll is a
      simplified depiction of a roll of the type described in more detail in
      U.S. Pat. No. 3,077,364. It is adapted to compress reduced iron ore or
      other hot, powdered material together with another tangentially placed
      roll while the hot powdered material is fed between them from above. The
      roll segments 2 in this illustration each have one whole pocket contour 3
      and two half-pocket contours 4, although it is also common to have two
      whole pockets and two halfpockets.
PAR  Referring to FIG. 2, the roll segments 2 typically have more than one
      pocket 3 in side-by-side relationship. The roll segment 2 is held in place
      on the roll core 5 by segment clamps 6.
PAR  In FIG. 3, the expansion gap 7 is illustrated between two roll segments 2.
      FIG. 4 is the profile of a preferred form of a shim designed to fill the
      expansion gap of a machine in which the roll segments contain two
      side-by-side pockets. FIG. 5 is a similar shim with a portion cut away.
PAR  Placed between the segments when the roll is "down," or cold, the shim will
      enable the operator to adjust all segments with a minimum of difficulty.
      After the machine resumes operation, the shim will soften and yield when
      pressures are exerted on it by the expanding segments. When the segments
      reach peak temperature, the shim will be completely melted and dissipated,
      and the mold segments will achieve firm and uniform contact throughout.
PAR  For molds made of tool steel, achieving temperatures as high as
      1000.degree.F, I prefer to use a shim made of silver solder or solders
      with relatively high melting temperatures (600.degree.F. and above) but
      which become plastic at about 350.degree.F. The shim should not become
      completely fluid until the maximum expansion is achieved or nearly
      achieved.
PAR  The shim need not have a profile identical to that of the edge of the roll
      segment, but such a profile is preferred in order to achieve the most
      efficient use of the alloy, which, of course, is lost after it melts. The
      shim should substantially fill the expansion gap; otherwise significant
      amounts of briquette material may enter. It may be found desirable in
      certain instances to employ a shim of which a portion has been cut away as
      in FIG. 5.
PAR  The shims should be inserted in all the expansion gaps for best results.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shim for use in hot briquette machines having peripheral mold segments
      on mold rolls comprising a sheet of alloy having a melting point no higher
      than the temperature at which the mold segments achieve their greatest
      expansion under operating conditions, said sheet having a profile similar
      to the profile of a mold segment of said hot roll briquette machine.
NUM  2.
PAR  2. The shim of claim 1 having a melting point between about 550.degree.F
      and 700.degree.F.
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ABST
PAL  A method and apparatus for insulating a plurality of electrically
      conductive elements and to produce electrical cable where the method
      includes heating the unformed insulative material and conductive elements,
      applying pressure and simultaneously removing heat with a pair of rollers
      at a relatively low temperature and applying pressure and heat to
      preselected regions only of the insulative material. The method and
      apparatus further allow preselected portions of the cable to be unbonded
      so as to facilitate access to the conductive elements by simply
      interrupting the application of pressure to the preselected portions. The
      heat, press and cool and press and bond method may also be accomplished in
      a step and repeat process using presses to insulative flexible circuits.
      The above method and apparatus provide more reliable bonding at an
      accelerated rate of production.
PARN
PAR  This is a division of application Ser. No. 93,949 filed Dec. 1, 1970, now
      U.S. Pat. No. 3,802,974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and apparatus for insulating
      elements and, more particularly, to a method and apparatus for
      simultaneously insulating a plurality of electrically conductive elements
      to achieve a more reliable bonded flat electrical cable in a more
      economical manner, for facilitating exposure of the electrically
      conductive elements to allow electrical contact to be made, and for
      bonding flexible electrical circuits.
PAR  2. Description of the Prior Art
PAR  Electrical cable is simple a plurality of electrically conductive elements
      aligned parallel one another in a predetermined spacing encapsulated
      (except for the ends of the cable) with synthetic resin electrical
      insulative material. Physically, the cable appears as a thin flexible
      strip of synthetic resin having small embedded metallic wires.
PAR  Efforts to make electrical cable less expensively, quicker, and more
      reliable have spawn many methods and apparatus exemplified by the prior
      art. One such method, sometimes referred to as the hot-roll method,
      comprises locating two grooved rollers closely adjacent one another,
      heating the rollers to a temperature to cause fusion of the synthetic
      resin insulative material used and passing a plurality of conductive
      elements sandwiched between insulative strips to achieve a bonded
      electrical cable. Another method, such as exemplified by U.S. Pat. No.
      3,082,292 to R. W. Gore, comprises moving the sandwich of electrical wire
      and insulator between two grooved rollers and then passing the formed but
      unbonded cable to an oven to achieve bonding. Yet, another method as
      exemplified by U.S. Pat. No. 3,531,045 to L. L. Emmel et al., commonly
      referred to as the chill-roll process, comprises passing the layered
      electrically conductive elements and insulative material through a heating
      device to heat the entire unbonded cable to well over the temperature
      necessary for bonding and then passing the cable through two grooved
      rollers which are at a temperature below that of bonding.
PAR  Each of the prior art processes provided an unreliable bond; that is,
      fusion of the abutting surfaces of the insulative material could not be
      reliably accomplished without causing substantial difficulties with other
      portions of the cable. For example, some of the methods required heating
      to a substantially higher temperature than necessary to cause fusion to
      compensate for heat loss before maximum pressure is brought to bear to
      cause bonding; this excessive heat frequently oxidized the electrically
      conductive elements thereby making future electrical contact difficult.
      Excessive heat creates the generation of excessive amounts of gas causing
      gas bubbles in the cable. Still another problem related to internal
      stresses formed in the insulative material during the insulative
      material's manufacture. When heated, the areas, representing overly
      stressed and normally stressed regions, expand at different rates causing
      wrinkles in the insulative cover. Removing wrinkles requires critical
      machine adjustments and excessive machine tension applied to the
      insulative material during the cable-making process. Upon cutting such a
      cable for use, the insulative material tends to recede from the conductive
      elements leaving the ends of the conductive elements undesirably exposed.
      A further problem with overheating occurs after pressure has been
      released; if the cable is still above fusion temperature, there is a
      tendency for the insulative material to deform to its original flat shape
      and unbond. One solution to the latter problem is to use more adhesive
      material to retard undesirable deformation. However, this results in a
      cable which is substantially thicker than need be and which concurrently
      increases material expenses.
PAR  Another major difficulty facing the electrical cable industry and its
      customers is quickly, economically and reliably exposing the electrically
      conductive elements of a bonded cable to allow electrical contact to be
      made. Present methods include grinding away the insulative material in
      order to expose the conductive elements; this frequently causes damage to
      the conductive elements since it is difficult to accurately control the
      grinder. Another method includes the application of heat to the insulative
      material to allow its separation from the conductive elements; this causes
      deformation of the cable, oxidizes the conductive elements and enhances
      the chance of cable delamination. Neither of the above methods are suited
      for fully automatic operation since both methods disturb the positioning
      of the conductive elements which is critical for automatic connection to
      another electrical element such as an electrical connector having multiple
      electrical contact positions. For example, a three inch wide cable may
      easily contain sixty electrically conductive wires in alignment, each wire
      parallel to the others. Position tolerances are .+-. 0.0005 inches.
      Grinding heating or cutting through insulation which may be 0.005 inches
      is exceedingly delicate and difficult.
PAR  Still another problem faces the flexible circuit industry. A flexible
      circuit may be defined as a specifically designed layer of electrically
      conductive material bonded between two layers of insulative material.
      Insuring a reliable bond between the two insulative layers and achieving
      this bond in a relatively short time span has always eluded solution.
PAC  SUMMARY OF THE INVENTION
PAR  A solution to all of the mentioned problems is accomplished by the present
      invention which provides a method for insulating an element comprising the
      steps of providing an element positioned between layers of insulative
      material; moving the element and the insulative material relative to a
      first pressure station; selectively applying pressure to form the
      insulative material about the element; moving the formed insulated
      material and the element relative to a second pressure station; and
      selectively applying pressure and sufficient heat to the insulative
      material to bond the layers. The invention further includes a method for
      simultaneously insulating a plurality of elements including the bonding of
      layers of insulative material about the plurality of elements with heat
      and pressure and for facilitating exposure of the elements at
      predetermined locations wherein the improvement comprises interrupting the
      application of pressure to predetermined locations of the insulative
      material.
PAR  In addition to the methods, the invention includes the apparatus for
      accomplishing the methods; that is, apparatus for manufacturing cable as
      well as apparatus for manufacturing flexible electrical circuits.
PAR  It is a general aim of the present invention to provide a method and
      apparatus for achieving a superior bonding of insulative material about an
      interior element. Other aspects of the present invention include bonding
      electrically insulative material about an electrically conductive element,
      the provision of a method and apparatus for reducing the heat required to
      achieve necessary bonding, for reducing the stress induced in the
      electrically insulative material, for eliminating the need to finely
      adjust the apparatus in response to excessive stresses in the insulative
      material, and for cooling the bonded material quickly so as to provide a
      permanent form.
PAR  A corrollary aim of the present invention is to provide a method and
      apparatus for increasing the speed of cable manufacture in one embodiment
      and in another embodiment to increase the speed of flexible circuit
      manufacture.
PAR  Another object of the present invention is to provide a method and
      apparatus for forming the electrically insulative material about a
      plurality of electrically conductive elements and for bonding the
      insulative material in preselective locations only.
PAR  A further object of the present invention is to provide a method and
      apparatus for facilitating the exposure of the electrically conductive
      elements of a bonded cable.
PAR  Yet, a further aspect of the present invention is to provide a reliable and
      inexpensive manner for bonding flexible circuits.
PAR  Other objects and advantages of the invention will appear from the
      following description taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a method and an apparatus for
      simultaneously insulating a plurality of aligned elements to produce a
      cable.
PAR  FIG. 2 is an enlarged partly modified diagrammatic view of a portion of the
      embodiment shown in FIG. 1.
PAR  FIG. 3 is an enlarged elevational sectional view taken along line 3--3 of
      FIG. 2.
PAR  FIG. 4 is an enlarged diagrammatic elevational view taken within the circle
      4--4 of FIG. 2.
PAR  FIG. 5 is an enlarged elevational sectional view taken along line 5--5 of
      FIG. 2.
PAR  FIG. 6 is an enlarged diagrammatic elevational view taken within the circle
      6--6 of FIG. 2.
PAR  FIG. 7 is a graph illustrating the temperature of the insulative material
      of a prior art process.
PAR  FIG. 8 is a graph illustrating the temperature of the insulative material
      of another prior art process.
PAR  FIG. 9 is a graph illustrating the temperature of the insulative material
      of the present inventive method.
PAR  FIG. 10 is an enlarged diagrammatic view of a portion of the view shown in
      FIG. 1 illustrating the forming and bonding rollers in a disengaging
      position.
PAR  FIG. 11 is an elevational sectional view of the unformed and unbonded cable
      taken along line 11--11 of FIG. 10.
PAR  FIG. 12 is a diagrammatic perspective view illustrating the exposure of the
      conductive elements.
PAR  FIG. 13 is a diagrammatic view of a method and an apparatus for
      manufacturing flexible circuits.
PAR  FIG. 14 is an elevational sectional view taken along line 14--14 of FIG.
      13.
PAR  FIG. 15 is an enlarged diagrammatic view of a multi-layer circuit between
      etched mold plates.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the present invention is susceptible of various modifications and
      alternative constructions, illustrative embodiments are shown in the
      drawings and will herein be described in detail. It should be understood,
      however, that it is not the intention to limit the invention to the
      particular forms disclosed; but, on the contrary, the intention is to
      cover all modifications, equivalents and alternative constructions falling
      within the spirit and scope of the invention as expressed in the appended
      claims.
PAR  The product for which the present method and apparatus are directed may be
      generally described as a plurality of aligned electrically conductive
      elements insulated with a suitable synthetic resin material to provide a
      compact, flexible cable. This electrical cable has wide usage in compact
      systems; the cable, or harness as it is often referred to, acts to provide
      electrical paths between such components as printed circuit boards and
      provides a compact and light-weight element compatible with small
      components to form a very compact system.
PAR  Referring to FIG. 1, a number of electrically conductive elements 10 are
      brought together and aligned one from another by being passed around idler
      rollers or drums 12, 14, 16 and 20. It is preferable that the rollers 14
      and 20 have grooves or recesses located in their outer surfaces in order
      to provide alignment guides for the conductive elements. The rollers are
      located so as to provide with drive rollers 30 and 31 a constant tension
      on the conductive elements which enhances alignment. Two oppositely
      disposed supply spools 22 and 24 are provided to supply an upper layer 26
      of insulative material and a lower layer 28 of insulative material,
      respectively, so as to sandwich the conductive elements. The insulative
      materials materials are commonly referred to as "webs." The lower layer 28
      passes between a drive roller 23 and an idler roller 25 which are in
      pressure contact while the upper layer 26 passes between a drive roller 27
      and an idler roller 29 which are in pressure contact. To insure tension on
      the upper and lower layers of the insulative materials, the velocity of
      rotation of the drive rollers 23 and 27 is somewhat less than the velocity
      of rotation of the drive rollers 30 and 31. Tension is easily adjusted by
      simply altering the relationship of the rotational velocity of the drive
      rollers 23 and 27 and the rotational velocity of the drive rollers 30 and
      31. All of the elements mentioned thus far are suitably attached to a
      frame 32 (which is illustrated in diagrammatic outline form using phantom
      lines) as are storage spools 33, 34 and 35.
PAR  A major disadvantage of all prior art methods and apparatus has been the
      reliability of the bonding of the insulative layers for encapsulating the
      conductive elements. Often, for example, a cable is formed where the two
      layers of insulative material are brought together and apparently attached
      only to become delaminated upon handling. In accordance with one of the
      important aspects of the present invention, a cable is formed in which the
      two layers of insulative material are completely bonded so as to entrap
      the conductive elements to provide a flexible cable which is permanently
      formed. Referring once again to FIG. 1, the aligned conductive elements 10
      are passed through a heater 36 which is connected to the frame 32. The
      conductive elements having the upper layer 26 of insulative material and
      the lower layer 28 of insulative material in alignment then move through a
      second heating station by being passed through a heater 38 which is
      attached to the frame 32. Each of the heaters are at a temperature to warm
      the conductive elements and the insulative material so as to increase the
      plasticity of the insulative material; nevertheless, the temperature is
      below that which would cause the insulative material to bond. During this
      time the plurality of conductive elements are in a parallel alignment
      relative one another as well as in planar alignment and are aligned
      relative the two layers of insulative material. The heaters 36 and 38 may
      comprise planar infra-red radiant heaters.
PAR  It is reinterated that the deficiencies in the prior art generally center
      about the supply of heat to the cable and proper timing of the application
      of pressure. Thus, in the hot-roll process, either the heat is
      insufficient to cause bonding because forming and bonding were performed
      simultaneously or too much heat was supplied so that the cable departed
      the location of pressure application excessively heated thereby allowing
      the deformation of the cable to its original condition. With other
      processes, excessive heat application caused excessive generation of gas
      which frequently formed undesirable gas pockets within the bonded cable.
      Further, the excessive application of heat causes the conductive elements
      to form an oxidation coating which requires removal before a reliable
      electrical connection can be made between the cable and another part of
      the system in which it is employed. Still another problem is that the
      insulative material is frequently received with high stress areas formed
      during its own manufacture. When heated, the high stres regions have a
      different rate of expansion than adjacent regions which causes excessive
      wrinkles at locations along the insulative material. Thus, it becomes
      necessary to critically tune the apparatus forming the cable by aligning
      to a high degree of precision the shafts for the supply spools and the
      rollers and increasing the tension on the preformed cable. When the cable
      is formed and severed for application, the increased tension used during
      manufacturing causes the insulative material to constrict once the tension
      is relieved so as to expose, undesirably, the conductive elements at the
      point of severance. Wrinkles also leave air pockets and folds in the final
      cable causing the cable to be rejected. Finally, the above difficulties
      require the speed of processing the cable through the apparatus to be
      relatively slow, thereby increasing manufacturing time and expense.
PAR  In accordance with an important aim of the present invention, a method and
      apparatus is provided which reduces the amount of heat necessary to cause
      bonding, reduces stress in the insulative material, eliminates the need
      for fine adjustment of the machine, increases the speed of production and
      substantially increases the reliability of the bond achieved.
PAR  To ensure proper and reliable bonding, the unformed cable 39 of the present
      invention is moved through a forming station 40 and a bonding station 42.
      The forming station 40 includes two adjacent rollers 44 and 46, or nips as
      they are frequently referred to, each connected to a heat removal and
      control unit 45. The bonding station 42 includes two adjacent rollers 48
      and 50 each connected to a heat source and control unit 49.
PAR  Referring to FIGS. 3 and 5, the outer surfaces of the rollers are shown in
      more detail. For example, the roller 44 includes an outer surface having
      alternate ridges, such as ridges 64, 66 and 68, and recesses such as
      recesses 70 and 72; in a like manner, the roller 46 has an outer surface
      having ridges 74, 76 and 78 with alternate recesses 80 and 82. The roller
      48 has an outer surface having alternate ridges 64a, 66a and 68a and
      recesses 70a and 72a; the roller 50 corresponds to the roller 48 with
      ridges 74a, 76a, 78a and recesses 80a and 82a.
PAR  To ensure a reliably bonded and permanently formed cable, the unformed
      cable is bonded in a two-step operation. First, the unformed cable moves
      between the rollers 44 and 46 of the forming station 40, FIGS. 2 and 4 and
      then between the rollers 48 and 50 of the bonding station 40, FIGS. 2 and
      6. Returning once again to FIG. 3, the forming station rollers 44 and 46
      use the conductive elements, as exemplified by the conductive elements 10a
      and 10b, as mandrels around which the two layers of insulative material 26
      and 28 are cold formed. Prior to entering the forming rollers 44 and 46,
      the unformed cable was heated by the heater 38 to a temperature to
      increase its plasticity but below the temperature at which the insulative
      material fuses. When the unformed cable passes between the rollers 44 and
      46, which applies pressure selectively to the regions of the insulative
      material between the locations of the aligned conductive elements, that is
      the ridges of the rollers aligned between the conductive element
      locations, there is a stretching of the insulative layers in the region
      where they pass over a conductive element while in the regions between the
      placement of the conductive element there is a squeezing of the insulative
      material causing it to cold flow about the conductive elements. It is
      important to note that prior to the forming station, the unformed cable
      was at an elevated temperature to increase its plasticity; the forming
      rollers 44 and 46, however, are at a lower temperature so as to cool the
      cable before it is moved to the bonding station. When pressure is applied
      by the forming rollers there is a desired cold flow of the insulative
      material about the conductive elements causing the insulative material to
      form in the desired manner; at the same time, there is a heat transfer
      (see FIGS. 3 and 4) from the unformed cable to the rollers causing the
      insulative material to cool and stabilize in the formed configuration.
      Thus, upon passing beyond the forming rollers 44 and 46, the cable which
      will be referred to as formed cable 39a, FIG. 1, appears visually to be
      finished bonded cable; however, as noted in FIG. 3, abutting surfaces 92
      and 94 of the upper and lower layers of insulative material, respectively,
      are still clearly distinguishable.
PAR  It is to be understood that the heating step accomplished by the heater 38
      may be dispensed with when using some insulative materials which are
      readily formed at room temperature; however, with the more popular
      insulative materials, it is contemplated that a heating step is desirable.
      The heating step not only increases the plasticity of the insulative
      material, but also serves to relieve any residual stresses present from
      the insulative material's manufacturing process.
PAR  In accordance with another important aspect of the present invention, the
      relatively cool formed cable is heated to bonding temperature at
      preselected locations only so as to minimize the total amount of heat
      transferred to the cable. Thus, all the disadvantages in the prior art due
      to excessive heating have been obviated. The bonding rollers are identical
      to the forming rollers, except that the bonding rollers are at a
      temperature at or slightly above that needed to bond the insulative
      material. Because only the ridges of the rollers such as ridges 64a, 66a,
      68a, 74a, 76a, and 78a, FIG. 5, come into contact with the insulative
      material (the recesses may be 0.005 to 0.010 inches from the insulative
      material) the heat of bonding is essentially transmitted through the
      ridges to the insulative material in the location where contact is made.
      For purposes of illustration, the locations are designated 91, 93 and 95.
      The transfer of heat is diagrammatically illustrated by wavy arrows. Any
      gas pockets remaining after the forming station are closed at the bonding
      station. The combination of heat sufficient to cause bonding and pressure
      assures a complete bonding of the two layers of insulative material so
      that the abutting surfaces of the formed cable are no longer
      distinguishable.
PAR  It is important, of course, that the formed cable be raised to the bonding
      temperature by the time maximum pressure is applied to the cable.
      Referring to FIG. 6, it is seen that because of the radial dimension of
      the rollers, there is contact between the insulative material and the
      rollers prior to the time that full presssure is applied; full pressure is
      applied to the insulative material at a location which is coincident with
      a line representing the shortest distance between the centers of the
      rollers 48 and 50 depicted in FIG. 6 by the letters "p" and the vertical
      arrows (see also FIG. 4). Since the thickness of the insulative material
      ranges from 0.002 to 0.010 inches, heating is sufficiently rapid to cause
      bonding when the maximum pressure is applied. Of course, it is understood
      that the rate of heat conduction through the insulative material is a
      function of the particular material used and the velocity through which
      the cable is moved through the bonding station.
PAR  Just as important as the addition of heat is the very rapid cooling which
      is to occur after the location of maximum pressure has been passed so that
      the cable does not have a chance to deform while at a high temperature. To
      accomplish rapid cooling, the formed cable, as mentioned, is cooled by the
      forming rollers 44 and 46 to a relatively low temperature. The cable is
      heated by the bonding rollers only in the locations 91, 93 and 95, FIG. 5,
      establishing a substantial temperature gradient over the width of the
      cable causing a heat flow from the highly heated regions to the cooler
      regions which are occupied by and immediately adjacent the conductive
      elements. Since good electrically conductive elements are generally also
      excellent heat conductive elements, there is a rapid dissipation of the
      heat by conduction through the conductive elements as well as dissipation
      of heat through the immediate environment by the usual convection process;
      thus, very rapid cooling is affected immediately upon leaving the high
      temperature bonding rollers so that the bond and the formation of the
      cable is permanent. By way of example, it is contemplated that the
      locations 91, 93 and 95 will occupy approximately 30 percent of the width
      of the cable so that only 30 percent of the cable receives heat sufficient
      for bonding. Because of the low total amount of heat applied for bonding
      and because of the forming step, there is less insulative layer distortion
      and no conductive element position shifts. Hence, a wider cable may be
      processed achieving a greater production per unit of time. It is to be
      appreciated that the initial cold forming of the insulative material about
      the conductive elements using the conductive elements as mandrels, the
      cooling of the insulative material and the conductive elements prior to
      the bonding station, and the application of heat to limited locations of
      the cable establishes a major advantage for the present method and
      apparatus; that is, a reduction in the amount of heat transferred to the
      cable with its corollary disadvantages of excessive gas, oxidation of the
      conductive elements and redeformation after removal of the bonding
      pressure.
PAR  To emphasize the differences between the prior art and the present
      invention, reference is made to FIGS. 7, 8 and 9 illustrating a "heating"
      curve for the insulative material during three manufacturing processes.
      The hot-roll process, FIG. 7, shows by the curve 200 the insulative
      material is heated above the bonding temperature at the hot roller station
      202 and has a very slow heat dissipation rate as exemplified by the curve
      portion 204. If the temperature is above bonding after leaving the
      rollers, deformation is likely to occur. The chill-roll process, FIG. 8,
      shows the curve 206 substantially above the bonding temperature line 208
      so as to allow forming and bonding in the cool roller station 210. The
      disadvantages of excessive heating have already been mentioned. The
      present method, FIG. 9, shows the curve 212 well below the bonding
      temperature line 214 during forming at the cool roller station 216 and
      only slightly above the line 214 at the bonding station 218. It is to be
      noted that in the hot and chill-roll processes, the insulative material is
      heated along its entire width above the bonding temperature, while in the
      present method, only a relatively small portion of the cable is heated to
      bonding temperature. Hence, there is a very rapid drop in temperature
      after passing the bonding station 218. Therefore, not only does the
      concept of forming and bonding at two separate stations provide a superior
      result, but in more detail the superior results are achieved by forming
      about the conductive element so as to use them as mandrels and then,
      cooling prior to bonding followed by bonding at selected locations only.
PAR  By way of example, "Teflon"  (a trademark) polytetrafluorethylene (TFE)
      material coated with fluorinated ethylene-propylene (FEP) has been found
      to be a suitable synthetic resin insulative material with the FEP having a
      temperature of fusion of about 530.degree. F. As mentioned, the material
      is produced in thicknesses for the purpose of forming cable between 0.002
      to 0.010 inches. It is contemplated that the heater 38 will heat the
      unformed cable to a temperature of about 450.degree. F to cause desired
      plasticity of the TFE while the rollers 44 and 46 are maintained at a
      temperature of about 100.degree. F. Thus, the formed cable will be at some
      temperature close to that of the rollers 44 and 46. The bonding rollers 48
      and 50 are maintained at a temperature of about 550.degree. F so as to
      provide sufficient heat for fusion of the FEP coatings. The process
      proceeds at about 40 feet per minute. By way of comparison, the FEP coated
      TFE is a milky blue color at 530.degree. F, tan at room temperature and
      transparent at 640.degree. F. In the chill-roll process described
      hereinabove, it was necessary to heat the material to the transparent
      condition in order to achieve a suitable bond. It is understood that TFE
      will not fuse to itself if its temperature is increased; thus, a coating
      of FEP is necessary to achieve bonding. However, if FEP alone is used as
      the insulative material, heating to about 530.degree. F will cause fusion
      and thus bonding when pressure is applied.
PAR  The forming station and bonding station rollers are of identical design so
      as to be interchangeable; each has removable sleeves to provide the
      desired groove profile. The rollers may be made of aluminum with stainless
      steel sleeves and with a small core for the insertion of a resistance rod
      heater. It is to be understood that only one roller of each pair may be
      grooved, i.e. have alternating ridges and recesses depending upon the
      insulative material used. Further, there may be a temperature differential
      between each roller of a pair; for example, it may be necessary for only
      the roller 48 to be at or above bonding temperature to cause reliable
      bonding. Whether or not both rollers need have the same temperature may
      depend upon the velocity of the process and the insulative material used.
      It is to be understood further that the conductive elements may be round
      or generally rectangular in cross section or any other convenient shape
      without detracting from the invention herein.
PAR  It is contemplated that the method and apparatus described may be used for
      other than manufacturing electrical cable. For example, optical fibre may
      be insulated in the same fashion or preinsulated wires may be brought
      together and supported by being encased within a cable. Hence, the term
      insulative material may apply to electrically insulative, thermally
      insulative or force (impact) insulative for example.
PAR  The bonded cable 39b proceeds to a cooler 100 which may be a roller at a
      low temperature before proceeding to a slitter 102 which may be provided
      to cut the bonded cable along a direction parallel to the longitudinal
      axis of the conductive elements to form whatever width cable is desired.
PAR  Referring to FIG. 2, a modified apparatus is illustrated in phantom line
      including a conveyor belt 140 to support a cable which is weak in tensile
      strength. The belt carries the tensile load. Such a fragile cable is one
      with relatively small conductive elements which may have the insulative
      material formed and bonded by grooved upper rollers only.
PAR  In accordance with another important aspect of the present invention,
      provision is made for facilitating exposure of the conductive elements to
      allow an electrical connection to be made with the cable. As mentioned
      hereinabove, various methods exist for exposing the conductive elements of
      a bonded cable. The present invention contemplates passing preselected
      portions of the unformed cable 39 through the forming and/or bonding
      stations without the application of pressure and/or heat. This is
      accomplished by mounting the rollers 44, 46, 48 and 50 to links 110, 112,
      114 and 116, FIG. 10, respectively, which in turn are pivotally mounted
      about shafts 118, 120, 122 and 124, respectively. Thus, the rollers are
      movable from the position shown in FIGS. 1 and 2 to the position shown in
      FIG. 10. Movement of the rollers from one position to another can be
      accomplished manually or by a motor and timing mechanism 126. The way in
      which bonding is prevented may be accomplished by any one of the
      following: pivoting the bonding rollers 48 and 50 so as to prevent actual
      bonding; pivoting the forming rollers 44 and 46 so as to prevent an
      optimum bond; or preferably operating the forming station rollers and the
      bonding station rollers in sequence so that the preselected portion is
      neither formed nor bonded. When working in sequence, one pair of rollers
      is always closed to insure alignment of the conductive elements. Referring
      to FIG. 11, the insulative layers 26 and 28 remain in a sandwich about the
      conductive elements 10a, 10b, 10c, 10d and 10e without bonding and
      formation taking place.
PAR  Referring now to FIG. 12, exposure of the conductive elements 10a, 10b, 10d
      and 10e is easily accomplished by cutting through the layers 26 and 28 of
      the insulative material in that region which has not been bonded. It has
      been found that the unbonded regions, perhaps several inches in length,
      will balloon outwardly so that cutting and removing of the insulative
      material is easily accomplished without damaging or misaligning the
      conductive elements. The insulative material may be folded back from the
      cut to form flaps 130, 132, 134 and 136 or the flaps may be suitably cut
      away. Another major advantage of the present method and apparatus is that
      accomplishing the preparation of the cable to allow easy exposure of the
      conductive elements does not require stopping the cable manufacturing
      apparatus nor in any other way disrupting the process.
PAR  In accordance with yet another important aspect of the present invention,
      provision is made for substantially increasing the rate of production of
      flexible electrical circuits and for providing a reliable bond between
      various layers of insulative material. A flexible circuit is somewhat
      analogous to electrical cable in that the flexible circuit generally
      comprises a substrate layer or film of insulative material bonded or
      laminated to a layer or film of electrically conductive material. The
      conductive material is covered with a second layer or film of insulative
      material; it is to be understood that an alternating pattern of multiple
      conductive layers and insulative layers may be formed. The process of
      making a flexible circuit includes attaching the substrate layer of
      insulative material and the conductive layer in a suitable fashion
      followed by the removal, selectively, of conductive material to provide a
      preselected circuit designed. The removal process often is accomplished by
      chemical etching and is well known in the industry. After the circuit has
      been formed by the conductive material, the cover layer of insulative
      material is then attached. It is the attachment of the cover layer of
      insulative material which is causing problems by requiring an excessive
      amount of equipment time to accomplish and by not achieving a reliable
      result.
PAR  One prior art method used to bond the cover layer of insulative material to
      the remainder of the circuit is to sandwich the material in a press, heat
      the press so as to apply the proper bonding temperature and pressure and
      then cool the entire press so as to allow the circuit to solidify. After
      the cooled circuit is removed, the entire press must then be reheated for
      the next cycle. Presently, if the insulative material is FEP such a cycle
      may take upwards of 25 minutes.
PAR  Referring now to FIGS. 13, 14 and 15, the concept of the method described
      hereinabove with regard to the manufacture of electrical cable is
      adaptable to the manufacture of flexible circuits. The new method would
      comprise placing a layer of insulative material and a formed circuit
      pattern bonded to a substrate on a conveyor belt 200 having small pegs 202
      for locating the flexible circuits. The conveyor belt is driven about two
      drums, a brake drum 204 and a driving drum 208. The belt is driven in a
      step and repeat fashion through the various stations of the process; that
      is, the belt moves from station to station with stops at each station for
      a predetermined period of time. First, the flexible circuit is positioned
      within a heater 210 for increasing the plasticity of the insulative
      material much in the same fashion as the heater 38 of FIG. 1 increases the
      plasticity of the insulative material of the cable. Secondly, the heated
      flexible circuit is moved to a forming station comprising a press 212
      having an upper platen 213 and a lower platen 214. An etched mold plate
      215 is attached to the upper platen while an etched mold plate 216 is
      attached to the lower platen. The temperature of the press 212 is below
      that of the unformed circuit. When the press is closed, the insulative
      material is cold formed about the conductive material while at the same
      time being cooled similar in fashion to the function of the first set of
      rollers 44, 46, FIG. 1.
PAR  The formed and cooled flexible circuit is then moved to a bonding station,
      which includes a bonding press 218 having an upper platen 219, upper
      etched mold plate 220, lower platen 221 and lower etched mold plate 222.
      The press is at a temperature above that of bonding of the insulative
      material. The press is closed to apply the pressure and heat sufficient to
      cause bonding in a fashion analogous to the operation of the bonding
      rollers 48 and 50 of FIG. 1. The flexible circuit is then moved to a
      trimming station which includes still another press 223 having specially
      formed heads 224 and 225 to trim the flexible circuit in the desired
      fashion. The flexible circuit which has been trimmed is moved beyond the
      trimming station to allow its removal from the conveyor belt. Hence, a
      rapid but reliable bond is achieved between the insulative layers of the
      flexible circuit.
PAR  Referring now to FIG. 14, there is shown in more detail a cross section of
      the forming station press 212. The flexible circuit 232 is positioned on
      the conveyor belt 200 located by two oppositely disposed series of pins
      202, and is comprised of a substrate layer 234 to which is bonded a layer
      of conductive material 236. A cover layer of insulative material 240 is
      sandwiched between the conductive material and the conveyor belt. The
      lower platen or ram portion 214 with the etched mold plate 216 is then
      moved upwardly to compress the layered flexible circuit against the upper
      platen 213. At least the lower ram platen 214 is at a temperature lower
      than that of the flexible circuit so that the flexible circuit is cold
      formed while at the same time being cooled. At the bonding station at
      least the lower platen 221 is heated to a temperature slightly above that
      necessary to cause bonding.
PAR  Referring now to FIG. 15, a multilayer flexible circuit is illustrated
      between an upper mold plate 250 and a lower mold plate 252, both of which
      are etched to have ridges such as the ridge 254 of the upper plate and
      ridge 256 of the lower plate. The circuit includes three layers of
      insulative material, a bottom layer 258, a middle layer 260 and an upper
      layer 262. Located to each side of the middle layer 260 are two metallic
      electrically conductive elements 264 and 266. As shown, there are gaps
      between the conductive elements which ideally should be enclosed with an
      insulative material to prevent possible short circuiting. This is
      accomplished by forming and then bonding the upper layer 262 to the middle
      layer 260 at a region designated 268 while at the same time bonding the
      lower layer 258 to the middle layer 260 at the region designated 270. The
      etched mold plates 250 and 252 are designed to have properly dimensioned
      and located ridges aligned with the regions 268, 270. Once again, it is
      appreciated that the process of heating to relieve stresses, cold forming
      to provide cold flow of the material and to facilitate heat conduction
      after the bonding stage, followed by selective heating to the temperature
      of bonding is accomplished easily and quickly. As with the cable method,
      the electrically conductive layers 264 and 266 act as heat conducting path
      to cool the circuit as soon as bonding has been accomplished to lower the
      temperature and prevent deformation.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for simultaneously insulating a plurality of electrically
      conductive elements with thermal bonding insulative material comprising:
PA1  a heater adapted to receive the combination of two layers of thermal
      bonding insulative material and a plurality of electrically conductive
      elements positioned therebetween, said heater being adapted to heat the
      thermal bonding insulative material to a pliable temperature below bonding
      temperature, to give the insulative material plasticity and to relieve
      internal stresses therein;
PA1  a first pair of rollers adapted to receive the heated combination of the
      two layers of thermal bonding insulative material and the plurality of
      electrically conductive elements positioned therebetween, at least one
      roller of said first pair of rollers having an outer surface formed with
      alternating recesses and ridges which engage and form the layers of
      insulative material about the plurality of electrically conductive
      elements;
PA1  heat removal and control means for cooling at least one of said first pair
      of rollers to conduct and remove heat from and to solidify and stabilize
      the layers of thermal bonding insulative material with the plurality of
      conductive elements positioned therebetween;
PA1  a second pair of rollers in tandem with said first pair of rollers, said
      second pair of rollers being adapted to receive the layers of thermal
      bonding insulative material formed about the plurality of electrically
      conductive elements, at least one roller of said second pair of rollers
      having an outer surface formed with alternating recesses and ridges which
      engage the layers of insulative material formed around the plurality of
      electrically conductive elements;
PA1  heat source and control means for heating at least one of said second pair
      of rollers to a temperature which bonds the formed layers of insulative
      materials together and around the plurality of electrically conductive
      elements; and
PA1  frame means for mounting said adjustable heater; said heat removal and
      control means, said heat source and control means, and the first and
      second pairs of rollers and for supporting the thermal bonding insulative
      material and the plurality of conductive elements therebetween.
NUM  2.
PAR  2.  An apparatus as claimed in claim 1, wherein, said at least one roller
      of said second pair of rollers having said alternating recesses and ridges
      is heated and transmits bonding heat to the insulative material through
      said ridges.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, including means for pivoting one of
      the rollers of said second pair of rollers from substantially any
      engagement with said insulative material to prevent the bonding of the
      layers of insulative material formed about the plurality of conductive
      elements.
NUM  4.
PAR  4. An apparatus as claimed in claim 3, including means for pivoting one of
      the rollers of said first pair of rollers from substantially any
      engagement with said insulative material to prevent the forming of the
      layers of insulative material about the plurality of conductive elements.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, including a timing mechanism for
      sequencing the pivoting of said one of the rollers of the first and second
      pair of rollers from substantially any engagement with selected portions
      of said insulative material to produce unformed and unbonded portions when
      said one of the rollers of the first and second pairs of rollers are
      pivoted from engagement and to produce formed and unbonded portions when
      only said one of the rollers of said second pair of rollers is pivoted
      from engagement and to produce formed and bonded portions when neither of
      said one of the rollers of both said first and second pairs of rollers are
      pivoted from engagement, respectively.
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ABST
PAL  An improved process for the combustion of solid, liquid or gaseous
      substances in association with a combustion supporter, wherein upstream of
      the burner and at least on one of the fuel and combustion supporter
      flow-pipes there is applied at least a source of pulses and energy fields.
BSUM
PAR  This invention relates to a process, adapted to ensure the improvement of
      combustion of solid, liquid and gaseous substances.
PAR  Also the devices, permitting to put said process into effect, and their
      particular placement in the structure of the various combustion systems,
      constitute an integral part of the present invention.
PAR  As well known, the combustion phenomenon consists, essentially, of a strong
      combination between a combustible and a combustion supporter substance
      with a consequent development of light and heat.
PAR  Said phenomenon develops more fully when the mixing of the combustible
      medium with the combustion supporter substance occurs more closely. Said
      mixing is, however, obtained at present still in a rough manner due to the
      existence of a molecular tension between the various particles, in
      general. In the case of liquid fuels, the presence of surface tension
      prevents a fine crushing of the individual droplets.
PAR  The above-mentioned facts explain the imperfect combustion of the solid,
      liquid and gaseous substances, which results in the formation of harmful
      or corrosive compounds. These compounds are generally of a harmful nature
      from both an ecological standpoint and maintenance and proper operation of
      the systems.
PAR  It should be noted here in fact that in the combustion systems as used at
      the present time the stoichiometric combination conditions are never
      complied with.
PAR  Consequently, it is necessary to provide the systems themselves with an
      excess of combustion supporting air, which, besides increasing the volume
      proper of combustion gases, subtracts heat and reduces the flame radiating
      power.
PAR  A bad combustion results further in the formation of highly harmful
      compounds, such as carbonic oxide, and may provoke for the outlined
      reasons oxidation phenomena affecting the materials coming into contact
      with exhaust gases.
PAR  All the aforementioned inconveniences are instead removed by the
      preliminary treatment, namely before the combustion of the combustible
      and/or combustion supporter substances according to the process of this
      invention. Said process is based in practice on the application to the
      pipings connected upstream on the burner of pulses and energy fields,
      acting on the gases and/or liquids, cooperating with the combustion
      phenomenon before the latter reach their combination and combustion.
PAR  The aforesaid energetic fields may be obtained both by ultra-sound
      generators and by resorting to other energy forms, such as magnetism,
      electrical currents, microwaves, laser rays and the like.
PAR  In particular, in the following detailed description, reference will be
      made by way of non-limiting example only to the application of ultra-sound
      sources and typical combustion systems, with the possibility still
      remaining may be replaced said sources by other energy sources, such as
      those referred to above.
PAR  According to the present exemplification, the ultra-sounds are emitted by
      one or more transducers, piezoelectric, magnetostrictive or
      electrostrictive transducers, or electrodynamic or electrostatic
      transducers or even by mechanical energy supplied generators. The number
      of said ultra-sound generators depends, of course, on the deliveries of
      the individual ducts, and hence, on the unit quantities of gas or liquid
      to be treated. The pulses and the ultrasonic energy are sent perpendicular
      or coaxial to said ducts.
PAR  More accurately, in the case of gas, the energy emitter is inserted via a
      sheath, consisting of tube, or blade or grid, into the fluid vein, thereby
      causing the cavitation phenomenon. In the case of liquids, the energy is
      sent perpendicularly to the duct via a special resonance block, consisting
      of highly pure aluminium.
PAR  In this second case, in order to exploit the cavitation phenomenon and to
      accentuate and amplify the energy put into the flow of the liquid, there
      is provided at a point being downstream of the signal application place, a
      variation of the flow itself.
PAR  Said variation is attained, in practice, by either contracting or enlarging
      the section of the duct into which the liquid flows.
PAR  It should be stated here that said turbulence phenomenon may be provoked
      for the same purposes also in the aeroform transporting ducts. To the
      process of this invention may be submitted, as the case may be, both the
      combustion supporter consisting generally of air and either the liquid or
      gaseous fuel.
PAR  In the case of solid fuel or pulverized fuel, it is preferred that the
      treatment with ultra-sounds or other energy forms be carried out on the
      combustion supporting air.
PAR  Should results of particular effect be obtained, the instant process may be
      simultaneously applied both to combustible and combustion supporter
      substances upstream of or before the place or at the time when the
      combustion takes place. In such case, the energetic emission of the
      sources is regulated via a special central pilot control processes the
      data supplied by thermocouples being suitably located along the ducts.
PAR  The process according to the present invention may be applied in practice
      to all systems using solid, liquid or gaseous, fuels, such as boilers,
      industrial furnaces, refinery torches, thermic motors, and the like.
PAR  Without restricting the protection and scope of the present invention, it
      should be noted that the application of pulses and energy fields to the
      fuel, the combustion supporter, or to both, according to the process of
      this invention, acts on the molecules of the substances handled, producing
      an activation thereof of a chemical or chemical-physical nature.
PAR  It is thought in the fact, and this explanation is to be understood in
      non-limiting sense, that the applied pulses act on the molecular tension
      in the case of gaseous substances and on the surface tension in the case
      of liquid substances, bringing about a molecular activation of a
      chemical-physical nature of the substances themselves.
PAR  Therefore, the activation obtained according to the process of this
      invention is most different from that obtained from the mechanical
      crushing means as generally well known, said crushing being of a
      mechanical character only.
PAR  Said activation of the fuel or combustion supporter or of both, obtained
      from the process according to the present invention permits to obtain a
      reduction of both the excess combustion supporting air and the quantity of
      oxygen being present in the burnt gases.
PAR  It is possible to notice further in the combustion products a marked
      percentage decrease of hydrogen, carbonic oxide, sulfurous acid and
      sulphur trioxide.
PAR  By the process of this invention it is possible to obtain also a sharp
      reduction of fumes, soot, aerosol from hydrocarbons, unburnt solid
      products and the like, whereas the combustion systems are less subjected
      to corrosion phenomena due to vanadium pentoxide.
PAR  It should be stressed here finally that in view of the better properties of
      burnt gases, there occurs a reduction of both the oxidation and
      decarburization phenomenon on the materials coming into contact with the
      burnt gases themselves.
PAR  These and further characteristic features of the process according to the
      present invention, adapted to ensure an improved combustion, together with
      the practical location of the energetic sources for the treatment of the
      fluid substances, will be better understood from the following detailed
      description in which reference in made to the numeral symbols given in the
      figures on the accompanying drawings, outlining some of the possible
      applications of the process according to this invention, in which:
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PAR  FIG. 1 represents in schematic form a burner operating with fuel oil or,
      more generally, with a liquid fuel;
PAR  FIG. 2 shows designed in a schematic form a boiler using sawdust as fuel;
PAR  FIG. 2' represents in a schematic form a particular application of the
      energetic source to the boiler in FIG. 2;
PAR  FIG. 3 shows in schematic form a methane operated furnace;
PAR  FIG. 3' shows the detail of the energetic source applied on the primary air
      duct of the same furnace;
PAR  FIG. 4 shows designed in a schematic form a refinery smokestack;
PAR  FIG. 5 represents in schematic form a foundry cupola;
PAR  FIG. 5' shows the detail of the energetic source as applied to the supply
      air of the combustion in the foundry cupola in FIG. 5, and
PAR  FIG. 6 schematically shows the coupling with each other of two energetic
      sources, applied on the combustion supporter duct and fuel duct,
      respectively, and automatically adjusted by a central pilot control.
DETD
PAR  Referring now particularly to the numeral symbols in the various figures on
      the accompanying drawing, the process of this invention provides that on
      the fuel flow-pipe 1 or the combustion supporter flow-pipe 2 or on both
      flow-pipes be applied an ultra-sound generator 3.
PAR  Said ultra-sound generator 3 should be applied upstream of the burner,
      namely at the point where the contact between the fuel and the combustion
      supporter takes place.
PAR  More accurately, should it be found advisable to carry out the treatment on
      the gaseous component (FIGS. 2, 3, 4 and 5), the ultra-sound generator 3
      is inserted into the inside of the duct via a pipe- or blade- or grid-like
      sheath. The same ultra-sound generator 3 may be inserted depending on the
      conveniences coaxially (FIGS. 2' and 3') or perpendicularly (FIGS. 4 and
      5') to the aeroform flow-pipe.
PAR  In the case instead the treatment should be carried out on the liquid
      component (FIG. 1), the energy is being sent perpendicularly to the ducts
      and the ultra-sound generator 3 is fitted on a metal block of high
      resonance quotient and tied onto the duct.
PAR  As metal of high resonance quotient one may advantageously use aluminium of
      high purity content.
PAR  The duct may be advantageously provided with a turbulence cell 4, placed
      downstream of the generator 3, but always before the burner. Said
      turbulence cell is obtained in the simplest manner by a section of the
      duct of larger or smaller diameter.
PAR  The ultra-sound generator 3 is supplied by an oscillator 5 of well known
      type.
PAR  Should the aforementioned ultra-sound generator be applied to both the fuel
      pipe 1 and the combustion supporter pipe 2 as shown in FIG. 6, the
      respective oscillators 5 may abut on a central control system 6.
PAR  Said central control system 6 processing the data transmitted by the
      thermocouples 7 and the signal catchers 8 being located downstream of the
      ultra-sound generators 3, suitably adjust the supply frequency of the
      generators themselves.
PAR  From the foregoing and from perusal of the various figures on the
      accompanying drawings appears apparent the great functional character of
      the process according to this invention, adapted to ensure an improved
      combustion of solid, liquid or gaseous substances and the practical
      application of the devices adapted to put the process of this invention
      into effect.
PAR  Said process and the devices adapted to put it into effect have been
      obviously described and represented by way of non-limiting embodiment
      example and to demonstrate its practical accomplishment and general
      features of this invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for improving the combustion of a liquid fuel combustible
      medium in the presence of a combustion-supporting medium, comprising the
      steps of transporting said media to the place of combustion by conduit
      means; and transmitting energy pulses by resonating an aluminum sleeve
      having efficient resonant characteristics provided on said conduit means
      to at least one of said media in said conduit means at a location upstream
      of and remote from said place of combustion, so that the molecular
      attraction of said one medium is substantially reduced to facilitate
      mixing of said one medium with the other medium and thereby aid in
      combustion of the resulting mixture.
NUM  2.
PAR  2. A process for improving combustion of a combustible medium in the
      presence of a combustion-supporting medium, comprising the steps of
      transporting said media to the place of combustion by conduit means;
      transmitting energy pulses to at least one of said media in said conduit
      means at a location upstream of and remote from said place of combustion,
      so that the molecular attraction of said one medium is substantially
      reduced to facilitate mixing of said one medium with the other medium and
      thereby aid in combustion of the resulting mixture; and providing sensing
      devices and controlling the duration of the frequency of said energy
      pulses in dependence upon data received from said sensing devices.
NUM  3.
PAR  3. A process for improving the combustion of a combustible medium in the
      presence of a combustion-supporting medium, comprising the steps of
      transporting said media to the place of combustion by conduit means, said
      step of transporting including admitting one of said media into the
      presence of the other of said media at a location upstream of and remote
      from said place of combustion and conducting said media mixture downstream
      to said place of combustion; and transmitting energy pulses to at least
      one of said media in said conduit means at said location, so that the
      molecular attraction of said one medium is substantially reduced to
      facilitate mixing of said one medium with the other medium and thereby aid
      in combustion of the resulting mixture.
NUM  4.
PAR  4. A process for improving the combustion of a combustible medium in the
      presence of a combustion-supporting medium, comprising the steps of
      transporting said media in a path to the place of combustion by conduit
      means; inserting a probe-like member to substantially extend into said
      path; and transmitting energy pulses with said probe-like member to at
      least one of said media in said conduit means at a location upstream of
      and remote from said place of combustion, so that the molecular attraction
      of said one medium is substantially reduced to facilitate mixing of said
      one medium with the other medium and thereby aid in combustion of the
      resulting mixture.
NUM  5.
PAR  5. An improved combustion system, comprising a supply of a combustible
      medium; a supply of a combustion-supporting medium; a burner; means for
      transporting said media in a path to said burner; a probe-like member
      extending substantially into said path; and means for transmitting energy
      pulses with said probe-like member to at least one of said media in said
      transporting means at a location upstream of and remote from said burner,
      so that the molecular attraction of said one medium is substantially
      reduced to facilitate mixing of said one medium with the other medium and
      thereby aid in combustion of the resulting mixture.
NUM  6.
PAR  6. A process as defined in claim 4, wherein said step of transmitting
      comprises subjecting said one medium to high-energy soundwaves.
NUM  7.
PAR  7. A process as defined in claim 4, wherein said conduit means have a
      substantially circular cross-section and an axis, and wherein said step of
      transmitting includes inserting said probe colinearly with said axis of
      said conduit means.
NUM  8.
PAR  8. A process as defined in claim 4, wherein said conduit means are of
      substantially circular cross-section and have an axis, and includes
      inserting said probe substantially normal to said axis of said conduit
      means.
NUM  9.
PAR  9. A process as defined in claim 4, wherein said combustible medium is a
      liquid fuel, and wherein said step of transmitting includes resonating a
      metallic sleeve provided on said conduit means at said remote location.
NUM  10.
PAR  10. A process as defined in claim 4; and further comprising the step of
      altering the flow rate of at least one of said media upstream of said
      place of combustion.
NUM  11.
PAR  11. A process as defined in claim 4, wherein said step of transmitting is
      performed independently with respect to each of said media.
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ABST
PAL  Heated fuel-oil is injected into an open-ended mixing chamber
      simultaneously with a jet of water so that an intimate mixture of fuel-oil
      and water is formed. This mixture is ignited and sufficient air is
      supplied to support combustion. To clean and pre-heat the fuel, it is
      injected into a tank partly filled with hot water, through which the oil
      rises to form a separate layer in the top of the tank, from where it is
      withdrawn.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in the operation of burners
      and gasifiers for mixtures of water and hydrocarbons. An assembly is
      described which consists of a device to filter and preheat the fuel-oil by
      passing it through heated water, which device is connected to one or more
      burners.
PAR  The burner which is described operates on the principle that if in a
      container isolated from the air there is a quantity of any hydrocarbon,
      preferably a heavy hydrocarbon, and it is heated with an indirect flame to
      above the boiling point, the hydrocarbon tends to vaporise rapidly. But if
      at the time there is added a quantity of water, a little less than the
      volume of the hydrocarbon, and the heat is sufficient so that the water
      vapour does not cool the mixture, there results from this a combination
      forming a gas with a high calorific value. It has been shown that the
      hydrogen of the water combines with the carbon surplus to the combustion,
      which is of importance in possible industrial applications, all the more
      so when it is realized that the mixture burns completely without smoke.
PAR  If concerned with combustion of a combustible liquid, it must be taken into
      account that such substances do not burn in this liquid state but that the
      vapour formed from them burns and the heat liberated thereby ensures that
      more liquid is evaporated in the combustion zone, and the new vapour
      maintains the combustion.
PAR  Firstly, as may be expected, atoms of hydrogen are formed which react with
      the molecules of oxygen coming from the air for combustion, forming OH
      radicals which react in their turn with a molecule of atomic hydrogen,
      which repeats the process.
PAR  In this way, one single atom of hydrogen can form a new atom of the same
      kind, which sets up a chain reaction process.
PAR  To sum up, there is a combustion in which previously there takes place the
      phenomenon of break up of the fuel-oil and furthermore, with reaction with
      molecules of water, and in the hollow of the flame a supply of oxygen
      proceeds from the split water and the OH radicals. The combustion is then
      rich in hydrogen and oxygen.
PAR  A physical aspect of this process of novel combustion is that the particles
      of water vapour in emulsion with oil, atomise the oil, and in fact an
      aerosol is formed by the emulsion, which helps combustion.
PAR  In fact, the emulsion with the help of the water vapour allows an increase
      in the partial pressure of the water vapour, with which the energy emitted
      (linked directly with this partial pressure) increases, in relation to the
      carbonic anhydride being unatomised by the water. This allows improvement
      of the transference of heat by radiation (logical increase in the
      radiation-convection relationship, which is the present concern).
PAR  In a thermo-chemical aspect the atoms of carbon of the oil react with the
      water with a formation of carbon monoxide, diminishing rapidly all
      possible presence of unburnt particles, the presence of molecules of water
      already being able to exercise a weakening action on the cracking process
      of the fuel, so as to avoid the production of soot (last step of the
      cracking) and thus of unburnt particles.
PAR  At the moment of the "slow explosion" (flame) and with the increase of the
      temperature, there appear short-lived molecular fragments (free radicals,
      complex and active particles), which rapidly combine in the less heated
      zones. The presence of emulsified oil in the case considered favours this
      fact and furthermore it must be taken into account that the atoms of
      hydrogen favour the increase of velocity of the flame.
PAR  This formation of gaseous compounds, methane, ethane, butane, propane,
      etc., ensures that the combustion is, partly a combustion of gases, very
      different from the normal aerosol liquid.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a method of burning fuel oil comprising filtering
      the fuel oil and preheating it to approximately 90.degree.C by passing the
      fuel-oil through water to free the fuel-oil from pockets and particles of
      water, passing the preheated fuel oil, free from particles and pockets of
      water, to a burner assembly, heating the fuel-oil to approximately
      300.degree.C in the burner assembly, and ejecting the hot fuel-oil from
      the assembly simultaneously with a jet of water which mixes with the
      fuel-oil.
PAR  The invention also provides apparatus for burning fuel-oil, comprising a
      water tank, means for heating water in the tank, means for injecting
      fuel-oil into the tank so that the fuel-oil rises through the hot water to
      form a layer in the top of the tank, an open-ended mixing chamber for
      fuel-oil and water, a fuel-oil line communicating between the top of the
      tank and the mixing chamber, the fuel-oil line including a heater and a
      pump, means for injecting a jet of water into the mixing chamber to form
      an intimate mixture of fuel-oil and water, and means for supplying to the
      open end of the mixing chamber sufficient air to support combustion of the
      mixture.
PAR  In a preferred embodiment, a device which forms the filter and preheater
      for the fuel-oil is formed by a vertical tank for water, which contains a
      combustion chamber, with a burner at one end formed by an atomiser and
      pump, and at the opposite end communicates with a gas outlet flue. Above
      this chamber is disposed a container receiving the fuel-oil which rises to
      the surface of the water.
PAR  Furthermore, the water tank has a transparent tube which indicates the
      level of the water, an automatic pyrometer and a valve in one lower part
      for draining.
PAR  The tank in its lower part communicates with a tube, which in turn has a
      pump, provided with valves one before and the other after the connection
      with the pump, and beginning with the second valve it communicates with a
      supply of fuel-oil. In turn the pump, by means of a valve, sends the water
      or fuel-oil to the bottom of the main tank, by a tube with lateral
      orifices, in such a way that the water circulates in a closed circuit, and
      when the pump cannot suck in water, it sucks in fuel-oil.
PAR  Fuel-oil heated to 90.degree.C by the device described, is supplied to a
      pump which pumps it to a chamber which has electrical resistances which
      heat the fuel-oil to 300.degree.C, from which chamber it passes to the
      mixing chamber via a register chamber. Into this mixing chamber there is
      also supplied water, pumped by a pump and which passes previously through
      a filter. Another filter is fitted in the fuel-oil supply line.
PAR  A fan meters the air for complete combustion, sending it to the mixing
      chamber through the interior of the burner housing structure.
PAR  Behind this mixing chamber is disposed a small pilot burner with an air
      inlet, regulation of the inlet by its entrance into the injector causing
      the atomization, an injection pump for the fuel-oil, electrodes for
      lighting and photo-electric cells for cancelling the operation in the
      event of malfunction of the pilot burner.
PAR  The flame of this pilot burner passes through the chamber in which the
      tubes for fuel-oil and water are located, and which eventually open into
      the mixing chamber.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order to explain the characteristics of the burners and gasifiers which
      illustrate the operation of this invention, accompanying Figures show an
      embodiment of an apparatus for performing the invention, provided as one
      convenient example, whilst variations in detail of presentation or
      arrangement may be made which do not affect the essentials concerning the
      burners and gasifiers of water vapour and hydrocarbons.
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PAR  In the drawings:
PAR  FIG. 1 shows schematically in elevation a device for filtering and
      preheating the fuel-oil;
PAR  FIG. 2, also in schematic side elevation, shows a burner connected to the
      device of FIG. 1; and
PAR  FIGS. 3 and 4 respectively show the back and front of the burner.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The device shown in FIG. 1 comprises a tank 16, which contains water up to
      the level indicated at 18, which can be seen in a transparent tube 17. The
      water is heated to 90.degree.C by a combustion chamber 5, which contains a
      burner comprising a pump 14 and atomizer 13. The combustion chamber 5 has
      a gas outlet flue 1. The temperature of the water is controlled by an
      automatic thermometer 15, which includes an electrical contact breaker
      which acts on the burner pump 14.
PAR  With the help of a pump 10, the water circulates in a closed circuit
      through tubes which pass through a valve 11 to the pump 10, and from there
      to the tank 16 via a tube 6 provided with a valve 7.
PAR  When the pump 10 is working at full capacity, the water applied to it is
      cut off little by little, until the pump cannot suck in all the water
      which it requires; the remainder of the intake is then provided by
      fuel-oil, which enters through a tube 8 and is controlled by a valve 9.
PAR  The hot water and the fuel-oil is formed into a mixture of finely divided
      particles by the pump 10, and as the mixture enters the interior of the
      tank, the fuel-oil, because of its lower density, rises to the upper part
      of the tank, separating completely from the water and leaving behind in
      the water all small particles or droplets which tend to accompany liquid
      fuels and which form a real problem in the majority of cases in which
      heavy fuel-oil is employed.
PAR  In the upper part of the tank 16 is located an open-topped container 19, in
      which is collected the filtered fuel-oil, part of which passes to the
      burner of FIG. 2 through tubes 2 and 4 (FIG. 1). The rest of the fuel-oil
      passes through an overflow outlet 20.
PAR  The valve 12, (FIG. 1) is for the purpose of draining the tank 16 if the
      level of water exceeds the suitable value.
PAR  The fuel-oil (heated to 90.degree.C and free from particles and pockets of
      water) passes to the burner shown in FIG. 2, enters a pump 23 through a
      tube 21. The pump 23 controls the pressure in a chamber 24 containing
      three electrical resistance heating elements which heat the fuel-oil up to
      a temperature of around 300.degree.C before it finally passes to a
      combustion chamber 35 via a register chamber 33.
PAR  Water is also supplied under pressure to the combustion chamber 35 via a
      register chamber 37 by a pump 39, being filtered by filter 40.
PAR  The burner of FIG. 2 is provided with a small pilot burner which has a
      photo-electric cell 27 to cut out its operation in the event of bad
      lighting. The pilot burner comprises a pump 28 for the injection of
      fuel-oil for burning, an air inlet 25, which passes through a
      throttle-valve regulator 26, and an injector 29 causing atomization in a
      chamber 31. A filter 41 is fitted in the fuel-oil supply for the pump 28.
      The lighting of this burner is effected by means of an electric spark
      between two electrodes 30.
PAR  The flame of the pilot burner passes through the chamber 31, in which the
      tubes for fuel-oil and water are located, and which at its end houses the
      chamber where the combustion of fuel and water takes place. Once the pilot
      flame has been established, the pumps 39, 23 for the water and fuel-oil
      are started up, and in the chamber 35 combustion takes place.
PAR  The air necessary for complete combustion is provided by a fan 22 (FIG. 2)
      and is supplied to a chamber 32, surround the chamber 31, through a duct
      44 (FIG. 4). The air leaves at 38.
PAR  The chambers 33 and 37 have known type bungs or valve members 34 and 36 for
      registration, and possible for stopping leaks which restrict the flow of
      water and fuel-oil to the chamber 35.
PAR  In FIG. 3 the electrical resistance heating elements 43 and the thermometer
      42, for controlling the temperature of the fuel-oil at 300.degree.C, are
      shown.
PAR  The arrangement described above has as its main advantages the following:
PA1  -- Ease of starting, without blow-back.
PA1  -- Quietness.
PA1  -- No vibrating or off-centre components.
PA1  -- Reliable combustion.
PA1  -- Large variety of calorific values producible. It includes of course
      domestic burners for heating, up to kilns for making glass, in which the
      flame temperature reaches 1,500.degree. to 1,550.degree.C.
PA1  -- ease of changing any parts, so that maintenance is economic and rapid.
PA1  -- -- Compactness.
PA1  ---- -- burn residual fuel of low quality in combination with waste water.
PA1  --  Minimum production of oxides of sulphur, of nitrogen, of free
      hydrocarbons, pyrenes, etc..
PA1  -- Great economy and complete collaboration in fighting against
      contamination of the ambient atmosphere.
PA1  -- Conservation of equipment by reducing corrosion at low temperatures.
PA1  --  Because of the characteristics of the combustion which takes place in
      the arrangement described, this can have the following applications.
PA1  -- Through its enormous calorific capacity, it solves problems in the glass
      industry, the cement industry and the rest, and for silicates.
PA1  -- Essential application for desalinization of sea water, making sea water
      drinkable, reclamation of brine.
PA1  -- In order to eliminate waste domestic water, contributing to the
      cleanliness of the environment.
PA1  -- In order to eliminate industrial waste water. (Paper plants,
      distilleries, electro-plating works, textile works and in those industries
      where the spillage of waste water constitutes a problem, due to its
      containing toxic products, or simply contaminents).
PA1  -- Plants producing steam.
PA1  -- Production of hot water, especially for comfort, or for industrial uses,
      enabling it to be approved in this last case for the elimination of water
      contaminated by industrial processes (electro-plating baths).
PA1  --  Incineration of waste in any kind of plant, such as slaughter houses,
      clinics, or hospitals.
PA1  -- Automobile industry.
PA1  -- Industrial kilns, for laminating, drying, etc., exploiting its
      exceptional qualities for reducing or eliminating problems of superficial
      oxidation crusts on the parts concerned.
PA1  -- Chemical industry, using the aspects of generation of heat and
      decontamination of residues, both accompanied as well as separated.
PA1  -- In whatever occasion in which heat is specified or which leads to the
      elimination of waste, water charged with waste which is dissolved or in
      suspension.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of burning fuel-oil comprising the steps of:
PA1  injecting fuel-oil into a tank partly filled with hot water maintained at
      approximately 90.degree.C;
PA1  allowing the fuel-oil to rise through the hot water to form a separate
      layer of fuel-oil in the top of said tank while preheating said fuel-oil
      to a temperature of approximately 90.degree.C;
PA1  withdrawing fuel-oil from said layer;
PA1  heating the thus withdrawn fuel-oil to a temperature of approximately
      300.degree.C;
PA1  injecting the heated fuel-oil into an open-ended mixing chamber of a
      combustion chamber while simultaneously injecting into said mixing chamber
      a separate jet of water so that an intimate mixture of fuel-oil and water
      is formed; and
PA1  supplying to the open end of said mixing chamber sufficient air to support
      combustion of the said mixture.
NUM  2.
PAR  2. A method as claimed in claim 1, further comprising withdrawing hot water
      from said tank, returning said withdrawn water to said tank through a
      conduit, and introducing fuel-oil into said conduit, whereby the thus
      introduced fuel-oil is drawn into the tank.
NUM  3.
PAR  3. A method as claimed in claim 1, further comprising freeing said fuel-oil
      from particles and pockets of water while allowing said fuel-oil to rise
      through said hot water.
NUM  4.
PAR  4. A method of burning fuel-oil comprising:
PA1  preheating fuel-oil to approximately 90.degree.C while freeing said
      fuel-oil from particles and pockets of water;
PA1  passing the preheated fuel-oil, free from particles and pockets of water,
      to a burner assembly;
PA1  heating said fuel-oil in said burner assembly to approximately
      300.degree.C; and
PA1  ejecting the hot fuel-oil from said assembly simultaneously with a separate
      jet of water which mixes with the fuel-oil.
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ABST
PAL  Combustion air feed to a fuel burner is warmed with water otherwise
      destined for evaporative cooling in a cooling tower or spray pond; then
      the resulting warmed air is sent to combustion while the resulting cooled
      water is further cooled by evaporation for recycle use.
BSUM
PAR  This invention relates to heating cool combustion air feed to a fuel burner
      at an installation having a source of warm water to be cooled for recycle
      use by evaporative means such as a water cooling tower or a spray pond.
PAR  Water to a cooling tower often is as high as 125.degree.-135.degree.F. It
      is conventionally cooled towards the wet-bulb temperature of the
      atmosphere. Combustion air to a fuel burner such as a boiler frequently is
      fed to the boiler without preheating, although flue gas heat exchange with
      such air is often practiced at large installations. Fresh combustion air
      feed often can be quite cool in wintertime. The instant invention unites
      in heat exchange the evaporative cooling of warm water to be further
      cooled for recycle use with the warming of air fed to a fuel burner. Both
      such items of equipment are frequently found at industrial plants. Fuel
      economy of a percent or so thus is possible at the expense of a heat
      exchanger installation for the reusable warm water and the combustion air,
      while also cutting down on the cooling load of the evaporative cooler.
PAR  In one aspect, this invention comprises a process for heating such cool
      combustion air fed to a fuel burner at an installation having a source of
      warm water to be cooled for recycle use by exchanging heat from said
      source to said air preparatory to recycling said water, then dispatching
      the resulting warmed air to said burner. The warmed water output from said
      exchange is then further cooled by evaporation as by a cooling tower or
      spray pond.
PAR  The instant fuel economizer apparatus comprises a fuel burner, means for
      supplying combustion air thereto (often a fan and accompanying ductwork),
      an indirect heat exchanger for exchanging heat to said air from a stream
      of reusable warm water, and a cooling tower for receiving and further
      cooling said water after said heat exchanging.
DRWD
PAR  The drawing is a flow diagram showing how one way this invention can be
      practiced. Fuel burner 11, a boiler, is fed with fuel such as petroleum
      fuel oil through line 12 and prewarmed combustion air therefor through
      line 13. The fuel is burned and flue gas goes out stack connector 14,
      passes through air preheater 16, and exhausts through stack 17.
DETD
PAR  Warm water from condensers, eg. on distillation columns, at the
      installation passes through line 18 into indirect heat exchanger 19, the
      water passing through tubes such as fin tubes. This water warms ambient
      air entering the shell of heat exchanger 18 by means of line 21 and being
      withdrawn by line 22. Fan 23 takes warmed air suction from line 22. This
      air is blown through line 24, air preheater 16 for further heating, then
      through line 13 into burner 11. Alternatively, line 24 can be connected
      directly to line 13, avoiding air preheater 16.
PAR  Water from the heat exchanger passes out line 26 into cooling tower 27
      where it is further cooled by evaporation with vapors ascending duct 28,
      and cool water for recycle use is withdrawn from the system through line
      29.
PAR  While the combustion air can be put into direct heat exchange with the warm
      water, this has the disadvantage of humidifying the combustion air, which
      is often undesirable. The materials of construction are conventional as is
      the design of the individual pieces of equipment. Instrumentation, valves,
      fittings, and ductwork also are conventional and are employed where
      necessary or desirable.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for heating cool combustion air feed to a fuel burner at an
      installation having a source providing a stream of warm water to be cooled
      for recycle use and means for evaporative cooling of said warm water, the
      improvement for reducing the load on said evaporative cooling means and
      for utilizing heat in said warm water stream comprising:
PA1  indirectly exchanging heat from said stream of warm water to said air, and
      dispatching resulting warmed air to said burner, said heat exchange from
      said stream of warm water to said air taking place prior to evaporative
      cooling of the warm water.
NUM  2.
PAR  2. The process of claim 1 wherein the evaporative cooling takes place in a
      cooling tower.
NUM  3.
PAR  3. Fuel economizer apparatus for an installation which comprises a fuel
      burner, means for supplying combustion air to said burner, a source
      providing a stream of reusable warm water and an evaporative cooler for
      receiving and cooling said water; the improvement for reducing the load on
      said evaporative cooler and utilizing heat in said warm water stream
      comprising an indirect heat exchanger for exchanging heat from said warm
      water to said combustion air, said heat exchanger being positioned in the
      flow path of said stream of warm water upstream of the evaporative cooler.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said evaporative cooler is a cooling
      tower.
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ABST
PAL  A control unit for a gas-fired appliance comprises a service tap that acts
      also as a flame failure device. The flame failure device controls gas flow
      to a gas governor which is an integral part of the unit and associated
      with the gas governor is a low gas pressure cut-off. The unit also
      incorporates a modulating gas flow control valve operatively coupled to a
      thermostat which, in the case of a gas-fired water heater, is responsive
      to water temperature in the heater. When used with a water heater, the
      unit also includes a further thermostat set to terminate gas flow in the
      event that a predetermined maximum water temperature is exceeded.
BSUM
PAR  This invention relates to control systems for gaseous fuel-fired appliances
      and has particular although not exclusive reference to control systems for
      gas-fired water heaters which term includes the so-called central heating
      boilers.
PAR  According to the present invention, a control system for a gaseous
      fuel-fired appliance includes a gaseous fuel flow control valve having a
      first flow control member for controlling fuel flow from an inlet to an
      outlet, a movable member, a linkage interconnecting the movable member and
      the first control member in such manner that movement of the movable
      member produces movement of the first control member, means for varying
      the ratio of movement of the movable member to movement of the first
      control member and an arrangement for moving the flow control valve
      between a first position permitting fuel flow from the inlet to the outlet
      and a second position preventing said flow.
PAR  The system may also include a passage interconnecting the inlet and outlet,
      a second flow control member for controlling fuel flow along the passage,
      and further means for adjusting the effective cross-sectional area of the
      passage or a portion thereof to control the maximum rate of flow of fuel
      along the passage.
PAR  The linkage may comprise a pivotally mounted lever operatively
      interconnecting the movable member and the first flow control member,
      means being provided for moving the pivot point of the lever along the
      length of the latter.
PAR  The first flow control member may comprise a valve member and a
      co-operating valve member seating, fuel flow from the inlet to the outlet
      being stopped when the valve member seats on the seating. Preferably, the
      lever is resiliently connected to the valve member in such manner that any
      pivotal movement of the lever that takes place after the valve member is
      seated on the seating in a direction urging the member towards the seating
      takes place against the resilient connection.
PAR  In one embodiment of the invention, the passage passes through the first
      flow control member and the further means is mounted upon the latter.
PAR  The valve member may comprise a tubular extension which forms the passage.
      In that event, the further means may comprise a tube movement of which
      relative to the tubular extension varies maximum rate of flow of fuel
      through the passage.
PAR  The tube may be open at one end and closed at the other, and may have,
      adjacent the closed end, a slot which extends round part of the periphery
      of the tube. The slot may be obturated to a greater or lesser extent by
      axial movement of the tube relatively to the tubular extension.
PAR  The arrangement for moving the flow control valve may be an electromagnet
      whose armature is operatively connected to the closed end of the tube.
      Movement of the flow control valve by the electromagnet involves movement
      of both first and second flow control members.
PAR  The movable member may form part of a thermally responsive device.
PAR  Alternatively, the present invention envisages, for a gaseous fuel-fired
      appliance, a control system including a fuel flow control valve, a valve
      operating member for operating the valve against the action of restoring
      means, a mechanism for holding the member in an operated position against
      the action of the restoring means, and means for disabling the mechanism.
PAR  The mechanism may comprise an "over-centre" linkage with first and second
      levers of which one is pivotally mounted upon the operating member and is
      resiliently biassed into engagement with the other lever.
PAR  The levers may have co-operating surfaces comprising a recess or socket on
      one lever for receiving the rounded end of the other lever.
PAR  The disabling means may comprise an electromagnet whose armature is spring
      biased into operative engagement with one of said levers to prevent the
      mechanism linkage passing over-centre to hold the member in the operated
      position. The arrangement is such that when the electromagnet is energised
      and the armature held in an attracted position thereby, the armature is
      held out of operative engagement with the lever.
PAR  A second disabling means may be provided and may comprise a further pivoted
      lever.
PAR  The further pivoted lever is arranged to move the linkage from the
      over-centre position when the second means is required to disable the
      mechanism.
PAR  The fuel flow control valve may constitute a flame failure valve in which
      case the electromagnet is joined to means responsive to the presence of a
      flame, the responsive means effecting de-energisation of the electromagnet
      when the flame is absent.
PAR  The invention also envisages a control system incorporating a first gaseous
      fuel flow control valve having first flow control member for controlling
      fuel flow from an inlet to an outlet, a thermally responsive device
      including a movable member, a linkage interconnecting the movable member
      and the first control member in such manner that movement of the movable
      member produces movement of the first control member, means for varying
      the ratio of movement of the movable member to movement of the first
      control member, an arrangement for moving the flow control valve between a
      position permitting fuel flow from the inlet to the outlet and a second
      position preventing said flow, a further fuel flow control valve in series
      connection, with respect to said fuel flow, with the first flow control
      valve, a valve operating member for operating the valve against the action
      of restoring means to a position in which fuel flow is permitted from the
      inlet to the outlet, a mechanism for holding the member in an operated
      position, means for disabling the mechanism and a single manually-operable
      control controlling the arrangement and the valve operating member.
PAR  The components referred to in the immediately preceding paragraph may take
      one or other of the forms mentioned above.
PAR  The single control may also operate or control the operation of other
      components found in control systems, for example, a valve controlling the
      flow of fuel to a pilot burner, an ignitor device for igniting fuel
      issuing from the pilot burner, and a thermostat.
DRWD
PAR  By way of example only, an embodiment of the invention will now be
      described in greater detail with reference to the accompanying drawings in
      which:
PAR  FIGS. 1-8 show the embodiment in diagrammatic form only different drawings
      showing parts in different working positions, and,
PAR  FIGS. 9 and 10 show in diagrammatic form parts of the embodiment on an
      enlarged scale.
PAR  FIG. 11 shows a piezo-electric generator connected to the housing of a
      pilot burner used in carrying out the invention.
PAR  The embodiment comprises a control unit for a gas-fired central heating
      boiler and the drawings show only those parts of the boiler necessary for
      an understanding of the present invention. Whilst the great majority of
      reference numerals have been inserted in FIG. 1, FIGS. 2-8 bear only those
      reference numerals required by the description of the Figure.
PAR  FIG. 1 shows a water path 1 along which water to be heated flows in the
      direction of arrows 2. Part of the path is constituted by a heat exchanger
      3 located above a gas burner 4. The gas burner and heat exchanger may be
      of a construction described in more detail in the specification of
      co-pending U.S. patent application No. 350,780.
PAR  The control system provides in a single unit all the control facilities
      that are required. Manual control is effected via a single control knob 5
      carrying a plurality of control cam surfaces which, with their associated
      control rods, are shown separately in the drawings.
PAR  The system is shown as being housed in a casing 6 with a gas inlet 7
      releasably joined to an elbow 8 forming part of a gas supply conduit (not
      shown). The elbow 8 houses a gas shut-off valve 9 urged by spring 10 into
      contact with a seating 11. Movement of the valve 9 away from the seating
      11 is effected by a push-rod 12 in contact with but not fixed to valve 9
      and operable, in a manner to be described later, by a first cam surface
      through a push-rod 14. Associated with the push-rods 12, 14 is a pair of
      levers 15, 16 pivotally mounted at points 17 and 18 respectively. The
      levers 15, 16 form part of a locking mechanism for holding the valve 9 off
      its seating 11 in circumstances described below. Lever 16 is a
      double-armed lever one of the arms being formed with a recessed surface 19
      adapted to co-operate with the rounded end 20 of lever 15. The lever 15 is
      pivotally mounted on push-rod 14 although, for purposes of clarity not so
      shown in FIGS. 1-8 but FIG. 9 reveals the actual detail. Lever 15 is
      biassed to move in a clockwise direction about its pivot point 17 by a
      spring 21.
PAR  Push-rod 14 has an extension 22 adjacent to the armature 23 of an
      electromagnet 24 whose operating coil is energised from a thermocouple
      located in a housing 25 positioned to be exposed to the heat of the flame
      of a pilot burner 26. Armature 23 is biassed away from the electromagnet
      24 by a spring 27.
PAR  Housed at the lower (as seen in FIGS. 1-8) end of the casing 6 is a
      flexible diaphragm 28 which divides into two parts, a compartment formed
      by an end wall 29 of the casing 6 and an adjacent inner wall 30. The inner
      wall 30 is apertured to permit passage of an operating rod 31 fixed to the
      diaphragm 28, the aperture being sealed by a secondary flexible diaphragm
      32 secured to the rod 31. Under certain conditions, diaphragm 28 is spring
      loaded in an upward direction (as seen in FIGS. 1-8) by a spring 33 acting
      through a lever 34 pivoted on the end wall 29. Pivotal movement of the
      lever in an anti-clockwise direction is limited by a screw adjuster 35.
      The spring 33 is housed adjacent the diaphragm as shown and in the housing
      is a screw adjuster 36 for varying the loading on the diaphragm. Diaphragm
      28 is also loaded by a second spring 37 much weaker than spring 33 and
      which acts in the same direction as the latter between a stop 38 on rod 31
      and the inner wall 30. The arrangement permits adjustment of the spring
      loading from opposite sides. In addition, there is a washer (not shown)
      interposed between screw adjustor 36 and the spring 33 so that rotation of
      the screw adjustor 36 to vary the loading exerted by the spring 33 is not
      transferred to the latter causing it to be twisted and thereby change the
      loading.
PAR  Operating rod 31 carries two valves 39, 40 which co-operate respectively
      with seatings 41, 42 formed on opposite sides of an aperture 43 in an
      internal wall 44 in the casing 6. The wall of the aperture 43 is formed
      between the seatings 41, 42 with a transverse passageway 45 which
      communicates via a filter 46 with a chamber 47 with an outlet controlled
      by a pilot burner valve 48 operated by a further cam surface 49 via a
      connecting rod 50. Valve 48 controls gas flow from chamber 47 to a conduit
      51 leading to the pilot burner 26. The conduit 51 is shown as being inside
      the casing 6 but it may be external if required. For the sake of clarity,
      the conduit 51 is shown broken at various points to permit other
      components to be shown but it will be understood that the conduit is, in
      fact, unbroken.
PAR  The internal wall 44 has a further passageway 52 providing communication
      between the downstream side of the wall and a further conduit 53 leading
      to the chamber lying between the diaphragm 28 and the inner wall 30.
      Communication between the upstream side of internal wall 44 and conduit 53
      is controlled by a valve 54 operable via operating rod 55 by a further cam
      surface 56. The conduit 53 is shown broken at one point but is, in fact,
      continuous.
PAR  Gas flow from the interior of casing 6 downstream of internal wall 44 to
      the gas burner 4 is controlled by a modulating gas valve 57 shown
      diagrammatically in FIGS. 1-8 and in more detail in FIG. 10. The gas valve
      57 is in two parts, a main valve 58 comprising a disc 59 and a central
      tubular extension 60 in which a second mainly tubular portion 61 is
      slidably mounted. The tubular extension 60 has an outwardly extending
      flange 62 at one end against one end of a lever 63 is urged into contact
      by a spring 64 encircling the extension 60. Spring 64 acts between disc 59
      and a washer 62a loose on extension 60. The lever 63 is pivoted about a
      pivot point 65 whose position along the length of the lever is adjustable
      by any suitable means not shown in the drawings. A part of the tubular
      portion 61 of the main valve 58 carries a spring 66 located between disc
      59 and a flange 67 at one end of the portion 61. The portion 61 is closed
      at its other end by an end wall 68 adjacent which the portion 61 has a
      peripheral slot 69. Secured to the end wall 68 is an operating rod 70
      which passes through the wall of the casing 6 and is secured externally of
      the latter to the armature 71 of an electromagnet located in a housing 72
      movable, with armature 71, towards and away from casing 6 by means of a
      screw adjuster 73. Longitudinal movement of the rod 70 is guided by
      support 74 mounted in the wall of the casing 6 whilst leakage of gas in
      this area is prevented by a flexible diaphragm 75 extending from the rod
      70 to the casing wall as seen in FIG. 10.
PAR  Energisation of the coil 76 of the electromagnet located in the housing 72
      is controlled by a microswitch 77 which, when operated completes an input
      circuit from the supply mains to a full-wave rectifier 78a which d.c.
      output points are connected across coil 76. Microswitch 77 is operated by
      a pivoted lever 78 movement of which is effected from a further cam 79 on
      the control knob 5 via a connecting rod 80.
PAR  The heater incorporates thermostatic control by thermally responsive
      elements and one of these 81 is mounted in the heat exchanger 3 externally
      of the water path 1. The thermostats are of the phial and bellows type and
      phial 81 is joined to a bellows unit 82 in the control unit and operates a
      release lever 83 associated with locking mechanism described above.
PAR  The second thermostat has its phial 84 mounted in the water path 1 and is
      joined to a bellows unit 85 operatively connected to lever 63. Bellows
      unit 85 has a manual control which allows presetting of the operating
      temperature of the thermostat. The manual control is provided by a further
      cam 86 on the control knob 5, the cam 86 acting through an adjuster 87 and
      a spring 88. Phial and bellows unit 84, 85 is also able to actuate the
      microswitch 77 in suitable circumstances through the medium of an
      actuating member 85a.
PAR  The control unit also incorporates an ignition device for igniting, at the
      appropriate moment, gas issuing from the pilot burner 26. The ignition
      device embodies a piezo-electric crystal indicating in FIGS. 1-8 as block
      89 and a mechanical device for applying mechanical stress to the crystal.
      The mechanical device is shown in FIGS. 1-8 as a pivotal "hammer" 90
      loaded by a spring 91 and operated by yet another cam 92 on the control
      knob 5. The representation of the ignition device is purely diagrammatic,
      the device itself may take any one of many well known forms.
PAR  The e.m.f. produced by the piezo-electric crystal is applied to an ignition
      electrode adjacent the pilot burner as shown in FIG. 1 or as shown in more
      detail in FIG. 11.
PAR  As shown in FIG. 11, a piezo-electric generator 99 has output terminals
      100, 101 of which the former is earthed and the latter connected to the
      tubular metal housing 102 of the pilot burner 26 mounted upon an earthed
      structure 103. The housing 102 is closed at its upper end but has flame
      orifices 104 formed in its cylindrical wall. One of the orifices faces the
      thermocouple housing 25 while another faces the burner 4 and is the
      orifice for an ignition flame for that burner. Secured to the upper end of
      the housing 102 is a length of wire which forms an ignition electrode and,
      with the housing 25 defines a spark gap into which gas from an adjacent
      orifice is directed.
PAR  It will be appreciated that the housing 102 need not be of metal and that a
      construction using non-electrically conductive material could be used. For
      example the housing 102 could be wholly or partly of ceramic and in this
      case the terminal 101 is connected directly to the ignition electrode 97
      or to an electrically conductive strip on the housing 102, the strip being
      electrically connected to the electrode 97.
PAR  Alternatively, the pilot burner housing itself may constitute the ignition
      electrode or may have an integral part that forms the ignition electrode.
PAR  The termocouple shown in FIGS. 1-8 generates e.m.f. to energise the
      electromagnet 24 referred to above. Further details of the thermocouple
      and the way it is mounted in the gas burner 4 are to be found in the
      Specification of co-pending patent application Ser. No. 417,282 filed Nov.
      19, 1973.
PAR  Referring now to FIG. 1, it will be appreciated that certain of the
      components described above perform well-known functions. Valve 9, as will
      be made clear later, acts as a service tap, gas cock and a flame failure
      valve. Diaphragm 28 in conjunction with valve 40 acts as a gas pressure
      governor. Spring 37 in conjunction with valve 39 acts as a low gas
      pressure cut-off. Phial and bellows unit 84, 85 constitutes a water
      temperature controller whilst high level water temperature cut-out
      protection is provided by phial and bellows unit 81, 82.
PAR  FIG. 1 shows the control unit connected to a gas supply main, and the unit
      being in its "OFF" position. The flame failure valve 9 is closed as is the
      low pressure valve 39 and the main burner valve 57.
PAR  To bring the water heater into use, a user commences to rotate control knob
      5 in a clockwise direction. Cam 13 acting through push-rods 12 and 14
      opens valve 9 and moves armature 23 towards electromagnet 24. This allows
      gas to flow into the lower (as seen in FIG. 1) part of casing 6, cam 56
      opens valve 54 and allows gas to pass through passageway 53 thus exposing
      the upper face of diaphragm 28 to gas pressure. That diaphragm 28 flexes
      downwardly (as seen in the drawing) against spring 37 and moves the low
      pressure valve 39 away from its seating and moves valve 40 on to its
      seating. In addition, pilot burner valve 48 is allowed to open by cam 49.
      This state in the sequence of operations is shown in FIG. 2. Gas passes to
      the pilot burner 26 via passage 45 which is upstream of valve 40 and
      conduit 51. Gas that by-passes the now closed valve 40 via passageways 53
      and 52 cannot reach the main burner 4 because the main burner valve 57 is
      closed. Furthermore, if the user now releases the knob 5, spring 88 acting
      through adjuster 87 on to cam 86 will produce anticlockwise rotation of
      the knob 5 and its cams and the unit reverts to the position shown in FIG.
      1, and all valves shut. At the stage shown in FIG. 2, the locking
      mechanism has not come into operation and spring 27 maintains a clockwise
      bias on lever 16.
PAR  As knob 5 is rotated to produce the sequence of events described in the
      preceding paragraph, spring 91 is gradually tensioned until, and as shown
      in FIG. 3, the hammer 90 is released from the influence of cam 92 and
      strikes the piezo-electric crystal. The e.m.f. so generated produces a
      spark between electrode 97 and the tip 98 of the thermocouple housing 25
      and this spark ignites the gas issuing from the pilot burner. The pilot
      burner flame heats the thermocouple 25 and the e.m.f. resulting therefrom
      energises electromagnet 24 to hold armature 23 against spring 27. Spring
      21 pivots lever 15 to a position in which the point of contact between the
      recessed surface 19 of lever 16 and the rounded end 20 of lever 15 moves
      over a line joining pivot points 17 and 18 -- the dead centre position --
      and the locking mechanism becomes effective to prevent spring 10 closing
      valve 9 if the control knob is released because the electromagnet 24 is
      energised. This state is shown in FIG. 3 and it will be seen that lever 83
      is now in contact with lever 16 at a position such that excess travel of
      the point of contact beyond the dead centre position is prevented.
PAR  If, for some reason, electromagnet 24 is not energised, spring 27 will
      rotate lever 16 clockwise preventing the over-centre point being
      maintained.
PAR  Further rotation of control knob 5 allows, through cam 79, rod 80 and lever
      78, closure of the microswitch 77, energisation of electromagnet 76 and
      movement of the main gas valve 57. Disc 59 lifts away from its seating and
      gas flows via passageways 52 and 53 to the main burner 4 where it is
      ignited by the pilot burner flame. The position of the tubular portion 61
      is shown in FIG. 10, in not the "at rest" position. The latter position of
      portion 61 is with end wall 68 in contact with flange 62 and slot 69
      closed by the tubular extension 60. Thus, although connecting rod 70 is
      actually joined to end wall 68 and hence to tubular portion 61, spring 66
      ensures that the main valve 58 follows the movement of the tubular portion
      61. This state is shown in FIG. 4. As gas flows to the main burner 4, the
      gas pressure acting on diaphragm 28 drops somewhat and valve 40 opens. The
      diaphragm 28 acting in conjunction with valve 40 effects a pressure
      governing of the gas supply to the main burner.
PAR  When the control system reaches the state shown in  FIG. 4, sufficient
      rotation of the knob 5 necessary to bring the heater into operation has
      taken place. Further rotation then sets phial and bellows unit 84, 85 to a
      particular temperature through the medium of cam 86. As that preset
      temperature is approached, bellows unit 85 acting through lever 63 moves
      main valve 58 towards its closed position thereby modulating the gas flow
      to the burner in accordance with water temperature. When the preset
      temperature is reached, disc 59 is fully seated.  During this movement of
      the main valve 58, tubular portion 61 remains stationary so that slot 69
      becomes exposed to an increasing extent as disc 59 moves towards its
      seating. FIG. 5 shows that position as does FIG. 10.
PAR  If now the temperature to which phial 84 is exposed continues to rise
      further pivotal movement of lever 63 occurs but this is accommodated by
      compression of spring 64 and there is no further movement of the main
      valve 58. However, member 85a then actuates lever 78 which in turn
      operates the microswitch 77 to de-energise electromagnet 76 and armature
      71 acting under spring 105 returns portion 61 to the position shown in
      FIG. 6 in which slot 69 is closed by the tubular extension 60. Gas now
      ceases to flow to the main burner 4. If now the water temperature drops,
      the sequence of events just described is followed in reverse.
PAR  However, if the temperature continues to rise phial and bellows unit 81, 82
      responds when a predetermined temperature is reached and the bellows unit
      82 causes anti-clockwise movement of lever 83 which forces the point of
      contact mentioned above over the centre line joining pivot points 17 and
      18 thereby allowing spring 10 to close valve 9 so cutting off gas supply
      completely to both main and pilot burners 4, 26. Closure of valve 9
      removes gas pressure from diaphragms 28 and 32 so valve 39 shuts. After a
      few seconds delay electromagnet 24 is de-energised in the absence of a
      flame at the pilot burner. This stage is shown in FIG. 7 which shwos also
      a failure in the capillary interconnecting phial 84 and bellows unit 85
      thus causing loss of regulation of gas flow to the main burner and
      consequent overheating of water. The heater can now be brought in
      operation again only by resetting the control knob to its start position
      and following the sequence of rotation of the knob described above. If the
      fault producing overheating has not been dealt with the sequence of events
      just described will take place and once more the heater will be rendered
      inoperative.
PAR  The control includes a lock-out device preventing re-ignition whilst the
      electromagnet 24 is still energised creating the condition in which the
      gas valve 9 is fully opened. When the heater is turned off by turning knob
      5 to "OFF", an abutment on the back of the knob co-operates with rod 14 in
      such manner that the knob cannot be turned from the OFF into the ON
      position while the electromagnet is still responding to heat of the pilot
      burner and the locking mechanism holds rod 14 in that position. When the
      temperature of heat response element 81 falls, rod 14 is released and the
      projection on the end falls into a key slot behind the abutment allowing
      the knob to be turned to the ON position.
PAR  If, during operation of the heater, a considerable drop in gas pressure
      occurs, as might happen for example if an external gas cock were operated
      to terminate the gas supply. In this event, diaphragm 28 responds by
      moving valve 40 to its fully open position in an attempt to maintain the
      gas supply but this action is ineffective and spring 37 acts quickly to
      close low pressure valve 39. Closure of valve 39 terminates the supply of
      gas via passageway 45 to the pilot burner 26. The absence of a flame at
      the pilot burner results in de-energisation of electromagnet 24 and
      armature 23 releases under the action of spring 27 and pushes lever 16 out
      of the locked position and spring 10 is able to close valve 9 thereby
      cutting off the supply of gas to the main burner. When the gas pressure is
      restored, the valve 9 remains closed until the proper start-up sequence
      has been followed.
PAR  The modulation control exercised by the main valve 58 has been described
      above. Variation of the movement of the main valve 58 is effected by
      changing the position of the pivot point 65 of the lever 63. This enables
      the modulation factor (the rate of change of gas rate with boiler
      temperature) to be kept constant for the range of gases of different
      characteristics and boiler outputs for which the boiler is designed. In
      addition, adjustment of the position of the housing 72 by the screw
      adjuster 73 enables the position of the tubular portion 61 relative to the
      main valve 58 to be modified to determine the effective size of the slot
      69 when the components are in the positions shown in FIG. 10. This
      provides a control of the maximum rate of flow of gas to the main burner
      through the tubular portion 61. This enables the by-pass rate to be
      adjusted independently of the rating of the heater and of adjustment of
      the pivot position.
PAR  The loading of diaphragm 28 by spring 33 is adjustable by the screw
      adjuster 36. Interposed between the adjuster 36 and spring 33 is a bearing
      washer (not shown) which prevents the spring being twisted as the screw
      adjuster is turned to effect adjustment. Conveniently, the end wall 29 may
      form a removable cover for the diaphragm chamber and the pivot point is,
      as described above, formed in the lid.
PAR  Disconnection of the casing 6 from the elbow 8 can be readily effected when
      necessary, the existence of spring 10 ensuring that valve 9 remains
      closed. Push-rod 12 is withdrawn from the mouth of the elbow 8 when the
      casing is disconnected.
PAR  It will be appreciated that the above-described embodiment provides, in a
      single unit, all the control facilities normally required and that,
      because of the single control knob, it is relatively easy for a user to
      follow the correct sequence of operations when it is desired to bring the
      gas-fired appliance into use. Moreover, the single unit also includes the
      pilot burner and thermocouple head.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control system for a gaseous fuel fired appliance, said system
      comprising a gaseous fuel flow control means including a first flow
      control member for controlling fuel flow from a fuel inlet to a fuel
      outlet, a passage between said fuel inlet and outlet by-passing said first
      flow control member, a second flow control member for controlling fuel
      flow along said passage, a movable member, means for actuating said
      movable member, a linkage interconnecting the movable member and the first
      flow control member for transmitting to the latter movement of the movable
      member, means for varying the ratio of movement of the movable member to
      movement of the first flow control member, means for moving both the first
      flow control member and the second flow control member as a unit between
      an "off" position in which fuel flow from said inlet to said outlet and
      along said passage is prevented and an "on" position in which said fuel
      flow is permitted and from which on position further movement of the first
      flow control member to regulate the flow of fuel from the inlet to the
      outlet is effected by the movable member, and further means for adjusting
      the effective cross-sectional area of the passage to control the maximum
      rate of fuel along the passage and thus from said inlet to said outlet
      when said first flow control member is closed.
NUM  2.
PAR  2. A control system as claimed in claim 1 in which the passage passes
      through the first flow control member and in which the further means is
      mounted upon the latter member.
NUM  3.
PAR  3. A control system as claimed in claim 2 in which the first flow control
      member comprises a valve member and a co-operating valve member seating,
      fuel flow from the inlet to the outlet via the first flow control member
      being stopped when the valve member seats on the seating.
NUM  4.
PAR  4. A control system as claimed in claim 3 in which the linkage comprises a
      pivotally-mounted lever interconnecting the movable member and the first
      flow control member, means being provided for moving the pivot point of
      the lever along part at least of the length of the latter.
NUM  5.
PAR  5. A control system as claimed in claim 4 in which the lever is resiliently
      connected to the valve member in such manner that pivotal movement of the
      lever occurring after the valve member seats on the seating takes place
      against the resilient connection.
NUM  6.
PAR  6. A control system as claimed in claim 3 in which the valve member
      includes a tubular extension forming the passageway, and in which the
      further means comprises a tube movable axially relatively to the tubular
      extension for varying the rate of flow of fuel through the passage.
NUM  7.
PAR  7. A control system as claimed in claim 6 in which the tube is open at one
      end and closed at the other and has, adjacent the closed end a slot that
      extends round part of the periphery of the tube, the slot being obturated
      to a greater or lesser extent by axial movement of the tube relatively to
      the tubular extension.
NUM  8.
PAR  8. A control system as claimed in claim 7 in which the arrangement for
      moving the first flow control member comprises an electromagnet whose
      armature is operatively connected to the closed end of the tube, the
      arrangement being such that movement of the first flow control member
      involves movement of the second flow control member also.
NUM  9.
PAR  9. A control system as claimed in claim 1 in which said means for actuating
      said movable member comprises a thermally responsive device.
NUM  10.
PAR  10. A control system as claimed in claim 1 in which the fuel flow control
      means also includes a manually-operable control for controlling the means
      for moving the first and the second flow control members.
NUM  11.
PAR  11. A control system as claimed in claim 10 in which the manually-operable
      control also controls the setting of the thermally responsive device.
NUM  12.
PAR  12. A control system as claimed in claim 11 in which the manually-operable
      control also operates a valve for controlling the flow of fuel to a pilot
      burner and an ignitor for igniting fuel issuing from the pilot burner.
NUM  13.
PAR  13. . A control system as claimed in claim 12 in which the ignitor includes
      a high voltage generator, a pilot burner having a body incorporating a
      spark electrode, the electrode being electrically connected to the high
      voltage output of the generator.
NUM  14.
PAR  14. A control system as claimed in claim 13 in which the body is at least
      partly of electrically-conductive material and in which the spark
      electrode is part of or is mounted upon that part.
NUM  15.
PAR  15. A control system as claimed in claim 10 in which the manually operable
      control includes resilient biassing means for returning the control to an
      initial starting point on release after a predetermined movement from that
      initial position.
NUM  16.
PAR  16. A control system as claimed in claim 10 in which the manually operable
      control comprises a lock-out device for preventing the said manually
      operable control from being re-operated for a predetermined period after
      having been returned to its initial starting point.
NUM  17.
PAR  17. A control system as claimed in claim 1 in which the manually operable
      control comprises a lock-out device for preventing the said manually
      operable control from being re-operated for a predetermined period after
      having been returned to its initial starting point.
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ABST
PAL  A fluid control system for use with combustion apparatus including a valve
      assembly having first and second serially connected valves positioned
      between the inlet and outlet of the valve assembly. First and second
      actuators respectively connected to operate the first and second valves
      function to maintain each of the valves in closed positions in the absence
      of a flame at the pilot burner of the combustion apparatus to prevent flow
      of fluid to the main burner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to fluid control systems for use with
      combustion apparatus, and in particular to such a system for controlling
      the safe burning of gas at the main burner.
PAR  As is well recognized, it is imperative that a fluid control system
      employed to control the flow of fuel to combustion apparatus operate
      immediately to stop the flow of fuel to the main burner if the pilot
      burner is inoperative.
PAR  Heretofore, most fuel control systems have included safety valves,
      generally operated by a thermo-couple provided to sense heat produced as a
      result of combustion of fuel at the pilot burner. If a pilot outage were
      to occur, the thermo-couple reacts to the reduction in generated heat to
      place the safety valve in a closed position to discontinue or prevent flow
      of gas to the main burner.
PAR  An example of the prior art is illustrated in U.S. Pat. No. 3,240,257. In
      the cited patent the illustrated control system includes a valve having
      two serially connected valves mounted within a common housing. One of the
      valves is responsive to a thermostat provided to sense demands for heat in
      a space served by the combustion apparatus and the other valve is
      responsive to the thermo-couple associated with the pilot burner. If the
      safety valve disclosed in the prior art patents fails to function as
      required, and fails in an open position, there is no backup capability in
      the control system to prevent continued flow of raw gas to the main
      burner. Thus, when the thermostat senses that heat is required in the
      space, the valve responsive thereto will open, even though the gas will
      not be ignited due to the inoperability of the pilot burner.
PAR  The present invention contemplates a single valve assembly for use in a
      fluid control system that includes at least two valves, each of which
      function independently to prevent the flow of gas to a main burner if the
      pilot burner is inoperative. The single valve assembly may be readily and
      economically installed in control systems serving combustion apparatus
      already in commercial use.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      fluid control system including backup safety means to discontinue or
      prevent the flow of fuel to a main burner when the pilot burner is not
      operable.
PAR  It is a further object of this invention to provide a fluid control system
      providing an automatic interlocked sequence of events to allow gas to flow
      to the main burner of a combustion apparatus and to prevent the gas from
      so flowing if the pilot burner is inoperable.
PAR  It is a further object of this invention to eliminate the need to hold a
      manual push button pilot valve in a depressed state when manually lighting
      a pilot burner.
PAR  These and other objects of the present invention are obtained by providing
      a fluid control system for use with combustion apparatus including a valve
      assembly having first and second serially related valves positioned
      between the inlet and the outlet of the valve assembly. The system further
      includes a main burner and a pilot burner. A first actuator is provided
      for selectively operating the first valve. The actuator includes means to
      open the valve to permit passage of fluid from a first portion of the
      valve to a second portion thereof, the actuator maintaining the first
      valve closed in the absence of a flame at the pilot burner. The system
      further includes a second actuator for selectively operating the second
      valve including means to open said second valve in response to a demand
      for heating in the space served by the combustion apparatus. The second
      actuator further includes means to maintain the second valve closed in the
      absence of flame at the pilot burner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional, partially schematic view of a control system in
      accordance with the invention;
PAR  FIG. 2 is a schematic view of an electrical circuit suitable for use with
      the control system of FIG. 1;
PAR  FIG. 3 is a sectional, partially schematic view illustrating an alternative
      embodiment of the instant invention; and
PAR  FIG. 4 is a schematic view of an electrical circuit suitable for use with
      the embodiment of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and in particular to FIGS. 1 and 2, there is
      shown a first preferred embodiment of the instant invention.
PAR  A control system includes a valve assembly 10 disposed "upstream" from a
      main burner 12 and a pilot burner 14. Valve assembly 10 is provided to
      control the flow of a combustible fluid, for example gas, to the main and
      pilot burners. A spark ignitor 16 is provided adjacent pilot burner 14. A
      thermo-couple 18 is provided in proximity to the pilot burner. The
      thermo-couple functions to generate a signal to indicate that the pilot
      burner is operating; the absence of the signal indicating that no flame is
      present at the pilot burner.
PAR  Valve assembly 10 includes a housing 20. An on-off gas cock 22 (shown in
      its on position) is provided to control the flow of the fluid from inlet
      24 to a regulator assembly 26 and thence into a first chamber 28. As is
      conventional within the art, regulator assembly includes a valve member
      30, a spring 32, and a diaphragm or bellows 34. The regulator assembly is
      provided to maintain a predetermined "downstream" pressure.
PAR  A valve member 38 is positioned to control the flow of the fluid from first
      chamber 28 through opening 40 in wall 42 and thence into second chamber
      44.
PAR  Valve member 38 preferably includes a bimetallic member 46 operably
      connected to a resistance coil 48 for a reason to be more fully explained
      hereinafter.
PAR  A second valve member 50 is positioned between second chamber 44 and the
      inlet 52 of conduit 54 provided to supply the combustible fluid to main
      burner 12. Valve member 50 preferably includes a bimetallic member 56
      operably connected to a resistance coil 58 (shown in FIG. 2).
PAR  A portion of the fluid in second chamber 44 passes through a filter 60 via
      passages 62 and 63, which communicate with a conduit 64 provided to supply
      fluid to pilot burner 14. A screw or similar means 66 is provided to
      regulate the quantity of fluid passing to conduit 64 and thence to the
      pilot burner. As is readily observed, it is necessary for valve member 38
      to be opened for fluid to flow from first chamber 28 to pilot burner 14
      and for both valve members 38 and 50 to be open before fluid will flow
      from first chamber 28 to main burner 12.
PAR  Referring now to FIG. 2, there is illustrated a schematic wiring diagram of
      an electric circuit suitable for use in the control system of the present
      invention.
PAR  The electrical portion of the control system includes a transformer 67
      having a primary winding 68 connected to a source of electrical energy
      represented by lines L1 and L2, and a secondary winding 70. Connected in
      series with secondary winding 70 is a first switch 72. Switch 72 is
      responsive to the temperature of the space being served by the combustion
      apparatus and closes when the temperature of the space falls below a
      predetermined level. Connected in series with switch 72 is a normally
      closed switch 74. Switch 74 is operably connected to a relay 76.
PAR  Resistance coil 48 of valve member 38 is connected in series with switches
      72 and 74. Also connected in series with switches 72 and 74 is resistance
      coil 58 of valve member 50. Resistance coil 58 is also connected in series
      with a normally open switch 78. Switch 78 is operably connected to switch
      80. Switch 80 is a normally closed switch provided in series with relay
      76. Switches 78 and 80 are operably associated with thermo-couple 18.
      Spark ignitor 16 is connected in series with switches 72 and 74 and in
      parallel with resistance coil 48.
PAR  The operation of the control system heretofore described shall now be
      explained in detail.
PAR  Assume switch 72 closes in response to the temperature in the space being
      served by the combustion apparatus falls below its predetermined setting.
      Also assume gas cock 22 is in the position shown in FIG. 1 so as to permit
      the flow of gas from inlet 24 to first chamber 28. Resistance coil 48
      associated with first valve member 38 will be energized as a result of the
      closing of switch 72 to open valve member 38 by heating bimetallic member
      46 connected thereto. The combustible fluid will flow from first chamber
      28 through opening 40 in wall 42 and be supplied through passage 62,
      filter 60, passage 63 and conduit 64 to pilot burner 14. Spark ignitor 16
      is also energized by the closing of switch 72 to thereby ignite the gas at
      the pilot burner.
PAR  During this sequence of events, relay coil 76 in series with switch 80 will
      also be energized. Switch 74 associated with coil 76 will open after a
      predetermined time interval, for example ten seconds, after energization
      of coil 76. Switches 78 and 80 are operatively connected to thermo-couple
      18. If the pilot burner is properly ignited, switch 80 will open and
      switch 78 will close. The closure of switch 78 will energize resistance
      coil 58 associated with bimetallic member 56 of valve member 50 to thereby
      open the valve member and permit combustible fluid to pass to conduit 54
      to main burner 12. The opening of switch 80 will deenergize relay 76 to
      thereby maintain switch 74 in its normally closed position.
PAR  If the pilot burner were to fail to properly ignite, switch 80 will remain
      in its normally closed position and switch 78 will remain in its normally
      open position. With switch 80 in its closed position, relay 76 is
      energized and, after the predetermined interval of time, will open switch
      74 to thereby discontinue the flow of current to resistance coil 48 of
      valve member 38. The interruption of the flow of current thereto will
      cause bimetallic member 46 of valve member 38 to cool to thereby close the
      valve. In addition, switch 78 will remain in its normally open position to
      thereby prevent the energization of resistance coil 58 of valve member 50.
      Thus, valve member 50 will remain in its closed position to prevent flow
      of fluid to main burner 12.
PAR  The closure of valve 38 prevents gas from continuing to flow from chamber
      28 to the passages in communication with pilot burner 14. In addition, gas
      is prevented from flowing from first chamber 28 to second chamber 44.
      Furthermore, by maintaining valve 50 closed in the absence of a pilot
      flame additional safety means is provided to insure that all flow of fluid
      will be discontinued to the main burner if the pilot burner is
      inoperative.
PAR  Referring now to FIG. 3, there is disclosed an alternative embodiment of
      the present invention.
PAR  The control system disclosed in FIGS. 3 and 4 includes a valve assembly 100
      having a gas cock 102 and a pressure regulator assembly 104 similar to
      that employed in valve assembly 10 illustrated in FIG. 1. Gas entering
      valve assembly 100 passes through an inlet 106 and valve 108 of pressure
      regulator assembly 104. The gas or fluid is thereby delivered into a first
      chamber 110. A first valve member 112 is positioned within chamber 110.
      Valve 112 controls the passage of fluid from chamber 110 through opening
      114 in wall 116 to second chamber 118. Valve 112 is operably connected to
      a bimetallic member 120. Bimetallic member 120 is operably associated with
      a resistance coil 122.
PAR  Valve assembly 100 further includes a push button valve 119. Valve 119 is
      manually depressible to the position illustrated in FIG. 3. Valve 119
      includes a rod or shaft 121 having a groove 124 provided therein. A
      seating member 126 is provided at the end of shaft 121. A spring 128 is
      provided to return valve 119 to its normal raised position. Preferably, a
      finger or similar means 129 is connected to bimetallic element 120 of
      valve 112 to lock valve 119 in the position illustrated in FIG. 3 when it
      has been depressed. With valve 119 in its depressed state, passages 130
      and 132 are in communication to thereby permit gas to flow from chamber
      110 to filter 133.
PAR  Passages 132 and 134 communicate with a conduit 136 to deliver gas to a
      pilot burner (not shown) from filter 133. An adjustment screw or similar
      means 138 is provided to regulate the quantity of gas supplied to the
      pilot burner. A third passage 139 is provided in wall 116. Passage 139
      communicates with conduit 140 to provide a combustible fluid to the pilot
      burner filter and thence ultimately to the pilot burner. In the position
      illustrated in FIG. 3, seating member 126 of valve 119 prevents the flow
      of fluid through passage 139 to conduit 140.
PAR  Valve assembly 100 further includes a second valve member 144. Valve 144
      controls the flow of fluid from second chamber 118 to conduit 146. Conduit
      146 supplies the combustible fluid to the main burner (not shown) of the
      combustion apparatus.
PAR  Valve 144 is operatively connected to a bimetallic member 148. The
      bimetallic member is operatively associated with a resistance coil 150.
      The energization of the resistance coil causes the bimetallic member to
      open valve 144 to permit flow of fluid to conduit 146.
PAR  Referring now to FIG. 4, there is shown a schematic view of an electrical
      circuit suitable for use as part of the control system including the valve
      assembly illustrated in FIG. 3.
PAR  The electrical circuit includes a transformer 160 having a primary winding
      162 connected to a source of electrical power represented by lines L1 and
      L2, and a secondary winding 164. A normally open switch 166 responsive to
      the temperature of the space being conditioned is connected in series with
      winding 164. Switch 166 will close when the temperature of the space falls
      below a predetermined level.
PAR  The circuit further includes a normally open switch 168 connected in series
      with resistance coil 122 of valve 119. A second normally open switch 170
      is connected in series with resistance coil 150 of valve 144. Switches 168
      and 170 will close when the thermo-couple (similar to that illustrated in
      FIG. 1) associated with the pilot burner indicates that the pilot burner
      is operative. In the absence of a flame at the pilot burner, the switches
      will remain in their normally open position.
PAR  The operation of the control system of the embodiment illustrated in FIGS.
      3 and 4 shall now be explained.
PAR  First, assume that the control system is completely inoperative; that is,
      no fluid is flowing to the combustion apparatus. Now assume that it is
      desired to have the combustion apparatus operable to supply heat as
      required. Gas cock 102 will be positioned to permit the flow of gas from
      inlet 106 to chamber 110 of valve assembly 100. Valve 119 will be in its
      normal raised position whereby seating member 126 prevents any flow of gas
      through passages 130 and 132.
PAR  To ignite the pilot burner, an operator must depress valve 119 so seat
      member 126 is moved to the position illustrated in FIG. 3 to permit
      communication between passages 130 and 132. When the valve is depressed,
      finger 129 on bimetallic member 120 engages groove 124 on shaft 121 to
      thereby lock the valve in its depressed position.
PAR  Fluid then flows from chamber 110 through passages 130 and 132, filter 133,
      passages 134 and 136, and thence to the pilot burner where it is ignited.
      After a predetermined time interval, for example seven seconds after the
      flame at the pilot burner has been present, the thermo-couple associated
      with switch 168 will close the switch to thereby energize resistance coil
      122 of valve 112. Bimetallic element 120 will thus be heated to open valve
      112 to permit the fluid to flow from first chamber 110 to second chamber
      118. The opening of valve 112 will cause finger 129 attached to bimetallic
      member 120 to be withdrawn from groove 124 whereby spring 128 will return
      valve 119 to its normal raised position. However, fluid will continue to
      flow to the pilot burner via passage 139 and conduit 140. When thermostat
      166 closes, resistance coil 150 associated with valve 144 will be
      energized to thereby heat bimetallic member 148 to open valve 144. Gas
      will then flow from chamber 118 to conduit 146 to the main burner.
PAR  If for any reason, the flame at the pilot burner were to be extinguished,
      the thermo-couple thereat would cool to open switches 168 and 170 to
      thereby deenergize resistance coils 122 and 150. The cooling of the
      resistance coils associated with bimetallic members 120 and 148 will cause
      valves 112 and 144 to close to thereby prevent any flow of fluid to both
      the pilot burner and main burner. The closing of valve member 112 prevents
      flow of fluid through passage 139, while the raising of valve 119 prevents
      flow of fluid through passages 130 and 132.
PAR  By providing series connected valves in both embodiments, both of which are
      placed into their closed position in the absence of a flame at the pilot
      burner, the control system of the present invention provides double safety
      control means in a single valve housing.
PAR  While preferred embodiments of the present invention have been described
      and illustrated, the invention should not be limited thereto, but may be
      otherwise embodied within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid control system for use with combustion apparatus comprising:
PA1  a valve assembly having primary and secondary valves in series between an
      inlet and an outlet of said assembly;
PA1  a main burner in said combustion apparatus connected to said valve assembly
      outlet;
PA1  a pilot burner for said combustion apparatus positioned adjacent said main
      burner, said valve assembly having fluid flow conduits including first and
      second passages connected to said pilot burner;
PA1  means to sense a flame at the pilot burner and to generate a first control
      signal in the presence of a flame and a second control signal in the
      absence of a flame;
PA1  a third valve movable between first and second positions, when in said
      first position directing fluid through said first passage to said pilot
      burner; and when in said second position directing fluid through said
      second passage to said burner and preventing fluid from flowing through
      said first passage;
PA1  a first actuator for selectively operating said primary valve including
      means to open said valve to permit the passage of fluid from a first
      chamber to a second chamber of said assembly; said first fluid flow
      passage being in communication with said first chamber and said second
      fluid flow passage being in communication with said second chamber, with
      said pilot burner flame sensing means providing a selected one of said
      first and second control signals to said actuator to respectively open and
      close said primary valve, the closure of said primary valve in the absence
      of a flame at said pilot burner discontinuing flow of fluid to said second
      chamber and to said second flow passage;
PA1  said primary valve means including means to lock said third valve in said
      first position when said primary valve is in said closed position to
      direct fluid in said first chamber, to said pilot burner, through said
      first passage, the opening of said primary valve means in response to a
      sensed pilot burner flame releasing said locking means to place said third
      valve in its second position to close said first fluid flow passage and to
      open said second fluid flow passage to thereby communicate said pilot
      burner with said second chamber, the subsequent closure of said primary
      valve discontinuing flow of fluid into said second chamber and into said
      second fluid flow passage to said pilot burner; and
PA1  a second actuator for selectively operating said secondary valve including
      means to open said valve in response to a demand for heating in a space
      served by said combustion apparatus to permit passage of fluid from said
      second chamber of said valve assembly to said main burner, said pilot
      burner sensing means providing said second control signal to said second
      actuator to maintain said secondary valve closed in the absence of a flame
      at said pilot burner.
NUM  2.
PAR  2. A fluid control system in accordance with claim 1 wherein said first and
      second actuators respectively include a bimetallic member and an
      electrically energizable coil in contact therewith, said pilot burner
      flame sensing means providing said first control signal to selectively
      energize said coils to place said primary and secondary valves in their
      open positions.
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ABST
PAL  A fuel ignition control arrangement for use in a fuel ignition system
      includes a control circuit responsive to a thermostatically-controlled
      circuit element for the fuel ignition system for causing a gaseous fuel to
      be supplied to burner apparatus of the system, a spark-producing circuit
      responsive to the thermostatically-controlled element for igniting the
      fuel supplied to the burner apparatus, a timing circuit responsive to the
      thermostatically-controlled element for de-energizing the control circuit
      after a predetermined timing interval, and a flame sensing circuit
      responsive to the ignition of the fuel supplied to the burner apparatus
      for maintaining the control circuit in fuel supplying condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to fuel ignition systems, and more
      particularly it relates to a fuel ignition control arrangement for a fuel
      ignition system for the proper igniting of fuel supplied to burner
      apparatus of the system.
PAR  2. Description of the Prior Art
PAR  Many known fuel ignition systems employ standing pilot flames for igniting
      gaseous fuel supplied to burner apparatus of a fuel ignition system. In
      order to eliminate the need for a gas-wasting standing pilot flame without
      otherwise affecting the heating system, electronic control circuits have
      been employed to turn the pilot flame on and then off at the time of
      ignition of the gas supplied to the main burner of the heating system as
      disclosed in copending United States patent application, entitled
      "ELECTRONIC PILOT IGNITION AND FLAME DETECTION CIRCUIT", Ser. No. 422,693,
      filed Dec. 9, 1973. However, it would be highly desirable to eliminate
      totally any need for a pilot flame, so that the pilot burner, pilot and
      other control devices therefor need not be employed, and so that the
      disadvantage of keeping a pilot burner ignited in a drafty environment is
      obviated.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide a new and
      improved fuel ignition control arrangement, which is adapted to provide
      for the proper igniting of fuel burners of a heating system, and which
      totally eliminates the need for a pilot flame.
PAR  Briefly, the above and further objects are realized in accordance with the
      present invention by providing in an automatic fuel ignition system an
      arrangement including a control circuit responsive to a
      thermostatically-controlled element of the ignition system for causing a
      gaseous fuel to be supplied to burner apparatus, a spark producing circuit
      responsive to the thermostatically-controlled element for igniting the
      fuel supplied to the burner apparatus, a timing circuit responsive to the
      thermostatically-controlled circuit for de-energizing the control circuit
      after a predetermined timing interval, and a flame sensing circuit
      responsive to the ignition of the fuel supplied to the burner apparatus
      for maintaining the control circuit in fuel supplying condition.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of the fuel
      ignition control of the present invention, the arrangement being energized
      by a 24 volt AC source of power;
PAR  FIG. 2 is a schematic diagram of another preferred embodiment similar to
      FIG. 1 but adapted to operate the main gas valve directly; and
PAR  FIG. 3 is still another preferred embodiment similar to that of FIG. 2 but
      adapted to operate from a 12 volt D.C. source utilizing a 12 volt D.C. to
      110 volts A.C. inverter.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the FIG. 1, there is shown an exemplary embodiment for a fuel
      ignition control arrangement 5, which may be employed in a fuel ignition
      system (not shown), and which is constructed in accordance with the
      present invention. The arrangement 5 generally comprises a control circuit
      7 including a relay coil 8 having normally-openn contacts normally-open
      when closed, for energizing a main burner valve 10 of burner apparatus
      (not shown) of the heating system in response to a
      thermostatically-controlled normally-open contacts (THS) 12 calling for
      heat. The arrangement 5 further comprises a spark producing circuit 14
      including a silicon-controlled rectifier (SCR) 16 and a transistor 18 for
      energizing a high voltage winding 20 to supply a high voltage arc between
      a pair of spaced-apart electrodes 22 and 24 to ground potential for
      igniting the burner apparatus when the thermostatically-controlled
      contacts 12 call for heat. A flame-sensing circuit 26 of the arrangement 5
      includes a controlled switching device 28, embodied as a silicon
      controlled rectifier, which may be the type C106A commercially available
      from General Electric Company, energizes the control circuit 7 when a
      flame 31 produced by the ignited fuel supplied to the burner apparatus is
      detected by a pair of spaced-apart electrodes 33 and 35, the electrode 35
      being grounded. A timing circuit 37 of the arrangement 5 includes a timing
      capacitor 39 which responds to the thermostatically-controlled element 12
      for energizing the control circuit 7 and also the spark producing circuit
      14 for a predetermined timing interval in accordance with the present
      invention.
PAR  Considering now the control circuit of FIG. 1 in greater detail with
      reference to the drawings, the control circuit 7 is energized when
      potential is applied across the terminals 40 and 42, a potential of 24
      volts A.C. being applied in the preferred form of the present invention. A
      transformer 44 has its primary winding 46 connected between the terminal
      42 at one of its ends and through the normally-open
      thermostatically-controlled contacts 12 to the terminal 40. When the
      contacts 12 are closed, a secondary winding 48A of the transformer 44
      connected between a pair of terminals 49 and 50 supplies current to the
      control circuit 7, and a secondary winding 48B of the transformer 44
      supplies current to the spark producing circuit 14 when the contacts 12
      are closed. When the SCR 28 conducts, and when power is connected to the
      transformer 44, the relay coil 8 is energized to cause the contacts 8A to
      close, the contacts 8A being connected between the main burner valve 10
      and a point 51 between the contacts 12 and the primary winding 46 of the
      transformer 44. In this regard, the main burner valve 10 is connected
      between the contacts 8A and the terminal 42 so that when the contacts 8A
      close, the main burner valve 10 is activated to cause gaseous fuel to be
      supplied to the burner apparatus of the system.
PAR  Considering now in greater detail the spark producing circuit 14, a
      capacitor 55 connected through a current-limiting resistor 57 to a point
      59 between the main burner valve 10 and the contacts 8A of the relay 8,
      the capacitor 55 being connected at its opposite end through a primary
      winding 61 for the secondary high voltage winding 20 to an anode of the
      SCR 16. A diode 63 is polarized and connected through a current limiting
      resistor 65 and the secondary winding 48B to the terminal 42 such that
      when the terminal 40 is positive with respect to the terminal 42, the
      capacitor 55 is charged via the secondary winding 48B. When the terminal
      42 is positive with respect to the terminal 40, the SCR 16 conducts as a
      result of current flow from the terminal 42, the gate of the SCR 16 to its
      cathode, the resistor 57, the contacts 8A and the contacts 12, to the
      terminal 40. When the SCR 16 conducts, the capacitor 55 discharges through
      the high voltage transformer primary 61 as the SCR anode-cathode circuit
      serves to short circuit the capacitor 55 through the winding 61, whereby a
      voltage is induced across the secondary high voltage winding 20 to cause a
      spark to be established between the ignition terminals 22 and 24 for the
      purpose of igniting the gas supplied to the burner apparatus. Whenever the
      contacts 8A are opened, the SCR 16 is in its non-conducting state to cause
      the spark producing circuit 14 to be de-energized.
PAR  Once a flame is established between the electrodes 22 and 24, a capacitor
      67 connected between the terminal 42 and a diode 69, which is so polarized
      and connected to a point 70 between the high voltage secondary winding 20
      and a grounded capacitor 72, receives current flowing from the terminal
      42, through the capacitor 67, the diode 69, the secondary winding 20, the
      electrodes 22 and 24 to the ground potential. A transistor 18 has its base
      connected through a current limiting resistor 74 to a point 76 between the
      capacitor 67 and the diode 69 so that the transistor 18 conducts in
      response to the increased current flowing through the capacitor 67 and the
      diode 69 to the set of ignition electrodes 22 and 24. As a result of the
      conduction of the transistor 18, the gate and cathode of the SCR 16 is
      shorted whereby the SCR 16 is prevented from conducting and thus
      terminates the conduction of the spark for the electrodes 22 and 24.
PAR  Considering now the flame-sensing circuit 26 of the arrangement 5, the
      circuit 26 is operable to provide a pulse output indicative of the
      presence or absence of the flame produced by the main burner. The flame
      sensing circuit 26 includes a controlled switching device 80, embodied as
      a programmable unijunction transistor (PUT), such as the type 2N6028
      commercially available from Motorola. The circuit 26 includes the
      flame-sensing electrodes 33 and 35, and a current-limiting resistor 82,
      which is connected to the terminal 49. The electrodes 33 and 35 normally
      providing a high resistance path between the terminal 49 and ground
      potential at the electrode 35. The ground reference point at the electrode
      35 may, for example, be a metallic ground provided by a gas burner
      apparatus. The flame-sensing electrode 33 is located in the region in
      which the burner flame is to be produced such that the flame bridges the
      gap between the electrodes 33 and 35, thereby lowering the resistance of
      the current path over the electrode 33 between the terminal 49 and the
      ground reference point whenever the flame 31 is present.
PAR  In order to bias the gate of the normally non-conducting PUT device 80, a
      pair of capacitors 84 and 84' connected in parallel for redundancy to
      increase the safety factor for the circuit, are connected between ground
      potential and the terminal 50. The parallel-connected redundant capacitors
      charge at a first rate whenever the flame is unlit. However, whenever the
      flame 31 bridges the gap between the electrodes 33 and 35, the resistance
      of the charging path for the redundant capacitors 84 and 84' is lower and
      the capacitors charge at a faster rate.
PAR  A resistor 86 connected between ground and the gate electrode of the PUT
      device 80 and a resistor 88 connected between the gate electrode of the
      PUT device and the terminal 50 form a bleeder path for the capacitors 84
      and 84'.
PAR  For the purpose of determining the potential at the anode electrode of the
      PUT device 80, a capacitor 91 is connected between the anode electrode of
      the PUT device 80 and the terminal 50. The biasing arrangement further
      includes a resistor 92 connected between the anode of the PUT device 80
      through a properly polarized diode 93 to the terminal 49. Accordingly, a
      charging path is provided for capacitor 91 from the terminal 49 over the
      resistor 92 and the capacitor 91 to the terminal 50.
PAR  The PUT device 80 is normally non-conducting and is rendered conductive
      whenever the potential at the anode electrode exceeds the potential at the
      gate electrode by approximately 0.6 volts as determined by the action of
      the biasing arrangement for the anode and the gate.
PAR  Whenever the PUT device 80 is rendered conductive, a discharge path is
      provided for the capacitor 91 over the anode-cathode circuit of the PUT
      device 80 through a pair of redundantly connected parallel resistors 95
      and 95' connected between the cathode of the PUT device 80 and the
      terminal 50. The cathode of the PUT device 80 is also connected to the
      gate of the SCR 28, and therefore the PUT device 80 supplies pulses
      provided by the flame sensing circuit to a gate electrode of the SCR 28.
PAR  The normally non-conducting silicon controlled rectifier 28 has an
      anode-cathode circuit connected in series with the relay coil 8 between
      the terminals 49 and 50.
PAR  The relay 8 may comprise a DC relay having a coil resistance of
      approximately 2.5 K ohms so that in the case of a short circuit condition
      for the SCR 28, AC current flowing through the relay coil 8 generates a
      high impedance and thereby precludes energization of the relay.
      Alternatively, the relay coil 8 may have a low resistance of approximately
      450 ohms and a fuse (not shown) may be connected in the branch of the
      circuit including the relay. In such case a short circuit condition for
      the SCR 28 causes the current flowing over such branch to change from half
      wave to full wave, thereby blowing the fuse and preventing operation of
      the relay 8.
PAR  A capacitor 97 and a diode 99 are each connected in parallel with the relay
      coil 8 to maintain it operated during the portion of the half cycle of the
      input voltage in which the SCR 28 is non-conductive when the input voltage
      causes the terminal 50 to become positive relative to the conductor 49. As
      a result, once energized the relay 8 remains operated when the flame 31 is
      present at the sensing electrodes 33 and 35.
PAR  Considering now the timing circuit 37 in greater detail, the capacitor 39
      is connected between ground potential through a diode 101, a current
      limiting resistor 103 to the terminal 49. As a result, when power is
      applied to the input terminals 40 and 42, the step-up secondary winding
      48A of the transformer 44 provides 85 volts A.C. potential across the
      terminals 49 and 50 to cause current to flow through a path including the
      resistor 103, the diode 101, the capacitor 39, and the redundant
      capacitors 84 and 84' of the flame sensing circuit 26. The capacitors 84
      and 84' are substantially instantly charged to the voltage across the
      terminals 49 and 50 to cause that voltage to be applied to the gate of the
      PUT device 32. The anode of the PUT device is at a lower voltage, and thus
      it cannot conduct until the charge on the capacitors 84 and 84' discharges
      through resistors 86 and 88. In the preferred form of the present
      invention, the capacitors 84 and 84' discharge for approximately four
      seconds before the voltage thereon decreases below the voltage level of
      the anode of the PUT device. During this four second time delay interval,
      the power vent (not shown) for the heating system is purging the
      combustion chamber (not shown) and setting up the draft before the gaseous
      fuel commences flowing. After this pre-purge period, the PUT device
      conducts until the capacitor 39 is completely charged within five to 30
      seconds, depending upon the desired time delay interval. When the PUT
      device conducts, it causes the SCR 28 to conduct to energize the relay 8,
      which in turn closes its contacts 8A for energizing the main burner valve
      10 and the spark producing circuit 14.
PAR  If main burner ignition has occurred during this time interval, current
      flows through the resistor 82, electrode 33, flame 31, electrode 35 to
      ground, and thence to the capacitors 84 and 84', whereby the relay 8
      remains energized to insure that the main burner valve 10 remains open.
PAR  If ignition fails to occur within approximately 5 to 10 seconds from the
      closing of the contacts 12, the capacitor 39 becomes charged, thereby
      disabling the PUT device 80, the SCR 28, and the relay 8, whereby the
      contacts 8A open to turn off the spark producing circuit and the main gas
      valve to maintain the arrangement 5 in a locked out condition. In order to
      reset the arrangement 5 after such an ignition failure, the arrangement is
      de-energized by opening the contacts 12 for a predetermined time interval,
      such as 30 seconds. In this regard, a resistor 109 connecting the terminal
      50 to a point 112 between the diode 101 and the capacitor 39 to provide a
      discharge path for the capacitor 39, whereby the values of the resistor
      109 and the capacitor 39 determine the time required to maintain the
      arrangement 5 de-energized before an attempt may be made to activate it
      again.
PAR  FIG. 2 shows a circuit arrangement that eliminates the relay 8 of FIG. 1
      and substitutes therefor the actuating coil 8 of a main gas valve 10. A
      24V A.C. signal applied between terminals 40 and 42 energize primary 44
      when thermostat contacts 12 close. The primary 44, acting through
      secondary 48A, imposes 85V on terminals 49 and 50 to activate sensing
      circuit 7. This causes current to flow through actuating coil 8 located on
      one core of the main gas valve, which acts to open and cause gas to flow
      to the main burner. Also located on the main gas valve is a coil 8A
      sharing the same magnetic circuit with coil 8 and acting like the
      secondary of a transformer.
PAR  The ignition circuit shown at 14A operates the same as the circuit 14 shown
      in FIG. 1 except for the following differences.
PAR  With primary 44 energized, coil 8 becomes energized and ignition circuit
      14A is energized via secondary 48B. This turns on the gas and causes
      capacitor 55 to charge as previously described for FIG. 5. Coil 8 induces
      a voltage in coil 8A which causes current to flow into the gate circuit of
      SCR 16, out the cathode through resistor 57A to other side of 8A. This
      causes SCR 16 to conduct to discharge capacitor 55 into primary 61 to
      generate a high voltage at secondary 20, and sparks at electrodes 22 and
      24 to effect ignition of the gas. The charging of capacitor of 55 on
      one-half of the sine wave and the discharging on the other half of the
      wave continues until the flame is established between electrodes 22 and
      24. Whenever valve coil 8 is de-energized, 8A is de-energized to cause the
      spark producing circuit 14A to be de-energized.
PAR  FIG. 3 shows a circuit arrangement designed to operate from 12V D.C. Shown
      at 14B is a spark generator, a 12V D.C. to 110V A.C. inverter shown at 123
      to power the detection circuit shown at 7.
PAR  With 12V D.C. applied to terminals 118 and 119, 118, positive current flows
      through closed thermostat contacts 112 to D.C. ignitor 14B. The high
      voltage transformer has three windings, high voltage secondary 101,
      primary 100, and feedback winding 102.
PAR  Current flows into emitter of transistor 109 to collector 121 and a voltage
      divider consisting of resistors 103 and 104. The voltage at the junction
      of 103 and 104 is sufficient to cause current to flow through feedback
      coil 102, diode 113, base 116 to emitter 115 of transistor 117 to 12V
      terminal 119. This causes transistor 117 to conduct and allows current to
      flow from 12V terminal 118 through contacts 112, through high voltage
      primary 100 to induce a high voltage in secondary 101 to produce sparks
      for ignition at the electrodes.
PAR  As the current in the primary increases, feedback winding 102, located on
      the same magnetic core as primary 100, causes transistor 117 to conduct
      more until saturation is attained, at that time the voltage induced into
      the feedback winding begins to decrease, this decreases the conductivity
      of transistor 117 and the current in primary 100 decreases to induce a
      negative voltage in the feedback winding 102 to cut off the conduction of
      transistor 117 to complete one cycle of oscillation. The frequency of
      oscillation utilized is approximately 1,000 cycles per second.
PAR  The spark generator shown at 14B is self-inhibiting and after a time
      interval determined by the RC time constant -- charging time of capacitor
      124 through resistor 105 and diode 128 will act to stop conduction of
      transistor 109 and disable the spark generator.
PAR  Considering now the operation of the inhibit circuit, at the start of the
      ignition, cycle current flows from emitter 120 to collector 121 to
      energize the oscillator to produce sparks. Current also flows from emitter
      120 to base 122, diode 128, resistor 105 and capacitor 124. After a time
      interval of from 5 to 15 seconds, depending on the RC product utilized,
      capacitor 124 becomes charged and the emitter to base current is cut off,
      causing transistor 109 to stop conduction to disable the spark generating
      oscillator.
PAR  In order to provide instant reset, a discharge path consisting of rectifier
      125, resistor 126 is provided so that in case of a momentary power
      interruption the capacitor 124 is discharged and ready for start-up.
PAR  Considering now the operation of the discharge circuit, if thermostat
      contacts 112 are opened and instantly reclosed -- during the time the
      contacts were open, capacitor 124 is discharged through a path consisting
      of diode 125, resistor 126, resistors 129 and 130, back to other side of
      capacitor 124. Total resistance of the discharge path is approximately 1K
      ohms. During the time the thermostat contacts are closed the charge does
      not leak "off" capacitor 124 because diode 125 is back biased as long as
      power is applied to the system -- removing the power removes the back bias
      from 125 and the capacitor discharges.
PAR  Shown at 123 is a conventional inverter that changes the 12 volt D.C. to
      110 volt A.C. 60 cycles out of secondary 48A. The circuits connected to
      terminals 49 and 50 are supplied 110V A.C. 60 Hz power and, therefore,
      function in the same manner as the A.C. line powered circuits of FIGS. 1
      and 2.
PAC  OPERATION
PAR  For purposes of illustration of operation of the arrangement of FIGS. 1 and
      2, it is assumed that it is initially unergized and that the SCR 29 and
      the PUT device 80 are cut off and coil 8 is de-energized. When power is
      applied to the terminals 40 and 42, and if the THS contacts are closed, AC
      current flows through the ignition circuit 14. Accordingly, voltage pulses
      are induced in the output winding 48B of the ignition circuit 14, 14A.
PAR  The proper phase relationship between the pilot ignition circuit 14 and
      flame sensing circuit 26 is obtained when the voltage between terminals 49
      and 50 is in phase with that applied to terminals 40 and 42. This phases
      the arrangement 50 so that the spark is at the ignition electrodes 22 and
      24 when the potential at the point 51 is negative relative to terminal 42
      and therefore the flame sensing circuit 26 is not sensing.
PAR  Accordingly, during a first half cycle of the AC voltage applied between
      terminals 49 and 50 when terminal 49 swings positive relative to terminal
      50, current flows from terminal 49 through resistor 82, sensing electrode
      33, and electrode 35 to the reference potential, and over capacitors 84
      and 84' to terminal 50, permitting capacitors 84 and 84' to charge. The
      voltage across capacitors 84 and 84', which are connected over resistor 86
      to the gate electrode of the PUT device 80, establishes a gate potential
      for the PUT device.
PAR  During the same half cycle, capacitor 91 is charged over a path extending
      from the terminal 49, through the diode 93, resistor 92 and capacitor 91
      to terminal 50, establishing a potential at the anode of the PUT device
      80.
PAR  The values of redundant capacitors 84 and 84' and of capacitor 91 are
      selected such that sometime before the peak of the AC line voltage during
      the first half cycle of the AC line signal the anode to gate potential of
      the PUT device 80 exceeds + 0.6 volts so that the PUT device conducts,
      permitting capacitor 91 to discharge. Also capacitor 91 is charged to a
      voltage sufficient to effect the generation of a voltage pulse across the
      redundant resistors 95 and 95' capable of rendering the SCR 28 conductive.
      The speed of response of the flame sensing circuit 26 is a function of the
      value of capacitor 84 and 84' and resistors 86 and 88 which forms the
      bleeder path for capacitor 84 and 84'.
PAR  When the SCR 28 is rendered conductive, an energizing path is completed
      between terminals 49 and 50 for coil 8, which then operates to energize
      the main burner valve 10 to permit gas to flow to the main burner
      apparatus.
PAR  At the same time, current is supplied to the ignition circuit 14, 14A via
      secondary winding 48B. In the case of FIG. 1 the closure of contacts 8A
      provides the necessary gate signal to enable SCR 16 to conduct. For FIG. 2
      when SCR 28 is rendered conductive the main valve coil 8 is energized
      which causes secondary coil 8A to generate a voltage to enable SCR 16.
PAR  In the case of FIG. 3 spark circuit 14B is energized directly from a D.C.
      line. In all three circuits (FIGS. 1-3) high voltage spark occurs at
      electrodes 22 and 24 to ignite the gas at the burner.
PAR  Accordingly, once the flame 31 has been established between the sensing
      electrode 33 and 35, the action of the flame sensing circuit 26 is
      effective to provide enabling pulses to the gate of the SCR 28 during
      alternate half cycles of the applied AC line signal. During the next half
      cycle of the AC line signal, when terminal 50 swings a positive relative
      to terminal 49, the SCR device 28 is cut off. However, coil 8, once
      energized, is maintained energized by capacitor 97 during the portion of
      the half cycle of the line voltage in which the SCR 28 is non-conductive.
      The above conditions occur every cycle when a flame is present at the
      sensing electrodes 33 and 35.
PAR  It should be understood that the only time pulses will be passed to the PUT
      device 80 and the gate of the SCR 28 is when the voltage at the anode of
      the PUT device 80 exceeds that of the gate by plus 0.6 volts and the SCR
      28 is enabled only when the capacitor 91 has charged sufficiently to
      provide the pulse energy required to render the SCR 28 conductive.
PAR  For the condition when the burner flame is extinguished, a high impedance
      path is provided over the sensing electrodes 33 and 35 such that
      capacitors 84 and 84' have a longer charging time. Accordingly, as
      capacitors 84, 84' and 91 are charged, the voltage at the gate of the PUT
      device is lower relative to the voltage at the anode since capacitor 91 is
      charged at a faster rate over the path provided by resistor 92 and diode
      93. Consequently, the anode voltage exceeds the gate voltage early in the
      half cycle of the AC line signal whenever the charge on capacitor 91
      exceeds 0.6 Volt. Accordingly, whenever the flame 31 is not present,
      pulses provided by the flame sensing circuit 26 are ineffective to enable
      SCR 28 to cause coil 8 to be energized.
PAR  When the main burner flame is lit, a current path is provided through the
      main burner flame 31 to the ground reference at electrode 35.
      Consequently, the resistance between sensing electrode 33 and the
      reference point at electrode 35 decreases effecting a further increase in
      the charging current for capacitors 84 and 84'.
PAR  The arrangement 5 is also characterized by a fail safe feature by
      maintaining the proper magnitude and phase relationship between the
      voltages that are applied to the gate and the anode of the PUT device 80
      in the normal operating mode. The normal operating voltage range is one to
      four volts for voltage levels at the anode or gate electrodes of the PUT
      device. For values above this, as may be caused by a component failure,
      for example, the anode voltage does not exceed the gate voltage and
      accordingly the PUT device 32 does not conduct. On the other hand, for
      voltage values below the operating range, the anode voltage exceeds the
      gate voltage before the charge on capacitor 91 is sufficient to pulse the
      gate of the SCR 28.
PAR  Thus the arrangement of FIGS. 1 to 3 may be considered as a pulsing system
      wherein the flame sensing circuit 26 is a pulse generator that stops
      generating pulses for any component failure or flame-out condition.
PAR  The flame 31 which bridges the gap between the sensing electrodes 33 and 35
      serves as both a resistance and a rectifier, and the flame sensing circuit
      26 utilizes the rectification properties of the flame to maintain the
      charge on capacitors 84 and 84' within a desired operating range.
      Therefore, any value of resistance between the sensing electrode 33 to the
      reference point at the electrode 35 does not result in a condition where
      the main burner valve is energized when the flame 31 is not present. Also,
      the rectification property of the flame enables the flame sensing circuit
      to detect the difference between a flame and leakage resistance between
      the sensing electrodes 33 and 35.
PAR  In the exemplary embodiments, the components of the arrangements of FIGS.
      1-3 may have the values listed in Table I.
TBL  ______________________________________                                    
     SCR 16               C106B                                                
     Transistor 18        2N5355                                               
     Capacitor 39         2.mu..function.                                      
     Capacitor 55         3.3.mu..function.                                    
     Resistor 57          10K                                                  
     Diode 63             200V                                                 
     Resistor 65          130.OMEGA.                                           
     Capacitor 67         .01.mu..function.                                    
     Capacitor 72         .001.mu..function.                                   
     Resitor 74           1K                                                   
     Resistor 78          6.8K                                                 
     Resistor 82          270K                                                 
     Capacitor 84         .047.mu..function.                                   
     Capacitor 84'        .047.mu..function.                                   
     Resistor 86          2.2M                                                 
     Capacitor 91         .47.mu..function.                                    
     Resistor 92          270K                                                 
     Diode 93             100V                                                 
     Resistor 95          220.OMEGA.                                           
     Resistor 95'         220.OMEGA.                                           
     Capacitor 97         22.mu..function.                                     
     Diode 99             100V                                                 
     Diode 101            100V                                                 
     Resistor 103         330K                                                 
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automatic fuel ignition system including valve means operable when
      energized to permit a gaseous fuel to be supplied to burner apparatus in
      response to a thermostatically-controlled means, an arrangement comprising
      control means including first timing means responsive to said
      thermostatically-controlled means for effecting energization of said valve
      means to permit fuel to be supplied to the burner apparatus, igniting
      means including spark producing means responsive to energization of said
      valve means to produce ignition sparks for igniting fuel supplied to the
      burner apparatus when said valve means is in fuel supplying condition to
      establish a flame, and second timing means responsive to said
      thermostatically-controlled means for controlling said first timing means
      for de-energizing said control means after a predetermined timing interval
      whenever a flame fails to be established within said timing interval, said
      control means including flame sensing means responsive to the ignition of
      the fuel supplied to the burner apparatus to override said second timing
      means for enabling said control means to maintain said valve means
      energized, and further flame sensing means responsive to the ignition of
      the fuel supplied to the burner apparatus for de-energizing said spark
      producing means.
NUM  2.
PAR  2. In an automatic fuel ignition system including valve means operable when
      energized to permit a gaseous fuel to be supplied to burner apparatus in
      response to actuation of a thermostatically-controlled means, an
      arrangement comprising control means including first timing means
      responsive to said thermostatically-controlled means for effecting
      energization of said valve means to permit fuel to be supplied to the
      burner apparatus, fuel igniting means including spark producing means
      responsive to said thermostatically-controlled means for producing
      ignition sparks for igniting fuel supplied to the burner apparatus to
      establish a flame, and second timing means responsive to said
      thermostatically-controlled means for controlling said first timing means
      for de-energizing said control means after a predetermined timing interval
      whenever a flame fails to be established within said timing interval, and
      flame sensing means responsive to the ignition of the fuel supplied to the
      burner apparatus to override said second timing means to maintain said
      valve means energized, said spark producing means including means for
      de-energizing said spark producing means at a predetermined time after
      said thermostatically-controlled means is actuated.
NUM  3.
PAR  3. In an automatic fuel ignition system including valve means operable when
      energized to permit a gaseous fuel to be supplied to burner apparatus in
      response to a thermostatically-controlled means, an arrangement comprising
      igniting means operable when enabled to produce ignition sparks for
      igniting fuel supplied to the burner apparatus to establish a flame,
      control means including a bi-stable switching means operable when enabled
      to energize said valve means and said igniting means, and pulse generating
      means including a controlled switching device having an output electrode
      connected to said bi-stable switching means and first timing means
      including first timing capacitor means connected to control electrodes of
      said controlled switching device and responsive to said
      thermostatically-controlled means connecting a source of power thereto to
      periodically enable said controlled switching device to provide enabling
      pulses at said output electrode for said bistable switching means for
      energizing said valve means to permit fuel to be supplied to the burner
      apparatus, and second timing means including second timing capacitor means
      connected to said first timing means for controlling said first timing
      means to disable said control means after a predetermined timing interval
      whenever a flame fails to be established within said timing interval, said
      control means including flame sensing means connected to said second
      timing means and responsive to the ignition of the fuel supplied to the
      burner apparatus to override said second timing means for enabling said
      control means to maintain said valve means energized.
NUM  4.
PAR  4. An arrangement according to claim 3, wherein said bistable switching
      means comprises a relay.
NUM  5.
PAR  5. In an automatic fuel ignition system including valve means having a
      valve actuator coil energizable to operate said valve means to permit a
      gaseous fuel to be supplied to burner apparatus in response to a
      thermostatically-controlled means, an arrangement comprising control means
      including said valve actuator coil and pulse generating means including
      first timing means responsive to said thermostatically-controlled means
      for effecting energization of said valve actuator coil to operate said
      valve means to permit fuel to be supplied to the burner apparatus,
      igniting means operable in response to energization of said actuator coil
      to produce ignition sparks for igniting fuel supplied to the burner
      apparatus to establish a flame, and second timing means responsive to said
      thermostatically-controlled means for controlling said first timing means
      for de-energizing said control means after a predetermined timing interval
      whenever a flame fails to be established within said timing interval, said
      control means including flame sensing means responsive to the ignition of
      the fuel supplied to the burner apparatus to override said second timing
      means for enabling said control means to maintain said valve means
      energized.
NUM  6.
PAR  6. An arrangement according to claim 3, wherein said igniting means
      includes a bi-stable device energized in response to the energization of
      the bi-stable switching means, a high-voltage winding means and electrode
      means responsive to said high-voltage winding means for producing said
      ignition sparks when said bi-stable device is energized.
NUM  7.
PAR  7. An arrangement according to claim 6, wherein said bi-stable device
      comprises a silicon controlled rectifier device.
NUM  8.
PAR  8. An arrangement according to claim 6, wherein said igniting means further
      includes charge storage means adapted to be charged in response to the
      energization of said bi-stable switching means, said bi-stable device when
      energized causing the charge in said storage means to be transferred to
      said winding means.
NUM  9.
PAR  9. An arrangement according to claim 3, wherein said pulse generating means
      is controlled by said first timing means to provide pulse outputs at a
      first level for maintaining said valve means energized whenever the flame
      is established and to provide pulse outputs at a second level to permit
      said valve means to be de-energized whenever the flame is extinguished.
NUM  10.
PAR  10. An arrangement according to claim 3, further including resetting means
      for said second timing means to de-energize said control means and said
      igniting means for a second predetermined timing interval following the
      first-mentioned timing interval.
NUM  11.
PAR  11. In an automatic fuel ignition system including valve means operable
      when energized to permit a gaseous fuel to be supplied to burner apparatus
      in response to a thermostatically-controlled means, an arrangement
      comprising control means including pulse generating means and first timing
      means responsive to said thermostatically-controlled means for controlling
      said pulse generating means to provide pulse outputs at a first level for
      effecting energization of said valve means to permit fuel to be supplied
      to the burner apparatus and for maintaining said valve means energized
      whenever a flame is established, igniting means operable when enabled to
      produce ignition sparks for igniting fuel supplied to the burner apparatus
      to establish a flame, and second timing means responsive to said
      thermostatically-controlled means for controlling said first timing means
      to disable said pulse generating means for de-energizing said control
      means after a predetermined timing interval whenever the flame fails to be
      established within said timing interval, said control means including
      flame sensing means responsive to the ignition of the fuel supplied to the
      burner apparatus to override said second timing means for enabling said
      control means to maintain said valve means energized, said pulse
      generating means being controlled by said first timing means to provide
      pulse outputs at a second level whenever the flame is extinguished to
      de-energize said valve means.
NUM  12.
PAR  12. An arrangement according to claim 11, wherein said pulse generating
      means provides pulse outputs at a third level to cause said arrangement to
      be de-activated in response to a portion of said arrangement failing to
      operate properly.
NUM  13.
PAR  13. An arrangement according to claim 11, wherein second timing means
      includes a resistance-capacitor timing circuit, said circuit including a
      resistance and capacitor, said capacitor being charged in response to
      energization of said thermostatically-controlled means for providing said
      predetermined timing interval.
NUM  14.
PAR  14. An arrangement as set forth in claim 13, wherein said flame sensing
      means includes means for providing a shunt circuit path around said
      resistor-capacitor timing circuit of said second timing means in response
      to ignition of said fuel for maintaining said valve means energized.
NUM  15.
PAR  15. An arrangement according to claim 13, further including resetting means
      for controlling said second timing means to maintain said control means
      and said igniting means de-energized for a second predetermined timing
      interval following the first-mentioned timing interval.
NUM  16.
PAR  16. An arrangement according to claim 15, wherein said resetting means
      includes a resistance means coupled to said capacitor to provide a
      discharge path for said capacitor, the time constant of said resistance
      means and said capacitor defining said second timing interval.
NUM  17.
PAR  17. An arrangement as set forth in claim 13, wherein said igniting means
      comprises spark producing means responsive to said
      thermostatically-controlled means to produce said ignition sparks, and
      further flame sensing means responsive to the ignition of the fuel at the
      burner apparatus for de-energizing said spark producing means.
NUM  18.
PAR  18. In an automatic fuel ignition system including valve means operable
      when energized to permit a gaseous fuel to be supplied to burner apparatus
      in response to a thermostatically-controlled means, an arrangement
      comprising control means including pulse generating means and flame
      sensing means, said pulse generating means being responsive to said
      thermostatically-controlled means for providing periodically recurring
      pulses at a first level for effecting energization of said valve means to
      permit fuel to be supplied to the burner apparatus, igniting means
      operable when enabled to produce ignition sparks for igniting fuel
      supplied to the burner apparatus to establish a flame, and timing means
      responsive to said thermostatically controlled means for disabling said
      pulse generating means after a predetermined timing interval to effect
      de-energization of said valve means whenever a flame fails to be
      established within said timing interval, said flame sensing means being
      responsive to the ignition of the fuel to override said timing means to
      maintain said pulse generating means enabled to thereby maintain said
      valve means energized when a flame is established, and said timing means
      being operable when the flame is extinguished to control said pulse
      generating means to provide pulses at a second level to thereby permit
      said valve means to be de-energized.
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ABST
PAL  A system for igniting, by a spark, the main burner of a gas fired device
      without the use of a pilot light from, for example, 12 or 24 volts. A
      unique oscillator provides the spark power and voltage. The oscillator
      also supplies the power to open the gas valve. A capacitor momentarily
      opens the valve. The valve is maintained open when a flame is present at
      the main burner.
PARN
PAR  This is a divisional application of copending application Ser. No. 447,889
      filed Mar. 4, 1974 now U.S. Pat. No. 3,870,929. The benefit of the filing
      date of said copending application is, therefore, hereby claimed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to combustible fuel ignition systems, and more
      particularly, to a system for pilotless ignition and components thereof.
PAR  In the past, the use of a pilot burner has been relatively safe but does
      waste a significant amount of gas.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the above-described and other
      disadvantages of the prior art are overcome by providing a system for
      igniting a main burner and a spark oscillator therefor.
PAR  In accordance with another feature of the invention, a fuel valve is turned
      on momentarily, and then shut off if combustion fails to take place.
DRWD
PAR  The above-described and other advantages of the present invention will be
      better understood from the following detailed description when considered
      in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are to be regarded as merely illustrative:
PAR  FIG. 1 is a block diagram of a fuel combustion system;
PAR  FIG. 2 is a block diagram of a portion of the system shown in FIG. 1;
PAR  FIG. 3 is a block diagram of a power supply;
PAR  FIG. 4 is a schematic diagram of a spark ignitor and fuel valve control
      system;
PAR  FIG. 5 is a top plan view of a flame rod and a main burner;
PAR  FIG. 6 is a view of a switch;
PAR  FIG. 7 is a view of a diode;
PAR  FIG. 8 is a graph of a waveform characteristic of the operation of the
      oscillator of the present invention;
PAR  FIG. 9 is a schematic diagram of an alternative embodiment of the present
      invention;
PAR  FIG. 10 is a schematic diagram illustrative of the operation of the circuit
      of FIG. 9; and
PAR  FIG. 11 is a schematic diagram of still another embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Fuel combustion apparatus is illustrated in FIG. 1 including a fan motor 34
      which drives both a combustion fan 35 and a bonnet fan 36. A sail switch
      is indicated at 37. An inlet conduit is illustrated at 38 connected to a
      main burner 39 by a fuel valve 40. A normally closed bonnet switch is
      illustrated at 41. A normally open bonnet switch is illustrated at 42.
PAR  Fan motor 34 is turned on by normally open bonnet switch 42 when the
      temperature in the bonnet is sufficiently high. The normally closed bonnet
      switch 41 turns off the power except for the fan motor when the
      temperature of the bonnet exceeds a safe value. Both of the bonnet
      switches 41 and 42 are temperature operated.
PAR  Everything shown in FIG. 1 is conventional. Combustion chamber fan motor 34
      drives out whatever gas may be filling this chamber prior to ignition. The
      sail switch 37 is located in an air duct from the bonnet fan 36 or from
      the combustion chamber fan 35, but preferably, the latter. Sail switch 37
      is normally open and is closed when the air velocity is at or above a
      predetermined magnitude.
PAR  One embodiment of the system of the present invention may be operated from
      a 12 or 24 volt power supply as indicated at 43 in FIG. 3 having a
      positive terminal 44 and a negative terminal 45.
PAR  Plus and minus signs are employed to indicate a connection to a respective
      terminal to power supply 43 except in the case of amplifier 46 shown in
      FIG. 4 where the plus and minus signs are employed respectively to
      indicate the noninverting and inverting inputs of the amplifier 46.
PAR  The system of the present invention is employed to be operated by a
      thermostat 47 shown in FIG. 2 having a thermostatic switch operator 48
      that closes a switch 49 when the temperature in the space to be heated
      falls below a predetermined or set point temperature. Switch 49 has a pole
      50 and a contact 51. Pole 50 is connected to power supply terminal 44
      which is positive. A junction is provided at 52. The normally closed
      bonnet switch is shown again at 41. Switch 41 has a pole 54 and a contact
      55. Contact 51 and pole 54 are connected to junction 52. A relay 56,
      having a coil 57, has one end connected from switch contact 55 to negative
      power supply terminal 45. The normally open bonnet switch 42 is again
      shown in FIG. 2. Fan motor 34 has the same number and is connected from a
      junction 59 to the negative terminal 45 of power supply 43. Switch 42 has
      a pole 60 and a contact 61. Relay 56 operates a pole 62 which has a
      contact 63. Poles 60 and 62 are connected to the positive power terminal
      44. Contacts 61 and 63 are connected to junction 59. A junction 64 is
      connected from junction 52. A junction 65 is connected to a spark ignitor
      66 which is, in turn, connected to the negative terminal 45 of D.C. power
      supply 43. A resistor 67 is connected between junctions 64 and 65. The
      same is true of sail switch 37.
PAR  Spark ignitor 66 has an output lead 69 connected to fuel controller 70.
      Spark ignitor 66 also has an output lead 71 connected to a junction 72
      that is, in turn, connected to controller 70. A lead 73 connects junction
      72 to ground.
PAR  Spark ignitor 66 is shown in FIG. 4 with utilization means 70' including a
      controller 70. Various junctions are illustrated in FIG. 4 including
      junctions 130, 131, 135, 136 and 137. Junction 131 is connected to the
      negative terminal 45 of D.C. power supply 43. Junctions 130 and 131 are
      connected together. As shown in FIG. 4, switch 49 is again shown and is
      connected from the positive terminal 44 of D.C. power supply 43 to
      junction 135. Sail switch 37 is again shown with a diode 139 in FIG. 4,
      the same being connected in series in that order from junction 135 to
      junction 137, diode 139 being poled to be conductive toward junction 137.
PAR  A diode 138 is connected between junctions 135 and 136, and is poled to be
      conductive in a direction toward junction 136. A smoothing capacitor 134
      is connected between junctions 130 and 136. Another smoothing capacitor
      133 is connected between junctions 130 and 137. Resistor 67 is again shown
      in FIG. 4 and is connected between junctions 136 and 137.
PAR  The purpose of diodes 138 and 139 is to prevent the oscillator of the
      present invention from driving the D.C. power supply 43.
PAR  In accordance with the first embodiment of the present invention, D.C.
      power supply 43 may be a battery or a half wave or full wave rectifier
      which may be or is connected to the line of an A.C. voltage source. In
      other words, D.C. power supply 43 may also be a converter.
PAR  The circuit of FIG. 4 has various other junctions 74, 75, 77, 78, 79, 80,
      81, 82, 83, 84, 85, 86, 87, 88, 89, 90 and 91. Junctions 74, 75 and 137
      are connected together. A resistor 92 is connected between junction 74 and
      a second base 107 of a unijunction transistor 104. A resistor 93 is
      connected between junctions 77 and 78. A transformer 94 is provided having
      a primary winding 95 and a secondary winding 96. Primary winding 95 is
      connected between junctions 75 and 77. A silicon-controlled rectifier
      (SCR) is illustrated at 97 having an anode 98, a cathode 99 and a gate
      100. Anode 98 is connected from junction 77 to junction 81 through cathode
      99. A capacitor 101 is connected between junctions 75 and 81. A resistor
      79' of one ohm, more or less, is connected between junctions 79 and 80.
      Gate 100 is connected from junction 80. A capacitor 102 is connected from
      junction 78 to junction 79. Junctions 79 and 82 are connected together. A
      diode 103 is connected between junctions 81 and 82, and poled to be
      conductive in a direction toward junction 82. Unijunction transistor 104
      is provided with an emitter 105 and a first base 106 in addition to a
      second base 107. First base 106 is connected to junction 80. Emitter 105
      is connected from junction 78. Another transformer 108 is provided having
      a primary winding 109 and a secondary winding 110. Primary winding 109 is
      connected from junction 82 to junction 131. In FIG. 4, the secondary
      winding 110 is connected between junctions 83 and 84, junction 84 being
      grounded.
PAR  The purpose of the transformers 94 and 108 are to provide for spark
      ignition and fuel valve control, respectively.
PAR  Transformers 108 and 94 have conventional (in themselves) ferrite cores
      108' and 108", respectively. Core 108' is not conventional in the system.
      Core 108" is conventional in a spark ignitor. Core 108' prevents unwanted
      valve actuation upon oscillator failure. Core 108' also provides a good
      low impedance device for coupling the 1,000 Hz. signal to utilization
      means 70'.
PAR  As will be explained, it is an outstanding feature of the present invention
      that spark ignitor 66 includes an oscillator which provides a continuous
      spark when the thermostat calls for it whether or not gas is supplied.
      Moreover, the oscillator provides a voltage across primary 95 from
      capacitor 101 which is of the order of 80 volts when the power supply 43
      supplies 12 volts D.C., filtered or not.
PAR  One end of transformer secondary 96 is connected to a spark electrode 111
      which sparks to a main burner 112, shown in plan in FIG. 4, that is
      grounded from junction 85 therewith. A flame rod 113 is located over main
      burner 112 to be in contact with the flame and to close a fuel valve
      indicated at 114 when no flame exists. A capacitor 115 is connected
      between junctions 83 and 86. Flame rod 113 is positioned contiguous to
      main burner 112 but spaced therefrom in a position to be in contact with
      the flame. Flame rod 113 is connected to junction 86. A further junction
      116 is provided from which a diode 117 is connected to junction 83 and is
      poled to be conductive in a direction toward junction 83. Junctions 84, 88
      and 89 are all connected together and are connected also to one end 118 of
      the coil 119 of fuel valve 114. Preferably, diodes 120 and 120" are
      connected from the other end of coil 119 to junction 91, and are both
      poled to be conductive toward junction 91. A voltmeter V10 for monitoring
      is connected from the anode of diode 120'  to ground.
PAR  Preferably, diode 120 is packaged with fuel valve 114 so that use thereof
      may not be made except in accordance with the present invention. A
      resistor 120 is connected between junctions 86 and 87. A resistor 121 is
      connected between junctions 87 and 88. Junctions 87 and 90 are connected
      together. A capacitor 122 is connected between junctions 90 and 116. A
      capacitor 123 is connected between junctions 116 and 89. A lead 124 is
      provided which is the power input lead of amplifier 46. Lead 124 is
      connected from junction 116.
PAR  Junction 96 is connected to the noninverting input of amplifier 46.
      Junction 91 is connected to the inverting input of amplifier 46. Amplifier
      46 has a gain of unity.
PAR  Amplifier 46 may be any conventional amplifier, but is preferably one which
      has short circuit (milliampere region) protection such as the one
      disclosed as model .mu.A741 in Fairchild Semiconductor Integrated Circuits
      Catalog (November, 1971). Short circuiting of valve 114 is, therefore,
      permitted for testing.
PAC  OPERATION
PAR  In the operation of the circuit of the present invention, in FIG. 4,
      thermostat switch 49 closes. Sail switch 68 is not yet closed. A trickle
      charge is provided through resistor 67 charging capacitor 101. When sail
      switch 37 closes, the oscillator is connected directly across the line.
      Resistor 67 is shorted out. Resistors 92 and 93, unijunction 104 and
      capacitor 102 provide delayed firing of SCR 97. SCR 97 is not fired until
      capacitor 102 is adequately charged, i.e. the standoff ratio of
      unijunction 104 is reached. Unijunction 104 then fires SCR 97. This
      connects capacitor 101 directly across the primary 95 of transformer 94
      through SCR 97.
PAR  It is an outstanding feature of the present invention that the ratio of the
      resonant frequency of capacitor 101 and primary 95 of transformer 94 is
      perhaps 100 times greater than the resonant frequency of capacitor 101
      with the primary 109 of transformer 108. It is for this reason that SCR 97
      is cut off at 90 electrical degrees. In this case, the circuit resonates
      at the lower frequency determined by the capacitance of the capacitor 101
      and transformer primary 109.
PAR  Once the oscillator has started, the starting mechanism and structures
      including unijunction 104 and the circuit elements connected therewith and
      also resistor 97 have nothing to do with the operation.
PAR  When capacitor 101 and transformer primary 109 resonate, the resonant
      action terminates when the capacitor 101 charged to its maximum value with
      junction 75 being positive with respect to junction 81. This is true even
      though a power supply charging current back through the power supply would
      be possible. The reason this does not exist is that diode 103 prevents
      such further oscillation.
PAR  It is when the SCR 97 fires that the high frequency discharge of the energy
      of capacitor 101 in transformer primary 95 causes the spark to be
      generated between electrode 111 and main burner 112.
PAR  In FIG. 4, when the oscillator oscillates, junction 116 through the charge
      placed upon capacitor 123 causes junction 116 to have a potential of
      perhaps 12 volts negative with respect to ground. At the same time,
      capacitor 122 momentarily opens fuel valve 114 by the connection to
      amplifier 46 from junction 96. Diode 117 acts as a half wave rectifier to
      charge capacitor 123.
PAR  Resistors 120' and 121 act as a voltage divider.
PAR  Flame rod 113 acts either as a normally open switch 125 illustrated in FIG.
      6 or as a diode 126 and resistor 126' as illustrated in FIG. 7.
PAR  Capacitor 115 prevents the diode 126 from shorting secondary 110 of
      transformer 108.
PAR  After momentary actuation of valve 114 through charging of capacitor 123
      and through the use of capacitor 122, if the burner 112 is lit as shown in
      FIG. 5, flame rod 113 becomes the diode 126 and resistor 126' which allows
      a half wave rectified negative voltage to be placed across resistor 120'
      and resistor 121 to keep fuel valve 114 open. Filtering is provided by
      resistor 120' and capacitors 122 and 123 in series.
PAR  The approximate voltage across a capacitor 23 shown in FIG. 9 is shown in
      FIG. 8.
PAR  An oscillator 20 constructed in accordance with the present invention is
      illustrated in FIG. 9 including a D.C. source of potential 21, an inductor
      22, a silicon-controlled rectifier (SCR) 24, a diode 25 and an inductor 26
      connected in a manner identical to similar components shown in FIG. 4.
PAR  The oscillator of FIG. 9 has three different successive modes of
      oscillation. When SCR 24 is cut off, the circuit of FIG. 9 looks as shown
      in FIG. 10, where diode 25 is illustrated as a resistor 25'. The
      resistance of diode 25 may be considered zero or infinite depending upon
      whether or not it is forward or back biased, respectively.
PAR  When SCR 24 is fired, the circuit of FIG. 9 looks the same as in FIG. 10
      except that in FIG. 9, inductor 22 is, when SCR 24 is fired, connected in
      parallel with capacitor 23 at junctions 27 and 28 shown in FIG. 10.
PAR  If the resistance of 25' in FIG. 10 is zero, it is well known that
EQU  i.sub.o = I.sub.m sin (.omega..sub.o t.sub.o + .psi.)      (1)
PAL  where,
PA1  i.sub.o is the variable circuit current,
PA1  t.sub.o is time,
PA1  I.sub.m is the maximum circuit current, and
PA1  .omega..sub.o is the radian frequency of oscillation.
PA1  I.sub.m being defined by
      ##EQU1##
      where, L.sub.2 is the inductance of inductor 26,
PA1  E is the voltage supplied by source 21,
PA1  E.sub.o is the voltage across capacitor 23 at t.sub.o = 0, E.sub.o being
      positive when the polarity thereof is as shown in FIG. 10,
PA1  i.sub.o is the current of the FIG. 10 circuit at t.sub.o = 0,
PA1  .psi. and .omega..sub.o being defined by
      ##EQU2##
      where C is the capacitance of capacitor 23.
PAR  The first oscillation of the FIG. 10 circuit can start (t.sub.o = 0) at
      E.sub.o .perspectiveto. 0 and I.sub.o = 0, if desired, by closing the sail
      switch 37 shown in FIG. 4 (not shown in FIG. 10). The FIG. 10 circuit then
      can ring if underdamped. No advance trickle charge may be necessary if
      other circuit values are changed.
PAR  Due to the use of the diode 25, the circuit of FIG. 10 can never ring more
      than one cycle. The latter is due to the fact that diode 25 stops the
      ringing.
PAR  It is striking and unexpected that the peak voltage across capacitor 23 can
      and does grow for each of the lowest frequency cycles 1/(A + C) (see FIG.
      8) of voltage oscillation across capacitor 23. This growth can be from,
      for example, a little above about 12 or 24 volts to about 80 volts
      peak-to-peak. The peak-to-peak voltage across capacitor 23 is limited by
      the losses and resistances in the circuit of FIG. 9 not shown therein. The
      growth of the voltage across the capacitor 23 will be explained in the
      following.
PAR  For a beginning, assume
EQU  E.sub.o = 0 and                                            (4)
EQU  I.sub.o = 0 at                                             (5)
EQU  t.sub.o = 0.                                               (6)
PAR  From equation (1),
EQU  i.sub.o = I.sub.mo sin .omega..sub.o t.sub.o               (7)
PAL  where,
      ##EQU3##
PAR  The voltage across capacitor 23 is then
      ##EQU4##
PAR  From equation (7),
      ##EQU5##
      When at
EQU  t.sub.o = 0                                                (11)
EQU  e.sub.o = 0                                                (12)
PAL  then
      ##EQU6##
                                                                (13)
PAR  From equations (10) and (13),
      ##EQU7##
PAR  Diode 25 always stops the oscillation of the FIG. 10 circuit when e.sub.o
      is at a positive peak with the polarity shown in FIG. 10. This peak is
      ##EQU8##
      From equations (8) and (14),
EQU  E.sub.c = 2E                                               (16)
PAR  In FIG. 9, when capacitor 23 reaches E.sub.c, the voltage across inductor
      26 reverses and lead 29 from junction 30 to SCR gate 31 fires SCR 24
      because the connection of inductor 26 to junction 30 places SCR gate 31 at
      or about the potential of cathode 32 thereof.
PAR  When SCR 24 fires, the circuit looks the same as FIG. 10 except inductor 22
      is connected between junctions 27 and 28 as indicated at 22'.
PAR  The circuit of FIG. 10 with inductor 22 added may be analyzed as follows by
      applying Kirchoff's law twice.
PAR  As stated previously, the circuit of FIG. 9 has three successive modes of
      operation, namely:
PA1  A. scr 24 is cut off;
PA1  B. scr 24 is fired and the capacitor voltage e.sub.1 begins at peak E.sub.c
      ; and
PA1  C. scr 24 is fired and the capacitor voltage e.sub.o is equal to E to start
      with
EQU  (time t.sub.k = 0).                                        (17)
PAR  The inductor 22 and the capacitor 23 have a current in mode (B),
      ##EQU9##
      where, i is the current,
      ##EQU10##
      L.sub.1 is the inductance of inductor 22, and t is time.
PAR  The voltages e.sub.2 and e.sub.1 across inductor 22 and the capacitor 23
      are then
EQU  e.sub.2 = E.sub.c cos .omega..sub.1 t and                  (20)
EQU  e.sub.1 = -E.sub.c cos .omega..sub.1 t                     (21)
PAR  However, in terms of i.sub.2 and i.sub.3,
EQU  e.sub.3 = -e.sub.1 and                                     (22)
EQU  i = i.sub.2 = -i.sub.3                                     (23)
PAL  Thus
EQU  e.sub.3 = E.sub.c cos .omega..sub.1 t and                  (24)
      ##EQU11##
PAR  When
EQU  e.sub.3 = E, t = t.sub.x                                   (26)
EQU  E = E.sub.c cos .omega..sub.1 t.sub.x and                  (27)
      ##EQU12##
PAR  The next equation to develop for the next mode of operation is the
      capacitor current i.sub.3 at and after the capacitor voltage e.sub.3 is at
      and after
EQU  e.sub.3 = E.                                               (30)
      ##EQU13##
EQU  i.sub.1 = i.sub.2 + i.sub.3                                (32)   where,
PA1  E is the battery voltage,
PA1  C is the capacitor capacitance,
PA1  i.sub.3 is the capacitor current (see arrows in FIG. 10),
PA1  i.sub.1 is the current through inductor 26,
PA1  i.sub.2 is the current through inductor 22,
PA1  L.sub.1 is the inductance of inductor 22,
PA1  L.sub.2 is the inductance of the inductor 26, and
PA1  t.sub.k is time.
PAR  Equation (34) combines (31) and (33). Equation (36) combines (34) and (35).
      ##EQU14##
PAR  Defining,
      ##EQU15##
EQU  .omega..sub.2.sup.2 = .omega..sub.o.sup.2 + .omega..sub.1.sup.2 (41)
PAR  Equation (38) easily integrates by known methods to
      ##EQU16##
      When
EQU  t.sub.k = 0,
      ##EQU17##
      and i.sub.3 is determined as follows.
PAR  During the prior phase,
      ##EQU18##
EQU  e.sub.3 = E.sub.c cos .omega..sub.1 t.sub.1                (46) where
      E.sub.c is the starting peak voltage in the first phase.
      ##EQU19##
      at t.sub.k = 0, the magnitude of i.sub.3 is
      ##EQU20##
      Combining (43), (44) and (48),
      ##EQU21##
      With (52), (49) easily integrates to
EQU  i.sub.3 = -a.sub.1 sin (.omega..sub.2 t.sub.k + .psi..sub.k) (51)
PAL  where,
      ##EQU22##
      i.sub.3 is negative.
      ##EQU23##
EQU  k = 100                                                    (63)
EQU  i.sub.2 = a.sub.1 sin (.omega..sub.2 t.sub.k + .psi..sub.k) (64) To find
      t.sub.k = t.sub.ko when i.sub.2 = 0,
EQU  .phi. + .psi..sub.k = .pi.                                 (65)
PAR  The peak resulting voltage across the capacitor is
EQU  E.sub.p = .sqroot. (E - e.sub.ko).sup.2 + .omega..sub.o.sup.2 L.sub.2.sup.2
      i.sub.ko.sup.2                                            (66)
PAL  Where
EQU  .beta. = .phi. + .psi..sub.k                               (66)
EQU  E.sub.p = E.sub.c .sqroot. (cos.beta. - cos .psi..sub.k).sup. + k.sup.2
      sin.sup.2 .beta.                                          (67)
EQU  cos .beta. = -1                                            (68)
EQU  sin .beta. = 0                                             (69)
      ##EQU24##
PAR  The voltage gain G is then
      ##EQU25##
PAR  This places the capacitor and battery with voltage polarities to add E to
      the capacitor voltage each time the oscillator goes through all three of
      its phases.
PAR  Note in an only voltage equation
EQU  E.sub.pl = E - E.sub.o                                     (73)
PAL  The capacitor voltage E.sub.o, if turned negative, adds to E.sub.pl. This
      is done in the oscillator while the diode prevents charging the battery
      during capacitor voltage polarity reversal.
PAR  k = 100 is not necessarily optimum for all circumstances or maximum gain. k
      may be varied from above 100 to much lower, e.g. to near k = 1 or k = 2.
      However, if k is too low, the SCR will not cut off. With no losses, k must
      be about
EQU  k .gtoreq. 4.5                                             (74)
PAR  Maximum gain may be achieved at widely varying values other than k = 100.
      Many of the other values set forth herein may also be widely varied.
PAR  In FIG. 8, period C shows a half cycle of operation at frequency
      .omega..sub.o. The same is true of half cycle D. e is voltage across
      capacitors 23 and 101. t is time. What appears to be another half cycle of
      operation is illustrated as A or B in FIG. 8. This is not true. As
      explained previously, if line 127 is zero volts, the line 128 is 12 volts
      or E.
PAR  Within the periods A and B, above the line 128, the frequency is
      .omega..sub.1. Below the line 128, the frequency is .omega..sub.2. The
      frequency during the periods C and D is .omega..sub.o.
PAR  As a fail safe measure, two capacitors may be connected in series between
      junctions 90 and 116 and in lieu of the one capacitor 122 in FIG. 4.
PAR  The phrase "source of D.C. potential" or any equivalent thereto is hereby
      defined to include, but not be limited to, a battery, a half wave
      rectifier, filtered or not, and a full wave rectifier, filtered or not.
PAR  The phase "inductor means" or any equivalent thereto and the phrase
      "inductor device" or any equivalent thereto, is hereby defined to include,
      but not be limited to, an inductor and/or a transformer.
PAR  With losses considered, the capacitor voltage E.sub.p is approximately
EQU  E.sub.p = (E + E.sub.c e.sup..sup.-.sup..alpha..sbsp.1t.sbsp.1)
      (e.sup..sup.-.sup..alpha..sbsp.2t.sbsp.2)                 (75)
PAL  where,
      ##EQU26##
      R.sub.1 is the L.sub.1 resistance, R.sub.2 is the L.sub.2 resistance,
PA1  R.sub.3 is the capacitor circuit resistance,
PAL  where
      ##EQU27##
PAR  The gain G is thus
      ##EQU28##
      where R = E.sub.c /E                                      (84)
PAR  The maximum capacitor voltage E.sub.m is approximately
      ##EQU29##
PAR  For maximum gain, R.sub.1, R.sub.2 and R.sub.3 should be as small as
      possible. L.sub.2 should be as large as possible. C should be as small as
      possible. If L.sub.1 is large, gain is increased. However, if L.sub.1 is
      too large, the SCR will not cut off.
PAR  To prove i.sub.20 = 0 at .beta. = .pi. for losses, in the first phase
      ##EQU30##
EQU  i.sub.10x = i.sub.10 at t = t.sub.10x                      (87)
PAR  Find t.sub.10x from finding e.sub.10
      ##EQU31##
PAR  Find t.sub.10x from
      ##EQU32##
PAR  The second phase is
EQU  i.sub.30 = +a.sub.30 e.sup..sup.-.sup..alpha..sbsp.3.sbsp.0t sin
      (.omega..sub.30 t + .psi..sub.30)                         (90)
PAL  where
      ##EQU33##
PAR  Note if
      ##EQU34##
      then, in general,
      ##EQU35##
      is very small if
EQU  K.sup.2 = 10,000                                           (100)
PAR  Also
      ##EQU36##
PAR  .psi..sub.30 is third quadrant. i.sub.10x is negative.
      ##EQU37##
PAR  This integrates by formula. Where if
      ##EQU38##
      and where C.sub.y is the only constant after the e.sub.30 integration.
      ##EQU39##
      where
      ##EQU40##
      where,
EQU  i.sub.20x = -i.sub.10x and                                 (115)
EQU  i.sub.10x = a.sub.30 sin .psi..sub.30                      (116)
PAR  i.sub.10x is negative. .psi..sub.30 is third quadrant. Thus,
      ##EQU41##
PAR  From
      ##EQU42##
      where,
EQU  R.sub.a = R.sub.1 + R.sub.3                                (120)
EQU  i.sub.10x = a.sub.30 sin .psi..sub.30                      (121)
      ##EQU43##
EQU  L.sub.e = L.sub.1                                          (123)
PAR  The worst case is
EQU  .psi..sub.30 = 0                                           (124)
PAR  Thus, when i.sub.20 = 0, (a.sub.30 is negative)
      ##EQU44##
PAR  If .omega..sub.30 t.sub.20x is 180.degree. to 188.degree. and
      ##EQU45##
EQU  .alpha..sub.30 t.sub.20x &lt; &lt; 1                             (127)
PAR  Because
EQU  .alpha..sub.30 t.sub.20x &lt; &lt; 1                             (131)
PAL  approximately
      ##EQU46##
PAR  Thus, if
EQU  K.sup.2 = 10,000                                           (133)
PAL  almost exactly
EQU  .omega..sub.30 t.sub.20x = .pi.                            (134)
PAR  In FIG. 11, an A.C. source of potential 140 is illustrated. Source 140 is
      connected across the primary 141 of a transformer 142 having a secondary
      143 with upper and lower leads 144 and 145, respectively.
PAR  Utilization means 70" are also illustrated in FIG. 11 which may be
      identical to utilization means 70' illustrated in FIG. 4.
PAR  A transformer 146 is illustrated in FIG. 11 having a primary winding 147
      and a secondary winding 148. Secondary winding 148 is connected to
      utilization means 70". If desired, transformer 146 may be identical to
      transformer 94 shown in FIG. 4.
PAR  Also shown in FIG. 11 is a transformer 149 having a primary 150 and a
      secondary 151. Secondary 151 is also connected to utilization means 70".
      If desired, transformer 149 may be identical to transformer 108 shown in
      FIG. 4. Junctions 152, 153 and 154 are shown in FIG. 11. A switch 155 of a
      thermostat is connected in series between transformer secondary lead 144
      and junction 152. A capacitor 156 is connected between junctions 152 and
      153. A silicon-controlled rectifier 157 is illustrated in FIG. 11 having
      an anode 158, a cathode 159 and a gate 160. Anode 158 is connected from
      the lower end of transformer primary 147, the upper end thereof being
      connected to junction 152.
PAR  Cathode 159 is connected to junction 153. A diode is provided at 161 having
      an anode 162 connected from junction 153 and a cathode 163 connected to
      junction 154.
PAR  Gate 160 is connected to junction 154.
PAR  Transformer primary 150 has one end connected to junction 154 and its other
      end connected to lead 145 of transformer secondary 143.
PAR  Although the circuit of FIG. 11 looks much like and may employ many
      components identical to respective ones in the oscillator of the present
      invention illustrated in FIGS. 2, 3, 4, 9 and 10, the circuit of FIG. 11
      is not an oscillator. It is operated strictly by the A.C. input thereto
      supplied thereto by source 140 through transformer 142.
PAR  The phrase "means providing an A.C." or other source of potential or an
      equivalent phrase is hereby defined for use herein and for use in the
      claims to means one or more conductive leads or otherwise.
PAR  The phrase "utilization means" is hereby defined for use herein and for use
      in the claims to mean means 70' or means 70" or the electrode means of a
      spark ignitor or otherwise.
PAR  Notwithstanding the foregoing, transformers 108 and 94 may have cores other
      than ferrite cores which are either conventional or not.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spark ignitor for a combustible fuel, said ignitor comprising: a first
      junction; a first switch for connection to a conductor having a positive
      potential to said first junction; first and second inductive means each
      having first and second leads; a charging resistor connected from said
      first junction to said first inductive means first lead; a second switch
      for closure after said first switch is connected in parallel with said
      charging resistor; a silicon-controlled rectifier (SCR) having an anode, a
      cathode and a gate, said anode being connected from said first inductive
      means second lead; a diode having an anode connected from said SCR
      cathode, and a cathode connected to said second inductive means first
      lead, said second inductive means second lead being adapted for connection
      to a conductor of a negative potential; a main capacitor connected from
      said first inductive means first lead to said diode anode; said diode
      cathode being connected to said SCR gate; a second junction connected from
      said first inductive means first lead; starting means and hold off
      connected from said second junction to said SCR gate to fire said SCR when
      said second switch is closed; and conductor means connected with said
      first inductive means to establish an arc when the energy stored in said
      main capacitor is transferred to said first inductive means, said starting
      and hold off means including first and second resistors, a unijunction
      transistor having an emitter and first and second bases, an auxiliary
      capacitor, and third, fourth and fifth junctions, said first resistor
      being connected between said second and third junctions, said second
      resistor being connected between said third and fourth junctions, said SCR
      anode being connected from said fourth junction, said transistor second
      base being connected from said third junction, said transistor emitter
      being connected from said fifth junction, said auxiliary capacitor being
      connected from said fifth junction to said SCR gate, said transistor first
      base being connected to said SCR gate, said first and second inductive
      means including first and second transformers, respectively, each said
      transformer having primary and secondary windings, said first transformer
      primary winding having first and second ends connected to said first and
      second leads of said first inductive means, respectively, said second
      transformer primary winding having first and second ends connected to said
      first and second leads of said second inductive means, respectively, each
      of said secondaries having first and second leads, said conductor means
      including first and second spaced conductive structures, said first
      transformer primary having said first and second leads thereof connected
      to said first and second spaced conductive structures, respectively, to
      establish an arc therebetween, a main fuel burner, a gas valve having a
      winding actuable to supply fuel to said burner, said structures being in
      proximity to said burner to ignite fuel emanating therefrom by said arc,
      and means connected from said second transformer primary for actuating
      said valve.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein one of said structures
      includes a ground for said main burner, first, second and third
      capacitors, first and second resistors, a flame rod supported over said
      main burner, first and second diodes, a differential amplifier having
      noninverting and inverting input leads, an output lead, and power input
      and output leads, first, second, third, fourth, fifth and sixth junctions,
      said second transformer secondary second lead being connected to said
      fifth, sixth and seventh junctions and to ground, said first capacitor
      being connected between said first and second junctions, said flame rod
      being connected from said second junction, said first resistor being
      connected between said second and third junctions, said second resistor
      being connected between said third and sixth junctions, said second
      capacitor being connected between said third and fourth junctions, said
      third capacitor being connected between said fourth and fifth junctions,
      said amplifier output lead being connected to said seventh junction, said
      inverting input lead being connected from said seventh junction, said
      noninverting input lead being connected from said fourth junction, said
      first diode and said gas valve winding being connected in series between
      said fifth and seventh junctions, said first diode being poled to be
      conductive toward said seventh junction, said second diode being connected
      between said first and fourth junctions and being poled to be conductive
      toward said first junction, said power input lead being connected from
      said fourth junction, said power output lead being grounded.
NUM  3.
PAR  3. Apparatus for periodically producing first signal portions of a higher
      frequency and for periodically producing second signal portions
      alternately with said first signal portions, said second signal portions
      being of a frequency lower than said higher frequency, said apparatus
      comprising: means for providing a source of potential including first and
      second leads; a circuit connected between said first and second leads,
      said circuit including first, second and third junctions, first and second
      inductor means, a capacitor, a silicon-controlled rectifier (SCR) having
      an anode, a cathode and a gate, and a diode, said first lead being
      connected to said first junction, said first inductor means being
      connected from said first junction to said SCR anode, said capacitor being
      connected between said first and second junctions, said SCR cathode being
      connected to said second junction, said diode being connected between said
      second and third junctions and being poled to be conductive toward said
      third junction, said second inductor means being connected from said third
      junction to said second lead, said SCR gate being connected from said
      third junction; and utilization means coupled to said circuit, said
      utilization means including spark electrode means for ignition of a
      combustible fuel, said utilization means also including a burner, a valve
      connected to said burner to control the supply of said fuel thereto, said
      valve having a solenoid-type operator coupled to said circuit in a manner
      to open said valve when a predetermined voltage is supplied to said
      circuit over said first and second leads.
NUM  4.
PAR  4. Apparatus for periodically producing first signal portions of a higher
      frequency and for periodically producing second signal portions
      alternately with said first signal portions, said second signal portions
      being of a frequency lower than said higher frequency, said apparatus
      comprising: means for providing a source of potential including first and
      second leads; a circuit connected between said first and second leads,
      said circuit including first, second and third junctions, first and second
      inductor means, a capacitor, a silicon-controlled rectifier (SCR) having
      an anode, a cathode and a gate, and a diode, said first lead being
      connected to said first junction, said first inductor means being
      connected from said first junction to said SCR anode, said capacitor being
      connected between said first and second junctions, said SCR cathode being
      connected to said second junction, said diode being connected between said
      second and third junctions and being poled to be conductive toward said
      third junction, said second inductor means being connected from said third
      junction to said second lead, said SCR gate being connected from said
      third junction; and utilization means coupled to said circuit, at least
      one of said inductor means including a first transformer having a primary
      winding connected in said circuit, and a secondary winding connected to
      said utilization means, the other of said inductor means including a
      second transformer having a primary winding connected in said circuit, and
      a secondary winding connected to said utilization means, said utilization
      means including spark electrode means for ignition of a combustible fuel
      connected from said first transformer secondary, said utilization means
      also including a burner, a valve connected to said burner to control the
      supply of said fuel thereto, said valve having a solenoid-type operator
      coupled to said circuit in a manner to open said valve when a
      predetermined voltage is supplied to said circuit over said first and
      second leads, said operator being connected from said second transformer
      secondary.
NUM  5.
PAR  5. The invention as defined in claim 4, wherein said predetermined voltage
      is a D.C. voltage.
NUM  6.
PAR  6. The invention as defined in claim 4, wherein said predetermined voltage
      is an A.C. voltage.
NUM  7.
PAR  7. Fuel-burning apparatus comprising: a burner; first means actuable to
      admit fuel to said burner; a spark ignitor actuable to cause combustion of
      fuel at said burner; second means to supply a rectified output to said
      ignitor of an A.C. input voltage of a lower frequency, said ignitor
      including an oscillator adapted to oscillate at a fundamental frequency
      higher than said input voltage; third means responsive to an A.C. output
      voltage of said higher frequency to actuate said first means; and a
      transformer coupling said A.C. output voltage from said oscillator to said
      third means, said transformer having a ferrite core.
NUM  8.
PAR  8. The invention as defined in claim 7, wherein said lower frequency is
      between about 50 Hz to 60 Hz, said higher frequency being much larger than
      said lower frequency.
NUM  9.
PAR  9. The invention as defined in claim 8, wherein said higher frequency is
      about 1,000 Hz.
NUM  10.
PAR  10. An electrical control system for supplying and igniting a combustible
      fuel, said system comprising: igniter means actuable to ignite the fuel; a
      burner; a fuel valve connected to said burner and having a winding
      actuable to allow fuel to enter said burner; first means connected from
      said igniter means to actuate said valve winding momentarily; a flame
      detector positioned adjacent said burner; and second means connected from
      said igniter means and said flame detector to actuate said valve winding
      continuously so long as said igniter means is in operation and a flame
      exists at said burner, said igniter means including an oscillator, said
      oscillator including a transformer having primary and secondary windings,
      said oscillator having a circuit including said primary winding, said
      secondary winding having first and second secondary leads, said first
      means including first and second capacitors connected across said
      secondary, a diode connected from the mutual junction of said first and
      second capacitors to one of said first and second secondary leads, and
      third means connecting one lead of one of said first and second capacitors
      other than that connected to said mutual junction to said valve winding.
NUM  11.
PAR  11. An electrical control system for supplying and igniting a combustible
      fuel, said system comprising: igniter means actuable to ignite the fuel; a
      burner; a fuel valve connected to said burner and having a winding
      actuable to allow fuel to enter said burner; first means connected from
      said igniter means to actuate said valve winding momentarily; a flame
      detector positioned adjacent said burner; and second means connected from
      said igniter means and said flame detector to actuate said valve winding
      continuously so long as said igniter means is in operation and a flame
      exists at said burner, said igniter means including an oscillator, a
      junction being provided, said flame detector including a flame rod
      connected from said junction, said oscillator including a transformer
      having primary and secondary windings, said oscillator having a circuit
      including said primary winding, said secondary winding having first and
      second secondary leads, a capacitor connected between said first secondary
      lead and said junction, third means connecting said junction to said valve
      winding, and a resistor connected between said junction and said secondary
      lead.
NUM  12.
PAR  12. The invention as defined in claim 10, wherein said flame detector
      includes a flame rod connected with one junction of said one lead of said
      one of said first and second capacitors other than said mutual junction
      thereof, and a resistor connected between said one junction and another
      junction with the other of said first and second capacitors other than
      said mutual junction thereof, and a third capacitor connected between one
      of said first and second secondary leads and said one junction.
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ABST
PAL  The primary side of the burner control circuit, which has as its primary
      function the application of a line voltage to the burner motor and
      igniter, includes: a triac switch for applying the line voltage to the
      burner motor and igniter; in response to a first optical coupler; a
      circuit breaker switch for disconnecting the primary from the line
      voltage; and a light source for a second optical coupler. The secondary
      side of the burner control circuit, which is responsive to a thermostat,
      includes: a light sensitive element for detecting a flame at the burner; a
      light source for the first optical coupler; and a current responsive
      element which in combination with the circuit breaking switch in the
      primary functions as a circuit breaker. The first optical coupler responds
      to the thermostat to cause the triac switch to connect the motor and
      igniter to the line voltage and, if a flame is not sensed within a
      predetermined time by the light sensitive element, the circuit breaker
      will disconnect the motor from the line voltage. In addition, the second
      optical coupler serves as a safety device to disconnect the motor from the
      line voltage by means of the circuit breaker whenever the triac is in a
      shorted condition and the thermostat is not calling for heat.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of oil burner control systems and more
      particularly to electronic control circuits having fail safe capabilities
      with a circuit breaker activated by the secondary of the control circuit.
PAR  In prior art systems, specifically represented by: Lenski, U.S. Pat. No.
      3,770,365; the application of Lenski entitled, "Burner Control" Ser. No.
      362,387 filed on May 21, 1973; and the application of MacAskill entitled
      "Burner Control System With Primary Safety Switch," which are all assigned
      to the assignee of this application, utilize either an electromechanical
      safety switch in the secondary portion of the control circuit for the
      purpose of disconnecting the burner motor when, after call for heat by the
      thermostat, a flame is not detected at the burner within certain time
      limits; or, in the MacAskill application, utilize a safety switch in the
      primary of the burner control circuit for the above purpose in addition to
      disconnecting the motor in the event the triac controlling the application
      to the line voltage to the motor should become shorted. The application of
      MacAskill also uses an electronic timing circuit in the secondary for
      governing the time between a call for heat by the thermostat and the
      switching off of the burner due to a failure to detect a flame at the
      burner.
PAR  Although the application of MacAskill provided substantial improvements
      over the other systems, the utilization of the electronic timing
      circuitry, however, tended to add complexity and cost to the burner
      control system.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to provide a burner control
      system with a fail safe capability with the controlling element of the
      circuit breaker located in the secondary of the control circuit.
PAR  It is another object of the invention to provide a safety circuit for use
      in a burner control system wherein the control element of the circuit
      breaker is located in the secondary circuit performs general timing
      functions along with causing the circuit breaker switch to disconnect the
      primary from the line voltage.
PAR  It is a further object of the invention to provide a burner control system
      having a triac controlled burner with a circuit breaker activated by the
      secondary of the circuit in order to compensate for a shorted triac.
PAR  An additional object of the invention is to provide a burner control system
      wherein the motor is activated by a triac which is manually operable when
      the triac is shorted.
PAR  The burner control circuit is comprised of two major portions; a primary
      connected to a line voltage which has as its basic function the
      application of the line voltage to the burner motor and the igniter, and a
      secondary circuit that is responsive to both a thermostat and a light
      sensitive element for detecting a flame in the burner. The primary circuit
      includes a triac switching device, responsive to signals from the
      secondary for connecting the motor and igniter to line voltage. In
      addition, the primary contains a switch that is responsive to a current
      sensitive element contained in the secondary, for causing the primary
      circuit to open at a predetermined time after current has begun to flow
      through a current sensitive element. The primary also includes a light
      source, for example a neon tube, which is optically coupled to a light
      sensitive element in the secondary.
PAR  The secondary, in response to a signal from the thermostat representing a
      call for heat, turns on the light generating source of the first optical
      coupler thereby having the effect of connecting the burner motor and
      igniter to the line voltage. The closing of the thermostat contact also
      closes a second switch, for example, an SCR, that permits current to flow
      through the current sensitive element of the circuit breaker. The current
      will continue to flow through the current sensitive element until the
      flame detecting cell senses a flame at the burner thus causing the second
      switch to turn off and preventing the circuit breaker from opening and
      disconnecting the line voltage. However, if the flame is not detected
      within the predetermined time, the circuit breaker will disconnect the
      motor from the line voltage.
PAR  During normal operation, when the thermostat contacts open as a result of a
      termination of a call for heat, the first optical coupler will turn off
      the triac thus disconnecting the motor and igniter from the line voltage.
      In the event the flame should go out during a call for heat, the flame
      cell will cause the second switch to allow current to again pass through
      the heating element of the circuit breaker. If a flame is not
      reestablished within the time it takes the circuit breaker to time out,
      the circuit breaker switch in the primary will disconnect the motor from
      the line voltage.
PAR  The burner control circuit also includes a second optical coupler with its
      light source in the primary, responsive to the application of the line
      voltage across the motor, and its light sensitive resistance in the
      secondary which, in cooperation with the flame detecting cell, serves to
      turn on the second switch. In the event the triac that connects the motor
      to the line voltage should become shorted, thus preventing the motor from
      being shut off when there is no longer a call for heat, the combination of
      the thermostat opening with the reduced resistance in the second optical
      coupler will cause the second switch to close thereby permitting current
      to flow through the current responsive element of the circuit breaker.
      This safety feature will have the effect of disconnecting the line voltage
      from the motor when the thermostat is open and the triac has shorted. This
      system has an additional advantage in that by resetting the circuit
      breaker, when there is a call for heat, the burner control system will
      function in a normal manner thereby allowing for manual operation of the
      heating system even with a shorted triac. That is, the burner motor and
      igniter will continue to function until the temperature causes the
      thermostat to open which in turn will cause the circuit breaker to again
      trip out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of the burner control circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preferred embodiment of the invention is illustrated in FIG. 1 and is
      composed of a burner control circuit having a primary side 10 and a
      secondary side 12. The primary 10 is operatively coupled to the secondary
      12 by means of a transformer 14. The primary 10 is connected across a line
      voltage, typically 115-120 volts AC, by means of terminals 16 and 18.
      Associated with the primary are a burner motor 20 and an igniter 22. The
      function of the motor 20 is to atomize the fuel oil and force it through
      the spark gap 24 of the igniter 22, thus causing the ignition of the fuel
      oil. Controlling the application of the line voltage across the motor 20
      and igniter 22 is a switch 26 which, in the preferred embodiment, is a
      triac type device. The triac 26 responds to a reduced electrical
      resistance in a light sensitive element C1 that is connected by line 28 to
      the gate of the triac 26. Light sensitive element C1 forms a portion of an
      optical coupler L1-C1 having its light source L1 located in the secondary
      12 and where the operative relationship is indicated by the dashed line
      30. When a light is applied to light sensitive element C1 from the light
      source L1 of the optical coupler, its electrical resistance is
      substantially reduced thus allowing a voltage to be applied to the gate of
      the triac 26. This will serve to switch on the triac 26 resulting in the
      line voltage being applied across both the motor 20 and igniter 22. In the
      preferred embodiment of the invention the triac 26 is controlled by the
      optical coupler L1-C1 but it is apparent that this essentially relay type
      function could be accomplished by a wide variety of relay elements
      including an electromechanical relay.
PAR  In addition to the triac 26, the primary 10 contains a circuit breaking
      switch 32 which in turn is controlled by a heat or current sensitive
      element 34 in the secondary 12. This control relationship is indicated by
      the dashed line 36. The combination of the current sensitive element 34
      and the switch 32 is equivalent to, and can be implemented by a wide
      variety of commercially available circuit breakers. As is typical of
      current sensitive circuit breakers, when current flows through the current
      or heat sensitive element 34, it will gradually heat the element until it
      reaches a predetermined temperature whereupon it will cause the switch 32
      to open. A second optical coupler, L2-C2, forms another portion of the
      burner control circuit and again performs essentially a relay type
      function. The light generating element L2 is connected in parallel with
      the motor 20 and igniter 22 as well as being in series with the triac 26.
      In the preferred embodiment of the invention the light source L2 is a neon
      lamp that will generate light whenever the triac 26 is turned on and the
      line voltage is applied to the primary 10. Light sensitive element C2
      forms a portion of the secondary 12 and its operative relationship with L2
      is indicated by the dashed line 40. The primary 10 also includes a
      resistor 42 and a capacitor 44 which are connected in parallel with the
      triac 26 forming a "snubber circuit" in order to prevent the switching of
      the triac 26 due to turn-on and turn-off voltage transients.
PAR  The secondary of the transformer 14 provides the secondary side 12 of the
      circuit with, in the preferred embodiment, approximately 12 volts AC.
      Responding to a call for heat, the contacts of a thermostat 50 will close,
      thereby serving to energize the secondary 12 of the circuit. Prior to the
      closing of the thermostat contacts 50, current will not be able to flow
      through a resistor 52 and the light sensitive element C2 due to the fact
      that the resistance of element C2 will be very high. At this point, it
      will be remembered, that triac 26 will be in a non-current conducting
      state and the light source L2 will be off.
PAR  Upon the closing of the thermostat contacts 50, current will flow through a
      resistor 54, a light emitting diode 56 and a resistor 58. This current
      flow will serve to apply a voltage to the gate of an electronic switch 60
      which in the preferred embodiment is a silicon controlled rectifier or
      SCR. This voltage applied to the gate of SCR 60 will be sufficiently
      positive to turn on the SCR thus allowing current to flow through the
      current sensitive element 34 of the circuit breaker.
PAR  Also included in the secondary side is the flame sensitive element 62,
      which is preferably a light sensitive cadmium photo resistive cell located
      adjacent to the burner (not shown), so that the cell 62 is responsive to
      the presence or absence of a flame at the burner. The flame cell 62 is
      shown with dashed lines because it is normally not included in the same
      physical package as the rest of the circuit. Normally flame cell 62 will
      have a very high resistance until a flame is present in the burner
      whereupon the electrical resistance will drop to a very low value. When
      this occurs an alternate current path will in effect be opened so that the
      positive voltage previously applied to the gate of SCR 60 will be in
      effect removed, thus turning off the SCR 60.
PAR  The secondary 12 further includes a diode 64 and a capacitor 66 that
      cooperate, when thermostat contact 50 are closed, to establish a negative
      DC potential between lines 63 and 65. The cathode of an asymmetrical
      switch 70 is connected to this negative DC potential by means of the
      voltage divider 72 and 74. During normal operation, just after the
      thermostat contacts are closed but before a flame is detected by the flame
      cell 62, the SCR 60 will permit current to flow through current sensitive
      element 34 and through resistors 76, 78, and 80. A portion of the positive
      voltage developed across current sensitive element 34 is applied to the
      anode of the asymmetrical switching diode 70 through a resistor 76 and an
      adjustable resistance 78. This positive voltage will cause the diode 70 to
      break over the latch in a current conducting state thus serving to turn on
      transistor 68. A capacitor 81 prevents the diode 70 from being triggered
      by noise in the circuit. The transistor 68 is in a current conducting
      state, current will flow from the transistor 68 to the resistor 82 and
      through the light generating element L1 resulting in a decrease of
      resistance of C1 and the application of the line voltage to the motor 20
      and the igniter 22. If for some reason a flame is not present or detected
      by the flame cell 62 within a predetermined amount of time, the current
      sensitive element 34 as previously explained will cause the circuit
      breaking switch 32 to open, thus disconnecting the motor 20 and igniter 22
      from the line voltage.
PAR  An additional safety feature is provided by the adjustable resistance 78
      since a low line voltage, transmitted through the transformer 14 and
      resistor 78, will prevent the diode 70 from latching. This will prevent
      the starting of the motor 20 and the igniter 22 whenever the line voltage
      is too low for the safe operation of this equipment.
PAR  An additional safety factor is provided to compensate for a short in the
      flame detecting cadmium cell 62 at the time the thermostat contacts 50 are
      closed. The resistors 84 and 86 form a voltage divider that is effective
      to apply negative voltage through the shorted flame detector cell 62 to
      the gate of the SCR 60 thereby preventing the activation of the system.
      The diode 64 and capacitor 66 produce approximately a negative 12 volts on
      line 63. In addition, a resistor 88 is placed in circuit between the flame
      detecting cell 62 and the SCR 60 in order to prevent excessive current
      from being applied to the gate of the SCR 60 in the event of a dead short
      across the flame detecting cell 62. Resistor 90, is placed in the circuit
      when thermostat contacts 50 close in order to provide for sufficient
      current flow through the thermostat, along with the current flowing
      through resistor 54, to ensure proper operation of the thermostat's
      anticipator circuitry.
PAR  Another very important feature of the burner control circuit of FIG. 1 is
      the fail safe capability that is implemented with the aid of the optical
      coupler L2-C2. This fail safe capability is most useful in the event that
      in this embodiment triac 26 should short in a current conducting state
      thereby preventing the motor or igniter from turning off when the
      thermostat 50 is opened. In the event this condition should occur, there
      will be enough current flowing through the neon lamp L2 to have the effect
      of lowering the resistance in the light sensitive element C2. With the
      opening of the thermostat contacts 50 and the low resistance in C2, a
      sufficiently positive voltage will be applied to the gate of the SCR 60 to
      turn it on. This will result in the current sensitive element 34
      eventually timing out and opening the circuit breaking switch 32 thus
      preventing damage to the burner system as a whole. Another particularly
      useful aspect of this arrangement concerns the fact that it is possible to
      utilize the burner control system even when triac 26 is in a permanently
      shorted condition. For example, if parts or a properly qualified
      serviceperson are not available, it is possible for the owner to utilize
      his burner control system in a manual fashion simply be resetting the
      circuit breaker whenever the temperature drops below the desired level.
      Resetting the circuit breaker when thermostat contacts 50 are closed will
      cause the burner and motor to operate in a normal manner until the
      thermostat contacts open indicating that the desired temperature has been
      reached.
PAR  Another feature of the circuitry shown in FIG. 1, that is of interest,
      concerns the dual use made of transistor 68. Normally in order to bias the
      asymmetrical diode 70, commercially identified as an ST-4, in a latched on
      state, it would be necessary to provide a current source from the junction
      of resistors 72 and 80. This requirement is illustrated by the diode 92
      connected to the circuit by means of the dashed lines. However, by using a
      transistor 68 having PNP characteristics, the current flow through the
      emitter to the base will act as a diode supplying the asymmetrical switch
      70 with the identical latching function thereby eliminating the need for a
      separate source of current such as the diode 92.
CLMS
STM  We claim:
NUM  1.
PAR  1. A burner control system having: a primary circuit including a switch for
      connecting the burner motor to a line voltage and a secondary circuit
      responsive to a thermostat and a flame detecting means, comprising:
PA1  circuit breaker means for disconnecting the burner motor from the line
      voltage wherein said circuit breaker means includes: a current sensitive
      element in the secondary; and
PA1  a fail safe means for activating said circuit breaker means in the event
      the switch for connecting the line voltage to the burner should fail.
NUM  2.
PAR  2. The system of claim 1 wherein said circuit breaker means includes a
      circuit breaker switch in the primary, responsive to said current
      sensitive element, for disconnecting the primary from the line voltage.
NUM  3.
PAR  3. The system of claim 2 wherein the switch for connecting the burner motor
      to the line voltage is activated from the secondary by a first relay
      means.
NUM  4.
PAR  4. The system of claim 3 wherein the switch for connecting the burner motor
      to the line voltage is a triac and said relay means is an optical coupler
      having its light generating source in the secondary.
NUM  5.
PAR  5. The system of claim 1 wherein said fail safe means includes:
PA1  a second relay means for indicating to the secondary that the line voltage
      is being applied to the burner motor; and
PA1  a switch means in the secondary and responsive to both said second relay
      means and the thermostat for applying a current to said current sensitive
      element.
NUM  6.
PAR  6. The system of claim 5 wherein said second relay means is an optical
      coupler with its light generating element connected in parallel to the
      burner motor and in series with the switch for connecting the burner motor
      to the line voltage.
NUM  7.
PAR  7. The system of claim 6 wherein said switch means in the secondary is an
      electronic switch having a gate responsive to the thermostat, the flame
      detecting means and said optical coupler, for applying current to said
      current sensitive element when the thermostat is open and voltage is being
      applied to the burner motor.
NUM  8.
PAR  8. The system of claim 7 wherein said circuit breaker means includes:
PA1  a circuit breaker switch in the primary responsive to said current
      sensitive element; and
PA1  a first relay means comprised of an optical coupler for activating the
      switch connecting the burner motor to the line voltage wherein said
      optical coupler has its light generating source in the secondary and
      wherein said light generating source is responsive to the thermostat.
NUM  9.
PAR  9. The system of claim 8 wherein:
PA1  the switch for connecting the line voltage to the burner motor is a triac
      having its gate connected to said first optical coupler;
PA1  said second optical coupler's light generating element is a neon tube; and
PA1  said electronic switch is a silicon controlled rectifier.
NUM  10.
PAR  10. A burner control circuit responsive to a thermostat comprising:
PA1  a primary circuit connected across a line voltage including: an electronic
      switch for connecting a burner motor to the line voltage, a circuit
      breaker switch, a light responsive element for a first optical coupler,
      and a light generating source for a second optical coupler; and
PA1  a secondary circuit including: a flame detecting cell, a light source for
      said first optical coupler operatively responsive to the thermostat, a
      light responsive element for said second optical coupler, a current
      sensitive element operatively connected to said circuit breaking switch,
      and an electronic switch operatively connected to the thermostat, said
      flame detecting cell and said light responsive element of said second
      optical coupler for admitting current to said current sensitive element.
NUM  11.
PAR  11. The circuit of claim 10 wherein said electronic switch in said primary
      is a triac having its gate connected to said light responsive element of
      said first optical coupler.
NUM  12.
PAR  12. The circuit of claim 11 wherein said electronic switch in said
      secondary is a silicon controlled rectifier having its gate operatively
      connected to the thermostat and said light responsive element of said
      second optical coupler.
NUM  13.
PAR  13. The circuit of claim 12 wherein said light source of said first optical
      coupler is controlled by a circuit that includes:
PA1  a PNP transistor operatively connected to said light source;
PA1  an asymmetrical diode responsive to current flow through said current
      sensitive element for switching on said transistor, wherein the diode
      characteristics of said PNP transistor maintain said diode in a latched
      state.
NUM  14.
PAR  14. A transistor circuit comprising:
PA1  a first source of current;
PA1  a second source of current;
PA1  an asymmetrical diode responsive to said first source wherein said diode
      will conduct current in response to a current applied by said first
      source;
PA1  a PNP transistor having its emitter connected to said second source and its
      base connected to said diode, effective to maintain said diode in a
      current conducting state and therefore said transistor in a current
      conducting state after said first source has been switched off.
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ABST
PAL  A solid state primary control and ignition system for oil burners, the
      system including burner control means, an isolated low voltage control
      circuit, plasma generator means, combustion initiation means and
      combustion sensing means, and being effective to provide improved
      intermittent ignition and improved control for initiating and supervising
      the combustion of fuel oil in furnaces.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to oil burner control and ignition systems and, more
      particularly, to an improved solid state oil burner primary control and
      ignition system adapted for use with an electric motor powered oil burner.
PAR  Heretofore, primary controls have been utilized to control and supervise
      oil burners in furnaces, such primary controls controlling the furnace
      burner in response to a low voltage separate thermostat, usually located
      in the living space of a dwelling or other building, and supervising the
      furnace burner to insure safe combustion in the furnace's combustion
      chamber and shutting the burner off if an unsafe condition occurs.
      Heretofore, conventional high voltage transformers have also been utilized
      in the oil heating industry for the purpose of producing high energy
      sparks between electrodes effective to initiate combustion of fuel oil
      emanating from the furnace burner. Such conventional high voltage
      transformers are relatively large, heavy and expensive and, because of the
      operation thereof for a predetermined period of time regardless of whether
      combustion has occurred or not, cause relatively high burner vestibule
      temperatures to be created. Prior ignition transformers of the indicated
      character also require a relatively high electrical load which must be
      carried by the aforementioned primary control thereby reducing the control
      reliability and also reducing the ambient temperature ratings thereof. In
      addition, the noise created by the operation of prior ignition
      transformers for a predetermined time period which is not correlated with
      actual ignition and combustion of the oil, and the electrical energy
      required for the operation thereof create operational and economic
      disadvantages inimical to the best interests of the users thereof.
PAR  Moreover, with respect to economy and reliability, due to the declining
      availability and increasing cost of copper and transformer steel,
      transformer manufacturers have been forced to increase the selling price
      of their transformers and also to reduce the manufacturing cost so that
      they may maintain a profit. Since the manufacturing techniques involved in
      making transformers are straightforward and comparatively standardized,
      manufacturing costs are usually reduced by reducing the amount and quality
      of the materials used to make a transformer. Such reduction in quantity
      and/or quality of copper and steel causes the transformer to operate at
      lower efficiency. Lower efficiency operation causes an increase of heat
      generated within the transformer which then directly reduces the
      reliability and life span of the transformer. Since the transformer market
      is basically a captive market, the low efficiency, short-lived transformer
      is profitable to the manufacturers, but uneconomical for the users,
      considering replacement and service costs.
PAR  With respect to the problems of continuous ignition for a predetermined
      period of time which is not correlated with actual ignition or combustion,
      and the problems of bulk and weight, heretofore, it has been very
      difficult for control manufacturers to economically design a primary
      control that will synchronize a transformer to cause ignition only during
      a pre-combustion period, and then stop ignition after combustion has
      occurred. The cost factor of making such a control outweighs the practical
      advantages gained, such as longer life for the transformer and for the
      discharge electrodes, reduced power consumption for the user, reduced
      radio frequency interference and other advantages. Consequently, the use
      of a conventional transformer includes the above disadvantages as a matter
      of general economic necessity.
PAR  Moreover, because of the bulk and weight of the ignition transformers,
      burner and furnace manufacturers are limited in their creative design
      ability with respect to the mounting of the transformer. This is no small
      disadvantage when manufacturers are forced to create smaller furnaces for
      a specific purpose such as mobile homes or campers.
PAR  An object of the present invention is to overcome disadvantages in prior
      primary control and ignition systems of the indicated character and to
      provide an improved solid state oil burner primary control and ignition
      system adapted for use with oil burners powered by an elecric motor.
PAR  Another object of the invention is to provide an improved oil burner
      primary control and ignition system which is adapted to provide
      intermittent ignition, time safety shutdown, motor starting capability and
      automatic restart in the event of combustion failure.
PAR  Another object of the present invention is to provide an improved primary
      control and ignition system incorporating improved control and ignition
      circuitry which provides improved furnace burner control, supervision and
      ignition.
PAR  Another object of the present invention is to provide an improved solid
      state primary control and ignition system which incorporates improved
      means for producing an intermittent high frequency and high energy
      ionization arc effective to initiate combustion of fuel oil in a minimum
      of time thereby increasing user economy by reducing power consumption and
      increasing transformer and electrode life, and also reducing radio
      frequency interference.
PAR  Another object of the invention is to provide an improved solid state
      primary control and ignition system which is readily adaptable to meet the
      control and ignition requirements of various types of oil burners.
PAR  Another object of the invention is to provide an improved solid state
      primary control and ignition system which facilitates a substantial
      reduction in the size, weight and cost of the ignition transformer
      incorporated therein without reducing the quality and/or efficiency of the
      ignition transformer.
PAR  Another object of the invention is to provide an improved solid state
      primary control and ignition system which reduces burner vestibule
      temperatures, reduces the electrical load carried by the control circuitry
      incorporated therein and which increases control reliability and the
      ambient temperature ratings thereof.
PAR  Another object of the present invention is to provide an improved solid
      state primary control and ignition system incorporating improved means for
      providing extended ignition for a predetermined period of time after proof
      of flame has been established so as to guarantee oil combustion.
PAR  Another object of the invention is to provide an improved primary control
      and ignition system which permits versatility with respect to the mounting
      of the components thereof.
PAR  Another object of the invention is to provide an improved solid state
      primary control and ignition system having increased tolerance to
      excessively gapped and fouled electrodes.
PAR  Still another object of the invention is to provide an improved solid state
      primary control and ignition system which is economical to manufacture and
      assemble, durable, efficient and extremely reliable in operation.
DRWD
PAR  The above as well as other objects and advantages of the present invention
      will become apparent from the following description, the appended claims
      and the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a primary control and ignition
      system embodying the present invention;
PAR  FIG. 2 is a schematic diagram illustrating the circuitry for the thermostat
      and primary control blocks illustrated in FIG. 1;
PAR  FIG. 3 is a schematic diagram illustrating the circuitry for the combustion
      initiator, combustion monitor and plasma generator and extended ignition
      blocks illustrated in FIG. 1;
PAR  FIG. 4 is a schematic diagram illustrating the plasma generator portion of
      the circuitry illustrated in FIG. 3; and
PAR  FIGS. 5, 6, 7, 8, 9, 10 and 11 are schematic circuit diagrams illustrating
      the operation of the circuitry of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, and more particularly to FIG. 1 thereof, a
      schematic block diagram of a primary control and ignition system,
      generally designated 20, embodying the present invention is illustrated
      therein. As shown in FIG. 1, the system 20 is comprised of a primary
      control circuit, generally designated 22, adapted to be connected to a
      conventional source of line voltage alternating current, such as
      conventional nominal 120 volt alternating current. The system 20 also
      includes a low voltage thermostat circuit, generally designated 24, an oil
      pump/blower motor circuit, generally designated 26, a plasma generator and
      extended ignition circuit, generally designated 28, a combustion initiator
      circuit, generally designated 30 and a combustion monitor circuit,
      generally designated 32, the above described circuitry all being
      electrically connected by suitable conductors as illustrated in the
      drawings and as will be described hereinafter in greater detail.
PAR  The system 20 is adapted to provide control, supervision, intermittent
      ignition, extended ignition, timed safety shutdown, motor starting
      capability and automatic restart in the event of combustion failure.
PAR  In general, the control system illustrated in FIG. 1 operates in the
      following manner. Line voltage is supplied to the primary control and
      ignition system 20 through normally closed safety switch contacts embodied
      in the primary control circuit 22. (The components of all of the
      aforementioned circuits 22, 24, 26, 28, 30 and 32 will be described
      hereinafter in greater detail). When the room temperature declines below
      the set point of the thermostat 24, the thermostat contacts close. Closure
      of the thermostat contacts activates the primary control circuit 22, and
      activation of the primary control circuit 22 causes line voltage to be
      applied to the oil pump/blower motor circuit 26 and the plasma generator
      and extended ignition circuit 28. At the same time, safety lockout timing
      means embodied within the primary control circuit 22 is initiated. The
      safety lockout means causes the primary transformer current in the primary
      control circuit 22 to increase from an idle level to a working level.
      Since both the plasma generator and ignition circuit 28 and the oil
      pump/blower motor circuit 26 are connected to line voltage they are
      activated. Upon activation, the plasma generator and extended ignition
      circuit 28 initiates an ionic discharge across electrodes located in
      approximation to the combustion chamber 34. Oil particles sprayed by the
      oil pump 35 are caused to ignite and combustion is obtained. The
      combustion monitor circuit 32, sensing combustion, inhibits the safety
      timing function of the safety timing means embodied in the primary control
      circuit 22, and the inhibition of the safety timing means causes primary
      current in the primary control circuit 22 to return to its idle value.
PAR  Sensing means within the plasma generator and extended ignition circuit 28
      detects this return to idle of the primary current of the primary control
      circuit 22, and begins a timing cycle to provide extended ignition to
      guarantee combustion. At the end of such timing cycle, the plasma
      generator and extended ignition circuit 28 inhibits its ionic discharge
      and assumes a standby state. In the event of combustion failure, the
      combustion monitor circuit 32 causes immediate activation of the safety
      timing embodied in the primary control circuit 24, which in turn
      immediately reactivates the plasma generator and extended ignition circuit
      28, causing again, ionic discharge in an attempt to re-establish
      combustion. If combustion is re-established the above logic is repeated.
      If not, safety timing concludes and all voltages are removed from all
      system components until the safety switch means is manually reactivated.
PAR  During normal operation, after combustion is achieved, and room temperature
      rises above the thermostat set point, the thermostat contacts open. Upon
      opening of the thermostat contacts, line voltage is removed from the oil
      pump/blower motor circuit 26 and the plasma generator and extended
      ignition circuit 28, and the system assumes a standby state until the next
      thermostat command.
PAR  Referring in greater detail to the various circuits hereinabove mentioned,
      as shown in FIG. 2, the primary control circuit 22 is comprised of a step
      down transformer 36 having a primary winding 38 and secondary windings 40
      and 42, the primary winding 38 being adapted to be connected to a
      conventional source of nominal 120 volt alternating current while, in the
      embodiment of the invention illustrated, each of the secondary windings 40
      and 43 of the isolated stepdown transformer preferably has a potential of
      approximately 8 volts AC. The primary control circuit 22 also includes a
      line voltage safety switch, generally designated 44, including normally
      closed contacts 46 and 48 and a heater coil 50; a conventional thermostat
      generally designated 52 having contacts 54 and 56; a reed switch,
      generally designated 58, having contacts 60 and 62 and independent,
      concentrically wound coils RC1 and RC2, the contacts 60 and 62 being
      enclosed within a hermetically sealed glass envelope 64 while the coils
      RC1 and RC2 are concentrically wound therearound; a triac Q1 and a silicon
      controlled rectifier SCR1. The primary control circuit 22 also includes a
      cadmium sulfide flame detector 66, resistors R1, R2, R3, R4, R5, R6, R8,
      R9 and R10; capacitors C2 and C3; a potentiometer R7 and diodes D1 and D2.
      As shown in the drawings, the primary control circuit 22 is connected to
      and adapted to control and supervise the oil pump/blower motor 35. The
      terminal 68 of the oil pump/blower motor 35 is connected to the source of
      power by the lead L1 while the terminal 70 of the oil pump/blower motor 35
      is connected to the terminal 72 of the triac Q1 by the lead L2, the
      terminal 74 of the triac Q1 being connected to the source of power by the
      lead L2. The contact 60 of the reed switch 58 is connected by the lead L4
      to the lead L2 while the contact 62 is connected to the gate 76 of the
      triac Q1 through the resistor R8 by the lead L5, the resistor R9 and
      capacitor C3 being connected across the leads L2 and L3 by the leads L4
      and L6 to protect the triac Q1.
PAR  The normally closed contacts 46 and 48 of the safety switch 44 are
      connected to and adapted to make and break the high voltage lead 120
      connected to the primary winding 38 of the transformer 36.
PAR  The terminal 78 of the secondary winding 40 is connected to the heater coil
      50 of the safety switch 44 and to the contact 54 of the thermostat 52 by
      the leads L7 and L8, the contact 56 of the thermostat 52 being connected
      by the lead L9 through the resistors R5 and R6 and the coil RC1, to the
      terminal 80 of the diode D1. The terminal 82 of the diode D1 is connected
      to the center tap 84 of the secondary windings of the transformer 36 by
      the lead L10. The capacitor C2 is connected across the resistor R6 and the
      coil RC1 of the reed switch 58 by the lead L11 while the resistor R2 is
      connected between the leads L9 and L10 by the lead L12 as illustrated in
      FIG. 2. The contact 56 of the thermostat 52 is also connected to the
      terminal 86 of the diode D2 by the lead L13 through the resistor R4, the
      terminal 88 of the diode D2 being connected to the center tap 84 of the
      transformer 36 by the lead L10. As shown in FIG. 2, the heater coil 50 of
      the safety switch 44 is connected to the terminal 90 of the silicon
      controlled rectifier SCR1 through the coil RC2 of the reed switch 58 by
      the lead L7, the potentiometer R7 being connected across the coil R2. The
      terminal 92 of the silicon controlled rectifier SCR1 is connected to the
      center tap of the transformer 36 by the leads L14 and L10 while the gate
      94 of the rectifier SCR1 is connected to the terminal 86 of the diode D2
      by the lead L15 and to the terminal 96 of the secondary winding 42 of the
      transformer 36 by the lead L16 through the resistor R1, the cadmium
      sulfide flame detector 66 and the resistor R2, the resistor R10 being
      connected across the flame detector 66 and functioning to stabilize the
      silicon controlled rectifier SCR1.
PAR  The safety switch 44 may be of the type disclosed in the U.S. application
      of William J. Russell, Ser. No. 421,525, filed Dec. 14, 1973 and assigned
      to the assignee of the present invention, in which at least one of the
      contacts 46 or 48 is carried by a bimetallic member and in which
      energization of the heater coil 50 for a predetermined period of time is
      effective to open the contacts 46 and 48 by heating the bimetallic member,
      as for example for a period of 15 seconds. Opening of the contacts 46 and
      48 breaks the line voltage to the primary control circuit 22, it being
      preferred that the contacts 46 and 48 open approximately 15 seconds after
      attempted ignition of the oil with 120 VAC nominal line voltage input.
      Thus, if combustion does not occur within such predetermined time period,
      the contacts 46 and 48 open thereby deactivating all circuits for safety
      shutdown purposes. It will also be understood that a bimetallic switch of
      the type hereinabove mentioned is trip-free and may be reset by a push
      button after a cool down period has elapsed.
PAR  The rectifier SCR1 is a conventional silicon controlled rectifier and may,
      for example, carry a rating of approximately four amperes. The thermostat
      52 may be of any desired or conventional construction while the reed
      switch 58 is preferably of the type comprised of the pair of contacts 60
      and 62 carried by reeds hermetically sealed within the glass envelope 64.
      The reed switch also includes the electrically insulated, independently
      wound concentric coils RC1 and RC2, the magnetic fluxes of such coils
      being additive when in phase. The reed switch 58 preferably has a very
      large differential between pull-in and drop-out ampere turns or coil
      power. By way of example, the reeds preferably will pull in at about 60
      ampere turns, but will not drop out until below 20 ampere turns, a ratio
      of approximately 3 to 1. In the embodiment of the invention illustrated,
      the maximum power to the coil RC1 is well below that required to pull-in
      the reed switch and close the contacts 60 and 62. The power is, however,
      enough to hold the reed switch contacts 60 and 62 closed once pull-in has
      been established, due to the very large differential. The reed switch coil
      RC2, on the other hand, has sufficient power when combined with RC1 to
      pull in the reed switch. Since reed switches are very fast they are
      capable of following an alternating current voltage to open or close 60 or
      120 times per second. To avoid this opening and closing and the associated
      wear, the diode D1 and the capacitor C2 are provided. The diode D1 is
      preferably a 200 milliampere diode which supplies half wave rectified
      current to the capacitor C2 to establish a DC supply for the reed switch
      coil RC1. The capacitor C2 is preferably a 47 microfarad 15 volt DC
      capacitor. The diode D1 and the capacitor C2 function to form a DC supply
      for the holding coil RC1 so that flux is always present on the coil RC1
      when the thermostat calls for heat. This flux is very small however. With
      such a construction and since relatively small current passes through the
      contacts 60 and 62, such contacts are very reliable over a relatively long
      life.
PAR  The triac Q1 is a bidirectional thyrister which may be gate triggered from
      a blocking to a conducting state for either polarity of applied voltage,
      and is preferably mounted to isolate the other components of the system
      from the heat generated by the triac Q1. The resistors R1 and R2 are
      preferably carbon resistors having ratings of 150 ohms and 560 ohms,
      respectively, one-half watt, the purpose of the resistor R1 being to
      prevent the accidental destruction of the diode D1, transformer 36 or
      silicon controlled rectifier SCR1 by a serviceman in the field. In this
      connection the resistors R1, R2, R5, R9 and R10, the diode D2 and the
      capacitor C3 are all provided in the system for the purpose of protecting
      other components and to protect against erroneous wiring in the field. The
      resistors R1, R2, R5, R9 and R10, the diode D2 and the capacitor C3 are
      thus not essential to the basic circuit performance.
PAR  Assuming a basic knowledge of the triac Q1, the silicon controlled
      rectifier SCR1, and the cadmium sulfide flame detector 66, the primary
      control circuit 22 operates in the following manner in a typical
      thermostat cycle. It should be noted initially that whenever the reed
      contacts 60 and 62 are closed, current will flow from the source of
      electric power through the lead L1, the oil pump/blower motor 35, the lead
      L2, the contacts 60 and 62 and the resistor R8, to the gate of the triac
      Q1 and the lead L3. When the gate of the triac Q1 is energized the full
      motor current will then pass through the triac Q1. This starts the oil
      pump/blower motor 35 and has the same effect as closing a set of relay
      contacts between the lead L2 and the lead L3.
PAR  Whenever the thermostat contacts 54 and 56 close, a continuous holding flux
      is established in the coil RC1 by the DC supply network comprised of the
      diode D1 and the capacitor C2. Current also flows through the resistor R4
      to the gate 94 of the silicon controlled rectifier SCR1. If the cadmium
      sulfide flame detector 66 registors darkness, no current can be shunted
      away from the gate 94 of the silicon controlled rectifier SCR1 and SCR1
      will conduct. When SCR1 conducts, current also passes through the pull-in
      coil RC2 of the reed switch 58 and the heater 50 of the safety switch 44.
      With a flux established in the coil RC2 and the coil RC1, the reed switch
      contacts 60 and 62 will pull-in and the triac Q1 will start the oil
      pump/blower motor 35. If the cadmium sulfide flame detector 66 does not
      register flame, the silicon controlled rectifier SCR1 will continue to
      conduct and the safety switch 44 will open the contacts 46 and 48 due to
      the heating action of the heater 50 as previously described. It is
      preferred that the contacts 46 and 48 open and lock out after
      approximately fifteen seconds. If the cadmium sulfide flame detector
      registors flame, then the flame detector 66 decreases in resistance and
      shunts current away from the gate 94 of the rectifier SCR1. SCR1 will no
      longer conduct, the heating coil 50 of the safety switch will be
      deenergized but the coil RC1 will continue to hold in the reed relay
      contacts 60 and 62. If the cadmium cell 66 registers flame and for some
      reason the flame should go out during the thermostat cycle, the rectifier
      SCR1 will again conduct and the heating coil 50 will be energized so as to
      open the contacts 46 and 48 into a lock-out condition. When the
      thermostatic conditions are satisfied and the contacts 54 and 56 thereof
      open, the coil RC1 is deenergized thereby opening the contacts 60 and 62
      and also deenergizing the triac Q1. No current is then available through
      the resistor R4 to energize SCR1 even though the cadmium cell 66 registers
      no flame. It should also be understood that the same cycle would occur if
      the thermostat were connected to line voltage and placed in one leg of the
      transformer primary coil.
PAR  The plasma generator and extended ignition circuit 28 may be divided into
      two distinct functional sections. One, the "plasma generator" section, is
      responsible for generating the ionic discharge which initiates combustion.
      The other section comprises an "SCR follower" and acts as a command
      circuit to control the state of the "plasma generator" section.
PAR  The plasma generator circuit 28, illustrated in FIG. 3, may also be divided
      into three sections illustrated in FIG. 4 for ease of description. These
      sections comprise (1) a trigger made up of resistors R14 and R15, a diode
      D13, a capacitor C13 and a trigger diode D12 connected across a silicon
      controlled rectifier SCR2; (2) an "electronic brake" comprising a diode
      D11, a capacitor C12 and resistors R12, R13, and R14 connected in parallel
      to the capacitor C11; and, (3) the plasma generator proper comprising the
      silicon controlled rectifier SCR2, a transformer T1, a capacitor C11, a
      diode D16 and a resistor R20.
PAR  Alternating voltage applied to the circuit 28 causes the capacitor C11 to
      charge to some value of voltage (positive or negative), the rate of charge
      being determined by the inductance of a choke K1, its DC resistance, and
      the resistance of resistor R11. During the negative swing of the line
      voltage, the capacitor C11 charges to the magnitude of the line voltage in
      a sinesoidal manner. As the line voltage crosses through zero and begins
      its positive rise, the capacitor C11 charges toward a positive voltage.
      Since the silicon controlled rectifier SCR2, through the primary winding
      98 of the transformer T1, is parallel to the capacitor C11, the silicon
      controlled rectifier SCR2 cannot conduct during the negative half cycle of
      the voltage. When the capacitor C11 charges toward a positive voltage this
      voltage occurs across the silicon controlled rectifier SCR2 anode to
      cathode.
PAR  This same voltage is placed across the resistor R15 and the capacitor C13.
      Consequently, the capacitor C13 begins to charge to a positive voltage at
      a rate determined by its capacitance and the resistance of the resistor
      R15. When the voltage across the capacitor C13 reaches a magnitude of from
      28 to 36 volts, it causes the trigger diode D12 to break down, thus
      discharging the capacitor C13 through the resistor R14 and causing the
      silicon controlled rectifier SCR2 to turn on through its gate 100. The
      diode D13 prevents any negative voltage being applied to this or connected
      circuits.
PAR  As shown in FIGS. 5, 6 and 7, when the silicon controlled rectifier SCR2
      turns on it changes from an open circuit to essentially a short circuit.
      The high voltage transformer T1 primary winding 98 is then placed directly
      across the capacitor C11. The low impedance primary winding 98 of the
      transformer T1 when suddenly placed across the capacitor C11 causes the
      capacitor C11 to instantaneously discharge. The impedance of the choke K1
      momentarily resists the line voltage from maintaining the charge on the
      capacitor C11. The capacitor C11 then discharges through the primary
      winding 98 of the transformer T1 and the silicon controlled rectifier
      SCR2. This discharge causes the transformer T1 to build a magnetic field
      which cuts its secondary winding 102, generating a high voltage ionization
      at ignition electrodes 104 and 106. As the discharge energy of the
      capacitor C11 diminishes the magnetic field of the transformer T1
      collapses, forcing current to continue through the silicon controlled
      rectifier SCR2 in the same direction and causing the capacitor C11 to be
      charged to the opposite polarity of voltage.
PAR  Negative voltage is reflected across the silicon controlled rectifier SCR2
      anode to cathode. Negative voltage is also developed from gate to cathode
      through the aforementioned electric brake section comprising the diode
      D11, the resistor R12, the filter C12, the resistor R13 and the resistor
      R14.
PAR  As illustrated in FIG. 8, this negative voltage applied from anode to
      cathode and maintained from gate to cathode causes the silicon controlled
      recitifier SCR2 to instantly turn off and again to assume an open circuit
      condition. When the field of the transformer T1 collapses, the energy for
      the first microsecond creates an approximate 1,200 volt negative spike.
      Since the silicon controlled rectifier SCR2 is already in conduction and
      is essentially a slow recovery device (with respect to one microsecond) a
      very large surge current could be forced through the silicon controlled
      recitifier SCR2, and such a surge could result in the silicon controlled
      rectifier SCR2 dissipating power in the form of heat thereby causing a
      heat rise which would reduce the capabilities of the silicon controlled
      recitifier SCR2 by narrowing its operating parameters. In accordance with
      the present invention, such a situation is prevented from occurring by the
      parallel combination of the diode D16 and the resistor R20. The diode D16
      is a fast recovery diode which has an approximate 200 nanosecond turn off
      time. Therefore, when the transformer T1 causes the negative voltage to be
      developed, the diode D16 "turns off" immediately forcing its parallel
      resistor R20 to absorb the majority of the negative spike thus relieving
      the silicon controlled rectifier SCR2 and the capacitor C11 from the
      unnecessary surge of the first nanosecond of the turn off cycle. This
      action limits the negative voltage applied to the silicon controlled
      rectifier SCR2 to about 500 volts. It should be understood that once
      gated, the silicon controlled rectifier SCR2 is very difficult to turn off
      reliably, and yet the silicon controlled rectifier SCR2 must be turned off
      to achieve a multiplicity of ignition pulses during the short time of
      one-half of the AC voltage waveform. Since only a very small increment of
      the positive half cycle of applied voltage was consumed during the
      generation of this pulse, the capacitor C11 again assumes a positive
      charge, beginning however, from a negative voltage. The above process
      repeats itself approximately forty times during each positive half cycle
      of the applied line voltage. This results in what appears to be a steady
      ionization arc across the electrodes 104 and 106 of the burner. Since
      ignition is generated at the same time the oil burner motor is actuated,
      oil is sprayed through the ionizing arc into the combustion chamber 34. It
      will also be understood that oil requires much energy to ignite, and that,
      additionally, the ion path directly between the electrodes 104 and 106
      should not be in the oil spray itself or malfunction could result.
      Consequently, these rapid multiple discharges are preferably "blown" into
      the oil spray by the blower section of the oil pump/blower motor 35.
PAR  The combustion chamber 34 is monitored by the cadmium sulfide flame
      detector 66 illustrated in FIG. 2. When sufficient light is generated by
      the combustion process the resistance of the cadmium sulfide flame
      detector 66 drops from a very high value to a very low value.
PAR  This, as previously mentioned, causes safety timing in the primary control
      circuit 22 to cease, consequently permitting the primary transformer
      current in the primary control circuit 22 to return to its idle value.
      Such current change is sensed by the extended ignition section which
      permits the plasma generator section to operate for a few additional
      seconds after combustion is achieved and then forces the plasma generator
      section into a standby condition.
PAR  The extended ignition section of the circuit 28 uses only one silicon
      controlled rectifier, three diodes, four resistors, and one capacitor to
      perform three separate and distinct functions. These functions include
      switching the plasma generator section, previously described, from an
      active state to standby, and also acting as a timer under two sets of
      operating conditions. The first condition is as an ignition extender after
      combustion has been proven and to act as a guarantee of combustion. The
      other condition is to provide timed ignition upon application of voltage
      to the system. This is an additional safety feature to protect against a
      shorted triac in the primary control circuit, or a welded contact of a
      relay in a substituted control, that would allow oil to be pumped without
      thermostat contact closure. The timing period of such ignition cycle is
      approximately twice as long as the extended ignition timing cycle, such
      safety feature preventing uncontrolled combustion. It will be understood
      that if the oil pump were to operate without ignition, the heating chamber
      could become saturated or even filled with oil. If at this point, as may
      happen, an inexperienced serviceman or homeowner were to attempt to
      correct the original malfunction and allow combustion to be established,
      an uncontrollable fire could result. The minimum result could be damage to
      the furnace; the worst, loss of the dwelling. With the safety feature
      above mentioned, whenever power is applied to the system, ignition occurs
      to establish combustion. When the furnace bonnet reaches cutout
      temperature, the bonnet cutout switch (not shown) removes power from the
      system. Upon cooldown, the cutout switch reapplies power and combustion is
      re-established. This results in higher than average dwelling temperature
      (about 90.degree. F), but prevents a catastrophe and provides a warning to
      the dwelling occupant to notify a serviceman for repair.
PAR  In addition, the third function that the extended ignition system section
      performs is automatic line voltage compensation. The extended ignition
      section will compensate itself automatically to line voltage variations
      below 90 VAC to above 140 VAC. Additionally, the extended ignition section
      is not sensitive to the wave shape of the current being sensed. The
      extended ignition section will operate equally well with a sine wave or a
      distorted form of sine wave caused by unequal loading or transformer
      saturation.
PAR  As is well known to those skilled in the art, fuel oil in cold weather is
      much more difficult to ignite than in warm weather, and the extended
      ignition circuit automatically causes the extended timing cycle to
      increase as ambient temperature decreases. The extended ignition section
      is connected in parallel to the capacitor C13 of the plasma generator
      section and derives its anode and gate voltage through the resistor R15,
      the maximum amplitude of the voltage being determined by the breakover
      point of the trigger diode D12.
PAR  Assuming that the room thermostat contacts 54 and 56 are open, no heat or
      ignition is demanded, and consequently the primary control circuit 22 is
      not supplying line voltage to the plasma generator and extended ignition
      circuit 28. With the thermostat contacts 54 and 56 open, the primary
      winding 38 is drawing idle current, that is, there is no load connected to
      the secondary windings 40 and 42. The current then is primarily inductive
      and lags the applied line voltage by some angle. This same current flows
      through the resistor R19 and develops a voltage across R19 in phase with
      the current of the transformer primary winding 38. Connected in parallel
      to the resistor R19 is the series combination of the silicon diodes D14
      and D15 and the capacitor C14. The cathode of the diode D15 is connected
      to the resistor R19 and to the anode of the diode D14 to the capacitor
      C14. The voltage developed across the resistor R19 is AC in nature, going
      through zero in a positive-negative cycle. The positive going portion of
      the wave cannot effect any change on the capacitor C14 because of the
      blocking action of the diodes D14 and D15. However, the negative portion
      of the wave could place a negative charge on capacitor C14 if the voltage
      developed across the resisting R19 exceeded 0.44 amps, which, of course,
      is many times higher than the idle current of the transformer 36.
      Therefore, in the above condition of the circuit operation description,
      capacitor C14 is unaffected by the idle current of the transformer 36.
PAR  Assuming that line voltage is emanating from the primary control circuit 22
      and is applied to the plasma generator and extended ignition circuit 28,
      such line voltage immediately activates the plasma generation section,
      previously described, to produce ionic discharge at the electrodes 104 and
      106. The voltage across capacitor C13 is then applied to the extended
      ignition section. This voltage is applied to the capacitor C14 through the
      limiting resistor R14 and causes the capacitor C14 to slowly charge to a
      positive voltage. The capacitor C14 will then continue to charge until the
      firing point of the silicon controlled rectifier SCR3 is reached, thereby
      turning on SCR3. When SCR3 is turned on, its voltage drop plus the voltage
      drop of the resistor R16 is less than the minimum voltage required to
      breakover the trigger diode D12, and consequently the plasma generator
      section will cease to operate. The above described operation is an
      abnormal condition in that the thermostat contacts 54 and 56 were open,
      but voltage was applied to the plasma generator and extended ignition
      circuit 28 and timed ignition was provided. With the foregoing in mind,
      and assuming the contacts 54 and 56 of the room thermostat are closed,
      voltage is again applied to the plasma generator and extended ignition
      circuit 28, and the capacitor C14 begins to charge toward turning on the
      silicon controlled rectifier SCR3. However, the primary current of the
      transformer 36 has increased from an idle to a working level, and
      consequently such change increases the magnitude of the current and causes
      a phase shift toward the phase of applied line voltage. The primary
      current and line voltage are thus closer to an in phase condition. The
      voltage applied to the extended ignition section is thus basically
      capacitive in nature. That is, the voltage "seen" by the extended ignition
      section slightly lags the applied line voltage. Therefore, because the
      voltage developed across the resistor R19 leads the applied voltage, and
      the voltage at the anode of the silicon controlled recitifier SCR3 lags
      the applied voltage, there is an approximate 90.degree. phase shift
      between the anode and the cathode of SCR3. When the transformer 36 is
      loaded (on safety timing) the voltage across the resistor R19 shifts and
      is in phase with the voltage being applied to the anode of the silicon
      controlled rectifier SCR3. This phase shift and the increase in magnitude
      of voltage developed across the resistor R19 prevent the silicon
      controlled rectifier SCR3 from firing. Such positive half cycle raises the
      cathode above the gate voltage presented by the capacitor C14 and the
      negative half cycle clamps the capacitor C14 to a low positive voltage
      equal to the voltage across the resistor R19 minus the 1.2 volt diode
      voltage drop. Consequently, until combustion is proven, the plasma
      generator section, previously described, will cause ionic discharge in an
      attempt to initiate combustion because the silicon controlled rectifier
      SCR3 cannot be turned on. When the combustion monitor 66 in the combustion
      chamber provides "proof" of combustion to the primary control circuit 22,
      it again resumes idle primary current because safety timing has ceased.
      The phase shift and voltage decrease across the resistor R19 allow the
      capacitor C14 to resume its positive charge, which will, after some time,
      turn on the silicon controlled rectifier SCR3, which in turn places the
      plasma generator section in a standby condition. It will be understood
      that voltage is still applied throughout the heating cycle and that if
      there is a combustion failure, the safety timing will resume in the
      primary control circuit 22 and consequently turn off the silicon
      controlled rectifier SCR3, causing renewed ignition by the plasma
      generator section.
PAR  Voltage compensation is automatically provided because the idle current
      varies with applied voltage. This establishes a bias at the cathode of the
      silicon controlled rectifier SCR3. Such bias forces the capacitor C14 to
      this bias voltage plus the firing voltage of SCR3. Therefore, regardless
      of the applied line voltage, the silicon controlled rectifier SCR3 will
      always respond to the phase shift and magnitude change in the same manner.
PAR  Typical values for the components in the primary control and ignition
      system described above are as follows:
TBL  SCR1  4 AMP Silicon Controlled Rectifier                                  
     SCR2  C-106 RCA or Equivalent                                             
     SCR3  C-103 GE or Equivalent                                              
     R1    1/2 watt 150 ohm resistor, .+-. 20%                                 
     R2    1/2 watt 560 ohm resistor, .+-. 20%                                 
     R3    5 watt 20 ohm resistor, .+-. 20%, wirewound                         
     R4    1/2 watt 3300 ohm resistor, .+-. 20%                                
     R5    1/2 watt 47 ohm resistor, .+-. 20%                                  
     R6    1 watt 680 ohm resistor, .+-. 20%, wirewound                        
     R7    2 watt 1 ohm potentiometer, .+-. 20%, wirewound                     
     R8    1/2 watt 82 ohm resistor, .+-. 20%                                  
     R9    1/2 watt 82 ohm resistor, .+-. 20%                                  
     R10   1/2 watt 33000 ohm resistor, .+-. 20%                               
     R11   22 watt 15 ohm resistor .+-. 20% wire wound                         
     R12   1 watt 6.8 K ohm resistor .+-. 10%                                  
     R13   1/2 watt 1K ohm resistor .+-. 10%                                   
     R14   1/2 watt 560 ohm resistor .+-. 10%                                  
     R15   1/2 watt 22K ohm resistor .+-. 5%                                   
     R16   1/2 watt 3.3K ohm resistor .+-. 10%                                 
     R17   1/2 watt 150K ohm resistor .+-. 10%                                 
     R18   1/2 watt 15K ohm resistor .+-. 10%                                  
     R19   1/2 watt 2.7 ohm resistor .+-. 10%                                  
     R20   1 watt 330 ohm resistor .+-. 10% wire wound                         
     C2    47 mfd capacitor 15 VDC                                             
     C3    22 mfd capacitor 200 V Mylar Foil                                   
     C11   .33 mfd capacitor 600 VDC extended foil construction                
     C12   .022 mfd capacitor 200 VDC metal film construction                  
     C13   .022 mfd capacitor 200 VDC metal film construction                  
     C14   330 mfd capacitor 6 VDC tantalum - Dickson GS series                
     D1    200 Ma diode                                                        
     D2    200 Ma diode                                                        
     D11   Diode IN4004                                                        
     D12   Diode ST2                                                           
     D13   Diode IN4004                                                        
     D14   Diode IN4148                                                        
     D15   Diode IN4148                                                        
     D16   Diode RCA 40892 or Equivalent                                       
     L1    Choke, iron core                                                    
     T1    Transformer high voltage                                            
PAR  It will be understood, however, that these values may be varied depending
      upon the particular application of the principles of the present
      invention.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be understood that various changes and modifications
      may be made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrical primary control and ignition system for oil burners,
      the combination including burner control means adapted to be connected to
      a main line source of AC current, a low voltage control circuit including
      burner ignition detection means, means providing a substantially lower
      voltage than line voltage in said control circuit, means in said low
      voltage control circuit including solid state means effective to actuate
      said burner control means, means interfacing between said low voltage
      control circuit and said burner control means, plasma generating means
      adapted to be connected to said main line source of AC current, and
      combustion initiation means operatively connected to said plasma
      generating means.
NUM  2.
PAR  2. The combination as set forth in claim 1 including extended ignition
      means operatively connected to said plasma generating means and effective
      to maintain energization of said plasma generating means for a
      predetermined period of time as a function of ignition detected by said
      ignition detection means.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein said control circuit
      also includes energy conversion means effective to interrupt the flow of
      current from said main line source of AC current, said ignition detection
      means also being effective to disable said energy conversion means.
NUM  4.
PAR  4. The combination as set forth in claim 1, said plasma generating means
      including a silicon controlled rectifier having an anode, a cathode and a
      gate, a transformer having a primary winding and a secondary winding, a
      capacitor, a diode and a resistor, said primary winding and said diode
      being connected in series with said anode and said cathode, said resistor
      being connected in parallel with said diode, said capacitor being
      connected in parallel with said anode and said cathode.
NUM  5.
PAR  5. The combination as set forth in claim 1, said plasma generating means
      including trigger means and electronic brake means.
NUM  6.
PAR  6. The combination as set forth in claim 5, said trigger means including a
      silicon controlled rectifier having an anode, a cathode and a gate, a pair
      of resistors, a diode, a capacitor and a trigger diode, one of said
      resistors, said diode, said capacitor and said trigger diode being
      connected across said anode and said cathode of said silicon controlled
      rectifier, the other of said resistors being connected to said gate.
NUM  7.
PAR  7. The combination as set forth in claim 5, said electronic brake means
      comprising a pair of capacitors, a diode and a plurality of resistors,
      said diode, said resistors and one of said capacitors being connected in
      parallel with the other of said capacitors.
NUM  8.
PAR  8. The combination as set forth in claim 1 wherein said burner control
      means includes a triac.
NUM  9.
PAR  9. The combination as set forth in claim 1 wherein said interfacing means
      includes a reed switch having normally open contacts.
NUM  10.
PAR  10. The combination as set forth in claim 1, said interfacing means
      including a reed switch having a pair of normally open contacts, said
      control circuit including a coil encompassing said contacts whereby
      energization of said coil effects closing of said contacts, said control
      circuit also including a DC supply for said coil.
NUM  11.
PAR  11. The combination as set forth in claim 1, said combustion initiation
      means including a transformer having a primary winding and a secondary
      winding, and a pair of spaced electrodes electrically connected to said
      secondary winding.
NUM  12.
PAR  12. The combination as set forth in claim 3, including electrical switch
      means controlled by said energy conversion means and effective to
      interrupt the flow of current from said main line source of AC current.
NUM  13.
PAR  13. The combination as set forth in claim 1, said ignition detection means
      being in the form of a light dependent resistor.
NUM  14.
PAR  14. The combination as set forth in claim 4, including choke means
      electrically connected in series with said capacitor.
NUM  15.
PAR  15. The combination as set forth in claim 2, said extended ignition means
      including a silicon controlled rectifier and a capacitor controlling the
      actuation of said silicon controlled rectifier.
NUM  16.
PAR  16. In an electrical primary control and ignition system for oil burners,
      the combination including burner control means adapted to be connected to
      a main line source of AC current, a low voltage control circuit including
      burner ignition detection means, means providing a substantially lower
      voltage than line voltage in said control circuit, means in said low
      voltage control circuit including solid state means effective to actuate
      said burner control means, means interfacing between said low voltage
      control circuit and said burner control means, plasma generating means
      adapted to be connected to said main line source of AC current, and
      combustion initiation means operatively connected to said plasma
      generating means.
NUM  17.
PAR  17. The combination as set forth in claim 16, said plasma generating means
      including a silicon controlled rectifier having an anode, a cathode and a
      gate, a transformer having a primary winding and a secondary winding, a
      capacitor, a diode and a resistor, said primary winding and said diode
      being connected in series with said anode and said cathode, said resistor
      being connected in parallel with said diode, said capacitor being
      connected in parallel with said anode and said cathode, and choke means
      electrically connected in series with said capacitor.
NUM  18.
PAR  18. The combination as set forth in claim 17, said plasma generating means
      including trigger means and electronic brake means.
NUM  19.
PAR  19. The combination as set forth in claim 18, said trigger means including
      a silicon controlled rectifier having an anode, a cathode and a gate, a
      pair of resistors, a diode, a capacitor and a trigger diode, one of said
      resistors, said diode, said capacitor and said trigger diode being
      connected across said anode and said cathode of said silicon controlled
      rectifier, the other of said resistors being connected to said gate.
NUM  20.
PAR  20. The combination as set forth in claim 19, said electronic brake means
      comprising a pair of capacitors, a diode and a plurality of resistors,
      said diode, said resistors and one of said capacitors being connected in
      parallel with the other of said capacitors.
NUM  21.
PAR  21. The combination as set forth in claim 20 wherein said burner control
      means includes a triac.
NUM  22.
PAR  22. The combination as set forth in claim 22, said interfacing means
      including a reed switch having a pair of normally open contacts, said
      control circuit including a coil encompassing said contacts whereby
      energization of said coil effects closing of said contacts, said control
      circuit also including a DC supply for said coil.
NUM  23.
PAR  23. The combination as set forth in claim 22, said combustion initiation
      means including a transformer having a primary winding and a secondary
      winding, and a pair of spaced electrodes electrically connected to said
      secondary winding.
NUM  24.
PAR  24. The combination as set forth in claim 23, wherein said control circuit
      also includes energy conversion means effective to interrupt the flow of
      current from said main line source of AC current, said ignition detection
      means also being effective to disable said energy conversion means.
NUM  25.
PAR  25. The combination as set forth in claim 24, including electrical switch
      means controlled by said energy conversion means and effective to
      interrupt the flow of current from said main line source of AC current.
NUM  26.
PAR  26. The combination as set forth in claim 25, said ignition detection means
      being in the form of a light dependent resistor.
NUM  27.
PAR  27. The combination as set forth in claim 26 including extended ignition
      means operatively connected to said plasma generating means and effective
      to maintain energization of said plasma generating means for a
      predetermined period of time as a function of ignition detected by said
      ignition detection means.
NUM  28.
PAR  28. The combination as set forth in claim 27, said extended ignition means
      including a silicon controlled rectifier and a capacitor controlling the
      actuation of said silicon controlled rectifier.
NUM  29.
PAR  29. In an ignition system for oil burners, the combination comprising
      ignition detection means, plasma generating means adapted to be connected
      to a main line source of AC current, combustion initiation means
      operatively connected to said plasma generating means, said plasma
      generating means including a silicon controlled rectifier having an anode,
      a cathode and a gate, a transformer having a primary winding and a
      secondary winding, a capacitor, a diode and a resistor, said primary
      winding and said diode being connected in series with said anode and said
      cathode, said resistor being connected in parallel with said diode, said
      capacitor being connected in parallel with said anode and said cathode,
      and extended ignition means operatively connected to said plasma
      generating means and effective to maintain energization of said plasma
      generating means for a predetermined period of time as a function of
      ignition detected by said ignition detection means.
NUM  30.
PAR  30. The combination as set forth in claim 29, said plasma generating means
      including trigger means and electronic brake means.
NUM  31.
PAR  31. The combination as set forth in claim 30, said trigger means including
      a silicon controlled rectifier having an anode, a cathode and a gate, a
      pair of resistors, a diode, a capacitor and a trigger diode, one of said
      resistors, said diode, said capacitor and said trigger diode being
      connected across said anode and said cathode of said silicon controlled
      rectifier, the other of said resistors being connected to said gate.
NUM  32.
PAR  32. The combination as set forth in claim 30, said electronic brake means
      comprising a pair of capacitors, a diode and a plurality of resistors,
      said diode, said resistors and one of said capacitors being connected in
      parallel with the other of said capacitors.
NUM  33.
PAR  33. The combination as set forth in claim 29, and combustion initiation
      means including said secondary winding, and a pair of spaced electrodes
      electrically connected to said secondary winding.
NUM  34.
PAR  34. The combination as set forth in claim 29, including choke means
      electrically connected in series with said capacitor.
NUM  35.
PAR  35. In an ignition system for oil burners, the combination comprising
      ignition detection means, plasma generating means adapted to be connected
      to a main line source of AC current, combustion initiation means
      controlled by said plasma generating means, said plasma generating means
      including a silicon controlled rectifier having an anode, a cathode and a
      gate, a transformer having a primary winding and a secondary winding, a
      capacitor, a diode and a resistor, said primary winding and said diode
      being connected in series with said anode and said cathode, said resistor
      being connected in parallel with said diode, said capacitor being
      connected in parallel with said anode and said cathode, said plasma
      generating means also including trigger means and electronic brake means,
      and extended ignition means operatively connected to said plasma
      generating means and effective to maintain energization of said plasma
      generating means for a predetermined period of time as a function of
      ignition detected by said ignition detection means.
NUM  36.
PAR  36. The combination as set forth in claim 35, said trigger means including
      a silicon controlled rectifier having an anode, a cathode and a gate, a
      pair of resistors, a diode, a capacitor and a trigger diode, one of said
      resistors, said diode, said capacitor and said trigger diode being
      connected across said anode and said cathode of said silicon controlled
      rectifier, the other of said resistors being connected to said gate.
NUM  37.
PAR  37. The combination as set forth in claim 36, said electronic brake means
      comprising a pair of capacitors, a diode and a plurality of resistors,
      said diode, said resistors and one of said capacitors being connected in
      parallel with the other of said capacitors.
NUM  38.
PAR  38. The combination as set forth in claim 37, and combustion initiation
      means including said secondary winding, and a pair of spaced electrodes
      electrically connected to said secondary winding.
NUM  39.
PAR  39. The combination as set forth in claim 38, said extended ignition means
      including a silicon controlled rectifier and a capacitor controlling the
      actuation of said silicon controlled rectifier.
NUM  40.
PAR  40. The combination as set forth in claim 38, said extended ignition means
      including a silicon controlled rectifier having an anode, a cathode and a
      gate, a resistor connected in series with said cathode, a plurality of
      diodes and a capacitor connected in parallel with said resistor, said
      capacitor being connected to said gate.
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ABST
PAL  A low voltage thermostatically energizable control system for a fuel burner
      having a fuel valve and operable from a direct current. The control system
      includes means for actuating the fuel valve to enable flow of a
      combustible fuel from the burner and means for spark igniting the fuel
      emitted from the burner. Means for detecting a flame is disposed near the
      burner, and the impedance between the detecting means and a point of
      reference potential is greater when no flame is present at the burner and
      is lower when a flame is present at the burner. A semiconductor device is
      coupled to the detecting means for conducting current only when the
      impedance between the detecting means and the point of reference potential
      is lower thereby to indicate the presence of a flame, and means is
      responsive to the current conducted by the semiconductor device for
      disabling the spark igniting means.
BSUM
PAC  RELATED APPLICATION
PAR  This application is related to copending application Ser. No. 486,004,
      filed July 5,1974.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a control system for a fuel
      burner and more particularly to a low voltage control system of the direct
      ignition type.
PAR  In the past, control systems for fuel burners, such as gas furnaces or the
      like, typically provided a thermostat to open a fuel valve when the
      thermostat indicated a demand for heat and also typically provided means
      for automatically igniting fuel emitted from the burner. Ignition may have
      been achieved by a small pilot flame which burned continuously or may have
      achieved by using a spark or arc ignitor which provided a spark in the
      vicinity of the burner at about the same time or soon after the fuel valve
      was opened.
PAR  Recent improvements in burner control units of the abovementioned type are
      well illustrated by U.S. Pat. No. 3,734,676 which discloses a control
      system for a fuel burner. In this patented control system, an ignitor and
      a controlled switching device are effective when gated to connect the
      ignitor to a source of electrical energy for providing pulses of
      electrical energy to the ignitor. This patented control system has a gate
      circuit including a capacitance for providing gate signals to the
      controlled switching device. These gate signals are provided so long as
      the capacitance has a charge below a specified level and the capacitance
      is initially provided with a charge above that specified level. The
      capacitance charge is reduced with time so as to gate the controlled
      switching device to operatively connect the ignitor to a source of
      electrical energy only after a predetermined period of energization of the
      control system thereby to effect pre-ignition purging of the burner area
      to insure there is not an over abundance of fuel when ignition occurs.
PAR  Control systems of the type illustrated in the aforementioned U.S. patent
      function quite well but may be thought of as typically operating on a 120
      volt alternating current supply or employing a step-up transformer from
      the commonly encountered low voltage thermostat systems which typically
      operate around 24 volts A.C. Control system according to the
      aforementioned patent and the aforementioned copending application
      function well but may not lend themselves to some particular applications,
      such as mobile heating environments or the like where direct current or
      optional alternating current-direct current operation is desirable.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention may be noted the
      provision of an improved low voltage thermostatically energizable control
      system for a fuel burner; the provision of such control system in which
      the components of at least the ignition and flame monitoring portions are
      solid state; the provision of such control system operable from either low
      voltage A.C. or D.C. unregulated source; the provision of such control
      system having relatively low power consumption; the provision of such
      control system characterized by its fail safe mode of operation; the
      provision of such control system having an improved spark ignitor for a
      fuel burner; the provision of such control system having an improved flame
      detecting circuit for a fuel burner; the provision of such control system
      in which power transformers and electro-mechanical relays are eliminated;
      and the provision of such control system which is simplistic in design,
      economical to manufacture, and high reliability. Other objects and
      features will in part apparent and in part pointed out hereinafter.
PAR  In general and in one form of the invention, a low voltage control system
      is provided for a fuel burner having a fuel valve and is adapted to be
      operable from a direct current. The system has means for actuating the
      fuel valve to enable flow of a combustible fuel from the burner, and means
      for spark igniting the fuel emitted from the burner. Means is provided for
      detecting a flame disposed near the burner, and the impedance between the
      detecting means and a point of reference potential therefor is greater
      when no flame is present at the burner and lower when a flame is present
      at the burner. A semiconductor device is coupled to the detecting means
      for conducting current only when the impedance between the detecting means
      and the point of reference potential is lower thereby to indicate the
      presence of a flame, and means is responsive to the current conducted by
      the semiconductor device for disabling the spark igniting means.
PAR  Also in general, a direct current energizable low voltage control system in
      one form of the invention is provided for enabling a fuel valve of a fuel
      burner. The system has means for actuating the fuel valve and a
      semiconductor device in series circuit relationship therewith wherein
      current flow therethrough enables the fuel valve to effect a flow of a
      combustible fuel from the burner. Means is responsive to system
      energization for rendering the semiconductor device conductive a
      predetermined time after system energization, and means is provided for
      igniting the fuel emitted from the fuel burner. Means is disposed near the
      fuel burner for detecting when a flame is present, and means is coupled to
      the detecting means for interrupting the current flow through the
      actuating means another predetermined time after system energization only
      if the detecting means does not indicate that a flame is present.
PAR  Further in general, a low voltage thermostatically energizable control
      system is provided in one form of the invention for a combustible fuel
      burner having a fuel flow control valve. The system includes means for
      actuating the control valve to effect flow of a combustible fuel from the
      fuel burner. Means is disposed near the fuel burner for indicating when a
      flame is present, and means is also disposed near the fuel burner for
      defining a spark gap. A low voltage to high voltage converter is coupled
      to the spark gap defining means for causing an arc across the spark gap
      when enabled. The convertor includes a pair of step-up transformer
      devices, and a threshold discharge circuit interconnecting the step-up
      transformer devices. One of the step-up transformer devices receives a low
      voltage input and provides an increased voltage output to the threshold
      discharge circuit, and the other of the step-up transformer devices is
      enabled by a discharge of the threshold discharge circuit to provide a
      high voltage output to the spark gap defining means. Means is provided in
      circuit relation with the one step-up transformer device for inducing
      oscillations therein when current from a low voltage source is allowed to
      flow therethrough.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a control system in one form of the
      invention;
PAR  FIG. 2 is a more detailed schematic diagram of the control system of FIG.
      1;
PAR  FIG. 3 is a detailed schematic diagram of the ignitor of FIG. 1; and
PAR  FIG. 4 is a schematic diagram of an alternative control system in one form
      of the invention.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawing.
PAR  The following exemplifications set out herein illustrate the preferred
      embodiments of the invention in one form thereof, and such
      exemplifications are not to be construed as limiting the scope of the
      invention in any manner.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing in greater detail, there is illustrated
      generally at 11 in FIG. 1 a control system for a fuel burner, and the
      control system includes a control circuit 13 and a low voltage to high
      voltage converter or ignitor circuit 15 for igniting fuel emitted from a
      burner 17. An actuating means or valve actuating means, such as an
      actuating coil 19, enables, on command, a valve 21 to allow fuel to flow
      from burner 17. Control system 11 is energized from a low voltage source
      23 when a thermostatically controlled switch 25 closes indicating a demand
      for heat. Ignitor circuit 15, when enabled, supplies a high voltage to a
      spark gap 27 for igniting the fuel, and a flame detecting sensor or probe
      29 senses an impedance drop indicative of the presence of a flame to
      disable the ignitor circuit and stop fuel flow in the event that ignition
      is not achieved. The function of control circuit 13 will be more clearly
      understood by referring to FIG. 2.
PAR  In FIG. 2, control circuit 13 is implemented employing a series of
      metal-oxide semiconductor inverting gates 31, 33, 35, 37 with fuel valve
      actuating coil 19 being enabled when a transistor 39 conducts provided
      capacitor 45 has been charged. When thermostatic switch 25 of FIG. 1
      closes, a direct current V.sub.cc is applied to control circuit 13, and
      since a capacitor 41 is initially discharged, this voltage is applied as
      an input to gate 31. Therefore, the output of gate 31 is low, and
      similarly the output of gate 33 is high to charge capacitor 44 and supply
      a high input to gate 35, the low output of which turns transistor 39 off.
      The time constant associated with capacitor 41 and a resistor 43 may be
      relatively short, for example in the order of 0.01 seconds, and when
      capacitor 41 is charged, the input of gate 31 goes low with its output
      going high to begin the charging of capacitor 45 by way of a resistor 47.
      This high output of gate 31 may also, by way of terminal I.sub.2 (FIG. 1),
      be employed to enable ignitor circuit 15 and initiate a spark in the
      vicinity of burner 17. A high output from gate 31 causes the output of
      gate 33 to go to its low state, however, the charge on capacitor 44
      remains relatively high due to the presence of a diode 49. Thus,
      transistor 39 remains, at least for the time being, in its non-conducting
      state. When thermostatic switch 25 (FIG. 1) closes, a capacitor 51 also
      began to charge; however, due to a much longer time constant, this
      capacitor will achieve a charge of, for example, about 0.8 volts within 1
      second. When this voltage level is reached, a transistor 53 turns on
      discharging capacitor 44 and lowering the input to gate 35, the output of
      which then goes high enabling transistor 39. When transistor 39 conducts,
      current V.sub.cc is supplied to valve actuating coil 19, and additionally,
      since capacitor 45 has been charging during the process, an additional
      surge of starting current is supplied from capacitor 45 to the valve
      actuating coil. So long as transistor 39 is energized, the valve actuating
      coil 19 is maintained in its state for enabling the flow of gas or other
      combustible fuel from burner 17 by current through a resistor 55. If for
      some reason capacitor 45 is not charged or transistor 39 closes before the
      capacitor is charged, then actuating coil 19 cannot sufficiently energize
      to enable gas valve 21 thereby to provide a fail-safe operating mode. A
      gas valve with a special coil having definite higher pick-up current and
      lower drop-out current characteristics (or an equivalent relay) may be
      employed within the scope of the invention so that actuating coil 19 may
      enable the gas valve only when capacitor 45 provides a relatively higher
      surge. Resistor 55 may provide the holding current after actuating coil 19
      has picked-up.
PAR  When ignition occurs, the impedance between a terminal 57 and ground
      decreases substantially thereby to turn on a transistor 59 which, in turn,
      turns on another transistor 61, and conduction of transistor 61 discharges
      capacitor 51. The charge on capacitor 44 remains low, and gate 35
      continues to supply a high output maintaining transistor 39 in its
      conducting state. If, however, ignition fails, transistors 59, 61 remain
      non-conducting. The charge on capacitor 51 continues to build until gate
      31 receives a high input thereby to provide a low output and cause a high
      output from gate 33 to lower the output of gate 35 turning transistor 39
      off and locking out gas valve 21. The low output from gate 31 also allows
      capacitor 45 to discharge by way of resistor 47. The circuit typically
      would be manually reset by disconnecting the supply voltage for
      discharging the capacitors involved. A high output from gate 31 called for
      a spark from ignitor circuit 15 by way of terminal I.sub.2 (FIG. 1), and
      the ignitor circuit may be turned off due to conduction of transistors 59,
      61 indicating successful ignition by the high voltage which appears at a
      terminal 63 at this time or may be turned off by the high voltage
      appearing at a terminal 65 when lock-out occurs. Both functions may be
      achieved by connecting a simple "or" gate between terminals 63, 65 as
      inputs and terminal I.sub.1 of FIG. 3 as an output. It may be noted that
      circuit 13 of FIG. 2, as discussed above, provides a fail-safe mode of
      operation, i.e., if any critical component, such as any gate, transistor
      or diode, fails the circuit arrangement is such that capacitor 45 does not
      charge-up. Further, as previously noted, if transistor 39 closes before
      capacitor 45 is charged or if the transistor remains open, gas valve 21
      cannot be opened.
PAR  In FIG. 3, a pair of voltage step-up devices or transformers T.sub.1,
      T.sub.2 are provided, and a secondary winding of transformer T.sub.2 is
      coupled to the spark probe near burner 17. In practice, a spark gap near
      burner 17 may be defined between a probe extending close to the burner and
      the burner itself which may be grounded. Transformers T.sub.1, T.sub.2,
      are interconnected by a threshold discharge circuit 67, and a primary
      winding of transformer T.sub.1 receives a low voltage input current
      V.sub.cc. In operation, when no spark is called for, a pair of capacitors
      69, 71 will charge to opposite polarities since a transistor 73 is not
      conducting. Non-conduction of transistor 73 may be insured by conduction
      of a transistor 75 which, as was noted earlier, receives a "spark off"
      signal on terminal I.sub.1. If a spark is now called for, transistor 73 is
      turned to its non-conducting state, and a transistor 77 receives a "spark
      on" signal from terminal I.sub.2. The "spark on" signal causes transistor
      77 to conduct and supply a strong base to emitter current to transistor 73
      turning it on and allowing capacitor 69 to discharge through the primary
      of transformer T.sub.1 and simultaneously allowing the discharge of
      capacitor 71. The parallel combination of capacitors 69, 71 and the
      primary of transformer T.sub.1 may form a tuned circuit continually
      supplying unidirectional high voltage pulses to a pair of capacitors 79,
      81 in threshold circuit 67 due to the presence of a diode 83. Capacitor 81
      achieves substantially its full charge prior to capacitor 79 receiving
      substantially its full charge due to the presence of a resistor 85. When
      capacitor 81 is fully charged and capacitor 79 is sufficiently charged to
      cause a breakdown device, such as a neon filled tube 89 or the like, to
      conduct, there will be a gating signal supplied to a silicon controlled
      rectifier 91. This gating signal allows rectifier 91 to conduct thereby to
      discharge the charge on capacitor 81 through the primary winding of
      transformer T.sub.2 and also supply the high voltage spark as desired. If
      there is little damping in the oscillatory circuit of transformer T.sub.1,
      breakdown of the threshold device 89 and discharging of capacitor 81
      through the primary winding of transformer T.sub.2 may occur several times
      after ignitor circuit 15 is enabled. A diode 94 allows capacitor 81 to
      charge and further functions as a so called halfback diode to suppress the
      voltage across the primary winding of transformer T.sub.2 as the field
      therein collapses after the discharge of capacitor 81. "Spark off" and
      "spark on" signals may also be applied to terminals I.sub.1, I.sub.2,
      respectively, by a more sophisticated control circuit of FIG. 4.
PAR  Another control system 94a of FIG. 4 is, in many respects, similar to the
      control system 11 described above, but control system 94a has independent
      and additional advantageous features. It may be noted that circuit 94a is
      operable in response to either alternating current or direct current, but
      for purposes of simplicity of disclosure, the circuit is thought of as
      being operable in response to an alternating current source. In control
      system 94a gas, gas valve 21 is coupled between a terminal 95 and a
      neutral or ground terminal 97 and is enabled only when semiconductor
      devices, such as a transistor 99 and a silicon controlled rectifier 99a,
      conduct simultaneously. Flame sensing is somewhat the same in that a
      terminal 101 is connected to a flame sensing probe and functions to
      measure the impedance change when a flame appears at the burner. The
      appearance of a flame lowers the impedance between terminal 101 and ground
      97 causing a transistor 103 to conduct which in turn turns on a transistor
      106 supply a "spark off" signal to ignitor circuit on terminal I.sub.1.
      When thermostat switch 25 closes, supply voltage is presented to a
      terminal 107, and in the event that the supply is an alternating current,
      a pulsating direct current V.sub.cc is supplied for operation of the
      semiconductor devices by way of a diode 105. Initially, there is no charge
      on a capacitor 109, and a transistor 111 is non-conducting and a pair of
      transistors 113, 115 are conducting. A capacitor 117 is charged through a
      diode 119 and a resistor 121 which has a relatively short time constant
      for charging the capacitor. A transistor 123 is turned on by way of a
      resistance 125, and a transistor 127 is turned off. A pair of transistors
      129, 131 are turned on, and transistor 131, in turn, turns a transistor
      133 on which, in turn, turns off a pair of transistors 135, 137 and
      transistor 99. At this time, ignitor circuit 15 is off due to no signal on
      terminal I.sub.2, and gas valve 21 is off since transistor 99 is
      non-conducting. Transistor 115 charges a capacitor 139 to about 3 volts
      via a resistor 141 and gas valve coil 19. Transistor 111 remains off as
      capacitor 109 charges via a resistance 143 until a threshold voltage, as
      determined by the respective values of resistors 145, 147, 147a, is
      achieved at which time the charge on capacitor 109 is sufficient to enable
      transistor 111 to conduct. This charging of capacitor 109 provides an
      initial predetermined delay time prior to the enabling of either gas valve
      21 or ignitor circuit 15.
PAR  When transistor 111 conducts, transistors 113, 115, 123 are turned off. The
      charge on capacitor 117 is high and sufficient to enable transistor 127 to
      conduct. Transistors 129, 131, 133 turn off enabling transistors 135, 137,
      99. Ignitor circuit 15 is enabled by way of a diode 149 and a resistor
      151, and conduction by transistor 99 triggers silicon controlled rectifier
      99a by way of charged capacitor 139 and a resistive divider 155, 157.
      Conduction by transistor 99 and silicon controlled rectifier 99a allows
      current to flow by way of a diode 157 through terminal 95 and valve
      actuating coil or device 19 to ground 97. A resistor 159 provides the
      holding current for silicone controlled rectifier 153 in case voltage
      source 23 is an alternating current source.
PAR  If ignition occurs prior to the time capacitor 117 discharges i.e. (the
      lock-out time), the impedance between terminal 101 and ground is lowered
      by the presence of the flame providing base drive to transistor 103 and
      turning on that transistor as well as transistors 75, 106, 165. Conduction
      by transistor 75 turns ignitor circuit 15 off while conduction by
      transistor 165 charges capacitor 117 to a high value thereby to keep
      transistor 127 conducting and transistors 129, 131, 133 nonconducting with
      transistor 99 conducting to maintain the fuel flow into burner 17.
PAR  If a flame is established and then extinguished, there will be no flame
      current, and transistor 103 will cease conducting. With transistor 103
      off, transistors 75, 106, 165 are also turned off. At this time, capacitor
      117 is fully charged so that transistor 99 and gas valve 21 remain open,
      and since transistor 75 is now off, ignitor circuit 15 will again turn on
      to attempt reignition. This process can be repeated several times so long
      as successful ignition occurs on each ignition try. If the flame does not
      ignite, capacitor 117 will continue discharging and eventually reach a
      threshold value as determined primarily by the values of resistors 161,
      163, 167 (typically about 15 seconds), and lock-out will occur with
      transistor 127 turning off, transistors 129, 131, 133 turning on, and
      transistors 99, 135, 137 turning off. Under these circumstances, gas valve
      21 and ignitor circuit 15 will both be turned off, and system 94a is
      locked out. System 94a will stay in this lock-out condition until the
      supply voltage is removed for example, by opening the thermostatic switch
      contacts 25 so that the charge on capacitor 109 may dissipate, and
      thereafter, the system may be re-energized so that the sequence of
      operation outlined will repeat.
PAR  As previously noted, circuit 94a may be operable from either an alternating
      current source or a direct current source; therefore, it may also be noted
      that the circuit does not require any special gas valve for fail-safe
      operation. A standard, low cost, direct current gas valve may be employed
      in circuit 94a. Further, a fail-safe feature of circuit 94a is that
      transistor 99, SCR 99a and actuating coil 19, such as that of the
      aforementioned standard gas valve, are all connected in series, and the
      actuating coil is energized only if the transistor and SCR both are
      energized. For instance if SCR 99a is shorted or otherwise damaged,
      transistor 99 cannot be energized. Further, if for any reason transistor
      99 is shorted, capacitor 139 cannot be charged, SCR 99a cannot be
      energized, and therefore actuating coil 19 cannot be energized to enable
      gas valve 21. Circuit 94a also provides another fail-safe feature. In the
      event of shorting or opening (one at a time) of any of the components
      thereof, transistor 99 remains open. Alternatively, transistor 99 may be
      energized before capacitor 139 is charged sufficiently charged so that SCR
      99a cannot be energized thereby to obviate energization of actuating coil
      19 for enabling gas valve 21.
TBL  ______________________________________                                    
     Component Values For Circuit 13 of FIG. 2                                 
     ______________________________________                                    
     Resistors: 0.5 watts, 10% unless otherwise mentioned                      
     55                      5.1K, 10%                                         
     R2                      39K                                               
     R3                      5.6M                                              
     R4                      560K                                              
     R5                      100K                                              
     R6                      5.6M                                              
     43                      560K                                              
     R8                      270K                                              
     R9                      2.2M                                              
     R10                     1.0M                                              
     47                      47K                                               
     R12                     390K                                              
     R13                     100K                                              
     R14                     2.2M                                              
     Capacitors:                                                               
     45                      47.mu.f, 10V                                      
     44                      .01.mu.f                                          
     51                      33.mu.f, 10V                                      
     41                      .02.mu.f                                          
     C5                      .1.mu.f                                           
     C6                      .1.mu.f                                           
     Quad dual input nor gates:                                                
     31, 33, 35, 37          CA4001AE                                          
     Transistors:                                                              
     39, 53                  2N5172                                            
     61                                                                        
     59                      2N6076                                            
     Diodes:                                                                   
     D1, 49                  DA1704                                            
     ______________________________________                                    
TBL  component Values For Circuit 15 of FIG. 3                                 
     ______________________________________                                    
     Resistors:   0.5 watts, 10% unless otherwise mentioned.                   
     R32                   3.9K                                                
     R33                   5.6K                                                
     R34                   56 ohm                                              
     85                    3.9K                                                
     R36                   1K                                                  
     Capacitors:                                                               
     69                    .47 .mu.f                                           
     71                    .1 .mu.f                                            
     79                    .1 .mu.f                                            
     81                    .22 .mu.f                                           
     Transistors:                                                              
     75                    2N5172                                              
     77                    2N6076                                              
     73                    2N4424                                              
     Diodes:                                                                   
     83, 94                2N5172                                              
     SCR:                                                                      
     91                    C106B1                                              
     ______________________________________                                    
TBL  component Values For Circuit 94a of FIG. 4                                
     ______________________________________                                    
     Resistors:                                                                
             0.5 watts, 10% unless otherwise mentioned.                        
     R1                150 ohms                                                
     143, 141, 151     150K                                                    
     145, R39, R5, 125 47K                                                     
     147, 163, R20, R26, R27                                                   
                       100K                                                    
     R6, R13, R38, R40, R41                                                    
                       10K                                                     
     121, 157, 159, R36                                                        
                       1K                                                      
     161               470K                                                    
     R11               560K                                                    
     167               270K                                                    
     R15, R18          8.2K                                                    
     R16               27K                                                     
     R17               18K                                                     
     R19               220K                                                    
     R24               56K                                                     
     R28               390K                                                    
     R30, 155          220 ohm                                                 
     R31               2.2M                                                    
     125               5.6K                                                    
     R10, R42          1.5K                                                    
     R43               150 ohms                                                
     Capacitors:                                                               
     C1                220 .mu.f, 25 volt                                      
     109, 117          47 .mu.f, 10 volt                                       
     C3, C5, C6, CX1, CX2, CX3                                                 
                       .1 .mu.f                                                
     138               5 to 10 .mu.f, 10 volt                                  
     Transistors:                                                              
     111, 113, 123, 127, 41                                                    
                       2N5172                                                  
     129, 133, 135, 106, 75                                                    
                       2N5172                                                  
     115, 131, 165, 137, 77                                                    
                       2N6076                                                  
     103               2N6225                                                  
     73                2N4424                                                  
     99                D40D1                                                   
     SCR:                                                                      
     91, 153           C106B1                                                  
     Diodes:                                                                   
     105, 168, D7      IN5060                                                  
     DX3, 119, 149, D4, D10                                                    
                       D1704                                                   
     D2                9.1V zener                                              
     ______________________________________                                    
PAR  From the foregoing it is now apparent that a novel control system, spark
      ignitor circuit, flame detecting circuit, and two alternate control
      circuits for use therein have been described which meet the objects and
      advantages outlined hereinbefore, as well as others. Numerous modification
      will suggest themselves to those of ordinarly skilled in the art. For
      example, control circuit 94a of FIG. 4 is designed for operation with
      control coil 19 for gas valve 21 being grounded; however, transistor 137
      could be eliminated, the base of transistor 99 enabled directly from the
      emitter of transistor 135, and the gas valve connected between terminal
      107 and the anode of diode 168. Also gas valve might be left in the
      position illustrated to meet for example, American Gas Association or
      Underwriters Laboratory requirements by substituting a PNP transistor for
      transistor 99 and eliminating transistor 137 so that the PNP substitute
      for transistor 99 is enabled by the conduction of transistor 135. Numerous
      other modification may be made by those skilled in the art without
      departing from the spirit or scope of the invention as set out in the
      claims which follow.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A low voltage control system for a fuel burner having a fuel valve and
      adapted to be operable from a direct current and comprising:
PA1  means for actuating the fuel valve to enable flow of a combustible fuel
      from the burner;
PA1  means for spark igniting the fuel emitted from the burner;
PA1  means for detecting a flame disposed near the burner, the impedance between
      the detecting means and a point of reference potential being greater when
      no flame is present at the burner and lower when a flame is present at the
      burner;
PA1  a semiconductor device coupled to the detecting means for conducting
      current only when the impedance between the detecting means and the point
      of reference potential is lower thereby to indicate the presence of a
      flame; and
PA1  means responsive to the current conducted by the semiconductor device for
      disabling the spark igniting means.
NUM  2.
PAR  2. A control system as set forth in claim 1, wherein the disabling means
      comprises another semiconductor device coupled to and enabled by the first
      named semiconductor device for conducting only when the first named
      semiconductor device conducts, conduction of the other semiconductor
      device disabling the spark igniting means.
NUM  3.
PAR  3. A control system as set forth in claim 1, wherein the spark igniting
      means comprises a low voltage to high voltage converter, and means near
      the burner for defining a spark gap, the converter being coupled to the
      spark gap defining means to cause an arc across the spark gap when
      enabled.
NUM  4.
PAR  4. A control system as set forth in claim 3, wherein the low voltage to
      high voltage converter includes first and second inductive voltage step-up
      devices, and a threshold discharge circuit for interconnecting the first
      and second step-up devices, the first step-up device receiving a low
      voltage input and the second step-up device providing a high voltage
      output to the spark gap defining means.
NUM  5.
PAR  5. A control system as set forth in claim 4, further comprising means in
      circuit with the first transformer for inducing oscillations therein when
      current from the low voltage input is allowed to flow therethrough.
NUM  6.
PAR  6. A control system as set forth in claim 5, wherein the inducing means is
      generally constituted by a capacitor.
NUM  7.
PAR  7. A control system as set forth in claim 1, further comprising means
      responsive to energization of the system for enabling the actuating means
      thereby to provide fuel flow to the fuel burner a predetermined time after
      system energization.
NUM  8.
PAR  8. A control system as set forth in claim 7, further comprising other means
      responsive to energization of the system for enabling the spark igniting
      means a second predetermined time after system energization.
NUM  9.
PAR  9. A control system as set forth in claim 7, further comprising means
      responsive to system energization for disabling the actuating means
      thereby to stop fuel flow to the burner a second predetermined time after
      system energization and only if the semiconductor device is in a
      non-conducting state at the expiration of the second predetermined time.
NUM  10.
PAR  10. A control system as set forth in claim 1, further comprising means
      responsive to system energization for predeterminately delaying the spark
      igniting means to insure an initial purge time to effect a proper mixture
      of fuel and air.
NUM  11.
PAR  11. A control system as set forth in claim 10, further comprising means
      operable generally subsequent to the operation of the delaying means for
      predeterminately locking out the fuel valve in the event the detecting
      means does not detect flame ignition at the fuel burner.
NUM  12.
PAR  12. A control system as set forth in claim 7, further comprising another
      semicoonductor device in series circuit relation with the actuating means,
      and the other semiconductive device being rendered conductive by the
      enabling means to connect the actuating means to a low voltage electrical
      source generally at the predetermined time after system.
NUM  13.
PAR  13. A control system as set forth in claim 12, wherein the actuating means
      includes an energizing coil, and the other semiconductor device being
      connected with the energizing coil in the series circuit relation.
NUM  14.
PAR  14. A control system as set forth in claim 12, optionally operable from an
      alternating current source, and further comprising means for rectifying
      the current of the alternating current source and generally constituting a
      rectified current source for the first named and other semiconductor
      devices, the actuating means being connected to the alternating current
      source when the other semiconductor device is conducting.
NUM  15.
PAR  15. A control system as set forth in claim 14, further comprising means
      coupled to the rectifying means for providing a holding current to
      maintain the other semiconductor device conductive despite reversal of the
      direction of current flow in the actuating means.
NUM  16.
PAR  16. A control system as set forth in claim 1, further comprising means
      operable generally for supplying current at a value great enough to the
      actuating means to effect the operation thereof.
NUM  17.
PAR  17. A control system as set forth in claim 16, further comprising means for
      providing a holding current upon the operation of the actuating means to
      maintain it operative.
NUM  18.
PAR  18. A control system as set forth in claim 16, further comprising means
      energized in response to a certain voltage level in the system upon the
      energization thereof for effecting the operation of the current supplying
      means.
NUM  19.
PAR  19. A control system as set forth in claim 18, further comprising means for
      applying a holding current to the actuating means subsequent to its
      operation by the current supplying means to maintain the actuating means
      operative only so long as the operation effecting means is energized.
NUM  20.
PAR  20. A direct current energizable low voltage control system for enabling a
      fuel valve of a fuel burner comprising:
PA1  means for actuating the fuel valve and a semiconductor device in series
      circuit relation therewith wherein current flow therethrough enables the
      fuel valve to effect a flow of a combustible fuel from the burner;
PA1  means responsive to system energization for rendering the semi-conductor
      device conductive a predetermined time after system energization;
PA1  means for igniting the fuel emitted from the fuel burner;
PA1  means disposed near the fuel burner for detecting when a flame is present;
      and
PA1  means coupled to the detecting means for interrupting the current flow
      through the actuating means another predetermined time after system
      energization only if the detecting means does not indicate that a flame is
      present.
NUM  21.
PAR  21. A control system as set forth in claim 20, further comprising means
      adapted to be charged during the first named predetermined time and
      discharged through the actuating means at the expiration of the first
      named predetermined time for aiding in the actuation of the fuel valve.
NUM  22.
PAR  22. A control system as set forth in claim 20, wherein the control system
      is operable from an alternating current source with the actuating means
      connected to the alternating current source, and further comprising means
      connected to the alternating current source for rectifying the alternating
      current thereby to constitute a rectified current source for the
      semiconductor device.
NUM  23.
PAR  23. A control system as set forth in claim 22, further comprising means
      coupled to the rectified current source for providing a holding current to
      maintain semiconductor device conductive despite reversal of the direction
      of current flow in the actuating means.
NUM  24.
PAR  24. A control system as set forth in claim 20, wherein the igniting means
      comprises a spark generating system including a low voltage to high
      voltage converter and a spark gap defining means near the burner, the
      converter being coupled to the spark gap defining means to cause an arc
      across the spark gap when enabled.
NUM  25.
PAR  25. A control system as set forth in claim 24, wherein the converter
      includes first and second voltage step-up transformers each having primary
      and secondary windings, means in circuit with the first transformer for
      inducing oscillations therein when current flows therethrough, and a
      threshold discharge circuit having an input coupled to the first
      transformer secondary winding and intermittently discharging through the
      second transformer primary winding to induce in the second transformer
      secondary winding a high voltage to be applied to the spark gap.
NUM  26.
PAR  26. A low voltage thermostatically energizable control system for a
      combustible fuel burner having a fuel flow control valve comprising:
PA1  means for actuating the control valve to effect flow of a combustible fuel
      from the fuel burner;
PA1  means near the fuel burner for indicating when a flame is present;
PA1  means near the fuel burner for defining a spark gap;
PA1  a low voltage to high voltage converter coupled to the spark gap defining
      means for causing an arc across the spark gap when enabled and including a
      pair of step-up transformer devices, and a threshold discharge circuit
      interconnecting the step-up transformer devices, one of the step-up
      transformer devices receiving a low voltage input and providing an
      increased voltage output to the threshold discharge circuit and the other
      of the step-up transformer devices being enabled by a discharge of the
      threshold discharge circuit to provide a high voltage output to the spark
      gap defining means; and
PA1  means in circuit relation with the one step-up transformer device for
      inducing oscillations therein when current from a low voltage source is
      allowed to flow therethrough.
NUM  27.
PAR  27. A control system as set forth in claim 26, wherein the impedance
      between the indicating means and a point of reference potential is greater
      when no flame is present at the burner and lower when a flame is present
      at the burner.
NUM  28.
PAR  28. A control system as set forth in claim 26, further comprising a
      semiconductor device coupled to the indicating means for conducting
      current only when the impedance between the indicating means and a point
      of reference potential therefor is lower so as to indicate the presence of
      a flame, and means responsive to the current conducted by the
      semiconductor device for disabling the converter.
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PAL  A pyrophoric gas lighter comprises a head that slips over the hollow valve
      stem of a replaceable can of inflammable fluid under pressure. The valve
      stem is of the type that slides axially to open and close the valve. The
      head carries a burner that communicates with the valve stem, and a
      striking wheel that strikes against a flint to ignite gas issuing from the
      burner. Pressure on the head in the direction of the container
      simultaneously strikes a spark and opens the valve by depressing the valve
      stem that carries the lighter head. In one embodiment, the pressure of the
      thumb on the wheel moves the head; while in another embodiment, the
      pressure on the head rotates the wheel through a ratchet mechanism.
BSUM
PAR  The present invention relates to pyrophoric gas lighters, that is, wickless
      lighters that ignite a stream of gas derived from the evaporation of a
      combustible liquid, or an aerosol, or a compressed gas itself.
PAR  Known pyrophoric gas lighters have the disadvantage that the spark tends to
      precede or lag behind the release of the gas, with resultant inefficiency
      of operation.
PAR  The present invention accordingly has for its object the provision of a
      pyrophoric gas lighter in which the arrival of the gas is simultaneous
      with the spark.
PAR  Another object of the present invention is the provision of a pyrophoric
      gas lighter, which will be relatively simple and inexpensive to
      manufacture, easy and reliable to operate, and rugged and durable in use.
PAR  Briefly, the objects of the present invention are achieved by the provision
      of a pyrophoric gas lighter utilizing a container of compressed fluid, the
      head of the lighter which carries the wheel and flint being mounted on the
      head of the container of compressed gas in such a manner that by simple
      pressure of the thumb, the wheel rotates to produce the spark and
      simultaneously the valve of the container opens thus liberating the gas.
PAR  The lighter of the present invention thus comprises the combination of a
      pressurized container and a removable head therefor, the removable head
      carrying the pyrophoric flint and its positioning spring, the burner, the
      wheel and a gas collection chamber, the head resting freely on the valve
      stem of the aerosol container and sliding guidedly axially relative to the
      container to effect opening of the valve, which upon closing returns the
      lighter head to its initial position under the influence of the
      conventional return spring for the container valve.
PAR  According to a first embodiment of the invention, the thumb pressure which
      actuates the wheel and dispenses the fluid is exerted directly on the
      wheel.
PAR  According to the second embodiment, the thumb pressure is exerted on the
      lighter head whose sliding movement on the container actuates the wheel
      and simultaneously dispenses the fluid.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawings, in which:
PAR  FIGS. 1 and 2 are cross-sectional views in unlighted and lighted condition,
      of the first embodiment of the present invention;
PAR  FIGS. 3 and 4 are views corresponding to FIGS. 1 and 2, respectively, but
      showing a second embodiment of the invention;
PAR  FIG. 5 is an elevational view of the head of a lighter according to the
      embodiment of FIGS. 3 and 4, with the protective cap removed; and
PAR  FIG. 6 is a cross-sectional view taken at right angles to FIG. 5.
DETD
PAR  Referring now to the drawings in greater detail, and first to the
      embodiment of FIGs. 1 and 2, there is shown a pyrophoric gas lighter
      according to the present invention, comprising a conventional container B
      containing for example the ingredients of an aerosol comprising a
      pressurized gas and a quantity of combustible liquid of conventional
      composition dispensible in a fog or aerosol under the influence of the
      compressed gas. Alternatively, of course, instead of aerosol in container
      B, a compressed gas such as butane may be contained, or a volatile
      inflammable liquid. Container B has a conventional valve B.sub.1 having a
      valve stem that slides axially of container B, in a downward direction as
      seen in FIG. 1, to dispense the contents of the container and in an upward
      direction to close the container again. The construction of container B
      and its valve are purely conventional and so need not be further
      disclosed.
PAR  The head of the lighter comprises a body T having a downwardly depending
      cylindrical skirt 1 which slides on the upper part of container B and
      which has at its upper end a pair of flanges 2 carrying between them the
      axle 3 of the striking wheel 4. A conventional thumbpiece 5 receives the
      thumb after striking movement of the wheel 4.
PAR  Body T has a conventional outwardly opening recess therein for reception of
      the conventional flint 6 which is urged into contact with wheel 4 by
      spring 7. Body T also has a downwardly depending annular collar 8 that
      slides on valve B.sub.1, the downwardly opening recess thus provided in
      body T having a bottom 8.sub.a by which body T presses against valve
      B.sub.1 in an axial direction. A passage 9 eccentric to valve B.sub.1
      opens through bottom 8.sub.a and communicates with a small collection
      chamber 10 between bottom 8.sub.a and a burner in the form of a
      screw-threaded plug 11 that makes a fluidtight joint 12 with body T. Plug
      11 has an axial hole 13 therethrough which opens upwardly at about the
      level of the bottom of wheel 4. Rotation of plug 11 permits one to
      regulate the height of the flame. It is to be noted that the means for
      regulating the height of the flame thus is positioned downstream, with
      respect to the direction of gas flow, from the gas valve, in contrast to
      known lighters in which the corresponding means is positioned upstream
      with respect to the valve.
PAR  From the above, the operation of the device, best shown in FIG. 2, will be
      evident: the user flicks the wheel 4 with his thumb in the direction of
      the arrow, that is, clockwise as seen in FIG. 2, after which his thumb
      comes to rest on the thumbpiece 5. The pressure of the thumb first on
      wheel 4 and then on thumbpiece 5 slides the lighter head downwardly on
      container B against the action of the spring of valve B.sub.1 and opens
      valve B.sub.1, so that the production of the spark and the initiation of
      the gas flow are substantially simultaneous. Gas flow continues as long as
      the thumb continues to press on thumbpiece 5. Release of pressure of the
      thumb on thumbpiece 5 permits the lighter head to resume its FIG. 1
      position, under the spring action of valve B.sub.1, whereupon valve
      B.sub.1 closes and gas flow ceases.
PAR  As indicated above, the second embodiment of the invention is characterized
      in that pressure of the thumb on the lighter head simultaneously actuates
      the wheel and releases the gas, the thumb being out of contact with the
      wheel. The downward movement of the head is what actuates the wheel.
PAR  According to this second embodiment, the guide means for the lighter head
      during axial displacement relative to the container are also quite
      different from that of the first embodiment.
PAR  In this second embodiment, the guide means for the lighter head is an
      intermediate member of U-shaped cross section whose base rests on the head
      of the container and which receives the valve in its central portion, the
      upper ends of the legs of the U carrying two ratchets spring urged against
      the teeth of two ratchet wheels carried by the lighter head and secured to
      the axle of the wheel. In this way, the head of the lighter, resting on
      the valve, when pressed down moves downwardly between the two legs of the
      intermediate piece and thus effects the actuation of the wheel and the
      opening of the valve of the container and so lights the lighter. When
      pressure is released on the lighter head, it rises to its initial position
      under the influence of the return spring of the valve. At that time the
      flame is extinguished and the lighter is ready to be operated again by
      pushing again on the head of the lighter. So as not to interfere with the
      rotation of the wheel and so as to facilitate pressure on the lighter
      head, a cylindrical cap is secured to the lighter head in surrounding
      relationship therewith so that the intermediate piece, when pressed down,
      will abut at the end of its travel against a cylindrical sleeve
      surrounding the body of the container.
PAR  The head of the lighter comprises the burner, the wheel, the pyrophoric
      flint, the flint spring, and the two ratchet wheels, and is thus
      completely independent of the container for the combustible material.
PAR  Referring now more particularly to FIGs. 3-6, the head of the lighter in
      the second embodiment is comprised by a body 14 which is pressed down upon
      and carried by the stem of the valve B.sub.1 of the container B. Body 14,
      which comprises the bulk of the head of the lighter, slides axially
      between legs 15 of an intermediate piece 16. A cylindrical cap 17 covers
      body 14 as well as the intermediate piece 16 and its two legs 15. Cap 17
      is fixed to body 14 by means of projections 18 which are disposed in
      corresponding recesses in body 14, so that cap 17 and body 14 move
      together as a unit.
PAR  Valve B.sub.1 is provided with a conduit 19 which empties into a first
      chamber 20 in body 14, which in turn communicates by conduit 21 with
      another chamber 22 whose volume is regulable by screwing the burner 23 in
      or out. An O-ring 12 seals between burner 23 and body 14. Burner 23
      contains an axial conduit 24 which communicates between chamber 22 and the
      inside of a tube 25 which has a lateral opening 26 that permits the
      passage of sparks struck by wheel 27 against flint 28. A torsion spring 29
      maintains flint 28 in contact with wheel 27, the flint 28 riding in a
      passageway 30 which opens downwardly to permit replacement of the flint
      when the leg 29A of the spring 29 that bears against the flint is moved
      out of passage 30 (see also FIG. 6).
PAR  As best seen in FIG. 6, on each leg 16 is pivotally mounted a ratchet 31 on
      a shaft 32 (see FIGS. 5 and 6); and the leg 33 of a torsion spring 34
      urges each ratchet 31 against each of a pair of ratchet wheels 35 mounted
      on a common shaft 36 that is fixedly secured to wheel 27.
PAR  The cap 17 has an opening therethrough, through which the tube 25 projects.
      Intermediate piece 16 surrounds the head B2 of the container and rests on
      shoulder B3 of the container and so the lighter head is quite stable on
      the container B. Intermediate piece 16 has a wide groove R about its lower
      end, which permits the in-turned flange at the lower end of cap 17 to ride
      therein when cap 17 moves relative to the lighter. A cylindrical sleeve 37
      surrounds the container and has at its upper end an in-turned flange which
      is disposed in a groove 38 that surrounds the lower end of intermediate
      piece 16. Between them, the cap 17 and the sleeve 37 cover most of the
      lighter; and in the illuminated position of the lighter (FIG. 4) cover all
      of the lighter. Cap 17 and sleeve 37 may be made of a resilient plastic
      material for ease of assembly.
PAR  As will be evident, when one presses down on the cap 17 in the direction of
      the arrow P shown in FIG. 4, the head 14 will be moved downwardly and the
      valve stem of the pressurized container will be moved down to open the
      valve and permit discharge of inflammable fluid. At the same time, the
      intermediate piece 16 with its legs 15 will be held against lowering
      movement by the container itself, as seen in FIG. 6, with the result that
      the ratchets 31 will cause the ratchet wheels 35 to turn, and so the wheel
      27 will be turned against the flint 28 to strike a spark to ignite the
      inflammable fluid that escapes through conduit 24 into tube 25.
PAR  When the pressure of the thumb or finger is released from the cap 17, the
      parts resume their FIG. 3 position; the valve B.sub.1 is closed and the
      flow of inflammable fluid stops, and the lighter is extinguished. DUring
      this return movement, the ratchet wheel 35 rides over the ratchet 31
      against the action of spring 34 to return to the FIG. 5 position.
PAR  The invention thus permits the production of a very simple pyrophoric
      lighter, at low cost, which at the time will be automatic in its
      operation. Moreover, the assembly of the lighter to a metal pressurized
      container of inflammable fluid is very rapid because it is necessary only
      to slide the lighter head onto the operating stem of the valve of the
      pressurized container. It is especially to be noted that the lighter head
      is a unitary assembly whose weight can be very small and whose size can be
      quite compact, thanks to the special arrangement of the burner, the wheel,
      and the flint spring urged against the wheel. The miniaturization of the
      lighter head can thus permit one to obtain an automatic lighter which will
      nevertheless be no heavier than a lighter which is not correspondingly
      automatic.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that all of the initially recited objects of the present invention
      have been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with preferred embodiments, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A pyrophoric lighter comprising a head, means for mounting said head
      freely on the spring-urged stem of the valve of a can of pressurized
      inflammable fluid, said head having a passage therethrough for said
      inflammable fluid from said valve stem to a point outside said head, a
      striking wheel for rotation against a flint carried by the lighter head to
      direct sparks toward said point to ignite fluid passing through said
      passageway to said point, whereby pressure on said head in the direction
      of a said container depresses the said valve stem to initiate flow of gas
      through said passageway, the release of said pressure permitting said head
      to move away from the container under the urging of the spring of said
      valve stem thereby to discontinue the flow of said fluid, and guide means
      for guiding said head on said container, said guide means comprising an
      intermediate piece comprised by a pair of legs that rest on a said
      container and that support between them means for rotating said wheel upon
      movement of said head toward said container.
NUM  2.
PAR  2. A lighter as claimed in claim 1, and two ratchet wheels fixed to the
      wheel, each said leg pivotally carrying a ratchet engageable with a said
      ratchet wheel whereby movement of the head relative to the legs turns said
      ratchet wheels to turn the first-mentioned wheel.
NUM  3.
PAR  3. A lighter as claimed in claim 1, and a cap covering said head and
      intermediate piece.
NUM  4.
PAR  4. A lighter as claimed in claim 3, said intermediate piece having a wide
      groove therein in which a radially inwardly extending flange on the end of
      said cap is disposed.
NUM  5.
PAR  5. A lighter as claimed in claim 1, said intermediate piece having an
      outwardly opening groove about its lower edge, and a cylindrical sleeve
      for surrounding a said container, said sleeve having a radially inwardly
      extending flange about its upper end, said flange being removably disposed
      in said groove.
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ABST
PAL  A security device for a lighter having an externally operated actuator
      lever which opens and closes a gas valve. The security device comprises a
      security member secured to the lighter for preventing operation of the
      actuator lever, the security member being attached to the lighter by at
      least one line of weakness so as to be separable from the lighter to free
      the actuator lever. The security member can enclose the lever to prevent
      access thereto, or it can abut the lever to block movement thereof.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a security device adapted for use with a portable
      lighter to guarantee the inviolability of the actuator lever of a gas
      valve of such lighter.
PAR  In this way, the purchaser of the lighter is assured that the lighter has
      not been previously used.
PAC  SUMMARY OF THE INVENTION
PAR  The security device of the invention is applicable to lighters having
      externally operated actuator levers for opening and closing a gas valve,
      the security device comprising a portion preventing actuation of the lever
      and fixed to the lighter by at least one part of least resistance by which
      the security device can be separated to free the actuator lever.
PAR  In one embodiment of the invention, the security device surrounds the
      control region, i.e. by enclosing at least part of the actuator lever.
PAR  In a second embodiment, the security device comprises an abutment fixed
      under the actuator lever.
PAR  In the first embodiment, the actuator lever is free but access thereto is
      prevented, whereas in the second embodiment the actuator lever is
      accessible, but is prevented from moving by the abutment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view showing a lighter equipped with a
      security device according to a first embodiment of the invention,
PAR  FIG. 2 is a plan view of the lighter of FIG. 1,
PAR  FIG. 3 is a sectional view taken on a median plane through the security
      device of FIG. 1,
PAR  FIG. 4 is a side elevational view, partially in section, of a lighter
      provided with a second embodiment of a security device according to the
      invention,
PAR  FIG. 5 is a rear elevational view of a lighter provided with a third
      embodiment of a security device, according to the invention, and
PAR  FIG. 6 is a side elevational view of the lighter of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referrisng to FIGS. 1-3, therein is seen a lighter with a security device
      which is intended to prevent operation of the lighter prior to its
      purchase and to thereby insure the purchaser that the lighter is fresh and
      has not been used or tampered with. The security device comprises a hollow
      bubble member 1 of substantially spherical shape mounted around a control
      lever 2 which opens and closes a gas valve of the lighter 3. The hollow
      member 1 cooperates with adjacent portions of the lighter to enclose the
      valve lever 2 and to render this inaccessible to the finger of a user or
      even to a pointed actuator element. The hollow member is constituted of a
      plastic material which can be molded integrally with a portion of the
      lighter, for example, with the head thereof. In this case, it can include
      zones of weakness along which it can be broken, such as for example, by
      reduced thickness along lines of weakness.
PAR  The security member 1 illustrated in FIG. 3 is a separate part which
      includes a tab 6 adapted to be fixedly held in a corresponding recess
      provided in the head 4 of the lighter. The tab 6 is attached to the
      remainder of member 1 by a thin portion 7 of least resistance adapted to
      facilitate breakage of member 1 at the portion 7.
PAR  By means of the above construction, when member 1 is intact on the lighter,
      the actuator lever is inaccessible and the lighter can not be operated.
      The purchaser can easily break the member 1 to gain access to the actuator
      lever and thereby be assured that the lighter is fresh and has not
      hitherto been used.
PAR  In the embodiment of FIG. 4, the security device comprises an upper portion
      8, a lower portion 9 wedged just beneath the actuator lever of the valve,
      and lateral side walls 10. In this construction, the security device
      surrounds the valve lever without completely enclosing it. The
      introduction of a pointed instrument in the space 11 formed between
      portion 8 and flint wheel 12 cannot actuate lever 2, since the lever is
      blocked by lower portion 9 of the security device. The security device can
      either be integrally moulded with the head of the lighter or connected
      thereto by a locked connection as with the previously described
      embodiment.
PAR  Referring to FIGS. 5 and 6, therein the security device is constituted by a
      simple abutment 13 wedged between the valve lever 2 and the heel 14 of the
      lighter. The abutment 13 comprises a removal tab 15 by which the abutment
      is seized to be removed. The abutment is fixed to the heel 14 by any
      suitable means of attachment which can be overcome by application of force
      to tab 15. A suitable adhesive or other operative means (not shown) is
      within the contemplation of the invention.
PAR  Numerous modifications can be made of the detailed embodiments which have
      been disclosed without departing from the frame work of the invention. The
      security device can, for example, completely enclose the head of the
      lighter. Preferably, however, the actuator lever for the valve of the
      lighter is rendered inoperative by one of the embodiments of the security
      device according to the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A security device for a lighter having an externally operated actuator
      lever for opening and closing a valve, and a flint wheel in spaced
      relation adjacent said actuator lever, said security device comprising a
      security member secured to the lighter and including means arranged in
      proximity to the actuator lever and flint wheel for preventing operation
      of the actuator lever and substantially closing the space between the
      flint wheel and the actuator lever to prevent access therebetween, said
      security member being separable from the lighter to free the actuator
      lever, said means for preventing operation of the actuator lever including
      a first portion abutting against said lever from below to prevent downward
      operation thereof and a second portion attached to said first portion and
      extending upwardly therefrom to be interposed in the space between said
      lever and flint wheel to prevent access to said space while enclosing the
      actuator lever from above.
NUM  2.
PAR  2. A security device as claimed in claim 1 wherein said security member is
      integrally moulded with the lighter.
NUM  3.
PAR  3. A security device as claimed in claim 2 wherein said security member
      includes means securely attached to the lighter and means defining a line
      of weakness along which the security member can be broken to provide
      access to the actuator lever.
NUM  4.
PAR  4. A security device as claimed in claim 1 wherein said first portion
      includes a wedge portion fitted beneath the lever and lateral side walls
      joining said first and second portions.
NUM  5.
PAR  5. A security device for a lighter having an externally operated actuator
      lever for opening and closing a valve, and a flint wheel in spaced
      relation adjacent said actuator lever, said security device comprising a
      security member secured to the lighter and including means arranged in
      proximity to the actuator lever and flint wheel for preventing operation
      of the actuator lever and substantially closing the space between the
      flint wheel and the actuator lever to prevent access therebetween, said
      security member being separable from the lighter to free the actuator
      lever, said means for preventing operation of the actuator lever
      comprising a hollow bubble member covering only a portion of the top and
      side of the lighter to enclose the flint wheel and the actuator lever,
      said hollow bubble member including a tab piece fixedly held in a recess
      provided in said lighter and a relatively thin portion defining a line of
      weakness adjacent said tab to permit removal of the bubble member by
      breakage thereof at said thin portion.
NUM  6.
PAR  6. A security device as claimed in claim 5 wherein said tab is fixedly held
      in said recess.
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ABST
PAL  An electric ignition assembly for a gas burner employs a resistance igniter
      element which is surrounded by a hood having an opening. A stream
      containing fuel is directed through the opening and along a surface
      portion above the igniter element so as not to directly impinge upon the
      igniter element. Facilities, such as a transversely extending wall or a
      tang, direct a portion of the stream into engagement with the igniter
      element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention relates to electric ignition assemblies for gas burners, and
      in particular, to electric ignition assemblies employing resistance
      igniter elements.
PAR  2. Description of the Prior Art:
PAR  Prior art burner systems having a plurality of burners, such as a gas fired
      cooking-range top, employ a pilot flame with a plurality of flash tubes
      extending between the pilot flame and the respective burners for directing
      gaseous fuel from the burners to the pilot flame. U.S. Pat. Nos. 2,705,531
      and 3,799,730 disclose ignition systems for multiple fuel burners of a gas
      range top having an electric resistance igniter to which are directed a
      plurality of flash tubes from respective ones of the plurality of burners.
      In such burner systems employing resistance igniter elements, streams of
      fuel and air impinging directly upon the resistance igniter elements tend
      to reduce the temperature of the resistance igniter elements which under
      certain circumstances can reduce the temperatures sufficiently to prevent
      ignition of the fuel.
PAR  One particular solution is to raise the temperature of the igniter
      sufficiently so that the impinging stream will not lower the temperature
      of the igniter below ignition temperature; however, such increased
      temperature causes increased thermal shock as well as increased thermal
      degradation of the igniter elements, terminals, etc.
PAR  In igniter devices for burner systems employing single gaseous burners, as
      exemplified in U.S. Pat. Nos. 2,850,084, 3,139,558, 3,437,880, and
      3,562,590, various shields or hoods, including hoods with openings
      therein, have been employed to protect the resistance igniter element from
      direct impingement by a stream of gaseous fuel and air. Such electric
      resistance igniter devices for single burners are generally not suitable
      for igniting a plurality of burners. Further, prior art electric
      resistance igniter devices for single burners generally have one or more
      deficiencies such as still being subject to substantial cooling by streams
      of gas and air, being unreliable in insuring flame igniting contact with a
      sufficient stream of an ignitable mixture, being exposed to drafts, etc.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is summarized in that an electric ignition assembly for a
      plurality of burners includes a resistance igniter element; a hood
      surrounding the igniter element; the hood having a plurality of openings;
      a plurality of flash conduits, each flash conduit extending between a
      respective burner and the hood in alignment with a respective opening in
      the hood for directing unignited fuel from the respective burner to the
      igniter element; said resistance igniter element being spaced within the
      hood a predetermined distance away from alignment with each respective
      conduit and opening; and means for diverting a portion of a respective
      stream passing through each opening from each respective conduit toward
      the igniter element.
PAR  An object of the invention is to construct an electric ignition assembly
      for reliably igniting a plurality of burners wherein the assembly utilizes
      a resistance igniter element which is not subject to cooling and
      malfunction due to drafts and streams of gas and air.
PAR  Another object of the invention is to construct an electric ignition
      assembly which has substantially improved facilities for directing a
      stream containing fuel in spaced relationship past a resistance igniter
      element to avoid direct impingement of the stream on the igniter element.
PAR  It is also an object of the invention to provide substantially improved
      facilities for diverting a portion of a stream containing fuel into
      engagement with an igniter element to ignite the stream.
PAR  An advantage of the invention is that a substantially greater portion of an
      ignitable stream containing fuel may be brought into substantially closer
      proximity to an electrical resistance igniter element without causing a
      substantial reduction in the temperature of the igniter element than has
      heretofore been possible.
PAR  Additional features of the invention include the provision of a hood having
      a surface portion for extending in alignment with a stream containing fuel
      to direct the stream in spaced relationship past an igniter element; the
      provision of a wall for extending contiguous and transverse a stream
      containing fuel to diverting a portion of the stream of fuel; and the
      provision of a projection extending into a stream containing a mixture of
      gaseous fuel and air for turbulating the stream to divert a portion of the
      stream against an igniter element.
PAR  Other objects, advantages and features of the invention will become
      apparent from the following description when taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-section view in elevation of a broken away portion of a
      burner system in accordance with the invention.
PAR  FIG. 2 is a view of an igniter assembly taken along lines 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of a resistance igniter sub-assembly of the
      igniter assembly in FIGS. 1 and 2.
PAR  FIG. 4 is an elevation cross-section view of the igniter sub-assembly of
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the invention is embodied in a top burner system
      for a cooking range including a pair of burners 10 and 12, an electric
      resistance igniter sub-assembly 14, and a pair of conduits or flash tubes
      16 and 18 extending between the respective burners 10 and 12 and the
      igniter sub-assembly 14 for directing an ignitable stream containing
      gaseous fuel from the respective burners 10 and 12 to the igniter
      sub-assembly 14.
PAR  The burner system has an inverted channel-like support 20 upon which
      support arms 22 and 24 are suitably mounted. The respective burners 10 and
      12 are mounted by suitable facilities (not shown) on the ends of the
      support arms 22 and 24. The flash tubes 16 and 18 are mounted by support
      blocks 26 and 28 on the respective arms 22 and 24.
PAR  The burners 10 and 12 have respective chambers 30 and 32 which communicate
      with respective conventional gaseous fuel supply and control facilities
      (not shown). Main burner ports 34 and 36 are formed toward the top
      portions of the respective burners 10 and 12 around the circumference
      thereof for producing suitable flames for cooking, or the like. The
      burners 10 and 12 also have ignition ports 38 and 40 which are aligned
      with the respective flash tubes 16 and 18 for projecting streams of
      gaseous fuel mixture into the open ends 42 and 44 of the respective flash
      tubes 16 and 18 adjacent the respective burners 10 and 12 to create
      streams of gaseous fuel and air through the flash tubes 16 and 18.
PAR  As illustrated in FIGS. 2, 3 and 4, the igniter subassembly 14 has an
      insulating member including a pair of insulating blocks 46 and 48 in which
      respective terminal strips 50 and 52 are suitably retained. Stripped ends
      54 and 56 of respective high-temperature insulated conductors 58 and 60
      are connected to the lower ends 62 and 64 of the respective terminal
      strips 50 and 52. Upper ends 66 and 68 of the terminal strips 50 and 52
      extend above the insulating blocks 46 and 48. An igniter element 70 has
      its ends telescoped within respective supporting sleeves 72 and 74.
      Extreme ends of the element 70 together with the ends of the sleeves 72
      and 74 are fused to the upward extending ends of the terminal strips 66
      and 68 to fixedly secure the igniter element 70 in an upward extending
      direction above the insulating blocks 46 and 48.
PAR  The burner system has conventional electrical energizing facilities (not
      shown) connected to the conductors 58 and 60.
PAR  The resistance igniter element 70 is preferably a coil formed from an
      elongated refractory resistance material, such as the commercially
      available refractory material containing principally molybdenum disilicide
      together with minor portions of bonding ceramics and the like.
PAR  A hood including a generally vertically extending wall having rectangularly
      disposed walls 76, 78, 80 and 82 and a gabled top including top plate
      portions 84 and 86 joined at an apex and supported on the upper edges of
      the walls 78 and 82 surrounds the igniter element 70 in spaced
      relationship thereto. Supporting wing portions 88 and 90 extend downward
      from the side walls 78 and 82 on opposite sides of the insulating member.
      An eyelet 92 secures the wing portions 88 and 90 as well as the insulating
      blocks 46 and 48 together.
PAR  The igniter sub-assembly is mounted on the support 20 by a bracket 94 which
      is secured by a bolt 96 to the support 20 and by a bolt 98 extending
      through the eyelet 92.
PAR  Generally triangular-shaped openings 102 and 104 are formed between the
      respective upper edges of the walls 76 and 80 and the top portions 84 and
      86 of the hood. The top portions 84 and 86 extend parallel and in
      alignment with the tubes 16 and 18 and have inside surfaces contiguous the
      openings 102 and 104. The exit ends 106 and 108 of the respective tubes 16
      and 18 are spaced a predetermined distance, for example 3.2 millimeters
      (0.125 inches), from the respective walls 76 and 80 of the hood as
      illustrated in FIG. 4. The predetermined distance is selected to produce
      appreciable streams of gaseous fuel and air mixture from the exit ends 106
      and 108 which will not be substantially deviated by minor drafts and
      currents which may occur in the vicinity of the igniter sub-assembly 14.
      The axis of the openings 106 and 108 as illustrated in FIG. 2 is generally
      slightly above the center-of-figure of the openings 102 and 104 and is
      slightly below the apex of the top sections 84 and 86. The cross-sectional
      areas of the openings 106 and 108 and the tubes 16 and 18 are illustrated
      as being slightly larger than the cross-sectional areas of the openings
      102 and 104 of the hood.
PAR  The size of the openings 102 and 104 in the hood is selected to pass or to
      allow entrance and exit of at least a substantial portion of the streams
      from the tubes 106 and 108 in the hood.
PAR  The upper edges of the respective walls 76 and 80 extend upward at least to
      the lower edge of the openings 106 and 108 so as to be contiguous to
      respective streams issuing from the exit openings 106 and 108. At least
      the portions of the walls 76 and 80 contiguous the openings 102 and 104
      are transverse or substantially perpendicular to the tubes 16 and 18.
      Projections or tangs 110 and 112 extend centrally from the respective
      walls 76 and 80 upward into the openings 102 and 104. The tangs 110 and
      112 have a size, shape and position particularly insuring that selected
      portions of the streams are turbulated and diverted when they pass into
      the openings 102 and 104.
PAR  Openings 114 and 116 in respective walls 78 and 82 are located generally at
      least level with or below the top portion of the igniter element 70. The
      size of the openings 114 and 116 is selected to allow some air or gas flow
      from the openings 102 and 104 past the igniter element 70 but restrict any
      substantial gas flow from the openings 102 and 104 past the igniter
      element 70.
PAR  The hood including the walls 76, 78, 80 and 82 and the top portions 84 and
      86 along with the tangs 110 and 112 and the wings 88 and 90 are integrally
      formed from a metal which has reflective properties to retain radiation
      within the hood from the igniter element 70. Each of the walls 76 and 80
      can be formed from two portions bent into approximate butting
      relationship. It is noted that the walls 76, 78, 80 and 32 extend above
      the igniter element and that the igniter element 70 is located a
      predetermined distance below the upper edges of the walls 76 and 80.
PAR  A shield 118 suitably secured to the support 20 extends over the open ends
      106 and 108 of the tubes 16 and 18 as well as the upper portion of the
      hood of the igniter subassembly 14 to protect the streams of gaseous fuel
      from the flash tubes 16 and 18 from drafts and the like.
PAR  In operation of the ignition assembly shown in FIGS. 1, 2, 3 and 4 the
      igniter element 70 is suitably energized by current through the leads 58
      and 60 when a pressurized gaseous fuel mixture is applied into either or
      both of the chambers 30 and 32 of the burners 10 and 12. Pressurized fuel
      mixture from the ports 38 and 40 passes into the respective open ends 42
      and 44 of the flash tubes 17 and 18 producing streams of fuel mixture
      progressing to the igniter sub-assembly where the streams are ignited by
      the igniter element 70 creating a flash of flame through the tubes 16 and
      18 thus igniting the fuel mixture issuing from the ports 38 and 40. Once
      flames from the ports 38 and 40 are ignited the flames will travel upward
      igniting fuel issuing from the main ports 34 and 36 thus completing
      ignition of the burners 10 and 12.
PAR  In FIG. 4, a gaseous fuel stream is shown passing through the tube 18 out
      the exit opening 108 and into the opening 104 of the hood. The stream
      tends to follow the inside surfaces of the portions 84 and 86 directing
      the stream through the hood a predetermined distance above the igniter
      element 70. A lower portion of the stream passing over the upper edge of
      wall 80 is diverted downward by turbuation around the upper edge of the
      wall 80. The amount of turbulation and hence the diverted portion of the
      stream is increased a selected amount by the selected size, shape and
      position of the tang 112. The diverted portion of the stream of fuel
      engages the igniter element 70 producing ignition of the stream of fuel
      and air.
PAR  It is particularly advantageous that the openings 102 and 104 pass a
      substantial portion of the streams of fuel mixture from the tubes into the
      hood; thus there is insured sufficient quantity of ignitable stream to
      create flash through the openings 102 and 104 back to the burners. The
      tendency of the streams from the tubes 16 and 18 to follow the inside
      surface of the portions 84 and 86 and alignment of the openings 102 and
      104 with the streams from the tubes 16 and 18 insure that main portions of
      the ignitable streams in the hood do not impinge directly upon the igniter
      element 70; thus preventing a substantial reduction in temperature of the
      igniter element 70 due to the streams of fuel from the tubes 16 and 18.
      The walls 76 and 80 extending transverse and contiguous to the streams
      from the tubes 16 and 18, particularly as enhanced by the tangs 110 and
      112, produce turbulation and hence diversion of only a selected portion
      against the igniter element 70, thus there is insured ignition of the
      streams without any substantial reduction in temperature of the igniter
      element 70 due to direct engagement with a large ignitable stream.
      Turbulence of the lower portion of the stream produces a gradient of fuel
      movement from the stream to the igniter element 70 to enhance ignition.
PAR  Further, the openings 114 and 116 having a size selected in accordance with
      the particular design parameters of the streams through the tubes 16 and
      18 enhance the ability to restrict the reduction in igniter temperature
      while insuring sufficient contact with an ignitable stream. Larger
      openings are selected for streams which are slow, while smaller openings
      are selected for streams with greater velocities.
PAR  Since many modifications, variations and changes in detail may be made to
      the presently described embodiment, it is intended that all matter
      contained in the foregoing description and shown in the accompanying
      drawings be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric ignition assembly for a plurality of burners comprising
PA1  an electric resistance igniter element;
PA1  a hood surrounding the igniter element;
PA1  said hood having a plurality of openings;
PA1  a plurality of flash conduits, each flash conduit extending between a
      respective burner and the hood in alignment with a respective opening in
      the hood for directing unignited fuel from the respective burner into the
      hood;
PA1  said resistance igniter element being spaced within the hood a
      predetermined distance away from alignment with each respective conduit
      and opening; and
PA1  means for diverting a portion of a respective stream passing through each
      opening from each respective conduit toward the igniter element.
NUM  2.
PAR  2. An electric ignition assembly as claimed in claim 1 wherein
PA1  the hood includes an inside surface portion extending contiguous each of
      the plurality of openings and in alignment with each of the plurality of
      conduits for guiding each respective stream in the hood spaced from the
      igniter element.
NUM  3.
PAR  3. An electric ignition assembly as claimed in claim 2 wherein
PA1  the resistance igniter element is spaced within the hood a predetermined
      distance in a first direction transverse from alignment with each
      respective conduit, and
PA1  the means for diverting a portion of a respective stream includes a wall
      portion contiguous each of the plurality of openings and extending in the
      first direction transverse from alignment with each of the plurality of
      conduits.
NUM  4.
PAR  4. An electric ignition assembly as claimed in claim 3 wherein
PA1  each of the plurality of openings is triangular,
PA1  the inside surface portion extending contiguous each opening extends
      contiguous two sides of each triangular opening, and
PA1  the wall portion contiguous each opening extends contiguous the third side
      of each triangular opening.
NUM  5.
PAR  5. An electric ignition assembly as claimed in claim 1 wherein
PA1  the means for diverting at least a portion of a stream passing through each
      opening includes a respective projection extending into the path of each
      respective stream.
NUM  6.
PAR  6. An electric ignition assembly as claimed in claim 5 wherein
PA1  the hood has top and a wall surrounding the igniter and the plurality of
      openings are formed in the wall, and
PA1  the respective projections are integrally formed with the wall and project
      into the respective openings.
NUM  7.
PAR  7. An electric ignition assembly as claimed in claim 1 wherein
PA1  the resistance igniter element is spaced in a first direction away from
      direct alignment with each respective conduit and opening, and
PA1  the hood has another opening spaced in a second direction from the igniter
      element for allowing exit of a diverted portion of the respective stream
      from the hood such as to allow passage of the diverted portion through the
      hood for impinging upon the igniter coil.
NUM  8.
PAR  8. An electric igniter assembly for igniting a stream which contains fuel
      comprising
PA1  a resistance igniter element,
PA1  a hood surrounding the igniter element,
PA1  said hood positioned in the path of the stream and having a pair of
      openings in respective opposite sides of the hood in alignment with the
      path of the stream for allowing entrance and exit of the stream in the
      hood,
PA1  said resistance igniter element being spaced a predetermined distance from
      the path of the stream, and
PA1  a projection for diverting a portion of the stream in the hood to impinge
      upon the resistance igniter element.
NUM  9.
PAR  9. An electric igniter assembly as claimed in claim 8 wherein
PA1  the projection extends into the entrance opening of the pair of openings
      for creating turbulence in the stream to divert a portion of the stream to
      impinge upon the resistance igniter element.
NUM  10.
PAR  10. An electric igniter assembly as claimed in claim 9 wherein
PA1  the projection is integrally formed with the hood.
NUM  11.
PAR  11. An electric igniter assembly for igniting a stream which contains fuel
      comprising
PA1  a resistance igniter element,
PA1  a hood surrounding the igniter element,
PA1  said hood positioned in the path of the stream and having a pair of
      openings for allowing entrance and exit of the stream in the hood,
PA1  said resistance igniter element being spaced a predetermined distance from
      the path of the stream,
PA1  a surface portion contiguous the pair of openings in the hood and extending
      parallel the path of the stream in the hood between the pair of openings
      for directing the stream in the hood in spaced relationship to the igniter
      element; and
PA1  means for diverting a portion of the stream inside the hood to engage the
      diverted portion against the igniter element.
NUM  12.
PAR  12. An electric igniter assembly as claimed in claim 11 wherein
PA1  the means for diverting a portion of the stream inside the hood includes a
      projection extending into the entrance opening of the pair of openings for
      creating turbulence in the stream to divert a portion of the stream to
      engage the igniter element.
NUM  13.
PAR  13. An electric ignition assembly for a pair of gaseous fuel burners each
      of which has a plurality of main flame ports and an ignition port for
      igniting the main flame ports, said assembly comprising,
PA1  a refractory electrical insulating member,
PA1  a pair of terminals mounted in spaced relationship on the insulating
      member,
PA1  a resistance igniter coil formed from a material containing principally
      molybdenum disilicide,
PA1  said igniter coil having respective ends mounted on respective terminals of
      the pair of terminals,
PA1  a hood mounted on the insulating member and having four rectangularly
      disposed walls extending from the insulating member,
PA1  said hood having a gabled top with a pair of plate portions joined at an
      apex and mounted at sides opposite the apex of a first opposing pair of
      the four walls,
PA1  said hood also having a pair of openings formed in the second opposing pair
      of walls,
PA1  said openings in the second pair of walls including triangular portions
      contiguous the gabled top to form a straight open passageway between the
      openings in the second pair of walls through the hood beneath the gabled
      top parallel to the apex,
PA1  said second pair of opposing walls having straight edge portions bordering
      the respective openings in the second pair of walls,
PA1  a tang centrally projecting from each of the straight edge portions into
      the respective openings in the second pair of walls,
PA1  said hood and said tangs integrally formed from a metal,
PA1  said four walls and said gabled top surrounding in spaced relationship the
      igniter coil such the igniter is spaced from the straight open passageway
      between the openings in the second pair of walls to reflect radiation from
      the ignition coil,
PA1  said refractory electrical insulating member and said hood mounted between
      the pair of burners such that the passageway between the openings in the
      second pair of walls is aligned with the ignition ports of the pair of
      burners,
PA1  a pair of flash tubes, each of the pair of flash tubes axially aligned with
      the passageway between the openings in the second pair of walls,
PA1  each of said flash tubes extending between the ignition port of a
      respective one of the pair of burners and the opening in a respective one
      of the second walls,
PA1  a pair of openings in the first walls spaced from the top by a distance at
      least equal to the spacing between the igniter coil and the passageway
      between the openings in the second walls to allow diverted gaseous fuel
      flow against the igniter coil, and
PA1  said pair of openings in the first walls having a size restricting free
      flow of a gas and preventing excessive loss of radiation.
NUM  14.
PAR  14. An electric ignition assembly as claimed in claim 13 including
PA1  a shield surrounding the gabled top of the hood and the end portions of the
      pair of flash tubes adjacent the hood.
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ABST
PAL  A burner construction having a tubular member provided with an inlet for
      receiving fuel from the supply thereof and having an outlet for issuing
      and burning a main flow of the received fuel to produce a main flame at
      the outlet. A deflector plate is carried by the tubular member adjacent
      the outlet for directing some of the received fuel substantially
      transverse of the tubular member to create an ignition flame substantially
      transverse to the tubular member for igniting the main flow of fuel at the
      outlet to create the main flame. Thus, a series of such burner
      constructions can be disposed in a side-by-side relation and one pilot
      burner can be utilized to ignite the same in serial relation through the
      ignitor flame plates thereof.
BSUM
PAR  This invention relates to an improved burner construction and to a method
      of making the same as well as to an improved fuel control system utilizing
      such a burner construction and method of making such a fuel control
      system.
PAR  It is well known that fuel burning apparatus utilize a plurality of tubular
      burners disposed in particular arrangements thereof and that some means
      must be provided for igniting the fuel issuing from such tubular burners
      when it is desired to utilize the same.
PAR  Accordingly, it is a feature of this invention to provide a burner
      construction which permits a single pilot burner to ignite a plurality of
      such burners in a particular arrangement thereof.
PAR  In particular, one embodiment of this invention provides a burner
      construction having a tubular member provided with an inlet for receiving
      fuel from a supply thereof and an outlet for issuing and burning a main
      flow of the received fuel to produce a main flame at the outlet. A
      deflector means is carried by the tubular member adjacent the outlet
      thereof for directing some of the received fuel substantially transverse
      of the tubular member to create ignitor flame means substantially
      transverse to the tubular member for igniting the main flow of fuel at the
      outlet to create the main flame means when the ignitor flow of fuel is
      ignited.
PAR  Such burner constructions can be arranged in side-by-side relation with the
      inlets thereof respectively interconnected to a source of fuel. A single
      pilot burner means can be arranged adjacent one of the deflector means of
      one of the tubular members so that the same is adapted to ignite the
      ignitor flow of fuel issuing therefrom and such ignited burner means,
      through the deflector means thereof, will ignite the next adjacent ignitor
      flow of fuel to thereby ignite the main flow of fuel of that adjacent
      burner construction, whereby the tubular burners are adapted to be ignited
      in a serial manner by the single pilot burner means.
PAR  Accordingly, it is an object of this invention to provide an improved
      burner construction having one or more of the novel features set forth
      above or hereinafter shown or described.
PAR  Another object of this invention is to provide a method of making such a
      burner construction or the like.
PAR  Another object of this invention is to provide an improved fuel control
      system utilizing such a burner construction or the like.
PAR  Another object of this invention is to provide an improved method of making
      such a fuel control system or the like.
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PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description, which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a perspective view, partially broken away and illustrating the
      fuel control system of this invention utilizing the burner constructions
      of this invention.
PAR  FIG. 2 is an enlarged top view of one of the burner constructions of FIG.
      1.
PAR  FIG. 3 is a side view of the burner construction of FIG. 2.
PAR  FIG. 4 is an enlarged, fragmentary, cross-sectional view taken on line 4--4
      of FIG. 2.
PAR  FIG. 5 is an enlarged, fragmentary, cross-sectional view taken on line 5--5
      of FIG. 3.
PAR  FIG. 6 is an enlarged, fragmentary, cross-sectional view taken on line 6--6
      of FIG. 4.
DETD
PAR  While the various features of this invention are hereinafter illustrated
      and described as being particularly adapted to provide a fuel control
      system utilizing a plurality of burner constructions of this invention, it
      is to be understood that the various features of this invention can be
      utilized singly or in any combination thereof to provide a single burner
      construction for other systems as desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to FIG. 1, the improved fuel control system of this invention
      is generally indicated by the reference numeral 10 and comprises a fuel
      supply manifold 11 interconnected to a plurality of like burner
      constructions of this invention that are generally indicated by the
      reference numeral 12, the fuel control system 10 being utilized for
      heat-producing purposes in any desired apparatus, such as a cooking
      apparatus or the like.
PAR  The burner constructions 12 each has a tubular member 18 provided with an
      inlet end 14 and an outlet end 15, the inlet end 14 being coupled to the
      manifold 11 by a branch conduit 16 and cooperating with a venturi portion
      17 thereof to draw primary air into the inlet end 14 of the tubular member
      18 at air inlet openings 19 adapted to have the effective area thereof
      adjusted by an adjusting cap 20 in a manner well known in the art.
PAR  The mixed fuel and air in the respective tubular member 18 is adapted to
      issue out of an elongated slot-like opening 21 formed at the outlet end 15
      thereof and respectively being defined between a pair of substantially
      parallel side walls 22 and 23 formed in the top portion of the outlet end
      15 thereof so that subsequently the issuing fuel can burn as a main flame
      means 24 for any desired heating purpose.
PAR  The tubular member 18 can be formed of a single metallic piece or a
      plurality of metallic pieces as desired and may be formed into the
      configuration illustrated in the drawings by suitable stamping operations
      and the like.
PAR  The burner constructions 12 of the fuel control system 10 of FIG. 1 have
      the tubular members 18 thereof disposed in parallel, spaced apart
      side-by-side relation in the manner illustrated in FIG. 1 and each is
      provided with a deflector means 25 in a manner hereinafter described to
      permit all of the burner constructions 12 to be ignited in a serial manner
      by a single pilot burner means 26 that is interconnected to the fuel
      supply and normally has a continuously burning pilot flame means 27 for a
      purpose hereinafter described.
PAR  The deflector means 25 for each burner construction 12 comprises a metallic
      plate-like member formed into substantially a U-shape defined by a pair of
      opposed legs 28 and 29 and interconnected together by a bight portion or
      cross member 30, each U-shaped member 25 being mounted to its respective
      tubular member 18 in substantially an inverted manner by a rearwardly
      extending tang 31 that is formed integrally with the leg 28 thereof and is
      disposed on top of the burner construction of the tubular member 18 to be
      fastened thereto by welding or the like. The front leg 29 of each
      deflector plate 25 has a depending deflector tab 32 integral with the leg
      29 thereof and projecting into the outlet opening 21 of the respective
      tubular member 18, the deflector tab 32 being so constructed and arranged
      that the same has its side edges 32' inwardly spaced from the side walls
      22 and 23 a slight amount as illustrated in FIG. 5 for a purpose
      hereinafter described. Also, each deflector means 25 has a pair of
      inverted substantially V-shaped notches 33 and 34 formed in the front leg
      29 thereof adjacent the deflector tab 32 and outboard of the side walls 22
      and 23 of its respective tubular member 18 as illustrated in FIG. 5.
PAR  The securing tab 31 of each deflector means 25 is partially carved from the
      rear leg 28 thereof in the manner illustrated in FIG. 6 to define a pair
      of slots 35 and 36 on each side of the side walls 22 and 23 of its
      respective tubular member 18 and outboard of the same, the rear leg 29 of
      each deflector plate 25 having a lower edge 37 which extends below the
      lower main edge 38 of the front leg 29 as illustrated.
PAR  Thus, it can be seen that each burner construction 12 of this invention can
      be formed in a relatively simple manner to include the deflector means 25
      therefor which comprises a one-piece structure readily secured to the
      tubular member 18 as previously described to operate in a manner now to be
      described.
PAR  Assuming that the fuel supply manifold 11 has suitable control means (not
      shown) for shutting off the flow of fuel through the manifold 11 to all of
      the burner constructions 12 when it is not desired to utilize the fuel
      system 10 whereby no fuel can issue from the outlets 21 of the burner
      constructions 12. However, the pilot burner means 26 has a flow of fuel
      supplied thereto in a continuous manner so that the flame means 27
      continuously appears at the pilot burner means 26.
PAR  Thus, when the operator desires to turn on the burner constructions 12, the
      operator operates a suitable control device (not shown) that causes the
      manifold 11 to substantially simultaneously supply fuel through the branch
      conduits 16 into the inlet ends 14 of the tubular members 18 whereby such
      flow of fuel into the tubular members 18 draws primary air therein through
      the openings 19 by the venturi effect caused by the venturi portions 17 in
      a manner well known in the art. Such mixed air and fuel passes to the
      outlets 21 of the burner constructions 12 to issue therefrom. However, a
      small amount of such main flow of fuel to the outlet 21 of each burner
      construction 12 impinges against the inside surface of the deflector tab
      32 thereof and spreads out through the U-shaped deflector means 25 to the
      opposed ends 25' thereof to issue therefrom.
PAR  The burner construction 12 that is immediately adjacent the pilot burner
      means 26 now has the ignition fuel issuing from the left-hand end 25'
      thereof as illustrated in FIG. 1 immediately ignited by the pilot flame 27
      whereby the ignited fuel at the left-hand 25' of the deflector means 25 of
      the burner construction 12 adjacent the pilot burner means 26 causes
      ignition of the fuel completely through the U-shaped deflector means 25 to
      the right-hand end thereof. The ignitor flames 39 of that initially
      ignited burner construction 12 also ignite the fuel now issuing from the
      main outlet 21 thereof to create the main flame 24 as illustrated in FIG.
      1.
PAR  The ignitor flame 29 now at the right-hand end 25' of the first burner
      construction 12, in a serial manner, lights the ignitor fuel issuing from
      the left-hand end 25' of the deflector plate 25 of the next adjacent
      burner construction 12 which likewise forms its ignitor flame means 39 to
      not only ignite its main flow of fuel to create its main flame 24, but
      also ignites the next adjacent ignitor fuel from the deflector 25 of the
      next adjacent burner construction 12.
PAR  In this manner, it can be seen that a plurality of side-by-side burner
      constructions 12 can be readily ignited by the single pilot burner means
      26 in a serial manner as previously described as long as the pilot burner
      means 26 can ignite the ignition flow of fuel from one of the side-by-side
      burner constructions 12 in the manner previously described.
PAR  It is believed that in order to insure that each ignitor flame means 39 of
      each burner construction 12 will ignite the main flow of fuel of its
      respective tubular member 18 at its outlet opening 21, the spacing
      provided between the sides 32' of the deflector tab 32 and the side walls
      22 and 23 of the deflector tubular member 18 as well as the arrangement of
      the V-shaped notches 33 and 34 permits sufficient ignitor flame means 39
      to be present at the opening 21 of the respective tubular member 18 to
      ignite the main flow of fuel therefrom.
PAR  Therefore, it can be seen that this invention not only provides an improved
      burner construction and method of making the same, but also this invention
      provides an improved fuel control system utilizing a plurality of such
      burner constructions and a single pilot burner means therefor and an
      improved method of making such a fuel control system or the like.
PAR  While the forms and methods of this invention now preferred have been
      illustrated and described as required by the Patent Statute, it is to be
      understood that other forms and method steps can be utilized and still
      come within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A burner construction comprising a tubular member having an inlet for
      receiving fuel from a supply thereof and having an outlet for issuing and
      burning a main flow of said received fuel to produce a main flame means at
      said outlet, said outlet being elongated and having opposed ends, and a
      deflector means carried by said tubular member adjacent one end of said
      outlet for directing some of said received fuel substantially transverse
      of said tubular member to create ignitor flame means substantially
      transverse to said tubular member for igniting said main flow of fuel at
      said outlet to create said main flame means, said deflector means being
      adapted to deflect said received fuel to each side of said tubular member
      to create said ignitor flame means at both sides of said tubular member,
      said deflector means comprising a substantially U-shaped member disposed
      in substantially an inverted position on top of and substantially
      transverse of said tubular member whereby said inverted U-shaped member
      has a pair of depending spaced apart legs joined together at the tops
      thereof by an arcuate section and said deflected fuel flow is adapted to
      issue from opposed ends of said U-shaped member, said U-shaped member
      having a tab that extends from the bottom of one of said legs and projects
      into said outlet of said tubular member to defect said main fuel flow into
      said U-shaped member.
NUM  2.
PAR  2. A burner construction as set forth in claim 1 wherein said tubular
      member has side walls defining said outlet therebetween, said tab of said
      U-shaped member being spaced from said side walls.
NUM  3.
PAR  3. A burner construction as set forth in claim 2 wherein said U-shaped
      member has a pair of notches provided in said one leg thereof adjacent and
      on opposite sides of said tab and outboard of said outlet of said tubular
      member.
NUM  4.
PAR  4. A method of making a burner construction comprising the steps of forming
      a tubular member with an inlet for receiving fuel from a supply thereof
      and with an outlet for issuing and burning a main flow of said received
      fuel to produce a main flame means at said outlet, said outlet being
      elongated and having opposed ends, securing a deflector means to said
      tubular member adjacent one end of said outlet for directing some of said
      received fuel substantially transverse of said tubular member to create
      ignitor flame means substantially transverse to said tubular member for
      igniting said main flow of fuel at said outlet to create said main flame
      means, forming said deflector means so as to be adapted to deflect said
      received fuel to each side of said tubular member to create said ignitor
      flame means at both sides of said tubular member, forming said deflector
      means as a substantially U-shaped member disposed in substantially an
      inverted position on top of and substantially transverse of said tubular
      member whereby said inverted U-shaped member has a pair of depending
      spaced apart legs joined together at the tops thereof by an arcuate
      section and said deflected fuel flow is adapted to issue from opposed ends
      of said U-shaped member, and forming said U-shaped member with a tab that
      extends from the bottom of one of said legs and projects into said outlet
      of said tubular member to deflect said main fuel flow into said U-shaped
      member.
NUM  5.
PAR  5. A method of making a burner construction as set forth in claim 4 wherein
      said tubular member has side walls defining said outlet therebetween and
      including the step of forming said tab of said U-shaped member so as to be
      spaced from said side walls.
NUM  6.
PAR  6. A method of making a burner construction as set forth in claim 5 and
      including the step of forming said U-shaped member with a pair of notches
      in said one leg thereof adjacent and on opposite sides of said tab and
      outboard of said outlet of said tubular member.
NUM  7.
PAR  7. A fuel control system comprising a source of fuel and a plurality of
      burner constructions disposed in side-by-side relation, each burner
      construction comprising a tubular member having an inlet for receiving
      fuel from said source thereof and having an outlet for issuing and burning
      a main flow of said received fuel to produce a main flame means at said
      outlet, each outlet being elongated and having opposed ends, a deflector
      means carried by each said tubular member adjacent one end of said outlet
      for directing some of said received fuel substantially transverse of said
      tubular member to create ignitor flame means substantially transverse to
      said tubular member for igniting said main flow of fuel at said outlet to
      create said main flame means, and pilot burner means adjacent one of said
      deflector means of one of said tubular members to ignite said deflected
      fuel to create said ignitor flame means which is adapted to cause serial
      ignition of said deflected fuel at each said deflector means and thus
      serial creation of said main flame means at each said tubular member, each
      said deflector means being adapted to deflect said received fuel to each
      side of its respective tubular member to create said ignitor flame means
      at both sides of said respective tubular member, each said deflector means
      comprising a substantially U-shaped member disposed in substantially an
      inverted position on top of and substantially transverse of its respective
      tubular member whereby each said inverted U-shaped member has a pair of
      depending spaced apart legs joined together at the tops thereof by an
      arcuate section and said deflected fuel flow is adapted to issue from
      opposed ends of each said U-shaped member, each said U-shaped member
      having a tab that extends from the bottom of one of said legs thereof and
      projects into said outlet of its respective tubular member to deflect said
      main fuel flow into said U-shaped member.
NUM  8.
PAR  8. A fuel control system as set forth in claim 7 wherein each said tubular
      member has side walls defining said outlet therebetween, said tab of each
      said U-shaped member being spaced from said side walls of its respective
      tubular member.
NUM  9.
PAR  9. A fuel control system as set forth in claim 8 wherein each said U-shaped
      member has a pair of notches provided in said one leg thereof adjacent and
      on opposite sides of said tab and outboard of said outlet of its
      respective tubular member.
NUM  10.
PAR  10. A method of making a fuel control system comprising the steps of
      providing a source of fuel, disposing a plurality of burner constructions
      in side-by-side relation, forming each burner construction from a tubular
      member having an inlet for receiving fuel from said source thereof and
      having an outlet for issuing and burning a main flow of said received fuel
      to produce a main flame means at said outlet, each said outlet being
      elongated and having opposed ends, securing a deflector means to each said
      tubular member adjacent one end of said outlet thereof for directing some
      of said received fuel substantially transverse of said tubular member to
      create ignitor flame means substantially transverse to said tubular member
      for igniting said main flow of fuel at said outlet to create said main
      flame means, disposing pilot burner means adjacent one of said deflector
      means of one of said tubular members to ignite said deflected fuel to
      create said ignitor flame means which is adapted to cause serial ignition
      of said deflected fuel at each said deflector means and thus serial
      creation of said main flame means at each said tubular member, forming
      each said deflector means so as to be adapted to deflect said received
      fuel to each side of its respective tubular member to create said ignitor
      flame means at both sides of said respective tubular member, forming each
      said deflector means as a substantially U-shaped member disposed in
      substantially an inverted position on top of and substantially transverse
      of its respective tubular member whereby each said inverted U-shaped
      member has a pair of depending spaced apart legs joined together at the
      tops thereof by an arcuate section and said deflected fuel flow is adpated
      to issue from opposed ends of said U-shaped member, and forming each said
      U-shaped member with a tab that extends from the bottom of one of said
      legs thereof and projects into said outlet of its respective tubular
      member to deflect said main fuel flow into said U-shaped member.
NUM  11.
PAR  11. A method as set forth in claim 10 wherein each said tubular member has
      side walls defining said outlet therebetween and including the step of
      forming each said tab of said U-shaped member so as to be spaced from said
      side walls of its respective tubular member.
NUM  12.
PAR  12. A method as set forth in claim 11 and including the step of forming
      each said U-shaped member with a pair of notches provided in said one leg
      thereof adjacent and on opposite sides of said tab and outboard of said
      outlet of its respective tubular member.
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ABST
PAL  A gas diffuser screen surrounding a pilot burner and with one of the
      perforated walls of the screen slanted outwardly at an angle approximately
      forty-five degrees from the vertical and overlying an electrode spark
      igniter to ignite the gas supplied to the burner. The slanted wall forms a
      pocket of gas beneath the wall thereby permitting greater latitutde in
      placement in any direction of the electrode igniter outside the screen
      with respect to the pilot burner without adversely affecting the spark
      ignition of the gas supplied to the pilot burner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In prior practice the electrode igniter used to produce a spark to ignite
      pilot burners employed in lighting gas burners such as those used in water
      heaters was located inside the gas diffuser screen normally surrounding
      the pilot burner. The present invention locates the electorde ignition
      igniter outside the screen and beneath an outwardly angularly slanted wall
      of the screen. Gas supplied to pilot burners for igniting the burner is
      spread out in a greater area by the slant of the screen wall and forms a
      pocket of gas beneath the wall. Consequently the electorde igniter can be
      located within defined tolerance limits in any direction with respect to
      the pilot burner which eliminates a critical securement of the electrode
      igniter in a position with respect to the pilot burner.
PAC  SUMMARY OF THE INVENTION
PAR  In general the invention is directed to an electorde igniter actuated by
      striking a piezoelectric crystal by a spring operated actuator to create a
      spark which is discharged from an electrode connected to the crystal. The
      igniter electrode is located outside of an apertured screen which
      surrounds a pilot burner and beneath a side wall of the screen which is
      angularly slanted at approximately 45.degree. from the vertical outwardly
      of the screen from the vertical and over the igniter electrode. Because of
      the slant of the screen the gas from the pilot burner when the latter is
      to be ignited is spread over the face of the slanted wall of the screen
      and forms a pocket of gas beneath the screen. Consequently the igniter
      electrode may be located beneath the screen in line with the pilot burner
      plus or minus one-eighth of an inch sideways of the pilot burner or
      upwardly, downwardly or inwardly or outwardly thereof. The screen
      surrounding the pilot burner and the piezoelectric crystal may be secured
      to a common bracket to provide a ground connection between the screen and
      crystal.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the electrode igniter with a pilot burner
      surrounded by a gas diffuser screen and having a slanted wall overlying
      the electrode igniter with the screen and piezoelectric crystal grounded
      through a supporting bracket and with parts broken away; and
PAR  FIG. 2 is a side elevational view of the assembled electrode igniter and
      screen.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings there is shown a pilot burner 1 connected to a
      source of gas by pipe 2 and located within the perforated open top gas
      diffuser screen or housing 3. Screen 3 in encircled by the bracket 4 to
      which is secured the bleeder 5 in turn connected to a gas valve or
      regulator (not shown) to burn excess gas which might escape from the unit
      employed to control gas flow. The bracket 4 also is employed to secure the
      screen to the upright support 6.
PAR  A piezoelectric crystal 7, only a portion of which is shown, of the
      well-known type is disposed within housing 8 and is secured by bracket 9
      to the lower end of support 6. Support 6 provides a common electrical
      ground between the crystal 7 and screen 3. Crystal 7 is actuated by a
      spring operated (not shown) striker push button 10 and is connected by
      conductors 11 to the electrode 12 which is secured through the insulating
      member 13 to bracket 4. When button 10 is depressed to strike crystal 7 an
      electric current is created which passes through conductor 11 to electrode
      12 and a spark is generated at the tip of the electrode as the current
      jumps from the electrode 12 to screen 3 and then returns through bracket 4
      and the conductor 14 inset within crystal housing 8 to crystal 7 located
      inside the housing 8.
PAR  Diffuser screen 3 is constructed so that one wall 15 is slanted outwardly
      from the vertical and overlies the electrode 12. For successful operation
      of the described ignition enhancer apparatus the slant of wall 15 should
      be at an angle of approximately 45.degree. from the vertical plus or minus
      two and one-quarter degrees. By slanting wall 15 at the angle described
      when gas flows to the pilot burner 1 it expands inside of screen 3 and
      passes through the perforations 16 in wall 15 (the perforations likewise
      being provided in the other walls of screen 3) with the result that it
      spreads out and forms a pocket of gas beneath wall 15. If the angular
      slant of wall 15 is too little or extends in a vertical plane then the gas
      passing through the perforations in wall 15 is wiped away by the vertical
      movement of air flowing upwardly pass wall 15. If the slant of wall 15 is
      too great then the pocket of gas is not formed under the wall 15 but
      rather is carried off over the inside of the screen by the expansion of
      the gas.
PAR  Because of the formation of a pocket of gas beneath wall 15, the location
      of electrode 12 with respect to pilot burner 1 becomes less critical and
      the tolerance limits in locating the electrode become greater. Experience
      has indicated that placement of the electrode spark igniter 12 beneath
      wall 15 of screen 3 permits tolerance limits of plus or minus one-eighth
      inch with respect to alignment of electrode 12 with burner 1 in any
      direction i.e., sideways of the burner 1 or upwardly or downwardly with
      respect to the horizontal plane in which the burner 1 and electrode 12
      normally lie or inwardly or outwardly of burner 1. Widening of the
      tolerance limits does not affect the ignition characteristics of the
      assembly.
PAR  The screen 3 is illustrated with an opening 17 in the forward wall and
      although this is desirable with respect to the diffusing or expansion of
      the gas flowing into the pilot burner 1 inside of screen 3 it has no
      bearing on the present invention.
PAR  The perforations 16 preferably should be approximately thirty by thirty
      mesh for the best operation because the size of the perforations or
      apertures 16 will have some bearing upon the tolerance limits in the
      location of electrode 12 with respect to pilot burner 1. If the size of
      perforations 16 is too small and heavy gas like propane is employed the
      gas will not satisfactorily flow through the perforations 16 to form a
      pocket of gas under wall 15. If perforations 16 are too large then so much
      gas will pass through perforations 16 that the gas will be carried away by
      air flowing past wall 15.
PAR  The invention provides an effective construction for igniting gas supplied
      a pilot burner by a spark generated in a piezoelectric crystal and permits
      considerable latitude in placement of the electrode of the unit with
      respect to the pilot burner without adversely affecting the ignition
      characteristics of the ignition enhancer.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ignition enhancer for pilot burners and the like, which comprises a
      pilot burner, means supplying gas to the pilot burner, a gas diffuser
      housing having a plurality of apertures in at least one wall thereof and
      disposed around the pilot burner, means securing the housing to a support,
      one of the walls of the housing having the apertures therein being slanted
      outwardly at an angle of approximately forty-five degrees from the
      vertical to confine a pocket of gas beneath the slanted wall when gas is
      supplied to the burner and passes through the slanted wall, an igniter
      electrode capable of providing a spark secured beneath the slanted wall of
      the housing substantially in line with the pilot burner but located within
      tolerance limits in any direction of plus or minus one-eighth inch with
      respect to the pilot burner without adversely affecting the spark ignition
      of gas supplied to the pilot burner.
NUM  2.
PAR  2. The construction of claim 1, in which the angle of the slant of the
      apertured wall is plus or minus two and one-quarter degrees from
      forty-five degrees.
NUM  3.
PAR  3. The construction of claim 1, and a piezoelectric crystal connected to
      the electrode and grounded through said housing for producing a spark
      between the electrode and housing.
NUM  4.
PAR  4. The construction of claim 1, in which the housing is a screen in which
      the apertures therein are of the order of thirty by thirty mesh.
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ABST
PAL  Lighter comprising a fuid-tight casing containing liquified gas under
      pressure, a valve member slidably mounted in said casing and having a
      compressible porous member forming a pressure reducing means which, in a
      first position of said valve member, is separated from said liquified gas
      under pressure and which, in a second position of the valve member, is fed
      with liquified gas and supplies a burner nozzle with expanded gas.
BSUM
PAR  The invention relates essentially to a device for feeding an expanded
      gaseous fuel to a burner nozzle for instance of a lighter such as a gas
      lighter or a cigarette lighter, of the kind comprising a liquified gaseous
      fuel tank under pressure, a pressure reducing member enabling the
      vaporization and expansion of the liquified gas under pressure and a feed
      valve for supplying a burner nozzle with expanded gaseous fuel which will
      then be ignited at the outlet of this burner nozzle by any suitable means,
      for instance by a serrated wheel rubbing against or in frictional contact
      with a flint, by a conducting filament made red-hot or raised to red heat
      by the flowing of an electric current therethrough or by means of sparks
      generated between electrodes connected to a piezo-crystal compressed by
      the user or operator.
PAR  The lighters such as the gas lighters, cigarette lighters or the like of
      this kind are often subject to a defective operation which is due either
      to the fact the pressure reducing member is not always fed properly with
      liquified gas under pressure for instance in the case where a gas bubble
      is building up at the pressure reducing member or to the fact that this
      pressure reducing member is constantly wetted by the liquified gas under
      pressure thereby resulting in flame jumps at the outlet of the burner
      nozzle or jet upon putting the flame on or out.
PAR  Moreover these devices of the prior known state of the art generally
      exhibit a complicated construction which significantly increases their
      cost prices.
PAR  In order to overcome these inconveniences, the invention provides a device
      for feeding expanded gaseous fuel to a burner nozzle or jet for instance
      of a lighter comprising a sealed or fluid-tight enclosure or like casing
      divided by a resilient sealing element into a pair of chambers the first
      one of which communicates with a the burner nozzle or jet whereas the
      second one contains liquified gas under pressure, a valve member formed
      with a cylindrical bearing area portion inserted in sealing relationship
      into a cylindrical opening of the sealing element and axially movable
      within said enclosure or casing, a compressible porous unit forming a
      pressure reducing member which is mounted in said second chamber onto said
      valve member and which is connected through a duct or like passageway to
      said first chamber, said device being characterized in that that end of
      the valve member which is located within the second chamber comprises a
      cup-shaped or dished head inside of which is arranged said porous unit
      which in a first axial position of the valve member within said enclosure
      or casing is separated from the liquified gas under pressure by said head
      engaging in pressed sealing relationship said resilient element and which
      in a second axial position of the valve member in which said head is
      spaced or disengaged from the sealing element is supplied with liquified
      gas under pressure and feeds expanded gas to said burner nozzle through
      the medium of said passageway or duct and said first chamber.
PAR  All the inconveniences of the prior art devices are avoided according to
      the invention owing to the fact that the pressure reducing member although
      placed in the second chamber containing the liquified gas under pressure
      is selectively supplied with liquified gas under pressure by the axial
      displacement of the valve member and that the burner nozzle while
      communicating with the first chamber may not be fed with expanded gaseous
      fuel through the passageway provided in the pressure reducing porous
      member. Thereby are prevented the flame jumps when igniting and
      extinguishing the flame and the structure of this expanded gaseous fuel
      feeding device is significantly simplified so that it may be manufactured
      at a relatively low cost price.
DRWD
PAR  The invention will be better understood and further objects, characterizing
      features, details and advantages thereof will appear more clearly as the
      following explanatory description proceeds with reference to the
      accompanying diagrammatic drawings illustrating by way of non-limitative
      examples only two presently preferred forms of embodiment of the invention
      and wherein:
PAR  FIG. 1 is a view in longitudinal axial section of an expanded gaseous fuel
      feeding device according to the invention; and
PAR  FIG. 2 is a view in longitudinal axial section of a cigarette lighter
      comprising another expanded gas feeding device in accordance with the
      invention.
DETD
PAR  In these Figures the device is shown in the closed position, i.e. the
      burner nozzle or jet is not fed with expanded gaseous fuel.
PAR  This device shown in FIG. 1 comprises a fluid-tight enclosure or like
      sealed casing or housing generally denoted by the reference numeral 1 and
      which includes a first chamber 2 and a second chamber 3 separated from
      each other by a resilient sealing element or gasket 4 which in this form
      of embodiment is a flat washer of rectangular cross section made from
      resilient material such as rubber or the like. The bottom portion of the
      first chamber 2 comprises an inner shoulder or collar 5 below which is
      located the resilient sealing element or gasket in pressed engagement
      therewith. A dished or cup-shaped insert member 6 is mounted with a force
      or a tight fit and secured within the second chamber 3 so that the annular
      end surface 7 of the top edge of the part 6 bear aganist the sealing
      element 4 and press the same against said shoulder 5. Thus this element is
      kept stationary within the closed casing 1.
PAR  A control valve member generally denoted by the reference numeral 9 is
      disposed within the casing 1 in coaxial relation therewith and extends in
      sealing relationship through the top end wall 10 of the casing 1 and of
      said chamber 2. For this purpose a toroidal or like ring-shaped seal 11
      carried by the wall 10 engages in fluid tight relationship the outer
      cylindrical surface of the upper end of the valve member 9.
PAR  This valve member 9 consists essentially of a cylindrical shank, spindle or
      like rod 13 of circular cross section the lower portion of which located
      within the chamber 3 carries a head 14 forming a cup the concavity of
      which is facing towards said chamber 2. Inside of the head 14 and about
      the base of said cylindrical rod 13 is arranged a compressible porous unit
      15 forming a pressure reducing member which is pressed onto the bottom of
      the cup and about the rod 13 by a hollow cylindrical sleeve 17 slipped
      over the rod 13 and itself urged in pressing relationship towards the head
      14 of the valve member by a threaded socket 18 screwed onto the upper
      threaded end portion 20 of the rod 13. The bottom end portion of the
      threaded socket 18 bears against the top edge of the sleeve 17 and through
      a more or less marked screwing of this socket 18 onto the rod 13 the
      compressible porous unit 15 forming the pressure reducing member is more
      or less compressed against the bottom of the head 14.
PAR  A burner nozzle or jet 22 communicates with the inside of said chamber 2
      and is adapted to be supplied with expanded gaseous fuel from said lower
      chamber 3 which is filled at least partially with liquified gas under
      pressure 23.
PAR  The ring-shaped terminal surface of the outer top edge of the head 14 is
      bearing in sealing relationship against the underside of the resilient
      sealing element or gasket 4 when the valve member 9 assumes a first axial
      closing position shown in FIG. 1. The cylindrical sleeve 17 surrounding
      the shank or spindle 13 of the valve member has an inside diameter
      slightly larger than that of the shank 13 so that a free annular space or
      gap is left between the shank 13 and the sleeve 17 which communicates at
      its bottom directly with the pressure reducing porous member 15 and which
      may open into the upper chamber 2 through any port 25 formed radially
      through the thickness of the sleeve 17.
PAR  The aforesaid part 6 which is mounted with a force or tight fit in the
      upper portion of the chamber 3 advantageously has the shape of a cup the
      size of which is slightly larger than that of the head 14 of the valve
      member. The bottom of the cup consisting of this part 6 communicates
      through a depending dip pipe 27 of relatively small inside diameter with
      the bottom portion of the lower chamber 3 containing the liquified gas
      under pressure.
PAR  Resilient drawback means for urging or biasing the valve member 9 to the
      position shown in FIG. 1 are provided inside of the chamber 2 and consist
      for instance of a helical coil return spring 29 surrounding the hollow
      cylindrical sleeve 17 and bearing on the one hand onto the top face of the
      shoulder 5 and on the other hand against a ring-shaped flange or collar 30
      integral with or rigidly fastened to the upper portion of the sleeve 17.
PAR  The operation of this device according to the invention is the following:
PAR  In the position shown in FIG. 1, the liquified gas under pressure located
      inside of the chamber 3 is fed through the dip pipe 27 and the insert part
      6 to the space or cavity surrounding the head 14 of the valve member 9. As
      however the top edges of the head 14 are in sealing pressed engagement
      with the resilient sealing member or gasket 4 the pressure reducing porous
      member 15 is completely separated from the liquified gas under pressure.
PAR  When the valve member 9 is caused to be displaced downwards by being
      depressed inwards into the casing 1 for instance through the applied
      pressure of a finger 31 as shown the head 14 of the valve member moves
      downwards towards the bottom of the insert part 6 and accordingly away
      from the sealing element or gasket 4. The pressure reducing porous member
      15 is therefore fed directly with liquified gas under pressure. The flow
      of the liquified gas through the material of the compressible porous unit
      15 results in its vaporization and expansion and the thus expanded gaseous
      fuel may escape only by flowing through the annular clearance gap left
      between the rod 13 and the sleeve 17 and then through the port 25 into the
      chamber 2 from which it flows outwards through the burner nozzle or jet
      22. This expanded gas may be ignited at the outlet of the burner nozzle 22
      by any suitable means.
PAR  When the finger 31 releases its pressure onto the outer top end of the
      valve member 9, the biasing spring 29 moves the valve member 9 back to the
      position shown in FIG. 1 so that the ring-shaped top edge of the head 14
      is again caused to apply in sealing relationship against the sealing
      element or like packing 4. The residual liquified gas which is soaking in
      or permeating through the pressure reducing porous member 15 vaporizes and
      expands normally and still feeds for a very short time the burner nozzle
      22 with expanded gaseous fuel. Owing to the fact that this burner nozzle
      or jet 22 is necessarily supplied with gas which has been expanded by
      flowing through the porous member 15 there may not occur in this form of
      embodiment any sudden vaporization of the liquified gas thereby preventing
      any flame jump at the outlet of the burner nozzle 22.
PAR  The control or adjustment of the flow rate of the expanded gaseous fuel is
      very easily carried out by a more or less extended screwing of the socket
      18 on the threaded tip portion of the rod 13.
PAR  Moreover due to the fact that the dip pipe 27 extends downwards to the
      vicinity of the bottom wall of the chamber 3 containing the liquified gas
      under pressure and that its inside diameter is relatively small the gas
      under pressure located above the free surface of the liquidfied gas 23 may
      not flow into the dip pipe 27 whatever the position or the relative slope
      of the device according to the invention may be. Thus is also prevented
      any feed of gas under pressure into the insert part 6 which would result
      in a feed of gas under pressure to the pressure reducing porous member 15
      and lead to the extinction of the flame at the outside of the burner
      nozzle 22.
PAR  It should be pointed out that in this form of embodiment of FIG. 1 the
      sealing gasket 4 is slightly sqeezed or compressed between the shoulder 5
      and the ring-shaped terminal surface 7 of the insert part 6 so as to
      achieve a perfect seal or fluid-tightness between the chambers 2 and 3 on
      the one hand and along the outer cylindrical surface of the sleeve 17 on
      the other hand and that it is practically kept stationary or retained in a
      fixed position within the casing 1 during the motion or travel of the
      valve member 9.
PAR  It is however of course obvious that the edges of the aperture formed in
      the gasket 4 through which the valve member 9 is sliding could be made to
      engage a groove or like circumferential recess provided in the outer
      surface of the sleeve 17 so that upon a motion of the valve member 9 the
      edges of the aperture of the gasket 4 would be caused to displace and to
      strain or deform partially and resiliently. It should also be noted that
      the insert part 6 has an inner cross section of polygonal shape which
      corresponds to the cross sectional configuration of the surface of the
      head 14 of the valve member 9 so that the latter is held against rotary
      motion within the insert part 6.
PAR  In FIG. 2 is shown a view in longitudinal section of a cigarette lighter
      according to the invention. It comprises a cylindrical body 100 forming a
      tank filled at least partially with liquified fuel gas under pressure.
      This body portion 100 is closed by an added bottom plug fitted thereon and
      comprises at its upper portion an inner coaxial depending dip pipe 101
      terminating in a shoulder 105 and extended downwards or towards the bottom
      by a tubular member 106 of inner polygonal cross sectional contour mounted
      in sealing relationship with a force or tight fit onto the lower end
      portion of the dip pipe 101. A flat sealing gasket or like ring-shaped
      packing is clamped between the shoulder 105 and a corresponding shoulder
      of the tubular member 106 and divides the inner space into a pair of
      separate chambers 102 and 103 the first one of which is selectively fed
      with expanded gas whereas the second one is constantly supplied with
      liquified gas under pressure.
PAR  A control valve member 109 is arranged within the dip pipe 105 and carries
      at its upper end portion the burner nozzle or jet 122 and igniting means
      for kindling the expanded gas such for instance as a serrated wheel or
      roller 123 rubbing or frictionally contacting a flint 124. A sealing
      gasket 111 is arranged within the dip pipe about the upper portion of the
      valve member between a shoulder of this valve member top end portion and a
      mating or complementary shoulder of the dip pipe and prevents any leak of
      the expanded gas.
PAR  This valve member 109 consists of a cylindrical tube portion 110 the bottom
      end portion of which is closed by a cylindrical metallic part 118 formed
      with a threaded or tapped blind hole 119 opening towards the second
      chamber 103.
PAR  A rod, stem or pin 113 the threaded upper end portion of which is screwed
      into the blind hole 119 is rigidly connected at its bottom end portion to
      a member 114 of polygonal cross sectional contour slidably fitted into the
      lower tubular member underneath the sealing gasket 104 and the top face of
      which is formed with an annular cavity or counter-bore 116 in which is
      disposed about the stem or rod 113 a compressible resilient porous
      ring-shaped member 115 forming a pressure reducing means. The latter is
      adjustably urged in pressed relationship towards the bottom of the cavity
      116 by a hollow cylindrical sleeve or bushing 117 through which the pin
      113 is extending with a small clearance and which is clamped between the
      pressure reducing means 115 and the metallic part 118. The outer
      cylindrical surface of this sleeve or bushing 117 is engaged in
      fluid-tight relationship by a ring-shaped sealing gasket or like packing
      104.
PAR  A spring 129 is seated in the second chamber 103 between the bottom and the
      member 114 and presses the latter against the sealing gasket 104. The
      lip-shaped edge forming for instance a bevelled or tapered rim of the
      cavity 116 pressed against the gasket 104 by the spring 129 thereby
      achieves a perfect seal and effectively separates the pressure reducing
      means 115 from the liquified gas under pressure.
PAR  It is clear that through a pressure exerted onto the top end of the valve
      member 109 the pressure reducing means 115 is supplied with liquified gas
      under pressure and feeds the chamber 102 and the burner nozzle or jet 122
      with expanded gas. The expanded gas flows through the small annular
      clearance gap left between the pin or stem 113 and the sleeve 117 and then
      into the chamber 102 for instance through grooves or slots 120 formed in
      the part 118 or in the upper end portion of the sleeve 117. A fine or
      narrow longitudinal groove 121 in the outer surface of the tube portion
      110 extending radially into the sealing joint member 111 directly feeds
      the gas to the burner nozzlz 122.
PAR  The control or adjustment of the flow rate of the expanded gas is carried
      out by turning the tube portion 110 in one or the other direction thereby
      resulting in a more or less strong compression of the pressure reducing
      means 115 by the sleeve 117.
PAR  It should be pointed out that as in the preceding form of embodiment the
      gas may not at all events be fed to the burner nozzle without having
      previously flowed through the pressure reducing means.
PAR  Furthermore, since the lower tubular member 106 is ending in close
      proximity of the inner wall face of the added bottom plug or like closure
      or cover, an interstitial annular clearance is left therebetween which is
      only sufficient for allowing a feed with liquified gas but prevents the
      passage of any gaseous bubble in the case where the cigarette lighter
      would assume an inclined, horizontal, inverted, upset ot overturned
      position owing to the fact that a liquid ring then remains through
      capillarity between the lower end portion of the tubular member 106 and
      the bottom and forms a liquid barrier.
PAR  It should be understood that the invention is not at all limited to the
      forms of embodiment described and shown which have been given by way of
      examples only. In particular it comprises all the means constituting
      technical equivalents of the means described as well as their combinations
      if the latter are carried out according to its gist and used within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feeding device for supplying expanded fuel gas to a burner nozzle for
      instance of a lighter, comprising a sealed or fluid-tight casing divided
      by a resilient sealing element into a pair of chambers the first one of
      which communicates with said burner nozzle whereas the second one contains
      liquified gas under pressure, a valve member formed with a cylindrical
      bearing area portion inserted in sealing relationship through a
      cylindrical aperture formed in said sealing element and axially
      displaceable within said casing, a compressible porous member forming a
      pressure reducing means which is mounted in said second chamber onto said
      valve member and is connected through a passageway duct to said first
      chamber, wherein the improvement consists in that that end portion of said
      valve member which is located within said second chamber comprises a
      cup-shaped head in which is disposed said porous member which in a first
      axial position of said valve member within said casing is separated from
      said liquified gas under pressure by said head pressed in sealing engaging
      relationship against said resilient element and which in a second axial
      position of said valve member in which said head is spaced away from said
      sealing element, is fed with liquified gas under pressure and supplies
      said burner nozzle with expanded gas through the medium of said passageway
      duct and said first chamber.
NUM  2.
PAR  2. A device according to claim 1, wherein said cylindrical bearing area
      portion of said valve member is slidably mounted in the cylindrical
      aperture of said sealing element.
NUM  3.
PAR  3. A device according to claim 1, wherein the edges of the aperture of said
      sealing element engage a circumferential groove of the outer surface of
      said cylindrical bearing area portion of said valve member and are
      displaced and resiliently strained or deformed by the motion of the
      latter.
NUM  4.
PAR  4. A device according to claim 1, wherein said valve member comprises a
      cylindrical stem the end of which located in said second chamber carries
      said cup-shaped head, a hollow cylindrical sleeve inside of which is
      disposed said cylindrical stem of said valve member and the outer surface
      of which forms said cylindrical bearing area portion engaged by said
      sealing element as well as adjusting means mounted on that other end of
      said stem which is opposite from said head for more or less urging one end
      of said sleeve in pressing relationship against said porous member placed
      inside of the head of said valve member and thereby adjusting the flow
      rate of said expanded gas.
NUM  5.
PAR  5. A device according to claim 4, wherein said passageway duct between said
      pressure reducing porous member and said first chamber consists
      essentially of the annular clearance gap left between the outer surface of
      said cylindrical stem and the inner surface of said sleeve.
NUM  6.
PAR  6. A device according to claim 4, wherein said passageway duct left between
      said pressure reducing porous member and said first chamber opens into
      said first chamber through a port extending through the wall of said
      cylindrical sleeve.
NUM  7.
PAR  7. A device according to claim 4, wherein said other end of said
      cylindrical valve stem is threaded and screwed into a cylindrical socket
      threaded inside and forming said adjusting means.
NUM  8.
PAR  8. A device according to claim 7, wherein said cylindrical socket extends
      in sealing relationship through an end wall of said casing forming the top
      wall of said first chamber.
NUM  9.
PAR  9. A device according to claim 1, wherein said sealing element is a flat
      annular gasket made from resilient material and of substantially
      rectangular cross section.
NUM  10.
PAR  10. A device according to claim 1, wherein said sealing element is mounted
      so as to be in engagement with an inner annular shoulder of said first
      chamber and is pressed against said shoulder by one annular end of a
      cylindrical insert part mounted with a tight fit within said second
      chamber and inside of which is disposed said valve head.
NUM  11.
PAR  11. A device according to claim 10, characterized in that said insert part
      has the shape of a cup the height of which is slightly larger than that of
      said valve head and the bottom of which communicates through a depending
      dip pipe with the lower portion of said first chamber containing said
      liquified gas under pressure.
NUM  12.
PAR  12. A device according to claim 10, wherein said inner surface of said
      insert part has a polygonal cross section corresponding to that of the
      outside surface of said valve head.
NUM  13.
PAR  13. A device according to claim 1, wherein said valve member is provided
      with resilient biasing means for returning it to said first axial position
      in which said pressure reducing porous member is no longer fed with
      liquified gas under pressure.
NUM  14.
PAR  14. A lighter such as a cigarette lighter fitted with a feeding device
      according to claim 1.
NUM  15.
PAR  15. A lighter according to claim 14, wherein said cylindrical stem is
      screwed with its end opposite from said cup-shaped head into a metal part
      closing the bottom end of a cylindrical tube portion which forms said
      valve member and carries at its top end said burner nozzle and igniting
      means for kindling the expanded gas flowing out from said burner nozzle.
NUM  16.
PAR  16. A lighter according to claim 15, wherein said resilient biasing means
      for said valve member consist of a spring arranged in said second chamber
      between said cup-shaped head and the bottom of said casing and pressing
      the edge of said head in sealingly engaging relationship against said
      resilient sealing element.
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ABST
PAL  A cooking system includes a frypot comprising heat transfer walls which are
      spaced to facilitate cleaning of the frypot. Each heat transfer wall
      comprises a lower vertically extending portion and an upper outwardly
      curved portion shaped to cause wastes to flow to the bottom of the frypot.
      A plurality of burners are provided for maintaining combustion in zones
      adjacent to the vertically extending portions of the heat transfer walls.
      This causes heated products of combustion to flow upwardly along the
      vertically extending and outwardly extending portions of the heat transfer
      walls, whereby heat transfer is effected through the walls to cooking oil
      in the frypot. Each burner comprises two or more orifices for discharging
      mutually interacting gas jets and a target for deflecting the gas jets and
      entrained air toward the heat transfer walls and for reflecting heat into
      the combustion zone and through the heat transfer walls. Baffles are
      provided for preventing recycling of the products of combustion into the
      combustion zone and for maintaining the cooking oil in the bottom of the
      frypot relatively cool.
PARN
PAR  This is a division of application Ser. No. 223,443 filed Feb. 4, 1972, and
      now U.S. Pat. No. 3,809,062.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a cooking system, and more particularly to a
      system for frying frozen or refrigerated foods and a burner which is
      especially adapted for use in cooking systems and similar applications.
PAR  As is well known, hamburger stands, fried chicken stands, and similar
      convenience restaurants usually sell various fried food items including
      French fried potatoes, fried fish, and the like. These items are typically
      supplied to a convenience restaurant in frozen form and are cooked at the
      restaurant directly from the frozen state, that is, without being first
      thawed or otherwise prepared for cooking. It is therefore necessary to
      equip each convenience restaurant with a system for frying frozen or
      refrigerated foods.
PAR  Although various frying systems suitable for use in convenience restaurants
      and the like have been proposed heretofore, a number of problems have
      remained unsolved. Thus, many prior art frozen food frying systems have
      comprised a frypot having fire tubes extending through its lower portion.
      Such a system achieves good heat transfer to cooking oil in the frypot but
      is inconvenient to clean because it is difficult to gain access to the
      area around the fire tubes in order to remove wastes and residues that
      have accumulated during cooking. One attempt to overcome this problem has
      been to provide an externally heated cooking container. However, many of
      the externally fired containers that have been proposed heretofore have
      not achieved efficient heat transfer and have therefore been relatively
      expensive to operate.
PAR  The present invention comprises a cooking system which overcomes the
      foregoing and other deficiencies that have long been associated with the
      prior art. In accordance with the broader aspects of the invention, a
      frypot includes heat transfer walls each comprising a lower vertically
      extending portion and an upper outwardly extending portion. Combustion is
      established in zones located adjacent the vertically extending portions so
      that heated products of combustion travel upwardly along the vertically
      extending and the outwardly extending portions of the heat transfer walls.
      By this means very efficient heat transfer is effected through the heat
      transfer walls to cooking oil in the frypot.
PAR  An important factor in the efficient heat transfer that is achieved in
      cooking systems employing the present invention is the vertical
      orientation of the lower portion of the heat transfer walls. It has been
      found that if a heat transfer wall for a frypot has a substantial
      horizontal component, a boundary layer of heated cooking oil tends to form
      along the wall, whereupon further heat transfer through the wall is
      retarded by the boundary layer. On the other hand, if the heat transfer
      wall is substantially vertical, circulation of the cooking oil due to
      natural convection continuously removes the boundary layer.
PAR  Another important aspect of the invention comprises a novel burner which is
      especially adapted for use in cooking systems and similar applications.
      The burner comprises structure for discharging two or more gas jets into a
      combustion zone in such directions that at least portions of the jets of
      gas and the air they entrain contact or intersect with each other. This
      causes turbulent intermixing of the gas with the ambient or secondary air.
      A target is positioned at least partially in the path of the interacting
      jets to deflect the jets and thereby cause further intermixing of the gas
      and the air. The target also reflects heat into the combustion zone to
      increase the efficiency of the burner and also through the heat transfer
      walls.
PAR  In accordance with more specific aspects of the invention, the frypot
      comprises opposed heat transfer walls which are spaced to permit easy
      cleaning of the frypot. Baffles may be provided for retarding heat
      transfer into the portion of the frypot below the vertically extending
      portions of the heat transfer walls and thereby providing a relatively
      cool zone in the bottom of the frypot for receiving breading particles and
      other solid wastes that accumulate during cooking. Baffles are also
      mounted adjacent each heat transfer wall above the combustion zones and
      beneath the outwardly extending portion of the heat transfer walls for
      preventing recycling of the products of combustion into the combustion
      zones.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following Detailed Description when taken in conjunction with the
      accompanying Drawings, wherein:
PAR  FIG. 1 is a side view of a cooking system incorporating the present
      invention in which certain parts have been broken away more clearly to
      illustrate certain features of the invention;
PAR  FIG. 2 is a perspective view of a burner incorporating the invention;
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 in FIG. 1 in
      the direction of the arrows;
PAR  FIGS. 4 and 5 are enlargements of portions of FIG. 3; and
PAR  FIG. 6 is a front view of the burner shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, and particularly to FIG. 1, there is shown a
      cooking system 10 incorporating the invention. The cooking system 10
      includes a housing 12 comprising outer panels 14 and supporting legs 16.
      As is best shown in FIG. 3, the housing 12 further includes a firebox 18
      comprising inner panels 20. The panels 20 are separated from the panels 14
      by thermal insulation layers 22 and support inwardly projecting members
      24. The members 24 provide both thermal and acoustical insulation and
      serve to control air flow into the firebox 18.
PAR  Referring again to FIG. 1, the housing 12 comprises an inclined splash
      surface 26 at one end and a flue 28 at the other end. The flue 28
      communicates with the firebox 18 by means of a flue inlet 30. A panel 32
      extends adjacent the flue 28 and is advantageously employed following
      cooking to support cooking baskets for drainage.
PAR  A frypot 34 is mounted within the firebox 18 of the housing 12 to receive
      cooking oil or other cooking fluids. As is best shown in FIG. 1, the
      frypot 34 includes a pair of vertical end walls 36 and 38. A normally
      closed drain 40 is mounted in the end wall 38 for use in cleaning the
      frypot 34.
PAR  Referring now to FIG. 3, the cross sectional configuration of the frypot 34
      comprises a very important aspect of the present invention. The bottom
      portion 42 of the frypot 34 is semicylindrical in shape and is concentric
      with the drain (not shown in FIG. 3). A pair of heat transfer walls 44
      extend generally upwardly and outwardly from the semicylindrical bottom
      portion 42. Each wall 44 includes a lower vertically extending portion 46
      and an upper outwardly curved portion 48. The shape of the outwardly
      curved portions 48 of the walls 44 is very important in that it assures
      the flow of breading particles and other wastes and residues into the
      bottom portion 42 of the frypot 34.
PAR  Another very important aspect of the cross sectional configuration of the
      frypot 34 relates to the spacing of the heat transfer walls 44. The walls
      44 are purposely separated by a sufficient distance to permit an adult
      hand to be fully inserted into the bottom portion 42 of the frypot 34.
      This greatly simplifies cleaning of the frypot and thereby materially
      reduces the amount of time that the frypot must be out of service in order
      to permit cleaning.
PAR  A gas supply manifold 50 is also mounted in the firebox 18 of the housing
      12 of the cooking system 10. The manifold 50 is supported by brackets 52
      which depend from the frypot 34. Suitable fuel for the cooking system 10,
      such as natural gas, propane, LP gas, etc. is admitted to the manifold 50
      through an inlet 56.
PAR  As is best shown in FIG. 1, the gas supply manifold 50 supports a plurality
      of burners 60. The burners 60 are positioned at spaced points along the
      manifold 50 adjacent the heat transfer walls 44 and the end wall 36, and
      function to heat the contents of the frypot 34. As is conventional in the
      art, the operation of the burners 60 is preferably regulated by suitable
      control and safety systems which function to restrict and/or prevent the
      flow of fuel into the manifold 50 in accordance with particular
      parameters.
PAR  Referring now to FIGS. 5 and 6, each burner 60 includes a pair of orifices
      62 which are threadably engaged with the gas supply manifold 50. Each
      orifice 62 comprises a relatively large inlet diameter bore 64, tapering
      to a relatively small outlet diameter orifice 68 formed at the upper end.
      Thus, during normal operation of the cooking system 10, gas flows out of
      each orifice 62 in the form of a relatively small diameter, relatively
      high velocity jet.
PAR  The orifices 62 of each burner 60 support a bracket 70. The bracket 70
      typically comprises bifurcated (or multifurcated) portions 72 which
      receive and which are secured by the orifices 62. Each bracket 70 extends
      generally upwardly from its associated pair of orifices and includes a
      reinforcing rib 74 which prevents wilting of the bracket shape due to
      extended exposure to elevated temperatures.
PAR  The brackets 70 in turn support targets 76 which are preferably formed from
      a ceramic or other heat resistant material. Each target 76 includes a face
      78 extending at an angle .theta. relative to the vertical and having a
      plurality of inwardly facing projections 80 formed on it. As is most
      clearly shown in FIG. 4, the face 78 of each target 76 comprises a
      substantially planar surface facing generally both toward its associated
      gas jets and toward the frypot 34.
PAR  During operation of the cooking system 10, the gas is discharged from the
      orifices 62 of the burners 60 in the undiluted state. That is, primary air
      is not mixed with the gas prior to discharge of the gas for combustion.
      This is very important because it eliminates the problem of clogging of
      the air shutters and venturi throats normally used due to lint or other
      foreign matter that is often carried into the gas stream with the primary
      air, affecting proper gas/air mixture and associated efficient and safe
      combustion, and thereby eliminates a serious maintenance problem that has
      frequently been encountered in the use of prior art burners.
PAR  The housing 12 of the cooking system 10 is adapted to admit ambient or
      secondary air to the vicinity of the burners 60. As is indicated by the
      dotted lines in FIG. 6, the orifices 62 of each burner 60 in the cooking
      system 10 are positioned closely adjacent one another so that some of the
      gas of each jet of each burner together with the air it entrains
      intersects with some of the gas/air mixture in another jet. This causes
      turbulent intermixing of the gas and the secondary air. Also, the target
      76 of each burner 60 extends partially into the path of the jets of the
      burner in the manner indicated by the dotted lines in FIG. 4 and therefore
      deflects the jets towards the frypot 34 to cause further turbulent
      intermixing of the gas and the secondary air. By this means gas from the
      jets is thoroughly intermixed with secondary air to form a combustible
      mixture.
PAR  Combustion of the gas and air mixture occurs in a combustion zone 82
      located adjacent the vertically extending portions of the heat transfer
      walls 44 of the frypot 34. The positioning of the orifices 62 of the
      burner 60, the inward deflection of the jets caused by the positioning of
      the targets 76, and the shape of the heat transfer walls 44 of the frypot
      34 cooperate to cause heated products of this combustion to travel
      upwardly along the vertically extending portions and along the outwardly
      extending portions of the walls 44 in the manner indicated by the dashed
      lines in FIG. 4. The products of combustion then flow out of the cooking
      system 10 through the flue inlet 30 and the flue 28.
PAR  The vertical orientation of the lower portion of the heat transfer walls 44
      of the frypot 34 comprises a very important aspect of the present
      invention. It has been found that if a frypot has been provided with heat
      transfer walls having a substantial horizontal orientation, heat transfer
      to cooking oil in the frypot is retarded by a boundary layer of heated oil
      which forms along the heat transfer wall. On the other hand, if heat
      transfer is effected through a substantially vertically extending wall,
      natural convection causes circulation of the oil in the frypot which tends
      to prevent the formation of such a boundary layer. For this reason heat
      transfer through a vertically extending heat transfer wall is considerably
      more efficient than heat transfer through a wall having a substantial
      horizontal component.
PAR  During combustion in the cooking system 10, the targets 76 of the burners
      60 reflect heat into the combustion zones 82. By this means the
      temperature of combustion is raised substantially whereby the efficiency
      of the burners is markedly increased. It will therefore be understood that
      the targets 76 perform several very important functions in the operation
      of the burners 60, i.e., deflection of the gas jets to cause turbulent
      intermixing of the gas with secondary air, cooperation with the
      positioning of the gas jets and with the shape of the heat transfer walls
      to cause heated products of combustion to flow along the heat transfer
      walls, reflection of heat into the combustion zones to increase the
      efficiency of the burners, and radiating infra red energy into the frypot
      44.
PAR  It will be appreciated that the spacing of the orifices 62 and the angle of
      inclination of the targets 76 is important to the proper operation of the
      burners 60. In actual practice it has been determined that when two
      orifices per burner are used, the most desirable spacing between the
      orifices is between 3/4 inch and 1 1/4 inches and that the targets are
      preferably inclined relative to the vertical at an angle .theta. of
      between 35.degree.  and 55.degree.. It has also been found that the plane
      of the faces 78 of the targets 76 should intersect the heat transfer walls
      44 along a line located near the intersection of the vertically extending
      portions 46 and the outwardly extending portions 48.
PAR  The frypot 34 may also be equipped with a pair of baffles 84 which are
      mounted on the walls 44 at points just below the vertically extending
      lower portions 46. The baffles 84 serve to retard heat transfer from the
      combustion zone 82 into the lower portion of the frypot 34, and thereby
      establish a relatively cool zone in the bottom of the frypot. That is, due
      to the baffles 84, cooking oil or other cooking fluid in the bottom of the
      frypot 34 is maintained at a substantially lower temperature than the
      cooking fluid in the upper portion of the frypot. This removes the cooking
      fluid in the lower portion of the frypot from circulation caused by
      natural convection due to heating of the oil in the upper portion of the
      frypot, and therefore allows breading particles and other wastes and
      residues to settle into the bottom of the frypot without danger of
      recycling into the upper portion of the frypot. On the other hand, the
      spacing of the walls 44 of the frypot 34 and the positioning of the drain
      40 in the lower portion of the frypot permits the waste materials to be
      easily cleaned out of the frypot on a periodic basis.
PAR  The cooking system 10 further includes a pair of baffles 86 which extend
      inwardly from the inner panels 20 comprising the firebox 18. The baffles
      86 are positioned above the combustion zone 82 and below the outwardly
      extending portions 48 of the walls 44. The baffles 86 are therefore
      positioned at points adjacent the paths of products of combustion upwardly
      along the walls 44, and serve to prevent recycling of the products of
      combustion into the combustion zone 82. It has been found that if the
      baffles 86 are omitted from the cooking system 10, the products of
      combustion will sometimes recycle to such an extent that combustion cannot
      be maintained in the combustion zone 80.
PAR  In the use of a cooking system incorporating the present invention, the
      frypot is initially filled with a cooking fluid such as shortening or one
      of the various cooking oils that are commonly employed in deep fat frying.
      Thereafter, fuel, such as natural gas, propane, LP gas, or the like, is
      admitted to the gas supply manifold and the burners are initially operated
      to preheat the cooking fluid to a cooking temperature. Thereafter, the
      supply of fuel to the gas supply manifold is thermostatically controlled
      so that the burners function to maintain the cooking fluid at the desired
      temperature.
PAR  After the cooking fluid has been preheated, the cooking system is ready for
      use in frying. As is well known, frozen foods and other food items are
      typically supported in heated cooking fluid by means of wire mesh baskets.
      After the food has been cooked the baskets may be supported above the
      cooking system for drainage.
PAR  During cooking, breading particles and other solid wastes and residues tend
      to dislodge from the food. Due to the shape of the heat transfer walls of
      the cooking system, these wastes flow into the bottom of the frypot. The
      cooking oil in the bottom of the frypot is maintained at a reduced
      temperature and therefore is not circulated with the high temperature
      fluid in the upper portion of the frypot. Wastes are therefore permitted
      to accumulate in the bottom of the frypot without being recirculated into
      the cooking zone.
PAR  From time to time it is necessary to clean the cooking system in order to
      remove accumulated wastes from the bottom of the frypot. This is
      accomplished by terminating the supply of fuel to the gas supply manifold.
      The drain of the frypot is then opened to permit the oil and the wastes to
      flow outwardly therefrom. Finally, the interior of the frypot is
      thoroughly cleaned. Cleaning is greatly facilitated in the use of the
      present invention because the cross sectional configuration of the frypot
      permits an adult hand to be inserted to the full depth of the frypot.
      After the frypot has been cleaned, either new or filtered cooking oil is
      put into the frypot and the foregoing procedure is repeated.
PAR  From the foregoing, it will be understood that the cooking system
      illustrated in the Drawings incorporates several important advantages over
      prior art systems adapted for frying frozen foods. Thus, the burners of
      the present cooking system are especially adapted for use in cooking
      systems and similar applications in that they employ secondary air only
      for combustion. This is advantageous in that since primary air is not
      mixed with the gas prior to discharge, the possibility of the air shutters
      or venturi throats becoming clogged with lint or other particulate
      materials carried by the air is eliminated. This in turn eliminates the
      necessity of cleaning air shutters and venturi throats which heretofore
      has been one of the major maintenance problems associated with burners
      adapted for use in cooking systems.
PAR  One reason for the advantageous characteristics of the burners
      incorporating the present invention is that at least two gas discharge
      orifices are utilized in each burner. It will be appreciated that when two
      or more discharge orifices are incorporated to discharge a given amount of
      gas, each discharge jet is much smaller in diameter and accordingly much
      higher in velocity than would be the case if the same amount of gas was
      discharged from a single orifice. This high velocity together with the
      positioning of the discharge orifices to cause intersection of the gas/air
      jets with each other greatly enhances the mixing of the gas with secondary
      air and thereby eliminates the need of premixing primary air into the fuel
      before the fuel is discharged.
PAR  Another reason that the present burner is capable of operating without
      primary air is that the targets are positioned in the path of the jets to
      cause further turbulent mixing of the secondary air and the fuel of the
      jets. Perhaps more importantly, the targets reflect heat into the
      combustion zone of the burner. It has been found that this feature of the
      present invention greatly increases the efficiency of the burner and
      therefore materially reduces the operating cost of a cooking system
      incorporating the invention.
PAR  A secondary but nevertheless highly favorable advantage to the use of two
      orifices in a burner is that two connection points are provided for each
      target. By this means the alignment of the target relative to the orifices
      is maintained throughout the operation of the burner. If only one orifice
      is provided, the target can rotate to such an extent that the efficiency
      of the burner is reduced.
PAR  Still another important advantage of the present invention comprises the
      use of vertically extending heat transfer walls adjacent the combustion
      zone. It has been found that heat transfer walls having a substantial
      horizontally extending component are utilized in a cooking system, a
      boundary layer of heated cooking oil tends to form on the heat transfer
      walls, whereupon further heat transfer into the cooking fluid is
      substantially retarded. On the other hand, when the present invention is
      employed, the boundary layer is continually dissipated by circulation of
      the cooking fluid due to natural convection, so that a much higher rate of
      heat transfer into the cooking fluid is achieved.
PAR  An associated advantage of the present invention comprises the shape of the
      heat transfer walls whereby heated products of combustion remain in
      contact with the side walls for as long as possible. By this means not
      only the efficiency of heat transfer but also the period of time of heat
      transfer is greatly extended.
PAR  A further advantage to the use of the present invention comprises the shape
      of the frypot. Thus, in addition to providing very efficient heat transfer
      to the contents of the frypot, the cross sectional configuration of the
      frypot shown in the Drawings provides for simplified cleaning of the
      frypot. This in turn results in both labor savings and the reduction in
      the amount of time that the cooking system must be out of service for
      cleaning.
PAR  Although a particular embodiment of the invention has been illustrated in
      the accompanying Drawings and described in the foregoing Detailed
      Description, it will be understood that the invention is not limited to
      the embodiment disclosed, but is capable of rearrangement, modification,
      and substitution of parts and elements without departing from the spirit
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A burner comprising:
PA1  a gas supply manifold;
PA1  at least two orifices secured to the manifold for discharging gas jets in
      such directions that the gas jets and secondary air entrained therein
      interact to cause turbulent intermixing of the gas and the air;
PA1  a bracket mounted on the manifold and secured against relative movement
      with respect thereto by the orifices; and
PA1  target means mounted on the bracket and positioned at least partially in
      the path of the interacting jets to deflect the jets and thereby cause
      further turbulent intermixing of the gas and the air;
PA1  said target means comprising a ceramic member having a planar surface
      facing generally toward the jets and extending angularly with respect
      thereto;
PA1  said bracket being formed from metal and comprising bifurcated portions for
      receiving the orifices, means for receiving and retaining the ceramic
      target member and means for preventing wilting due to extended exposure to
      heat.
NUM  2.
PAR  2. A burner comprising:
PA1  a gas supply manifold;
PA1  a plurality of pairs of orifice members each secured to the manifold for
      discharging a plurality of pairs of gas jets in such directions that
      adjacent pairs of gas jets and secondary air entrained therein
      substantially converge with each other to cause turbulent intermixing of
      the gas and the secondary air to form a combustible gas/air mixture;
PA1  a plurality of brackets each mounted on the manifold and secured against
      relative movement with respect thereto by one of the pairs of orifice
      members; and
PA1  a plurality of target means each mounted on one of the brackets and
      positioned at least partially in the path of a single one of the pairs of
      converging jets to deflect the combustible gas/air mixture toward a
      combustion zone adjacent said target means and thereby cause further
      turbulent intermixing of the gas and the secondary air, each one of said
      target means being spaced from one pair of orifice members such that one
      pair of gas jets substantially converge between said one pair of orifice
      members and said one target means, said one target means including a
      ceramic member having a planar surface facing generally toward said
      adjacent combustion zone and extending angularly with respect to said one
      pair of gas jets to reflect and radiate heat toward said adjacent
      combustion zone.
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ABST
PAL  A method and apparatus is disclosed for burning pulverous or granular
      material, particularly cement raw material to cement clinker. Burning of
      the pulverous material is accomplished in a plant which includes a
      suspension preheater, a rotary kiln and a separate rotary cooler unit
      having an inlet end and an outlet end, for cooling the burnt material
      exiting from the kiln by means of air which is subsequently used for
      combustion and preheating purposes. The method comprises dividing the
      heated cooling air into at least two streams, directing the divided heat
      cooling air out of both ends of the rotary cooler unit in its divided
      streams, directing at least one stream to the rotary kiln to be used as
      combustion air, directing exhaust gases from the rotary kiln to the
      preheater to preheat the material, and directing the other stream of
      heated cooling air to the preheater to preheat the material prior to being
      burnt in the rotary kiln.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to improvements in burning pulverous or granular
      materials. More particularly the invention pertains to such improvements
      in burning cement raw meal to cement clinker.
PAR  2. Description of the Prior Art
PAR  In the past several attempts have been made to increase the efficiency of
      the operation of rotary kiln plants of the type contemplated. For example,
      the kiln products are generally cooled at least to a temperature low
      enough to allow for further treatment such as grinding, storage, etc., of
      the product. It has been known that the greater the amount of heat energy
      which is recovered from this cooling process, the greater will be the
      efficiency of the plant. However, by known methods and plants, it has been
      extremely difficult to recover sufficient amounts of heat from the cooling
      process of hot kiln products.
PAR  When the hot product is cooled in grate coolers, part of the heated cooling
      air discharged from the cooler may be utilized as combustion air in the
      rotary kiln. Alternately, the cooling air may be divided into two streams,
      one of which is used for combustion in the rotary kiln, the other being
      used for preheating purposes in the preheater. However, usually, only part
      of the heated cooling air from a grate cooler can be used for combustion
      and preheating purposes in the kiln plant and the remainder of the heated
      cooling air, having a relatively low temperature, cannot be utilized in a
      manner which will render the process advantageous. Thus, this cooling air
      is generally passed to waste. Consequently there is a loss of heat energy
      and, in addition, the creation of a dust problem, because the heated
      cooling air generally contains large quantities of dust. Thus that part of
      the burnt product may be wasted in the form of dust.
PAR  In plants in which all the heated cooling air is passed to the rotary kiln
      as combustion air, these problems have been somewhat eliminated by the
      introduction of well-known planetary coolers. In planetary coolers - which
      may be integrally mounted with the rotary kiln - an efficient cooling of
      the hot product is achieved by means of air drawn through the cooler tubes
      and by subsequently drawing the air through the kiln.
PAR  Attempts have been made to utilize a separate rotary cooler unit of a type
      having a rotatable inclined tube, with or without associated planetary
      cooler tubes to improve the cooling effect of the unit. However, in
      certain circumstances it is difficult to arrange the correct amounts of
      cooling air subsequently used as combustion air in the burning process
      performed in the rotary kiln; particularly when an intensive preheating or
      partial calcining of the product is performed in the preheater. For
      example, this is the case in rotary kiln plants having a stationary
      burning chamber or calcining unit within the preheater for precalcination
      of the raw material. I have invented a method and apparatus which makes it
      possible to recover substantially increased quantities of heat in such
      installations.
PAC  SUMMARY
PAR  A method of burning pulverous or granular materials in a plant having a
      suspension preheater, a rotary kiln and a separate rotary cooler unit
      having an inlet and an outlet end, for cooling the burnt material by means
      of air subsequently used for combustion and preheating purposes in the
      plant. The method comprises dividing the heated cooling air into two
      streams, and passing the divided heated cooling air out of both ends of
      the rotary cooler unit in its divided streams, passing at least one stream
      to the rotary kiln to be used as combustion air, passing exhaust (or
      waste) gas from the rotary kiln to the preheater to preheat the material
      and passing the other stream to the preheater to preheat the material
      before it is burnt in the rotary kiln.
PAR  By thus dividing the heated cooling air into two streams the stream of
      heated cooling air passed to the rotary kiln may be adjusted in the rotary
      kiln. Furthermore, by limiting the amounts of air passed (in
      countercurrent to the product discharged from the kiln) to the cooler this
      passage of the product is facilitated, and the amount of dust carried
      along with the heated cooling air is reduced. Because large amounts of
      dust adversely influence the burning process in the rotary kiln, it can be
      seen that this feature provides a substantial improvement over the prior
      art.
PAR  The remainder of the heated cooling air is used in the preheater, together
      with the waste gases from the rotary kiln, such that the heat content of
      the heated cooling air and the waste gas is recovered as far as possible
      in the heat exchange process performed in the suspension preheater.
PAR  In a preferred embodiment of the invention, the raw material treated in the
      preheater is partly calcined or burnt by means of fuel introduced into the
      suspension preheater or a part thereof.
PAR  Particularly when burning cement raw material to cement clinker it may be
      advantageous to divide the process so that calcining of the product is, to
      a high degree, performed outside the rotary kiln. In this case, the heated
      air stream from the cooler serves excellently as preheated combustion air
      for the initial burning in the suspension preheater and the heat content
      is thereby used in the process. Furthermore, dust problems are largely
      avoided because the gas resulting from the calcination process together
      with the combustion gas from the rotary kiln, is cleaned in the dust
      precipitator of the preheater after having taken part in the process of
      preheating the cold material fed to the suspension preheater.
PAR  In another embodiment of the invention fuel is introduced into the
      suspension preheater, or part thereof, and the stream of heated cooling
      air from the rotary cooler unit to the preheater is passed through a
      separate part of the suspension preheater which is a stationary combustion
      chamber in which the preheated material is partly calcined or burnt before
      being fed to the rotary kiln.
PAR  Particularly in plants designed for large rates of production it is
      advantageous to keep the two gas streams (i.e. the exhaust gas stream from
      the rotary kiln and the combustion gas stream from the stationary
      combustion chamber) separate in their passage through the suspension
      preheater until they have been cooled down by heat exchange with the cold
      raw material fed to the preheater. When the gases have reached a
      reasonably low temperature in the suspension preheater, a control of the
      passages for the gas streams may be established so that a preferred
      division of the streams through the cooler may be effected. The gas
      streams may thereafter be united and subsequently fed to a dust
      precipitator for cleaning.
PAR  The invention also pertains to a rotary kiln plant for burning pulverous or
      granular material, the plant comprising a suspension preheater, an
      inclined rotary kiln and a separate rotary cooler, the rotary cooler being
      connected at one end by a duct or ducts to the lower end of the rotary
      kiln and at the other end to the suspension preheater. The invention
      further comprises means for directing heated cooling air to the rotary
      cooler in a manner such that the heated cooling air from the rotary cooler
      is divided into two streams and passed to the rotary kiln in the form of a
      first stream which serves as preheated combustion air and to the preheater
      as a separate or second stream. The rotary kiln has means associated
      therewith for supplying the hot product to the rotary cooler. By arranging
      the rotary kiln and the cooler as two separate rotatable units several
      advantages are clearly obtained. The foundations and the bearing rollers
      may be of moderate sizes and the kiln and the cooler may be driven by
      separate equipment at speeds independent of each other, such that the
      speeds of the units may be chosen and controlled to suit immediate needs
      determined by the processes performed in the kiln and in the cooler
      respectively.
PAR  Although the separate rotary cooler has an excellent cooling performance,
      it has hitherto given rise to difficulties in the chute through which the
      burnt product passes to the cooler and through which the heated cooling
      air passes to the rotary kiln. A major reason for this difficulty is that
      this passage is narrow and as a result, the air entrains large quantities
      of dust which may have a harmful influence on the operation of the kiln.
      Further, the dust may stick to the walls of the chute and form coatings
      which decrease the cross-sectional area and increase the difficulties.
PAR  However these nuisances can be largely eliminated in the plant constructed
      according to the present invention because part of the heated cooling air
      may be passed to the preheater through the duct connecting the other end
      of the rotary cooler with the suspension preheater and only a limited
      amount of heated cooling air is passed to the kiln.
PAR  An important feature of the invention is that the suspension preheater may
      include a stationary combustion chamber for partly calcining or burning
      the preheated material before being fed to the rotary kiln. The provision
      of a stationary combustion chamber in combination with the preheater
      ensures that the heated cooling air stream, which is passed to the
      preheater, may be used for partly calcining or burning the preheated raw
      material before a final burning or sintering is carried out in the rotary
      kiln. Thus part of the calcining or burning process may be removed from
      the rotary kiln proper. This in turn reduces the amount of heated cooling
      air required for combustion in the rotary kiln. The rotary kiln may
      therefore be of reduced dimensions when compared with conventional rotary
      kilns of corresponding production capacities.
PAR  The rotary kiln may be mounted above the rotary cooler in such a manner
      that the central tube of the cooler serves as a gas duct for the stream of
      heated cooling air which is passed to the preheater or the combustion
      chamber.
PAR  When the rotary cooler is of the type having a central tube with planetary
      cooler tubes, the central tube may function as an air duct for the heated
      cooling air passed to the preheater. The central tube may thus be kept
      clean by its rotation. This eliminates the need for long stationary ducts,
      which are generally difficult to clean and to keep clean.
PAR  The central tube may be provided with means such as helical strips mounted
      on the inner surface of the tube and serving as transport means for
      returning any dust carried along with the heated cooling air stream
      passing to the suspension preheater or the combustion chamber. Also the
      preheater may be divided, in respect of the gas passage, into two units
      having means for individually regulating the divided heating cooling air
      streams through the rotary cooler.
PAR  The division of the suspension preheater into two separate units, of which
      one is adapted to be fed by the combustion gases from the rotary kiln and
      the other by the heated cooling air from the rotary cooler and the
      secondary combustion chamber, is advantageous because the gas streams may
      thus be controlled individually, preferably by automatic equipment. This
      control is preferably located at or near the gas exit end of the
      suspension preheater where the temperature is normally so low that
      ordinary flow control means, such as valves and the like, may be used
      without any risk of damage to the equipment due to overheating.
PAR  The construction of a plant according to the invention is also applicable
      and is of certain interest in connection with modernization of older
      cement manufacturing plants having long rotary kilns with integral
      planetary coolers. Such long kilns may be divided into two parts of which
      the part with the planetary cooler may be used as the separate rotary
      cooler unit having a central tube with planetary coolers, whereas the
      remaining part of the rotary kiln then constitutes a short sintering kiln
      which, together with the separate rotary cooler, is combined with a
      suspension preheater. The preheater may include, for example, a stationary
      burning chamber.
PAR  It can be seen that a significant feature of the present invention resides
      in the extremely effective control placed upon the heated cooling air
      stream which passes to the rotary kiln.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Preferred embodiments of the invention are described hereinbelow with
      reference to the sole drawing which illustrates in side elevation, a plant
      constructed according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The plant illustrating the principles of the present invention comprises a
      rotary kiln, a separate rotary cooler, and a suspension preheater with a
      stationary burning chamber. Referring to the drawing, there is shown a
      rotary kiln 1 carried by bearing rollers 2 supported by foundations 3. The
      rotary kiln 1 has a discharge end 4 for discharge of hot burnt material
      and for inlet of combustion air and fuel to be supplied through a burner
      pipe 5. The rotary kiln 1 has an inlet chamber 6 for the material to be
      burnt and for discharge of the combustion gases through a duct 7.
PAR  A rotary tube 8 has planetary cooler tubes 9 communicating therewith via
      chutes 10 and have a common stationary casing 11 for the supply of cooling
      air. The casing 11 is equipped with a discharge 12 for receiving the
      cooled product from the cooler tubes. The rotary tube 8 is likewise
      carried by bearing rollers 13 supported by foundations 14. The rotary tube
      8 and the rotary kiln 1 are connected by a communicating chute 15. In
      addition, the rotary tube is also connected to a discharge duct 16 for
      discharge of heated cooling air. The ducts 7 and 16 lead to a suspension
      preheater comprising two separate units 17 and 18 of a known type which
      comprises a number of cyclones. The units have gas discharge ducts 19 and
      20, which via adjustable fans 21 and 22 respectively, lead to a dust
      precipitator. The dust precipitator is not shown in the drawing. The units
      have material inlet pipes 23 and 24 and material discharge pipes 25 and
      26.
PAR  Between the rotary cooler 8 and the preheater unit 18 there is a stationary
      combustion chamber 27 with a separator cyclone 28 having a material
      discharge pipe 29 leading to the inlet chamber 6 of the rotary kiln. The
      stationary combustion chamber 27 is provided with a fuel inlet pipe 30 and
      an air or gas inlet pipe 31.
PAR  The gas duct 7 for discharge of the combustion gases from the rotary kiln
      has a by-pass 32 for by-passing the preheater during starting up and for
      continuously by-passing a small part of the gas in order to remove
      alkalies from the plant and thus to prevent caking on the walls of the
      plant apparatus.
PAR  The cold material to be heat treated in the plant -- in this example cement
      raw material -- is fed to the plant through the feed pipes 23 and 24, and
      fuel for the burning is added through the burner arrangement 5 and the
      fuel pipe 30.
PAR  The burnt material is discharged through the casing 11 having a bottom
      outlet 12, and the cold atmospheric air is drawn from there through the
      planetary cooler pipes 9. One part of the air passes in succession through
      the rotary tube 8, the rotary kiln 1 and the preheater unit 17 and out via
      the exhaust fan 21.
PAR  On its way through the preheater units, the cold raw material is preheated
      by heat exchange with the hot gas flowing upwards in the preheater units.
      The preheated raw material leaves the preheater units at their bottom and
      is fed to the combustion chamber 27 through the discharge pipes 25 and 26.
PAR  In the stationary combustion chamber 27 additional heat is introduced and
      the temperature of the raw material is raised to its temperature of
      dissociation so that an almost complete calcination of the material takes
      place in a process in which the heat content of the heated cooling air
      from the rotary cooler is also utilized. The calcined or partly calcined
      product is transported to the separator cyclone 28 by means of the gas
      stream through the stationary burning chamber. The product is separated
      off in the cyclone 28 and fed to the rotary kiln 1 through the pipe 29.
PAR  The calcined material is sintered in the rotary kiln 1 by means of heat
      developed by the fuel to the kiln through the burner arrangement 5. The
      burnt hot product is discharged from the kiln through the end opening 4
      and falls through the duct 15 into the central tube of the separate rotary
      cooler unit. The hot product is distributed through the chutes 10 into the
      planetary cooler tubes 9, in which it is cooled by means of cold
      atmospheric air drawn through the cooler tubes from the casing 11. The
      cooled product is discharged at 12.
PAR  The cooling air used for cooling the hot product passes into the central
      tube of the rotary cooler unit 8, in which it is divided into two streams
      passing in opposite directions as indicated by the arrows.
PAR  One stream of the heated cooling air flows through the duct 15 to the
      rotary kiln to be used as combustion air in amounts adjusted by the speed
      of the fan 21 to suit the burning process performed in the rotary kiln.
      The remainder of the heated cooling air passes through the central tube 8
      of the cooler unit to serve as combustion air for the calcining process
      performed in the stationary burning chamber 27 to which it is directed via
      duct 16.
PAR  This division of the burning process ensures that only limited amounts of
      combustion air have to pass up through the duct 15 in countercurrent to
      the hot material so that this air will not interfere - to any appreciable
      extent - with the passage of the hot product downwards to the cooler unit.
PAR  A number of modifications may be introduced without departing from the
      invention. For example, the combustion chamber for partly calcining or
      burning the material preheated in the suspension preheater before it is
      fed to the rotary kiln, may be constructed as a part of the rotary cooler.
      The combination of the rotary cooler and the combustion chamber will
      simplify the plant. Furthermore, the rotation of the combustion chamber
      with the rotary cooler implies that an intimate mixing of the fuel and the
      preheated product may be accomplished so that the initial heat treatment
      of the product is improved.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of burning pulverous or granular material in a plant including
      a suspension preheater, a rotary kiln and a separate rotary cooler unit,
      said cooler unit having a central cooler tube provided with a plurality of
      cooler tubes arranged in planetary fashion about the central cooler tube,
      the kiln having an inlet end portion and an outlet end portion for cooling
      the burnt material by means of air subsequently used for combustion and
      preheating purposes in the plant, which comprises directing cooling air
      into the planetary cooler tubes and from the planetary cooler tubes into
      the central cooler tube, dividing the heated cooling air into at least two
      streams within the central cooler tube, directing the divided heated
      cooling air out of both ends of the rotary cooler unit in its divided
      streams, directing at least one stream to the rotary kiln to be used as
      combustion air, directing exhaust gases from the rotary kiln to the
      preheater to preheat the material, and directing the other stream of
      heated cooling air to the preheater to preheat the material prior to being
      burnt in the rotary kiln.
NUM  2.
PAR  2. The method according to claim 1 further comprising introducing a fuel
      into the suspension preheater or a part thereof to at least partially burn
      the material prior to feeding it into the rotary kiln.
NUM  3.
PAR  3. The method according to claim 2 further comprising directing the stream
      of heated cooling air from the rotary cooling unit to the preheater and
      passing said stream through a stationary combustion chamber comprising a
      part of a first section of the suspension preheater, at least partially
      burning the preheated material before feeding said material to the rotary
      kiln, and feeding the waste gases from the rotary kiln to a second section
      of the preheater.
NUM  4.
PAR  4. A rotary kiln plant for burning pulverous or granular material
      comprising a suspension preheater, an inclined rotary kiln and a separate
      rotary cooler, the rotary cooler having a central cooler tube provided
      with a plurality of cooler tubes arranged in planetary fashion about the
      central cooler tube and being connected at one end by at least one duct to
      the lower end of the rotary kiln and communicating at the other end
      portion with the suspension preheater, means for directing cooling air to
      the planetary cooler tubes and from the planetary cooler tubes to the
      central cooler tube in such a manner that the heated cooling air from said
      rotary cooler is divided into two streams, means for directing a first
      stream of said preheated cooling air to the rotary kiln for use as
      preheated combustion air, means for directing the second stream to the
      suspension preheater for preheating the material to be burnt in the kiln,
      and means associated with the rotary kiln for directing the hot product
      from the kiln to the rotary cooler.
NUM  5.
PAR  5. The rotary kiln plant according to claim 4 further comprising means for
      directing the material burnt in the rotary kiln from the kiln to the
      cooler unit and for directing heated cooling air from the cooler unit to
      the kiln in countercurrent flow.
NUM  6.
PAR  6. The rotary kiln plant according to claim 4 further comprising means for
      directing the material burnt in the rotary kiln from the kiln to the
      cooler unit and for directing heated cooling air from the cooler unit to
      the kiln in countercurrent flow.
NUM  7.
PAR  7. The rotary kiln plant according to claim 4 wherein the preheater further
      comprises a stationary combustion chamber for at least partially burning
      the preheated material prior to feeding it to the rotary kiln.
NUM  8.
PAR  8. The rotary kiln plant according to claim 4 wherein the preheater further
      comprises a stationary combustion chamber for at least partially burning
      the preheated material prior to feeding it to the rotary kiln.
NUM  9.
PAR  9. The rotary kiln plant according to claim 5 wherein the preheater further
      comprises a stationary combustion chamber for at least partially burning
      the preheated material prior to feeding it into the rotary kiln.
NUM  10.
PAR  10. The rotary kiln plant according to claim 6 wherein the preheater
      further comprises a stationary combustion chamber for at least partially
      burning the preheated material prior to feeding it to the rotary kiln.
NUM  11.
PAR  11. The rotary kiln plant according to claim 4 further comprising means for
      mounting the rotary kiln above the rotary cooler unit and means for
      directing a stream of heater cooling air to at least one of the preheater
      and combustion chamber.
NUM  12.
PAR  12. The rotary kiln plant according to claim 8 further comprising means for
      mounting the rotary kiln above the rotary cooler unit and means for
      directing a stream of heater cooling air to at least one of the preheater
      and combustion chamber.
NUM  13.
PAR  13. The rotary kiln plant according to claim 9 further comprising means for
      mounting the rotary kiln above the rotary cooler unit and means for
      directing a stream of heater cooling air to at least one of the preheater
      and combustion chamber.
NUM  14.
PAR  14. The rotary kiln plant according to claim 10 further comprising means
      for mounting the rotary kiln above the rotary cooler unit and means for
      directing a stream of heater cooling air to at least one of the preheater
      and combustion chamber.
NUM  15.
PAR  15. The rotary kiln plant according to claim 4 wherein said preheater is
      divided for gas passage therethrough into two units having means for
      individually regulating the divided heated cooling air streams through the
      rotary cooler and through the divided preheater.
NUM  16.
PAR  16. The rotary kiln plant according to claim 4 wherein said preheater is
      divided for gas passage therethrough into two units having means for
      individually regulating the divided heated cooling air stream through the
      rotary cooler and through the divided preheater.
NUM  17.
PAR  17. The rotary kiln plant according to claim 5 wherein said preheater is
      divided for gas passage therethrough into two units having means for
      individually regulating the divided heated cooling air streams through the
      rotary cooler and through the divided preheater.
NUM  18.
PAR  18. The rotary kiln plant according to claim 7 wherein said preheater is
      divided for gas passage therethrough into two units having means for
      individually regulating the divided heated cooling air streams through the
      rotary cooler and through the divided preheater.
NUM  19.
PAR  19. The rotary kiln plant according to claim 11 wherein said preheater is
      divided for gas passage therethrough into two units having means for
      individually regulating the divided heated cooling air streams through the
      rotary cooler and through the divided preheater.
NUM  20.
PAR  20. The rotary kiln plant according to claim 7 wherein said rotary cooler
      communicates with the suspension preheater by a duct means connected to
      said other end portion of said cooler and to said stationary combustion
      chamber.
NUM  21.
PAR  21. The rotary kiln plant according to claim 8 wherein said rotary cooler
      communicates with the suspension preheater by a duct means connected to
      said other end portion of said cooler and to said stationary combustion
      chamber.
NUM  22.
PAR  22. The rotary kiln plant according to claim 9 wherein said rotary cooler
      communicates with the suspension preheater by a duct means connected to
      said other end portion of said cooler and to said stationary combustion
      chamber.
NUM  23.
PAR  23. The rotary kiln plant according to claim 10 wherein said rotary cooler
      communicates with the suspension preheater by a duct means connected to
      said other end portion of said cooler and to said stationary combustion
      chamber.
NUM  24.
PAR  24. A rotary kiln plant for burning pulverous or granular raw material
      comprising a suspension preheater, an inclined rotary kiln and a separate
      rotary cooler unit, the rotary cooler unit having a central cooler tube
      provided with a plurality of cooler tubes arranged in planetary fashion
      about the central cooler tube and being connected at one end by at least
      one duct to the material output end portion of the rotary kiln and
      communicating at the other end with the suspension preheater, the cooler
      unit further being connected to a stationary combustion chamber for at
      least partially burning the raw material prior to feeding it into the
      suspension preheater, means for directing cooling air to the planetary
      cooler tubes and from the planetary cooler tubes to the central cooler
      tube in a manner such that the heated cooling air from said rotary cooler
      is divided into two streams, means for directing a first stream of said
      preheated cooling air to the rotary kiln as preheated combustion air,
      means for directing the second stream of preheated cooling air to the
      preheater, and means associated with the rotary kiln for directing the hot
      product from the kiln to the rotary cooler.
NUM  25.
PAR  25. The rotary kiln plant according to claim 24 wherein said rotary cooler
      communicates with the suspension preheater by a duct connected to a
      central cooler tube at said other end portion of said cooler and to a
      lower portion of said stationary combustion chamber.
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ABST
PAL  Stripping apparatus for stripping copy sheets bearing electrostatic
      developed images from a heated pressure fusing roll after fusing of the
      images to paper sheets. The stripping apparatus comprises a flexible blade
      member supported by a retaining device and positioned into contact with
      the heated fusing roll surface. The tip of the blade has a hollow ground
      edge of a radius slightly greater than the fuser roll. The blade is
      slideably positioned to enable lateral expansion axially relative to the
      retaining device. A modification of the stripping device consists of a
      comb design with blade and retaining members having inter-locking tines.
BSUM
PAR  This invention relates generally to a xerographic copying apparatus and
      more particularly to an improved stripping apparatus for stripping copy
      sheets from a heated pressure roll fuser apparatus used to fix
      electroscopic toner material to paper sheets.
PAR  In the process of xerography, the light image of an original to be copied
      is typically recorded in the form of a latent electrostatic image upon a
      photosensitive member with subsequent rendering of the latent image
      visible by the application of electroscopic marking particles, commonly
      referred to as toner. The visual image can either be fixed directly upon
      the photosensitive member or transferred from the member to a sheet of
      plain paper with subsequent affixing of the image thereto.
PAR  One approach for fixing or fusing of electroscopic toner particles onto
      paper support material has been to pass the paper support material with
      toner images thereon between a pair of opposed roller members at least one
      of which is internally heated. Occassionally toner particles will be
      offset to the fuser roll for various reasons. In such a case toner
      particles may be transferred to the surface of the fuser with subsequent
      transfer to the backup roll during periods of time when no paper is in the
      nip. It will be appreciated that these toner particles can then be
      retransferred to the paper with an accompanying degradation of the quality
      of copies being produced. In one of the arrangements for minimizing the
      offsetting problem a release agent such as silicone oil is applied to the
      fuser roll.
PAR  In another arrangement metals or other suitable materials are used as fuser
      roll surfaces employing release agents which through chemical reaction of
      the oxidized release agent and the metal oxide of the fuser roll provide a
      suitable release coating during the fusing operation, as described in
      copending application Ser. No. 383,231 filed July 27, 1973, and commonly
      assigned with the instant application
PAR  The removal of solid area images from a wetted fuser surface and a smooth
      metal fuser surface creates difficulties not found in more conventional
      stripping operations. In a standard stripping situation the copy is
      removed by a peeling action of the stripping mechanism; that is, some part
      of the copy rides on the stripping ramp rather than on the forward portion
      of the stripper. This occurs when the adhesive forces of copy to substrate
      are sufficiently low so that the stripper, utilizing the beam strength of
      paper, can pry the copy off the roll without ever driving the very tip of
      the stripper finger into the interface.
PAR  As toner layer thickness and image coverage increase, the adhesion to fuser
      roll surface may become so large that, even with a stripping device which
      supports the copy over its entire width, paper beam strength is
      insufficient to remove the copy, and separation of the fused image must be
      accomplished by driving the knife edge into the toner-fuser interface.
PAR  The principle object of the invention is to provide a new and improved
      stripping apparatus for stripping copy sheets having high density or toner
      pile from pressure heated fusing rolls.
PAR  Another object of the invention is to improve the stripping of copy sheets
      from smooth metal fusing rolls to which copy sheets tend to stick or
      adhere to the fusing surface.
PAR  Still another object of the invention is to provide a stripping blade for
      stripping fused copy sheets from a fuser roll surface wherein the blade is
      capable of withstanding expanding forces.
PAR  Still another object of the invention is to minimize damage to copy sheets
      being stripped from a fusing surface without injuring the fusing surface.
PAR  Still another object of the present invention is to provide a new and
      improved stripping blade construction.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      when read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of a xerographic reproducing apparatus
      incorporating the stripping apparatus of the invention;
PAR  FIG. 2 is a fragmentary view of the stripping apparatus illustrating one
      embodiment of the invention; and
PAR  FIG. 3 is a fragmentary view of the stripping fingers illustrating still
      another embodiment of the invention.
DETD
PAR  The reproducing machine illustrated in FIG. 1 employs an image recording
      drum member 10, the outer periphery of which is coated with a suitable
      photoconductive material 11. One type of photoconductive material is
      disclosed in U.S. Pat. No. 2,970,906 issued to Bixby in 1961. The drum 10
      is suitably journaled for rotation within a machine frame (not shown) by
      means of a shaft 12 and rotates in the direction indicated by arrow 13, to
      bring the image retaining surface thereon past a plurality of xerographic
      processing stations. Suitable drive means (not shown) are provided to
      power and coordinate the motion of the various cooperating machine
      components whereby a faithful reproduction of the original input scene
      information is recorded upon a sheet of final support material such as
      paper or the like.
PAR  Since the practice of xerography is well known in the art, the various
      processing stations for producing a copy of an original are herein
      represented in FIG. 1 as blocks A to E. Initially, the drum moves
      photoconductive surface 11 through a charging station A. At charging
      station A an electrostatic charge is placed uniformly over the
      photoconductive surface 11 of the drum 10 preparatory to imaging. The
      charging may be provided by a corona generating device of a type described
      in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the drum 10 is rotated to exposure station B where the charged
      photoconductive surface 11 is exposed to a light image of the original
      input scene information, whereby the charge is selectively dissipated in
      the light exposure regions to record the original input scene in the form
      of a latent electrostatic image. A suitable exposure system amay be of the
      type described in U.S. patent application, Ser. No. 259,181 filed June 2,
      1972 now U.S. Pat. No. 3,832,057, issued Aug. 27, 1974.
PAR  After exposure, drum 10 rotates the electrostatic latent image recorded on
      the photoconductive surface 11 to development station C, wherein a
      conventional developer mix is applied to the photoconductive surface 11 of
      the drum 10 rendering the latent image visible. A suitable development
      station is disclosed in U.S. patent application Ser. No. 199,481 filed
      Nov. 17, 1971 now a continuation application, Ser. No. 382,996, filed July
      26, 1973. This application describes a magnetic brush development system
      utilizing a magnetizable developer mix having carrier granules and toner
      comprising electrophotographic resin plus colorant from dyes or pigments.
      A developer mix is continually brought through a directional flux field to
      form a brush thereof. The electrostatic latent image recorded on
      photoconductive surface 11 is developed by bringing the brush of developer
      mix into contact therewith. The developed image on the photoconductive
      surface 11 is then brought into contact with a sheet of final support
      material 14 within a transfer station D and the toner image is transferred
      from the photoconductive surface 11 to the contacting side of the final
      support sheet 14. The final support material may be plain paper, gummed
      labels, transparencies such as Polycarbonate, Polysulfane and Mylar, etc.,
      as desired.
PAR  After the toner image has been transferred to the sheet of final support
      materil 14, the sheet with the image thereon is advanced to a suitable
      fuser assembly 15 which fuses the transfer powder image thereto. After the
      fusing process, the final support material 14 is advanced by a series of
      rolls 16 to a copy paper tray 17 for subsequent removal therefrom by a
      machine operator.
PAR  Although a preponderance of the toner powder is transferred to the final
      support material 14, invariably some residual toner remains on the
      photoconductive surface 11 after the transfer of the toner powder image to
      the final support material 14. The residual toner particles remaining on
      the photoconductive surface 11 after the transfer operation are removed
      from the drum 10 as it moves through cleaning station E. Here the residual
      toner particles are first brought under the influence of a cleaning corona
      generating device (not shown) adapted to neutralize the electrostatic
      charge remaining on the toner particles. The neutralized toner particles
      are then mechanically cleaned from the photoconductive surface 11 by
      conventional means, for example, the use of a resiliently biased knife
      blade as set forth in U.S. Pat. No. 3,660,863 issued to Gerbasi in 1972.
PAR  Referring now to FIG. 2 there is shown a stripping apparatus 50 according
      to the present invention. Stripping apparatus 50 includes a blade member
      52 positioned in close proximity to the fuser roll surface 58 on a blade
      retaining member 54 by screws 56. It will be noted that a shim 55 serves
      to clamp the blade member against retaining member 54. It will be further
      noted that blade member 52 has a slot 57 which is larger than the screw
      size to enable lateral expansion of the blade member axially relative to
      member 54 upon heating. Alternatively, a track could be used in place of a
      screw attachment. Blade retaining member 54 is loaded on a pivot axis by
      any suitable means such as a spring (not shown). Blade member 52 is
      longitudinally coextensive with the fuser roll surface and is sufficiently
      thin to be mounted securely in blade retaining member 54 to overcome any
      tendancy to warp. Desirably, blade member 52 is slightly longer than the
      copy sheet paper width so that no stripping demand is placed on the
      corners of the blade member. Also the blade member desirably is slightly
      shorter than the fuser roll surface to prevent uneven load distribution at
      the ends of the blade member.
PAR  In accordance with the invention the leading edge 62 of the blade member is
      hollow ground. This is to permit very good knife edge, a shallow stripping
      angle and the greatest possible knife edge strength. In other words, it is
      desirable that the extreme tip of the blade not deflect or lift away from
      the fuser roll surface upon application of the stripping pressure loads.
      It will be appreciated that the blade edge tip 62 is ground to a radius
      slightly larger than the fuser roll to accomplish the aforesaid purposes.
      In this manner the edge of the blade is sufficiently sharp for stripping
      solid area images having high toner pile images and yet is sufficiently
      strong so that it does not chip upon impact with higher toner pile images.
      It has been found that a blade knife angle  approximately 20 to
      30.degree.with a tip 62 ground to a radius slightly larger than the fuser
      roll works well.
PAR  The material of the blade member must be tough enough to retain an acutely
      tapered knife edge. It must also be capable of sliding on a smooth surface
      without damaging the fuser roll surface to a degree which could affect
      copy quality or stripping. Further it should be able to withstand maximum
      continuous temperatures of approximately 330.degree.F. Any suitable
      material can be used which will satisfy these conditions. It has been
      found that preferred metal is a graphite doped polymide manufactured by
      duPont Corporation of Wilmington, Delaware under the tradename of VESPEL.
PAR  It has been found that the blade member described above successfully strips
      even the most tightly sticking high pile toner images from the fuser roll
      surface. Further, more, the blade member described above strips without
      damaging fuser roll surface or the copy sheet being stripped.
PAR  FIG. 3 shows a second embodiment of the stripping apparatus wherein the
      blade member is arranged in a comb configuration. In this embodiment the
      blade member has spaced apart comb-like elements 62 which have
      interlocking tines extending from the blade retaining member 64. It will
      be appreciated that with this embodiment that sufficient stripping
      pressure is effected along the length of the copy sheet by stripping while
      allowing for lateral expansion of the spaced elements.
PAR  While there have been described and shown and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment, it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and in its operation may be
      made by those skilled in the art without departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for contact fusing toner particles to paper support
      material wherein said apparatus comprises fusing roll for applying heat
      and pressure to the particles and paper support material at a nip through
      which they are passed therethrough, an improved stripping apparatus for
      stripping sheets from the fuser roll surfaces comprising:
PA1  blade retaining means positioned in close proximity to a fuser roll surface
      from which copy sheets are to be stripped,
PA1  a flexible blade member supported by said blade retaining means at an angle
      of about 20.degree. to 30.degree. to the fuser roll surface longitudinally
      coextensive therewith,
PA1  said blade member having a hollow ground edge at the tip thereof of a
      radius slightly greater than the fuser roll surface,
PA1  wherein said blade retaining means and blade member are arranged with
      inter-locking tines.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said flexible blade member is
      made of a graphite doped polymide.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said blade member is slideably
      positioned to move axially relative to said blade retaining means.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said blade retaining means
      includes a plurality of screw members received through a shim member in
      contact with one side of said blade and on a retaining block in contact
      with the opposite side of said blade member.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said blade member is formed with
      slotted openings through the screw members one received and which are
      larger than the screw members.
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ABST
PAL  A method of obtaining a titanium tanning agent, based essentially upon
      sulfuric-acid treatment of titaniferous material followed by precipitating
      from titanium sulfate solution ammonium titanyl double sulfate monohydrate
      with subsequent treatment of that salt with ammonium sulfate solution to
      obtain the compound of titanium sulfate as a tanning agent. Methods of
      tanning using conventional techniques require up to 10 per cent of the
      titanium tanning agent by weight of the pelt calculated as TiO.sub.2.
PARN
PAR  This application is a divisional of Ser. No. 343,120 filed Dec. 11, 1972,
      now U.S. Pat. No. 3,852,431, which is a continuation of Ser. No. 20,133,
      filed Mar. 16, 1970, now abandoned.
BSUM
PAR  This invention relates generally to methods of obtaining mineral tanning
      agents and more specifically to methods of obtaining titanium-based
      tanning agents and their application in the tanning of hides, pelts and
      fur skins.
PAR  A widespread application of various mineral tanning agents such as
      chromium, zirconium and aluminum compounds, is known in the present-day
      leather industry along with the use of vegetable tannins. Titanium
      compounds are likewise known to possess tanning properties (astringency).
      Among such compounds there may be cited the following: sulfates, such as,
      titanyl sulfate; chlorides, oxalates, gluconates, tartrates, lactates.
PAR  A method of obtaining titanyl sulfate as adopted in the trade is known to
      consist in subjecting titaniferous material to treatment with sulfuric
      acid, thus causing titanium to pass into sulfuric acid solution, wherefrom
      an astringent, viz., titanyl sulfate is subsequently isolated, e.g., by
      neutralizing the solution with lime, filtering out the resultant calcium
      sulfate and evaporating the filtrate thus obtained. The above-described
      technique, however, is too complicated, the finished product is difficult
      to obtain in a form convenient enough to be employed as a tanning agent
      and, moreover, the agent itself does not possess high astringency (cf.,
      e.g., German Pat. No. 517446, 1938).
PAR  Other of the above-listed titanium compounds are scarcely available, since
      lactic, tartaric and other acids mentioned above are both expensive and
      critical materials.
PAR  Titanium compounds are not made use of in the modern leather industry for
      tanning hides and pelts on account of the fact that said compounds do not
      possess the whole complex of the required properties and characteristics,
      namely, convenience in handling, good solubility, adequate stability in
      storage and satisfactory tanning properties (astringency), whereas the
      methods of obtaining said compounds are intricate and in some cases
      uneconomical.
PAR  The invention is concerned with an improvement in the method of obtaining a
      titanium tanning agent and especially the operations of isolating a
      titanium tanning compound from the solution of titanium sulfate so that
      said tanning compound should be convenient in handling, stable in storage,
      possess good solubility and make it possible, when used as a tanning
      agent, to obtain a wide assortment of new kinds of leather of improved
      properties.
PAR  Said object is accomplished in a method of obtaining a titanium-based
      tanning agent, by treating titaniferous material with sulphuric acid,
      passing titanium into sulfuric acid solution and isolating titanium
      sulfate as a tanning agent, by adding ammonium sulfate to a solution of
      titanium in sulfuric acid to precipitate ammonium titanyl double sulfate
      monohydrate [(NH.sub.4).sub.2 TiO(SO.sub.4).sub.2.H.sub.2 O], whereupon
      said salt is treated with a solution of ammonium sulfate, thus stabilizing
      the above monohydrate form and obtaining the titanium sulfate compound as
      a tanning agent. The agent thus obtained is stable when under storage, is
      readily soluble and convenient in handling.
PAR  According to the invention, in a method of tanning delimed pelts using
      tanning agent obtained by the afore-described technique, said the tanning
      agent is employed in a dry state without being preliminarily dissolved and
      is introduced into the tanning bath in two steps so that at the initial
      stage of the tanning process the above agent is introduced in an amount of
      from 2 to 5 per cent of the entire pelt weight (as referred to TiO.sub.2)
      and at the final stage thereof, in a quantity of from 5 to 8 per cent upon
      draining the liquor from the tanning vat and penetrating of the pelt by
      the tanning agent.
PAR  When employed in tanning delimed and pickled or delimed, pickled and
      chrome-treated pelts, the tanning agent is used in an amount of from 5 to
      10 per cent of the total pelt weight as referred to TiO.sub.2.
PAR  The present titanium tanning agent is applicable to tanning pelts in
      combination with a zirconium tanning agent.
PAR  Application of the titanium tanning agent in the above-stated amount to
      tanning hide stock makes it possible to obtain a wide range of new kinds
      of leather possessing improved properties, as well as producing a
      synergistic effect with respect to acceleration of the tanning process and
      improvement of the quality of the finished leather.
PAR  When applying the tanning technique according to the invention use can be
      made of soda ash in addition to the tanning agent so as to make the latter
      basic, which fact simplifies the technological process and increases the
      rate of tanning and neutralization. When applying the titanium tanning
      agent in combination with a zirconium tanning agent no soda ash should be
      added.
PAR  When using the herein-disclosed tanning agent in practising the pelt
      tanning technique proposed herein, use can be made of a mixture of sodium
      sulfite with urotropin (hexamethylenetetramine) as neutralizing
      substances, this considerably increasing the shrinkage point of leather
      (up to 118.degree.C), adding to the tanning effect, accelerating the
      neutralization process and contributing to better quality of the finished
      leather.
PAR  The herein-proposed tanning agent is likewise applicable for tanning fur
      skins. In this case it is introduced just after soaking the skins in an
      amount of from 0.3 to 1 per cent of the total weight of soaked skins, this
      adding much to the strength of fur, which is of special importance for
      low-strength fur skins such as those of gopher or suslik and of water rat,
      and increasing hair thickness in fur skins featuring a thin hair covering
      such as low-grade rabbit skins, and the like.
PAR  When employing the present tanning agent in tanning delimed fur skins the
      latter are treated with dichromic acid and then the tanning agent is added
      in a quantity of from 2 to 4 weight per cent with subsequent reduction of
      chromium.
PAR  This makes it possible to obtain more compact leather and thicker fur when
      processing low-grade wooled sheepskin, and the like.
PAR  The method disclosed in the present invention provides a wide assortment of
      new kinds of leather possessing improved quality characteristics.
PAR  Employment of the present titanium tanning agent in combination with
      retanning by synthetic tannins (syntans) results in obtaining
      light-colored flexible leather possessing an attractive appearance and
      improved wear- and mold-proofness.
PAR  A peculiar feature of titanium-syntan dressed leather is a higher yield as
      to area thereof which is of importance from the economic viewpoint.
      Another salient factor resides in a reduced cost of chemicals as compared
      to that of chemicals used in chrome-vegetable and zirconium-syntan tanning
      processes.
PAR  The herein-proposed tanning method enables critically-short vegetable
      tannins to be dispensed with.
PAR  When tanning fur skins the strength of such skins that possess loose flesh
      (e.g., gopher, water rat) is sharply improved, whereas their hair covering
      becomes thicker.
PAR  The present invention is exemplified below in certain specific examples
      illustrating the method of obtaining the titanium tanning agent and
      specific and preferred techniques of tanning hide, pelt and fur skins
      applying the above agent.
PAR  The essence of the herein-disclosed method of obtaining a titanium tanning
      agent resides in the fact that ammonium sulfate is added to a sulfuric
      acid solution of titanium available from titaniferous material to
      precipitate ammonium titanyl double sulfate monohydrate [(NH.sub.4).sub.2
      TiO(SO.sub.4).sub.2.H.sub.2 O], whereupon said salt is treated with
      ammonium sulfate solution, thus stabilizing the above monohydrate form and
      obtaining titanium sulfate compound as a tanning agent applicable as a
      tannin in tanning pelt and fur skins.
DETD
PAR  Specifically, the present method is carried into effect as follows.
PAR  Titaniferous concentrated material (47 per cent of TiO.sub.2) taken in an
      amount of 1 ton, is treated with sulfuric acid and ammonium sulfate is
      added, consumption of H.sub.2 SO.sub.4 amounting to 2 or 4 tons and
      ammonium sulfate, from 0.1 to 0.5 ton. Conditions of sulfuric-acid
      treatment (i.e., temperature, duration, acid concentration) depend upon
      the nature of the titanium-containing material. Then the cake obtained as
      a result of the above treatment is leached with water using recycled
      solutions, titanium is caused to pass into solution thus getting rid of
      insoluble admixtures remaining as a precipitate.
PAR  Next the precipitate is filtered out and washed with water which then is
      reused in lixiviation as a recycled solution.
PAR  Then, ammonium sulfate and sulfuric acid are added to the sulfuric acid
      solution of titanium until the content of free H.sub.2 SO.sub.4 is from
      300 to 450 g per lit and (NH.sub.4).sub.2 SO.sub.4 from 180 to 300 g per
      lit, the aggregate concentration of ammonium sulfate and sulfuric acid in
      the solution amounting to 520-620 per lit. Then ammonium titanyl double
      sulfate is precipitated from the obtained solution in a monohydrate form
      [NH.sub.4).sub.2 TiO(SO.sub.4).sub.2.H.sub.2 O]. The duration of the
      precipitation procedure under intermittent process conditions is from 16
      to 24 hours, while in a continuous process its duration may be
      substantially diminished.
PAR  Precipitation temperature of the salt ranges from 12.degree. to
      30.degree.C. At higher temperatures an anhydrous form of the ammonium
      titanyl double sulfate is likely to precipitate from the above solution
      and this is unsuitable to be used as a titanium tanning agent. The
      titanium salt having been precipitated from the solution, 3 to 10 g per
      lit of TiO.sub.2 are found to remain therein. The percentage of conversion
      of titanium from the original stock into the salt ranges from 55 to 90
      depending upon the nature of the titanium-containing material.
PAR  Then the titanium salt is filtered out and washed with sulfuric-acid
      solution containing 300 to 450 g per lit of H.sub.2 SO.sub.4 and 180 to
      300 g per lit of (NH.sub.4).sub.2 SO.sub.4 and taken in a quantity of from
      0.4 to 0.7 cu.m per 1 ton of salt, the latter being at the same time
      purified from dissoluble admixtures contained in the initial titanium
      sulfuric-acid solution.
PAR  The filtered-out and washed salt is then treated with a solution containing
      ammonium sulfate in an amount of from 300 to 400 g per lit, consumption of
      said solution ranging from 0.4 to 0.7 cu.m per 1 ton of salt. Such a
      treatment is conducive to stabilization of the monohydrate form of the
      ammonium titanyl double sulfate.
PAR  Said treatment is effected by washing on a filter, or by repulpifying with
      subsequent filtration.
PAR  Thus, the obtained ammonium titanyl double sulfate in a stable monohydrate
      form is essentially a titanium tanning agent possessing a whole complex of
      the required properties and characteristics, that is, convenience in
      handling, high solubility, adequate stability when under storage and
      satisfactory tanning properties.
PAR  The yield of the tanning titanium salt from the original concentrated stock
      amounts to 1.3-2.1 t, its composition in weight per cent being as follows:
      TiO.sub.2 -- 19 to 22; SO.sub.3 -- 45 to 48; (NH.sub.4).sub.2 O -- 14.5 to
      16.5; F.sub.2 O.sub.3 -- not in excess of 0.05; insoluble reside -- not in
      excess of 0.3.
PAR  The salt is a white powder; under the microscope it appears as isotropic
      crystals-tetrahedrons.
PAR  The titanium tanning agent obtained by the afore-described method is
      applicable in tanning hides and pelts, the tanning technique being as
      follows.
PAR  Dehaired skin or pelt available from cattlehides (butts, offals) is subject
      to conventional treatment procedures, deliming inclusive, with the sole
      exception that the liming process should not be sharp and should be as
      short as four days.
PAR  Then the dehaired skin or pelt is charged into a revolving drum, the latter
      is filled with water at a temperature of from 20.degree. to 25.degree.C
      until a 1.5 water-to-pelt ratio is obtained and the titanium tanning agent
      is introduced in an amount of from 2 to 5 weight per cent of the pelt as
      referred to TiO.sub.2. The above amount depends upon the thickness and
      stoutness of the pelt under treatment. Simultaneously with the tanning
      agent ammonium sulfate is added in an amount of from 4 to 8 per cent of
      the pelt weight.
PAR  All the components mentioned above are introduced in the dry state. Next
      the tanning process starts with the drum rotating, said process taking 4
      to 10 hrs until a complete penetration of the pelt by the tanning agent.
      The degree of penetration is checked with hydrogen peroxide which reacts
      with the tanning agent to form a complex colored yellow-amber. The pelt
      having been completely penetrated by the tanning agent (which is
      indicative of the end of the initial stage of the tanning process), the
      liquor is drained off, whereupon a second stage of the tanning process is
      carried out which is similar to the previous one with the only exception
      that in addition to ammonium sulfate, soda ash preliminarily mixed with
      the tanning agent is introduced together therewith, the consumption of the
      tanning agent being from 5 to 8 per cent of the pelt weight and that of
      soda ash in such an amount as to heighten the basicity of the agent up to
      60-70 per cent. The second stage of the tanning process takes from 12 to
      36 hours.
PAR  The second stage over, the tanning liquor is drained off, the semifinished
      product is washed with water and neutralized by adding soda ash in a
      quantity of 2 weight per cent. In a 4 to 5-hr period of time a mixture of
      sodium sulfite with urotropin is added in an amount of from 1 to 2 per
      cent of the pelt weight.
PAR  When the pH value of hydrogen ion concentration in the semi-finished
      product has reached 4 to 4.5, neutralization is terminated. Next the
      semi-finished goods are washed up and retanned with the use of synthetic
      tannins taken in an amount of from 15 to 18 per cent as referred to the
      tanning agent.
PAR  Use is made as synthetic tannins of such syntans that are stable in acid
      medium and resistant to the effect of ammonium sulfate. Retanning proceeds
      at a water-to-pelt ratio of from 1.4 to 1.6, a temperature of from
      40.degree. to 45.degree.C during 24 to 36 hours, the initial pH value
      being not lower than 4. To suppress froth-formation when retanning, there
      is added along with the tanning agent either a special antifroth dressing
      paste or sulfonated blubber in an amount of from 0.5 to 1 per cent. Then
      the semi-finished goods are washed, sammed, dip-filled and stuffed. When
      dip-filling, use is made of the following agents: magnesium or ammonium
      sulfate in an amount of from 5 to 10 per cent; treacle in an amount of
      from 5 to 10 per cent, synthetic tannin in the form of a concentrated
      solution in an amount of 1 per cent of the tanning agents and a phenol
      fixative of tanning matter in an amount of from 1 to  2 per cent.
PAR  Stuffing is carried out in a conventional manner using solid synthetic
      materials.
PAR  Further treatment of the semi-finished goods is effected according to the
      commonly known technique.
PAR  In cases where a delimed and pickled pelt is to be treated the pickling
      process must be performed in the presence of ammonium sulfate until the
      belt becomes completely pickled with sulfuric acid, acid consumption
      equalling from 1.3 to 2 per cent, ammonium sulfate, from 60 to 70 g per
      lit at a water-to-pelt ratio equal to 1, a temperature ranging from
      18.degree. to 20.degree.C and the pH value of the semi-finished goods
      being not in excess of 2.2 at the end of the pickling procedure. Then
      single-stage tanning with the titanium tanning agent is carried out in a
      waste pickling solution with the water-to-pelt ratio being preliminarily
      increased up to 1.5. Consumption of the tanning agent is from 7 to 10 per
      cent, no ammonium sulfate being added. Further on the tanning process
      proceeds in keeping with the afore-described technique effective with
      reference to the second stage of the tanning process, and the subsequent
      processes as specified above.
PAR  When employing delimed, pickled and chromed pelt, the entire process,
      chroming inclusive, is effected by the conventional technique whereas
      tanning and the subsequent procedures are performed in keeping with the
      technique described with reference to delimed and pickled pelt with the
      sole exception that a freshly composed tanning liquor is employed for the
      tanning process.
PAR  When using a combination of titanium and zirconium tanning agents all the
      processes described above, chroming inclusive, are performed by the
      conventional techniques. Then tanning is carried out using ammonium
      sulfate in a water-to-pelt ratio equalling 1.5 and a temperature of from
      20.degree. to 25.degree.C and by resorting to a mixture of dry tannins,
      viz., sodium sulfate and zirconate with titanium tanning agent.
      Consumption of ammonium sulfate amounts to 5-8 per cent of the pelt
      weight, that of sodium sulfate and zirconate, from 3 to 5 per cent and the
      titanium agent, from 3 to 5 per cent, no soda ash being needed to add at
      the beginning of the tanning process.
PAR  Further on the tanning process and all the operations that follow it are
      performed in a similar manner to those described above.
PAR  The tanning agent obtainable by the method disclosed in the present
      invention is likewise applicable in tanning fur skins, the tanning
      technique being carried out as follows.
PAR  Fur skins soaked by the conventional method are fleshed and tanned with the
      use of the titanium agent taken in an amount of from 0.3 to 1 per cent of
      the weight of soaked skins and in the presence of ammonium sulfate taken
      in a quantity of 40 g per lit. The tanning process proceeds at
      water-to-pelt ratio of from 2 to 6 and a temperature of from 18.degree. to
      20.degree.C during a period of from 2 to 8 hours. When the tanning process
      comes to an end, sodium sulfite and urotropin are added each taken in an
      amount of 1 per cent of the weight of soaked skins. Tanning should result
      in a complete penetration of the skins by the tanning agent and in a final
      shrinkage point of the semi-finished goods falling within 68.degree. to
      75.degree.C. To heighten the basicity up to 60 per cent some soda ash must
      be added at the beginning of the tanning process. The tanning procedure
      over, the semi-finished goods are washed, stuffed with a higher
      fat-content stuff and then dyed, curried and dressed by the conventional
      method.
PAR  In cases where delimed fur skins are to be treated they are tanned as
      follows. Semi-finished goods are treated with a solution of dichromic acid
      taken in an amount of 1 per cent of the weight of soaked skins, at a
      temperature of from 18.degree. to 20.degree.C, a water-to-pelt ratio of
      1.3 during a period of 0.5 to 1 hour, whereupon the titanium agent is
      added in an amount of 2 to 4 per cent and tanning proceeds during 1 hour.
      Next sodium sulfite is introduced in an amount of from 1 to 2 per cent and
      tanning lasts until a complete penetration of the skins by the titanium
      agent and a reduction of hexavalent chromium to the trivalent form. This
      done, the skins are washed, neutralized with urotropin and sodium sulfite
      taken in an amount of from 1 to 2 per cent each until the pH value of the
      semi-finished goods reaches 3.5 to 4, and stuffed at a higher fat
      consumption rate. All the subsequent treatment procedures are carried out
      using conventional techniques.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of tanning delimed pelts using ammonium titanyl double sulfate
      monohydrate as tanning agent wherein said tanning agent in dry form is
      introduced into the tanning bath so that at the initial stage of the
      tanning process the agent is introduced in an amount of from 2 to 5 per
      cent of the pelt weight as referred to the percentage of TiO.sub.2, while
      at the final stage of the tanning process, upon draining the tanning
      liquor and penetrating of the pelt by the tanning agent, it is introduced
      in an amount of from 5 to 8 per cent of the pelt weight as referred to the
      percentage of TiO.sub.2 and wherein said tanning agent is prepared by
      dissolving titanium-containing material in sulfuric acid to form a
      solution containing titanium ions; adding ammonium sulfate to said
      solution in an amount of 180 to 300 g/l and adjusting the content of
      H.sub.2 SO.sub.4 to 300 g/l while keeping the aggregate concentration of
      ammonium sulfate and H.sub.2 SO.sub.4 to from 520 to 620 g/l in order to
      precipitate substantially all the titanium from said solution as ammonium
      titanyl double sulfate monohydrate at a temperature of 12.degree. to
      30.degree.C.; removing said precipitate, washing said precipitate with a
      solution containing 300 to 450 g/l H.sub.2 SO.sub.4 and 180 to 300 g/l of
      (NH.sub.4).sub.2 SO.sub.4 ; and then washing the precipitate with a
      solution containing 300 to 400 g/l of ammonium sulfate.
NUM  2.
PAR  2. A method of tanning delimed and pickled, or delimed pickled and chromed
      pelt using ammonium titanyl double sulfate monohydrate as the tanning
      agent, wherein said tanning agent is taken in an amount of from 5 to 10
      per cent of the pelt weight as referred to the percentage of TiO.sub.2 and
      wherein said tanning agent is prepared by dissolving titanium-containing
      material in sulfuric acid to form a solution containing titanium ions;
      adding ammonium sulfate to said solution in an amount of 180 to 300 g/l
      and adjusting the content of H.sub.2 SO.sub.4 to 300 to 450 g/l while
      keeping the aggregate concentration of ammonium sulfate and H.sub.2
      SO.sub.4 to from 520 to 620 g/l in order to precipitate substantially all
      the titanium from said solution as ammonium titanyl double sulfate
      monohydrate at a temperature of 12.degree. to 30.degree.C.; removing said
      precipitate; washing said precipitate with a solution containing 300 to
      450 g/l H.sub.2 SO.sub.4 and 180 to 300 g/l of (NH.sub.4).sub.2 SO.sub.4 ;
      and then washing the precipitate with a solution containing 300 to 400 g/l
      of ammonium sulfate.
NUM  3.
PAR  3. A method of tanning as claimed in claim 2, wherein said tanning agent is
      employed in combination with zirconium tanning agent.
NUM  4.
PAR  4. A method of tanning as claimed in claim 1, wherein, soda ash is
      introduced together with the titanium agent.
NUM  5.
PAR  5. A method of tanning as claimed in claim 1, wherein a mixture of sulfite
      with hexamethylenetetramine is added to the pelt after the final phase of
      tanning is complete.
NUM  6.
PAR  6. A method of tanning fur skins using ammonium titanyl double sulfate
      monohydrate as the tanning agent, wherein said agent is introduced just
      after the skin soaking process in an amount of from 0.3 to 1 per cent of
      the weight of soaked skins and wherein said tanning agent is prepared by
      dissolving titanium-containing material in sulfuric acid to form a
      solution containing titanium ions; adding ammonium sulfate to said
      solution in an amount of 180 to 300 g/l and adjusting the content of
      H.sub.2 SO.sub.4 to 300 to 450 g/l while keeping the aggregate
      concentration of ammonium sulfate and H.sub.2 SO.sub.4 to from 520 to 620
      g/l in order to precipitate substantially all the titanium from said
      solution as ammonium titanyl double sulfate monohydrate at a temperature
      of 12.degree. to 30.degree.C., removing said precipitate; washing said
      precipitate with a solution containing 300 to 450 g/l H.sub.2 SO.sub.4 and
      180 to 300 g/l of (NH.sub.4).sub.2 SO.sub. 4 ; and then washing the
      precipitate with a solution containing 300 to 400 g/l of ammonium sulfate.
NUM  7.
PAR  7. A method of tanning delimed skins wherein delimed skins are treated with
      dichromic acid and then with ammonium titanyl double sulfate monohydrate
      as the tanning agent in an amount of from 2 to 4 per cent by weight of
      said skins with a subsequent reduction of chromium to the trivalent form
      and wherein said tanning agent is prepared by dissolving
      titanium-containing material in sulfuric acid to form a solution
      containing titanium ions; adding ammonium sulfate to said solution in an
      amount of 180 to 300 g/l and adjusting the content of H.sub.2 SO.sub.4 to
      300 to 450 g/l while keeping the aggregate concentration of ammonium
      sulfate and H.sub.2 SO.sub.4 to from 520 to 620 g/l in order to
      precipitate substantially all the titanium from said solution as ammonium
      titanyl double sulfate monohydrate at a temperature of 12.degree. to
      30.degree.C.; removing said precipitate; washing said precipitate with a
      solution containing 300 to 450 g/l H.sub.2 SO.sub.4 and 180 to 300 g/l of
      (NH.sub.4).sub.2 SO.sub.4 ; and then washing the precipitate with a
      solution containing 300 to 400 g/l of ammonium sulfate.
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ABST
PAL  A method and means for multi-color dyeing textile yarn wherein yarn is
      present in perforate cylindrical cans for dyeing, with the yarn being in a
      maze of tortuously extending coils progressing axially within the can as
      occurs when yarn is collected in an upright can from a crimping or bulking
      operation. The cans are first positioned on movable J-shaped cradles with
      their cylindrical axes horizontal and are then immersed sequentially in a
      plurality of dye baths in which the cans are only partially immersed.
      Between immersions in sequential dye baths the cans are reoriented by
      rotating them about their cylindrical horizontal axes to cause dyeing of
      at least partially different portions of the maze of yarn in the cans in
      the different dye baths so that the resulting yarn strand, which extends
      randomly in the maze throughout differently dyed portions, will be
      unpredictably randomly dyed in different colors and lengths of color.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to dyeing of textile yarn and more
      particularly to dyeing textile yarn in multiple colors of unpredictably
      random distribution throughout the length of yarn.
PAR  The elimination of repeating patterns of multiple colors in dyeing textile
      yarn has long been sought to satisfy the popular demand for randomly
      colored fabric for garments and especially for carpets. The common
      commercial means for accomplishing this include, inter alia, dripping dye
      on travelling yarn strands, and intermittently bringing sections of
      travelling yarn strands into contact with printing rolls. These systems
      require complicated and expensive applicator equipment, as well as
      sophisticated control devices, such as electronic program units, to effect
      anything approaching pure random dye application. Also, these systems
      require the additional cost and operational problems of winding equipment
      for collecting the yarn from the system. On the other hand, dyeing of yarn
      in batches in the form it is collected from other processing operations,
      such as in cans or skeins, has not heretofore been commercially adapted to
      produce truly random dyeing. Skeins, for example, may be dyed in multiple
      colors by immersing different portions in different colors, but because of
      the uniform distribution of the yarn in the skein and the relatively short
      length of yarn in each winding of a skein the resulting yarn has
      relatively short uniform lengths of different colors in an easily
      detectible repeating pattern.
PAR  By the present invention, however, yarn may be economically and effectively
      used in the form it is collected in a preceding processing operation and
      it is dyed inexpensively and simply in multiple colors in a manner that
      uniquely results in an unpredictably random distribution of colors and
      color lengths in the ultimate yarn strand.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention comprises a method and means for
      progressively advancing a batch of textile yarn in a perforate container
      through the steps of positioning the container to have a horizontally
      disposed axis, immersing the positioned container sequentially in each of
      a plurality of dye baths with the immersion in at least one of two
      sequential dye baths being to a depth less than the full extent of the
      batch of yarn in the container so as to have dye applied to only a portion
      of the batch, while disposing the container in a different dyeing
      disposition in each of the two dye baths with the axis maintained
      horizontally disposed. Preferably, the yarn is disposed in the container
      in a tortuously coiled maze that progresses axially along the aforesaid
      axis that is positioned horizontally so that the yarn extends randomly
      into and out of the portion dyed in the less than full immersion dyeing
      step; and, preferably, the aforesaid different dyeing disposition in the
      dye baths is obtained by reorienting the container about the aforesaid
      horizontal axis between immersions in the two sequential dye baths to
      cause dyeing of at least partially different portions of the batch in the
      two dye baths.
PAR  In the preferred embodiment of the present invention, the container is a
      cylindrical can that has been filled with yarn in a preceeding crimping or
      bulking operation and is then disposed with its cylindrical axis
      horizontal, with the can being rotated about its cylindrical horizontal
      axis. As a specific example, the can may be immersed in each of three dye
      baths to the level of the horizontal axis and rotated one-third of a
      revolution between each of the three dye baths to produce six differently
      colored segments through which the yarn randomly meanders, three of the
      segments being color blends resulting from overlapping of segments being
      dyed in the different dye baths.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a dyeing line incorporating the preferred
      embodiment of the present invention;
PAR  FIG. 2 is a front elevation of one dyeing station of the dyeing line of
      FIG. 1;
PAR  FIG. 3 is a side elevation of the dyeing station of FIG. 2 with the yarn
      containing cans in a raised position;
PAR  FIG. 4 is a vertical sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a vertical sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a plan view of the dye tub shown in FIGS. 1-5;
PAR  FIG. 7 is a perspective view of a can supporting cradle of the type used in
      raising and lowering a can into the dye bath in a variation of the dyeing
      line of FIG. 1;
PAR  FIG. 8 is an exploded view of a can and its cover as used on the cradle of
      FIG. 7;
PAR  FIGS. 9 a, b, and c are vertical sectional views of the sequential
      immersion of the yarn in a can in sequential dye baths;
PAR  FIG. 10 is a perspective view of a variation of the dyeing line of FIG. 1;
PAR  FIGS. 11 a, b, and c are diagrammatic illustrations of a particular
      sequence of dyeing immersion obtained with the lines of the preceding
      variations; and
PAR  FIGS. 12 a, b, and c are diagrammatic illustrations of a variation of the
      dyeing immersion sequence of FIGS. 11 a, b, and c.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the preferred embodiment illustrated in FIGS. 1-6, the method of
      multi-color dyeing textile yarn of the present invention is incorporated
      in an automated dyeing line 20 wherein perforate cans C are progressed
      sequentially through a series of dyeing and rinsing treatments. This
      dyeing line 20 includes a ceiling-mounted automated transporting system 21
      that transports the cans C from treatment station to treatment station on
      movable support means 22 on which the cans C are supported for lowering
      into and raising from dye baths 23, 25, 27 and rinse baths 24, 26, 28, and
      29 by means, such as a conventional hoist mechanism 30, incorporated in
      the transport system 21. The treatment baths in which the cans C are
      immersed in this operation are contained in tubs 31 with each of which is
      associated means for circulating the dye or rinse liquid therein. Also,
      means 33 are provided for disposing the cans in different dyeing
      dispositions in the different dye baths while maintaining the axes of the
      cans horizontal. In the preferred embodiment this means for differently
      disposing the cans functions to reorient the cans about the horizontal
      axis by rotation to dispose at least partially different portions of the
      maze M of yarn in the cans C to dyeing in the different dye baths 23, 25
      and 27.
PAR  In the illustrated embodiment, the cans C are of a conventional type used
      to collect yarn from a crimping or bulking operation, an example of which
      is disclosed in my copending U.S. patent application Ser. No. 310,476,
      filed Nov. 29, 1972, as a continuation-in-part of my earlier U.S. patent
      application Ser. No. 169,007, filed Aug. 4, 1971. These cans C are
      perforated to allow fluid flow therethrough when yarns are being processed
      therein as in a subsequent steaming or autoclaving operation and in the
      present instance the perforations permit flow of dye liquor and rinse
      water freely therethrough for full treatment of the yarn in the can in the
      operation of the present invention, resulting in the simple and economical
      usage of the collection state of the yarn from the preceding processing in
      the dyeing operation of the present invention without having to wind or
      otherwise additionally handle the yarn before and after running it through
      the operation of the present invention.
PAR  The yarn collected in the cans C at the end of the preceding crimping or
      bulking operation, as disclosed in the aforesaid copending application, is
      randomly distributed in the form of a tortuously coiled maze M (FIG. 9)
      resulting from the rotation of the can about its vertical cylindrical axis
      as the crimped and bulked yarn is allowed to coil therein in a generally
      circumferentially progressing coiling while the yarn is also moving back
      and forth haphazardly during the general coiling progression, and as the
      can is upright with its axis vertical the progression of the maze M is in
      the axial direction as well as progressing circularly about the
      cylindrical axis.
PAR  To facilitate dye liquor and rinse water flow through the can C a perforate
      center core A is mounted centrally therein prior to filling of the can C
      with yarn and the maze M of yarn is retained in the can C during the
      treatment of the present invention by a cover B that fits over the open
      end of the can C, as shown in FIG. 8 for use in a latter described
      variation of the presently described embodiment.
PAR  The filled cans C are mounted for progression through the dyeing operations
      of the present invention with their cylindrical axes, which were in a
      vertical disposition during filling, in a horizontal disposition with the
      maze M of yarn progressing generally horizontally in coils that extend
      tortuously and generally circularly around the horizontally disposed axes.
      This horizontal disposition is obtained by support of the cans C in
      cradles 34 of generally J-shape, with each cradle 34 having two J-shaped
      portions 35 in back-to-back disposition to support two cans C in parallel
      relation at the same level for common simultaneous treatment through the
      system. These J-shaped portions 35 each consist of two spaced legs with
      cross supports 37 and top cross plates 38 to which are secured a pair of
      horizontally extending mounting sleeves 39 that slide on horizontal
      support rods 40 of the movable support means 22, to which rods 40 the
      sleeves 39 are secured by set screws 41 to fix the position of the cradles
      34 on the rods 40 in proper disposition for can positioning in progressing
      through the various treatment stages. The support rods 40 project
      laterally from a frame 42 of the movable support means 22, which frame is
      suspended by cables 43 from the aforementioned hoist mechanisms 30 that
      function to raise and lower the frame 42 and supported cans C.
PAR  The hoist mechanisms 30 are mounted on trolleys 44 suspended from rollers
      45 that ride on an overhead closed track 46 on which the hoist mechanisms
      30 and attached support means 22 are guided to advance the cans C past the
      various dye baths 23, 25, 27 and rinse baths 24, 26, 28, and 29. The
      trolleys 44 are drawn around the track 46 by a tractor 47 that rides on
      top of the track 46 and is driven therearound by a motor therein that
      rotates a gear (not shown) in engagement with a fixed chain in the track
      46 in a conventional manner. This tractor 47 is connected through an
      electrical cable 48 to a main power source 49 in the center of the track
      area, and is connected to the first trolley, with all the trolleys
      sequentially connected similarly, by identical connecting rods 50 that are
      centrally pivoted to accommodate movement of the trolleys 44 around the
      curves of the track 46 at spacings equivalent to the spaces between
      treatment baths.
PAR  A series of limit switches (not shown) are disposed about the track 47 at
      spacings located to be engaged by the tractor 47 when the cans C are at
      each sequential dye bath and rinse bath station. Engagement of these limit
      switches stops the drive of the tractor and initiates a timer that
      actuates the hoist mechanisms 30 to lower the cans C for dyeing immersion,
      allow a dwell period at the lowered position, raise the cans, and then
      again actuate the tractor 74 to move the train of trolleys 44 to the next
      bath position where the sequence is repeated by the tractor 47 engaging
      the next limit switch. The limit switch controls, timer, and electrical
      operating devices are all of conventional construction and operation and
      are, therefore, not disclosed in detail herein.
PAR  In progressing through the dyeing line 20, at the first dye bath 23 the can
      C is lowered into the bath without reorientation or manipulation in the
      cradles 34 and the maze M of yarn in the can C is dyed to the center line
      as a result of this immersion, which is to a depth less than the full
      extent of the batch or maze of yarn in the can. (FIG. 9a).
PAR  When the cans C are raised by the hoist mechanism 30 they are allowed to
      drain into the dye bath, and as they move down the line any further
      dripping of dye liquor from the cans C will be caught by an inclined drip
      pan 51 that extends between adjacent dye baths at an inclination back
      toward the respective dye baths from which the cans C have just been
      removed to drain the dripped dye liquor back into the dye baths.
PAR  At the first rinse bath 24, cans that have been previously immersed in the
      adjacent first rinse bath 24 are immersed for the purpose of rinsing
      residual dye liquor from the maze M of yarn before proceeding to the
      second dye bath 25, at which the cans C are immersed in the second dye
      bath 25 with the cans C disposed in different dyeing dispositions than in
      the first dye bath 23, but with the axes maintained horizontally disposed.
PAR  In the illustrated embodiment the means 33 for disposing the cans in
      different dyeing dispositions functions to reorient the cans C about their
      horizontal axes and in particular to rotate the cans C about these
      horizontal axes to dispose at least a portion of the previously undyed
      maze M below the level of the horizontal axis and a corresponding
      diametrically opposite previously dyed portion above the level of the can
      axis. Thus, when immersed in the second dye bath 26 the aforementioned
      portion of previously undyed material will take on the color of the second
      dye bath 26 and the previously dyed portion that is below the level of the
      axis of the can C will be a color that is a blend of the dyes in the first
      and second dye baths.
PAR  Reorientation or rotation of the cans C about their horizontal axes is
      accomplished by forming the cans C with gear sections G at the original
      bottom end of the cans C and at the original top end, i.e., the cover B.
      These gears G are arranged to mesh with teeth 52 of pivoted racks 53
      supported above the tub 31 on each side thereof with the racks 53 secured
      to pivot shafts 54 mounted on upstanding posts 55 at the corners of the
      tub 31. Mounted on one post 55 at each side of the tub 31 is a housing 56
      containing a conventional drive motor (not shown) operated by the timer to
      pivot the racks 53 into and out of position for engagement with the gears
      G on the cans C. When the cans C are being lowered into the second dye
      bath 25 the racks 53 are in their inward operative position for engagement
      of the gears G of the cans C as the cans progress downwardly. This
      engagement causes rotation of the cans C, whose gears G intermesh to
      facilitate simultaneous opposite rotation under the rack and gear
      engagement, and with the cans rotationally sliding in the J-shaped
      portions 35 of the cradle 34. The teeth 52 on the racks 53 are related to
      the teeth in the gears G so that upon each downward movement of the cans C
      they will be rotated one-third of a revolution, but this can be varied as
      desired for different dyeing purposes. Also, to assure proper alignment of
      the gears G with the racks 53 for operable engagement, pairs of guide arms
      58 are secured to the adjacent wall and project into alignment with
      opposite ends of the frame 42 at each dye bath position below and out of
      interference with the frame as it moves between baths but in position for
      engagement therewith upon lowering, thereby stabilizing the frame 42 and
      supported can C in position for gear and rack engagement.
PAR  Prior to the cans C being raised, the racks 53 are pivoted by the shafts 54
      to an outward inoperative position so that the cans C can be raised
      therepast without any rotational engagement and the cans can, therefore,
      drip with the dyed portion down without bleeding into adjacent undyed or
      differently dyed portions.
PAR  An identical rack 53 arrangement is disposed at the third dye bath 27 for
      rotation of the cans C another one-third revolution between immersion in
      the second dye bath 25 and third dye bath 27 following a rinse in the
      second rinse bath 26. However, no means for changing the dyeing can
      disposition is needed at the first dye bath 23 and the four rinse baths
      24, 26, 28, and 29; but for purposes of clarity of illustration of the
      rack arrangement, an arrangement is shown at the first dye bath 23.
PAR  The fourth rinse bath 29, which follows the aforementioned third rinse bath
      28 without any dyeing operation inbetween, is provided in the event
      further treatment is desired or if further rinsing is required to remove
      any remaining excess dye.
PAR  Although for purposes of illustration only the movable support means 22
      that lowers and raises the cans C into the baths are shown supporting the
      cans C at different levels, it should be understood that preferably all of
      the movable support means 22 will be at the same level so that all of the
      cans will be simultaneously in the same stage of either dyeing or rinsing
      while the mazes M or batches of yarn in the separate cans C will be
      progressively advancing through the various treatment stages.
PAR  Circulation of the dye liquor in the tubs 31 to obtain rapid and uniform
      dye penetration in the maze M of yarn in the cans C is obtained by a pump
      59 adjacent each tub 31. The input of each pump 59 is connected by a drain
      pipe 60 to the bottom of the associated tub 31 so that dye liquor is drawn
      from the tub 31 at the bottom thereof into the pump 59 from which it is
      directed to the tub through recirculating pipes 61 connected to two tubes
      62 that extend horizontally and parallel across the bottom of the tub 31.
      These tubes 62 have rows of holes 63 disposed at 45.degree. from
      horizontal for input of dye liquor recirculation into the tub 31, which is
      accomplished at relatively high pressure. Dye liquor is also introduced to
      the tub 31 at the front and rear walls thereof through pairs of nozzles 64
      also connected to the recirculating pipes 61. These pairs of nozzles 64
      are alternately operable by valve control depending upon the level of dye
      liquor in the tub 31.
PAR  The dye liquor is maintained at a selected level for proper immersion by
      manual periodic filling through a water input pipe 67 and is maintained at
      a desired temperature by steam coils 65 that serpentine along the inside
      bottom of the tubs 31 below the recirculating tubes 62. The concentration
      of the dye to obtain the proper shade or color during removal of the dye
      by the yarn is controlled manually by an observer who simply adds dye
      concentrate periodically as necessary.
PAR  To fill the tubs 31 initially in preparation for dyeing, locally available
      water is introduced through the water input pipes 65 and the water is
      heated by the introduction of steam through a steam input pipe 67. Dye
      concentrate is added manually and when the proper level and concentration
      of dye liquor is obtained the pump 59 is relied upon to maintain
      circulation. At the end of a run the dye liquor in the tubs 31 is removed
      through a drain pipe 68 connecting the bottoms of the tubs 31 to a sewer
      drain; and with the recirculation system and the compact immersion of cans
      C in the tubs 31, relatively small tubs can be used with a minimum of dye
      liquor for economical operation without significant end-of-run waste of
      dye liquor.
PAR  The rinse baths 24, 26, 28, and 29 utilize the same type of tubs 31 and may
      include the same plumbing for recirculating rinse water. In addition, the
      rinse baths are further provided with a pure water input pipe 69 and an
      elevated drain 70 in the rear wall protected by a screen 71 from clogging
      or blockage by material such as yarn when the equipment may be used
      alternatively for skein dyeing. The pure water input pipe 69, elevated
      drain 70, and screen 71, all of which are needed only for the rinse baths,
      are shown for simplicity of illustration incorporated also in a dye bath
      tub in FIG. 4, and when so utilized it renders the tub 31 adaptable for
      use either for dyeing or rinsing.
PAR  For purposes of illustration in FIG. 1 a complete circuit of trolleys 44 is
      not shown, the figure showing only those trolleys that are located at the
      various dye and rinse baths. In actual practice there would be a
      continuous series of trolleys 44 with unloading stations following the
      fourth rinse bath 29 and loading stations preceding the first dye bath 23
      so that a continuous operation can progress with the yarn being handled in
      batches in the form of the mazes M of yarn in the cans C. During this
      continuous operation each can is first immersed in the first dye bath 23
      to the level of the horizontal cylindrical axis at which the lower half of
      the maze M of yarn in the can C is dyed to the color of the dye in the
      first dye bath. The can C is then immersed in the first rinse bath 24 to
      remove the excess dye remaining from the first dye bath 23. The cans C are
      then advanced to the second dye bath 25 and as they are lowered thereto
      they are engaged by the racks 53 intermeshing with the gears G to rotate
      the cans one-third of a revolution, thereby raising two-thirds of the
      previously dyed portion of the maze M above the horizontal level of the
      axis, leaving one-third of the previously dyed portion below the dyeing
      level, and lowering below this dyeing level two-thirds of the previously
      undyed portion. This one-third dyed portion and two-thirds undyed portion
      below the dyeing level is then immersed in the second dye bath 25 to the
      horizontal level of the cylindrical axis to overdye the one-third
      previously dyed portion, thereby giving a blend or changed color to that
      portion, while giving the previously undyed portion the color of the
      second dye bath 25. The can C is then raised from the second dye bath 25
      and rinsed in the second rinse bath 26. It is then advanced to the third
      dye bath 27 wherein it is lowered and again rotated in the same direction
      one-third of a revolution by the rack 53 engagement with the gears G,
      which raises above the dyeing level both the overdyed portion as well as
      half of the portion originally dyed only in the second bath, and lowers
      below the dyeing level the only remaining undyed segment, half of the
      segment dyed only in the first dye bath and leaves below this level half
      of the segment dyed only in the second dye bath. Following this dyeing in
      the third dye bath 27 the can C is immersed either fully or half way with
      rotation between, in the third rinse bath 28 and again in the fourth rinse
      bath 29 to fully rinse the maze M of yarn in the can C for a double dye
      bath immersion period to fully remove all excess dye. The dyed maze M is
      then transported while still in the same can C through conventional
      steaming or autoclaving to set the yarn shape and to fast the color tone.
PAR  The result of the dyeing operation described heretofore is illustrated
      diagramatically in FIGS. 11 a, b, and c. In FIG. 11a the can C is seen
      immersed half-way in yellow dye, which dyes the lower half of the maze M
      of yarn with the upper half remaining undyed or white. Red dye is used in
      the second dye bath as shown in FIG. 11b, but before the can C is immersed
      it is rotated one-third revolution or 120.degree., by the rack 53 and gear
      G engagement, which rotates 120.degree. (or 2/3) of the yellow (Y) dyed
      maze M above the immersion level, leaves 60.degree. of yellow dyed maze M
      below the immersion level and lowers 120.degree. of previously undyed
      white maze M below the immersion level, leaving 60.degree. of previously
      undyed white (W) maze M above the immersion level. When the can C is then
      immersed half-way in the red dye second bath 25, the 120.degree.
      previously undyed portion will take on the red color (R) and the
      60.degree. previously dyed yellow portion will be overlapped by red dye
      and be blended therewith to become orange (O).
PAR  Following immersion in the second dye bath 25 the can C is immersed in the
      second rinse bath 26 and then advanced to the third dye bath 27, before
      which it is again rotated 120.degree. in the same direction as the
      previous rotation to dispose 60.degree. of yellow (Y), 60.degree. of
      orange (O), and 60.degree. of red (R) above the immersion level and
      dispose 60.degree. of red, 60.degree. of undyed white, and 60.degree. of
      yellow below the immersion level. Thus, when the can C is lowered half-way
      into the third dye bath (FIG. 11c), which contains blue dye, the immersed
      yellow portion will combine with the blue to produce green (G), the
      previously undyed or white portion will become blue (B), and the
      previously dyed or red portion will combine with the blue to produce
      purple (P).
PAR  Following immersion in the third dye bath 27 the can C will be immersed
      sequentially in the third rinse bath 28 and the fourth rinse bath 29 and
      the final dyed maze M will have thereby been divided into 60.degree. or
      one-sixth revolution segments of sequential red (R), orange (O), yellow
      (Y), green (G), blue (B), and purple (P) colors.
PAR  Although the dyeing procedure as described hereinabove results in dyeing of
      six equal segments of the maze M of yarn in the can C, there is no
      uniformity of the length of the individual strand of yarn dyed in each
      color nor any uniformity of color change. The maze M, which is not shown
      in the diagrammatic views of FIGS. 11 a, b, and c, is shown in
      corresponding FIGS. 9 a, b, and c wherein a length of yarn Y of the maze M
      is shown in dark line to indicate the coiled and tortuous disposition of
      the yarn in a generally circularly progressing coil that curls and coils
      back and forth unpredictably across different color sections with
      different lengths of yarn in the different color sections. As a result,
      the yarn Y randomly extends from one differently colored portion into
      another and the dyeing is completely random and totally unpredictable or
      non-repeatable so that a fabric made from the yarn will show no evidence
      of a pattern and will have a truly random color mix with some color
      lengths being of considerable length and others being relatively short.
PAR  The number of different color dye baths and the extent of reorientation
      between dye baths may be varied from two to as many as may be selected to
      obtain desired effects, with at least one dye bath immersion being less
      than the full depth of the can C to assure different dyeing effects, and
      with the dye baths arranged with progressively darker colors or shades in
      sequence. Also, the level of immersion of the cans C in the various dye
      baths can be varied for special effects with or without rotation or other
      axial reorientation of the cans C. For example, a maze M of yarn as
      described may be immersed to progressively deeper levels in a series of
      different dye baths without any reorientation and this differing
      disposition due to immersion level change only will produce a varying
      color and color blending in unpredictably random nature when the yarn is
      contained in the above-described maze form. On the other hand advantageous
      unique processing and results may be obtained by the reorienting of the
      container as by segmental rotation whether or not the yarn is in the
      above-described maze condition.
PAR  An example of can rotation with a less than axial level of immersion is
      illustrated in FIGS. 12 a, b, and c wherein the cans C are immersed to
      about one-third of their vertical extent and are rotated 120.degree.
      between immersions. This results in a triangular center portion that is
      undyed or white (W) (but which could be a color to which the maze has been
      previously dyed by a full immersion dyeing procedure), truncated chordal
      portions of yellow (Y), red (R), and blue (B), and small triangular
      segments that have been subjected to dye in two of the baths to provide
      orange (O), green (G), and purple (P).
PAR  The yarn material used in practicing this invention may be of any of the
      usual dyeable types, such as bulked spun yarn, continuous filament
      unbulked yarn, spun unbulked synthetic yarn, natural fiber spun yarn as
      well as others; and any compatible type of dye can be used. Also, although
      the preferred embodiment is described in terms of dyeing, it is obvious
      that the invention is applicable to other treatments as well as dyeing is
      intended only as a primary example. In this sense dyeing is intended to
      encompass any type of treatment, such as applying dye-resist chemicals in
      different arrangements so that upon dyeing of a fabric made with the
      treated yarn an effect is obtained similar to that when the present
      invention is used with dyes. Moreover, the maze M or other form of yarn
      may be disposed through this process in containers other than cylindrical
      cans; cans of other shapes and even bags may be used provided the material
      of the containers is perforate to allow flow of dye and rinse fluid to the
      yarn therein.
PAR  Because of the disposition of the yarn in perforate cans C and the dye
      concentration in the forced flow system, the present invention is capable
      of high speed dyeing. A typical dye bath immersion requires only two
      minutes and the system has the capability of even lesser cycle times.
PAR  Depending on the type of dye and yarn and the length of time in movement
      between dye baths, it may be possible to omit the intermediate rinse baths
      and use only one or both of the two last rinse baths 28 and 29. Also, for
      desired effect, the can may be completely submerged in one of the dye
      baths or rotated one-half revolution between two dye baths containing
      identical dye for, in either case, full color dyeing before or after
      partial dyeing in the other dye baths.
PAR  A variation of the equipment used in practicing the present invention is
      disclosed in FIGS. 10, 7, and 8 in the form of a manually operable,
      unautomated arrangement capable of accomplishing the same functions and
      purposes as with the previously described construction. In this simplified
      form, a series of three similar dye baths 72, 73, and 74 are arranged in a
      row without rinse baths therebetween, but with two rinse baths 75 and 76
      following the dye baths. Each tub 77 of the dye and rinse baths is similar
      to the above-described tubs 31 and is fitted with a recirculation drain
      pipe 78 that draws dye liquor or rinse water from the bottom of the tub 77
      to a recirculating pump 79 from which the dye liquor or rinse water is
      recirculated to the tub 77 through an input pipe 80 that is connected to a
      tube 81 in the tub 77 similar to the above-described tubes 62. A drain
      pipe 82 is connected to the bottom of the tub 77 for emptying the tub 77
      to a sewer line at the end of a dyeing run, for which purpose a valve 83
      is located in the drain pipe 82. Makeup water is added to the tubs 77
      through fill pipes 84 that feed into the top of the tubs 77. The dye
      liquor or rinse water is heated by steam coils (not shown) similar to the
      coil 65 described previously. Control of the pump operation as well as
      operation of the mechanism for immersing the cans C is accomplished
      through conventional control boxes 85 mounted on the sides of the tubs 77.
PAR  Rather than having a trolley system for automatically advancing cans from
      one bath to another, this embodiment has separate can mounting and
      manipulating mechanisms associated with each tub 77. This mechanism
      includes a J-shaped cradle 86 that is identical to half of the cradle 34
      of the previously described embodiment and is similarly mounted by sleeves
      87 thereon on support rods 88 that project from a vertically slideable
      frame 89 supported for vertical sliding movement in a pair of opposed
      upstanding channels 90 secured to and projecting upwardly from the rear of
      each tub 77. Raising and lowering of the slideable frame 89 in the
      channels 90 is accomplished by a hoist mechanism 91 mounted on the ceiling
      above the frame 89 and connected thereto through a cable 92 secured to the
      frame 89 at a projecting eye 93. Operation of the hoist mechanism 91 is
      controlled by the aforementioned control boxes 85 and upon lowering of the
      frame 89 it engages a limit switch 94 mounted adjacent the top of the tub
      77 on one of the upstanding channels 90 in a position to be engaged by the
      frame 89 when the can C has been immersed to a desired level in the bath.
      This limit switch 94 is adjustable vertically to adjust the depth of
      immersion and functions to stop the hoist mechanism 91 at the desired
      frame location.
PAR  In the illustration of FIG. 10 alternate cans C are shown in a raised
      position with the other cans being shown in immersed positions. In
      practice all of the cans would normally be raised and lowered together,
      but for clarity and avoidance of duplication of illustration the cans C
      are shown in different positions in FIG. 10. In using the equipment
      illustrated in FIG. 10, a can C is manually placed in the J-shaped cradle
      86 at the first dye bath 72 with its cylindrical axis horizontally
      disposed and it is positioned with respect to rotation about the
      cylindrical axis by engagement of an upstanding stud 95 in the bottom of
      the cradle in one of three holes 96 in the can C. These holes are spaced
      circumferentially 120.degree. apart for reorienting the can to accomplish
      the segmental dyeing described in relation to FIG. 11 with the previously
      described form. The number and spacing of these holes 96 may be varied as
      desired to obtain any type of dyeing relationship. When a can C has been
      immersed in the first dye bath 72 and subsequently raised to the position
      shown in FIG. 10, it is manually removed and placed on the cradle 86 at
      the second dye bath 73 with a different hole 96 aligned with and receiving
      the stud 95 on the second cradle, thereby reorienting the can C about its
      axis to rotate it 120.degree.. A similar manual operation is performed to
      transfer the can C from the second dye bath 73 to the third dye bath 74.
PAR  At the two rinse baths 75 and 76 the cans C are totally immersed for full
      rinsing and the two rinse baths are used in the line so that rinsing can
      take place during the time period of two dye immersions, thereby assuring
      proper rinsing of excess dye from the maze M of yarn in the can C.
      Preferably, of course, a full complement of cans are in process
      simultaneously so that cans C are being immersed in each of the dye baths
      and rinse baths at the same time.
PAR  A further advantage of the dyeing equipment of the embodiment of FIG. 10 is
      that the cradles 86 can be removed and the same equipment can otherwise be
      used for dyeing skeins of yarn by placing skeins over the support rods 88
      and adding other support rods as necessary to position the skeins during
      dyeing, with the skeins being disposed in different dyeing dispositions in
      each of the dye baths by rotating the skeins a selected amount when placed
      on the support rods at the sequential dye baths and immersing half, or
      other selected portion, of each skein in each of the dye baths and also
      immersing half of each skein in each rinse bath to rinse the entire
      skeins. This type of skein dyeing, while utilizing the equipment of the
      embodiment of FIG. 10, does not, of course, result in the completely
      unpredictable random color distribution that characterizes the present
      invention otherwise. A modicum of randomness can be obtained with skeins
      by placing them lengthwise in the cans C used with the aforementioned yarn
      mazes M and then twisting the skeins in the cans so that they have a
      somewhat coiled disposition that crosses different dye segments.
PAR  The present invention is advantageously capable of further modifications
      and variations in apparent forms other than those described in detail
      herein and it is not intended that the detailed description and drawings
      that are provided for purposes only of illustration herein should limit in
      any way the scope of the present invention, except as the invention is
      defined in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of multi-color dyeing textile yarn comprising progressively
      advancing a batch of textile yarn contained in a perforate container
      through the steps of positioning said container to have a horizontally
      disposed axis along which the yarn is disposed in an axially progressing
      tortuously coiled maze, immersing said positioned container sequentially
      in each of a plurality of dye baths with the immersion in at least one of
      two sequential dye baths of said plurality being to a depth less than the
      full extent of the batch of yarn in said container so as to have dye
      applied to only a portion of the batch in said at least one dye bath,
      while disposing the container in a different dyeing disposition in each of
      said two dye baths with said axis maintained horizontally disposed.
NUM  2.
PAR  2. A method of multi-color dyeing textile yarn according to claim 1 and
      characterized further in that said perforate container is a cylindrical
      can in which the batch of textile yarn has been randomly coiled in a
      progression along the cylindrical axis of the can, and in positioning said
      can the cylindrical axis thereof is horizontally disposed.
NUM  3.
PAR  3. A method of multi-color dyeing textile yarn comprising progressively
      advancing a plurality of batches of textile yarn in perforate containers
      in sequence through the steps of positioning said containers to have
      horizontally disposed axes along which the yarn is disposed in an axially
      progressing tortuously coiled maze, immersing said positioned containers
      sequentially in each of a plurality of dye baths with the immersion in at
      least one of two sequential dye baths of said plurality being to a depth
      less than the full extent of the batch of yarn in said containers so as to
      apply dye to only a portion of each batch in said at least one dye bath,
      while disposing the containers in different dyeing dispositions in each of
      said two dye baths with said axes maintained horizontally disposed, said
      steps being performed simultaneously on sequential containers.
NUM  4.
PAR  4. A method of multi-color dyeing textile yarn according to claim 3 and
      characterized further by the steps of immersing said containers in rinse
      baths after each dye bath immersion.
NUM  5.
PAR  5. A method of multi-color dyeing textile yarn according to claim 3 and
      characterized further by the step of immersing alternate containers in
      alternate rinse baths following immersion in the last of said dye baths
      with each rinse bath immersion continuing during the period of two dye
      bath immersions.
NUM  6.
PAR  6. A method of multi-color dyeing textile yarn comprising progressively
      advancing a batch of textile yarn contained in a perforate container
      through the steps of positioning said container to have a horizontally
      disposed axis along which the yarn is disposed in an axially progressing
      tortuously coiled maze, immersing said positioned container sequentially
      in each of a plurality of dye baths with the immersion in at least two of
      three sequential dye baths of said plurality being to a depth less than
      the full extent of the batch of yarn in said container so as to have dye
      applied to only a portion of the batch in said at least two dye baths,
      while disposing the container in a different dyeing disposition in each of
      said three dye baths with said axis maintained horizontally disposed.
NUM  7.
PAR  7. A method of multi-color dyeing textile yarn comprising progressively
      advancing a batch of textile yarn contained in a perforate container
      through the steps of positioning said container to have a horizontally
      disposed axis, immersing said positioned container sequentially in each of
      a plurality of dye baths with the immersion in two sequential dye baths of
      said plurality being to depths less than the full extent of the batch of
      yarn in said container so as to have dye applied to only a portion of the
      batch in each of said two dye baths, while reorienting said container
      about said horizontal axis between immersions in said two dye baths to
      cause dyeing of at least partially different portions of the batch in said
      two dye baths.
NUM  8.
PAR  8. A method of multi-color dyeing textile yarn according to claim 7 and
      characterized further in that the yarn in said batch is randomly
      distributed in said container.
NUM  9.
PAR  9. A method of multi-color dyeing textile yarn according to claim 8 and
      characterized further in that the yarn is disposed in said container in a
      maze of tortuously extending coils that randomly extend from one of said
      differently dyed portions into another.
NUM  10.
PAR  10. A method of multi-color dyeing textile yarn according to claim 7 and
      characterized further in that said container is a cylindrical can in which
      said yarn is disposed in coils progressing axially within said can, and in
      said positioning said container the cylindrical axis of said can is
      horizontally disposed.
NUM  11.
PAR  11. A method of multi-color dyeing textile yarn according to claim 10 and
      characterized further in that said horizontal axis of the can is the
      cylindrical axis thereof and reorienting said container is accomplished by
      rotating said can about its cylindrical axis.
NUM  12.
PAR  12. A method of multi-color dyeing textile yarn comprising progressively
      advancing a batch of textile yarn contained in a perforate container
      through the steps of positioning said container to have a horizontally
      disposed axis, immersing said positioned container sequentially in each of
      a plurality of dye baths with the immersion in three sequential dye baths
      of said plurality being to depths less than the full extent of the batch
      of yarn in said container so as to have dye applied to only a portion of
      the batch in each of said three dye baths, while reorienting said
      container about said horizontal axis between immersions in said three dye
      baths to cause dyeing of at least partially different portions of the
      batch in said three dye baths.
NUM  13.
PAR  13. A method of multi-color dyeing textile yarn according to claim 12 and
      characterized further in that in said reorienting said container between
      immersions in said three dye baths the container is rotated one third of a
      revolution between immersion in the first and second of the three dye
      baths and also one third of a revolution between immersion in the second
      and third dye baths.
NUM  14.
PAR  14. A method of multi-color dyeing textile yarn according to claim 13 and
      characterized further in that in immersing said container in each of said
      three dye baths the container immersed to the level of the horizontal axis
      to provide with the aforesaid one third revolution reorienting a partial
      overlapping of dyeing that results in dividing of the batch into six
      differently dyed segments.
NUM  15.
PAR  15. A method of multi-color dyeing textile yarn comprising progressively
      advancing a plurality of batches of textile yarn in perforate containers
      in sequence through the steps of positioning said containers to have
      horizontally disposed axes, immersing said positioned containers
      sequentially in each of a plurality of dye baths with the immersion in at
      least two sequential dye baths of said plurality being to depths less than
      the full extent of the batch of yarn in said containers so as to apply dye
      to only a portion of each batch in each of said at least two dye baths,
      while reorienting said containers about their horizontal axes between
      immersions in said at least two dye baths to cause dyeing of at least
      partially different portions of the batches in said at least two dye
      baths, said steps being performed simultaneously on sequential containers.
NUM  16.
PAR  16. A method of multi-color dyeing textile yarn according to claim 15 and
      characterized further by the steps of immersing said containers in rinse
      baths after each dye bath immersion.
NUM  17.
PAR  17. A method of multi-color dyeing textile yarn according to claim 15 and
      characterized further by the step of immersing alternate containers in
      alternate rinse baths following immersion in the last of said dye baths
      with each rinse bath immersion continuing during the period of two dye
      bath immersions.
NUM  18.
PAR  18. Means for multi-color dyeing textile yarn comprising a plurality of dye
      baths, movable frame means for supporting a perforate cylindrical can
      containing textile yarn disposed in an axially progressing tortuously
      coiled maze with said frame means supporting said can with its cylindrical
      axis horizontally disposed, means for lowering and raising said frame
      means to immerse said supported can sequentially in said dye baths, said
      lowering and raising means being controlled to immerse the can in at least
      one of two sequential dye baths of said plurality to a depth less than the
      full extent of the yarn in said can so as to have dye applied to only a
      portion of the yarn in said at least one dye bath.
NUM  19.
PAR  19. Means for multi-color dyeing textile yarn according to claim 18 and
      characterized further in that said movable frame means includes a J-shaped
      cradle on which said can is supported for immersion with its cylindrical
      axis horizontally disposed.
NUM  20.
PAR  20. Means for multi-color dyeing textile yarn comprising a plurality of dye
      baths, movable frame means for supporting a perforate container of textile
      yarn with the frame means positioning said container to have a
      horizontally disposed axis, means for lowering and raising said frame
      means to immerse said supported container sequentially in said dye baths,
      said lowering and raising means being controlled to immerse the container
      in two sequential dye baths of said plurality to depths less than the full
      extent of the yarn in said container so as to have dye applied to only a
      portion of the yarn in each of said two baths, said frame means supporting
      said container in a manner to allow reorienting of said supported
      container about said horizontal axis between immersions in said two dye
      baths to cause dyeing of at least partially different portions of the yarn
      in said two dye baths.
NUM  21.
PAR  21. Means for multi-color dyeing textile yarn according to claim 20 and
      characterized further in that said movable frame means includes a cradle
      on which said container is supported.
NUM  22.
PAR  22. Means for multi-color dyeing textile yarn according to claim 20 and
      characterized further in that said container is a cylindrical can
      supported on said movable frame means with the cylindrical axis of the can
      horizontally disposed.
NUM  23.
PAR  23. Means for multi-color dyeing textile yarn according to claim 22 and
      characterized further in that said movable frame means includes a J-shaped
      cradle on which said can is supported for immersion with its cylindrical
      axis horizontally disposed and on which said can is rotatable for
      reorienting about its cylindrical axis.
NUM  24.
PAR  24. Means for multi-color dyeing textile yarn according to claim 23 and
      characterized further by means engageable with said can to rotate said can
      while it is supported in said cradle for reorientation thereof between
      immersion in said two dye baths.
NUM  25.
PAR  25. Means for multi-color dyeing textile yarn according to claim 23 and
      characterized further by means for retaining said cylindrical can in
      reoriented position.
NUM  26.
PAR  26. Means for multi-color dyeing textile yarn according to claim 25 and
      characterized further in that said retaining means comprises a stud
      projecting from said cradle and engageable in selected holes in said can
      to prevent rotation or axial movement thereof.
NUM  27.
PAR  27. Means for multi-color dyeing textile yarn according to claim 20 and
      characterized further by means for reorienting said containers.
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ABST
PAL  A process and device for determining a hormone in a liquid such as blood
      wherein measured amounts of the liquid to be tested, of a
      radioactively-labelled hormone, and of a hormone-binding protein or
      antibody, all present in a measuring vial, are contacted with an adsorbing
      vial formed from a mixture of a thermoplastic resin and an ion exchange
      resin for adsorbing unbound hormone, and the residual radioactivity of the
      liquid mixture is then measured after draining back into said measuring
      vial.
BSUM
PAR  The present invention relates to a process and a device for the blood
      examination using substances labelled with radioactive nuclides.
PAR  More particularly this invention relates to a process and a device for the
      determination of hormones in liquids using compounds labelled with
      radioactive nuclides.
PAR  The hormones, synthesized in certain glands of the body and delivered to
      the circulating blood, are present in very low concentration. Only the use
      of indicators labelled with radioactivity has permitted their exact
      quantitative determination.
PAR  Accordingly to the chemical nature of the hormone under consideration two
      different methods for analysis are used. When having immunogenic
      properties, that is to say, when being able to produce suitable
      antibodies, the hormone is determined by the Radioimmunoassay (RIA). When
      devoid of immunogenic properties, it is determined by the competitive
      protein binding analysis. The two methods have in common that a certain
      amount of the hormone must be eliminated from the reaction solution by
      means of an ion exchanger or another substance suitable for this purpose.
PAR  According to known radio-immunochemical determination methods, for example
      a mixture of a known amount of a hormone unlabelled and the same one
      labelled with radioactivity is reacted with a specific antibody building a
      complex. The hormone is labelled with a suitable nuclide, such as, for
      example .sup.125 I, .sup.131 I, .sup.14 C, .sup.3 H. Between the antibody
      and the hormone a reaction equilibrium is brought about, slight amounts of
      the hormone being unbound. With constant antibody concentration this free
      part is directly proportional to the total amount of the hormone added. It
      is eliminated by means of a suitable adsorption agent and determined. A
      standard curve is drawn up permitting the determination of an unknown
      amount of the hormone.
PAR  In the competitive protein binding analysis which is also known, advantage
      is taken of the fact that hormones, especially those having a very low
      molecular weight, are bound and transported in the blood by specific
      proteins, for example, in the case of the two thyroid hormones Thyroxine
      and Triiodothyronine, by an .alpha.-globuline, the
      "Thyroxine-Binding-Globuline" (TBG). These proteins can be used as primary
      complex forming agents for the hormone concerned, similar to the
      antibodies in the radioimmunochemical methods. The free hormone is
      separated from the solution and determined.
PAR  Another embodiment of this process is the determination of the capacity of
      the binding proteins in the serum. A slight amount of the radioactively
      labelled hormone is added to the serum in which the capacity of the
      binding protein for the same hormone is to be evaluated. Between the
      binding protein and the labelled hormone a reaction takes place in which
      the labelled hormone partially replaces the bound inactive one and
      partially reacts directly with the binding protein. The unbound moiety is
      eliminated from the solution by adsorption and is determined. This free
      part is inversely proportional to the free capacity of the serum protein
      under consideration.
PAR  In all these methods, the common step is the elimination of the free moiety
      of the hormone from the solution and its determination. Hitherto, ion
      exchangers, such as Amberlite .sup.(R)  (registered trade mark) in the
      form of grains or embedded into polyurethane sponges or as strip, have
      been used for this purpose.
PAR  After the incubation of the solution with the adsorbing agent all these
      methods require additional time-consuming steps implying sources of error.
      Thus, when using ion exchange grains centrifuging is necessary after
      incubation in order to permit an unobjectionable pipetting of the
      supernatent. Sometimes, the grains are additionally washed several times
      before the measurement. It is true that the use of strips and sponges is
      an advance upon the grains but it is complicated and time-consuming,
      because the strip must be kept moist before its use and its eilimination
      from the solution can lead to erroneous results (drops on the strip). When
      using the ion exchanger sponge, care must be taken that the air is
      eliminated from the sponge before the adsorption procedure and the sponge
      is thoroughly washed after the incubation.
PAR  The present invention provides a process for determining the concentration
      of hormones in liquids by adding the hormone to be determined in
      radioactively labelled form as indicator, as well as antibodies or hormone
      binding proteins which react with the hormone to be determined, following
      adsorption separation of the unbound indicator and determination of the
      residual radioactivity of the liquid, which process comprises introducing
      determined amounts each of a solution of the radioactively labelled
      hormone and the antibody or the hormone binding protein and a determined
      amount of the liquid to be examined into a measuring vial, connecting the
      latter with an adsorption vial the inner surface of which has adsorptive
      properties with regard to the hormone to be determined, closing this
      device, bringing the liquid therein into contact with the inner surface of
      the adsorption vial over a certain period of time and measuring thereafter
      the residual activity of that liquid in usual manner after it has flowed
      down into the measuring vial.
PAR  It is a preferred embodiment of the process of the invention to stack or
      screw the adsorption vial onto the measuring vial so that the liquid is
      brought into contact with the inner surface of the adsorption vial several
      times and to turn the device consisting of the measuring vial and the
      adsorption vial round an axis in 90.degree. position to the cylinder axis.
      It is also possible to shake the device.
PAR  The process is carried out by introducing into the measuring vial the
      liquid to be examined which contains the hormone and the binding protein
      or the antibody and, optionally, additional solutions of substances as
      well as the radioactively labelled hormone, putting on the adsorption
      vial, closing the device and measuring the radioactivity of the liquid in
      the measuring vial. The device (measuring and adsorption vial) is fixed on
      a rotator and turned for a definite period of time round an axis in
      90.degree. position to the cylinder axis. During this process the solution
      comes into contact with the inner surface of the adsorption vial several
      times, the free moiety of the hormone being adsorbed and thus eliminated
      from the solution. After the adsorption is completed, the device is put
      upright to allow the liquid to flow from the adsorption vial down to the
      measuring vial and to leave back the hormone moiety adsorbed at the
      surface. In doing so, the two moieties are separated. The activity still
      remaining in the solution is now measured, for example in a well type
      scintillation counter or in an automatic gamma sample changer, without
      taking off the adsorption vial. The fact that the adsorption vial need not
      be taken off is a great advantage because contaminations thus are avoided.
      Pipetting is not necessary, either.
PAR  The process of the invention advantageously allows determining the
      concentration of a hormone in the blood. The TBG capacity is determined,
      for example, by introducing into a measuring vial a sufficient amount of
      radioactively labelled L-triiodothyronine (T.sub.3 *) dissolved in a
      suitable buffer and adding the serum to be examined. The specific activity
      of the T.sub.3 * used can range between 10-200 mCi/mg T.sub.3 which values
      may also be lower or higher, in principle. As buffer solution any system
      can be used which has a sufficient buffer capacity at pH 5-9, for example,
      tris(hydroxymethyl)-amino-methane/HCl or phosphate according to Sorensen.
      Advantageously, the pH of the buffer solution ought to be 7, but it may
      also be higher or lower. The T.sub.3 * reacts with the TBG whereby it is
      bound by it for the greatest part. Now, the adsorption vial is stacked on,
      the whole device is closed and the initial radioactivity is measured, for
      example, in a well type scintillation counter or an automatic gamma sample
      exchanger. The length of the adsorption vial stacked on can,
      advantageously, vary between 1 and 6  cm, depending on the number of the
      adsorption places per surface unit. The device according to the invention
      is fixed on a rotator, for example, allowing it to rotate over a
      determined period of time, the liquid being brought into contact several
      times with the inner surface of the adsorption vial. During this process,
      the T.sub.3 -- labelled and not labelled -- is adsorbed in the adsorption
      vial and so eliminated from the solution. After the adsorption is
      completed, the device is put upright and the activity which has remained
      in the solution is measured after several minutes, as has been described.
PAR  The process of the invention can be used in corresponding manner for the
      absolute determination of the thyroid gland hormones Thyroxine and
      Triiodothyronine. For this purpose, a TBG solution of constant capacity is
      necessary by means of which a standard curve is drawn up. The TBG solution
      can be prepared according to known processes of column chromatography. To
      that solution, radioactively labelled Thyroxine (T.sub.4 *) is added which
      is bound according to the equation T.sub.4 * + TBG .revreaction. TBG
      .sup.. T.sub.4 *. When unlabelled Thyroxine (T.sub.4) is added to that
      solution, a part of the labelled Thyroxine bound to the TBG is expelled
      and is under free form. As this amount of the expelled labelled thyroxine
      is directly proportional to the unlabelled thyroxine added, a relation
      between the free T.sub.4 * and the T.sub.4 added is established which can
      be illustrated diagrammatically in the form of a standard curve.
PAR  The T.sub.4 content in the serum is determined by setting free the thyroid
      gland hormones by denaturating the binding proteins with alcohol. The
      alcoholic extract of L-Triiodothyronine (T.sub.3) and Thyroxine (T.sub.4)
      can be evaporated to a concentrate which can be redissolved. An aliquot
      part of the solution is added to the TBG-T.sub.4 * solution in the
      measuring vial by pipetting, the adsorption vial is put on in accordance
      with the invention and turned, for example, for 1 hour similar to the
      T.sub.3 determination. In this process the free T.sub.4 * is adsorbed in
      the adsorption vial and thus eliminated from the solution. The amount of
      T.sub.4 of the serum to be examined can be evaluated from the quotient
      residual radioactive/initial radioactivity by means of the standard curve.
      The value read off is indicated to be T.sub.4 because the amount of
      T.sub.3 is very small in comparison thereto.
PAR  The process of the invention can be used in corresponding manner to
      determine the hormones by radio-immunochemical methods (Radioimmunoassay).
PAR  The present invention also provides a device for performing the process
      according to the invention which device consists of two vials detachably
      connected with each other the measuring vial of which, closed at the
      bottom, contains the liquid to be examined, a solution of the
      radioactively labelled hormone and the antibody or the hormone binding
      protein and the adsorption vial of which, capable of being closed at the
      extremity, is provided with an inner layer having adsorptive properties
      with respect to the hormone to be determined.
DETD
PAR  The device of this invention is illustrated diagrammatically by way of
      example in the accompanying drawing in which is referred as follows:
      measuring vial 1, liquid, solution of the radioactively labelled hormone
      and the antibody or the hormone binding protein to be examined 2,
      adsorption vial 3, closure 4, adsorptive layer 5.
PAR  The measuring vial can be made of glass or of plastic materials, preferably
      of polyethylene. Its length and breadth may vary and depend on the volumes
      available of the liquids to be examined or the diameter of the well type
      scintillation counter.
PAR  The adsorption vial consists of a thermoplast which contains 10-60 percent
      by weight of an ion exchanger. High-pressure polyethylene is preferred
      which contains 20-40 percent by weight of an anion exchanger carrying
      quaternary amino groups capable of being ionized. The length of the
      adsorption vials depends on the exchanger activity and is advantageously 1
      to 6 cm.
PAR  The adsorption vial is advantageously manufactured by thermoplastic
      transformation of homogenised mixtures of thermoplasts and suitable ion
      exchangers. Suitable thermoplasts are the polymers which are transformed
      at a temperature ranging from 100.degree.C to 200.degree.C, preferably
      from 130.degree.C to 170.degree.C. There may be used, for example:
PA0  Polyethylene: high-pressure polyethylene having melt indices (i5) of from
      0.3 to 70, preferably from 0.3 to 10, measured according to German
      standard DIN 53735 at 190.degree.C: low-pressure polyethylene having melt
      indices (i5) of from 0.3 to 30, preferably from 10 to 30, measured
      according to German standard DIN 53735 at 190.degree.C.
PA0  Polypropylene having melt indices (i2) of from 0.4 to 40, preferably from
      5-30, measured according to German standard DIN 53735 E at 230.degree.C.
PA0  Polyoxymethylene: obtained by homo or copolymerization of trioxane and
      formaldehyde and cyclic acetals having melt indices (i2) of from 1 to 50,
      preferably from 15 to 50 measured according to German standard DIN 53735
      at 190.degree.C.
PA0  Polystyrenes having melt indices (i5) from 2 to 30, preferably from 5 to
      25, measured according to DIN 53735 at 200.degree.C.
PA0  Poly(meth)acrylates having melt indices of from 0.4 to 10, preferably from
      5 to 10, measured according to ASTMD 1238-62 T.
PA0  Polyvinyl chloride having K-values of from 40-80, preferably from 50-70,
      measured according to DIN 53726 in cyclohexanone at 25.degree.C.
PA0  Polyester from dibasic carboxylic acids and diols, among which polyester
      from linear aliphatic dicarboxylic acids having 4 to 12 carbon atoms and
      .alpha.,.omega. -diols having from 2 to 8 carbon atoms, for example,
      sebacid acid/ethylene glycol polyesters are especially suitable.
PA0  Polyamides from dibasic dicarboxylic acids and diamines, the melting point
      of the polymers being reduced by the introduction of, for example, ether,
      methylol or ester groups or by cocondensation.
PAR  As ion exchangers, there may be admixed anion and cation exchangers having
      medium particle sizes from 0.04 to 1.0 mm diameter, preferably from 0.08
      to 0.2 mm diameter. The exchange capacity is 0.3 to 3 Val/1, preferably
      0.5 to 1.5 Val/1. Generally, the exchange resins are cross-linked, the
      cross-linking portion ranging from 1 to 12 percent, preferably from 4 to
      10 percent. Suitable ion exchangers in powder form available in commerce
      are Amberlite .sup.(R) CG 400, Amberlite .sup.(R) IRA 402,  Amberlite
      .sup.(R) 200 and Dowex .sup.(R) (registered trade marks).
PAR  The mixtures of thermoplasts and ion exchanger, which advantageously
      contain from 10 to 60 percent by weight, preferably from 20 to 40 percent
      by weight of exchange resin, are homogenized on rollers, calanders,
      kneaders or extruders, preferably double screw extruders, at a temperature
      ranging from 100.degree.C to 200.degree.C, preferably from 130.degree.C to
      170.degree.C.
PAR  The adsorption vials can be manufactured on extruders or on injection
      molding machines.
PAR  In the extrusion procedure, the homogenized mixture is preferably carried
      through a tubular die at a temperature ranging from 130.degree.C to
      170.degree.C and synchronously taken off over a gaging tank under a
      negative gage pressure of from 1 to 15 m water column, preferably from 2
      to 10 m water column. The endless tube thus obtained is cut to the length
      corresponding to that of the adsorption vials and the outer surface is
      turned off at the extremities to guarantee a tight closure between the
      adsorption vial and the measuring vial and the cap.
PAR  In the injection molding, the mixture is worked within the same temperature
      range. The tube thus obtained has the dimensions necessary for the
      tightness of the device of the invention. Afterwards, the inner surface of
      the shaped article can be bored open in this case in order to improve the
      adsorptive properties.
PAR  The process and device of the invention allow a simpler and safer
      determination of the hormones, especially with respect to the separation
      of the feee moiety of the hormone from the solution. Complicated steps,
      such as pipetting, centrifuging and washing are no longer necessary. The
      values obtained are very well reproducible.
PAR  Surprisingly, it was found that the adsorption vial of thermoplastic
      material and ion exchanger did not show any swelling processes which could
      make burst the measuring vial being tightly connected.
PAC  EXAMPLES OF MANUFACTURE (ADSORPTION VIAL)
PAC  EXAMPLE 1
PAR  Low pressure polyethylene having 30 % of Amberlite .sup.(R) CG 400 I
      (registered trade mark), chloride form, was dried over night under reduced
      pressure and granulated on a double screw extruder after mixing through.
      The granules were dried, and an extruder was used to produce an endless
      tube. From the tube produced according to that process pipes 6 cm long
      were cut and used for adsorption.
PAC  EXAMPLE 2
PAR  High pressure polyethylene having 35 % Amberlite .sup.(R) CG 400
      (registered trade mark) in chloride form were dried for 24 hours under
      reduced pressure, thoroughly mixed and granulated on a double screw
      extruder. The dried granules were used for the production of an endless
      tube from which pipes 5 cm long were cut and used for adsorption.
PAC  EXAMPLE 3
PAR  Granules of high pressure polyethylene having 35 % Amberlite CG 400 I
      (registered trade mark) in chloride form were used for the production of
      injection-molded pipes 5 cm long.
PAC  EXAMPLE OF APPLICATION: DETERMINATION OF THE TBG CAPACITY
PAC  a. Preparation of the L-triiodothyronine-I.sup.125 solution.
PAR  A corresponding amount of L-triiodothyronine-I.sup.125 (T.sub.3 *) having
      the specific activity 100 mCi/mg T.sub.3 was added to a solution of 1 %
      tris(hydroxymethyl)-aminomethane the pH of which was adjusted to 7.4 with
      conc.hydrochloric acid, so that the concentration of radioactivity was
      about 0.7 .mu.Ci/ml.
PAC  b. Standard serum
PAR  Serum having normal TBG binding capacity obtained from the blood of human
      beings having a thyroid gland with normal function.
PAC  c. Determination of the TBG capacity.
PAR  About 5 ml of blood were taken from the patient the thyroid gland function
      of whom was to be examined. From the serum obtained therefrom after
      coagulation and centrifuging of the blood corpuscles 0.2 ml were pipetted
      into a measuring vial made of polypropylene which contained 3.3 ml of the
      T.sub.3 * solution, the adsorption vial manufactured according to examples
      1 to 3 was put thereon, the device was closed and the whole was allowed to
      stand for about 10 minutes. The corresponding procedure was applied to the
      standard serum. During that period of time the total radioactivity of the
      liquid was measured in a well type scintillation counter or in an
      automatic gamma sample changer. Thereafter, the device was fixed on a
      rotator and turned for an hour with 13 revolutions per minute. The device
      was set up, the liquid in the adsorption vial was allowed to flow
      downwards and the activity remaining in the liquid phase was measured. The
      measurement was performed by calculating the quotient G = residual
      activity : initial activity as to the patient and the standard serum and
      the thyroxine binding capacity in percentages of the patient serum
      according to the equation
      ##EQU1##
PAR  Generally, the TBK value rises as compared to the normal serum in the
      presence of a hypothyreosis and falls in the presence of a hyperthyreosis.
PAC  EXAMPLE 5
PAC  Determination of the thyroxine concentration in the serum
PAR  0.5 ml each of the serum to be examined and the control serum with a known
      amount of not labelled T.sub.4 were introduced each time in a vial capable
      of being centrifuged of each 1.0 ml and mixed on a whirl mixer for 20
      seconds. The mixture was allowed to dwell for 10 minutes and the
      denaturated proteins were centrifuged at 2500 rpm. The extraction yield
      was 72 % of the T.sub.4 initially present.
PAR  The thyroxine content was determined by pipetting each 0.3 ml of the
      alcoholic extract in measuring vials which contain 3.3 ml of a TBG
      solution prepared according to known methods of column chromatography and
      0.02 .mu.Ci/ml of thyroxine labelled with .sup.125 I. To draw the standard
      curve each 0.3 ml of a standard solution of 5 and 20 .mu.g of
      thyroxine/100 ml were treated in the same manner. The adsorption vials
      were put on the measuring vials, the devices were closed and the total
      radioactivity of the solutions was measured after thorough mixing. To
      adsorb the free T.sub.4 -.sup.125 I-activity the devices were turned
      headover on a rotator at 13 rpm for 60 minutes at room temperature. The
      devices were set upright so that the solution flowed from the adsorption
      vials entirely into the measuring vials, where the residual radioactivity
      which had remained in the solution was measured. Then, the quotient
      ##EQU2##
      was calculated for each sample. The values obtained for the standard
      samples were inserted into a diagram against the amounts of thyroxine
      contained in the standard solutions and the two points were joined with a
      straight line, thus giving the standard curve. The unknown content of the
      sera to be examined would now be evaluated by means of the quotient G of
      the standard curve. The thyroxine content of the serum results from the
      value read off and the extraction yield.
PAR  The TBG solution mentioned above was prepared from a fraction containing
      TBG which was obtained upon purifying the serum by column chromatography
      (so-called "cast II" (Abguss II) according to K. Heide and H. Haupt,
      Behringwerke Mitteilungen vol. 43, 1964, 161). In this process the
      corresponding fraction is, at first, dialysed against water and then
      diluted with 0.1 M tris-(hydroxymethyl)-aminomethane/HCl buffer to give a
      total protein content of 0.022 g/100 ml. The solution was stabilized and
      conserved by adding 0.02 percent by weight of NaN.sub.3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for determining the concentration of a hormone in a
      measured amount of liquid which comprises adding thereto measured amounts
      of radioactively-labelled hormone and of a hormone-binding protein or
      antibody, contacting the liquid mixture with an ion exchange resin for
      adsorbing unbound hormone, and then determining the residual radioactivity
      of the liquid mixture, the improvement wherein said liquid mixture is
      introduced into a measuring vial, the measuring vial is connected to an
      adsorption vial formed from a mixture of a thermoplastic resin and an ion
      exchange resin adsorbing said hormone, the connected measuring and
      adsorption vials are sealed, the liquid mixture is brought into contact
      with the walls of the adsorption vial for adsorption of unbound hormone,
      and the liquid mixture is then drained into said measuring vial for
      determination of residual radioactivity.
NUM  2.
PAR  2. A process as in claim 1 wherein said measuring vial and adsorption vial
      are cylindrical, are connected along their cylindrical axis, and wherein
      said liquid mixture is contacted with the walls of said adsorption vial by
      rotation of the connected vials about an axis 90.degree. to the
      cylindrical axis.
NUM  3.
PAR  3. A process claimed in claim 1, wherein the concentration of hormones in
      the blood is determined.
NUM  4.
PAR  4. A process claimed in claim 1, wherein the TBG capacity of the blood
      serum is indirectly determined, the radioactive indicator used being
      L-triiodothyronine labelled with .sup.125 I or .sup.131 I.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the concentration of thyroxine
      in the blood is determined, the radioactive indicator used being thyroxine
      labelled with .sup.125 I or .sup.131 I.
NUM  6.
PAR  6. A device for determining the hormone content of a liquid by the addition
      to said liquid of a radioactively-labelled hormone and a hormone-binding
      protein or antibody and contact of the mixture with an ion exchange resin
      for adsorbing unbound hormone, said device comprising a first measuring
      vial for containing said liquid mixture, said measuring vial having an
      open end, a second adsorption vial open at both ends detachably connected
      at one end with the open end of said measuring vial and having closure
      means at the other end thereof, said adsorption vial being formed from a
      mixture of a thermoplastic resin and an ion exchange resin adsorbing said
      hormone.
NUM  7.
PAR  7. A device as in claim 6 wherein said adsorption vial is formed from a
      mixture of thermoplastic resin and ion exchange resin containing from 10
      to 60 percent by weight of said ion exchange resin.
NUM  8.
PAR  8. A device as in claim 6 wherein said adsorption vial is formed from a
      mixture of high pressure polyethylene and ion exchange resin containing
      from 20 to 40 percent by weight of said ion exchange resin.
NUM  9.
PAR  9. A deive as in claim 6 wherein said ion exchange resin is admixed with
      said thermoplastic resin, prior to forming said adsorption vial, as
      particles having an average particle size from 0.04 to 1 mm in diameter,
      an exchanger capacity of 0.3 to 3 Val/1, and a cross-linked moiety between
      1 and 12 percent.
NUM  10.
PAR  10. A device as in claim 6 wherein said ion exchange resin is admixed with
      said thermoplastic resin, prior to forming said adsorption vial, as
      particles having an average particle size from 0.08 to 0.2 mm in diameter,
      an exchanger capacity of 0.5 to 1.5 Val/1, and a cross-linked moiety
      between 4 and 10 percent.
NUM  11.
PAR  11. A device as in claim 6 wherein said ion exchange resin is an anion
      exchanger having quaternary amino groups capable of being ionized.
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PAL  An improved reagent system for determining calcium by the
      orthocresolphthalein complexone color reaction. The reagent utilizes an
      alkaline buffer containing an aminoloweralkanol providing a pH of about
      10.2 - 10.5. A method for using the reagent is also described. The
      composition is stable for extended periods.
PARN
PAR  This is a continuation of application Ser. No. 350,278 filed Apr. 11, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The determination of calcium in biological fluids using an
      orthocresolphthalein complexone reagent composition is an accepted method
      in many hospital, industrial, reference and commercial clinical
      laboratories. The method is based on the use of the acid-base indicator
      orthocresolphthalein complexone, also named as
      3',3"-bis([bis(caboxymethyl)-amino] -methyl)-5',5"-dimethylphenolphthalein
      and abbreviated as "OCPC", to form a measurable color with calcium under
      alkaline conditions. A neutral or acid solution of the compound is
      colorless; alkaline solutions are violet, the intensity of the color
      deepening as the pH increases.
PAR  The method is usually carried out by mixing a color reagent, contaning
      orthocresolphthalein complexone in a dilute hydrochloric acid solution,
      and an alkaline reagent, containing an amine base and a small amount of an
      alkali metal cyanide, with a biological fluid. The acid and the amine base
      provide an alkaline buffer which gives a suitable pH, usually pH 11, in
      the ultimate mixture. The intensity of the resulting color is measured
      photometrically after a predetermined time interval at a predetermined
      temperature. orthocresolphthalein complexone methods for determination of
      calcium have been described, for example, by Stern et al., Clin. Chem. 2,
      576 (1957); Gitelman, Analytical Biochemistry, 18, 521 (1967) and Connerty
      et al., Am. J. Clin. Path. 45, 290 (1966). The determination may be
      carried out in the presence of a small amount of 8-quinolinol, to minimize
      interference by magnesium ion, as taught by Connerty et al., supra.
      Potassium cyanide has also been employed in such methods to minimize
      interference by heavy metals.
PAR  Diethylamine is generally employed as the amine base. Diethylamine has an
      offensive odor and a low flash point, and diethylamine reagents are unduly
      sensitive to both pH and calcium concentration. It would be desirable to
      eliminate its use in calcium determinations. Connerty and Briggs, supra,
      described a reagent in which a 0.74 molar, pH 11 aminoethanol borate
      buffer (AEB) is employed. The AEB system required protein precipitation or
      calcium oxalate precipitation before analysis, and is thus unsuitable for
      direct analyses on small serum samples. Also, the AEB reagent is
      oversensitive to calcium, giving absorbance values of 0.5 and higher for
      calcium levels near the high end of the normal range, making the results
      difficult to read accurately.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to an improvement in orthocresolphthalein complexone
      reagent compositions used for determination of calcium concentration in
      biological fluids such as blood serum, plasma, urine, etc. The invention
      provides a reagent composition wherein the amine base in the alkaline
      buffer is an aminoloweralkanol and a direct method for using the same to
      determine the concentration of calcium in biological fluids.
PAR  The invention is further characterized in that the acid and amine base are
      employed in the alkaline buffer in proportions which provide a pH of from
      about 10.1 to about 10.7 in the reagent composition.
PAR  The amine base is an aminoloweralkanol of three or four carbon atoms, and
      having a dissociation constant, pK, in water of from about 9.3 to about
      10. The aminoalkanol can be a primary amine such as 3-amino-1-propanol,
      provided it has the proper pK. A preferred amine base is
      2-ethylaminoethanol. Amines having a pK substantially above or below the
      above-stated range, such as diethylamine (pK 10.9) or
      2-dimethylaminoethanol (pK 9.2) provide reagent compositions which are
      undesirably sensitive to minor changes in amine concentration, and which
      also can be undesirably oversensitive or undersensitive to calcium
      concentration.
PAR  The reagent composition and method of the invention thus eliminate the use
      of diethylamine, and with it the problem of its offensive odor, and the
      hazard associated with the low flash point of diethylamine. Additionally,
      the invention provides a reagent and method of reduced sensitivity to
      minor differences in pH, such as may result from pipetting errors in
      formulating the reagent. Further, the invention provides improved
      sensitivity to calcium concentration over the range normally encountered
      in determinations on human serum.
PAR  In preparing the reagent composition of the invention, the
      orthocresolphthalein complexone, a suitable acid, the amine base and
      optionally sodium or potassium cyanide, 8-hydroxyquinoline, and a
      water-soluble surfactant such as a ethoxylated fatty alcohol or a
      polysorbate, are dissolved in water in similar proportions and in a
      similar manner to that employed in preparing known orthocresolphthalein
      complexone reagents, with the exceptions that the amine base is an
      aminoloweralkanol and the pH of the ultimate reagent is within the
      above-stated range. In a convenient embodiment the reagent composition is
      prepared by separately preparing an acidic color reagent, containing the
      orthocresolphthalein complexone and the acid, and an alkaline reagent,
      containing the aminolowerakanol. The acidic color reagent and the alkaline
      reagent are mixed together to provide the ultimate composition having the
      required pH.
PAR  In the acidic color reagent the orthocresolphthalein complexone and
      ingredient is generally employed in amounts of from about 0.01 to about
      0.03 to about 0.07 to about 0.1 gram per liter and 8-quinolinol is
      employed at a concentration of from zero to about 5 grams per liter; a
      surfactant (such as the polyoxyethylene laurylethers sold under the name
      Brij) is employed at a concentration of about 0.5 to about 5 grams per
      liter and an acid which is compatible with the other ingredients and which
      does not interfere with the color reaction is employed in an amount
      sufficient to provide an acid normality of from about 0.1 to about 0.5
      normal. The alkaline reagent is prepared separately to contain from about
      30 to about 150 grams of aminoloweralkanol per liter and can also contain
      from about zero to about one gram of alkali metal cyanide per liter. The
      two aqueous reagents can be stored in bulk or dispensed into vials or
      curvets for storage in unitized kit form prior to use. In use, the color
      reagent and alkaline reagent are mixed in such proportions as will provide
      an alkaline pH of from about 10.1 to about 10.7 in the ultimate mixture
      with the biological fluid.
PAR  The exact relative proportions of the orthocresolphthalein complexone, the
      acid, the aminoloweralkanol, and the surfactant and other ingredients (if
      employed) in the ultimate reagent composition, as well as the parameters
      of the analytical procedure such as relative proportions of color reagent,
      alkaline reagent and standard or sample, pH, amount wavelength of light at
      which color intensity is measured, etc., are determined in accordance with
      known procedures. A preferred color reagent composition contains about
      0.025 to 0.1 gram of orthocresolphthalein complexone, from about one to
      about 5 grams of 8-quinolinol, and about 0.5 to 2.5 gram of surfactant per
      liter of aqueous hydrochloric acid, about 0.2 to 0.3 normal. A preferred
      alkaline reagent contains from about 40 to about 120 grams of
      aminoloweralkanol and from about 0.05 to about 0.25 gram of potassium
      cyanide per liter of water. The two compositions are mixed in
      approximately equal proportions to provide the ultimate reagent
      composition of the invention.
PAR  A preferred ultimate composition contains from about 0.012 to about 0.5
      gram of orthocresolphthalein complexone, from about 20 to about 60 grams
      aminoloweralkanol per liter, in aqueous hydrochloric acid, from about 0.1
      to about 0.2 normal. The preferred ultimate composition will also contain
      about 0.05 - 2.5 grams 8-quinolinol and 0.025 - 0.125 grams potassium
      cyanide per liter. This composition is preferably employed in calcium
      determination by mixing one part by volume of a biological fluid sample, a
      standard solution or control serum with about 50 to 300 parts by volume of
      ultimate reagent composition and holding the mixture for a time sufficient
      for development of a conveniently measurable color. Excellent results can
      be obtained in 2-10 minutes at ambient temperatue.
PAR  The resulting red color is then measured in a spectrophotometer or
      colorimeter, or compared to visual standards, or the like to provide a
      measurement of calcium concentration. The color intensity is preferably
      measured in a spectrophotometer or colorimeter with light having a
      wavelength of 540 to 580 millimicrons (nanometers).
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples are illustrataive and representative of the
      invention.
PAC  EXAMPLE 1
PAR  A calcium reagent composition is prepared by mixing together the following
      ingredients in the following proportions:
TBL  Acidic Color Reagent                                                      
                   orthocresolphthalein com-                                   
                   plexone in 0.25 N hydro-                                    
                   chloric acid.                                               
     o-Cresolphthalein complexone                                              
                             50 mg                                             
     Hydrochloric acid (37 percent in water)                                   
                             21.0 ml.                                          
     8-Hydroxyquinoline       2.5 grams                                        
     Aqueous 30 percent - Surfactant Solu-                                     
     tion (Brij-35)           1.0 ml.                                          
     Distilled water         q.s. to 1 liter                                   
     Alkaline Reagent                                                          
     2-Ethylaminoethanol     60.0 grams                                        
     Potassium Cyanide        0.125 gram                                       
     Distilled Water         q.s. to 1 liter                                   
PAR  2 Milliliters of each composition are transferred to each of a series of
      ten vials and mixed well. Seven vials are employed for determination of
      calcium in a control serum having a stated calcium concentration of 4.5 -
      4.9 milliequivalents (mEq) of calcium per liter. Two vials are used as
      standards with a standard solution of calcium carbonate in aqueous 0.01 N
      hydrochloric acid, containing 5 mEq calcium per liter. 50 Microliters of
      the appropriate fluid (control serum or standard solution) are added to
      each vial and the contents are mixed. 50 Microliters of distilled water
      are mixed with the contents of one vial to serve as a blank. After 5
      minutes color development at room temperature (about 25.degree.C.) the
      intensity of the red color in each vial is then measured by measuring
      absorbance at 565 nanometers usng a photoelectric colorimeter. (The
      instrument is previously adjusted to zero absorbance using distilled
      water). The calcium of the control serum sample is calculated for each
      vial by dividing the difference between the absorbance measured with a
      control serum vial (sample) and the blank vial by the difference between
      the average absorbance measured with the two standard solution vials and
      the blank vial, and multiplying the quotient by a factor. (The factor is
      determined by the calcium content of the standard solution used. In this
      case, the factor is 5 and the result obtained is expressed in
      milliequivalents of calcium per liter of serum.)
PAR  In these operations, the absorbance times 100 (A .times. 100) measured with
      the blank is 12.7, the average A .times. 100 with the standard solution is
      46.75 and the calcium concentration results obtained with each of the
      seven control serum determinations are 4.6, 4.6, 4.7, 4.6, 4.6, 4.7 and
      4.6.
PAC  EXAMPLE 2
PAR  In a procedure similar to that described in Example 1 two series of reagent
      compositions are prepared. In the first series, the alkaine reagent
      employed is similar to that of Example 1, except that diethylamine (having
      a pK of about 10.9) is employed as the amine base. In the second series,
      the amine base 2-ethylaminoethanol (having a pK of about 9.9) is employed
      in various concentrations. The pH of the reagent compositions is measured
      and the compositions are then mixed with 50 microliters of a calcium
      standard solution of b 1 or with distilled water (blank) and absorbance is
      determined as described in Example 1.
PAR  The results indicate that the compositions containing diethylamine as the
      amine base are extremely sensitive to amine base concentration. The
      compositions prepared from alkaline reagents containing from 3.0 to 5.0
      milliliters of diethylamine per 100 milliliters (3.0 to 5.0% v/v) have
      pH's ranging from about 9.82 - 9.92 at the 3 percent level to 11.03 -
      11.04 at the 5 percent level. Blank absorbance is also found to increase
      undesirably with the concentration of amine base, from A .times. 100 of
      about 8.4 - 8.8 at the 3.0 percent level to 11.1 - 11.6 at the 3.25
      percent level, 13.8 at the 3.75 percent level, up to an undesirable high
      blank of 19.3 - 20.0 at the 5.0 percent level. The standard absorbance and
      corrected absorbance (standard minus blank) also increases markedly with
      minor increases in diethylamine concentration. Standard absorbance (A
      .times. 100) increases from 27.0 - 29.1 to 76.0  and corrected absorbance
      increases from 1.6 - 20.3 to 56.0 - 56.7 as the diethylamine level
      increases from 3.0 to 5.0 percent.
PAR  In contrast, the reagent compositions prepared with alkaline reagents
      containing from 5.0 to 10.0 grams of 2-ethylaminoethanol per 100
      milliliters (5.0 to 10.0 percent w/v) are found to be much less sensitive
      to changes in amine level. The pH at the 5.0 percent level is 10.17 -
      10.18, increasing to 10.62 - 10.63 at the 10.0 percent level. Blank,
      standard and corrected absorbance times 100 at the 5.0 percent amine level
      are 10.0 - 10.2, 38.9 - 39.0 and 28.8 - 28.9, respectively. With the
      compositions containing 10.0 percent (w/v) of 2-ethylaminoethanol, the
      corresponding results are 11.5 - 12.0, 52.2 - 52.5 and 40.5 - 40.7.
PAR  In a similar operation, alkaline reagents contaning either diethylamine in
      a concentration of 32.5 ml. per liter or 2-ethylaminoethanol in a
      concentration of sixty grams per liter are prepared. The alkaline reagent
      compositions are employed with a color reagent composition of Example 1 to
      determine variations in blank absorbance which could result from pipetting
      errors. 50 Microliters of distilled water are employed as a blank, and two
      milliliters of color reagent are employed. Various amounts of alkaline
      reagent in increments of 0.1 millilter are employed to stimulate pipetting
      errors. The average blank absorbance .times. 100 obtained with each
      reagent are set out below:
TBL  Milliliters of Absorbance .times. 100                                     
     Alkaline Reagent                                                          
                    Diethylamine                                               
                               2-Ethylaminoethanol                             
     ______________________________________                                    
     1.8            7.65       11.25                                           
     1.9            9.55       11.05                                           
     2.0            10.8       11.15                                           
     2.1            11.7       10.95                                           
     2.2            10.05      10.9                                            
     ______________________________________                                    
PAR  The above results indicate that minor pipetting errors can substantially
      alter results obtained with the diethylamine reagent, whereas the
      2-ethylaminoethanol reagent is relatively insensitive to such minor
      errors.
PAC  EXAMPLE 3
PAR  In a smilar procedure, a series of reagent compositions are prepared using
      different amounts of different amine bases in the alkaline reagent. Two
      milliliters of each alkaline reagent are mixed with 2 milliliters of an
      orthocresolphthalein complexone reagent to prepare a series of calcium
      reagent compositions (prepared as described above in Example 1). The final
      reagents are then mixed with 50 microliters of distilled water or a
      calcium standard solution containing 5 mEq calcium per liter and color is
      developed and measured as described above. The amine bases employed, the
      concentration of the base in the alkaline reagent (in grams per liter),
      the pH of the resulting composition and the blank and corrected standard
      absorbance values are set out below:
TBL               Concen-    Absorbance .times. 100                            
     Amine in     tration                                                      
     Alkaline pK of                                                            
                  (grams/         Corrected                                    
     Reagent  Amine                                                            
                  liter)                                                       
                        pH   Blank                                             
                                  Standard                                     
     __________________________________________________________________________
     2-Ethyl-                                                                  
     aminoeth-                                                                 
     anol     9.9 60.0  10.36                                                  
                             11.3 33.2                                         
     2-Methyla-                                                                
     minoethanol                                                               
              9.6 60.0  10.37                                                  
                             12.4 35.1                                         
     3-Amino-1-                                                                
     propanol 9.4 40.0  10.32                                                  
                             13.9 33.3                                         
     2-Aminoeth-                                                               
     anol     9.4 100   10.44                                                  
                             12.9 35.1                                         
     2-Amino-2-                                                                
     methyl-1-                                                                 
     propanol 9.3 100   10.42                                                  
                             11.7 32.3                                         
     2-Dimethyl-                                                               
     aminoethanol                                                              
              9.2 150   10.24                                                  
                             7.3  20.7                                         
     __________________________________________________________________________
PAR  In other operations, the reagent composition and method of Example 1 is
      evaluated in a standard sequence of tests for analysis of calcium in human
      serum. The reagent and method are found to give linear results with
      calcium concentrations of up to 10 mEq per liter (normal adult levels are
      from about 4.6 to 5.6 mEq per liter). The reagent and method are free of
      interference by bilirubin up to 20 mg per 100 ml, phosphate up to at least
      40 mg per 100 ml, magnesium up to levels of ten times normal magnesium
      levels, and hemoglobin (in hemolyzed serum) of up to 150 mg per 100 ml.
PAR  It will be apparent to those skilled in the art that numerous variations
      can be made in the use of the invention, for example, by varying the
      concentration of the orthocresolphthalein complexone and by varying the
      amounts and the nature of other ingredients in adapting the reagent and
      method to particular analytical systems, or in the order of mixing the
      ingredients and samples while utilizing the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reagent composition useful for determination of calcium in
      biological fluids by measuring the intensity of color produced by
      orthocresolphthalein complexone in an aqueous alkaline buffer solution,
      the composition comprising a solution of orthocresolphthalein complexone,
      in an aqueous alkaline amine base buffer, the improvement wherein the
      amine base is an aminoloweralkanol of three or four carbon atoms, having a
      pK of from about 9.3 to about 10, and wherein the reagent composition has
      a pH of from about 10.1 to about 10.7.
NUM  2.
PAR  2. The composition of claim 1 wherein the aminoloweralkanol is
      2-ethylaminoethanol.
NUM  3.
PAR  3. The composition of claim 2 wherein the buffer comprises
      2-ethylaminoethanol in a concentration of from about 20 to about 60 grams
      per liter in aqueous hydrochloric acid from about 0.1 to about 0.2 normal.
NUM  4.
PAR  4. The composition of claim 1 wherein the pH of the composition is from
      about 10.3 to about 10.5.
NUM  5.
PAR  5. In a method for determination of calcium comprising the steps of mixing
      together predetermined quantities of a biological fluid,
      orthocresolphthalein complexone, as the essential color forming reagent,
      and an alkaline buffer comprising an amine base, incubating the mixture
      for a predetermined period under predetermined conditions of temperature,
      and measuring the intensity of the resulting color, the improvement
      wherein: the amine base is an aminoloweralkanol of three or four carbon
      atoms, having a pK of from about 9.3 to about 10, and wherein the
      ingredients are mixed together in proportions sufficient to provide a pH
      of from about 10.1 to about 10.7 in the ultimate mixture.
NUM  6.
PAR  6. The method of claim 5 wherein the biological fluid is human blood serum,
      and wherein the amine base is 2-ethylaminoethanol.
NUM  7.
PAR  7. The method of claim 5 wherein the pH of the ultimate mixture is from
      about 10.1 to about 10.5.
NUM  8.
PAR  8. The method of claim 5 wherein the mixing is carried out by mixing a
      minor amount of human blood serum directly with a reagent composition
      comprising sufficient orthocresolphthalein complexone to form a measurable
      color with calcium in the serum, in an aqueous buffer solution of
      2-ethylaminoethanol in aqueous hydrochloric acid, the reagent composition
      having an alkaline pH of from about 10.1 to about 10.7; and wherein the
      incubation is carried out at room temperature for from about 2 to about 10
      minutes.
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ABST
PAL  A method is disclosed whereby the amount of a lubricant composition such as
      a spin finish, coning oil, etc. applied to a textile strand may be
      accurately determined in a matter of seconds or minutes. The method
      involves applying to a running length textile strand a lubricant
      composition containing a tracer, winding the lubricated strand into a
      package, and subjecting the package to nondestructive analysis with an
      X-ray spectrochemical analyzer to measure the amount of tracer present in
      the package and to thereby obtain a measurement of the relative amount of
      lubricant applied to the strand.
BSUM
PAR  This invention relates generally to a method for determining the amount of
      a coating composition applied to a strand, such as a textile yarn, and
      more particularly, relates to a nondestructive testing method whereby the
      amount of lubricant coating applied to a textile strand may be very
      rapidly determined.
PAC  BACKGROUND OF THE INVENTION
PAR  Lubricant compositions such as spin finishes, coning oils, etc. are
      conventionally applied to textile yarns at various stages during the
      manufacturing operation to facilitate handling and processing the yarns on
      textile machinery. It is generally recognized that these lubricants must
      be applied at carefully controlled levels, since application of improper
      amounts of lubricant results in various production and quality problems as
      the yarns are processed into fabrics. For example, when producing knitted
      fabrics, the application of excessive amounts of lubricant to the knitting
      yarns may result in a build-up and eventual gumming of the needle latches
      of the knitting machine, while application of too little lubricant results
      in excessive needle wear and broken filaments or ends.
PAR  Also, it is recognized that it is quite important to apply the lubricant at
      a uniform level to all of the ends being processed at the respective
      positions on the textile machinery. Otherwise, when several ends are woven
      or knitted into a fabric, the variations in lubricant level on the
      respective ends may become apparent in the fabric as streaking, barre, or
      uneven dyeing. For example, different levels of lubricant on the several
      ends fed to a knitting machine may result in variations in tension in the
      respective yarns which would be readily apparent in the knitted fabric.
PAR  Therefore, it is conventional procedure to periodically test the level or
      percent of lubricant applied to each end being processed to insure that
      the proper level of lubricant is being applied. This determination of the
      percent lubricating oil on a yarn has conventionally been made by
      laboratory extraction methods. In this laboratory procedure, a
      predetermined length of yarn is taken from a previously wound yarn
      package, weighed, and placed in a container for a length of time with a
      heated solvent for the lubricant. After the lubricant has been extracted
      from the yarn by dissolving in the solvent, the yarn is removed from the
      container and dried, and the yarn is again weighed to determine the weight
      percent of oil which was present on the yarn. Obviously this is a
      time-consuming procedure which takes several hours and requires the dual
      work of both laboratory technicians and plant personnel. The procedure
      requires several weighings and measurements and thus provides considerable
      opportunity for human error. In the several hours of elapsed time between
      when the sample is taken and when the results are obtained, several
      thousand dollars worth of yarn containing either too much or too little
      lubricant may have been produced.
PAR  Several proposals have been made for reducing the amount of time required
      for determining the level of lubricant oil on a yarn. For example,
      Finucane U.S. Pat. No. 3,459,506 discloses a method wherein the amount of
      lubricant on the yarn is determined by titration. Another proposed testing
      procedure disclosed in Textile World, July 1974, page 12, employs infrared
      spectroscopy to obtain a measurement of the amount of oil on the yarn.
      However, both of these proposed methods still require that a sample of
      yarn be removed from a previously wound yarn package and subjected to
      laboratory analysis to determine the amount of lubricant on the yarn.
      Thus, there is still a significant amount of elapsed time between when the
      sample is taken and when the results are available, and further, the
      numerous handling and measuring operations still provide a significant
      chance for the introduction of human error.
PAR  With the foregoing in mind, it is a primary object of this invention to
      provide a method for determining the amount of a coating composition
      applied to a strand much more rapidly than has been possible heretofore.
PAR  It is another object of this invention to provide a testing method which
      not only significantly reduces the amount of time required to determine
      the amount of the coating composition on a strand, but which also provides
      more reproducible and accurate results than is presently possible by
      conventional laboratory techniques.
PAR  It is a further object of this invention to provide a testing method for
      determining the amount of lubricant on a textile yarn which may be
      performed by one individual, and which may be performed in the plant, if
      desired, rather than in a laboratory.
PAR  It is a still further object of this invention to provide a testing method
      for determining the amount of lubricant coating applied to a textile yarn
      wherein it is not necessary to remove a length of yarn from a package to
      obtain a sample but wherein a nondestructive measurement may be made
      directly to the yarn package, and wherein the measurement may be made in
      the plant either while the yarn is still being wound into a package or
      after completion of winding and doffing of the package, and wherein the
      results of the measurement are available almost immediately so that
      corrective measures may be taken if an improper amount of lubricant is
      being applied.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects are achieved in accordance with this invention
      by employing a method of tracer analysis to determine the amount of
      lubricant composition applied to a textile yarn.
PAR  More particularly, in accordance with this invention the lubricant
      composition which is applied to the yarn contains a tracer which is
      capable of being later quantitatively measured. The lubricated yarn is
      wound into a package and the package is subjected to tracer analysis to
      quantitatively measure the amount of tracer present in the yarn package.
      The level of tracer measured is a function of the amount of lubricant
      present on the yarn, and thus the weight percent of lubricant present on
      the yarn may be readily determined.
PAR  Preferably, a type of radiation analysis such as X-ray spectrographic
      analysis is employed, which permits rapidly and accurately measuring, in a
      nondestructive manner, the amount of tracer in the yarn package.
PAR  X-ray spectrographic analysis has been applied in various manners and in
      various areas of technology in both qualitative and quantitative analysis.
      For example, X-ray spectrographic procedures have been employed for
      analyzing the composition of metals and alloys, and for measuring coating
      thicknesses on a substrate, such as the thickness of an electroplated
      layer or the thickness of a paint coating. Such procedures have also been
      employed for measuring coatings on fabrics. For example, an article by K.
      H. Nelson and W. D. Brown in the June 1973 Textile Research Journal (page
      357) discloses a method wherein X-ray spectrographic analysis is employed
      for measuring bromine containing flame retardant coatings on fabrics.
PAR  However, none of these known procedures employing X-ray spectrographic
      analysis have been proposed for use in determining the amount of a
      lubricant coating on an individual textile strand, nor would application
      of such known procedures be practical or possible due to one or more of
      the following considerations:
PAR  1. The known procedures require the presence in the sample being tested of
      a considerable amount of an element capable of being quantitatively
      analyzed by X-ray spectrographic analysis. A textile yarn is too small to
      carry the necessary quantity of tracer element needed for detection by
      X-ray spectrographic analysis;
PAR  2. Extensive and delicate sample preparation is involved;
PAR  3. It is usually necessary to know the weight of the sample being analyzed;
PAR  4. The testing procedure usually involve destructive testing of the sample;
      and
PAR  5. The testing methods and computations required for obtaining quantitative
      data are complicated and involved.
PAR  The testing method in accordance with this invention requires essentially
      no sample preparation and may be performed directly on a yarn package in
      the plant, either while the package is still running on the textile
      winding machine or immediately after doffing.
PAR  In the known methods where a coating thickness is determined by X-ray
      spectrography, the coating or layer being measured has a considerable
      thickness and contains a relatively high proportion of a quantitatively
      measurable element. At the relatively low levels at which yarn lubricants
      such as spin finishes, coning oils, etc. are conventionally applied, which
      is generally not more than about 6 to 8 percent by weight based upon the
      dry yarn and often less than one percent by weight, the amount of tracer
      which can be applied to a single end of yarn is too low for being
      quantitatively measured by X-ray spectrochemical analysis. However, the
      method of the present invention is able to overcome this problem by
      subjecting the entire yarn package to analysis and measuring the combined
      effect of the tracer present in a number of overlying and adjacent
      portions of the wound yarn in the package. This invention thus eliminates
      the need for unreeling a predetermined length of yarn from the package in
      order to obtain a sample for analysis as has been the conventional
      practice in the standard laboratory methods. Moreover, since in the method
      of this invention the yarn package forms the sample and the analysis
      performed thereon is nondestructive, no yarn is wasted from the package.
      Further, the probe used for measuring the amount of tracer reads down into
      the depth of the package rather than only at the surface thereof and the
      reading obtained is thus an average over most of the length of the yarn in
      the package rather than a reading based only on the outer few yards of
      yarn on the package as occurs in standard laboratory procedures.
PAR  The testing method in accordance with this invention is independent of the
      weight of the yarn package being measured and this contributes
      considerably to the speed and accuracy of this method. It is only
      necessary that the yarn package which is subjected to analysis be of
      sufficient width and thickness so that when the package is positioned in
      proximity to the probe of the analysis instrument, the entire field of the
      probe is filled by the yarn. Thus, a sample of "infinite mass" is
      presented to the probe.
PAR  In order that the yarn lubricant may be measured by the present method, it
      is necessary that the lubricant contain a tracer capable of quantitative
      analysis on a suitable instrument such as an X-ray spectrochemical
      analyzer. The tracer employed may either be a chemical element already
      present in the lubricant or may be an element present in an additive
      compound which is mixed with the lubricant. If the tracer is contained in
      an additive compound, the additive must be compatible with the lubricant
      so as to remain in a stable and homogenous admixture with the lubricant.
      This is necessary to insure application of the tracer to the yarn at a
      uniform concentration during application thereof. It is also important
      that the additive compound will not undesirably alter the lubricant
      properties of the lubricant. Further, the additive should remain stable
      under the conditions of heat to which it may be later subjected.
      Otherwise, the additive compound might break down into harmful acids or
      form harmful deposits on the machinery under subsequent processing
      conditions.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The preferred method of nondestructive tracer analysis is carried out on a
      commercially available instrument known as an X-ray spectrochemical
      analyzer. This is a lightweight portable instrument consisting of a probe
      and an electronic console. The probe contains a low level radioisotopic
      source which emits radiation through an opening or window in the probe
      housing in the direction of the sample being tested. Radiation striking
      the sample causes emission of characteristic X-rays from the various
      elements present in the sample. Some of these secondary X-rays pass from
      the sample back into the probe through the opening therein and enter a
      detector located under the source, where voltage pulses proportional in
      magnitude to the X-rays are generated. The pulses are sorted and those
      characteristic of the particular element being measured are counted for a
      predetermined length of time ranging from a few seconds up to about a
      minute. The number of pulses or "counts" detected during the counting
      period for the particular element are displayed on the console.
PAR  One suitable instrument for this purpose is the Panalyser-4000, made by
      Panametrics of Waltham, Mass. This instrument can be used to measure a
      total of 67 elements out of a known total of 104. Elements which cannot be
      measured are those lighter than silicon or heavier than uranium, and
      certain other inert or unstable elements.
PAR  In order to measure the amount of lubricant on the yarn employing this
      instrument, it is necessary that the lubricant contain a tracer element
      capable of being measured by the instrument. If a silicone lubricant is
      employed, the lubricant may be measured directly by measuring the amount
      of silicon in the lubricant coating on the yarn. If conventional natural
      oils of animal, vegetable, or mineral origin are used as the lubricant
      however, it is necessary that an additive compound containing a tracer
      element measurable by the X-ray spectrochemical analyzer be mixed with the
      lubricant oil. This tracer compound may contain silicon, iodine, chlorine,
      etc. However, it is most convenient for practical reasons of cost,
      availability, stability, and compatability with the lubricant oil to
      employ brominated organic compounds as the tracer compound.
PAR  Specifically, the organic bromine tracer compounds which were found to be
      most effective for use in this method are relatively non-volatile heat
      stable hydrophobic unreactive paraffinic and aromatic brominated compounds
      such as the following: tetrabromoethylene, hexabromobenzene,
      penta-bromoethane, brominated fatty esters, tetrabromobisphenol-A,
      tris-bromomethyl ethyl alcohol, pentabromobenzenes such as Formula (1),
      ##SPC1##
PAL  where R can be alkyl, OH, OCH.sub.3, etc.
PAL  and multibromobenzenes such as Formula (2).
      ##SPC2##
PAL  where R can be H, alkyl, OH, OCH.sub.3, etc.
PAL  These compounds have been found to form stable homogeneous mixtures with
      the animal, vegetable, or mineral oils conventionally employed as yarn
      lubricants and to remain stable during subsequent processing, texturizing,
      finishing, etc.
PAR  It is most important that the brominated organic compound remain stable
      throughout the processing operations to which the yarn is subjected, since
      unstable compounds might break down and form harmful acids or deposits on
      the processing machinery. As is well known, during conventional
      texturizing operations, yarns are heated by passing through heated
      chambers or across heated rolls or pins. Brominated compounds which are
      unstable at high temperatures might decompose when subjected to these
      conditions and form hydrobromic acid. In this regard, it has been found,
      at least with respect to aliphatic compounds, that for desirable heat
      stability properties, the brominated organic compounds employed are
      preferably those which do not have a hydrogen atom on the carbons which
      are alpha (attached) to the bromine-bearing carbon atoms. Compounds having
      a hydrogen atom located on a carbon alpha to a bromine-bearing carbon atom
      tend to split off hydrobromic acid at elevated temperatures.
PAR  It is also important that the additive compound does not undesirably affect
      or alter the lubricant properties of the oil to which it is added. The
      above-noted classes of brominated organic compounds, when mixed in limited
      amounts with the lubricant oils, have been found to be quite compatible
      with the lubricant oils without undesirably altering the lubricating
      properties thereof.
PAR  The tracer compound is preferably combined with the lubricant oil at a
      concentration of up to about five percent by weight, and preferably within
      the range of about one-half to three percent by weight. The bromine
      compound employed preferably contains between about 30 to 70 percent by
      weight of bromine. It will be apparent that if the bromine compound
      contains a higher percentage of bromine, then a lower amount of compound
      may be added to the lubricant. As noted earlier, the yarn lubricant is
      conventionally applied to the yarn at levels ranging from less than one
      percent up to about six to eight percent by weight on the yarn. From these
      figures, it will be readily seen that a very low concentration of bromine
      of no more than about 0.20 to 0.30 percent by weight is present on the
      yarn. Usually this concentration is quite lower, in the order of 0.02
      percent or less. At this very low concentration, the X-ray spectrochemical
      analyzer is incapable of distinguishing the bromine counts from the
      background radiation on a single end of the yarn. However, by positioning
      a yarn package against the probe and measuring the combined effects of a
      large number of adjacent and overlying portions of the yarn, a sufficient
      concentration of bromine is present to provide an accurate and
      reproducible reading.
PAR  In performing a measurement by the method of this invention, the probe of
      the analyzer is positioned in close proximity with a yarn package and a
      count of the number of characteristic X-rays of the selected element is
      made for a predetermined measurement time, usually ranging from about
      fifteen seconds to about one minute. This measurement may be accomplished
      by placing a wound yarn package against the probe of the instrument, or by
      positioning the probe close to the surface of a package still running on
      the textile winding machine.
PAR  In order to obtain consistent readings from one sample to another, and to
      eliminate the need for individually weighing each sample, the yarn package
      should be of "infinite mass" relative to the field of the probe of the
      analyzer. The term infinite mass sample, as used herein, means a sample
      which is of a size or mass equal to or greater than the maximum field or
      scope of the probe. For any given probe, there is a certain maximum limit
      to its field, and it cannot distinguish or read anything beyond this
      limit. Thus, regardless of the size or mass of the sample being measured,
      so long as the sample is sufficiently large to fill the field of the
      probe, the reading obtained will be the same, since the probe will "see"
      only that portion of the sample which is within its field.
PAR  In the case of the Panalyser-4000 instrument employed herein, it was found
      that the yarn package should have a minimum thickness of about one inch of
      yarn measured radially from the outer periphery of the core to the outer
      periphery of the yarn package. This insures that when the probe is
      positioned against the yarn package, the probe "sees" a constant portion
      of each of the various yarn packages measured. The minimum thickness yarn
      package to insure an infinite mass sample may be readily determined
      experimentally for other types of analysis instruments and probes.
PAR  In order to determine the weight percent of lubricant on the yarn from the
      number of counts read by the analyzer, reference is conveniently made to a
      calibration chart or graph. In making the calibration graph, duplicate
      analyses are performed on a number of samples both by standard laboratory
      procedures, such as the conventional extraction technique, and by the
      X-ray spectrochemical analysis of this invention. The weight percent of
      oil on yarn obtained by standard laboratory analysis for each sample is
      plotted as ordinate against the corresponding number of counts obtained by
      X-ray spectrochemical analysis as abscissa. This plot produces an
      essentially linear relationship over the concentration ranges normally
      encountered. Since the half life of the radioisotopic source in the probe
      is quite long, over 400 years, the calibration curve is stable and does
      not require periodic recalibration.
PAR  In many instances, it is not necessary to know the actual percentage of oil
      being applied, but only whether the lubricant level is within certain
      limits. Thus, the method of this invention may suitably be employed merely
      to determine relative amounts of lubricant oil without referring to a
      calibration chart, as for example, by ascertaining directly whether the
      digital readout of the instrument is within arbitrary limits.
PAR  In actual comparative tests performed on a number of yarn packages coated
      with various amounts of lubricant, the method of this invention was found
      to provide significantly more reproducible and accurate results than the
      conventional laboratory extraction method of measurement.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A nondestructive testing method for quickly measuring the amount of a
      coating applied to a strand, said method employing a radiation analysis
      instrument having a predetermined field and being adapted for
      quantitatively measuring a tracer, said method comprising applying to a
      running length strand a coating composition containing a tracer, winding
      the coated strand into a package of infinite mass relative to the field of
      the analysis instrument, and subjecting the package to analysis by the
      instrument to obtain a reading of the amount of tracer within the field of
      the instrument, which reading provides a relative indication of the amount
      of coating applied to the individual strand.
NUM  2.
PAR  2. A method according to claim 1 wherein the step of subjecting the package
      to analysis is performed on the package after completion of winding of the
      strand thereon.
NUM  3.
PAR  3. A method according to claim 1 wherein the step of subjecting the package
      to analysis is performed on the package during winding of the strand
      thereon.
NUM  4.
PAR  4. A method according to claim 1 wherein the radiation analysis instrument
      is a nondestructive X-ray spectrochemical analyzer having a probe with a
      predetermined field, and wherein the step of subjecting the package to
      analysis by the instrument comprises positioning the package in such
      relation to the probe of the X-ray spectrochemical analyzer as to fill the
      field thereof, and thereafter obtaining a measurement on the analyzer of
      the amount of tracer within the field of the probe.
NUM  5.
PAR  5. A method according to claim 1 comprising the additional step of
      comparing the measured amount of tracer with a calibration standard to
      thereby determine the actual amount coating applied to the individual
      strand.
NUM  6.
PAR  6. A method according to claim 1 wherein the tracer-containing coating
      composition applied to the strand comprises a silicone lubricant.
NUM  7.
PAR  7. A method according to claim 1 wherein the tracer-containing coating
      composition applied to the strand comprises a natural lubricant oil of
      animal, vegetable, or mineral origin having intimately admixed therewith a
      compatible heat stable organic halogen tracer compound.
NUM  8.
PAR  8. A nondestructive testing method for quickly measuring the amount of a
      lubricant coating applied to a textile strand and wherein the coating
      contains a tracer quantitatively measurable by an X-ray spectrochemical
      analyzer having a predetermined field, said method comprising preparing a
      sample of the coated textile strand which is of infinite mass relative to
      the analyzer, positioning the sample within the field of the analyzer, and
      obtaining a reading from the analyzer of the amount of tracer on the
      portion of the sample within the field thereof to thereby obtain a
      relative indication of the amount of coating applied to the individual
      strand.
NUM  9.
PAR  9. A method according to claim 8 wherein the step of preparing a sample of
      the coated strand which is of infinite mass relative to the field of the
      analyzer comprises winding the strand into a package of a width and
      thickness sufficient to fill the field of the analyzer.
NUM  10.
PAR  10. A nondestructive testing method for quickly measuring the amount of
      lubricant applied to a textile strand said method employing an X-ray
      spectrochemical analyzer having a probe with a predetermined field and
      being adapted for measuring the amount of a predetermined element located
      within the field of the probe, said method comprising applying to a
      running length textile strand a lubricant composition containing a
      predetermined tracer element, winding the lubricated strand into a package
      of a width and thickness sufficient to fill the field of the probe,
      positioning the package in close proximity to the probe, and measuring
      with the analyzer the amount of the predetermined tracer element present
      in the portion of the package within the field of the probe to thereby
      obtain a reading proportional to the amount of lubricant applied to the
      individual strand.
NUM  11.
PAR  11. A method according to claim 10 wherein the lubricant composition is
      applied to the strand at a level of not more than about 8 percent by
      weight based upon the dry yarn.
NUM  12.
PAR  12. A method according to claim 10 wherein the lubricant composition
      applied to the textile strand has a concentration of tracer element below
      the level which could be measured by the analyzer on a single end of the
      textile strand.
NUM  13.
PAR  13. A method according to claim 10 wherein the lubricant composition
      applied to the textile strand has a tracer element concentration of no
      more than about 0.30 percent by weight.
NUM  14.
PAR  14. A method according to claim 10 wherein the lubricant composition
      applied to the textile strand comprises a natural oil of animal,
      vegetable, or mineral origin having intimately admixed therewith up to
      about 5 percent by weight of a compatible heat stable brominated organic
      tracer compound.
NUM  15.
PAR  15. A method according to claim 14 wherein the brominated organic tracer
      compound comprises a hydrophobic unreactive paraffinic brominated
      compound.
NUM  16.
PAR  16. A method according to claim 14 wherein the brominated organic tracer
      compound comprises an aromatic brominated compound.
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ABST
PAL  In a hydrogen flame detector there is provided a means for modulating the
      density of a gas stream prior to its introduction into the detector flame.
      A detector, responsive to the resulting modulation of the flame, is
      provided for producing an output signal having a component fluctuating at
      the frequency of modulation. A cross-correlator, responsive to the output
      signal and a signal at the frequency of modulation, is provided for
      producing a resultant signal proportional to the cross-correlation between
      its two input signals. A means is further provided for recording or
      otherwise utilizing the resultant signal thus produced.
GOVT
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The purpose of the invention is to provide an improved apparatus for and
      method of detecting ions in a hydrogen flame detector. The hydrogen flame
      detector is an analytical instrument typically used for chemical analysis
      at the output port of an instrument such as a gas chromatograph. In the
      instrument, hydrogen is burned in the vicinity of two electrodes. An
      unknown chemical introduced into the flame is ionized, thereby causing the
      flow of a small ionic current between the electrodes. As the quantity or
      the composition of the unknown chemical changes, a variation in this ionic
      current is detected and correlated with the chemical changes.
PAR  The ionic currents are measured by any of a number of electrometer-type
      devices. The measurement precision of each of these devices, however, is
      limited by several physical factors. Photoemission, thermoelectric
      effects, instabilities in flame temperature, and other effects, for
      example, cause instabilities which mask small variations introduced by the
      chemicals under test. These limiting factors are overcome by the invention
      described herein.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, two principal objects of the present invention
      are an apparatus for and a method of overcoming the aforementiond limiting
      factors of prior known hydrogen flame detectors.
PAR  Consistent with these objects, a principal feature of the present invention
      involves modulating the density of an unknown chemical prior to its
      introduction into the hydrogen flame. This modulation is accomplished by
      mechanically changing the flow impedance in the tubes through which the
      chemical is introduced, by aerodynamically modulating the density of the
      stream carrying that sample, as by a fluidic oscillator, or by a
      periodically displaced piston, for example, or by other appropriate means.
      The periodic variation in density of the unknown chemical will introduce a
      variation of similar period in the ion current passing between the two
      sensing electrodes. A signal derived from the device modulating the
      density of the unknown chemical is shifted in phase and multiplied by the
      output of the ion current detecting circuit to provide a large resultant
      signal which is proportional to the cross-correlation between the two
      signals. Since the modulation period can be readily adjusted to values
      that are very small compared to the periods which characterize the
      unwanted photoionic, photoelectric, etc. drifts, the cross-correlation
      between the signals due to these unwanted effects and the modulation
      signal will be extremely small and random.
PAR  The device thereby improves the ability of the hydrogen flame detector to
      discriminate the desired signal by reducing its sensitivity to undersired
      error signal.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become apparent to those skilled in the art upon a reading
      of the following detailed description of preferred embodiments thereof as
      shown in the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic and block diagram of a single-flame embodiment of
      the present invention; and
PAR  FIG. 2 is a diagrammatic and block diagram of a dual-flame embodiment of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is provided, in accordance with the present
      invention, a single-flame embodiment of a hydrogen flame detector,
      designated generally as 1. In this embodiment, detector 1 comprises a main
      gas chamber 2. Chamber 2 is terminated at one end by a gas nozzle 3. In
      gas communication with and extending from chamber 2 there is provided a
      gas inlet, port or tube 4. Tube 4 is provided for inputing a mixture of
      hydrogen and an unknown gas prepared by conventional methods and apparatus
      (not shown) into chamber 2. Extending outwardly from and generally
      surrounding nozzle 3 is a burner or combustion chamber 5 for enclosing a
      flame 6 of said mixture issuing from nozzle 3. Interior to chamber 5 is a
      pair of electrodes 7 and 8. Electrodes 7 and 8 are generally situated on
      opposite sides and spaced from nozzle 3 and electrically coupled to a
      detector 9 which includes a conventional source of bias potential for
      collecting ions created in the flame 6.
PAR  The particular bias used in a given instance will, of course, depend on the
      electronic means used for detection. Consequently the source of bias may
      be any of several conventional means for providing bias, such as, for
      example, a carrier voltage for detecting capacitance changes, a d.c. bias
      to collect ions, or a current source for measuring resistance changes
      induced by the flame 6 extending between the electrodes 7 and 8.
PAR  It will be recognized that the apparatus of the present invention as
      described thus far is typically found in conventional hydrogen flame
      detectors and accordingly, without more, would provide a measurement
      precision limited, for example, by the several physical factors of
      photoemission, thermoelectric effects and instabilities in flame
      temperature as previously discussed.
PAR  To improve the ability of a detector to discriminate the desired signal by
      reducing its sensitivity to undesired error signals, there is additionally
      provided in chamber 2, a permanent magnet 11. Magnet 11 is supported in
      chamber 2 on a spring 13. Surrounding chamber 2, magnet 11 and spring 13,
      there is provided an external coil 14. Coil 14 is wound in a conventional
      manner so as to include a high current segment 15 for forcibly deflecting
      magnet 11 at the natural resonant frequency determined by the magnet 11
      and the spring 13 and a high impedance section 16 which is wound in a
      conventional manner so as to allow the use of a carrier signal in a
      standard arrangement for detecting the position of the magnet 11 in the
      chamber 2. For the latter purpose, the frequency of the carrier signal is
      typically much higher than the aforementioned mechanical resonant
      frequency of the magnet 11 and the spring 13.
PAR  The driving and position detection signals for magnet 11 are provided by a
      pair of oscillators 20 and 21, which are coupled to their respective
      segments 15 and 16 of the coil 14. The oscillator 20 outputs an adjustable
      relatively low-frequency signal for driving the magnet 11 -- e.g., 3-300
      H.sub.z. The oscillator 21 outputs a relatively high-frequency signal for
      detecting the position of magnet 11 and, in detecting the position of
      magnet 11, provides a control signal to oscillator 20 so as to drive
      magnet 11 at a constant amplitude at the resonant frequency of the magnet
      11 and the spring 13.
PAR  As will be appreciated, the periodic oscillation of magnet 11 effects a
      modulation of the density of the gas mixture burning at nozzle 3 and hence
      produces a corresponding periodicity in the flame characteristics --
      specifically, the ionic current in the flame, as measured by the
      electrodes 7 and 8. This periodicity ultimately appears as a component in
      the output of detector 9 which fluctuates at the frequency of modulation
      of the magnet 11.
PAR  To measure this component and discriminate from signal components
      fluctuating at other frequencies in the output of the detector 9, the
      output of detector 9 is coupled to one input of a correlator 22. To
      provide a reference signal for correlator 22, there is coupled to a second
      input of the correlator 22, a phase shifter 23. The input of shifter 23
      receives its input from the oscillator 20 for providing a reference signal
      for correlator 22 which corresponds to the quotient of the volume of gas
      modulated within the chamber 2 and the rate of flow of the modulated gas
      from the chamber 2. In correlator 22, in a conventional manner, the output
      signal of the detector 9 and the reference signal from the shifter 23 are
      multiplied for providing a large resultant signal which is proportional to
      the cross-correlation between the two signals. The resultant signal is
      then available for display or recording on a recorder 24 or for any other
      suitable utilization, as, for example, integration or the like.
PAR  Referring to FIG. 2, there is provided an alternative embodiment of the
      present invention comprising a dual-flame hydrogen flame detector in which
      a gas stream from an input port or tube 4 is branched into two
      substantially identical sections, designated generally as 30 and 31. Those
      component parts of each of sections 30 and 31, which are the same
      structurally and functionally as the parts of FIG. 1, retain the
      designations used in FIG. 1. Those parts which are duplicates of the parts
      of FIG. 1 are identified by the designations used in FIG. 1, but with
      primes. The only significant structural difference between the embodiments
      of FIGS. 1 and 2, aside from the duplication of component parts, is that
      the magnet 11 is coupled at both ends to a spring 13 and 13' for
      modulating the gas prior to its introduction into the flames 6 and 6'.
PAR  Consequently, the right and left sections 30 and 31 operate in phase
      opposition. Because of this functional difference, there is additionally
      provided, coupled between the outputs of correlators 22 and 22' and the
      input of the recorder 24, a difference amplifier 32 for providing a signal
      to the recorder 24 corresponding to the difference between the signals
      derived from the two out-of-phase detectors 9 and 9'.
PAR  In light of the foregoing description, it will be apparent to those skilled
      in the art that various modifications may be made within the spirit and
      scope of the invention. The means illustrated for modulating the gas and,
      hence, the flame can be replaced, for example, by a simple acoustical
      driver, such as a speaker, a rotating mechanical valve, a fluidic
      "flip-flop" or oscillator, or any of a number of other devices without
      changing the inherent operation of the system. Moreover, various mixtures
      of gas and other chemicals as well may be analyzed by means of the method
      and apparatus of the present invention. Accordingly, it is understood that
      the scope of the present invention is to be restricted only to the extent
      of the claims as hereinafter provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a hydrogen flame detector having a means forming a chamber for
      receiving a mixture of a known gas and an unknown gas; a means forming a
      nozzle at one end of said chamber for providing a flame of said mixture of
      gases; and an electrode means for collecting ions of said unknown gas
      generated in said flame, the improvement comprising:
PA1  a means for modulating the density of said mixture of gases in said chamber
      at a predetermined frequency prior to their introduction into said flame,
      said modulation of said mixture serving to modulate said ions of said
      unknown gas at said predetermind frequency;
PA1  a means coupled to said electrode means for providing an output signal in
      response to said modulated ions having a component fluctuating at said
      predetermined frequency;
PA1  a means responsive to said modulating means for generating a reference
      signal having a component fluctuating at said predetermined frequency;
PA1  a means responsive to said output and said reference signals for providing
      a resultant signal corresponding to the cross-correlation between said
      first and said second output signal; and
PA1  a means coupled to said resultant signal generating means for utilizing
      said resultant signal.
NUM  2.
PAR  2. A hydrogen flame detector according to claim 1 wherein said modulating
      means comprises:
PA1  a movable means positioned within said chamber;
PA1  a means generating a modulation signal for moving said movable means at
      said predetermined frequency; and further wherein said reference signal
      generating means comprises means responsive to said modulation signal
      generating means for phase shifting said modulation signal by an amount
      proportional to the quotient of the volume of said gases being modulated
      and their rate of flow from said chamber for generating said reference
      signal.
NUM  3.
PAR  3. A hydrogen flame detector according to claim 2 wherein said movable
      means comprises a permanent magnet piston and said means for generating
      said modulation signal includes means for oscillating said piston at a
      constant amplitude and at said predetermined frequency.
NUM  4.
PAR  4. A hydrogen flame detector according to claim 3 wherein said
      predetermined frequency is in the range of 3 to 300 H.sub.z.
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ABST
PAL  A disposable applicator card formed of an absorbent backing, to one flat
      surface of which one or more compressible tubes are affixed. The tubes
      extend beyond one edge of the backing and are disposed so as to accept a
      quantity of fluid therein and thereafter to dispense at least a portion of
      such fluid. Means for aligning the card in connection with utilization
      means is also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to disposable applicator cards but in
      particular to a device for dispensing a predetermined quantity of fluid
      for diagnostic purposes.
PAR  2. Description of the Prior Art
PAR  Heretofore dispensers of fluids for test or diagnostic purposes have been
      complicated syringe devices which have been costly, difficult to operate,
      required excessive cleaning, were susceptible to accidental contamination,
      and the like. Certain of such prior art dispensers were of such
      construction that test fluids would tend to collect about the dispensing
      ends whereby the predetermined quantity of test fluid would be affected.
      Further, such excess fluid would tend to affect the dispensing of the
      fluid or the application thereof on a test medium.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are to provide an applicator card or a fluid
      dispensing means which is simple, economical, easy to use, and which
      overcomes the heretofore noted disadvantages.
PAR  Broadly, according to the present invention, a disposable applicator card
      for fluid dispensing purposes is provided. The card is formed of an
      absorbent backing, to one flat surface of which one or more compressible
      tubes are affixed. The tubes are disposed so as to accept a quantity of
      fluid therein by peristaltic-like action. The tubes extend beyond one edge
      of the backing for a distance sufficient to permit such liquid to be drawn
      into the tubes so that any excess fluid at the exterior portion of such
      extending tubes is caused to be absorbed by the absorbent backing. The
      card is provided with means for aligning it in connection with suitable
      utilization means.
PAR  Additional objects, features, and advantages of the present invention will
      become apparent to those skilled in the art from the following detailed
      description and the attached drawing on which, by way of example, only the
      preferred embodiment of this invention is illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is an oblique view of the disposable applicator card of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  It is to be noted that the drawing is illustrative and symbolic of the
      invention, and there is no intention to indicate scale or relative
      proportions of the elements shown therein. For the purposes of simplicity,
      the present invention will be described in connection with an applicator
      card suitable for accepting a fluid sample from a sample tray and
      thereafter dispensing a predetermined quantity of the fluid to a test
      vehicle such as an agarose gel plate, however, the present invention is in
      no way limited to such an application.
PAR  Referring to the drawing, there is shown a disposable applicator card or
      fluid dispenser 10. Applicator card 10 is formed of a semirigid absorbent
      backing 12 formed of paper, carboard, fiberboard, or the like. A suitable
      material for absorbent backing 12 is 0.030 inch thick card stock, 10 ply,
      with a paper sizing such as a Blanckote coating on one side. A plurality
      of compressible tubes 14 are disposed on one flat surface of absorbent
      backing 12 and affixed thereto by means of an adhesive, or the like. A
      suitable adhesive may be an air cure silicone rubber adhesive, or the
      like. As will be understood, any adhesive compatible with the tubing and
      absorbent backing is suitable. Compressible tubes 14 are caused to extend
      beyond one edge of absorbent backing 12 for a distance sufficient to
      permit filling with a quantity of fluid and to thereafter dispense such
      fluid. Suitable materials for compressible tubes 14 are natural gum rubber
      or plastics such as silicone rubber, or the like.
PAR  Compressible tubes 14 may be filled with a suitable test fluid through
      peristaltic-like action of a device such, for example, as described in
      U.S. patent application Ser. No. 561,267 by T. O. Lanier and E. F. Martha
      entitled "Fluid Dispensing Device" filed concurrently herewith, which
      application is expressly incorporated herein by reference. Briefly, such a
      device causes tubes 14 to be filled with a liquid by causing a roller to
      be traversed over the tubes toward the extending ends thereof so as to
      expel the air therein. The tubes are then immersed in reservoirs and the
      roller is caused to traverse toward the opposite ends causing the fluid to
      be drawn into the tubes by the decreased pressure effected in the tubes.
PAR  Suitable reservoirs for test fluids are disclosed in U.S. patent
      application Ser. No. 561,265 by T. O. Lanier entitled "Sample Tray" filed
      concurrently herewith, which application is expressly incorporated herein
      by reference.
PAR  Since the ends of the tubes extending beyond the absorbent backing are
      ordinarily inserted into a fluid as the tubes are being filled, a quantity
      of the fluid tends to collect at the end of each tube through wetting, or
      the like, when the tubes are removed from the reservoirs. As will be
      understood, such collected fluid affects the quantity of fluid which may
      be dispensed from the tube. In addition, such collected fluid may
      thereafter affect the manner of dispensing of the fluid to a test vehicle.
      Backing 12 being absorbent permits such excess collected fluid to be
      readily absorbed preventing it from affecting the quantity or the manner
      of dispensing of fluid.
PAR  As will be understood, if a different fluid is drawn into each respective
      compressible tube 14 from a separate and distinct reservoir and is
      thereafter dispensed onto a predetermined area of a test vehicle such as
      an agarose gel plate, it is imperative that compressible tubes 14 be
      precisely disposed with respect to the fluid reservoirs and the test
      vehicle. To facilitate such precise disposition of the tubes, alignment
      means in the form of notches 16 and 18 are provided in absorbent backing
      12. Such notches permit the alignment of backing 12 with respect to the
      utilization device such as the dispenser of U.S. patent application Ser.
      No. 561,267 heretofore noted. It may also be desirable to form notches 16
      and 18 eccentrically in backing 12 as shown in the drawing so as to permit
      the disposition of applicator card 10 in a utilization device in only one
      manner.
PAR  As a typical example, an absorbent backing was formed of 0.030 inch thick
      card stock, 10 ply, with a Blanckote coating on one side, and a pair of
      eccentrically disposed notches were formed in one edge thereof. Eight
      compressible tubes formed of silicone rubber having an interior diameter
      of 0.011 inch were affixed to one flat surface of the backing by means of
      an air cure silicone adhesive. The tubes were caused to extend beyond one
      edge of the backing for a distance of 0.040 inch. It was found that in
      using such an applicator card in conjunction with the dispenser device
      described in U.S. patent application Ser. No. 561,267, eight predetermined
      quantities of biological serum could be drawn into the eight tubes from a
      sample tray such as shown in U.S. patent application Ser. No. 561,265. The
      excess serum collected at the end of each extending portion of the
      compressible tubes was absorbed by the backing. A precise quantity of each
      serum was thereafter dispensed onto an agarose gel plate for evaluation by
      electrophoresis. A quantity of each serum dispensed was approximately 1
      microliter in volume.
PAR  Although the present invention has been described with respect to specific
      details of certain embodiments thereof, it is not intended that such
      details be limitations upon the scope of the invention except insofar as
      set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disposable applicator card comprising
PA1  an absorbent backing,
PA1  alignment means cooperatively associated with said backing, and
PA1  at least one compressible tube disposed on and affixed to one surface of
      said absorbent backing, each said tube extending beyond one edge of said
      backing.
NUM  2.
PAR  2. The disposable applicator card of claim 1 having a plurality of
      compressible tubes disposed substantially parallel to each other on said
      one surface of said absorbent backing.
NUM  3.
PAR  3. The disposable applicator card of claim 2 wherein said plurality of
      compressible tubes are substantially equally spaced from one another.
NUM  4.
PAR  4. The disposable applicator card of claim 1 wherein said alignment means
      comprise a pair of notches formed in the edge portion of said absorbent
      backing.
NUM  5.
PAR  5. The disposable applicator card of claim 4 wherein said notches are
      eccentrically formed in said edge portion.
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ABST
PAL  A fluid dispensing device suitable for accepting one or more discrete
      quantities of test fluids and thereafter dispensing predetermined
      quantities of such fluid or fluids to a test vehicle. The device operates
      on a disposable applicator card containing one or more compressible tubes
      which are filled with such fluid or fluids from a sample tray by
      peristaltic-like action. The dispensing device permits proper alignment
      with respect to one another of the sample tray, disposable applicator
      card, test vehicle, and all components of the device itself.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to fluid dispensing devices but in particular
      to a device for first accepting discrete quantities of one or more test
      fluids and thereafter dispensing predetermined quantities of such fluids
      to a test vehicle for diagnostic purposes.
PAR  2. Description of the Prior Art
PAR  Heretofore dispensers of fluids for test or diagnostic purposes have been
      complicated syringe devices or multiple applicator devices which use
      surface tension or capillary action for loading and dispensing fluids.
      Such devices have been costly, difficult to operate, required excessive
      cleaning, were susceptible to accidental contamination, and the like.
      Further, certain of such prior art dispensers did not permit reliable
      dispensing of predetermined quantities of test fluids thereby affecting
      the application of such fluids to the test vehicle as well as the results
      of the test. In addition, numerous problems existed with such prior art
      dispensers including physical difficulty of filling individual fluid
      dispensers, the time-consuming nature of such filling, high probability of
      contaminating adjoining dispensers, and the like. Further, dispensing a
      precise volume, such as one microliter, a sample by means of a hand held
      device has been very difficult. Certain of such prior art dispensers were
      of such construction that test fluids would tend to collect about the
      dispensing ends whereby the predetermined quantity of test fluid would be
      affected. Further, such excess fluid would tend to affect the dispensing
      of the fluid or the application thereof to a test medium. Prior art
      methods and dispensing devices in general have not been conducive to high
      speed reliable laboratory testing.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are to provide a fluid dispensing device
      which is simple, economical, easy to use, reliable, provides a fast manner
      of filling multiple fluid dispensers, impedes contamination between
      various test specimens, and overcomes the heretofore noted disadvantages.
PAR  Broadly, according to the present invention, a vastly improved device for
      dispensing one or more predetermined quantities of fluids is provided. The
      fluid dispensing device includes a base plate and support means associated
      with the base plate suitable for accommodating a disposable applicator
      card having at least one compressible tube adhered to a backing. Means are
      provided for filling each of the compressible tubes with a quantity of
      test fluid and dispensing a predetermined quantity of the test fluid from
      each compressible tube to a test vehicle. Such means may be a roller
      disposed so as to have rolling compressible contact with each compressible
      tube whereby the roller causes a quantity of test fluid to be drawn into
      each compressible tube through peristaltic-like action. Means such as a
      sample tray having distinct isolated test fluid reservoirs corresponding
      in number to the compressible tubes used in any test, is provided as a
      source of test fluids. Means are also provided for positioning the support
      means on the base plate so as to provide proper alignment between the
      compressible tubes and a test vehicle, such as an agarose gel plate, while
      the predetermined quantity of test fluid or fluids is dispensed thereto. A
      spring means is associated with the roller so as to maintain the roller in
      pressure contact with the compressible tubes. The travel of the roller in
      contact with the compressible tubes is limited in both directions with the
      limits being adjustable, thereby determining the amount of test fluid
      drawn into the compressible tubes and predetermining the quantity of test
      fluid dispensed therefrom. Means are also provided for aligning the
      disposable applicator card when it is disposed within the support means.
      The support means may have a ribbed surface and the applicator card would
      then be disposed adjacent such ribbed surface so that each compressible
      tube is aligned in a parallel cooperative manner with a corresponding rib.
      Accordingly, each such rib provides support for a corresponding
      compressible tube when each such tube is subjected to the rolling action
      of the roller.
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PAR  Additional objects, features, and advantages of the present invention will
      become apparent to those skilled in the art from the following detailed
      description and the attached drawing on which, by way of example, only the
      preferred embodiments of this invention are illustrated.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an oblique, partly exploded view of the base plate, sample tray,
      and applicator card holder of the present invention.
PAR  FIG. 2 is a front elevation of an applicator card holder with a disposable
      applicator card in place.
PAR  FIG. 3 is a cross-sectional view of the applicator card holder of FIG. 2
      taken along lines 3--3 thereof.
PAR  FIG. 4 is a cross-sectional view of the applicator card holder of FIG. 2 in
      condition to accept a disposable applicator card.
PAR  FIG. 5 is a fragmentary view of an applicator card in a tube filling
      position in cooperation with test fluid reservoirs.
PAR  FIG. 6 is a cross-sectional side view of the fluid dispensing device of the
      present invention in the filling position.
PAR  FIG. 7 is a cross-sectional side view of the fluid dispensing device of the
      present invention in the fluid dispensing position.
DETD
PAC  DETAILED DESCRIPTION
PAR  It is to be noted that the drawings are illustrative and symbolic of the
      invention, and there is no intention to indicate scale or relative
      proportions of the elements shown therein.
PAR  Referring to FIG. 1, there is shown in a partially exploded view a base
      plate 10 and a support means or disposable applicator card holder 12.
      Additional details of support means or disposable applicator card holder
      12 are shown in FIGS. 2, 3, and 4, and these figures will also be referred
      to in the following description.
PAR  Applicator card holder 12 includes an applicator card aligning and backing
      member 14 disposed between a pair of end plates 16 and 18. Aligning and
      backing member 14 may have a plurality of grooves 20 formed in the face
      thereof, each of said grooves being separated by raised portions or ribs
      22. In at least two grooves 20 in backing member 14 a pair of aligning
      pins 24 are disposed. As will be understood, the face of backing member 14
      may be flat without raised portions or ribs 22 if desired.
PAR  A disposable applicator card 26 including an absorbent backing 28 to which
      a plurality of compressible tubes 30 are affixed is positionable adjacent
      backing member 14 and aligned by means of aligning pins 24 so that
      compressible tubes 30 are disposed parallel to and in front of raised
      portions or ribs 22 of the backing member. Aligning pins 24 are
      eccentrically located within grooves 20 so that an applicator card having
      corresponding notches 32 formed in one edge thereof can be disposed and
      positioned adjacent backing member 14 so that notches 32 accommodate
      aligning pins 24 whereby disposable applicator card 26 can be reproducably
      positioned within card holder 12. The aligning pins 24 and corresponding
      notches 32 are eccentrically located so that applicator card 26 cannot be
      placed in card holder 12 backwards. An example of applicator card 26 is
      described in U.S. patent application Ser. No. 561,266 by T. O. Lanier and
      E. F. Martha entitled "Applicator Card" filed concurrently herewith, which
      application is expressly incorporated herein by reference.
PAR  Support means or card holder 12 further embodies a roller assembly 34
      including a roller housing 36, roller lever 38, roller 40, roller shaft 42
      and roller bearings 44. One roller bearing 44 is mounted in each end of
      roller 40. Roller shaft 42 is disposed within roller 40 and is
      accommodated by roller bearings 44. Shaft 42 also extends beyond each end
      of roller 40 and passes through apertures 45 in lever end supports 46 and
      48, and is slidably retained by slide grooves 50 formed in end support
      members 52 and 54. Lever end supports 46 and 48 are mounted within end
      support members 52 and 54, respectively, by means of roller shaft 42 being
      fitted in slide grooves 50. Such a roller mounting permits a rolling and
      tube compressing engagement of roller 40 with compressible tubes 30.
      Roller 40 is maintained in a compressible contact with compressible tubes
      30 by means of tension springs 56 which transmit their forces to roller 40
      through roller shaft 42.
PAR  Roller housing 36 is pivotally mounted to end plates 16 and 18 by means of
      pins 58 and 60, respectively. The rotational or pivotal travel of roller
      housing 36 about pins 58 and 60 is limited by means of protrusions 62
      formed on the interior surfaces of end support members 52 and 54. Slots 64
      and 66 are formed in end plates 16 and 18, respectively, to accommodate
      protrusions 62. As illustrated in FIG. 3, set screws 67 are disposed in
      end plates 16 and 18 and protrude into slots 64 and 66 to permit
      adjustment and to limit the pivotal travel of roller housing 36.
PAR  The operation of the fluid dispensing device of the present invention is as
      follows. An applicator card 26 is first placed in card holder 12 by
      displacing roller 40 from contact with raised portions 22 of aligning and
      backing member 14. This is accomplished by applying a force to roller
      lever 38 in the direction of arrow 68 as illustrated in FIG. 4. By
      applying a force on roller lever 38 as illustrated, the roller level will
      pivot about surface or edge 70 of lever accommodating aperture 71 in
      roller housing 36 causing tension springs 56 to be extended and roller 40
      to follow roller shaft 42 in slide grooves 50. Applicator card 26 may then
      be inserted between roller 40 and backing member 14 so that absorbent
      backing 28 is disposed adjacent to and in contact with raised portions 22,
      and aligning pins 24 engage the bottom of notches 32 in the upper edge of
      applicator card 26. With the applicator card so disposed, compressible
      tubes 30 will be parallel to and directly in front of raised portions 22,
      backing 28 being disposed intermediate compressible tubes 30 and raised
      portions 22. Raised portions 22 will thereby support the tubes and
      absorbent backing while the tubes are filled and emptied. After disposable
      applicator card 26 is in place, the force applied to roller lever 38 can
      be released so that the roller can contact compressible tubes 30 as
      illustrated in FIG. 3, whereby applicator card 26 will be in place and
      ready for the next step of the procedure.
PAR  Referring again to FIG. 1, a channel 72 is provided in base plate 10 to
      accommodate a simple tray 74 having one or more test specimen reservoirs
      76. A suitable test specimen reservoir or sample tray is described in U.S.
      patent application Ser. No. 561,265 by T. O. Lanier entitled "Sample
      Tray," filed concurrently herewith, which application is expressly
      incorporated herein by reference. Briefly, such a sample tray has a
      plurality of separate elevated reservoirs 76 affixed to a base plate with
      each elevated reservoir being surrounded by a distinct catch basin. Base
      plate 10 is provided with finger notches 78 and 80 at both ends of channel
      72 to facilitate sliding sample tray 74 in and out of the base plate. In
      order that sample tray 74 and in turn elevated test specimen reservoirs 76
      are properly aligned within channel 72 so that the positioning of the
      reservoirs with respect to the compressible tubes 30 of applicator card 26
      are proper, a depression 81 is provided in the bottom of channel 72 to
      accommodate an aligning protrusion, not shown, on the bottom of sample
      tray 74.
PAR  Card holder 12 is provided with a pair of front legs 82 and a pair of rear
      legs 84. As illustrated in FIGS. 1 and 6, when card holder 12 is in
      position for filling the compressible tubes 30 of applicator card 26 with
      quantities of test fluid specimens, card holder 12 is disposed on base
      plate 10 so that front legs 82 of card holder 12 are fitted into
      corresponding depressions 86 in base plate 10. As seen in FIG. 6, when
      front legs 82 are disposed in corresponding depressions 86 rear legs 84
      come to rest at the top surface of base plate 10 and compressible tubes 30
      of applicator card 26 are aligned with and inserted into elevated
      reservoirs 76 of sample tray 74.
PAR  Referring again to FIG. 6, after card holder 12 is suitably disposed on
      base plate 10 as hereinabove described, with the ends of compressible
      tubes 30 disposed in fluid containing chambers 88 of elevated reservoirs
      76, roller assembly 34 is pivoted about pins 58 and 60 as illustrated by
      arrow 90. The immersion of compressible tubes 30 in fluid chambers 88 is
      further illustrated in FIG. 5. As roller assembly 34 is pivoted downwardly
      with roller 40 in compressible contact with compressible tubes 30, the air
      in compressible tubes 30 ahead of the roller is expelled therefrom. The
      pivotal travel of roller assembly 34 is adjustable and controlled by
      protrusions 62 engaging set screws 67 at the upper end of slots 64 and 66
      in end plates 16 and 18, respectively. The air ahead of roller 34 is
      expelled from tubes 30 until end support members 52 and 54 engage surface
      91 of card holder 12 at the lower end of the travel thereof. At this
      point, compressible tubes 30 are ready to be filled. As roller assembly 34
      is permitted to pivot back to its upper position through the force
      provided by tension springs 56, fluid from each respective elevated
      reservoir 76 is drawn into its corresponding compressible tube 30 until
      protrusions 62 engage set screws 67 at the upper ends of slots 64 and 66
      in end plates 16 and 18. As can be seen, a controlled amount of travel of
      roller 40 in contact with compressible tubes 30 is thereby permitted
      whereby a quantity of fluid is accepted into compressible tubes 30 through
      peristaltic-like action of roller 40 on compressible tubes 30. In this
      manner a desired quantity of fluid is taken into the compressible tubes.
      As will be understood, when compressible tubes 30 are withdrawn from the
      elevated reservoirs some fluid may adhere thereto between the ends of the
      tubes and the absorbent backing. Such undesirable excess fluid is readily
      absorbed by absorbent backing 28 through capillary action leaving the
      exterior of compressible tubes 30 substantially dry.
PAR  After the compressible tubes of applicator card 26 are filled with a
      sufficient quantity of test fluid, card holder 12 with applicator card 26
      maintained in place may be removed from its filling position and disposed
      over the rear portion of base plate 10 so that front legs 82 engage a
      second set of depressions 92. This is a holding position which will permit
      any excess fluid adhered to tubes 30 between the ends thereof and
      absorbent backing 28 to be absorbed while a suitable test vehicle is
      positioned over slightly recessed locating pins 94. Card holder 12 with
      applicator card 26 maintained in place is then disposed over the forward
      portion of base plate 10 so that front legs 82 engage depressions 96 as
      illustrated in FIG. 7. By disposing card holder 12 in this manner it is
      properly aligned to dispense a predetermined quantity of fluid from
      compressible tubes 30 to some test vehicle. A suitable test vehicle may be
      one, such for example as, an agarose gel plate 98. Various test vehicles
      are well known in the art as in an agarose gel plate. With the agarose gel
      plate 98 properly disposed on the surface of base plate 10, over plate
      locating pins 94, a predetermined quantity of test fluid is dispensed from
      each compressible tube 30 to its corresponding test area on the agarose
      gel plate test vehicle 98. The quantity of the test vehicle is
      predetermined by the travel of roller 40 as heretofore described. The
      fluid is dispensed by means of roller 40 compressing compressible tubes 30
      thereby forcing the fluid from each tube out ahead of it. The agarose gel
      plate test vehicle 98 is then processed in a manner well known in the
      prior art, which processing forms no part of the present invention. The
      disposable applicator card 26 is then removed from card holder 12 in the
      reverse manner of its loading and is discarded. Sample tray 74 is removed
      from base plate 10 and is also discarded.
PAR  Although the present invention has been described with respect to specific
      details of certain embodiments thereof, it is not intended that such
      details be limitations upon the scope of the invention except insofar as
      set forth in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fluid dispensing device comprising
PA1  a base plate,
PA1  support means operatively associated with said base plate suitable for
      operatively accommodating an applicator card having at least one
      compressible tube adhered to a backing, and
PA1  means operatively associated with said support means suitable for filling
      each said compressible tube with a quantity of test fluid and dispensing a
      predetermined quantity of said test fluid from each said compressible tube
      to a test vehicle.
NUM  2.
PAR  2. The fluid dispensing device of claim 1 further comprising a means for
      providing at least one distinct quantity of test fluid to each said
      compressible tube.
NUM  3.
PAR  3. The fluid dispensing device of claim 2 wherein said means for providing
      is a sample tray disposed on said base plate, said sample tray having at
      least one test fluid reservoir suitable for containing one discrete
      quantity of said test fluid.
NUM  4.
PAR  4. The fluid dispensing device of claim 2 further comprising means for
      positioning said support means on said base plate so as to provide proper
      alignment between said compressible tubes and said means for providing at
      least one quantity of test fluid while said tubes are being filled.
NUM  5.
PAR  5. The fluid dispensing device of claim 2 further comprising means for
      positioning said support means on said base plate so as to provide proper
      alignment between said compressible tubes and said test vehicle while said
      predetermined quantity of said test fluid is dispensed.
NUM  6.
PAR  6. The fluid dispensing device of claim 2 wherein said means operatively
      associated with said support means comprises a roller disposed so as to
      have rolling compressible contact with each said compressible tube, said
      roller being suitable for drawing into each said compressible tube a
      quantity of test fluid through peristaltic-like action.
NUM  7.
PAR  7. The fluid dispensing device of claim 3 further comprising means for
      firmly maintaining said sample tray within said base plate.
NUM  8.
PAR  8. The fluid dispensing device of claim 6 further comprising spring means
      associated with said roller so as to maintain said roller in pressure
      contact with said compressible tubes.
NUM  9.
PAR  9. The fluid dispensing device of claim 6 further comprising means for
      limiting the travel of said roller in contact with said compressible
      tubes.
NUM  10.
PAR  10. The fluid dispensing device of claim 1 further comprising means for
      aligning said applicator card in cooperation with said support means.
NUM  11.
PAR  11. The fluid dispensing device of claim 1 further comprising means for
      aligning said test vehicle on said support means.
NUM  12.
PAR  12. The fluid dispensing device of claim 1 wherein said support means
      comprises a ribbed surface, said applicator card being disposable adjacent
      said ribbed surface so that each said compressible tube is aligned in a
      parallel cooperative manner with a corresponding rib.
NUM  13.
PAR  13. The fluid dispensing device of claim 6 further comprising
PA1  means for positioning said support means on said base plate so as to
      provide proper alignment between said compressible tubes and said means
      for providing at least one quantity of test fluid while said tubes are
      being filled,
PA1  means for positioning said support means on said base plate so as to
      provide proper alignment between said compressible tubes and said test
      vehicle while said predetermined quantity of test fluid is dispensed,
PA1  spring means associated with said roller so as to maintain said roller in
      pressure contact with said compressible tubes,
PA1  means for limiting travel of said roller in contact with said compressible
      tubes, and
PA1  means for aligning said applicator card in cooperation with said support
      means.
NUM  14.
PAR  14. The fluid dispensing device of claim 13 wherein said means for
      providing is a sample tray disposed on said base plate, said sample tray
      having at least one test fluid reservoir suitable for containing one
      discrete quantity of said test fluid.
NUM  15.
PAR  15. The fluid dispensing device of claim 14 further comprising means for
      firmly maintaining said sample tray within said base plate.
NUM  16.
PAR  16. The fluid dispensing device of claim 13 wherein said support means
      comprises a ribbed surface, said applicator card being disposable adjacent
      said ribbed surface so that each said compressible tube is aligned in a
      parallel cooperative manner with a corresponding rib.
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ABST
PAL  A catalyst-type exhaust gas purifying device utilizing a monolithic
      catalyzing element defining a plurality of exhaust gas passages therein.
      The catalyzing element is disposed within a cylindrical housing. Heat
      insulating spaces are provided by at least one circumferential row of
      bores disposed near the outer periphery of said catalyzing element and
      closed at the opposite ends.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a catalyst-type exhaust gas purifying device for
      use in internal combustion engines which are mounted in automobiles or the
      like.
PAR  Heretofore, there have been known many types of exhaust gas purifying
      devices for removing especially harmful components in an exhaust gas, such
      as carbon monoxides, non-burnt hydrocarbons and nitrogen oxides, from
      internal combustion engines. As one type of such devices, there have been
      known exhaust gas purifying devices utilizing catalysts. As the latter
      type of devices, there has been generally known a device in which
      so-called pellet type catalyzers each consisting of a pellet carrier and
      metal catalyst carried thereon are stratified within a metal housing. In
      this device, an exhaust gas is passed between the layers of the stratified
      pellet type catalyzers and is subjected to chemical reaction while being
      passed therebetween, and thereby made harmless. There has also been known
      another exhaust gas purifying device in which monolithic catalyzing
      element consisting of a monolithic ceramic carrier and metal catalyst
      carried thereto is used, and such purifying device is disclosed in U.S.
      Pat. Nos. 3,441,381 and 3,441,382. The monolithic ceramic carrier is
      provided with openings at its respective ends and a plurality of exhaust
      gas passages defined therein. The device utilizing the monolithic
      catalyzing element is advantageous as compared with the device utilizing
      the pellet type catalyzers, from the standpoints that the monolithic
      catalyzing element is not subjected to wear and deterioration due to its
      vibration, and that construction of a housing receiving the catalyzing
      element can be made simple. However, this device has a disadvantage such
      that the monolithic catalyzing element will collide with the housing due
      to its vibration transmitted from engine and thereby be damaged, if
      suitable cushioning materials should not be filled in a space between an
      inner wall surface of the housing and an outer periphery of the catalyzing
      element. Because, generally, the difference of heat expansion coefficients
      between the metal housing and the monolithic catalyzing element is fairly
      large, so that the space between the inner wall surface of the housing and
      the outer periphery of the catalyzing element will be considerably
      expanded when the device is subjected to high temperature. It will be
      easily understood that such expansion of the space will cause the
      catalyzing element to vibrate and thereby to collide with the housing.
PAR  In order to eliminate aforementioned disadvantage, the device of the U.S.
      Pat. No. 3,441,381 employs metal fabric filled in a space between the
      inner wall surface of the housing and the outer periphery of the
      monolithic catalyzing element as cushioning material. Further, in the
      device of the U.S. Pat. No. 3,441,382, the monolithic catalyzing element
      is held by means of a spring through heat insulating material made of
      ceramic. The device of the U.S. Pat. No. 3,441,381 is effective when it is
      used under a condition that the metal fabric may not be subjected to high
      temperature, so that elasticity of the fabric may not be lost. However, in
      case that the latter device should be used in engines of automobiles or
      the like, which may be operated under a variety of load conditions,
      temperature of the metal fabric reaches several hundreds degrees
      (.degree.C) under high load high rotating operation. When the metal fabric
      is subjected to such high temperature, it loses its elasticity, so that
      cushioning effects of the metal fabric may be lost. This leads to damage
      of the monolithic catalyzing element as previously described. Further, the
      device of the U.S. Pat. No. 3,441,382  has a disadvantage such that it is
      complex in construction and will be high in manufacturing cost.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a
      catalyst-type exhaust gas purifying device in which hereinbefore described
      disadvantages are eliminated and the damage of the monolithic catalyzing
      element can be prevented.
PAR  According to the present invention, there is provided a catalyst-type
      exhaust gas purifying device in which heat insulating spaces are provided
      near the outer periphery of the monolithic catalyzing element. The device
      of the present invention, constructed as above, can considerably reduce
      heat transmission from the outer periphery of the monolithic catalyzing
      element to a space filled with metal fabric, so that temperature of the
      metal fabric can be maintained low and the loss of elasticity of the metal
      fabric can be prevented.
PAR  The above object and other objects as well as the characteristic features
      of the invention will become apparent and more readily understandable by
      the following description and the appended claim when read in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section view of an embodiment of a catalyst-type
      exhaust gas purifying device of the present invention; and
PAR  FIG. 2 is a partial sectional view of monolithic catalyzing element for use
      in the present invention along the lines 2--2 in FIG. 1.
PAR  FIG. 3 is a fragmentary transverse section.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the figures, a cylindrical metal housing 1 is provided at its respective
      ends with an exhaust gas inlet 1a and an exhaust gas outlet 1b. A
      monolithic catalyzing element 2 comprising a monolithic ceramic carrier is
      disposed within the housing 1. The catalyzing element 2 is provided with a
      plurality of exhaust gas passages 2a therein, and on the inner wall
      surfaces of the passages 2a are attached metal catalysts. At least one
      circumferential row of bores closed at the opposite ends by means of
      partition walls 2b and 2c are provided near the outer periphery of the
      catalyzing element 2. The circumferential row of bores provide heat
      insulating spaces 2 d. The partition walls 2b and 2c are made of the same
      material as the ceramic carrier or of other materials such as cement, and
      they are made integral with the ceramic carrier. A metal fabric 4 is
      forcibly received in a space 5 defined between the housing 1 and the outer
      periphery of the catalyzing element 2 for preventing damage of the device
      due to collision of the catalyzing element 2 with the housing 1 when the
      catalyzing element 2 is vibrated. Heat insulating cushioning materials 3a
      and 3b made of ceramic fibres are forcibly fitted in those portions of the
      space 5 which are near the ends of the housing 1 in order to prevent
      exhaust gas of high temperature from flowing into the metal fabric 4.
PAR  In the purifying device constructed as above, exhaust gas is introduced
      through the inlet 1a. Then the exhaust gas passes through the catalyzing
      element 2. Harmful components in the exhaust gas are oxidized while
      passing through the catalyzing element 2. The exhaust gas is discharged
      through the outlet 1b after passing through the catalyzing element 2. The
      catalyzing element 2 will be heated to high temperature due to the
      oxidation reaction, however, transmission of the produced heat to the
      metal fabric 4 and the housing 1 is prevented by the heat insulating
      spaces 2d.
PAR  As hereinbefore described, in the purifying device of the present
      invention, heat insulating spaces 2d are provided near the outer periphery
      of the catalyzing element 2, so that heat transmission from the passages
      2a, through which the exhaust gas of high temperature passes to the outer
      periphery of the catalyzing element 2 and the housing 1, can be greatly
      reduced. Since, in the device of the present invention, the metal fabric 4
      is not subjected to high temperature, the loss of elasticity of the metal
      fabric 4, and thus the loss of its performance to hold the catalyzing
      element 2 can be prevented. Therefore, the damage of the catalyzing
      element 2 due to its vibration can be prevented.
CLMS
STM  We claim:
NUM  1.
PAR  1. A catalyst-type exhaust gas purifying device comprising:
PA1  a housing having an exhaust gas inlet and an exhaust gas outlet at its
      opposite ends,
PA1  a monolithic catalyzing element disposed within said housing so as to
      define between the ends of the element an annular space between an outer
      peripheral surface of said catalyzing element and an inner peripheral
      surface of said housing, said catalyzing element including therein a
      plurality of elongated spaces extending parallel to a flow axis of said
      housing, and
PA1  a metal fabric in said annular space extending between said ends and short
      thereof, and supporting said catalyzing element,
PA1  both ends of those of said elongated spaces which are located at the outer
      circumferential part, including at least the outermost circumferential
      part, of said catalyzing element being filled with exhaust gas blocking
      material consisting of ceramic material, said blocking material extending
      into said elongated spaces at the outer circumferential part and sealing
      the ends thereof, said blocking material at each end of each said blocked
      elongated space being longitudinally spaced from the blocking material at
      the other end thereof, whereby said sealed elongated spaces at said outer
      circumferential part provide at least one annular layer of heat insulating
      spaces and the remainder part of said elongated spaces provide exhaust gas
      passages.
NUM  2.
PAR  2. A catalyst-type exhaust gas purifying device according to claim 1,
      wherein said monolithic catalyzing element is made of the same ceramic
      material as said blocking material.
NUM  3.
PAR  3. A catalyst-type exhaust gas purifying device according to claim 1,
      further comprising annular sealing members made of ceramic fibers disposed
      in said annular space and at the opposite ends of said metal fabric in the
      space not taken by said fabric, said sealing member being effective to
      prevent exhaust gases from flowing into said metal fabric.
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ABST
PAL  An improvement in a regenerator which incorporates an external plenum on
      the exterior of the regenerator apparatus for receiving and collecting the
      flue gases separated from regenerated catalyst by a plurality of cyclone
      separators or other separating apparatus is disclosed. The external plenum
      communicates by means of stand pipes through the wall of the regenerator.
      This supports the cyclone separators or other separating means
      mechanically and avoids certain thermal stresses which would otherwise
      occur in the plenum if it were placed on the interior of the regeneration
      chamber.
BSUM
PAC  PRIOR ART
PAR  U.S. Patents:
     2,929,774     2,730,508  2,891,001                                        
     2,312,230     2,491,407  3,152,066                                        
     3,161,583     3,206,393  3,412,014                                        
     3,494,858     3,563,911  3,647,714                                        
     3,661,799     3,661,800  3,806,324                                        
PAC  BACKGROUND OF THE DISCLOSURE
PAR  In fluid catalytic cracking units, the reaction normally involves intimate
      contact of a finely divided particulate catalyst with a feed stock. The
      catalyst is subsequently separated from the converted feed stock. The
      process occurs at high temperatures and as a consequence, some combustion
      occurs which creates carbonaceous coatings such as coke. This normally
      accumulates on the catalyst. The catalyst is typically delivered to a
      regeneration chamber where a controlled volume of air is introduced to
      burn the coke. This burning must occur at a temperature sufficiently high
      to convert the coke into carbon monoxide or carbon dioxide. The
      temperature must be suppressed sufficiently to prevent the regeneration
      operation from exceeding temperatures at which the catalyst is damaged.
      High temperatures will deactivate the catalyst. Normally the regeneration
      process includes the step of separating flue gases in the regeneration
      chamber from the finely divided particulate catalyst. This is customarily
      accomplished in cyclone separators, sometimes in a single stage and other
      times in a series of separators. Often cyclone separators will be
      installed in parallel. They return the catalyst to a place of accumulation
      where it is recirculated back to the reactor. The separators have two
      outlets, the second devoted to flue gas disposal.
PAR  Regenerators are normally quite large and typically require several cyclone
      separators. The flue gas volume is quite substantial and a flue gas
      disposal pipe or stack is required. This comprises a substantial portion
      of apparatus normally placed in a regenerator. The regenerator operates at
      substantially elevated temperatures, typically in excess of
      1,000.degree.F. These elevated temperatures cause expansion of all of the
      components of the regenerator, including the cyclone separators and
      associated equipment. Elevation in temperature carries with it the
      consequential thermal expansion on heating and contraction on cooling.
PAR  The present invention provides an improvement for a regenerator. It is
      particularly directed to the upper portions of the regenerator, and
      cooperates with the specified number and type of separator means.
      Avoidance of hot spots in the upper portions of the regenerator may
      require the operation of six or more cyclone separators located at
      strategic locations. The present invention ably accomodates any number of
      separator means and vagaries of placement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement in regenerators. It contemplates
      cooperation with a regenerator typically having a closed pressure vessel
      in which spent catalyst is introduced. The coke or other carbon materials
      thereon is controllably burned, so long as temperatures do not climb too
      high, in the upper portions of the regenerator in a dilute phase comingled
      with flue gases, and the catalyst and flue gases are separated by some
      separator means such as a cyclone separator. The number and position of
      the cyclone separators is not a limiting factor on the present invention.
      The present invention contemplates installation of an external plenum
      serving as a common manifold for all the cyclone separators, whether
      having single, secondary, or tertiary stages. The manifold can be an
      encircling ring or formed of straight line segments or portions. The
      manifold preferably connects through a number of generally vertical stand
      pipes which extend through the wall of the regenerator chamber. The stand
      pipes provide mechanical support and positioning for the separators within
      the chamber. Flue gas separated by the separators is conducted out of the
      separators through the stand pipes and into the plenum.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view through one form of reactor and regenerator
      system shown jointly, particularly illustrating the present invention
      installed in communication with a number of separators within the
      regenerator chamber;
PAR  FIG. 2 is a sectional view along the line 2 -- 2 of FIG. 1 showing typical
      internal placement of separators to provide fairly uniform withdrawal of
      flue gases and regenerated catalysts from the dilute phase occurring in
      the upper portions of the regenerator chamber;
PAR  FIG. 3 is a sectional view along the line 3 -- 3 of FIG. 1 showing the
      external plenum of the present invention having the shape of an encircling
      ring on the exterior of the regenerator;
PAR  FIG. 4 is a view similar to FIG. 3 showing an alternative embodiment
      wherein the external plenum is formed of a pair of preferably parallel
      straight line pipe segments connected by stand pipes of different lengths
      and extending at various angles to the separator means found in the
      regenerator chamber therebelow; and,
PAR  FIG. 5 is a detailed view of a stand pipe extending from a separator within
      the regenerator chamber to the external plenum of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 discloses the present invention installed or incorporated within a
      fluid catalytic cracking unit. A fluid catalytic cracking unit is shown at
      10. A reactor 11 receives an up-flow of feed stock and a finely divided
      particulate catalyst. The catalyst is typically a newer zeolite catalyst.
      It is finely divided, having a diameter in the range of several microns.
      As is customarily anticipated, it travels to a disengager 12 which
      conducts spent catalyst to a stripper 13. The stripper 13 delivers the
      spent catalyst through a conduit 14 downward to a suitable valve 15. A
      catalytic bed 16 is shown on the interior of a regenerator chamber 18. The
      catalyst is removed from the bed 16 through a valve 19 and introduced into
      the reactor 11 for repetitive cycling through the equipment.
PAR  Air is normally introduced through an encircling manifold 20 into the dense
      phase catalytic bed 16. The oxygen in the air converts a portion of the
      carbon or coke coating the individual particles of catalyst. A substantial
      portion of the catalyst is rejected from the dense bed 16 and enters into
      a dilute phase regeneration in the upper portions 22 of the chamber. The
      dilute phase catalyst is comingled with flue gases. These are inducted
      into a first cyclone separator 24. It has a downwardly directed return
      conduit 25 for returning the reactivated catalyst to the fluid bed 16.
      Flue gases from the cyclone separator 24 are then conducted to a second
      stage separator 26. The second separator 26 has a downwardly directed
      conduit 27 which returns that portion of the catalyst to the fluid bed 16
      which was not separated by the first stage separator 24. Two separators
      arranged in series are typical although they are not a limitation on the
      present invention. It is adapted to work with a single separator or two in
      series. Sometimes three will be used, but this is rare. The separator 26
      connects to a stand pipe assembly 28 which extends upwardly through the
      shell or housing 18 of the regenerator.
PAR  The typical regenerator will have a number of separator means incorporated
      therein. They typically must be evenly spaced in the upper reaches of the
      chamber 22. Each preferably incorporates a stand pipe 28 which extends to
      the exterior. On the exterior, an encircling ring-like plenum 30 is
      preferably concentrically arranged and connected to all of the separator
      means. The plenum 30 gathers the flue gases from all of the separator
      means. The ring 30 preferably encircles the regenerator 18 and is
      preferably located thereabove so that flue gases may rise to the ring 30.
      They rise through the stand pipes and are collected within the ring. A
      conduit or pipe 31 conveys the flue gases to another location for
      disposal. If the chemical make-up is acceptable, it can be vented to
      atmosphere through a smoke stack or the like. Otherwise, subsequent
      treatment of the flue gases may be advisable.
PAR  The ring 30 is positioned and supported by the stand pipe 28. The ring 30
      is positioned on the exterior of the regenerator. On the exterior, it is
      subjected to atmospheric cooling. While the gases may be quite hot,
      ranging typically over 1,000.degree.F, the ring itself operates at
      substantially cooler temperatures. Its external location enables the ring
      30 to serve as a support for the separator means. In the preferred
      embodiment, the ring 30 is preferably arranged directly over the cyclone
      separators. Where a single stage separator is used, it is desirable to use
      a straight stand pipe 28 extending axially of the separator to the ring.
      In some circumstances, it may be necessary to deviate from the vertical as
      in the instance where external structural members may interfere. The
      preferred vertical arrangement converts the stand pipe into a chimney, as
      it were, and provides an overhead hanger construction for the cyclone
      separator.
PAR  In FIG. 2, the several cyclone separators found in the regenerator 18 are
      shown. They are evenly spaced about a circle and are all preferably
      arranged on a common radius from the vertical axis of the regenerator 18.
      Each one is preferably provided with an inlet for inducting catalyst and
      flue gases. FIG. 2 illustrates the use of pairs of separators serially
      arranged.
PAR  FIG. 3 shows the concentric arrangement of the ring 30. The ring is
      preferably perfectly circular and is concentric around the circular
      construction of the regenerator 18. In the regenerator illustrated, the
      upper portion 22 tapers in a conic section to a relatively narrow neck at
      the stripper 13. This design detail may differ in other installations. It
      is preferable that the ring 30 be positioned vertically above the
      separators with stand pipes 28 connected vertically to the ring. Normally
      this can be accommodated by emergence of the stand pipe through the top
      side of the regenerator 18.
PAR  FIG. 4 is a sectional view similar to FIG. 3 but illustrating an
      alternative embodiment of the present invention. The pressure vessel 18 is
      again shown. Stand pipes 128 and 129 are substantially vertical but they
      differ in length and angle. They connect to external plenums 130 and 131.
      The plenums 130 and 131 are preferably similar in size and placement,
      being located symmetrically parallel to a diameter through the vessel 18.
      The plenum uses two straight pipes 130 and 131. They join together and
      connect with a flue gas disposal pipe 132.
PAR  FIG. 4 should be contrasted with FIG. 3. FIG. 4 discloses an external flue
      gas plenum as taught by the present invention. FIG. 3 discloses what is
      preferably a circular plenum and FIG. 4 discloses a straight plenum. The
      stand pipes 128 and 129 differ in length and angle to accommodate the
      relative remoteness from the flue gas plenum. Presuming that cyclone
      separators are located symmetrically on a common circle in the regenerator
      18, each straight plenum is connected with similar stand pipes.
PAR  Attention is directed to FIG. 5 where the stand pipe 28 is shown in greater
      detail. It preferably incorporates an internal insulation sleeve 50 and an
      external metal pipe hanger 51. The pipe hanger 51 is circular at its lower
      portions. It is joined to the internal pipe liner 50. Insulating material
      54 surrounds the pipe hanger 51. The insulation material, typically a
      ceramic, is captured within a concentrically located upright external
      shell member 55. The pipe hanger 51 flares outwardly at 52 and has a
      concentric upstanding portion of larger diameter at 53. The flared portion
      52 provides transition from a given diameter to a larger diameter to
      thereby enable the tab portion 53 to be welded to the external shell 55.
      This arrangement provides stability to the stand pipe 28. It enables the
      stand pipe to flex or elongate with temperature variations without
      damaging the insulated liner 50 or cracking the external insulation 54. As
      a consequence, variations in length are readily accommodated.
PAR  The precise arrangement of the separators in the regenerator is not
      critical. As shown in the Oct. 8, 1973, edition of the "Oil and Gas
      Journal" on Page 69, other shapes of reactors are shown in FIGS. 3 and 5,
      for example. The present invention can be used with any of these.
PAR  The foregoing is directed to the preferred embodiment of the present
      invention. The scope is determined by the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. For use in a regeneration chamber of upright circular construction in
      which a finely divided particulate catalyst is at least partly coated with
      a carbon material residue from its prior use as a catalyst is accumulated
      and the catalyst is found in a portion of the chamber in a dilute phase
      mixed with flue gases, the improvement comprising
PA1  at least two cyclone separator means in the regeneration chamber, each
      having an inlet means communicated with the regeneration chamber for
      receiving a mixture of flue gas and particulate catalyst thereinto and
      wherein said cyclone separator means separates the flue gas and catalyst
      which are discharged through separate outlet means;
PA1  an externally located flue gas plenum on the exterior of the regeneration
      chamber for said cyclone separator means for collecting flue gases
      therefrom and communicating the flue gas to a point of disposal; and
PA1  a generally vertically directed standpipe connected to each of said cyclone
      separator means and also connected to said plenum, said stand pipe passing
      through a wall of the regenerator chamber and which includes:
PA1  an internal metal pipe;
PA1  an insulation coating thereon; and,
PA1  hanger means connected to said pipe and extending therefrom and adopted to
      be connected at an exterior point to a fixed structural support.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said plenum is an encircling ring-like
      member around the regeneration chamber and each of said cyclone separator
      means is connected to said plenum by a stand pipe extending through the
      regeneration chamber wall.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said plenum is an elongate hollow pipe
      of straight line segments of substantial construction located on the
      exterior of the regeneration chamber, and each of said cyclone separator
      means is communicated to said plenum by a stand pipe extending through the
      regeneration chamber wall.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the regeneration chamber has a
      generally circular cross section and said cyclone separator means are
      located at spaced locations within the circular cross section, and each of
      said stand pipes is constructed and arranged to pass through the wall of
      the regeneration chamber to connect to said plenum.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said plenum is constructed and arranged
      to mechanically position and support said cyclone separator means on stand
      pipes connected therebetween wherein said stand pipes extend through the
      wall of the regeneration chamber.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said plenum is a ring arranged
      concentrically of the regeneration chamber which has a circular cross
      section, and said ring connects to a stand pipe extending downwardly into
      the regeneration chamber and connects to the outlet means for flue gas for
      one of said cyclone separator means.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said stand pipes connect to said ring
      plenum at evenly spaced circumferential locations.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said hanger encircles said pipe and is
      adapted to accommodate changes in size resulting from temperature changes
      of said pipe and consequential thermal expansion.
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ABST
PAL  A sample tray for containing one or more fluid samples is provided. Each
      sample is maintained in a separate elevated reservoir affixed to a base
      plate and each elevated reservoir is surrounded by a catch basin. A wall
      surrounds each catch basin so that the catch basins are distinct. The tray
      may have means for alignment of the test specimen reservoirs in
      cooperation with a utilization device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a sample tray, but in particular to a
      device for storing fluid test specimens suitable for filling fluid
      dispensers.
PAR  2. Description of the Prior Art
PAR  Multiple fluid dispensers have heretofore been filled in various ways such
      as, for example, filling each of a plurality of dispensers by hand,
      dipping individual dispensers in a pool of fluid, and the like. Numerous
      problems exist with such prior art methods including physical difficulty
      of filling individual fluid dispensers, the time-consuming nature of such
      filling, high probability of contaminating adjoining dispensers, and the
      like. Furthermore, prior art methods and devices in general have not been
      conducive to high speed, reliable laboratory testing.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are to provide a sample tray which is
      economical, provides a fast easy way of filling multiple fluid dispensers,
      impedes contamination between various test specimens, and overcomes the
      heretofore noted disadvantages.
PAR  Broadly, according to the present invention, a sample tray is provided
      having a base plate and at least one elevated test specimen reservoir
      affixed to one surface of the base plate intermediate the ends thereof. A
      catch basin surrounds each of the elevated specimen reservoirs and a wall
      surrounds each catch basin so that each catch basin is distinct. A means
      for alignment of the test specimen reservoirs in cooperation with a
      utilization device is also provided.
PAR  Additional objects, features, and advantages of the present invention will
      become apparent to those skilled in the art from the following detailed
      description and the attached drawings on which, by way of example, only
      the preferred embodiment of this invention is illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the sample tray of the present invention.
PAR  FIG. 2 is a side elevation of the sample tray of the present invention.
PAR  FIG. 3 is a cross-sectional elevation taken along lines 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  It is to be noted that the drawings are illustrative and symbolic of the
      invention, and there is no intention to indicate scale or relative
      proportion of the elements shown therein.
PAR  Referring to FIGS. 1 and 2, there is shown a sample tray 10 which includes
      a base plate 12 and a plurality of test specimen reservoirs 14. Test
      specimen reservoirs 14 are affixed to one surface of base plate 12 and are
      elevated thereabove. Defining walls 16 surround each test specimen
      reservoir and are spaced therefrom to define catch basins 18 surrounding
      each of said elevated test specimen reservoirs. Walls 16 surround each
      catch basin 18 so that each such basin is separated from all other catch
      basins.
PAR  Referring additionally to FIG. 3, elevated test specimen reservoir 14 is
      shown in greater detail wherein fluid receiving compartment 20 of the
      reservoir is shown as the recess portion at the top of each reservoir. As
      will be understood, to facilitate high volume specimen testing, reservoirs
      14 are substantially disposed in a straight line.
PAR  The sample tray of the present invention has particular utility with a
      utilization device such as the "Fluid Dispensing Device" described in U.S.
      patent application Ser. No. 561,267 by T. O. Lanier and E. F. Martha filed
      concurrently herewith, which application is expressly incorporated herein
      by reference. To facilitate insertion and removal of sample tray 10 from
      such a device, base plate 12 is provided with knurls 22 at each end
      thereof and finger supports 24 adjacent knurls 22. As will be understood,
      knurls 22 and finger supports 24 are shown for ease of using the present
      sample tray and do not form a part of the present invention.
PAR  In utilizing sample tray 10 of the present invention in conjunction with
      any utilization device, such for example as the "Fluid Dispensing Device"
      of U.S. patent application Serial No. 561,267, it is necessary to provide
      accurate alignment of the sample tray within such device. One such means
      for alignment is protrusion 26 which permits sample tray 10 to be caused
      to slide into place until protrusion 26 engages a corresponding depression
      in the utilization device.
PAR  Fluid test specimens may be disposed within the elevated test specimen
      reservoir receiving compartments by any means known in the art such for
      example as an eye dropper. The test specimen fluid may then be withdrawn
      from the reservoir by, for example, such means as a disposable "Applicator
      Card" described in U.S. patent application Ser. No. 561,266 filed
      concurrently herewith by T. O. Lanier and E. F. Martha, which application
      is expressly incorporated herein by reference.
PAR  As a typical example, the sample tray of the present invention may be
      formed of styrene plastic material, although it will be understood that
      any material compatible with the test specimen fluid to be used is
      suitable. The fluid receiving compartment at the top of the test specimen
      reservoir may be of any shape such as a spherical segment. A typical
      volume of such a compartment may be 10 microliters.
PAR  As will be understood, it is important to have isolated catch basins
      surrounding each test specimen reservoir so as to prevent comingling of
      test specimen fluids that may spill over the edge of the fluid receiving
      compartment either during filling or while the specimen fluid is being
      withdrawn therefrom.
PAR  Although the present invention has been described with respect to details
      of certain embodiments thereof, it is not intended that such details be
      limitations upon the scope of the invention except insofar as set forth in
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sample tray comprising
PA1  a base plate,
PA1  at least one elevated test specimen reservoir affixed to one surface of
      said base plate intermediate the ends thereof,
PA1  a catch basin surrounding each elevated test specimen reservoir, and
PA1  a wall surrounding each said catch basin so that each said catch basin is
      separated from each other catch basin.
NUM  2.
PAR  2. The sample tray of claim 1 having a plurality of said elevated test
      specimen reservoirs.
NUM  3.
PAR  3. The test sample tray of claim 2 wherein said plurality of elevated test
      specimen reservoirs are disposed in substantially a straight line.
NUM  4.
PAR  4. The test sample tray of claim 1 further comprising means for alignment
      of said test specimen reservoirs in cooperation with a utilization device.
NUM  5.
PAR  5. The test sample tray of claim 4 wherein said means for alignment is a
      protrusion disposed on the surface of said base plate opposite said one
      surface.
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PAL  Metallic parts having a hard wear-resistant surface and the high impact
      resistance associated with softer materials are formed by coating a
      plurality of ductile, relatively soft metallic segments with a relatively
      hard wear-resistant material, stacking the segments so that portions of
      each of their coated surfaces are exposed to form a composite coated
      surface, and mechanically locking the segments together to form a unitary
      member. The members formed by this technique exhibit the surface
      characteristics associated with the hardened coating such as improved
      wear, impact and abrasion resistance, and exhibit the bulk physical
      properties of the base material such as strength and ductility. Moreover,
      the surface treatment has a depth which would be unobtainable if the part
      were formed of a single section treated with the surface coating; the
      coating is not only formed on the exterior surface of the composite part,
      but extends toward the interior of the part for substantial depths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to composite metallic articles formed by treating
      the surfaces of a plurality of segments to alter their physical properties
      and joining the segments, alone or with other treated segments, into a
      single composite body.
PAR  2. Prior Art
PAR  A variety of surface treatments and coatings have been developed to provide
      parts formed of metal with surface properties which are metallurgically
      incompatible with the necessary bulk properties of the part, and/or too
      expensive to achieve throughout the part. For example, the cam shaft of a
      reciprocating engine must be relatively ductile so as to withstand the
      bending stresses imposed on it by the unbalanced weights of its lobes yet
      its cam surfaces must be very hard to withstand the friction forces
      imposed by their sliding contact with the valve lifters without excessive
      wear. Since no metal which might be practically used as a cam shaft
      combines the necessary ductility and wear resistance, cam shafts are
      typically formed by employing a ductile steel shaft and hardening the
      surface of the shaft at points contacted by the valve lifters with a
      carburization process. While improving surface hardness is the most common
      reason for the application of surface coatings and treatments, these
      techniques may be used for other purposes such as providing a relatively
      soft bearing surface on a hard steel shaft.
PAR  An inherent disadvantage of these coated or surface treated metal parts is
      their limited life resulting from inevitable wear of the surface coatings.
      The coatings are limited in thickness because of the nature of the
      metallurgical processes involved or because of the inherent physical
      limitations of the coating. For example, surface hardening by
      carburization is typically limited to a depth of about 1/8 inch. Coatings
      consisting of a grit of tungsten particles suspended in a softer metal
      matrix are difficult to apply in depths of more than about 1/2 inch in
      typical applications.
PAR  Many of these coating and surface treatment processes are also severely
      limited in the configuration of the surface to which they may be applied.
      For example, certain of the coating techniques can only be applied to a
      relatively flat surface while it is disposed in a horizontal attitude with
      unlimited clearance from above.
PAC  3. SUMMARY OF THE INVENTION
PAR  The present invention is directed to metallic articles which enjoy the
      advantages of coating or surface treatment techniques, yet overcome these
      and other disadvantages of such surface treatments in a unique manner.
      Broadly, the particles of the present invention are formed by joining
      together a plurality of metallic segments, at least certain of which have
      previously been operated on by a surface treating and/or coating process
      to modify the properties of at least a portion of the segment's surface.
      The segments are joined so at least certain portions of the composite
      part's surface share the surface treatment; but the surface treatment also
      extends to the interior of the composite workpiece. These subsurface
      treated areas are so configured that they may become part of the surface
      as a result of wear of the part beyond the maximum depth of the particular
      surface treatment used.
PAR  By the way of example, one of the preferred embodiments of the invention,
      which will be subsequently disclosed in detail and is only to be
      considered exemplary of the type of parts which may be formed in
      accordance with the present invention, constitutes a cage-type crushing
      mill bar.
PAR  These crushers are used to comminute relatively large brittle bodies such
      as metal ores or stones into smaller particle size. They employ a cage
      formed of a plurality of bars joining the perimeter of two separated end
      plates. The cages are rotated on an axis parallel to the bars so that
      relatively large pieces of the material to be crushed are impacted against
      one another and against the bars. In order to withstand this continual
      pounding the surfaces of the bars must be as hard as the material being
      crushed and the bars must be relatively ductile to prevent their cracking
      under the impact forces imposed by the particles. The bars are formed of a
      plurality of steel discs having central holes and coated on both sides
      with a layer of fine tungsten carbide grit embedded in a copper matrix.
      The discs are all supported on an elongated steel pin which passes through
      their central holes and are retained on the pin by nuts which engage the
      threaded ends of the pin.
PAR  The resulting bar has a surface characterized by alternate layers of the
      grit coating and the base material of the discs. These layers extend
      normally to the surface to the shaft all the way to the center pin. The
      coatings are extremely wear resistant and the inter-leaved steel layers
      provide the assembly with a much greater toughness than would be found in
      a solid tungsten carbide shaft of the same dimensions. The structure of
      this composite part is such as to take advantage of those properties of
      the materials which are required in the finished part and to reinforce the
      weaker properties of each material with complementary properties of the
      other material.
PAR  A wide variety of composite parts may be formed in accordance with the
      present invention. In addition to stacking a plurality of coated sections
      in direct abutment to one another various uncoated segments may be
      inter-leaved with the coated segments in certain embodiments of the
      invention. The method of joining the segments together to form a unitary
      part may differ in alternate embodiments of the invention. In addition to
      mounting the segments on a pin a clamp may be employed to cause the parts
      to exert compressive forces on one another. The surfaces of the workpieces
      that abut one another may alternatively have configurations that allow the
      segments to interlock into a unitary structure.
DRWD
PAR  These and other objectives, advantages and applications of the present
      invention will be illustrated by the following detailed description of
      several preferred embodiments of the invention. The description makes
      reference to the accompanying drawings in which:
PAR  FIG. 1 is perspective view of the cage of a crusher mill, employing cage
      bars formed in accordance with the present invention;
PAR  FIG. 2 is a perspective view of one of the cage bars of the crushing mill
      of FIG. 1;
PAR  FIG. 3 is sectional view of the bar of FIG. 2 taken along line 3--3 of FIG.
      2;
PAR  FIG. 4 is a perspective view, partially broken away, of the disc shaped
      segments which are used to form the bar of FIG. 2.
PAR  FIG. 5 is a sectional view through an alternative form of disc which could
      be substituted for the discs 16 of the embodiment of FIG. 1;
PAR  FIG. 6 is a perspective sectional view through a slide formed in accordance
      with the invention and representing
PAR  an alternative embodiment;
PAR  FIG. 7 is an enlarged sectional view through part of one of the bars
      employed in the slide of FIG. 6;
PAR  FIG. 8 is a side view of a blower blade formed in accordance with the
      invention and representing a third embodiment thereof;
PAR  FIG. 9 is a perspective view of one of the segments which make up the blade
      of FIG. 8; and
PAR  FIG. 10 is top view of the blade of FIG. 8.
DETD
PAR  Referring to the drawings, FIG. 1 illustrates a cage of a crushing mill
      employing bars formed in accordance with the present invention. The cage,
      generally illustrated at 10, consists of a pair of annular rings 12 formed
      of flat steel plate and supported a spaced distance from one another by a
      plurality of crusher bars 14 which extend between the rings 12 and have
      their ends fixed to the rings at regular distances about the perimeters of
      the rings. A typical cage may employ bars about ten inches in length and
      rings having a diameter of 36 inches. In a typical mill a cage of this
      size may be disposed within a larger diameter cage and both may be
      supported for rotation in opposed directions. The cages are supported
      within an appropriate retaining structure and the material to be crushed
      typically dropped into the cages from above. The spacing between the bars
      is somewhat larger than the mean size of the lumps of material introduced
      so that the lumps fall within the cage and they are ricocheted about by
      the rotation of the cages.
PAR  Mills of this sort are used for pulverizing ore, scrap material, and the
      like.
PAR  The bars 14 are continually impacted by the material being crushed and
      accordingly are subjected to heavy abrasive forces and bending moments. If
      the bars were made of a wear resistant material which typically has a low
      impact strength, the forces would crack the bars; inversely, if the bars
      were made of a material having sufficient toughness to withstand the
      impact forces the abrasion forces would weaken the bars to the point of
      breaking.
PAR  In accordance with the preferred embodiment the bars 14 are formed by
      joining together a plurality of annular discs 16. The discs are arrayed on
      an elongated cylindrical pin 18 which passes through their central holes.
      An elongated keyway 20 is formed through most of the length of the pin 18
      and a key 22 passes through slots 24 formed in the central holes of the
      discs and secures the discs against rotation with respect to the pins. The
      discs 16 are retained against axial movement on the pins by a pair of nuts
      26 which engage threads 28 formed on the opposite ends of the pin. The
      nuts force the discs into intimate engagement with one another.
PAR  Each of the discs is formed of a mild steel such as SAE 1020 having a
      hardened surface formed by a carburizing treatment. This effectively
      creates a hardened, relatively brittle exterior coating indicated at 30 in
      FIGS. 3 and 4. This highly wear resistant coating thus extends over the
      exposed surfaces of the discs 16 and also extends, in layers, separated by
      the uncarburized core material of the discs, to the center holes of the
      discs. These coatings provide the necessary wear resistance for the bar
      while the uncarburized cores of the disc provide the structure with the
      resilience to take the impact imposed by the rolls.
PAR  The equivalent prior art structure might be considered to be a unitary bar
      formed of the mild steel and carburized on its exterior surface. However,
      this carburization would have a depth of approximately 1/8 inch and after
      that thin layer wore through the mild steel would be exposed to the impact
      of the material being crushed. By contrast, when the surface coatings on
      the edges of the discs 16 wear through, only thin layers of the
      uncarburized core, separated by the hardened layers are exposed. These
      hardened layers prevent gross erosion of the bar. If an extremely hard
      unitary bar were employed such as a sintered tungsten carbide shaft, not
      only would it be extremely expensive but it would be too brittle to assume
      the impact forces.
PAR  FIG. 5 illustrates an alternative form for the discs 16, generally
      indicated at 32. The discs are formed as toroidal pans 34 of sheet steel
      having a central toroidal cavity 36. The cavity is filled with a mixture
      of tungsten carbide grit 38 of relatively small particle size supported in
      a matrix of copper based alloy. U.S. Pat. No. 3,684,497 discloses a method
      of forming such coatings. They combine the wear resistance of carbide with
      the ductility of the softer matrix. These properties are ideal for the
      shaft but the material does not have sufficient resistance to the bending
      stresses imposed by impact loading for unsupported use. The pan 34 acts as
      a mold for the formation of the grit composite and also provides the unit
      with the required bending resistance.
PAR  FIG. 6 discloses an alternative form of the invention wherein a plurality
      of metallic segments having treated surfaces are joined into a composite
      unit by a clamp arrangement. The device of FIG. 6 constitutes a slide,
      generally indicated at 40, for conveying rough, hard, abrasive bodies such
      as heated ore. The slide is formed of a plurality of elongated rectangular
      rails 42 disposed side by side and retained within a steel pan 44. The pan
      supports one short end of each of the rails on its upper surface and has
      upwardly bent end sections 46 which engage the sides of the two extreme
      rails 42 and terminate in reversely bent flanges 48 which extend toward
      one another and engage the upper ends of the outermost rails. The pan thus
      acts as a clamp to retain the rails in pressured abutment to one another
      so that their top surfaces 50 form a continuous slide surface. The entire
      structure is inclined so that parts delivered to the top of the slide move
      along the surface 50 under the force of gravity.
PAR  Each of the rails is formed by a rectangular steel core member 52 coated on
      three of its sides with structure 54 formed by irregular tungsten carbide
      particles supported in a softer metal matrix. The coating may be formed by
      the method disclosed in the aforementioned U.S. Pat. No. 3,684,497 or by
      alternative processes such as that disclosed in U.S. Pat. No. 3,023,490 or
      U.S. Pat. No. 3,049,435. FIG. 7 is an enlarged section through a corner of
      one of the rails 42 illustrating this structure in greater detail.
PAR  The coating 54 is seen to comprise a plurality of irregularly shaped
      particles 56 of tungsten carbide, silicon carbide, or the like, embedded
      in a matrix of a lower melting temperature alloy such as copper 58.
      Carbide particles 56 provide the rails with excellent abrasion resistance
      while the impact of heavy bodies dropped onto the slide. While the cost of
      the slide formed in accordance with this technique will substantially
      exceed the cost of a conventional high quality steel slide, the longer
      life of the slide formed in accordance with this invention will result in
      lower capital expenditures over the life of the slide.
PAR  A third embodiment of the invention wherein the surface coated segments
      which make up the composite part are retained with respect to one another
      through means of a mechanical interlock as illustrated in FIGS. 8, 9, and
      10. The article, generally indicated at 60, is a fan blade for a
      ventilating system. It consists of an elongated rectangular shape twisted
      spirally about its elongated axis. It is composed of a plurality of
      segments 62, each of which consists of a rectangular section having
      parallel top and bottom surfaces 64 and 66 which extend normally to the
      central axis of the blade. The top surface 64 contains a groove 68
      extending its length and the bottom surface 66 contains a tongue 70 which
      is complementary to the groove 68. The segments all have similar forms
      which differ from one another so that when stacked together they form the
      shaped blade. By stacking a plurality of sections 62 with the tongue of
      one arranged in the groove of the next the blade is formed. The central
      section of each segment, including the grooves 68 and the tongues 70, are
      formed of hardened steel. The sides of each segment are hardened with a
      coating 72 of carbide grit suspended in a softer metal matrix which may be
      formed by any of the processes disclosed in previously mentioned patent
      applications, or other known processes. It would be difficult, if not
      impossible, to form such a coating on a steel base having dimensions of
      the entire blade, but no difficulty is encountered in forming the coating
      on the smaller surfaces of the individual segments 62.
PAR  The blade may be used in ventilating systems or compressors through which
      hard particulate matter sometimes flows. It may be employed with jet
      engine compressors where it is impossible to filter the incoming air
      before it reaches the compressor. Blades formed in accordance with this
      technique have a high surface abrasion resistance ability and ductility of
      the central core section.
PAR  In other embodiments of the invention the segments could form one
      continuous length of material spirally wound into a closed configuration.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A composite body consisting of a plurality of metallic sections stacked
      and retained relative to one another so that a portion of the surface of
      each section abuts a portion of the surface of an adjourning section and
      another portion of the surface of each section forms a portion of the
      surface of said composite body, characterized by the process of treating,
      prior to assembly of said sections into said body, at least certain of the
      sections at said portions of their surfaces which abut an adjourning
      section so as to harden the surface of said sections.
NUM  2.
PAR  2. The composite body of claim 1 wherein said process of treating produces
      a coating of a dissimilar material on the portions of the surfaces so
      treated.
NUM  3.
PAR  3. The composite body of claim 2 wherein the coating is harder than the
      metal body and the metal body has a greater ductility than the coating.
NUM  4.
PAR  4. The composite body of claim 3 wherein the coating consists of hard
      particles supported in a softer metal matrix.
NUM  5.
PAR  5. The composite body of claim 4 wherein the hard particles are carbide
      compounds.
NUM  6.
PAR  6. The composite body of claim 1 wherein said treatment extends over the
      entire portions of the surfaces of each section which form portions of the
      surface of the composite body.
NUM  7.
PAR  7. The composite body of claim 6 wherein the surface treatment process
      consists of coating the bodies.
NUM  8.
PAR  8. A body formed of a plurality of segments, at least certain of which have
      a metallic base and means for retaining said segments in abutting
      relationship to one another to form said body, at least certain of said
      segments having undergone a hardening treatment applied to at least a
      portion of its later abutting surface previous to the assembly of said
      body.
NUM  9.
PAR  9. The body of claim 8 wherein said treatment consists of applying a
      metallic-ceramic coating to said later abutting surface portions.
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PAL  The core of a sandwich panel is formed with projecting nodes, the faces of
      the nodes being bonded to the face sheets of the panel. The node faces
      have the central portions thereof excised such that the remaining portion
      of these faces form flanges. These flanges are bent away from the center
      plane of the core and are shaped for optimum attachment to the curved
      panel face sheets without the need for crippling or deforming the node
      body and so that they enable the formation of a good bonded or brazed
      joint between the node faces and the face sheets.
BSUM
PAR  This invention relates to sandwich core panels, and more particularly to
      such panels having a core formed from projecting nodes, the end faces of
      which are in the form of flanges.
PAR  In my U.S. Pat. Nos. 3,525,663 and 3,527,664, sandwich core panel
      structures are described which are formed from a core of projecting nodes
      with the end faces of these nodes being attached to the panel face sheets.
      Where forming such panel structures with single or double curved face
      sheets, it is necessary, particularly where brazing is utilized, that the
      core be bent to the contours of the ultimate sandwich panel shape, and
      that the node terminals are machined to conform to the face sheet contour.
      This operation is both costly and difficult. The present invention
      overcomes the aforementioned problem of the prior art in a simple and
      effective manner which obviates the need for machining the node end faces,
      at the same time assuring that the finished panel has an adequate bond
      integrity. This end result is achieved by excising out the central
      portions of the node end faces and forming flanges from the remaining end
      face portions which extend outwardly away from the center line of the
      core.
PAR  It is therefore an object of this invention to facilitate the bonding or
      brazing of node end faces to curved panel face sheets by a node terminal
      design which automatically conforms to the face sheets.
PAR  It is a further object of this invention to provide curved sandwich core
      panels utilizing nodal cores which have improved bond integrity.
DRWD
PAR  Other objects of the invention will become apparent as the description
      proceeds in connection with the accompanying drawings, of which:
PAR  FIG. 1 is a perspective view of one embodiment of the invention;
PAR  FIG. 2 is a top plan view of the embodiment of FIG. 1;
PAR  FIG. 3 is an elevational view in cross section of one of the nodes of the
      illustrative embodiment;
PAR  FIG. 4 is an elevational view illustrating the illustrative embodiment as
      incorporated into a sandwich panel structure; and
PAR  FIG. 5 is a top plan view illustrating deformation of the nodes with the
      application of pressure from the face sheets.
DETD
PAR  Briefly described, the device of the invention is as follows: The core for
      a sandwich panel structure is formed from oppositely projecting nodes. The
      central portions of the nodes are excised in a curved form which may be
      circular, the remaining portion of the nodes being bent outwardly away
      from the center plane of the core, to form flanges which may be conical or
      ellipsoidal in shape. Curved panel face sheets are adhered to the node
      face flanges by bonding or brazing to form the sandwich panel structure.
      The pressure of the curved panel sheets against the flanged node face in
      the bonding process shapes the flange to the optimized bonding geometry.
PAR  Referring now to the Figures, one embodiment of the invention is
      illustrated. The core structure of a sandwich panel is formed from a
      plurality of oppositely projecting nodes 11, as described in my U.S. Pat.
      No. 3,525,663. The central portions of the nodes 11a are excised in a
      generally circular shape. The excised portions 11a may in the fabrication
      of the core be made circular. However, with the application of pressure on
      the core from the face sheets, the circle may be deformed to the shape of
      an ellipse, as shown by the dotted line portions in FIG. 5. Part of the
      remaining unexcised portions 11b of the nodes are deformed outwardly, away
      from the center plane 17 of the core (see FIG. 3), to form flanges. These
      flanges may be in the form of a conical section or may have a curvature
      such as that of an ellipsoid. The angle at which flange portions 11b are
      bent away from the center line of the core should be such as to enable
      optimum joinder of the flanges to the panel face sheets. The flanges are
      joined to the face sheets as shown in FIG. 4 (at 14) by brazing, in the
      case of metallic cores and face sheets, and bonding in the case of
      plastic, paper, etc. Thus, the nodes of the core are adapted for optimum
      joinder to curved panel face sheets.
PAR  While the invention has been described and illustrated in detail, it is to
      be clearly understood that this is intended by way of illustration and
      example only and is not to be taken by way of limitation, the spirit and
      scope of this invention being limited only by the terms of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sandwich panel comprising:
PA1  first and second curved face sheets and
PA1  a core formed from projecting nodes sandwiched between said face sheets,
      said core nodes having end face portions, the end face portions of the
      nodes being excised at the central part thereof, the remaining portions of
      said node end face portions forming flanges which are bent away from the
      center plane of the core and the longitudinal axes of their respective
      nodes, said flanges being joined to the panel face sheets and conforming
      to the contour thereof.
NUM  2.
PAR  2. The sandwich panel of claim 1 wherein said flanges are in the form of a
      conical section.
NUM  3.
PAR  3. The sandwich panel of claim 1 wherein said flanges are in the form of an
      ellipsoidal section.
NUM  4.
PAR  4. The panel of claim 1 wherein the excised portions of the node end faces
      are elliptical in shape.
NUM  5.
PAR  5. The sandwich panel structure of claim 1 wherein said flanges are brazed
      to the face sheets.
NUM  6.
PAR  6. The sandwich panel structure of claim 1 wherein said flanges are bonded
      to the face sheets.
NUM  7.
PAR  7. The sandwich panel structure of claim 1 wherein said core is formed from
      oppositely projecting nodes.
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ABST
PAL  A solid or hollow shaft has an aluminum or titanium matrix reinforced with
     rcuate-shaped beryllium ribbons arranged around a central rod or core to
      form a circular cross-sectional configuration. The shaft has a high degree
      of torsional stiffness which enables it to be used on advanced aircraft or
      high-speed rotating machinery without mid-support bearings. The shaft may
      be formed by cladding the beryllium rods in aluminum or titanium and
      arranging them around the central rod or core to form a preform with a
      circular cross-sectional configuration. The preform is then subjected to
      hydrostatic pressure, causing the beryllium rods to deform into
      arcuate-shaped ribbons. The core may then be retained or leached out to
      provide a hollow shaft.
PARN
PAR  This application is a division of my copending application, Ser. No.
      256,491 filed 24 May 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Shafts are probably one of the oldest structural elements known to man, in
      the form of a long slender rod forming the body of a spear, the handle of
      a hammer, ax or golf club, and many other long implements. Modern aircraft
      use shafts to transmit motion, such as control rods. Most machinery use
      shafts to transmit motion in a push-pull or rotating action.
PAR  The major shortcoming of shafting used in advanced aircraft or high-speed
      rotating machinery is a low modulus of elasticity to density (stiffness to
      weight) ratio. This poor stiffness to weight ratio requires the use of
      mid-support bearings or other mechanical devices which greatly increase
      weight, waste power and complicate design. One method of increasing the
      modulus and reducing the weight of a metal shaft is to reinforce it with a
      higher modulus and lower density material. Another characteristic
      necessary for the reinforcement is ductility sufficient for redistribution
      of stresses.
PAR  Many shafts are subject to impact loading, for example, connecting rods in
      a reciprocating engine, transmission shafts in a helicopter, and control
      rods in an aircraft. Previous work has proven that the metal beryllium
      used as a reinforcement in a metal matrix composite is superior to all
      other plastic and metal matrix composites when subject to impact loads.
      The lack of ductility has proven to be a serious limitation in boron
      aluminum, boron epoxy and carbon epoxy type composites. In addition, the
      excellent elevated temperature ductility of beryllium allows fabrication
      procedures to be employed which could not be considered for less ductile
      composite systems.
PAR  Others have employed beryllium fiber, filaments and wires as reinforcing
      material. The diameter of this wire has not exceeded 0.01 inches and is
      quite costly to make, almost $4,000per pound. In my previous U.S. Pat. No.
      3,609,855 and U.S. Pat. No. 3,667,108 and in my parent application Ser.
      No. 256,491, methods and techniques for the production of beryllium
      ribbon-reinforced composites and beryllium-titanium blading were
      disclosed. This invention is related to those methods but instead is
      directed to hollow and solid composite shafting.
PAC  SUMMARY OF THE INVENTION
PAR  There are several manufacturing processes that can be utilized to end up
      with the required properties for a composite beryllium-aluminum or
      beryllium-titanium shaft. The important considerations are: (1) volume
      fraction of the beryllium reinforcement; (2) size and shape of the
      reinforcement; (3) the mechanical properties of both the beryllium and the
      aluminum or titanium matrix after the fabrication of the shaft; and (4)
      the bond strength and degree of reaction (alloying) between the beryllium
      and the aluminum or titanium matrix. The present invention has been
      developed with these considerations in mind.
PAR  The invention consists of a shaft having a matrix of aluminum or titanium
      and a plurality of arcuate-shaped ribbons of beryllium disposed around a
      central rod or core. The beryllium ribbons define a circular
      cross-sectional pattern and may additionally define a plurality of
      concentric cylinders arranged around the central rod or core.
PAR  The centers of the concentric circles preferably coincide with the center
      of the shaft.
PAC  OBJECTS OF THE INVENTION
PAR  An object is to provide a shaft with a relatively high modulus of
      elasticity to density ratio.
PAR  A further object of the invention is the provision of a shaft what will
      eliminate the need for mid-support bearings in advanced aircraft or high
      speed rotating machinery.
PAR  Other objects, advantages, and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 show in cross-section a bundled preform of the invention;
PAR  FIGS. 3, 4 and 5 show enlarged cross-sections of the preform at various
      stages of the process of deformation; and
PAR  FIG. 6 shows a cross-section of an enlarged completed hollow shaft in
      accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The composite shaft of the invention as shown in FIGS. 5 and 6 includes a
      plurality of beryllium reinforcements and a matrix of titanium or aluminum
      3. The reinforcements 1 of the completed shaft shown in FIGS. 5 and 6 have
      an arcuate ribbon-shape congruent with the contour of the shaft. The
      ribbons may form a plurality of concentric cylinders surrounding the
      central rod or core. The shaft of FIG. 5 includes a central rod or center
      section 7 which may be beryllium. In an additional embodiment, the shaft
      of FIG. 6 includes a hollow core or center section. The shaft of the
      invention may be made by a number of processes, however one process in
      particular will be described herein.
PAR  The first step in the process involves the production of beryllium rods
      having a diameter of 1/8 inch or greater either by extrusion, drawing,
      swagging, rolling or machining from blocks. The beryllium rods 1 are then
      clad with aluminum or titanium 3. The cladding may be accomplished by many
      methods, such as slipping the rods into tubing, stuffing the rods into
      powder or into a block full of evenly spaced holes, wrapping sheet or foil
      around the beryllium, vapor depositing or electroplating.
PAR  The next step is to bundle the clad beryllium rods into a configuration
      similar to FIG. 1. Another method of placement of the beryllium is to
      accurately drill holes 4 into an aluminum or titanium block 5 as shown in
      FIG. 2. The volume fraction of the beryllium reinforcement is controlled
      by the thickness of the cladding as shown in FIG. 1 or by the spacing of
      the drilled holes as shown in FIG. 2. The preform for solid shafting
      should utilize a beryllium center section 7 for minimum weight. The
      preform for hollow shafting can have a hollow center or a solid center of
      a material which can be leached out later in the manufacturing process. In
      the embodiments of FIGS. 1 and 2, the axes of the beryllium rods 1 define
      a plurality of concentric cylinders surrounding the center rod 7.
PAR  After the bundle has been formed it is heated to a temperature for
      consolidation of the preform. Particularly in the case of an aluminum
      matrix, most of the deformation will occur in the aluminum, unless
      hydrostatic pressures are maintained. Cladding the preform in a steel can
      will provide this hydrostatic pressure. The steel can 9 will also prove
      useful, since it will prevent galling between the titanium and the steel
      die (not shown).
PAR  The reduction of this preform to a shaft is accomplished by a series of
      controlled metallurgical deformation processes. Reduction can be
      accomplished by extrusion, swagging, drawing or rolling. The important
      factor is to control the flow pattern of the beryllium. FIGS. 3, 4 and 5
      illustrate the shaft at various points in this reduction process. The fact
      that beryllium is a ductile reinforcement enables one to form the
      composite into a complex shape either during the initial fabrication or
      after the composite shaft is made. It is only necessary to heat the
      composite to a temperature at which the shear strength of the matrix or
      reinforcement matrix bond is very low, permitting the reinforcement to
      bend and the matrix to flow around the reinforcement. Application of
      pressure on the outer surface of the steel can 9 produces uniform exterior
      pressure on the outer surfaces of the clad beryllium rods while the round
      mandrel 7 applies interior pressure against the inner surfaces of the clad
      rods, causing them to assume the final arcuate shape shown in enlarged
      finished products of FIGS. 5 and 6. The steel can 9 is shown removed in
      FIGS. 5 and 6.
PAR  Rotating shafts require torsional stiffness. An arcuate ribbon-reinforced
      shaft as shown in FIGS. 5 and 6 has been found to be most efficient for
      this purpose, the arcuate ribbons defining a plurality of concentric
      cylinders surrounding the center rod 7. The radii of the various arcuate
      ribbons preferably start at the center of the shaft, as shown in FIGS. 5
      and 6. The final shape of the reinforcement will depend on the initial
      shape of the reinforcement and the direction and amount of deformation. In
      the shaft shown in FIGS. 5 and 6, the arcuate reinforcing ribbons forming
      any one concentric circle overlap in arcuate width the arcuate ribbons and
      interjacent matrix material of adjacent concentric circles. The arcuate
      ribbon-shaped reinforcement is highly desirable.
PAR  Hollow shafting as shown in FIG. 6 may be formed over a mandrel as in
      conventional drawing or swagging operations. In the alternative, the solid
      center can be leached out with a suitable acid. It should be noted that
      other distribution patterns for the arcuate beryllium ribbon are possible.
PAR  For a shafting application, the volume fraction of the beryllium
      reinforcement should be between 25 and 85 percent. Less than 25 percent
      would not give sufficient reinforcement and over 85 percent would result
      in a brittle composite shaft. A good balance between stiffness and
      toughness would be about 50 percent. For optimum strength and fracture
      toughness, the resultant size of the beryllium reinforcement should be as
      small as economically practical. A good rule of thumb is to provide a
      minimum of three layers of reinforcement for good impact resistance. The
      fabrication temperature for aluminum should be between 600.degree. to
      800.degree. Fahrenheit and 1200.degree. to 1400.degree. Fahrenheit for
      titanium to minimize the loss in strength of the beryllium and the
      reaction between the beryllium and the matrix.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A beryllium reinforced metal shaft comprising:
PA1  a plurality of arcuate, beryllium reinforcing ribbons imbedded in a metal
      matrix;
PA1  said metal matrix being selected from the group consisting of aluminum and
      titanium;
PA1  said arcuate, beryllium reinforcing ribbons arranged in said matrix to
      coincide with concentric circles whose centers coincide with the cent of
      the shaft,
PA1  substantially each arcuate ribbon in any one circle overlapping in arcuate
      width an arcuate ribbon in another circle with matrix material
      therebetween.
NUM  2.
PAR  2. The shaft of claim 1 having a central portion wherein the central
      portion is hollow.
NUM  3.
PAR  3. A beryllium-reinforced metal shaft comprising:
PA1  a plurality of arcuate, beryllium ribbons imbedded in a metal matrix and
      arranged around the longitudinal axis of the shaft to define a circular
      cross-section;
PA1  said metal matrix being selected from the group consisting of aluminum and
      titanium;
PA1  said shaft having a central portion which is a solid rod of beryllium.
NUM  4.
PAR  4. A beryllium-reinforced metal shaft comprising:
PA1  a plurality of arcuate, beryllium reinforcing ribbons imbedded in a metal
      matrix;
PA1  said metal matrix being selected from the group consisting of aluminum and
      titanium;
PA1  said arcuate, beryllium reinforcing ribbons arranged in said matrix to
      coincide with concentric circles whose centers coincide with the center of
      the shaft, said shaft having a central portion which is a solid rod of
      beryllium.
NUM  5.
PAR  5. A beryllium-reinforced metal shaft designed for use in rotating
      machinery, or as a control rod, without the need for mid-support bearings,
      comprising:
PA1  a plurality of arcuate, beryllium reinforcing ribbons imbedded in a metal
      matrix;
PA1  said metal matrix being selected from the group consisting of aluminum and
      titanium;
PA1  the radius of curvature of said arcuate, beryllium reinforcing ribbons
      arranged in said matrix being substantially the same as that of said shaft
      thereby to coincide with the center of the shaft, the central portion of
      said shaft being hollow.
NUM  6.
PAR  6. A beryllium-reinforced metal shaft comprising:
PA1  a plurality of arcuate, beryllium reinforcing ribbons imbedded in a metal
      matrix, there being matrix material between adjacent arcuate ribbons,
PA1  said metal matrix being selected from the group consisting of aluminum and
      titanium,
PA1  the width of substantially each arcuate ribbon overlapping a portion of the
      width of an adjacent arcuate ribbon above or below it in radial direction
      from the center of said shaft.
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ABST
PAL  An improved process for producing solid fuel from woody materials, which
      fuel may be characterized as having a low and relatively nonabrasive ash,
      is described. The process includes the steps of carbonizing the woody
      materials to form charcoal; cooling, conditioning and stabilizing the
      charcoal; crushing the charcoal typically to a particle size that will
      pass through about a 16 mesh or finer screen, beneficating the crude
      crushed charcoal by separating, on the basis of density, a dense fraction
      which may constitute from about 5 to 25 or more weight percent of the
      crude charcoal; and subsequently milling the beneficated product, if
      desired, to form a powdered fuel, or for compacting to make barbeque
      briquettes.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 279,767, filed Aug. 11, 1972, entitled PROCESS FOR PRODUCING SOLID
      INDUSTRIAL FUEL which application in turn is a continuation-in-part of my
      copending application Ser. No. 271,795 filed July 14, 1972, entitled
      PROCESS FOR PRODUCING INDUSTRIAL FUEL FROM WASTE WOODY MATERIALS. This
      application is also a continuation-in-part of my copending application
      Ser. No. 275,366 filed July 26, 1972 and entitled EFFICIENT PRODUCTION OF
      BRIQUETTE QUALITY CHARCOAL IN MULTIPLE HEARTH FURNACES.
BSUM
PAR  This invention relates to the production of fuel, and specifically to an
      improved process for the preparation of solid, low-sulfur, fuel which will
      produce a relatively nonabrasive ash, when burned. In addition, this
      invention relates to a relatively pollution-free method for disposing of
      waste woody vegetable materials by converting these materials to
      industrial fuel which can be burned without creating appreciable sulfur
      dioxide or noxious or visible smoke, and will produce a relatively
      nonabrasive ash which can be economically collected with conventional
      emission control devices. This invention also relates to lowering the ash
      content of charcoal for the production of barbeque briquetts.
PAR  The term "woody" is employed herein broadly to include vegetable materials
      characterized by a cellulosic fibre structure. The term is intended to
      include materials such as bark, twigs, sawdust, nut shells such as walnut
      shells, fruit pit shells such as almond shells and peach pit shells, pods
      and hulls such as peanut shells, cobs and the like. The term is also
      intended to include processed cellulosic material such as molded pulp
      containers, corrugated paper board, paper, soft-board, hardboard,
      extracted stumps, bagasse, rope, jute and other carbonizable scrap of
      vegetable origin.
PAR  One method for disposing of waste woody materials is to burn the materials
      and use them to produce steam. For example, green bark, sawmill wastes, or
      the byproducts of paper making operations are commonly used as fuel in
      bark boilers. However, bark boilers are inefficient and have the
      additional disadvantage of emitting a highly abrasive fly ash. If the ash
      is not collected in the boiler stack a serious air pollution problem may
      result.
PAR  Modern air emission standards now require the use of expensive devices on
      the boiler stacks to control fly ash emissions. These devices typically
      include a plurality of relatively small cyclones arranged either in series
      or in parallel to separate the entrained ash from the stack gases.
PAR  Although cyclone-type devices may be highly efficient, in actual practice
      when operated at an efficiently high gas velocity the abrasive quality of
      the ash collected causes excessive wear and requires frequent maintenance
      and shut-down. Accordingly, the operation of emission control devices on
      conventional burners, fueled by waste woody materials, may be
      characterized by unacceptably high maintenance costs and down-time.
PAR  It is possible to operate these control systems under less than optimum
      conditions and thereby reduce the ash abrasion. For example, if the
      pressure differential through a cyclone system is lowered, less ash
      abrasion and lower maintenance costs will result. The efficiency, however,
      will also be reduced. Accordingly, in many installations pollution control
      devices are operated under minimum conditions with the emissions therefrom
      at or near the level of noncompliance. Even so, these devices remain
      expensive to operate primarily because of the abrasive quality of the ash
      generated in the boiler.
PAR  In my aforementioned parent application Ser. No. 271,795 there was
      described a process whereby waste woody vegetable materials are initially
      dried, until the moisture content therein is less than about 15%, and
      subsequently carbonized in, for example, a multiple hearth furnace. These
      materials are thereby used to produce a solid industrial fuel, charcoal,
      and an off-gas which may have a fuel value similar to or higher than
      producer gas. The charcoal is then pulverized, if desired, and cooled, and
      conditioned against spontaneous combustion. The charcoal may be used to
      adsorb the combustible condensible matter in the gas to produce an
      enriched charcoal and a relatively noncorrosive fuel gas. In the
      alternative, pulverized charcoal may be entrained in the gas and conveyed
      to a burner for use as an enriched fuel gas.
PAR  Accordingly, the disclosure of my U.S. Patent Application Ser. No. 271,795
      is hereby incorporated by reference.
PAR  In my prior Application Ser. No. 279,767 a process for producing solid, low
      sulfur industrial fuel having a fuel value similar to bituminous coal was
      described. The process includes the steps of initially drying waste woody
      materials, and subsequently subjecting said materials to limited
      carbonization in, for example, a multiple hearth furnace only until
      noticeable carbonization begins and the fibrous structure of the materials
      disappears. This process maximizes the fuel value of the solid charcoal
      produced and produces only a minimum quantity of off-gas. The invention
      described in the aforementioned application was also directed to
      production of a relatively pollution-free industrial fuel from waste woody
      materials which could then be burned as fuel without creating appreciable
      sulfur dioxide, or noxious or visible smoke. The term "pyrochar" was
      employed therein to include, broadly, a charcoal as well as partially
      carbonized woody material, pyrolyzed at least sufficiently to destroy its
      fibrous character. The term is applicable to a product of carbonization
      having a relatively high content of volatile combustible matter, but which
      may be pulverized by conventional milling techniques.
PAR  The process of this prior patent application also includes the step of
      initially drying the waste woody materials and then feeding the dried
      materials into a furnace or kiln for carbonization. However, in my last
      mentioned prior application limited carbonization is used to produce
      Pyrochar in high yields. The Pyrochar produced is then quench-cooled and
      conditioned against spontaneous combustion, and may subsequently be
      compacted for shipment or pulverized for immediate use as a powdered fuel.
      This process produces only a negligible or limited amount of off-gas
      useful as fuel for the drier, as desired.
PAR  Accordingly, the disclosure of my U.S. Pat. Application Ser. No. 279,767 is
      hereby incorporated by reference.
PAR  In my prior Application Ser. No. 275,366 there was described an efficient
      and economical process for producing briquette quality charcoal, having
      from about ten percent to no more than about 23 percent volatile
      combustible matter, from particulate vegetable material in a multiple
      hearth furnace. If the vegetable material has a high moisture content the
      process includes the step of initially drying the materials so that the
      feed to the multiple hearth furnace has a moisture content of no more than
      about 20 percent and preferably about 5 to 10 percent.
PAR  The materials are then carbonized in the furnace under a controlled draft
      whereby the furnace pressure is maintained in the range of from 0.5 inches
      of water negative gauge pressure to zero to produce high yields of
      small-particle charcoal and an off-gas having a fuel value of at least 130
      B.t.u. per standard cubic foot. The charcoal is then immediately
      stabilized against spontaneous combustion by quench cooling and
      conditioning with agitation. The off-gas is available for use as a fuel.
PAR  Accordingly, the disclosure of my U.S. Pat. Application Ser. No. 275,366,
      filed July 26, 1972 is hereby incorporated by reference.
PAR  Although it has been known that dense foreign matter in waste woody
      materials is primarily responsible for the abrasive quality of the fly ash
      produced when the materials are consumed, an economical process for
      reducing the abrasiveness of the ash has not been forthcoming. For
      example, green bark contains inherent as well as adherent sand and other
      foreign materials which can not be separated therefrom before the bark is
      charged to the burner. The inherent portion has been deposited as the tree
      has grown in cracks, pin-holes, crevices, and wounds in the bark by wind,
      water and other means. Subsequent growth of the tree has thereafter
      occluded the deposits. Sawdust, another common waste used as a fuel, may
      have dense foreign materials such as sand mixed therein. These materials
      have not been removed economically by prior processes before the sawdust
      is burned.
PAR  However, it has now been discovered that the carbonization processes of my
      aforementioned applications may be adapted according to this invention to
      produce a fuel with low abrasive ash. After initially carbonizing waste
      woody materials, the dense fraction of foreign materials may be
      conveniently separated from the fuel fraction which may then be used as a
      low-sulfur fuel to produce, when consumed, ash having a low abrasive
      quality.
PAR  Specifically, the process of this invention may be adapted to utilize
      charcoal from any conventional carbonizer such as a multiple hearth
      furnace. The charcoal may be lumps or fines from carbonizing of waste
      woody materials. When the charcoal leaves the carbonizer it is first
      cooled and conditioned against spontaneous combustion and then admitted to
      a conventional crusher. In the crusher, the crude charcoal is crushed
      until a major portion will pass through an approximately 16 mesh or finer
      U.S. Standard sieve. It should be noted, however, that the crude lump
      charcoal should not be crushed to a particle size distribution smaller
      than one retaining at least five percent on a 100 mesh screen because, as
      will be subsequently explained, a finer consistency may involve
      pulverizing the abrasive foreign particulate matter, thereby making it
      relatively more difficult to separate.
PAR  The crushed, crude charcoal is then classified in any well known classifier
      to discard, on the basis of density, the denser fraction containing most
      of the highly abrasive foreign materials. Examples of classifiers which
      could be used are air flow separators, air classifiers, gravity
      separators, fluidized bed elutriators and centrifugal separators. It is
      preferred, however, to use an air classifier unless dust explosions are a
      hazard. If so, flue gas from the carbonizer could be used in the
      classifier.
PAR  Depending upon the parent wood and on the extent of its carbonization, the
      particle density or specific gravity of the charcoal may vary from about
      0.3 grams per cubic centimeter (g/cc.) to more than about 0.8 g/cc.
      Likewise, depending also on particle size, size distribution, and the
      degree of compaction, the bulk density of charcoal may vary from about 10
      lbs. per cubic foot to more than about 40 lbs. per cubic foot.
PAR  In general, the dense fraction of crushed crude charcoal to be eliminated
      may be characterized, after carbonization, as particles having an average
      density of at least about 1 g/cc. Typically the bulk density of the dense
      fraction to be discarded, which constitutes from 5 to 25 percent of the
      crude charcoal, is about 50 lbs. per cubic foot or more.
PAR  The beneficated charcoal may then be compacted to form barbeque briquettes,
      or burned directly in a conventional bark boiler in place of the green
      bark charge. In the alternative, it may be burned in a powdered fuel
      burner as desired.
PAR  The powdered fuel formed by the improved process of this invention may be
      described as a low-sulfur, non-polluting fuel having a high fuel value,
      equivalent, depending upon the carbonization process employed, to that of
      some bituminous coals. But most importantly, the fuel will be consumed to
      produce only an ash having a relatively low abrasive characteristic. The
      fuel produced according to the improved process of this invention then is
      adaptable to a variety of different types of burner operations wherein
      nonpolluting, economical fuel is desired.
PAR  Accordingly, it is an object of this invention to provide an improved and
      economical process for producing fuel from woody materials.
PAR  It is another object of this invention to provide a process for producing
      virtually nonpolluting solid industrial fuel from waste woody materials,
      which fuel, when burned in conventional equipment, will emit a fly ash
      which may be economically collected from stack gases with conventional
      emission control devices.
PAR  It is yet another object of this invention to provide a process for
      reducing the abrasiveness of fly ash resulting from the combustion of
      charcoal to thereby provide a virtually nonpolluting solid fuel which,
      when consumed, produces a fly ash which may be economically collected
      without undue abrasive wear to the collection equipment.
PAR  It is yet another object of this invention to provide a process for
      reducing the abrasiveness of the fly ash resulting from the combustion of
      waste woody materials so that the ash may be economically collected from
      boiler stack gases.
PAR  It is yet another object of this invention to provide an improved process
      for producing virtually nonpolluting solid industrial fuel from waste
      woody materials, which fuel is characterized by producing a relatively
      nonabrasive fly ash, when consumed, which process includes the steps of
      predrying the materials, carbonizing the materials to produce crude
      charcoal, crushing the charcoal, beneficating the crude charcoal in a
      classifier to separate, on the basis of density, a dense fraction, and
      collecting the beneficated charcoal product.
PAR  It is still another object of this invention to provide an improved process
      for producing virtually nonpolluting, solid industrial fuel from waste
      woody materials, which process includes the steps of predrying the woody
      materials, if necessary to reduce the moisture content thereof to less
      than about 15 percent; subjecting said materials to at least a limited
      carbonization until the fibrous structure therefrom is destroyed; crushing
      the crude charcoal produced by carbonization, if necessary to provide
      crude charcoal having a particle size which will pass through an
      approximately 16 mesh or finer screen, separating from said crude
      charcoal, on the basis of density, a dense fraction constituting from
      about 5 to about 25 percent by weight thereof; collecting the charcoal
      product for use as an industrial fuel which will produce, when consumed, a
      relatively nonabrasive fly ash which may be economically and efficiently
      collected from boiler and other furnace stack gases.
PAR  It is still another object of this invention to provide an improved process
      for producing briquette quality charcoal having a low ash content from
      waste woody materials, which process includes the steps of carbonizing
      said materials in a multiple hearth furnace under a controlled draft to
      produce crude charcoal, stabilizing said charcoal against spontaneous
      combustion, crushing the charcoal, beneficating the crude charcoal to
      separate, on the basis of density, a dense fraction, and compacting said
      beneficated charcoal to form barbeque briquettes.
DRWD
PAR  These and other objects will become readily apparent with reference to the
      drawings and following description wherein:
PAR  FIG. 1 is a block diagram illustrating a preferred flow sheet for the
      improved process of this invention;
PAR  FIG. 2 is a schematic diagram showing certain important features of
      classifying equipment which may be used in an embodiment of this
      invention.
DETD
PAR  With reference to the drawings, and in particular to the flow sheet of FIG.
      1, the raw materials for the process of this invention may be, as stated,
      any woody vegetable materials such as bark, chips, sawdust, twigs,
      plantation waste, bagasse, paper, hulls, cobs and shells. For use in the
      process of this invention the feed materials may be in any convenient form
      from particles such as sawdust to flat slab-like pieces several inches in
      diameter. However, if the pieces are very thick, they should be comminuted
      before being admitted to the carbonizer.
PAR  If the woody waste materials have a moisture content of over about 15
      percent, they are initially fed into a dryer 10 and the moisture content
      is lowered therein to less than 15 percent or preferably from 5 to 10
      percent. It is not essential to the process of this invention that the
      materials be completely dry before carbonization.
PAR  Any well known drying implement capable of continuous operation may be used
      within the scope of this invention. However, a rotary dryer using hot fuel
      gas from the subsequent carbonization process is preferred.
PAR  The foregoing, of course, will be obviated if the raw materials to be
      carbonized are not moist. For example, carbonizable nut shells, pits, and
      hulls may be nearly completely dry. Therefore, when these materials are
      utilized in the process of this invention, a predrying step is
      unnecessary.
PAR  The dried materials are then fed into a carbonizer 12. The carbonizer may
      be any conventional device such as a shaft or rotary kiln, a rotary hearth
      furnace or a fluidized bed, but typically is a multiple-hearth furnace as
      disclosed in my aforementioned U.S. patent applications.
PAR  Carbonization is allowed to proceed in carbonizer 12 according to any well
      known technique. If desired, however, the temperature and residence time
      may be strictly controlled as disclosed in my aforementioned Application
      Ser. No. 279,767, to produce Pyrochar and a minimum quantity of off-gas.
      The off-gas from the carbonization process then may be returned to the
      dryer as fuel and/or used in the carbonizer.
PAR  In the alternative, carbonization may be allowed to proceed as described in
      my Applications Ser. Nos. 271,795 and 275,366 to produce charcoal having a
      volatile combustible matter content of either about 23 percent or more. To
      achieve this volatile combustible matter content, either the residence
      time in the carbonizer or the carbonization temperature, or both, are
      controlled in a well known manner within the skill of an ordinary
      practitioner in the art.
PAR  When the volatile combustible matter content is as high as indicated, the
      charcoal produced will be sufficiently flammable to be used in powdered
      form as an extremely efficient and economical industrial fuel. This
      process will also produce a quantity of off-gas having a fuel value
      similar to producer gas. A portion of this gas may be returned directly to
      the dryer, as fuel, or as will be subsequently explained, the condensible
      combustible matter in the gas may be adsorbed onto the charcoal to reduce
      the corrosiveness of the gas and produce an excellent low B.t.u. fuel gas.
PAR  The crude charcoal or Pyrochar resulting from carbonization is preferably
      quench-cooled and conditioned, by agitation, against spontaneous
      combustion. This procedure may be accomplished in any well known device
      14, or the crude charcoal may be quench-cooled and conditioned as it is
      conveyed from the carbonizer 12 to crusher 16.
PAR  The crusher may be any conventional crushing device such as, for example, a
      Raymond roller mill. However, as stated, the crude charcoal should be
      crushed to a consistency of no finer than that which will pass through
      about an 80 mesh screen. It has been discovered that the abrasive dense
      fraction of the crude charcoal, after carbonization, will consist
      primarily of particulate matter having a natural particle size that will
      be retained on a 80 mesh or coarser U.S. Standard sieve. Accordingly, the
      dense fraction may be more efficiently separated if the particles thereof
      are not crushed.
PAR  In the event the raw materials for the process of this invention are
      particulate matter such as sawdust, the crushing step will obviously be
      unnecessary.
PAR  Therefore, if the crude charcoal is fines or small particulate matter,
      after stabilizing, it will be conveyed directly to classifier 18.
PAR  It should be noted, however, that when charcoal is made by pyrolysis in a
      fluidized bed the dense fraction may be merely elutriated from the
      fluidizing bed. Accordingly, in this case the steps of crushing and
      classifying according to the process of this invention are performed in
      the carbonizer.
PAR  Although "classification" may refer to solids separation on the basis of
      particle size, classification equipment is employed in the process of this
      invention to separate particles on the basis of density. Inertia rather
      than particle size is used then to beneficate the crude charcoal from
      crusher 16.
PAR  A wide variety of well known types of classifiers may be utilized to
      beneficate the crude crushed charcoal. Examples thereof include C-E Bauer
      Specific Gravity Separators, C-E Raymond Mechanical Air Separators, Sapic
      Elutriators, Witte Vibrating Air Screens (fluid bed). Air flow separators
      are available from, for example, Sutton, Steel & Steel, of Dallas, Texas.
      Air classifiers may be obtained from C.E. Raymond Company division of
      Combustion Engineering, Chicago, Illinois, and other gravity separators
      may be obtained from The Forsberg Line, Thief River Falls, Minnesota.
PAR  Accordingly, it will be understood that this invention is not intended to
      be limited to the specific type of classification equipment described
      herein, but, as will be obvious to those skilled in the art, may include
      any well known device capable of beneficating particulate solids on the
      basis of density.
PAR  FIG. 2 illustrates, schematically, a simple cyclone classifier system which
      may be utilized according to this invention as follows:
PAR  The crude crushed charcoal feed is admitted to the classifying system 18 at
      inlet 20. The feed is conveyed by, for example, air conveyor 22 through
      inlet 24 into a first classifying cyclone 26.
PAR  Air may be utilized to entrain the particulate crude charcoal feed.
      However, in the event dust explosions may be a problem, flue gas from the
      carbonization process may be utilized alternatively to entrain the crude
      charcoal particles for classification.
PAR  Cyclone 26 is designed to operate inefficiently by dust collection
      standards because most of the charcoal must pass through it with only a
      dense fraction of about 5 to 25 percent rejected. The air or gas velocity
      in classifying cyclone 26 may be as low as will keep the entrained
      charcoal suspended, e.g., 30 feet per second, to minimize abrasion
      therein.
PAR  Depending upon the raw materials utilized, the abrasive rejects will, as
      noted above, constitute approximately 5 to 25 percent by weight of the
      crude charcoal feed. Accordingly, classifying cyclone 26 is designed to
      separate the abrasive rejects from the feed, and said rejects leave
      cyclone 26 at outlet 28. The less dense entrained charcoal particles then
      pass through conveying means 30 to a product collection cyclone 32.
PAR  The final or product collection cyclone 32 should be a very efficient total
      solids separator, employing relatively high velocities, e.g., 65 feet per
      second. The beneficated product is then collected at outlet 34, and the
      entraining air or gas exits cyclone 32 at a stack 36. This discharging gas
      may be further cleaned to meet emission standards in, for example, a
      baghouse collector (not shown).
PAR  Although two cyclones are described and shown in the embodiment of FIG. 2,
      it will be obvious to those skilled in the art that a plurality of small
      cyclones may be employed in series and/or in parallel to separate out the
      beneficated product. In the alternative, a more sophisticated mechanical
      separator may be utilized such as a Raymond Double Whizzer Air Separator
      commonly employed in the benefication of certain materials such as talc,
      kaolin, clays and phosphate rock to remove silica, flint and the like
      therefrom.
PAR  The beneficated charcoal exiting the classifier 18 is then available for
      briquetting, storage or other use, or it may be conveyed to a mill 40 such
      as a Raymond roller mill where it is pulverized for use as a powdered
      fuel. As noted in my Application Ser. No. 271,785, the classified charcoal
      may be conveyed to a suitable adsorber (not shown) wherein the combustible
      condensible matter from the off-gas is adsorbed onto the charcoal to form
      an enriched solid fuel.
PAR  The condensible matter in the off-gas may include corrosive acids. The
      presence of these acids in the off-gas creates storage and transportation
      problems if the gas is not handled in expensive corrosion resistant
      equipment. The acids, however, have good fuel values, and therefore it is
      essential to an efficient process for using the potential fuel value of
      the raw materials carbonized that these acids are retained in the fuel
      produced.
PAR  In the alternative, as also disclosed in my Application Ser. No. 271,785,
      when the charcoal enters the mill 40 where it is pulverized it may be
      entrained in an off-gas from the carbonizer to form an enriched fuel gas.
      The enriched fuel gas may then be conveyed directly from the mill to a
      burner (not shown) to form a virtually non-polluting energy source.
PAR  Finally, in the event the raw materials have been subjected to only a
      limited carbonization to form Pyrochar as described in my pending
      Application Ser. No. 279,767, the beneficated Pyrochar from classifier 18
      may also be pulverized in mill 40 to form a powdered fuel. In the
      alternative, the Pyrochar may be conveyed to a suitable compacting device
      (not shown) such as a briquetting machine or an extruder to produce a
      compacted product for transport.
PAR  As noted in my above-mentioned prior application Pyrochar, when cooled,
      will not compact well without a binder. However, when the pyrochar is at a
      temperature of about 200.degree.F. or more it may be efficiently compacted
      without adding binding material.
PAR  In conclusion, an improved process for removing foreign matter from waste
      woody materials and for producing a fuel which, when consumed, will
      produce a relative low and/or nonabrasive ash, has been described. The
      process includes the steps of carbonizing woody materials to produce crude
      charcoal; cooling and conditioning the charcoal against spontaneous
      combustion; crushing the charcoal, if necessary to produce particles which
      will pass through from about 16 to an 80 mesh screen; and subsequently
      beneficating said crude charcoal to separate a dense fraction therefrom.
PAR  Crude charcoal particles may be beneficated in any of a wide variety of
      well known commercially available classifiers designed to separate, on the
      basis of density, a dense fraction which constitutes from about 5 to 25
      percent of the crude charcoal by weight. The abrasive foreign matter in
      the crude charcoal has been found to have a bulk density of about 50 lbs.
      per cubic foot or more. This is contrasted with a bulk density of charcoal
      varying from about 10 to about 40 lbs. per cubic foot.
PAR  Accordingly, when the dense abrasive fraction has been removed from the
      crude charcoal, the beneficated product is available for use as a fuel.
      When the beneficated charcoal is consumed it will produce a relatively
      nonabrasive ash which may be economically collected from  stack gases by
      any well known emission control device without an unacceptably high amount
      of wear thereto.
PAR  While the improvement of this invention is particularly suited for use in
      the processes of my above-mentioned prior applications to produce a fuel
      having relatively low nonabrasive ash, it may be adapted to any
      carbonization process, as will be obvious to those skilled in the art, to
      produce charcoal having a volatile combustible matter content of up to
      around 23 percent, enriched charcoal having a volatile combustible matter
      content of up to around 30 percent, or Pyrochar.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A process for producing a substantially pollution-free fuel from moist
      woody vegetable materials comprising the steps of:
PA1  continuously supplying said materials to dryer; drying said materials until
      the moisture content thereof is less than approximately 15 percent;
      admitting said dried materials to a carbonizer; pyrolyzing said materials
      in said carbonizer to form crude charcoal and a fuel gas therefrom;
      collecting at least a major portion of the fuel gas and charcoal formed;
      cooling and conditioning said charcoal against spontaneous combustion;
      crushing said charcoal until it will pass through an approximately 16 mesh
      U.S. Standard sieve but no finer than will just pass through about an 80
      mesh sieve; beneficating said crude charcoal in a classifier and removing
      a dense fraction having a bulk density of at least about 50 lbs. per cubic
      foot therefrom to form a beneficated fuel which will produce, when burned,
      low relatively nonabrasive ash.
NUM  2.
PAR  2. The process of claim 1 further comprising conveying said gas and
      beneficated charcoal through a mill; pulverizing said charcoal in said
      mill; and entraining said pulverized charcoal in said gas to form an
      enriched fuel gas.
NUM  3.
PAR  3. The process of claim 1 further comprising collecting said beneficated
      charcoal; collecting at least a major portion of said fuel gas; admitting
      said gas and said charcoal to an adsorber; cooling said gas in said
      adsorber and allowing the condensible combustible matter therein to adsorb
      on said charcoal to form an enriched solid fuel.
NUM  4.
PAR  4. The process of claim 3 further comprising the steps of:
PA1  collecting said gas after the condensible combustible matter therein has
      been adsorbed on said charcoal; collecting said enriched, beneficated
      charcoal; pulverizing said collected charcoal to form a solid powdered
      fuel.
NUM  5.
PAR  5. The process of claim 1 further comprising the step of pulverizing said
      beneficated charcoal in a mill to produce a powdered fuel.
NUM  6.
PAR  6. The process of claim 1 wherein said woody materials are pyrolyzed in
      said carbonizer at least until the fibre structure thereof is destroyed to
      form crude Pyrochar.
NUM  7.
PAR  7. The process of claim 6 wherein the step of removing the dense fraction
      comprises separating from 5 to about 25 percent by weight of said crude
      Pyrochar therefrom.
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PAL  A process for improving coal wherein the raw coal is reacted with
      substantially undecomposed iron carbonyl which alters the apparent
      magnetic susceptibility of certain impurity components contained in the
      raw coal thereby permitting their removal by low intensity magnetic
      separators. The process is especially effective for removing pyrite from
      coal, while at the same time reducing ash and increasing the calorific
      value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the present world-wide emphasis on the energy crisis and the rapidly
      diminishing sources of oil, increased attention by both government and
      private organizations is being given to coal as a source of energy,
      especially for the generation of electricity. For the year 1972 the annual
      consumption of coal in the United States for the generation of electricity
      exceeded 348 million tons. This country has vast resources of coal for
      development as other sources of energy diminish.
PAR  Depending upon their origin, coals contain varying amounts of iron
      disulfide (iron disulfide is hereinafter referred to as pyrite whether
      crystallized as pyrite or marcasite) from which sulfur dioxide is formed
      as a combustion product when coal is burned. This is a tremendous
      disadvantage to the use of coal as an enerby source, particularly in view
      of the present emphasis on pollution control as illustrated by present
      federal emission control standards for sulfur dioxide. Illustrating the
      enormity of the sulfur dioxide emission problem is the fact that large
      transportation expenses are incurred by coal users in transporting Western
      and European coal of relatively low sulfur content long distances to
      supplant available high sulfur-containing coals in order to make
      compliance with sulfur dioxide emission standards possible when using coal
      as an energy source. At this time there are no effective means available
      which are commercially feasible for absorbing the large amounts of sulfur
      dioxide emitted by the combustion of coal to produce heat and electricity.
      Currently U.S. utilities in burning about 395 million tons of coal a year
      generate about 21 million tons of sulfur dioxide in the process. One
      solution to the problem is to separate the sulfur-bearing pyrite from the
      coal before it is burned.
PAR  Coals also contain, depending upon their origin, various amounts and kinds
      of minerals which form ash when the coal is burned. The ash also is a
      disadvantage to the use of coal as an energy source, since it contributes
      no energy value during combustion thereby diluting the calorific value of
      the coal, causes a waste disposal problem, and a potential air pollution
      problem.
PAR  The problem of separating pyrite or other impurities from raw coal is not
      new and a number of methods have been extensively tested over the years.
      Among these are methods which employ the difference in specific gravity
      between coal particles and the impurity particles or differences in their
      surface, electrostatic, chemical or magnetic properties. For one reason or
      another difficulties are encountered in making an efficient separation of
      pyrite or other impurities from coal which has been ground finely enough
      to substantially liberate impurity particles from coal particles. In water
      systems this difficulty is related to the slow settling rate of fine
      particles and in air systems to the large difference in specific gravity
      between air and the particles. However, for magnetic separations the
      magnetic attraction force acting on small magnetic particles is many times
      greater than the opposing separating force, which is usually a hydraulic
      drag and/or gravity force.
PAR  For the separation of pyrite or other impurities from raw coal the success
      of a magnetic process is dependent on some effective pre-treatment process
      for selectively enhancing the magnetic susceptibility of the pyrite or
      impurity particles. Coal particles alone are slightly diamagnetic while
      pyrite and many other mineral impurities are weakly paramagnetic; however,
      their paramagnetism is not sufficient to economically effect a separation
      from coal. However, effective beneficiation of coals can be made if the
      apparent magnetic susceptibility of pyrite or other impurities is
      increased. For pyrite it has been estimated that a sufficient increase in
      susceptibility can be achieved by converting less than 0.1 percent of
      pyrite in pyritic coal into ferromagnetic compounds of iron. ("Magnetic
      Separation of Pyrite from Coals," Bureau of Mines Report of Investigations
      7181, P.1.)
PAR  In discussing the use of heat to enhance the paramagnetism of pyrite it is
      stated in the above report (P.1) that ferromagnetic compounds of iron are
      not formed in significant quantities at temperatures below 400.degree.C,
      and that such conversion occurs in sufficient quantities to effect
      beneficiation only at temperatures greater than 500.degree.C. As this is
      above the combustion point of coal, the use of heat to enhance magnetic
      susceptibility does not appear feasible. Further, other methods for
      enhancing the paramagnetism of pyrite to permit its separation from coal
      have not been encouraging.
PAR  Accordingly, it is a principal object of this invention to provide an
      economically feasible method for improving raw coal by enhancing the
      apparent magnetic susceptibility of pyrite or other impurities associated
      with but substantially liberated from the raw coal to the point where
      these impurities can be successfully separated from the coal by magnetic
      separators.
PAR  It has been found that pyrite reacts with iron carbonyls to form one or
      more compounds different from pyrite and having a magnetic susceptibility
      very much greater than the original pyrite. Although iron pentacarbonyl
      has proven effective in the reaction, it is obvious that other carbonyls,
      such as iron nonacarbonyl or a mixture of iron carbonyls would also be
      effective and the term "iron carbonyl" as used herein includes all
      carbonyls of iron and mixtures thereof. This discovery can be used to
      alter the surface of the pyrite by applying the carbonyl treatment so that
      the apparent magnetic susceptibility of the pyrite is increased. Pyrite
      particles that have been so treated can then be separated by magnetic
      processing from other materials which are inert to a surface treatment of
      iron carbonyl. Such a process has wide application in the field of mineral
      beneficiation.
PAC  SUMMARY OF THE INVENTION
PAR  The apparent magnetic susceptibility of pyrite as well as other associated
      impurities in coal is increased to the point where selective magnetic
      separation of these impurities from the coal particles is feasible. The
      increase is effected by contacting coal containing pyrite or other
      impurities liberated from the coal with an iron carbonyl like iron
      pentacarbonyl under conditions at which ordinary pyrolytic decomposition
      of the iron carbonyl into metallic iron and carbon monoxide is not
      appreciable. With pyrite a chemical reaction between the iron carbonyl and
      the pyrite particles occurs to form a replacement shell, on the surface of
      the pyrite particles, of a material having a magnetic susceptibility
      significantly greater than that of untreated pyrite. The carbonyl treated
      coal product is then passed through a magnetic separator for removal of
      the pyrite and impurity particles.
PAR  It is desirable to have the coal comminuted finely enough to give
      substantial liberation of impurities from coal particles. The carbonyl is
      introduced as a vapor into a reaction chamber containing the coal. These
      carbonyl vapors can be carried into the chamber by a gas, inert to the
      reaction, by first passing the gas over or through a vessel holding liquid
      iron carbonyl.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The operation of the invention will be explained in conjunction with the
      accompanying drawing showing reproductions of photomicrographs of products
      obtained in comparative tests using and not using the process of the
      invention, the figures of the drawing being described as follows:
PAR  FIG. 1 is a copy of a photomicrograph of an untreated particle of native
      Colorado pyrite not associated with coal measures;
PAR  FIG. 2 is a copy of a photomicrograph of a particle of the same type pyrite
      altered by the carbonyl treatment process of the invention;
PAR  FIG. 3 is a copy of a photomicrograph of a particle of the same type pyrite
      in which the particle was first given the carbonyl treatment of the
      process of the invention to form an altered particle like that of FIG. 2
      followed by further treatment not a part of the process in which iron
      pentacarbonyl was thermally decomposed to form the outer layer of iron;
      and
PAR  FIG. 4 is a copy of a photomicrograph of a particle from an Iowa coal seam
      showing a locked coal and pyrite particle which has received the carbonyl
      treatment of the process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is especially useful for reducing the content of pyrite from
      coals containing these impurities. The invention can be applied to coals
      of diverse origins and rank including coking, steam, and other coals as
      well as refuse from coal cleaning plants, and the term "coal" as used
      herein includes all of these types of coal. Depending on adequate
      coal-pyrite liberation, pyrite removal approaching the theoretical limit
      is possible.
PAR  The probable typical reaction which generates the ferromagnetic species
      comprising the outer shell of treated pyrite particles that enhances the
      apparent magentic susceptibility of the pyrite particles is as follows:
TBL  FeS.sub.2   +                                                             
                 X Fe(CO).sub.5                                                
                         Fe.sub.(1.sub.+X) S.sub.2                             
                                +   5X CO                                      
     iron disulfide                                                            
                 iron carbonyl                                                 
                         "iron-rich                                            
                                carbon monoxide                                
     (pyrite or marcasite)                                                     
                         disulfide"                                            
PAL  The "iron-rich disulfide"  forms as a replacement shell around the pyrite
      grains and is highly magnetic.
PAR  For efficient separations of pyrite from coal, the coal should be crushed
      to such fineness that pyrite particles are free, or nearly free, from the
      coal particles. The required fineness depends upon the size distribution
      of the pyrite in the coal. A thorough treatment of the subject for power
      plant coals is given in the article entitled "Pyrite Size Distribution and
      Coal-Pyrite Particle Association in Steam Coals," Bureau of Mines Report
      of Investigation 7231. The requirement for pyrite liberation applies to
      all types of physical separations and so is not a disadvantage to this
      invention. Additionally, present technology for coal-fired power plants
      generally requires pulverizing the coal to 60-90 percent minus 200 mesh
      before burning.
PAR  The process is applied by contacting the raw coal which is liberated from
      pyrite or other impurities with iron carbonyl under conditions where there
      is an insufficient dissociation of carbonyl into metal and carbon monoxide
      to cause substantial deposition of metal on the coal particles. These
      conditions are determined by the temperature, the type of carbonyl,
      pressure, gas composition, etc. Ordinarily, the carbonyl gas is heated to
      a temperature just below its decomposition temperature under the reaction
      conditions. Various types of available equipment cana be used for
      contacting the iron carbonyl and coal, such as, a rotating kiln used as
      the reaction vessel with iron carbonyl vapors carried into contact with
      the tumbling contents of the kiln by a gas such as nitrogen which is inert
      to the reaction process.
PAR  The process must be carried out at a temperature below the temperature of
      major decomposition of the carbonyl under the reaction conditions so that
      there is opportunity for the iron of the carbonyl to chemically react with
      the pyrite particles. Obviously, if the temperature is allowed to rise
      above the decomposition temperature of the carbonyl for a sufficient time,
      the coal will be coated with iron and the pyrite particles will either
      react with or be coated with metallic iron to give both types of particles
      high magnetic susceptibilities, thus preventing their separation
      magnetically.
PAR  The amount of carbonyl used and the time of treatment can be varied to
      affect the percent of pyrite reacted. The carbonyl must be in contact with
      the pyrite particles a sufficient time for the outer shell of reacted
      material to form on the particles. The thickness of this outer shell
      determines the extent to which the apparent magnetic susceptibility is
      increased; judgment of optimum thickness is a balance between reaction
      rate of shell formation and economics of the reaction process and magnetic
      separation process. Generally a reaction time not in excess of about two
      hours is adequate. Analyses of the residual sulfur in a portion of treated
      coal after magnetic separation of the pyrite will indicate optimum
      treating time, amount of carbonyl used, and other reaction parameters
      necessary for obtaining coal containing permissible amounts of sulfur.
PAR  The invention is illustrated by the examples presented below in which iron
      pentacarbonyl was reacted with iron disulfides of various origins either
      alone or mixed with coal.
PAR  The examples are illustrative of the invention but not limiting thereof.
PAC  EXAMPLE 1
PAR  Initial experiments were made with an igneous pyrite concentrate from
      Colorado in order to be dealing with essentially a pure pyrite rather than
      a material containing mostly coal and only a little pyrite. This Colorado
      pyrite was tested and found to be non-magnetic. A sample of this Colorado
      pyrite was placed in a rotating kiln. Iron carbonyl vapors, carried in
      argon, were passed over the pyrite which was heated to a temperature of
      195.degree.C which is below the temperature where metallic iron forms in
      abundance under the conditions of the test. The treatment time was one
      hour, although treatment times and temperatures will vary as explained
      above. The product from this run was highly magnetic.
PAR  A polished section of the reacted material showed a replacement shell of
      the newly formed compound around the pyrite grain. No such shell was
      formed around gangue particles. From a microscopic study of the section,
      it was obvious that the replacement shell was not metallic iron but rather
      a reaction product of different color which has replaced the pyrite.
PAR  Referring to FIG. 1 of the drawing, wherein the numeral 10 indicates a
      depiction of a photomicrograph of a sectioned particle of untreated
      Colorado pyrite, it will be seen that the particle is of the same material
      throughout and there is no layer on the periphery of the particle. The
      particle showed no attraction to a low intensity magnet. In contrast,
      inspection of FIG. 2, the same type illustration of a particle of the same
      material sectioned after treatment by the process of the invention, shows
      an outer replacement shell 14 around the periphery of the particle of a
      material of an entirely different composition than that of the pyrite
      particle. This replacement shell had an entirely different color and
      luster than that of the pyrite particle. There was a definite line of
      demarcation between the shell and the particle. The treated particle shown
      in FIG. 2 was attracted to a low intensity magnet.
PAR  FIG. 3, the same type illustration as that of the other figures, shows a
      particle 16 of the same type pyrite as the particles of the first two
      figures. The particle 16 was first treated in accordance with the process
      of the invention with undecomposed iron pentacarbonyl vapors at a
      temperature of 190.degree.C to form the outer replacement shell 14 of the
      same composition as the shell 14 of FIG. 2. The particle 16 with the
      replacement shell 14 on it was then further treated with the carbonyl at
      temperatures up to 225.degree.C to effect decomposition of the carbonyl
      with the result that an outer shell or layer 18 was deposited over the
      shell 14 and this outermost layer 18 was readily recognizable as iron. The
      cleavage between layers 14 and 18 was very distinct and outer layer 18, of
      course, had a different color, luster, and texture than layer 14. This
      illustrates what would happen if the reaction conditions are such during
      the practice of the process of the invention that the carbonyl decomposes,
      i.e., the coal particles would become coated with iron and selective
      magnetic separation of the pyrite particles would not be possible.
PAC  EXAMPLE 2
PAR  The process was applied to an Iowa coal containing 7.8% pyrite sulfur, thus
      providing an example of a pyrite that was of sedimentary origin and
      deposited in a coal matrix. The raw coal for this test was charged into a
      kiln which was then rotated. To introduce the iron pentacarbonyl into the
      reaction zone, an inert gas was passed through liquid iron pentacarbonyl
      at room temperature contained in a vessel outside the kiln with the gas
      carrying carbonyl vapors then being introduced into the reaction zone of
      the kiln. The reaction zone was held between 185.degree.C and 195.degree.C
      for one hour, following which the kiln was purged of carbonyl vapors by
      the insert gas and the reaction zone cooled to room temperature.
PAR  A polished section was prepared from the magnetic fraction of material
      obtained by processing the carbonyl treated coal with a low intensity
      magnet. One particle from this polished section was photographed and is
      depicted in FIG. 4 of the drawing. It will be seen that the particle is
      comprised of coal (20) locked to pyrite (22). However, as was noted in
      FIG. 2 there is a replacement shell (24) of different color and luster
      around the pyrite and this shell has even invaded the cracks and fissures
      in the pyrite. There is no evidence of any iron deposition either around
      the pyrite or around any of the coal surface.
PAC  EXAMPLE 3
PAR  The process was also applied to a bituminous coal from central
      Pennsylvania. The coal was charged into a kiln which was then rotated. The
      introduction of iron pentacarbonyl into the reaction zone was as described
      in Example 2. The reaction zone was held between 185.degree.C and
      195.degree.C for one hour following which the kiln was purged of carbonyl
      vapors by the inert gas and the reaction zone cooled to room temperature.
      Three products were made by magnetic separation using magnets of different
      field strengths, a "magnetic fraction," "weakly magnetic fraction,"  and
      "non-magnetic fraction," with the "magnetic fraction" obtained from wet
      processing. Two magnets were used in the separation; a laboratory Davis
      tube tester and a small, hand horseshoe, Alnico magnet. These three
      products were analyzed for forms of sulfur, ash, and calorific value
      (Btu); results are given in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     ANALYSES OF PRODUCTS BOTH TREATED AND UNTREATED BY THE INVENTION          
     Coal Description: Lower Freeport Bituminous Coal from Pennsylvania.       
     Size treated 14.times.200 Mesh, not all pyrite liberated at this size.    
                                   Calorific                                   
                                         Sulfur                                
                         Weight                                                
                               Ash Value Total                                 
                                             Inorganic.sup.1/                  
                                                    Organic                    
                         (%)   (%) (Btu) (%S)                                  
                                             (%S)   (%S)                       
     __________________________________________________________________________
     Material Untreated by the Process                                         
      Raw Coal.sup.2/    100.0 22.1                                            
                                   12,106                                      
                                         1.99                                  
                                             1.71   0.28                       
     Material Treated by the Process                                           
      Clean Coal (non-magnetic fraction)                                       
                         79.2  13.2                                            
                                   13,556                                      
                                         1.10                                  
                                             0.69   0.41                       
      Middling (weakly magnetic fraction)                                      
                         14.1  53.2                                            
                                    6.467                                      
                                         4.40                                  
                                             4.22   0.18                       
      Refuse (magnetic fraction)                                               
                          6.7  51.6                                            
                                    6,828                                      
                                         8.22                                  
                                             8.05   0.18                       
     __________________________________________________________________________
      .sup.1/ Inorganic sulfur is mostly pyritic sulfur plus a small amount of 
      sulfur from the pyrite altered by the carbonyl treatment and any sulfate 
      present, about 0.01% for this coal.                                      
      .sup.2/ Not responsive to low intensity magnets.                         
PAR  As can be seen from Table 1, magnetic separation of coal that did not
      receive the carbonyl treatment results in no magnetic material and,
      therefore, no beneficiation by magnetic processing. However, with
      treatment and magnetic processing, two or more products may be obtained
      depending on the operating conditions of the magnetic separators. Results
      of a three-product separation are shown in Table 1. The process removed
      almost 70% of the pyritic sulfur. Not all pyritic sulfur was liberated at
      the size treated in this example so the 68% reduction may in fact
      represent all the liberated pyrite.
PAR  The process also reduced the ash from 22.1 to 13.2 percent. This is a
      marked reduction in ash in the clean coal product, and it is a greater
      reduction than can be attributed to the reduction in ash that occurs
      because pyrite, an ash-forming mineral, was removed from the clean coal.
      It is not known at this time if the ash-forming minerals are attracted to
      the magnet because they are locked with pyrite particles or if their
      apparent magnetic susceptibility is increased by the carbonyl treatment.
      In any event, there is a significant lowering of ash in the clean coal
      product. The table also reflects the concomitant improvement in the coal
      by the increase in the Btu value of the clean coal resulting from ash and
      sulfur reductions. Similar improvements would be observed with other tests
      which characterize the coal, for example, volatile matter, grindability,
      etc.
PAR  From the above, it will be seen that a process has been disclosed for
      improving coal by increasing the apparent magnetic susceptibility of
      pyrite and other impurities in the raw coal to a point that permits an
      economically feasible separation of a large percentage of these impurities
      from the coal by magnetic separation processes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for beneficiating coal, including reducing sulfur and ash,
      increasing calorific value, and improving other properties, which
      comprises contacting a coal which contains impurities, such as pyrite or
      marcasite or other ash-forming minerals, which are substantially liberated
      from the coal particles, with an iron carbonyl under reaction conditions
      which substantially preclude the general thermal dissociation of the
      carbonyl into iron and carbon monoxide, in order to increase the apparent
      magnetic susceptibility of the impurities so that a magnetic separation
      between the coal and impurities may be effected.
NUM  2.
PAR  2. The process of claim 1 in which the treated coal is subjected to a
      magnetic field to remove the impurities.
NUM  3.
PAR  3. The process of claim 2 in which the iron carbonyl is iron pentacarbonyl.
NUM  4.
PAR  4. The process of claim 2 in which the carbonyl is in gaseous form and is
      contacted with the coal in an inert carrier gas.
NUM  5.
PAR  5. A process for beneficiating coal associated with impurities, such as,
      pyrite and ash-producing impurities, which comprises the steps of:
PA1  a. reducing the coal and associated impurities to a fine particle size to
      liberate substantially all of the impurities from the coal;
PA1  b. placing the mixture of coal and liberated impurities in a gas treatment
      chamber;
PA1  c. contacting an inert carrier gas with iron carbonyl vapor to incorporate
      the iron carbonyl vapor in the carrier gas;
PA1  d. introducing the iron carbonyl vapor in the carrier gas into said chamber
      under conditions which preclude substantial decomposition of the iron
      carbonyl, and
PA1  e. maintaining the iron carbonyl vapor in contact with said mixture for a
      sufficient time for the undecomposed iron carbonyl to react with the
      pyrite particles.
NUM  6.
PAR  6. The process of claim 5 in which the temperature in the chamber is not in
      excess of about 250.degree.C.
NUM  7.
PAR  7. A process for beneficiating coal, including reducing sulfur and ash,
      increasing calorific value, and improving other properties, which
      comprises contacting a coal which contains impurities, such as pyrite or
      marcasite or other ash-forming minerals, which are substantially liberated
      from the coal particles, with an iron carbonyl in order to increase the
      apparent magnetic susceptibility of the impurities so that a magnetic
      separation between the coal and impurities may be effected.
NUM  8.
PAR  8. The process of claim 7 performed under conditions to preclude coating of
      the coal particles with iron from the carbonyl to make them magnetic.
NUM  9.
PAR  9. The process of claim 7 in which the treated coal is subjected to a
      magnetic field to remove the impurities.
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PAL  A device for use between the carburetor and intake manifold of an internal
      combustion engine, to produce a highly turbulent flow condition in
      fuel/air mixture, thereby causing better mixing and homogenization of the
      fuel and air, and breakup of the minute fuel droplets into even finer
      droplets. The device has a narrow outer conical ring contiguous to the
      inner surface of the manifold throat, with sides converging in the
      downstream direction. Helically twisted fins extend downwardly and
      radially inward from the outer ring, and are attached to a
      smaller-diameter inner conical ring located in the center of the manifold
      throat. Adjacent the inner ring, the fins are enlarged to form blades that
      are curved to impart a gyratory movement to part of the fuel/air mixture,
      while part of the mixture passes straight through the device without being
      given a gyratory motion. The gyrating and non-gyrating portions of
      fuel/air mixture intermix below the device to form a highly turbulent flow
      that breaks up the liquid droplets of fuel and produces intimate mixing
      and homogenization of the fuel and air.
BSUM
PAR  The present invention pertains to a device for post-atomization of the
      fuel/air mixture in the intake manifold of an internal combustion engine.
      The term "post-atomization" as used herein may be defined as a further
      breaking up of the fuel droplets entrained in the air leaving the
      carburetor, together with an intimate mixing and homogenization of the
      fuel/air mixture before it is delivered to the cylinders. This
      post-atomization of the fuel/air mixture is produced by a device that is
      mounted by means of a flange between the carburetor and intake manifold of
      the engine. The device comprises a plurality of blades of slight thickness
      directing the flow of the combustion mixture. These blades, mounted on the
      flange, are arranged in the throat of the intake manifold and are directed
      towards a circular opening situated below the flange. The said blades are
      of such a shape that they accelerate the inducted fuel/air mixture and
      impart of gyratory movement thereto.
PAR  Devices of this kind are known from U.S. Pat. No. 1,689,446. Likewise are
      known devices directing the flow of combustion mixture towards a nozzle by
      imparting thereto a gyratory movement, as in German Gebrauchsmuster
      Registration No. 7.042.641. U.S. Pat. No. 1,396,054 also describes a
      similar device. All of these aforementioned devices, however, have the
      objectionable feature of being mounted in the throat of the intake
      manifold near the butterfly valve. Due to this fact, they contribute to
      loss of pressure head of the intake system. Devices such as those
      described in German Gebrauchmuster No. 7.042.641 have an even more serious
      disadvantage in that they impart a gyratory movement to the fuel/air
      mixture before its entry into the nozzle. This gyratory movement however
      cancels itself during the passage of the mixture through the nozzle. Due
      to this fact, this kind of device contributes nothing to the
      homogenization of the mixture and ipso facto becomes of no value. The
      invention described herein is based on the technique used in the
      aforementioned devices while eliminating their known disadvantages.
PAR  The object of the present invention is to provide a device that improves
      upon the homogeneity of the fuel/air mixture delivered by the carburetor
      to the cylinders of an internal combustion engine. This problem has been
      solved according to the invention by a device 10 that directs the flow of
      the mixture into a conical ring 4 which is stamped out of a flange, and
      onto which there are mounted fins 5a  terminating in the shape of blades
      5b, each of which is joined tangentially to the nozzle 6 and extends
      radially with respect to the wall of the intake manifold.
DRWD
PAR  The preferred embodiment of the invention is described below, with
      reference to the accompanying drawings.
PAR  FIG. 1 shows a longitudinal cross-section through the device of the
      invention, showing the same clamped between the carburetor and intake
      manifold;
PAR  FIG. 2 shows a plan view of the device, looking down into the throat of the
      manifold; and
PAR  FIG. 3 is an enlarged cross-sectional view similar to FIG. 1, with arrows
      indicating the direction of flow of the fuel/air mixture.
DETD
PAR  The device of the invention is designated by the reference numeral 10 and
      includes a flange 2 that is clamped between the base of the carburetor 3
      and the connecting flange of the intake manifold 15, by means of
      connecting screws 8. A narrow rim of the flange 2 projects into the throat
      16 of the intake manifold, and is bent downwardly to form a conical ring 4
      that is contiguous to the inner surface of the manifold throat. Attached
      to the outer side of the conical ring 4 are several fins 5a  which are
      arranged in generally conical configuration, extending downwardly and
      radially inward with respect to the manifold throat. The fins 5a extend
      downstream, and at their lower ends are enlarged to form helically curved
      blades 5b, directed radially towards the wall of the intake manifold.
      These blades 5b are attached at their inner ends to a central, downwardly
      converging, conical ring 6 which forms a nozzle for the fuel/air mixture,
      the junction of the blades to the ring being somewhat tangential to the
      central opening of the ring. The direction of flow of the inducted
      fuel/air mixture is shown by arrows 7. The amount of downstream-extension
      of the fins 5a is determined by the shape of the part of the intake
      manifold joining the carburetor, and one reason for such
      downstream-extension of the fins is to provide clearance for the bottom
      edge of the butterfly valve 1 when the latter opens. The butterfly valve 1
      of the carburetor is mounted on a butterfly/shaft 11.
PAR  Reference numeral 12 (see Fig. 2) indicates the cross-sectional area of the
      segment of the intake manifold which frees the half of the butterfly valve
      pivoting upstream. The reference numeral 13 indicates the cross-sectional
      area of the corresponding segment, which restricts the corresponding half
      of the butterfly valve pivoting downstream.
PAR  The fins 5a are attached to the back side of the smooth cone 4 in order to
      avoid needlessly increasing resistance to the flow of the fuel/air mixture
      in the pivoting range of the butterfly. These fins are constructed in such
      a manner that the transverse axis of each is directed radially. Due to
      this fact, it is only the thickness of the fins which acts as resistance
      to the flow of the mixture. For this reason, the width dimension of the
      fins 5a is essentially dictated by the resistance requirements. Due to
      this fact, fins 5a contribute in a less important manner to the gyratory
      movement of the inducted mixture. The blades 5b are disposed at the level
      of the section of the central nozzle 6.
PAR  As shown in FIG. 3, the fuel/air mixture flowing from the carburetor down
      into the intake manifold has a straight-line flow, as shown by the arrows
      5. That portion of the mixture at the very center of the manifold throat
      passes vertically down through the open center of the nozzle 6, and its
      flow lines continue in a more-or-less straight line. However, that portion
      of the mixture which passes through the blades 5b has a gyratory motion
      imparted thereto by the blades, as shown by the arrows 7a. Below the
      device 10, the gyrating flow 7a mixes with the straight-through flow 7,
      producing a highly turbulent churning action, which results in breaking up
      the droplets of liquid fuel into still smaller droplets, while at the same
      time intimately mixing ahd homogenizing the mixture.
PAR  The nozzle 6 can equally well be considered as a diaphragm or as a venturi
      pipe. In the wall of the divergent part of a venturi pipe, facing
      downstream of the movement of the mixture, one can also provide openings
      serving as the entrance for mixture not passing through the venturi pipe
      itself.
PAR  A dispersion of the mixture is thus avoided and the waves of heat coming
      from the pre-heating chambers of the induction pipes remain without effect
      on the mixture thanks to the device directing the flow of the mixture.
PAR  While I have shown and described in considerable detail what I believe to
      be the preferred form of my invention, it will be understood by those
      skilled in the art that the invention is not limited to such details, but
      may take other forms within the scope of the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for post-atomization of fuel/air mixture delivered by a
      carburetor through an intake manifold to the cylinder of an internal
      combustion engine, said device including a flange mounted between the
      carburetor and the intake manifold, said flange forming a conical ring
      contiguous with the inner surface of the manifold throat, a plurality of
      fins attached at their outer ends to said conical ring and extending
      radially inward toward the center of the manifold throat, and in the
      downstream direction with respect to the flow of the fuel/air mixture, a
      circular nozzle at the center of the manifold throat and below said
      conical ring, said nozzle having a central opening, said fins at their
      inner ends being enlarged and curved to form blades that join said nozzle
      tangentially with respect to said opening, and said blades for the most
      part extending radially outward toward the wall of the intake manifold.
NUM  2.
PAR  2. A device as in claim 1, characterized in that the conical ring is
      stamped in the flange.
NUM  3.
PAR  3. A device as in claim 1, characterized in that the outer ends of the fins
      are mounted on the rear face of the conical ring.
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PAL  There is provided a process for the production of substitute natural gas
      (SNG) from carbonaceous materials such as hydrocarbon liquids including
      hydrocarbon fractions and/or solid carbonaceous fuels, by non-catalytic
      partial oxidation of the carbonaceous materials in the presence of process
      generated oxygen and high pressure steam, to form a gas stream containing
      principally hydrogen and oxides of carbon which are suitable for catalytic
      conversion to methane under conditions where sufficient waste heat is
      recovered in the form of high pressure steam to satisfy the steam
      requirements for the process and that necessary to drive compressors to
      produce oxygen from air as required by the partial oxidiation stage. A
      product gas stream containing up to 99.9% methane and less than 1 ppm
      sulfur compounds may be obtained.
PAL  There may be included as part of the process a carburetion stage following
      the partial oxidation stage where intermediate hydrocarbon fractions are
      converted in part to methane and in part to hydrogen and the oxides of
      carbon.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of our application Ser. No. 287,226 filed
      Sept. 8, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Synthetic gaseous fuels have been produced for many years. The early
      processes were based on using heavy oils or coal in relatively low
      pressure cyclic thermal-operations which produced a gas of about 500
      BTU/SCF. These processes disappeared from the United States with the
      advent of the natural gas production and transmission industry.
PAR  They also became uneconomical in other countries in the early 50's when the
      availability of low cost naphtha led to the commercial development of
      catalytic reforming of naphtha for the production of 500 BTU Town Gas.
PAR  Since the basic catalytic naphtha reforming process produces a lean gas
      high in hydrogen and carbon oxides and low in methane, considerable effort
      was expended to develop suitable process modifications to produce a gas
      high in methane so as to avoid the need for enriching with light
      hydrocarbons. These efforts successfully culminated in the development of
      the so called rich gas processes. Ultimately, catalytic naphtha reforming
      demonstrated a capability of producing a high BTU gas which was
      essentially all methane.
PAR  Aside from the limitations imposed by the required use of premium and
      ever-increasing high cost feed stocks such as naphtha, the main
      disadvantage of catalytic processes for the production of substitute
      natural gas is the requirement for operating at conditions very close to
      regions where carbon forms. The catalyst must be maintained in an active
      state to favor rapid formation of gaseous hydrocarbons. If the rate of
      reaction is reduced, tar formation and carbon producing reactions become
      competitors and result in catalyst degradation. These conditions require
      frequent changeover of the catalyst, often at most inopportune times.
PAR  Catalyst poisons such as sulfur, as well as high operating temperatures,
      also cause a loss of catalytic activity and the inevitable formation of
      carbon. Once carbon is formed and deposited on the catalyst, it catalyzes
      its own continued production, ultimately leading to loss of plant
      production.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided an essentially
      self-supporting fuels conversion process for the production of substitute
      natural gas from any carbonaceous material, mainly hydrocarbon liquids in
      the intermediate and heavy boiling range and/or solid carbonaceous fuels.
PAR  The process comprises first, partially oxidizing the carbonaceous materials
      in the presence of oxygen and steam, at elevated temperatures, generally,
      at temperatures in the range of about 1800.degree.F to about 2700.degree.F
      and at pressures ranging up to about 1200 psia to form a gas stream
      containing mainly hydrogen and the oxides of carbon with some methane and
      a minor amount of free carbon.
PAR  The oxygen employed is formed by compressing air, using high pressure steam
      generated within the process, condensing a portion of the air, separating
      the liquid from the uncondensed components of air, further separating
      additional nitrogen from the liquid by distillation and revaporizing the
      residual oxygen. Partial oxidation may be followed by a carburetion stage
      where an intermediate or heavy hydrocarbon is converted to methane,
      hydrogen and the oxides of carbon.
PAR  The gas stream so produced may be passed to a carbon separation stage where
      with cooling and the introduction of a light hydrocarbon fraction,
      combined with a heavy hydrocarbon stream, the carbon, including any
      aromatics, refractory hydrocarbons and tars, is removed, the resultant
      heavy hydrocarbon containing the removed constituents being recycled back
      to the partial oxidation stage.
PAR  Independent of whether carburetion is employed, the gas stream may, if
      desired, be treated for removal of sulfur compounds to the extent they are
      present and then passed directly to a methanation system. Treatment may
      involve, in general, first a high pressure physical or chamical absorption
      operation principally for hydrogen sulfide removal, followed by a caustic
      scrubbing stage, then treatment of the gas stream over a bed of sulfided
      cobalt-molybdenum catalyst where any residual sulfur compounds are
      converted to hydrogen sulfide, which is then removed from the gas stream
      by absorption or by reaction with zinc oxide. Alternatively, dilute
      alkaline washes may be used to hydrolyze other sulfur compounds to
      hydrogen sulfide. The net effect is to reduce the sulfur content of the
      gas stream to less than 1 ppm.
PAR  If carburetion is employed, a portion of the gas stream, after the initial
      hydrogen sulfide removal, when desired, may be passed through a water-gas
      shift conversion stage for generation of carbon dioxide and hydrogen.
      While not required, the carbon dioxide may be removed by absorption and
      all or a portion of the hydrogen may be added to the balance of the gas
      stream from initial hydrogen sulfide removal, when required, and/or all or
      a portion compressed and recycled to the carburetion stage, when required,
      to aid in preventing the intermediate hydrocarbon fraction from being
      converted to soot, aromatics, refractory hydrocarbons, and tar-like
      substances.
PAR  If carburetion is not used, a portion of the gas stream, after the initial
      hydrogen sulfide removal, where desired, may still be converted to
      hydrogen which is blended with the balance of the gas stream passing to
      the methanation stage, when required.
PAR  The mixture of gases directly from initial hydrogen sulfide removal, if
      employed, plus hydrogen, if any, may then be passed, if desired, through
      the additional residual sulfur removal operations described above.
PAR  All or a portion of the gas stream, after final sulfur removal, if
      employed, may then be mixed with steam and undergoes a water-gas shift
      reaction to achieve a carbon monoxide to carbon dioxide balance which
      prevents catalyst degradation and carbon deposition. Preferably, water-gas
      shift occurs in the presence of the wet methanation catalyst used to form
      methane. In the alternative, a known water-gas shift catalyst may be used
      in one or more separate water-gas shift reactors. Following the water-gas
      shift reaction the gas stream undergoes bulk or wet methanation without
      removal of carbon dioxide in which the principal reaction is methane
      forming as opposed to the water-gas shift reaction. The addition of
      normally excessive amounts of steam over that required to control carbon
      deposition is to be avoided as excessive steam will reduce the activity of
      the methanation catalyst and reduce its conversion efficiency by its
      effect on equilibrium.
PAR  Bulk or wet methanation occurs in one or more adiabatic or tubular wet
      methanation reactors employing a wet methanation catalyst which comprises
      from about 5 to about 35% by weight of at least one metal from the third
      period of Group VIII of the Periodic Table on a temperature stabilized,
      ceramic alumina base. Methane content may be increased to about 90% by
      volume exclusive of water and carbon dioxide. Methanation is carried out
      at a feed temperature above about 900.degree.F and over a range from about
      900.degree.F to about 1600.degree.F, at process pressures. Bulk or wet
      methanation reaction occurs at a feed temperature range from about
      900.degree. to about 1100.degree.F with exit temperatures being up to
      about 1600.degree.F. Since methane recycle is not employed for coolant
      purposes and temperatures are maximized, the exothermic heat of reaction
      is advantageously used for the production of high pressure steam for the
      process, employing the bulk methanation effluent. Steam at pressures up to
      the maximum tolerable by process equipment is generated. Steam pressures,
      therefore, may be up to 1500 psi or more and may range from about 400 to
      about 1500 psi, preferably from about 1000 to about 1500 psi. Where, as
      preferred, more than one wet methanator is employed in series, heat in the
      form of high pressure steam is extracted between each methanation stage.
      Space velocities for a feed of hydrogen, the oxides of carbon and steam
      may range from about 5,000 to about 20,000 SCFH per cu. ft. of catalyst.
PAR  The gas stream may then be passed to a cooling and water separation stage
      and optionally to a low temperature final dry methanation stage. Other
      intermediate temperature methanation stages may be employed prior to or
      following water removal. A carbon dioxide removal stage is included, if
      sufficient carbon dioxide has not been previously removed to produce an
      ultimate product where the methane content may be increased to about 99.9%
      by volume depending on product requirements.
PAR  Where carburetion is employed following partial oxidation, the gas from the
      partial oxidation reactor is fed to a carburetion reactor along with steam
      and, where desired, recycled hydrogen, and an intermediate or heavy
      boiling hydrocarbon fraction.
PAR  When employed there is formed in the carburetion stage methane, additional
      amounts of the oxides of carbon, hydrogen, and some minor amounts of
      carbon and possibly aromatics, refractory hydrocarbons and tars which may
      be separated downstream. Employing the carburetion stage increases the
      methane content of the gas stream from less than 1 to about 15% to 50% by
      volume on a dry basis.
PAR  A significant characteristic of the process is that there is always
      internally generated enough high pressure steam to meet the process needs
      and still enable the production of the oxygen for the partial oxidation
      stage without employing external power.
PAR  A significant aspect of the invention is that in the wet methanation stages
      there is employed a catalyst unique with respect to methanation. The
      catalyst as indicated consists of at least one metal of the third period
      of Group VIII of the Periodic Table, e.g. nickle deposited on a high
      purity, ceramic alumina base of a relatively low surface area and
      thermally stable over the temperature range at which methanation is to
      occur. Catalysts of this nature have been used for the reverse reaction,
      namely the reforming of methane. In the present invention they are used
      for the reverse reaction, namely methane generation and within a
      temperature range where reforming of methane has been practiced.
PAR  A peculiar feature of the catalysts is that they also promote the water-gas
      shift reaction which avoids the need for a water-gas shift reaction stage
      separate from the wet methanation stage to provide the hydrogen and oxides
      of carbon for methane production. In substance, their use enables
      water-gas shift and methanation to occur in the same wet methanation zone.
      This enables the feed of a gas of virtually any composition to the wet
      methanation zone without prior adjustments in the ratio of hydrogen to the
      oxides of carbon as the catalyst adjusts the composition of the feed to
      meet the requirements for methanation.
PAR  The relative activity of the catalysts for the methanation reaction is
      dependent upon the operating pressure and temperature and the molar ratio
      of steam to dry gas in the mixed feed gas stream entering the wet
      methanation reactor. At temperatures above about 900.degree.F, preferably
      above 1000.degree.F, the reactivity of hydrogen toward the carbon oxides,
      i.e., CO and CO.sub.2 is high which generally results in a high effective
      catalyst activity despite its low metal content. At this temperature and
      higher, the catalyst crystallite size is relatively large providing
      reduced catalyst surface upon which the methanation reaction will occur.
      However, it has been found that in the temperature range of 900.degree. to
      1500.degree.F, a reduced catalyst surface is still adequate to provide an
      effective catalytic activity.
PAR  At the elevated methanation temperatures employed, the presence of steam
      does not have a detrimental effect upon such catalysts. Where conventional
      methanation catalysts have been employed, however, it is accepted practice
      to maintain operating temperatures including exit temperature, below
      900.degree.F for fear of rapid catalyst deterioration as well as
      deactivation as by the deposition of carbon. This has previously
      necessitated the recycle of cooled reaction products to insure methanation
      at temperatures below 900.degree.F. This has been expensive since as much
      as 10 to 20 cooled volumes of product gas are recycled for temperature
      control per volume of product gas produced. As no recycle need be employed
      in practice of this invention, the power required for recycle is conserved
      and other useful power in the form of high pressure steam produced. These
      are, therefore, distinct economic advantages not heretofore available in
      the art of methane production.
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PAC  THE DRAWINGS
PAR  FIGS. 1A, B, C, D, E and F illustrate the schematic operation of the system
      showing all stages which may be employed and several schemes available for
      methane production. The dashed lines indicate optional bypassing of a
      stage which is normally used, but eliminated if the composition of the gas
      stream so permits;
PAR  FIG. 2 illustrates the oxygen generation system for the partial oxidation
      reactor;
PAR  FIGS. 3A, B, and C illustrate the operations of partial oxidation and gas
      purification carried common to schemes where carburetion is employed and
      where carburetion is eliminated;
PAR  FIGS. 4A, B and C show additional water-gas shifting and carbon dioxide
      removal operation stages which may be used whether carburetion is employed
      or is eliminated;
PAR  FIGS. 5A, B, C, D, E, F and G show the operation of the final sulfur
      removal, if necessary, and methanation systems independent of whether
      carburetion is employed or eliminated;
PAR  FIG. 6 is a ternary diagram illustrating equilibrium carbon formation
      isotherms at an operating pressure of 400 psia;
PAR  FIG. 7 is a ternary diagram illustrating equilibrium carbon formation
      isotherms at an operating pressure of 1000 psia;
PAR  FIG. 8 is a ternary diagram illustrating partial equilibrium hydrogen,
      carbon monoxide, carbon dioxide and steam carbon formation isotherms at an
      operating partial pressure at 270 psia, and
PAR  FIG. 9 is a ternary diagram illustrating partial equilibrium hydrogen,
      carbon monoxide, carbon dioxide and steam carbon formation isotherms at an
      operating partial pressure of 675 psia.
DETD
PAC  DESCRIPTION
PAR  According to the present invention, there is essentially provided a
      self-contained fuels conversion process for the production of substitute
      natural gas from any carbonaceous material to form a product containing up
      to 99.9% by volume methane on a dry basis.
PAR  The process is also carried out in a manner which avoids potential carbon
      formation and deposition on the methanation catalysts employed.
PAR  FIGS. 1A through 1F show schematically the various alternative routes
      employed in carrying out the process of this invention.
PAR  With reference to them, inherent to each, is the production of oxygen for
      use in a partial oxidation reactor, the oxygen being formed by
      liquefication of air using high pressure steam (HP Steam) generated within
      the process.
PAR  Following liquefication through compression and cooling and separation of
      the uncondensed gases, a substantial amount of the nitrogen is distilled
      from the liquid to leave relatively high purity oxygen which is then
      vaporized and compressed, again using high pressure steam generated within
      the process, to a pressure sufficient for introduction to a partial
      oxidation reactor which is also common to all process schemes. From there,
      various alternatives are possible, as will be described below.
PAR  With reference to FIG. 1A, the gas stream leaving the partial oxidation
      reactor and containing predominantly hydrogen and the oxides of carbon is
      passed to a carbon removal system, which is also common to all the
      schemes, where through water cooling and the introduction of a light
      hydrocarbon and a heavy hydrocarbon, the carbon and any aromatics,
      refractory hydrocarbons and tars present in the gas stream are removed for
      recycle back to the partial oxidation reactor.
PAR  Following this, if the gas stream contains sulfur compounds, because of
      their presence in the carbonaceous materials employed, the gas stream may
      be passed through an initial hydrogen sulfide removal stage. Where the gas
      stream does not contain significant amounts of sulfur compounds this stage
      may be bypassed. The gas stream may, if desired, be passed through a
      second sulfur removal system to reduce sulfur content to less than 1 part
      per million sulfur compounds. Again, this stage may be bypassed if the raw
      materials employed do not contain undesirable quantities of sulfur
      compounds from a product standpoint or the sulfur content of the gas
      stream is already sufficiently low.
PAR  A portion of the gas stream is then mixed with stream and passed through a
      water-gas shift reaction zone. Because the catalyst employed for wet
      methanation is also capable of promoting the water-gas shift reaction, the
      initial portion of an initial wet methanation reactor may be used for
      water-gas shift. A conventional water-gas shift catalyst may be added to
      aid in this purpose. Alternatively, a separate water-gas shift reactor may
      be employed. This is, however, unnecessary as a feature of the process of
      this invention is that catalyst employed for at least the first stage of
      wet methanation will also under operating pressures and temperatures cause
      a water shift reaction to occur simultaneous with methane formation.
      However, even if a separate water-gas shift reactor is employed, there is
      no need to remove carbon dioxide prior to methanation. This feature is
      absent in prior art processes. Where a separate water-gas shift reactor is
      employed, generally only a portion of the gas stream is fed to the
      water-gas shift reactor and the effluent mixed with the balance of the gas
      bypassing the water-gas shift reactor along with any additional steam, if
      necessary, to prevent carbon deposition and fed to the methanation reactor
      system. However, the total quantity of steam added before and after
      water-gas shift is normally limited to that required to suppress carbon
      formation as excess water can suppress methane yield.
PAR  The gas stream is then passed through a series of high temperature
      adiabatic or tubular wet methanators containing a low metal content
      methanation catalyst as hereinafter defined with intermediate cooling and
      generation of high pressure steam for use in the process, a water removal
      stage and, where desired, one or more low temperature wet or dry
      methanation stages, to increase gas stream methane content as required and
      a final carbon dioxide removal stage. While all of the steam is fed to the
      first wet methanation reactor, the feed stream of hydrogen and the oxides
      of carbon may be divided among a plurality of wet methanators in series.
PAR  With reference to FIG. 1B, there is shown an alternative scheme to FIG. 1A,
      which involves passing a portion of the gas stream after the carbon
      removal stage and the initial hydrogen sulfide removal stage, when
      required, through an initial water-gas shift reactor, then to an initial
      carbon dioxide removal stage to provide hydrogen for the methanation
      reaction. This can eliminate or reduce the size of the final carbon
      dioxide removal stage. Also, mass velocities through the bulk or wet
      methanators are reduced which result in less pressure drop.
PAR  With reference to FIG. 1C, there is introduced a carburetion stage
      following the partial oxidation reactor where intermediate or heavy
      hydrocarbons and high pressure steam are combined with the gas stream to
      form methane, additional hydrogen and oxides of carbon. The methane
      content of the gas stream, through the use of the carburetor may be
      increased to as much as 50% by volume on a dry basis. The balance of the
      scheme is identical to that described with reference to FIG. 1A.
PAR  FIG. 1D is identical to the scheme shown in FIG. 1C but adds the initial
      water-gas shift reactor and carbon dioxide removal stage for hydrogen
      enrichment of the gas stream as described in FIG. 1B, which can eliminate
      or reduce the need for a final carbon dioxide removal stage.
PAR  FIG. 1E is identical to FIG. 1D, except that after the carbon removal stage
      a portion of the gas stream is passed through a water-gas shift reactor
      and a carbon dioxide removal stage. All of the resultant hydrogen is
      compressed and returned to the carburetion stage. Again employing initial
      carbon dioxide removal can avoid or reduce the need for its removal at the
      end of the operation.
PAR  FIG. 1F is identical with FIG. 1E, except that a portion of the hydrogen is
      compressed and recycled to the carburetor and the balance combined with
      the process gas stream.
PAR  Hydrogen compression and recycle to the carburetor aids in the control of
      carbon, aromatics, refractory hydrocarbon and tar formation.
PAR  Because of initial carbon dioxide removal, it may again, in this instance,
      be permissible to avoid or reduce the size of the final carbon dioxide
      removal stage. Again, as to all schemes a dry methanator is optionally
      employed, depending upon the desired methane content of the product gas
      stream.
PAR  By the practice of the various schemes described above, there may be
      produced a gas stream containing on a dry basis, as high as 99.9% methane.
PAC  DEFINITIONS
PAR  As used herein, by "carbonaceous materials" is meant any solid or liquid
      hydrocarbon source generally available at low cost. It may be coal,
      lignite, peat, a slurry of coal, a whole crude, the heavy ends of a
      distillation operation, propane deasphalting bottoms, visbreaking tars,
      crude hydrocarbons formed from the pyrolysis of municipal waste, middle
      distillates and the like.
PAR  By the term "heavy hydrocarbon" there is meant generally the heavy ends or
      bottoms of a distillation operation and includes tars, asphalts, residual
      oils and reduced crudes, as well as aromatics and refractory hydrocarbons
      and the like.
PAR  By the term "intermediate hydrocarbon," there is generally meant what would
      be termed a middle cut distillate from a fractional distillation operation
      or a purchased fraction of equivalent boiling range. While no wise
      limiting, examples of intermediate hydrocarbons include naphthas,
      gasolines, kerosenes, gas oils and the like. This also includes aromatics
      and refractory hydrocarbons.
PAR  By the term "light hydrocarbon" is meant what would be termed the upper
      fraction of a distillation operation and includes such compounds as
      propane and butane.
PAR  With respect to the heavy hydrocarbons and intermediate hydrocarbons, they
      generally contain free or bound sulfur which during the partial oxidation
      and/or carburetion reactions are converted to hydrogen sulfide, carbonyl
      sulfide, carbon disulfide and the like. This generally makes the use of
      one or more sulfur removal stages necessary for product quality.
PAR  By the term "high pressure steam" there is meant steam at as high a
      pressure as is consonant with equipment for its use. By present
      technological standards the steam is employed at a pressure up to about
      1500 psi. Steam pressures can, therefore, generally vary from about 500
      psi or less to about 1500 psi or more, more usually from about 1000 to
      about 1500 psi or more.
PAR  By the term "methanation catalyst" there is meant a metal of the third
      period of Group VIII as defined by the Periodic Table of Mendeleef
      supported on an alumina, silica, or alumina-silica support.
PAR  Of these, the metals cobalt and nickel are preferred, with nickel
      particularly preferred.
PAR  By the term "low metal content wet methanation catalyst," there is meant a
      catalyst containing from about 5 to about 35% by weight of the metal in
      the free metal form contained on a thermally stable ceramic alumina
      support. Thermal stability is induced by heat treating the support by
      calcining and the like at a temperature above that encountered in wet
      methanation, e.g. above 1600.degree.F prior to depositing the metal on the
      support. The preferred supports are of relatively low surface area and the
      alumina content is preferably maximized to prevent other constituents such
      as silica from being volatilized and contaminating heat exchange surfaces.
      Catalysts with the preferred supports are known in the art for the
      reforming of methane and other hydrocarbons.
PAR  By the term "high metal content methanation catalyst," there is meant a
      methanation catalyst containing more than 30 weight percent of the metal
      in the free metal form on a conventional, silica, alumina or
      silica-alumina base.
PAR  By the term "wet methanation" there is meant the inclusion of low or high
      pressure steam along with the mixture of gases containing oxides of carbon
      and hydrogen which are to be methanated.
PAR  The ensuing is a detailed description of the process of this invention
      including a discussion of the various parameters involved to achieve
      efficient, low cost conversion of carbonaceous materials to methane.
PAC  OXYGEN PRODUCTION STAGE
PAR  The first aspect of every scheme employed in the process of this invention
      is the production of oxygen for use in the partial oxidation reactor.
PAR  With reference now to FIG. 2 high pressure steam (H.P. Steam) generated
      within the process is used to drive steam turbine 10 which, in turn,
      drives air compressor 12, preferably a centrifugal compressor, to compress
      the air to the point where a portion is liquefied upon cooling, the
      balance being vented. The compressed air is then passed to air separation
      unit 14 where it is cooled and condensed and the non-condensible vent
      gases separated. The nitrogen and other components of the air stream along
      with some oxygen are distilled off from the liquid and also vented to the
      atmosphere. The product oxygen leaves air separator 14 at approximately
      atmospheric pressure and in a vapor state and may be re-compressed to the
      pressure required by the partial oxidation reactor.
PAR  There is again employed steam turbine 16, again using high pressure steam
      generated within the process to drive compressor 18, preferably a
      centrifugal compressor, to compress the oxygen required for the partial
      oxidation reaction.
PAC  PARTIAL OXIDATION-CARBURETION OPERATIONS
PAR  With reference now to FIGS. 3A, B and C, oxygen from line 20, high pressure
      steam (H.P. Steam) from the process, the carbonaceous materials including
      heavy hydrocarbons containing carbon, tars, aromatics, refractory
      hydrocarbons and the like from fractionator 22 passing along line 24
      proceed to partial oxidation reactor 26.
PAR  Reaction in the partial oxidation reactor 26 is carried out at a
      temperature from about 1800.degree.F to about 2700.degree.F at pressures
      ranging up to about 1200 psia or more, typically from about 20 to about
      1200 psia or more.
PAR  The effluent from the partial oxidation reaction 26 comprises a stream
      which generally contains, on a dry basis, about 45  percent hydrogen,
      about 55 percent of the oxides of carbon, the predominant constituent
      being carbon monoxide, some methane and traces of carbon.
PAR  The effluent may then be passed through carburetor 28 where there is added
      steam, preferably high pressure steam, an intermediate hydrocarbon or any
      other heavier hydrocarbon suitable for carburetion, whose selection is
      made normally depending upon the cost and supply of carbonaceous
      materials.
PAR  There may be added high pressure steam generated within the process and,
      where desired, recycled hydrogen generated downstream in line 30 which
      aids in preventing the hydrocarbon from being converted to soot,
      aromatics, refractory hydrocarbons, and tar-like substances.
PAR  Reaction in the carburetor occurs at about partial oxidation reaction
      operating pressures and substantially lower temperatures, normally at some
      temperature above about 1500.degree.F. There is formed in carburetor 28
      more oxides of carbon and hydrogen, with a substantial portion of the
      intermediate hydrocarbon introduced being converted to methane to produce
      a gas stream containing about 15% to about 50% by volume methane on a dry
      basis.
PAR  The gas stream then passes through waste heat boiler 30 to generate high
      pressure steam for use in the process.
PAR  If carburetor section 28 is eliminated the effluent from the partial
      oxidation reactor 26 is passed directly to waste heat boiler 30.
PAR  The effluent from waste heat boiler 30 in either event is sent through line
      32 to quench scrubber 34 along with a light hydrocarbon fraction in line
      36 and is quenched by the water cooled in air cooler 38 which is delivered
      to quench scrubber 34 at temperatures close to ambient.
PAR  In scrubber 34, three important functions are accomplished. First, the
      light hydrocarbon extracts any carbon, tars, refractory hydrocarbons and
      aromatics from the gas stream, while water is used to cool the gas stream
      and to cool and condense the light hydrocarbon. There also occurs a phase
      separation wherein the water employed is recirculated through the air
      cooler or is passed to waste, and condensed light hydrocarbons, carbon,
      tars, refractory hydrocarbons, and aromatics formed are passed to
      fractionator 22 along with a heavy hydrocarbon, and the carbon free gas
      stream is passed by line 40 to hydrogen sulfide absorber 58.
PAR  Quench scrubber 34 operates at substantially the same pressure as the
      partial oxidation reactor 26 with some losses occurring because of the
      pressure drops in the system but at a much lower temperature.
PAR  The gas stream leaving quench-scrubber 34 in line 40 may contain up to 50%
      by volume methane, depending upon whether carburetor 28 is, or is not,
      employed, but may contain, depending upon the nature of the carbonaceous
      feed stocks, hydrogen sulfide, carbon disulfide and carbonyl sulfide as
      impurities.
PAR  The light hydrocarbon containing carbon, tars, refractory hydrocarbons and
      aromatics is passed by line 42 to fractionator 22 where there is, again,
      added makeup light hydrocarbon and the heavy hydrocarbon, either purchased
      or obtained by fractionation of a crude hydrocarbon, the heavy ends of
      which provide the feed to partial oxidation reactor 26.
PAR  Fractionator 22 is generally operated at a relatively low pressure in order
      of 30 psia. The heavier fraction containing carbon, tars, refractory
      hydrocarbons and aromatics is taken off at the bottom. A side stream is
      passed by line 44 through reboiler heater 46 for recycle back to
      fractionator 22. The bottoms are returned by line 24 to the partial
      oxidation reactor 26 for reconversion to the oxides of carbon and
      hydrogen.
PAR  The light hydrocarbon fraction is passed by line 50 through air cooled
      condenser 52 to separator 54 where a portion of the condensate is returned
      along line 36 to quench scrubber 34 and the balance recycled along line 56
      to reflux fractionator 22.
PAR  As indicated, the carbon free gas stream which may contain up to about 50
      percent methane, depending on whether carburetion is employed, or only a
      minor amount of methane if carburetion is not employed, is passed, if
      necessary, to a first hydrogen sulfide absorber 58 by line 40 where some
      portion of hydrogen sulfide present is separated by conventional, physical
      or chemical absorbents for hydrogen sulfide. This step may be eliminated
      if the feed stock is relatively sulfur free.
PAR  Whether or not carburetion is employed the gas stream, after passing
      through hydrogen sulfide absorber 58, may pass directly by line 60 to
      caustic scrubber 60 of FIG. 5A.
PAC  Intermediate Operations for the Purpose of  Producing Hydrogen for
      Carburetion or Methanation
PAR  With reference now to FIGS. 4A, B and C. where carburetion with hydrogen
      recycle is employed or hydrogen is required for methanation, all or part
      of the gas stream in line 60 may be treated in water-gas shift reactor 64,
      with the option of splitting the gas stream and passing portions along
      bypass 60 direct to caustic scrubber 62, shown in FIG. 5A, and the balance
      into water-gas shift reactor 64. There, the gas after being combined with
      high pressure process steam (H.P. Steam), is passed through startup heater
      66 and reacted at elevated temperatures at pressures proportionate to that
      used in partial oxidation reactor 26, but reduced by normal pressure
      reductions due to passage through the process system.
PAR  The effluent from water-gas shift reactor 64 is passed by line 68 to low
      pressure steam generator 70, then to separator 72, air cooler 74 and to
      separator 76 on to high pressure carbon dioxide absorber 80 by line 78,
      where excess carbon dioxide is discarded. Employment of carbon dioxide
      removal at this stage can eliminate or reduce the need for carbon dioxide
      removal at the end of the process.
PAR  Following carbon dioxide separation, the hydrogen in the gas stream may be
      passed all or in part by line 82 to bypass stream 60 for passage with the
      main gas stream to the caustic scrubber 62.
PAR  The balance, if desired, is compressed in compressor 84, driven by high
      pressure steam turbine 86 using process generated steam (H.P. Steam) for
      recycle back to carburetor 28 for recombination with the main gas stream.
PAR  It is equally feasible, however, to bypass the initial water-gas shift
      reactor, carbon dioxide removal stage and hydrogen compression stage.
PAC  Methanation Operations
PAR  With reference now to FIGS. 5A, B, C, D, E, and F, as previously indicated,
      the gas stream prior to going to the methanation operation, independent of
      whether carburetion is employed, may be passed through a caustic scrubber
      62 or a similar sulfur removal system where hydrogen sulfide, carbonyl
      sulfide, carbon disulfide remaining in the gas stream are reduced to a
      concentration of less than about 10 parts per million, again, based on a
      dry basis.
PAR  The caustic scrubber 62 is operated at essentially the same pressure as in
      partial oxidation reactor 26 with some losses occurring because of
      pressure drops in equipment, generally using a solution having a caustic
      concentration of 20% - 40% by weight. A prewash with a dilute caustic of
      about 3 weight percent can be used to hydrolyze carbonyl sulfide or carbon
      disulfide.
PAR  The gas stream from the caustic scrubber 62 is passed by line 88 through
      preheater 90 and returned by line 92 and start up heater 94 to a bed of
      sulfided cobalt-molybdenum catalyst 96 or its equivalent, to convert
      whatever sulfur compounds remain to hydrogen sulfide. The gas stream
      containing hydrogen sulfide is then passed by line 98 to one or more beds
      100 where the hydrogen sulfide present is absorbed, the preferred media
      employed being zinc oxide which is operative in the limited amount of
      moisture present in the gas system. This reduces the sulfur content of the
      gas stream to less than about 1 ppm. Where sulfur is already present as
      hydrogen sulfide, the cobalt-molybdenum catalyst may be omitted.
PAR  The gas stream, indpendent of its methane content, is then passed through a
      plurality of bulk, wet methanation zones containing a low metal content
      wet methanation catalyst where in the presence of added water as steam,
      the methane content is increased to that desired for the end product. In
      at least the first wet methanation zone a water-gas shift reaction occurs,
      as is evidenced by an increase in hydrogen and carbon dioxide and a
      reduction in water and carbon monoxide and a rapid temperature rise. There
      is also an increase in the methane content of the gas stream.
PAR  While not required, high pressure process steam may be added to a portion
      of the gas stream and the gas stream passed by line 102, through auxiliary
      preheater 104, returned by line 106 to start up heater 108, and passed by
      line 110 to water-gas shift reactor 112. The balance of the gas stream
      bypasses the water-gas shift reactor. In water-gas shift reactor 112 some
      of the carbon monoxide is converted to carbon dioxide. Reaction is carried
      out at temperatures from about 600.degree.F to about 1100.degree.F.
PAR  From water-gas shift reactor 112, which typically employs a conventional
      chromium promoted iron oxide catalyst, the gas stream may be passed
      through water-gas reactor waste heat boiler 114 or bypass it. Hot and cold
      water-gas shift effluents and unshifted gases are blended and pass through
      a first wet methanator reactor 116 where there is employed a low metal
      content wet methanation catalyst, preferably a low nickel content
      catalyst.
PAR  Equally convenient is to combine water-gas shift with methanation as it has
      been found that the low metal content wet methanation catalysts will serve
      to the extent required for methanation, to shift the gas stream to provide
      the oxides of carbon and hydrogen required for methane formation while
      avoiding carbon deposition. Water-gas shift in the wet methanation reactor
      will occur simultaneous with methanation, i.e., methane formation at
      temperatures from about 900.degree. to about 1400.degree.F.
PAR  It is well known that high nickel content catalysts are used to promote
      methanation and that low metal content catalysts on a thermally stabilized
      ceramic alumina base are used to promote reforming, namely, the conversion
      of methane by the reaction:
EQU  (n + m)CH.sub.4 + (2n + m)H.sub.2) .revreaction. (4n + 3m)H.sub.2 +
      nCO.sub.2 + mCO                                           (1)
PAR  In the process of this invention the low nickel content reforming type
      catalysts cause, at the temperatures and pressures employed for the
      reverse reaction, namely, the formation of methane by the reaction:
EQU  (4n + 3m)H.sub.2 + nCO.sub.2 + mCO .revreaction. (n + m)CH.sub.4 + (2n +
      m)H.sub.2 O                                               (2)
PAR  The use of a low nickel content reforming type catalyst for methanation
      achieves an important process function.
PAR  It has already been noted that high nickel content catalysts are used in
      methanation. However, high nickel content catalysts are sensitive to steam
      and high temperatures and rapidly degrade. Excessive steam in the gases
      being methanated results in rapid deterioration of such catalysts and
      impractically short periods of life during which the catalysts are
      effective. In the absence of steam, the large heat release accompanying
      the methanation of more than moderate amounts of the carbon oxides on such
      catalysts results in temperatures which place the system in a region where
      carbon laydown by reduction of carbon oxides by hydrogen is favored both
      kinetically and by equilibrium.
PAR  The low metal content wet methanation catalysts are not sensitive to steam
      or high temperatures. Therefore, they may be used to methanate relatively
      large concentrations of carbon oxides. Pressure, temperature and steam
      content, of course, must be adjusted so as to produce the desired product,
      namely methane. By proper adjustment of pressure, temperature and steam
      content, the reforming reaction is made to reverse itself producing
      substantial concentrations of the desired product methane. In addition the
      catalysts have been found to cause a water gas shift reaction at inlet
      sections of the wet methanation zone. As a consequence, no control need be
      exercised over the composition of the feed to the wet methanation
      reaction, such as controlling the ratio of hydrogen to carbon monoxide.
      This is a material deviation from prior art practices.
PAR  Independent of feed temperature which may range from about 900.degree. to
      about 1100.degree.F, methanation is carried out in a wet methanation unit
      such that exit temperatures exceed 900.degree.F and are typically from
      about 1000.degree. to 1600.degree.F. High temperature methanation is not
      only desirable but a positive advantage. First of all high temperature
      methanation, i.e., where exit temperatures from a wet methanation exceed
      900.degree.F diminish the criticality of controlling carbon deposition.
      This is possible without catalyst degradation because of the use of the
      low metal content wet methanation catalysts. Prior art methanation
      catalysts having materially different supports quickly deteriorate at
      reaction temperatures above 900.degree.F.
PAR  Secondly, because temperature is of little or no concern with respect to
      catalyst deterioration, methanation temperature can be maximized. This
      avoids the need for product recycle which is costly. More importantly it
      permits the production of high pressure steam in quantities sufficient for
      process needs without the resort to other power sources.
PAR  In all, all of the operating impediments inherent to all prior art
      processes for methane production are in substance discarded. The aim is
      maximized methane production per stage with only that control over
      temperature which is required for chemical equilibria.
PAR  Since methane recycle for temperature control is avoided, all of the
      exothermic heat generated in a wet methanation stage is made available for
      high pressure steam production.
PAR  For an individual wet methanation unit space velocities will generally vary
      from about 5,000 to about 20,000 SCFH per unit volume of low metal
      content, wet methanation catalyst.
PAR  As indicated, following water-gas shift wet methanation reactor 112, if
      used, the gas stream may pass to waste heat boiler 114, then to a first
      wet methanator 116 where it is brought into contact with the selected low
      metal content wet methanation catalyst. There, the methane content of the
      gas stream, independent of its initial content, is increased by
      methanation at the temperatures described above at pressures generally
      ranging up to about 1200 psia, typically from about 20 psia to about 1200
      psia or more.
PAR  From there the gas stream is passed through waste heat boiler and
      associated steam drum 118, to generate high pressure steam (H.P. Steam)
      for use in the process and then by line 120 to one or more additional wet
      methanators 112 where, in contact with a low metal content wet methanation
      catalyst, the methane content may be finally increased up to about 90% by
      volume on carbon dioxide and water free basis again at the temperatures
      and pressures mentioned above. The gas stream is then finally passed to
      waste heat boiler and associated steam drum 124 to produce high pressure
      steam for use in the process.
PAR  Bypasses 160, 162, 164, 166 and 168 may be used to assist in controlling
      temperatures and gas stream compositions within the wet methanation
      operations.
PAR  In the wet methanation operations shown in FIGS. 5C and 5D and as described
      in the preceding paragraphs, a series of adiabatic reactors and tubular
      heat exchangers are used to conduct the reactions and to recover heat for
      feed gas preheat and high pressure steam generation. The wet methanation
      catalyst can be installed either internal to or external to the tubes of a
      tubular reactor. On the opposite side of the heat transfer surface, cold
      feed gas or boiler feed water may be used to remove heat or reaction.
      Since the heat transfer coefficient exhibited by gases is considerably
      smaller than that exhibited by boiling water, the feed gas may be used to
      cool the reaction mass at the inlet to the catalyst to avoid cooling the
      reaction mass at an excessive rate and placing it in the carbon producing
      region. If necessary, two concentric tubes may be used with the feed gas
      in the annulus. With this arrangement, all reaction heat would be rejected
      to the feed gas which would in turn reject only that portion of the heat
      not necessary for preheat to the boiler feed water. Alternatively, all or
      any number of the functions exhibited by these individual items of
      equipment can be incorporated into a common piece of equipment or into a
      series of fluidized bed reactors.
PAR  Following wet methanation the gas stream is then passed by line 126 through
      high pressure boiler feed water preheater 128 to water separator 130 and
      then to low pressure steam waste heat boiler 132, where additional water
      is condensed from the gas stream and then to a second water separator 134,
      air cooler 136 and by line 138 to final water separator 140. A methanation
      stage operated at a reduced feed temperature may be employed prior to
      water removal following bulk or wet methanation.
PAR  Because of the several cooling and water condensation operations with
      intermediate water separation and when dry methanation is employed to
      maximize methane content of the gas stream, the gas stream is again heated
      to reaction temperature by passage through preheater 142 and start up
      heater 144. The stream is then passed to a final high pressure dry
      methanation reactor 146, where the methane content of the gas stream is
      increased to about 95% - 99.9% by volume on a dry basis after carbon
      dioxide removal. Again, conversion occurs in the presence of a
      conventional high metal content methanation catalyst preferably a high
      nickel content methanation catalyst. Because of the thermal instability of
      the high nickel content methanation catalyst temperature of the catalyst
      bed should not exceed 900.degree.F, as this will result in catalyst
      deactivation.
PAR  The effluent from the final dry stage methanation reactor 146 is passed by
      line 148 to air cooler 150, then to separator 152 for final separation of
      any water present and passed through a carbon dioxide absorption stage 154
      to remove the carbon dioxide left in the gas stream. The product leaving
      has a methane content of 95% - 99.9% by volume and contains less than 1
      part per million sulfur. Where initial carbon dioxide removal is employed,
      the final carbon dioxide removal stage may be reduced or eliminated.
PAR  Water-gas shift reactor 112 or the functional equivalent of water-gas shift
      reactor 112 at the inlet end of wet methanation serves an important
      function in the system. If the gas stream entering the wet methanators
      contains only carbon dioxide, oxidation of the metal on the catalyst may
      occur deactivating the catalyst.
PAR  On the other hand, if carbon dioxide is absent, carbon deposition on the
      catalyst is most likely to occur, also deactivating the catalyst.
PAR  Therefore, water-gas shift maintains a balance between the carbon monoxide
      and carbon dioxide content of the gas stream to preclude the above
      phenomena. Generally, of the oxides of carbon present in the gas stream
      alone the ratio of carbon dioxide to carbon monoxide is normally between
      about 1:3 to about 3:1.
PAR  Water-gas shift may also, if desired, be accomplished by the use of a layer
      of a known water-gas shift catalyst above each bed of the wet methanation
      catalyst to maintain the carbon monoxide to carbon dioxide relationship
      such that the supported metal of the methanation catalyst will not oxidize
      or to preclude conditions favoring carbon deposition.
PAC  Carbon Elimination
PAR  In any operation relating to the conversion of carbon containing compounds
      in the presence of hydrogen and oxygen such as carburetion or the
      methanation reactions, carbon formation has always presented a problem.
PAR  This is particularly true where catalysts are employed since carbon
      formation and deposition onto a catalyst will promote further carbon
      deposition leading to termination of catalyst activity.
PAR  Chemical equilibrium for a carbon-hydrogen-oxygen system at first presented
      a dismaying degree of complexity. However, upon considering the reactions
      which can occur for such a system, a fundamental simplification of system
      was evolved which would predict the operating conditions where no carbon
      formation would occur.
PAR  This resulted from a recognition that at true equilibrium, the system could
      be described in terms of hydrogen, methane carbon monoxide, carbon
      dioxide, steam and carbon, regardless of the sources of the three
      elements. All other species when present being at concentrations which
      could be essentially ignored.
PAR  Since the number of elements could be reduced to three, namely carbon,
      hydrogen and oxygen, analysis of gasification raw materials, reaction
      masses, gasification products and mixtures thereof can be represented as
      unique points on a ternary diagram of the three elements for at least the
      reactions occurring within the process of this invention.
PAR  The establishment of these points, however, can only be determined by an
      iterative convergence method involving the solution of a set of
      simultaneous non-linear equations.
PAR  While no wise limiting, one set is set forth below.
PAR  To illustrate the results achieved by the solution of these equations there
      is provided FIGS. 6, 7, 8 and 9.
PAR  FIG. 6 represents carbon formation equilibrium isotherms at various
      operating temperatures shown in the ternary diagrams, for an operating
      pressure of 400 psia.
PAR  FIG. 7 represents carbon formation equilibrium isotherms but for an
      operating pressure of 1000 psia.
PAR  The axes represent the fractions of the atoms present in the total reaction
      mass which are hydrogen, oxygen and carbon. As to each, with reference to
      H--O axis, at or below each line or curve shown, carbon will not form for
      the pressure and temperature conditions shown. Above each line or curve,
      carbon formation can be predicted to occur.
PAR  The series of equations to be solved are as follows:
EQU  (CH.sub.4) + (CO) + (CO.sub.2) + (C) = (C*)                (3)
EQU  2 (H.sub.2) + 4(CH.sub.4) + 2 (H.sub.2 O) = (H*)           (4)
EQU  (CO) + 2(CO.sub.2) + (H.sub.2 O) = (O*)                    (5)
      ##EQU1##
EQU   (TOT) = (H.sub.2) + (CH.sub.4) + (CO) + (CO.sub.2) + (H.sub.2 O) (12)
EQU  (C) = 0                                                    (13) wherein
PA1  (C*) = total atoms carbon
PA1  (H*) = total atoms hydrogen
PA1  (O*) = total atoms oxygen
PA1  (H.sub.2) = moles of hydrogen
PA1  (CH.sub.4) = moles of methane
PA1  (CO) = moles of carbon monoxide
PA1  (CO.sub.2) = moles of carbon dioxide
PA1  (H.sub.2 O) = moles of water
PA1  (TOT) = total moles of gas
PA1  (C) = atoms of solid carbon
PA1  K.sub.1 = reforming equilibrium constant for conversion of CH.sub.4 to
      H.sub.2 and CO
PA1  A - k.sub.1 = constant term of equation for reforming equilibrium constant
      for conversion of CH.sub.4 to H.sub.2 and CO
PA1  B - k.sub.1 = slope of equation for reforming equilibrium constant for
      conversion of CH.sub.4 to H.sub.2 and CO
PA1  K.sub.2 = water gas shift equilibrium constant for conversion of CO to
      H.sub.2
PA1  A - k.sub.2 = constant term of equation for water gas shift equilibrium
      constant for conversion of CO to H.sub.2
PA1  B - k.sub.2 = slope of equation for water gas shift equilibrium constant
      for conversion of CO to H.sub.2
PA1  K.sub.3 = equilibrium constant for carbon monoxide autoreduction to C
PA1  A - k.sub.3 = constant term of equation for equilibrium constant for carbon
      monoxide autoreduction to C
PA1  B - k.sub.3 = slope of equation for equilibrium constant for carbon
      monoxide autoreduction to C
PA1  .degree.r = degrees Rankine
PA1  (ATM) = system pressure-atmospheres
PAR  The mathematical system consists of 21 variables and 11 equations. Ten
      variables must be specified to make the system determinate. Six of the
      variables are the constants of the equations for equilibrium constants and
      fixed. Four more variables remain to be set. If the amounts of the three
      elements and the system pressure are set, then solution of the equations
      provides the temperature at which solid carbon will be deposited.
PAR  Alternatively, if the system temperature is specified, then a solution of
      the equations leads to the pressure at which solid carbon begins to
      deposit.
PAR  Finally, by specifying system pressure and temperature and two of the three
      elements, the equations yield the quantity of the third element at which
      carbon deposition is incipient.
PAR  The preceding equations include all significant species and reactions. The
      conditions to which they pertain are those of complete equilibrium,
      corresponding to the condition of a gas leaving a reaction zone. The gas
      stream entering a reaction zone is, however, removed from equilibrium. The
      only reactions during methanation which could possibly lead to the
      production of carbon are the decomposition of methane, the autoreduction
      of carbon monoxide and/or the reductions of carbon monoxide and/or carbon
      dioxide by hydrogen. Since thermodynamic potentials favor the formation of
      methane during methanation rather than its reaction, the production of
      carbon from methane need not be considered.
PAR  If the formation of carbon from methane is not removed from consideration,
      then application of the principles of chemical equilibrium invariably
      leads to the same set of equations set forth above which is primarily
      concerned with gas leaving a reaction zone. Removing the formation of
      carbon from methane leads to the following principles.
PAR  Dependent upon the composition of the gas entering a methanation reaction
      zone, each of the three remaining carbon forming reactions may exhibit
      different thermodynamic potentials for carbon formation, each being
      expressed as the temperature at which carbon begins to form by that
      particular reaction. In general, the thermodynamic potential for carbon
      formation for a gas entering a methanation reaction zone is equal to the
      greatest of the carbon formation temperatures for the three remaining
      carbon forming reactions. If the temperature of a gas within a methanation
      reaction zone is greater than the thermodynamic potential for carbon
      formation for the gas, then carbon will not form. If the temperature of a
      gas within a methanation reaction zone is less than the thermodynamic
      potential for carbon formation for the gas, then carbon will be expected
      to form. The thermodynamic potential for carbon formation of a gas within
      a methanation reaction zone is independent of its analysis by elements and
      determined solely by its molecular composition.
PAR  The foregoing provides preliminary information into the conditions
      governing carbon formation at the inlet or within a methanation reaction
      zone. It does not exhaust all possibilities.
PAR  As the composition of a gas is adjusted by the water-gas reaction, the
      three remaining carbon forming reactions will show increasing or
      decreasing thermodynamic potentials for carbon formation.
PAR  If the composition of a gas is properly adjusted by the water gas-shift
      reaction before entering a methanation reaction such that the water
      gas-shift equilibrium temperature for the adjusted composition is equal to
      the thermodynamic potential for carbon formation by any one of the three
      remaining carbon forming reactions for the adjusted gas composition, the
      various mathematical dependencies require that the other two remaining
      carbon forming reactions will show thermodynamic potentials for carbon
      formation identically equal to the one initially chosen. From these
      relationships the gas stream can be adjusted in composition to exhibit a
      minimum thermodynamic potential for carbon formation. Such a gas stream
      may be referred to as being in partial equilibrium. Its molecular
      composition and carbon formation thermodynamic potential temperature are a
      function of its analysis by elements and operating pressures.
PAR  FIG. 8 represents carbon formation partial equilibrium isotherms at various
      operating temperatures shown in the ternary diagrams, for a partial
      pressure of hydrogen, carbon monoxide, carbon dioxide and steam of 270
      psia.
PAR  FIG. 9 represents carbon formation partial equilibrium isotherms at various
      operating temperatures shown in the ternary diagrams, but for a partial
      pressure of hydrogen, carbon monoxide, carbon dioxide and steam of 675
      psia.
PAR  The axes represent the fractions of the atoms present in the reaction mass,
      other than those in methane, which are hydrogen, oxygen and carbon.
PAR  As to each, if the composition of the gas entering the methanation reaction
      zone is changed by a water-gas shift reaction to correspond to a water-gas
      shift equilibrium for the pressure and temperature conditions shown, then
      the resultant gas will show a minimum thermodynamic potential for carbon
      formation. If the resultant gas is entered into a methanation reaction
      zone operating at a temperature higher than shown, carbon will not form.
      If the resultant gas is entered into a methanation reaction zone operating
      at a temperature lower than that shown, then carbon formation can be
      expected to occur. If the composition of the gas is not adjusted to
      correspond to a water-gas shift equilibrium at the temperature and
      pressure shown, then the resultant gas will show a higher thermodynamic
      potential for carbon formation.
PAR  The series of equations to be solved consists of the original set of
      Equations with Equations 6 and 7 being removed from the system. The
      variables CH.sub.4, K.sub.1, A - K.sub.1 and B - K.sub.1 are likewise
      removed from the system. (ATM) is redefined as the sum of the partial
      pressures of hydrogen, carbon monoxide, carbon dioxide and steam.
PAR  The mathematical system is now reduced to 17 variables and nine equations
      leaving eight variables to be specified. Four of these are the constants
      of the equations for the equilibrium constants which leaves four more to
      be specified from among pressure, temperature and the composition
      variables as before.
PAR  The systems of mathematical equations presented are nonlinear which
      prevents their solution by any of the standard methods for solving sets of
      simultaneous linear equations. They are, however, of a form which permits
      an iterative technique to be used for their solution and makes use of a
      digital computer desirable.
PAR  However, the ready availability of digital computers in the chemical
      industry today makes their solution easy.
PAR  In the practice of the process of this invention, methanation is to be
      conducted, for a given pressure, at a temperature below the temperature at
      which carbon will occur at total equilibrium and above the temperature at
      which carbon will occur at partial equilibrium.
PAR  While in the practice of the process of this invention, dry methanation has
      been shown to precede, when employed, final carbon dioxide removal, it is
      equally expedient to have dry methanation follow final carbon dioxide
      removal.
PAR  Although it has been shown that the hydrogen requirements of the carburetor
      zone, when used, can be provided by the process gas stream there may be
      employed in the alternative an external source of hydrogen as provided,
      for instance, by steam reforming of a portion of the substitute natural
      gas produced or some intermediate gas stream.
PAR  In addition, the partial oxidation reactor may be supplanted by any number
      of equivalent units designed for the gasification of carbonaceous
      materials.
PAR  In the practice of this invention advantages are afforded to the art by the
      use of the low metal content wet methanation catalyst in which the support
      is a thermally stabilized, high purity ceramic alumina.
PAR  The unique feature is that the catalysts which have heretofore been used
      for methane reforming have been shown to be, at temperatures above
      900.degree.F, fully functional for the reverse reaction namely methane
      formation.
PAR  As a consequence it is no longer necessary to limit methanation to
      temperatures below 900.degree.F, as with prior catalysts whose supports
      are thermally unstable above this temperature. The catalysts will not
      rapidly fuse or crumble leading to deactivation and/or shutdown due to
      high bed impedance to gas flow. The ability to operate at higher than
      usual methanation temperatures avoids the cost of methane recycle which is
      a characteristic of prior art processes.
PAR  The ability to operate at high temperatures avoids carbon deposition and at
      the same time permits the use of high temperatures to generate high
      pressure steam in which the process is self sufficient.
PAR  Because the low metal content wet methanation catalysts are also capable of
      causing the water-gas shift reaction to occur, a feed of virtually any
      composition to the wet methanators can be employed provided there are
      present constituents to provide the hydrogen and carbon monoxide required
      for methane formation. This avoids the need for a separate water-gas shift
      reactor and the need to remove carbon dioxide from the feed gas stream.
      Prior art processes, in contrast, require a separate water-gas shift with
      carbon dioxide removal to provide a molar ratio of hydrogen to carbon
      monoxide of 3 to 1 to enable methanation to proceed properly.
PAR  In summary, the process in addition to being self sufficient with respect
      to energy requirements and therefore operable at lower costs is extremely
      tolerant to a wide variety of conditions which would otherwise upset a
      conventional methanation operation.
PAC  EXAMPLES AND CONTROLS
PAC  Controls A, B and C and Example 1
PAR  Using oxygen generated by process steam there is formed an initial gas
      stream from oxygen, steam and a heavy hydrocarbon feed. The gas stream is
      fed through a carburetion zone where methane content is increased. The
      variant in the following text is the carbon dioxide-carbon monoxide ratio
      and the longevity of a commercially available low nickel content reforming
      catalyst used for methanation.
PAR  For the methanation reaction there is employed a tubular reactor having a
      L/D ratio of 8.7 surrounded by a modulated heat media capable of supplying
      heat for initiation of the methanation reaction and yet able to extract
      the exothermic heat of reaction. In each instance the gases enter the
      methanation reaction zone at a temperature of about 900.degree.F and at a
      pressure of 300 psia. The methanation reaction is maintained at a
      controlled temperature of about 1100.degree.F.
PAC  Control A
PAR  The first feed has the following composition in which the carbon monoxide
      to carbon dioxide ratio is 9:1.
TBL  ______________________________________                                    
            Component                                                          
                    Volume %                                                   
     ______________________________________                                    
            H.sub.2 34.5                                                       
            CH.sub.4                                                           
                    14.1                                                       
            CO      19.7                                                       
            CO.sub.2                                                           
                    2.1                                                        
            H.sub.2 O                                                          
                    29.6                                                       
     ______________________________________                                    
PAR  At the onset methanation is successful. However catalyst activity is lost
      within 24 hours. Examination of the catalyst reveals significant
      quantities of deposited elemental carbon.
PAC  Control B
PAR  The composition of the feed gas stream is changed as follows:
TBL         Component                                                          
                    Volume %                                                   
     ______________________________________                                    
            H.sub.2 34.5                                                       
            CH.sub.4                                                           
                    14.1                                                       
            CO      0                                                          
            CO.sub.2                                                           
                    21.8                                                       
            H.sub.2 O                                                          
                    29.6                                                       
     ______________________________________                                    
PAR  After operation for 21 days the catalyst loses its activity for forming
      methane. Rather than finding loss of activity due to carbon deposition
      which is present in only trace amounts, it is concluded that in the
      absence of carbon monoxide, the nickel is oxidized.
PAC  Control C
PAR  Using the same catalyst the composition of the feed gas stream to the
      methanation reactor is changed as follows:
TBL         Component                                                          
                    Volume %                                                   
     ______________________________________                                    
            H.sub.2 38.4                                                       
            CH.sub.4                                                           
                    10.3                                                       
            CO      0                                                          
            CO.sub.2                                                           
                    15.4                                                       
            H.sub.2 O                                                          
                    35.9                                                       
     ______________________________________                                    
PAR  The catalyst is capable of methanation at an outlet temperature of about
      1150.degree. to 1175.degree.F from the onset. A decrease in activity is
      noted after 6 days.
PAC  Example 1
PAR  At a showing of decreased catalyst activity the gas composition is changed
      by water gas shift reaction as follows:
TBL         Component                                                          
                    Volume %                                                   
     ______________________________________                                    
            H.sub.2 30.9                                                       
            CH.sub.4                                                           
                    9.6                                                        
            CO      7.9                                                        
            CO.sub.2                                                           
                    7.9                                                        
            H.sub.2 O                                                          
                    43.7                                                       
     ______________________________________                                    
PAR  This changed the carbon dioxide to carbon monoxide ratio to 1:1. The
      catalyst resumes its methanation activity and shows no sign of decreased
      activity after 75 days of operation.
PAC  Example 2
PAR  The following illustrates bulk or wet methanation using a catalyst
      consisting of 16% by weight nickel (deposited by a metal salt solution
      immersion and subsequent heating) on a high purity alumina support known
      as SAHT-99 manufactured and sold by The Carborunbum Company. The support
      has a typical composition of 99.5% by weight Al.sub.2 O.sub.3, 0.02% by
      weight SiO.sub.2, 0.04% by weight Fe.sub.2 O.sub.3 and 0.45% by weight
      Na.sub.2 O. Surface area is in the range of 0.5-5.5 m.sup.2 /g. Table 1
      below shows the inlet and outlet conditions for wet methanators in series.
      High pressure steam is generated between each reactor and following the
      last. In the example provided below all of the steam and feed are supplied
      to the first reactor. Equally convenient is to feed all of the steam
      required for carbon control to the first reactor while dividing the feed
      gas stream between the several reactors of the series.
PAR  As is evident from Table 1, because water content decreased in the first
      reactor of the series, water-gas shifting occurred.
TBL                                    Table 1                                 
     __________________________________________________________________________
               1st Reactor 2nd Reactor 3rd Reactor 4th Reactor                 
               Inlet Outlet                                                    
                           Inlet Outlet                                        
                                       Inlet Outlet                            
                                                   Inlet Outlet                
     __________________________________________________________________________
     Component(M/Hr)                                                           
     H.sub.2   45.00 39.22 39.22 24.67 24.67 14.45 14.45 8.30                  
     CH.sub.4  1.00  8.50  8.50  14.81 14.81 18.89 18.89 21.07                 
     CO        45.00 20.77 20.77 10.08 10.08 3.99  3.99  1.44                  
     CO.sub.2  9.00  25.73 25.73 30.11 30.11 32.12 32.12 32.50                 
     H.sub.2 O 65.00 55.77 55.77 57.71 57.71 59.77 59.77 61.57                 
     __________________________________________________________________________
     Sum       165.00                                                          
                     149.99                                                    
                           149.99                                              
                                 137.38                                        
                                       137.38                                  
                                             129.22                            
                                                   129.22                      
                                                         124.88                
     PSIA      1010  1000  990    980  970    960  950    940                  
     T, .degree.F                                                              
                900  1565  900   1371  900   1201  900   1056                  
     __________________________________________________________________________
PAR  The effluent from the fourth reactor following water removal is passed
      through a dry methanation stage. Table 2 shows the composition of the
      effluent gas stream under conditions where carbon dioxide is or is not
      removed with water prior to dry methanation.
TBL                Table 2                                                     
     ______________________________________                                    
               No CO.sub.2 Removal                                             
                            CO.sub.2 Removal                                   
               Inlet  Outlet    Inlet     Outlet                               
     ______________________________________                                    
     Component(M/Hr)                                                           
     H.sub.2     8.30     0.69      8.30    3.99                               
     CH.sub.4    21.07    23.06     21.07   22.50                              
     CO          1.44     1.06      1.44    5.times.10.sup.-.sup.4             
     CO.sub.2    32.50    30.88     0.00    9.times.10.sup.-.sup.4             
     H.sub.2 O   0.00     3.62      0.00    1.43                               
     Sum         63.31    59.31     30.81   27.92                              
     PSIA        890      880       890     880                                
     T, .degree.F                                                              
                 678      900       505     900                                
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of substitute natural gas which comprises:
PA1  a. providing from the process a supply of high pressure steam;
PA1  b. using a portion of the high pressure steam to liquefy air and generate,
      from the liquefied air, gaseous oxygen;
PA1  c. introducing the gaseous oxygen, steam and a carbonaceous material to a
      partial oxidation reaction zone to form an initial gas stream containing
      predominately hydrogen and the oxides of carbon and minor amounts of
      methane;
PA1  d. passing at least a portion of the initial gas stream and steam through
      at least one wet methanation reaction zone where the gas stream and steam
      contact a low metal content wet methanation catalyst which comprises from
      about 5 to about 35% by weight of at least one metal from the third period
      of Group VIII of the Periodic Table on a temperature stabilized, ceramic
      alumina support, said support being heat treated at a temperature above
      the highest temperature encountered in said methanation zone prior to the
      addition of said metal thereto, at a temperature from about 900.degree. to
      about 1600.degree.F where the feed temperature to said wet methanation
      zone is at least about 900.degree.F and the exit temperature from said
      methanation zone is up to about 1600.degree.F to form methane followed by
      cooling of the gas stream exiting the wet methanation zone to produce high
      pressure process steam.
NUM  2.
PAR  2. A process as claimed in claim 1 in which the initial gas stream is
      passed through a plurality of wet methanation reaction zones in series
      with cooling of the gas stream between each wet methanation zone to
      produce high pressure process steam.
NUM  3.
PAR  3. A process as claimed in claim 1 in which water is separated from the gas
      stream exiting the wet methanation zone and the gas stream is passed
      through at least one dry methanation reaction zone containing a high metal
      content methanation catalyst to increase the methane content of the gas
      stream.
NUM  4.
PAR  4. A process as claimed in claim 2 in which water is separated from the gas
      stream exiting the wet methanation zones and gas stream is passed through
      at least one dry methanation reaction zone containing a high metal content
      methanation catalyst to increase the methane content of the gas stream.
NUM  5.
PAR  5. A process as claimed in claim 1 in which the initial gas stream from the
      partial oxidation zone is combined with steam and a hydrocarbon in a
      carburetion zone maintained at substantially the same pressure as the
      partial oxidation zone to increase the methane content of the gas stream
      to about 15% to about 50% by volume methane prior to contact with the wet
      methanation zone.
NUM  6.
PAR  6. A process as claimed in claim 2 in which the initial gas stream from the
      partial oxidation zone is combined with steam and a hydrocarbon in a
      carburetion zone maintained at substantially the same pressure as the
      partial oxidation zone to increase the methane content of the gas stream
      to about 15% to about 50% by volume methane prior to contact with the wet
      methanation zone.
NUM  7.
PAR  7. A process as claimed in claim 3 in which the initial gas stream from the
      partial oxidation zone is combined with steam and a hydrocarbon in a
      carburetion zone maintained at substantially the same pressure as the
      partial oxidation zone to increase the methane content of the gas stream
      to about 15% to about 50% by volume methane prior to contact with the wet
      methanation zone.
NUM  8.
PAR  8. A process as claimed in claim 2 in which reaction in the partial
      oxidation reaction is carried out at a temperature of from about
      1800.degree.F to about 2700.degree.F and at a pressure up to about 1200
      psia and wet methanation is carried out at a pressure up to about 1200
      psia.
NUM  9.
PAR  9. A process as claimed in claim 3 which reaction in the partial oxidation
      reaction is carried out at a temperature of from about 1800.degree.F to
      about 2700.degree.F and at a pressure up to about 1200 psia and wet
      methanation is carried out at a pressure up to about 1200 psia.
NUM  10.
PAR  10. A process as claimed in claim 4 in which reaction in the partial
      oxidation reaction is carried out at a temperature of from about
      1800.degree.F to about 2700.degree.F and at a pressure up to about 1200
      psia and wet methanation is carried out at a pressure up to about 1200
      psia.
NUM  11.
PAR  11. A process as claimed in claim 5 in which the partial oxidation reaction
      is carried out at a temperature from about 1800.degree.F to about
      2700.degree.F, carburetion at a temperature above about 1500.degree.F, the
      partial oxidation and carburetion reactions are carried out at pressures
      up to about 1200 psia and wherein wet methanation is carried out at a
      pressure up to about 1200 psia.
NUM  12.
PAR  12. A process for the production of substitute natural gas which comprises:
PA1  a. providing from the process a supply of high pressure steam;
PA1  b. using a portion of the high pressure steam to liquefy air and generate,
      from the liquefied air, gaseous oxygen;
PA1  c. introducing the gaseous oxygen, steam and a carbonaceous material to a
      partial oxidation reaction zone to form an initial gas stream containing
      predominately hydrogen and the oxides of carbon and minor amounts of
      methane and carbon;
PA1  d. passing a portion of the initial gas stream and steam through a first
      wet methanation reaction zone where the gas stream and steam undergo a
      water-gas shift reaction and methanation in contact with a low metal
      content wet methanation catalyst which comprises from about 5 to about 35%
      by weight of at least one metal from the third period of Group VIII of the
      Periodic Table on a temperature stabilized, ceramic alumina support, said
      support being heat treated at a temperature above the highest temperature
      encountered in said wet methanation zone prior to the addition of said
      metal thereto, at a temperature from about 900.degree. to about
      1600.degree.F where the feed temperature to said wet methanation zone is
      at least about 900.degree.F and the exit temperature from said methanation
      zone is up to about 1600.degree.F to form methane followed by cooling of
      the gas stream exiting the wet methanation zone to produce high pressure
      process steam;
PA1  e. passing the balance of the initial gas stream and the cooled effluent
      from the first wet methanation reaction zone through a plurality of wet
      methanation zones, each wet methanation reaction zone containing a low
      metal content wet methanation catalyst which comprises from about 5 to
      about 35% by weight of at least one metal from the third period of Group
      VIII of the Periodic Table on a temperature stabilized, ceramic alumina
      support, said support being heat treated at a temperature above the
      highest temperature encountered in said wet methanation zone prior to the
      addition of said metal thereto, at a temperature from about 900.degree. to
      about 1600.degree.F where the feed temperature to each wet methanation
      zone is at least about 900.degree.F and the exit temperature from each wet
      methanation zone is up to about 1600.degree.F to form additional methane
      followed by cooling of the gas stream exiting each wet methanation zone to
      produce high pressure process steam.
NUM  13.
PAR  13. In a process for the production of methane from a feed stream
      comprising hydrogen, the oxides of carbon and water, as steam, is
      contacted with a supported catalyst containing at least one metal from the
      third period of Group VIII of the Periodic Table in a wet methanation zone
      the improvement which comprises contacting the feed stream in the wet
      methanation zone with a supported catalyst which contains from about 5 to
      about 35% by weight of at least one metal of the third period of Group
      VIII of the Periodic Table on a temperature stabilized, ceramic alumina
      support, said support being heat treated at a temperature above the
      highest temperature encountered in said wet methanation zone prior to the
      addition of said metal thereto, said supported catalyst being capable of
      causing a water-gas shift reaction and methanation at a temperature from
      about 900.degree.F to about 1600.degree.F, to form methane at a
      temperature in which the feed temperature to the wet methanation zone is
      at least about 900.degree.F and the exit temperature is up to about
      1600.degree.F, said wet methanation zone being operated to form methane
      under adiabatic conditions and then removing the heat of reaction
      following the wet methanation zone.
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ABST
PAL  A process for purifying aluminum chloride gas such as that produced in the
      chlorination of bauxite, clay and other aluminous ores is disclosed. The
      method first selectively dissolves or liquefies AlCl.sub.3 from an
      anhydrous mixture of gaseous metal chlorides which may also include the
      chlorides of Si, Ti, Fe and other metals. More specifically, the method of
      the present invention provides for selectively dissolving AlCl.sub.3 vapor
      at substantially atmospheric pressure without the use of costly or
      hazardous compressors, or the scraped-wall condensers formerly required
      for this purpose. In addition, the present method allows for economical
      recovery of the liquefied AlCl.sub.3.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Aluminum chloride is an important chemical which has many industrial
      applications. For example, it is used as a catalyst in organic chemical
      syntheses and in petroleum refining. It is also used in dyestuffs and as a
      nucleating agent for titanium dioxide pigments. In addition, recent
      technological developments have signaled the potential need for large
      tonnages of aluminum chloride in processes for the production of aluminum
      metal. In such processes, an aluminous material is first chlorinated to
      provide AlCl.sub.3, after which the AlCl.sub.3 is purified and
      subsequently reduced by electrolytic or chemical means to give aluminum
      metal. Such a chemical reduction is effected, for instance, by the Toth
      Process in which manganese metal is employed to reduce aluminum chloride
      to give aluminum metal and manganese chloride. The manganese chloride is
      converted to manganese metal and chlorine which are recycled. The Toth
      Process is described in the following U.S. Pat. Nos. 3,615,359, 3,615,360;
      3,677,742; 3,713,809 and 3,713,811.
PAR  In many of these uses of AlCl.sub.3, contamination of the AlCl.sub.3 with
      iron chloride and other chlorides is deleterious because of, for example,
      discoloration in dyeing, the variation of pigment reaction in catalysis
      and the presence of impurities in aluminum metal.
PAR  Current domestic production of AlCl.sub.3 is carried out exclusively
      through direct chlorination of metallic aluminum of high enough purity
      that purification of the AlCl.sub.3 is generally unnecessary. However,
      methods for production of AlCl.sub.3 which employ aluminum metal would
      obviously not be of use in processes for the production of aluminum. A
      more economical means for producing aluminum chloride from
      carbo-chlorination of an aluminous material would be required. Such a
      process would also be far more economical than production from aluminum,
      particularly if economical methods were available for purification of the
      AlCl.sub.3. Such materials for chlorination may be high purity but
      expensive alumina made by the Bayer Process. Alternately, an aluminous ore
      such as bauxite or clay may be employed, and these materials may be
      directly carbo-chlorinated following calcination. In the latter case,
      however, vapors produced during chlorination contain not only AlCl.sub.3
      but also volatile chlorides of certain impurities commonly present in the
      ore, such as ferric chloride, titanium tetrachloride, and silicon
      tetrachloride. For example, a typical analysis of Georgia kaolin clay is
      given below and each of the listed metallic components would appear as
      chloride vapors in the product formed during the carbo-chlorination.
TBL  ______________________________________                                    
     Component           Weight Percent                                        
     ______________________________________                                    
     Al.sub.2 O.sub.3    30.0                                                  
     SiO.sub.2           50.0                                                  
     Fe.sub.2 O.sub.3    3.0                                                   
     TiO.sub.2           0.6                                                   
     H.sub.2 O           15.0                                                  
     Others              1.4                                                   
                         100.0                                                 
     ______________________________________                                    
PAR  At atmospheric pressure, AlCl.sub.3 condenses as a solid, so that
      conventional methods for obtaining aluminum chloride from mixed chloride
      vapors formed during the chlorination of calcined ores generally involve
      an initial condensation of the vapors directly to the solid form. Such
      condensation may be total condensation, but more likely it involves a
      fractional condensation of the less volatile aluminum chloride and ferric
      chloride. Titanium tetrachloride and silicon tetrachloride have
      significantly higher vapor pressures and consequently are readily
      separated by condensation at substantially lower temperatures than
      aluminum chloride and ferric chloride.
PAR  Commercially, the solid condensation of aluminum chloride and ferric
      chloride has been carried out in scraped-surface condensers such as those
      manufactured by Vogt Machine Co. and the Votator Division of Chemetron
      Corporation. An example of a commercial application of these condensers to
      solidify AlCl.sub.3 vapors formed during the chlorination of ore is the
      Alchlor Process of Gulf Refining Co. The process and the condensers are
      described in an article by A. M. McAfee, "The Manufacture of Commercial
      Anhydrous Aluminum Chloride", Ind. and Engr. Chem., Vol. 21, No. 7, page
      670, and in U.S. Pat. No. 1,814,397. However, scraped-surface condensers
      are expensive pieces of equipment and require extensive maintenance. Thus
      capital and operating costs for this method are extremely high.
PAR  After solidification of the aluminum chloride and ferric chloride, purified
      aluminum chloride is obtained by melting the solids under pressure, and by
      subsequent distillation to provide aluminum chloride of the desired
      purity. This is also a costly operation because of the high heats of
      fusion and vaporization of aluminum chloride (116 and 100 BTU/pound
      respectively) and the inefficiency of melting a solid which has been
      condensed from the vapor state.
PAR  Another method of obtaining purified aluminum chloride is to reduce the
      ferric chloride contaminant to non-volatile ferrous chloride or iron metal
      using aluminum metal. The aluminum chloride is then volatilized and
      condensed. However, this method also requires the melting of the condensed
      solid aluminum chloride and ferric chloride plus the added expense of the
      aluminum metal required to react with the ferric chloride to form aluminum
      chloride and iron metal.
PAR  Other prior art methods have employed titanium tetrachloride to
      preferentially dissolve the solidified aluminum chloride, leaving the
      ferric chloride in suspension to be filtered or centrifuged away. Although
      the solubility of aluminum chloride in titanium tetrachloride is
      relatively low, ferric chloride solubility is negligible with the result
      that a good separation is obtained. However, large quantities of titanium
      tetrachloride are required, thus making the recovery of aluminum chloride
      expensive, especially since the solid condensation of AlCl.sub.3 is still
      necessary.
PAR  Another possibility which has not been tried commercially is to compress
      the mixed chloride vapors, condense these vapors directly to the liquid
      state, and then proceed with one or more of the previously mentioned
      methods to obtain purified aluminum chloride. However, because of the high
      temperatures involved during such compression, and the large scale of the
      operation that would be required, this would be a very expensive
      procedure.
PAC  SUMMARY
PAR  It is an object of the present invention to provide a process which
      eliminates the disadvantages of known methods of purification involving
      condensation of aluminum chloride vapors directly to solid form.
PAR  The method of the present invention eliminates altogether the need for
      scraped-surface condensers, as well as the need for melting of the
      solidified aluminum chloride. Also eliminated are the need for costly
      high-speed gas turbines or compressors operating under hazardous corrosive
      conditions. In the present invention, chlorination and subsequent
      liquefication of the aluminum chloride formed during chlorination are
      allowed to proceed at atmospheric pressure, without the requirement for
      large quantities of solvents.
PAR  According to the present invention, anhydrous aluminum chloride vapor is
      selectively dissolved from chloride gases leaving the chlorinator. This is
      accomplished by a scrubbing solvent at atmospheric pressure. Depending on
      the solvent selected, the ferric chloride may also be dissolved, in which
      case the ferric chloride is subsequently separated from the solvent and
      from the aluminum chloride. If the ferric chloride is not soluble, it will
      ordinarily solidify to form a slurry, since the temperature of operation
      will normally be below the melting point of ferric chloride. The solvent
      is selected such that other chlorides such as TiCl.sub.4 and SiCl.sub.4
      are not soluble or only very sparingly soluble and, as these chlorides
      have low boiling points, they will leave the absorption apparatus as a
      vapor. The aluminum chloride which has been selectively dissolved is then
      separated from the solvent by distillation. The aluminum chloride is
      separated from the iron chloride by any of various conventional methods,
      such as fractional rectification, fractional crystallization, filtration,
      centrifugation, adsorption, absorption, etc.
PAR  The solvent in which the aluminum chloride is selectively dissolved should
      be one which is effective for the intended purpose as well as economically
      attractive. Thus the solvent should exhibit the following properties: it
      should have chemical and thermal stability and a volatility which is low
      with respect to aluminum chloride, ferric chloride, titanium chloride,
      silicon tetrachloride, and other metal salts which may be present in the
      reactor product; aluminum chlorides must be readily soluble in the
      solvent; titanium tetrachloride and silicon tetrachloride must be
      relatively insoluble; and the absorbed aluminum chloride and ferric
      chloride should be readily separable from the solvent. The solvent
      employed is preferably an inorganic fused salt or fused salt mixture such
      as NaAlCl.sub.4, NaCl -- AlCl.sub.3, KCl -- NaCl -- AlCl.sub.3, KCl --
      AlCl.sub.3, MoCl.sub.5 -- FeCl.sub.3, SbCl.sub.3 -- AlCl.sub.3, AlBr.sub.3
      or SbCl.sub.3. The solvent can also be a high boiling organic solvent,
      preferably a halogenated hydrocarbon or a derivative thereof. The examples
      given below are illustrative of the type of solvent which is effective in
      such an operation, but are in no way meant to limit the solvents which may
      be employed. A preferred solvent will have a melting point not greater
      than about 130.degree.C. and a boiling point greater than about
      250.degree.C, and being mutually soluble with aluminum chloride.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings:
PAR  FIG. 1 is a schematic drawing of the general procedure to be followed in
      carrying out the method of the present invention;
PAR  FIG. 2 is a schematic drawing of a first embodiment of the method of the
      present invention;
PAR  FIGS. 3 and 4 show phase diagrams for various solvents employed in the
      present invention;
PAR  FIG. 5 is a schematic drawing of a second embodiment of the method of the
      present invention;
PAR  FIG. 6 shows a phase diagram for a solvent employed in the present
      invention;
PAR  FIG. 7 is a schematic drawing of a third embodiment of the method of the
      present invention; and
PAR  FIG. 8 shows a phase diagram for a solvent employed in the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a general embodiment of this invention, FIG. 1 shows a general block
      diagram which illustrates the commercial application to dissolve directly
      and subsequently recover aluminum chloride from a mixed chloride gas
      stream. In the chlorinator 11 an aluminous material such as Georgian
      kaolin clay mixed with coke is chlorinated to produce a typical mixed
      chloride gas stream of the following composition:
     Component            Weight Percent                                       
     ______________________________________                                    
     AlCl.sub.3           42.1                                                 
     FeCl.sub.3           3.4                                                  
     SiCl.sub.4           37.5                                                 
     TiCl.sub.4           0.8                                                  
     non condensables                                                          
     (i.e., CO, CO.sub.2, N.sub.2)                                             
                          16.2                                                 
                          100.0                                                
     ______________________________________                                    
PAR  The mixed chloride gas stream first enters a cooler 12 to reduce the
      temperature of gas stream from that of chlorination of about 250.degree.C.
      The cooler can serve as an excellent waste heat recovery system and
      enables the cooling of the stream to the minimum temperature allowable
      (based on dew point) for the chloride vapors entering the absorber. The
      dew point of the least volatile component (FeCl.sub.3) is 239.degree.C.
      Thus, under normal conditions, approximately 250.degree.C is the lowest
      temperature at which the mixed chlorides can enter the absorber without
      the risk of solid condensation.
PAR  The mixed chloride gases, now at approximately 250.degree.C, enter the
      absorber 13 or scrubber where the aluminum chloride in the mixed chlorides
      is liquefied by preferential absorption into the scrubbing solvent at
      atmospheric pressure. The ferric chloride is either absorbed into the
      scrubbing solvent or, if of limited solubility in the solvent, it will
      solidify to form a slurry. The more volatile chlorides such as titanium
      tetrachloride and silicon tetrachloride and the noncondensable gases such
      as CO, CO.sub.2, and N.sub.2 leave the absorber as gases to be separated
      in other operations which are not pertinent to this invention.
PAR  The chloride vapors entering the absorber 13 or scrubber are cooled to
      remove sensible heat, latent heat of condensation and heat of solution and
      scrubbed to remove the AlCl.sub.3 and FeCl.sub.3 components. The absorber
      13 is a conventional commercial apparatus used for contacting a liquid and
      a gas stream continuously. For example, the absorber 13 may be a tower
      filled with solid packing material, an empty tower into which liquid is
      sprayed, or a tower containing a number of bubble-cap or sieve plates. It
      may be a wetted wall column, a stirred vessel or other mechanically aided
      device. Ordinarily the gas and liquid streams flow countercurrently
      through the absorber 13 in order to obtain the greatest rate of
      absorption, although this is not required. Adequate contact of the mixed
      chloride vapors with the liquid solvent must be obtained with removal of
      heat of condensation and sensible heat sufficient to prevent an excessive
      temperature of the solvent.
PAR  The liquid 15 leaving the scrubber 13 and entering the recovery system 14
      is enriched in AlCl.sub.3 and FeCl.sub.3, whereas the gases 16 leaving the
      scrubber 13 are saturated with the solvent which, if desired, can be
      recovered by cooling and condensation and returned to the absorber 13. The
      function of the recovery system 14 is to reclaim the solvent for recycle
      to the scrubber 13 by stream 19, and to obtain purified AlCl.sub.3
      (FeCl.sub.3 -free) as a liquid 17 in one of the aforementioned procedures
      with FeCl.sub.3 being recovered as a separate component 18. In the
      examples given below, distillation has been used to separate pure
      AlCl.sub.3, with crystallization or filtration being employed to separate
      the FeCl.sub.3. Distillation is generally carried out by heating the
      AlCl.sub.3 -containing solvent to a temperature of about 180.degree. to
      250.degree.C, depending upon the pressure employed. Distillation at
      pressures of at least 3 atmospheres is desirable for reasons to be
      discussed below.
PAR  The following examples are illustrative of the method of the present
      invention but are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAR  In the embodiment of the present invention as shown in FIG. 2, a process
      flow diagram is provided of a procedure in which a binary liquid mixture
      of molybdenum pentachloride and ferric chloride is used to liquefy
      AlCl.sub.3 at atmospheric pressure. The flow diagram also shows how the
      AlCl.sub.3 is economically recovered and the MoCl.sub.5--FeCl.sub.3
      solvent recycled. In this example, a solvent composition containing 40 wt.
      % ferric chloride and 60 wt. % molybdenum pentachloride is employed.
PAR  In FIG. 2 the raw clay is chlorinated in a reactor 21 and transported to a
      cooler 22 via stream 23 for cooling to 250.degree.C as discussed
      previously. In this process, the mixed chlorides 23 leave the chlorinator
      21 to be cooled in cooler 22 and then enter the absorber 24 as a vapor 25.
      In the absorber 24, the mixed chloride stream 25 containing AlCl.sub.3 and
      FeCl.sub.3 from the cooler 22 is liquefied at 250.degree.C by the liquid
      solvent 26 containing 40 wt. % FeCl.sub.3 and 60 wt. % MoCl.sub.5. The
      FeCl.sub.3 --MoCl.sub.5 liquid solvent 26 enters the absorber 24 at about
      88.degree.C and the liquid 27, following absorption of AlCl.sub.3 and
      FeCl.sub.3, leaves the absorber 24 as a ternary mixture of AlCl.sub.3,
      FeCl.sub.3, and MoCl.sub.5 at 180.degree.C.
PAR  The composition of the liquid 27 leaving the absorber 24 is determined by
      the composition of the mixed chloride stream 25 entering the absorber 24,
      the composition of the solvent 26 entering the absorber 24, and the
      ternary phase diagram for the system AlCl.sub.3 --FeCl.sub.3 --MoCl.sub.5.
      This phase diagram is shown in FIG. 3. Conventional material balance
      calculations using the mixed chloride compositions leaving the chlorinator
      as described in connection with FIG. 1, a 40% FeCl.sub.3 --60% MoCl.sub.5
      composition of the solvent 26, and the phase diagram of FIG. 3 will result
      in the following liquid composition leaving the absorber 24 via stream 27:
      40 wt. % AlCl.sub.3, 35 wt. % MoCl.sub.5 and 25 wt. % FeCl.sub.3.
PAR  The other components of the mixed chlorides entering the absorber 24 via
      stream 25 leave as a vapor 28. These are the volatile chlorides such as
      TiCl.sub.4 and SiCl.sub.4 plus non-condensable gases such as CO, CO.sub.2
      and N.sub.2.
PAR  The recovery system used with a FeCl.sub.3 --MoCl.sub.5 solvent requires
      fractional distillation and fractional crystallization. The liquid leaving
      the absorber 24 via stream 27 is compressed by pump 31 to 4 atmospheres
      pressure and fed via stream 32 to a distillation column 29.
PAR  In order to separate and recover purified aluminum chloride as a liquid it
      is necessary to use pressures in excess of atmospheric because pure
      aluminum chloride does not exist as a liquid at atmospheric pressure.
      Aluminum chloride, at atmospheric pressure, sublimes because its normal
      boiling point, 181.degree.C, is lower than its melting point,
      190.degree.C. However, at 4 atmospheres pressure, aluminum chloride boils
      at 216.degree.C. Consequently it will exist as a pure liquid at
      temperatures between 190.degree. and 216.degree.C. Thus a minimum pressure
      of 3 atmospheres is desired for this purpose, with 4 atmospheres pressure
      being preferred. Thus a distillation column operating at 4 atmospheres
      pressure (44 psig) will rectify pure aluminum chloride from the less
      volatile molybdenum pentachloride and ferric chloride components.
      Distillation at 4 atmospheres pressure results in the condensation in
      condenser 33 of purified liquid aluminum chloride 34 at 216.degree.C, and
      a bottoms product 35 from the reboiler 36 having a composition of 43%
      FeCl.sub.3 and 57% MoCl.sub.5 at 300.degree.C. The bottoms 35 have been
      enriched in FeCl.sub.3 by the FeCl.sub.3 present in the mixed chlorides
      25. The excess, or by-product, ferric chloride 37 is removed by cooling
      stream 35 to 88.degree.C in cooler 38 and then passing the liquid 39 to a
      continuous crystallizer 30 to form ferric chloride crystals 37 at
      88.degree.C. The binary phase diagram for the FeCl.sub.3 --MoCl.sub.5
      system shown in FIG. 4 indicates that the liquid in equilibrium with solid
      ferric chloride is an eutectic composition of 40% FeCl.sub.3 -- 60%
      MoCl.sub.5. This liquid 26 is recycled to the absorber 24.
PAR  This method has the advantage of separating the FeCl.sub.3 from the
      AlCl.sub.3 as a solid material by crystallization and filtration.
PAR  It should be noted that other alternative methods to recover aluminum
      chloride from the unique ternary mixture 27 are also available. For
      example, boiling the mixture at atmopheric pressure would yield the more
      volatile aluminum chloride as a vapor from which it could be condensed as
      a solid. This latter method would not, however, be as advantageous as the
      method described above.
PAC  EXAMPLE 2
PAR  In FIG. 5 there is shown a flow diagram of a process which employs a binary
      liquid mixture of sodium chloride and aluminum chloride to dissolve or
      liquefy AlCl.sub.3 at atmospheric pressure. The AlCl.sub.3 is then
      recovered as a pure component and the NaCl -- AlCl.sub.3 solvent is
      recycled. In this example, a solvent composition containing 79 wt. %
      AlCl.sub.3 and 21 wt. % NaCl is employed. However, other compositions of
      these two components would also be suitable. For example, NaAlCl.sub.4
      which is a 50- 50 mole mixture of NaCl and AlCl.sub.3 (70 wt. %
      AlCl.sub.3) and also a stable compound, would make a suitable solvent.
PAR  As in Example 1 the raw clay is chlorinated in a reactor 41 and transported
      to a cooler 42 via stream 43 which is cooled to 250.degree.C before
      entering the absorber 43 as a vapor via stream 44. In the absorber 43 the
      mixed chloride vapors 44 at 250.degree.C are contacted by the liquid NaCl
      -- AlCl.sub.3 solvent 45 at 130.degree.C. The solvent 45 preferentially
      liquefies the AlCl.sub.3 and FeCl.sub.3 from the mixed chlorides,
      resulting in a ternary liquid mixture 46 of AlCl.sub.3, FeCl.sub.3, and
      NaCl. Based on conventional material balance calculations and the phase
      diagram of FIG. 6, the composition of the liquid 46 leaving the absorber
      43 is 83% AlCl.sub.3, 2% FeCl.sub.3 and 15% NaCl at 190.degree.C. As in
      Example 1, the volatile chlorides and non-condensable gases leave the
      absorber 43 as vapor via stream 47.
PAR  The recovery system for separating the AlCl.sub.3 and FeCl.sub.3 which have
      been liquefied by the NaCl -- AlCl.sub.3 solvent requires two distillation
      steps. These steps are also shown in FIG. 5. Both distillations are
      conducted at 4 atmospheres pressure (44 psig) so that, as explained in
      Example 1, aluminum chloride will exist as a liquid. Thus the liquid
      leaving the absorber 43 via stream 46 is compressed by pump 48 to 4
      atmospheres pressure and fed via stream 49 to distillation column 50.
PAR  Distillation in column 50 results in the volatilization of the AlCl.sub.3
      and FeCl.sub.3 absorbed from the mixed chloride stream 44. These are
      partially condensed in condenser 51 but the total gas-liquid stream 52 is
      sent to a second distillation column 53 for separation. The volatilization
      of AlCl.sub.3 and FeCl.sub.3 in column 50 is controlled by the temperature
      of reboiler 54. A reboiler temperature of 450.degree.C will maintain a
      bottoms via stream 45 composition of 79 wt. % AlCl.sub.3, 21 wt. % NaCl
      for recycle through cooler 55 to the absorber 43.
PAR  The binary AlCl.sub.3 -- FeCl.sub.3 mixture 52 is then separated in a
      second distillation column 53 at 4 atmospheres pressure. A condenser 56
      operating at 216.degree.C gives the purified aluminum chloride 57.
      Similarly the reboiler 58 operating at 416.degree.C gives the by-product
      ferric chloride 59.
PAC  EXAMPLE 3
PAR  FIG. 7 shows a flow diagram of a process which employs a pure component
      solvent, antimony trichloride, to liquefy AlCl.sub.3 at atmospheric
      pressure. As in previous examples the purified AlCl.sub.3 is recovered by
      distillation and the SbCl.sub.3 solvent is recycled following
      distillation. It should be noted that the scope of antimony chloride as an
      absorption solvent is not limited to applications as a pure component.
PAR  In FIG. 7 the raw clay is carbo-chlorinated in the chlorinator 61 to
      produce a mixed chloride gas stream 62. The composition of the gases has
      been previously discussed with respect to FIG. 1. Following a cooling step
      in cooler 63 the mixed chloride gases 64 enter the absorber 65 at
      250.degree.C where they are countercurrently contacted with liquid
      antimony trichloride 66 at 80.degree.C. The antimony trichloride 66
      preferentially liquefies the aluminum chloride and ferric chloride from
      the mixed chlorides 64 resulting in a ternary liquid mixture 67 of
      AlCl.sub.3, FeCl.sub.3, and SbCl.sub.3 at 180.degree.C. Using standard
      material balance calculations and the phase diagram shown in FIG. 8, the
      composition of the liquid 67 leaving the absorber 65 is 28 wt. %
      AlCl.sub.3, 2 wt. % FeCl.sub.3, and 70 wt. % SbCl.sub.3. As in previous
      examples the volatile chlorides and non-condensable gases leave the
      absorber 65 as vapor 68.
PAR  The recovery system to separate the aluminum chloride and ferric chloride
      from the antimony trichloride requires two distillation steps which are
      conducted at 4 atmospheres pressure (44 psig). Thus the liquid leaving the
      absorber 65 via stream 67 is compressed by a pump 69 and fed via stream 70
      at 4 atmospheres pressure to a distillation column 71.
PAR  Distillation in column 71 results in the volatilization of AlCl.sub.3 and
      SbCl.sub.3 from FeCl.sub.3. These are condensed at 289.degree.C in a
      condenser 72, with the liquid condensate 73 containing 28 wt. % AlCl.sub.3
      and 72 wt. % SbCl.sub.3 being fed to a second column 74. The bottoms 76
      from column 71, which are taken-off at a reboiler 75, are liquid at
      416.degree.C.
PAR  In column 74, aluminum chloride and antimony chloride are separated at 44
      psig. Liquid aluminum chloride 77 is recovered from the condenser 78 at
      216.degree.C while antimony chloride 79 for recycle is recovered from the
      reboiler 80 at 289.degree.C. Following cooling in cooler 81 to
      80.degree.C, the antimony trichloride liquid is fed to the absorber 65 via
      stream 66.
PAC  EXAMPLE 4
PAR  A non-chloride chemical which is a suitable solvent to liquefy aluminum
      chloride is aluminum tribromide. It can be used as a pure component or
      mixed with another component such as, for example, aluminum chloride. In
      this example a 40 wt. % aluminum chloride, 60 wt. % aluminum bromide
      mixture is fed to the absorber as liquid at 80.degree.C. Recovery of the
      aluminum chloride, ferric chloride, and aluminum bromide for recycle using
      distillation is similar to the procedure set forth in the previous
      examples.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A method for recovering aluminum chloride from a mixed chloride gas
      containing aluminum chloride and at least one chloride selected from the
      group consisting essentially of FeCl.sub.3, TiCl.sub.4 and SiCl.sub.4
      which comprises contacting said mixed chloride gas at atmospheric pressure
      with a liquid solvent in which aluminum chloride is soluble to dissolve
      the aluminum chloride, and recovering the aluminum chloride from the
      solvent by distilling the aluminum chloride from the solvent at a pressure
      sufficient to condense the aluminum chloride as a liquid.
NUM  2.
PAR  2. The method of claim 1 wherein the solvent has a melting point not
      greater than about 130.degree.C, a boiling point greater than about
      250.degree.C and is mutually soluble with aluminum chloride.
NUM  3.
PAR  3. The method of claim 1 wherein the liquid solvent is selected from the
      group of inorganic fused salts and fused salt mixtures consisting of
      NaAlCl.sub.4, NaCl--AlCl.sub.3, KCl--NaCl--AlCl.sub.3, KCl--AlCl.sub.3,
      MoCl.sub.5 --FeCl.sub.3, SbCl.sub.3 --AlCl.sub.3, AlBr.sub.3 and
      SbCl.sub.3.
NUM  4.
PAR  4. The method of claim 1 wherein the contacting of said mixed chloride gas
      and said liquid solvent is carried out at a temperature of from about
      70.degree. to 250.degree.C.
NUM  5.
PAR  5. The method of claim 1 wherein the aluminum chloride is recovered  from
      the solvent by distillation at a pressure of at least 3 atmospheres.
NUM  6.
PAR  6. The method of claim 1 wherein ferric chloride is present in said mixed
      chloride gas and is co-liquefied along with aluminum chloride.
NUM  7.
PAR  7. The method of claim 1 wherein ferric chloride is present in said mixed
      chloride gas and is condensed as a solid in said solvent and separated
      from said solvent.
NUM  8.
PAR  8. The method of claim 1 wherein the solvent is a binary mixture of
      MoCl.sub.5 and FeCl.sub.3.
NUM  9.
PAR  9. The method of claim 1 wherein the solvent is a binary mixture of NaCl
      and AlCl.sub.3.
NUM  10.
PAR  10. The method of claim 1 wherein the solvent is a binary mixture of
      SbCl.sub.3 and AlCl.sub.3.
NUM  11.
PAR  11. The method of claim 1 wherein the solvent is SbCl.sub.3.
NUM  12.
PAR  12. The method of claim 1 wherein the solvent is AlBr.sub.3.
NUM  13.
PAR  13. The method of claim 7 wherein the ferric chloride is separated from the
      solvent by fractional crystallization.
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ABST
PAL  A filter section for use in a high velocity air handling assembly includes
      a transverse grid formed by intersecting metallic structural members
      defining openings accommodating the open end of a plurality of sock
      filters, with sealing means securing the grid about marginal portions
      across the assembly housing so that the grid serves as lateral bracing for
      the housing and as a support for the sock filters, and support means
      carried by the grid for the sock filters either in the form of elongated
      wire mesh housings or elongated rectangular open ended boxes.
PARN
PAR  This is a division of co-pending application, Ser. No. 258,484, filed June
      1, 1972, now U.S. Pat. No. 3,844,749.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Bag filters have long been used for the purpose of increasing the filter
      area at a given location. U.S. Pat. Nos. 2,774,443; 2,853,154; 3,276,190
      and 3,392,846 are exemplary of such structure. Such filters have,
      heretofore, been impractical in high velocity air handling systems of the
      type illustrated in U.S. Pat. No. 3,392,655 wherein high efficiencies and
      fan velocities are required. Drum filters or V-cell filters have
      heretofore been used in the large industrial air handling applications.
PAR  Accordingly, it is an important object of this invention to provide a
      filter for operation at high efficiencies at high fan velocities in
      industrial air handling units.
PAR  Another important object of this invention is to provide a novel mounting
      configuration to accomplish the foregoing objective with a relatively low
      pressure drop.
PAR  Another important object of this invention is to provide a mounting
      structure offering minimum surface area to restrict air flow and at the
      same time function as lateral bracing to support the housing of the unit
      where space limitations are critical.
PAR  Still another object of the invention is to provide a filter of the
      foregoing type wherein the filter medium is easily changeable.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a transverse grid formed by intersecting flat
      metallic structural members forms a support for sealing strips for
      attaching the open base portions of sock filters and serves as lateral
      bracing for the housing. Support means may be carried by the grid either
      in the form of elongated wire housings or elongated rectangular open ended
      boxes wich serve to attenuate sound.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawings
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a perspective view illustrating a high velocity filter
      constructed in accordance with the present invention positioned in the
      housing of an industrial air handling unit,
PAR  FIG. 2 is an enlarged front elevation of the upper left-hand portion of the
      filter shown in FIG. 1,
PAR  FIG. 3 is an enlarged transverse sectional elevation taken on the line 3--3
      in FIG. 2 illustrating the sealing strip for carrying the filter medium,
PAR  FIG. 4 is a sectional plan view taken on the line 4--4 in FIG. 2 further
      illustrating the supports for the filter medium,
PAR  FIG. 5 is a transverse sectional elevation taken on the line 5--5 in FIG. 2
      further illustrating supports for the filter medium,
PAR  FIG. 6 is a perspective view illustrating the grid supports for the sealing
      strips and lateral bracing,
PAR  FIG. 7 is a sectional plan view, similar to FIG. 4, illustrating a modified
      support structure for the filter medium, and
PAR  FIG. 8 is a sectional plan view, also similar to FIG. 4 illustrating
      another modified support structure for the filter medium.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The drawings illustrate a high velocity air handling assembly as for
      conditioning air in industrial plants, which permits entry by service
      personnel within the assembly, having a housing carried by a structural
      base. A filter section includes a transverse grid A formed by intersecting
      flat metallic structural members defining a plurality of intersecting rows
      of aligned closely adjacent openings. The openings have sides conforming
      generally to the configuration of the opening of the base of a sock
      filter. The structural members define longitudinally disposed flanges. A
      plurality of elongated sock filters B each have an open base on one end
      tapering inwardly therefrom toward and being closed on the other end.
      Sealing strips C are carried by the metallic structural members about the
      sides for attaching individual base portions of the sock filters about
      said sides so that the bases of the sock filters are open for receiving
      high velocity air. Structural means D secures the grid about marginal
      portions thereof across the housing and the base so that the grid serves
      as lateral bracing for the housing and a support for the sock filters.
PAR  The structural members include horizontal flange portions extending
      longitudinally inwardly beyond the sealing means C for serving as a ledge
      to carry individual support means for the sock filters either in the form
      of an elongated longitudinal wire mesh housing E or an elongated
      longitudinal rectangular open ended box F.
PAR  The transverse grid A is formed by intersecting flat metallic structural
      members 10 and 11. These members are best shown in FIG. 6 where it will be
      noted that the vertical members 10 each have spaced horizontal notches 10a
      which co-operate with spaced notches 11ain the horizontal members so that
      the members 10 and 11 are aligned in the same transverse plane. The
      intersecting portions of the structural members 10 and 11 are suitably
      secured together as by tack-welding as at 12.
PAR  The sock filters 13 include triangularly shaped elongated side portions 13,
      which taper inwardly and are closed on one end as at 14. Each of the sock
      filters define an open end base portion 15 at the other end. The filter
      medium may be of a non-woven polyester mat, but any suitable filter
      material may be used.
PAR  Sealing means C in the form of zipper strips have the usual opening 16 for
      the reception of marginal portions 15a of the sock filters (FIG. 3). The
      zipper strips are secured as by means of pop rivets 17 at spaced points
      both to the horizontal structural members 11, as well as the vertical
      structural members 10 (FIG. 2). The securing or zipper strips are
      preferably of the type illustrated in U.S. Pat. No. 3,293,834.
PAR  The structural members D secure the grid about marginal portions across the
      housing. The structural means include horizontal and vertical sections,
      each of which has a channel portion 18 which carries insulation 19. The
      channel members each have outwardly extending legs 20 which are pop
      riveted as at 21 to the floor 22, sides 23 and ceiling 24. It will be
      noted that the wall 23 includes a door 23a to permit entry by personnel.
      The floor is structurally reinforced and the housing including the walls
      and ceiling may be of the type illustrated in U.S. Pat. No. 3,392,655.
PAR  It will be noted by reference to FIGS. 1, 4 and 5 that vertical channel
      supports 25 are suitably secured at the floor 22 and the ceiling 24 as by
      rivets 26. Fastening means, as illustrated at 27a, are spaced for securing
      the sealed ends of the sock filters thereto to avoid excessive flapping
      motion.
PAR  With reference to FIG. 7, it will be noted that the wire mesh housing E has
      a plurality of horizontal wires 28 and a plurality of vertical wires 29.
      The wire basket thus formed tapers generally conforming to the sock filter
      and an open end conforming to the opening of the sock filter is defined by
      a sheet metal hem 30. The horizontal members 11 support strip fastening
      members C and extend inwardly therefrom as horizontal flanges 11b to
      support the hem 30. The other ends of the baskets are supported as by
      vertically spaced channels 25.
PAR  FIG. 8 illustrates an accoustical support for the filter medium. A
      plurality of elongated open ended substantially rectangular boxes F of
      substantially uniform cross-section receive individual sock filters. One
      end of these boxes may be supported on flanges 11b, while the other end is
      supported as by vertically spaced supports 27. Preferably, the boxes are
      of rectangular cross-section having rectangular sides 31. The boxes also
      preferably constructed of accoustical material, such as fiberglass. The
      boxes straighten the air flow path through the air handling assembly and
      attenuate sound passing therethrough.
PAR  The changing of the sock filters simply consists of removing the spent
      medium and then sliding a fresh sock through the square opening 15.
      Personnel may gain entrance to the housing through the door 23a for this
      purpose. The leaving end of the sock is attached to a support 25 on the
      leaving side and the open end of the sock is rolled into a zipper lock.
      This is done quickly and is easily accomplished while the system is in
      operation.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a high velocity air handling assembly as for conditioning air in
      industrial plants, a filter and sound attenuator section comprising: a
      plurality of elongated longitudinally disposed sock filters having an open
      base on one end tapering inwardly therefrom toward and being closed on the
      other end; a plurality of elongated open ended boxes of substantially
      uniform cross-section constructed of sound absorbing material, each of
      said boxes containing one of said sock filters therein, said boxes
      extending substantially along the entire length of said sock filters; and
      support means carrying said boxes in longitudinal alignment with said
      filters in said air handling assembly, means holding the open end of said
      filters adjacent an open end of said boxes whereby said boxes straighten
      the air flow path through said air handling assembly and attenuate the
      sound passing therethrough.
NUM  2.
PAR  2. The structure set forth in claim 1, wherein said boxes are of
      rectangular cross-section.
NUM  3.
PAR  3. The structure set forth in claim 2, wherein said boxes are constructed
      of fiberglass material.
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ABST
PAL  A cleaning arrangement for a bag filter in which the bags thereof are
      subjected to a recipricatory motion as effected by an electro-magnetic
      attraction whereby a collection of dust clinging to the outer surface
      thereof is jarred free and caused to fall to the bottom of a surrounding
      filter housing from which it may be removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to filtering devices known as bag filters in which a
      series of tubular filter bags are positioned across a gas stream to
      intercept and collect the dust particles therein. As gas passes through
      the filter and dust particles continue to collect thereon, accumulations
      of dust must be periodically removed in order that the gas stream passing
      through the filter will not be retarded by excessive resistance to flow
      and optimum flow conditions may be maintained.
PAR  It is the usual practice to employ one of various rapping, shaking or
      oscillating devices in which a shaking motion produced by mechanical or
      pneumatic devices effectively jars the collected dust particles from the
      filter surface upon which they are deposited and allows them to fall to
      the bottom of a surrounding filter housing. Examples of this type device
      are represented by U.S. Pat. No. 3,550,358 of R. V. McCabe and U.S. Pat.
      No. 2,167,238 of G. A. Geisler.
PAR  A mechanical shaking device usually requires the use of an electric motor
      together with wear prone cams or other linkages to produce a shaking
      motion that is imparted to the filter bags. A pneumatic shaking device may
      obviate the usage of certain mechanical linkages, but it does require the
      use of a pump, motor and costly pneumatic lines so that such a device has
      equally undesirable attributes.
PAC  SUMMARY OF THE INVENTION
PAR  This invention therefore has as its general objective the provision of an
      arrangement which effectively removes collected dust particles from the
      filter surface of a bag filter device. Moreover, this invention relates to
      a specific arrangement whereby a recipricatory motion produced by
      electro-magnetic action is imparted to a bag filtering device. More
      importantly, it relates to an arrangement by which an electro-magnetic
      device having a minimum of electric circuitry is adapted to impart a
      predetermined shaking or jarring motion to a fabric filter bag sufficient
      to remove the collected dust particles therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE shows a side elevation of bag filter constructed
      according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus according to this invention comprises a housing 10 having an
      inlet 12 for a dust bearing gas and an outlet 14 for the exhaust of clean
      gas therefrom. The housing is divided into inlet and outlet compartments
      16 and 18 by a tube sheet 22 having a series of apertures 24 therein. The
      apertures 24 are surrounded by an annular bellows or expansion joint 26
      that is attached at one end to the tube sheet and at its opposite end to a
      bag filter 28. The bags are preferably constructed of a woven fabric
      material and they are fitted tightly around a wire cage 32 or support
      whereby an elongation of the expansion joint 26 will permit an axial
      movement of the entire filter bag assembly integrally without stretching,
      abrading or relative movement of the independent fibers that constitute
      the fabric of the filter bag.
PAR  At each end of the filter bag I provide electro-magnets 34 and 36 that are
      firmly attached to fixed housing structure while stops 38 and 40 of
      magnetic material are secured to opposite ends of the support cage 32. The
      electro-magnets 34 at the open or outlet end of the filter bags 28 are
      supported by a wire bridge 42 extending diametrically over each of the
      several apertures of the tube sheet, while axially spaced electro-magnets
      36 at the closed end of each bag are supported on means 46 that extends
      across the housing 10. The magnetic stops 38 at the upper end of each
      filter bag are mounted on projections 39 that extend axially from a member
      50 that extends diametrically across each cage 32 to permit axial movement
      of the bag filter a distance less than the possible movement of expansion
      joint 26 whereby abutting contacts will serve as a stop means for the bag
      when it is being moved axially by the electro-magnetic actuators 34 - 36
      on the housing at opposite ends of the filter bag.
PAR  A tension spring 48 intermediate the wire bridge 42 and the member 50 at
      the end of each bag acts as a counter-weight to oppose and thus neutralize
      the weight of the filter bag 28 after it has been moved down by
      electro-magnet 36. Thus, as the bag 28 moves down and has been jarred by
      the contact between the electro-magnet 36 and its stop 40, the
      accumulation of dust thereon is loosened from the surface of the bag and
      it is permitted to fall to the bottom of the housing. In as much as
      tension spring 48 now neutralizes the weight of the bag assembly, a small
      magnetic force provided by the upper electro-magnet is sufficient to move
      the entire bag assembly back until stop 38 abuts magnet 34 to complete a
      full cycle of operation. Any residual accumulation of dust on the outer
      surface of filter 28 is jarred loose by the abrupt stopping of the bag.
PAR  In operation, a flow of dust entrained gas is directed through inlet 12 to
      inlet chamber 16 of the filter housing. From inlet chamber 16 of the
      housing the gas flows inward through each filter bag 28, out the open end
      of the bag to outlet chamber 18 and outlet duct 14 while the dust
      particles are captured on the outer surface of the filter bag. As the flow
      of gas continues to pass through the filter, a cake of dust particles
      removed from the gas stream builds up on the surface of the filter until
      the flow of gas therethrough is progressively reduced as a result of the
      increased resistance to gas flow. To periodically remove the dust
      particles from the surface of the filter and drop them to the hopper 54
      where they may be removed through a valving device 56, the filter bags are
      moved axially against their respective stop means to produce a jarring
      action that agitates the particles and separates them from the surface of
      the filter on which they have collected.
PAR  A control device 52 actuated either manually or automatically by a timer
      (not shown) may be set to supply power required to provide any desired
      frequency, sequence or magnitude of operation to the electro-magnets 34
      and 36 at opposite ends of the bag filters. Thus the bags may be slowly or
      rapidly moved up or down against their respective stop means to produce a
      distinct jarring action that dislodges the collected dust particles from
      the surface of the bags, or it may effect a simple vibratory motion that
      maintains the bags in an essentially dust-free condition.
PAR  While a preferred embodiment of the invention has been disclosed, herein,
      various alterations may be made without departing from the spirit of the
      invention. The foregoing embodiment should therefore be considered
      illustrative rather than restrictive of the invention, and the invention
      is to be limited only by the terms of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for filtering solids from gas comprising a housing having an
      inlet compartment for dust bearing gas and an outlet compartment for clean
      gas, an apertured tube sheet intermediate said inlet and outlet
      compartments, an annular expansion joint attached to the tube sheet around
      each aperture thereof, a cylindrical support cage depending from each
      expansion joint, a fabric filter bag surrounding each support cage and
      attached to each annular expansion joint to intercept the dust particles
      in the dust bearing gas passing therethrough, cleaning means for said
      filter bags adapted to shake the filter bags to remove collected dust
      particles therefrom, said cleaning means comprising an electromagnet
      affixed to said housing at opposite ends of each filter bag, magnetic stop
      means aligned with each electromagnet and integral with the cage support,
      spring means attached at opposite ends to the movable support cage and to
      the fixed housing structure, means for alternately energizing each
      electromagnet sufficient to axially flex the adjacent expansion joint to
      reciprocate the filter bag whereby said magnetic stop means abruptly
      terminates axial movement of each filter bag so as to agitate the dust
      particles whereby the dust particles may be dislodged from the filter and
      permitted to fall to the bottom of the filter house when the stop means
      strikes the electromagnet.
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ABST
PAL  An impingement separator for gas-liquid mixtures, in which at least two
      separating elements are spaced apart and held upright substantially in
      parallel to each other so as to provide a passage or passages for
      liquid-carrying gases. Each element consists of two outer plates bent in a
      zigzag fashion and spaced in a substantially parallel fashion with
      horizontal slits formed in the plate portions where the direction of the
      flow along the plate surfaces is deflected, and a bent inner plate
      intervening between the outer plates thereby defining liquid passages each
      facing one of the slits, so that an upward or downward stream or streams
      of the mixture impinge upon the baffling sections of the outer plates and
      the liquid is thereby separated out into the liquid passages through the
      slits and is collected away from the fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an impingement separator for gas-liquid mixtures
      which removes liquid from liquid-carrying gases by dint of impingement of
      the mixture upon baffle plates.
PAR  2. Description of the Prior Art
PAR  Gas-liquid separators of the impingement type admit gases laden with a
      liquid, which is to be separated from the gas, or a fluid consisting of a
      gas-liquid mixture, into bent, curved or baffled passages which cause the
      fluid to impinge upon the inner wall surfaces of the passages or baffles,
      so that the liquid sticks to the surfaces and flows down and away from the
      gases. To facilitate the removal of the lquid, it is customary to allow it
      to flow out by gravity. This, of course, necessitates a horizontal
      arrangement of flow passages, which presents many difficulties in the
      separation of liquid from either an upward or downward stream of
      gas-liquid mixture. An apparatus using baffles of wire meshwork which are
      designed to remove liquid from a rising or falling stream is well known in
      the art. This apparatus has a disadvantage in that after separation the
      gas stream and liquid flow through common passages with the liquid having
      an opportunity of being taken up and carried by the gases again. The
      disadvantage is eliminated by slowing down the flow of the gas stream by
      considerably enlarging the passages. This, in turn, requires separating
      elements of greater dimensions and hence a larger space for the equipment.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, gas-liquid mixtures in the form of
      upward or downward streams are separated by an apparatus comprising a
      plurality of separating elements held upright and in parallel to one
      another, each of the elements consisting of two outer plates bent in
      zigzag fashion to extend in a vertical direction and spaced substantially
      parallelly apart with horizontal slits formed in the plate portions where
      the flow direction of the fluid to be separated along the plate surfaces
      is deflected, and a bent inner plate intervening between the outer plates
      to form independent liquid passages divided completely from the passages
      for the gas-liquid mixtures by the bent inner plate and one of the outer
      plates may be spot-welded to the former, each of the liquid passages being
      communicated with one of the horizontal slits, and the inner plate being
      provided with a plurality of exits, each of which is located at a position
      corresponding to the bottom portion of each of the liquid passages to
      allow the liquid to flow downward through successive passages. The spaces
      between the elements serve as fluid passages, so that the upward or
      downward streams of the gas-liquid mixture impinge upon the baffling
      sections of the outer plates, and the liquid is thereby separated from the
      gas, enters the slits and is collected by the fluid passages. The
      separated liquid has no chance of being taken up or carried again by the
      gases. Consequently, the apparatus of this invention can separate
      gas-liquid mixtures and can do so with smaller fluid passages and still
      separate the mixtures more efficiently than the conventional separators
      designed to handle upward or downward streams.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a unit element for gas-liquid separation
      according to the present invention;
PAR  FIG. 2 is a side view of a pair of the separating elements combined to
      handle an upward stream of a fluid mixture;
PAR  FIG. 3 is a similar view showing another pair of separating elements for
      treating a downward stream;
PAR  FIG. 4 is an assembled view, in perspective, of a separator embodying the
      invention, partly broken away and with simplified elements to show the
      structure; and
PAR  FIG. 5 is a fragmentary perspective view of another embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is illustrated a unit element 1 of the
      gas-liquid separator according to the present invention. In FIGS. 2 and 3
      a pair of such elements 1, 2 are shown as constituting a fluid passage 3.
      The elements 1, 2 have two outer plates each, viz., 4, 5 and 6, 7,
      respectively. The outer plates are bent in zigzag fashion to extend in a
      vertical direction and are held apart in a parallel fashion except at the
      upper and lower ends. The pair of outer plates 4, 5 and 6, 7 enclose inner
      plates 8, 9 therein and closely sandwich them at both ends thereby
      securing them together in position.
PAR  The outer plates 4, 5 and 6, 7 are formed with horizontal slits 10-13,
      14-17 at or near the heights of the zigzag fluid passage 3 where an
      ascending stream of liquid-containing gases (indicated by full-line arrows
      in FIG. 2) impinges upon the outer plates 5, 6 that form the inner walls
      of the passage, and is thereby forced to shift its rising direction.
PAR  The inner plates 8, 9 are so bent as to form independent liquid passages
      18-21 and 22-25, each being communicated with one of the slits, and are
      fixed to the associated outer plates 4, 5 or 6, 7 by, for example, spot
      welding. The liquid passages have exits 26-28, 29-31 at their bottoms, so
      that the separated liquid flows successively downward to the bottoms 32,
      33 of the passages 21, 23 at the lower parts of the elements 1, 2, and is
      thence drained out.
PAR  In the arrangement described above, a stream of liquid-carrying gases, or a
      fluid consisting of a gas-liquid mixture, enters the passage 3 at its
      bottom and travels upward in the direction indicated by full-line arrows.
      The stream first collides with the portion of the outer plate 6 of the
      element 2 having the slit 15. The collision enables a part of the liquid
      to leave the fluid and find its way through the slit 15 into the liquid
      passage 23 and run down to the bottom 33 of the passage. The fluid
      deflected by the impingement on that portion of the outer plate 6 thence
      collides with the portion of the outer plate 5 of the element 1 having the
      slit 11 and is thereby deflected again. Similarly the impingement causes a
      part of the liquid to run away from the fluid into the slit 11 as
      indicated by a broken-line arrow and thence into the liquid passage 19.
      The liquid continues to flow down through the exit 27 to the bottom of the
      lowermost liquid passage of the element 1. Next, the fluid strikes against
      the portion of the outer plate 6 of the element 2 in the vicinity of the
      slit 14. Simultaneously with the deflection of the fluid's ascending
      direction, separation of another part of its liquid content is caused in
      the same way as already stated. The separate liquid portion runs into the
      liquid passage 22 through the slit 14 and then into the passage 25 through
      the exit 29, down to the bottom 33 of the element 2 via the exit 31. As it
      further ascends through the passage 3, the fluid repeats the alternate
      impingement upon the outer plates 5, 6 in the manner so far described,
      each time losing a part of its liquid content as indicated by the
      broken-line arrows. The fluid is thus substantially freed from all the
      liquid before it reaches the top of the passage 3. With the arrangement of
      the vertical flow type impingement separator according to the present
      invention, separated liquid flows down through the independent liquid
      passages while being completely divided from the zigzag passages for
      gas-liquid mixtures and without coming into contact with any gas-liquid
      mixtures so that separated liquid is not taken up or carried again by the
      gas-liquid mixtures flowing through the separator. Therefore, the
      separating efficiency of the impingement separator can be enhanced.
PAR  FIG. 3 shows separation of a gas-liquid mixture during its descent. The
      construction and functions of the arrangement are exactly the same as
      those of FIG. 2, and therefore the description is omitted.
PAR  While only a pair of separating elements 1, 2 have been described by way of
      illustration, actually a plurality of such elements are assembled to form
      a separator as shown in FIG. 4. The plurality of elements 1, each built as
      shown in FIG. 1, are held apart in a parallel fashion with spacers 37 as
      in FIG. 2 and are enclosed altogether in a casing 36, which is open at the
      top and bottom and has a double wall 35 on one side that is connected to
      one side of the elements, 1. Positioned so that one edge is Furthermore,
      the interior of the double wall, 34, is in fluid communication with the
      lower end of the lowermost liquid passage. A drain valve, 38, is
      positioned on the lower part of the outer wall, 35. In this apparatus, a
      raw fluid enters the casing 36 through its bottom opening, and is
      distributed among the elements in the form of divided streams. As the
      streams travel upward, they are gradually freed of the liquid in the
      manner stated, and finally the dry fluid streams emerge from the top
      opening of the casing. The liquid portions separated out from the rising
      streams cascade within the individual elements down to their bottoms and
      gather in the collecting chamber 34 defined by the double wall 35.
      Eventually the liquid is taken out of the chamber 34 by means of the drain
      valve 38. The arrangement of the separating elements 1 in the casing 36
      may, of course, be modified so that the apparatus can handle downward
      streams as in FIG. 3.
PAR  In the embodiment above described, the liquid portions separated and
      trapped by the liquid passages fall in succession through the exits of the
      individual passages until they gather at the bottoms of the lowermost
      passages in the respective elements. Alternatively, as indicated in FIG.
      5, it is possible to form outlet ports 39 in the inner wall of the double
      wall 35 at points facing the bottoms of the individual liquid passages of
      the elements, and permit the individual passages to drain their contents
      into the collecting chamber 34.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vertical flow impingement separator for gas-liquid mixtures comprising
      at least two separating elements spaced and held upright substantially in
      parallel to each other so as to provide therebetween a passage or passages
      for gas-liquid mixture, each of said separating elements having a first
      and a second outer plate bent in zigzag fashion to extend in a vertical
      direction and spaced apart in a substantially parallel fashion except at
      upper and lower ends thereof, the second outer plate of one of said
      separating elements and the first outer plate of the other of said
      separating elements being so arranged to define therebetween a zigzag
      passage for the gas-liquid mixture, said first and second outer plates
      being provided with horizontal slits, each of which is disposed at a
      suitable position between an impingement position of the mixture upon the
      outer plates and a position at which the gas-liquid mixture is deflected
      at the next bent portion of the outer plate, so as to collect liquid which
      rushes out from the gas-liquid mixture due to inertial force directed out
      of the deflected stream of said mixture when said mixture flows along the
      separating elements in zigzag fashion, and a bent inner plate intervening
      between said first and second outer plates to form an independent series
      of liquid passages substantially separated from the passages for the
      gas-liquid mixture by the bent inner plate and either one of said first
      and second outer plates fixed to said bent inner plate, each of said
      liquid passages being communicated with one of said slits and said bent
      inner plate being provided a plurality of exits, each of which is located
      at a position corresponding to the bottom portion of each of the liquid
      passages to allow separated liquid to flow downward successively through
      said series of liquid passages whereby liquid separated from the
      gas-liquid mixture flows through said zigzag series of liquid passages
      without substantially being taken up or carried again by the gas-liquid
      mixture flowing through said zigzag passage, and is drained out at the
      lower end of the lowermost liquid passage.
NUM  2.
PAR  2. A vertical flow impingement separator for gas-liquid mixtures,
      comprising a casing having a double wall structure on one side and the
      upper and lower ends of said casing being opened, and a plurality of the
      separating elements vertically disposed in parallel to and spaced apart
      from each other so as to provide therebetween passages for the gas-liquid
      mixtures, one side of each of said elements contacting with the inner wall
      of the double wall structure of said casing, each of said separating
      elements consisting of a first and a second outer plate bent in zigzag
      fashion to extend in a vertical direction and spaced apart in a
      substantially parallel fashion except at upper and lower ends thereof, the
      second outer plate of one of said separating elements and the first outer
      plate of the other of said separating elements being so arranged to define
      therebetween a zigzag passage for the gas-liquid mixture, said first and
      second outer plates being provided with horizontal slits, each of which is
      disposed at a suitable position between an impingement position of the
      mixture upon the outer plates and position at which the gas-liquid mixture
      is deflected at the next bent portion of the outer plate, so as to collect
      liquid which rushes out from the gas-liquid mixtures due to inertial force
      directed out of the curvature of deflection of the stream of mixtures when
      the mixtures flow along the separating elements in zigzag fashion, and a
      bent inner plate intervening between said first and second outer plates to
      form independent liquid passages completely divided from the passages for
      the gas-liquid mixtures by the bent inner plate and either one of said
      first and second outer plates fixed to said bent inner plate, each of said
      liquid passages being communicated with one of said slits and said inner
      plate being provided with a plurality of exits, each of which is located
      at a position corresponding to the bottom portion of each of the liquid
      passages to allow the separated liquid to flow downward through successive
      liquid passages, and further arranged so that the lower end of the
      lowermost liquid passage is in fluid communication with the interior of
      said double wall structure, whereby liquid separated from the gas-liquid
      mixtures, flows through said liquid passages without substantially being
      taken up or carried again by the gas-liquid mixtures flowing through said
      zigzag passage, and is drained out of said separating element at the lower
      end of the lowermost liquid passage into said double wall structure.
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ABST
PAL  An air filter panel comprising a filter element of fibrous material
      supported at its marginal edges by a stiff paper frame is provided. The
      strip of stiff paper is scored along two spaced longitudinal lines and
      folded away from the longitudinal lines to form a trough for receiving the
      filter element, the strip also being folded transversely to form a closed
      configuration surrounding the filter element to receive the marginal edges
      of the filter element in the trough. The frame is triangular in cross
      section with an outer wall, a flat rear wall extending inward from the
      outer wall toward the filter element, and an inclined front wall extending
      inward from the outer wall toward the filter element and sloping toward
      the rear wall. The front wall terminates in a flange disposed in a
      parallel relationship with the rear wall. The flange is secured to the
      rear wall with the filter element compressed therebetween to hold the
      frame and filter element together.
BSUM
PAR  The present invention relates to an air filter and, more particularly, to
      an air filter panel for use in air conditioning systems to remove
      particles of dust and other foreign material from air circulated by the
      systems.
PAR  A conventional air conditioning unit for heating or cooling of a building
      typically includes a housing or duct provided with a relatively large
      passage for the flow of air to be filtered. The housing or duct is usually
      provided with a frame-like support in the form of a plurality of flat
      plates located about the edge of the air flow passage for receiving a
      removable air filter panel. The frame-like support plates hold the filter
      panel in place during operation of the air conditioning unit and
      facilitate insertion of the panel into the air conditioning unit and
      removal of the panel from the unit for replacement.
PAR  To enhance the effectiveness of the air conditioning unit, it is extremely
      important to provide an air filter which is efficient in removing dust
      particles and other foreign material from the air circulated by the unit.
      The removal of dust and other particles from the air avoids the
      deleterious effects of this undesirable matter on the components of the
      unit and eliminates the circulation of dust particles and other foreign
      material into the areas of the building served by the unit. Thus, it is
      essential to provide an air filter panel which fits snugly into the
      frame-like support of the air conditioning housing or duct so that the air
      circulated by the unit will pass through the air filter and not around it.
      In addition, it is desirable that the air filter be sufficiently rigid to
      retain its shape in use and designed to guide the air flow through the
      filter.
PAR  Further, in the operation of the air conditioning unit, the air filter
      panels should regularly be removed and replaced with new panels as the
      panels become filled with dirt and lose effectiveness. Accordingly, in the
      case of an air filter intended to be disposable, the filter should be
      inexpensive to manufacture.
PAR  The present invention achieves the above objectives by providing an air
      filter comprising a filter element of fibrous material supported at its
      marginal edges by a stiff paper frame which is arranged to present a flat,
      rear surface for snug, substantially air-tight engagement with the
      frame-like support plates around the air flow passage of a conventional
      air conditioning unit and an inclined front wall which directs the air
      flow toward the filter element.
PAR  In accordance with the invention, the frame comprises a strip of stiff
      paper folded along two spaced longitudinal lines to form a trough for
      receiving the filter element and also folded transversely to form a closed
      configuration surrounding the filter element to receive the marginal edges
      of the filter element in the trough. The frame includes an outer wall, a
      flat, rear wall extending inward from the outer wall toward the filter
      element, and a front wall extending inward from the outer wall toward the
      filter element and sloping toward the rear wall. The front wall terminates
      in a flange disposed in a parallel relationship with the rear wall. The
      flange is secured to the rear wall with the filter element compressed
      therebetween to hold the frame and filter element together.
PAR  A preferred embodiment of the air filter includes a backing sheet for the
      filter element which includes a plurality of air flow openings and is
      supported at its marginal edges by the frame. The backing sheet is located
      between the filter element and the rear wall of the frame.
PAR  Preferably, the frame is substantially a right triangle in cross section
      with its outer wall comprising one leg of the triangle, its rear wall
      comprising the other leg of the triangle, and its front wall comprising
      the hypotenuse. In an alternative embodiment, the angle between the outer
      wall and rear wall is an obtuse angle to facilitate storage or
      transportation of the air filters in a stacked arrangement.
PAR  In a preferred embodiment of the air filter, the stiff paper strip is
      scored along the two spaced longitudinal lines on the same side of the
      strip to facilitate formation of the strip into the triangular cross
      section of the frame. The strip is folded away from the longitudinal lines
      to form the outer wall, front wall and rear wall of the frame. The stiff
      paper strip is also scored along an additional line on the opposite side
      of the strip adjacent to the edge of the front wall to define the flange.
      The flange is folded away from the additional longitudinal line and
      disposed in a parallel relationship with the rear wall. In addition, the
      stiff paper strip is scored along transverse lines at predetermined spaced
      locations and folded away from the transverse lines to form the paper
      strip into the closed configuration of the frame. Preferably, the stiff
      paper strip is partially broken or separated along the longitudinal and
      transverse lines to prevent spring back of the strip from its folded,
      closed configuration.
PAR  The frame of the air filter presents a flat rear wall which is completely
      suitable for engagement with the flat, frame-like support plates around
      the air flow passage of a conventional air conditioning unit. The air flow
      through the filter urges the flat, rear wall of the filter frame into
      sealing engagement with the flat, frame-like support plates with the
      result that the entire air flow is directed through the filter element.
      The front, sloped wall of the filter frame serves as a baffle which
      directs the air flow toward the filter element. In addition, the
      triangular configuration of the frame allows the thickness of the filter
      element to be substantially equal to the width of the outer frame wall to
      provide optimum efficiency in the operation of the air filter.
DRWD
PAR  The accompanying drawings illustrate preferred embodiments of the invention
      and, together with the description, serve to explain the principles of the
      invention.
PAR  Of the drawing:
PAR  FIG. 1 is a perspective view of the front face of an air filter panel
      constructed in accordance with the principles of the present invention
      including a filter element of fibrous material and a frame which supports
      the filter element at its marginal edges;
PAR  FIG. 2 is a perspective view of the rear face of the air filter panel of
      FIG. 1 illustrating a backing sheet for the fibrous filter element
      supported by the frame;
PAR  FIG. 3 is an enlarged sectional view of the air filter panel of FIGS. 1 and
      2 illustrating the triangular configuration of the frame which holds the
      filter element and backing sheet;
PAR  FIG. 4 is an enlarged front view of a corner of the air filter panel;
PAR  FIG. 5 is an enlarged rear view of the same corner of the air filter panel;
PAR  FIG. 6 illustrates an elongated strip of stiff paper which is notched, cut,
      and scored at appropriate locations to facilitate folding of the strip to
      form the frame of the air filter panel;
PAR  FIG. 7 illustrates a slight modification of the elongated paper strip of
      FIG. 6 which can also be folded to form the frame of the air filter panel;
PAR  FIG. 8 illustrates a preheat station of an apparatus used in the assembly
      of the air filter panel;
PAR  FIG. 9 illustrates a pinch station of the apparatus used in the assembly of
      the air filter panel; and
PAR  FIG. 10 illustrates an alternative embodiment of the air filter panel which
      facilitates stacking of a plurality of air filter panels for storage or
      shipment.
DETD
PAR  Referring to FIG. 1, an air filter panel, generally 20, constructed
      according to the principles of the present invention comprises a filter
      element 22 of fibrous material, e.g., glass fibers, and a frame 24 which
      supports the filter element at its marginal edges. Preferably, filter
      element 22 and frame 24 are rectangular in shape to provide a rectangular
      air filter panel. The exterior dimensions of the air filter panel are
      standardized to allow the panel to be used in conventional air
      conditioning units.
PAR  The filter material preferably consists of a mixture of coarse and fine
      fibers, e.g., fiberglass, which is formed into a mass of substantially
      uniform thickness. The mass of fibers is secured together by a suitable
      bonding agent which will not have any appreciable effect on the air flow
      through the filter material.
PAR  As shown in FIG. 2, air filter panel 20 includes a porous backing sheet 26,
      e.g., a thin metal or plastic sheet provided with a plurality of closely
      spaced, circular air flow openings 28. The backing sheet is preferably
      rectangular in shape and supported at its marginal edges by frame 24.
PAR  In accordance with the invention, the frame comprises a strip of stiff
      paper folded along two spaced longitudinal lines to form a trough or
      channel for receiving the filter element and also folded transversely to
      form a closed configuration surrounding the filter element to receive the
      marginal edges of the filter element in the trough or channel. The frame
      includes an outer wall, a flat rear wall extending inward from the outer
      wall, and a front wall extending inward from the outer wall toward the
      filter element and sloping toward the rear wall. The front wall terminates
      in a flange disposed in a parallel relationship with the rear wall, and
      the flange is secured to the rear wall with the filter element compressed
      therebetween to hold the frame and filter element together.
PAR  In the preferred embodiment, the strip of stiff paper is folded
      transversely at predetermined spaced locations to provide four frame
      sections which form a closed, rectangular configuration to surround filter
      element 22 and support the marginal edges of the filter element. Each
      frame section is substantially a right triangle in cross section. As
      embodied and shown in FIG. 3, frame 24 includes an outer wall 32, a first
      side wall 34 at the rear of the frame extending perpendicularly inward
      from outer wall 32 toward filter element 22, in a generally parallel
      relationship with the filter element, and a second side wall 36 at the
      front of the filter frame extending inward from outer wall 32 toward the
      filter element and sloping toward first side wall 34. Outer wall 32 and
      rear wall 34 constitute the legs of the right triangle, while front wall
      36 constitutes the hypotenuse of the triangle.
PAR  As shown in FIG. 3, front wall 36 terminates in a flange 38 disposed in a
      parallel relationship to rear wall 34. Flange 38 is secured to rear wall
      34 with conventional means, e.g., by bonding with a suitable adhesive, or
      by mechanically fastening the flange to the rear wall with staples,
      rivets, or other suitable fasteners. In the preferred embodiment, an
      adhesive, commonly known as hot melt, is used to bond flange 38 to rear
      wall 34 with filter element 22 compressed between the flange and rear wall
      to hold the frame and filter element together. Backing sheet 26 is
      preferably disposed between filter element 22 and rear wall 34 of the
      filter frame.
PAR  FIG. 6 illustrates an elongated strip 40 of stiff paper, e.g., Kraft lined
      paper, which is notched, cut, and scored to facilitate formation of filter
      frame 24 when the paper strip is appropriately folded. Paper strip 40 is
      scored on the same side along two spaced longitudinal lines 42 and 44
      which extend for the entire length of the paper strip. In addition, paper
      strip 40 is scored along a longitudinal line 45 on the opposite side of
      the paper strip adjacent to the upper edge of the strip to define flange
      38 of the filter frame.
PAR  Stiff paper strip 40 is also scored along spaced, transverse lines 46, 48
      and 50, between longitudinal score lines 42 and 44, to define four outer
      wall sections 32. In addition, paper strip 40 is completely cut along
      transverse lines 52, 54 and 56, i.e., from longitudinal score line 44
      outward to the lower edge of the paper strip, to define four rear wall
      sections 34.
PAR  Finally, the stiff paper strip is provided with a plurality of notches
      which extend from the upper edge of the strip to longitudinal score line
      42 to define four front wall sections 36. Each notch defines an inclined
      edge 58 and a perpendicular edge 60. Referring to FIG. 4, when the paper
      strip is folded into a rectangular configuration, perpendicular edge 60 at
      each corner of the frame underlies inclined edge 58.
PAR  FIG. 7 illustrates an alternative embodiment of elongated stiff paper strip
      40 which is suitable for formation of filter frame 24. The only difference
      between the strips of FIGS. 6 and 7 is in the formation of the notches
      which define front wall sections 36. In the embodiment of FIG. 6, each
      front wall section 36 is cut away at one of its ends to provide the
      required notches. In the embodiment of FIG. 7, however, alternate front
      wall sections 36 are cut away at both ends thereof to provide the notches,
      while the intervening front wall sections are undisturbed.
PAR  As shown in FIGS. 6 and 7, a tab 80 is formed at one end of the stiff paper
      strip. A transverse score line 82 is provided to facilitate folding of tab
      80 relative to the strip. The tab is received in the opposite end of the
      frame when paper strip 40 is folded into its closed, rectangular
      configuration.
PAR  In the manufacture of the air filter panel, the elongated paper strip is
      normally supplied from a large roll (not shown) and is initially formed
      into the desired frame configuration to receive the other filter
      components. After insertion of the filter element and backing sheet into
      the frame, the filter components are firmly secured together to complete
      the assembly of the air filter panel. The following detailed description
      specifically concerns a filter panel in which a bonding agent is used to
      secure the components together.
PAR  The elongated paper strip is advanced from its supply roll through an
      applicator (not shown) which applies an adhesive, e.g., hot melt, along
      opposite edges of the strip which correspond to flange 38 and the outer
      edge of rear wall 34 of the filter frame. The hot melt is applied at a
      predetermined temperature, e.g., 300.degree. to 400.degree.F, required to
      melt or activate the adhesive. Then the paper strip is passed between a
      pair of cooling rollers (not shown) to temporarily de-activate the
      adhesive to avoid inadvertent removal of the adhesive from the paper strip
      in subsequent manufacturing steps.
PAR  Next, the elongated paper strip is advanced to a stamping station where an
      appropriate set of dies simultaneously form the transverse score lines,
      cuts, and notches in the paper strip. At the same time, or in a later
      step, the paper strip is cut to the desired length and tab 80 is formed at
      one end of the strip. The cut paper strip is then advanced through a set
      of rotary cutting knives which form longitudinal score lines 42 and 44 on
      the same side of the paper strip and longitudinal score line 45 on the
      opposite side of the paper strip.
PAR  Subsequently, paper strip 40 is advanced to a conventional roll forming
      machine which shapes the paper strip into a channel-like configuration by
      folding the strip along longitudinal score lines 42, 44 and 45. In each
      instance, the portions of stiff paper strip 40 located adjacent to the
      longitudinal score lines are folded away from the score lines. As a result
      of this folding technique, the stiff paper strip is partially broken or
      separated along the longitudinal score lines to counteract the tendency of
      the stiff paper strip to spring back from its folded configuration.
PAR  After paper strip 40 is folded longitudinally into a channel-like
      configuration, it is again folded, either manually or by suitable
      automatic apparatus (not shown), along transverse score lines 46, 48 and
      50 into a closed, rectangular configuration. Again, in the case of each
      transverse score line, the portions of the paper strip adjacent to the
      transverse score lines are folded away from the score lines. As a result,
      the stiff paper strip is partially broken or separated along transverse
      score lines 46, 48 and 50 to overcome the tendency of the stiff paper
      strip to spring back from its closed, rectangular configuration. As shown
      in FIG. 5, rear wall sections 34 overlap at each corner of the filter
      frame. In addition, tab 80 is folded away from transverse score line 82
      and is inserted into the end of the trough or channel at the opposite end
      of the paper strip.
PAR  After stiff paper strip 40 is formed into its rectangular frame
      configuration, backing sheet 26 is laid into the partially formed filter
      frame on rear wall sections 34 with its marginal edges inside the channel
      defined by the walls of the frame. Next, filter element 22 is inserted
      into the partially formed filter frame on backing sheet 26 with its
      marginal edges also received in the channel defined by the frame walls.
PAR  Next, the partially assembled air filter panel is advanced by a conveyor
      (not shown) to a pre-heat station 90 (FIG. 8). The pre-heat station
      includes a lower hot plate 92 for engagement with rear wall sections 34 of
      the filter frame and a hold down plate 94 for engagement with the front of
      the filter frame to hold the rear wall section against the hot plate.
      Pre-heat station 90 is provided with positioning devices, e.g., a set of
      brackets 96 on hot plate 92, which receive filter frame 24 and hold the
      filter frame in its rectangular shape during the application of heat to
      rear wall sections 34 of the filter frame. The purpose of the pre-heat
      station is to raise the temperature of the adhesive previously applied at
      the edges of rear wall sections 34 sufficiently, e.g., 300.degree. to
      400.degree.F, to reactivate the adhesive.
PAR  Thereafter, the air filter panel is advanced to a pinch station 100 (FIG.
      9) to complete the assembly of the air filter panel. The pinch station
      includes a hot plate 102 which supports the air filter panel and maintains
      the temperature of the adhesive on rear wall sections 34 at the desired
      level, e.g., 300.degree. to 400.degree.F. In addition, the pinch station
      includes a heat and sealing fixture 104 which is mounted for movement
      relative to hot plate 102 under the action of an air cylinder 106. The
      purpose of heat and sealing fixture 104 is to raise the temperature of the
      adhesive previously applied to flanges 38 to the melt range, i.e.,
      300.degree. to 400.degree.F, and to simultaneously urge flanges 38 toward
      the rear walls 34 of the filter frame to cause the adhesive to penetrate
      through the compressed fibrous material of the filter element and bond
      flanges 38 to rear wall sections 34 of the filter frame. The adhesive is
      selected to have sufficient holding power upon relaxation of the pressure
      exerted on flanges 38 by heat and sealing fixture 104 to hold the flanges
      and rear wall sections together.
PAR  As the final manufacturing step, the air filter panel is advanced to a
      cooling station (not shown), similar to the pinch station of FIG. 9, where
      it is cooled for a sufficient time to completely set the adhesive.
PAR  In the above manufacturing steps, the sequence of the heating operations to
      reactivate the adhesive is particularly important to the production of a
      desirable final product. At the pre-heat station (FIG. 8), only the
      adhesive on rear wall sections 34 is activated, while heating of the
      adhesive on flanges 38 is purposely eliminated to maintain the adhesive
      de-activated. Since heating of the adhesive on flanges 38 is only
      initiated upon contact with heat and sealing fixture 104 at the pinch
      station (FIG. 9), the possibility of melted adhesive being wiped on the
      fibrous filter material during downward movement of the fixture is
      substantially eliminated. Thus, the air filter panel produced is
      attractive in appearance with substantially no visible adhesive between
      the flanges and rear wall sections of the frame.
PAR  In the case of an air filter panel in which the filter components are
      mechanically fastened together, the adhesive applicator described above is
      eliminated. The formation of the elongated paper strip into the frame
      configuration is, however, otherwise identical to the above procedure. In
      addition, a suitable mechanical fastening apparatus, e.g., a stapling
      machine or a rivet assembly device, is used in place of the pre-heat and
      pinch apparatus previously described.
PAR  The air filter panel of the present invention includes a frame which is
      particularly advantageous for use with a conventional air conditioning
      unit. The frame includes a flat rear wall which, during air flow through
      the filter, is urged into sealing engagement with the flat, frame-like
      support plates around the air flow passage of the unit to insure that the
      entire air flow is directed through the filter element. Further, the front
      sloped wall of the filter frame acts as a baffle to direct the air flow
      toward the filter element.
PAR  In addition, the air filter panel has the advantage that the flat rear wall
      and triangular configuration of the frame permit the thickness of the
      filter element to be substantially equal to the full depth of the frame,
      i.e., to the width of the outer frame wall. Thus, in comparison with a
      frame structure which cannot accommodate a filter element equal in
      thickness to the full depth of the frame, the air filter panel of the
      present invention allows the mass of fibrous material of the filter
      element to be more loosely distributed to enhance the efficiency of the
      fibrous filter material in eliminating dust particles and other foreign
      material from the air flowing through the filter.
PAR  FIG. 10 illustrates an alternative embodiment of the air filter panel in
      which the triangular cross section of filter frame 24 includes an obtuse
      angle at the intersection of outer wall 32 and rear wall 34 of the frame.
      The construction of the alternative embodiment is otherwise identical to
      the structure previously described. Preferably, the obtuse angle of the
      triangular cross section is approximately 100.degree..
PAR  As shown in FIG. 10, the provision of the obtuse angle between the outer
      wall and rear wall of the frame cross section facilitates the arrangement
      of two or more air filter panels in a stacked configuration. Since the
      outer wall is inclined slightly inward from the front to the rear of the
      frame, the rear portion of one frame can be received within the front face
      of another frame to allow nesting of adjacent air filter panels. Thus, it
      is apparent that, in the alternative embodiment, less packaging space
      would be required for a stack of filters. The reduction in packaging space
      is a significant advantage in the storage or shipment of air filters.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described, and modifications may be made in the details of the
      air filter embodiments without departing from the principles of the
      present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air filter, comprising:
PA1  a filter element of fibrous material; and
PA1  a frame for supporting said filter element at its marginal edges;
PA1  said frame comprising a strip of stiff paper scored along two spaced
      longitudinal lines and folded away from said longitudinal lines to form a
      trough for receiving said filter element, said strip also being folded
      transversely to form a closed configuration surrounding said filter
      element to receive said marginal edges of said filter element in said
      trough;
PA1  said frame including an outer wall, a flat rear wall extending inward from
      said outer wall, and a front wall extending inward from said outer wall
      toward said filter element and sloping toward said rear wall;
PA1  said front wall terminating in a flange disposed in a parallel relationship
      with said rear wall, said flange being secured to said rear wall with said
      filter element compressed therebetween to hold said frame and filter
      element together.
NUM  2.
PAR  2. An air filter, comprising:
PA1  a filter element of fibrous material; and
PA1  a frame for supporting said filter element at its marginal edges;
PA1  said frame comprising a strip of stiff paper scored along two spaced
      longitudinal lines and folded away from said longitudinal lines to form a
      trough for receiving said filter element, said strip also being folded
      transversely to form a closed configuration surrounding said filter
      element to receive said marginal edges of said filter element in said
      trough;
PA1  said frame including an outer wall, a first side wall extending
      perpendicularly inward from said outer wall toward said filter element,
      and a second side wall extending inward from said outer wall toward said
      filter element and sloping toward said first side wall;
PA1  said second side wall terminating in a flange disposed in a parallel
      relationship with said first side wall, said flange being secured to said
      first side wall with said filter element compressed therebetween to hold
      said frame and said filter element together.
NUM  3.
PAR  3. An air filter of quadrangular shape, comprising:
PA1  a filter element of fibrous material having a quadrangular shape;
PA1  a porous backing sheet of quadrangular shape located adjacent to said
      filter element; and
PA1  a frame surrounding said filter element and backing sheet for supporting
      said filter element and backing sheet adjacent to the marginal edges
      thereof;
PA1  said frame comprising an elongated strip of stiff paper scored along two
      spaced longitudinal lines on the same side of said strip and folded away
      from said longitudinal lines to form a trough for receiving said filter
      element and also folded transversely at predetermined spaced locations to
      form a closed, quadrangular configuration which surrounds said filter
      element and backing sheet and receives said marginal edges of said filter
      element and backing sheet in said trough;
PA1  said frame including an outer wall, a first side wall extending inwardly at
      right angles to said outer wall from said filter element, and a second
      side wall extending inwardly from said outer wall and sloping toward said
      first side wall;
PA1  said strip being scored along an additional longitudinal line on its
      opposite side and folded away from said additional longitudinal line to
      provide a flange on said second side wall disposed at right angles to said
      outer wall, said flange being secured to said first side wall with said
      filter element compressed therebetween to hold said frame, filter element
      and backing sheet together.
NUM  4.
PAR  4. An air filter of generally rectangular shape, comprising:
PA1  a filter element of fibrous material having a generally rectangular shape;
PA1  a frame surrounding said filter element and supporting said filter element
      adjacent to its marginal edges; and
PA1  a generally rectangular backing sheet for said filter element including a
      plurality of air flow openings;
PA1  said frame comprising an elongated strip of stiff paper scored along two
      spaced longitudinal lines on the same side of said strip and folded away
      from said longitudinal lines to form a trough for receiving said filter
      element, said strip also being scored along transverse lines at
      predetermined spaced locations on the same side of said strip and folded
      away from said transverse lines to form a closed, rectangular
      configuration which surrounds said filter element and receives said
      marginal edges of said filter element in said trough;
PA1  said frame being substantially a right triangle in cross section and
      including an outer wall, a rear wall extending inwardly at right angles to
      said outer wall toward said filter element, and a front wall extending
      inwardly from said outer wall and sloping toward said rear wall, said
      backing sheet being located between said filter element and said rear wall
      of said frame;
PA1  said strip being scored along an additional longitudinal line on its
      opposite side and folded away from said additional longitudinal line to
      provide a flange on said front wall disposed in a parallel relationship
      with said rear wall, said flange being secured to said rear wall with said
      filter element compressed therebetween to hold said frame, filter element,
      and backing sheet together.
NUM  5.
PAR  5. The air filter of claim 4, wherein said flange is adhesively secured to
      said rear wall.
NUM  6.
PAR  6. The air filter of claim 4, wherein said flange is mechanically secured
      to said rear wall.
NUM  7.
PAR  7. An air filter of generally rectangular shape, comprising:
PA1  a filter element of fibrous material having a generally rectangular shape
      and a substantially uniform thickness;
PA1  a frame surrounding said filter element and supporting said filter element
      adjacent to its marginal edges; and
PA1  a generally rectangular backing sheet for said filter element including a
      plurality of air flow openings;
PA1  said frame comprising an elongated strip of stiff paper scored along two
      spaced longitudinal lines on the same side of said strip and folded away
      from said longitudinal lines to form a trough for receiving said filter
      element, said strip also being scored along transverse lines at
      predetermined spaced locations on the same side of said strip and folded
      away from said transverse lines to form four frame sections into a closed,
      rectangular configuration which surrounds said filter element and receives
      said marginal edges of said filter element in said trough;
PA1  each frame section being a right triangle in cross section and having an
      outer wall substantially equal in width to the thickness of said filter
      element, a rear wall extending inwardly at right angles to said outer wall
      toward said filter element, and a front wall extending inwardly from said
      outer wall toward said filter element and sloping toward said rear wall,
      said backing sheet being located between said filter element and said rear
      wall of said frame;
PA1  said strip being scored along an additional longitudinal line on its
      opposite side and folded away from said additional longitudinal line to
      provide a flange on said front wall disposed at right angles to said outer
      wall, said flange being adhesively secured to said rear wall with said
      filter element compressed therebetween to hold said frame, filter element,
      and backing sheet together.
NUM  8.
PAR  8. An air filter of generally rectangular shape, comprising:
PA1  a filter element of fibrous material having a generally rectangular shape;
PA1  a frame surrounding said filter element and supporting said filter element
      adjacent to its marginal edges; and
PA1  a generally rectangular backing sheet for said filter element including a
      plurality of air flow openings;
PA1  said frame comprising an elongated strip of stiff paper scored along two
      spaced longitudinal lines on the same side of said strip and folded away
      from said longitudinal lines to form a trough for receiving said filter
      element, said strip also being folded transversely at predetermined spaced
      locations to form a closed, rectangular configuration which surrounds said
      filter element and receives said marginal edges of said filter element in
      said trough;
PA1  said frame being triangular in cross section and including an outer wall, a
      rear wall extending inwardly at an obtuse angle to said outer wall toward
      said filter element, and a front wall extending inwardly from said outer
      wall and sloping toward said rear wall, said backing sheet being located
      between said filter element and said rear wall of said frame;
PA1  said front wall terminating in a flange disposed in a parallel relationship
      with said rear wall, said flange being secured to said rear wall with said
      filter element compressed therebetween to hold said frame, filter element,
      and backing sheet together.
NUM  9.
PAR  9. The air filter of claim 8, wherein said obtuse angle is substantially
      100.degree..
NUM  10.
PAR  10. The air filter of claim 8, wherein said flange is adhesively secured to
      said rear wall.
NUM  11.
PAR  11. The air filter of claim 8, wherein said flange is mechanically secured
      to said rear wall.
NUM  12.
PAR  12. The air filter of claim 8, wherein:
PA1  said stiff paper strip is scored along an additional longitudinal line on
      the opposite side of said strip adjacent to the edge of said front wall to
      define said flange, said flange being folded away from said additional
      longitudinal line and disposed in a parallel relationship with said rear
      wall.
NUM  13.
PAR  13. The air filter of claim 8, wherein:
PA1  said stiff paper strip is scored along transverse lines at said
      predetermined locations and folded away from said transverse lines to form
      said paper strip into said closed rectangular configuration.
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ABST
PAL  Procedures are disclosed for producing both core-cladding optical fibers
      and self-focusing optical fibers from porous germinate and/or silicate
      glasses obtained after phase separation and removal of the soluble phase.
      A glass which is separable into at least two phases one of which is
      soluble, is heated to cause phase separation. The soluble phase is leached
      out removing undesired impurities. The pores are collapsed and this glass
      is used to produce cores and/or cladding layers, or self focusing fibers.
      According to one aspect of the invention, preforms of the porous glass
      have their interconnected pores stuffed with a dopant. In the production
      of core-cladding optical fibers, the dopant modifies the index of
      refraction of the core and/or cladding so that the index of refraction of
      the core is greater than that of the cladding. The control of this index
      of refraction can be accomplished by addition of non silicate network
      formers such as GeO.sub.2 to the original melt before phase separation.
      These network formers will stay in the insoluble phase. In producing
      self-focusing fibers, the dopant may be non-uniformly deposited in order
      to produce a radial gradient in the index of refraction, or sodium or
      potassium ions may be ion exchanged into the glass for a portion of a
      dopant containing lithium or thallium to produce such an index of
      refraction gradient.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder (or grant) with the Department of the
      Air Force.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation in part of our copending application
      Ser. No. 355,164 filed Apr. 27, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to glass fiber optical wave guides useful in
      a laser communication or data transmission system.
PAR  The most promising transmitting media for optical communication signals is
      the glass fiber optical wave guide. In an optical wave guide the light
      beam is confined within and guided along a solid glass fiber of
      cylindrical cross section with a plurality of fibers assembled into a
      bundle and protected with a sheathing so that the wave guide can be
      handled much like a cable. The individual fibers are generally formed of a
      central glass core surrounded by a glass cladding which has a lower
      refractive index than the core so that a light beam injected into one end
      of the compound fiber is confined to and guided along the core by total
      internal reflection. The fiber cores range in diameter from approximately
      1 to 100 micrometers and typical cladding-core diameter ratios are on the
      order of 1.1 to 1.
PAR  Another type of glass fiber optical wave guide, which is referred to as a
      self-focusing fiber, has a radially parabolic refractive index profile
      created within the glass fiber. The variation in the refractive index is
      intended to cause the light beam to be continuously focused or guided
      along the filament. The desired refractive index profile is sought to be
      achieved by ion exchange techniques in which, for example, thallium ions
      in the glass fiber near the surface are replaced by sodium or potassium
      ions. In the latter type of wave guide, it is quite difficult to achieve
      the desired distribution of the ions, and unduly long ion exchange times
      are required when following prior art ion exchange procedures.
PAR  The preferred glass compositions for optical fibers are generally
      silicates. The raw materials from which the glass compositions are
      obtained can be in various forms such as oxides and carbonates, but must
      be of high purity. Specifically, transition metals such as ferrous ion,
      nickel and chromium should be essentially completely excluded, and
      preferably are present in an amount of less than 2 parts per billion.
PAR  In the production of the fibers, a melt is prepared and the fiber is drawn
      either using the standard double crucible technique used for pulling
      fibers, or from preforms made of tubes and rods of appropriate dimensions
      to be used in the preform technique for preparing glass fibers (e.g., A.
      D. Pearson and A. R. Tynes, "Light Guidance in Glass Media." American
      Ceramic Soc. Bull. 49, 969-973 (1970).
PAR  When preparing a self-focusing fiber, the drawn fiber may be passed
      directly into a molten salt bath for the ion exchange treatment.
PAR  At the present time, an important problem to be solved in adapting glass
      fiber optical waveguides for use as a transmission line in communications
      systems which extend over long distances is the need to produce low signal
      loss silicate fibers by relatively inexpensive commercial production
      processes. One of the problems faced is to reduce loss due to extrinsic
      absorption which is absorption due to the presence of molecular or ionic
      impurities, especially Fe.sup.+.sup.+ ions and other transition elements.
      Production processes seeking to alleviate this problem are made much more
      expensive and complicated by efforts to keep out or remove the iron
      impurities from the silicate glasses. The iron gets into the glass both
      from the raw materials and in the melting procedure.
PAR  The methods proposed thus far to avoid this problem can be quite costly. An
      example of this is the vapor deposition technique. (See Keck et al, U.S.
      Pat. No. 3,711,262 on vapor deposition.)
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a method for
      economically producing an optical wave guide which overcomes the
      disadvantages noted above.
PAR  Another object is to provide novel techniques useful for producing
      core-clad as well as self-focusing fibers.
PAR  Still another object of the invention is to provide optical wave guide
      fibers which cause low extrinsic absorption losses.
PAR  According to the present invention, optical wave guide fibers are produced
      from a silicate glass, such as certain germania borosilicate glasses,
      which upon heating, can be separated into a germania silica-rich phase and
      a germania silica-poor phase. The latter phase is dissolved to leave a
      porous glass comprised of the germania silica-rich phase. We have found
      that iron and other impurities can be removed along with the silica-poor
      phase to, in effect, purify the glass.
PAR  One process of phase separation and leaching has been described in detail
      in Hood et al U.S. Pat. No. 2,221,709. This process has been used for many
      years to produce glass called Vycor which is useful for chemical ware. If
      one follows the process described in the Hood et al, patent, a core useful
      for certain applications can be made. This type of core must then be
      coated with a clad material having a lower refractive index. Because this
      Vycor core has a rather low index itself the clad materials are limited to
      plastics and low index inorganic glasses. Because the commercial Vycor
      process yields a glass containing significant amounts of water, the final
      product is partially immiscible, which leads to added scattering loss and
      an extremely high absorption (owing to OH vibrations) at 0.95 .mu.m(of the
      order of 2500 dB/km). In addition to the water problem the process does
      not either remove all the transition elements or put them in the proper
      oxidation state which yields absorption values due to impurities lying
      above 400 dB/km at 0.59 .mu.m and 2000 dB/km at 1.05 .mu.m.
PAR  By using starting materials of higher purity than used in the commercial
      process and by paying greater attention to the removal of water this
      attenuation can be made low enough for many applications. But with certain
      modifications to the above process which we have discovered glasses can be
      obtained (which we call phasil) in which the absorption and scattering
      losses are substantially reduced becoming comparable to that of pure
      silica. They are thus useful for all applications. In addition by varying
      the initial composition of the starting materials such as partial
      substitution of germania for silica the index of refraction of the final
      glass can be controlled over significant ranges.
PAR  This ability to adjust the index of refraction allows considerable increase
      in the flexibility of optical design. For example, glass treated by our
      process can be used for either the core or clad or both. This can be done
      with acceptance angles considerably larger than the optical fibers now
      commercially available using the chemical deposition techniques.
PAR  An important aspect of this invention is the discovery of the utility of
      the unconsolidated porous glass as a step in the process of production of
      optical fibers. This porous state of this glass is utilized in several
      ways as described below: (1) because of the large surface to volume ratio
      oxidation-reduction of the remaining transition elements can be
      accomplished with great efficiency; (2) for the same reason remaining
      water which is chemically bonded to the glass can be removed; and (3)
      dopants can be added to the pores for control of index of refraction and
      other physical properties.
PAR  In the case of a core-cladding type of wave guide, the dopant may be added
      to the cladding and/or core to obtain a composite fiber in which the index
      of refraction of the core exceeds that of the cladding.
PAR  In producing self-focusing fibers, which require a radial variation in the
      index of refraction, the dopant may be added nonuniformly to obtain this
      radial variation or if added approximately uniformly, a portion of the
      dopant may be selectively removed to obtain the desired index variation.
      The amount of refraction variation which can be achieved is greater than
      heretofore possible using ion exchange techniques. Ion exchange techniques
      can be employed only with a limited number of elements whose ions can be
      exchanged (e.g., Tl, Li, Na, K, Ru, Cs, Ag). In the present invention,
      there is no limit, in so far as the stuffing procedure is concerned, upon
      the atoms which can be used as dopants (e.g., Ge and Pb can cause over
      twice the change in the index of refraction possible by ion exchange).
      GeO.sub.2 or other network formers can be added in the original melt or as
      a dopant into the pores. If added to the original melt they will be
      purified by the Phasil process and will result in a uniform change in
      index of refraction. If added as a dopant to the pores, it must be of
      higher purity but has the advantage of being able to yield radial
      variation in the index of refraction. Alternatively, sodium or potassium
      ions may be ion exchanged for a portion of certain dopants to obtain the
      radial variation in the index of refraction.
PAR  An overall process for producing a porous glass and then adding dopant and
      forming an optical fiber may be characterized as including (1) forming a
      rod or tube of desired dimensions from an intermediate borosilicate glass,
      (2) thermally heating the rod or tube for a period of time to separate the
      glass into a silica-rich and a silica-poor phase with a controlled
      microstructure size, and interconnectivity, (3) dissolving or leaching the
      silica-poor phase with a mineral acid, (4) when necessary cleaning the
      residues remaining in the pores thus created using NaOH or dilute HF, (5)
      when necessary treating pores with aqua Regia to remove any platinum
      inclusions, (6) stuffing the pores if desired with iron-free dopants, (7)
      drying, (8) thermally consolidating the porous bodies (for example, a rod
      as above inside of a treated tube or rods or tubes alone), (10) then
      heating and pulling this preformed structure into a fiber of desired
      diameter, and (11) this fiber, according to one embodiment, then can be
      passed through a molten salt bath where ion exchange takes place with the
      dopant.
PAR  These steps (1) through (4) are used to create a silica matrix with a
      desired index of refraction and sufficiently iron free for optical fiber
      use. Step (5) solves a major problem of light scattering out of the fiber
      owing to platinum inclusions.
PAR  The next four steps allow one to inexpensively introduce transition element
      free dopants into the glass by (a) (step 6), introduction of the dopant
      into the pores as distinguished from into the silica matrix and (b) (step
      8), heat treating in a controlled atmosphere at temperatures below the
      consolidation temperature effectively controlling the oxidation-reduction
      state of the remaining transition metal impurities, and (c) (step 9)
      thermal consolidation of the dopant into the silica matrix. We refer to
      steps (6) through (9) as molecular stuffing to distinguish it from ion
      exchange. In the stuffing process, the pores are not necessarily filled
      completely. Step (7) solves another important production problem; namely,
      the drying process, when done in a proper reactive atmosphere, allows
      removal of protons, not only from pores, but also (because of large ratio
      of surface to volume) from the glass matrix itself.
PAR  Either by control of the original melt composition and/or by the stuffing
      approach one can create rods and tubes with a uniform but controlled index
      of refraction so that they can be then used in a preform to make a
      core-clad fiber where the core has a higher index of refraction than the
      clad. Additionally, controlled diffusion or other means allow stuffing of
      the pores in the silica matrix in a non-uniform way such that, for
      example, the dopant concentration (e.g., B.sub.2 O.sub.3 or Al.sub.2
      O.sub.3) varies radially outwardly from the center to the outer surface of
      a fiber. This variation in dopant concentration will, after consolidation
      by heat treatment which closes the pores, be permanent and lead to a
      radial variation in index of refraction. The radial variation of index of
      refraction thus obtained comes about through a totally different mechanism
      than by ion exchange processes in which ions are exchanged into the glass
      matrix, e.g., Kitano et al, U.S. Pat. No. 3,650,598. Whereas in
      conventional ion exchange processes, a very limited number of types of
      ions can be used, and whereas the extent of ion exchange is limited by the
      number of ions already present in the matrix, the stuffing process of the
      present invention is limited only by the pore volume, which is
      approximately 50% of the total volume.
PAR  The present invention takes advantage of the fact that the phase separated
      regions are interconnected and thus diffusion is possible into every part
      of the porous glass structure. The heat treatment which results in phase
      separation can be used to control pore size and thus diffusion rates (see
      Haller U.S. Pat. No. 3,549,524).
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In practicing the instant invention, a porous medium is prepared from a
      suitable phase separable base glass such as a base glass having a
      composition which lies in a known limited region of the pseudo-ternary
      system R.sub.x O.B.sub.2 O.sub.3.QO.sub.2 which region includes those
      compositions which will separate by heat treatment into at least two
      phases, one of which is easily decomposable and the other substantially
      undecomposable. The term QO.sub.2 means silica or germania or any
      combination thereof. The term R.sub.x O means any of the alkaline earth,
      alkali metal or heavy metal oxides wherein R.sub.x O can be Li.sub.2 O,
      Na.sub.2 O, K.sub.2 O, Tl.sub.2 O, CaO, BaO, MgO, BeO, SrO PbO or ZnO, or
      any combination thereof, and x is 1 or 2, depending on the valence of the
      metal R. Advantageously, the base glass composition can, for instance, be
      of the type described in Hood et al. U.S. Patent Nos. 2,106,744 and
      2,215,039. It is important that the mixture of oxides chosen displays a
      miscibility gap, i.e., that the melt of the oxides, when above a
      predetermined temperature, is a substantially homogeneous liquid, and,
      when below said predetermined temperature, segregates into at least two
      immiscible liquids. In addition to the mixture of oxides chosen displaying
      such a miscibility gap, it is also important that the volume ratio of the
      phases be between 1:2 and 2:1, and that the chemical durability of each
      phase differs sufficiently to permit selective leaching. Representative
      suitable mixtures of oxides include base glass compositions where silica
      is present in amounts ranging from 40 to 83 to weight percent, the R.sub.x
      O, e.g., soda, potash, lithia, etc., is present in amounts ranging from
      about 2 to 10 percent, and the boric oxide is present in amounts from
      about 8 to 48 weight percent. The iron content in the raw materials should
      be kept to less than 10 parts per million.
PAR  In addition to the borosilicate glass described above many other glasses
      e.g., 5-20% Li.sub.2 O and 80-95 SiO.sub.2, or 5-15% Na.sub.2 O and 85-95%
      SiO.sub.2 exhibit a miscibility gap and can be used.
PAR  Also we have found that from 0 - 20% weight percent of germania, GeO.sub.2,
      or other network forming oxides can be substituted for part of the silica
      in the base glass.
PAR  The process of producing the interconnected phase separated glass structure
      and its consolidation can be divided into the following steps:
PAR  a. glass melting, (b) phase separation, (c) leaching, and (d)
      consolidation.
PAR  a. Glass melting:
PAR  A Na.sub.2 O-B.sub.2 O.sub.3 -SiO.sub.2 composition is selected such that a
      homogeneous glass is easily made at 1400.degree.C, i.e. the mixture has
      viscosity around 10.sup.2 to 10.sup.3 poise at 1400.degree.C. Conventional
      glass melting procedures are used. A modification which we have applied is
      to add sodium nitrate. This helps oxidize all transition metal impurities
      to their highest oxidation state, which will facilitate their removal (see
      the following section). Another modification is to replace some of the
      SiO.sub.2 with another network former such as GeO.sub.2 in order to
      control the index of refraction if desired. For example adding 10%
      GeO.sub.2 changes the index by 1%.
PAR  One preferred embodiment of the base glass would be
TBL              Mol per cent.                                                 
                 Broad     Preferred Range                                     
     ______________________________________                                    
     SiO.sub.2 + GeO.sub.2                                                     
                   40 - 80     45 - 70                                         
     B.sub.2 O.sub.3                                                           
                   15 - 50     20 - 40                                         
     Alkali (Na.sub.2 O)                                                       
                    4 - 11     4 - 9                                           
     Al.sub.2 O.sub.3                                                          
                   0 - 5       0 - 3                                           
     ______________________________________                                    
PAR  The preferred range contains 0 - 20% GeO.sub.2.
PAR  b. Phase separation:
PAR  Depending on the starting composition the glass is heat treated at a
      temperature from about 500.degree.C to 650.degree.C from a few seconds to
      several weeks such that it separates into two phases having totally
      interconnected microstructure with an average size (100 - 2000 A)
      preferably between 100 - 500 A. These dimensions are much smaller than the
      radius of the preform. Thus, when the preform is undergoing the thermal
      consolidation step, the rates of diffusion are such that the dopant
      described below is homogeneously incorporated into the silica matrix on
      the dimensions of the microstructure, yet variations in dopant
      concentration can occur over distances on the order of the preform radius.
PAR  Considerable study of the kinetics of phase separation in the Na.sub.2
      O-B.sub.2 O.sub.3 -SiO.sub.2 system has allowed us to maximize the
      interconnectivity in that size range and to make a judicious choice of the
      composition selection. One of the phases is mostly covalently bonded
      SiO.sub.2 and will be referred to as the `hard` phase. The other phase has
      most of the sodium and boric oxides of the original glass with
      considerably less silica than in the hard phase. It is predominantly ionic
      in nature and will be referred to as the `soft` phase. It has been found
      advantageous to heat treat the glass at as low a temperature as possible.
      This reduces the possibility of any deformation of the rod or tube due to
      viscous flow. Also it increases the difference in composition of the two
      phases. When GeO.sub.2 or other network formers are added they go mainly
      into the hard phase.
PAR  The ionic impurities in the glass are preferentially segregated into the
      soft ionic phase. After leaching out this soft phase a reduction of
      absorption loss occurs owing to the preferential distribution of
      transition elements during phase separation. This preferential
      distribution of the ionic impurities increases if they are oxidized to
      their highest valence state (due to the increased ionic strength of the
      impurities). Therefore oxidation of iron in the glass melt facilitates its
      removal. Moreover this reduces the amount of ferrous ion that is chiefly
      responsible for the absorption loss in the 1 .mu.m frequency range. We
      have found it possible to reduce absorption loss at 1 .mu.m from 5,000
      dB/km to less than 100 dB/km.
PAR  c. Leaching;
PAR  The borosilicate glass in the form of tubing or rods is initially subject
      to an acid leaching treatment. Useful acids are dilute solutions,
      typically in the range of 1-2 normal solutions, of mineral acids, e.g.,
      HCl, H.sub.2 SO.sub.4, HNO.sub.3. However, hydrofluoric acid should not be
      used since it dissolves the silica-rich phase. The temperature of the
      leaching bath is generally about 90.degree.-100.degree.C. with about
      95.degree.C. being preferred. As the temperature of the bath falls below
      90.degree.C. there is less thorough extraction and a substantial increase
      in the extraction time. Below 85.degree.C., the rate of leaching becomes
      too slow. The leaching time is to some extent dependent upon the
      concentration of the acid and the temperature of the bath. A typical
      leaching schedule involves leaching the glass for two days in a 1.5 N
      solution of nitric acid at about 95.degree.C., then rinsing in a fresh
      solution of the same acid strength, and finally rinsing in a dilute, 0.2
      N, solution of nitric acid for one day.
PAR  Sometimes prior to leaching, it may be desirable to subject the glass to a
      preliminary etch treatment to remove the surface skin and thereby permit a
      more uniform penetration is recommended for thick walled tubing and also
      when the surface of the glass has become contaminated on storage. A
      typical preliminary etching may be performed by dipping in a 15 weight
      percent NH.sub.4 F.HF solution for 10 minutes. Ordinarily, the silica-rich
      phase is retained while the silica-poor, or boron-rich phase is removed by
      leaching with an acid.
PAR  It has been found that the rigid pores of the resulting silica-rich phase
      skeleton are about half filled with collidal silica which is a
      decomposition product of the removed microphase. It is often useful to
      remove this colloidal silica in order to remove transition elements which
      may have precipitated there. After washing the rigid, porous skeleton in
      an aqueous solution, the skeleton is treated with a solvent for the
      colloidal silica, preferably, a dilute solution of HF/HCl acids or sodium
      hydroxide, for a time sufficient to remove the colloidal silica without
      substantial attack of the skeleton itself. Ordinarily, the colloidal
      silica solvent treatment time will range from about one to four hours.
      After this is completed, the pores may be treated with hot, aqua Regia to
      remove any possible platinum inclusions which might be present. The acid
      treatments described above remove trace transition elements from both the
      silica gel and the surfaces of the matrix. Thereafter, the skeleton can be
      dried and the dried skeleton thus comprises a rigid matrix provided with a
      continuous system of intercommunicating pores substantially free of
      contaminants.
PAR  We have discovered that if GeO.sub.2 is added to the melt composition in
      place of some of the SiO.sub.2, sufficient GeO.sub.2 remains in the hard
      phase (impervious to HCl leaching) that significant increases in the index
      of refraction can be achieved. This can be used to control the index of
      refraction of the phasil product over ranges which are higher and lower
      than the commercial Vycor product. Other network forming oxides can be
      used for this purpose.
PAR  d. Consolidation:
PAR  This step of the process consists of heating the sample to a range from
      700.degree.C. to 950.degree.C. depending on the glass composition so that
      the pores of the glass close by viscous flow, leaving a homogeneous glass
      of the hard phase. We have discovered that if this consolidation is
      carried out as described in the Hood et al. patent a glass is obtained
      with a generally unacceptably high optical loss. (This point has been
      verified by measuring the loss of the commercially available product,
      Vycor). We have discovered further that the reason for this loss is
      incomplete removal of acid and water from the pores before collapse. We
      have found that if the glass is kept at 500.degree.-700.degree.C. for
      15-50 hours before heating to the 700.degree.-950.degree.C range most of
      the inhomogeneities in the glass, caused by the presence of water can be
      removed. This drying process is carried out preferably in a reactive
      atmosphere (such as CCl.sub.4, Cl.sub.2 gas or SiCl.sub.4).
PAR  In addition we have found that during the 500.degree.-700.degree.C. heat
      treatment the unconsolidated glass can be very efficiently controlled.
      This is due to the large surface available at this point. The value of
      this can be understood as follows. Although oxidation of the ionic
      impurities facilitates their removal in part b) above and lowers the
      absorption at 1.mu.m owing for example to the remaining iron, if one
      wishes a low attenuation in the 0.6 .mu.m region reduction reduction of
      the ionic impurities is useful. For example by reduction just before
      consolidation by heating porous glass for 14 hours in a vacuum we have
      appreciably lowered the attenuation from 250 dB/km. The exact effect of
      the oxidation-reduction treatment depends upon which ionic impurities are
      present in the porous glass.
DETD
PAC  EXAMPLE 1
PAR  To make the core of a core-clad preform, a melt is made of high quality
      chemicals (i.e. less than 10 ppm of total transition metal ions). 70 mole
      % SiO.sub.2, 7 mole % Na.sub.2 CO.sub.3 and 23 mole % B.sub.2 O.sub.3 is
      melted in a platinum crucible at 1400.degree.C. To this 0.1 % NaNO.sub.3
      is added as an oxidizing agent. The melt was then stirred until
      homogeneous. After refining a rod is drawn to 5 mm O.D. The rod is heat
      treated at 550.degree.C. for 4 hrs. The micro-structure had a size of
      about 500 A. Then the rod is leached for 72 hours in 3 normal HCl at
      95.degree.C. and then washed in deionized water. The water and acids must
      not introduce contaminants into the glass. The glass was further immersed
      in a 2% HF solution at 22.degree.C. for 2 hours, treated with 3N HCl and
      then washed with water. The porous rod is dried to remove the bulk of the
      water and then heated to 550.degree.C. to remove the remaining water. The
      rod is fired slowly to 850.degree.C., a temperature sufficient to close
      the pores and convert the impregnated glass to a substantially homogeneous
      vitreous body. This rod is mounted on standard fiber pulling equipment,
      pulled into a fiber having an index refraction of about 1.46 and coated
      with a low index of refraction plastic by a procedure similar to that
      described in Applied Optics, Vol. 13, page 1 (1974).
PAC  EXAMPLE 2
PAR  This example illustrates making a core of a core-clad preform with a
      greater index of refraction than in Example 1 so that there is more
      freedom in selecting a cladding which must have an index lower than that
      of the core; melt made of high quality chemicals (i.e. less than 10 ppm of
      total transition metal ions) containing 58.2 mole % SiO.sub.2, 10 mole %
      GeO.sub.2, 25.4 % B.sub.2 O.sub.3, 6.4 % Na.sub.2 O is melted in a
      platinum crucible at 1400.degree.C. To this 0.1 % NaNO.sub.3 is added as
      an oxidizing agent. The melt is then stirred until homogeneous. After
      refining a rod is drawn to 3 mm O.D. The rod is heat treated at
      550.degree.C. for 4 hrs. The rod is then leached for 48 hours at
      95.degree.C. in 3N HCl and then washed with deionized water.
PAR  The resulting porous rod is dried first to remove the bulk of the water and
      then heated to 550.degree. C. in a vacuum for 24 hours. The atmosphere is
      then changed to pure oxygen and the glass is kept at 550.degree.C. for
      another 8 hours. Then the rod is brought to 850.degree.C. until
      consolidation occurs. The rod is then inserted into a tube whose I.D. is
      approximately 3 mm and whose O.D. is 5 mm. The tube can be made either as
      in Example 1. (except in tube form and without the plastic coating) or a
      commercial tube made of fused silica or Vycor can be used. This composite
      is heated in a flame and drawn into a fiber. The core has an index of
      about 1.476 whereas a similar glass without the germania would have an
      index of about 1.460.
PAR  According to another preferred embodiment of the invention, the field of
      use of phase separable porous glasses in making optical fibers is extended
      by depositiong a dopant within the pores. Using stuffing we can lower the
      index of the clad to a more useful value. In practice, this can be done in
      many ways. According to one suitable method, the rod or tube of desired
      shape is impregnated by immersing it or a part of it in a solution
      containing a salt or compound of an element, the oxide of which is to be
      incorporated therein. The percentage of oxide to be incorporated may be
      controlled by varying the concentration of the treating solution. By
      knowling the composition, density and porosity of the porous glass, the
      concentration of the solution necessary to produce any desired final glass
      may be calculated. The porosity of the porous glass may be determined by
      the usual methods and in general amounts to about 50%. Highly soluble
      compounds are preferably employed and the solution is heated, if
      necessary, to increase the solubility. Some compounds tend to volatilize
      when their solutions are heated and in order to prevent this and to
      maintain the desired high concentration such solutions can be closed in a
      sealed container during the impregnating step.
PAR  The dopant is deposited in a form, for example, carbonates, nitrates or
      hydroxides, that upon heating, will yield the corresponding oxide. The
      preferred dopants are such compounds of alkali metals, alkali earths,
      boron, germanium, aluminum, titanium, lead, and bismuth that convert to
      the corresponding oxide during the thermal consolidation step. With the
      exception of boron oxide which lowers the index of refraction, the other
      oxides increase the index of refraction of the preform glass.
PAR  The dopant is preferably added in an amount of about 5-30 weight percent
      based on the weight of the unstuffed preform.
PAR  In the case of making a clad for use with a fused silica core, the index of
      refraction may be lowered by increasing the B.sub.2 O.sub.3 content of the
      phase separated clad tube. For example, the porous tube for making the
      cladding is immersed into a saturated solution of ammonium borate. A fused
      silica rod is then inserted in the tube and the combination of rod and
      tube is then thermally consolidated.
PAR  Another example of the use of stuffing is in preparation of a preformed rod
      which has an appropriate uniform concentration of dopants and which after
      being drawn into a fiber will be ion exchanged.
PAR  In this case, the base glass and production steps are the same as that in
      the previous example but step (6), the stuffing step, differs. Here, one
      impregnates the porous rod with a colloidal solution of aluminum particles
      in LiOH. This yields a lithium-alumina-silicate glass which can be readily
      ion exchanged after fiber formation to produce a self-focusing fiber
      because the ion exchange process yields an index of refraction which
      varies radially from center to outer surface.
PAR  Another application of the stuffing process is to produce a self-focusing
      fiber by directly creating a preform whose index of refraction varies
      radially from center to outer surface and which when drawn into a fiber
      maintains this radial variation in index.
PAR  This can be done in many ways, for example, a colloidal suspension of an
      oxide dopant (e.g., Al.sub.2 O.sub.3) can be diffused into the pores in a
      non-uniform fashion if the pores are of such a small size as to offer
      steric hindrance to the flow of suspended particles. The diffusion time
      history can be controlled to create the desired radial dependence in
      dopant concentration in the pores.
PAR  Another method would involve using two reactants which precipitate dopant
      on the walls of the pores and starting with a porous tube placing one
      reactant inside the tube and the other outside the tube. By adjusting
      hydrostatic pressures and concentrations as a function of time, the amount
      of precipitaiton will vary with radial distance from the inside wall.
PAR  After introducing dopant into the pores, a drying and consolidation is
      carried out as described above.
PAR  A specific example of the use of molecular stuffing to uniformly control
      the index of refraction of a preform is the following.
PAC  EXAMPLE 3
PAR  A melt is made of a high quality chemicals (i.e. less than 1 ppm of total
      transition metal ions). 70 mole % SiO.sub.2, 7 mole % Na.sub.2 CO.sub.3
      and 23 % mole % B.sub.2 O.sub.3 was melted in a platinum crucible at
      1400.degree.C., and stirred until homogenous. After refining a tube is
      drawn to 2 mm ID and 6 mm OD. The tube is heat treated at 580.degree.C.
      for 100 hrs. The micro-structure had a size of about 800 A. A short
      hydrofluoric acid treatment is given to remove the thin layer of highly
      silicous glass at the surface of the tube. Then the tube is leached for 48
      hours in 2 normal HCl at 95.degree.C. The water and acids used must not
      introduce contaminants into the glass. The glass was further immersed in a
      0.5 N NaOH solution at 22.degree.C. for 6 hours, washed until neutral with
      water which had been passed through a millipore filter, and treated with
      cold 3N HCl. This porous tube is now immersed into a solution containing
      1500 grams of boric acid, 700 cc of 28% concentrated ammonium hydroxide,
      and 1000 cc of water. The porous tube is dried and while being dried
      treated with carbon tetrachloride vapors to remove hydroxyl ions and then
      treated in an air atmosphere to remove any residual chlorine. A fused
      silica rod is inserted into this tube and the combination rod and tube
      preform is fired slowly to a temperature of about 850.degree.C which is
      sufficient to close the pores and convert the impregnated glass to a
      substantially homogeneous vitreous body. Since the temperature at which
      this will occur will vary with the oxide or oxides introduced, no
      universal temperature for firing be stated but suitable temperatures may
      readily be determined by trial for other compositions. Temperatures of
      800.degree.-900.degree.C. or higher are useable. In every instance it will
      be found to be materially lower than the temperature required to melt and
      refine a glass of equivalent composition directly from batch materials.
      This preform is then drawn into a core-clad fiber.
PAC  EXAMPLE 4
PAR  This example illustrates deposition of dopant by chemical vapor deposition.
PAR  The terakis-isopropoxide of Ge is first prepared by the method of Bradley
      and co-workers (D. C. Bradley and W. Wardlaw, J. Chem. Soc. 280 [1951]).
      ##EQU1##
      High purity 99.999% GeCl.sub.4 should be used. The Ge(OC.sub.3
      H.sub.7).sub.4 is further purified by use of a gas chromatographic column
      using 1% Apiezon L on Chromosorb W (60-80 mesh) injected at 20.3.degree.C.
      in accordance with technique described by L. M. Brown, and K. S.
      Maziyasni, Analytical Chem. 41, 1243 (1969). The Ge(OC.sub.3
      H.sub.7).sub.4 vapor effluent from the gas chromatograph column is then
      diffused into a porous silicate tube through the inner surface, and
      simultaneously water vapor is diffused into the tube through the outer
      surface. The resultant thermal decomposition given by
EQU  2 H.sub.2 O + Ge(OC.sub.3 H.sub.7).sub.4 ---- GeO.sub.2 + 4 C.sub.5
      H.sub.11 OH
PAL  yields a precipitate GeO.sub.2 whose concentration in the pores varies
      radially decreasing as one goes to the outer surface. This tube is then
      heated very slowly to 950.degree.C. It is kept at this temperature until
      it becomes transparent which indicates consolidation and is drawn into a
      fiber.
PAC  EXAMPLE 5
PAR  This example relates to depositing a dopant by formation of a precipitate
      by reaction of two solutions within the pores of a preform. High purity
      Al.sub.2 O.sub.3 which may have been purified by gas chromatography as in
      Example 2, is dissolved in NaOH. The solution is fed into a porous tube. A
      dilute solution of HCl is placed around the outside of the tube. As the
      two solutions come into contact in the pores Al(OH).sub.3 precipitates. By
      controlling the hydrostatic pressure differences and the concentrations as
      a function of time, the radial variation of dopant can be controlled. Once
      the desired dopant concentration is achieved, 10 mole percent Al.sub.2
      (OH).sub.3, then the preform is washed first with dilute HCl to remove all
      sodium ions left, then with distilled water which has been cleaned of all
      scattering particles by passing through a millipore filter. The preform is
      then ready for drying, closing the pores, consolidating and pulling into a
      fiber.
PAR  Although presently preferred embodiments of the invention have been shown
      and described with particularity, it would be appreciated that various
      changes and modifications may suggest themselves to those of ordinary
      skill in the art upon being apprised of the present invention. It is
      intended to encompass all such changes and modifications as fall within
      the scope and spirit of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for the production of an optical wave guide comprising a
      cladding layer and a glass core with an index of refraction larger than
      the index of refraction of said cladding layer, the improvement comprising
      forming said core by heat treating a base glass which is separable into at
      least a soluble phase and an insoluble phase to cause phase separation,
      leaching out the soluble phase and impurities to obtain an porous glass,
      thermally consolidating the glass to seal said pores, drawing the
      resultant glass into a fiber, and applying a cladding layer to produce
      said wave guide.
NUM  2.
PAR  2. A method according to claim 1, wherein said base glass contains a finite
      amount of germania sufficient to increase the index of refraction of the
      resulting core.
NUM  3.
PAR  3. In a method for the production of an optical wave guide from a phase
      separable base glass where the base glass is heat treated to cause phase
      separation into at least two immiscible liquids comprising an insoluble
      phase and a soluble phase, and the soluble phase is leached out, the
      improvement which comprises heating said insoluble phase to substantially
      completely remove chemically combined water therefrom, thermally
      consolidating the glass at a higher temperature to seal said pores, and
      applying a cladding layer to produce said wave guide.
NUM  4.
PAR  4. A method according to claim 3, wherein said heating step is carried out
      at about 100.degree.-300.degree.C below the thermal consolidation
      temperature.
NUM  5.
PAR  5. In a method for the production of an optical wave guide from a phase
      separable base glass including heat treating said base glass to cause
      phase separation into at least two immiscible liquids comprising an
      insoluble phase and a soluble phase, and leaching out the soluble phase,
      the improvement which comprises oxidizing transition metal impurities in
      the base glass to their highest oxidation states prior to phase
      separation, thermally consolidating the glass to seal the pores in said
      glass, and applying a cladding layer to produce said wave guide.
NUM  6.
PAR  6. In a method for the production of an optical wave guide from a phase
      separable base glass including heat treating said base glass to cause
      phase separation into at least two immiscible liquids comprising an
      insoluble phase and a soluble phase, and leaching out the soluble phase,
      the improvement which comprises treating a porous glass having
      interconnected pores resulting from the leaching step to change the
      oxidation state of at least one transition metal impurity present therein,
      thermally consolidating the glass to seal the pores in said glass, and
      applying a cladding layer to produce said wave guide.
NUM  7.
PAR  7. A method according to claim 6, wherein said impurity is present in the
      matrix of the porous glass.
NUM  8.
PAR  8. A method according to claim 6, wherein said impurity is present in a
      dopant deposited in the pores of the porous glass.
NUM  9.
PAR  9. In a method for the production of an optical wave guide from a phase
      separable base glass including heat treating said base glass to cause
      phase separation into at least two immiscible liquids comprising an
      insoluble phase and a soluble phase, and leaching out the soluble, the
      improvement which comprises removing from within the pores of the
      insoluble phase colloidal silica or colloidal germania produced as a
      decomposition product of the removed soluble phase during the leaching
      step, thermally consolidating the glass to seal the pores in said glass,
      and applying a cladding layer to produce said wave guide.
NUM  10.
PAR  10. In a method for producing an optical wave guide fiber wherein a preform
      is drawn to produce the fiber, the improvement which comprises producing a
      preform of a porous silicate or germinate glass having interconnected
      pores therethrough, radially non-uniformly depositing a dopant capable of
      varying the index of refraction of said glass within said pores to vary
      the index of refraction, and thermally consolidating the glass to seal the
      pores, whereby when a fiber is drawn from said preform, the fiber has an
      index of refraction which varies radially.
NUM  11.
PAR  11. In a method according to claim 10, wherein said preform is a
      borosilicate glass.
NUM  12.
PAR  12. In a method according to claim 10, further comprising heating said
      glass to produce from said dopant at least one oxide selected from the
      group consisting of alkali metal oxides, alkaline earth oxides, boric
      oxide, germania, alumina, titanium dioxide, lead oxide, and bismuth oxide.
NUM  13.
PAR  13. In a method according to claim 12, wherein the oxide is germania
      deposited in the pores in an amount of about 5-30 weight percent based on
      the initial weight of the preform.
NUM  14.
PAR  14. In a method according to claim 10, wherein said dopant is deposited
      within said pores by regulated diffusion of dopant into the pores of said
      preform.
NUM  15.
PAR  15. In a method according to claim 10, wherein said dopant is deposited
      within said pores by precipitating dopant from a solution into the pores
      of said preform.
NUM  16.
PAR  16. In a method according to claim 10, wherein said dopant is deposited
      within said pores by chemical vapor deposition.
NUM  17.
PAR  17. In a method according to claim 10, wherein said dopant is deposited by
      placing dopant within pores adjacent the surface of the preform, and
      heating the preform to diffuse a portion of the dopant throughout the
      remainder of the preform.
NUM  18.
PAR  18. In a method according to claim 10, wherein the dopant is deposited by
      initially distributing dopant relatively uniformly throughout said
      preform, said dopant being one which increases the index of refraction,
      and selectively leaching a portion of the dopant from the preform so that
      the concentration of dopant increases towards the center of the preform.
NUM  19.
PAR  19. In a method according to claim 10, wherein said glass is a porous
      silicate glass and wherein said dopant contains thallium, and further
      comprising drawing said preform to produce a fiber, ion exchanging the
      doped fiber with ions selected from the group consisting of sodium and
      potassium ions to replace a portion of said dopant with said ions to
      obtain a fiber whose index of refraction increases radially inwardly from
      the outer surface thereof.
NUM  20.
PAR  20. A method according to claim 10, wherein said dopant contains lithium.
NUM  21.
PAR  21. A method according to claim 19, wherein said porous silicate glass is a
      borosilicate glass, and wherein the fibers are ion exchanged by passing
      the fiber through a molten salt bath containing the sodium or potassium
      ions in a continuous fashion immediately following the drawing step.
NUM  22.
PAR  22. In a method for the production of an optical wave guide comprising a
      cladding layer and a glass core with an index of refraction larger than
      the index of refraction of said cladding layer, wherein the improvement
      comprises forming said cladding layer of a porous silicate glass having
      interconnected pores therethrough, depositing a dopant within said pores
      to control the index of refraction of said cladding layer, and thermally
      consolidating the glass to seal the pores.
NUM  23.
PAR  23. In a method according to claim 22, further comprising heating said
      glass to produce from said dopant an oxide selected from the group
      consisting of alkali metal oxides, alkali earth oxides, boric oxide,
      germania, alumina, titanium dioxide, lead oxide, bismuth oxide, ceric
      oxide, and cerous oxide.
NUM  24.
PAR  24. In a method according to claim 22, wherein the core is fused silica,
      and wherein the dopant is boric oxide in an amount of about 1-30 weight
      percent based on the initial weight of the preform.
NUM  25.
PAR  25. In a method according to claim 22, wherein said core is a porous
      silicate glass having interconnected pores therethrough, and further
      comprising depositing a dopant different from the dopant in the cladding
      layer into the pores of the porous glass of the core, and thereafter
      uniting the cladding layer and the core.
NUM  26.
PAR  26. In a method for the production of an optical wave guide comprising a
      cladding layer and a glass core with an index of refraction larger than
      the index of refraction of said cladding layer, wherein the improvement
      comprises forming said core of a porous silicate glass having
      interconnected pores therethrough, depositing a dopant within said pores
      to control the index of refraction of said core and thermally
      consolidating said core to close the pores.
NUM  27.
PAR  27. A method according to claim 26, wherein said dopant elevates the index
      of refraction of said core and is selected from the group consisting of
      alkali metal oxides, alkali earth oxides, germania, alumina, titanium
      oxide, cerous oxide, and ceric oxide.
NUM  28.
PAR  28. In a method of producing an optical wave guide, the improvement which
      comprises producing the wave guide of a porous silicate or germinate glass
      having interconnected pores therethrough, non-uniformly depositing a
      dopant within said pores, and thermally consolidating said pores in such a
      fashion that the wave guide has a non-uniform index of refraction which
      varies along a dimension of the wave guide.
NUM  29.
PAR  29. In a method for the production of an optical wave guide comprising a
      cladding layer and a glass core with an index of refraction larger than
      the index of refraction of said cladding layer, wherein the improvement
      comprises forming said cladding layer of a porous silicate glass having
      interconnected pores therethrough, removing colloidal silica from within
      said pores to lower the index of refraction of said cladding layer, and
      then thermally consolidating said cladding layer to seal the pores.
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ABST
PAL  A method for treating blast furnace slag comprising cooling and solidifying
      the slag discharged from the blast furnace with an aqueous solution
      containing not less than 0.003% ferrous sulfate and/or ferrous chloride.
BSUM
PAR  This invention relates to the treatment of blast furnace slag comprising
      adding an aqueous solution containing not less than 0.003% ferrous sulfate
      and/or ferrous chloride, for example, wasted acid from an acid pickling
      step of steels, if necessary mixed with a cooling water, to the slag so as
      to prevent generation of hydrogen sulfide during cooling of the slag and
      to obtain slag which does not dissolve out percolate. This invention has
      great advantages in that the wasted acid from the acid pickling step of
      steels is effectively used for the treatment of blast furnace slag without
      the problem of public pollution thus eliminating the necessity of a
      recovery plant for wasted acid.
PAR  According to the conventional art, the blast furnace slag in a molten state
      at high temperature is poured out from the furnace to a slag cooling yard
      where the slag is cooled and solidified using cooling water and crushed
      into sand or lamp form to be used as ballasts, grains for concrete and so
      on. However, during the cooling and solidification with water, water
      vapour generated by the application of water reacts with the sulfides and
      polysulfides in the slag to produce hydrogen sulfide.
PAR  Now from the point of public pollution, up to 10 ppm of hydrogen sulfide in
      the atmosphere is allowed in Japan, but from the point of the improvement
      of working conditions for workers and prevention of corrosion of plants,
      it has been strongly demanded to suppress the hydrogen sulfide generation
      as low as possible.
PAR  Further, if the non-treated slag is used, percolate (yellowish water) often
      dissolves out from the slag during its use due to rains, etc. Therefore,
      in the conventional arts, the slag is exposed to the air for 2 or 3 months
      before it is used or is limited in its applications.
PAR  Meanwhile, hot rolled steel plates are acid-pickled with sulfuric acid or
      hydrochloric acid before they are supplied to subsequent steps. In this
      case, a wasted acid recovery plant is required and the wasted acid is
      regenerated with considerable expense and labour as well as time in order
      to prevent the public pollution.
PAR  One of the objects of the present invention is to provide a method for
      treating blast furnace slag utilizing ferrous sulfate and/or ferrous
      chloride contained in the wasted acid from the acid-pickling step, which
      method can solve the above mentioned problems.
DRWD
PAR  Other objects and features of the present invention will be clear from the
      following descriptions of examples of the present invention referring to
      the attached drawings.
PAR  FIG. 1 shows a flow-sheet of one embodiment of the present invention
      applied for treating the slag in a slag-pit system.
PAR  FIG. 2 shows a flow-sheet of another embodiment of the present invention in
      which water from the blast furnace gas cleaning system is used for the
      cooling water.
PAC  EXAMPLE 1
PAR  In FIG. 1, wasted acid which is an aqueous solution of ferrous sulfate
      (FeSO.sub.4) or ferrous chloride (FeCl.sub.2) is added and mixed in the
      water pool to adjust the pH value of the cooling water to not less than 3,
      preferably not less than 5, from the point of corrosion prevention of the
      equipment, and the cooling water is sprinkled onto high temperature slag
      flowing out from the blast furnace to the cooling yard to solidify the
      slag. The hydrogen sulfide produced by the reaction between the sulfides
      in the slag and the high temperature water vapour is made to react with
      ferrous salts or ferrous hydroxides produced therefrom and fixed in the
      slag as stabilized sulfides, such as, ferrous sulfide.
PAR  Free acids which are present unavoidably in the wasted acid from the acid
      pickling step react with unstable sulfur compounds in the slag to form
      harmless salts and hydrogen sulfide, but this hydrogen sulfide is also
      prevented from evaporation as the hydrogen sulfide reacts with the ferrous
      salts or the ferrous hydroxides as above.
PAR  Meanwhile, the used cooling water is filtered by the filtering zone below
      the cooling yard and returned to the water pool, and again mixed with
      wasted acid and circulated for cooling the slag. In this case, part of the
      stable fine sulfides which have passed the filtering zone below the
      cooling yard do not settle or separate in the water pool and are
      circulated. However, as it does not decompose in the cooling water having
      a pH value not less than 3 with addition of the wasted acid, it is
      gradually fixed to the slag during its circulation in the suspended state
      in the cooling water, and is treated together with the slag.
PAC  EXAMPLE 2
PAR  FIG. 2 shows another embodiment of the present invention in which the used
      water from the blast furnace gas cleaning system is used for the cooling
      water. 1 is a secondary venturi for cleaning the blast furnace gas, 2 is a
      pit for water discharged from the secondary venturi, 3 is a pump, 4 is a
      primary venturi for gas cleaning, 5 is a thickner, 6 is an intermediate
      pit, 7 is a pump for water circulation, 8 is a fresh water supply line
      provided in this system. This line supplies fresh water from a water
      source not shown to the intermediate pit 6 through a pipe line P and a
      flow control valve FCV using a pressure pump not shown so as to compensate
      the loss of water due to evaporation scattering and so during its
      circulation. 9 is a discharging system for discharging dust settling in
      the thickner 5, 10 is a connecting piping system to the slag treating
      system, 11 is a water circulation pipe line, 12 is a slag treating yard,
      13 is a waste channel, 14 is a recirculating water pit, 17 is a supply
      pump for cooling water, and 18 is a pipe line for supplying and sprinkling
      the cooling water.
PAR  In this example, the gas cleaning system is composed of the two-stage
      venturis 1 and 4 arranged in series and the thickner 5, and the treating
      water is circulated in the system. Meanwhile the slag treatment system is
      composed of the treating yard 12 and the water pit 14 and the treating
      water is circulated in the system. The loss of water due to evaporation
      and scattering in both of the systems is compensated by supplying water to
      the intermediate pit 6 of the gas cleaning system, and the loss of water
      in the slag treating system is compensated by supplying water from the
      intermediate pit 6 to the water pit 14 of the slag treating system.
PAR  Similar results as in Example 1 can be obtained by the modification shown
      in this example, but further additional advantages are obtained as
      follows.
PAR  Namely, since the water from the gas cleaning system has a higher
      temperature than the ordinary water and is used as the supplying water to
      the pit 14, addition, dissolution and diffusion thereto of the wasted acid
      solution (or neutralizing agent) are effectively promoted, and meanwhile
      complete water circulation of the blast furnace can be attained.
PAR  For illustration of the results obtained by the present invention, Table 1
      shows the chemical compositions of the wasted acids used in Example 2 and
      Table 2 shows the main characteristic changes of the recirculating water
      and the results of dissolution tests by fresh water conducted on blast
      furnace slag particles of 5 - 30 mm diameters treated by the cooling water
      obtained by diluting the wasted acids by 800 times in comparision with
      those obtained by the conventional methods.
TBL                Table 1                                                     
     ______________________________________                                    
     Chemical Compositions of Wasted Acids used                                
     (% by weight)                                                             
                  A       B         C                                          
     ______________________________________                                    
     Sulfuric Acid  3.4       0         1.8                                    
     Ferrous Sulfide                                                           
                    24.3      0         12.2                                   
     Hydrochloric   0         3.0       1.4                                    
     Acid                                                                      
     Ferrous Chloride                                                          
                    0         30.5      15.1                                   
     Water          72.3      66.5      69.5                                   
     ______________________________________                                    
TBL                                    Table 2                                 
     __________________________________________________________________________
     Results of Dissolution Tests                                              
                 Present Invention                                             
                                Conventional Method                            
                 1    2    3    1     2                                        
     __________________________________________________________________________
     Wasted Acid Used                                                          
                 A    B    C    --    --                                       
     pH of Cooling Water                                                       
                 5.1  6.0  5.7  7.3   9.1                                      
     pH of Discharged                                                          
     Cooling Water                                                             
                 7.7  7.4  7.2  10.4  9.1                                      
     Total S Content in                                                        
     Slag after Treat-                                                         
                 0.33 0.85 0.75 0.58  0.83                                     
     ment (%)                                                                  
     H.sub.2 S in Cooling                                                      
     Atmosphere (ppm)                                                          
                 0.8  2.5  2.1  4.3   6.1                                      
     Accumula-                                                                 
           10 days                                                             
                 0.05 0.07 0.06 0.15  0.17                                     
     tive  after                                                               
     Dissolu-                                                                  
           30 days                                                             
     tion of S                                                                 
           after 0.06 0.08 0.08 0.18  0.20                                     
     (Dissolved                                                                
     S/slag)                                                                   
           60 days                                                             
     (%)   after 0.07 0.08 0.08 0.19  0.22                                     
           120 days                                                            
           after 0.07 0.09 0.09 0.19  0.23                                     
     Color of Dissolution                                                      
     Liquid 120 days                                                           
                 Color-                                                        
                      Color-                                                   
                           Color-                                              
                                Yellow                                         
                                      Yellow                                   
     after       less less less                                                
     __________________________________________________________________________
PAR  As shown in Table 2, in the conventional methods, dissolution of percolate
      was observed in the water, whereas according to the present invention no
      dissolution of percolate was observed thanks to the reactions of the
      wasted acid and the pH value of the cooling water is satisfactory. These
      advantages of the present invention can be attributed to the facts that
      unstable sulfur content in the slag reacts with ferrous salts content in
      the wasted acid to form ferrous sulfide, and calcium oxide in the slag
      reacts with the wasted acid to form harmless salts, such as, calcium
      sulfate or calcium chloride.
PAR  Regarding the amount of ferrous sulfate and/or ferrous chloride in the
      cooling water, it has been found through experiments that not less than
      0.003% by weight is desirable, and any cooling water without using the
      wasted acid but containing ferrous sulfate and/or ferrous chloride not
      less than 0.003% can be used in the present invention.
PAR  The main advantages of the present invention are that the slag can be
      treated by utilizing ferrous sulfate and/or ferrous chloride in the wasted
      acids from the acid-pickling plant with in any conventional slag cooling
      plant only the addition of simple transferring equipment for wasted acid
      so that almost no hydrogen sulfide is generated during the treating
      process, the slag thus treated has no problem of percolate dissolution.
      Also, the wasted acids can be handled simultaneously without much expense,
      labor and time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for treating blast furnace slag containing sulfides comprising
      cooling and solidifying the slag discharged from the blast furnace by
      spraying an acidic aqueous solution containing not less than 0.003%
      ferrous sulfate or ferrous chloride onto the slag, said aqueous solution
      having a pH not less than 3.
NUM  2.
PAR  2. The method according to claim 1, in which wasted acid from sulfuric-acid
      pickling of steels is used for the aqueous solution.
NUM  3.
PAR  3. The method according to claim 1, in which wasted acid from
      hydrochloric-acid pickling of steels is used for the aqueous solution.
NUM  4.
PAR  4. The method according to claim 1, in which a mixture of wasted acids from
      sulfuric-acid pickling and hydrochloric-acid pickling of steels is used
      for the aqueous solution.
NUM  5.
PAR  5. A method for treating blast furnace slag containing sulfides comprising
      supplying a part of the circulation water used in a blast furnace gas
      cleaning system to a blast furnace slag cooling system wherein said
      circulating water is sprayed onto the molten slag, adding an acidic
      aqueous solution containing not less than 0.003% ferrous sulfate or
      ferrous chloride to the circulation water in the blast furnace slag
      cooling system, and compensating for the lost of circulation water due to
      evaporation and scattering in both of the systems by supplying water from
      outside the systems to the gas cleaning system, said aqueous system having
      a pH not less than 3.
NUM  6.
PAR  6. The method according to claim 5, in which wasted acid from sulfuric-acid
      pickling of steels is used for the aqueous solution.
NUM  7.
PAR  7. The method according to claim 5, in which wasted acid from
      hydrochloric-acid pickling of steels is used for the aqueous solution.
NUM  8.
PAR  8. The method according to claim 5, in which a mixture of wasted acids from
      sulfuric-acid pickling and hydrochloric-acid pickling of steels is used
      for the aqueous solution.
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ABST
PAL  Apparatus for feeding material to a glass melting tank comprises a batch
      material feed system and a cullet feed system. A first control unit
      controls the rate of the batch feed and a second control unit controls the
      cullet feed rate. One of the control units receives a signal dependant on
      the glass level in the tank and thereby controls the rate of one feed
      system in dependance on the glass level. A ratio control unit is provided
      to adjust the other control unit so the two feed systems operate at a
      predetermined ratio of feed rates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to glass manufacturing processes and apparatus and
      more particularly to processes and apparatus for feeding glass forming
      material to a glass tank or furnace in which it is required to maintain a
      controlled level of molten glass.
PAR  In a known process for the manufacture of glass, batch material and cullet,
      which consists of broken or refuse glass, are fed to a glass melting tank
      from which molten glass is withdrawn as the glass is formed. It is
      normally required to maintain the molten glass level in the tank at a
      controlled level and consequently the incoming material must be supplied
      at a controlled rate. It is known to use a level detector within the tank
      for sensing the level of molten glass and to use the output of the level
      detector for automatically controlling the rate of feed of batch material
      to the tank. The amount of cullet supplementing the batch material is
      normally controlled manually.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to enable automatic control of the
      rate of feed of both batch material and cullet.
PAR  The present invention provides apparatus for feeding material to a glass
      melting tank comprising a first feed system for feeding batch material to
      the tank at an adjustable rate, a second feed system for feeding cullet to
      the tank at an adjustable rate, a first control device for controlling the
      rate of feed of the first system, a second control device for controlling
      the rate of feed of the second system, one of the control devices being
      arranged to receive a first control signal dependent on the output of a
      glass level detector for detecting the level of glass within the tank, and
      thereby control the feed rate of the associated feed system in dependence
      on the level detected, and a ratio control unit arranged to receive a
      signal dependent on the rate of feed of the said associated feed system
      and provide a second control signal to the other control device such that
      the first and second control signals correspond to a predetermined ratio
      of feed rates for the two feed systems.
PAR  Preferably each control device includes means for setting a desired feed
      rate, an input arranged to receive a signal from its associated feed
      system indicating the actual feed rate of the system, and an output
      arranged to provide an output signal depending on the difference between
      the actual and desired feed rates. Preferably the means for setting the
      desired feed rate in the control devices is responsive to the first and
      second control signals respectively.
PAR  Preferably the apparatus includes a level control device having means for
      setting a desired level of glass within the tank, an input arranged to
      receive a signal representing the actual level within the tank and an
      output arranged to provide said first control signal in dependence on the
      difference between the desired and actual levels. The invention includes
      apparatus in which a glass level detecting device is coupled to the level
      control device and arranged to detect glass level within the tank.
PAR  Preferably selector switch means is provided to connect the first control
      signal to either the first or second control device. Although it is
      preferable for the output of the level control device to be fed to the
      second control device controlling the rate of feed of cullet, the
      provision of such selector switch means enables the outlet of the level
      control device to control directly the batch feed rate if preferred.
PAR  Preferably the first and second control devices include means for manually
      adjusting the desired feed rate so that each may be manually set when not
      arranged to receive the output of the level control device. Conveniently
      the ratio control unit is also manually adjustable to vary the ratio of
      the second control signal to the input to the ratio control unit.
PAR  Preferably the said other control device includes manually operable means
      for adjusting the desired feed rate, means responsive to the second
      control signal for automatically adjusting the desired feed rate, and
      limit switch means responsive to the difference between the actual feed
      rate and the desired feed rate indicated by the second control signal and
      arranged to effect automatic adjustment of the desired feed rate if the
      difference exceeds predetermined limits. The selector switch may be
      arranged to switch in and out the limit switch means when desired.
PAR  Each feed system may include a rotary member coupled to a motor, for
      controlling the feed rate, and a variable speed control device for each
      motor arranged to respond to the output of the associated first and second
      control device.
PAR  The invention includes a method of controlling feeding rates of batch
      material and cullet which are fed by two separate feed systems to a glass
      melting tank, which method comprises detecting the level of glass within
      the tank, forming a first control signal representing the difference
      between the actual level and a desired level, controlling the feed rate of
      one feed system in dependence on the first control signal, generating a
      second control signal corresponding to a feed rate for the other feed
      system which is a desired ratio of the feed rate of the said one system,
      and supplying said second control signal to a control device for
      controlling said other feed system.
PAR  The control device of said other feed system may be arranged to respond to
      the second control signal only when the second control signal varies
      beyond predetermined limits. The said one feed system is conveniently the
      system feeding cullet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing shows schematically a control system for
      controlling feeding rates of batch material and cullet to a glass melting
      furnace.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This example shows a glass melting tank or furnace 11 used in the
      manufacture of glass. Batch material which consists of normal known
      constituents used to form glass is fed to the interior of the tank by a
      conveyor shown schematically by the roller 12. The batch material is
      supplemented by cullet which is also fed to the interior of the tank from
      a conveyor 13. The roller conveyor 12 may be supplied from a hopper so
      that the batch material lies on the conveyor with uniform thickness. In
      this way, the rate of feed of batch material is dependent on speed of
      rotation of the roller 12. The cullet leaving the conveyor 13 may pass
      through a delivery tube or passage 14 leading from the conveyor 13 to the
      furnace 11. The glass is maintained in a molten condition in the furnace
      11, by heat applied within the furnace, and as glass is withdrawn from the
      tank, the speed of delivery of batch material and cullet must be
      controlled so as to maintain the molten glass level within the tank at the
      desired level shown at 15 in the drawing. The glass level 15 is sensed by
      a known type of level probe 16. The probe 16 is water cooled and the
      electrical resistance is sensed between the probe 16 and a return
      electrode 17 mounted in the side wall of the tank below glass level.
      Electrical leads from the probe 16 and return electrode 17 pass to a
      junction box 18 which is also connected to a probe drive unit 19 used to
      reciprocate the probe in a vertical direction, so that the electrical
      resistance may be measured when the top of the probe detects the glass
      surface position. The timing of reciprocation is controlled by a relay
      unit 20 fed from a power supply 21. An output signal from the glass level
      detecting probe is fed along line 22 from the drive unit to a chart
      recorder 23 which gives a visual display of the detected glass level. An
      output signal is taken on line 24 from the chart recorder 23 and is used
      to control the feed rates of batch material and cullet.
PAR  The feed control system mainly consists of a level control unit 25, a
      cullet speed control unit 26, a batch material control unit 27, a ratio
      control unit 28, two chart recorders 29 and 30 and a selector switch 31.
      Each of the control devices 25, 26, 27 and 28 is connected to a power
      supply unit 32. The level control unit 25 has an input 33 derived from
      line 24 indicating the level detected by the probe 16. The unit 25
      provides two outputs, one along line 34 to the chart recorder 30, thereby
      giving a visual indication of the actual level of glass in the tank, and a
      second output on line 35 representing the difference between the actual
      glass level and the desired level set at the control unit 25. The control
      unit 25 is a conventional deviation indicating control station having a
      window with a horizontal set point band covering a vertically arranged
      tape scale. A manually adjustable thumb wheel is provided which adjusts
      the position of the scale relative to the horizontal set point band. In
      this way, the thumb wheel may be adjusted to indicate any particular
      desired value, called a set point, representing in this case the glass
      level within the tank. The control unit 25 also includes a pointer
      indicating the value of level given by the input 33 and when the glass
      level measured by the probe is equal to the desired value, the pointer
      will be positioned behind the horizontal set point band on the control
      unit. The output on line 35 indicates the difference between the desired
      and actual levels of glass within the tank and is fed to the selector
      switch 31 which may be adjusted to one of three positions depending on
      which mode of operation is required. The switch 31, which is under the
      control of a manually adjustable knob 36, has three input switch members
      37, 38 and 39. Each of these inputs may be connected to one of three
      alternative associated outputs depending on the setting of the switch 31.
      These alternative outputs have been marked 371, 372, 373 and 381, 382, 383
      and 391, 392 and 393.
PAR  The cullet control unit 26 and batch control unit 27 are generally similar
      and both comprise conventional deviation indicating control stations. They
      are generally similar to the level control unit 25 already described in
      having a horizontal set point band behind which a tape scale may be
      adjusted to indicate a desired set point. The set point may be adjusted
      manually by a thumb wheel or automatically by a set point input signal.
      The cullet control unit 26 has a set point input 40 taken from the
      selector switch 31 which automatically adjusts the set point (or desired
      cullet feed rate). A second input 41 is derived from line 42 connected to
      the cullet feeding system and indicates the actual cullet feed rate. The
      line 42 is also connected to the chart recorder 29 which has one pen
      indicating the actual cullet feed rate. The cullet control unit 26 has an
      output 43 connected back to the cullet feed system, to be described below,
      for controlling the cullet feed rate. The batch control unit 27 similarly
      has a set point input 44 taken from the selector switch 31, for
      automatically adjusting the set point (that is desired batch feed rate) of
      the batch control unit 27. A second input 45 is taken from the batch
      feeding system, to be described below, and indicates the actual batch feed
      rate. A third input on line 46 is taken from the selector switch 31 and
      controls whether the batch control unit 27 operates on a manually set
      point or the automatically adjusted set point. The presence of an
      automatic operation signal is required on the input 46 before the batch
      control unit 27 adjusts the set point automatically. The control unit 27
      provides an output on line 48 representing the desired batch feed rate and
      this signal 48 is fed to the batch feeding device to be described below.
      The batch control unit 27 also includes a high and low limit switch device
      50 coupled to a power supply 51. The terminals 382 and 383 of the selector
      switch 31 are connected directly to the power supply 51 whereas the
      terminal 381 is connected to the power supply 51 via the limit switch 50
      so that connection is made to terminal 381 only if the input signal on
      line 44 differs from the actual batch feed rate indicated by the signal on
      line 45 by more than the limits set by the switch 50. The actual batch
      feed rate signal on line 45 is also connected by line 52 to the chart
      recorder 29 which has a pen indicating the actual batch feed rate.
PAR  The ratio control unit 28 is a standard ratio/bias station which, similar
      to the control units 25, 26 and 27, has a horizontal set point band
      overlying a vertically adjustable tape scale. The position of the tape
      scale may be adjusted by a manual thumb wheel so as to indicate the
      desired ratio between the input and output signals of the unit 28. In this
      particular example, the ratio control unit 28 has an input signal 53 taken
      from the line 42 so that the input 53 represents the actual cullet feed
      rate. The output signal 54, which is the predetermined ratio of the input
      53, is fed back to terminals 391 and 392 of the selector switch.
PAR  The batch feed roller 12 is connected to a shaft 60 which in turn is driven
      through a variable speed gear box 61 by an electric motor 62. The variable
      speed gear box 61 is provided with a gear ratio changing motor 10
      controlled by a thyristor unit 63 which receives the output signal 48 from
      the batch control unit 27. In this way the signal on line 48 adjusts the
      gear box 61 and varies the speed of rotation of the roller 12. The output
      of the gear box 61 is also connected to an alarm unit 64 so that an alarm
      may be provided if the speed varies beyond acceptable limits. The shaft 60
      is also connected to a speed transmitter unit 65 provided with a visual
      indicator 66. The output of the unit 65 is fed along line 45 to the batch
      control unit 27 so as to provide an indication of the actual batch feed
      rate.
PAR  In the case of the cullet feeding system, cullet is fed from a hopper 70
      onto a constant weight feeder conveyor 71. The conveyor 71, which is a
      closed loop conveyor, is driven at an adjustable speed by a variable speed
      motor 73. The belt of the conveyor 71 passes over a weighing roller 74
      arranged to operate a limit switch system 75 depending on the weight
      detected by the roller 74. The switch system 75 controls power supply to a
      motor 76 which in turn controls an adjustable gate 72 controlling the rate
      of flow of cullet from the hopper 70 onto the conveyor 71. In this way,
      the weighing roller 74 ensures a constant weight of cullet per unit length
      of conveyor 71. The rate of cullet feed is therefore controlled by the
      speed of drive of the motor 73. The cullet falls from the conveyor 71 onto
      the feeding conveyor 13 leading towards the furnace 11. The motor 73 is
      controlled by a thyristor unit 78 which in turn receives the output signal
      43 from the cullet control unit 26. In this way, the output signal 43
      controls the speed of drive of the motor 73. The motor 73 is also
      connected to a speed transmitting unit 79 provided with a visual speed
      indicator 80. An output from the speed transmitter 79 is fed along line 42
      to both the cullet control unit 26 and ratio control unit 28, thereby
      indicating the measured speed of cullet feed.
PAR  The operation of the above described apparatus is as follows. The level
      control unit 25 is manually adjusted so as to preset the desired level of
      glass within the tank 11. The selector switch 31 is ajusted by the knob 36
      to the desired mode of operation. In mode 1, terminal 37 is connected to
      371, terminal 38 is connected to 381, and terminal 39 is connected to 391.
      In this way, the level control signal on line 35 is fed to vary the set
      point input 40 of the cullet control unit 26. This signal alters the
      desired cullet feed rate and the output signal 43 fed back to the motor 73
      adjusts the speed of cullet feed so that the cullet feed rate is
      automatically adjusted with variations in the glass level measured by the
      probe 16. At the same time, the actual cullet feed rate is fed to input 53
      of the ratio control unit 28 which has been manually preset to a desired
      ratio of cullet to batch feed rates. The output 54 from the ratio control
      unit 28 is fed back through terminals 391 and 39 of the selector switch to
      vary the set point input 44 of the batch control unit 27. However, the
      automatic control input 46 of the batch control unit 27 is connected via
      terminals 38 and 381 through the high/low limit switch 50 to the power
      supply 51. Consequently, the set point of the batch control unit 27 will
      not be automatically adjusted in dependence on the signal on line 44
      unless this deviates beyond the higher or lower limits from the actual
      batch feed rate indicated on input 45. If however the high or low limits
      should be exceeded, an input is provided on line 46 which automatically
      adjusts the set point of control unit 27. If the adjustments in feed rates
      bring the actual and desired batch feed rates back within the high/low
      limits the automatic control input 46 will be de-energised and the set
      point in the control unit will then remain set at the last value to which
      it was driven under automatic control. This condition will continue until
      either the set point is adjusted manually or the high/low limits are again
      exceeded. The output on line 48 is fed to the thyristor control unit 63
      which in turn controls the speed of rotation of the roller 12.
PAR  In mode 2 of operation, terminal 37 is connected to 372, 38 is connected to
      382 and 39 is connected to 392. In this case, the level control signal on
      line 35 is still fed to the set point input 40 of the cullet control unit
      26 and the cullet feed rate is automatically adjusted with changes in
      glass level as previously described with reference to mode 1. Furthermore,
      the output 54 from the ratio control unit 28 is fed via connections 392
      and 39 to the set point input 44 of the batch control unit 27 as
      previously described. However, in this case the automatic operation of the
      batch control unit 27 is ensured as the input 46 is connected via
      connections 38, 382 directly to the power supply 51 without passing
      through the high/low limit switch 50. Consequently, the output 48 from the
      batch control unit 27 is automatically adjusted with changes in glass
      level so that the batch feed rate is maintained at a set ratio of the
      cullet feed rate.
PAR  In mode 3 of operation, the terminal 37 is connected to 373, 38 is
      connected to 383 and 39 is connected to 393. In this case the level
      control signal 35 is fed via connections 37, 371 393 and 39 to the set
      point input 44 of the batch control unit 27. An automatic operation signal
      is provided on line 46 via connections 38 and 383. Consequently, the
      output on line 48 from the batch control unit 27 automatically adjusts the
      batch feed rate with changes in glass level. In this case however no input
      signal is supplied on the set point input 40 to the cullet control unit 26
      as the terminals 371 and 372 remain disconnected. Consequently, the output
      on line 43 from the cullet control unit 26 is regulated by the manual
      setting of the cullet control unit 26. Hence in mode 3 of operation, the
      batch feed rate is automatically adjusted with changes in glass level but
      the cullet feed rate must be manually controlled.
PAR  It will be seen from the above that mode 2 is the only mode in which the
      cullet and batch feed rates are automatically adjusted with changes in
      glass level so as to maintain a desired ratio of batch to cullet at all
      times. In mode 1, the cullet feed always responds to changes in glass
      level but as long as the change on the cullet feed is within certain
      limits, the batch feed rate remains constant depending on the manual
      setting. In this case the cullet is used to trim the level of glass as it
      is the faster melting component being fed to the tank. It is only when
      certain prefixed limits are exceeded that an adjustment is made to the new
      batch feed.
PAR  The invention is not restricted to the details of the foregoing example. It
      may be arranged in mode 2 that the level control signal 35 is fed to the
      batch control unit 27 and the output of the ratio control unit 28 is fed
      to the cullet control unit 26.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for feeding material to a glass melting tank comprising, a
      first feed means for feeding solid batch material to the tank at an
      adjustable and controlled rate, a second feed means for feeding cullet to
      the tank at an adjustable and controlled rate, a first control means for
      controlling the rate of feed of the solid batch material in said first
      feed means, a second control means for controlling the rate of feed of
      cullet in said second feed means, a glass level detector for detecting the
      level of glass within the tank and generating a first control signal
      indicative of said level, one of said control means being arranged to
      receive said first control signal and thereby control the feed rate of the
      associated feed means in dependence on the level detected, and an
      adjustable ratio control unit arranged to receive a signal dependent on
      the rate of feed of said associated feed means and provide a second
      control signal to the other of said control means such that the first and
      second control signals correspond and maintain a predetermined ratio of
      feed rates for the two feed systems.
NUM  2.
PAR  2. Apparatus according to claim 1, in which each control means includes
      means for setting a desired feed rate, an input arranged to receive a
      signal from its associated feed means indicating the actual feed rate of
      the system, and an output arranged to provide an output signal depending
      on the difference between the actual and desired feed rates.
NUM  3.
PAR  3. Apparatus according to claim 2, in which the means for setting the
      desired feed rate in the control devices is responsive to the first and
      second control signals respectively.
NUM  4.
PAR  4. Apparatus according to claim 1, including a level control device having
      means for setting a desired level of glass within the tank, an input
      arranged to receive a signal representing the actual level within the tank
      and an output arranged to provide said first control signal in dependence
      on the difference between the desired and actual levels.
NUM  5.
PAR  5. Apparatus according to claim 1, including selector switch means provided
      to connect the first control signal to either the first or second control
      device.
NUM  6.
PAR  6. Apparatus according to claim 1, in which the ratio control unit is
      manually adjustable to vary the ratio of the second control signal to the
      input to the ratio control unit.
NUM  7.
PAR  7. Apparatus according to claim 3, in which the said other control means
      includes manually operable means for adjusting the desired feed rate,
      means responsive to the second control signal for automatically adjusting
      the desired feed rate, and limit switch means responsive to the difference
      between the actual feed rate and the desired feed rate indicated by the
      second control signal, and arranged to effect automatic adjustment of the
      desired feed rate if the difference exceeds predetermined limits.
NUM  8.
PAR  8. Apparatus according to claim 1, in which each feed means includes a
      rotary member coupled to a motor, for controlling the feed rate, a
      variable speed control device being provided for each motor and arranged
      to respond to the output of the associated first or second control means.
NUM  9.
PAR  9. Apparatus according to claim 1, in which said other control means is the
      control means controlling the feed rate of batch material.
NUM  10.
PAR  10. A method of controlling feeding rates of batch material and cullet
      which are fed by two separate feed systems to a glass melting tank,
      comprising the steps of establishing a fixed reference level of glass
      within the tank, detecting the level of glass within the tank, generating
      a first control signal representing the difference between the actual
      level of glass within the tank and the fixed level, controlling the feed
      rate in an adjustable manner of one feed system in dependence on the first
      control signal, establishing a ratio of feeds between the two separate
      feed systems, generating a second control signal corresponding to a feed
      rate for the other feed system which is a function of the established
      ratio of the feed rate of the said one system, and supplying said second
      control signal to a control device for controlling the rate of feed in an
      adjustable manner said other feed system.
NUM  11.
PAR  11. A method according to claim 10, in which the control device of said
      other feed system is arranged to respond to the second control signal only
      when the second control signal varies beyond predetermined limits.
NUM  12.
PAR  12. A method according to claim 10, in which said one feed system is the
      system feeding cullet.
PATN
WKU  039389774
SRC  5
APN  3715469
APT  1
ART  173
APD  19730619
TTL  Process for producing photochromicity in untreated glasses of suitable
      composition by a temperature treatment in a liquid
ISD  19760217
NCL  8
ECL  1
EXA  Schor; Kenneth M.
EXP  Bashore; S. Leon
NDR  1
NFG  1
INVT
NAM  Gliemeroth; Georg
CTY  Mainz-Mombach
CNT  DT
ASSG
NAM  Jenaer Glaswerk Schott & Gen.
CTY  Mainz
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720622
APN  2230506
CLAS
OCL   65 30R
XCL   65 33
XCL   65117
XCL   65DIG2
EDF  2
ICL  C03B 2500
ICL  C03C 2100
FSC   65
FSS  30;33;117;118;DIG. 2
FSC  106
FSS  DIG. 6
UREF
PNO  3208860
ISD  19650900
NAM  Armistead et al.
XCL   65 33
UREF
PNO  3282770
ISD  19661100
NAM  Stookey et al.
OCL   65 30
UREF
PNO  3317297
ISD  19670500
NAM  Ray
OCL   65 30
UREF
PNO  3357876
ISD  19671200
NAM  Rinehart
XCL   65 30
UREF
PNO  3419370
ISD  19681200
NAM  Cramer et al.
XCL   65 30
UREF
PNO  3451797
ISD  19690600
NAM  Meth
XCL   65117
UREF
PNO  3464807
ISD  19690900
NAM  Pressau
OCL   65 33
UREF
PNO  3493963
ISD  19700200
NAM  Buckley
OCL   65 30
UREF
PNO  3524739
ISD  19700800
NAM  Loukes et al.
XCL   65 30
UREF
PNO  3544437
ISD  19701200
NAM  Loukes et al.
XCL   65 30
UREF
PNO  3628934
ISD  19711200
NAM  Duthoit
OCL   65 30
FREF
PNO  125,353
ISD  19590200
CNT  SU
OCL   65 30
LREP
FRM  Millen, Raptes & White
ABST
PAL  Photochromic glass compositions are photochromically activated by immersion
      in a hot liquid bath at activation and/or annealing temperatures to
      provide improved thermal efficiency and control of the degree of
      activation, making possible the rapid production of uniform photochromic
      glass products. The hot liquid bath is a molten salt bath having a density
      very close to that of the glass composition. A silver salt may be employed
      in the salt bath to prevent silver diffusion from the glass, the required
      amount of silver being already present in the glass prior to its immersion
      in the salt bath. The glass is not simultaneously ion exchanged during the
      annealing process in order to tint and/or strengthen the glass. Coloring
      may be effected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the manufacture of photochromic
      glass. More particularly, this invention relates to an improved process
      for annealing photochromic optical quality glass.
PAR  Photochromic optical quality glass, which undergoes a reversable
      photochemical reaction upon exposure to electromagnetic radiation
      resulting in a change in percent transmission along at least a portion of
      its characteristic transmission curve, is becoming increasingly popular
      optical glass, particularly for use in lenses. The glass itself can be any
      suitable optical quality glass to which one or more photochromic compounds
      are added in an amount sufficient to alter the light transmission curve of
      the glass upon exposure to electromagnetic radiation. One example of such
      glass now becoming popular is the photochromic sunglasses which rapidly
      darken upon exposure to sunlight and quickly lighten when out of the sun.
      While for purposes of sunglasses a neutral grey photochromic reaction is
      preferred so as to not tint the field of vision, in principle similar
      photochromic glasses are used in various applications which darken to a
      colored lens. Suitable photochromic compounds include but are not limited
      to silver in combination with halides.
PAR  In the production of photochromic glasses, it is generally necessary to
      carry out a high temperature annealing treatment of the non-photochromic
      glass composition (hereinafter referred to as untreated glass), which
      contains all of the components necessary for the photochromicity. In
      industrial fabrication, the untreated photochromic glass composition is
      cooled after the batch melting operation down to a temperature below about
      500.degree.C. The untreated glass is then heated to the so-called
      annealing temperature, usually 550.degree.C-650.degree.C, depending on the
      type of glass. The annealing temperature is maintained for a period of
      time sufficient to activate the photochromic properties therein, the
      length of time required generally varying inversely with the annealing
      temperature. The now photochromic finished glass is then cooled down to
      room temperature. Data concerning the processes taking place in the glass
      during the annealing are known in the art and given in the literature,
      e.g. Bach and Gliemeroth, Glastechn. Ber. 44: 305 (1971) or J. Amer.
      Ceram. Soc. 54: 528 (1971), the contents of which are incorporated by
      reference herein. These glasses and, above all, silver halide-containing
      glasses, e.g. those described in German Pat. Nos. 1,421,838 and 1,596,847
      require extremely accurate control of time and temperature during the
      annealing process in order to prepare homogeneously photochromic products.
PAR  The silver halide-containing glasses described in the above references
      typically contain 0.015-1.9 wt %, preferably 0.2- 0.9 wt % of silver
      halides present as silver chloride, silver bromide or silver iodide, or
      combinations thereof. These values are determined analytically and have
      the following typical compositions (synthetically):
TBL  ______________________________________                                    
     Broad          (Wt.-%)      Preferred                                     
     ______________________________________                                    
     SiO.sub.2       0-70        12-61                                         
     P.sub.2 O.sub.5                                                           
                     1-50         2-12                                         
     B.sub.2 O.sub.3                                                           
                    12-70        13-48                                         
     Li.sub.2 O     0.7-8        2-7                                           
     Na.sub.2 O      3-15         3-14                                         
     U.sub.2 O      0-6          2-4                                           
     MgO             2-16         3-10                                         
     ZnO             0-20        2-8                                           
     BaO             0-20        1-3                                           
     PbO             1-60         3-38                                         
     La.sub.2 O.sub.3                                                          
                     0-25         2-13                                         
     ZrO.sub.2       1-10         2-6                                          
     Al.sub.2 O.sub.3                                                          
                     2-25         8-17                                         
     ______________________________________                                    
PAL  Metal oxides (other than above), 0-15 wt. -%; Ag.sub.2 O, 0.01-2.5 wt. -%;
      F, 0-10 wt. -%; C1, Br, I, &gt;0.01 wt. -%.
PAR  The temperature control problem during annealing has so far been solved by
      introducing the glass cooled to below 500.degree.C into a furnace, which
      is heated as precisely as possible by electrical means or by gas, the
      glass either traveling continuously through a transfer furnace, or being
      removed at the appropriate time from a chamber furnace; in every case the
      glass leaves the controlled high temperature zone after an annealing time
      which is as far as possible within closely defined limits. Variances of
      about 5.degree.C or 4% of the annealing time cause photochromic defects or
      inhomogeneities. Thus, two specimens of the same untreated glass, after
      tempering for 40 minutes at 638.degree.C and 643.degree.C, respectively,
      show color differences in the activated photochromic condition which can
      be clearly detected with the naked eye and which are so strong that these
      two specimen glasses cannot be used simultaneously as photochromic
      spectacle glasses in a single frame. Moreover, the photochormic properties
      of these two specimen glasses are different from one another: after being
      exposed to Xenon light XBO, 250 W, spacing 25 cm, the specimen tempered at
      643.degree.C has a light transmissivity lower by 3% at 545 nm than the
      specimen tempered at 638.degree.C. The speed of regeneration of the
      specimen tempered at lower temperature is 2 minutes faster, related to the
      half life period.
PAR  However, it has heretofore not been possible to develop an alternative
      process for the temperature treatment of such untreated glasses without
      also damaging the quality of the photochromic properties.
PAR  One particular disadvantage of the temperature control processes of the
      prior art is seen in the fact that the "annealing temperature t.sub.a " as
      used within this specification and being within the softening temperature
      range, lies considerably above the glass transformation temperature
      t.sub.g which is similar to the strain point temperature at 10.sup.14.5
      poises of the photochromic glass, so that the glass is easily deformed as
      a plastic during the annealing process. An annealing operation could
      consequently heretofore be effected only by laying the glass on supports
      made of metal, kaolin, fire clay or similar high melting materials, the
      shape of support being assumed by the photochromic glass because of its
      own weight and plastic state at annealing temperatures.
PAR  An additional commercial disadvantage of the prior annealing processes lies
      in the time required for the annealing, which exceeds by several times the
      time required for the rest of the manufacturing process.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly it is an object of this invention to provide an improved
      process for preparing photochromic glass.
PAR  Another object of this invention is to provide a process for annealing
      untreated or inactive photochromic glass compositions.
PAR  An additional object of this invention is to provide a thermally efficient
      process for annealing photochromic glass.
PAR  A further object of this invention is to provide a process for accurately
      controlling temperature and heat transfer when activating photochromic
      glass compositions by annealing.
PAR  Other objects and advantages of this invention will become apparent to
      those skilled in the art upon further study of the specifications and
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the above and other objects are attained in one aspect of the
      present invention by providing a process for thermally activating a
      photochromically inactive untreated glass composition containing all of
      the components necessary for photochromically active glass, characterized
      by activating said glass by immersion in a hot liquid bath having a
      sufficiently high temperature to photochromically activate said glass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects of the present invention will become more fully
      apparent to those skilled in the art from the following detailed
      discussion, taken with the annexed drawing, which schematically
      illustrates one apparatus suitable for conducting the process of this
      invention.
DETD
PAC  DETAILED DISCUSSION
PAR  The process of this invention can be easily executed for annealing
      photochromic glass, and in this process constancy of the high temperature
      annealing zone as regards time and volume is standardized. A better
      utilization of the heat energy expended for annealing is achieved, i.e.,
      the efficiency of the annealing procedure is greatly increased and the
      process is accordingly less costly. Finally, the process of this invention
      prevents deformation of preformed glass parts, e.g., semi-finished or
      finished photochromic spectacle glasses, during the annealing, and at the
      same time shortens the time and steps required for the annealing
      procedure.
PAR  According to the present invention, the entire annealing operation is
      effected in a bath of a liquid which is maintained at the required
      annealing temperature.
PAR  It has now been found that immersion of an untreated glass which is to be
      annealed into a liquid melt heated to the desired annealing temperature
      t.sub.a permits a substantially better utilization of energy in the
      annealing operation because of the better heat transfer at the boundary
      surfaces between untreated glass, liquid and heating element. In contrast
      to the usual prior art heat transfer between untreated glass, air and a
      heating element, thermal efficiency is improved without disadvantageous
      effects on either the untreated glass or the finished glass.
PAR  It was further found that the quality of a photochromic glass which has
      been annealed in the liquid melt according to this invention is subject to
      substantially fewer important color fluctuations and non-uniformities in
      the blackening density after light exposure and also regeneration
      behavior.
PAR  As the liquid annealing bath, it is possible to use any substance which is
      liquid in the range of the annealing temperature, i.e., which is above its
      melting point, but sufficiently far below its vaporization temperature or
      its decomposition temperature, and which does not show any reactions with
      either the untreated glass or the finished glass which could have a
      disadvantageous effect on the quality of either photochromic properties or
      of the glass surface.
PAR  Accordingly, molten metals, metal alloys, salts or salt mixtures can be
      used as annealing bath liquids. However, the known baths of liquid metals
      or metal alloys proved to be less than ideal for several reasons. For
      example, it was found that the protective gas atmosphere necessary when
      using known tin or tin alloy baths had a very disturbing effect with the
      charging and removal. Furthermore, these metal baths typically have a
      higher specific gravity than the photochromic glass which is to be
      annealed; consequently, the glass floats on the surface of the bath. As a
      result, continual heat transfer is effected only on one side of the glass,
      while the other side of the glass is exposed to the protective gas
      atmosphere and its greater temperature fluctuations resulting in a less
      satisfactory heat transfer. While such partial immersion is suitable for
      limited applications, total immersion annealing is generally preferred.
PAR  It has been found that molten salts or salt mixtures are considerably
      better suited for carrying out the process of the present invention,
      because their density can be selected to lie in the range of density of
      the glass which is to be annealed. With a decidedly lower or higher
      density of the liquid salt melt as compared with that of the glass, e.g. a
      difference of &gt;-0.5 or +0.05 g/cc. density, however, there is again the
      danger of plastic deformation under the actual weight of the glass or
      upward force of the bath (assuming the glass is forcibly immersed by means
      of a foraminous enclosed conveyor, for example), although this is less
      than occurs when the tempering takes place in air.
PAR  It has been found that the most desirable annealing results are obtained
      with salt melts of which the density is substantially the same as or
      somewhat lower than that of the glass to be annealed. By substantially the
      same density is meant a density sufficiently close to that of the glass at
      annealing temperatures so that plastic deformation does not occur during
      annealing. This tolerance range can be defined by
TBL                 - 0.5 g/cc, preferably - 0.05                              
     D.sub.salt melt = D.sub.glass                                             
                    g/cc                                                       
                    + 0.05 g/cc, preferably + 0.003                            
                    g/cc                                                       
PAL  D being the density at the annealing temperature.
PAR  The smallest amount of deformation of the photochromic glass is produced
      with such salt melts at an annealing temperature t.sub.a which is
      substantially equal to or lower than the glass transformation temperature
      t.sub.g + 150.degree.C. Thus, it is possible, for example, with a salt
      bath of (wt.-%):
TBL  a)     28% KCl       or      b)    12% KCl                                
            35% KNO.sub.3               12% NaNO.sub.3                         
            36% Ba(NO.sub.3).sub.2      75% Ba(NO.sub.3).sub.2                 
             1% KMnO.sub.4               1% KMnO.sub.4                         
PAL  and at an annealing temperature t.sub.a = 605.degree.C, to anneal untreated
      spectacle glasses with a composition (in parts by weight) of
TBL         SiO.sub.2      60.35                                               
            B.sub.2 O.sub.3                                                    
                           18.05                                               
            Al.sub.2 O.sub.3                                                   
                           9.60                                                
            P.sub.2 O.sub.5                                                    
                           1.00                                                
            K.sub.2 O      2.00                                                
            Na.sub.2 O     8.00                                                
            Li.sub.2 O     2.00                                                
            ZrO.sub.2      1.00                                                
            BaO            2.00                                                
            Ag.sub.2 O     0.30                                                
            Cl             0.30                                                
            Br             0.25                                                
            F              0.80                                                
PAL  for an annealing time of only 70 minutes to photochromic activation without
      the polished surfaces visibly showing any deformation. The density of the
      salt bath, calculated back to 20.degree.C is 2.54 g/cc. The transformation
      temperature of the glass is 542.degree.C.
PAR  All data concerning density in the following description are at
      20.degree.C; the densities at a given annealing temperature t.sub.a must
      be calculated separately for the glass and salt bath.
PAR  In principle, a large number of salts is suitable for this process.
      Suitable salts include but are not limited to the examples set forth in
      the following table, in which are also indicated the densities, the
      melting temperatures and the boiling temperatures. On the basis of these
      components, one skilled in the art can conveniently prepare salt mixtures
      for accurately adapting the density of the salt mixture to the density of
      the glass. For this purpose, phase diagrams given in the literature are
      used (e.g. Phase Diagrams of Ceramists, Amer. Ceram. Soc., Columbus, Ohio,
      USA). These phase diagrams indicate whether the salt mixture is liquid at
      the annealing temperature t.sub.a, and the densities of the salt mixtures
      can be calculated or shown graphically from the percentage quantities and
      densities of the individual components.
PAR  Because of the good temperature constancy of such salt baths, which is a
      function of their heat capacity, annealing conditions can be shifted to
      higher temperatures and shorter times than can be practically used when
      annealing in a hot gas.
PAR  Among a larger number of salts suitable in the process of the present
      invention and shown in the following Table, preferred are:
TBL         Ba(NO.sub.3).sub.2                                                 
                          (KPO.sub.3).sub.6                                    
            PbCl.sub.2    KMnO.sub.4                                           
            LiBr          AgNO.sub.3                                           
            LiCl          NaCl                                                 
            MnCl.sub.2    NaF                                                  
            NiCl.sub.2    NaNO.sub.3                                           
            KCl           Na.sub.2 WO.sub.4                                    
            KBr           Sr(NO.sub.3).sub.2                                   
            KNO.sub.3     ZnF.sub.2                                            
PAL  and mixtures thereof. Of these, especially preferred are:
PA1  Ba(NO.sub.3).sub.2
PA1  MnCl.sub.2
PA1  Kcl
PA1  Kno.sub.3
PA1  kmnO.sub.4
PA1  NaNO.sub.3
TBL                       Melting      Boiling                                 
     Substance  Density   Temperature  Temperature                             
     ______________________________________                                    
     Sb.sub.2 S.sub.3                                                          
                4.64      550.degree. C                                        
                                       1150.degree. C                          
     As.sub.2 S.sub.3                                                          
                3.43      300.degree. C                                        
                                       707.degree. C                           
     BaCO.sub.3 4.43      811.degree. C                                        
                                       1450.degree. C                          
     BaCl.sub.2 3.917     925.degree. C                                        
                                       1560.degree. C                          
     Ba(NO.sub.3).sub.2                                                        
                3.24      592.degree. C                                        
                                       d                                       
     CdBr.sub.2 5.192     567.degree. C                                        
                                       863.degree. C                           
     CdCl.sub.2 4.047     568.degree. C                                        
                                       960.degree. C                           
     CdI.sub.2  5.670     387.degree. C                                        
                                       796.degree. C                           
     CaCl.sub.2 2.15      772.degree. C                                        
                                       1600.degree. C                          
     CaI.sub.2  3.9563    740.degree. C                                        
                                       1100.degree. C                          
     CeCl.sub.3 3.92      848.degree. C                                        
                                       1727.degree. C                          
     CsBr       4.44      637.degree. C                                        
                                       1300.degree. C                          
     CsCl       3.988     646.degree. C                                        
                                       1290.degree. C                          
     CsF        4.115     682.degree. C                                        
                                       1251.degree. C                          
     CsI        4.510     621.degree. C                                        
                                       1280.degree. C                          
     CsS.sub.2  --        460.degree. C                                        
                                       800.degree. C                           
     Cs.sub.2 S.sub.3                                                          
                --        217.degree. C                                        
                                       780.degree. C                           
     CrI.sub.2  5.196     856.degree. C                                        
                                       800.degree. C                           
     CoCl.sub.2 3.386     620.degree. C                                        
                                       1049.degree. C                          
     CuF        --        908.degree. C                                        
                                       1100.degree.  C                         
     CuCl       4.14      430.degree. C                                        
                                       1490.degree. C                          
     CuCl.sub.2 3.386     620.degree. C                                        
                                       993.degree. C                           
     CuI        5.62      605.degree. C                                        
                                       1290.degree. C                          
     LaCl.sub.3 3.842     860.degree. C                                        
                                       1000.degree. C                          
     PbBr.sub.2 6.66      373.degree. C                                        
                                       916.degree. C                           
     PbCl.sub.2 5.85      501.degree. C                                        
                                       950.degree. C                           
     PbF.sub.2  8.24      855.degree. C                                        
                                       1290.degree. C                          
     PbI.sub.2  6.16      402.degree. C                                        
                                       954.degree. C                           
     LiBr       3.464     547.degree. C                                        
                                       1265.degree. C                          
     Li.sub.2 CO.sub.3                                                         
                2.11      723.degree. C                                        
                                       1310.degree. C                          
     LiCl       2.068     614.degree. C                                        
                                       1360.degree. C                          
     LiF        2.635     842.degree. C                                        
                                       1676.degree. C                          
     LiI        3.495     450.degree. C                                        
                                       1180.degree. C                          
     MgCl.sub.2 2.316- 2.33                                                    
                          708.degree. C                                        
                                       1412.degree. C                          
     MnCl.sub.2 2.977     650.degree. C                                        
                                       1190.degree. C                          
     MnSO.sub.4 3.25      700.degree. C                                        
                                       850.degree. C                           
     NiCl.sub.2 3.55      1001.degree. C                                       
                                       973.degree. C                           
     KBr        2.75      730.degree. C                                        
                                       1435.degree. C                          
     KCl        1.984     776.degree. C                                        
                                       1500.degree. C                          
     KF         2.48      846.degree. C                                        
                                       1505.degree. C                          
     KNO.sub.3  2.109     334.degree. C                                        
                                       --                                      
     KI         3.13      686.degree. C                                        
                                       1330.degree. C                          
     (KPO.sub.3).sub.6                                                         
                2.107     810.degree.  C                                       
                                       1320.degree. C                          
     K.sub.2 SO.sub.4                                                          
                2.662     588.degree. C                                        
                                       1689.degree. C                          
     K.sub.2 S.sub.4                                                           
                --        145.degree. C                                        
                                       850.degree. C                           
     K.sub.2 S.sub.2                                                           
                --        470.degree. C                                        
                                       --                                      
     K.sub.2 S  1.805     840.degree. C                                        
                                       --                                      
     KMnO.sub.4 2.703     240.degree. C                                        
                                       --                                      
     KI         3.13      686.degree. C                                        
                                       1330.degree. C                          
     RbBr       3.35      682.degree. C                                        
                                       1340.degree. C                          
     RbI        3.55      642.degree. C                                        
                                       1300.degree. C                          
     RbCl       2.80      715.degree. C                                        
                                       1390.degree. C                          
     SmBr.sub.2 5.1       508.degree. C                                        
                                       1880.degree. C                          
     Se         4.81      217.4- 220.degree. C                                 
                                       684.8.degree. C                         
     AgBr       6.473     432.degree. C                                        
                                       1300.degree. C                          
     AgCl       5.56      455.degree. C                                        
                                       1550.degree. C                          
     AgF        5.852     435.degree. C                                        
                                       1159.degree. C                          
     AgI        6.010     558.degree. C                                        
                                       1506.degree. C                          
     AgNO.sub.3 4.352     212.degree. C                                        
                                       444.degree. C                           
     Ag.sub.2 Se                                                               
                8.00      880.degree. C                                        
                                       d                                       
     Ag.sub.2 SO.sub.4                                                         
                5.45      652.degree. C                                        
                                       1085.degree. C                          
     Ag.sub.2 S 7.317     825.degree. C                                        
                                       d                                       
     NaBO.sub.2 2.464     966.degree. C                                        
                                       1434.degree. C                          
     NaBr       3.203     755.degree. C                                        
                                       1390.degree. C                          
     Na.sub.2 CO.sub.3                                                         
                2.532     815.degree. C                                        
                                       d                                       
     NaCl       2.165     801.degree. C                                        
                                       1413.degree. C                          
     Na.sub.3 AlF.sub.6                                                        
                2.90      1000.degree. C                                       
                                       --                                      
     NaF        2.558     988.degree. C                                        
                                       1695.degree. C                          
     Na.sub.2 PO.sub.3 F                                                       
                --        625.degree. C                                        
                                       --                                      
     NaI        3.67      651.degree. C                                        
                                       1304.degree. C                          
     NaNO.sub.3 2.261     306.8.degree. C                                      
                                       --                                      
     NaNO.sub.2 2.168     271.degree.  C                                       
                                       --                                      
     Na.sub.2 SO.sub.4                                                         
                --        884.degree. C                                        
                                       --                                      
     Na.sub.2 S.sub.2 O.sub.7                                                  
                2.658     400.9.degree. C                                      
                                       460.degree. C                           
     Na.sub.2 Te                                                               
                2.90      953.degree. C                                        
                                       --                                      
     Na.sub.2 WO.sub.4                                                         
                4.179     698.degree. C                                        
                                       --                                      
     Sr         2.6       774.degree. C                                        
                                       1366.degree. C                          
     SrCl.sub.2 3.052     873.degree. C                                        
                                       1250.degree. C                          
     SrCl.sub.2.sup.. SrF.sub.2                                                
                4.18      962.degree. C                                        
                                       --                                      
     Sr(NO.sub.3).sub.2                                                        
                2.986     400.degree. C                                        
                                       645.degree. C                           
     TeCl.sub.4 3.26      224.degree. C                                        
                                       380.degree. C                           
     TlBr       7.557     480.degree. C                                        
                                       815.degree. C                           
     TlCl       7.004     430.degree. C                                        
                                       720.degree. C                           
     Tl.sub.2 O 9.52      300.degree. C                                        
                                       1080.degree. C                          
     Tl.sub.2 SO.sub.4                                                         
                6.77      632.degree. C                                        
                                       d                                       
     ThCl.sub.4 4.59      770.degree. C                                        
                                       928.degree. C                           
     Sn         5.75      231.degree. C                                        
                                       2260.degree. C                          
     Sn         7.28      231.degree. C                                        
                                       2260.degree. C                          
     SnCl.sub.2 3.95      246.degree. C                                        
                                       652.degree. C                           
     SnJ.sub.2  5.285     320.degree. C                                        
                                       717.degree. C                           
     SnO.sub.2  6.95      1127.degree. C                                       
                                       1800.degree. C                          
     SnSe       6.179     861.degree. C                                        
                                       --                                      
     SnS        5.22      882.degree. C                                        
                                       1230.degree. C                          
     TiI.sub.2  4.99      600.degree. C                                        
                                       1000.degree. C                          
     WCl.sub.6  3.52      275.degree. C                                        
                                       346.7.degree. C                         
     UBr.sub.4  5.35      515.degree. C                                        
                                       792.degree. C                           
     UCl.sub.4  4.87      590.degree. C                                        
                                       792.degree. C                           
     UF.sub.4   6.70      960.degree. C                                        
                                       --                                      
     V.sub.2 O.sub.5                                                           
                3.357     690.degree. C                                        
                                       1750.degree. C                          
     YbCl.sub.2 5.08      702.degree. C                                        
                                       1900.degree. C                          
     YCl.sub.3  2.67      721.degree. C                                        
                                       1507.degree. C                          
     Zn         7.14      419.degree. C                                        
                                       907.degree. C                           
     Zn.sub.3 Sb.sub.2                                                         
                6.33      570.degree. C                                        
                                       --                                      
     3ZnO.sup.. 2B.sub.2 O.sub.3                                               
                4.22      980.degree. C                                        
                                       --                                      
     ZnBr.sub.2 4.201     394.degree. C                                        
                                       650.degree. C                           
     ZnCl.sub.2 2.91      283.degree. C                                        
                                       732.degree. C                           
     ZnF.sub.2  4.95      872.degree. C                                        
                                       1500.degree. C                          
     ZnI.sub.2  4.7364    446.degree. C                                        
                                       624.degree. C                           
     Zn(C.sub.12 H.sub.35 O.sub.2).sub. 2                                      
                --        130.degree. C                                        
                                       --                                      
     ZrF.sub.4  4.43      600.degree. C                                        
                                       --                                      
     ______________________________________                                    
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAC  EXAMPLE 1
PAR  This example shows that it is now possible in accordance with the process
      of the invention for photochromic untreated circular glass discs having a
      diameter of 60 mm and a thickness of 4 mm, to be continuously annealed
      with the same throughput as that in which they are formed from the molten
      glass, e.g., at about 12 discs per minute with a glass having a density of
      3.44 g/cc. The apparatus used for this purpose is shown diagrammatically
      in FIG. 1, in which I is a preheating chamber, II the space above the salt
      bath, III is a salt bath, IV is a cooling chamber, V is a washing chamber,
      VI represents holding cages for the glasses to be annealed, VII indicates
      an electrical heating element of the bath and VIII shows an endless
      conveyor belt. Whereas the electric heating in air had a simple on/off
      control with a tolerance of .+-.5.degree.C, there was a temperature
      constancy of .+-.1.degree.C in the molten bath, which can only be obtained
      with maximum effort in a conventional furnace with the best currently
      available electric heating and air circulation.
PAR  In this annealing assembly, 12 circular discs per minute were continuously
      annealed at t.sub.a = 600.degree.C (i.e., t.sub.g + 124.degree.). The
      composition of the glass being annealed was, in parts by weight
      (synthesis):
TBL         SiO.sub.2      1.50                                                
            B.sub.2 O.sub.3                                                    
                           46.30                                               
            Al.sub.2 O.sub.3                                                   
                           12.50                                               
            PbO            35.60                                               
            KBr            1.44                                                
            KI             1.44                                                
            LiF            0.29                                                
            Ag.sub.2 O     0.38                                                
            K.sub.2 Cr.sub.2 O.sub.7                                           
                           0.01                                                
PAR  The density of the salt bath at 20.degree.C was 3.48 g/cc., and the salt
      bath comprised 65 wt % NaF and 35 wt % ZnF.
PAC  EXAMPLE 2
PAR  The possibility of extremely accurate temperature control during annealing
      by means of immersion of photochromic glasses in liquid melts according to
      the present invention enables the production of accurately defined and
      controlled color shades of the glass in the activated state during
      annealing, which shades were formerly considered as undesirable production
      fluctuations with conventional manufacturing and annealing procedures.
PAR  In the same annealing assembly as used in Example 1, 3 lots of discs of 100
      pieces each, all consisting of the glass composition described in the
      following Example 3, were continuously annealed in a salt bath. The
      composition of the salt bath was as follows:
TBL  KCl                   12 wt.-%;                                           
     NaNO.sub.3            13 wt.-%;                                           
     Ba(NO.sub.3).sub.2    75 wt.-%;                                           
     (D = 2.5 g/cc);                                                           
PAR  The annealing conditions for the 3 lots and the color shades obtained were
      as follows:
TBL  Annealing                                                                 
             Annealing  Color    Transmission                                  
                                         Half Life                             
     Time    Temperature                                                       
                        Shade    (%)*    Period                                
     (Sec.)  (.degree.C.)                (min.)**                              
     ______________________________________                                    
     1)   98     680 .+-. 1 Gray   38 .+-. 1.5                                 
                                           8.8 .+-. 0.2                        
     2)   98     672 .+-. 1 Grayish-                                           
                                   40 .+-. 1.4                                 
                                           8.0 .+-. 0.2                        
                            brown                                              
     3)  100     665 .+-. 1 Brown  42 .+-. 1.0                                 
                                           7.5 .+-. 0.3                        
     ______________________________________                                    
      */** = after standard irradiation as explained in Example 3.             
PAR  It was moreover found that other processes can be carried out
      simultaneously during the annealing of photochromic glasses. For example,
      with a suitable salt bath composition, an ion exchange as known per se in
      and near the glass surface of the photochromic glass can be effected in
      such a way that a compressive stress zone is established in and near the
      glass surface after cooling, whereby the strength of the photochromic
      glass is increased. But the fact that this chemical hardening by ion
      exchange is effected simultaneously with the annealing is not an object of
      the invention.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
PAR  In addition, it is to be noted that the terms "photochromic" and
      "photochromically" as defined hereinabove are to be considered synonymous
      with "phototropic" and "phototropically", respectively; it will be
      appreciated that photochromicity can be positive or negative, i.e.,
      darkening or lightening upon exposure to the appropriate electromagnetic
      radiation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for thermally activating a photochromically inactive
      untreated glass composition containing sufficient silver halide for
      obtaining photochromically active glass, said silver halide being
      substantially uniformly distributed therein, the improvement which
      comprises immersing said glass for a sufficient time in a substantially
      silver-free molten salt bath having a sufficiently high annealing
      temperature to photochromically activate said glass, wherein the density
      of the molten salt is substantially the same as or somewhat lower than the
      density of the glass so that deformation of said glass during the
      annealing is essentially prevented, said process of photochromic
      activation in said molten salt bath being conducted in the substantial
      absence of ion exchange for the purpose of chemically strengthening or
      tinting the glass.
NUM  2.
PAR  2. A process according to claim 1 wherein the temperature of said bath is
      at least equal to the glass transition temperature of said glass
      composition and does not exceed said glass transition temperature by more
      than 120.degree. C.
NUM  3.
PAR  3. A process according to claim 1 wherein said molten bath comprises a
      mixture of at least two salts.
NUM  4.
PAR  4. A process according to claim 1 wherein the density of said molten salt
      is not substantially greater than the density of said glass composition
      and not more than 0.5 g/cc less than the density of said glass
      composition.
NUM  5.
PAR  5. A process according to claim 4 wherein the molten salt further includes
      at least one inorganic coloring oxide.
NUM  6.
PAR  6. A process according to claim 4 wherein said glass is an optical lens.
NUM  7.
PAR  7. A process according to claim 6 conducted continuously such that lenses
      are continuously annealed at the same rate at which lenses are normally
      formed from molten glass.
NUM  8.
PAR  8. A process according to claim 7 wherein the deviation of the temperature
      of the molten said is maintained at not more than 1.degree.Centigrade
      throughout the annealing step.
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ABST
PAL  Crystallized glass has hitherto been made by the use of the mineral
      petalite as the source of lithium values. Petalite is in short supply, and
      when attempts are made to use lithium carbonate or a similar lithium salt
      in place of petalite in the glass batch, unwanted microcracking develops
      during a subsequent crystallizing heat treatment with certain glass
      compositions. Such microcracking can be avoided by using a purposefully
      small addition to the petalite-free batch of an alkali metal salt, wherein
      the alkali metal is selected from the class consisting of potassium,
      rubidium and cesium.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 343,981, filed Mar. 22, 1973, U.S. Pat. No. 3,856,497 which in turn is
      a continuation-in-part of earlier filed application Ser. No. 239,335,
      filed Mar. 29, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of making crystallized glass, and in
      particular, to a method of making such glass when starting with lithium
      carbonate or the like, rather than the mineral petalite, as the source of
      lithium values. In one aspect, the invention concerns avoiding
      microcracking of the glass surface during the heat treatment used to
      crystallize the glass by the purposeful addition of potassium, rubidium or
      cesium values.
PAR  2. Description of the Prior Art
PAR  Glass-ceramic articles produced by devitrification or crystallization of
      glass are well known in the art. In U.S. Pat. No. 3,625,718 to Petticrew,
      there are disclosed glass compositions which are particularly suited for
      crystallization. Such compositions comprise on a percentage by weight
      basis from 64 to 74 percent SiO.sub.2, from 15 to 23 percent Al.sub.2
      O.sub.3, from 3.3 to 4.8 percent Li.sub.2 O, from 1 to 3.8 percent ZnO,
      from 1.2 to 2.4 percent TiO.sub.2, from 0 to 2 percent ZrO.sub.2, and
      wherein the named ingredients constitute at least 90 percent by weight of
      the total glass composition. Additional components such as As.sub.2
      O.sub.3 and Sb.sub.2 O.sub.5 sometimes end up in the final glass
      composition because they are added to the glass batch to act as fining
      agents.
PAR  Such glass compositions, as disclosed above, can be obtained by suitably
      melting a mixture of sand, petalite, hydrated alumina, mixed zinc and
      zirconium silicates, arsenic trioxide, antimony trioxide, zirconium oxide,
      titanium dioxide and a suitable quantity of appropriate cullet. After the
      batch has been suitably melted, fined, homogenized and pressed into
      plates, the composition can be heat treated to crystallize or devitrify
      the glass. At the end of the heat treating period, the crystalline phase
      constitutes about 98 percent of the composition with the remainder being a
      glassy phase.
PAR  Crystallized glass articles offer significant advantages over ordinary
      amorphous glass articles in that crystallized glass has a high modulus of
      rupture and a very low linear coefficient of thermal expansion, generally
      below 20 .times.  10.sup.-.sup.7  per .degree.C., which makes these
      glasses useful as cooking surfaces for kitchen ranges, hot plates and the
      like.
PAR  As has been mentioned, it has been customary to use the mineral petalite as
      the source of lithium values in making the glass of the kind indicated
      above. Petalite consists principally of lithium aluminum silicates, a
      typical analysis being 4.29 percent Li.sub.2 0, 16.15 percent Al.sub.2
      O.sub.3, 77.1 percent SiO.sub.2, 0.49 percent Na.sub.2 O, 0.31 percent
      K.sub.2 O and 0.026 percent Fe.sub.2 O.sub.3. Petalite is in very short
      supply, being available substantially only from Rhodesia. When efforts
      were made to produce crystallized glass of the kind indicated above, but
      with the use of lithium carbonate and the like in place of the petalite,
      microcracks developed in the glass surface during the heat treatment used
      to crystallize the glass. The resultant glass would generally be weaker
      than normal crystallized glass, and because of the tendency of the
      microcracks to catch dirt, the cracked crystallized glass sheets or plates
      stained easily and were difficult to clean, making them commercially
      unacceptable. Unfortunately, the prior art did not afford any clear
      indication of what to do to overcome the problem.
PAR  It is known in the prior art that sources other than petalite can be used
      in the glass batch as a source of lithium values, for example, U.S. Pat.
      Nos. 3,489,577 to Tashiro et al., 3,352,656 and 3,352,698 and British Pat.
      No. 1,028,871, all to McMillan et al., and U.S. Pat. No. 3,006,775 to
      Chen, disclose the use of lithium carbonate in the glass batch. These same
      references also disclose the optional incorporation of a potassium salt
      into the glass batch. Surprisingly, there is no disclosure in these
      references of a microcracking problem or of the effect that potassium has
      in eliminating the problem.
PAR  Therefore, it appears that the prior art has not recognized the problem of
      glass surface microcracking which occurs in certain crystallized glass
      compositions during the heat treatment. This invention has uncovered the
      problem and provided a solution.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that the problem of
      glass surface microcracking which occurs during the crystallizing heat
      treatment of glass of certain compositions which has been made by starting
      with a glass batch containing lithium carbonate or the like as a source of
      lithium values, rather than petalite, may be overcome by purposefully
      adding a potassium, rubidum and/or cesium salt to bring the potassium,
      rubidium and/or cesium content of the glass (measured as the oxide) to at
      least 0.15 percent by weight based on total weight of the glass
      composition. Glasses in which microcracking is a problem contain an
      appreciable quantity of ZnO, that is, about 1 to 4 percent by weight,
      based on total weight of the glass composition. Particular glasses have
      the following composition:
TBL  Component    Percent by Weight                                            
     ______________________________________                                    
     SiO.sub.2    60 - 75                                                      
     Al.sub.2 O.sub.3                                                          
                  15 - 25                                                      
     Li.sub.2 O   3 - 6                                                        
     ZnO           1 - 4.0                                                     
     TiO.sub.2    1.0 - 6.0                                                    
     ZrO.sub.2     0 - 3.0                                                     
     F.sup.-       0 - 0.5                                                     
     ______________________________________                                    
PAL  wherein the above ingredients constitute at least 90 percent by weight, and
      preferably about 95 percent by weight of the glass composition.
PAR  The method of the invention of making a crystallized glass article
      substantially free of microcracking is accomplished as follows:
PA1  a. preparing a glass batch consisting essentially of:
PA2  i. a silica source,
PA2  ii. an alumina source,
PA2  iii. a lithium family glass batch ingredient consisting of a lithium salt,
      and a zinc salt in an amount sufficient to provide a crystallized glass
      article from said glass batch having a ZnO content, percent by weight on
      an oxide weight basis of 1 to 4.0, characterized by the presence of
      microcracks in the surface,
PA1  b. adding to said glass batch an alkali metal salt wherein the alkali metal
      is a member of the group consisting of potassium, rubidium and cesium,
      said alkali metal salt being present in an amount sufficient to provide a
      glass article upon cooling a melt of said glass batch having a content of
      an oxide of the alkali metal of said salt, percent by weight on an oxide
      basis of 0.15 to 2.50,
PA1  c. melting the glass batch containing the ingredients set forth in (a) and
      (b) to form a glass melt,
PA1  d. cooling the glass melt and subsequently therewith
PA1  e. forming a glass article containing silica, alumina, lithia and the
      required amounts of ZnO and R.sub.2 O, where R is potassium, rubidum and
      cesium mentioned in (a) and (b),
PA1  f. heat treating the glass article at a temperature and for a time
      sufficient to form crystals throughout the glass article to form a
      crystallized glass article having surfaces thereof which are substantially
      free of microcracks.
PAC  DETAILED DESCRIPTION
PAR  In practicing the instant invention, the glass batch-making ingredients are
      mixed together by techniques well known in the art to give a well-mixed
      glass batch. In the batch mixing, lithium carbonate or the like is used as
      a source of lithium values, rather than petalite. This change is
      preferably a total one, that is, no petalite is used, but those skilled in
      the art will perceive that the principles of the invention come into play
      whenever a major portion of the lithium required is to be derived from the
      source other than petalite. It will also be clear that the obvious
      procedure is to use in the glass batch an amount of lithium carbonate
      which is equivalent to the lithium value in petalite. For example, in
      place of 100 pounds of petalite, which afforts 4.9 pounds of lithium
      (measured as Li.sub.2 O), there can be used 12.2 pounds of lithium
      carbonate which affords the same quantity of lithium. Suitable adjustments
      should also be made in the amount of sand and alumina used in preparing
      the batch.
PAR  It is by no means essential that the lithium values used in preparing the
      crystallized glass come solely and precisely from lithium carbonate. For
      example, satisfactory results may be obtained with lithium chloride,
      fluoride or sulfate used in place of part or all the lithium carbonate.
      The distinction from the prior art is that the previous practice has been
      the use of the mineral petalite, which contains various different metals
      in addition to lithium. It is more accurate to characterize the invention
      as one that uses a substantially potassium, rubidium and cesium-free
      lithium-bearing ingredient, which the mineral petalite is not.
PAR  Though it is probably in most instances most convenient to provide for the
      addition of the required lithium values at the outset, by compounding of
      the batch materials before they are fed to the furnace and melted, there
      is not in principle any reason to rule out adding the potassium-free
      lithium-bearing ingredient at any time up until the molten glass
      composition is completely composed and ready for forming.
PAR  As indicated above, other ingredients of a batch material are present
      including sand, alumina, sources of zinc oxide such as zinc silicate,
      sources of R.sub.2 O where R is potassium, rubidium or cesium, sources of
      TiO.sub.2 such as titanium dioxide itself, and optionally sources of
      ZrO.sub.2 such as zirconium silicates and sources of F.sup.- such as
      lithium fluoride. To the extent desired or necessary, oxides of arsenic
      and/or antimony act as fining agents in the making of glass compositions.
      Preferably, the ranges for the batch contents are selected such that the
      composition in the crystallizable glass is as follows:
TBL  Component             Percent by Weight                                   
     ______________________________________                                    
     SiO.sub.2             60 - 75                                             
     Al.sub.2 O.sub.3      15 - 25                                             
     Li.sub.2 O            3.0 - 6.0                                           
     ZnO                    1 - 4.0                                            
     TiO.sub.2             1.0 - 6.0                                           
     ZrO.sub.2              0 - 3.0                                            
     F.sup.-                 0 - 0.50                                          
     R.sub.2 O, wherein R is selected from the                                 
     class consisting of potassium,                                            
     rubidium and cesium   0.15 - 2.5                                          
     ______________________________________                                    
PAR  Melting of the batch ingredients may be done in a furnace or a pot and
      preferably in a tank adapted for continuous forming. The potassium-free
      lithium-bearing ingredient may be added at any stage of the process, so
      long as there is sufficient homogenization that the lithium is distributed
      substantially uniformly throughout the composition of the glass as it is
      made ready for forming.
PAR  Lithium compounds are known for their fluxing ability. Therefore, it will
      usually be desirable to add the postassium-free lithium-bearing compound
      to a cold, starting batch material, before melting.
PAR  Those skilled in the art of preparing crystallized glasses are well aware
      of the desirability of using relatively finely divided batch materials and
      of premixing the cold, starting batch. This is, of course, not absolutely
      essential, especially if appropriate means are used for homogenizing the
      melt (stirrers, bubblers and the like). In most instances, however, the
      batch materials including the lithium carbonate or the like are preferably
      in a finely divided form.
PAR  To the glass batch is added a suitable amount of an appropriate potassium,
      rubidium and/or cesium salt. Salts, such as carbonates, fluorides and
      sulfates, are suitable. It should be clear that by potassium, rubidium or
      cesium salt is meant glass-making ingredients containing potassium,
      rubidium or cesium. Thus, compounds other than salts and complex mixed
      salts which contain in part potassium, rubidium and cesium are included
      under the definition of potassium, rubidium and cesium salt. What is
      essential is that the potassium, rubidium and cesium salt be a precursor
      of corresponding alkali metal oxide in the final glass composition.
PAR  A suitable amount of potassium, rubidium or cesium salt to be added may be
      calculated from the desired and corresponding oxide content in the final
      crystallizable composition. The salt is preferably, but not necessarily,
      added in a finely divided form, that is, such as to pass through a No. 50
      sieve in the U.S. Sieve Series. The amount of salt which should be added
      is that sufficient to yield on the oxide basis a potassium, rubidium
      and/or cesium oxide content of at least 0.15 percent by weight, and
      preferably from 0.15 to 2.5 percent by weight, and most preferably 0.17 to
      0.60 percent by weight, the percentages by weight being based on the total
      weight of the crystallizable glass composition. In general, the larger the
      nucleus of the alkali metal, the lesser the amount required to prevent
      microcracking. Thus, less cesium (on a weight basis) is required to
      prevent microcracking than rubidium and potassium. However, with a
      potassium oxide content of less than 0.15 percent by weight, the desired
      freedom from microcracking during the subsequent crystallizing heat
      treatment tends not to be obtained. If the potassium, rubidium or cesium
      oxide content is greater than the upper limit, that is, greater than 2.5
      percent by weight, the resulting glass composition will have poor chemical
      durability and will stain easily and be difficult to clean. It should be
      noted at this point that sodium salts cannot be used in place of
      potassium, rubidium or cesium in the practice of this invention. Although
      soda can optionally be included in the glass composition, if it is
      included in the place of potassium, rubidium or cesium, unwanted
      microcracking of the glass surface will be evidenced.
PAR  After the glass-making ingredients have been uniformly mixed with one
      another, the glass batch is charged to a furnace or a tank where the glass
      is melted and fined. The temperatures for melting and fining of the
      crystallizable glasses are generally significantly higher than the melting
      and fining temperatures of more conventionala glass batches. Accordingly,
      the melting and fining temperatures of the glass batches of this invention
      are about 3100.degree.F., whereas conventional sode-lime-silica glasses
      are melted and fined at temperatures of about 2700.degree.F.
PAR  After the glass has been suitably melted and fined, usually for a period of
      about 8 hours, the glass is formed, preferably by continuously casting the
      molten glass between forming rolls. Thereafter, the glass is annealed,
      inspected, cut to size and optionally decorated. The glass is now ready
      for the crystallizing heat treatment.
PAR  The heat treatment is probably the most critical step in the crystallized
      glass-making process and, to a large extent, determines the properties of
      the glass-ceramic. A typical heat treatment schedule involves the heating
      of the glass from room temperature to a temperature of about
      1300.degree.F. over the period of about 10 to 12 hours to cause
      nucleation. The material is still a glass at this stage with very small
      crystals in an embryo stage (nuclei) beginning to emerge in the bulk of
      the glass. The glass is then slowly heated at a rate of about 10.degree.F.
      per hour for a period of about 18 hours to increase the number and size of
      the crystals. At about 1500.degree.F., the crystals grow rapidly and in a
      short period of time, the material changes from a glass to a 98 percent
      crystalline body; the remaining 2 percent being a glassy phase. The
      crystal which first forms is beta-eucryptite. The devitrified glass is
      heated further at a rate of about 90.degree.F. per hour for about 4 hours,
      reaching a final temperature of about 1850.degree.F. to transform the
      eucryptite crystal gradually to a beta-spodumene crystal. The temperature
      is held at about 1850.degree.F. to cause the crystals of spodumene to
      grow. It should be noted that the crystalline phase is a solid solution of
      beta-spodumene and silica (keatite structure). The devitrified sheets of
      glass are then cooled to room temperature. This cooling generally takes
      place over a period of about three hours. It is during the heat treatment
      step (which includes the period of cooling) that so-called "microcracking"
      develops in the glass surface. By "microcracking" is meant long sweeping
      hairline fractures developed in the glass surface. the microcracking can
      be detected by eyesight, especially if the glass is treated with a dye
      solution which highlights the cracking. Upon microscopic examination, the
      microcracks are seen to be incised into the devitrified glass surface to a
      depth of about 50 to 100 microns, and the cracks have a width of about 10
      to 20 microns. The microcracking is unsightly and makes the glass
      unsuitable for commercial use. The microcracks can be removed by grinding
      and polishing, but this requires a very expensive additional fabricating
      step. This invention avoids the need for this additional step and provides
      a method for taking glass sheets made from a petalite-free glass batch and
      heat treating the glass to crystallize it without developing unwanted
      microcracking in the glass surface.
PAR  Although not intending to be bound by any theory, the reason why the glass
      compositions of this invention are believed to form microcracks on heat
      treatment is that these compositions are very volatile, with zinc oxide
      and fluorine being the most volatile components. Moreover, these
      components are both believed to have an important effect on the rate and
      extent of crystallization. When the glass is heat treated and components
      volatilize, the volatilization is greatest at the surface and, as a
      result, the composition of the glass at its surface is different from the
      composition of the glass in the interior regions. The difference in
      composition will be principally in the ZnO and fluoride content. Since
      these ingredients have an important effect on crystallization, the
      crystallization at the surface of the glass is different from that in the
      interior regions of the glass. It is believed that crystallization
      proceeds slower and to a lesser extent in the surface than in the interior
      regions of the glass. This difference in crystallization leads to
      different coefficients of thermal expansion with the surface region of the
      glass having a higher coefficient than the interior. As the glass begins
      to cool, the difference in coefficients of thermal expansion puts the
      surface in tension. To relieve the tension, stress cracks (i.e.,
      microcracking) develop in the surface. The reason why it is believed
      potassium, rubidium and cesium relieve the surface cracking is that these
      cations are relatively large and are not absorbed into the crystal lattice
      structure. Hence, the potassium, rubidium and cesium remain in the glassy
      phase where they act as a flux and reduce the viscosity of the glassy
      phase. As a result, when a volatile potassium, rubidium and/or
      cesium-containing glass composition is heat treated and cooled, the
      tension developing in the glass surface can relieve itself by viscoelastic
      flow. In other words, the glassy phase, by being at a lower viscosity due
      to the presence of the potassium, rubidium and/or cesium, can flow to
      relieve the stresses being developed on the surface. In the absence of
      potassium, rubidium and cesium, the glassy phase does not have a low
      enough viscosity to flow sufficiently to relieve the stresses being
      developed in the surface of the glass. As a result, the glass microcracks
      to relieve the stresses.
PAR  If this theory is correct, it explains why soda is not effective in
      preventing microcracking. Soda, with its relatively small cation, is
      absorbed into the crystal lattice where it cannot act to reduce the
      viscosity of the glassy phase.
DETD
PAC  EXAMPLES
PAC  EXAMPLE 1
PAC  (Description of the Preferred Embodiment)
PAR  To a commercial-size glass tank capable of containing about 35 tons of
      molten glass and designed for continuous casting were added on a
      continuous basis at the feed end of the tank the following well-mixed
      batch ingredients:
TBL  Ingredient        Parts by Weight                                         
     ______________________________________                                    
     Silica            700                                                     
     Hydrated alumina  296                                                     
     Lithium carbonate 83                                                      
     Zinc zirconium silicate                                                   
                       31                                                      
     Zinc oxide        10.5                                                    
     Titanium dioxide  15.0                                                    
     Lithium fluoride  13.5                                                    
     Soda ash          4.0                                                     
     Lithium sulfate   6.0                                                     
     Potassium carbonate                                                       
                       2.5                                                     
     Antimony oxide    4.0                                                     
                       1165.5                                                  
     Cullet.sup.(1)    1360                                                    
     ______________________________________                                    
      .sup.(1) The glass cullet has the following composition, expressed as    
      percent by weight: Na.sub.2 O, 0.31%; Li.sub.2 O, 4.13%; F.sup.-, 0.27%; 
      SiO.sub.2, 70.67%; Al.sub.2 O.sub.3, 19.39%; ZrO.sub.2, 1.54%; ZnO, 1.53%
      Fe.sub.2 O.sub.3, 0.05%; TiO.sub.2, 1.56%; K.sub.2 O, 0.18%; As.sub.2    
      O.sub.3, 0.01%; and Sb.sub.2 O.sub.5, 0.33%.                             
PAR  The glass batch was melted and fined for about 8 hours at a temperature of
      about 3200.degree.F. (melting zone) to 2900.degree.F. (fining zone). The
      molten glass was removed from the tank at the working zone at a
      temperature of 2600.degree.F. The molten glass was then continuously cast
      between a pair of heavy cast-iron, water-cooled rolls. These rolls are set
      very close against the delivery lip of the tank so that the glass is
      forced into the pinch of the rolls and thus squeezed to the desired
      thickness for the ribbon. This is possible only because the high viscosity
      of the glass permits it to jump the gap between the lip and the rolls
      without sagging. As it passes from the water-cooled forming rolls, the
      surfaces have become sufficiently chilled to form a more or less
      self-sustaining sheet or ribbon, even though the body of the glass is
      still very hot.
PAR  The formed sheet is picked up on smaller apron rolls, which are actually a
      part of an annealing lehr mechanism, but are not enclosed as is the rest
      of the lehr. Consequently, in this area, the glass loses heat rapidly and
      the temperature falls from about 2300.degree.F., leaving the rolls, to
      about 1500.degree.F., entering the lehr. The lehr is essentially an open
      tunnel in which graduated temperatures are maintained by means of gas
      fires. In the lehr, the glass is annealed to release the thermal strains
      introduced into the glass by forming. After annealing, the glass is
      inspected and cut to size. The glass at this stage had a nominal thickness
      of about 0.2 inch and had the following composition:
TBL  Component    Percent by Weight                                            
     ______________________________________                                    
     SiO.sub.2    70.67                                                        
     Al.sub.2 O.sub.3                                                          
                  19.39                                                        
     Li.sub.2 O   4.13                                                         
     TiO.sub.2    1.56                                                         
     ZrO.sub.2    1.54                                                         
     ZnO          1.53                                                         
     Sb.sub.2 O.sub.5                                                          
                  0.33                                                         
     Na.sub.2 O   0.31                                                         
     K.sub.2 O    0.18                                                         
     F.sup.-      0.27                                                         
     ______________________________________                                    
PAR  For heat treating, the glass is stored on racks or the like and put into a
      kiln. The temperature of the kiln is raised from room temperature to
      1300.degree.F. (nucleation temperature) over the period of about 3 to 4
      hours and held at this temperature for about 6 to 10 hours. The glass is
      then slowly heated at a rate of about 10.degree.F. per hour for a period
      of about 18 hours. The glass which has by now devitrified is heated at a
      rate of 90.degree.F. per hour for about 4 hours, reaching a final
      temperature of about 1850.degree.F. and held at this temperature for 4
      hours. The kiln temperature was then lowered at a rate of 150.degree.F.
      per hour to 1300.degree.F. and then the kiln was slowly cooled to room
      temperature. The glass was removed from the kiln and inspected. Upon
      visual inspection, the glass was found to be opaque in appearance with no
      microcracking in the surface. Upon X-ray diffraction analysis, the glass
      was found to be crystallized to the extent of 98 percent beta-spodumene
      solid solution and the glass had a modulus of rupture of about 25,000
      pounds per square inch and a thermal expansion coefficient of about -4
      .times. 10.sup..sup.-7 per .degree.C. over the temperature range of
      25.degree.C. to 300.degree.C.
PAC  EXAMPLE 2
PAR  The procedure and the method of Example 1 was followed, with the exception
      that no additional potassium carbonate was added to the batch. Upon
      analysis, the potassium oxide content of the glass was found to be only
      0.03 percent. After heat treatment as described in Example 1, the glass
      was examined and found to be opaque but with severe microcracking of the
      surface. The microcracking was extensive, making the glass unacceptable
      for commercial applications.
PAC  EXAMPLES 3 - 6
PAR  Four (4) glass batches were prepared having the following ingredients:
TBL  Batch Ingredient  Parts by Weight                                         
     ______________________________________                                    
     Silica            702                                                     
     Hydrated alumina  291                                                     
     Lithium carbonate 92                                                      
     Zinc zirconium silicate                                                   
                       31                                                      
     Zinc oxide        6                                                       
     Titanium dioxide  14.8                                                    
     Lithium fluoride  12                                                      
     Soda ash          2.5                                                     
     Lithium nitrate   3                                                       
     Glass cullet.sup.(1)                                                      
                       1360                                                    
     ______________________________________                                    
      .sup.(1) The glass cullet had the following composition expressed as     
      percent by weight: Na.sub.2 O, O.47%; Li.sub.2 O, 4.10%; F.sup.-, 0.36%; 
      SiO.sub.2, 71.15%; Al.sub.2 O.sub.3, 19.21%; ZrO.sub.2, 1.50%; ZnO, 1.56%
      Fe.sub.2 O.sub.3, 0.04%; TiO.sub.2, 1.51%; K.sub.2 O, 0.02%; As.sub.2    
      O.sub.3, 0.04%; and Sb.sub.2 O.sub.5, 0.02%.                             
PAR  The four batches each weighed about 750 grams and to three of the batches
      were added varying amounts of potassium carbonate, that is, to one batch
      was added 1.22 grams of potassium carbonate, to the second batch was added
      2.75 grams of potassium carbonate and to the third batch was added 4.79
      grams of potassium carbonate. The fourth batch was free of any added
      potassium carbonate and was used as a control.
PAR  The four batches were charged to Lavasil crucibles and placed in a furnace
      at a temperature of 2400.degree.F. The glass was melted and fined for a
      period of about 6 hours, during which time the temperature in the furnace
      was raised to 3000.degree.F. The crucibles were removed from the furnace
      and placed in an annealing kiln which was at a temperature of
      1300.degree.F. The crucibles were left in the annealing kiln for a period
      of about 12 hours, during which time the temperature of the kiln gradually
      lowered to about 140.degree.F. The glasses, after annealing, had the
      following composition:
TBL           Percent by Weight                                                
     component  Control (3) (4)      (5)    (6)                                
     ______________________________________                                    
     SiO.sub.2  71.15       71.04    70.94  70.80                              
     Al.sub.2 O.sub.3                                                          
                19.21       19.18    19.14  19.11                              
     Li.sub.2 O 4.10        4.09     4.09   4.07                               
     ZnO        1.56        1.56     1.56   1.56                               
     TiO.sub.2  1.51        1.51     1.51   1.51                               
     ZrO.sub.2  1.50        1.50     1.50   1.50                               
     Na.sub.2 O 0.47        0.47     0.47   0.47                               
     F.sup.-    0.36        0.36     0.36   0.36                               
     K.sub.2 O  0.02        0.15     0.30   0.50                               
     ______________________________________                                    
PAR  The glass, after annealing, was then ready for heat treating. The glasses,
      fused in the Lavasil crucibles, were cut into sections, ground and
      polished and placed in a furnace at a temperature of about 1000.degree.F.
      The temperature was raised over a period of about three hours to
      1325.degree.F. and the temperature was maintained for eight hours. The
      temperature was then raised at a rate of about 75.degree.F. per hour over
      a period of about seven hours to 1850.degree.F. The temperature was held
      at 1850.degree.F. for four additional hours. The furnace was cooled to
      1300.degree.F. and the samples removed from the oven. The glasses were
      opaque and by X-ray diffraction analysis were determined to be about 98
      percent beta-spodumene. Upon visual observation, the glass which had no
      additional potassium carbonate added was severely cracked at the surface.
      The glass with 0.15 percent K.sub.2 O had a much improved surface with the
      extent of cracking being considerably less. The glass with 0.30 percent
      K.sub.2 O had an extremely good surface with only minimal cracking. The
      glass with 0.5 percent K.sub.2 O had an essentially crack-free surface.
PAR  To obtain a quantitative measure of the extent of microcracking in the
      above examples, the fragment outlines in a projected top surface were
      counted and divided by the top surface area to give the number of
      fragments per square inch of surface. The results are given below:
TBL           Example                                                          
              Control (3)                                                      
                        (4)      (5)      (6)                                  
     ______________________________________                                    
     fragments per                                                             
     square inch                                                               
                410         376      120    107                                
     ______________________________________                                    
PAC  EXAMPLES 7 - 10
PAR  Three (3) glass batches were prepared having the following ingredients:
TBL  Batch Ingredients Weight in Grams                                         
     ______________________________________                                    
     Silica            70.20                                                   
     Lithium carbonate 9.00                                                    
     Lithium fluoride  1.10                                                    
     Lithium sulfate   0.50                                                    
     Hydrated alumina  29.10                                                   
     Zinc zirconium silicate                                                   
                       3.10                                                    
     Arsenic oxide     0.10                                                    
     Antimony oxide    0.30                                                    
     Zinc oxide        0.95                                                    
     ______________________________________                                    
PAR  To the first batch was added 0.73 grams of potassium carbonate, to the
      second batch was added 1.22 grams of rubidium carbonate, and to the third
      batch was added 1.92 grams of cesium sulfate.
PAR  The three batches were each charged to Lavasil crucibles and melted under
      the conditions described above for Examples 3-6. The glasses after
      annealing had the following compositions:
TBL           Percent by Weight on an Oxide Basis                              
     Component  Control (7) (8)      (9)    (10)                               
     ______________________________________                                    
     SiO.sub.2  71.17       70.80    70.26  69.62                              
     Al.sub.2 O.sub.3                                                          
                19.21       19.11    18.97  18.83                              
     Li.sub.2 O 4.10        4.07     4.03   4.01                               
     ZnO        1.56        1.56     1.56   1.56                               
     TiO.sub.2  1.51        1.51     1.51   1.51                               
     ZrO.sub.2  1.50        1.50     1.50   1.50                               
     Na.sub.2 O 0.47        0.47     0.47   0.47                               
     F.sup.-    0.36        0.36     0.36   0.36                               
     K.sub.2 O  --          0.50     --     --                                 
     Rb.sub.2 CO.sub.3                                                         
                --          --       1.22   --                                 
     Cs.sub.2 SO.sub.4                                                         
                --          --       --     1.92                               
     ______________________________________                                    
PAR  The glasses, after annealing, were then ready for heat treating. The
      glasses, fused in the Lavasil crucibles, were cut into sections, ground
      and polished and placed in a furnace for the crystallizing heat treatment.
      The heat treating conditions were those described above in Examples  3-6.
PAR  After heat treating the glasses were removed from the oven. The glasses
      were opaque and X-ray diffraction analysis indicated the glasses to be
      about 98 percent beta-spodumene.
PAR  Upon visual observation, the glass which had no potassium, rubidium or
      cesium salt added to the batch were severely cracked at the surface. The
      glass with potassium carbonate and rubidium carbonate added to the batch
      had a much improved surface with the extent of microcracking being
      considerably less. The glass with cesium sulfate added to the batch had
      the best surface with essentially no cracking.
PAR  Using the numerical rating of fragments per square inch of surface as
      described above in Examples 3-6, the extent of microcracking was as
      follows:
TBL           Example                                                          
              Control (7)                                                      
                        (8)      (9)      (10)                                 
     ______________________________________                                    
     fragments per                                                             
     square inch                                                               
                136         107      72     24                                 
     ______________________________________                                    
PAR  The glass compositions specified above were determined by X-ray
      fluorescence and by wet chemical analysis.
PAR  The existence, type and amount of crystallinity in the devitrified glass
      samples was determined by means of a conventional X-ray diffractometer
      equipped with a Geiger counter and a curve- or trace-drawing device. As is
      well known, the monochromatized X-ray beam is directed against a specimen
      to be identified at an angle which is altered progressively, and the
      reflections from the various faces of the crystals of the particular
      crystalline compound in the specimen are converted to amplified electrical
      impulses by the Geiger counter and are reproduced as series of peaks on
      the trace. Since each crystalline compound produces peaks which are
      characteristic of itself, identification of the crystalline compound can
      be accomplished by anyone skilled in the art in reading and constructing
      such a trace, provided that its characteristic peak is known.
PAR  The modulus of rupture mentioned above is a measure of the flexural
      strength of the crystallized material and was determined by the procedures
      set forth in A.S.T.M. C-158.
PAR  The average linear coefficient of thermal expansion referred to above was
      determined by the procedures set forth in A.S.T.M. E-228.
PAR  The extent and the degree of microcracking referred to above was determined
      by the use of a low power microscope, that is, of about 90X. The width of
      the cracks at the surface can be determined directly from microscopic
      examination, whereas the depth of the cracking can be determined by
      grinding and polishing the surface until no cracks are observed by
      microscopic examination. The depth of the surface removed by grinding and
      polishing is taken as the depth of the microcrack.
PAR  For example, a crystallized glass sheet which has microcracking throughout
      its surface is first measured for thickness with a micrometer which has an
      accuracy to .+-. 2.5 microns. The cracked surface is then ground and
      polished with a commercially available grinding and polishing machine,
      such as an American Optical Hand Surfacing Machine. For grinding, a fine
      grit such as silicon carbide is used and the polishing is accomplished
      using a felt polishing cloth and rouge as the polishing medium. Grinding
      and polishing is interrupted periodically by microscopic examination and
      the process is continued until there is no evidence of microcracks in the
      glass surface. Using this technique, the microcracks have been found to be
      wedge-shaped with the thickness being greatest at the surface and of
      decreasing thickness as the crack propagates into the surface of the
      crystallized glass. To insure that the full depth of the crack has been
      ascertained, the crystallized glass sample, after microscopic examination,
      reveals no evidence of microcracking, can be etched with a 2-5 percent by
      weight aqueous hydrofluoric acid solution and re-examined by microscope.
      The acid etch uncovers the final few microns of the crack which are latent
      and do not appear in a microscopic examination without the acid etch.
      After the microscopic examination indicates no evidence of microcracking,
      the thickness of the crystallized glass sample is measured and the
      difference between this and the original thickness of the crystallized
      glass sample is taken as the depth of the microcracks.
PAC  EXAMPLES 11 - 12
PAR  For the purpose of comparison, a glass composition shown as Example 11 in
      Table II of U.S. Pat. No. 3,489,577 to Tashiro et al. was prepared with
      and without K.sub.2 O. The batch ingredients for preparing such a glass
      were those such as shown in column 3, line 68, to column 4, line 18, of
      the Tashiro et al patent. The glass batches of the two glasses are shown
      below.
TBL  __________________________________________________________________________
                  Parts by Weight                                              
                  Batch Example of U.S.                                        
                  Patent 3,489,577                                             
                               Comparative Batch                               
     Batch Ingredient                                                          
                  (Example 11) with no K.sub.2 O                               
     __________________________________________________________________________
     Aluminum fluoride                                                         
                  21.38        21.38                                           
     Lithium carbonate                                                         
                  53.62        53.62                                           
     Supersil sand                                                             
                  275.65       275.65                                          
     Aluminum hydrate                                                          
                  182.2        182.2                                           
     Zircon       18.94        18.94                                           
     Titanium dioxide                                                          
                  9.56         9.56                                            
     Aluminum metaphosphate                                                    
                  22.11        22.11                                           
     Red lead oxide (Pb.sub.3 O.sub.4)                                         
                  3.06         3.06                                            
     Sodium nitrate                                                            
                  6.86         6.86                                            
     Potassium nitrate                                                         
                  5.37         none                                            
     __________________________________________________________________________
PAR  The batches were charged to Lavasil crucibles and placed in a furnace at
      2450.degree.F. and melted and fined for a period of about 6 hours, during
      which time the temperature in the furnace was raised to 2822.degree.F. The
      glass was cast from the crucibles onto a metal table and formed into
      patties of approximately 2 inches by 8 inches by 3/8 inch. The patties
      were placed in an annealing kiln which was at a temperature of
      1100.degree.F. The glass patties were left in the annealing kiln for a
      period of about 16 hours during which time the temperature in the kiln was
      gradually lowered to about 200.degree.F. The glass patties after annealing
      were then ready for heat treating. The glass patties were cut into
      sections and placed in a furnace at room temperature and the temperature
      raised to about 1360.degree.F. in 2-1/2 hours. A temperature of
      1360.degree.F. was maintained for a period of about 1 hour and then
      increased to 2190.degree.F. in  2-1/2 hours and held for 2 hours at a
      temperature of about 2190.degree.F. such as disclosed in Example 11 of the
      Tashiro et al. patent. The furnace was then cooled and the glass patties
      removed from the furnace. They were opaque and highly crystalline. The
      glass patties were smooth, with no evidence of microcracking.
PAR  Also for the purposes of comparison, the glass such as is shown by Example
      IV of the Chen patent, U.S. Pat. No. 3,006,775, was prepared with and
      without potassium nitrate. The batch ingredients producing such a glass
      are those shown in Example IV of the Chen patent. The batches were as
      follows:
TBL            Parts by Weight                                                 
                 Glass of Example                                              
                 IV in U. S. Patent                                            
                                Comparative Batch                              
     Batch Ingredient                                                          
                 3,006,775      with no K.sub.2 O Source                       
     ______________________________________                                    
     Lithium carbonate                                                         
                 390            390                                            
     Calcide alumina                                                           
                 120            120                                            
     Oklahoma sand                                                             
                 458            458                                            
     Soda ash     19             19                                            
     Potassium nitrate                                                         
                  13            none                                           
     ______________________________________                                    
PAR  The batches were charged to Lavasil crucibles and placed in a furnace at
      2000.degree.F. and melted and fined for a period of about 5-1/4 hours
      during which time the temperature in the furnace was raised to
      2102.degree.F. The glass was cast from the crucibles onto a metal table
      and formed into patties of approximately 2 inches by 8 inches by 3/8 inch.
      The glass patties were placed in an annealing kiln which was at a
      temperature of 1100.degree.F. The glass patties were left in the annealing
      kiln for a period of about 16 hours during which time the temperature in
      the kiln was gradually lowered to 200.degree.F. The glass after annealing
      was then ready for heat treating. The glass patties were cut into sections
      and placed in a furnace at room temperature, the temperature of the
      furnace was raised to about 1202.degree.F. in about 1 hour. The furnace
      temperature was maintained at 1202.degree.F. (650.degree.C.) for 1 hour as
      described in Example IV of U.S. Pat. No. 3,006,775. The temperature of the
      furnace was raised to 1742.degree.F. (950.degree.C.) over a period of one
      hour and held for 2 hours at 1742.degree.F. The furnace was cooled and the
      glass patties removed from the furnace. Both glass samples were opaque and
      highly crystalline. The surfaces were smooth and there was no evidence of
      microcracking.
PAR  From the above comparative examples, it can be concluded that the glass
      compositions such as disclosed in the working examples of U.S. Pat. No.
      3,489,577 to Tashiro et al. and U.S. Pat. No. 3,006,775 to Chen, although
      containing in the glass batch a potassium-free lithium-bearing ingredient
      (lithium carbonate) and a potassium metal salt, do not reveal the problems
      associated with the glass compositions of the present invention, that is,
      the volatility problems associated with ZnO. This is substantiated by the
      fact that when the glass compositions such as disclosed in the
      aforementioned patents are prepared without a source of K.sub.2 O, there
      is no evidence of microcracking after a crystallizing heat treatment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a crystallized glass article substantially free of
      microcracking, comprising:
PA1  a. preparing a glass batch consisting essentially of
PA2  i. a silica,
PA2  ii. an alumina,
PA2  iii. a lithium family glass batch ingredient consisting of a lithium salt,
      and
PA2  iv. a zinc salt in an amount sufficient to provide a crystallized glass
      article from said glass batch having a ZnO content, percent by weight on
      an oxide basis of 1 to 4.0, which crystallized glass article obtained is
      characterized by the presence of microcracks in the surface thereof
PA1  b. adding to said glass batch an alkali metal salt wherein the alkali metal
      is a member of the group consisting of potassium, rubidium and cesium,
      said alkali metal salt being present in an amount sufficient to provide a
      glass article upon cooling a melt of said glass batch having a content of
      an oxide of the alkali metal of said salt, percent by weight on an oxide
      basis of 0.15 to 2.50,
PA1  c. melting the glass batch containing the ingredients set forth in (a) and
      (b) to form a glass melt,
PA1  d. cooling said glass melt and subsequently therewith,
PA1  e. forming a glass article,
PA1  f. heat treating said glass article at a temperature and for a time
      sufficient to form crystals throughout the glass article and to form a
      crystallized glass article having surfaces thereof substantially free of
      microcracks.
NUM  2.
PAR  2. The method of claim 1 in which the glass article has the folowing
      composition on an oxide weight basis:
TBL                     Percent by                                             
     Component          Weight on an Oxide Basis                               
     ______________________________________                                    
     SiO.sub.2          60 - 75                                                
     Al.sub.2 O.sub.3   15 - 25                                                
     Li.sub.2 O         3 - 6                                                  
     ZnO                 1 - 4.0                                               
     TiO.sub.2          1.0 - 6.0                                              
     ZrO.sub.2          0 - 3                                                  
     F.sup.-             0 -0.5                                                
     R.sub.2 O, where R is potassium,                                          
     rubidium or cesium 0.15 - 2.5.                                            
     ______________________________________                                    
NUM  3.
PAR  3. the method of claim 1 in which the lithium salt is lithium carbonate.
NUM  4.
PAR  4. The method of claim 1 in which the alkali metal salt is selected from
      the class consisting of carbonates, fluorides and sulfates.
NUM  5.
PAR  5. The method of claim 1 in which the alkali metal salt is present in an
      amount sufficient to provide a glass article having an alkali metal oxide
      content of 0.17 to 0.60 percent by weight based on total weight of the
      glass.
NUM  6.
PAR  6. The method of claim 1 in which the crystal phase is a solid solution of
      beta-spodumene and silica.
PATN
WKU  039389790
SRC  5
APN  4938887
APT  1
ART  173
APD  19740801
TTL  Method and apparatus for vertically drawing a glass ribbon
ISD  19760217
NCL  17
ECL  1,8
EXP  Kellogg; Arthur D.
NDR  5
NFG  11
INVT
NAM  Plumat; Emile
CTY  Gilly
CNT  BE
ASSG
NAM  Glaverbel-Mecaniver
CTY  Watermael-Boitsfort
CNT  BE
COD  03
PRIR
CNT  LU
APD  19720124
APN  64654
RLAP
COD  71
APN  326043
APD  19730123
PSC  03
CLAS
OCL   65 90
XCL   65182R
XCL   65204
XCL   65344
XCL   65196
EDF  2
ICL  C03B 1504
FSC   65
FSS  204;182 R;196;90;344;345
UREF
PNO  3218143
ISD  19651100
NAM  De Lauarte
XCL   65182R
UREF
PNO  3558295
ISD  19710100
NAM  Bezombes et al.
XCL   65182R
FREF
PNO  251,160
ISD  19690800
CNT  SU
OCL   65344
LREP
FRM  Spencer & Kaye
ABST
PAL  In the manufacture of sheet glass by drawing a ribbon of glass upwardly
      from a molten glass bath via a meniscus located at the glass surface in
      the drawing zone, a pool of molten material is contained in the bath
      beneath the drawing zone by a refractory member and the molten material
      pool is thermally conditioned to maintain a predetermined temperature
      profile in at least part of the drawing zone.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 326,043, filed
      Jan. 23rd, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process of manufacturing flat glass. The
      invention particularly relates to a process involving drawing glass
      upwardly as a continuous ribbon from a bath of molten glass via a drawing
      meniscus located at the surface of such bath in a drawing zone into which
      currents of glass flow in respectively opposite directions along such
      surface. One such surface current, the forward current, flows into such
      zone from a region to which molten glass is continuously supplied. The
      invention also relates to apparatus for use in carrying out this process.
PAR  In the drawing of flat glass, numerous problems are encountered in
      controlling the thermal conditions associated with the supply of molten
      glass and existing in the environment to which the glass is exposed while
      being drawn. Such control must be exerted in order to produce flat glass
      with acceptable optical and surface properties. Ideally, the faces of the
      drawn ribbon of flat glass should be truly flat and parallel at all
      positions across the glass surface. In practice, this ideal quality can
      not be realized under industrial conditions.
PAR  It is possible, by employing various known measures to reduce the
      disparities in temperature which tend to arise between one part of the
      glass and another, to produce flat glass of reasonably high quality
      insofar as its geometry is concerned. The environmental influences on flat
      glass formation are, however, numerous and subtle and in the flat glass
      manufacturing industry efforts are being continuously made to discover new
      techniques either for the purpose of still further improving the
      realizable quality of the flat glass or for enabling flat glass of a given
      quality to be produced more easily or cheaply.
PAR  The quality of the end product is particularly liable to be influenced by
      the thermal and rheological conditions which prevail in the region of
      critical formation of the ribbon, i.e., in and immediately above the
      drawing zone where the molten glass is drawn upwardly from the surface of
      the supply of molten glass and into the ribbon via a meniscus, which is
      established at the bottom of the glass ribbon by the drawing action on the
      glass.
PAR  It is well known that it is important for the position of the meniscus to
      be stabilized because otherwise the geometry of the drawn ribbon would be
      highly irregular. In order to stabilize the position of the meniscus, it
      is the practice in some glass drawing processes of the kind with which the
      present invention is concerned to provide a draw bar which is immersed in
      the bath of molten glass a short distance below the surface of such bath
      at the drawing zone. The forward surface current of molten glass flows
      over that draw bar and directly feeds the front side of the glass ribbon,
      i.e., the side facing toward that region to which molten glass is
      continuously supplied to the bath, whereas the glass which feeds the rear
      side of the ribbon initially flows under the draw bar and then flows back
      over it in the opposite direction.
PAR  However, it is not only the position of the meniscus which is important but
      also the viscosity profile of the molten glass forming the meniscus at any
      given moment. There is a natural tendency for thermal gradients to exist
      in the meniscus. For example, there is often an appreciable difference
      between glass flowing into the meniscus at the central part of the length
      of the drawing zone, measured in a direction normal to the direction of
      flow of the surface currents feeding the main faces of the ribbon, and the
      molten glass flowing into the end region of the drawing zone and thus
      feeding the margins of the ribbon. There is also often a tendency for the
      temperature of the forward surface current flowing via the meniscus into
      the front face of the ribbon to be higher than the molten glass flowing
      via the meniscus into the rear side of the ribbon.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to control the heat distribution
      in the glass feeding into the ribbon via the surface meniscus. Another
      object is to effect this control in a manner which is convenient and
      sufficiently flexible to permit the control to be easily adjusted to suit
      prevailing conditions.
PAR  These and other objects of the present invention are achieved by a process
      of manufacturing flat glass by drawing glass upwardly as a continuous
      ribbon from a bath of molten glass via a drawing meniscus located at the
      surface of such bath in a drawing zone into which currents of glass flow
      in respectively opposite directions along such surface, one such current,
      the forward current, flowing into such zone from a region to which molten
      glass is continuously supplied. According to the invention, a
      predetermined temperature profile is maintained in at least part of such
      zone by maintaining within the bath beneath that zone part, at least one
      pool of molten material and thermally conditioning such pool by heat
      exchange with at least one body and/or by circulating the material of such
      pool, and/or by giving such pool a predetermined shape.
PAR  By this process, it is possible to very easily control the temperature
      profile, and thus the viscosity profile, of the molten glass which is at
      any given moment during the glass drawing process flowing into the ribbon
      via the surface meniscus. This makes it possible to wholly or partially
      counter the tendency for undesirable temperature inequalities to arise, as
      discussed above.
PAR  The foregoing advantage of the process according to the invention is
      coupled with the further advantage that at least part of the molten glass
      flowing into the ribbon via the meniscus flows in contact with a pool of
      molten material which exercises a very low, and in fact negligible,
      frictional restraint on the flow of the molten glass.
PAR  The pool or pools of molten material have of course to be held by a
      refractory member or members within the bath of molten glass and that
      member can serve in the same way as a conventional draw bar to stabilize
      the position of the meniscus.
PAR  In the event that, as is preferred, such pool of molten material is present
      at least in part beneath the molten glass flowing into the rear side of
      the ribbon, which molten glass is normally cooler than the molten glass of
      the forward current, the invention enables the temperature of that cooler
      molten glass to be increased. The quality of the drawn glass ribbon is
      thereby improved. Under certain circumstances, where there is a difference
      in temperature between the currents of molten glass feeding the two sides
      of the ribbon via the meniscus, the glass ribbon when cooled is found to
      be bent. Equalizing the temperature of these currents obviates this
      phenomenon.
PAR  If required, heating of the molten pool material underlying the reverse
      surface current may be accompanied by cooling of molten pool material
      underlying the forward current so as to equalize the heat distribution
      between the forward and reverse surface currents and thereby improve the
      quality of the ribbon for any given drawing speed. By way of example, the
      temperature of molten pool material underlying the reverse surface current
      can be increased by heat withdrawn from molten pool material underlying
      the forward surface current.
PAR  If an attempt is made to draw the glass at a speed which is above a certain
      value, the difference between the viscosity of the reverse surface current
      and that of the forward current gives rise to a dragging effect which
      distorts the ribbon. Since the maximum drawing speed is normally limited
      by the relatively high viscosity of the glass constituting the reverse
      surface current which feeds the rear side of the ribbon, the invention can
      be carried out to increase the drawing speed by supplying heat to the
      reverse surface current by heat exchange with molten pool material to
      raise the temperature of that current to approximately the same level as
      the temperature of the forward current. It is not intended, however, that
      an increase in drawing speed should be achieved in all processes according
      to the invention.
PAR  It is a further advantage of the process according to the invention that
      the heat distribution in the molten glass feeding the drawing zone and the
      glass ribbon is influenced in a way which does not involve any risk of
      adversely affecting the smooth flow of molten glass into the ribbon or
      giving rise to harmful chemical reactions, e.g. between the molten pool
      material and the molten glass.
PAR  Preferably, the pool or pools provide molten material underlying both the
      forward and the reverse surface currents at the drawing zone. It is then
      possible to confer a predetermined temperature profile on the molten glass
      feeding the front and rear sides of the ribbon and both the currents of
      glass benefit from the substantially frictionless contact with the molten
      pool material. Preferably, the pool or pools, as viewed in plan, extend
      substantially symmetrically to opposite sides of the meniscus. This
      condition provides the best possibilities for achieving properly balanced
      thermal conditions between the forward and reverse surface currents
      feeding the opposite sides of the ribbon. There may, for example, be a
      single pool of molten material which extends beneath the meniscus and
      beneath the forward and reverse surface currents at the drawing zone. As
      an alternative there may be distinct pools of molten material respectively
      disposed beneath the forward current and the reverse current. In the
      latter case the thermal action of the different currents of molten glass
      can be controlled independently.
PAR  In certain embodiments of the invention, the pool is thermally conditioned
      at least in part by withdrawing heat therefrom by heat exchange with at
      least one body. The performance of the operation of thermally conditioning
      according to the invention in such a way that heat is withdrawn from
      molten pool material is a very considerable potential advantage. In
      particular, by appropriately using the pool or pools as a means of
      withdrawing heat from molten glass at the drawing zone it becomes possible
      to achieve dimensional setting of the ribbon in a given time with less
      reliance on the extraction of heat within the environment through which
      the ribbon is drawn upwardly from the bath of molten glass.
PAR  It is customary, in drawing flat glass, for the continuous ribbon to be
      drawn upwardly from the bath of molten glass through a drawing chamber and
      into a contiguous annealing lehr. The lehr may be a vertical lehr
      surmounting the drawing chamber or a horizontal lehr into which the ribbon
      is conveyed after being bent about a bending roll located in the upper
      part of the drawing chamber.
PAR  In order to achieve a sufficiently rapid dimensional setting of the ribbon,
      one or more coolers through which fluid coolant is circulated, are
      provided within the drawing chamber. It is well known, however, that the
      presence of such a cooler or coolers, while necessary, has various
      undesirable side effects due to the incidence of relatively cool gas
      currents which act upon the surface of molten glass at the drawing zone
      and upon the faces of the ribbon itself in a way which gives rise to
      various defects in the geometry of the ribbon. The more intense the action
      of the cooler or coolers, the more liable is the glass ribbon to suffer
      from these defects.
PAR  By exerting a cooling action on the molten glass at the drawing zone
      through the agency of the submerged pool or pools of molten material, the
      amount of cooling required to be effected by the action of a cooler or
      coolers actually in the drawing chamber in order to bring the ribbon to a
      dimensionally set state is reduced. Conversely, for a given rate of
      withdrawal of heat from the ribbon within the drawing chamber under the
      action of a cooler or coolers located therein, the withdrawal of heat from
      the molten glass at the drawing zone by heat exchange between the molten
      glass and submerged pool or pools of molten material enables the drawing
      speed of the ribbon to be increased.
PAR  Preferably heat is withdrawn from the pool only, or to a greater extent, at
      a region thereof underlying a central portion of the length of the drawing
      zone. Hereinafter reference to removal of heat "to a greater extent" or
      "more rapidly" in one area is intended to include the possibility of
      removing heat only at that area, some removal being "to a greater extent"
      than no removal.
PAR  The "length of the drawing zone" is that horizontal dimension of the
      drawing zone measured in the direction transverse of the direction of flow
      of the forward and reverse surface currents of molten glass. In that way,
      the tendency for the molten glass feeding the marginal portions of the
      ribbon to be substantially cooler than the molten glass feeding the
      central part of the ribbon, due to the cooling action of the side walls of
      the channel along which molten glass feeds to the drawing zone, can be
      countered and a more favorable temperature profile along the length of
      drawing zone can be achieved. In consequence, it is in many cases possible
      to draw a glass ribbon having a greater usable width due to the resulting
      reduction in the widths of the thickened marginal portions which have to
      be cut away as waste.
PAR  The invention includes processes in which the, or at least one, pool
      underlies the forward surface current at the drawing zone and heat is
      withdrawn to a greater extent from molten material of that pool. The
      effect of adopting this feature is that the viscosities of the currents of
      glass flowing into the front and rear sides of the ribbon are brought more
      into balance, which aids the production of flat glass of good optical and
      geometrical properties and the drawing of flat glass of a given quality at
      a higher speed.
PAR  Advantageously, the thermal conditioning of the molten pool material is
      achieved at least in part by circulating molten pool material via a path
      or paths extending outside the pool or pools. Generally speaking, the
      thermal conditioning can in such cases be more easily effected. Preferably
      the circulated molten material is cooled outside the pool or pools. In
      this way it is possible to very easily continuously withdraw heat from the
      pool or pools in order to keep overlying molten glass below a certain
      temperature level, for purposes referred to above.
PAR  The molten material constituting the pool or pools is preferably of a
      metallic nature. Preference is given to tin and lead. These materials are
      not wettable by molten glass and a pool of such a material moreover has
      very good radiant heat reflecting properties, which is an advantage for
      achieving uniform heat distribution of the overlying surface currents of
      glass throughout the thickness thereof under the action of heat radiated
      onto the surface of the molten glass from the drawing chamber.
PAR  The invention also includes apparatus for manufacturing flat glass by
      drawing. This apparatus includes a feed channel along which molten glass
      delivered to one end thereof can be continuously fed, and devices for
      drawing glass upwardly as a continuous ribbon from the surface of the
      molten glass in such channel at a drawing zone disposed between the one
      end and a remote end of the channel, so that molten glass flows along such
      surface in respectively opposite directions into the ribbon via a drawing
      meniscus. The apparatus according to the invention is provided with at
      least one refractory member located in the channel and holding at least
      one pool of molten material within the molten glass in such channel,
      beneath the drawing zone. For thermally conditioning the pool so as to
      maintain a predetermined temperature profile in at least part of such
      zone, structure is provided for causing heat exchange between the material
      of such pool and at least one body and/or for circulating such material
      and/or the refractory member is shaped to impose a predetermined shape on
      the pool.
PAR  This apparatus affords the advantage that a predetermined temperature
      profile can very easily be maintained at the drawing zone, with favorable
      results on the geometry of the drawn flat glass and on its optical
      properties.
PAR  Various specific embodiments of apparatus according to the invention,
      embodying certain preferred features, will be described below. The
      advantages of the various optional features concerned will be appreciated
      from what has already been stated about the corresponding process
      features.
PAR  Preferably the refractory member or members are located for holding at
      least one pool of molten material so that, in plan aspect, such molten
      material extends symmetrically on opposite sides of the drawing meniscus.
PAR  In certain apparatus according to the invention there is a refractory
      member or members for holding two distinct pools of molten material on
      respectively opposite sides of the drawing chamber.
PAR  Preferably cooling devices for cooling molten pool material are provided as
      the heat exchange structure. Such cooling devices preferably include a
      cooling tube or tubes located so as to be in thermal contact with the pool
      and a device is provided for circulating coolant through such tubes.
      Cooling of molten pool material can thus be effected very effectively and
      without any risk of affecting the composition of the molten pool material.
PAR  The invention includes apparatus in which, for effecting or assisting such
      thermal conditioning there is provided a circulating arrangement composed
      of a device or devices circulating molten pool material along a path or
      paths outside the pool. The thermal conditioning of the pool material can
      be precisely controlled if an arrangement is provided for circulating the
      material in that way. Preferably cooling elements are provided for cooling
      pool material during its traversal of such path or paths outside the pool.
PAR  Advantageously there is at least one such refractory member for holding
      such pool and which extends across substantially the whole length of the
      meniscus, such member imposing on the pool a shape such that it has, in
      plan aspect, a central region whose width is less than the width of the
      end portions of such pool. By imposing such a shape on the pool or pools,
      the tendency for the margins of the ribbon to become thicker than the
      central region due to the cooling action exerted by the side walls of the
      channel along which the molten glass is fed to the drawing zone can easily
      be obviated or reduced.
PAR  The invention includes apparatus in which there is at least one such
      refractory member which extends over substantially the full length of the
      drawing zone and whose surface is upwardly convexly curved in the plane
      formed by the ribbon being drawn. Such member is formed for holding at
      least one pool which is confined to a central part of the length of such
      member. By giving a refractory member this physical form it is possible to
      avoid any tendency for the refractory member itself to contribute toward
      maintaining the molten glass feeding the margins of the ribbon at a lower
      temperature, notwithstanding that the refractory member extends over
      substantially the full length of the drawing zone, i.e., the full width of
      the drawn ribbon, and that the molten coolant material is confined to a
      central part of the length of the refractory member.
PAR  When employing such a convexly curved refractory member, it is preferably
      formed for holding a pool or pools which are elliptical, in plan aspect. A
      pool of that shape contributes particularly well toward attaining a
      beneficial heat distribution in the meniscus.
PAR  In certain embodiments of apparatus according to the invention, there are
      at least two pools and one such pool is provided with cooling structure
      independent of any cooling structure provided for the other such pool.
      Such an apparatus permits a high degree of flexibility in the control of
      the thermal conditioning.
PAR  It is very suitable for the refractory member or members to be made of a
      refractory metal, preferably tungsten. Alternatively, use can be made of a
      refractory member or members made of any suitable known ceramic material.
PAR  It is also suitable under certain circumstances to vary the level of the
      molten material in relation to the level of the bath of molten glass, so
      as to influence the thermal action of the pool or pools of such molten
      material on the molten glass within the drawing zone.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational cross-sectional view of part of a drawing chamber
      for manufacturing flat glass according to one embodiment of the invention.
PAR  FIG. 2 is a partially broken-away, cross-sectional plan view taken along
      the line II-II of FIG. 1, but rotated through 90.degree..
PAR  FIG. 3 is a view similar to that of FIG. 1 of part of a drawing chamber for
      manufacturing flat glass according to a second embodiment of the
      invention.
PAR  FIG. 4 is a partially broken-away, cross-sectional plan view taken along
      the ling IV--IV of FIG. 3, but rotated through 90.degree..
PAR  FIG. 5 is an elevational cross-sectional detail view of a draw bar
      according to a third embodiment of the invention, taken along line V--V of
      FIG. 6.
PAR  FIG. 6 is a broken-away, cross-sectional plan view, taken along the line
      VI--VI of FIG. 5.
PAR  FIG. 7 is a view similar to that of FIG. 5, showing another embodiment of
      the invention, taken along line VII--VII of FIG. 8.
PAR  FIG. 8 is a partially broken-away, cross-sectional plan view taken along
      the line VIII--VIII of FIG. 7.
PAR  FIG. 9 is a cross-sectional plan view similar to that of FIG. 4 and showing
      a further embodiment of the invention.
PAR  FIG. 10 is a cross-sectional end elevational view of part of a drawing
      chamber, in the plane of the drawn ribbon, according to yet another
      embodiment of the invention.
PAR  FIG. 11 is a cross-sectional plan view taken along the line XI--XI of FIG.
      10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 shown an example of the application of the invention to glass
      drawing by the Pittsburgh process.
PAR  A glass ribbon 1 is drawn from a bath of molten glass 2 through a drawing
      chamber 3 surmounted by an annealing or drawing lehr 4. The drawing
      chamber is composed, in a conventional manner, of main coolers 5,
      auxiliary coolers 6, and two L-blocks 7 and 8. The chamber 3 is bounded at
      the top by catchpans 9 and 10 which separate it from the lehr 4 in which
      the ribbon is entrained vertically by rollers 11. Chamber 3 is bounded at
      the sides by side walls 12 and 13 connecting the upper portions of the
      L-blocks 7 and 8 to the ends of the catchpans 9 and 10.
PAR  The bath of glass 2 is contained in a drawing kiln bounded by a bottom 14
      and an end wall 15. The bath of glass also comprises in conventional
      manner a shaped member 16 generally known as a draw bar which is immersed
      in the bath of glass 2 and extends transversely of the direction of
      movement of the forward and reverse surface currents of molten glass
      feeding a drawing meniscus 17.
PAR  The drawing meniscus 17 is fed with molten glass from two currents which
      flow in respectively opposite directions to meet in the drawing zone above
      the draw bar and form part of a totality of currents whose general
      configuration is represented by the arrows.
PAR  In one embodiment of the invention, the draw bar takes the form of a trough
      of refractory material whose basin 18 contains a pool of molten material
      19 denser than the glass and not wettable by molten glass. One example of
      such material is molten tin. The basin 18 is given a shape such as that
      shown in plan aspect in FIG. 2.
PAR  This shape has the feature of having a cross section which varies along the
      length of the draw bar, from one end to the other, so that the ends 20 and
      21 of the basin have a maximum cross section, so as to compensate for the
      harmful effects of the side walls 22 and 23 on the formation of the ribbon
      edges. It is at these cooler side walls where cool currents of glass
      originate to feed the ribbon edges and tend to create, in the ribbon
      marginal edges, faults which can subsequently be eliminated only with
      great difficulty.
PAR  The dimensions of the cross section of the basin 18 at the ends 20 and 21
      are so selected as to cause the heat reflecting effect of the metallic
      pool to compensate for the harmful effect of the side walls 22 and 23.
      Moreover, the general outline of the basin is such that the metallic pool
      contained therein reduces differences in temperature along the whole
      length of the drawing zone, in the direction transverse of the currents of
      molten glass feeding the meniscus.
PAR  In the embodiment shown in FIGS. 1 and 2, the draw bar 16 and the pool of
      molten material contained within the basin 18 extend across substantially
      the full length of the drawing zone, and are located substantially
      symmetrically with respect to the drawing meniscus 17.
PAR  In one variant of this embodiment however, similar to that shown in FIGS.
      10 and 11, the basin containing the pool of molten material is confined to
      the central portion of the length of the drawing zone. In further
      variants, the basin containing the pool of molten material is offset to
      one side or the other within the draw bar and is thus no longer
      symmetrical with respect to the drawing meniscus.
PAR  These latter variants are of importance when it is desired to influence the
      molten glass feeding one of the forward and reverse surface currents to a
      greater extent than the molten glass feeding the other surface current. In
      extreme cases, where it is desired to influence only one of those surface
      currents, the basin containing the pool of molten material may be located
      wholly beneath that surface current, so that it is located to one side of
      the drawing meniscus. This offsetting of the pool of molten material to
      one side of the drawing meniscus may be accompanied by the provision of a
      basin of modified shape within the draw bar, for example the pool may be
      rectangular in plan aspect.
PAR  FIGS. 3 and 4 show a second embodiment of apparatus applied to a different
      kind of chamber for drawing a continuous glass ribbon 24, in which the
      glass ribbon is bent to the horizontal around a bending roll 32 after
      having been drawn vertically.
PAR  Referring to FIGS. 3 and 4, a glass ribbon 24 is drawn from a bath of
      molten glass 25 through a drawing chamber 26 towards a horizontal
      annealing lehr 27. In this process the drawing chamber 26 includes, in a
      conventional manner, edge rollers 28 which keep the width of the glass
      ribbon constant, coolers 29 and 30 disposed on either side of the ribbon,
      and at least one auxiliary cooler 31 disposed substantially at the level
      of the bending roll 32 but on the other side of the ribbon, therefrom. The
      glass ribbon 24 is bent around the bending roll 32 and then following a
      substantially horizontal path. The chamber 26 also includes refractory
      blocks 33 and 34, for instance L-blocks. The drawing chamber 26 is closed
      from the outside by walls 35 and 36.
PAR  According to the invention, a draw bar 38 in the form of a trough is
      disposed to be immersed in the bath of glass beneath the drawing zone
      where the drawing meniscus 37 is formed. In this embodiment, the draw bar
      has two adjacent pools 39 and 40 separated by a refractory wall 41 and
      disposed on respectively opposite sides of a vertical plane passing
      through the drawing meniscus, the pools being filled with a molten metal
      such as lead. Disposed in the refractory material forming the draw bar are
      cooling tubes 42, 43, 44 and 45 through which a refrigerating fluid, for
      instance water, flows. These tubes leave the drawing chamber through
      suitable orifices and are connected to ducts (not shown) for feeding the
      refrigerating fluid. Refractory sleeves 46, 47, 48, 49, 50, 51, 52 and 53
      protect the tubes from all contact with the molten glass.
PAR  When using the embodiment shown in FIGS. 3 and 4, several variants of the
      process according to the invention may be performed. For example, the
      arrangement may be such that the pools 39 and 40 are both cooled to the
      same extent. In alternative arrangements, by adjusting the rate of flow of
      refrigerating fluid through the tubes 42, 43, 44 and 45, one pool may be
      cooled to a greater extent than the other. In some cases, one of the pools
      is not cooled at all, so that only one of the forward and reverse surface
      currents of molten glass is influenced. It is even possible to circulate a
      heating fluid, for example a molten metal, through the tubes 42, 43, 44
      and 45, or to circulate a refrigerating fluid through the tubes of one
      pool, and a heating fluid through the tubes of the other pool.
PAR  FIG. 5 shows, in vertical cross section, a draw bar used in a further
      embodiment of the invention, immersed as before in a bath of glass, which
      bath is omitted to simplify the drawing.
PAR  FIG. 6 is a corresponding partial plan view.
PAR  Referring to FIGS. 5 and 6, a draw bar 54 in the form of a trough made of
      conventional refractory material is formed with a basin 55 containing a
      pool of molten tin 56. The bottom of the basin 55 is formed with grooves
      57 containing tubes 58, 59 and 60. The tubes 58 - 60 extend right through
      the draw bar longitudinally and leave the drawing chamber via apertures in
      the side walls 61 of the drawing chamber. Those parts of the tubes which
      would otherwise be exposed to contact with the molten glass are covered
      with a protective refractory sleeve 62.
PAR  The tubes 58 - 60 are formed with perforations (not shown) spaced apart
      longitudinally along the tube parts traversing the refractory material
      forming the draw bar, the perforations being directed towards the pool of
      molten tin 56.
PAR  Outside the drawing chamber the tube 59 is connected successively to a
      forcing suction pump 63, a device 64 for purifying the molten tin, and a
      heat exchanger 65 which is also connected to the tubes 58 and 60. In
      operation, the pump 63 extracts the molten tin which is in the central
      zone of the pool 55 through the perforations in the tube 59 and first
      sends the tin to the purifying device 64 and then to heat exchanger 65
      which reconditions the molten tin thermally, the tin being reintroduced
      into the pool 55 via the ducts 58 and 60. The molten tin extracted from
      the basin 55 may be either cooled or heated by its passage through the
      heat exchanger 65. This embodiment allows a continuous regular movement of
      tin all along the drawing bar, such movement being indicated by the arrows
      in FIG. 5.
PAR  In another embodiment of the invention shown in FIGS. 7 and 8, use is made
      of a draw bar in the form of a trough 66 made from a refractory metal such
      as tungsten, for example. The draw bar contains two pools 67 and 68
      juxtaposed and separated by a wall 69 of tungsten. The general shape of
      the draw bar is similar to that shown in FIG. 2, i.e., the pools, in plan
      aspect, have a width varying from one end to the other, their maximum
      widths being at their ends. Tubes 70, 71, 72 and 73 having respective
      refractory sleeves 74, 75, 76 and 77 extend to the end walls of the pools
      and leave the drawing chamber through side walls 78 and 79 thereof. The
      tubes 70 and 71, 72 and 73 are connected to respective electromagnetic
      pumping devices 80 and 81 which are well known in the art.
PAR  In operation, the molten metal is continually moved in the directions
      indicated by the arrows under the action of the two electromagnetic pumps
      80 and 81, to constantly maintain the required temperature profile along
      the drawing zone.
PAR  If needed, purifying and thermal reconditioning devices, as described with
      reference to FIG. 6, can be added into the molten metal circuits.
PAR  FIG. 9 is a view analogous to that of FIG. 4, and shows a further
      embodiment of the invention in a partly cross-sectional plan view at the
      level of the draw bar in the bath of molten glass.
PAR  The bath of molten glass 82 is held in a drawing kiln bounded by side walls
      83 and 84. In accordance with the invention, the draw bar is constituted
      by a block of refractory material defining two distinct pools 85 and 86
      each lying to a respective side of the drawing meniscus (not visible). The
      pool 85 is located beneath the reverse surface current of molten glass,
      and extends substantially the whole length of the drawing zone, from one
      side wall 83 of the drawing kiln to the opposite side wall 84. The pool 86
      on the other hand, which is located beneath the forward surface current,
      only extends along the central portion of the length of the drawing zone.
      Tubes 87 and 88, which are analogous to the tubes 42, 43, 44 and 45 shown
      in FIG. 4, lead through the pool 86 and are insulated from contact with
      the molten glass in the bath 82 by respective refractory sleeves 89, 90,
      91 and 92. In order to thermally condition the molten material, preferably
      molten metal, held in the pool 86, fluid is circulated through the tubes
      87 and 88.
PAR  The difference in lengths of the two pools 85 and 86 allows the forward and
      reverse surface currents of molten glass feeding the drawing meniscus to
      be thermally conditioned in different ways. The molten glass flowing in
      the reverse surface current is generally cooler than the molten glass
      flowing in the forward surface current, and because the pool 85 underlying
      the reverse surface current extends substantially the whole length of the
      drawing zone to provide a low-friction surface over which the reverse
      current may flow, its action is such as to heat the reverse current by the
      heat reflection and render its temperature more uniform over the whole
      length of the drawing zone. The pool 86, on the other hand, underlying as
      it does the central portion of the length of the drawing zone beneath the
      forward surface current, acts only on the glass flowing in the central
      portion of the forward current.
PAR  The temperature of the pool 86 can be held at a value which is favorable to
      cooling of the central portion of the forward surface current by heat
      exchange via fluid flowing through the tubes 87 and 88.
PAR  In FIGS. 10 and 11, which show a further embodiment of the invention, a
      bath of molten glass 93 is held in a drawing kiln having refractory side
      walls 95 and 96. A ribbon of glass 97 is drawn vertically from the bath
      93, and passes in front of a main cooler 98 in the drawing chamber.
      According to the Pittsburgh process, a draw bar 99 is immersed in the bath
      of molten glass 93 beneath the drawing zone, symmetrically of the plane of
      the drawn ribbon, and, according to the invention, the draw bar 99
      contains, in the central portion of its upper surface, a pool 100 filled
      with molten material, for example, tin.
PAR  As will be seen from FIG. 10, this embodiment of the invention provides a
      draw bar which is arcuate in form, its convex surface facing upwardly
      toward the drawing meniscus and holding, in its central portion, the pool
      100 which, as shown in FIG. 11, is of substantially elliptical shape in
      plan aspect.
PAR  It has been found that the embodiment shown in FIGS. 10 and 11 gives an
      effective solution to the problem of too rapid cooling of the glass
      feeding the marginal edges of the drawn ribbon as compared with the
      central portion of the ribbon, and a ribbon of substantially uniform
      thickness across its whole width is thus obtained.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes, and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process of manufacturing flat glass by drawing glass upwardly as a
      continuous ribbon from a bath of molten glass held in a drawing kiln via a
      drawing meniscus located at the surface of such bath in the drawing zone
      of the kiln, into which zone forward and reverse currents of glass,
      originating from a main current of molten glass which flows into such zone
      from a region to which glass is continuously supplied, flow in
      respectively opposite directions along such surface toward the meniscus,
      the improvement comprising the steps of: maintaining completely immersed
      in the bath, beneath at least part of the drawing zone and spaced above
      the bottom of the bath, at least one pool of molten material; providing
      heat exchange means outside the pool; and withdrawing heat from such pool
      by effecting a heat exchange between the pool and the means, for
      maintaining a predetermined temperature profile in such part of the
      drawing zone, said step of withdrawing heat being carried out to withdraw
      heat to a greater extent at a region of the bath located at a central
      portion of the length of the drawing zone than at a region located at an
      end portion of the length of the drawing zone in a manner to reduce the
      temperature gradient in the bath along the line between such central and
      end portions.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said step of withdrawing heat is
      carried out by circulating the molten material contained in the pool.
NUM  3.
PAR  3. A process as defined in claim 2 wherein said step of circulating is
      achieved at least in part by circulating molten pool material via at least
      one path extending to the means outside the pool.
NUM  4.
PAR  4. A process as defined in claim 3 wherein said step of circulating is
      carried out by cooling such circulated molten material at the means
      outside the pool.
NUM  5.
PAR  5. A process as defined in claim 1 further comprising giving the pool a
      predetermined shape for maintaining such predetermined temperature
      profile.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the at least one pool underlies
      the forward surface current at the drawing zone and there is provided a
      second pool of molten material underlying the reverse current at the
      drawing zone, and said step of withdrawing heat is further carried out to
      withdraw heat to a greater extent from molten material of the pool
      underlying the forward current than from molten material of the pool
      underlying the reverse current in a manner to reduce the tempeature
      difference between the glass in the forward current and the glass in the
      reverse current at the drawing zone.
NUM  7.
PAR  7. In a process of manufacturing flat glass by drawing glass upwardly as a
      continuous ribbon from a bath of molten glass held in a drawing kiln via a
      drawing meniscus located at the surface of such bath in the drawing zone
      of the kiln, into which zone forward and reverse currents of glass,
      originating from a main current of molten glass which flows into such zone
      from a region to which glass is continuously supplied, flow in
      respectively opposite directions along such surface toward the meniscus,
      the improvement comprising the steps of: maintaining completely immersed
      in the bath, beneath at least part of the drawing zone and spaced above
      the bottom of the bath, two pools of molten material, with one such pool
      underlying the forward surface current and the other such pool underlying
      the reverse current at the drawing zone; providing heat exchange means
      outside the pools; and withdrawing heat from such pools by effecting a
      heat exchange between the pools and the means, for maintaining a
      predetermined temperature profile in such part of the drawing zone, said
      step of withdrawing heat being carried out to withdraw heat to a greater
      extent from molten material of the pool underlying the forward current
      than from molten material of the pool underlying the reverse current in a
      manner to reduce the temperature difference between the glass in the
      forward current and the glass in the reverse current at the drawing zone.
NUM  8.
PAR  8. In apparatus for manufacturing flat glass by drawing, including a feed
      channel along which molten glass is continuously fed from one end thereof
      and means for drawing glass upwardly as a continuous ribbon from the
      surface of the molten glass in such channel at a drawing zone disposed
      between the one end and a remote end of the channel, whereby molten glass
      fed from the channel flows along such surface in respectively opposite
      directions into the ribbon via a drawing meniscus, the improvement
      comprising at least one refractory member located in said channel and
      holding at least one pool of molten material completely immersed in the
      molten glass in such channel, beneath said drawing zone, said refractory
      member being shaped to withdraw heat from the glass to a greater extent at
      a central portion of the length of the drawing zone than at the end
      portions of the length of the drawing zone in a manner to reduce the
      temperature gradient in the bath along the line between such central
      portion and such end portions.
NUM  9.
PAR  9. In apparatus for manufacturing flat glass by drawing, including a feed
      channel along which molten glass is continuously fed from one end, and a
      drawing kiln at the other end of the channel, and means for drawing glass
      upwardly as a continuous ribbon from the surface of the molten glass in
      the drawing zone of such kiln, into which zone forward and reverse
      currents of molten glass originating from the main current of molten glass
      fed by the channel flow along such surface in respectively opposite
      directions into the ribbon via a drawing meniscus, the improvement
      comprising at least one refractory member located in said kiln and holding
      at least one pool of molten material completely immersed in the molten
      glass in said kiln, beneath said drawing zone, and spaced above the bottom
      of the molten glass in said kiln, heat exchange means, and cooling means
      placing said pool in heat exchange communication with said heat exchange
      means for withdrawing heat from said pool to maintain a predetermined
      temperature profile in at least part of said drawing zone, wherein said
      refractory member extends over substantially the full length of the
      drawing zone and has an upper surface which is upwardly convexly curved in
      the plane of the ribbon being drawn, and said member is shaped for
      confining said pool to a central part of the length of said member whereby
      withdrawal of heat from said pool results in the withdrawal of heat to a
      greater extent at a region of the bath located at a central portion of the
      length of the drawing zone than at a region located at an end portion of
      the length of the drawing zone in a manner to reduce the temperature
      gradient in the bath along the line between such central and end portions.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein said refractory member is
      located for holding said pool of molten material so that, in plan aspect,
      said molten material extends symmetrically on respectively opposite sides
      of the meniscus.
NUM  11.
PAR  11. Apparatus as defined in claim 9 wherein said cooling means comprises at
      least one cooling tube located so as to be in thermal contact with said
      pool, and means connected for circulating a coolant through said tube.
NUM  12.
PAR  12. Apparatus as defined in claim 9 wherein said cooling means comprise
      means for circulating the molten material of said pool for cooling said
      pool.
NUM  13.
PAR  13. Apparatus as defined in claim 12 wherein said circulating means
      comprises a device for circulating molten pool material along at least one
      path outside said pool.
NUM  14.
PAR  14. Apparatus as defined in claim 12 wherein said heat exchange means are
      connected for cooling molten pool material during its traversal of such
      path.
NUM  15.
PAR  15. Apparatus as defined in claim 9 wherein said convexly curved member is
      shaped for imparting to said pool a shape which is elliptical, in plan
      aspect, to provide substantially more pool area at the center of said pool
      than at ends thereof.
NUM  16.
PAR  16. In apparatus for manufacturing flat glass by drawing, including a feed
      channel along which molten glass is continuously fed from one end, and a
      drawing kiln at the other end of the channel, and means for drawing glass
      upwardly as a continuous ribbon from the surface of the molten glass in
      the drawing zone of such kiln, into which zone forward and reverse
      currents of molten glass originating from the main current of molten glass
      fed by the channel flow along such surface in respectively opposite
      directions into the ribbon via a drawing meniscus, the improvement
      comprising: at least one refractory member located in said kiln and
      holding two pools of molten material completely immersed in the molten
      glass in said kiln, beneath said drawing zone, and spaced above the bottom
      of the molten glass in said kiln, a first one of said pools being located
      beneath the forward current and the second one of said pools being located
      beneath the reverse current; heat exchange means; and cooling means
      placing at least said first pool in heat exchange communication with said
      heat exchange means for withdrawing heat from at least said first pool to
      maintain a predetermined temperature profile in at least part of said
      drawing zone, said cooling means causing heat to be withdrawn from said
      first pool to a greater extent than from said second pool in a manner to
      reduce the temperature difference between the glass in the forward current
      and the glass in the reverse current at the drawing zone; wherein said
      first pool is dimensioned to extend only along the central portion of the
      length of the drawing zone to withdraw heat from glass in the forward
      current to a greater extent at a central portion of the length of the
      drawing zone than at the end portions of the length of the drawing zone in
      a manner to reduce the temperature gradient in the forward current along
      the line between the central portions and the end portions.
NUM  17.
PAR  17. Apparatus as defined in claim 16 wherein said cooling means are
      operatively associated with only said first pool for cooling only the
      molten material of said first pool.
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ABST
PAL  This invention relates to a method and apparatus for forming tempered glass
      articles, the particularly shaped glass articles. The method includes the
      step of subjecting the glass article to be tempered to a homogeneous
      heating source while simultaneously quenching surfaces of said article
      being heated, whereby there is achieved within said article a differential
      temperature condition sufficient to effect full tempering thereof. Since
      the surfaces of said article are quenched as the article is being heated,
      at least the surface portions of the article are retained at a temperature
      sufficiently low to provide mechanical support for the article, whereby
      sagging or deformation of the article under gravitational or other
      influences is prevented, without the necessity for providing form-fitting
      molds or like appurtenances physically to prevent distortion of the glass
      article during tempering.
PAL  The invention further relates to an apparatus for practicing the noted
      method.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      426,526, filed Dec. 20, 1973, now U.S. Pat. No. 3,875,766 entitled METHOD
      AND APPARATUS FOR THE DIRECT MANUFACTURE OF DISCRETE TEMPERED GLASS SHEETS
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is in the field of manufacturing tempered glass
      articles.
PAR  2. The Prior Art
PAR  As is well known, tempered glass presents certain mechanical advantages
      over and above conventional annealed glass. Among such advantages there
      may be mentioned increased mechanical strength and increased resistance to
      thermal and mechanical shocks. Additionally, tempered glass has the
      property, when broken, of dicing or falling into a multiplicity of small
      fragments, the edges of which are relatively dull. As a result of the
      increased mechanical strength and safety properties of tempered glass, its
      use has been mandated by many building codes.
PAR  Further, it is desirable that lenses, such as eyeglass and camera lenses,
      be formed of tempered glass, both for purposes of increased ruggedness and
      to avoid, in the event of breakage, formation of harmful shards or glass
      fragments.
PAR  Notwithstanding the known desirable properties of tempered glass, the
      employment of structural tempered glass components has been hampered by
      the difficulty of fabricating the same. Tempering methods heretofore
      practiced require that the glass element be heated to a temperature
      somewhere above the annealing point and generally in the range between the
      annealing and softening points, and thereafter subjected to quenching
      influences which act in a known manner to effect a condition within the
      glass wherein shallow zones adjacent the surfaces of the cooled glass are
      under compression and the internal components of the glass are under
      tension.
PAR  The problem inhering in such method resides in the fact that the heating of
      glass shapes, and particularly shapes of substantial size, such as an
      arcuate section of a revolving door, to the temperature range necessary
      for effecting tempering, renders the glass subject to deformation, whereby
      the glass will sag or change its shape to a greater or lesser degree,
      depending upon such factors as the size and curvature of the piece,
      temperature, manner in which the sheet is supported during tempering, etc.
PAR  It will be appreciated that even minor deflections or deformations will
      render the glass useless for installations wherein the glass must be
      maintained within reasonably precise tolerance limits.
PAR  The tempering of shaped articles without substantial distortion has been
      effected by fabricating special jigs, molds or like support elements which
      prevent distortion of the heated article. While it is practicable to
      fabricate such jigs, molds and the like for high volume production, such
      as automobile windshields, wherein hundreds of thousands of identical
      tempered glass elements are to be produced, the cost of forming molds for
      the production of thousands of units or fewer, renders the procedure
      prohibitively expensive.
PAR  A further difficulty in working with tempered glass is that the glass,
      after tempering, cannot normally be cut, ground or similarly processed.
      Thus, optical lenses, the surfaces of which must be formed with precise
      curvatures, cannot be tempered by conventional methods since the heating
      and quenching steps would involve sufficient lowering of the glass
      viscosity to permit slight deformation of shape of the glass. As noted, a
      lens cannot normally be tempered and then polished to final shape.
PAC  SUMMARY
PAR  The present invention is related to a method and apparatus for tempering
      glass articles and particularly shaped glass articles, characterized in
      that the tempering process may be carried out without significant
      deformation of the article and without the necessity for providing shaped
      support means for the glass during the procedure.
PAR  The method is characterized by the step of subjecting the glass to be
      tempered to a source of homogeneous heat (as hereinafter defined) while
      simultaneously subjecting the surfaces of the glass to quenching
      influences whereby at least the surfaces of said glass are retained at a
      sufficiently low temperature and, hence, high rigidity (viscosity) as to
      preclude deformation of the glass, while the interior portions of the
      glass are sufficiently hot and, hence, mobile, as to be subject to
      tempering. The hard skin surfaces of the glass in essence act as a
      supportive mold and, thus, the necessity for providing external mechanical
      support means is eliminated.
PAR  The invention further relates to apparatus for practicing the method as
      hereinabove set forth.
PAR  It is accordingly an object of the invention to provide a method and
      apparatus for tempering glass articles, and particularly shaped glass
      articles whereby at least certain portions of the surfaces of the articles
      are at all times maintained at a temperature sufficiently low to retain
      the structural integrity of the article against deformation under the
      influences of gravitation or other forces.
PAR  A further object of the invention is the provision of a method of tempering
      glass articles which includes the step of subjecting the article to a
      source of homogeneous heat while preferentially extracting heat from the
      surfaces of the article, whereby there is set up within the article a
      temperature differential, interior portions of the article being at or
      above the annealing temperature of the glass while the surfaces of said
      article are cooled, thus to temper the article.
PAR  A further object of the invention is the provision of a method of tempering
      glass articles which enables the articles to be processed without sagging
      or distortion in the course of tempering and without the necessity for
      providing molds, templates or like mechanical supports particularly
      configured to engage the surfaces of the article.
PAR  A further object of the invention is the provision of apparatus for
      practicing the method as hereinabove set forth.
DRWD
PAR  To attain these objects and such further objects as may appear herein or be
      hereinafter pointed out, reference is made to the accompanying drawings,
      forming a part hereof, in which:
PAR  FIG. 1 is a schematic, side elevational view of an apparatus for practicing
      the method in accordance with the invention;
PAR  FIG. 2 is a sectional view taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a magnified sectional view through an electrode in accordance
      with the apparatus.
DETD
PAR  As will be appreciated from the preceding discussion, a principal
      contribution of the instant invention lies in the provision of a method
      and apparatus for tempering glass which includes the step of homogeneously
      heating the glass while simultaneously preferentially extracting heat from
      the surfaces thereof to maintain the surfaces rigid or substantially rigid
      and, hence, render the glass self-supporting and free from tendencies to
      sag or become distorted.
PAR  The term "homogeneous heating" is intended to refer to a heating procedure
      wherein the body of the glass is heated essentially equally throughout as
      opposed to conventional heating mechanisms which are preferentially
      effective at the surface of the glass, such conventional methods depending
      principally on conduction for heating of the interior.
PAR  By way of example, and without limitation, a preferred heating method
      involves so called dielectric heating wherein a pair of electrodes are
      connected as capacitor plates to the output of a high frequency (above 1
      megahertz) high power generator, using the glass to be heated as the
      dieelectric component between said electrodes. It should be understood
      that the method is not limited to dielectric heating and satisfactory
      results may be obtained through the use of certain ultrasonic heating
      procedures and radiant heating procedures wherein the wave length of the
      ultrasonic and radiant energy is selected in such manner as to excite the
      glass molecules essentially at a constant rate throughout the body of the
      glass rather than preferentially at the surface.
PAR  It will be further understood that the glass material may be especially
      formulated to render the same absorptive of energy in a particular band or
      bands, to render the heating step especially efficient or especially
      useful with a particular type of electromagnetic or other radiation.
PAR  By way of example, and without limitation, and for purposes of complying
      with statutory requirements, the method and apparatus of the illustrated
      embodiment of the invention employs as the homogeneous heating source a
      dielectric heater comprising a pair of conductive plates spaced closely to
      either side of the glass to be tempered, a specific heating unit tested
      having operated at frequencies of about 10 megahertz at a power capacity
      of at least 7 kw per square foot of glass. In the illustrated embodiment,
      the electrodes or plates are connected as capacitor plates to the output
      of a high frequency generator, with the glass (and the small amount of air
      existing between the plates and glass) acting as the dielectric. The
      energy required to be applied will vary in accordance with a multiplicity
      of factors, including mass to surface area ratio of the glass, the mass of
      glass to be heated in a given time increment, composition of the glass,
      type and volumetric flow of quench, and spacing of the glass from the
      electrodes.
PAR  It will be further understood by a skilled worker in the art of homogeneous
      heating that through appropriate selection of the enumerated and other
      factors, modifications and variations of the parameters of the heating
      mechanism to tailor the same to a specific application may be made.
PAR  Referring now to FIG. 1, there is diagrammatically shown a conveyor 10
      comprised of a series of driving rollers 11, on which rollers there is
      mounted for movement in the direction of arrow 12 a glass article to be
      tempered--in this instance an arcuate segment 13 intended to form a part
      or section of a revolving door installation. The door section 13 is
      advanced through a preheat zone wherein the temperature of the glass
      section 13 is increased from room temperature to a desired higher
      temperature well below the annealing temperature of the glass. Any heating
      source (not necessarily a homogeneous heating source) is employed in the
      preheat zone, such as, for example, hot wire radiant heaters, etc.
      Preferably the glass leaving the preheating zone is in the temperature of
      about 400.degree.C or more, which temperature, for a conventional
      soda-lime glass formulation, is well below the strain relief point, the
      glass thus being self-supporting against normal gravitational stresses.
PAR  The temperature at which the glass leaves the preheat zone may be adjusted
      in accordance with the susceptibility of the particular glass element to
      deformation, e.g. if the cross-sectional configuration of the glass is
      such as to render the glass unlikely to be distorted, as is the case with
      relatively thick glass having a sharp radius of curvature, it is preferred
      to preheat the glass to a higher temperature than would be the case with a
      thinner glass article or a glass article curved about a larger radius of
      curvature and, hence, more susceptible to flattening under its own weight.
PAR  While it is technically possible to raise the glass to the desired
      temperature for tempering purely through the use of dielectric heating,
      for example, preheating by non-dielectric means is preferred since
      dielectric equipment is substantially more expensive than conventional
      heaters. Additionally, the dissipation factor of glass at room temperature
      is such that only 1 percent of the high frequency energy is transformed to
      heat within the glass. At 100.degree.C about 3 percent of the energy is
      transformed to heat, and at 200.degree.C the dissipation factor at a wave
      length of 1 megahertz rises to about 20 percent, soda-lime glass
      formulations at temperatures above 300.degree.C becoming increasingly
      responsive to dielectric heating. It will thus be appreciated that, due to
      the expense of dielectric heating equipment and the low efficiency of
      dielectric heating of cold glass, preheating by other than dielectric
      means is preferred.
PAR  In the apparatus depicted in FIG. 1, the glass article to be tempered is
      advancing through progressive treatment zones and, hence, lead portions of
      the article will be at higher temperatures than trailing portions. Thus,
      various increments of the same segment will, in the illustrated
      embodiment, be subjected to different aspects of the tempering process at
      the same instant of time. Likewise, while in FIG. 1 the three zones,
      namely, preheat, temper, and cool, are for illustrative purposes indicated
      to be of equal length along the conveyor path, this condition need not
      apply and typically the tempering zone will be substantially shorter than
      the other zones and, indeed, may constitute only a short transverse band
      or section of the total conveyor path.
PAR  The preheated lead end of the arcuate segment 13 emerges from the preheat
      zone and is passed to the tempering zone which, in the illustrated
      embodiment, comprises two arcuate electrodes 14, 15, preferably formed of
      metal but which may be of other conductive material. The electrodes 14, 15
      are curved in accordance with the curvature of the glass section to be
      processed, the electrodes being so positioned as to define between the
      glass and the electrodes a minimal spacing for the passage of quench
      fluid, normally cooled air. Preferably, in order to assure full tempering
      of the lower edges 16, 17 of the arcuate segments, the electrodes 14, 15
      extend to a level below the lowermost edges 16, 17. This configuration is
      achieved, where the tempering zone is short, by having the said zone free
      of supportive rollers, support for the sheet being processed being
      provided by the training portions of the glass being disposed on the
      rollers 11 in the preheat zone, the lower edges of the glass adjacent the
      leading edge, after having traversed the tempering zone, being supported
      on the rollers 11 in the cooling zone.
PAR  Such arrangement, wherein rollers are eliminated from the tempering zone,
      is advantageous in that heating of the rollers is avoided. It is, however
      possible where the tempering zone is of substantial length, to utilize
      ceramic rollers and to contour the lowermost edges of the electrodes in
      such manner that elements thereof extend downwardly partway into the space
      approaching the nip of the rollers, whereby the rollers may support the
      lower edges of the glass, the said lower edges being nonetheless disposed
      between electrode elements which function to treat the same.
PAR  Where it is unimportant whether or not the edge portions of the glass are
      tempered, i.e., in instances where such edges will be maintained within
      surrounding structures, such as glazing structures, etc., the edges may
      rest on ceramic rollers within the tempering zone, and the electrodes may
      terminate above the rollers.
PAR  The electrodes 14, 15 are provided with means for circulating cooling
      fluids in the even pattern required for tempering against the opposite
      surfaces of the glass. Various configurations of fluid circulating means
      may be satisfactorily employed.
PAR  In FIG. 3 there is shown a magnified fragmentary sectional view through
      electrode 14, illustrating a series of dispenser apertures, such as
      aperture 18, connected to a conduit 19 for cooling fluid, typically air at
      ambient temperatures, the conduit 19 being, in turn, connected to a
      manifold 20 leading to a source, such as a pump 21, of cooling fluids.
PAR  The electrode 14 is provided with suction apertures 22 connected by
      conduits 23 to a vacuum or exhaust manifold 24.
PAR  Preferably a heat exchanger 25 is interposed between the vacuum manifold 24
      and the pump 21.
PAR  It will be appreciated that in the tempering zone, air circulated against
      the heated glass through the outlet jets 18 will extract heat rapidly from
      the surfaces of the glass, the heated air being drawn outwardly into the
      manifold 24 through suction outlets 22 and conduits 23, cooled in the heat
      exchanger 25, the cooled air being returned to the pressure manifold 20.
      Obbiously, the arrangement of manifolds may be varied in a multitude of
      ways, i.e., in lieu of a heat exchanger, air at ambient temperature may be
      drawn into the pump and the heated air drawn out from the manifold may be
      exhausted into the atmosphere or may be introduced into the preheating
      zone, and particularly to the initial stages thereof to aid in the
      preheating process.
PAR  While the electrodes 14, 15 in the illustrated embodiment have been
      depicted as arcuate metallic segments provided with closely spaced
      alternate outlets for cooling and suction, it will be readily recognized
      that the particular construction and configuration of the electrodes will
      advantageously be varied to suit the requirements of the particular
      article or articles being processed. For instance, while it is practicable
      to form electrodes as illustrated where a fairly substantial volume of
      arcuate segments of a given shape are to be fabricated, it may be
      desirable to form a more temporary electrode arrangement where a lesser
      run of glass elements will be processed.
PAR  Numerous means for constructing temporary electrodes will occur to the
      skilled worker in the light of the preceding discussion. By way of
      example, it is feasible to provide electrodes of spring metal material
      which may be deformed to any of a variety of arcuate or other shapes, to
      match the shape of the item to be processed. Similarly, it is feasible to
      form the electrodes of lengths of metallic tubing stacked in side by side
      position, the distal ends of the tubes being supported within
      appropriately shaped clamps which temporarily mechanically and
      electrically connect the tubes in any desired configuration corresponding
      to the configuration of the clamp. The last mentioned arrangement has the
      advantage that the tubes, which may be trapezoidal in transverse section,
      the wider base of the trapezoid forming the inner portion of the curve,
      may be disassembled and reassembled in any other desired configuration,
      the sole modification required being a change in the shape of the end
      clamps.
PAR  It will be appreciated that the clamped-together tubes, with their inner or
      glass facing surfaces tightly engaging each other, will act as a single
      surface or electrode, and that the tubes may incorporate appropriate
      quench and suction jets.
PAR  The glass components traversing the tempering zone will be simultaneously
      subjected to heating effects from the honogeneous heat source, which
      heating effects, as noted, act essentially equally throughout the
      thickness of the glass. At the same time as the heat is being
      homogeneously introduced into the glass, heat is preferentially extracted
      from the surfaces and surface-adjacent layers of the glass by the quency
      means, whereby there is set up within the glass a condition by which
      interior portions of the glass are raised to temperatures in the range of
      annealing temperatures of the glass while the surfaces of the glass are
      substantially cooler.
PAR  Normally a temperature differential in the range of about 100.degree. C or
      more should be achieved at some point within the tempering zone, i.e.,
      interior portions of the glass should be at or above the annealing
      temperature whereas skin surfaces juxtaposed to such heated portions are
      about 100.degree. C below the temperature of the interior. Such
      temperature differential assures that the glass will be fully tempered
      while at the same time the cooler exterior surfaces will remain
      sufficiently rigid to preclude any sagging or deformation of the glass
      while it is being tempered. It is feasible to temper where the interior
      portions of the glass are somewhat below the annealing range by extending
      the time during which the temperature differential within the glass is
      maintained.
PAR  In the illustrated embodiment, the reference letter G refers to a high
      frequency generator connected by conduits 14' and 15' to the electrodes 14
      and 15, respectively.
PAR  It will be recognized that such factors as glass formulation, speed of
      advance of the glass article, power consumption, mass of the glass, quench
      rate and introductory temperature must be coordinated in each instance,
      such coordination requiring, as is the case with conventional tempering
      procedures, a degree of trial and error experimentation.
PAR  As the glass or glass components leave the tempering zone, they are
      introduced into a cooling zone, bringing the over-all temperature of the
      glass to a desired level.
PAR  The glass emerging from the cooling zone is fully tempered, including the
      edge portions thereof, except where, as noted, the electrode configuration
      is not such as to encompass a heat treatment of the edges.
PAR  While the apparatus has been illustrated in conjunction with the processing
      of an arcuate glass segment, it will be readily recognized that the
      procedures are not limited for use with any particular shape.
PAR  In similar fashion, while the tempering in the illustrated embodiment has
      been carried out on a continuous basis wherein certain portions of the
      article are simultaneously subjected to preheating, tempering, and cooling
      influences, it is practicable to carry out the procedure in sequential
      steps wherein the entirety of the article is preheated, thereafter the
      entirety of the article is tempered, and subsequently cooled. The
      treatment of smaller articles, such as lenses for eyeglasses or components
      of camera lenses, etc. are advantageously batch processed, as opposed to
      being progressively processed as shown in the illustrated apparatus.
PAR  Numerous variations will occur to those skilled in the art in the light of
      the instant disclosure. Accordingly, the invention is to be broadly
      construed within the scope of the appended claims as generically directed
      to a tempering procedure avoiding significant distortion of a glass
      article by incorporating as a step thereof the employment of a homogeneous
      heat source of whatever nature which is substantially equally effective
      throughout the thickness of the glass, or preferential in heating the
      interior, in conjunction with a quenching preferentially effective on the
      skin or surfaces of the glass.
CLMS
STM  Having thus described the invention and illustrated its use, what is
      claimed as new and is desired to be secured by letters patent is:
NUM  1.
PAR  1. The method of tempering an elongated glass article having a regular,
      non-planar cross section defining interior and exterior main surfaces and
      having adjacent edge portions, without significant deformation thereof,
      comprising the steps of supporting the weight of said article on said edge
      portions, subjecting at least transverse increments of said article to a
      source of homogeneous heat while simultaneously quenching said surfaces
      while the article is supported on said edge portions to define within said
      article a temperature differential condition in which interior portions of
      said article are at temperatures at least as high as the annealing
      temperature of said glass, while said surfaces of said glass are at a
      temperature sufficiently below said annealing temperature to remain rigid
      and, hence, susceptible of supporting the weight of said article without
      deformation under gravitational influences.
NUM  2.
PAR  2. Apparatus for the tempering of a glass article comprising support means
      for said article, a pair of homogeneous heater means in proximate spaced
      relation to said surfaces of said article for adding heat to said article
      at an essentially constant rate throughout the thickness of said article,
      quench means extending through said heater means, said quench means
      including apertures adjacent said surfaces, and means for conducting
      quench fluids through said apertures and against said surfaces, and
      suction means for drawing off said quenching fluids after the same have
      been directed against said surfaces, said quench means acting on said
      article while the same is subject to the influences of said homogeneous
      heater means for preferentially extracting heat from the surfaces of said
      article, thereby to establish in said article a condition in which
      interior portions of said article are at temperatures approximating or
      exceeding the annealing temperature of said article while said surfaces
      are at temperatures substantially below the annealing temperature.
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ABST
PAL  A method of removing undesirable gaseous inclusions also known as seeds and
      bubbles, from seed containing unrefined molten glass by introducing this
      unrefined molten glass into a rapidly rotating contained glass mass,
      subjecting the unrefined molten glass mass to centrifugal forces
      substantially greater than gravity and developing static pressure
      differences in the glass mass resulting in pressure gradients in the
      molten glass and causing the gaseous inclusions to migrate to areas of
      lower static pressure and to the atmosphere from the molten glass. The
      introduced stream of unrefined molten glass is directed by a plurality of
      diverters into many paths, downwardly and outwardly toward the chamber
      wall, to provide a favorable force on the entrapped inclusions to increase
      both number and sizes of inclusions removed from the molten glass, and
      delivering refined molten glass from the contained glass mass, having
      reduced numbers and sizes of gaseous inclusions.
BSUM
PAR  The apparatus is a container for holding molten glass. The container is
      mounted for rotation about a central, usually vertical axis. The apparatus
      comprises a rotatable cylinder having a number of layers of insulating
      materials leaving a chamber for holding molten glass and a plurality of
      diverting devices including a cone-shaped configuration positioned in a
      stacked arrangement from near the top opening in the chamber to near the
      discharge opening in the container. The diverters are supported about
      their edges by a plurality of notched ribs positioned to rest upon the
      bottom of chamber and means for rotating the cylinder about an axis.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This relates to apparatus and a method for removing gaseous inclusions from
      molten glass by subjecting the molten glass to centrifugal forces,
      establishing pressure gradients within the molten glass and causes the
      gaseous inclusions to move from the glass to the atmosphere.
PAR  2. Description of the Prior Art
PAR  Removing gaseous inclusions is known as refining. One method of refining is
      to mix and melt glassmaking material in the same or continuous chambers,
      and subject these materials to continued heating to remove gaseous
      inclusions. Glass is made in this prior art way by melting glass forming
      sand and stabilizing oxides at high temperatures in a refractory lined
      tank to form molten glass. Sand and the other glass forming constituents
      materials are accurately proportioned to yield glass of the desired
      composition mixed so that the materials will be homogeneous and these
      batch materials are heated to a sufficiently high temperature until the
      batch becomes a molten glass mass.
PAR  U.S. Pat. No. 3,754,886 issued Aug. 28, 1973 to Richards et al disclosed a
      successful method of removing undesirable gaseous inclusions by rapidly
      rotating a contained glass mass, subjecting this unrefined molten glass to
      centrifugal forces greater than gravity and developing static pressure
      gradients in the molten glass and causing the gaseous inclusions to
      migrate to areas of lower static pressure and to the atmosphere from the
      molten glass. This invention is an improvement to that method of removing
      gaseous inclusions, especially in removing gaseous inclusions in a size
      range of about 0.001-0.003 inches.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method and apparatus for refining molten glass
      by introducing unrefined molten glass i.e., glass that has a high gaseous
      inclusion count into a chamber, rotating a confined mass of such glass to
      produce an essentially paraboloidal void therein caused by the rotation of
      the molten glass, to establish areas of higher pressure and areas of lower
      pressure which result in pressure gradients within the rotating glass mass
      and thereby causing the gaseous inclusions to travel from areas of high
      static pressure to areas of lower static pressure and then from the molten
      glass to the void, diverting the introduced downward flowing molten glass
      along a plurality of paths between diverting devices into areas of higher
      centrifugal forces causing smaller sized inclusions to move against the
      downward flowing glass causing these gaseous inclusions to move to the
      paraboloidal void and continually withdrawing molten glass having reduced
      members of and a changed distribution of gaseous inclusion sizes. The
      molten glass is diverted into a plurality of paths which put the molten
      glass into areas of high centrifugal force; thus subjecting more molten
      glass per unit of residence time to areas of high centrifugal forces in
      its passage through the rotating chamber and also providing an increase in
      the number of gaseous inclusions removed.
PAR  This invention is an improvement of the refining process disclosed in U.S.
      Pat. No. 3,754,886, thus increasing the number of gaseous inclusions which
      are removed from any unit mass of glass during a defined time interval and
      also increasing the number of gaseous inclusions of sizes ranging smaller
      than 0.001-0.003 inches in diameter which are removed from the molten
      glass during the refining. The apparatus comprises a chamber, mounted for
      rotation about a nearly vertical axis, and insulating liners and means for
      lubricating the apparatus. A plurality of truncated cone-shaped diverters
      are positioned from adjacent the entry of the container to near the
      discharge of the container so as to divert the molten glass stream from
      direct flow through the container.
PAR  The apparatus of this invention removes gaseous inclusions rapidly compared
      with prior art glass bath refining which required up to 36 hours. The
      residence time to remove gaseous inclusions is reduced to within an hour
      and usually within an average residence time of 15 minutes or less for a
      retained mass of glass in the chamber.
PAR  The process of this invention reduces the distance which the gaseous
      inclusion must travel to reach the surface of the paraboloidal void and
      increases the time that the gaseous inclusions are subjected to the
      maximum forces of the centrifugal field.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-section of the apparatus of one embodiment of this
      invention showing a rotatable container and diverter devices;
PAR  FIG. 2 is a cross-section of the apparatus of another embodiment of this
      invention showing a rotatable container and diverter devices;
PAR  FIG. 3 is an enlarged section sideview of the diverting devices and
      supporting structure the apparatus of FIG. 2; and
PAR  FIG. 4 is a diagrammatic representation showing an altered velocity profile
      of the downward flowing stream between two diverter devices.
DETD
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  To practice the method of this invention, glassmaking materials are mixed
      and melted to produce an unrefined molten glass, i.e., a glass having a
      high number of gaseous inclusions. This unrefined molten glass is
      introduced into the upper end of the continuously rotating refining
      apparatus. The chamber must contain a sufficient amount of glass so as to
      produce a paraboloidal void in the glass when the chamber and mass of
      glass are rotated. Continuous rotation of the centrifugal apparatus about
      its axis subjects the mass of glass in the chamber to centrifugal force
      driving gaseous inclusions toward the void in the glass mass. A plurality
      of diverting devices positioned in the chamber direct the entering
      downward flowing glass stream toward the chamber wall at an angle from the
      horizontal. The molten glass flowing between the diverters has a velocity
      profile which is reduced in areas near the surface of the diverter,
      permitting the buoyant force and a component of centrifugal forces on the
      gaseous inclusions to drive the inclusion along the diverter devices and
      toward the void.
PAR  The distance from an end of a diverter device to the void is short. The
      parabolic void diameter is controlled to maintain the void in close
      proximity to the ends of the diverter plates.
PAR  Molten glass, having reduced number of gaseous inclusions, is removed from
      the lower end of the chamber at a rate substantially corresponding to the
      rate at which the unrefined molten glass is introduced into the chamber.
      Referring to FIG. 1, it shows an apparatus for practicing the method of
      this invention. The apparatus comprises container 10 and includes cylinder
      11 and layers of refractory material 12 positioned within the cylinder to
      form a chamber for holding molten glass. The container is mounted for
      rotation about its vertical axis. The axis of rotation may be tilted away
      from the vertical over range toward the horizontal, but the axis of
      rotation is preferably more vertical than horizontal. The container has an
      inlet section 14 and a discharge section 15. The inlet is centered in the
      top of the container. The discharge 15 is centered in the bottom of the
      container. The inlet 14 has a narrow opening 26.
PAR  A plurality of diverting devices 21 are positioned at an angle to the
      vertical extending from near the inlet to near the discharge of the
      container. Diverting structure 23 is positioned on the bottom of the
      chamber, adjacent to, but not blocking the discharge, to block direct
      access by the discharged molten glass through the discharge channel 27, to
      prevent glass flowing through the center of the chamber.
PAR  FIG. 2 shows another apparatus for practicing this invention. Cylinder 30
      holds molten glass; a plurality of diverting devices 32 are positioned in
      the chamber. The container is supported by top bearing structure 35 and
      bottom bearing structure 36 and is rotatable about its central vertical
      axis or may be tilted from the vertical.
PAR  The path of any gaseous inclusion in molten glass is a vector resultant
      force composed of several forces acting on the gaseous inclusion in a
      rotating mass of glass. Forces include the downward velocity of the
      flowing molten glass, the upward buoyancy of the gaseous inclusion due to
      the Stokes-Law rise, and a component of centrifugal force directing the
      gaseous inclusion from an area of higher static pressure to an area of
      lower pressure. In the prior art process of centrifugally refining glass,
      many smaller size gaseous inclusions and some larger size gaseous
      inclusions were subjected to a vector resultant force which was
      insufficient to remove them from the molten glass during any given
      residence time.
PAR  FIG. 3 is an enlarged, sectional side view of one pair of diverter devices
      of the apparatus of FIG. 2.
PAR  FIG. 4 is a diagrammatic representation of a sectional view of a pair of
      diverter devices. Molten glass flows downward between the plates. The
      velocity profile of the flowing stream of molten glass is shown by broken
      line 53. Gaseous inclusion 50 is shown between diverter devices 51 and 52.
      The lowest velocity of the downward flowing stream is adjacent to the
      surface of the diverter devices 51 and 52. The path of movement of a
      gaseous inclusion is a vector resultant force which includes the drag of
      the downward flowing molten glass, the component of centrifugal force
      tending to drive the inclusion toward the central axis and the Stokes-Law
      buoywant force of the inclusion. The vector resultant of these forces
      determines the path of any gaseous inclusion within the molten glass.
PAR  For example, the gaseous inclusion designated 50 (FIG. 4) shows three
      forces acting on the inclusion. Drag force is designated by vector F.sub.D
      ; the vector line F.sub.D is longer relative to the force F.sub.C acting
      on the inclusion. A second gaseous inclusion 56 (FIG. 4) is shown in a
      position adjacent to the surface of diverter device 52. The decreased
      velocity of the molten glass near the surface of the diverter results in a
      decreased drag force on the gaseous inclusion hence the downward and
      outward flowing molten glass has a reduced effect on the path of travel.
      The component of force F.sub.D on gaseous inclusion 56 is now smaller than
      that component acting on gaseous inclusion 50. Now the resultant vector
      force is sufficient to move gaseous inclusion 56 upward and inwardly along
      the surface of the diverter 52 toward the void to position 56A, adjacent
      the void interface.
PAR  The diameter of the paraboloidal void is controlled by the volume of molten
      glass in the chamber, the speed of the rotation of the container, the rate
      of addition of molten glass and the rate of withdrawal from the chamber,
      to maintain the void interface a short distance from the ends of the
      diverter devices, as shown in FIG. 4. The positioning of the interface of
      the void provides a short path of travel for gaseous inclusions. The path
      of travel from the end of the diverter usually terminates in the
      paraboloidal void. The plurality of short travel paths to the void results
      in an improved efficiency in removing gaseous inclusions when contrasted
      with the prior art method of centrifuging molten glass.
PAR  The diverter devices are positioned at an angle from the horizontal and
      vertical axis of the container. It has been discovered that the most
      efficient operation of the method occurs when the angle from the
      horizontal is about 30.degree. to 60.degree.. The discharge of the chamber
      is blocked by a diverting device 33 to ensure that the downward flowing
      molten glass travels between the diverting devices and does not go
      directly from the inlet to the discharge. Thus, it is possible to provide
      a number of paths having areas of lower downward velocity or drag
      permitting smaller gaseous inclusions to travel a generally upward and
      inward path between the diverters, and when at the edge of the diverter,
      to be within travel distance of the void. The step of altering the
      velocity profile of the downward stream by confining the mass of flowing
      glass alters the vector resultant force on gaseous inclusions in the
      stream in a favorable manner so that gaseous inclusions move in an area of
      lowered downward velocity. This favorable altering of the vector resultant
      forces on the gaseous inclusions provides a method of moving inclusions
      toward the void. Gaseous inclusions of smaller sizes are now moved toward
      the void as contrasted with the prior art. The method comprises splitting
      the introduced stream of molten glass entering the chamber into a
      plurality of flow streams confining the flow streams and thereby
      controlling the velocity profile to create a profile providing a reduced
      velocity toward the confines of a flow of paths and thereby altering the
      vector resultant force acting on the gaseous inclusions, thus causing more
      inclusions to move up the stream of the confined path, and positioning the
      gaseous inclusion closer to the parabolic void, when the inclusion is
      released from the confined path it has a relatively short path of travel
      to reach the void.
PAR  Depth and diameter of the void are determined by the amount of glass in the
      chamber and the speed of rotation in the glass mass. For most efficient
      operation, the bottom of the void should not extend into the discharge of
      the chamber. The molten glass in the chamber also must have a sufficient
      head of pressure to ensure that glass flows from the chamber during
      rotation. The manipulation of the factors referred ensures that the
      interface of the void is kept within the optimum distance adjacent to the
      ends of the diverter devices. The shorter the path of travel from the
      diverter to the void the greater the number of gaseous inclusions
      travelling to the void.
PAR  This invention provides increased refining efficiency contrasted with prior
      art centrifugal refining methods. A great number of small-sized gaseous
      inclusions are removed from any mass of glass per unit of glass residence
      time in the rotating chamber.
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STM  I claim:
NUM  1.
PAR  1. The method of refining molten glass which comprises:
PA1  a. defining a chamber having an axis of rotation and having a restricted
      top and bottom forming a top opening and a bottom discharge respectively;
PA1  b. introducing a stream of molten glass into said chamber, said stream of
      molten glass having substantially all glassmaking constituents in a molten
      state and containing undesirable entrapped gaseous inclusion;
PA1  c. continuing to introduce molten glass so as to provide a mass of molten
      glass in the chamber;
PA1  d. rotating said chamber about its axis and thereby rotating the enclosed
      mass of molten glass so as to subject at least portions of the mass of
      glass in the chamber to centrifugal forces;
PA1  e. controlling the speed of the rotation of the chamber and the amount of
      glass in the chamber such that a paraboloidal void is formed in the mass
      of glass;
PA1  f. diverting substantially all of the downwardly flowing molten glass into
      a plurality of confined downwardly and outwardly directed flow paths;
PA1  g. each path defining a velocity profile in which the velocity of portions
      of the downwardly diverted flowing molten glass is decreased thereby;
PA1  h. causing the gaseous inclusions to travel against the direction of the
      downwardly and outwardly flowing molten glass, inwardly and upwardly in
      the confined flow paths and into the void;
PA1  i. maintaining the volume of the mass of glass in the chamber substantially
      constant; and
PA1  j. removing refined molten glass from the discharge of the chamber.
NUM  2.
PAR  2. The method of refining molten glass which comprises:
PA1  a. introducing a stream of molten glass having gaseous inclusions into a
      rotating container until a paraboloidal void is formed in a mass of said
      molten glass;
PA1  b. continuing to rotate said container about its axis to subject the mass
      of glass to centrifugal force;
PA1  c. diverting the introduced stream of molten glass into a plurality of
      confined flow paths so as to control the velocity profile of the stream
      thus permitting the resultant force of at least some smaller-sized gaseous
      inclusions to carry the inclusions to the void upward and inward in areas
      of reduced downward velocity in said flow paths;
PA1  d. withdrawing refined molten glass from the rotating mass of glass in the
      container; and
PA1  e. maintaining the mass of glass in the chamber almost constant so as to
      maintain a paraboloidal void of a constant diameter.
NUM  3.
PAR  3. The method of refining molten glass which comprises:
PA1  a. defining a chamber having an axis of rotation and which has a restricted
      lower end forming a discharge;
PA1  b. substantially continuously introducing a stream of molten glass into
      said chamber wherein substantially all the glass constituents are molten
      and which contains entrapped gaseous inclusions, providing a mass of
      molten glass in the chamber;
PA1  c. rotating said chamber about its axis to subject portions of the mass of
      glass in the chamber to centrifugal force;
PA1  d. controlling the configuration of the chamber, the speed of rotation of
      the chamber, and the amount of glass in the chamber such that at least a
      portion of the mass of glass in the chamber forms a paraboloidal void;
PA1  e. causing the introduced stream of molten glass to flow downward and
      toward the discharge;
PA1  f. diverting the downward-flowing stream of molten glass into a plurality
      of confined flow paths formed between plural diverting devices positioned
      within the chamber;
PA1  g. altering the velocity profile of each plural path to provide a reduced
      velocity in portions of the downward flowing molten glass thus causing
      gaseous inclusion to travel upwardly and inwardly along the confined flow
      path into the paraboloidal void; and
PA1  h. substantially continuously removing refined molten glass from the lower
      end of the chamber to maintain said mass of glass in said chamber
      substantially constant, said removed molten glass having a reduced number
      of gaseous inclusions.
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PAL  Improved stable suspension liquid fertilizers based on ammonia and
      phosphoric acid obtained by the wet method, and combining both a high
      content of fertilizing elements and a long storage life are prepared by
      ammoniating the phosphoric acid with gaseous ammonia in two steps at a
      temperature of from 90.degree.C to 120.degree.C until a pH of between 6
      and 8 is attained, rapidly cooling the resulting ammonium phosphate
      suspension to a temperature of from 0.degree.C to 35.degree.C, and during
      the cooling adding a suspending agent to the suspension while maintaining
      the suspension under stirring.
BSUM
PAC  THE PRIOR ART
PAR  Suspension liquid fertilizers are saturated aqueous solutions of
      fertilizing substances which comprise small crystals of the fertilizing
      substances in suspension.
PAR  The suspension liquid fertilizers have important advantages over
      conventional solid fertilizers. They do not give rise to caking problems
      and, being fluid, are readily applied to the soil. Thus, the suspension
      liquid fertilizers can be pumped through suitable pipes and directly
      sprayed on the soil through nozzles.
PAR  However, use of the suspension liquid fertilizers available heretofore has
      had some drawbacks.
PAR  First of all, the suspensions tend to decant during storage, a problem
      which is attenuated by the presence of certain suspending agents therein,
      such as, for instance, some types of clays which have been mixed with the
      suspension in amounts up to 5% by weight based on the total weight of the
      suspension. While the presence of the suspending agent prolongs the life
      of the suspension, it does not permit storage of the suspension for an
      indefinite period of time inasmuch as, with the passing of time, the
      suspension decants and it becomes necessary to subject the fertilizer to
      ever more frequent stirrings to keep the crystals in suspension.
PAR  Another drawback of the prior art suspension fertilizers is that crystals
      grow during storage, with the formation of large crystals, and
      considerable trouble is encountered during the feedings of the fertilizers
      into pipes and spraying thereof through spray-nozzles, due to clogging of
      the pipes, pumps and in particular the nozzles.
PAR  The requirements for a good suspension liquid fertilizer, therefore, are a
      low rate of sedimentation, a low rate of crystal growth, and a low
      viscosity, all of which facilitate handling of the suspension and
      periodical stirring thereof during storage.
PAR  At the same time, the content of fertilizing elements in the suspension
      must be high.
PAR  It is very difficult to arrive at a suspension liquid fertilizer which has
      all of the desirable properties because the attainment of one essential
      property can require sacrifice of another. For example, the sedimentation
      rate may be reduced by increasing the viscosity of the liquid, which
      object is obtained, for instance, by increasing the quantity of suspending
      agent or of suspended solids therein. However, increase in the quantity of
      suspending agent increases the cost of the product, while increase in the
      suspended solids content -- and thus the quantity of fertilizing elements
      in the suspension -- has the effect of promoting growth of the crystals.
PAR  Other difficulties are met in the preparation of the suspension liquid
      fertilizers by ammoniation of phosphoric acid obtained by the wet process
      due to the impurities present in the acid, which impurities precipitate
      during the ammoniation. It is known, in fact, that in general the acid
      contains from 3% to 6% by weight of impurities of varying kinds and in
      varying quantities depending on the type of phosphorite used and on the
      conditions of the wet process by which the phosphoric acid is obtained.
      Thus, if the phosphorite is treated with sulphuric acid, the impurities
      most frequently found in the phosphoric acid and in largest amount are
      Fe.sub.2 O.sub.3 ; Al.sub.2 O.sub.3 ; MgO; SiF.sub.6 .sup.= ; F.sup.- ;
      Ca.sup.+ .sup.+ ; and SO.sub.4 .sup.= .
PAR  During ammoniation of the phosphoric acid, the impurities mentioned
      precipitate in the form of very fine particles of gel consistency and
      containing, in particular, iron, aluminum and magnesium phosphates,
      calcium phosphates and sulphate, silica and sodium and ammonium
      fluorosilicates. During storage of the suspension, those precipitates form
      a hard gel which is not easily broken up or removed from the container in
      which the suspension is stored.
PAR  For all of the reasons, the ammonium phosphate suspensions from phosphoric
      acid obtained by the wet process of the prior art have had a maximum
      content of fertilizing substances of 40% by weight and a storage life of
      about a month.
PAR  In order to obtain a suspension liquid fertilizer containing more than 40%
      of fertilizing substances and a storage life longer than one month, it has
      been necessary to either purify the starting phosphoric acid or to replace
      it, at least in part, with polyphosphoric acid in order to maintain at
      least part of the impurities in solution due to the sequestering action of
      the polyphosphoric ions. Both methods of solving the problem increase,
      very considerably, the final cost of the suspension liquid fertilizer.
PAC  THE PRESENT INVENTION
PAR  One object of this invention is to provide a method for preparing
      suspension liquid fertilizers starting from ammonia and phosphoric acid
      obtained by the wet process which combine a high titer of fertilizing
      elements, for instance 50% and more by weight of N and P.sub.2 O.sub.5,
      with excellent storage and handling characteristics and without having to
      resort to the expedients of purifying the phosphoric acid prior to
      ammoniating it or to the replacement of part of the phosphoric acid with
      polyphosphoric acid.
PAR  Another object was to provide suspension liquid fertilizers having a long
      storage life of 6 months and longer.
PAR  These and other objects as will appear have been achieved by the present
      invention according to which suspension liquid fertilizers are prepared by
      a process consisting of the following steps:
PA1  1. ammoniating the phosphoric acid obtained by the wet process by treating
      it with gaseous ammonia, at 90.degree.C to 120.degree.C, until a pH of
      between 4 and 5 is attained;
PA1  2. continuing the ammoniation, at 90.degree.C to 120.degree.C, with gaseous
      ammonia until a pH between 6 and 8 is attained;
PA1  3. rapidly cooling the resulting ammonium phosphate suspension to a
      temperature of 0.degree.C to 35.degree.C; and adding a suspending agent to
      the suspension during the cooling step while maintaining the suspension
      under stirring.
PAR  The preparation of the suspension liquid fertilizer can be carried out
      discontinuously. In that embodiment of the invention, the gaseous ammonia
      is added to the phosphoric acid under stirring until the indicated pH
      values are reached.
PAR  The preparation of the suspension liquid fertilizer can also be carried out
      continuously. In that embodiment of the invention, which is presently
      preferred, the liquid phase and the ammonia are fed to reactors fitted
      with stirrers in a ratio such that the pH values indicated are maintained.
PAR  Particularly good results are achieved when attaining a pH comprised
      between 4.5 and 5.0 in the first phase, and a pH between 6.5 and 7.0 in
      the second phase. In both phases the temperature may vary between
      90.degree.C and 120.degree.C. Preferably, the temperature is comprised
      between 105.degree.C and the boiling temperature of the solution, which
      boiling temperature is, in general, comprised between 110.degree.C and
      120.degree.C. The reaction is exothermic and, in general, it is not
      necessary to supply heat from an external source.
PAR  The reaction heat permits the evaporation of considerable quantities of
      water, thus permitting the obtainment of products having a total titer in
      N and P.sub.2 O.sub.5 of, for instance, about 45% by weight, starting from
      phosphoric acid having a titer of, for instance, about 30% of P.sub.2
      O.sub.5, without having to resort to a preliminary concentration of the
      acid.
PAR  The first ammoniation phase can be carried out in, for instance, 30 to 90
      minutes; the second phase in, for instance, 10 to 60 minutes.
PAR  The slurry resulting from the second phase must be cooled to between
      0.degree.C and 35.degree.C in a time not exceeding 20 minutes. Preferably,
      the cooling is instantaneous and is easily achieved by continuously
      feeding the slurry from the second phase and the suspending agent into a
      suitably cooled third (conditioning) reactor. Cooling of said conditioning
      reactor can be accomplished by any known method, for instance by
      continuously feeding part of the suspension from the conditioning reactor
      to a water cooler and continuously recycling the cooled suspension from
      the water cooler back to the conditioning reactor.
PAR  When the cooling is not instantaneous, the suspending agent may be added to
      the slurry after the latter has been cooled to a temperature of
      60.degree.-70.degree.C or lower.
PAR  During conditioning of the slurry with the suspending agent, the slurry
      must be subjected to heavy stirring which must be such as to insure a
      peripheral speed of preferably at least 0.55 mt/sec. The definition of the
      speed indicated and the practical procedures for realizing the same are
      described in for instance, "Mixing," published by the Academic Press of
      New York, 1966, at Page 181.
PAR  In the practice of the present invention the conditioning under the
      conditions stated is carried on for, e.g. 30 to 90 minutes.
PAR  The suspending agents may be, for example, clays, more particularly
      montmorillonites and attapulgites, or silica or alumina gels. The
      suspending agents may be used alone or in admixture. In general, the
      suspending agents are used in amounts of from 1% to 3% by weight on the
      total additioned suspension and are added either in the solid state or in
      the form of a pre-prepared aqueous suspension.
PAR  Various other fertilizing substances can be admixed with the suspension,
      including NH.sub.4 NO.sub.3 or urea (for increasing the nitrogen titer)
      and KCl (for providing for ternary fertilizers). In general, such
      additional fertilizers are added to the cooled suspension after or
      contemporaneously with the addition of the suspending agent or mixture of
      suspending agents, and in the form of crystals or granules having, in
      general, a size not greater than 0.6 mm.
PAR  In the process of this invention the phosphoric acid obtained by the wet
      process does not require purification prior to the ammoniation step. It
      may be the product of an attack by any acid on phosphorites, for instance
      H.sub.2 SO.sub.4 ; or H.sub.2 SO.sub.4 plus (NH.sub.4).sub.2 SO.sub.4 ; or
      HNO.sub.3 plus (NH.sub.4).sub.2 SO.sub.4 or K.sub.2 SO.sub.4, etc.
PAR  An important feature of the present process is that the high temperature
      used during the ammoniation results in the volatilization and elimination
      of part of the impurities such as F.sup.- and SiO.sub.2 in the form of
      SiF.sub.4 and HF. The other impurities precipitate in a highly subdivided
      and non-gelatinous form and thus do not present problems during storage
      and handling.
PAR  Also, the ammonium phosphates precipitate in a highly subdivided form and
      therefore remain in suspension and give rise to practically no
      crystal-growing phenomena during storage.
PAR  The phosphoric acid can be introduced in varying degrees of concentration
      and may have P.sub.2 O.sub.5 titers of, for instance, between 20% and 60%
      by weight. If it is desired to obtain ammonium phosphates in the absence
      of other fertilizing substances, it is preferred to use phosphoric acid
      having a P.sub.2 O.sub.5 concentration of 30-36% by weight. When other
      fertilizing substances are to be introduced the P.sub.2 O.sub.5 titer of
      the phosphoric acid is preferably comprised between 20% and 30%.
PAR  When phosphoric acid having a P.sub.2 O.sub.5 concentration higher than
      about 36% is used, it is necessary to cool the reacting mass during the
      ammoniation, or to dilute the mass with water in order to avoid a product
      having such a high titer that the solids content will be too high.
PAR  By varying the concentration of the starting phosphoric acid and the
      ammoniation pH of the second phase, it is possible to obtain binary
      fertilizers having, for example, a titer of 10-14 in N and of 29.5-38 in
      P.sub.2 O.sub.5, with a total titer of up to 50 and over.
PAR  By adding ammonium nitrate or urea, it is possible to obtain binary
      fertilizers having, for instance, a titer of 20-20, 15-30, or 24-12.
PAR  By adding KCl, it is possible to obtain ternary fertilizers having, for
      instance, a titer in N/P.sub.2 O.sub.5 /K.sub.2 O of 6-16-21; 5-13-25 or
      4-10-27. By adding KCl and NH.sub.4 NO.sub.3 and/or urea, balanced ternary
      fertilizers having a titer of, for instance, 13-13-13 may be obtained. To
      these formulations there may also be added nourishing oligoelements and/or
      pesticides.
PAR  The suspension fertilizers obtained by the process of this invention have
      unusual storage stability characteristics. If, every 2 or 3 days, the
      fertilizers are subjected to short periods of stirring according to
      methods used conventionally for suspension fertilizers, the suspensions
      show a negligible growth of crystals after 4-6 months of storage at room
      temperature (between 15.degree.C and 25.degree.C), while the fluidity
      thereof remains substantially unaltered. From the foregoing it follows
      that the present suspension fertilizers may be stored safely for a far
      longer time than the usual storage periods (from 1 to 3 months) for
      fertilizers.
PAR  The suspensions obtained by the present process also have good storage
      properties at 0.degree.C, especially those suspensions having rather low
      titers in fertilizing substances. Those having a high titer show a certain
      growth of crystals during storage at 0.degree.C. However, we have found
      that those crystals dissolve again when the suspensions are brought back
      to room temperature.
PAR  Thus, the liquid suspension fertilizers obtained by the process of this
      invention have the advantage that they can be stored without trouble at
      all seasons of the year.
PAR  The viscosity of the suspensions at room temperature is generally comprised
      between 50 and 250 centipoises, depending on the formulation, and the
      viscosity increases only negligibly with time. The viscosity is about
      double when the suspensions are stored at 0.degree.C, but remains
      sufficiently low as not to cause handling problems. On being brought back
      to room temperature, on the other hand, the suspensions show viscosities
      which are substantially the same as viscosities of the suspensions stored
      at room temperature.
DETD
PAR  The following examples are given to better illustrate the invention and are
      not intended as limiting.
PAC  EXAMPLE 1
PAR  The starting phosphoric acid of this example was obtained by sulphuric
      attack of phosphorite, and showed a titer in P.sub.2 O.sub.5 of 27% by
      weight. Its percent by weight content in impurities is as follows:
TBL  Fe               =          0.17                                          
     Mg               =          0.25                                          
     Al               =          0.2                                           
     SiO.sub.2        =          0.9                                           
     F                =          1.9                                           
     CaO              =          0.5                                           
     SO.sub.4         =          1.0                                           
PAR  5,000 g/hr of the phosphoric acid were continuously fed into a 2 liter
      reactor together with 410 g/hr of gaseous NH.sub.3, maintaining the
      reactor under stirring.
PAR  The pH amounted to 4.6-4.7; the temperature was comprised between
      105.degree. and 108.degree.C.
PAR  The suspension that was coming out of the first reactor was fed, together
      with 180 g/hr of NH.sub.3, to a second 2 liter reactor maintained under
      stirring. The pH amounted to 6.6-6.7, while the temperature was comprised
      between 105.degree. and 108.degree.C.
PAR  The slurry thereupon passed into a third 2 liter vessel maintained at
      20.degree.-22.degree.C and under heavy stirring. Into this vessel there
      were continuously fed 95 g/hr of solid attapulgite, corresponding to about
      2% by weight on the total additioned suspension. The attapulgite showed an
      active surface of 210 sq.mt/g. The stirring was carried out by means of a
      4-blade stirrer running with a peripheral speed of 0.55 m/sec.
PAR  The conditioned suspension had a titer of 10.3 in N and 29.4 in P.sub.2
      O.sub.5. At 23.degree.C its density was of 1.374 g/cc and its viscosity
      amounted to 42 centipoises. At 0.degree.C the viscosity rose to 73
      centipoises. Its pH value was equal to 6.7.
PAR  Two samples of the suspension were stored at, respectively, room
      temperature, that is at 15.degree.-25.degree.C, and at 0.degree.C. Every
      2-3 days they were subjected to stirring for about 10 minutes according to
      standard methods.
PAR  After 6 months of storing, and three days after the last stirring
      operation, the volume of clear overlaying liquid amounted to 5-10% of the
      total while the crystals with a size greater than 20 mesh (Tyler scale)
      were lower than 0.01% b.w. in both suspensions.
PAR  The aperture of 20 mesh corresponds to 0.833 mm while the spraying nozzles
      for the spraying of the suspensions have in general a diameter of at least
      1.2 mm.
PAR  After 6 months, the viscosity of the sample stored at room temperature was
      55 centipoises while the viscosity of the samples stored at 0.degree.C was
      85 centipoises.
PAC  EXAMPLES 2 - 5
PAR  Examples 2, 3 and 4 concern the production of ammonium phosphates; Example
      5 is concerned with the production of a ternary fertilizer obtained by the
      addition, in the third reaction vessel, of KCl having a titer of 60% in
      K.sub.2 O and with a particle size of below 0.6 mm.
PAR  The main operational conditions and characteristics of the products
      obtained are shown in Table 1. The concentration of the starting H.sub.3
      PO.sub.4, still obtained by the sulphuric phosphorite attack, is different
      for each product. The nature of the impurities and their content with
      respect to the P.sub.2 O.sub.5 are similar to those of Example 1.
PAR  As a suspending agent there was used the same attapulgite as in Example 1.
PAR  The operational procedures not specifically defined are the same as those
      of Example 1.
PAR  As can be observed from the tabulated data, the storing characteristics of
      the 4 products are excellent.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
            Ex.                                                                
               Reaction conditions                                             
                                  Starting                                     
                                         Suspending                            
                                                 Titer in N                    
                                  H.sub.3 PO.sub.4 :                           
                                         agent   and in                        
               Temperature                                                     
                      pH 1st                                                   
                           pH 2nd                                              
               .degree.C                                                       
                      stage                                                    
                           stage  P.sub.2 O.sub.5 %                            
                                         % on    P.sub.2 O.sub.5 (.degree.)    
                                         total                                 
     __________________________________________________________________________
            2  108-112                                                         
                      4.6  6.8    30     2       11.9-32.6                     
            3  112-116                                                         
                      4.8  6.7    33     2       12.7-35.4                     
            4  116-120                                                         
                      4.7  6.6    35     2       13.6-37                       
            5  105-110                                                         
                      4.7  6.8    21     2       6-16-21                       
     __________________________________________________________________________
      (.degree.) and K.sub.2 O for Example 5                                   
     Ex.                                                                       
        Chemical-physical character-                                           
                          Volume of over-                                      
                                     Crystals of Crystals of dimension         
        istics of the suspension                                               
                          laying clear                                         
                                     dimension &gt; 20                            
                                                 &gt; 20 mesh at a tempera-       
     Density of   Viscosity                                                    
                          liquid at room                                       
                                     mesh at room                              
                                                 ture of 0.degree.C            
     suspension                                                                
              pH  in centi-                                                    
                          temperature                                          
                                     temperature                               
     at 23.degree.C                                                            
                  poises                                                       
        g/cc       at at  Duration of                                          
                                 %   Duration of                               
                                            %    Duration of                   
                                                        %                      
                  23.degree.C                                                  
                      0.degree.C                                               
                          storage in storage in  storage in                    
                          days       days        days                          
     __________________________________________________________________________
     2  1.411 6.8  70 146 120    3-5 120    &lt;0.01                              
                                                 21     &lt;0.01                  
     3  1.432 6.7 161 355 120    2-3 120    &lt;0.01                              
                                                 35     4.96(.degree..degree.) 
     4  1.460 6.6 220 540 120    0-1 120    &lt;0.01                              
                                                 35     5.30(.degree..degree.) 
     5  1.526 6.8 233 455 120    0-1 120    &lt;0.01                              
                                                 30     &lt;0.01                  
     __________________________________________________________________________
      (.degree..degree.) By bringing the suspension back to a temperature of   
      23.degree.C, the quantity of crystals having a size greater than 20 mesh 
      becomes less than 0.01%                                                  
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous process for the preparation of suspension liquid
      fertilizers starting from ammonia and phosphoric acid having a P.sub.2
      O.sub.5 concentration not higher than 36% by weight obtained by the wet
      method, and which fertilizers contain ammonium phosphate in suspension,
      said process comprising the following steps:
PAR  1. ammoniating the phosphoric acid with gaseous ammonia until a pH
      comprised between 4 and 5 is attained, said ammoniating step being carried
      out at temperatures comprised between 105.degree.C and the boiling
      temperature of the resulting suspension and for a time of from 30 to 90
      minutes;
PA1  2. continuing the ammoniation with gaseous ammonia until the pH of the
      suspension is comprised between 6 and 8, this second ammoniation step
      carried out at temperatures comprised between 105.degree.C and the boiling
      temperature of the suspension; and
PA1  3. rapidly cooling the ammonium phosphate suspension thus obtained to a
      temperature comprised between 0.degree.C and 35.degree.C and during the
      cooling adding a suspending agent while maintaining the suspension under
      stirring.
NUM  2.
PAR  2. The process according to claim 1, wherein the pH attained in Step 1 is
      comprised between 4.5 and 5.0.
NUM  3.
PAR  3. The process according to claim 1, wherein the pH attained in Step 2 is
      comprised between 6.5 and 7.0.
NUM  4.
PAR  4. The process according to claim 1, wherein the suspending agent is a
      clay.
NUM  5.
PAR  5. The process according to claim 4, wherein the clay is selected from the
      group consisting of montmorillonites and attapulgites.
NUM  6.
PAR  6. The process according to claim 1, wherein the suspending agent is
      selected from the group consisting of silica and alumina gels.
NUM  7.
PAR  7. The process according to claim 1, wherein the quantity of suspending
      agent is comprised between 1% and 3% by weight on the total additioned
      suspension.
NUM  8.
PAR  8. The process according to claim 1, wherein other nitrogenous and/or
      potassium fertilizing substances are admixed with the suspension.
PATN
WKU  039389839
SRC  5
APN  4418603
APT  1
ART  124
APD  19740212
TTL  Composition containing an aliphatic
      N-cycloalkyl-p-(2-chloroethyl)-phosphonamidate
ISD  19760217
NCL  5
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Randall; David I.
CTY  Easton
STA  PA
INVT
NAM  Wynn; Robert W.
CTY  Easton
STA  PA
ASSG
NAM  GAF Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  71
APN  230455
APD  19720229
PSC  03
RLAP
COD  84
APN  875498
APD  19691110
PSC  03
CLAS
OCL   71 86
XCL   71 88
XCL   71 94
XCL  2602477L
XCL  260295P
XCL  260958
XCL  260960
EDF  2
ICL  A01N  936
FSC   71
FSS  86;87
UREF
PNO  2763540
ISD  19560900
NAM  Stenard et al.
OCL   71 77
UREF
PNO  2959590
ISD  19601100
NAM  Moss
OCL   71 86
UREF
PNO  3010986
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NAM  Reetz
OCL   71 86
UREF
PNO  3014953
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NAM  Birum et al.
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UREF
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ISD  19700500
NAM  Wollensak et al.
OCL   71 86
UREF
PNO  3728099
ISD  19730400
NAM  Chiles, Jr.
OCL   71 77
UREF
PNO  3733192
ISD  19730500
NAM  Harris et al.
OCL   71 86
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PAL  Iwahori et al., "Accelerating Tomato Fruit Maturity, etc.," (1969), Cal.
      Agr. pp. 17-18 (1969).
PAL  Kabachnik et al., "Organophosphorus Compounds etc.," (1946), CA 42, pp.
      7241-7243 (1948).
LREP
FR2  Kehm; Walter C.
ABST
PAL  Plant growth regulating compounds are
      N-substituted-P-(2-chloroethyl)-phosphonamidic esters of the formula:
      ##EQU1##
      wherein R is cycloalkyl, R.sub.1 is hydrogen or cycloalkyl or R and
      R.sub.1 together form a heterocyclic ring such as morpholine, piperidine
      or pyrrolidine and R.sub.2 is alkyl or haloalkyl. They are prepared by the
      reaction of 2-chloroethylphosphonohalidic esters with the appropriate
      secondary amine.
PARN
PAR  This application is a continuation of Ser. No. 230,455, filed Feb. 29,
      1972, now abandoned, which in turn is a division of parent application
      Ser. No. 875,498, filed Nov. 10, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to N-substituted -P-(2-chloroethyl)-phosphonamidate
      compounds useful as plant growth regulators and processes for their
      preparation.
PAR  2. Background of the Prior Art
PAR  The art is aware that certain phosphorus containing compounds are useful as
      plant growth regulators. One of the most important phosphorus compounds of
      this type is 2-chloroethylphosphonic acid which has found importance as a
      plant growth regulator, particularly, in the treatment of pineapples, soy
      beans and other plants to control their rate of growth. The present
      invention provides a new class of phosphorus-containing compounds useful
      as plant growth regulators not known heretofore, which compounds have
      utility in this area equivalent to 2-chloroethyl phosphonic acid. One of
      the primary characteristics of products of these types resides in the
      presence of the 2-chloroethyl group as this is important to the plant
      growth stimulating activity because it is believed that the action of the
      compounds is due to the fact that they are absorbed by the plant and
      release ethylene, a known plant regulator in a form in which it can be
      used by the plant.
PAR  The art is aware of various nitrogen-substituted phosphonamidates but none
      are suggested as having plant growth activity equivalent to those of the
      present invention. For example, in Chemical Abstracts, Vol. 66, item
      27,927, there is disclosed ethyl N,N-diethyl-P-chloromethyl
      phosphonamidate, which is related to the compounds of the present
      invention, but the presence of the chloromethyl group negates its value in
      the plant growth area as the compound cannot release ethylene. In
      addition, in U.S. Pat. No. 3,010,986, there is disclosed the cyclohexyl
      ester of N,N-diallyl-P-(2-chloroethyl)-phosphonamidate, prepared by the
      reaction of 2-chloroethyl phosphonyl dichloride and cyclohexanol followed
      by the reaction of this intermediate with diallyl amine which compound is
      obviously different than those claimed herein. Also, in Chemical
      Abstracts, Vol. 42, page 7,243, the compound
      2-chloroethyl-N-phenyl-P-(2-chloroethyl) phosphonamidate is suggested as
      being prepared from its acid chloride and aniline. In none of these prior
      art teachings however, is there a disclosure of the
      2-chloroethyl-N-substituted phosphorus compounds of this invention and in
      particular, 2-chloroethyl-N-substituted phosphorus compounds which have
      unique activity as plant growth regulators. Accordingly, there is a clear
      need in the art for products of this type and processes by which they may
      be prepared.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly one object of this invention to provide a new class of
      compounds comprising N-substituted-(2-chloroethyl) phosphonamidates.
PAR  A further object of the invention is to provide economical processes by
      which these products may be produced.
PAR  It is a still further object of the invention to provide
      N-substituted-P-(2-chloroethyl) phosphonamidate esters which may be
      prepared from readily available materials in an economic manner as well as
      procedures for their use as plant growth regulators.
PAR  Other objects and advantages of the present invention will become apparent
      as the description thereof proceeds.
PAR  In satisfaction of the foregoing objects and advantages, there are provided
      by this invention plant growth regulators of the following formula:
      ##EQU2##
      wherein R is cycloalkyl, preferably of about 3-8 carbon atoms, such as
      cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
      cyclooctyl, R.sub.1 is hydrogen or the same as R, or R and R.sub.1
      together form a heterocyclic ring selected from the group consisting of
      morpholine, piperidine and pyrrolidine and alkyl substituted derivatives
      thereof wherein the alkyl group contains 1-5  carbon atoms, and R.sub.2 is
      alkyl of 1-7  carbon atoms, (e.g. methyl, ethyl, propyl, etc.) or
      haloalkyl of about 1-7 carbon atoms, and preferably, haloalkyl wherein the
      halogen, which may be chlorine, bromine, iodine or fluorine, but
      preferably chlorine is preferably disposed on the beta-carbon atom, for
      example, 2-chloroethyl, 2-chloropropyl, etc.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  It has been found that the above-identified 2-chloroethyl
      nitrogen-substituted phosphonamidic esters have unique activity as plant
      growth regulators and may be applied to plants such as pineapples, soy
      beans, tomatoes, small grains and the like to regulate growth to thereby
      improve crop yields thereof. Thus, these compounds may be stated to be
      plant growth hormones as they operate to increase yields of the products
      mentioned as well as others.
PAR  The compounds of this invention are soluble in varying degrees in water and
      so they can be applied to the plants in aqueous solutions composed wholly
      or partially of water; partial solutions include those formed of water and
      say acetone or methyl ethyl ketone. Any aqueous medium may be used
      provided that it is not toxic to the plant. Where any particular
      derivative is less water-soluble, it may be solubilized by the use of
      co-solvents and the like. Also, the compounds may be adsorbed on solid
      carriers such as vermiculite, attaclay, talc and the like for application
      in granular form. Dusts may also be used in which case the active
      ingredient(s) will be diluted with clays or other powders, for example
      pyrophyllite, diatomaceous earth and attapulgite.
PAR  The compounds of this invention can be applied to the plants at a
      concentration of from 1/2- 10 lbs./acre or higher, dependent on the
      particular derivative used. A preferred rate of application ranges from 2
      - 5 lbs/acre. The phosphonic derivatives need only be applied to the plant
      in low volumes of water to achieve satisfactory initiation, and this is an
      important advantage of this invention. Whereas it is necessary to apply
      the known agents in large volumes of water, on the order of 200 - 400
      gallons/acre, even up to 1,000 gallons/acre in the case of ethylene, to
      achieve initiation, it is possible to apply a compound of this invention
      in far lower volumes of water to achieve satisfactory flower initiation.
      For example, the compounds of the present invention can be applied in 50
      gallons of water at the rate of 1 lb./acre to achieve 100% flower
      induction on pineapples of the Smooth Cayenne variety. The ability to
      apply the agent in a reduced volume of water is a great agronomic
      advantage because a larger acreage of plantation can be treated before
      recourse to a water supply is necessary, smaller equipment can be used and
      costs can be reduced generally.
PAR  The compounds of this invention may be prepared by the reaction of
      2-chloroethyl phosphonohalidic esters of the following formula:
      ##EQU3##
      wherein R.sub.2 is as above and X is halogen, preferably chlorine, but it
      may also be bromine, iodine or fluorine, with an amine of the formula:
      ##EQU4##
      wherein R and R.sub.1 are as above in the presence of a suitable acid
      acceptor, the acceptor being employed to remove the hydrogen halide formed
      during the reaction. The acid acceptor may be provided by use of an excess
      of the amine or may be provided by utilization of any other acid acceptor
      well known to the art. Preferred acid acceptors are the tertiary amines
      such as triethylamine, trimethylamine, pyridine, etc., as well as mixtures
      thereof. Also inorganic acid acceptors may be employed such as alkali
      metal hydroxides (e.g. NaOH and KOH), alkali metal carbonates (Na.sub.2
      CO.sub.3), bicarbonates (NaHCO.sub.3) and the like.
PAR  The reacton is conducted in the presnce of a solvent which has preferably
      been dried to remove water prior to use. Preferred solvents to be employed
      in the process include diethyl ether, dioxane, petroleum ether, aromatic
      hydrocarbons (e.g. benzene, toluene, etc.), as well as mixtures thereof.
PAR  The reaction is conducted at atmospheric pressure and at a low temperature
      of about -10.degree.C. to 20.degree.C., preferably 0.degree. to
      5.degree.C. In addition, in a preferred aspect, each of the reactants are
      mixed while contained in the solvent. Moreover, the reactants are
      contacted in stoichiometric quantities.
PAR  The process is preferably conducted by charging each of the reacting
      materials to a portion of the solvent, and the solutions contacted at the
      low temperatures mentioned. In a preferred procedure, the starting
      2-chloroethyl compound is generally charged to a portion of the solvent,
      cooled to about -10.degree.C to 20.degree.C. and a solution of the amine
      added thereto. Generally, either an excess of the amine or another acid
      acceptor is added simultaneously.
PAR  After the materials have been mixed, the reaction is generally agitated for
      a short period at room temperature, the amine salt removed by filtration
      and the resulting filtrate freed of solvent to provide the products of the
      invention.
PAR  The starting materials in this invention may be prepared in any desired
      manner but are preferably prepared by the reaction of phosphorus
      pentahalide with the diester of 2-chloroethyl phosphonic acid of the
      following formula:
      ##EQU5##
      wherein R.sub.2 is as above, which then yields the 2-chloroethyl
      phosphonohalidate of the following formula:
      ##EQU6##
      wherein X is as defined above. In this reaction it is of course preferable
      to use a bis ester in which both of the R.sub.2 groups are the same so
      that only a single 2-chloroethyl phosphonohalidate is formed rather than a
      mixture thereof.
PAR  This reaction is generally conducted by charging the ester of 2-chloroethyl
      phosphonic acid to a reactor and adding an equivalent amount of the
      phosphorus pentahalide slowly thereto, preferably portionwise, while
      maintaining the temperature below about 80.degree.C. Thereafter, after the
      addition is complete, heating the mixture at reflux for about 2 hours and
      distilling the resulting product, will provide the intermediate.
PAR  In an alternative procedure, the starting materials may be prepared by the
      reaction of an alcohol of the formula R.sub.2 OH wherein R.sub.2 is as
      above, such as absolute ethanol, on 2-chloroethyl phosphonyl dihalide at a
      temperature of about -10.degree. to 15.degree.C. in the presence of an
      acid acceptor, such as those mentioned above to provide the intermediate
      after removal of the salt and solvent.
PAR  The following examples are provided to illustrate the compounds and
      processes of the present invention.
PAC  EXAMPLE I
PAC  2-Chloroethyl 2-Chloroethylphosphonochloridate
PAR  There was charged 889.5 grams (3.3 moles) of
      ##EQU7##
      and 686.5 grams (3.3 moles) of phosphorus pentachloride added portionwise
      while maintaining the temperature below 80.degree.C. The mixture was then
      refluxed for 2 hours at a pot temperature of 107.degree.-109.degree.C. The
      volatile materials were removed under aspirator vacuum to a final pot
      temperature of 120.degree.C. The residue was then distilled under vacuum.
      There was obtained 646.8 g. of product boiling at
      105.degree.-120.degree.C. at 1 mm pressure. This product was redistilled
      through a 3.4 inches .times. 12 inches Vigreaux head. There was obtained
      536.0 grams boiling at 95.degree.-104.degree.C. at 0.25-0.30 mm pressure.
      The product had the structure:
      ##EQU8##
      and was used as the starting material for Examples 4 and 5 below.
PAC  EXAMPLE 2
PAC  Ethyl 2-Chloroethylphosphonochloridate
PAR  There was charged to a reaction flask, 100.8 grams (0.55 mole) of
      2-chloroethylphosphonyl dichloride,
      ##EQU9##
      and 500 ml. dry diethyl ether. At a temperature of 0.degree. - 5.degree.C.
      there was added a solution of 23.0 grams (0.5 mole) absolute alcohol in
      150 ml. dry ether followed by a solution of 50.5 grams (0.5 mole)
      triethylamine in 100 ml. dry diethyl ether. The resulting amine
      hydrochloride was filtered off and washed with ether. The filtrate was
      freed from solvent on the flash evaporator and the residue distilled.
      There was obtained 66.0 grams of product boiling at 45.degree. -
      48.degree.C. at 0.07 - 0.09 mm. pressure of the structure
      ##EQU10##
      which was used as the starting material for Example 3 below.
PAC  EXAMPLE 3
PAC  Ethyl 2-Chloroethylphosphonic Morpholide
PAR  A solution of 19.1 grams (0.1 mol) ethyl 2-chloroethylphosphonochloridate
      (from Example 2) in 200 ml. dry diethyl ether was cooled to 5.degree.C.
      and a solution of 8.7 grams (0.1 mol) morpholine and 10.1 grams (0.1 mole)
      triethylamine in 100 ml. dry diethyl ether added dropwise. After stirring
      1 hour at room temperature the amine hydrochloride was removed by
      filtration and washed with ether. The filtrate was freed of solvent by
      flash evaporation. The residue weighed 22.4 grams.
      ##EQU11##
PAC  EXAMPLE 4
PAC  2-Chloroethyl N-cyclopropyl-P-(2-chloroethyl) phosphonamidate
PAR  To a solution of 11.4 grams (0.2 mol) cyclopropylamine and 16.8 grams (0.2
      mole) sodium bicarbonate in 95 ml. H.sub.2 O in a reaction flask was added
      100 cc. diethyl ether. The mixture was cooled to 5.degree.C. and a
      solution of 45.0 grams (0.2 mole) of 2-chloroethyl
      2-chloroethylphosphonochloridate (from Example 1) in 100 ml. diethyl ether
      added dropwise in 55 minutes. The mixture was allowed to stir at room
      temperature overnight. The solution was flash evaporated to dryness. The
      solid residue was extracted with diethyl ether, and the ether solution
      filtered. The filtrate was flash evaporated to constant weight to yield a
      clear, light pink liquid (52.5 grams).
      ##EQU12##
PAC  EXAMPLE 5
PAC  2-Chloroethyl 2-Chloroethylphosphonic Morpholide
      ##EQU13##
PAR  To a solution of 17.4 grams (0.2 mole) morpholine in 500 ml. dry benzene
      was added dropwise at 0.degree.-5.degree.C., 22.5 grams (0.1 mol)
      2-chloroethyl 2-chloroethylphosphonochloridate (from Example 1). After
      stirring at room temperature for 2 hours the insoluble material was
      filtered off and the benzene removed from the filtrate on the flash
      evaporator. The residue weighed 27.3 grams.
PAC  EXAMPLE 6
PAC  Ethyl 2-Chloroethylphosphonic Piperidide
PAR  The reaction of Example 3 was repeated except that 0.1 mole of piperidide
      was employed in place of the morpholine. From this reaction, there was
      recovered 16.2 grams of a compound of the following formula:
      ##EQU14##
PAC  EXAMPLE 7
PAC  2-Chloroethyl N-Cyclohexyl-P-(2-Chloroethyl) phosphonamidate
PAR  The reaction of Example 4 was repeated except that 0.2 mole of
      cyclohexylamine was used in place of the cyclopropylamine. From this
      reaction, there was recovered 54.6 grams of a compound of the following
      formula:
      ##EQU15##
PAR  The reaction has been described herein with reference to certain preferred
      embodiments. However, the invention is not to be considered as limited
      thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method for stimulating plant growth which comprises contacting the
      plants to be treated with an effective amount of a substituted
      2-chloroethyl phosphonamidic ester of the following formula:
      ##EQU16##
      wherein R is cycloalkyl of three to eight carbon atoms, R.sub.1 is
      hydrogen or cycloalkyl of three to eight carbon atoms and R.sub.2 is alkyl
      of one to seven carbon atoms or haloalkyl wherein alkyl contains one to
      seven carbon atoms, as active ingredient, in admixture with a suitable
      plant growth regulating carrier.
NUM  2.
PAR  2. A method according to claim 1 which comprises utilizing said composition
      in an amount of from 1/2 to 10 pounds per acre of said ester.
NUM  3.
PAR  3. A method according to claim 1 which comprises utilizing said composition
      in an amount of from 2 to 5 pounds per acre of said ester.
NUM  4.
PAR  4. A method according to claim 2 which comprises utilizing said composition
      in from 50 to 1,000 gallons of water.
NUM  5.
PAR  5. A method according to claim 1 for achieving flower induction or
      initiation which comprises contacting the plants in which the flowering is
      to be initiated with a plant growth stimulating amount of said substituted
      2-chloroethyl phosphonamidic ester.
PATN
WKU  039389847
SRC  5
APN  4726545
APT  1
ART  124
APD  19740523
TTL  Herbicide
ISD  19760217
NCL  8
ECL  1
EXA  Mills; Catherine L.
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ABST
PAL  New and valuable herbicide mixtures of
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate and
      carbamates of the formula
      ##SPC1##
PAL  Where X denotes hydrogen or lower alkyl.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      348,085, filed Apr. 4, 1973, the disclosure of which is incorporated
      herein by reference.
BSUM
PAR  The present invention relates to herbicide mixtures of
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate and
      carbamates having the above formula.
PAR  It is known to use methane sulfonates and carbamates for controlling
      broadleaved and grassy weeds. However, their action is poor.
PAR  I have now found that a composition of
PAR  A. A COMPOUND OF THE FORMULA
      ##SPC2##
PAL  And
PAR  B. A COMPOUND OF THE FORMULA
      ##SPC3##
PAL  Where X denotes hydrogen or lower alkyl of a maximum of 3 carbon atoms, has
      a good herbicidal action.
PAR  The active ingredients may be mixed in any ratio, it is however preferred
      to employ a ratio (by weight) of a:b of from 5:1 to 1:5, preferably 3:1 to
      1:3.
PAR  The agents according to the invention may be used as solutions, emulsions,
      suspensions, oil dispersions, granules or dusts. The form of application
      depends entirely on the purpose for which the agents are being used; in
      any case it should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, mineral oil
      fractions of medium to high boiling point, such as kerosene or diesel oil,
      further coal-tar oils and oils of vegetable or mineral origin, and cyclic
      hydrocarbons such as tetrahydronaphthalene and alkylated naphthalenes are
      suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettable powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e.g., polyethylene
      oxide adducts. Concentrates which are suitable for dilution with water may
      be prepared from active ingredient, wetting agent, adherent, emulsifying
      or dispersing agent and possibly solvent. Oils of various types may be
      added to ready-to-use spray liquors.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e.g., kieselguhr, talc, clay or fertilizers.
PAR  Granules may be prepared by bonding the active ingredients to solid
      carriers.
PAR  Directly sprayable dispersions may also be prepared with oils.
PAR  The new compounds may be mixed with fertilizers, insecticides, fungicides
      and other herbicides.
PAR  The new herbicides may be applied either pre- or post-emergence, and are
      particularly suited for controlling dicotyledonous seed weeds and
      monocotyledonous seed grasses in crops such as beet, spinach, potatoes,
      peas, beans and groundnuts.
DETD
PAC  EXAMPLE 1
PAR  The plants beet (Beta vulgaris), common lambsquarters (Chenopodium album)
      chamomile (Matricaria chamomilla), wild mustard (Sinapis arvensis),
      slender foxtail (Alopecurus myosuroides), and annual bluegrass (Poa annua)
      were treated at a growth height of 3 to 13 cm with the following amounts
      of the following active ingredients and compositions thereof, each active
      ingredient and each composition being emulsified or dispersed in 500
      liters of water per hectare:
PA0  I. 2-ethoxy-2,3-dihydro--3,3-dimethyl-5-benzofuranylmethane sulfonate, 0.5,
      1, 1.5, 2 and 3 kg/hectare;
PA0  Ii. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 1 and 2 kg
      per hectare;
PA0  Iii. 1-phenyl-4-amino-5-chloropyridazone-(6), 2 and 3 kg per hectare;
PA0  Iv.
      1-phenyl-4-(.alpha.-hydroxy-.beta.,.beta.,.beta.-trichloroethyl)-amino-5-
      bromopyridazone-(6), 1.5 and 2 kg/hectare;
PA0  V.
      1-(.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl)-3-cyclohexyl-5,6-trim
     ethylene uracil, 0.5 and 2 kg/hectare;
PA0  Vi. 3-cyclohexyl-5,6-trimethylene uracil, 1 and 2 kg/hectare;
PA1  I + ii: 1 + 1 kg/hectare;
PA1  I + iii: 1 + 2 kg/hectare;
PA1  I + iv: 0.5 + 1.5 kg/hectare;
PA1  I + v: 1.5 + 0.5 kg/hectare;
PA1  I + vi: 1 + 1 kg/hectare.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action that their individual components, combined with good
      crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         
               I                   II      III     IV                          
     kg/ha     0.5 1   1.5 2   3   1   2   2   3   1.5 2                       
     __________________________________________________________________________
     Beta vulgaris                                                             
                0   0   5  20  30   0  20   0   0   0   0                      
     Chenopodium album                                                         
               10  20  35  50  70  80  100 65  90  60  85                      
     Matricaria chamo-                                                         
     milla     20  30  50  70  90  35  80  60  90  65  90                      
     Sinapis arvensis                                                          
               10  20  40  60  90  75  100 50  85  60  80                      
     Alopecurus                                                                
     myosuroides                                                               
               30  50  60  100 100 10  15  40  80  40  50                      
     Poa annua 25  45  55  90  100 10  20  35  75  45  60                      
     __________________________________________________________________________
     Active ingredient                                                         
               V       VI      I+II                                            
                                   I+III                                       
                                        I+IV                                   
                                            I+V I+VI                           
     kg/ha     0.5 2   1   2   1+1 1+2  0.5+                                   
                                            1.5+                               
                                                1+1                            
                                        1.5 0.5                                
     __________________________________________________________________________
     Beta vulgaris                                                             
                0   20  5  25   0   0    0   5   5                             
     Chenopodium album                                                         
               30  100 50  100 100 100  100  95  95                            
     Matricaria chamo-                                                         
     milla     35   95 40  90  100 100  95  100 100                            
     Sinapis arvensis                                                          
               40  100 65  100 100 100  100 100 100                            
     Alopecurus                                                                
     myosuroides                                                               
               25   95 45  90   90 100  95  100 100                            
     Poa annua 30  100 45  90   85  95  90  100 100                            
     __________________________________________________________________________
       0 = no damage                                                           
      100 = complete destruction                                               
PAC  EXAMPLE 2
PAR  In the greenhouse, various plants were treated at a growth height of 3 to
      11 cm with the following amounts of the following active ingredients and
      compositions thereof as dusts:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, 0.1,
      1.0 and 1.2 kg/ha;
PA0  Ii. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.1, 1.0
      and 1.2 kg/ha;
PA0  Iii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.1, 1.0 and 1.2 kg/ha;
PA0  I+ii+iii: 0.1+0.1+1.0, 0.1+1.0+0.1 and 1.0+0.1+0.1 kg/ha.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         
                    I           II          III                                
     kg/ha          0.1 1.0 1.2 0.1 1.0 1.2 0.1 1.0 1.2                        
     __________________________________________________________________________
     Crop plants:                                                              
     Beta vulgaris  0   0   0   0   0   0   0   0   0                          
     Unwanted plants:                                                          
     Avena fatua    8   50  56  2   20  23  1   10  11                         
     Bromus tectorum                                                           
                    12  55  57  2   15  18  0   20  21                         
     Matricaria chamomilla                                                     
                    3   30  33  5   35  39  5   40  44                         
     Setaria faberii                                                           
                    8   55  58  3   20  23  1   20  24                         
     Sinapis arvensis                                                          
                    1   20  26  8   75  81  13  35  39                         
     __________________________________________________________________________
       0 = no damage                                                           
      100 = complete destruction                                               
     Active ingredient                                                         
                    I + II + III                                               
                            I + II + III                                       
                                    I + II + III                               
     kg/ha          0.1+0.1+1.0                                                
                            0.1+1.0+0.1                                        
                                    1.0+0.1+0.1                                
     __________________________________________________________________________
      Crop plants:                                                             
     Beta vulgaris  0       0       0                                          
     Unwanted plants:                                                          
     Avena fatua    78      80      90                                         
     Bromus tectorum                                                           
                    87      90      95                                         
     Matricaria chamomilla                                                     
                    90      85      65                                         
     Setaria faberii                                                           
                    80      83      95                                         
     Sinapis arvensis                                                          
                    100     95      75                                         
     __________________________________________________________________________
       O = no damage                                                           
      100 = complete destruction                                               
PAC  EXAMPLE 3
PAR  In the greenhouse various plants were treated at a growth height of 4 to 12
      cm with the following amounts of the following active ingredients and
      compositions thereof as concentrated spray liquors;
PA0  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, 0.1,
      0.5, 0.9 and 1.0 kg/ha;
PA0  Ii. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.1, 0.5,
      0.9 and 1.0 kg/ha;
PA0  I + ii 0.1+0.9, 0.9+0.1 and 0.5+0.5 kg/ha.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredients                                                        
                   I               II              I+II                        
     kg/ha         0.1 0.5 0.9 1.0 0.1 0.5 0.9 1.0 0.1+0.9                     
                                                         0.9+0.1               
                                                               0.5+0.5         
     __________________________________________________________________________
     Crop plants:                                                              
     Beta vulgaris 0   0   0   0   0   0   0   0   0     0     0               
     Unwanted plants:                                                          
     Avena fatua   8   25  48  50  2   10  19  20  80    90    70              
     Bromus tectorum                                                           
                   12  30  50  55  2   8   14  15  85    95    80              
     Matricaria chamomilla                                                     
                   3   20  28  30  5   18  33  35  70    60    68              
     Setaria berii 8   35  52  55  3   10  19  20  88    96    86              
     Sinapis arvensis                                                          
                   1   10  18  20  8   35  72  75  100   80    80              
     __________________________________________________________________________
       O = no damage                                                           
      100 = complete destruction                                               
CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition containing a herbicidally effective amount of a
      mixture consisting essentially of
PA1  a. a compound of the formula
      ##SPC4##
PA1    and
PA1  b. a compound of the formula
      ##SPC5##
PA1    where X denotes hydrogen or lower alkyl of a maximum of 3 carbon atoms in
      a weight ratio of a to b in the range of 9:1 to 1:9.
NUM  2.
PAR  2. A herbicide composition as claimed in claim 1 wherein X is hydrogen.
NUM  3.
PAR  3. A herbicide composition as claimed in claim 1 wherein X is lower alkyl
      of a maximum of 3 carbon atoms.
NUM  4.
PAR  4. A process for controlling the growth of unwanted plants in a host soil
      which comprises applying to the plants after emergence of said plants from
      the host soil a herbicide composition containing a herbicidally effective
      amount of a mixture consisting essentially of
PA1  a. a compound of the formula
      ##SPC6##
PA1    and
PA1  b. a compound of the formula
      ##SPC7##
PA1   where X denotes hydrogen or lower alkyl of a maximum of 3 carbon atoms in
      a weight ratio of a to b in the range of 9:1 to 1:9.
NUM  5.
PAR  5. A process as claimed in claim 4 wherein X is hydrogen.
NUM  6.
PAR  6. A process as claimed in claim 4 wherein X is lower alkyl of a maximum of
      3 carbon atoms.
NUM  7.
PAR  7. A herbicide composition as claimed in claim 1 wherein X is methyl.
NUM  8.
PAR  8. A process as claimed in claim 4 wherein X is methyl.
PATN
WKU  039389855
SRC  5
APN  4629051
APT  1
ART  124
APD  19740422
TTL  Substituted triazines
ISD  19760217
NCL  20
ECL  1
EXA  Mills; Catherine L.
EXP  Gotts; Lewis
INVT
NAM  Kobzina; John W.
CTY  Walnut Creek
STA  CA
ASSG
NAM  Chevron Research Company
CTY  San Francisco
STA  CA
COD  02
RLAP
COD  72
APN  288245
APD  19720911
PSC  01
PNO  3819626
CLAS
OCL   71 93
EDF  2
ICL  A01N  922
FSC   71
FSS  93
UREF
PNO  2891855
ISD  19590600
NAM  Gysin et al.
OCL   71 93
UREF
PNO  3261835
ISD  19660700
NAM  Hamm et al.
OCL   71 93
UREF
PNO  3347657
ISD  19671000
NAM  Knusli et al.
OCL   71 93
UREF
PNO  3595639
ISD  19710700
NAM  Mason et al.
OCL   71 93
FREF
PNO  109,004
ISD  19680300
CNT  DK
OCL   71 93
LREP
FR2  Magdeburger; G. F.
FR2  Stoner, Jr.; John
FR2  Owyang; Raymond
ABST
PAL  Triazines of the formula
      ##EQU1##
      wherein R is chlorine, methoxy or methylthio, R.sup.1 is alkyl, alkenyl or
      alkoxyalkyl; R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are hydrogen or alkyl;
      R.sup.6 is alkyl, aryl or haloaryl; and Y is oxygen or sulfur, are useful
      as herbicides.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 288,245,
      filed Sept. 11, 1972, now U.S. Pat. No. 3,819,626, the disclosure of which
      is incorporated by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to carbamyloxyalkylamino- and
      carbamylthioalkylamino-1,3,5-triazines and their use as herbicides.
PAR  Triazines and certain derivatives thereof are known to have utility in a
      variety of areas, such as fungicides and herbicides. For example, U.S.
      Pat. No. 2,891,855, issued June 23, 1959, to Gysin et al., and British
      Pat. No. 814,947, published June 17, 1959, disclose certain
      diamino-substituted 1,3,5-triazines and their use as herbicides.
PAC  DESCRIPTION OF THE INVENTION
PAR  The novel carbamyloxy- and carbamylthio-substituted triazines of the
      invention are represented by the formula
      ##EQU2##
      wherein R is chlorine, methoxy or methylthio; R.sup.1 is alkyl of from 1
      to 6 carbon atoms, alkenyl of 3 to 6 carbon atoms, or alkoxyalkyl of 2 to
      6 carbon atoms; R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are hydrogen or
      alkyl of 1 to 6 carbon atoms; R.sup.6 is alkyl of 1 to 6 carbon atoms,
      monocarbocyclic aryl of 6 to 10 carbon atoms substituted with up to 3 (0
      to 3) fluorine, chlorine or bromine atoms; and Y is oxygen or sulfur.
PAR  With reference to formula (I) and as used herein, the term "carbamyloxy"
      refers to the functional group
      ##EQU3##
      wherein Y is oxygen, and the term "carbamylthio" refers to the functional
      group
      ##EQU4##
      wherein Y is sulfur.
PAR  Representative alkyl groups which R.sup.1, R.sup.2, R.sup.3, R.sup.4,
      R.sup.5 and R.sup.6 may represent include methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec-butyl, t-butyl, n-pentyl, isohexyl, n-hexyl, etc.
PAR  Representative alkenyl groups which R.sup.1 may represent include allyl,
      2-butenyl, 2-pentenyl, 2-methyl-2-pentenyl, 3-hexenyl, etc.
PAR  Representative alkoxyalkyl groups which R.sup.1 may represent include
      methoxymethyl, 2-methoxyethyl, 3-methoxypropyl, ethoxymethyl,
      2-ethoxyethyl, 3-ethoxypropyl, butoxymethyl, etc.
PAR  Representative monocarbocyclic aryl groups which R.sup.6 may represent
      include phenyl, alkylphenyl groups of 7 to 10 carbon atoms such as
      p-tolyl, o-tolyl, xylyl, 2,4-diethylphenyl, and o-isopropylphenyl;
      phenylalkyl groups of 7 to 10 carbon atoms such as benzyl, 2-phenylethyl
      and 3-o-tolylpropyl; halophenyl such as o-fluorophenyl,
      o,p-difluorophenyl, o-chlorophenyl, p-chlorophenyl, m,p-dichlorophenyl,
      o-bromophenyl, m-bromophenyl, m-bromo-p-chlorophenyl; and haloalkylphenyl
      and halophenylalkyl groups of 7 to 10 carbon atoms such as
      o-chloro-p-methylphenyl, o-fluoro-p-methylphenyl, o-methyl-p-chlorophenyl,
      m-chloro-m-methylphenyl; p-chlorobenzyl, o-fluorobenzyl and
      3-(p-bromophenyl)propyl.
PAR  Preferred R.sup.1 groups are alkyl and alkoxyalkyl groups, especially
      isopropyl and 3-methoxypropyl.
PAR  Preferred R.sup.2 , R.sup.3, R.sup.4, and R.sup.5 groups are hydrogen and
      methyl. The particularly preferred R.sup.2, R.sup.3, R.sup.4 and R.sup.5
      group is hydrogen.
PAR  Preferred R.sup.6 groups are alkyl and phenyl substituted with 1 to 2
      fluorine and chlorine atoms. Particularly preferred R.sup.6 groups are
      alkyl of 1 to 3 carbon atoms, especially methyl.
PAR  Illustrative s-triazines of formula I wherein Y is sulfur include:
PA0  2-chloro-4-methylamino-6-(2-[methylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-ethylamino-6-(2-[ethylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[methylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[ethylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[
      n-propylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[hexylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-n-butylamino-6-(2-[methylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[methylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[dimethylcarbamylthio]-ethylamino)-s-triazin
     e,
PA0  2-chloro-4-isopropylamino-6-(2-[diethylcarbamylthio]-ethylamino-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[phenylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6
      -(2-[o-fluorophenylcarbamylthio]ethylamino)-s-triazine,
PA0  2chloro-4-propylamino-6-(2-[p-chlorophenylcarbamylthio]ethylamino)-s-triazi
     ne,
PA0  2-chloro-4-dimethylamino-6-(2-[p-tolylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-diisopropylamino-6-(2-[o,p-difluorophenylcarbamylthio]ethylamino
     )-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(-[benzylcarbamylthio]-ethylamino)-s-triazine,
PA0  2-chloro-4-methylethylamino-6-(2-[methylcarbamylthio]-ethylamino)-s-triazin
     e,
PA0  2-chloro-4-allylamino-6-(2-[methylcarbamylthio]ethylamino-s-triazine,
PA0  2-chloro-4-(2-butenylamino)-6-(2-[methylcarbamylthio]-ethylamino)-s-triazin
     e,
PA0  2-chloro-4-allylamino-6-(2-[o-chlorophenylcarbamylthio]-ethylamino)-s-triaz
     ine,
PA0  2-chloro-4-(methoxymethyl)amino-6-(2-[hexylcarbamylthio]-ethylamino)-s-tria
     zine,
PA0  2chloro-4-(2-methoxyethylamino)-6-(2-[isopropylcarbamylthio]ethylamino)-s-t
     riazine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-(2-[methylcarbamylthio]ethylamino)-s-tr
     iazine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-(2-[ethylcarbamylthio]-ethylamino)-s-tr
     iazine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-(2-[phenylcarbamylthio]ethylamino)-s-tr
     iazine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-[2-o-tolylcarbamylthio]ethylamino)-s-tr
     iazine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-(2-[benzylcarbamylthio]ethylamino)-s-tr
     iazine,
PA0  2-methoxy-4-isopropylamino-6-(2-[methylcarbamylthio]-ethylamino)-s-triazine
PA0  2-methoxy-4-isopropylamino-6-(2-[ethylcarbamylthio]ethylamino)-s-triazine,
PA0  2-methoxy-4-dimethylamino-6-(2-[m-chlorophenylcarbamylthio]ethylamino)-s-tr
     iazine,
PA0  2-methoxy-4-(methoxymethyl)amino-6-(2-[phenylcarbamylthio]-ethylamino)-s-tr
     iazine,
PA0  2-methoxy-4-(2-methoxypropylamino)-6-(2-[methylcarbamylthio]ethylamino)-s-t
     riazine,
PA0  2-methoxy-4-allylamino-6-(2-[methylcarbamylthio]ethylamino)-s-triazine,
PA0  2-methoxy-4-(methoxymethyl)isopropylamino-6-(2-[methylcarbamylthio]ethylami
     no)-s-triazine,
PA0  2-methoxy-4-isobutylamino-6-(2-[methylcarbamylthio]ethylamino)-s-triazine,
PA0  2-methoxy-4-hexylamino-6-(2-[dimethylcarbamylthio]ethylamino)-s-triazine,
      -s-triazine,
PA0  2-methoxy-4-isopropylamino-6-(2-[benzylcarbamylthio]ethylamino)-s-triazine,
PA0  2-methylthio-4-isopropylamino-6-(2-[methylcarbamylthio]ethylamino-s-triazin
     e,
PA0  2-methylthio-4-allylamino-6-(2-[ethylcarbamylthio]ethylamino-s-triazine,
PA0  2-methylthio-4-(methoxymethyl)amino-6-(2-[phenylcarbamylthio]ethylamino)-s-
     triazine,
PA0  2-methylthio-4-dimethylamino-6-(2-[o-fluorophenylcarbamylthio]ethylamino-s-
     triazine,
PA0  2-methylthio-4-allylmethylamino-6-(2-[methylcarbamylthio]ethylamino-s-triaz
     ine,
PA0  2-methylthio-4-isopropylamino-6-(2-[dimethylcarbamylthio]ethylamino)-s-tria
     zine,
PA0  2-chloro-4-isopropylamino-6-(2-[methylcarbamylthio]propylamino)-s-triazine,
PA0  2-methoxy-4-isopropylamino-6-(2-[methylcarbamylthio]propylamino)-s-triazine
PA0  2-methylthio-4-isopropylamino-6-(2-[phenylcarbamylthio]propylamino)-s-triaz
     ine,
PA0  2-chloro-4-allylamino-6-(2-[o-bromophenylcarbamylthio]-propylamino)-s-triaz
     ine,
PA0  2-chloro-4-ethylamino-6-(2-[benzylcarbamylthio]propylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-{N-methyl-N-(2-[methylcarbamylthio]ethyl)amino}
      -s-triazine,
PA0  2-methoxy-4-allylamino-6-{N-methyl-N-(2-[o-chlorophenylcarbamylthio]ethyl)a
     mino}-s-triazine,
PA0  2-methylthio-4-(methoxymethyl)amino-6-{N-methyl-N-(2-[dimethylcarbamylthio]
     ethyl)amino}-s-triazine, and
PA0  2-methylthio-4-isopropylamino-6-{(N-methyl-N-(2-[p-chlorobenzylcarbamylthio
     ]ethyl)amino}-s-triazine.
PAR  Illustrative s-triazines of formula (I) wherein Y is oxygen include:
PA0  2-chloro-4-methylamino-6-(2-[methylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-ethylamino-6-(2-[ethylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[methylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[ethylcarbamyloxy]ethylamino-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[n-propylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-( 2-[hexylcarbamyloxy]ethylamino-s-triazine,
PA0  2-chloro-4-n-butylamino-6-(2-[methylcarbamyloxy]ethylamino-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[methylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[dimethylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[diethylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[phenylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[o-fluorophenylcarbamyloxy]ethylamino-s-tria
     zine,
PA0  2-chloro--4-propylamino-6-(2-[p-chlorophenylcarbamyloxy]ethylamino)-s-triaz
     ine,
PA0  2-chloro-4-dimethylamino-6-(2-[p-tolycarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-diisopropylamino-6-(2-[o.p-difluorophenylcarbamyloxy]ethylamino)
     -s-triazine,
PA0  2-chloro-4-isopropylamino-6-(2-[benzylcarbamyloxy]ethylamino-s-triazine,
PA0  2-chloro-4-methylethylamino-6-(2-[methylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-allylamino-6-(2-[methylcarbamyloxy]ethylamino-s-triazine,
PA0  2-chloro-4-(2-butenylamino)-6-(2-[methylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-chloro-4-allylamino-6-(2-[o-chlorophenylcarbamyloxy]ethylamino)-s-triazin
     e,
PA0  2-chloro-4-(methoxymethyl)amino-6-(2-[hexylcarbamyloxy]ethylamino)-s-triazi
     ne,
PA0  2-chloro-4-(2-methoxyethylamino)-6-(2-[isopropylcarbamyloxy]ethylamino)-s-t
     riazine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-(2-[methylcarbamyloxy]ethylamino)-s-tri
     azine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-(2-[ethylcarbamyloxy]ethylamino)-s-tria
     zine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-(2-[phenylcarbamyloxy]ethylamino)-s-tri
     azine,
PA0  2-chloro-4-(3-methoxypropylamino)-6-[2-o-tolylcarbamyloxy]ethylamino)-s-tri
     azine,
      2-chloro-4-(3-methoxypropylamino)-6-(2-[benzylcarbamyloxy]ethylamino)-s-tr
     iazine,
PA0  2-methoxy-4-isopropylamino-6-(2-[methylcarbamyloxy]ethylamino-s-triazine,
PA0  2-methoxy-4-isopropylamino-6-(2-[ethylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-methoxy-4-dimethylamino-6-(2-[m-chlorophenylcarbamyloxy]ethylamino-s-tria
     zine,
PA0  2-methoxy-4-(methoxymethyl)amino-6-(2-[phenylcarbamyloxy]ethylamino)-s-tria
     zine,
PA0  2-methoxy-4-(2-methoxypropylamino)-6-(2-[methylcarbamyloxy]ethylamino)-s-tr
     iazine,
PA0  2-methoxy-4-allylamino-6-(2-[methylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-methoxy-4-(methoxymethyl)isopropylamino-6-(2-[methylcarbamyloxy]ethylamin
     o)-s-triazine,
PA0  2-methoxy-4-isobutylamino-6-(2-[methylcarbamyloxy]ethylamino-s-triazine,
PA0  2-methoxy-4-hexylamino-6-(2-[dimethylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-methoxy-4-isopropylamino-6-(2-[benzylcarbamyloxy]ethylamino)-s-triazine,
PA0  2-methylthio-4-isopropylamino-6-(2-[methylcarbamyloxy]ethylamino)-s-triazin
     e,
PA0  2-methylthio-4-allylamino-6-(2-[ethylcarbamyloxy]ethylamino-s-triazine,
PA0  2-methylthio-4-(methoxymethyl)amino-6-(2-[phenylcarbamyloxy]ethylamino)-s-t
     riazine,
PA0  2-methylthio-4-dimethylamino-6-(2-[o-fluorophenylcarbamyloxy]ethylamino-s-t
     riazine,
PA0  2-methylthio-4-allylmethylamino-6-(2-[methylcarbamyloxy]ethylamino)-s-triaz
     ine,
PA0  2-methylthio-4-isopropylamino-6-(2-[dimethylcarbamyloxy]ethylamino)-s-triaz
     ine,
PA0  2-chloro-4-isopropylamino-6-(2-[methylcarbamyloxy]propylamino-s-triazine,
PA0  2-methoxy-4-isopropylamino-6-(2-[methylcarbamyloxy]propylamino)-s-triazine,
PA0  2-methylthio-4-isopropylamino-6-(2-[phenylcarbamyloxy]propylamino)-s-triazi
     ne,
PA0  2-chloro-4-allylamino-6-(2-[o-bromophenylcarbamyloxy]propylamino-s-triazine
PA0  2-chloro-4-ethylamino-6-(2-[benzylcarbamyloxy]propylamino-s-triazine,
PA0  2-chloro-4-isopropylamino-6-{N-methyl-N-(2-[methylcarbamyloxy]ethyl)amino}-
     s-triazine,
PA0  2-methoxy-4-allylamino-6-{N-methyl-N-(2-[o-chlorophenylcarbamyloxy]ethyl)am
     ino}-s-triazine,
PA0  2-methylthio-4-(methoxymethyl)amino-6-{N-methyl-N-(2-[dimethylcarbamyloxy]e
     thyl)amino}-s-triazine, and
PA0  2-methylthio-4-isopropylamino-6-{N-methyl-N-(2-[p-chlorobenzylcarbamyloxy]e
     thyl)amino}-s-triazine.
PAR  The preferred triazines of the invention are those wherein Y is sulfur, R
      is chloro, R.sup.1 is isopropyl or 3-methoxypropyl, R.sup.6 is methyl and
      R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are hydrogen.
PAR  The compounds of the invention may be prepared by the reaction of a
      chloro-s-triazine (III) and a carbamyloxy- or carbamylthio-substituted
      amine (II), according to the following equation (1)
      ##EQU5##
      wherein R, R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and Y have
      the same significance as previously defined. This reaction is conducted by
      contacting substantially equimolar amounts of the chloro-s-triazine (III)
      and the amine (II) in an inert solvent, e.g., chlorobenzene, at
      25.degree.C. to 100.degree.C. A strong base, e.g., sodium hydroxide, is
      employed to neutralize the hydrochloric acid formed in the reaction and to
      maintain the reaction medium neutral or slightly basic, e.g., pH 7-9.
PAR  In a modification of the reaction, the hydrochloride salt of the amine (II)
      is provided to the reaction mixture and the free amine (II) is generated
      by the addition of an equimolar amount of a strong inorganic base, e.g.,
      sodium hydroxide. The product is isolated by conventional procedures,
      e.g., filtration, extraction, chromatography, etc.
PAR  The hydrochloride salt of the amine (II) is prepared by conventional
      procedures from a hydroxy- or mercapto-amine hydrochloride (IV) and a
      carbamyl chloride (V), according to the following equation (2)
      ##EQU6##
      The hydrochloride salt is then converted to the amine (II).
PAR  Alternatively, the compounds of the invention may be prepared by the
      reaction of a carbamyl chloride (V) and a hydroxy- or
      mercapto-alkylamino-s-triazine (VI), according to the following equation
      (3)
      ##EQU7##
      wherein R, R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and Y have
      the same significance as previously defined. This reaction is conducted by
      contacting substantially equimolar amounts of the triazine (VI) and the
      carbamyl chloride (V) in the presence of a base, e.g., inorganic bases
      such as sodium methoxide or organic bases such as triethylamine or
      pyridine, in an inert solvent at a temperature of 25.degree.C. to
      100.degree.C. The product is then isolated by conventional procedures,
      e.g., extraction, filtration, chromatography, etc.
PAR  The compounds of the invention wherein R.sup.5 is hydrogen may also be
      prepared by the reaction of an isocyanate (VII) and a hydroxy- or
      mercapto-alkylamino-s-triazine (VI), according to the following equation
      (4)
      ##EQU8##
      wherein R, R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.6 and Y have the same
      significance as previously described. This reaction is conducted by
      conventional procedures. Generally, equimolar amounts of the triazine (VI)
      and the isocyanate (VII) are used. A small amount of an organic base,
      e.g., triethylamine, may be employed as a catalyst. The reaction is
      generally conducted in the presence of an inert solvent, e.g.,
      dimethoxyethane, methylene dichloride or benzene. The reaction temperature
      suitably ranges from 0.degree.C. to 100.degree.C. and the reaction time
      from one-half to 72 hours. The crude product may be purified by
      recrystallization or chromatography.
PAR  The preparation of the triazines of the invention is exemplified by the
      following examples.
DETD
PAC  EXAMPLES
PAC  Example 1 --
      2-Chloro-4-Isopropylamino-6-(2-[Methylcarbamylthio]ethylamino)-s-Triazine
PAR  A solution of 5 g of
      2-chloro-4-isopropylamino-6-(2-mercaptoethylamino)-2-triazine, 1.38 g
      methyl isocyanate and 10 drops triethylamine in 20 ml benzene was heated
      at 100.degree.C. for 2 hours and then allowed to cool overnight. The
      product was filtered and dried. The melting point and elemental analysis
      are tabulated in Table I.
PAC  Example 2 --
      2-Chloro-4-(3-Methoxypropylamino)-6-(2-[Methylcarbamyloxy]ethylamino)-s-Tr
     iazine
PAR  A solution of 5 g
      2-chloro-4-(3-methyoxypropylamino)-6-(2-hydroxyethylamino)-s-triazine, 1.2
      g methyl isocyanate and 10 drops triethylamine in 20 ml dimethylformamide
      was heated at 100.degree.C. for 2 hours. The dimethylformamide was removed
      by distillation and the resulting residue was slurried with ether and
      filtered to give the product as a white powder. The melting point and
      elemental analysis on the product are tabulated in Table I.
PAC  EXAMPLE 3 --
      2-Methoxy-4-Isopropylamino-6-(2-[o-Fluorophenylcarbamyloxy]ethylamino)-s-T
     riazine
PAR  A solution of 5 g of
      2-methoxy-4-isopropylamino-6-(2-hydroxyethylamino)-s-triazine, 3.0 g
      o-fluorophenyl isocyanate and 10 drops triethylamine was stirred at
      25.degree.C. for about 2 days. The reaction mixture was filtered to give
      the product. The melting point and elemental analysis on the product are
      tabulated in Table I.
PAC  Example 4 --
      2-Chloro-4-Ethylamino-6-(2-[methylcarbamylthio]ethylamino)-s-Triazine
PAR  A solution of 2.25 g ethylamine in 5 ml water was mixed with a solution of
      9.22 g cyanuric chloride in 80 ml chlorobenzene at about 0.degree.C. A
      solution of 2 g sodium hydroxide in 5 ml water was added and the reaction
      mixture stirred at 0.degree.C. for 1.5 hours.
PAR  To the unisolated 2,6-dichloro-4-ethylamino-s-triazine, prepared above, was
      added a solution of 8.53 g 2-(methylcarbamylthio)ethylamine hydrochloride
      in 15 ml water followed by a solution of 2 g sodium hydroxide in 5 ml of
      water. The reaction mixture was then warmed to 50.degree.C. and an
      additional 2 g sodium hydroxide in 5 ml water was added dropwise at a rate
      sufficient to maintain the reaction slightly basic. After the addition was
      completed, the reaction mixture was stirred at 50.degree.C. for 0.5 hour.
      The crude product was isolated by filtration, slurried with warm water and
      filtered, and dried. The melting point and elemental analysis of the
      product are tabulated in Table I.
PAC  Example 5 --  2-Chloro-4-Isopropylamino-6-(2-Mercaptoethylamino)-s-Triazine
PAR  A solution of 5.91 g isopropylamine in 6 ml water was added dropwise to
      18.44 g cyanuric chloride in 80 ml chlorobenzene at 0.degree. to
      -5.degree.C. A solution of 4 g sodium hydroxide in 10 ml water was added
      and the reaction mixture stirred at 0.degree.C. for 1 hour.
PAR  To the unisolated 2,6-dichloro-4-isopropylamino-s-triazine, prepared above,
      was added a solution of 11.36 g 2-mercaptoethylamine hydrochloride in 30
      ml water followed by a solution of 4 g sodium hydroxide in 10 ml water.
      The reaction mixture was then warmed to 50.degree.C. and an additional 4 g
      sodium hydroxide in 10 ml water was added. The reaction mixture (slightly
      basic) was stirred at 50.degree.C. for 0.5 hour and at about 25.degree.C.
      overnight. The chlorobenzene layer was separated. The aqueous layer was
      extracted with benzene. The combined organic solutions were dried over
      magnesium sulfate and evaporated under reduced pressure to give the crude
      product. Recrystallization from ether gave the product as a white solid,
      m.p. 141.degree.-146.degree.C. Elemental analysis showed: %S, calc. 12.9,
      found 12.7; %Cl, calc. 14.3, found 14.7.
PAR  The product is an example of a mercapto-alkylamine-s-triazine represented
      by formula (VI) wherein Y is sulfur. In addition to being intermediates
      for the preparation of the compounds of the invention, these novel
      mercapto-alkylamino-s-triazines are useful as herbicides. The herbicidal
      activity of the product of this example is provided in Table II identified
      by an *.
PAC  Example 6 --
      2-Chloro-4-Isopropylamino-6-(2-[Dimethylcarbamylthio]ethylamino)-s-Triazin
     e
PAR  A 0.46 -g sample of sodium was added to 50 ml methanol in small pieces. To
      the resulting sodium methoxide solution was added 5 g of
      2-chloro-4-isopropylamino-6-(2-mercaptoethylamino)-s-triazine, followed by
      2.16 g dimethylcarbamyl chloride at 0.degree.C. The reaction mixture was
      heated at 80.degree.C. for 4 hours, cooled, filtered and evaporated under
      reduced pressure to give a yellow oil. The yellow oil was dissolved in 1:1
      ether/acetone and filtered. The filtrate was evaporated to give the
      product as an oil. The elemental analysis on the product is tabulated in
      Table I.
PAR  Other compounds of the invention were prepared by the procedures of
      Examples 1-6 and are tabulated in Table I.
PAC  UTILITY
PAR  The triazines of the present invention are, in general, herbicidal in both
      pre- and post-emergent applications. For pre-emergent control of
      undesirable vegetation, these triazines will be applied in herbicidal
      quantities to the growth environment, e.g., soil infested with seeds
      and/or seedlings of such vegetation. Such application will inhibit the
      growth of or kill the seeds, germinating seeds and seedlings. For
      post-emergent applications the triazines of the present invention will be
      applied directly to the foliage and other plant parts. Generally they are
      effective against weed grasses as well as broadleaved weeds. Some may be
      selective with respect to type of application and/or type of weed.
PAR  Pre- and post-emergent herbicidal tests on representative triazines of this
      invention were made using the following methods:
PAC  Pre-Emergent Test
PAR  An acetone solution of the test triazines was prepared by mixing 750 mg
      triazine, 220 mg of a nonionic surfactant and 25 ml of acetone. This
      solution was added to approximately 125 ml of water containing 156 mg of
      surfactant.
PAR  Seeds of the test vegetation were planted in a pot of soil and the triazine
      solution was sprayed uniformly onto the soil surface at a dose of 100
      mcg/cm.sup.2. The pot was watered and placed in a greenhouse at a
      temperature of about 80.degree.-85.degree.F. The pot was watered
      intermittently and was observed for seedling emergence, health of emerging
      seedlings, etc., for a 3-week period. At the end of this period, the
      herbicidal effectiveness of the triazine was rated based on the
      physiological observations. A 0-to-100 scale was used, 0 representing no
      phytotoxicity and 100 representing complete kill.
PAC  Post-Emergent Test
PAR  The test triazine was formulated in the same manner as described for the
      pre-emergent test. The concentration of the triazine in this formulation
      was 5,000 ppm. This formulation was uniformly sprayed on the pot
      containing 24-day-old plants (approximately 15 to 25 plants per pot) at a
      dose of 100 mcg/cm.sup.2. The pots were then placed in a greenhouse at a
      temperature of 80.degree.-85.degree.F. and then watered intermittently at
      their base as needed. The plants were observed periodically for phytotoxic
      effects and physiological and morphological responses to the treatment.
      After 3 weeks, the herbicidal effectiveness of the triazine was rated
      based on these observations. A 0-to-100 scale was used, 0 representing no
      phytotoxicity, 100 representing complete kill.
PAR  The amount of the triazine administered will vary with the particular plant
      part or plant growth medium which is to be contacted, the general location
      of application, i.e., sheltered areas such as greenhouses as compared to
      exposed areas such as fields, as well as the desired type of control. For
      pre-emergent control of most plants, dosages in the range of about 0.5 to
      20 lbs/acre will be used. Such administration will give a concentration of
      about 2 to 80 ppm triazine distributed throughout 0.1 acre-foot. For
      post-emergent application, such as foliar spray application, compositions
      containing about 0.5 to 8 lbs. triazine per 100 gal. spray will be used.
      Such application is equivalent to about 0.5 to 20 lbs triazine per acre.
PAR  The herbicidal compositions of this invention comprise an herbicidal amount
      of one or more of the above-described triazines intimatedly admixed with a
      biologically inert carrier. The carrier may be a liquid diluent such as
      water or acetone, or a solid. The solid may be in the form of dust powder
      or granules. These compositions will also usually contain adjuvants such
      as a wetting or dispersing agent to facilitate their penetration into the
      plant growth medium or plant tissue and generally enhance their
      effectiveness. These compositions may also contain other pesticides,
      stabilizers, conditioners, fillers and the like.
PAR  The triazines of the invention are also useful for the control of bacteria
      and fungi. For example,
      2-chloro-4-diethylamino-6-(2-propylcarbamoylthioethylamino)-s-triazine and
      2-chloro-4-allylamino-6-(2-propylcarbamoylthioethylamino)-s-triazine have
      been found to be effective for the control of Botrytis cinerea.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PHYSICAL PROPERTIES AND ELEMENTAL ANALYSIS FOR COMPOUNDS OF THE FORMULA   
                                       O                                       
                                       .parallel.                              
                                       N--CH.sub.2 --CH--Y--C--N--R.sup.6      
                                       .vertline..vertline..vertline.          
                                       R.sup.3 R.sup.4 R.sup.5                 
                                                       Elemental Analysis      
                                               Melting Point,                  
                                                       Nitrogen                
                                                             Chlorine          
     No.                                                                       
        R     R.sup.1                                                          
                    R.sup.2                                                    
                         R.sup.3                                               
                            R.sup.4                                            
                                 R.sup.5                                       
                                       R.sup.6                                 
                                             Y .degree.C.                      
                                                       Calc.                   
                                                          Found                
                                                             Calc.             
                                                                Found          
     __________________________________________________________________________
      1 CH.sub.3 O                                                             
            C.sub.2 H.sub.5                                                    
                    H    H  H  H     CH.sub.3                                  
                                             O --      31.1                    
                                                          29.1                 
      2 Cl  CH.sub.3                                                           
                    CH.sub.3                                                   
                         H  H  H     CH.sub.3                                  
                                             O 162-164 30.6                    
                                                          30.0                 
                                                             12.9              
                                                                12.7           
      3 Cl  CH.sub.3                                                           
                    CH.sub.3                                                   
                         H  H  H     .phi.*  O 178-181 25.0                    
                                                          23.6                 
                                                             10.5              
                                                                10.5           
      4 Cl  CH.sub.3                                                           
                    CH.sub.3                                                   
                         H  H  H     p-Cl-.phi.                                
                                             O 201-204 22.6                    
                                                          21.0                 
                                                             19.1              
                                                                19.5           
      5 Cl  CH.sub.3                                                           
                    CH.sub.3                                                   
                         H  H  H     o-F-.phi.                                 
                                             O 167-170 23.7                    
                                                          23.8                 
                                                             10.0              
                                                                 9.9           
      6 CH.sub.3 O                                                             
            C.sub.2 H.sub.5                                                    
                    H    H  H  H     .phi.   O 122-124 25.3                    
                                                          25.7                 
      7 CH.sub.3 O                                                             
            C.sub.2 H.sub.5                                                    
                    H    H  H  H     p-Cl-.phi.                                
                                             O 137-139 22.9                    
                                                          23.1                 
      8 CH.sub.3 O                                                             
            C.sub.2 H.sub.5                                                    
                    H    H  H  H     o-F-.phi.                                 
                                             O 118-120 24.0                    
                                                          23.9                 
      9 Cl  C.sub.2 H.sub.5                                                    
                    H    H  H  H     .phi.   O 190-194 25 24.7                 
     10 Cl  C.sub.2 H.sub.5                                                    
                    H    H  H  H     p-Cl-.phi.                                
                                             O 200-204       19.1              
                                                                19.3           
     11 Cl  C.sub.2 H.sub.5                                                    
                    H    H  H  H     CH.sub.3                                  
                                             O 181-184 30.6                    
                                                          29.8                 
     12 Cl  C.sub.2 H.sub.5                                                    
                    H    H  H  H     o-F-.phi.                                 
                                             O 185-188 23.7                    
                                                          23.8                 
     13 CH.sub.3 O                                                             
            (CH.sub.3).sub.2 CH                                                
                    H    H  H  H     .phi.   O 70-73   24.3                    
                                                          22.4                 
     14 CH.sub.3 O                                                             
            C.sub.2 H.sub.5                                                    
                    H    H  H  H     CH.sub.3                                  
                                             O oil     27.4                    
                                                          26.8                 
     15 CH.sub.3 O                                                             
            (CH.sub.3).sub.2 CH                                                
                    H    H  H  H     CH.sub.3                                  
                                             O oil     29.6                    
                                                          28.7                 
     16 CH.sub.3 O                                                             
            (CH.sub.3).sub.2 CH                                                
                    H    H  H  H     p-Cl-.phi.                                
                                             O 107-108        9.3              
                                                                 9.6           
     17 CH.sub.3 O                                                             
            (CH.sub.3).sub.2 CH                                                
                    H    H  H  H     o-F-.phi.                                 
                                             O 68-70   23.1                    
                                                          20.8                 
     18 Cl  (CH.sub.3).sub.2 CH                                                
                    H    H  H  H     CH.sub.3                                  
                                             S 141-144       11.6              
                                                                11.7           
     19 Cl  (CH.sub.3).sub.2 CH                                                
                    H    H  H  H     p-Cl-.phi.                                
                                             S 130-132       17.7              
                                                                18.8           
     20 Cl  (CH.sub.3).sub.2 CH                                                
                    H    H  CH.sub.3                                           
                               H     p-Cl-.phi.                                
                                             O 191-193       17.8              
                                                                17.8           
     21 Cl  (CH.sub.3).sub.2 CH                                                
                    H    H  CH.sub.3                                           
                               H     CH.sub.3                                  
                                             O 114-116       11.7              
                                                                11.5           
     22 CH.sub.3 O                                                             
            (CH.sub.3).sub.2 CH                                                
                    H    H  CH.sub.3                                           
                               H     p-Cl-.phi.                                
                                             O 50-55          9.0              
                                                                 9.1           
     23 CH.sub.3 O                                                             
            (CH.sub.3).sub.2 CH                                                
                    H    H  CH.sub.3                                           
                               H     CH.sub.3                                  
                                             O 57-63   28.2                    
                                                          24.6                 
     24 Cl  (CH.sub.3).sub.2 CH                                                
                    H    CH.sub.3                                              
                            H  H     p-Cl-.phi.                                
                                             O 45-50         17.8              
                                                                17.7           
     25 Cl  (CH.sub.3).sub. 2 CH                                               
                    H    CH.sub.3                                              
                            H  H     CH.sub.3                                  
                                             O 105-110       11.7              
                                                                11.9           
     26 CH.sub.3 O                                                             
            (CH.sub.3).sub.2 CH                                                
                    H    CH.sub.3                                              
                            H  H     CH.sub.3                                  
                                             O oil     28.2                    
                                                          25.6                 
     27 Cl  (CH.sub.3).sub.2 CH                                                
                    H    CH.sub.3                                              
                            H  H     p-Cl-.phi.                                
                                             O --             9.0              
                                                                 8.4           
     28 Cl  CH.sub.3 O(CH.sub.2).sub.3                                         
                    H    H  H  H     CH.sub.3                                  
                                             O 155-158       11.1              
                                                                10.5           
     29 Cl  CH.sub.3 O(CH.sub.2).sub.2                                         
                    H    H  H  H     CH.sub.3                                  
                                             O 154-158       11.6              
                                                                12.3           
     30 Cl  CH.sub.2 =CHCH.sub.2                                               
                    H    H  H  H     CH.sub.3                                  
                                             O 163-170       12.4              
                                                                11.3           
     31 Cl  C.sub.2 H.sub.5                                                    
                    H    H  H  H     CH.sub.3 CH.sub.2 CH.sub.2                
                                             S 182-187       12.2              
                                                                12.6           
     32 Cl  CH.sub.3 CH.sub.2                                                  
                    CH.sub.3 CH.sub.2                                          
                         H  H  H     CH.sub.3 CH.sub.2 CH.sub.2                
                                             S 139-141       11.1              
                                                                10.9           
     33 Cl  CH.sub.2 =CHCH.sub.2                                               
                    H    H  H  H     CH.sub.3 CH.sub.2 CH.sub.2                
                                             S 189-203       11.7              
                                                                11.2           
     34 Cl  CH.sub.3 O(CH.sub.2).sub.3                                         
                    H    H  H  H     CH.sub.3 CH.sub.2 CH.sub.2                
                                             S 154-156       10.6              
                                                                10.7           
     35 Cl  CH.sub.3 (CH.sub.2).sub.3                                          
                    H    H  H  H     CH.sub.3                                  
                                             S 181-184       11.1              
                                                                11.4           
     36 Cl  CH.sub.3 OCH.sub.2                                                 
                    CH.sub.3                                                   
                         H  H  H     CH.sub.3                                  
                                             S oil           10.6              
                                                                11.2           
     37 Cl  (CH.sub.3).sub.2 CH                                                
                    CH.sub.3                                                   
                         H  H  H     CH.sub.3 CH.sub.2 CH.sub.2                
                                             S 113-115       10.7              
                                                                10.7           
     38 Cl  (CH.sub.3).sub.2 CH                                                
                    H    H  H  H     .phi.   S 126-130        9.7              
                                                                 9.5           
     39 Cl  CH.sub.3 O(CH.sub.2).sub.3                                         
                    H    H  H  H     .phi.   S 161-166        8.9              
                                                                 8.9           
     40 Cl  C.sub.2 H.sub.5                                                    
                    H    H  H  H     CH.sub.3                                  
                                             S 163-168       12.2              
                                                                12.4           
     41 Cl  C.sub.2 H.sub.5                                                    
                    C.sub.2 H.sub.5                                            
                         H  H  H     CH.sub.3                                  
                                             S 165-170       11.1              
                                                                11.0           
     42 Cl  CH.sub.2 =CHCH.sub.2                                               
                    H    H  H  H     CH.sub.3                                  
                                             S 192-195       11.7              
                                                                12.9           
     43 Cl  CH.sub.3 O(CH.sub.2).sub.3                                         
                    H    H  H  H     CH.sub.3                                  
                                             S 138-145       10.6              
                                                                11.5           
     44 Cl  CH.sub.3 (CH.sub.2).sub.3                                          
                    H    H  H  H     CH.sub.3                                  
                                             S 171-174       11.1              
                                                                12.6           
     45 Cl  (CH.sub.3).sub.2 CH                                                
                    H    H  H  CH.sub.3                                        
                                     CH.sub.3                                  
                                             S --            11.1              
                                                                11.1           
     46 Cl  (CH.sub.3).sub.2 CH                                                
                    C.sub.2 H.sub.5                                            
                         H  H  (CH.sub.3).sub.2 CH                             
                                     (CH.sub.3).sub.2 CH                       
                                             S oil            9.5              
                                                                 9.0           
     __________________________________________________________________________
      *represents phenyl                                                       
TBL                                    TABLE II                                
     __________________________________________________________________________
     HERBICIDAL ACTIVITY FOR COMPOUNDS OF TABLE I                              
     __________________________________________________________________________
     Herbicidal Effectiveness                                                  
     Pre/Post                                                                  
     No.                                                                       
        O     W     C     M     P     L                                        
     __________________________________________________________________________
      1 100/100                                                                
               95/100                                                          
                    100/95                                                     
                          100/100                                              
                                100/100                                        
                                      100/100                                  
      2 30/10 30/10 45/10 90/80 95/55 95/55                                    
      3 20/   10/   20/   30/   85/15 75/20                                    
      4 20/                /20  25/45  /75                                     
      5  /10   /10   /10   /10   /10                                           
      6 90/65 90/75 100/70                                                     
                           95/100                                              
                                100/100                                        
                                      100/100                                  
      7 80/85  /80  25/80  65/100                                              
                                 75/100                                        
                                      100/100                                  
      8 55/80 75/95 90/95 100/100                                              
                                100/100                                        
                                      100/100                                  
      9                   10/10 15/10 75/10                                    
     10 20/30 10/15 20/30 45/55 60/60 100/85                                   
     11 73/   80/10 98/10 99/64 100/88                                         
                                      100/97                                   
     12  /25              15/          /25                                     
     13  10/100                                                                
              25/65 40/73  98/100                                              
                                 95/100                                        
                                      100/100                                  
     14 35/25 30/25 20/30  95/100                                              
                                75/85  85/100                                  
     15 100/94                                                                 
              95/75 100/65                                                     
                          100/100                                              
                                100/100                                        
                                      100/100                                  
     16 70/40 15/35 50/35 95/95  95/100                                        
                                       95/100                                  
     17 30/75 55/50 90/65  95/100                                              
                                95/95 100/100                                  
      * 100/100                                                                
              70/75 75/   100/100                                              
                                100/100                                        
                                      100/100                                  
     18 95/95 90/75 90/60 100/100                                              
                                100/100                                        
                                      100/100                                  
     19                          /25                                           
     20  /10   /10   /10   /50   /50  30/40                                    
     21 10/20 35/         80/80 55/40 55/50                                    
     22 25/65 20/25 45/    95/100                                              
                                65/75 85/85                                    
     23 90/45 80/10 100/  95/50 100/55                                         
                                      100/75                                   
     24 20/30  /25   /15   90/100                                              
                                100/90                                         
                                      100/95                                   
     25 55/10 75/   55/   100/65                                               
                                100/60                                         
                                      100/70                                   
     26             15/   15/25 30/60                                          
     27  /90   /50   /25  15/95 90/90  90/100                                  
     28 100/10                                                                 
              30/   100/  100/100                                              
                                100/80                                         
                                      100/70                                   
     29 70/   10/   40/   95/   50/25 95/30                                    
     30                   35/20                                                
     31                               60/                                      
     34 35/   25/   70/   85/15  /15  95/15                                    
     35  /15                                                                   
     36 40/20             65/40 15/40 90/45                                    
     37 20/   10/         80/50 55/   90/10                                    
     38 50/20 20/         74/80 55/55 90/75                                    
     39                   50/   25/   50/                                      
     40 95/35 85/   85/   100/85                                               
                                100/70                                         
                                      100/70                                   
     43                    /65                                                 
     44                   80/93  /25   /65                                     
     45 20/65 20/10  /10   95/100                                              
                                 65/100                                        
                                       95/100                                  
     __________________________________________________________________________
      *2-Chloro-4-isopropylamino-6-(2-mercaptoethylamino)-s-triazine           
      O = Wild Oats (Avena fatua)                                              
      W = Watergrass (Echinochloa crusgalli)                                   
      C = Crabgrass (Digitaria sanguinalis)                                    
      M = Mustard (Brassica arvensis)                                          
      P = Pigweed (Amaranthus retroflexus)                                     
      L = Lambsquarter (Chenopodium album)                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the growth of undesirable vegetation which
      comprises applying to said vegetation an herbicidally effective amount of
      a compound of the formula
      ##EQU9##
      wherein R is chlorine, methoxy or methylthio; R.sup.1 is alkyl of from 1
      to 6 carbon atoms, alkenyl of 3 to 6 carbon atoms, or alkoxyalkyl of 2 to
      6 carbon atoms; R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are hydrogen or
      alkyl of 1 to 6 carbon atoms; R.sup.6 is alkyl of 1 to 6 carbon atoms,
      monocarbocyclic aryl of 6 to 10 carbon atoms substituted with up to 3 (0
      to 3) fluorine, chlorine or bromine atoms; and Y is oxygen or sulfur.
NUM  2.
PAR  2. The method of claim 1 wherein R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are
      hydrogen.
NUM  3.
PAR  3. The method of claim 2 wherein R.sup.1 is alkyl.
NUM  4.
PAR  4. The method of claim 2 wherein R.sup.1 is alkoxyalkyl.
NUM  5.
PAR  5. The method of claim 2 wherein R.sup.6 is alkyl.
NUM  6.
PAR  6. The method of claim 2 wherein R is chlorine, Y is sulfur, R.sup.1 is
      alkyl or alkoxyalkyl and R.sup.6 is alkyl.
NUM  7.
PAR  7. The method of claim 6 wherein R.sup.1 is isopropyl and R.sup.6 is
      methyl.
NUM  8.
PAR  8. The method of claim 6 wherein R.sup.1 is 3-methoxypropyl and R.sup.6 is
      methyl.
NUM  9.
PAR  9. The method of claim 2 wherein R.sup.6 is phenyl substituted with 1 to 2
      fluorine or chlorine atoms.
NUM  10.
PAR  10. A composition comprising an herbicidally effective amount of the
      compound of claim 1 admixed with a biologically inert carrier.
NUM  11.
PAR  11. A composition comprising an herbicidally effective amount of the
      compound of claim 2 admixed with a biologically inert carrier.
NUM  12.
PAR  12. A composition comprising an herbicidally effective amount of the
      compound of claim 3 admixed with a biologically inert carrier.
NUM  13.
PAR  13. A composition comprising an herbicidally effective amount of the
      compound of claim 4 admixed with a biologically inert carrier.
NUM  14.
PAR  14. A composition comprising an herbicidally effective amount of the
      compound of claim 5 admixed with a biologically inert carrier.
NUM  15.
PAR  15. A composition comprising an herbicidally effective amount of the
      compound of claim 6 admixed with a biologically inert carrier.
NUM  16.
PAR  16. A composition comprising an herbicidally effective amount of the
      compound of claim 7 admixed with a biologically inert carrier.
NUM  17.
PAR  17. A composition comprising an herbicidally effective amount of the
      compound of claim 8 admixed with a biologically inert carrier.
NUM  18.
PAR  18. A composition comprising an herbicidally effective amount of the
      compound of claim 9 admixed with a biologically inert carrier.
NUM  19.
PAR  19. The method of claim 1 wherein the compound is applied pre-emergently.
NUM  20.
PAR  20. The method of claim 1 wherein the compound is applied post-emergently.
PATN
WKU  039389863
SRC  5
APN  0590045
APT  1
ART  124
APD  19700728
TTL  Herbicide
ISD  19760217
NCL  7
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Pray; Blaine O.
CTY  Ponce
STA  PR
ASSG
NAM  PPG Industries, Inc.
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  72
APN  807934
APD  19690317
PSC  03
RLAP
COD  82
APN  580891
APD  19660921
PSC  03
RLAP
COD  75
APN  599699
APD  19661207
PSC  03
RLAP
COD  75
APN  631593
APD  19670418
PSC  03
CLAS
OCL  111111
XCL   71 94
XCL   71 98
XCL   71100
XCL   71105
XCL   71106
EDF  2
ICL  A01N  920
FSC   71
FSS  111;106
UREF
PNO  2776196
ISD  19570100
NAM  Gysin et al.
XCL   71111
UREF
PNO  2776197
ISD  19570100
NAM  Gysin et al.
XCL   71111
UREF
PNO  2812247
ISD  19571100
NAM  Gysin et al.
XCL   71111
OREF
PAL  canode et al., Weeds, Vol. 10, No. 3, pp. 216-219 (1962).
PAL  Agronomy Abstracts, 1965, p. 85.
LREP
FR2  Levin; Mark
FR2  Morris; George D.
ABST
PAL  Herbicidally active alkyl N-phenylcarbamates are employed in combination
      with phenyl esters of N-alkylcarbamic acid or N,N-dialkylcarbamic acid.
      For example, a herbicidally active isopropyl N-phenylcarbamate is
      formulated in admixture with a phenyl N-methylcarbamate. The presence of
      the N-alkylcarbamate enhances the effectiveness of the N-phenylcarbamate
      as a herbicide by extending its soil persistence, increasing its
      herbicidal activity and/or altering its spectrum of practical herbicidal
      activity.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      807,934, filed Mar. 17, 1969, now abandoned, which is:
PA1  1. a continuation-in-part of U.S. application Ser. No. 580,891, filed Sept.
      21, 1966, now abandoned;
PA1  2. a continuation-in-part of U.S. application Ser. No. 599,699, filed Dec.
      7, 1966 now abandoned; and
PA1  3. a continuation-in-part of U.S. application Ser. No. 631,593, filed Apr.
      18, 1967 now abandoned, which is a continuation-in-part of said U.S.
      application Ser. No. 580,891 and a continuation-in-part of said U.S.
      application Ser. No. 599,699.
BSUM
PAR  This invention relates to the use of herbicidally active alkyl
      N-phenylcarbamates, as defined hereinafter, in combination with the phenyl
      esters of N-alkyl- and N,N-dialkylcarbamic acids. It has been found that
      the herbicidal effectiveness of the alkyl N-phenylcarbamates is enhanced
      by formulating or applying them in combination with the phenyl
      N-alkylcarbamates. Certain embodiments of this invention are directed to
      suitable formulations including both alkyl N-phenylcarbamate and phenyl
      N-alkylcarbamate.
PAR  The herbicidally active N-phenylcarbamates of this invention belong to the
      class which includes both substituted and non-substituted alkyl esters of
      either substituted or non-substituted N-phenylcarbamic acid. The alkyl
      ester constituent is lower alkyl and usually contains 8 or fewer carbon
      atoms although it may in rare instances contain 20 or more carbon atoms.
      The alkyl chain may be branched and it may be substituted at any position
      with a halogen, preferably chlorine, but including fluorine, bromine and
      iodine or nitrogen. Sometimes the alkyl ester has more than one
      substituent. The acyl oxygen may be substituted with sulfur. Permissible
      substituents which may be placed on the phenyl ring include alkyl,
      haloalkyl, alkylamino, dialkylamino, alkoxy, alkoxymethyl, alkenyl, nitro,
      amino, acetamino, cyano, isocyanato and halo. The term "halo" as used
      herein includes chloro, iodo, bromo and fluoro. The term "halogen"
      includes all four of the halogens. In general, of the constituents which
      contain carbon atoms, those which contain 1 or 2 carbon atoms are most
      common and generally most active. Such substituents may contain up to 4 or
      more, rarely more than 6, carbon atoms. Of course, the dialkyl
      substituents, such as the dialkylamino substituents generally contain
      twice these numbers, i.e., usually 2 through 4, rarely more than 12 carbon
      atoms. Chlorine is the most useful halogen substituent. The substituents
      may be present in any position of the ring. More than one substituent may
      be present.
PAR  It is well known that many N-phenylcarbamates of the aforedescribed class
      possess significant herbicidal activity. Although only a few of these
      carbamates, notably isopropyl N-phenylcarbamate, isopropyl
      N-(3-chlorophenyl)-carbamate, methyl N-(3,4-dichlorophenyl)carbamate,
      4-chloro-2-butynyl N-(3-chlorophenyl)carbamate and 2-chloroethyl
      N-(3-chlorophenyl)carbamate have enjoyed wide commercial acceptance, many
      other members of this class of carbamates are potentially useful. Often
      the herbicidal activity of a particular alkyl N-phenylcarbamate is highly
      specific to certain plants or families of plants.
PAR  Examples of specific carbamates included in the term "herbicidally active
      alkyl N-phenylcarbamate" are: sec-butyl N-(3-chlorophenyl)carbamate,
      isopropyl N-(3-chlorophenyl)carbamate, butyl N-phenylcarbamate, isopropyl
      N-(3-chloro-6-methoxyphenyl)carbamate, isopropyl
      N-(3-methylphenyl)carbamate, isopropyl N-(2,5-dichlorophenyl)carbamate,
      isopropyl N-(3-chloro-6-methylphenyl)carbamate, isopropyl
      N-phenylthionocarbamate, 2-chloroethyl N-(3-chlorophenyl)-carbamate,
      n-butyl N-phenylcarbamate, isopropyl N-(2-chlorophenyl)carbamate,
      isopropyl N-(2-methoxyphenyl)carbamate, isopropyl
      N-(3,4-dichlorophenyl)carbamate, isopropyl
      N-(2,4-dichlorophenyl)carbamate, 2-ethylhexyl N-phenylcarbamate, n-propyl
      N-phenylcarbamate, lauryl N-phenylcarbamate, isopropyl N-phenylcarbamate,
      isopropyl N-(2-pyridyl)carbamate, isopropyl N-(4-chlorophenyl)carbamate,
      isopropyl N-(3,5-dichlorophenyl)carbamate, ethyl N-phenylcarbamate,
      isopropyl N-(3-acetophenyl)carbamate, 3-chloropropyl N-phenylcarbamate,
      isopropyl N-(3-trifluoromethylphenyl)carbamate, and isopropyl
      N-(2-methylphenyl)carbamate.
PAR  A subclass of particular interest to the instant invention consists of
      isopropyl N-phenylcarbamate and the isopropyl N-(chlorophenyl)carbamates,
      e.g., isopropyl N-(3-chlorophenyl)carbamate, isopropyl
      N-(3,4-dichlorophenyl)-carbamate, isopropyl
      N-(2,5-dichlorophenyl)carbamate, isopropyl N-(2-chlorophenyl)carbamate,
      isopropyl N-(2,4-dichlorophenyl)carbamate, isopropyl
      N-(3,5-dichlorophenyl)-carbamate and isopropyl
      N-(4-chlorophenyl)carbamate.
PAR  Both isopropyl N-phenylcarbamate and isopropyl N-(3-chlorophenyl)carbamate
      have long been recognized as good pre-emergence herbicides for the control
      of various weeds. As is the case with many other herbicides, these
      carbamates have been found to decompose or become deactivated within a
      relatively short time, e.g., within about 2 to 4 weeks, rarely more than
      about 6 weeks after being applied to the soil. It has further been
      observed that when these carbamates are repeatedly applied to the same
      soil area, the period of herbicidal activity tends to become shorter with
      each application. Accordingly, high application rates of these carbamates
      have been required to maintain a desired concentration thereof in the soil
      at a prescribed period after application.
PAR  According to the present invention, it has been found that the soil
      persistence of the herbicidally active alkyl N-phenylcarbamates is
      significantly extended by applying the alkyl N-phenylcarbamate to the soil
      along with an effective amount of a phenyl (including substituted phenyl)
      N-alkylcarbamate. By "effective amount" is meant an amount which results
      in a measurable increase in the "soil life" of the alkyl
      N-phenylcarbamate. The soil life of a herbicide is readily determined by
      simple test procedures.
PAR  According to one such procedure, a quantity of soil is divided into
      portions. A pre-determined amount of herbicide, usually a considerable
      excess over the amount known to be herbicidal, is mixed with one portion
      of the soil. At prescribed intervals, e.g., each day or each week, samples
      are taken from both the untreated and the treated soil. Seeds, e.g., rye
      grass seeds, are planted in each sample. When the seeds planted in the
      treated soil grow normally as compared to seeds planted in the untreated
      soil, the soil life of the herbicide is considered to be exhausted, even
      though analysis of the soil might show the presence of some herbicide. The
      soil life of a herbicide as measured by this test will vary in duration
      depending, among other things, on the soil type and species of seeds
      selected for the test. Nevertheless, the test is useful to determine
      whether the presence of a given amount of the claimed phenyl
      N-alkylcarbamate results in an extension of the soil life of an alkyl
      N-phenylcarbamate.
PAR  In addition to extending the soil life of the herbicidally active alkyl
      N-phenylcarbamate, the presence of the phenyl N-alkylcarbamate often
      enhances the herbicidal effectiveness of the alkyl N-phenylcarbamate
      against a specific weed or class of weeds. The combined carbamates may
      possess a pattern of selectivity not possessed by the alkyl
      N-phenylcarbamate alone or it may merely demonstrate increased activity.
      In any event, the combined carbamates often selectively inhibit in
      specific crops the growth of specific weeds not so inhibited by the
      herbicidally active alkyl N-phenylcarbamate alone. This result is observed
      at application rates of the alkyl N-phenylcarbamate below those
      traditionally employed even though the phenyl N-alkylcarbamates of this
      invention do not generally possess any commercially significant herbicidal
      value.
PAR  The phenyl N-alkylcarbamates of this invention whose alkyl groups are lower
      alkyl include both substituted and non-substituted phenyl esters of the
      N-alkylcarbamic acids and the N,N-dialkylcarbamic acids wherein the alkyl
      groups of these acids independently contain from 1 through 4 carbon atoms.
      Either the acyl or the ester or both the acyl and the ester oxygen atoms
      may be substituted with sulfur. The rings of the phenyl nucleus may
      contain nitrogen, sulfur and/or oxygen as hereto atoms.
PAR  Permissible substituent groups for the nucleus include alkyl with up
      through 4 carbon atoms, alkynyl with up through 4 carbon atoms,
      dialkylamino in which each of the alkyl constituents contains up through 4
      carbon atoms, alkoxy with up through 4 carbon atoms, alkenyl with up
      through 4 carbon atoms, alkylmercapto with up to 4 carbon atoms, nitro,
      amino, acetamino, cyano, isocyanato and halo (including chloro, iodo,
      bromo and fluoro). In general, of the substituents which contain
      hydrocarbon constituents, those in which the hydrocarbon constituents have
      1 or 2 carbon atoms are preferred. Chlorine is the preferred halogen
      substituent. The substituents may be present in any position in the
      nucleus. More than one substituent may be present.
PAR  Among the phenyl N-methylcarbamates useful in the practice of this
      invention are: phenyl N-methylcarbamate, 2-tolyl N-methylcarbamate,
      3-tolyl N-methylcarbamate, 4-tolyl N-methylcarbamate, 3-ethylphenyl
      N-methylcarbamate, 2-isopropylphenyl N-methylcarbamate, 3-isopropylphenyl
      N-methylcarbamate, 4-isopropylphenyl N-methylcarbamate, 2-tert-butylphenyl
      N-methylcarbamate, 3-tert-butylphenyl N-methylcarbamate,
      4-tert-butylphenyl N-methylcarbamate, 2-nitrophenyl N-methylcarbamate,
      3-nitrophenyl N-methylcarbamate, 4-nitrophenyl N-methylcarbamate,
      2-chlorophenyl N-methylcarbamate, 3-chlorophenyl N-methylcarbamate,
      4-chlorophenyl N-methylcarbamate, 2-cyclohexylphenyl N-methylcarbamate,
      3,5-dimethylphenyl N-methylcarbamate, 3-dimethylaminophenyl
      N-methylcarbamate, 4-dimethylaminophenyl N-methylcarbamate,
      3-dimethylaminophenylmethiodide N-methylcarbamate,
      2-methyl-5-isopropylphenyl N-methylcarbamate, 3-methyl-5-isopropylphenyl
      N-methylcarbamate, 5-methyl-2-isopropylphenyl N-methylcarbamate,
      2,3,5-trimethylphenyl N-methylcarbamate, 2,4-di-tert-butylphenyl
      N-methylcarbamate, 2,4-dichlorophenyl N-methylcarbamate, 2,4-dinitrophenyl
      N-methylcarbamate, 2-methyl-4,6-dinitrophenyl N-methylcarbamate,
      2,6-dimethoxy-3,5-dinitrophenyl N-methylcarbamate, 2,4,5-trichlorophenyl
      N-methylcarbamate, 2,4,6-trichlorophenyl N-methylcarbamate,
      4-dimethylamino-3,5-dimethylphenyl N-methylcarbamate,
      3,5-dimethyl-4-methylthiophenyl N-methylcarbamate, 2-isopropoxyphenyl
      N-methylcarbamate, 4-dimethylamino-3-tolyl N-methylcarbamate,
      3-sec-butylphenyl N-methylcarbamate, 2-chloro-3-isopropylphenyl
      N-methylcarbamate and 3-methyl-4-methylthiophenyl N-methylcarbamate.
PAR  Among the phenyl N,N-dimethylcarbamates useful in the practice of this
      invention are: phenyl N,N-dimethylcarbamate, 5,5-dimethyldihydroresorcinol
      N,N-dimethylcarbamate and 6-(2-n-propyl-4-pyridinyl)
      N,N-dimethylcarbamate.
PAR  The corresponding esters of N-ethylcarbamic acid, N,N-diethylcarbamic acid,
      the N-propylcarbamic acids, the N,N-dipropylcarbamic acids, the
      N-butylcarbamic acids and the N,N-dibutylcarbamic acids are often useful.
      For example, compounds such as phenyl N-ethylcarbamate, phenyl
      N-propylcarbamate, 2-chlorophenyl N,N-dipropylcarbamate, phenyl
      N,N-di-n-propylthiocarbamate, 4-dimethylamino-3-isopropylphenyl
      N-ethylcarbamate, 4-dimethylamino-3,5-dimethylphenyl N-methylcarbamate and
      3-chlorophenyl N-tert-butylcarbamate are within contemplation. The two
      alkyl groups attached to the nitrogen atom of the N,N-dialkylcarbamates
      may be the same or they may be different.
PAR  In general, the N-methylcarbamates and the N,N-dimethylcarbamates represent
      a preferred class.
PAR  The benefits of the present invention may be obtained by treating either
      the soil or the vegetation growing in the soil with separate formulations
      of the carbamates. For example, a liquid formulation of a phenyl
      N-methylcarbamate may be sprayed on the soil. A formulation containing an
      alkyl N-phenylcarbamate is applied to the same area within a short time,
      e.g., within a few days, usually within about 36 hours after application
      of the phenyl N-methylcarbamate. The carbamates may then be incorporated
      into the soil by disking or watering, if desired. Ordinarily, it is more
      convenient to formulate an effective amount of the phenyl N-alkylcarbamate
      in a formulation with the herbicidal alkyl N-phenylcarbamate. Many of the
      formulations presently employed by the art for the application of alkyl
      N-phenylcarbamates to the soil are readily adapted to include an effective
      amount of a phenyl N-alkylcarbamate.
PAR  What constitutes an "effective amount" of the phenyl N-alkylcarbamate in a
      formulation depends upon the specific alkyl N-phenylcarbamate employed,
      the specific phenyl N-alkylcarbamate employed, the specific formulation in
      which said phenyl N-alkylcarbamate and alkyl N-phenylcarbamate are
      incorporated and the soil conditions where the formulation is to be
      applied. The useful ratio of isopropyl N-phenylcarbamate to phenyl
      N-alkylcarbamate, for example, is highly variable. Between about 10 parts
      and 1 part of isopropyl N-phenylcarbamate may be mixed with about 1 to
      about 10 parts of the phenyl N-alkylcarbamate by weight. For reasons of
      economy, among other considerations, typical formulations contain between
      about 1 to about 5 parts of isopropyl N-phenylcarbamate with about 1 part
      by weight of the phenyl N-alkylcarbamate. Similar porportions are
      generally useful when other alkyl N-phenylcarbamates, notably isopropyl
      N-(3-chlorophenyl)carbamate is substituted for isopropyl N-phenylcarbamate
      in the formulation.
PAR  The quantity of alkyl N-phenylcarbamate required to be applied to the soil
      with the formulations of this invention for weed control is usually
      reduced over the quantities required when the alkyl N-phenylcarbamate is
      applied alone. Application rates of the formulations of this invention
      vary with the ratios of the alkyl N-phenylcarbamate to the phenyl
      N-alkylcarbamate in the mixture, the method of application, the result to
      be achieved and the specific weeds to be combatted, among other factors.
PAR  Effective compositions may be prepared containing the mixed carbamates in
      amounts between about 1 and about 90 percent by weight. These compositions
      may then be diluted and employed in concentrations, i.e., weight percent
      carbamate, as low as 1 percent or less by weight. For most applications,
      the compositions of this invention will be applied to advantage in
      concentrations of about 1/2 to about 10 percent by weight in conjunction
      with fluid carriers, as solutions, emulsions, or dispersions of wettable
      powders. They may also be applied with solid carriers or diluents or in
      granular formulations.
DETD
PAR  The extension of the soil persistence of the alkyl N-phenylcarbamates by
      the phenyl N-alkylcarbamates of this invention is illustrated by the
      following examples.
PAC  EXAMPLE I
PAR  Sandy loam soil is taken from an area north of and in the vicinity of
      Akron, Ohio and is screened to remove stones and other large objects.
      Seven hundred fifty (750) gram samples of soil are then placed in 12
      .times. 20 inches polyethylene bags. A solution of each test compound is
      prepared by placing a 0.396 gram portion of the test compound in a 100
      milliliter volumetric flask, dissolving the portion in acetone and
      diluting to volume with acetone and water such that a 1 milliliter aliquot
      when blended with a 750 gram soil sample yields a concentration of 2
      pounds of test compound per acre-inch of soil. Enough acetone to keep the
      test compound in solution is maintained. For each 2 pounds of test
      compound per acre-inch of soil, a 1 milliliter aliquot is taken from the
      appropriate flask and atomized onto the soil in the plastic bag, which
      soil has been spread out to form a 1/4 inch thick layer. Air is blown over
      the soil for about one minute to evaporate a portion of the acetone
      present. The soil is then blended by shaking the bag for 2 minutes, sealed
      with a rubber band and stored. Periodically a small soil sample (30 to 50
      grams) is taken from each of the bags and placed in a 6 ounce plastic cup
      to which about 3 milliliters of water has been added. Ten rye grass
      (Lolium multiflorum) seeds are planted in each cup 1/8 inch below the soil
      surface. The cups are then sealed with a piece of polyethylene held in
      place with a rubber band to prevent moisture loss. After a growing period
      of 7 days, the rye grass plants are cut off at the soil line and weighed.
      The amount of growth is then tabulated with the amount of test compound in
      the soil. The results are shown in Table 1 and 1A.
TBL                                    TABLE 1A                                
     __________________________________________________________________________
                               GRAMS OF RYE GRASS TOP GROWTH PLANTED ON        
                               VARIOUS DAYS AFTER TREATMENT                    
     __________________________________________________________________________
                               NUMBER OF DAYS                                  
     TEST COMPOUND             2   9   16  23  32  43  53  63   79             
     __________________________________________________________________________
     Control                   0.050                                           
                                   0.073                                       
                                       0.068                                   
                                           0.096                               
                                               0.075                           
                                                   0.098                       
                                                       0.103                   
                                                           0.073               
                                                                0.065          
     Isopropyl N-(3-chlorophenyl)carbamate (6 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     Isopropyl N-(3-chlorophenyl)carbamate (6 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     4-Chlorophenyl N-methylcarbamate (11/2 lb./acre-in.)                      
     4-Chlorophenyl N-methylcarbamate (71/2 lb./acre-in.)                      
                               0.060                                           
                                   0.078                                       
                                       0.068                                   
                                           0.083                               
                                               0.087                           
                                                   0.086                       
                                                       0.076                   
                                                           0.077               
                                                                0.073          
     __________________________________________________________________________
                                           92  109 123 136 155  178            
     __________________________________________________________________________
                 Control                   0.065                               
                                               0.059                           
                                                   0.093                       
                                                       0.113                   
                                                           0.084               
                                                                0.073          
                 Isopropyl N-(3-chlorophenyl)carbamate (6 lb./acre-in.)        
                                           0.000                               
                                               0.000                           
                                                   0.030                       
                                                       0.047                   
                                                           0.057               
                                                                0.070          
                 Isopropyl N-(3-chlorophenyl)carbamate (6lb./acre-in.)         
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.004                   
                                                           0.000               
                                                                0.000          
                 4-Chlorophenyl N-methylcarbamate (11/2 lb./acre-in.)          
                 4-Chlorophenyl N-methylcarbamate (71/2 lb./acre-in.)          
                                           0.054                               
                                               0.047                           
                                                   --  --  --   --             
     __________________________________________________________________________
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                               GRAMS OF RYE GRASS TOP GROWTH PLANTED ON        
                               VARIOUS DAYS AFTER TREATMENT                    
     __________________________________________________________________________
                               NUMBER OF DAYS                                  
     TEST COMPOUND             1   8   15  22  33  40  50  60   76             
     __________________________________________________________________________
     Control                   0.060                                           
                                   0.095                                       
                                       0.050                                   
                                           0.104                               
                                               0.096                           
                                                   0.104                       
                                                       0.098                   
                                                           0.093               
                                                                0.098          
     Isopropyl N-(3-chlorophenyl)carbamate (10 lb./acre-in.)                   
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     Isopropyl N-phenylcarbamate (10 lb./acre-in.)                             
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.005                   
                                                           0.032               
                                                                0.053          
     Isopropyl N-phenylcarbamate (8 lb./acre-in.)                              
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.011               
                                                                0.078          
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-phenylcarbamate (8 lb./acre-in.)                              
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.005                   
                                                           0.000               
                                                                0.000          
     4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-phenylcarbamate (8 lb./acre-in.)                              
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     4-Chlorophenyl N-methylcarbamate (10 lb./acre-in.)                        
                               0.070                                           
                                   0.050                                       
                                       0.050                                   
                                           0.056                               
                                               0.050                           
                                                   0.052                       
                                                       0.093                   
                                                           0.069               
                                                                0.071          
     4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
                               0.065                                           
                                   0.060                                       
                                       0.050                                   
                                           0.076                               
                                               0.060                           
                                                   0.098                       
                                                       0.091                   
                                                           0.089               
                                                                0.082          
     3-Chlorophenyl N-methylcarbamate (10 lb./acre-in.)                        
                               0.040                                           
                                   0.045                                       
                                       0.063                                   
                                           0.084                               
                                               0.098                           
                                                   0.103                       
                                                       0.099                   
                                                           0.074               
                                                                0.094          
     3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
                               0.070                                           
                                   0.060                                       
                                       0.070                                   
                                           0.092                               
                                               0.089                           
                                                   0.107                       
                                                       0.094                   
                                                           0.092               
                                                                0.079          
     __________________________________________________________________________
                                           89  106 120 133 152  175            
     __________________________________________________________________________
                 Control                   0.089                               
                                               0.074                           
                                                   0.078                       
                                                       0.108                   
                                                           0.105               
                                                                0.093          
                 Isopropyl N-(3-chlorophenyl)carbamate (10 lb./acre-in.)       
                                           0.005                               
                                               0.007                           
                                                   0.000                       
                                                       0.014                   
                                                           0.032               
                                                                0.049          
                 Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)        
                                           0.000                               
                                               0.009                           
                                                   0.007                       
                                                       0.042                   
                                                           0.047               
                                                                0.058          
                 Isopropyl N-phenylcarbamate (10 lb./acre-in.)                 
                                           0.091                               
                                               0.090                           
                                                   0.093                       
                                                       0.091                   
                                                           --   --             
                 Isopropyl N-phenylcarbamate (8 lb./acre-in.)                  
                                           0.084                               
                                               0.050                           
                                                   0.083                       
                                                       0.103                   
                                                           --   --             
                 Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)        
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
                 4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)             
                 Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)        
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.004                   
                                                           0.041               
                                                                0.050          
                 3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)             
                 Isopropyl N-phenylcarbamate (8 lb./acre-in.)                  
                                           0.000                               
                                               0.000                           
                                                   0.023                       
                                                       0.031                   
                                                           0.077               
                                                                0.080          
                 4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)             
                 Isopropyl N-phenylcarbamate (8 lb./acre-in.)                  
                                           0.015                               
                                               0.012                           
                                                   0.032                       
                                                       0.108                   
                                                           0.084               
                                                                0.063          
                 3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)             
                 4-Chlorophenyl N-methylcarbamate (10 lb./acre-in.)            
                                           0.052                               
                                               0.065                           
                                                   --  --  --   --             
                 4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)             
                                           0.091                               
                                               0.051                           
                                                   --  --  --   --             
                 3-Chlorophenyl N-methylcarbamate (10 lb./acre-in.)            
                                           0.075                               
                                               0.061                           
                                                   --  --  --   --             
                 3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)             
                                           0.082                               
                                               0.052                           
                                                   --  --  --   --             
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  Top soil is taken from an area south of and in the vicinity of Barberton,
      Ohio and is screened to remove stones and other large objects. One
      thousand (1000) gram samples of soil are then placed in 12 .times. 20 inch
      polyethylene bags. A solution of isopropyl N-(3-chlorophenyl)carbamate is
      prepared by placing a 0.210 gram portion of this compound in a 100
      milliliter volumetric flask, dissolving the portion in acetone and
      diluting to volume with acetone and water. A solution of each of the other
      test compounds is prepared by placing a 0.050 gram portion of the test
      compound in a 100 milliliter volumetric flask, dissolving the portion in
      acetone and diluting to volume with acetone and water. In each case,
      enough acetone is maintained to keep the compound in solution. A 10
      milliliter aliquot of the isopropyl N-(3-chlorophenyl)carbamate solution
      when mixed with 1000 grams of soil is equivalent to 8 pounds of the
      compound per acre-inch of soil. A 10 milliliter aliquot of each of the
      other solutions when mixed with 1000 grams of soil is equivalent to 2
      pounds per acre-inch of soil. Ten milliliter aliquots are taken from the
      appropriate flasks and atomized onto the soil in the plastic bags, which
      soil has been spread out to form a 1/4 inch thick layer. The soil is then
      blended by shaking the bag for 2 minutes. The bags are then sealed with a
      rubber band and stored. Periodically, a small soil sample (30 to 50 grams)
      is taken from each of the bags and placed in a 6 ounce plastic cup to
      which about 3 milliliters of water has been added. Ten (10) rye grass
      (Lolium multiflorum) seeds are planted in each cup 1/8 inch below the soil
      surface. The cups are then sealed with a piece of polyethylene held in
      place with a rubber band to prevent moisture loss. After a growing period
      of 7 days, the rye grass plants are cut off at the soil line and weighed.
      The amount of growth is then tabulated with the amount of test compound in
      the soil. The results are shown in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                               GRAMS OF RYE GRASS TOP GROWTH PLANTED ON        
                               VARIOUS DAYS AFTER TREATMENT                    
     __________________________________________________________________________
                               NUMBER OF DAYS                                  
     TEST COMPOUND             0   4   7   11  14  18  21  25   28             
     __________________________________________________________________________
     Control                   0.060                                           
                                   0.086                                       
                                       0.035                                   
                                           0.064                               
                                               0.086                           
                                                   0.090                       
                                                       0.105                   
                                                           0.097               
                                                                0.120          
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.014                           
                                                   0.093                       
                                                       0.105                   
                                                           0.105               
                                                                0.058          
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     Phenyl N-methylcarbamate                                                  
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     2-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.000                           
                                                   0.000                       
                                                       0.000                   
                                                           0.000               
                                                                0.000          
     3-Methyl-4-methylthiophenyl N-                                            
     methylcarbamate (2 lb./acre-in.)                                          
     __________________________________________________________________________
                               32  35  39  42  46  49  53  56   61             
     __________________________________________________________________________
     Control                   0.070                                           
                                   0.108                                       
                                       0.090                                   
                                           0.090                               
                                               0.078                           
                                                   0.105                       
                                                       0.102                   
                                                           0.146               
                                                                0.100          
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.090                                           
                                   0.099                                       
                                       0.085                                   
                                           0.085                               
                                               0.105                           
                                                   0.110                       
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.003                                           
                                   0.011                                       
                                       0.070                                   
                                           0.060                               
                                               0.099                           
                                                   0.110                       
     Phenyl N-methylcarbamate                                                  
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.004                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.002                           
                                                   0.000                       
                                                       0.003                   
                                                           0.006               
                                                                0.012          
     4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.000                                   
                                           0.000                               
                                               0.005                           
                                                   0.000                       
                                                       0.023                   
                                                           0.037               
                                                                0.039          
     3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.030                                       
                                       0.115                                   
                                           0.088                               
                                               0.079                           
     2-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
     Isopropyl N-(3-chlorophenyl)carbamate (8 lb./acre-in.)                    
                               0.000                                           
                                   0.000                                       
                                       0.015                                   
                                           0.025                               
                                               0.067                           
                                                   0.047                       
                                                       0.080                   
     3-Methyl-4-methylthiophenyl N-                                            
     methylcarbamate (2 lb./acre-in.)                                          
     __________________________________________________________________________
                                                       63  67   70             
     __________________________________________________________________________
                             Control                   0.099                   
                                                           0.060               
                                                                0.106          
                             Isopropyl N-(3-chlorophenyl)carbamate (8          
                             lb./acre-in.)                                     
                             Isopropyl N-(3-chlorophenyl)carbamate (8          
                             lb./acre-in.)                                     
                             Phenyl N-methylcarbamate                          
                             Isopropyl N-(3-chlorophenyl)carbamate (8          
                             lb./acre-in.)             0.035                   
                                                           0.075               
                                                                0.109          
                             4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.) 
                             Isopropyl N-(3-chlorophenyl)carbamate (8          
                             lb./acre-in.)             0.071                   
                                                           0.103               
                                                                0.104          
                             3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.) 
                             Isopropyl N-(3-chlorophenyl)carbamate (8          
                             lb./acre-in.)                                     
                             2-Chlorophenyl N-methylcarbamate (2 lb./acre-in.) 
                             Isopropyl N-(3-chlorophenyl)carbamate (8          
                             lb./acre-in.)                                     
                             3-Methyl-4-methylthiophenyl N-                    
                             methylcarbamate (2 lb./acre-in.)                  
     __________________________________________________________________________
PAC  EXAMPLE III
PAR  The procedure of Example II is followed, except that only 8 milliliter
      aliquots of test compounds other than isopropyl
      N-(3-chlorophenyl)carbamate are atomized onto the soil. This corresponds
      to a concentration of 1.6 pounds of test compound per acre-inch of soil.
      The results are shown in Table 3.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                                    GRAMS OF RYE GRASS TOP GROWTH PLANTED      
                                    ON VARIOUS DAYS AFTER TREATMENT            
     __________________________________________________________________________
                                    NUMBER OF DAYS                             
     TEST COMPOUND                  1   5   8   12  15  19  22  27             
     __________________________________________________________________________
     Control                        0.100                                      
                                        0.080                                  
                                            0.085                              
                                                0.095                          
                                                    0.099                      
                                                        0.080                  
                                                            0.080              
                                                                0.102          
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.003          
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     4-Chlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                       
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     3-Chlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                       
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     2,4-Dichlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                   
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     2,4-Dinitro-6-sec-butylphenyl N-methylcarbamate (1.6 lb./acre-in.)        
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     S-m-propyl N,N-di-n-propylthiolcarbamate (1.6 lb./acre-in.)               
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     S-Ethyl N,N-di-n-propylthiolcarbamate (1.6 lb./acre-in.)                  
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     S-m-Propyl N-ethyl-N-n-butylthiolcarbamate (1.6 lb./acre-in.)             
     __________________________________________________________________________
                                    32  36  40  43  47  50  54  57             
     __________________________________________________________________________
     Control                        0.080                                      
                                        0.075                                  
                                            0.089                              
                                                0.120                          
                                                    0.075                      
                                                        0.060                  
                                                            0.110              
                                                                0.115          
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.078                                      
                                        0.089                                  
                                            0.080                              
                                                0.115                          
                                                    0.090                      
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.000                      
                                                        0.000                  
                                                            0.000              
                                                                0.000          
     4-Chlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                       
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.007                      
                                                        0.008                  
                                                            0.007              
                                                                0.012          
     3-Chlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                       
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.002                                      
                                        0.000                                  
                                            0.032                              
                                                0.060                          
                                                    0.105                      
                                                        0.088                  
     2,4-Dichlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                   
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.047                                      
                                        0.115                                  
                                            0.115                              
                                                0.120                          
     2,4-Dinitro-6-sec-butylphenyl N-methylcarbamate (1.6 lb./acre-in.)        
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.002                                  
                                            0.040                              
                                                0.106                          
                                                    0.090                      
     S-m-Propyl N,N-di-n-propylthiolcarbamate (1.6 lb./acre-in.)               
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.095                                  
                                            0.092                              
                                                0.080                          
                                                    0.081                      
     S-Ethyl N,N-di-n-propylthiolcarbamate (1.6 lb./acre-in.)                  
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.000                                      
                                        0.002                                  
                                            0.065                              
                                                0.120                          
                                                    0.094                      
     S-m-Propyl N-ethyl-N-n-butylthiolcarbamate (1.6 lb./acre-in.)             
     __________________________________________________________________________
                                    61  68  71  75  78  82  85  90             
     __________________________________________________________________________
     Control                        0.095                                      
                                        0.075                                  
                                            0.090                              
                                                0.105                          
                                                    0.085                      
                                                        0.060                  
                                                            0.065              
                                                                0.095          
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.007                                      
                                        0.000                                  
                                            0.005                              
                                                0.005                          
                                                    0.013                      
                                                        0.040                  
                                                            0.025              
                                                                0.075          
     4-Chlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                       
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
                                    0.035                                      
                                        0.080                                  
                                            0.093                              
                                                0.080                          
     3-Chlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                       
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
     2,4-Dichlorophenyl N-methylcarbamate (1.6 lb./acre-in.)                   
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
     2,4-Dinitro-6-sec-butylphenyl N-methylcarbamate (1.6 lb./acre-in.)        
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
     S-m-propyl N,N-di-n-propylthiolcarbamate (1.6 lb./acre-in.)               
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
     S-Ethyl N,N-di-n-propylthiolcarbamate (1.6 lb./acre-in.)                  
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (8 lb./acre-in.)           
     S-m-Propyl N-ethyl-N-n-butylthiolcarbamate (1.6 lb./acre-in.)             
     __________________________________________________________________________
PAC  EXAMPLE IV
PAR  The procedure of Example II is followed to evaluate the herbicidal
      effectiveness of several of the test compounds. The results are shown in
      Table 4.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
                                GRAMS OF RYE GRASS TOP GROWTH PLANTED          
                                ON VARIOUS DAYS AFTER TREATMENT                
     __________________________________________________________________________
                                NUMBER OF DAYS                                 
     TEST COMPOUND              1    5    8    12                              
     __________________________________________________________________________
     Control                    0.088                                          
                                     0.065                                     
                                          0.090                                
                                               0.070                           
     4-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
                                0.082                                          
                                     0.065                                     
                                          0.090                                
                                               0.110                           
     3-Chlorophenyl N-methylcarbamate (2 lb./acre-in.)                         
                                0.088                                          
                                     0.080                                     
                                          0.110                                
                                               0.115                           
     __________________________________________________________________________
PAC  EXAMPLES V -VIII
PAR  For each phenyl N-alkylcarbamate being tested, three 500 gram soil samples
      are taken from a stock of Ohio loam soil. The equivalent of 8 pounds
      isopropyl N-phenylcarbamate per acre-inch of soil (0.0104 grams) is
      incorporated into two of the soil samples. Into one of the samples treated
      with isopropyl N-phenylcarbamate is additionally incorporated the
      equivalent of 2 pounds per acre-inch of soil (0.0026 grams) of the phenyl
      N-alkylcarbamate. Each of the carbamates is applied to the soil by
      atomizing the required volume of a dilute aqueous preparation of the
      carbamate onto the soil sample. Each treated sample is well mixed to
      thoroughly distribute the carbamates throughout the sample. The soil
      samples are stored in plastic bags at room temperature.
PAR  Periodically, 50 gram samples are taken from each of the stored soil
      samples. The 50 gram samples are placed in 6 ounce paper cups. Ten (10)
      rye grass seeds are planted in each cup. The cups are then sealed with
      cellophane held in place by rubber bands to maintain the moisture content
      of the soil. The cups are stored at room temperature near a window. Seven
      days from planting (considering the day of treatment to be the first day),
      the blades of rye grass are cut off at the soil line and weighed. The test
      compounds are:
PA1  Example V -- 4-dimethylamino-3,5-dimethylphenyl N-methylcarbamate
PA1  Example VI -- 2-isopropoxyphenyl N-methylcarbamate
PA1  Example VII -- 4-dimethylamino-3-tolyl N-methylcarbamate
PA1  Example VIII -- phenyl N-methylcarbamate
PAR  In each instance, the weight of the top growth collected from the treated
      soil samples is compared with the weight of the top growth from the
      untreated control. In each Example, a significant difference in weights is
      found for a longer period between the control and the soil sample treated
      with both isopropyl N-phenylcarbamate and the phenyl N-alkylcarbamate than
      between the control and the soil sample treated only with isopropyl
      N-phenylcarbamate.
PAR  The extension of the soil persistence of isopropyl
      N-(3-chlorophenyl)carbamate by the phenyl N-alkylcarbamates of this
      invention is illustrated by the following examples.
PAC  EXAMPLE IX
PAR  Three (3) 500 gram soil samples are taken from a stock of Ohio loam soil.
      The equivalent of ten (10 ) pounds isopropyl N-(3-chlorophenyl)carbamate
      per acre-inch of soil (0.0132 grams) is incorporated into two of the soil
      samples. Into one of the samples treated with isopropyl
      N-(3-chlorophenyl)carbamate is additionally incorporated the equivalent of
      2 pounds per acre-inch of soil (0.0026 grams) phenyl N-methylcarbamate.
      Each of the carbamates is applied to the soil by atomizing the required
      volume of a dilute aqueous preparation of the carbamate onto the soil
      sample. Each treated sample is well mixed to thoroughly distribute the
      carbamates throughout the sample. The soil samples are stored in plastic
      bags at room temperature.
PAR  Periodically, 50 gram samples are taken from each of the stored soil
      samples. The 50 gram samples are placed in 6 ounce paper cups. Ten (10 )
      rye grass seeds are planted in each cup. The cups are then sealed with
      cellophane held in place by rubber bands to maintain the moisture content
      of the soil. The cups are stored at room temperature near a window. Seven
      days from planting (considering the day of planting to be the first day),
      the blades of rye grass are cut off at the soil line and weighed. Results
      are reported in Table 5.
TBL                TABLE 5                                                     
     ______________________________________                                    
     Weight in Grams of Top Growth of Rye Grass                                
     Seeds Planted at Intervals After Treatment of                             
     The Soil with Isopropyl N-(3-chlorophenyl)-                               
     Carbamate With and Without Phenyl N-methylcarbamate                       
     ______________________________________                                    
     Days From Treatment                                                       
                      5       11      19    25                                 
     ______________________________________                                    
     Control          0.082   0.106   0.045 0.125                              
     10 pounds per acre-inch                                                   
     isopropyl N-(3-chloro-                                                    
     phenyl)carbamate 0.041   0.097   0.075 --                                 
     10 pounds per acre-inch                                                   
     isopropyl N-(3-chloro-                                                    
     phenyl)carbamate plus                                                     
     2 pounds per acre-inch                                                    
     phenyl N-methylcarbamate                                                  
                      0.000   0.000   0.020 0.067                              
     ______________________________________                                    
PAR  In other tests, phenyl N-methylcarbamate is found to possess no significant
      herbicidal activity.
PAC  EXAMPLE X
PAR  From a stock of muck soil with high organic content are taken three 50 gram
      samples. Each of these samples is placed in a separate 1,000 milliliter
      flask. An aqueous suspension is prepared containing 150 ppm by weight
      isopropyl N-(3-chlorophenyl)carbamate. Three hundred (300) milliliters of
      this suspension is added to one of the flasks. Another 300 milliliter
      portion of the suspension is treated in one of the remaining flasks by the
      addition of 2 ppm phenyl N-methylcarbamate. Three hundred (300)
      milliliters of water is added to the third or control flask. Each flask is
      fitted with a two-hole stopper. An air line is connected to tubes
      extending through each stopper to contact the soil slurry in each flask.
      The remaining hole of each stopper openly communicates with the
      atmosphere. Air is constantly bubbled through the soil slurries to provide
      oxygen thereto. At selected intervals, 15 cc samples are taken from each
      flask and placed in petri dishes. Twenty cucumber seeds are placed on
      filter paper in each petri dish. The petri dishes are placed in a dark
      oven maintained at  30.degree. C. After 4 days of germination, the lengths
      of the roots of the germinated seeds are measured. The average length of
      the roots is reported in Table 6.
TBL                TABLE 6                                                     
     ______________________________________                                    
     Average Length in Millimeters of Roots of Cucumber                        
     Seeds Germinated for Four Days in Contact With                            
     Aqueous Media Taken From Soil Slurries at Intervals                       
     After Treatment With Formulations of Isopropyl N-                         
     (3-chlorophenyl)carbamate                                                 
     ______________________________________                                    
     Days After Treatment 2     6      9    12  16                             
     ______________________________________                                    
     Control              55    55     40   40  42                             
     Isopropyl N-(3-chlorophenyl)-                                             
     carbamate (150 ppm)  8     10     36   73  56                             
     Isopropyl N-(3-chlorophenyl)-                                             
     carbamate (150 ppm) plus                                                  
     phenyl N-methylcarbamate (2 ppm)                                          
                          7     10     9    8   9                              
     ______________________________________                                    
PAC  EXAMPLES XI - XXI
PAR  The procedure of Examples V - VIII is repeated substituting isopropyl
      N-(3-chlorophenyl)carbamate for isopropyl N-phenylcarbamate and using the
      following phenyl N-alkylcarbamates:
PA1  Example XI -- 2-isopropylphenyl N-methylcarbamate
PA1  Example XII -- 2-isopropoxyphenyl N-methylcarbamate
PA1  Example XIII -- 4-dimethylamino-3-tolyl N-methylcarbamate
PA1  Example XIV -- 4-dimethylamino-3,5-xylyl N-methylcarbamate
PA1  Example XV -- 4-chlorophenyl N-methylcarbamate
PA1  Example XVI -- 3-chlorophenyl N-methylcarbamate
PA1  Example XVII -- 2-chlorophenyl N-methylcarbamate
PA1  Example XVIII -- 4-methylphenyl N-methylcarbamate
PA1  Example XIX -- 3-methylphenyl N-methylcarbamate
PA1  Example XX -- 2-methylphenyl N-methylcarbamate
PA1  Example XXI -- 4-dimethylamino-3,5-dimethylphenyl-N-methylcarbamate
PAR  In each instance, the weight of the top growth collected from the treated
      soil samples is compared with the weight of the top growth collected from
      the untreated control. In each Example, a significant difference in
      weights is found for a longer period between the control and the soil
      sample treated with both isopropyl N-(3-chlorophenyl)-carbamate and the
      phenyl N-alkylcarbamate than between the control and the soil sample
      treated only with isopropyl N-(3-chlorophenyl)carbamate.
PAR  Although isopropyl N-phenylcarbamate may be formulated with the phenyl
      N-alkylcarbamates of this invention in a variety of fluid and solid
      formulations, the preferred formulation is a "flowable composition", i.e.,
      a wettable powder in a wet or liquid state. According to this invention,
      it has been found that a highly satisfactory formulation may be produced
      by including in an aqueous medium between about 10 and about 60 percent by
      weight isopropyl N-phenylcarbamate and between about 1 and about 40
      percent of the phenyl N-alkylcarbamate, based on the total weight of the
      formulation.
PAR  The density of the aqueous phase should be increased by the addition of a
      water soluble substance to substantially decrease the tendency of the
      solids to settle out of suspension. Usually, between 1/2 and 2 times the
      amount of water soluble substance required to adjust the density of the
      aqueous phase to that of isopropyl N-phenylcarbamate is included in the
      formulation. This amount is typically between about 5 and about 15 percent
      by weight of the formulation. A wide variety of water soluble substances
      is employable for this purpose. Hygroscopic inorganic salts with high
      water solubility, preferably above about 100 grams per liter at 25.degree.
      C., are particularly useful. The hygroscopic water soluble inorganic salts
      of the alkali metals (including ammonium) and alkaline earth metals are
      preferred. Calcium chloride is an especially useful salt. Sodium sulfate
      and potassium chloride are further examples of useful salts.
PAR  A small amount, typically between about 1/4 and about 5, usually between
      about 1 and about 2 percent by weight of a suitable dispersing agent or
      surfactant greatly enhances the stability of the flowable composition. It
      is further often desirable to include in the formulation a small amount,
      e.g., about 1/10 to about 1 percent by weight of a suitable anti-foaming
      agent. A plurality of suitable such additives are disclosed hereinafter.
PAR  The pH of the formulation may be adjusted if necessary. The usual values of
      pH fall in the range of from about 2 to about 10; more often they fall in
      the range of from about 5 to about 8. The pH of the formulation may be
      adjusted to the range pH 2-5, often about pH 3. When it is desired to
      acidify the formulation, the pH adjustment is conveniently accomplished by
      the addition of small amounts of acidic material (including acid salts).
      As a rule, the pH adjustment requires the addition of less than about 1
      percent by weight of said acid or acid salt to the formulation. The
      mineral acids, e.g., HBr, HCl, H.sub.2 SO.sub.4, HNO.sub.3, HClO.sub.4 or
      H.sub.3 PO.sub.4 are useful. When it is desired to increase the pH of the
      formulation, small amounts of basic material (including basic salts) may
      be added. Sodium carbonate, potassium carbonate, sodium bicarbonate,
      potassium bicarbonate, trisodium phosphate, tripotassium phosphate,
      disodium hydrogen phosphate, dipotassium hydrogen phosphate, triammonium
      phosphate, sodium hydroxide and potassium hydroxide are useful for this
      purpose.
PAR  The following example describes the preparation of one of the novel
      formulations contemplated by this invention.
PAC  EXAMPLE XXII
PAR  To a ball mill of 1/2 gallon capacity are charged 167 milliliters of water,
      0.8 gram phosphoric acid and 7.0 grams PB-92 (calcium lignosulfonate
      marketed by Lignosol Chemicals, Ltd., P.O. Box 2025, Quebec, Quebec,
      Canada). These ingredients are well mixed in the ball mill. Thirty-four
      (34) grams of calcium chloride are added to the mill and mixed until
      completely dissolved. Three-tenths (3/10) gram of "Surfynol" 104 (R.sub.1
      R.sub.2 C(OH)C.tbd.CC(OH)R.sub.1 R.sub.2, m.p. 37.degree. C., b.p.
      260.degree. C. ditertiary acetylenic glycol) is then added and mixed. One
      hundred seventy (170) grams of isopropyl N-phenylcarbamate and 20.0 grams
      of 4-chlorophenyl N-methylcarbamate are then added to the mill. The
      mixture is ground for about 5 hours until the desired particle size of
      about 10 microns is obtained. One gram of PB-92 and 0.1 gram of "Surfynol"
      104  are then added to the mill. Grinding is continued for about 30
      minutes. A formulation identical except for the deletion of the
      4-chlorophenyl N-methylcarbamate is also prepared.
PAR  Ten (10) milliliters of each of the above formulations is separately
      diluted to 100 milliliters with water in two 100 milliliters graduates.
      Separate soil samples are treated with these diluted formulations in
      accordance with the procedure of Example V. The weight of the top growth
      collected from the treated soil samples is compared with the weight of the
      top growth from the untreated control. A significant difference in weights
      is found for a longer period between the control and the soil sample
      treated with both isopropyl N-phenylcarbamate and 4-chlorophenyl
      N-methylcarbamate than between the control and the soil sample treated
      only with isopropyl N-phenylcarbamate.
PAC  EXAMPLE XXIII
PAR  Sandy loam soil having (1) a mechanical analysis of 62 percent sand, 30
      percent silt, and 8 percent clay, (2) an inherent organic matter level of
      3.6 percent, and (3) a pH of 6.1 was modified by adding 2.0 percent by
      weight peat, 5.3 percent by weight dried cow manure, and sufficient lime
      to increase the pH to approximately 7.0. Portions of the modified soil
      were sprayed with solutions of test compounds. For each pound per acre
      reported in the results, 5.5 micrograms of test compound were applied to 1
      gram of soil. The test compounds were then incorporated into their
      respective portions of soil by mechanical blenders. The treated portions
      of soil and untreated control soil were stored under moist conditions at
      room temperature. Aliquots of soil were removed from each portion of soil
      1, 2, 4, and 8 weeks after treatment and placed in a 3 inch by 3 inch pot
      over a layer of untreated, sterilized soil. The depth of the treated soil
      in the pot was 3/4 inch. Each pot was then seeded with test plants. After
      a growing period of approximately 4 weeks the herbicidal effectiveness of
      each test composition was evaluated and the results reported on a scale
      ranging from 0 (no injury) to 10 (all plants killed). The results are
      shown in Table 7. Abbreviations are:
TBL  4-CPMC 4-Chlorophenyl N-methylcarbamate                                   
     CIPC   Isopropyl N-(3-chlorophenyl)carbamate                              
     IPC    Isopropyl N-phenylcarbamate                                        
     QKGS   Quackgrass (Agropyron repens [L.] Beauv.)                          
     WOAT   Wild Oats (Avena fatua L.)                                         
     BNGS   Barnyardgrass (Echinochloa crusgalli [L.]                          
            Beauv.)                                                            
     CBGS   Crabgrass (Digitaria sanguinalis Scop.)                            
     BKWT   Buckwheat (Polygonum convolvulus L.)                               
     MNGY   Wild Morning Glory (mixture of Ipomoea purpurea                    
            Roth and Impomoea hederacea Jacq.)                                 
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     PERSISTENCE OF SOIL-INCORPORATED HERBICIDE COMBINATIONS                   
     AS INFLUENCED BY 4-Chlorophenyl N-methylcarbamate                         
     __________________________________________________________________________
                   Interval                                                    
                        Injury Ratings                                         
     Herbicide                                                                 
              Lb/A Weeks                                                       
                        QKGS                                                   
                            WOAT                                               
                                BNGS                                           
                                    CBGS                                       
                                        BKWT                                   
                                            MNGY                               
     __________________________________________________________________________
     4-CPMC   1    1    0  0   0   0   0   0                                   
     CIPC     4    1    10 10  8   2   10  8                                   
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   1    10 10  9   4   10  8                                   
     IPC      4    1    10 10  0   0   10  4                                   
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   1    10 10  0   0   10  7                                   
     4-CPMC   1    2    0  0   0   0   0   0                                   
     CIPC     4    2    10 10  8   4   10  8                                   
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   2    10 10  8   5   10  8                                   
     IPC      4    2    10 10  0   0   9   2                                   
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   2    10 10  0   0   10  7                                   
     4-CPMC   1    4    0  0   0   0   0   0                                   
     CIPC     4    4    5  5   3   3   9   4                                   
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   4    10 10  7   3   9   8                                   
     IPC      4    4    9  8   3   0   9   0                                   
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   4    10 10  3   0   9   5                                   
     4-CPMC   1    8    0  0   0   0   0   0                                   
     CIPC     4    8    0  1   0   0   8   1                                   
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   8    10 10  7   2   9   7                                   
     IPC      4    8    0  0   0   0   0   0                                   
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   8    10 10  0   0   9   5                                   
     __________________________________________________________________________
PAC  EXAMPLE XXIV
PAR  The procedure of Example XXIII was repeated. The results are shown in Table
      8. Abbreviations are as stated in Example XXIII.
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     PERSISTENCE OF SOIL-INCORPORATED HERBICIDE COMBINATIONS                   
     AS INFLUENCED BY 4-Chlorophenyl N-methylcarbamate                         
     __________________________________________________________________________
                   Interval                                                    
                        Injury Ratings                                         
     Herbicide                                                                 
              Lb/A Weeks                                                       
                        QKGS                                                   
                            WOAT                                               
                                BNGS                                           
                                    CBGS                                       
                                        BKWT                                   
                                            MNGY                               
     __________________________________________________________________________
     4-CPMC   1    1    0   0   0   0   0   0                                  
     CIPC     4    1    9   9   0   0   8   0                                  
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   1    9   9   0   0   9   5                                  
     IPC      4    1    6   0   0   0   9   0                                  
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   1    8   7   0   0   9   0                                  
     4-CPMC   1    2    0   0   0   0   0   0                                  
     CIPC     4    2    5   0   0   0   7   0                                  
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   2    8   3   0   0   8   4                                  
     IPC      4    2    0   0   0   0   5   0                                  
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   2    5   0   0   0   8   0                                  
     4-CPMC   1    4    0   0   0   0   0   0                                  
     CIPC     4    4    0   0   0   0   7   0                                  
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   4    8   8   0   0   8   6                                  
     IPC      4    4    0   0   0   0   0   0                                  
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   4    0   0   0   0   8   0                                  
     4-CPMC   1    8    0   0   0   0   0   0                                  
     CIPC     4    8    0   0   0   0   0   0                                  
     CIPC + 4-CPMC                                                             
              4 + 1                                                            
                   8    8   6   0   0   7   3                                  
     IPC      4    8    0   0   0   0   0   0                                  
     IPC + 4-CPMC                                                              
              4 + 1                                                            
                   8    0   0   0   0   2   0                                  
     __________________________________________________________________________
PAC  EXAMPLE XXV
PAR  In the late summer the soil in a field was prepared and was weed free.
      Various chemicals were sprayed on portions of the prepared soil as aqueous
      solutions. On about half the chemically treated soil area the chemicals
      were incorporated into the soil, whereas the chemicals on the remainder
      were left unincorporated. Portions of the incorporated area and
      unincorporated area as well as an untreated control plot were seeded with
      wheat and irrigated with approximately 2 acre-inches of water on the
      following day. Fourteen days after application of the test chemicals, the
      seeded portions were evaluated as approximate percent contol of wheat as
      compared with the untreated portion. Following this evaluation further
      portions of the treated and untreated areas were seeded with wheat, spray
      irrigated with approximately 2 acre-inches of water, and evaluated 14 days
      later. This procedure was repeated beginning 36, 48, and 63 days after
      application of the test chemicals. Subsequent seedings and evaluations
      were conducted at less frequent intervals. Approximately 15 days prior to
      each subsequent evaluation further portions of the treated and untreated
      areas were seeded with wheat and spray irrigated with approximately 2
      acre-inches of water. These subsequent evaluations were made 124, 159,
      212, and 273 days after application of test chemicals. The identity of the
      test chemicals, their rates of application, and the results are shown in
      Table 9.
TBL                                    TABLE 9                                 
     __________________________________________________________________________
     EFFECTIVENESS OF TEST COMPOSITIONS IN THE CONTROL OF WHEAT, EXPRESSED AS  
     PER CENT OF UNTREATED CONTROL                                             
     __________________________________________________________________________
                                DAYS AFTER APPLICATION OF TEST COMPOSITION     
     TEST COMPOSITION            14  36 48  63  77  124 159 212 273            
     __________________________________________________________________________
     UNINCORPORATED                                                            
     Isopropyl N-(3-chlorophenyl)carbamate (2 lb./acre)                        
                                 90  70 40  10   0   0   0   0   0             
     Isopropyl N-(3-chlorophenyl)carbamate (2 lb./acre)                        
     and 4-Chlorophenyl N-methylcarbamate (0.7 lb./acre)                       
                                100  90 70  50  50  30  20   0  20             
     Isopropyl N-(3-chlorophenyl)carbamate (4 lb./acre)                        
                                 80  80 50  20  10   0  10   0   0             
     Isopropyl N-(3-chlorophenyl)carbamate (4 lb./acre)                        
     and 4-Chlorophenyl N-methylcarbamate (1.4 lb./acre)                       
                                100 100 100 100 100 80  50  50  10             
     Untreated Control          Normal                                         
                                    Normal                                     
                                        Normal                                 
                                            Normal                             
                                                Normal                         
                                                    Normal                     
                                                        Normal                 
                                                            Normal             
                                                                Normal         
     INCORPORATED, 2 INCHES                                                    
     Isopropyl N-(3-chlorophenyl)carbamate (2 lb./acre)                        
                                100 100 80  50  30  20  20   0  10             
     Isopropyl N-(3-chlorophenyl)carbamate (2 lb,/acre)                        
     and 4-Chlorophenyl N-methylcarbamate (0.7 lb./acre)                       
                                100 100 100 100 100 80  40  10  10             
     Isopropyl N-(3-chlorophenyl)carbamate (4 lb./acre)                        
                                100 100 90  30  20  20  10  10   0             
     Isopropyl N-(3-chlorophenyl)carbamate (4 lb./acre)                        
     and 4-Chlorophenyl N-methylcarbamate (1.4 lb./acre)                       
                                100 100 100 100 100 100 30  75  50             
     Untreated Control          Normal                                         
                                    Normal                                     
                                        Normal                                 
                                            Normal                             
                                                Normal                         
                                                    Normal                     
                                                        Normal                 
                                                            Normal             
                                                                Normal         
     __________________________________________________________________________
PAC  EXAMPLE XXVI
PAR  Formulations of isopropyl N-(3-chlorophenyl)-carbamate, isopropyl
      N-phenylcarbamate, and 4-chlorophenyl N-methylcarbamate in various
      combinations were sprayed on the surface of quantities of unsterilized
      soil and immediately incorporated by mechanical blenders. The soil used
      was a sandy loam having: (1) a mechanical analysis of 60 percent sand, 34
      percent silt, and 6 percent clay; (2) an organic matter content of 3.9
      percent; and (3) a pH of 6.4. Treated soil and untreated soil were stored
      moist at room temperature in plastic boxes having dimensions of 7.5 inches
      by 3.5 inches by 10 inches. Each box contained approximately 6.5 pounds of
      soil. For each pound per acre of test compound reported in Table 10, the
      box contained 16.2 milligrams of test compound. Aliquots of soil were
      removed at 0. 2, 4, 6, and 8 weeks after chemical treatment and placed in
      pots in a layer about 3/4 inch deep over untreated, sterilized soil. The
      pots were seeded with downy brome (Bromus tectorum, L.), moved to a
      greenhouse, and held three to four weeks. At the conclusion of the holding
      period the downy brome growth, if any, of each pot was inspected and given
      an injury rating which was based on a scale of 0 (no injury) to 10
      (complete control) and which referred primarily to retardation. The
      identity of the test chemicals, their rates of application, and the
      results are shown in Table 10.
TBL                TABLE 10                                                    
     ______________________________________                                    
     PERSISTENCE OF PREEMERGENCE HERBICIDAL ACTIVITY OF                        
     VARIOUS CHEMICALS AGAINST DOWNY BROME AS INFLUENCED BY                    
     4-CHLOROPHENYL N-METHYLCARBAMATE                                          
     ______________________________________                                    
     NOMEN-  4-CPMC   4-Chlorophenyl N-methylcarbamate                         
     CLATURE:                                                                  
             CIPC     Isopropyl N-(3-chlorophenyl)carbamate                    
             IPC      Isopropyl N-phenylcarbamate                              
     ______________________________________                                    
                               Injury Rating for Plants                        
                               Planted Indicated Number                        
                               of Weeks After Chemical                         
     Chemicals                                                                 
              Lbs. per  Rep.   Treatment of Soil                               
     Applied  Acre      No.    0    2    4    6    8                           
     ______________________________________                                    
     4-CPMC   2         A      0    0    0    0    0                           
                        B      0    0    0    0    0                           
                        C      0    0    0    0    0                           
     4-CPMC   1         A      0    0    0    0    0                           
                        B      0    0    0    0    0                           
                        C      0    0    0    0    0                           
     4-CPMC   0.5       A      0    0    0    0    0                           
                        B      0    0    0    0    0                           
                        C      0    0    0    0    0                           
     CIPC     2         A      9    5    4    0    0                           
                        B      10   5    5    0    0                           
                        C      8    5    5    0    0                           
     CIPC     4         A      10   10   10   0    0                           
                        B      10   10   10   0    0                           
                        C      10   10   10   0    0                           
     CIPC     8         A      10   10   10   8    0                           
                        B      10   10   10   6    0                           
                        C      10   10   10   5    0                           
     CIPC +   2 + 0.5   A      10   8    9    10   5                           
     4-CPMC             B      10   8    9    10   5                           
                        C      10   9    9    10   5                           
     CIPC +   4 + 1     A      10   10   10   10   10                          
     4-CPMC             B      10   10   10   10   9                           
                        C      10   9    9    10   9                           
     CIPC +   8 + 2     A      10   10   10   10   10                          
     4-CPMC             B      10   10   10   10   10                          
                        C      10   10   10   10   10                          
     CIPC     10        A      10   10   10   10   4                           
                        B      10   10   10   10   4                           
                        C      10   10   10   10   4                           
     CIPC     5         A      10   10   10   10   0                           
                        B      10   10   10   10   0                           
                        C      10   10   10   10   0                           
     CIPC     2.5       A      10   10   8    3    0                           
                        B      10   10   8    2    0                           
                        C      10   10   8    2    0                           
     IPC      2         A      10   10   10   9    0                           
                        B      10   10   10   9    0                           
                        C      10   10   10   7    0                           
     IPC      4         A      10   10   10   10   8                           
                        B      10   10   10   10   8                           
                        C      10   10   10   10   8                           
     IPC      8         A      10   10   10   10   10                          
                        B      10   10   10   10   10                          
                        C      10   10   10   10   10                          
     IPC +    2 + 0.5   A      10   10   10   9    8                           
     4-CPMC             B      10   10   10   10   8                           
                        C      10   10   10   9    8                           
     IPC +    4 + 1     A      10   10   10   10   10                          
     4-CPMC             B      10   10   10   10   10                          
                        C      10   10   10   10   10                          
     IPC +    8 + 2     A      10   10   10   10   10                          
     4-CPMC             B      10   10   10   10   10                          
                        C      10   10   10   10   10                          
     IPC      10        A      10   10   10   10   10                          
                        B      10   10   10   10   10                          
                        C      10   10   10   10   10                          
     IPC      5         A      10   10   10   10   9                           
                        B      10   10   10   10   9                           
                        C      10   10   10   10   9                           
     IPC      2.5       A      10   10   10   10   6                           
                        B      10   10   10   10   6                           
                        C      10   10   10   10   6                           
     ______________________________________                                    
PAC  EXAMPLE XXVII
PAR  The procedure of Example II is followed to evaluate the soil lives of
      several test compositions. The identities of the test compounds, the rates
      of application, and the results are shown in Table 11.
TBL                                    TABLE 11                                
     __________________________________________________________________________
                                    GRAMS OF RYE GRASS TOP GROWTH PLANTED ON   
                                    VARIOUS DAYS AFTER TREATMENT               
     __________________________________________________________________________
                                    NUMBER OF DAYS                             
     TEST COMPOUND                  3   10  38  56  76  87  106 190            
     __________________________________________________________________________
     Control                        0.114                                      
                                        0.120                                  
                                            0.102                              
                                                0.103                          
                                                    0.089                      
                                                        0.078                  
                                                            0.065              
                                                                0.079          
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (4 lb/acre-in)             
                                    0.000                                      
                                        0.000                                  
                                            0.032                              
                                                0.043                          
                                                    0.087                      
                                                        0.076                  
                                                            0.094              
                                                                0.074          
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (4 lb/acre-in)             
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.008                      
                                                        0.009                  
                                                            0.054              
                                                                0.066          
     4-Chlorophenyl N-ethylcarbamate (1 lb/acre-in)                            
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (4 lb/acre-in)             
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.037                      
                                                        0.020                  
                                                            0.076              
                                                                0.055          
     4-Chlorophenyl N,N-dimethylcarbamate (1 lb/acre-in)                       
     Isopropyl N-(3-chlorophenyl) N-methylcarbamate (4 lb/acre-in)             
                                    0.000                                      
                                        0.000                                  
                                            0.000                              
                                                0.000                          
                                                    0.028                      
                                                        0.048                  
                                                            0.081              
                                                                0.085          
     4-Chlorophenyl N-methylcarbamate                                          
     __________________________________________________________________________
PAR  According to a particularly preferred embodiment of this invention, the
      herbicidal activity of isopropyl N-(3-chlorophenyl)carbamate against
      several common weeds is enhanced. Notable among these weeds are pigweed
      (Amaranthus L.), particularly redroot pigweed (Amaranthus retroflexus L.),
      ragweed (Ambrosia L.), wild oat (Avena fatua L.), morning glory (Ipomoea
      L.), mustard, particularly wild mustard (Brassica kaber D.C.), pinnatifida
      (Stokes), flax (Linum L.), crab grass (Digitaria Heist), johnsongrass
      (Sorghum halepense [L.] pers.), lambsquarter (Chenopodium L.),
      barnyardgrass (Echinochloa Beauv.) and foxtail (Setaria Beauv.),
      particularly yellow foxtail (Setaria glauca [L.] Beauv.). These weeds have
      generally evidenced high resistance to isopropyl
      N-(3-chlorophenyl)carbamate applied at customery rates, e.g., about 2 to
      about 8 pounds per acre. The presence of as little as about 5 percent by
      weight, based on the weight of the isopropyl N-(3-chlorophenyl)carbamate,
      of a phenyl N-alkylcarbamate, e.g., 4-chlorophenyl N-methylcarbamate, in
      the soil or formulation with the isopropyl N-(3-chlorophenyl)-carbamate
      substantially increases the effectiveness of isopropyl
      N-(3-chlorophenyl)carbamate to control these weeds. This increased
      effectiveness is accomplished without significantly increasing the
      susceptibility of crop plants such as cotton, grass seed, soybean, onion,
      vegetable crops, e.g., peas, beans, radishes, kidney beans, squash, potato
      and tomato and grain crops such as corn, wheat, barley and rice, to
      isopropyl N-(3-chlorophenyl)carbamate. Although the aforedescribed
      herbicidal effectiveness of isopropyl N-(3-chlorophenyl)carbamate is
      enhanced by the presence of even large excesses, e.g., 500 percent or more
      by weight, of the phenyl N-alkylcarbamate, useful quantities for field
      application typically range from about 10 to about 100, preferably about
      20 to about 50 percent by weight, based on the isopropyl
      N-(3-chlorophenyl)carbamate.
PAR  The herbicidal compositions of the present invention may be formulated in
      several ways. Convenient formulations include clay granular formulations,
      wettable powders and emulsifiable concentrates. These formulations may be
      prepared in accordance with techniques well known to the art, particularly
      the techniques and practices presently employed in the production of
      commercial formulations of isopropyl N-(3-chlorophenyl)carbamate. Examples
      of suitable formulations may be found in U.S. Pat. No. 2,695,225, the
      disclosure of which is hereby incorporated by reference. By following the
      teachings of that patent and substituting one or more of the phenyl
      N-alkylcarbamates disclosed herein for a portion of the isopropyl
      N-(3-chlorophenyl)carbamate, suitable formulations for the practice of the
      present invention are obtained.
PAR  Granular formulations may be prepared by spraying molten mixtures of
      isopropyl N-(3-chlorophenyl)carbamate and the phenyl N-alkylcarbamate
      directly onto an inert carrier. Suitable materials for granules include
      clays such as attapulgite clay or other materials resistant to physical
      deterioration by water. Examples of such materials include corn cobs,
      walnut shells, natural manures, wood flour, sawdust, wood shavings and
      plant stems or leaves. One good method of application of the molten
      carbamate mixture is to spray it on the granular carrier while agitating
      the granules in a rotary blender. Suitable granular formulations produced
      in this fashion contain, for example, from about 1 to about 30 percent by
      weight alkyl N-phenylcarbamate and from 1 to about 30 percent phenyl
      N-alkylcarbamate, the remainder, i.e., about 40 to about 98 percent by
      weight of the granules comprising inert material. An example of a
      preferred formulation is 20 percent by weight isopropyl
      N-(3-chlorophenyl)carbamate, 5 percent by weight phenyl N-methylcarbamate
      and 75 percent by weight attapulgite clay.
PAR  Another good formulation contains 10 percent by weight isopropyl N-(3
      -chlorophenyl)carbamate, 10 percent by weight isopropyl
      N-(3,4-dichlorophenyl)carbamate, 5 percent by weight 4-chlorophenyl
      N-methylcarbamate and 75 percent by weight attapulgite clay.
PAR  Suitable wettable powders typically contain between about 5 and about 50
      percent by weight alkyl N-phenylcarbamate and between about 1 and about 20
      percent by weight of the phenyl N-alkylcarbamate in admixture with an
      inert powder, e.g., silica, such as Hi-Sil 233 or like finely-divided
      solid, typically siliceous or clay materials. Any convenient amount of the
      inert diluent may be employed. Useful quantities range from about 10 to
      about 50 percent by weight. Small amounts of dispersing and/or wetting
      agents are usually included in the formulations. Useful amounts of these
      agents typically range from less than about 1 percent through about 5
      percent, usually less than about 3 percent by weight of the formulation.
      The wettable powder is typically dispersed in water for application. A
      suitable wettable powder has the following approximate composition:
     Isopropyl N-(3-chlorophenyl)carbamate                                     
                               40%                                             
     Phenyl N-methylcarbamate  10%                                             
     Sodium lignosulfonate     3%                                              
     Sodium N-methyl-N-oleoyl taurate                                          
     (wetting agent)           3%                                              
     Hi-Sil 233                44%                                             
PAR  Emulsifiable concentrates are prepared by blending from about 5 to about 50
      percent by weight alkyl N-phenylcarbamate and from about 1 to about 20
      percent by weight of a phenyl N-alkylcarbamate with an organic solvent and
      an emulsifier. A typical such formulation is as follows:
TBL  Isopropyl N-(3-chlorophenyl)carbamate                                     
                               48%                                             
     4-Chlorophenyl N-methylcarbamate                                          
                               10%                                             
     Xylene                    34%                                             
     Polyoxyethylene derivatives (fatty                                        
     glycerides) and blends with alkyl                                         
     aryl sulfonates (Atlox 2083)                                              
                               8%                                              
PAR  Among the organic solvents which find use in emulsion formulations are
      xylene, kerosene, methyl isobutylketone and other water insoluble
      hydrocarbons, notably the carbonyl hydrocarbon solvents. Other useful
      solvents include the edible oils, e.g., corn oil, olive oil, codliver oil,
      safflower oil and the like. Any solvent inert to the carbamate and
      immiscible with water, at least in the presence of suitable surface active
      agents or emulsifiers, may be employed.
PAR  The formulations of the present invention frequently include small amounts
      of various surfactants such as wetting agents, emulsifiers and
      dispersants. Anionic surfactants are required for wettable powders,
      notably those typified by Example XXII of this disclosure. Emulsion
      formulations generally require blends of ionic and anionic surfactants.
PAR  Many hundreds of such surfactants are available as commercial products.
      Well-known dispersing agents which are useful in wettable powders include
      the lignin surfactants (ligno sulfonates) such as those described in U.S.
      Pat. No. 2,491,832 and the alkyaryl sulfonates. The ligno sulfonates of
      most interest are the metallic, notably the sodium and calcium, sulfonate
      salts. Molecular weights of these materials normally range from about
      1,000 to about 20,000. Another useful class of surfactants comprises the
      formaldehyde-naphthalene sulfonate condensates typified by those disclosed
      in U.S. Pat. No. 2,516,095. Other useful dispersing agents are found among
      the alkali metal derivatives of unsaturated and aromatic hydrocarbons, the
      alkali metal alcoholates of long chain alcohols and the anhydrous alkali
      metal soaps of higher fatty acids. Particularly suitable wetting agents
      for wettable powders are the taurates typified by sodium N-methyl-N-oleoyl
      taurate. Sodium alkyl naphthalene sulfonates and the oleic acid ester of
      sodium isethionate are also especially useful. The condensation products
      of alkylene oxides with phenols and organic acids, the polyalkylene
      derivatives of sorbitan esters, complex ether alcohols and mahogany soaps
      are examples of useful ionic surfactants. Other surface active agents of
      the same or similar physical properties are known to the art and can be
      employed in the formulations of this invention.
PAR  It is often desirable to include in a formulation which is to be mixed with
      water, a small amount, e.g., about 1/10 to about 1 percent by weight of a
      suitable anti-foaming agent. Useful anti-foaming agents include the
      ditertiary acetylenic glycols, such as those marketed under the tradename
      SURFYNOL by Air Reduction Chemical and Carbide Company, 150 East 42nd
      Street, New York 17, New York. Other compounds known to the art to
      function as anti-foaming agents may be employed if desired. Such compounds
      include 2-octonol, sulfonated oils, and silicones. Useful silicones are
      those of low moleculare weight, i.e., the silicone fluids or oils. Typical
      of these are the methyl and ethyl substituted silocanes, such as the
      dimethylsiloxanes.
PAR  It is within contemplation that the formulations of this invention include
      other active ingredients in addition to the aforedisclosed carbamates. It
      may be desirable, for example, to include other herbicides in the
      formulation to increase the spectrum of herbicidal activity of the
      formulation.
PAR  Although the invention has been described with particular reference to
      details of certain specific embodiments, it is not intended to limit the
      scope of the invention except to the extent those details are recited in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicidal composition containing as a herbicidal component isopropyl
      N-(3-chlorophenyl)carbamate in an amount sufficient to be herbicidally
      effective when applied to the soil, and further containing an amount of
      4-chlorophenyl N-methylcarbamate sufficient to extend the soil life of
      said isopropyl N-(3-chlorophenyl)carbamate.
NUM  2.
PAR  2. The herbicidal composition of claim 1 wherein the weight ratio of said
      isopropyl N-(3-chlorophenyl)carbamate and said 4-chlorophenyl
      N-methylcarbamate is between 1:1 and 10:1.
NUM  3.
PAR  3. A herbicidal composition containing as a herbicidal component isopropyl
      N-phenylcarbamate in an amount sufficient to be herbicidally effective
      when applied to the soil, and further containing an amount of
      4-chlorophenyl N-methylcarbamate sufficient to extend the soil life of
      said isopropyl N-phenylcarbamate.
NUM  4.
PAR  4. The herbicidal composition of claim 3 wherein the weight ratio of said
      isopropyl N-phenylcarbamate and said 4-chlorophenyl N-methylcarbamate is
      between 1:1 and 10:1.
NUM  5.
PAR  5. A method of controlling weeds comprising applying to the area in which
      weeds are living both a herbicidal amount of a compound selected from the
      group consisting of isopropyl N-(3-chlorophenyl)carbamate and isopropyl
      N-phenylcarbamate and an amount of 4-chlorophenyl N-methylcarbamate
      sufficient to extend the soil life of said compound.
NUM  6.
PAR  6. The method of claim 5 wherein said compound is isopropyl
      N-(3-chlorophenyl)carbamate.
NUM  7.
PAR  7. The method of claim 5 wherein said compound is isopropyl
      N-phenylcarbamate.
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ABST
PAL  There is provided an improved process for preparing a charge composition
      for a smelting furnace in accordance with which a deficiency of
      nonagglomerating carbonaceous material is utilized within pellets formed
      from iron oxide ore with or without an added flux material, and these
      pellets sintered on a traveling grate machine in the presence of
      externally supplied carbonaceous material in the sinter bed sufficient to
      make up the deficiency within the pellets.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 353,594 filed Apr. 23, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  Composite pellets of carbon and prereduced iron oxides have been recognized
      as a highly beneficiated charge for an electric smelting furnace or a
      blast furnace for the production of metallic iron. Such composite pellets
      comprised of iron in the metallic state, iron oxides, gangue constituents,
      and carbon can be produced by a number of processes, of which some have
      been described as both metallized and carbonized pellet products and
      exemplified by such patents as U.S. Pat. Nos. 2,805,141 to Apuli,
      2,806,779 to Case, 3,218,153 to Schei et al, 3,219,436 to Heitmann et al,
      3,333,951 to Ban, 3,264,091 to Ban, 3,264,092 to Ban, 3,276,859 to Collin
      et al, 3,304,168 to Ban, 3,751,241 to Sloughfy et al, and 3,759,693 to
      Kunii et al.
PAR  The present invention is an improvement on all of the foregoing although
      the most important of the references known at this time is the U.S. Pat.
      to Case No. 2,806,779. This patent contemplates the preparation of
      hardened iron ore pellets by forming within the pellet a "char bond" of
      graphite material. Ranges of concentration of the char bonding
      carbonaceous material utilized in specific examples recited by Case
      overlap the ranges of concentration of nonagglomerating carbonaceous
      material utilized in accordance with the present invention. Although
      mention is made of categories of carbonaceous materials which include
      nonagglomerating coals or lignites or sub-bituminous materials, tests
      embodying the teachings of Case have shown that unless the material within
      these categories is of the agglomerating type, it will not form a char
      bond and the resulting product is not comparable to that which is produced
      in accordance with the present invention.
PAR  Case, it will be noted, in describing his invention described an amount of
      carbon to be used in the following language:
PA1  "By `conglomerated body` herein is meant a coherent mass containing an
      intimate mixture of ore and reducing agent so proportioned to one another
      that the self-sufficient condition is attained: Such terms being employed
      herein to define the mass in its heat-treated form referred to as a
      `char-bonded pellet` or `char-bonded materials`."
PAL  The term "self-sufficient" refers to "self-reducing" as defining a chemical
      ratio in the char-bonded pellets by which enough carbon is intimately
      mixed with the iron ore to reduce to metallic form the iron oxide
      contained in the char-bonded pellets under the conditions of reduction in
      the smelting furnace.
PAR  The present invention is distinguished from the Case patent in these
      important respects: First, in the present invention a nonagglomerating
      carbonaceous material is utilized in forming the pellets. As indicated
      above, tests have shown that only agglomerating materials have the
      capability of forming a char bond. Secondly, the amount of carbon utilized
      in the present process is from 40 - 80% of the amount of carbon required
      (1) to carburize the iron produced in the present process and (2) to
      reduce all of the iron oxide constituents to the metallic state. Although
      these sub-self-sufficient amounts are overlapped by amounts taught by Case
      in specific examples, those specific examples do not achieve the desired
      result according to Case of providing a self-reducing pellet and there is
      no indication as to whether the coal used in the tests was of the
      agglomerating (bituminous) or nonagglomerating type. Third, the prior art
      produces a char bond of "graphitic material". In the present case, there
      is no tendency to produce a char bond and the amount of carbon in the
      pellet is limited so as not to interfere with the formation of a metallic
      bond and/or a ceramic bond within the pellet. There is no suggestion in
      Case that by limiting the amount of coal in the pellet, a bond other than
      char bond can be produced under sintering conditions, to produce a strong
      "durable" pellet. Moreover, there is no suggestion that the carbon
      deficiency can be supplied as external coal as hereinafter explained to
      produce a composite smelter charge composition.
PAR  With respect to U.S. Pat. No. 2,805,141 to Apuli, the present invention is
      clearly distinguished therefrom with respect to the relative amounts of
      carbon employed. Apuli is concerned with the production of iron oxide
      pellets, not a smelter charge. Thus there is an improper carbon:oxygen
      ratio. As will appear hereinafter, a carbon content of about 3.6% by
      weight of the pellet will give a carbon to oxygen ratio of about 0.11. In
      the present invention the carbon to oxygen ratio is approximately 0.8 or
      higher. Secondly, in the production of iron ore pellets, the pellets are
      produced under oxidizing conditions. In the present invention, reducing
      conditions are maintained. It will be observed that Apuli calls for
      oxidizing gases in the burning zone.
PAR  The patent to Kunii utilizes the combination of a traveling grate in which
      to produce pellets and a rotary kiln which in reality replaces a blast
      furnace. Coal is introduced separately into the rotary kiln. Coal is mixed
      with the hot pellets from the traveling grate to prereduce the iron oxide
      in the hot pellets. Coke which is produced in accordance with the process
      may be recycled. The patentee's process is distinguished from the
      traveling grate process and the rotary hearth process in that the former
      has the disadvantage that the material of the grate makes it very
      difficult to maintain the grate at a high reducing temperature over a
      prolonged period of time and thus renders the process unsuitable for
      providing highly metallized pellets. The latter poses a problem in that it
      cannot be used for effecting reduction of pellets.
PAR  The patent to Collin is concerned with a reduction process utilizing an
      electric arc furnace. He first produces pellets which contain
      substantially no metallic iron. In the present invention, at least about
      30% iron is produced in the pellets. Quite importantly, however, Collin
      adds coke to the pellets at the time of introduction into the furnace. In
      the present invention, coke is produced simultaneously with the hardened
      prereduced pellets, and the material which is discharged from the
      traveling grate is a metallurgically complete blended smelter furnace
      charge.
PAR  The patentee Heitmann et al is concerned with the production of low density
      pellets which, after prereduction, are crushed and briquetted to provide a
      portion of a smelter furnace charge.
PAR  In the Sloughfy et al patent, slag is used in excess to coat the pellets
      and prevent reoxidation of prereduced iron on weathering. This composition
      is then fired in a rotary kiln with added coke. As indicated, the present
      invention contemplates the production of a metallurgically self-sufficient
      charge from a traveling grate machine suitable for direct introduction
      into a smelting furnace without further compositional adjustment. The
      patentee Schei contemplates increasing the yield of metal by molding the
      pellets or briquettes in a manner to provide a core which contains an
      excess of metal oxide surrounded by a second layer or pile which contains
      an excess of carbonaceous reducing agent. Both the core and the shell
      contain iron ore. All of the fuel is therefore within the pellet and none
      is external.
PAR  It is believed that in those cases where a full measure of carbon is
      utilized in the formation of a pellet and the carbon is of the
      nonagglomerating type such as may be used in accordance with the Ban
      patents above referred to, the presence of the relatively large amount of
      carbon interferes with the establishment of an internal matrix of metal
      and/or an internal matrix of ceramic material which will hold the pellet
      together.
PAR  The importance of holding the pellet together when using a low grade type
      carbonaceous material such as the lignites or sub-bituminous coals or
      extremely high grade coal such as anthracite coal (all of which materials
      are nonagglomerating) is that when these materials are used in accordance
      with the Case teachings, there results a very loosely bonded material
      which will crumble under pressure of the fingers. However, when pellets
      formed from the same materials and heated under the same conditions are
      made using a deficiency of a nonagglomerating carbonaceous material, the
      resulting pellets are extremely strong and can be handled without
      crumbling into fines. Thus, materials moving on grates or being dumped
      into a smelting furnace shaft maintain their integrity and do not crumble
      into fines which fall through grates on the traveling grate machine or
      contaminate and render inefficient the smelting furnace.
PAR  The invention is further distinguished from the prior art in that it
      provides a charge for a smelting furnace as distinct from merely pellets.
      Because a deficiency of carbon is used in forming the pellet moiety, the
      charge to the smelting furnace is nevertheless made self-sufficient by the
      addition of loose non-agglomerating carbonaceous material in the
      interstices between pellets or as a coating around the pellets. Also, the
      charge may desirably contain a fluxing material such as limestone or
      dolomite. The fluxing material may be present either in the pellet
      composition or in the interstitial composition or in both. Nevertheless,
      the resulting product for charging to the smelting furnace is formed from
      cheap raw materials and after sintering has excellent handling properties.
PAR  As indicated in much of the prior art referred to above, a problem has been
      encountered in the treating of pellets on a traveling grate with
      reoxidation. In accordance with the present invention, a reducing
      environment is maintained in the bed during the metallizing procedure. The
      formation of a pyrolytic char or coke as a reductant for electrothermal
      processing simultaneously is a distinct advantage and difference over the
      prior art. When the burden discharged from the traveling grate is cascaded
      into a supply hopper for introduction into an electrothermal smelting
      furnace, the char continues to provide a protective reducing environment
      so that the pellets in the smelter charge composition do not undergo
      reoxidation. A still further advantage of the present invention is that it
      enables the operator to provide corrective carbon much more rapidly than
      heretofore possible. When a deficiency of carbon is detected in the final
      product of the electrolytic smelting furnace, additional "corrective coal"
      can be introduced immediately into the process. The entire processing in
      accordance with the present invention enables the production of a hot
      metallurgical self-sufficient coke/hardened prereduced pellet composition
      available for immediate introduction into an electric arc smelting
      furnace.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  Briefly stated, therefore, the present invention is in a process for the
      preparation of a smelter furnace charge composition including prereduced
      metal and ceramic bonded pellets comprising the step of prereducing on a
      traveling grate green moist pellets of iron ore, water, and a
      nonagglomerating carbonaceous material with or without added flux
      material, the nonagglomerating carbonaceous material supplying an amount
      of fixed carbon which is (1) insufficient to reduce 100% of the iron to
      metallic iron and (2) to carburize the iron so formed and which amount is
      in the range of from 40 - 80% of that required to (1) carburize the iron
      and (2) reduce all of the iron oxide constituents to the metallic state.
PAR  External or interstitial carbonaceous material in an amount sufficient to
      supply the balance of the required amount of fixed carbon to meet the
      above stated conditions is also included in the charge composition. As
      indicated, the charge composition may also include a flux material either
      in the interstitial carbon moiety, or in the pellets, or distributed
      between both. The flux material within a pellet aids in the formation of
      ceramic bonds.
PAR  The charge is sintered or prereduced following conventional practice at a
      temperature of at least about 1800.degree.F up to incipient fusion for a
      period of time to prereduce to the extent of removing at least about 50%
      of the oxygen from the iron oxides. It is not necessary that complete
      reduction of the iron values be achieved in the course of sintering
      although a close approach to 80% prereduction in the pellets is desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic and schematic illustration showing one embodiment
      of the present invention.
PAR  FIG. 2 is a material balance illustrating a specific example of the
      materials and the relative proportions thereof for producing a smelting
      charge composition for introduction into a smelting furnace.
PAR  FIG. 3 is a diagrammatic representation of a section through the burden on
      the traveling grate in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Agglomerating coals or those which are characterized by caking and are used
      in making coke when used as reducing agents in iron ore pellets become
      partially consumed and the remaining part becomes pyrolytically converted
      and char-bonded within the pellet which may also be partially bonded by
      metallic and ceramic bonds. Through use of selected coking coals, e.g.
      bituminous coals, with strong agglomerating properties, composite pellets
      are converted to carbonized pellets which are extensively bonded by
      pyrolytic carbon, graphitic material, or char forms as matrices within the
      pellet. A wide variety of coals, however, do not have agglomerating
      properties as are characterized by fuels such as lignites, subbituminous
      coals, oxidized bituminous coals, anthracites, and miscellaneous forms of
      pyrolyzed carbon such as coke breeze, chars, etc. These materials are all
      nonagglomerating. (See "The Making Shaping and Treating of Steel", United
      States Steel Co., 6th Edition, 1951, Table 24, p. 159.) They cannot form
      carbonized or carbon bonded pellets. According to the present invention,
      techniques have been developed to make durable or hard prereduced pellets
      in a smelter charge composition with these nonagglomerating coals but
      wherein the bonding within the pellet is largely metallic and/or ceramic.
PAR  When using nonagglomerating forms of coal and carbon as a constituent of a
      composite pellet charge, the proportion of the carbonaceous ingredient in
      the mixture has been found to be critical for the production of durable
      products. It has been discovered that use of a quantity of
      nonagglomerating carbon in excess of that required for durable bonding as
      produced herein causes considerable weakening of the structure. Surplus
      nonagglomerating carbon in this context interferes with ceramic and
      metallic bond formation through what are believed to be "miniature parting
      planes" between potential bonding surfaces. Thus, whereas adjacent
      particles of reduced metallic iron would otherwise weld together under
      sintering conditions to form a metallic bonding matrix, the interposition
      of graphitic carbon, a well-known parting material, interferes with the
      formation of this strong matrix. Where the amount of fixed carbon is,
      however, sufficient or in excess, a carbon matrix is preferentially
      formed. If the carbon from which the carbon matrix is formed is of the
      agglomerating type, a strong char bond carbon matrix is formed. If the
      fixed carbon is of the nonagglomerating type, a weak carbon matrix
      crushable under finger pressure is formed.
PAR  For the production of a satisfactory quality of metallurgical burden as
      prereduced charge for a smelting furnace, it is important to maintain a
      defined and predetermined carbon to reducable oxygen ratio in the smelter
      charge composition. Use of a lower than requisite carbon-to-oxygen ratio
      causes insufficient reduction of the iron oxides to metallic iron, loss of
      metallic iron into the slag and production of relatively high melting
      metals which follow furnace operations. Carbon-to-oxygen ratios which
      exceed the requisite portions cause surplus carbon build-up within the
      furnace and wasteful use of the fuel. For this reason, a predetermined
      carbon-to-oxygen ratio should be maintained in a smelting furnace charge
      as well as a predetermined base-to-acid ratio to form a proper quality of
      slag, the latter in accordance with known procedures.
PAR  Certain problems have been noted when determining a proper metallurgical
      carbon-to-oxygen ratio of prereduced smelter charge composition formed
      with noncoking and noncaking or nonagglomerating coals. It has been
      determined that the pellets have relatively low strength properties due to
      the detrimental effect of high quantities of residual carbon which
      interfere with pellet bonding. For instance, an adequate but relatively
      low strength metallurgical burden of prereduced composite pellets may be
      made from lean iron ore and nonagglomerating coal and prereduced to a
      composite pellet with a carbon-to-oxygen ratio of 0.84. Such prereduced
      pellets are self-reducing and have the following general composition:
TBL         Fe.sub.2 O.sub.3                                                   
                           3.0%                                                
            FeO            36.6%                                               
            Fe.sub.met     23.0%                                               
            SiO.sub.2      21.5%                                               
            Al.sub.2 O.sub.3                                                   
                           8.3%                                                
            C              7.6%                                                
PAR  Because of the relatively high quantities of carbon within such a pellet,
      interference with proper metallic and ceramic bonds is apparent and the
      crushing load of such pellets in the coal state is only on the order of 10
      - 20 lbs., indicating a relatively weakly bonded structure. However,
      through the use of only 40% - 80% of the requisite nonagglomerating coal,
      the strength of the pellet has been improved from 3 - 7 times and thus has
      crushing loads on the order of 40 - 150 lbs. Crushing load or strength as
      used herein is the average load in pounds required to fracture a one-half
      inch pellet. Such pellets have a carbon-to-oxygen ratio of 0.64 in the
      fired pellet and illustrate marked increased bonding noted when the
      composite pellets are deficient in carbon. Such composite pellets are
      depleted of carbon and are deficient with respect to the carbon:oxygen
      ratio for a proper smelting charge. The term "requisite coal" means that
      quantity of coal, the fixed carbon of which is sufficient to reduce all
      the iron oxide constituents of the iron ore to the metallic state and to
      carburize the iron to an extent of from 1% to 3% by weight of the iron.
      The range of fixed carbon:oxygen ratios in the fired pellet moiety is
      quite limited and, although somewhat dependent upon the nature of the
      nonagglomerating coal, the ore and the presence or absence of flux, will
      lie within the range of from 0.2 to 0.7.
PAR  Table I summarizes the effects noted above.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Sintered.sup.1 Pellets of Iron Oxide Ore and Various Coals                
     Showing Effect on Crushing Strength                                       
     Exam-        CiO.sub.2                                                    
                      % Requi-     Strength                                    
     ple  Kind of Coal                                                         
                  Ratio                                                        
                      site Coal                                                
                            Gas                                                
                               Bond                                            
                                   lbs.                                        
     __________________________________________________________________________
     1   Agglomerating                                                         
                  0.84                                                         
                      100%  Air                                                
                               Char                                            
                                   40-60                                       
     2   Nonagglomerating                                                      
                  0.84                                                         
                      100%  Air                                                
                               Carbon                                          
                                   10-20                                       
     3   Nonagglomerating                                                      
                  0.64                                                         
                       60%  Air                                                
                               Metal                                           
                                    40-150                                     
     __________________________________________________________________________
      .sup.1 All at 1800 - 2400.degree.F for 16 - 24 minutes                   
PAR  Any deficiency in the pellet moiety of carbon-to-oxygen ratio for a proper
      smelting charge is made up in accordance with the present invention from
      external carbon additions. These carbon additions may be made to the
      pellet bed as coarse structured agglomerating or nonagglomerating
      carbonaceous material since the nature of the coal in the external
      additions will not affect the blending within the pellets. The carbon
      additions may be supplied externally as rerolled material on the pellet
      surface with suitable binding agents. Finally, carbon additions may be
      made by using coarse carbon supplying materials as a nucleus material
      within the pellet core. The first, namely coarse addition externally to
      the pellet bed, is preferred. This addition is made prior to firing on a
      traveling grate machine. This carbonaceous material can be applied as a
      corrective metallurgical material, that is in higher or lower amounts as
      may be directed by the smelting operations.
PAR  Referring now to FIG. 1, there is here shown as a pictorial diagram the
      equipment and general flow sheet for dividing the amount of a
      nonagglomerating coal between the pellet and bed matrix. As indicated in
      the flow sheet representing a preferred embodiment of my invention, the
      flux or limestone can be added as either a constituent of the pellet or as
      a top layer on the bed of the pellet charge. Thus, iron ore, flux
      material, fine coal, and coarse coal of the same nonagglomerating type are
      maintained in supply hoppers. Through the use of proportioning means known
      to those skilled in the art, the proper proportions of the respective
      ingredients are deposited upon a conveyor and into a grinding and blending
      apparatus. Wet grinding may be used. The excess water is filtered out, and
      the resulting moist cake material conducted to a typical balling
      apparatus, an example of which is fully shown and described in U.S. Pat.
      No. 2,947,026 which illustrates a preferred form of pelletizing apparatus
      useful in forming pellets in accordance herewith.
PAR  The pellets containing from 8 - 15% moisture are cascaded onto a
      conventional straight line or circular traveling grate machine, a
      particularly useful embodiment of which is shown and described in U.S.
      Pat. No. 3,302,936. As indicated, flux material may be added as an
      overburden for the pellets. Also, corrective (in the metallurgical sense)
      coarse coal is directed by separate means to the traveling grate bed along
      with the green moist pellets. While the corrective coarse coal and the
      limestone flux may, if desired, be mixed with the pellets to form a more
      even pellet/external coal distribution, this is not necessary. The
      external additions of coal with or without added flux material are
      referred to herein as interstitial moieties to distinguish them from the
      pellet moiety.
PAR  The charge is then submitted to a sintering operation under conditions as
      more specifically set forth hereinafter to effect carbonization and
      prereduction of the iron ore at least in part to metal and in an amount
      sufficient with ceramic bonding to form durable hard pellets. The material
      exiting from the traveling grate machine may be stored and spontaneously
      cooled or, more desirably, discharged directly to a smelting furnace such
      as an electric arc smelter where the heat of the charge material is
      conserved and utilized in the smelting operation.
TBL                TABLE II                                                    
     ______________________________________                                    
     RAW MATERIALS FOR CONVERSION INTO DURABLE                                 
     COMPOSITE SMELTER CHARGE                                                  
     Lean         Noncaking     Sized                                          
     Iron Ore     Coal          Limestone                                      
     -1/4".times.0                                                             
                  -1".times.0   -1".times.1/4"                                 
     ______________________________________                                    
     Fe.sub.2 O.sub.3                                                          
            61.2      FC      34.4    CaCo.sub.3                               
                                             95.0                              
     SiO.sub.2                                                                 
            15.1      VM      29.0    SiO.sub.2                                
                                             2.0                               
     Al.sub.2 O.sub.3                                                          
            5.7       Ash     10.1    H.sub.2 O                                
                                             3.0                               
     H.sub.2 O                                                                 
            10.0      H.sub.2 O                                                
                              26.5                                             
     LOI    8.0                                                                
            100.0             100.0          100.0                             
     ______________________________________                                    
PAR  In Table II there has been shown a typical analysis of the three principal
      ingredients of the raw smelter charge composition. An analysis of a
      typical lean iron ore such as Paint Rock type ore having a particle size
      range such that all material passes through a 1/4-inch mesh screen is
      given in Table I. Such material has a loss on ignition (LOI) of 8%. A
      nonagglomerating coal having a particle size such that all material passes
      through a one-inch screen has a fixed carbon content of 34.4%, contains
      29% volatile material and has an ash content of 10.1%. The balance is
      water. A limestone flux material sized so that all passes through one-inch
      screen but is retained on a 1/4-inch screen is 95% calcium carbonate, 2%
      silicon dioxide, and balance water. These ingredients are blended so that
      the final sintered carbon-to-oxygen ratio will be approximately 0.64.
TBL                TABLE III                                                   
     ______________________________________                                    
     CONDITIONS OF OPERATION FOR CONVERTING GREEN COMPOSITE                    
     PELLET - COAL - LIMESTONE BED INTO DURABLE SMELTER CHARGE                 
     ______________________________________                                    
     Machine System                                                            
                  11/2.sbsp.0 + 151/2'                                         
     Charge Rate                 lbs/hr                                        
       Green composite                                                         
       pellets    -1/2" + 1/4" 13.0% H.sub.2 O                                 
                                 3140                                          
       Coarse coal                                                             
                  -3" + 1/4" 26.5% H.sub.2 O                                   
                                  316                                          
       Blend      -1" + 1/4"     3456 - 8" layer                               
       Top layer  -1" + 1/4"   3.0% H.sub.2 O                                  
                                  915 - 2" layer                               
     Drying Zone                                                               
       Time         8-12 minutes                                               
       Temperature  450-750.degree.F                                           
       Draft rate   200-350 SCFM/Ft.sup.2                                      
     Prereduction Zone                                                         
       Time         (downdraft)  16-24 minutes                                 
       Temperature  (downdraft)  1800-2400.degree.F                            
       Draft rate   (downdraft)  80-180 SCFM/Ft.sup.2                          
       Time         (updraft)    4-6 minutes                                   
       Temperature  (updraft)    Ambient                                       
       Draft rate   (updraft)    30-60 SCFM/Ft.sup.2                           
     ______________________________________                                    
PAR  Referring now to Table III, a typical traveling grate machine is a straight
      line machine 1.5 feet wide by 15.5 feet long. The green composite pellets
      discharged from the balling machine contain 13% water and are
      approximately 1/2 inch in diameter, all passing through a 1/2-inch screen
      and being retained on a 1/4-inch screen. 3140 pounds per hour of the
      composite pellets are charged to the traveling grate. Coarse coal
      containing 26.5% of water, all passing a one-inch screen and being
      retained on a 1/4-inch screen is added to the burden at the rate of 316
      lbs. per hour. The blend totaling 3456 lbs. per hour is applied as an
      8-inch layer on the traveling grate machine. A top layer of limestone on
      passing a one-inch screen and being retained on a 1/4-inch screen and
      containing 3% water is charged at the rate of 915 lbs. per hour as a
      2-inch overburden layer.
PAR  The composite unsintered burden enters first a drying zone where it is in
      residence for a period of from 8 - 12 minutes and is exposed to recycle
      gas at a temperature of from 450.degree. to 750.degree.F as a downdraft at
      the rate of 200 to 250 standard cubic feet per minute per square foot of
      grate area (SCFM/Ft.sup.2). The moisture content is slowly reduced in this
      zone to prevent destruction of the pellets by the formation of steam
      within the pellet due to too rapid heating. The pellets leave the drying
      zone at a temperature of about 700.degree.F and enter a prereduction zone.
      The residence time in the prereduction zone is from 16 - 24 minutes.
      Oxidizing or neutral gas, e.g. air, is passed downwardly through the
      burden to raise the temperature of the pellets to from 1800.degree.F to
      the point of incipient fusion, i.e. just below the melting point of the
      charge. This temperature approximates about 2300.degree. to 2400.degree.F.
      The gas is passed through the burden at a rate of from 80 - 180
      SCFM/Ft.sup.2. Thereafter, the burden may desirably enter an updraft zone
      or "kiss" for a residence time of from 4 - 6 minutes using ambient air
      forced through the burden at the rate of from 30 - 60 SCFM/Ft.sup.2 to
      prevent overheating and thus undue wear of the grates in the traveling
      grate machine. The terminal "cooling" gas may then be recycled to the
      drying zone to conserve heat.
PAR  Referring to FIG. 3 of the drawings, there is here shown a cross section
      through the burden in accordance with the present invention. The vertical
      particles represent iron ore pellets and are identified by the numeral 10.
      Interspersed among the pellets are particles of nonagglomerating
      carbonaceous material 12. Underlying the burden is a hearth layer
      preferably formed of particles 14 of a fluxing material, e.g. limestone,
      to protect the grates from prolonged exposure to excessive heat. Grate
      bars 16 are typical grate bars of the pallets on a traveling grate
      machine, e.g. a Dwight-Lloyd traveling grate machine.
PAR  In the burden composed of pelletized particles 10 and the interspersed
      external noncoking carbonaceous material 12, the coal is ignited and
      burned in the presence of air to provide heat for the various reactions
      which occur. Other coal in the presence of the heat yields fixed carbon or
      coke plus volatile matter. Iron carbonate within the ore in the presence
      of heat yields Fe.sub.3 O.sub.4 plus carbon monoxide plus carbon dioxide.
      Hydrated Fe.sub.2 O.sub.3 plus heat gives up its moisture. These are
      calcination reactions. The reduction which occurs within the burden is the
      reaction of carbon with iron carbonate, ferric oxide, and ferrous oxide.
      The products are metallic iron, iron oxide (FeO), carbon monoxide and
      carbon dioxide. These reactions are well understood in the prior art. In
      the meantime, the hearth layer composed of flux material in the presence
      of heat gives up carbon dioxide and yields calcium oxide and magnesium
      oxide.
PAR  The manner of handling the charge burden on the traveling grate and the
      conditions observed therein are typical of those observed for sintering
      operations. Details of operating conditions are fully set forth in the
      aforesaid patents to Ban which to the extent of the disclosure of
      operating conditions and equipment are incorporated herein by reference
      thereto. With the exception of the substitution of nonagglomerating
      carbonaceous materials for the normally used coking or agglomerating coals
      and observing the decreased amount of carbon so as to be within the range
      of from 40 - 80% of the requisite amount of fixed carbon, the formulations
      of the sinter burdens are otherwise well known. Rich or lean iron ores may
      be used. The amount of nonagglomerating coal is predetermined in relation
      to the iron values of the ore being used and the fluxing materials and
      other additive materials are used in metallurgical amounts, all in
      accordance with known procedures.
PAR  The foregoing process results, therefore, in a durable or readily
      handleable sinter product adapted for discharge directly to a smelting
      furnace. The advantages of the present process include the utilization of
      inexpensive sources of carbon in a carbon deficient pellet with the
      balance of the carbon requirement being supplied externally to produce a
      metallic or ceramic bonded material useful as a smelter charge composition
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a complete self-reducing charge
      composition including prereduced metal pellets having a crushing strength
      of from about 40 to about 150 pounds comprising the step of prereducing on
      a traveling grate:
PA1  a. green pellets comprising iron oxide, water, and a nonagglomerating
      carbonaceous material without any additional binder for binding the pellet
      during and after prereduction said nonagglomerating carbonaceous material
      supplying an amount of fixed carbon which is insufficient to reduce 100%
      of the iron oxide to metallic iron and is in the range of from 40% to 80%
      of that required to:
PA2  1. carburize the iron so produced; and
PA2  2. reduce all the iron oxide constituents to the metallic state;
PA1  b. external corrective coarse carbonaceous material in an amount sufficient
      to supply the balance of the required amount of fixed carbon to:
PA2  1. carburize the iron so produced; and
PA2  2. reduce all the iron oxide constituents to the metallic state,
PAL  said prereducing being at a temperature of at least 1800.degree. F to
      reduce at least a portion of the iron oxide to metallic iron, and said
      external carbonaceous material being physically blended with said green
      pellets.
NUM  2.
PAR  2. A process in accordance with claim 1 which is further characterized by
      the inclusion in the composition to be prereduced of a flux material.
NUM  3.
PAR  3. A process for the preparation of a smelter furnace charge composition
      including prereduced metal pellets having a crushing strength in excess of
      40 lbs. comprising the steps of:
PA1  a. forming green moist pellets consisting essentially of granular iron
      oxide, water, and nonagglomerating carbonaceous material, said
      nonagglomerating carbonaceous material supplying an amount of fixed carbon
      which is insufficient to reduce 100% of the iron oxide to metallic iron
      and sufficient to provide a ratio to the reactable oxygen of from 0.2 to
      0.7 in the fixed pellet;
PA1  b. adding external carbonaceous material to said pellets as a burden to a
      traveling grate, said external carbonaceous material being in an amount
      sufficient to supply the balance of fixed carbon to:
PA2  1. reduce all the iron oxide constituents to metallic iron;
PA2  2. carburize the metallic iron; and
PA1  c. sintering the charge at a temperature of from 1800.degree. to
      2400.degree. F for a period of time to prereduce and remove at least 50%
      of the oxygen from the iron oxide.
NUM  4.
PAR  4. A process in accordance with claim 3 which is further characterized by
      the inclusion of a flux material.
NUM  5.
PAR  5. A process for the preparation of a smelter furnace charge composition
      including prereduced metal pellets having a crushing strength in excess of
      40 lbs. comprising the steps of:
PA1  a. forming green moist pellets consisting essentially of granular iron
      oxide, water, nonagglomerating carbonaceous material, and flux material,
      said nonagglomerating carbonaceous material supplying an amount of fixed
      carbon which is insufficient to reduce 100% of the iron oxide to metallic
      iron and sufficient to provide a ratio to the reactable oxygen of from 0.2
      to 0.7 in the fixed pellet;
PA1  b. adding external carbonaceous material to said pellets as a burden to a
      traveling grate, said external carbonaceous material being in an amount
      sufficient to supply the balance of fixed carbon to:
PA2  1. reduce all the iron oxide constituents to metallic iron;
PA2  2. carburize the metallic iron; and
PA1  c. sintering the charge at a temperature of from 1800.degree. to
      2400.degree. F for a period of time to prereduce and remove at least 50%
      of the oxygen from the iron oxide.
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PAL  Aluminum metal in the gaseous state may be produced by breaking down of its
      salts at temperatures of at least 2500.degree. to 5500.degree.C. These
      very high temperatures may be reached in various ways, e.g., by producing
      a thermal plasma by means of a plasma arc or a plasma torch. There results
      a mixture of the two elemental gases; and the separation of the mixture is
      accomplished by instananeously chilling the hot gas stream from such a
      heater to a temperature of 136.degree. to 1500.degree.C in a "flash"
      cooler by contacting it directly with a liquid coolant, separately cooled.
      The liquid coolant may comprise the same aluminum salt as is fed to the
      plasma system; or it may be a solution of that compound with one or more
      other liquids, which solution may have a melting or boiling point in a
      desired temperature range; or it may be a quite different compound or
      compounds. The aluminum produced may be withdrawn as a liquid; or if the
      flash condenser operates below the melting point of aluminum, it may be
      obtained as a slurry of fine granules in the liquid coolant. The other
      elemental gas may pass through the liquid of the flash condenser
      uncondensed.
PARN
PAR  This application is a Continuation in Part of copending Applications: - (a)
      U.S. Ser. No. 103,765 of January 4th, 1971 now Patent No. 3,793,003, (b)
      U.S. Ser. No. 308,059 of November 20th, 1972 now Patent No. 3,853,541, and
      (c) U.S. Ser. No. 370,310 of June 15th, 1973 now Patent No. 3,861,904, all
      having the same title, Method for Producing Aluminum Metal Directly from
      Ores, and all referred to hereinafter as the copending applications.
BSUM
PAR  At the high temperatures of at least 2500.degree. to 5500.degree.C, such as
      those obtained in a thermal plasma generated by a plasma arc or a plasma
      torch, many salts of aluminum with a single other element break down into
      the two elements. These may be discharged as a gaseous mixture containing
      the two elements. The aluminum salts may have as the other element sulfur
      or one of the three lower halogens, particularly fluorine, chlorine, and
      bromine. The iodide may be used, but does not lend itself to the necessary
      recycle of the halogen. Aluminum selenide may be used but is very
      expensive; and the salt-like aluminum carbide also may be used, sometimes
      with modifications.
PAR  Within a very short interval of time, preferably from one-thousandth to
      one-tenth of a second and always in less than one to five seconds, the hot
      gaseous products from the breakdown of the aluminum compound are quenched,
      or cooled to a lower temperature of 136.degree. to 1500.degree.C by a
      flash condenser using a coolant liquid, separately cooled. The aluminum
      may be condensed from this mixture of the elemental gases as a liquid or
      solid obtained with the coolant liquid. The other element also may be
      obtained usually in a gaseous form which will allow its ready separation
      from the aluminum and from the coolant liquid.
PAR  While other aluminum salts may be prepared from the aluminous ore by
      conventional methods or as described in the copending applications, and
      then used as the starting material for the process of this invention,
      aluminum chloride may be considered as typical. Copending application U.S.
      Ser. No. 103,765 now U.S. Pat. No. 3,743,003 describes a convenient method
      for producing pure aluminum chloride and aluminum metal from many ores and
      wastes from ore processing operations.
PAR  Copending application U.S. Ser. No. 308,059 now U.S. Pat. No. 3,853,541
      describes how aluminum trichloride, AlCl.sub.3, may be converted to
      aluminum monochloride, AlCl, at a temperature above 1000.degree.C. The
      AlCl in turn may be disproportioned at a temperature below 1000.degree.C
      to give aluminum metal and aluminum trichloride. It describes also how the
      hot gases carrying the monochloride are quenched so rapidly by contact
      with a chilled liquid that aluminum metal is obtained as such without
      allowing time for its reaction with the gases.
PAR  The present invention may start with the aluminum trichloride as a typical
      aluminum salt. It may be prepared as described in the copending
      applications, or in any other manner. By heating it to a high temperature
      of at least 2500.degree.-5500.degree.C, it is broken down into its
      elements, either directly or via aluminum monochloride. At the high
      temperatures of this range, the chlorine breaks from its compound with
      aluminum in the atomic state. It may come: - (a) directly as such, i.e.,
      Cl, by the breaking down of AlCl.sub.3 ; (b) via AlCl; or (c) via the
      usual molecular form Cl.sub.2 broken off from either of the aluminum
      chlorides. In any case, the atomic chlorine which is stable only at these
      very high temperatures is extremely reactive as it cools; and the
      quenching to a comparatively low temperature must be done practically
      instantaneously to prevent the chlorine from reuniting with the aluminum.
      Also, since Cl is so reactive, the chilled liquid coolant must be one with
      which Cl will not react; thus a chloride salt has been found most
      desirable.
PAR  The quenching is done by flash cooling and condensation, similar to the
      method of copending application U.S. Ser. No. 308,059 now U.S. Pat. No.
      3,853,541. While the temperature of the gases is much greater, i.e., at
      least 2500.degree. to 5500.degree.C in the present invention, as against
      1200.degree. to 1800.degree.C in U.S. Ser. No. 308,059 now U.S. Pat. No.
      3,853,541, the mass -- and usually the volume -- of the gas reactive to
      aluminum which must be handled per mol or per pound of aluminum produced
      will be very much less. In both cases, it is most essential to minimize
      contact of the aluminum metal formed, in either a solid or liquid state,
      with the hot gas also being cooled because of the great reactivity for
      each other of the components of the mixture. In the present invention, the
      gases may be even much more reactive, and are initially at a very much
      higher temperature; however, they are usually much smaller in mass (or
      volume) per pound of aluminum produced because little, if any, other gases
      are present than those of (a) aluminum, (b) the other element, (c) the
      unreacted salt. A carrier gas (inert) may be used in some cases; but
      usually it is not necessary.
PAR  By controlling the conditions in the higher temperature reactor, a greater
      or lesser breakdown of the aluminum salt is obtained. If a substantial
      part of the salt comes through unchanged after condensing, it may act as
      the liquid coolant, providing it forms a liquid phase. As always, one of
      the important functions of the coolant liquid is to cover the liquid or
      solid aluminum formed to protect the particles or droplets from direct
      contact with the other elemental gas, and thus minimize a backward
      reaction.
PAR  It is particularly important to select as a first consideration, the
      operating temperature of the flash cooler. Usually this depends on the
      choice of the boiling point of the single liquid, or of the liquid mixture
      used as the liquid coolant. If it has a boiling point below the melting
      point of aluminum, solid particles of aluminum are obtained; if it has a
      boiling point above the melting point, liquid aluminum is obtained.
      Because the liquid aluminum droplets formed may be agglomerated into a
      liquid mass, this may have much less surface area exposed for reaction to
      the other element in the gas phase, e.g., chlorine, than that of the very
      small solid particles formed at a lower teperature. Thus, it has been
      found that, besides the obvious mechanical advantages of removing aluminum
      as a liquid, the metal actually may be recovered in a higher yield from
      the starting binary compound, even though the higher temperatures would
      tend to accentuate the reconversion of the aluminum with the other element
      back to the original salt.
PAR  There are major advantages to use, when possible, as the liquid coolant,
      the salt which is being broken down. Some aluminum salts have no liquid
      phase under atmospheric pressures, but often may be dissolved in another
      liquid and the solution used as the coolant liquid.
PAR  In some cases, there can be used as the flash condenser a conventional coil
      or other tubular condenser, chilled by flowing a secondary chilling liquid
      inside. This would be the case when the aluminum salt was not completely
      broken down into its elements. Some of the salt then comes from the high
      temperature reactor in the gas stream, and on condensing on the coil gives
      a film, or thicker layer, of condensate which acts as the coolant liquid
      for instantly cooling the subsequently flowing hot gas stream.
PAR  This use as coolant liquid of the salt which is being broken down has the
      additional advantage that some part of this liquid coolant, after removal
      of the aluminum and the other element, may be passed back to and used
      directly as feed stock to the high temperature reactor.
PAR  The coolant has an important function after condensing the aluminum, in
      covering the aluminum particles to minimize contact and hence interaction
      with the other elemental gas.
PAC  OBJECTS OF THE INVENTION
PAR  Some objects and accomplishments of the invention are: -
PAR  a. the ready winning of aluminum from its salt with some other particular
      element, which compound, in turn, may have been readily formed from many
      ores and ore residues which are not amenable to separation by conventional
      technology;
PAR  b. the production of aluminum by the heating of a salt with a single
      element to a temperature high enough to break it into its elements, and
      the near instantaneous cooling of the resulting gas mixture to separate
      the elements before they can recombine;
PAR  c. the use of a thermal plasma torch or thermal plasma arc and a flash
      condenser to accomplish the respective heating and cooling steps;
PAR  d. the use of a cooling liquid in the flash condenser which is composed, at
      least in part, of the binary salt which is being broken down to give
      aluminum;
PAR  e. the use of a liquid coolant in the flash condenser which is composed, at
      least in part, of a salt of another metal with the same element as is in
      the aluminum salt and more reactive therewith than is aluminum. This added
      salt is present in a solution of the two salts, a mixed crystal, or a
      compound with the aluminum salt;
PAR  f. the removal of the heat given up by the hot gases in the flash condenser
      as latent heat of evaporation of the coolant and then as latent heat of
      condensation in a second or reflux condenser;
PAR  g. the separation of substantially pure aluminum metal from the coolant
      liquid of the flash condenser;
PAR  h. when the original binary aluminum salt is used by itself or as a
      volatile constituent of the cooling liquid, the use of its vapors arising
      from the flash condenser directly in the high temperature reaction wherein
      this salt is broken down into its elements.
PAC  OPERATION OF THE INVENTION
PAR  The high temperatures required to break down binary salts of aluminum are
      most readily obtained in thermal plasma torches or furnaces of the
      induction or arc type. The salt is fed as solid, liquid, or gas to this or
      other heating unit of one of the several or more types available as
      standard equipment. The high heat flux is controllable within the desired
      limits of 2500.degree. to 5500.degree.C; and the gaseous mixture of the
      elemental gases at the high temperature is almost instantly discharged to
      be chilled immediately in the flash cooler, also of prior art design and
      operation, and utilizing a liquid coolant. The elemental gas mixture is
      stable at the high temperature; but to separate the aluminum from the
      other element in the gas without recombination, it must be chilled to
      condense the aluminum out as droplets or fine particles within a very
      short time, preferably within not more than 0.001 to 0.1 second, and in no
      case in more than 1 to 5 seconds. Usually the amount of recombination goes
      up rapidly and the yield of aluminum metal goes down rapidly with increase
      of time within these limits.
PAR  The other element leaves the flash cooler with vapors from the coolant
      liquid and passes to the reflux condenser, if heat is removed by boiling
      the liquid coolant. The vapors condense; the condensate is returned to the
      flash condenser; and the other element is separated and recycled to
      combine with alumina in the original ore.
PAR  The amount of the liquid coolant in the system must be augmented from time
      to time to balance any minor mechanical losses. If the temperature of the
      liquid coolant is above the melting point of aluminum, liquid aluminum is
      withdrawn. If solid particles are frozen out, they are withdrawn in a
      slurry with the liquid, and separated by centrifuging. Alternatively, the
      liquid coolant may be dried off or extracted off of the solid particles.
PAR  The stability of the several aluminum halides decreases with increase in
      atomic weight of the halogen. Thus, aluminum fluoride has been found to
      require a temperature above about 4400.degree.C before it breaks down,
      aluminum chloride above about 3300.degree.C, and aluminum bromide above
      about 3000.degree.C. The corresponding breakdown temperature of aluminum
      sulfide is about 3400.degree.C. In practice, it is desirable to increase
      these temperatures at least 250.degree. to 750.degree.C so as to increase
      the reaction rate and insure the desired high production of the aluminum
      metal.
PAR  Salts of the alkali metals or alkali earths break down at higher
      temperatures than the corresponding aluminum salts. Thus, if the similar
      salts of these metals are used in the liquid coolant along with the
      aluminum salts; and if some part is recycled through the high temperature
      reactor, the temperature of the latter may usually be controlled to
      prevent the breakdown of the salt of the other metal which comes through
      as a vapor, while the aluminum salt is almost completely broken down.
PAR  Various heat interchanging devices which are known to the art may be used
      for economy; and these are not part of the invention. Also, other means
      than plasma of heating the aluminum salt up to the desired high
      temperature may be available. Such other heating methods and the methods
      of generating or using thermal plasmas per se, are also not a part of this
      invention.
PAC  FLASH COOLING AND CONDENSATION
PAR  A chemical reaction, particularly if homogeneous in the gas phase, as is
      the breaking down of a binary compound of aluminum, e.g., a chloride, may
      give at a high temperature the maximum yield of a desired product, here
      aluminum. However, in other cases the product may decompose if kept at
      this high temperature; or, even if the products are elements as in this
      invention, the high yield may be lost in large part on cooling due to the
      occurrence of reverse or other reactions which take place at intermediary
      temperatures on cooling the reaction products. A preferred system of
      overcoming this is by instantaneous or flash cooling of the product gases,
      including condensation of some or all of the vapors or gases present.
      Here, the elemental gases may be permanent, or essentially so. Many types
      of flash cooling equipment have been devised and used; often these provide
      direct and intimate contact with a liquid very much colder than the hot
      gas stream.
PAR  In the reversible gaseous reactions described in the copending application,
      U.S. Ser. No. 308,059 now U.S. Pat. No. 3,853,541, there is first an
      aluminum subchloride formation, then the aluminum metal production
      therefrom. However, when these reactions follow the reduction-chlorination
      of alumina in ores, the non-condensible gases present, CO, also CO.sub.2,
      O.sub.2, possibly Cl.sub.2, will unite with the Al metal formed on cooling
      to give the carbide, the oxide, and/or the chloride, and thus will defeat
      the production of Al.
PAR  Flash cooling the gaseous reactants maximizes the amount of Al recovered by
      cooling the reactants rapidly and thus quenching the reaction at the
      appropriate time and temperature to secure, desirably, the same high yield
      of Al as at the high temperature. The hot gases are contacted intimately
      with a liquid coolant in some form of dispersed flow. For example, in the
      prior art, a spray of droplets of liquid aluminum gives direct contact
      with the hot reactants in a condenser at about 700.degree.C -- just above
      the melting point of Al metal, and considerably below the optimum reaction
      temperature of the gases of 1500.degree.C to 1800.degree.C for the
      production of AlCl. The heat is removed from the molten aluminum by a heat
      exchanger, to be passed to another fluid at a lower temperature.
PAR  The extremely large surface area of droplets of liquid aluminum used in the
      flash condensers of the prior art gives an excellent heat transfer surface
      for cooling; however, at this temperature of 700.degree.C a very large
      surface area of aluminum is presented to the reactive gases, which is many
      times that of the surface of the aluminum metal condensing out for the
      first time. The copending application U.S. Ser. No. 308,059 now U.S. Pat.
      No. 3,853,541, shows that the aluminum so exposed with this large surface
      area, reacts at any temperature at which it is liquid with the reactive
      gases, to reduce greatly the net production of aluminum metal. In the use
      of a flash condenser in the present invention, dispersed aluminum metal
      would react with the nascent other element of the salt even more rapidly.
PAR  The droplets are formed by an agitator rotating rapidly and partially
      submerged in liquid aluminum -- a "splash" condenser; or a spray of the
      cooling liquid is forced through a jet by a pump. The pump is more
      difficult to maintain than the open agitator if the liquid coolant freezes
      at a temperature higher than ambient. These splash, spray, or other type
      of direct contact condensers for flash cooling, are well known; and their
      designs are not a part of this invention. Still another processing
      contacts the hot gases with films of liquid coolant, descending -- as over
      the packing shapes in a distilling column; or if the liquid coolant is
      suitable; for example, if it is the pure salt which is being broken down
      and is present in the hot gas stream, it may be a liquid film of
      condensate on the outside of a coil or other tubular condenser, through
      which a secondary cooling liquid is being circulated.
PAC  AlCl.sub.3 AS COOLANT LIQUID FOR CONDENSING Al FROM BREAKDOWN OF AlCl.sub.3
PAR  The copending application of U.S. Ser. No. 308,059 now U.S. Pat. No.
      3,853,541 showed that liquid AlCl.sub.3, either alone or in combination
      with another metal halide in the liquid phase, is better than molten
      aluminum or any other material as the direct coolant liquid in dispersed
      flow, spray, film, etc. to "quench" the reactions described therein.
      Furthermore, it was found desirable to remove the heat as latent heat in a
      boiling operation rather than as sensible heat to a cooler fluid, to
      obtain some advantages in design and operation of the flash condenser.
PAR  AlCl.sub.3, which sublimes at about 180.degree.C, has many advantages as
      the direct contact coolant for this purpose; but it cannot be used by
      itself at atmospheric pressure because it condenses as a solid, and, as
      such, does not lend itself to a system using a dispersed condensed phase.
      However, AlCl.sub.3 may be used as a liquid in a flash condenser operated
      at a temperature and vapor pressure above its triple point of
      192.6.degree.C and 2.2 atmospheres: -- e.g., at 220.degree.C the vapor
      pressure of liquid AlCl.sub.3 is about 3.5 atmospheres.
PAR  By operating the condensation-cooler under pressure for the removal of the
      aluminum formed in the disproportionation, AlCl.sub.3 was used as the
      coolant in the copending application U.S. Ser. No. 308,059 now U.S. Pat.
      No. 3,853,541. This imposed a major difficulty in that the
      disproportionation reactor also had to be operated under pressure in order
      that the hot gases therefrom could be passed immediately to the cooler.
PAR  Similarly, in the present invention, AlCl.sub.3 has been found to have the
      same desirable properties and the same disadvantages when used as the
      coolant in the flash condenser. However, even at several atmospheres
      pressure, the boiling AlCl.sub.3 cools the mixture from the high
      temperature reactor to give chlorine and aluminum at a much lower
      temperature than may be necessary; and particularly it gives solid
      aluminum. Also, the reactor for breaking down AlCl.sub.3 is difficult to
      operate at a temperature of 2500.degree.C-5500.degree.C under several
      atmospheres pressure presents; and preferred modication is demonstrated
      later.
PAR  As in other cases, the cooling of the very hot gases has been found to give
      the highest yields of aluminum, if accomplished within a time of only from
      0.001 to 0.1 of a second; although operative results may be obtained if
      the time of cooling is in the range of one to five seconds.
PAC  AlBr.sub.3 as COOLANT LIQUID FOR CONDENSING Al FROM BREAKDOWN OF AlBr.sub.3
PAR  It was also found in the copending application U.S. Ser. No. 308,059 that,
      if bromine is used as the other element in an aluminum compound, this
      AlBr.sub.3 may then be converted to AlBr; and by disproportionation of it,
      aluminum metal is obtained. The AlBr.sub.3 was used also as the liquid
      coolant; and it melts at 97.degree.C and boils under one atmosphere
      pressure at 263.degree.C.
PAR  In the present invention, it can be used in a liquid spray condenser or
      other flask condenser operating at atmospheric pressure.
PAR  Again, the same advantages and disadvantages have been found in its use as
      a coolant for the hot, elemental gases coming from a reactor at
      2500.degree. to 5500.degree.C. for breaking down the same AlBr.sub.3 into
      its elements by one or more steps.
PAR  The very large amount of heat given up is readily absorbed as latent heat
      by the AlBr.sub.3 which boils; and the vapors are condensed in what
      amounts to a reflux condenser. The modular bromine which is formed from
      the atomic bromine on cooling is a non-condensible gas at this
      temperature; and it passes through the condenser to be collected for
      reuse. A duct of minimum length and diameter carries the hot gases from
      the reaction to the flash condenser so that the time is minimized to cool
      the elemental aluminum and bromine in the gas stream from the high
      reaction temperature down to the normal boiling temperature of AlBr.sub.3
      --  263.degree.C. This time of cooling of the hot gases must not be more
      than 1 to 5 seconds; and the best yields of the product Al were obtained
      when this time was in the range of 0.001 to 0.1 second.
PAR  The hot gases from the reactor may discharge immediately into a chamber
      below the reflux condenser so that the condensate therefrom falls as
      droplets or films down and over packing shapes to give, as an extensive
      cooling-contacting surface, the films over the packing shapes for the
      contact of the relatively much lower temperature liquid with the hot
      gases.
PAR  If the reactor is operated under conditions which are less than optimal,
      i.e., at a lower temperature or lower time of contact, some AlBr.sub.3 or
      AlBr will be in the hot gases, which may then impinge directly on a coil
      or other arrangement of cold tubes acting as the reflux condenser and
      chilled by water or other fluid. A film of cold AlBr.sub.3 is condensed as
      such or disproportioned from the AlBr with accompanying formation of
      aluminum. This very cold film of AlBr.sub.3 on the tubes, or a thicker
      layer if a shallow trough is used around the tubes, serves as the liquid
      coolant in contact with the mass of the hot gas from the reactor. The
      aluminum comes as such fine solid particles that the liquid AlBr.sub.3
      washes it off the surface to be separated from the coolant.
PAR  The aluminum crystallizes to a powder which makes a slurry in the liquid
      AlBr.sub.3 salt, which was separated by physical means from the aluminum
      metal product for reuse in the flash condenser, i.e., by decantation or
      distillation. Thus, the slurry may be heated below the condenser zone to
      evaporate the AlBr.sub.3 therefrom. A heavy sludge of Al in AlBr.sub.3 is
      withdrawn and further heated so as to dry the metal particles completely,
      thus giving AlBr.sub.3 vapors which are passed back to the same reflux
      condenser. The heating is continued to melt the aluminum for casting into
      slabs.
PAR  AlBr.sub.3 is the simplest of the halide salts or solutions to use as the
      liquid coolant; and as it is typical in some of the operations involved,
      these may be considered. The coating by the AlBr.sub.3 liquid minimizes
      the contact of the aluminum metal particles formed and thus their
      interaction with the bromine at the low temperatures which are obtained
      and maintained by the instantaneous boiling of the AlBr.sub.3. This is
      aided by the excellent heat transfer relations. The yield of product
      aluminum is higher than if the temperature was at the melting point of
      aluminum; i.e., 660.degree.C or somewhat above (690.degree.-700.degree.C)
      when a higher boiling coolant is used to give a liquid product.
PAR  Bromine costs several time as much as chlorine. However, no bromine need be
      expended in this cycle; and if that which also cycles with the other
      elements with which it combines in the ore is entirely recovered, the cost
      is merely that of the inventory in the operation, and this would be
      unimportant. In no times can there be more than a negligible loss from the
      operations to the surroundings because of the nuisance of the halogens,
      even in relatively small quantities. Some other advantages also accrue in
      using Br because it is more easily recovered from off-gases: -- for
      example, Br, HBr, and AlBr.sub.3 are all less volatile than the respective
      chlorine compounds; and the big advantage is that AlBr.sub.3 may be used
      as a liquid at atmospheric pressure while AlCl.sub.3 cannot, since it
      sublimes and condenses as a solid under atmospheric pressure.
PAC  SOLUTIONS OF AlCl.sub.3 WITH CHLORIDES OF METALS HIGHER THAN Al IN THE
      AFFINITY SERIES
PAR  Other chlorides were found useful in copending application U.S. Ser. No.
      308,059 now U.S. Pat. No. 3,853,541 when used in conjunction with
      AlCl.sub.3 as the coolant liquid for the direct contact cooling and
      condensing at atmospheric pressure of a hot gas mixture. These other metal
      chlorides maintain the AlCl.sub.3 in a liquid phase and effectively reduce
      its vapor pressure so that it vaporizes at a temperature above its normal
      sublimation temperature of 180.degree.C.
PAR  Particularly useful in the present invention also are solutions of the
      chlorides which chemically combine with AlCl.sub.3 ; also of various
      physical mixtures of AlCl.sub.3 with the chlorides of alkali and alkaline
      earth metals, LiCl, KCl, NaCl, CaCl.sub.2, and MgCl.sub.2 ; also with
      chlorides of other metals which are also higher than chlorine in the
      chlorine affinity series.
PAR  The chlorine affinity series of metals lists the order of the reactivity of
      their oxides for chlorine and has been described for some thirty-one
      elements in the copending U.S. Ser. No. 308,059 now U.S. Pat. No.
      3,853,541.
PAR  Mixed salts are formed with AlCl.sub.3 by many of the chlorides or other
      metals higher than aluminum in the chlorine affinity series. However,
      these solutions also may be regarded as simply binary (or ternary or even
      quaternary) liquid mixtures over wide ranges of the ratios of AlCl.sub.3
      present therein. In almost every case, some ratio of salts in these
      chemical or physical mixtures will give the AlCl.sub.2 dissolved in a
      liquid phase at atmospheric pressure and at a suitable operating
      temperature for a splash condenser, i.e., between 100.degree.C. and
      500.degree.C; or even as high as 700.degree.C to 725.degree.C, when it is
      desired to use a flash condenser which gives the Al as a liquid.
PAR  Such flash condensers may be used in the present invention similarly to
      their use in the copending application U.S. Ser. No. 308,059 now U.S. Pat.
      No. 3,853,541. Hence, these liquid mixtures of metal chlorides may be used
      as the liquid in a direct contact spray or splash condenser, as the direct
      contact heat transfer agent for cooling the elemental gases coming from
      the high temperature reactor, and the best mixture of these chlorides may
      be selected to give, on boiling, a suitably high concentration of
      AlCl.sub.3 in the vapors, as desired. For example, the boiling points of
      the chlorides of the alkali and alkaline earth metals are high and their
      relative volatilities out of solutions with AlCl.sub.3 are low, up to
      about 700.degree.C-725.degree.C where molten aluminum can be withdrawn as
      such.
PAR  However, pure AlCl.sub.3 vapors give a solid condensate in a reflux
      condenser. Thus, the salt mixture chosen must boil to give vapors, the
      condensate of which is fluid at the temperature of the reflux condenser,
      if such is used.
PAR  It has been found that the boiling points of these binary, ternary, or
      quaternary liquid mixtures of AlCl.sub.3 and chlorides of the alkali or
      alkaline earth metals may be varied, if desired, over a range from below
      the sublimation point of pure AlCl.sub.3, 180.degree.C, (and
      AlCl.sub.3.sup.. NaCl melts at this temperature), or even down to the
      melting point of LiCl.sup.. AlCl.sub.3, 144.degree.C, to above the melting
      point of Al metal -- so aluminum may be recovered in the liquid form.
PAR  The mixture of salts is chosen so that sufficient of the chloride of the
      other metal vaporizes to keep the AlCl.sub.3 in the condensate in a liquid
      solution (since at atmospheric pressure AlCl.sub.3 has no liquid state
      when pure). However, this is not always necessary since the heat taken up
      by the flash condenser may be removed from the mixture of chlorides by
      cooling coils immersed in the body or reservoir of the liquid salt
      mixture, or by other well known conventional system instead of by the
      reflux condenser arrangement which is usually preferred. The liquid melt
      would not then need to be boiling.
PAR  The advantages and disadvantages of the use of different such mixtures of
      AlCl.sub.3 with other chlorides has been noted for the usage of the flash
      condenser in copending application U.S. Ser. No. 308,059 now U.S. Pat. No.
      3,853,541; and they are substantially the same as in this invention.
      (TiCl.sub.4 boils at 136.degree. and gives the lowest practical boiling
      point). Also, the needs of any methods for separation of the AlCl.sub.3
      from the added chloride, have been noted in that copending application.
PAR  The Al metal, as the product of the system, comes as a slurry of fine
      powder if the liquid mixture of the chlorides boils below 690.degree., the
      melting point of Al, or as liquid droplets of Al, if above. In either
      case, the Al metal is separated by physical means; i.e., filtration from,
      or evaporation off of the AlCl.sub.3, wherein the AlCl.sub.3 is vaporized
      and dried off to pass back to the high temperature reactor. The other
      chloride is separated by its vaporization, away, or in some cases by
      melting the aluminum and withdrawing it as a liquid. Salts having a
      boiling point above 660.degree.C, the melting point of the Al, may remain
      as a small amount of residual impurity to be removed as a solid mixture
      and dissolved off with water, recovered for reuse, or discarded.
PAR  Also, as an example, CaCl.sub.2 may be added and maintained in sufficient
      quantity in its mixture with AlCl.sub.3 in the flash condenser to give a
      temperature of the coolant liquid there of 700.degree.C. The Al metal is
      then condensed as a liquid and settled to the bottom of the pool of molten
      salts from which it is withdrawn.
PAC  AlF.sub.3 AS COOLANT LIQUID FOR CONDENSING Al FROM BREAKDOWN OF AlF.sub.3
PAR  Aluminum fluoride also may be broken down into its elements by the process
      of this invention. However, by itself, it cannot be used as a coolant in a
      flash condenser at atmospheric pressure because it does not have a liquid
      phase, but instead, it sublimes at about 1275.degree.C.
PAR  Its compound with sodium fluoride, cryolite, Na.sub.3 AlF.sub.6, may be
      used as the liquid coolant above the melting point of cryolite at
      1009.degree.C. Cryolite, stoichiometrically contains some 40% AlF.sub.3 by
      weight; and it dissolves an added amount of AlF.sub.3 to give a eutectic,
      at a total of 64% AlF.sub.3, which melts at 693.degree.C. Several other
      fluorides and other salts also reduce the melting point of cryolite when
      dissolved therein. However, the low vapor pressure of these solutions in
      cryolite allows the use of a splash condenser which depends on boiling and
      condensing of the liquid only at temperatures of about 1200.degree. to
      1500.degree.C. As with cooling of the liquid by cooling coils, there are
      some difficulties because of mechanical problems; but in both cases they
      may be surmounted.
PAR  If there is first operated a flash condensation using the boiling liquid at
      the temperature of 1200.degree.-1500.degree.C, a partial reconversion of
      some part of the aluminum with the fluorine to the monofluoride occurs in
      solution. There is, however, an advantage in not requiring as large a
      temperature drop in one step.  With a subsequent cooling of this liquid to
      700.degree.-900.degree.C, three molecules of this dissolved monofluoride
      disproportionates to one molecule of the trifluoride and two atoms of
      liquid aluminum for withdrawal. The aluminum trifluoride is recycled to
      the high temperature reactor.
PAC  Al.sub.2 S.sub.3 AS COOLANT LIQUID FOR CONDENSING Al FROM BREAKDOWN OF
      Al.sub.2 S.sub.3
PAR  Aluminum sulfide similarly may be broken down into its elements at the high
      temperatures of 2500.degree.-5500.degree.C; and aluminum metal is then
      condensed out of the gas stream in a flash condenser using Al.sub.2
      S.sub.3 mixed with a sulfide of an alkali or alkali earth metal as the
      liquid coolant. The sulfur vapor leaving the high temperature of the flash
      condenser is separately condensed for reuse.
PAC  Al.sub.4 C.sub.3 TO GIVE ALUMINUM AND CARBON.
PAR  When the salt-like aluminum carbide is broken down into its elements at the
      lower end of the temperature range of the high temperature reactor of this
      invention, i.e. around 2500.degree.C, the carbon formed comes as a very
      fine powder mixed in the coolant liquid in the flash condenser; and it is
      relatively stable to re-combinbination with the aluminum. At
      4200.degree.-5500.degree.C, however, it is a gas, but in the flash
      condenser condenses to a solid. The various aluminum halides, their
      mixtures and compounds may be used for the coolant liquid as described
      above: -- preferably at a temperature which gives liquid aluminum, so that
      the solid carbon which is formed may be separated easily.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of producing aluminum from a salt containing aluminum and a
      single other element by steps comprising:
PA1  a. heating said salt to a high temperature of at least
      2500.degree.-5500.degree.C to break it into aluminum and said other
      element in a mixture comprising the two elemental gases;
PA1  b. flash cooling said mixture comprising said two elemental gases from said
      high temperature, to a lower temperature of not over 1500.degree.C within
      a time interval of not more than one to five seconds, by contacting said
      gas mixture directly with a coolant which is liquid at said lower
      temperature and is chemically nonreactive with said salt and its
      constituent elements in elemental form at said lower temperature; and
PA1  c. condensing said aluminum in said liquid coolant while allowing said
      other element to pass on in a gas phase.
NUM  2.
PAR  2. In the process according to claim 1, wherein the boiling point of said
      liquid coolant is between 136.degree. and 1500.degree.C.
NUM  3.
PAR  3. In the process according to claim 1, wherein said other element is
      sulfur, and said aluminum salt is aluminum sulfide.
NUM  4.
PAR  4. In the process according to claim 1, wherein said high temperature
      reaction and said flash cooling both take place under a pressure higher
      than that of the atmosphere.
NUM  5.
PAR  5. In the process according to claim 1, wherein said liquid coolant
      comprises said original aluminum salt and sufficient of at least one other
      salt dissolved therein to form a liquid solution therewith at said lower
      temperature, said other salt being chemically non-reactive with the
      constituent elements of said aluminum salt in elemental form at said lower
      temperature.
NUM  6.
PAR  6. In the process according to claim 5, wherein said liquid coolant
      comprises another salt containing only the said other element and another
      metal more chemically reactive than is aluminum at said lower temperature
      with said other element.
NUM  7.
PAR  7. In the process according to claim 5, wherein heat which is removed in
      cooling said gas mixture by said liquid coolant is transferred to cooling
      coils in contact with said liquid coolant.
NUM  8.
PAR  8. In the process according to claim 7, wherein a condensate film on said
      cooling coils acts as said liquid coolant for said gas mixture.
NUM  9.
PAR  9. In the process according to claim 1, wherein said time interval of said
      flash cooling is not more than 0.001 to 0.1 seconds.
NUM  10.
PAR  10. In the process according to claim 1, wherein heat removed in flash
      cooling said gaseous mixture is used to boil said liquid coolant.
NUM  11.
PAR  11. In the process according to claim 10, wherein vapors formed in boiling
      said liquid coolant are condensed by a reflux condenser which condensate,
      so formed, is returned to the reservoir of said liquid coolant used in
      said flash cooling.
NUM  12.
PAR  12. In the process according to claim 1, wherein said condensed aluminum is
      separated by physical means from said liquid coolant.
NUM  13.
PAR  13. In the process according to claim 1, wherein said other element is one
      of the three lower halogens, and said aluminum salt is the corresponding
      tri-halide.
NUM  14.
PAR  14. In the process according to claim 13, wherein said other element is
      chlorine and said liquid coolant contains aluminum tri-chloride.
NUM  15.
PAR  15. In the process according to claim 13, wherein said liquid coolant
      comprises said aluminum tri-halide, and a halide of another metal higher
      than aluminum in the corresponding halogen affinity series.
NUM  16.
PAR  16. In the process according to claim 15, wherein said liquid coolant
      comprises said aluminum trihalide and said halide of said other metal
      which are combined as a double salt.
NUM  17.
PAR  17. In the process according to claim 15, wherein said liquid coolant
      comprises said aluminum trihalide combined as a chemical compound with
      said halide of said other metal.
NUM  18.
PAR  18. In the process according to claim 17, wherein said chemical compound is
      cryolite.
NUM  19.
PAR  19. In the process according to claim 1, wherein said high temperature is
      obtained through the production of a thermal plasma including said salt of
      aluminum.
NUM  20.
PAR  20. In the process according to claim 1, wherein said aluminum which is
      condensed in said liquid coolant is in the liquid state.
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PAL  Nickel matte containing at least about 28% sulfur is refined with respect
      to arsenic, antimony or bismuth by contacting molten matte with gaseous
      chlorine to chlorinate and volatilize arsenic, antimony or bismuth from
      the nickel matte. Advantageously, the molten nickel matte is provided with
      a halide flux to minimize volatilization of any nickel chloride that is
      formed.
BSUM
PAR  The present invention pertains to the purification of nickel matte, and
      more particularly to the pyrorefining of nickel matte.
PAR  Arsenic is very difficult to remove from nickel matte, molten nickel, and
      nickel metal. For example, in converting nickel matte to molten nickel by
      surface blowing a turbulent bath with a free-oxygen-containing gas at
      temperatures as high as 1650.degree.C., essentially all the arsenic
      reports in the nickel metal product. Little, if any, arsenic is eliminated
      even when molten nickel is subjected to subatmospheric pressures of 0.0001
      atmosphere at temperatures as high as 1600.degree.C. or even higher,
      whether or not the molten nickel is saturated with nickel oxide.
PAR  It has been suggested that arsenic be removed from molten nickel by fluxing
      with slags containing sodium compounds. Although this process can
      eliminate some arsenic, the process requires the use of large quantities
      of sodium-containing flux materials and the resulting flux is highly
      corrosive to commonly employed refractories.
PAR  Recently it has been suggested that molten nickel matte be purified by
      treatment with a fused chloride salt containing nickel chloride or by
      injecting chlorine into nickel matte having a cover of a fused chloride
      salt. Although the practice of this process dramatically lowers the
      content of impurities such as cobalt, copper, iron, lead, tin and zinc,
      the arsenic content of the nickel matte, however, is essentially
      unaffected by this treatment. Upon blowing the thus-purified nickel matte
      with a free-oxygen-containing gas in a top-blown rotary converter, a
      nickel metal product containing 0.1% arsenic, or more, is obtained. Such
      arsenic contents are unacceptable for many applications.
PAR  It has now been discovered that arsenic, antimony and bismuth can be
      eliminated from nickel matte by chlorination while controlling the sulfur
      content of the matte.
PAR  Generally speaking, the present invention contemplates a process for
      refining nickel matte. The process comprises establishing a molten bath of
      nickel matte containing at least one impurity selected from the group
      consisting of arsenic, antimony, bismuth, selenium, and tellurium and at
      least about 28% sulfur and contacting the nickel matte with gaseous
      chlorine which reacts with the impurity to form a chloride that is
      volatilized from the nickel matte.
PAR  As noted hereinbefore, it has been proposed to chlorinate nickel matte to
      lower the cobalt, copper, iron, lead, tin and zinc contents. The
      elimination of cobalt, copper and iron is facilitated by treating sulfur
      deficient nickel mattes, i.e., mattes in which the sulfur content is lower
      than the stoichiometric amount required to form the compounds Ni.sub.3
      S.sub.2, Cu.sub.2 S, Co.sub.9 S.sub.8 and FeS with the nickel, copper,
      cobalt and iron in the melt. For example, over 80% of the copper
      associated with a nickel matte containing 21% sulfur can be eliminated by
      chlorination but under similar chlorination conditions only 20% of the
      copper is eliminated from a nickel matte containing 32% sulfur. Arsenic
      elimination by chlorination, on the other hand, is effective only when
      treating mattes containing at least about 28% sulfur. As shown
      hereinafter, the arsenic content of nickel mattes is substantially
      unaffected by the chlorination treatment when the sulfur content of the
      matte is below about 25%. The effectiveness of the chlorination treatment
      with regard to arsenic, antimony, or bismuth elimination increases with
      increasing sulfur contents up to about 35% sulfur, at which sulfur level
      the sulfur vapor pressure increases and is lost from the matte. It should
      be noted that material amounts of cobalt, copper, iron, lead, tin and zinc
      are removed along with arsenic, antimony, bismuth, selenium, and
      tellurium, particularly when a salt cover is employed. From the standpoint
      of degree of refining, operating temperatures and minimization of nickel
      losses by volatilization of nickel chloride from the salt, it is
      advantageous to treat nickel mattes containing between about 30% and 32.5%
      sulfur. Nickel mattes that contain, after sulfur adjustment, if required,
      between about 42% and 71% nickel, up to about 5% cobalt, up to about 5%
      copper, up to about 5% iron, up to about 5% lead, up to about 5% zinc,
      between about 0.01% and 3.0%, each, of antimony, arsenic, bismuth,
      selenium, and tellurium and between about 30% and 32.5% sulfur are
      advantageously treated by the process in accordance with the present
      invention. The above-described materials can be obtained by smelting ores,
      ore concentrates, nickel sulfide precipitated from aqueous solutions and
      other metallurgical intermediates including sulfided oxide ores, scrap, or
      reduction smelted and/or sulfided process dusts, with provisions being
      made for sulfur adjustment.
PAR  Advantageously, the process in accordance with the present invention is
      used to lower the arsenic content of converter mattes, i.e., the matte
      product derived from slagging iron in top blown or conventional
      converters. Converter matte is frequently sulfur deficient, containing as
      little as about 20% sulfur or less. In most instances, converter matte
      contains between about 20% and 25% sulfur, a total impurity content,
      including antimony, arsenic, bismuth, selenium, and tellurium, of up to
      about 10%, and the balance essentially nickel. The converter matte is
      advantageously first chlorinated with a fused salt cover to efficiently
      remove a preponderant part of the impurities other than arsenic, antimony,
      bismuth, selenium or tellurium. During the initial chlorination treatment,
      the sulfur content of the matte is increased by as much as 3% which
      materially lowers the amounts of sulfur which must be added to the matte
      to increase the sulfur content to at least about 28% for arsenic removal.
      The sulfur content of converter matte can be adjusted to at least about
      28% sulfur by introducing elemental sulfur or hydrogen sulfide to molten
      nickel matte while maintaining an ambient atmosphere above the bath that
      is non-oxidizing to nickel sulfide. It should be noted that when treating
      nickeliferous sulfide precipitates, which contain about 35% sulfur, there
      is no need to resort to sulfur adjustment.
PAR  Even though refining proceeds by volatilization, it is advantageous to
      employ a fused halide salt cover in order to minimize volatilization of
      nickel chloride which dissolves readily in fused halide fluxes. The fused
      halide salt cover is formed of at least one chloride salt of at least one
      metal selected from the group consisting of alkali metals or alkaline
      earth metals, provided that the salt is molten at chlorination
      temperatures. Most advantageously, the fused salt cover contains at least
      two different salts in order to provide a salt cover that fuses at lower
      temperatures. Examples of useful salt covers, although the invention is
      not limited thereto, include solutions of equal parts of at least two
      chlorides of elements selected from the group consisting of sodium,
      potassium, lithium and calcium.
PAR  The relative amounts of fused salt to nickel matte can vary over wide
      ranges, particularly when chlorinating with gaseous chlorine. In most
      instances, however, the weight ratio of salt to matte is between about
      1:20 and 2:1 in order to minimize heat requirements for fusing and keeping
      the salt cover at temperature while insuring that sufficient salt is
      present to dissolve and retain any nickel chloride generated during
      chlorination. Most advantageously, the weight ratio of salt to matte is
      between about 1:20 and 1:1 in order to optimize overall process
      efficiency.
PAR  Chlorination can be conducted at any temperature above the liquidus
      temperature of the nickel matte. Elimination of antimony, arsenic,
      bismuth, selenium, or tellurium is favored by high temperatures but nickel
      losses, heat requirements, and materials considerations put a practical
      upper limit of about 1000.degree.C. at which the process can be
      economically conducted. In terms of reaction rates, completeness of
      reaction, heat requirements, materials considerations and nickel losses,
      chlorination is conducted at temperatures between about 750.degree.C. and
      1000.degree.C. and advantageously between about 800.degree.C. and
      900.degree.C.
PAR  Efficient arsenic, antimony, bismuth, selenium, and tellurium elimination
      is achieved by insuring good contact between the chloridizing reagent and
      the nickel matte. The agitation provided by gaseous chlorine, particularly
      when an inert carrier gas, such as nitrogen, carbon monoxide, argon and
      carbon dioxide is used, provides excellent gas-liquid and liquid-liquid
      contact promoting chlorination of the arsenic and other chlorinatable
      impurities in the nickel matte. Agitation, whether pneumatic or
      mechanical, besides providing good liquid-liquid and/or gas-liquid contact
      also aids in nucleation and expulsion of gaseous arsenic, antimony,
      bismuth, selenium, and tellurium chlorides from the system.
PAR  The process in accordance with the present invention is effective in
      lowering the arsenic, antimony, bismuth, selenium and tellurium contents
      to less than about 0.01% from about 3% or more. When the arsenic,
      antimony, bismuth, selenium and tellurium contents of the nickel matte
      have been lowered to predetermined levels, the nickel matte can be
      directly converted to nickel metal by surface blowing oxygen or the sulfur
      content can be lowered to below about 20% for further chlorination to
      chlorinate and remove other impurities, such as copper, cobalt, iron, lead
      and zinc, depending upon whether or not the original nickel matte
      contained these impurities.
PAR  The fused salt cover can be continuously or intermittently removed and
      treated to recover nickel and any other chlorinated metal values. Recovery
      of nickel and other chlorinated metal values can be effected by cooling,
      dissolving the salt in water and recovering the metals from solution, by
      electrolyzing the fused salt or by precipitating the chlorinated metals
      from the salt with known precipitants. The latter two processes are
      preferred because the salt is regenerated for reuse while the metals are
      being recovered, thereby making the overall process economically more
      attractive.
PAR  In an advantageous embodiment of the process in accordance with the present
      invention countercurrent techniques are employed. During the chlorination
      and volatilization of antimony, arsenic, bismuth, selenium, or tellurium,
      material amounts of nickel are also chlorinated but the less volatile
      chlorinated nickel values are dissolved and retained in a fused salt
      cover. When the nickel chloride concentration reaches predetermined
      levels, e.g., about 10%, the salt cover can be conveyed to a
      sulfur-deficient matte, e.g., nickel matte containing between about 20%
      and 25% sulfur, purification stage in which the sulfur-deficient matte is
      contacted with the nickel chloride-containing salt to chloridize and
      extract into the salt impurities, such as cobalt, copper, iron, lead, tin
      and zinc. The molten salt containing the chloridized impurities is, after
      removal from the sulfur-deficient matte, stripped of the chloridized
      impurities by precipitation, by electrolysis or by chemical addition, such
      as magnesium. The stripped salt is returned to the arsenic, antimony,
      bismuth, selenium, or tellurium elimination stage where during the
      elimination of these impurities it is recharged with nickel chloride and
      thus readied for further refining of the sulfur-deficient matte. The
      sulfur content of the refined sulfur-deficient matte can, either in a
      separate step or before chlorination to chlorinate and volatilize
      antimony, arsenic, bismuth, selenium, or tellurium, be adjusted to a
      minimum level of about 28% as described hereinbefore. After chlorination
      and volatilization of antimony, arsenic, bismuth, selenium, or tellurium,
      the nickel matte can then be converted to nickel metal by blowing with a
      free-oxygen-containing gas.
DETD
PAR  In order to give those skilled in the art a better understanding of the
      process in accordance with the present invention and the advantages
      flowing from the practice thereof, the following illustrative examples are
      given:
PAC  EXAMPLE I
PAR  Equal weights of a nickel matte containing 0.021% arsenic, 30.8% sulfur and
      the balance essentially nickel and a salt mixture of equal parts of sodium
      chloride and potassium chloride were heated to 800.degree.C. Gaseous
      chlorine was passed through the nickel matte. Samples of the nickel matte
      were intermittently withdrawn at different chlorine additions and were
      analyzed for sulfur and arsenic contents. The results are shown in Table
      I, which results confirm that under the conditions of the process in
      accordance with the present invention the arsenic content of nickel matte
      can be lowered to commercially acceptable levels.
PAR  For comparative purposes, a test was conducted under similar conditions
      with the exception that the matte initially contained only 21% sulfur.
      After chlorine in amount equivalent to 0.18 kilogram per kilogram of matte
      was passed through the matte, the arsenic content of the matte actually
      increased to 0.051% from 0.042% while the copper, cobalt and iron contents
      were lowered to 0.14%, 0.02%, and 0.04% from 0.86%, 0.59% and 0.14%,
      respectively. This test confirms that arsenic cannot be removed from
      sulfur deficient matte by chlorination while copper, cobalt and iron are
      readily removed by chlorination of suflur-deficient mattes.
PAR  Another test was conducted on a nicke matte containing 0.14% arsenic and
      32% sulfur to show that arsenic is eliminated by chlorination and not be
      mere volatilization. Equal weights of matte and a salt mixture of equal
      parts of sodium chloride and potassium chloride were heated to
      800.degree.C. while nitrogen was bubbled through the matte. After 90
      minutes the arsenic content had increased to 0.16%. This test confirms
      that arsenic is eliminated by chlorination.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Chlorine Injected                                                         
                   Matte Analysis                                              
                                Salt Analysis                                  
     Kgm Cl.sub.2 /Kg Matte                                                    
                   % Ni                                                        
                       % S % As % Ni                                           
                                    % As                                       
     __________________________________________________________________________
     Initial Matte                                                             
              0.0000                                                           
                   68.0                                                        
                       30.8                                                    
                           0.021                                               
                                0.0  0.0                                       
              0.0568   32.2                                                    
                           0.013                                               
                                2.6                                            
              0.1070   32.0                                                    
                           0.006                                               
                                4.9                                            
              0.1600   33.0                                                    
                           0.002                                               
                                6.9                                            
              0.212    32.6                                                    
                           &lt;0.001                                              
                                8.8                                            
              0.319    32.6                                                    
                           &lt;0.001                                              
                                11.9                                           
                                    &lt;0.001                                     
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  Three parts of a nickel matte having the analysis given in Table II and one
      part of a salt mixture of equal parts of sodium chloride and potassium
      chloride were heated to 815.degree.C. and gaseous chlorine in an amount
      equivalent to 0.174 kilogram per kilogram of matte was passed through the
      matte. The analyses of the final matte and the final salt are given in
      Table II. The arsenic content was lowered to less than 0.002%. In addition
      to showing that mattes having high arsenic contents can be treated, this
      example also confirms the relative insensitivity of arsenic removal to the
      amount of salt employed. This example also confirms that copper and cobalt
      will not interfere with arsenic removal and are, in fact, partially
      extracted by the salt.
TBL                TABLE II                                                    
     ______________________________________                                    
               Analysis                                                        
               % Ni  % Cu    % Co    % S   % As                                
     ______________________________________                                    
     Initial Matte                                                             
                 66.8    0.51    0.62  31.6   0.091                            
     Final Matte 69.4    0.41    0.30  31.5  &lt;0.002                            
     Final Salt   7.9    0.34    0.95  --    &lt;0.002                            
     ______________________________________                                    
PAC  EXAMPLE III
PAR  This example shows the refining of nickel matte with respect to antimony,
      bismuth, selenium, and tellurium as well as arsenic. Two parts of nickel
      matte having the composition given in Table III and one part of a salt
      mixture of 50% sodium chloride and 50% potassium chloride were heated to
      800.degree.C. and gaseous chlorine at a rate equivalent to 0.5 liter per
      kilogram of matte per minute was bubbled through the matte through a
      porous plug to provide good gas-liquid contact for 90 minutes. After
      termination of the chlorination treatment, the matte and the salt cover
      were analyzed and the analyses are given in Table III. The results in
      Table III confirm that chlorination of high sulfur nickel mattes is
      effective in refining nickel matte with respect to arsenic, antimony,
      bismuth, selenium and tellurium. The results in Table III also show that
      material amounts of copper, cobalt, lead, and zinc are simultaneously
      eliminated from the high sulfur nickel matte.
TBL                                    TABLE III                               
     __________________________________________________________________________
            Analysis, Weight Per Cent                                          
            Ni  Cu  Co  Pb   As   Sb   Bi   Se   Te   Zn   S                   
     __________________________________________________________________________
     Starting                                                                  
     Matte  64.0                                                               
                0.63                                                           
                    0.59                                                       
                        0.034                                                  
                             0.11 0.092                                        
                                       0.105                                   
                                             0.082                             
                                                  0.058                        
                                                      0.045                    
                                                           32.0                
     Matte after                                                               
     90 minute                                                                 
     Chlorination                                                              
            63.1                                                               
                0.35                                                           
                    0.12                                                       
                        0.0002                                                 
                              0.001                                            
                                  &lt;0.001                                       
                                       0.012                                   
                                             0.042                             
                                                  0.039                        
                                                      0.0015                   
                                                           32.7                
     Salt after                                                                
     Chlorination                                                              
            15.4                                                               
                0.34                                                           
                    0.67                                                       
                        0.032                                                  
                             &lt;0.001                                            
                                  0.002                                        
                                       0.022                                   
                                            &lt;0.01                              
                                                 &lt;0.005                        
                                                      0.065                    
     __________________________________________________________________________
PAC  EXAMPLE IV
PAR  A process dust having the composition given in Table IV was mixed with
      elemental sulfur and was reduction smelted to produce a matte having the
      composition reported in Table IV. The resulting matte was provided with a
      fused calcium chloride salt cover such that the weight ratio of salt to
      matte was about 1.5. The matte and salt cover were maintained at
      880.degree.C. for varying lengths of time while gaseous chlorine at a rate
      of 7 kilograms per 100 kilograms of matte per hour was bubbled through the
      matte. Samples of the matte were taken at 30, 60 and 90 minute intervals
      and the samples were analyzed with the results being reported in Table IV.
PAR  The results presented in Table IV confirm that mattes produced by reduction
      smelting and sulfiding process dusts can be refined with respect to
      arsenic, antimony, bismuth, cobalt, copper, iron, lead, tellurium, and tin
      with arsenic, antimony, bismuth, iron, lead, tellurium and tin elimination
      being particularly significant.
TBL                                    TABLE IV                                
     __________________________________________________________________________
             Chlorination Conditions                                           
                           Composition, Weight %                               
             Time,                                                             
                  Cl.sub.2  0.029                                              
             min. Wt % of Matte                                                
                           Cu Ni Co Fe  S  Pb  As  Te  Bi  Sn   Sb             
     __________________________________________________________________________
     Process dust.sup.1                                                        
             --   --       0.81                                                
                              66.0                                             
                                 0.39                                          
                                    0.34                                       
                                         3.4                                   
                                           3.19                                
                                               0.58                            
                                                   1.19                        
                                                       0.20                    
                                                            0.31               
                                                                 0.02          
     Matte   0    0        0.83                                                
                              66.1                                             
                                 0.63                                          
                                    0.25                                       
                                        31.1                                   
                                           3.07                                
                                               0.54                            
                                                   1.10                        
                                                       0.27                    
                                                            0.0009             
                                                                 0.018         
     Matte   30   3.5      0.48                                                
                              66.2                                             
                                 0.45                                          
                                    0.07                                       
                                        31.2                                   
                                           0.025                               
                                               0.047                           
                                                   0.76                        
                                                       0.10                    
                                                           &lt;0.0005             
                                                                &lt;0.003         
     Matte   60   7.0      0.35                                                
                              65.6                                             
                                 0.25                                          
                                    0.04                                       
                                        31.6                                   
                                           0.008                               
                                               0.006                           
                                                   0.64                        
                                                        0.018                  
                                                           &lt;0.0005             
                                                                &lt;0.003         
     Matte   90   10.5     0.29                                                
                              67.1                                             
                                 0.18                                          
                                    0.04                                       
                                        31.8                                   
                                           0.006                               
                                               0.003                           
                                                   0.58                        
                                                        0.004                  
                                                           &lt;0.0005             
                                                                &lt;0.003         
     Salt    30   3.5      0.23                                                
                              0.72                                             
                                 0.15                                          
                                    0.12                                       
                                        -- 1.81                                
                                               0.052                           
                                                   &lt;0.005                      
                                                        0.029                  
                                                           &lt;0.001              
                                                                &lt;0.01          
     Salt    60   7.0      0.32                                                
                              2.13                                             
                                 0.26                                          
                                    0.12                                       
                                        -- 1.72                                
                                               0.01                            
                                                   &lt;0.005                      
                                                       &lt;0.001                  
                                                           &lt;0.001              
                                                                &lt;0.01          
     Salt    90   10.5     0.35                                                
                              3.29                                             
                                 0.30                                          
                                    0.11                                       
                                        -- 1.67    &lt;0.005                      
                                                       &lt;0.001                  
                                                           &lt;0.001              
                                                                &lt;0.01          
     __________________________________________________________________________
      .sup.1 The Process dust also contained 0.47% SiO.sub.2, 0.30% Al.sub.2   
      O.sub.3, 0.31% CaO, 5.44% SO.sub.4, and balance essentially combined     
      oxygen.                                                                  
PAR  It is to be noted that all solid and liquid compositions given herein are
      on a weight basis and gaseous compositions on a volumetric basis unless
      otherwise stated.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention, as those skilled in the art will readily understand.
      Such modifications and variations are considered to be within the purview
      and scope of the invention and appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for refining nickel matte which comprises establishing a
      molten bath of nickel matte containing at least one impurity selected from
      the group consisting of antimony, arsenic, bismuth, selenium, and
      tellurium and at least about 28% sulfur and contacting the nickel matte
      with gaseous chlorine which reacts with the impurity to form a chloride
      that is volatilized from the nickel matte, thereby separating said
      impurity from the matte.
NUM  2.
PAR  2. The process as described in claim 1 wherein the nickel matte is provided
      with a fused halide salt cover.
NUM  3.
PAR  3. The process as described in claim 1 wherein the nickel matte contains
      between about 0.01% and 3% of the impurity.
NUM  4.
PAR  4. The process as described in claim 1 wherein the nickel matte is
      maintained at a temperature below about 1000.degree.C.
NUM  5.
PAR  5. The process as described in claim 1 wherein the nickel matte is
      maintained at a temperature between about 750.degree.C. and 1000.degree.C.
NUM  6.
PAR  6. The process as described in claim 1 wherein the nickel matte is
      maintained at a temperature between about 800.degree.C. and 900.degree.C.
NUM  7.
PAR  7. The process as described in claim 1 wherein the nickel matte contains
      between about 30% and 32.5% sulfur.
NUM  8.
PAR  8. The process as described in claim 1 wherein the nickel matte is provided
      with a fused salt cover of a solution of chlorides of at least two
      elements selected from the group consisting of sodium, potassium, lithium
      and calcium.
NUM  9.
PAR  9. The process as described in claim 8 wherein the weight ratio of salt to
      matte is between about 1:20 and 2:1.
NUM  10.
PAR  10. The process as described in claim 8 wherein the weight ratio of salt to
      matte is between about 1:20 and 1:1.
NUM  11.
PAR  11. The process as described in claim 8 wherein the fused salt contains
      substantially equal parts of the chlorides of each element.
NUM  12.
PAR  12. The process as described in claim 1 wherein a fused chloride salt cover
      is established over the nickel matte which salt dissolves chlorinated
      nickel values and the fused salt containing the nickel chloride is
      employed to extract at least one metal selected from the group consisting
      of cobalt, copper, iron, lead, tin and zinc from a sulfur-deficient matte.
NUM  13.
PAR  13. The process as described in claim 12 wherein the fused salt containing
      the metal is, after removal from the sulfur-deficient matte, treated to
      precipitate the metal and is then returned to the chlorination step for
      chlorinating and volatilizing arsenic, antimony, bismuth, selenium, or
      tellurium from matte containing at least about 28% sulfur.
NUM  14.
PAR  14. The process as described in claim 13 wherein the sulfur-deficient matte
      after being refined by the nickelchloride-containing salt is treated with
      at least one reagent selected from the group consisting of elemental
      sulfur or hydrogen sulfide to increase the sulfur content of the matte to
      at least about 28%.
NUM  15.
PAR  15. The process as described in claim 1 wherein the nickel matte is
      produced from nickeliferous sulfide ores.
NUM  16.
PAR  16. The process as described in claim 1 wherein the nickel matte is
      produced from nickeliferous sulfide concentrates.
NUM  17.
PAR  17. The process as described in claim 1 wherein the nickel matte is derived
      from the reduction smelting and/or sulfiding of nickeliferous lateritic
      ores.
NUM  18.
PAR  18. The process as described in claim 1 wherein the nickel matte is
      produced by reductive smelting and/or sulfiding of nickeliferous process
      dusts.
NUM  19.
PAR  19. The process as described in claim 1 wherein the nickel matte is
      produced by sulfiding metallurgical scrap or metallic precipitates.
NUM  20.
PAR  20. The process as described in claim 1 wherein the nickel matte is
      produced by precipitating sulfides from aqueous solutions, which solutions
      are derived by leaching nickeliferous sulfide or oxide ores.
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ABST
PAL  A substantially non-porous, austenitic stainless steel that is resistant to
      chloride pitting and a method of making it are disclosed. The steel
      includes from 21-45% manganese, from 10-30% chromium, from 1-4% nickel,
      from 0.85-3% nitrogen, up to 2% silicon, up to 1% carbon and the balance
      iron and residuals. In addition to containing elements within the
      above-noted composition ranges, the alloys must be such that:
EQU  1. % Cr + 0.8(%Mn) - 11.8(%N - 0.1) - 1.23(%Ni) .gtoreq. 28.5
      ##EQU1##
      The steels are cast and worked to avoid a dwell period in the temperature
      range 1000.degree.-1600.degree.F.
PARN
PAR  This is a division of application Ser. No. 419,576, filed Nov. 28, 1973,
      now U.S. Pat. No. 3,880,654.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Corrosion resistant steels, known as stainless steels, have long been known
      and are presently available with a variety of properties. Austenitic
      stainless steels, which are those consisting substantially of a single
      austenite phase, possess the best properties of corrosion resistance and
      good mechanical properties, particularly at high temperature. Austenitic
      stainless steels in the past have been steels in which chromium and nickel
      are the principal alloying agents. However, nickel is not an abundant
      metal, and the increased demand for it has increased its price and made
      its supply uncertain, particularly in critical times. Substitutes for
      nickel in the chromium-nickel austenitic stainless steels have long been
      sought. Recently the combined use of manganese, nitrogen and chromium in
      carefully balanced amounts has produced an austenitic stainless steel.
      This steel is described in U.S. patent application Ser. No. 251,637, filed
      May 8, 1972; and although it is an excellent steel, it is somewhat subject
      to attack by chloride environments.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a chromium-manganese-nitrogen steel containing a
      small but critical amount of nickel. The steel of this invention is
      substantially non-porous, austenitic and highly resistant to attack by
      chloride environments. The alloy of this invention contains from 21-45%
      manganese, from 10-30% chromium, from 1-4% nickel, from 0.85-3% nitrogen,
      up to 2% silicon, up to 1% carbon and the balance iron and residuals. All
      compositions in this specificication and the following claims are in
      percent by weight of the total composition unless otherwise specified.
PAR  In addition to the foregoing ranges, the composition of the alloys must be
      balanced in accordance with the following equations:
EQU  (1) %Cr + 0.8(%Mn) - 11.8(%N - 0.1) - 1.23(%Ni) .gtoreq. 28.5
      ##EQU2##
PAR  In the alloys of the present invention, chromium must be present to produce
      the same effect that it does in prior art alloys. The alloys of this
      invention must contain from 10-30% chromium. At least 10% chromium is
      required to give the steel its outstanding corrosion resistance. Chromium
      also has a secondary effect upon the strength of the steel and is a
      primary element in increasing the steel's solubility for nitrogen. An
      upper limit of 30% chromium is imposed as chromium is a ferrite former and
      excessive amounts of ferrite might form with higher chromium levels and in
      turn degrade the properties of the steel. A preferred chromium content is
      in the range of 15-27% in that steels containing this range of chromium
      are easy to process while still having good corrosion resistance and
      strength.
PAR  The manganese in the alloy of this invention is present in amounts of from
      21-45%. Since manganese is an austenitizer and increases the solubility of
      nitrogen in the steel, amounts in excess of 21% are required. An upper
      limit of 45%, and preferably an upper limit of 30%, manganese is imposed
      for economic considerations and because manganese tends to attack furnace
      refractories.
PAR  Nitrogen, a strong austenitizer, should be present in the steel in amounts
      of from 0.85-3%. At least 0.85% is required for its austenitizing effect
      and because it is the primary strengthening element of the steel. Amounts
      of nitrogen in excess of 3% tend to yield porous ingots which are not
      satisfactory. The nitrogen content of the alloy of this invention
      preferably is from 1.05-1.5%.
PAR  The nickel content of the alloy of this invention must be between 1% and
      4%. Although nickel has long been known as an element of stainless steels,
      it has been used in substantially larger quantities and not in
      nitrogen-containing alloys. When more than 4% nickel is present in these
      alloys, nitrogen gas evolves during solidification, producing porous
      ingots which cannot be usefully worked. However, alloys containing from
      1-4% nickel show a marked improvement in resistance to pitting in chloride
      environments and do not produce porous ingots.
PAR  Carbon, of course, is a well-known austenitizer and strengthener for steels
      and is employed in the alloys of this invention in amounts up to 1%. The
      concentration of carbon must be maintained below that level in that larger
      amounts can remove chromium from solid solution by combining with it to
      form chromium carbides and because carbon can reduce the solubility of the
      steel for nitrogen by occupying interstitial sites normally filled with
      nitrogen. It is preferred that less than 0.15% carbon be present in the
      alloy of this invention. Higher carbon contents require higher annealing
      temperatures to put carbon into solution.
PAR  The alloys of the present invention may tolerate silicon concentrations as
      high as 2% but preferably the silicon is below 1%. Higher quantities of
      silicon tend to remove manganese from the alloy in the form of manganese
      silicates and tend to form inclusions in the steel.
PAR  Although the residuals in the iron need not be identified and do not
      significantly affect the properties of the alloy, the usual residuals may
      be identified as phosphorus, sulfur, copper, molybdenum, tungsten and
      cobalt.
PAR  Since the stainless steel composition of this invention is desirably a
      substantially one-phase austenitic material, thermal treatments that tend
      to precipitate other phases should be avoided. Although the alloys of this
      invention are not particularly sensitive to precipitation of other phases,
      the method of preparation employed should avoid long dwell periods in the
      1000.degree.-1600.degree.F temperature range. Long dwell periods would be
      characterized by furnace cooling. For ordinary thicknesses air cooling or
      quenching are sufficient to carry the alloy through the 1000-1600.degree.F
      range quickly enough to avoid precipitation of detrimental phases such as
      sigma phase.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The accompanying drawing illustrates two plots of the 1.0% nitrogen section
      of the iron-chromium-manganese-nitrogen quaternary phase diagram. One plot
      illustrates that section wherein the alloy contains only residual amounts
      of nickel while the other plot illustrates that section containing 4%
      nickel.
DETD
PAR  As indicated in equations (1) and (2) set forth above, nickel has a
      significant effect both on the austenitic structure of the alloy and on
      the ability of the alloy to maintain nitrogen in solution both in the
      liquid phase and in the resultant solid phase. Within the composition
      limits set forth herein nickel could be used to replace manganese, carbon
      and nitrogen in equation (2), but nickel additions require supplementary
      additions of chromium and manganese in equation (1). In the drawing the
      area above line 1-A and 1'-A' generally represents compositions where a
      two-phase alloy of austenite and ferrite exists, and these lines are
      defined by equation (1). As mentioned above, this two-phase system is
      undesirable because it does not have the good mechanical or chemical
      properties of a single-phase austenitic alloy. The area below the lines
      1-A and 1'-A' are single-phase austenitic alloys.
PAR  Equation (2) defines the lines 2-B and 2'-B'. The area below these lines
      represents compositions where nitrogen comes out of solution during
      solidification and creates porous ingots. The areas above the lines 2-B
      and 2'-B' is where nitrogen remains in solution during solidification and
      non-porous ingots are formed.
PAR  The areas A'-C'-B' and A-C-B therefore represent the areas in which the
      alloys of this invention and of the prior art fall for this particular
      cross section of the quaternary phase diagrams illustrated. The alloys of
      the present invention fall in the area A'-C'-B'. It may be noted that a
      single-phase alloy having no porosity may be obtained with moderate
      additions of chromium and manganese in accordance with the present
      invention.
PAR  To demonstrate the benefits of this invention, five alloys were prepared
      having compositions set forth in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     ELEMENT                                                                   
           PERCENT WEIGHT                                                      
     ALLOY 1     ALLOY 2                                                       
                       ALLOY 3                                                 
                             ALLOY 4                                           
                                   ALLOY 5                                     
     __________________________________________________________________________
     Mn    30.40 29.70 29.99 29.88 29.80                                       
     Cr    20.45 20.11 20.34 20.20 20.52                                       
     N     1.00  1.09  1.10  1.15  1.02                                        
     Ni    0.26  0.85  2.00  3.15  4.19                                        
     Cu    0.20  0.17  0.16  0.17  0.16                                        
     Si    0.48  0.50  0.50  0.41  0.44                                        
     C     0.092 0.065 0.064 0.064 0.065                                       
     Mo    0.033 0.015 0.015 0.010 0.012                                       
     S     0.009 0.011 0.010 0.009 0.010                                       
     P     0.014 0.008 0.006 0.007 0.008                                       
     __________________________________________________________________________
PAR  The alloys of Table I are substantially the same as each other with the
      exception of the nickel content. In effect, the alloys are all nominally
      30% manganese, 20% chromium, 1% nitrogen alloys containing respectively a
      residual amount, 1%, 2%, 3% and 4% nickel.
PAR  The alloys described in Table I were all prepared in the same way. All
      alloys were prepared from melted materials in an air induction furnace and
      were composited of commercial grades of ferroalloys and pure elements. The
      heats were cast from approximately 2650.degree.F into 35 pound cast iron
      ingot molds. After solidification, the ingots were examined for porosity
      which was not observed in any of the alloys except Alloy 5 which was too
      porous to be rolled. The hot processing of Alloy 1 through Alloy 4
      inclusive consisted of grinding to remove casting imperfections, heating
      the ingots at 2250.degree.F for an appropriate amount of time and hot
      rolling to the desired width and thickness. All ingots from Alloy 1
      through Alloy 4 were rolled without incident. The hot rolled materials
      were annealed at 1950.degree.F on a schedule of 120 minutes per inch of
      material thickness, subsequently blasted and pickled in a mixture of 15%
      nitric acid and 3% hydrofluoric acid, cold rolled 50% to further
      homogenize the structure, final annealed at 1950.degree.F on the same
      schedule as mentioned above and again pickled. At various stages of the
      processing, samples were obtained to determine the mechanical properties
      of the metals. These properties are set forth in Table II. The strength
      data were obtained after annealing for 7 minutes at 1950.degree.F because
      this treatment produces a condition of minimum strength and maximum
      ductility in all alloys so that truly comparative data are obtained. It
      may be noted that the addition of 1% nickel increases the strength of an
      alloy such as Alloy 1, but further additions of nickel, up to 3%, have no
      significant effect on strength.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Tensile Properties                                                        
                    Alloy Number                                               
     As Annealed    1    2    3    4                                           
     __________________________________________________________________________
     0.2% Yield Strength (ksi)                                                 
     Longitudinal   97.5-                                                      
                         103.8-                                                
                              103.7-                                           
                                   101.2                                       
                    99.2 105.7                                                 
                              105.6                                            
     Transverse      98.2-                                                     
                         106.8-                                                
                              105.2-                                           
                                   103.7-                                      
                    100.5                                                      
                         107.0                                                 
                              105.8                                            
                                   106.0                                       
     Ultimate Tensile Strength (ksi)                                           
     Longitudinal   146.1-                                                     
                         149.5-                                                
                              149.4-                                           
                                   149.0                                       
                    146.4                                                      
                         150.4                                                 
                              151.9                                            
     Transverse     147.7-                                                     
                         153.5-                                                
                              153.9-                                           
                                   153.5-                                      
                    149.2                                                      
                         153.6                                                 
                              154.1                                            
                                   153.9                                       
     Elongation                                                                
      Longitudinal  50-52                                                      
                         46.5-                                                 
                              46.5-                                            
                                   50.0                                        
                         47.0 50.0                                             
      Transverse    45-50                                                      
                         45.5 46.0 45.5-                                       
                         46.5 47.0 47.0                                        
     Hardness,                                                                 
     Rockwell C     28   29   28-29                                            
                                   28.5                                        
     __________________________________________________________________________
PAR  The alloys of this invention are resistant to pitting attack in chloride
      environments. The resistance to pitting attack was measured in a crevice
      corrosion test wherein standardized specimens of the various alloys were
      immersed in 10% ferric chloride solution for 72 hours. The pitting attack
      was measured by the mean weight loss of a number of samples of each alloy.
      The resistance of the alloys of the present invention to chloride pitting
      are set forth in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                Alloy 1                                                        
                      Alloy 2                                                  
                            Alloy 3                                            
                                  Alloy 4                                      
     __________________________________________________________________________
     Nickel Content (%)                                                        
                0.26  0.85  2.00  3.15                                         
     Mean Weight Loss                                                          
                1.101 0.116 0.137 0.151                                        
       (grams)                                                                 
     __________________________________________________________________________
PAR  The potentiokinetic technique is another method for measuring the pitting
      resistance of an alloy to chloride solutions. In this technique an alloy
      specimen is placed in contact with an appropriate chloride solution and an
      electrical potential is imposed on the specimen at increasing voltages
      until a breakthrough point at which a surge of current passes through the
      solution. Higher breakthrough potentials indicate greater resistance to
      chloride pitting. A significant aspect of the potentiokinetic technique is
      that the ability of an alloy to self-passivate may be found by reversing
      the potential to determine where a high resistance to current flow is
      obtained after the breakthrough. Alloys with a tendancy to self-passivate
      display a decrease in current at a voltage near the breakthrough
      potential. Alloys 2, 3 and 4 all showed better resistance to chloride
      pitting in potentiokinetic tests than did Alloy 1. Of equal significance
      is that Alloys 2, 3 and 4 all showed better self-passivation properties
      when the potential on the specimens was reduced than did Alloy 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a substantially nonporous austenitic stainless
      steel which comprises compositing an alloy consisting essentially of about
      21-45% manganese, about 10-30% chromium, about 1-4% nickel, about 0.85-3%
      nitrogen, up to 1% carbon, up to 2% silicon, and the balance iron and
      residuals, wherein the composition is such that:
EQU  1. %Cr + 0.8(%Mn) - 11.8(%N - 0.1) - 1.23(%Ni) = 28.5
      ##EQU3##
      melting said materials to form a homogeneous liquid phase and solidifying
      the resultant liquid phase by air cooling or quenching in the temperature
      range from about 1000.degree.-1600.degree.F.
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ABST
PAL  A wrought article possessing a fine recrystallized grain size which is
      prepared from an aluminum base alloy comprising, in weight percent, up to
      .6% silicon, up to .7% iron, up 1.5% manganese and 0.03 - 0.20% vanadium.
      The alloy may be cast by the DC casting method and does not require a
      homogenizing treatment. The alloy may be hot and cold worked, and retains
      its fine grain through annealing without requiring a high rate of heating
      to annealing temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns the preparation of wrought products
      possessing a fine recrystallized grain size from certain aluminum base
      alloys.
PAR  Aluminum base alloys, particularly those of the 3000 Series, as designated
      by the Aluminum Association, which have been formed into various wrought
      products such as sheet, are difficult to process to a fine enough
      recrystallized grain size to avoid development of the condition known as
      "orange peel" when the alloy is subjected to various forming operations.
      One solution to this problem which has been developed in the art is the
      application of high rates of heating to the anneal temperature of the
      alloy to reduce the grain size of the anneal product. Such methods,
      however, are low in productivity as adequate fast heating can only be
      conducted on a small scale with conventional equipment, or costly
      specialized equipment would be required which is difficult to justify
      economically in comparison with large scale batch annealing of large
      coils.
PAR  An additional problem relating to grain size exists which is peculiar to
      alloys such as Alloy 3003. Initially these alloys were cast into ingots by
      methods which produced slow cooling during and after solidification, and
      little trouble was experienced with grain size when such ingots were
      rolled and annealed. However, upon the introduction of the more efficient
      DC casting process, it was discovered that an extended high temperature
      homogenizing heat treatment of the ingot was necessary in order to avoid
      coarse grain formation upon later annealing. The long furnace time
      required for this homogenizing is costly and it creates a manufacturing
      bottleneck. The aluminum industry has done much to determine the cause of
      this effect, but it has not succeeded in altering the basic requirement.
      Even then, grain size problems frequently arise to plague the metal
      producer, especially when preferred orientations which cause "earing"
      during deep drawing must also be controlled. It has, therefore, long been
      an industry-wide objective to shorten or eliminate the homogenization and
      to either lessen sensitivity to heating rate or find an economical means
      of producing high heating rate.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, wrought products are prepared from an
      aluminum base alloy which comprises, in weight percent, up to 0.6%
      silicon, preferably from about 0.03 - 0.6% silicon, up to 0.7% iron,
      preferably from about 0.03 - 0.7% iron, up to 1.5% manganese, preferably
      from about 0.03 - 1.5% manganese, about 0.03 - 0.20% vanadium, balance
      essentially aluminum.
PAR  The wrought products of this invention possess a fine recrystallized grain
      size and require neither a homogenizing treatment after casting nor an
      accelerated heating rate to annealing temperature. Correspondingly, the
      method of preparing the wrought products may employ the faster DC casting
      method without the need of subsequent homogenization, and an annealing
      treatment which employs reduced rate of heating to annealing temperature.
PAR  It is, accordingly, a principal object of the present invention to provide
      wrought products from aluminum base alloys which consistently exhibit a
      fine recrystallized grain size.
PAR  It is a further object of the present invention to provide wrought products
      as aforesaid which may be prepared by a process which employs DC casting
      but does not require homogenization.
PAR  It is yet a further object of the present invention to provide wrought
      products as aforesaid which may be annealed without a high rate of heating
      to annealing temperature.
PAR  It is a still further object of the present invention to provide wrought
      products which are prepared from an aluminum base alloy to which from
      about 0.03% - 0.20% by weight of vanadium is added.
PAR  Other objects and advantages will be apparent to one skilled in the art
      from a consideration of the description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is a graph of tensile properties measured from alloy samples heated
      at various rates to an annealing temperature of 750.degree.F.
PAR  FIG. 1B is a graph of the number of grains/square mm. observed and counted
      in the samples of FIG. 1A.
PAR  FIGS. 2A and 2B are charts comprising photomicrographs of alloy samples
      containing various amounts of vanadium subjected to various annealing
      treatments, and represent respectively, results due to a full and an
      abbreviated homogenizing treatment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, the foregoing objects and
      advantages are readily obtained. The wrought products of the present
      invention are prepared from an aluminum base alloy which comprises, in
      weight percent, up to 0.6% silicon, preferably from about 0.03 - 0.6%
      silicon, up to 0.7% iron, preferably from about 0.03 - 0.7% iron, up to
      1.5% manganese, preferably from about 0.03 - 1.5% manganese, and 0.03 -
      0.20% vanadium, balance essentially aluminum. The wrought products of this
      invention may be prepared by a process which comprises a DC casting
      operation requiring no subsequent homogenization and including an
      annealing step which employs a reduced rate of heating to annealing
      temperature, yet yields products possessing expectedly reduced
      recrystallized grain size. In a preferred embodiment, the alloy of this
      invention comprises, in weight percent, 0.10 - 0.20% silicon, 0.40 - 0.60%
      iron, 0.10 - 0.20% copper, 0.10 - 1.5% manganese, 0.005 - 0.02% titanium,
      and 0.03 - 0.12% vanadium. The aluminum base alloys processed in
      accordance with the present invention are those which are designated as
      the 3000 Series alloys by the Aluminum Association. In addition to the
      elements stated above, the alloys of the present invention may contain the
      following additives: copper up to 0.3%, magnesium up to 1.3%, chromium up
      to 0.25%, zinc up to 0.4%, titanium up to 0.2% and zirconium up to 0.17%.
      As a general rule, additives and other impurity elements may be present in
      amounts not adversely affecting the properties of the alloy.
PAR  As stated earlier, the alloys of this invention are prepared by the
      addition of from about 0.03% to about 0.20% by weight, of vanadium. It has
      surprisingly been found that the resulting alloys may be cast by the
      faster, more efficient DC casting method, and do not require subsequent
      homogenization to inhibit undesirable grain growth. The omission or
      shortening of the homogenizing treatment has long been an industry
      objective.
PAR  The alloys of this invention have also been found to exhibit an
      unexpectedly fine recrystallized grain size after annealing without the
      requirement of an accelerated rate of heating to annealing temperature.
      Thus, for example, heating rates such as 50.degree.F/hour or less may be
      employed to reach annealing temperature, rather than faster rates up to
      20,000.degree.F/hour which may be employed to inhibit recrystallized grain
      growth.
PAR  Aside from the differences in processing noted above, the alloys of this
      invention may be treated in accordance with conventional techniques. Thus,
      the alloys may be hot worked, such as by hot rolling, at temperatures,
      such as for example, 900.degree.F, and may be cold worked as, for example,
      by cold rolling to reductions of, for example, 50% or greater. Such
      processing may be conducted in a manner well known to those skilled in the
      art, and need not be further discussed herein.
PAR  In addition to the unexpected ease of processing, the alloys of this
      invention possess improved tensile properties and exhibit other
      properties, such as ductility, which are comparable to acceptable levels
      achieved by conventional alloys. Also, conductivity measurements show that
      much or all of the vanadium present in the alloys of this invention is
      retained in solid solution in the final annealed condition, as the
      conductivity of the vanadium containing alloys was found to be
      consistently less than that of alloys which contained no vanadium.
PAR  The present invention will become more readily apparent from the following
      illustrative examples.
PAC  EXAMPLE I
PAR  The purpose of this example was to compare a standard aluminum base alloy
      of the 3000 Series which had been homogenized in the conventional manner,
      with a similar alloy containing 0.1% vanadium which was exposed to an
      abbreviated industrial homogenizing. Accordingly, two alloys were Durville
      cast in the usual manner which possessed the compositions set forth in
      Table I, below.
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPOSITION (WEIGHT %)                                                    
     ______________________________________                                    
     Alloy                                                                     
     Number                                                                    
           Si      Fe      Cu    Mn    Ti    V     Al                          
     ______________________________________                                    
     1     .10     .53     .10   1.15  .014  --    Bal.                        
     2     .12     .12     .52   1.18  .011  .092  Bal.                        
     ______________________________________                                    
PAR  Both alloys were subjected to homogenization. Alloy 1 was heated at a rate
      of 50.degree.F/hour from a temperature of 600.degree.F to 1125.degree.F.
      The alloy was held at this temperature for 8 hours and then air cooled at
      a rate of 50.degree.F/hour to a temperature of 1025.degree.F.
PAR  Alloy 2 was heated at a rate of 50.degree.F to 1100.degree.F. The alloy was
      held at this temperature for 4 hours and was then air cooled.
PAR  Both homogenized ingots were hot rolled at 900.degree.F to a thickness of
      0.160 inch, and were then cold rolled to a thickness of 0.040 inch with an
      intermediate annealing treatment at 0.080 inch of 750.degree.F for three
      hours. Annealing temperature was reached from a starting temperature of
      300.degree.F at a heating rate of 50.degree.F/hour. The alloys were
      finally annealed at a temperature of 750.degree.F for a period of three
      hours, and samples were heated to annealing temperature at heating rates
      of 50.degree., 100.degree. and 200.degree.F/hour, respectively. The
      resulting alloy samples were then tested for tensile properties and grain
      size was observed and measured. The results are set forth in FIGS. 1A and
      1B.
PAR  Referring to FIG. 1A, it can be seen that Alloy No. 2 which is
      representative of the invention, exhibits consistently higher yield
      strength and tensile strength while maintaining a level of ductility
      comparable to that of Alloy 1, the latter as evidenced by the elongation
      data. As can be seen from FIG. 1B, Alloy No. 2 exhibited a consistently
      finer grain size at all heating rates, and most particularly at the
      economically desirable heating rate of 50.degree.F/hour.
PAC  EXAMPLE II
PAR  In this experiment, alloy samples were obtained from ingots which were
      prepared by the DC casting method in order to determine if the grain
      refining effect of vanadium observed in Example I, above, would be present
      in the use of a faster casting method. Accordingly, three alloys were
      prepared and cast by the DC casting method which possessed compositions
      set forth in Table II, below.
TBL                TABLE II                                                    
     ______________________________________                                    
     COMPOSITION (WEIGHT %)                                                    
     ______________________________________                                    
     Alloy                                                                     
     Number                                                                    
           Si     Fe     Cu   Mn       Ti V       Al                           
     ______________________________________                                    
     A     .215   .60    .16  1.00 .008   &gt;.01    Bal.                         
     B     .20    .59    .15  1.08  .0096 .033    Bal.                         
     C     .20    .59    .14  1.07 .010   .11     Bal.                         
     ______________________________________                                    
PAR  The alloys were cast at various temperatures and rates. Thus, Alloy A was
      cast at a temperature of 1300.degree.F at a drop rate of 4.5 - 5
      inches/minute, Alloy B was cast at 1310.degree.F at a drop rate of 4
      inches/minute, and Alloy C, at 1305.degree.F and a drop rate of 4
      inches/minute.
PAR  Other conditions such as mold size, metal head, cooling water rate and
      charge weight were identical for all of the alloys cast. The uable length
      of the resulting ingots was in excess of 40 inches.
PAR  Each of the three ingots prepared above was divided into sections which
      were processed through hot rolling in different ways. The first sections
      were homogenized by heating at a rate of 50.degree.F/hour to a temperature
      of 1125.degree.F and were then maintained at that temperature for 8 hours.
      The sections were air cooled at a rate of 50.degree.F/hour to a
      temperature of 1025.degree.F, and were then scalped and reheated to be hot
      rolled at 850.degree.F from a thickness of 2.6 inches down to either 0.250
      inch or 0.160 inch.
PAR  The second sections were heated to 1100.degree.F at a rate of
      50.degree.F/hour, held at that temperature for 4 hours and then air
      cooled. The sections were then scalped and reheated to 900.degree.F for
      hot rolling in the same manner as the first sections.
PAR  The samples were cold rolled and annealed in accordance with three
      different sequences to produce final gauges of 0.060 inch, 0.040 inch and
      0.020 inch, respectively. The first gauge was reached by taking samples
      which had been hot rolled to 0.160 inch, cold rolling them to 0.060 inch
      and then annealing them. The second gauge was reached by starting with
      samples of 0.250 inch hot rolled gauge, cold rolling to 0.114 inch,
      annealing, cold rolling again to 0.040 inch and finally annealing. The
      third final annealed gauge was prepared by cold rolling samples at 0.160
      inch gauge to a thickness of 0.067 inch, annealing, then cold rolling
      0.020 inch and conducting a final anneal.
PAR  All of the anneals conducted above, both intermediate and final, followed
      the same sequence. The samples were heated from a temperature of
      300.degree.F to 660.degree.F at a rate of 25.degree.F/hour and held at
      that temperature for 2.5 hours. The samples were then furnace cooled to
      400.degree.F at a rate never in excess of 50.degree.F/hour and finally air
      cooled. This heating rate is very slow but represents what may be expected
      in the batch annealing of large coils.
PAR  The samples thus prepared were then examined for visible differences in
      grain size and photographs illustrating these differences are presented in
      accompanying FIGS. 2A and 2B.
PAR  Referring to the Figures, it is initially apparent from FIG. 2B that,
      regardless of the extent of cold rolling and annealing, the samples of
      Alloy A which contained no vanadium exhibited an intolerably coarse grain
      size after an abbreviated homogenizing treatment, whereas those samples
      which were exposed to the conventional extended homogenization shown in
      FIG. 2A, possessed a more refined grain size. What is noteworthy is that
      the samples containing vanadium, represented by Alloys B and C in FIG. 2B,
      which were given a brief homogenization, possessed a fine grain size
      comparable to that of the Alloy A samples in FIG. 2A, and clearly superior
      to the coarse-grained samples of FIGS. 2B. Correspondingly, the samples of
      Alloy B and C shown in FIG. 2A, which were given a full homogenization,
      possessed a more refined grain size which was clearly distinguishable from
      the comparative samples of Alloy A depicted therein.
PAR  In addition to grain size investigation, the samples were tested for
      longitudinal and transverse tensile properties, and conductivity. The
      results of these tests are presented in Table III, below.
TBL                                    TABLE III                               
     __________________________________________________________________________
     FINAL               LONGITUDINAL TENSILE                                  
                                          TRANSVERSE TENSILE                   
     ALLOY                                                                     
          ANNEALED       Y.S.                                                  
                             U.T.S.       Y.S.                                 
                                              U.T.S.       CONDUCTIVITY        
     NUMBER                                                                    
          GAUGE HOMOGENIZATION                                                 
                         (ksi)                                                 
                             (ksi)                                             
                                  % ELONGATION                                 
                                          (ksi)                                
                                              (ksi)                            
                                                   % ELONGATION                
                                                           (%                  
     __________________________________________________________________________
                                                           IACS)               
     A    0.060"                                                               
                FULL     6.9 15.9 33.3    6.3 14.7 30.3    47.0                
                BRIEF    6.9 16.4 32.0    6.6 15.7 --      49.0                
          0.040"                                                               
                FULL     7.1 15.9 30.8    6.8 14.8 28.3    47.4                
                BRIEF    7.1 16.2 30.0    6.3 15.5 27.5    49.0                
          0.020"                                                               
                FULL     7.5 16.0 30.0    6.4 14.6 27.5    47.8                
                BRIEF    7.7 16.4 29.0    5.8 15.0 22.5    49.5                
     B    0.060"                                                               
                FULL     7.3 16.7 33.3    7.1 15.6 30.8    45.5                
                BRIEF    7.4 17.1 31.5    6.6 15.9 22.3    47.2                
          0.040"                                                               
                FULL     7.1 16.3 31.3    7.4 15.2 30.0    46.0                
                BRIEF    7.5 17.1 30.0    6.3 15.8 29.3    47.5                
          0.020"                                                               
                FULL     7.2 16.6 29.8    6.7 15.2 27.8    46.0                
                BRIEF    7.7 17.1 29.0    6.3 15.8 29.3    48.0                
     C    0.060"                                                               
                FULL     7.4 17.3 31.0    7.0 16.5 30.8    42.7                
                BRIEF    7.8 17.9 30.8    7.0 16.7 31.5    45.0                
          0.040"                                                               
                FULL     7.5 17.2 32.0    7.5 15.8 30.5    43.4                
                BRIEF    7.7 17.7 30.5    6.6 16.3 29.3    44.5                
          0.020"                                                               
                FULL     7.6 17.4 30.3    7.3 15.9 28.0    43.4                
                BRIEF    8.2 17.8 28.5    6.3 16.2 28.3    45.4                
     __________________________________________________________________________
PAR  From Table III above, it can be seen that the longitudinal and transverse
      tensile properties of vanadium-containing Alloys B and C were superior to
      those measured from comparative Alloy A. The addition of vanadium appears
      to promote improved tensile properties in the same manner as
      non-homogenizing or fast heating to annealing temperature, but without the
      attendant coarseness of recrystallized grain size. The effect of brief
      homogenizing on tensile properties is evident from the comparison of
      strengths which was made with all alloy samples.
PAR  The elongation data suggests, as observed in Example I, that the ductility
      of the vanadium-containing alloys was comparable to that of conventionally
      prepared alloys. Conductivity measurements disclose that the alloys which
      contain vanadium exhibit consistently much lower conductivity than those
      that do not. As a significant lowering in conductivity of an alloy
      generally accompanies the entry of one or more of its elements into solid
      solution, it is concluded that the vanadium additions of the alloys of
      this invention reside in solid solution.
PAR  The alloys of this invention permit the large scale employment of
      economically advantageous processing without the sacrifice of formability
      of the alloy. Thus, the expensive homogenizing treatment can be all but
      eliminated, and heating rates to annealing temperature can be greatly
      reduced so as, for example, to enable the batch annealing of large coils.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aluminum base alloy possessing a fine recrystallized grain size in
      the annealed condition which consists of 0.03 - 0.6% silicon, 0.03 - 0.7%
      iron, 0.03 - 1.5% manganese, 0.03 - 0.20% vanadium, up to 0.3% copper, up
      to 0.2% titanium, balance aluminum.
NUM  2.
PAR  2. The alloy of claim 1 wherein said vanadium is retained in solid
      solution.
NUM  3.
PAR  3. The alloy of claim 1 comprising about 0.10 - 0.20% silicon, about 0.40 -
      0.60% iron, about 0.10 - 0.20% copper, about 0.10 - 1.5% manganese, about
      0.005 - 0.02% titanium and 0.03 - 0.12% vanadium.
NUM  4.
PAR  4. The alloy of claim 1 wherein said alloy is in the annealed condition.
NUM  5.
PAR  5. The alloy of claim 1 wherein said alloy is in the annealed and cold
      worked condition.
NUM  6.
PAR  6. A wrought article possessing a fine recrystallized grain size prepared
      from an aluminum base alloy consisting of 0.03 - 0.6% silicon, 0.03 - 0.7%
      iron, 0.03 - 1.5% manganese, 0.03 - 0.20% vanadium, up to 0.3% copper, up
      to 0.2% titanium, balance aluminum.
NUM  7.
PAR  7. The article of claim 6 wherein said alloy comprises about 0.10 - 0.20%
      silicon, about 0.40 - 0.60% iron, about 0.10 - 0.20% copper, about 0.10 -
      1.5% manganese, about 0.005 - 0.02% titanium and 0.03 - 0.12% - vanadium.
NUM  8.
PAR  8. The article of claim 6 wherein said vanadium is retained in solid
      solution.
NUM  9.
PAR  9. The article of claim 6 wherein said article is in the annealed
      condition.
NUM  10.
PAR  10. The article of claim 6 wherein said article is in the annealed and cold
      worked condition.
NUM  11.
PAR  11. A method for the preparation of wrought products possessing a fine
      recrystallized grain size which consists essentially of:
PA1  A. providing an aluminum base alloy consisting of 0.03 - 0.6% silicon, 0.03
      - 0.7% iron, 0.03 - 1.5% manganese, 0.03 - 0.20% vanadium, up to 0.3%
      copper, up to 0.2% titanium, balance aluminum;
PA1  B. casting said alloy;
PA1  C. heating said alloy to a homogenizing temperature;
PA1  D. hot and cold working said alloy;
PA1  E. wherein said cold working is followed by at least one annealing
      treatment which does not require a high rate of heating to annealing
      temperature.
NUM  12.
PAR  12. The method of claim 11 wherein said alloy comprises about 0.10 - 0.20%
      silicon, about 0.40 - 0.60% iron, about 0.10 - 0.20% copper, about 0.10 -
      1.5% manganese, about 0.005 - 0.02% titanium and 0.03 - 0.12% vanadium.
NUM  13.
PAR  13. The method of claim 11 wherein said hot working is commenced at a
      temperature ranging from about 850.degree. - 950.degree.F.
NUM  14.
PAR  14. The method of claim 13 wherein said hot working is commenced at a
      temperature of about 900.degree.F.
NUM  15.
PAR  15. The method of claim 11 wherein said alloys are hot and cold worked by
      rolling.
NUM  16.
PAR  16. The method of claim 11 wherein said cold working includes at least one
      interanneal.
NUM  17.
PAR  17. The method of claim 11 wherein the heating of step C is conducted for
      no more than about four hours at a temperature of about 1100.degree.F.
NUM  18.
PAR  18. The method of claim 11 wherein said rate of heating in step E is no
      more than about 50.degree.F/hour.
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ABST
PAL  The present invention relates to an electrographic developing composition
      containing finely divided carrier particles and finely divided toner
      particles having incorporated therein a fusible, crosslinked binder
      polymer. An improved electrographic developing process using such toner
      particles is also disclosed.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 380,317 filed
      July 18, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to electrography and particularly to the dry
      development of electrostatic charge patterns.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Electrographic imaging and developing processes, for example
      electrophotographic imaging process and techniques, have been extensively
      described in both the patent and other literature, for example, U.S. Pat.
      Nos. 2,221,776 issued Nov. 19, 1940; 2,277,013 issued Mar. 17, 1942;
      2,297,691 issued Oct. 6, 1942; 2,357,809 issued Sept. 12, 1944; 2,551,582
      issued May 8, 1951; 2,825,814 issued Mar. 4, 1958; 2,833,648 issued May 6,
      1958; 3,220,324 issued Nov. 30, 1965; 3,220,831 issued Nov. 30, 1965;
      3,220,833 issued Nov. 30, 1965 and many others. Generally these processes
      have in common the steps of forming a latent electrostatic charge image on
      an insulating electrographic element. The electrostatic latent image is
      then rendered visible by treatment with an electrostatic developing
      composition or developer.
PAR  Conventional developers include a carrier that can be either a
      triboelectrically chargeable, magnetic material such as iron filings,
      powdered iron or iron oxide, or a triboelectrically chargeable,
      non-magnetic substance like glass beads or crystals of inorganic salts
      such as sodium or potassium chloride. In addition to the carrier,
      electrostatic developers include a toner which is electrostatically
      attractable to the carrier. The toner is usually a particulate polymeric
      material which may, if desired, be suitably darkened or colored for image
      viewing purposes with a colorant such as dyestuffs or pigments, for
      example, carbon black.
PAR  To develop an electrostatic image, the dry developer can be applied
      imagewise to the electrostatically charged surface by various techniques.
      One such technique is known as cascade development and is described in
      U.S. Pat. No. 2,618,552, issued Nov. 18, 1952.
PAR  Another suitable developing technique is known as magnetic brush
      development and is described in U.S. Pat. No. 3,003,462, issued Oct. 10,
      1961.
PAR  In conventional electrophotographic applications, the developed image is
      formed on a photoconductive element and is transferred to a receiving
      sheet. The image thus transferred is then fixed, ie. made permanent
      typically by heating to fuse the transferred image. Thus, the toner
      material must be capable of being fused under temperature conditions which
      will avoid any charring, burning or other physical damage to the receiver
      sheet which is typically formed of paper.
PAR  A variety of processes and apparatus have been described in the
      electrographic art for accomplishing fixing of the transferred image.
      Typically this is accomplished by the combined application of heat and
      pressure, for example, by bringing the receiving sheet containing the
      transferred developed toner image into contact with a heated fusing
      roller. In addition to the use of a heated fusing roller other devices may
      be utilized for the fixing of the developed toner image such as contacting
      the developed toner image with a heated platen or some other similar
      heated member.
PAR  In any case, regardless of the type of heated fusing member employed, it
      has been recognized in the electrographic art that there exists a
      substantial problem associated with the "off-setting" of individual toner
      particles of the developed image during the fixing operation. Off-setting
      is the undesirable transfer of toner particles from the developed toner
      image carried on a receiving member (e.g. copy sheet) to the surface of
      the heated fusing member. The surface of the fusing member therefore
      becomes contaminated with toner particles; and, upon further use of such a
      contaminated fusing member, it is found that these toner particles adhered
      to the surface of the fusing member are transferred to subsequent copy
      sheets or receiving members. As a result, either a ghost image of
      previously fixed images is formed on subsequent copy sheets, or
      undesirable deposits of toner material are formed in background areas of
      subsequent copy sheets, i.e., scumming or discoloration occurs in
      background areas of subsequent copies.
PAC  SUMMARY OF THE INVENTION
PAR  In accord with the present invention, an improved developing composition
      comprising finely divided carrier particles and finely divided crosslinked
      toner particles and an improved development process using such toner
      particles have been discovered. The finely divided crosslinked toner
      particles useful in the present invention comprise a fusible binder
      polymer, the molecular chains of said binder polymer being crosslinked to
      an extent sufficient to extend the useful fusing range of said crosslinked
      toner particle by at least about 10.degree.C. relative to comparable
      uncrosslinked toner particles comprising an identical binder polymer
      except that the molecular chains thereof are uncrosslinked as are
      conventional toner binder polymers.
PAR  The bond strength or bond energy of the individual crosslinks
      characteristically present in the crosslinked binder polymers used in the
      invention should be greater than about 8 kcal./mole. This is because
      polymers which contain only "weak crosslinks" having a bond energy of less
      than about 8 kcal./mole, for example, polymers in which the only linkage
      between individual polymer chains is through hydrogen bonding, are
      insufficiently linked together to result in any substantial increase in
      the useful fusing range of the resultant polymer. In accord with an
      especially preferred embodiment of the present invention, the crosslinked
      binder polymers used in the invention are crosslinked by covalent chemical
      bonding.
PAR  In accord with an especially preferred embodiment of the invention, the
      finely divided toner particles employed in the invention comprise a
      colorant and at least about 50 percent by weight of a covalently
      crosslinked fusible styrene-containing binder polymer. These preferred
      styrene-containing binder polymers are crosslinked to an extent sufficient
      to provide a useful fusing rnage of at least about 90.degree.C and to
      extend the useful fusing range of the toner particles by at least about
      20.degree.C. relative to comparable uncrosslinked toner particles
      comprising the same styrene-containing polymer, except in uncrosslinked
      form.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  It has been found unexpectedly that by crosslinking the molecular chains of
      the binder polymer material used in dry electrographic toner compositions,
      one is able to extend the useful fusing range over which such toner
      particles may be fused and thereby fixed to a receiving member. By
      extending the useful fusing range of an electrographic developing
      composition, the range of permissible variation in surface temperature of
      a fusing member which is utilized to fix such a developer composition is
      increased. As a result, it is found that the temperature range over which
      little or only minimal toner off-set occurs is extended, thereby
      eliminating or substantially reducing the amount of toner off-set which is
      encountered when using a conventional developing composition containing
      uncrosslinked or merely surface crosslinked polymeric toner particles.
PAR  To applicants' knowledge, the electrographic dry developing art, has
      generally completely avoided the use of any type of crosslinked polymeric
      toner particles, except in a very few specialized situations. For example,
      in Wright and Olson, U.S. Pat. No. 3,676,350, issued July 11, 1972, it is
      noted that certain polymeric toner particles subjected to a glow discharge
      treatment may be surface crosslinked to improve the resistance of these
      toner particles to caking. And, in Hagenbach et. al., U.S. Pat. No.
      3,533,835, it is noted that poly(amide) resins may be used to prepare
      fusible toner particles. Poly(amide) resins, as is well-known, are
      characterized by the presence of hydrogen bonding between adjacent polymer
      chains. These hydrogen bonds are sometimes thought of as weak crosslinks.
      However, toner particles which are only surface crosslinked as in the
      aforementioned Wright and Olson patent and toner particles which possess
      only hydrogen bonding have not been found to provide the increase in
      useful fusing range characteristics of the present invention.
PAR  Similarly, although it has been recognized that crosslinking certain
      specialized kinds of thermosetting polymeric toner particles, such as
      diallyl phthalate or isophthalate toner particles, might enhance the
      storing characteristics of a permanent image composed of these particular
      kinds of thermosetting materials, crosslinking of these thermosetting
      toner particles has previously been carried out only after formulation of
      the toner particles and after the formation of a developed toner image as
      described in Fr. Pat. No. 2,083,064, dated Dec. 10, 1971. See also Br.
      Pat. No. 1,174,571, at page 3, lines 90-97.
PAR  Several reasons are apparently responsible for the notion that crosslinked
      toner materials are generally not suitable for conventional electrostatic
      developing and fixing operations. A primary reason is probably the belief
      that crosslinking the toner would increase its melt temperature and
      require substantially higher fixing temperatures. This, of course, would
      be undesirable, especially where the receiving member to which the toner
      is to be fixed has a low char point, e.g. plain paper.
PAR  Another primary reason for this widely held view is simply that
      crosslinking the polymeric toner particle would be expected to provide a
      material that could not easily be rendered molten. By crosslinking the
      toner polymer, one would expect to reduce its thermoplastic character and
      to obtain a polymer particle tending to behave as if it were a thermoset
      polymeric particle. In such case because of its thermoset character one
      would expect the crosslinked polymer to be substantially infusible, i.e.,
      it could not easily be rendered molten and therefore could not be
      satisfactorily fixed to a support.
PAR  Still another reason for this view is that one might expect a crosslinked
      toner particle even if it somehow could be rendered molten to require an
      increased amount of heating time to satisfactorily fuse to a receiving
      member in comparison to an uncrosslinked or merely surface crosslinked
      particle. Such increased fixing times would so prolong the fixing
      operation as to make such toner materials unacceptable in high speed copy
      systems.
PAR  One recent publication which does discuss the use of certain types of "weak
      crosslinks" in toner materials is Strella et. al. Belgian Pat. No. 793,554
      which corresponds to Strella et. al., U.S. Pat. No. 3,804,764 issued Apr.
      16, 1974. This publication is primarily concerned with the use of "weakly
      crosslinked" toners to provide a pressure-fixable toner.
PAR  In this regard, it is recognized that ionic crosslinks, i.e. crosslinks
      formed by ionic bonding, are useful in the present invention to provide an
      effective increase in the useful fusing range of a fusible toner and that
      ionic crosslinks are also alleged by Strella et. al. as one type of "weak
      crosslink" useful to provide a pressure fixable toner. However, the
      crosslinks, including the ionic crosslinks, employed in the toner
      materials used in the present invention are retained and are not disrupted
      and/or broken during fixing, e.g. roller-fusing, and are essential thereto
      because it is the presence of these crosslinks in the toner polymer which,
      during fixing, provides the desired increase in useful fusing range. In
      contrast, as stated by Strella et. al., the so-called "weak crosslinks"
      used by Strella et. al. are "temporarily disrupted and/or broken" by the
      application of pressure so that during fixing of the Strella et. al.
      "weakly crosslinked" toner, the toner polymer "has the properties of the
      uncrosslinked polymer." Moreover, hydrogen bonding which is alleged by
      Strella et. al. to represent one type of useful "weak crosslink" has been
      found ineffective in the present invention, ie. hydrogen bonding does not
      represent a crosslink which provides any substantial increase in useful
      fusing range in the toner particles used in the present invention. In
      addition, covalent crosslinks which are especially effective in the
      present invention for providing substantial increases in the useful fusing
      range of a fusible toner material are expressly stated to be unsuitable
      for use in the "weakly crosslinked" toners described by Strella et. al.
      (See Col. 2, lines 57-69, U.S. Pat. No. 3,804,764).
PAR  The term "useful fusing range" employed herein is defined in terms of the
      following roller fuser test: The fusing properties of each sample toner
      are evaluated by a standard test contact roller fuser apparatus. The test
      contact roller fuser comprises a cylindrical steel pressure roll coated
      with a copolymer of tetrafluoroethylene and fluorinated ethylene propylene
      (e.g., TEFLON FEP a trademark of the E. I. DuPont de Nemours Co.) and a
      cylindrical resilient fusing roll. The two rolls are mounted such that
      their central axes are parallel to one another and with their external
      roller surfaces in contact. The fusing roll has an external silicone
      rubber surface layer composed of a silicone rubber such as that available
      under the trademark of ECCOSIL 4952 from the Emerson-Cumming Co., which
      has been ground down from an initial thickness to approximately 0.13 cm.
      Surface speed of the pressure roll and fusing roll is 5 inches per second.
      The pressure roll is regulated to apply a pressure of 15 pounds per lineal
      inch at the nip formed by the interface of the pressure roll and fusing
      roll. The outside diameter of the pressure roll is about 5.08 cm. and the
      outside diameter of the fusing roll is about 7.94 cm. The fusing roll may
      be heated by various means, for example, by radiant heating using an
      infrared lamp. Surface temperature of the fusing roll is monitored by a
      thermocouple contacting the roll.
PAR  Before actual testing of toner samples, the test fusing roll is conditioned
      by (a) passing 100 sheets of blank paper through the roll while
      maintaining the surface temperature of the roll at 177.degree.C. followed
      by (b) passing 50 sheets of paper completely toned with Xerox 3600-7000
      toner to provide toned solid areas having a reflection optical density of
      0.9 as read by a Macbeth Quantalog Model RD-100R Reflection Densitometer.
PAR  Each sheet of paper which is used to condition the fusing roll and which is
      used to carry out the fusing test described below is a sheet of white, 20
      weight bond paper such as that available commercially as International
      Xerographic white, Substance 20. Toner, if applied to this paper, is
      applied to that side of the paper which bears a correct reading water
      mark.
PAR  Each toner sample to be tested is ground in a fluid energy mill to a
      particle size as measured by Coulter Counter of 2 to 40 microns. A toned,
      solid area, rectangular test band approximately 1.90 cm. wide and about 10
      cm. long of each sample toner is then applied (by conventional
      electrostatic methods) to a standard 21.6 cm. b7 27.9 cm. piece of paper.
      The test band is placed at the center of the paper with the long dimension
      of the test band parallel to the long dimension of the paper. The
      reflective optical density of each toned solid area test band is 0.9 as
      measured by the above-noted densitometer. The paper bearing the test band
      is then passed through the above-described contact roller fuser. A blank
      piece of paper having the same dimensions is fed into the roller fuser
      immediately following each piece of toned paper to determine whether
      offset of the toner from the toned paper onto the roller fuser has
      occurred. Any significant amount of such toner offset can be readily
      observed simply by visually inspecting each blank sheet of paper to see if
      any ghost image of the original toner test band is deposited onto the
      blank paper from the fusing roll. Offset is defined to have occurred when
      any area of the following blank sheet has toner deposited on it in an
      amount sufficient to produce an optical reflection density equal to or
      greater than 0.02 above that of the paper alone before passing through the
      fusing device.
PAR  To determine the useful fusing range of each different toner composition, a
      series of identical toned paper samples are prepared as described above
      for each toner composition to be tested. Each toned paper sample followed
      by a blank sheet of paper is then passed through the standard contact
      roller fuser in the manner described above. A temperature profile for each
      toner sample is then prepared by increasing the surface temperature of the
      fusing roll, beginning at room temperature, for each toned paper sample in
      a given series of identical toner samples. As a result, two different
      surface roller fusing temperatures can be pinpointed for each test
      composition, namely "minimum adequate fusing" (MAF) temperature and "hot
      offset" (HO) temperature.
PAR  The MAF temperature for each toner composition tested is defined as the
      lowest fusing roll temperature above room temperature at which no toner
      offset, as defined above, occurs and at which the toned image is
      adequately fixed to the paper sheet. Adequate fixing to the paper sheet is
      evaluated by the adhesive tape test described hereinafter.
PAR  The HO temperature for each toner composition tested is the lowest fusing
      roll temperature above the MAF temperature at which toner offset, as
      defined above, is again observed.
PAR  As noted above, adequate fixing is evaluated quantitatively in terms of an
      adhesive tape test. To perform the adhesive tape test a 1.27 cm. width
      adhesive tape of suitable adhesive quality is selected such as Bear Brand
      No. 303 Cellophane Tape. Each roll of tape used is checked for "adhesive
      quality" by applying it to a flat polished stainless steel plate with four
      passes at 5.08 cm/second of a 905 gram brass roller 4.45 cm. in diameter
      and 6.9 cm. in length. Only the weight of the roller is used in the
      application. The stainless steel plate has previously been degreased in
      acetone, washed in an aqueous detergent solution, rinsed in distilled
      water, and dried. The tape is immediately peeled at an angle of
      180.degree. and at a rate of 30.48 cm./minute at 50 percent relative
      humidity (RH) and 25.degree.C in an Instron testing machine. The range of
      the recorded peel force is the release value of the tape in grams/1.27 cm.
      A single isolated peak or valley on the Instron strip chart recording is
      not included in the release value, nor are the first or last 1.27 cm. of
      the peeled tape. Tapes which are acceptable for use will have a release
      value of 300-475 grams/1.27 cm. when tested in this manner.
PAR  Each toned image for which adequate fixing is to be evaluated is
      equilibrated at 25.degree.C and 50 percent RH for at least a day prior to
      testing. 1.27 cm. width adhesive tape of suitable adhesive quality is
      applied to the toned image with four passes at 5.08 cm/second using the
      weight of the previously described brass roller. The tape is immediately
      peeled at an angle of 180.degree. at a speed of 15.24 cm/minute. The test
      is invalid if paper fibers are removed during the peeling. The optical
      reflection density is read in several places where the tape was removed
      and an average is taken.
PAR  Fixing quality is defined as:
      ##EQU1##
PAR  The minimum temperature for adequate fixing is defined as the lowest fusing
      roll temperature that will give a fixing quality of greater than 0.50.
PAR  Useful fusing range for a given toner composition is then expressed as the
      difference between the HO temperature and the MAF temperature. No offset
      is defined above occurs within this useful fusing range. As indicated, the
      crosslinked molecular chains of the polymeric binder contained in the
      crosslinked toner compositions of the present invention exhibit at least a
      10.degree.C. increase in useful fusing range and, as a consequence,
      improved resistance to toner offset. (This improvement in resistance to
      offset is sometimes referred to as increasing the offset latitude of the
      toner.) Those toner compositions which are found especially useful in
      accord with the present invention register an increase in useful fusing
      range in excess of 20.degree.C. up to 40.degree.C. and above and possess a
      useful fusing range of 100.degree.C. up to 125.degree.C. and above.
PAR  The 10.degree.C. extension in useful fusing range exhibited by the
      crosslinked toner compositions used in the present invention is measured
      relative to a comparable uncrosslinked toner. To provide a meaningful
      basis for comparison, the crosslinked toner and the uncrosslinked control
      toner should have an identical amount of polymeric binder and the MAF
      temperature of the crosslinked toner and the uncrosslinked toner should be
      similar. Accordingly, the term "comparable uncrosslinked toner" is defined
      herein as a toner which (a) contains an identical amount of the same
      binder polymer used in the crosslinked toner, except that the binder of
      the uncrosslinked toner is in uncrosslinked form and (b) has a MAF
      temperature within .+-.15.degree.C. of the MAF temperature of the
      crosslinked toner.
PAR  The crosslinked organic polymeric binders employed in the toner particles
      of the invention may be selected from a variety of crosslinked polymers
      including natural and synthetic polymers, crosslinked homopolymers and
      crosslinked copolymerized blends of two or more monomeric components, as
      well as mixtures of any of the foregoing materials.
PAR  The term "crosslinked" is defined herein to include both covalent
      crosslinking and ionic crosslinking. Both of these types of crosslinking
      have bond energies greater than about 8 kcal./mole. Covalent crosslinking
      is preferred because, among other reasons, useful covalently crosslinked
      polymers are generally much easier to prepare than useful ionically bonded
      polymers. Moreover, as indicated in the appended working examples,
      covalent crosslinks have generally been found to provide greater increase
      in useful fusing range than is obtained using ionic crosslinks. Covalent
      crosslinks typically have a bond energy of greater than about 40
      kcal./mole and ionic crosslinks typically have a bond energy of greater
      than about 10 kcal./mole. As mentioned previously, polymers in which the
      only "cross-links" present between individual polymer chains are linkages
      due to hydrogen bonding are not useful in the present invention. Hydrogen
      bonding generally has a bond energy of about 2-7 kcal./mole. Further
      details concerning the use of both covalent crosslinking and ionic
      crosslinking are presented hereinafter.
PAR  In accord with especially preferred embodiments of the invention, covalent
      crosslinking is accomplished by chemically reacting a crosslinking organic
      compound or compounds possessing two or more polymerizable ethylenically
      unsaturated groups such as divinylbenzene, 1,3-butylene dimethacrylate,
      and the like (hereinafter referred to as type (a) crosslinking compounds)
      with binder material composed of an organic compound or compounds
      containing one polymerizable ethylenically unsaturated group (hereinafter
      referred to as type (1) binder material) or by chemically reacting a
      crosslinking organic compound or compounds possessing a polymerizable
      functionality greater than two such as trimellitic anhydride or
      2-hydroxy-2-methyl-1,3-propanediol (hereinafter referred to as type (b)
      crosslinking compounds) with polyester binder material (hereinafter
      referred to as type (2) binder material). The crosslinking organic
      compound whether type (a) or (b) is introduced for reaction with the type
      (1) or (2) binder material, respectively, during the actual
      polymerization.
PAR  In accord with the above-described embodiment of the invention wherein a
      separate type (a) crosslinking compound is used, one can appreciate that a
      variety of different such crosslinking compounds are effective. Typically,
      these compounds are monomeric. Representative of such materials containing
      two or more ethylenically unsaturated groups are vinyl compounds such as
      divinylbenzene; allyl-containing compounds such as triallyl cyanurate and
      N,N-diallylmelamine; mixed allyl-vinyl compounds such as allyl acrylate;
      vinylidene compounds such as ethylene glycol dimethacrylate; mixed
      allylvinylidene compounds such as allyl methacrylate; and mixed
      vinyl-vinylidene compounds such as the mixed ester prepared from ethylene
      glycol and acrylic and methacrylic acids. Other useful type (a)
      crosslinking compounds include the following: polyvinyl aromatic
      compounds, for example, divinyltoluene, divinylxylene,
      divinylethylbenzene, trivinylbenzene, divinylnaphthalene,
      divinylmethylnaphthalenes; the crosslinking vinyl esters, allyl esters and
      vinyl allyl esters of carboxylic and polycarboxylic acids including
      polymerizable ester monomers such as diallyl maleate, vinyl crotonate,
      divinyl succinate, divinyl adipate, vinyl acrylate, vinyl methacrylate;
      the aliphatic acetylenes such as vinylacetylene, and alpha-methyl
      vinylacetylene.
PAR  The amount of type (a) crosslinking compound employed in accord with this
      embodiment may vary substantially depending on the number of ethylenically
      unsaturated groups present in the compound, the reactivity of a specific
      crosslinking compound with a particular type (1) binder material, and the
      molecular weight of the particular crosslinking compound and type (1)
      binder material employed. Typically, amounts of crosslinking compound of
      at least about 0.01 weight percent, preferably 0.01 to about 5 weight
      percent based on the total dry weight of the type (a) crosslinking
      compounds blended with the type (1) binder materials are employed.
PAR  The type (1) binder material which is crosslinked in the preferred
      embodiment of the invention with the type (a) crosslinking compounds
      described above may be selected from a wide variety of known materials
      containing one polymerizable ethylenically unsaturated group. Typically,
      these materials are monomeric and contain polymerizable ethylenically
      unsaturated linkages, &gt;C=C&lt;, such as a vinyl, vinylene, or vinylidene
      group. A large number of these monomers are well known in the polymer art.
      These monomers include: monovinyl aromatic compounds such as styrene; the
      halogenated sytrenes such as mono- and dichlorostyrene; the alkylstyrenes
      such as the methylstyrenes, the ethylstyrenes, the dimethylstyrenes, the
      diethylstyrenes, the isopropylstyrenes, the mixed alkylstyrenes and the
      halogenated alkylstyrenes; nuclear-substituted vinyl aryl compounds
      wherein the nuclear substituent is an alkyl, aryl, alkaryl, aralkyl,
      cycloalkyl, alkoxy, aryloxy, chloro, fluoro, chloromethyl, fluoromethyl or
      trifluoromethyl group; the vinylnaphthalenes, methylvinylnaphthalenes and
      their halogenated derivatives; vinylaryl acids and vinylalkyl acids such
      as acrylic acid, and the alpha-alkyl substituted acrylic acid such as
      methacrylic acid, and esters of such acids and aliphatic alcohols; the
      amides of acrylic and methacrylic acids and derivatives thereof such as
      the methacrylamides, acrylamides, N-methylacrylamides,
      N,N-diethylacrylamide, N-ethylmethacrylamide, N,N-dimethylmethacrylamide,
      etc; the nitriles such as acrylonitrile, methacrylonitrile,
      ethylacrylonitrile, chloroacrylonitrile and other nitriles; the alkyl
      esters of alpha-ethylenic aliphatic dicarboxylic acids such as diethyl
      fumarate and diethyl itaconate; the unsaturated ketones, methyl vinyl
      ketone and methyl isopropenyl ketone; the vinylpyridines; the
      vinylquinolines; vinylfurans; vinylcarbazoles; the esters of vinyl
      alcohols such as vinyl acetate; acylamino substituted acrylic and
      methacrylic acids; the ethers of olefinic alcohols, especially the ethers
      of vinyl and allyl type alcohols such as vinyl ethyl ether, vinyl butyl
      ether, vinyl tolyl ether, divinyl ether, methyl isopropenyl ether,
      methallyl ethyl ether; the unsaturated aldehydes such as acrolein and
      methacrolein and the like; copolymerizable alkenyl chlorides including
      methallyl chloride, allyl chloride, vinyl chloride, vinylidene chloride,
      1-chloro-1-fluoroethylene and 4-chlorobutene-1; and the vinylindenes.
PAR  Preferred type (1) binder materials which may be used in the invention are
      styrene, styrene homologs and monomeric blends comprising such styrene
      materials. Such binder materials typically are comprised of at least about
      40 up to 100 percent by weight of styrene or styrene homolog. As used in
      the present invention the phrase "styrene or styrene homolog" is used
      interchangeably with the expression "styrene materials." Styrene materials
      are defined herein to include a monomer or mixture of monomers having the
      formula
      ##EQU2##
      wherein R represents hydrogen, a halogen such as chlorine or bromine, a
      lower alkyl, including halogenated alkyls, containing 1-4 carbon atoms in
      alkyl moiety such as methyl, ethyl, propyl, isopropyl, butyl, and
      halogenated derivatives thereof. Binder materials which have been found
      especially useful in the invention are blends of from about 40 to about 90
      percent by weight of a styrene material, preferably styrene per se, and
      from about 10 to about 60 percent by weight of another vinyl monomer other
      than styrene, for example, an alkyl acrylate or methacrylate, including
      branched alkyl and cycloalkyl acrylates and methacrylates such as
      cyclohexyl methacrylate, having up to 20 or more carbon atoms in the alkyl
      group. Typical of type (1) binder materials which have been found
      especially useful as described hereinabove are blends of 40 to 90 percent
      by weight styrene, from about 5 to about 50 percent by weight of a lower
      alkyl acrylate or methacrylate having from 1 to about 4 carbon atoms in
      the alkyl moiety such as methyl, ethyl, isopropyl, butyl, etc. and from
      about 5 to about 50 percent by weight of a higher alkyl acrylate or
      methacrylate having from about 6 to 20 or more carbon atoms in the alkyl
      group such as ethylhexyl acrylate or methacrylate. A variety of other
      useful styrene material containing toner particles are disclosed in the
      following U.S. Pat. Nos.: 2,917,460 issued Dec. 15, 1959; Reissue 25,136
      issued Mar. 13, 1962; 2,788,288 issued Apr. 9, 1957; 2,638,416 issued Apr.
      12, 1953; 2,618,552 issued Nov. 18, 1952 and 2,659,670 issued Nov. 17,
      1953.
PAR  The type (2) polyester binder material used with the type (b) crosslinking
      compounds referred to above are comprised of one or more dicarboxylic
      acids and one or more polyhydric alcohols which are capable of reacting
      with one another to form a polymer having the individual units thereof
      linked by ester groups. Especially useful polyester binder materials are
      crystalline polyesters. Representative dicarboxylic acids which may be
      used in the preparation of the polyester binder materials are terephthalic
      acid and isophthalic acid including substituted terephthalic and
      isophthalic acid; cyclohexane dicarboxylic acid, and the like.
      Representative polyhydric alcohols which may be used in the preparation of
      the polyester binder materials are aromatic alcohols such as a bis(hydroxy
      alkoxy-phenyl) alkane having from 1 to about 4 carbon atoms in the alkoxy
      group and from 1 to about 10 carbon atoms in the alkane group, cyclohexane
      dialkanols having from 2 to about 10 carbon atoms in the alkanol groups,
      and alkylene glycols such as tetramethylene glycol having from 2 to about
      10 carbon atoms in the alkylene group.
PAR  The type (b) crosslinking compounds used in the present invention to react
      with the above-described polyester binder materials are characterized by
      having a polymerizable functionality greater than 2.0. the polymerizable
      functionality of a given material is the number of hydroxy and carboxyl
      groups chemically bonded to the material which are capable of reacting to
      form an ester linkage,
      ##EQU3##
      with the polyester binder materials. These type (b) crosslinking compounds
      are typically monomeric materials containing from 3 to about 20 carbon
      atoms. Representative type (b) crosslinking compounds include
      trimethylolethane, pentaerythritol, trimellitic acid anhydride, or
      pyromellitic acid or dianhydride, and the like.
PAR  The amount of type (b) crosslinking compound which may be used may vary
      widely depending on a number of factors including the reactivity of
      particular type (b) crosslinking compounds and type (2) polyester binder
      materials, the molecular weight of the respective polyester binder and
      type (b) crosslinking materials, etc. Typically, an amount of type (b)
      crosslinking compound greater than about 0.01 percent by weight,
      preferably from about 0.01 to about 5 percent by weight based on the total
      dry weight of the type (b) crosslinking compounds blended with the type
      (2) binder materials is employed.
PAR  In accord with another preferred embodiment of the invention a covalent
      crosslinked polymeric binder useful in the toner particles of the
      invention may be obtained simply be curing a polymer having in its
      molecular structure crosslinking sites. A variety of chemical moieties
      which may serve as crosslinking sites in the molecular structure of a
      polymer are well known in the polymer art. Curing of polymers containing
      these sites may sometimes be accomplished by heat alone but is more
      generally facilitated by use of heat and a crosslinking compound (commonly
      referred to as a curing agent). Various catalysts may also be used in
      accord with conventional polymerization. Included below in Table 1 is a
      partial list of representative crosslinking sites and corresponding curing
      agents.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Crosslinking       Crosslinking Compound                                  
     Site on Polymer      (curing agent)                                       
     __________________________________________________________________________
     A. a carboxylic acid site                                                 
                    A-1. a diepoxide such as isopropylidene                    
     such as methacrylic acid,                                                 
                    bis(phenyl glycidyl ether) having the                      
     for example, poly(styrene-                                                
                    formula                                                    
     co-methyl methylacrylate-co-                                              
     2-ethylhexyl methacrylate-                                                
     co-methacrylic acid)                                                      
                    CH.sub.3                                                   
                    .vertline.                                                 
                    CH.sub.2 ------CH--CH.sub.2 O--C--OCH.sub.2 --CH------CH.su
                    b.2                                                        
                    .angle..vertline..angle.                                   
                    OCH.sub.3                                                  
                    A-2. a carbodiimide such as dicyclo-                       
                    hexylcarbodiimide having the formula                       
                    C.sub.6 H.sub.11 N=C=NC.sub.6 H.sub.11                     
                    A-3. a dihalide such as                                    
                    .alpha.,.alpha.'-dichloro-p-xylene having the              
                    formula                                                    
                           CH.sub.2 Cl                                         
                           .vertline.                                          
                           .vertline.                                          
                           CH.sub.2 Cl                                         
                    together with a tertiary amine                             
                    catalyst                                                   
     B. an epoxide site such as                                                
                    B-1. a dicarboxylic acid such as                           
     glycidyl methacrylate,                                                    
                    sebacic acid                                               
     for example, poly(styrene-                                                
     co-ethylhexyl methacrylate-                                               
     co-glycidyl methacrylate-                                                 
     co-methyl methacrylate)                                                   
                    B-2. a primary amine or a secondary                        
                    amine                                                      
     C. a halide site such as                                                  
                    C-1. a primary amine or a secondary                        
     vinyl benzyl chloride, for                                                
                    amine                                                      
     example, poly(styrene-co-                                                 
     ethylhexyl methacrylate-                                                  
     co-methyl methacrylate-co-                                                
     vinyl benzyl chloride)                                                    
     D. an active methylene site                                               
                    D-1. formaldehyde                                          
     such as ethyl acrylyl acetate,                                            
     for example, poly(styrene-co-                                             
     methyl methacrylate-co-                                                   
     ethylhexyl acrylate-co-                                                   
     ethyl acrylyl acetate)                                                    
     E. ethylenic unsaturation                                                 
                    E-1. elemental sulfur admixed with                         
     site such as butadiene, for                                               
                    a sulfur-containing compound such                          
     example, poly(styrene-co-                                                 
                    as 2-mercaptobenzothiazole                                 
     methyl methylacrylate-co-                                                 
     ethylhexyl methacrylate-                                                  
     co-butadiene)                                                             
     F. a hydroxyl site such as                                                
                    F-1. a diisocyanate such as toluene                        
     hydroxyethyl methacrylate,                                                
                    diisocyanate                                               
     for example, poly(styrene-                                                
     co-methyl methacrylate-                                                   
     co-ethylhexyl methacrylate-                                               
                    F-2. a melamine curing agent such                          
     co-hydroxyethyl methacrylate)                                             
                    as a melamine-formaldehyde resin                           
                    or hexamethylolmelamine                                    
     __________________________________________________________________________
PAR  In accord with another embodiment of the invention, the covalently
      crosslinked polymeric binders employed in the invention may be prepared
      without a separate chemical crosslinking compound. For example, many
      polymeric materials having an appropriate crosslinking site may be
      covalently crosslinked simply by exposure to an external activating
      radiation source, such as electron beam or electromagnetic radiation, for
      example, ultraviolet radiation.
PAR  Representative of thermoplastic, radiation crosslinkable materials useful
      in the preparation of the covalently crosslinked toner materials described
      herein are the cinnamylidenemalonate-containing polyesters such as those
      described in U.S. Pat. No. 3,674,745 issued July 4, 1972 incorporated
      herein by reference thereto. Such polymers are typically prepared by
      reacting a monomeric mixture of approximately 50 mole percent of one or
      more polyhydric alochols and 50 mole percent of a composition comprising
      dialkyl cinnamylidenemalonate and one or more additional esters of a
      dicarboxylic acid such as terephthalic acid or isophthalic acid. Typical
      of useful cinnamylidenemalonate-containing polymers are poly(ethylene
      glycol-co-dimethyl terephthalate-co-butanediol-co-dimethyl
      cinnamylidenemalonate) tetrapolymers composed of about 37.5 mole percent
      ethylene glycol units, 6.85 mole percent dimethyl terephthalate units,
      12.5 mole percent butanediol units, and 43.15 mole percent dimethyl
      cinnamylidenemalonate units.
PAR  The above-described cinnamylidenemalonate-containing polymers are typically
      covalently crosslinked by exposure to ultraviolet radiation for a period
      of from about 1 to about 30 hours or more.
PAR  The ionic crosslinked binders employed in the present invention are
      conveniently prepared in a manner similar to that described above wherein
      covalent crosslinked binders are prepared by curing the polymeric binder
      in the presence of heat alone or in the presence of heat and curing agent
      to form covalent chemical linkages between the crosslinking sites of
      adjacent polymers. The difference between ionic crosslinked binders and
      the above-described covalently crosslinked binders prepared by curing is
      that in the former case the linkage between crosslinking sites of adjacent
      polymer chains is an ionic linkage rather than an actual covalent chemical
      bond. The ionic linkage may be conveniently formed by subjecting a
      polymeric binder having ionic crosslinking sites in its molecular
      structure to heat in the presence of an ionic crosslinking compound or by
      admixing the ionic crosslinking compound in a solution of the polymeric
      binder to be ionically crosslinked as described in Example VI hereinafter.
PAR  Regardless of the particular chemical composition of the crosslinked
      binders used in the present invention, preferred crosslinked binders have
      a softening temperature within the range of from about 40.degree.C. to
      about 200.degree.C. so that the resultant toner particles can readily be
      fused to conventional receiving sheets to form a permanent image.
      Especially useful crosslinked binders are those having a softening
      temperature within the range of from about 40.degree.C. to about
      65.degree.C. because toners containing these binders may be used in high
      speed electrographic copy machines employing plain paper as the receiving
      sheet to which the toned images are fused. Of course, where other types of
      receiving elements are used, for example, synthetic high melting point
      polymeric sheets, metallic sheets, and the like, crosslinked polymers
      having a softening temperature higher than the values specified may be
      used.
PAR  As used herein the term "softening temperature" refers to the softening
      temperature of a polymer as measured by E. I. duPont de Nemours Model 941
      TMA (Thermal Mechanical Analyzer) apparatus using a probe pressure of 48
      p.s.i.a. and a heating rate of 5.degree.C/minute.
PAR  The toner particles employed in the present invention may comprise varied
      amounts of the crosslinked binder polymer described hereinabove depending
      upon a number of factors, including the amount and types of colorant or
      other modifying materials, if any, incorporated in the particle; the
      amount and kind of additional binder materials, if any, such as
      conventional linear or straight-chain thermoplastic polymers, incorporated
      in the toner particle; the desired softening point of the toner particles,
      and the like. Advantageously, the crosslinked fusible binder comprises 25
      percent by weight or more of the toner particles used in the invention. In
      accord with preferred embodiments of the invention where the toner
      particles of the invention are to be used in relatively high speed office
      copy devices, it has been found advantageous to use toner particles
      comprising at least 50 percent by weight, and preferably 75-95 percent by
      weight, of the crosslinked binder polymers described above.
PAR  The toner particles of the present invention can be prepared by various
      methods, such as melt-blending, etc. Particles having an average diameter
      between about 0.1 micron and about 100 microns may be used, although
      present day office copy devices typically employ particles having an
      average diameter between about 1.0 and 30 microns. However, larger
      particles or smaller particles can be used where desired for particular
      methods of development or particular development conditions. For example,
      in powder cloud development such as described in U.S. Pat. No. 2,691,345,
      issued Oct. 12, 1954, extremely small toner particles on the order of
      about 0.01 microns may be used.
PAR  The above-noted melt-blending method for preparing the toner composition of
      the present invention involves melting a powdered form of binder polymer
      and mixing it with other necessary or desirable addenda including
      colorants such as dyes or pigments. The polymer can readily be melted on
      heated compounding rolls which are also useful to stir or otherwise blend
      the polymer and addenda so as to promote the complete intermixing of these
      various ingredients. After thorough blending, the mixture is cooled and
      solidified. The resultant solid mass is then broken into small particles
      and finely ground to form a free-flowing powder of toner particles having
      the desired size.
PAR  A variety of colorant materials selected from dyestuffs and/or pigments are
      advantageously employed in the toner materials of the present invention.
      Such materials serve to color the toner and/or render it more visible. Of
      course, suitable toner materials having the appropriate charging
      characteristics can be prepared without the use of a colorant material
      where it is desired to have a developed image of low optical opacity. In
      those instances where it is desired to utilize a colorant, the colorants
      used, can, in principle, be selected from virtually any of the compounds
      mentioned in the Colour Index, Volumes 1 and 2, Second Edition.
PAR  Included among the vast number of useful colorants would be such materials
      as Hansa Yellow G (C. I. 11680), Nigrosine Spirit soluble (C.I. 50415)
      Chromogen Black ETOO (C.I. 45170), Solvent Black 3 (C.I. 26150), Fuchsine
      N (C.I. 42510), C.I. Basic Blue 9 (C.I. 52015), etc. Carbon black provides
      a particularly useful colorant. The amount of colorant added may vary over
      a wide range, for example, from about 1 to about 20 percent of the weight
      of the crosslinked binder. Particularly good results are obtained when the
      amount is from about 2 to about 10 percent. In certain instances, it may
      be desirable to omit the colorant, in which case the lower limit of
      concentration would be zero.
PAR  Other modifying materials such as various long chain anionic or cationic
      surfactants, conductive materials, and magnetic materials may also be
      incorporated, if desired, in the toner particles of the invention. Still
      other toner additives which may be incorporated in the toner particles are
      materials such as those described in Jacknow et al, U.S. Pat. No.
      3,577,345 issued May 4, 1971. Generally, if any of the various modifying
      materials described above are used in the toner particles of the
      invention, the total amount thereof (excluding the weight of colorants)
      should be less than about 30 weight percent of the total weight of the
      toner particle.
PAR  The toners of this invention can be mixed with a carrier vehicle to form
      developing compositions. The carrier vehicles which can be used with the
      present toners to form new developer compositions can be selected from a
      variety of materials. Suitable carrier vehicles useful in the invention
      include various nonmagnetic particles such as glass beads, crystals of
      inorganic salts such as sodium or potassium chloride, hard resin
      particles, metal particles, etc. In addition, magnetic carrier particles
      can be used in accordance with the invention. Suitable magnetic carrier
      particles are particles of ferromagnetic materials such as iron, cobalt,
      nickel, and alloys and mixtures thereof. Other useful magnetic carriers
      are ferromagnetic particles overcoated with a thin layer of various
      film-forming resins, for example, the alkali-soluble carboxylated polymers
      described in Miller, U.S. Pat. No. 3,547,822 issued Dec. 15, 1970; Miller,
      U.S. Pat. No. 3,632,512 issued Jan. 4, 1972; McCabe, U.S. Ser. No.
      236,765, filed Mar. 21, 1972, entitled "Electrographic Carrier Vehicle and
      Developer Composition--Case B", Kasper et al U.S. Ser. No. 236,584, filed
      Mar. 21, 1972, entitled "Electrographic Carrier Vehicle and Developer
      Composition--Case C"; and Kasper U.S. Ser. No. 236,614, filed Mar. 21,
      1972, entitled, "Electrographic Carrier Vehicle and Developer
      Composition--Case." Other useful resin coated magnetic carrier particles
      include carrier particles coated with various fluorocarbons such as
      polytetrafluoroethylene, polyvinylidene fluoride, and mixtures thereof
      including copolymers of vinylidene fluoride and tetrafluoroethylene.
PAR  Aa typical developer composition containing the abovedescribed toner and
      carrier particles generally comprises from about 1 to about 15 percent by
      weight of particular toner particles and from about 85 to about 99 percent
      by weight carrier particles. Typically, the carrier particles are larger
      than the toner particles. Conventional carrier particles used in cascade
      or magnetic brush development have an average size particle size on the
      order of from about 30 to about 1200 microns, preferably 60-300 microns.
PAR  The above-described toner and developer compositions can be used to develop
      electrostatic charge patterns. Such developable charge patterns can be
      prepared by a number of well-known means and be carried, for example, on a
      light sensitive photoconductive element or a non-light sensitive
      dielectric-surfaced receiving element. Suitable dry development processes
      include cascading a cascade developer composition across the electrostatic
      charge pattern as described in detail in U.S. Pat. Nos. 2,618,551;
      2,618,552; and 2,638,416. Another process involves applying toner
      particles from a magnetic brush developer composition as described in U.S.
      Pat. No. 3,003,462. Still another useful development process is
      powder-cloud development wherein a gaseous medium such as air is utilized
      as a carrier vehicle to transport the toner particles to the electrostatic
      charge pattern to be developed. This development process is more fully
      described in U.S. Pat. No. 2,691,345 and U.S. Pat. No. 2,725,304. Yet
      another development process is fur brush development wherein the bristles
      of a brush are used to transport the toner particles to the electrostatic
      charge pattern to be developed. This development process is more fully
      described in Walkup, U.S. Pat. No. 3,251,706.
PAR  As will be apparent from the above discussion the improved electrographic
      development process of the present invention using the toner particles
      described herein can employ various types of carrier vehicles ranging from
      the conventional inorganic particles used in cascade development and
      magnetic particles used in magnetic brush development to gaseous media and
      fur brushes used in powder cloud and fur brush development, respectively.
PAR  After imagewise deposition of the toner particles in accord with the
      process of the invention, the image can be fused as described earlier
      herein to adhere it to the substrate bearing the toner image. If desired,
      the unfused image can be transferred to another support such as a blank
      sheet of copy paper and then fused to form a permanent image thereon.
PAR  The following examples are included for a further understanding of this
      invention.
DETD
PAC  EXAMPLE I
PAR  Crosslinking a styrene-acrylic polymer with divinylbenzene during
      polymerization
TBL  Polymer References:                                                       
                        Ia                                                     
                        Ib                                                     
                        Ic                                                     
     Toner References:  I-1                                                    
                        I-2                                                    
                        I-3                                                    
                        I-4                                                    
                        Xerox 3600-7000                                        
PAC  POLYMER DESCRIPTION:
PA1  Ia - A mixture of 50 kg. styrene, 25 kg. methyl methacrylate, 25 kg.
      ethylhexyl methacrylate, 2 kg. azobisisobutyronitrile is added with
      stirring over a 2 1/2 hour period to 300 kg. of water at 75.degree.C.
      containing 400 g. of poly(vinyl alcohol) (Vinol 540, Airco). the
      polymerization is conducted under a nitrogen atmosphere and is allowed to
      continue for 4 hours after monomer addition is completed. The product is
      collected by filtration and washed with water. The resultant copolymer is
      identified as poly(styrene-co-methyl methacrylate-co-2-ethylhexyl
      methacrylate).
PA1  Ib - This polymer is prepared in a manner identical to Ia except that 0.2
      weight percent (based on the weight of the initial monomers) of
      divinylbenzene (assay 55 percent) are introduced into the initial monomer
      mixture. The resultant crosslinked copolymer is identified as
      poly(styrene-co-methyl methacrylate-co-2-ethylhexyl
      methacrylate-co-divinylbenzene).
PA1  Ic - This polymer is prepared in a manner identical to Ia except that 0.3
      weight percent (based on the weight of the initial monomers) of
      divinylbenzene (assay 55 percent) are introduced into the initial monomer
      mixture. The resultant crosslinked polymer is identified as
      poly(styrene-co-methyl methacrylate-co-2-ethylhexyl
      methacrylate-co-divinyl benzene).
PAC  TONER DESCRIPTION
PA1  I-1 is an uncrosslinked control toner and is prepared by compounding on a
      two roll rubber mill 100 parts Ia with 5 parts Regal 300R carbon black
      purchased from Cabot Corporation. The composition is ground to toner size
      particles (2-40 microns) in a fluid energy mill.
PA1  I-2 is a control toner prepared in a manner identical to that described in
      I-1 above except that the resultant toner particles are subjected to a
      glow discharge post treatment as described in U.S. Pat. No. 3,676,350 to
      effect surface crosslinking of the toner particles. The glow discharge
      post treatment is carried out by placing a sample of the I-1 toner
      particles described above on a piece of filter paper contained within a
      polymeric holder capable of vibrating the toner, and the holder is placed
      between two parallel electrodes. The apparatus is contained in a bell jar
      which is evacuated to a pressure of 0.6 mm of mercury. Helium is then bled
      into the bell jar to a total of 2.4 mm of mercury. The vibrator is turned
      on, and a 10 kc A.C. field sufficient to produce a glow at a current of 60
      ma is applied across the electrodes. To prevent fusing of the toner, the
      current is turned off at regular intervals. Total time the toner is
      subjected to the glow discharge is 5 minutes. The glow discharge treated
      toner is labelled I-2. Samples of the I-1 and I-2 control toners are
      placed in an oven at 60.degree.C for 24 hours and then checked for
      tendency to cake or agglomerate. I-2 becomes free flowing after several
      taps on its container, but I-1 does nsot. A spatula is required to break
      up the lumps formed in the I-1 container. This experiment demonstrates
      that the surface characteristics of the toner are indeed altered by a glow
      discharge treatment. Roller fusing tests for I-1 and I-2 are carried out
      in the manner noted below. The results are set forth in Table 2.
PA1  I-3 is a control toner prepared in a manner similar to that described in
      Example 1 of U.S. Re. Pat. No. 25,136 reissued Mar. 13, 1962. These toner
      particles consist of 25 percent by weight poly(butyl methacrylate) sold by
      E. I. duPont de Nemours under the trademark Elvacite 2044, 65 percent by
      weight of a blend of polymerized styrenes commerically available under the
      trademark Piccolastic Resin D-125, and 10 percent by weight of carbon
      black. This control is noted to have particularly poor keeping properties,
      i.e., it tends to clump up and agglomerate, in comparison to the
      crosslinked toner used in the invention.
PA1  I-4 is a crosslinked toner of the invention prepared by compounding on a
      two roll rubber mill 100 parts Ib with 5 parts Regal 300R carbon black.
      The composition is ground to toner size particles in a fluid energy mill
PA1  I-5 is a crosslinked toner of the invention prepared similarly to I-1
      except that Ic is used as the polymer binder. Xerox 3600-7000 toner is a
      control and is commercially available from the Xerox Corporation. The
      polymer components of the toner are believed to be composed of an
      uncrosslinked copolymer of styrene and n-butyl methacrylate plus a small
      amount of poly(vinyl butyral).
PAC  ROLLER FUSER PERFORMANCE
PAR  Fixing of the toner to the paper is carried out with a roller fuser
      apparatus described previously to yield the following results:
TBL                Table 2                                                     
     ______________________________________                                    
                       Minimum             Useful                              
                       Adequate    Hot Off-                                    
                                           Fusing                              
                       Fusing Temp.                                            
                                   set Temp.                                   
                                           Range                               
     Toner  Description                                                        
                       (.degree.C) (.degree.C)                                 
     ______________________________________                                    
     I-1    Control    135         218     83                                  
     I-2    Control    135         218     83                                  
     I-3    Control    121         163     42                                  
     I-4    Crosslinked                                                        
                       135         232     97                                  
     I-5    Crosslinked                                                        
                       135         &gt;260    &gt;125                                
     Xerox  Control                                                            
     3600-  Commercial                                                         
     7000   toner      135         204     69                                  
     ______________________________________                                    
      From Table 2, it is noted that the useful fusing range of the crosslinked
      toner particles used in the present invention has been increased in
      comparison to the control toner compositions which are composed of various
      related, but uncrosslinked, binders. It may be further observed that
      crosslinking only the surface of polymeric binder containing toner
      particles does not provide any substantial change in the useful fusing
      range of the toner particles. (Compare I-1 control to I-2 control).
PAC  EXAMPLE II:
PAR  Crosslinking a styrene-acrylic polymer with 1,3-butylene dimethacrylate
      during polymerization
TBL  Polymer References:                                                       
                        Ia     of Example I                                    
                       IIa                                                     
     Toner References:  I-1    of Example I                                    
                       II-1                                                    
PAC  POLYMER DESCRIPTION
PA1  Ia poly(styrene-co-methyl) methacrylate-co-2-ethylhexyl methacrylate)
      described in Example I
PA1  Iia This is a polymer prepared in a manner identical to polymer Ia of
      Example I except that 0.75 weight percent (based on the weight of the
      initial monomers) of 1,3-butylene dimethacrylate crosslinking monomer is
      added as one of the initial monomeric reactants. The resulting crosslinked
      polymer is identified as poly(styrene-co-methyl
      methacrylate-co-2-ethylhexyl methacrylate-co-1,3-butylene dimethacrylate).
PAC  TONER DESCRIPTION
PA1  I-1 is an uncrosslinked control toner and is described in Example I.
PA1  Ii-1 is a crosslinked toner prepared by compounding on a two roll rubber
      mill 100 parts IIa with 5 parts Regal 300R carbon black. The composition
      is ground to toner size particles in a fluid energy mill.
PAC  ROLLER FUSER PERFORMANCE
PAR  The toners are tested on a roller fuser as described previously to yield
      the following results.
TBL                Table 3                                                     
     ______________________________________                                    
                                            Useful                             
                      Minimum Adequate                                         
                                    Hot off-                                   
                                            Fusing                             
                      Fusing Temp.  set Temp.                                  
                                            Range                              
     Toner Description                                                         
                      (.degree.C)   (.degree.C)                                
                                            (.degree.C)                        
     ______________________________________                                    
      I-1  control    135           218     83                                 
     II-1  crosslinked                                                         
                      135           &gt;260    &gt;125                               
     ______________________________________                                    
PAR  The data from Table 3 indicate that the useful fusing range has been
      increased more than 42.degree.C. by crosslinking the toner.
PAC  EXAMPLE III:
PAR  Crosslinking a polyester during polymerization
TBL  Polymer References:    IIIa                                               
                            IIIb                                               
     Toner References:      III-1                                              
                            III-2                                              
PAC  POLYMER DESCRIPTION
PAR  IIIa. A mixture of 50 g. of dimethyl isophthalate, 50 g. dimethyl
      terephthalate, 67 g. ethylene glycol, 10 mg. zinc acetate, and 20 mg.
      antimony trioxide is heated under nitrogen at 200.degree.C, and the
      evolved methanol is distilled off. The temperature is raised to
      235.degree.C., and vacuum is gradually applied to the stirred melt to
      remove excess glycol. Polymerization proceeds by the removal of glycol
      until the desired viscosity is reached. The resultant copolymer is
      identified as poly(ethylene terephthalate-co-isophthalate) and has an
      inherent viscosity of 0.25 (The inherent viscosity is measured at
      25.degree.C. by dissolving 0.25 g. of the copolymer in 100 ml. of
      chloroform.)
PA1  Iiib. This polymer is made in the same manner as IIIa except after the
      initial ester exchange 2.9 g. of 2-hydroxymethyl-2-methyl-1,3-propanediol
      is added. The polymerization under vacuum is allowed to proceed until the
      product is no longer soluble in chloroform. The resultant polymer is
      identified as poly(ethylene terephthalate-co-isophthalate) crosslinked
      with 2-hydroxymethyl-2-methyl-1,3-propanediol.
PAC  TONER DESCRIPTION
PAR  III-1 is an uncrosslinked control and is prepared by compounding on a two
      roll rubber mill 100 parts IIIa with 6 parts Sterling FT carbon black
      purchased from Cabot Corporation with subsequent reduction to toner size
      particles in a fluid energy mill. III-2 is a crosslinked toner prepared
      similarly to III-1 except IIIb is used as the polymer binder.
PAC  ROLLER FUSER PERFORMANCE
PAR  The toners are tested on a roller fuser as described previously to yield
      the following results:
TBL                Table 4                                                     
     ______________________________________                                    
                                     Hot   Useful                              
                       Minimum Adequate                                        
                                     Offset                                    
                                           Fusing                              
                       Fusing Temp.  Temp. Range                               
     Toner  Description                                                        
                       (.degree.C)   (.degree.C)                               
                                           (.degree.C)                         
     ______________________________________                                    
     III-1  control    121            177   56                                 
     III-2  crosslinked                                                        
                       135           &gt;260  &gt;125                                
     ______________________________________                                    
PAR  The data in Table 4 indicate that the useful fusing range has been
      increased greater than 69.degree.C by crosslinking the toner.
PAC  EXAMPLE IV:
PAR  Crosslinking a styrene-acrylic polymer while compounding
TBL  Polymer References:      Ia                                               
                             IVa                                               
     Toner References:        I-1                                              
                             IV-1                                              
PAC  POLYMER DESCRIPTION
PA1  Ia. poly(styrene-co-methyl methacrylate-co-2-ethylhexyl methacrylate)
      described in Example I
PA1  Iva. A mixture of 100 g. styrene, 50 g. methyl methacrylate, 50 g.
      ethylhexyl methacrylate, 1 g. methacrylic acid, 4 g.
      azobisisobutyronitrile is flushed with nitrogen and heated at 60.degree.
      C. for 20 hrs. The resultant polymers is identified as
      poly(styrene-co-methyl methacrylate-co-2-ethylhexyl
      methylacrylate-co-methacrylic acid). The methacrylic acid units of the
      resultant polymer serve as crosslinking sites.
PAC  TONER DESCRIPTION
PA1  I-1 is an uncrosslinked control toner and is described in Example I.
PA1  Iv-1 is a crosslinked toner prepared by compounding on a two roll rubber
      mill 100 parts by weight of polymer IVa with 0.3 parts by weight
      triethylenediamine, 3 parts by weight Epon 1001 (an epoxy resin purchased
      from Shell Chemical Co.), and 5 parts by weight Regal 300R carbon black.
      During the compounding operation, the rheological properties of the melt
      changed from that characteristic of an uncrosslinked polymer to that
      typical of a crosslinked polymer. The compound is ground to toner size
      particles in a fluid energy mill.
PAC  ROLLER FUSER PERFORMANCE
PAR  The toners are tested on a roller fuser as described previously to yield
      the following results:
TBL                Table 5                                                     
     ______________________________________                                    
                                     Hot   Useful                              
                       Minimum Adequate                                        
                                     Offset                                    
                                           Fusing                              
                       Fusing Temp.  Temp. Range                               
     Toner  Description                                                        
                       (.degree.C)   (.degree.C)                               
                                           (.degree.C)                         
     ______________________________________                                    
      I-1   control    135           218    83                                 
     IV-1   crosslinked                                                        
                       135           260   125                                 
     ______________________________________                                    
PAR  The data in Table 5 indicate that crosslinking the toner has increased the
      useful fusing range 42.degree.C.
PAC  EXAMPLE V:
PAR  Crosslinking a styrene-acrylic polymer after compounding
TBL         Polymer Reference:                                                 
                            Va                                                 
            Toner References:                                                  
                            V-1                                                
                            V-2                                                
PAC  POLYMER DESCRIPTION -Va
PAR  A mixture of 300 g styrene, 210 g methyl methacrylate, 90 g 2-ethylhexyl
      acrylate, 50 g ethyl acrylylacetate, and 18 g benzoyl peroxide is added
      dropwise with stirring over 2-3 hr. to 800 ml. of water at 75.degree.C
      containing 0.75 g of poly(vinyl alcohol). The polymerization is conducted
      under a nitrogen atmosphere and is allowed to continue for 12 hr. after
      monomer addition. The product is collected by filtration, washed with
      water, and dried, The polymer is identified as poly(styrene-co-methyl
      methacylate-co-2-ethylhexyl acrylate-co-ethyl acrylylacetate).
PAC  TONER DESCRIPTION
PAR  100 parts by weight of polymer Va is compounded with 5 parts by weight
      Regal 300R carbon black on a two roll rubber mill. The material is ground
      to pass through a 20 mesh screen and divided into two equal parts. V-1 is
      an uncrosslinked control toner and is prepared by taking one part of the
      foregoing compounded and ground material and grinding it further to toner
      size particles in a fluid energy mill. V-2 is a crosslinked toner prepared
      by taking the other part of the above-described material and placing it in
      a 35 percent aqueous formaldehyde solution adjusted to pH9 with sodium
      hydroxide. The mixture is tumbled for 48 hours and dried. The solubility
      of this material is determined in methylene chloride before and after the
      aqueous formaldehyde treatment. The matter is soluble before treatment and
      insoluble after treatment indicating that crosslinking has taken place.
      The material is ground to toner size particles in a fluid energy mill.
PAC  ROLLER FUSER PERFORMANCE
PAR  The toners are tested on a roller fuser as described previously to yield
      the following results:
TBL                Table 6                                                     
     ______________________________________                                    
                      Minimum                                                  
                      Adequate    Hot Off-                                     
                                          Useful                               
                      Fusing Temp.                                             
                                  set Temp.                                    
                                          Fusing                               
     Toner Description                                                         
                      (.degree.C) (.degree.C)                                  
                                          Range (.degree.C)                    
     ______________________________________                                    
     V-1   control    149          218     69                                  
     V-2   crosslinked                                                         
                      149         &gt;260    &gt;111                                 
     ______________________________________                                    
PAR  The data in Table 6 indicate that the useful fusing range has been
      increased by greater than 42.degree.C by crosslinking.
PAC  EXAMPLE VI:
PAR  Ionic crosslinking of a styrene-acrylic polymer
TBL  Polymer References:  Ia of Example I                                      
                         VIa                                                   
     Toner References:    I-1 of example I                                     
                         VI-1                                                  
PAC  POLYMER DESCRIPTION
PA1  Ia poly(styrene-co-methyl methacrylate-co-2-ethylhexyl methacrylate) as
      described in Example I
PA1  Via a mixture of 100 g. of styrene, 50 g. of methyl methacrylate, 25 g. of
      ethylhexyl methacrylate, 10 g. of methylacrylic acid and 6 g. of
      azobisisobutyronitrile is flushed with nitrogen and heated at 60.degree.C.
      for 4 days. The resulting polymer is identified as poly(styrene-co-methyl
      methacrylate-co-ethylhexyl methacrylate-co-methacrylic acid). To ionically
      crosslink this polymer, fifty grams of this polymer is dissolved in 400
      ml. of methylene chloride and to it is added 1.0 g. of calcium hydroxide,
      which is equivalent to the acid in the polymer. The suspension, in a
      bottle, is rolled for 24 hours. At the end of this time it is a thin gel.
      It is poured into a tray to evaporate most of the solvent and drying is
      completed in vacuum at 50.degree.C. The resultant polymer is ionically
      crosslinked.
PAC  TONER DESCRIPTION
PA1  I-1 is an uncrosslinked control toner and is described in Example I.
PA1  Vi-1 is an ionically crosslinked toner prepared by compounding on a
      two-roll rubber mill 100 parts VIa and 5 parts Regal 300R carbon black.
      The composition is then ground to toner size particles (2-40 microns) in a
      fluid energy mill.
PAC  ROLLER FUSER PERFORMANCE
PAR  Fixing of the toner to the paper is carried out with a roller fuser
      apparatus described previously to yield the following results:
TBL                Table 7                                                     
     ______________________________________                                    
                      Minimum                                                  
           Adequate   Hot Offset  Useful                                       
                      Fusing Temp.                                             
                                  Temp.   Fusing                               
     Toner Description                                                         
                      (.degree.C) (.degree.C)                                  
                                          Range (.degree.C)                    
     ______________________________________                                    
     I-1   control    149          232     83                                  
     VI-1  crosslinked                                                         
                      163         &gt;260    &gt;97                                  
     ______________________________________                                    
PAR  The data in Table 7 indicate that the useful fusing range may be increased
      greater than 14.degree.C by the use of ionic crosslinking.
PAC  EXAMPLE VII:
PAR  Covalent Crosslinking of a Crystalline Polyester
TBL         Polymer References:                                                
                          VIIa                                                 
                          VIIb                                                 
            Toner References:                                                  
                          VII-1                                                
                          VII-2                                                
PAC  POLYMER DESCRIPTION
PA1  Viia - A mixture of 39 g. of demethyl isophthalate, 39 g. dimethyl
      terephthalate, 45 g. 1,4-butanediol and five drops of tetrabutyl
      orthotitanate is heated under nitrogen at 210.degree.C and the evolved
      methanol is distilled off. The temperature is raised to 235.degree.C, and
      vacuum is gradually applied to remove excess diol. Polymerization proceeds
      by distillation of diol until the desired viscosity is reached. The
      resultant polymer is identified as poly(tetramethylene
      isophthalate-co-terephthalate) and is partially crystalline.
PA1  Viib - This polymer is made in the same manner as above except after the
      initial ester exchange 3 g. of 2-hydroxymethyl-2-methyl-1,3-propanediol is
      added. The polymerization is allowed to proceed under vacuum until the
      product gels. The resultant polymer is identified as poly(tetramethylene
      isophthalate-co-terephthalate) crosslinked with
      2-hydroxymethyl-2-methyl-1,3-propanediol, and it is partially crystalline.
      This polymer and similar polymers are partially crystalline. As a result,
      the toner prepared from this polymer exhibits good storage stability
      against caking, and the melt temperature of this polymer, about
      125.degree.C, allows the toner prepared using this polymer to be fused at
      a relatively low temperature.
PAC  TONER DESCRIPTION:
PA1  Vii-1 is an uncrosslinked control toner and is prepared by compounding on a
      two-roll rubber mill 100 parts VIIa and 5 parts Regal 300R carbon black.
      The compound is then ground to toner size particles (2-40 microns) in a
      fluid energy mill.
PA1  Vii-2 is a crystalline crosslinked toner and is prepared by compounding on
      a two-roll rubber mill 100 parts VIIb and 5 parts Regal 300R carbon black.
      The compound is then ground to toner size particles (2-40 microns) in a
      fluid energy mill.
PAC  ROLLER FUSER PERFORMANCE:
PAR  Fixing of the toner is carried out with a roller fuser apparatus described
      previously at a speed of 5 in/sec and a pressure of 15 lb/in.
TBL                Table 8                                                     
     ______________________________________                                    
                                   Hot                                         
                     Minimum Adequate                                          
                                   Offset Useful                               
                     Fusing Temp.  Temp   Fusing                               
     Toner Description                                                         
                     (.degree.C)   (.degree.C)                                 
                                          Range (.degree.C)                    
     ______________________________________                                    
     VII-1 Control   107           107     0                                   
     VII-2 Crosslinked                                                         
                     107           149    42                                   
     ______________________________________                                    
PAR  The data in Table 8 indicate the useful fusing range has been increased
      42.degree.C by crosslinking the above-described partially crystalline
      polymer.
PAC  EXAMPLE VIII:
PAR  Approximately 3 to 4 weight percent each of crosslinked toners I-4, I-5,
      II-1, III-2, IV-1, V-2, VI-1 and VII-2 are mixed with from 96 to 97 weight
      percent of magnetic carrier particles having an average particle size
      within the range of about 100 to 250 microns to form a magnetic brush
      developer composition. A portion of each of these developers is used in a
      magnetic brush development process of the type described in U.S. Pat. No.
      3,003,462 issued Oct. 10, 1961, as follows:
PAR  The developer composition is maintained during the development cycle in a
      loose, brushlike orientation by a magnetic field surrounding a rotatable
      non-magnetic cylinder having a magnetic means fixedly mounted inside. The
      magnetic carrier particles are attracted to the cylinder by the described
      magnetic field, and the crosslinked toner particles are held to the
      carrier particles by virtue of their opposite electrostatic polarity.
      Before and during development, the crosslinked toner acquires an
      electrostatic charge of a sign opposite to that of the carrier material
      due to triboelectric charging derived from their mutual frictional
      interaction. As this brushlike mass or magnetic brush of carrier and
      crosslinked toner particles is drawn across a photoconductive surface
      bearing an electrostatic image, the crosslinked toner particles are
      electrostatically attracted to an oppositely charged latent image and form
      a visible toner image corresponding to the electrostatic image. The
      developed crosslinked toner image is then transferred to a plain paper
      receiving sheet and fused.
PAR  Each of the aforementioned crosslinked toner compositions produces good
      quality images on the resultant plain paper receiving sheets.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrographic developing composition comprising a mixture of
      finely-divided carrier particles and finely-divided crosslinked toner
      particles electrostatically attractable thereto, said toner particles
      having an average particle size within the range of about 0.01 to about
      100 microns and comprising a fusible binder polymer, the molecular chains
      of said polymer being covalently crosslinked to an extent sufficient to
      extend the useful fusing range of said toner particles by at least about
      10.degree.C. relative to comparable uncrosslinked toner particles
      comprising the same binder polymer except in uncrosslinked form.
NUM  2.
PAR  2. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided carrier particles
      and from about 1 to about 15 percent by weight of finely-divided
      crosslinked toner particles electrostatically attractable thereto, said
      toner particles having an average particle size within the range of from
      about 0.1 to about 100 microns and comprising at least about 25 percent by
      weight of a fusible binder polymer, said polymer being covalently
      crosslinked to an extent sufficient (a) to provide a useful fusing range
      for said toner particles of at least about 90.degree.C. and (b) to extend
      the useful fusing range of the toner particles by at least about
      20.degree.C. relative to comparable uncrosslinked toner particles
      comprising the same binder polymer except in uncrosslinked form.
NUM  3.
PAR  3. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided carrier particles
      and from about 1 to about 15 percent by weight of finely divided toner
      particles electrostatically attractable thereto, said toner particles
      having an average particle size of from about 0.1 to about 100 microns and
      comprising at least about 50 percent by weight of a fusible binder
      polymer, the improvement wherein said binder is a covalently crosslinked
      polymeric reaction product of (1) one or more crosslinking organic
      compounds possessing two or more polymerizable ethylenically unsaturated
      groups and (2) one or more organic compounds possessing one polymerizable
      ethylenically unsaturated group, said binder being crosslinked to an
      extent sufficient (a) to provide a useful fusing range for said toner
      particles of at least about 90.degree.C. and (b) to extend the useful
      fusing range of said toner particles by at least about 20.degree.C.
      relative to comparable uncrosslinked toner particles comprising the same
      binder polymer except in uncrosslinked form.
NUM  4.
PAR  4. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided carrier particles
      and from about 1 to about 15 percent by weight of finely divided toner
      particles electrostatically attractable thereto, said toner particles
      having an average particle size within the range of from about 0.1 to
      about 100 microns and comprising at least about 50 percent by weight of a
      fusible polymeric binder, the improvement wherein said binder is a
      covalently crosslinked polymeric reaction product of (1) one or more
      crosslinking organic compounds possessing a polymerizable functionaliity
      greater than two and (2) a blend comprising a dicarboxylic acid and a
      polyhydric alcohol capable of reacting with one another to form a polymer
      having individual units thereof linked by ester groups, said binder being
      crosslinked to an extent sufficient (a) to provide a fusing range for said
      toner particles of at least about 90.degree.C. and (b) to extend the
      useful fusing range of said toner particles by at least about 20.degree.C.
      relative to comparable uncrosslinked toner particles comprising the same
      binder polymer in uncrosslinked form.
NUM  5.
PAR  5. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided carrier particles
      and from about 1 to about 15 percent by weight of finely divided toner
      particles electrostatically attractable thereto, said toner particles
      having an average particle size of from about 0.1 to about 100 microns and
      comprising at least about 50 percent by weight of a fusible polymeric
      binder, the improvement wherein said binder is a covalently crosslinked
      polymeric reaction product of a curing agent and a polymer having
      crosslinking sites along its molecular structure capable of reacting with
      said curing agent, said binder being crosslinked (a) to provide a useful
      fusing range for said toner particles of at least about 90.degree.C. and
      (b) to an extent sufficient to extend the useful fusing range of said
      toner particles by at least about 20.degree.C. relative to comparable
      uncrosslinked toner particles comprising the same binder polymer in
      uncrosslinked form.
NUM  6.
PAR  6. The developer composition as defined in claim 5 wherein said
      crosslinking site on said polymer is selected from the group consisting of
      a carboxylic acid, an epoxide, a halide, an active methylene, an
      ethylenically unsaturated group, and a hydroxyl group.
NUM  7.
PAR  7. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided carrier particles
      and from about 1 to about 15 percent by weight of finely divided
      crosslinked toner particles electrostatically attractable thereto, said
      toner particles having an average particle size within the range of from
      about 0.1 to about 100 microns and comprising a dye and/or pigment as
      colorant and a fusible styrene-containing binder polymer, said binder
      polymer being covalently crosslinked (a) to provide a useful fusing range
      for said toner particles of at least about 90.degree.C. and (b) to an
      extent sufficient to extend the useful fusing range of the toner particles
      by at least about 10.degree.C. relative to comparable uncrosslinked toner
      particles comprising said styrene-containing polymer in uncrosslinked
      form.
NUM  8.
PAR  8. The developer composition as defined in claim 7 wherein said covalently
      crosslinked styrene-containing polymer has a softening temperature within
      the range of about 40.degree.C. to 200.degree.C. and is a crosslinked
      polymeric reaction product of (1) at least one crosslinking organic
      compound having two or more polymerizable ethylenically unsaturated groups
      and (2) a blend of monomers having one polymerizable ethylenically
      unsaturated group and comprising from about 40 to 100 percent by weight of
      styrene or styrene homolog.
NUM  9.
PAR  9. The developer composition as defined in claim 7 wherein said covalently
      crosslinked styrene-containing polymer has a softening temperature within
      the range of about 40.degree.C. to 65.degree.C. and comprises a polymeric
      reaction product of (1) at least one crosslinking organic compound
      possessing two or more polymerizable ethylenically unsaturated groups and
      (2) a monomeric blend comprising from about 40 to about 90 percent by
      weight of styrene or styrene homolog, from about 5 to about 50 percent by
      weight of a lower alkyl acrylate or methacrylate having from 1 to about 4
      carbon atoms in the alkyl group thereof, and from about 5 to about 50
      percent by weight of a higher alkyl acrylate or methacrylate having from
      about 6 to about 20 carbon atoms in the alkyl group thereof.
NUM  10.
PAR  10. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided magnetically
      attractable carrier particles and from about 1 to about 15 percent by
      weight of finely divided crosslinked toner particles electrostatically
      attractable thereto, said toner particles having an average particle size
      within the range of from about 0.1 to about 100 microns, and comprising at
      least about 75 percent by weight of a fusible binder polymer, said polymer
      having a softening temperature within the range of about 40.degree.C. to
      200.degree.C. and being covalently crosslinked to an extent sufficient (a)
      to provide a useful fusing range for said toner particles of at least
      about 100.degree.C. and (b) to extend the useful fusing range of the toner
      particles by at least about 40.degree.C. relative to comparable
      uncrosslinked toner particles comprising said binder polymer in
      uncrosslinked form.
NUM  11.
PAR  11. The developer composition of claim 4 wherein said polymer is a
      crystalline polymer.
NUM  12.
PAR  12. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided carrier particles
      and from about 1 to about 15 percent by weight of finely divided
      crosslinked toner particles electrostatically attractable thereto, said
      toner particles having an average particle size within the range of from
      about 0.01 to about 100 microns and comprising at least about 25 weight
      percent of a covalently crosslinked binder polymer, said polymer a
      polymeric reaction product of a mixture comprising (1) from about 0.01 to
      about 5 weight percent of one or more crosslinking organic compounds
      possessing two or more polymerizable ethylenically unsaturated groups and
      (2) one or more organic compounds possessing one polymerizable
      ethylenically unsaturated group.
NUM  13.
PAR  13. An electrographic developing composition comprising a mixture of from
      about 85 to about 99 percent by weight of finely divided carrier particles
      and from about 1 to about 15 percent by weight of finely divided
      crosslinked toner particles electrostatically attractable thereto, said
      toner particles having an average particle size within the range of from
      about 0.1 to about 100 microns and comprising a pigment as colorant and at
      least about 50 percent by weight of a fusible covalently crosslinked
      styrene-containing polymer, said polymer a polymeric reaction product of a
      mixture comprising (1) from about 0.01 to about 5 weight percent of one or
      more crosslinking compounds possessing two or more polymerizable
      ethylenically unsaturated groups and (2) a monomeric blend having one
      polymerizable ethylenically unsaturated group and comprising from about 40
      to 100 percent by weight of styrene or styrene homolog, said polymer
      having a softening temperature within the range of 40.degree.C. to
      200.degree.C.
NUM  14.
PAR  14. The developer composition as defined in claim 14 wherein said polymer
      has a softening temperature within the range of from about 40.degree.C. to
      about 65.degree.C. and wherein said monomeric blend comprises from about
      40 to about 90 percent by weight of styrene or styrene homolog and from
      about 10 to about 60 percent by weight of an alkyl acrylate or
      methacrylate having from about 1 to about 20 carbon atoms in the alkyl
      moiety.
NUM  15.
PAR  15. In an electrographic imaging process wherein an electrostatic charge
      pattern is contacted with dry finely divided toner particles having an
      average particle size within the range of about 0.01 to about 100 microns
      comprising a fusible binder polymer to develop said charge pattern and,
      subsequently, the developed toner particle image corresponding to said
      charge pattern is fixed to a suitable receiving support by fusing said
      particles to said support, the improvement wherein (a) the molecular
      chains of said polymer are crosslinked, and remain crosslinked during
      fusing, to an extent sufficient to extend the useful fusing range of said
      toner particles by at least about 10.degree.C. relative to comparable
      uncrosslinked toner particles comprising said binder polymer in
      uncrosslinked form and (b) said polymer has a crosslink bond energy in
      excess of about 8 kcal/mole.
NUM  16.
PAR  16. An electrographic imaging process according to claim 16 wherein said
      molecular chains are covalently crosslinked.
NUM  17.
PAR  17. An electrographic imaging process according to claim 16 wherein
      molecular chains are ionically crosslinked.
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PAL  Permanent, meaningful information is so associated with removable,
      confusing information, at least some of which is usually similar in
      character to said permanent, meaningful information, as to make it
      effectively impossible for an observer to discriminate between the two
      types of information even though both types of information in the
      association may be legible. Such a system is advantageously used in
      instructional systems and particularly in responsive answer formats.
PARN
PAR  This is a division, of application Ser. No. 648,701, filed June 26, 1967
      which issued Apr. 15, 1975, as U.S. Pat. No. 3,877,155.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to instructional systems and more particularly to
      responsive answer sheets, their manufacture and use.
PAR  Educational researchers have increasingly looked to the use of
      self-instructing and testing materials as teaching aids. One device that
      incorporates many of the advantages of such materials and which has thus
      found great favor with researchers, is where typically a student is
      supplied with textual material comprising the lesson to be comprehanded,
      followed by a series of questions intended to demonstrate to the student
      and possibly to others whether the student has grasped the lesson. These
      materials, including programmed learning texts, have many inherent
      advantages including: no direct assistance of an instructor is required
      and each student may proceed at a rate comfortable to him.
PAR  Typically, in programmed learning, if right, the student proceeds to the
      next question; if wrong, he learns further from feedback information in
      the response area that he chose, as to why he was wrong. With such
      materials, it is usually desirable to quickly furnish the student with a
      correct answer, in order for the student to verify his own response,
      thereby reinforcing the learning process and preventing what is known as
      "negative feedback" which is at least a partial acceptance by the student
      of a plausible wrong answer which is generally thought to occur when the
      correctness of the student's choice is not quickly verified.
PAR  An advantageous way of achieving the above desired results is to place the
      correct responses adjacent the questions but under some temporary
      concealing cover that may be removed by the student after preparation of
      his own answer, to yield a permanent underprinting which indicates whether
      the student's answer is right or wrong. This approach has many advantages
      in addition to those mentioned earlier including preventing negative
      feedback and providing for a self-corrected test under certain formats and
      enabling the examiner to follow precisely the candidate's procedure in
      answering a question, thus credit may be given for even partially correct
      work.
PAR  The prior art suggests a number of ways of concealing the responses in the
      above suggested manner. Buitenkant Patent 2,764,821 speaks generally of a
      removable opaque covering; Neville et al U.S. Pat. No. 2,986,820 teaches a
      discontinuous permanent underprinting associated with an erasable
      discontinuous opaque overprinting; Neville et al U.S. Pat. No. 2,961,777
      describes an erasable opaque overlayer in conjunction with an interlayer
      between the overlayer and the permanently printed information, the
      interlayer comprising a transparent barrier layer resistant to erasure, in
      the form of an ink containing a vehicle and a pigment; and Bernstein et al
      U.S. Pat. 3,055,117, which describes a discontinuous opaque erasable
      confusion pattern with at least 50% of said permanent underprinting being
      physically covered by the pattern. While the above teachings are
      advantageous in some respects, they have inherent disadvantages including
      the requirement of an erasable either continuous or discontinuous opaque
      overprinting to physically block out, occlude or optically obscure as to
      render illegible the underprinting, optionally with special discontinuous
      permanent underprinting or specially applied protective interlayers
      between the permanent underprinting and the erasable obscuration
      overprinting. With such materials, often a relatively extensive amount of
      obscuring matter must be erased to bare the underprinting.
PAR  Two copending applications Ser. Nos. 387,226 and 387,225, both filed on
      Aug. 9, 1973, which are continuations of now abandoned applications Ser.
      No. 26,450, filed Mar. 5, 1970, and Ser. No. 22,731, filed Mar. 9, 1970,
      respectively, which in turn were divisionals of the abandoned copending
      parent application Ser. No. 604,749, filed Dec. 27, 1966, each describes
      an improved responsive answer sheet and advantageous method of making same
      employing the process of xerography, but this approach also teaches either
      a continuous or discontinuous, removable obscuration overprinting.
PAR  There is a continuing need for a better and simpler responsive answer sheet
      system.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a responsive
      answer sheet system which overcomes the above-noted deficiencies and
      satisfies the above-noted wants.
PAR  It is a further object of this invention to provide a responsive answer
      sheet system which does not require but may optionally employ
      discontinuous or continuous removable obscuration overprinting.
PAR  It is a further object of this invention to provide a responsive answer
      sheet system which may be applied to the sheet by any suitable imaging
      system and preferably by xerography.
PAR  It is a still further object of this invention to provide a responsive
      answer sheet system which does not necessitate accurate registration
      between the permanent information and that portion of the sheet intended
      to confuse beyond comprehension the permanent information.
PAR  It is a still further object of this invention to provide a technique
      whereby responsive answer sheets may be manufactured by extremely simple
      and readily available means.
PAR  It is a still further object of this invention to provide a responsive
      answer system where the permanent, meaningful information need not be
      physically obscured to the point of unintelligibility.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing permanent, meaningful information so associated
      with removable, confusing information at least some of which is usually
      similar in character to said permanent, meaningful information as to make
      it effectively impossible for an observer to discriminate between the two
      types of information even though both types of information in the
      association may be legible. Such a system is advantageously used in
      instructional systems and particularly in responsive answer formats where
      a student may erase or otherwise remove the removable information to bare
      the permanent, meaningful information. Permanent information is that
      information which remains readily observable after the removable
      information has been substantially removed from the response area. The
      inventive concept hereof confuses not by physical blocking as taught by
      the prior art, but by compounding, associating (including disarranging)
      permanent information with confusing information, usually at least some of
      which is similar in character to the permanent information as to render it
      impossible to tell which is permanent and which is removable confusing
      information. In the invention, generally no attempt is made to designedly
      physically cover the permanent information, but to confuse it beyond
      interpretation by the presentation of extraneous removable, confusing
      information.
PAR  Also, a part of the invention is the use of xerography and a particular
      fusing system in xerography to make responsive answer sheets according to
      the invention.
PAR  The invention may take many forms including:
PAR  a. in a format with one response area to a given question, intentionally
      misregistering permanent, meaningful information and removable, confusing
      information, of like character, the removable information being contiguous
      to the permanent information, but not in exact register therewith, to
      present a composite array of information wherein the permanent information
      is generally not physically covered or blocked to the point of
      illegibility but is disarranged in the removable confusing information to
      a degree where it is impossible for an observer to systematically
      discriminate between the permanent information and the removable
      information, for example, putting a T and an F in a response area, i.e. F,
      with one letter permanently printed and the other removably printed
      according to the result desired;
PAR  b. in a format with a plurality of response areas to a given question, for
      example, in typical True-False or multiple choice formats, permanently
      print information to indicate correctness (for example a "C" or "T" or
      "True" or "Yes") in that response area(s) corresponding to the correct
      answer and removably printing information which includes information
      similar to said information to indicate correctness; as illustrated in
      FIG. 1; and other variations, some of which are set out herein.
PAR  Other specific modes of practicing this invention will occur to those
      skilled in the art. Optionally, the response area can also have
      obscuration overprinting as taught by the prior art, which may serve to
      further confuse the eye in addition to accentuating the response area.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of this invention taken in conjunction with the accompanying
      drawings wherein:
PAR  FIG. 1A illustrates two response area, to a given question, before removing
      action by the student, and FIG. 1B shows the permanent information in the
      two response areas after the removable information is removed;
PAR  FIG. 2 illustrates another responsive answer format, with questions,
      employing an embodiment of the invention;
PAR  FIG. 3 illustrates another responsive answer format, without questions,
      comprising permanent, meaningful (alpha-numeric) information associated in
      four response areas for each question with erasable information of the
      same character (alpha-numeric) as the permanent information, the response
      areas in circular form accentuated by a discontinuous obscuring
      overprinting; and
PAR  FIG. 4 is a partially schematic illustration of an automatic imaging
      machine employing the process of xerography which is a preferred mode of
      printing removable and specifically abradably removable confusing
      information according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1A, there is shown two response areas A. and B.
      containing both permanent and removable information. In FIG. 1B there is
      shown only the permanent information remaining after the removable
      information has been removed by erasing each response area with an
      erasure. The permanent information YES in response area A. indicates that
      A. was the correct answer to a question corresponding to response areas A.
      and B. The NO in response area B. indicates that B. is the wrong or less
      desirable response.
PAR  Referring now to FIG. 2 there is shown four, combined question and response
      area locations, numbered 1) through 4). In location 1), both response
      areas have been erased to show that response area A is correct and to show
      that response area B is the wrong answer and contains the number "16" to
      refer the student to a page of remedial or enrichment information. In
      locations 2) through 4), the response areas are shown with disarranged
      permanent, meaningful information and removable, confusing information so
      as to render it impossible for the student to tell which response area is
      correct until he has removed or erased away the removable information to
      bare the permanent information.
PAR  Referring now to FIG. 3, there is shown illustrative responsive answer
      sheet 10. Typically such as sheet 10 would appear in a programmed text or
      the like or may be the means of recording test results from questions
      directed from a text or from an instructor or from any other suitable
      source and is seen to comprises a series of five answering rows 12, each
      row comprising four response areas 16 which are parts of columns 14 of
      response areas. Typically a number of such columns will appear on the
      sheet. In the drawing, response areas A, B, C and D, respectively, are
      shown comprising each answering row. Again, typically a student will be
      expected to respond on the answer sheet 10 to a corresponding numerically
      numbered question concerning the text he has just read or, for example,
      concerning material which an instructor now wishes to test the student
      upon. In the illustrated responsive answer sheet, the student would thus
      be expected in answering question 1 to choose a response under one of the
      four columns A-D, each of the response areas generally corresponding to
      one of a group of multiple choice answers to the numbered question 1,
      which may include plausible wrong answers, and are presented to the
      student or examinee before he makes his choice. Typically, only one such
      response A-D is actually correct and after erasing his choice of a correct
      response area, the student will know that he has chosen the correct
      response A-D by baring after erasure of the removable information, the
      permanently printed "C".
PAR  Illustratively, answering row 1. indicates that the student's first choice
      of response area C corresponding to answer C is correct because of the
      baring of C in the response area after the student has erased away the
      removable confusing information. Answering row 2. indicates that a wrong
      choice was made and the bared number 2 indicates a page of enriching
      information. Answering rows 3. and 4. indicate correct choices and
      answering row 5. contains 4 response areas as they would appear to the
      student before he has made his choice by initiating removing action.
      Typically, in each answering row, three of the responses A-D will be
      incorrect and will thus have the C removably printed, optionally
      associated with other removable confusing information and permanent
      enrichment information, and one response A-D will be the correct response
      and will have the C printed permanently with the other surrounding
      information preferably printed removably on the answer sheet. Typically,
      the three incorrect responses included in the responses A-D in an
      answering row may optionally also have permanent information printed in
      the three wrong response areas, typically containing information
      indicating to the student that his response is incorrect and as
      illustrated, optionally referring the examinee to page numbers of a text
      which will explain to him why his choice was incorrect. In one testing use
      hereof, if the examinee's initial choice is an incorrect one, he may be
      instructed to make further choices until he uncovers the correct answer,
      which provides a self-correcting testing operation, a perfect answer sheet
      being evidenced by a number of erased response areas 16 equaling the
      number of answering rows 12, shown to be five in number, in FIG. 3, and a
      zero score typically evidenced by an answer sheet wherein each incorrect
      response area has been erased, with various intermediate grades
      corresponding to intermediate number of erasures evidenced on the sheet.
PAR  While it is understood that the present invention is in no way to be
      limited to the responsive answer sheet use illustrated in FIG. 3, the use
      illustrated is presented because the invention is particularly useful when
      employed in this respect. Instead, the invention is intended to cover a
      manner of associating together permanent, meaningful information and
      removable confusing information to a degree where comprehension, before
      removing the removable confusing information is impossible. In some
      variations of the invention, at least some of the removable information
      must be similar or of a like character to the permanent information in
      order to confuse an observer.
PAR  "Like character" for example, is intended to mean, where the correct
      response is alpha-numeric in character at least some of the removable
      confusing information associated with or disarranged with the permanent
      informative information will also be alpha-numeric in character.
PAR  Like character is in contradistinction to the removable confusing
      information of the prior art which was in the form of a pattern, the sole
      purpose of which was to sufficiently block out the permanent underprinting
      and which itself, did not contain possible meaningful information,
      typically alpha-numeric in character.
PAR  In reference to FIG. 3, by reason of the format used, at least the letter C
      must be removable printed in the three incorrect responses of each
      answering row. As a variation in the format of FIG. 3, each response area
      could be printed only with the letter C with the correct answer being
      permanently printed and the incorrect answers being erasably printed.
      Where the permanent meaningful information is a particular type of
      diagram, for example, a particular electrical circuit diagram which best
      answers a particular question, the wrong or less desirable electrical
      circuits by this invention would be erasably printed in the remaining
      response areas of the particular answering row.
PAR  Many variations of the present invention are available including such an
      interesting approach as having a response area comprising a face with a
      substantially round or oval mouth, response areas corresponding to
      incorrect answers having the topmost portion of the mouth permanently
      printed and the bottom portion removably printed which upon removal of the
      removable information leaves the topmost portion of the mouth and a sad,
      or frowning face to indicate an incorrect answer.
PAR  A response area corresponding to a correct answer would typically have the
      bottom portion of the mouth permanently printed and the top portion of the
      mouth removably printed, which upon removal of the removable information,
      for example by erasing, leaves the bottom-most portion of the mouth and a
      smiling or happy face to indicate a correct answer.
PAR  Although, as illustrated in FIG. 3, circular obscuration patterns are used
      to accentuate the response areas 16, this use of an overlying obscuration
      layer or pattern is entirely optional herein and may be employed only
      where desirable. They may be desirably employed in those cases where there
      is some visible difference between the appearance of the removable and the
      permanent information. In such cases, obscuration patterns may aid in
      lessening these differences to the point of unintelligibility. It is to be
      understood also, because the purpose of such an obscuration pattern herein
      is not to act as the sole means of obscuring the permanent meaningful
      information, for example, as is the case in the Bernstein et al U.S. Pat.
      No. 3,055,117 where it is specified that at least 50% of the permanent
      answer must be covered to effectively obscure, a percentage coverage less
      than 50% may often prove effective. Also the pattern need not be removably
      printed if the permanent information is sufficiently bared to be
      observable by removing the removable information of a like character.
PAR  It is clear that this invention requires a means of placing permanent
      information on a sheet and removable information on the same sheet as
      described herein, wherein the general appearance or feel of this sheet
      after it is made up is sufficiently similar in the permanently printed and
      removably printed areas, so as to be impossible for the casual observer
      and desirably for a more scrutinizing examinee to determine which
      information is permanently and which is removably printed.
PAR  In this regard, it is found that the process of xerography and commercially
      available imaging machines employing said process provide a preferred
      system to practice the invention. In the process of xerography, for
      example, as disclosed in Carlson U.S. Pat. No. 2,297,691: a xerographic
      plate comprising a layer of photoconductive insulating material on a
      conductive backing is given a uniform electric charge over its surface and
      is then exposed to a light and shadow image pattern of the subject matter,
      the original, to be reproduced usually by conventional projection
      techniques. This exposure discharges the plate areas in accordance with
      the radiation intensity that reaches them and thereby creates an
      electrostatic latent image on or in the photoconductive layer
      corresponding to the light and shadow image pattern. Development of the
      latent image is effected with an electrostatically charged, finely divided
      material, such as an electroscopic powder, that is brought into surface
      contact with the photoconductive layer and is held thereon
      electrostatically in a pattern corresponding to the electrostatic latent
      image. The developed, xerographic marking material image may be fixed or
      made permanent on the xerographic plate itself. Alternatively, if it is
      desired, to apply the developed xerographic powder image to paper, metal
      foil, plastic film or other transfer material, the developed image may be
      transferred from the xerographic plate to such a support surface to which
      it may be affixed by any suitable means.
PAR  Referring now to FIG. 4, there is shown a schematic illustration of an
      embodiment of automatic xerographic copying apparatus, wherein a
      xerographic plate comprising a photoconductive layer 20, for example,
      comprising amorphous selenium or zinc oxide in a binder on a conductive
      substrate 22 in the form of a drum 30 is rotated by a motor 31 and
      sequentially passes a sensitizing station 32 illustrated as a corona
      discharge device depositing illustratively positive charge on the plate,
      an exposure station 33 where an optical image illustrated by light ray 34
      is projected onto the surface of the charged drum, a developing station 35
      depicted as a brush development device, a transfer station 36
      illustratively using a corona device for electrostatic transfer and a
      cleaning station 37 depicted as a brush cleaning device.
PAR  At exposure station 33, the imagewise illuminated areas of the drum become
      more electrically conductive and at least partially discharge the surface
      of drum 30 in said areas to thereby create a latent electrostatic image
      corresponding to the optical image which is rendered visible or developed
      at developing station 35 and then transferred to a transfer web at
      transfer station 36. The transferred image on web 43 is fixed at fixing
      station 45 depicted as a heat fixing device. After transfer of the image,
      residual developer is removed from the xerographic drum surface at
      cleaning station 37 and the drum is then resensitized by corona charging
      at sensitizing station 32 to prepare it for another imaging cycle.
PAR  Generally, the latent electrostatic image is rendered visible or developed
      by contacting the latent image areas with a finely divided marking
      material that is brought into surface contact with the free surface of the
      photoconductor and is held thereon electrostatically in a pattern
      corresponding to the latent electrostatic image. For example, the system
      of cascada development has found extensive commercial acceptance and is
      also suitable herein and generally consists of gravitationally flowing
      developer material consisting of a two component material of the type
      disclosed in Walkup et al U.S. Pat. No. 2,638,416 over the xerographic
      plate bearing the latent image. The two components consist of an
      electroscopic marking powder termed "toner" and a granular material called
      "carrier" and which by mixing acquire triboelectric charges of opposite
      polarity. In development, the toner component usually oppositely charged
      to the latent image is deposited on the latent image to render that image
      visible. Other typical developing systems include magnetic brush
      development, for example, see Giamo Pat. No. 2,930,351; skid development,
      for example see Mayo U.S. Pat. No. 2,895,847; fluid development systems,
      for example see Carlson Pat. Nos. 2,221,776, 2,551,582, 2,690,394,
      2,761,416, 2,928,575; Thompson U.S. Pat. No. 3,064,622; Gundlach U.S. Pat.
      Nos. 3,068,115 and 3,084,043 and Metcalfe U.S. Pat. Nos. 2,907,674,
      3,001,888, 3,032,432 and 3,078,231 and other development processes known
      to those skilled in the art.
PAR  One of the advantages of the xerographic process which makes it
      particularly adapted to the practice of the present invention is that, at
      fusing station 45, the toner image may be permanently printed or fused
      into transfer material 43 or may be removably fused thereto by regulating
      the parameters of the fusing process and proper selection of toner, to
      produce answer sheets in accordance herewith wherein a casual observer
      will not be able to tell which information is permanently fused and which
      is removably fused.
PAR  Typically, responsive answer sheets according to the invention, may be
      manufactured utilizing xerography, by a two run process comprising first
      routing a support material, for example paper, which when processed
      according to the invention is to be the responsive answer sheet, through
      the xerographic imaging machine and imprinting thereon permanent
      meaningful information in those areas where it is to be applied to the
      supporting substrate depending on the particular format chosen. Typically,
      this information may be printed by the proper selection of an original
      master-type document which contains said permanent meaningful information,
      an optical image of which is projected, illustrated by light rays 34, onto
      the xerographic drum at the exposure station 33 and which results in an
      imaged sheet containing the permanent, meaningful information. The marking
      material image is permanently fixed to the transfer sheet by any suitable
      means and, for example, as illustrated in FIG. 4, by regulating the amount
      of heat energy absorbed by the toner from the resistance wire heat fixing
      device illustrated, more specifically described in Eichler U.S. Pat. No.
      2,965,868, to permanently fix the toner image to the transfer sheet.
PAR  Then this transfer sheet containing permanent meaningful information is
      re-routed through the machine and the removable, confusing information is
      placed thereon by conventional xerographic techniques with the sole change
      generally being that the fusing mechanism in the machine is changed from
      the first run and precisely controlled so that the transfer toner image
      becomes affixed to the transfer sheet 43 in a semi-permanent or removable
      manner. In the illustration, a resistance wire heat fixing unit is used
      and this semi-permanent or removable fixing is brought about by
      controlling the total heat energy supplied to the transfer surface and the
      toner so that only a sufficient fusing takes place to essentially tackify
      toner particles to the base without at the same time causing the particles
      to collect into a uniform mass and to become at least partially absorbed
      into the transfer base material itself which would result upon cooling in,
      what is known in the art, as a permanent xerographic image and one which
      may not be readily abradably removed by using ordinary techniques. Where
      fusing is accomplished in the accordance with the present invention, the
      removably imprinted xerographic image is removable with relative ease so
      that, in fact, it becomes possible for the student to readily remove the
      removably printed confusing matter by merely rubbing a response area with
      an ordinary pencil eraser or scraping with a knife or blade or other
      suitable abrading means.
PAR  The degree of permanentness of a xerographic toner image has been
      classified in a variety of ways in the art including the class 1 through
      class 4 degrees used in Insalaco Patent 3,130,064 wherein a class 1 fix is
      where the toner particles rest on the surface as discrete unglazed
      particles of powder, a minor degree of melting has taken place only to the
      extent that surface irregularities in the toner particles have been
      smoothed out; a class 2 fix is one wherein the toner particles are glazed
      but still exist as separate particles on the image support member; a class
      3 fix is one wherein the electroscopic toner particles are glazed and
      wherein the affected particles have lost their boundaries, that is they
      have merged together and to the surface of the image support member by
      being partially absorbed therein and a class 4 fix wherein the toner
      particles have so merged and penetrated the image-support material that
      the separate fibers of image-support material can be seen through the
      fused toner particles. For most commercial applications of xerography a
      class 3 fix is adequate, although in many instances a class 4 fix in
      actually accomplished.
PAR  Thus, for xerographically forming the permanent, meaningful information
      according to this invention, the toner making up said permanent
      information, typically will be fixed to a class 3 or higher degree of fix.
      The toner making up the removable information, typically will be fixed to
      less than a class 3 fix and preferably in the range of from a class 1 fix
      to a class 2 fix, inclusive. In this range, the toner particles have been
      sufficiently heated so that a minor degree of melting has occurred,
      --sufficient to tackify the individual particles to the substrate or
      portions of the permanently printed image and also sufficient to achieve
      some minor tackification between individual toner particles at their
      points of mutual contact. However the individual particles have not in
      general lost their individual boundaries and started to flow together into
      a smooth coalesced mass. Thus, we are clearly below the stage of a class 3
      fix. Under such circumstances, removably fixed particles may be removed by
      merely supplying sufficient energy to disrupt the tackification bonds
      between individual particles and the substrate. Typically such energy may
      be supplied by merely abrading the particles with a conventional eraser.
      Alternatively however, a mild solvent such as, for example,
      trichlorethane--in which conventional toner compositions such as that
      described in Example I of Insalaco U.S. Pat. No. 2,892,794 are slightly
      soluble, may be applied to the answer sheet as for example with a
      fabric-tipped instrument or the like.
PAR  Although the method of heat fusing has been particularly described herein,
      any suitable method of fixing and regulating the fix of a xerographic
      image may be used. Typical fixing means which may be readily adapted
      either alone or in combination with other methods specified herein, to
      practice the invention include: infra red heating sources as described in
      Roshon U.S. Pat. No. 2,807,703 and Allen et al U.S. Pat. No. 2,807,704;
      the combination of heat and pressure as illustrated by Carlson U.S. Pat.
      No. 2,990,278 and Aser et al U.S. Pat. No. 3,291,466; the vapor plus
      pressure fixing as described by Walkup U.S. Pat. No. 2,995,085; or solvent
      vapor alone as described in Greaves U.S. Pat. No. 2,726,166 and others.
      One method of fixing may be used to fix permanent information and a
      different method to fix the removable information on the same surface, the
      fixing means to fix the permanent information being chosen to give a
      deeper toner penetration into the support surface such as solvent fixing
      or oven fusing with the removable information being fixed by low
      temperature pressure rollers which would adequately fix the toner but be
      more subject to removal from the paper than the permanent information
      since fiber penetration would be less. Another way of controlling the
      degree of fix is to use toners of varying melting points, for example,
      using a crystalline toner in combination with a heat-pressure fixing means
      with the toner heated below its melting point to removably fuse and the
      heated roller heated sufficiently to raise the toner above the melting
      point to permanently fuse.
PAR  Although xerography is eminently suitable for the practice of the present
      invention, it is clear that any suitable system for associating
      permanently printed information with removable information may be used.
      For example, the permanent information hereof may be printed by
      letterpress or by lithography or by gravure with the removable confusing
      information being put on by xerography, or both the permanent informative
      information and the removable confusing information may be put on by the
      above non-xerographic printing methods with erasability being provided by
      the use of release or slip coatings being coated selectively on the paper
      where the removable information is to be printed during a second run or
      optionally being coated over the entire surface of a copy sheet after it
      has been permanently printed upon.
PAR  In this regard although it is possible to vary the fixation level of the
      fixing apparatus in a piece of xerographic equipment to provide for
      permanent and removable confusing information, for example, by changing
      heat fuser temperature and energy input in xerographic apparatus employing
      heat fusing apparatus or by regulating the exposure intensity of a solvent
      or solvent vapor in a vapor fusing apparatus, trials have shown that
      control may be critical and parameters may change depending upon moisture
      content of the paper, amount of toner on the paper, and other
      environmental conditions.
PAR  In this regard, it has been found to be a preferred xerographic mode of
      practicing the invention, and one wherein the permanent and removable
      information may be imprinted in a two run operation, without regulating
      the heat fusing apparatus of a xerographic imaging apparatus, to treat the
      transfer surface with a toner release or offset preventing agent between
      printing the permanent information and printing the removable information
      in a two run process of preparing a responsive answer sheet and preferably
      treating the transfer surface during the initial permanent printing
      operation itself, which treatment would retard the removable xerographic
      image from penetrating into the paper fibers upon final fixation during
      the second run. Preferably, this transfer surface treatment takes the form
      of applying a thin layer of a toner release oil such as the
      non-particulate liquid dimethyl polysiloxane known as silicone oil, to the
      paper. If heat-pressure fusing is used, the oil is preferably applied to a
      pressure roller preferably surface layered with an offset preventing
      material such as a tetrafluoroethylene fluorocarbon available from DuPont
      under the trademark Teflon, which contacts the toner bearing side of the
      transfer surface and then transfers some of the oil to the paper which is
      the technique employed in the commercially available xerographic imaging
      apparatus available under the trademark Xerox 2400 from the Xerox Corp.
      and is described more fully in Aser et al U.S. Pat. No. 3,291,466. When a
      subsequent image is applied to this paper, the silicone oil surface
      treatment of the paper is thought to prevent the toner from attaining the
      same degree of fiber penetration as the first applied image since upon
      abrading the surface, this later applied toner is found to be removed
      before the first image. By this technique, fuser control is no longer
      critical and wide operational latitude is possible. Optionally, of course,
      the pressure and/or temperature of the pressure rolls in the technique
      described could be slightly decreased during the second image fixation to
      provide for even less fixing of the removable image.
PAR  Any suitable silicone oil may be used in this aspect of the invention, such
      as the silicone oil available under the designation SF-96-100 from General
      Electric Co., or the silicone oil available under the designation 200 from
      Dow Corning Corp. It is found to be preferred to dispense the silicone oil
      at a rate of from about 0.0017 to about 0.024 milliliters per square foot
      of transfer surface.
PAR  Any suitable release or offset preventing material may be used. Typical
      such materials include such non-pigmented liquids as the higher fatty acid
      esters and others.
PAR  It will be understood that the concept of release agent fusing to improve
      the removability of a subsequently applied toner image may also be used in
      the practice of using xerographic obscuration layers or patterns as
      described in copending application Ser. No. 604,749.
PAR  In addition, those skilled in the art will upon reading of this
      application, think of other variations such as adding materials to those
      described to synergize, enhance or otherwise modify the properties of the
      materials described herein. For example, plasticizers and other additives
      may be added to toners to change and control the temperature at which
      various toners melt, thus providing another variable to control fixing.
      Also the type of transfer material used or treatment of the toner
      receiving surface thereof may be varied to control the fix.
PAR  Also, the removable, confusing information may be placed on the transfer
      surface in a random or a patterned fashion, the permanent information may
      be slightly misregistered to aid in disguising it, and the complete
      absence of any remaining information after removal may be used to convey
      information to the student.
PAR  Also, in the preferred method of making devices according hereto, wherein
      pressure fixing is employed with a toner release agent on one of the
      rollers, various solvents may be added to liquid release agents and also
      dyes to provide for a colored tint to the paper, if desired.
PAR  It will be understood that various changes in the details, materials, steps
      and arrangements of parts which have been herein described and illustrated
      in order to explain the nature of the invention, will occur to and may be
      made by those skilled in the art upon a reading of this disclosure, and
      such changes are intended to be included within the principle and scope of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A xerographic method for making a device for selectively indicating
      information characterized by having simultaneously legible meaningful
      permanent information and legible confusing removable information
      displayed on a surface within a response area, said method comprising the
      steps of:
PA1  a. printing said legible meaningful permanent information on said surface
      within said response area; and
PA1  b. xerographically printing said legible confusing removable information on
      said surface within said response area by forming a latent electrostatic
      image, corresponding to said legible confusing removable information, on a
      xerographic plate, developing said latent image with toner, transferring
      at least part of said toner image to said surface, and fixing said toner
      image to said surface, said fixing being to a greater than class 1 but
      less than class 3 fix.
NUM  2.
PAR  2. A xerographic method according to claim 1 wherein said permanent
      information is xerographically printed on said surface by forming a latent
      electrostatic image, corresponding to said permanent information, on a
      xerographic plate; developing said latent image with toner, transferring
      at least part of said toner image to said surface and fixing said toner
      image to said surface by passing said surface between pressure rollers at
      least one of which is heated, the roller contacting the toner bearing side
      of said surface being provided, on the roller surface, with a film
      comprising a liquid toner release agent, at least some of which transfers
      to said surface.
NUM  3.
PAR  3. A xerographic method according to claim 2 wherein said liquid toner
      release agent is silicone oil.
NUM  4.
PAR  4. A xerographic method according to claim 3 wherein said silicone oil is
      dispensed at a rate of between from about 0.0017 to about 0.024
      milliliters per square foot of surface contacted by said silicone oil
      bearing roller.
NUM  5.
PAR  5. A xerographic method according to claim 4 wherein said roller contacting
      the toner bearing side of said surface is surface layered with a toner
      offset preventing material.
NUM  6.
PAR  6. A xerographic method according to claim 5 wherein said offset preventing
      material is a tetrafluorethylene fluorocarbon.
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ABST
PAL  This invention relates to organic compounds useful as sensitizers for
      organic photoconductive compositions having one of the following formulas:
      ##SPC1##
      ##SPC2##
PAL  Wherein:
PAL  R.sup.1 represents a hydrogen atom, an alkyl radical having 1 to about 15
      carbon atoms, a substituted alkyl radical wherein the alkyl moiety
      contains from 1 to about 15 carbon atoms and wherein the substituents are
      phenyl radicals or alkoxy radicals containing 1 to about 4 carbon atoms, a
      phenyl radical, and a substituted phenyl radical having as substituents
      alkyl radicals having 1 to about 15 carbon atoms or alkoxy radicals having
      1 to about 4 carbon atoms;
PAL  R.sup.2 represents R.sup.1 and a radical having the following formula:
      ##EQU1##
      X represents a hetero atom selected from the group consisting of an oxygen
      and a sulfur atom; and
PAL  Z.sup.- is an anionic function.
PARN
PAR  This is a continuation of application Ser. No. 235,845, filed Mar. 17, 1972
     .
BSUM
PAR  This invention relates to organic compounds useful as sensitizers in
      photoconductive compositions and electrophotographic elements.
PAR  The process of xerography, as disclosed by Carlson in U.S. Pat. No.
      2,297,691, employs an electrophotographic element comprising a support
      material bearing a coating of a normally insulating material whose
      electrical resistance varies with the amount of incident actinic radiation
      it receives during an imagewise exposure. The element, commonly termed a
      photoconductive element, is first given a uniform surface charge after a
      suitable period of dark adaptation. The element is then exposed to a
      pattern of actinic radiation which has the effect of differentially
      reducing the potential of the surface charge in accordance with the
      relative energy contained in various parts of the radiation pattern. The
      differential surface charge or electrostatic latent image remaining on the
      electrophotographic element is then made visible by contacting the surface
      with a suitable electroscopic marking material. Such marking material or
      toner, whether contained in an insulating liquid or on a dry carrier, can
      be deposited on the exposed surface in accordance with either the charge
      pattern or in the absence of charge pattern as desired. The deposited
      marking material can then be either permanently fixed to the surface of
      the sensitive element by known means such as heat, pressure, solvent vapor
      and the like or transferred to a second element to which it may similarly
      be fixed. Likewise, the electrostatic latent image can be transferred to a
      second element and developed there.
PAR  Various photoconductive insulating materials have been employed in the
      manufacture of electrophotographic elements. For example, vapors of
      selenium and vapors of selenium alloys deposited on a suitable support and
      particles of photoconductive zinc oxide held in a resinous, film-forming
      binder have found wide application in present-day document copying
      applications.
PAR  Since the introduction of electrophotography, a great many organic
      compounds have been found to possess some degree of photoconductivity.
      Many organic compounds such as trinitrofluorenone have revealed a useful
      level of photoconduction and have been incorporated into photoconductive
      compositions. Optically clear organic photoconductor-containing elements
      having desirable electrophotographic properties can be especially useful
      in electrophotography. Such electrophotographic elements may be exposed
      through a transparent base, if desired, thereby providing unusual
      flexibility in equipment design. Such compositions when coated as a film
      or layer on a suitable support also yield an element which is reusable;
      that is, it can be used to form subsequent images after residual toner
      from prior images has been removed by transfer and/or cleaning.
PAR  Although many of the organic photoconductor materials are inherently light
      sensitive, their degree of sensitivity is usually low so that it is often
      necessary to add materials to increase their speed. Increasing the
      electrophotographic speed has several advantages in that it reduces
      exposure time, allows projection printing through various optical systems,
      etc. By increasing the speed through the use of sensitizers,
      photoconductors which would otherwise have been unsatisfactory are useful
      in processes where higher speeds are required. Accordingly, there is a
      need for new materials useful as sensitizers of organic
      photoconductor-containing systems.
PAR  Pyrylium salts, as disclosed in Davis et al, U.S. Pat. No. 3,141,770 issued
      July 21, 1964 and in VanAllan et al., U.S. Pat. No. 3,250,615 issued May
      10, 1966, have been found to be useful sensitizing compounds for
      photoconductive compositions, especially organic photoconductive
      compositions. In addition, it has been found that certain individual
      species of pyrylium salts may advantageously be used in combination with
      various photoconductive compositions to provide improved sensitivity
      effects in particular regions of the spectrum such as the far red and near
      infrared region of the spectrum. See Contois et al., U.S. Pat. No.
      3,586,500 issued June 22, 1971 and Contois U.S. Pat. No. 3,577,235 issued
      May 4, 1971. Other species of pyrylium salts have been found to be useful
      as sensitizers for low-color photoconductive compositions as disclosed in
      VanAllan, U.S. Pat. No. 3,554,745, issued Jan. 12, 1971. Other species of
      pyrylium salt sensitizers are disclosed in Defensive Publications
      T889,021; T889,022; and T889,023 all issued on Aug. 31, 1971. Still other
      species of pyrylium salt sensitizers are disclosed in Belgian Pat. No.
      754,066 dated Sept. 30, 1970, and in Reynolds et al, U.S. Patent
      application Ser. No. 60,634 filed Aug. 3, 1970 and now abandoned.
PAR  One problem associated with certain of the above-noted pyrylium salt
      sensitizers is that many of these sensitizers do not impart sensitivity to
      organic photoconductive compositions in which they have been incorporated
      in that range of the visible spectrum extending from about 570 to about
      620 millimicrons. Roughly, this corresponds to visible light appearing to
      the human eye as having a yellow hue. Thus, organic photoconductive
      compositions sensitized with certain of the above-noted sensitizers have
      sensitivity "holes" in the yellow region of the electromagnetic spectrum,
      i.e., such compositions have little or no sensitivity to yellow light.
PAR  In accordance with the present invention, it has been discovered that
      organic photoconductive compositions containing a sensitizing amount of
      certain pyrylium and thiapyrylium salts defined hereinafter do exhibit
      good spectral sensitivity in that portion of the visible spectrum
      extending from about 570 to about 620 millimicrons. Advantageously, it has
      been found that many of the sensitizers useful in the present invention
      also possess light-bleachability properties. Thus, background
      discoloration which may be imparted to an image-bearing
      electrophotographic element containing certain of the sensitizers of the
      present invention may easily be removed or at least substantially reduced
      by exposure of the element to light radiation. This property is especially
      advantageous where one wishes to obtain a good differential between the
      image-bearing and background areas of an electrophotographic element.
PAR  Typical of the sensitizing pyrylium and thiapyrylium salts of the present
      invention are compounds having the formulas represented below:
      ##SPC3##
PAL  wherein
PAR  R.sup.1 is a hydrogen atom; an alkyl radical having 1 to about 15 carbon
      atoms such as methyl, ethyl, isopropyl, butyl, t-butyl, amyl, isoamyl,
      hexyl, Z-ethylhexyl, octyl nonyl, decyl, dodecyl, and the like;
      substituted alkyl radicals wherein the alkyl moiety contains from 1 to
      about 15 carbon atoms and wherein the substituents are aryl radicals such
      as phenyl groups and exhibits alkoxy radicals containing 1 to about 4
      carbon atoms including methoxy, ethoxy, propoxy, butoxy, etc.; an aryl
      radical such as phenyl; a substituted aryl radical having octyl,
      substituents alkyl radicals as described above and aliphatic alkoxy
      radicals containing 1 to about 4 carbon atoms as described above;
PAR  R.sup.2 is R.sup.1 and a radical having the formula
      ##EQU2##
PAR  X is an oxygen or sulfur atom; and
PAR  Z.sup.- is an anionic function including such anions as perchlorate,
      tetrafluoroborate, p-toluenesulfonate, sulfonate, periodate, chloride,
      bromide, fluoride, iodide, sulfate, chloroaluminate, chloroferrate, etc.
      ##SPC4##
PAL  wherein R.sup.1, R.sup.2, X, and Z.sup.- are as defined above.
PAR  A highly useful class of sensitizer compounds according to the present
      invention are compounds having formulas I and II above and wherein X is an
      oxygen hetero atom.
PAR  Useful sensitizers according to this invention include the following
      representative compounds:
PA1  1. 2,4-Diphenyl-6-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium
      perchlorate
PA1  2. 2,6-Diphenyl-4-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium
      perchlorate
PA1  3. 4-(Benzoyl-2,6-diphenyl-4H-pyran-4-ylidenemethyl)2,6-diphenylpyrylium
      perchlorate
PA1  4.
      2,6-Bis(4-amyloxyphenyl)-4-[2-(4-amyloxyphenyl)-6-phenyl-4H-pyran-4-yliden
     emethyl]pyrylium perchlorate
PAR  Generally, the sensitizing activity of the pyrylium and thiapyrylium salts
      of this invention is not affected by the type of anionic function
      employed. The selection of suitable anions is influenced, however, by
      several factors including: (1) ease of synthesis and isolability of the
      salt; (2) stability of the salt; (3) compatibility of the salt with the
      system in which it is incorporated; (4) solubility of the salt; etc. The
      anions of the pyrylium and thiapyrylium salts of this invention can be
      interchanged as desired by simple metathesis with an anion of another
      acid.
PAR  Electrophotographic elements can be prepared with a variety of organic
      photoconductive compounds and the sensitizing compounds of this invention
      in the usual manner, i.e., by blending a dispersion or solution of the
      photoconductive compound together with an electrically insulating,
      film-forming resin binder when necessary or desirable and coating or
      forming a self-supporting layer with the photoconductive composition.
      Generally, a suitable amount of the sensitizing compound is mixed with the
      photoconductive coating composition so that after thorough mixing, the
      sensitizing compound is uniformly distributed throughout the desired layer
      of the coated element. The amount of sensitizer that can be added to a
      photoconductor-containing layer to give effective increases in speed can
      vary widely. The optimum concentration in any given case will vary with
      the specific photoconductor and sensitizing compound used.
PAR  In general, an appropriate sensitizer is added in a concentration range
      from about 0.0001 to about 30 percent by weight based on the weight of the
      film-forming coating composition. Normally, the sensitizer is added to the
      coating composition in an amount from about 0.005 to about 10 percent by
      weight of the total coating composition.
PAR  The sensitizers used in this invention are effective for enhancing the
      electrophotosensitivity of a wide variety of photoconductors.
      Photoconductors useful in sensitive compositions containing the present
      sensitizers are described below.
PAR  1. Arylamine photoconductors including substituted and unsubstituted
      arylamines, diarylamines, nonpolymeric triarylamines and polymeric
      triarylamines such as those described in Fox U.S. Pat. No. 3,240,597,
      issued Mar. 15, 1966 and Klupfel et al., U.S. Pat. No. 3,180,730, issued
      Apr. 27, 1965;
PAR  2. Polyarylalkane photoconductors of the types described in Noe et al. U.S.
      Pat. No. 3,274,000, issued Sept. 20, 1966, Wilson U.S. Pat. No. 3,542,547,
      issued Nov. 24, 1970 and in Seus et al. U.S. Pat. No. 3,542,544, issued
      Nov. 24, 1970;
PAR  3. 4-Diarylamino-substituted chalcones of the types described in Fox U.S.
      Pat. No. 3,526,501, issued Sept. 1, 1970;
PAR  4. Non-ionic cycloheptenyl compounds of the types described in Looker U.S.
      Pat. No. 3,533,786, issued Oct. 13, 1970;
PAR  5. Compounds containing an
      ##EQU3##
      nucleus, as described in Fox U.S. Pat. No. 3,542,546, issued Nov. 24,
      1970;
PAR  6. Organic compounds having a 3,3'-bis-aryl-2-pyrazoline nucleus, as
      described in Fox et al. U.S. Pat. No. 3,527,602, issued Sept. 8, 1970;
PAR  7. Triarylamines in which at least one of the aryl radicals is substituted
      by either a vinyl radical or a vinylene radical having at least one active
      hydrogen-containing group, as described in Brantly et al. U.S. Pat. No.
      3,567,450, issued Mar. 2, 1971;
PAR  8. Triarylamines in which at least one of the aryl radicals is substituted
      by an active hydrogen-containing group, as described in Brantly et al.
      Belgian Pat. No. 728,563, dated Apr. 30, 1969;
PAR  9. Any other organic compound which exhibits photoconductive properties
      such as those set forth in Australian Pat. No. 248,402 and the various
      polymeric photoconductors such as the photoconductive carbazol polymers
      described in U.S. Pat. No. 3,421,891, dated Jan. 14, 1969.
PAR  Preferred binders for use in preparing the photoconductive layers which can
      be sensitized in accordance with the method of this invention comprise
      polymers having fairly high dielectric strength which are good
      electrically insulating film-forming vehicles. Materials of this type
      comprise styrene-butadiene copolymers; silicone resins; styrene-alkyd
      resins; silicone alkyd resins; soya-alkyd resins; poly(vinyl chloride);
      poly(vinylidene chloride); vinylidene chloride-acrylonitrile copolymers;
      poly(vinyl acetate); vinyl acetate-vinyl chloride copolymers; poly(vinyl
      acetals), such as poly(vinyl butyral); polyacrylic and methacrylic esters,
      such as poly(methylmethacrylate), poly(n-butylmethacrylate), poly(isobutyl
      methacrylate), etc; polystyrene; nitrated polystyrene; polymethylstyrene;
      isobutylene polymers; polyesters, such as poly(ethylene alkaryloxyalkylene
      terephthalate); phenol-formaldehyde resins; ketoneresins; polyamides;
      polycarbonates; polythiocarbonates;
      poly(ethyleneglycol-co-bishydroxyethoxyphenylpropane terephthalate);
      nuclear substituted polyvinyl haloarylates; etc. Methods of making resins
      of this type have been described in the prior art, for example,
      styrene-alkyd resins can be prepared according to the method described in
      U.S. Pat. Nos. 2,361,019 and 2,258,423. Suitable resins of the type
      contemplated for use in the photo-conductive layers of the invention are
      sold under such trademarks as Vitel PE-101, Cymac, Piccopale 100, Saran
      F-220 and Lexan 105 and 145. Other types of binders which can be used in
      the photoconductive layers of the invention include such materials as
      paraffin, mineral waxes, etc. If a polymeric photoconductor is used, the
      binder may be omitted altogether.
PAR  The organic coating solvents useful for preparing the above coating dopes
      can be selected from a variety of materials. Useful liquids are
      hydrocarbon solvents, including substituted hydrocarbon solvents, with
      preferred materials being halogenated hydrocarbon solvents. The requisite
      properties of the solvent are that it be capable of dissolving the
      pyrylium dye and capable of dissolving or at least highly swelling or
      solubilizing the polymeric ingredient of the composition. In addition, it
      is helpful if the solvent is volatile, preferably having a boiling point
      of less than about 200.degree.C. Particularly useful solvents include
      halogenated lower alkanes having from 1 to about 3 carbon atoms, such as
      dichloromethane, dichloroethane, dichloropropane, trichloromethane,
      trichloroethane, tribromomethane, trichloromonofluoromethane,
      trichlorotrifluoroethane, etc.; aromatic hydrocarbons such as benzene,
      toluene as well as halogenated benzene compounds such as chlorobenzene,
      bromobenzene, dichlorobenzene, etc.; ketones such as dialkyl ketones
      having 1 to about 3 carbon atoms in the alkyl moiety such as
      dimethylketone, methylethylketone, etc.; and ethers such as
      tetrahydrofuran, etc. Mixtures of these and other solvents can also be
      used.
PAR  In preparing the photoconductive coating composition, useful results are
      obtained where the photoconductor substance is present in an amount equal
      to at least about 1 weight percent of the coating composition. The upper
      limit in the amount of photoconductor substance present can be widely
      varied in accordance with usual practice. In those cases where a binder is
      employed, it is normally required that the photoconductor substance be
      present in an amount from about 1 weight percent of the coating
      composition to about 99 weight percent of the coating composition. A
      polymeric photoconductor can be employed in which case an additional
      binder may not be required. A preferred weight range for the
      photoconductor substance in the coating composition is from about 10
      weight percent to about 60 weight percent.
PAR  Suitable supporting materials for coating photoconductive layers which can
      be sensitized in accordance with the method of this invention can include
      any of a wide variety of electrically conducting supports, for example,
      paper (at a relative humidity above 20 percent); aluminum-paper laminates;
      metal foils such as aluminum foil, zinc foil, etc; metal plates, such as
      aluminum, copper, zinc, brass and galvanized plates; vapor deposited metal
      layers such as silver, nickel, aluminum and the like coated on paper or
      conventional photographic film bases such as cellulose acetate,
      polystyrene, etc. Such conducting materials as nickel can be vacuum
      deposited on transparent film supports in sufficiently thin layers to
      allow electrophotographic elements prepared therewith to be exposed from
      either side of such elements. An especially useful conducting support can
      be prepared by coating a support material such as poly(ethylene
      terephthalate) with a conducting layer containing a semiconductor
      dispersed in a resin. Such conducting layers both with and without
      insulating barrier layers are described in U.S. Pat. No. 3,245,833.
      Likewise, a suitable conducting coating can be prepared from the sodium
      salt of a carboxyester lactone of maleic anhydride and a vinyl acetate
      polymer. Such kinds of conducting layers and methods for their optimum
      preparation and use are disclosed in U.S. Pat. No. 3,007,901 and
      3,262,807.
PAR  Coating thicknesses of the photoconductive composition on the support can
      vary widely. Normally, a coating in the range of about 10 microns to about
      300 microns before drying is useful for the practice of this invention.
      The preferred range of coating thickness is found to be in the range from
      about 50 microns to about 150 microns before drying, although useful
      results can be obtained outside of this range. The resultant dry thickness
      of the coating is preferably between about 2 microns and about 50 microns,
      although useful results can be obtained with a dry coating thickness
      between about 1 and about 200 microns.
PAR  The elements of the present invention can be employed in any of the
      well-known electrophotographic processes which require photoconductive
      layers. One such process is the xerographic process. In a process of this
      type, an electrophotographic element is held in the dark and given a
      blanket electrostatic charge by placing it under a corona discharge. This
      uniform charge is retained by the layer because of the substantial dark
      insulating property of the layer, i.e., the low conductivity of the layer
      in the dark. The electrostatic charge formed on the surface of the
      photoconductive layer is then selectively dissipated from the surface of
      the layer by image-wise exposure to light by means of a conventional
      exposure operation such as, for example, by a contact-printing technique,
      or by lens projection of an image, and the like, to thereby form a latent
      electrostatic image in the photoconductive layer. Exposing the surface in
      this manner forms a pattern of electrostatic charge by virtue of the fact
      that light energy striking the photoconductor causes the electrostatic
      charge in the light struck areas to be conducted away from the surface in
      proportion to the intensity of the illumination in a particular area.
PAR  The charge pattern produced by exposure is then developed or transferred to
      another surface and developed there, i.e., either the charged or uncharged
      areas rendered visible, by treatment with a medium comprising
      electrostatically responsive particles having optical density. The
      developing electrostatically responsive particles can be in the form of a
      dust, i.e., powder, or a pigment in a resinous carrier, i.e., toner. A
      preferred method of applying such toner to a latent electrostatic image
      for solid area development is by the use of a magnetic brush. Methods of
      forming and using a magnetic brush toner applicator are described in the
      following U.S. Pat. Nos.: Young U.S. Pat. No. 2,786,439 issued Mar. 26,
      1957; Giaimo U.S. Pat. No. 2,786,440 issued Mar. 26, 1957; Young U.S. Pat.
      No. 2,786,441 issued Mar. 26, 1957; Greig U.S. Pat. No. 2,874,063 issued
      Feb. 17, 1959. Liquid development of the latent electrostatic image may
      also be used. In liquid development, the developing particles are carried
      to the image-bearing surface in an electrically insulating liquid carrier.
      Methods of development of this type are widely known and have been
      described in the patent literature, for example, Metcalfe et al. U.S. Pat.
      No. 2,907,674 issued Oct. 6, 1959. In dry developing processes, the most
      widely used method of obtaining a permanent record is achieved by
      selecting a developing particle which has as one of its components a
      low-melting resin. Heating the powder image then causes the resin to melt
      or fuse into or on the element. The powder is, therefore, caused to adhere
      permanently to the surface of the photoconductive layer. In other cases, a
      transfer of the electrostatic charge image formed on the photoconductive
      layer can be made to a second support such as paper which would then
      become the final print after development and fusing. Techniques of the
      type indicated are well known in the art and have been described in the
      literature in "RCA Review" Vol. 15 (1954) pages 469-484.
DETD
PAR  The following examples are included for a further understanding of the
      invention.
PAC  EXAMPLE 1
PAC  Preparation of
      2,6-Diphenyl-4-(2,6-diphenyl-4H-pyron-4-ylidenemethyl)-pyrylium
      perchlorate
PAR  A mixture of 1.24 g. of 2,6-diphenyl-4-pyrone, 1.73 g. of
      2,6-diphenyl-4-methylpyrylium perchlorate and 20 ml. of acetic anhydride
      is heated to reflux for 20 min. The dark mixture is cooled and the green
      dye which separates is collected. The product is recrystallized by
      extraction with acetonitrile in a Soxhlet extractor to yield a sample
      having a melting point of 325.degree.C. The theoretical calculated values
      for C.sub.35 H.sub.25 ClO.sub.6 and the actual values found are as
      follows:
PAR  Cal'd.: C=72.8; H=4.3; Cl=6.2.
PAR  Found: C=72.4; H=4.6; Cl=6.0.
PAR  In an alternative method for preparing the above compound, 3.6 g. of
      2,6-diphenyl-4-methoxypyrylium perchlorate and 1.5 g. of malonic acid are
      added to 100 ml. of ethanol. After also adding 3 ml. of
      ethyldiisopropylamine, the mixture is heated on a steam bath. After about
      10 minutes heating, the red reaction mixture is cooled slightly and made
      strongly acid with HClO.sub.4. The red color changes to brown and a solid
      separates. The solid is collected, washed with ethanol, and recrystallized
      from acetonitrile to yield a product having a m.p. of 330.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of
      2,4-Diphenyl-6-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)pyrylium perchlorate
PAR  A mixture of 3.5 g. of 2,4-diphenyl-6-methylpyrylium perchlorate, 2.5 g. of
      2,6-diphenyl-4-pyrone and 40 ml. of acetic anhydride is refluxed for 15
      minutes, cooled, and the solid is collected, washed with ether, and
      recrystallized from acetic anhydride. A product having a m.p. of
      258.degree. C. is obtained. The theoretical values for C.sub.35 H.sub.25
      ClO.sub.6 and the actual values are as follows:
PAR  Cal'd.: C=72.8; H=4.4; Cl=6.1.
PAR  Found: C=72.5; H=4.5; Cl=6.1.
PAC  EXAMPLE 3
PAC  Preparation of
      4-(Benzoyl-2,6-diphenyl-4H-pyran-4-ylidenemethyl)-2,6-diphenylpyrylium
      perchlorate
PAR  A mixture of 5.0 g. of 2,6-diphenyl-4-pyrone and 4.8 ml. of acetophenone in
      10 ml. of POCL.sub.3 is heated on a steam bath for 15 minutes. The
      reaction mixture is cooled, poured slowly into methanol, and then 5 ml. of
      HOlO.sub.4 is added slowly with stirring. The reaction mixture is allowed
      to cool and the nicely formed crystals are collected. The product is
      recrystallized by extraction with acetonitrile in a Soxhlet extractor. A
      product having a melting point of 271.degree.C. is obtained. The
      theoretical values calculated for C.sub.42 H.sub.29 ClO.sub.7 and the
      actual values found are as follows:
PAR  Cal'd.: C=74.0; H=4.3; Cl=5.2.
PAR  Found : C=73.6; H=4.0; Cl=5.5.
PAC  EXAMPLE 4
PAC  Preparation of
      2,6-Bis(4-amyloxyphenyl)-4-[2-(4-amyloxyphenyl)-6-phenyl-4H-pyran-4-yliden
     emethyl]pyrylium perchlorate:
PAR  A mixture of 3.1 g. of 2,6-bis(4-amyloxyphenyl)-4-methylpyrylium
      perchlorate, 2.0 g. of 2-(4-amyloxyphenyl)-6-phenyl-4-pyrone, and 20 ml.
      of acetic anhydride are stirred and heated at its boiling temperature for
      5 to 10 minutes, cooled, diluted with ethanol with stirring, and chilled
      in a freezer. A solid separates from the mixture and is collected and
      washed with water. Another crop is obtained by adding water to the
      reaction mixture, extracting with dichloromethane, removing the solvent by
      evaporation, and recrystallizing the residue from acetic acid. The two
      crops are combined and recrystallized again from acetic acid. mp =
      68.degree.C. The theoretical values calculated for C.sub.50 H.sub.55 ClO,
      and the actual values found are as follows:
PAR  Cal'd.: C=71.9; H=6.6; Cl=4.2. Found: C=71.7; H=6.7; Cl=4.0.
PAC  EXAMPLE 5
PAC  General Procedure for the Preparation of Pyranylidene-methylthiapyrylium
      Salts
PAR  A solution of 2 g. of sodium sulfide in 10 ml. of water is added to 2 g. of
      the pyranomethylenepyrylium salt in 50 ml. of acetone. The mixture is
      stirred for 0.5 hour, then made strongly acidic with dilute perchloric
      acid, and stirred for an additional hour. The solid is collected, washed
      with water and crystallized.
PAR  Using this procedure
      2,6-Diphenyl-4-[(2,6-diphenyl-4H-pyran-4-ylidene)methyl]thiapyrylium
      perchlorate is obtained in 75% yield and melts at
      270.degree.-271.degree.C. after recrystallization from acetonitrile. The
      .lambda.max (acetonitrile) (.epsilon. .times. 10.sup.-.sup.3) are
      238(33.5), 257(31.7), 390(21.6), .about.555, and 585 m.mu. (80.1).
PAR  The theoretical calculated values for C.sub.35 H.sub.25 Cl(O.sub.5 S) and
      the values actually found are as follows:
PAR  Cal'd: C=70.9; H=4.3; S=5.4. Found: C=70.9; H=4.2; S=5.4.
PAR  Using the above-described general procedure
      4,6-Diphenyl-2-[(2,6-diphenyl-4H-pyran-4-ylidene)methyl]thiapyrylium
      perchlorate is obtained in 36% yield and melts at
      302.degree.-303.degree.C. after crystallization from acetonitrile.
PAR  The theoretical calculated values for C.sub.35 H.sub.25 ClO.sub.5 S and the
      actual values found are as follows:
PAR  Cal'd.: C=70.9; H=4.3; S=5.4. Found: C=70.8; H=4.6; S=5.4.
PAC  EXAMPLE 6
PAR  A series of photoconductive compositions containing one of the following
      photoconductors:
PA0  A. triphenylamine
PA0  B. 4,4'-bis(diethylamino)-2,2'-dimethyltriphenyl methane
PA0  C. 4,4'-bis(diphenylaminochalcone)
PAL  as the photoconductive material are prepared for coating on a conducting
      support material by mixing 0.25 parts of the photoconductor with 0.01
      parts by weight of one of the following compounds:
PAR  1. 2,4-Diphenyl-6-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium
      perchlorate
PAR  2. 2,6-Diphenyl-4-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium
      perchlorate
PAR  3. 4-(Benzoyl-2,6-diphenyl-4H-pyran-4-ylidenemethyl)2,6-diphenyl-pyrylium
      perchlorate
PAR  4.
      2,6-Bis(4-amyloxyphenyl)-4-[2-(4-amyloxyphenyl)-6-phenyl-4H-pyran-4-yliden
     emethyl]pyrylium perchlorate
PAL  as sensitizer and dissolving the mixture, together with 1.0 parts by weight
      of a resinous polyester binder, by stirring the mix into dichloromethane.
      The resultant mixture is then hand coated over a polymeric carboxy ester
      lactone layer carried on a transparent support. In all instances, the
      polyester binder in the coating composition is Vitel PE-101 (trademark of
      Goodyear Tire and Rubber Co.) and is believed to be
      poly(4,4'-isopropylidene-bisphenoxy ethyl-co-ethylene terephthalate)
      50/50. The wet coating thickness on the support is 0.004 inch. After
      drying, a sample of each electrophotographic element is employed in a
      standard xerographic process which includes charging under a positive
      corona discharge until the surface potential of the sample, as measured by
      an electrometer probe, reaches 600 volts. Similarly, a sample of each
      element is charged under a negative source until the surface potential
      reaches 600 volts. Each of the samples is then exposed from behind a
      transparent stepped density gray scale to a 3000.degree.K tungsten source
      of 20 foot-candle illuminance at the point of exposure. The exposure
      causes reduction of surface potential of the element under each step of
      the gray scale from its initial potential, Vo, to some lower potential, V,
      the exact value of which depends upon the actual amount of exposure
      received by each area. The results of these measurements are then plotted
      on a graph of surface potential V versus log exposure for each step. The
      actual speed of each element can then be expressed in terms of the
      reciprocal of the exposure required to reduce the surface potential to any
      fixed arbitrarily assigned value. Numerically, the shoulder speeds noted
      below are the quotient of 10.sup.4 divided by the exposure in meter candle
      seconds required to reduce the potential by 100 volts. The toe speeds
      noted below are the quotient of 10.sup.4 divided by the exposure in
      meter-candle-seconds required to reduce the initial voltage, Vo, to an
      absolute value of 100 volts. The results of these speed measurements are
      given in the following table.
TBL                TABLE I                                                     
     ______________________________________                                    
                  Speed                                                        
     Compound                                                                  
            Organic     Positive     Negative                                  
     Number Photoconductor                                                     
                        Shoulder Toe   Shoulder                                
                                               Toe                             
     ______________________________________                                    
     1      A           1700     150   4000   100                              
            B           1500     120   1700   100                              
            C           2200     200   1800   100                              
     2      A           1800     110   1400   85                               
            B           1600     100    900   63                               
            C           1800     160   1100   80                               
     3      A           1500     110   2500   56                               
            B           1000     71     800   35                               
            C           2500     290    900   63                               
     4      A            900     36     800   31                               
            B           1400     78    1000   59                               
            C           1100     80     630   40                               
     ______________________________________                                    
PAL  For comparison, photoconductors A. B and C employed in the photoconductive
      compositions used to obtain the data shown in Table I are evaluated in
      samples containing no sensitizer. The speeds are as follows:
TBL           Speed                                                            
     Organic    Positive       Negative                                        
     Photoconductor                                                            
                Shoulder  Toe      Shoulder                                    
                                           Toe                                 
     ______________________________________                                    
     A          44        0        52      0                                   
     B          19        0        18      0                                   
     C          101       0        32      0                                   
     ______________________________________                                    
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A photoconductive composition comprising an organic photoconductive
      electrically insulating material containing a sensitizing amount of a
      compound selected from the group consisting of:
PA1  1. 2,4-Diphenyl-6-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium salts
PA1  2. 2,6-Diphenyl-4-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium salts
PA1  3. 4-(Benzoyl-2,6-diphenyl-4H-pyran-4-ylidenemethyl)2,6-diphenyl-pyrylium
      salts and
PA1  4.
      2,6-Bis(4-amyloxyphenyl)-4-[2-(4-amyloxyphenyl)-6-phenyl-4H-pyran-4-yliden
     emethyl]pyrylium salts,
PAL  said composition exhibiting photoconductive sensitivity to visible light in
      that portion of the spectrum extending from about 570 to about 620
      millimicrons.
NUM  2.
PAR  2. A photoconductive composition as defined in claim 1 wherein the
      sensitizer is selected from the group consisting of:
PA1  1. 2,4-Diphenyl-6-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium
      perchlorate
PA1  2. 2,6-Diphenyl-4-(2,6-diphenyl-4H-pyran-4-ylidenemethyl)-pyrylium
      perchlorate
PA1  3. 4-(Benzoyl-2,6-diphenyl-4H-pyran-4-ylidenemethyl)2,6-diphenyl-pyrylium
      perchlorate
PA1  4.
      2,6-Bis(4-amyloxyphenyl)-4-[2-(4-amyloxyphenyl)-6-phenyl-4H-pyran-4-yliden
     emethyl]pyrylium perchlorate.
NUM  3.
PAR  3. A photoconductive composition as described in claim 1 wherein the
      photoconductive electrically insulating material comprises a mixture of an
      organic photoconductor and an electrically insulating, film-forming resin
      binder.
NUM  4.
PAR  4. A photoconductive composition as in claim 3 wherein the organic
      photoconductor is selected from the group consisting of an arylamine, a
      polyarylalkane and a diarylamino-substituted chalcone.
NUM  5.
PAR  5. An electrophotographic element comprising a support having coated
      thereon a layer of a photoconductive composition as described in claim 1.
NUM  6.
PAR  6. An element as in claim 5 wherein the photoconductive electrically
      insulating material comprises a mixture of an organic photoconductor and
      an electrically insulating, film-forming resin binder.
NUM  7.
PAR  7. An electrophotographic element as in claim 6 wherein the organic
      photoconductor is selected from the group consisting of an arylamine, a
      polyarylalkane and a diarylaminosubstituted chalcone.
NUM  8.
PAR  8. An electrophotographic element as in claim 5 wherein the support is
      electrically conducting.
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ABST
PAL  Color photographic elements, compositions and processes for producing color
      negative images are described which employ a leuco dye comprising the
      reaction product of a color forming coupler and a
      N,N-dialkyl-p-phenylenediamine having an electronegative group attached to
      the benzene ring. The leuco dye is stable against aerial oxidation and can
      be developed to its corresponding dye with certain black and white
      developing compositions.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to photography and more particularly to color
      photography employing light-sensitive silver halide emulsion layers
      comprising a ballasted leuco dye which is the reaction product of a
      color-forming coupler and a deactivated N,N-dialkyl-p-phenylenediamine.
PAC  BACKGROUND OF INVENTION
PAR  In color photography the dye image is formed during a color developing
      process. The color developing agent, usually a
      N,N-dialkyl-p-phenylenediamine is oxidized in a reaction with silver
      halide producing free silver. Oxidized developing agent then reacts
      rapidly with a variety of organic molecules, called couplers, to form
      dyes. The color of the dye thus formed is determined by the generic
      structure of the coupler.
PAR  In the preparation of silver halide emulsions for recording colors, it is
      customary to incorporate a color forming material in the silver halide
      emulsion so that upon color development this color forming compound
      (coupler) reacts with the oxidation product of the developing agent to
      form a dye. In the typical format for recording the visible spectrum, the
      emulsion is coated in several layers, each sensitive to a particular
      region of the spectrum. By suitable control of the development and by use
      of several couplers, it is possible to form the proper dye in each layer
      to give an adequate color representation of the photographed scene or
      object.
PAR  The greatest sharpness in three simultaneously prepared color separations
      in permanently superimposed emulsions is obtained if the reduced silver,
      or the chemical components which are substituted in the place of the
      reduced silver or in the place of the residual silver halide or even
      better deposited during development -- are employed in the color
      separations. To this end these chemical compounds must be insoluble or at
      least not easily diffusing and they, or the silver, must have reducing,
      oxidizing or catalytic properties. Therefore numerous methods of color
      photography are possible by means of triple or double emulsion layers
      containing the color generators from the beginning.
PAR  It has already been proposed for the production of color photographs to add
      leuco-dyes to a silver salt emulsion and to convert these into a
      particular color as a result of the interaction between the silver reduced
      upon development and the leuco-dyes, whereby the locally deposited
      quantity of silver in the developed picture determines the degree of color
      formation for every point in the sensitized layer. Problems arise in the
      reduction of this proposal to practice due to the inherent oxidative
      instability of the leuco-dyes. Common leuco-dyes incorporated in
      sensitized layers of a film generally oxidize on keeping and cause
      indiscriminate dye formation.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of this invention to provide a stable leuco-dye
      which may be incorporated into a sensitized silver halide layer.
PAR  It is another object of this invention to provide a multi-color
      photographic element in which each color image is formed in a sensitized
      silver halide layer comprising a leuco-dye which upon oxidiation by the
      reaction products of a silver halide developer forms said color image.
PAR  It is a further object of this invention to provide a novel method for the
      production of photographic dye images in which conventional color
      development is not required.
PAR  These and other objects are achieved by our invention which is described
      hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  A photosensitive element according to the present invention comprises a
      support having thereon at least one photosensitive silver halide emulsion
      layer having associated therewith a stabilized ballasted leuco dye which
      comprises the reaction product of a color forming coupler and a
      N,N-dialkyl-p-phenylenediamine group having an electronegative group
      attached to the benzene ring. The electronegative group is of such
      character that when attached to the benzene ring of the p-phenylenediamine
      moiety, said electronegative group is sufficiently electron withdrawing to
      stabilize the leuco dye against aerial oxidation.
PAR  According to the present invention, a preferred method of forming a color
      negative image comprises (1) forming a black-and-white and dye image on an
      imagewise exposed photosensitive photographic element containing silver
      halide by contacting said exposed silver halide element (as described
      above) with a cross-oxidizing developing composition, and (2) removing
      silver and silver halide with a bleach-fix solution to leave a dye image
      in the exposed areas.
PAR  The above-described leuco dye may be represented by the following formula:
      ##SPC1##
PAL  where
PA1  Coup -- represents a ballasted cyan-dye-forming coupler moiety;
PA1  Z -- denotes the coupling site of the coupler moiety;
PA1  R.sub.1 and R.sub.2 -- each represents a lower alkyl group (preferably of
      one to six carbon atoms) or a substituted lower alkyl group such as
      hydroxyalkyl, alkoxyalkyl, carboxyalkyl, sulfoalkyl and haloalkyl; and
PA1  X -- represents at least one electronegative group having the capability of
      deactivating the p-phenylenediamine group sufficiently to stabilize the
      leuco dye molecule against aerial oxidation.
PAR  Other objects and advantages of the invention will become apparent to those
      skilled in the art of color photography upon consideration of the
      accompanying disclosure.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Stable cyan-dye-forming leuco dyes of the present invention can be
      represented, for example, by the following formula:
      ##SPC2##
PAL  wherein X, R.sub.1 and R.sub.2 are the substituents defined above and
      Ballast is an organic radical of such molecular size and configuration as
      to render the leuco dye nondiffusible during storage and development.
PAR  An important feature of the novel leuco dyes is the presence of the
      deactivating group X on the benzene ring of the phenylenediamine portion
      of the molecule. It is this deactivating group which imparts the stability
      (i.e., resistance to aerial oxidation) required of these compounds during
      their storage before and after incorporation in the silver halide emulsion
      layer of the photographic element.
PAR  The deactivating group is an electronegative or electron withdrawing group
      which has sufficient electron withdrawing potential to stabilize the leuco
      dye against aerial oxidation. Any such group or combination of such groups
      sufficient to stabilize the leuco dye molecule is contemplated. Examples
      of such electronegative or electron withdrawing groups useful in the
      practice of the present invention include: --NO.sub.2 ; --CN; --CF.sub.3 ;
      --F; --COR.sup.1 ; --COOR.sup.1 ; --SO.sub.2 R.sup.1 ; --SO.sub.2 R.sup.11
      ; and
      ##EQU1##
      wherein R is a hydrogen atom or R.sup.1, R.sup.1 is a lower alkyl radical
      or substituted lower alkyl radical, and R.sup.11 is an aryl radical or a
      substituted aryl radical.
PAR  Other color forming couplers, COUP in formula I above, which are useful in
      forming leuco dyes for the practice of the present invention can be any of
      the cyan-dye-forming coupler moieties well known to those skilled in the
      art of color photography. Included among such coupler moieties are the
      phenolic and naptholic couplers described in the following patents: Porter
      et al, U.S. Pat. No. 2,295,009 issued Sept. 8, 1942; Salminen et al, U.S.
      Pat. No. 2,367,531 issued Jan. 16, 1945; Salminen et al, U.S. Pat. No.
      2,423,730 issued July 8, 1947; Weissberger et al, U.S. Pat. No. 2,474,293
      issued June 28, 1949; Salminen et al, U.S. Pat. No. 2,772,162 issued Nov.
      27, 1956; Salminen et al, U.S. Pat. No. 2,895,826 issued July 21, 1959;
      Bush et al, U.S. Pat. No. 2,920,961 issued Jan. 12, 1960; Vittum et al,
      U.S. Pat. No. 3,002,836 issued Oct. 3, 1961; Kodak Limited, British Pat.
      No. 503,752 issued Apr. 11, 1939; Kodak Pathe, French Pat. No. 836,144
      issued Jan. 11, 1939; Merckx et al, U.S. Pat. No. 2,197,311 issued Apr.
      16, 1940; Frohlick et al, U.S. Pat. No. 2,357,395 issued Sept. 5, 1944;
      Thompson, U.S. Pat. No. 2,498,466 issued Feb. 21, 1950; de Ramaix et al,
      U.S. Pat. No. 3,013,879 issued Dec. 19, 1961; Stecker, U.S. Pat. No.
      3,041,236 issued June 26, 1962; de Ramaix et al, U.S. Pat. No. 3,047,385
      issued July 31, 1962; Van Poucke et al, U.S. Pat. No. 3,079,256 issued
      Feb. 26, 1963; Schulte et al, U.S. Pat. No. 3,244,520 issued Apr. 5, 1966;
      Kendall et al, British Pat. No. 519,208 issued Mar. 19, 1940; Gevaert
      Photo-Producten N.V., British Pat. No. 969,921 issued Sept. 16, 1964;
      Gevaert Photo-Producten N.V., British Pat. No. 975,928 issued Nov. 25,
      1965; Agfa Aktiengesellschaft, British Pat. No. 1,011,940 issued Dec. 1,
      1965; Societa per Azioni Ferrania, British Pat. No. 1,111,554 issued May
      1, 1968; Gevaert Photo-Producten, French Pat. No. 1,299,481 issued June
      12, 1962; and Gevaert Photo-Producten N.V., French Pat. No. 1,308,760
      issued Oct. 1, 1962. In addition cyan-dye-forming phenolic and naphtholic
      couplers are described by W. Pelz in an article entitled "FARBKUPPLER-EINE
      LITERATURUEBERSICHT," published in Agfa Mitteilungen, Band II, pp.
      156-175, and are not illustrated in Table XXIV on page 595 of "THE THEORY
      OF THE PHOTOGRAPHIC PROCESS," by C. E. K. Mees -- Revised Edition, 1954.
PAR  It should be noted that the concept of this invention includes the
      modifications necessary to produce similar yellow- and magenta dye-forming
      leuco dyes. In such case COUP in formula I would represent a yellow- or
      magenta- dye-forming coupler moiety.
PAR  The nature of the ballast group in the formula for the leuco dyes described
      above (Ballast) is not critical as long as it confers nondiffusibility to
      the compounds. Typical ballast groups include long-chain alkyl radicals
      linked directly or indirectly to the compound as well as aromatic radicals
      of the benzene and naphthalene series indirectly attached or fused
      directly to the benzene nucleus, etc. Useful ballast groups generally have
      at least 8 carbon atoms such as a substituted or unsubstituted alkyl group
      of 8 to 22 carbon atoms, an amide radical having 8 to 30 carbon atoms, a
      keto radical having 8 to 30 carbon atoms, etc.
PAR  In a preferred embodiment of the present invention, a color negative can be
      formed by the method described in the Summary above. Any silver halide
      developing composition can be employed in our invention as long as it
      comprises a cross-oxidizing developing agent which will cross-oxidize with
      the leuco dye described herein. Such a silver halide developer, called a
      cross-oxidizing developing agent herein, becomes oxidized during
      development by reducing exposed silver halide to silver metal. The
      oxidized developer then cross-oxidizes the leuco dye, thereby forming a
      dye image in exposed areas.
PAR  A cross-oxidizing developing agent (COD) enables a color imaging precursor,
      such as the leuco dye herein, to become oxidized without the color imaging
      precursor itself developing silver. It can be viewed as an electron
      transfer agent which shuttles electrons between the developing silver
      halide and the color imaging precursor. The general definition can be
      written schematically as follows:
EQU  1.* COD.sub.Red + Ag.sup.+ .revreaction. COD.sub.ox + Ag.degree.
TBL  2)  COD.sub.ox                                                            
              + Color Imaging.revreaction.COD.sub.Red                          
                            + Color Imaging                                    
                Precursor.sub.Red                                              
                              Precursor.sub.ox                                 
FNT  * Subscript "Red" denotes reduced form and "ox" denotes oxidized form.
PAL  The color imaging precursor is any chemical compound which, when oxidized,
      becomes a material which differs from the precursor in some way
      (absorption, chemistry, etc.) that can be exploited for imaging.
PAR  The color imaging precursor is frequently immobilized in an oil phase, and
      so a more specific scheme for the formation of a cross-oxidizing
      developing agent is as follows:
EQU  3. COD.sub.Red (H.sub.2 O) + Ag.sup.+ .revreaction. COD.sub.ox (H.sub.2 O)
      + Ag.degree.
EQU  4. COD.sub.ox (H.sub.2 O) .revreaction. COD.sub.ox (Oil)
     5)    COD.sub.ox                                                          
                    (Oil)   + Color Imaging.revreaction.                       
                            Precursor.sub.Red (Oil)                            
                  COD.sub.Red (Oil)                                            
                            + Color Imaging                                    
                            Precursor.sub.ox (Oil)                             
EQU  6. COD.sub.Red (Oil) .revreaction. COD.sub.Red (H.sub.2 O)
PAR  Therefore, the requirement for a cross-oxidizing developing agent in the
      most general cases (eq. 1 and 2) are:
PA1  a. It must have sufficient electrochemical potential under the experimental
      conditions to develop exposed silver halide.
PA1  b. In its oxidized form it must be of such electrochemical potential as to
      oxidize the color imaging precursor.
PA1  c. In its oxidized form it must be stable to decomposition by other
      chemical reactions long enough to undergo the redox reaction with the
      color imaging precursor.
PAL  A further requirement for the specific system represented by equations 3-6
      are:
PA1  d. The oxidized form must have high solubility in the oil phase since
      extensive partitioning into the oil phase is required.
PAL  If any of the conditions b, c, or d is not met, the developing agent is not
      a cross-oxidizing developing agent. This is to say, whether a developing
      agent is cross-oxidizing or not depends upon whether the oxidized form is
      sufficiently stable, sufficiently soluble in the oil phase (when one is
      present) and of an oxidizing potential such that an effective transferral
      of electrons can occur through whatever phase barriers exist during
      cross-oxidizing development.
PAR  It should be recognized that whether a particular developing agent meets
      the requirements of a cross-oxidizing developing agent as described above
      may depend upon the conditions under which development occurs. Other
      components in the developing composition, the pH of the developing
      composition, the temperature of the development process, the length of
      development time, etc. can all affect whether the requirements for a
      cross-oxidizing developing agent are met. Any developing agent which meets
      the requirements of a cross-oxidizing developing agent under development
      conditions can be used in the practice of this invention. Illustrative
      examples of developing agents which may be useful as cross-oxidizing
      developing agents in practicing this invention and also preferred
      cross-oxidizing agents are 1-phenyl-3-pyrazolidone (Phenidone),
      1-phenyl-4,4-dimethyl-3-pyrazolidone (Dimezone), and
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone (MOP).
PAR  An important feature of the processing cycle by which image dyes are
      produced from the leuco dyes described above is the removal from the
      photographic element of the developed silver and any residual silver
      halide in such a way that the leuco dyes will not be oxidized in the areas
      of the photographic element where they are to remain colorless (i.e. in
      the originally unexposed or partially exposed areas). Since the potent
      oxidizing capability of a conventional solution of a bleach such as
      potassium ferricyanide or ferric chloride could convert by oxidation, to
      visible dye the leuco dye molecules in the areas not already fully
      developed to visible dye by the cross-oxidizing development step, a
      ferricyanide or ferric chloride bleach followed by a fix is not preferred.
      The relatively mild oxidizing medium of conventional bleach-fix solutions,
      however, will not detrimentally affect the leuco dyes in the areas of the
      photographic element where they are to remain colorless. Useful bleach
      solutions are those having an oxidizing potential such that they will not
      oxidize the leuco dye in the unexposed or partially exposed areas of the
      element. It is preferred however to use a single bleach-fix bath in the
      processing cycle since generally the bleach-fix solution provides a mild
      oxidizing medium suitable for the practice of this invention. Suitable
      bleach-fix baths include, for example, solutions of sodium or ammonium
      thiosulfate with complexes of trivalent iron and ethylenediamine
      tetraacetic acid (EDTA).
PAR  The silver halide emulsions useful in our invention are well-known to those
      skilled in the art and are described in Product Licensing Index, Vol. 92,
      December, 1971, publication 9232, p. 107, paragraph I, "Emulsion types";
      they may be chemically and spectrally sensitized as described on p. 197,
      paragraph III, "Chemical sensitization", and pp. 108-109, paragraph XV,
      "Spectral sensitization", of the above article; they can be protected
      against the production of fog and can be stabilized against loss of
      sensitivity during keeping by employing the materials described on p. 107,
      paragraph V, "Antifoggants and stabilizers", of the above article; they
      can contain development modifiers, hardeners, and coating aids as
      described on pp. 107-108, paragraph IV, "Development modifiers"; paragraph
      VII, "Hardeners"; and paragraph XII, "Coating aids", of the above article;
      they and other layers in the photographic elements used in this invention
      can contain plasticizers, vehicles and filter dyes described on p. 108,
      paragraph XI, "Plasticizers and lubricants", and paragraph VIII, "
      Vehicles", and p. 109, paragraph XVI, "Absorbing and filter dyes", of the
      above article; they and other layers in the photographic elements used in
      this invention may contain addenda which are incorporated by using the
      procedures described on p. 109, paragraph XVII, "Methods of addition", of
      the above article; and they can be coated by using the various techniques
      described on p. 109, XVIII, "Coating procedures", of the above article,
      the disclosures of which are hereby incorporated by reference.
DETD
PAR  The following examples further illustrate the invention.
PAC  EXAMPLE 1
PAR  Preparation of Compound 1 (Control)
      ##SPC3##
PAR  A solution of 37.4 g (0.22 mole) of silver nitrate in 200 ml water was
      added with rapid stirring over 30 seconds to a solution of 0.3 g gelatin
      and 14.6 g (0.29 mole) of sodium chloride in 200 ml of water. To the
      resulting slurry were added successively 17.1 g (0.138 mole) of sodium
      carbonate monohydrate in 100 ml water, 12 g (0.025 mole) of
      2-[4-(2,4-di-tert-amylphenoxy) butylcarbamyl]-1-naphthol in a mixture of
      100 ml of ethanol and 200 ml ethyl acetate, and 5.5 g (0.026 mole) of
      4-amino-N,N-dimethylaniline dihydrochloride in 100 ml of water. The
      mixture was stirred at ambient temperature for 30 minutes, allowed to
      separate and the ethyl acetate layer removed. This was washed with water,
      dried (MgSO.sub.4) and the solvent stripped off in vacuo. The residue was
      chromatographed on silica gel developing with ethyl acetate-hexane. The
      desired dye was removed and recrystallized from hexane-benzene to yield
      2.8 g, mp 122.5.degree.-124.degree..
PAR  Anal. Calcd. for C.sub.39 H.sub.49 N.sub.3 O.sub.3 : C, 77.06; H, 8.13; N,
      6.91 Found: C, 77.1; H, 7.8; N, 6.9.
PAR  The previously prepared dye was reduced over Raney Nickel in THF to yield a
      solid that could be recrystallized from hexane. It was cream colored at
      first but rapidly turned cyan from aerial oxidation as it was dried.
PAR  Compound 1 had mp 75.degree.-77.degree..
PAR  Anal. Calcd. for C.sub.39 H.sub.51 N.sub.3 O.sub.3 : C, 76.81; H, 8.43; N,
      6.89. Found: C, 76.6; H, 8.1; N, 7.0.
PAC  EXAMPLE 2
PAR  Preparation of Compound 2
      ##SPC4##
PAR  A sample of 3-trifluoromethyl-4-nitro-N,N-dimethylaniline (11.7 g, 0.05
      mole) in 90 ml of ethyl acetate and 20 ml of ethanol was reduced with
      hydrogen over a Raney Nickel catalyst. The catalyst was filtered off and
      washed with ethyl acetate. The filtrate and washings were added to a
      mixture of 23.8 g (0.05 mole) of 2-[4-(2,4-di-tert-amylphenoxy)
      butylcarbamyl]-1-naphthol and 21 g (0.15 mole) of potassium carbonate in 1
      liter of ethyl acetate and 600 ml of water. With rapid stirring, a
      solution of 65.8 g (0.2 mole) of potassium ferricyanide in 1700 ml water
      was added over 45 minutes. The solution was stirred for 15 minutes longer,
      allowed to separate, and the ethyl acetate layer removed. This was dried
      (MgSO.sub.4) and the solvent stripped off in vacuo. The residual gum was
      crystallized from acetonitrile and then recrystallized three times to
      yield 7.4 g of dye, mp 122.degree.-123.degree..
PAR  The dye was reduced in THF over Raney Nickel to yield a cream-colored
      solid, mp 98.degree.-101.degree. after recrystallization from hexane.
PAR  Anal. Calcd. for C.sub.40 H.sub.50 N.sub.3 O.sub.3 F.sub.3 : N, 6.20; F,
      8.40 Found: N, 6.1; F, 8.3.
PAR  Compound 2 was considerably more stable towards aerial oxidation than
      Compound 1.
PAC  EXAMPLE 3
PAR  Preparation of Compound 3
      ##SPC5##
PAR  In a fashion similar to Compound 2, Compound 3 was prepared from
      4-amino-3-phenylsulfonyl-N,N-diamethylaniline and
      2-[4-(2,4-di-tert-amylphenoxy)butylcarbamyl]-1-naphthol. The dye had mp
      128.degree.-132.degree..
PAR  Anal. Calcd. for C.sub.45 H.sub.53 N.sub.3 SO.sub.5 : C, 72.26; H, 7.14; N,
      5.62; S, 4.29 Found: C, 72.0; H, 7.4; N, 5.5; S, 4.2
PAR  Compound 3 had mp 133.degree.-136.degree..
PAR  Anal. Calcd. for C.sub.45 H.sub.55 N.sub.3 SO.sub.5 : C, 72.06; H, 7.39; N,
      5.60; S, 4.28 Found: C. 71.9; H, 7.7; N, 5.6; S, 4.2.
PAC  EXAMPLE 4
PAR  Preparation of Compound 4
      ##SPC6##
PAR  In a fashion similar to compound 2, compound 4 was prepared from
      4-amino-3-carbamyl-N,N-dimethylaniline and
      2-[4-(2,4-di-tert-amylphenoxy)butylcarbamyl]-1-naphthol.
PAR  The dye had mp 167.degree.-169.degree..
PAR  Anal. Calcd. for C.sub.40 H.sub.48 N.sub.4 O.sub.3 : N, 8.60 Found: N, 8.8;
      8.9.
PAR  Compound 4 had mp 145.degree.-150.degree..
PAR  Anal. Calcd. for C.sub.40 H.sub.50 N.sub.4 O.sub.3 : C, 73.7; H, 8.03; N,
      8.6 Found: C, 73.8; H, 8.1; N, 8.8.
PAC  EXAMPLE 5
PAR  A sample of a supported single-layer gelatinous silver halide emulsion
      coating containing per square foot of coating 108 mg silver, 400 mg
      gelatin and 152 mg of the leuco dye, Compound 1, dissolved in 152 mg
      di-(2-ethylhexoate)-1,4-cyclohexanediol, was exposed for 1/5 sec. through
      a graduated-density test object and then processed in the following
      sequence:
TBL  Development*    10 min.                                                   
     Stop-Fix (Kodak F-5)                                                      
                      5 min.                                                   
     Wash             5 min.                                                   
     Bleach-Fix**     5 min.                                                   
     Wash             5 min.                                                   
     Drying                                                                    
     NH.sub.4 FeEDTA 90 ml of 1.56 molar solution                              
     (NH.sub.4).sub.2 S.sub.2 O.sub.3                                          
                     125 ml of a 60% solution                                  
     Na.sub.2 SO.sub.3                                                         
                     12 g                                                      
     H.sub.2 O to 1 liter                                                      
                     (pH 6.5-6.8)                                              
      *The developing solution consists of a solution of 0.2 g of              
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone in 1 liter of water,    
      buffered at pH 12.                                                       
       **Composition of bleach-fix solution:                                   
PAR  The reproduced image consists of an overall cyan dye (i.e., Dmin .apprxeq.
      Dmax) whose density at the wavelength of 647 nm was 2.61.
PAR  This result shows that the unstabilized leuco dye, Compound 1, was not
      operable within the scope of this invention.
PAC  EXAMPLE 6
PAR  A repeat of the procedures described in Example 5 with two other
      photographic elements wherein compound 1 was replaced with equimolar
      quantities of compounds 2 and 3 respectively lead to useful images.
PAR  Similar results were produced by varying the time of black-and-white
      development from 3 to 10 minutes.
PAR  Unlike in Example 5 where the exposed and developed element containing the
      control, an unstabilized leuco dye, had the same dye density in all areas,
      the results in Example 6, where stabilized leuco dyes were used, showed
      that a useable dye image, with density related to the amount of exposure,
      was obtained.
PAC  EXAMPLE 7
PAR  The processed sample containing leuco dye, compound 3, was subjected to a
      7-day heat fading test (140.degree.F/70% RH). The minimum (Dmin) and
      maximum (Dmax) densities of the cyan image (read through a Status A red
      filter) were recorded in the table below.
TBL  ______________________________________                                    
     Keeping Time       Dmin       Dmax                                        
     ______________________________________                                    
     0 Days             0.20       2.26                                        
     2 Days             0.21       2.26                                        
     5 Days             0.22       2.26                                        
     7 Days             0.23       2.26                                        
     ______________________________________                                    
PAR  The recorded data show the excellent stability of the dye image, especially
      in regard to its minimum density, produced from leuco dye compound 3 of
      this invention.
PAR  The invention has been described with particular reference to certain
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A color photosensitive element comprising a support having thereon at
      least one photosensitive silver halide emulsion layer containing a
      stabilized ballasted leuco dye represented by the following general
      formula:
      ##SPC7##
PAL  where
PA1  Ballast -- represents an organic radical of such molecular size and
      configuration as to render said leuco dye nondiffusible during
      development;
PA1  R.sub.1 and R.sub.2 -- each represent an alkyl group of one to six carbon
      atoms; and
PA1  X -- is selected from the group consisting of --CF.sub.3, --SO.sub.2
      C.sub.6 H.sub.5, and --CONH.sub.2.
NUM  2.
PAR  2. The color photosensitive element of claim 1, wherein the stabilized
      ballasted leuco dye is
      ##SPC8##
NUM  3.
PAR  3. The color photosensitive element of claim 1 wherein the stabilized
      ballasted leuco dye is
      ##SPC9##
NUM  4.
PAR  4. The color photosensitive element of claim 1 wherein the stabilized
      ballasted leuco dye is
      ##SPC10##
NUM  5.
PAR  5. A method of forming a negative color image which comprises:
PA1  1. concurrently developing a silver and a dye image in the imagewise
      exposed areas of a photosensitive photographic element comprising a
      support having thereon at least one photosensitive silver halide emulsion
      layer containing a stabilized ballasted leuco dye which comprises the
      reaction product of a cyan color-forming coupler and a
      N,N-dialkyl-p-phenylenediamine having an electronegative group attached to
      the benzene ring, said electronegative group having the capability of
      deactivating the p-phenylenediamine group sufficiently to stabilize the
      leuco dye molecule against aerial oxidation; and
PA1  2. removing developed silver and residual silver halide to leave a cyan dye
      image in the imagewise exposed areas of said layer without oxidizing the
      leuco dye molecules in the non-exposed areas of said layer.
NUM  6.
PAR  6. The method of claim 5 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC11##
PAL  where
PA1  Ballast -- represents an organic radical of such molecular size and
      configuration as to render said leuco dye nondiffusible during storage and
      development
PA1  R.sub.1 and R.sub.2 -- each represent a lower alkyl group or a substituted
      lower alkyl group; and
PA1  X -- represents at least one electronegative group having the capability of
      deactivating the p-phenylenediamine group sufficiently to stabilize the
      leuco dye molecule against aerial oxidation.
NUM  7.
PAR  7. The method of claim 5 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC12##
PAL  where
PA1  Ballast -- represents an organic radical of such molecular size and
      configuration as to render said leuco dye nondiffusible during storage and
      development; and
PA1  X -- is selected from the group consisting of --CF.sub.3, --SO.sub.2
      C.sub.6 H.sub.5, and --CONH.sub.2.
NUM  8.
PAR  8. The method of claim 5 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC13##
NUM  9.
PAR  9. The method of claim 5 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC14##
NUM  10.
PAR  10. The method of claim 5 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC15##
NUM  11.
PAR  11. A method of forming a negative color image which comprises:
PA1  1. forming a silver and dye image in the imagewise exposed areas of a
      photosensitive photographic element comprising a support having thereon at
      least one photosensitive silver halide emulsion layer containing a
      stabilized ballasted leuco dye which comprises the reaction product of a
      cyan color-forming coupler and a N,N-dialkyl-p-phenylenediamine having an
      electronegative group attached to the benzene ring, said electronegative
      group having the capability of deactivating the p-phenylenediamine group
      sufficiently to stabilize the leuco dye molecule against aerial oxidation
      by contacting said exposed element with a developing composition
      containing a developing agent selected from the group consisting of
      1-phenyl-3-pyrazolidone, 4-phenyl-4,4-dimethyl-3-pyrazolidone and
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone; and
PA1  2. removing developed silver and residual silver halide with a bleach-fix
      solution to leave a cyan dye image in the imagewise exposed areas of said
      layer.
NUM  12.
PAR  12. The method of claim 11 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC16##
PAL  where
PA1  Ballast -- represents an organic radical of such molecular size and
      configuration as to render said leuco dye nondiffusible during storage and
      development
PA1  R.sub.1 and R.sub.2 -- each represent a lower alkyl group or a substituted
      lower alkyl group; and
PA1  X -- represents at least one electronegative group having the capability of
      deactivating the p-phenylenediamine group sufficiently to stabilize the
      leuco dye molecule against aerial oxidation.
NUM  13.
PAR  13. The method of claim 11 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC17##
PAL  where
PA1  Ballast -- represents an organic radical of such molecular size and
      configuration as to render said leuco dye nondiffusible during storage and
      development; and
PA1  X -- is selected from the group consisting of --CF.sub.3, --SO.sub.2
      C.sub.6 H.sub.5, and --CONH.sub.2.
NUM  14.
PAR  14. The method of claim 11 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC18##
NUM  15.
PAR  15. The method of claim 11 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC19##
NUM  16.
PAR  16. The method of claim 11 wherein the stabilized ballasted leuco dye is of
      the formula:
      ##SPC20##
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ABST
PAL  This invention relates to a development inhibitor-releasing compound of the
      following general formula:
      ##SPC1##
PAL  Wherein Z is an atomic grouping necessary to form a carbocyclic ring; Y is
      a group which, when the sulfur atom of the thioether linkage is released,
      forms together with said sulfur atom a compound having a
      development-inhibiting action; and X is a hydroxyl group or a substituted
      or non-substituted amino group.
BSUM
PAR  This invention relates to a process for developing a light-sensitive silver
      halide photographic material, characterized by developing the photographic
      material in the presence of a novel development inhibitor-releasable
      compound.
PAR  It has heretofore been known to incorporate previously into a
      light-sensitive photographic material a compound capable of releasing at
      the time of development a development inhibitor in response to the degree
      of image density. The said compound (hereinafter referred to as
      "development inhibitor-releasable compound") is of such a type, in
      general, that it reacts with the oxidation product of a color developing
      agent to release a development inhibitor. Typical as such compound is a
      so-called DIR coupler incorporated at the active center thereof with a
      group capable of forming, when released from the active center, a compound
      showing a development-inhibiting action. The said coupler has such
      properties that when coupled with the oxidation product of a color
      developing agent, the coupler body forms a dye and, on the other hand,
      releases a development inhibitor.
PAR  The development inhibitor-releasable compound is used, in general, for such
      purposes as mentioned below.
PAR  That is, the development inhibitor-releasable compound characteristically
      releases at the time of development a development inhibitor in response to
      the degree of image density, and the thus released development inhibitor,
      when it is in an emulsion layer, inhibits the development of said layer in
      response to the degree of image density. Accordingly, the compound is used
      in expectation of mainly such two kinds of image effects as the so-called
      intra-image effects such as image tone control, improved graininess of
      image and improved sharpness of image; and, when the said development
      inhibitor has diffused to other layer, the so-called inter-image effects
      such as masking action to inhibit the development of said other layer in
      response to the degree of image density of the layer as the source of
      diffusion, and color hue derived from inhibition of development of other
      layer in the case of monochromatic light exposure or the like.
PAR  While various development inhibitor-releasable compounds have been known
      hitherto, these are still unsatisfactory for the above-mentioned
      expectation. For example, some of them form dyes at the time of color
      development, so that turbid images are obtained unless the hues of said
      dyes are carefully selected, or no desirable inhibition effect can be
      attained when the hues of said dyes have been properly selected, or the
      compounds are entirely non-compatible depending on the kinds of
      photographic materials, while even in the case of other compounds which
      form no dyes, they are low in reactivity with the oxidation products of
      color developing agents, and hence are required to be added in large
      quantities to cause such disadvantages that the photographic materials are
      deteriorated in photographic properties (e.g. speed) or in storability, or
      they cannot give sufficient development-inhibiting effects when used in
      small amounts.
PAR  In the present invention, a specific compound is used as the development
      inhibitor-releasable compound to overcome the above-mentioned
      disadvantages of the prior art, and thus the resulting image has excellent
      properties due to the excellent intra-image effects and inter-image
      effects provided by the said compound.
PAR  The development inhibitor-releasable compound used in the present invention
      is a compound, which not only forms a substantially colorless compound by
      reaction with the oxidation product of a color developing agent but also
      releases a development inhibitor, and is represented by the following
      general formula:
      ##SPC2##
PAL  wherein Z is an atomic grouping necessary to form the carbocyclic ring; Y
      is a group which, when the sulfur atom of the thioether linkage is
      released, forms together with said sulfur atom a compound having a
      developmentinhibiting action; and X is a hydroxyl group or a substituted
      or non-substituted amino group.
PAR  The compound used in the present invention forms a colorless compound when
      reacted with the oxidation product of a color developing agent. Since the
      thus formed compound does not constitute any part of the final image, no
      other compound different in construction from that used in the present
      invention is required to be additionally used according to the kind of
      layer or the like application purpose. Thus, the compound used in the
      present invention has such advantage that it can be applied singly to any
      layers or any photographic materials. Further, the compound is highly
      reactive with the oxidation product of a color developing agent, and
      therefore the use of a small amount of the compound can advantageously
      give excellent intra-image and inter-image effects.
PAR  Depending on the kind of the carbocyclic ring in the aforesaid general
      formula, or of the substituent introduced therein, the development
      inhibitor-releasable compound used in the present invention may
      advantageously be selected, so as to be suitable for its application
      purpose, from various diffusible and non-diffusible compounds. For
      example, a diffusible compound may be incorporated into optional
      constitutive layers of a color photographic material, and, in extreme
      cases, may be incorporated into only one layer to inhibit the development
      of all layers, whereby the individual layers can be inhibited from
      development by the development-inhibiting effect imparted to said single
      layer, though more or less difference is seen between them. Furthermore, a
      diffusible compound may be incorporated also into a color developing
      agent. On the other hand, a non-diffusible compound is useful when
      intra-image and inter-image effects are desired to be imparted to only
      specific layers, and may be used, for example, to provide some difference
      in characteristic with individual layers.
PAR  Typical as such development inhibitor-releasable compounds are those of the
      aforesaid general formula, wherein Z is, for example, a 5-, 6- or
      7-membered, saturated or unsaturated carbocyclic ring, whose concrete and
      typical examples are cyclopentanone, cyclohexanone and cyclohexenone.
      These carbocyclic rings include those having at least one of such
      substituents as alkyl groups, aryl groups, alkoxy groups, aryloxy groups
      and halogens, and those which have formed at a suitable position any of
      such condensed rings as, for example, indanone, benzocyclohexenone and
      benzocycloheptenone, which condensed rings may have the above-mentioned
      substituents. Further, the carbocyclic rings may have at the carbon
      adjacent to the carbonyl group at least one of -SY group (wherein Y is as
      defined previously). On the other hand, Y in the aforesaid formula is a
      group which, when the sulfur atom of the thioether linkage is released,
      forms together with said sulfur atom a compound having a
      development-inhibiting action, and is, for example, an allylmercapto
      compound, a heterocyclic compound, a thioglycolic acid series compound,
      cystein or glutathione. Typical examples of the mercapto compound
      represented by Y include heterocyclic mercapto compounds, such as
      mercaptotetrazole type compounds, particularly,
      1-phenyl-2-mercaptotetrazole, 1-nitrophenyl-5-mercaptotetrazole and
      1-naphthyl-5-mercaptotetrazole, mercaptothiazole type compounds,
      particularly 2-mercaptobenzothiazole and mercaptonaphthothiazole;
      mercaptooxadiazole type compounds; mercaptopiperidine type compounds;
      mercaptothiadiazole type compounds, particularly
      2-mercaptothiadiazolotriazone; mercaptotriazine type compounds;
      mercaptotriazole type compounds; and mercaptobenzene type compounds,
      particularly 1-mercapto-2-benzoic acid, 1-mercapto-2-nitrobenzene and
      1-mercapto- 3-heptadecanoylaminobenzene. Further, X in the aforesaid
      formula is a hydroxyl group or a substituted or unsubstituted amino group,
      and is typically an X group in a compound having the formula of the type
      C=N-X which is easily formed by the dehydrogenation reaction of a ketone
      group with a carbonyl reagent of the formula H.sub.2 N-X. Examples of the
      compound of the formula H.sub.2 N-X are hydroxylamines,
      hydrazinesemicarbazides and thiosemicarbazides. Concrete examples of the
      hydrazines include hydrazine, phenylhydrazine, substituted
      phenylhydrazines having in the phenyl any of such substituents as alkyl
      groups, aryl groups, alkoxy groups, carboalkoxy groups and halogens, and
      isonicotinic acid hydrazide; concrete examples of the semicarbazides
      include phenylsemicarbazide, and substituted phenylsemicarbazides having
      any of such substituents as alkyl groups, alkoxy groups, carboalkoxy
      groups and halogens; and concrete examples of the thiosemicarbazides
      include derivatives similar to those in the case of the semicarbazides.
PAR  Typical examples of the development inhibitor-releasable compounds having
      the aforesaid general formula are as follows:
      ##SPC3##
PAR  Typical procedures for synthesizing some of the above-mentioned compounds
      are shown below with reference to synthesis examples, and other compounds
      can also be synthesized according to these examples.
PAC  SYNTHESIS EXAMPLE 1
PAC  Synthesis of the compound (2)
PAR  A mixture comprising 5 g. of
      2,5-di-(1-phenyl-5-tetrazolylthio)-cyclopentanone, 3.6 g. of hydroxylamine
      hydrochloride and 10 ml. of pyridine was heated with reflux for 4 hours in
      250 ml. of 95 percent alcohol. The liquid reaction mixture was poured into
      water, extracted with ethyl acetate, concentrated, dissolved in benzene at
      an elevated temperature and then allowed to stand to deposit the compound
      (2) as white crystals, m.p. 103.degree.-105.degree.C., yield 4 g.
PAC  SYNTHESIS EXAMPLE 2
PAC  Synthesis of the compound (5)
PAR  A mixture comprising 1.4 g. of 2-(1-phenyl-5-tetrazolylthio)indanone-1, 1.4
      g. of hydroxylamine hydrochloride and 2 ml. of pyridine was heated with
      reflux for 4 hours in 70 ml. of 95 percent alcohol. The liquid reaction
      mixture was poured into water, extracted with ethyl acetate, concentrated
      and then recrystallized from benzene to obtain the compound (5) as white
      crystals, m.p. 150.degree.-152.degree.C., yield 0.7 g.
PAC  SYNTHESIS EXAMPLE 3
PAC  Synthesis of the compound (6)
PAR  A mixture comprising 1 g. of phenylhydrazine, 0.5 g. of
      2-(1-phenyl-5-tetrazolylthio(indanone-1 and a small amount of methanol was
      heated for about 20 minutes in a water bath at 95.degree.C. After cooling,
      the liquid reaction mixture was solidified by addition of hexane, filtered
      and then recrystallized from methanol to obtain the compound (6) as pale
      yellow crystals, m.p. 235.degree.-238.degree.C., yield 0.3 g.
PAR  Sulfur contents, as measured by elementary analysis, of the compounds (1)
      to (17) synthesized in the above-mentioned manner are as shown below.
TBL  ______________________________________                                    
     Compound                                                                  
             Molecular formula                                                 
                           Elementary analysis (S)                             
                     Calculated (%)                                            
                               Found (%)                                       
     ______________________________________                                    
     (1)     C.sub.12 H.sub.13 N.sub.5 OS                                      
                           11.64       11.81                                   
     (2)     C.sub.19 H.sub.17 N.sub.9 OS.sub.2                                
                           14.19       14.03                                   
     (3)     C.sub.28 H.sub.34 N.sub.9 OS.sub.2                                
                           11.12       11.38                                   
     (4)     C.sub.18 H.sub.18 N.sub.6 S                                       
                           9.14        9.28                                    
     (5)     C.sub.16 H.sub.13 N.sub.5 OS                                      
                           9.91        9.85                                    
     (6)     C.sub.22 H.sub.18 N.sub.6 S                                       
                           8.04        8.27                                    
     (7)     C.sub.21 H.sub.23 N.sub.7 OS                                      
                           7.61        7.38                                    
     (8)     C.sub.34 H.sub.40 N.sub.6 O.sub.3 S                               
                           5.23        5.62                                    
     (9)     C.sub.26 H.sub.26 N.sub.6 S                                       
                           7.05        7.02                                    
     (10)    C.sub.23 H.sub.27 N.sub.5 OS                                      
                           7.61        7.47                                    
     (11)    C.sub.27 H.sub.42 N.sub.2 O.sub.3 S                               
                           6.75        6.98                                    
     (12)    C.sub.18 H.sub.18 N.sub.2 O.sub.2 S                               
                           9.82        10.01                                   
     (13)    C.sub.14 H.sub.17 N.sub.5 OS                                      
                           10.57       10.77                                   
     (14)    C.sub.21 H.sub.23 N.sub.5 OS                                      
                           8.15        8.02                                    
     (15)    C.sub.19 H.sub.20 N.sub.6 S                                       
                           8.80        8.92                                    
     (16)    C.sub.20 H.sub.21 N.sub.7 OS                                      
                           7.87        7.91                                    
     (17)    C.sub.22 H.sub.32 N.sub.2 O.sub.3 S                               
                           7.73        7.72                                    
     ______________________________________                                    
PAR  The compounds of the aforesaid general formula which are synthesized in the
      manner described above can be used in various light-sensitive silver
      halide photographic materials. For example, they are useful for any of
      black-white, color and pseudo-color photographic materials and can be
      applied to light-sensitive silver halide photographic materials to be used
      as general black-white, printing black-white, X-ray, electron-ray, high
      resolution black-white, general color, X-ray color, diffusion-transfer
      type color and the like photographic materials. The silver halides to be
      used in the above case are silver chloride, silver bromide, silver iodide
      and mixed silver halides (e.g. silver chlorobromide, silver iodobromide,
      silver chloroiodobromide, etc.), which may have been prepared according to
      any process, e.g. so-called conversion process or Lippmann process, and
      vary depending on the kinds of photographic materials. Further, the
      particle size, content and mixing ratio of the silver halides vary
      depending on the kinds of photographic materials. Generally, silver
      halides composed mainly of silver chloride are used for photographic
      materials relatively low in speed, graininess, etc., while silver halides
      less in content of silver chloride are used for photographic materials
      relatively high in speed, etc. For use in photographic materials of the
      direct-positive type, the silver halides are fogged either optically or
      chemically. Further, the silver halides may be chemically sensitized with
      one or a mixture of such sensitizers as active gelatin, sulfur
      sensitizers, e.g. allylthiocarbamide, thiourea and cystine, selenium
      sensitizers, and noble metal sensitizers such as gold sensitizers, e.g.
      potassium chloroaurate, potassium aurithiocyanate, potassium chloroaurate
      and 2-aurosulfobenzothiazole methachloride, or ruthenium, rhodium,
      palladium and iridium salt sensitizers, e.g. ammonium chloropalladate,
      potassium chloroplatinate and sodium chloropalladite, which are known to
      act as sensitizers or antifoggants depending on the amounts thereof.
PAR  The silver halides may be applied directly, without using any binder, to
      supports by vapor deposition or the like to form layers, or may be brought
      to the form of so-called silver halide emulsions by dispersing in a binder
      comprising one or more of gelatin, other colloidal substances such as
      colloidal albumin and cellulose derivatives, and synthetic resins such as
      polyvinyl compounds, and then applied to supports to the form of layers,
      if necessary through sub layer, inter layer, etc. The silver halide
      emulsions may be optically sensitized with, for example, cyanine or
      merocyanine dyes, and, in a color photographic material, for example,
      three kinds of silver halide emulsions different in photosensitive
      wavelength region are used. Further, the emulsions may be stabilized with
      triazoles, azaindenes, quaternary benzothiazolium compounds, or zinc or
      cadmium compounds, and may contain quaternary ammonium salt type or
      polyethylene glycol type sensitizing compounds. The emulsions may further
      contain various photographic additives, e.g. gelatin plasticizers such as
      glycerin, 1,5-pentadiol and the like dihydroxyalkanes, ethylenebisglycolic
      acid esters, bis-ethoxy-diethyleneglycol succinate, amides of acrylic
      acid-series acids or latexes; gelatin hardeners such as formaldehyde,
      mucobromic acid and the like halogen-substituted fatty acids, compounds
      having acid anhydride groups, dicarboxylic acid chlorides, biesters of
      methanesulfonic acid or sodium bisulfite derivatives of dialdehydes whose
      aldehyde groups have been separated by 2 or 3 carbon atoms; vehicles such
      as saponin; and coating aids such as sulfosuccinic acid salts.
      Particularly when used in internal color photographic materials, the
      emulsions may contain couplers, e.g. magenta couplers of the 5-pyrazolone
      type, cyan couplers of the naphthol or phenol type, and yellow couplers
      having active methylene groups interposed between two carbonyl groups,
      which couplers may be so-called 2-equivalent or 4-equivalent couplers, or
      may be so-called masking couplers having, for example, arylazo groups at
      the active centers. In this case, it is preferable to use so-called
      colorless couplers, which are colorless before development, in combination
      with the said masking couplers. In case the couplers used are so-called
      protect type couplers, for example, the emulsion may contain coupler
      solvents. Further, the emulsions may contain so-called competing couplers
      in combination with various couplers in order to enhance the photographic
      properties. On the other hand, when used in diffusion transfer type color
      photographic materials, the emulsions may be incorporated with dye
      developers or coupler developers in place of the couplers. The dye
      developers referred to in the above are compounds having functions of both
      dyes and developers which are formed, for example, by introducing
      hydroquinone, aromatic primary amino color developers, etc. into dyes,
      while the coupler developers are compounds having functions of both
      couplers and developers which are formed, for example, by introducing
      hydroquinone, etc. into or outside the active centers of the aforesaid
      couplers. When used in color photographic materials for silver dye
      bleaching method, the emulsions may have previously been incorporated with
      dyes. Depending on the application purposes of color photographic
      materials to be obtained, the emulsions may be incorporated, if necessary,
      with ultraviolet absorbers, fluorescent brighteners, etc.
PAR  Such silver halide emulsion as mentioned above is coated on a support to
      the form of a layer, if necessary through sub layer, inter layer, etc.,
      whereby a light-sensitive silver halide photographic material is obtained.
      The support used in this case is any of, for example, papers, laminate
      papers, glass plates, or film or sheets of cellulose acetate, cellulose
      nitrate, polyester, polyamide or polyester, and is suitably selected
      according to the application purpose of the photographic material desired
      to be obtained.
PAR  Fundamentally, a light-sensitive silver halide photographic material is
      composed of a support and a photosensitive layer (silver halide deposit
      layer or emulsion layer). Depending on its kind, however, the photographic
      material may additionally have a proper combination of such layers as sub
      layer, inter layer, filter layer, anti-curling layer and protective layer,
      as mentioned previously, and the photosensitive layer itself may be
      composed of a laminate of layers which are high and relatively low,
      respectively, in sensitivity at same or different wavelength regions, for
      example. These layers may contain various photographic additives such as
      those incorporated into the aforesaid emulsions, and may contain additives
      different in kind depending on the purpose of each layer such that, for
      example, the filter layer may contain a filter dye, and the protective
      layer may contain a film property improver, an antistatic agent, etc.
      Further, in a diffusion transfer type photographic material, for example,
      there may be provided an inter layer containing physical development
      nuclei.
PAR  When developed in the presence of the compound of the aforesaid general
      formula, the above-mentioned light-sensitive silver halide photographic
      material shows such excellent photographic properties as mentioned
      previously. As an embodiment of the present invention, there is a process
      in which the said compound is previously incorporated into a photographic
      material, and this photographic material is subjected to development. In
      this case, the diffusible compound may be incorporated into any
      constitutive layers, e.g. into one or more of emulsion layer, inter layer,
      protective layer, etc., while the non-diffusible compound is desirably
      incorporated into the emulsion layer or into one or more layers adjacent
      to the emulsion layer.
PAR  In incorporating into each constitutive layer, the said compound may be
      added in an optional form to a liquid for forming the constitutive layer.
      For example, the diffusible compound may be added in the form of a
      solution such as an aqueous alkali solution, while the non-diffusible
      compound may be added in the form of an emulsion in the aforesaid coupler
      solvent. Examples of the coupler solvent are water-immiscible high boiling
      organic solvents such as di-n-butyl phthalate, benzyl phthalate, triphenyl
      phosphate, tri-o-cresyl phosphate and monophenyl-di-p-t-butylphenyl
      phosphate. These high boiling organic solvents may be used in admixture
      with low boiling organic solvents such as, for example,
      methylisobutylketonen, .beta.-ethoxyethyl acetate, methoxytriglycol
      acetate, acetone, methylacetone, methanol, ethanol, acetonitrile, dioxane,
      dimethylformamide, ethyl acetate, isopropyl acetate and chloroform. The
      low boiling organic solvents may be used in place of the high boiling
      organic solvents. These organic solvents may be used either singly or in
      combination of two or more members.
PAR  In another embodiment of the present invention, in which, for example, a
      diffusion transfer type photographic material is developed in contact with
      other photographic material such as an image-receiving material, the
      compound of the aforesaid general formula may be incorporated into said
      other photographic material. In this case, the said compound is preferably
      the diffusible compound, in general. However, the non-diffusible compound
      may also be used in some cases where the said image-receiving material is
      of such a type that silver halide particles having physical development
      nuclei are applied to an image-receiving layer (e.g. gelatin layer or
      polyvinyl compound layer) on a support.
PAR  According to another embodiment of the present invention, the compound of
      the aforesaid general formula may be incorporated into a developer or a
      pre-processor. Examples of the developer are black-white developers, color
      developers such as general internal color developers and general external
      color developers, and, in the case of reversal development, one or both of
      first and second developers, ordinary black-white developers and X-ray
      developers; and examples of the pre-processor are prehardeners and the
      like. The compounds to be incorporated into said developers and
      pre-processors are desirably the diffusible compounds, in general. In this
      case, it is also possible that a carrier is previously incorporated into a
      specific layer of photographic material to emphasize the effect of said
      layer. Preferably, the above-mentioned modes are carried out in the
      presence of an aromatic primary amino color developing agent.
PAR  As mentioned above, the compounds of the aforesaid general formula can be
      used in various application modes and, in every case, give more excellent
      image effects than in the case where the conventional development
      inhibitor-releasable compounds are used. The effects are particularly
      marked when the compounds are incorporated into photographic materials.
PAR  The amount of the compound used in the present invention varies depending
      on the application manner, the application purpose and the expected
      effects, but is preferably 0.1 to 10 g. per kg. of the emulsion. When the
      compound is used in an amount equal to that of the conventional
      development inhibitor-releasable compound, the image effects obtained are
      far greater than in the conventional process. In case the same image
      effects as in the conventional process are expected to be obtained, the
      compound may be used in an extremely small amount.
PAR  An example of the composition of an external color developer containing the
      compound of the aforesaid general formula is as follows:
TBL  Color developing agent                                                    
                         2 to 8 g.                                             
     Sodium sulfite (anhydrous)                                                
                         1.0 to 6 g.                                           
     Sodium carbonate (monohydrate)                                            
                         40 to 100 g.                                          
     Potassium bromide   0.5 to 2 g.                                           
     Coupler             0.002 to 0.01 mole                                    
     Compound of the aforesaid                                                 
     general formula     1.0 to 5.0 g.                                         
     Water to make       1 liter                                               
PAR  Typical composition of an internal color developer is same as above, except
      that the coupler is excluded. Depending on its application purpose, the
      internal color developer is not only controlled in pH but also
      incorporated with other photographic additives.
PAR  More concrete examples of the typical compositions of external and internal
      color developers containing the compounds of the aforesaid general formula
      are as follows:
TBL  External color developer:                                                 
     N-Ethyl-N-p-methanesulfonamidoethyl-                                      
     3-methyl-4-aminoaniline                                                   
                            5.0 g.                                             
     Sodium sulfite         2.0 g.                                             
     Benzyl alcohol         3.5 ml.                                            
     Sodium carbonate       82.0 g.                                            
     Potassium bromide      1.0 g.                                             
     Coupler                0.005 mole                                         
     Compound of the aforesaid                                                 
     general formula        2.0 g.                                             
     Water to make          1.0 liter                                          
     Internal color developer:                                                 
     N-Ethyl-N-.beta.-methanesulfonamidoethyl-                                 
     3-methyl-4-aminoaniline sulfate                                           
                            5.0 g.                                             
     Sodium sulfite (anhydrous)                                                
                            2.0 g.                                             
     Benzyl alcohol         3.8 g.                                             
     Sodium carbonate (monohydrate)                                            
                            50.0 g.                                            
     Potassium bromide      1.0 g.                                             
     Potassium hydroxide    0.55 g.                                            
     Compound of the aforesaid                                                 
     general formula        2.5 g.                                             
     Water to make          1.0 liter                                          
PAR  Color developing agents used in the present invention are preferably
      aromatic primary amino compounds, particularly p-phenylenediamine type
      developing agents such as, for example, N,N-diethyl-p-phenylenediamine,
      N-ethyl-N-.omega.-sulfobutyl-p-phenylenediamine,
      2-amino-5-diethylaminotoluene and
      p-amino-N-ethyl-N-.beta.-hydroxyethylaniline. At the time of development
      of a photographic material, each of the compounds of the aforesaid general
      formula is desirably made present together with at least one of the
      above-mentioned color developing agents. Further, a combination of said
      compounds may be used and, at the same time, a combination of processes
      according to the present invention may be carried out. As a typical
      example of such case, there may be shown a process in which the
      non-diffusible, development inhibitor-releasable compound is incorporated
      into a specific layer of a photographic material, the diffusible,
      development inhibitor-releasable compound is incorporated into a
      processing solution, and the said photographic material is processed with
      said processing solution.
PAR  A photographic material, which has been processed by the development
      process according to the present invention, may then be subjected to
      ordinary photographic treatments suitable for the photographic material
      used which are selected from treatments with, for example, a stopping
      solution containing an organic acid, a stop-fixing solution containing an
      organic acid and a fixing component such as ammonium hypo- or
      thio-sulfate, a fixing solution containing a fixing component such as
      ammonium hypo- or thio-sulfate, a bleaching solution containing a ferric
      salt of aminopolycarboxylic acid and an alkali halide as active
      ingredients, a bleach-fixing solution containing a ferric salt of
      aminopolycarboxylic acid and a fixing component such as ammonium hypo- or
      thio-sulfate, and a stabilizing solution, and water-washing, drying and
      the like treatments.
PAR  The present invention is illustrated in further detail below with reference
      to examples, but the modes of practice of the invention are not limited to
      the examples.
DETD
PAC  EXAMPLE 1
PAR  Samples I and II were prepared in the following manner:
PAC  Sample I
PAR  A mixture comprising 2 g. of the compound (10) and 15 g. of a magenta
      coupler
      1-(2,4,6-trichlorophenyl)-3-[3-(2,4-di-tert-amylphenoxyacetamide)benzamide
     ]-5-pyrazolone was dissolved in a solvent comprising 30 cc. of ethyl
      acetate and 15 cc. of dibutyl phthalate. The resulting solution was mixed
      with 20 ml. of a 10 percent aqueous Alkanol B (produced by Du Pont Co.)
      solution and 300 ml. of a 5 percent aqueous gelatin solution. The mixed
      solution was emulsified and dispersed by means of a colloid mill. The
      resulting dispersion was dispersed in 1 kg. of a green-sensitive silver
      iodobromide emulsion, which was then coated on a cellulose triacetate base
      and dried to prepare the sample I.
PAC  Sample II
PAR  Entirely the same operation as above was effected, except that the compound
      (10) was not used, to prepare the sample II as a control.
PAR  These two samples I and II were individually exposed through an optical
      wedge and then developed with a developer of the following composition:
TBL  N,N-Dimethyl-p-phenylenediamine                                           
     hydrochloride        2.0 g.                                               
     Anhydrous sodium sulfite                                                  
                          2.0 g.                                               
     Potassium bromide (monohydrate)                                           
                          82.0 g.                                              
     Water to make        1.0 liter.                                           
PAR  Subsequently, the samples were subjected to ordinary bleach-fixing to form
      images composed of a magenta dye. The two samples were same in speed, but
      the gamma value of the sample II was 0.9, whereas that of the sample I was
      0.6. Further, the magenta image of the sample II was composed of
      considerably finer particles than in the case of the sample I.
PAC  EXAMPLE 2
PAR  Samples III and IV were prepared in the following manner:
PAC  Sample III
PAR  A mixture comprising 2.1 g. of the compound (10) and 15 g. of a magenta
      coupler
      1-(2,4,6-trichlorophenyl)-{3-[(2,4-di-t-amylphenoxy)acetamide]benzamide}-5
     -pyrazolone was dissolved in a solvent comprising 30 ml. of ethyl acetate
      and 15 cc. of dibutyl phthalate. The resulting solution was mixed with 20
      ml. of a 10 percent aqueous Alkanol B solution and 200 ml. of a 5 percent
      aqueous gelatin solution. The mixed solution was emulsified and dispersed
      by means of a colloid mill. The resulting dispersion was dispersed in 1
      kg. of a green-sensitive silver iodobromide emulsion, which was then
      coated on a cellulose triacetate base and dried to prepare the sample I.
PAC  Sample IV
PAR  Entirely the same operation as above was effected, except that the compound
      (10) was replaced by 7.2 g. [3 times the mole of the compound (10)] of
      p-lauroylamide-.omega.-(1-phenyl-5-tetrazolylthio)acetophenone, to prepare
      the sample IV.
PAR  These two samples III and IV were individually exposed through an optical
      wedge and then treated in the same manner as in Example 1. The results
      obtained were as follows:
TBL                Speed        Gamma                                          
     Sample III    97           0.5                                            
     Sample IV     98           0.65                                           
PAR  Thus, the two samples were same in speed, but the sample III was lower in
      gamma value than the sample IV despite the fact that the amount of the
      compound contained therein was one-third the amount of the control
      compound, and thus shows that the compound according to the present
      invention is higher in effectiveness. As to the graininess and sharpness
      of magenta image also, the compound according to the present invention was
      more excellent than the control compound. The control compound is the
      development inhibitor-releasable compound disclosed in Japanese Pat.
      Publication No. 22,514/1967.
PAC  EXAMPLE 3
PAR  Samples V and VI were prepared in the following manner:
PAC  Sample V
PAR  15 Grams of
      2-[.alpha.-(2,4-di-t-amylphenoxy)-butyramide]-4,6-dichloro-5-methylphenol
      was added to 1 kg. of a red-sensitive silver iodobromide emulsion, which
      was then coated on a triacetate base to form a red-sensitive emulsion
      layer. Subsequently, a green-sensitive silver halide emulsion containing 3
      g. of the compound (14) and 20 g. of
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tertamylphenoxy)acetamide]
     benzamide}-5-pyrazolone was coated on said emulsion layer and dried to
      prepare the sample V.
PAC  Sample VI
PAR  Entirely the same operation as above was effected, except that the compound
      (14) was not used, to prepare the sample VI as a control.
PAR  These two samples V and VI were individually exposed through an optical
      wedge to each of red light and white light, and then treated in the same
      manner as in Example 1.
PAR  In the case of the sample VI, the gamma values of the cyan images formed by
      exposure to red and white light were substantially identical with each
      other. However, in the case of the sample V, the gamma value of the cyan
      image formed by exposure to white light was obviously lower than that of
      the image formed by exposure to red light. This indicates that a
      development inhibitor, which was released from the compound (14) by
      exposure of the sample V to white light, diffused in the lower
      red-sensitive layer, with the result that the development of said
      red-sensitive layer was inhibited to lower the gamma value of the image.
PAC  EXAMPLE 4
PAR  0.8 Gram of a coupler disodium salt of
      1-phenyl-3-(3,5-disulfo-benzamide)-4-(n-octadecyloxy-phenylazo)-5-pyrazolo
     ne was dispersed at room temperature in 40 cc. of water with stirring to
      form a dispersion. The dispersion was incorporated with 5 cc. of a 10
      percent sodium hydroxide solution, and then poured at 40.degree.C. into a
      mixed solution comprising 100 cc. of a 10 percent gelatin solution and 8
      cc. of a 5 percent Alkanol B solution. The resulting liquid was further
      incorporated with 1 cc. of a 7 percent saponin solution, adjusted to pH
      6.8, charged with 8 cc. of a silver iodobromide emulsion, stirred for 2
      minutes, allowed to stand at 40.degree.C. for 30 minutes and then
      filtered. The thus prepared silver iodobromide emulsion was coated on a
      triacetate base, and the resulting emulsion layer was fogged by exposure
      for 30 seconds to a 40 watt-lamp positioned at a distance of 1.5 m.
PAR  On the other hand, 0.5 g. of the compound (8) was added to a mixture
      comprising 0.5 cc. of 2,4-di-namylphenol and 0.8 cc. of dimethylformamide,
      and the resulting mixture was heated with stirring at 80.degree.C. to form
      a solution. This solution was added at 40.degree.C. to a mixed solution
      comprising 20 cc. of a 10 percent gelatin solution and 2 cc. of a 5
      percent Alkanol B solution, and then subjected 5 times to a colloid mill
      to form a dispersion. The residual dispersion in the mill was washed out
      of the mill with 8 cc. of water and 2 cc. of a 7 percent saponin solution,
      and combined with the aforesaid dispersion. Subsequently, the dispersion
      was charged with 10 cc. of a silver chlorobromide emulsion, stirred for 2
      minutes and then allowed to stand at 40.degree.C. for 30 minutes to form
      an emulsion.
PAR  The thus formed emulsion was coated on the aforesaid fogged emulsion layer
      to prepare a diffusion transfer type photographic material. This
      photographic material was exposed, contacted with an image-receiving
      material prepared by coating on a film a gelatin solution comprising 0.5
      g. of cetyl-trimethylammonium bromide and 25 cc. of a 10 percent gelatin
      solution, and developed with a developer of the following composition:
TBL  Sodium carbonate   20.0 g.                                                
     Sodium hexamethaphosphate                                                 
                        2.0 g.                                                 
     Benzyl alcohol     10.0 g.                                                
     3-Acetamido-4-amino-N,N-                                                  
     diethylaniline     2.0 g.                                                 
     Water to make      1.0 liter                                              
      (pH 11)                                                                  
PAR  With progress of the development, a development inhibitor was formed at the
      exposed portion, and diffused to the lower fogged-emulsion layer to
      inhibit the development of said layer at the corresponding portion. At the
      unexposed portion, therefore, the fogged emulsion layer was not inhibited
      from development, so that the developing agent coupled with the coupler to
      form a magenta dye. This magenta dye transferred imagewise to the mordant
      dye-containing image-receiving material to form a clear, positive magenta
      image.
PAC  EXAMPLE 5
PAR  On a cellulose triacetate base, coating liquids of the compositions shown
      below were coated in order (weight per 900 cm.sup.2), thereby preparing a
      sample.  1. A red-sensitive silver iodobromide emulsion containing 440 mg.
      of gelatin and 174 mg. of silver halide:
PAR  The emulsion further contained 26.3 mg. of
      1-hydroxy-4'-(4-t-butylphenoxy)-4-phenylazo-2-naphthanilide and 32.7 mg.
      of 1-hydroxy-N-[.alpha.-(2,4-di-tert-amylphenoxy)butyl]-2-naphthamide as
      couplers, and 7 mg. of the compound (8) as a development
      inhibitor-releasable compound.  2. A gelatin inter layer-forming liquid
      containing 83 mg. of gelatin and 3 mg. of dioctyl hydroquinone.  3. A
      green-sensitive silver iodobromide emulsion containing 400 mg. of gelatin
      and 243 mg. of silver halide.
PAR  The emulsion further contained 24.5 mg. of
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.
      -(2,4-di-t-amylphenoxy)acetamide]benzamide}-4-(4'-methoxyphenylazo)-5-pyra
     zolone and 24.3 mg of 1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.
      -(2,4-di-t-amylphenoxy)-acetamide]benzamide}-5-pyrazolone as couplers, 7
      mg. of the compound (8) as a development inhibitor-releasable compound,
      and 3.5 mg. of dioctyl hydroquinone as an anti-stain agent.  4. A gelatin
      inter layer-forming liquid containing 837 mg. of gelatin and 3 mg. of
      dioctyl hydroquinone. 5. A blue-sensitive silver iodobromide emulsion
      containing 200 mg. of gelatin and 62 mg. of silver halide.
PAR  The emulsion further contained 102.5 mg. of
      N-(p-benzoylacetamidobenzenesulfonyl)-N-(.gamma.-phenylpropyl)-p-toluidine
      as a coupler, and 1.6 mg. of dioctyl hydroquinone as an anti-stain agent.
PAR  On the other hand, a control sample was prepared in the same manner as
      above, except that the compound (8) was not contained in the red-sensitive
      and green-sensitive emulsions.
PAR  These two samples were individually exposed through an optical wedge and
      then developed at 24.degree.C. for 10 minutes with a developer of the
      following composition:
TBL  Anhydrous sodium sulfite                                                  
                            2.0 g.                                             
     N-Ethyl-N-.beta.-methanesulfonamidoethyl-                                 
     3-methyl-4-aminoaniline sulfate                                           
                            5.0 g.                                             
     Sodium carbonate       50.0 g.                                            
     Sodium bromide         0.9 g.                                             
     Sodium hydroxide       4.0 g.                                             
     Sodium hexamethaphosphate                                                 
                            0.5 g.                                             
     Benzyl alcohol         4.0 ml.                                            
     Water to make          1.0 liter                                          
PAR  Subsequently, the samples were subjected to ordinary bleach-fixing.
PAR  As the result, the former sample containing the compound (8) was not only
      more excellent in sharpness and graininess of image but also less in fog
      than the control sample.
PAC  EXAMPLE 6
PAR  A commercially available internal color photographic film was exposed
      through an optical wedge and then developed at 20.degree.C. for 10 minutes
      with a color developer of the following composition:
TBL  N-Ethyl-N-.beta.-methanesulfonamidoethyl-                                 
     3-methyl-4-aminoaniline sulfate                                           
                            5.0 g.                                             
     Sodium sulfite (anhydrous)                                                
                            2.0 g.                                             
     Benzyl alcohol         3.8 g.                                             
     Sodium carbonate (monohydrate)                                            
                            50.0 g.                                            
     Potassium bromide      1.0 g.                                             
     Potassium hydroxide    0.55 g.                                            
     Compound (9)           1.5 g.                                             
     Water to make          1.0 liter                                          
PAR  Subsequently, the film was subjected to ordinary bleaching, fixing,
      water-washing, stabilizing and drying treatments to prepare a sample.
PAR  For comparison, the same color photographic film as above was developed
      with the same developer as above, except that the compound (9) was
      excluded, and then subjected to the same treatments as above to prepare a
      control sample.
PAR  Due to prominent image effects provided by the compound used, the sample
      according to the present invention was not only more excellent in
      sharpness and graininess of image but also more brilliant in color than
      the control sample.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for developing an imagewise exposed, light-sensitive silver
      halide photographic material which comprises developing the photographic
      material in the presence of a compound having the general formula:
      ##SPC4##
PAL  wherein Z is an atomic grouping necessary to form a 5, 6 or 7 membered
      carbocyclic ring; Y is a group which, when the sulfur atom of the
      thioether linkage is released, forms together with said sulfur atom a
      compound having a development-inhibiting action; and X is a hydroxyl group
      or a substituted or nonsubstituted amino group.
NUM  2.
PAR  2. A process for developing a light-sensitive silver halide photographic
      material according to claim 1, wherein the compound of said formula in
      which X is a hydroxyl group is used.
NUM  3.
PAR  3. A process for developing a light-sensitive silver halide photographic
      material according to claim 1, wherein to compound of said formula in
      which Z is an atomic grouping necessary to form the 5-membered carbocyclic
      ring is used.
NUM  4.
PAR  4. A process for developing a light-sensitive silver halide photographic
      material according to claim 1, wherein the compound of said formula in
      which Z is an atomic grouping necessary to form the 5-membered carbocyclic
      ring and X is a hydroxyl group is used.
NUM  5.
PAR  5. A process for developing a light-sensitive silver halide photographic
      material according to claim 3, wherein the compound of said formula in
      which Z is substituted by a phenyl or substituted phenyl group is used.
NUM  6.
PAR  6. A process according to claim 1 wherein said ring is indanone,
      benzocyclohexenone or benzocycloheptenone.
NUM  7.
PAR  7. A process according to claim 1 wherein said carboxylic ring has at least
      one substituent taken from the class consisting of alkyl, aryl, alkoxy,
      aryloxy and halogen.
NUM  8.
PAR  8. A process according to claim 6 wherein said ring has at least one
      substituent taken from the class consisting of alkyl, aryl, alkoxy,
      aryloxy and halogen.
NUM  9.
PAR  9. A process according to claim 1 wherein Y is an allylmercapto compound, a
      heterocyclic compound, a thioglycolic acid series compound, cystein or
      glutathione.
NUM  10.
PAR  10. A process according to claim 9 wherein Y is a mercaptotetrazole
      compound, a mercaptothiazole compound, a mercaptooxadiazole compound, a
      mercaptopiperadine compound, a mercaptothiadiazole compound, a
      mercaptotriazine compound, a mercaptotriazole compound, or a
      mercaptobenzene compound.
NUM  11.
PAR  11. A process according to claim 10 wherein Y is
      1-phenyl-2-mercaptotetrazole, 1-nitrophenyl-5-mercaptotetrazole,
      1-naphthyl-5-mercaptotetrazole, 2-mercaptobenzothiazole,
      2-mercaptonaphthothiazole, 2-mercaptothiadiazolotriazole,
      1-mercapto-2-benzoic acid, 1-mercapto-2-nitrobenzene, or
      1-mercapto-3-heptadecanoylaminobenzene.
NUM  12.
PAR  12. A process according to claim 1 wherein said compound is taken from the
      class consisting of
      ##SPC5##
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ABST
PAL  Rapid access, air stable, regenerable iron chelate developers comprising at
      least three developer materials, at least one selected from each of the
      groups comprising:
PA0  1. iron chelate developers
PA0  2. an ascorbic acid and
PA0  3. phenidone, glycin, cysteine hydrochloride, hydroxylamine sulfate,
      hydroquinone monosulfonate and
      4-amino-N-ethyl-N-(.beta.-methanesulfoneamidoethyl)-m-toludine.
BSUM
PAR  This invention relates to photographic science and in particular to silver
      halide photographic emulsion development.
PAR  Exposure of a silver halide emulsion to radiation to which the emulsion has
      been sensitized produces a latent image in the silver halide grains of the
      emulsion. The image is latent because the grains are sensitized to
      reduction by the formation of minute quantities of free silver in the
      grains from the exposure. The grains are developed usually by immersion of
      the exposed photosensitive material in an aqueous reducing solution. The
      reducing agents conventionally employed include such organic materials as
      hydroquinone and other materials meeting the criteria of Kendall's Rule or
      the extension of this rule by Peltz [Mason, Photographic Chemistry, pp.
      16-29, Focal Press, 1966, London].
PAR  Historically, the organic reducing agents presently in commercial use were
      preceded by the use of inorganic metal salt solutions as developers.
      Ferrous sulfate solutions were among the first used, these being followed
      by complexed ferrous ion solutions such as ferrous oxalate. Although the
      complexed ion solutions offered tremendous developing advantages over the
      simple salt solutions, they nonetheless still suffered from exhaustion
      because of the antagonistic effect of the presence of the oxidized form of
      the metal ion (e.g., ferric). Because the reduction of the silver with the
      consequent oxidation of the metal ion is an equilibrium reaction, the
      presence of ferric ions greatly reduces the thermodynamic driving force
      for the reaction. The improvement offered by the complexing species was in
      the suppresion of the oxidized form of the metal ion by formation of the
      complex. The failure of these complexed type developers, even with the
      introduction of the superior complexing agents, due to oxidized ion, is
      generally unavoidable since these oxidized ions may be formed by
      development or aerial oxidation. In fact, in order to obtain consistent
      results with such developers, development has been performed under a
      nitrogen atmosphere so as to exclude oxygen (U.S. Pat. No. 2,453,323).
      Other techniques have been attempted to obtain consistent results in these
      metal salt solutions, such as the inclusion of metal powders or granules
      in the development solution itself, trying to maintain the dissolved metal
      ions in their lower valence state. Amman-Brass, Beitrag Zur Chemie dir
      Anorganischen Entwickler, Photo. Ind. 1937, p. 827. These developers have
      not found favor in the photographic field because the developing solutions
      are, at their best, still slow acting, requiring at least about 20 minutes
      for completion of development and sometimes hours. The solutions also tend
      to produce low contrast images and do not correct for other changes in the
      composition of the bath due to the development process.
PAR  Recent work has been directed towards obtaining more active rapid acting
      developers. S. Mizusawa - Chiba Daiga Ku Kobabubu Kentyu Hokoku (Research
      Reports Chiba U. Facility of Engineering), Vol. 19 No. 35 pp. 77-84, March
      61 discloses a monobath developer based on the use of ferrous EDTA
      (ethylenediaminetetraacetic acid) and hypo (Na or NH.sub.4 thiosulfate).
      Although Mizusawa shows the superadditivity of development of the addition
      of phenidone to this system he nevertheless requires a pH of 11.0 with a
      development time of 8 minutes or more at 20.degree.C. to obtain average
      contrasts in the order of 1.0.
PAR  Vogt, U.S. Pat. No. 3,567,441 discloses that these developers are suitable
      for rapid access development at temperatures ranging from 65.degree.F. to
      212.degree.F. in a pH range of 4 - 6.9 with development times in the order
      of 3 minutes. In order to obtain these short processing times of 3 minutes
      or less, this patent states that a hardening agent for the gelatin must be
      included in this developer. The inclusion of aldehydes in metal complex
      developers has previously been reported in British Pat. No. 741, 1889.
PAR  It is believed that the Vogt process must operate under a non-oxidizing
      atmosphere (e.g., nitrogen) in order to operate consistently. In view of
      this requirement the practical application of these developers has been
      reported (G. Haist et al., Photo. Engineering, Vol. 7, 182-189, 1956) as
      still limited.
PAR  It is therefore the object of this patent to disclose developers based on
      the use of metal complexes that have improved stability to air, rapid
      access capability and produce images of high contrast.
PAR  It has been found that certain at least ternary systems can provide air
      stability, rapid access capability, and reasonably high contrast images.
      These at least ternary systems comprise a first group comprising at least
      one metal organic chelating developer, a second group comprising an
      ascorbic acid (including its stereoisomers, diastereoisomers, and sugar
      type derivatives), and a third group comprising certain other select
      uncomplexed developers for exposed silver halide crystals (phenidone,
      hydroxylamine sulfate, hydroquinone monosulfonate, glycin, cysteine
      hydrochloride, and 4-amino-N-ethyl-N-(.beta.-methane
      sulfoneamidoethyl)-m-toluidine).
PAR  The ascorbic acid compounds contemplated in the practice of this invention
      include ascorbic acid and the sugar-type derivatives of ascorbic acid, and
      the stereoisomers and diastereoisomers of those acids. The ascorbic acids,
      including the sugar-type derivatives of ascorbic acid as well as ascorbic
      acid, may be represented by the generic structural formula:
      ##EQU1##
      wherein X is an oxygen atom or imino group, R is any group which does not
      render the ascorbic acids water insoluble and is a non-interfering group.
      Non-interference means that the R group does not cause stearic hindrance,
      is not chemically reactive with other portions of the molecule, is not a
      coordinating group for the molecule and is not more electropositive than a
      saturated hydrocarbon residue.
PAR  Preferably R is an aryl group or a group of the formula
EQU  R.sup.1 CH.sub.2 (CHOH).sub.n-1 -
PAL  wherein n is a positive integer from 1 to 4 and R.sup.1 is either a
      hydrogen atom or hydroxyl group when n is 2 to 4 and is an hydroxyl group
      when n is 1.
PAR  Of these materials ascorbic acid and isoascorbic acid are the most
      preferred materials. R may be any non-interfering organic group which does
      not render the ascorbic acid type material water insoluble, as R is not
      the developmentally active portion of the compound.
PAR  The concentrations of these individual developing agents may vary according
      to individual requirements but the general ranges for use as a developer
      are about as follows:
TBL  Metal Chelate Developer                                                   
     Metal concentration: 0.05M to 1.0M                                        
     Chelate agent                                                             
                  minimum = metal ion concentration                            
                  maximum = 3 times the concentration                          
                     of metal ions                                             
     Ascorbic Acid Group of Developers                                         
      0.05M to solubility limit                                                
     Third Developer Group: 0.1mM to 100mM                                     
PAR  The concentration of the ascorbic acid group of developers should always be
      greater than the concentration of the third developer group which should
      have a concentration of at least 0.1 mM.
PAR  It has been found that the addition of ascorbic acids, its stereoisomers,
      or diastereoisomers and derivatives of these acids to such metal chelate
      developers along with the third class of developers in an at least ternary
      system yields developers which have increased stability to air oxidation
      and surprisingly give high contrast images and do so in developer
      processing times of less than 2 minutes (typically 1/4 to 1 minute).
      Although the superadditivity of phenidone and a metal chelate developer
      has been reported and the superadditivity of phenidone and ascorbic acid
      has been reported, U.S. Pat. No. 2,688,549, we have now surprisingly found
      that the combination of the 3 components provides greater enhancement than
      one would predict from addition of the individual contributions, and more
      importantly enables the formation of air stable high contrast imaging with
      rapid access capability. The superadditivity effect has also been found
      for the following materials as equivalents of phenidone in this ternary
      system: hydroxylamine sulfate, glycin, cysteine hydrochloride and
      4-amino-N-ethyl-N-(.beta.-methanesulfoneamidoethyl)-m-toluidine.
PAR  The practice of this invention generally relates to air stable, rapid
      access and regenerable describe substantive properties of the developer
      solutions.
PAR  The term metal chelate developing agent as used in the practice of this
      invention refers to iron associated with a chelating agent, sequestering
      agent or complexing agent (for the practice of this invention, these are
      alternative terms). The metal portion of the metal chelate is required to
      have at least two distinct valence states (i.e., Fe.sup..sup.+2 and
      Fe.sup..sup.+3 for iron).
PAR  The lower valent ion is the developing agent (reducing agent) which usually
      functions by simple electron transfer to the silver ion; the higher valent
      metal ion is formed as a result. The presence of these latter oxidized
      ions (higher valent ions) provides an antagonistic effect toward the
      further reduction of silver halide by the lower valent ion, and small
      buildup of such higher valent ions by either the result of development or
      aerial oxidation is sufficient to seriously hamper the development
      reaction.
PAR  The chelate portion of the metal chelate are those chelate, sequestering or
      complexing materials whose stability constant for the higher valence state
      of a metal is higher than that for the lower valence state. These
      stability constants may be found for example in reference books (e.g.,
      Stability Constants of Metal-Ion Complexes, Chemical Society, London,
      1964). In the most preferred embodiments, the ratio of the stability
      constants of the higher state to the lower state should be at least 100:1
      respectively. The most preferred chelating agents in the practice of this
      invention are ethylenediaminetetraacetic acid and
      diethylenetriaminepentaacetic acid (EDTA and DTPA respectively).
PAR  For a particular metal ion developer, satisfactory complexing agents are
      those which form a more stable complex with the higher valent ion that the
      lower valent ion (Mason, Photographic Chemistry, Focal Press, 1966, p.
      173) thus effectively reducing the concentration of the antagonist higher
      valent ion. The fact is, nevertheless, that the buildup of the higher
      valent ion, either by the development reaction or aerial oxidation,
      proceeds and even in the presence of these complexing agents, the baths
      eventually deteriorate and become unuseable (C. E. Mees, 2nd Ed.,
      McMillan, 1942, p. 332). The addition of various additives such as
      formaldehyde (Brit. Pat. 741; 1889), though successful in hardening the
      emulsion, provide no improvement in aerial stability.
PAR  Rzymkowski in 1941 (Rzymkowski, Wiss. Photo. 40 136 (1941)) categorized the
      metal complex developers as having the following structure:
EQU  (Alk.sup..sup.+1).sub.n [(RCOO.sup.- ).sub.y M.sub.m.sup..sup.+z ]
PAL  in which Alk is an alkali metal, M is the metal ion of a multiple valent
      metal and R is an organic radical and y = mz + n. These materials are
      included within the present disclosure of metal chelates.
PAR  The earliest successful use of iron, i.e., ferrous ion, in a developer was
      by Carey Lea (B. J. Phot. 24, 292 (1877)). Lea utilized a "complexing
      agent," potassium oxalate, in his developer.
PAR  In 1951 Rausch and Russel introduced developers using a different class of
      complexing agents which showed much greater superiority in their affinity
      to complex the higher valent metal species and so exhibited some improved
      performance of the developers. These materials were aliphatic
      amino-polycarboxylic acids and their water soluble salts (Br. Pat.
      720,235) commonly known at the times as "chelating" or "sequestering"
      agents which have given rise to the term "metal chelate developers."
      Rzymkowski in 1951 (Pharmazie (1951) 6, p. 155-6) noted that these
      developers fitted his definition and equated the terminology of "metal
      complex" and "metal chelate" developers (Industrie Chim. Belg. Spec. No.
      645-6 (1955)). This terminology based on this narrowed definition for the
      word "complex" persists to the present, and in fact there are few metal
      complex developers which are based on a complexing agent rather than a
      chelating agent of one sort or another.
PAR  The practice of this invention generally relates to air stable, rapid
      access and regenerable describe substantive properties of the developer
      solutions.
PAR  Air stable metal chelate developer solutions are those which do not undergo
      a change of greater than 50 millivolts in its redox potential during two
      days exposure. In the use of these metal chelate developers, such air
      stability enables the maintenance of a desired level of developmental
      activity without requiring the gross addition of replacement chemistry.
PAR  The solutions of this developing system are rapid access developers. This
      means that the dwell time in the developer need be only 4 minutes or less
      for producing a useful image having 90 percent of the useful Dmax produced
      by that developer in 8 minutes with the same exposure and handling of the
      photographic element. The useful Dmax may, of course, depend upon the
      particular application of the photographic element, but must be viewable
      over fog levels of the elements. It is preferred that the dwell time need
      be only 2 minutes for 90 percent of the useful Dmax of 4 minutes dwell
      time in the same developer.
PAR  The solutions are also regenerable. This means that the solution, after or
      during use may be maintained at the same level of electromotive potential
      without the gross addition of replacement chemistry. The solutions of this
      invention may be maintained at the proper level of chemical activity by
      the reduction of the spent (oxidized) metal ions to their development
      (reduced) state without the addition of supplemental chemistry, i.e., by
      only the contacting of the spent metal ion with a metal which will reduce
      the ion. In addition, the term regenerable means that if the system is
      allowed to stand in air when not operating, the operating electrochemical
      potential of the solution can be reached within one hour by contacting the
      solution with sufficient surface area of metal capable of reducing
      oxidized metal developer ions.
PAR  The developer solutions according to the practice of this invention may
      additionally contain those additives commonly associated with developer
      solutions. These additives include for example, hardeners (e.g.,
      aldehydes, aluminum salts, etc.), swell control agents (e.g., sulfate),
      antifoggants, development accelerators, surfactants, viscosity control
      agents and various pH buffering agents. The developer solutions of this
      invention are also easily concentrated. Concentrates of these solutions
      are also air stable and may be readily diluted with water to form
      developer solutions. Silver complexing materials (containing or not
      containing silver) may also be added to these developing solutions to
      obtain physical and/or solvent development characteristics.
PAR  The developer solutions of the present invention may be used with any black
      and white silver halide photographic element, and in any black and white
      development step for any color silver halide photographic elements.
DETD
PAC  EXAMPLE I
PAR  Samples of a controlled sensitometrically exposed commercial high contrast
      (microfilm type) chlorobromide silver halide element were developed in a
      series of developer solutions of various age prepared from the same
      formulation. The samples were developed for 30 seconds at 90.degree.F.,
      washed, fixed, washed and dried. After processing the resultant densities
      of these processed films were measured with a MACBETH densitometer at
      identical exposure values:
TBL  Formula I          Formula II                                             
     ______________________________________                                    
     .1 molar FeSO.sub.4                                                       
                     Formula I with the addition                               
                     of .10 molar ascorbic acid                                
     .2 molar DTPA                                                             
     .03 molar KBr                                                             
     pH - 6.0        pH - 6.0                                                  
     adjusted with   adjusted with sodium                                      
     NaOH            hydroxide                                                 
     ______________________________________                                    
PAR  The following table gives the results of this example.
TBL                TABLE I                                                     
     ______________________________________                                    
     Formula      Age          Density                                         
     ______________________________________                                    
     I            Fresh        1.23                                            
     I            1 day        .45                                             
     I             2 days      .20                                             
     II           Fresh        1.34                                            
     II           1 day        1.36                                            
     II            2 days      1.30                                            
     II            7 days      1.10                                            
     ______________________________________                                    
PAR  As can be seen from Table I, the addition of ascorbic acid stabilizes the
      developer solution for several days. The developing capabilities of the
      solution are also enhanced by the addition. The basic developer solution
      is usable only when freshly prepared.
PAC  EXAMPLE II
PAR  Samples of a controlled sensitometrically exposed commercial high contrast
      (microfilm type) chlorobromide silver halide element were developed in a
      series of developer solutions as defined in Table II. The samples were
      developed for 30 seconds at 90.degree.F., washed, fixed, washed and dried.
      The fixing solution used was the F-5 Fixer of Eastman Kodak, the formula
      as referenced in Photo Lab Index, Morgan & Morgan, Inc. Hastings on
      Hudson, N.Y., 1966, pp 6-91. After processing, the resultant densities of
      these processed films were measured with a MACBETH densitometer at
      identical exposure values.
TBL                TABLE II                                                    
     ______________________________________                                    
     For-                                                                      
     mula                         Pheni-       pH                              
     No.   FeSO.sub.4                                                          
                   DTPA     AA    done  KBr    (NaOH)                          
     ______________________________________                                    
     1     0.15M   0.225M   --    --    0.08M  8.25                            
     2     --      --       0.26M --    0.08M  8.25                            
     3     --      --       --    0.003M                                       
                                        0.08M  8.25                            
     4     0.15M   0.225M   0.26M --    0.08M  8.25                            
     5     0.15M   0.225M   --    0.003M                                       
                                        0.08M  8.25                            
     6     --      --       0.26M 0.003M                                       
                                        0.08M  8.25                            
     7     0.15M   0.225M   0.26M 0.003M                                       
                                        0.08M  8.25                            
     ______________________________________                                    
PAR  The superadditive and high contrast developing characteristics of the
      solutions of this invention can readily be seen from the data in Tables
      III and IV.
PAR  Example II was rerun with replacement of phenidone successively by
PA1  hydroxylamine sulfate (HAS)
PA1  *cd-3 (4-amino-N-ethyl-N-(.beta.-methanesulfoneamidoethyl)-m-toluidine
PA1  hydroquinone monosulfonate (HQS)
PA1  glycin (G)
PA1  cysteine hydrochloride (CH)
FNT  *CD-3 is actually a sulfate salt of this compound commmercially available
      from Eastman Kodak.
PAR  The following show that these materials also exhibit a superadditive
      effect. The date gives the results of these tests wherein the image
      density (density value minus the fog) is given. Ascorbic acid is
      represented in the tables by the abbreviation AA.
TBL                TABLE III                                                   
     ______________________________________                                    
     Ingredient   Density       Contrast                                       
     ______________________________________                                    
     Fe           0.90          1.40                                           
     Fe/AA        1.10          1.73                                           
     Fe/HAS       0.96          1.48                                           
     Fe/AA/HAS    1.52          2.10                                           
     HAS          0.04          --                                             
     CD-3         0.05          --                                             
     Fe/CD-3      1.05          1.53                                           
     Fe/AA/CD-3   1.63          2.25                                           
     G            0.04          --                                             
     Fe/G         0.94          1.44                                           
     Fe/AA/Glycin 1.58          2.14                                           
     CH           0.01          --                                             
     Fe/CH        0.92          1.41                                           
     Fe/AA/CH     1.60          2.08                                           
     HQS          0.12          --                                             
     Fe/HQS       1.02          1.48                                           
     Fe/AA/HQS    1.58          2.15                                           
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
               Active      Image                                               
     Formula   Agents      Density     Contrast                                
     ______________________________________                                    
     1         Fe          0.90        1.40                                    
     2         AA          0.02        --                                      
     3         Phen.       0.06        --                                      
     4         Fe/AA       1.10        1.73                                    
     5         Fe/Phen.    1.21        1.43                                    
     6         AA/Phen.    1.20        1.70                                    
     7         Fe/AA/Phen. 1.68        2.40                                    
     ______________________________________                                    
PAR  As can be seen from the above data, a superadditive effect exists between
      the ascorbic acid and the metal compounds and a ternary effect exists in
      the combination of iron, ascorbic acid and phenidone. Most importantly,
      only the ternary mixtures of this invention are capable of giving
      contrasts greater than 2.00.
PAR  One ancillary aspect of the practice of this invention is the ease of
      disposing of many solutions used according to this invention. In
      particular, when using iron, these aqueous solutions generally contain
      materials which can easily be disposed of without great harm to the
      environment.
PAR  As can be readily observed, none of the developer solutions in the examples
      contain a fixer or silver halide solvent, and the addition of an effective
      amount of fixer is not part of the present invention. The developer
      solutions of all examples in the practice of this invention are non-fixing
      developer solutions.
CLMS
STM  We claim:
NUM  1.
PAR  1. A superadditive non-fixing developer solution comprising at least three
      developer materials, the solution comprising an iron chelating developer,
      a second developer selected from the group consisting of ascorbic acid,
      sugartype derivatives of ascorbic acid, and stereoisomers and
      diastereoisomers of ascorbic acid and its sugar-type derivatives, and a
      third developer selected from the group consisting of
      1-phenyl-3-pyrazolidone, glycin, cysteine hydrochloride, hydroxylamine
      sulfate, 4-amino-N-ethyl-N-(.beta.-methanesulfoneamidoethyl)-m-toluidine,
      and hydroquinone monosulfonate.
NUM  2.
PAR  2. The developer solution of claim 1 wherein the organic portion of the
      iron chelating developer is selected from ethylenediaminetetraacetic acid
      and diethylenetriaminepentaacetic acid.
NUM  3.
PAR  3. The developer solution of claim 1 wherein the second developer is
      selected from ascorbic and isoascorbic acid.
NUM  4.
PAR  4. The developer solution of claim 1 wherein the iron chelating developer
      is selected from ferrous ethylenediaminetetraacetic acid and ferrous
      diethylenetriaminepentaacetic acid, the second developer is selected from
      ascorbic and isoascorbic acid, and the third developer is selected from
      1-phenyl-3-pyrazolidone and
      4-amino-N-ethyl-N-(.beta.-methanesulfoneamidoethyl)-m-toluidine.
NUM  5.
PAR  5. The developer of claim 1 wherein the concentration of the iron chelate
      developer is at least 0.05M, the concentration of the second developer is
      at least 0.05M and the concentration of the third developer is less than
      that of the second developer and at least 0.1mM.
PATN
WKU  039389987
SRC  5
APN  5630878
APT  1
ART  166
APD  19750328
TTL  Low contrast, rapid access, air stable, regenerable iron chelate
      developer solutions
ISD  19760217
NCL  3
ECL  1
EXP  Kelley; Mary F.
INVT
NAM  Fisch; Richard S.
CTY  St. Paul
STA  MN
INVT
NAM  Newman; Norman
CTY  St. Paul
STA  MN
ASSG
NAM  Minnesota Mining and Manufacturing Company
CTY  St. Paul
STA  MN
COD  02
CLAS
OCL   96 663
XCL   96 48R
XCL   96 50R
XCL   96 66R
EDF  2
ICL  G03C  530
ICL  G03C  526
FSC   96
FSS  66.3;66 R;50 R;48 R
UREF
PNO  3189454
ISD  19650600
NAM  Luckey et al.
OCL   96 95
UREF
PNO  3567441
ISD  19710300
NAM  Vogt
OCL   96 66R
UREF
PNO  3723126
ISD  19730300
NAM  Price
OCL   96 48R
UREF
PNO  3746544
ISD  19730700
NAM  Heilmann
OCL   96 66R
UREF
PNO  3748138
ISD  19730700
NAM  Bissonette
OCL   96 66R
LREP
FRM  Alexander, Sell, Steldt & DeLaHunt
ABST
PAL  Low contrast, rapid access, air stable, regenerable iron chelate developer
      solutions comprising at least two developer materials, at least one
      selected from each group comprising:
PA0  1. iron chelate developers and
PA0  2. amidol, gallic acid, tannic acid, and 2,5,di-tert-butyl hydroquinone.
BSUM
PAR  This invention relates to photographic science and in particular to silver
      halide photographic emulsion development.
PAR  Exposure of a silver halide emulsion to radiation to which the emulsion has
      been sensitized produces a latent image in the silver halide grains of the
      emulsion. The image is latent because the grains are sensitized to
      reduction by the formation of minute quantities of free silver in the
      grains from the exposure. The grains are developed usually by immersion of
      the exposed photosensitive material in an aqueous reducing solution. The
      reducing agents conventionally employed include such organic materials as
      hydroquinone and other materials meeting the criteria of Kendall's Rule or
      the extension of this rule by Peltz [Mason, Photographic Chemistry, pp.
      16-29, Focal Press, 1966, London].
PAR  Historically, the organic reducing agents presently in commercial use were
      preceded by the use of inorganic metal salt solutions as developers.
      Ferrous sulfate solutions were among the first used, these being followed
      by complexed ferrous ion solutions such as ferrous oxalate. Although the
      complexed ion solutions offered tremendous developing advantages over the
      simple salt solutions, they nonetheless still suffered from exhaustion
      because of the antagonistic effect of the presence of the oxidized form of
      the metal ion (e.g., ferric). Because the reduction of the silver with the
      consequent oxidation of the metal ion is an equilibrium reaction, the
      presence of ferric ions greatly reduces the thermodynamic driving force
      for the reaction. The improvement offered by the complexing species was in
      the suppression of the oxidized form of the metal ion by formation of the
      complex. The failure of these complexed type developers, even with the
      introduction of the superior complexing agents, due to oxidized ion, is
      generally unavoidable since these oxidized ions may be formed by
      development or aerial oxidation. In fact, in order to obtain consistent
      results with such developers, development has been performed under a
      nitrogen atmosphere so as to exclude oxygen (U.S. Pat. No. 2,453,323).
      Other techniques have been attempted to obtain consistent results in these
      metal salt solutions, such as the inclusion of metal powders or granules
      in the development solution itself, trying to maintain the dissolved metal
      ions in their lower valence state. Amman-Brass, Beitrag Zur Chemie dir
      Anorganischen Entwickler, Photo. Ind. 1937, p. 827. These developers have
      not found favor in the photographic field because the developing solutions
      are, at their best, still slow acting, requiring at least about 20 minutes
      for completion of development and sometimes hours. The solutions also tend
      to produce low contrast images and do not correct for other changes in the
      composition of the bath due to the development process.
PAR  Recent work has been directed towards obtaining more active rapid acting
      developers. S. Mizusawa - Chiba Daiga Ku Kobabubu Kentyu Hokoku (Research
      Reports Chiba U. Facility of Engineering), Vol. 19 No. 35 pp. 77-84, March
      61 discloses a monobath developer based on the use of ferrous EDTA
      (ethylenediaminetetraacetic acid) and hypo (Na or NH.sub.4 thiosulfate).
      Although Mizusawa shows the superadditivity of development by the addition
      of phenidone to this system he nevertheless requires a pH of 11.0 with a
      development time of 8 minutes or more at 20.degree.C. to obtain average
      contrasts in the order of 1.0.
PAR  Vogt, U.S. Pat. No. 3,567,441 discloses that these developers are suitable
      for rapid access development at temperatures ranging from 65.degree.F. to
      212.degree.F. in a pH range of 4 - 6.9 with development times in the order
      of 3 minutes. In order to obtain these short processing times of 3 minutes
      or less, this patent states that a hardening agent for the gelatin must be
      included in this developer. The inclusion of aldehydes in metal complex
      developers has previously been reported in British Pat. No. 741, 1889.
PAR  It is believed that the Vogt process must operate under a non-oxidizing
      atmosphere (e.g., nitrogen) in order to operate consistently. In view of
      this requirement the practical application of these developers has been
      reported (G. Haist et al., Photo. Engineering, Vol. 7, 182-189, 1956) as
      still limited.
PAR  It is therefore one aspect of this invention to show developer solutions
      which are rapid access, air stable, and low contrast developers.
PAR  In its broadest aspects therefore, this application is concerned with low
      contrast, air stable, rapid access developers. In a more limited aspect,
      the developers of this invention are developers comprising at least one
      metal chelate developer and at least one stabilizing developer selected
      from the group consisting of amidol, gallic acid, tannic acid and
      2,5,di-tert-butylhydroquinone.
PAR  In the practice of this invention, the metal chelate developer and the
      second developer should each be present in a concentration of at least
      0.05 M, up to the solubility limits of the developers.
PAR  The term metal chelate developing agent as used in the practice of this
      invention refers to iron associated with a chelating agent, sequestering
      agent or complexing agent (for the practice of this invention, these are
      alternative terms). The metal portion of the metal chelate is required to
      have at least two distinct valence states (i.e., Fe.sup..sup.+2 and
      Fe.sup..sup.+3 for iron).
PAR  The lower valent ion is the developing agent (reducing agent) which usually
      functions by simple electron transfer to the silver ion; the higher valent
      metal ion is formed as a result. The presence of these latter oxidized
      ions (higher valent ions) provides an antagonistic effect toward the
      further reduction of silver halide by the lower valent ion, and small
      buildup of such higher valent ions by either the result of development or
      aerial oxidation is sufficient to seriously hamper the development
      reaction.
PAR  The chelate portion of the metal chelate are those chelate, sequestering or
      complexing materials whose stability constant for the higher valence state
      of a metal is higher than that for the lower valence state. These
      stability constants may be found for example in reference books (e.g.,
      Stability Constants of Metal-Ion Complexes, Chemical Society, London,
      1964). In the most preferred embodiments, the ratio of the stability
      constants of the higher state to the lower state should be at least 100:1
      respectively. The most preferred chelating agents in the practice of this
      invention are ethylenediaminetetraacetic acid and
      diethylenetriaminepentaacetic acid (EDTA and DTPA respectively).
PAR  For a particular metal ion developer, satisfactory complexing agents are
      those which form a more stable complex with the higher valent ion that the
      lower valent ion (Mason, Photographic Chemistry, Focal Press, 1966, p,
      173) thus effectively reducing the concentration of the antagonist higher
      valent ion. The fact is, nevertheless, that the buildup of the higher
      valent ion, either by the development reaction or aerial oxidation,
      proceeds and even in the presence of these complexing agents, the baths
      eventually deteriorate and become unuseable (C. E. Mees, 2nd Ed.,
      McMillan, 1942, p. 332). The addition of various additives such as
      formaldehyde (Brit. Pat. 741; 1889), though successful in hardening the
      emulsion, provide no improvement in aerial stability.
PAR  Rzymkowski in 194 (Rzymkowski, Wiss. Photo. 40 136 (1941)) categorized the
      metal complex developers as having the following structure:
EQU  (Alk.sup..sup.+1).sub.n [(RCOO.sup.-).sub.y M.sub.m.sup..sup.+z ]
PAL  in which Alk is an alkali metal, M is the metal ion of a multiple valent
      metal and R is an organic radical and y = mz + n. These materials are
      included within the present disclosure of metal chelates.
PAR  The earliest successful use of iron, i.e., ferrous ion, in a developer was
      by Carey Lea (B. J. Phot. 24, 292 (1877)). Lea utilized a "complexing
      agent," potassium oxalate, in his developer.
PAR  In 1951 Rausch and Russel introduced developers using a different class of
      complexing agents which showed much greater superiority in their affinity
      to complex the higher valent metal species and so exhibited some improved
      performance of the developers. These materials were aliphatic
      amino-polycarboxylic acids and their water soluble salts (Br. Pat. No.
      720,235) commonly known at the times as "chelating" or "sequestering"
      agents which have given rise to the term "metal chelate developers."
      Rzymkowski in 1951 (Pharmazie (1951) 6, p. 155-6) noted that these
      developers fitted his definition and equated the terminology of "metal
      complex" and "metal chelate" developers (Industrie Chim. Belg. Spec. No.
      645-6 (1955)). This terminology based on this narrowed definition for the
      work "complex" persists to the present, and in fact there are few metal
      complex developers which are based on a complexing agent rather than a
      chelating agent of one sort or another.
PAR  The practice of this invention generally relates to air stable, rapid
      access and regenerable describe substantive properties of the developer
      solutions.
PAR  Air stable metal chelate developer solutions are those which do not undergo
      a change of greater than 50 millivolts in its redox potential during two
      days exposure. In the use of these metal chelate developers, such air
      stability enables the maintenance of a desired level of developmental
      activity without requiring the gross addition of replacement chemistry.
PAR  The solutions of this developing system are rapid access developers. This
      means that the dwell time in the developer need be only 4 minutes or less
      for producing a useful image having 90 percent of the useful Dmax produced
      by that developer in 8 minutes with the same exposure and handling of the
      photographic element. The useful Dmax may, of course, depend upon the
      particular application of the photographic element, but must be viewable
      over fog levels of the elements. It is preferred that the dwell time need
      be only 2 minutes for 90 percent of the useful Dmax of 4 minutes dwell
      time in the same developer.
PAR  The solutions are also regenerable. This means that the solution, after or
      during use may be maintained at the same level of electromotive potential
      without the gross addition of replacement chemistry. The solutions of this
      invention may be maintained at the proper level of chemical activity by
      the reduction of the spent (oxidized) metal ions to their development
      (reduced) state without the addition of supplemental chemistry, i.e., by
      only the contacting of the spent metal ion with a metal which will reduce
      the ion. In addition, the term regenerable means that if the system is
      allowed to stand in air when not operating, the operating electrochemical
      potential of the solution can be reached within one hour by contacting the
      solution with sufficient surface area of metal capable of reducing
      oxidized metal developer ions.
PAR  The developer solutions according to the practice of this invention may
      additionally contain those additives commonly associated with developer
      solutions. These additives include for example, hardeners (e.g.,
      aldehydes, aluminum salts, etc.), swell control agents (e.g., sulfate),
      antifoggants, development accelerators, surfactants, viscosity control
      agents and various pH buffering agents. The developer solutions of this
      invention are also easily concentrated. Concentrates of these solutions
      are also air stable and may be readily diluted with water to form
      developer solutions. Silver complexing materials (containing or not
      containing silver) may also be added to these developing solutions to
      obtain physical and/or solvent development characteristics.
PAR  The developer solutions of the present invention may be used with any black
      and white silver halide photographic element, and in any black and white
      development step for any color silver halide photographic elements.
PAR  A further understanding of the present invention may be obtained from the
      examples.
DETD
PAC  EXAMPLE 1
PAR  Samples of a controlled sensitometrically exposed commercial chlorobromide
      silver halide element were developed in a series of developer solutions
      having different redox potential, measured on a conventional pH millivolt
      meter using a platinum indicating electrode and a saturated calomel
      reference electrode. The samples were developed for 30 sec. at 90.degree.
      F, washed, fixed, washed and dried. The developer solutions were prepared
      by adding sufficient solution B to solution A to yield a series of
      developer solutions of varying redox values. After processing these
      samples, resultant densities of the processed films were measured by a
      MACBETH densitometer at identical exposure values. Table 1 gives the
      results of these measurements.
TBL  ______________________________________                                    
     Solution A       Solution B                                               
     ______________________________________                                    
     .1 molar FeSO.sub.4                                                       
                      .1 molar Fe.sub.2 (SO.sub.4).sub.3                       
     .2 molar DTPA    .2 molar DTPA                                            
     .03 molar KBr    .03 molar KBr                                            
     ______________________________________                                    
PAR  The pH of each solution was adjusted to 6.0 with sodium hydroxide.
TBL                TABLE I                                                     
     ______________________________________                                    
     (MV.)        Redox        Density                                         
     ______________________________________                                    
                -184       1.23                                                
                -150       1.02                                                
                -110       .72                                                 
                -70        .45                                                 
     ______________________________________                                    
PAR  It can be seen from the Table 1 data (which is plotted in FIG. 1) that
      there is a direct relationship between photographic effect (density) and
      Redox Potential.
PAC  EXAMPLE 2
PAR  5 gm/ltr. additions of various materials were made to solution A of Example
      1. The resulting solutions were stored and monitored at varous times for
      their redox potential using the apparatus as described in Example 1. The
      following table presents the list of these additions and the redox changes
      resultant after 1, 2 and 4 day intervals from their fresh redox values.
TBL                TABLE II                                                    
     ______________________________________                                    
                                   DENSITY                                     
                   REDOX CHANGE    CHANGE                                      
     Material      Millivolts                                                  
              .DELTA.1 day                                                     
                     .DELTA.2 day                                              
                              .DELTA.4 day                                     
                                       .DELTA.4 day                            
     ______________________________________                                    
     Amidol      0         0        0    - .04                                 
     No                                                                        
     Addition   +90mv    +180     +260   -1.10                                 
     Hydro-                                                                    
     quinone    +78      +125     +200   -1.03                                 
     Hydroxyl-                                                                 
     amine                                                                     
     Sulfate    +65      +124     +212   - .97                                 
     Sodium                                                                    
     Sulfite    +50      +100     +225   -1.12                                 
     Ascorbic                                                                  
     Acid        0       +10      +30    - .18                                 
     Sodium                                                                    
     Formaldehyde                                                              
                +30      +60      +100   - .88                                 
     Sulfoxylate                                                               
     *Phenidone +24      +135     +217   -1.09                                 
     Hydroxy                                                                   
     quinoline  +82      +150     +230   -1.06                                 
     Latic Acid +88      +175     +270   -1.08                                 
     Tartaric                                                                  
     Acid       +87      +174     +250   -1.03                                 
     Citric Acid                                                               
                +80      +156     +236   - .96                                 
     Toluene-                                                                  
     sulfonic                                                                  
     Acid       +58      +125     +230   - .98                                 
     Gallic Acid                                                               
                +05      +26      +40    - .20                                 
     Tannic Acid                                                               
                +07      +21      +32    - .17                                 
     2,5 Di-tert-                                                              
     butyl hydro-                                                              
     quinone    +12      +30      +42    - .22                                 
     ______________________________________                                    
      *2 gm/l                                                                  
PAR  It can be readily seen that amidol, gallic acid, tannic acid and 2,5,
      di-tert-butyl hydroquinone are effective in stabilizing the developing
      ability of the metal chelate developer solution. Ascorbic acid also
      stabilized the solution but produces too high a contrast for the practice
      of this invention (cf. U.S. Ser. No. 391,506).
PAC  EXAMPLE 3
PAR  Samples of a controlled sensitometrically exposed chlorobromide silver
      halide element was developed in a series of developer solutions, fresh and
      4 days old as given in Example 2. The samples were developed for 30 sec.
      at 90.degree.F, washed, fixed*, washed and dried. After processing the
      resultant densities of these processed films were measured with a MACBETH
      densitometer at identical exposure values. Table II, column 5 represents
      the changes in density of identical exposures between the fresh and 4 day
      developer samples. The relatively consistent densities produced by the
      developers of this invention after storage indicate the air stability of
      these low contrast developer solutions.
FNT  *The fixing solution in all examples was the F-5 Fixer of Eastman Kodak,
      the formula as referenced in Photo Lab Index, Morgan and Morgan, Inc.,
      Hastings on Hudson, N.Y. 1966, pp 6-91.
PAR  The contrasts of the materials processed fresh from Example 3 were
      measured.
TBL  ______________________________________                                    
     Samples          Contrast                                                 
     ______________________________________                                    
     No addition      1.4                                                      
     Amidol           1.48                                                     
     Gallic Acid      1.37                                                     
     Tannic Acid      1.42                                                     
     2,5, Di-tert-                                                             
     butyl hydroquinone                                                        
                      1.34                                                     
     Ascorbic Acid    1.75                                                     
     ______________________________________                                    
PAR  It can be seen from comparing the data of Example 2 and this example that
      amidol, gallic acid, tannic acid, and 2,4, -di-tert-butyl hydroquinone
      with metal chelate developers yield low contrast, air stable, rapid access
      developing solutions.
PAR  Those compounds added to metal chelate developer solutions according to the
      practice of this invention are known in the art to have limited utility as
      developing agents (e.g., 2,5, di-tert butyl hydroquinone must be used at
      high pH). All of these compounds by themselves are not able to perform
      according to the practice of this invention; that is, solutions of those
      materials are not rapid access, air stable, regenerable developer
      solutions.
PAR  One ancillary aspect of the practice of this invention is the ease of
      disposing of many solutions used according to this invention. In
      particular, when using iron, these aqueous solutions generally contain
      materials which can easily be disposed of without great harm to the
      environment.
PAR  As can be readily observed, none of the developer solutions in the examples
      contain a fixer or silver halide solvent, and the addition of an effective
      amount of fixer is not part of the present invention. The developer
      solutions of all examples in the practice of this invention are non-fixing
      developer solutions.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rapid access, low contrast air stable non-fixing developer solution
      which comprises an iron chelate photographic developer and at least one
      second developer selected from the group consisting of amidol, gallic
      acid, tannic acid and 2,5, di-tert-butyl hydroquinone.
NUM  2.
PAR  2. The developer solution of claim 1 wherein the iron chelate developer is
      selected from ferrous ethylenediaminetetraacetic acid and ferrous
      diethylenetriaminepentaacetic acid.
NUM  3.
PAR  3. The developer solution of claim 1 wherein the developers are each
      present in a concentration of at least 0.05 M.
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ABST
PAL  An antistatic photographic sensitive material comprising a support having
      thereon at least one silver halide emulsion layer, wherein a surface
      active copolymer containing in the main chain a repeating unit represented
      by the formula (I)
      ##EQU1##
      wherein Y represents an organic residue having 4 to 22 carbon atoms; n
      represents the average number of ethyleneoxy units and is 1 to 100; and M
      represents a hydrogen atom, an alkali metal atom, an alkaline earth metal
      atom, an ammonium group or an alkylammonium group is present in at least
      one of a surface of the support and a photographic layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to antistatic photosensitive materials and
      particularly to antistatic photosensitive materials wherein a copolymer
      containing therein a repeating unit of a maleic acid ester having an
      ethyleneoxy chain in the main chain is present in a layer of the
      photosensitive material.
PAR  2. Description of the Prior Art
PAR  Photosensitive materials are generally composed of a support of a film of a
      poly-.alpha.-olefin such as polyethylene, or polystyrene, a film of a
      cellulose ester such as cellulose triacetate, a film of a polyester such
      as polyethylene terephthalate, a paper, a synthetic paper or a coated
      paper, and photosensitive emulsion layers and, if desired, intermediate
      layers, a protective layer, a back layer, an antihalation layer and an
      antistatic layer, which are provided on one or both surfaces of the
      support through a subbing layer. Examples of photosensitive materials
      wherein photographic emulsion layers are applied to both surfaces of the
      support, are, for example, direct printing X-ray films. However, in most
      photographic sensitive materials, the photographic emulsion layers are
      provided on only one surface of the support. Thus, in the latter case, a
      photographic emulsion is not applied to one surface of the support.
      Hereinafter such a surface will be designated the back face of the
      photographic sensitive material. Since photographic sensitive materials
      comprise a support which is electrically insulating and photographic
      layers, electrostatic charges often accumulate when the photographic
      sensitive material rubs in contact with a surface of the same or of
      different materials or is separated during their production or during
      their use. The accumulated electrostatic charges cause many difficulties.
      For example, in a photographic film before developing, the photosensitive
      emulsion layer is exposed due to a discharge of the accumulated
      electrostatic charges and, consequently, dot-like spots or branched or
      feather-like line marks appear on development of the photographic film.
      These spots are the so-called static marks, which result in a marked
      deterioration in the commercial value of the photographic film. For
      example, it can be easily understood that a serious danger can occur when
      they appear on medical or industrial X-ray films. Since this phenomenon
      becomes clear for the first time only after development, it is one of the
      most troublesome problems. Further, the accumulated electrostatic charges
      cause dust to adhere to the film surfaces and induce secondary
      difficulties such as uneven coated layers.
PAR  These electrostatic charges often accumulate in the production of the
      photographic sensitive material and on use thereof as described above. For
      example, they are generated by friction between the photographic film and
      rolls in production or by separation of the support surface and the
      emulsion layer surface on winding or rewinding the photographic film.
      Further, in finished goods, they are generated by separation of the
      support surface and the emulsion layer surface on rewinding at high
      humidity so that adhesion of the photographic film occurs, by friction
      between the film and the metal parts of a camera or a separation of the
      support surface and the emulsion layer surface during photographing and
      rewinding of a movie film, or by contact and separation between the film
      and the mechanical parts of an X-ray automatic photographing machine or a
      fluorescent sensitizing paper. In addition, they are generated by contact
      with packing materials. Generation of static marks on photosensitive
      materials induced by accumulation of electrostatic charges are further
      increased when the sensitivity of the photographic sensitive materials is
      increased or when processing rate of the photographic sensitive materials
      is increased.
PAR  Although it is believed that charging by friction or by separation results
      from an ionic interaction between the molecules present in the contacting
      materials, it is now difficult to chemically estimate what kind of
      material can be used to form positive charges and what kind of material
      can be used to form negative charges. However, it is easily considered
      that thus electrostatic charging can be prevented by reducing the applied
      electric voltage or by increasing the electric conductivity of the surface
      of the materials so that electrostatic charges are dispersed within a very
      short time before partial discharging occurs due to an accumulation of
      charges. Accordingly, methods of improving the conductivity of the surface
      of the support or a coating layer of the photosensitive materials have
      hitherto been found, and thus use of many kinds of hygroscopic materials,
      water soluble inorganic salts, surface active agents and polymer has been
      attempted. For example, the polymers as described in U.S. Pat. Nos.
      2,882,157, 2,972,535, 3,062,785, 3,262,807, 3,514,291 and 3,615,531, the
      surface active agents as described in U.S. Pat. Nos. 2,982,651, 3,428,456,
      3,457,076, 3,454,625, 3,552,972 and 3,655,387 and zinc oxide,
      semiconductors and colloidal silica as described in U.S. Pat. Nos.
      3,062,700, 3,245,833 and 3,525,621 are known.
PAR  As a method of directly providing the photographic film support with
      antistatic properties, a process is known which comprises adding such
      material directly into a high molecular weight material for the support or
      applying such material to a surface of the support. In the latter case,
      the antistatic agent can be applied individually or in a combination with
      a high molecular weight material such as gelatin, polyvinyl alcohol or
      cellulose acetate to form a backing layer. Further, as a method of
      providing photographic sensitive material with antistatic properties, a
      process which comprises incorporating an antistatic agent in a
      photographic emulsion layer or a surface protective layer thereof or
      applying a solution of the antistatic agent to the surfaces of these
      layers is known. However, the above described materials exhibit specific
      properties depending on the kind of film support or photographic
      composition. For example, although a certain material may provide a good
      result with a specific film support and a specific photographic emulsion
      or another photographic element, it is sometimes not only useless as an
      antistatic agent for other film supports and other photographic elements
      but may also adversely influence the photographic properties.
PAR  In general, there are few materials which exhibit sufficient effects at low
      humidity (about 30 percent RH or lower) for high speed emulsions, and
      sometimes a deterioration of the antistatic effect with the lapse time
      occurs with such materials and adhesion difficulties at high temperature
      and high humidity result. Particularly, it is difficult to establish a
      technique for effectively utilizing the antistatic agents in
      photosensitive materials wherein a photographic emulsion is applied to
      both surfaces of the support such as a direct printing X-ray film.
      Further, although it is desired to obtain photosensitive materials which
      have a low surface resistivity at a low humidity (about 30 percent RH or
      less), many difficulties occur in the production of such photosensitive
      materials. Particularly, a technique of providing such a characteristic to
      the photographic emulsion layer side has not be found in the prior
      literature or patents. Furthermore, in finding an antistatic agent for
      photographic sensitive materials, attention must be paid to not only
      photographic properties such as sensitivity, fog, granularity or sharpness
      but also properties such as an appropriate coefficient of friction so that
      camera behavior is not deteriorated or such as tackiness must be
      considered. When a certain kind of synthetic surface active agent used for
      a coating assistant is used as an antistatic agent, the antistatic effect
      thereof sometimes is markedly reduced. Therefore, a large number of
      different antistatic agents have been tried since predictions of whether
      an antistatic agent will be effective in a photographic sensitive material
      is very difficult.
PAC  SUMMARY OF THE INVENTION
PAR  A first object of the present invention is to provide antistatic
      photographic sensitive materials.
PAR  A second object of the present invention is to provide high speed
      photographic sensitive materials having an antistatic property which have
      a low surface resistivity at low humidity (about 30 percent).
PAR  A third object of the present invention is to provide an effective method
      for providing photographic sensitive materials with an antistatic property
      without deteriorating photographic properties such as granularity or
      sharpness, etc. or surface properties such as anti-adhesion properties.
PAR  It has been found that these objects are attained with a photographic
      sensitive material in at least one of the photographic layers containing
      therein and/or at least one surface of the support having thereon a
      copolymer containing a repeating unit of a maleic acid ester having an
      ethyleneoxy chain represented by the following formula (I) in the main
      chain
      ##EQU2##
      wherein, Y represents an organic residue having 4 to 22 carbon atoms; n
      represents the average number of ethyleneoxy units and ranges from about 1
      to 100; and M represents a hydrogen atom, an alkali metal atom, an
      alkaline earth metal atom, an ammonium group or an alkylammonium group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The antistatic photographic sensitive materials of the present invention
      are characterized in that a copolymer containing a repeating unit of
      maleic acid ester having a polyethyleneoxy group in the main chain is
      present in a layer of the photographic sensitive material.
PAR  Y in the above formula includes any organic residue including linear,
      branched, cyclic, saturated or unsaturated, substituted or unsubstituted
      hydrocarbon groups, so long as it has 4 to 22 carbon atoms. More
      specifically Y represents a residue of any organic compound containing an
      active hydrogen atom to which ethylene oxide can bond by addition.
      Suitable groups for Y can be represented by the following formulae wherein
      R and R', which can be the same or different, each represents an alkyl
      group which may be completely or partially substituted with fluorine
      atoms; an alkenyl group; an aralkyl group; or an aryl group; and R'
      further represents a hydrogen atom.
EQU  Group R--O--                                               1
PAR  Examples of the group R-O- are butoxy, hexyloxy, octyloxy, decyloxy,
      dodecyloxy, octadecyloxy, oleyloxy, perfluorooctyloxy,
      1,1,7-trihydrododecafluoroheptyloxy, phenoxy, p-aminophenoxy,
      p-nonylphenoxy, 2,4-diamylphenoxy, benzyloxy, 2-naphthyloxy,
      4-octyl-2-naphthyloxy and like groups.
      ##EQU3##
PAR  Examples of the
      ##EQU4##
      are butylamino, octylamino, dodecylamino, oleylamino, naphthylamino,
      perfluorooctylamino and like groups.
      ##EQU5##
PAR  Examples of the
      ##EQU6##
      are hexanoylamino, octadecanoylamino and like groups.
EQU  Group RCOO--                                               4
PAR  Examples of the group RCOO- are hexanoyloxy, octadecanoyloxy, benzoyloxy
      and like groups.
EQU  Group R--S--                                               5
PAR  Examples of the group R-S- are butylthio, octylthio, dodecylthio,
      phenylthio, naphthylthio and like groups.
      ##EQU7##
PAR  Examples of the
      ##EQU8##
      are N-propyl-N-perfluorooctanesulfonylamide,
      N-perfluorodecanesulfonylamide and like groups.
PAR  Examples of cations represented by M include a hydrogen atom, a sodium
      atom, a potassium atom, a lithium atom, a calcium atom, a barium atom, an
      ammonium group, and an alkyl ammonium group having 1 to 4 carbon atoms in
      the alkyl moieties (for example, a triethyl ammonium group and a tributyl
      ammonium group), etc.
PAR  Examples of comonomers (polymerizable monomers) of copolymers containing
      therein a repeating unit of a maleic acid ester having a polyethyleneoxy
      group represented by the above formula include alkyl esters of acrylic
      acid and methacrylic acid (for example, methyl methacrylate, ethyl
      acrylate, hydroxyethyl acrylate, propyl acrylate, cyclohexyl acrylate,
      2-ethylhexyl acrylate, decyl acrylate, .beta.-cyanoethyl acrylate,
      .beta.-chloroethyl acrylate, 2-ethoxyethyl acrylate, and sulfopropyl
      methacrylate, etc.), vinyl esters (for example, vinyl acetate, vinyl
      propionate and vinyl butyrate, etc.), vinyl ethers (for example, methyl
      vinyl ether, butyl vinyl ether and oleyl vinyl ether, etc.), vinyl ketones
      (for example, methyl vinyl ketone and ethyl vinyl ketone, etc.), styrenes
      (for example, styrene, methylstyrene, dimethylstyrene,
      2,4,6-trimethylstyrene, ethylstyrene, laurylstyrene, chlorostyrene,
      methoxystyrene, cyanostyrene, chloromethylstyrene, vinyl benzoic acid,
      styrenesulfonic acid and .alpha.-methylstyrene, etc.), vinyl heterocyclic
      compounds (for example, vinylpyridine, vinylpyrrolidone and
      vinylimidazole, etc.), acrylonitrile, vinyl and vinylidene halides (for
      example, vinyl chloride and vinylidene chloride), olefins (for example,
      ethylene, propylene, butadiene diisobutylene, isoprene and chloroprene),
      etc. The present invention is not limited to the above specifically
      described copolymerization monomers, and any copolymer can be used if it
      has the structural unit of the above described formula. Examples of
      typical copolymers which can be used in the present invention are shown in
      the following.
      ##EQU9##
PAR  These compounds used in the present invention can be derived from
      commercially available copolymers. For example, an ethylene-maleic acid
      anhydride copolymer a styrene-maleic acid anhydride copolymer or a methyl
      vinyl ether-maleic acid anhydride copolymer is mixed with an ethylene
      oxide adduct of an aliphatic alcohol or an ethylene oxide adduct of an
      alkylphenol. The mixture is stirred at a temperature in the range of from
      about 100.degree. to about 150.degree.C (not critical) for a period of
      from about 5 to about 9 hours, by which the maleic acid unit reacts to
      form a half ester by ring cleavage. Alkali salt derivatives can be formed
      by dissolving the product thus obtained in an aqueous alkali by heating.
      On the other hand, the copolymers can be easily produced by conventional
      methods. Although the molecular weight of the copolymers is not limited
      and can vary, copolymers having a molecular weight of about 500 to 50,000
      and preferably 1,000 to 20,000 are preferred. Though the number of
      ethyleneoxy units is not limited and can vary, a range of 1 to 100  and
      particulary 2 to 50 is preferred.
PAR  These compounds dissolve or disperse in a solvent such as water or methanol
      and do not have any adverse influence upon the photographic properties
      such as sensitivity, gamma or fog, etc., if they are used in the above
      described range even though they are added to photographic emulsions.
PAR  The compound used in the present invention can be used alone or together
      with another antistatic agent or various additives. A preferred amount of
      the compound of the present invention ranges from about 0.05 to 20 g and
      preferably 0.01 to 0.5 g per square meter of the photographic film. Of
      course, the above described range changes despending on type of
      photographic film support used, the photographic composition used, the
      state or a manner of application.
PAR  In the present invention, the photographic layers comprise a silver halide
      emulsion layer and an auxiliary layer (for example, an intermediate layer,
      a protective layer, a filter layer, a backing layer, an antihalation
      layer, an antistatic layer, an anticurling layer and a subbing layer,
      etc.). It is sufficient if the copolymer represented by the above formula
      is incorporated in or applied to at least one of the surfaces of the
      support and/or is incorporated in at least one photographic layer or
      applied to a surface of at least one photographic layer. Where two or more
      silver halide emulsion layers are present on a single one surface or on
      both surfaces of the support, the copolymer is incorporated in or applied
      to at least one layer thereof. A preferred embodiment of the present
      invention is a photographic sensitive material which comprises a support,
      at least one silver halide emulsion layer applied on the support and at
      least one auxiliary layer, wherein the above described copolymer is
      present on at least one surface of the support and/or in at least one of
      the silver halide emulsion layer and the auxiliary layer. A photographic
      sensitive material comprising silver halide emulsion layers on both
      surfaces of a support and protective layers on the silver halide emulsion
      layers wherein the copolymer of the present invention is present in the
      protective layers is particularly preferred.
PAR  In order to employ the compound used in the present invention, the compound
      is dissolved in an organic solvent such as methanol, acetone or a mixture
      thereof. The solution is then added to coating solutions for forming
      photographic layers such as a photographic silver halide emulsion layer,
      an intermediate layer or a protective layer, and the resulting coating
      solutions are coated using a dip-coating method, an air-knife coating
      method, an extrusion coating method using a hopper as described in U.S.
      Pat. No. 2,681,294 or a method as described in U.S. Pat. Nos. 3,508,947,
      2,941,898 and 3,526,528 to form two or more layers at the same time, or
      the photographic layer is dipped in the antistatic treating solution.
      Further, the antistatic treating solution can be applied to a surface of
      the support of the photographic film or the support can be dipped in the
      antistatic treating solution. If desired, the antistatic treating solution
      containing the compound of the present invention can be further applied to
      a protective layer.
PAR  Examples of suitable supports for the photographic sensitive materials of
      the present invention include, for example, a cellulose nitrate film, a
      cellulose acetate film, a cellulose acetate butyrate film, a cellulose
      acetate propionate film, a polystyrene film, a polyethyleneterephthalate
      film and a polycarbonate film, laminated products of these films, a thin
      glass film and paper. Furthermore, a good result is obtained also by using
      a baryta paper, a paper which is coated with or laminated with
      .alpha.-olefin polymers and particularly polymers of .alpha.-olefins
      having 2 to 10 carbon atoms such as polyethylene, polypropylene or an
      ethylene-butene copolymer, etc., or synthetic resin film supports which
      have a surface matted so as to improve the printability and adhesion to
      other high molecular weight materials as described in Japanese Patent
      Publication 19068/1972.
PAR  The support can be selected from transparent supports and opaque supports
      depending on the use of the photosensitive material. Where the support is
      transparent, not only colorless transparent supports but also colored
      transparent supports which are prepared by adding dyes or pigments can be
      used. This has been used hitherto for X-ray films and is described in J.
      SMPTE, vol. 67, 296 (1958).
PAR  Examples of opaque supports include not only essentially opaque supports
      such as paper but also supports prepared by adding dyes or pigments such
      as titanium oxide to transparent films, plastic films whose surface has
      been treated by the method described in Japanese Patent Publication
      19068/1972, and lightintercepting papers or synthetic resin films which
      contain carbon black or dyes. When the adhesion between the support and
      the photographic emulsion layer is not sufficient, a subbing layer which
      has good adhesive properties to both of the photographic emulsion layer
      and the support is usually employed. Further, in order to further enhance
      the adhesive properties, the surface of the support can be subjected to a
      preliminary processing such as a corona discharge treatment, an
      ultraviolet light application or a flame treatment, etc.
PAR  In the photographic sensitive materials of the present invention, each
      photographic layer can contain the following binders or vehicles. Examples
      of hydrophilic colloids include gelatin, colloidal albumin, casein,
      cellulose derivatives such as carboxymethyl cellulose and hydroxyethyl
      cellulose, etc., saccharide derivatives such as agar agar, sodium alginate
      and starch derivatives, etc., and synthetic hydrophilic collids such as
      polyvinyl alcohol, poly-N-vinylpyrrolidone, acrylic acid copolymers,
      polyacrylamide and the partially hydrolyzed derivatives thereof, etc. If
      desired, a compatible mixture of two or more of these colloids can be
      used.
PAR  Of these above described colloids, gelatin is most generally  used.
      However, a portion or all of the gelatin can be replaced by not only
      synthetic high molecular materials but also gelatin derivatives, namely,
      gelatin derivatives in which the gelatin has been modified by a compound
      having a reactive group which reacts with the amino groups, imino groups,
      hydroxy groups or carboxyl groups as a functional group in the gelatin
      molecule or gelatin graft polymers comprising gelatin having chains of
      other high molecular weight materials grafted thereto.
PAR  Examples of compounds for producing the above described gelatin derivatives
      include the isocyanates, acid chlorides and acid anhydrides described in
      U.S. Pat. No. 2,614,928, the acid anhydrides described in U.S. Pat. No.
      3,118,766, the bromoacetic acids described in Japanese Patent Publication
      5514/1964, the phenyl glycidyl ethers described in Japanese Pat.
      Publication 26845/1967, the vinylsulfone compounds described in U.S. Pat.
      No. 3,132,945, the N-arylvinylsulfonamides described in British Pat. No.
      861,414, the maleimide compounds described in U.S. Pat. No. 3,186,846, the
      acrylonitriles described in U.S. Pat. No. 2,594,293, the
      polyalkyleneoxides described in U.S. Pat. No. 3,312,553, the epoxy
      compounds described in Japanese Pat. Publication 26845/1967, the acid
      esters described in U.S. Pat. No. 2,763,639 and the alkanesulfones
      described in British Pat. No. 1,033,189.
PAR  Suitable high molecular weight materials for grafting to gelatin are
      described in U.S. Pat. Nos. 2,763,625, 2,831,767 and 2,956,884, Polymer
      Letters, Vol. 5, 595 (1967), Photo Sci. Eng.,  Vol. 9, 148 (1965) and J.
      Polymer Sci., A-1, Vol. 9, 3199 (1971), and include polymers and
      copolymers of vinyl monomers such as acrylic acid, methacrylic acid or
      derivatives of these acids such as the esters, amides or nitriles, thereof
      or styrene, etc. However, hydrophilic vinyl polymers which are compatible
      with gelatin such as the polymers and copolymers of acrylic acid,
      acrylamide, hydroxyalkyl acrylate or hydroxyalkyl methacrylate are
      particularly preferred.
PAR  The silver halide photographic emulsions can be produced, in general by
      mixing a solution of a water soluble silver salt (for example, silver
      nitrate) with a solution of a water soluble halide (for example, potassium
      bromide) in the presence of a solution of a water soluble high molecular
      weight material such as gelatin. Not only silver chloride and silver
      bromide but also mixed silver halides such as silver bromochloride, silver
      iodobromide, silver iodochloride and silver iodobromochloride can be used
      as the silver halide. Grains of these silver halides can be produced using
      known conventional processes. For example, they can be effectively
      produced by the so-called single or double jet process or a control double
      jet process. Further, two silver halide photographic emulsions prepared
      separately may be mixed. The silver halide grains can have a homogeneous
      crystal structure or can have a laminar structure wherein the interior and
      the exterior of the crystal are composed of different materials or a
      conversion type structure as described in British Pat. No. 635,841  or
      U.S. Pat. No. 3,622,318. Further, the silver halide particles can be of
      the type wherein a latent image is mainly formed on a surface of the
      grains or the type wherein a latent image is formed in the interior of the
      grains. These photographic emulsions are described in C. E. K. Mees & T.
      H. James, The Theory of the Photographic Process, 3rd. Ed., MacMillan Co.,
      New York (1966), P. Grafikides, Chimie Photographique, Paul Montel Co.,
      Paris (1957) and can be produced using many known processes such as an
      ammonia process, a neutralization process or an acid process, etc. After
      formation of the silver halide grains, they are washed with water to
      remove the by-produced water-soluble salts (for example, potassium nitrate
      where silver bromide was produced using silver nitrate and potassium
      bromide) from the system. They are then subjected to a heat treatment in
      the presence of a chemical sensitizer, for example, sodium thiosulfate,
      N,N,N'-trimethyl thiourea, a thiocyanate complex salt or thiosulfate
      complex salt of monovalent gold, stannous chloride or
      hexamethylenetetramine to increase the sensitivity without increasing the
      grain size. These processes have been described in the above described
      reference books. Examples of other chemical sensitizers include gold
      compounds such as the chloroaurates or gold trichloride described in U.S.
      Pat. Nos. 2,399,083, 2,540,085 and 2,597,856, the salts of noble metals
      such as platinum, iridium, palladium, rhodium or ruthenium described in
      U.S. Pat. Nos. 2,448,060, 2,540,086, 2,566,245, 2,566,263 and 2,598,079,
      sulfur compounds which form silver sulfide by reacting with silver salts
      described in U.S. Pat. Nos. 1,574,944, 2,410,689, 3,189,458 and 3,501,313,
      and reducing materials such as stannous salts and amines described in U.S.
      Pat. Nos. 2,487,850, 2,518,698, 2,521,925, 2,521,926, 2,694,637, 2,983,610
      and 3,201,254.
PAR  The photographic emulsions can be sensitized, if desired, by spectral
      sensitization or supersensitization using one or more cyanine dyes such as
      a cyanine, merocyanine or carbocyanine dye, etc. or a combination of a
      cyanine dye and a styryl dye. These color sensitization techniques are
      well known and described in U.S. Pat. Nos. 2,493,748, 2,519,001,
      2,977,229, 3,480,434, 3,672,897, 3,703,377, 2,688,545, 2,912,329,
      3,397,060, 3,615,635 and 3,628,964, British Pat. Nos. 1,195,302, 1,242,588
      and 1,293,862, German Pat. Publications (OLS) 2,030,326 and 2,121,780,
      Japanese Pat. Publications 4936/1968, 14030/1969 and 10773/1968, U.S. Pat.
      Nos. 3,511,664, 3,522,052, 3,527,641, 3,615,613, 3,615,632, 3,617,295,
      3,635,721 and 3,694,217, and British Pat. Nos. 1,137,580 and 1,216,203.
      Seclection of the sensitizer to be used can be decided on the basis of the
      end use purpose of the photosensitive material, for example, the
      wavelength range to be sensitized or the sensitivity of the photosensitive
      material, etc.
PAR  Various compounds can be added to the photographic emulsions in order to
      prevent a reduction of sensitivity and the generation of fog during
      preparation, during storage or during processing of the photosensitive
      material. Quite a large number of such compounds are already known, and
      example thereof include heterocyclic compounds such as
      4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene, 3-methyl-benzothiazole or
      1-phenyl-5-mercaptotetrazole, etc., mercury containing compounds, mercapto
      compounds and metal salts, etc. Specific examples of these compounds used
      have been described in C. E. K. Mees & T. H. James, The Theory of the
      Photographic Process, supra, and in the following patents: U.S. Pat. Nos.
      1,758,576, 2,110,178, 2,131,038, 2,173,628, 2,697,040, 2,304,962,
      2,324,123, 2,394,198, 2,444,605 - 8, 2,566,245, 2,694,716, 2,697,099,
      2,708,162, 2,728,633 - 5, 2,476,536, 2,824,001, 2,843,491, 2,886,437,
      3,052,544, 3,137,577, 3,220,839, 3,226,231, 3,236,652, 3,251,691,
      3,252,799, 3,287,135, 3,326,681, 3,420,668 and 3,622,339, and British Pat.
      Nos. 893,428, 403,789, 1,173,609 and 1,200,188.
PAR  Where the silver halide photographic emulsions are used for color
      photographic sensitive materials, dye forming couplers are sometimes
      included in the silver halide photographic emulsion layers. Examples of
      such couplers which can be used, include 4 equivalent type diketomethylene
      yellow couplers and 2-equivalent type diketomethylene yellow couplers, for
      example, the compounds described in U.S. Pat. Nos. 3,277,157, 3,415,652,
      3,447,928, 3,311,476 and 3,408,194, the compounds described in U.S. Pat.
      Nos. 2,875,057, 3,265,506, 3,409,439, 3,551,155, 3,551,156 and 3,582,322,
      and the compounds described in Japanese Pat. applications (OPI) 26133/1972
      and 66836/1973; 4-equivalent type or 2-equivalent type pyrazolone magenta
      couplers or imidazolone magenta couplers, for example, the compounds
      described in U.S. Pat. Nos. 2,600,788, 2,983,608, 3,066,759, 3,062,653,
      3,214,437, 3,253,924, 3,419,808, 3,476,560 and 3,582,322, Japanese Pat.
      Publication 20636/1970 and Japanese Pat. application (OPI) 26133/1972; and
      .alpha.-naphthol cyan couplers and phenol cyan couplers, for example, the
      compounds described in U.S. Pat. Nos. 2,474,293, 2,698,794, 3,034,892,
      3,214,437, 3,253,924, 3,311,476, 3,458,315 and 3,591,383 and Japanese Pat.
      Publications 11304/1967 and 32461/1969. In addition, the DIR couplers as
      described in U.S. Pat. Nos. 3,227,554, 3,297,445, 3,253,924, 3,311,476,
      3,379,529, 3,516,831, 3,617,291 and 3,705,801, and German Pat. application
      (OLS) 2,163,811 can be used as well. The couplers can be dispersed using
      the processes described in U.S. Pat. Nos. 2,304,939, 2,304,940, 2,322,027,
      2,801,170, 2,801,171 and 2,749,360 to produce dispersions.
PAR  One or more surface active agents can be added to the photographic layers
      of the present invention. Although these agents are generally used as
      coating assistants, they are sometimes used for other purposes, for
      example, in order to improve dispersability, sensitization and
      photographic properites or in order to prevent electrostatic charging or
      adhesion, etc. These surface active agents are classified into natural
      surface active agents such as saponin, nonionic surface active agents such
      as alkylene oxide type compounds, glycerin type compounds or glycidol type
      compounds, cationic surface active agents such as higher alkylamines,
      quaternary ammonium slats, heterocyclic compounds such as pyridine
      compounds, phosphonium compounds and sulfonium compounds, etc., anionic
      surface active agents which have acid groups such as a carboxylic acid
      group, a sulfonic acid group, a phosphoric acid group, a sulfuric acid
      ester group or a phosphoric acid ester group, etc. and ampholytic surface
      active agents such as aminoacids, amino sulfonic acids and sulfuric acid
      esters or phosphoric acid esters of aminoalcohols, etc.
PAR  Some of these surface active agents have been described in U.S. Pat. Nos.
      2,271,623, 2,240,472, 2,288,226, 2,739,891, 3,068,101, 3,158,484,
      3,201,253, 3,210,191, 3,294,540, 3,415,649, 3,441,413, 3,442,654,
      3,475,174 and 3,545,974, German Pat. application (OLS) 1,942,665, British
      Pat. Nos. 1,077,317 and 1,198,450, Ryohei Oda, Kaimenkasseizai no Gosei to
      sono Oyo, 1964 edition, Maki Shoten, Tokyo (1964), A. W. Perry, Surface
      Active Agents, written by Interscience Publications Incorporated (1958),
      and J. P. Sisley, Encyclopedia of Surface Active Agents, Vol. 2, Chemical
      Publishing Company (1964). The fluorine containing surface active agents,
      e.g., as described in U.S. Pat. Nos. 3,589,906, 3,666,478, 2,559,751,
      2,567,011, 2,732,398, 2,764,602, 2,806,866, 2,809,998, 2,915,376,
      2,915,528, 2,934,450, 2,937,098, 2,957,031, 3,472,894 and 3,555,089,
      British Pat. No. 1,330,356, Japanese Pat. Publication 37304/1970, Japanese
      Pat. application (OPI) 9613/1972, J. Chem. Soc., p. 2789 (1950) and ibid,
      p. 2574 and 2640 (1957), J. Am. Chem. Soc., Vol. 79, p. 2549 (1957) and J.
      Japan Oil Chemists Soc., Vol. 12, p. 653, can be used.
PAR  In the present invention, a lubricant composition for reducing the surface
      coefficient of friction of the photographic element, for example, the
      silicones described in U.S. Pat. Nos. 3,079,837, 3,080,317, 3,545,970 and
      3,294,537 or modified silicones represented by the following formula, can
      be present on a surface of the support or can be included in a
      photographic layer:
      ##EQU10##
      wherein l is 0 to 100; m is 0 to 100; l+m+n is 15 to 1000; p is 1 to 100;
      R represents a C.sub.1 to C.sub.18 alkyl group, and R.sub.1 represents H
      or a C.sub.1 to C.sub.18 alkyl group.
PAR  The photographic materials of the present invention can include known
      antistatic agents such as the hydrophilic polymers described, for example,
      in U.S. Pat. Nos. 2,725,927, 2,972,535, 2,972,536, 2,972,537, 2,972,538,
      3,033,679, 3,072,484, 3,262,807, 3,525,621, 3,615,531, 3,630,743,
      3,653,906, 3,655,384 and 3,655,386 and British Pat. Nos. 1,222,154 and
      1,235,075, the hydrophobic polymers described in, for example, U.S. Pat.
      Nos. 2,973,263 and 2,976,148, the biguanide compounds described in, for
      example, U.S. Pat. Nos. 2,584,362 and 2,591,590, the sulfonic acid type
      anionic compounds described in, for example, U.S. Pat. Nos. 2,639,234,
      2,649,372, 3,201,251 and 3,457,076, the phosphoric acid esters and
      quaternary ammonium salts described in, for example, U.S. Pat. Nos.
      3,317,344 and 3,514,291, the cationic compounds described in, for example,
      U.S. Pat. Nos. 2,882,157, 2,982,651, 3,399,995, 3,549,369 and 3,564,043,
      the nonionic compounds described in, for example, U.S. Pat. Nos.
      3,625,695, the amphoteric compounds described in, for example, U.S. Pat.
      No. 3,736,268, the complex compounds described in, for example, U.S. Pat.
      No. 2,647,836 and the organic salts described in, for example, U.S. Pat.
      Nos. 2,717,834 and 3,655,387.
PAR  The photographic layer of the present invention can include aldehyde
      compounds such as formaldehyde or glutaraldehyde, ketone compounds such as
      diacetyl or cyclopentanedione, the reactive halogen containing compounds
      described in U.S. Pat. Nos. 3,288,775 and 2,732,303 and British Pat. Nos.
      974,723 and 1,167,207 as well as bis-(2-chloroethylurea) and
      2-hydroxy-4,6-dichloro-1,3,5-triazine, the reactive olefin containing
      compounds described in U.S. Pat. Nos. 3,635,718 and 3,232,763 and British
      Pat. No. 994,869 as well as divinylsulfone, and
      5-acetyl-1,3-diacryloyhexahydro-1,3,5-triazine, the N-methylol compounds
      described in U.S. Pat. Nos. 2,732,316 and 2,586,168 as well as
      N-hydroxymethylphthalimide, the isocyanates described in U.S. Pat. No.
      3,103,437, the aziridine compounds described in U.S. Pat. Nos. 3,017,280
      and 2,983,611, the acid derivatives described in U.S. Pat. Nos. 2,725,294
      and 2,725,295, the carbodimide compounds described in U.S. Pat. No.
      3,100,704, the epoxy compounds  described in U.S. Pat. No. 3,091,537, the
      isoxazole compounds described in U.S. Pat. Nos. 3,321,313, and 3,543,292,
      the halocarboxyaldehydes such as mucochloric acid, dioxane derivatives
      such as dihydroxydioxane or dichlorodioxane and inorganic hardening agents
      such as chromium alum or zirconium sulfate, etc. as hardening agents.
      Furthr, precursor type compounds such as alkali metal bisulfite-aldehyde
      adducts, methylol derivatives of hydantoin and primary aliphatic
      nitroalcohols can be used instead of the above described compounds. The
      auxiliary layers and particularly the adjacent layers can contain the
      above described stabilizers and antifogging agents in the photographic
      sensitive materials of the present invention.
PAR  The photographic sensitive materials of the present invention can contain
      the polyols described in U.S. Pat. Nos. 2,960,404, 3,520,694, 3,656,965
      and 3,640,721 as plasticizers in the photographic layers thereof.
PAR  The photographic sensitive materials of the present invention can contain
      in the auxiliary layers thereof stilbene compounds, triazine compounds,
      oxazole compounds or coumarin compounds as whitening agents; benzotriazole
      compounds, thiazolidine compounds or cinnamic acid ester compounds as
      ultraviolet light absorbing agents; known filter dyes for photography as
      light absorbing agents; water-insoluble materials as described in British
      Pat. Nos. 955,061, 1,320,564, 1,320,565 and 1,143,118 and U.S. Pat. Nos.
      3,121,060 and 3,489,567 and surface active materials as described in U.S.
      Pat. No. 3,617,286 as adhesion preventing agents, Further, they can
      contain inorganic compounds having a suitable particle size such as silver
      halide, silica or strontium barium sulfate or a latex such as a polymethyl
      methacrylate latex as a matting agent.
PAR  The photographic sensitive materials of the present invention can have an
      antihalation layer as described above. In such case, carbon black or known
      antihalation dyes such as triphenylmethane dyes, oxonol dyes, styryl dyes
      such as benzylidene or cinnamylidene derivatives, cyanine dyes or metal
      containing (chelate) dyes can be added to the antihalation layer as
      halation preventing agents. Some of these materials has been described in,
      for example, U.S. Pat. Nos. 2,150,695, 2,527,583, 3,282,699, 2,274,782,
      2,621,125, 3,647,460, 3,653,905, 2,036,546, 3,615,546, 3,260,601,
      3,745,009, 3,364,029, and 3,406,069 and British Pat. No. 584,609.
PAR  The silver halide emulsions include ortho emulsions, panchromatic
      emulsions, emulsions for infrared rays, emulsions for X rays or other
      invisible rays, litho emulsions, and color photographic emulsions such as
      an emulsion containing a color forming coupler, an emulsion containing a
      dye developing agent or an emulsion containing a bleachable dye, etc.
PAR  According to the present invention, difficulties occurring during
      production or use of the photographic sensitive material have been
      improved. For example, the generation of static marks caused by containing
      the emulsion layer surface of the photographic sensitive material with the
      back surface thereof or contacting the photosensitive material with other
      materials such as rubber, metals, plastics or fluorescence sensitizing
      paper (used for X-ray films) is remarkably decreased. Particularly, as
      described in the following examples, the surface resistivity is remarkably
      decreased when the compound used in the present invention is applied to a
      surface layer of the emulsion side of the photographic film. On the
      contrary, the surface resistivity hardly decreases when many known surface
      active agents and known antistatic agents for photography such as saponin,
      aliphatic acid esters of sucrose or the compounds described in U.S. Pat.
      Nos. 2,982,651, 3,253,922 and 3,220,847 are applied to the surface layer
      of the emulsion side.
PAR  Further, the generation of electrostatic charges caused by setting the film
      in a cartridge, loading the film in a camera or continuously photographing
      at a high speed using an automatic camera such as in X-ray films can be
      effectively prevented even at a low humidity. Furthermore, the antistatic
      effect does not deteriorate with the lapse of time. Moreover, difficulties
      such as a slipping of superposed films at cutting or a sliding of a rolled
      film in a camera do not occur at all.
PAR  The present invention will be illustrated in greater detail with reference
      to the following examples which are not intended to be construed as
      limiting the present invention. Unless otherwise indicated herein, all
      parts, percents, ratios and the like are by weight.
PAR  In the examples, the evaluation of antistatic properties was carried out by
      determinations of the magnitude of the electrostatic charge, the surface
      resistivity and the generation of static marks.
DETD
PAC  EXAMPLE 1
PAR  A photographic emulsion coating solution which was prepared by adding
      additives such as a stabilizer and a hardening agent as described below to
      a high speed emulsion for X-rays containing 6 percent of gelatin and 6
      percent of silver iodobromide (silver iodide: 1.5 mol%) was applied to a
      polyethylene terephthalate film having a subbing layer thereon, and then
      an aqueous solution containing gelatin as a major component which did not
      contain an antistatic agent was applied on the silver halide emulsion
      layer to form a surface protective layer. The composition of each layer
      are shown in Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Coating Solution Composition (per Kg)                                     
     Component                                                                 
           Coating Solution for                                                
                         Coating Solution for                                  
           Emulsion Layer                                                      
                         Protective Layer                                      
     __________________________________________________________________________
     Binder                                                                    
           Gelatin       Gelatin 50 g                                          
     Silver                                                                    
           Silver iodobromide                                                  
                            --                                                 
     Hardening                                                                 
           2% Aqueous solution of                                              
                         2% Aqueous solution of                                
     Agent sodium salt of 2-                                                   
                         sodium salt of 2-hydroxy-                             
           hydroxy-4,6-dichloro-s-                                             
                         4,6-dichloro-s-triazine                               
           triazine (5 ml)                                                     
                         (10 ml)                                               
     Stabilizer                                                                
           2% Aqueous solution of                                              
                            --                                                 
           1-phenyl-5-mercapto-                                                
           tetrazole (10 ml)                                                   
     Water    880 ml        500 ml                                             
     (Film thickness: Emulsion layer: 5 .mu., Protective layer: 1              
     __________________________________________________________________________
     .mu.)                                                                     
PAR  The resulting sample was divided into test samples and each sample was
      dipped in a 3 percent aqueous solution of the compound of the present
      invention (Compound 1 or 3) for 30 seconds respectively and then dried.
      For comparison, samples were processed in the same manner with a 3 percent
      aqueous solution of saponin, sucrose monolaurate or polyoxyethylene
      nonylphenyl ether respectively. After conditioned at 25.degree.C and 30
      percent RH for 10 hours, the surface resistivity of these samples of the
      photographic film was determined in the following manner.
PAR  The determination of the surface resistivity was carried out by putting a
      test film between brass electrodes (stainless steel was used in the part
      contacting the test film) having a length of 10 cm at a separation of 0.14
      cm and determining one minute value using an insulation tester (Type
      MM-V-M) produced by Takeda Riken Co.
PAR  Further, generation of the static marks was evaluated by superposing a
      white rubber plate on a surface of the sample, pressing the white rubber
      plate with a rubber roll at 25.degree.C and 40 percent RH to produce
      friction, removing the white rubber plate, developing the sample in a
      developer having the following composition and fixing the sample.
TBL  ______________________________________                                    
     Composition of the Developer:                                             
     Warm Water (50.degree.C)                                                  
                            700      ml                                        
     Sodium N-methyl-p-aminophenol                                             
                            4        g                                         
     Sulfate                                                                   
     Sodium Sulfite (anhydrous)                                                
                            60       g                                         
     Hydroquinone           10       g                                         
     Sodium Carbonate (monohydrate)                                            
                            53       g                                         
     Potassium Bromide      25       g                                         
     Water to make          1        liter                                     
     ______________________________________                                    
PAR  The results obtained are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Antistatic Evaluation                                                     
     Sample                                                                    
           Antistatic Agent Surface    Amount of                               
     No.                    Resistivity                                        
                                       Static Marks                            
     ______________________________________                                    
     1     Compound 1      3 .times. 10.sup.10 (.OMEGA.)                       
                                       A                                       
     2     Compound 5      2 .times. 10.sup.11                                 
                                       A                                       
     3     Compound 16     8 .times. 10.sup.10                                 
                                       A                                       
     4     Compound 10     4 .times. 10.sup.10                                 
                                       A                                       
     5     Saponin         10.sup.14   D                                       
     6     Sucrose Monolaurate                                                 
                           5 .times. 10.sup.13                                 
                                       C                                       
     7     Polyoxyethylene 3 .times. 10.sup.13                                 
                                       C                                       
           Nonylphenyl Ether                                                   
           (10 oxyethylene units)                                              
     8     None (Control)  10.sup.14   E                                       
     ______________________________________                                    
PAR  The amount of static marks was evaluated by the following 5 stages.
TBL  ______________________________________                                    
     Grade           Static Mark Generation                                    
     ______________________________________                                    
     A                 None                                                    
     B                 Slight                                                  
     C                 Considerable                                            
     D                 Remarkable                                              
     E                 Over entire surface                                     
     ______________________________________                                    
PAR  As is clear from the results in Table 2, in the photographic films
      processed with the aqueous solution of the compound of the present
      invention (Sample Nos. 1, 2, 3 and 4), the generation of static marks was
      not observed or only slightly observed and the surface resistivity
      decreased remarkably. On the other hand, in the samples processed with
      saponin, sucrose monolaurate and polyoxyethylene nonylphenyl ether (Sample
      Nos. 5, 6 and 7), static marks markedly occured and the surface
      resistivity hardly decreased. In the control sample (Sample No. 8), the
      entire surface was covered with static marks.
PAC  EXAMPLE 2
PAR  To a high-speed emulsion for high-speed X-ray photography containing 7
      percent of gelatin and 8 percent of silver iodobromide (silver iodide: 1.5
      mol%), the same additives such the same stabilizer, hardening agent and
      sensitizer as in Example 1 and a 4 percent aqueous solution of saponin in
      the amount of 5 ml per 1 Kg of the emulsion were added. This photographic
      emulsion was applied to both surfaces of a polyethylene terephthalate
      support having subbing layers thereon. After cooling the subbed support, a
      coating solution prepared by adding 20 ml of a 10 percent aqueous solution
      of the compound of the present invention (Compound 1) as an antistatic
      agent to 1 Kg of a 2 percent aqueous gelatin solution containing the
      sodium salt of 2-hydroxy-4,6-dichloro-s-triazine as a hardening agent was
      applied to both emulsion layers. After cooling the sample was dired. The
      resulting emulsion layers and the protective layers each had a thickness
      of 5 .mu. and 1 .mu. respectively. The coated surfaces were uniform and
      even and had good quality. On the other hand, a photographic film wherein
      the same amount of a known agent, sodium dioctylsulfosuccinate, as a
      comparison compound was added to the protective layer and a photographic
      film which did not contain any antistatic agent (control) were produced
      using the same procedures. After conditioning these films at 25.degree.C
      and 30 percent RH for 10 hours, the surface resistivity and generation of
      static marks were examined in the same manner as in Example 1. The results
      obtained are shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Antistatic Agent                                                          
                     Surface     Generation of                                 
                     Resistivity Static Marks                                  
     ______________________________________                                    
                     (.OMEGA.)                                                 
     Compound 1      2 .times. 10.sup.11                                       
                                 A                                             
     Sodium Dioctylsulfo-                                                      
     succinate (comparison                                                     
                     3 .times. 10.sup.13                                       
                                 D                                             
     compound)                                                                 
     None (Control)  10.sup.14   E                                             
     ______________________________________                                    
PAR  As can be seen from the results in Table 3, in the photographic film
      wherein the antistatic agent of the present invention was added to the
      protective layer, the surface resistivity decreased markedly. On the
      contrary, in the photographic film wherein sodium dioctylsulfosuccinate
      was added to the protective layer, the surface resistivity hardly
      decreased.
PAC  EXAMPLE 3
PAR  20 ml of a 10 percent aqueous solution of Compound 2 of the present
      invention was added to a high-speed emulsion containing 6 percent of
      gelatin and 12 percent of silver iodobromide (silver iodide: 6.0 mol%). A
      coating solution for forming a surface protective layer was prepared by
      adding 50 ml of a 5 percent aqueous solution of polyoxyethylenesorbitan
      monolaurate (15 oxyethylene units) as a coating assistant to 1 Kg of a 7
      percent aqueous solution of gelatin containing a hardening agent. Then,
      the above described photographic emulsion and the coating solution for
      forming the surface protective layer were applied in turn to a cellulose
      triacetate support having a subbing layer thereon. After cooling the
      sample was dried. The surface resistivity and the generation of static
      marks were examined in the same manner as in Example 1. The surface
      resistivity at 20.degree.C and 40% RH was 7.5 .times. 10 .sup.11 .OMEGA.
      in the photographic film in which the compound of the present invention
      was added to the emulsion layer. On the contrary, it was 8.5 .times.
      10.sup.13 .OMEGA. in the photographic film in which the compound of the
      present invention was not added.
PAC  EXAMPLE 4
PAR  5 ml of a 4 percent aqueous solution of saponin as a coating assistant was
      added to 1 Kg of a high-speed emulsion containing 6 percent of gelatin and
      12 percent of silver iodobromide (silver iodide: 8.6 mol%). The emulsion
      was applied to a cellulose triacetate support having a subbing layer.
      Then, a coating solution for forming a surface protective layer which was
      prepared by adding 60 ml of a 10 percent aqueous solution of Compound 5 of
      the present invention to 1 Kg of a 5 percent aqueous solution of gelatin
      containing the sodium salt of 2-hydroxy-4,6-dichloro-S-triazine (15 ml of
      a 2 percent aqueous solution per Kg of the emulsion) as a hardening agent
      was applied to the resulting emulsion layer. After cooling the sample was
      dried to produce a photographic film sample. Similarly, a coating solution
      which was prepared by adding 60 ml of a 10 percent aqueous solution of
      Compound 5 of the present invention and 30 ml of a 1 percent aqueous
      solution of a fluorine containing surface active agent as an antistatic
      agent having the formula
      ##EQU11##
      to the above described aqueous solution of gelatin was applied in the same
      manner as described above to produce a photographic film sample.
PAR  For comparison, a photographic film sample having a surface protective
      layer wherein 50 ml of a 10 percent aqueous solution of saponin was added
      was produced in the same manner. The surface resistivity of these film
      samples was determined in the same manner as in Example 1 and the surface
      adhesion property was determined by the following method. Two square test
      pieces (4 cm side length) were cut off from each of the resulting
      photographic film samples, and were conditioned at 35.degree.C and 90
      percent RH for 2 days while not contacting with each other. The protective
      layers of the pair test pieces which cut off from the same film sample
      were then contacted and stored for 1 day under a load of 800 g at
      35.degree.C and 90 percent RH. Each of the pair test pieces was then
      peeled and adhered areas in each test pieces were determined. The
      anti-adhesive property was evaluated by the following 4 stages.
TBL  ______________________________________                                    
     Grade            Adhered Area (%)                                         
     ______________________________________                                    
     A                Less than 40                                             
     B                41 to 60                                                 
     C                61 to 80                                                 
     D                More than 81                                             
     ______________________________________                                    
PAR  The results obtained are shown in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Antistatic Agent                                                          
                     Surface     Adhesive                                      
                     Resistivity Property                                      
     ______________________________________                                    
                     (.OMEGA.)                                                 
     Compound 10     8 .times. 10.sup.11                                       
                                 A                                             
     Compound 5      2 .times. 10.sup.11                                       
                                 B                                             
     Compound 5 and  7 .times. 10.sup.11                                       
                                 A                                             
     Fluorine Containing                                                       
     Surface Active Agent                                                      
     Saponin         1 .times. 10.sup.14                                       
                                 D                                             
     ______________________________________                                    
PAR  As is clear from the results in Table 4, the surface resistivity decreased
      in the photographic film samples in which the compound of the present
      invention was added to the surface protective layer.
PAC  EXAMPLE 5
PAR  To one face of a cellulose triacetate support, an antistatic solution (A)
      having the following composition containing the compound of the present
      invention was applied. For to comparison, a comparison solution (B) having
      the same composition but not containing the compound of the present
      invention was applied in the same manner. These film supports were dried
      at 80.degree.C for 10 minutes (coating film thickness: 0.3 .mu.).
TBL  ______________________________________                                    
                     Antistatic                                                
                              Comparison Antistatic                            
                     Solution (A)                                              
                              Solution (B)                                     
     ______________________________________                                    
     Cellulose Diacetate                                                       
                       0.2     g      0.2   g                                  
     Water             10      g      10    g                                  
     Methanol          50      g      50    g                                  
     Acetone           40      g      40    g                                  
     Comound of the Present                                                    
                       0.1     g      --                                       
     Invention                                                                 
     ______________________________________                                    
PAR  After conditioned these photographic film supports at 23.degree.C and 60
      percent RH for 5 hours, the surface resistivity was determined. The
      surface resistivity was 2 .times. 10.sup.16 .OMEGA. in the film support to
      which the comparison solution (B) was applied, while it was 4.5 .times.
      10.sup.9 .OMEGA. in the film support to which the antistatic solution (A)
      was applied.
PAC  EXAMPLE 6
PAR  On a cellulose triacetate film support, an antihalation layer, a
      red-sensitive silver halide emulsion layer, an intermediate layer, a
      green-sensitive silver halide emulsion layer, a yellow filter layer, a
      blue-sensitive silver halide emulsion layer and a protective layer were
      coated in turn to produce a color photographic film.
PAR  The antihalation layer was a gelatin layer containing a black colloidal
      silver dispersion (0.36 g/m.sup.2), which contained Hardening Agent 1 and
      Coating Assistant 1 described below.
PAR  The red-sensitive silver halide emulsion layer contained Sensitizing Dye 2,
      Stabilizer 1, Hardening Agent 2, Coating Assistant 1, Color Couplers 4 and
      5, and Coupler Solvents 1 and 2 in a gelatin-silver iodobromide emulsion
      (iodide content: 2.0 mol %).
PAR  The intermediate layer was a gelatin layer containing Hardening Agent 1,
      Coating Assistant 1 and Coupler Solvent 3.
PAR  The green-sensitive silver halide emulsion layer contained Sensitizing Dye
      1, Stabilizer 1, Hardening Agent 2, Coating Assistant 1, Color Couplers 2
      and 3 and Coupler Solvents 1 and 2 in a gelatin-silver iodobromide
      emulsion (iodide content: 3.3 mol %).
PAR  The yellow filter layer was a gelatin layer containing a yellow colloidal
      silver dispersion, which contained Hardening Agent 1 and Coating Assistant
      2.
PAR  The blue-sensitive silver halide emulsion layer contained Stabilizer 1,
      Hardening Agent 2, Color Coupler 1 and Coupler Solvents 1 and 2 in a
      gelatin-silver iodobromide silver emulsion (iodide content: 3.3 mol %).
PAR  As the surface protective layer, two samples were used, that is, one sample
      was composed of 1.0 g of gelatin and 0.5 g of a styrene-maleic acid
      copolymer (limiting viscosity determined in a 1 percent aqueous solution
      of sodium chloride: 0.40) as binders per m.sup.2 of the surface protective
      layer, 0.5 g/100 g binder of Hardening Agent 1, 5.0 g/100 g binder of the
      compound of the present invention (Compound 1) as the antistatic agent,
      and 0.8 g/100 g of polymethyl methacrylate particles (average particle
      size: 2 microns) as a matting agent, and one sample which was a comparison
      sample had the same composition as described above but contained 3.0 g/100
      g binder of sodium dodecylbenzene sulfonate instead of the compound of the
      present invention (compound 1).
PAR  The additives used in each layer were as follows:
PAR  Sensitizing Dye 1:
      Anhydro-5,5'-diphenyl-9-ethyl-3,3'-di-(2-sulfoethyl)oxacarbocyanine
      hydroxide pyridinium salt
PAR  Sensitizing Dye 2:
      Anhydro-5,5'-dichloro-9-ethyl-3,3'-di-(3-sulfopropyl)thiacarbocyanine
      hydroxide pyridinium salt
PAR  Stabilizer 1: 4-Hydroxy-6-methyl-1,3,3a,7-tetrazaindene
PAR  Hardening Agent 1: 2-Hydroxy-4,6-dichloro-a-triazine sodium salt
PAR  Hardening Agent 2: Hexahydro-1,3,5-triacryloyl-s-triazine
PAR  Surface Active Agent 1: Sodium dodecylbenzene sulfonate
PAR  Surface Active Agent 2: 2-Sulfonate succinic acid bis-(2-ethylhexyl) ester
      sodium salt
PAR  Coupler Solvent 1: Di-n-butylphthalate
PAR  Coupler Solvent 2: Tri-[N-(2-hydroxyethyl)]cyanuric acid
PAR  Coupler Solvent 3: Tricresyl phosphate
PAR  Color Coupler 1:
      2'-Chloro-5'-[2-(2,4-di-tert-amylphenoxy)-butyramido]-.alpha.-(5,5-dimethy
     l-2,4-dioxo-3-imidazolidinyl)-.alpha.-(4-methoxybenzoyl)acetoanilide
PAR  Color Coupler 2:
      1-(2,4,6-Trichlorophenyl)-3-{3-[(2,4-di-tertamylphenoxy)acetamido]benzamid
     o}-4-(4-methoxyphenyl)azo-5-pyrazolone
PAR  Color Coupler 3:
      1-(2,4,6-Trichlorophenyl)-3-{3-[(2,4-di-tertamylphenoxy)acetamido]benzamid
     o}-5-pyrazolone
PAR  Color Coupler 4:
      1-Hydroxy-4-(2-acetylphenyl)-azo-N-[4-(2,4-di-tert-amylphenoxy)butyl]-2-na
     phthamide
PAR  Color Coupler 5: 1-Hydroxy-N-dodecyl-2-naphthamide
PAR  After the resulting samples were conditioned at 25.degree.C and 30 percent
      RH for 20 hours, the surface resistivity and generation of static marks
      were examined in the same manner as in Example 1.
PAR  In the photographic film in which the compound of the present invention was
      added to the surface protective layer, the surface resistivity was 5
      .times. 10.sup.11 .OMEGA. and no generation of static marks was observed.
      On the contrary, in the comparison film, wherein the compound of the
      present invention was not added, the surface resistivity was 6 .times.
      10.sup.13 .OMEGA. and static marks were generated markedly.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antistatic photographic sensitive material comprising a support
      having thereon at least one silver halide emulsion layer, wherein a
      surface active copolymer containing in the main chain an alkyl repeating
      unit represented by the formula (I)
      ##EQU12##
      wherein Y represents an organic residue having 4 to 22 carbon atoms; n
      represents the average number of ethyleneoxy units and is 1 to 100; and M
      represents a hydrogen atom, an alkali metal atom, an alkaline earth metal
      atom, an ammonium group or an alkylammonium group is present in at least
      one of a surface of the support and a photographic layer.
NUM  2.
PAR  2. The antistatic photographic sensitive material of claim 1, wherein Y is
      a linear, branched-chain or cyclic, saturated or unsaturated,
      unsubstituted or substituted hydrocarbon group.
NUM  3.
PAR  3. The antistatic photographic sensitive material of claim 1, wherein Y is
      a group R--O--, a
      ##EQU13##
      a group RCOO--, a group R--S-- or a
      ##EQU14##
      wherein R and R', which may be the same or different, each represents an
      alkyl group which may be completely or partially substituted with fluorine
      atoms; an alkenyl group; an aralkyl group; or an aryl group; and R'
      further represents a hydrogen atom, M is a hydrogen atom, a sodium atom, a
      potassium atom, a lithium atom, a calcium atom, a barium atom, an ammonium
      group, or an alkyl ammonium group having 1 to 4 carbon atoms in the alkyl
      moieties.
NUM  4.
PAR  4. The antistatic photographic sensitive material of claim 1, wherein said
      copolymer containing therein said repeating unit of the formula (I) is a
      copolymer of a comonomer selected from the group consisting of an alkyl
      acrylate, a methacrylate, a vinyl ester, a vinyl ether, a vinyl ketone, a
      styrene, a vinyl heterocyclic compound, an acrylonitrile, a vinyl or
      vinylidene halide, or an olefin.
NUM  5.
PAR  5. The antistatic photographic sensitive material of claim 1, wherein said
      surface active copolymer containing therein a repeating unit represented
      by the formula (I) is a compound represented by the formula
      ##EQU15##
      wherein a molar ratio of x to y is 1 to 1.
NUM  6.
PAR  6. The antistatic photographic sensitive material of claim 1, wherein said
      surface active copolymer containing therein a repeating unit represented
      by the formula (I) is a compound represented by the formula
      ##EQU16##
      wherein a molar ratio of x to y is 1 to 1.
NUM  7.
PAR  7. The antistatic photographic sensitive material of claim 1, wherein said
      surface active copolymer containing therein a repeating unit represented
      by the formula (I) is a compound represented by the formula
      ##EQU17##
      wherein a molar ratio of x to y is 1 to 1.
NUM  8.
PAR  8. The antistatic photographic sensitive material of claim 1, wherein said
      surface active copolymer containing therein a repeating unit represented
      by the formula (I) has a molecular weight of about 500 to 50,000.
NUM  9.
PAR  9. The anti-static photographic sensitive material of claim 1, wherein said
      surface active copolymer containing therein a repeating unit represented
      by the formula (I) has a molecular weight of 1,000 to 20,000 and n is 2 to
      50.
NUM  10.
PAR  10. The antistatic photographic sensitive material of claim 1, wherein said
      surface active copolymer containing therein a repeating unit represented
      by the formula (I) is present in said photographic sensitive material and
      in an amount of about 0.05 to 20 g per square meter of said photographic
      sensitive material.
NUM  11.
PAR  11. The antistatic photographic sensitive material of claim 1, wherein said
      photographic layer is a silver halide emulsion layer, an intermediate
      layer, a protective layer, a filter layer, a backing layer, an
      anti-halation layer, an antistatic layer, an anti-curling layer or a
      subbing layer.
NUM  12.
PAR  12. A method of enhancing the antistatic properties of a photographic
      sensitive material comprising a support having thereon at least one silver
      halide emulsion layer which comprises applying to at least one surface of
      said support or applying to or incorporating in a photographic layer on
      said support a surface active copolymer containing in the main chain a
      repeating unit represented by the following formula (I)
      ##EQU18##
      wherein Y represents an organic residue having 4 to 22 carbon atoms; n
      represents the average number of ethyleneoxy units and is 1 to 100; and M
      represents a hydrogen atom, an alkali metal atom, an alkaline earth metal
      atom, an ammonium group or an alkylammonium group.
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TTL  Flat photographic film produced by heating above the second order
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ABST
PAL  A process for producing flat sheets, particularly photographic sheets for
      use in automatic film changing equipment, from a stored roll of material.
      A thermoplastic film is briefly heated to above its second order
      transition temperature but not over 120.degree. centigrade prior to
      cutting for packaging. Such heating removes roll curl developed during
      storage of the film in rolls, without adversely affecting the quality of
      the film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for removing roll-set curl from
      thermoplastic webs, particularly thermoplastic webs used in photographic
      films. Still more particularly, it relates to a process for removing roll
      set curl that has developed during storage of photographic film, in rolls,
      especially medical and industrial x-ray films, prior to cutting into
      sheets, to provide flat sheets compatible with automatic film changing
      apparatus.
PAR  2. Description of the Prior Art
PAR  Curl in finished sheets of industrial and medical X-ray films can be
      substantially attributed to the storage of photographic material in rolls.
      The tension and compression of the outer and inner surfaces, respectively,
      cause elongation and contraction of the surfaces, particularly when the
      material comprises a substrate with coatings on both sides. Upon unwinding
      these surfaces do not recover their original size. The problem may be
      accentuated by hardening of the emulsion and antibrasion layers.
PAR  Processes and apparatus for eliminating curl from webs are well known in
      the web handling art. U.S. Pat. No. 2,658,432 teaches the use of a device
      for decurling paper webs having spaced ironers and a roll over which the
      web is looped to bring the web into contact with the ironers and cancel
      roll-set curl in the web as it passes over the ironers. The device of this
      patent uses tensioning rolls to increase the decurling action in
      proportion to the curl of the paper to the web core.
PAR  U.S. Pat. No. 3,002,222 teaches heating a thermoplastic web to an
      empirically determined temperature which renders the film more pliable and
      applying a reverse curl to remove roll-set curl.
PAR  It is well known to remove roll-set curl through the application of reverse
      curl action with or without heat. The disadvantages in such processes is
      that the rolls applying the reverse curl often damage the sensitive web
      surface by introducing scratches, nicks or similar defects incidental to
      the application of pressure on the surface to generate the reverse curl.
PAR  It is also known that heating a thermoplastic material will relieve
      stresses. Alles, U.S. Pat. No. 2,779,684 teaches a process whereby a
      polyester film is heat treated to a temperature of 110.degree.C to
      150.degree.C for a period of 60 to 300 seconds to produce a film base
      capable of resisting shrinkage when subsequently exposed to 120.degree.C
      for a period of up to 5 minutes. Spencer, U.S. Pat. No. 3,526,695 teaches
      a process where a thermoplastic film is first heated to a temperature of
      88.degree.C, to 135.degree. centigrade, and then cooled while supported,
      to below the second order transition temperature of the base. This
      treatment reduces corrugation type defects which are generated on the base
      during manufacturing.
PAR  It has now been unexpectedly discovered that heat treating coated or
      uncoated photographic film base at low temperatures (above the second
      order transition temperature of the base,) for brief periods of time,
      e.g., around seven seconds, eliminates, roll-set curl. In the cases where
      the photographic film base was coated with photosensitive layers, such
      treatment does not adversely affect the photographic characteristics of
      the film.
PAR  It was further found that subjecting the coated base to 50.degree.C. did
      not remove curl to any appreciable degree, but increasing the film
      temperature to just above the second order transition temperature of the
      base for a brief period and then cutting the web into individual sheets of
      the commercially desired size and shape, did produce sheets free of
      roll-set curl.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of this invention to provide a useful and practical method
      to remove curl in films, particularly biaxially oriented polyester film,
      and more particularly curl resulting from storage in rolls of photographic
      material, without damaging the quality of such material. Such curl, often
      referred to as roll-set curl, can be removed by a process comprising
      briefly heating coated or uncoated base to above its second order
      transition temperature, but not over 120.degree.C. The heat treatment may
      be done while the web is stationary or moving through a heating section.
      The web path can be either straight or curved or even folded, to conserve
      space. Preferably, heating should not exceed 30 seconds.
PAR  The present invention has been found particularly useful in eliminating
      roll-set curl in photographic material stored in rolls. More particularly
      this invention was found useful to remove roll-set curl in rolls of
      photographic material where the coated base was formed from the
      polyesterification product of a dicarboxylic acid and dihydric alcohol,
      made according to the teachings of Alles, U.S. Pat. No. 2,779,684 and the
      patents referred to therein.
PAR  The present invention constitutes an improvement over the prior art in that
      a minimum handling of the sensitive coated area is required, as no reverse
      curl need be applied. The film can be kept in its original roll form until
      the time to slit and chop the desired size sheets, so knowledge of the
      roll's prior history is not required. Decurling occurs as the need arises,
      and only as much film as is actually needed is unwound from the roll. The
      requisite equipment is simple and inexpensive. The minimum handling of the
      surface because of the lack of reverse rolls or tensioning devices greatly
      reduces damage and improves yields. The temperatures involved are
      relatively low, heating times short, and no objectionable sensitometric
      effects have been noted in the processed film. While the preferred
      embodiment involves treatment of double coated medical X-ray film by
      unwinding a stored coated roll, heat treating the film and then chopping
      the film into sheets of desired size, such chopping need not take place
      immediately following heat treatment. Provided the heat treated product is
      stored for a short time, insufficient to develop roll-set curl again, the
      web may be wound up to transport for chopping in a separate location, or
      for temporary storage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the preferred process showing the
      unwinding roll, the heat treating, slitting (optional), and chopping
      stages.
PAR  FIG. 2 shows an alternate embodiment using a straight path heating section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the practice of the invention is particularly useful with respect to
      double coated industrial and medical x-ray film, it is not intended to be
      limited only to such films. The method described can be applied to
      removing roll-set curl in a plurality of situations. Thus the method can
      be applied to remove roll-set curl from uncoated base of the type
      mentioned in Alles supra., or from polyethylene terephthalate/isophthalate
      supports made according to the teachings of British Pat. No. 766,290 and
      Canadian Pat. No. 562,672, and supports obtainable by condensing
      terephthalic acid or dimethyl terephthalate with propylene glycol or
      cyclohexane 1,4-dimethanol (hexahydro-p-xylene alcohol), or any other
      suitable support having a second order transition temperature. Also such
      support may be coated on either or both sides, and may have one or more
      layers. Such layers may be photosensitive layers, or antistatic layers, or
      coatings to improve the adhesion of subsequent layers on the base or prior
      layers; and while the preferred embodiment refers to a particular heating
      means, other heating means may be employed without substantially altering
      the scope of the invention. If radiant heat is used, it should be such
      that the radiation will not affect the photographic properties of the
      film.
PAR  Because roll-set curl starts developing as soon as the web is wound up, the
      cutting operation preferably should follow immediately after removal of
      roll-set curl by the heat treatment. However, if some curl is acceptable,
      the cutting may be postponed for a short period which will depend on
      actual storage conditions of the rewound web. Such period may vary from 12
      to 48 hours for polyethylene terephthalate base prepared as in Alles
      supra, and wound up on mandrels varying in diameter from 6 inches to 20
      inches.
PAR  In the preferred process, a medical or industrial X-ray film, comprising a
      polyethylene terephthalate film support, is heated for a period of five
      seconds to a temperature between 70.degree. to 100.degree.C, and
      preferably a temperature of 95.degree.C, then cooled to near room
      temperature and cut into individual sheets of the desired dimensions.
PAR  The preferred process can be better understood with reference to FIG. 1.
      While FIG. 1 shows a folded path heating section, such is not necessary
      for the practice of the invention and equally good results will be
      obtained using a straight through design, as shown in FIG. 2.
PAR  A roll of polyester base 1 of the type previously mentioned, coated with an
      X-ray emulsion of the type described in U.S. Pat. No. 3,063,838 is unwound
      and directed through a heat treating section 2 to the chopper 3 where it
      is cut into sheets of the desired size. The heat treating section
      comprises, a heating 4 and a cooling 5 chambers. Forced hot air plenums 6
      direct hot (about 110.degree.C) air onto the web while the web is held
      substantially flat 7. Residence time of each element of the web in the
      heating chamber is about 5 seconds. Approximately 2 seconds are used to
      raise the web temperature above the 2nd order transition temperature to
      95.degree.C. The web temperature does not exceed 100.degree.C during the
      passage. A cooling stage 5 immediately follows the heating stage to
      rapidly cool the web to near room temperature, prior to chopping. Cooling
      is done by blowing cold (30.degree.C) air over the web, through
      appropriately placed plenums 8. The hot and cold chambers are insulated
      enclosures to permit better control of both the heating and cooling of the
      web. For a web speed of 320 fpm, 64 feet of travel path within the heating
      section will suffice. In an embodiment comprising four parallel sections,
      a heating chamber about 15 feet tall will be required, a size that is
      quite practical for an industrial installation.
PAR  FIG. 2 shows an alternate embodiment employing a straight feed-through path
      which is equally effective for the practice of this process. Heating 6'
      and cooling 8' plenums are located in the heating 4' and cooling 5'
      sections.
PAR  The process can be further illustrated with the aid of the following
      examples. The magnitude of the curl is measured by assuming that the
      surface is a portion of a right circular cylinder and by determining the
      radius of curvature of this cylinder in meters. The reciprocal of this
      radius of curvature (in meters) is the magnitude of the curl in diopters.
      The term diopter comes from geometrical optics, where it is the unit given
      to the reciprocal of the focal length of a lens in meters.
PAR  To determine the effects of heat on the photosensitive layer of the coated
      base, samples of a typical medical X-ray film, such as described in
      Example 1 below, were heat treated in an oven at 100.degree.C,
      120.degree.C and 140.degree.C for periods ranging between 10 and 60
      seconds. The films were compared with a control sample which was not
      exposed to any heat and which came out of the same production run as the
      test samples. Comparison of the sensitometric data as described in Example
      1 below showed that there were no adverse effects on the samples treated
      to 120.degree.C.
PAR  In addition to the effects of high temperature on the photosensitive
      coating, samples of uncoated base were similarly exposed to 100.degree.,
      110.degree., 120.degree. and 130.degree. Centigrade for time intervals of
      10, 30, and 60 seconds. The samples were then compared with a control
      sample for planarity defects by placing them together with the control on
      a vacuum hold down table, applying vacuum to hold the samples flat,
      releasing the vacuum to allow the samples to return to their original
      state and visually checking for the presence of deformations called
      pucker. All samples exposed to 120.degree. Centigrade and above for
      periods longer than 30 seconds were judged or unacceptable quality.
PAR  To evaluate the effectiveness of the process of this invention in reducing
      curl, a standardized measurement procedure was established. The sample
      sheets were suspended with the curl axis vertical, to minimize
      gravitational effects, and equilibrated for an hour at 25.degree.C and
      50-60 percent relative humidity. The curve of the film was then measured
      with a gauge which had specific radii cut to give various discreet curl
      levels. The various concave cuts of the gauge were brought in contact with
      the convex side of the hanging film sheet and the one that best matched
      the film curvature was noted. Once the radius in meters was determined,
      curl was calculated using the relation:
      ##EQU1##
      Film temperatures were measured with an Infrared Pyrometer manufactured by
      Barnes Co. and designated as "Infrared Pyrometer Model IT4-D."
PAC  EXAMPLE 1
PAR  A medical X-ray film was prepared having both a gelatino-silver iodobromide
      emulsion layer and an antiabrasion layer coated on both sides of a 0.007
      inch thick polyethylene terephthalate film support. The emulsion layer had
      a coating weight of 78 to 80 milligrams of silver bromide per square
      decimeter (78 mg/dm.sup.2 to 80 mg/dm.sup.2), and the antiabrasion layer
      had a coating weight of 8 to 10 milligrams of gelatin per square decimeter
      (8 mg/dm.sup.2 to 10 mg/dm.sup.2). The polyethylene terephthalate film
      support was prepared substantially as taught in Example I of Assignee's
      Patent to Alles, U.S. Pat. No. 2,627,088. This film has a second order
      transition temperature of about 70.degree.C. The film was stored in a roll
      and samples taken had an initial curl of 2. The sample was transported
      flat at a constant rate of 80 feet per minute (80 ft./min.) through a
      straight 10  foot long, hot air chamber, resulting in a residence time of
      7.5 seconds and then cut into sheets. The hot air temperature was varied
      to heat the treated film to a number of temperatures. The following
      results were obtained.
TBL  ______________________________________                                    
     Film Base Temperature                                                     
                    Curl After Treatment                                       
     ______________________________________                                    
     66.degree.C    0.50 curl units                                            
     77.degree.C    less than 0.50 curl units                                  
     94.degree.C    less than 0.50 curl units                                  
     ______________________________________                                    
PAL  Following treatment samples of both treated and untreated film were exposed
      and processed under identical conditions.
PAR  The film was exposed in a sensitometer according to a procedure based on
      the "American Method for the Sensitometry of Medical X-ray Films PH
      2.9-1956."
PAR  The sensitometer used was equipped with a neutral density, .sqroot.2 step
      wedge. A comparison of the sensitometric data, i.e., speed, gamma,
      gradient, top density and fog did not show any substantial difference
      between the controls and test samples.
PAC  EXAMPLE 2
PAR  A roll of film comprising a 0.004 inch polyethylene terephthalate base
      coated with a layer of 3.5 mg/dm.sup.2 resin sub and a layer of 0.75
      mg/dm.sup.2 gelatin sub on both sides, prepared as described in the afore
      mentioned U.S. Pat. No. 2,627,088 Example No. III, with an initial curl of
      7.0 was driven at various speeds through a 10 ft. long straight heating
      stage having plenums forcing hot air of about 107.degree.C onto the web
      surface. The following table summarizes the results.
TBL  ______________________________________                                    
               Residence   Surface                                             
     Web Speed Time        Temp. of Residual Curl                              
     feet/min. Seconds     Web.degree.C.                                       
                                    (Curl Units)                               
     ______________________________________                                    
     240       2.5         86.degree.                                          
                                    2.0                                        
     160       3.8         87.degree.                                          
                                    0.5                                        
      80       7.5         96.degree.                                          
                                    0.0                                        
      60       10          90.degree.                                          
                                    0.0                                        
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A sample of medical X-ray film such as described in Example 1 above, was
      heated by running the web through a heated roller nip. The rollers were
      maintained at 102.degree.C and the web was driven at 14 feet per minute.
      The web temperature was raised to 87.degree.C during passage through the
      nip. Curl was reduced from an original value of 3 to 0.5.
PAC  EXAMPLE 4
PAR  A sample of a lithographic film prepared substantially as described in
      Example No. 1 of assignee's U.S. Pat. No. 3,325,286 issued to R. W.
      Nottorf, was heat treated in a cabinet oven at 95.degree.C for 60 seconds
      by placing it flat on the oven floor. Curl was reduced from an original
      value of 5.0 to 0.
PAC  EXAMPLE 5
PAR  A sample of a drafting film on 0.007 inch polyester base, prepared
      substantially as described in Example VI of assignee's U.S. Pat. No.
      2,964,423 issued to A. L. Van Stappen, was heat treated as in Example 4
      above. Curl was reduced from a value of 19 to 0.75 units.
PAC  EXAMPLE 6
PAR  A sample of medical X-ray film as described in Example No. 1, but with the
      silver halide and gel overcoat coated on one side only was heat treated as
      in Example 4 with the additional restriction that the film sample was held
      substantially flat during the process. Curl was reduced from 11 to 2.
PAC  EXAMPLE 7
PAR  A sample of 0.007 inch uncoated polyester film base such as taught in
      Example I of U.S. Pat. No. 2,779,684, Alles, was heat treated in the oven
      described in Example No. 1, at a speed of 120 feet/min., corresponding to
      a residence time of 5 seconds. Film temperature reached 95.degree.C and
      curl was reduced from 5. to 0.
PAC  EXAMPLE 8
PAR  A sample of black polyetyhylene terephthalate base prepared substantially
      as described in Example 7 but to which sufficient carbon black has been
      added during manufacturing to produce a final product 0.0035 inches thick,
      having an optical density greater than 8.0, was heat treated in a cabinet
      oven at 90.degree.C, for 20 seconds. Curl was reduced from an original
      value of 6 to 0.5.
PAC  EXAMPLE 9
PAR  An uncoated sample of 0.0058 inches thick cellulose triacetate film base
      having an initial curl of 8 was heat treated as in Example 8. Curl was
      reduced to a value of 3. When the oven temperature was raised to
      100.degree.C., curl was reduced to 2.5.
PAR  The specific examples should not be considered limiting, but illustrative,
      to better explain the process. Other applications may be developed within
      changing the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for removing curl from a biaxially oriented polyester film
      coated with at least one photosensitive layer comprising briefly raising
      the temperature of the film to a temperature which is above its second
      order transition temperature but not in excess of 120.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature of the film is raised for
      a period of less than thirty seconds.
NUM  3.
PAR  3. The process of claim 1 wherein the temperature of the film is raised for
      a period not in excess of 10 seconds.
NUM  4.
PAR  4. The process of claim 3 wherein said film is a polyethylene terephthalate
      film and the film is raised to a temperature of between about 70.degree.C,
      and about 100.degree.C.
NUM  5.
PAR  5. The process of claim 3 wherein the film is raised to a temperature of
      about 95.degree.C.
NUM  6.
PAR  6. The process of claim 3 wherein the film is a film coated on both sides
      with a photosensitive layer, and the film is raised to a temperature of
      about 95.degree.C.
NUM  7.
PAR  7. The process of claim 3 further comprises rapidly cooling the film after
      the step or raising the temperature of the film.
NUM  8.
PAR  8. The process of claim 3 wherein the step of raising the temperature of
      the film is accomplished by subjecting the film to a stream of forced hot
      air.
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ABST
PAL  A spoonable frozen or shelf-stable concentrate which when diluted with hot
      tap water and thereafter refrigerated produces a gelatin-type dessert.
PARN
PAR  This is a division of application Ser. No. 368,150, filed June 8, 1973, now
      U.S. Pat. No. 3,889,002.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the preparation of a spoonable gelatin
      concentrate capable of being frozen or stored at room temperature, which
      concentrate, when placed in water of a moderate temperature readily
      dissolves therein. More specifically, this invention pertains to a novel
      method of preparing a readily soluble, spoonable gelatin concentrate by
      soaking the gelatin in a cold polyhydric alcohol.
PAR  Gelatin, like other hydrophilic colloids, is essentially soluble in water
      at moderate temperatures of, for example, 80.degree.F. However, when large
      amounts of this colloid are attempted to be solubilized in water at this
      temperature, the gelatin does not readily go into solution. Thus it is
      with gelatin desserts that a substantial increase in the temperature of
      the water is necessary in order that the gelatin dessert mixture dissolve
      and subsequently gel to form a homogeneous dessert of desired texture. The
      increased temperature required to dissolve the gelatin requires up to 4
      hours of refrigeration for the dessert to gel.
PAR  There have been numerous methods suggested for improving the solubility of
      gelatin, chief among them being those methods which teach combining
      gelatin with a polyhydric alcohol or ester thereof. For example, in U.S.
      Pat. No. 2,558,065 issued June 26, 1951, a polyhydric alcohol such as
      glycerine is poured over the gelatin in proportions providing a 30 - 55%
      concentration by weight of gelatin in the resulting mixture, after which a
      vacuum is applied until the glycerine has wetted all of the granules of
      the gelatin. This method requires subsequent heating of the polyhydric
      alcohol and gelatin mixture to temperatures of about 80.degree.C to
      100.degree.C until the solution of gelatin in glycerine is complete. When
      the solution is cooled to room temperature, it hardens to a viscous
      gelatinous mass of sliceable consistency. Although this method of allowing
      the gelatin to completely solubilize in glycerine yields a glycerinated
      gelatin large quantities of which are soluble in aqueous systems, the
      consistency of the resultant product is such that it lacks both the
      desirable solubility in water appreciably below boiling temperatures and
      the degree of viscosity necessary for use as a spoonable gelatin
      concentrate.
PAR  Similarly, in U.S. Pat. No. 2,819,970, it was suggested that the gelatin be
      coated with a dispersant such as a silicone, esters of polyhydric alcohols
      and fatty acids. However, a major shortcoming in the use of such compounds
      is that solutions in which they are used acquire a cloudy character,
      making them particularly undesirable for gelatin dessert-type products.
PAR  The principal objects of this invention will be more readily apparent in
      the concluding portion of this application.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that by soaking gelatin in a polyhydric alcohol of a
      temperature not exceeding room temperature for a specific period of time,
      a gelatin which is readily soluble and dispersible in hot tap water is
      obtained which, when mixed with other ingredients of a gelatin
      dessert-type nature and allowed to stand at room temperature for a short
      period, yields a spoonable gelatin dessert concentrate which may either be
      frozen or retained as a shelf stable product. When dissolved in hot water
      and thereafter refrigerated, a completely gelled dessert is derived in
      about one quarter of the time required by the conventional gelatin dessert
      product due at least in part to having eliminated the need of dissolving
      the gelatin in boiling water.
PAR  The behavioral characteristics of gelatin with regards to its poor
      solubility in water indicates a fundamental arrangement of its molecular
      structure whereby the amino acid radicals are joined together by peptide
      linkages in chains of varying lengths and molecular weights. Due to this
      structural configuration therefore, the granulated gelatin when placed in
      cold water, tends to imbibe the same and remain as discrete swollen
      particles rather than dissolving therein.
PAR  The present invention is based on the fact that gelatin imbibes a cold
      polyhydric alcohol in much the same way as it does water which accounts
      for the low solubility of gelatin in the latter. To date, polyhydric
      alcohols have been regarded as poor dispersants for gelatin since they
      tend to dissolve hydrophilic colloids as a whole (U.S. Pat. No. 3,364,036
      issued Jan. 16, 1968). However, it has been found that when the gelatin is
      allowed to absorb the polyhydric alcohol for a period of time sufficient
      for the gelatin granules to become swollen but prior to actual dissolution
      in the alcohol, the gelatin, when dispersed in hot tap water is readily
      soluble and enjoys a degree of viscosity appropriate for use as a
      spoonable gelatin concentrate. It is theorized that this increased
      solubility is due to the particles being swollen by the glycerine so that
      much more surface area of the gelatin particles is in contact with the
      water thus increasing the rate of solution of the gelatin into the water
      phase. In addition since glycerine and other polyhydric alcohols are
      strongly hydrophilic due to the presence of numerous hydroxyl groups in
      their chemical structures, their presence on the surface of the gelatin
      particles also enables them to function as a bridge between gelatin and
      water thus increasing the rate of solubility. In addition, when the
      swollen gelatin composition is stored at temperatures not exceeding room
      temperature, it provides a stable product with no tendency for the gelatin
      to be dissolved by the polyhydric alcohol, a result which could not have
      been anticipated from existing facts concerning the behavior of gelatin in
      the same. Although a wide range of hydrophilic colloids have not been
      tested, it is foreseeable that such colloids, especially those having a
      molecular configuration closely resembling gelatin, and thus demonstrating
      similar solubility problems, would demonstrate similarly improved
      solubility by the practice of this invention.
PAR  The composition of the present invention is, in its basic form, therefore,
      a hydrophilic colloid impregnated with a cold polyhydric alcohol to a
      swollen state so as to obtain a thick, stirrable suspension having a
      bead-like appearance that is easily cleaved with a spoon and readily
      soluble in hot tap water, "suspension" in this context referring to the
      polyhydric alcohol being "suspended" or encapsulated in the gelatin
      granule rather than the conventional definition of the term which would
      indicate that the gelatin granules were suspended in the polyhydric
      alcohol. As far as commercial applications are concerned, the preferred
      colloid of this invention is gelatin, since this colloid is in wide use
      for forming gelatin desserts and the principle component of the dessert
      concentrate of this invention. Of the polyhydric alcohols, glycerine has
      been found to be the most desirable in terms of having the least affect on
      the taste of the resulting product. The features of this invention which
      are believed to be novel are distinctly set forth and claimed in the
      concluding portion of this specification.
PAC  DESCRIPTION OF THE INVENTION
PAR  Although the method of this invention may be practiced on a wide range of
      hydrophilic colloids such as carrageenan, furcellaran, agar, and the like
      in order to obtain a hydrophilic colloid which is soluble in water
      appreciably below boiling temperature and at the same time of an
      easy-to-work-with consistency, the preferred use of this invention is as a
      gelatin dessert concentrate. Hence, further discussion will be directed
      solely to the use of gelatin but is not intended to limit the scope of
      this invention.
PAR  The composition of this invention is prepared by soaking a gelatin in a
      polyhydric alcohol, the temperature of the alcohol as well as duration of
      soaking in the same being critical to this invention. It has been found
      that the gelatin must be soaked in a polyhydric alcohol not excceding room
      temperature for a period of time sufficient to allow the colloid granules
      to imbibe the alcohol and assume the appearance of discrete swollen
      particles or beads which requires a minimum time of about one hour. At the
      same time it is essential that the impregnating process not be so long as
      to allow the gelatin to appear solid and cohesive as this indicates that
      the gelatin has begun to dissolve in the alcohol. It is important that
      these parameters be strictly observed since an appreciable variance
      therefrom will result in a gelatin of either poor solubility and
      dispersibility or poor workabililty from a manufacturing as well as
      consumer standpoint. For example, if gelatin is soaked in glycerine for
      appreciably less than one hour or alternatively allowed to dissolve in the
      glycerine, the improved solubility in hot tap water will not be derived.
      Similarly, if the gelatin is soaked in glycerine exceeding ambient
      temperature, a tough rubbery ball which is less soluble and difficult to
      handle is obtained, making use of the same as a spoonable concentrate
      infeasible.
PAR  The ratio of gelatin to polyhydric alcohol may encompass a wide range but
      that most appropriate for this invention is 5:1 to about 1:3 by weight of
      the gelatin to alcohol since the gelatin inbibes all of the alcohol and
      thus eliminates the need for subsequent removal of any remaining
      "solvent," the final product having the appearance of a composition of
      discrete beads with the absence of any solvent. Both the liquid polyhydric
      alcohols and solutions of normally solid polyhydric alcohols may be
      utilized to achieve the desired result but glycerine is particularly
      preferred since it demonstrates the least off-taste of this class of
      alcohols. The preferred embodiment of this invention is therefore a 5:3
      weight ratio of gelatin to glycerine.
PAR  The other product ingredients of the gelatin dessert concentrate of this
      invention such as the sucrose, food acids, flavoring and coloring may be
      added either while the gelatin is soaking in the alcohol for the initial
      one hour period or may be added at the conclusion of that period, in both
      instances the mixture being allowed to equilibrate at room temperature for
      an additional period of time usually an hour, being careful not to allow
      dissolution of the gelatin in the polyhydric alcohol to occur in either
      instance.
PAR  Although this invention is in the form of a spoonable concentrate it is
      easy to prepare the product in other convenient forms, i.e. a squeezable
      mass contained in a toothpaste-type tube, individual cubes or balls of
      convenient recipe sizes, etc. Similarly, fresh or cooked fruit may be
      added to the product for a fruited gelatin desserts. Where the fruited
      gelatin concentrate is to be used as a shelf-stable product, this would
      involve incorporating intermediate moisture fruits in order that both the
      desirable organoleptic qualities of the fruit as well as the overall
      stability of the product be maintained.
PAR  Accordingly, the resultant composition of this invention may be either
      frozen or maintained at room temperature as a shelf-stable product. In
      both instances, a readily dispersible, hot tap water-soluble product of a
      thick, stirrable consistency is obtained which when dissolved in water
      yields a consumable gelled product in about 45 minutes when refrigerated
      immediately after dissolution. This rate of gelatin may be further
      excelled by placing the gelatin/glycerol composition in the freezer,
      where, unlike the conventional gelatin preparation, gelation occurs at a
      more rapid rate than the crystallization of the water and thus renders a
      completely gelled product in about 30 minutes.
DETD
PAR  In order to more fully explain the invention, the following illustrative
      examples are set forth.
PAC  EXAMPLE I
PAR  A 3:5 weight ratio of gelatin to glycerine (30:50 g) was prepared and
      allowed to stand at room temperature for 1 hour during which time the
      following ingredients were added:
TBL          Sugar     130 g                                                   
             Citric Acid                                                       
                       3 g                                                     
             Water     70 g                                                    
PAR  At the completion of the first hour the entire mixture was allowed to stand
      for an additional hour at room temperature after mixing the
      gelatin/glycerol phase and ingredient phase together.
PAR  The mixture was refrigerated at 0.degree.F and thereafter 2 teaspoonsful
      (30-40 gms) of the concentrate were stirred into 120 cc hot tap water
      (125.degree.F). The concentrate dispersed within 1 minute and gradually
      went into solution upon standing. It was then refrigerated and ready to
      consume as a gelatin dessert in 45 minutes.
PAC  EXAMPLE II
PAR  The following ingredients were weighed out separately and the dry
      ingredients mixed prior to addition to the polyhydric alcohol solution:
TBL  Gelatin           50 g                                                    
     Sucrose          260 g                                                    
     Citric Acid       10 g                                                    
     Water            138 g                                                    
     Flavor and color q.s (quantity sufficient)                                
     Sorbitol (70% solution)                                                   
                       42 g                                                    
PAR  The entire mixture was allowed to stand for 1 hour at room temperature
      afterwhich it was frozen for 24 hours at 0.degree.F. For reconstituting,
      60 grams of the gelatin composition was mixed with 1/2 cup of hot tap
      water (125.degree.F) and refrigerated for 1 hour to yield a completely
      gelled dessert.
PAC  EXAMPLE III
PAR  The following dry ingredients were blended together:
TBL  Sucrose       260 g                                                       
     Gelatin        50 g                                                       
     Citric acid    10 g                                                       
     Flavor and color                                                          
                   q.s (quantity Sufficient)                                   
PAL  This dry mixture was subsequently added to a polyhydric alcohol solution
      comprising the following ingredients and concentrations:
TBL          Mannitol (dry)                                                    
                       30 g                                                    
             Water     180 g                                                   
PAR  The same procedure was thereafter followed as in Example II and provided a
      completely gelled product in about 40 minutes.
PAC  EXAMPLE IV
PAR  In Example III, the mannitol was replaced by 30 g of 1,3 -butylene glycol
      and the dry ingredients allowed to soak therein for 1 hour after which it
      was frozen at 0.degree.F. It was then evaluated as in Example II. The same
      desirable spoonable gelatin concentrate was derived which, when dissolved
      in hot tap water of approximately 125.degree.F and refrigerated for about
      1 hour rendered a completely gelled dessert.
PAC  EXAMPLE V
PAR  Identical samples of the gelatin dessert concentrate of Example I were
      prepared, one of which was frozen at 0.degree.F and the other having been
      stored at room temperature. The samples were allowed to remain undisturbed
      in their prospective storage areas for five months, after which they were
      evaluated as against a recently prepared sample.
PAR  Both samples were spoonable, exhibited no evidence of spoilage such as
      mold, discoloration, etc. and gelatin desserts prepared therefrom
      functioned as well in terms of flavor, gelling and solubility properties
      as the recently prepared sample of concentrate. The water-activity (Aw) of
      the product measured 0.83 and was within the range of stability for
      shelf-stable, soft-moist products. To prevent the development of mold on
      the surface, anti-mycotic agents such as potassium sorbate were added.
PAC  EXAMPLE VI
PAR  A 3:5 weight ratio of gelatin to glycerine (30:50) was prepared and allowed
      to stand at room temperature for one hour during which time the same
      ingredients and concentrations thereof as in Example I were added.
PAR  At the completion of the first hour, the entire mixture was allowed to
      stand for an additional hour at room temperature after mixing the
      gelatin/glycerol phase and ingredient phase together.
PAR  This concentrate was thereafter frozen at 0.degree.F for 24 hours
      afterwhich two teaspoonsful (30-40g) were added to 100ml hot tap water and
      stirred until dissolved. One ice cube (about 20g) was then added and the
      entire mixture stirred until the ice cube melted completely. The sample
      was then refrigerated (35.degree. - 40.degree.F) for about five minutes at
      which time a completely gelled ready-to-serve dessert was obtained.
PAR  Larger preparations such as two-serving and four-serving units can be
      prepared by adjusting the quantities of concentrate, hot tap water and ice
      in proper proportions. Thus, a four-unit preparation was prepared by
      stirring 160g of concentrate into 360ml hot tap water until dissolved. Six
      ice cubes (about120g) were added and the mixture stirred until the ice
      cubes melted. An edible gel was formed and was ready to serve after only
      five minutes of refrigeration.
PAR  Thus, use of the frozen gelatin concentrate in combination with hot tap
      water and ice cubes resulted in an appreciable decrease in gel set time,
      further improving the setting time from about 40 minutes to about 5
      minutes. By frozen. we mean refrigerated to a temperature which normally
      solidifies conventional foods such as ice cream, ice, and other frozen
      foods.
PAR  While this invention has been described in terms of specific examples and
      embodiments, these are intended neither to define the parameters of this
      invention, nor restrict the scope thereof, but merely to illustrate
      functional modes of the same.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a hydrophilic colloid readily dispersible and soluble
      in hot tap water which comprises soaking the hydrophilic colloid in a
      polyhydric alcohol not exceeding ambient temperatures for at least about
      one hour such that the hydrophillic colloid appears as discrete swollen
      particles impregnated with the polyhydric alcohol but prior to actual
      dissolution in the alcohol.
NUM  2.
PAR  2. The method of claim 1 wherein the hydrophilic colloid and polyhydic
      alcohol are present at a ratio by weight of about 5:1 to about 1:3 by
      weight of the hydrophilic colloid to the polyhydric alcohol.
NUM  3.
PAR  3. The method of claim 2 wherein the hydrophilic colloid and polyhydric
      alcohol are in a respective weight ratio of 5:3.
NUM  4.
PAR  4. The method of claim 2 wherein the hydrophilic colloid is gelatin.
NUM  5.
PAR  5. The method of claim 4 wherein the polyhydric alcohol is glycerine.
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ABST
PAL  The invention provides a porous refractory ceramic material having a high
      surface area per unit volume, a high resistance to sudden temperature
      variations and a low resistance to fluid flow. The material is a ceramic
      replica of a body of reticulated organic foam in which the ceramic
      consists essentially of fibrous material. Any non-fibrous particulate
      matter present is in an amount which makes no significant contribution to
      the strength of the body. The material is made by impregnating a body of
      reticulated organic foam with a slurry of finely-divided inorganic fibres,
      and drying and firing the thus -impregnated body. The material is of value
      as a catalyst support and as a facing element of burner assemblies.
BSUM
PAR  This invention relates to the production of porous refractory ceramic
      materials having a high surface area per unit volume, a high resistance to
      sudden temperature variations and a low resistance to fluid flow. Such
      materials are of value for applications such as supports for catalysts and
      as facing elements of burner assemblies.
PAR  Means of producing a ceramic replica of an organic foam are described in
      our copending U.S. applications Ser. Nos. 318,764, 317,088, and 319,849
      now abandoned.
PAR  Finely-divided ceramic particles, or finely-divided particles of materials
      which when heated to an appropriate temperature will react to form a
      ceramic, are dispersed in a suitable liquid medium to form a slip or
      slurry, which is then used to coat the surfaces of an organic foam; the
      resulting structure is then dried and fired.
PAR  Our copending U.S. application Ser. No. 465,143 discloses means of
      providing a reticulated ceramic body prepared in the foregoing manner with
      a coating of ceramic fibres on its internal surfaces, thereby
      significantly increasing its surface area per unit volume to give a body
      of enhanced value as a catalyst support.
PAR  The materials described above are of considerable value in applications
      where they are operating in an environment of more or less even
      temperature. However, when such materials are used in an environment
      involving high and fluctuating temperatures, for example, in a burner or
      as a catalyst support, they may break up unless they are constructed from
      a ceramic system having a high resistance to thermal shock. Examples of
      such ceramic systems are glass-ceramics such as magnesia-alumina-silica
      with titania as nucleating agent or lithia-alumina-silica with titania
      and/or zirconia as nucleating agent(s), and such systems can be difficult
      to fabricate successfully into cellular and reticular forms.
PAR  The object of the present invention is to provide a tough, resilient,
      reticulated ceramic without any of the foregoing disadvantages.
PAR  According to the present invention there is provided a ceramic replica of a
      body of reticulated organic foam wherein the ceramic consists wholly or
      substantially of fibrous material, any non-fibrous particulate matter
      present making no significant contribution to the strength of the body.
PAR  The non-fibrous particulate matter may be present accidentally, for
      example, as "shot" in the fibres, or as a deliberate addition, for
      example, in the form of particles of catalytic material. The ceramic
      fibres may be bonded together by heating the body to an appropriate
      temperature or by means of a suitable inorganic refractory binder
      dispersible or soluble in a liquid medium.
PAR  According to a further feature of the present invention there is provided a
      method of making a ceramic replica in accordance with the invention, which
      method comprises impregnating a body of reticulated organic foam with a
      slurry of finely -- divided inorganic fibres, and drying and firing the so
      -- impregnated body.
PAR  The fibrous ceramic used in this invention may be, for example, glass wool,
      slag wool, asbestos, silica fibres, aluminosilicate fibres, alumina
      fibres, zirconia fibres or glass-ceramic fibres. Aluminosilicate fibre is
      preferred on account of its refractoriness, relative cheapness and absence
      of toxicity. The fibre length should naturally not be such that the fibres
      cannot permeate into the foam body. Preferably, the average fibre length
      is at most 50% of the diameter of the cells of the foam. The soluble
      inorganic refractory binder may be, for example, aluminium hydrogen
      orthophosphate, aluminium chromium hydrogen orthophosphate, a suitable
      chromium salt, zirconium hydroxy-nitrate, zirconium hydroxy-acetate,
      phosphoric acid, tetraethoxysilane ("ethyl silicate"), aluminium
      hydroxychloride, or a colloidal oxide hydrosol e.g. a colloidal alumina
      hydrosol or a colloidal silica hydrosol. A silica hydrosol is preferred on
      account of its relative cheapness and its ability to form an effective
      bond at a low temperature which bond is nevertheless maintained to
      elevated temperatures.
PAR  There are various means by which the method of this invention may be
      carried out. For example, a reticulated polyurethane foam may simply be
      impregnated with a slurry of finely-divided inorganic fibres, and the
      so-impregnated foam subsequently dried and fired. However, this may be
      attended with some difficulty since the urethan is hydrophobic and the
      slurry does not adhere well to it.
PAR  The improved methods described in our copending applications Ser. Nos.
      318,764, 317,088, 319,849 may also be adopted for use with fibre slurries.
PAR  In a preferred embodiment, a reticulated polyester polyurethane foam is
      pretreated with a base, preferably a volatile organic base, for example,
      monoethanolamine. Separately, a slurry is prepared by dispersing short
      ceramic fibres by means of a high-shear mixer in an aqueous solution of a
      modified polyvinyl polycarboxylic acid of a type whose solutions undergo a
      sharp viscosity increase when neutralised. Surplus base is then removed
      from the polyurethane foam, preferably by means of a centrifuge, and the
      urethane body is then plunged into the slurry. The presence of the coating
      of base produces gelation of the polymer solution in the immediate
      vicinity of the strands of the organic reticulum, thus entrapping a
      coating of ceramic fibres onto the strands. Surplus slurry is then
      expelled by centrifuging. The resulting body is then dried, and may
      subsequently be repeatedly dipped into the slurry, centrifuged and dried
      until the desired coating thickness is built up. In general, it is not
      necessary to employ the base again during these subsequent dips.
PAR  The soluble inorganic binder may be incorporated in the slurry, but because
      the pH changes of the process are critical and such binders are commonly
      either strongly acid or strongly basic, it is preferably applied to the
      body formed as described by dipping or other suitable means, preferably
      before firing but after drying. In this context, it should also be noted
      that the pH of the fibre slurry will tend to rise owing to contamination
      from the base carried into it on the polyurethane foam, hence periodic pH
      correction with a volatile acid (e.g. HCl) will be necessary to prevent
      gelation of the slurry.
PAR  The body is then heated to a suitable temperature in an oxidising
      atmosphere to remove the polyurethane and other organic matter and develop
      the bond; a temperature of 500.degree.C or higher is appropriate. The body
      thus formed may be put directly into service or further strengthened by
      further applications of dispersions or solutions of inorganic binders
      followed by heating to a temperature suitable to develop the bond, or in
      some instances this further strengthening may be achieved by heat
      treatment alone.
PAR  Obviously in such a process as this there is a risk that the slurry fibres
      will become filtered out on the surface of the reticulated polyurethane
      shape and fail to penetrate to any significant extent to the interior.
      This risk is avoided by ensuring that the fibre length is sufficiently
      short and the fibre concentration sufficiently low for penetration to take
      place, and these factors are dependent on the cell size of the organic
      foam. For example, in order successfully to impregnate a reticulated foam
      having a cell count of from 4 - 10 pores per linear centimetre, a maximum
      fibre length of 0.5mm is preferred, and a maximum fibre concentration in
      the slurry of 5% w/w. With certain commercial grades of ceramic fibre, it
      may be necessary to continue the high-shear mixing until the length of the
      fibres is sufficiently reduced. The length to diameter ratio of the fibres
      should be in the order of 10 to 1 or greater.
PAR  It is also preferable to use a rigid type of reticulated polyurethane foam.
      At the stages where surplus slurry is removed by centrifuging, a non-rigid
      foam will compress, and after removing from the centrifuge it can be
      observed that the cell spaces contain small free agglomerates of fibre
      which have become detached from the polyurethane strands.
DETD
PAR  The following examples will serve to illustrate the invention:-
PAC  EXAMPLE 1
PAR  A slurry was made by dispersing 5 g of aluminosilicate fibres of maximum
      length 0.5mm in 95g of a 0.25% aqueous solution of a modified polyvinyl
      polycarboxylic acid by means of a mixer fitted with a high-shear head.
PAR  A piece of rigidised polyurethane reticular foam having 4 to 5 pores per
      linear cm was dipped in a 50% aqueous solution of monoethanolamine then
      centrifuged to remove excess solution, and dipped in the fibre slurry
      prepared as above. The piece of foam was then removed, centrifuged to
      remove excess slurry, and dried in a current of hot air. Thereafter, the
      piece of foam was again dipped in the fibre slurry, centrifuged and dried
      a further two times.
PAR  The piece of foam was then dipped into a colloidal silica hydrosol
      containing 30% silica solids w/w, drained, and dried in a hot air stream.
      Finally the piece was heated to 500.degree.C in an electric muffle furnace
      in an oxidising atmosphere until a white coloration was achieved
      indicating that all organic matter had been burnt off.
PAR  The resulting fibrous reticular ceramic had a bulk density of 0.15
      g/cm.sup.3, showed no significant shrinkage from the size of the original
      organic foam, and was resistant to repeated impingements of a roaring gas
      flame, being allowed to cool between each impingement.
PAC  EXAMPLE 2
PAR  A fibrous reticular ceramic prepared as in Example 1 was dipped in a 40%
      solution of aluminium hydroxychloride, dried and fired at 800.degree.C for
      1 hour. A body resulted which was stronger than that produced in Example
      1, and equally resistant to thermal shock.
PAC  EXAMPLE 3
PAR  A piece of reticulated polyester polyurethane foam having 4 to 5 pores per
      linear cm was cut to the desired shape and dipped in a 50% aqueous
      solution of a 95% polyvinyl acetate- 5% polyvinyl chloride copolymer,
      centrifuged free from excess polymer solution, and dried at 110.degree.C
      in an oven. A rigidised foam resulted. (It is a particular advantage of
      this example that the rigidised foam is thermoplastic and can be made to
      take up a desired shape when heated to 110.degree.C or therabouts).
PAR  A slurry was prepared by dispersing aluminosilicate fibres of length about
      0.5 mm in a colloidal silica hydrosol containing 30% w/w of silica solid.
      One part by weight of fibres being mixed with 99 parts by weight of
      hydrosol. The treated urethane foam was then dipped in this slurry,
      surplus slurry centrifuged away, and the shape dried at 110.degree.C.
PAR  The process described in the preceding paragraph was repeated until a
      sufficient thickness of fibrous matter had built up on the strands of the
      reticulated foam (at least five repeats).
PAR  The body was then fired in air to 800.degree.C, maintained at that
      temperature for 4 hours, and allowed to cool.
PAR  A reticular fibrous ceramic body resulted having excellent resistance to
      thermal shock, a density of 0.36 g/cc, a cold crushing strength of 32
      p.s.i. and which was refractory to 1200.degree.C.
PAR  A valuable feature of this invention illustrated by this example is that
      the body does not shrink during the firing at 800.degree.C and, therefore,
      the fired shape can be produced with accuracy.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ceramic replica of a body of reticulated organic foam wherein the
      ceramic consists wholly or substantially of fibrous material, the average
      fiber length of the fibrous material being at most 50% of the diameter of
      the cells of the foam, and any non-fibrous particulate matter present
      making no significant contribution to the strength of the replica body.
NUM  2.
PAR  2. A ceramic replica as recited in claim 1 wherein the fibrous material is
      aluminosilicate fiber.
NUM  3.
PAR  3. A ceramic replica as recited in claim 1 wherein the length to diameter
      ratio of the fibers of the fibrous material is at least 10:1.
NUM  4.
PAR  4. A method of making a ceramic replica, consisting wholly or substantially
      of fibrous material, of a body of reticulated organic foam comprising the
      steps of
PA1  impregnating a body of reticulated organic foam with a slurry of
      finely-divided inorganic fibers, the average fiber length of the fibrous
      material being at most 50% of the diameter of the cells of the foam, and
      any non-fibrous particulate matter present making no significant
      contribution to the strength of the body,
PA1  drying the so-impregnated body, and
PA1  firing the so-impregnated and dried body at a temperature of at least
      500.degree.C.
NUM  5.
PAR  5. A method as recited in claim 4 comprising the further step of
      introducing a colloidal oxide hydrosol binder prior to firing to bond the
      fibrous material to coherent shape.
NUM  6.
PAR  6. A method as recited in claim 4 wherein the foam is a polyurethane foam
      and wherein the slurry contains a modified polyvinyl polycarboxylic acid,
      and comprising the further step of treating the foam with monoethanolamine
      prior to impregnation of the foam.
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ABST
PAL  The unidirectional solidification of a metal-ceramic composite in a system
     omprising the positioning of a seed crystal in a crucible, adding a portion
      of premelted ceramic material, a metallic material, and the remainder of
      the premelted ceramic. The temperature of the ceramic material is raised
      to about 50.degree.C above its melting point and then slowly decreased
      with a corresponding increase in the flow of an inert coolant gas through
      the system thereby unidirectionally solidifying the material to produce a
      single crystal having the orientation of the seed.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to us
      of any royalty thereon.
PARN
PAR  This is a division, of application Ser. No. 287,165, filed Sept. 7, 1972.
BSUM
PAR  This invention relates to the unidirectional solidification of a
      metal-ceramic material to obtain a metallic reinforced single crystal or
      eutectic ceramic.
PAR  High temperature oxide ceramic materials both single phase and multiphase
      such as Al.sub.2 O.sub.3 ; MgAl.sub.2 O.sub.4 ; Y.sub.3 Al.sub.5 O.sub.12
      ; ZrO.sub.2 ; Ca.sub.5 (PO.sub.4).sub.3 F, etc, offer many desirable
      properties as high temperature stability, transparency, chemical
      stability, high hardness and strength. These properties, however, are
      frequently overlooked for many potential applications because of their
      brittle characteristics. One particular example is the gas turbine engine
      where materials are needed not only to withstand high temperature, but
      also to withstand a high abrasion environment. Furthermore, use of these
      materials as non-corrosive structural elements demands not only high
      mechanical strength and resistance to chemical attack, but also a degree
      of "ductility" analogous to reinforced concrete. Incorporation of metals
      into the ceramic materials could solve all of the above mentioned
      problems, provided the properties of the ceramic and of the metal are not
      significantly degraded and that a strong bond could be obtained between
      the metal and the ceramic. Previous attempts at incorporating metals into
      non-concrete ceramic have used solid state reaction processes and resulted
      in only limited success because the formation of reaction phases at the
      ceramic-metal interfaces would downgrade properties.
PAR  Oxide melts have been contained in refractory metal crucibles such as
      molybdenum or tungsten with no apparent reaction between the melt and the
      crucible. Therefore, it was considered that refractory metals and alloys
      such as molybdenum, tungsten, columbium, etc., in the form of single
      strands and/or woven continuous mesh could be incorporated into oxide
      ceramics such as Al.sub.2 O.sub.3, MgAl.sub.2 O.sub.4, Y.sub.3 Al.sub.5
      O.sub.12, ZrO.sub.2, Ca.sub.5 (PO.sub.4).sub.3 F, and ceramic eutectics
      such as Al.sub.2 O.sub.3 /ZrO.sub.2 and Al.sub.2 O.sub.3 /MgAl.sub.2
      O.sub.4, yielding ceramic-metal composites. It is expected that the
      metal-ceramic composites will exhibit mechanical properties which are
      somewhere between those of the metal and of the ceramic. In other words,
      the composite would yield plastically before catastrophic, i.e., brittle,
      failure. The degree of plasticity would depend on the orientation of the
      seed crystal, configuration, amount and type of metal incorporated into
      the ceramic. However, it is possible not only to have a decrease in
      strength at the expense of an increase in ductility, but also to
      synergistically enhance the mechanical properties.
PAR  The properties of the metal-ceramic composites would be controlled by the
      configuration of the incorporated metal or alloy, and the relative
      properties of the metal and the ceramic. For example, the relative thermal
      expansion of the metal and ceramic will greatly influence the mechanical
      properties of the composite. If the ceramic contracts much less than the
      metal upon cooling from the processing temperature, the metal will pull
      away from the ceramic leaving a network of pores thereby having a
      detrimental effect on the strength of the material. If the ceramic
      contracts much more than the metal upon cooling, the ceramic may be highly
      strained with a resultant drop in strength. The relative thermal expansion
      of the two phases must be optimized. For example, if columbium mesh is
      oriented parallel with the a axis of sapphire, the matrix of the sapphire
      will be put into compression since its thermal expansion is greater than
      the expansion in the a direction. In said case, it is considered that the
      strength of the metal-sapphire composite would be superior to that of
      sapphire, besides being able to yield plastically before failure. However,
      if the columbium mesh is oriented parallel with the c axis of sapphire,
      the matrix will be in tension since the expansion coefficient of columbium
      is less in this direction. In all cases, the seed used in the crystal
      growth process must be oriented in such a way as to eliminate cracking in
      the final composite material. In addition, the seed crystal may be
      oriented in a melt so that the slip planes takes up the stresses induced
      in the growing system in accordance with the method of Jarda L. Caslavsky,
      et al. AMC Docket No. 6228, which is the subject of an application filed
      July 28, 1972, Ser. No. 276,213, assigned to the same assignee as this
      application, the Government of the United States, as represented by the
      Secretary of the Army.
PAR  It is an object of the present invention to provide and disclose a
      metal-ceramic composite having improved properties.
PAR  It is a further object of the invention to provide and disclose a
      metal-ceramic composite formed from a single crystal.
PAR  It is a further object of the invention to provide and disclose a
      metal-ceramic composite formed from a single crystal by the orientation of
      a seed crystal in a melt so that the slip plane takes up stresses induced
      in the growing crystal.
PAR  It is a further object of the invention to provide and disclose a
      metal-ceramic formed from a single crystal without any degradation of the
      metal or ceramic.
PAR  It is a further object of the invention to provide and disclose a
      metal-ceramic composite formed from a single crystal comprising a chemical
      and mechanical bond between the metal and ceramic.
DRWD
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims taken in conjunction
      with the accompanying drawing in which:
PAR  FIG. 1 is a schematic illustration of the gradient furnace system utilized.
PAR  FIG. 2 is an illustration of an elevated sectional view of a loaded
      crucible.
PAR  FIG. 3 is a view through 3--3 of FIG. 2.
PAR  FIG. 4 is a schematic illustration of the orientation of a slip plane of a
      seed crystal parallel to the bottom of a crucible.
DETD
PAR  The system utilized was devised by Frederick Schmid et al and is the
      subject of U.S. Pat. No. 3,653,432 issued Apr. 4, 1972. The system
      comprises housing 10, suitably contoured to form chamber 11. Heating means
      12, constructed of any suitable refractory material, e.g., graphite, are
      positioned in chamber 11. Any conventional heating means, e.g., electrical
      resistance, may be utilized. The heating means are connected to any
      suitable electrical outlet, not shown. Vacuum pump 14 is utilized to apply
      a low vacuum to the chamber of the furnace through conduit means 16. The
      temperature of the furnace is indicated by any conventional means, e.g.,
      pyrometer 18.
PAR  The heat exchanger comprises solid cylindrical base segment 20 and upper
      reduced hollow cylindrical segment 22. Base segment 20 may be constructed
      of any suitable material, e.g., molybdenum. The top portion of segment 22
      forms a flat surface which is not shown. Concentric tubing 30, which has
      open ends, extends through base segment 20 to a point near the top of
      reduced segment 22. Concentric tubing 30 may be constructed of a material
      having the ability to withstand high temperature, oxidation and thermal
      shock, e.g., molybdenum. Exit bore 32 extends through base segment 20 and
      connects the interior of reduced segment 22 with the atmosphere.
PAR  Thermocouple 33 which is positioned in the interior of reduced segment 22,
      is connected to any suitable temperature indicator means by leads 35. Base
      segment 20 of the heat exchanger is attached to housing 10 by means of
      bolts 34. The bolts are positioned in bores 36 of base segment 20. Reduced
      segment 22 of the heat exchanger is inserted through an opening, not shown
      of housing 10.
PAR  In operation, seed crystal 36 is positioned in crucible 38, as shown in
      FIG. 2. Seed crystal 36 and the bottom of crucible 38 are covered with
      premelted ceramic material 40. Metallic component 42, which is attached to
      support means 43 is positioned on top or premelted ceramic material 40.
      The open end of the crucible is then covered with a sheet of refractory
      metal 44.
PAR  The crucible is positioned in chamber 11 on top of the heat exchanger, as
      shown in FIG. 1. A vacuum is applied and the heating elements are
      activated, raising the temperature to about 50.degree.C above the melting
      point of the ceramic material. Concurrently, a coolant inert gas is bled
      from storage 46 through conduit 48 and into concentric tubing 30. The gas
      cools the base of crucible 38 and exits through bore 32 to the atmosphere.
      In the alternative, the gases may be collected, cooled and returned to
      storage. The temperature of the furnace is slowly decreased with a
      corresponding increase in the flow of coolant gas through the heat
      exchanger, thereby unidirectionally solidifying the ceramic material to
      form a single crystal.
PAR  In a specific example, a sapphire seed is cut with proper axis orientation
      from a bar stock of a commercially available material. The sapphire seed
      crystal is positioned in the bottom of a molybdenum crucible having a
      diameter of about 2 inch and a height of around 2 inch. The seed is
      oriented so that the 0112 plane will be in the plane of the crucible
      bottom. In that position, the crystal seed, is tilted so that the (0112)
      pole is moved 7.degree. in direction away from the basal plane, i.e.,
      (0001), and the four poles of the slip planes shown in FIG. 4 are moved to
      the sapphire edge. Since the slip planes shown are approximately
      90.degree. from each other and from the sterographic center, i.e., (0112),
      the growth velocities will be isotropic so that the growing crystal will
      fill the crucible evenly, minimizing the contraints on the crystal and
      therefore reducing the stresses on the crystal. In addition to the (0112)
      plane, the seed crystal may be oriented in the: (1102), (1012), (1012),
      (1102) and (0112) planes. Premelted sapphire along with a two dimensional
      net of molybdenum, i.e., 20 by 20 mesh, were added as shown in FIG. 2. The
      wires of the mesh were 0.007 inch in diameter. The net was suspended by
      molybdenum means 43. The charged crucible was covered and placed in the
      gradient furnace as shown in FIG. 1. Metal cover 44 is positioned over the
      open end of the crucible in order to reflect heat radiation back to the
      melt surface. After evacuation to 5 .times. 10.sup..sup.-2 torr, the
      furnace is turned on and helium bled into the heat exchanger at a slow
      rate, ca. 4 cubic feet per hour (cfh) in order to prevent oxidation of the
      refractory metal heat exchanger. The temperature of the furnace is
      increased at a sufficiently slow rate, ca. 11.degree.C/min, to prevent the
      pressure in the furnace from exceeding 2 .times. 10.sup..sup.-1 torr. As
      the melting point of the ceramic material is reached, the flow of helium
      into the heat exchanger is increased to, ca. 4 cfh to prevent the melt
      from boiling over the top of crucible when melting occurs and also to
      prevent the seed from melting. The temperature of he melt is then
      increased to 50.degree. above the melting point of the Al.sub.2 O.sub.3,
      i.e., 2100.degree.C. Because molybdenum melts at 2610.degree.C in vacuum,
      the wire screen remains solid. The helium flow is then decreased, ca. to 8
      cfh to permit partial melting of the seed crystal. When solidification
      commences, the solid nucleates on the seed and assumes its
      crystallographic orientation. The thermocouple positioned in the heat
      exchanger registers the temperature of the center of the seed. The
      temperature of the center of the seed is not allowed to increase above the
      melting point of the material by controlling the flow of helium into the
      heat exchanger. To start solidification of the ingot, the flow of helium
      is increased gradually in small increments (ca. 0.5 cfh/min) to about 100
      cfh to extract heat from the melt in a controlled fashion so that the
      solid grows from the seed crystal. The melt temperature is then decreased
      at a rate 2.degree.C/min by decreasing the furnace power until a
      temperature 30.degree.C below the melting point of the material is
      reached. This temperature is maintained while the flow of helium is
      decreased at a rate of 2 cfh/min until a flow rate, e.g., 4 cfh. necessary
      to prevent oxidation of the heat exchanger, is reached. The furnace power
      is then terminated and the single crystal allowed to cool to 50.degree.C
      in a period of 16 hours.
PAR  The sapphire actually grew through the molybdenum screen. Subsequent X-ray
      analysis using a Laue back reflection technique showed that the sapphire
      did not change orientation when it grew through the screen.
      Photomicrographs of strands of the molybdenum screen surrounded by
      Al.sub.2 O.sub.3 indicated no evidence of degradation of metal or ceramic.
      Scanning a similar area for characteristic X-radiation of molybdenum and
      aluminum in an electron probe microanalyzer indicated that diffusion of
      molybdenum into the sapphire, and aluminum into the molybdenum occured
      only to a depth of about 20 micromillimeter. A chemical bond, as well as
      the mechanical bond formed by the "mismatch" in thermal expansion, was
      present to hold the two phases together.
PAR  Crystals grown by the present method may be utilized to seed subsequent
      melts without further orientation of the seed crystal. Various metals and
      configurations thereof can be utilized in combination with a ceramic
      depending on the desired application of the resultant metal-ceramic
      composite. In addition to the illustrative two-dimensional net, i.e., wire
      screen, one dimensional wire strands or a three dimensional wire net may
      be used.
PAR  Although we have described our invention with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that numerous modifications may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. A constrained single crystal metal ceramic grown from seed in a crucible
      and having the orientation of the seed, said crystal having incorporated
      therein a metallic net, the metallic net having been positioned so that on
      the unidirectional solidification of the ceramic material, the crystal
      grew through the metallic net.
NUM  2.
PAR  2. A single crystal in accordance with claim 1 wherein said metal ceramic
      composite includes a metallic component, and wherein the metallic
      component is selected from the group consisting of tungsten, molybdenum,
      and columbium.
NUM  3.
PAR  3. A single crystal in accordance with claim 2 wherein said metal ceramic
      composite includes a ceramic component, and wherein the ceramic component
      is selected from the group consisting of Al.sub.2 O.sub.3, MgAl.sub.2
      O.sub.4, Y.sub.3 Al.sub.5 O.sub.12, ZrO.sub.2, Ca.sub.5 (PO.sub.4).sub.3
      F; Al.sub.2 O.sub.3 /ZrO.sub.2, and Al.sub.2 O.sub.3 /MgAl.sub.2 O.sub.4.
NUM  4.
PAR  4. A single crystal in accordance with claim 3 wherein the ceramic
      component is sapphire and the metallic component is molybdenum.
NUM  5.
PAR  5. A single crystal in accordance with claim 3 wherein the metallic
      component is selected from the group consisting of tungsten, molybdenum,
      and columbium.
NUM  6.
PAR  6. A single crystal in accordance with claim 1, wherein said ceramic
      component is Al.sub.2 O.sub.3.
NUM  7.
PAR  7. A single crystal in accordance with claim 1, wherein said ceramic
      component is sapphire.
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ABST
PAL  Asphalt fractions unsuitable for use in paving formulations because of
      their inhomogeneity (as reflected by their inability to pass the Oliensis
      Spot Test) can be used to make homogeneous asphaltic compositions (which
      pass the Oliensis Spot Test) by combining them with a propane precipitated
      asphalt and/or petrolene fraction. The latter fractions must have a polar
      aromatic content of at least 20%. Optionally up to 10% vacuum gas oil can
      also be added to the compositions. These upgraded asphaltic compositions
      have a polar aromatic content of at least 30% and are useful in paving
      formulations.
PARN
PAR  This is a continuation of application Ser. No. 222,693, filed Feb. 1, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of asphaltic compositions useful
      for making paving formulations. These compositions are made by combining
      certain asphalt fractions, such as asphaltenes and/or residual pitches
      (which were heretofore thought to be unsuitable for making paving
      formulations), with propane precipitated asphalt and/or petrolene
      fractions. The latter components, which must have a polar content of at
      least 20%, render the total composition sufficiently homogeneous to be
      useful in paving formulations.
PAR  2. Description of the Prior Art
PAR  It is well known that certain asphalt fractions cannot be used for
      formulation of paving binders because of their inhomogeneity as reflected
      by a positive response to the Oliensis Spot Test (AASHO Test Designation
      T-102-57). Such fractions are called "positive spot" asphalt fractions and
      have usually been diverted into relatively uneconomical uses such as for
      fuel.
PAR  It has been known in the prior art that asphalts suitable for use in paving
      formulations can be prepared by various techniques such as (a) blending
      residua from two or more crude sources, (b) reconstituting an asphalt from
      its components (see, e.g., British Specification No. 465,288) or (c)
      air-blowing asphaltic fractions containing synthetic polymers (see, e.g.,
      U.S. Pat. No. 3,540,906). Still, the need for efficient, economical
      techniques for allowing the use of positive spot asphalt fractions in
      paving formulations has not been fully met.
PAR  It is an advantage of the present invention that positive spot asphalt
      fractions, which of themselves have little value beyond their value as
      fuels, can be included in compositions suitable for use in paving
      formulations.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that asphaltic compositions of paving binder quality and
      sufficient homogeneity to pass the Oliensis Spot Test can be made by
      combining a positive spot asphalt fraction, such as asphaltenes or
      visbreaker pitch, with propane precipitated asphalt and/or nonvolatile
      petrolene fractions having polar aromatic contents of at least 20%. (In
      this application all percentages and parts are by weight unless otherwise
      noted). The compositions produced have polar aromatic contents of at least
      about 30%. Optionally, up to 10% vacuum gas oil can also be included in
      the compositions. These compositions exhibit a number of properties which
      make them suitable for use in paving formulations.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The positive spot asphaltene fractions used in this invention can be the
      product of straight distillative reduction of crude oil followed by
      precipitation with an aliphatic hydrocarbon precipitant. Such asphaltene
      fractions contain substantially no petrolene (aliphatic hydrocarbon
      soluble) fraction. Preferred asphaltene fractions for use in this
      invention are those precipitated from a residuum by aliphatic hydrocarbons
      having 5 to 9 carbon atoms. A still more preferred fraction is that
      precipitated with at least 3 volumes of heptane per volume of residuum and
      known as heptane precipitated asphaltenes.
PAR  Techniques for the production of such asphaltene fractions are well known
      in the art. For example, U.S. Pat. No. 3,087,887 and 3,093,573 as well as
      British Pat. No. 465,288 all disclose such techniques.
PAR  Another source of positive spot asphalt fractions is from refinery
      operations such as visbreaking. Visbreaking is a well known mild thermal
      cracking process used to reduce the viscosity of residua going into fuel
      oil. Generally, this process produces a solid pitch fraction as well as
      liquid products. Although visbreaker pitches are available in abundant
      quantity from visbreaking operations, it has been found that generally
      they are inhomogeneous and, therefore, fail the Oliensis Spot Test. Thus,
      they are positive spot asphalt fractions and can be used in this
      invention.
PAR  In general, the positive spot asphalt fractions used in this invention,
      whatever their source, have the following properties:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PROPERTIES OF                                                             
     POSITIVE SPOT ASPHALT FRACTIONS                                           
                    ASTM                                                       
                    Method   Operable                                          
                                    Preferred                                  
     __________________________________________________________________________
     Furol Vis. at 275.degree.F, sec.                                          
                     E-102-68                                                  
                              20 to 600                                        
                                     50 to 300                                 
     Flash Point, .degree.F                                                    
                    D-92-57  400 to 700                                        
                                    450 to 600                                 
     Sp. Gravity at 60.degree.F                                                
                    API      0.9 to 1.3                                        
                                    1.0 to 1.2                                 
     Softening Point, .degree.F                                                
                    D-36-70   80 to 300                                        
                                    100 to 200                                 
     Penetration at 77.degree.F, dmm.sup.1                                     
                    D-5-65    0 to 300                                         
                                     10 to 100                                 
     Oliensis Spot Test                                                        
                    AASHO T-102-57                                             
                             Positive                                          
                                    Positive                                   
     __________________________________________________________________________
      .sup.1 dmm=decimillimeters=0.1 mm=1/10 mm=mm/10                          
PAR  According to this invention, the above-described positive spot asphalt
      fractions are combined with a propane precipitated asphalt and/or a
      nonvolatile petrolene fraction.
PAR  As noted above, the fractionation of asphaltic residua by precipitation
      with aliphatic hydrocarbons is well known in the art. The production of
      propane precipitated asphalts by using propane as a precipitant is also
      well known in the art. Such processes are also known as propane
      deasphalting processes.
PAR  Propane precipitated asphalts are relatively aromatic, of relatively high
      molecular weight and essentially nonvolatile. Propane precipitated
      asphalts used in this invention have the following properties:
TBL                TABLE II                                                    
     ______________________________________                                    
     PROPERTIES OF                                                             
     PROPANE PRECIPITATED ASPHALTS                                             
                      Operable Preferred                                       
     ______________________________________                                    
     Softening Point, .degree.F                                                
                        150 to 225 175 to 215                                  
     Penetration at 77.degree.F, dmm                                           
                         0 to 15    0 to 10                                    
     Polar Aromatic Content, wt.%                                              
                        .gtoreq.20 .gtoreq.20                                  
     ______________________________________                                    
PAR  Petrolene fractions are generally found dissolved in aliphatic precipitants
      after they have been used in the above-noted asphalt fractionating
      processes. Generally they are recovered by evaporation of the precipitant.
      A preferred petrolene fraction for use in this invention is that obtained
      from propane precipitation or deasphalting. The petrolene fractions used
      in this invention have the following properties:
TBL                                    TABLE III                               
     __________________________________________________________________________
     PROPERTIES OF PETROLENE FRACTIONS                                         
                      ASTM                                                     
                      Method                                                   
                            Operable                                           
                                   Preferred                                   
     __________________________________________________________________________
     Initial boiling point, .degree.F.sup.1                                    
                     D-1160-61                                                 
                            &gt;900   &gt;1,200                                      
     SUS Viscosity at 210.degree.F                                             
                     D-88-56                                                   
                            20 to 800                                          
                                   50 to 400                                   
     Flash Point, .degree.F                                                    
                     D-92-57                                                   
                            &gt;400   .gtoreq.400                                 
     Pour Point, .degree.F                                                     
                     D-97-57                                                   
                            -10 to 120                                         
                                   -10 to 50                                   
     Polar Aromatic Content, wt.%                                              
                     See below                                                 
                            .gtoreq.20                                         
                                   .gtoreq.20                                  
     __________________________________________________________________________
      .sup.1 Atmosphere equivalent vapor temperatures                          
PAR  It will be noted that both the compositions of this invention and some of
      their constituents are characterized by their polar aromatic contents.
      This polar aromatic content can be measured by the method described in
      Analytical Chemistry, 41, 576 (1969). Briefly, this method consists of
      first removing any asphaltenes from a sample by precipitation with heptane
      (100 ml/gm of sample) and then chromatographically analyzing the extract
      on activated alumina. After elution of the saturated and
      naphthene-aromatic fractions with aliphatic and aromatic solvents, the
      polar aromatic fraction is eluted with trichloroethylene and weighed.
PAR  Optionally, the compositions of this invention can contain vacuum gas oil.
      For the purposes of this invention, vacuum gas oil can be defined as a
      petroleum distillate having an atmospheric equivalent boiling range of
      about 650.degree. to 1,100.degree.F, preferably about 700.degree. to
      1,000.degree.F, most preferably about 800.degree. to 900.degree.F as
      determined by ASTM D-1160-61. When such petroleum distillates are used in
      this invention, they constitute up to 10% of the total composition,
      preferably, less than 10%.
PAR  Techniques for combining the above-described components to produce the
      compositions of this invention are well known in the art. A particular
      technique which can be used is the refluxing process disclosed in the
      above-noted U.S. Pat. No. 3,087,887. Other methods include hot fluxing in
      a mixing vessel, storage tank or transport vessel and inline blending of
      two or more components using proportioning flow regulators.
PAR  Preferably, when visbreaker pitch is used in the compositions of this
      invention, it constitutes about 10 to 60%, more preferably 20 to 50%, most
      preferably 30 to 40% of the composition.
PAR  Preferably, when an asphaltene fraction is used in the compositions of this
      invention, it constitutes about 5 to 45%, more preferably 10 to 40%, most
      preferably 20 to 40% of the composition.
PAR  In some embodiments of this invention, a positive spot fraction and only
      one other component, either propane precipitated asphalt or nonvolatile
      petrolenes, are used. In other embodiments, a positive spot fraction and
      both a propane precipitated asphalt and a petrolene fraction are used. In
      still other embodiments, a positive spot fraction, one or more of the
      other above-mentioned fractions and vacuum gas oil are used.
PAR  In addition to passing the Oliensis Spot Test, the compositions of this
      invention exhibit viscosity and temperature susceptibility properties
      which are at least as good as and often better than those exhibited by
      prior art, straight reduced asphalts which are used in paving
      formulations. They also exhibit minimal properties which make an asphaltic
      composition suitable for use in paving formulations. Illustrative of some
      of these properties are the following:
TBL                                    TABLE IV                                
     __________________________________________________________________________
     MINIMAL PROPERTIES OF                                                     
     ASPHALTS SUITABLE FOR PAVING FORMULATIONS                                 
     __________________________________________________________________________
     Absolute Viscosity, at 140.degree.F, poises.sup.1                         
                          D-2171   1000                                        
     Ductility, cm.       D-113     50                                         
     Penetration Ratio, (39.2.degree.F/77.degree.F).sup.1                      
                          D-5      0.25                                        
     Kin. Vis. at 275.degree.F, cSt..sup.1                                     
                          D-217     290                                        
     Oliensis Spot Test   AASHO T-102-57                                       
                                   Negative                                    
     __________________________________________________________________________
      .sup.1 Interpolated to 90 dmm penetration at 77.degree.F                 
PAR  The interpolation referred to in Table IV is carried out by measuring both
      the specified property and the composition's penetration at 77.degree.F.
      Then the concentration of a component of the composition is varied in an
      insignificant amount (1 to 5%) so as to change the composition's
      penetration. If the penetration is originally above 90 dmm, the
      composition is varied so as to produce a penetration below 90 dmm; the
      opposite procedure is performed if the penetration is originally below 90
      dmm. The specified property then is remeasured and the penetrations of the
      two samples plotted against the logarithm of the specified property (e.g.,
      viscosity). The property's value up to 90 dmm can then be determined by
      interpolation. Further details of this method, which allows comparison of
      properties of various samples at a common penetration level, can be found
      in Proc. Assoc. Aup. Pav. Tech., 39, 443 (1970).
PAR  Preferably and most preferably, the compositions of this invention exhibit
      the following minimal properties:
TBL                                    TABLE V                                 
     __________________________________________________________________________
     PREFERRED MINIMAL PROPERTIES                                              
     OF ASPHALT COMPOSITIONS                                                   
     PRODUCED BY THE PROCESS OF THIS INVENTION                                 
                         Preferred                                             
                               Most Preferred                                  
     __________________________________________________________________________
     Absolute Viscosity at 140.degree.F, poises.sup.1                          
                         1500  2000                                            
     Ductility, cm.       75    100                                            
     Penetration Ratio, 39.2.degree.F/77.degree.F.sup.1                        
                         0.30  0.35                                            
     Polar Aromatic Content, %                                                 
                          30    30                                             
     Kinetic Viscosity at 275.degree.F, cSt..sup.1                             
                          325   390                                            
     __________________________________________________________________________
      .sup.1 Interpolated to 90 dmm penetration at 77.degree.F                 
PAR  Higher kinetic viscosities at 275.degree.F are an indication of better
      asphalt quality. Although asphalt compositions with lower viscosities are
      used in the art, adjustments in mixing and placement temperatures are
      necessary. Such adjustments are disadvantageous in field operations.
PAR  High penetration ratios reflect low temperature susceptibilities which are
      desirable because they make handling of the asphaltic compositions in the
      field more consistent with uniform practices, especially during the
      preparation of asphalt-aggregate mixtures.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  This invention can be more fully understood by reference to the following
      examples. These are offered by way of illustration only and are in no way
      intended to limit the scope of the invention.
PAR  The first two examples illustrate the use of a visbreaker pitch (derived
      from Tia Juana medium crude oil and exhibiting a positive Oliensis Spot
      Test) in asphaltic compositions exhibiting negative Oliensis Spot Tests.
DETD
PAC  EXAMPLE 1
PAR  Thirty-nine parts of visbreaker pitch (penetration at 77.degree.F = 54 dmm)
      was blended with 39 parts of a propane precipitated asphalt (softening
      point = 212.degree.F. and polar aromatic content = 53%) and 22 parts of
      vacuum gas oil boiling in the range from 850.degree. to 950.degree.F
      (atmospheric equivalent vapor temperature). The blended composition had a
      polar aromatic content of 38% and exhibited a negative Oliensis Spot Test.
      Other properties of this composition, interpolated to 90 dmm penetration,
      are included in Table VI below.
PAC  EXAMPLE 2
PAR  The visbreaker pitch of Example 1 (51 parts) was blended with 49 parts of
      nonvolatile petrolenes (softening point = 98.degree.F, polar aromatic
      content 46%, penetration at 77.degree.F= 125 dmm and viscosity at
      275.degree.F = 163 cSt.) obtained from a refinery propane deasphalting
      unit. The resultant composition was negative to the Oliensis Spot Test and
      had a polar aromatic content of 42%. Other properties of this composition,
      interpolated to 90 dmm penetration, are included in Table VI.
PAC  CONTROL A
PAR  To illustrate the superiority of mixtures made by the process of this
      invention over those known in the prior art, 83 parts of the visbreaker
      pitch used in Example 1 was blended with 17 parts of a straight reduced
      residuum from Tia Juana crude oil (viscosity at 122.degree.F = 3000 SFS,
      polar aromatic content = 17%, and specific gravity at 60.degree.F =
      0.980). This blend is termed Control A and its properties are included in
      Table VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
                     Examples                                                  
                     1     2       Control A                                   
     ______________________________________                                    
     Pen Ratio (39.2.degree./77.degree.).sup.1                                 
                       0.41    0.35    0.36                                    
     Ab. Vis at 140.degree.F, p..sup.1                                         
                       2075    2025    1610                                    
     Kin Vis at 275.degree.F, cSt.sup.1                                        
                        352     404     342                                    
     Oliensis Spot Test                                                        
                        Neg     Neg     Pos                                    
     Polar Aromatic Content, %                                                 
                        38      42     --                                      
     ______________________________________                                    
      .sup.1 Interpolated to 90 dmm penetration.                               
PAR  As can be seen from inspection of the data in Table VI, Control A exhibited
      a positive Oliensis Spot Test and an absolute viscosity substantially
      lower than those of Examples 1 and 2. This result demonstrates that to
      obtain a negative spot paving composition, it is necessary that the
      petroleum fraction have a polar aromatic content of at least 20%. The data
      also show that the compositions made according to this invention exhibit
      viscosity and penetration properties that are well above the minimal
      properties noted above for paving grade asphaltic compositions.
PAR  Examples 3 and 4 illustrate embodiments of this invention in which positive
      spot heptane precipitated asphaltenes are used to make negative spot
      asphaltic compositions.
PAC  EXAMPLE 3
PAR  Fifty-seven parts of propane precipated asphalt (softening point =
      218.degree.F and polar aromatic content = 54%), derived from Tia Juana
      medium crude, was blended with 8 parts of vacuum gas oil having a boiling
      range of 850.degree. to 950.degree.F (atmospheric equivalent vapor
      temperature) and 35 parts of heptane precipitated asphaltenes exhibiting a
      positive Oliensis Spot Test. The heptane precipitated asphaltenes were
      obtained by contacting a straight run asphalt (penetration at 77.degree.F
      = 54 dmm), produced from Tia Juana crude oil, with 5  volumes of heptane
      per volume of asphalt and then recovering the precipitated asphaltenes by
      filtration. The blend exhibited a penetration at 77.degree.F of 52 dmm, a
      39.2.degree.F to 77.degree.F penetration ratio of 0.40, a polar aromatic
      content of 36% and a negative Oliensis Spot Test.
PAC  EXAMPLE 4
PAR  The propane precipitated asphalt of Example 3 (54 parts) was blended with 8
      parts of vacuum gas oil having a boiling range of 900.degree. to
      950.degree.F (atmospheric equivalent temperatures) and 38 parts of
      positive spot heptane precipitated asphaltenes produced by the same
      technique used in Example 3 from a straight run asphalt (penetration = 90
      dmm) derived from Tia Juana crude oil. The blend exhibited a penetration
      at 77.degree.F of 75 dmm, a polar aromatic content of 39% and a negative
      Oliensis Spot Test.
PAR  Examples 3 and 4 show that heptane precipitated asphaltenes exhibiting a
      positive Oliensis Spot Test can, through the practice of this invention,
      be used in compositions exhibiting a negative Oliensis Spot Test.
PAR  It is not intended that the scope of this invention be limited to the
      specific examples presented above by way of illustration. The scope of the
      invention is limited only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An asphalt composition suitable for use in a paving formulation, which
      comprises a mixture of
PA1  a. an asphaltene fraction having substantially no petrolene content,
PA1  b. propane-precipitated asphalt having a softening point of 150.degree. to
      225.degree.F., a penetration at 77.degree.F. of 0 to 15 dmm, and polar
      aromatic content of at least 20 percent by weight, and
PA1  c. vacuum gas oil having an atmospheric equivalent boiling range within the
      limits of about 650.degree.F. and 1150.degree.F.
PA1  said composition having a polar aromatic content of at least 30 percent by
      weight, a ductility (ASTM D-113) of at least 50 cm, and a 39.2.degree.F.
      penetration ratio of at least about 0.25, said composition having a
      negative Oliensis Spot Test,
PA1  said asphaltene fraction constituting about 5 to 45 wt. % of the
      composition, and said vacuum gas oil constituting no more than 10 wt. % of
      the composition.
NUM  2.
PAR  2. The composition of claim 1 wherein said composition has an absolute
      viscosity at 140.degree.F of greater than about 1000 poises and a kinetic
      viscosity at 275.degree.F of greater than about 290 cSt. when both values
      are interpolated to the 90 decimillimeter penetration level.
NUM  3.
PAR  3. The composition of claim 1 wherein said asphaltene fraction has been
      obtained by precipitation from an asphaltic residuum with an aliphatic
      hydrocarbon of from 5 to 9 carbon atoms.
NUM  4.
PAR  4. The composition of claim 1 wherein said asphaltene fraction comprises
      heptane precipitated asphaltenes.
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ABST
PAL  A method and apparatus for the automatic production, on demand, of
      solutions of liquid and dry materials, for example, particularly liquid
      sugar from initial constituents of dry sugar and water, in which a storage
      supply of solution, such as liquid sugar is available for withdrawl and
      use, such supply being adapted to be maintained from a mixing station with
      the bulk materials being supplied in predetermined quantities from a
      supply station and converted, for example, into liquid sugar by the
      application of heat, the supply being suitably monitored and replenished
      and the materials measured and mixed on demand, automatically as required.
      Other materials may be simultaneously included to form blends etc.
PARN
PAR  This is a division of application Ser. No. 339,420, filed Mar. 8, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is directed to a method and apparatus of solutions of liquids
      and soluble dry materials, whereby a supply of liquid material is
      continuously available for utilization in quantities commensurate with the
      use application.
PAR  The present invention has particular application in the food processing
      industry in connection with the preparation of liquid sugar, and the like,
      and therefore will be discussed and described in connection with such
      application. However, it will be appreciated that the invention has
      application in many fields involving the processing of liquid and dry
      materials, in which its novel features may be used to advantage.
PAR  It will therefore be appreciated that this specific reference to "sugar",
      "water", "liquid sugar", etc. are merely illustrative; and even in the
      food processing industry, there are specific representatives of other
      sweetners and materials involved in food processing.
PAR  Most, if not all, food preparations commercially vended contain some
      quantity of sugar and/or sweetners, and it is therefore necessary to
      provide supplies of sugar and/or blends sufficient to fill the desired
      needs.
PAR  It will be appreciated, with respect to such application, that where sugar
      is employed in very small quantities, it may be stored, measured out and
      utilized in dry form. However, when large commercial quantities are
      involved, the storage, transportation, measurement and general handling
      thereof raises various problems in connection with its use in the finished
      product. It will be appreciated that the handling of dry sugar bags
      requires manual handling as well as suitable conveyor or transporting
      equipment, storage space for the bags of sugar at use points and
      additional labor in connection with the handling of the bags and supply of
      sugar to the use equipment. In view of such disadvantages, it has been
      found expedient in many, if not most, cases to employ sugar in the form of
      a liquid, i.e. sugar and water, which may be readily transported by
      suitable liquid handling systems and readily measured as to quantity by
      automatic or semi-automatic equipment. While this type of operation, of
      necessity, includes some form of storage system, necessitating a
      relatively large storage system with attendant space loss, as both sugar
      and water is stored, as compared with merely the storage of dry sugar, the
      above referred advantages have in most cases rendered its use desirable.
PAR  In the handling of liquid sugar, where the amount utilized is comparatively
      small, the manufacturer may provide merely adequate tankage to accommodate
      his normal use requirements, with his sugar being received in liquid form
      by tank truck and pumped directly into the storage tank system. It will be
      appreciated that as the amount of sugar utilized increases, the storage
      requirements likewise must proportionately increase to accommodate the
      additional volume, as well as accommodate sufficient sugar to span periods
      between deliveries.
PAR  Where the manufacturer utilizes sugar in sufficiently large quantities, it
      may be considered advantageous to install a complete conversion system for
      converting the dry sugar into liquid form thereby eliminating the
      additional handing by tank truck, etc. as well as eliminating additional
      storage facilities required by periodic deliveries.
PAR  Where the manufacturer has installed his own plant, batches of liquid sugar
      are processed in substantially the same manner as at remote conversion
      plants whereby merely the transportation of liquid sugar is saved, as in
      this case adequate storage tank capacity still must be provided as well as
      space for the equipment and dry sugar.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method and apparatus for effecting
      mixing operations with liquids, or liquid and dry ingredients, to form
      desired liquid solutions and the like, for example, in the food processing
      industry, liquid sugar.
PAR  The invention, in this example thus enables storage of merely the dry sugar
      and automatic conversion to liquid sugar substantially commensurate with
      the demand.
PAR  The present invention enables the fabrication of a relatively very small
      unit, capable of producing liquid sugar in relatively small batches,
      consistent with demand requirements whereby liquid sugar will be
      continuously supplied at the desired rate. Thus, within the limits imposed
      by the batching operations, the production is in correspondence to and, if
      necessary, continuous to meet the design maximum.
PAR  The conversion operation may be completely automatic whereby the only
      manual operation is to maintain an adequate supply of dry sugar in the
      apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings wherein like reference characters indicate like or
      corresponding parts:
PAR  FIG. 1 is a semi-diagrammatic figure illustrating one preferred form of
      apparatus embodying the invention; and
PAR  FIG. 2 is a circuit diagram of the control circuits of the apparatus
      illustrated in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention is directed to a method and apparatus whereby, in the food
      industry a predetermined volume of liquid material, for example, liquid
      sugar may be continuously supplied within a predetermined design capacity,
      with the liquid material being prepared in sequential batches at a rate
      adequate to provide the maximum design demand.
PAC  The Method
PAR  In practicing the invention, a measured quantity of water is supplied, to
      which is added a predetermined quantity of dry sugar. The mixture is then
      heated to raise the temperature of the mixture to that required to bring
      all of the sugar into solution, and which, at the same time, will not
      result in a charring of the sugar. The liquid sugar batch so formed is
      retained at a storage location until subsequent transfer to a supply
      location from which it is ultimately withdrawn on demand. When the volume
      of sugar at the supply location is reduced to a predetermined minimum,
      additional sugar is supplied thereto from the storage location. The
      operating parameters with respect to the measurement of the raw materials,
      the magnitude of the heat supply and respective storage capacities are so
      determined that liquid sugar will be prepared at a rate sufficient to keep
      the supply location adequately supplied with liquid sugar under maximum
      design withdrawl.
PAC  The Apparatus
PAR  Referring to FIG. 1, the reference numeral 1 indicates a hopper structure
      adapted to be supplied with water and dry sugar whereby a predetermined
      amount of sugar may be added to a predetermined volume of water, in
      proportions to provide a desired sugar concentration. Following addition
      of the sugar to the water, the mixture is conducted from the hopper
      structure 1 to a heating structure 2, adapted to heat the water-sugar
      mixture to a temperature which will effect an instantaneous melt for any
      liquid-sugar concentration involved. Following passage through the heat
      exchanger, the liquid sugar is received in a mix tank 3. In the embodiment
      of the invention illustrated, transfer of the water-sugar mixture from the
      hopper 1 is effected hydraulically, utilizing liquid sugar in the mixing
      tank 3 which is circulated by means of a pump 4 through an eductor 5
      operatively connected with the hopper structure 1, whereby the liquid
      sugar in the receiving or mix tank 3 is continuously circulated through
      the heater 2 until the contents of the hopper 1 are exhausted, and the
      tank 3 is adequately filled. The contents of the mixing tank 3 are, upon
      demand, supplied to a supply of use tank 6 from which they are withdrawn,
      for example, by a pump 7, with the liquid sugar preferably being passed
      through a suitable filter structure 8 prior to its discharge into the
      supply line or pipe 9.
PAR  The hopper 1 and tanks 3 and 6, as hereinafter described in detail, may be
      of a size to provide an output volume of liquid sugar at the conduit 9
      consistent with the requirements of the user.
PAR  Considering the system of FIG. 1 in greater detail, disposed above the
      hopper 1 is a motorized valve, indicated generally by the numeral 10,
      adapted to control the flow of a suitable supply of dry sugar 11 into the
      hopper. In the embodiment illustrated, the valve 10 is a rotary type
      valve, adapted to be actuated by a motor 12, for example, similar to the
      DAY type "an" and "dn" rotary valves, manufactured by the Carter-Day
      Company, Minneapolis, Minnesota, the size and revolutions per minute of
      the valve being determined by the overall capacity of the system. The
      amount of sugar thus may be readily controlled by the off-on operation of
      the motor 12. Water is supplied to the hopper 1 through an inlet pipe 13
      under control of a valve 14 which is illustrated as being a standard
      solenoid type valve.
PAR  The eductor 5, disposed at the bottom of the hopper 1, likewise may be of
      standard construction, for example, similar to the "SK type 267
      solid/liquid mixing eductor", manufactured by Schutte and Koerting Company
      of Cornwells Heights, Pennsylvania.
PAR  As illustrated in FIG. 1, the liquid sugar is adapted to be withdrawn by
      the pump 4 from the lower portion of the tank 3 and conducted by piping 15
      to the eductor valve 5, suitable biased check valves being disposed at
      opposite sides of the eductor 5 to insure retention of the materials
      within the hopper until desired withdrawl by eductor or operation. The
      output side of the eductor valve is operatively connected by piping 18 to
      the inlet side of the heat exchanger 2. The sugar mixture, now in the form
      of liquid sugar, is returned to the mix tank 3 by piping 19. The heat
      exchanger 2 is illustrated as having a steam inlet 20 and an outlet 21,
      the supply of steam, in the embodiment illustrated, being controlled by a
      motorized steam valve 22, which determines the overall duration of
      admission of steam to the exchanger, and a solenoid valve 23 adapted to be
      controlled by a temperature sensor 24 suitably disposed in the return line
      19, whereby the temperature of the liquid sugar discharged from the heat
      exchanger will be continuously maintained at a uniform temperature of, for
      example, 180.degree.F. Such temperature is sufficiently high to insure
      substantially instantaneous melting of the sugar and conversion of the
      water-sugar mixture to liquid sugar, while at the same time maintaining a
      temperature insufficient to produce a possible charring of the sugar. The
      return steam line 21 may be provided with the usually condensate trap 25.
      Likewise, a check valve 26 may be inserted in the line 15 to prevent the
      possibility of a reverse flow therein.
PAR  The transfer of liquid sugar from the tank 3 to the tank 6, in the
      embodiment of the invention illustrated, is controlled by a motorized
      valve 27 disposed in the connecting line 28 between the two tanks.
PAR  Likewise, in the embodiment of the invention illustrated, the control of
      the operating levels in the hopper 1 and tanks 3 and 6 are controlled by
      floatless liquid level control elements which may utilize induction or
      solid state relays employing probes or electrodes within the respective
      containers. Controls of this type may be commercially obtained, for
      example B/W induction relays, type LH, or solid state controls, series 51,
      all of which are manufactured by the B/W Controller Corporation of
      Birmingham, Michigan.
PAR  As hereinafter described in detail with respect to the electrical circuit,
      illustrated in FIG. 2, the transmission of water and sugar to the hopper 1
      is adapted to be controlled by respective probes P.sub.1 and P.sub.2,
      while the level of liquid sugar in the tank 3 is adapted to be controlled
      by respective probes P.sub.3 and P.sub.4. In like manner the tank 6 is
      illustrated as containing four probes P.sub.5 -P.sub.8.
PAR  The system of FIG. 1 is also provided with means for flushing the lower end
      of the hopper 1 adjacent the eductor 5 to prevent any possibility of
      clogging at the eductor, such means comprising a discharge pipe or jet 29
      having its inner end 30 directed downwardly toward the eductor 5, the pipe
      29 being adapted to be supplied with liquid sugar from the line 15,
      through a conduit 31, under control of a valve 32, illustrated as being of
      a manually actuatable type. The valve 32 is preferably a needle valve and
      is automatically controlled by operation of the pump 4, whereby such
      flushing operation would take place automatically during flow in the
      piping 15. However, in some applications it may be desirable to utilize
      some other flushing cycle and other control thereof.
PAC  OPERATION
PAR  In operation of the system illustrated in FIG. 1, whenever liquid sugar is
      required, the pump 7 is actuated under control of suitable means, such as
      a manual switch, to withdraw liquid sugar from the tank 6. Assuming that
      the tank 3 contains a completed batch of liquid sugar, when the sugar
      level in the tank 6 falls below the probe P.sub.6, the valve 27 will be
      opened to admit such batch from the tank 3. If the level in the tank 6
      should, for any reason, reach the probe P.sub.5 the valve will again be
      closed. Likewise, if for any reason the level in the tank 6 should fall
      below the probe P.sub.8, the pump 7 would be shut off. Liquid is withdrawn
      from the tank 3 through the open valve 27 into the tank 6. Upon the liquid
      level in the tank 3 falling below the end of the probe P.sub.3, the valve
      27 will be shut and the preparation of a new batch of liquid sugar will be
      initiated.
PAR  Water will then be introduced into the hopper 1 through the valve 14 and
      pipe 13 until the probe P.sub.1 is reached at which time the water valve
      will be closed and the sugar valve 10 opened to supply dry sugar to the
      volume of water in the hopper. This, in turn, will cause the water level
      in the hopper to rise until the probe P.sub.2 is reached, at which time
      the valve 10 will be closed, the pump 4 started, and the steam valve 22
      opened. The water-sugar mixture in the hopper 1, will then be withdrawn
      therefrom through the eductor 5 by the flow of liquid from the tank 3
      through the piping 15, and eductor 5 with the water-sugar mixture being
      conducted through the piping 18 and heater 2, from which it will be
      returned over the piping 19 to the tank 3. As such circulation continues,
      the water-sugar mixture will be transferred from the hopper 1 to the
      heater 2, converted into liquid sugar, and conducted into the tank 3.
      Throughout this operation the sensor 24 and solenoid valve 23 will so
      control the admission of steam to the heat exchanger 2 that the desired
      temperature of the liquid sugar discharged from the heat exchanger 2 will
      be maintained at the desired temperature. This action will continue until
      the liquid sugar level in the tank 3 reaches the probe P.sub.4, at which
      time the valve 22 will close and cut off further supply of steam to the
      heat exchanger 2. Preferably, the operation is such that the pump 4 will
      continue for a predetermined period following cutoff of steam to the heat
      exchanger 2 to insure that the temperature in the heat exchanger will not
      build up to a point where the sugar might be charred.
PAR  The components of the system illustrated in FIG. 1 are so selected as to
      design capacity and operational parameters that within design parameters
      the liquid sugar may be withdrawn from the tank 6 at a maximum specified
      rate which will insure an adequate period from the supply of a batch
      thereto, to the time the liquid level falls below the probe 6, in which
      the prepare and supply a new batch of liquid sugar to the tank 3, so that
      within such design parameters the system may be continuously operated.
PAR  Thus, assuming for example, a system designed to operate at a maximum
      continuous demand load of five gallons per minute, the respective
      component may have the following specified design capacities and
      characteristics. As the apparatus operates on the batch system, the size
      of the batch and storage requirements will be dependent, at least in part
      on the time required to prepare the batch. In the present instance the
      system readily can be designed for the production of 10 gallons of liquid
      sugar every 2 minutes, thus meeting the specified 5 gallons per minute
      requirement.
PAR  The hopper 1 therefore may have a mix capacity of 10 gallons. The tanks 3
      and 6 may, in such case, each have a capacity of 30 gallons, with the
      transfer from the mix to use tank taking place in 10 gallon quantities,
      leaving a residual 10 gallons in the tank 3 at all times (as determined by
      the standpipe 28' therein) for circulation and withdrawl of a batch from
      the hopper 1. In such case, the probes P.sub.1 and P.sub.2 will be so
      positioned that substantially 4.3 gallons of water and substantially 75.1
      lbs. of sugar will be supplied to the hopper.
PAR  Probe P.sub.3 is so positioned that it will be just above the liquid level
      at the standpipe 28', while the probe P.sub.4 is disposed to just contact
      the liquid level in the tank 3 following the addition of a new batch
      thereto.
PAR  The tank 6 is adapted to normally contain from 15 to 25 gallons of liquid
      sugar, and the probe P.sub.6 is therefore positioned to effect an opening
      of the valve 27 when the liquid level reaches 15 gallons. The probe
      P.sub.5 functions both as a reset for the relay B.sub.2 and as a safety
      device operative to shut the valve 27 if the liquid level should exceed
      the desired maximum quantity.
PAR  Probe P.sub.8 merely is a low-level probe adapted to prevent further
      withdrawl from the use tank 6 in the event the liquid level therein
      abnormally falls, for any reason, below such probe, while the probe
      P.sub.7 is adapted merely to reset the safety circuit including the probe
      P.sub.8.
PAR  With respect to time factors, the respective components are operable to
      provide adequate speeds in all operations to achieve the desired results.
      For example, the water may be readily supplied in 15 seconds, the sugar is
      slightly over 9 seconds. The pump may have a capacity of 11 gallons per
      minute, operable in conjunction with the eductor 5 to empty the hopper 1
      in 40 seconds, and the heat exchanger of a size to bring the 10 gallons of
      mix from a temperature of 40.degree.F. Likewise, the motorized valve may
      readily have an opening speed of 2 seconds and permit emptying of the 10
      gallon batch into the use tank 6 in 10 seconds. Thus, the entire operation
      may take place in less than 2 minutes to readily permit the design
      withdrawl of 5 gallons per minute.
PAR  As illustrated in FIG. 1, pressure gauges may be included at various
      locations, for example, at both sides of the eductor 5, and at the filter
      8 to permit determination of proper operating parameters.
PAC  THE ELECTRICAL CIRCUIT
PAR  FIG. 2 illustrates details of the electrical circuit for achieving the
      above desired operation of the system. This figure also includes
      substantially all of the components illustrated in FIG. 1, some of which
      are illustrated in diagrammatical form and it will be noted that, to
      simplify the presentation, the eductor 5 is separated from the hopper 1
      and connected thereto by piping, whereas the eductor is illustrated in
      FIG. 1 as being connected substantially to the bottom of the hopper 1. In
      FIG. 2, the reference numeral 33 designates a motor operated selector or
      sequence switch having four singlepole-doublethrow sections respectively
      composing contacts S1, S2, P1 and P2, respectively with the contacts being
      actuated in predetermined sequence by a motor indicated generally by the
      numeral 34 which, for example, could be of the step type.
PAR  The circuit includes three contactors or relays C1, C2 and C3 (which, for
      example, may be type 1300 B/W contactors) each having one or more pairs of
      corresponding contacts c1, c2 and c3 and six liquid-controlled relays,
      designated B1-B6, which for example may be introduction relays, such as
      those heretofore referred to. Relays of this type employ a primary winding
      connected directly to the power source as well as a secondary winding
      operatively connected to the controlling probe, and for purposes of
      clarity, the primary windings of such relays have been omitted, merely a
      secondary winding for each relay, necessary to understand the operation of
      the system, being illustrated in the drawing. As in the case of the
      contactors, the pairs of contacts of the associated relays B1-B6 will be
      identified by the small letter b and the associated number of the relay,
      i.e. b1, b5, etc. In addition, where a relay or contactor includes a
      plurality of sets of contacts, they will be identified by their normal
      condition, i.e. open or closed, and if necessary by their location. In
      addition, a time delay switch TD is provided having normally open contacts
      adapted to be closed when the timer is actuated and remain closed for a
      predetermined time following the cutting off of power thereto.
PAR  The entire circuit is adapted to be controlled by a main power switch 35,
      and to enable an operator to ascertain whether the apparatus is in
      batching, transfer or feed and supply condition, corresponding lights
      L.sub.b (for batch positions), L.sub.T (for transfer position) and L.sub.f
      (for feed and use position) are provided so that by ascertaining which
      lamp is illuminated, the operator may readily determine the present
      operating condition of the apparatus, and if necessary step the sequence
      by momentarily closing a switch SA.
PAR  FIG. 3 illustrates the respective positions of the sequence switch 33 for
      each state of operation of the apparatus.
PAC  Initial Feed and Use Condition
PAR  It will be assumed that in this condition the tanks 3 and 6 are both
      operatively full, in which case the sequence switch 33 will be in the feed
      and use positions as illustrated in FIG. 2 (and in the top position
      illustrated in FIG. 3). Under these conditions the following circuits will
      be operative:
PAR  Contactor C1 and lamp L.sub.f will be actuated over a circuit extending
      from power line L.sub.1 over contacts S.sub.1 and line L.sub.2. Normally
      closed contacts c1 in the "close" line to the feeder valve 27 will be open
      while normally closed contacts c1 in the "open" line to feeder valve 27
      will be closed. As probes P.sub.3 and P.sub.4 in the tank 3 will both be
      contacted by the liquid in the tank, the windings of the relays B3 and B6
      will both be actuated, whereby the normally closed contacts b3 associated
      with the windings of relays B4 and B5 will be open, normally open contacts
      b3 associated with contacts P.sub.2 of the sequence switch will be closed
      (this having no effect at this time, as it is connected with a presently
      open circuit), and normally closed contacts b6 associated with contacts
      P.sub.1 of the sequence switch 33 will be open.
PAR  Likewise assuming that the tank 6 is operatively filled, all probes therein
      will be engaged by the liquid and windings of the relays B1 and B2 will be
      energized, normally open contacts b1 associated with the drawoff pump 7
      being closed and normally closed contacts b2 associated with the open line
      to the feeder valve 27 being open. It will also be noted that as normally
      open contacts b1 and b2 are closed the two relays are locked in, insofar
      as the probes P.sub.5 and P.sub.7 are concerned, and actuation of the
      relays are thus dependent upon the engagement of the liquid with the
      probes P.sub.6 and P.sub.8.
PAR  Under such condictions, the drawoff pump 7 may be operated and the light
      L.sub.f will indicate this condition of the system. As liquid is withdrawn
      from the tank 6, the level eventually will fall below the end of the probe
      P.sub.5, but this will have not effect due to the lock-in action of the
      contacts b2 and the relay will continue to be energized until the liquid
      level falls below the end of the probe P.sub.6, at which point the relay
      B2 will fall, opening normally open lock-in contacts b.sub.2 and closing
      normally closed contacts b.sub.2 in the open line to feeder valve 27,
      whereby actuating the feeder valve in opening direction to supply liquid
      sugar from the tank 3 to the tank 6.
PAR  If, for any reason, the level in tank 6 should rise to the probe P.sub.5,
      relay B2 will again be actuated, opening normally closed contacts b2 in
      the open line of the feeder valve 27 and closing normally open contacts b2
      in the close line to the feeder valve 27. This operation will continue
      until the liquid level in tank 3 drops to the top of stand pipe 28' and
      below the end of probe P.sub.3. As previously mentioned, with the falling
      of the liquid level below the probe P.sub.4, relay B3 will fall and
      normally open contacts b3 will open without effect as they are not
      operatively connected in a closed circuit, while the closure of normally
      closed contacts b3 to the relays B4 and B5 will merely ready these relays
      for subsequent actuation.
PAC  Bathing Operations
PAR  The mix tank 3 will empty until the level therein reaches the top of the
      stand pipe 28' forming the inlet to the valve 27 whereby ten gallons of
      liquid sugar will remain the tank. However, as the liquid level has, at
      this point, fallen below the end of the probe P.sub.3, relay B6 will fall,
      closing normally closed contact b6, to complete a circuit from line L1
      through normally closed contacts b6 and contacts of position section
      P.sub.1 to actuate the motor 34, and advance the sequence switch 33 to
      batching position, illustrated in FIG. 3.
PAR  With the sequence switch 33 in this position, a circuit is completed from
      line L1 over actuated contacts S1 and lamp L.sub.B to line L2,
      illuminating such batch-indicating lamp. At the same time, the water valve
      14 is actuated over normally closed contacts B5. Water will continue to be
      supplied to the hopper 1 until the water level therein reaches the probe
      P.sub.1, at which time a circuit will be completed from probe P.sub.1 to
      one side of the winding of relay B5, the opposite side being operatively
      connected over normally closed contacts B3 to ground. With the
      energization of relay B5, normally open contacts b5 will close to lock in
      the relay independently of the probe 1, and normally closed contacts B5 in
      the line to water valve 14 will open to shut off the supply of water to
      the hopper. Simultaneously, normally open contacts b5 will close, closing
      a circuit from line L1, contacts S2, contacts b5 and normally closed
      contacts b4, valve 12 and line L2, whereby the valve 12 will be actuated
      to feed dry bulk sugar to the hopper. Such action will continue until the
      water-sugar mixture in the hopper reaches probe P.sub.2, thereby closing a
      circuit from the probe to one side of the winding of relay B4, with the
      opposite side thereof being connected over contact b3 to ground. Upon
      relay B4 being energized, normally open contact b4 will lock in the relay
      B4 irrespective of the probe P.sub.2, whereby both relays B4 and B5 are
      dependent upon closure of normally closed contacts b3 associated
      therewith. At the same time, normally closed contacts b4 in the operating
      line to the valve 12 will be opened, thereby operatively closing the valve
      and cutting off the supply of sugar to the hopper.
PAC  Transfer and Heating Operations
PAR  Also, upon actuation of the relay B4, normally open contacts b4, associated
      with the section P.sub.2 of the sequence switch 34, will be closed thereby
      closing a circuit from line L1 over contacts S1 and S2, contacts b4,
      contacts P.sub.2 and P.sub.1 to actuate stepping motor 34 and advance the
      same to the bottom (transfer) position illustrated in FIG. 3.
PAR  With actuation of the sequence switch 33 to such third position, a circuit
      will be closed from line L1 over contacts S1 and S2, winding C2 and lamp
      L.sub.T to line L2. Upon energization of the winding C2, normally closed
      contacts C2 in the close line of the steam valve 22 will be opened and
      normally open contacts C2 in the open line will be closed, to thereby
      actuate the steam valve to open position. Simultaneously therewith,
      normally open contacts c2 in series with the time delay device TD, will
      close to actuate the latter thereby closing the normally open contacts td
      thereof in series with the relay winding C3, thereby energizing the latter
      and closing normally open contacts c3 in the circuit to the circulating
      pump 4 to actuate the latter. Liquid sugar in the mix tank 3 will begin to
      circulate through the lines 15 and 18 to empty the hopper 1, with the
      material removed from the hopper passing through the heat exchanger 2
      which instantly converts any unmelted and undissolved sugar to liquid
      sugar, which is returned to the tank 3 over the line 18. The temperature
      sensing unit 24 will control the operation of the solenoid valve 23 to
      maintain the temperature of the liquid sugar at the outlet of the heat
      exchanger at a constant temperature of, for example, 180.degree.F and
      thereby prevent any scorching of the sugar. As additional liquid sugar is
      added to the volume in the tank 3, the liquid level will quickly reach the
      probe P3, resulting in energization of winding of the relay B6, which
      merely opens the normally closed contacts b6, with no effect on the
      immediate operation as the line associated therewith is open at contact
      P.sub.1.
PAC  Return to Feed Position
PAR  This action will continue until the liquid sugar level in the tank 3
      reaches probe p4, at which time the winding of relay B3 will be energized.
      Upon energization of such relay, the normally open contacts b3 associated
      therewith will be closed, completing a circuit from line L1 through
      contacts P2 and P1 to the motor 34, actuating the same to return the
      sequence switch 33 to its original position illustrated in FIG. 2 and at
      the top of FIG. 3.
PAR  Upon return of the sequence switch to such position, a circuit will be
      restored from line L1 through switch contacts S1 to energize the relay C1
      and illuminate lamp L.sub.F. Simultaneously with the actuation of the
      sequence switch 33, relay C2 will be energized, resulting in opening of
      the normally open contact c2 in the open line to the steam valve 22 and
      closing of the normally closed contacts c2 in the close line of the steam
      valve, thereby closing the same. Likewise, the normally open contacts c2,
      controlling the time delay TD, will open and after a predetermined delay
      the contacts td will open permitting relay C3 to fall, and the normally
      open contact c3 in the line to the circulating pump 4 will open, thereby
      shutting off the pump after a predetermined delay following closing of the
      steam valve, to dissipate any heat build up in the heat exchanger and
      thereby prevent a possible scorching of the sugar.
PAR  The tank 3 thus contains a completed batch of liquid sugar ready for
      transfer to the tank 6, which, however, cannot occur while the relay C2 is
      actuated as normally closed contacts b2 in the open line of the feeder
      valve 27 will be open as long as the liquid level in tank 6 is in contact
      with the probe p6. Sugar may therefore be drawn off from the tank 6 until
      the liquid level falls below the probe, at which point relay B2 will
      de-energize, closing normally closed contacts b2 and as normally open
      contacts c1 in series therewith are closed as a result of the actuation of
      relay c1, the feeder valve 27 will be actuated to open and discharge the
      prepared batch in tank 3 into tank 6.
PAR  If for any reason when relay B2 is deactuated by the level falling below
      the probe 6, the system is still in batching operation, relay C1 will be
      unactuated and the feeder valve 27 will thus be maintained in closed
      position by the normally closed contacts c1 in the close line and the open
      contacts c1 in the open line.
PAR  As previously mentioned, the relay B1 and associated probes p7 and p8 in
      the use tank 6 function primarily as a safety device and in the event the
      liquid level falls below the probe 8, the relay B1 will fall opening
      contacts b1 in the circuit of the drawoff pump to thereby prevent any
      further removal of sugar from the tank 6.
PAR  To insure proper setting of the sequence switch 33, following actuation of
      the master on-off switch 35, as previously mentioned, switch SA, of the
      momentary type is provided, remains whereby each time this switch is
      actuated, the sequence switch will be stepped one step, the positions
      thereof being accurately indicated at all times by the respective
      indicating lamp L.
PAR  It will be appreciated from the above that the invention also may be
      utilized to effect a mixing of more than two components. Thus additional
      liquids and dry materials may be readily included in each batch operation
      by suitable addition thereof to the dry and/or liquid components. In such
      case the inclusion may be effected merely by adding previously measured
      quantities of the additional material to the hopper during the supply
      thereto of the other materials, or may be added in sequence with the other
      materials by an additional step, i.e. providing a further probe and/or
      other circuitry to make the addition in a desired sequence with respect to
      the other components.
PAR  An arrangement therefore is schematically illustrated in FIG. 3, wherein
      there is provided a suitable additional valve 14' and associated piping,
      by means of which such additional component or components may be supplied
      and suitably controlled. For example, in the illustration, the valve 14'
      is operatively connected to the line L2, and to line L1 over normally
      closed contacts b5, contacts S2 and a timer T. The timer is of a type that
      will complete the desired circuit upon the application of power thereto,
      remaining operatively closed for a predetermined time duration, at the end
      of which it opens the controlled circuit, remaining open until reset by
      the opening of its trigger circuit and thereafter actuated by the
      subsequent closing of the trigger circuit. Thus, the desired amount of
      additional material may be varied by varying the operating cycle of the
      timer. Likewise, the valve 14' could be directly controlled by such
      contacts b5, where the piping is connected to supply means adapted to
      supply the material in measured quantities. With this arrangement it is
      merely necessary that the time, as determined by the timer T be not
      greater than the batching time, i.e. the duration of the fill time to the
      probe P.sub.2.
PAR  Although minor modifications might be suggested by those versed in the art,
      it should be understood that I wish to embody within the scope of the
      patent warranted hereon all such modifications as reasonably and properly
      come within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for the automatic preparation, on demand, of a liquid material
      from dry and/or liquid component materials, comprising the steps of
      providing a predetermined quantity, of fixed total amount, of a first
      component material, adding a predetermined quantity, of fixed total
      amount, of a second component material to said first quantity, at least
      one of said component materials being in liquid form, to form a mixture of
      fixed total amount having a predetermined concentration, providing a
      previously prepared supply of such liquid material, circulating such
      previously prepared material through a closed path, not including said
      fixed total amount of said mixture of predetermined concentration,
      withdrawing quantities of said mixture from said fixed total amount, in
      amounts that are small as compared with said total amount, and introducing
      said small amounts of mixture so withdrawn into said closed circulating
      path, and applying sufficient heat to the prepared material and the
      component mixture, circulating in said closed path, to cause any
      undissolved materials therein to go completely into solution, and,
      following such application of heat to said fixed total amount of the added
      component mixture, supplying the material, so prepared therefrom, for use.
NUM  2.
PAR  2. A method according to claim 1, wherein said prepared material is
      prepared in a successive series of batches of like volume, as required by
      the usage thereof, wherein each batch is of such quantity that it may be
      produced in a normal production cycle, the duration of which is not
      greater than the design maximum supply flow within the duration of such
      production cycle, whereby such production can meet a continuous flow at
      said design maximum.
NUM  3.
PAR  3. A method according to claim 2, wherein said production cycle is not
      greater than a predetermined multiple of the maximum flow rate per unit of
      time and the volume of a batch produced in such cycle is at least equal to
      the maximum volume of flow during such predetermined multiple.
NUM  4.
PAR  4. A method according to claim 2, wherein said first component material
      comprises a liquid and the second component material comprises a dry bulk
      material, in which the amount of liquid is determined by volume and that
      of the dry bulk material is determined by volume of the mixture of liquid
      and bulk material added thereto.
NUM  5.
PAR  5. A method according to claim 4, wherein said liquid material is water and
      said bulk material is dry sugar, comprising the further step of
      maintaining the temperature of the applied heat at a point below that at
      which charring of the sugar would take place.
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ABST
PAL  Buildup of unreacted hydrogen gas in sealed electrochemical cells has been
      prevented by inserting a hydrogen absorbing device into the cell before
      sealing. This hydrogen absorbing device is preferably a discrete shaped
      body, e.g., cylindrical or ring shaped, encased in an electrolyte
      impermeable, but hydrogen gas permeable membrane and includes a material
      which will react chemically with hydrogen gas, a catalyst for the hydrogen
      consuming reaction, and a compatible binder which maintains the reactant
      and catalyst in the form of a discrete shaped body which is porous to
      hydrogen gas.
PARN
PAR  This is a continuation, of application Ser. No. 853,311 filed Aug. 27,
      1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrochemical cells and more particularly is
      concerned with the prevention of hydrogen gas pressure buildup in sealed
      galvanic cells.
PAR  It has long been an object of the battery industry to produce sealed cells
      in which the buildup of excessive gas pressure is avoided. This goal has
      been partially achieved in nickel-cadmium cells through the operation of
      such cells on the oxygen overcharge principle. The electrodes employed in
      this system are so designed that only oxygen is evolved on overcharge. The
      oxygen thus produced oxidizes the metal anode, thereby effectively
      preventing excessive gas pressure within the cell.
PAR  While the oxygen overcharge system is advantageous in that it makes
      possible a sealed battery, there are several inherent problems which limit
      its applications. For example, the anode must be made of a material which
      reacts rapidly with oxygen and the cathode material is limited to
      compounds which do not deteriorate on repeated overcharging and which do
      not form soluble materials on overcharge. In addition, the applications of
      this system are limited to rechargeable cell systems employing expensive
      components and there is no efficient way of recombining the hydrogen gas
      generated by corrosion in the normal course of battery use.
PAR  It has been proposed, to remove the hydrogen gas evolved during cell
      discharge, to utilize the reaction of hydrogen and oxygen to form water.
      In some battery systems, for example, a third electrode has been inserted
      to combine the hydrogen and oxygen produced during discharge. In the
      lead-acid battery system, palladium or platinum metal has been used to
      catalyze the reaction of hydrogen and oxygen to form water. Neither of
      these solutions has been completely satisfactory since the amounts of
      hydrogen and oxygen gas formed are not necessarily the stoichiometric
      amounts which will react to form water without leaving unreacted gas in
      the system. If there is unreacted hydrogen gas in the system, the internal
      pressure in sealed cells may increase to dangerously high levels or may
      lead to seal rupture.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a method and device
      which will prevent buildup of unreacted hydrogen gas in sealed cells. More
      particularly there is provided a hydrogen gas absorbing device comprising
      a discrete shaped body containing a material which will react chemically
      with hydrogen gas, a catalyst for the hydrogen gas consuming reaction and
      a binder which is compatible with the other materials and will maintain
      them in a shaped body which is permeable to hydrogen gas. The shaped body
      is preferably packaged in a material which is permeable to hydrogen gas
      but impermeable to the cell electrolyte throughout the life of the cell.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a stylized cross-sectional view of a commercial manganese
      dioxide-zinc alkaline battery but containing, in addition to conventional
      components, a hydrogen absorbing device in accordance with the present
      invention; and
PAR  FIG. 2 is a stylized cross-sectional view of a carbonzinc LeClanche battery
      containing a ring-shaped hydrogen absorbing device in accordance with the
      present invention.
DETD
PAR  Referring to the drawings in more detail, there is shown in FIG. 1 a
      manganese dioxide-zinc alkaline battery generally designated 10 having a
      gelled anode 12 of powdered zinc, a semi-rigid tubular current collector
      14 of brass, a manganese dioxide cathode 16, and an alkaline potassium
      hydroxide electrolyte 18 contained within the current collector 14 and
      throughout the gelled anode 12.
PAR  The inner components of the cell are enclosed in a cupped metallic can 20
      surrounded by a metal jacket 22 which is electrically insulated from the
      can by an insulating jacket 24. The extremities of the insulating jacket
      24 and the metal jacket 22 are crimped around the outer edges of a top
      metal cover 26 and an outer bottom metal cover 28. An insulator 30
      electrically insulates the can 20 from the outer bottom metal cover 28.
      The cathode is snugly fitted within can 20 and is lined with a separator
      basket 32 of a non-woven fabric of regenerated cellulose and vinyl
      chloride. The current collector 14, the electrolyte 18 and the gelled
      anode 12 are separated from the top of can 20 (which may have a thin layer
      of cathode mix thereon) by the top of the separator basket 32. A hydrogen
      absorbing pellet, generally designated 34, is positioned within the hollow
      core of current collector 14 and comprises a mixture of a compound which
      will react with hydrogen gas, a catalyst for this hydrogen consuming
      reaction and a suitable porous binder holding the reactant and catalyst in
      the desired shape. The pellet is generally cylindrical in shape and is
      coated with a layer of hydrogen gas permeable but electrolyte impermeable
      film 36 which protects the pellet from chemical attack by the electrolyte.
      The composition and method of fabricating the pellet will be described in
      greater detail hereinafter.
PAR  Suitably, the cell closure for this cell is of the type disclosed and
      claimed in U.S. Pat. No. 3,042,734. Such a closure comprises an inner
      metal bottom 38 secured to the cathode 16 by means of seal 40. A rivet
      provides a tight mechanical connection between current collector 14 and
      inner metal bottom 38 but is electrically insulated from the inner metal
      bottom by seal 40. A pressure spring 44 is provided in electrical contact
      with rivet 42 and outer metal bottom 28 to establish and maintain contact
      between current collector 14 and outer metal bottom 28.
PAR  During the cell reaction, any hydrogen gas which may be generated will
      diffuse through the gelled anode and electrolyte and will contact the
      hydrogen absorbing pellet. The gas will penetrate the membrane covering
      the pellet, contact the reactant in the presence of the catalyst and react
      chemically to form a solid product.
PAR  In commercially available manganese dioxide-zinc alkaline battery systems,
      the gelled anode is usually amalgamated powdered zinc held together with
      gelled electrolyte in which the gelling agent is a material such as sodium
      carboxymethyl cellulose. A substantial amount of mercury is included to
      reduce the wasteful zinc corrosion and thereby prevent hydrogen gas
      evolution. By including the hydrogen absorbing device of the present
      invention is alkaline batteries, a sealed battery can be produced in which
      the amount of mercury present in the cell can be reduced since the
      hydrogen gas formed during the cell reaction will be removed by the
      hydrogen absorbing device. This improvement results in a battery which is
      completely sealed and costs less to manufacture than manganese
      dioxide-zinc alkaline batteries presently commercially available.
PAR  FIG. 2 shows an embodiment of the invention wherein a LeClanche round cell
      is adapted to make efficient use of a hydrogen absorbing device in
      accordance with the present invention. The round cell, generally
      designated 50, employs the usual carbon rod cathode collector 52 and
      manganese dioxide-carbon cathode depolarizer mix 54 separated from a zinc
      can 56 by a separator 58. A metal closure plate 60, for example a
      leadplated steel member, is provided in electrical contact with the bottom
      of the zinc can to avoid leakage if the zinc is perforated during
      discharge. The zinc can 56 is encased in a standard plastic jacket 62
      which is sealed to contact plate 60 at the bottom of the cell and to a
      plastic top 64 at the top of the cell. These seals can be made air tight
      and thereby provide a cell system which is completely sealed and
      leak-proof. The carbon rod cathode collector 52 extends through the
      plastic top 64 and is capped with a metal cover 66 which acts as the
      positive terminal for the cell. The depolarizer mix 54 is formed in a
      manner such that an air space 67 is left between the top of the
      depolarizer and the plastic top 64. A hydrogen absorbing device 68 coated
      with a plastic film 70 is positioned above the cathode depolarizer mix 54
      and acts, in the same manner as the pellet of FIG. 1, to absorb any
      hydrogen gas which is liberated during the shelf life or discharge of the
      battery. In this embodiment, however, the hydrogen gas absorbing device is
      ring-shaped to conform to the available air space 67 above the cathode
      depolarizer mix 54.
PAR  The hydrogen gas evolved during the shelf life of a cell can be easily
      absorbed by the ring-shaped absorber. However, under abuse conditions,
      such as a continuous electrical short circuit between the anode and the
      cathode, hydrogen gas will be generated on the carbon surface in the
      cathode mix as long as unused zinc remains. In order to avoid this
      situation, the amount of zinc should preferably be limited to much less
      than the cathode capacity. This accounts for the possibility of
      perforation of the zinc can at the bottom of the cell and necessities the
      inclusion of the closure plate 60.
PAR  It can be seen from the foregoing discussion that the hydrogen absorbing
      device of the present invention is adaptable to various shapes and sizes
      of cell structures and is useful in a wide variety of battery
      constructions where hydrogen gas evolution is a problem. The hydrogen
      absorbing device can be included in individual cells, in a sealed package
      containing a series of cells, or in any closed container where hydrogen
      gas absorption is desirable.
PAR  Hydrogen absorbing devices in accordance with the present invention have
      three essential components: a substance which will react with hydrogen
      gas, a catalyst, for the hydrogen oxidation reaction, and a binder which
      will maintain the reactant and catalyst as an integral unit. Preferably,
      the device will also have an external coating to prevent contamination of
      the reactant and catalyst by cell components or by-products of the cell
      reaction.
PAR  The material which will react with the hydrogen gas can be any solid
      compound which will react with or oxidize hydrogen to yield a solid or
      liquid reaction product. Specifically, suitable materials are those which,
      at ordinary ambient temperature, will exhibit a negative free energy
      change (.DELTA.F) associated with the reaction of that material with
      hydrogen. Preferred reactants include manganese oxides such as manganese
      dioxide (MnO.sub.2), manganic oxide (Mn.sub.2 O.sub.3), manganese
      hydroxide (MnOOH) and hausmannite (Mn.sub.3 O.sub.4), cupric oxide, silver
      oxide, mercuric oxide, manganese phosphate, bismuth trioxide,
      m-dinitrobenzene and quinone. Of these, manganese dioxide is particularly
      preferred since it is a relatively inexpensive and readily available
      material, and its properties and predictability in battery systems are
      well established.
PAR  A catalyst for the hydrogen consuming reaction is necessary since, while
      each of the above compounds will react spontaneously with hydrogen, the
      reaction will not take place at ordinary ambient temperature at a rate
      sufficient to insure that hydrogen gas will be absorbed from the system
      before the internal pressure causes rupture of the battery seal. The need
      for a catalyst is dramatized by the fact that, although the vast majority
      of batteries presently produced contain large amounts of manganese
      dioxide, the buildup of unreacted hydrogen gas is still the major problem
      in obtaining completely sealed batteries. The preferred catalysts include
      the so-called "noble metal" or the platinum family of metals which make up
      Group VIII of the Periodic Table. Suitable noble metals which may be used
      in the practice of this invention are palladium, platinum and rhodium. Of
      these, palladium is preferred since it has a natural tendency itself to
      absorb and hold hydrogen gas on its surface and would act to retain the
      gas in the vicinity of the reactant until the reaction between the gas and
      the reactant can take place. Particularly preferred is a material known as
      palladium catalyzed carbon which contains about 5 per cent palladium metal
      on a substrate of carbon particles. In addition to the noble metals
      themselves, compounds of Group VIII metals may also be used. Illustrative
      of such compounds are nickel boride and Raney nickel.
PAR  The binder for the system should be one which will retain the reactant and
      catalyst in the desired geometric shape which will be porous to hydrogen
      gas to allow the gas to circulate through the pellet and contact the
      surface of the reactant and catalyst. The binder can be organic or
      inorganic material and need only possess the desired physical properties.
      Powdered synthetic organic polymers, e.g., polyethylene, and natural
      condensation polymers, e.g., starch, are suitable for use as binders in
      the devices of the present invention. A preferred binder is an inorganic
      cement such as Portland cement. This binder is preferred since the cement
      provides sufficient strength and porosity and yet does not contaminate or
      poison the metal catalyst. Acetylene black can be added to improve the
      conductivity of the pellet and to provide the device with the maximum
      number of hydrogen gas permeable channels to enable the gas to penetrate
      to the interior of the device and make efficient use of the reactant and
      catalyst contained therein. In addition, the use of acetylene black and
      other electrochemically inactive components, e.g., steel wool fibers, in
      the binder increases the strength of the device and permits a substantial
      reduction in the amount of catalyst necessary to allow the reaction to
      proceed at a desirable rate. Other physical properties of the device,
      e.g., specific gravity, can also be altered by proper selection of
      additives and use of the proper amounts thereof. For example, the
      conductive material (carbon) can be selected to have a specific gravity
      such that the pellet will float in the cell electrolyte and thus be
      automatically situated at the juction between the electrolyte and the air
      space in the cell where hydrogen formed can accumulate. A low density
      carbon or graphite powder is an example of such a material which can be
      conveniently used to prepare a floating pellet.
PAR  The hydrogen absorbing device of the present invention can be fabricated in
      several ways, depending upon the binder which is employed. When the binder
      is cement, it is merely necessary to mix the powdered reactant, catalyst
      and inactive fillers, if any, with the wet cement and mold the resulting
      mixture into the desired shape. Excess water or other solvent is then
      evaporated leaving a hard, dry, shaped body. The same procedure can be
      followed with other binders, for example, powdered resins. In such cases,
      however, a suitable organic solvent such as toluene or benzene would be
      used.
PAR  After the device is shaped and dried, it is preferably covered entirely
      with a thin plastic film to protect it from penetration by electrolyte or
      other liquid materials in the cell. The film used should be permeable to
      hydrogen gas but impermeable to liquids. The film can be applied by any of
      the conventional methods of application including dissolving the film
      material in an organic solvent, spraying the solution on the pellet and
      evaporating the solvent; dissolving the film material in an inorganic
      solvent, dipping the pellet into the solution and evaporating the solvent
      from the surface of the pellet; wrapping the pellet in the film and heat
      shrinking the film to provide a tightly sealed, wet proof, hydrogen
      permeable covering; or heat sealing the pellet in an extruded tube of the
      selected film material. Any hydrogen gas permeable and liquid impermeable
      film can be used to protect the devices of the present invention.
      Particularly useful films include polyethylene, copolymers of polyvinyl
      chloride and polyvinylidene chloride, polystyrene, ethyl cellulose and
      polyethylene terephthalate. Of these, the polyethylene films in
      thicknesses of 0.5 to 2.5 mils are preferred, heat shrunk around the
      pellet since they provide a very tight, strong skin which is highly
      permeable to hydrogen gas.
PAR  The following examples are merely illustrative of the present invention and
      are not intended, in any way, to be limitative thereof:
PAC  EXAMPLE I
PAR  Into a ball mill were placed, in the dry state, 160 grams of electrolytic
      manganese dioxide powder, 1 gram of palladium coated carbon powder (5 per
      cent palladium on carbon), 2 grams of acetylene black, 80 grams of
      Portland cement, and 5 grams of steel wool chopped to 1/8 inch lengths.
      These components were mixed thoroughly in the ball mill for about 30
      minutes. At the end of this time 16 grams of the dry mixture were placed
      in a beaker to which a few drops of 9 molar potassium hydroxide and,
      subsequently, 7 milliliters of distilled water were added to make a
      spreadable paste. After being well blended, the paste was filled into
      half-moon shaped channels 11/2 inch in length and 3/16 inch in diameter
      cut in a Lucite block. The paste-filled block was oven-dried at
      45.degree.C.-65.degree.C. for 40 minutes and the pellets were removed from
      the block and further dried in air overnight at room temperature. The
      average weight of each pellet was 1.3 grams of which 0.85 gram was
      manganese dioxide. The formed pellets were wrapped in a layer of
      heat-shrinkable polyethylene film about one to two mils thick. The film
      was then heat shrunk around the pellet and the edges of the film were heat
      sealed using a hot air blower set at 130.degree.C.
PAR  These pellets could absorb up to 220 cubic centimeters of hydrogen gas at
      standard temperature and pressure and, when placed inside the current
      collector of rechargeable D-size alkaline manganese dioxide cells, in the
      manner shown in FIG. 1, substantially improved the high temperature
      storage capacity of the cells such that no cell rupture occured after 14
      weeks storage at 71.degree.C. Fifty per cent of control cells containing
      no hydrogen absorbing pellet ruptured after similar storage.
PAC  EXAMPLE II
PAR  To determine the effects of variation in the level of catalyst content,
      various hydrogen absorbent compositions were prepared following the basic
      formula set forth in the following table:
TBL                TABLE I                                                     
     ______________________________________                                    
     Formula A                                                                 
                      Weight                                                   
     Component        (g)         Percentage                                   
     ______________________________________                                    
     Electrolytic     160         64.5                                         
     manganese dioxide powder                                                  
     Acetylene black  2           0.8                                          
     Portland cement  80          32.3                                         
     Steel Wool       5           2.0                                          
     5 per cent palladium                                                      
                      1           0.4                                          
     catalyzed carbon                                                          
     ______________________________________                                    
PAR  The amount of palladium catalyst in Formula A was varied to yield Formulas
      B, C, D, E, and F containing 2.0, 5.0, 10.0, 25.0, and 50.0 grams,
      respectively, of 5 per cent palladium catalyzed carbon. The amount of
      hydrogen absorbed and the absorption rate of each formula are set forth in
      Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Effect of Catalyst Content on                                             
     Hydrogen Absorption Rate at 45.degree.C.                                  
                     H.sub.2 absorbed                                          
                             H.sub.2 ab-                                       
                                   Absorption                                  
          Catalyst                                                             
                Sample                                                         
                     in first 30                                               
                             sorbed in                                         
                                   rate after                                  
          Content                                                              
                Weight                                                         
                     minutes 2 hrs.                                            
                                   1 hour                                      
     Formula                                                                   
          (per cent)                                                           
                (g)  (cc)    (cc)  (cc/hr.)                                    
     __________________________________________________________________________
     A    0.4   1.53 2.0     4.8   1.5                                         
     B    0.8   1.51 3.5     9.8   4.5                                         
     C    2.0   1.47 10.5    23.6  7.0                                         
     D    4.0   1.45 15.0    32.6  11.0                                        
     E    9.2   1.35 27.5    48.0  11.0                                        
     F    16.8  1.38 32.0    54.5  13.5                                        
     __________________________________________________________________________
PAR  From Table 2 it can be seen that hydrogen absorbing pellets in accordance
      with the present invention can be prepared having various hydrogen
      absorption rates and can be tailor-made for specific uses where high
      absorption rates might be required merely by increasing the amount of
      catalyst contained in the pellet.
PAC  EXAMPLE III
PAR  Pellets formed from a mixture of 16 grams of electrolytic manganese
      dioxide, 0.1 gram of palladium-catalyzed carbon, 0.2 gram acetylene black,
      0.8 milliliters of 9 molar potassium hydroxide and 1.43 grams of
      polyethylene binder in the form of a toluene slurry were molded at
      100.degree.C. under 3000 lb. per sq. in. pressure to yield pellets 5/8
      inch in length and 3/16 inch in diameter and each containing 0.645 gram of
      manganese dioxide.
PAR  These pellets were effective in absorbing hydrogen gas but did not absorb
      the gas as fast as pellets of the same composition but having a cement
      binder in the place of the polyethylene binder.
PAC  EXAMPLE IV
PAR  It has been common practice to include about 8 per cent of mercury based on
      the weight of the zinc powder to amalgamate the zinc powder of alkaline
      zinc-manganese dioxide cells to reduce hydrogen gas evolution. The brass
      collector becomes amalgamated upon contact with the anode. To determine
      the effect of including the hydrogen absorbing device of the present
      invention in cells containing reduced amounts of mercury, several tightly
      sealed C-size cells were prepared containing different amounts of said
      mercury with and without hydrogen absorbing pellets in the cathode
      collector. The cells were completed except for the outer finishing
      components, i.e., metal jacket and outer top and bottom covers. These
      cells were stored at 45.degree.C. for 150 days. At the end of this time,
      the "bottom bulge" of the cells, that is, the mechanical deflection of the
      flat end of the steel can, shown at the top of FIG. 1, was measured as an
      indication of the amount of unabsorbed hydrogen gas present in the cell.
      The measurement of the bulge of the bottom of the cell gives a good
      indication of the amount of gas present in the cell since the flat bottom
      of the cell is relatively easily deflected and is the first portion of the
      cell to yield to gas pressure. The results of this test are tabulated in
      Table 3.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Bottom Bulge of Cells with Varying                                        
     Amounts of Mercury                                                        
     ______________________________________                                    
                        Bottom Bulge                                           
     Composition         (inch)                                                
     ______________________________________                                    
     2% mercury (no pellet)                                                    
                        0.023 (ruptured)                                       
     2% mercury (with pellet)                                                  
                        0.013                                                  
     4% mercury (no pellet)                                                    
                        0.023 (ruptured)                                       
     4% mercury (with pellet)                                                  
                        0.011                                                  
     8% mercury (no pellet)                                                    
                        0.018                                                  
     8% mercury (with pellet)                                                  
                        0.011                                                  
     ______________________________________                                    
PAR  From Table 3 it can be seen that the cells containing hydrogen absorbing
      pellets in accordance with the present invention had considerably less
      bottom bulge at the end of the 150 days storage period and none of the
      cells containing hydrogen absorbing pellets ruptured during the test. It
      can also be seen that cells with 2 percent mercury containing a pellet
      were better than those with 8 percent mercury and no pellet. This
      reduction in mercury content represents a substantial saving in the cost
      of producing the cells since mercury is one of the most expensive
      ingredients used in the alkaline zinc-manganese dioxide cell system.
PAR  While the use of the hydrogen gas absorbing device of the present invention
      has been described specifically for use in battery systems, it will be
      obvious to those skilled in the art that the device has utility wherever
      hydrogen gas absoption is desired. Examples of such applications are
      liquid level switches, underwater mines and sealed capacitors where
      hydrogen gas buildup is undesirable and has been a cause of system
      malfunction. Moreover, while the present invention has been described with
      reference to many particular details thereof, it is not intended that
      these details shall be construed as limiting the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydrogen gas absorbing pellet consisting essentially of a solid
      compound which will react chemically with hydrogen gas, a catalyst for the
      hydrogen gas consuming reaction, a binder for retaining the solid compound
      and the catalyst in a desired geometric shaped body which will be porous
      to hydrogen gas so as to allow the gas to circulate through the body and
      contact the surface of the solid compound and catalyst, and an outer
      sheath encasing said body which is permeable to hydrogen gas but
      impermeable to liquid.
NUM  2.
PAR  2. The hydrogen gas absorbing pellet of claim 1 wherein said solid compound
      is a metal oxide.
NUM  3.
PAR  3. The hydrogen gas absorbing pellet of claim 1 wherein said catalyst is a
      noble metal.
NUM  4.
PAR  4. The hydrogen gas absorbing pellet of claim 1 wherein said binder is an
      inorganic cement.
NUM  5.
PAR  5. The hydrogen gas absorbing pellet of claim 1 wherein said solid compound
      is powdered electrolytic manganese dioxide, said catalyst is
      palladium-catalyzed carbon, said binder is a mixture of Portland cement,
      acetylene black and steelwool fibers, said solid compound and catalyst are
      intimately admixed and dispersed through said binder, and said outer
      sheath is a sheet of polyethylene film.
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ABST
PAL  A sodium sulphur cell comprising inner and outer tubes the inner tube
      constituting the solid electrolyte for the cell. The interior of the inner
      tube defines the anode compartment of the cell and the space between the
      inner and outer tubes defines the cathode compartment of the cell. The
      inner tube contains metal wool and/or a plate spaced from the inner
      surface of the inner tube to cause molten sodium to be distributed over
      the inner surface of the inner tube by capillary action. The inner and
      outer tubular members are closed at one end by a compression seal
      assembly. The seal assembly comprises a flange on the inner tubular member
      engaging the end of the outer tubular member to close the end of the outer
      tubular member, a closure member engaging the flange to close the inner
      tubular member, and a clamping member fitting over the closure member and
      being held in position by the outer tubular member.
BSUM
PAR  This invention relates to sodium-sulphur cells, in which the
      electrochemical reactants are liquid sodium as negative active material
      (anode) and liquid sulphur material as positive active material (cathode)
      and anode and cathode compartments are separated by a solid electrolyte
      which is a sodium ion conductor, such as beta-alumina.
PAR  In particular the invention relates to tube cells of the aforesaid kind
      having an inner tubular member formed by the electrolyte and a metal outer
      tubular member.
PAR  According to one aspect of this invention the interior of the inner tubular
      member defines the anode compartment and contains means causing the sodium
      to be distributed over the inner surface of the inner tubular member and
      the cathode compartment comprises the space between the inner and outer
      tubular members.
PAR  The means for causing the sodium to be distributed over the inner surface
      of the inner tubular member may be metal wool which acts to wick the
      sodium to the inner surface of the inner tubular member over substantially
      the whole length of the tubular member and so obviates the use of a sodium
      reservoir. Alternatively or additionally a capillary action may be
      produced by positioning a member in the tubular member so that it has a
      surface extending close to the inner surface of the inner tubular member.
PAR  According to another aspect of the invention the inner and outer tubular
      members may be closed at one end by a compression seal assembly comprising
      a flange on the inner tubular member engaging the end of the outer tubular
      member to close the end of the outer tubular member and a closure member
      engaging the flange to close the inner tubular member, the assembly being
      held in compression by a clamping member which fits over the closure
      member and is held in position by the outer tubular member. For example
      the clamping member may be secured to the outer tubular member by spot
      welding.
DRWD
PAR  Two constructions of sodium-sulphur cell in accordance with the invention
      will now be described by way of example with reference to the accompanying
      drawings, in which
PAR  FIG. 1 shows a longitudinal section through one cell construction, and
PAR  FIG. 2 shows a longitudinal section through the other cell construction.
DETD
PAR  The cell shown in FIG. 1 comprises co-axial inner and outer tubes 1 and 2.
      The inner tube 1 constitutes the solid electrolyte of the cell and is made
      of Beta-alumina. The interior of the tube 1 constitutes the anode
      compartment of the cell and is filled with a metal wool 3 which is inert
      to the electrochemical reaction of the cell. The outer tube 2 is made of
      stainless steel. The annular space 4 between the inner and outer tubes 1
      and 2 constitutes the cathode compartment of the cell. The inner tube 1 is
      formed with a closed end 5 and the outer tube 2 has an end plate 6 which
      is welded into position after formation of the compression seal assembly 7
      at the other end of the tubes 1 and 2 and loading up of the cathode
      compartment with positive active material.
PAR  To form the compression seal assembly 7, the inner tube 1 is provided with
      an alpha-alumina flange 8 which engages an internal flange 9 on the outer
      tube 2 through an aluminium or "Grafoil" sealing ring 10 to close the end
      of the outer tube 2. The end of the inner tube 1 is closed by closure
      member 11 which has an out-turned rim 12 which engages the flange 8
      through aluminium sealing gasket 21. To improve the sealing, the rim 12
      may have a rib extending around it which engages the gasket 21. The
      assembly is held in compression by a clamping member 13 which fits over
      and engages the rim 12 of the closure member 11 through a mica or asbestos
      insulating washer 22 and is spot welded at 14 to the outer tube 2.
PAR  The compression seal is made before the positive and negative active
      materials are loaded into the cell. As previously stated the positive
      active material is loaded through the open end of outer tube 2 before
      fitting end plate 6. To load the negative active material, i.e., the
      sodium, an aluminium tube 15 passes through the closure member 11 and
      extends part way down the inner tube 1. Liquid sodium sufficient for the
      electro-chemical reaction of the cell is passed into the tube 1 through
      the aluminium tube 15. The outer end of the aluminium tube 15 is closed by
      an aluminium plug 16. The tube 15 acts as one electrode of the cell and
      has aluminium lead 17 extending from it. The other electrode of the cell
      is the outer tube 2.
PAR  In one mode of operation of the cell the metal wool 3 maintains electrical
      continuity between the solid electrolyte and the electrode tube 15. Here
      equally important however it wicks the liquid sodium to the inner surface
      of the tube 1, i.e., to the surface of the electrolyte. Hence a sodium
      reservoir for maintaining the tube 1 filled so that it contacts a
      substantial part of the inner surface of the tube 1 is not necessary.
PAR  In a second mode of operation the cell is used upside down and a reservoir
      provided by the inner space of closure 11 is used which feeds sodium into
      the metal wool packing 3. Thus at any one time there is only just
      sufficient sodium in the tube necessary for the reaction.
PAR  In an alternative construction of cell, the metal wool 3 is omitted and the
      cell is operated in a horizontal position in contrast to the vertical
      position shown in the drawings. The liquid sodium creeps by capillary
      action around the inner surface of the tube 1. Hence a sodium reservoir is
      again obviated.
PAR  In an alternative construction shown in FIG. 1 a stainless steel plate is
      sprung into the tube 1 so that it extends around the tube as shown at 24
      in the drawing. The plate 24 has dimples (not shown) which space it from
      the inner surface of the tube 1 against which it is urged by its inherent
      resilience. The size of the dimples set the spacing between the tube 1 and
      plate 24 so that a capillary action causes the sodium to flow over the
      inside surface of the tube 21.
PAR  Referring to FIG. 2, the cell construction is generally similar to that
      shown in FIG. 1. Thus the cell comprises co-axial inner and outer tubes 1
      and 2. The inner tube 1 constitutes the solid electrolyte of the cell and
      is made of Beta-alumina. The interior of the tube 1 constitutes the anode
      compartment of the cell. A stainless steel plate 33 is sprung into the
      tube 1 so that it extends as a cylinder co-axial with the tube 1. In this
      construction no metal wool packing is used. The resilience of the plate 33
      urges it towards the wall of the tube 1 and punched holes 31 or dimples
      provide projections which space the plate 33 from the wall of the tube 1.
      This spacing is chosen so as to cause the sodium in the anode compartment
      to flow over the inside surface of the tube 1 by capillary action.
PAR  The outer tube 2 is made of stainless steel. The annular space 4 between
      the inner and outer tubes 1 and 2 constitutes the cathode compartment of
      the cell.
PAR  The inner tube 1 is formed with a closed end 5 and the outer tube 2 has an
      end plate 6 which is welded into position after formation of the
      compression seal assembly 7 at the other end of the tube 1 and loading up
      of the cathode compartment with positive active material.
PAR  To form the compression seal assembly 7, the inner tube 1 is provided with
      an alpha-alumina collar 38 which abuts through an aluminium or "Grafoil"
      sealing gasket 40 against a flange 39 welded on to the tube 2, to close
      the tube 2. The end of the inner tube 1 is closed by a closure member 41
      which has an out-turned flange 42 abutting the collar 38 through a second
      aluminium gasket 43. The assembly is held in compression by a cylindrical
      clamping member 44 which by its cylindrical skirt is welded to the flange
      39 and has an inturned flange 45 abutting the flange 42 of the closure
      member 41 through an insulating gasket 46. An asbestos sleeve 47 lines the
      inside of the clamping member 44.
PAR  To form the compression seal the clamping member 44 can be initially welded
      to the flange 39 but formed without its flange 45. After clamping the
      assembly up in a jig the flange 45 is welded on to maintain the
      compression. Alternatively the clamping member 44 can be initially formed
      with its flange 45 and after clamping up can be welded on to the flange
      39.
PAR  The sodium is loaded into the tube 1 through a hole in closure member 41,
      which is afterwards closed by an aluminium plug 17. This is done after the
      compression seal assembly 7 has been formed.
PAR  As an alternative to the aluminium or "Grafoil" gasket 43 a friction weld
      may be formed between the closure member 41 and the collar 38.
PAR  If the sealing ring 10 in FIG. 1 and 40 in FIG. 2 is a Grafoil sealing
      ring, i.e., of graphite composition, then its inherent resilience will
      compensate for the differential thermal expansions of the components of
      the sealing assembly 7 as the cell heats up from room temperature to its
      normal operating temperature of 350.degree.C. If the sealing ring 10 or 40
      is aluminium, resilience can be introduced into the seal assembly 7 by
      using a spring washer beneath the flange 13 (FIG. 1) or 45 (FIG. 2) of the
      clamping member. Alternatively the flange 12 (FIG. 1) or 42 (FIG. 2) of
      the closure member can be of a high thermal expansion in order to keep the
      seal assembly 7 tight. As a further alternative the flange 13 (FIG. 1) or
      45 (FIG. 2) can be formed as a series of spring segments formed for
      example by a series of radial saw cuts in the flange.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sodium-sulphur cell having
PA1  a. a metal outer tubular member open at one end and closed at its other
      end,
PA1  b. an inner tubular member extending substantially coaxially of the outer
      tubular member and open at its end adjacent the open end of the outer
      tubular member and closed at its other end, the inner tubular member
      constituting a solid electrolyte for the cell and dividing the cell into
      anode and cathode compartments, one said compartment being formed by the
      interior of the inner tubular member and the other said compartment being
      formed by the annular space between the inner and outer tubular members,
PA1  c. an inturned radial flange on the outer tubular member,
PA1  d. an out-turned radial flange on the inner tubular member,
PA1  e. first compressible sealing means through which said out-turned radial
      flange abuts said inturned radial flange to close the annular space
      between said inner and outer tubular members,
PA1  f. a closure member for closing said open end of the inner tubular member,
PA1  g. second compressible sealing means through which said closure means abuts
      said out-turned radial flange, and
PA1  h. a clamping member having an inturned radial flange which abuts said
      closure member and is held in position by said outer tubular member so
      that it applies a compression force axially of said tubular members to
      both said first and second sealing means.
NUM  2.
PAR  2. A sodium-sulphur cell according to claim 1 wherein the clamping member
      is welded to the outer tubular member.
NUM  3.
PAR  3. A sodium-sulphur cell according to claim 1 wherein the clamping member
      has a cylindrical portion by which it is secured to the outer tubular
      member.
NUM  4.
PAR  4. A sodium-sulphur cell according to claim 3 wherein the cylindrical
      portion extends over the outside of the outer tubular member.
NUM  5.
PAR  5. A sodium-sulphur cell according to claim 3 wherein the cylindrical
      portion is welded around one of its ends to the outer tubular member.
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ABST
PAL  A novel battery is disclosed in which the cathode active material is an
      oxide having a perovskite or perovskite related structure and the general
      formula ABO.sub.3, wherein A is an element selected from Group IIA of the
      Periodic Table of the Elements and B is a non-noble transition metal
      selected from Group VIIB and VIII of the periodic Table of the Elements.
      The anode is a metal selected from cadmium, zinc, lead, lithium, sodium
      and potassium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to batteries and specifically to
      batteries of the type having a cathode-active material stored within the
      cathode structure.
PAR  2. Description of the Prior Art
PAR  As is known in the art, fuel cells are often referred to as primary cells
      in which a combustible fuel is converted to electrical energy at
      non-sacrificial or inert electrodes. Generally, a fuel cell would contain
      at least two non-sacrificial or inert electrodes functioning as an anode
      and a cathode, respectively. Typically, a fuel and an oxidant are fed to
      the anode and cathode from a source external the cell. In contrast
      thereto, traditional primary and secondary cells derive their electrical
      energy from active materials stored in solid electrodes. The present
      invention is directed toward the latter type of batteries or
      electrochemical cells.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided an electrical energy
      storage device which has a cathode-active material, an oxide having the
      perovskite or perovskite related structure and the general formula
      ABO.sub.3. In the formula ABO.sub.3, A is an element from the group
      consisting of non-transition metals selected from Group IIA of the
      Periodic Table of the Elements, and include Ca, Ba, and Sr and B is a
      first row transition metal selected from Groups VIIB and VIII of the
      Periodic Table of the Elements, and include Mn, Fe, Co, and Ni. The
      Periodic Table referred to herein is that described in "Encyclopedia of
      Chemistry," Reinhold Publishing Corporation, 2nd Edition (1966) at p. 790.
      Specific examples of the cathode-active materials include, among others,
      CaMnO.sub.3, BaNiO.sub.3, SrCoO.sub.3, SrFeO.sub.3.
PAR  The anode in the electrical energy storage device of the present invention
      is a metal selected from a group consisting of cadmium, zinc, lead,
      lithium, sodium, and potassium.
PAR  The electrolyte useful in the present invention includes aqueous
      electrolytes such as aqueous solutions of potassium hydroxide, sodium
      hydroxide, and ammonium chloride and nonaqueous or organic electrolytes
      such as propylene carbonate solutions of alkali metal salts.
PAR  In a preferred embodiment of the present invention, there is provided an
      electrical energy storage device comprising a container having a basic
      electrolyte therein, a metal anode and a cathode-active material
      comprising the metal oxide, CaMnO.sub.3.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic illustration of an electrical energy storage
      device of the present invention.
PAR  FIG. 2 is a graph showing the half cell potential, both at closed circuit
      and at open circuit, when CaMnO.sub.3 was employed as a cathode-active
      material according to the present invention.
PAR  FIG. 3 is a graph showing the charge-discharge characteristics for a half
      cell having CaMnO.sub.3 as the cathode-active material in accordance with
      the present invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 of the drawing there is illustrated an electrical energy storage
      structure which has a cathode-active material 11, a separator 12
      impregnated with an electrolyte and an anode material 13, each within a
      container having end covers 15. Also shown are the current collectors 14
      on both sides of the structure.
PAR  Typically, the container and the end covers 15 are made of an inert,
      non-conducting material. The current collectors 14 on the other hand are
      not only chemically inert but preferrably are fabricated from highly
      conductive materials.
PAR  The anode of the electric chemical storage device of the present invention
      is an electropositive metal selected from the group consisting of cadmium,
      zinc, lithium, sodium and lead. Typically, the anode metal may be pressed
      into the form of a pellet or in the case of a thin film battery may be
      rolled in a thin sheet. In the preferred embodiment of the present
      invention the metal anode is zinc.
PAR  The cathode-active material of the electrical energy storage device of the
      present invention is an oxide which has the perovskite or perovskite
      related structure and the general formula ABO.sub.3 wherein A is an
      element selected from the group consisting of non-transition metals from
      Group IIA of the Periodic Table of the Elements and B is a first row
      transition metal selected from Groups VIIB and VIII of the Periodic Table
      of the Elements. For example, A may be an element such as Ca, Sr and Ba,
      and B may be an element such as Mn, Fe, Co, and Ni. Specific examples of
      the cathode-active materials include, among others, CaMnO.sub.3,
      BaNiO.sub.3, SrCoO.sub.3, SrFeO.sub.3. These materials exhibit a wide
      range of oxygen nonstoichiometry and contain cations in high oxidation
      states that are readily reducible. These materials have relatively low
      electrical resistivities and, as the cathode-active materials of the
      present invention, serve as a solid source of cathodic oxygen. The wide
      range of oxygen nonstoichiometry allows these compounds to function as
      rechargeable cathode-active materials over the range of nonstoichiometry.
PAR  The cathode structure itself need not necessarily be formed entirely of the
      cathode-active material. Indeed, the cathode-active material may be
      deposited on an electrode structure such as carbon, copper, nickel, and
      the like. Preferably, however, the cathode structure consists of the
      cathode-active material in admixture with carbon. The amount of carbon
      with which the perovskite cathode-active material is mixed is not
      critical; however, in the preferred embodiment of the present invention
      the weight ratio of perovskite active cathode material to carbon is
      generally in the range of about 10:1 to 1:10 and most preferably in the
      range of about 2:1 to 1:2.
PAR  The technique for preparing the perovskite cathode-active materials of the
      present invention are well-known. For example, the preferred
      cathode-active material, CaMnO.sub.3, is readily prepared by the solid
      state reaction at high temperatures of stoichiometric mixtures of almost
      any calcium and manganese compound. Thus a stoichiometric mixture of
      CaCO.sub.3 and MnO.sub.2 in a ceramic boat heated for just a few days at
      1000.degree.-1300.degree.C. produces the black product, CaMnO.sub.3.
PAR  Indeed, this black product, CaMnO.sub.3, with the perovskite structure is
      the preferred cathode active material. This material contains manganese in
      a high oxidation state, e.g. 4+ state, is made from abundant and
      inexpensive raw materials, has low electrical resistivity (&lt;1100
      .OMEGA.-cm) and has the lowest molecular weight of the other
      cathode-active materials disclosed herein.
PAR  The electrolyte system employed in the present invention may be aqueous or
      nonaqueous. A preferred nonaqueous electrolyte is a propylene carbonate
      solution of an alkali metal salt, such as LiPF.sub.6 for example. With
      zinc and cadmium anodes, aqueous solutions of sodium and potassium
      hydroxide are particularly preferred as the electrolytes of choice. As is
      shown in FIG. 1 the electrolyte can be supported within the cell on a
      suitable matrix. Alternatively the anode and cathode materials can be used
      to support electrolyte. Other typical battery configurations can be
      employed in the system of the present invention.
PAR  The following examples further illustrate the capabilities of the
      electrochemical cells of the present invention.
PAC  EXAMPLE 1
PAR  In this example, a number of tests were carried out on half-cell cathodes
      using an electrolyte of 9M KOH. In these tests the cathode-active
      materials were admixed with acetylene black typically in a ratio of 2:1.
      To this mixture was added enough electrolyte, 57 .+-. 3 wt. %, to form a
      thick paste. The paste was compressed into a polytetrafluoroethylene cell
      between a gold current collector and a separator supported by a gold
      screen. The cell was designed such that it could contain from 0.25 to 0.5
      g of cathode-active material and that the effective working area of the
      cathode was 5 cm.sup.2. A Permion membrane (229140/30) sold by RAI
      Research Corporation, Hauppauge, N.Y., or a glass fiber filter paper was
      used as the separator; and, the results appeared to be independent of
      these separators. The polytetrafluoroethylene cell containing the cathode
      material was immersed into 400ml of electrolyte. The cathode was examined
      at room temperature using a standard half-cell arrangement with a graphite
      counter electrode and a saturated calomel reference electrode, SCE. The
      electrolyte was purged with argon to remove dissolved oxygen. The
      half-cell was discharged or recharged by driving it galvanostaticly (at
      constant current).
PAC  EXAMPLE 2
PAR  Following the general procedures of Example 1, a half-cell containing 0.27
      g of CaMnO.sub.3 was discharged to completion by repeated closed
      circuiting at a current density of 1.0 mA/cm.sup.2 for 0.5 hr. and opened
      circuiting (zero current density) for 1.0 hr. FIG. 2 shows the half-cell
      potentials at closed circuit and opened circuit versus the depth of
      discharge. The depth of discharge is indicated as the number of electrons
      supplied to the cathode per manganese atom in the cathode active material.
      The initial state of manganese in CaMnO.sub.3 is Mn.sup.4.sup.+. If the
      cathode material was fully utilized, complete discharge would correspond
      to conversion of all Mn.sup.4.sup.+ to Mn.sup.2.sup.+, or supplying
      2e.sup.-/Mn. The results in FIG. 2 show that initially the half-cell
      potential is approximately constant but that there is a rapid decrease in
      potential at a discharge depth of .about.1 e.sup.-/Mn and another at
      .about.1.8 e.sup.-Mn. The first decrease is associated with the conversion
      of Mn.sup.4.sup.+ to Mn.sup.3.sup.+ and the second with the conversion of
      Mn.sup.3.sup.+ to Mn.sup.2.sup.+.
PAC  EXAMPLE 3
PAR  In another test, the rechargibility of the half-cell cathode was examined
      by running the cathode through many charge/discharge cycles. A
      charge/discharge cycle consisted of discharging a fully charged half-cell
      cathode to a depth of 1/8 e.sup.-/Mn over a period of one hour at constant
      current, running at open circuit for fifteen minutes, recharging with 1/8
      e.sup.-/Mn over a period of 1 hour at constant current and then running at
      open circuit again for 15 minutes. The results for a half-cell cathode
      that was charged/discharged 205 cycles with a current density of 2.56
      mA/cm.sup.2 are presented in FIG. 3 which shows the half-cell potential at
      various stages in a cycle versus the number of charge/discharge cycles.
      The half-cell potential is given at the closed circuit voltage during
      discharging, CCV-D; the open circuit voltage after discharging, OCV-D; and
      the open circuit voltage after recharging, OCV-C. The results show that
      this cathode material does have recharge capabilities for at least 170
      cycles for a discharge depth of 1/8 e.sup.-/Mn per cycle.
PAC  EXAMPLE 4
PAR  Following the procedure of Example 2, half-cell discharge experiments were
      carried out with BaNiO.sub.3 and SrCoO.sub.3. For a half-cell containing
      0.410 g BaNiO.sub.3 and 0.205 g acetylene black with a 1mA discharge rate,
      the voltage (vs SCE) dropped from an open circuit value of +0.01V to
      -0.18V and held for 41/2 hours, then dropped rapidly to -0.55V and finally
      fell more slowly over 21/2 hours to -1.37V. For a half-cell containing
      0.172g SrCoO.sub.3 and 0.17g acetylene black with a 1mA discharge rate,
      the voltage (vs SCE) dropped from an open circuit value of -0.07 to -0.25
      in 4 hours, dropped to -0.48V during the next 5 hours and finally slowly
      dropped to -1.1V over the next 6 hours.
PAC  EXAMPLE 5
PAR  Small complete cells were constructed with Zn anodes. These cells were
      similar to that shown in FIG. 1. The cathode active materials employed
      were BaNiO.sub.3 and SrCoO.sub.3 admixed with acetylene black as in
      Example 4. The open circuit voltages of the cells was measured and found
      to be 1.63V for the BaNiO.sub.3 containing cell and 1.55V for the
      SrCoO.sub.3 containing cell.
PAC  EXAMPLE 6
PAR  CaMnO.sub.3 was also examined in a complete cell having a Li anode and a
      propylene carbonate/LiPF.sub.6 electrolyte. The cell gave an open circuit
      voltage of 3.1V on a 0.1g sample. This value dropped to 2.83V at
      0.1mA/cm.sup.2 discharge, 2.71V at 0.2mA/cm.sup.2 discharge and then
      dropped rapidly at 2V at a discharge of 0.4mA/cm.sup.2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical energy storage device comprising:
PA1  a. a container;
PA1  b. an electrolyte in said container;
PA1  c. a metal anode; and
PA1  d. a cathode-active material, said cathode active material being an oxide
      of the general formula ABO.sub.3 and having perovskite structure, wherein
      A is selected from the group consisting of non-transition metals of Group
      IIA of the Periodic Table of the Elements and B is a non-noble transition
      metal selected from Groups VIIB and VIII of the Periodic Table of the
      Elements.
NUM  2.
PAR  2. The device of claim 1 wherein the electrolyte is an aqueous base.
NUM  3.
PAR  3. The device of claim 2 wherein the aqueous base is an alkaline metal or
      alkaline earth metal hydroxide.
NUM  4.
PAR  4. The device of claim 1 wherein the metal anode is selected from zinc,
      lead, cadmium, lithium, sodium and potassium.
NUM  5.
PAR  5. The device of claim 1 wherein the metal anode is zinc.
NUM  6.
PAR  6. The device of claim 1 wherein the cathode-active material is selected
      from the group consisting of CaMnO.sub.3, BaNiO.sub.3, SrCoO.sub.3 and
      SrFeO.sub.3.
NUM  7.
PAR  7. The device of claim 6 wherein the said cathode-active material is mixed
      with carbon black.
NUM  8.
PAR  8. The device of claim 7 wherein the cathode-active material is
      CaMnO.sub.3.
NUM  9.
PAR  9. The device of claim 1 wherein the electrolyte is a non-aqueous
      electrolyte.
NUM  10.
PAR  10. The device of claim 9 wherein the non-aqueous electrolyte is propylene
      carbonate.
NUM  11.
PAR  11. A battery comprising a container, an aqueous basic electrolyte, a metal
      anode selected from zinc, cadmium or lead and a cathode-active material
      selected from the perovskites CaMnO.sub.3, BaNiO.sub.3, SrCoO.sub.3 and
      SrFeO.sub.3.
NUM  12.
PAR  12. A battery comprising a container, a non-aqueous electrolyte, a metal
      anode selected from lithium, potassium and sodium, and a cathode-active
      material selected from the perovskites CaMnO.sub.3, BaNiO.sub.3,
      SrCoO.sub.3 and SrFeO.sub.3.
NUM  13.
PAR  13. The battery of claim 12 wherein the electrolyte is propylene carbonate,
      the anode metal is lithium and wherein LiPf.sub.6 is dissolved in the
      electrolyte.
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PAL  Battery plate grids for lead-acid batteries are manufactured from an alloy
      having the following composition in atomic percentages:-
TBL  Calcium + Lithium 0.22  - 1.04                                            
     Aluminium         0.035 - 0.25                                            
     Lead              remainder,                                              
PAL  Wherein the atomic percentage of lithium in the alloy is not less than 0.15
      and does not exceeds 0.90 and the atomic percentage of calcium in the
      alloy is not less than 0.07 and does not exceed 0.49.
BSUM
PAR  This invention relates to battery plate grids for lead-acid batteries.
PAR  Conventionally, battery plate grids for lead-acid batteries are cast from
      lead alloyed with a small amount of antimony to increase the strength of
      the grid. The use of antimony for this purpose is, however,
      disadvantageous since antimony produces undesirable side reaction in the
      battery and also is expensive. To overcome the disadvantages of using
      antimony, it has been suggested to cast grids from alloys of lead and
      calcium and of lead and lithium, but these alloys have in general proved
      unsatifactory for the production of grids since the casting operation must
      take place in a protective atmosphere, such as forming gas. It has,
      however, now been found that grids can be cast from lead alloyed with
      small amounts of calcium, lithium and aluminium without the use of a
      protective atmosphere during the casting operation.
PAR  Accordingly, in one aspect, the invention resides in an alloy for use in
      the manufacture of battery plate grids for lead-acid batteries, wherein
      the alloy has the following composition in atomic percentages:
TBL  Calcium + Lithium 0.22  - 1.04                                            
     Aluminium         0.035 - 0.25                                            
     Lead              remainder, and                                          
PAL  Wherein the atomic percentage of lithium is not less than 0.15 and does not
      exceed 0.90, and the atomic percentage of calcium is not less than 0.07
      and does not exceed 0.49.
PAR  Preferably, the composition of the alloy in atomic percentages is:
TBL  Calcium + Lithium 0.25  - 0.65                                            
     Aluminium         0.035 - 0.25                                            
     Lead              remainder,                                              
PAL  Wherein the atomic percentage of lithium in the alloy does not exceed 0.58
      and the atomic percentage of calcium in the alloy is not less than 0.07.
PAR  More preferably, the composition of the alloy in atomic percentages is:
TBL  Calcium + Lithium 0.30  - 0.50                                            
     Aluminium         0.035 - 0.25                                            
     Lead              remainder,                                              
PAL  Wherein the atomic percentage of lithium in the alloy does not exceed 0.43
      and the atomic percentage of calcium in the alloy is not less than 0.07.
PAR  Most preferably, the composition of the alloy in atomic percentages is:
TBL  Calcium + Lithium 0.35 - 0.50                                             
     Aluminium         0.11                                                    
     Lead              remainder,                                              
PAL  Wherein the atomic percentage of lithium in the alloy does not exceed 0.39
      and the atomic percentage of calcium in the alloy is not less than 0.07.
PAR  In a further aspect, the invention resides in a method of manufacturing a
      battery plate grid for a lead-acid battery comprising the steps of
      producing an alloy of lead, calcium, lithium and aluminium as described in
      the preceding paragraphs and casting the alloy into the shape of a grid.
PAR  Referably, the casting operation is carried out in air.
PAR  In a first example of the invention, to manufacture a battery plate grid
      for a lead-acid battery an alloy of lead with lithium is initially
      prepared, the alloy containing 23.17 atomic percent of lithium. The alloy
      is produced by melting lead in a crucible at a temperature of 350.degree.C
      and in an atmosphere or argon and then introducing lithium metal into the
      molten lead, a perforated crucible situated within the body of the molten
      lead serving to retain the lithium below the surface of the lead until
      alloying has occurred.
PAR  A further quantity of lead is then alloyed with 9.54 atomic percent of
      calcium. This alloy is produced by melting lead in a crucible at a
      temperature of 650.degree.C and in an atmosphere of forming gas and then
      introducing calcium hydride and lithium hydride into the molten lead, a
      perforated crucible situated within the body of the molten lead serving to
      retain the hydrides below the surface of the lead. At the temperature of
      the molten lead, the hydrides decompose to produce gaseous hydrogen and
      metallic calcium and lithium, the latter reacting with the lead to form
      the required lead/calcium/lithium alloy. The gaseous hydrogen produced by
      the decomposition of the hydrides bubbles through the melt to atmosphere
      and thereby serves to agitate the melt and to help prevent oxidation of
      the lead/calcium/lithium alloy.
PAR  Yet a further quantity of lead is then alloyed with 1.52 atomic percent of
      aluminium by melting the lead in atmosphere of forming gas at 700.degree.C
      and then introducing aluminium into the molten lead. An appropriate
      quantity of this molten lead/aluminium alloy is then mixed with molten
      lead and to this mixture is added a predetermined amount of the above
      lead/calcium alloy in solid form so as to produce a lead/calcium/aluminium
      alloy. To this alloy is then added a predetermined amount of the above
      lead/lithium alloy in solid form so as to produce a
      lead/calcium/lithium/aluminium alloy containing 0.20 atomic percent
      calcium, 0.30 atomic percent lithium and 0.11 atomic percent aluminium,
      the remainder being lead.
PAR  The final molten alloy is then cast into battery plate grids in air at
      550.degree.C. The casting operation is conveniently performed using a grid
      casting machine sold by T.B.S. Engineering Limited of Cheltenham, which is
      a type of machine normally employed for casting 6% antimonial lead grids.
      The machine is provided with water cooling for the grid mould or chill so
      as to ensure that the grid-defining face of the mould remains at a
      substantially uniform temperature in the range 150.degree. - 250.degree.C,
      and preferably at 175.degree.C. Also, the mould is coated with a thermal
      barrier layer, such as cork, having a controlled thickness of about 0.005
      inch so to ensure that the molten grid material cools at a controlled
      rate. With this arrangement it is possible to cast satisfactory grids
      having an over all thickness of between 0.055 and 0.110", a convenient
      casting rate being 17 grids per minute.
PAR  In a second example, the procedure of the first example is repeated, but
      the relative proportions of the components used to produce the final
      lead/calcium/lithium/aluminium alloy are such that the latter contains 0.1
      atomic percent calcium, 0.2 atomic percent lithium and 0.14 atomic percent
      aluminium, the remainder being lead. Again, satisfactory grids can be cast
      from such an alloy.
PAR  In a third example, the same procedure is repeated but with the arrangement
      being such that the final lead/calcium/lithium/aluminium alloy consists of
      0.07 atomic percent calcium, 0.90 atomic percent lithium and 0.22 atomic
      percent aluminium, the remainder being lead.
PAR  In a fourth example, a similar procedure is again adopted, but now the
      proportions of the constituents are such that the final alloy contains
      0.07 atomic percent calcium, 0.90 atomic percent lithium and 0.035 atomic
      percent aluminium, the remainder being lead.
PAR  In a fifth example, the procedure of the first example is again repeated,
      but now the relative proportions of the constituents are such that the
      final alloy consists of 0.49 atomic percent calcium, 0.15 atomic percent
      lithium and 0.07 atomic percent aluminium, the remainder being lead.
PAR  It is found that the alloys of the above examples can be readily cast into
      battery plate grids. Moreover, it is found that grids produced from these
      alloys exhibit low creep in service and show insignificant interdendritic
      corrosion in use. However, it may be necessary, before using grids from
      these alloys, to allow the grids to stand for a period so that they age
      harden.
PAR  Although in the examples described above the final quaternary alloy has
      been produced by adding a lead/lithium alloy to a molten
      lead/calcium/aluminium alloy, it is to be appreciated that, as an
      alternative, lithium metal could have been added to the molten
      lead/calcium/aluminium alloy to produce the required quaternary alloy.
CLMS
STM  We claim:
NUM  1.
PAR  1. An alloy for use in the manufacture of battery plate grids for lead-acid
      batteries, wherein the alloy consists of:
TBL  Calcium + Lithium 0.22 -1.04 Atomic %                                     
     Aluminium         0.035-0.25 Atomic% and                                  
     Lead              Remainder,                                              
PAL  and wherein the atomic percentage of lithium is not less than 0.15 and does
      not exceed 0.90, and the atomic percentage of calcium is not less than
      0.07 and does not exceed 0.49.
NUM  2.
PAR  2. An alloy for use in the manufacture of battery plate grids for lead-acid
      batteries, wherein the alloy consists of:
TBL  Calcium + Lithium 0.25 -0.65 Atomic %                                     
     Aluminium         0.035-0.25 Atomic % and                                 
     Lead              Remainder,                                              
PAL  and wherein the atomic percentage of lithium in the alloy is not less than
      0.18 and does not exceed 0.58 and the atomic percentage of calcium in the
      alloy is not less than 0.07.
NUM  3.
PAR  3. An alloy for use in the manufacture of battery plate grids for lead-acid
      batteries wherein the alloy consists of:
TBL  Calcium + Lithium 0.30 -0.50 Atomic %,                                    
     Aluminium         0.035-0.25 Atomic % and                                 
     Lead              Remainder                                               
PAL  and wherein the atomic percentage of Lithium in the alloy is not less than
      0.23 and does not exceed 0.43 and the atomic percentage of Calcium in the
      alloy is not less than 0.07.
NUM  4.
PAR  4. An alloy for use in the manufacture of battery plate grids for lead-acid
      batteries, wherein the alloy consists of:
TBL  Calcium + Lithium 0.35-0.50 Atomic %                                      
     Aluminium         0.11 Atomic % and                                       
     Lead              Remainder,                                              
PAL  and wherein the atomic percentage of Lithium in the alloy is not less than
      0.28 and does not exceed 0.39 and the atomic percentage of Calcium in the
      alloy is not less than 0.07.
NUM  5.
PAR  5. A method of manufacturing a battery plate grid for a lead-acid battery
      comprising the steps of producing a molten alloy consisting of:
TBL  Calcium + Lithium 0.22 -1.04 Atomic %                                     
     Aluminium         0.035-0.25 Atomic % and                                 
     Lead              Remainder                                               
PAL  and wherein the atomic percentage of Lithium is not less than 0.15 and does
      not exceed 0.90 and the atomic percentage of Calcium is not less than 0.07
      and does not exceed 0.49, and then casting the molten alloy into the shape
      of the grid.
NUM  6.
PAR  6. A method as claimed in claim 5 wherein the casting operation is carried
      out in air.
NUM  7.
PAR  7. A method as claimed in claim 5 wherein the alloy is cast in a mould to
      produce the required grid and the region of the mould presented to the
      alloy is maintained at a temperature between 150.degree.C and
      250.degree.C.
PATN
WKU  039390101
SRC  5
APN  400664&
APT  1
ART  115
APD  19730925
TTL  Manganese dioxide cathode
ISD  19760217
NCL  5
ECL  1
EXA  Niebling; John F.
EXP  Garvin; Patrick P.
NDR  3
NFG  7
INVT
NAM  Coleman; John Ralph
CTY  Ottawa
CNT  CA
INVT
NAM  Valand; Torstein
CTY  Skedsmokorset
CNT  NO
ASSG
NAM  Her Majesty the Queen in right of Canada, as represented by the Minister
      of National Defence
CTY  Ottawa
CNT  CA
COD  07
PRIR
CNT  GB
APD  19751002
APN  45358/75
CLAS
OCL  136114
XCL  136102
XCL  136107
XCL  136138
EDF  2
ICL  H01M  630
FSC  136
FSS  138;139;6 R;126;107;118;64;65;19;112;113;114;90
UREF
PNO  753383
ISD  19040300
NAM  Frank
OCL  136 64
UREF
PNO  3040114
ISD  19620600
NAM  Huber
XCL  136107
UREF
PNO  3060254
ISD  19621000
NAM  Urry
XCL  136138
UREF
PNO  3335032
ISD  19670800
NAM  Barnes
XCL  136 26
UREF
PNO  3751301
ISD  19730800
NAM  Kelduff
OCL  136 26
UREF
PNO  3825446
ISD  19740700
NAM  Oka
OCL  136114
LREP
FRM  Christen & Sabol
ABST
PAL  Improved cathodes for use in acid Leclanche cells, particularly of the
      reserve type where sulphuric acid is added to activate the cell prior to
      use, are constructed using an anodized lead current collector which
      possesses advantages over other materials in being less bulky than carbon,
      cheaper than platinum and giving a steadier output voltage than
      un-anodized lead, while still being resistant to corrosion.
BSUM
PAR  The present invention relates to improvements in manganese dioxide cathodes
      suitable for use in manganese dioxide-zinc acid electrolytic cells, and to
      cells or batteries incorporating the improved cathodes. The cathodes are
      intended more particularly for reserve primary cells which are activated
      just prior to use by the addition of the electrolyte.
PAC  BACKGROUND OF THE INVENTION
PAR  The conventional Leclanche cells which are widely employed as primary dry
      cells for flashlights and other uses make use of a metallic zinc anode
      which is normally the can used as a container for the cell, and a
      manganese dioxide cathode together with an electrolyte which is
      essentially ammonium chloride together with some zinc chloride, often in a
      gelled or paste condition. Electrically conductive carbon such as graphite
      is added to the manganese dioxide to increase the conductivity thereof and
      a carbon rod is often used as the current collector for the cathode.
      Alkaline Leclanche cells are also known, the electrolyte here being
      potassium hydroxide. A disadvantage of these systems is that a rather
      small fraction of the theoretically available oxidation capacity of the
      manganese dioxide is actually used. The end-product of discharge
      approximates in composition, or approximates at least in oxidation state,
      to Mn.sub.2 O.sub.3 ; that is the valence state of the manganese is
      reduced from a nominal value of 4 (if the manganese dioxide is
      stoichiometric MnO.sub.2) to about 3. Actually the manganese dioxide
      always contains less than the stoichiometric amount required by the
      formula MnO.sub.2  and therefore the valence change in practice is less
      than unity. To overcome some of the disadvantages of the conventional and
      alkaline Leclanche cells, and acid Leclanche system has also been proposed
      wherein the electrolyte is sulphuric acid and the zinc anode is
      amalgamated to reduce corrosion which takes place even when the cell is
      not under load. The acid Leclanche cell has an open circuit potential or
      E.M.F. of nearly 2.2 volts and the working voltage on moderate range
      starts at 2.0 to 2.05 volts. A large fraction of the active material is
      used over a 10% voltage drop to 2.0 to 1.8 volts.
PAR  Where cells of these types must be made very compact, carbon rods are an
      undesirably bulky current collector and accordingly it would be desirable
      to employ current collectors of higher electrical conductivity, which in
      practice means metallic current collectors. However, a number of materials
      have been tried, including silver and platinum, but most metals suffer
      from severe corrosion, particularly in the acid system, and this leads to
      premature failure in the cells. From the performance point of view,
      plantinum was found to be satisfactory but is undesirably expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based on the discovery that anodized lead is also
      a satisfactory material for the cathode collector in manganese
      dioxide-zinc electrolytic cells, and is moreover a relatively cheap
      material. Un-anodized lead has been found to cause considerable voltage
      irregularities in the cells upon discharge.
PAR  According to the invention, there is provided a cathode suitable for use in
      acid Leclanche cells which comprise an anodized lead current collector
      having adhered to the anodic film a conductive compressed cathodic layer
      of manganese dioxide and carbon. The thickness of the anodic film on said
      current collector being not greater than that which would be produced by
      anodization in 8 Normal sulphuric acid with the passage of 18,000
      millicoulombs of electricity per square inch of lead surface. The
      invention also includes a reserve primary cell of the acid Leclanche type
      comprising a cathode as defined above and an amalgamated zinc anode
      mounted in a container, said cell being constructed to be activatable by
      addition of sulphuric acid as electrolyte.
PAR  According to the invention there is also provided a method for the
      preparation of cathodes suitable for use in acid Leclanche cells which
      comprises anodizing a lead current collector in sulphuric acid and
      providing on said anodized current collector an adherent conductive
      compressed cathodic layer of manganese dioxide and carbon, said
      anodization being carried out to form an anodic film of thickness not
      greater than that which would be produced by anodization in 8 Normal
      sulphuric acid with the passage of 18,000 millicoulombs of electricity per
      square inch of lead surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIGS. 1 and 2 represent discharge curves for cells employing respectively
      un-anodized lead and anodized lead as cathode current collectors, while
      FIGS. 3, 5 and 7 represent cross sections of cathodes according to the
      invention and FIGS. 4 and 6 represent plan views of preferred current
      collector construction.
PAR  The voltage irregularities normally encountered with the unanodized lead
      are illustrated in FIG. 1 which shows two typical discharge curves of 1
      inch .times. 1 inch cathodes at 120 mA current v amalgamated zinc anodes
      in SN H.sub.2 SO.sub.4. In FIG. 2, there are shown the discharge curves of
      two typical cathodes wherein the lead foil current collectors have
      previously been anodized at 120 mA for 2 1/2 minutes. Apart from this
      difference the conditions are comparable to those for FIG. 1.
PAR  In FIG. 3 there is illustrated a cross section taken through an anodized
      lead foil having active cathodic material pasted on both sides. The lead
      foil current collector 10 is shown bearing the anodic layers 11 which in
      turn bear the cathodic material layers 12 comprising manganese dioxide and
      graphite.
PAR  FIG. 4 represents a plan view of a lead foil 14 perforated with many small
      holes 15 to promote adhesion of the cathode material when applied.
PAR  FIG. 5 represents a cross section through a cathode employing such a
      perforated lead foil (see FIG. 4) showing the lead 14, anodic film 16 and
      cathode material 17.
PAR  FIG. 6 represents a plan view of an alternative lead current collector in
      the form of an expanded sheet showing the lead 14 and openings 18.
PAR  FIG. 7 represents a cross section through a cathode employing such an
      expanded lead sheet (see FIG. 6) showing the lead 14, anodic anodic layer
      16 and cathode material 17.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  For the purposes of the invention, the lead, preferably in the form of a
      foil or grid, is anodized (anodically oxidized) prior to being formed into
      the complete cathode with the manganese dioxide active material. The
      anodization may conveniently be carried out by passing a current between
      the lead cathode collector, as anode, and a cathode immersed in sulphuric
      acid preferably having a normality of between 1N and 12N, preferably about
      8N. The anodization is carried out to the extent necessary to obtain
      reduction of the voltage irregularities referred to above consistent with
      satisfactory output from the cells; extensive anodization reduces the
      effective ability of the lead to act as a current collector by providing a
      high resistance surface layer on the lead. It has been found that lead
      foils anodized in 8N sulphuric acid at a current of about 120mA per square
      inch of foil (equivalent to 60 mA per square inch of foil surface) for
      times up to about 5 minutes (i.e. up to 18,000 millicoulombs per square
      inch of lead surface) are satisfactory, the preferred time of anodization
      under these conditions being from about 0.5 or 1.0 minutes (.tbd. 1800 or
      3600 millicoulombs per sq. in.) to 4 minutes (.tbd. 14,400 millicoulombs
      per sq. in.) and particularly about 2.5 minutes (.tbd. 9000 millicoulombs
      per sq. in.). Optimum times of anodization can readily be determined for
      the particular anodization conditions selected and the foil employed, the
      aim being to achieve a degree of anodization as calculated by the quantity
      of electricity employed (current x time) per unit of surface area of the
      lead foil or grid, which will be equivalent to the conditions given above.
PAR  On first anodizing, the lead foils assume a lustrous bronze colour which
      darkens somewhat on further anodization and which changes to a dull gray
      or brown when the lead is removed from the anodization bath.
      Unfortunately, the colour changes do not appear to be sufficiently marked
      to constitute a guide to the proper degree of anodization.
PAR  The lead employed for the cathodic current collector is, as mentioned
      above, conveniently in the form of a foil or grid for the production of
      the most compact cathodes. 0.002 inch lead foil, perforated with many
      small holes to promote adherence of the cathode material, is a
      particularly satisfactory form of current collector for small compact
      cells, but the thickness and exact form of the metal are not critical and
      are a matter of choice depending on the size and design of the cell in
      which the cathode is to be employed. Both perforated metal and expanded
      metal are satisfactory for achieving adherence. Open area may be between
      about 25 and 50 or even 75%.
PAR  The complete cathode may be prepared by pasting a mixture of manganese
      dioxide and conductive carbon such as graphite, preferably together with
      an organic binder such as carboxy-methyl cellulose (CMC) in aqueous
      solution, on to the anodized lead current collector and pressing the
      mixture thereon followed by drying of the so-formed cathode. Various types
      of manganese dioxide may be employed through the type presently preferred
      is the electrolytic manganese dioxide as used in the dry battery industry.
      For satisfactory conductivity this is blended with a minor amount of
      conductive carbon, preferably the mixture containing between 10 and 20% of
      conductive carbon, particularly about 15%. Commercial graphite is
      satisfactory as the conductive carbon, but various conductive carbon
      blacks also give satisfactory results.
PAR  The dry mixture of manganese dioxide and carbon may be blended with a
      solution of an organic binder, for instance a 1 to 2% aqueous solution of
      CMC, preferably in an amount to form a mixture which is just readily
      spreadable on the anodized lead current collector, suitably held in a
      pasting-frame. The amount of water employed at this stage of the
      preparation is normally too much to allow compression and therefore a
      preliminary air drying is normally employed. When the structure has
      partially dried but the pasted on mixture is still moist enough to flow
      and consolidate under the pressure to be employed, the pressing operation
      is conducted, preferably under several thousand pounds per square inch
      (psi). Too wet a mixture will squash under pressure. The pressure to be
      employed is not critical but applicants have found the pressure of 7,000
      psi to be satisfactory. Following this the cathode is removed from the
      frame and allowed to dry completely. A tab attached to the corner of the
      anodized lead current collector and protruding from the pressed-on
      manganese dioxide active material may serve as an electrical connection.
PAR  The loading of the manganese dioxide active material on the current
      collector of the cathode may vary somewhat although in general the lower
      the loading, the more efficient the utilization of the cathodic active
      material will be. Amounts of from 1 to 3 grams of an 85:15 MnO.sub.2 -C
      dry mix per square inch of anodized lead foil or grid appear to give
      satisfactory cathodes although with very low cathode loadings there may be
      some difficulty in applying pressure to promote adhesion of the cathodic
      material to the anodized lead foil or grid. Thus, provided that adequate
      adherence of the mixture to the anodized lead is secured, even lighter
      loadings than those mentioned above may be employed. Naturally, where
      necessary, the total surface area of cathode would be adjusted
      proportionately to obtain the desired capacity for the battery.
PAR  The zinc employed for the anode may be any commercial grade normally used
      in the dry battery industry and, to reduce corrosion by the acid, must be
      amalgamated, for instance by preliminary cleaning in an alkali metal
      hydroxide solution followed by a brief immersion in a dilute solution of
      mercuric chloride in water or 8N sulphuric acid. For compact cells, sheet
      zinc is conveniently employed.
PAR  The electrolyte which may be employed in the cells according to the
      invention is sulphuric acid of from 2N to 10N, and while performance
      appears to be best in the region of 5 to 6N, somewhat stronger sulphuric
      acid e.g. 8N may be desirable where the cells are to be used under low
      temperature conditions.
PAR  The cells may be assembled in various ways although conveniently the
      cathode according to the invention may be placed between two zinc anodes
      with a suitable separator in between such as expanded polypropylene mesh.
      Naturally the area and number of cathodes and anodes will be determined by
      the desired capacity of the cell.
PAR  The following Examples illustrate the invention and also include
      comparisons of the cathodes of the invention with those employing other
      materials as current collectors.
PAC  EXAMPLE 1
PAR  In this and in the following examples, except where otherwise indicated,
      all work was performed with 1 inch by 1 inch cathodes.
PAR  A dry blend was made of 85 parts by weight of an electrolytic manganese
      dioxide used in the dry battery industry and 15 parts by weight of a
      commercial graphite also used in the industry.
PAR  A solution of 5 grams of carboxymethyl cellulose (CMC) in 300 ml H.sub.2 O
      (1.67% W/V CMC) was prepared.
PAR  1.5 grams of the dry mix was blended with a suitable amount (0.65-0.75 ml)
      of the CMC solution, and this was spread on both sides of a 1 inch .times.
      1 inch metal current collector with a tab attached at one corner for
      electrical connection. The current collector was held in a small
      pasting-frame. After drying in air until a suitable amount of water had
      evaporated (about 1 hour), the material was compressed, preferably at 7000
      lb load (7000 psi) or above, and then after removal from the frame, dried
      completely. The cathode material under compression must still be moist
      enough to flow and consolidate but not so wet as to squash, and this is a
      matter of trial and error.
PAR  Anodes were prepared of commercial grade sheet zinc used in the dry battery
      industry, cleaned in aqueous sodium hydroxide, washed with water and then
      amalgamated by brief exposure to a dilute solution of mercuric chloride in
      water or in 8N H.sub.2 SO.sub.4.
PAR  Cathodes were prepared as described above on five metal current collectors:
      80 mesh platinum gauze; 0.002 inch lead foil perforated with many small
      holes so that the cathode material would adhere firmly; and expanded
      nickel, silver and stainless steel grids.
PAR  Each cathode in turn was placed between two zinc anodes, with expanded
      polypropylene mesh as separator, activated by immersion in 8N H.sub.2
      SO.sub.4, and discharged at a constant current of 120 mA.
PAR  The voltage of each cell under load was plotted against the discharge time
      in hours and revealed the run-out times (the time taken from the beginning
      of the discharge to the point at which the cell's voltage fell to 1.5
      volts) to be clearly superior for those cells in which a platinum or lead
      cathode current collector was used.
PAR  However, the cells employing the lead cathode current collectors show
      considerable voltage irregularities during discharge, and this was
      attributed to partial temporary breakdowns of the surface oxide or
      sulphate film on the lead.
PAR  When anodized lead foils were substituted for the un-anodized foils, these
      voltage irregularities on discharge largely or completely disappeared.
PAC  EXAMPLE 2
PAR  To show the effects of anodization for different times, cathodes were made
      on un-anodized lead foils or foils anodized at 120 mA for various times up
      to 5 minutes, employing 8N H.sub.2 SO.sub.4 for anodization. The cathodes
      prepared as described previously were discharged against zinc anodes in 8N
      sulphuric acid at 120 mA, with the following results:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Anodization Time (minutes)                                                
                          0   1   2   2.5 3   4   5                            
     Average Run-Out Time (hours to 1.5 v)                                     
                          2.62                                                 
                              3.4 3.3 3.37                                     
                                          2.95                                 
                                              2.9 2.5                          
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Employing lead foil anodized for 2 to 2 1/2 minutes at 120 mA and preparing
      the cathodes as described above, the effect of sulphuric acid
      concentration on the discharge characteristics of the cells was studied,
      varying the sulphuric acid concentration from 2N to 10N. Run-out times at
      2N were only about 1.5 hours; at 3N about 2.3 hours and at 4N to 6N
      between about 2.5 and 3 hours, with the best results being close to 3.2
      hours or about theoretical for a one electron discharge. At 8N the run-out
      times were only very slightly lower and at 10N were still satisfactory, at
      more than 2 hours.
PAR  In the MnO.sub.2 cathode discharge in sulphuric acid, an adequate supply of
      hydrogen ion from the acid must be available to secure reduction of the
      MnO.sub.2 at the high voltage characteristic of this ion system. If an
      inadequate quantity acid is present the run-out time to the cutoff voltage
      adopted here (1.5 V) will be lowered. The lower run-out for the 2N acid
      referred to above is attributed to this effect.
PAC  EXAMPLE 4
PAR  A series of runs were carried out varying the manganese dioxide-graphite
      ratio of the dry mix to be pasted on the anodized lead foil current
      collectors. The amount of binder solution added was adjusted as necessary
      to get a suitable wet mix for pasting on. The run-out times to 1.5 volt
      per cell at a discharge of 120 mA were determined for each of the mixes
      used, with the following results:
TBL                TABLE II                                                    
     ______________________________________                                    
     % by weight MnO.sub.2 in dry mix                                          
                             90     85     80                                  
     ______________________________________                                    
     Average Run-Out Time (hours to 1.5 v)                                     
                             2.4    2.8    2.6                                 
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  The effect of cathode loading i.e. the weight of MnO.sub.2 -graphite dry
      mix on the cathodes was determined by conducting a number of runs in which
      the weight of dry mix pasted on the 1 inch square anodized lead foil
      current collectors was varied in half gram intervals from 3 grams down to
      1 gram. Since the amount of active material varied, the weight figures
      were compared with the actual capacity of the cells measured in mA hours
      per gram of MnO.sub.2. The results indicated a steadily increasing
      utilization of the active MnO.sub.2 with decreased cathode loading.
PAC  EXAMPLE 6
PAR  Several further runs were conducted but employing as the cathode current
      collectors 0.002 inch lead foil cut to a size of 2.5 inch by 2.75 inch and
      perforated with many small holes to promote adhesion of the material.
      These were pasted with 16 grams of an 85:15 MnO.sub.2 -graphite mixture
      moistened with 8.3 grams of CMC solution. The wet mix was pasted on both
      sides of the foil, dried to a weight loss of 5.5 to 5.7 grams and
      compacted in the pasting-frame under 5,000 pounds load. The frame was then
      removed and the cathode further dried to a final water content of 1.5
      grams and finally pressed at about 40,000 pounds load. This procedure was
      adopted since the pasting-frame would not have withstood the higher
      pressure without splitting.
PAR  In the first experiment (run 1, table III) the lead foil was anodized in 8N
      H.sub.2 SO.sub.4 at 120 mA for 13 minutes (an anodization that was
      calculated to be optimum based on the results of the previous anodization
      experiments described above).
PAR  In runs 2 to 4 of the table, various changes in the anodization procedure
      are made, runs 2 and 3 utilizing different currents and times although the
      product of current and time is in each case approximately the same. In run
      4 the conditions are as in run 1 except that the strength of the sulphuric
      acid was reduced, being 1N in place of 8N.
PAR  In run 5 an expanded lead grid was employed in place of a lead foil, the
      time of anodization being estimated to provide the same degree of anodic
      protection as was achieved on run 1 on the lead foil, based on the
      estimated area of the expanded lead grid.
PAR  The cathodes prepared from these anodized lead foils or grids were all
      discharged at 750 mA against two amalgamated zinc anodes in 6N H.sub.2
      SO.sub.4 i.e. at a current density somewhat lower than that of the 1 inch
      .times. 1 inch cathodes discharged at 120 mA, as referred to in the
      earlier examples. It is apparent that all of these cathodes performed
      reasonably well.
TBL                                    TABLE III                               
     __________________________________________________________________________
     DISCHARGE OF CATHODES 2.5" .times. 2.75", PREFERRED UNDER VARIOUS         
     CONDITIONS                                                                
                        THEORETICAL                                            
                                ACTUAL HOURS                                   
     RUN     CONDITIONS RUN FOR ONE                                            
                        ELECTRON                                               
                                TO                                             
                        REDUCTION                                              
                                1.9V                                           
                                    1.7 1.5                                    
     __________________________________________________________________________
     1   Anodized, 8N H.sub.2 SO.sub.4, 120 mA                                 
                          5.6   2.08                                           
                                    3.48                                       
                                        3.77                                   
         13 minutes       HR                                                   
     2   Anodized, 8N H.sub.2 SO.sub.4, 360 mA                                 
                          5.6   2.87                                           
                                    4.10                                       
                                        4.37                                   
         4 minutes                                                             
     3   Anodized, 8N H.sub.2 SO.sub.4, 60 mA                                  
                          5.6   2.23                                           
                                    3.53                                       
                                        3.93                                   
         24 minutes                                                            
     4   Anodized, 1N H.sub.2 SO.sub.4, 120 mA                                 
                          5.6   1.62                                           
                                    3.07                                       
                                        4.05                                   
         13 minutes                                                            
     5   Prepared on expanded lead                                             
         grid, anodized, 8N H.sub.2 SO.sub.4,                                  
                          5.6   1.97                                           
                                    3.40                                       
                                        3.72                                   
         120 mA, 5 minutes                                                     
     __________________________________________________________________________
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. In a reserve primary cell of the acid Leclanche type having a cathode
      and an amalgamated zinc anode mounted in a container and arranged to be
      activatable by the addition of sulfuric acid as electrolyte, the
      improvement which consists of said cathode being a lead current collector
      having thereon a layer of anodized lead and having a conductive compressed
      cathodic layer of manganese dioxide and carbon adhered to said anoidic
      layer.
NUM  2.
PAR  2. The reserve primary cell according to claim 1 wherein the thickness of
      the anodic film is not greater than that which would be produced by
      anodization of the lead in 8 Normal sulphuric acid with the passage of
      18,000 millicoulombs of electricity per square inch of lead surface.
NUM  3.
PAR  3. The reserve primary cell according to claim 2 wherein the lead current
      collector is in the form of a perforated or expanded sheet.
NUM  4.
PAR  4. The reserve primary cell according to claim 1 wherein the thickness of
      the anodic film is equal to that which would be produced by anodization of
      the lead in 8 Normal sulphuric acid with the passage of 3600 to 14,400
      millicoulombs of electricity per square inch of lead surface.
NUM  5.
PAR  5. The reserve primary cell according to claim 1 wherein the thickness of
      the anodic film is equal to that which would be produced by anodization of
      the lead in 8 Normal sulphuric acid with the passage of about 9,000
      millicoulombs of electricity per square inch of lead surface.
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ABST
PAL  An electric cell with a lithium/sulphur-dioxide electrolyte complex,
      corrosive and potentially dangerous, and having automatic protective
      structural features responsive to excessive internal temperatures or
      pressures that would be due to internal fault conditions or to external
      short-circuit conditions, with those protective features serving to
      selectively vent the cell or to break the internal cell circuit, to
      prevent explosive rupture of the cell and consequent possible damage to
      personnel in the adjacent surrounding environment by the corrosive
      ingredients of the cell.
BSUM
PAR  This invention relates to an electric energy cell, particularly of the
      lithium/sulphur dioxide type.
PAR  In many military and civilian applications, batteries are required to serve
      as standby energy sources in many environments where the temperature may
      drop to values as low as minus 60.degree. F. At such temperatures, the
      ordinary conventional cell loses its ability to function properly and
      normally and therefore becomes useless.
PAR  Consideration has recently been given to a new type of primary cell
      utilizing a lithium/sulphur dioxide combination because of the unusual
      high quality operation over an extremely wide range of temperatures,
      particularly from a low temperature of minus 60.degree. F to a normally
      usual ambient temperature.
PAR  There are many problems involved where lithium is used in a battery cell.
      Lithium itself is highly chemically active and reacts with many other
      elements, and, particularly, reacts explosively with water, or in the
      presence of moisture.
PAR  A primary electric cell of almost any type is generally hermetically
      sealed, in order to prevent leakage and to prevent access of moisture or
      any other foreign matter to the cell, since such leakage or such access
      could affect the predesigned operation of the cell and could lead to its
      deterioration. Where lithium is used in a cell, its potential of high
      activity, where not properly controlled, makes a hermetic seal imperative.
      Moreover, not only the final hermetic seal, but all the manufacturing
      processes in forming the cell before the hermetic seal is applied, must be
      restrictively controlled and safeguarded so that no moisture is permitted
      to enter into the cell, either during manufacture or after the cell
      container is closed and sealed.
PAR  In order to provide for proper cell operation with an adequate quantity of
      the sulphur dioxide gas, in an appropriately limited volumetric space,
      according to the cell dimensions, the gas must necessarily be under
      pressure, which under normal conditions and room temperature may stabilize
      at about 50 lbs. per square inch. Upon the evolution of heat within the
      cell, the pressure may rise within a relatively short time to 150 lbs. per
      square inch, or, in aggravated conditions, even to a pressure as high as
      300 lbs. per square inch and cause explosion of the cell.
PAR  Several conditions that would generate excessive heat in the cell might
      cause such an excessive internal pressure. Internal or external short
      circuit conditions could do that.
PAR  An internal short circuit within the cell would generate heat which could
      remain internally concentrated and do damage before the heat could be
      conducted outward to an external surface to be dissipated, to prevent the
      development of a dangerous high internal pressure. An external short
      circuit on such a cell could cause a high internal resistance heating
      loss, which could also lead to a dangerous high internal pressure.
PAR  Under such resulting conditions of internal high pressure, such a cell
      might well rupture and explode, with a consequent force that would throw
      the corrosive materials and toxic fumes of the cell through a sufficient
      distance to possibly strike workers within a region near the cell. If such
      explosion should occur when the cell is in operation in a packaged
      assembly, it could occur in a confined region, or in a confining
      container, that might provide a possibly adequate safeguard against
      projectile injury to anyone present, but the fumes could still be
      hazardous. Thus, a short-circuit condition on such a cell, either because
      of an internal short circuit within the cell, or while the cell is being
      used in other ways, in an open unconfined atmosphere, could make the cell
      an extremely dangerous and hazardous projector of the highly reactive and
      corrosive materials, and of the toxic fumes of the cell.
PAR  Since pressure will be an end result of any troublesome conditions,
      including high temperature, whether within or outside of the cell, the
      excessive pressure condition is relied upon as an indicator of trouble,
      and a pressureresponsive action is arranged to provide the safety
      correcting operation to prevent harmful effects. Thus, pressure response
      is also essentially equivalent to temperature response.
PAR  One primary object of this invention is to prevent the development and
      accumulation of dangerous high pressure within such a cell, and, for that
      purpose, to provide some safeguard or safeguards which will selectively
      vent the cell when the internal atmospheric pressure of the cell becomes
      excessive.
PAR  Another important object of the invention is to provide what is in effect
      an internal circuit breaker for the cell, as a safeguard against an
      external short circuit condition that would generate a sudden high loss
      within the cell and that would create a rapid temperature rise and
      consequent high pressure condition, beyond the heat-dissipating ability of
      the cell.
PAR  In the cell of this invention, the selectively controlled venting prevents
      the accumulation of high pressure within the cell, while maintaining a
      substantial seal to prevent ingress of ambient air, which is an important
      feature of control.
PAR  To prevent the harmful effect within the cell that would result from an
      external short circuit in the cell, the cell is provided with an internal
      structure that constitutes essentially a circuit breaker, that operates to
      open the internal electrical circuit of the cell to terminate delivery of
      energy to the external short circuit, when internal heat generates a high
      pressure reconized as potentially dangerous.
PAR  Since a condition of high pressure within the cell is indicative of a
      condition likely to cause an explosive rupture of the cell, a suitable
      pressure-responsive element is provided in the cell construction to premit
      venting action to anticipate and thereby prevent an explosive pressure
      condition; and, also, a suitable pressure-responsive element is provided
      to open the electric circuit of the cell.
PAR  Ordinarily, commercial cells of the dimensions of the -C- cell provide a
      structure in which a cylindrical can serves as an electrode termianal of
      negative polarity, and a central axial button, that is suitably
      insulatingly supported and sealed with respect to the container, is
      provided to serve as a contact terminal of positive polarity to the
      external circuit.
PAR  As a further precaution in the case of the present cell, because of its
      relatively hazardous type of operation, the polarity of the electrodes are
      reversed, in order that cells of this design may not be randomly assembled
      with ordinary conventional cells of similar dimensions.
PAR  At the present state of possible utility, it is contemplated that the uses
      of these hazardous cells will be limited to specifically military
      operations, where, usually, many other safeguards are provided and
      carefully supervised for the sources of energy that are employed.
PAR  An object of the invention is to provide a primary cell unit structure
      utilizing a lithium/sulphur dioxide complex with its extremely high energy
      density content, and equipped with suitably protective features to ensure
      against possible explosive ruptures, that could be easily caused by the
      usual operating conditions for a unit electric primary cell.
PAR  Another object of the invention is to provide an efficient structural
      assembly which may be manufactured to assure the exclusion of moisture
      that would be detrimental and dangerous within such a lithium/sulphur
      dioxide cell during operation.
PAR  Another object of the invention is to provide a simple and effective
      operating structure in a lithium/sulphur dioxide electric cell which will
      embody and function as its own circuit breaker, internally within the
      cell, when external short-circuiting conditions would normally dictate
      such an operation between the cell as a source of power and the external
      circuit supplied thereby.
PAR  Another object of the invention is to provide a method of constructing and
      assembling such a lithium/sulphur dioxide cell to assure a completely dry
      cell atmosphere, free of harmful moisture.
PAR  Another object of the invention is to provide a primary cell employing a
      lithium/sulphur dioxide operation, with means for selectively venting the
      cell, gradually for gradually increasing excess internal atmospheric
      pressure, and quickly for rapidly venting in case of conditions likely to
      lead to high pressure explosive conditions within the cell.
DRWD
PAR  The details of construction and the method of assembling and forming the
      cell, and the manner in which the several elements cooperate to provide
      the desirable safety features, are all described in more detail in the
      following specification, taken together with the drawings, in which
PAR  FIG. 1 is a vertical sectional view through a cell of the invention;
PAR  FIG. 2 is a top plan view of the cell;
PAR  FIG. 3 is a sectional view of the layered anode and cathode in planar
      assembly, before it is helically wound and disposed in the cell container;
      and
PAR  FIG. 4 is a schematic view of the system for injecting an electrolyte into
      an individual cell after the container has been dry sealed with the
      electrode component elements inside the container.
DETD
PAR  This invention generally involves an electric cell utilizing a lithium salt
      and sulphur dioxide combination disposed in a container suitably sealed to
      exclude possibility of moisture entering the container, which could cause
      dangerous explosion, while at the same time protecting the cell against a
      type of operation that might produce dangerous explosions by reason of the
      generation of excessive pressures within the cell; with protective
      features that permit selective venting and internal circuit opening within
      the cell, when excessive pressure, or temperature, or current, conditions
      occur in the cell.
PAR  Because of the special construction of the cell, and because of the special
      safeguards that must be taken in assembling a cell for safe operation, the
      invention includes also a method of construction and assembling the cell
      to provide the essential safeguards to assure safe operation.
PAR  FIG. 1 shows a vertical sectional view taken along the central vertical
      plane that shows the construction and assembly arrangement of the final
      cell.
PAR  As shown in FIG. 1, a cell 10, in accordance with the invention, comprises
      an outer enclosing can 12, generally of initially hollow cylindrical form,
      provided with a bottom closure shown as a metal cup 14, closely fitting
      internally within the outer can 12 and peripherally welded thereto. The
      bottom metal cup 14 is distendable under pressure when in the cell, a
      condition that will be further discussed below, as a feature utilized as a
      safeguard.
PAR  The upper end of the can 12, originally open, is formed and shaped to
      provide a re-entrant portion consisting of three parts, an annular
      shoulder end rest 18, an axially inwardly extending circular limiting wall
      neck portion 20, and a transverse annular seat 22. The annular seat 22
      serves to support a double layer sandwich 25, consisting of two layers 24
      and 26 as annular rings of insulating material, preferably of an elastomer
      that will accept compression and retain its resilience in the chemical
      environment of the cell materials.
PAR  The double layer sandwich 25, consisting of the two layers 24 and 26 of
      insulating material, normally fits snugly into the circular space within
      the circular neck 20 and rests snugly and under pressure on the annular
      seat 22, due to the compression force impressed by a final assembly
      pressure ring 28, whose outer peripheral border is anchored by welding
      onto the annular reentrant shoulder end rest 18 of the upper end of the
      container 12, at arcuately spaced spots 30, as shown in FIG. 2. As shown
      in FIG. 2, the annular pressure ring 28 is appropriately slotted to
      provide a plurality of inwardly extending radial vent fingers 32 which are
      supported and disposed in pre-stressed condition in order to impress a
      downward pressure force on the top layer 26 of the insulating supporting
      sandwich 25.
PAR  The insulating sandwich 25 serves to support a hollow cylindrical metallic
      supporting shell 36, that has an external annular peripheral flange 40
      which seats and nests between the two sandwich layers 24 and 26 in order
      to be insulatingly supported by them. The metallic supporting shell 36 is
      axially hollow and has an upper bore 42 to define an upper inner chamber
      at its upper open end, that communicates, at its lower end, with an
      extending passage 43A of lower and smaller bore 43 within a coaxial
      extenion 46 of the shell body 36. The function of the supporting shell 36
      at its upper end is to support a plug seal 48, of suitable elastomeric
      material, to substantially fill and close the shell chamber 43. The plug
      seal 48 will later serve as a plug through which a hypodermic needle will
      be inserted through the sealing plug 48 for evacuating the container can
      12 and for then conducting the electrolyte into the cell for filling the
      evacuated space with the sulphur dioxide solution that is to serve as the
      electrolyte for the cell.
PAR  In order to maintain the elastomeric seal plug 48 compressed for good
      pressure engagement with the inner wall surface of shell 36, a pressure
      and retainer ring 50 is employed, which is dimensioned to fit with a snug
      pressure fit into the upper open end of the supporting shell 36, to which
      the ring is then suitably bonded, as by brazing, with a material such as
      Woods metal, which has a definite melting point at a predetermined
      temperature at which it is desired to permit the ring 50 to be released
      from sealing bond with the shell 36. The melting point of Woods metal at
      170.degree. Fahrenheit is enough above the normal safe operating
      temperature of 160.degree., to provide quick detection of a dangerous
      temperature condition.
PAR  The tube 52 is spot welded to the depending bracket 46, as indicated by the
      weld spot 53. The tube 52 has several functions. It is provided with one
      or more fillports 54, which are small openings drilled through the wall of
      the tube 52, to provide communication with the main chamber 56 of the
      cell, that accommodates the working chemical components and the
      electrolyte in general.
PAR  The tube 52 serves a primary function here as a stationary contact element
      of a circuit breaker within the cell. The lower circular end 52A of tube
      52 serves as a stationary contact surface of such circuit breaker, at
      which the circuit of the cell is opened to disconnect the cell from an
      external circuit.
PAR  The tube 52 also serves as a central axial spacer for the helical
      wraparound 60 which includes the working electrodes of the cell.
PAR  In FIG. 3, the working electrodes are shown in assembly at an intermediate
      stage of assembly, with a lithium sheet 62 as the working anode of the
      cell, and a sheet layer of carbonaceous mix 64 as cathode separated from
      the lithium by a perforated polypropylene barrier 66.
PAR  The lithium sheet 62 is 0.010 inch thick, impressed in and supported on a
      copper substrate 70, which may be perforated or of mesh structure. The
      carbonaceous cathode depolarizer mix 64 is about 0.030 inch thick buttered
      on the aluminum substrate 68, also of perforated thin sheet or mesh
      structure. This layered assembly is provided with two tabs, electrically
      connected to the respective substrates. Tab 71 is connected to the cathode
      64, 68, and tab 72 is connected to the anode lithium and substrate 62, 70.
PAR  During manufacturing assembly of the cell, the planar assembly 60 is
      wrapped into helical form for axial insertion into the cam 12 from the
      bottom, to be slipped onto and over the center tube 52, into space 56. The
      copper tab 72 has been welded to a convenient area 14A, on the bottom
      closure cup 14. The other tab 71 is secured to an insulation disc 74,
      which is secured to a central region of the bottom closure cup 14, to take
      advantage of the maximum axial movement and displacement of that bottom
      closure cup when distended by excess pressure within the cell. In the
      initial dry assembling operation, the helical electrode assembly is thus
      physically connected to the bottom closure cup 14 as a sub-assembly, which
      is then inserted into the can 12 to place the electrode assembly in
      operating position in chamber 56, and to place the closure cup in position
      to close the can bottom ready for welding and sealing. At the same time,
      the can bottom cup 14 is moved to proper position to place the depolarizer
      contact tab 71 of FIG. 3 into contact with the bottom edge 52A of tube 52.
PAR  Normally, when the bottom end of the tube 52 engages the contact tab 71,
      the circuit through the cell is from the top safety cap 50 down through
      the metallic shell support 36, thence through the tube 52 down to and
      through the depolarizer contact tab 71 through the working cell elements
      including cathode depolarizer 64, the electrolyte, and the anode 62 to the
      anode tab 72, the bottom closure cup 14, and the can 12 to which the
      closure cup is suitably sealed by welding.
PAR  The bottom of the tube 52 is kept in contact with the depolarizer contact
      tab 71 by the normal resilient pressure of the bottom cup 14, pressing
      upwardly through the insulator disc 74, which has been appropriately
      secured to the inner surface of the can bottom cup 14. During normal
      operations the pressure in the cell is not high enough to distend the can
      bottom cup 14, and therefore the contact between the tube bottom 52A and
      the depolarizer contact tab 71 is highly conductive and of minimum
      resistance, under the pressure of the bottom cup 14.
PAR  Upon the occurence of one of the undesirable conditions that results in an
      increased pressure within the can, that increase in pressure reacts on the
      flexible bottom cup 14 of the can and causes the cup to distend outward,
      as indicated by the dotted line 14A, and the outward distended movement of
      the bottom cup 14 moves the insulator and the depolarizer contact tab away
      from, and out of contact with, the bottom edge 52A of the tube 52. The
      cell circuit is thus interrupted at the bottom edge of the tube 52, to
      disconnect the operating elements of the cell from the tube 52, and,
      consequently, from the top outer safety cap 50, that serves also as the
      terminal connected to the depolarizer cathode material during normal
      operation of the cell.
PAR  Even though the circuit of the cell is thus internally opened, so that
      further operating cell current transfer is terminated, there may still be
      conditions within the cell that continue to generate heat that will raise
      the temperature within the cell and thus increase the pressure to an
      explosive value that could be dangerous to anyone within the proximity of
      the cell, if such pressure were permitted to continue to increase. There
      are, thus, two conditions that are indicative of a possible dangerous
      explosion, namely, the temperature developed within the cell, and a
      possible resulting pressure.
PAR  If the pressure condition changes gradually, as might be caused by a normal
      loading of the cell, but without the occurrence of a necessarily hazardous
      situation, adequate protection may be provided to the cell by merely
      permitting and providing for slight venting. Upon the occurence of
      conditions of that kind, the vapor pressure gas within the cell may press
      against the under surfaces of the bottom sandwich layer 24, as at the
      region indicated by the arrows 80, and then move out in thin gas layer or
      strip form along the under surface of that bottom sandwich layer 25, as
      for example, along a path indicated by the dotted line 82, up to the space
      84 directly underneath the radially extending fingers 32. Those fingers 32
      are supported as cantilever beams at their rear regions, adjacent the weld
      points 30, so that the forward ends of those cantilevered fingers 32 may
      rise slightly from the top surface of the upper sandwich layer 26, to
      permit a small bubble of the gas to exit from the cell and thereby relieve
      the pressure within the cell sufficiently to hold that pressure down below
      a dangerous pressure value within the cell.
PAR  Thus, under normal operating conditions, where the cell is properly doing
      the work for which it was intended, and the energy supplied by the cell is
      not creating a dangerously abnormal condition, simple occasional venting,
      of a small amount of the electrolyte vapor as a gas, may be sufficient to
      protect the cell from accumulating an excessive pressure internally, and
      the operation of the cell may continue without danger or hazard to anyone
      in the environment of the cell.
PAR  If however, a condition develops within the cell, due to internal or
      external conditions, that causes a fast temperature rise, that would
      undoubtedly cause a subsequent pressure increase, the high thermal
      conductivity of the tube 52 and its supporting frame shell 36 are utilized
      to conduct the heat to the plug seal retaining ring 50, and to soften the
      bonding material of that ring sufficiently to release the ring from the
      shell 36. Consequently, pressure on the elastomeric plug seal material 42
      is relieved to permit the compressed plug seal to expand to full volume of
      its uncompressed condition, and, thereby, to relieve the pressure of that
      seal 42 on the inner wall surfaces of the shell 36, to permit the gases
      within the cell container to rush out quickly, through the openings or
      ports within the tube 52, and up through the central axial passage 44 into
      the internal chamber of the cell 36, past the relieved loose plug seal 42,
      and out through the dimple opening 51A, formed in the top of the seal
      safety cap 51 after the spot weld closure during manufacture.
PAR  Thus, on the occurrence of dangerous temperature, an immediate rise in
      pressure, or even in case of a delayed rise in pressure, the cell is able
      to control itself by the three provisions noted, namely, first, by the
      switch opening as a circuit-breaker operation at the bottom of the tube
      52, by the distention of the can botton 14; or, secondly, by the slow
      leakage along the path 82 up through and past the cantilever spring
      fingers 32; or, thirdly, by the fast release of the gas pressure out
      through the top plug seal and safety cap, where the temperature rise
      indicates an extremely dangerous condition that is probably likely to lead
      to an explosion.
PAR  In manufacturing assembly, the elements of the cell are assembled in
      position in the can, and the can is dry sealed, before the electrolyte is
      introduced, and the seal plug is compressed against the inner wall of the
      shell 36 and held in such compressed condition by the retainer ring 50.
PAR  At this time, the elastomeric materials of the sandwich support 25 and of
      the seal plug 48 are tightly compressed against their adjacent compression
      and supporting surfaces, to provide an adequate seal for the cell. The
      cell can is now ready to be filled with the electrolyte.
PAR  To accomplish the filling operation, a filling system is utilized such as
      is shown in FIG. 4. A hypodermic needle 90 is thrust downward into and
      through the full length of the seal plug 48, to extend down below the plug
      into the region of the depending portion 46 of the supporting shell 36, in
      order to couple the inner space of the cell into communication with a
      vacuum system 92, through a three-position valve 94, which serves in one
      position to connect the cell to the vacuum system, and in the second
      position to connect the cell 10 to the electrolyte supply 96, and in its
      third position to withdraw any excess electrolyte from the needle before a
      subsequent filling operation.
PAR  After the hypodermic needle is inserted down into the cell space, the valve
      94 is moved to its position to connect the vacuum system to the cell, to
      evacuate the cell to a predetermined vacuum level, as well as to assure
      that the cell is free of any moisture. The cell is then ready to receive
      its charge of electrolyte.
PAR  The valve 94 is then moved to its filling position, at which the
      electrolyte from the supply 96 is directed into the cell, in a
      predetermined premeasured quantity, as measured in a volumetric measuring
      device 98 to assure the introduction of a definite quantity of the
      electrolyte into the cell.
PAR  After the desired quantity of electrolyte is introduced into the cell, the
      excess electrolyte in the hypodermic needle 90 is withdrawn through the
      valve and a suitable vacuum pump 100, and returned to the electrolyte
      supply to prevent contamination of the atmosphere.
PAR  The needle 90 is then completely withdrawn from the seal plug 48, and the
      elastomeric characteristics of the seal plug 48 reclose the opening behind
      the withdrawing needle, and reseal that opening, so the sealing action of
      the plug continues to maintain the cell hermetically sealed, against
      admission of anything from the ambient atmosphere. At this time, the vapor
      pressure of the electrolyte within the cell is positive, so that there is
      no tendency to draw any of the ambient atmosphere into the cell, during
      withdrawal of the hypodermic needle.
PAR  As indicated in FIG. 4, the cell is cooled, while being filled, to a
      temperature below minus 10.degree. Centigrade, to help the electrolyte in
      liquid state. The apparatus schematically shows the cell held in a metal
      block of high thermal conductivity, immersed in a bath maintained at the
      desired low temperature.
PAR  In FIG. 5, the structure of the internal circuit breaker switch is shown in
      more detail.
PAR  The details of construction and the method of filling and assembly may be
      variously modified without departing from the spirit and scope of the
      invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-controlling electric primary cell constructed to limit or prevent
      internal pressure likely to lead to explosive rupture, said cell
      comprising
PA1  a. a container enclosure;
PA1  b. anode means;
PA1  c. cathode means comprising a depolarizer cathodic body disposed within the
      cell container;
PA1  d. an electrolyte for electrochemically relating said anode means and said
      cathode means to generate an electric current between them for conduction
      to an external circuit;
PA1  e. an outer electrode element disposed on the outside of said container;
PA1  f. an electrical circuit conductor extending from said depolarizer body to
      said outer electrode element, said circuit conductor consisting of a
      filling tube for introducing a fluid electrolyte component into the
      container can during manufacture, and wherein said filling tube serves as
      a stationary switch element;
PA1  g. electrical switching means disposed within said cell enclosure and
      responsive to an undesirable operating condition within the cell, which
      prevent the aggravation of said condition by opening the circuit between
      the electrical circuit conductor, the depolarizer and the outer electrode
      element, wherein the undesirable condition is excessive pressure caused by
      excessive temperature and excessive current;
PA1  h. said electrical switching means including a movable switch element,
      which cooperates with the stationary switch element and is controlled by
      said condition within the container.
NUM  2.
PAR  2. A self-controlling electrical cell, as in claim 1, in which
PA1  said container enclosure supports said movable switch element; and
PA1  said container enclosure embodies an element subject to differential
      pressure, between internal cell pressure and external ambient pressure,
      for controlling the movable switch element.
NUM  3.
PAR  3. A self-controlling electric cell, as in claim 1, in which said container
      enclosure includes
PA1  a. a seal between the inside of the container and the outside atmosphere;
PA1  b. means for holding said seal under closing compression; and
PA1  c. said seal-holding means includes a pressure-responsive element, normally
      closed but responsive to predetermined excess atmospheric pressure in the
      container enclosure, for temporarily moving to pressure-relieving position
      to relieve and reduce excessive atmospheric pressure within the container
      enclosure.
NUM  4.
PAR  4. A self-controlling electric cell, as in claim 3, in which
PA1  said container enclosure is a cylindrical can having a longitudinal axis,
      with an original open end edge border folded re-entrantly inward and
      flanged transversely of the axis to define an annular seat;
PA1  a double-layer sandwich seal of insulating material rests on said annular
      seat;
PA1  a co-axially disposed current-conductor is supported by and depends from
      said double-layer seal; and
PA1  an annular closure element is secured to the effective outer end of said
      infolded can, and rests on said seal to hold said seal in place for
      effective sealing action.
NUM  5.
PAR  5. A self-controlling electric cell, as in claim 4, in which
PA1  said annular closure embodies a pressure-responsive element disposed and
      operative to move to pressure-relieving position for the atmosphere within
      the can, when such pressure exceeds a predetermined value.
NUM  6.
PAR  6. A self-controlling electric cell, as in claim 4, in which
PA1  said current-conductor embodies a supporting element, and said supporting
      element is disposed for support between said double-layers of said
      sandwich seal.
NUM  7.
PAR  7. A self-controlling electric cell, as in claim 6, in which
PA1  said current conductor has a top outer end that extends upward beyond the
      top surface of said seal; and
PA1  a cover cap rests on said top outer end of said current conductor to serve
      as an external electrode of the cell.
NUM  8.
PAR  8. A self-controlling electric cell, as in claim 1, in which said container
      enclosure includes:
PA1  a. a seal between the inside atmosphere of the container and the outside
      ambient atmosphere;
PA1  b. means for holding said seal under closing compression; and
PA1  c. said seal-holding means includes a temperature-responsive element,
      normally rigidly anchored in place to hold said seal in closing
      compression, and responsive to predetermined excess temperature for moving
      from anchored position to release said seal to permit said seal to adjust
      to pressure-relieving position for the atmosphere within the container.
NUM  9.
PAR  9. A self-controlling electric cell, as in claim 8, in which
PA1  said temperature-responsive element is disposed to be responsive to the
      atmospheric temperature developed within the cell container.
NUM  10.
PAR  10. A self-controlling electric cell, as in claim 1, in which said
      container enclosure includes:
PA1  a. sealing means between the inside atmosphere of the container and the
      outside ambient atmosphere;
PA1  b. means responsive to predetermined excess pressure within said container
      for relieving said pressure at one region of said sealing means; and
PA1  c. means responsive to predetermined excess temperature, - likely to cause
      explosive rupture of the cell due to temperature-generated pressure, - for
      relieving said pressure at another region of said sealing means.
NUM  11.
PAR  11. A self-controlling electric cell, as in claim 1, in which said
      container enclosure includes:
PA1  sealing means between the inside atmosphere of the container and the
      outside ambient atmosphere;
PA1  and means separately responsive to predetermined pressure of atmosphere
      within said container, or to predetermined temperature of the atmosphere
      within said container, for selectively controlling said sealing means to
      selectively effect easy gradual pressure relief of the internal
      atmospheric pressure, or rapid complete pressure relief of the internal
      atmospheric cell pressure in said container.
NUM  12.
PAR  12. A self-controlling electric cell, as in claim 3, in which
PA1  said pressure-responsive element of said seal-holding means consists of an
      annular ring with individual radial fingers extending radially inward as
      cantilever elements.
NUM  13.
PAR  13. A self-controlling electric cell, as in claim 1, in which
PA1  one electrode terminal element is disposed as a linear element co-axially
      within said container; and
PA1  said anode means and said cathode means are respectively in sheet form,
      both layered mutually co-planarly, and together helically wrapped around
      said co-axial linear element.
NUM  14.
PAR  14. A self-controlling electric cell, as in claim 1, in which
PA1  said anode means constitutes a lithium layer on a copper substrate;
PA1  said cathode means constitutes a carbonaceous cathodic mix layer on an
      aluminum substrate;
PA1  and said cathode means and said anode means are planarly layered and
      separated by a thin sheet of insulating material, to constitute a
      three-layer composite.
NUM  15.
PAR  15. A self-controlling electric cell, as in claim 14, in which said
      container is elongate about a longitudinal axis;
PA1  an electrically conductive linear element is axially supported along said
      axis within said container;
PA1  and said three-layer composite is helically wrapped around said linear
      element.
NUM  16.
PAR  16. An electric cell, as in claim 1, in which
PA1  said container enclosure has a wall that embodies a pressure-distendable
      part, that has a normal position while the internal pressure in the cell
      container enclosure is below a predetermined value, and that has a
      distended position to which it is moved when said internal pressure
      exceeds that predetermined value;
PA1  and said means for preventing aggravation of said undesirable condition
      includes a circuit-controlling switch.
NUM  17.
PAR  17. An electric cell, as in claim 16, in which
PA1  said circuit controlling switch includes a stationary conducting element
      and a cooperating movable conducting element in the electron circuit path
      of the cell, said movable conducting element being controllable by said
      distendable part to be moved to a position where said movable element
      normally engages said stationary conducting element, so long as internal
      atmospheric pressure in said cell is below a predetermined value, and
      controllable by said distendable part to be moved to a separated position
      to disengage said stationary conducting element, when said internal
      pressure in said cell reaches and exceeds said predetermined value.
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ABST
PAL  A multipoint thermocouple assembly using coil springs in which a coil
      spring is used with each thermocouple to maintain contact between the
      thermocouple measuring junction and the interior side of the assembly
      housing. Maintenance of such contact helps to insure an accurate reading
      of temperature changes which occur outside the assembly housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In various processes, it may be necessary or desirable to obtain a
      temperature profile throughout a vessel. Because of space limitation or
      cost, it may be impractical to insert individual thermocouples through
      numerous openings in the vessel to obtain such profile. Therefore, a
      variety of multipoint thermocouple assembly designs, each of which can be
      inserted through a single opening in the vessel, have been offered to the
      public. A protection well (assembly or exterior housing) containing
      several thermocouples is generally used.
PAR  Ideally, the hot (measuring) junction of each thermocouple is in direct
      contact with the inside wall of the exterior housing for fast response to
      temperature changes in the process. One method of maintaining this direct
      contact has involved the use of springs. To the best of Applicant's
      knowledge, the previous spring methods have included a leaf spring or
      bimetallic spring, the use of the latter spring being claimed in U.S. Pat.
      No. 3,015,234. Applicant is unaware of any prior use of coil springs for
      maintaining the contact between the hot junctions of the thermocouples and
      the inside wall of the exterior housing.
PAR  Applicant presently is aware of the following patent in the field of the
      art: U.S. Pat. No. 3,015,234 (Springfield, 1962). Applicant also is aware
      of its own multipoint thermocouple assemblies including the leaf spring
      design which is shown in Assembly Type II of the enclosed paper.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention generally provides a suitable method
      for holding the hot junctions of the various thermocouples against the
      inner wall of the multipoint thermocouple assembly's exterior housing. The
      coil spring configuration of the present invention replaces leaf spring or
      bimetallic spring configurations and, because of space limitations, offers
      greater spring force. Such space limitations also result in the coil
      spring having a longer spring travel than the other configurations.
      Because the end of each thermocouple is bent at a right angle to the
      exterior housing, the coil spring provides a force which maintains the hot
      junction of the thermocouple in contact with the interior wall of the
      exterior housing even though said housing may move and flex in service.
PAR  Although the leaf spring and bimetallic spring designs attempt to solve the
      same problem as the present invention, such designs fail to offer the
      greater spring force which the present invention can obtain or its greater
      spring travel.
PAR  It is, therefore, an object of the present invention to provide a
      multipoint thermocouple assembly using coil spring to maintain the hot
      junctions of the thermocouples in contact with the housing.
PAR  Another object of the present invention is the provision of greater spring
      force which can be obtained with a coil spring.
PAR  Still another object of the present invention is the provision of greater
      spring travel, which is obtained from a coil spring and which allows the
      thermocouple's hot junction to remain in contact with the inner wall of
      the exterior housing even though said housing may move occasionally.
PAR  A further object of the present invention is the provision of thermocouples
      whose ends containing the hot junctions are bent at right angles to the
      exterior housing, thereby centering each thermocouple's hot junction and
      support mechanisms with the wall of the exterior housing.
PAR  Still other and further objects, features and advantages will be apparent
      from the following description of a presently preferred embodiment of the
      invention, given for the purpose of disclosure and taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings forming a part of the disclosure herein, like character
      references designate like parts throughout the several views, wherein
PAR  FIG. 1 is a side elevational view of a multipoint thermocouple assembly as
      used in a storage vessel;
PAR  FIG. 2 is a side elevational view, partly in section, of a multipoint
      thermocouple assembly using coil springs;
PAR  FIG. 3 is a partial cut-away view of FIG. 2 showing an end section of one
      thermocouple and its associated parts; and
PAR  FIG. 4 is a cross-sectional view of FIG. 3 taken along line 4--4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The multipoint thermocouple assembly 10 includes one or more thermocouples
      12, an enclosure 14 for holding the cold junctions of the thermocouples,
      and an exterior housing 16 which contains a longitudinal passage 18 in
      which the interior portions of the assembly are maintained. Without
      limiting the design of the exterior housing, it should be noted that such
      housing may have a cylindrical shape.
PAR  The interior portions of the assembly 10 include the thermocouples 12, a
      support strap 24 passing through the longitudinal passage 18, and a coil
      spring means 26 for each thermocouple. While it may be possible to use
      other types of thermocouples in the present configuration, the preferred
      embodiment uses sheathed thermocouples. Each coil spring means 26 is
      located adjacent to and on the exterior side of a thermocouple 12 between
      the above mentioned support strap 24 and the interior side 20 of the
      exterior housing.
PAR  Each thermocouple 12 extends from the enclosure 14 which holds the cold
      junctions through the longitudinal passage 18 of the exterior housing 16.
      Initially, the path of the thermocouple is basically parallel to the
      center of such passage and the thermocouple is held in place adjacent to
      the support strap 24 by appropriate means 28. As shown in FIGS. 2-4, the
      means 28 is composed of various straps. However, the thermocouple departs
      from such path and curves outward toward the interior wall 20 of the
      exterior housing 16 as it approaches its end 30 which is located away from
      the enclosure 14. The thermocouple 12 terminates in a position which is
      basically perpendicular to its original path and which is immediately
      adjacent to and in contact with the interior wall 20 of the exterior
      housing 16. The hot junction 32 of the thermocouple 12 is located at such
      point. By positioning the hot junction 32 in direct contact with such
      interior wall 20, the thermocouple 12 responds quickly to any change in
      the temperature of the process in question.
PAR  The support strap 24 passes through the longitudinal passage 18 of the
      exterior housing 16 and may be fixedly attached to such housing by any
      conventional methods. However, the preferred method involves selection of
      a support strap which has a width approximately equal to the interior
      diameter of the exterior housing, assuming the latter is cylindrical.
      After a thermocouple 12 has had its direction changed and is directed
      towards the interior wall of the exterior housing, it passes through the
      support strap and then through a coil spring means 26. In the preferred
      embodiment, the coil spring means includes two stops 34 and 36 and a coil
      spring 38. One stop 34 is located adjacent to the support strap on the
      side of said strap which is nearest to the point of contact of the
      thermocouple 12 and the interior wall of the exterior housing. The other
      stop 36 is fixedly attached to the thermocouple at a point between the
      first stop 34 and the interior wall of the exterior housing. The coil
      spring 38 is located on the thermocouple 12 and between the first and
      second stops. Such positioning of the coil spring means 26 allows the coil
      spring to push the thermocouple 12 towards the interior wall of the
      exterior housing and hold the same in contact with said wall. The
      positioning of the thermocouple's hot junction 32 at the end of the
      thermocouple which is in contact with the interior wall of the exterior
      housing allows for fast response to temperature changes in the process
      which is located outside the exterior housing.
PAR  Included among the advantages of the present invention is the fact that
      greater spring force can be obtained, for the present purpose, with a coil
      spring than with a leaf or bimetallic spring. Therefore, the force which
      holds the thermocouple's hot junction in contact with the inner wall of
      the exterior housing is greater. Additionally, the space limitations
      result in the coil spring configuration having greater travel than other
      types of spring configuration. Finally, because the end of each
      thermocouple is bent at a right angle to the exterior housing, the coil
      spring provides a force which maintains the hot junction of the
      thermocouple in contact with the interior wall of the exterior housing
      even though said housing may move or flex occasionally.
PAR  The present invention, therefore, is well adapted to carry out the objects
      and attain the ends and advantages mentioned as well as others therein.
      While a presently preferred embodiment of the invention has been given for
      the purpose of disclosure, numerous changes may be made without departing
      from the spirit and scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a thermocouple assembly for obtaining a temperature profile of a
      process throughout a vessel, which assembly includes a thermocouple having
      a cold junction and a temperature sensitive end, an enclosure containing
      said cold junction, a housing extending from the enclosure containing a
      longitudinal passage therein, the thermocouple being located in the
      longitudinal passage and extending generally parallel thereto throughout
      most of its length, the improvement comprising:
PA1  a. the temperature sensitive end of the thermocouple extending generally
      perpendicular to the longitudinal passage and being in contact with the
      interior of the housing;
PA1  b. a support strap located in said longitudinal passage and through which
      the temperature sensitive end of the thermocouple extends; and
PA1  c. coil spring means operatively connected to the temperature sensitive end
      for maintaining said temperature sensitive end in contact with the
      interior of said housing.
NUM  2.
PAR  2. The invention of claim 1 wherein said coil spring means (c) is further
      defined as being superimposed over the temperature sensitive end of the
      thermocouple and being in contact with said support strap (b) for urging
      said temperature sensitive end away from said support strap and into
      contact with the interior of said housing.
NUM  3.
PAR  3. The invention of claim 1 wherein the thermocouple assembly includes a
      plurality of said thermocouples having cold junctions and temperature
      sensitive ends, wherein the temperature sensitive end of each thermocouple
      extends generally perpendicular to the longitudinal passage and is in
      contact with the interior of the housing and coil spring means exist for
      each thermocouple, each coil spring means being operatively connected to
      its respective thermocouple for maintaining the temperature sensitive end
      in contact with the interior of said housing.
NUM  4.
PAR  4. In a thermocouple assembly for obtaining a temperature profile of a
      process throughout a vessel, the combination including:
PA1  a. a thermocouple having a cold junction and a temperature sensitive end;
PA1  b. an enclosure containing said cold junction;
PA1  c. a housing extending from the enclosure and containing a longitudinal
      passage therein, the thermocouple being located in the longitudinal
      passage and extending generally parallel thereto throughout most of its
      length, while the temperature sensitive end of the thermocouple extends
      generally perpendicularly to the longitudinal passage and is in contact
      with the interior of the housing;
PA1  d. a support strap located in said longitudinal passage and through which
      the temperature sensitive end of the thermocouple extends; and
PA1  e. coil spring means operatively connected to the temperature sensitive end
      for maintaining said temperature sensitive end in contact with the
      interior of said housing.
NUM  5.
PAR  5. The invention of claim 4 wherein said coil spring means (e) is further
      defined as being superimposed over the temperature sensitive end of the
      thermocouple (a) and being in contact with said support strap (d) for
      urging said temperature sensitive end away from said support strap and
      into contact with the interior of said housing (c).
NUM  6.
PAR  6. The invention of claim 4 wherein the thermocouple assembly includes a
      plurality of said thermocouples (a) having cold junctions and temperature
      sensitive ends, wherein the enclosure (b) contains all said cold junctions
      and the housing (c) contains all of the thermocouples with the temperature
      sensitive ends extending generally perpendicular to the longitudinal
      passage and being in contact with the interior of the housing, and coil
      spring means exist for each thermocouple, each with spring means being
      operatively connected to its respective thermocouple for maintaining the
      temperature sensitive end in contact with the interior of said housing
      (c).
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PAL  A cold-rolled rimmed steel composition including vanadium and nitrogen, and
      process for producing the same with a preferred grain structure, which
      steel is particularly adapted for one-coat vitreous enameling.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of copending application Ser. No. 796,148, Feb. 3,
      1969 now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to a new and improved steel particularly adapted for
      vitreous enameling applications and process for producing such steel. More
      specifically, this invention relates to a vanadium-nitrogen bearing rimmed
      steel, and process for producing the same, which steel is particularly
      adapted for one-coat porcelain enameling.
PAR  Steels produced for use in enameling applications may be classified in two
      categories: one-coat and two-coat. Two-coat enameling steels generally
      contain above .01% carbon, with some of the carbon being in the form of
      iron carbide with the base matrix. When such steels are coated with a
      porcelain frit and fired, surface carbides react with the frit to produce
      carbonaceous gas, which in turn produces pits or gas bubbles in the
      enameled surface. An additional coat is then applied to cover these
      defects and to produce a smooth finished surface. One-coat enameling
      steels are generally decarburized to a carbon level below 0.007%.
      Consequently, no free carbides exist in the base matrix. Since, under such
      condition, there is little or no danger of carbide reaction with the
      enameling frit to form defects, such materials may require only a single
      coat of frit to produce the desired surface. It is apparent that such
      one-coat steels result in considerably saving of time and money and why
      they have come to be in great favor among enamelers.
PAR  However, the decarburized one-coat steels that have been available,
      heretofore, usually suffer from severe loss of strength after the forming
      and firing operations. Such loss is usually produced by the thermal and
      mechanical treatments to which the material has been subjected during
      processing. During forming, cold work is introduced into the material,
      with strain levels ranging up to 20%. The subsequent firing of the frit
      coating to the base metal results in recrystallization and grain growth,
      and a concomitant loss of strength. Flexing or other work loading of the
      enameled part may then produce yielding of the base metal. The brittle
      enamel surface does not yield and hence spalls from the base metal. The
      spalled or chipped material then must be either scrapped or re-enameled.
      Consequently, such materials are restricted to those applications where
      higher-fired strengths are required.
PAR  The desideratums for direct one-coat enameling steels include: resistance
      to formation of gas producing defects; good pickling rate; adequate
      formability; suitable resistance to sag and distortion at enameling
      temperatures; and adequate strength after enameling. The one-coat steels
      which have been available heretofore to the porcelain enameling industry
      do not exhibit all of these desirable characteristics to a suitable
      degree; for example some of the titanium stabilized steels exhibit a good
      yield strength after firing characteristic but do not present a suitable
      surface appearance.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved enameling steel,
      and process for producing the same, which satisfies the above referred to
      desideratums. It is a further object of this invention to provide an
      enameling steel which is adapted for one-coat enameling application and
      which obviates some of the disadvantages of the prior art one-coat
      enameling steels.
PAR  Briefly, the objects are attained by providing a new chemical composition
      for an enameling steel and process for producing the same, which process
      correlates the composition with the hot rolling, cold reduction, and
      annealing steps. The present invention provides for an improved one-coat
      enameling steel, exhibiting good surface appearance, exceptionally high
      yield strength after straining and heating to enamel-firing temperatures,
      good resistance to shape distortion (sag) during the firing cycle. A
      preferred embodiment of the enameling steel comprises, in percent by
      weight: less than 0.007 carbon (after decarburization), 0.30 to 0.50
      manganese, 0.025 to 0.06 vanadium, 0.009 to 0.015 nitrogen, and with the
      principal portion of the remainder being iron with ordinary impurities.
PAR  The invention further provides for a process for producing an enameling
      steel having high yield strength after straining and firing comprising the
      steps of: (a) hot-rolling a ferritic composition of this invention at a
      temperature in the range of 1590.degree. to 1630.degree.F, more preferably
      in the range of 1600.degree. to 1610.degree.F, (b) cold-reducing the steel
      product, preferably in the order of 30 to 60%, and (c) decarburize
      annealing the steel product, preferably at a temperature in the order of
      1340.degree. to 1350.degree.F.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following example discloses the ranges of the principal elements of
      embodiment of the composition from which a one-coat enameling steel,
      within the scope of the present invention, is prepared:
TBL                       Percent by Weight                                    
     Element              Acceptable                                           
                                    Preferred                                  
     __________________________________________________________________________
     Carbon (C), open hearth       .04-.16                                     
      after decarburization                                                    
                          less than .007                                       
                                   less than 0.005                             
     Manganese (Mn)       0.2 to 0.7                                           
                                   0.3 to 0.5                                  
     Vanadium (V)         0.02 to .08                                          
                                   0.025 to 0.06                               
     Nitrogen (N)         0.008 to 0.016                                       
                                   0.009 to 0.015                              
     Phosphorous (P)      0.01 max.                                            
                                   0.005                                       
     Sulphur (S)          0.05 max.                                            
                                   0.02 to 0.03                                
     Silicon (Si)  permissible                                                 
                          0.04 max.                                            
                                   0.01 max.                                   
     Aluminum (Al) residuals                                                   
                          up to 0.01                                           
                                   up to 0.01                                  
     Copper (Cu)          0.06 max.                                            
                                   0.03 to 0.04                                
     Nickel (Ni)          0.06 max.                                            
                                   0.03 to 0.04                                
     Chromium (Cr)        0.06 max.                                            
                                   0.03 to 0.04                                
     __________________________________________________________________________
PAR  Iron constitutes the base of and comprises the balance of the composition
      with the exception of insignificant amounts of impurities incident to
      usual steel-making practice such as iron oxides, other metallic oxides,
      and the like.
PAR  The composition includes vanadium within the specified range and also
      purposefully includes nitrogen. It has been known in the art to provide
      rimmed steels containing vanadium and residual nitrogen levels for use as
      deep-drawing steels which are non-aging. In such rimmed steels, the
      vanadium is added to combine with the nitrogen, which nitrogen causes
      aging in rimmed steels. The present invention may be distinguished from
      such compositions in that nitrogen is purposely added as an alloying
      element so as to combine with the vanadium in a manner whereby the yield
      strength after firing is maintained at a higher level than heretofore
      attained.
PAR  Semi-killed steels, which include vanadium and nitrogen, have been
      produced. However, these semi-killed steels are not subjected to cold
      reductiton and decarburization annealing and are normally used in the
      hot-rolled condition. Vanadium and nitrogen additives are employed in
      semi-killed steels to facilitate the standard precipitation hardening
      effects and grain refinement of the hot-rolled product.
PAR  The use of vanadium and nitrogen additives in an enameling steel is
      considered unique. We have discovered that such addition retards
      recrystallization and grain growth during the processing of the
      composition. These additives, when present in the appropriate indicated
      amounts and accompanied by the described processing techniques, produce a
      material which retains its strength through all strain levels and firing
      cycles normally encountered in enameling procedures. The art has not
      previously recognized that vanadium and purposeful nitrogen additions can
      retard the recrystallization kinetics of the parent steel composition and
      retain the original grain size and strength levels.
PAR  A unique process has been discovered for treating the steels described
      herein to retard recrystallization and grain growth during the processing
      and provide a material which retains its strength through the strain
      levels and firing cycles normally encountered in enameling procedures. The
      steels of this invention are processed through most of the sequence of
      steps usually followed in processing enameling steels; however, there are
      several important distinctions in the processing parameters as will
      hereinafter be described.
PAR  The usual sequence of steps include: hot-rolling conditioned slabs to form
      a band, which optionally may be of a nominal 0.093 inch thickness; coiling
      of the band at a temperature in the range of 1050.degree. to
      1100.degree.F; pickling; cold-reduction, which optionally may be to a
      nominal 0.035 inch thickness; decarburize annealing the cold-reduced band;
      and temper rolling.
PAR  The following Table I compares the processing parameters, and resultant
      physical characteristics, of three different steel coils having the
      composition of this invention.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                               ASTM*  YSAF**                                   
     Coil                                                                      
        Hot Roll                                                               
              Coiling                                                          
                    Annealing                                                  
                          Sag/ins.                                             
                               Grain psi at 20%                                
     No.                                                                       
        Temp. .degree.F                                                        
              Temp. .degree.F                                                  
                    Cycle      Size No.                                        
                                     Prestrain                                 
     __________________________________________________________________________
     1  1660  1050  S'td. .98   10.5  17,000                                   
     2  1580  1060  S'td. 1.02  10    50,000                                   
     3  1610  1025  Spec. .46    9    50,000                                   
     __________________________________________________________________________
       *ASTM = American Society for Testing Materials                          
      **YSAF = Yield Strength After Firing                                     
PAR  The standard (S'td.) annealing cycle comprises: heating from room
      temperature to 1320.degree.F; followed by a 10-hour wet cycle (circulating
      a moistened decarburizing gas); a 3-hour dry cycle (circulating a dry
      decarburizing gas); and cooling within the furnace to 200.degree.F.
PAR  The special (Spec.) annealing cycle comprises: heating from room
      temperature to 1340.degree. to 1350.degree.F; followed by a 3-hour holding
      cycle in the range of 1340.degree. to 1350.degree.F; a 10-hour wet cycle
      at 1340.degree. to 1350.degree.F; a 3-hour dry cycle at 1340.degree. to
      1350.degree.F, and slow cooling to 200.degree.F, preferably within the
      annealing furnace.
PAR  In each of the cases above described, the "open coil" annealing technique
      was used. However, it will be understood that a continuous annealing
      technique may also be employed. It is only important that the entire
      surface of the steel be exposed to the annealing atmosphere during
      processing.
PAR  In respect to Coil No. 1, it will be noted that the yield strength after
      firing (YSAF) is low and that the sag is considerably out of a preferred
      maximum of 0.5 in. range. It is believed that these undesirable
      characteristics may be attributed to the high finishing temperature
      associated with the hot-rolling procedure. The poor sag characteristics
      are believed to be attributable to the fine grain size produced by
      standard cold reductions and annealing cycles.
PAR  In respect to Coil No. 2, while the YSAF is satisfactory, the sag is
      undesirably high. It is believed that the improvement in YSAF may be
      attributed to the lower hot-roll finishing temperature.
PAR  In contrast, Coil No. 3, which was processed in accordance with the
      techniques of this invention, not only provides a high YSAF but also a
      better than 50% reduction in sag.
PAR  The hot-roll finishing temperatures indicated in the table are those which
      are appropriate when the strip or band temperature is measured just prior
      to entry between the rolls of the last finishing stand. It will be
      understood that these temperatures vary somewhat according to the location
      of the temperature measurement and the type and accuracy of the measuring
      device. It is believed that a temperature range of 1590.degree. to
      1630.degree.F will yield satisfactory results; however, a rolling
      temperature range of 1600.degree. to 1610.degree.F is preferred.
PAR  In order to measure the sag the standard ASTM test was employed. The test
      comprises heating a two-inch by twelve-inch steel specimen for ten minutes
      at 1500.degree.F and measuring the amount of deflection which results. The
      specimen is supported on ten inch centers and sag is considered to be the
      difference in deflection, before and after firing, as measured at the
      center of the strip.
PAR  Further typical results are shown in the following Table II for a number of
      ingots produced from the steel composition of and processed in accordance
      with this invention. The formability, enamelability and tensile properties
      of this material are good as compared to other enameling steels.
TBL                TABLE II                                                    
     ______________________________________                                    
     As Received Properties                                                    
       Yield Strength 35,000 psi                                               
       Ultimate Tensile Strength                                               
                      51,000 psi                                               
       Elongation (in 2" gage)                                                 
                      37%                                                      
     ASTM Grain Size  8 - 83/4                                                 
     YSAF                                                                      
     % Prestrain      ksi                                                      
      0               38                                                       
      4               40                                                       
      8               44                                                       
     12               46                                                       
     16               49                                                       
     20               30 - 45                                                  
     Enamelability                                                             
       Enamel Adherence                                                        
                      Good - Excellent                                         
       Surface Appearance                                                      
                      Good                                                     
       Pickling Rate  2 - 3 gms/sq. ft. for 30                                 
        (prior to enameling)                                                   
                      mins. in 7% H.sub.2 SO.sub.4 at 155.degree.F             
     ______________________________________                                    
PAR  It is common for enamlers to specify in their purchase requirements for
      enameling steel that the steel shall have a minimum YSAF of 20,000 psi. As
      indicated above in Table II, the enameling steel of this invention more
      than admirably fulfills this requirement. As a matter of fact, so far as
      we are aware, others have not been able to consistently produce an
      enameling steel which has a YSAF of 40,000 psi after a minimum prestrain
      of at least 12%.
PAR  It is believed that a synergistic effect of the vanadium and nitrogen
      constituents enabled the steel to retain its strength, after being formed
      and subsequently furnace fired at 1450.degree.F for 7 minutes. The forming
      operation was simulated by prestraining sheet tensile specimens in
      accordance with the indicated percentages, and then heating the strained
      sheets to 1450.degree.F for 7 minutes furnace time.
PAR  It was also determined that the maintenance of the grain size within the
      preferred range of 8 to 91/2 ASTM grain size (and more preferably 8 to
      83/4) contributes to the good sag resistant characteristics of the steel.
      Generally, it is expected that the combined vanadium and nitrogen
      additions prevent softening during the firing operation and that the grain
      boundaries lose strength as the temperature increases. Simultaneous
      retention of strength by the grains and softening of the grain boundaries
      cause the grains to slide past one another and produce large distortions
      during firing. However, it was found unexpectedly that this grain-boundary
      sliding can greatly be reduced or eliminated by developing and maintaining
      the indicated preferred grain size with compositions of the type of this
      invention. One of the methods of controlling and maintaining the grain
      size is the use of the special annealing cycle described above. A second
      method of maintaining and controlling the grain size is to use a lower
      than usual percent cold reduction. The development of the preferred grain
      structure and size is believed to contribute towards the sag resistance
      characteristic. This grain structure and size is achieved throughout the
      thickness of the steel sheet processed in accordanace with this invention.
      Consequently, its grain size structure may be described as homogeneous
      throughout the thickness, as opposed to and distinguishable from those
      laminar-type grain structures wherein a surface of one grain size is
      produced over an inner core of another grain size.
PAR  While we have described a presently preferred embodiment of the enameling
      steel of this invention and have illustrated a presently preferred method
      of producing the same, it is to be understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing a rimmed unkilled enameling steel characterized
      by a minimum yield strength after firing of 40 ksi, which process
      comprises:
PA1  a. providing a rimmed unkilled steel consisting essentially, in percent by
      weight, of: 0.02 to 0.08 vanadium; 0.008 to 0.016 nitrogen; 0.2 to 0.7
      manganese; 0.04 to 0.16 carbon; and the balance being essentially iron;
PA1  b. hot rolling said steel at a temperature in the range of 1590.degree. to
      1630.degree.F;
PA1  c. cold reducing the hot rolled steel; and
PA1  d. subjecting the cold reduced steel to a decarburizing annealing cycle
      which will produce a substantially homogeneous grain structure throughout
      its thickness and reduce the carbon content to less than .01 percent,
      which annealing cycle comprises:
PAR  1. heating said steel to a temperature in the range of 1340.degree. to
      1350.degree.F and holding at that temperature for about three hours;
PA2  2. heating said steel in a wet atmosphere of decarburizing gas in the range
      of 1340.degree. to 1350.degree.F;
PA2  3. heating said steel in a dry atmosphere of decarburizing gas at a
      temperature in the range of 1340.degree. to 1350.degree.F; and
PA2  4. furnace cooling said steel to a temperature of about 200.degree.F.
NUM  2.
PAR  2. A process for producing a rimmed unkilled enameling steel having good
      sag resistance and high yield strength firing characteristics, which
      process comprises the following steps:
PA1  a. providing a rimmed unkilled steel consisting essentially of the
      following constituents in percent, by weight: from about 0.2 to 0.7
      manganese, from about 0.02 to 0.08 vanadium, from about 0.008 to about
      0.016 nitrogen, up to 0.01 aluminum, and 0.04 to 0.16 carbon, the
      remainder being iron with ordinary impurities;
PA1  b. hot rolling said steel at a temperature in the general range of
      1590.degree. to 1630.degree.F;
PA1  c. cold reducing said steel in the order of 30 to 60 percent of its
      thickness; and
PA1  d. subjecting said steel to a decarburizing annealing cycle, producing
      substantially homogeneous grain structure throughout its thickness having
      an ASTM grain size in the range of 8 to 91/2 and reducing the carbon
      content to less than 0.01 percent, which cycle comprises:
PAR  1. heating said steel to a temperature in the range of 1340.degree. to
      1350.degree.F and holding at that temperature for about 3 hours;
PA2  2. heating said steel in a wet atmosphere of decarburizing gas at a
      temperature in the range of 1340.degree. to 1350.degree.F for about 10
      hours;
PA2  3. heating said steel in a dry atmosphere of decarburizing gas at a
      temperature in the range of 1340.degree. to 1350.degree.F for about 3
      hours; and
PA2  4. furnace cooling said steel to a temperature of about 200.degree.F.
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ABST
PAL  In the continuous strand method of processing high carbon steel wire for
      subsequent cold deformation, a zinc phosphate conversion coating is
      rapidly formed on the steel surface to aid in the subsequent deformation
      by contacting the steel surface with an aqueous acidic coating solution
      comprising phosphate, zinc and nitrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When high-carbon steels are prepared for cold deformation, they are first
      heat treated. Particularly, when high carbon steel wire is prepared for
      cold deformation, the heat treating operation, known as "patenting" is
      performed in a continuous line. That is, the wire is run off of spools or
      coils through the heat treating furnace in a continuous strand. Following
      the heat treating operation, the steel wire is provided with a coating to
      aid in the subsequent deformation. Coatings on the steel surface in
      conjunction with suitable drawing lubricants, are known to aid in reducing
      friction between the metallic surface and the deforming tools. Coatings
      formed on the surface of metals, which are subsequently to be cold
      deformed, are required to serve functions in addition to aiding in the
      cold deformation of the steel. When the metallic article is not
      immediately deformed, a coating on the metallic surface provides
      protection against surface corrosion. In addition, the coated work pieces
      when passed through drawing lubricants prior to deforming, retain a
      greater amount of the lubricants than do non-coated surfaces. Phosphate
      coatings improve wire drawing operations by increasing the drawing speed,
      providing longer die life, and improving machine efficiency due, for
      example, to less stoppage for die replacement. They also substantially
      reduce die maintenance cost due to a more regular wearing of the dies.
      Better appearance and surface condition of the drawn wire, greater
      uniformity of cross section and increased resistance to corrosion are
      other advantages available from using phosphate coatings. The ability to
      draw wire of higher carbon content and higher tensile strength at
      increased speed is a further advantage.
PAR  Among the many phosphate coating compositions which are available to form
      the coatings, a zinc phosphate coating is preferred as an aid in wire
      drawing. Iron and manganese phosphate coatings have been tried and found
      substantially inferior as drawing aids. In addition, the manganese
      phosphate coatings are slower reacting, more costly to use and more
      difficult to control. Iron phosphate coatings do not produce sufficient
      coating weights for their use in wire drawing.
PAR  The optimum amount of phosphate coating for continuous wire drawing
      involving several size reduction steps is one which will give good
      performance at the last die without being excessive at the first die.
      Phosphate coatings can be too heavy and result in the creation of
      vibrations during size reduction in the drawing steps. Too light a coating
      will result in poor performance at the last die because insufficient
      coating is carried through to maintain the required separating layer
      between the die and the wire to prevent excessive wear of the die or
      scratching of the workpiece surface.
PAR  Coating weights of from about 450 to 1,550 mg/sq. ft. (5 to 16 g/m.sup.2)
      of surface area are desirable for steel wire drawing. To obtain coating
      weights in excess of about 450 mg/sq. ft. (5 g/m.sup.2) zinc phosphate
      compositions have been employed.
PAR  In some zinc phosphate coating operations, additional ionic constituents
      have been employed. Additional ionic constituents such as nickel and
      copper have been thought to influence the reaction of coating compositions
      on the metal surface and modify the character and properties of the
      phosphate coatings.
PAR  Phosphate coating compositions having phosphate, zinc and nitrate have been
      employed in the past. In addition compositions wherein the nitrite
      oxidizing agent is autocatalytically regenerated from nitrate in an
      operating coating bath have been employed. The nitrate and nitrite are
      useful in the operating coating bath to convert the dissolved iron from
      the divalent ferrous form into the trivalent ferric form. Since tertiary
      ferric phosphate is only slightly soluble in an acid phosphate coating
      bath, the dissolved iron is precipitated out of the solution as sludge and
      the bath is thus maintained in a so-called "iron-free" condition.
PAR  In the attempts to form zinc phosphate coatings it has not been possible to
      form coatings of greater than about 450 mg/sq. ft. (5 g/m.sup.2) on high
      carbon steel in less than about 30 seconds. Additionally the autocatalytic
      regeneration of nitrite fails at the low bath loading rates common to the
      continuous strand processing methods.
PAR  Because zinc phosphate coatings of greater than about 450 mg/sq. ft. (5
      g/m.sup.2) could not be formed with sufficient speed to be incorporated
      into a continuous strand, wire heat-treating line, the wire has frequently
      been recoiled subsequent to heat treating for a later coating operation.
      The recoiled wire could then be contacted with a coating bath over a
      longer period of time by slowing the speed of the moving wire. The
      recoiled wire has also been coated in the coiled or rolled state. When a
      coil or roll of wire is coated in the coil or roll, that is without
      unrolling, the resulting coating is not uniform in thickness over the
      entire surface area, because the coating composition is not contacted
      uniformly with the metal surface throughout the suspended coil or roll.
      Sophisticated apparatus must then be used to shake the coils and rolls or
      drop them sharply in attempts to open the coils or rolls enabling better
      contact with the coating baths. Because of the time and costs involved for
      recoiling and coating, it is desired to eliminate these steps. To
      eliminate the recoiling and separate treating steps, attempts to apply a
      conversion coating on the steel surface as the wire leaves the
      heat-treating step have been made.
PAR  When applied to high carbon steel wire "patenting" or heat-treating lines
      moving at high speed in a continuous operation, the prior art phosphate
      coating processes have been found deficient in their application. High
      carbon steel has been found to be particularly difficult to coat. To
      withstand the heavy pressures in the deforming operation, particularly in
      those of high carbon steel wire drawing, coatings of from about 450 to
      about 1,200 mg/sq. ft. (5 to about 13 g/m.sup.2) coating weight are
      desired. When small diameter high carbon steel wire is heat treated,
      speeds of up to 200 feet (70 meters) per minute have been obtained. Such
      high carbon steel wire in a continuous heat-treating operation, when
      immediately provided with a zinc phosphate coating without rerolling or
      recoiling subsequent to heat treating and prior to coating, has required a
      coating stage of up to about 100 feet (30.5 meters) due to the long
      coating time required. The costs of apparatus and work space make such a
      practice prohibitive. To save space, which is at a premium, it is
      desirable to limit the coating stage to no more than about 25 feet (7.6
      meters).
PAR  Attempts to rapidly apply uniform zinc phosphate coatings on surfaces of
      high carbon steel wire have resulted in coatings which are deficient in
      coating weight.
PAC  OBJECTS OF THE INVENTION
PAR  The primary object of this invention is to provide a method and a zinc
      phosphate coating solution for forming on high carbon steel surfaces an
      adherent conversion coating, sufficient for wire drawing.
PAR  An important object of the invention is to provide a method and a
      zinc-phosphate coating solution for rapidly forming a zinc phosphate
      coating on a high carbon steel surface which can be employed in a
      continuous strand wire heat-treating line.
PAR  Another object of the invention is to provide a coating solution which is
      operable at a temperature lower than normally employed in the art.
PAR  Another object of the invention is to form on a high carbon steel surface,
      a zinc phosphate coating of from about 450 to about 1,200 mg/sq. ft. (5 to
      about 13 g/m.sup.2) which aids in the subsequent deforming or drawing
      operations.
PAR  A concomitant object of the invention is to provide on a high carbon steel
      surface, a coating which aids in the subsequent adhesion of drawing or
      deforming lubricants.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a method and coating solution for rapidly
      and continuously producing a zinc phosphate conversion coating on a
      heat-treated high carbon steel wire which aids in subsequent high speed
      deformation of the steel. The process comprises contacting the steel
      surface subsequent to pickling and water rinse steps with an aqueous
      acidic coating solution comprising phosphate, zinc and nitrate at a
      temperature of less than about 90.degree.C for less than about 15 seconds.
      Thereafter the coated surface is rinsed and dried.
PAR  The terms "zinc phosphate coating solution" and "coating solution" employed
      herein mean the aqueous acidic solution of the invention comprising
      phosphate, zinc and nitrate as described hereinbelow.
PAR  The terms "steel" and "high carbon steel" employed herein meaan the class
      of steels having more than about 0.30 percent by weight of carbon therein.
PAR  The coating solution of the invention can be prepared in several ways. The
      constituents can be added individually to water in the form of their acid,
      oxide, water soluble salt and the like, so long as the parameters of the
      coating solution as described hereinbelow are fulfilled. For example, zinc
      dihydrogen phosphate, zinc nitrate and phosphoric acid can be employed to
      make a coating solution of the invention. Preferably a concentrate is
      prepared which is subsequently added to water to make the coating
      solution.
PAR  To prepare the concentrate, it is preferred to supply the phosphate in the
      form of phosphoric acid, the zinc in the form of zinc oxide and the
      nitrate in the form of nitric acid. By employing phosphoric acid, zinc
      oxide and nitric acid to supply the constituents, an aqueous acidic
      concentrate can be prepared which can subsequently be added to water in
      the proper proportions to prepare the coating solution of the invention.
PAR  Certain other of the metallic cations as are known to be present in zinc
      phosphating compositions can be employed in the coating solution of the
      invention so long as the form in which they are supplied causes no harm in
      the performance of the coating solution. For example, the coating solution
      can comprise in addition to phosphate, zinc, and nitrate; additional
      constituents such as nickel, copper and calcium.
PAR  The additional constituents can be introduced to the coating solution in
      any acceptable form, such as their soluble salts, which will dissociate to
      nickel ion, copper ion and calcium ion.
PAR  Trace quantities of ferric ion can also be present in the coating solution
      resulting from the action of the coating solution in contact with the
      steel surface. The insolubility of ferric phosphate prevents more than the
      trace quantities of ferric ion in the solution.
PAR  In employing the coating solution of the invention, the amounts of the
      constituents therein are important to the rapid formation of a suitable
      conversion coating on a steel surface to aid in the subsequent deformation
      of the steel.
PAR  In the coating solution, phosphate can be present in the amount of from
      about 10 to about 150 grams per liter. Zinc can be present in the coating
      solution in the amount of from about 5 to about 100 grams per liter.
      Nitrate can be present in the coating solution in the amount of from about
      10 to about 80 grams per liter. In addition to the phosphate, zinc and
      nitrate present in the amount stated above, the ratio of the amounts of
      the constituents in the coating solution have been found to be important.
      The zinc in the coating solution is present in the amount of from about
      0.4 to about 1.2 parts by weight for each part of phosphate, and nitrate
      is present in the amount of from about 0.4 to about 1.6 parts by weight
      for each part of phosphate. Within the above parameters of the
      constituents, there have been found to be ranges which are preferred for
      use in the process of the invention.
PAR  It is preferred, therefore, that the phosphate be present in the coating
      solution in the amount of about 35 to about 55 grams per liter, the zinc
      be present in the amount of about 30 to about 50 grams per liter and the
      nitrate be present in the amount of about 20 to about 50 grams per liter.
PAR  It has been found that to obtain a coating weight of at least about 450
      mg/sq. ft. (5 g/m.sup.2) in the shortest period of time it is necessary
      that the nitrate be present in the coating solution such that the ratio of
      nitrate to phosphate is from about 0.4 to about 1.6 parts by weight and is
      preferably present in the coating solution in the amount of from about 20
      to about 50 g/l.
PAR  A preferred coating solution of the invention can be prepared, for example,
      by adding to water, a concentrate according to Formula I or Formula II
      below.
TBL  ______________________________________                                    
                      GRAMS PER LITER                                          
     CONSTITUENT COMPOUND                                                      
                        FORMULA I  FORMULA II                                  
     ______________________________________                                    
     Zinc oxide         287        270                                         
     Phosphoric acid    322        222                                         
     Nitric acid        324        220                                         
     Nickel carbonate    1         --                                          
     Ferric chloride     4         --                                          
     Water to make one liter                                                   
     ______________________________________                                    
PAR  The ferric chloride shown in the formula above is added to improve the
      stability of the concentrate and has no utility in the operation of the
      coating solution as far as is known.
PAR  Reference is made to acidity herein in terms of "points of total acid",
      "points of free acid" and "acid ratio" or "total acid to free acid ratio".
      The terms "total pointage" and "points of total acid" means the total
      acidity of a solution as measured by the number of milliliters of N/10
      NaOH needed to titrate a 10 milliliter sample of the coating solution to a
      pink end-point using phenolphthalein as an indicator. To determine the
      "points of free acid" of a coating solution, a 10 milliliter sample is
      titrated with N/10 NaOH to a bromophenol blue end point and the number of
      milliliters of N/10 NaOH required is the "points of free acid" of the
      solution. The "acid ratio" or "total acid to free acid ratio" is
      calculated as the points of total acid divided by the points of free acid.
PAR  The acidity of the coating solution is influenced by many factors, and
      consequently the points of total acid, the points of free acid and the
      acid ratio to be discussed in greater detail below, are of importance in
      the coating solution.
PAR  The process of the invention has an advantage wherein it is unnecessary to
      periodically replenish nitrite. At the inception of an operating solution
      however, it is advisable to establish a nitrite concentration of at least
      about 0.1  grams per liter. Thereafter no further nitrite need be added in
      the course of a working cycle, since nitrite will be autocatalytically
      generated from the nitrate present in the coating solution in an amount
      sufficient to maintain a concentration of nitrite in an amount of at least
      0.1 grams per liter. The nitrate is normally maintained in a sufficient
      amount by the addition of nitric acid to maintain the free acidity of the
      coating solution. When the amount of steel surface in contact with the
      coating solution is small in comparison to the volume of coating solution,
      that is, when bath loading is small, there can be insufficient residual
      nitrite in solution to commence a new cycle of operation with coating
      solution which has not been used for a period of time without the need to
      add nitrite again. Because it is difficult to determine if nitrite
      autocatalytic generation will initiate, it is preferred to add a small
      amount of nitrite to the coating solution to ensure the commencement of
      autocatalytic generation from nitrate should the coating solution not be
      used for a time. The reason, of course, is that nitrite breaks down in the
      acidic solution and is lost. Without a throughput of steel surfaces,
      autocatalytic regeneration of nitrite from nitrate would stop.
PAR  Should a nitrite be added, it can be added to the coating solution in the
      form of any of its soluble salts so long as the salt cation does not
      interfere with the operation of the coating solution. For example, an
      alkali metal nitrite such as sodium nitrite, potasium nitrite, ammonium
      nitrite and zinc nitrite can be employed. It is preferable to employ
      sodium nitrite as it is easily obtainable and economical as well as being
      suitable in the coating solution. In the process of producing the zinc
      phosphate coating on a steel surface, constituents of the coating solution
      naturally become depleted. Depletion can occur in numerous ways. For
      example, phosphate and the metallic cations present in the coating
      solution are deposited in the coating formed when the steel surface is
      contacted with the coating solution. Of course the nitrate is depleted in
      the course of generating nitrite. The free acidity can require adjustment
      because of the hydrogen ion attack on the steel surface. In the process of
      forming the coating, the constituents are depleted at different rates from
      the coating solution. For example, phosphate and zinc are depleted at a
      faster rate than nitrate.
PAR  As depletion occurs, replenishment of the coating solution is required to
      maintain the effective amounts of the constituents therein. The amounts of
      the constituents supplied can be determined by any method employed in the
      art for determining the composition of other zinc phosphating solutions.
      Any constituent found to be depleted can be added. However, it is
      preferred to determine the depletion rate of the constituents and
      replenish by the simple addition to the solutions of a liquid concentrate
      to maintain the coating solution.
PAR  A replenishing concentrate comprising phosphate, zinc and nitrate can be
      prepared for example, from zinc oxide dissolved in an aqueous solution of
      phosphoric and nitric acids, wherein the phosphate to zinc to nitrate
      weight ratio is preferably near the numerically lower end of the
      previously disclosed range, or about 1: (0.4 to 0.6) : (0.4 to 0.7).
      Additionally, the replenishing concentrate can comprise the constituents
      of copper, nickel, and calcium depleted from the coating solution, should
      they be present originally.
PAR  Naturally, the phosphate coating solution must be replenished whenever
      necessary with phosphate, zinc and nitrate ions in order to replace these
      as they are consumed in the coating reaction. As already indicated, it is
      necessary for the success of the process of this invention that the
      replenishment material should contain phosphate, zinc and nitrate ions in
      the previously-specified ratios, but in other respects the replenishment
      is carried out in the usual manner, for example, by adding a concentrate
      containing the necessary ratios of phosphate, zinc and nitrate whenever
      appropriate. The consumption of phosphate and zinc in the coating reaction
      can be monitored in the conventional manner by determining the total
      pointage, as previously described, and raising it to the desired value by
      adding a definite quantity (depending on the total volume of the coating
      solution) for each point to be restored. The total pointage is not
      critical since the process of the invention will produce good phosphate
      coatings to a large extent independently of the total pointage, thus at
      both low and high pointages, but as a general rule one replenishes so as
      to restore the total pointage to approximately its original value, which
      is from about 110 to about 140 points, and preferably is from about 120 to
      about 130 points.
PAR  Besides the total pointage, which is a measure of the total acidity of the
      solution, there is another related factor which affects the process,
      namely the free acidity of the coating solution. As stated previously the
      ratio of total acid to free acid is a significant factor which influences
      both the speed and amount of coating in a certain time period, but also
      the rate at which autocatalytic generation of nitrite takes place. It has
      been determined that it is not practicable to operate the process with a
      coating solution having an acid ratio of less than about 4.5 as excessive
      etching of the steel surface can occur. The acid ratio should likewise not
      exceed about 8.5, and preferably the acid ratio should be from about 6 to
      about 7.
PAR  Should replenishment be required, a replenishing concentrate which is
      suitable, for example, is one comprised of phosphoric acid, zinc oxide and
      nitric acid according to Formula III below.
TBL  ______________________________________                                    
     FORMULA III                                                               
                      g/l                                                      
     ______________________________________                                    
     Zinc oxide         100                                                    
     Phosphoric acid    163                                                    
     Nitric acid        100                                                    
     Water              Balance to 1 liter                                     
     ______________________________________                                    
PAR  Importantly, the temperature of the aqueous coating solution of the
      invention need not be as high as that commonly employed in the art. The
      temperature of the coating solution in the process of the invention by
      which a zinc phosphate coating is rapidly produced can be from about
      70.degree.C to about 90.degree.C. It is preferable to maintain the coating
      solution at a temperature of about 77.degree.C to about 85.degree.C.
PAR  The maximum temperature of the coating solution is not critically set at
      90.degree.C. If desired, the coating solution can be used at temperatures
      exceeding 90.degree.C without adverse effects. However, because of energy
      availability and the cost for maintaining a higher temperature, it is
      preferred to operate with as little required heat as possible.
PAR  When employing the phosphate coating solution to contact the steel surface,
      any contacting technique known to the art can be employed. Techniques
      known to the art such as spraying, brushing, dipping, rollercoating,
      flow-coating and the like can be employed.
PAR  A surprising aspect of the invention is that coating weights in excess of
      about 450 mg/sq. ft. (5g/m.sup.2) are formed in periods of time as low as
      about 5 seconds. Periods of time greater than 15 seconds are not harmful,
      and in fact can be beneficial by producing heavier coating weights.
      Preferably the coating solution is contacted with the steel surface for
      from about 5 to about 15 seconds. Consequently, the process of the
      invention can be employed in a continuous strand heat treating line.
PAR  In the practice of zinc phosphating a steel wire for deforming, the surface
      is cleaned by physical and/or chemical means to remove oxide. In the
      typical practice, the steel surface is pickled subsequent to the
      heat-treating or "patenting" operation. In the acid pickling step, any
      method commonly employed in the art is acceptable. For example, a 25
      percent hydrochloric acid pickling solution operated at a temperature of
      about 70.degree.C for cleaning heat treated steel wire during a period of
      less than about 15 seconds can be employed.
PAR  Subsequent to the pickling operation, a water rinse can be employed to
      prevent contamination in the subsequent steps of the process.
PAR  Subsequent to pickling and prior to contacting the metal surface with the
      phosphate coating solution, a conditioning or activating pretreatment
      rinse can be employed. Should a conditioning rinse be employed, it is
      preferred to use an aqueous rinse having colloidal titanium or zirconium
      compounds therein. A conditioning pretreatment can aid in the accelerated
      formation of the subsequently formed coating, resulting in the enhanced
      quality and uniformity of the coating.
PAR  For example, a mildly acidic aqueous composition having a dialkali metal
      orthophosphate, an alkali metal titanium fluoride and an organic acid has
      been formed suitable.
PAR  Subsequent to the water rinse, or to the conditioning rinse, the steel
      surface is contacted with the coating solution of the invention as
      described above.
PAR  Following the phosphate coating step, the coated steel surface is rinsed
      with water. A suitable water rinse can be at a temperature of from about
      65.degree.C to about 90.degree.C. Metal surfaces, heated as such in the
      rinse bath, dry quickly.
PAR  A neutralizing bath can be employed subsequent to the coating step to
      neutralize any residual acidity on the steel surface. It is desirable to
      water rinse prior to neutralizing so that the neutralizing bath is not
      contaminated by acid drag-out. Such a bath neutralizes any residual acid
      carried through the water rinse on the coated surface. A suitable
      neutralizing bath is mildly alkaline, for example pH 8 to 10. Should the
      neutralizing bath be employed, its temperature can be about 65.degree.C to
      about 90.degree.C to aid in drying the coated surface. More rapid drying
      of the coated surface can be obtained by force drying the surface. For
      example, a forced air blast can be employed.
PAR  Should it be desired, the coated metal surface can be contacted with a
      liquid drawing lubricant composition prior to drying. The drawing
      lubricant composition can have a small amount of fatty acid or a fatty
      acid soap which can be in the form of a solution, a suspension or an
      emulsion. Certain partially esterfied fatty acid compositions can have an
      additional value, in that they can be esterfied further with metallic ions
      in the coating. Adhesion of the lubricant composition to the surface can
      be enhanced thereby.
PAR  Subsequently additional wet or dry deforming lubricants to aid in drawing
      can be applied to the coated, rinsed, and dried surfaces. Such deforming
      lubricants can be contacted with the coated surface just prior to the
      deforming operations.
PAR  In order that the invention shall be more clearly understood, there will be
      described in more detail certain embodiments, but only by way of
      illustration in the following examples:
PAC  EXAMPLE I
PAR  Illustrative of the process of the invention, high carbon steel hot-rolled
      wire of 2 mm diameter was prepared to contact the solutions listed in
      Table 1 in the following manner:
PAR  1. The steel wire had been heat treated previously. This step was carried
      out in a wire treating and drawing plant.
PAR  2. The heat-treated wire was cut into 20 centimeter segments.
PAR  3. The wire segments were each pickled at 71.degree.C for 3 minutes in 25
      percent hydrochloric acid for scale removal. The longer period of time
      required for pickling in this test over the time of about 15 seconds
      mentioned previously is due to the lower temperature of the wire segments
      entering the pickling stage as compared to wire in a continuous strand
      heat-treating process. The wire segments having cooled to room temperature
      following the heat-treating step, require the longer time in the pickling
      solution for cleaning.
PAR  4. The wire segments were each water rinsed by immersion subsequent to
      pickling. The temperature of the rinse was maintained at 71.degree.C.
PAR  5. The wire segments were quick-dipped in an aqueous conditioning or
      activating composition comprising a collodial form of titanium,
      orthophosphate, and sodium citrate, which was maintained at a pH of 7 and
      a temperature of 71.degree.C.
PAR  Subsequent to the preparation steps above, particular wire segments were
      contacted with the respective solutions listed in Table 1 below.
PAR  The solutions employed in this test were prepared by adding to water, zinc
      oxide, phosphoric acid and nitric acid in the amounts shown in Table 1.
PAR  The wire segments were contacted with the respective solutions by immersion
      for 8 seconds and at 82.degree.C.
PAR  Following the immersion coating treatment, the wire test segments were
      removed from the solutions and rinsed in water at room temperature, i.e.
      about 21.degree.C.
PAR  Subsequent to the rinse step, the wire segments were dried by compressed
      air at room temperature for about 2 minutes.
PAR  Subsequent to the steps above, the coatings produced were evaluated by
      determining the coating weight on the wire test segments. The coating
      weights were determined in the following manner:
PAR  The wire segments were weighed and stripped in 5 percent chromic acid at a
      temperature of 70.degree.C by immersing for 5 minutes. Following the
      stripping procedure the segments were dried in a compressed air stream,
      and again weighed. The difference in weight was employed to calculate the
      coating weight in mg of coating per square foot of wire surface. The
      coating weights are compiled in Table 1 below.
TBL                TABLE 1                                                     
     ______________________________________                                    
     AMOUNTS OF THE CONSTITUENTS                                               
                       POINTS OF                                               
     EMPLOYED TO MAKE THE SOL-                                                 
                       ACID       COATING WEIGHT                               
     UTIONS (g/l)      Total/Free mg/sq foot                                   
     ______________________________________                                    
     H.sub.3 PO.sub.4 (41), ZnO(44), HNO.sub.3 (48)                            
                       121/20     589.0                                        
     H.sub.3 PO.sub.4 (45), ZnO(47), HNO.sub.3 (50)                            
                       128/20     529.0                                        
     H.sub.3 PO.sub.4 (45), ZnO(50), HNO.sub.3 (51)                            
                       121/18     578.0                                        
     H.sub.3 PO.sub.4 (47), ZnO(46), HNO.sub.3 (59)                            
                       131/22     524.0                                        
     H.sub.3 PO.sub.4 (47), ZnO(56), HNO.sub.3 (68)                            
                       137/--     680.0                                        
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Segments of high carbon steel wire, 20 centimeters in length by 2
      millimeters in diameter were prepared for contacting the coating solution
      in the same manner as described in Example 1. The wire segments were
      contacted with the following coating solution for periods of time of 5, 8,
      10, 15, 30, and 60 seconds and 5 minutes respectively.
PAR  A coating solution prepared by adding 162.5 ml of Formula 1 to 837.5 ml of
      water was employed at a temperature of 82.degree.C to contact the wire
      segment.
PAR  Subsequent to contacting the wire segments with the coating solutions for
      the respective periods of time, the wire was water rinsed and dried with
      compressed air. Coating weights of the dry test segments were determined
      in the same manner as described in Example 1 above. The results are
      compiled in Table 2 below.
TBL                TABLE 2                                                     
     ______________________________________                                    
                    AVERAGE COATING WEIGHT                                     
     COATING TIME   mg/sq.ft.                                                  
     ______________________________________                                    
     a) 5 seconds   516                                                        
     b) 8 seconds   569                                                        
     c) 10 seconds  630                                                        
     d) 15 seconds  654                                                        
     e) 30 seconds  720                                                        
     f) 60 seconds  701                                                        
     g) 5 minutes   723                                                        
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  This example illustrates solutions having nitrate anion in an amount
      greater than about 0.4 parts for each part by weight of phosphate in
      solution.
PAR  Wire segments 20 centimeters long by 2 millimeters in diameter of high
      carbon steel wire were obtained and prepared for contacting the test
      solutions as described in Example 1 above. The wire segments were
      contacted with the respective test solutions comprising phosphate, zinc
      and nitrate. The solutions were prepared by adding to water, zinc oxide,
      phosphoric acid and sodium nitrate in the amounts shown in Table 3 below.
      It should be noted that solution (a) is a control solution wherein no
      nitrate is present in the solution.
PAR  The wire segments were contacted with the respective solutions for 8
      seconds. The wire segments were then water rinsed and air dried. The
      coating weights of coatings formed by contacting the segments with the
      respective solutions were determined in the same manner as described in
      Example 1 above. The coating weights are compiled in Table 3 below.
TBL                TABLE 3                                                     
     ______________________________________                                    
                                    COATING                                    
     AMOUNTS OF THE INGREDIENTS                                                
                        ACID POINTS WEIGHTS                                    
     OF THE TEST SOLUTIONS (g/l)                                               
                        Total/Free  mg/sq.foot                                 
     ______________________________________                                    
     a) H.sub.3 PO.sub.4 (90), ZnO(47)                                         
                        137/22      159                                        
     b) H.sub.3 PO.sub.4 (90), ZnO(47),                                        
                        127/20      457                                        
       NaNO.sub.3 (60)                                                         
     c) H.sub.3 PO.sub.4 (90), ZnO(47),                                        
                        126/19      410                                        
       NaNO.sub.3 (120)                                                        
     ______________________________________                                    
PAR  The specific compositions and the methods of producing zincphosphate
      coatings on the ferrous surfaces in the examples above serve to exemplify
      the invention as previously described and form no limits except as imposed
      by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for forming a zinc phosphate coating on a steel surface
      comprising contacting the steel surface with an acidic aqueous coating
      solution consisting essentially of phosphate, zinc and nitrate, wherein
      the zinc is present in the coating solution in an amount of from about 0.4
      to about 1.2 parts by weight for each part of the phosphate and the
      nitrate is present in the solution in an amount of from about 0.4 to about
      1.6 parts by weight for each part of the phosphate, the phosphate being
      present in the coating solution in an amount of from about 10 g/l to about
      150 g/l, the zinc being present in an amount of from about 5 g/l to about
      100 g/l, and the nitrate being present in an amount of from about 10 g/l
      to about 80 g/l and the ratio of total acid to free acid in the coating
      solution is from about 4.5 to about 8.5 with the total acidity of the
      coating solution being from about 110 to about 140 points.
NUM  2.
PAR  2. The process of claim 1, wherein the coating solution consists
      essentially of the phosphate in the amount of from about 35 g/l to about
      55 g/l, the zinc in the amount of from about 30 g/l to about 50 g/l, and
      the nitrate in the amount of from about 20 to about 50 g/l.
NUM  3.
PAR  3. The process of claim 1, wherein the ratio of total acid to free acid in
      the coating solution is from about 6 to about 7.
NUM  4.
PAR  4. The process of claim 1, wherein the total acidity of the coating
      solution is from about 120 to about 130 points.
NUM  5.
PAR  5. A process for forming a zinc phosphate coating on a steel surface
      comprising:
PA1  acid pickling the steel surface;
PA1  water rinsing the steel surface;
PA1  contacting the steel surface with an acidic aqueous coating solution
      consisting essentially of phosphate in the amount of from about 10 g/l to
      about 150 g/l, zinc in the amount of from about 5 g/l to about 100 g/l,
      and nitrate in the amount of from about 10 g/l to about 80 g/l, and
      wherein the zinc is present in the coating solution in an amount of from
      about 0.4 to about 1.2 parts by weight for each part of the phosphate, and
      the nitrate is present in the solution in an amount from about 0.4 to
      about 1.6 parts by weight for each part of the phosphate;
PA1  water rinsing the steel surface; and
PA1  drying the steel surface.
NUM  6.
PAR  6. The process of claim 5, wherein the rinsing of the steel surface
      following the acid pickling step comprises first contacting the surface
      with a water rinse and thereafter contacting the surface with an aqueous
      conditioning solution.
NUM  7.
PAR  7. The process of claim 6, wherein the aqueous conditioning solution
      comprises an aqueous colloidal titanium composition.
NUM  8.
PAR  8. The process of claim 5, wherein the rinsing of the steel surface
      following contact with the coating solution comprises first contacting the
      surface with a water rinse, and thereafter contacting the surface with an
      alkaline neutralizing rinse.
NUM  9.
PAR  9. An acidic aqueous coating solution consisting essentially of phosphate,
      zinc and nitrate, wherein the phosphate is present in the solution in the
      amount of from about 35 g/l to about 55 g/l, the zinc is present in the
      solution in the amount of from about 30 g/l to about 50 g/l and the
      nitrate is present in the solution in the amount of from about 20 g/l to
      about 50 g/l, and wherein there is present in the solution for each part
      of the phosphate, from about 0.4 to about 1.2 parts of the zinc and from
      about 0.4 to about 1.6 parts of the nitrate; and wherein the total acidity
      of the solution is from about 110 points to about 140 points and the total
      acid to free acid ratio is from about 4.5 to about 8.5.
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ABST
PAL  Hot rolled steel rod, containing less than 0.4% C, is cooled by a
      prescribed, interrupted-cooling procedure for producing rod with enhanced
      ability to receive cold work. In cooling from the austenite range, the rod
      is held within a specified, narrow temperature range for a period of at
      least about 2 minutes. The particular holding range is shown to be a
      function of carbon content, whereby low carbon steels (&lt;0.28% C) are held
      at a prescribed temperature above 1,450.degree.F, while medium carbon
      steels are held at a temperature of about 1,250.degree.F.
BSUM
PAR  This invention relates to a method for heat treating hot rolled rod, and is
      more specifically related to a method for directly cooling hot rolled rod
      in order to produce a metallurigical structure capable of receiving a
      maximum amount of subsequent cold work.
PAR  Steel wire is produced in a wide variety of sizes, shapes and mechanical
      properties for countless end-uses. Whatever the application, virtually all
      such wire is produced in essentially the same manner, i.e., by drawing rod
      through a tapered hole or a series of such holes. Prior to such drawing,
      however, depending primarily on the carbon content, the rod is
      heat-treated to produce substantially different metallurigical structures.
      Thus, when the carbon content of the rod (or wire) is in excess of about
      0.4%, it is usually desirable to have a structure with an optimum
      combination of high tensile strength and ductility. Such a structure may
      be imparted by a reheating procedure known as "patenting" or by directly
      cooling from above the A.sub.3 temperature, utilizing procedures such as
      shown by German Pat. No. 888,399 or U.S. Pat. No. 3,231,432. The resulting
      structures impart to the rod or wire the ability to withstand heavy
      drafting so as to produce a finished wire product with an optimum of
      strength and toughness. On the other hand, when the end-use products are
      made from low and medium carbon rod, i.e. rod with less than 0.4% C, quite
      different considerations are generally involved. For example, cold heading
      properties will be of prime concern when low carbon rod is employed for
      the production of nails. Similarly, in the production of bolts or screws,
      machinability will be of prime concern. Therefore, in the production of
      low carbon rod, it is often desirable that the rod be in a rather soft
      condition and exhibit a metallurigical structure approximating what may be
      an "annealed" structure. In terms of mechanical properties, it is
      desirable to have a metallurigical structure which may easily be
      cold-worked (i.e. as evidenced by low yield strength) in combination with
      one having a high capacity to receive and store such deformation (i.e. low
      ratio of yield strength to tensile strength). In the low carbon steels of
      concern here, these properties are controlled to a substantial extent by
      the properties of the ferrite matrix and more particularly by the ferrite
      grain size. One method for maximizing ferrite grain size would be a rather
      long (e.g. &gt; 12 hours) isothermal heat-treatment at a temperature near the
      A.sub.1. Such a procedure would produce a maximum amount of ferrite, in
      combination with ample time for grain growth. Although this procedure
      could easily be effected in the laboraory, the use of such long time
      periods would be clearly impractical in commercial production; and
      especially so, for the continuous, in-line processing of hot-rolled rod.
      Consider, for example, a commercial processing line analogous to that
      shown in U.S. Pat. No. 3,645,805, wherein hot-rolled rod is initially
      cooled to some temperature above the A.sub.3, and is then deposited in
      nonconcentric, offset rings onto a moving conveyor (heat treatment zone)
      where the rod may be cooled in a variety of ways to provide a final
      product with a reasonably uniform structure along the entire length of the
      rod. Such conveyors are fed by rod issuing from very high speed rod mills.
      In view thereof, in order to prevent snags and pile-ups, these moving
      conveyors must generally travel at minimum speeds of the order of 10
      ft./min. It may be seen that even with a conveyor length of 100 ft., that
      the maximum permissible treatment time will therefore only be 10 minutes.
      It is, of course, possible to increase somewhat the length of the conveyor
      and/or to employ a slightly slower line speed. However, for practical
      purposes, the heat-treatment times in commercial practice will generally
      be "constrained" to a time period of no more than about 15 minutes, and
      more often to a time period of no more than 10 minutes.
PAR  It is therefore a principal object of this invention to provide a heat
      treatment for producing rod with a combination of (i) low yield strength
      and (ii) low ratio of yield strength to tensile strength, in a
      "constrained period" of time.
PAR  It is yet another object of this invention to provide a rod exhibiting such
      a combination of properties, uniformly along extended lengths of rod, i.e.
      rod lengths produced from billets weighing at least about 500 lbs., and
      generally in excess of 1,000 lbs.
PAR  It is also an object of this invention to provide a method for heat
      treating rod in a constrained period of time, to produce a metallurgical
      structure approaching that of an "annealed" structure.
DRWD
PAR  These and other objects and advantages of the invention will be more
      apparent from a reading of the following description when taken in
      conjunction with the appended claims and the drawings, in which;
PAR  FIGS. 1 through 5 are graphical representations, illustrating the effect of
      interrupted cooling at various temperatures on the mechanical properties
      of five representative steel rods.
PAR  FIG. 6 is a graph illustrating the effect on the mechanical properties of
      an 8637 alloy steel rod, of holding at temperatue for various time
      periods.
PAR  FIGS. 7a through e are photomicrographs of the metallurigical structures
      resulting from the different hold periods depicted in FIG. 6.
DETD
PAR  It has now been found that in the continuous, in-line processing of
      hot-rolled low alloy, low carbon rod; wherein such rod must be
      heat-treated in a constrained period (i.e. a maximum time period for
      achieving commercially practicable production) of time, that the above
      objects can be achieved by utilizing an interrupted cooling procedure.
      That is, in cooling the rod from its A.sub.3 temperature to a temperature
      below 1,200.degree.F, the rod is desirably held within a prescribed
      temperature range for a period of at least 2.0 minutes. This prescribed
      temperature range varies to a considerable extent, depending primarily on
      the carbon content of the rod and may be defined by the following,
      empirically determined equations:
PAR  When the carbon content of the rod is less than 0.28%, the prescribed
      temperaure (T.sub.p) is given by;
EQU  T.sub.p = 1,585 - 500 .sup.. %C
PAL  where T.sub.p is in .degree.F, and %C is the actual carbon content of the
      steel.
PAR  When the carbon content of the rod is between 0.2 and 0.4%, the prescribed
      temperature is given by;
EQU  T.sub.p = A.sub.1 - 70
PAL  For most rod, T.sub.p in the latter case will be about 1,250.degree.F.
      However, in those few cases wherein rod is employed having a significant
      amount of alloying elements, for example Mn or Ni, then the prescribed
      hold tempeature will vary as the A.sub.1 temperature of the steel varies.
      In addition to plain carbon steels, these equations are similarly
      applicable to low alloy steels, i.e. steels containing less than about 3%
      total alloying elements.
PAR  In both instances, the rod is held within a temperature range of T.sub.p
      .+-. 35.degree.F, preferably .+-. 25.degree.F, for a period of at least 2
      minutes and preferably at least 3 minutes. However, the preferred hold
      time within such temperature range will vary to some extent depending, as
      shown hereinafter, on the concentration of the alloy elements. It should
      be noted from the equations above, that for rod with carbon in the range
      0.20 to 0.28, there exists an alternative as to which prescribed
      temperaure range may be employed. The reasons for this overlap, as well as
      for the variation in holding temperature are thought to be as follows.
PAR  Steels containing less than 0.28% C have an extensive A.sub.1 -A.sub.3
      range within which a considerable amount of austenite can transform to
      ferrite. As noted above, the higher the transformation tempeature (of
      .gamma. to .alpha.) the greater the tendency for grain growth. However,
      the yield strength of some 24 different runs of 1008 steel were plotted
      against corresponding grain size. The data points, while showing a general
      trend of yield strength to decrease with increasing grain size,
      nevertheless were widely scattered; suggesting that some other significant
      strengthening effect was occurring. It is believed that this strengthening
      effect, at least as far as the low alloy, low carbon steels are concerned,
      is due to aging on cooling to room temperature. Aging could either be
      caused by carbide precipitation or by nitride precipitation. Since the
      nitrogen content of the steels evaluated was quite low, and since the
      empirically determined prescribed temperature range was seen to be a
      function of carbon content, it is most logical to assume that the former
      is more important. With this assumption in mind, it would then follow that
      the higher the transformation temperature (in the A.sub.1 -A.sub.3 range),
      the less carbon in solution in the ferrie formed, and therefore the less
      strengthening due to aging. However, in order for such decreased tendency
      to aging to be truly significant, a substantial amount of austenite must
      transform to ferrite in the first instance. Thus, as the carbon content
      increases, the prescribed hold temperature must decrease in order to
      achieve that substantial amount of ferrite. However, as carbon increases,
      the contribution of aging will decrease; as total strength becomes more
      and more dependent on the amount and kind of pearlite which is formed by
      the transformation of austenite. In view of the above, it is not
      surprising that at some intermediate carbon content (i.e. 0.2 to 0.28%) an
      overlap would exist in the significance of the various mechanisms
      affecting the total strength of the rod.
PAR  The beneficial effects of the interrupted cooling procedure of this
      invention may be seen from the following illustrative example; wherein
      five conventional grades of steel rod were rapidly cooled from a
      temperature of 1,700.degree.F to various designated temperatures, held at
      each such temperature for a period of ten minutes (Note -- this time is
      longer than required, as shown hereinafter) and thereafter cooled in
      vermiculite to simulate the cooling rates of rod bundles composed of
      nonconcentric rings. This latter cooling method was adaped to overcome the
      variations in cooling rates normally encountered when the rod is collected
      in such non-concentric bundles and air-cooled. The diameters and the
      chemical compositions of the rods are given below in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     AISI        Diameter,                                                     
     No.   Heat No.                                                            
                 in.   C    Mn   P    S    Si   Cu   Ni   Cr   Mo              
     __________________________________________________________________________
     1008.sup.1)                                                               
           N91596                                                              
                 0.221 0.07 0.38 0.009                                         
                                      0.008                                    
                                            0.022                              
                                                --   --   --   --              
     1021.sup.2)                                                               
           L82441                                                              
                 0.314 0.21 0.50 0.009                                         
                                      0.020                                    
                                            0.008                              
                                                0.011                          
                                                     0.006                     
                                                          0.006                
                                                                0.004          
     1038.sup.2)                                                               
            L811979                                                            
                 0.314 0.39 0.76 0.011                                         
                                      0.025                                    
                                           0.21 --   --   --   --              
     4037.sup.3)                                                               
           L82362                                                              
                 0.304 0.38 0.82 0.012                                         
                                      0.023                                    
                                           0.23 --   --   --   0.23            
     8637.sup.3)                                                               
           A81376                                                              
                 0.360 0.35 0.80 0.015                                         
                                      0.018                                    
                                           0.20 --   0.47 0.49 0.20            
     __________________________________________________________________________
      .sup.1) Rimmed steel.                                                    
      .sup.2) Silicon killed.                                                  
      .sup.3) Silicon-aluminum killed.                                         
PAL  The resultant mechanical properties are depicted graphically in FIGS. 1
      through 5. In all cases the beneficial effect of holding within the
      prescribed temperature range, is clearly evident. The 1020 steel, having
      an intermediate or "cusp" carbon content, exhibited two yield strength
      "minimums," one within the two-phase region at about 1,475.degree.F and
      the other, below the A.sub.1, at 1,250.degree.F. In view of the
      significantly lower Y.S./T.S. ratio of the rod held within the two phase
      region, it is clear that a hold at the latter temperature is more
      desirable.
PAR  To illustrate the effect of increasing the holding time (within the bounds
      of the constrained time period) at the prescribed temperature, samples of
      the above rods were held at temperature, for intervals of 2 to 10 minutes.
      When the prescribed temperature hold is within the two-phase region, a
      time of as little as 2 minutes was seen to be sufficient to achieve
      substantial softening, and after about three minutes at temperature,
      essentially no significant benefit in softening occurred. Similarly, a
      period of only 2 minutes appeared sufficient for the plain carbon (1038)
      steel held at a temperature of 1,250.degree.F. On the other hand, a time
      greater than about 5 minutes was required for the alloy steels.  FIG. 6
      shows the effect of holding time (at a temperature of 1,250.degree.F) on
      mechanical properties of the 8637 steel rod. FIGS. 7a through e are
      photomicrographs of the rod structure for the same hold periods shown in
      FIG. 6. Since the alloy content of this latter steel will have the effect
      of decreasing the transformation rate (i.e., shifting the start and end
      lines of the Isothermal Transformation Diagram to the right), it would be
      expected that this steel would require somewhat longer times to achieve
      the desired decrease in yield srength. Clearly however, the determination
      of the minimum requisite hold time for any given steel, can be made rather
      easily by the simple isothermal holds at increased periods of time, i.e.,
      as shown in FIG. 6. In general, when T.sub.p is below the A.sub.1 it is
      desirable to hold for a period of time sufficient to achieve
      transformation of sufficient austenite to achieve substantial reduction in
      yield strength.
PAR  The interrupted cooling method of this invention is applicable to any of
      the well known processes for the production of steel rod. In virtually all
      such processes, the hot-rolled rod exits from the rolling mill at a
      temperature of about 1,750.degree.-1,900.degree.F, and is thereafter
      quenched to a lower temperature for further processing. Thus, in the most
      widely employed commercial process, the rod is thereafter delivered to
      laying reels which coil the rod, and deposit it onto a platform in form
      overlapping rings so as to form a rod bundle. The resultant bundles are
      then pushed onto a belt conveyor wherein they are slowly cooled, generally
      in air. The benefits of the instant invention may be achieved by a simple
      modification of the above process. For example, the belt conveyor can be
      covered (as shown in U.S. Pat. No. 3,547,421) with an insulated,
      tunnel-like device for counteracting the loss of heat, or by actually
      supplying additional heat through the use of electric or gas burners.
      However, the full benefits of the instant invention will be most
      advantageously realized through the use of the more modern methods,
      wherein the quenched rod is deposited onto a conveyor in the form of
      offset, spread apart rings or spirals (see, for example, U.S. Pat. Nos.
      3,231,432 and 3,547,421). These latter procedures offer the advantage of
      producing a more uniformly heat-treated product.
PAR  The invention may therefore be conducted in the following preferred manner.
      The hot-rolled rod, on exiting from the finishing stand at a temperature
      within the range 1,750.degree.-1,900.degree.F, is rapidly cooled, e.g. in
      a conventional water box, to a temperature above T.sub.p. The cooled rod
      is thereafter directed to a laying device which forms the rod into a
      series of offset rings which are deposited on a conveyor system for moving
      the rings, in the form of spirals, through a series of radiant heated
      furnaces; whereby the subsequent cooling of the rod is interrupted or
      sufficiently retarded in accord with the teachings herein. In cooling from
      the A.sub.3 temperature to the prescribed range, the rod is preferably
      cooled at a rate as rapid as is feasible under the particular commercial
      operating conditions. Slow cooling to the prescribed temperature range
      will provide some small benefit in effecting a slight amount of grain
      growth. However, when operating within a constrained time period of no
      more than 15 minutes, the time spent in such slow cooling will be much
      more effectively employed, if it is utilized for holding the rod at a
      temperature within the prescribed range. Clearly, the rate should be
      sufficiently fast so as to provide at least the minimum time (i.e. 2
      minutes) within the prescribed range; and, in addition, ample time for the
      rod to thereafter be cooled from the prescribed range down to reforming
      temperature. It may therefore be seen that the minimally desirable cooling
      rate (from A.sub.3 to T.sub.p ) will be controlled, to a substantial
      extent, by (a) the extent of the temperature drop, i.e. when T.sub.p is
      below the A.sub.1 the minimal cooling rate will be significantly faster
      than for the case when T.sub.p is in the two-phase region and (b) the
      constrained time period under which one is operating, i.e. cooling rate
      will necessarily be significantly faster for a constrained time of 2.5
      minutes as opposed to one for 15 minutes. As a general rule, cooling from
      A.sub.3 to T.sub.p will desirably be at an average rate, faster than
      50.degree.F/minute when T.sub.p is in the two-phase region, and faster
      than 200.degree.F/minute when T.sub.p is below the A.sub.1. The rod may be
      maintained within the prescribed temperature range, either by (i) radiant
      heat supplied, for example, by electric heaters or gas fired burners or
      (ii) use of a forced heating medium to achieve enhanced heat transfer. It
      is taught in U.S. Pat. No. 3,547,421, that gas heating is advantageous, in
      that it is capable, cocommitantly of providing a simple method for
      producing a nonoxidizing atmosphere. In the instant case, although such a
      protective atmosphere may be employed for its well known advantages, it
      will generally not be required. The rod which is still in spiral form on
      exiting from the retarded cooling furnaces, is then passed to a cooling
      zone where it is again rapidly cooled to reforming temperature (eg.
      600.degree.-900.degree.F), and reformed into bundles. The reformed bundles
      are then collected and transported for further processing. It is
      desirable, subsequent to reforming, that the rod be cooled as slowly as
      possible. Low carbon rod benefits from such slow cooling in that overaging
      can then result, to further decrease any residual effects due to whatever
      aging may still be occurring in such steels. With respect to the medium
      carbon steels, slow cooling provides additional time for any retained
      austenite to further transform to comparatively softer products. With
      respect to the "cusp" steels, slow cooling will be beneficial in both of
      the above regards. In all cases, however, cooling should be sufficiently
      slow to prevent the formation of anything but an inconsequential amount of
      martensite, i.e., an amount of martensite which would significantly affect
      (a) subsequent drawing operations, e.g. seriously increasing the frequency
      of breaks during such drawing; or (b) the end-use properties of the drawn
      wire, e.g. poorer machinability.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the commercial production of extended lengths of low alloy steel rod
      having a carbon content below about 0.4%, wherein said rod is cooled from
      the A.sub.3 temperature thereof to a temperature below 1,200.degree.F in a
      constrained time period, said period being within the range of 2.5 to 15
      minutes; an interrupted cooling procedure for enhancing the ability of
      said rod to receive subsequent cold-work, said procedure comprising,
PA1  a. cooling said rod from said A.sub.3 temperature to a temprature within
      the range of T.sub.p .+-. 35.degree.F and holding the rod within said
      temperature range for a duration of at least 2 minutes, wherein T.sub.p is
      a function of carbon content as given by:
EQU  (C &lt; 0.28%) T.sub.p = 1,585 - 500 .sup.. %C
EQU  (C &gt; 0.20%) T.sub.p = A.sub.1 - 70
PA1  b. thereafter cooling said rod to about room temperature.
NUM  2.
PAR  2. The method of claim 1, wherein the carbon content of said steel rod is
      less than 0.28% and said constrained time period is no greater than 10
      minutes.
NUM  3.
PAR  3. The method of claim 2, wherein said temperature range is T.sub.p .+-.
      25.degree.F, and:
EQU  T.sub.p = 1,585 - 500 .sup.. %C
NUM  4.
PAR  4. The method of claim 3, wherein said duration is at least 3 minutes.
NUM  5.
PAR  5. The method of claim 4, wherein the step (b) cooling is sufficiently slow
      to effect overaging and further softening of said steel rod.
NUM  6.
PAR  6. The method of claim 5, wherein said cooling in step (a) is at an average
      rate in excess of 50.degree.F per minute.
NUM  7.
PAR  7. The method of claim 1, wherein the carbon content of said steel rod is
      greater than 0.20%, and said constrained time period is no more than 10
      minutes.
NUM  8.
PAR  8. The method of claim 7, wherein said temperature range is T.sub.p .+-.
      25.degree.F, and:
EQU  T.sub.p = A.sub.1 - 70
NUM  9.
PAR  9. The method of claim 8, wherein said duration is at least 5 minutes.
NUM  10.
PAR  10. The method of claim 9, wherein the step (b) cooling is sufficiently
      slow to prevent the formation anything but an inconsequential amount of
      martensite.
NUM  11.
PAR  11. The method of claim 10, wherein said step (a) cooling is at average
      rate in excess of 200.degree.F per minute.
NUM  12.
PAR  12. An in-line process for the production of extended lengths of low alloy
      steel rod which comprises,
PA1  a. forming said rod by hot-roling a steel billet having a carbon content
      below about 0.4%, the resultant hot-rolled rod exiting from the finishing
      stand at a temperature in excess of about 1,750.degree.F,
PA1  b. cooling said rod, and then depositing said cooled rod in the form of
      offset rings, onto a conveyor; whereby said rod is carried on said
      conveyor in the form of spirals,
PA1  c. retarding the cooling of said rod spirals to a degree sufficient to
      maintain the rod within a prescribed temperature range of T.sub.p .+-.
      35.degree.F for a duration of 2 to 10 minutes, wherein T.sub.p is a
      function of carbon content, as given by:
EQU  (C &lt; 0.28%) T.sub.p = 1,585 - 500 .sup.. %C
EQU  (C &gt; 0.20%) T.sub.p = A.sub.1 - 70
PA1  d. cooling said rod to reforming temperature, and reforming said rod
      spirals into a rod bundle,
PA1  e. cooling the resultant rod bundle to about room temperature.
NUM  13.
PAR  13. The method of claim 12, wherein the carbon content of said steel rod is
      less than 0.28%, and said hot-rolled rod, on exiting from the finishing
      stand, is cooled to a temperature in the vicinity of the A.sub.3
      temperature of said rod.
NUM  14.
PAR  14. The method of claim 13, wherein said prescribed temperature range is
      T.sub.p .+-. 25.degree.F, and:
EQU  T.sub.p = 1,585 - 500 .sup.. %C
NUM  15.
PAR  15. The method of claim 14, wherein said duration is at least 3 minutes.
NUM  16.
PAR  16. The method of claim 15, wherein said reforming temperature is from
      600.degree. to 900.degree.F.
NUM  17.
PAR  17. The method of claim 16, wherein the rod bundles are cooled from said
      reforming temperature at a rate sufficiently slow to achieve overaging and
      further softening of said rod.
NUM  18.
PAR  18. The method of claim 17, wherein said rod, is cooled from said
      temperature in the vicinity of the A.sub.3 to said prescribed temperature
      range at an average rate in excess of 50.degree.F/min.
NUM  19.
PAR  19. The method of claim 12, wherein the carbon content of said steel rod is
      grater than 0.20%.
NUM  20.
PAR  20. The method of claim 19, wherein said prescribed temperature range is
      T.sub.p .+-. 25.degree.F, and:
EQU  T.sub.p = A.sub.1 - 70
NUM  21.
PAR  21. The method of claim 20, wherein said duration is at least 5 minutes.
NUM  22.
PAR  22. The method of claim 21, wherein said reforming temperature is from
      600.degree. to 900.degree.F.
NUM  23.
PAR  23. The method of claim 22, wherein the rod bundles are cooled from said
      reforming temperature at a rate sufficiently slow to prevent the formation
      of anything but an inconsequential amount of martensite.
NUM  24.
PAR  24. The method of claim 23, wherein said hot rolled rod, on exiting from
      the finishing stand, is cooled to a temperature at least 100.degree.F
      below the A.sub.3, prior to being deposited on said conveyor.
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ABST
PAL  A novel quenching medium for steel is provided. The quenching medium is a
      0.5-10 wt. % aqueous solution of polyacrylic acid, polymethacrylic acid, a
      copolymer of acrylic acid and methacrylic acid, or a salt thereof.
      Intrinsic viscosity [.eta.] of the polymer is from 0.010 to 0.050 l/g. The
      quenching medium is superior in various quenching characteristics to
      conventional quenching media.
BSUM
PAR  This invention relates to a medium for quenching carbon steel, alloy steel
      and other metals.
PAR  Conventional quenching media have some weaknesses. For example, when a low
      carbon steel is quenched in water, the carbon steel is cooled too rapidly
      and hence, internal strain or a quenching crack often occurs in the carbon
      steel. Therefore, when water is employed as a quenching medium,
      complicated procedures are required such as interrupted quenching. When a
      high carbon steel is quenched in oil, the carbon steel is imperfectly
      quenched and soft spots occur on the carbon steel.
PAR  Heretofore, various quenching media have been proposed in order to remove
      such weaknesses. However, these quenching media have a few of the
      following weaknesses. (1) They are generally short-lived. (2) Steel still
      tends to be imperfectly quenched in these media and soft spots and other
      defects often occur on the material. (3) An offensive odor is emitted when
      materials are quenched in these media, and it is troublesome to treat
      waste quenching media for disposal.
PAR  It is an object of the present invention to provide a quenching medium
      which does not cause quenching strain and soft spots and produces a
      perfect and uniformly hardened structure.
PAR  It is another object of the present invention to provide a quenching medium
      capable of producing a quenched structure having a desired degree of
      hardness, ranging from a low hardness equal to or less than that obtained
      with quenching oils to a high hardness equal to that obtained with water.
PAR  It is a further object of the present invention to provide a quenching
      medium which does not emit an offensive odor or a harmful gas during
      quenching, and which is capable of being disposed as it is when its life
      span is completed.
PAR  It is a still further object to provide a quenching medium by which quench
      hardening can be achieved within a relatively short period of time.
PAR  In accordance with the present invention, there is provided a quenching
      medium comprising an aqueous solution containing 0.4 to 10% by weight of
      at least one polymer selected from polyacrylic acid, polymethacrylic acid,
      a copolymer of methacrylic acid and acrylic acid and salts thereof, said
      polymer having an intrinsic viscosity [.eta.] of 0.010 to 0.050 l/g.
PAR  The quenching medium of the present invention is an aqueous solution of
      water-soluble polymers such as polyacrylic acid, polymethacrylic acid, a
      copolymer of acrylic acid and methacrylic acid, and salts thereof. The
      salts include for example those of sodium, potassium, triethanolamine,
      ammonium and the like.
PAR  Of these water-soluble polymers, those in the form of salt are preferable
      as compared with those in the form of free acid from the viewpoints of
      H-value, thermal stability, corrosion embrittlement and ease in treatment
      of the waste liquid. Particularly, sodium and potassium salts are
      preferable.
PAR  Optimum results are obtainable with a mixture of 40 to 60% by weight of
      sodium or potassium polyacrylate and 60 to 40% by weight of sodium or
      potassium poly(acrylate-methacrylate). When the relative amount of sodium
      or potassium poly(acrylate-methacrylate) is in excess of the above range,
      a steam film is prone to cover the piece of steel over a relatively
      increased period of time in the quenching medium and, on rare occasions,
      imperfect quenching is caused. In contrast, when the relative amount of
      sodium or potassium poly(acrylate-methacrylate) is below the above range,
      the quenching velocity of steel at the martensite starting (Ms) point is
      prone to become excessively high and, on rare occasions, a quenching crack
      occurs on the quenched structure.
PAR  The water-soluble polymers should have an intrinsic viscosity [.eta.] of
      0.010 to 0.050 l/g, preferably 0.020 to 0.045 l/g. By the term "intrinsic
      viscosity" used herein is meant that determined in water at a temperature
      of 25.degree.C. When the intrinsic viscosity [.eta.] of the water soluble
      polymer is less than 0.010 l/g, the quenching medium has a high H-value
      practically equal to that of water. In this case, the cooling velocity of
      steel cannot be desirably reduced at the martensite starting (Ms) point,
      even when the concentration of the water-soluble polymer in the quenching
      medium is increased. In contrast, when the intrinsic viscosity [.eta.] of
      the water-soluble polymer is higher than 0.050 l/g, a steam film
      inevitably covers the piece of steel over a long period of time in the
      quenching medium, leading to the lapse of quenching and the imperfect
      quenching.
PAR  The concentration of the water-soluble polymer in the quenching medium is
      0.4 to 10% by weight, preferably 0.5 to 6.0% by weight. When the
      concentration is less than 0.5% by weight, the quenching medium exhibits a
      high H-value practically equal to that of water, and a quenching crack is
      prone to occur although the quenched product has an increased hardness. In
      contrast, when the concentration is in excess of 10% by weight, the
      quenching medium is inferior in thermal transmission and hence has an
      excessively low H-value.
PAR  When a piece of austenitized steel is immersed in the quenching medium of
      the invention, the water-soluble polymer dissolved in the quenching medium
      envelopes the piece and prevents the transmission of heat, and hence
      desirably reduces the cooling velocity of steel at the vicinity of the
      martensite starting point. Thus, the quenching medium produces a hardened
      structure having no quenching strain and quenching crack.
DETD
PAR  The following examples are given to illustrate the invention and not to be
      considered as limiting in any sense.
PAR  In the examples, hardness of the quenched product was determined on the
      surface and the core thereof according to Japanese Industrial Standard
      (hereinafter referred to as "JIS" for brevity) Z 2245 and expressed as
      Rockwell hardness C scale. Two numerical values given in the columns
      showing the hardness of the surface of the quenched product mean the
      minimum hardness and the maximum hardness obtained when determined on
      seven points on the surface of the quenched product.
PAR  Occurrence of quenching cracks was determined by a magnetic particle
      testing method for ferro-magnetic materials stipulated in JIS G 0565.
PAR  Quenching imperfection was determined by examining the quenched specimen
      microscopically.
PAR  Two numerical values showing the temperature of the quenching medium mean
      the temperature immediately before the steel specimen is immersed in the
      quenching medium and the temperature after the steel specimen is quenched
      in the medium, respectively.
PAR  All % are % by weight.
PAC  EXAMPLE 1
PAR  Round bars of carbon steel SAE 1045, each having a 25 mm diameter and a 50
      mm length were quenched under the following conditions.
PA1  Austenitization: at 850.degree.C for 40 minutes
PA1  Quenching temperature: 850.degree.C
PA1  Quenching medium:
PA2  Medium 1-A. 1.0% aqueous solution of a 1 : 1 mixture of sodium polyacrylate
      having an intrinsic viscosity [.eta.] of 0.0234 l/g and sodium
      poly(acrylate-methacrylate).sup.1 having an intrinsic viscosity [.eta.] of
      0.0396 l/g
PA2  Medium 1-B. 1.6% aqueous solution of a polymer mixture quite similar to the
      above
PA2  Medium 1-C. 3.0% aqueous solution of a polymer mixture quite similar to the
      above
PA2  Medium 1-D. City water
PA2  Medium 1-E. Quenching oil designated No. 1-1 according to JIS K 2242
FNT  Note: .sup.1 Copolymer containing 70% of sodium acrylate and 30% of sodium
      methacrylate
PA1  Volume of quenching medium: 5 l
PA1  Temperature of quenching medium: 28.degree.-32.degree.C
PAR  Hardness of the quenched bars was tested. Results are shown in Table I.
TBL                Table I                                                     
     ______________________________________                                    
                   Hardness       Hardness                                     
     Medium        of surface     of core                                      
     ______________________________________                                    
     1-A           60.0 - 60.9    46.5                                         
     1-B           56.0 - 57.6    45.2                                         
     1-C           28.5 - 31.6    27.5                                         
     1-D (Control) 59.5 - 62.6    45.2                                         
     1-E (Control) 25.4 - 28.4    27.0                                         
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Round bars of chromium-molybdenum steel SAE 4135, each having a 25 mm
      diameter and a 50 mm length were quenched under the following conditions.
PA1  Austenitization: at 850.degree.C for 40 minutes
PA1  Quenching temperature: 850.degree.C
PA1  Quenching medium:
PA2  Medium 2-A. 1.0% aqueous solution of a 1 : 1 mixture of sodium polyacrylate
      quite similar to that used in Example 1 and sodium
      poly(acrylate-methacrylate) quite similar to that used in Example 1
PA2  Medium 2-B. 4.0% aqueous solution of a polymer mixture quite similar to the
      above
PA2  Medium 2-C. 4.6% aqueous solution of a polymer mixture quite similar to the
      above
PA2  Medium 2-D. City water
PA2  Medium 2-E. Quenching oil designated No. 1-1 according to JIS K 2242.
PA1  Volume of quenching medium: 5 liters
PA1  Temperature of quenching medium: 28.degree.-32.degree.C
PAR  Hardness of the quenched bars was tested. Results are shown in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Medium      Hardness of surface                                           
                                Hardness of core                               
     ______________________________________                                    
     2-A         58.1 - 60.2    57.9                                           
     2-B         52.4 - 54.6    50.5                                           
     2-C         49.2 - 53.3    50.3                                           
     2-D (Control)                                                             
                 60.5 - 61.3    60.6                                           
     2-E (Control)                                                             
                 52.5 - 56.1    57.3                                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A main arm (a part of automobile) of chromium-molybdenum steel SAE 4135 and
      a coil spring of carbon tool steel SAE W108 were quenched under the
      following conditions.
PA1  Austenitization: at 850.degree.C for 50 minutes for the main arm; at
      950.degree.C for 3 minutes for the coil spring
PA1  Quenching temperature: 850.degree.C for the main arm, and 950.degree.C for
      the coil spring
PA1  Quenching medium:
PA2  Medium 3-A. 3.0% aqueous solution of a polymer mixture quite similar to
      that used in Example 1
PA2  Medium 3-B. City water
PA1  Temperature of quenching medium: 28.degree.-50.degree.C
PAR  Hardness of the surface of the quenched structures was as follows.
TBL                Hardness of surface                                         
     ______________________________________                                    
     Medium     Main arm       Coil spring                                     
     ______________________________________                                    
     3-A        58.4 - 59.5    61.0 - 63.2                                     
     3-B        51.2 - 53.4    60.8 - 63.8                                     
     ______________________________________                                    
PAR  A quenching crack was found in the main arm and the coil spring, both
      quenched in city water (3-B). In contrast, no cracks were found in the
      main arm and the coil spring both quenched in the aqueous solution (3-A)
      of the mixture of sodium polyacrylate and sodium
      poly(acrylate-methacrylate), although both the main arm and the coil
      spring had hardnesses higher than those quenched in city water.
PAR  The occurrence of a crack in the coil spring was determined with the
      unaided eye.
PAC  EXAMPLE 4
PAR  Round bars of carbon steel SAE 1045, each having a 25 mm diameter and a 50
      mm length, and round bars of chromium-molybdenum steel SAE 4135, each
      having the same diameter and length as the above, were quenched under the
      following conditions.
PA1  Austenitization: at 850.degree.C for 40 minutes
PA1  Quenching temperature: 850.degree.C
PA1  Quenching medium:
PA2  Medium 4-A. 10.0% aqueous solution of a polymer mixture quite similar to
      that used in Example 1
PA2  Medium 4-B. Quenching oil designated No. 1-1 according to JIS K 2242
PA1  Volume of quenching medium: 5 l
PA1  Temperature of quenching medium: 850.degree.C
PAR  Hardness of the surface of the quenched bars was as follows.
TBL                Hardness of surface                                         
     ______________________________________                                    
     Medium     Carbon steel   Cr-Mo Steel                                     
     ______________________________________                                    
     4-A        10.0 - 13.7    35.5 - 40.0                                     
     4-B        25.4 - 28.4    52.5 - 56.1                                     
                 7.8 - 8.3*     17.0 - 18.5*                                   
     ______________________________________                                    
      Note:                                                                    
      *Hardness of the surface of the specimen determined before the quenching 
PAR  As shown above, the quenching medium containing the polymer at a relatively
      high concentration is capable of providing a quenched structure having a
      hardness less than that of a structure quenched in oil.
PAC  EXAMPLE 5
PAR  Main arms of chromium-molybdenum steel SAE 4135 were quenched under the
      following conditions.
PA1  Austenitization: at 850.degree.C for 50 minutes
PA1  Quenching temperature: 850.degree.C
PA1  Quenching medium:
PA2  Medium 5-A. 1.5% aqueous solution of polyacrylic acid having an intrinsic
      viscosity [.eta.] of 0.0234 l/g
PA2  Medium 5-B. 1.5% aqueous solution of a copolymer of 70% acrylic acid and
      30% methacrylic acid, having an intrinsic viscosity [.eta.] of 0.0396 l/g
PA2  Medium 5-C. 1.5% aqueous solution of a 1 : 1 mixture of polyacrylic acid
      quite similar to that of Medium 5-A and a copolymer quite similar to that
      of Medium 5-B
PA2  Medium 5-D. 1.5% aqueous solution of potassium polyacrylate having an
      intrinsic viscosity [.eta.] of 0.0234 l/g
PA2  Medium 5-E. 1.5% aqueous solution of potassium salt of a copolymer of 70%
      acrylic acid and 30% methacrylic acid, having an intrinsic viscosity
      [.eta.] of 0.0396 l/g
PA2  Medium 5-F. 1.5% aqueous solution of a 1 : 1 mixture of potassium
      polyacrylate quite similar to that of Medium 5-D and a copolymer quite
      similar to that of Medium 5-E
PA2  Medium 5-G. 1.5% aqueous solution of a triethanolamine salt of polyacrylic
      acid, having an intrinsic viscosity [.eta.] of 0.0234 l/g
PA2  Medium 5-H. 1.5% aqueous solution of a triethanolamine salt of a copolymer
      of 70% acrylic acid and 30% methacrylic acid, having an intrinsic
      viscosity [.eta.] of 0.0396 l/g
PA2  Medium 5-I. 1.5% aqueous solution of a 1 : 1 mixture of a triethanolamine
      salt of polyacrylic acid quite similar to that of Medium 5-G and a
      triethanolamine salt of a copolymer quite similar to that of Medium 5-H
PA2  Medium 5-J. Quenching oil designated No. 1-1 according to JIS K 2242
PA2  Medium 5-K. City water
PA2  Medium 5-L. 1.5% aqueous solution of polymethacrylic acid having an
      intrinsic viscosity [.eta.] of 0.0230 l/g
PA2  Medium 5-M. 1.5% aqueous solution of potassium polymethacrylate having an
      intrinsic viscosity [.eta.] of 0.0230 l/g
PA2  Medium 5-N. 1.5% aqueous solution of a triethanolamine salt of
      polymethacrylic acid, having an intrinsic viscosity [.eta.] of 0.0230 l/g
PA1  Volume of quenching medium: 5 l
PA1  Temperature of quenching medium: 28.degree.-32.degree.C
PAR  Hardness of and occurrence of crack in the quenched main arms are shown in
      Table III.
TBL                Table III                                                   
     ______________________________________                                    
                Hardness of  Hardness  Occurrence                              
     Medium     surface      of core   of crack                                
     ______________________________________                                    
     5-A        59.5 - 61.2  60.4      not found                               
     5-B        59.8 - 61.0  59.0      ditto                                   
     5-C        59.3 - 60.8  59.5      ditto                                   
     5-D        58.5 - 59.2  58.8      ditto                                   
     5-E        58.5 - 59.5  58.3      ditto                                   
     5-F        58.8 - 59.6  58.5      ditto                                   
     5-G        59.0 - 60.1  59.3      ditto                                   
     5-H        59.3 - 61.0  60.7      ditto                                   
     5-I        58.5 - 59.5  59.5      ditto                                   
     5-J (Control)                                                             
                52.5 - 58.1  57.3      ditto                                   
     5-K (Control)                                                             
                58.5 - 61.3  60.6      found                                   
     5-L        59.3 - 61.3  59.4      not found                               
     5-M        58.8 - 59.9  59.0      ditto                                   
     5-N        59.5 - 60.4  60.0      ditto                                   
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Main arms of chromium-molybdenum steel SAE 4135 were quenched in a bath of
      3% aqueous solution of a 1 : 1 mixture of sodium polyacrylate and sodium
      poly(acrylate-methacrylate), both having various intrinsic viscosities as
      shown in Table IV below, under the following conditions.
PA1  Austenitization: at 850.degree.C for 50 minutes
PA1  Quenching temperature: 850.degree.C
PA1  Volume of quenching medium: 5 l
PA1  Temperature of quenching medium: 28.degree.-32.degree.C
TBL                                    Table IV                                
     __________________________________________________________________________
            Intrinsic viscosity                                                
            of polymer                  State of                               
                               Hardness of                                     
                                        quenched                               
     Medium Mixture                                                            
                  SPA*.sup.6                                                   
                        SPA-M.sup.7                                            
                               surface  structure                              
     __________________________________________________________________________
     6-A    City water         60.5 - 62.5                                     
                                        Crack*.sup.1                           
     (Control)                                                                 
     6-B    0.0088                                                             
                  0.0092                                                       
                        0.0085 59.8 - 61.0                                     
                                        Crack*.sup.2                           
     6-C    0.0125                                                             
                  0.0092                                                       
                        0.0133 58.1 - 60.2                                     
                                        No crack*.sup.3                        
     6-D    0.0268                                                             
                  0.0230                                                       
                        0.0370 55.4 - 57.8                                     
                                        ditto                                  
     6-E    0.0340                                                             
                  0.0234                                                       
                        0.0396 52.6 - 54.3                                     
                                        ditto                                  
     6-F    0.0495                                                             
                  0.0330                                                       
                        0.0522 51.0 - 53.3                                     
                                        ditto                                  
     6-G    0.0518                                                             
                  0.0420                                                       
                        0.0550 49.2 - 54.5                                     
                                        No crack*.sup.4                        
     (Control)                          but                                    
                                        imperfect                              
                                        quenching                              
     6-H    Quenching oil*.sup.5                                               
                               50.5 - 56.3                                     
                                        ditto                                  
     (Control)                                                                 
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 Cracks were found in all ten of the specimens employed           
      *.sup.2 Cracks were found in two of the ten specimens employed           
      *.sup.3 No cracks were found in any of the ten specimens employed        
      *.sup.4 No cracks were found in any of the ten specimens employed, but   
      quenching imperfection was observed in two of the ten specimens          
      *.sup.5 Quenching oil designated No. 1-1 according to JIS K 2242         
      *.sup.6 SPA: Sodium polyacrylate                                         
      .sup.7 SPA-M: Sodium poly(acrylate-methacrylate)                         
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A quenching medium comprising an aqueous solution containing 0.4 to 10%
      by weight of a polymer mixture consisting essentially of 40 to 60% by
      weight of sodium or potassium polyacrylate and 60 to 40% by weight of a
      sodium or potassium salt of a copolymer of acrylic acid and methacrylic
      acid, said polyacrylate and copolymer of acrylic acid and methacrylic acid
      each having an intrinsic viscosity [.eta.] of 0.010 to 0.050 l/g.
NUM  2.
PAR  2. The quenching medium of claim 1 wherein said polyacrylate and copolymer
      of acrylic acid and methacrylic acid having an intrinsic viscosity [.eta.]
      of 0.020 to 0.045 l/g.
NUM  3.
PAR  3. The quenching medium of claim 1 wherein the concentration of said
      polymer mixture in the aqueous solution is 0.5 to 6.0% by weight.
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WKU  039390179
SRC  5
APN  4562917
APT  1
ART  111
APD  19740329
TTL  Process for depositing the deposition agent on the surface of a number
      of semiconductor substrates
ISD  19760217
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PNO  2956913
ISD  19601000
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NAM  Arndt et al.
OCL  148189
UREF
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NAM  Goldsmith
OCL  148189
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PNO  3604694
ISD  19710900
NAM  Muller
XCL  148189
LREP
FRM  Craig & Antonelli
ABST
PAL  A novel process for depositing and diffusing an impurity on and into the
      surface of a number of semiconductor wafers placed in parallel on a quartz
      boat. The impurity source is formed as a plurality of long and slender
      bars or a unitary tunnel-shaped element or a plurality of tunnel segments
      obtained by cutting the element apart. The impurity source as described
      above is mounted about the periphery of the semiconductor wafers arranged
      in a row on a quartz boat for reducing the consumption of the impurity
      source.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a process for depositing and diffusing an
      impurity on and into the semiconductor wafer.
PAR  When diffusing an impurity into a semiconductor wafer, as for instance when
      diffusing a p-type impurity into a silicon wafer by using boron nitride
      (BN) as an impurity source, wafers of boron nitride (BN) which were
      previously oxidized in an oxygen atmosphere for about 1 hour at
      955.degree.C. to form a boron oxide layer on the wafers, are placed as the
      p-type impurity source on a quartz boat in an alternate and aligned
      relation with the silicon wafers. The quartz boat is then inserted in a
      quartz tube which is heated from its peripheral side for generating the
      boron oxide atmosphere within the tube. The boron oxide is deposited on
      the silicon wafer in this manner for diffusing the impurity into the
      wafer. At this time, an atmosphere of an inert gas (N.sub.2) is maintained
      within the tube which is then heated so that the boron oxide is deposited
      on the silicon wafer and the element boron is diffused into the surface of
      the semiconductor to a shallow depth.
PAR  With this previously developed process, it is necessary to provide the same
      number of boron nitride (BN) wafers as that of silicon wafers and provide
      each boron nitride wafer in juxtaposition to each one silicon wafer, which
      means a considerable labor and a reduction in the working efficiency.
      Moreover, because the silicon wafers and boron nitride (BN) wafers are
      placed alternately on the quartz boat, too much space is taken up by the
      boron nitride (BN) wafers, and only a limited number of silicon wafers can
      be placed at a time on the silicon boat. In addition, because each boron
      nitride wafer must be of substantially the same size as that of the
      silicon wafer, the consumption of boron nitride is naturally increased.
PAR  It is thus an object of the present invention to obivate this drawback in
      the previous process and to provide a process for positioning the impurity
      source in a confronting relation with the semiconductor wafers, in which
      the labor involved in the positioning operation may be considerably
      reduced.
PAR  It is another object of the present invention to increase markedly the
      number of semiconductor wafers to be processed at a time and reduce the
      deviation or variation in the amounts of the impurity to be doped into the
      semiconductor wafers.
PAR  These objects of the present invention may be attained in accordance with
      one preferred embodiment of the invention by an arrangement such that a
      plurality of semiconductor wafers are placed in a parallel relation on a
      quartz boat introduced into a tube maintained at the vacuum or reduced
      pressure, and the impurity is diffused into the semiconductor wafers from
      an impurity source arranged about the periphery of these wafers.
DRWD
PAR  The present invention will be described in greater detail by reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a partial sectional view of the diffusing apparatus;
PAR  FIG. 2 is a perspective view of a boat for containing the wafers;
PAR  FIGS. 3(a) and (b) are the front and elevational views, respectively, of
      the semiconductor wafers and the impurity source utilized in one preferred
      embodiment of the inventive diffusion process; and,
PAR  FIGS. 4(a) and (b) to FIGS. 7(a) and (b) are the front and elevational
      views, respectively, of the semiconductor wafers and the impurity source
      utilized in other embodiments of the inventive diffusion process.
DETD
PAR  FIG. 1 shows an apparatus used in the present process for diffusing an
      impurity into the semiconductor wafer. The reference numeral 1 in the
      drawing denotes a furnace having heating means, e.g., an electrical
      resistance heater into which is introduced a furnace tube 2 made of
      quartz, glass or silicon. A cap 3 is fitted removably to one end of the
      tube 2 and has an opening 5 in which is introduced a rod 4 for moving a
      boat to be described later. The other end of the tube 2 has an air
      discharge port 6 which is connected to a vacuum pump, not shown, for
      realizing a vacuum pressure inside the tube 2. The opening 5 is designated
      to be air-tight so that the outside air is prevented from entering tube 2
      when the air is being discharged from the tube.
PAR  The boat 9 to be placed in the tube 2 of the above diffusion apparatus is
      made from quartz glass or silicon with an elongated shape. The upper
      surface of the boat 9 has a number of parallel transverse grooves 9a in
      which the silicon wafers 8 may be placed upright as shown in FIG. 2.
PAR  The tube 2 has a plurality of parallel arranged arcuate supports 12, each
      being a solid member, arranged on boat 9 so as to surround, but so as to
      be closely spaced from the silicon wafers 8, and the impurity sources 11
      consisting of a plurality of long and slender bars 11 of boron nitride are
      placed around the periphery of the supports 12, as shown in FIGS. 3(a) and
      3(b).
PAR  In the above construction of the diffusing apparatus, the silicon wafers 8
      are placed in the grooves 9(a) of the boat 9 positioned in front of an
      opening 13 of the tube 2. The bars 11 of boron nitride (BN) are then
      placed on grooves and/or protrusions formed in or on the supports 12, from
      the outside of the silicon wafers positioned on the boat, and the opening
      13 is closed with the cap 3. Thereafter, the air is discharged by means of
      a vacuum pump, not shown, from the air discharge port 6 provided on the
      opposite side of the closed opening 13, so that a vacuum or reduced
      pressure is now established within the tube 2. The boat 9 and boron
      nitride (BN) bars are then displaced to the central zone 2a of the tube 2
      by pushing the rod 4 in order to perform the subsequent deposition and
      diffusing operations while the vacuum is maintained inside the tube 2. The
      deposition and diffusion process occurs in such a manner that the gaseous
      boron oxide (B.sub.2 O.sub.3) impurity is generated as the boron nitride
      (BN) bars 11 are heated in the tube 2 to a temperature of from 850.degree.
      to 1150.degree.C. and the gaseous boron oxide so generated is deposited on
      and diffused into the main surface of the silicon wafer 8.
PAR  Upon completion of the deposition and diffusion process for the silicon
      wafers 8, the boat 9 is pulled towards the cap 3 of the tube 2 by
      manipulation of the rod 4 and, with the cap 3 removed, the boat 9 is taken
      out from the furnace.
PAR  In the foregoing embodiment, the silicon wafers 8 are introduced into a
      space defined by the peripheral boundary surface of the supports 12 on
      which an impurity source 11 consisting of a plurality of boron nitride
      (BN) bars is mounted.
PAR  In a modified embodiment shown in FIGS. 4(a) and 4(b), the boron nitride
      (BN) impurity source 11 is formed as flat plates and spaced from the
      support 12 by a spacer 14 and the silicon wafers 8 placed on the boat 9
      are introduced into the space defined by these flat plates to undergo the
      deposition and diffusion process. One of the boron nitride plates may be
      omitted, as the occasion may demand.
PAR  In a further modified embodiment shown in FIGS. 5(a) and 5(b), the boron
      nitride (BN) impurity source 11 is formed as an open partial cylinder or a
      tunnel-shaped element (which is placed in the tube 2). The silicon wafers
      8 resting on the boat 9 are introduced into the tunnel-shaped element.
PAR  The tunnel-shaped element of the boron nitride (BN) impurity source 11 as
      shown in FIG. 5 may also be a cylinder cut into several juxtaposed
      segments, and the silicon wafers 8 placed on the boat 9 may be introduced
      into the tunnel-shaped spaces defined by these segments (see FIGS. 6(a)
      and 6(b)).
PAR  The boron nitride (BN) impurity source 11 may also be formed as discs
      placed on both ends and at some intermediate positions of the boat 9 on
      which the silicon wafers 8 are placed (see FIGS. 7(a) and 7(b)). In this
      embodiment, three or more wafers are interposed as a group between and
      closely adjacent to two discs 11.
PAR  While the boat 9 and the impurity source of boron nitride (BN) are inserted
      by operation of rod 4 as the vacuum pressure is maintained within the
      tube, substantially the same result may be attained by an alternative
      process in which the open end of the tube is closed with the cap after
      placing the boat 9 and the impurity source of boron nitride (BN) at the
      center of the tube and thereafter the air is discharged from the tube for
      performing the deposition and diffusion operations.
PAR  Furthermore, while the boat 9 and the impurity source 11 of boron nitride
      (BN) are moved together within the tube, a similar result may be attained
      by an alternative process in which the impurity source is placed in
      advance in the central zone of the quartz tube and the boat 9 by itself is
      inserted into and taken out of the tube for each deposition and diffusion
      operation.
PAR  Alternatively, the semiconductor wafer and the impurity source of boron
      nitride (BN) may be sealed in the quartz tube which is then introduced
      into the tube to be heated in the furnace.
PAR  As deposition agent, a solid deposition source such as ceramic containing a
      small quantity of boron oxide may be used effectively in consideration of
      its holding properties, besides the above-mentioned boron nitride (BN)
      containing a small quantity of boron oxide. Phosphorus oxide and other
      dopant oxides may also be used as deposition agents besides boron oxide.
PAR  According to the present invention, as described above, it is no longer
      necessary to provide an impurity source for each of the semiconductor
      wafers, and the labor necessary in positioning the impurity sources is
      considerably reduced. Moreover, there is no necessity of alternately
      positioning the semiconductor wafers and the impurity sources, and thus
      the number of the semiconductor wafers to be accommodated in one quartz
      boat may be markedly increased with consequent increase in the number of
      the wafers processed in one operation and reduction in the consumption of
      the impurity sources.
PAR  In the above-mentioned deposition process, a small quantity of boron atoms
      are diffused into the surface region of the semiconductor wafer. The
      deposited oxide layer is then removed and the semiconductor wafer is
      further heated so that the diffused layer of the predetermined depth and
      specific resistance may be obtained on the wafer surface.
PAR  It will be understood that the time for effecting heattreatment of the
      impurity source and semiconductor wafers at 850.degree. to 1150.degree.C.
      in the furnace tube 2 may vary from about 10 to 120 minutes, and that a
      reduced pressure of from 10.sup.-.sup.1 to 10.sup.2 mmHg or a vacuum of
      10.sup.-.sup.6 mmHg may be employed.
PAR  While the novel embodiments of the invention have been described, it will
      be understood that various omissions, modifications and changes in these
      embodiments may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for diffusing an impurity into a semiconductor wafer
      comprising:
PA1  placing a plurality of semiconductor wafers upright on a boat,
PA1  placing a plurality of impurity sources so as to surround and be closely
      spaced from said wafers,
PA1  placing said boat into one end of an elongated tube,
PA1  discharging air within said tube from the other end of said tube to thereby
      establish a vacuum or reduced air atmosphere in said tube, and
PA1  heating said semiconductor wafers and impurity sources in said tube to
      thereby produce a gaseous oxide from said impurity within said tube and
      diffuse said impurity into said semiconductor wafers.
NUM  2.
PAR  2. The process of claim 1, wherein said impurity sources are placed on said
      boat prior to placing said boat into said tube.
NUM  3.
PAR  3. The process of claim 2, wherein said impurity sources are supported by
      and arranged longitudinally with respect to said boat.
NUM  4.
PAR  4. The process of claim 3, wherein said impurity sources longitudinally
      extend past the plurality of semiconductor wafers arranged transversely
      with respect to said boat.
NUM  5.
PAR  5. The process of claim 1, wherein said impurity sources are placed in said
      tube independently of said boat.
NUM  6.
PAR  6. A process for diffusing an impurity into a semiconductor wafer
      comprising:
PA1  placing a plurality of semiconductor wafers on a boat, said semiconductor
      wafers being arranged transversely with respect to the longitudinal
      direction of said boat,
PA1  arranging a plurality of elongated impurity sources longitudinally with
      respect to said boat so that said impurity sources longitudinally extend
      past the outer peripheries of a plurality of semiconductor wafers, said
      impurity sources being closely spaced from the outer peripheries of said
      semiconductor wafers, said impurity sources being supported by said boat,
PA1  placing said boat in an elongated tube, and
PA1  heating said elongated tube to produce a gaseous oxide of said impurity
      within said tube and diffuse said impurity into said semiconductor wafers.
NUM  7.
PAR  7. The process of claim 6 further comprising maintaining a reduced pressure
      or vacuum in said tube during heating.
NUM  8.
PAR  8. The process of claim 7, wherein said tube is hermetically sealed during
      heating.
NUM  9.
PAR  9. The process of claim 7, wherein said boat is placed into said elongated
      tube from one end thereof and further wherein air is withdrawn from said
      tube from the other end thereof.
NUM  10.
PAR  10. The process of claim 7, wherein said boat includes support means for
      supporting said plurality of impurity sources.
NUM  11.
PAR  11. The process of claim 10, wherein said impurity sources are in the form
      of spaced bars extending substantially parallel to each other and to the
      longitudinal axis of said tube.
NUM  12.
PAR  12. The process of claim 10, wherein said plurality of impurity sources is
      composed of a tunnel-shaped element extending parallel to said tube.
NUM  13.
PAR  13. The process of claim 6, wherein said impurity sources are in the form
      of spaced bars extending substantially parallel to each other and to the
      longitudinal axis of said tube.
NUM  14.
PAR  14. The process of claim 6, wherein said plurality of impurity sources is
      composed of a tunnel-shaped element extending parallel to said tube.
PATN
WKU  039390187
SRC  4
APN  7619022
APT  1
ART  223
APD  19680920
TTL  Solid propellant containing organic perchlorate salt as burning rate
      accelerator
ISD  19760217
NCL  4
ECL  1
EXA  Miller; E. A.
EXP  Lovering; Richard D.
INVT
NAM  Sayles; David C.
CTY  Huntsville
STA  AL
ASSG
NAM  The United States of America as represented by the Secretary of the Army
CTY  Washington
STA  DC
COD  06
CLAS
OCL  149 191
XCL  149 199
XCL  149 20
XCL  149 40
XCL  149 75
XCL  149 76
EDF  2
ICL  C06D  506
FSC  149
FSS  19;20;75;76;19.1;40;19.9
UREF
PNO  3346589
ISD  19671000
NAM  Grianni et al.
XCL  149 19
LREP
FR2  Edelberg; Nathan
FR2  Gibson; Robert P.
FR2  Voigt; Jack W.
ABST
PAL  The incorporation of tris(difluoroamino)-methoxyethyl ammonium perchlorate
     n small percentages in conventional composite solid propellant compositions
      to achieve a marked increase in burning rates.
GOVT
PAC    DEDICATORY CLAUSE
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalties thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel burning rate accelerator for use in
      conventional composite solid propellant compositions.
PAR  Conventional composite solid propellant compositions are composed
      essentially of three main components; namely, a combustible organic resin
      as binder, fuel, and an oxidizing agent. In use, such propellant
      compositions are enclosed within a chamber and ignited whereby large
      quantities of gases are formed. These gases are exhausted through an
      orifice thereby giving propulsive force to the vehicle in the opposite
      direction.
PAR  The binder component of the propellant composition is typically one of a
      wide variety of resins, such as polyalcohols, carboxylated polybutadiene,
      hydroxylated polybutadiene, and polybutadiene acrylic acid cross-linked
      with an appropriate cross linking agent.
PAR  The oxidizing agent is usually an inorganic oxidizing salt, such as
      ammonium perchlorate. The acidic radical of the inorganic oxidizing salt
      can also be chlorate, nitrate or the equivalent.
PAR  The desirability of rapid burning propellant compositions for rocket and
      ordnance projections as well established.
PAR  Burning rate catalysts have long been used to achieve rapid burning
      propellant compositions. Examples of prior art burning rate catalysts are
      ferric oxide, copper chromite, ferrocene, normal-butylferrocene and a wide
      variety of other ferrocene compounds. However, by substituting one of
      these prior art burning rate catalysts for the conventional oxidizing
      material, oxidizer content of the propellant composition is sacrificed.
      Accordingly, a combination burning rate catalyst and oxidizing agent has
      long been sought after.
PAR  An object of this invention is to provide an improved solid propellant
      composition.
PAR  Another object of this invention is to provide a solid propellant
      composition with an increased burning rate.
PAR  A particular object of this invention is to provide a propellant
      composition having an increased burning rate by means of a combination
      burning rate catalyst and oxidizing agent.
PAC  SUMMARY OF THE INVENTION Tris(difluoroamino)-methoxyethyl ammonium
      perchlorate may be incorporated in small percentages in conventional
      composite propellant compositions to achieve a marked increase in the
      burning rates thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Tris(difluoroamino)-methoxyethyl ammonium perchlorate, (F.sub.2 N).sub.3
      C.O.CH.sub.2.CH.sub.2 NH.sub.3 .sup.+ ClO.sub.4 .sup.- , may be
      incorporated in small percentages in conventional composite propellant
      compositions to achieve a marked increase in the burning rates thereof. It
      is substituted for part of the ammonium perchlorate or other conventional
      oxidizing agent of the prior art propellant composition and functions as a
      combination burning rate catalyst and oxidizing agent. The propellant
      compositions of this invention also contain a binder fuel, and,
      optionally, a powdered metal such as aluminum and various compounding
      ingredients commonly employed in making composite propellant compositions,
      such as plasticizers, oxidation inhibitors, wetting agents, modifiers,
      curing agents, other burning rate accelerators and catalysts, and the
      like. The propellant composition can be formed into a grain having any
      desired shape, configuration, or geometry, such as grains of the internal,
      and external burning types. These grains can be molded, cast, or extruded
      and can be restricted or inhibited with any suitable and well-known
      restricting material, such as asbestos filled synthetic rubbers.
PAR  The combination burning rate catalyst and oxidizer is an essential
      ingredient used in the propellant formulations disclosed herein as
      Composition "B" and Composition "C". The essential ingredient is a complex
      perchlorate salt as more specifically defined and illustrated by
      preparative procedures set forth below. The perchlorate salt of this
      invention helps to achieve the objects of this invention by contributing
      to the marked increase in burning rate. The use of this ingredient permits
      the formulation of widely varied propellant compositions when substituted
      for part of the conventional oxidizer of a composite propellant.
PAR  Tris(difluoroamino)-methoxyethyl ammonium perchlorate, (NF.sub.2).sub.3
      C.O.CH.sub.2.CH.sub.2. NH.sub.3.sup.+ ClO.sub. 4 .sup.-, is prepared by
      completing a series of reactions set forth after the identities (a) and
      (b) below.
PAR  (a) Guanidine, with formula:
      ##EQU1##
      When fluorinated by standard procedure yields a compound with the formula:
      ##EQU2##
      The compound named perfluoroguanidine (PFG) is used during step II
      reaction to follow.
PAR  (b) FC-75 -- "Fluorochemical Liquid, Inert, FC-75", manufactured by
      Minnesota Mining and Mfg. Co., Chemical Div., 900 Bush Ave., St. Paul 6,
      Minnesota. A fully fluorinated product composed of a mixture of compounds
      containing eight carbon atoms, principally perfluoroethers, boiling point
      210.degree.-225.degree. F. Refer to the Condensed Chemical Dictionary,
      Sixth Edition, Page 507, Reinhold Publishing Corporation for other
      properties of FC-75. The FC-75 is used as a heat transfer inert solvent
      for steps II & III reactions set forth below.
PAC  Step I
PAR  Ethanolamine (1.44 Moles) in absolute ethanol (3 liters) is titrated to a
      pH of 5.0 with 70% perchloric acid (30% water) at 0.degree. C.
      Approximately 15 mole percent of urea (catalyst) is added and allowed to
      dissolve; then the ethanol-water is stripped off remotely. Moisture-free
      acetonitrile is added remotely to produce a 50% (by weight) of
      ethanolaminium perchlorate (EAP).
PAC  Step II
PAR  The EAP-acetonitrile solution is charged to a reactor containing 2.5 mls.
      of FC-75 per ml. of EAP solution; cooled to - 35.degree. C and the air
      space in the reactor evacuated. A solution of perfluoroguanidine (PFG)
      (1.58 moles) in FC-75 (about 8 wt. % PFG) is added. The reaction is
      allowed to run 8-10  hours at 30.degree.-40.degree.C and pressure of 10-50
      psig.
PAC  Step III
PAR  The reactor containing the reaction products is cooled to -35.degree.C, and
      vented. A mixture of N.sub.2 (80%) and F.sub.2 (20%) (by volume) is fed to
      the reactor. The reactor "off gas" is passed through a sodium fluoride
      column (to remove HF) and a bubbler containing potassium iodide (KI)
      solution (to chemically reduce F.sub.2 and nitrogen-fluorine vapors).
      FC-75 phase is separated, and the acetonitrile phase containing the
      perchlorate salt is separated, and the acetonitrile phase containing the
      perchlorate salt is diluted and extracted by standard laboratory
      procedure, preferably remotely. The product can be blended in the
      propellant compositions by conventional procedures during the mixing of
      the propellant ingredients as described in more detail later.
PAR  The following chemical equations represent the reactions accomplished in
      steps I, II, and III above.
      ##EQU3##
PAR  As mentioned previously, the solid propellant compositions of this
      invention can contain a powdered metal, for example, aluminum, boron,
      magnesium, beryllium, and the like. Alloys can also be used such as the
      aluminum alloys of boron, magnesium, and the like. Silicon can also be
      utilized and the term "metal" is used herein to include silicon. Generally
      the components of the solid propellant compositions of this invention are
      present in the following approximate relative amounts:
      tris(difluoroamino)-methoxyethyl ammonium perchlorate 1-15 weight percent;
      ammonium perchlorate = 50-70 weight percent; binder = 10-20 weight
      percent; and, powdered metal =1-18 weight percent. Obviously, the weight
      percentages of the components of the propellant composition must total 100
      percent.
PAR  The following table compares a prior art propellant (Composition A) having
      a "standard" burning rate catalyst (n-butylferrocene) and oxidizer
      (ammonium perchlorate) with "Composition B" and "Composition C" of this
      invention.
PAC  A COMPARISON OF BURNING RATES OF PROPELLANTS CONTAINING
      TRIS(DIFLUOROAMINO)-METHOXYETHYL AMMONIUM PERCHLORATE AS A REPLACEMENT FOR
      NORMAL BUTYLFERROCENE
TBL  __________________________________________________________________________
     A COMPARISON OF BURNING RATES OF PROPELLANTS CONTAINING                   
     TRIS(DIFLUOROAMINO)METHOXYETHYL AMMONIUM PERCHLORATE AS A                 
     REPLACEMENT FOR NORMAL BUTYLFERROCENE                                     
     Ingredient             Composition                                        
                                   Composition                                 
                                          Composition                          
                            A      B      C                                    
     __________________________________________________________________________
     Ammonium Perchlorate (6-micron)                                           
                            68.0   62.6   65.1                                 
     Aluminum (50-micron)   14.0   14.0   14.0                                 
     n-Butylferrocene       7.0    --     3.5                                  
     tris(difluoroamino)methoxyethyl                                           
     ammonium perchlorate   --     12.4   6.4                                  
     Carboxyl-terminated polybutadiene                                         
     prepolymer             10.5   10.5   10.5                                 
     Tris(methylaziridinyl)phosphine oxide                                     
     Tris(oxiranyl)-para-aminophenol                                           
     Iron linoleate         0.5    0.5    0.5                                  
     Lecithin                                                                  
     Burning rate (ips) (1000psi)                                              
                            1.3    1.9    2.3                                  
     __________________________________________________________________________
PAR  The binder function for the propellants listed in the table is accomplished
      by the polybutadiene when cured. The binder function can also be
      accomplished by other binder systems used in conventional composite
      propellants. Such binder systems may include both hydrocarbon, resinous or
      polyurethane type binders which may be cured by crosslinking agents,
      isocyanates, epoxy compounds and the like.
PAR  A propellant composition of this invention must include both a small
      percentage of tris(difluoroamino)-methoxyethyl ammonium perchlorate and a
      large percentage of a conventional oxidizing agent such as ammonium
      perchlorate. If all of the conventional oxidizing agent is replaced by
      tris(difluoroamino)methoxyethyl ammonium perchlorate, the resulting
      propellant composition is too sensitive to shock or other type explosion,
      is too expensive and is too difficult to handle. Also, the
      tris(difluoroamino)-methoxyethyl ammonium perchlorate may only be
      incorporated in a conventional propellant composition and not in high
      energy propellant compositions, such as propellants containing
      nitrogen-fluorine functional groups. In the latter case, it is too
      unstable.
PAR  The tris(difluoroamino)-methoxyethyl ammonium perchlorate is added to the
      propellant formulation at the time the composite solid propellant
      composition is made. It may be introduced into the propellant formulation
      by incorporating it in the form of finely divided particles with the
      ammonium perchlorate before it is blended with the binder fuel, or by
      mixing it with the entire mass after the fuel and oxidizer are blended
      together.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite solid propellant composition comprising up to 15 weight
      percent of tris(difluoroamino)-methoxyethyl ammonium perchlorate, an
      inorganic oxidizing agent, and an organic resin binder.
NUM  2.
PAR  2. The propellant composition of claim 1 wherein said oxidizing agent is
      ammonium perchlorate.
NUM  3.
PAR  3. The propellant composition of claim 2 wherein said weight percentage of
      tris(difluoroamino)-methoxyethyl ammonium perchlorate is from about 1
      percent to about 15 percent, said weight percentage of oxidizing agent is
      from about 50 percent to about 70 percent, and the weight percentage of
      said binder is from about 10 to about 20 weight percent.
NUM  4.
PAR  4. The propellant composition of claim 3 wherein said propellant
      composition additionally comprises a powdered metal having a weight
      percentage of from about 1 to about 18 percent.
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ABST
PAL  A covering apparatus and method is directed to applying transparent
      adhesive tape over stained serial tissue sections which have been mounted
      on motion picture type film. The tape serves as a protective cover for the
      sections in lieu of glass slides, plastic and glass cover slips, plastic
      sprays, and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates broadly to mounting of stained serial tissue sections
      for microscope observation but more specifically to an apparatus and
      method for covering film mounted tissue sections with transparent tape
      preparatory to microscope observation and subsequent storage and
      impregnating such sections during covering.
PAR  2. Description of the Prior Art
PAR  Stained histologic sections on glass slides are normally covered with thin
      cover glass. A synthetic adhesive is used when covering to adhere the
      cover glass and to keep the section clear for microscopic observation.
      When mounting the section on the glass slide, the stained section is kept
      moist with xylene until the synthetic adhesive is placed on and the cover
      glass is applied.
PAR  In 1954 when Cronar polyester film became available from E. I. duPont
      Company to serve as a base for motion picture film, the value of the
      Cronar film was seen for histologic sections due to being thin, e.g., .005
      inch, flexible, clear, inert to staining solutions and heat resistant. The
      serial film-section procedure was worked out and beginning in 1956 Krylon
      clear acrylic spray plastic was used as a cover for the stained sections
      on 5-foot film lengths. After drying of the plastic coat, sections were
      observed under the microscope. The spray plastic was not adaptable to long
      100-foot strips of film-sections as a cover. A thick Krylon base-plastic
      was obtained and a technique was worked out for dipping the stained
      film-sections in the thick plastic with the film-sections mounted on a
      stainless steel photographic developing reel. An automatic water bath for
      volume section cutting and film mounting was also developed. Reels of
      film-sections containing 100-foot lengths of film were later used and the
      mentioned thick Krylon plastic was used as a cover for the sections.
      However, histology technicians found it difficult to maintain the proper
      thickness of plastic on a continuous basis. Solvents used with the plastic
      were found to be toxic which required special ventilation such as a hood
      for discharging the fumes. Most tissue sections fall within 3 to 12
      microns thickness. Section thickness was critically limited, however, to
      not more than 10 microns in the process just described. If the sections
      were more than 10 microns in thickness, the plastic would not cover the
      sections and under the microscope proper clarity was not obtainable. Also,
      uneven sections did not lend themselves to being covered by this
      technique.
PAR  An improvement upon the mounting methods and devices of the prior art is
      revealed in U.S. Pat. No. 3,552,247. This patent discloses mounting tissue
      sections directly onto a film base by a method and apparatus which
      eliminates the heretofore usual interim manual lifting of the cut sections
      from the blade and the usual water bath and manual floating steps. A
      microtome trough filled with a liquid receives the cut tissue sections
      directly from the microtome knife. The sections are floated across the
      trough and into contact with film which is passed through the trough.
PAR  Reference may be made to three publications of interest, namely: A.M.A.
      Archives of Pathology, March 1960, Vol. 69, pp. 239-247, "Thirty-Five MM.
      Film as Mounting Base and Plastic Spray as Cover Glass for Histologic
      Sections", John Phillip Pickett, H. T., and Joachim R. Sommer, M.D.,
      Durham, North Carolina; Archives of Pathology, April 1964, Vol. 77, pp.
      429-433, "Improved Film Strip Technique for the Laboratory", J. P.
      Pickett, H. T. (ASCP), W. B. Greene, N. T. (ASCP) and Joachim R. Sommer,
      M.D., Durham, North Carolina; and American Review of Respiratory Disease,
      Vol. 102, 1970, "SERIAL SECTIONS OF LUNG -- The use of a 70-Millimeter
      Film-Strip Technique for Large Tissue Sections", James W. Wilson and John
      Phillip Pickett. Also, see U.S. Pat. No. 3,498,860 which may be of general
      interest and U.S. Reissue Pat. No. Re. 24,906 relating to an adhesive tape
      useful in the invention.
PAR  As further background to the invention, reference is made to the Vickers
      cytology screening apparatus which was developed in 1968 by Vickers
      Instruments of Croydon, England. Although the Vickers apparatus was
      apparently never successfully marketed, it is noted that one aspect of the
      apparatus deals with the adhesive tape covering of a line of previously
      unembedded cells which are singularly mounted on a plastic strip so as to
      form a continuous hairline on the strip. Although the singular cell line
      of the Vickers apparatus is mounted on a plastic strip prior to adhesive
      tape covering, the cells are not adhered to a polyester film as in tissue
      mounting and the cells to be covered have previously undergone neither
      paraffin embedding, serial microtome slicing, nor a staining process which
      additionally serves to remove the paraffin embedding material. Such
      process has not dealt with the matter of impregnating tissue sections with
      optically clear adhesive and covering with an optically clear tape using
      such adhesive.
PAR  Note is also taken of an apparatus previously marketed as the Cytotrack
      Trace Laying System by Tetronics Research and Development Company,
      Lechlade Road, Faringdon, Berkshire, England. As with the Vickers
      apparatus elsewhere described, the Tetronics apparatus is concerned with
      mounting of cells as distinct from tissue sections which is the subject of
      the present invention. In using the Tetronics apparatus, cells are placed
      in a container, mixed with fixatives and stains, and the cells are allowed
      to drop from the container onto a film in a thin, hairline width trace.
      After being mounted on the film, the cells are sealed with a transparent
      polymer in a manner somewhat akin to prior art spray covering techniques.
      While such an apparatus and method have apparently been used successfuly
      for fixing, staining, mounting, and covering cells, they are basically
      limited to those specific purposes because of the substantially different
      problems encountered with mounting, covering, and viewing the
      conventionally paraffin-embedded, larger, non-uniform tissue sections and
      with impregnating such sections.
PAR  The referred to prior art deals with both light and electron microscopy
      techniques and while the concept of mounting tissue sections serially on
      film and covering the film mounted sections with plastic are known and
      have been practiced, it can readily be seen and appreciated that an
      expanding medical industry requires substantial improvements in method and
      apparatus for covering film mounted serial tissue sections and
      impregnating for optical clarity.
PAC  SUMMARY OF THE INVENTION
PAR  The method and apparatus of the present invention is directed to the
      concept of covering extremely thin, i.e., 3 to 12 microns, tissue
      specimens which have previously undergone paraffin embedding, serial
      microtome slicing, serial film strip mounting, and a staining process
      which also acts to remove the paraffin embedding material from the film
      mounted tissue sections. Covering, according to the invention, involves
      adhering a transparent adhesive tape to the side of the film on which the
      sections are mounted. The merger of the film strip and the adhesive cover
      tape is assisted by the liberal application of a xylene-plastic solution
      to the adhesive side of the tape just prior to the point of merging. The
      xylene of the solution acts to slowly dissolve the adhesive without
      affecting the film or the base tape and the dissolved adhesive combines
      with the dissolved plastic of the solution to form an adhesive mixture
      which fills in the interstices of the tissue section previously occupied
      by the paraffin embedding material. Such impregnation or filling-in begins
      to occur as the solution wet side of the tape and the section mounted side
      of the film strip pass together through the merging rollers of the
      invention apparatus. Excess solution is wiped from the covered film strip
      which is then wrapped firmly onto a storage reel. When the entire length
      of film has been covered, wiped, and wrapped on the storage reel, it is
      left for about fifteen minutes during which the adhesive mixture
      impregnates the tissue section interstices and sets. The trailing end of
      the film is next led through a crimper and attached to the spiraled film
      supply reel and the covered film strip is rewound onto the spiraled reel.
      This loaded reel is then transferred to a 60.degree.C oven for overnight
      drying of the covered film strip which ultimately produces an optically
      clear laminate.
PAR  Excellent quality is seen under the microscope with the resulting tape-film
      sections. Thicker than 10 micron sections, although the exception rather
      than the rule, can now be cut and placed on film to get the proper cover
      and uneven sections lay flat with adequate cover. An operation involving a
      time of 6 minutes is now required for covering 100 feet of film mounted
      sections or 3,000 sections. Heretofore, with thick plastic dipping, the
      same operation required approximately 3 days.
PAR  Other advantages of this invention will become apparent when the following
      detailed description is read in conjunction with the appended drawings and
      claims. A preferred embodiment of this invention will now be described
      with reference to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of the film covering tape apparatus of the
      present invention arranged for handling a 100-foot 35 mm film reel.
PAR  FIG. 2 is a plan view of the film covering tape apparatus of FIG. 1.
PAR  FIG. 3 is a front elevation view of the film covering tape apparatus of the
      present invention arranged for returning the tape covering film from the
      storage reel through a film crimper and back onto the original supply
      reel.
PAR  FIG. 4 is a front elevation view of the film covering tape apparatus of the
      present invention arranged for handling a 5-foot 35 mm film reel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is illustrated a tape apparatus 10 for
      covering film mounted serial sections. Base 11 has an upright plate member
      12 made integral with base 11 at a predetermined location thereon. Upright
      plate 12 has a shaft 13 fixedly secured adjacent base 11 at a
      predetermined height. Shaft 13 receives a roll of adhesive tape 15 from
      tape supply reel 14. Tape 15 is a pressure sensitive, transparent, acetate
      film tape and in a preferred embodiment is the type 800 tape manufactured
      under the brand name "Scotch" by 3M Company and is commercially available.
      It is otherwise described as an adhesive tape having a pressure-sensitive
      coating of acrylate ester copolymer and is marketed under U.S. Pat. No.
      Re. 24,906.
PAR  The type of adhesive tape used and its manner of merger with the film are
      critical to success of the invention. The base tape or tape backing must
      be optically transparent after the merger with the film. Equally
      important, the adhesive substance on the base tape must produce optical
      clarity after impregnating the tissue interstices and being set. The tape
      adhesive must also dissolve or at least be placed in a flowable state when
      combined with a solvent, e.g., xylene or heptane, and the dissolved
      adhesive must be compatible with the film, tissue and conventional stains
      in order to satisfactorily impregnate the tissue and set with optical
      clarity. Furthermore, since tissue sections are often stored for several
      years, the merged film-adhesive-base tape must provide a composite
      structure whose optical clarity remains after several years of storage.
      The mentioned 3M type 800 tape has been discovered as having all of the
      required qualities when applied as described and its unique properties
      were discovered only after diligent searching and trial of many methods
      and many types of adhesive tape-film-solvent-combinations. Tapes of a kind
      useful to the invention are more fully described in the previously
      mentioned U.S. Pat. No. Re. 24,906. From this description of the preferred
      adhesive tape and method of using such tape, it can also be seen that the
      choice of film on which the sections are mounted is also important to
      success. In this regard, it has been found that the well established use
      of Cronar polyester film lends itself in all respects to being adhered to
      the described type of adhesive tape in the manner of the invention.
PAR  Flanged guide rollers 16, 17, 18, 19, 20 and 21 are rotatably mounted on
      upright plate member 12 and are arranged so as to maintain tension upon
      film 25 and tape 15 as they are pulled through tape cover apparatus 10. A
      slight tension enhances the sealing between tape 15 and film 25 without
      damaging the tissue sections. A film supply reel 26 is rotatably mounted
      on shaft 27 which is in turn made integral with an upright reel support
      member 28. Reel 26 in one embodiment is a 35 mm, 100-foot length reel
      containing film 25 which is mounted with tissue sections that have
      previously been embedded in paraffin and sliced by a microtome before
      being mounted on film 25. It is also important to note that after the
      tissue sections are mounted on film 25 and before they are covered with
      the tape, they are exposed to a staining process which incorporates
      xylene. The tissue sections are thus stained and at the same time the
      paraffin embedding material is evacuated from the sections by means of the
      xylene which is used as a last step in conjunction with the staining
      process. As the mounted sections reach the covering apparatus of the
      invention, they are thus in the state of having been stained, of having
      had the embedding medium removed, of being approximately 3 to 12 microns
      in thickness and of having been adhered to one side of film 25. It is
      highly desirable that the mounted and stained serial tissue sections reach
      the covering apparatus in a wet state, i.e., wet from xylene used in the
      last states of staining. Otherwise, the sections are prone to separate
      from the film prior to mounting. Heptane and toluene operate like xylene.
PAR  Film 25 is fed from reel 26, beneath guide rollers 21 and 19 and then onto
      a storage reel 29. The side of film 25 on which the stained sections are
      mounted is guided toward the adhesive side of tape 15. Tape 15 is fed from
      tape supply reel 14, beneath flanged guide rollers 16, around flanged
      guide roller 17, over flanged guide roller 18, beneath flanged guide
      roller 19, over flanged guide roller 20 and on into storage reel 29. Tape
      15 and film 25 come together and merge at a point just prior to their
      passing beneath flanged guide roller 19. Wiper bars 38, 39 are pivotally
      mounted and wipe any of the excess xylene-plastic solution from the merged
      film-tape prior to its reaching a storage reel 29. Bars 38, 39 should be
      smooth surfaced and may, e.g., be made of brass. A deflector plate 42 is
      integrally secured to upright plate member 12 so that any of the
      xylene-plastic solution wiped off by wiper bars 38, 39 is directed into a
      catch pan 43 which can be emptied as required. Storage reel 29 is mounted
      on shaft 36 which is turned by a variable speed electric motor 37, (1/5
      h.p.) the driving means for the apparatus. A spring loaded washer, not
      shown, on reel shaft 27 brakes reel 26 and enables the film and tape to
      assume essentially the same tensions. As the tape covered film is pulled
      through apparatus 10 by motor 37, the tapefilm laminate is firmly rolled
      onto reel 29. Since a certain force is required to unroll the adhesive
      tape the motor 37 is adjusted to produce this force and this amount of
      force produces a satisfactory operating tension in both film and tape. The
      tape and film after merger should be rolled firmly but not tightly to
      avoid squeezing. A suitable control box allows for manual switching for
      speeding up, slowing down and start/stop operations for tape apparatus 10.
      (See box 44.) Just prior to the point of merger, tape 15 passes beneath
      supply line 33 from which a xylene-plastic solution flows onto the
      adhesive surface of tape 15.
PAR  A container 30, e.g., polyethylene, rests on a container support member 31
      which is secured to reel support member 28. A solenoid valve 32 mounted
      below container 30 controls the supply of the xylene-plastic solution from
      container 30. A supply line 33 connected to solenoid 32 directs the
      xylene-plastic solution from container 30 onto the adhesive side of tape
      15. This arrangement allows the solvent-plastic solution to flow by
      gravity onto the adhesive and for the solvent to contact and start
      dissolving the adhesive. A supply line support 34 positions line 33 and
      holds it in the proper downwardly angled position. Manual adjustment means
      35 allows for adjustment of the flow of the xylene-plastic solution from
      container 30. The film and tape, of course, move at the same rate which in
      one embodiment is about 15 feet per minute for 35 mm film. Precise
      alignment and equal speeds are critical.
PAR  One factor of importance in the application concerns the manner of winding
      the merged tape and film in order to minimize wrinkling. In this regard,
      it may be noted that the film is substantially thicker than the tape.
      Therefore, the merged tape and film are fed to take-up reel 29 so that the
      tape is on the outside and the film on the inside of the spiral.
      Furthermore, when reeling the merged tape-film back onto reel 26 (FIG. 3)
      prior to drying it is also important that the tape be on the outside of
      the spiral to minimize wrinkling in the merged tape-film.
PAR  It has been found that a direct merger of any of the known types of
      transparent adhesive tapes with the type film described will not provide a
      covering which has the desired optical clarity. Such a direct merger of
      tape and film also lacks uniformity in its characteristics and its
      long-term durability in storage is questionable. Therefore, for a more
      practical merger of tape and film, it has been found that by adding at the
      point of merger a solvent, e.g., xylene, in which the adhesive substance
      on the adhesive tape is soluble; by further adding another substance, in a
      lesser amount, e.g., a liquid acrylic base plastic, which is also soluble
      and effectively supplements the amount of adhesive substance; by premixing
      and flowing this solvent-plastic solution in excess between the adhesive
      tape and film immediately prior to the point of merger; by immediately
      thereafter merging and pressing the tape and film together; and allowing
      them to remain for a short time, e.g., fifteen minutes, rolled on the
      take-up roll, the combined plastic and adhesive effectively penetrate the
      tissue and set and the solvent evaporates sufficient to allow handling of
      the film tape. Furthermore, by immediately wiping away the excess solvent
      as described below and subsequently drying the laminated film-tape as
      further described, the ultimate covered film has the desired
      characteristics of optical clarity, durability and adaptation to
      variations to thickness, characteristics which have not heretofore been
      achieved.
PAR  The xylene of the solution thus causes the adhesive on the tape to dissolve
      relatively slowly and mix with the dissolved plastic of the solution. Upon
      the merging of tape 15 and film 25 at guide roller 19, this mixture begins
      to penetrate the voids in the film mounted tissue sections previously
      occupied by the paraffin embedding material and removed by the staining
      process. The penetration continues and is effectively completed during the
      time, e.g., 15 minutes, the merged film and tape remain on the take-up
      reel 29. Also, by the end of this period, the adhesive substance has set
      so that the merged film-tape can be safely handled for drying.
PAR  Once all of the film on supply reel 26 has been covered by tape 15 from
      tape supply reel 14 and has been guided onto storage reel 29, apparatus 10
      is set up to transfer the tape covered film from storage roll 29 back to
      spiraled film supply reel 26, see FIG. 3. The tape covered film is
      preferably not allowed to remain on storage reel 29 for any long period of
      time while wet and in a rolled condition. 15 minutes time is deemed
      adequate. In order to manually transfer the film back to reel 26 from reel
      29, reel 29 is remounted so that the tape side of the merged filmtape will
      be on the outside of the spiral as previously described. After this, the
      trailing end of the tape covered film is led through a conventional film
      crimper 40 which is pivotally mounted on crimper support 41. Crimper 40
      places a slight curvature in the covered film as it passes from reel 29
      through crimper 40 and back onto the spirals of reel 26. These spirals
      prevent the adjacent film surfaces from contacting each other during
      drying. As an alternative, the re-reeling operation could be motorized by
      the addition of a motor reversing mechanism to motor 37 and a drive belt
      connector means between motor 37 and shaft 27.
PAR  Referring to FIG. 4, tape apparatus 10 is set up to apply the tape covering
      of the present invention to a 70 mm, 10-foot strip of film mounted tissue.
      A small but wider supply reel 42 is used for supplying the 70 mm, 10-foot
      strip of film in the embodiment illustrated. A removable reel support 46
      is positioned in support guide 45 and has an integral shaft 47 on which
      reel 42 rotatably mounts. The same procedure is carried out now for
      setting up of the film and for the covering process. Returning of tape
      covered film 25 to supply reel 42 from this smaller reel does not require
      use of crimper 40. In either case, when the re-reeling operation is
      complete, the reel is removed from the apparatus and placed in an oven at
      60.degree.C overnight. This causes the remaining xylene to evaporate
      leaving a transparent plasticadhesive bond between the film strip and the
      tape cover such that the tape covered film mounted tissue section strip is
      both durable and flexible, yet completely transparent and optically clear
      thereby affording excellent microscopic viewing.
PAR  From the foregoing description of the invention apparatus and method, it
      can be seen that the art is now provided with a practical means and method
      for impregnating with optically clear adhesive and covering substantial
      numbers of previously embedded and stained tissue sections simultaneouly.
      The long desired optical clarity and long term durability in relatively
      long length film mounted serial tissue have been achieved. Thus, when
      combined with the advanced film mounting techniques previously discussed,
      the art is now able to process substantial quantities of serial tissue
      sections in only a fraction of the time previously required.
PAR  It is contemplated that the usefulness of the invention apparatus and
      method will be primarily with film mounted sections on a strip of at least
      five feet in length, and where the section thicknesses are within a 3 to
      12 micron range and normally in a 5 to 10 micron range. While xylene and
      an acrylic base plastic, as made and sold by the Sherwin-Williams Company,
      have been successfully employed as the wetting mixture (in the volume
      ratio 100 cc xylene, 900 cc plastic), heptane and toluene are also useful
      as solvents and a methacrylate base plastic as made and sold by duPont is
      also useful as a supplementary adhesive plastic. Various other mix ratios
      might be employed. A mixture that is too thick will cause the tape and
      film to separate in time whereas a mixture that is too thin prevents
      complete impregnation, leaves opaque voids and is otherwise
      unsatisfactory. At all times, the film and tape should be kept accurately
      aligned during merging and relative slippage must be avoided to prevent
      tissue damage. The included angle X (FIG. 1) at the merging position or
      station where the tape runs horizontally and the film downwardly angled
      should be a minimum acute angle. Sharp bending of the film at this or any
      other location should be avoided whether when spirally spaced as on the
      developing type film reel 26 or in the convolute roll on reel 29.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for impregnating with a substance which when dry is optically
      clear and covering with an optically clear cover serially mounted
      histologic tissue sections mounted on an optically clear film strip to
      prepare the sections for viewing and where the sections are in the state,
      following embedding, of having been sliced to a thickness within the 3-12
      micron range, of having been serially adhered to one side of said strip,
      of having been stained and of having had the embedding medium removed from
      the tissue interstices, comprising the steps:
PA1  a. mounting on a film reel adapted for rotation a length of at least three
      feet of said film strip having serially mounted and adhered thereon a
      plurality of said 3-12 micron thick sections in said stained state;
PA1  b. rotatably mounting proximate said film reel a convolutely wound roll of
      adhesive tape in continuous tape form, said tape consisting of an
      optically transparent backing strip and on one side of said strip a
      coating of pressure sensitive adhesive substance characterized by being
      dissolvable in a selected solvent, in a dissolved state being adapted to
      impregnate the interstices of said stained tissue sections when submerged
      therein and in a dry state when confined in said interstices being
      optically clear;
PA1  c. pulling said tape and film from the respective roll and reel such that
      the side of said film mounting said sections and the side of said tape
      having said adhesive substance is guided to a station wherein said tape is
      maintained flat and horizontal during its travel and with said tape
      adhesive coated side disposed upwardly and at such said station said film
      is maintained flat and angled downwardly during its travel at an acute
      included angle with respect to the tape and with the mounted side of said
      film having the adhered serial sections disposed downwardly whereby to
      merge the entire surface of said tape adhesive coated side with the entire
      surface of said film mounted side and to thereafter bring the entire
      respective merged surfaces of the tape and film in a closely merged
      relation preparatory to being rolled into a coil;
PA1  d. providing at said station immediately prior to the place of said merger
      a flow of said selected solvent in which said tape adhesive substance is
      soluble, said solvent including a predetermined quantity of an additional
      adhesive substance dissolved therein, said amount of additional adhesive
      substance being selected to provide at the place of merger a flow of
      sufficient solvent over the entire surface of said tape coated side to
      combine with the tape adhesive thereon to insure such tape adhesive being
      sufficiently dissolved in a selected period of minutes to fully impregnate
      the interstices of said stained sections and with sufficient additional
      and compatible adhesive substance being supplied to insure said
      interstices being filled during the completion of said merger and
      following such merger to leave said stained sections optically clear;
PA1  e. taking up such merged film-tape in a convolutely wound roll at a
      predetermined speed and tension selected to allow said mixture of solvent
      and adhesive substance to cover said entire surface of said tape coated
      side prior to said merger and to allow said roll to be formed without
      damaging said sections;
PA1  f. after said merger allowing the merged tape film to rest in a firmly
      wound convolute form for a predetermined period of minutes to complete the
      impregnation of said sections by said dissolved adhesive substances and
      the setting of such substances;
PA1  g. after said period of minutes rewinding said merged tapefilm into a
      convolutely spaced reeled form for drying; and
PA1  h. drying said merged tape-film while in said convolutely spaced relation
      to evaporate said solvent and complete the setting of said adhesive
      substances.
NUM  2.
PAR  2. The method of claim 1 wherein said solvent is selected from the group
      consisting of xylene, toluene and heptane, said tape adhesive substance
      consists of a pressure sensitive adhesive coating of acrylate copolymer,
      and such amount of said additional adhesive substance as is employed is
      selected from the group consisting of an acrylic base and methacrylate
      base plastics.
NUM  3.
PAR  3. The method of claim 1 wherein said state of said sections on said film
      strip prior to said impregnating and covering includes said sections being
      in a wet condition as received from the last stage of staining.
NUM  4.
PAR  4. The method of claim 3 wherein said solvent is selected from the group
      consisting of xylene, toluene, and heptane, said tape adhesive substance
      consists of a pressure sensitive adhesive coating of acrylate ester
      copolymer, and such amount of said additional adhesive substance as is
      employed is selected from the group consisting of an acrylic base and
      methacrylate base plastics.
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ABST
PAL  A method of balancing a rotor. An epoxy resin balancing composition is
      applied to the rotor and the rotor is dynamically tested before the resin
      is cured. The resin composition includes fibrous inorganic material, which
      renders it cohesive, weighting material including powdered zinc and barium
      sulphate and a reactive polyamide, catalyst, and a diluent. The
      composition has a specific gravity of at least 2.0 and has substantially
      no slump at room temperature. The composition is sufficiently tacky,
      adherent, and cohesive to adhere to the rotor during dynamic testing
      before curing.
PARN
PAR  This is a division of our co-pending application Ser. No. 859,049, filed
      Sept. 18, 1969 now abandoned.
BSUM
PAR  This invention relates to a composition for balancing a rotor.
PAR  An object of this invention is to provide a plastic resinous rotor
      balancing composition which is putty-like in consistency and can be
      mounted on a rotor and adheres thereto.
PAR  A further object of this invention is to provide a weighted, adherent, and
      cohesive plastic resin composition which adheres to a rotor and does not
      separate from the rotor during dynamic balancing thereof.
PAR  A further object of this invention is to provide such a composition which
      can be used to balance an armature of a motor and which is electrically
      non-conductive so that it does not interefere with coils and the like of
      the armature.
PAR  A further object of this invention is to provide such a composition which
      does not shrink substantially or lose weight during curing.
PAR  Briefly, the rotor balancing composition has an epoxy resin base which can
      adhere to a rotor part and includes fibrous inorganic material such as
      asbestos and calcium silicate and high specific gravity material such as
      powdered zinc and barium sulphate. The fibrous material renders the resin
      cohesive while the high specific gravity material makes the composition of
      sufficiently high specific gravity to be effective for balancing without
      using an excessive volume of material. Preferably sufficient of the high
      specific gravity material is used to give a composition having a specific
      gravity of at least 2.0. Sufficient of the fibrous material is used to
      render the composition cohesive even before it sets so that, after a piece
      of the balancing composition has been affixed to the rotor, the rotor can
      be rotated for testing the dynamic balance before the resin sets and,
      after such testing of the dynamic balance, the piece can be made larger or
      smaller if necessary to correct any inaccuracy in initial balancing.
PAR  In balancing a rotor, the rotor can be rotated on appropriate dynamic
      balancing equipment to determine the amount of the balancing composition
      required and the position at which it should be attached. A sufficiently
      large lump of the balancing compound is stuck to the rotor and adheres
      thereto. The rotor is then dynamically tested again to determine if the
      balancing is correct and, if not, a portion of the lump can be pinched off
      or additional balancing composition can be added to the lump.
PAR  In the following detailed description and the example, all parts and
      percentages are given by weight.
PAR  My preferred balancing composition is made from two components, one of
      which contains the epoxy resin and the other of which contains a catalyst
      for causing setting of the resin. In the preferred formulation, the
      components are adapted to be mixed together in equal amounts. An example
      of our composition includes:
TBL           Component A                                                      
     __________________________________________________________________________
     Epoxy resin (Shell Epon 828)                                              
                                46.32                                          
                                     parts                                     
     Fibrous crystalline calcium silicate (Cab-o-lite)                         
                                7.33 parts                                     
     Powdered zinc              16.35                                          
                                     parts                                     
     Asbestos fibres            8.17 parts                                     
     Powdered barium sulphate   21.83                                          
                                     parts                                     
                                100.00                                         
                                     parts                                     
     __________________________________________________________________________
              Component B                                                      
     Polyamide (Shell V 15)     29.7 parts                                     
     Fibrous crystalline calcium silicate (Cab-o-lite)                         
                                18.6 parts                                     
     Powdered barium sulphate   37.2 parts                                     
     Tridimethyl amino methyl phenol                                           
                                1.5  parts                                     
     Asbestos fibres            9.3  parts                                     
     High boiling aromatic diluent (Mobilsol 66)                               
                                3.7  parts                                     
                                100.00                                         
                                     parts                                     
     __________________________________________________________________________
PAR  The resin of Component A can be the commercial product known as Shell Epon
      828, a trademark of Shell Oil Company, and has an epoxy base of bisphenol
      A-epichlorhydrin type having an epoxy equivalent of 185 to 225 and an
      average molecular weight of 300 to 400. The crystalline calcium silicate
      can be a naturally occurring fibrous crystalline calcium silicate known as
      Cab-o-lite, a trademark of Interpace Corporation and also known as
      Wollastonite. The polyamide acts as a hardener and can be a reactive
      polymide resin having an amino equivalent of 200 to 300 known as Shell V
      15, a trademark of Shell Oil Company. The polyamide also helps make the
      balancing compound tacky or adherent. The high boiling aromatic diluent
      can be the product known as Mobilsol 66, a trademark of Mobil Oil Company,
      and acts as a plasticizer and for improving electrical properties of the
      composition. The amount of diluent can be varied to determine the
      characteristics of the balancing composition. However, the amount of
      diluent is preferably not sufficient to cause slumping of the balancing
      compound at room temperature and not sufficient to cause any substantial
      loss of weight or shrinking of the resin during curing.
PAR  Components A and B can be prepared and stored until ready for use. When
      ready for use, equal weights of components A and B are mixed together to
      form a smooth putty-like mass of balancing composition. The mass consists
      of
TBL  46.32  parts epoxy resin (Shell Epon 828)                                 
     25.93  parts fibrous crystalline calcium silicate (Cab-o-lite)            
     16.35  parts powdered zinc                                                
     17.47  parts asbestos fibres                                              
     59.03  parts powdered barium sulphate                                     
     29.7   parts polyamide (Shell V 15)                                       
     1.5    parts tridimethyl amino methyl phenol                              
     3.7    parts high boiling aromatic diluent (Mobilsol 66)                  
     200    parts                                                              
PAR  The balancing compound is sufficiently tacky to stick tightly to rotor
      parts but not too tacky for ready handling. Pieces or lumps of the
      balancing compound can be attached to appropriate parts of the rotor for
      balancing same and adhere strongly thereto so that, after the pieces have
      been attached, the rotor can be rotated for further testing to determine
      if the balancing has been done properly. The fibrous crystalline calcium
      silicate and the asbestos fibres give the balancing composition wet
      strength or reinforcement so that it does not separate from itself during
      rotation. If necessary, a small portion of a piece can be pinched off and
      removed or an additional small piece can be stuck to the piece already in
      place to correct any error in initial balancing. The resin can be allowed
      to cure either by standing or the cure can be expedited by heating the
      rotor.
DRWD
PAR  The above and other features of the invention will be apparent from the
      following detailed description and the drawing, in which:
PAR  FIG. 1 is a view in side elevation of an armature of a motor provided with
      pieces of balancing composition in accordance with this invention, outer
      wrappings being shown in dot-dash lines for clarity; and
PAR  FIG. 2 is a fragmentary view in section taken on an enlarged scale on the
      line 2--2 in FIG. 1, the outer wrapping being shown in full lines.
DETD
PAR  In the following detailed description and the drawing, like reference
      characters indicate like parts.
PAR  In FIG. 1 is shown an armature or rotor 10 for an electric motor which
      includes a shaft 12 on which a commutator assembly 13 and a core 14 are
      mounted. Armature coils 16 are mounted in slots in the core. End portions
      17 of the coils extend from one end of the core to the commutator
      assembly. End loop portions 18 of the coils extend from the opposite end
      of the core. The armature is mounted in appropriate dynamic balancing
      equipment (not shown) and is tested to determine the mass and positioning
      of balancing weights required. Lumps 19 and 20 of balancing composition
      can be attached to the end portions of the coils as required to balance
      the armature.
PAR  The lumps can be placed between portions of the coils and adhere to the
      coils. The armature is again rotated in the balancing equipment to
      determine if adjustments are required. The adhesion, cohesiveness and wet
      strength of the lumps prevents their being separated from the rotor during
      rotation incident to balancing. The balancing composition described in the
      example adheres to the coils sufficiently strongly and is sufficiently
      cohesive that prior to curing it stays in position on a rotating armature
      coil having a peripheral speed of 42 feet per second, as obtained by
      rotating an armature having a 7 inch diameter at as much as 1,400 r.p.m.
      Excess balancing composition can be pinched off the lumps or additional
      balancing composition can be added as required. When balancing is
      completed, the armature is removed and the end portions 17 and 18 are
      wrapped with strips of pressure sensitive glass fibre tape 22 and 23 which
      lock the coils in position and overlie the lumps of balancing composition.
      Then, the armature can be dipped in varnish in the usual manner and can be
      heated to a temperature of 200.degree.F. for 20 minutes to cure the resin
      and dry the varnish.
PAR  After setting, the cured balancing composition holds tightly to the coils
      of the armature. The composition does not shrink or lose weight
      substantially. Sufficient zinc is present to help build up the weight of
      the composition and to inhibit corrosion of underlying surfaces without
      rendering the composition electrically conductive.
PAR  Excellent results are obtained where the balancing composition includes
      approximately 23 per cent epoxy resin, 13 per cent fibrous crystalline
      calcium silicate, 8 per cent powdered zinc, 9 per cent asbestos fibres, 29
      per cent powdered barium sulphate, and 15 per cent polyamide, the
      remainder being amine catalyst and diluent.
CLMS
STM  Having described our invention, what we claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. A method of balancing a rotor which comprises applying to the rotor a
      balancing composition which consists essentially of approximately 23
      percent by weight of an epichlorhydrin-bisphenol A epoxy resin, 22 percent
      of a fibrous inorganic material, 37 percent of powdered weighting material
      selected from the group consisting of a powdered zinc and powdered barium
      sulphate, 15 percent of a reactive polyamide having an amino equivalent of
      200 to 300, a catalyst and a diluent, the composition having a specific
      gravity of at least 2.0 and having substantially no slump at room
      temperature, the composition being sufficiently tacky, adherent, and
      cohesive to adhere to the rotor during dynamic testing before curing,
      dynamically testing the rotor with the balancing composition in position
      thereon, adjusting the amount of the balancing composition on the rotor to
      achieve balance, and then curing the resin.
NUM  2.
PAR  2. A method of balancing a rotor which comprises applying to the rotor a
      balancing composition which consists essentially of approximately 23
      percent by weight of an epichlorhydrin-bisphenol A epoxy resin, 22 percent
      of a fibrous inorganic material, 37 percent of powdered weighting material
      selected from the group consisting of a powdered zinc and powdered barium
      sulphate, 15 percent of a reactive polyamide having an amino equivalent of
      200 to 300, a catalyst and a diluent, the composition having a specific
      gravity of at least 2.0 and having substantially no slump at room
      temperature, the composition being sufficiently tacky, adherent, and
      cohesive to adhere to the rotor and remain dimensionally stable during
      dynamic testing before curing, dynamically testing the rotor with the
      balancing composition dimensionally stable in position thereon, adjusting
      the amount of the balancing composition on the rotor to achieve balance,
      and then curing the resin.
NUM  3.
PAR  3. A method of balancing a rotor in accordance with claim 2 wherein the
      amount and position of the balancing composition is adjusted and dynamic
      testing of the rotor repeated until the desired degree of balance is
      attained before the resin is cured.
NUM  4.
PAR  4. A method of balancing a rotor which comprises applying to the rotor an
      epoxy resin balancing composition having a specific gravity of at least
      2.0 and having substantially no slump at room temperature, the composition
      being sufficiently tacky, adherent, and cohesive, to adhere to the rotor
      and remain dimensionally stable during dynamic testing before curing,
      dynamically testing the rotor with the balancing composition dimensionally
      stable in position thereon, and curing the resin.
NUM  5.
PAR  5. A method of balancing a rotor which comprises applying to the rotor an
      epoxy resin balancing composition having a specific gravity of at least
      2.0 and having substantially no slump at room temperature, the composition
      being sufficiently tacky, adherent, and cohesive to adhere to the rotor
      and remain dimensionally stable during dynamic testing before curing,
      dynamically testing the rotor with the balancing composition dimensionally
      stable in position thereon, adjusting the amount and position of balancing
      composition and dynamically retesting the rotor until the desired degree
      of balance is attained, and curing the resin.
NUM  6.
PAR  6. A method of balancing a rotor in accordance with claim 5 wherein the
      balancing composition consists essentially of approximately 23 percent by
      weight of an epichlorhydrin-bisphenol A epoxy resin, 22 percent of a
      fibrous inorganic material, 37 percent of powdered weighting material
      selected from the group consisting of a powdered zinc and powdered barium
      sulphate, 15 percent of a reactive polyamide having an amino equivalent of
      200 to 300, a catalyst and a diluent.
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ABST
PAL  Artificial leather is produced by applying a dope comprising urethane
      prepolymers containing terminal isocyanate groups, an amine catalyst and a
      foam stabilizer onto a releasing carrier sheet, exposing the resulting
      coating layer to a moisture-containing gas under controlled conditions,
      laminating the coating layer onto a backing material and stripping off the
      releasing carrier sheet. The resulting artificial leather has a cellular
      structure of polyurethane microfoam in adhesion with the backing material
      and an adhesion strength of 100 to 10,000 g/cm of width.
BSUM
PAR  This invention relates to a method for producing artificial leather. More
      particularly, it relates to the method of making artificial leather by
      transferring a polyurethane layer having a cellular structure onto a
      backing material.
PAR  Various attempts have been made to produce artificial leathers comprising
      layers of polyurethane and a backing material. However the products suffer
      from certain disadvantages such as insufficient mechanical strength and
      weather durability, inadequacy for secondary working processes or poor
      appearance, etc. Some of them require exposure of the semi-finished
      product to heat for a long period of time in order to complete the
      cross-linking reaction of polyurethane resins supported on the backing
      material. This heating is not desirable where the backing materials are
      made of synthetic fibers such as polyethyleneterephthalate or nylon,
      because the materials tend to shrink during the operation thus resulting
      in the formation of pronounced creases on the finished products.
PAR  An object of the present invention is to provide a method for producing
      artificial leather which is free from the above-mentioned disadvantages.
PAR  Another object is to provide the method which gives an artificial leather
      having improved abrasion resistance, scratch resistance, flexibility,
      weather-durability, natural leather like-appearance, and workability for
      the production of various articles.
PAR  Further objects will be apparent from the description which follows.
      According to the present invention, it has been found that the foregoing
      objects may be achieved by applying a dope comprising 100 parts by weight
      of urethane prepolymer containing about 2 to 10% by weight of terminal
      isocyanate groups, about 0.5 to 10 parts by weight of an amine catalyst
      and about 0.05  to 3 parts by weight of foam stabilizer to a releasing
      carrier sheet, exposing the resulting coating layer to a
      moisture-containing gas at an absolute humidity of from about 2 to 50
      g/m.sup.3 for a sufficient period of time greater than 0.1 minute to
      produce microfoams in the coating layer, laminating the coating layer onto
      a backing material while it is adhesive, allowing the laminated layer to
      produce a polyurethane layer having permanent adhesion with the backing
      material so that an adhesion strength of about 100 to 10,000 g/cm of the
      width of the transferred layer is obtained, and stripping off the carrier
      sheet therefrom. As the carrier sheet which can be employed in the present
      invention, conventional release papers, which may be optionally embossed,
      clothes and other materials or those materials having a coating of
      film-forming synthetic resins such as polyurethane resins, particularly
      those containing isophorone diisocyanate, may be mentioned. Any
      conventional releasing agent may be used to produce the foregoing
      releasing carrier sheets provided that the releasing property thereof is
      not affected upon heating at a temperature of 60.degree.C to 200.degree.C.
PAR  The urethane prepolymers having terminal isocyanate groups may be of either
      the polyether or polyester type and are produced by a conventional method.
PAR  Examples of such polyethers used for the production of such urethane
      prepolymers are; polyethyleneglycol, polypropyleneglycol,
      polytetramethyleneglycol, polyhexamethyleneglycol,
      polyoctamethyleneglycol, polynonamethyleneglycol, polydecamethyleneglycol
      and the mixtures thereof. The polyethers have a molecular weight of 100 to
      4,000, preferably 150 to 2,000.
PAR  Examples of polyesters used are condensation products between i) diols such
      as ethyleneglycol, propyleneglycol, tetramethyleneglycol,
      decamethyleneglycol, 2,2-dimethyl- 1,3-propanediol, cyclohexanediol or
      xylenediol, and ii) dibasic acids such as succinic acid, adipic acid,
      suberic acid, sebacic acid, tetrahydrophthalic acid or hexahydrophthalic
      acid.
PAR  Examples of isocyanates used for the production of urethane prepolymers are
      toluylene-2,4-diisocyanate, hexamethylene-1,6-diisocyanate,
      methylene-bis-(4-phenyleneisocyanate) or
      tetrahydronaphthalene-diisocyanate.
PAR  The urethane prepolymers must contain about 2 to 10%, preferably about 4 to
      6% by weight of active isocyate groups at the terminals of their molecules
      and the average molecular weight thereof ranges from 500 to 10,000,
      preferably from 800 to 3,000. Contents of the terminal isocyanate groups
      below 2% by weight require a prolonged reaction time and result in a very
      low foaming rate, giving unflexible cellular structures having thick cell
      walls. Contents above 10% by weight of terminal isocyanate groups result
      in unstable mixtures when added to the dope and tend to cause overfoaming,
      which makes it difficult to obtain a uniform, fine cellular structure. The
      urethane prepolymers may be dissolved in a hydrophobic solvent such as
      methylene chloride or methyl ethyl ketone for the preparation of the dope
      used for the present invention. The amounts of such solvent are preferably
      less than 25 parts by weight to 100 parts by weight of the urethane
      prepolymer. The use of excess amounts of solvent results in unstable foams
      and makes it difficult to obtain a uniform, fine structure.
PAR  The foregoing urethane prepolymers are mixed with about 0.5 to 10 parts by
      weight of amine catalyst and about 0.05 to 3 parts by weight of foam
      stabilizer to 100 parts by weight of the urethane prepolymer to prepare a
      dope.
PAR  The use of amine catalyst in amounts less than the above range makes the
      product unsuitable for practical use as an artificial leather because of
      its poor foaming state, low flexibility and smoothness. Use of the amine
      catalyst in excess causes undesirable overfoaming and a rough structure of
      cells in the product, and decreases the abrasion and scratch resistances.
PAR  Suitable amine catalysts are those known in the art and include, for
      example, triethylenediamine, N-methyl-morpholine and triethylamine.
PAR  The addition of a foam stabilizer to the dope is essential for the
      production of a uniform, fine cellular structure. The use of the
      stabilizer in amounts less than the above-mentioned range may produce
      cells too large in size, while excessive amounts cause bleeding thereof
      and a decrease of mechanical strength, particularly adhesion strength
      between the layers. Examples of such foam stabilizers effectively used for
      carring out the present invention are organo-silicon compounds such as
      organo-silanes, organo-halosilanes, organo-alkoxysilanes, organo-silanols,
      organo-siloxanes or organo-silazanes.
PAR  Before applying, the dope may be diluted with a solvent in order to adjust
      the viscosity thereof. The amount of such solvent or the cumulative amount
      of solvents, if the urethane prepolymer has already contained a solvent,
      is preferably less than 25 parts by weight thereof to 100 parts by weight
      of the urethane prepolymer. The use of excess amounts of solvent results
      in too large a cell size and makes it difficult to obtain a uniform, fine
      structure. Examples of such solvents used for this purpose are
      dimethylformamide, tetrahydrofuran, ketones such as methyl ethyl ketone,
      esters such as ethyl acetate, toluene, or methylenechloride. The use of
      such solvent requires a suitable means to prevent possible hazards to
      human beings or the environment.
PAR  Although the above mentioned urethane prepolymer, amine catalyst, foam
      stabilizer and solvent, if any, may be mixed by any conventional means,
      mixing using a one-shot mixer is most preferable. Upon mixing,
      conventional additives such as fillers, pigments and the like may be added
      to the dope. The finished dope preferably has a viscosity less than 50,000
      cps and the temperature is preferably adjusted at a constant of from
      10.degree.C to 40.degree.C by passing the finished dope through a
      heat-exchanger before applying it to the carrier sheet. The lower
      temperature of the dope causes the higher viscosity of the dope so that
      applying such dope becomes impossible at a temperature below 10.degree.C.
      Applying at a temperature above 40.degree.C is also undesirable because
      the cross-linking reaction of the polyurethane layer proceeds too rapidly
      to give a good cellular structure. When a one-shot mixer is used, the
      injection pressure may vary depending upon the quantity of dope needed but
      preferably is greater than 0.5 kg/cm.sup.2, more preferably within the
      range between 2 and 10 kg/cm.sup.2. A pressure of less than 0.5
      kg/cm.sup.2 is of no practical use because it gives dopes in different
      states of reaction between the beginning run and the finishing run, which
      may produce varying cell structures. The dope may be applied to the
      carrier sheet by conventional means, e.g. using such coaters as the
      reverse-roll coater, other roll coaters, a comma-doctor coater or other
      doctor coaters. The amounts of dope to be applied are not critical but the
      range between 50 to 400 g/m.sup.2, preferably between 100 to 300 g/m.sup.2
      is desirable for carring out the present invention.
PAR  The coating layer thus produced is then exposed to a moisture-containing
      gas at an absolute humidity of from about 2 to 50 g/m.sup.3 for a
      sufficient period of time greater than 0.1 minute to produce microfoams in
      the coating layer.
PAR  The exposing time t (minute) is a function of the moisture content .omega.
      (g/m.sup.3) and the amounts of amine catalyst x (g). The time t may also
      vary depending upon the texture of the backing material, the content of
      terminal isocyanate groups in the starting urethane prepolymer and the
      reaction temperature.
PAR  The conditions can be determined experimentally in order that the layer in
      the finished product possesses an adhesion strength of 100 to 10,000 g/cm
      of width.
PAR  In other words, these conditions are in the relation represented by the
      following equation:
EQU  2.ltoreq..alpha.-.beta.x.sup.1.6 t.ltoreq.4
PAL  wherein .alpha. and .beta. are factors as hereinafter defined. The factor
      .alpha. varies with the nature of the backing material and may be
      calculated by the following equation:
EQU  .alpha.= log y.sub.o
PAL  wherein y.sub.o is the adhesion strength (g/cm) when measured on the
      following standard test:
PAR  A urethane prepolymer comprising polyethylene adipate and
      toluylene-diisocyanate (4.5% by weight of terminal isocyanate groups,
      average MW=2500) is applied onto a polyester film at a rate of 100g of the
      prepolymer per m.sup.2 of the film in the atmosphere of an inert gas by a
      standard applicator. The test fabric is placed on the coated surface while
      the terminal isocyanate groups remain unreacted and the pile is passed
      through a pair of rolls (10 cm diameter) facing at a pressure of 1
      kg/cm.sup.2. The resulting material is then successively allowed to stand
      in an oven at 100.degree.C at 60% relative humidity for 5 minutes and then
      under ambient conditions for 24 hours. The polyester film is then removed.
      The adhesion strength (g/cm) is measured with respect to the test piece
      taken from the finished product thus obtained.
PAR  The following Table 1 shows the factor .alpha. with respect to various
      fabrics. The value normally ranges between 3 and 4 as shown.
TBL                                    Table 1                                 
     __________________________________________________________________________
     nonwoven                                                                  
     fabric          woven fabric        knitted fabric                        
     Material                                                                  
          nylon/polyethylene-                                                  
                     polyethylene-                                             
                                 polyethylene-                                 
          terephthalate                                                        
                     terephthalate/                                            
                             cotton                                            
                                 terephthalate/                                
                                         cotton                                
                                             rayon/cotton                      
                                                    nylon                      
                     rayon       cotton                                        
     __________________________________________________________________________
     raising                                                                   
          --         no      no  yes no  no  no     no                         
     .alpha.                                                                   
          3.90       3.06    3.48                                              
                                 3.49                                          
                                     3.50                                      
                                         3.13                                  
                                             3.30   3.48                       
     __________________________________________________________________________
PAR  The item .beta.x.sup.1.6 .omega.t represents the rate of decrease in
      adhesion strength caused by the reaction of urethane prepolymer with
      water. The factor .beta. varies with the contents of terminal isocyanate
      groups in the urethane prepolymer, the temperature of the
      moisture-containing gas T (.degree.C) and the texture of the backing
      material, and may be determined experimentally by measuring the decreased
      adhesion strength caused by the reaction with water at various
      predetermined conditions and then calculating using the difference between
      the logarithm of said strength and the value of log y.sub.o with respect
      to the same material. The following Table 2 shows the factor .beta. at
      various conditions as indicated.
TBL                                    Table 2                                 
     __________________________________________________________________________
                                                   nonwoven fabric,            
     Material                                                                  
            knitted fabric,cotton                                              
                              plain woven fabric,cotton                        
                                                   nylon/polyethyleneterephthal
                                                   ate                         
     __________________________________________________________________________
     terminal                                                                  
     isocyanate                                                                
            4.5   4.5   4.5   2    4.5  4.5  10    2    4.5  10                
     (content                                                                  
     % by weight)                                                              
       T (.degree.C)                                                           
            60    80    100   100  60   100  100   100  100  100               
       .beta.                                                                  
            13.3.times.10.sup.-.sup.3                                          
                  12.4.times.10.sup..sup.-3                                    
                        11.5.times.10.sup..sup.-3                              
                              1.8.times.10.sup..sup.-3                         
                                   4.7.times.10.sup..sup.-3                    
                                        3.0.times.10.sup..sup.-3               
                                             15.1.times.10.sup..sup.-3         
                                                   3.2.times.10.sup..sup.-3    
                                                        8.0.times.10.sup..sup.-
                                                        3    19.9.times.10.sup.
                                                             .sup.-3           
     __________________________________________________________________________
PAR  The temperature of the moisture-containing gas under which the foaming and
      the cross-linking reactions take place is preferably between about
      60.degree.C and 200.degree.C, particularly between 80.degree.C and
      140.degree.C.
PAR  Conducting the reaction at a temperature either below or above this range
      gives unsatisfactory results. .omega. is, as hereinbefore mentioned, the
      weight of water (g) in 1m.sup.3 of the gas and is preferably within the
      range between about 2 g/m.sup.3 and about 50 g/cm.sup.3, particularly
      within the range between about 10 g/m.sup.3 and about 30 g/m.sup.3.
      Humidity below the lower limit will result in insufficient foaming rate
      (less than 1.5 times the volume of the unfoamed dope) and the finished
      product thus obtained is rigid rather than flexible, while humidity above
      the upper limit gives a product whose mechanical strength such as adhesion
      strength or flex resistance is too small to use as a substitute for
      leather.
PAR  Alternatively, the coating layer may be exposed to a gas current whose
      moisture content is varied regularly or irregularly. In this case, the
      mean value of the moisture content may be employed.
PAR  As the moisture-containing gas, any inert gas such as air, nitrogen gas and
      the like may be used in the present invention. The time t for which the
      urethane prepolymer coating is exposed to the moisture-containing gas must
      be greater than 0.1 minute to obtain a satisfactory result and is
      generally within a range of 1 to 3 minutes. A time less than 1 minute
      causes insufficient foaming, while the reaction will reach an equilibrium
      for a time greater than 3 minutes and finally deterioration in terms of
      the adhesion strength will take place.
PAR  The foaming rate of the coating layer will lie within a range of about 1.5
      to 4 times the volume of unfoamed dope to obtain an artificial leather
      having sufficient mechanical strength and flexibility. Furthermore, it has
      been found that the finished product produced by the present invention
      must have an adhesion strength of at least 0.5 kg/cm when it is used for
      the production of various articles such as shoes. These foaming rates and
      strengths may be obtained if the various conditions of this reaction in
      terms of the equation 2.ltoreq..alpha.-.beta.x.sup.1.6 .omega.t.ltoreq.4
      are met.
PAR  As will be seen from the foregoing description, the desired adhesion
      strength of 100 to 10,000 g/cm may be obtained by adjusting the cumulative
      quantity of water to be reacted with the urethane prepolymer containing
      reactive terminal isocyanate groups. The resulting foamed polyurethane
      layer is then incorporated with a backing material to produce a permanent
      adhesion. Examples of backing materials which may be employed in the
      present invention are woven fabrics, knitted fabrics, nonwoven fabrics,
      papers, plastic films or the like. These materials may be subjected to a
      pre-treatment such as coating with synthetic resins, softening,
      impregnation, primary coating, raising, flocking or the like. With raised
      or flocked materials, the polyurethane layer is placed preferably on the
      untreated surface of the material, though the other side can be used for
      adhesion of the polyurethane layer.
PAR  The adhesion to the backing material may be carried out by conventional
      means, such as a nip roll or belt laminating means.
PAR  Generally, a curing is carried out after the completion of the preceding
      step. This curing may be achieved by standing the resulting product at a
      temperature of 10.degree.C for 4 to 48 hours, preferably 5 to 24 hours,
      whereupon cross-linking of the polyurethane layer takes place resulting in
      a further increase in physical properties.
PAR  The releasing carrier sheet is then removed by stripping off from the
      polyurethane layer. The finished product thus produced may be subjected,
      if desired, to further finishing treatments such as embossing, crumpling,
      finish coating and the like.
PAR  The foamed layer of the finished product produced by the present invention
      has a texture of cells wherein the size of cells is diminishing outward.
PAR  Although the mechanism for the formation of such texture is not
      sufficiently clear in details, it may be explained as follows: The
      reaction between the urethane prepolymer containing terminal isocyanate
      groups and water includes the initiation, elongation and cross-linking
      reactions. The initiation and elongation reactions are those which are
      associated with bubbling of gaseous carbon dioxide, while the
      cross-linking reaction effects setting of the polymer on heating.
      According to the present invention, the above reactions may be controlled
      so that the foaming caused by the first two reactions reach an
      equilibrium, while the last cross-linking reaction remains unfinished. At
      this stage, the outer suface of the polyurethane layer is sufficiently
      adhesive, while the interior has a cellular structure comprising foam of
      100 to 400.mu. in diameter which diminish towards the surfaces to 20 to
      100.mu.. In the accompanying drawing, there is shown a sectional view of
      the texture of the foamed polyurethane layer before or after incorporation
      with the backing material.
DRWD
PAR  FIG. 1 is an enlarged sectional view of the polyurethane layer which was
      obtained by exposing the film of dope supported on the release carrier to
      a moisture-containing gas;
PAR  FIG. 2 is an enlarged sectional view of the layer of FIG. 1 after adhesion
      to a backing cloth.
DETD
PAR  As referred to FIG. 1, zone 2 which is adjacent the release carrier 1 and
      the surface zone 3 comprise very fine foam having a diameter of 20 to
      100.mu. and the interior 4 contains foam of 100 to 400.mu. cellular
      diameter. After the backing cloth 5 is adhered to the layer as shown in
      FIG. 2, the surface zone 3 turns to an adhesive zone which is in
      engagement with the surface texture of the cloth. After the removal of
      release carrier 1, zone 2 becomes the surface zone of finished artificial
      leather. Thus the artificial leather produced by the present invention has
      an interior of cells having a diameter of 100 to 400.mu. surrounded by the
      outer zones of cells having a diameter of 20 to 100.mu.. Consequently it
      has a sufficient abrasion resistance, scratch resistance and adhesion
      strength together with good flexibility. The product also has excellent
      weather-durability, especially in cold weather and is adapted for the
      production of various secondary articles such as shoes. The method of the
      present invention is especially advantageous in that the method is
      applicable to materials which tend to shrink upon heating, whereas such
      materials were not hitherto available for the production of artificial
      leathers.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever. All parts and % in
      the examples are by weight.
PAC  EXAMPLE 1
PAR  A coating solution is prepared by dissolving 25 parts of polyurethane of
      the polyester type containing isophoronediisocyanate but no terminal
      isocyanate groups in the molecule, and 5 parts of pigment in 70 parts of
      dimethylformamide. This coating solution is applied to a release paper
      having silicon resin coating at a rate of 140 g/m.sup.2. The paper is
      dried to remove dimethylformamide.
PAR  A solution of 100 parts of polyester type urethane prepolymer containing 5%
      terminal isocyanate groups (average MW=2,000) prepared by reacting
      polyethylene adipate having terminal hydroxy groups with
      toluylene-2,4-diisocyanate in 20 parts of methylenechloride and 3.5 parts
      of a solution comprising 80% of triethylenediamine, 3% of dimethylsiloxane
      and 17% of dimethylformamide are thoroughly mixed in a one-shot mixer. The
      resulting dope is heated to 30.degree.C and then is applied to the release
      paper at a rate of 200 g/m.sup.2 by a reverse coater. Succeedingly, a mild
      air blast containing 10g of water per m.sup.3 is applied to the coated
      surface at flow rate of 10 m.sup.3 per minute for 12 seconds and then the
      paper is passed through a dryer in which a moist air having a temperature
      of 100.degree.C containing 10g of water per m.sup.3 is circulating for 1
      minute. (.beta.=10.6.times.10.sup.-.sup.3, .beta.x.sup.1.6 .omega.t= 0.65)
      The dope layer is placed on the unraised side of a raised
      polyethyleneterephthalate fabric (.alpha.=3.98) and then adhered thereto.
      The release paper is stripped off after curing for 24 hours at 20.degree.C
      whereby an artificial leather having physical properties as shown in Table
      3 is obtained. The artificial leather thus obtained has a foamed
      polyurethane layer having a volume 2 times that of the unfoamed dope and
      an average cell size of 150.mu.. The product also has a smooth surface and
      an appearance similar to leather, and is especially adapted for uses in
      the production of various articles.
TBL                Table 3                                                     
     ______________________________________                                    
     Properties       Product of Ex. 1                                         
                                   Leather                                     
     ______________________________________                                    
     Thickness (mm)   0.70         0.75                                        
     Hardness  longitudinal                                                    
                      79           80                                          
      (mg)   latitudinal                                                       
                      59           70                                          
     Scratch resistance (g)                                                    
                      1200         1500                                        
     Adhesion Strength (kg/cm)                                                 
                      2.0          1.5                                         
     Crumpling resistance                                                      
                      not changed  not changed                                 
      (1000 time/kg)                                                           
     Abrasion resistance                                                       
                      not changed  not changed                                 
      (2000 times/500g)                                                        
     Impact resistance at-30.degree.C                                          
                      passed       passed                                      
     Moisture permeability                                                     
                      500          &gt;2400                                       
      g/cm.sup.2 /24 hours                                                     
     Flex resistance  &gt;3           &gt;3                                          
      10,000 times at-5.degree.C                                               
     ______________________________________                                    
PAR  In the above test, hardness, crumpling resistance, abrasion resistance,
      impact resistance and moisture permeability were measured according to
      methods of JIS-I-1079, JIS-K-6772, JIS-L-1004, JIS-K-6772 and JIS-Z-0208
      respectively, and the scratch resistance, adhesion strength and flex
      resistance were measured by Clemense method, the methods using a tensile
      tester and flex fatigue tester respectively.
PAC  EXAMPLE 2
PAR  A release paper as used in Example 1 is embossed and is provided with a
      polyurethane coating as in Example 1. 100 parts of polyether type urethane
      prepolymer containing 10% of terminal isocyanate groups (average MW=2,000)
      prepared by reacting polytetramethyleneglycol with toluylene-2,
      4-diisocyanate and 2.5 parts of a mixture of 75% of triethylendiamine and
      25% of dimethylsiloxane are thoroughly mixed in a one-shot mixer. The
      resulting dope is heated to 40.degree.C and then is applied to the release
      paper at a rate of 200 g/m.sup.2 by a comma-doctor.
PAR  A moisture-containing air of 20 g/m.sup.3 moisture content is blown to the
      coated surface at a flow rate of 5 m.sup.3 /minute.
      (.beta.=10.9.times.10.sup.-.sup.3, .beta.x.sup.1.6 .omega.t=0.6) Then
      radiation of ultra-infrared rays is applied to the surface by an Infra-jet
      dryer for 1 minute at 140.degree.C. The resulting polyurethane layer is
      place on a nylon/polyethyleneterephthalate nonwoven fabric (.alpha.=3.9)
      impregnated with polyurethane resin, passed through nip rolls, and allowed
      to stand in a room at 40.degree.C for 10 hours. The release paper is
      stripped off and the resulting product is finished by a printing roll,
      whereby artificial leather similar to that obtained in Example 1 is
      obtained. A camera case was made with the artificial leather thus
      produced. The case has excellent physical properties and appearance.
PAC  EXAMPLE 3
PAR  A solution of 100 parts of polyester type urethane prepolymer containing
      4.5% of terminal isocyanate groups (average MW=2,000) made from
      polyethyleneadipate and toluylene-2,4-diisocyanate ("Coronate", Nippon
      Polyurethane Co., Ltd.) in 10 parts of methylenechloride and 3 parts of a
      solution containing 44% of triethylenediamine, 6% of dimethylsiloxane and
      50% of methyl ethyl ketone are thoroughly mixed in a one-shot mixer. The
      resulting dope is heated to 30.degree.C by a heat-exchanger and then is
      applied to a polyethyleneterephthalate film of 0.1 mm thickness at a rate
      of 200 g/m.sup.2 by an applicator. The dope layer supported by the film is
      placed in a room filled with a moisture containing air at a rate of 9.7g
      of water/m.sup.3 for 5 seconds at 25.degree.C. Then the layer is heated in
      a dryer at the same humidity at a temperature of 140.degree.C for 115
      seconds. The resulting polyurethane layer is placed on a knitted cotton
      fabric, passed through nip rolls, and cured at 25.degree.C for 24 hours.
      The polythyleneterephthalate film is stripped off and polymethylglutamate
      resin solution is applied to the surface of the resulting product. The
      artificial leather thus produced showed excellent properties as that
      obtained in Example 1. .alpha.= 3.1, .beta.=11.5.times.10.sup.-.sup.3,
      .beta.x.sup.1.6 .omega.t=0.35
PAR  The same procedure is repeated except that dopes having various
      formulations as shown in Table 4 are used. The resulting products are
      tested in comparison with the product of Example 3. Table 4 shows the
      result obtained therefrom.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Formulation Part                                                          
                 Example 3                                                     
                        Test A Test B Test C Test D                            
     __________________________________________________________________________
     urethane prepolymer                                                       
                 100.00 100.00 100.00 100.00 100.00                            
     triethylenediamine                                                        
                 1.32   20     0.22   1.32   1.32                              
     dimethylsiloxane                                                          
                 0.18   2.8    0.06   0.02   3.36                              
     methylenechloride                                                         
                 10.00  10.00  10.00  10.00  5.00                              
     methyl ethyl ketone                                                       
                 1.5    3.00   1.5    1.5    1.5                               
     Product                                                                   
     Adhesion strength                                                         
      (kg/cm)    2.0    --     1.5    0.5    0.6                               
     Foaming rate(times)                                                       
                 2.7    4.0    1.3    2.3    2.7                               
     Cell size  surface                                                        
                  20-100                                                       
                        300-500                                                
                               20-50  100-500                                  
                                              20-100                           
      (.mu.)     100-300or                                                     
                        500-1000                                               
                               50-200 500-2000                                 
                                             100-300                           
                        overfoaming,                                           
                               low foaming                                     
                                      ununiform                                
                                             bleeding                          
                        impossible                                             
                               rate,  foaming,                                 
                                             of foam                           
     Remarks     --     to apply                                               
                               insufficient                                    
                                      rough cells                              
                                             stabilizer                        
                               flexibility                                     
     Scratch resistance                                                        
                 1200   300    1200   400    1200                              
       (g)                                                                     
     __________________________________________________________________________
PAR  The procedure of Example 3 is repeated except that the procedure is carried
      out at various conditions as tabled in Table 5 with respect to the
      moisture content .omega., amount of amine catalyst x, and exposure time to
      moist air t.
PAR  The resulting products are tested in comparison with the product of Example
      3. Table 5 shows the results obtained therefrom.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Reaction Condition                                                        
                Example 3                                                      
                       Test E  Test F  Test G   Test H                         
                                                     Test I                    
                                                           Test                
     __________________________________________________________________________
                                                           J                   
     .omega.(g) 9.7    9.7     9.7     1.5     55    9.7   9.7                 
     x (g)      1.32   1.32    1.32    1.32    1.32  12    0.1                 
     t (minute) 2      0.03    100     2       2     2     2                   
     .alpha.-.beta.x .sup.1.6 t                                                
                2.75   3.1     -14.3   3.05    1.1   -8.6  3.07                
     Product                                                                   
     Adhesion strength                                                         
                1.5    1.5     0.02    1.5     0.05  0.03  1.5                 
      (kg/cm)                                                                  
     Scratch resistance                                                        
      (g)       1200   1500    200     1500    300   300   1500                
     Foaming rate (times)                                                      
                2.7    1.0     4.5     1.0     4.0   3.8   1.0                 
     Cell size  surface                                                        
                20-100 --      20-100  --      100-300                         
                                                     100-300                   
                                                           --                  
      (.mu.)    interior                                                       
                100-300                                                        
                       --      100-300 --      300-1000                        
                                                     300-1000                  
                                                           --                  
     Remarks           substantially                                           
                               Substantially                                   
                                       Substantially                           
                                               Very weak                       
                                                     Very weak                 
                                                           Substantially       
                       no foaming,                                             
                               no adhesion                                     
                                       no foaming,                             
                                               adhesion                        
                                                     adhesion                  
                                                           no foaming          
                       rigid           rigid                                   
     __________________________________________________________________________
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing artificial leather which comprises:
PA1  a. applying a dope comprising 100 parts by weight of a urethane prepolymer
      having an average molecular weight of 500-10,000 and containing about 2 to
      10% by weight of terminal isocyanate groups, about 0.5 to 10 parts by
      weight of an amine catalyst and about 0.05 to 3 parts by weight of foam
      stabilizer dissolved in a hydrophobic solvent to a releasing carrier
      sheet;
PA1  b. exposing the resulting coating layer to a moisture containing gas at an
      absolute humidity of from about 2 to 50 g/m.sup.3 and a temperature of
      60.degree.-200.degree. C. for a sufficient period of time greater than 0.1
      minute to produce microfoam in the coating layer;
PA1  c. laminating said coating layer onto a backing material while it is
      adhesive;
PA1  d. allowing the laminated layer to produce a polyurethane layer having a
      permanent adhesion with the backing material so that an adhesion strength
      of about 100 to 10,000 g/cm of the width of the transferred lay is
      obtained; and
PA1  e. stripping off the carrier sheet thereform.
NUM  2.
PAR  2. The method of claim 1 in which the exposing step is carried out under
      conditions being in relation represented by the equation:
EQU  2.ltoreq..alpha.-.beta.x.sup.1.6 .omega.t.ltoreq. 4
PAL  wherein .alpha. and .beta. are factors as defined in the foregoing
      description, x is the amount (g) of amine catalyst in the dope, .omega. is
      the absolute humidity (g/m.sup.3) and t is length of time (minutes) of the
      exposing.
NUM  3.
PAR  3. The method of claim 1 in which the said urethane prepolymer is a
      polyester type having an average molecular weight of 800 to 3,000.
NUM  4.
PAR  4. The method of claim 1 in which the said urethane prepolymer is a
      polyether type having an average molecular weight of 100 to 4,000.
NUM  5.
PAR  5. The method of claim 1 in which the dope contains less than about 25
      parts by weight of a solvent per 100 parts by weight of the urethane
      prepolymer.
NUM  6.
PAR  6. The method of claim 1 in which the amine catalyst is
      trimethylenediamine.
NUM  7.
PAR  7. The method of claim 1 in which the foam stabilizer is an organosiloxane.
NUM  8.
PAR  8. The method of claim 1 in which the dope further contains a pigment,
      filler or mixture thereof.
NUM  9.
PAR  9. The method of claim 1 in which the dope is mixed by a one-shot mixer.
NUM  10.
PAR  10. The method of claim 1 in which the dope is maintained at a constant
      temperature between about 10.degree.C and 40.degree.C during application
      to said carrier sheet.
NUM  11.
PAR  11. The method of claim 1 in which the moisture-containing gas is air.
NUM  12.
PAR  12. The method of claim 1 in which the releasing carrier sheet is a release
      paper having a coating of a polyurethane resin thereon.
NUM  13.
PAR  13. The method of claim 12 in which the polyurethane resin contains
      isophoronediisocyanate in the molecule.
NUM  14.
PAR  14. The method of claim 1 in which the releasing carrier sheet is
      polyethyleneterephthalate film.
NUM  15.
PAR  15. The method of claim 12 in which the release paper is further embossed.
NUM  16.
PAR  16. The method of claim 1 in which the backing material is a raised fabric.
NUM  17.
PAR  17. The method of claim 1 in which the backing material is a nonwoven
      fabric impregnated with polyurethane.
NUM  18.
PAR  18. The method of claim 1 in which the backing material is a knitted
      fabric.
NUM  19.
PAR  19. The method of claim 1 in which the polyurethane layer in adhesion with
      the backing material is further cured for about 4 to 38 hours at a
      temperature of about 10.degree.C to 50.degree.C following to the
      laminating step.
NUM  20.
PAR  20. The method of claim 1 wherein, the final product is further applied
      with a finishing coating.
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ABST
PAL  A method for the continuous formation of articles, e.g. one piece pipe
      insulator sections, from a strip-shaped felt of fibrous material, e.g.
      glass fibre, containing a hardenable bonding material employs stationary
      forming surfaces between which the strip is pulled, from beyond the
      forming surfaces, to deform the strip, which is then cured. The forming
      surfaces are readily and inexpensively replaceable for forming articles of
      various shapes and/or sizes.
PARN
PAR  This is a division of application Ser. No. 346,381, filed Mar. 30, 1973,
      now U.S. Pat. No. 3,912,572.
PAR  The present invention relates to methods of and apparatus for forming
      articles from strip-shaped felts of fibrous material, for example glass
      fibre insulating wool, containing a hardenable bonding material, e.g. an
      uncured thermo-setting bonding material.
PAR  One important application of the present invention is to the manufacture of
      longitudinally split cylindrical thermal insulation coverings for hot and
      cold pipes, which coverings are commonly referred to as "one piece pipe
      insulator sections" and are kerfed opposite their slots to enable them to
      be opened sufficiently wide to be fitted over a pipe, after which they
      snap into a closed condition around the pipe when released.
PAR  However, the invention is not restricted to the manufacture of one piece
      pipe insulator sections, and may with advantage be employed for making
      other articles, for example of rectangular, segmental, arcuate or
      irregular cross-section, from felts of fibrous material.
PAR  Uncured glass fibre wool in the condition in which it is normally delivered
      to apparatus for forming it into pipe insulator sections has a low bulk
      density and a non-uniformly low strength under tension and, due to
      tackiness caused by its hardenable bonding material, usually an uncured
      resin, causes considerable friction when moved in sliding contact over a
      surface. Consequently, the feeding of a strip-shaped felt of uncured glass
      fibre wool under tension through processing apparatus for forming articles
      therefrom can present serious difficulties in avoiding breakage of the
      felt.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It has previously been proposed to form one piece pipe insulator sections
      from such felt by winding the felt around a mandrel and curing the felt
      while the felt remains wound on the mandrel. The mandrel may be smooth or
      may be perforated to allow hot gases to be fed radially through the
      mandrel and the felt for curing the felt. However, if the wound felt is
      caused to slide along the mandrel while the latter remains stationary,
      there is considerable friction between the felt and the mandrel,
      particularly if a perforated mandrel is employed, and this friction is
      increased as wool and resin detritus tend to accumulate on the mandrel. To
      partially overcome this difficulty, the mandrel may be moved
      longitudinally together with the felt wound thereon. In either case,
      however, careful and technically difficult control is required of the
      angle at which the felt is fed onto the mandrel. This angle, and the width
      of the felt, depend on the diameter and thickness of the tubular
      insulation being produced. Consequently, variations in the outer diameter
      of the wound felt are produced by variations in the overlap of successive
      convolutions of the felt on the mandrel, and these outer diameter
      variations are at best unsightly and at worst unacceptable when two or
      more pipe insulator sections are required to fit closely over one another
      around a pipe. These variations may be overcome by the use of shaping
      tools for shaping the outer diameter of the wound felt, as disclosed for
      example in Canadian Pat. No. 897,941, which teaches the use of
      frusto-conical rollers rotating on the outer surface of the wound felt,
      but the use of such shaping tools increases the mechanical complexity of
      the apparatus and the drag on the felt.
PAR  Canadian Pat. No. 570,945 discloses a method in which the felt wound on the
      mandrel is encased in a pair of perforated mold members, and the encased
      assembly, including the mandrel, is then advanced through a curing zone.
      This method has the disadvantage that the rate of production of the
      insulation is limited by the need to repeatedly fit the perforated mold
      members around the wound felt, and by the limited size of a roll of the
      felt which can be rotated around the mandrel for winding the felt on the
      mandrel.
PAR  Moreover, the above-described prior methods employing an advancing mandrel
      have the further important disadvantages that the rate of production is
      slowed by the necessity for repeatedly fitting new mandrel sections to the
      end of the mandrel, and also that they require considerable capital
      investment in equipment, and in particular in mandrels and mold members of
      different diameter in order to be able to produce insulation of various
      diameters. In this connection, it is pointed out that the production of a
      range of different insulation diameters is important in practice to
      provide insulation sizes which can fit different pipe diameters and which
      can be fitted in nesting relationship over one another around a pipe.
PAR  In Canadian Pat. No. 713,014 there is disclosed an apparatus for the
      continuous production of tubular insulation by feeding the felt onto an
      endless wire mesh belt. A series of separate mandrels carried on an
      endless chain above the belt move in succession into contact with the
      felt, which is then wrapped, with the belt, around the successive mandrels
      by a shoe-horn former. The wrapped belt and felt then advance with the
      mandrels through a baking tube for curing the felt to form a
      longitudinally split tube. This prior arrangement has the disadvantage
      that a plurality of identical mandrels are required for each required
      different internal diameter of the insulators, and a different width of
      wire mesh belt is required for each required different external diameter,
      and consequently considerable capital investment in equipment is
      necessary. In addition, replacement of the mandrels, their endless chain
      and the wire mesh belt each time the apparatus is changed over to the
      production of a different size of insulator is time consuming and
      expensive. Also, gaps between the mandrels wrapped by the felt produce
      corresponding irregularities on the internal surfaces of the insulators.
PAR  U.S. Pat. No. 3,661,491, issued May 9, 1972, discloses apparatus for
      consolidating, shaping and fixing a loose mass of fibres which employs a
      pair of stationary, spaced-apart heated platens. The mass of fibres is fed
      between smooth opposed surfaces of the platens to compress the mass and to
      heat cure a heat activable binder in the fibre mass. The fibre mass is fed
      on an endless conveyor to the platens and, to facilitate the compression
      of the fibre mass by the platens, the latter are formed with tapered
      portions forming an inlet which converges in the direction of travel of
      the fibre mass between the platens. However, in practice, this prior
      arrangement will have the disadvantage that the heating of the binder as
      the fibre mass slides between the stationary heated platen surfaces will
      be sufficient to cure the binder only to a limited depth across the
      thickness of the compressed fibre mass. Moreover, the fibre mass will tend
      to bunch at the inlet, since the compression of the fibre mass by the
      tapered portions of the platens will result in a high degree of friction
      between the fibres and the surfaces of the platens, particularly since the
      fibre mass contains uncured binder.
PAR  As the conveyor continues to feed more of the fibre mass to the inlet, the
      bunching of the fibre mass at the inlet will result in jamming of the
      fibre mass and prevent travel of the fibre mass between the heated platens
      and the bunched-up fibre mass will be partially cured by the platens in a
      shape which will not fit between the platens.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a novel and
      improved method of and apparatus for the continuous formation of articles
      from an uncured strip-shaped felt of fibrous material, which method and
      apparatus facilitate change-over to the production of articles of
      different cross-sections and enable the continuous production of such
      articles with regular surfaces.
PAR  According to one aspect of the present invention, a method of forming
      articles from a strip-shaped felt of fibrous material containing
      hardenable bonding material comprises the steps of pulling the felt
      between stationary forming surfaces which deform the cross-sectional shape
      of the felt by sliding contact with opposite sides of the felt, curing the
      bonding material while the felt is in its deformed shape, and subsequently
      cutting the deformed felt into separate lengths, the pulling of the felt
      being effected from beyond the stationary forming surfaces.
PAR  According to another aspect of the present invention, apparatus for forming
      articles from a strip-shaped felt of fibrous material containing a
      hardenable bonding material comprises stationary forming surfaces spaced
      apart for sliding contact with opposite sides of the felt and shaped to
      deform the cross-section of the felt, a felt feed mechanism disposed
      beyond the forming surfaces and adapted to pull the felt between the
      forming surfaces, means for curing the felt while the felt is in its
      deformed shape, and a cutter for cutting the deformed felt into separate
      lengths.
PAR  Since stationary forming surfaces are employed, it is possible to construct
      the apparatus so that the parts of the apparatus on which these surfaces
      are provided can be readily removed and replaced to adapt the apparatus
      for the production of articles of different cross-sections. It has been
      found that by pulling the cured felt from beyond these surfaces, the
      travel of the felt between these surfaces is considerably facilitated
      since the tension in the felt causes the felt to contract trasversely of
      the felt, which reduces the friction between the felt and the stationary
      forming surfaces. Thereby, the risk of breakage of the felt due to the low
      tensile strength and tackiness of the uncured felt can be counteracted.
      Such risk may be further reduced by curing the bonding material at and
      near the surfaces of the felt before the felt reaches the forming
      surfaces, and by passing one or more reinforcement cords or other tensile
      members with the felt between the forming surfaces.
DRWD
PAR  The invention will be more readily understood from the following
      description of an embodiment thereof given by way of example with
      reference to the accompanying drawings, in which:
PAR  FIGS. 1A and 1B show a diagrammatic side view of an apparatus for forming
      one-piece pipe insulation sections;
PAR  FIG. 2 shows a view in perspective of a felt crisping section forming part
      of the apparatus of FIGS. 1A and 1B;
PAR  FIG. 3 shows a view in perspective of an alternative form of crisping
      section for use in the apparatus of FIGS. 1A and 1B;
PAR  FIG. 4 shows a view taken in longitudinal cross-section through a forming
      section which is part of the apparatus shown in FIGS. 1A and 1B;
PAR  FIG. 5 shows a view in perspective of parts of the forming section of FIG.
      4 separated from one another;
PAR  FIG. 6 shows a view in perspective of other parts of the forming section of
      FIG. 4 separated from one another;
PAR  FIG. 7 shows a view taken in transverse cross-section through the forming
      section along the line VII-VII of FIG. 4;
PAR  FIG. 8 shows a side view of a gripper mechanism forming part of the
      apparatus of FIGS. 1A and 1B;
PAR  FIG. 9 shows an end view of the gripper mechanism taken in the direction of
      arrow A in FIG. 8;
PAR  FIGS. 10A to 10F show views taken in transverse cross-section through a
      mineral wool felt during successive stages of the formation of the felt
      into a pipe insulation section;
PAR  FIG. 11 shows a view in perspective of a one-piece pipe insulation section
      formed by the apparatus of FIGS. 1A and 1B; and
PAR  FIG. 12 shows a broken-away view in perspective of part of the insulation
      section of FIG. 11 in an opened condition.
DETD
PAR  The apparatus shown in FIGS. 1A and 1B is intended primarily for the
      continuous production of longitudinally split cylindrical one-piece pipe
      insulation sections from uncured mineral wool felt containing a hardenable
      bonding material in the form, for example, of an uncured resin. However,
      as will be described later in greater detail, this apparatus can readily
      be adapted for the formation of articles of various cross-sections from
      the same or different material.
PAR  At the left hand end of the apparatus, as viewed in FIG. 1A, a supply coil,
      indicated generally by reference numeral 10, of uncured strip-shaped
      mineral wool felt 11 is supported on a plurality of freely rotatable
      support rollers 12.
PAR  Since the felt 11 in the supply coil 10 contains an uncured resin, a strip
      of paper 13 is interleaved between the layers of the supply coil 10 to
      prevent these layers from adhering to one another. A stripper 15 is
      provided after the rollers 12 for stripping the paper 13 from the
      underside of the felt 11.
PAR  Forwardly of the supply coil 10, in the direction of advance of the felt 11
      during operation of the apparatus, the apparatus includes a plurality of
      successive felt treatment sections at which the felt is subjected to
      successive treatments to convert the felt into longitudinally split
      cylindrical pipe insulation sections during its travel.
PAR  The first of these sections is provided with a circular cutter 14 which may
      be one of a pair of co-axial cutters, the periphery of which extends into
      the path of the felt 11 and which serves to cut the felt 11 longitudinally
      to the width required to form the insulation sections. While being cut by
      the cutter 14, the felt 11 is supported on support rollers 17, which are
      freely rotatable about horizontal axes. Superfluous felt is wound onto a
      take-up coil 16. The take-up coil may be moved to the position 16A, shown
      in broken lines in FIG. 1A, for use, for example, when the supply coil 10
      has been exhausted.
PAR  The next section of the apparatus is a compaction section at which rollers
      19, 20 are provided at opposite sides of the path of the felt 10.
PAR  The compaction section is followed by a reinforcement feed section,
      indicated generally by reference numeral 21, at which there is provided a
      supply reel 22 for a reinforcement cord 23, a bath container 24 and guide
      rollers 25 for guiding the reinforcement cord 23 from the supply reel 22
      through the bath container 24 to the felt 11.
PAR  The next section of the apparatus is a crisping section, indicated
      generally by reference numeral 28, which serves to crisp the surface of
      the felt 11, as described in more detail below.
PAR  The crisping section 28 is followed by a forming section indicated
      generally by reference numeral 30. In the forming section 30, the felt 11
      is deformed so that its cross-section changes from a rectangular
      cross-section to an annular cross-section, and the felt 11 is thereby
      converted into a longitudinally split cylindrical tube passing from the
      exit end of the forming section 30. This tube has been indicated by
      reference numeral 31 in FIG. 1B.
PAR  The tube 31 passes from the forming section 30 to a gripper mechanism 33,
      which pulls the tube 31 from the forming section 30.
PAR  Following the gripper mechanism 33, there is provided a cutter disc 35, the
      purpose of which is to cut a longitudinal kerf in the tube 31, as
      described in great detail below. The tube 31 then passes to a transverse
      cutter 38, by which the tube 31 is cut transversely into separate sections
      of required length, which are collected and passed through an automatic
      wrapping machine 39 to an automatic boxing machine 40.
PAR  The crisping unit 28 is illustrated in great detail in FIG. 2 and has six
      gas burner nozzles 48 which are connected to a common gas supply manifold
      41. A gas supply pipe 42, which is connected to a source of inflammable
      gas (not shown), supplies the gas through an on-off cock 43 and a
      connecting pipe 44 to the gas supply manifold 41. As can be seen from FIG.
      2, the gas burner nozzles 40 are so arranged that two of them direct their
      flames to the upper surface of the felt 11, two of the undersurface of the
      felt 11, and the remaining two to the respective opposite edges of the
      felt 11.
PAR  Instead of the gas burner type of crisping unit 28 illustrated in FIG. 2,
      an electrically heated crisping unit illustrated in FIG. 3 and indicated
      generally by reference numeral 45 may be employed.
PAR  The electrically heated crisping unit 45 has an upper heater plate 46 and a
      lower heater plate 47, which are vertically spaced apart to allow the felt
      11 to pass between them. The lower heater plate 47 is disposed in a gap
      between a stationary guide channel 49, along which the felt 11 slides
      towards the crisping unit 45, and a conveyor belt 50 for conveying the
      felt 11 beyond the crisping unit 45.
PAR  The upper and lower heater plates 46 and 47 are bent at the opposite ends
      thereof to form inclined end portions 51, 54 extending away from the path
      of the felt 11 to facilitate travel of the felt 11 between the heater
      plates 46 and 47.
PAR  The upper heater plate 46 is vertically adjustable by means of an
      adjustment mechanism, which is not illustrated in the drawings, to enable
      the crisping unit 45 to be adapted to different thicknesses of felt.
PAR  At the upper side of the upper heater plate 46, and the underside of the
      lower heater plate 47, there are provided heater blocks 55 containing
      electrical resistance heater elements (not shown) which can be connected
      by connection leads 56 to connecting plugs 57 for connection to a current
      supply network.
PAR  In use, the upper and lower heater plates 46 and 47 are heated by the
      heater blocks 55 and contact opposite surfaces of the felt 11 as the
      latter moves from the guide channel 49 to the conveyor belt 50, thereby at
      least partly curing the hardenable bonding material at and adjacent those
      surfaces of the felt.
PAR  Referring now to FIGS. 4 to 7 of the accompanying drawings, the forming
      unit 30 is provided with a casing having a cylindrical inlet portion 60, a
      cylindrical outlet portion 61 and a cylindrical intermediate portion 62
      extending between and connecting the inlet and outlet portion 60 and 61.
PAR  The inlet portion 60 of the casing has a cylindrical wall 65 which is open
      at its left-hand end, as viewed in FIG. 4, and which at its opposite end
      is connected to a radially-inwardly extending annular wall 66. The outlet
      portion 61 of the casing has a cylindrical wall 67 connected at its
      left-hand end, as viewed in FIG. 4, to a radially-inwardly extending flat
      annular wall 68, and the cylindrical intermediate portion 62 of the casing
      extends between and is connected to the inner peripheries of the annular
      walls 66 and 68.
PAR  The cylindrical wall 65 of the inlet portion 60 of the casing is provided
      with a transverse partition wall 70 formed with a central circular opening
      into which fits a circular support plate 71. The circular support plate 71
      is formed with a peripheral flange 72 which is connected by bolts 73 to
      the partition wall 70.
PAR  A further circular support plate 75 is provided at the right-hand end of
      the intermediate portions 62, as viewed in FIG. 4, by bolts 76
      co-operating with a flange 77 on the circular support plate 75 and with
      the flat annular wall 68 of the casing outlet portion 61.
PAR  A circular plate 79 is secured by bolts 80 to a radially-outwardly
      extending flange 81 at the outlet end of the casing outlet portion 61.
PAR  Although not shown in the drawings, the bolts 73, 76 and 80 may be replaced
      by quick-acting toggle clamps enabling the support plates 71, 75 and 79 to
      be readily secured in position or released therefrom.
PAR  An outer die 83 extends co-axially with the casing inlet outlet and
      intermediate portions 60, 61 and 62 and through circular openings in the
      support plates 71, 75 and 79. The outer die 83 is in the form of a
      cylindrical pipe perforated by a number of longitudinally extending
      openings 84 which are distributed longitudinally and circumferentially of
      the outer die 83 and the purpose of which is explained below.
PAR  The support plates 75 and 79, as can be best seen from FIG. 6, are provided
      with longitudinally split sleeves 86 and 87 which fit around the outer
      surface of the outer die 83. Circular worm screw clamps 88 compress these
      sleeves 86 and 87 to give a friction grip on the outer surface of the
      outer die 83, thus securing the support plates 75 and 79 to the outer die
      83.
PAR  The left-hand end of the outer die 83 is slid into, but not secured to, the
      support plate 71, so that on release of the bolts 76 and 80, the outer die
      83 and therewith the support plates 75 and 79 can readily be withdrawn as
      a unit from the casing portions 60, 61 and 62.
PAR  An inner die 82 is provided at the inlet end of the outer die 83 and is in
      the form of a pipe bent to provide an axial pipe portion 85 extending
      axially into the casing inlet portion 60 and into the inlet end of the
      outer die 83, and an upwardly extending pipe portion 92. The outer surface
      of the axial pipe portion 85 is radially spaced from the inner surface of
      the outer die 83 to provide an annular gap 89 for passage of the felt 11
      between the axial pipe portion 85 and the outer die 83. An electrical
      resistance heater 90 for heating and curing the felt 11 as it passes
      through the gap 89 is provided within the axial pipe portion 85 and
      connected to supply leads 91 which extend through the vertical pipe
      portion 92 for connection to a source of electrical current (not shown).
PAR  A flat vertical heater plate 93 having an extension 94 of lesser height
      than the main portion of the heater plate 93 is provided at the top of the
      axial pipe portion 85 in heat conducting contact therewith, and to provide
      greater rigidity the vertical pipe portion 92 is connected by a support
      bracket 96 to the heating plate 93. The extension 94 extends between the
      outer die 83 and the axial pipe portion 85 across the gap 89. A support
      block 97 shown in FIG. 5 is fixed to the top of the heater plate 93, and
      three bolts 98, or quick release clamps (not shown), extending through the
      top of the casing inlet portion 60 support the block 97, and therewith the
      heater plate 93 and the inner die 82, in position in the casing inlet
      portion 60.
PAR  For guiding the felt 11 into the forming section, and more particularly for
      progressively converting the cross-section of the felt 11 from a
      trapezoidal shape to a substantially annular shape as the felt advances to
      the annular gap 89, a guide channel 95 shown in FIG. 1B having a
      transverse cross-section which is flat at its inlet end and which is
      progressively increasingly curved towards its outlet end has its outlet
      end connected to a die entry cone 99, which extends through the open inlet
      end of the casing inlet portion 60 to the inlet end of the outer die 83. A
      wheel 100 is mounted in the inlet cone 99 and is freely rotatable about an
      axis transverse to the length of the inlet cone 99, the purpose of the
      wheel 100 being to engage the upper surface of the felt as the felt passes
      through the inlet cone 99 and thereby facilitate the deformation of the
      cross-section of the felt.
PAR  At the outlet end of the forming section, a plug 101 co-axial with the
      outer die 83 extends partly into the outlet end of the outer die 83 for
      preventing the escape of heated gas from the interior of the hollow
      cylindrically-deformed felt, as described below, the plug 101 being
      radially spaced from the outer die 83 to allow passage of the felt
      therebetween. A bracket 102 of the sheet metal secured to the support
      plate 79 supports the plug 101 in position.
PAR  The inlet casing portion 60 is provided with a gas inlet pipe 104, and the
      casing outlet portion 61 is provided with a gas outlet pipe 105, and a
      pump P is provided for recycling hot gases through a pipeline indicated
      diagrammatically by broken line 106 from the outlet pipe 105 to the inlet
      pipe, as described in greater detail below.
PAR  FIG. 7 shows a view in transverse cross-section taken along the line
      VII-VII of FIG. 4 to illustrate a gas burner arrangement which is provided
      for curing the felt 11 as the latter passes through the casing inlet
      portion 60, and parts of which have been omitted from FIG. 4 in order to
      clarify the illustration of the forming section.
PAR  As can be seen from FIG. 7, the cylindrical wall 65 is formed with three
      equiangularly spaced openings 108, and three gas burner nozzles 109 extend
      radially through the openings 108. Each gas burner nozzle 109 is supported
      in position by a flange 110 seated on the external surface of the
      cylindrical wall 65 and bolted to the latter.
PAR  The gas burner nozzles 109 are connected by flexible connecting pipes 112
      to respective arms of a gas supply manifold 113. A gas supply pipe 114,
      extending from a source of inflammable gas (not shown), is connected
      through an on-off cock 115 and a connecting pipe 116 to the gas supply
      manifold 113 to provide a supply of gas from the gas source to the gas
      burner nozzles.
PAR  The outer die 83 is provided with three flame blast guards 118 for the
      flames of the gas burner nozzles 109, and as a further safety precaution a
      perforated blast guard 119 extends around the outer die 83 at a spacing
      therefrom, the perforated blast guard 119 being formed with three openings
      for the three flames of the gas burner nozzles 109, and being supported
      from the partition wall 70 by support brackets 120.
PAR  The gripper mechanism, which serves as a felt feed mechanism for pulling
      the felt through the forming section, is illustrated in FIGS. 8 and 9 and
      has a base 130 and a top 131 supported above the base 130 on eight
      uprights 132. Upper and lower drive shafts 133, 134, 135 and 136 are
      rotatably supported by the uprights 132 and carry rectangular upper and
      lower frames 139, 140, which in turn respectively support upper and lower
      endless gripper conveyors 141, 142 extending parallel to the path of the
      tube 31 at opposite sides thereof.
PAR  Each of the gripper conveyors 141, 142 is provided with a plurality of
      gripper plates 143, each of which is formed with a V-shaped recess 144 for
      gripping contact with the periphery of the tube 31 or with tubes of
      different outer diameters from that of the tube 31.
PAR  four further shafts 138 are freely rotatably supported by the uprights 132
      and provided with crank arms 145 for manual rotation of the shafts 138.
      The shafts 138 carry bevel gears 146, which mesh with bevel gears 147
      provided on vertical shafts 148. The shafts 133 to 136 are rotatable in
      bearings 149 which are in threaded engagement with and carried by worm
      threads on the vertical shafts 148. Thus, by rotation of the crank arms
      145 and consequential rotation of the vertical shafts 148, the shafts 133
      to 136 can be vertically displaceably adjusted to enable the vertical
      spacing between the support frames 139 and 140, and consequently between
      the gripper conveyors 141 and 142, to be adjusted to adapt the gripper
      mechanism for operation with tubes of different outer diameters.
PAR  The endless conveyors 141, 142 are driven by an electric motor 150 through
      sprockets 151, 152 and 153 and a drive chain 154. The sprockets 152 and
      153 are provided on the lower ends of respective vertical drive shafts 156
      and 157, which are drivingly connected to the shafts 134 and 133,
      respectively, through bevel gears 158 and 159. The bevel gears 158 are
      slidable along the vertical drive shafts 156 and 157 and connected by
      brackets 129 to the shafts 133, 134 so as to remain in mesh with the bevel
      gears 159 on vertical adjustment of the shafts 133 and 134.
PAR  The shafts 133 and 134 are drivingly connected, in turn, by sprockets 160
      and 161 and drive chains 162 and 163 to a pair of sprockets 164 which are
      fixedly secured to shafts 165 and 166. The gripper conveyors 141 and 142
      extend around sprockets 167 and 168 fixed to the shafts 165 and 166,
      respectively, and around sprockets 169 and 170, which are fixed to shafts
      171 and 172, respectively. The shafts 165, 166, 171 and 172 are freely
      rotatably secured to the support frames 139 and 140.
PAR  The support frames 139 and 140 are releasably secured to the upper and
      lower shafts 135 and 136 to allow pivotation of the upper and lower
      support frames 139 and 140 about the axis of the shafts 133 and 134 into
      the positions shown in broken lines in FIG. 8 and indicated by reference
      numerals 139A and 140A to facilitate initial insertion of the tube 31
      through the gripper mechanism and to provide access to the forming section
      30 through the gripper mechanism 33.
PAR  The operation of the above-described apparatus is as follows:
PAR  The uncured felt 11 is fed from the supply coil 10 towards the freely
      rotatable support rollers 17 and before the felt 11 reaches the first of
      the rollers 17, the paper strip 13 is stripped from the undersurface of
      the felt by the stripper 15. As it passes over the rollers 17, the felt 11
      is cut to the required width by the circular cutter 14, and any
      superfluous felt is wound up on the take-up coil 16. When the supply coil
      10 has been exhausted, the take-up coil 16. When the supply coil 10 has
      been exhausted, the take-up coil 16 may be transferred from the position
      from which it is shown in FIG. 1A to the freely rotatable support rollers
      12 for passage through the apparatus. Alternatively, if the cutter 14 cuts
      the original felt strip into two strips of equal width suitable for
      processing by the apparatus, then when the coil 10 has been exhausted the
      take-up coil 16 may be moved to the position 16A, shown in broken lines in
      FIG. 1A, and the strip on take-up coil 16 may then be processed through
      the apparatus.
PAR  Thus, by means of the cutter 14, the felt 11 is cut from the width shown in
      FIG. 10A to the width shown in FIG. 10B.
PAR  At the compaction rollers 19, 20, the felt 11 is both compacted and given a
      trapezoidal cross-section as shown in FIG. 10C. The purpose of this
      compaction is to increase the tensile strength of the felt 11 before the
      latter passes through the forming section 30 and thus to counteract the
      above-mentioned non-uniformly low strength under tension of the felt.
PAR  At the reinforcement feed section 21, the reinforcement cord 23, or any
      other suitable reinforcing tensile member such as yarn, rope, scrim, cloth
      or woven roving, is supplied from the supply reel 22 through the bath
      container 24, where it is supplied with a liquid binder, to the underside
      of the felt 11. The purpose of this reinforcement cord or other tensile
      member is to supplement the tensile strength of the felt.
PAR  The felt then passes through the crisping section 28 (or the modified
      crisping section described above with reference to FIG. 3) at which, as
      described above, the bonding material at and adjacent the outer surfaces
      of the felt 11 is at least partly cured while the bulk of the bonding
      material remains uncured. This partial curing of the bonding material both
      reduces the tackiness of the felt at its surfaces, thus reducing
      frictional drag on the felt as it passes through the forming section, and
      also further increases the tensile strength of the felt.
PAR  In addition to the modification of the crisping unit described in reference
      to FIG. 3, further modifications are possible. For example, when employing
      gas burner nozzles, the nozzles may be shaped to produce relatively thin
      flames so that the bonding material is cured only along strips extending
      longitudinally of the felt, or the burner nozzles may be shaped to produce
      fan-shaped flames covering the whole of the surface of the felt. A further
      possibility is to employ a perforated or wire mesh drum which is heated
      and which is rotated in contact with a surface of the felt so as to leave
      uncured areas on the felt surface. However, it has been found in practice
      preferable to cure the whole of the upper and under surfaces of the felt
      11, although it has been found to be detrimental to cure the bonding
      material in depth within the felt since that results in greater resistance
      to transverse deformation of the felt in the forming section.
PAR  From the crisping unit 28, the felt passes along the guide channel 95, by
      which the cross-section of the felt is gradually deformed from the flat
      trapezoidal shape shown in FIG. 10C to a semi-circularly shaped
      cross-section as shown in FIG. 10D. This deformation of the cross-section
      of the felt is continued by the inlet cone 99 so that as the felt enters
      the inlet end of the outer die 83 it has a substantially closed
      cross-section as shown in FIG. 10E.
PAR  Before reaching the inlet end of the outer die 83, the felt is wrapped by
      the inlet cone 99 around the axial pipe portion 85 of the inner die 82 and
      heated thereby.
PAR  Simultaneously, the edges of the felt 11 slide along the heater plate 93,
      and subsequently along the extension 94 of the heater plate 93, and are
      thereby heated by heat conducted from the inner die 82 to the heater plate
      93 and the extension plate 94. This heating of the felt increases the
      curing of the bonding material begun by the crisping unit 28.
PAR  As the felt passes through the inlet end of the outer die 83, it is further
      heated by the flames of the gas burner nozzles 109.
PAR  If the thickness of the felt is sufficiently small, the heating so far
      effected may be sufficient to complete the curing of the bonding material
      throughout the thickness of the felt. However, for thicker felts, further
      heating is required. For this purpose, the hot gases from the flames of
      the burner nozzles 109 travel along the casing intermediate portion 62 and
      pass through the openings 84 in the outer die 83 and through the felt,
      which by now has been formed into the longitudinally split cylindrical
      tube 31. The plug 101 prevents the hot gases from flowing from the
      interior of the tube 31 to the surrounding atmosphere, the support bracket
      102 being accommodated by the longitudinal slot formed in the tube by the
      heater plate 93. The pump P creates a suction in the casing outlet portion
      61 to draw the hot gases radially outwardly from the tube 31 through the
      outer die 83 and the gas outlet pipe 105, these hot gases then being
      recirculated into the casing inlet portion 60 through the gas inlet pipe
      104.
PAR  The flow of the gases in a radially inward direction through the openings
      84 of the outer die 83 tends to move or "float" the felt away from the
      inner surface of the outer die 83 and thus reduces the frictional drag on
      the felt as the felt moves through the forming section. The suction
      produced in the interior of the casing outlet portion 61 by the pump P
      helps to remove fumes from the felt, thus reducing build-up of condensed
      fumes on the inner and outer dies, and in addition prevents these fumes
      from escaping to the ambient atmosphere, so that operation of the
      apparatus is very clean and acceptable to the operating personnel.
      Moreover, this suction causes air from the ambient atmosphere to be drawn
      into the casing through the felt between the plug 101 and the outer die
      83, and this flow of fresh air through the felt automatically cools and
      de-fumes the felt as the latter leaves the forming section. Any
      condensation of binder solids and dust from the felt which accumulate in
      the casing outlet portion 61 may be readily removed when the forming
      section is periodically cleaned.
PAR  The movement of the felt through the forming section is assisted by the
      pull exerted on the tube 31 by the gripper mechanism 33, which of course
      engages the tube after the tensile strength of the felt has been
      substantially increased by the curing of the felt in the forming section
      30. This pull produces a tension in the tube 31 and thus in the felt,
      which facilitates the advance of the felt through the forming section 30
      by overcoming frictional resistance between the felt and the die surfaces.
      Moreover, it has been found that this tension can be arranged to produce
      the effect of reducing the size of the cross-section of the felt in the
      forming section 30 and thus of reducing friction at the inner surface of
      the outer die 83. This tension is transmitted through the forming section
      30 to the portion of the felt travelling towards the forming section and
      indeed as far as the supply coil 10. In this way, the pulling of the felt
      by gripper mechanism 33 causes the felt to advance towards and through the
      forming section 30 and, while the advance of the felt to the forming
      section 30 is assisted by a conveyor (not shown), the pulling by the
      gripper mechanism 33 causes the felt to travel at a slightly higher speed
      than the conveyor and thus subjects the felt to a "drawing" action to
      prevent humping and jamming of the felt.
PAR  After the gripper mechanism 33, the tube passes the cutter 35 which cuts a
      kerf 180 in the inner surface of the tube 31 opposite the longitudinal
      slit thereof as shown in FIG. 10F.
PAR  After having been cut into sections of the required length by the
      transverse cutter 38, the cut lengths are collected and passed through the
      automatic wrapping machine 39, which provides each tube section with an
      overwrap 181 (FIG. 11), after which the tube sections, which are now
      finished one-piece pipe insulation sections, pass to the automatic boxing
      machine 40 where they are packed for storage and transportation.
PAR  It is to be understood that the above description of the felt forming
      apparatus illustrated in the accompanying drawings is given by way of
      example and not limitation, and that various modifications may be effected
      therein within the scope of the present invention. For example, instead of
      employing a strip of paper 13 to prevent the successive layers of the felt
      from adhering to one another in the supply coil 10, the paper 13 may be
      replaced by a woven fabric which may be left on the felt during the
      passage of the felt through the apparatus and subsequently, in this case,
      the woven fabric may serve to supplement the tensile strength of the
      uncured felt, instead of the reinforcement cord 23 or other tensile
      member, and the reinforcement feed section 21 may be omitted.
PAR  In addition, the above-described apparatus may be readily adapted for the
      manufacture of one-piece insulation sections of different internal and/or
      external diameters, or indeed of articles having cross-sections other than
      substantially annular cross-sections. For this purpose, the forming
      section 30 has been designed so that the inner and outer dies 82 and 83
      can be readily removed from the forming section 30 and replaced therein by
      other dies of different diameter and, if required, of different
      cross-sectional shape. For this purpose, it is simply necessary to release
      the bolts 73, 76 and 80, or the quick acting toggle clamps, and to release
      the inlet cone 99, whereupon these parts can be removed from the casing of
      the forming section 30 as illustrated in FIGS. 5 and 6. This ready
      replacement of the dies is particularly important in the manufacture of
      one-piece pipe insulation sections, which are often required to be
      produced in a range of different sizes. While the use of a crisping
      section and a tensile member bonded to the felt for increasing and
      supplementing the tensile strength of the felt before the felt reaches the
      forming section have been described above, other means may be employed for
      this purpose. For example, a stitching mechanism may be provided for
      forming a longitudinal row of reinforcing stitches along the felt.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming articles from a strip-shaped felt of fibrous
      material containing heat-hardenable bonding material, comprising the steps
      of:
PA1  supplying the felt longitudinally towards forming surfaces which are spaced
      apart for receiving the felt therebetween;
PA1  pulling the felt longitudinally between said spaced forming surfaces so
      that said spaced forming surfaces mold the cross-sectional shape of the
      felt by sliding contact with opposite sides of the felt;
PA1  flowing hot gas into one side of the felt, through the entire thickness of
      the felt and out from the opposite side of the felt to cure the bonding
      material;
PA1  the pulling of the felt being effected by gripping the molded and cured
      felt; and
PA1  cutting the molded and cured felt into predetermined lengths.
NUM  2.
PAR  2. A method of forming articles from a strip-shaped felt of fibrous
      material containing heat-hardenable bonding material, comprising the steps
      of:
PA1  supplying the felt longitudinally towards a pair of stationary forming
      surfaces which are spaced apart for receiving the felt therebetween, one
      of said forming surfaces being provided on an inner die and the other of
      said forming surfaces extending around said inner die with a gap
      therebetween;
PA1  progressively altering the transverse shape of the felt by guiding the felt
      in direct sliding contact along a guide surface having a transverse shape
      which varies along the length of said guide surface;
PA1  said guide surface causing the felt to wrap around said inner die as said
      felt approaches said gap between said forming surfaces;
PA1  pulling the felt between said spaced forming surfaces so that said forming
      surfaces mold the cross-sectional shape of the felt by sliding contact
      with opposite sides of the felt;
PA1  flowing hot gas, at a position beyond said inner die, into one side of the
      felt, through the entire thickness of the felt and out from the other side
      of the felt to cure the bonding material;
PA1  the pulling of the felt being effected by gripping the molded and cured
      felt; and
PA1  cutting the molded and cured felt into predetermined lengths.
NUM  3.
PAR  3. A method of forming articles from a strip-shaped felt of fibrous
      material containing heat-hardenable bonding material, comprising the steps
      of:
PA1  supplying the felt longitudinally towards forming surfaces which are spaced
      apart for receiving the felt in a gap therebetween;
PA1  progressively altering the cross-sectional shape of the felt by direct
      sliding contact of the felt along a stationary guide surface before the
      felt passes between the stationary forming surfaces, said stationary guide
      surface having a cross-sectional shape which varies along the length
      thereof for adapting the cross-sectional shape of the felt to the shape of
      the gap;
PA1  pulling the felt longitudinally between said spaced forming surfaces so
      that said spaced forming surfaces mold the cross-sectional shape of the
      felt by sliding contact with opposite side of the felt;
PA1  flowing hot gas through the felt to cure the bonding material;
PA1  the pulling of the felt being effected by gripping the molded and cured
      felt; and
PA1  cutting the molded and cured felt into predetermined lengths.
NUM  4.
PAR  4. A method as claimed in claim 3, said forming surfaces comprising an
      inner die forming surface and an outer die forming surface extending
      around said inner forming surface with a gap between said inner and outer
      forming surfaces, further comprising the step of wrapping the felt around
      said inner die forming surface as the felt advances through the gap.
NUM  5.
PAR  5. A method of forming articles from a strip-shaped felt of fibrous
      material containing heat-hardenable bonding material, comprising the steps
      of:
PA1  supplying the felt longitudinally towards forming surfaces which are spaced
      apart for receiving the felt therebetween and comprise an inner forming
      die and an outer forming die extending around the inner forming die with a
      gap between said inner and outer forming dies;
PA1  progressively altering the cross-sectional shape of the felt during the
      advance of the felt towards said forming surfaces to wrap the felt around
      said inner die;
PA1  pulling the felt longitudinally through the gap between said spaced forming
      surfaces so that said spaced forming surfaces mold the cross-sectional
      shape of the felt by sliding contact with opposite side of the felt;
PA1  flowing hot gas into one side of the felt, through the entire thickness of
      the felt and out from the opposite side of the felt beyond said main
      forming die to cure the bonding material;
PA1  the pulling of the felt being effected by gripping the molded and cured
      felt; and
PA1  cutting the molded and curved felt into predetermined lengths.
NUM  6.
PAR  6. A method as claimed in claim 5, wherein said pulling of said felt is
      effected by gripping said felt beyond a position at which said bonding
      material is cured.
NUM  7.
PAR  7. A method as claimed in claim 5, which includes partly curing said
      bonding material before said felt reaches said forming surfaces.
NUM  8.
PAR  8. A method as claimed in claim 7, wherein only a region of said binder at
      and adjacent the surface of said felt is cured before said felt reaches
      said forming surfaces.
NUM  9.
PAR  9. A method as claimed in claim 5, which includes compacting said felt
      before said felt reaches said forming surfaces.
NUM  10.
PAR  10. A method as claimed in claim 5, which includes stitching said felt
      before said felt reaches said forming surfaces.
NUM  11.
PAR  11. A method as claimed in claim 5, wherein said deforming of the
      cross-section of said felt comprises forming said felt into a
      longitudinally split tube.
NUM  12.
PAR  12. A method as claimed in claim 5, which includes heating at least one of
      said forming surfaces to partly cure said bonding material.
NUM  13.
PAR  13. A method as claimed in claim 5, which includes reinforcing said felt by
      providing at least one tensile member which passes between said forming
      surfaces with said felt and is permanently united with said felt.
NUM  14.
PAR  14. A method as claimed in claim 5, which includes preforming said felt,
      before said felt reaches the forming surfaces, to facilitate passage of
      said felt between said forming surfaces.
NUM  15.
PAR  15. A method as claimed in claim 5, which includes forming a slot extending
      partly through the thickness of said felt.
NUM  16.
PAR  16. A method as claimed in claim 5, which includes compacting said felt and
      curing said bonding material at and adjacent the surface of said felt
      before said felt reaches the forming surfaces, feeding at least one
      tensile member with the felt between said forming surfaces, forming said
      felt into a longitudinally split tube by means of said forming surfaces,
      heating said forming surfaces to partly cure said bonding material,
      cutting a longitudinal slot through part of the thickness of said felt and
      completing the curing by curing the remaining uncured bonding material
      while said felt is in its deformed state.
NUM  17.
PAR  17. A method as claimed in claim 16, wherein the curing of said felt
      includes passing hot gases through said felt from openings in one of said
      forming surfaces.
NUM  18.
PAR  18. A method as claimed in claim 16, wherein one of said forming surfaces
      is the internal surface of a cylindrical die through which said felt is
      moved, and hot gases are passed through said felt from openings in said
      internal surface to cure said felt.
NUM  19.
PAR  19. A method as claimed in claim 18, which includes drawing the hot gases
      outwardly from said felt through further openings in said cylindrical
      member.
NUM  20.
PAR  20. A method as claimed in claim 19, which includes drawing air through
      said felt subsequent to the curing of said felt to cool and defume said
      felt.
NUM  21.
PAR  21. A method as claimed in claim 5, wherein the pulling of said felt is
      effected by gripping said felt at a position beyond that at which the hot
      gases flow through said felt.
NUM  22.
PAR  22. A method as claimed in claim 5, wherein the pulling of said felt
      contracts the cross-section of said felt to reduce friction between said
      felt and said forming surfaces.
NUM  23.
PAR  23. A method as claimed in claim 2, wherein the pulling of said felt
      contracts the cross-section of said felt to reduce friction between said
      felt and said forming surfaces.
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ABST
PAL  A method of fabricating a brassiere pad which involves folding a fiberfill
      blank longitudinally, making an oblique cut at right angles to the fold
      through one thickness of the blank, folding the blank so as to expose
      surfaces which are to be bonded, refolding to abut the surfaces to be
      bonded and molding the resulting form to the desired pad contour. Means
      for controlling the thickness of the under portion of the pad to provide
      desired push up action is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is related to the field of brassiere pads.
PAR  2. Prior Art
PAR  Brassiere pads to increase the apparent size of the breast and to cause the
      top of the breast to appear full have been in use for many years.
      Originally, the pads were made of flat material sewn into the desired
      conical shape. Recently, pads have been made of fiberfill or the like
      sheet material made conical by cutting a pie-shaped segment out of the
      sheet and gluing together the edges thus obtained. Final forming of the
      desired pad is achieved by placing the rough conical fiberfill form in a
      two-piece heated mold which compresses the fiberfill and forms it to the
      desired contour.
PAR  Pads have also been made recently by cutting a single oblique cut in a
      fiberfull sheet, forming a cone by overlapping the portions of the sheet
      adjacent to the cut, bonding the cut edges to the surface of the sheet
      immediately under the edge, and forming a finished pad in a two-piece
      heated mold. The pad resulting from this last method of fabrication is
      somewhat similar to the pad resulting from the invented method except that
      the two layers of overlapping material are not joined except at the edges
      of the cut, whereas in the present invention the overlapping areas are
      bonded over the entire surface. The invented method of fabrication as
      described below, is substantially different from the prior art and
      produces an improved and more durable pad.
PAC  SUMMARY OF THE INVENTION
PAR  The invented method of brassiere pad fabrication involves the use of sheet
      fiberfill or the like material. This material is comprised of loosely
      packed synthetic fibers which are held together in random orientation by a
      bonding agent such that a very light springy material is obtained. The
      character of the material is such that application of heat will soften the
      bonding agent and pressure can be applied to cause the material to
      compress and permanently assume the contours of the mold in which it is
      heated and compressed. The compression can be controlled such that the
      softness of the resultant material approximates that of the human breast.
PAR  By cutting a sheet of such material in a particular way, folding the cut
      sheet in the manner to be described below, applying bonding agents to
      selected areas of the folded sheet, folding the sheet further and placing
      the resulting form in a heated mold to cure it to the desired contour, a
      brassiere pad can be made having a heavy section on the bottom portion for
      the purpose of causing the breasts to be pushed upward in the bra, and a
      thinner tapered section on the upper portion of the pad so that the pad
      will blend into the top of the breast and the presence of a pad will not
      be obvious.
PAR  It is thus an object of the present invention to provide a method of making
      brassiere pads which results in a pad having a relatively thick section on
      the under portion of the pad and a relatively thin section on the upper
      portion of the pad.
PAR  It is another object of the present invention to provide a method of making
      such a pad which is quick, convenient, and inexpensive to utilize and
      which allows inexperienced help to be used in the manufacture of the pads.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of the blank sheet after the oblique cut has
      been made.
PAR  FIG. 2 is a perspective view of the blank showing the oblique cut being
      made.
PAR  FIG. 3 is a perspective view of the blank after bonding agent has been
      applied to the surfaces to be bonded but before the surfaces are adhered.
PAR  FIG. 4 is a perspective view of the pad form before molding.
PAR  FIG. 5 is a vertical cross sectional view of a completed bra pad.
PAR  FIG. 6 is a perspective view of a filler piece used to provide a thicker
      under portion of the pad.
PAR  FIG. 7 is a pad in the same stage of manufacture as in FIG. 3 with the
      addition of a filler piece.
PAR  FIG. 8 is a perspective view of a pad form including a filler piece.
PAR  FIG. 9 is a vertical cross sectional view of a completed pad with filler
      piece.
DETD
PAC  DETAILED DESCRIPTION
PAR  The bra pad of the present invention is made of fiberfill or the like
      material. The starting blank 10 as illustrated in FIG. 1 is typically
      three-fourth inch thick and is about a 9 inch by 11 inch rectangle. The
      size and thickness will of course vary depending on the desired size of
      the finished pad. The first step in fabrication according to a presently
      preferred embodiment of the invented method is to fold the pad lengthwise
      as shown in FIG. 2 so that the top portions 11 and 13 overlaps the bottom
      portions 12 and 14 somewhat. The reason for this is that while a bra pad
      is of generally conical shape, the apex of the pad is usually
      substantially above the center of the finished pad and thus more material
      is needed for the bottom half of the pad (which will be the final location
      of portions 11 and 13) than in the top half of the pad (which will be
      formed from portions 12 and 14).
PAR  Knife 15, shown in phantom lines in FIG. 2, then is used to make a
      transverse cut 16 through the top layer only (between portions 11 and 13)
      at about the middle of the length of the blank, and at about an angle of
      45 degrees.
PAR  The resultant blank, as illustrated in FIG. 1, has a diagonal cut part way
      across the width of the blank. From the unfolded position, shown in FIG.
      1, portion 13 is folded over portion 12, as shown in FIG. 3, the fold
      being about a line extending in the uncut portion of the blank at an
      obtuse angle, of about 135.degree., to the edge of portion 11 formed by
      cut 16. Due to this folding, the former upper surface of portion 13 is in
      engagement with the upper surface of portion 12, while the former lower
      surface of portion 13 is now the upper surface thereof. In this folded
      position, the two edges of the cut 16 are at right angles to each other.
      Next, the upper surfaces of portions 11 and 13 are sprayed with a bonding
      agent suitable for bonding the pad material to itself. The pad is then
      folded as shown in FIG. 4 with the surfaces which have bonding agent
      applied butted. The bonding agent is then allow to dry, with heat applied
      if desired, resulting in a generally conical shaped form 20, one section
      of the cone being somewhat thicker than the balance because of the
      overlapping of portions 11 and 13. The transition between the thick
      section of the cone and the thinner section is not abrupt because of the
      tapered edges formed by diagonal cut 16.
PAR  The form 20 is then placed in a heated two-part mold having the desired
      contour pad and pressure applied, causing the form 20 to permanently
      deform and assume the shape of the mold. The thickness of the pad is also
      reduced, the double layered section remaining thicker than the rest,
      however. Form 20 is somewhat larger than the desired finished pad size and
      the mold is made so as to pinch the form 20 tightly at the desired outline
      of the finished pad, providing a guide for trimming excess material away
      from the finished pad.
PAR  The mold is typically heated to about 250.degree. to 300.degree. F and the
      form 20 is kept in the mold for about one-half minute. The resins which
      bond the fibers of the fiberfill material soften when heated in this
      manner and when the pad is removed from the mold they reharden holding the
      material in the shape of the mold. Upon being compressed, the fiberfill
      material also takes on a smoother surface and becomes more rigid, although
      still soft enough to approximate the softness of the body.
PAR  The cross section of the finished pad shown in FIG. 5 illustrates a typical
      contour of a pad made in accordance with the invented method showing the
      extra thickness in the bottom portion which serves to push the breast
      upward giving it a fuller appearance. In use, the pad is normally
      permanently sewn into a bra cup or positioned in pockets in the cup.
PAR  In some cases it is desirable to have more push-up action than is provided
      by the double layer of material achieved by the method described. In such
      event a second embodiment of the invented method can be used. This method
      is illustrated in FIGS. 6 through 9.
PAR  In the second embodiment of the invented method, a blank of fiberfill or
      the like material is used which is identical to that used in the first
      embodiment. The blank is folded over and cut in the same manner, and
      subsequently folded to the position of FIG. 8, also the same as is done
      for the first embodiment. The up-facing surfaces of portions 11 and 13 are
      sprayed with a suitable bonding agent and a filler 21 is placed on the
      surface of portion 11. The filler 21 is a piece of material preferably the
      same as the rest of the pad and preferably approximately circular in
      shape. The thickness of filler 21 can vary depending upon the amount of
      push-up action desired in the pad, the more push-up action desired, the
      thicker will be filler 21.
PAR  After positioning filler 21 about in the center of portion 11, portion 11
      is folded over portion 13, pressed down somewhat, by hand, to give some
      initial adhesion and the assembly placed in a two piece heated mold
      similar to that used for the first embodiment, except of course, the mold
      is shaped to result in a heavier section in the area of the filler. FIG. 8
      illustrates the form just prior to the molding step and FIG. 10 is a cross
      section of a finished pad showing the effect of filler 21.
PAR  The thickness of the original blank material and filler material, if used,
      is chosen to result in the desired final thicknesses of the various
      portions of the pad to achieve the proper contour and pushup action and to
      result in a material density which approximates the softness of a human
      breast.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a bra pad comprising the steps of:
PA1  a. making a beveled cut part way across a sheet of fiberfill or the like
      material, said cut establishing first and second portions of said sheet
      adjacent to said cut;
PA1  b. folding the first of said portions over another part of said sheet and
      positioning the two edges formed by said beveled cut at right angles to
      each other, the first portion having a surface thereof in engagement with
      a surface of said other part of said sheet, the opposite surface of said
      first portion being exposed and adjacent to the second portion of said
      sheet;
PA1  c. applying a bonding agent to the exposed faces of said first and second
      portions of said sheet adjacent said beveled cut;
PA1  d. forming said sheet into a substantially conical shape by placing said
      opposite surface of said first portion of said sheet over said second
      portion and engaging the surfaces of said first and second portions to
      which bonding agent has been applied;
PA1  e. placing said form in a heated mold whereby said material will be molded
      to the contours of said mold; and
PA1  f. trimming excess material from said molded form producing a bra pad.
NUM  2.
PAR  2. The method of making a bra pad as described in claim 1 and further
      including the step of placing a piece of fiberfill or the like material on
      the exposed face of said first portion after said bonding agent is applied
      and before said second portion is folded over said first portion, whereby
      said piece of material will be secured between said first and second
      portions producing a heavy section in said form.
NUM  3.
PAR  3. The method of making a bra pad as described in claim 1 where said
      beveled cut is made by folding said sheet of material longitudinally and
      making the beveled cuts through one thickness of said folded sheet, said
      cut extending from an edge of said sheet to said fold substantially at
      right angles to said fold.
NUM  4.
PAR  4. The method of making a bra pad as described in claim 3 and further
      including the step of placing a piece of fiberfill or the like material on
      the exposed face of said first portion after said bonding agent is applied
      and before said second portion is folded over said first portion whereby
      said piece of material will be secured between said first and second
      portions producing a heavy section in said form.
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ABST
PAL  Structural reinforced thermoplastic laminates capable of supporting loads
      in at least two directions and containing by volume about 45% to 65% fiber
      reinforcement. The laminates can be used with or without metal cladding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, graphite reinforced composites utilized for aircraft
      structural applications such as stabilizers, flaps and the like have been
      made with a thermosetting resin matrix. Each part is hand laid up, bagged
      and cured in an autoclave. One difficulty with such thermosetting
      laminates, however, is that once the laminate has been formed into a
      desired shape, it cannot be reprocessed if defects are present.
      Consequently, when a thermosetting composite is employed, the entire part
      must be scrapped or subjected to expensive repair procedures if it is
      defective. Another disadvantage of thermosetting resins is that in order
      to form the laminate, a reinforcement must be preimpregnated with the
      thermosetting resin, laminated and then cured with heat and pressure. The
      amount of heat and heating time employed and the pressure during cure are
      extremely critical since care must be taken to insure that the curing
      reaction proceeds at the proper rate. Furthermore, the thermosetting
      preimpregnated reinforcements have a finite shelf life, usually 6 to 12
      months.
PAR  Such laminates can be used alone or with metal cladding. Metal-clad
      fiberglass laminates and the like have been used primarily in aircraft
      construction in attachment areas, shear panels and access areas. The
      advantage metal-clad laminates have over single composites is that they
      enable more reliable and more conventional attachment techniques such as
      bolting, riveting and the like. Furthermore, they improve load transfer
      characteristics and have better abrasion and damage resistance. Here
      again, however, because of the permanent set of a thermosetting resin,
      metal-clad laminates have been limited to flat or relatively simple
      contours and constructions; and it has not been possible to form
      thermosetting composite laminates by heat and pressure from a flat
      configuration.
PAR  In the past, formable metal-clad composite laminates using thermoplastic
      resins have been employed; however these relatively low fiber
      reinforcement volumes are not ordinarily utilized as structural
      components.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a structural reinforced
      thermoplastic laminate is provided which overcomes the disadvantages of
      thermosetting structural laminates heretofore utilized. Specifically, the
      invention resides in the discovery that strengths comparable to those of
      thermosetting structural reinforced laminates can be achieved by utilizing
      a thermoplastic material reinforced with 45% to 65% by volume of fiber
      reinforcement. At the same time, the use of a thermoplastic material
      enables the material to be post-formed after the initial laminate is
      formed; and the shelf life of the material is almost infinite in contrast
      to thermosetting materials.
PAR  Further, in accordance with the invention, a method is provided for
      fabricating a skeletal structure having an outer skin attached thereto by
      the steps of impregnating fiber reinforcing material in web-form with a
      thermoplastic material such that the fiber reinforcing material
      constitutes about 45% to 65% of the total volume of the impregnated
      material. Thereafter, the webs are overlapped and formed into an
      essentially planar composite laminate under heat and pressure. Finally,
      the laminate is formed into a desired shape and secured to the skeletal
      structure.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in connection with
      the accompanying drawings which form a part of this specification, and in
      which:
PAR  FIG. 1 is a schematic illustration of the method by which the plastic
      laminates of the invention can be formed from pre-impregnated tape,
      pre-impregnated broad goods material and pre-cured unidirectional or
      multidirectional laminates;
PAR  FIG. 2 is an illustration of an embodiment of the invention wherein the
      reinforced thermoplastic laminate is metal clad; and
PAR  FIG. 3 illustrates the manner in which the metal-clad laminate of FIG. 2
      can be post-formed into a desired shape.
DETD
PAR  With reference now to the drawings, and particularly to FIG. 1, the
      laminates of the invention can be formed from unidirectional (i.e., the
      fibers run in one direction) preimpregnated tape 10, the tape being
      impregnated with a thermoplastic material such that the fiber content of
      the article is about 45  % to 65% of the total volume of the tape. The
      thermoplastic material may, for example, comprise a phenoxy, a
      polysulfone, a polyarylsulfone, a polyethersulfone, a polyimide, a
      polyquinoxaline, a polyphenylquinoxaline, a polyphenylene oxide or a
      polyphenyl sulfide. The reinforcing or fiber material that can be used for
      primary structural applications includes graphite reinforcements (both
      filament and fabric), boron, and KEVLAR-49 (Trademark) (both filmament and
      fabric) manufactured by the Dupont Company. The specific thermoplastic
      material or reinforcement fiber depends upon the service temperature and
      environment of the proposed structure. In all cases, however, the plastic
      used is thermoplastic as contrasted with a thermosetting material.
PAR  The tape 10, for example, may then be formed into a composite lay-up 12 on
      a form or base plate 11. The individual plies of tape, placed one above
      the other, are crisscrossed as shown in order to improve the strength of
      the article in all directions along its edges. This laminate 12 can then
      be formed under pressure and temperature on a platen 14 into a desired
      shape, whereupon it is trimmed and machined as at 16 into a desired final
      part. Alternatively, instead of using the tape 10, unidirectional or
      multidirectional broad goods 18 impregnated with a suitable thermoplastic
      material can be processed as at 20 into a suitable, unformed laminate.
      This same laminate can be formed by subjecting the composite lay-up 12 to
      pressure and temperature before forming. That is, it is formed flat. In
      any case, the laminate again contains 45% to 65% by volume of fiber
      reinforcement material. The laminate 20 can then be formed under heat and
      pressure as at 24 into a desired shape and thereafter trimmed and machined
      as at 16.
PAR  Still another possibility is to form a pre-cured unidirectional or
      multidirectional laminate 26 of fibrous material (45% to 65% by volume)
      impregnated with a suitable thermoplastic material. This, then, can be
      formed directly as at 24 and trimmed and machined as at 16. Since the
      matrix materials are thermoplastic rather than thermosetting, the
      laminates can be reprocessed if defects are present. This is an extremely
      important feature in reducing production costs since scrappage can be
      reduced to a minimal level. With a thermosetting composite, on the other
      hand, the entire part must be scrapped if it is defective. As was
      mentioned above, another savings is in basic pre-impregnated storage. In
      practice, the resin is pre-impregnated into the tape 10 or the broad goods
      18, for example, from a solvent solution on rolls of reinforcement. The
      solvent is thereafter driven off by heat. The amount of heat and heating
      time, however, are not critical as in the case of thermosetting resins
      since there is no curing reaction that might progress too far. Since there
      is no curing reaction, the shelf life of the impregnated reinforcement is
      infinite under any storage conditions. Thermosetting pre-impregnated
      reinforcements, on the other hand, must be scrapped after 6 to 12 months
      storage time.
PAR  With reference now to FIG. 2, a thermoplastic composite 28 is shown which
      may be similar to those illustrated in FIG. 1. Bonded to the opposite
      sides of the composite 28, by a thermosetting or thermoplastic adhesive
      30, are two metallic sheets 32 and 34. The adhesive 30 will not be
      necessary in those cases where the thermoplastic material itself is tacky
      and will adhere to the metallic sheets. Due to the ductility and
      post-forming capability of the thermoplastic composite 28, it can be
      cold-formed or hot-formed into complex contours without damage to either
      the metal or the composite. Through proper selection of metallic alloys
      and composite reinforcement and fiber orientation, the strength and
      stiffness of the panel, such as that shown in FIG. 3, can be tailored for
      a given application, the panel 36 shown in FIG. 3 being formed from the
      laminate of FIG. 2.
PAR  In preparing the metal-clad laminate of FIG. 2, the metallic sheets 32 and
      34 are first cleaned, primed with an adhesive, either thermoplastic or
      thermoset depending upon the properties desired, and then laminated under
      heat and pressure into the thermoplastic composite 28. If a thermoset
      adhesive is used, it is pre-cured on the metal. The concept described
      herein offers a high strength, high modulus, low weight and low cost
      material for many commercial and military applications. In the commercial
      field, it can be used effectively for vehicle bodies, frames and panels,
      for aircraft skins and substructural elements. It can also be used in
      hydrofoils, rapid transit cars, automobiles and in the construction field.
      The plastic materials which can be used in the embodiment shown in FIGS. 2
      and 3 include polysulfones, phenoxys, acrylonitrile-butadiene-styrenes,
      acetals, acrylics, fluorocarbons, nylon, polycarbonate, polyethers,
      polyethylene, polyimides, polyphenylene oxide, polypropylene,
      polyphenylquinoxalines, quinoxalines, polyvinyl chloride, and other
      thermoplastic and situ-thermoplastic materials. Reinforcements include
      graphite, boron and KEVLAR-49 (Trademark) fibers manufactured by the
      DuPont Company.
PAR  Although the invention has been shown in connection with certain specific
      embodiments, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. The method for fabricating a skeletal structure having an outer skin
      attached thereto consisting essentially of impregnating webs of fiber
      reinforcing material with a thermoplastic material such that the fiber
      reinforcing material constitutes about 45% to 65% of the total volume of
      the impregnated webs, overlapping said webs to form a composite lay-up,
      forming under heat and pressure a composite essentially planar laminate
      from the overlapped webs, permitting said thermoplastic material to
      harden, thereafter forming said planar laminate under heat and pressure
      into a desired shape, and securing said desired shape between metal
      cladding to said skeletal structure.
NUM  2.
PAR  2. The method of claim 1 wherein said metal cladding is secured to opposite
      sides of said laminate before the laminate is formed into a desired shape
      under heat and pressure.
NUM  3.
PAR  3. The method of claim 1 wherein said impregnated reinforcing material is
      overlapped in a crisscross pattern.
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PAL  A container is provided formed from a blank made of a laminate which
      includes nonbrowning paperboard and at least an inner layer of
      substantially amorphous polyethylene terephthalate bonded to the
      paperboard by its own substance. A method of making this laminate is
      provided including the steps of heating an uncoated surface or both
      surfaces of the paperboard to a temperature of at least about
      285.degree.F. and extruding the polyethylene terephthalate layer onto this
      surface or these surfaces. A method of cooking is provided including the
      steps of forming a container from the blank, placing food in the container
      and cooking the food at a temperature of up to about 400.degree.F.
PARN
PAR  This is a division of application Ser. No. 281,943, filed Aug. 18, 1972,
      U.S. Pat. No. 3,924,013.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is a cooking method using a novel container formed from a
      blank of a novel material (i.e., a laminate of at least a layer of
      polyethylene terephthalate and nonbrowning paperboard). This invention is
      also a method of making this novel laminate including the step of heating,
      at critical temperatures, an uncoated surface of surfaces of the
      paperboard to improve adhesion between it and the polyethylene
      terephthalate material extruded thereon.
PAR  2. Description of the Prior Art
PAR  The following prior art is of interest to the laminate and its method of
      manufacture of this invention:
PAR  U.S. Pat. No. 3,402,086 to Smith et al. shows a process for hot-melt
      extrusion coating of paperboard or paper with a randon copolymer of
      ethylene containing .alpha.,.beta.-ethylenically unsaturated
      monocarboxylic acid wherein the paper is preheated by hot rolls to a
      temperature within the range of 80.degree.C. to 250.degree.C. prior to
      being melt coated.
PAR  U.S. Pat. No. 3,498,865 to Psquin et al. shows a continuous process for
      coating paper with a film of extrudable plastic, such as polyethylene,
      wherein the air in the region of convergence of paper and plastic film is
      ionized. The specification discloses that the paper which contacts the
      molten polyethylene is heated by use of steam-heated rolls to a
      temperature of 65.degree.C. to 115.degree.C. Infrared or other heating
      elements may also be used for heating the paper.
PAR  Canadian Pat. No. 529,361 to Fields shows a process for extrusion coating a
      synthetic linear polymer having a sharp melting point onto a sheet.
      Polyesters are disclosed as useable materials for the coating and paper is
      included as a material that can be used for the sheet.
PAR  Canadian Pat. No. 781,424 to Marshall discloses a method of coating a
      porous web with a continuous film of a thermoplastic polymer wherein the
      porous web is preheated before the application of the molten film of the
      polymeric material. Porous paper may be used as the porous web material
      and polyesters may be used for coating the porous webs.
PAR  British Pat. No. 1,119,804 to Rohm & Haas Company discloses a laminate
      comprising a substrate such as a sheet of paper and a layer of
      polyhexamethylene terephthalate which has been melt-extruded thereon.
PAR  A prior art patent of interest to the container and cooking method of this
      invention is U.S. Pat. No. 3,276,900 to Funck, which shows the use of a
      paperboard component in a container used in cooking foods at relatively
      high temperatures.
PAR  Another patent of interest in the food container art is U.S. Pat. No.
      3,316,102 to Doll et al. which shows a food tray blank, container and
      package, and which blank includes means for locking parts of the container
      together to hold it in erected position without use of adhesives or
      mechanical fasteners.
PAR  U.S. Pat. No. 3,550,835 to Persson is also exemplary of the container and
      cooking arts. Such patent teaches a package especially for food products,
      which package is a tray erected from a paperboard blank which has at least
      on one side a fluidtight plastic coating, i.e., polypropylene, which is
      adapted to be sealed and withstands heating to about 305.degree.F. While
      this package is suitable for relatively low cooking temperature use, it
      cannot withstand heating at the high temperatures above 325.degree.F. and
      to about 400.degree.F., which temperatures are those most commonly used in
      the precooked, convenience food areas of cooking.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a container is provided for use,
      preferably, in the packaging of food and for use in the subsequent cooking
      or reheating of the food in preparation for human consumption. The
      container is formed from a blank made of a material comprising nonbrowning
      paperboard with polyethylene terephthalate material extruded onto one or
      both of its surfaces. The method of making such material in which an
      uncoated surface or surfaces of the paperboard is heated, preferably by
      flame, enables a bond to be set up between the paperboard and polyethylene
      terephthalate that is effective in use applications of this sort. In
      forming the container from the blank of this invention, the polyethylene
      terephthalate surface, or parts of it, may be brought into abutting
      contact with other parts of the polyethylene terephthalate surface or with
      parts of the paperboard surface and secured or heat-sealed together, or
      the container may be formed by appropriately folding the blank or by
      heating the blank and die pressing it into container form. Food is then
      placed in the container, which food may then be reheated or heated to
      temperatures up to about 400.degree.F. without having browning problems
      with the paperboard and without having delamination problems with the
      laminate.
PAR  This container does not deleteriously effect the cooking of the food
      contained therein and may be formed at low heatsealing temperatures and
      cooked or used at high cooking temperatures and still remain attractive in
      appearance.
PAR  Cooking containers are well known to the art. Many types of materials are
      used to frabricate these containers. Such materials can generally be
      characterized into one of three primary types or combinations of them.
      These types are paperboard, aluminum and certain thermoplastic materials.
      There are advantages and disadvantages resulting from the use of each of
      these types of materials in fabricating food containers. For example, the
      nonpaperboard containers are generally nonbiodegradable and the aluminum
      containers are difficult to hermetically seal and cannot be used in
      microwave ovens; paperboard containers, on the other hand, do not have
      these disadvantages.
PAR  Despite the widespread use of paperboard in the packaging industry,
      however, certain limitations in its utility have long been recognized. For
      example, uncoated paperboard packages are weakened by moisture and are not
      impervious to greases and oils and char and brown at high cooking
      temperatures. Further, this paperboard browning is still an important,
      unsolved, problem factor even when the paperboard is coated with certain
      plastic materials; i.e., polypropylene coated paperboard "browns" when
      heated to temperatures of about 305.degree.F. Consequently, when packaging
      certain types of foods for cooking, paperboard may lack a key property
      relating to the appearance of the package. Other physical characteristics
      of paperboard have limited the forms of the package and the types of
      surface treatment which could be used on paperboard packaging materials.
PAR  Convenience foods, for example, may be precooked and packaged in certain
      containers and then reheated. For this reason they must be capable of
      withstanding this subsequent food-heating operation without causing
      adverse effects with the food or the package. The containers used for this
      should be capable of being subjected to temperatures of up to
      400.degree.F. Prior to this invention, known paperboard containers could
      not be so employed primarily because such containers easily char when
      subjected to temperatures of this order and the browning destroys the
      aesthetics of the container.
PAR  The instant invention provides novel containers formed from a blank made in
      part of paperboard which exhibits unique packaging versatility and which
      overcomes disadvantages, such as browning at high temperatures, of
      currently used container materials. In its broadest terms, this invention
      is a disposable container which comprises a layer of nonbrowning
      paperboard and at least a layer of substantially amorphous polyethylene
      terephthalate bonded to the paperboard layer by its own substance. This
      includes, for example, containers formed from blanks by folding,
      die-pressed containers and the like.
PAR  Specifically, the instant invention in one embodiment provides a container
      for baking and cooking which comprises:
PAR  a substantially flat bottom part;
PAR  at least four upstanding sides hingedly connected to the flat bottom;
PAR  corners joining adjacent upstanding sides hingedly connected to the flat
      bottom parts;
PAR  the container being formed of a 2-ply laminate comprising a layer of
      nonbrowning paperboard and at least a layer of substantially amorphous
      polyethylene terephthalate bonded to the paperboard layer by its own
      substance; and
PAR  the corners being formed by heat-sealing surface portions of the
      substantially amorphous polyethylene terephthalate layer of adjacent sides
      together and the polyethylene terephthalate in the corners being partially
      crystalline, thereafter.
PAR  In another embodiment, this invention is a container for baking and cooking
      which comprises:
PAR  a substantially flat bottom part and body parts connected thereto;
PAR  the container being formed of a laminate comprising a layer of nonbrowning
      paperboard and at least a layer of substantially amorphous polyethylene
      terephthalate bonded to the paperboard layer by its own substance; and
PAR  the container having abutting surface portions of the body parts secured
      together.
PAR  In this container at least one and, if desired, both, of each of the
      abutting surface portions of the body parts is of the polyethylene
      terephthalate layer and such abutting surface portions may be heat-sealed
      together or secured together by other means, such as staples or adhesives,
      or by interlocking parts, for example.
PAR  All of these containers may be formed from a container blank of this
      invention having parts including a bottom part with body parts connected
      thereto, such blank being formed of a laminate including a nonbrowning
      paperboard having a least an extruded layer of polyethylene terephthalate
      bonded thereto.
PAR  A method of forming a container from this blank includes the steps of:
      folding the blank whereby surface portions of body parts are brought into
      abutting contact with each other, all of such surface portions being of
      polyethylene terephthalate; and heat-sealing such abutting surface
      portions together to form a container. Such abutting surface portions are
      heat-sealed together at a temperature of at least about 320.degree. F.
PAR  Another method of forming a container from the blank includes the steps of:
      folding the blank whereby surface portions of the body parts are brought
      into abutting contact with each other; and securing such abutting surface
      portions together to form a container. Such abutting surface portions may
      be heat-sealed together at a temperature of at leasst about 320.degree. F.
      or secured together by other means. At least one of each of such abutting
      surface portions is of the polyethylene terephthalate layer and the other
      of each of such abutting surface portions may be of the nonbrowning
      paperboard.
PAR  Still another method of forming a container from the blank includes the
      steps of: heating the blank to a temperature of at least 320.degree.F.,
      and pressing the blank to form a container.
PAR  And, further, a method of this invention is provided of making a laminate
      suitable for use in making these blanks and containers comprising the
      steps of which include: passing a nonbrowning paperboard web having a pH
      of between 7.0 and 7.5 adjacent a heating source; heating an uncoated
      first surface of the paperboard to a temperature of at least about
      285.degree.F. by means of the heating source; extruding a layer of
      polyethylene terephthalate onto the uncoated first surface of the heated
      paperboard, such polyethylene terephthalate having an intrinsic viscosity
      within the range of 0.51 to 0.85; and cooling the extruded layer of
      polyethylene terephthalate to solidity it and to effect a bond between the
      paperboard and the polyethylene terephthalate to form a 2-ply laminate.
PAR  A method of this invention further is provided of making a 3-ply laminate
      suitable for these same uses wherein the other surface of the paperboard
      of the 2-ply laminate also is uncoated and wherein the paperboard is
      heated to a temperature of from about 285.degree.F. to about 340.degree.F.
      including the additional steps of: extruding a layer of polyethylene
      terephthalate onto such uncoated second surface of the heated paperboard,
      such polyethylene terephthalate having an intrinsic viscosity within the
      range of 0.51 to 0.85; and cooling this extruded layer of polyethylene
      terephthalate to solidify it and to effect a bond between it and the
      paperboard to form the 3-ply laminate.
PAR  And, lastly, a method is provided for cooking in these novel containers
      formed from blanks made of these novel 2-ply and 3-ply laminates, which
      cooking method includes the steps of: forming a container from a blank
      formed from a 2-ply laminate consisting of a nonbrowning paperboard layer
      having a layer of polyethylene terephthalate extruded thereon and bonded
      thereto by its own substance by the methods previously described; placing
      food in the container; and, cooking the food at a temperature of up to
      about 400.degree.F.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view of apparatus suitable for making a 2-ply and
      3-ply laminate of this invention;
PAR  FIG. 2 is a fragmentary plan view of a corner blank made from a laminate of
      this invention (with parts omitted for clarity); and
PAR  FIG. 3 is a perspective view showing a container formed from the blank of
      FIG. 2.
PAR  FIGS. 4 and 5 are perspective views of another container of this invention,
      showing a locking tab body part before and after it is tucked into
      position to embrace and retain folded side extension body parts in place.
PAR  FIG. 6 is a perspective view showing still another container of this
      invention (i.e., a cooking plate) which may be formed by die pressing a
      suitable blank made from a laminate also of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and in particular FIG. 3, there is shown a
      typical novel container C of this invention.
PAR  Such container C is formed from a blank B, of the type shown in FIG. 2,
      which blank is suitably cut and scored to define parts including a bottom
      part 10 with body parts or sides 11 hingedly connected thereto along fold
      or score lines 12. Other fold lines, such as those designated 13, extend
      from the fold lines 12 and define means for enabling the blank to be
      folded at the corners 14 thereof in forming the container C, in a manner
      to be described.
PAR  In forming the container C from the blank B the sides 11 are folded
      upwardly with respect to the bottom part 10 and corner portions 14' of the
      inner surface of adjacent sides 11 are brought into abutting contact with
      each other and secured (i.e., heat-sealed) together to form the corners 14
      of the container C from the corner portions 14. The material of the inner
      surface of the blank B is such that it is heat-sealable to itself or to
      paperboard layer 15 as will be further explained.
PAR  The blank B is made from a novel laminate of this invention consisting of a
      layer of nonbrowning paperboard 15, such as so-called "14 point board",
      having a layer of polyethylene terephthalate 16 extruded onto an uncoated
      first surface or such paperboard 15 in a novel manner and bonded to such
      paperboard by its own substance to form a 2-ply laminate 17, as best shown
      in FIGS. 1 and 3. If desired, another layer of polyethylene terephthalate
      16' may be extruded onto the other uncoated second surface in accordance
      with this invention to form a 3-ply laminate 17'.
PAR  Other typical containers C' and C" formed from the 2-ply and 3-ply
      laminates 17 and 17' of the invention are shown in FIGS. 4-6.
PAR  The container C' is formed from a suitably cut and scored blank, as shown,
      for example, in U.S. Pat. No. 2,373,730, which blank includes a bottom
      part 10' and body parts 11' connected thereto by folding the blank whereby
      surface portions of the body parts 11' are brought into contact with each
      other and secured together (i.e., heat-sealed or interlocked, etc.) to
      form the container. In other words, in forming the container C', the
      locking tab body part 18' is tucked into the position shown in FIG. 5 to
      embrace and retain the folded side extension body parts 19' in place,
      which tucking secures the surface portions of the body parts together.
PAR  It is noted that in this position surface portions of the body parts are
      brought into abutting contact with each other with parts of the
      polyethylene terephthalate layer 16 surface in contact with parts of the
      paperboard layer 15 surface. While the tucking of the tab 18' into
      position above will secure the surface parts together, if desired, the
      parts may also or only be heat-sealed together to do the same. This
      invention, then, includes the heat-sealing of surface portions of the
      polyethylene terephthalate layer to other portions of that layer as well
      as to the paperboard layer and further includes the interlocking of these
      parts together, in forming a container of this invention.
PAR  The container C", as shown in FIG. 6, is still another example of a
      container formed using a laminate 17 or 17' of this invention, which
      container (i.e., a cooking plate) may be formed from a suitably shaped
      blank by heating the blank to at least 320.degree.F., and by pressing the
      heated blank to form a bottom 10" with body portion 11" conncted thereto.
PAR  The specific type of paperboard 15 used in forming a laminate of this
      invention is critical. Among its most important characteristics is that
      the surface of such paperboard to which the polyethylene terephthalate
      layer is to be fused preferably is uncoated and, if coated at all, should
      not be clay coated. It has been found that unless this is so the adhesion
      properties are less than those desired.
PAR  Other properties of the paperboard which are required when it is combined
      with a polyethylene terephthalate layer for use in cooking at high
      temperatures include the property of nonbrowning. It has been found to be
      critical that the pH must be controlled between 7.0 and 7.5 to provide a
      paperboard that does not brown at cooking temperatures of up to about
      400.degree.F.
PAR  As to nonbrowning, it has been found that the surface of the paperboard
      opposite that to which the polyethylene terephthalate layer is adhered may
      be coated with a clay coating, if desired, and that it is still possible
      to obtain excellent adhesion to the noncoated side of this paperboard.
PAR  The polyethylene terephthalate material of this invention is formed from a
      polymer formed by the condensation reaction of ethyl glycol and
      terephthalic acid. Particulars of this material are shown and described in
      U.S. Pat. No. 2,465,319 to Whinfield and Dickson. More specifically,
      polyethylene terephthalate useful in preparing the laminate of this
      invention includes (a) polymers wherein at least about 97% of the polymer
      contains the repeating ethylene terephthalate units of the formula:
      ##EQU1##
      with the remainder being minor amounts of ester-forming components, and
      (b) copolymers of ethylene terephthalate wherein up to about 10 mole
      percent of the copolymer is prepared from the monomer units of diethylene
      glycol; propane-1,3-diol; butane-1,4-diol; polytetramethylene glycol;
      polyethylene glycol; polypropylene glycol; 1,4-hydroxymethylcyclohexane
      and the like, substituted for the glycol moiety in the preparation of the
      copolymer and/or isophthalic; bibenzoic; naphthalene 1,4- or
      2,6-dicarboxylic adipic; sebacic; decane-1,10-dicarboxylic acid, and the
      like, substituted for the acid moiety in the preparation of the copolymer.
PAR  Preferably, the intrinsic viscosity of the polymeric material of this
      invention is between 0.51 to 0.85. Materials of this viscosity in flake
      form may be obtained as start-up materials in the form of cut strands or
      bead trim or pelletized material or even pelletized flake. All of these
      flakes are subsequently dried for a period of 2 hours at 80.degree.C. with
      29-inch water under vacuum. It has been found that bulk densities of 28-40
      lbs./ft..sup.3 handle well in single screw extrusion equipment.
PAR  The expression "intrinsic viscosity" is used herein as a measure of the
      degree of polymerization of the polyester and is defined as:
      ##EQU2##
      wherein .mu.r is the viscosity of a dilute solution of the polyester in a
      mixture of 1 part trifluoroacetic acid and 3 parts methylene chloride, by
      volume, divided by the viscosity of the trifluoroacetic acid/methylene
      chloride mixture per se measured in the same units at 25.degree.C. and C
      is the concentration in grams of the polyester per 100 cc. of solution.
      Intrinsic viscosity is independent of concentration by virtue of the
      extrapolation to C = 0.
PAR  Polyethylene terephthalate has an unusual number of properties which enable
      it to serve a diverse range of applications. These balanced properties
      enable it to be particularly usable as a packaging material for food. As
      an example, polyethylene terephthalate does not get brittle with age, it
      has a long shelf life; it provides a permanent, nonyellowing,
      dimensionally stable base and has excellent resistance to grease, oxygen
      and moisture. Further, it is resistant to initial tear and scratching and
      can withstand heavy impact and prolonged flexing. These and other
      properties are of great value in packaging applications.
PAR  Preferably, the thickness of the paperboard is about 14 mils and the
      thickness of the polyethylene terephthalate layer is 1 mil or thereabouts.
PAR  In the practice of this invention, it has been found necessary to heat an
      uncoated first surface of the paperboard to a temperature of at least
      285.degree.F. before the molten polyethylene terephthalate material is
      extruded onto the paperboard. If the second surface of the paperboard is
      coated, a maximum temperature of 340.degree.F. has been found possible. At
      temperatures in excess of this when coating or extruding polyethylene
      terephthalate onto this uncoated second surface of the paperboard, it has
      been found that blocking occurs, primarily blocking of the coating on the
      first surface to the extruded material or coating on the second surface
      occurs. Further, the coating tends to adhere to the chill roll at above
      this maximum.
PAR  A blank formed from the laminates, either 2-ply or 3-ply, of this
      invention, heat-seals easily at about 320.degree.F. This property enables
      the blank to be folded, by folding the body parts along the fold lines
      upwardly with respect to the bottom part and the bringing of surface
      portions of the body parts together, such portions all being of
      polyethylene terephthalate or one being of paperboard and the heat-sealing
      of these portions together to form the container. Excellent heat seals of
      polyethylene terephthalate to itself, for example, may be obtained with
      densities of 1.3300 to 1.3360, as measured at 27.degree.C. in a CCl.sub.4
      /heptane solid mixture.
PAR  Typical heat-sealing temperatures that have been found workable in forming
      a container of this invention have included 320.degree.F. at 3 seconds
      dwell and 60 psi and 355.degree.F. at 3 seconds dwell and 60 psi, each of
      which produce a seal strength (fiber tearing) of greater than 3,000
      grams/inch when a laminate of 14 mil-thick paperboard coated with
      polyethylene terephthalate is heat-sealed with abutting surface portions
      of the polyethylene terephthalate layer in contact with each other. When
      this layer is heat-sealed to an uncoated side of the paperboard at
      355.degree.F. at 6 seconds dwell and 60 psi a seal strength of about 600
      grams/inch is obtained.
PAR  The containers of this invention are particularly well suited for baking or
      cooking foods at temperatures up to about 400.degree.F.
PAR  A typical method of cooking includes the steps of:
PAR  forming a container from a blank formed from a laminate including the
      nonbrowning paperboard having at least a layer of polyethylene
      terephthalate extruded thereon and bonded thereto by its own substance by
      folding the blank to bring surface portions of the polyethylene
      terephthalate layer thereof into abutting contact with other surface
      portions of such layer and by heat-sealing these abutting surface portions
      together;
PAR  placing food in the container; and
PAR  cooking the food at a temperature of up to about 400.degree.F.
PAR  Another method of cooking includes the steps of:
PAR  forming a container from a blank formed of a laminate including the
      nonbrowning paperboard having at least a layer of polyethylene
      terephthalate extruded thereon and bonded thereto by its own substance by
      folding the blank to bring surface portions of the polyethylene
      terephthalate layer thereof into abutting contact with surface portions of
      the paperboard layer and by heat-sealing these abutting surface portions
      together;
PAR  placing food in the container; and
PAR  cooking the food at a temperature of up to about 400.degree.F.
PAR  Still another method of cooking includes the steps of:
PAR  forming a container from a blank formed from a laminate including the
      nonbrowning paperboard having at least a layer of polyethylene
      terephthalate extruded thereon and bonded thereto by its own substance;
      placing food in the container; and cooking the food at a temperature of up
      to about 400.degree.F. This container may be formed by heating the blank
      to at least 320.degree.F. and by pressing the heated blank or by folding
      the blank.
PAR  Lastly, another method of cooking includes the steps of:
PAR  forming a container from a blank formed from a laminate consisting of the
      nonbrowning paperboard having at least a layer of polyethylene
      terephthalate extruded thereon and bonded thereto by its own substance by
      folding the blank to bring surface portions of body parts thereof into
      abutting contact with each other and by securing these abutting surface
      portions together; placing food in the container; and cooking the food at
      a temperature of up to about 400.degree.F.
PAR  In all of these cooking methods, the novel laminates of this invention
      enable the cooking to be done under workable conditions and at unusually
      high temperatures, without paperboard browning problems, for example.
PAC  METHODS OF AND APPARATUS FOR MAKING THE LAMINATE
PAR  A preferred method of making the laminate of this invention includes the
      step of extruding molten polyethylene terephthalate material onto an
      uncoated surface of paperboard material after such paperboard material has
      been flameheated to a temperature of at least 285.degree.F.
PAR  Referring to FIG. 1, there is shown a schematic representation of an
      apparatus for making the material of this invention. Such material,
      whether 2-ply laminate 17 or a 3-ply laminate 17' is formed under novel
      and critical conditions.
PAR  In making such material, the paperboard 15, in the form of a web, for
      example, is supplied from a supply roll 21 and is moved by appropriate
      means, not shown, past a heating means or source, such as flame or hot
      gas, 22 and into a nip formed by contacting rotating surfaces of a nip
      roll 23 and a quench or chill roll 24 where the paperboard is combined
      with a layer of the freshly extruded molten polyethylene terephthalate
      material 16 to form the 2-ply laminate 17.
PAR  The molten material 16 is extruded onto the uncoated surface of the
      paperboard 15 from an extrusion die 25. This molten material 16 descends
      through an air gap until it contacts the first surface of the paperboard
      16 in the nip area. The paperboard and polyethylene terephthalate layers
      are firmly pressed together between the elastomeric covered roll 23 and
      the chill roll 24 so that the molten polyethylene terephthalate layer 16
      is joined to or fused to the paperboard 15 by its own substance.
PAR  It is important that the pressure and heat applied are sufficient to
      combine or fuse the paperboard and polyethylene terephthalate layer
      together and it is critical that the first uncoated surface of the
      paperboard be heated to a temperature of at least 285.degree.F. prior to
      the extrusion of the polyethylene terephthalate layer onto such surface.
PAR  The laminate 17 is then passed by a second heating means 22', around an
      idler roll 26 and a nip roll 27 and into a nip formed by coacting surfaces
      of the nip roll 27 and a quench roll 28. A second molten polyethylene
      terephthalate layer 16' is cast into the nip from an extrusion die 29 and
      onto the uncoated second surface of the heated paperboard 15 which is
      coated with the molten materials 16'. The extruded molten polyethylene
      terephthalate layer 16' like the layer 16 previously applied sets up
      strongly and is fused to the paperboard member by its own substance to
      form the 3-ply laminate 17'.
PAR  After formation of the 3-ply laminate 17', it is moved onto a windup 30 for
      further processing or use.
PAR  The second surface of the paperboard 15 is heated by the heating means to a
      critical temperature of from at least 285.degree.F. to about 340.degree.F.
      Lower temperatures than this negate desired bonding and higher
      temperatures than this tend to cause adherence of the coating to chill
      roll, for example.
PAR  Specifically, the preferred method of making the 2-ply laminate 17 of this
      invention includes the steps of:
PAR  passing the nonbrowning paperboard web 15 having an uncoated surface and a
      pH of between 7.0 and 7.5 adjacent to a flame type heating means 22;
PAR  heating the uncoated first surface of the paperboard to a temperature of
      from at least about 285.degree.F. to about 340.degree.F. by use of the
      flame;
PAR  extruding the layer of polyethylene terephthalate 16 onto the uncoated
      surface of the heated paperboard 15, such polyethylene terephthalate
      having an intrinsic viscosity within the range of 0.51 to 0.85; and
PAR  cooling the extruded layer of polyethylene terephthalate to solidify it and
      to effect a bond between the paperboard 15 and the polyethylene
      terephthalate 16 to form the 2-ply laminate 17.
PAR  And, in making the 3-ply laminate of this invention wherein the second
      surface of the paperboard also is uncoated and wherein the paperboard is
      heated to a temperature of from about 285.degree.F. to about
      340.degree.F., such method includes the additional steps of:
PAR  extruding the layer of polyethylene terephthalate 16' onto such other
      uncoated surface of the heated paperboard 15, such polyethylene
      terephthalate having an intrinsic viscosity within the range of 0.51 to
      0.85; and
PAR  cooling this extruded layer of polyethylene terephthalate to solidify it
      and to effect a bond between it and the paperboard to form the 3-ply
      laminate 17'.
PAR  The preferred method of heating the paperboard surfaces is to contiuously
      expose the surfaces of the moving paperboard to a flame supplied by a
      gaseous mixture of propane and oxygen or propane and air. The flame which
      emerges from a suitable burner device is composed of a primary envelope
      comprising the luminous, pale blue, conical inner portion which is
      adjacent to the burner orifice and the secondary envelope comprising the
      remainder of the flame. When a rectangular shaped burner orifice is
      employed the primary envelope is wedge-shaped in cross-section. The
      surface is passed through the primary envelope of the flame at a distance
      from the burner orifice sufficient for maintaining a self-sustaining
      flame. The gaseous constituents for combustion are propane and oxygen or
      air. The proportions of these constituents that are supplied to the burner
      are not critical for the successful flame heating of the paperboard
      surface.
PAR  The one and two-side polyethylene terephthalate coated paperboard laminates
      of this invention may be used to construct a variety of food containers
      such as trays, tray lids, roasting pans, and liquid-tight containers. The
      polyethylene terephthalate coating heat-seals well in addition to having
      excellent barrier resistant properties to grease, water, and oxygen. The
      heat-seal property permits one to form leak-proof liquid packages and
      cooking trays and the polyethylene terephthalate coating prevents the
      paperboard from excessive browning even at oven temperatures of up to
      about 400.degree.F.
PAR  For the purpose of this invention, "container" means any plate, tray,
      folding carton or the like that is adapted to hold an article. It is
      further to be understood that all of these "containers " may be provided
      with a top or lid which may be heat-sealed to an appropriate part or parts
      of the "container" wherein the lower surface of the top is of a
      polyethylene terephthalate material and is bonded to an inner or upper
      surface or flange of the "containers" of this invention, in which the
      blanks from which they are formed are of a polyethylene
      terephthalate/paperboard laminate of this invention. Typical "containers"
      which may be so formed are shown in U.S. Pat. No. 3,550,835 to Persson,
      U.S. Pat. No. 3,257,786 to Harrison et al., and U.S. Pat. No. 3,178,017 to
      Bowman, for example.
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STM  I claim:
NUM  1.
PAR  1. A method of making a laminate comprising:
PA1  passing a non-browning paperboard having a pH of between 7.0 and 7.5
      adjacent a heating source;
PA1  heating an uncoated first surface of such paperboard to a temperature of at
      least about 285.degree.F. by means of the heating source;
PA1  extruding a layer of polyethylene terephthalate onto such uncoated first
      surface of the heated paperboard, such polyethylene terephthalate having
      an intrinsic viscosity within the range of 0.51 to 0.85; and
PA1  cooling the extruded layer of polyethylene terephthalate to solidify it and
      to effect a bond between the paperboard and the polyethylene terephthalate
      to form a 2-ply laminate.
NUM  2.
PAR  2. The method of claim 1 including the additional steps of:
PA1  passing the 2-ply laminate adjacent a heating source;
PA1  heating the other uncoated second surface of such paperboard to a
      temperature of from about 285.degree.F. to about 340.degree.F. by use of
      the heating source;
PA1  extruding a layer of polyethylene terephthalate onto such uncoated second
      surface of the heated paperboard, such polyethylene terephthalate having
      an intrinsic viscosity within the range of 0.51 to 0.85; and
PA1  cooling this extruded layer of polyethylene terephthalate to solidify it
      and to effect a bond between it and the paperboard to form a 3-ply
      laminate.
NUM  3.
PAR  3. The method of claim 1 wherein the uncoated first surface of such
      paperboard is heated to a temperature of at least about 285.degree.F. by
      means of a flame.
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PAL  A tabbed film strip comprising a film portion and a tab portion secured
      together in parallel adjacent edge relation by a connecting tape
      overlapping the film and tab portion and adhesively secured thereto in an
      arrangement leaving a major area of the film portion and tab portion
      uncovered throughout their lengths. Apparatus to form this product and to
      carry out a process of making it comprises a housing which supports
      individual feed supplies for the film portion and the tab portion and
      which also supports a feed supply for the connecting tape. The tape has
      pressure sensitive adhesive on one of its surfaces for securement to the
      film and tab portions. Forming mechanism is supported on the housing and
      has guide grooves therein as well as guide rollers and a hold-down arm
      associated therewith arranged to place the film portion and tab portion in
      parallel adjacent edge relation and to secure these two portions together
      by means of the tape. The film portion and tab portion after leaving the
      forming mechanism, pass over a power driven drum which pulls the film and
      tab portions, as well as the tape, through the forming mechanism for the
      formation of the tabbed film strip. This drum is arranged to feed the
      completed film product to other mechanism upon demand of the latter.
PARN
PAR  This is a division of application Ser. No. 291,945, filed Sept. 25, 1972.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and novel tabbed film strip product and to
      process and apparatus for preparing such product.
PAR  In the processing of film, it is customarily wound on reels and then moved
      through developers, wound up again, moved through printers and then
      finally cut and packaged. Some of the film, being rather narrow, is
      difficult to handle or treat, particularly the smaller type film presently
      in use. Such film, being reduced in size, also requires special machinery
      for its handling. According to the present invention and forming a primary
      objective thereof, a tabbed film strip is provided which comprises a film
      portion in strip form and a tab portion in strip form secured together in
      side by side adjacent edge relation by a tape glued in overlapping
      relation thereon in the area of the edges, thus providing a product which
      facilitates easy handling and printing for the film and which is capable
      of being used in most existing printing apparatuses.
PAR  Another object of the invention is to provide a novel process for forming
      the tabbed film strip comprising guiding a film portion in strip form and
      a tab portion in strip form along a surface in adjacent edge relation and
      at the same time feeding a tape having a glue surface onto the film
      portion and tab portion in the area of the adjacent edges, and compressing
      the tape on the film and tab portions to connect the latter together.
PAR  Another object of the invention is to provide an apparatus for carrying out
      the process and forming the product comprising independent feed means for
      each of the film portion, tab portion, and the tape, and also including a
      forming mechanism for receiving and positioning the two portions in
      adjacent edge relation and applying the tape to the two portions to form
      the integral product.
PAR  Other objects of the invention are to provide a novel drive arrangement for
      the formation of the tabbed film strip as well as for making the latter
      available to other apparatus, comprising a power driven drum having a
      friction connection with the assembled strip and arranged to pull it
      through the forming apparatus; to provide a novel drive for the drum
      wherein such drum operates only when a discharged supply therefrom is
      diminished; to provide a novel forming mechanism which places the film
      portion and the tab portion in adjacent edge relation for securement by
      the tape; and also to provide in the forming mechanism and pulling drum
      relieved areas where the film travels whereby picture areas of the film
      will not engage any surface.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description which
      illustrates a preferred form of the device.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of apparatus of the invention;
PAR  FIG. 2 is a fragmentary elevational view of a portion of the apparatus
      showing a modified form;
PAR  FIG. 3 is an enlarged vertical sectional view of the apparatus taken on the
      line 3--3 of FIG. 1;
PAR  FIGS. 4, 5 and 6 are enlarged fragmentary sectional view of forming
      mechanism, taken on the lines 4--4, 5--5 and 6--6 of FIG. 1, respectively.
PAR  FIG. 7 is an enlarged fragmentary elevational view of a forward portion of
      the forming mechanism;
PAR  FIG. 8 is an enlarged, fragmentary sectional view of tape drive means,
      taken on the line 8--8 of FIG. 1;
PAR  FIG. 9 is an enlarged fragmentary sectional view of control apparatus for
      the drive means, taken on the line 9--9 of FIG. 3;
PAR  FIG. 10 is a fragmentary sectional view of feed means for the film portion,
      taken on the line 10--10 of FIG. 1;
PAR  FIG. 11 is a sectional view of feed means for the tab portion, taken on the
      line 11--11 of FIG. 1;
PAR  FIG. 12 is an end edge view of a tabbed film strip comprising the product
      which forms part of the invention; and
PAR  FIG. 13 is a fragmentary plan view of such product, taken on the line
      13--13 of FIG. 12.
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PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring in particular to the drawings and first to FIGS. 12 and 13, the
      product of the invention, designated generally by the numeral 10,
      comprises a film portion 12 in strip form, a tab portion 14 also in strip
      form, and an attaching strip portion 16. In the formed construction of the
      product, the portions 12 and 14 are disposed in close side edge relation,
      preferably in edge abutment, and are secured together in such relationship
      by the strip portion 16. The strip portion 16 may comprise a conventional
      tape having adhesive on one surface, preferably a pressure sensitive
      adhesive. Such tape has a width less than the combined width of portions
      12 and 14. Most of its width overlaps and is secured to the tab portion
      14. The overlapping engagement with the film portion is only a small
      amount in order not to interfere with picture portions of the film. In
      most films, there is at least a margin of one thirty-second inch and it is
      found that such an overlap is sufficient to provide a good connection
      against lateral displacement so that the tab is useful in combination with
      the film for engagement by treating mechanism or for handling by the
      processor or customer. Although a good lateral connection is provided, the
      film portion can be readily separated from the tab portion if desired by
      tearing it off longitudinally, particularly if a pressure sensitive
      adhesive is used. The film portion 12, to which the tab portion is applied
      according to the present invention, comprises a length of film which has
      been developed but which requires further handling for return to the
      customer. Such film is customarily made up in long lengths and placed on
      rolls for this purpose.
PAR  The thickness of the tab portion 14 is substantially the same thickness as
      the film strip for best results. Although the tab portion 14 may be
      constructed of paper or any other suitable material, it preferably is
      formed of a plastic film, such as polyester film, so that it has somewhat
      the same coefficient of expansion as the film strip and thus will not
      wrinkle. Such a polyester film also does not absorb moisture to further
      reduce the possibility of wrinkling. It is desirable that one surface of
      the tab portion 14 be capable of receiving pencil or ink markings.
PAR  The formed product 10 has the advantage that it can be handled, namely, by
      the tab portion, so that the film portion is not damaged. Also, the tab
      portion can be marked by the processor or customer for any desired
      purpose.
PAR  Apparatus for making the product of the invention comprises a housing 18,
      FIGS. 1 and 3, having a bottom wall 20, a front wall 22 secured thereto as
      by screws 24, and side walls 26 also secured to the bottom wall and to the
      front wall, as by screws 28. A removable back and top wall section 30 is
      attached to the housing by locator projections 34 on the bottom wall and
      screws 36 extending through the front wall.
PAR  The three strip portions 12, 14 and 16 are fed to a forming mechanism 40 in
      the construction of the product from individual supply rolls 42, 44 and
      46, respectively. Film supply roll 42 is mounted on a spool or reel 47
      supported on an arm 48 in turn supported on the housing by a connection
      50. Connection 50 includes a shaft support which allows the arm to be
      pivotally adjusted for a desired positioning of the roll 42. Also, it is
      preferred that the arm be removable at the connection 50 for reducing the
      size of the apparatus in shipment and storage. With reference to FIG. 10,
      spool 47 is pivotally supported on a shaft 54. A retaining knob 56 is
      adapted to be received on the shaft 54 and has a spring pressed retainer
      58 removably engageable with a transverse surface groove 60 in the shaft
      to frictionally hold the knob in place which in turn holds the spool on
      the shaft. Preferably, the side plate of the spool adjacent to the knob 56
      is freely removable from the spool whereby in order to install or remove a
      roll of film, it is merely necessary to remove the knob and side plate. To
      remove the knob, it is merely forcefully pulled off, and to install it, it
      is pushed inward to the point where the retainer 58 snaps into groove 60.
PAR  A roller 62 engages the periphery of spool 52 and is mounted in such
      position by an arm 64 having a longitudinally slidable mounted engagement
      on arm 48 by headed pins 66 on the latter arm slidably confined in an
      elongated slot 68 in the arm 64. A tension spring 69 is connected between
      the arm 64 and arm 48 and urges the roller 62 against the supply spool 47.
      Roller 62 permits rotation of the spool 47 for stripping off film but at
      the same time is arranged to create a drag on such rotation for a purpose
      to be described hereinafter.
PAR  Tab supply roll 44 is removably supported on a single flange reel 70, FIGS.
      1 and 11, rotatably mounted on a shaft 71 projecting from an arm 72. Reel
      70 has an open front hollow hub portion 70a for removably supporting the
      roll 44. Arm 72 has a pivotally adjustable and removable connection to the
      housing similar to arm 48. The rear side of reel 70 has friction members
      73 supported thereon bearing against the arm 72. These friction members
      produce a drag on the rotation of the reel 70, and such drag is adjustable
      by means which hold the reel on the shaft, comprising a collar 74 on the
      shaft within the hub and a spring washer 75 disposed between the collar
      and the reel. The collar is held on the shaft by a setscrew 76, and by
      selectively locating such collar against the washer, the tension applied
      between the arm 72 and the friction members 73 can be varied to control
      the drag on the rotation of reel 70. Such drag may be desirable to prevent
      over-running of the reel 70 when a pull on the tab 14 is stopped abruptly.
PAR  The supply roll 44 is retained on the hub 70a by a removable flanged knob
      78. This knob has a spring pressed retainer 79 removably engageable with a
      transverse groove 80 in the shaft for readily installing and removing the
      knob. A new roll 44 is readily installed on the reel 70 by merely removing
      the knob 78.
PAR  Tape supply roll 46 is mounted on a shaft 82 supported on the front wall 22
      of the housing. Such roll is held on the shaft by a flanged knob 84
      removably mounted on the shaft as are the knobs 56 and 78. The tape roll
      does not require mounting on a reel nor does it require any friction drag
      due to the slight coherence between layers of the tape on the roll.
PAR  The three strips 12, 14 and 16 are formed into the final product 10 by the
      forming mechanism 40. This mechanism comprises an outer vertical side wall
      86, FIGS. 1, 4, 5, 6 and 7, secured to end mounting arms 88 on the front
      wall 22 of the housing. Forming mechanism 40 has a top wall 90 with
      longitudinal side guide rails 92 and 94 extending substantially the full
      length of the top wall. A parting rib 96, FIGS. 4 and 6, extends through a
      portion of the length of the top wall 90 intermediate the ends thereof
      parallel with and between the rails 92 and 94. The spacing between the
      rail 92 and the rib 96 is substantially identical to or slightly greater
      than the width of the film portion 12 so that such film strip can move
      therebetween in a flat condition. The spacing between the rib 96 and the
      rail 94, however, is slightly less than the width of the tab portion 14 so
      that when such tab portion is moved longitudinally therebetween it will
      buckle slightly as shown in FIGS. 5 and 6, for a purpose to be described
      hereinafter.
PAR  A hold-down shoe 98, FIGS. 1, 4 and 6, fits over a portion of the parting
      rib 96. This shoe is supported on an arm 100 removably attached to side
      wall 86 by a clamp screw 102. Hold-down shoe 98 has a bottom longitudinal
      groove 104, FIG. 6, which receives the parting rib 96, the shoe being held
      such that its bottom edge is spaced above the surface of wall 90 an amount
      sufficient to allow the strips 12 and 14 to move freely thereunder.
PAR  With particular reference to FIGS. 1 and 5, a guide roller 106 receives the
      film and tab portions 12 and 14 thereunder for feeding them to the grooves
      formed between the outer rails 92 and 94 and the rib 96 in the top wall
      90. This guide roller is rotatably supported on a shaft 108 in turn
      supported on end standards 110 integral with the forming table. This guide
      roller has side flanges 112 and a central rib 114, the spacing between
      such side flanges and the rib being identical to the respective spacings
      between the rails 92 and 94 and the parting rib 96 in the top wall 90 and
      the roller also being selectively aligned whereby it is arranged to feed
      the film and tab portions to the grooves in the top wall. Notches 116 are
      cut in the rails 92 and 94 for receiving the flanges 112 and rib 114 on
      the roller. With particular reference to FIGS. 5 and 6, the guide roller
      106, as well as the top wall 90, are recessed at 118 in the area where the
      film portion 12 passes. Such recesses prevent contact of the film in its
      center picture area from contacting a wall surface and possibly being
      damaged. This roller may also be recessed at 120 to allow the strip 14 to
      buckle in the groove between rail 94 and parting rib 96.
PAR  A tape guide roller 122 is supported on a shaft 124 in turn supported in
      forward standards 126. Guide roller 122 has side flanges 128 as shown in
      phantom in FIG. 4, and is precisely located laterally to direct the tape
      16 onto the portions 12 and 14 in the desired position, namely, a small
      overlap on the film portion 12 and a greater overlap on the tab portion
      14. It is desired that roller 122 by adjustable laterally on the shaft 124
      for proper positioning, and for this purpose, it is secured on the shaft
      by a setscrew 130.
PAR  Forward of the tape guide roller 122 is a forming roller 134 rotatable
      freely on a shaft 135 supported in the standards 126. With reference to
      FIGS. 3 and 7, this roller has side flanges 136, and it also has a
      peripheral recess portion 137 for protecting the film. This recess is
      spaced inwardly a slight amount from the one side to form a side support
      surface 138 for the outer edge of the film portion.
PAR  The three portions making up the tabbed strip are united as they move
      around a portion of the periphery of the roller 134, the film portion
      riding on the surface 138 and a portion of the unrecessed area of the
      spool and the tab portion on such unrecessed area. The tape 16 is directed
      into the proper overlapping position on the portions 12 and 14 with the
      adhesive side down by the roller 122. That is, the portions 12 and 14 feed
      from the top wall 90 of the forming mechanism onto the roller 134 and as
      they do, the tape 16 is fed from roller 122 into direct contact with the
      said portions on the roller 134. The positioning of the elements of the
      product for connection are shown in phantom in FIG. 3 and in full lines in
      FIG. 4. The surface of the top wall 90 at the outlet end of the forming
      mechanism is in substantially the same plane as the bottom surface of the
      forming roller for efficient feed thereto, and the side rails 92 and 94 of
      the forming portion are recessed at 139, FIG. 4, for receiving the flange
      portions 136 of the roller 134.
PAR  With reference to FIGS. 1, 3, 4 and 7, the outfeed end of the forming
      mechanism has a starter or feed roller 140 secured on a shaft 141
      rotatably supported in the standards 126. This shaft has a hand knob 142
      on one end and is supported in the standards through horizontal slots 143.
      The arrangement is such that the shaft 141 will normally be disposed at
      the forward end of the slots and the roller 140 will be disengaged from
      roller 134. When it is desired to rotate the forming roller 134, however,
      such as to feed a short length of the product therethrough, it is merely
      necessary for the operator to rotate the roller 140 in a forward direction
      and cause the latter roller to engage the forming roller. When the
      operator releases the knob, the feed roller 140 will automatically move to
      an out-of-the way position by the forward movement of the tabbed film. The
      feed roller 140 has a friction surface 144 for turning the forming roller.
PAR  A drive drum 146, FIGS. 1, 3 and 8, is supported on the front wall 22 of
      the housing for receiving the completed tabbed film from the forming
      roller 134. This drum is supported on a shaft 148 in the housing in a
      location such that the pickup side of the drum is toward the infeed end of
      the forming mechanism with relation to the outfeed portion of forming
      roller 134 so that the product 10 doubles back a considerable amount over
      the roller 134 to provide a good assembly of such product on the roller.
      The drum 146 has side flanges 150 and the body portion of the drum has a
      recess 152 for protecting a film portion which rolls over the drum. As in
      the roller 134, recess 152 is spaced a slight amount inwardly from the one
      side to provide a support surface 154 for the one edge of the film. The
      unrecessed portion has a friction surface 156 for frictionally gripping
      the product. Upon operation of the drum in the direction of arrow 158,
      FIG. 1, a pulling drive is established for pulling the two strips and the
      tape through the forming mechanism 40.
PAR  In addition to the friction portion 156 on drive drum 146, a drive
      connection is established between the drum and the product by a pressure
      roller 160, FIGS. 1, 3 and 8, supported on a yoke member 162 having a
      shaft portion 164 extending through and journaled in the front wall 22 of
      the housing. An inward projecting square end 166 on the shaft 164 has an
      arm 168 mounted thereon which extends toward the drive roll and is urged
      downwardly by a tension spring 170 connected between the outer end of such
      arm and the housing. The roller 160 forcefully bears down on the product
      on the drum 146 and in addition to providing a positive drive connection
      between the drum and the product it also insures that a seal is
      established between the tape and the two strip portions. This roller
      preferably has a friction surface 171.
PAR  The shaft 148 for the drive drum 146 is journaled in the front wall of the
      housing and also in an inner frame, FIGS. 3 and 9, having a rear wall
      portion 172 supported by a pair of side plates 174 secured to the side
      wall of the housing, as by screws 176. Mounted on the shaft 148 adjacent
      to the rearward end thereof is a pulley 178 connected to a drive pulley
      180 by means of a belt 182. Pulley 180 is secured on the output shaft of
      an electric motor 184 bolted to the bottom wall 20 of the housing.
PAR  Incorporated in the shaft 148 between the drum 146 and pulley 178 is a
      friction type clutch 186 of well known construction, FIG. 9, which when
      released establishes a drive connection of the forward portion of the
      shaft 148 with the driven rearward portion of such shaft so that the drum
      will rotate. The operation of the clutch is controlled by a solenoid 188,
      also seen in FIG. 3, arranged to pivotally operate a pawl 190 having end
      engagement with a single tooth 192 on the clutch part which rotates with
      the forward portion of the shaft.
PAR  The arrangement is such that the drive motor 184 operates continuously, as
      does the pulley 178, and upon energization of the solenoid, the pawl 190
      is pivoted clockwise as viewed in FIG. 9 and is disengaged from the tooth
      192 to allow the forward shaft portion and the drive drum 146 to rotate.
      Return of the pawl is accomplished by a tension spring 194.
PAR  Control of the solenoid 188 is accomplished by a switch 196, FIGS. 1 and 3,
      in the circuit to the solenoid and having a switch arm 198 in the path of
      a portion of the product 10 discharged from the drum 146. More
      particularly, the product 10 passes over the top portion of the drum and
      upon discharge from the drum, it is allowed to form a loop 10a before
      passing over an idler roller 200 supported rotatably on an outwardly
      projecting shaft 202 secured to the front wall of the housing. A spring
      finger 204, secured at one end to the front wall of the housing, rests on
      the product with sufficient tension to hold it on the roller but allowing
      free movement of the product over the roller. From the roller 200 the
      product passes under an angled guide roller 206 mounted on the front wall
      of the housing. The product leads from the roller 206 to additional
      treating mechanism 208 such as a cutter of known construction.
PAR  A stripping finger 210 is supported vertically on a support arm 212 secured
      to the front wall of the housing and has its upper end closely associated
      with the drive drum at a point where it is desired that the product leave
      the drum. This finger insures that the product will not follow the contour
      of the drum too far around and preferably has a tapered upper end 214
      providing close association with the drum.
PAR  With reference to FIG. 1, the switch arm 198 is positioned selectively so
      as to be in the path of the loop 10a and to be engaged by said loop as the
      latter comes up or in other words reduces in size. Therefore, as the
      cutter 208 pulls the product from rolls 200 and 206 and reduces the size
      of the loop 10a, the bottom of the loop will engage and raise the switch
      arm to close the switch 196. Closing of the switch 196 operates the
      solenoid 198 which in turn disengages the pawl 190 from the tooth 192.
      This allows the clutch to drive the forward portion of the shaft and the
      drum 146. The drum will thus turn to construct more product and enlarge
      the loop 10a to its original shape for providing an additional supply for
      the cutter. The instant that the drive drum 146 is initiated in its
      rotation the loop 10a will begin to enlarge and the switch arm 198
      therefore will drop. Such deenergizes the solenoid, and the pawl 190 will
      be pivoted back down into the path of the dog 192. Such takes place almost
      instantaneously and the drum thus makes only one revolution upon each
      demand from the cutter. Thus, even though the cutter operates
      continuously, the drum 146 operates only on demand, the speed at which the
      drum 146 is capable of furnishing the product of course being greater than
      the takeup speed of the cutter. This arrangement is such that a supply of
      the product is furnished to the cutter without the latter having to apply
      any pulling force to form the product.
PAR  FIG. 2 shows a modified structure wherein the output of the product beyond
      the idle roller 200 is fed to storage rather than to a cutter. Such
      storage comprises reel 218 supported on a bracket 220 secured to housing
      18. Reel 218 has a drive motor 222 providing constant rotation thereof.
      The product 10 passes over the idle roller 200 as in FIG. 1 so that a loop
      as before is formed. The product then passes around the under side of a
      lower guide roller 224 and from there it is wound on reel 218. The
      furnishing of the supply from the drum 146 is the same as in FIG. 1, in
      that as the reel 218 takes up the loop 10a to a selected point, the drive
      drum 146 will operate through one revolution to enlarge the loop.
PAR  According to the present invention, a product is provided as well as a
      process and apparatus for making it wherein a tab strip is secured in
      longitudinal edge relation to a film strip and these two strips are held
      securely together by a connecting tape. The precise longitudinal edge
      relation of the two portions 12 and 14 as secured together is accomplished
      by the novel structure of the forming mechanism. More particularly, the
      two portions are guided into their respective longitudinal areas on top
      wall 90 between the rails 92 and 94 and the parting rib 96 by the guide
      roller 106. As stated hereinbefore, the tab portion 14 is buckled as it
      moves between the rail 94 and parting rib 96. As said portion leaves the
      parting rib, it flattens out whereby such lateral expansion thereof brings
      the one edge into close, preferably abutting, relation with the adjacent
      edge of the film portion 12. This method of handling the two portions has
      been found to position them for precise longitudinal edge to edge relation
      without variation and without buckling or overlap. These portions pass
      onto the forming roller 134 in their precise edge to edge relation and are
      secured together in such relation by the strip 16 as they move around the
      portion of the roller.
PAR  Formation of the tape in the forming mechanism 40 is accomplished by the
      pulling force from drum 146. Thus, not only is the tape pulled through
      forming means but the tension applied thereto provides a good connection
      of the tape to the two portions 12 and 14. The drag on film reel 47 by the
      tension roller 62 may be varied by selected force of spring 69 to provide
      the tension desired for forming the product. The apparatus for forming
      this product is simplified and foolproof in operation and not only has the
      advantage that it forms a well integrated product but it also furnishes
      the completed product to additional treating mechanism without the
      requirement that the latter exert any force to form the product. It is to
      be understood that the form of our invention herein shown and described is
      to be taken as a preferred example of the same and that various changes in
      the shape, size and arrangement of parts may be resorted to without
      departing from the spirit of our invention, or the scope of the subjoined
      claims.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. The process of preparing a film strip for handling comprising
      simultaneously supplying a strip of film and a tab strip of approximately
      the same thickness from roll sources in longitudinal parallel edge
      relation on a longitudinal surface between longitudinal side rails and
      with adjacent edges of said strips disposed on opposite sides of a
      dividing projection which is of less length than the longitudinal surface
      and which is spaced from one of the side rails on the side that is to
      receive the tab strip a lesser distance than the width of the tab strip to
      cause the latter to buckle laterally when received therein, whereby as
      said strip portions pass beyond said dividing projection the buckled tab
      strip straightens out and expands laterally so as to be in adjacent edge
      relation and in the same plane as the film strip as aforesaid, then
      supplying from a rolled source a connecting strip having a pressure
      sensitive surface on one side thereof in overlapping relation on said
      strips along said adjacent edges, and then pulling the three strips partly
      around a roller to compress the connecting strip onto said tab and film
      strips and to secure the pressure sensitive adhesive to the two strips.
NUM  2.
PAR  2. The process of claim 1 including the further step of pressure rolling
      said connecting strip onto said other two strips.
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ABST
PAL  A method of bonding a fluoro plastic to a substance to be covered
      therewith. The fluoro plastic is heated along with the substance to be
      covered to a temperature above the melting point of the fluoro plastic,
      and then the substance and the fluoro plastic in the melted state are
      brought into contact and kept at the temperature for a time sufficient to
      wet the boundary surface between the fluoro plastic and the substance. The
      boundary surface is then gradually cooled from the melting point to a
      further temperature at which the rate of crystallization of the fluoro
      plastic is maximized. Thereafter the substance is cooled to room
      temperature. The process prevents the internal stress caused in the fluoro
      plastic from being concentrated at the boundary surface.
BSUM
PAR  This invention relates to a method of bonding fluoro plastics tightly to a
      base or substrate of metal or any other substance.
PAR  The bonding strength in terms of tensile shear strength realized by the
      present invention is not less than 150 kg/cm.sup.2 with respect to tetra
      fluoro ethylene - hexa fluoro propylene copolymer (FEP), and not less than
      240 kg/cm.sup.2 with respect to polychloro trifluoro ethylene (PCTFE) or
      polyvinylidene fluoride (PVdF).
PAR  In the bonding method of this invention, the fluoro plastic being bonded to
      a substrate must have a satisfactory degree of liquidity when it is heated
      beyond its melting point. Tetra fluoro ethylene plastic, which does not
      meet this condition, is therefore necessarily omitted from the materials
      with which the method is useful.
PAR  Therefore, in the following description, by fluoro plastics is meant only
      those that show ample liquidity when heated, i.e. tetra fluoro ethylene -
      hexa fluoro propylene copolymer (FEP), polychloro trifluro ethylene
      (PCTFE), and polyvinylidene fluoride (PVDF).
PAR  In recent years the rapid growth of the engineering, electrical, chemical,
      and other such industries, followed by an equally rapid development in the
      ocean and space programs, has resulted in the need for numerous types of
      compound materials consisting of plastics and metals, ceramics, and other
      substances possessing superior electrical qualities, chemical resistance,
      weather resistance and the like.
PAR  Fluoro plastics are by far the best of all plastics in use today in that
      they possess the most superior electrical qualities, chemical resistance,
      and surface characteristics. Furthermore, among these plastics, PTFE has
      in addition to the superior characteristics listed above, the
      characteristic that it is extremely heat resistant.
PAR  Thus we can see that fluoro plastics possess many excellent properties as
      indicated above and their range of usage may be termed as indefinitely
      wide. On the other hand they possess a flaw in that they have heretofore
      been thought to have weak bonding properties, although at least in this
      context it does not mean bonding strength in the strict sense.
PAR  Various methods have been explored so far in an attempt to compensate for
      this serious flaw. For example one method used in the production of
      laminated products is a simple adhesion method, i.e. heating the fluoro
      plastic alone, or along with the other substance to which it is to be
      bonded, beyond its melting point and then bringing them together. This
      method may be used to a certain extent, but in most cases the result is
      nothing more than a seemingly effective outward appearance of an actually
      ineffective bond, and it meets none of the conditions of so called
      "bonding" in the limited sense as defined above.
PAR  This weakness with respect to adhesion properties characteristic of fluoro
      plastics and polyolefine has become a generally accepted fact. In the case
      of polyolefine, the basic idea underlying this belief is the WBL, or "weak
      boundary layer" theory, which is as follows.
PAR  A "weak boundary layer" develops near the bonding surface of the
      polyolefine resulting in the destruction of the bond. In order to avoid
      the formation of this WBL, a crosslinking method has been developed where
      impurities, which cause the formation of such a layer, are prevented from
      gathering together at the surface of the polyethylene by treating it with
      inert gas so as to activate it for promoting crosslinking, i.e. the so
      called CASING Method. Another method commonly used is the transcrystal
      method in which crystallization is controlled during the process of
      preparation of the polyethylene film. Polyolefine, particularly
      crystalline polyethylene, can thus be bonded firmly (tensile shear of
      about 2,000 to 3,000 Psi) by the use of such method.
PAR  However, when strong bonding is required between polyolefine and a
      substance to be covered therewith for practical or industrial usage, the
      surface of polyolefine must be previously treated with a corona discharge,
      flame, a liquid mixture of bichromate and sulfuric acid, or electron beam
      radiation so as to improve the bonding strength, and in addition epoxy
      resin or gum adhesive must be applied thereto.
PAR  However, such a bonding method has disadvantages in that the bonding
      technique is complicated by such surface treatments of polyethylene and
      the like required before bonding, the properties of the polyethylene
      deteriorate as a result, and coating such an adhesive evenly on the
      surface of any substance is difficult, depending on its shape or size.
PAR  Therefore, a method of bonding has heretofore been proposed which results
      in values of 320 kg/cm.sup.2 for tensile shear strength of bonding of high
      density polyolefine and iron. This method involves heating the polyolefine
      above the melting temperature on the substrate, and then controlling the
      cooling.
PAR  The difficulties discussed above concerning polyolefine also occur with the
      fluoro plastics. Actually, this bonding method which will now be discussed
      was developed mainly for polyolefine. It was later that tests with other
      plastics showed that the process could also be applied to fluoro plastics.
      However, there are further problems with the fluoro plastics.
PAR  First of all, PTFE, which has previously been described as a substance
      possessing superior electrical qualities, chemical resistance, surface
      characteristics, as well as extreme resistance to heat, also possesses on
      the other hand, a weakness with respect to molding processes and therefore
      the general method used for thermoplastics cannot be used therefor.
      Therefore, in coating and lining processes, the dispersion method is used.
      However, the membranous PTFE layer obtained by such a method often
      contains pinholes. In order to avoid the formation of such pinholes, the
      coating or glazing must be repeated a number of times, the final result
      being a rather thick, and thus an impractical coating.
PAR  A method widely used in bonding PTFE to metal plates is one in which the
      non-adhesive membrane of PTFE plastic is brought together with the metal
      surface for a certain amount of time, while the temperature is maintained
      at least at 330.degree.C. Even in this process, however, it is not a
      simple task to prevent the formation of pinholes.
PAR  Tetra fluoro ethylene - hexa fluoro propylene copolymer is less resistant
      to heat as compared to PTFE, but responds readily to molding processes.
      Therefore, in bonding copolymer to metal plates, the surface of the fluoro
      plastic is treated with an alkali metal to strengthen its adhesive
      properties and then an adhesive of epoxy plastic is applied. Since this
      process involves the application of an adhesive, the user is again faced
      with the problem of an even coating, especially on materials with large
      surface areas or on the inside surface of tubular objects.
PAR  However, we have come up with a way to solve all the above-mentioned
      difficulties at once. In other words, we have devised a method in which
      the previously defined "bond" may be obtained without any prior treatments
      or the use of adhesives. That is to say, we have devised a process in
      which fluoro plastics, previously thought of as possessing extremely poor
      adhesive qualities, can be transformed into a most powerful adhesive.
PAR  The method according to the invention comprises heating the fluoro plastic
      and the substance to a temperature above the melting point of the fluoro
      plastic and below the point at which the fluoro plastic will be denatured,
      bringing the substance and the fluoro plastic in the melted state into
      contact and keeping them at said temperature for a time sufficient to wet
      the boundary surface between the fluoro plastic and the substance, cooling
      said boundary surface from the contact temperature to a temperature range
      between a further temperature T.sub.m and T.sub.m + 50.degree.C., the
      temperature T.sub.m being the temperature at which the rate of
      crystallization of the fluoro plastic is maximized and is given by the
      formula [(melting point (.degree.C)+273).times.9/10]-273, and either
      holding the adhered substance and fluoroplastic in said range for at least
      5 minutes or cooling it through the range at a cooling rate no faster than
      5.degree.C/min., and thereafter cooling the substance and the fluoro
      plastic to room temperature, whereby the internal stress caused in the
      fluoro plastic is prevented from being concentrated at the boundary
      surface.
DRWD
PAR  The invention will now be described further in the following specification,
      taken with the accompanying drawings, in which:
PAR  FIG. 1 is a graph of the temperature verses the time for cooling for FEP on
      a substrate;
PAR  FIG. 2 is a graph similar to FIG. 1 for PCTFE; and
PAR  FIG. 3 is a graph similar to one for PVdF.
DETD
PAR  From our analysis, we consider the following to be the reasons for the poor
      bonding characteristic of fluoro plastics. When fluoro plastics are cooled
      (or cooled quickly) after having been melted by heating and are bonded to
      a substance to be covered therewith, or when fluoro plastics are left to
      cool naturally after having been melted by heating to be bonded to a
      substance having a small thermal capacity, internal stress caused by
      cohesion forces, which may be produced within the bonded portion of the
      fluoro plastics during the cooling, is concentrated at the boundary
      surface of the bond. This makes the bonding characteristic of the fluoro
      plastics poor.
PAR  This is thus related not to the processes of heating the fluoro plastic
      above the melting point and bringing it into contact with a substance to
      be covered therewith and keeping them in contact for a certain fixed time,
      but rather to the cooling process.
PAR  The internal stress caused by cohesion forces produced within the bonded
      portion of the fluoro plastics and the concentration of this stress at the
      boundary surface of the bond is related to the temperature at which the
      rate of crystallization of the fluoro plastics becomes a maximum.
      Therefore, according to the present invention, what must be done is to
      cool the fluoro plastic and substance gradually from its melting point
      down to the above-identified temperature at which crystallization takes
      place at the maximum rate, which shall be termed Tm. This Tm differs for
      each polymer, but it can be set down in the general equation (melting
      point .degree.C + 273) .times. 9/10. And thus, using this equation the
      temperature range of gradual cooling may be determined for each polymer.
PAR  The method which we have developed can be described as follows from the
      above analysis. The substance which is to constitute the substrate and a
      fluoro plastic are heated to a temperature above the melting point and to
      which the plastic liquifies, and while maintaining contact between the
      melted plastic and the substrate, and then the whole unit is gradually
      cooled past the melting point to the temperature Tm at which the maximum
      rate of crystallization takes place. Thereby the concentration of the
      internal stress at the boundary surface during bonding, which normally
      occurs in the cooling process, is prevented.
PAR  In more detail, the temperature to which the substance and the
      fluoroplastic are heated while they are together is a temperature in the
      range between the melting point of fluoro plastic and the melting point
      plus 100.degree.C. The above temperature is kept constant for at least
      five minutes, which is the period of time necessary for creating bonding
      strength in the boundary surface. Concentration of internal stress in the
      boundary surface during bonding, which stress is normally produced in the
      fluoro plastics in the process of cooling the boundary surface, is avoided
      by the gradual cooling. The gradual cooling can be accomplished in either
      of two ways, either by keeping the fluoro plastic and the substance for at
      least five minutes in a temperature range from the temperature Tm where
      the growth rate of crystallization is maximized to the temperature Tm plus
      50.degree.C, or by cooling it gradually through the same temperature range
      at a cooling rate no faster than 5.degree.C/min.
PAR  In accordance with the method of this invention, one may obtain any desired
      degree of adhesion by controlling the melting-adhesion temperature, the
      time for which it is maintained and the gradual cooling time. However, the
      conditions must be such that the fluoro plastics being used must exhibit
      an ample degree of liquidity when heated beyond their melting point. This
      condition does somewhat limit the sphere of usage, but nonetheless, as
      long as this single condition is met, the process can be used with any of
      the fluoro plastics as defined above.
PAR  While it was thought that tetra fluoro ethylene-hexa fluoro propylene
      copolymer (PCTFE) possessed many superior qualities except that of
      adhesion, it has now been proven, as will be described later in the
      examples, to possess a strong bonding power when applied according to the
      new process. It can safely be said that this copolymer now possesses all
      the superior qualities, including that of adhesion, and its usage should
      become much wider than heretofore.
PAR  In its bonding to substances to be covered therewith, since there is no
      necessity to deal with any sort of adhesive material, large surface areas
      and cylindrical surfaces present no problems. Furthermore, an internal
      lining can be easily formed in tubular articles by fitting a fluoro
      plastic tube within the tubular article to be lined, applying a small
      amount of pressure, then carrying out the melting-bonding process, and
      then gradually cooling the whole. The fluoro plastic may also be used as a
      strong adhesive between two substances and may be used in producing
      laminated products, lined cylinders, and the like.
PAR  It must be added here that since the process does not involve the use of
      adhesive material, it therefore does not call for prior treatments of
      fluoro plastic sheets or the like. This is a most important point
      concerning the usage of fluoro plastics.
PAR  It has already been stated that the melting-adhesive temperature, the
      melting-adhesive time (i.e. the time the melted fluoro plastic is
      maintained at the temperature above melting temperature and in contact
      with the substrate), and the gradual cooling time can be adjusted to
      produce the desired degree of adhesion. In other words, where the
      "wetting" caused by the relationship between the melting-adhesive
      temperature and time is ample, the adhesion can be controlled solely by
      the adjustment of the cooling time. This is an effect that was
      unobtainable from any adhesive up until now, prior to the development of
      the new process.
PAR  Furthermore, even when the fluoro plastic is remelted by the reheating of
      the boundary surface after its bonding to a substance in accordance with
      the process of this invention, the boundary surface can be firmly bonded
      again by gradual cooling under the previously described conditions. The
      high bonding strength between the fluoro plastic and the substrate can be
      utilized advantageously and effectively for secondary work such as
      bending, punching and cutting.
PAR  There will now be given a further explanation of the process through the
      use of examples. This invention is characterized by controlling the degree
      of adhesion by the corresponding selection of the gradual cooling time,
      made possible through the relationship between the melting-adhesive
      temperature and the melting-adhesive time and the "wetting" relationship.
      Therefore, the various temperatures and time units used in the examples in
      no way limit the technical range (scope) of this process. Since annealing,
      the maintenance of the fluoro plastic at a temperature above Tm for a
      certain amount of time, is included in the gradual cooling process, the
      examples have followed suit.
PAR  Theoretically and technically it will be apparent that substances to be
      coated or adhered to each other by the method of the invention must be
      such as to substantially withstand temperature above the melting point of
      the fluoro plastics, and that the heating, even though it must reach a
      point somewhere above the melting point, cannot be a temperature at which
      the fluoro plastics themselves may be denatured.
PAC  EXAMPLE 1
PAR  Tetra fluoro ethylene-hexa fluoro propylene copolymer (here referred to as
      FEP, a product of DuPont Company FEP Teflon 100, melting point
      285.degree.C) was formed into a tube with a wall thickness of 1 mm using a
      melting extruding mechanism operating at 350.degree.C. This was
      melt-bonded at 350.degree.C to the outside of a polished and degreased
      steel pipe having a wall thickness of 4.2 mm in order to cover it, and
      cooled quickly, as shown in FIG. 1. The resulting adhesion of the FEP
      layer was weak, and it peeled off quite easily.
PAC  EXAMPLE 2
PAR  The FEP and steel pipe were treated in the same way as in Example 1, except
      for the cooling process. The melt-bonded pipe and tube were placed in an
      oven maintained at 280.degree.C and annealed for five minutes before being
      cooled to ambient temperature, as shown in FIG. 1. On one severed end of
      the FEP covered tube, pressure was applied in an attempt to crush the FEP
      layer, but the FEP layer did not peel or break off.
PAC  EXAMPLE 3
PAR  Next the bonding strength with respect to shearing was measured. An FEP
      film having a thickness of 0.5 mm was formed on a regular
      melting-extruding (molding) machine. This film was sandwiched between two
      polished and degreased metal plates, each having a thickness of 3 mm. This
      was heated to 350.degree.C and held for 12 minutes melting-adhesive time.
      The material used in the tests was formed by annealing the laminated
      assembly at 280.degree.C for 5 minutes and then cooling it as shown in
      FIG. 1.
PAR  This material was put on an autograph tester (tensile speed 30 mm/min.). It
      had a tensile shear strength of 150 kg/cm.sup.2 between the two metal
      plates. The separated plates showed under observation that the FEP was
      adhered firmly to both metal plates and no destruction had occurred at the
      bonding surfaces.
PAC  EXAMPLE 4
PAR  The process for Example 3 was repeated using a steel plate and an aluminum
      plate, each having a thickness of 3 mm. The steps taken were exactly the
      same as those of Example 3, and the result was again a tensile strength of
      150 kg/cm.sup.2.
PAC  EXAMPLE 5
PAR  PCTFE(Daiflon M-300P-product of Daikin Co.) was used in place of FEP in
      Example 3. The process was the same, but this time with a melting-adhesive
      temperature of 250.degree.C and an annealing temperature of 210.degree.C,
      as shown in FIG. 2. The result was a tensile shear strength of 240
      kg/cm.sup.2.
PAC  EXAMPLE 6
PAR  Polyvinylidene (PVDF, Dulite product of DuPont Co.) was substituted for FEP
      in Example 3 with a melting-adhesive temperature of 250.degree.C and an
      annealing temperature of 160.degree.C. The result was a tensile shear
      strength of 240 kg/cm.sup.2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of bonding a fluoro plastic to a substance to be coated
      therewith comprising heating a fluoro plastic selected from the group
      consisting of tetrafluoroethylene-hexafluoropropylene copolymer,
      polychlorotrifluoroethylene and polyvinylidene fluoride and the substance
      to a temperature above the melting point of the fluoro plastic and below
      the point at which the fluoro plastic will be denatured, bringing the
      substance and the fluoro plastic in the melted state into contact and
      keeping them at said temperature for a time sufficient to wet the boundary
      surface between the fluoro plastic and the substance, cooling said
      boundary surface from the contact temperature to a temperature range
      between a temperature T.sub.m and T.sub.m + 50.degree.C, the temperature
      T.sub.m being the temperature at which the rate of crystallization of the
      fluoro plastic is maximized and is given by the formula [(melting point
      (.degree.C)+273).times.9/10]-273, gradually cooling the boundary surface
      in said range for at least five minutes, and thereafter cooling the
      substance and the fluoro plastic to room temperature, whereby the internal
      stress caused in the fluoro plastic is prevented from being concentrated
      at the boundary surface.
NUM  2.
PAR  2. A method of bonding a fluoro plastic to a substance as claimed in claim
      1 wherein the step of gradually cooling the boundary surface in said range
      comprises holding the boundary surface at a temperature in said range for
      at least five minutes.
NUM  3.
PAR  3. A method of bonding a fluoro plastic to a substance as claimed in claim
      1 wherein the step of gradually cooling the boundary surface in said range
      comprises cooling it through said temperature range at a cooling rate no
      faster than 5.degree.C/min.
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PAL  Carbon articles, particularly carbon electrodes, are protected against
      corrosive attack in use by fusing material to the article, or applying
      material to the carbon article which under the conditions of its use is
      capable of fusing to the carbon article, to form a coherent coating of
      protective material over only that part of the carbon article liable to
      corrosive attack when the article is in use.
PARN
PAR  This is a division of application Ser. No. 343,217 filed Mar. 21, 1973, now
      abandoned.
BSUM
PAR  This invention relates to the protection of carbon articles, e.g. graphite
      crucibles, furnace linings etc. against attack, e.g. against oxidation
      when subjected to elevated temperatures. In particular the present
      invention relates to the reduction of oxidation losses of graphite
      electrodes such as furnace electrodes.
PAR  It has been shown that when a graphite electrode is used in the electric
      melting of steel in arc furnaces substantial electrode losses are
      encountered due to oxidation of the sides of the electrodes during use. As
      electrode costs are a very substantial part of the electric arc
      steelmaking process, such losses are very costly. In severe cases, up to
      70% by weight of the electrode may be oxidised from the side of the
      electrode and not in the arc itself. In view of the above many attempts
      have been made to protect arc furnace electrodes by protective coating,
      but until now these have met with very little success. Among attempts
      which have been made are those of British patent specificaton Nos.
      1,026,055, 1,218,662 and German Pat. No. 1,009,093. These specifications
      describe coatings of one or more layers including aluminium with
      boron/silicon/titanium alloys or compounds, iron with
      chromium/aluminum/silicon alloys or compounds, and titanium
      silicide/silver.
PAR  In all these processes, the electrodes are coated prior to being put to
      service in the furnace or the like. This leads to difficulties, because
      the electrode clamps, which supply current to the electrodes, cannot make
      direct electrical contact with the carbonaceous electrode material.
      Consequently the current has to pass through the applied coating, and
      since such coatings often have specific resistances higher than those of
      the clamp and electrode materials, the coating in the region of the clamp
      becomes locally overheated. This can cause burning of the clamps
      themselves, and disruption of the coating so that when this part of the
      electrode is lowered, with respect to the clamp, into the furnace, the
      degree of protection is considerably reduced. Local overheating can also
      be caused if the coatings are uneven or have been damaged during the
      mounting of the electrode in the clamp, or, as may be the case with
      certain metallic coatings, by reaction or alloying with the clamp.
      Further, since the coatings suggested so far have normally been refractory
      and brittle, they do not readily accomodate changes in volume due to
      temperature fluctuations and tend to crack. Oxidation of the electrode
      then proceeds through the crack under the coating. Coatings which have
      failed, either in this way or by other degradation such as melting,
      evaporation or oxidation, are difficult to repair since the application
      processes do not lend themselves to repeated coating in situ.
PAR  According to the present invention there is provided a method of protecting
      a carbon article against corrosive attack in use which method comprises
      fusing material to the carbon article, or applying material to the carbon
      article which under the conditions of its use is capable of fusing to the
      carbon article, to form a coherent coating of protective material over
      only that part of the carbon article liable to corrosive attack when the
      article is in use.
PAR  The present method is of particular utility in the protection of carbon,
      e.g. graphite electrodes against oxidation. In this case material is fused
      to or applied to the electrode so as to form a coherent coating of
      protective material over only that part of the electrode liable to
      oxidation when the electrode is in use. Generally the material is fused to
      or applied to the electrode such as to form a coherent coating over
      substantially all of that part of the electrode not held by clamps when
      the electrode is in use, i.e. that part within the furnace itself and
      immediately above, but below the position of the clamps. Thus all or most
      of the electrode surface below the clamps will at any time be protected,
      but the clamps themselves will always maintain electrical contact with the
      electrode surface directly avoiding local overheating. Furthermore, the
      nature of the protective material and its method of application enable
      further treatments of the electrode to be made as necessary, for example
      when the electrode is lowered as consumption takes place at the tip then
      fresh electrode must be protected, or to strengthen the initial coating to
      compensate for gradual degradation due to evaporation and/or other losses.
PAR  The present invention also provides a process for melting metal using a
      carbon electrode electric arc furnace which process comprises:
PAR  a. fusing material to electrodes of the furnace, or applying to electrodes
      of the furnace material which under the conditions of step b. is capable
      of fusing to the electrodes, to form a coherent coating of protective
      material only over that part of the electrode which is liable to oxidation
      in step b. and
PAR  b. melting metal in the furnace by applying electric current to the
      electrodes.
PAR  The invention also provides a carbon electrode carrying a coherent coating
      of protective material over only that part of the electrode liable to
      attack when the electrode is in use.
PAR  The protective material is generally applied to the carbon articles, e.g.
      electrodes, in the form of pre-formed sheet material, e.g. in the form of
      tubes, tiles or plate comprising two basic components, a matrix preferably
      having a melting point below 1,000.degree.C and a refractory filler. These
      sheets are usually 1 to 10 mm thick. Optionally the sheets may also
      contain fibrous material, which has been found to impart strength and
      flexibility to the finished article, and in addition may be advantageous
      for certain manufacturing processes.
PAR  The components of the sheet material may be mixed, melted or fused
      together, optionally with a binder, and formed into the desired shape by
      casting, pressing, rolling or extruding, for example. Any of these forming
      processes may be carried out with the application of heat (hot forming) if
      desired. Alternatively, the components may be mixed with a liquid or
      plastic medium which may, optionally, act as a binder, to form a paste or
      liquid which is then formed into shape by a process such as one of those
      mentioned above, this forming process may be followed by a drying, or
      curing procedure, if necessary.
PAR  A preferred method of forming the sheets is to mix the basic components
      into a suspension or slurry with a liquid carrier, usually water. This
      slurry may also advantageously contain fibrous material. The slurry is
      then dewatered by filtering through a gauze or similar pervious surface,
      this filtration being preferably aided by a pressure difference which may
      be established by increasing the pressure above the slurry and/or by
      reducing the pressure (i.e. evacuation) on the efflux side of the gauze or
      filter. After the filtration is complete the solids remain as a moist thin
      cake on the filter. This cake may then be removed for drying and/or
      further treatment.
PAR  This drying process is conveniently carried out by placing the "green"
      sheets, tiles or tubes on drying trays or racks, which may be flat or
      shaped. In the case of shaped racks, these may impart to the dried sheet
      the approximate curved form of the electrodes to which they are to be
      applied. Alternatively, such shaped sheets or tiles may be produced by
      forming the green sheets or tiles to a self-supporting shape, e.g. a
      cylinder or semi-cylinder either by using a dewatering filter of the
      appropriate curvature or by shaping the green sheets or tiles after
      dewatering. Sheets, tiles and tubes are hereinafter collectively referred
      to as tiles.
PAR  Tiles made by any of the above processes may optionally incorporate one or
      more layers of more flexible material such as for example plastics,
      cardboard, heavy paper, ceramic fibre "paper" or other fibrous sheet
      material, or thin sheet metal, in order to improve the strength and
      flexibility characteristics of the finished sheets or tiles. Such
      additional layers do not necessarily contribute to the protective
      properties of the complete tiles but, in those cases where the additional
      layer is present on the outer surface of the tile, and the tile becomes
      sticky during application, the layer prevents the tile from sticking to
      the application equipment. The additional layers may be advantageously
      incorporated during the manufacturing process but may alternatively be
      applied to the tile, for example by adhesive, after formation of the tile
      is complete.
PAR  After application to the electrode and/or when the electrode is used in the
      furnace, the matrix fuses, to form a continuous coating sticking to the
      electrode surface. This molten matrix constitutes a layer of high
      impermeability, which property is further enhanced by the presence of the
      filler. Such a coating substantially reduces attack of the electrode by
      the furnace atmosphere.
PAR  A further very important property of the filler is to increase the
      viscosity of the matrix so that it does not drip off from the electrode,
      and the filler level is so adjusted that the coating is fluid/plastic over
      a wide temperature range thus easily accomodating temperature fluctuation
      without cracking.
PAR  It has been found that the matrix to filler weight ratio in the sheets or
      tiles may vary between 90:10 and 15:85 depending upon the temperature to
      which the applied sheets are to be subjected. For the purposes of
      clarification, preferred matrix/filler weight ratios in the present
      invention are:
PAR  For a service temperature of 700.degree.C a matrix/filler weight ratio
      between 65:35 and 85:15 is preferred.
PAR  For a service temperature of 1,600.degree.C a matrix/filler weight ratio
      between 25:75 and 50:50 is preferred.
PAR  The matrix may contain "combined water" which is driven off immediately
      after application of the sheets or tiles to the electrode. An example of
      such a matrix is boric acid which, in use, is converted to boric oxide.
PAR  Thus a sheet or tile having an original matrix to filler weight ratio of 80
      boric acid: 20 filler is converted into a coating having a weight ratio of
      70:30 boric oxide/filler.
PAR  In many cases it may be advantageous, particularly if the sheets or tiles
      are prepared from a slurry, to include fibrous material of one or more
      types to a total amount not normally exceeding 20% by weight.
PAR  Because the coating firmly adheres by virtue of the wetting of the
      electrode surface by the matrix, and because there is no tendency to
      crack, further sheets or coating may be subsequently applied without risk
      of the initial layer flaking off.
PAR  This adhesion may be enhanced by the application of a coating of the matrix
      material or of matrix enriched material or of a similar material which
      acts as an adhesive. Such adhesive coatings may be conveniently applied to
      the appropriate surface of the sheet during or following the forming
      process and/or directly to the surface of the electrode.
PAR  The sheets may be applied to the hot electrode either above or below the
      roof of the furnace or adjacent to the furnace and held in position by
      external means until the protective material has softened sufficiently, by
      melting of the matrix, to allow the sheet to take up the exact contour of
      and to adhere to the surface of the electrode.
PAR  Should it not be practical in certain furnace constructions to apply the
      sheets whilst the electrode is in position in its clamp, then the
      electrode may be removed from its clamp for application of the sheets away
      from the furnace; if the electrode is removed from its clamp for this
      purpose the sheets are applied to only that part of the electrode below
      the clamping level.
PAR  Furthermore, if that part of the electrode to which the protective material
      is to be applied is at a temperature below that of the melting point of
      the matrix material or other adhesive materials, the sheets may be
      conveniently held in position by, for example, bands, clips, wire, nails
      or the like until the electrode attains the temperature, necessary to
      render the sheet self-adhesive, e.g. by being brought into use in the
      furnace.
PAR  Alternatively, the electrode may be heated by external means before or
      after application of the sheets thereto, e.g. by flame or infrared
      heating, or by electrical heating such as induction or microwave heating,
      so that at least the surface of the electrode attains the temperature
      necessary to render the sheet self-adhesive.
PAR  Typical materials available for the manufacture of the sheets are as
      follows:- Suitable matrices may be chosen from graphite-wetting materials
      for example
PA1  1. boron-containing compounds such as boric oxide, boric acid, metaboric
      acid, salts of these acids e.g. sodium borate;
PA1  2. vanadium pentoxide;
PA1  3. combinations of glaze-forming materials e.g. phosphates, fluorides or
      silicates such as alkali metal phosphates, aluminium orthophosphate,
      alkali metal silicates, glass, calcium fluoride, sodium aluminium fluoride
      or sodium borofluoride.
PAL  It is possible to produce satisfactory products by combining into a
      composition one or more materials from group 3 with one or more of the
      materials of group 1 and/or 2 or it may be desirable to use one or more of
      any of the materials included in group I - 3 in conjunction with a surface
      tension modifying agent such as chrome ore.
PAR  Suitable fillers may be, for example refractory oxides, carbides, nitrides
      or borides such as chromic oxide, magnesium oxide, zirconium oxide,
      titanium oxide, silicon carbide, wolfram carbide, boron nitride, silicon
      nitride, titanium boride, zirconium boride and zirconium carbide. The
      refractory filler material generally comprises 80% of particles having a
      particle size of less than 0.5 mm, preferably 80% particles less than 0.2
      mm in size and more preferably 80% particles less than 0.06 mm in size.
PAR  Suitable fibrous materials include asbestos, aluminium silicate fibre,
      glass fibre, aluminium chromium silicate fibre, calcium silicate fibre,
      mineral wool, slag wool, paper including waste paper, paper pulp and
      newsprint, and textile fibres such as rayon, cotton and the like.
PAR  Especially effective protective coating compositions are those comprising
      matrices based on boron compounds with refractory carbide fillers. In
      particular coatings comprising a matrix of boric oxide or boric acid with
      a silicon carbide filler have proved especially effective, initial trials
      having shown reductions in electrode consumption of up to 52%.
DETD
PAR  The following Examples further illustrate the present invention.
PAC  EXAMPLE 1
PAR  To a hot electrode (1,200.degree.C) measuring 230 mm diameter for use in a
      10 ton capacity furnace there were applied sheets measuring 25 cm square
      comprising 65% silicon carbide, 29% boric acid (H.sub.3 BO.sub.3) (80:20
      silicon carbide to boric oxide weight ratio after application), 4% amosite
      asbestos and 2% chopped (1 cm) rayon fibres. Each sheet was coated, after
      forming and drying, with boric acid at a rate of 4 g per sq. dm. On fusing
      onto the surface of the electrode a coating approximately 2 mm thick was
      produced.
PAR  After 2 charges (approximately nine hours) in comparison to the uncoated
      part of the electrode it was found that electrode consumption had been
      reduced by 52%.
PAC  EXAMPLE 2
PAR  To a hot electrode (1,050.degree.C) measuring 560 mm diameter for use in a
      70 ton capacity furnace there were applied sheets measuring 25 cm square
      comprising 54% silicon carbide, 40% boric acid (H.sub.3 BO.sub.3) (70:30
      silicon carbide to boric oxide weight ratio after application), 4% amosite
      asbestos and 2% chopped (1 cm) rayon fibres. Each sheet was coated, after
      forming and drying, with boric acid at a rate of 4 g per sq. dm. On fusing
      onto the surface of the electrode a coating approximately 2 mm thick was
      produced.
PAR  After 4 charges (approximately 17 hours) in comparison to the uncoated part
      of the electrode it was found that electrode consumption had been reduced
      by 48%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of protecting the sides of an arc furnace electrode against
      corrosive attack which comprises applying to the sides of the electrode
      preformed sheets of material which, on heating, will fuse to form a
      coherent coating of protective material on the surface of the electrode
      and thereafter heating the sides of the electrode to a temperature
      sufficient to fuse the preformed sheet material thereon.
NUM  2.
PAR  2. A method according to claim 1 wherein the heating step is effected by
      placing the electrode in service in an electric arc furnace.
NUM  3.
PAR  3. A method according to claim 1 wherein the preformed sheet material
      comprises a bonded composition consisting essentially of glaze-forming
      components constituting a matrix having a melting point of less than
      1,000.degree.C and a refractory filler.
NUM  4.
PAR  4. A method of protecting the sides of an arc furnace carbon electrode
      against corrosive attack when subjected to elevated temperatures during
      use comprising applying to the sides of the electrode at least one
      preformed self-supporting sheet of a material which comprises an inorganic
      fusible matrix of graphite-wetting material and particles of a refractory
      filler and thereafter heating the sides of the electrode to a temperature
      sufficient to fuse the matrix into a continuous refractory-containing
      coating which firmly adheres to the sides of the electrode.
NUM  5.
PAR  5. A method as in claim 4 wherein said refractory filler is selected from
      the group consisting of refractory oxides, carbides, nitrides and borides.
NUM  6.
PAR  6. A method as in claim 4 wherein the matrix material is selected from the
      group consisting of boric oxide, boric acid, metaboric acid, salts of
      boric acid and metaboric acid, vanadium pentoxide and mixtures thereof.
NUM  7.
PAR  7. A method as in claim 4 wherein the matrix is also glaze-forming.
NUM  8.
PAR  8. A method as in claim 7 wherein the matrix is selected from the group
      consisting of phosphates, fluorides, silicates and mixtures thereof.
NUM  9.
PAR  9. A method as in claim 4 wherein the matrix is mixture of graphite-wetting
      materials selected from the group consisting of boric acid, boric oxide,
      metaboric acid, salts of boric acid and metaboric acid, vanadium pentoxide
      and mixtures thereof, and graphite-wetting materials which are also
      glaze-forming materials selected from the group consisting of phosphates,
      fluorides, silicates and mixtures thereof.
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ABST
PAL  High strength structural metal-to-metal bonds can be achieved in 10 to 15
      seconds by placing a resinous polyamide capable of imidizing between the
      metal surfaces to be bonded and heating the composite to a temperature
      sufficiently high (.gtoreq. 400.degree.F) to induce imidization.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved method of adhesively bonding
      two surfaces by the use of polyamide adhesives which are capable of
      imidizing at the application conditions.
PAR  Polyamide resins are well known and widely used in both thermoplastic and
      thermosetting type adhesive formulations. The hot-melt adhesives or
      thermoplastic polyamide cements usually consist of a blend of polymer and
      various modifying agents and are advantageously noted for their ease of
      application, while the polyimide type adhesive is known for high thermal
      stability but requires application times in terms of hours, particularly
      if optimum cementing of steel surfaces is desired. In contrast, the
      polyamide adhesives of this invention when properly applied will display
      process characteristic analogous to the hot-melt adhesives in that a high
      strength bond will be achieved in less than a minute. The adhesive
      properties will in general be at least twice as high as would be observed
      if the analogous polyimide were used yet the final product after bonding
      is categorically the polyimide.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a new method of adhering two surfaces involving the
      steps of:
PAR  A. PLACING BETWEEN THE SURFACES TO BE BONDED A RESINOUS POLYAMIDE
      CONTAINING AN ALIPHATIC OR CYCLOALIPHATIC DIAMINE RESIDUE OF UP TO ABOUT
      20 CARBON ATOMS COPOLYMERIZED WITH A CARBOXYLIC AROMATIC ACID RESIDUE
      HAVING AT LEAST 3 CARBOXYL GROUPS WHEREIN TWO OF SAID CARBOXYL GROUPS ARE
      LINKED TO SAID DIAMINE RESIDUE THROUGH AMIDE BONDS AND WHEREIN AT LEAST
      ONE OF SAID REMAINING UNREACTED CARBOXYL GROUPS IS IN EITHER THE ACID OR
      ESTER FORM ATTACHED TO A CARBON ATOM WHICH IS ADJACENT TO A SECOND CARBON
      ATOM OF THE SAME AROMATIC RING CONTAINING ONE OF THE CARBOXYL GROUPS
      INVOLVED IN SAID AMIDE BOND SUCH THAT SAID UNREACTED CARBOXYL GROUP CAN
      IMIDIZE WITH SAID AMIDE BOND,
PAR  B. HEATING THE SURFACES AND POLYAMIDE SUCH AS TO INDUCE IMIDIZATION, AND
PAR  C. COOLING THE BONDED SURFACES.
PAR  In one aspect of this invention a polyamide resin having the formula:
      ##EQU1##
      where Ar is an aromatic nucleus having the attached non-polymerized
      carboxyl group vicinal to at least one of the carboxyl groups involved in
      an amide linkage, X is an aliphatic or cycloaliphatic hydrocarbon
      diradical having from about 2 to 20 carbon atoms and R is an alkyl radical
      of up to 6 carbons or hydrogen, is used to form high strength structural
      metal-to-metal bonds by heat activation for less than 1 minute. In another
      aspect of this invention, structural metal-to-metal bonds result in a
      resinous polymeric material having significant imide containing structure
      corresponding to the repeating unit:
      ##EQU2##
      Still another aspect of this invention is a method of adhering surfaces
      which involves the use of a heat activatable polyamide having the
      processing advantages of a thermoplastic which results in structural bonds
      that have the high temperature characteristics of a polyimide. Other
      aspects of our invention will be apparent to one skilled in the art upon
      complete reading of the specification and examples.
PAC  DESCRIPTION OF THE INVENTION
PAR  The adhesives of this invention are resinous polyamide polymers containing
      an aromatic tricarboxylic acid moiety in such a manner that one of the
      carboxylic acid groups is available to imidize upon heat activation. These
      polyamides are characterized as having molecular weights high enough to
      yield inherent viscosities in excess of 0.2dl/g at 0.10 g polymer per 20
      ml of m-cresol at 25.degree.C. Generally, the bulk strength of the
      adhesive will increase with an increase in molecular weight, thus an
      inherent viscosity in excess of about 0.25 is preferred.
PAR  The aromatic moiety of the polyamides of our invention can be derived from
      any of the commonly known aromatic molecules having at least three
      carboxyl groups of which at least two are attached to adjacent (vicinal)
      carbon atoms of the same ring. Thus, this would include the benzene
      derived tricarboxylic acids such as 1,2,4-benzenetricarboxylic acid
      (trimellitic acid) but not 1,3,5-benzenetricarboxylic acid (trimesic
      acid), the naphthalene derived acids such as
      1,2,5-naphthalenetricarboxylic acid, the anthracene derived acids, the
      substituted benzene, naphthalene and anthracene counterparts and the like.
      Higher multifunctional aromatic carboxylic acids are also operative and
      equivalent such as 1,2,5,6-naphthalenetetracarboxylic acid. The preferred
      aromatic moiety is derived from trimellitic acid.
PAR  The diamine moiety of the polyamide resins of this invention can be any of
      the common aliphatic or cycloaliphatic diamines of up to about 20 carbon
      atoms. Conveniently, the diamines of up to 12 carbon atoms can be used
      such as ethylene diamine, 1,6-hexanediamine, 1,12-dodecane diamine,
      1,4-cyclohexanediamine and the like. The preferred diamine is
      1,6-hexanediamine (hexamethylenediamine).
PAR  The polyamides of this invention can be synthesized by many of the methods
      known to the art provided the resulting polymer has an unreacted carboxyl
      group vicinal to one of the amide bonds thus being capable of imidizing
      upon heating. Since the imidized form is undesirable at this stage and
      since imidization frequently begins at temperature in excess of
      150.degree.C, a low temperature polymerization process is preferred. It
      can be catalytic or non-catalytic. The use of a diluent or solvent or a
      pair of miscible or immiscible solvents is recommended. One method of
      particular utility in this invention and therefore preferred is the low
      temperature (ambient) interfacial polymerization using a pair of
      immiscible liquids which are individual solvents for different monomers.
      Thus an aqueous phase containing the diamine in combination with a
      halogenated hydrocarbon such a chloroform containing the acid anhydride,
      acid chloride or anhydride acid chloride is preferred. In this method of
      polymerization the two phases are mixed under high agitation and a fine
      powder is recovered. This polyamide can be washed, dried and then used
      directly in the powder form as an adhesive.
PAR  In order to achieve the desired high molecular weight the pH should be
      controlled during the polymerization by the use of an HCl scavenger. For
      most purposes the use of Na.sub.2 CO.sub.3 leads to adequate viscosities.
PAR  The particular choice of acid form helps promote linearity of the polymeric
      product and the desired position of the unreacted carboxyl group. Thus in
      the preferred trimellitic acid derived product the 4-acid chloride
      anhydride form will result in polymerization through the 4-position on the
      aromatic ring. Hence a free vicinal carboxyl group in the final polyamide.
      An alternative to this is to open the anhydride ring with an alcohol
      forming the mono-ester. This ester can then be converted to the di-acid
      chloride ester. Upon polymerization the vicinal ester group is available
      for imidization.
PAR  The polyamide adhesives of this invention can be utilized directly as
      powders or they can be applied in a modified form such as films, fibers
      and the like provided the modification step does not induce imidization.
      The adhesive can be placed directly between the surfaces to be bonded and
      the entire composite can then be heat activated at a temperature
      sufficient to induce imidization. The amount of adhesive can vary
      depending on the nature of the surface and its intended use. A 1 to 10 mil
      thick layer of adhesive is usually adequate for most purposes. A slight
      compressive force is optional but will promote polymer flow thus causing
      the adhesive to conform to surface variations. The heat activation step
      usually requires a temperature in excess of 400.degree.F. Temperatures
      between 580.degree.F and 820.degree.F will lead to structural
      metal-to-metal bonds of extraordinary strength within 45 seconds. At the
      higher temperatures bonds can be achieved as quickly as 10 seconds.
PAR  Having thus described the invention the following examples are presented to
      illustrate specific embodiments but should not be considered unduly
      limiting.
DETD
PAC  EXAMPLE I
PAR  A polyamide having an inherent viscosity of 0.27 dl/g (0.10 g polymer per
      20 ml of m-cresol at 25.degree.C) made by interfacial polymerization of
      4-chloroformylphthalic anhydride with 1,6-hexanediamine was vacuum dried
      and placed between two sheets of steel. Approximately a 5 mil layer of
      polyamide was used. The steel surfaces with the polymer layer between were
      heat activated by the use of a Sentinel sealer operated at various
      temperatures. The bonded surfaces were subsequently cooled and their
      average Lap Shear and T-Peel adhesive values were measured essentially
      according to ASTM-B 1002-64and ASTM-D1876-69 respectively. A hot rolled
      steel sheet of 0.064 inch thickness was used for the Lap Shear while a
      bonderized cold-rolled steel of .026 inch thickness was used for T-Peel.
      The Sentinel sealer was operated for 15 seconds at 80 psi for Lap Shear
      and for 5 seconds at 2 psi followed by 10 seconds at 20 psi for T-Peel.
      The data for the respective application temperatures are presented in
      Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Application Temperature                                                   
                     Lap Shear  T-Peel                                         
      (.degree.F)    (psi)      (lbs./in. width)                               
     ______________________________________                                    
     400             2285*      Zipper                                         
     500             2280*      16.4                                           
     600             --         31.0                                           
     700             1618       32.2                                           
     800             --         31.0                                           
     ______________________________________                                    
      *Cold rolled steel strips used                                           
PAL  The Lap Shear values were excellent across the entire temperature range
      with high values for T-Peel above 400.degree.F and extremely high values
      from 600.degree.F and up.
PAC  EXAMPLE II
PAR  A polyamide having an inherent viscosity of 0.24 made by interfacial
      polymerization of 4-chloroformylphthalic anhydride with 1,6-hexanediamine
      was vacuum dried and used as an adhesive in a manner similar to Example I.
      At an application temperature of 800.degree.F. the Lap Shear value was
      1960 psi and the T-Peel value was 35.0 lbs./in. width.
PAC  EXAMPLE III
PAR  A polyamide having an inherent viscosity of 0.7 made by interfacial
      polymerization of a mixture of the 1- and 2-monomethyl ester of the diacid
      chloride of trimellitic acid with 1,6-hexanediamine was vacuum dried and
      used as an adhesive in a manner similar to Example I. At an application
      temperature of 600.degree.F the Lap Shear value was 1895 psi and the
      T-Peel value was 36.8 lbs./in. width. Hence this polyamide would be
      acceptable as an adhesive.
PAC  EXAMPLES IV and V
PAR  Two polyamides from the previous Examples varying only in terms of the
      choice of diamine were prepared and tested as heat activated adhesives.
      Example IV is a polyamide consisting of the trimellitate moiety combined
      with the 1,12-diamine dodecane moiety. Example V involves the trimellitate
      and ethylene diamine. Both polymers were synthesized by the interfacial
      polymerization technique resulting in a polyamide with an inherent
      viscosity of 0.23 for Example IV and 0.28 for Example V. Each were vacuum
      dried and used as an adhesive in a manner similar to Example I. The data
      for the respective polyamides at various application temperatures are
      presented in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Ex.  Application Temperature                                              
                           Lap Shear  T-Peel                                   
           (.degree.F)     (psi)      (lbs/in width)                           
     ______________________________________                                    
     IV   420              2200       Zipper                                   
     IV   460              1795       Zipper                                   
     IV   500              2490       Zipper                                   
     IV   600              --         3.9                                      
     IV   700              --         3.3                                      
     IV   800              465        4.7                                      
     V    600              --         4.8                                      
     V    700              1125       7.7                                      
     V    800              --         Zipper                                   
     ______________________________________                                    
PAR  Although their adhesive strengths were not as good as the hexamethylene
      derived adhesives both were processable as heat activatable adhesives.
PAC  EXAMPLE VI
PAR  In order to demonstrate the advantage of having the adhesive in the
      polyamide form, a portion of a polymer produced in a manner similar to
      Example I having an inherent viscosity of 0.37 was first imidized by
      heating in a vacuum oven at 150.degree.C overnight. The Lap Shear and
      T-Peel values for this polyimide were determined and compared to the
      values of the polyamide form of the same polymer measured under identical
      conditions. The Lap Shear for the polyamide form was 2,800 psi compared to
      1,247 psi for the polyimide. The T-Peel value for the polyamide was 42
      lbs/in width compared to 20.0 lbs/in width for the polyimide.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of adhering surfaces comprising the steps of:
PA1  a. placing between the surfaces to be bonded a resinous polyamide having an
      inherent viscosity greater than 0.2 and containing an aliphatic or
      cycloaliphatic diamine residue of up to about 20 carbon atoms
      copolymerized with a carboxylic aromatic acid residue having 3 carboxyl
      groups wherein two of said carboxyl groups are linked to said diamine
      residue through amide bonds and wherein the remaining unreacted carboxyl
      groups is in either the acid or ester form attached to a carbon atom which
      is adjacent to a second carbon atom of the same aromatic ring containing
      one of the carboxyl groups involved in said amide bond such that said
      unreacted carboxyl group can imidize with said amide bond,
PA1  b. heating the surfaces and polyamide such as to induce imidization, and
PA1  c. cooling the bonded surfaces.
NUM  2.
PAR  2. A method of claim 1 wherein the aromatic acid is a tricarboxylic acid.
NUM  3.
PAR  3. A method of claim 1 wherein a resinous polyamide has the formula:
      ##EQU3##
      wherein Ar is an aromatic nucleus having the attached non-polymerized
      carboxy group vicinal to at least one of the carboxyl groups involved in
      an amide linkage, X is an aliphatic or cycloaliphatic hydrocarbon
      diradical having from about 2 to 20 carbon atoms, R is selected from a
      group consisting of hydrogen and alkyl radicals of up to about 6 carbons
      and n is an integer representing the number of repeating units which
      characterizes a polymer having a inherent viscosity greater than 0.2.
NUM  4.
PAR  4. A method of claim 3 wherein X is a linear aliphatic diradical of 2 to 12
      carbon atoms.
NUM  5.
PAR  5. A method of claim 4 wherein Ar is a trivalent radical derived from
      benzene or naphthalene.
NUM  6.
PAR  6. A method of claim 5 wherein X is hexamethylene.
NUM  7.
PAR  7. A method of adhering surfaces comprising the steps of:
PA1  a. placing a resinous polyamide made by polymerizing 4-chloroformylphthalic
      anhydride with 1,6-hexanediamine having essentially the formula:
      ##SPC1##
PAL  where n is an integer representing the number of repeating units which
      characterizes a polymer having an inherent viscosity greater than 0.2,
      between the surfaces to be bonded;
PA1  b. heat activating the surfaces and polyamide under a compressive force at
      a temperature above 400.degree.F. for at least 10 seconds; and
PA1  c. cooling the bonded surfaces.
NUM  8.
PAR  8. A method of claim 7 wherein the surfaces to be bonded are metallic.
NUM  9.
PAR  9. A method of claim 8 wherein said heat activating is performed between
      about 580.degree.F and 820.degree.F for about 10 to 45 seconds.
NUM  10.
PAR  10. A method of claim 9 wherein the surfaces to be bonded are steel.
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ABST
PAL  Method and apparatus to produce a bonded loop pile carpet. The carpet
      machine is of the rotary type which uses cooperating notched blade members
      which are shogged to form the yarn loops for bonding to a backing sheet.
      One set of the blade members is reciprocably mounted in the rotor of the
      machine.
PARN
PAR  This is a continuation of application Ser. No. 309,489, filed Nov. 24,
      1972, now abandoned.
BSUM
PAR  It is an object of this invention to provide a method and apparatus to
      efficiently, inexpensively and continuously produce a bonded loop pile
      carpet.
DRWD
PAR  Other objects and advantages of the invention will become readily apparent
      as the specification proceeds to describe the invention with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a sectional elevation view taken on line 1--1 of FIG. 2;
PAR  FIG. 2 is a cross-sectional elevation view of the carpet machine rotor;
PAR  FIG. 3 is an elevation view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an elevation view taken on line 4--4 of FIG. 2;
PAR  FIGS. 5-7 are blown-up views of the loop forming mechanism showing various
      stages of loop formation;
PAR  FIG. 8 is a blown-up view of the pressure foot shown in FIG. 6;
PAR  FIG. 9 is a front view of one of the upper notched blades;
PAR  FIG. 10 is a schematic design view of a carpet which can be made with the
      notched blade;
PAR  FIG. 11 is a modified view of the upper blade shown in FIG. 9;
PAR  FIG. 12 is a schematic view of one means to shog the blade shown in FIG. 9;
      and
PAR  FIGS. 13-17 represent a few of the designs which can be made by shogging
      the upper blade members.
DETD
PAR  Looking at FIGS. 1, 3 and 4, the overall concept will be explained. A
      plurality of yarn ends 10 are supplied from a warp beam or creel (not
      shown) to the rotor 12 over a pair of rolls 14 and 16. At the rotor, upper
      blade 17 cooperates with the lower blades 18 to insert the yarn in loops
      between the lower blades 18. The rotor is rotated counterclockwise and the
      loops are inserted into a suitable adhesive, such as polyvinyl chloride,
      placed on a backing sheet 20 by the doctor blade 22. The backing sheet is
      supplied from a roll 24, over a roll 26 to the adhesive station 28 and
      then over pressure roll 30 to a position against the top of loops. The
      backing sheet with the loops thereattached continues to rotate
      counterclockwise past the infrared electric heaters 32 to set the bond
      between the loops and the backing sheet. The bonded carpet is then doffed
      over roll 34 and delivered to the take-up roll (not shown).
PAR  The rotor 12 is supported between side plates 36 and 38 by cross-supports
      40 and 42 to which are attached a plurality of support plates 44 and 46.
      Rotably supported between the plates 44 and 46 are blade support rings 48
      which are held in position by drive gear 50 and idler gears 52 and 54
      which are mounted on one of the plates 44 and 46 and engage the toothed
      inner surface of the rings 48. Each of the blade support rings 48 has a
      plurality of notches cut in the outer surface thereof to slidably support
      the lower blades 18. The lower blades are held in the notches by suitable
      means such as springs (not shown).
PAR  The driven gears 50 are rigidly secured to a rotably mounted shaft 56 which
      is intermittently rotated by the action of the pawl 58 against the ratchet
      60 mounted on one end of shaft 56. The pawl 58 is pivotally mounted and
      actuated by the crank arm 62 which is rotated by the lever 64 connected to
      the crank 65. Crank 65 is mounted on shaft 66 supported by bearings 68 in
      the plates 44 and 46 and is driven by chain 70 which is driven from a
      drive source (not shown) by chain 72. A second pawl 74 is pivotally
      mounted adjacent the ratchet 60 to prevent back lash of the ratchet.
PAR  Also mounted on the shaft 66 between adjacent pairs of plates 44, 46 are
      cams 76 to periodically actuate the blades 18. Another set of cams 78 is
      mounted on shaft 80 which is also driven by chain 70 in timed relation so
      that the cams 76 and 78 rotate in a one-to-one ratio.
PAR  Each of the cams 76 have a pair of spring loaded followers 82 operably
      associated therewith to slide upwardly one of the lower blades 18 at a
      predetermined time. The follower causes the pivotally mounted arm 84 to
      move upwardly to engage the blade 18. Another lever 86 is pivotally
      connected to cause the arm 84 to move in a substantially perpendicular
      direction to raise the blade 18 straight up.
PAR  Cams 78 are operably associated with a follower arm 88 pivotally connected
      to the frame of the machine to raise and lower the upper blade holder 90.
      Mounted to the blade holder 90 is the upper blade support 92 and the
      presser foot 94. The blade support 92 is secured to the movable plate 96
      by means of bolt 98. Bolts 100 project through plate 96 to support the
      pressure foot 94. Located between the plate 96 and the presser foot 94
      around the bolts 100 are compression springs 102 for reasons hereinafter
      explained. The upper blade 17 is mounted on the end of blade support 92
      and projects through the elongated opening 104 in the presser foot.
PAR  In the preferred embodiment the rotor 12 is stopped when the blades 17 and
      18 are forming the loops and then the rotor is indexed to the next loop
      forming position but such motion is not mandatory. It is contemplated that
      the motion of the rotor could be continuous and the blade holder 90 could
      move therewith in a manner as shown in U.S. Pat. No. 3,385,747 wherein the
      motion of the top blade is synchronized with the motion of a rotor by
      having the angular velocity of the blade holder equal to the angular
      velocity of the rotor during a portion of the loop forming period.
PAR  Looking now to FIGS. 5-7 the loop forming operation will be explained. In
      FIG. 5 the ratchet 58 and pawl 60 have been actuated to rotate the blade
      18 to the position indicated. The cam 78 has pivoted the lever 88 to the
      extreme upward position to hold the blade 17 in its up position. Then as
      the cams 76 and 78 continue to rotate they assume the position shown in
      FIG. 6 wherein the upper blade 17 is lowered to bend the yarn downward
      over one of the blades 18 while the presser foot 94 engages the top of the
      previously formed yarn loop to prevent it from being pulled out as the
      blade 17 folds the yarn over the blade 18. Then as the cams 76 and 78
      continue to rotate they assume the position shown in FIG. 7 wherein the
      blade 17 remains in the downward position while the arm 84 is moved upward
      by the cam 76 to slide the blade 18 upward to form the other half of the
      yarn loop between adjacent blades 18. Once the yarn loop is formed between
      adjacent blades 18 the cams 76 and 78, respectively, allow the blade 18 to
      retract and move the blade 17 upwardly. The blades 18 are once again
      indexed to the position shown in FIG. 5 and the cycle is repeated.
PAR  It should be noted that only half the yern loop is being formed at any one
      time, thereby reducing the frictional forces on the yarn between the blade
      18 and the yarn. This results, necessarily, in a reduction in the amount
      of force necessary by the blades 17 and 18 to form the yarn loops.
PAR  FIG. 9 shows a modified version of the upper blade 17 which will provide a
      patterned effect in the carpet produced. Basically, this effect is
      obtained by providing notches 106 spaced from one another to provide high
      portions 108 therebetween so that certain selected yarns of yarn 10 are
      pushed further down between the lower blades 18 to provide high and low
      loops in the yarn attached to the backing sheet 20. In FIG. 9 the length
      of the notches is equivalent to the length of the high portion to provide
      equal width stripes 110 with a low pile and high pile stripes 112 as
      schematically represented in FIG. 10. Obviously, any width notch can be
      provided in the blade 17 to provide varying width stripe effects in the
      carpet 116.
PAR  Looking now to FIGS. 11 and 12 a further modification of the upper blade 17
      is shown to allow shogging of the blade 17 to provide further variety of
      patterned effect. The blade 17 is provided with a plurality of slots 118
      through which projects a pin member 120 mounted to the inside of the blade
      support 92. It is obvious that the pin member 120 supports the blade 17 in
      the holder 92 as well as allowing horizontal movement of the blade.
PAR  FIG. 12 shows schematically a system to periodically shog or move the blade
      17 in a direction perpendicular to the yarn feed after the upper blade has
      cleared the previously formed loop. Basically, it comprises a bevel gear
      122 mounted on the end of the machine drive shaft 66 and which engages
      another bevel gear 124 which drives the gear 126 through the shaft 128.
      Gear 126 in turn drives the gear 130 to rotate the cam 132 rigidly mounted
      on the shaft 134 which is also connected to the gear 130. As the cam 132
      rotates the follower 136 follows the contour of the cam to pivot the lever
      arm 138 about a fixed point 140 to move the lever arm 142 inwardly and
      outwardly depending on the design of the cam 132.
PAR  In the preferred embodiments of the invention, as noted above, the notches
      106 and the high portions 108 are of equal width so that the
      representative designs shown in FIGS. 13-17 have equal width high and low
      portions in any one row of loops but obviously such is not necessary and
      may differ and varied designs can be obtained by different width notches
      and high portions. Also the depth of the notches can be varied to vary the
      depth of the pattern in the finished carpet.
PAR  FIGS. 13-17 show various illustrative examples of patterns which can be
      obtained by changing the cams 132 and/or gearing to provide different
      motions and/or dwell periods of the blade 17. As in FIG. 10 the high
      portion of the pile in the carpet is represented by reference numeral 112
      and the low portion of the pile by the reference numeral 110.
PAR  In FIGS. 13 and 14 the blade 17 is fully moved to the right and held there
      for a predetermined length of time to a predetermined number of rows of
      loops. In FIG. 13 the blade was held in the extreme right hand position
      quite a bit longer than in FIG. 14.
PAR  In FIG. 15 the blade was incrementally shogged in two steps and then
      returned to the starting position for a repeat. In FIG. 16 the blade was
      incrementally shogged five steps and then incrementally shogged back five
      steps and then the pattern repeats. FIG. 17 is similar to FIG. 15 except
      that the blade was stepped four times but held in each step for a shorter
      period of time to provide less rows of loops in each step.
PAR  The variations of patterns obtainable are infinite and depend on such
      variables as cam design, length of notches 106, length of slots 118 and
      the speed of shogging as determined by the main gear drive.
PAR  Although we have described specifically the preferred embodiments of our
      invention we contemplate that changes may be made without departing from
      the scope or spirit of our invention and we desire to be limited only by
      the claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus to produce a bonded pile fabric comprising: a rotor, means to
      rotate said rotor, means slidably mounting a plurality of blades in said
      rotor, a second single blade member reciprocably mounted above said
      plurality of blades and operably associated therewith, means to supply
      yarn between said plurality of blades and said second blade member, said
      second blade member having notches in the bottom edge thereof to form high
      loops and low loops between two blades of said plurality of blades, means
      to move said second blade member downwardly at a predetermined time to
      bend the yarn over one blade of said plurality of blades, means to slide
      upwardly the blade of said plurality of blades next adjacent to the blade
      over which the yarn is bent to form a loop in said yarn, means to move
      said second blade member upwardly away from the formed loops, means to
      periodically move said second blade member in a direction parallel to the
      axis of said rotor as said second blade member moves upwardly, means to
      index said rotor to rotate said rotor a predetermined distance to place
      the blade members in loop forming position, means to supply an adhesive
      backed backing material into contact with said formed loop, means to set
      the bond between said adhesive and said loop and means to guide said
      backing material with loops bonded thereto away from said apparatus, said
      rotor including a means to maintain said blades of said plurality of
      blades in said loops until said rotor is indexed to a point where a formed
      loop is guided away from said apparatus and a means to align said
      plurality of blades to slide downwardly after the formed loop is guided
      away from said apparatus.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the means to slide the plurality of
      blades and said second blade member includes a cam.
NUM  3.
PAR  3. The apparatus of claim 1 wherein a presser foot means is operably
      associated with said second blade member to hold in place the next
      adjacent previously formed loop.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said rotor includes a plurality of
      rings with a plurality of notches in the outer surface thereof, said blade
      members of said plurality of blade members being supported in said
      notches.
NUM  5.
PAR  5. The structure of claim 1 wherein said means slidably mounting said
      plurality of blades includes a notches ring and a support ring, said means
      to allow said plurality of blades to slide downwardly includes a chord
      section cut out of said support ring.
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PAL  A device for butt splicing a succeeding web to a preceding web comprising
PA1  A rotatable cutting drum provided with a cutting member,
PA1  A rotatable cutting and splicing drum provided with a cutting member and
      means for holding the leading end of the succeeding web after cutting, and
PA1  A rotatable splicing drum provided with means for holding a piece of a
      splicing tape, characterized in that rotation of the drums causes the
      cutting drum and the cutting and splicing drum to cut at least the
      preceding web of the succeeding and preceding webs, and the leading end of
      the succeeding web after cutting, while being held by the cutting and
      splicing drum, is fed into a splicing zone, whereby the cutting and
      splicing drum cooperates with the splicing drum to butt splice the
      succeeding web on the preceding web by applying the splicing tape thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to butt splicing devices for splicing flexible
      web-like materials (hereinafter referred to as "web") such as plastics,
      paper, metal foils, etc., and more particularly to a device which is
      capable of butt splicing extremely thin webs while they are travelling.
PAR  2. Description of the Prior Art
PAR  A known prior art device for butt splicing thin webs is disclosed in U.S.
      Pat. No. 3,654,035 as illustrated in FIG. 8. In this device, a cutting
      drum 7 and a cutting and splicing drum 8 are provided to cut a succeeding
      web 3 whose unwinding is begun and a preceding web 2 whose unwinding has
      already been completed, both webs being overlapped, and the cutting and
      splicing drum 8 and a splicing drum 9 are provided to splice the leading
      end of the succeeding web 3 to the trailing end of the preceding web 3
      with use of a splicing tape 23. In this case, however, the leading end of
      the succeeding web 3 after being cut is not held by the drum until it has
      been spliced, and for the purpose of splicing the leading end of the
      succeeding web 3 after cutting has to be transported by means of the
      cutting drum 7 to a splicing zone A separated a distance therefrom along a
      transporting guide 15. However, where the thickness of web is extremely
      thin, for example, less than 25 .mu., the web has a low rigidity and lacks
      firmness so that it is often difficult to transport the leading end of the
      succeeding web 3 into the splicing zone A. Even if the leading end of the
      succeeding web 3 should be transported into the splicing zone A, it would
      be extremely difficult to intimately contact the leading end of the
      succeeding web 3 and the trailing end of the preceding web 2, thereby
      often producing a joint having a separation therebetween and allowing
      adhesive on the splicing tape 23 to be exposed, thus obtaining a poor
      joint. Particularly, when splicing is performed at a high speed, these
      problems become remarkable, which results in a significant difficulty in
      that it is extremely hard to achieve high speed splicing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention eliminates the disadvantages noted above with respect
      to prior art devices and has as an object the provision of a device which
      can butt splice webs at high speed.
PAR  Another object of the present invention is to provide a device which can
      butt splice extremely thin webs.
PAR  These objects of the present invention are accomplished by splicing the
      leading end of a succeeding web after cutting, while being held by a drum
      which has cut the succeeding web, to the trailing end of a preceding web
      in cooperation with a splicing drum.
PAR  The invention will become apparent from the following description taken in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a schematic section showing an embodiment including a
      conventional three-turret type web unwinding device and a butt splicing
      device according to the present invention.
PAR  FIG. 2 is a schematic sectional view of the splicing device, the main parts
      of which being illustrated on an enlarged scale, showing a preferred
      embodiment of the present invention.
PAR  FIG. 3 is a schematic sectional view with the main parts illustrated on an
      enlarged scale, wherein drums in the device of FIG. 2 are rotated to
      illustrate the mode at the point when the web is cut.
PAR  FIG. 4 is a schematic sectional view with the main parts illustrated on an
      enlarged scale, wherein the drums are further rotated from the positions
      in the mode shown in FIG. 3 to illustrate the mode at the point when the
      web is spliced.
PAR  FIG. 5 is a schematic sectional view with the main parts illustrated on an
      enlarged scale, wherein the drums are further rotated from the positions
      in the mode shown in FIG. 4 to illustrate the mode where the web has been
      spliced.
PAR  FIG. 6 is a schematic sectional view with the main parts illustrated on an
      enlarged scale, showing another embodiment of the present invention.
PAR  FIG. 7 is a schematic sectional view with the main parts illustrated on an
      enlarged scale, wherein the drums shown in FIG. 6 are rotated to
      illustrate the mode where splicing has been completed.
PAR  FIG. 8 is a schematic sectional view of a conventional web butt splicing
      device, the main parts of which are illustrated on an enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 to 5 illustrate a preferred embodiment of the present invention.
PAR  Referring now to these figures, reference numeral 1 designates a
      conventional three-turret type unwinding device widely used, 2 an old or
      preceding web which has almost been unwound, 2' a cut waste of the
      preceding web which has been cut for discarding, 3 a new or succeeding web
      beginning to be unwound, 3' a cut waste of the succeeding web which has
      been cut for discarding, 4, 5 and 6 pass rolls rotatably mounted, 7 a
      cutting drum, 8 a cutting and splicing drum, 9 a splicing drum, 10 a frame
      to which the drums 7, 8 and 9 are rotatably attached, 11 a cutting member
      mounted on the cutting drum 7 to cut the web, 12 a cutting member mounted
      on the cutting and splicing drum 8 to cut the web in cooperation with the
      cutting member 11, 13 and 14 vent holes adapted to hold the cut waste 2'
      of the preceding web 2 on the cutting drum 7, and 15 and 16 vent holes to
      hold the leading end of the succeeding web 3 after cutting on the cutting
      and splicing drum 8, these vent holes functioning to securely transport
      the leading end of the succeeding web 3 after cutting into a splicing zone
      as the cutting and splicing drum 8 is rotated. Reference numeral 17
      designates a vent hole to hold the leading end prior to cutting the
      succeeding web 3 on the cutting and splicing drum 8, 18 and 19 vent holes
      adapted to hold a splicing tape 23 on the splicing drum 9, and 20, 21 and
      22 hollow shafts adapted to support the drums 7, 8 and 9 and serving as
      vent passages for reducing the pressure within the drums 7, 8 and 9, the
      hollow shafts being connected through rotary couplings to an externally
      located vacuum source (not shown). The splicing tape 23 is provided to
      splice the preceding web on the succeeding web in a butting fashion.
PAR  Operation of the device is as follows:
PAL  As can be seen in FIG. 1, the preceding web supported by the pass rolls 4
      and 5 is travelled from the unwinding device 1 in a direction as indicated
      by the arrow passing through a passage between the cutting drum 7 and
      splicing drum 9 and the cutting and splicing drum 8 into the next
      processes such as a coating process and printing process.
PAR  Prior to initiation of the splicing operation, the leading end of the
      succeeding web 3 beginning to be unwound is drawn out of the unwinding
      device 1 onto the pass roll 6 so that the web can be held in position on
      the cutting and splicing drum 8. The cutting and splicing drum 8, which
      holds the leading end of the succeeding web 3, is internally reduced in
      pressure by the vacuum source (not shown) so that the leading end of the
      succeeding web 3 is attracted by the intake hole 17. On the other hand,
      the splicing tape 23 is held on a vent hole portion 18 with its adhesive
      surface directed outwardly, the vent hole 18 being formed in the surface
      of the splicing drum 9 which is reduced in pressure through the vent hole
      19 of the hollow shaft 22 by the externally located vacuum source.
PAR  When necessary preparations as described above have been made and the
      trailing end of the preceding web 2 which has been unwound is disengaged
      from the core of the unwinding device 1, a power device (not shown)
      mounted on the frame 10 is started and drums 7, 8 and 9 can be rotated in
      a direction as indicated by the arrow in FIG. 2 by transmission means (not
      shown) such as gears, chains, etc. At this time, disengagement of the
      trailing end of the preceding web from the core can be automatically
      detected by measuring the tension of the preceding web 2, and also the
      trailing end of the preceding web 2 can be spliced by rotation of the
      drums immediately before the trailing end is disengaged from the core, by
      detecting the amount of the preceding web 2 remaining wound on the core.
PAR  When the drums 7, 8 and 9 are rotated to the positions at angles shown in
      FIG. 3, the preceding web 2 and the succeeding web 3 are gripped in an
      overlapping fashion between the cutting drum 7 and the cutting and
      splicing drum 8 and are then cut by the cutting members 11 and 12. That is
      to say, the cutting drum 7 cooperates with the cutting and splicing drum 8
      to cut both webs 2 and 3. The succeeding and preceding webs 2, 3 are
      gripped by the drums 7, 8 and 9 and as a result these webs will not be
      drawn from the cutting area by the tension exerted on the succeeding and
      preceding webs 2, 3. Additionally, it is so designed that even if the
      cutting member 11 should come into contact with the preceding web 2 before
      the mode shown in FIG. 3 is formed, the preceding web 2 cannot be cut by
      the cutting member 11 by itself.
PAR  The cut waste 2' of the preceding web 2 is attracted by the vent hole 14
      and held thereon, the vent hole being formed in the surface of the cutting
      drum 7 which is reduced in pressure through the vent hole 13 of the hollow
      shaft 20 by the externally located vacuum source (not shown). Similarly,
      the leading end of the succeeding web 3 after cutting is attracted by the
      vent hole 15 and held thereon, the vent hole being formed in the surface
      of the cutting and splicing drum 8 which is reduced in pressure through
      the vent hole 16 of the hollow shaft 21 by the externally located vacuum
      source (not shown).
PAR  When the drums 7, 8 and 9 are rotated to the positions at angles shown in
      FIG. 4 from the positions shown in FIG. 3, the leading end of the
      succeeding web 3 after being cut is attracted to the surface of the
      cutting and splicing drum 8 reduced in pressure and is securely travelled
      to the splicing zone A while being butted against the trailing end of the
      preceding web 2 after cutting. At this time, the cutting and splicing drum
      8 cooperates with the splicing drum 9 to splice the trailing end of the
      preceding web 2 after cutting to the leading end of the succeeding web 3
      after cutting in a butting fashion by the splicing tape 23 held on the
      surface of the splicing drum 9. In this case, if the splicing force of the
      splicing tape 23 is greater than the attraction of the splicing drum 9 by
      which the splicing tape 23 is attracted, the splicing tape 23 can easily
      be separated from the splicing drum 9. Where the splicing force is small,
      the attraction of the outside vacuum source for the splicing drum 9 can be
      stopped or decreased.
PAR  Since the cut waste 2' of the preceding web 2 is attracted by the vent hole
      14 formed in the surface of the cutting drum 7 and held thereon, the cut
      waste is upwardly travelled together with the cutting drum 7 without being
      travelled to the splicing zone A together with the succeeding and
      preceding webs 2 and 3. Even when webs such as plastics, in which static
      electricity tends to be generated, are used, the cut waste 2' of the
      preceding web 2 is attracted by the cutting drum 7 and is upwardly
      travelled together with the cutting drum 7 without adhering to the
      succeeding web 3 and separating therefrom.
PAR  When the drums 7, 8 and 9 are further rotated but have not reached the
      positions at angles shown in FIG. 5, the cut waste 3' of the succeeding
      web 3 held on the surface of the cutting and splicing drum 8 is removed
      by, for example, a removal means or a taking up means, or by use of a
      method such as applying pressure to the inside of the cutting and splicing
      drum 8.
PAR  When the drums 7, 8 and 9 are further rotated and stopped in the positions
      at the angles shown in FIG. 1, the splicing operation is completed. In
      order to remove the cut waste 2' of the preceding web 2 from the cutting
      drum 7, a manual operation or other removal means can be employed.
PAR  FIGS. 6 and 7 illustrate another form of an embodiment of the present
      invention.
PAR  In the arrangement shown in FIGS. 6 and 7, unlike the embodiment shown in
      FIGS. 1 to 5, splicing tapes are applied to both sides of a joint of the
      succeeding and preceding webs 2, 3. Referring now to FIGS. 6 and 7, a
      splicing drum 9' is provided to cooperate with the splicing drum 9 so as
      to affix a splicing tape 23' to a joint between the succeeding and
      preceding webs whereby the succeeding and preceding webs 2, 3 are spliced
      in abutting fashion. The arrangement shown therein comprises vent holes
      18' and 19' adapted to hold the splicing tape 23' on the splicing drum 9',
      and a hollow shaft 22' mounted on the splicing drum 9'.
PAR  In this embodiment, the splicing tape 23 is affixed to one side of a joint
      between the succeeding and preceding webs 2, 3 in a manner similar to
      those described in connection with FIGS. 1 to 5. The joint between the
      succeeding and preceding webs 2, 3, one side of which is affixed with the
      splicing tape 23 by the cooperative operation of the cutting and splicing
      drum 8 and the splicing drum 9, is gripped between the splicing drums 9
      and 9' by rotation of the drums 7, 8, 9 and 9'. In this case, it is so
      designed that the splicing tape 23' pre-attracted by the splicing drum 9'
      with its adhesive surface directed outwardly rotates and reaches the
      gripped portion so that the succeeding and preceding webs 2, 3 can be
      spliced from the side opposite to the splicing tape 23. The splicing tape
      23' can be held on the splicing drum 9' in a manner similar to that of the
      splicing tape 23. FIG. 7 illustrates the mode wherein the splicing tape
      23' is affixed by means of the splicing drums 9 and 9' and the drums 7, 8,
      9 and 9' are slightly rotated. Thus, the method for affixing the splicing
      tape to both sides can be applied to cases where both sides of the web are
      coated with a coating liquid, where the web has a great tension, or where
      the splicing force of the splicing tape is not sufficient to obtain the
      required strength merely by affixing the splicing tape to one side.
PAR  In the embodiments as described above, preferably the surfaces of the
      splicing drums 9 and 9' are lined with a resilient material such as
      rubber.
PAR  It is to be understood that the present invention is not limited to the
      above described embodiments but that changes and variations can be made
      without departing from the scope of the claim.
PAR  For example, unlike those embodiments as shown in FIGS. 1 to 7, the web can
      be travelled in a vertical direction so as to be spliced; the succeeding
      and preceding webs can be arranged in the opposite way so that one web is
      located above the other, and vice versa; or the arrangement of drums and
      the travelling direction of web are not limited to those as described
      above.
PAR  Also, the cutting process is not limited to a pressingcutting process as
      described in the above embodiments. For example, depending on the material
      of which the web is formed, the web can be cut by pressing the cutting
      member 11 directly on the surface of the cutting and splicing drum 8
      without the provision of the cutting member 12, in which case, the surface
      of the cutting and splicing drum also serves as a cutting member.
      Moreover, another method can be employed in which instead of cutting the
      succeeding and preceding webs while they are overlapped, the leading end
      of the succeeding web 3 is held, by means of suction, in a position
      corresponding to the cutting portion of the surface of the cutting and
      splicing drum, and only the preceding web 2 is cut by means of the cutting
      members 11 and 12.
PAR  Additionally, while a method for holding a web or splicing tape has been
      described, in which the drum is internally reduced in pressure by the
      outside vacuum source so that the web or the like can be attracted by the
      vent holes 14, 15, 16, 17, 18 and 18' and held thereon, such a description
      is for illustrative purposes, and it is to be understood that the web or
      splicing tape can be held by affixing a double sided adhesive tape to the
      surfaces of drums.
PAR  Furthermore, in place of holding the succeeding web 3 on the vent hole 17,
      the leading end of the succeeding web 3 can be held on the taking up
      means, or the leading end of the succeeding web 3 can merely be passed on
      the cutting and splicing drum 8.
PAR  Where a web is used, for which the cut waste 2' of the preceding web 2 does
      not adhere to the succeeding web 3 due to the generation of static
      electricity or the like, the arrangement of the device is reversed to
      those shown in FIGS. 1 to 7 so as to eliminate the provision of a holding
      means for the cut waste 2', whereby the cut waste is allowed to drop by
      itself.
PAR  For splicing tapes 23 and 23' , adhesive tapes are most commonly used, but
      pressure tapes may also be used. Other types of tapes can be used if they
      may attain the object as described.
PAR  The present invention possesses advantageous effects as follows:
PAR  1. Since the leading end of the succeeding web after cutting is held by a
      single cutting and splicing drum until splicing has been completed, the
      splicing operation can be performed in a complete butting condition
      without causing the leading end of the succeeding web after cutting to be
      displaced in the width direction or without a clearance occurring between
      the leading end of the succeeding web and the trailing end of the
      preceding web.
PAR  2. For the same reason as noted in the preceding paragraph, even webs,
      which are extremely thin in thickness and flexible in nature having a low
      rigidity, can easily be butt spliced in an advantageous manner.
PAR  3. For the same reason as described above, high speed splicing can be
      accomplished.
PAR  4. Because the cut waste of the preceding web is held by the cutting drum,
      webs such as plastics in which static electricity tends to be generated
      can be spliced in an advantageous manner securely separating the cut waste
      from the succeeding web.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for butt splicing of webs including a framework, a first
      cutting drum provided with a cutting member on the periphery thereof, a
      second cutting and splicing drum having a cutting member on its periphery
      cooperating with said cutting member of said first drum, and a third
      splicing drum including means for holding a piece of splicing tape thereon
      for movement therewith, the improvement comprising:
PA1  means for rotatably supporting said drums on said framework for rotation in
      synchronism with the second drum positioned intermediate of and closely
      adjacent to said first drum and said third drum,
PA1  means for feeding the leading end of a new web and the trailing end of an
      old web along a path extending in the direction of feed between said
      second drum and said first drum and said second drum and said third drum,
      such that the leading end of the succeeding web and the trailing end of
      the preceding web are sandwiched between said first and second drums to
      simultaneously sever the same by said cooperating cutting members, and the
      abutting ends of the succeeding and preceding webs are subsequently
      sandwiched along with said piece of splicing tape between said second and
      third drums such that said splicing tape overlies said abutting web ends
      to splice the same,
PA1  said first cutting drum including means on the periphery thereof trailing
      the cutting member carried by said first cutting drum for holding the
      trailing end of the preceding web to said first cutting drum after
      severance thereof,
PA1  means on the periphery of the second drum leading said second drum cutting
      means for holding the leading end of said succeeding web on the periphery
      of said second and splicing drum, and for holding the leading end of the
      succeeding web after cutting, on the periphery of said second cutting and
      splicing drum to the position where the abutting ends of the preceding and
      succeeding webs are spliced by the piece of splicing tape at the splicing
      zone;
PA1  whereby, the cut portion of the trailing end of the preceding web is
      maintained in contact with the periphery of the first cutting drum and the
      cut portion of the leading end of the succeeding web is maintained on the
      periphery of the second cutting and splicing drum.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein said means for holding the
      various portions of said preceding and succeeding webs to the peripheries
      of said first, second and third drums comprise holes within said drums and
      means for supplying vacuum pressure to said holes during rotation of said
      drums.
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PAL  Web from a depleting roll of web in use is directed along a vertical line
      by rollers. A knife member is mounted for movement across the line and has
      a knife edge on its lower surface to cut the web. Vacuum ports are
      provided on each side of the knife member to hold the end of a spare roll
      which is trimmed flush with the knife edge. A piece of tape is applied to
      and overlaps the end of the spare web. The spare web end is positioned on
      the side of the knife member facing away from the line. A pair of cutting
      plates are positioned on opposite sides of the line below the knife and
      are movable vertically. Tape pressing bars are pivoted to the plates. The
      plate on the opposite side of the line from the knife is positioned with
      its top edge aligned with the knife edge. The other plate is spaced from
      the knife edge so that the bar acts against the tape applied to the spare
      web end. The web is stopped during the splicing operation by a clamp
      carried by the lower plate and by a pair of nip rolls locked against
      rotation. The knife member is moved across the line to cut the tape in use
      and butt the end of the spare web thereto. The tape press forces the tape
      against the cut end of the web in use. The clamp is released and the nip
      rolls unlocked. A second piece of tape held to one of the nip rolls by
      vacuum is applied to the other side of the splice as the web moves past
      the rolls.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to web splicers and, more particularly, to
      splicers for butt splicing a spare roll of web onto web running from a
      depleting roll of web to provide a continuous supply of web to
      web-utilizing apparatus.
PAR  The prior art butt splicers generally have not been completely satisfactory
      for one or more reasons including excessive mechanical complexity,
      excessive cost of construction, need for duplicate parts to perform
      alternate splices, and failure to provide a strong splice. Some of the
      prior art butt splicer designs are disclosed in U.S. Pat. Nos. 2,987,108,
      3,024,157 and 3,645,463 and in Australian Pat. No. 166,368 (1955).
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved butt web
      splicer.
PAR  Another object is to provide such a splicer which is of simple, reliable
      and relatively inexpensive construction which performs efficiently and
      consistently produces a high quality strong splice.
PAR  The foregoing objects are accomplised by providing a butt splicer
      comprising a knife member positioned on one side of the line of running
      web being movable across the web and having means thereon for carrying the
      end of the spare web, a pair of plate members on either side of the line
      of running web carrying tape pressing means thereon and having end
      surfaces for cooperating with the knife member to cut the running web,
      means for moving the plate member opposite the knife member wherein its
      end surface is aligned with the cutting edge of the knife, means for
      moving the other plate member into a position wherein the tape pressing
      means thereon acts against a tape applied to and overlapping the end of
      the spare web carried by the knife member, means for stopping the running
      web during the splice, means for moving the knife member to cut the
      running web and butt the ends of the webs, and means for operating the
      tape pressing means to affix the tape across the splicer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention has been chosen for the purpose of
      illustration and description and is shown in the accompanying drawings
      forming a part of the specification wherein:
PAR  FIG. 1 is a schematic front view of a web butt splicer according to the
      present invention.
PAR  FIG. 2 is a schematic view of the splicing head of the splicer of FIG. 1
      showing the webs being spliced.
PAR  FIG. 3 is a view similar to FIG. 2 showing the head set up for the next
      splice.
PAR  FIG. 4 is a sectional view of the splicing head taken along a line as
      indicated by the line 4--4 of FIG. 1.
PAR  FIG. 5 is a sectional view taken along line 5--5 on FIG. 1 illustrating the
      web clamps on the cutting plates.
PAR  FIG. 6 is a sectional view taken along line 6--6 on FIG. 1 showing the
      mechanism operating the knife member.
PAR  FIG. 7 is a sectional view taken along line 7--7 on FIG. 1 showing the
      mechanism for closing the nip rolls.
PAR  FIG. 8 is a sectional view taken along the line 8--8 on FIG. 1 illustrating
      the tape pressing bar mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 shows the general arrangement of a web
      butt splicer according to the present invention. The web in use, indicated
      on the drawings as W1 is drawn from a depleting roll of web 10 and is
      directed by a pair of rollers 11 and 12 along a vertical line running
      through the splicing head of the splicer. The web then passes through a
      web storage festoon 14 to the utilizing apparatus.
PAR  The festoon 14 includes three vertically aligned stationary rollers 15, 16,
      17 and a festoon carriage 19 carrying a pair of vertically aligned rollers
      20 and 21. As shown, the web passes in sequence over rollers 15, 20, 16,
      21 and 17.
PAR  The festoon carriage is mounted for horizontal movement on rods or the like
      (not shown) and is biased away from the stationary rollers by a device
      such as a constant pressure air cylinder. During the splicing operation,
      motion of the web through the splicing head is stopped. The pull on the
      web exerted by the web-utilizing apparatus then draws the festoon carriage
      toward the stationary rollers. In this manner the web stored in the
      festoon is supplied to the utilizing apparatus during the splicing
      operation. A constant tension on the web leaving the festoon is maintained
      by an interconnection between a brake on the supply roll spindle and a
      lever actuated by motion of the carriage. The festoon and the tension
      controlling arrangement are not part of the present invention and are
      fully disclosed in copending application U.S. Ser. No. 477,857, filed June
      10, 1974  and assigned to the assignee of the present invention. The above
      brief description of the festoon is included herein merely to provide a
      more complete understanding of the overall operation of the butt splicer.
PAR  The splicing head includes a knife member 24 positioned along side the
      vertical run of web between rollers 11 and 12, on the side of the web from
      the depleting roll. The member 24 is mounted to be movable horizontally
      across the line of the web. The lower surface 25 of the knife member is
      formed to provide knife edges for cutting the web. Vacuum ports are
      provided on each side of the knife member to hold the end of the web to be
      spliced to the web in use. The knife member is positioned on the opposite
      side of the vertical run of web from the roll of web 10. The spare web,
      indicated as W2 on the drawing, extends from a spare roll of web 26 over a
      roller 27 and is positioned on the side of the knife member facing away
      from the line of the web W1. The end of the web is manually trimmed to be
      flush with the surface 25.
PAR  A pair of vertically aligned cutting plates 29 and 30 are positioned on
      opposite sides of the vertical run of web below the knife member. The
      plates 29 and 30 are movable vertically and have upper end surfaces 31 and
      32 which cooperate with the knife edges of the surface 25.
PAR  A section of tape T1 is manually applied to the spare web W2 so as to
      overlap the end thereof as shown in the drawing. A tape pressing bar 34,
      35 is mounted on each of the outer surfaces of plates 29, 30 respectively,
      to pivot upwardly toward the opposite plate.
PAR  Prior to initiating the splice operation, the cutting plates are positioned
      as shown in the drawing (FIG. 1). The cutting plate 29 on the opposite
      side of the vertical run of web from the knife member is positioned so
      that its upper surface 31 is aligned with the surface 25 of the knife
      member. The cutting plate 30 directly below the knife member is positioned
      so that the press bar 35 strikes the overlapping portion of the tape T1
      when pivoted toward the web W1 after that web is cut as described
      hereinafter.
PAR  Each of the plates 29, 30 carry a web-clamping pad 36, 37 for stopping the
      motion of the web during the splicing operation.
PAR  Below the plates 29, 30 the web passes between a pair of nip rolls 40, 41
      which are normally spaced from each other. Before the splicing operation,
      these nip rolls are locked against rotation as described hereinafter in
      detail.
PAR  The basic operation of the butt splicer will now be briefly explained. The
      operation of each of the elements of the splicer is described in detail
      hereinafter. Each of the elements of the preferred embodiment is actuated
      automatically by a pneumatic control system after a sensor has indicated
      the completion of a step or upon expiration of a time delay. When the
      splice is initiated, either manually by an operator or automatically by a
      device which senses the diameter of the roll of web in use, the clamp pad
      37 is extended to press the web against the plate 29, and, at the same
      time, the nip roll 40 is moved horizontally to clamp the web against the
      roll 41. A brake then stops the roll of web 10 from rotating to prevent
      the web from spilling onto the floor.
PAR  The clamp pad 37 engages before the nip rolls, and the web is drawn taut
      before the nip rolls close. When the nip roll 40 is in clamping position,
      the knife member 24 is moved across the vertical line of web. The surfaces
      25 and 31 cooperate to cut the web W1 and the end of the web W2 is aligned
      with the end of the web W1 as seen in FIG. 2. The tape press bar 35 is
      then actuated and presses the tape T1 against the end of the web W1 to
      splice the two webs together. The tape press bar 35 is retracted, the
      clamp pad 37 retracts and the nip rolls are unlocked. The web is free to
      move downwardly, however, the nip rolls are still pressed against the web
      so that the rolls rotate at the same speed as the web.
PAR  Referring again to FIG. 1, a second strip of tape T2 was applied to the nip
      roll 40 by the operator prior to the initiation of the splice. The nip
      rolls are provided with vacuum ports to hold the tape T2 to its surface.
      The tape T2 is applied at a location so that as the splice passes between
      the rolls, the strip of tape is transferred to the spliced web across the
      splice line in alignment with the strip of tape T1. The junction of the
      webs is thus taped on both sides and the splice is completed. The nip roll
      40 is then moved away from the roll 41, the plate 29 is moved downwardly,
      and the plate 30 is moved upwardly to prepare the splicer for the next
      splice when the roll of tape 26 is depleted. FIG. 3 shows the splicing
      head readied for the next splicing operation wherein a web W3 will be
      spliced to the web W2.
PAR  Referring now to FIGS. 4-8, the elements of the splicing head are mounted
      between a rear frame plate 44 and a front frame plate 45. The knife member
      24 includes a bar 46 inclined at an angle with respect to the horizontal.
      A pair of arms 47 extend horizontally from the bar 46 and are
      perpendicular thereto within slots 49 in the frame plates 44 and 45 (FIG.
      6). A hollow plate 50 extends upwardly from the bar 46 between the frame
      plates. Both sides of the plate 50 are formed with intersecting grooves 51
      which are connected to the hollow center of the plate by holes 52. A
      flexible hose 54 connected to a port in the top of the plate leads to a
      vacuum pump to form a vacuum within the grooves 51 to hold the end of the
      spare web against the side of the knife member.
PAR  A pair of pneumatic actuators 54, 56 are connected to the ends of the bar
      46 to move the knife member across the run of web W1. The actuator 54 is
      rigidly mounted to the frame plate 45 and the actuator 56 is pivotally
      mounted to the frame plate 44. The knife is guided by upper guide blocks
      57 and lower guide blocks 58 (FIG. 5) which engage the arms 47.
PAR  The actuators 54 and 56 have piston rods 59 and 60 with "U" shaped brackets
      61 and 62 mounted on the ends thereof. The brackets 61 and 62 are
      pivotally connected to the ends of the bar 46 by pins 64 and 65. A clamp
      66 is mounted on the piston rod 59. A pair of pneumatic position sensors
      67 and 69 mounted on the frame plate 45 cooperate with the clamp 66 to
      sense the position of that end of the bar 46. A pair of pneumatic position
      sensors 70 and 71 are mounted on the frame plate 44 to cooperate with the
      sides of the bar 46 to sense the position of the second end of the bar.
PAR  One type of pneumatic position sensor which may be used generates a back
      pressure in the pneumatic control circuit when it is contacted by the body
      whose position it detects. In this type of device, pressurized air is
      delivered to the unit and is allowed to escape through a vent hole in the
      end of the unit. When a body is moved into contact with that end of the
      unit, the flow of air through the vent hole is restricted and pressure
      builds up in the pneumatic circuit which operates a valve to initiate the
      next step.
PAR  As shown in FIGS. 4 and 5, the cutting plates 29 and 30 are each moved
      vertically by a pair of pneumatic actuators 74 mounted thereon having
      piston rods 75 locked to brackets 76 mounted on the frame plates. The
      plates 29 and 30 are guided by vertical bars 77-79. The inner faces of the
      cutting plates are each formed with a deep groove 80 in which the web
      clamping pads 36 and 37 are positioned. The ends of the clamping pads are
      secured to shafts 81 having a split washer 82 mounted near the outer end
      thereof. A spring 84 surrounds each shaft 81 and presses against the
      washer 82 to hold the clamping pads within the grooves 80. A pneumatic
      piston 85 is mounted within a cylinder 86 surrounding the shaft 81 and
      acts against the end of the shaft 81 to extend the clamping pads when it
      is desired to clamp the web.
PAR  Referring to FIGS. 4 and 8, the tape pressing bars 34, 35 are each mounted
      on an arm 87 which is locked to a shaft 89. A gear 90 within a housing 91
      is keyed to the shaft 89. A pneumatic actuator 92 is mounted on the
      cutting plate and has a piston 93 with a piston rod 94 in which gear teeth
      95 are cut. The gear teeth 95 engage the teeth of the gear 90 to rotate
      the shaft 89 when the actuator 92 is energized. A resilient pad 96 is
      mounted to the edge of the pressing bar for contact with the web.
PAR  As shown in FIGS. 4 and 7, the nip rolls 40 and 41 are mounted on tubular
      shafts 99 which are connected to a vacuum pump through a fitting 100 at
      one end thereof. The rolls are hollow and have end plates 101 mounted for
      rotation about the shafts 99 on bearings 102. Ports 103 in the shafts 99
      communicate with the interior of the hollow rolls and seals 104 are
      provided at each bearing to maintain the vacuum. A double row of holes 105
      are helically positioned in the outer wall of each roller to hold the tape
      strip T2 to the selected roll prior to splicing. The angle of the rows of
      holes 105 are such that when the tape strip T2 is transferred to the web,
      the strip T2 is at the same angle as the cut end of the web.
PAR  The ends of the shaft 99 of the roll 40 are mounted in rectangular sliding
      bearings 106 and 107 which are positioned in slots 109 and 110 in the
      frame plates. The roll 40 is moved toward and away from the roll 41 by a
      pair of pneumatic actuators 111 and 112. The actuator 111 is mounted on
      the frame plate 44 and its piston rod 114 is connected to the sliding
      bearing 106. The actuator 112 is mounted on one end to a bracket 115
      secured to the frame plate 45 and its piston rod 116 is connected to the
      sliding bearing 107. A pair of pneumatic sensors 117 are mounted to the
      frame plates by brackets 119 facing the sliding bearings 106 and 107.
PAR  The nip roll end plates 101 which face the frame plate 45 are provided with
      conical recesses 120. Beneath each of the shafts 99 is mounted a
      pneumatically actuated stop assembly 121 for cooperating with the recess
      120 to lock the rolls 40 and 41 against rotation. As shown in FIG. 4, the
      stop assembly 121 of the roll 40 is built into the sliding bearing 107. A
      piston 122 connected to a pointed rod 124 is positioned in a stepped bore
      125 in the bearing 107. A pneumatic fitting 126 is positioned in the end
      of the bore 125 to supply pressure for extending the rod 124. A spring 127
      retracts the rod when the pressure on the piston is removed. The stop
      assembly locking the roll 41 is similarly constructed and mounted in a
      block (not shown) set into the frame plate 45.
PAR  When the operator has prepared the splicer for a splicing operation (by
      loading a spare supply roll, positioning and trimming the end of web W2,
      and applying the tape strips T1 and T2), he operates a valve which directs
      pressurized air to the stop assemblies 121 to force the rods 124 against
      the roll end plates 101. He then rotates the nip rolls to align the
      pointed ends of the rods 124 with the conical recess 120. The rolls are
      then locked against rotation.
PAR  Upon initiation of the splice cycle, air under pressure is directed into
      the web clamping cylinders 86 (FIG. 5) mounted on the cutting plate 29.
      The pistons 85 are driven against the rods 81 on either end of the clamp
      pad 36 and the pad moves out to clamp the web W1 against the face of the
      plate 30. At the same time, air under pressure is directed to the nip roll
      actuators 111, 112 (FIG. 7) to slide the nip roll 40 against the roll 41
      and clamp the web W1 therebetween.
PAR  The sensors 117 are contacted by the surfaces of the bearings 106 and 107
      and produce a pneumatic signal which causes air pressure to be directed to
      the knife member actuator 54 (FIG. 6). The actuator 54 is energized to
      extend the piston rod 59 and the knife member is pivoted about the pin 65.
      As the knife pivots, the web is sliced from one edge toward the other. At
      the end of the stroke, the clamp 66 contacts the sensor 67 and a signal is
      sent to actuate the actuator 56 to extend the piston rod 60. The second
      end of the knife member moves across the line of the web and the side of
      the bar 46 contacts the sensor 70. A signal is transmitted indicating the
      cut has been made and the ends of the webs W1 and W2 are in abutting
      relationship. An air pressure pulse is directed to one side of the piston
      93 of the actuator 92 controlling the press bar 34. The bar 34 strikes the
      tape strip T1 pressing it against the end portion of the cut web W1. A
      second air pressure pulse is directed to the other side of the piston 93
      to retract the bar 34. The bar 34 strikes the tape strip T1 pressing it
      against the end portion of the cut web W1. A second air pressure pulse is
      directed to the other side of the piston 93 to retract the bar 34.
PAR  The pressure acting on the stop assemblies 121 locking the nip rolls and
      the pressure acting on the pistons 85 holding the clamp pad 36, are then
      vented. The springs 127 retract the pins 124 freeing the nip rolls, and
      the springs 84 retract the clamp pad 36. The web, now free to move,
      rotates the nip rolls. On the nip roll 40, the locking conical recess 120
      is positioned with relation to the double row of holes 105 so that the
      tape strip T2 reaches the junction point of the rolls at the same time the
      butted ends of the spliced webs passes between the rolls. The tape T2 is
      thus pressed across the back side of the splice and engages the ends of
      each of the spliced webs to complete the splice.
PAR  After a time delay, the nip roll actuators 111 and 112 are actuated to move
      the roll 40 away from the roll 41. The actuators 74 are also energized to
      reverse the positions of the cutting plates 29 and 30. The splicer is thus
      placed in condition to be prepared by the operator for the next splice
      when the roll 26 nears depletion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for butt splicing the end of web material from a spare roll to
      web material being drawn from a depleting supply roll comprising in
      combination a knife member mounted to be movable laterally between two
      operative positions on either side of a line having sides facing toward
      and away from said line in each of the operative positions and having an
      end perpendicular to said line providing a knife edge on each side of said
      knife member, means for directing the web in use along said line, means on
      each side of said knife member for securing the end portion of the spare
      roll web to that side thereof facing away from said line with the end of
      the spare web positioned along the knife edge on that side, a pair of
      plate members on either side of said line movable parallel to said line
      and each having an end parallel to and facing said end of said knife
      member, means for moving the plate member on the opposite side of said
      line from the knife member to align said end thereof with said end of said
      knife member to cooperate therewith in severing the web in use, tape
      pressing means mounted on each of said plate members, means for moving the
      plate member on the same side of the line as the knife member to
      operatively position said tape pressing means thereon, means for stopping
      the movement of the web along said line, means for moving the knife member
      across said line while the web is stopped to cut the web in use and butt
      the end of the spare web thereto, and means for operating said operatively
      positioned tape pressing means while the web is stopped to press the
      overlapping portion of a tape applied to and overlapping the web end
      carried by the knife member against the cut end of the web in use to
      splice the spare web thereto.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said means for stopping the
      movement of the web along said line includes a pair of spaced rolls, means
      for locking said rolls against rotation during the splicing operation,
      means for moving one of said rolls to press said web between said rolls
      during the splicing operation to stop the web, and means for unlocking
      said rolls to allow rotation thereof after the splicing operation.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said means for stopping the
      movement of the web along said line also includes a clamp member mounted
      on each of said plate members each for clamping the web against the
      opposite plate member, and means for operating one of said clamp members
      during the splicing operation.
NUM  4.
PAR  4. Apparatus according to claim 2, including means for holding a second
      piece of tape to said roll on the opposite side of said line of web from
      the initial position of said knife member.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said knife member is mounted to
      pivot about its ends, and said means for moving said knife member across
      said line includes a pair of actuators energized at different times and
      operating at spaced points on said knife member to pivot said knife member
      about each of its ends in turn.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said knife member is formed with
      vacuum ports on the sides thereof parallel to the running web for gripping
      the end of the new web.
NUM  7.
PAR  7. Apparatus according to claim 4, including a line of vacuum ports in the
      surface of each of said rolls for holding the second tape strip thereto.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein said knife means is positioned
      to cut the running web at an acute angle and said line of vacuum ports is
      positioned to deposit the second tape strip on the splice at the same
      angle.
NUM  9.
PAR  9. Apparatus according to claim 2, wherein one of said rolls is mounted for
      movement perpendicular to its axis, and both of said rolls are provided
      with a recess in one end thereof, said locking means including a pin for
      engaging said recess to prevent rotation of said rolls, means for moving
      said pins into said recess, and means for retracting said pins.
NUM  10.
PAR  10. Apparatus according to claim 1, wherein each of said tape pressing
      means include a bar for contacting the tape, a shaft mounted on the plate
      member, an arm rotatably mounted on the shaft, said bar being mounted on
      the arm, and an actuator mounted on the plate member to rotate the shaft
      and pivot the arm to move the bar toward the opposite plate member.
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ABST
PAL  An ultrasonic welding and cutting apparatus designed for the manufacture of
      articles made of two superposed sheet materials includes an anvil means
      which exhibits a raised pattern of welding and cutting surfaces, and
      bearing surface means for limiting the motion of an ultrasonically
      vibrating horn toward the anvil means and for distributing also the impact
      forces manifest upon the anvil means. The horn is provided with means for
      reducing the motional excursion of the frontal surface portion which
      impacts upon the bearing surface means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention refers to an apparatus for simultaneously welding and
      cutting soft film and fabric material by ultrasonic energy. Welding and
      cutting of thermoplastic fabric material by ultrasonics has been shown for
      instance in U.S. Pat. No. 3,378,429 dated Apr. 16, 1968 entitled "Method
      and Apparatus for Treating Material with Sonic Energy" issued to E. B.
      Obeda, in Japanese Pat. No. 250,121 dated Mar. 6, 1959, or in the article
      "Ultraschallverfahren zum Verbinden und Trennen von Kunststoffen", by E.
      A. and R. E. Nier, published in Zeitschrift fur Schweisstechnik dated
      January 1965, pages 12 through 19.
PAR  In these arrangements a horn, resonating at an ultrasonic frequency, is
      brought into forced contact with one side of sheet material made entirely
      or partially of thermoplastic material, while the other side of the
      material is supported on an anvil surface. The transfer of vibratory
      energy from the horn to the material provides a weld and a suitably shaped
      cutting surface of the horn, upon impact on the material and anvil surface
      causes a cut in the sheet material. In this manner, as has been shown in
      the art referenced, it is possible to simultaneously weld and cut
      thermoplastic material while providing a finished edge at the cut.
PAR  Several problems, however, are manifest with an arrangement of this type.
      Most significantly, the high frequency repetitive impact of the knife edge
      of the horn upon the anvil surface causes a rapid wear of the cutting
      surface and already after a few hours of operation, either the knife edge
      of the horn or the anvil surface must be reworked. This condition is quite
      apparent considering that in an ultrasonic apparatus the repetitive impact
      of the horn surface upon the anvil occurs at a frequency of 16 kHz or
      higher, and that the force of impact is several thousand g. Also the
      contact between the horn frontal surface and the anvil results in audible
      chatter.
PAR  There exists a need for fabricating various articles from thermoplastic
      material or textile material having thermoplastic constituents by the use
      of ultrasonic energy as is shown, for instance, in the U.S. Pat. No.
      3,562,041 dated Feb. 9, 1971 "Method and Apparatus for the Ultrasonic
      Joining of Materials According to a Pattern" issued to C. A. Robertson,
      which patent reveals the manufacture of shirt sleeve cuffs. Two sheet-like
      elements are fed underneath an ultrasonically vibrated horn while being
      supported on a contoured anvil which is provided with the raised outline
      of a cuff or some other desired pattern. After the sealed material portion
      leaves the welding station, a separate cutting device is used to sever the
      sealed or welded material portion from the surrounding web. Sealing or
      welding of thermoplastic sheet material is shown also in U.S. Pat. No.
      3,733,238 dated May 15, 1973 "Apparatus for Vibration Welding of Sheet
      Material" issued to D. D. Long et al., without that any cutting or
      severing means are used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns an improved ultrasonic apparatus for
      simultaneously sealing and cutting of textile material and providing that
      the welded portion of the textile material is immediately severed from the
      surrounding web. Hence, the need for a separate cutting operation or
      cutting station is obviated. In copending application for U.S. patent
      application Ser. No. 377,399 filed July 9, 1973 in the name of E.
      Backhurst, entitled "Ultrasonic Welding and Cutting Apparatus", which
      application is assigned to the assignee of this application, the anvil
      means used for sealing and cutting is constructed to include bearing
      surface means of sufficient width to absorb and distribute the impact of
      the vibrating horn, thereby minimizing the wear of the impacting surfaces,
      i.e. anvil and horn surfaces. In addition, the cutting surface forms a
      part of the anvil structure and is in juxtapostion with the welding
      surface also disposed on the anvil. The bearing surface means and the
      cutting surface, both forming a part of the anvil construction, are of
      substantially equal height to provide for the use of a horn having a
      straight frontal surface thereby eliminating special contours on the horn
      frontal surface as is required in some of the prior art devices. However,
      the lateral edge regions of the horn contacting the bearing surface means
      of the anvil give rise to audible chatter and the heretofore troublesome
      wear problem, while greatly reduced in magnitude, still remains, although
      to a lesser extent.
PAR  The present invention discloses an improved arrangement for cutting and
      sealing thermoplastic fabric material using a bar horn which exhibits a
      non-uniform motional amplitude along its frontal surface. More
      specifically, the horn is provided with means for causing the lateral edge
      portions which contact the bearing surfaces of the anvil to have only
      minimal motional amplitude while the larger center portion of the frontal
      surface of the horn undergoes its normal motional amplitude for providing
      the sealing and cutting action.
PAR  By means of the constructional features indicated hereinabove and to be
      described hereafter, a greatly simplified ultrasonic sealing and cutting
      apparatus has been devised which most significantly exhibits simplicity,
      durability and long life. Moreover, the apparatus provides for ease and
      economic manufacture of various textile articles, such as shirt sleeve
      cuffs, gloves and the like, using two superposed sheet materials sealed at
      the edge and severed from the surrounding web material. Other significant
      improvements achieved by the present construction will be more clearly
      apparent by reference to the following description when taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a typical article to be manufactured by the
      present apparatus;
PAR  FIG. 2 is a sectional view along lines 2--2 in FIG. 1;
PAR  FIG. 3 is a perspective view of the major elements forming the instant
      invention;
PAR  FIG. 4 is a sectional view illustrating certain features of the invention;
PAR  FIG. 5 is a sketch illustrating schematically a principal feature of the
      invention;
PAR  FIG. 6 is an elevational view of another embodiment of the invention;
PAR  FIG. 7 is an elevational view of a modified embodiment of the invention;
PAR  FIG. 8 is an elevational view of a further embodiment of the invention, and
PAR  FIG. 9 is a side view of the embodiment shown in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the figures and FIGS. 1 through 4 in particular, there is
      shown in FIG. 1 the outline of a glove 12 which is to be manufactured by
      the use of two superposed fabric materials 14 and 16 which preferably are
      in web form. In order to fabricate this article, the superposed materials
      14 and 16 are ultrasonically sealed to each other along the dashed line 18
      and cut along the solid line 20. By virtue of the cut edge 20 the glove 12
      is then separated from the surrounding web material.
PAR  FIG. 2 shows in greater detail the sealed or welded area 18 and the cut
      edge 20 in juxtaposition so as to provide a finished edge which is not
      subject to loose threads or ravelling. It will be apparent that other
      articles such as shirt collars, shirt cuffs, chemical filter pads and the
      like can be manufactured in a similar manner, in each instance the welded
      or sealed areas conforming to the outline of the respective article.
PAR  Referring now to FIGS. 3 and 4 there is shown an apparatus for
      manufacturing the article 12. A base plate 22 supports a pair of bearing
      supports 24, 26 which journal an anvil structure in the form of a roller
      28. The roller 28 is provided with a raised pattern of welding and cutting
      surface means 30 which conform, in this instance, to the outline of the
      glove 12 shown in FIG. 1. A belt 32 via a pulley 34 attached to the shaft
      36 of the roller 28 is adapted to rotate the roller 28 in the direction
      indicated by the arrow 38. A guide 40 serves for guiding the superposed
      flat fabric materials 14, 16 toward the anvil roller 28 and into the gap
      between the roller 28 and the horn 42 so that the underside of the fabric
      material is in contact with raised pattern 30 of the anvil roller 28 and
      the upper side of the fabric material is adapted to be contacted by the
      frontal surface 44 of the horn. The bar horn 42 is coupled with its input
      surface 41 to an electroacoustic converter unit 46 for causing the horn to
      be driven at its resonant frequency in which case the frontal surface 44
      is located at an antinodal region of longitudinal motion. In this manner,
      the frontal surface 44 of the horn undergoes high frequency vibration, for
      instance, 20 kHz with a motional amplitude of 0.001 to 0.003 inches peak
      to peak in the direction toward and away from the anvil surface. The horn
      preferably is constructed in accordance with the teachings in U.S. Pat.
      No. 3,113,225 issued to C. Kleesattel et al., entitled "Ultrasonic
      Vibration Generator" dated Dec. 3, 1963, and the converter unit 46 may be
      constructed in accordance with U.S. Pat. No. 3,328,610 issued to S. E.
      Jacke et al., entitled "Sonic Wave Generator" dated June 27, 1967.
PAR  A salient feature of this invention is the provision of a horn which is
      characterized by a uniform motional amplitude at the sealing and cutting
      surface and by a reduced motional amplitude at the lateral regions 45 and
      47 which repetitively impact upon the bearing surfaces 29 of the anvil
      roller. The reduced motional amplitude provides for a quieter operation
      due to the absence of audible chatter. Moreover, the absence of the high
      motional impact lengthens the life of the horn's frontal surface, a most
      important feature of the present invention.
PAR  The differential vibratory motion along the output or frontal surface of
      the horn is achieved in a preferred embodiment of the present invention by
      providing two spaced notches 43 at the input surface of the horn, one
      notch on each side of the converter unit 46. The resulting motional
      characteristics exhibited by the horn along its lineal output surface is
      shown in FIG. 5 from which it will be evident that the motional excursion
      (peak-to-peak) is markedly reduced at the lateral regions 45 and 47. The
      notches are generally aligned with the regions of reduced vibrational
      amplitude.
PAR  A typical horn made of titanium and designed for operation at 20 kHz
      exhibits an input surface 10 inches (25.4 cm) long by 11/2 inches (38 mm)
      wide and is tapered to 3/4 inch (19 mm) width at the frontal surface. Each
      notch 43 is half round with a 13/8 inch (35 mm) radius and located with
      its center approximately 11/4 inches (32 mm) from the lateral edge. The
      reduction of motional amplitude at the edge portion of the output surface
      is significant and the amplitude is only 20 to 30 percent of the motional
      amplitude present in the center portion.
PAR  The specific operation of the present invention will be more clearly
      apparent by the reference to FIG. 4. The raised pattern 30 on the anvil
      structure, in this instance the roller, and formed in the outline of the
      article 12 comprises a first raised surface 31 which serves as the welding
      surface and a juxtaposed second raised surface 33 which acts as the
      cutting surface when impacted by the frontal surface 44 of the horn. The
      frontal surface 44 of the horn is a straight line surface to provide
      lineal and sequential contact with the different portions of the pattern.
      The ridge of the cutting surface 33 by virtue of the desired result is
      relatively narrow and typically from 0.005 to 0.020 inches (0.13 mm to 0.5
      mm) wide. The repetitive high frequency impact accompanied by the high g
      forces would cause a relatively quick wear and dulling of the cutting
      surfaces 33 and/or a grooving of the frontal surface 44 of the horn 42. In
      order to prevent this occurrence, the anvil roller 28 is provided at a
      location outside the pattern area and the web of sheet materials with a
      pair of bearing surfaces 29 which have a ridge width which is a multiple
      of that of a respective cutting surface 33. The ridge of the bearing
      surface means 29 is disposed at the same height as that of the cutting
      surface 33 so that the bearing surfaces 29 act as a stop for the horn and
      also distribute the impact force, thereby preventing the entire impact
      forces to be borne by the relatively narrow cutting surfaces. The
      provision of these bearing surfaces significantly improves the life and
      durability of the cutting surfaces 33. In a typical example, it has been
      found advantageous to make the width of the bearing surface means from 25
      to 50 times as wide as that of a particular cutting surface. It will be
      apparent, moreover, that by providing the bearing surface means on the
      anvil means, the frontal surface of the horn becomes a straight lineal
      surface which is readily manufactured and which easily can be refinished
      in the event that any wear or grooving is noticed after extensive use.
      Despite the provision of the bearing surface means 29, wear of the horn
      frontal surface 44 and chatter as the horn frontal surface 44 repetitively
      impacts upon the bearing surfaces 29 are problems. The notches 43 in the
      horn 42 alter the ultrasonic motion of the horn along the frontal surface
      44 in such a manner as to cause reduced impact upon the bearing surfaces,
      thus minimizing wear and chatter of the horn, but leaving the sealing and
      cutting areas which require relatively large motional amplitude
      substantially unaffected.
PAR  It should be noted here that in the event of a glove, the raised pattern
      omits a sealing surface at the opening where the hand enters the glove,
      see FIG. 1.
PAR  The bearing surface means, instead of forming an integral part of the anvil
      means, may comprise quite obviously removable metal elements to provide
      for quick replacement thereof. This modification is especially applicable
      when the anvil means comprises plates. The bearing surface means
      advantageously are held in place by pins and screws and if manufactured
      initially with too great an elevation, a grinding operation may be used to
      derive the finished dimension.
PAR  In FIG. 6 an alternative embodiment of the invention is shown wherein the
      rear portion of the horn 42A is provided with a cutout section 50
      extending substantially a quarter wavelength from the input surface 41A.
      The cutout section is designed to have approximately the same width as the
      bearing surface means 29, corresponding to the portions along the frontal
      surface of the horn 45A and 47A whereat the reduced vibration amplitude is
      desired. The reduced vibration amplitude permits accurate gauging between
      the horn and anvil for the particular workpieces to be welded. In
      addition, two narrow slots 52 are machined extending from the frontal
      surface 44A of the horn for a distance substantially one-quarter
      wavelength toward the input surface, hence terminating substantially in
      the nodal region of the horn. The slots are aligned with the respective
      edges of the cutouts 50. While the end of the cutout 50 is preferably
      rounded as shown, a squared corner cut is useable, but such shape would
      result in great mechanical stress at the corner.
PAR  The principle of this embodiment is that at each side of the horn a stub is
      formed which presents a high impedance to the converter at the frequency
      of operation, i.e. where the stub has a length equal to one-quarter
      wavelength at the resonant frequency. Thus, the horn exhibits reduced
      displacement amplitude at the output surfaces 45A and 47A. Tests have
      shown that in the case of a 81/2 inch (21.6 cm) wide horn, the
      displacement amplitude at the end regions 45A and 47A was only four
      percent of the center region displacement amplitude.
PAR  In FIG. 7, wear resistant pads 54 are disposed at the frontal surfaces 45'
      and 47' of the respective stubs. The wear resistant pads 54, made of hard
      material, reduce the wear at the edge regions of the horn frontal surface
      and allow longer operation of the apparatus between stoppages for
      reworking of the horn frontal surface or the anvil cutting surfaces. In
      one embodiment, the wear resistant pads are made of tungsten carbide
      material brazed upon the frontal surface of the stubs. Other hard metal
      material may be used for the pads 54.
PAR  One result of using stubs as described hereinabove is that flexural mode
      vibrations are generated in the stubs in a direction perpendicular to the
      direction of the longitudinal ultrasonic vibratory motion. The frequency
      of the flexural vibrations is sufficiently low, therefore having a long
      wavelength, so that the flexural vibrations are not coupled to and through
      the remainder of the horn 42.
PAR  FIG. 8 illustrates a preferred solution for reducing the flexural
      vibrations. A damping means in the form of a cross bar 56 disposed on both
      sides of the horn 42 is coupled to each stub by means of a screw 58,
      spacer 60 and nut 62 as illustrated in FIG. 9. Each cross bar 56 must be
      sufficiently rigid to substantially inhibit the induced flexural
      vibrations in the stubs.
PAR  In applications where the spacing between the frontal surface 44A and the
      anvil surfaces 31 and 33 is critical, the nonvibrating horn edges 45A and
      47A are used for accurately gauging the distance between the frontal
      surface of the horn and the anvil.
PAR  It will be seen that the foregoing invention provides an apparatus which is
      adapted to simultaneously weld and cut fabric material in any desired
      pattern and that by virtue of the notches, cutouts and slots in the horn,
      and of the bearing surfaces provided on the anvil means, the cutting
      surfaces and the horn's frontal surface are protected from rapid
      deterioriation and wear and the audible chatter is greatly diminished.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material, the combination of:
PA1  horn means adapted to be resonant at a predetermined frequency having an
      input surface for receiving vibratory energy of said frequency and an
      opposite frontal surface for transferring the received energy to material
      in contact with said frontal surface;
PA1  electroacoustic means coupled to said horn means at its input surface for
      rendering said horn means resonant;
PA1  anvil means disposed opposite said frontal surface for supporting the
      material for contact with said frontal surface to provide for energy
      transfer from said horn means to the material, said anvil means including
      a pattern of raised welding and cutting surfaces in the shape of an
      article to be produced, and raised bearing surface means for impact by
      said frontal surface, and
PA1  said horn being constructed to exhibit substantially uniform motional
      excursion of said frontal surface in the direction toward said anvil at
      the region opposite said pattern of welding and cutting surfaces and
      including means for producing reduced motional excursion of said frontal
      surface at the region of impact with said bearing surface means.
NUM  2.
PAR  2. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 1, said horn means
      being a bar horn having a lineal frontal surface, and said means for
      producing reduced motional excursion causing reduced motional excursion to
      occur at the lateral edge portions of said frontal surface.
NUM  3.
PAR  3. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 2, said means for
      producing said reduced motional excursion being located at said input
      surface.
NUM  4.
PAR  4. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 3, said means located
      at said input surface comprising a pair of spaced notches.
NUM  5.
PAR  5. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 4, said notches being
      of substantially semi-circular shape.
NUM  6.
PAR  6. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 4, one notch being
      disposed on either side of said electroacoustic means coupled to a central
      portion of said input surface.
NUM  7.
PAR  7. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 2, said means for
      producing said reduced motional excursion being located at said input
      surface and said frontal surface.
NUM  8.
PAR  8. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 7, said means for
      producing non-uniform motional excursion comprising respectively a pair of
      cutouts extending from said input surface for substantially an odd number
      of quarter wavelengths of the sound energy traveling through said horn
      from said input surface toward said frontal surface and a pair of slots
      for causing a pair of respective stubs extending from said frontal surface
      for substantially an odd number of quarter wavelengths toward said input
      surface, said slots being in alignment with said cutouts.
NUM  9.
PAR  9. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 7, said means for
      producing reduced motional excursion comprising respectively a pair of
      cutouts extending from said input surface for substantially one-quarter
      wavelength of the sound energy traveling through said horn from said input
      surface toward said frontal surface and a pair of slots for causing a pair
      of respective stubs extending from said frontal surface for substantially
      one-quarter wavelength toward said input surface, said slots being in
      alignment with said cutouts.
NUM  10.
PAR  10. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 9, and including
      vibration damping means coupled to said stubs.
NUM  11.
PAR  11. In an ultrasonic welding and cutting apparatus for welding and cutting
      soft film and fabric material as set forth in claim 10, said vibration
      damping means comprising a cross bar fastened at each end to a respective
      stub.
NUM  12.
PAR  12. A bar horn having an input surface and a lineal frontal surface, and
      adapted to be rendered resonant as a half wavelength resonator when driven
      at its input surface with vibratory energy of predetermined frequency, the
      improvement comprising: a plurality of apertures provided in said horn for
      causing, responsive to said horn being rendered resonant, a first portion
      of said lineal frontal surface to exhibit substantially uniform motional
      excursion and a second portion of said lineal frontal surface to exhibit
      reduced motional amplitude than that exhibited by said first portion.
NUM  13.
PAR  13. A bar horn as set forth in claim 12, said plurality of apertures
      provided in said horn including notch means at said input surface.
NUM  14.
PAR  14. A bar horn as set forth in claim 13, said horn being dimensioned to be
      resonant at a frequency of at least 16 kHz.
NUM  15.
PAR  15. A bar horn as set forth in claim 12, said plurality of apertures
      comprising a pair of cutouts extending from said input surface for
      substantially an odd number of quarter wavelenghts of the sound energy
      traveling through said horn from said input surface toward said frontal
      surface and a pair of slots for causing a pair of respective stubs
      extending from said frontal surface for substantially an odd number of
      quarter wavelengths toward said input surface, said slots being in
      alignment with said cutouts.
NUM  16.
PAR  16. A bar horn as set forth in claim 12, said first portion being centrally
      disposed along said lineal frontal surface and said second portion being
      the lateral edges of said lineal frontal surface.
NUM  17.
PAR  17. A bar horn as set forth in claim 16, said plurality of apertures
      provided in said horn comprising a pair of cutouts at said input surface
      and a pair of slots at said frontal surface for forming respective stubs
      between each of said slots and the respective lateral edge of said horn.
NUM  18.
PAR  18. A bar horn as set forth in claim 17, and further including vibration
      damping means coupled to said stubs.
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ABST
PAL  There is provided a tab tape splicing apparatus for automatically fastening
      a tab tape on the adhesive surface of a rolled pressure-sensitive adhesive
      sheet at the end of the roll to provide a rolled pressure-sensitive
      adhesive tape with a tab at the leading end thereof. The apparatus
      comprises a rail fixedly mounted between a pair of upright frame members
      on both sides of a base to extend in the breadthwise direction of a
      pressure-sensitive adhesive sheet, a movable frame movable from side to
      side along the rail, a splicing roll attached to the movable frame for
      fastening a tab tape, a tape holder for holding a roll of tab tape,
      cutting means for cutting the tab tape, and means for moving the movable
      frame from side to side.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus whereby a tab tape for
      providing a tab at the leading end of a pressure-sensitive adhesive tape
      is automatically fastened to the adhesive surface at the end of a
      pressure-sensitive adhesive tape to be rolled up.
PAR  It has been the practice in the art to fasten a tab tape cut to a
      predetermined length to the adhesive surface at the end of each
      pressure-sensitive adhesive tape to produce a finished product so that at
      time of use the leading end of the rolled pressure-sensitive adhesive tape
      may be readily nipped off by the user. A disadvantage of this conventional
      practice is that the tab tape fastening operation must be effected
      manually on each individual rolled tape thus giving rise to a problem in
      working property and lack of uniformity in the position and posture of
      fastened tab tapes, and moreover a considerable skill is required to
      ensure a uniform result from the fastening operation.
PAR  On the other hand, it has been considered that this tab tape splicing
      operation could be performed with a greatly improved efficiency if an
      apparatus is to be developed in which pressure-sensitive adhesive tapes
      which have not been cut into individual tapes of a predetermined width as
      yet, is rolled up as a wide pressure-sensitive adhesive sheet and a tab
      tape is continuously and linearly spliced to the adhesive tapes in the
      sheet form at a predetermined position at the end thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an automatic
      apparatus for linearly splicing a tab tape to a pressure-sensitive
      adhesive sheet in the breadthwise direction thereof.
PAR  It is another object of the present invention to provide an automatic tab
      tape splicing apparatus in which every splicing cycle including the steps
      of starting the operation, completing the fastening of a tab tape, cutting
      the fastened tab tape and restoring the apparatus to the original
      conditions can be effected in response to a single instruction of the
      operator and the apparatus can readily be restored into condition for
      repeated operations.
PAR  It is still another object of the present invention to provide an automatic
      tab tape splicing apparatus which is highly durable to withstand frequent
      repeated operations as well as the operation at high speeds.
PAR  In accordance with the present invention, there is thus provided an
      automatic tab tape splicing apparatus for automatically fastening a tab
      tape to the adhesive surface of a rolled pressure-sensitive adhesive sheet
      at the end thereof, the apparatus comprising a rail fixedly mounted
      between a pair of upright frame members on both sides of a base to extend
      in the breadthwise direction of a pressure-sensitive adhesive sheet, a
      movable frame movable from side to side along the rail, the movable frame
      having a splicing roll for fastening a length of tab tape to the adhesive
      surface of the pressure-sensitive adhesive sheet and a tape holder for
      carrying a roll of tab tape, cutting means for cutting the tab tape when
      the length of tab tape is fastened to the adhesive sheet, and means for
      moving the movable frame from side to side.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view showing an embodiment of an automatic tab tape
      splicing apparatus according to the present invention;
PAR  FIG. 2 is an enlarged from view showing a portion of the apparatus of FIG.
      1;
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 2;
PAR  FIG. 4 is a front view showing a modified form of the apparatus shown in
      FIG. 1;
PAR  FIG. 5 is a front view showing another embodiment of the present invention;
PAR  FIG. 6 is an enlarged front view showing the movable frame and its
      associated members of the apparatus shown in FIG. 5;
PAR  FIG. 7 is an enlarged right side view of FIG. 6;
PAR  FIG. 8 is an enlarged plan view of FIG. 6;
PAR  FIG. 9 is an enlarged back view of FIG. 6;
PAR  FIG. 10 is an enlarged front view showing the cutting scissors and its
      associated members of the apparatus shown in FIG. 5;
PAR  FIG. 11 is an enlarged left side view of FIG. 10; and
PAR  FIG. 12 is a circuit diagram of the control system for the apparatus of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 to 4 showing an embodiment of the invention, a
      mounting plate 3 is attached to a frame 2 vertically provided at each side
      of a base 1, and fixedly mounted between the mounting plates 3 is a rail 4
      on which is carried a movable frame 5. The movable frame 5 comprises an
      upper frame member 6 which slides along the upper surface of the rail 4, a
      rear frame member 7 secured to the back of the upper frame member 6 and
      movable in sliding contact with the back and bottom surfaces of the rail
      4, a front frame member 8 secured to the front side of the upper frame
      member 6 to slide along the front side of the rail 4, and an upwardly
      extended frame member 9 secured to the upper faces of the front frame
      member 8 and the upper frame member 6.
PAR  The movable frame 5 is alternately pulled in both directions to reciprocate
      along the rail 4 by a wire rope 13 tightly stretched over fixed pulleys 10
      and a pulley 12 of a motor 11. Numeral 14 designates fastening members
      which fasten the ends of the wire rope 13 to the sides of the movable
      frame 5 and the fastening members 14 are secured to the frame member 6 of
      the movable frame 5. Numeral 15 designate bearings for the fixed pulleys
      10, which are attached to the mounting plates 3.
PAR  The movable frame 5 is further provided with a roll of tab tape 16, a
      splicing roll 18 for fastening a length of the tab tape 16 to the adhesive
      surface of a pressure-sensitive adhesive sheet 17, and a cutting blade 19
      for cutting the fastened tab tape 16.
PAR  A core holder 20 carries a press-fit roll of the tab tape 16 and is
      rotatably mounted on a shaft 22 which is secured by a nut 21 to the front
      frame member 8 of the movable frame 5. The shaft 22 is provided at the
      central portion thereof with a tapped hole 23 which extends in the
      longitudinal direction, and a bolt 24 is fit in the tapped hole 23. Fitted
      on the bolt 24 is a washer 25 placed in contact with the end face of the
      core holder 20 and a spring 26 for pressing the washer 25 against the core
      holder 20, and a nut 27 for restraining the spring 26 is threadedly
      mounted on the bolt 24 and the nut 27 is secured to the bolt 24 by a set
      screw 28. By pressing the washer 25 against the end face of the core
      holder 20, any excessive rotation of the core holder 20 is controlled, and
      the force of the spring 26 is regulated by turning the nut 27. Numeral 29
      designates a case for the tab tape 16 which is secured to the front frame
      member 8 of the movable frame 5 and whose opening is closed by a cover 30.
      Numeral 52 designates a peep hole formed in the cover 30 and the presence
      of the tab tape 16 may be confirmed through the peep hole 52.
PAR  The splicing roll 18 is attached to an arm 31 by a shaft 37 and the arm 31
      is secured to a pivot shaft 34 of a rotary solenoid 33 which is attached
      to the extension frame member 9 of the movable frame 5.
PAR  Numeral 35 designates a pressure roll for pressing the tab tape 16 against
      the splicing roll 18 and it is pivotably secured to an arm 36 which is
      secured to the arm 31 by the shaft 37. A spring 38 is tightly stretched
      between the arms 31 and 36 to press the pressure roll 35 against the
      splicing roll 18.
PAR  The cutting blade 19 for cutting the tab tape 16 is secured to the end of
      an arm 39 which is integral with an arm 40 for rocking the arm 39, and a
      boss 41 of the arm 40 is pivotably mounted on the shaft 37. A roll 53 is
      pivotably secured to the arm 40 so that the cutting blade 19 is moved
      vertically in accordance with the movement of the roll 53 along the
      inclined surface of an inclined plate 42 provided at the left end of the
      rail 4.
PAR  The tab tape 16 is pulled out to the upward of the case 29 between guide
      pins 43 attached to the case 29 and through a case window 44 and it is
      then led past the shaft 37 and between the pressure roll 35 and the
      splicing roll 18 to be placed on the splicing roll 18. When the movable
      frame 5 is ready in its starting position at the right end of the rail 4,
      the rotary solenoid 33 is not energized and the splicing roll 18 is not in
      contact with the pressure-sensitive adhesive sheet 17. When a
      predetermined length of the adhesive sheet 17 is delivered in a direction
      crossing the rail 4 at right angles, a counter meter which is not shown
      comes into operation and stops the movement of the adhesive sheet 17. When
      the supply of the adhesive sheet 17 stops, the rotary solenoid 33 is
      energized so that the splicing roll 18 presses the tab tape 16 against the
      adhesive sheet 17 and at the same time the motor 11 is energized to cause
      the movable frame 5 to start moving to the left. In response to the
      movement of the movable frame 5, the tab tape 16 is fastened to the
      adhesive surface of the adhesive sheet 17 as it is successively pulled
      out.
PAR  When a predetermined length of the tab tape 16 is thus fastened to the
      adhesive sheet 17, the roll 53 on the arm 40 is moved along the inclined
      surface of the inclined plate 42 and thus the cutting blade 19 is raised
      to cut the tab tape 16. Upon completion of the cutting operation, a switch
      45 is depressed by the movable frame 5 so that the rotary solenoid 33 is
      deenergized and the splicing roll 18 is lowered to separate from the
      adhesive sheet 17, and at the same time the motor 11 is rotated in the
      reverse direction to move the movable frame 5 to the right. When the roll
      53 comes out of engagement with the inclined surface of the inclined plate
      42, the cutting blade 19 is lowered. When the movable frame 5 returns to
      the initial position, a switch 46 is depressed by the movable frame 5 and
      the motor 11 stops operating. Repetitions of the above-described process
      accomplish automatic splicing of the predetermined length of the tab tape
      16 to the succeeding lengths of the pressure-sensitive adhesive sheet.
PAR  The cutting blade 19 and the splicing roll 18 may be respectively moved
      vertically by hydraulic piston cylinder units 49 and 50 through hydraulic
      circuits 47 and 48 as shown in FIG. 4, or alternately the cutting blade 19
      may be provided separately with the movable frame 5 and fixedly mounted at
      the left side thereof. Further, the movable frame 5 may be provided with a
      braking system, while either one or both of the splicing roll 18 and the
      pressure roll 35 may be made from an elastic material 51 such as rubber or
      foamed plastic material so that the tab tape 16 may be more effectively
      pressed. Furthermore, the means for moving the movable frame 5 is not
      limited to the rope and it may be comprised of a flat belt, a pinion and
      rack, hydraulic mechanism or the like.
PAR  Referring now to FIGS. 5 through 12, another embodiment of the invention
      will be described in detail.
PAR  In FIG. 5, fixedly mounted between a pair of frames 102 vertically arranged
      on the both sides of a base 101 is a guide rail 104 which is extended in
      the breadthwise direction of the adhesive surface of a pressure-sensitive
      adhesive sheet 103, and a movable frame 106 having a tab tape holder 105
      is slidably carried on the guide rail 104. The movable frame 106 may for
      example be fitted on the rail 104 so that the movable frame 106 may
      smoothly slide along the rail 104 without any chattering, and it is
      connected to a chain or wire rope 109 tightly stretched between guide
      pulleys 107 attached to the frames 102 and driven by a motor 108 and thus
      the movable frame 106 is movable in both directions along the rail 104 in
      accordance with the rotation of the motor 108. The tab tape holder 105
      which is attached to the movable frame 106 forms a casing along with a
      cover 112 having an opening 111 so that the presence of a roll of tab tape
      110 contained therein may be confirmed through the opening 111. As shown
      in FIG. 5 and FIGS. 6 through 9 which illustrate in detail the movable
      frame 106 and its associated members, an arm 113 which is rotatably
      attached to the movable frame 106 has a splicing roll 114 rotatably
      pivoted at the upper end thereof so that the tab tape 110 brought out from
      the tape holder 105 and guided along the adhesive surface of the
      pressure-sensitive adhesive sheet 103 is pressed and fastened thereto. The
      arm 113 is normally biased into a upright position by a spring 115
      extended between the arm 113 and the movable frame 106 and the arm 113
      also is engaged with a stopper 116 provided on the movable frame 106 to
      prevent any further movement of the arm 113 from its upright position. A
      ratchet wheel 118 is secured to a pivot shaft 117 of the arm 113 to rotate
      along with it, and the ratchet wheel 118 forms, along with a pawl 119
      attached to the movable frame 106, a ratchet mechanism which allows the
      arm 113 to rotate only in a direction in which it is tiltable.
PAR  In the illustrated embodiment, the movable frame 106 is provided with
      cutting scissors 120 for cutting the tab tape 110 after it has been
      fastened and it is pivotted, as shown in FIGS. 10 and 11, at 123 to a
      sliding bar 122 slidably fitted in a slide block 121 which is fixedly
      mounted on the movable frame 106. Consequently, the cutting scissors 120
      are slidable over the slide block 121 between a pair of guide rolls 124
      mounted on the slide block 121 to project therefrom, and in this way the
      blades of the cutting scissors 120 which are normally opened by the action
      of an expanding spring 125 attached to the tail ends of the scissors 120,
      are closed as arcuated portions 126 at the scissor tail ends proceed
      between the guide rolls 124 in accordance with the sliding movement of the
      sliding bar 122. In other words, the scissors 120 are opened and closed in
      accordance with the vertical movement of the scissors 120 within a
      predetermined distance.
PAR  While, in this embodiment, the cutting scissors 120 are attached to the
      movable frame 106 so that it is movable along with the splicing roll 114
      at the rear thereof, they may be fixedly mounted for example on the frame
      102 provided that the movable frame 106 is permitted to pass the scissors
      120 at its terminal position, i.e., the fastening ending position, and
      thus the position of the scissors 120 can be selected as desired in
      accordance with the operating requirements.
PAR  In the embodiment of FIG. 5, the movable frame 106 starts moving at the
      left end of the rail 104 and stops its movement at the right end thereof,
      and a projecting rod 127 is attached to the frame 102 at the movable frame
      starting position on the guide rail 104 so that the pawl 119 of the
      ratchet mechanism is rotated to release the control on the rotation, and
      this releasing is effected by a change in the position due to the movement
      of the movable frame 106.
PAR  Further, a hydraulic piston cylinder unit 128 which is secured to the pivot
      shaft 117 of the arm 113, is provided at the movable frame terminal
      position on the rail 104 so that a projecting bar 131 secured to the pivot
      shaft 117 of the arm 113 strikes into the hydraulic piston cylinder unit
      128 to rotate and tilt the arm 113, and another hydraulic piston cylinder
      unit 129 is also provided which forces upward the sliding bar 122 for
      opening and closing the blades of the scissors 120.
PAR  In FIGS. 5 through 11, numeral 130 designates a pressure roll for holding
      the tab tape 110 between it and the splicing roll 114, and particularly
      the pressure roll 130 serves to carry the tab tape 110 thereon when a
      predetermined length of the tab tape 110 is spliced and the movable frame
      106 returns to its starting position.
PAR  To control the above-described starting and stopping of the movable frame
      106 and the operation of the cutting scissors 120, two limit switches
      LS.sub.1 and LS.sub.2 are respectively mounted on the frames 102 at the
      positions corresponding to the starting and terminal positions of the
      movable frame 106, and the associated relays, timers and electromagnetic
      valves for controlling the hydraulic piston cylinder units are controlled
      in accordance with the operation of the limit switches LS.sub.1 and
      LS.sub.2 whereby to control the entire operation of the apparatus. An
      exemplary form of the electric circuitry including this control system is
      shown in FIG. 12, and the operation of the above-described second
      embodiment will now be described with reference to FIG. 12.
PAR  FIG. 12 shows the conditions in the electric circuitry which correspond to
      the conditions in the apparatus shown in FIG. 5, i.e., the movable frame
      106 is stationary at its starting position and the limit switch LS.sub.2
      is switched on to turn a pilot lamp PL.sub.2 on through its contact
      lS.sub.22. In FIGS. 5 and 12, with a power switch CS closed, when the tab
      tape splicing position of the pressure-sensitive adhesive sheet 103 comes
      to a rest above the rail 104, that is, when a predetermined amount of the
      adhesive sheet 103 is rolled up, an actuating switch PB is closed for a
      predetermined period of time by the output of a counter or the like which
      counts the amount of the rolled adhesive sheet 103. When this occurs, a B
      contact lS.sub.11 of the limit switch LS.sub.1 and a B contact r.sub.41 of
      a relay R.sub.1 remain closed so that the relay R.sub.1 is energized and
      self-holds its energized state by its A contact r.sub.11 and at the same
      time a motor 108 is rotated in the forward direction through a relay A
      contact r.sub.13 to move the movable frame 106 to the right in FIG. 5.
      This movement of the movable frame 106 resets the limit switch LS.sub.2 so
      that its A contact lS.sub.22 is opened and its B contact lS.sub.21 is
      closed to turn the pilot lamp PL.sub.2 off and a pilot lamp PL.sub.1 on,
      thus indicating that the splicing operation is taking place. When the
      movable frame 106 is in motion, the splicing roll 114 fastens the tab tape
      110 to the adhesive surface of the pressure-sensitive adhesive sheet 103
      and the arm 113 is moved while it is held in the upright position by the
      action of the stopper 116. When the tab tape 110 is fastened to the
      adhesive sheet 103 over the entire breadth thereof and the movable frame
      106 comes to the terminal position, the limit switch LS.sub.1 is actuated.
      With the limit switch LS.sub.1 actuated, its B contact ls.sub.11 is opened
      to deenergize the relay R.sub.1 and its A contact lS.sub.12 is closed to
      actuate an electromagnetic valve SV.sub.1 and a timer T.sub.1. This
      actuation of the electromagnetic valve SV.sub.1 brings the hydraulic
      piston cylinder unit 129 into operation through a hydraulic control system
      which is not shown and causes the cutting scissors 120 to cut the tab tape
      110. On the other hand, at the expiration of a predetermined time after
      the actuation of the timer T.sub.1, a relay R.sub.2 is energized by the
      closing of its A contact t.sub.1 and the electromagnetic valve SV.sub.1 is
      deenergized by the opening of its B contact r.sub.21, whereby the cutting
      scissors 120 are returned to their original position and an
      electromagnetic valve SV.sub.2 and a timer T.sub.2 are actuated by the
      closing of A contact r.sub.22. In response to the actuation of the
      electromagnetic valve SV.sub.2, the hydraulic piston cylinder unit 128
      comes into operation through a hydraulic control system which is not shown
      so that the lower end of the arm 113 is pressed by the piston rod of the
      cylinder unit 128 and thus the arm 113 is tilted to lower the position of
      the splicing roll 114 below the lower surface of the adhesive sheet 103.
      On the other hand, the actuation of the timer T.sub.2 causes its A contact
      t.sub.2 to close at the expiration of a predetermined time and
      consequently a relay R.sub.3 is energized to open its B contact r.sub.3 to
      deenergize the electromagnetic valve SV.sub.2 and deactivate the hydraulic
      cylinder unit 128. At the same time, a timer T.sub.3 starts operating and
      closes its A contact t.sub.3 after the expiration of a predetermined time.
      When the A contact t.sub.3 is closed so that a relay R.sub.4 is energized,
      its self-holding action is maintained by its A contact r.sub.42 and at the
      same time a A contact r.sub.43 is closed to rotate the motor 108 in the
      reverse direction and thereby to move the movable frame 106 to the left in
      FIG. 5. In this case, the arm 113 is held in its tilted position by the
      ratchet mechanism and therefore the splicing roll 114 on the movable frame
      106 does not come into contact with the adhesive sheet 103 thus permitting
      the movable frame 106 to move smoothly. With the movable frame 106
      returned to the starting position, the limit switch LS.sub.2 is again
      actuated and at the same time the end of the projecting rod 127 strikes
      against the pawl 119 to release the ratchet mechanism and bring the arm
      113 back into the initial upright position. The actuation of the limit
      switch LS.sub.2 also turns the pilot lamp PL.sub.1 off and the pilot lamp
      PL.sub.2 on to indicate that the apparatus is ready for the next splicing
      operation. At the same time, the B contact lS.sub.21 is opened so that the
      relay R.sub.4 is deenergized and the A contact r.sub.43 is opened to bring
      the motor 108 to a stop.
PAR  While the entire process of a single splicing cycle has been described so
      far, it is needless to say that the similar process can be repeated by
      reclosing the actuating switch PB in the above condition.
PAR  It will thus be seen from the foregoing description that the present
      invention provides an operation in which a series of steps including
      fastening and cutting tab tape are effected automatically. Particularly,
      by virtue of the fact that in the second embodiment the rotation of a
      splicing roll supporting arm is effected by means of a spring and a
      ratchet mechanism, not only the repeated operation of the apparatus at
      frequent intervals does not cause it to become faulty due to the
      generation of heat or the like, but also it does not give rise to any
      operating difficulties. Further, even if the splicing operation is
      effected at a high speed under heavy pressure, the high strength of the
      apparatus enables it to operate with a high degree of durability. Still
      further, the use of cutting scissors ensures a positive cutting operation
      and adjustment of the cut area. Thus, it is evident that the present
      invention has a number of advantages and therefore it is highly useful
      from the industrial point of view.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for splicing a tab tape to a pressure-sensitive adhesive
      sheet comprising: a guide rail arranged opposite to an adhesive surface of
      a pressure-sensitive adhesive sheet and extending in the breadthwise
      direction of said sheet; a movable frame slidably carried on said guide
      rail and having a tab tape holder; an arm pivotably attached to said
      movable frame and normally biased into an upright position by a spring to
      guide, press and fasten a tab tape to said adhesive surface of said
      pressure-sensitive adhesive sheet; a splicing roll rotatably attached to
      one end of said arm; a stopper attached to said movable frame to restrain
      the movement of said arm in said upright position; a ratchet mechanism
      mounted on said movable frame whereby said arm is allowed to rotate in a
      direction in which said arm is tiltable; a projecting rod provided at a
      starting position of said movable frame on said guide rail to release said
      ratchet mechanism; a hydraulic piston cylinder unit provided at a terminal
      position of said movable frame on said guide rail to rotate said arm in
      said tiltable direction; cutting means for cutting said tab tape between
      said splicing roll and an end edge of said pressure-sensitive adhesive
      sheet; and drive controlling means for reciprocating said movable frame
      between said starting position and said terminal position.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said movable frame is
      slidably mounted on said guide rail and connected to a chain or wire
      stretched over a plurality of guide pulleys arranged between a pair of
      frame members and driven by a motor, whereby said movable frame is moved
      from side to side along said guide rail in accordance with the rotation of
      said motor.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein said ratchet mechanism
      comprises a ratchet wheel attached to a pivot shaft of said arm pivotably
      attached to said movable frame and rotatable along with said arm, and a
      pawl attached to said movable frame, whereby said arm is permitted to
      rotate only in said tiltable direction.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein a projecting rod is attached
      to one of said frame members at said movable frame starting position on
      said guide rail whereby to rotate said pawl of said ratchet mechanism to
      release the restraint on the rotation of said arm.
NUM  5.
PAR  5. An apparatus according to claim 1, wherein hydraulic piston cylinder
      means is provided at said terminal position of said movable frame on said
      guide rail to come into engagement with a projecting bar attached to said
      pivot shaft of said arm and rotate and tilt said arm.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein said cutting means comprises
      a scissors for cutting the tab tape when a length of said tab tape has
      been fastened to an end of the pressure-sensitive adhesive sheet are
      mounted on said movable frame, said cutting scissors are pivotably secured
      to a sliding rod slidably fitted in a slide block attached to said movable
      frame and are mounted to be slidable on said slide block between a pair of
      projecting rolls mounted on said slide block, and the blades of said
      cutting scissors are normally held open by the action of an expanding
      spring attached to the tail ends of said cutting scissors, whereby said
      blades are closed when arcuated portions of said scissors tail ends are
      advanced between said projecting rolls by the sliding motion of said
      sliding rod.
NUM  7.
PAR  7. An apparatus according to claim 1 further comprising drive controlling
      means whereby said movable frame is automatically reciprocated on said
      guide rail between said starting position and said terminal position in
      response to closing for a predetermined time of an actuating switch
      adapted to indicate that a predetermined amount of said pressure-sensitive
      adhesive sheet has been rolled up.
NUM  8.
PAR  8. An apparatus according to claim 6, wherein said cutting scissors is
      provided with lifting operating means for raising said cutting scissors to
      the position of said tab tape.
NUM  9.
PAR  9. An apparatus according to claim 1, wherein said cutting means comprises
      a cutting blade attached to one end of an arm, said arm having a roll
      pivoted at the other end thereof, said arm is pivotally secured to said
      movable frame, whereby said cutting blade is moved vertically to cut said
      tab tape in accordance with the movement of said pivoted roll over an
      inclined plate provided at one end of said guide rail.
NUM  10.
PAR  10. An apparatus according to claim 9, wherein said cutting means is moved
      vertically by a hydraulic piston cylinder unit actuated by a hydraulic
      circuit.
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ABST
PAL  A method for obtaining a homogeneous dislocation density in a semiconductor
      rod, by first subjecting the semiconductor rod in a known manner, to a
      crucible-free zone melting process whereby it becomes monocrystalline and
      free of dislocations, and thereafter an annealing zone is moved through
      the rod, under specified conditions.
PARN
PAR  This is a continuation of application Ser. No. 230,878, filed Mar. 1, 1972
      now abandoned.
BSUM
PAR  The present invention relates to a method of producing monocrystalline,
      preferably silicon, semiconductor material with an adjustable, uniform
      dislocation density, by crucible-free zone pulling of a rod which is
      situated in a recipient held perpendicularly at its end and is surrounded
      by at least one heating device that can be shifted axially.
PAR  "Dislocation density" is understood to mean the number of dislocations per
      area content and is represented by the etching pit density = Etch Pit
      Density = E. P. D.
PAR  It is known to transform polycrystalline semiconductor rods into rod shaped
      monocrystals by fusing a monocrystalline crystal seed to one end of the
      rod and by moving at least once (starting at the fusion point) a melting
      zone, through the crystalline rod. This zone melting is done in a
      crucible-free manner, i.e. a melting zone is moved through the
      perpendicularly positioned crystalline rod, with the aid of an induction
      heating coil which encloses the rod.
PAR  Monocrystals which were produced by crucible-free zone melting, have
      numerous irregularly distributed dislocation and other crystal structure
      faults.
PAR  Specific features during zone melting, e.g. the melting of a crystal seed
      in form of a bottle neck type seed or crystal inoculation, as described in
      German published Application DAS No. 1,128,413, make it possible to obtain
      semiconductor material that is completely dislocation free. U.S. Pat. No.
      3,175,891 of Mar. 30, 1965, corresponding to German published Application
      DAS No. 1,128,413, describes the method of producing dislocation-free
      monocrystalline silicone by crucible-free zone melting with a seed crystal
      involving attaching a seed crystal which has a smaller cross section than
      the supply rod or the monocrystalline rod produced, and at the beginning
      of the drawing process on the seed crystal, a bottle-neck type
      constriction is obtained, which serves to prevent crystal dislocations
      present in the seed crystal from following the melt-zone.
PAR  It is an object of the present invention, however, to produce a
      monocrystalline semiconductor material with an exactly adjustable
      dislocation density, which is uniformly distributed across the rod cross
      section and along the rod length. In addition, the material should be free
      of so-called "lineages" (small angular grain boundaries) meaning crystal
      structure faults which represent line dislocations, i.e. lines of higher
      dislocation density, the cause of whose occurrence is still unsolved. This
      semiconductor material is used, when semiconductors such as thyristors,
      diodes and transistors are to be produced by alloying or diffusion
      processes.
PAR  To achieve the object of the invention, commencing with the recognition
      that the occurrence of dislocations in the crystal is a result of thermal
      tensions, which are present during the crystal growth, and that the
      occurrence of lineages can be observed only following the melting
      processes, it is provided, in order to produce an adjustable dislocation
      density in the crystal and to prevent lineages, by first subjecting the
      semiconductor rod in a known manner, to a crucible-free zone melting
      method whereby it becomes monocrystalline and free of dislocations.
      Thereafter, an annealing zone is produced in the zone molten rod, which is
      held only at one end, at a temperature below the melting point of the
      semiconductor material. The annealing zone is moved through the
      semiconductor rod, in the same or in opposite direction as during the zone
      melting process.
PAR  Thus, in the method of the present invention, the subsequent annealing
      process purposely creates thermal tensions in the crystal of the zone
      molten, dislocation-free monocrystalline rod, which result in a uniformly
      distributed dislocation density, due to the specific selection of the
      annealing conditions, such as for example, the annealing temperature, the
      shape of the coil and the temperature of the annealing zone. The swirls
      which occur in the zone molten, dislocation free semiconductor rod, are
      thereby "healed" and disappear. "Swirls" are vacancy nests represented by
      spiral or cloudy concentrations of flat etching pits. They react with the
      dislocations which result from the annealing process.
PAR  The thus produced semiconductor material is less critical to some methods
      used in the production of components, than the dislocation-free
      semiconductor material, since no individual nests of dislocations that
      lead to great inhomogeneities, can occur. Dislocation containing material
      is also better suited for alloying processes thandislocation free
      material, since it effects a better and more uniform melting.
PAR  The method according to the teaching of the invention is characterized by a
      high reproducibility and by its simple execution and lends itself very
      well to automation.
PAR  The method of the present invention can also be coupled to great advantage
      with the zone melting processes, disclosed in German Pat. Nos. 1,148,525;
      1,218,404 and 1,263,698.
PAR  It was found very advantageous to use an induction heating coil designed as
      a flat coil, for producing the annealing zone since said induction heating
      coil can keep the region of the semiconductor rod encompassed by the
      annealing zone to very small dimensions. This helps to produce the
      temperature differences in the crystal in relation to the adjacent region,
      which are required for producing the dislocations.
PAR  The annealing process is carried out in a vacuum or in a protective gas
      atmosphere (argon, nitrogen or hydrogen).
PAR  According to a particularly preferred embodiment of the invention, the
      annealing zone is moved at 1 to 2 mm/min through the semiconductor rod. At
      the same time, the semiconductor rod is rotated around its axis, at 60 rpm
      in order to support a uniform distribution of the dislocations.
PAR  It is within the scope of the invention to move the annealing zone through
      the semiconductor rod in opposite direction from the one used during zone
      melting. Thus, if zone melting is performed from below upward, then the
      annealing zone is moved through the rod from the top downward. The
      dislocations which exist in the cooling zone and stem from the zone
      melting process, serve as seeds during the pulling of the annealing zone.
DETD
PAR  The method of the invention is performed in an apparatus, which is suitable
      for vertical zone pulling and is illustrated in the Drawing.
PAR  The FIGURE shows a recipient designated 1. A retaining seal 2 is provided
      in the top of the recipient 1. The seal 2 provides a vacuum tight passage
      for the drive shaft 3 of the zone molten, monocrystalline rod. The
      semiconductor rod 4, which is a silicon monocrystalline rod with a
      diameter of 27 mm, is held by a holder 5. The holder 5 may be moved,
      longitudinally, in the direction of the rod axis and may be rotated around
      its axis. Reference numeral 6 denotes the crystal seed, which at the
      beginning of the zone melting process, is fused to the lower end of the
      silicon rod and which in order to obtain a freedom from dislocation in the
      zone molten crystal has a smaller cross section and a bottle-neck shaped
      constriction 7. The zone melting process, which is not described in detail
      and is assumed to be known, is effected upwardly from the bottom.
      Following the zone melting process, the silicon crystal rod 4 is cooled in
      the same apparatus (as illustrated) and an annealing zone 9 is produced at
      its upper end, by means of the induction heating coil 8. Used as the
      induction heating coil 8 is a flat coil having an inside diameter of 38 mm
      and an outside diameter of 62 mm. The induction heating coil 8 is led
      through a side wall of the recipient 1, in vacuum tight relation. The
      holder 10 of the induction heating coil 8, may be a coaxial holder which
      serves for the supply of current as well as of the coolant, preferably
      water. An observation window 11 is preferably provided on the opposite
      side wall of the recipient 1. The dimensions of the coil are appropriate
      for the particular rod. However, coils with other dimensions are obviously
      necessary for rods of other diameters.
PAR  The annealing process can be performed in a vacuum or in a protective gas
      atmosphere. The protective gas, e.g. argon, arrives from storage container
      12, via a line system 13, into the recipient 1. The line system 13
      contains a reducing valve 14, as a shut-off valve 15, as well as a
      pressure gauge 16.
PAR  The annealing zone 9 is adjusted to a maximum temperature of about
      1370.degree.C and is pulled from the cooling place through the rod
      downwardly from the top at a speed of 1.2 mm/min. The silicon rod 4 is
      rotated around its axis at 60 rpm.
PAR  After passing the annealing zone through the entire rod, a dislocation
      density of 100,000 dislocations/cm.sup.2 is established uniformly across
      the entire rod length and the rod cross section. Crystal dislocations in
      form of lineages do not occur. The life span of the carriers, measured
      across the entire rod length is around 10 .mu.S.
PAR  The device components which are also necessary for zone melting, such as
      the rod holder for the seed crystal, a vacuum tight passage or entry in
      the bottom of the recipient, are shown in the Figure by dash-dot lines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of producing monocrystalline silicon having a uniform dislocation
      density in the range of 100,000 dislocations/cm.sup.2 which comprises, in
      a crucible-free zone melting process, passing a molten zone through a rod
      situated in a recipient and with the aid of a seed crystal fused to an end
      of the rod converting the rod into a monocrystalline silicon rod free of
      dislocations, permitting the rod to cool, and then using the dislocations
      which exist on the end of the rod due to the zone - melting process as
      seeds, passing a heated zone through the dislocation-free monocrystalline
      silicon rod at a maximum temperature of 1370.degree.C in the direction
      opposite to the direction of the zone melting process at a speed of 1-2
      mm/min. to impart to said dislocation-free monocrystalline silicon rod a
      uniform dislocation density in the range of 100,000 dislocations/cm.sup.2.
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ABST
PAL  The invention comprises a method of evaporating an aqueous solution
      containing dissolved solids or mineral salts without adherence of the
      solids or mineral salts to any surfaces contacting the aqueous solution
      which comprises the following steps:
PA1  A. Flowing the aqueous solution as an outside or continuous medium, mixed
      with sufficient dispersed oil to form a continuous film on all
      preferentially oil wettable contacting surfaces, upwardly through a
      confined heating and vaporizing zone having therein contacting heating
      elements, the surfaces of which are of substantially zero water adsorbent
      polymeric fluorocarbon material and totally wetted with a film of oil,
      thereby converting a portion of the aqueous solution to water vapor and
      precipitated solids, and forming a mixture of oil, misty vapors, solids,
      and remaining aqueous solution; and
PA1  B. Separating this mixture of oil, misty vapors, solids, and remaining
      aqueous solution (still the outside or continuous water medium) into
      components thereof in succeeding zones or chambers in which substantially
      all surfaces contacting these materials are preferentially oil wettable.
PAL  The invention also relates to apparatus in which the above method may be
      carried out.
PARN
PAC  RELATED APPLICATIONS AND BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of my application Ser. No.
      306,183, filed Nov. 14, 1972, Case 1, entitled "Improvements In Heat
      Exchangers and Evaporators."
BSUM
PAR  It is related to my application Ser. No. 401,655, entitled "Improvements In
      Heat Exchangers and Evaporators," filed Sept. 28, 1973, Case 2, which is
      also a continuation-in-part of Ser. No. 306,183. Both disclosures offer
      different approaches to evaporating aqueous solutions without adherence of
      solids to contacting surfaces, although both use the same fundamental
      principle of utilizing scale preventing oil films on preferentially oil
      wettable surfaces as taught in my application Ser. No. 306,183. The most
      distinct differences in the two methods are as follows:
PAR  Ser. No. 306,183 and Ser. No. 401,655, Case 2 teach mixing and circulating
      the aqueous solution with hot oil, the oil being heated either prior to
      mixing or during mixing, transferring heat from the oil (this oil being
      the outside medium of the mixture) to small droplets of aqueous solution
      thereby converting all or a portion of it into vapor and solids. The
      present application teaches circulation and heating of aqueous solution as
      the outside medium, containing entrained oil to function as a protective
      film former on all contacting preferentially oil wettable surfaces,
      thereby preventing the adherence of solids to said surfaces, such solids
      being present in the aqueous solution initially or after heating. The
      present application also teaches a novel method and apparatus for
      capturing entrained oil droplets from circulating aqueous solutions and
      continuously applying them as a moving film on the total surface of a
      heating element, said surface being preferentially oil wettable and
      substantially zero water adsorbent, such apparatus and method being fully
      disclosed in Objects and Description to follow. This application also
      teaches a novel method of enhancing the oil wettability of a
      preferentially oil wettable surface in submerged contact with a mixture of
      oil and aqueous solution, wherein the aqueous solution is usually the
      outside medium, this method consisting of the permanently roughening or
      etching of said oil wettable surface prior to use. I have found that an
      oil wettable surface functions better when smooth when in contact with
      mixtures of oil and aqueous solution wherein the oil is the dominating,
      outside medium, particularly when exposed to an atmosphere of vapor,
      having less tendency to adhere to solids, as is the condition prevailing
      in Ser. No. 306,183 and Ser. No. 401,655, Case 2. A very distinct
      difference between the disclosures of the present application and those
      previously mentioned resides in the fact that whereas in those disclosures
      only oil is heated and thus heat is transferred to dispersed droplets of
      aqueous solution, the present application teaches direct heating of
      circulating aqueous solution through a film of oil, usually quite thin, on
      the preferentially oil wettable surface of a heating element, this film
      functioning to prevent adherence of solids to the heating surface.
PAR  There are inherent advantages in both approaches, referring to oil as the
      outside medium in contrast to aqueous solution as the outside medium, the
      most desirable approach is determined by the particular evaporating
      problem involved. Some examples of such problems and the recommended
      approach are as follows:
PAR  a. Use injection and dispersion of aqueous solution into pre-heated oil as
      taught in Ser. No. 306,183 when:
PA1  1. The source of heat is dilute, radiant and requires extensive horizontal
      surfaces such as would be used in capturing solar heat, and in which clean
      oil must be used with no settling out of solids, the subsequent
      evaporation of aqueous solution injected into the oil being carried out in
      sub-atmospheric pressures.
PA1  2. The source of heat is remote and evaporation cannot be performed at such
      source, such as in some geothermal applications and utilizing terrestrial
      heat by the circulation of clean oil through hot earth formations.
PA1  3. The produced solids can be readily washed free of coatings of oil.
PA1  4. It is desirable to evaporate a solution to total dryness and oily solids
      can be tolerated.
PA1  5. Multi-stage evaporation is not required, energy costs are no factor, and
      temperatures appreciably higher than the boiling temperature of the
      aqueous solution are available.
PA1  6. It is useful to utilize the oil as a vehicle for conveying solids from
      one location to another.
PAR  b. Use direct heating of circulating mixtures of predominantly oil (outside
      medium) and dispersed aqueous solution, as depicted in Ser. No. 401,655,
      Case 2 when vaporizing can be performed at the source of heat, evaporation
      to dryness is required, oil solids can be tolerated, and circulation of
      contaminated oil is effected by injection of inert gas such as steam,
      eliminating the need for a pump that is subject to fouling when
      circulating contaminated oil.
PAR  c. Use a system where film-forming oil is dispersed in a circulating
      aqueous solution which is the outside medium and is heated sufficiently to
      form precipitated solids, as taught in this application, when:
PA1  1. Low inventories of oil are desirable or required.
PA1  2. Very clean, oil-free solids are required.
PA1  3. Minimum temperature drops in heat exchange prevail, such as in
      multi-stage evaporation systems.
PA1  4. The saturation and soluble salts precipitation state of an aqueous
      solution is not reached, such as in the first stages of a multi-stage
      evaporation system, and the only solids present are those formed by heat
      breakdown of compounds such as calcium bicarbonate which breaks down to
      form insoluble calcium carbonate, the stable salts remaining in solution
      until evaporated out in further stages.
PAC  OBJECTS OF INVENTION
PAR  a. The primary object of this invention is the provision of an evaporator
      which may be used in single or multiple stages, wherein aqueous solutions
      containing film-forming dispersed oil may be circulated, heated, and
      vaporized, forming entrained solids, without adherence of the solids to
      any contacting surfaces which are preferentially oil wettable and
      substantially zero water adsorbent.
PAR  b. Accomplishing (a) in which the system is contained in a single housing.
PAR  c. Accomplishing (a) in which the entrained oil may be kept in suspension
      in the circulating aqueous solution by provision of sufficient velocity of
      the solution and sufficient density for the oil.
PAR  d. Accomplishing (a) in which an oil-free solid is produced by
      precipitation from the aqueous solution.
PAR  e. Accomplishing (a) in which solids are continuously removed from the
      evaporator as follows: circulating an oily aqueous solution through an
      upper oil zone, down through a lower solids settling zone, picking up the
      solids as a slurry, passing out with it from the bottom of the evaporator,
      flowing into a pump which forces the solids-aqueous solution-oil mixture
      through a solids removing separator, returning the oily aqueous solution
      to the oil zone of the evaporator to repeat the cycle.
PAR  f. Accomplishing (e) and providing sufficient velocity of the oily aqueous
      solution as it flows down through the oil zone that it will entrain
      additional oil to be carried down to a zone in the evaporator where a
      portion of this entrained oil joins aqueous solution flowing upward
      through a confined heating and evaporating zone, thereby aiding in supply
      of film-forming oil for the heating elements, and the other portion of the
      oil flowing downward with the aqueous solution as it sweeps out solids
      from the evaporator, this oil supplying film forming oil for the solids
      separating step and the pump ahead of this step, and all of the conduits
      for the oily aqueous solution as it returns to the evaporator or to a
      second stage of evaporation.
PAR  g. Accomplishing (a) in which heat is supplied by vertical, suspended
      heating elements in which the outer surface is substantially zero water
      adsorbent and from which heat may be derived by any means such as
      electrical resistance, condensing vapors or circulating fluids, these
      heating elements being coated with oil films to prevent adherence of
      solids to same.
PAR  h. Accomplishing (g) in which the lower end of the heating element contains
      a shallow, perforated or serrated sleeve coated with or made of
      substantially zero water adsorbent material such as a fluorocarbon resin,
      this sleeve functioning as a trap for upward moving, suspended oil
      droplets in aqueous solution, feeding this oil through the perforations or
      serrations to provide a uniformly applied, continuous upward moving film
      of oil, fully coating the entire length of the heating element.
PAR  i. Accomplishing (a), utilizing heating elements which have a substantially
      zero water adsorbent surface in contact with the aqueous solution and oil,
      the aqueous solution being the outer medium, and this heating element
      surface being slightly roughened or etched in order to promote better
      retention and spreading of oil drops that contact it as the mixture of
      aqueous solution and oil droplets flows against it.
DRWD
PAR  The invention will be more readily understood by reference with
      accompanying drawing in which:
PAR  FIG. 1 is a schematic view of an apparatus for carrying out the invention
      including an evaporator having heating tubes or elements partly shown in
      longitudinal section and partly in elevation, and
PAR  FIG. 2 is a detailed view of the lower portion of one of the tubular
      heating elements in FIG. 1 which may be either attached to or an extension
      of the heating element or tube.
DETD
PAC  DESCRIPTION OF INVENTION
PAC  FIG. 1:
PA0  1: vapor, baffle, and foam chamber.
PA0  2: Cover for 1
PA0  3: Cone-shaped oil chamber
PA0  4: Lower pipe leg of evaporator
PA0  5: Coned bottom of evaporator
PA0  6: Outlet from bottom of the evaporator for oily solids-aqueous solution
      slurry.
PA0  7: Heating tubes or elements.
PA0  8: Inner tubes for condensate removal from heating tubes.
PA0  8': Inlet and outlet tee for heating tube 7
PA0  9: Condensate conduit from evaporator (condensed heating vapor)
PA0  10: Condensate disposal source.
PA0  11: Source of heating vapor.
PA0  12: Heating vapor conduit from source 11.
PA0  13: Heating vapor conduits to heating tubes 7
PA0  13': Annular vapor space between condensate removal tubes 8 and heater
      tubes 7.
PA0  14: Inner sleeve for housing heater tube bundle and providing confined path
      for upward moving oil and aqueous solution to be heated. The sleeve 14
      serves as a housing for the evaporator chamber, hereinafter referred to as
      58a, the contents of which chamber are heated by heating tubes 7,
      hereinafter referred to as heating means.
PA0  15: Evaporating and vapor removing baffles.
PA0  16: Baffle vent tubes.
PA0  17: Source cold aqueous feed solution.
PA0  18: Feed control valve.
PA0  19: Cold aqueous feed conduit to heat exchanger 44.
PA0  20: Oily warmed feed solution conduit to evaporator, discharging at 65 into
      lower end of sleeve 14, this conduit 20 leading from heat exchanger 44.
PA0  21: Evaporator inlet for removed liquids and solids from mist-extractor 27.
PA0  22: Level control sensor for controlling amount of feed solution, via valve
      18.
PA0  23. Source of inert gas or steam to stimulate circulation of oily aqueous
      solution upward through heating zone in sleeve 14.
PA0  24: Conduit for inert gas or steam.
PA0  25: Discharge outlet for inert gas or steam in sleeve 14.
PA0  26: Condensate accumulation zone inside lower end of heating tube 7.
PA0  27: Mist extractor for produced water vapor.
PA0  28: Produced vapor outlet from evaporator.
PA0  29: Conduit for produced vapor, leading to mist extractor 27 from the top
      of the evaporator.
PA0  30: Clean produced water vapor and condensate from heat exchanger 44.
PA0  31: Liquid and solids outlet from mist extractor 27.
PA0  32: Conduit for liquid and solids from mist extractor 27, leading to the
      evaporator inlet 21.
PA0  33: Variable flow restrictor for alerting the flow velocity of circulating
      oily aqueous solution as it leaves oil zone 50 at the juncture of pipe leg
      4 and cone shaped chamber 3, set to provide sufficient velocity to entrap
      and retain sufficient oil for film forming on the heating elements,
      (details not shown as many arrangements and designs would suggest
      themselves to those skilled in the art)
PA0  34: Oil-water solution interface sensor to actuate oil supply valve 36
      which maintains sufficient oil in the evaporator.
PA0  35: Oil-water or aqueous solution interface.
PA0  36: Control valve for replacement oil.
PA0  37: Source of replacement oil.
PA0  38: Replacement oil entry to evaporator oil zone.
PA0  39: Hand regulated pump to supply film forming oil to be mixed both with
      incoming cold feed solution and with the warmed feed solution after it
      leaves heat exchanger 44.
PA0  40: Mixture of salts and oily saturated aqueous solution, passing through
      pump 42 from outlet 6 of the evaporator.
PA0  41: Control valve, governed by aqueous solution level in a succeeding stage
      of evaporation (not shown), which feeds a portion of the oily saturated
      aqueous solution to this succeeding evaporating stage from discharge
      conduit 46 from solids separator 43.
PA0  42: Hand controlled variable circulating pump for passing oily
      solids-aqueous solution slurry to solids-separator 43, supplying flow
      pressure for oily aqueous solution to a succeeding stage of evaporation,
      and for recycling the balance of oily aqueous solution back to the parent
      evaporator through conduit 47 and evaporator inlet 49.
PA0  43: Liquid-solids separator. (details not shown as many types may be used)
PA0  44: Indirect heat exchanger for pre-heating cold feed solution, utilizing
      produced vapor in this disclosure for heat, but which may be used with
      other hot fluids from the process as so desired.
PA0  45: Clean, damp solids or salts from separator 43.
PA0  46: Removed oily saturated aqueous solution from liquid-solids separator
      43.
PA0  47: Oily saturated aqueous solution conduit to recycle to first stage or
      parent evaporator.
PA0  48: Predetermined portion of oily aqueous solution, governed by the set
      capacity of the succeeding evaporator, flowing to said evaporator (not
      shown).
PA0  49: Oily saturated aqueous solution, recycled, inlet to oil zone 50 of
      parent evaporator.
PA0  50: Hot oil zone in chamber 3.
PA0  51: Oil-foam interface in chamber 3.
PA0  52: Vapor zone of chamber 1
PA0  53: Layer of oily foam in chamber 3
PA0  54: Flow path of circulating saturated aqueous solution from chamber 3 to
      pipe leg 4 of evaporator.
PA0  55: By-passed oil inlet from hand set valve 60 to warmed feed solution
      conduit 20.
PA0  56: Flow path or zone circulating oily saturated aqueous solution in
      annular space between pipe leg 4 and inner sleeve 14.
PA0  57: Oil droplet trap for capturing and feeding film forming oil onto outer
      surfaces of heater tubes 7.
PA0  58: A mixture of oil, feed solution, solids and water vapor between tubes 7
      and inside confining sleeve 14, all moving upwards.
PA0  58a: Denotes an evaporating chamber housed within the sleeve 14 and heated
      by internal heating means 7
PA0  59: Circulating oil from pump 39, hot from evaporator, supplying film
      forming oil to feed solution, both upstream and downstream from heat
      exchanger 44.
PA0  60: Hand set by-pass valve to apportion feed of oil to feed solution from
      source 59.
PAC  FIG. 2
PA0  61: hollow, open-ended sleeve, either attached to or an extension of
      heating tube 7, composed wholly of fluorocarbon resin or of thin metal
      coated inside and outside with fluorocarbon resin, which functions as an
      oil droplet trap and distributor.
PA0  62: Outlet perforations in 61 for uniform feeding of entrapped oil to outer
      surface of heating tube 7.
PA0  63: Oil film as applied to heating tube 7.
PAC  FIG. 1
PA0  64: mixture of oil, saturated aqueous solution, solids and vapor outflow
      from top of sleeve 14.
PA0  65: Oily, pre-warmed feed solution discharge into lower part of sleeve 14
      for passage upward through the confined heating and vaporizing zone.
PA0  100: Denotes an oily aqueous solution solids-slurry zone located below the
      entrance to the evaporator zone or chamber 58a and above the outlet 6
      leading to the pump 42
PAC  OPERATION OF INVENTION
PAR  FIG. 1: Cold aqueous feed solution to be treated and which may contain both
      dissolved and dispersed solids and which solution may be either saturated
      or unsaturated, from source 17 passes through control valve 18 and conduit
      19 to heat exchanger 44. Control valve 18 is governed by a level control
      float actuated sensor 22 to maintain nearly constant level of liquids
      (with oil layer on top) in evaporator chamber 3. Before entering the heat
      exchanger 44, the cold aqueous feed solution is mixed with a portion of
      oil, just sufficient to maintain films of oil on the preferentially oil
      wettable surfaces in its flow path, such oil provided from pump 39, the
      amount governed by the adjusted capacity of the pump and by-pass valve 60.
      As shown the cold oily feed solution is indirectly pre-heated in a heat
      exchanger 44, in this disclosure with vapors produced from mist-extractor
      27 of the evaporator, but may be heated with any desired hot fluids from
      the system. Excess vapor and condensate leaves the heat exchanger at 30.
      The pre-heated oily solution flows through conduit 20 mixing with the
      other portion of hot oil from pump 39 which is by-passed from outlet 59
      through hand regulated valve 60 and which enters conduit 20 at inlet 55,
      the mixture then entering the evaporator at discharge 65 at the lower end
      of inner sleeve 14 through which it flows upward for heating and
      vaporizing. The portion of hot oil from pump 39 which by-passes heat
      exchanger 44 by admission through hand set valve 60 entering at 55 to join
      the oily pre-warmed feed solution in conduit 20 is utilized to supplement,
      only when needed, the film forming oil that is entrained in the
      circulating saturated solution that enters the bottom of sleeve 14 from
      zone 56. It is thus by-passed around heat exchanger 44 because it is hot
      and would defeat the heat exchange function of 44 for cooling and
      partially condensing the produced vapors passing through it.
PAR  This pre-warmed mixture of oil and aqueous feed solution discharging at 65
      then mixes with circulating oily aqueous solution from which a portion of
      precipitated solids has been removed (these solids passing downward to
      evaporator outlet with a portion of the oily aqueous solution -- later
      described) at discharge 65, the mixture 58 then flowing upward through the
      confined heating zone 58a formed by sleeve 14 surrounding heating tubes 7.
      In this zone 58a a portion of the aqueous solution is converted to water
      vapor and the resulting mixture of vapor, oil, solids and aqueous solution
      overflows sleeve 14 at 64, cascading down sloping baffles 15, releasing
      vapors and forming additional vapors by cascading evaporation exposure.
      Such vapors in misty vapor zone 52 pass upward through vent pipes 16,
      by-passing falling curtains of liquid from upper baffle 15. These vapors
      with a mist of oily aqueous solutions and solids are exhausted through
      outlet 28, pass through conduit 29 to mist extractor chamber 27. Here the
      scrubbed out liquids and solids bleed through bottom outlet 31, through
      conduit 32 to be returned to vapor chamber 1 through inlet 21. All
      interior surfaces of this mist-extractor are smooth, free of sharp edges,
      and are preferentially oil wettable. The mist-free vapors (containing
      inert gas if such is used for stimulating circulation through the confined
      heating zone -- described later) pass through indirect heat exchanger 44,
      pre-heating incoming cold feed solution, and out at 30 as excess vapors
      and condensate. In multi-stage evaporating processes, these vapors would
      be used as a source of heat for succeeding stages, all familiar to those
      skilled in the art, and not disclosed here. All heat transfer surfaces of
      heat exchanger 44 are preferentially oil wettable to promote drop-wise
      condensation of vapors on one side and to assure wetting with an oil film
      on the feed solution side to prevent the adherence of solids. The mixture
      of vapor, oil, aqueous solution, and solids flows down baffles 15,
      releasing vapors, and on to foam zone 53 where the remaining vapors
      escapes as it enters oil zone 50 in chamber 3. The aqueous solution and
      solids mixture drops down through this oil layer at 54, past the variable
      flow restriction member 33 with sufficient velocity to carry a portion of
      the oil as entrained oil droplets with it through annulus 56. At the
      bottom of sleeve 14 which functions as a conduit surrounding heater tubes
      7, a portion of the moving mixture of oil, aqueous solution and solids
      changes direction to flow upwards together with incoming feed solution
      through the evaporator zone or chamber 58a within the sleeve 14. Upon
      changing direction of flow, much of the larger particles of salts and
      solids drop out and flow downward with the other portion of oil and
      aqueous solution that is removed from the evaporator at outlet 6. The
      portion of oily aqueous solution that flows upward inside sleeve 14 is
      moved by the gas lifting effect of vaporizing water and injected inert gas
      or steam, if such is required. This liquid is heated to the vaporizing
      temperature of the water component by intimate contact with heating
      elements or tubes 7 shown at 58 as a boiling mixture. This mixture flows
      upward through the evaporator zone or chamber 58a within the sleeve 14 and
      overflows the top at 64 and resumes the aforedescribed cycle.
PAR  If a higher circulation rate than that induced by vaporizing of water in
      the heating zone is justified by the very appreciable increase in heat
      transfer capacity of such a system, it may be effected by the injection of
      steam or an inert gas such as nitrogen. This inert gas or steam from
      source 23 is injected through conduit 24, discharging inside sleeve 14 at
      outlet 25. The advantages of such injection are described in my
      application Ser. No. 306,183 and in continuation-in-part Ser. No. 401,655,
      Case 2.
PAR  The mixture of dropped out solids, entrained oil and saturated aqueous or
      water solution flows down to cone bottom 5 and through outlet 6 to
      variable pump 42 which is pre-set to circulate the optimum amount of the
      mixture and which pumps it to a solids-liquid separator 43 which may be
      one of many familiar types of separators. Here the clean, damp solids are
      removed at 45, the removed oily saturated aqueous solution discharging at
      46. If a succeeding stage of evaporation is employed, a predetermined
      portion of this oily saturated solution (governed by the designed capacity
      of the evaporator) passes through control valve 41 as feed to the next
      evaporation stage through conduit 48. Control valve 41 is actuated by the
      aqueous solution level in this succeeding evaporator. The other portion of
      the oily saturated aqueous solution from the solids-separator returns
      through conduit 47 to enter oil zone 50 in chamber 3 at inlet 49. This
      returned solution flows down through the oil together with the circulating
      aqueous solution from the heating and vaporizing chamber previously
      described. The returned solution flows with sufficient velocity, governed
      by the circulating rate of pump 42, to aid in capturing entrained
      downwardly flowing oil for recycling with aqueous solution through the
      heat zone 58a in sleeve 14 and to provide sufficient film forming oil for
      all preferentially oil wettable surfaces in cone 5, outlet 6, pump 42,
      liquid-solids separator 43, control valve 41, and all conduits connecting
      these to the parent evaporator and any succeeding evaporator.
PAR  Since oil losses from the system are inevitable, especially where a portion
      of oily aqueous solution passes to a succeeding evaporation stage,
      provision must be made to supply make-up oil as needed. This may be
      performed in several ways familiar to those skilled in the art. One method
      is depicted using a wide range oil-water interface sensor 34 which
      actuates oil feed valve 36 whose source of oil is a supply reservoir (not
      shown) or pumped directly from the succeeding stage evaporator if such is
      used, shown as source 37; this oil passing through control valve 36 to
      enter chamber 3 at inlet 38.
PAC  DESCRIPTION OF NOVEL METHOD OF ASSURING FULL WETTING OF HEATING TUBE WITH
      OIL
PAC  (See FIGS. 1 & 2)
PAR  As disclosed in my application Ser. No. 306,183 and Ser. No. 401,655, Case
      2 in order to prevent adherence of solids to contacting surfaces,
      particularly heating surfaces, where mineralized waters are heated to
      boiling temperatures, a protective film of oil must be maintained on the
      contacting surface. As set forth in such prior applications, Ser. No.
      306,183 and Ser. No. 401,655. I found that only substantially zero water
      adsorbent materials such as the fluorocarbon resins or polymers would
      remain preferentially oil wettable when exposed to water for prolonged
      periods. As set forth in Ser. No. 306,183, fluorocarbon resins or polymers
      such as DuPont's Teflon and particularly FEP resins such as
      hexafluoroproplyenetetrafluoreothylene have been found particularly
      suitable as substantially zero water adsorbent material for use in the
      present process and apparatus. Other normally preferentially oil wettable
      materials such as poly propylene, poly ethylene, nylon, neoprene,
      silicones, epoxy resins, and phenolic resins eventually become water
      wettable when exposed to water, especially at elevated temperatures, and
      will permit adherence of solids precipitates from boiling mineralized
      water or aqueous solutions to heating surfaces coated with such.
      Therefore, to prevent adherence of solids to such heating surfaces, they
      must be coated with a substantially zero water adsorbent material and a
      continuous film of oil maintained on them at all times. I found that
      heating elements submerged in an environment of water, when smoothly
      coated with a fluorocarbon such as DuPont FEP or TFE, are more subject to
      wetting with contacting oil droplets moving upward through a water medium
      when the surface is not completely vertical and the droplet is permitted
      to collide with it in its upward travel, rather than touching it
      glancingly as would be for a fully vertical surface. Because of this,
      horizontal heating elements would be more wettable to up-moving droplets,
      the droplet bursting and spreading and wetting the surface with oil by
      direct collision, whereas vertically disposed heating elements with smooth
      fluorocarbon surfaces will wet with only a portion of droplets contacting
      the non-vertical surfaces at the closed off lower end of a suspended tube
      or element. I noted that most of the oil droplets glancing against the
      vertical surface of the heating element, as they were deviated from their
      upward travel vertical path by turbulence in the moving aqueous solution,
      did not cling to the surface and wet it, but bounced off and continued
      their flow with the aqueous solution. I then discovered that if the
      fluorocarbon surface were roughened, very slightly, it had a much greater
      affinity for the colliding or brushing oil droplet, virtually grabbing it
      and becoming wet with it. Such surfaces may be roughened or etched quite
      economically, and provide a much greater wettability for the same, thereby
      assuring more complete wetting and non-adherence of solids, and requiring
      less oil to do so. Since the single ended, suspended vertical heating
      element or tube offers so many advantages over horizontal or U-tube types
      as disclosed in my application Ser. No. 306,183, its wetting with oil
      being no problem in that disclosure since the element is submerged in an
      environment of oil which is the outside medium, I was compelled to find a
      means of assuring a continuous and complete film of oil on my vertical
      heating element when immersed in a water medium containing dispersed oil
      droplets as taught in this disclosure. Roughening the surface as
      above-described was one answer, but I still needed a simple means catching
      the oil droplets and uniformly applying them to the lower end of the
      heating element to assure a continuous upward flow of oil film on its
      surface. To do this I devised the disclosed combination oil trap and
      distributor. It consists of a simple sleeve 61 composed of pure
      fluorocarbon resin or thin metal coated inside and outside with
      fluorocarbon resin. It is relatively short and may be a continuation of
      tube 7 with the closure for the end of tube 7 forming the top closure for
      the sleeve, or it may simply be attached to the end of tube 7 by heat
      bonding or cementing. It contains distribution openings 62 or a serrated
      bottom rim (not shown) to assure uniform feeding of caught oil to the
      outer full surface of sleeve 61 and tube 7 as shown at 63 in FIG. 2. The
      hollow sleeve captures upward moving oil droplets, distributing them
      thusly, assuring full coverage of tube 7 with an oil film, requiring a
      minimum amount of such oil.
PAR  A brief description of heating element 7 shown as a heating tube in this
      disclosure, and fully described in my Ser. No. 306,183, is as follows:
PAR  Heating vapor from source 11 is injected through conduit 12 into tee 8' and
      on into the annular space between outside tube 7 and inner condensate
      discharge tube 8. The vapor condenses on the inside surface of the tube 7
      as heat is transferred to the aqueous solution on the outside,
      accumulating at the bottom at zone 26, then exhausting through tube 8 with
      minimum escape of vapor due to proper sizing of tube 8, the condensate
      passing through conduit 9 to destination 10.
PAC  ADVANTAGES OF INVENTION
PAR  Some important advantages of this invention over the prior art, including
      my applications Ser. No. 306,183 and Ser. No. 401,655, (Case 2) are as
      follows:
PAR  a. Direct heating of aqueous solution by heat transfer through a
      fluorocarbon coated metal wall and a comparatively thin film of oil
      requires less temperature drive than the method of first heating oil, then
      transferring this heat from the oil to contacting water droplets for
      vaporizing, thus being preferable for use with multi-stage evaporators
      where low temperature drops are prevalent.
PAR  b. This method requires far less oil inventory than methods using oil as
      the outside medium to be heated for boiling injected aqueous solution.
PAR  c. It produces a cleaner and more oil-free solids product.
PAR  d. In this process, when circulating solids crystals in a saturated aqueous
      solution, there is more potential for forming larger crystals with better
      settling characteristics than when circulating crystals suspended in oil.
PAR  e. This method requires fewer and simpler level and feed controls, for
      example only two as disclosed, whereas the earlier disclosures in Ser. No.
      306,183 and Ser. No. 401,655, Case 2 require 3 or more.
PAR  f. Since the specific heat of water solutions is double or more than that
      of most hydrocarbon oils, the heat transfer efficiency of this method is
      appreciably greater than that wherein oil is heated and then used to heat
      the aqueous solution.
PAR  g. The general advantages of this evaporating method over the existent
      methods (excluding my Ser. Nos. 306,183 and Ser. No. 401,655, Case 2), is
      the method of using preferentially oil wettable contacting surfaces,
      substantially zero water adsorbent for the heating element contacting
      surfaces, together with dispersed oil suspended in an outside aqueous
      solution medium for forming a solids adherence preventive film, and
      evaporating aqueous solution beyond the saturation point without need for
      chemical pre-treatment and without fouling the contacting surfaces with
      precipitated solids.
PAR  h. The advantages of the new disclosures pertaining to the heating element
      are:
PA1  1. The novel oil catching and distribution shell on the lower end of the
      heating element, as previously described, assures maximum application and
      coating of oil on the preferentially oil wettable tube surface with
      minimum oil requirement, being simple, inexpensive, dependable, and
      trouble free with no moving parts.
PA1  2. The novel method of slightly roughening or etching the fluorocarbon
      resin surfaces on the heating elements, as well as other submerged
      surfaces in the system if so desired, assures complete coating with a
      minimum amount of oil including both oil introduced in the oil catcher and
      random drops that brush against the vertical surfaces as they travel
      upward with the aqueous solution between the heating elements, all of this
      aiding in assuring non adherence of solids to such surfaces.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of evaporating an aqueous feed solution containing dissolved
      solids or mineral salts and separating the resulting product into
      individual components without adherence of the solids or mineral salts to
      any surfaces contacting the aqueous solution, said method being carried
      out in an evaporating and separating apparatus which comprises (1) an
      evaporating chamber including a confined heating and vaporizing zone
      having heating elements therein and (2) succeeding separating chambers or
      zones separate from the evaporating chamber said succeeding chambers or
      zones including separating zones for (a) misty vapors, (b) oily foam, (c)
      hot oil, (d) oily aqueous solution, and (e) oily aqueous solution
      solids-slurry; all contacting surfaces of said evaporating and separating
      apparatus, including the evaporating chamber and the succeeding chambers
      or zones, being formed of preferentially oil wettable material, and all
      contacting surfaces of said evaporating chamber being formed of
      substantially zero water adsorbent polymeric fluorocarbon material; which
      method comprises the following steps:
PA1  a. Flowing the aqueous solution as an continuous medium mixed with
      sufficient dispersed oil to form a continuous film of oil on all
      preferentially oil wettable contacting surfaces, flowing said aqueous
      solution upwardly through said confined heating and vaporizing zone and
      therein contacting said heating elements, the surfaces of which are
      substantially zero water adsorbent and totally wetted with a film of oil,
      thereby converting a portion of the aqueous solution to water vapor and
      precipitated solids, thus forming a mixture comprising hot oil, misty
      vapors, solids, and the remaining aqueous solution; and
PA1  b. Separating the mixture of hot oil, misty vapors, solids, and remaining
      aqueous solution (still the continuous water medium) into components
      thereof in said succeeding separating zones or chambers in which
      substantially all surfaces contacting these materials are preferentially
      oil wettable.
NUM  2.
PAR  2. The method according to claim 1 wherein the aqueous feed solution is
      mixed with sufficient oil for maintenance of solids-adherence-prevention
      films on all preferentially oil wettable succeeding contacting surfaces,
      and is then preheated in an indirect heat exchanger and thereafter
      injected into the confined heating and vaporizing zone.
NUM  3.
PAR  3. The method according to claim 1 wherein the misty vapors containing
      entrained oil, aqueous solution and precipitated solids are de-misted in a
      mist extractor, selectively passing the clean vapor to a heat exchanger or
      to a succeeding stage of evaporation for further salvage of heat,
      returning the removed liquids and solids to the evaporating system; all
      contacting surfaces being preferentially oil wettable, smooth and free of
      sharp edges.
NUM  4.
PAR  4. In the method according to claim 1 wherein heat is applied by a
      preferentially oil wettable heat transfer surface in contact with the
      aqueous solution and wherein an oil type liquid such as a hydrocarbon is
      employed to form a film to prevent adherence of solids to said heating
      surface, the step of slightly roughening or etching said heating surface
      prior to use, such roughening or etching thereby appreciably enhancing its
      oil wettability when contacted with oil droplets while submerged in an
      environment of aqueous solution or any watery medium.
NUM  5.
PAR  5. The method according to claim 1 which includes the steps of continuously
      withdrawing a portion of the mixture of aqueous solution, entrained oil,
      retained solids and aqueous feed solution from a succeeding separating
      zone or chamber and returning the withdrawn portion to the confined
      heating and vaporizing zone for vaporizing in a continuous cycle.
NUM  6.
PAR  6. The method according to claim 5 wherein the mixture flows upward through
      the confined heating and vaporizing zone by the gas-lift effect of the
      water vapor produced by the application of heat to the mixture.
NUM  7.
PAR  7. The method according to claim 6 wherein the lifting or circulating rate
      is increased by the injection of inert gas or raw steam from an outside
      source.
NUM  8.
PAR  8. The method according to claim 1 wherein downwardly succeeding separation
      zones for misty vapors, oily foam, solution contaminated oil, oily aqueous
      solution, and oily aqueous solution-solids slurry, respectively, are
      arranged in downwardly descending order in a single vessel or container
      which also contains the confined heating and vaporizing zone which method
      comprises withdrawing a portion of the oily aqueous solution from the
      lower oily aqueous solution zone, and discharging the partially vaporized
      mixture from the confined heating zone into the uppermost misty vapor zone
      in a flowing cycle.
NUM  9.
PAR  9. The method according to claim 8 wherein a variable or adjustable
      restriction device is placed near the bottom of the upper hot oil zone,
      thereby increasing the flow velocity of the downward moving aqueous
      solution sufficiently to entrain a portion of the oil adequate for film
      forming on all surfaces of the confined heating and vaporizing zone and
      the aqueous solution-solids slurry zone.
NUM  10.
PAR  10. The method according to claim 8 wherein film forming oil is supplied
      under pressure to the contacting surfaces by pumping hot oil from said hot
      oil zone and returning a portion at least of said hot oil to said single
      vessel at a point slightly below said confined heating and vaporizing
      zone.
NUM  11.
PAR  11. The method according to claim 10 wherein additional oil is supplied to
      augment entrained oil in circulating aqueous solution for adequate
      formation of films on the heating elements of the confined heating zone,
      this oil being supplied from the same pump of claim 5 and which by-passes
      the heat exchanger by injection into the oily pre-heated feed aqueous
      solution downstream from the heat exchanger and prior to entry into the
      confined heating and vaporizing zone.
NUM  12.
PAR  12. The method according to claim 8 wherein a substantial portion of
      oily-solids-aqueous solution slurry formed in the evaporating process
      flows downward to an outlet from a cone shaped bottom separating zone of
      the vessel, is then pumped to a solids-liquid separator, the removed
      solids disposed of from the separator, a portion of the separated
      oil-aqueous solution flowing to a succeeding stage of evaporation if
      desired, and the balance of the oily-aqueous solution returning to the
      parent evaporator to be re-cycled as a continuous means for removal of
      precipitated solids from the evaporator, thereby preventing sedimentation
      or caking in its bottom zone.
NUM  13.
PAR  13. The method according to claim 12 wherein the returned portion of
      separated oily-aqueous solution is injected into an upper oil zone of the
      parent or first stage evaporator through which oil zone it falls with
      sufficient velocity to entrain sufficient oil to supply films for all
      preferentially oil-wettable contacting surfaces in its cycle, and to
      augment the oil content of the oily aqueous solution flowing upwards
      through the confined heating and vaporizing zone.
NUM  14.
PAR  14. The method according to claim 1 wherein the mixture of vapor, oil and
      remaining aqueous solution leaving the top of the confined heating and
      vaporizing zone cascades downward in the vapor separation chamber over
      downwardly sloping baffles which are preferentially oil wettable, coated
      with an oil film, and which promote further evaporation of aqueous
      solution and release of vapors from the mixture without adherence of
      solids to such baffles.
NUM  15.
PAR  15. The method according to claim 14 wherein the baffle surface is
      substantially zero water adsorbent, consists of fluorocarbon resin, and
      has no sharp edges.
NUM  16.
PAR  16. In a system where mineralized water or any type of aqueous solution or
      mixture is heated and wherein solids are formed by such heat, the method
      of combining the resulting mixture with an oil type of liquid wherein the
      aqueous liquid is the continuous medium, providing preferentially oil
      wettable surfaces for all contacting surfaces, providing substantially
      zero water adsorbent polymeric fluorocarbon surfaces for all contacting
      heat transfer surfaces, and wherein such added oil is sufficient to form
      an oil film on all such contacting surfaces and sufficient to prevent any
      adherence of solids to said surfaces.
NUM  17.
PAR  17. In a system for heating aqueous solutions subject to forming
      precipitated solids when heated, wherein the heat is applied by a
      preferentially oil wettable substantially zero water adsorbent polymeric
      fluorocarbon heat transfer surface in contact with the aqueous solution
      and wherein an oil type liquid such as a hydrocarbon is employed to form a
      film to prevent adherence of solids to said heating surface, the step of
      slightly roughening or etching said heating surface prior to use, such
      roughening or etching thereby appreciably enhancing its oil wettability
      when contacted with oil droplets while submerged in an environment of
      aqueous solution or any watery medium.
NUM  18.
PAR  18. The method according to claim 17 wherein the heating surface comprises
      hexafluoroproplyenetetrafluoreothylene.
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ABST
PAL  A headbox construction for a papermaking machine which comprises a slice
      chamber connected to a preslice flow chamber by means of a perforate
      member. The slice chamber contains a plurality of plates and/or filaments
      attached to said perforate member and extend in the direction of stock
      flow through said slice chamber and define therein a multiplicity of
      relatively narrow channels of decreasing cross-sectional area in the
      direction of flow.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of Ser. No. 345,436, filed Mar. 27,
      1973, now abandoned; which in turn is a continuation-in-part of Ser. No.
      121,775, filed Mar. 8, 1971, now abandoned; which in turn is a divisional
      of Ser. No. 698,633, filed Jan. 17, 1968, now U.S. Pat. No. 3,607,625;
      which in turn was subject to re-issue application Ser. No. 355,544, filed
      Apr. 30, 1973, now U.S. Pat. No. Re 28,269.
BSUM
PAR  This invention relates generally to a headbox for a papermaking machine,
      and more particularly to a headbox construction in which the slice chamber
      includes a plurality of passages formed by elements extending in the
      direction of stock flow to uniformly direct stock towards the slice
      opening at the downstream end of said slice chamber.
PAR  In the Fourdrinier papermaking process, the principal difficulty in
      achieving uniform formation of a paper web is the natural tendency of the
      fibers to flocculate. An important feature of all Fourdrinier machine
      designs therefore is a means to disperse the fiber networks during the
      period of sheet formation. At the present time, dispersion of the fiber
      network is effected by generating turbulence, used in a broad sense, in
      the fiber suspension both in the headbox, frequently through the use of
      rectifier rolls, and on the Fourdrinier table as a consequence of the
      reaction of the free surface of the stock to the variable acceleration
      over table rolls and foils. The dispersing activity that occurs on the
      Fourdrinier table is an important supplement to the turbulence generated
      in the headbox and as a rule, the drainage on a Fourdrinier table is
      deliberately retarded to allow sufficient treatment of the undrained
      suspension to obtain uniform formation. On a Fourdrinier in which the
      table rolls have been replaced by suction boxes, on the other hand, the
      fiber suspension is drained comparatively much more rapidly with
      considerably less activity generated in the undrained suspension. It
      follows that the formation of the sheet formed on a suction box or flat
      box Fourdrinier is much more sensitive to the characteristics of the
      headbox discharge than that of a conventionally formed sheet.
PAR  A basic limitation in headbox design has been that the means for generating
      turbulence in fiber suspensions in order to disperse them have been
      comparatively large scale devices only. With such devices, it is possible
      to develop small scale turbulence by increasing the intensity of
      turbulence generated. Thus the turbulence energy is transferred naturally
      from large to small scales and the higher the intensity, the greater the
      rate of energy transfer and hence, the smaller the scales of turbulence
      sustained. However, a detrimental effect also ensured from this high
      intensity large scale turbulence namely the large waves and free surface
      disturbances developed on the Fourdrinier table. Thus a general rule of
      headbox performance has been that the degree of dispersion and level of
      turbulence in the headbox discharge were closely correlated; the higher
      the turbulence, the better the dispersion.
PAR  In selecting a headbox design under this limiting condition then, one could
      choose at the extremes, either a design that produces a highly turbulent,
      well dispersed discharge, or one that produces a low turbulent, poorly
      dispersed discharge. Since either a very high level of turbulence or a
      very low level (and consequent poor dispersion) produce defects in sheet
      formation on the Fourdrinier machine, the art of headbox design has
      consisted of making a suitable compromise between these two extremes. That
      is, a primary objective of headbox design up to this time has been to
      generate a level of turbulence which was high enough for dispersion, but
      low enough to avoid free surface defects during the formation period. It
      will be appreciated that the best compromise would be different for
      different types of papermaking furnishes, consistencies, Fourdrinier table
      design, machine speed, etc. Thus a universal headbox design with presently
      available devices and techniques would be difficult, if not impossible to
      establish. Furthermore, because these compromises always sacrifice the
      best possible dispersion and/or the best possible flow pattern on the
      Fourdrinier wire, it is deemed that there is a great potential for
      improvement in headbox design today.
PAR  The defects in sheet formation as a result of these extremes in headbox
      design, i.e., very high or very low turbulence, are even more marked when
      a Fourdrinier is used wherein all table rolls and foils are replaced by
      suction boxes. Thus when the turbulence is very low, as for example in the
      discharge from a conventional rectifier roll type headbox, the formation
      of the sheet formed by the rapid drainage over suction boxes in the
      absence of the table roll activity directly reflects the poor dispersion
      in the discharge jet. On the other hand, when the turbulence is very high,
      a wave pattern is generated in the free surface of the flow on the wire as
      a consequence of the turbulence. With rapid drainage of the suspension in
      this case, the formation of the sheet reflects the mass distribution
      pattern of these waves. In addition to the free surface wave patterns,
      excessive turbulence may also entrain air and disrupt the thickened fiber
      mat which had been deposited earlier and cause formation defects.
PAR  Thus not only are the present extremes of headbox characteristics
      unsuitable, but it is also difficult to find a suitable compromise for a
      suction box Fourdrinier application.
PAR  The unique and novel combination of elements of the present invention
      provide for delivery of the stock slurry to a forming surface of a
      papermaking machine having a high degree of fiber dispersion with a low
      level of turbulence in the discharge jet. Under these conditions, a fine
      scale dispersion of the fibers is produced which will not deteriorate as
      the turbulence decays away; at least it will not deteriorate to the extent
      that occurs in the turbulent dispersions which are produced by
      conventional headbox designs. It has been found that it is the absence of
      large scale turbulence which precludes the gross reflocculation of the
      fibers since flocculation is predominately a consequence of small scale
      turbulence decay and the persistence of the large scales. Sustaining the
      dispersion in the flow on the Fourdriner wire then, leads directly to
      improved formation.
PAR  The method by which the above is accomplished, that is, to produce a fine
      scale turbulence without large scale eddies, is to pass the fiber
      suspension through a system of parallel channels of uniform small size but
      large in percentage open area. Both of these conditions, uniform small
      channel size and large exit percentage open area, are necessary. Thus the
      largest scales of turbulence developed in the channel flow have the same
      order of size as the depth of the individual channels and by maintaining
      the individual channel depth small, the resulting scale of turbulence will
      be small. It is necessary to have a large exit percentage open area to
      prevent the development of large scales of turbulence in the zone of
      discharge. That is, large solid areas between the channels' exits, would
      result in large scale turbulence in the wake of those areas.
PAR  In concept then, the flow channels must change from a large entrance to a
      small exit size. This change should occur over a substantial distance to
      allow time for the large scale coarse flow disturbances generated in the
      wake of the entrance structure to be degraded to the small scale
      turbulence desired.
PAR  It is therefore an important object of the present invention to provide for
      a stock delivery system in the form of a headbox for delivering
      papermaking stock to the forming surface of the papermaking machine under
      conditons of maximum dispersion with a minimum of turbulence in the
      discharge jet.
PAR  Another object of the present invention is to provide a headbox for a
      papermaking machine which produces a fine scale dispersion of the fibers
      which dispersion will not deteriorate excessively as the turbulence decays
      away.
DRWD
PAR  Additional objects, advantages and features of the present invention are
      apparent from the preceding description and will become more apparent as
      this specification proceeds with reference to the accompanying drawing in
      which:
PAR  FIG. 1 is an elevational sectional view showing a headbox construction for
      use in the practice of the present invention;
PAR  FIG. 2 is a cross-sectional view taken along the lines II--II of FIG. 1;
      and
PAR  FIG. 3 is a cross-sectional view taken along the lines II--II of FIG. 1 and
      showing modification of the present invention.
DETD
PAC  AS SHOWN ON THE DRAWINGS
PAR  As the terms are used herein, transverse refers to the cross-machine
      direction whereas longitudinal refers to the so called machine direction.
PAR  In FIG. 1, it will be seen that there is shown a forming wire F traveling
      around a breast roll 10 to define a conventional forming surface onto
      which papermaking stock is fed through a slice opening indicated generally
      at S. The slice S is mounted at the forward end of a headbox indicated
      generally at 11 and including a slice chamber 11a.
PAR  In a conventional stock inlet the stock is generally fed to the headbox,
      such as the one here employed, from a fan pump or other suitable source of
      stock in a relatively small high speed conduit which is indicated in FIG.
      1 by the reference numeral 12 as a tapered cross machine header having an
      inlet 12a at the side of the headbox 11 from which it is viewed in FIG. 1
      and an outlet 12b of diminished cross sectional area at the backside of
      the chamber 12 for flow of stock in a generally transverse direction
      through the tapered inlet header 12. Any of a number of known stock inlet
      devices may be provided to present a transverse flow of stock into the
      chamber 12 under a substantially uniform pressure in the general area of
      the barrier or perforated mounting plate indicated at 13. The perforated
      plate 13 extends transversely of the stock inlet 12 and it is provided
      with a plurality of apertures 13a, 13b, 13c, etc. which are generally
      parallel and which are spaced transversely to define a multiplicity of
      generally parallel apertures extending across the entire plate 13. These
      apertures are preferably in the form of orifices and provide for open
      communication between the inlet header 12 and the slice chamber 11a. The
      slice chamber 11a comprises top 14 and bottom 15 walls converging in the
      longitudinal or machine direction and terminating at the slice portion S1.
      Appropriate transversely spaced sidewalls are provided at the front and
      rear end of the slice chamber. Extending longitudinally within the slice
      chamber 11a are a plurality of trailing elements 16, 17, 18, etc. One end
      of each of these trailing elements is attached to the perforated plate 13
      at the upstream end of the slice chamber 11a. The trailing elements extend
      for approximately the fully length of the slice chamber.
PAR  The trailing elements are thus permitted to float freely within the slice
      chamber with the exception of their restriction at the point of attachment
      to the perforated plate 13. With papermaking stock flowing through the
      slice chamber the trailing elements will form a multiplicity of
      longitudinally extending flexible channels through which the papermaking
      stock will flow thereby gradually reducing large scale turbulence in the
      papermaking stock while maintaining a high degree of fiber dispersion. The
      thus conditioned papermaking stock exits through the slice opening S1 and
      is deposited on the Fourdrinier wire F or on any other appropriate web
      forming surface. The Fourdrinier wire F is supported immediately beneath
      the slice by roll 10, commonly referred to as a breast roll.
PAR  As shown in FIGS. 2 and 3, the trailing members may have different forms
      each of which can be readily adapted to suit a particular operating
      condition. For example, as will be readily apparent to those skilled in
      the art it may be more convenient to have the flexible members 16, 17, and
      18, etc., extend transversely of the slice chamber in the form of a full
      width sheet, as described in connection with FIG. 1, where the transverse
      dimension of the preslice flow chamber is relatively narrow. On the other
      hand, it will be apparent that in extremely wide headboxes it may be more
      practical to have a plurality of relatively narrow sheets extending in the
      transverse direction of the slice chamber.
PAR  As shown in FIGS. 2 and 3, the trailing members may have different forms
      each of which can be readily adapted to suit a particular operating
      condition. For example, as shown in FIG. 2 the trailing elements may be in
      the form of rods or wires 216, 217, 218, etc., having a generally circular
      cross-sectional area. This embodiment is particularly useful where stock
      characteristics require the use of channels of extremely small
      cross-sectional area.
PAR  As shown in FIG. 3, the trailing elements may be in the form of ribbons
      316, 317, 318, etc., having a generally rectangular cross-sectional area.
      The transverse dimension of the ribbons is less than or a fraction of the
      transverse dimension of the slice chamber 11a which may be a more
      practical approach for headboxes having a relatively large transverse
      dimension. A number of such elements may be positioned transversely of the
      height H of the stock stream.
PAR  Thus it will be seen that an improved headbox has been provided which
      achieves the objectives and advantages set forth and overcomes the
      disadvantages associated with prior art systems thereby obtaining a result
      heretofore unobtainable.
PAR  While it is theoretically desirable to construct the aforementioned
      trailing members so that they are flexible it should be understood that a
      practical and workable solution may use relatively rigid trailing members.
      The material used for such members may be metal or non-metal such as
      plastics, rubber, epoxy resins, etc.
PAR  The drawings and specification present a detailed disclosure of the
      preferred embodiments mentioned and it is to be understood that the
      invention is not limited to the specific form disclosed, but covers all
      modifications, changes and alternative constructions and methods falling
      within the scope and principles taught by the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a headbox for delivering stock to a forming surface, the headbox
      having a slice chamber and a slice opening, the improvement comprising:
PA1  a flexible element positioned in the slice chamber for stock flow induced
      movement and extending in the direction of stock flow, and
PA1  means supporting said element in the slice chamber with its downstream
      portion unattached, whereby a fine scale turbulence is produced in the
      stock without large scale eddies.
NUM  2.
PAR  2. In a headbox for delivering stock to a forming surface, the headbox
      having a slice chamber and a slice opening, the improvement comprising:
PA1  a flexible element positioned in the slice chamber for stock flow induced
      movement and extending in the direction of stock flow,
PA1  said element extending transversely of the slice chamber, and
PA1  means supporting said element in the slice chamber with its downstream edge
      unattached, whereby a fine scale turbulence is produced in the stock
      without large scale eddies.
NUM  3.
PAR  3. In a headbox for delivering stock to a forming surface, the headbox
      having a slice chamber and a slice opening, the improvement comprising:
PA1  a plurality of flexible elements positioned in the slice chamber for stock
      flow induced movement and extending in the direction of stock flow, and
PA1  means supporting said elements in the slice chamber with their downstream
      portions unattached, whereby a fine scale turbulence is produced in the
      stock without large scale eddies.
NUM  4.
PAR  4. In a headbox for delivering stock to a forming surface, the headbox
      having a slice chamber and a slice opening, the improvement comprising:
PA1  a plurality of flexible elements positioned in the slice chamber for stock
      flow induced movement,
PA1  said elements extending transversely of said slice chamber, and
PA1  means supporting said elements in the slice chamber with their downstream
      edges unattached, whereby a fine scale turbulence is produced in the stock
      without large scale eddies.
NUM  5.
PAR  5. The structure of claim 4 wherein said flexible elements are in the form
      of ribbons.
NUM  6.
PAR  6. The structure of claim 4 wherein said flexible elements are in the form
      of ribbons having a generally rectangular cross-sectional area.
NUM  7.
PAR  7. The structure of claim 4 wherein said flexible elements are in the form
      of wires.
NUM  8.
PAR  8. The structure of claim 4 wherein said flexible elements are in the form
      of wires having a generally circular cross-sectional area.
NUM  9.
PAR  9. In a headbox for delivering a stream of stock to a forming surface, the
      headbox having a slice chamber and a slice opening, the improvement
      comprising:
PA1  a plurality of flexible elements positioned in the slice chamber for stock
      flow induced movement at locations extending transversely of the height of
      the stock stream, and
PA1  means anchoring said elements at their upstream ends with their downstream
      portions unattached, whereby a fine scale turbulence is produced in the
      stock without large scale eddies.
NUM  10.
PAR  10. In a headbox for delivering stock to a forming surface, the headbox
      having a slice chamber and a slice opening, the improvement comprising:
PA1  a plurality of trailing elements positioned in the slice chamber for stock
      flow induced movement,
PA1  each of said elements extending transversely of said headbox, and
PA1  means anchoring said elements only at their upstream ends at locations
      spaced generally perpendicular to the stock-flow stream with their
      downstream portions unattached and constructed to be self-positionable so
      as to be solely responsive to forces exerted thereon by the stock flowing
      towards the slice, whereby a fine scale turbulence is produced in the
      stock without large scale eddies.
NUM  11.
PAR  11. In a headbox for delivering stock to a forming surface, the headbox
      having a slice chamber and a slice opening, the improvement comprising:
PA1  a trailing element positioned in the slice chamber for stock flow induced
      movement,
PA1  said element extending transversely of said headbox, and means anchoring
      said element only at its upstream end with its downstream portion
      unattached and constructed to be self-positionable so as to be solely
      responsive to forces exerted thereon by the stock flowing towards the
      slice, whereby a fine scale turbulence is produced in the stock without
      large scale eddies.
NUM  12.
PAR  12. The structure of claim 11 wherein the trailing element comprises a
      plurality of rods.
NUM  13.
PAR  13. The structure of claim 12 wherein the rods have a generally circular
      cross-sectional area.
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ABST
PAL  A nuclear reactor includes a pressure vessel having a bottom wall above
      which a core vessel is suspended with its lower end spaced above this
      bottom wall. In case the core vessel accidentally falls, it is intercepted
      by a construction transmitting the force of the falling core vessel to the
      pressure vessel's bottom wall throughout a plurality of widely interspaced
      positions so that the bottom wall does not have to withstand the force in
      a localized concentrated manner. Preferably these positions are adjacent
      to the pressure vessel's side wall, and the intercept construction is made
      of ductile metal having upper portions reduced in cross-sectional area so
      that these upper portions are stressed beyond their elastic limit and
      deform in a ductile shock-absorbing manner if required to intercept the
      falling core vessel. Various other features of construction are included.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A nuclear reactor includes a pressure vessel having a substantially
      cylindrical side wall and a substantially hemispherical bottom wall above
      which a core vessel is suspended with its lower end spaced above this
      bottom wall. It is possible for the core vessel to accidentally fall, and
      since it is spaced for a substantial distance above the pressure vessel's
      bottom wall, it is possible for the latter to be ruptured and release the
      reactor core coolant.
PAR  To prevent this, the prior art has proposed the use of an intercept
      construction extending upwardly from the pressure vessel's bottom wall
      towards the core vessel's lower end for intercepting the core vessel if it
      accidentally falls. The construction is intended to limit, or
      substantially eliminate, the distance the core vessel can fall. Such a
      construction must transmit the falling force and ultimately the static
      weight of the core vessel to the pressure vessel's bottom wall.
PAR  Incidentally, in addition to preventing the core vessel from falling
      forcibly against the pressure vessel's wall in the event of an accident,
      it is important that the core vessel be intercepted so that it is held at
      least approximately at its normal position where it is within the coolant
      flow to assure that the core in the vessel continues to receive adequate
      cooling.
PAR  An example of a prior art core vessel intercept construction is described
      in the book VGB-Nuclear Power Plant Seminar 1970, p. 33. This construction
      is in effect a stool, and the force of holding the core vessel in
      position, in the event of an accident, is concentrated exclusively over a
      relatively small, localized area of the spherical bottom wall of the
      pressure vessel, giving rise to high local stressing of this bottom wall.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a core vessel intercept
      construction which, should its use be required, avoids transmittal of the
      force of the accidentally released core vessel, exclusively to a localized
      area of the pressure vessel's bottom wall.
PAR  This object is attained by the present invention through the provision of a
      structural metal framework supported by the pressure vessel's bottom wall
      at a plurality of interspaced positions, at least some of these positions
      being adjacent to the peripheral portion of the bottom wall which is where
      the latter integrally connects with the pressure vessel's side wall with
      the latter capable of carrying very substantial force and tension. The
      framework extends upwardly at least adjacent to the core vessel's lower
      end.
PAR  The framework includes an annular series of substantially vertical
      interspaced columns extending upwardly from the pressure vessel's bottom
      wall's peripheral portion, and a central substantially vertical column
      extending upwardly from substantially the center of that bottom wall,
      struts extending laterally from this central column to the annular series
      of columns and positioning them on the pressure vessel's bottom wall
      which, being hemispherical, sharply declines arcuately at its peripheral
      portion.
PAR  Substantially flat ductile metal blades form the peripheral series of
      columns and are positioned in radial planes with respect to the central
      column, by the mentioned struts, and these flat plate columns are all
      connected by a metal ring which is substantially concentric, as are the
      columns of the peripheral series, with the central column. Means are
      provided for tensioning the central column downwardly so that via the
      mentioned struts the annular series of columns have their bottoms pulled
      downwardly against the hemispherical bottom wall of the pressure vessel.
PAR  A downwardly extending peripheral flange is a part of the core vessel and
      the framework includes a ring connected with the annular series of columns
      and which is at least partially inside of this flange and peripherally
      adjacent thereto. This ring is supported by the upper ends of the annular
      series of columns and the upper portions of the latter are reduced in
      cross-sectional area in such a manner that if the core vessel falls, these
      reduced portions are stressed beyond their elastic limits and deform in a
      ductile manner to provide for a gradual absorption of the falling force,
      and, of course, ultimately the static weight of the core vessel, when
      required. The central column is also made of flat plates radially
      arranged, each with its upper end reduced in cross-sectional area so as to
      correspondingly deform in a shock-absorbing manner. The plates of the
      central column are in the radial planes of the plates forming the annular
      series of columns.
PAR  There is at least a slight space between the upper end of this intercept
      structural framework and the core vessel, to provide room for thermal
      expansion and contraction of the parts. The core vessel can fall this
      short distance and thereafter its weight must be supported by the
      framework. The falling force is absorbed in a shock-absorbing manner by
      the ductile deformation of the parts, as described above. All of the parts
      are symmetrically distributed about the central column, and the upper ring
      of the framework laterally positions the falling core vessel, and
      therefore, the ductile deformation is uniformly distributed without
      excessive angular displacement. Thereafter the core vessel is held
      upwardly approximately reasonably close to its normal position so that its
      fuel elements continue to receive the cooling of the normal coolant flow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is illustrated by the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view, partially sectioned, showing a nuclear
      reactor of the liquid-coolant type and including the core vessel intercept
      construction of the present invention;
PAR  FIG. 2 is a vertical section of the lower end of the reactor and showing
      the new intercept construction in detail; and
PAR  FIG. 3 is a cross section showing the new construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The pressurized-water coolant nuclear reactor 1 shown by FIG. 1, includes a
      substantially cylindrical side wall 2 and a hemispherical bottom wall 3,
      the two walls being integral with each other, the side wall having
      pressurized water coolant connections 4 and a detachable cover 6 normally
      clamped firmly against the upper end of the side wall 2. The cover 6
      carries various tubular connections 7 for the control rod drives.
PAR  The core 5 may be conventional and consists of various individual fuel
      elements enclosed by the core vessel 10. These fuel elements are supported
      via a core frame 11 which rests on a flange 12 of the core vessel 10 (see
      FIG. 2), while the core vessel itself is suspended by its upper end via an
      annular flange 13, shown in FIG. 1, which rests on an internal shoulder 14
      provided by the pressure vessel at its upper end.
PAR  It can be appreciated that the core vessel, including its associated parts,
      is of substantial weight. It is the function of the core vessel intercept
      arrangement 17 to prevent this core vessel from accidentally falling
      through the entire distance beneath it and above the pressure vessel's
      bottom wall 3. The construction 17, as shown in FIG. 1, does not include
      all of the features of the present invention, its illustration in this
      figure being only to indicate in a general manner the location where the
      core vessel's intercept device is required.
PAR  Referring now to FIGS. 2 and 3, which do show the details of the present
      invention, the detailed construction is as follows:
PAR  The entire construction is made of metal having adequate ductility to avoid
      rupture when stressed beyond its elastic limit by the performance of its
      intended functions. The various parts may be interconnected, where
      required, by welding.
PAR  The central column 18 comprises eight radially arranged, vertically
      elongated plates 18 inwardly interconnected by three
      vertically-interspaced short tubes 20, 20' and 20". Eight tubes in each
      instance form upper and lower strut systems, these being shown at 22 and
      23, respectively, with each set of upper and lower tubes welded to one of
      the plates 19 at vertically interspaced locations. The annular series of
      columns are formed by plates 25 which are also radially arranged with
      respect to the center line of the construction and which are registered in
      each instance with one of the plates 19, the upper and lower strut members
      22 and 23 converging and being welded at relatively closely interspaced
      upper and lower locations to the plates forming the annular series of
      vertical columns.
PAR  The bottoms of the plates or columns 25 rest on the hemispherical bottom 3
      near its periphery and close to its vertical side wall 2. The vertical
      columns 25 are aligned with the periphery of the core vessel 10 and they
      are connected with each other by a ring 26 arranged in a horizontal plane
      between the upper and lower tubular struts 22 and 23 of the strut sets.
      The tops of the columns or plates 25 carry a centering ring 27 which
      extends into the flange 12 of the core vessel 10, in interspaced but
      closely adjacent peripheral relationship with the flange 12.
PAR  The plates 19 and 25 and upper portions 30 and 31 are reduced in
      cross-sectional areas by cutting the plates so they taper upwardly. The
      reduction in cross-sectional area is designed relative to the elastic
      limit of the plate metal and the anticipated falling force of the core
      vessel, so that these upper portions are deformed beyond their elastic
      limit by the falling core vessel to provide a shock-absorbing effect by
      the gradual dissipation of the falling energy of the core vessel as the
      parts plastically deform in a ductile manner.
PAR  The spherical bottom 3 has an upwardly extending sleeve 33 welded to it
      with a cover 34 in which a slot is formed and in which is inserted the
      head 35 of a long tension bolt 36 which extends upwardly and through the
      intermediate tube 20' to which the blades 19 are welded, where the tension
      rod is provided with a screw-threaded engagement with a nut 37 engaging
      the top of this tube 20' and which pulls downwardly on the central column
      so that via the struts 22 and 23 the annular series of plates 25 are
      pulled downwardly against the arcuate sides of the bottom of the
      hemispherical vessel.
PAR  The arrangement is such that between the bottom of the central column
      construction and the upper surface of the pressure vessel's bottom wall 3
      a small space remains such as in the area of 20 mm space. This spacing is
      between the lower edge 40 of the central column, which comprises an
      annular ring to which the bottom edges of the plate 19 are welded.
PAR  It is also to be noted that there is a slight space between the top level
      of the intercept framework and the bottom of the core vessel. Such spacing
      provides for thermal expansion and contraction but, incidentally, provides
      room for the core vessel to fall and gain momentum or kinetic energy,
      which is however absorbed gradually by the ductile deformation of the
      parts. All of the parts are symmetrically distributed about the vertical
      centerline of the pressure vessel's hemispherical bottom and the pressure
      vessel itself. Therefore, with all of the parts symmetrical as the
      framework deforms, there is little tendency for the core vessel to move
      laterally or angularly in its short descent. Lateral shifting is prevented
      by the ring 27 which is peripherally interspaced from the core vessel's
      flange 11 for only a distance required for thermal expansion and
      contraction movements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressurized-water nuclear reactor including a pressure vessel having a
      substantially cylindrical side wall and a substantially hemispherical
      bottom wall above which a core vessel is positioned by its top, with its
      lower end spaced above this bottom wall, and means extending upwardly from
      the latter towards said lower end for intercepting said core vessel if it
      accidentally falls, said pressure vessel having a cover and
      pressurized-water coolant connections; wherein the improvement comprises
      said means being formed by a structural metal framework inside of said
      vessel and supported by said bottom wall at a plurality of interspaced
      positions, said framework extending upwardly until at least adjacent to
      the core vessel's said lower end, at least some of said interspaced
      locations being adjacent to the peripheral portion of said bottom wall,
      said framework being made of ductile metal and having upper portions
      proportioned to deform beyond the elastic limit of the metal and absorb
      the shock of intercepting said core vessel when it falls.
NUM  2.
PAR  2. The reactor of claim 1 in which said framework includes an annular
      series of substantially vertical interspaced columns extending upwardly
      from said peripheral portion.
NUM  3.
PAR  3. The reactor of claim 2 in which said framework includes a central
      substantially vertical column extending upwardly from substantially the
      center of said bottom, and struts extending laterally from this central
      column to said annular series of columns and positioning them on said
      peripheral portions.
NUM  4.
PAR  4. The reactor of claim 3 in which said peripheral series of columns are
      formed by substantially flat plates positioned in radial planes with
      respect to said central column and are interconnected by a ring.
NUM  5.
PAR  5. The reactor of claim 3 having means connecting with said bottom wall for
      tensioning said central column downwardly.
NUM  6.
PAR  6. The reactor of claim 3 in which said core vessel has a downwardly
      extending flange and said framework includes a ring connected with said
      annular series of columns and positioned thereby at least partly inside of
      said flange and peripherally adjacent thereto.
NUM  7.
PAR  7. The reactor of claim 3 in which all of said columns are plates made of
      ductile metal and are upwardly tapered to provide gradually reducing
      cross-sectional areas for shock-absorbing deformation beyond the metal's
      elastic limit when intercepting said core vessel if it falls.
NUM  8.
PAR  8. A pressurized-water nuclear reactor including a pressure vessel having a
      substantially cylindrical side wall and a substantially hemispherical
      bottom wall above which a core vessel is positioned by its top, with its
      lower end spaced above this bottom wall, and means extending upwardly from
      the latter towards said lower end for intercepting said core vessel if it
      accidentally falls, said pressure vessel having a cover and
      pressurized-water coolant connections; wherein the improvement comprises
      said means being formed by a structural metal framework inside of said
      vessel and supported by said bottom wall at a plurality of interspaced
      positions, said framework extending upwardly until at least adjacent to
      the core vessel's said lower end, at least some of said interspaced
      locations being adjacent to the peripheral portion of said bottom wall,
      said framework including a plurality of substantially vertical interspaced
      columns extending upwardly from said locations adjacent to said peripheral
      portion, a central substantially vertical column extending upwardly from
      substantially the center of said bottom, and struts extending laterally
      from this central column to said plurality of columns and positioning them
      on said peripheral portions.
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ABST
PAL  A nuclear reactor with a reactor core having a plurality of individual core
      elements is provided with a clamping device for at least some of the core
      elements, which clamping device includes a plurality of pawls pivotally
      mounted to the interior of each wall of the hexagonal outer wrapping tube
      for movement between a position within the wrapper tube and a position
      extending through an adjacent hole in the side wall of the wrapper tube,
      and an operating tube axially slidably mounted within the wrapper tube for
      moving the pawls between their two positions. When the pawls are extended
      by the operating tube, they will move outwardly a predetermined distance
      transversely of the core element to cooperatively engage other core
      elements and clamp the assembly. A lock mechanism is provided to lock the
      operating tube and wrapper tube in one position of the pawls, preferably
      the withdrawn position, to assist in inserting and removing the core
      element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to means for securing a plurality of core
      elements within the core of a nuclear reactor, particularly a fast breed
      reactor.
PAR  In the core of fast breed reactors, there are inserted nuclear fuel
      materials, for example U.sup.235, PU.sup.239, etc., which will produce a
      tremendous quantity of energy by reacting with neutrons. The nuclear fuel
      materials are not usually inserted with their surfaces exposed in the
      core; they are usually inserted within a wrapper tube containing a
      predetermined number of metal tubes such as stainless steel tubes, each of
      which contains the nuclear fuel material therein so as not to directly
      contact the nuclear fuel with the coolant that circulates throughout the
      core. The fuel assemblies including the wrapper tube having the
      predetermined number of metal tubes are commonly deformed arcuately or
      bent arcuately during operation of the nuclear reactor because of the
      materials being eradiated by a large quantity of fast neutrons. The degree
      of this bend or deformation varies in accordance with the integrated
      magnitude of eradiation by the neutrons, and the amount of the bend often
      reaches the magnitude of 40 to 50mm at the top of the fuel assembly
      according to a calculated result obtained with a formula commonly used for
      this purpose, in the case where the fuel assembly for a practical reactor
      is exchanged once in 6 months.
PAR  In addition to the above-mentioned fuel assemblies, a plurality of neutron
      shields, control rods, and blanket fuel assemblies are associated in the
      reactor core. All of these elements, including the fuel assemblies, may be
      referred to as core elements. Gaps of 3 to 5mm between the core elements
      are generally kept so that they may be easily pulled out or removed from
      the reactor core. When the core elements such as the fuel assemblies, the
      neutron shields, etc., are bent arcuately as above-mentioned, these gaps
      will disappear due to the bending, which will bring about many bad
      results, for example difficulty in inserting safety rods or control rods,
      impossibility of fuel exchanges, or blockages of the passage of the
      coolant. Therefore, it is desirable to prevent the fuel assemblies,
      control rods, neutron shields and the like core elements from bending in
      this manner.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a nuclear reactor core
      clamping device which effectively prevents the core elements, such as fuel
      assemblies, guide tubes for control rods, blanket fuel assemblies, and
      neutron shields, from deforming or bending within the core assembly during
      use.
PAR  The above is accomplished by providing a reactor core clamping device that
      is operated from within the interior of the core elements, which is simple
      in construction, and has a reliability for prevention of deformation of
      the individual core elements.
PAR  A plurality of the core elements such as fuel assemblies, blanket fuel
      assemblies, guide tubes for control rods, and neutron shields are
      substantially vertically arranged with parallel axes within the reactor
      core with predetermined gaps provided between adjacent core elements. The
      reactor core clamping device according to the present invention is
      constructed so that it may be associated with one or more of the core
      elements and is provided with projection means that will project outwardly
      from the respective core elements into the gaps between adjacent core
      elements to prevent the core elements from arcuately bending into such
      gaps, and each of the projection means is operated through a mechanism
      disposed in its respective core element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects, features and advantages of the present invention will
      become more clear from the following description of a preferred embodiment
      of the present invention with reference to the accompanying drawing,
      wherein:
PAR  FIG. 1 is a longitudinal cross sectional view of a schematic representation
      of a nuclear reactor that may employ the features of the present
      invention;
PAR  FIG. 2 is a plan view, in greater detail, of FIG. 1 taken from line II--II
      and showing the core assembly;
PAR  FIG. 3 is a longitudinal or vertical cross sectional view through a core
      assembly of one embodiment according to the present invention;
PAR  FIG. 4 is an enlarged view of the portion enclosed with line IV--IV in FIG.
      3;
PAR  FIG. 5 is a cross sectional view taken along line V--V of FIG. 3;
PAR  FIG. 6 is a fragmented view of FIG. 4 in cross section taken along line
      VI--VI;
PAR  FIG. 7 is an enlarged view of the portion enclosed by line VII--VII of FIG.
      3, but with variations of the lock mechanism; and
PAR  FIG. 8 is a partial cross sectional view taken along line VIII--VIII in
      FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a schematic arrangement of a fast breed reactor, which
      generally may be of any commonly known type. The reactor comprises a
      container 1, a plug 2 for enclosure of the container 1 at the upper
      portion of the container 1, and a reactor core 3 that is disposed on a
      core support structure 5 fixed to the side wall of the container 1 with a
      core barrel 4 surrounding it, which core barrel 4 is disposed on the core
      support structure 5.
PAR  As shown in FIG. 2, the reactor core 3 comprises a plurality of core
      elements, which core elements may include fuel assemblies 6 which are
      arranged in the central region of the reactor core 3, guide tubes 7 for
      receiving therein control or safety rods that are arranged among the fuel
      assemblies 6, blanket fuel assemblies 8 which are arranged generally
      surrounding the fuel assemblies 6, and neutron shields 9 that are arranged
      generally surrounding the blanket fuel assemblies 8. The exact arrangement
      and composition of the core elements in general may be dictated by
      practical considerations and forms no part of the present invention,
      except insofar as some of the core elements will have the core clamping
      means of the present invention.
PAR  Although the clamping means may be disposed throughout the core in any
      desired pattern, it is preferred that the core elements 10 having an outer
      hexagonal shape and an inner circle representation in FIG. 2 be provided
      with the clamping means of the present invention, which clamping core
      elements 10 are enclosed with six core elements of any type not having the
      clamping features, which pattern of seven core elements is repeated
      throughout the entire core assembly.
PAR  While the clamping means may be associated with any of the core elements
      mentioned above or core elements of other types, FIG. 3 shows a cross
      sectional view of a fuel assembly clamping core element, with it being
      understood that the clamping features of the present invention according
      to the preferred embodiment would be identical with respect to any of the
      other clamping core elements.
PAR  FIG. 3 shows the upper portion of the fuel assembly 6 with the clamping
      device of the present invention applied to it, wherein the right hand
      portion shows the clamping device not in operation or withdrawn, and the
      left hand portion shows the condition of the clamping device in operation
      or projected to clamp adjacent core elements. The right and left hand
      portions are different only for purposes of illustration, and it is
      understood that in the actual device the right and left hand portions
      would be mirror images of each other and operate in unison.
PAR  As shown in FIG. 3, the exterior of the fuel assembly 6, having the
      clamping device of the present invention, comprises a wrapper tube 11,
      which is in the form of a hexagonal tube. The interior of the wrapping
      tube 11 is formed to slidably and telescopically receive the handling head
      12, which as indicated is hollow and forms a part of the general operating
      tube 13, that is the handling head 12 and operating tube 13 are rigidly
      connected together and axially slidably mounted with respect to the
      wrapper tube 11. The operating tube 13 extends downwardly within and is
      guided with respect to the wrapper tube 11 by the inner faces of a
      plurality of guide blocks 14 that are fixed to the inner side walls of the
      wrapper tube 11; this rigid connection between the guide blocks 14 and
      wrapper tube 11 may be formed by the indicated projections and holes, or
      any other suitable means. Some ones of the plurality of guide blocks 14
      may each have two spaced downwardly extending projections or ears 14a on
      the lower end thereof as best shown in FIG. 5. A pawl 15 for clamping the
      core elements is pivotally connected between the projections 14a of the
      respective guide block 14 by means of a bearing pin 16 at the upper end
      15a of the respective pawl 15. Each of the pawls 15 has a projection 15b,
      which extends outwardly from the wrapper tube 11 through an adjacent hole
      24 provided in the adjacent side wall of the wrapper tube 11 in the
      extreme extended or projecting position of the pawl as shown in the left
      hand portion of FIG. 3, and further each of the pawls 15 may be pivoted
      about its mounting pin 16 to be withdrawn within the wrapper tube 11 for
      its extreme withdrawn position as shown in the right hand portion of FIG.
      3. A curved cam slot 15c, as more clearly shown in FIG. 4, is provided in
      each of the pawls 15 for cooperative camming engagement with a cam pin 17
      that is rigidly attached between two arms 13a that rigidly extend from the
      operating tube 13, which elements are further shown in FIG. 6.
PAR  With the above arrangement, it is seen that if starting with the position
      of the operating tube as illustrated in the right hand portion of FIG. 3,
      the operating tube 13 is moved downwardly, the pins 17 will
      correspondingly move axially downward and because of the cam pin and cam
      slot connection 17, 15c, the pawls 15 will pivot about their pivot pins 16
      so as to extend their projections 15b through the holes 24, respectively,
      in the wrapper tube walls so that in the extreme lower position of the
      operating tube, the pawls 15 will assume the position as shown in the left
      hand portion of FIG. 3, for a clamping engagement with adjacent core
      elements.
PAR  The wrapper tube 11 has a further plurality of pawls 15' located at about
      the middle portion of the core element, with respect to the vertical
      direction or the longitudinal extent of the core element. These pawls 15',
      their mounting structure and their related cooperating structure are
      substantially identical to the previously discussed pawls 15, and they
      will extend through the correspondingly formed holes 24' in the walls of
      the wrapper tube 11. Thus, all of the pawls 15, 15' will be operated
      simultaneously and in the same manner by movement of the single operating
      tube 13 for each of the core elements. The pawls 15 are considered as
      being adjacent the upper or outer end of the core element. The pawls 15
      are respectively associated with each of the six walls of the hexagonal
      wrapper tube 11, and correspondingly the pawls 15' are respectively
      associated with each of the six walls of the hexagonal wrapper tube 11, as
      more clearly shown in FIG. 5. In FIG. 5, the clamping core element shown
      in solid lines is schematically shown in the clamping position for two
      adjacent core elements 11', although it is understood that the clamping
      core element is preferably surrounded by six adjacent core elements as
      shown in FIG. 2, which surrounding core elements may or may not be of the
      clamping variety. In any event, the pawl projections 15b of the clamping
      core element will extend outwardly to engage the clamping surfaces of
      adjacent core elements. In usual practice, the core elements are inserted
      within mounting apertures at their lower ends, and with the present
      invention the projecting means will rigidly clamp the core elements
      together at their mid portions at at their upper or outer portions, so
      that the core will effectively be rigid while allowing gaps between the
      core elements in the areas other than the very small areas occupied by the
      projections 15b for the purpose of circulating cooling water, and this
      rigid clamping will prevent the previously mentioned bending or warping of
      the core elements.
PAR  Further, on the upper portion of the operating tube 13, there is provided a
      lock mechanism for fixing the operating tube 13 with respect to the
      wrapper tube 11, to selectively prevent relative movement therebetween.
      This lock mechanism includes rods 18 that are slidably inserted within
      bores 13a' formed in the upper portion of the operating tube 13 and
      extending in the longitudinal direction, locked pins 19 each of which is
      slidably mounted within transverse bores 13b, which extend at right angles
      to the axis of the rod 18 and further generally perpendicular to the
      adjacent side wall of the wrapper tube 11. The lock pins 19 that are
      mounted within their bores in the operating tube 13 have projections 19a
      for engagement within correspondingly shaped respective holes 20 formed in
      the adjacent side walls of the wrapper tube 11. The lock pins 19 further
      have a wedge or cam face as particularly shown in FIGS. 4, 7 and 8, which
      cam face 19b  is at the intermediate portion of the lock pin 19 for
      horizontally displacing the lock pin 19 in response to vertical movement
      of the pin 18a that is fixed to the rod 18, plate or leaf springs 21
      having one end fixed to the operating tube 13 and their other end engaging
      and biasing the respective lock pin 19 toward the adjacent cooperating
      side wall of the wrapper tube 11, coil springs 18b disposed within the
      bore 13a' and encircling the small diameter lower end of the rod 18, to
      bias the rod 18 upwardly in FIG. 4 and FIG. 7, and an operating or push
      plate 22 rigidly and drivingly connected to all of the rods 18 by means of
      threaded fasteners or the like. A separate lock pin arrangement may be
      provided for some or all of the side walls of the wrapper tube 11, but in
      any event it is preferred that they be simultaneously operated by means of
      the plate 22. It is seen that when the projection 19a is aligned with the
      hole 20 in the wrapper tube 11, the springs 21 and 18b will automatically
      cause the projection 19a to enter the hole 20 and lock the tubes 11, 13
      against relative movement as shown in the right hand portion of FIG. 3,
      which position corresponds to the withdrawn position of the projection
      pawls 15.
PAR  When the fuel assembly 6, or as previously mentioned any other clamping
      core element, is being suspended by a gripper shown at 23 in FIG. 4 and
      correspondingly shaped dot-dash lines in FIG. 3, by engagement of the
      upwardly facing shoulder portion of the gripper with the downwardly facing
      shoulder portion of the operating tube 13, for inserting the core element
      within the reactor core or for withdrawing the core element out from the
      reactor core 3, the lock pins 19 of the lock mechanism will be inserted
      within the corresponding holes 20 of the wrapper tube 11 with the handling
      head 12 and operating tube 13 pulled upwardly within the wrapper tube 11
      all as shown in the right hand portion of FIG. 3. Accordingly, the pawls
      15, due to the cam pin and cam slot connection, will be withdrawn and
      within the wrapper tube 11, which will provide the gap between adjacent
      core elements for lossed transverse motion and ease in assembly and
      disassembly of core elements.
PAR  When inserting a core element with the clamping features of the present
      invention within a reactor core, the gripper 23 will move downwardly until
      the lower end of the core element or fuel assembly 6 is received within
      the mounting structure of the core support, at which time the wrapper tube
      11 may not move down further, thereafter the gripper 23 will move further
      downward while the tubes 11 and 13 remain stationary until the gripper 23
      pushes down upon the upper surface of the pusher or operating plate 22.
      With further downward movement of the gripper 23, the pusher plate 22 will
      move downward to correspondingly downwardly move the rods 18 against their
      spring bias force and accordingly displace the lock pins 19 horizontally
      inwardly to remove them from the cooperating holes 20 in the inner wall of
      the wrapper tube 11 due to the cooperating wedge cam surfaces 19b and 18a.
      Thereby, the projection 19a of the lock pin 19 will be removed from the
      associated hole 20 of the wrapper tube 11 and the operating tube 13 and
      wrapper tube 11 will be free for relative axial movement, that is
      unlocked. After the lock mechanism has been unlocked, the operating tube
      13 will be further lowered by the gripper bar 23 with respect to the now
      stationary outer wrapper tube 11. As the operating tube 13 is thus
      lowered, the pawls 15 will be pivoted from their right hand position of
      FIG. 3 outwardly to their left hand position of FIG. 3 by means of the cam
      pin 17 and cam slot 15c  connection. Thus, the pawl projection portions
      15b will project outwardly from the outer surface of the wrapper tube 11
      by about one-half of the distance or gap D between adjacent fuel
      assemblies as shown in FIG. 5 to clamp the assemblies; it being realized
      that the adjacent core elements will have corresponding projections either
      fixed or correspondingly movable by mechanisms identical to that described
      above so that the complete gap D will be bridged by the clamping members.
      Further, it is seen that the outer wall of the operating tube 13 in the
      vicinity of the clamping pawls 15, 15' is made up of several different
      diameters with cam portions therebetween, so that in the projected
      position of the pawls, as most clearly shown in FIG. 4, the pawl will be
      fully projected by the pin 17 so that its outer surface at 15b will engage
      an adjacent projection of a corresponding adjacent core element while the
      opposite side of the pawl 15 will be in clamping contact with the outer
      wall of the operating tube 13 to provide a particularly rigid clamping
      assembly.
PAR  When the fuel assembly 6 is pulled out from the reactor core 3, the
      operating tube 13 will be raised by ascent of the gripper 23 with the
      handling head 12 being engaged by the gripper 23. The projections 15b of
      the pawls 15 will be withdrawn from the associated holes within the
      wrapper tube 11 through ascent of the pins 17 within the cam slots 15c.
      After withdrawal of the pawls 15 to the position shown in the right hand
      portion of FIG. 3, the operating tube 13 further ascends until the
      operating tube 13 reaches the position where the lock pins 19 align with
      the horizontal axis of the holes 20 of the wrapper tube 11 where the lock
      pins 19 will be automatically inserted within the holes 20 by means of the
      biasing force of the leaf spring 21 in cooperation with the biasing force
      of the spring 18b. Thereby, the fuel assembly 6 will be a rigid assembly
      with its projections withdrawn so that the wrapper tube 11 and entire
      assembly may be pulled out from the reactor core 3 by the gripper 23.
PAR  Another embodiment of the lock mechanism is shown in FIG. 7 and in FIG. 8.
      Each of the rods 18' fixed to the push plate 22 has a sloping surface 18a'
      at its mid portion, and forms a small diameter at the lower end portion
      thereof. The lower end portion of the rod 18' is slidably inserted within
      the bore 13a. A coil spring 18b' is disposed between the rod 18' and the
      operating tube 13 to exert the upward force on the tube 18'. The lock pin
      19' is arranged so that the axis of the lock pin 19 traverses the axis of
      the vertical rod 18' at a right angle. The lock pin 19' has a flange
      portion 19d', a projection 19a' at the end portion thereof and a hole 19c'
      for engagement with the rod 18'. The hole 19c' has a sloping or wedge
      surface 19b' engaging with the sloping or wedge surface 18a' of the rod
      18'. The projection 19 a' of the lock pin 19' will be inserted within the
      hole 20 of the wrapper tube 11 when aligned by the force exerted by the
      coil spring 21' disposed between the flange portion 19d' and the operating
      tube 13. The lock mechanism operates in the same manner as the previously
      described lock mechanism shown in FIGS. 3 through 6.
PAR  While a preferred embodiment of the present invention has been specifically
      illustrated, particularly with the clamping device being associated with a
      fuel assembly type core element, it is understood that the clamping device
      may be associated with any other type of core element, and further while
      the core as shown in FIG. 2 has been represented by a repeat pattern of a
      central clamping core element surrounded by six non-clamping core
      elements, it is understood that any number of the core elements may have
      the clamping features of the present invention, including the situation
      where all of the core elements may have such clamping features. Further
      modifications, embodiments and variations of the present invention are
      contemplated within the spirit and scope of the invention as defined by
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a nuclear reactor having a core, a clamping device for
      clamping a plurality of core elements together in forming the core,
      comprising: projection means being movably mounted on a core element for
      movement between a withdrawn position and a position projecting outwardly
      from a core element toward another core element when the core elements are
      arranged within the core of a nuclear reactor; operating means for moving
      said projection means from its withdrawn position to its projected
      position a predetermined length to clamp the core element in cooperation
      with other core elements of the nuclear reactor core; a wrapper tube
      forming the exterior of the core element mounting with its longitudinal
      axis extending generally vertical in the reactor core and being of
      hexagonal shape in horizontal cross section; said projection means being
      provided adjacent the upper portion of said wrapper tube; said operating
      means being mounted within said wrapper tube for vertical movement; said
      wrapper tube having a hole within one of its side walls for said
      projection means; said projection means moving generally horizontally from
      within said wrapper tube in its withdrawn position horizontally through
      its hole to project horizontally beyond said hole and outside of said
      wrapper tube in its projected position; and separate lock means for
      locking said vertically moving operating means and said wrapper tube
      against relative movement in one of said projection means positions.
NUM  2.
PAR  2. The apparatus of claim 1, wherein a separate one of said projection
      means is provided in each of the side walls of said hexagonal wrapper
      tube.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said operating means simultaneously
      moves all of said projection means.
NUM  4.
PAR  4. The apparatus of claim 2, wherein a plurality of core elements are
      arranged with their axes parallel with respect to each other in the core
      of the nuclear reactor with six core elements surrounding a clamping core
      element respectively adjacent the six walls of the hexagonal clamping core
      element, further wherein only the central clamping core element of the
      seven core elements is provided with said projection means and said
      operating means, and further wherein said pattern of seven core elements
      is repeated throughout the reactor core.
NUM  5.
PAR  5. The apparatus of claim 1, wherein a first set of said projection means
      respectively for all of said hexagonal wrapper tube side walls is provided
      generally adjacent the upper end of said wrapper tube, and further
      including a second set of said projection means for all of said hexagonal
      wrapper tube side walls being provided generally adjacent the middle
      portion of said wrapper tube.
NUM  6.
PAR  6. The apparatus of claim 5, wherein said operating means simultaneously
      moves all of said projection means.
NUM  7.
PAR  7. For use in a nuclear reactor having a core, a clamping device for
      clamping a plurality of core elements together in forming the core,
      comprising: projection means being movably mounted on a core element for
      movement between a withdrawn position and a position projecting outwardly
      from the core element toward another core element when the core elements
      are arranged within the core of a nuclear reactor; operating means for
      moving said projection means from its withdrawn position to its projected
      position a predetermined length to clamp the core element in cooperation
      with other core elements of the nuclear reactor core; a wrapper tube
      having a longitudinal axis to be parallel with the longitudinal axes of
      other wrapper tubes when mounted within the nuclear reactor core and
      having a hexagonal shape in cross section transverse to said longitudinal
      axis; said projection means including a plurality of pawls pivotally
      connected to said wrapper tube, and each pawl having a configured cam slot
      spaced from said pivotal connection; said operating means including an
      operating tube mounted within said wrapper tube for axial longitudinal
      movement with respect to said wrapper tube, and said operating tube having
      a plurality of arms mounting a plurality of pins each in engagement within
      a corresponding curved configured cam slot of said pawls; said wrapper
      tube having a hole in its side walls immediately adjacent each of said
      pawls; and said operating means projecting said pawls through their
      respective wrapper tube holes by movement of said operating tube axially
      with respect to said wrapper tube to correspondingly move said pins in the
      same direction relative to said cam slots for camming said pawls about
      their pivotal connections through their respective holes.
NUM  8.
PAR  8. The apparatus of claim 7, including a plurality of guide blocks fixedly
      mounted on the interior of said wrapper tube for guidingly engaging said
      operating tube with axial sliding contact; each of said plurality of pawls
      being pivotally connected respectively to each of said guide blocks.
NUM  9.
PAR  9. The apparatus of claim 7, wherein the upper portion of said operating
      tube is provided with operating head means for engagement with a gripper
      to move said operating tube axially with respect to said wrapper tube.
NUM  10.
PAR  10. The apparatus of claim 7, further including lock means for selectively
      locking said operating tube and said wrapper tube against axial movement
      in one of the positions of said projection means, said lock means
      comprising a plurality of rods axially mounted within bores in the upper
      portion of said operating tube, first spring means for biasing said rods
      axially in one direction, a lock operating plate drivingly connected to
      said rods for moving said rods axially in the opposite axial direction
      against the spring bias, a plurality of lock pins slidably mounted within
      bores of said operating tube for movement transversely with respect to the
      movement of said rods, a plurality of apertures in the side wall of said
      wrapper tube being aligned with said lock pins in said one position of
      said projection means, second spring means for biasing said lock pins
      transversely into engagement with said apertures, respectively, and means
      provided on each of said rods and each of said lock pins for converting
      the axial movement of each of said rods into the transverse movement of
      said lock pins so that movement of said rod operating plate in said
      opposite direction will correspondingly move all of said rods in their
      direction against their spring force, to correspondingly move all of said
      lock pins against their spring bias in the direction to withdraw them from
      the apertures in said wrapper tube, respectively.
NUM  11.
PAR  11. The apparatus of claim 10, including a plurality of guide blocks
      fixedly mounted on the interior of said wrapper tube for guidingly
      engaging said operating tube with axial sliding contact; each of said
      plurality of pawls being pivotally connected respectively to each of said
      guide blocks.
NUM  12.
PAR  12. The apparatus of claim 7, wherein said wrapper tube is hexagonal; a
      projection means pawl is provided for each of the side walls of said
      hexagonal wrapper tube for respectively extending therethrough adjacent
      one longitudinal end.
NUM  13.
PAR  13. The apparatus of claim 12, including a second set of pawls generally
      identical to said previously mentioned pawls and provided for each of the
      wrapper tube side walls generally adjacent the middle portion of said
      wrapper tube.
NUM  14.
PAR  14. The apparatus of claim 12, wherein a plurality of said core elements
      are mounted with their wrapper tubes and operating tubes generally axially
      parallel with respect to each other, and further wherein said pawls
      project transversely from their respective wrapper tube side walls
      approximately one-half the gap distance between the associated adjacent
      wrapper tube walls.
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ABST
PAL  A method for bating soaked, limed, dehaired hides with an enzyme mixture of
      (a) a bacterial protease having an optimum efficacy toward hemoglobin at a
      pH from 10 to 12 and (b) a fungus protease having an optimum efficacy
      toward casein at a pH greater than 7, or a neutral to weakly alkaline
      bacterial protease, papain, or trypsin.
BSUM
PAR  The present invention relates to a method for bating skins and hides with
      mixtures of certain proteolytic enzymes.
PAR  Since the discovery by Dr. Otto Roehm in 1907 of the bating of hides with
      the aid of a watery extract of the pancreas, which discovery laid the
      basis for replacement of the dog dung bate -- practiced for more than a
      thousand years -- at first by pancreatic enzymes, later by plant enzymes,
      and finally by enzymes produced by microorganisms, innumerable variations
      of the enzymatic bating process have been proposed. In the known
      processes, proteolytic enzymes are used in a weakly acid region as well as
      in a neutral or weakly alkaline region. In none of the enzymatic bates
      heretofore proposed, in which great emphasis has been placed on the
      loosening of scud, can pancreatic trypsin be dispensed with, even though
      there are doubts concerning the use of this protease -- principally
      isolated from the pancreas glands of swine and cattle -- from the point of
      view of both economy and veterinary medicine. Thus, the supply of
      pancreatic glands is limited in nature. Their processing for the recovery
      of technically useful products is not inconsiderably limited by the value
      of these glands for the production of insulin. Also, many countries, for
      example Australia, have enacted strong supervisory regulations to protect
      against virus infections which can be transmitted by pancreatic products.
      Despite all these difficulties, at least some content of pancreatic
      trypsin could heretofore not be omitted from any first-rate enzymatic
      bating agent. Reference should be made in this context to the earliest
      pertinent German patent publication, DOS 21 13 214 published on Sept. 28,
      1972, disclosing a bating process employing an enzyme mixture of papain
      and pancreatin.
PAR  The present invention relates to an enzymatic bating method giving an
      excellent loosening of scud in dehaired hides, wherein the use of
      pancreatin is, to be sure, possible, but is not necessary. It has been
      found according to the invention that soaked, limed, and dehaired skins
      and hides can be bated, with the achievement of a fully satisfactory
      bating effect and with an outstanding loosening of scud, with an enzyme
      mixture comprising
PAR  A. AN EFFECTIVE AMOUNT OF A BACTERIAL PROTEASE HAVING AN OPTIMUM EFFECT
      AGAINST HEMOGLOBIN AT A PH from 10 to 12 and
PAR  B. AN EFFECTIVE AMOUNT OF A FUNGUS PROTEASE WHOSE OPTIMUM EFFICACY TOWARD
      CASEIN IS AT A PH greater than 7, a neutral to weakly alkaline bacterial
      protease, papain, or trypsin (all of which are optimally effective at a pH
      between 7 and 9), or a mixture of such proteases.
PAR  The loosening of scud in the process, as can be seen from the following
      Examples, is improved in comparison with the loosening of scud obtained
      with traditional bating agents comprising pancreatin. More intense
      decomposition of the skin substances does not occur. Surprisingly,
      finished leather prepared by the use of a bating agent according to the
      present invention has a more elastic grain and a softer hand than does
      leather prepared using known bating agents comprising pancreatin. The use
      of the new bating agent is particularly advantageous for producing
      leathers that are to have only a minimal surface color treatment. In such
      leathers, a uniform dye of the leather over its entire surface is
      particularly desired.
PAR  The "strongly alkaline proteases" mentioned under (a) above, their
      preparation, and their use are described in German patent publication DOS
      1,800,508 and in a large number of corresponding patent documents in other
      countries. As to the use of these proteinases in the beamhouse, the patent
      merely mentions that they are suitable for the dehairing of hides and
      skins. German patent publication DOS 1,811,000 teaches the isolation of
      such proteases, effective in a strongly alkaline region, from the
      bacterial organism Bacillus subtilis, as well as from certain kinds of
      Streptomyces. According to German patent publication DOS 1,807,185, the
      Bacillus alcalophilus strain also produces proteases whose activity
      maximum is in the aforementioned pH region of 10-12.
PAR  As component (b) of the enzyme mixtures of the invention, the fungus
      proteases and/or the neutral to weakly alkaline bacterial proteases and/or
      papain and/or trypsin, or a mixture of these enzymes, can be used together
      with the aforementioned strongly alkaline proteases. Bacterial proteases
      of this type include, for example, those formed by Bacillus subtilis of
      the mesentericus group, by Bacillus natto, Streptomyces griseus, Bacillus
      cereus, and Bacillus mycoides.
PAR  Advantageously, the amount of the strongly alkaline proteases (a),
      expressed in Leohlein-Vollhardt units of enzymatic efficacy, is so chosen
      that they contribute from 5 to 50 percent of the total enzymatic efficacy
      of the bating agent. If fungus proteases are employed together with these
      enzymes, those obtained, as accompanying enzymes, in the form of soluble
      enzyme complexes together with amylase, cellulase, and various
      glycosidases, from Aspergillus cultures, particularly from cultures of
      Aspergillus niger or Aspergillus flavus, are advantageously used.
PAR  The total effective amount of enzyme employed may vary over wide limits
      depending on the nature of the skins and hides being treated, the enzyme
      combinations employed, the speed with which the bating is to be effected,
      etc. In general, the amount of enzymes employed should be such as to
      contribute between 0.3 to 6.5 percent of the weight of the skins or hides
      being treated of an enzyme with an enzymatic efficacy of 1000 LVU.
PAR  More particular, the following amounts of enzymes of types (a) and (b)
      (1000 LVU) are preferably employed:
TBL  Skins or                                                                  
            Proteinases (a) and                                                
                             Bating process                                    
     Hides of                                                                  
            (b) of 1000 LVU,                                                   
     (%)                 time      temperature - (minutes) (.degree.C)         
     ______________________________________                                    
     calf   0.3 - 1.0        15 - 60   25 - 32                                 
     cow    0.4 - 2.0        20 - 120  28 - 32                                 
     goat   1.0 - 6.5        30 - 300  30 - 32                                 
     sheep  0.3 - 0.8        50 -  90  25 - 32                                 
     pig    1.0 - 5.0        30 - 300  28 - 35                                 
     ______________________________________                                    
PAR  Conventionally, the proteolytic efficacy of enzymes is principally
      determined according to the Anson hemoglobin method or by the
      Loehlein-Vollhardt method involving the hydrolytic decomposition of
      casein. An Anson unit (ASU) is that amount of enzyme which decomposes
      hemoglobin under certain standard conditions with such an initial velocity
      that such an amount of decomposition products, not precipitable with
      trichloroacetic acid, is released per minute as gives the same color
      intensity with phenol reagent as does one milliequivalent of tyrosine. The
      Loehlein-Vollhardt unit (LVU) is that amount of enzyme which hydrolyzes
      1.725 mg of casein under the test conditions prescribed for this method.
PAR  For convenience in dosing, the enzymes are frequently combined with sodium
      sulfate prior to addition to the bating bath.
PAR  It should be emphasized that none of the proteolytic enzymes mentioned
      under (a) or (b), nor any mixture of the (b) enzymes, gives a loosening of
      scud and bating effects comparable with those of the agents according to
      the present invention unless the enzymes are employed together with a
      predominant amount of pancreatic trypsin. It has already been mentioned
      that the enzyme mixture according to the present invention has certain
      advantages, from the point of view of the loosening of scud and the
      quality of the finished leather, in comparison with bating agents
      comprising pancreatin.
PAR  The significance of the new process, as has been mentioned earlier while
      characterizing the present state of the art, lies primarily in the
      replacement of pancreatic trypsin by an enzyme mixture whose components,
      to the extent they are of microbiological origin, can be produced in any
      desired amounts. The inclusion of trypsin among the enzymes mentioned
      under (b) as part of the present invention is to prevent imitation of the
      present invention by a partial replacement of the trypsin in conventional
      agents by a protease of the type (a) described above. Nevertheless, in
      every case the process of the present invention can be carried out with
      enzyme mixtures free of trypsin.
PAR  The bating process of the present invention is advantageously carried out
      at a pH from about 7.5 to about 10, preferably from about 7.5 to about
      8.5. Since skins which have been limed may have a pH of about 11, it may
      be suitable to decrease the pH of the bating bath by the addition of an
      acid or acid salt. For this purpose, acids such as formic, acetic, lactic,
      glycolic, adipic, sulfophthalic, naphthalene-sulfonic, or citric are used
      to advantage, as are salts such as ammonium sulfate, ammonium bisulfate,
      ammonium bisulfite, or sodium acid phosphate.
PAR  The additives known in the prior art for use in enzymatic bating processes,
      such as activators, stabilizers, and bacteriostatic agents, can also be
      employed in carrying out the process of the present invention.
DETD
PAR  A better understanding of the present invention and of its many advantages
      will be had from the following specific Examples, given by way of
      illustration. In the Examples, the percentages given are by weight of the
      skins or hides being treated.
PAC  EXAMPLE 1
PAR  100 Kg of dehaired calf hides are washed for 20 minutes in a paddle, with
      400 percent of water at a temperature of 30.degree.C. The bath is then
      drained off.
PAR  The hides are then delimed by stirring them for 20 minutes with:
PA1  400 percent of water (30.degree.C.),
PA1  0.8 percent of ammonium chloride, and
PA1  0.4 percent of sodium bisulfite.
PA1  Bating is then effected by adding:
PA1  0.0068 percent of alkaline bacterial protease (77,000 LVU) (Bacillus
      subtilis),
PA1  0.0035 percent of fungus protease (140,000 LVU) (Aspergillus oryzae), and
PA1  0.9 percent of ammonium sulfate
PAL  and agitating for a further 40 minutes.
PAR  The pH value in the bath at the beginning of the bating process is 6.0. At
      the end it is 8.2. The outer third portions of a cross-section of a hide
      treated with phenolphthalein solution are colorless; the central third is
      red.
PAR  At the end of the bating, the skins are permeable to air and scud and short
      hairs can be easily removed by rubbing with the hand.
PAC  EXAMPLE 2
PAR  After fleshing, 100 kg of black-variegated dehaired cow hides are washed
      for 20 minutes in a drum with 100 percent of water at 30.degree.C.
PAR  Deliming and bating are performed over a period of one hour with:
PA1  50 percent of water (30.degree.C.),
PA1  2 percent of ammonium sulfate,
PA1  0.5 percent of sodium bisulfite,
PA1  0.0068 percent of alkaline bacterial protease (77,000 LVU) (Bacillus
      mesentericus), and
PA1  0.01 percent of papain (50,000 ASU).
PAL  During the bating, the pH rises from an initial value of 7.5 to 9.0. 0.3
      percent of formic acid, diluted with water in a ratio of 1:10 before
      addition, is added in two portions separated by a period of 20 minutes to
      bring the final pH of the bating bath to 8.0.
PAR  A cross-section of the hide treated with phenolphthalein solution is
      colorless.
PAR  At the end of the bate, the skins are contracted and exhibit no transparent
      character as after liming. Using the thumb-pressure test, the intensity of
      the bating is demonstrated by the persistence of the imprint on the grain.
PAC  EXAMPLE 3
PAR  100 Kg of dehaired goat skins are first washed in a paddle for 20 minutes
      with 400 percent of water at 35.degree.C.
PAR  Deliming is carried out in the reeling vat in 20 minutes with:
PA1  400 percent of water (35.degree.C. initial temperature)
PA1  1.5 percent of ammonium sulfate, and
PA1  0.5 percent of glycolic acid.
PAL  Bating is carried out by then adding:
PA1  0.0136 percent of alkaline bacterial protease (77,000 LVU) (Bacillus
      subtilis),
PA1  0.005 percent of neutral bacterial protease (100,000 LVU),
PA1  0.002 percent trypsin (250,000 LVU), and
PA1  1.8 percent of ammonium sulfate.
PAL  The duration of bating is 2 hours. The skins are agitated during the entire
      bating operation. The pH value at the beginning of the bate is 5.5 and is
      8.5 at its end.
PAR  The hides are delimed throughout and a cross-section shows no red
      coloration when treated with phenolphthalein.
PAR  The hides are permeable to air. Scud can be removed easily by rubbing or
      wiping.
PAC  EXAMPLE 4
PAR  100 Kg of dehaired sheepskins are first rinsed in a drum for 20 minutes
      with water at 28.degree. C. The bath is then discarded.
PAR  Deliming and bating are carried out with:
PA1  150 percent of water (30.degree.C.),
PA1  0.2 percent of ammonium chloride,
PA1  0.0034 percent of alkaline bacterial protease (77,000 LVU) (Bacillus
      subtilis),
PA1  0.0035 percent of fungus proteinase (140,000 LVU) (Aspergillus niger),
PA1  0.005 percent papain (50,000 ASU), and
PA1  1.5 percent of ammonium sulfate.
PAL  The hides are agitated for 20 minutes. After this 20 minute period, the pH
      value is measured and 0.3 percent of formic acid (technical, 85 percent),
      diluted with a tenfold amount of water prior to addition, is added.
PAR  The total bating time is 40 minutes.
PAR  The pH value in the bath at the beginning is 5.5 and is 7.5 at the end.
PAR  At the end of the bate, the hides are to a large extent free of scud and
      dirt, as can be demonstrated by wiping them with the hand. Because of the
      particularly good loosening of scud, wiping can therefore be omitted.
PAC  EXAMPLE 5 (COMPARISON EXAMPLE)
PAR  100 Kg of black-variegated dehaired bulls' hides are washed after fleshing
      in a drum with 100 percent of water at a temperature of 30.degree.C., for
      20 minutes.
PAR  Deliming and bating are carried out by addition of:
PA1  50 percent of water (30.degree.C.),
PA1  2 percent of ammonium sulfate,
PA1  0.5 percent of sodium bisulfite,
PA1  0.006 percent of trypsin (250,000 LVU).
PAL  The bating period is 1 hour. In order to achieve a maximum bating effect,
      the pH value of the solution should be between 7.8 and 8.2. The pH is
      adjusted with 0.3 percent of formic acid which is diluted prior to
      addition in a ratio of 1:10 with water. The final pH value of the bating
      solution is 8.2.
PAR  In comparison to the bating processes according to the present invention,
      as shown in Examples 1-4 herein, 40 percent more enzyme must be employed
      when trypsin is used in order to achieve the same bating effect.
CLMS
STM   What is claimed is:
NUM  1.
PAR  1. A method for bating soaked, limed, dehaired skins and hides which
      comprises contacting said skins and hides for 15 minutes to 300 minutes
      with an aqueous bath having a temperature from 25.degree. to 35.degree.C.
      and a pH between 7.5 and 10, said aqueous bath comprising an enzyme
      mixture consisting essentially of
PA1  a. a bacterial protease having an optimum efficacy towards hemoglobin at a
      pH from 10 to 12, and
PA1  b. a fungus protease having an optimum efficacy toward casein at a pH above
      7, a neutral to weakly alkaline bacterial protease, papain, trypsin, or a
      mixture of these proteases, said enzyme mixture being present in an amount
      equivalent to 0.3 to 6.5 percent, by weight of said skins and hides, of
      enzymes having an enzymatic activity of 1000 Loehlein-Vollhardt units.
NUM  2.
PAR  2. A method as in claim 1 wherein the amount of said protease (a) is such
      that its activity, expressed in Loehlein-Vollhardt units, is from 5 to 50
      percent of the total enzymatic activity of the enzyme mixture employed.
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ABST
PAL  Bacterial cells (Streptomyces sp.) having glucose isomerase activity can be
      aggregated with an aqueous solution of tetrazotized benzidine and used as
      an immobilized enzyme system for the isomerization of dextrose (glucose)
      to levulose (fructose).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various immobilized glucose isomerase systems have been developed for the
      enzymatic conversion of glucose to fructose. See, for example, U.S. Pat.
      No. 3,779,869 issued on Dec. 18, 1973. In many cases, the systems are
      relatively expensive and/or require fairly critical immobilization
      techniques or carrier materials. We have found a relatively simple and
      economical system useful for the preparation of fructose.
PAC  SUMMARY OF THE INVENTION
PAR  Our method of preparing fructose comprises the step of reacting an aqueous
      dextrose solution under incubating conditions with aggregated bacterial
      cells of an organism of the genus Streptomyces, the individual and
      aggregated cells demonstrating glucose isomerase activity, and the
      aggregated cells being the reaction product of a suspension of the
      individual cells and an aqueous solution of tetrazotized benzidine. The
      aggregated cells constitute an immobilized glucose isomerase system which
      can be readily separated from the reaction solution and reused.
PAC  SPECIFIC EMBODIMENTS
PAR  We have surprisingly found that the individual bacterial cells can be
      readily aggregated to form relatively water-insoluble clusters without
      significant loss in glucose isomerase activity by crosslinking the cells
      with a solution of tetrazotized benzidine having dissolved therein a
      preferred quantity of between about 4.0 to about 20.0 mg of tetrazotized
      benzidine per gram of cells to be aggregated. The crosslinked cells
      demonstrate maximum theoretical isomerization of dextrose to fructose and
      they can be readily removed from the reaction medium (e.g., by
      centrifugation) and reused.
PAC  PREPARATION OF THE AGGREGATES
PAR  Bacterial cells (Streptomyces sp.) obtained from Nagase & Co., Ltd., Tokyo,
      Japan, and having glucose isomerase activity, were crosslinked
      (aggregated) using varying amounts of tetrazotized benzidine (in solution)
      per gram of cells to note the effect of the amount of the crosslinking
      agents on the glucose isomerase activity of the aggregates. The
      crosslinking technique using the tetrazotized benzidine was similar to
      that described for the polymerization of spores of Bacillus subtilis var.
      niger and Serratia marcescens, but without any prior treatment of the
      cells, as shown in an article by H. Weetall entitled "Immunoadsorbent for
      the Isolation of Bacterial Specific Antibodies," J. Bact. 93, 1876-80
      (1967).
PAR  Separate 250 mg samples of the dried Streptomyces sp. cells were each
      suspended in 10 ml. of 0.5 M NaHCO.sub.3 solutions. The 10 ml. suspensions
      were then reacted separately with varying amounts of an aqueous
      tetrazotized benzidine solution (1 percent by weight or 10 mg per ml.)
      ranging from 0 to approximately 1 ml. at 0.degree.C. The reactions were
      continued for two hours and the aggregated cells were centrifuged out
      (5000 rpm for 60 minutes), washed with distilled water, and assayed with a
      2 M dextrose solution. The assay results are shown in Table I where the
      concentration of tetrazotized benzidine (shown as mg of crosslinking agent
      per gram of cells) is shown opposite the glucose isomerase activity per
      gram of the aggregates formed with the indicated amounts of crosslinking
      agent. One unit of glucose isomerase activity represents the production of
      one .mu. mole of fructose per minute at pH 6.80 and 60.degree.C.
TBL                TABLE I                                                     
     ______________________________________                                    
     Activity    Concentration                                                 
     (units/g cells)                                                           
                 (mg tetrazotized benzidine/g cells)                           
     ______________________________________                                    
     145         0                                                             
     170         0                                                             
     150         4.0                                                           
     125         8.0                                                           
     135         16.0                                                          
     100         17.5                                                          
     120         19.0                                                          
      85         31.0                                                          
      85         35.0                                                          
      73         40.0                                                          
     ______________________________________                                    
DETD
PAC  EXAMPLE
PAR  A 6.5 gram batch of the crosslinked cells was prepared by suspending that
      quantity of the dried cells in 100 ml. of 0.5 M NaHCO.sub.3 solution and
      reacting the suspension with 7.8 ml. of an aqueous solution of 1 percent
      by weight tetrazotized benzidine (78 mg). The reaction was continued for
      60 minutes at 0.degree.C. The aggregated cells were centrifuged out,
      washed, and assayed as above. The glucose isomerase activity of the large
      batch was found to be 70 units/gram of aggregate. The 6.5 gram batch was
      then placed in a one liter aqueous solution of 50 percent (weight)
      dextrose at 60.degree.C. and stirred. Every 24 hours the substrate
      (dextrose solution) was changed and the percent isomerization of dextrose
      to fructose was determined, 50 percent conversion being the maximum
      percent theoretically possible. The results are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                                Accumulated                                    
     Time (days) Fructose (%)   Fructose (g)                                   
     ______________________________________                                    
     0            0               0                                            
     1           50              250                                           
     2           50              500                                           
     3           50              700                                           
     4           50             1000                                           
     5           50             1250                                           
     6            1             1253                                           
     7            0             1253                                           
     ______________________________________                                    
PAR  The data of Table II indicate useful enzymatic life of about 5 days for the
      composite of the example.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing fructose from an aqueous dextrose solution which
      comprises the step of reacting the solution under incubation conditions
      with crosslinked bacterial cells of an organism of the genus Streptomyces,
      the crosslinked cells having glucose isomerase activity and being the
      reaction product of a suspension of individual cells having glucose
      isomerase activity and an aqueous solution of tetrazotized benzidine, the
      tetrazotized benzidine solution having dissolved therein between about 4.0
      and 20.0 mg of tetrazotized benzidine per gram of cells.
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PAL  High yields of L-glutamic acid are produced by culturing mutant strains of
      microorganisms of the genera Pseudomonas and Protaminobacter in a culture
      medium containing methanol as the principal source of assimilable carbon.
      L-glutamic acid is accumulated in the culture liquor and is isolated
      therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the production of L-glutamic
      acid by fermentation, and more specifically to the production of
      L-glutamic acid by culturing a specific mutant strain of microorganism
      belonging to the genera Pseudomonas and Protaminobacter in a medium
      containing methanol as the principal carbon source.
PAR  L-glutamic acid is an amino acid which is in great and constant demand as a
      seasoning agent.
PAR  Numerous processes have been developed for the production of L-glutamic
      acid by fermentation using various carbon sources. However, due to the
      considerable expense attributed to the saccharine carbon sources,
      processes utilizing microorganisms capable of assimilating less-expensive
      carbon sources such as hydrocarbons and alcohols have been in considerable
      demand, particularly those processes and microorganisms which utilize
      methanol as the principal source of carbon in the culture medium.
PAR  L-glutamic acid fermentation from methanol using microorganisms of the
      genera Pseudomonas and Protaminobacter is known in the art. For example,
      U.S. Pat. No. 3,663,370 discloses the production of L-glutamic acid from
      methanol by culturing certain microorganisms belonging to the genus
      Protaminobacter. Similarly, U.S. Pat. No. 3,616,224 discloses the
      production of various amino acids including L-glutamic acid by culturing a
      microorgamism of the genus Pseudomonas in a medium containing methanol as
      a main carbon source.
PAR  Although the processes of the aforesaid United States patents realize the
      production of acceptable yields of L-glutamic acid, more improved
      processes which develop higher yields of the product are in demand.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention an improved process has been
      developed wherein L-glutamic acid is produced in high yields from
      methanol. The present inventors have obtained various mutants from the
      known methanol-utilizing microorganisms of the genera Pseudomonas and
      Protaminobacter, particularly, from those having an ability to produce
      L-glutamic acid, and examined the productivity of L-glutamic acid by the
      mutants. As a result, it has been found that a mutant having at least one
      property selected from: a) a requirement for L-methionine; b) a
      requirement for L-isoleucine; c) a requirement for L-phenylalanine; and d)
      a resistance to DL-lysine hydroxamate has a remarkably improved
      productivity of L-glutamic acid as compared with its parent strain.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, mutants derived from
      methanol-utilizing, L-glutamic acid-producing microorganisms belonging to
      the genus Pseudomonas or Protaminobacter having at least one property
      selected from: a) a requirement for L-methionine; b) a requirement for
      L-isoleucine; c) a requirement for L-phenylalanine; and d) a resistance to
      DL-lysine hydroxamate are employed. As used herein the term "a mutant
      having a requirement" means an auxotrophic mutant including the so-called
      "leaky" type mutant. A mutant having a "leaky" requirement is also
      suitable for the present invention.
PAR  A mutant suitable for the present invention is derived from a strain which
      has an ability to utilize methanol and to produce L-glutamic acid and
      belongs to the genus Pseudomonas or Protaminobacter. An appropriate parent
      strain is selected by conventional methods known in the art, either from
      the known strains or from new strains isolated from natural sources.
PAR  As for the parent strain's ability to produce L-glutamic acid, there is no
      critical lower limit. However, it is desirable that the parent strain can
      produce at least about 100 .gamma./ml of L-glutamic acid when cultured in
      a medium, such as disclosed in Example 1 below, under usual culturing
      conditions for 24 - 48 hours. Examples of particularly suitable parent
      strains are Pseudomonas insueta ATCC 21276 (disclosed in U.S. Pat. No.
      3,616,224), Pseudomonas methanolica ATCC 21704 (disclosed in U.S. Pat. No.
      3,755,082) and Protaminobacter thiaminophagus ATCC 21371 (disclosed in
      U.S. Pat. No. 3,663,370).
PAR  A parent strain selected in a manner described above, which is capable of
      utilizing methanol and of producing L-glutamic acid and belongs to the
      genus Pseudomonas or Protaminobacter is mutated to obtain mutants having
      at least one property selected from: a requirement for L-methionine; a
      requirement for L-isoleucine; a requirement for L-penylalanine; and a
      resistance to DL-lysine hydroxamate. Such mutants are then suitable for
      the present invention. Particularly preferred mutants are Pseudomonas
      insueta K-015 ATCC 21966 (requiring L-methionine), Pseudomonas insueta
      K-038 ATCC 21967 (requiring L-isoleucine - leaky type), Pseudomonas
      methanolica LHX-8 ATCC 21968 (resistant to DL-lysine hydroxamate) and
      Protaminobacter thiaminophagus K-224 ATCC 21969 (requiring
      L-phenylalanine), which are derived from the above-noted three parent
      strains. These mutants have been deposited with the American Type Culture
      Collection, Rockville, Maryland, U.S.A. and are freely available to the
      public.
PAR  In obtaining mutants suitable for the present invention, any of the
      conventional methods for inducing mutation to obtain a strain having a
      requirement or a resistance may be employed. For example, such artifical
      mutation means as X-ray irradiation, ultraviolet ray irradiation, nitrogen
      mustard treatment, nitrosoguanidine treatment, etc. are appropriate.
PAR  More specifically, a mutant having a requirement for L-methionine,
      L-isoleucine or L-phenylalanine suitable for the present invention may be
      obtained, for example, in the following manner. Microbial cells of a
      suitable parent strain are suspended, at a concentration of about 5
      .times. 10.sup.8 cells per 1 ml, in tris-maleate buffer solution having a
      pH of 6 and containing 100 .gamma./ml of
      N-methyl-N'-nitro-N-nitrosoguanidine. The suspension is allowed to stand
      for one hour and then the cells are collected by centrifugation and washed
      with sterile physiological sodium chloride solution. The cells are then
      incubated on a nutrient agar plate comprising 20 g/L bouillon powder, 5
      g/L yeast extract, 20 ml/L methanol and 20 g/L agar. Cells of resulting
      colonies are smeared on an agar plate of a minimum medium on which the
      parent strain can grow and also on a nutrient-supplemented agar plate
      comprising the minimum medium and an appropriate amount, for example,
      about 10 mg/L, of a nutrient to be required, i.e., L-methionine,
      L-isoleucine or L-phenylalanine and then incubated. A strain which does
      not grow on the minimum medium but grows on the nutrient-supplemented
      medium, is selected.
PAR  In obtaining a mutant having a resistance to DL-lysine hydroxamate, the
      cells, after treatment with N-methyl-N'-nitro-N-nitrosoguanidine in a
      manner as described above, are smeared and incubated on an agar plate
      comprising a minimum medium for the parent strain to which an appropriate
      amount of DL-lysine hydroxamate is added. The amount of DL-lysine
      hydroxamate added to the medium should be enough to inhibit growth of the
      parent strain, and is usually 1 mg/ml. Colonies resulting on the
      supplemented medium are isolated and, in this manner, a mutant having a
      resistance to DL-lysine hydroxamate is obtained. In the present invention,
      usually a mutant having a resistance to 1 mg/ml or more of DL-lysine
      hydroxamate is suitable.
PAR  It will be apparent to those skilled in the art that by repeatedly applying
      the above described treatments, a mutant having two or more properties can
      be obtained.
PAR  Any culture medium usually used for culturing microorganisms of the genera
      Pseudomonas and Protaminobacter is suitable for the present invention as
      long as it contains methanol as a carbon source, a nitrogen source,
      inorganic materials and other growth promoting factors which may be
      required by the specific strain employed.
PAR  Since high concentrations of methanol will inhibit growth of the
      microorganism, it is generally desirable that the concentration of
      methanol in the medium be maintained below about 3 percent (V/V). Good
      results can be obtained when a medium initially having a low
      concentration, for example, 0.5-3 percent (V/V) of methanol is used and
      culturing is carried out while feeding methanol to the medium continuously
      in an amount of 0.3-0.6 percent by volume based on the volume of the
      medium per hour, or intermittently in an amount of 0.5-2 percent by volume
      based on the volume of the medium, as methanol is consumed by the
      microorganism.
PAR  The total amount of methanol consumed may vary depending upon the specific
      microorganism and culturing conditions, particularly, culturing period. Up
      to 40 percent (V/V) of methanol based on the volume of the medium may be
      used when a prolonged culturing period is employed.
PAR  As the nitrogen source, ammonium salts such as ammonium chloride, ammonium
      sulfate, ammonium phosphate and ammonium nitrate, ammonia, and urea may be
      used. Casamino acid, peptone and yeast extract may also be used as the
      nitrogen source. The latter natural organic substances contain vitamins,
      amino acids and other growth-promoting substances and, therefore, are
      effective to reduce culturing time and to promote production of L-glutamic
      acid, when supplemented in small amounts to the medium as the nitrogen
      source. Additionally, as inorganic materials, potassium phosphate,
      magnesium sulfate, iron and manganese salts may be used.
PAR  Mutants of the present invention may require one or more amino acid. When a
      mutant having the requirement property is used, it is necessary to
      supplement the amino acid or an appropriate source of the amino acid to
      the medium as required. In this case, since natural organic substances,
      such as casamino acid, peptone and yeast extract contain amino acids, when
      the natural organic substances are used in an appropriate amount as the
      nitrogen source, the required amino acid or its source may not have to be
      further supplemented to the medium. Further, when a strain employed has a
      requirement for a vitamin, for example, a strain of Protaminobacter
      thiaminophagus which requires thiamine, it is necessary to add the vitamin
      to the medium.
PAR  Culturing is carried out under the aerobic conditions at 20.degree. to
      40.degree.C for 2 to 6 days. In order to obtain a high yield of the
      product, it is desirable that the pH of the medium be maintained at about
      4 to 9, preferably, at around neutral during culturing. The pH may
      preferably be adjusted with ammonia.
PAR  After the completion of culturing, the microbial cells are removed from the
      culture liquor by, for example, filtration. The L-glutamic acid
      accumulated in the culture liquor is isolated and purified by any of the
      methods well known in the art, such as an ion exchange resin treatment,
      crystallization by concentration, or the like.
PAR  Practice of specific embodiments of the invention is illustrated by the
      following representative examples.
DETD
PAC  EXAMPLE 1
PAR  In this example, various strains shown in Table 1 are used. Each of the
      strains is inoculated into 20 ml of a medium having the following
      composition in 250 ml-Erlenmeyer flasks.
TBL  ______________________________________                                    
     methanol                 20 ml                                            
     (NH.sub.4).sub.2 SO.sub.4                                                 
                              10 g                                             
     KH.sub.2 PO.sub.4        2 g                                              
     K.sub.2 HPO.sub.4        7 g                                              
     MgSO.sub.4.7H.sub.2 O    0.5 g                                            
     FeSO.sub.4.7H.sub.2 O    25 mg                                            
     MnSO.sub.4.4H.sub.2 O    8 mg                                             
     thiamine hydrochloride   1 mg                                             
     biotin                   10 .mu.g                                         
     polypeptone              10 g                                             
     phenol red               10 mg                                            
     water to a volume of 1 L                                                  
     (pH 7.2)                                                                  
     ______________________________________                                    
PAR  Culturing is carried out with shaking at 30.degree.C for 3 days, while
      feeding 1 percent (V/V) of methanol after 16 hours of culturing and 2
      percent (V/V) of methanol after 27 and 40 hours of culturing. During
      culturing, the pH is adjusted to around neutral with 3N aqueous ammonia
      three times a day. At the completion of culturing the yield of L-glutamic
      acid is measured as well as the degree of growth. The results are shown in
      Table 1 below.
TBL                Table 1                                                     
     ______________________________________                                    
                       Growth      Yield of                                    
                       OD (660 m.mu.)                                          
                                   L-glutamic                                  
     Strains           (.times.40) acid (mg/ml)                                
     ______________________________________                                    
     Pseudomonas insueta                                                       
     ATCC 21276 (parent)                                                       
                       0.240       1.2                                         
     K-015 ATCC 21966  0.180       9.7                                         
     (mutant)                                                                  
     K-038 ATCC 21967  0.150       12.9                                        
     (mutant)                                                                  
     Pseudomonas methanolica                                                   
     ATCC 21704 (parent)                                                       
                       0.325       0.7                                         
     LHX-8 ATCC 21968  0.200       7.4                                         
     (mutant)                                                                  
     Protaminobacter thiaminophagus                                            
     ATCC 21371 (parent)                                                       
                       0.316       2.1                                         
     K-224 ATCC 21969  0.170       11.2                                        
     (mutant)                                                                  
     ______________________________________                                    
PAR  From the above table, it is apparent that a yield of L-glutamic acid of 5 -
      10 times that obtained by the parent strains is obtained by any of the
      mutants.
PAC  EXAMPLE 2
PAR  In this example, Pseudomonas insueta K-038 ATCC 21967 is inoculated into 20
      ml of a first seed medium having the following composition in a 250
      ml-Erlenmeyer flask.
TBL  ______________________________________                                    
     methanol                 20 ml                                            
     (NH.sub.4).sub.2 SO.sub.4                                                 
                              5 g                                              
     KH.sub.2 PO.sub.4        1 g                                              
     K.sub.2 HPO.sub.4        2.5 g                                            
     MgSO.sub.4.7H.sub.2 O    0.5 g                                            
     FeSO.sub.4.7H.sub.2 O    25 mg                                            
     MnSO.sub.4.4H.sub.2 O    8 mg                                             
     thiamine hydrochloride   2 mg                                             
     biotin                   10 .mu.g                                         
     polypeptone              10 g                                             
     water to a volume of 1 L                                                  
     (pH 7.2)                                                                  
     ______________________________________                                    
PAR  Culturing is carried out with shaking at 30.degree.C for 27 hours. The
      first seed culture is then transferred to 300 ml of a second seed medium
      in a 2 L-Erlenmeyer flask and cultured with shaking at 30.degree.C for 28
      hours. The second seed culture is then transferred to 2.7 L of a third
      seed medium in a 5 L-jar fermenter and cultured with aeration of 3 L/min.
      and stirring at 600 r.p.m. at 30.degree.C for 24 hours, while maintaining
      the pH at 6.8 by the addition of concentrated aqueous ammonia. After 20
      hours of culturing, 1 percent (V/V) of methanol is fed to the medium. Then
      300 ml portions of the thus obtained third seed medium are inoculated into
      2.7 L of a main fermentation medium in 5 L-jar fermenters. The second and
      third seed media and the main fermentation medium have the same
      composition as that of the first seed medium. Culturing is carried out
      with aeration of 3 L/min. and stirring at 600 r.p.m. at 30.degree.C for 58
      hours while maintaining the pH at 6.8 by the addition of concentrated
      aqueous ammonia. After 10 hours of fermentation, 0.40-0.55 percent (V/V)
      per hour of methanol is continuously fed to the medium for a period of 36
      hours. As a result, 32.8 mg/ml of L-glutamic acid is produced in the
      culture liquor while a total of 21.7 percent (V/V) of methanol is used for
      the fermentation. Then 3 L of the culture liquor is subjected to
      centrifugation to remove the microbial cells and the filtrate is
      concentrated and adjusted to pH 3.2 with hydrochloric acid. After
      crystallization, 75.3 g of L-glutamic acid is obtained.
PAC  EXAMPLE 3
PAR  In this example, Protaminobacter thiaminophagus K-224 ATCC 21969 is
      cultured in the same manner as in Example 2 except that the culture medium
      contains 0.4 g of L-phenylalanine in place of 10 g of polypeptone. After
      the completion of fermentation, 22.0 mg/ml of L-glutamic acid is produced
      in the culture liquor while a total of 16.7 percent (V/V) of methanol is
      used for the fermentation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing L-glutamic acid which comprises culturing a
      mutant strain derived from a microorganism having an ability to utilize
      methanol and an ability to produce L-glutamic acid and belonging to a
      genus selected from Pseudomonas and Protaminobacter, said mutant having at
      least one property selected from a) a requirement for L-methionine, b) a
      requirement for L-isoleucine, c) a requirement for L-phenylalanine and d)
      a resistance to DL-lysine hydroxomate, in a medium containing methanol as
      the principal carbon source, accumulating L-glutamic acid in the culture
      liquor and recovering L-glutamic acid therefrom.
NUM  2.
PAR  2. A process according to claim 1 wherein said mutant strain is selected
      from the group consisting of Pseudomonas insueta ATCC 21966, Pseudomonas
      insueta ATCC 21967, Pseudomonas methanolica ATCC 21968 and Protaminobacter
      thiaminophagus ATCC 21969.
NUM  3.
PAR  3. A process according to claim 1 wherein said culturing is carried out
      20.degree. to 40.degree.C and at approximately neutral pH.
NUM  4.
PAR  4. A process according to claim 1 wherein said mutant strain is resistant
      to at least 1 mg/ml of DL-lysine hydroxamate in a culture medium.
NUM  5.
PAR  5. A process according to claim 1 wherein said methanol is continuously fed
      to said culture medium.
NUM  6.
PAR  6. A process according to claim 1 wherein said methanol is intermittently
      fed to said culture medium.
PATN
WKU  039390438
SRC  5
APN  5168163
APT  1
ART  172
APD  19741021
TTL  Antibiotics designated XK-88 series and process for production thereof
ISD  19760217
NCL  7
ECL  1
EXA  Warden; Robert J.
EXP  Monacell; A. Louis
NDR  13
NFG  15
INVT
NAM  Nara; Takashi
CTY  Tokyo
CNT  JA
INVT
NAM  Takasawa; Seigo
CTY  Hadano
CNT  JA
INVT
NAM  Okachi; Ryo
CTY  Machida
CNT  JA
INVT
NAM  Kawamoto; Isao
CTY  Machida
CNT  JA
INVT
NAM  Yamamoto; Mitsuyoshi
CTY  Machida
CNT  JA
INVT
NAM  Sato; Seiji
CTY  Machida
CNT  JA
INVT
NAM  Sato; Tomoyasu
CTY  Machida
CNT  JA
INVT
NAM  Morikawa; Atsuko
CTY  Tama
CNT  JA
ASSG
NAM  Abbott Laboratories
CTY  North Chicago
STA  IL
COD  02
PRIR
CNT  JA
APD  19731024
APN  48-118932
CLAS
OCL  195 80R
XCL  2603459
EDF  2
ICL  C12D  900
FSC  195
FSS  80 R
UREF
PNO  3652536
ISD  19720300
NAM  Sebek et al.
OCL  195 80R
LREP
FRM  Fitzpatrick, Cella, Harper & Scinto
ABST
PAL  A novel series of antibiotics designated the XK-88 series are produced by
      culturing a microorganism belonging to the genus Streptomyces in a
      nutrient medium and thereafter recovering the antibiotics from the culture
      liquor.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relatees to novel antibiotics and a process for the
      production thereof. More specifically the present invention relates to
      novel antibiotics designated, XK-88-1, XK-88-2, XK-88-3 and XK-88-5 and a
      process for producing such antibiotics.
PAR  Antibiotics which exhibit activity against a borad spectrum of bacteria are
      always in demand. To this end, a new species of microorganism has been
      isolated from soil located in Tajima-cho, Hofu-shi, Yamaguchi-ken, Japan.
      This new species, when cultured, produces a series of new antibiotics, the
      XK-88 series, all of which exhibit strong antibacterial activity against
      various Gram-positive and Gram-negative bacteria. Accordingly, the
      antibiotics of the invention are useful to clean and sterilize laboratory
      glassware ans surgical instruments, and may also be used in combination
      with various soaps for sanitation purposes as in cleaning and sanitizing
      hospital rooms and areas used for the preparation of food.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the ultraviolet absorption spectrum of the sulfate of
      XK-88-1;
PAR  FIG. 2 illustrates the infrared absorption spectrum of the sulfate of
      XK-88-1;
PAR  FIG. 3 illustrateds the ultraviolet absorption spectrum of the sulfate of
      XK-88-2;
PAR  FIG. 4 illustrates the infrared absorption spectrum of the sulfate of
      XK-88-2;
PAR  FIG. 5 illustrates the ultraviolet absorption spectrum of the sulfate of
      XK-88-3;
PAR  FIG. 6 illustrates the infrared absorption spectrum of the sulfate of
      XK-88-3;
PAR  FIG. 7 illustrates the ultraviolet absorption spectrum of the sulfate of
      XK-88-5;
PAR  FIG. 8 illustrates the infrared absorption spectrum of the sulfate of
      XK-88-5;
PAR  FIG. 9 illustrates the NMR spectrum of the free base of XK-88-1;
PAR  FIG. 10 illustrates the NMR spectrum of the free base of XK-88-2;
PAR  FIG. 11 illustrates the NMR spectrum of the free base of XK-88-3;
PAR  FIG. 12 illustrates the NMR spectrum of the free base of XK-88-5;
PAR  FIG. 13 illustrates the C.sup.13 -NMR spectrum of the sulfate of XK-88-1;
PAR  FIG. 14 illustrates the C.sup.13 -NMR spectrum of the free base of XK-88-2;
      and
PAR  FIG. 15 illustrates the C.sup.13 -NMR spectrum of the sulfate of XK-88-5.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a novel series of related
      antibiotics, XK-88-1, XK-88-2, XK-88-3 and XK-88-5, are produced by
      culturing a microorganism belonging to the genus Streptomyces, which is
      capable of producing the antibiotics, in a nutrient medium until
      substantial antibacterial activity is detected in the culture liquor. At
      the completion of culturing, the antibiotics are recovered respectively as
      active fractions by ion exchange resin treatment and further isolated as
      purified substances by conventional methods employed in isolation and
      purification.
PAR  The novel antibiotics of the present invention may be considered to have
      the following general formula:
      ##SPC1##
PAL  wherein X represents
      ##SPC2##
PAL  or --H; Y represents --NH.sub.2 or --OH, and is --NH.sub.2 when X is --H;
      and Z represents --H or --OH, and is --H when X is --H.
PAC  DESCRIPTION OF THE INVENTION
PAR  Antibiotics of the XK-88 series are produced by culturing a microorganism
      belonging to the genus Streptomyces. A particularly suitable microorganism
      belongs to Streptomyces hofuensis which is a heretofore unidentified new
      species. Its typical strain was originally identified as Streptomyces sp.
      MK-88. This strain has been deposited with the American Type Culture
      Collection, Rockville, Maryland, and has been accorded accession number
      ATCC 21970. The strain has also been deposited with the Fermentation
      Research Institute, Japan, and assigned the registered number FERM-P No.
      2216. The MK-88 strain is characterized by the following properties:
PAR  I. Morphology:
PAR  Generally, the MK-88 strain is poor in growth. Of the eight kinds of media
      shown in Table 1 below, the MK-88 strain shows moderate growth only on
      three media, i.e. oatmeal agar, starch agar and yeast extract-malt extract
      agar. On the remaining media, the strain shows only slight growth. The
      formation of an aerial mycelium is poor and a white aerial mycelium is
      formed only on sucrose - nitrate agar, starch agar and yeast extract-malt
      extract agar. The aerial mycelium shows simple branching. A sporophore is
      straight or flexuous, and the top of sporophores sometimes makes a loop,
      but never makes spiral. Frequently, more than ten spores with a warty or
      spiny surface are formed at the end of the sporophore.
PAR  II. Culture Characteristics:
PAR  The degree of growth and additional characteristics observed when the MK-88
      strain is cultured on various media are set forth in Table 1. The color
      indications are given according to the classifications in the Color
      Harmony Manual, 4th edition (Container Corporation of America). The
      characteristics are determined after culturing at 30.degree.C. for 2
      weeks.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Growth on Various Media                                                   
                              Formation                                        
                    Substrate of Aerial                                        
                                      Aerial Soluble                           
     Medium Growth  Mycelia   Mycelia Mycelia                                  
                                             Pigments                          
     ______________________________________                                    
     Sucrose-                                                                  
            Poor    Colorless Poor    White  None                              
     Nitrate        to cream           (a)                                     
     agar           (11/2 ca)                                                  
     Glucose-                                                                  
            Poor    Colorless         None   None                              
     Aspara-        to cream                                                   
     gine agar      (11/2 ca)                                                  
     Nutrient                                                                  
            Poor    Colorless         None   None                              
     agar           to yellow                                                  
                    maple                                                      
                    (3ng)                                                      
     Oatmeal                                                                   
            Mod-    Mustard           None   None                              
     agar   erate   gold                                                       
                    (2 pg) to                                                  
                    light                                                      
                    mustard                                                    
                    tan                                                        
                    (2 ie)                                                     
     Starch Mod-    Bamboo    Poor    White  None                              
     agar   erate   chamois            (a)                                     
                    (2 gc)                                                     
     Tyrosine                                                                  
            Poor    Colorless         None   None                              
     agar           to yellow                                                  
                    maple                                                      
                    (3 ng)                                                     
     Yeast  Mod-    Yellow    Poor    White  None                              
     extract-                                                                  
            erate   maple              (a)                                     
     malt           (3 ng)                                                     
     extract                                                                   
     agar                                                                      
     Glycerin-      Colorless         None   None                              
     Aspara-                                                                   
            Poor    to light                                                   
     gine           ivory                                                      
     agar           eggshell                                                   
                    (2 ca)                                                     
     ______________________________________                                    
PAR  As shown in the above Table 1, the substrate mycelia are colorless or
      cream-colored to brown, the aerial mycelia are white and no soluble
      pigments are produced on any of the media.
PAR  III. Physiological Properties:
TBL  Growth temperature:    26 to 43.degree.C.                                 
     Liquefaction of gelatin:                                                  
                            Negative                                           
     Hydrolysis of starch:  Positive                                           
     Coagulation and peptoniza-                                                
     tion of skim milk:     Negative                                           
      Formation of melanoid pigments: No pigments are formed on tyrosine agar  
      medium and peptone-yeast-iron agar medium.                               
PAR  IV. Utilization of Carbon Sources:
TBL  Carbon Source   Utilization                                               
     ______________________________________                                    
     D-Glucose       ++                                                        
     Saccharose      ++                                                        
     Mannitol        ++                                                        
     D-Xylose        ++                                                        
     L-Rhamnose      ++                                                        
     D-Arabinose     .+-.                                                      
     Inositol        -                                                         
     D-Fructose      -                                                         
     D-Raffinose     -                                                         
     ______________________________________                                    
PAR  Strains of species characterized by the following properties were searched
      for in the The Actinomycetes, S. A. Waksman, The Williams & Wilkins Co.,
      1961, Vol. 2 and International Journal of Systematic Bacteriology Vol. 18
      No. 2 p 69-189, Vol. 18 No. 4 p 279-392, Vol. 19 No. 4 p 391-512, Vol. 22
      No. 4 p 265-394: simple branching; formation of no melanoid pigments nor
      soluble pigments; straight, flexuous or loopy sporophore; warty or spiny
      spore surface, white aerial mycelium; and colorless or yellowish brown
      substrate mycelium which never exhibits any other distinct color. As a
      result, the MK-88 strain was determined to be similar to the strains of
      Streptomyces craterifer and Streptomyces bluensis, particularly, the
      strains of the former species. However, the MK-88 strain has properties
      different from those of the aforementioned two species as is illustrated
      by the following Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     S. craterifer                                                             
                 S. bluensis    MK-88                                          
     ______________________________________                                    
     The sphorophore                                                           
                 The sporophore The sporophore                                 
     rarely forms                                                              
                 rarely forms   forms no spiral                                
     spiral      spiral         under the same                                 
                                culture condi-                                 
                                tions as those                                 
                                of the two                                     
                                strains of S.                                  
                                craterifer and                                 
                                S. bluensis                                    
     Aerial mycelium is                                                        
                 Aerial mycelium is                                            
                                No aerial                                      
     formed on oat-                                                            
                 formed on oatmeal                                             
                                mycelium is                                    
     meal agar   agar medium and                                               
                                formed on oatmeal                              
     medium and  glycerin-      agar medium and                                
     glycerin-   asparagine agar                                               
                                glycerin-aspara-                               
     asparagine agar                                                           
                 medium         gine agar medium                               
     medium                                                                    
                 Aerial mycelium is                                            
                                Aerial mycelium is                             
                 sometimes colored                                             
                                colored                                        
                 blue on yeast  white on                                       
                 extract-malt   yeast extract-                                 
                 extract agar   malt extract                                   
                 medium         agar medium                                    
                 Inositol, fructose                                            
                                Inositol, fructose                             
                 and raffinose are                                             
                                and raffinose are                              
                 utilized       not utilized                                   
     ______________________________________                                    
PAL  On the basis of the above observations, the MK-88 strain is considered as
      belonging to a new species and this species is named Streptomyces
      hofuensis after the name of the place where the strain had been isolated.
PAR  As is the case with other strains of the Actinomycetes, the microorganism
      useful in carrying out the present invention can be mutated by artificial
      means such as ultra-violet irradiation, Co.sup.60 irradiation, X-ray
      irradiation and the action of various mutation-inducing chemicals.
      Accordingly, any strain, even if thus mutated, is contemplated as
      appropriate for the present invention insofar as it has the ability to
      produce any one or all of the antibiotics of the XK-88 series.
PAR  Generally, conventional methods for culturing microorganisms of the
      Actinomycetes may be used in the process of the present invention. Various
      nutrient sources may be employed for a culture medium. As a carbon source,
      glucose, starch, mannose, sucrose, molasses, vegetable oil, etc. may be
      used alone or in combination. Additionally, hydrocarbons, alcohols,
      organic acids, etc. may be used as a carbon source depending upon the
      ability of utilization possessed by the microorganism. Inorganic and
      organic nitrogen sources such as ammonium chloride, ammonium sulfate,
      urea, ammonium nitrate, sodium nitrate, etc. and natural nitrogen sources
      such as peptone, meat extract, yeast extract, dry yeast, corn steep
      liquor, soybean powder, casamino acid, soluble vegetable protein, etc. may
      be used alone or in combination. In addition, such inorganic salts as
      sodium chloride, potassium chloride, calcium carbonate, phosphates, etc.
      may be added to the medium, if necessary. Furthermore, organic or
      inorganic materials capable of promoting growth of the particular
      microorganism and thus enhancing production of the antibiotic of the
      invention may be properly added to the medium.
PAR  A liquid culturing method, especially a submerged stirring culturing
      method, is most suitable for the process of the invention. It is desirable
      to carry out the culturing at a temperature of 26.degree.to 43.degree.C
      and at approximately neutral pH. Antibiotics of the XK-88 series are
      formed and accumulated in the culture liquor usually after 2 to 15 days of
      culturing. When the yield of XK-88 antibiotics in the culture liquor
      reaches a maximum, culturing is discontinued and the desired product is
      isolated and purified from the culture liquor after the microbial cells
      have been removed such as by filtration.
PAR  Isolation and purification of XK-88 antibiotics from the filtrate are
      carried out according to methods usually used for the isolation and
      purification of microbial metabolic products from culturre liquor.
PAR  Since members of the XK-88 series are basic and are well soluble in water,
      but poorly soluble in ordinary organic solvents, the desired products can
      be purified by methods usually used for the purification of so-called
      water-soluble basic antibiotics. More specifically, the members of the
      XK-88 series may be purified by a proper combination of adsorption and
      desorption from cation exchange resins and active carbon; column
      chromatography using cellulose; adsorption and desorption from Sephadex
      (trade name, produced by Pharmacia Fine Chemicals Inc., Sweden) LH-20
      column; silica gel chromatography; and the like methods.
PAR  For example, the cell free culture filtrate is first adjusted to a pH of
      7.5 and then subjected; to adsorption on a cation exchange resin,
      Amberlite (trade name, produced by Rohm & Haas Co., U.S.A.) IRC-50
      (NH.sub.4.sup.+  form). After washing with water, elution is carried out
      with 0.5N aqueous ammonia. The active fraction is concentrated under
      reduced pressure. The concentrate is then adjusted to a pH of 7.5 and
      passed through a column packed with active carbon. The column is washed
      with a small amount of water and then eluted with 0.5N sulfuric acid.
      Colored impurities are scarcely eluted. The eluate is adjusted to a pH of
      7.0 with Dowex (Trade name, produced by the Dow Chemical Co., U.S.A.) 44
      (OH.sup.- form) and passed through a column of Amberlite CG-50
      (NH.sub.4.sup.+ form). After washing with water, elution is carried out
      with 0.2N aqueous ammonia.
PAR  As a result, the XK-88-1 component is first eluted, followed by the XK-88-3
      component and then the Xk-88-5 component. The XK-88-2 component may then
      be eluted with 0.5N aqueous ammonia.
PAR  The fraction containing XK-88-1 as the main component is concentrated. The
      concentrate is passed through a column of silica gel. Elution is carried
      out with 50% aqueous methanol. Fractions containing active substance
      exhibiting Rf values of 0.58 and 0.31 in silica gel thin layer
      chromotography using developer II [methanol and 10% aqueous ammonium
      acetate (1:1)] and developer M [n-butanol, ethanol, chloroform and 17%
      aqueous ammonia (4:5:2:5)] respectively, are combined and concentrated.
      The concentrate is adjusted to a pH of 7.5 and then passed through a
      column of Amberlite CG-50 (NH.sub.4.sup.+ form). After washing with water,
      elution is carried out with 0.2N aqueous ammonia. The active fractions are
      concentrated and the concentrate is adjusted to pH of 4.5 with sulfuric
      acid. Methonal is added thereto, whereby a white powder of the sulfate of
      XK-88-1 is obtained.
PAR  The fractions containing XK-88-3 and XK-88-5 as main components are
      concentrated. The concentrate is passed through a column of silica gel.
      Any contamination by the XK-88-1 component is first eluted out with 50%
      aqueous methanol. Then, the XK-88-3 component which exhibits Rf values of
      0.39 and 0.27 respectively in silica gel thin layer chromatography using
      developer II and developer M, is eluted out with a mixture of methanol and
      10% aqueous ammonium acetate (1:1). The XK-88-5 component (Rf 0.20 and Rf
      0.50 in silica gel thin layer chromatography using developer II and
      developer M, respectively) is successively eluted out. The active fraction
      containing XK-88-3 as a main component and that fraction containing
      XK-88-5 as a main component are respectively passed through a column of
      Amberlite CG-50 (NH.sub.4.sup.+ form). After washing with water, elution
      is carried out with 0.5N aqueous ammonia. Each of the active fractions is
      concentrated and passed through a column of silica gel. By carrying out
      elution with a solvent mixture of n-butanol, ethanol, chloroform, 17%
      aqueous ammonia (4:5:2:5), the active fraction containing XK-88-3 as a
      single component and the active fraction containing XK-88-5 as a single
      component are obtained respectively. Each of the active fractions is
      concentrated and passed through a column of Amberlite CG-50
      (NH.sub.4.sup.+ form). After washing with water, elution is carried out
      with 0.5N aqueous ammonia. Each of the active fractions is concentrated
      and adjusted to a pH of 4.5 with sulfuric acid. Methanol is added thereto,
      whereby a white powder of the sulfate of XK-88-3 and that of the sulfate
      of XK-88-5 are obtained respectively.
PAR  The active fraction containing XK-88-2 as a main component is concentrated.
      The concentrate is passed through a column of silica gel. Elution is
      carried out with a mixture of methanol and 10% aqueous ammonium acetate
      (1:1). As a result, the fraction containing XK-88-2 which exhibits Rf
      values of 0.45 and 0.38 in silica gel thin layer chromatography using
      developer II and developer M, respectively, is obtained. The active
      fraction is passed through a column of Amberlite CG-50 (NH.sub.4.sup.+
      form). After washing with water, elution is carried out with 0.5N aqueous
      ammonia. The eluted active fraction is concentrated and passed through a
      column of silica gel. By carrying out elution with a solvent mixture of
      n-butanol, ethanol, chloroform and 17% aqueous ammonia (4:5:2:5), the
      active fraction containing XK-88-2 as a single component is obtained. The
      active fraction is concentrated and ajdusted to a pH of 7.5. The
      concentrate is then passed through a column of Amberlite CG-50
      (NH.sub.4.sup.+ form). After washing with water, elution is carried out
      with 0.5N aqueous ammonia. The eluted active fraction is concentrated and
      adjusted to a pH of 4.5 with sulfuric acid. Methanol is added thereto,
      whereby a white powder of the sulfate of XK-88-2 is obtained.
PAR  When colored impurities are contained in an XK-88 component or in a mixture
      of components, decolorization may be carried out by treatment with
      granular active carbon, a porous resin such as Diaion HP-10 (trade name,
      produced by Mitsubishi Kasei Co., Ltd., Japan) and Amberlite XAD-2, and an
      anion exchange resin such as Dowex 1x2 (OH.sup.- form), etc. More
      specifically, an aqueous solution of a member of the XK-88 series or a
      mixture thereof, which contains colored impurities, is passed through a
      column of Diaion HP-10. By carrying out elution with water, an aqueous
      solution of a member of XK-88 or a mixture thereof free of the colored
      impurities can be obtained.
PAR  During the above-mentioned step of purification, the behavior of the
      members of the XK-88 series is checked by ascending thin layer
      chromatography on a plate of silica gel using developers II [methanol and
      10% aqueous ammonium acetate (1:1)] and M [n-butanol, ethanol, chloroform
      and 17% aqueous ammonia (4:5:2:5)]. Development is carried out at room
      temperature for 3 to 4 hours. The Rf values of XK-88-1, -2, -3 and -5 on a
      thin layer chromatogram are shown in Table 3, set forth hereinafter.
PAC  THE ANTIBIOTICS
PAR  XK-88-1
PAR  The sulfate of XK-88-1 is a white crystalline powder. The melting point of
      the sulfate is 200.degree.-240.degree.C. (decomposition). The optical
      rotation of the sulfate is [.alpha.].sub.D.sup.28 = +77.9.degree. (C =
      1.08, H.sub.2 O). As a result of the measurement of a high resolution mass
      spectrum, XK-88-1 (free base) is determined to have a molecular weight of
      454 and a molecular formula of C.sub.17 H.sub.34 N.sub.4 O.sub.10. An
      elementary analysis of the sulfate of XK-88-1 reveals: C = 29.35%, H =
      6.48%, N = 8.35% (Calculated for C.sub.17 H.sub.34 N.sub.4 O.sub.10.sup..
      2H.sub.2 SO.sub.4. 3H.sub.2 O: C = 29.23%, H = 6.35%, N = 8.02%).
PAR  The ultraviolet absorption spectrum of an aqueous solution of the sulfate
      of XK-88-1 (FIG. 1) reveals no characteristic absorption maximum between
      220-360 m.mu. but only shows a terminal absorption. The infrared
      absorption spectrum of the same (as KBr tablet) is illustrated in FIG. 2.
      As is apparent from the figure, XK-88-1, shows peaks at the following
      wavelengths expressed in reciprocal centimeters (cm.sup.-.sup.1):
PAR  3355, 2900, 2000, 1610, 1505, 1120, 1025, 615
PAR  FIG. 9 illustrates the characteristic NMR (proton) spectrum of the free
      base of XK-88-1. FIG. 13, on the other hand, illustrates the C.sup.13 -
      NMR spectrum of the free base of XK-88-1.
PAR  With regard to color tests, the sulfate of XK-88-1 gives positive reactions
      in the ninhydrin test and Rydon-smith test (H. N. Rydon et al, Nature 169
      922, 1952), and gives negative reactions in the Sakaguchi test, maltol
      test, ferric chloride test, Fehling test and biuret test.
PAR  The sulfate of XK-88-1 is very soluble in water, poorly soluble in methanol
      and ethanol, and insoluble in such organic solvents as acetone, ethyl
      acetate, ethyl ether, chloroform, etc.
PAR  Based upon the foregoing, XK-88-1 is believed to have the following
      chemical structure:
      ##SPC3##
PAR  XK-88-2
PAR  The sulfate of XK-88-2 is a white powder. The melting point of the sulfate
      is 225.degree.-250.degree.C (decomposition). The optical rotation of the
      sulfate is [.alpha.].sub.D.sup.28 = + 74.7.degree. (C = 0.56, H.sub.2 O).
      As a result of the measurement of a high resolution mass spectrum, XK-88-2
      (free base) is determined to have a molecular weight of 306 and a
      molecular formula of C.sub.12 H.sub.26 N.sub.4 O.sub.5. An elementary
      analysis of the sulfate of XK-88-2 reveals: C = 25.47%, H = 6.76%, N =
      9.68% (Calculated for C.sub.12 H.sub.26 N.sub.4 O.sub.5.2H.sub.2 SO.sub.4.
      3H.sub.2 O: C = 25.90%, H = 6.52%, N = 10.07%).
PAR  The ultraviolet absorption spectrum of an aqueous solution of the sulfate
      of XK-88-2 (FIG. 3) reveals no characteristic absorption maximum between
      220-360 m.mu., but only shows a terminal absorption. The infrared
      absorption spectrum of the sulfate of XK-88-2 (as KBr tablet) is
      illustrated in FIG. 4. As is apparent from the figure, XK-88-2 shows peaks
      at the following wavelengths expressed in reciprocal centimeters
      (cm.sup.-.sup.1):
PAR  3400, 3000, 1605, 1490, 1115, 1035, 605
PAR  The characteristics of XK-88-2 is further confirmed by the C.sup.13 - NMR
      spectrum of the sulfate and the NMR spectrum of the free base as
      illustrated in FIGS. 14 and 10 respectively.
PAR  With regard to color tests, the sulfate of XK-88-2 gives positive reactions
      in the ninhydrin test and Rydon-Smith test, and gives negative reactions
      in the Sakaguchi test, maltol test, ferric chloride test, Fehling test and
      biuret test.
PAR  The sulfate of XK-88-2 is very soluble in water, poorly soluble in methanol
      and ethanol, and insoluble in such organic solvents as acetone, ethyl
      acetate, ethyl ether, chloroform, etc.
PAR  Based upon the foregoing, XK-88-2 is believed to have the following
      chemical structure:
      ##SPC4##
PAR  XK-88-3
PAR  The sulfate of XK-88-3 is a white powder. The melting point of the sulfate
      is 215.degree.-240.degree.C (decomposition). The optical rotation of the
      sulfate is [.alpha.].sub.D.sup.28 = + 87.3.degree.(C = 0.53, H.sub.2 O).
      As a result of the measurement of a high resolution mass spectrum, XK-88-3
      (free base) is determined to have a molecular weight 453 and a molecular
      formula of C.sub.17 H.sub.35 N.sub.5 O.sub.9. An elementary analysis of
      the sulfate of XK-88-3 reveals: C = 26.02%, H = 6.72%, N = 8.61%
      (Calculated for C.sub.17 H.sub.35 N.sub.5 O.sub.9. 5/2H.sub.2 SO.sub.4.
      5H.sub.2 O: C = 25.89%, H = 6.39%, N = 8.88%).
PAR  The ultraviolet absorption spectrum of an aqueous solution of the sulfate
      of XK-88-3 (FIG. 5) reveals no characteristic absorption maximum between
      220-360 m.mu., but only shows a terminal absorption. The infrared
      absorption spectrum of the sulfate of XK-88-3 (as KBr tablet) is
      illustrated in FIG. 6. As is apparent from the figure, XK-88-3 shows peaks
      at the following wavelengths exprssed in reciprocal centimeters
      (cm.sup.-.sup.1):
PAR  3400, 3000, 1615, 1505, 1125, 1030, 620
PAR  Further confirmation of the characteristics of XK-88-3 is derived from FIG.
      11 which illustrates the NMR (proton) spectrum of the free base of
      XK-88-3.
PAR  With regard to color tests, the sulfate of XK-88-3 gives positive reactions
      in the ninhydrin test and Rydon-Smith test, and gives negative reactions
      in the Sakaguchi test, maltol test, ferric chloride test, Fehling test and
      biuret test.
PAR  The sulfate of XK-88-3 is very soluble in water, poorly soluble in methanol
      and ethanol, and insoluble in such organic solvents as acetone, ethyl
      acetate, ethyl ether, chloroform, etc.
PAR  Based upon the foregoing, XK-88-3 is believed to have the following
      chemical structure:
      ##SPC5##
PAR  XK-88-5
PAR  The sulfate of XK-88-5 is a white powder. The melting point of the sulfate
      is 215.degree.-240.degree.C (decomposition). The optical rotation of the
      sulfate is [.alpha.].sub.D.sup.28 = + 93.9.degree. (C = 0.54, H.sub.2 O).
      As a result of the measurement of a high resolution mass spectrum, XK-88-5
      (free base) is determined to have a molecular weight of 450 and a
      molecular formula of C.sub.18 H.sub.38 N.sub.6 O.sub.7. The elementary
      analysis of the sulfate of XK-88-5 reveals: C = 25.89%, H = 6.50%, N =
      9.74% (Calculated for C.sub.18 H.sub.38 N.sub.6 O.sub.7. 3H.sub.2
      SO.sub.4. 6H.sub.2 O: C = 25.35%, H = 6.62%, N = 9.85%).
PAR  The ultraviolet absorption spectrum of an aqueous solution of the sulfate
      of XK-88-5 (FIG. 7) reveals no characteristic absorption maximum between
      220-360 m.mu., but only shows a terminal absorption. The infrared
      absorption spectrum of the sulfate of XK-88-5 (as KBr tablet) is
      illustrated in FIG. 8. As is apparent from the figure, XK-88-5 shows peaks
      at the following wavelengths expressed in reciprocal centimeters
      (cm.sup.-.sup.1):
PAR  3400, 2900, 1600, 1500, 1390, 1110, 1040, 610
PAR  Further confirmation of the characteristics of XK-88-5 is derived from
      FIGS. 12 and 15 which illustrate the NMR (proton) spectrum of the free
      base and the C.sup.13 - NMR spectrum of the sulfate respectively.
PAR  With regard to color tests, the sulfate of XK-88-5 gives positive reactions
      in the ninhydrin test and Rydon-Smith test, and gives negative reactions
      in the Sakaguchi test, maltol test, ferric chloride test, Fehling test and
      biuret test.
PAR  The sulfate of XK-88-5 is very soluble in water, poorly soluble in methanol
      and ethanol, and insoluble in such organic solvents as acetone, ethyl
      acetate, ethyl ether, chloroform, etc.
PAR  Based upon the foregoing, XK-88-5 is believed to have the following
      chemical structure:
      ##SPC6##
PAR  Included in the composition of matter aspect of the present invention are
      the pharmaceutically acceptable acid addition salts of the components of
      the XK-88 series which can be made, according to known procedures, by
      neutralizing the free base with the appropriate acid to below a pH of 7.0
      and preferably to a pH of about 2 to 6. Suitable acids for this purpose
      are such as hydrochloric, sulfuric, phosphoric, thiocyanic, fluorosilic,
      hexafluoroarsenic, hexafluorophosphoric, acetic, succinic, citric,
      camphoric, glutaric, glycolic, phthalic, tartaric, lauric, stearic,
      salicylic, etc.
PAR  The physical embodiments of the acid solution salts are characterized by
      being white powders which are soluble in water, poorly soluble or
      insoluble in most organic solvents.
PAR  The Rf values of the antibiotics of the XK-88 series obtained as a result
      of paper chromatography and thin layer chromatography using various
      developers are shown in the following Table 3. These values are compared
      with the Rf values of various similar antibiotics developed in the same
      manner.
     ______________________________________                                    
     Developer                                                                 
             I:      chloroform : methanol : 17% aqueous                       
                     ammonia (2:1:1 the upper layer of -  the mixture)         
             II:     methanol : 10% ammonium acetate (1:1)                     
             M:      n-butanol : ethanol : chloro-                             
                     form : 17% aqueous ammonia                                
                     (4:5:2:5)                                                 
             1:      20% aqueous solution of ammonium                          
                     chloride                                                  
             2:      Water-saturated n-butanol                                 
             3:      n-butanol : acetic acid : water                           
                     (3:1:1)                                                   
             4:      water-saturated n-butanol contain-                        
                     ing 2% (W/V) p-toluene sulfonic                           
                     acid and 2% (V/V) piperidine                              
             5:      chloroform : methanol : 17%                               
                     aqueous ammonia (2:1:1 the lower                          
                     layer of the mixture)                                     
     ______________________________________                                    
TBL                                    Table 3                                 
     __________________________________________________________________________
     Rf value                                                                  
              Silica gel  Paper chromatography                                 
              thin layer  (ascending method)                                   
              chromatography                                                   
                          Developer                                            
              I   II  M   1   2   3   4   5                                    
     __________________________________________________________________________
     XK-88-1  0.80                                                             
                  0.58                                                         
                      0.31                                                     
                          0.97                                                 
                              0.00                                             
                                  0.10                                         
                                      0.00                                     
                                          0.00                                 
     XK-88-2  0.73                                                             
                  0.45                                                         
                      0.38                                                     
                          0.98                                                 
                              0.00                                             
                                  0.08                                         
                                      0.00                                     
                                          0.00                                 
     XK-88-3  0.75                                                             
                  0.39                                                         
                      0.27                                                     
                          0.97                                                 
                              0.00                                             
                                  0.00                                         
                                      0.00                                     
                                          0.00                                 
     XK-88-5  0.81                                                             
                  0.20                                                         
                      0.50                                                     
                          0.75                                                 
                              0.00                                             
                                  0.05                                         
                                      0.00                                     
                                          0.01                                 
     Gentamicin A                                                              
              0.66                                                             
                  0.39                                                         
                      0.38                                                     
                          0.98                                                 
                              0.00                                             
                                  0.05                                         
                                      0.00                                     
                                          0.00                                 
     Gentamicin B                                                              
              0.75                                                             
                  0.38                                                         
                      0.28                                                     
                          0.98                                                 
                              0.00                                             
                                  0.08                                         
                                      0.00                                     
                                          0.00                                 
     Gentamicin C.sub.1a                                                       
              0.86                                                             
                  0.18                                                         
                      0.52                                                     
                          0.98                                                 
                              0.02                                             
                                  0.08                                         
                                      0.05                                     
                                          0.18                                 
     Gentamicin C.sub.1                                                        
              0.87                                                             
                  0.17                                                         
                      0.59                                                     
                          0.98                                                 
                              0.03                                             
                                  0.08                                         
                                      0.08                                     
                                          0.59                                 
     Gentamicin C.sub.2                                                        
              0.86                                                             
                  0.18                                                         
                      0.61                                                     
                          0.98                                                 
                              0.02                                             
                                  0.03                                         
                                      0.09                                     
                                          0.38                                 
     Sisomicin                                                                 
              0.89                                                             
                  0.66                                                         
                      --  0.98                                                 
                              0.00                                             
                                  0.06                                         
                                      0.10                                     
                                          0.18                                 
     Kanamycin A                                                               
              0.77                                                             
                  0.76                                                         
                      0.15                                                     
                          0.92                                                 
                              0.00                                             
                                  0.00                                         
                                      0.00                                     
                                          0.02                                 
     Kanamycin B                                                               
              0.80                                                             
                  0.80                                                         
                      0.16                                                     
                          0.98                                                 
                              0.00                                             
                                  0.00                                         
                                      0.00                                     
                                          0.01                                 
     Kanamycin C                                                               
              0.84                                                             
                  0.84                                                         
                      0.17                                                     
                          0.96                                                 
                              0.00                                             
                                  0.00                                         
                                      0.00                                     
                                          0.02                                 
     Ribostamycin                                                              
              0.75                                                             
                  0.72                                                         
                      0.12                                                     
                          0.98                                                 
                              0.01                                             
                                  0.03                                         
                                      0.01                                     
                                          0.00                                 
     Apramycin                                                                 
              0.80                                                             
                  0.35                                                         
                      0.15                                                     
                          0.95                                                 
                              0.00                                             
                                  0.00                                         
                                      0.00                                     
                                          0.02                                 
     Nebramycin                                                                
              0.78                                                             
                  0.45                                                         
                      0.16                                                     
                          0.95                                                 
                              0.00                                             
                                  0.05                                         
                                      0.00                                     
                                          0.01                                 
     factor 4                                                                  
     Nebramycin                                                                
              0.79                                                             
                  0.45                                                         
                      0.14                                                     
                          0.95                                                 
                              0.00                                             
                                  0.05                                         
                                      0.00                                     
                                          0.00                                 
     factor 5                                                                  
     Tobramycin                                                                
              0.80                                                             
                  0.54                                                         
                      0.25                                                     
                          0.97                                                 
                              0.00                                             
                                  0.02                                         
                                      0.02                                     
                                          0.02                                 
     Neomycin A                                                                
              0.40                                                             
                  0.71                                                         
                      --  0.97                                                 
                              0.00                                             
                                  0.02                                         
                                      0.02                                     
                                          0.00                                 
     NK-1003  0.66                                                             
                  0.91                                                         
                      --  0.93                                                 
                              0.00                                             
                                  0.05                                         
                                      0.00                                     
                                          --                                   
     __________________________________________________________________________
PAR  The in vitro antibacterial spectra of the XK-88 antibiotics by agar
      dilution method (pH 8.0) is illustrated in the following Table 4:
TBL                                    Table 4                                 
     __________________________________________________________________________
     (Minimum Inhibitory Concentration (.mu.g/ml)                              
     by agar dilution method (pH 8.0)                                          
                     M.I.C. (.mu.g/ml)                                         
     __________________________________________________________________________
     Microorganism tested                                                      
                     XK-88-1                                                   
                           XK-88-2                                             
                                 XK-88-3                                       
                                       XK-88-5                                 
     Streptococcus faecalis                                                    
                     &gt;416.5                                                    
                           &gt;83.3 &gt;83.3 10.5                                    
     ATCC 10541                                                                
     Bacillus subtilis                                                         
                     52.1  0.35  2.7   0.04                                    
     No. 10703                                                                 
     Bacillus cereus 6.6   2.7   2.7   1.31                                    
     ATCC 9634                                                                 
     Bacillus cereus var.                                                      
                     3.3   0.7   2.7   0.66                                    
     mycoides ATCC 9463                                                        
     Staphylococcus aureus                                                     
                     6.6   0.18  0.18  0.07                                    
     ATCC 6538P                                                                
     Staphylococcus aureus                                                     
     KY 8942 (resistant to                                                     
     Kanamycin, Paromomycin,                                                   
                     52.1  1.4   1.4   0.66                                    
     Streptomycin,                                                             
     Gentamicin and                                                            
     Nebramycin)                                                               
     Staphylococcus aureus                                                     
     KY 8950 (resistant to                                                     
     Streptomycin, Tetra-                                                      
                     13.1  0.35  0.35  0.17                                    
     cyline, Penicillin                                                        
     and sulfonamide                                                           
     Staphylococcus aureus                                                     
     KY 8956 (resistant to                                                     
     Streptomycin, Paromo-                                                     
     mycin, Tetracycline,                                                      
                     208.5 0.09  5.3   &lt;0.02                                   
     Kanamycin, Nebramycin,                                                    
     Tobramycin and                                                            
     Erythromycin)                                                             
     Staphylococcus aureus                                                     
     KY 8957 (resistant to                                                     
     Chloramphenicol,                                                          
     Streptomycin, Kanamycin                                                   
                     104.2 0.09  5.3   0.04                                    
     Paromomycin, Nebra-                                                       
     mycin, Tobramycin and                                                     
     Tetracycline)                                                             
     Staphylococcus aureus                                                     
     KY 8953 (resistant to                                                     
     Streptomycin, Kanamycin                                                   
                     &gt;416.5                                                    
                           0.35  &gt;83.3 0.17                                    
     Paromycin, Neomycin                                                       
     Tetracycline, Erythro-                                                    
     mycin)                                                                    
     Klebsiella pneumoniae                                                     
     ATCC 10031      13.1  0.18  0.05  &lt;0.05                                   
     Escherichia coli ATCC 26                                                  
                     26.1  0.35  0.18  0.08                                    
     Escherichia coli KY 8310                                                  
     (resistant to Chloramphenicol,                                            
     Streptomycin, Kanamycin,                                                  
     Gentamicin,     &gt;416.5                                                    
                           &gt;83.3 83.3  &gt;41.6                                   
     Paromomycin, Nebramycin,                                                  
     Tobramycin, Spectinomycin                                                 
     and Tetracycline)                                                         
     Escherichia coli KY 8314                                                  
     (resistant to Strepto-                                                    
                     52.1  1.4   0.35  0.33                                    
     mycin)                                                                    
     Escherichia coli KY 8327                                                  
     (resistant to Kanamycin, -Gentamicin, Nebramycin                          
                     13.1  0.18  0.05  0.04                                    
     and Tobramycin)                                                           
     Escherichia coli KY 8331                                                  
     (resistant to Kanamycin,                                                  
     Ribostamycin, Neomycin                                                    
                     &gt;416.5                                                    
                           41.7  41.7  20.8                                    
     Paromomycin, Lividomycin                                                  
     and Nebramycin)                                                           
     Escherichia coli KY 8334                                                  
     (resistant to Kanamycin                                                   
                     1.65  5.3   5.3   0.66                                    
     and Tobramycin)                                                           
     Escherichia coli KY 8348                                                  
     (resistant to Streptomycin                                                
                     13.5  0.18  0.09  2.7                                     
     and Gentamicin)                                                           
     Proteus vulgaris                                                          
     ATCC 6897       416.5 1.4   1.4   0.53                                    
     Pseudomonas aeruginosa                                                    
     BMH No. 1       &gt;416.5                                                    
                           10.5  &gt;416.5                                        
                                       8.3                                     
     Shigella sonnei ATCC                                                      
     9290            52.1  1.4   0.35  0.14                                    
     Salmonella typhosa                                                        
     ATCC 9992       26.1  0.7   0.18  0.09                                    
     __________________________________________________________________________
PAR  As is apparent from the above Table 4, all of the XK-88 series of
      antibiotics exhibit a very strong antibacterial activity against a broad
      range of Gram-positive and Gram-negative bacteria. Particularly, XK-88-1,
      XK-88-2, XK-88-3 and XK-88-5 exhibit a strong antibacterial activity
      against Staphylococcus aureus and Escherichia coli which are normally
      resistant to various known antibiotics.
PAR  A comparison of the antibiotics of the invention with various other
      antibiotics further illustrates their novelty. The XK-88 series of
      antibiotics are all water-soluble, basic antibiotics and are
      dextrorotatory compounds. The ultraviolet absorption spectra only show
      terminal absorption and reveal no characteristic absorption maximum. The
      molecular weight of XK-88-1, XK-88-2, XK-88-3, and XK-88-5 (free base) is
      454, 306, 453 and 450, respectively. From the foregoing, Gentamicin A,
      Gentamicin B, Gentamicin C.sub.1a, Gentamicin C.sub.1, Gentamicin C.sub.2,
      Kanamycin A, Kanamycin B, Kanamycin C, Ribostamycin, Tobramycin,
      Apramycin, Nebramycin factor 4, Nebramycin factor 5 and Sisomycin are
      considered as antibiotics comparatively similar to XK-88-1, XK-88-3 and
      XK-88-5. Neomycin A and NK-1003 appear to be comparatively similar to
      XK-88-2. The Rf values of XK-88-3 in silica gel thin layer chromatography
      and paper chromatography (Table 3) are very close to those of Gentamicin B
      but the Rf values of other members of the XK-88 series are completely
      different from those of the known antibiotics. The molecular weight of the
      free base of XK-88-3 (453) is completely different from that of the free
      base of Gentamicin B (486). It is also apparent from Table 4 that complete
      cross resistance does not always occur between XK-88-1, XK-88-2, XK-88-3,
      XK-88-5 and the said known antibiotics. From the foregoing, XK-88-1,
      XK-88-2, XK-88-3 and XK-88-5 are all considered to be novel antibiotics.
PAR  Practice of certain specific embodiments of the invention is illustrated by
      the following representative examples.
DETD
PAC  EXAMPLE 1
PAR  In this example, Streptomyces hofuensis MK-88  (FERM-P No. 2216) (ATCC
      21970) is used as the seed strain. One loopful of the seed strain is
      inoculated in 30 ml of a first seed medium having the following
      composition in a 250 ml-Erlenmeyer flask and cultured at 30.degree.C for 3
      days with shaking.
TBL  ______________________________________                                    
     Soluble starch           20 g/l                                           
     Polypeptone              5 g/l                                            
     Yeast extract            1 g/l                                            
     Calcium carbonate        1 g/l                                            
     (pH: 7.0 before sterilization)                                            
     ______________________________________                                    
PAL  Then 30 ml of the first seed culture is inoculated in 300 ml of a second
      seed medium in a 2 l-Erlenmeyer flask provided with baffles. The
      composition of the second seed medium is the same as that of the first
      seed medium. The second seed culturing is carried out at 30.degree.C for 2
      days with shaking. Thereafter, 1.5 l of the second seed culture
      (corresponding to the content of 5 flasks) is inoculated in 15 l of a
      third seed medium in a 30 l-stainless steel jar fermenter. Again, the
      composition of the third seed medium is the same as that of the first seed
      medium.
PAR  Culturing in the jar fermenter is carried out at 30.degree.C for 2 days
      with aeration (15 l/min and agitation (350 r.p.m.). Then 15 l of the third
      seed culture is inoculated in 100 l of a fourth seed medium in a 300
      fermenter. The composition of the fourth seed medium is the same as that
      of the first seed medium. Culturing in the fermenter is carried out at
      30.degree.C for 2 days with aeration (100 l/min and agitation (150
      r.p.m.). Finally, 100 l of the fourth seed culture is inoculated in 1,000
      l of a fermentation medium in a 2,000 l-fermenter. The composition of the
      fermentation medium is as follows:
TBL  Soluble starch          40 g/l                                            
     Soybean meal            20 g/l                                            
     Meat extract            5 g/l                                             
     K.sub.2 HPO.sub.4       0.5 g/l                                           
     MgSO.sub.4. 7H.sub.2 O  0.5 g/l                                           
     KCl                     0.3 g/l                                           
     CaCO.sub.3              3 g/l                                             
     (pH: 7.0 before sterilization)                                            
PAL  Culturing is carried out at 30.degree.C for 4 days with aeration (400
      l/min.) and agitation (150 r.p.m.).
PAR  After the completion of culturing a mixture of XK-88-1, XK-88-2, XK-88-3
      and XK-88-5 is accumulated in the culture liquor. The total yield
      calculated as antibacterial activity is 3.5 mg/l based upon the sulfate of
      XK-88-5.
PAC  EXAMPLE 2
PAR  In this example, 1,000 l of the culture liquor obtained in Example 1 is
      adjusted to a pH of 7.5 with concentrated sulfuric acid.
PAR  About 10 kg of a filter aid, Radiolite No. 600 (trade name, produced by
      Showa Kagaku Kogyo Co., Ltd., Japan) is added thereto and the microbial
      cells and insoluble matters are removed by filtration. The filtrate is
      passed through a column packed with about 100 l of a cation exchange
      resin, Amberlite IRC-50 (NH.sub.4.sup.+  form). Active substances are
      adsorbed on the resin. After washing with about 300 l of water, elution is
      carried out with 0.5N aqueous ammonia. The activity of the eluate is
      determined by a paper disk method on an agar plate using Bacillus subtilis
      No. 10707. The active fractions are combined and concentrated to 6 l under
      reduced pressure. The concentrate is adjusted to a pH of 7.5 with
      concentrated sulfuric acid and the precipitate is removed by filtration.
      The filtrate is passed through a column packed with 2 l of Amberlite
      IRC-50 (NH.sub.4.sup.+ form). After washing with 10 l of water, elution is
      carried out with 0.5N aqueous ammonia and the active fractions are
      combined and concentrated to about 300 ml under reduced pressure. Since
      the concentrate contains brown-colored impurities, it is adjusted to a pH
      of 7.5 with concentrated sulfuric acid and passed through a column packed
      with about 500 ml of granular active carbon to remove the impurities.
      Elution is carried out with about 1 l of water and then with about 2 l of
      0.5N sulfuric acid, whereby most of the active substances are eluted out
      in a fairly pure form. The active fractions obtained by elution with 0.5N
      sulfuric acid are neutralized with an anion exchange resin, Dowex 44
      (OH.sup.- form) and mixed with the active fractions obtained by elution
      with water. The mixture is then concentrated under reduced pressure,
      whereby a crude powder containing the XK-88 series, is obtained. The total
      activity of the thus obtained powder corresponds to that of about 3 g of
      the sulfate of XK-88-5.
PAC  EXAMPLE 3
PAR  In this example, the crude powder containing XK-88-1, XK-88-2, XK-88-3, and
      XK-88-5 obtained in Example 2 is dissolved in about 3 l of water and
      adjusted to a pH of 8.0 with concentrated sulfuric acid. The solution is
      then passed through a column packed with about 500 ml of a cation exchange
      resin, Amberlite CG-50 (NH.sub.4.sup.+ form). After washing the column
      with water, elution is carried out with 4.5 l of 0.2N aqueous ammonia and
      then with 0.5N aqueous ammonia, at a rate of about 1 l/hour. The eluate is
      collected in fractions of 20 ml each. Using 0.2N aqueous ammonia, XK-88-1
      and a mixture of XK-88-3 and XK-88-5 are eluted in fractions Nos. 50-165
      and in fractions Nos. 166-230, respectively. Thereafter using 0.5N aqueous
      ammonia XK-88-2 is eluted out.
PAR  Active components contained in each fraction are confirmed by silica gel
      thin layer chromatography. Development is carried out at room temperature
      for 3-4 hours using developer II (10 % ammonium acetate : methanol = 1:1)
      and developer M (n-butanol : ethanol : chloroform : 17% aqueous ammonia =
      4:5:2:5). The components are detected by such color reactions as ninhydrin
      reaction and Rydon-Smith reaction. Activity of the components is
      determined by bioautography using an agar plate of Bacillus subtilis No.
      10707. With developer II, XK-88-1, XK-88-2, XK-88-3, and XK-88-5 show Rf
      values of 0.58, 0.45, 0.39 and 0.20, respectively and with developer M,
      XK-88-1, XK-88-2, XK-88-3, and XK-88-5 show Rf values of 0.31, 0.38, 0.27,
      and 0.50, respectively.
PAR  The active fractions are then respectively concentrated under reduced
      pressure to remove ammonia. As a result, a concentrate containing XK-88-1,
      a concentrate containing XK-88-2, and a concentrate containing XK-88-3 and
      XK-88-5 are obtained. The yield of the active substances contained in each
      concentrate corresponds to about 250 mg, 200 mg, and 1.5 g of the sulfate
      of XK-88-5, respectively.
PAC  EXAMPLE 4
PAR  In this example, the active fraction containing XK-88-1 as a main
      component, which is obtained in Example 3, is concentrated. The
      concentrate is dissolved in about 50 ml of 50% methanol and the solution
      is passed through a column packed with about 200 ml of silica gel
      previously treated with 50% methanol. XK-88-1 is first eluted out with 50%
      methanol. Thereafter contaminating traces of XK-88-3 and XK-88-5 are
      eluted out with 50% methanol containing 5% ammonium acetate. After it is
      confirmed by silica gel thin layer chromatography using developer II and
      developer M that the fraction first obtained contains a single component,
      XK-88-1, the fraction is concentrated under reduced pressure to remove
      methanol. The concentrate is adjusted to a pH of 7.5 with 6N sulfuric acid
      and passed through a column (about 200 ml) packed with Amberlite CG-50
      (NH.sub.4.sup.+ form). After washing the column with water, elution is
      carried out with about  1 l of 0.2N aqueous ammonia. To remove ammonia the
      active fraction is concentrated to about 50 ml under reduced pressure.
      Further, the concentrate is adjusted to a pH of 4.5 with 6N sulfuric acid
      and about 200 volumes of methanol is added dropwise thereto with stirring,
      whereby a white precipitate is formed. The precipitate is separated by
      filtration and washed with methanol. After drying, about 12 g of a
      purified preparate of the sulfate of XK-88-1 is obtained.
PAC  EXAMPLE 5
PAR  In this example, the active fraction containing XK-88-1 as a main
      component, which is obtained in Example 3, is concentrated to about 50 ml
      under reduced pressure. Then 250 ml of methanol is added thereto and the
      mixture is stirred for 15 minutes. After the mixture is allowed to stand
      at 0.degree.C overnight, a precipitate is formed. The precipitate is
      separated with a glass filter. Since the precipitate is poorly soluble in
      methanol, it is washed with methanol. After washing, the precipitate is
      suspended in about 500 ml of methanol and dissolved with heating. The
      solution is then subjected to filtration and the filtrate is concentrated
      under reduced pressure. As a result, a crystalline precipitate is formed.
      After the concentrate is allowed to stand at 0.degree.C, additional
      crystalline precipitate is formed. The precipitate is separated by
      filtration. Recrystallization is repeatedly carried out from methanol. The
      thus obtained colorless crystals are separated by filtration and washed
      with methanol. After drying the resulting crystals under reduced pressure,
      about 7 g of XK-88-1 (free base) is obtained.
PAC  EXAMPLE 6
PAR  In this example, the active fraction containing XK-88-2 as a main
      component, which is obtained in Example 3, is concentrated under reduced
      pressure and an equal amount of methanol is added thereto. The mixture is
      passed through a column packed with about 200 ml of silica gel previously
      treated with 50% methanol. After washing the column with about 1 l of 50%
      methanol, development is carried out with 50% methanol containing 5%
      ammonium acetate. XK-88-2 which exhibits Rf values of 0.45 and 0.38 in
      silica gel thin layer chromatography using developer II and developer M,
      respectively, is first eluted. Then, contaminating traces of XK-88-3 and
      XK-88-5 are eluted. By silica gel thin layer chromatography, it is
      confirmed that the first fraction obtained contains XK-88-2. The active
      fraction containing XK-88-2 is concentrated to remove methanol. The
      concentrate is then passed through a column packed with 100 ml of
      Amberlite CG-50 (NH.sub.4.sup.+ form) for de-salting. After washing the
      column with water, elution is carried out with 0.5N aqueous ammonia. The
      active fraction is concentrated and passed through a column packed with
      about 300 ml of silica gel. Development is carried out with a solvent
      comprising n-butanol, ethanol, chloroform and 17% aqueous ammonia
      (4:5:2:5). The eluted active fraction is concentrated to remove organic
      solvents and ammonia. The concentrate is then passed through a column
      packed with about 100 ml of Amberlite CG-50 (NH.sub.4.sup.+ form). After
      washing the column with water, elution is carried out with 0.5N aqueous
      ammonia. The active fraction is concentrated to about 3 ml under reduced
      pressure to remove ammonia. The concentrate is then dissolved in about 100
      ml of methanol and the solution is adjusted to a pH of 4.5 with 6N
      sulfuric acid. As a result, a white precipitate is formed which is
      separated by filtration and washed with methanol. After drying the
      precipitate under reduced pressure, about 250 mg of a purified preparate
      of the sulfate of XK-88-2 is obtained.
PAC  EXAMPLE 7
PAR  In this example, the mixture containing XK-88-3 and XK-88-5 which is
      obtained in example 3 is concentrated to about 10 ml. The concentrate is
      passed through a column packed with about 500 ml of silica gel.
      Development is carried out with a solvent comprising n-butanol, ethanol,
      chloroform and 17% aqueous ammonia (4:5:2:5). The eluate is collected in
      fractions of 20 ml each. XK-88-5 and XK-88-3 are eluted in fractions Nos.
      95-121 and in fractions Nos. 133-158, respectively. XK-88-3 contained in
      the latter fractions exhibits Rf values of 0.39 and 0.27 by silica gel
      thin layer chromatography using developer II and developer M,
      respectively. XK-88-5 contained in the former fractions exhibits Rf values
      of 0.25 and 0.50 in silica gel thin layer chromatography using developer
      II and developer M, respectively. After confirming the active component
      contained in each fraction according to the above Rf values, the fractions
      containing the same components are combined.
PAC  EXAMPLE 8
PAR  In this example, the active fraction containing XK-88-3 as a main component
      which is obtained in Example 7 is dried under reduced pressure to remove
      organic solvents and ammonia. The resulting dry matter is dissolved in 50%
      methanol and passed through a column packed with 50 ml of silica gel. The
      column is then washed with 50% methanol to remove any contaminating traces
      of XK-88-1. XK-88-3 is then eluted out with 50% methanol containing 5%
      ammonium acetate. The active fractions are combined and concentrated under
      reduced pressure to remove methanol. The concentrate is then passed
      through a column packed with about 50 ml of Amberlite CG-50
      (NH.sub.4.sup.+ form), and, after washing the column with water to remove
      ammonium acetate, elution is carried out with 0.5N aqueous ammonia to
      obtain active fractions. The active fractions are combined and
      concentrated to about 3 ml to remove ammonia. The concentrate is adjusted
      to a pH of 4.5 with 6N sulfuric acid and added dropwise to about 100 ml of
      ethanol whereby a white precipitate is formed. The precipitate is then
      separated by filtration, washed with ethanol and dried under reduced
      pressure, whereby about 60 mg of a purified preparate of the sulfate of
      XK-88-3 is obtained.
PAC  EXAMPLE 9
PAR  In this example, the active fraction containing XK-88-5 as a main component
      which is obtained in Example 7 is concentrated under reduced pressure. The
      concentrate is dissolved in an excess amount of methanol and adjusted to a
      pH of 4.5 with 6N sulfuric acid, whereby a crude powder of the sulfate of
      XK-88-5 is precipitated. The precipitate is separated by filtration,
      washed with methanol and dried under reduced pressure, whereby about 600
      mg of a crude powder of the sulfate of XK-88-5 is obtained. The thus
      obtained crude powder is suspended in a solvent comprising n-butanol,
      ethanol, chloroform and concentrated aqueous ammonia (4:5:2:4). The
      suspension is passed through a column packed with about 500 ml of silica
      gel and development is carried out with the same solvent. Active
      components contained in the eluted fractions are examined by reference to
      the Rf values by silica gel thin layer chromatography. The fractions
      containing only XK-88-5 are combined and concentrated under reduced
      pressure to remove organic solvents and ammonia. Thereafter, the
      concentrate is passed through a column packed with 200 ml of Amberlite
      CG-50 (NH.sub.4.sup.+ form). After washing the column with water, elution
      is carried out with 0.5N aqueous ammonia. The active fraction is
      concentrated to about 10 ml under reduced pressure to remove ammonia. The
      concentrate is then dissolved in about 200 ml of methanol and adjusted to
      a pH of 4.5 with 6N sulfuric acid, whereby a white precipitate is formed.
      The precipitate is separated by filtration and washed with methanol. The
      solution of methanol containing the precipitate is dried under reduced
      pressure, whereby about 400 mg of a purified preparate of the sulfate of
      XK-88-5 is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing antibiotic compounds of the formula
      ##SPC7##
PAL  wherein X represents
      ##SPC8##
PAL  or --H; Y represents --NH.sub.2 or --OH, and is --NH.sub.2 when X is --H;
      and Z represents --H or --OH and is --H when X is --H, which comprises
      culturing Streptomyces hofuensis ATCC 21970, or a mutant thereof capable
      of producing at least one of said compounds, in a nutrient medium
      containing assimilable sources of nitrogen and carbon until substantial
      antibacterial activity is imparted to said medium and isolating at least
      one of said compounds therefrom.
NUM  2.
PAR  2. A process according to claim 1 wherein the antibiotic compound of the
      formula
      ##SPC9##
PAL  is isolated from said culture medium.
NUM  3.
PAR  3. A process according to claim 1 wherein the antibiotic compound of the
      formula
      ##SPC10##
PAL  is isolated from said culture medium.
NUM  4.
PAR  4. A process according to claim 1 wherein the antibiotic compound of the
      formula
      ##SPC11##
PAL  is isolated from said culture medium.
NUM  5.
PAR  5. A process according to claim 1 wherein the antibiotic compound of the
      formula
      ##SPC12##
PAL  is isolated from said culture medium.
NUM  6.
PAR  6. A process according to claim 1 wherein said culturing step is continued
      for 2 to 15 days.
NUM  7.
PAR  7. A process according to claim 1 wherein said culturing step is carried
      out at from 26.degree.C. to 43.degree.C. and at about neutral pH.
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ABST
PAL  Disclosure is made of a novel assembly for transporting anaerobic microbes
      from clinical patient to laboratory. The assembly provides a convenient
      and reliable means of maintaining microbial viability in the critical
      period between collection and deposition in a culturing environment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns apparatus and methods of culturing microorganisms
      and more particularly concerns an assembly and the method of its use to
      protect anaerobes from exposure to gaseous oxygen during the period
      between isolation from a clinical patient and inoculation into an
      environment conductive to culturing.
PAR  2. Brief Description of the Prior Art
PAR  In recent years there has been an increased awareness of the importance of
      diagnosing anaerobic infections. Apparatus and techniques for culturing
      and differentiating anaerobes have been developed and refined for
      diagnosing and differentiating anerobic infections and the causative
      organisms; see for example the apparatus disclosed in U.S. Pat. No.
      3,246,959.
PAR  However, the weak link in the overall procedure of collecting a clinical
      specimen, carrying the specimen to the laboratory and culturing the
      organisms therein has been in the transportation step. If in transporting
      the specimen from the clinical patient to the laboratory, the specimen is
      exposed to gaseous oxygen, the oxygen sensitive anaerobes are eliminated
      and the subsequent differentiation is inaccurate. Many strains of
      anaerobes are highly sensitive to oxygen and will not survive even brief
      exposures to gaseous oxygen.
PAR  A review of the prior art methods and apparatus for transporting anaerobes
      between clinical source and laboratory may be found in the Scope monograph
      on Anaerobic Infections published by The Upjohn Company, Kalamazoo,
      Michigan (1972) at pages 54-55 (Library of Congress Card No. 72-79754). In
      brief, these methods have comprised either rapidly placing a swab
      collection or specimen in a carbon dioxide filled container, a transport
      medium, or drawing a liquid specimen into a syringe and then injecting the
      specimen into an anaerobe bottle. Of these methods, the latter is most
      likely to maintain strict anaerobiosis provided the specimen is not
      aspirated with air during collection. The employment of reduced transport
      medium for anaerobes has not been encouraging; see for example Yrios et
      al., Abstracts of the Annual Meeting of the ASM, (1974). The Scope
      monograph reference describes transporting anaerobe suspect organisms on
      cotton swabs protected from exposure to oxygen by immersion in a
      pre-reduced, anaerobically sterilized Cary-Blair medium in either a tube
      or a vial with a mineral oil overlay.
PAR  A transporter device is described in U.S. Pat. No. 3,773,035 which is
      specifically useful in transporting and culturing gonorrhea under a carbon
      dioxide atmosphere. Other devices representative of the prior art are
      disclosed in U.S. Pat. Nos. 3,483,089 and 3,750,646.
PAR  The method and assembly of the invention incorporates the concept of
      placing the clinical specimen into an anaerobic environment as rapidly as
      possible. The methods and apparatus of the prior art all include some time
      lag in accomplishing this objective. Further, unlike simply placing the
      clinical specimen into a carbon dioxide filled tube, the amount of air
      entering the assembly of the invention is limited. The maximum amount of
      gaseous oxygen to which the specimen is exposed within the assembly of the
      invention is about 2 percent by volume. This small amount is then rapidly
      removed as will be hereinafter described.
PAR  The apparatus and method of the invention are relatively simple in
      comparison to the prior art apparatus and methods. The apparatus is
      constructed readily at low cost and requires a minimum amount of training
      for operation. In addition, the method of the invention has shown great
      reliability in operation and assures transportation of viable microbes
      even for prolonged periods. The assembly of the invention permits one to
      obtain minimal exposure of a specimen to oxygen.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an assembly for maintaining anaerobic
      microorganisms, which comprise; a first tubular container having
      hermetically sealed ends and which defines a hermetically sealed chamber;
      means disposed in said chamber for removing gaseous oxygen; a second
      tubular container having a closed end and an open end and which defines a
      compartment, said second container being mounted on said first container
      so that there is no communication between said chamber and said
      compartment, said compartment being in open communication with the
      atmosphere outside of said chamber, means of hermetically sealing said
      open end at will; and means of establishing communication between said
      chamber and said compartment when said open end is hermetically sealed.
PAR  The invention also comprises the method of protecting collected anaerobes
      by transportation in the assembly of the invention.
PAR  The assembly of the invention is also useful for transportation and
      mantenance of aerobic microorganisms.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional side elevation of a preferred embodiment of the
      invention.
PAR  FIG. 2 is an isometric view of the embodiment shown in FIG. 1.
PAR  FIG. 3 is an isometric view-in-part as in FIG. 2 showing the swab component
      withdrawn for isolating a clinical specimen (lower portion of the
      embodiment not shown).
PAR  FIG. 4 is an isometric view as in FIG. 3 but following replacement of the
      swab component.
PAR  FIG. 5 is an isometric view as in FIG. 4 but after operation to place the
      collected specimen under anaerobic conditions.
PAR  FIGS. 6a-d are graphs showing the survival of oxygen sensitive anaerobes
      carried on cotton swabs in the assembly of FIGS. 1-5 (solid line),
      maintained under anaerobic conditions (broken line) and under aerobic
      conditions (line-dot-line).
PAR  FIGS. 7a-d are graphs as in FIGS. 6a-d but in relation to anaerobes of
      moderate oxygen sensitivity.
PAR  FIGS. 8a-d are graphs as in FIGS. 6a-d but in relation to anaerobes which
      are relatively tolerant to oxygen.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A complete understanding of the invention may be readily obtained by
      referring to the preferred embodiment shown in the accompanying drawings
      of FIGS. 1 - 8, inclusive.
PAR  FIG. 1 is a cross-sectional side-elevation of a preferred assembly 10 which
      consists of a first tubular container 12 having hermetically sealed ends
      14, 16 and defining a hermetically sealed chamber 18. Container 12 may be
      fabricated from any material conventionally employed to construct
      laboratory apparatus, such as glass, gas-impermeable polymerics and the
      like. Preferably the material selected is transparent. End 14 is an
      integral closed end of container 12 while the end 16 is hermetically
      sealed with an elastomeric plug 20 in frictional engagement with the inner
      walls 22 of container 12. A bore 24 traverses plug 20 and would normally
      provide communication between chamber 18 and the atmosphere outside of
      container 12 except that bore 24 is closed by closure 26. Closure 26 is a
      rigid, rod-like plunger extending from a point mid-way through said bore
      to a point distal to plug 20. The length of closure 26 is at least equal
      to the length of bore 24 and closure 26 is disposed in a sliding-seal with
      the inner walls of bore 24 so that closure 26 will maintain the hermetic
      sealing of chamber 18. Closure 26 is preferably fabricated from a
      polymeric resin such as polyethylene, polypropylene, polyurethane and the
      like. Attached at the lower end of closure 26, in the center thereof, is
      swab 28 for collecting clinical specimens of anaerobes. The length of swab
      28 is such that it is less than the length of second tubular container 30
      in which it is disposed. Container 30 is mounted by a frictional fit in
      the lower end of bore 24 so that container 30 also forms a hermetic seal
      for chamber 18. Container 30 has a hermetically sealed end 32 terminating
      in chamber 18 and an open end 34 terminating within bore 24. The length of
      container 30 is less than the longitudinal length of chamber 18. Container
      30 defines an interior compartment 36 which forms a housing for swab 28.
      Generally, chamber 18 and compartment 36 will contain sterile atmospheres,
      at least initially and before operation of the assembly. The chamber 18
      may contain, initially, any gas which is not harmful to anaerobic
      microorganisms. Preferably, the gaseous atmosphere within chamber 18 will
      be, initially, a mixture comprising 10 percent hydrogen, 5 percent carbon
      dioxide and 85 percent nitrogen.
PAR  As also shown in FIG. 1 there is an indicator 38 for detecting oxygen. This
      is a control device and may be, illustratively, a mixture of reazurin
      (0.01%), cysteine (0.05%), KH.sub.2 PO.sub.4 (0.6%), K.sub.2 HPO.sub.4
      (0.87%) and agar (0.7%) adjusted to a Ph of 7.0 with potassium hydroxide
      in an open vessel 40. This indicator mixture is colorless in the absence
      of oxygen and red in the presence of oxygen.
PAR  Loosely disposed in chamber 18 are palladium covered asbestos pellets 42
      which will catalyze the reaction of oxygen with hydrogen to yield water.
PAR  Referring now to FIGS. 2-5, the operation of the embodiment shown in FIG. 1
      will be described. FIG. 2 shows an isometric view of the assembly 10 held
      by the operator. In this initial provision step, the contents of assembly
      10 are sterile and chamber 18 contains a gaseous atmosphere which is not
      hostile to anaerobic microorganisms. In FIG. 3, closure 26 has been
      removed with attached swab 28 for the purpose of isolating a test specimen
      to be cultured, for example a specimen of body fluid or exudate suspected
      of harboring anaerobes. It is of course not necessary (although
      advantageous) that the closure 26 and swab 28 be unitary. Closure 26 could
      be hollow and swab 28 long enough to protrude out of bore 24 (see FIG. 1).
PAR  During the period in which closure 26 is removed, the hermetic sealing of
      chamber 18 is maintained by closure of bore 24 by the upper open end of
      second container 30. At this point compartment 36 is of course open to the
      atmosphere and will contain atmospheric gas containing circa 21 percent
      gaseous oxygen. Compartment 36 preferably is of a minimum size necessary
      to contain swab 28. There is no communication between compartment 36 and
      chamber 18 at this stage of the operation of assembly 10.
PAR  After a test specimen has been isolated on swab 28, the swab 28 is rapidly
      reinserted in second container 30 as seen in FIG. 4. Immediately upon
      reinsertion, closure 26 is fully depressed toward container 30 to detach
      it from engagement with the inner walls of bore 24 to fall into chamber
      18. Closure 26 being now fully within bore 24 continues to maintain the
      hermetic sealing of chamber 18. Chamber 18 is now in open communication
      with compartment 36 as shown in FIG. 5 and the gaseous atmosphere of
      chamber 18 mixes with the oxygen containing atmosphere which was bathing,
      briefly, swab 28. The oxygen now in chamber 18 will cause a positive
      response to be visually apparent in indicator 38 held in vessel 40. The
      volumetric capacity of chamber 18 is preferably at least 10 times the
      volumetric capacity of compartment 36. This ratio provides a dilution of
      the oxygen from 21 percent of the atmosphere in compartment 36 to about 2
      percent or less of the combined atmospheres of chamber 18 and compartment
      36. The resulting gas mixture is non-explosive. Preferably, the resulting
      gas mixture will contain at least about a two-fold excess of hydrogen over
      oxygen on a molar basis and most preferably a five-fold excess on an
      equivalent molar basis.
PAR  With admixture of the gases of compartment 36 with the gases of chamber 18,
      the gas mixture containing both oxygen and hydrogen is brought into the
      presence of the palladium-on-asbestos catalyst 42. As is well known in the
      art, such a presence promotes chemical reaction of the hydrogen and oxygen
      to yield water. The proportion of catalyst 42 employed is a catalytic
      proportion, readily calculated on the basis of the calculated quantity of
      oxygen introduced into chamber 18. In this manner, gaseous oxygen is very
      rapidly removed from chamber 18 and the result is that swab 28 bearing a
      clinical specimen for future culturing is now bathed by an atmosphere
      devoid of gaseous oxygen and under substantially atmospheric pressures. If
      anaerobes are present in the clinical specimen, they are protected from
      exposure to oxygen and may be safely transported to a laboratory for
      culturing with conventional techniques and apparatus. With gaseous oxygen
      removed, reagent 38 is restored to a colorless condition. If for any
      reason there is a malfunction in the assembly of the invention or its
      operation so that the atmosphere bathing swab 28 includes oxygen, the
      operator will be visually alerted by the reagent 38.
PAR  Those skilled in the art will appreciate that many modifications may be
      made to the preferred embodiment described above in relation to FIGS. 1-5,
      without departing from the spirit of the invention. For example, any other
      catalyst for the promotion of reaction between hydrogen and oxygen may be
      employed as can any other means of removing gaseous oxygen from a mixture
      of gases, e.g. use of an oxygen scavenger compound. Any other means for
      indicating the presence or absence of oxygen may be substituted for the
      reagent described above. Also, swab 28 may be eliminated and a clinical
      specimen deposited directly into compartment 36.
PAR  The following preparations and examples describe the manner and process of
      testing the efficacy of the invention and set forth the best mode
      contemplated by the inventors of testing the invention but are not to be
      construed as limiting:
PAC  Bacterial Cultures
PAR  Anaerobic bacteria are obtained from the culture collection of the virginia
      Polytechnic Institute Anaerobe Laboratory, Blacksburg, Virginia, and are
      identified by methods as set forth in the Anaerobe Laboratory Manual,
      published by the Anaerobe Laboratory of Virginia Polytechnic Institute and
      State University (V.P.I. Anaerobe Manual).
PAR  Aerobic and facultative organisms are from the culture collection of the
      Biology Department, Virginia Polytechnic Institute, supra.
PAR  The Virginia Polytechnic Institute culture collection numbers of the
      anaerobic bacteria are as follows: Bacteroides fragilis ss. fragilis
      2556-1, Bacteroides fragilis ss. thetaiotaomicron 5482, Bacteroides
      melaninogenicus ss. asaccharolyticus 4198, Fusobacterium nucleatum 8748,
      Fusobacterium necrophorum, 6054-A, Peptococcus magnus 8352,
      Peptostreptococcus anaerobius 5750, Streptococcus intermedius 3372,
      Eubacterium lentum 1947-1B, Clostridium ramosum 8546, Clostridium innocum
      8593 and Clostridium perfringens type A 5201.
PAC  Inocula
PAR  All cultures are maintained in pre-reduced chopped meat (CM) broth (V.P.I.
      Anaerobe Laboratory Manual, supra.).
PAR  One drop from a Pasteur pipet of an overnight culture in CM broth is added
      to 10 ml. of pre-reduced Brain Heart Infusion (BHI) broth (V.P.I. Anaerobe
      Manual, supra.); serial 10-fold dilutions are made in BHI broth, and all
      tubes are incubated overnight at 37.degree.C. The next day the tube with
      an optical density nearest to 0.2 but not at maximum turbidity is used as
      the inoculum. This tube is placed into an anaerobic chamber and 0.2 ml.
      amounts are placed into the wells of microtiter plates. For aerobic and
      facultative organisms the above procedure is modified by the use of
      aerobic BHI medium.
PAC  Viable Plate Counts
PAR  For anaerobic plate counts, the swabs are taken into the anaerobe chamber
      and placed into tubes containing 10 ml. of anaerobic dilution fluid (V. P.
      I. Anaerobe Manual, supra.). The tubes are vigorously agitated on a vortex
      type mixer and serial ten-fold dilutions made. Duplicate 0.1 ml. amounts
      of the dilutions are spread on plates of appropriate media. The plates are
      incubated for 48 hours at 37.degree.C in an incubator contained inside the
      anaerobic chamber. For aerobic and facultative organisms, the above
      procedure is modified in that viable plate counts are done aerobically.
PAC  Plate Media
PAR  Viable plate counts are made on one of the following media according to
      which gave optimal growth for each organism: Brain Heart Infusion agar
      (BHIA) with 0.5 percent yeast extract and with and without 5 percent whole
      sheep blood; Brucella agar with 5 percent whole or laked sheep blood.
PAC  EXAMPLE 1
PAR  Cotton swabs are placed in each well of the microtiter plates prepared
      under "Inocula" above, to absorb the inoculum therein. One set of swabs is
      placed into rubber stoppered tubes and stays inside the glove box as
      anaerobic controls. Two sets of swabs are taken out of the glove box. One
      set is immediately inserted into the compartment 36 of the transport
      devices of the invention as shown in FIG. 1. The other set is placed into
      aerobic, rubber-stoppered tubes. AFter 2, 4, 24 and in some cases 48 hours
      one swab of each type is taken into the glove box and viable plate counts
      are made from each swab. Following this procedure, a strain of each of
      twelve specimens of anaerobic microorganisms are isolated and tested for
      their ability to survive in the assembly of this invention as compared to
      controls. The results in terms of viable cell counts (detection limit 100
      cells per swab) have been graphed in FIGS. 6a-8d, inclusive. The organism
      is identified on each graph to which it pertains. In the graphs, the solid
      line indicates the survival of the anaerobes maintained in the assembly of
      the invention, the broken line indicates the survival of the control
      anaerobes maintained under anaerobic conditions and the line-dot-line
      indicates the survival of the microorganisms under aerobic conditions.
PAR  FIGS. 6a-d show that with three or four very oxygen-sensitive anaerobes, no
      significant amount of death occurs prior to the first sample period in the
      assembly of the invention. With Fusobacterium necrophorum there is a loss
      of viability of approximately half of an order of magnitude by the first
      sample period, but no further death occurs. Bacteroides melaninogenicus is
      the only culture showing any loss in viability after 24 hours in the
      device. In all cases, it is evident that viability and survival of the
      organisms maintained in the assembly of the invention compare favorably
      with maintenance under strictly anaerobic conditions with absolutely no
      oxygen contact.
PAR  FIGS. 7a-d, showing the results with "moderately-sensitive" anaerobes and
      FIGS. 8a-d showing the results with anaerobes having a relatively greater
      tolerance for oxygen also show the survival rate of anaerobes maintained
      in the assembly of the invention to compare very favorably with survival
      of the same organisms which were never exposed to oxygen. The assembly of
      the invention maintained viability of all of the organisms for the length
      of the test (24 or 48 hours).
PAR  The fact that the assembly of the invention adequately protects even the
      most oxygen sensitive group of clinical anaerobes, which rapidly died on
      the aerobic control swabs, indicates that anaerobic conditions are
      attained rapidly in the assembly of the invention. The continued viability
      of the organisms for 48 hours indicates that desiccation does not occur.
      Indeed, the conditions within the assembly of the invention are such that
      most of the organisms continue to grow at the same rate as those on
      control anaerobic swabs never exposed to air.
PAR  Although the invention has been described above with reference to certain
      embodiments thereof for the purpose of simplicity in description, it
      should be understood that this invention is in no sense limited thereby
      and the scope of the invention is to be determined only by that of the
      appended claims. Many other variations of the invention will be obvious to
      those skilled in the art, for example the devices of the invention may be
      provided in any size and any shape. The devices of the invention may also
      be used to culture anaerobic microorganisms by including a culture medium
      in container 30 and could also be used to carry out chemical reactions
      under anaerobic conditions and like variations of use which do not depart
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for maintaining anaerobic microorganisms, which comprises;
PA1  a. a first tubular container having hermetically sealed ends and which
      defines a hermetically sealed chamber;
PA1  b. means disposed in said chamber for removing gaseous oxygen;
PA1  c. a second tubular container having a closed end and an open end and which
      defines a compartment, said second container being mounted on said first
      container so that there is no communication between said chamber and said
      compartment, said compartment being in open communication with the
      atmosphere outside of said chamber;
PA1  d. means of hermetically sealing said open end at will; and
PA1  e. means of establishing communication between said chamber and said
      compartment when said open end is hermetically sealed.
NUM  2.
PAR  2. The assembly of claim 1 which additionally comprises a detector for
      indicating the presence of oxygen, disposed in said chamber.
NUM  3.
PAR  3. The assembly of claim 1 wherein said means for removing gaseous oxygen
      comprises gaseous hydrogen and a catalyst which promotes the formation of
      water from gaseous hydrogen and gaseous oxygen.
NUM  4.
PAR  4. The assembly of claim 3 wherein said catalyst is palladium.
NUM  5.
PAR  5. The assembly of claim 3 wherein said catalyst is palladium on a support
      carrier.
NUM  6.
PAR  6. The assembly of claim 1 wherein said second tubular container is mounted
      on an inner wall defining said chamber.
NUM  7.
PAR  7. The assembly of claim 1 which additionally comprises a swab withdrawably
      positioned in said compartment.
NUM  8.
PAR  8. The assembly of claim 1 wherein one of the hermetically sealed ends of
      said first container comprises an elastomeric, sealing plug having a bore
      therethrough, said open end of said second container is frictionally held
      by the walls of said bore and the means for hermetically sealing said open
      end comprises a rigid closure member slidably mounted in the bore above
      said open end, said member forming a sliding-seal with the inner walls of
      said bore.
NUM  9.
PAR  9. The assembly of claim 8 wherein said closure member includes a swab
      attached to one end thereof, said swab extending into the open end of said
      second container when said closure member seals said open end.
NUM  10.
PAR  10. The assembly of claim 1 wherein said closure member also additionally
      comprises said means for establishing communication.
NUM  11.
PAR  11. The assembly of claim 6 wherein said means for establishing
      communication comprises a rod communicating between the inside and the
      outside of said chamber and which when pressed against said second
      container disengages said second container from its mount on said first
      container.
NUM  12.
PAR  12. An assembly for transporting anaerobic microorganisms, which comprises,
PA1  a. a first tubular container having one closed end and one open end and
      which defines a chamber;
PA1  b. an elastomeric plug hermetically sealing said open end, and having a
      bore therethrough communicating between said chamber and the outside
      atmosphere;
PA1  c. means disposed in said chamber for removing gaseous oxygen;
PA1  d. a second tubular container having an open end and a closed end, the open
      end of said second container being detachably mounted in the lower end of
      said bore with the closed end of said second container extending into said
      chamber, said second container defining a compartment; and
PA1  e. a rigid closure member engaged in a sliding-seal with the inner walls of
      the upper end of said bore, said closure being adapted to move downward to
      displace said second tubular container.
NUM  13.
PAR  13. A method of maintaining viability in collected anaerobic
      microorganisms, which comprises;
PA1  providing an assembly, which comprises: a first tubular container having
      hermetically sealed ends and which defines a hermetically sealed chamber;
      means disposed in said chamber for removing gaseous oxygen; a second
      tubular container having a closed end and an open end and which defines a
      compartment, said second container being mounted on said first container
      so that there is no communication between said chamber and said
      compartment, said compartment being in open communication with the
      atmosphere outside of said chamber; means of hermetically sealing said
      open end; and means of establishing communication between said chamber and
      said compartment when said open end is hermetically sealed;
PA1  depositing a clinical specimen suspected of harboring anaerobic organisms
      into said compartment;
PA1  hermetically sealing the open end of said compartment; and establishing
      communication between said chamber and said compartment when said open end
      is hermetically sealed; and
PA1  activating means for removing gaseous oxygen from said chamber.
NUM  14.
PAR  14. The method of claim 13 wherein said means for removing gaseous oxygen
      is simultaneously activated by establishment of communication between said
      compartment and said chamber.
NUM  15.
PAR  15. The method of claim 13 wherein said organism is Bacteroides
      melaninogenicus.
NUM  16.
PAR  16. The method of claim 13 wherein said anaerobe is Peptostreptococcus
      anaerobius.
NUM  17.
PAR  17. The method of claim 13 wherein said anaerobe is Fusobacterium
      necrophorum.
NUM  18.
PAR  18. The method of claim 13 wherein said anaerobe is Clostridium innocum.
NUM  19.
PAR  19. The method of claim 13 wherein said organism is Clostridium
      perfringens.
NUM  20.
PAR  20. The method of claim 13 wherein said anaerobe is Clostridium ramosum.
NUM  21.
PAR  21. The method of claim 13 wherein said organism is Fusobacterium
      nucleatum.
NUM  22.
PAR  22. The method of claim 13 wherein said anaerobe is Peptococcus magnus.
NUM  23.
PAR  23. The method of claim 13 wherein said anaerobe is Bacteroides fragilis
      ss. fragilis.
NUM  24.
PAR  24. The method of claim 13 wherein said anaerobe is Bacteroides fragilis
      ss. thetaiotaomicron.
NUM  25.
PAR  25. The method of claim 13 wherein said anaerobe is Eubacterium lentum.
NUM  26.
PAR  26. The method of claim 13 wherein said anaerobe is Streptococcus
      intermedius.
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ABST
PAL  A method and apparatus for the separation of a normally liquid stream
      comprising low, high and intermediate volatility components by distilling
      the feed stream in a distillation zone, removing a vaporous overhead
      stream comprising the high volatility components together with some of the
      intermediate volatility component, removing from a central portion of the
      zone a vaporous side stream consisting essentially of the intermediate
      volatility component, the rate of removal of the intermediate volatility
      component being controlled by the liquid level of the intermediate
      volatility component condensed from the overhead stream and contained in a
      reservoir.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      284,619 filed Aug. 29, 1972, now abandoned.
BSUM
PAR  This invention relates to the purification of a feed stream by
      distillation. In one of its aspects, this invention realtes to the
      purification of a feed stream comprising at least three components of
      differing volatilities. More specifically, this invention relates to the
      purification of a solvent employed in catalytic polymerization, the
      solvent being the component of intermediate volatility and being contained
      in a stream in which butane and water are the components of high
      volatility and a chemical ingredient such as an antioxidant and/or a
      short-stopping agent is the component of low volatility.
PAR  In the method of this invention, a feedstream comprising the three
      components of differing volatilities is introduced into a fractionation
      zone. An overhead stream comprising the high volatility component together
      with some of the intermediate volatile component is withdrawn and
      accumulated in a reservoir. A side stream comprising the intermediate
      volatility component is withdrawn and a bottom stream comprising the low
      volatility component is withdrawn. The liquid level of the intermediate
      volatility component in the reservoir is sensed and the side stream is
      controllably withdrawn responsive to that level. The level in the
      reservoir can be a function of both the high and the intermediate
      volatility components.
PAR  In the specific application of the method of this invention to its
      employment for the purification of cyclohexane employed in catalytic
      polymerization of monomers for the production of rubber, the overhead
      stream will consist essentially of nitrogen, water, butane and pentanes
      together with some cyclohexane. The side stream will consist essentially
      of cyclohexane and the bottom stream will consist essentially of a
      short-stopping agent, such as 2,6-tert-butyl-4-methylphenol. While the
      invention will be explained in terms of this embodiment, it is not to be
      considered as being limited thereto.
PAR  The apparatus of this invention will comprise fractionation means, conduit
      means for withdrawing the streams of differing volatilities, reservoir
      means for accumulating the overhead stream of intermediate volatility,
      liquid level control means associated with the reservoir for controlling
      the level in the reservoir and delivering a signal responsive thereto, and
      control means for controllably withdrawing a sidestream from the
      fractionation means responsive to the aforementioned signal.
PAR  In one of the aspects of the apparatus, the reservoir will be adapted with
      a knock-back zone which is employed to return heavier portions of the
      overhead stream to the reservoir as some of the lighter materials of the
      overhead stream are vented from the reservoir.
DRWD
PAR  The invention will be more easily understood if explained in conjunction
      with the attached drawings in which
PAR  FIG. 1 illustrates a first embodiment of the invention and in which
PAR  FIG. 2 illustrates a knock-back zone in conjunction with the reservoir.
DETD
PAR  The invention will be explained in relation to the purification of a
      cyclohexane stream from a polymerization unit, the stream being comprised
      of butanes and water as the high volatility material, cyclohexane as the
      intermediate volatility material and 2,6-di-tert-butyl-4-methylphenol as
      the low volatility material.
PAR  Referring now to FIG. 1, a wet solvent stream comprising nitrogen, water,
      butanes, pentanes, cyclohexane and the methylphenol is passed through
      conduit 20 to the process. A recycle stream comprising principally butanes
      and cyclohexane is passed from accumulator 9 into the wet solvent stream
      by conduit 16. The combined stream is passed through conduit 1, heat
      exchanger 2, conduit 3, and into distillation column 6. Temperature
      controller 50 is provided in conjunction with valve 52 to by-pass the
      combined stream around exchanger 2 as desired to attain the proper inlet
      temperature to the distillation column.
PAR  Distillation column 6 can be comprised of a packed or tray section 24, a
      packed or tray section 25 and a reboiler section in the form of steam
      coils 27 through which steam is introduced by means of conduit 26
      responsive to the liquid level controller-flow controller combination 60,
      the condensate leaving the coils through conduit 29.
PAR  A vaporous overhead stream comprising nitrogen, water, butanes, pentanes
      and cyclohexane is removed from the column through conduit 7 in which
      pressure controller 61 is positioned, this controller controlling the
      pressure on the distillation column. The overhead stream is at least
      partially condensed upon passing through condenser 8 and enters
      accumulator 9.
PAR  Accumulator 9 is adapted with settling-leg 13 into which water gravitates
      and from which it is disposed through conduit 41. An overhead vapor
      product comprising nitrogen, water, butanes, pentanes and cyclohexanes, is
      vented from the accumulator through conduit 22 as controlled by pressure
      controller 23.
PAR  The accumulator is adapted with weir 14 which facilitates separation of the
      water from the lighter liquids contained in the accumulator upstream of
      the weir at 21. A stream from which a principal portion of the water has
      been separated and comprising small quantities of nitrogen, water and
      pentanes and larger quantities butanes and cyclohexane is passed through
      conduit 16 into conduit 1.
PAR  As shown in FIG. 2, accumulator 9 can be adapted with a knock-back zone 21
      which comprises a packed, or tray, section 18 and condenser coil 19. Some
      portion of the condensibles are disentrained or condensed from the vapors
      leaving the accumulator by this knock-back zone.
PAR  A vaporous sidestream-drawoff consisting essentially of cyclohexane and,
      perhaps, minor quantities of butanes and pentanes is taken from the
      midportion of the column through conduit 34. Flow controller 17 measures
      the rate of withdrawal of the sidestream, compares the measured rate to a
      set point signal responsive to the level of the liquid phase in
      accumulator 9 and controls the flow rate of the sidestream withdrawal in
      response thereto by manipulating valve 44. The set point signal is
      delivered from liquid level measuring means 45 to flow controller 17 by
      electrical or fluid conduit 43. As the liquid level measured by means 45
      increases, valve 44 is caused to open thereby increasing the rate of
      withdrawal of the sidestream. As the liquid level in the accumulator
      decreases, the rate of side-stream withdrawal is decreased. In this
      manner, the level of the intermediate volatility component in the
      reservoir is sensed and the rate of side-stream withdrawal from the
      distillation column is controlled responsive to the level of the liquid in
      the reservoir.
PAR  The sidestream-drawoff is passed in heat exchange in heat exchanger 2 with
      the feedstream and is passed to disposal through conduit 37. Having been
      dehydrated and substantially freed from the short-stop agent, the
      condensed cyclohexane can be recycled to the polymerization unit.
PAR  A low volatility component stream consisting of traces of butanes and
      pentanes and larger quantities of cyclohexane and
      2,6-di-tert-butyl-4-methylphenol is withdrawn from the distillation column
      through conduit 39 at a preselected rate controlled by flow controller 62
      and routed to disposal.
PAR  Since the method of this invention as employed in the above example is
      directed to producing a side stream substantially free of
      2,6-di-tert-butyl-4-methylphenol and water, and containing minimum
      quantities of butanes and pentanes, a deep overhead cut is taken into the
      intermediate volatility component. This results in considerable quantities
      of the cyclohexane, the intermediate volatility component being taken
      overhead into the accumulator. However, it is evident that the method of
      this invention could be equally well carried out when taking an overhead
      stream consisting principally of butane, the high volatility component.
PAR  The best mode of practicing the method of this invention as applied to the
      purification of a cyclohexane stream is illustrated by the following
      calculated example exemplifying the procedure in terms of which the method
      of the invention has been explained with reference to the drawings.
PAR  In this example, it is desired to produce a side draw-off cyclohexane
      stream containing substantially no water or short-stop reagent and thereby
      produce a cyclohexane stream suitable for recycle to the polymerization.
PAR  In the following Table, streams are identified by conduit line
      corresponding to FIG. 1 and the quantities are expressed in terms of
      pounds per stream day.
TBL                                    Table I                                 
     __________________________________________________________________________
     MATERIAL BALANCE FOR CYCLOHEXANE PURIFICATION COLUMN                      
                             OH Vapor                                          
                                     Kettle  Water          OH Vapors to       
     Stream  Fresh Feed (20)                                                   
                     Side Draw (34)                                            
                             Product (22)                                      
                                     Product (39)                              
                                             Drain (41)                        
                                                    Recycle (16)               
                                                            Condenser          
     __________________________________________________________________________
                                                            (7)                
     Nitrogen                                                                  
             636            636                   241      877                 
     Water   636            4               632   124      760                 
     Butanes 4,159  75      4,084  T              69,816   73,900              
     Pentanes                                                                  
             40     38      2      T              58       60                  
     Cyclohexane                                                               
             2,051,749                                                         
                    2,035,330                                                  
                            2,029  14,391         441,301  443,329             
     2,6-Di-tert-                                                              
     butyl-4-                                                                  
     methylphenol                                                              
             473                   473                                         
             2,057,693                                                         
                    2,035,443                                                  
                            6,755  14,864   632   511,540  518,926             
     __________________________________________________________________________
      T = trace                                                                
PAR  The method of this invention can be carried out under any suitable
      operating conditions depending upon the nature of the streams and the
      relative volatilities of the materials concerned. For the purpose of
      carrying out the invention as explained in the specific embodiment,
      preferred and broad operating conditions are as indicated in Table II.
TBL                                    Table II                                
     __________________________________________________________________________
     TEMPERATURE & PRESSURE CONDITIONS                                         
                     Exemplary Case                                            
                               Broad Range                                     
                         Pressure,   Pressure,                                 
     Point of Measurement                                                      
                     .degree.F.                                                
                         psig  .degree.F.                                      
                                     psig                                      
     __________________________________________________________________________
     Feed (20)       100 35     80-100                                         
                                     25-40                                     
     Fractionator Accumulator (9)                                              
                     108 20    100-110                                         
                                     15-20                                     
     Fractionator Top (7)                                                      
                     196 25    175-240                                         
                                     20-35                                     
     Fractionator Feed (3)                                                     
                     205 30    185-250                                         
                                     20-35                                     
     Fractionator Side Draw (34)                                               
                     218 26    190-250                                         
                                     25-40                                     
     Fractionator Kettle (39)                                                  
                     220 28    195-255                                         
                                     25-40                                     
     __________________________________________________________________________
PAR  The best mode for carrying out the invention will employ the embodiment of
      the reflux accumulator as depicted in FIG. 2 of the drawings.
PAR  It will be evident from the foregoing that various modifications can be
      made to the method of this invention. Such, however, are considered as
      being within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for distilling the normally liquid media remaining after a
      catalytic polymerization to separate the polymerization solvent from
      components in the normally liquid media which have greater and lesser
      volatility comprising,
PA1  a. introducing the normally liquid media into a distillation zone;
PA1  b. withdrawing an overhead stream comprising components having volatility
      higher than that of the polymerization solvent along with some of the
      polymerization solvent, a side stream comprising said polymerization
      solvent and a bottom stream comprising components having lower volatility
      than the polymerization solvent;
PA1  c. accumulating the polymerization solvent that is in the overhead stream
      in a reservoir; and,
PA1  d. sensing the level of the polymerization solvent in said reservoir and
      controllably withdrawing said side stream from said distillation zone
      responsive to said level of said polymerization solvent in said reservoir.
NUM  2.
PAR  2. The method of claim 1 in which the higher volatility components in said
      overhead stream comprises water and non-condensible gases.
NUM  3.
PAR  3. The method of claim 1 in which the liquid media in (a) is passed in heat
      exchange with said side stream.
NUM  4.
PAR  4. The method of claim 1 in which said intermediate volatility component is
      recycled from said reservoir to (a).
NUM  5.
PAR  5. The method of claim 1 in which said lower volatility component comprises
      a short-stop agent for a polymerization process.
NUM  6.
PAR  6. The method of claim 1 in which said catalytic polymerization solvent
      comprises cyclohexane.
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ABST
PAL  A metal article is produced by: (1) providing an aluminum master substrate,
      the surface of which may be smooth or patterned; (2) making the aluminum
      master substrate cathodic, in an acid or acid salt solution which will not
      etch aluminum, at a current density of between about 10 to 500A/sq. ft.,
      at solution temperatures of up to about 50.degree.C; (3) coating the
      surface of the aluminum master substrate with a thin metal layer and (4)
      dissolving the aluminum master substrate, to provide a metal foil article
      that is a negative duplicate of the smooth or patterned aluminum master
      substrate surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Extremely thin, patterned or irregular shaped metallic foils are difficult
      to fabricate by conventional manufacturing techniques. Patterns can be
      pressed into metal foil using a metal embossing cylinder, but such methods
      are often not suitable for extremely fine detailed patterns.
PAR  Plating thin metal coatings on aluminum substrates is one method of making
      thin wall shapes. Most plating processes, such as that taught by
      Coll-Palagos in U.S. Pat. No. 3,726,771, require removal of the oxide on
      the aluminum, for example by a HF dip, and then metal deposition under
      conditions that prevent reoxidation of the aluminum substrate surface. In
      such a process, the deoxidizing can easily destroy the original finish and
      detailed pattern or grain of the metal substrate. The pattern on the
      electroformed foil will be fuzzy and lack fine detail. Cleaning processes,
      such as a simple room temperature nitric acid dip followed by application
      of a zinc petrolatum compound, as taught by Bonwitt in U.S. Pat. No.
      2,437,220, while cleaning without removing all the oxide, do not provide a
      particularly suitable electro-deposition surface.
PAR  Cooke et al, in U.S. Pat. No. 3,718,547, teaches a continuous process for
      selectively removing magnesium oxide from a magnesium containing aluminum
      substrate, and then reforming an anodic oxide film by alternating current
      electrical treatment in sulfuric acid at 90.degree.C, prior to lacquering.
      Such initial oxide removal could easily destroy the original finish at
      many points on the surface.
PAR  Bailey et al, in U.S. Pat. No. 3,844,906, rather than remove the aluminum
      oxide layer from a cylindrical mandrel, plates chromium over it and
      polishes the chromium, prior to electroforming a nickel coating from a
      nickel sulfamate bath at 200 to 500 A/sq. ft. This process generates high
      bath temperatures requiring cooling, and involves the expense of chromium
      plating and polishing, which plating would not conform to any fine detail
      present on the mandrel.
PAR  What is needed then, is a method of manufacturing thin metal foil which can
      successfully reproduce an extremely fine detailed pattern or mirror finish
      on the foil, from a specially treated patterned, embossing plate or
      mandrel having a surface conducive to metal electro-coating.
PAC  SUMMARY OF THE INVENTION
PAR  This invention solves the above problem by electroforming a metal foil upon
      the natural oxide of a dissolvable, patterned, smooth and/or mirror
      finished master substrate, preferably a tubular or cup shaped metal
      mandrel. The critical part of the method is the electrochemical cleaning
      of the mandrel prior to electroforming.
PAR  In the method of this invention: (1) an aluminum master substrate is
      provided, having a patterned, grained, smooth and/or mirror finish which
      is desired to be reproduced; the surface being covered with an oxidized
      layer; (2) optionally, oils and organic matter are removed by a suitable
      solvent; (3) the master substrate is made cathodic (negative) in an acid
      or acid salt solution which will not etch the aluminum beneath the oxide
      layer. A current density of between about 10A/sq. ft. to about 500A/sq.
      ft. is applied at solution temperatures of up to about 50.degree.C, to
      cause evolution of hydrogen gas upon the master substrate surface. This
      combination electrochemical and mechanical process cleans the surface
      without removing all of the natural oxide layer at any point on the
      surface, or destroying the original surface finish or any fine detail of
      the pattern, yet "electro-chemically activates" the surface to prepare it
      for later metal deposition; (4) the treated master substrate is coated
      with a thin metal layer, preferably by electroforming in a suitable
      metallic solution, at a current density and for a time effective to plate
      the surface of the master substrate; (5) the support substrate is then
      dissolved, preferably by a suitable alkali hydroxide solution and (6)
      optionally, any impurities or residue remaining on the patterned metal
      plating are removed by ultrasonic techniques or by a suitable acid or acid
      salt solution.
PAR  This method provides a metal foil article between about 0.2 mil to 50 mils
      thick, which is a negative duplicate of the master substrate and which can
      have faithfully transferred thereto the smooth finish or all of the fine
      detailed pattern from the master substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      preferred embodiments, exemplary of the invention, shown in the
      accompanying drawings, in which:
PAR  FIG. 1 shows, in magnified cross section, a patterned master substrate,
      with a mirror smooth finish between the protuberances and indentations
      forming the pattern;
PAR  FIG. 2 shows, in magnified cross section, the master substrate made cathode
      in acid or acid salt solution, with hydrogen gas evolution at the master
      substrate surface during the electro-cleaning step of this process;
PAR  FIG. 3 shows, in magnified cross section, the master substrate made cathode
      in a metallic solution with a metal coating layer forming thereon;
PAR  FIG. 4 shows, in magnified cross section, the master substrate being
      dissolved by an alkali hydroxide solution; and
PAR  FIG. 5 shows, in magnified cross section, the formed metal foil sheet,
      which is a negative duplicate of the master substrate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings, a master substrate, having at
      least one finished surface which is desired to be reproduced, is shown as
      10. In the method of this invention, the master substrate will be
      aluminum. The aluminum may contain about 1/2- 5 wt.% copper or other
      metals, to improve machining properties. The master substrate can have a
      pattern of proturberances 11 and indentations 12, as well as a smooth or
      mirror finished surface 13. Generally the surface will be smooth. The
      pattern can be impressed by engraving or by a metal embossing cylinder and
      can be of extremely fine detail. A smooth surface can be achieved by
      sanding and a polished mirror finished surface can be impressed by a
      suitable die. The finished surface will be covered by a natural oxidized
      layer 14.
PAR  The thickness of the master substrate can range from about 0.001 inch to
      0.25 inch (0.0025-0.62 cm.). It would be difficult to handle or pattern
      master substrates having a thickness less than about 0.001 inch, and
      difficult to dissolve the aluminum mandrel in a commercially feasible time
      at thicknesses greater than about 0.25 inch. The master aluminum substrate
      can be flat, cylindrical, cup shaped with a hollow closed end or of an
      irregular configuration having grooves, slots and the like.
PAR  FIG. 2 shows the master substrate in acid or acid salt electro-cleaning
      solution 21. The solution 21 will generally be a bath in a container and
      must be maintained at a temperature below about 50.degree.C. At higher
      temperatures the solution will easily allow the temperature at the
      solution-master substrate surface interface 22 to become high enough for
      the acid or acid salt solution to etch the aluminum master substrate
      surface.
PAR  The master substrate 10 is connected to the negative terminal of a power
      supply, and made cathodic in the solution 21 at a current density of
      between about 10A/sq. ft. to about 500 A/sq. ft., preferably 10-120A/sq.
      ft. i.e., amps per square foot of master substrate surface area to be
      cleaned and plated (107-5,400 A/sq. meter).
PAR  At current densities above 500A/sq. ft., the acid or acid salt solution 21
      will completely dissolve the oxidized layer at points along the surface
      and attack and etch the aluminum surface, causing loss of pattern
      definition and possibly ruining the surface finish. Over about 120A/sq.
      ft., for prolonged time periods, may generate heat sufficient to cause the
      acid to start etching the aluminum. At current densities below about
      10A/sq. ft, no hydrogen will be formed, possibly due to reduction
      reactions in which hydrogen is not a by-product.
PAR  These current density ranges are critical in providing hydrogen gas 23
      evolution, from the oxidized, finished surface interface 22, effective to
      clean the aluminum surface without causing chemical or electrochemical
      attack of the aluminum surface by the solution 21. The master substrate
      cannot be made anodic, or the solution may etch the base aluminum surface.
      The anode may be a carbon, platinum, or other suitable material not
      attacked annodically by the acid or acid salt solution.
PAR  Only certain mineral, carboxylic, hydroxy, and dicarboxylic acids and acid
      salts can be used as the solution 21 in the electro-cleaning step of this
      process. These acids should be relatively soluble in water so that the
      solution will have good conductivity, i.e., their solubility should be at
      least about 9g/100g H.sub.2 O at 20.degree.C. These acid and acid salts
      should not etch aluminum, i.e., they should not chemically attack the
      aluminum surface to make it soluble in the solution or cause the solid to
      change to an ionized phase in solution, a drastic form of which would be
      complete dissolution. However, the term etch as used herein should not be
      considered an absolute term. The electro-cleaning solution should not
      substantially deteriorate the surface finish of the aluminum within the
      current densities and time periods herein set forth.
PAR  Suitable electro-cleaning materials would include solutions of nitric acid,
      acetic acid, citric acid, oxalic acid, formic acid, propionic acid,
      butyric acid, tartaric acid, malic acid, glyceric acid, lactic acid,
      glycolic acid, malonic acid, maleic acid and their sodium or potassium
      salts i.e., sodium nitrate, potassium nitrate, sodium acetate, potassium
      acetate, sodium citrate, potassium citrate, sodium oxalate and potassium
      oxalate, etc, and mixtures thereof.
PAR  Sulfuric, hydrochloric, phosphoric and hydrofluoric acid solutions will
      generally attack and etch the aluminum surface and are not suitable as an
      electro-cleaning material in this process, i.e., they will randomly break
      through the oxide layer and at least start to dissolve or degrade the base
      aluminum. The preferred electro-cleaning solution is 2 wt. percent to 70
      wt. percent nitric acid (HNO.sub.3) in water, which provides very
      effective "electrochemical activation " without complete oxide removal.
      Depending on the current density, the cathodic aluminum surface will be
      cleaned effectively after about 10 seconds to 1200 seconds treatment (20
      minutes) in the electro-cleaning solution, generally up to 600 seconds is
      sufficient.
PAR  In the electro-cleaning step, oil and grease remaining in the aluminum
      oxide matrix, on the surface of the aluminum substrate, are dissolved and
      oxide agglomerates mechanically removed or displaced by H.sub.2 gas
      evolution. The surface is "electrochemically activated", i.e., the
      aluminum oxide layer remains, but is thinned out to provide a uniformly
      thick, relatively smooth oxide layer 24 without large agglomerates, which
      closely conforms to the finish on the master substrate. This uniformly
      thick aluminum oxide layer has a uniform resistance which will allow even,
      pin hole free nickel electrodeposition. In this step the aluminum oxide
      layer remains, no other ions being substituted for the aluminum.
PAR  Prior to electro-cleaning in solution 21, an initial degreasing step may
      optionally be used. This can be accomplished by dipping the master
      substrate in a suitable solvent which effectively removes oil and organic
      matter. Suitable solvents would include methyl alcohol, ethyl alcohol,
      propyl alcohol, butyl alcohol and the like, ketones such as acetone,
      methyl ethyl ketone and the like, trichloroethylene, perchlorethylene and
      the like. A 10 second to 120 second dip will generally be effective for
      cleaning and should be followed by air drying.
PAR  The cleaned and activated aluminum master substrate is next placed in a
      metallic solution bath and made cathodic, as shown in FIG. 3. The master
      substrate 10 is connected to the negative terminal of a power supply. A DC
      potential is applied at a predetermined current density and for a time
      effective to deposit a metal layer 31, which coats the surface of the
      master substrate. The current density range is a function of the
      individual plating system. Effective current densities will range between
      about 5A/sq. ft. to about 150A/sq. ft. of surface area to be plated.
      Processing difficulties start to occur in this system at over about
      150A/sq. ft.
PAR  The anode may be a nonconsumable carbon electrode or one that will
      replenish metal ions to the bath such as nickel when nickel is to be
      plated. The anode can be in bar, plate, mesh or chip form. When a nickel
      anode is used it may contain a small proportion of sulfur, about 0.02% to
      0.04%, to promote dissolution. At about 20A/sq. ft, the metal layer will
      be deposited at a rate of about 0.001 inch per hour. Pinhole free metal
      layers can be coated to thicknesses of between about 0.0002 inch to about
      0.050 inch (0.000005-0.00125 mm.) over a time period of about 1/2 hour to
      50 hours.
PAR  The metal layer can be applied by suitable spraying techniques, but an
      electroforming technique from a metallic solution 32 is preferred. The
      solution should be maintained at a temperature of between about
      20.degree.C to about 85.degree.C depending on the metallic solution used.
      Suitable metal coating materials must be compatible with aluminum, yet not
      attacked by the alkali hydroxide or other solution used to dissolve the
      master substrate. Suitable metal coating materials would include solutions
      of nickel sulfamate, nickel sulfate, gold cyanide, silver cyanide, copper
      cyanide, copper sulfate, copper fluoroborate, tin sulfate, cadmium
      cyanide, cadmium fluoroborate, cobalt sulfate, cobalt sulfamate, platinum
      sulfamate, and the like to provide nickel, gold, silver, copper, tin,
      cadmium, cobalt or platinum foil.
PAR  The preferred metal coating materials are solutions selected from nickel
      sulfamate or nickel sulfate, which have a pH of between about 2 to 5. The
      nickel bath temperature should range between about 35.degree.C to about
      65.degree.C. Hydrolysis of the nickel solution bath can occur at
      temperatures over about 65.degree.C.
PAR  The characteristics and operating conditions of the nickel solution bath
      and the others that can be used are well known in the plating art. For
      example, suitable nickel sulfamate baths could contain a buffer such as
      boric acid, present in amounts ranging from 10g/liter to saturation in
      addition to between about 200 to 700g/liter of nickel sulphamate. A
      typical nickel electrocoating bath would contain about 300g/liter of
      nickel sulfamate (about 55g/liter of nickel ion); about 40 g/liter of
      boric acid and the balance water operated at a pH of about 4.
PAR  Chloride or bromide ion, in amounts up to about 25g/liter, may be present,
      generally as nickel chloride or nickel bromide, to increase anode
      dissolution. The bath may also contain up to about 1g/liter of a wetting
      agent such as sodium lauryl sulfate or sodium lauryl sulfoacetate, which
      provides effective surface tension properties in the bath for superior
      plating. The usual impurities known to be harmful in nickel plating, such
      as zinc, chromium and lead should be controlled to low levels. When
      electrocoating from gold, silver, copper, tin, cadmium, cobalt or platinum
      baths suitable adjustments known to those in the art can be made regarding
      the amount of buffer if any to be added.
PAR  Referring now to FIG. 4, an alkali hydroxide or other suitable solution 41
      known to dissolve aluminum and its oxides is applied to the aluminum
      master substrate 10, for a time effective to dissolve the master substrate
      10 and its thinned adherent oxidized coating 24, leaving the metal foil
      sheet, shown as 51 in FIG. 5. The aluminum dissolving solution should be
      maintained at a temperature of between about 20.degree.C to about
      85.degree.C. Generally the coated master substrate will be placed in a
      bath of the dissolving solution for a time period of about 2 hours to
      about 6 hours depending on the thickness of the aluminum substrate. The
      preferred dissolving solutions are 10 wt. percent to 50 wt. percent sodium
      hydroxide or potassium hydroxide in water. Selected acid solutions may be
      used to dissolve the aluminum master substrate but they must not attack
      the metal coating 31.
PAR  After dissolution of the aluminum master substrate, some copper impurities
      from the aluminum may be attached to the metal foil sheet 51 at the
      surface 52. Most other impurities do not seem to present this problem.
      These impurities are in the form of a single atomic layer of atoms and as
      small amounts of microscopic agglomerates. These impurities may be removed
      by ultrasonic techniques using water or by applying an acid or acid salt
      which will not attack the primary metal of the metal foil sheet. Suitable
      materials for this selective etching step would include solutions of
      nitric acid, mixtures of nitric acid and sulfuric acid, sodium cyanide,
      potassium cyanide and the like. For a nickel foil sheet, a 5 second to 20
      second dip in 1.5 wt. percent to 45 wt. percent nitric acid (HNO.sub.3) in
      water at between about 25.degree.C to 35.degree.C is preferred.
PAR  The resulting metal foil, shown in FIG. 5, is between about 0.0002 inch to
      0.050 inch thick and a negative duplicate of the master aluminum
      substrate. It can be flat, cylindrical, cup shaped or of highly irregular
      configuration. It will have exactly reproduced the surface finish on the
      master substrate. The finished foil article will be pinhole free,
      structurally strong and ductile. This method is particularly useful in
      making crack free, theoretically dense, thin-wall nickel cups of varying
      diameters which can be concentrically stacked and used in vacuum
      multi-foil insulation applications. The following non-limiting example is
      illustrative of the metal foils that can be formed using this method.
PAC  EXAMPLE 1
PAR  A high-density, thin wall nickel cup, having a smooth interior, was
      fabricated by an electroforming technique using a nickel sulfamate plating
      bath and a polished, specially cleaned and "electrochemically activated"
      aluminum mandrel substrate.
PAR  The aluminum mandrel substrate was made of 2024 aluminum which contained
      about 96 wt. percent aluminum and about 4 wt. percent copper. The mandrel
      had a hollow 8 inch (20.3 cm.) long cup shape, with a 1.0 inch (2.54 cm.)
      outside diameter and a 1/8 inch (0.32 cm.) wall thickness. The closed
      outside end of the cup shaped mandrel was machined to a 1/8 inch radius so
      that it would have smooth corners. The outside of the mandrel was polished
      to a No. 6 surface finish, i.e. a smooth finish, where the distance
      between adjacent microscopic ridges and valleys on the surface is about
      0.000006 inch. The aluminum cup shaped mandrel was cleaned by dipping it
      in room temperature trichloroethylene, rinsing it off in room temperature
      acetone and then letting it drip dry.
PAR  The cup shaped aluminum mandrel was then placed in a tank containing 14 wt.
      percent aqueous HNO.sub.3 solution. The mandrel was made cathodic at
      60A/sq. ft. of outside cup surface, by connecting it to a direct current
      power supply. The anode was a platinum mesh. The bath temperature was
      25.degree.C and the cleaning-"activating" time was 60 seconds.
PAR  During this electrocleaning-activating step, hydrogen gas was evolved at
      the mandrel surface-solution interface. The hydrogen gas scrubbed the
      surface clean of any residual polishing compound and other surface debris
      including aluminum oxide agglomerates. The nitric acid slowly reacted with
      the aluminum oxide layer on the aluminum base mandrel, thinning it out,
      and making it a uniform thickness with a smooth surface, but not removing
      it. The aluminum base surface of the mandrel was not etched, attacked or
      degraded in any way. The smooth, uniform agglomerate free oxide surface
      provides an "activated" surface for electroforming, since the oxide
      resistance is uniform. This will result in very smooth, even, pinhole free
      subsequent metal coating.
PAR  The cleaned-activated, cup shaped, aluminum mandrel was rinsed and air
      dried. It was then placed, closed bottom side down, so that the solution
      only contacted the outside walls, in a tank containing nickel sulfamate
      metal plating solution. The solution contained about 300 g of nickel
      sulfamate/liter of water and about 40 g of boric acid/liter of water,
      operated at a pH of about 4. The mandrel was made cathodic at a current
      density of 20A/sq. ft. of outside cup surface, by connecting it to a
      direct current power supply. The anode was a 95 wt. percent pure nickel
      bar containing an effective small amount of sulfur to help electrode
      dissolution and replenishment of nickel ions in the bath. The bath
      temperature was 50.degree.C and the plating time was 120 minutes. During
      this metal coating step nickel was deposited on the outside surface of the
      cup as a layer about 0.002 inch (0.005 cm.) thick.
PAR  The nickel plated, hollow, cup shaped aluminum mandrel was then placed in a
      tank containing 150g NaOH/liter of water, i.e., 15 wt. percent, at
      90.degree.C. After about 3 hours the aluminum mandrel and its attached
      oxide layer was dissolved, leaving a thin metal foil cup. It appeared that
      some copper from the mandrel coated the interior of the nickel cup. To
      eliminate the copper, the cup was rinsed, drip dried and placed in a tank
      containing an aqueous mixture of 14 wt. percent nitric acid and 53 wt.
      percent sulfuric acid, at 25.degree.C for about 10 seconds. This solution
      dissolved the copper deposits but did not etch or attack the nickel
      surface.
PAR  The finished nickel cup had a bright interior surface finish with a low
      porosity. The finish was similar to that on the polished surface of the
      aluminum cup used as the dissolvable mandrel. Microscopic examination at
      400 power revealed no pitting. The open end of the free standing cup could
      be repeatedly flexed without permanent deformation or work hardening.
PAR  A second cup was made as described above except for activating in 5 wt.
      percent aqueous HNO.sub.3 solution, for 180 seconds and nickel plating for
      30 minutes at 20A/sq. ft. of outside cup surface. A cup having a wall
      thickness of 0.0005 inch was obtained, having a bright, very smooth
      interior surface finish with no pitting.
PAR  Other electro-cleaning acids have been used to electrochemically activate
      2024 aluminum mandrels having a No. 6 surface finish, using the same
      procedures followed above. Acetic acid was used at 15 wt. percent
      concentration for 10 minutes at 35A/sq. ft.; citric acid was used at 10
      wt. percent concentration for 10 minutes at 50A/sq. ft.; oxalic acid was
      used at 10 wt. percent concentration for 4 minutes at 120A/sq. ft.; formic
      acid was used a 10 wt. percent concentration for 10 minutes at 63A/sq. ft.
      In all cases a platinum mesh anode was used with a bath temperature of
      25.degree.C. During these electrocleaning-"activating" experiments,
      evolved hydrogen gas scrubbed the aluminum mandrel surfaces and the acids
      provided a uniform oxide thickness without etching or degrading the
      mandrel. The cleaned-"activated" cup shaped mandrels were then rinsed, air
      dried and coated with 0.0005 inch thick nickel from a nickel sulfamate
      bath similar to that described above, using a 30 minute plating time. The
      plating was smooth and pinhole free.
PAR  The inside of a cup shaped aluminum mandrel could also be electro-plated
      using this process. Similarly, flat aluminum substrates, having a smooth
      or patterned surface could be coated using this process. For example, the
      non-patterned side of a flat mandrel could be covered, prior to
      introduction into the plating bath, with a film of material, such as
      petroleum jelly, which would provide a non-plateable surface. This
      material could then be removed prior to dissolution of the mandrel. After
      the mandrel is dissolved, a sheet of thin, smooth or patterned nickel,
      gold, platinum, silver, copper, tin, cadmium or cobalt foil would remain.
      Such foil could be used in jewelry and many other applications.
PAR  Cups made by the method described above have provided the only solution for
      producing vacuum multi-foil concentric cup thermal insulation in a
      completely implantable nuclear powered artificial heart. This fabrication
      technique provides ultra dense, ultra thin, ultra smooth cups, utilized to
      eliminate high heat loss areas such as mitred corner joints.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making a metal article comprising the steps of:
PA1  1. providing an aluminum master substrate having at least one surface which
      is desired to be reproduced, said surface being covered with an oxidized
      layer;
PA1  2. making the aluminum master substrate cathodic at a current density of
      between about 10A/sq. ft. to about 500A/sq. ft., in an aqueous
      electrically conducting solution selected from the group consisting of an
      acid solution or acid salt solution or mixtures thereof which will not
      etch aluminum, said solution having a temperature of up to about
      50.degree.C, said current causing evolution of gas at the
      solution-oxidized surface interface and chemical activation effective to
      thin and smooth the oxidized layer without removing it;
PA1  3. coating the smoothed, oxidized surface of the aluminum master substrate
      with a thin metal layer; and
PA1  4. dissolving the aluminum master substrate and the attached oxidized
      layer, to provide a metal article having a surface that is the negative
      duplicate of the surface of the master substrate.
NUM  2.
PAR  2. The method of claim 1 wherein the metal layer coated in step *3) is
      selected from the group consisting of nickel, gold, platinum, silver,
      copper, tin, cadmium and cobalt, the aluminum master substrate is
      dissolved in an aqueous alkali hydroxide solution and the acid or acid
      salt of the electrically conducting aqueous solution in step (2) has a
      solubility of up to 9g/100g H.sub.2 O.
NUM  3.
PAR  3. The method of claim 1 wherein the aqueous, electrically conducting
      solution in step (2) is selected from the group consisting of nitric acid,
      acetic acid, citric acid, oxalic acid, formic acid, propionic acid,
      butyric acid, tartaric acid, malic acid, glyceric acid, lactic acid,
      glycolic acid, malonic acid, maleic acid and their sodium and potassium
      salts and mixtures thereof and the current density is applied in step (2)
      for about 10-1200 seconds.
NUM  4.
PAR  4. The method of claim 1 including cleaning the master substrate between
      steps (1) and (2) in a suitable solvent to remove oil and organic matter.
NUM  5.
PAR  5. The method of claim 2 wherein the master substrate is between about
      0.001 inch and 0.25 inch thick and is coated by making the master
      substrate cathodic at a current density of between about 5A/sq. ft. to
      about 150A/sq. ft. for a time effective to deposit a metal layer about
      0.0002 inch to 0.050 inch thick.
NUM  6.
PAR  6. The method of claim 5 wherein the metal layer coated in step (3) is
      nickel and as a last step the nickel article is cleaned in a suitable
      material effective to etch copper but not nickel.
NUM  7.
PAR  7. A method of making a nickel article comprising the steps of:
PA1  1. providing an aluminum master substrate having a thickness of between
      about 0.001 inch to 0.25 inch and at least one surface which is desired to
      be reproduced, said surface being covered with a nickel oxide layer;
PA1  2. making the aluminum master substrate cathodic at a current density of
      between about 10A/sq. ft. to about 120A/sq. ft., in aqueous 2 wt. percent
      to 70 wt. percent nitric acid solution, said solution having a temperature
      of up to about 50.degree.C, said current causing evolution of gas at the
      solution-nickel oxide coated surface interface and chemical activation
      effective to thin and smooth the nickel oxide layer without removing it;
PA1  3. electrocoating the smoothed, nickel oxide coated surface of the aluminum
      master substrate by making the master substrate cathodic at a current
      density of between about 5A/sq. ft. to about 150A/sq. ft. in a bath
      containing a solution selected from the group consisting of nickel
      sulfamate and nickel sulfate solution for at time effective to deposit a
      nickel layer about 0.0002 inch to 0.050 inch thick;
PA1  4. dissolving the aluminum master substrate and the attached nickel oxide
      layer in an aqueous alkali hydroxide solution to provide a metal article
      having a surface that is the negative duplicate of the surface of the
      master substrate.
NUM  8.
PAR  8. The method of claim 7 including cleaning the master substrate between
      step (1) and (2) in a suitable solvent to remove oil and organic matter.
NUM  9.
PAR  9. The method of claim 7 wherein the current density is applied in step (2)
      for about 10-1200 seconds, and as a last step the nickel article is
      cleaned in 1.5 wt. percent to 45 wt. percent nitric acid at between about
      25.degree.C to about 35.degree.C.
NUM  10.
PAR  10. The method of claim 7 wherein the aluminum master substrate is cup
      shaped and the nickel article is cup shaped.
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ABST
PAL  A thermally stable semiconductor device is disclosed in which a thin
      aluminum film is formed over a silicon oxide film selectively formed on
      the silicon substrate. A layer of a metal such as tantalum, tungsten, or
      molybdenum that does not enter into an alloy reaction with silicon at heat
      treatment temperatures is formed over the thin aluminum film and is
      covered with a thick aluminum film. Oxides of the upper thick aluminum
      layer as well as oxides of the non-alloying metal and the lower aluminum
      layer are selectively formed in alignment with one another at locations
      where the electrodes are not formed.
PARN
PAR  This is a division of application Ser. No. 305,673 filed Nov. 13, 1972, now
      U.S. Pat. No. 3,848,260.
BSUM
PAR  This invention relates to a semiconductor device, and more particularly to
      an electrode structure for a semiconductor device having a shallow
      junction.
PAR  Aluminum has heretofore been generally used as the electrode material in
      semiconductor devices. However, aluminum may enter into an alloying
      reaction with semiconductor material at a relatively low temperature.
      Therefore, in the formation of semiconductor devices such as ultra-high
      frequency amplifying transistors and ultra-high speed switching
      transistors having an extremely shallow P-N junction, the alloying
      reaction region could easily reach the P-N junction, to thereby destroy
      that junction. As a result, conventional semiconductor devices,
      particularly those devices having shallow P-N junctions, that employ
      aluminum electrodes are often thermally unstable.
PAR  It is an object of this invention to provide a thermally stable
      semiconductor device.
PAR  It is a further object of this invention to provide a thermally stable
      semiconductor device of the type having a shallow junction.
PAR  It is another object of the invention to provide an improved electrode
      structure for a shallow-junction semiconductor device.
PAR  It is yet another object of this invention to provide a novel and
      non-complicated method of producing a highly reliable shallow-junction
      semiconductor device.
PAR  According to this invention, the electrodes of a semiconductor device are
      comprised of an extremely thin aluminum layer that can maintain a good
      ohmic contact with the semiconductor substrate material. A metallic
      barrier layer formed of tantalum, tungsten, or molybdenum overlies the
      thin aluminum layer, and a conductive layer of aluminum is formed on the
      barrier layer. In this electrode structure, ohmic contact between the
      electrode and the semiconductor is obtained by heating the semiconductor
      substrate at a temperature near the alloying temperature of silicon and
      aluminum. The alloying temperature of aluminum with silicon is
      575.degree.C, whereas the alloying temperatures of tantalum, tungsten, and
      molybdenum with silicon are respectively 2400.degree.C, 2150.degree.C and
      1870.degree.C, each of which is much higher than the aluminum-silicon
      alloying temperature. Hence, by heating the silicon substrate at a
      temperature near the aluminum-silicon alloying temperature, only the
      aluminum thin layer is brought into reaction with the silicon substrate to
      form aluminum silicide and thereby establish good ohmic contact. The depth
      of the thus-formed aluminum silicide layer depends upon the heating
      temperature and the thickness of the thin aluminum layer. Therefore, the
      thickness of the aluminum thin layer may be adjusted in advance according
      to the depth of the junction, and it is thus possible to avoid the
      destruction of the shallow junction even if the semiconductor is subjected
      to heat treatment for a long period of time. In other words, the thickness
      of the lowermost aluminum thin layer is selected so that the aluminum
      silicide layer formed by the reaction of the thin aluminum layer with the
      silicon substrate does not reach the shallowest P-N junction in the
      substrate under any heat treatment that the silicon substrate may be
      subjected to.
PAR  For example, where ohmic contact is to be established between the thin
      aluminum layer and the silicon substrate by heating the silicon substrate
      at a temperature of between 400.degree.C and 500.degree.C, and where the
      depth of the shallowest P-N junction in the silicon substrate is between
      0.2 and 0.8 microns, the thickness of the thin aluminum layer should be
      less than 0.01 to 0.05 microns according to the junction depth. It is thus
      possible according to this feature of the invention to prevent the
      destruction of the junction during the heat treatment in which the ohmic
      contact is formed, as well as during the subsequent heat treatment to
      which the semiconductor is subjected. In general, the temperature of the
      subsequent heat treatment does not exceed 500.degree.C. The tantalum,
      tungsten, or molybdenum layer on the aluminum thin layer must be of
      sufficient thickness to enable that layer to act as a barrier against the
      aluminum conductive layer formed thereon. When a selective anodic
      oxidation process is employed, the thickness of the tantalum, tungsten, or
      molybdenum barrier layer is preferably about 0.1  micron for convenience
      in fabrication.
PAR  According to another aspect of this invention, selective anodic oxidation
      rather than the conventional selective etching process is employed to form
      the electrodes. Therefore, when the electrodes are simultaneously formed,
      the surface of the semiconductor substrate is perfectly covered with
      layers of chemically and electrically stable metal oxides. As a result,
      the junction formed in the semiconductor substrate is sufficiently
      protected from external corrosion and high reliability can thus be
      obtained.
DRWD
PAR  The other objects, features, and advantages of the invention will become
      more apparent from the following description taken in conjunction with the
      accompanying drawings in which common elements are indicated by identical
      reference numerals.
PAR  FIGS. 1 a through 1 g are cross-sectional views of a semiconductor element
      according to an embodiment of the invention in respective steps of
      production.
DETD
PAR  Referring to the figures, there is illustrated the sequence of steps
      employed in fabricating a semiconductor device according to an embodiment
      of this invention. Both the device and the method for its fabrication,
      which includes a series of selective oxidation steps, are considered to
      constitute the invention.
PAR  A silicon substrate 1 having the necessary P-N junctions is initially
      prepared. The surface of the substrate is covered as shown in FIG. 1 a
      with a silicon oxide film 2 except at the locations of openings from which
      electrodes are to be led out. A thin aluminum film 3 of approximately 0.01
      micron in thickness is uniformly deposited over the surface of silicon
      oxide film 2. A relatively thick film 4 of approximately 0.1 micron in
      thickness and of a metal that barely reacts with the silicon material of
      the substrate is deposited over aluminum film 3 by evaporation. Film 4 may
      be advantageouosly formed of tantalum, tungsten, or molybdenum, and is
      hereinafter described as being tantalum. A 1.5 micron thick aluminum film
      5 is then deposited on tantalum film 4, also by evaporation as shown in
      FIG. 1 b.
PAR  A first anodization process is carried out on the entire surface of thick
      aluminum film 5 to form a porous aluminum oxide film 6 of approximately
      0.1 micron in thickness as shown in FIG. 1 c. Porous aluminum oxide film 6
      is effective to increase the adhesiveness of the photoresist in the
      subsequent second anodization process. For forming the porous aluminum
      oxide film 6, anodization may be performed by using 10% chromic acid in
      aqueous solution at a constant forming voltage of 10V for 10 minutes.
PAR  After the formation of porous oxide film 6, a photoresist is applied to the
      surface of the porous aluminum oxide film, and areas other than those at
      which electrodes are to be formed are covered with a photoresist 12. Using
      photoresist 12 as a mask, a second anodization process is performed
      whereby a composite aluminum oxide film 7 is formed in the area of
      aluminum oxide film 6 where photoresist 12 does not cover the porous
      aluminum oxide film 6 as shown in FIG. 1 d. For carrying out this sedond
      anodization process, a forming solution of ethylene glycol saturated with
      ammonium borate can be used. The anodization can be performed at a
      constant forming voltage of 80V applied for a period of 15 minutes. The
      composite aluminum oxide film 7 consists of a thin non-porous aluminum
      oxide film formed in the interface between the remaining aluminum film 5
      and the former porous aluminum oxide film 6, and an aluminum oxide film
      which is the former porous aluminum oxide film 6 but has a quasi
      non-porous property. Thereafter, photoresist 12 is removed, and a third
      anodization process is carried out using the composite aluminum oxide film
      7 as a mask. As a result of this process, the part of the remaining
      aluminum film 5 that is covered with only the porous aluminum oxide film
      6, is converted into a porous aluminum oxide film 8 throughout its entire
      thickness as shown by FIG. 1 e. The third anodization process is desirably
      carried out by using 10% dilute sulfuric acid at a constant forming
      voltage of 10 V.
PAR  In one manner of carrying out the method herein described, the portion of
      aluminum film 5 not masked with the composite aluminum film 7 was
      converted into porous aluminum oxide by carrying out the third anodization
      process for about 15 minutes. In the third anodization process, tantalum
      film 4 is practically free of oxidation. A fourth anodization process is
      thereafter performed in order to anodically oxidize the tantalum film 4 to
      its entire thickness. In this process the remaining aluminum film 5
      covered with the composite aluminum oxide film 7 is used as a mask, and
      unmasked portions of the tantalum film 4 and aluminum thin film 3
      underlying the porous oxide film 8 are anodically oxidized and thereby
      respectively converted into a tantalum oxide film 9 and an aluminum oxide
      film 10, which, as shown in FIG. 1 f, are in substantial alignment with
      one another. For this fourth anodization process, a 3% ammonium citrate in
      aqueous solution is advantageously used at a constant forming voltage of
      200V applied for a period of 15 minutes.
PAR  The semiconductor substrate is thereafter subjected to heat treatment at a
      temperature of about 450.degree.C for 1 hour. As a result of the heat
      treatment process, good ohmic contact is established between the
      electrodes and the semiconductor and, at the same time, the aluminum oxide
      and tantalum oxide films formed by the anodic oxidation processes are
      chemically stabilized. As the final step in the process, openings 11 to
      the semiconductor device are formed in the desired portions of the
      aluminum oxide film 7 covering the electrode for installing external leads
      or wiring layers. The electrode structure fabricated according to the
      method hereinabove described is illustrated in FIG. 1 g.
PAR  In the semiconductor device of the invention, the amount of aluminum that
      is involved in an alloying reaction with the silicon substrate is
      controlled to be very accurate and low, thereby to markedly increase the
      stability of the device against heat treatment. When a conventional
      aluminum electrode is applied to a silicon semiconductor element having a
      washed-emitter structure of a 0.3 micron junction depth, the emitter
      junction is short-circuited by the heat treatment at a temperature of
      300.degree.C for about 30 minutes, or at a temperature of 400.degree.C for
      about 5 minutes. Whereas, according to the above-described embodiment of
      the invention, no deterioration of the junction was observed by a heat
      treatment at a temperature of 400.degree.C for 20 hours, or at a
      temperature of 500.degree.C for 5 hours.
PAR  As has been described above, the semiconductor device of the invention is
      essentially featured by employing a laminated electrode structure having a
      first thin layer of metal capable of forming a good ohmic contact with the
      semiconductor and having a controlled thickness, a second layer of a metal
      reacting with the semiconductor at an extremely high temperature overlying
      the first layer, and a third layer of a metal having a good electrical
      conductivity overlying the second layer. Another important feature of the
      invention is the use of a series of anodic oxidation processes to form
      electrodes of a predetermined pattern. One significant advantage of this
      invention is the provision of a thermally stable electrode for the
      semiconductor device. Furthermore, the invention makes it readily possible
      to realize a semiconductor device in which the semiconductor surface is
      perfectly protected by electrically and chemically stable metal oxides.
PAR  Although only a single specific embodiment of the invention has been herein
      illustrated and described in detail, it is to be understood that the
      invention is not limited thereto or thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fabricating a semiconductor device comprising the steps of
      providing a semiconductor substrate, forming an insulating film over the
      upper surface of said substrate except for predetermined portions thereof,
      successively forming first, second, and third metal layers on said
      substrate and said insulating film, said first metal layer being capable
      of being alloyed with said semiconductor substrate at a first temperature,
      said first metal layer having a thickness less than the depth of the
      shallowest junction in the substrate, said second metal layer being
      capable of being alloyed with said substrate at a second temperature
      higher than said first temperature, said third metal layer having a good
      electric conductivity and being thicker than any of said first and second
      metal layers, anodically oxidizing said third metal layer to convert the
      selected portion thereof into an insulator to the surface of said second
      metal layer, anodically oxidizing those portions of said second and first
      metal layers which are aligned with said selected portion of said third
      metal layer, and thereafter performing heat treatment for alloying a
      portion of said first metal layer with said substrate at a temperature
      below said second temperature.
NUM  2.
PAR  2. The method of claim 1, in which said first and third layers are aluminum
      and said second layer is formed of a metal selected from the group
      consisting of tantalum, tungsten, and molybdenum.
NUM  3.
PAR  3. The method of claim 1, in which said step of anodically oxidizing said
      third metal layer comprises the steps of performing a first anodization
      process to oxidize the upper portion of said third layer to form a porous
      metal oxide film, applying a mask to a selected portion of said porous
      oxide film, and performing a second anodization process using said mask to
      form a composite metal oxide film in the area of said porous oxide film
      not covered by said mask.
NUM  4.
PAR  4. The method of claim 3, in which said step of anodically oxidizing said
      third metal layer further comprises the step of performing a third
      anodization process to convert the portion of said third layer not masked
      by said composite oxide film into a porous oxide film throughout the
      entire thickness of said third layer.
NUM  5.
PAR  5. The method of claim 4, in which said step of anodically oxidizing said
      third metal layer further comprises the step of performing a fourth
      anodization process employing the remaining portion of said third layer
      covered with said composite oxide film as a mask to anodically oxide the
      portions of said second and first layers underlying said porous oxide film
      of said third layer metal.
NUM  6.
PAR  6. The method of claim 5, in which said first and third layers are aluminum
      and said second layer is formed of a metal selected from the group
      consisting of tantalum, tungsten, and molybdenum.
NUM  7.
PAR  7. The method of claim 1, in which said first metal layer is aluminum and
      said second metal layer is tantalum, and in which said first and second
      metal layers are anodically oxidized by using an aqueous ammonium citrate
      solution as a forming solution.
NUM  8.
PAR  8. A method of fabricating a semiconductor device comprising the steps of
      providing a semiconductor substrate, forming an insulating film over the
      upper surface of said substrate except for predetermined portions thereof,
      forming a first aluminum layer on said substrate and said insulating film,
      forming a tantalum layer of a substantially uniform thickness on said
      first aluminum layer, forming a second aluminum layer of a thickness
      greater than that of either of said first aluminum layer and said tantalum
      layer on said tantalum layer, carrying out an anodic oxidation treatment
      to convert selectively aligned portions of said first aluminum layer, said
      tantalum layer and said aluminum layer into an insulator region, and
      performing heat treatment for alloying a portion of said first aluminum
      layer with said semiconductor substrate.
NUM  9.
PAR  9. The method of claim 8, in which said first aluminum layer has a
      thickness less than the depth of the shallowest junction in the substrate
      and said second aluminum layer is thicker than any of said first aluminum
      layer and said tantalum layer, and in which said step of carrying out
      anodic oxidation includes the steps of anodically oxidizing said second
      aluminum layer to convert the selected portion thereof into an insulator
      to the surface of said tantalum layer and anodically oxidizing those
      portions of said tantalum layer and said first aluminum layer which are
      aligned with said selected portion of said second aluminum layer.
NUM  10.
PAR  10. The method of claim 8, in which said step of carrying out anodic
      oxidation comprises the steps of performing a first anodization process to
      oxidize the upper portion of said second aluminum layer to form a porous
      aluminum oxide film, applying a mask to a selected portion of said porous
      oxide film, and performing a second anodization to form a composite metal
      oxide film in the area of said porous oxide film not covered by said mask.
NUM  11.
PAR  11. The method of claim 10, in which said step of carrying out anodic
      oxidation further comprises the step of anodically oxidizing the portion
      of said second aluminum layer not masked by said composite oxide film to a
      porous oxide film throughout substantially the entire thickness of said
      second aluminum layer.
NUM  12.
PAR  12. The method of claim 11, in which said step of carrying out anodic
      oxidation further comprises the step of anodically oxidizing the portions
      of said tantalum layer and said first aluminum layer underlying said
      porous oxide film of said second aluminum layer employing the remaining
      portion of said second aluminum layer covered with said composite oxide
      film as a mask.
NUM  13.
PAR  13. The method of claim 9, in which said first aluminum layer and said
      tantalum layer are anodically oxidized by using an aqueous ammonium
      citrate solution as a forming solution.
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ABST
PAL  A process for the preparation and isolation of high purity anhydrous lower
      valence state metal halides comprising dissolving the corresponding higher
      valence state metal halide of the desired lower valence state metal halide
      in an organic liquid, which is selected such that the higher valence state
      metal halide is soluble therein and the lower valence state metal halide
      is insoluble therein, and subjecting the solution to high energy radiation
      which reduces the higher valence state metal halide to its corresponding
      lower valence state metal halide, at a temperature in the range of from
      about 0.degree.C. to about room temperature.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by employees of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a novel process for the preparation and isolation
      of high purity lower valence state anhydrous metal halides using high
      energy radiation.
PAR  2. Description of the Prior Art
PAR  Prior to the present invention, lower valence state metal halides were
      prepared by reducing a higher valence state halide in the presence of
      hydrogen at temperatures in the range of from about 800.degree.C. to about
      1200.degree.C. At these high temperatures, however, sever corrosive
      conditions are encountered which render this method undesirable. Lower
      valence state halides have also been prepared by reducing the
      corresponding higher valence state halide at low temperatures by employing
      reducing agents, such as zinc or aluminum. The use of such a reducing
      agent, however, results in the production of a by-product which affects
      the purity of the product.
PAR  U.S. Pat. No. 3,127,334 to Heffels discloses a process for preparing lower
      valence state metal halides or oxyhalides which comprises contacting the
      corresponding higher valence state metal halide or oxyhalide with gaseous
      hydrogen at a temperature substantially lower than the temperature
      necessary for the reactants to react spontaneously but above the
      condensation temperature of the reactants, and subjecting the gaseous
      mixture to ultra-violet radiation.
PAR  U.S. Pat. No. 2,859,162 to Bown et al. discloses a process for reducing
      titanium tetrachloride which comprises subjecting a mixture of vaporized
      titanium tetrachloride and a vaporized metal sensitizing agent, such as
      mercury, to radiant energy having a frequency corresponding to the
      frequency of the resonance line of the metal sensitizing agent.
PAC  SUMMARY OF THE INVENTION
PAR  The disadvantages and limitations of the prior art are alleviated by the
      process of the present invention. In accordance with the present invention
      high purity anhydrous lower valence state metal halides are prepared by
      reducing the corresponding higher valence state metal halide using high
      energy radiation.
PAR  Further, in accordance with the present invention, a higher valence state
      metal halide is dissolved in an organic liquid and the solution is
      subjected to high energy radiation at low temperature conditions and
      without the use of either a metallic reducing agent or a reducing gas.
PAR  For a further understanding of the present invention and for advantages and
      features thereof, reference may be made to the following description in
      conjunction with the following drawing which show, by way of example, the
      preferred embodiments of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a side elevational view of an apparatus which can be used in
      preparing high purity anhydrous lower valence metal halides in accordance
      with the process of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, high purity anhydrous lower
      valence state metal halides are prepared by dissolving the corresponding
      higher valence state metal halide in an organic liquid and subjecting the
      solution to high energy radiation. The high energy radiation causes the
      higher valence state metal halide in solution to be reduced to the lower
      valence state metal halide. Because the higher valence state metal halides
      are usually more covalent or less ionic in character than the reduced
      lower valence state metal halides they are soluble in certain organic
      liquids, whereas the more ionic or less covalent reduced metal halide is
      relatively insoluble in the same liquid and is easily removed as a
      precipitate.
PAR  Certain organic liquids generate reducing species when they are irradiated.
      These reducing species include hydrogen atoms, solvated electrons and
      possibly organic radicals. Some of these organic liquids that are
      radiolytically reducing include hydrocarbons, such as heptane, toluene and
      the like, heterocyclic ethers, such as tetrahydrofuran and the like,
      primary alcohols, such as ethanol and the like, and secondary alcohols,
      such as 2-propanol and the like.
PAR  Solutions of higher valence state metal halides in liquid hydrocarbons
      provide an oxygen and water free system. These solutions are
      self-dehydrating, in that small amounts of water which may be present are
      removed by hydrolysis of the metal halide with formation of insoluble
      oxyhalides and hydrated oxides which can be readily removed by
      centrifugation and decantation before the radiolysis is begun. Since many
      higher valence state metal halides are not soluble in hydrocarbons, more
      polar organic liquids, such as tetrahydrofuran, must be employed. In each
      case, the particular organic solvent used is selected on the basis that
      the higher valence state metal halide starting material will be soluble
      therein, and the reduced lower valence state metal halide product will be
      insoluble therein and will deposit as a precipitate which can be easily
      removed from the other reaction products and excess reactants which remain
      in solution.
PAR  The reduction process is carried out at a temperature in the range of from
      about 0.degree.C. to about room temperature. The high energy radiation
      used to effect the reduction may be in the form of, for example, high
      energy electrons or protons. The energy of the radiation employed should
      be at least about 0.5 million electron volts, preferably at least about
      1.0 million electron volts, and more preferably at least about 2.0 million
      electron volts.
PAR  The high purity anhydrous lower valence state metal halides prepared in
      accordance with the novel process of the present invention find utility in
      a number of industrial applications. For example, anhydrous tin(II)
      halides are employed in electric arc vapor lamps, and lower valence state
      titanium halides are used as catalysts for the polymerization of
      unsaturated monomers, such as alpha olefin polymerization.
PAR  The reduction process of the present invention will be further described
      with respect to the accompanying drawing wherein an apparatus is shown
      that is suitable for use in practicing the present invention.
PAR  In accordance with the process of the present invention, a known amount of
      anhydrous higher valence state metal halide is added to an organic liquid
      in an Erlenmeyer flask containing a magnetic stirrer. The flask is
      immediately stoppered and the mixture is stirred for several minutes to
      effect solution. The solution is then centrifuged to remove small amounts
      of insoluble material which may have formed by the hydrolysis of the
      higher valence state metal halide with the small amounts of water which
      may be present. The liquid solution is then decanted into the glass
      reaction vessel 10 shown in the drawing. The solution is then irradiated
      by a beam of high energy electrons 12 through titanium foil 14
      approximately 0.005 cm. thick which is attached to brass ring 16 having
      rubber O-ring 18 therein to assure that the vessel 10 is completely
      airtight. During irradiation the solution is agitated by passing an
      unreactive gas, such as argon, through inlet tube 20 and through a glass
      frit 22 at the base of the reaction vessel. The unreactive gas is removed
      from the reaction vessel by means of outlet tube 24. The contents of the
      reaction vessel are maintained at a temperature in the range of from about
      0.degree.C. to about room temperature during irradiation by immersing the
      vessel in a thermostatically controlled alcohol-water bath, not shown.
      After irradiation, the precipitated lower valence state metal halide is
      removed by centrifugation and decanting.
PAR  A more complete appreciation of the invention will be realized by reference
      to the following specific examples relating to specific compounds and the
      processes for preparing them. The following examples are not intended to
      limit the invention disclosed herein except to the extent that limitations
      are specifically stated or to the extent to which limitations appear in
      the appended claims.
PAC  EXAMPLES 1-10
PAR  A known amount of anhydrous, fuming (certified) SnCl.sub.4 was added to a
      good commercial heptane (b.p. 96.degree.-97.degree.C.) stored over
      Drierite to prepare 0.15 to 3.0 M solutions in an Erlenmeyer flask
      containing a magnetic stirrer. The flask was immediately stoppered and the
      mixture stirred for several minutes to effect solution. The solution was
      then centrifuged to remove small amounts of insoluble material such as
      that formed by the hydrolysis of the SnCl.sub.4 with the small amounts of
      water which may be present. The clear liquid, total volume 500
      milliliters, was decanted into a reaction vessel such as that shown in the
      accompanying drawing.
PAR  The solutions were irradiated by 2-million-electron-volt electrons from a
      Dynamitron accelerator with a beam current of 20 microamperes and a total
      dose of 0.15 coulomb. The solution was agitated during irradiation by
      passing an unreactive gas, such as argon, through a glass frit at the base
      of the reaction vessel. The contents of the reaction vessel were
      maintained at 20.degree.C. or 0.degree.C. during irradiation by immersing
      the vessel in a thermostatically controlled alcohol-water bath.
PAR  After irradiation the precipitated SnCl.sub.2 (about 10 to 20 g.) was
      removed by centrifuging and decanting the heptane containing unreacted
      SnCl.sub.4 in solution. The SnCl.sub.2 was washed twice with hot toluene
      and filtered on a sintered glass filter. Because of the sensitivity of the
      freshly prepared SnCl.sub.2  to atmospheric oxidation and its hydroscopic
      nature, the SnCl.sub.2 in the filter was not allowed to dry, but instead,
      the SnCl.sub.2, still wet with toluene, was transferred to a drying tube
      and dried in vacuum at 100.degree.C. for about 10 hours. The dried
      SnCl.sub.2 was then transferred as quickly as possible to a stoppered
      weighing bottle, weighed and analyzed immediately by both X-ray
      diffraction and iodometry.
PAR  X-ray diffraction of the SnCl.sub.2 samples indicated the presence of only
      anhydrous SnCl.sub.2. The iodometric equivalent of the SnCl.sub.2 ranged
      from 97.1 to 99.4 percent (see Table I below). The major impurity content
      probably arose from the unreacted SnCl.sub.4 in solution remaining
      adsorbed on the SnCl.sub.2 precipitate. When the final concentration of
      the SnCl.sub.4 was low, as in Example 1, the iodometric equivalent of the
      product corresponded to a purity of at least 99 percent SnCl.sub.2.
      Contamination of the SnCl.sub.2 increased as more concentrated SnCl.sub.4
      solutions were used at the same total dose. At the maximum initial
      SnCl.sub.4 concentration of 3.0 moles per liter in Example 8, the
      iodometric equivalent corresponded to only 97.1 percent SnCl.sub.2.
      Moreover, the observed darkening of the hot toluene used to wash the
      product is indicative of a Friedel-Crafts reaction product. This product
      probably originated from the reaction of hot toluene with unused
      SnCl.sub.4 adsorbed on the freshly precipitated SnCl.sub.2. In these cases
      a pink discoloration persisted in the final product after the vacuum
      drying operation. It is believed that this colored impurity is a major
      contaminant of the final SnCl.sub.2 product. It is suggested that in order
      to eliminate this contamination, the removal of SnCl.sub.4 on the
      SnCl.sub.2 precipitate be accomplished by refluxing with an aliphatic
      hydrocarbon (heptane) instead of by washing with hot toluene.
PAR  As shown in Table I, energy yield increases with SnCl.sub.4 concentration
      reaching the highest value in Example 8 of 3.1 molecules per 100 electron
      volts at the highest SnCl.sub.4 concentration used (3.0 moles per liter).
      Essentially no effect of total dose (0.10 to 0.20 coulomb) and beam
      current (5 to 20 .mu.A) on energy yield was observed and, therefore, these
      results are not tabulated. As seen from Examples 9 and 10, a slight
      increase in energy yield was noticed when the irradiation was done at
      0.degree.C. instead of at 20.degree.C. As shown in Table I, the energy
      yield doubles for a twentyfold increase from 0.15 to 3.0 initial molar
      concentration of SnCl.sub.4 from Examples 1 to 8.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PREPARATION OF SnCl.sub.2 FROM A HEPTANE SOLUTION OF SnCl.sub.4           
          Initial SnCl.sub.4 Purity of SnCl.sub.2                              
     Example                                                                   
          concentration,                                                       
                   Energy yield,                                               
                             (iodimetric                                       
                                       Final SnCl.sub.4                        
     Number                                                                    
          mole/liter                                                           
                   molecule/100 eV                                             
                             equivalent),                                      
                                       concentration,*                         
                             percent   mole/liter                              
     __________________________________________________________________________
     1    0.15     1.6       99.4      0.05                                    
     2    0.30     1.9       98.8      0.18                                    
     3    0.50     2.1       98.6      0.37                                    
     4    0.70     2.2       ***       0.56                                    
     5    1.00     2.4       98.2      0.85                                    
     6    1.50     2.6       ***       1.30                                    
     7    2.00     2.8       97.6      1.80                                    
     8    3.00     3.1       97.1      2.80                                    
     9    0.50     2.2**     ***       0.36                                    
     10   1.00     2.6**     ***       0.84                                    
     __________________________________________________________________________
     [Electron energy, 2 meV; dose, 0.15 coulomb; beam current 20.mu.A;        
     irradiation temperature 20.degree.C. unless otherwise specified.]         
     __________________________________________________________________________
       *Calculated from initial concentration and yield.                       
       **Irradiations carried out at 0.degree.C.                               
      ***Titrations were not run on the product to determine the iodimetric    
      equivalent.                                                              
PAC  EXAMPLE 11
PAR  Following the procedure of Examples 1-10, tin(IV) iodide was added to
      heptane and the solution was stirred, centrifuged, and irradiated. After
      irradiation, precipitated tin(II) iodide was removed from the solution,
      washed, filtered, and dried. The dried tin(II) iodide was analyzed by
      X-ray diffraction and found to be pure.
PAC  EXAMPLE 12
PAR  Following the procedure of Examples 1-10, titanium(IV) chloride was added
      to heptane and the solution was stirred, centrifuged and irradiated. After
      irradiation, precipitated titanium(III) chloride and titanium(II) chloride
      were removed from the solution, washed, filtered, and dried. The dried
      precipitate was analyzed by X-ray diffraction and found to contain a pure
      mixture of titanium(III) chloride and titanium(II) chloride. If the
      irradiation time had been shorter, only titanium(III) chloride would have
      been formed. Likewise, if the irradiation time had been longer, the
      titanium(III) chloride would have been reduced to titanium(II) chloride.
PAC  EXAMPLE 13
PAR  Following the procedure of Examples 1-10, iron(III) chloride was added to
      tetrahydrofuran and the solution was stirred, centrifuged, and irradiated.
      After irradiation, precipitated iron(II) chloride was removed from the
      solution, washed, filtered, and dried. The dried iron(II) chloride was
      analyzed by X-ray diffraction and found to be pure.
PAC  EXAMPLE 14
PAR  Following the procedure of Examples 1-10, copper(II) bromide was added to
      n-butanol and the solution was stirred, centrifuged, and irradiated. After
      irradiation, precipitated copper(I) bromide was removed from the solution,
      washed, filtered, and dried. The dried copper(I) bromide was analyzed by
      X-ray diffraction and found to be pure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation and isolation of high purity anhydrous
      lower valence state metal halides comprising
PA1  dissolving the corresponding higher valence state metal halide of the
      desired lower valence metal halide in an organic liquid, said organic
      liquid being selected such that the higher valence state metal halide is
      soluble therein and the lower valence state metal halide is insoluble
      therein, and
PA1  subjecting the solution to high energy radiation which reduces the higher
      valence state metal halide to its corresponding lower valence state metal
      halide at a temperature in the range of from about 0.degree.C. to about
      room temperature.
NUM  2.
PAR  2. The process of claim 1 wherein the high energy radiation is a beam of
      high energy electrons.
NUM  3.
PAR  3. The process of claim 2 wherein the high energy electrons have an energy
      of at least about 0.5 million electron volts.
NUM  4.
PAR  4. The process of claim 3 wherein the high energy electrons have an energy
      of at least about 1.0 million electron volts.
NUM  5.
PAR  5. The process of claim 4 wherein the high energy electrons have an energy
      of at least about 2.0 million electron volts.
NUM  6.
PAR  6. The process of claim 1 wherein the higher valence state metal halide is
      tin(IV) chloride, the organic liquid is heptane, and the lower valence
      state metal halide is tin(II) chloride.
NUM  7.
PAR  7. The process of claim 1 wherein the higher valence state metal halide is
      tin(IV) iodide, the organic liquid is heptane, and the lower valence state
      metal halide is tin(II) iodide.
NUM  8.
PAR  8. The process of claim 1 wherein the high valence state metal halide is
      titanium(IV) chloride, the organic liquid is heptane, and the lower
      valence state metal halide is titanium(III) chloride or titanium(II)
      chloride or a mixture thereof.
NUM  9.
PAR  9. The process of claim 1 wherein the higher valence state metal halide is
      iron(III) chloride, the organic liquid is tetrahydrofuran, and the lower
      valence state metal halide is iron(II) chloride.
NUM  10.
PAR  10. The process of claim 1 wherein the higher valence state metal halide is
      copper(II) bromide, the organic liquid is n-butanol, and the lower valence
      state metal halide is copper(I) bromide.
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ABST
PAL  An improved process for radiation grafting of hydrogels onto organic
      polymeric substrates is provided comprising the steps of incorporating an
      effective amount of cupric or ferric ions in an aqueous graft solution
      consisting of N-vinyl-2 - pyrrolidone or mixture of N-vinyl-2 -
      pyrrolidone and other monomers, e.g., 2-hydroxyethyl methacrylate,
      2-hydroxyethyl acrylate, propylene glycol acrylate, acrylamide,
      methacrylic acid and methacrylamide, immersing an organic polymeric
      substrate in the aqueous graft solution and thereafter subjecting the
      contacted substrate with ionizing radiation.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the United States Atomic Energy Commission. This invention
      relates to a method of grafting hydrogels to polymeric substrates.
BSUM
PAR  A number of promising materials have been developed for biomedical
      applications. Hydrogels, which are water-swollen polymeric gels, are of
      interest; because of their highly hydrated polymer networks, hydrogels
      have excellent compatibility with body fluids and are desirable for use in
      prosthetic devices, such as heart valve, poppets, catheters, intrauterine
      devices and power pack coverings for heart assist devices. The hydrogels
      are, however, physically weak and, to be of practical utility, must be
      bonded to a substrate. Substrates which have heretofore been investigated
      as supports of hydrogels include, for example, silicone rubber or other of
      the well known organic polymeric materials, e.g., polyurethane, polyvinyl
      chloride, polyurethane-polyether co-polymers, etc.
PAR  Radiation grafting has been widely employed as a method of bonding the
      hydrogels to organic polymeric substrates and generally includes the steps
      of immersing the substrate in an aqueous solution of a grafting monomer
      and thereafter subjecting the immersed substrate to ionizing radiation,
      such as, for example, gamma radiation from a cobalt-60 source. After
      irradiation for a specified period of time, the now grafted polymer film
      is removed from the surrounding medium (hereinafter referred to as either
      the "external" polymer or "external" solution) and cleaned. The
      surrounding medium, at this point, generally consists of polymer,
      unreacted monomer and solvent. Depending upon the precise conditions, the
      medium could be fully liquid, a tough, crosslinked gel or some combination
      of liquid and gel.
PAR  While we have used the word "monomer" in the singular in the above
      discussion, two or more monomers can be used, so that the hydrogel is a
      co-polymer. Co-polymers of N-vinyl-2 - pyrrolidone with, for example,
      2-hydroxyethyl methacrylate (HEMA) or 2-hydroxyethyl acrylate, produce
      highly desirable graft polymers on silicone rubber or other substrates.
      The co-polymers may be lightly crosslinked by, for example, small
      proportions of ethylene glycol dimethacrylate (EGDMA). Not only is the
      product biocompatible in itself but it can be chemically bonded to
      biologically active molecules, e.g. protein molecules, to provide
      excellent biocompatible, biofunctional surfaces. U.S. patent application
      Ser. No. 260,237 filed June 6, 1972 in the names of Allan S. Hoffman and
      Gottfried Schmer discloses a method of producing such a biocompatible,
      biofunctional material.
PAR  It is highly desirable that the grafting system comprises a nongelling
      (liquid) external polymer. Such a system allows the rapid, reproducible
      preparation of evenly grafted films as well as ensures that a high degree
      of graft takes place. Thus, under optimum conditions the hydrogel layer or
      film will be grafted to the substrate and the grafting system will remain
      liquid to facilitate removal of the grafted sheet. Unfortunately,
      radiation grafting processes require very precise control of the governing
      parameters such as type substrate and monomers, radiation dose, presence
      or absence of catalysts, etc.
PAR  It is an object of our invention to provide an improved method of grafting
      hydrogels to an organic polymeric substrate. Another object is to provide
      a method for radiation grafting hydrogels to organic polymeric substrates
      wherein a high degree of grafting is achieved while maintaining a
      non-gelling external polymer.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others which will be apparent to those skilled in the art
      are achieved by incorporating an effective amount of cupric or ferric ions
      in an aqueous grafting solution consisting of N-vinyl-2-pyrrolidone (N-VP)
      or mixtures of N-vinyl-2 - pyrrolidone and other monomers, e.g.,
      2-hydroxyethyl methacrylate or 2-hydroxyethyl acrylate, propylene glycol
      acrylate, acrylamide, methacrylic acid acrylic acid and methacrylamide,
      immersing a suitable organic polymeric substrate in the aqueous graft
      solution and thereafter subjecting the contacted substrate to ionizing
      radiation. Cupric or ferric ions in concentrations within the range of
      0.0008M to 0.0016M were found to markedly improve the degree of graft onto
      organic polymeric substrates as compared to graft monomer solutions alone,
      while retaining a liquid external polymer or soft gel. Where the graft
      formulation consists of N-vinyl-2 - pyrrolidone in combination with other
      monomers (e.g., 2-hydroxyethyl methacrylate (HEMA) 2-hydroxyethyl acrylate
      (HEA), cupric or ferric ions were found to synergisticly increase the
      graft obtainable on the polymeric substrate.
PAR  The present invention affords wider flexibility in selection of polymeric
      substrates and range of monomers while achieving greater reproducibility
      for radiation graft formulations and higher degree of grafts. The residual
      metal ion contents in the finished, washed, grafted films was below the
      limits of detection, i.e., less than 10 ppm. In biomedical applications
      metal ion contents of about 10 ppm. would appear to have insignificant
      effects.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a bar graph showing the differences in grafting behavior of
      various monomer systems with and without cupric nitrate in the solvent.
PAR  FIG. 2 is a semilogarithmic graph showing the effect of cupric nitrate
      concentrations in the solvent on the degree of graft for various monomer
      systems.
PAR  FIG. 3 is a semilogarithmic graph showing the effect of cupric nitrate
      concentration in the solvent on the water content in the graft for various
      monomer systems.
PAR  FIG. 4 is a plot of the degree of graft as a function of the volume percent
      N-VP in the monomer mixture for the system (xN-VP + (20-x) HEMA + 80
      Cu(NO.sub.3).sub.2 (0.005M) = 100%.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order to obtain the high graft levels together with a liquid external
      polymer characteristic of this invention, it is necessary that the monomer
      mixture contain N-vinyl-2 - pyrrolidone (N-VP). The proportions of
      N-vinyl-2 - pyrrolidone in the monomer mixture may vary widely. As little
      as one part in twenty of N-vinyl-2 - pyrrolidone in the monomer mixture
      has been found to produce a synergistic effect on the degree of grafting
      as compared to when other monomers are used alone; high graft values are
      obtained up to about eighteen parts in twenty of N-vinyl-2 - pyrrolidone,
      with a maximum at an intermediate point. At proportions higher than
      eighteen in twenty the amount of graft falls off rapidly. The properties
      of the graft layer also vary with the proportion of N-vinyl-2 -
      pyrrolidone. The higher the proportion, the higher the proportion of water
      in the graft layer which for biocompatibility should be at least 30%. The
      selection of the proportions will, therefore, depend on the properties
      desired in a particular situation.
PAR  The incorporation of an effective amount of cupric or ferric ions in the
      graft formulations has been found to produce a dramatic increase in the
      degree of graft while giving a liquid external polymer or soft gel which
      is easily removed from the graft material. Graft formulations in
      accordance with the invention incorporate as an effective amount of cupric
      or ferric ions concentration (based on salt additions) in the range of
      from 0.00032M to 0.008M and preferably 0.008M to 0.0016M. The
      concentration of the copper or iron salts may be expressed in two ways,
      either the concentration based on the solvent (water) alone or that based
      on the entire solution (water plus monomer). The latter is more
      fundamental, particularly when considering different monomer
      concentrations which, may range from 4 to 40%. When working at a single
      total monomer concentration, which is most commonly 20% by weight, it is
      often most convenient to base the salt concentration on the solvent
      (water) alone and some of the data given in this specification are
      reported on this basis. It is a simple matter to convert data from one
      basis to the other.
PAR  The cupric or ferric ions may conveniently be provided in the graft
      formulations by the addition of reagent grade soluble metal salts such as
      cupric nitrate, cupric chloride, cupric sulfate, cupric acetate, ferric
      nitrate, etc.
PAR  Unlike previous graft formulations the presence of cupric or ferric ions in
      the present graft formulations enables a wider latitude in selection of
      the organic polymeric substrates. Hence, any of the well known support
      organic polymeric materials such as silicone rubber (polyalkyl siloxane),
      polyurethane, polyurethane-polyether copolymers, polyvinylchloride, etc.,
      may be used in the present process. It should be noted that the presence
      of cupric or ferric ions in the graft formulations provided no appreciable
      increase in grafting where polyethylene was employed as the organic
      polymeric substrate as was found for other substrates such as silicone
      rubber, polyurethane-polyether copolymers, etc. It is postulated that this
      anomalous behavior is due to the lack of swelling and concomitant
      penetration of the graft monomers, e.g., N-VP and HEMA, of the highly
      crystalline polyethylene matrix. With polyethylene, grafting can occur
      only at the surface of the substrate where it is subject to inhibition by
      the cupric or ferric ions. For those organic polymeric substrates which
      will not swell in contact with the grafting monomers, such as
      polyethylene, a few percent (e.g., up to about 20%) of a miscible solvent
      which would swell the organic polymeric substrate should be added to the
      total grafting monomer mixture. While neither N-VP or HEMA will swell
      polyethylene, decalin in emulsion with the cupric nitrate aqueous solution
      will and may be used where the organic polymeric substrate is polyethylene
      or other highly crystalline matrix polymeric materials such as polyesters
      (e.g., Dacron and Mylar).
PAR  Of equal importance is the wider range of monomers which can now be used in
      radiation grafting. While reports have previously indicated that
      acrylamide may be highly thromboresistant, reasonable acrylamide graft
      levels could not heretofore be achieved with low radiation doses. Graft
      formulations, however, containing cupric or ferric ions, now can be
      employed to radiation graft acrylamide coatings to organic polymeric
      substrates.
PAR  In carrying out the radiation grafting the organic polymeric substrate is
      first immersed in the monomer-salt solution, such as a mixture of
      N-vinyl-2 - pyrrolidone, 2-hydroxyethyl methacrylate and cupric or ferric
      ions and then subjected to ionizing irradiation. While other forms of
      ionizing radiation, e.g., electron beam irradiation, may be used to effect
      the radiation grafting, gamma radiation by a cobalt-60 source is quite
      satisfactory. Doses from 0.1 Mrad - 0.38 Mrad may be employed with 0.25
      Mrad (0.25 .times. 10.sup.6 rads) being quite suitable. No advantage is
      achieved at doses above about 0.5 Mrad and those below 0.1 Mrad will not
      give any graft. The radiation grafting step is preferably conducted at
      room temperature and no special precautions need be taken at this stage of
      the process. The substrate may, for example, be immersed in the
      monomer-salt solution in an open container without any protective
      atmosphere. It is one of the advantages of the present invention that the
      irradiation can be effected with a small dose which does not damage the
      polymeric substrate.
PAR  The metal ion content in the finished, washed, grafted films was below the
      lowest limits of sensitivity of standard laboratory instruments. Typical
      values for finished graft films are given in Table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     Cu.sup.+ in Finished Films                                                
     Monomer System                                                            
     (Vol. %)     Cu (NO.sub.3).sub.2                                          
                              H.sub.Analysis                                   
     ______________________________________                                    
     10-HEMA, 10-N-VP                                                          
                  80%         (0.005)     &lt;3 ppm                               
     16-HEMA, 4-N-VP                                                           
                  80%         (0.002)    &lt;10 ppm                               
     16-HEMA, 4-N-VP                                                           
                  80%         (0.01)     &lt;10 ppm                               
     16-HEMA, 4-N-VP                                                           
                  80%         (0.05)     &lt;10 ppm                               
     ______________________________________                                    
PAR  Having described the invention in general fashion the following examples
      are given to indicate with greater particularity the process parameters
      and techniques.
PAC  EXAMPLE 1
PAR  A series of radiation grafts were prepared using non-reinforced, 10 mil
      Silastic film (registered trademark with the Dow Corning Corporation) as
      the organic polymeric substrate and grafting formulations consisting of
      aqueous solutions of monomers of N-vinyl-2 - pyrrolidone (N-VP),
      2-hydroxyethyl methacrylate (HEMA) and mixtures thereof. Cupric nitrate
      (0.004M based on total concentration in grafting solution) was added to
      half of the graft formulations. The HEMA monomer had a diester level of
      0.02% and a methacrylic acid level of 0.02%. The N-VP monomer was purified
      by drying over Drierite and distilled at 42.degree.C and a pressure of 1
      mm Hg.
PAR  The thin Dow Corning Silastic films were washed for 5 minutes in 0.1% Ivory
      soap solution in an ultrasonic cleaner. They were subsequently given three
      5 -minute rinses in freshly changed distilled water in the ultrasonic
      cleaner. The films were stored in a chamber at a relative humidity of 52%.
PAR  The cleaned Silastic films were suspended for about 1 hour in monomer
      solutions without removal of air, and irradiated in a ca. 20,000 curie
      cobalt-60 source for about 84 minutes. The radiation does used in all
      experiments was 0.25 Mrad.
PAR  After grafting, the films were removed from the bulk external polymer.
      Adhering bulk polymer (if any) was cleaned by vigorous rubbing with a
      sponge soaked in a mixture of acetone and water in equal proportions. The
      films were then thoroughly washed in two stirred acetone-water baths and
      four distilled water baths over a 24-hour period.
PAR  Water contents of the grafted films were measured by blotting the films
      between two sheets of Whatman No. 1 filter paper for ten seconds using a
      300 g. weight to insure even, reproducible pressure and then weighing
      immediately. Percent water in the graft was calculated using the
      relationship
      ##EQU1##
      where W.sub.w is the weight of the wet, grafted film, W.sub.d is the
      weight of the grafted film dried in a dessicator over anhydrone at 1mm.
      Hg. for 24 hours, and W.sub.s is the weight of the untreated Silastic
      film. Reported water contents are the average of at least two
      determinations.
PAR  The weight of the graft per area (W.sub.g) was obtained using the following
      relationship
      ##EQU2##
PAR  Scanning electron micrographs were taken on a Cambridge stored scan
      instrument. Prior to examination the grafted hydrogels were dried and
      coated with a vacuum deposited layer of carbon and then gold and platinum.
      The results are given in Table II and shown as a bar graph in FIG. 1.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Monomer system                                                            
               Cu.sup.+.sup.+                                                  
                       Graft                                                   
                           Graft                                               
                                Description of                                 
     (Vol. %).sup.a                                                            
               Concentration.sup.a                                             
                       mg/cm.sup.2                                             
                           % H.sub.2 O                                         
                                External Polymer                               
     __________________________________________________________________________
     20-HEMA   0       1.12                                                    
                           22.1 white gel                                      
     20-HEMA   0.005M  1.39                                                    
                           23.0 white gel                                      
     10-HEMA, 10 N-VP                                                          
               0       2.73                                                    
                           57.6 white gel                                      
     10-HEMA, 10 N-VP                                                          
               0.005M  9.74                                                    
                           34.5 fully liquid                                   
     20-N-VP   0       1.40                                                    
                           60.9 high viscosity liquid                          
     20-N-VP   0.005M  3.41                                                    
                           50.5 low viscosity liquid                           
     __________________________________________________________________________
      .sup.a Based on total solution.                                          
      All monomers contained 1% by volume ethylene glycol dimethacrylate (EGDMA
      based on total monomer content.                                          
PAR  It will be observed that when both monomers and Cu(NO.sub.3).sub.2 were
      present as compared to any other system the graft obtained was very high,
      e.g., 9.74 mg/cm.sup.2 to 2.73 mg/cm.sup.2. Also, the external polymer was
      fully liquid under these conditions. While the water content of the graft
      was reduced as compared to the same monomer system without the copper
      addition it was still above 30% which is perhaps the lower limit for use
      as biocompatible surfaces.
PAR  Between grafting experiments run on different days there might be a
      variation in the degree of grafting of about 20%. The variation was
      attributed to two factors. First, the monomer solution was not
      deoxygenated. As there was no control on how much oxygen was dissolved in
      solution the polymerization induction period, and therefore the final
      amount of graft, varied. Second, changes in the manufacturing procedure,
      and perhaps in the composition of the Silastic silicone rubber, were
      periodically made by the manufacturer. Those changes were often obvious as
      the appearance of the material was clearly different from one batch to
      another. Direct comparisons showed that different rubber batches grafted
      different amounts of hydrogel under otherwise identical conditions. Still,
      for a series of films grafted at the same time onto the same Silastic
      batch trends were always reproduced perfectly although the absolute
      magnitude of the effects noted might vary 0-20%. All points on any of the
      curves presented in the figures were derived from experiments run at the
      same time with the same Silastic batch. Where more than one curve is
      presented in a given figure, cross checks were read to be certain their
      relative placement with respect to the magnitude of the graft is correct.
      Water content measurements were never found to vary more than 5% between
      experiments.
PAC  EXAMPLE 2
PAR  The experiments of Example 1 were repeated using cupric chloride instead of
      cupric nitrate. The results were identical within the limits of
      experimental error. It was therefore concluded that the observed effects
      were due to the cation rather than the anion.
PAC  EXAMPLE 4
PAR  The previous experiments utilized only a single salt concentration and only
      single monomers or equal amounts of N-VP and HEMA. In order to further
      develop the process, a series of experiments were carried out in which the
      proportions of monomers and salt were varied. Results are shown in FIG. 2.
PAR  In considering this figure in detail, several points should be noted.
      First, all solutions had a total monomer content of 20% by volume. Second,
      the salt concentrations are plotted on a logarithmic scale while the
      degree of graft is plotted on a linear scale. Third, the salt
      concentrations are based on the solvent (water). To obtain the
      concentrations based on the entire solution, the plotted values are
      multiplied by 0.8.
PAR  In this figure curves 1, 2, 3, 4 and 5 show the results with successively
      greater proportions of HEMA in the monomer mixture.
PAR  Specifically, curve 1 shows the results with 20% by volume N-VP in the
      total solution and no HEMA.
PA1  Curve 2 shows the results for 16% N-VP and 4% HEMA.
PA1  Curve 3 shows the results for 10% N-VP and 10% HEMA.
PA1  Curve 4 shows the results for 4% N-VP and 16% HEMA.
PA1  Curve 5 shows the results for no N-VP and 20% HEMA.
PAR  FIG. 3 shows the water content of the graft layers on Silastic silicone
      rubber obtained with different proportions of monomer and salt. The
      numbered curves refer to systems having the same composition as the curves
      in FIG. 2 having the same reference numerals.
PAR  It will be noted from FIG. 2 that all the compositions except those
      containing HEMA as the only monomer showed a high graft in the region in
      which the copper salt concentration based on the solvent is somewhere
      between 0.0004M (0.0032M based on the entire solution) and 0.01M (0.008M
      based on the entire solution) and 0.002M (0.0016M based on the entire
      solution). The latter therefore consitutes our preferred range.
PAR  As has been noted above, the character of the external polymer, i.e., the
      bulk solution, is important. This property has been found to vary with the
      monomer composition and the salt concentrates. For systems containing, by
      volume, 16% N-VP and 4% HEMA and 20% N-VP, no HEMA (FIG. 2, curves 1 and
      2) the external polymer was completely liquid at all copper
      concentrations. However, with cupric nitrate concentrations of 0.0008M or
      lower (based on the entire solution), the solution had a "molasses-like"
      viscosity while at higher concentrations it had a viscosity which might be
      described as "water-like." For the system of curve 4, i.e., 4% N-VP, 16%
      HEMA, copper salt concentrations of less than about 0.0008M (based on the
      entire solution), the external gel was so intractable that it could not be
      separated from the grafted film. At increasing copper concentrations the
      gel gradually become softer and at 0.0016M the external polymer was
      entirely liquid. When both monomers were present in equal quantities (FIG.
      3, curve 3) a soft, white gel which could be easily peeled from the
      Silastic sheet carrying the graft coating was found when the cupric
      nitrate concentration was below 0.0008M (based on the entire solution).
      Above 0.0008M, a low viscosity liquid remained. For systems containing
      only HEMA, a liquid external polymer was found only when the cupric
      nitrate was 0.8M or above (based on the entire solution).
PAR  The surface properties of the graft layer also vary with the monomer
      proportions and the salt concentrations. In the low cupric nitrate regions
      the grated films were relatively wettable in water. When lifted from a
      vessel of water, the water will flow over and evenly coat such films. As
      the salt concentration is increased, the film becomes nonwettable, so that
      the water stands in drops. This change occurs at about the same
      concentration as the maximum graft. So far as is now known, this does not
      affect the biocompatibility of the material. At still higher
      concentrations, (above about 0.05M based in the entire solution) the
      surface takes on a reticulated or "orange peel" texture and cannot be
      readily evaluated for wettability.
PAC  EXAMPLE 5
PAR  As is apparent from the curves of FIg. 2, varying the proportions of the
      monomers materially affect the amount of graft, with the largest amount
      being obtained with 4% N-VP and 16% HEMA. A further investigation was made
      at a constant concentration of 0.005M cupric nitrate (based on the entire
      solution) with a larger selection of monomer proportions. The maximum
      graft was at 2% N-VP, 18% HEMA. At lower proportions of N-VP there was a
      rapid drop off of graft. At higher proportions there was a more gradual
      decrease, until a ratio of 18% N-VP, 2% HEMA was reached. On further
      increase in N-VP, there was again a rapid drop off. Results are plotted in
      FIG. 4.
PAC  EXAMPLE 6
PAR  In order to determine the effect of ferric salts on the graft, the
      experiments of Example 1 were repeated using ferric nitrate,
      Fe(NO.sub.3).sub.3, rather than cupric nitrate. Results were much the
      same, except that the graft layer was stained yellow.
PAC  EXAMPLE 7
PAR  A series of experiments like those of Example 1 were run to determine the
      effect of cupric salts on various monomer combinations. The total monomer
      content of the aqueous solutions was 20 percent by volume. When two
      monomers were used, they were present in equal proportions except as
      otherwise noted. The copper salt was cupric nitrate.
PAR  Monomers used, in addition to N-VP were 2-hydroxyethyl acrylate (HEA),
      acrylamide (AAM), propylene glycol acrylate (PGA), methacrylic acid
      (MAAC), and methacrylamide (MAAM). Results are shown in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
               Cu.sup.+.sup.+                                                  
                       Graft                                                   
                            Graft                                              
     Monomer System                                                            
               Concentration.sup.a                                             
                       mg/cm.sup.2                                             
                            %H.sub.2 O                                         
                                Remarks                                        
     __________________________________________________________________________
     HEA - N-VP                                                                
               0       0    --  External solution                              
                                gelled                                         
     HEA - N-VP                                                                
               .004M   13.3 57.5                                               
                                --                                             
     AAM - N-VP                                                                
               0       0    --  External solution                              
                                gelled                                         
     AAM - N-VP                                                                
               .004M   2.5  60.2                                               
                                --                                             
     AAM - HEMA                                                                
               0       2.3  52.0                                               
                                --                                             
     AAM - HEMA                                                                
               .004M   2.7  46.3                                               
                                --                                             
     AAM       0       0    --  External polymer                               
                                gelled                                         
     AAM       .004M   1.3  65.0                                               
                                --                                             
     PGA - N-VP                                                                
               0       0    --  External polymer                               
                                gelled                                         
     PGA - N-VP                                                                
               .004M   9.6  50.2                                               
                                --                                             
     MAAC.sup.b -N-VP                                                          
               0       1.6  46.5                                               
                                External polymer                               
                                gelled                                         
     MAAC.sup.b -N-VP                                                          
               .004M   3.9  57.0                                               
                                --                                             
     MAAM - N-VP                                                               
               0       8.1  62.9                                               
                                --                                             
     MAAM - N-VP                                                               
               .004    4.2  60.5                                               
                                --                                             
     MAAM (5%) - N-VP                                                          
               0       6.8  66.2                                               
                                --                                             
      (15%)                                                                    
     MAAM(5%) - N-VP                                                           
               .004    5.2  66.2                                               
                                --                                             
      (15%)                                                                    
     __________________________________________________________________________
      .sup.a based on total monomer solution.                                  
      .sup.b solution pH adjusted to about 2.                                  
PAR  It will be noted that most of the systems containing N-VP showed a dramatic
      increase in graft when copper was added to the system. This did not occur
      when the other monomer was methacrylamide, however. The reason for the
      difference in behavior of this compound and acrylamide is not apparent,
      since both 2-hydroxyethyl acrylate and 2-hydroxyethylmethacrylate showed
      dramatic increases in co-polymerization grafting with N-vinyl-2 -
      pyrrolidone when cupric ion was added to the system.
PAR  The increase in graft when cupric or ferric salts are used in the
      co-polymeriation grafting of N-vinyl-2 1 pyrrolidone and certain other
      monomers contrasts sharply with results obtained in certain other
      radiation grafting experiments. See, for example, Huglin and Johnson,
      Journal of Polymer Science, Part A-1, Vol. 7, p. 1379 (1969), "Role of
      Cations in Radiation Grafting and Homopolymerization." These authors
      studied the radiation grafting of acrylic acid on nylon. They found that
      while the salts decreased the homopolymerization, i.e., the gelling of the
      external solution, this "practical advantage" was at the expense of
      reduced graft.
PAR  In the present grafting system the advantages of both increased graft and
      liquid external polymer are obtained while retaining a sufficiently high
      water content in the graft layer for biocompatibility.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for radiation grafting hydrogels onto an organic substrate
      selected from the group consisting of silicone rubber, polyurethane,
      polyvinyl chloride, and polyurethane-polyether copolymers wherein the
      substrate is immersed in an aqueous polymer graft solution and thereafter
      subjected to ionizing radiation, the improvement comprising adding an
      amount of cupric or ferric ions within the concentration range of 0.0008 M
      to 0.0016 M to an aqueous graft solution consisting of
      N-vinyl-2-pyrrolidone monomer or mixtures of N-vinyl-2-pyrrolidone and a
      second monomer selected from the group consisting of 2-hydroxyethyl
      acrylate, 2-hydroxyethyl methacrylate, propylene glycol acrylate,
      acrylamide, methacrylic acid, and methacrylamide, wherein the
      N-vinyl-2-pyrrolidone constitutes from 1/20 to 18/20 by volume of said
      mixture, said aqueous graft solution comprising a total monomer content in
      the range of 4 to 40% by volume.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said second monomer comprises
      2-hydroxyethyl acrylate.
NUM  3.
PAR  3. A process as defined in claim 1 wherein said second monomer is
      2-hydroxyethyl methacrylate.
NUM  4.
PAR  4. A process as defined in claim 1 wherein said cupric ions are
      incorporated as a soluble metal salt selected from the group consisting of
      cupric nitrate and cupric chloride.
NUM  5.
PAR  5. A process as defined in claim 1 wherein said ionizing radiation is gamma
      radiation.
NUM  6.
PAR  6. A process as defined in claim 5 wherein said gamma radiation is provided
      at a radiation dose of about 0.25 Megarads.
NUM  7.
PAR  7. A process as defined in claim 1 wherein said ferric ions are
      incorporated as ferric nitrate.
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ABST
PAL  A process for the preparation of ethane-1,2-diphosphinic acid diesters of
      the formula
      ##EQU1##
      where R.sub.1 represents alkyl, phenyl and/or phenalkyl groups having from
      1 to 18 carbon atoms and R.sub.2 alkyl groups having from 1 to 18 carbon
      atoms, which may be optionally substituted by halogen atoms, which
      comprises reacting phosphonous acid esters of the formula
      ##EQU2##
      where R.sub.1 and R.sub.2 are as defined above, with acetylene using
      high-energy irradiation.
BSUM
PAR  Copending Application Ser. No. 434,030 filed concurrently herewith on Jan.
      17, 1974 describes a process for the preparation of
      ethane-1,2-diphosphinic acid diesters of the formula
      ##EQU3##
      where R.sub.1 represents alkyl, phenyl and/or phenalkyl groups having from
      1 to 18 carbon atoms and R.sub.2 alkyl groups having from 1 to 18 carbon
      atoms, which may be optionally substituted by halogen atoms, which
      comprises reacting phosphonous acid esters of the formula
      ##EQU4##
      where R.sub.1 and R.sub.2 are as defined above, with acetylene in the
      presence of catalytic amounts of radical-forming agents and/or with UV
      irradiation.
PAR  It has now been found that the reaction of phosphonous acid esters with
      acetylene may also be activated by the influence of high-energy
      irradiation, preferably by gamma or X-rays. Also accelerated electrons
      having an energy of from about 0.5 to 4 megavolts or the irradiation of a
      nuclear reactor may be used. The dosage of the irradiation may widely vary
      from 3 .sup.. 10.sup..sup.-3 W/kg (10.sup.3 rd/h) to 3 .sup.. 10.sup.3
      W/kg (10.sup.9 rd/h). In the case where for example the gamma-rays of a
      cobalt-60 source are employed, the dose rate is generally from
      3.10.sup..sup.-3 W/kg (10.sup.3 rd/h) to 30 W/kg (10.sup.7 rd/h).
PAR  The total irradiation dose, depending on the conversion rate desired and
      the dose rate used, is from 10 J/kg (10.sup.3 rd) to 10.sup.5 J/kg (10
      Mrd), preferably from 10.sup.3 J/kg (0.1 Mrd) to 10.sup.5 J/kg (10 Mrd).
      The reaction may be carried out in a temperature range of from 80.degree.
      to 180.degree.C, preferably from 80.degree. to 140.degree.C. Higher
      temperatures may be employed, but they are not advantageous.
PAR  As material for the reaction zone, any material inert under the reaction
      conditions may be used, for example glass, furthermore steel, nickel or
      the alloys thereof.
PAR  It is a special advantage of the process of the present invention that the
      use of radical-forming agents is no longer required, which ensures a
      decrease of manufacturing cost and the obtention of final products having
      a higher degree of purity. According to the process of our copending
      application, the reaction may be carried out also with UV irradiation; the
      use of radical-forming agents being nevertheless necessary, which requires
      temperatures of from 140.degree. to 230.degree.C, preferably from
      170.degree.-200.degree.C. According to the process of the present
      invention, however, it is possible to operate at lower temperatures, which
      suppress side-reactions, so that the process is simplified and a purer
      final product is obtained.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  In a cylindrical vessel which may be heated or cooled and which is provided
      with a gas feeder frit, 500 g of a mixture of 75 weight % of
      methane-phosphonous acid isobutyl ester and 25 weight % of isobutanol are
      maintained at 130.degree.C by means of a thermostat. After flushing with
      pure nitrogen, acetylene is introduced into the mixture with vigorous
      agitation, while the mixture is exposed to a cobalt-60 -gamma irradiation
      at a dose rate of 0.44 W/kg (1.6 .sup.. 10.sup.5 rd/h). The acetylene is
      fed in to that extent to which it is absorbed. During the reaction, the
      reaction temperature rises temporarily to 143.degree.C because of the
      reaction heat. After 6 hours and a total dose of 9.6 .sup.. 10.sup.3 J/kg
      (0.96 Mrd), the reaction is substantially complete. By distillation of the
      reaction mixture, 345 g of ethane-1,2-dimethyl-phosphinic acid diisobutyl
      ester are obtained, which corresponds to a yield of 84 %.
PAC  EXAMPLE 2
PAR  In the apparatus described in Example 1, 195 g of a mixture of 75 weight %
      of methane-phosphonous acid-isobutyl ester and 25 weight % of isobutanol
      are heated to 125.degree.C. Acetylene is introduced into the mixture with
      vigorous agitation, while the mixture is exposed to a cobalt-60-gamma
      irradiation at a dose rate of 0.9 W/kg (3.2 .sup.. 10.sup.5 rd/h). The
      acetylene is fed in to that extent to which it is absorbed. Because of the
      exothermal reaction, the reaction temperature rises temporarily to
      134.degree.C during the reaction period. After 21/2  hours, and a total
      dose of 8 .sup.. 10.sup.3 J/kg (0.8 Mrd), the reaction is substantially
      complete. By distillation, 130 g of ethane-1,2-dimethylphosphinic acid
      di-isobutyl ester are obtained, which corresponds to a yield of 81 %.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of an ethane-1,2-diphosphinic acid
      diester of the formula
      ##EQU5##
      wherein R.sub.1 represents an alkyl, phenyl or phenalkyl group having from
      1 to 18 carbon atoms and R.sub.2 is an alkyl group or a halogen
      substituted alkyl group having from 1 to 18 carbon atoms by reacting with
      acetylene a phosphorous acid ester of the formula
      ##EQU6##
      wherein R.sub.1 and R.sub.2 are as defined above, the improvement which
      comprises activating the reaction with high-energy irradiation.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein gamma-rays are used for
      high-energy irradiation.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein X-rays are used for high-energy
      irradiation.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein accelerated electrons are used
      for high-energy irradiation.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the nuclear rays of a nuclear
      reactor are used for high-energy irradiation.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein the reaction is carried out at
      dose rates of from 3 .sup.. 10.sup. .sup.-3 W/kg (10.sup.3 rd/h) to 3
      .sup.. 10.sup.3 W/kg (10.sup.9 rd/h), preferably from 3 .sup..
      10.sup..sup.-3 R/kg (10.sup.3 rd/h) to 30 W/kg (10.sup.7 rd/h).
NUM  7.
PAR  7. A process as claimed in claim 1, wherein for the reaction total doses of
      from 10.sup.3 J/kg (0.1 Mrd) to 10.sup.5 J/kg (10 Mrd) are used.
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ABST
PAL  This invention relates to cationic electrodepositable coating compositions
      comprising an aminoalkyl monomer, a reaction product comprising a
      half-blocked diisocyanate and an ethylenically unsaturated
      hydroxyl-containing monomer. Such compositions can be formulated in such a
      manner as to provide suitable coatings which when cured have a pleasing
      appearance, good flexibility, hardness, and resistance to the action of
      water and chemicals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The electrodeposition of coating compositions has become a fast growing
      industry. A wide variety of resinous compositions have been applied to
      obtain desirable results. The compositions utilized today may be either
      anionic in nature, that is, compositions which deposit at the anode, or
      cationic in nature, that is, compositions which deposit at the cathode.
      Many disadvantages have been encountered in employing anionic
      compositions, due in large part to their acidic nature; for example,
      anionic compositions tend to be sensitive to common types of corrosive
      attack, e.g., by salt,  alkali, etc., and anionic deposition tends to
      place the uncured coating in proximity to metal ions evolved at the anode,
      thereby causing undesirable staining. Because of such undesirable
      characteristics there has been an increased interest in cationic
      compositions.
PAR  In the past it has been found that various amino monomers may be employed
      in the preparation of interpolymers which subsequently may be
      electrodeposited at the cathode to provide suitable coatings. See U.S.
      Pat. No. 3,454,482.
PAR  It is also known that aqueous compositions comprising acid-solubilized,
      imine-modified, carboxylic acid group-containing acrylic resins can be
      blended with a blocked isocyanate and subsequently deposited at the
      cathode, to provide suitable coating compositions, see U.S. Pat.
      application Ser. No. 47,860, filed June 19, 1970, now U.S. Pat. No.
      3,679,564. Likewise, it is known that blends of blocked organic
      polyisocyanates with polyamide amine resins, i.e., Versamid 115, which is
      a condensation product of dimerized linoleic acid and diethylene triamine,
      can be electrodeposited at the cathode to produce coatings having highly
      desirable properties.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that aqueous compositions comprising an interpolymer
      of (a) a secondary or tertiary nitrogen-containing aminoalkyl monomer; (b)
      a reaction product comprising a half-blocked diisocyanate and an
      ethylenically unsaturated hydroxyl functional monomer; and optionally (c)
      at least one other alpha, beta ethylenically unsaturated monomer, may be
      electrodeposited at the cathode to produce coatings with highly desirable
      properties, including pleasing appearance, flexibility, hardness and
      resistance to the action of water and chemicals such as alkali, salt, etc.
PAR  Such compositions may be deposited on any conductive substrate, including
      those commonly employed in the art, such as treated and untreated metals
      such as iron, steel, zinc, brass, tin, nickel, chromium, aluminum and the
      like. However, other substrates, such as paper impregnated with substances
      to render it conductive, may be employed, likewise, substrates having
      conductive primer may also be coated.
PAR  Generally, the coating compositions are reduced to the desired solids
      content with water. Although ordinary tap water may be utilized, it is
      preferred that deionized water be employed because possible bath
      contamination may result from the use of tap water.
PAR  The solids content of the coating composition is quite flexible and may
      vary from as low as 1 percent to as high as 25 percent or higher.
PAR  Likewise, the voltages employed may vary from as low as about 1 volt to as
      high as about 500 volts or higher. Voltages employed will depend on
      desired film thickness, bath temperature, added adjuvants, bath
      conductivity and the like.
PAR  The cationic electrodepositable interpolymer for this invention may
      generally be described as comprising (a) from about 5 to about 50 percent
      by weight of a secondary or tertiary nitrogen-containing aminoalkyl
      monomer, but preferably from about 10 percent to about 15 percent by
      weight; (b) from about 5 percent to about 50 percent by weight of a
      reaction product comprising a half-blocked diisocyanate and an
      ethylenically unsaturated hydroxyl functional monomer; and optionally (c)
      from about 0 percent to about 90 percent at least one other alpha, beta
      ethylenically unsaturated monomer.
PAR  The aminoalkyl monomers are generally ethylenically unsaturated and may
      include acrylate and/or methacrylate esters having from 1 to 6 carbon
      atoms in the alkyl radical, such as the aminoethyl, aminopropyl, and
      aminohexyl esters; mono-N,N-di (C.sub.1 -C.sub.4 alkylamino) - (C.sub.1
      -C.sub.6 alkyl) esters, such as mono - (N,N-dimethylamino) ethyl ester,
      mono - (N,N-dimethylamino) ethyl ester and mono - (N,N-dimethylamino) -
      hexyl ester. Also useful are monocyclic or bicyclic compounds having a
      five-membered to six-membered heterocycle containing one to three,
      preferably one to two heteroatoms, and should have at least one basic
      nitrogen atom and one heteroatom which is a nitrogen atom bearing a vinyl
      group. The basic nitrogen atom and the nitrogen atom bearing a vinyl group
      may be one which is a nitrogen atom bearing a vinyl group. The basic
      nitrogen atom and the nitrogen atom bearing a vinyl group may be one and
      the same group. Particularly suitable monocyclic or bicyclic compounds are
      those which contain no heteratoms other than nitrogen and for the rest
      consist of hydrocarbon radicals having not more than twenty carbon atoms.
      Examples of useful monocyclic compounds are N-vinylpyrazole,
      N-vinylimidazole, N-vinylimidazoline, N-vinylpiperidine and analogous
      compounds which bear methyl, ethyl or propyl groups as substituents on
      carbon atoms in the ring. Examples of suitable bicyclic compounds are
      N-vinylindole and its lower C-alkyl and C-alkoxy analogues.
PAR  Generally, any unsaturated secondary or tertiary nitorgen-containing
      monomer may be employed, for example those wherein the vinyl group is
      attached to radicals such as pyrrolyl, imidazlyl, pyrazolyl, pyridyl,
      pyrazinyl, pyrimidinyl and the like and where substituted substituents may
      include aliphatic (alkyl), alicyclic, aromatic (aryl),
      aromatic-substituted aliphatic (aralkyl) or heterocyclic groups.
PAR  Also, in some instances, unsaturated primary aminos may be useful. However,
      for pusposes of this invention monomers such as N,N-dimethylaminoethyl
      methacrylate N-vinylimidazole and the like are preferred.
PAR  As mentioned above, the reaction products employed is comprised of a
      half-blocked diisocyanate and an ethylenically unsaturated hydroxyl
      functional monomer.
PAR  The diisocyanate which is reacted with the ethylenically unsaturated
      compounds containing hydroxyl groups may be essentially any organic
      diisocyanate, such as hydrocarbon diisocyanates or substituted hydrocarbon
      diisocyanates, aromatic, aliphatic and cycloaliphatic diisocyanates, and
      combinations of these types. Representative compounds include 2,4-toluene
      diisocyanate, p-phenylene diisocyanate, 4-chloro-1,3-phenylene
      diisocyanate, 4,4'-diphenylene diisocyanate, 1,5-napthalene diisocyanate,
      1,4-tetramethylene diisocyanate, 1,6-hexamethylene diisocyanate,
      1,10-decylmethylene diisocyanate, 1,4-cyclohexylene diisocyanate,
      4,4'-methylenebis(cyclohexyl isocyanate) and 1,5-tetrahydronapthylene
      diisocyanate. Compounds such as 2,4-toluene diisocyanate in which the two
      isocyanate groups differ in reactivity are particularly desirable as is
      isophorone diisocyanate. The diisocyanate may contain other substituents
      although those which are free from reactive groups other than the two
      isocyanate groups are ordinarily preferred. In the case of the aromatic
      compounds, the isocyanate groups may be attached either to the same or to
      different rings.
PAR  Most diisocyanates generally have the formula OCNR.sub.1 NCO wherein
      R.sub.1 is selected from the group consisting of arylene, such as
      p-phenylene, diphenylene, and the like; alkarylene, such as toluene
      diphenylene, and the like; alkylene such as dimethylbiphenylene, and the
      like; alkylene, such as tetramethylene, hexamethylene, trimethyhexylene,
      and the like; aralalkylene, such as methylenebisphenyl,
      dimethylmethylenebisphenylene; and alicyclic such as isophorone,
      methylcyclohexylene, and the like.
PAR  The preferred diisocyanates in this invention are isophorone diisocyanate,
      toluene diisocyanate and hydrogenated toluene diisocyanate.
PAR  Examples of ethylenically unsaturated monomers containing hydroxyl groups
      which may be used are mono or polyhydroxyalkyl maleates, such as
      hydroxyethyl butyl maleate, hydroxypropyl maleate, and the like; mono or
      polyhydroxy alkyl fumarates, such as hydroxyethyl butyl fumarate, etc.;
      hydroxy-containing acrylates, such as trimethylolpropane
      mono-methacrylate, diethylene glycol monoacrylate, and
      N-methyl-N-2-hydroxyethylaminoethyl acrylate; hydroxy-containing
      itaconates such as hydroxyethyl itaconate, hydroxybutyl itaconate, and the
      like; hydroxy-containing vinyl compounds such as hydroxyethyl vinyl ether,
      trimethylolpropane monovinyl ether, and the like; and hydroxyalkyl
      acrylates, such as hydroxyethyl acrylate, hydroxypropyl acrylate,
      hydroxyethyl methacrylate, and the like.
PAR  The preferred ethylenically unsaturated compounds containing hydroxyl
      groups are hydroxyethyl acrylate and hydroxyethyl methacrylate.
PAR  Listed below are some examples of the structures of the various
      diisocyanates, hydroxyl-containing monomers and the reaction products
      produced from the said diisocyanates and hydroxyl monomers. As disclosed
      below the diisocyanate may be reacted with the hydroxyl monomer initially
      and subsequently blocked or visa versa, i.e., blocked first and then
      reacted with the hydroxyl monomer.
PAR  Some examples of reactants and the compounds formed are listed below:
      ##EQU1##
PAR  Some examples of reactants and the compounds formed are listed below:
      ##EQU2##
PAR  The equivalence ratio of the polymerizable monoethylenically unsaturated
      compound having hydroxyl groups to the diisocyanate may be varied but is
      generally from about 0.10:1 to about 0.55:1. The preferred ratio, however,
      is about 0.3:1 to 0.5:1.
PAR  The reaction is generally carried out at temperatures from about
      0.degree.C. to about 150.degree.C. and preferably from about 15.degree. to
      about 25.degree.C. The reaction products produced are generally blocked
      with a blocking agent as described below.
PAR  The blocking reaction is sometimes run in the presence of a catalyst,
      generally when aliphatic diisocyanates are used. Examples of catalysts
      which may be used are dibutyl tin diacetate, triethylenediamine, N-methyl
      morpholine, triethylamine, stannous chloride, dimethyl tin dichloride, and
      the like. The catalyst present usually comprises less than 2 percent by
      weight of the reactants.
PAR  In many cases, a free-radical inhibitor is also used to prevent the
      reactants from premature polymerization. Any free-radical inhibitor may be
      utilized such as hydroquinone, methylquinone, methylhydroquinone,
      p-methoxyphenol, and the like. The inhibitor, if present, comprises from
      about 0.01 percent to about 5 percent by weight of the reactants.
PAR  The blocked reaction product obtained can be interpolymerized with an
      aminoalkyl monomer and one or more interpolymerizable ethylenically
      unsaturated monomers and the resulting interpolymers may then be
      electrodeposited at the cathode and, subsequently cured.
PAR  A common method of producing the novel polymers of this invention comprises
      reacting the polymerizable ethylenically unsaturated compounds containing
      hydroxyl groups with the diisocyanate as described above and subsequently
      reacting the product with an isocyanate blocking agent to block the
      remaining isocyanate group.
PAR  The isocyanate blocking agents used are well known in the art. Typical
      blocking agents are phenols, and thiols, tertiary alcohols, secondary
      aromatic amines, and 1,3-dicarbonyl compounds, and aliphatic or aromatic
      alcohols such as butanol, phenol, ethanol, m-cresol, 2-methyl-2-propanol,
      p-chlorophenol, 1-dodecanethiol, benzenethiol, and the like, and other
      materials such as ethyl acetoacetate and diethyl malonate and
      e-caprolactam and ethyl carbamate and boric acid. Other materials such as
      ketoxime may also be used. (See The Chemistry of Organic Film Formers by
      D. H. Solomon, John Wiley & Sons, 1967, page 207).
PAR  The isocyanate blocking agents that are preferred in this invention are
      alcohols. The alcohol generally has the formula R.sub.8 OH wherein R.sub.8
      is selected from the group consisting essentially of alkyl such as methyl,
      ethyl, butyl, and the like, cycloalkyl, such as cyclohexyl, cycloocytyl,
      and the like. Aryls such as phenyl, and the like, nitrogen-containing
      alcohols such as acetone ketoxime, cyclohexanone ketoxime, and the like.
PAR  The blocking agent may be added in any quantity. However, the blocking
      agent to diisocyanate-monomer reaction product equivalence ratio is
      generally equal to or greater than 1:1.
PAR  The reaction temperature and conditions for this reaction are similar to
      those used to react the diisocyanate with the ethylenically unsaturated
      monomer containing the hydroxyl groups. The resulting products of this
      method may then be interpolymerized with aminoalkyl monomers and other
      alpha, beta ethylenically unsaturated monomers to provide useful polymers.
PAR  A preferred method of preparing the novel interpolymers of this invention
      is to react a diisocyanate first with the alcohol and then react the
      product with the ethylenically unsaturated monomer-containing hydroxyl
      groups. The product is then interpolymerized with other aminoalkyl and
      optionally other copolymerizable ethylenically unsaturated monomers, to
      provide useful polymers.
PAR  The ethylenically unsaturated monomeric materials which may be
      interpolymerized with the reaction products of the above reactions to form
      useful interpolymers may be any monomer containing a CH.sub.2 =C&lt; group
      including among the useful monomers possessing the CH.sub.2 =C&lt; grouping
      are:
PAR  1. mono-olefinic hydrocarbons, that is, monomers containing only atoms of
      hydrogen and carbon, such as styrene, alpha-methylstyrene,
      alpha-ethylstyrene, alpha-butylstyrene, vinyltoluene, t-butylstyrene, and
      the like;
PAR  2. halogenated mono-olefinic hydrocarbons, that is, monomers, containing
      carbon, hydrogen, and one or more halogen atoms such as
      alpha-chlorostyrene, alpha-bromostyrene, 2,5-dichlorostyrene,
      2,5-dibromostyrene, 3,4-dichlorostyrene, 3,4-difulorostyrene, ortho-,
      meta-, and parafluorostyrenes, 2,6-dichlorostyrene, 2,6-dibromostyrene,
      2,6-difluorostyrene, 3-fluoro-4-chlorostyrene, 3-chloro-4-fluorostyrene,
      2,4,6-trichlorostyrene, and dichloromonofluorostyrenes;
PAR  3. esters of organic and inorganic acids such as vinyl acetate, vinyl
      propionate, vinyl butyrate, vinyl isobutyrate, vinyl valerate, vinyl
      caproate, vinyl enanthate, vinyl benzoate, vinyl toluate, vinyl Versatate,
      vinyl p-chlorobenzoate, vinyl o-chlorobenzate, vinyl m-chlorobenzoate and
      similar vinyl halobenzoates, vinyl p-methoxybenzoate, vinyl
      o-methoxybenzoate, vinyl p-ethoxybenzoate, methyl methacrylate, ethyl
      methacrylate, propyl methacrylate, butyl methacrylate, amyl methacrylate,
      hexyl methacrylate, heptyl methacrylate, octyl methacrylate, decyl
      methacrylate, methyl crotonate, ethyl crotonate and ethyl tiglate;
PAR  methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, butyl
      acrylate, isobutyl acrylate, amyl acrylate, hexyl acrylate, 2-ethylhexyl
      acrylate, heptyl acrylate, octyl acrylate, 3,5,5-trimethylhexyl acrylate,
      decyl acrylate and dodecyl acrylate;
PAR  isopropenyl acetate, isopropenyl propionate, isopropenyl butyrate,
      isopropenyl isobutyrate, isopropenyl valerate, isopropenyl caproate,
      isopropenyl enanthate, isopropenyl benzoate, isopropenyl p-chlorobenzoate,
      isopropenyl o-chlorobenzoate, isopropenyl o-bromobenzoate, isopropenyl
      m-chlorobenzoate, isopropenyl toluate, isopropenyl alpha-chloroacetate and
      isopropenyl alpha-bromopropionate;
PAR  vinyl alpha-chloroacetate, vinyl alpha-bromoacetate, vinyl
      alpha-chloropropionate, vinyl alpha-bromopripionate, vinyl
      alpha-iodopropionate, vinyl alpha-chlorobutyrate, vinyl
      alpha-chlorovalerate and vinyl alpha-bromovalerate;
PAR  allyl chloride, allyl cyanide, allyl bromide, allyl fluoride, allyl iodide,
      allyl chlorocarbonate, allyl thiocyanate, allyl formate, allyl acetate,
      allyl propionate, allyl butyrate, allyl valerate, allyl caproate, allyl
      3,5,5-trimethylhexoate, allyl benzoate, allyl chloracetate, allyl
      trichloroacetate, allyl chloropropionate, allyl chlorovalerate, allyl
      pyruvate, allyl acetoacetate, as well as methallyl esters corresponding to
      the above allyl esters as well as esters from such alkenyl alcohols as
      beta-ethyl allyl alcohol, beta-propyl allyl alcohol, 1-butene-4-ol,
      2-methyl-butene-ol-4,2 (2,2-dimethylpropyl)-1-butene-4-ol and
      1-pentene-4-ol;
PAR  methyl alpha-chloroacrylate, methyl alpha-bromoacrylate, methyl
      alpha-fluoracrylate, methyl alpha-iodoacrylate, ethyl
      alpha-chloroacrylate, propyl alpha-chloroacrylate, isopropyl
      alpha-bromoacrylate, amyl alpha-chloroacrylate, octyl
      alpha-chloroacrylate, 3,5,5-trimethylhexyl alpha-chloroacrylate, decyl
      alpha-chloroacrylate, methyl alpha-cyano acrylate, ethyl alpha-cyano
      acrylate, amyl alpha-cyano acrylate and decyl alpha-cyano acrylate;
PAR  dimethyl maleate, diethyl maleate, dimethyl fumarate, diethyl fumarate,
      dimethallyl fumarate and diethyl glutaconate;
PAR  4. organic nitriles such as acrylonitrile, methacrylonitrile,
      ethacrylonitrile, 3-octenentrile, crotonitrile, oleonitrile, methylene
      glutaronitrile, and the like;
PAR  5. acid monomers such as acrylic acid, methacrylic acid, crotonic acid,
      3-butenoic acid, agnelic acid, tiglic acid, and the like.
PAR  6. monomeric ketones such as isopropenyl methyl ketone, vinyl methyl
      ketone, and the like.
PAR  In general, it is preferred that the monomer utilized contain a single
      CH.sub.2 =C&lt; group in terminal position, which group is activated by a
      negative substituent, and an especially preferred group of monomers
      includes ethyl acrylate, methyl methacrylate, butyl acrylate, ethylhexyl
      acrylate, styrene, and monomethylstyrenes.
PAR  The co-monomers may also contain hydroxy groups such as hydroxyalkyl
      acrylate, acrylic acid, etc. It is also noted that the co-monomers may be
      present during the formation of the reaction product and the resulting
      mixture may then be interpolymerized.
PAR  The interpolymerization of the monomers formed by the reaction methods
      described above and other ethylenically unsaturated monomers are most
      readily carried out in a solvent in which the monomers are soluble at
      reaction temperature and under reflux temperature. Various suitable
      solvents are toluene, xylene, higher boiling aromatic compounds; esters
      such as cellosolve acetate, isobutyl isobutyrate, and the like.
PAR  In carrying out the polymerization reaction a peroxygen type catalyst is
      ordinarily utilized. Useful catalysts for this purpose include acetyl
      benzoyl peroxide, hydroxyheptyl peroxide, methyl ethyl ketone peroxide,
      cyclohexanone peroxide, cyclohexyl hydroperoxide, 2,4-dichlorobenzoyl
      peroxide, cumene hydroperoxide, dicumyl peroxide, t-butyl hydroperoxide,
      methyl amyl ketone peroxide, acetyl peroxide, lauroyl peroxide, benzoyl
      peroxide, methyl cyclohexyl hydroperoxide, p-chlorobenzoyl peroxide,
      di-t-butyl peroxide, peracetic acid, t-butyl permaleic acid, di-t-butyl
      diperphthalate, t-butyl perphthalic acid, t-butyl peracetate, and the
      like. It has been found that two of the most economical of the above
      peroxygen compounds are entirely satisfactory in most instances; for
      example, cumene hydroperoxide can be used advantageously at higher reflux
      temperatures, whereas benzoyl peroxide has been very effective at lower
      reflux temperatures. For some polymerization reactions, mixtures of the
      above peroxygen compounds are used to secure desired conversions. The
      diazo compounds such as alpha-alpha-azo-di-isobutyronitrile or
      p-methoxyphenyl diazothio-(2-napthyl) ether, may also be used as
      polymerization catalysts in the preparation of the unsaturated
      polymerizable amide interpolymers. Redox catalyst systems can also be
      employed.
PAR  The quantity of catalyst employed can be varied considerably; however, in
      most instances it is desirable to utilize from about 0.1 percent to 5.0
      percent by weight of the monomeric components. If high viscosities are
      desired, a low initial level of catalyst, followed by the necessary
      addition to get 100 percent conversion, is preferably employed. For low
      viscosity interpolymers the bulk of the catalyst is added initially and
      later additions used only to secure desired conversions. Larger amounts of
      catalyst added initially give lower viscosities.
PAR  Since it is desirable that the interpolymers of the monomers of this
      invention with other ethylenically unsaturated monomers be relatively low
      in molecular weight so that they can be dissolved at high solids and low
      viscosities, a chain-modifying agent or chain terminator is ordinarily
      added to the polymerization mixture. It is preferred to add controlled
      amounts of chain-modifying materials. The mercaptans, such as dodecyl
      mercaptan, tertiary dodecyl mercaptan, octyl mercaptan, hexyl mercaptan,
      and the like, are conventionally used for this purpose. However, other
      chain-modifying agents such as cyclopentadiene, allyl acetate, allyl
      carbamate, alpha-methylstyrene dimers, and alpha-methylstyrene itself can
      be used to secure low molecular weights, as can unsaturated fatty acids or
      esters. Aromatic hydrocarbons in the reaction mixture also are of
      assistance in maintaining low molecular weight.
PAR  The polymerization is best carried out by admixing the monomers of this
      invention and the other monomer or monomers, the catalyst and
      chain-modifying agent, if any, in the solvent, and refluxing the resulting
      solution for a time sufficient to obtain the desired conversion.
      Ordinarily, the polymerization time will be from about 1 hour to about 16
      hours. As indicated hereinabove, it may in some instances be desirable to
      add only a portion of the catalyst initially, the remainder being added in
      increments as the polymerization progresses. External cooling of the
      polymerization mixture or very accurate control of reflux conditions is
      important in carrying out the polymerization because of the very rapid
      reaction rate. Good agitation is also desirable because it is important
      that the product has a non-gelled composition.
PAR  The interpolymers are derived from about 2 to about 99 percent by weight of
      the monomers formed from the preparations listed above.
PAR  The interpolymers described hereinabove are readily suitable to formulate
      the coating compositions of this invention.
PAR  The interpolymers of this invention are solubilized or neutralized with an
      acid to provide compositions dispersed in an aqueous medium for use in
      electrodeposition. Electrodepositable compositions, while referred to as
      "solubilized", are considered a complex solution, dispersion or suspension
      or combination of one or more of these classes, in water, which acts as an
      electrolyte under influence of an electric current. The interpolymer which
      is the vehicle resin is in solution or a dispersion, which may be called a
      molecular dispersion, of molecular size between a colloidal suspension and
      a true solution.
PAR  Generally, the interpolymers of this invention are solubilized with a
      suitable acid having pka from about 0.1 to about 5.0.
PAR  Examples of inorganic acids that are useful include active acids such as
      hydrochloric, chloric, perchloric, hydrobromic, bromic, hydriodic, nitric,
      sulfuric, and the like; moderately active acid such as nitrous, sulfurous,
      oxalic, phosphoric, hydrochlorous, and the like; slightly active acids
      such as acetic, carbonic, hydrofluoric, hydrosulfuric, hydrocyanic, and
      the like.
PAR  Examples of suitable organic acids include aliphatic monocarboxylic acids
      such as formic, acetic, propionic, butyric, isobutyric, trans-crotonic,
      chloroacetic, trichloroacetic, bromoacetic, iodoacetic, glycolic,
      cyanoacetic, furoic, 2-thiophenecarboxylic, and the like; aromatic
      monocarboxylic acids such as benzoic, o-toluic, m-toluic, p-toluic,
      .alpha.-naphthoic, .beta.-naphthoic, phenylacetic, trans-cinnamic,
      o-chlorobenzoic, p-chlorobenzoic, p-nitrobenzoic, m-hydroxybenzoic,
      anisic, gallic, p-aminobenzoic, di- and tricarboxylic acids such as
      oxalic, malonic, succinic, adipic, trans-fumaric, maleic, malic, citric,
      o-phthalic, o-phenylenediacetic, malonic, alutaric, pimelic, suberic,
      azelaic, sebacic, tricarballylic, and the like; and substituted aliphatic
      carboxylic acids such as glycolic, lactic, tartronic, tartaric, saccharic,
      glyoxylic, acetoacetic, levulinic, and the like.
PAR  The amount of solubilizing acid employed to neutralize the interpolymer is
      also somewhat flexible, for example, an acid sufficient to protonate from
      about 25 to about 200 percent of the amino containing groups of the
      herein-above-described interpolymer can successfully be employed. However,
      the preferred degree of neutralization is from about 75 to about 150
      percent, as it has been found that more stable cathodic coating
      compositions can be obtained at these levels of neutralization.
PAR  Preceding, following, or during neutralization of the interpolymer, a
      crosslinking agent may be added, if desired. Preferably, the crosslinking
      agent is acid catalyzed and heat curable. The amount of crosslinking agent
      employed usually is from about 5 to about 30 percent of the total vehicle
      solids, although more or less can be used in some instances. Examples of
      such crosslinking agents include amine resins, epoxy resins, phenolic
      resins, hydroxyl-terminated polyester, and the like.
PAR  When the interpolymers of this invention are applied to suitable
      substrates, they may be cured at elevated temperatures, such as from
      250.degree.F. to about 600.degree.F. At these high temperatures, it is
      believed that blocking agent is split from the isocyanate group, freeing
      the isocyanato groups to react with the amino groups or other reactive
      groups introduced by the incorporation of crosslinking agents. The
      blocking agent may either volatilize or remain in the composition as a
      plasticizer, depending essentially on its boiling point.
PAR  In many instances, the dispersed compositions may be pigmented in desired
      proportions of most conventional type pigments, for example, iron oxide,
      lead oxide, carbon black, titanium dioxide, talc, barium sulfate, as well
      as color pigments such as cadmium red, phthalocyanine blue, toluidine red,
      chromic yellow, and the like. Various other additives that may be utilized
      include antioxidants, surface-active agents, fungicides, bactericides,
      wetting agents, anti-foaming agents, and the like. Listed below are
      examples of the interpolymers and the cationic coating compositions
      produced from the same. These examples are not to be construed as limiting
      the invention to their details. All parts and percentages in the examples,
      as well as throughout this specification, are by weight unless otherwise
      specified.
DETD
PAC  EXAMPLE I
PAR  Into a reactor equipped with condenser, stirrer, thermometer, and dropping
      funnel there were charged 290.0 parts of ethyl Cellosolve and 106.0 parts
      of butyl Cellosolve and heated to 120-130.degree.C. and held. There was
      then added to the reactor over a period of 3 hours a mixture of 580.0
      parts butyl acrylate, 350.0 parts styrene, 140.0 parts
      N,N-dimethylaminoethyl methacrylate, 58.0 parts 2-hydroxyethyl
      methacrylate, 210.0 parts reaction product (below) and 17.0 parts
      alpha,alpha-azobisisobutyronitrile. A mixture of 2.0 parts
      t-butylperoxyisopropyl carbonate and 4.5 parts ethyl Cellosolve were
      added. The reaction was held at 120.degree.C. for one hour, after which a
      second addition of said components was added and, likewise, the reaction
      was permitted to continue for one hour, after which a third and final
      addition of said components was added and the reaction was permitted to
      continue for 2 hours. The interpolymer produced had the following
      characteristics:
     Solid content (percent)                                                   
                            73.5                                               
     Acid number            2.95                                               
     Viscosity (Brookefield viscometer)                                        
     No. 7 spindle, 20 r.p.m.)                                                 
                            87,000   cps.                                      
PAC  Reaction Product
PAR  The reaction product employed in the above interpolymer was produced in the
      following manner: A reaction vessel was charged with 870.0 parts
      2,4-toluene diisocyanate. The vessel temperature was maintained at about
      20.degree.C. by means of an ice bath as 651.0 parts of 2-ethylhexanol were
      added over about 3 hours. The ice bath was then removed and the
      temperature was permitted to rise to about 30.degree.C. About 0.75 parts
      of dibutyl tin dilaurate were added to the vessel and 580.0 parts of
      2-hydroxyethyl acrylate were added over a 2 hour period while the
      temperature was maintained at about 30.degree.C. After the addition was
      complete, the reaction was permitted to continue for an hour. The reaction
      product was reduced with 300.0 parts ethyl Cellosolve and 0.5 part of an
      inhibitor (p-methoxyphenol) were added.
PAR  The interpolymer (above) was 100 percent neutralized with gluconic acid and
      catalyzed with 2 percent, based on weight of interpolymer solids, of
      dibutyl tin dilaurate. When reduced to about 10 percent solids content
      with deionized water, the coating composition had a pH of 4.0. When
      electrodeposited at 200 volts for 90 seconds on phosphatized steel panels,
      the coating films produced had excellent appearance (smooth) and good
      pencil hardness (HB). This coating composition produced excellent films
      even when said composition was allowed to stand in open air, without
      agitation, for one month, thus demonstrating a desirable characteristic of
      electrodepositable compositions, stability.
PAC  EXAMPLE II
PAR  The interpolymer produced in this Example was similar to that produced in
      Example I except 290.0 parts of styrene, 87.0 parts dimethyl aminoethyl
      methacrylate and 315.0 parts of reaction product (below) were employed
      instead of the amounts stated in Example I.
PAR  The interpolymer produced had the following characteristics:
TBL  Solids content         74.3                                               
     Acid number            5.0                                                
     Viscosity (Brookfield Viscometer                                          
     No. 7 spindle, 20 r.p.m.)                                                 
PAR  The reaction product employed in this interpolymer comprises 870.0 parts
      2,4-toluene diisocyanate, 641 parts 2-ethylhexanol, 116.0 parts
      2-hydroxyethyl acrylate, and about 3 drops of dibutyl tin dilaurate.
PAR  The above interpolymer was employed in formulating a pigment paste (below).
TBL                Pigment Paste                                               
     ______________________________________                                    
                            Parts by Weight                                    
     Interpolymer (above)   118.5                                              
     Gluconic acid          21.3                                               
     Titanium dioxide       344.0                                              
     Deionized water        226.2                                              
     ______________________________________                                    
PAR  The paste was ground by conventional means and was subsequently employed in
      formulating an electrodepositable coating composition (below).
TBL                Coating Composition                                         
     ______________________________________                                    
     Interpolymer (above)   354.0                                              
     Gluconic acid          64.4                                               
     Pigment paste (above)  171.0                                              
     Deionized water        3010.6                                             
     ______________________________________                                    
PAR  Films produced on steel panels by electrodepositing at 300 volts for 90
      seconds and baking for 20 minutes at 400.degree.F. had excellent
      appearance and displayed fairly good salt spray resistance after having
      been subjected to salt spray fog for 168 hours.
PAC  EXAMPLE III
PAR  This example was similar to that of Example II except that Example III
      contained dispersed in the coating composition 5.5 parts of dibutyl tin
      dilaurate. Then said coating composition was electrodeposited on steel
      panels at 200 volts and baked for 20 minutes at 400.degree.F. Likewise,
      this coating composition provided for films having good appearance, fairly
      poor resistance to salt spray fog and excellent detergent resistance
      (General Electric's Test Method E50LB11).
PAR  Below are listed examples of some other interpolymers of this invention
      that may readily be formulated in such a manner that when electrodeposited
      they provide suitable coatings for many purposes.
PAC  EXAMPLE IV
PAR  This example is similar to that of Example II except that in Example IV the
      reaction product was comprised of 621.0 parts of isophorone diisocyanate,
      390 parts 2-ethylhexanol, and 348.0 parts 2-hydroxyethyl acrylate.
PAC  EXAMPLE V
PAR  Into a reactor as in Example I there was charged 290.0 parts ethyl
      Cellosolve and 106.0 parts butyl Cellosolve and the said charge was heated
      to about 120.degree.C. Then there was added to the reactor over a period
      of 3 hours a mixture of 580.0 parts butyl acrylate, 350.0 parts styrene,
      58.0 parts 2-hydroxyethyl acrylate, 210.0 parts reaction product (below)
      and 17.0 alpha, alpha-azobisisobutyronitrile. A mixture was added over a
      three hour period while reactor contents refluxed profusely, the said
      mixture comprised 140.0 parts N,N-dimethylaminoethyl methacrylate, 245.0
      parts gluconic acid (50 percent in water), and 50.0 parts ethyl
      Cellosolve. After this addition three separate additions, each of 2.0
      parts t-butylperoxyisopropyl carbonate and 4.5 parts ethyl Cellosolve,
      were added at time intervals similar to that in the interpolymer of
      Example I.
PAR  The interpolymer produced had the following characteristics:
TBL  Solids content (percent)                                                  
                            66.9                                               
     Acid number            18.6                                               
     Viscosity (Brookfield Viscometer                                          
     No. 7 spindle, 20 r.p.m.)                                                 
                            52,000   cps.                                      
PAR  The reaction product utilized in the above interpolymer comprised 696.0
      parts 2,4-toluene diisocyanate, 116.0 parts 2-ethylhexanol, 521.0 parts
      2-hydroxyethyl acrylate, and 3 drops dibutyl tin dilaurate.
PAC  EXAMPLE VI
PAR  This example was produced in a manner similar to that of Example V,
      however, instead of employing N,N-dimethylaminoethyl methacrylate, 562.0
      parts of a dimethyl sulfate salt of N,N-dimethylaminoethyl methacrylate,
      which is sold commercially by Alcolac Chemical Corporation under the
      tradename of SiPomer Q-5) was used along with gluconic acid. Also, alpha,
      alpha-azobisisobutyronitrile was employed instead of
      t-butylperoxyisopropyl carbonate in the catalyst solution addition. The
      reaction product employed was the same as that in Example I. The
      interpolymer produced had a total solids content of 42.8 percent and an
      acid number of 3.35.
PAC  EXAMPLE VII
PAR  This example was similar to Example V except acetic acid was employed
      instead of gluconic acid.
PAR  The interpolymer produced had the following characteristics:
TBL  Solids content (percent)                                                  
                            72.3                                               
     Acid number            21.5                                               
     Viscosity (Brookfield Viscometer,                                         
     No. 7 spindle, 20 r.p.m.)                                                 
PAC  EXAMPLE VIII
PAR  This example was similar to that of Example VI except that the aminoalkyl
      monomer comprised 210.0 parts
      2-isopropenyl-4-ethyl-4-hydroxymethyl-2-oxanyoline and in addition to the
      17.0 parts of alpha,alpha-azobisisobutyronitrile, 10.0 parts of
      t-butyl-peroxyisopropyl carbonate were employed.
PAR  Examples IV through VII may be readily formulated into an aqueous coating
      composition which may be unpigmented or pigmented with a paste similar to
      that utilized in Example II.
PAR  When formulating coating compositions in many instances, it may be
      desirable to include crosslinking agents or co-curing resins to provide a
      particular characteristic. The amounts of these agents and/or resins
      usually vary from about 5 to about 30 percent based on total resin solids,
      although more or less may be employed if desirable. Examples of such
      agents and resins include amine resins, epoxy resins, phenolic resins,
      isocyanates, hydroxyl-terminated polyesters and the like. The preferred
      crosslinking agents include condensation products of formaldehyde with
      melamine, urea or benzoguanamine.
PAR  Various pigment combinations are likewise possible. When employing the
      interpolymers of this invention for special coating compositions, other
      pigments such as talc, barium sulfate, cadmium red, chromic yellow and the
      like may be utilized to replace or may be employed in addition to titanium
      dioxide as employed in Example II.
PAR  In addition to the above-enumerated substitutions and combinations, various
      other additives may be included in the formulation of the
      electrodepositable composition. Other additives include fungicides,
      wetting agents, anti-oxidants and the like which are commonly known and
      available in the art.
PAR  According to the provisions of the Patent Statutes, there are described
      above the invention and what are now considered its best embodiments;
      however, within the scope of the appended claims, it is to be understood
      that the invention can be practiced otherwise than as specifically
      described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of coating an electrically-conductive substrate which comprises
      passing electric current between an anode and a cathode in contact with an
      aqueous coating composition comprising an interpolymer of:
PA1  a. from about 5 to about 50 percent by weight of a secondary or tertiary
      nitrogen-containing aminoalkyl monomer;
PA1  b. from about 5 to about 80 percent by weight of reaction product
      comprising a half-blocked diisocyanate and an unsaturated
      hydroxyl-containing monomer; and
PA1  c. from about 0 to about 90 percent by weight of at least one ethylenically
      unsaturated monomer.
NUM  2.
PAR  2. The method of claim 1 wherein the nitrogen-containing aminoalkyl monomer
      is selected from a member of the class consisting of
      N,N-dimethylaminoethyl methacrylate, N-vinylimidozole and a sulfate salt
      of N,N-dimethylaminoethyl methacrylate.
NUM  3.
PAR  3. The method of claim 1 wherein the diisocyanate is selected from a member
      of the class consisting of toluene diisocyanate, isophorone diisocyanate
      and hydrogenated toluene diisocyanate.
NUM  4.
PAR  4. The method of claim 1 wherein the unsaturated hydroxyl-containing
      monomer is selected from a member of the class consisting of hydroxyethyl
      acrylate, hydroxypropyl methacrylate, and hydroxyethyl methacrylate.
NUM  5.
PAR  5. The method of claim 1 wherein the ethylenically unsaturated monomer is
      selected from a member of the class consisting of butyl acrylate, ethyl
      acrylate, methyl methacrylate, ethylhexyl acrylate, and styrene.
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ABST
PAL  A system for depositing and definitely positioning optical fibers on a base
      material. The process includes depositing a cladding base on a plastic
      tape by radio frequency triode sputtering. A slitted mask is placed over
      the cladded tape and fiber core material is sputtered onto the cladded
      surface in a controlled manner to form strips of fiber cores on the
      cladded base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of fiber optics. Present fiber optics
      are made by drawing glass or plastic filaments from a larger stock. This
      drawing process produces individual fibers that are tedious and expensive
      to handle since the fibers must be handled individually for positioning in
      applications such as image reproduction. Further problems are encountered
      in that the drawing of conventional fiber optics imparts physical stresses
      into the fibers that effect optical performance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has overcome these problems by depositing optical
      fibers on a base material that provides for precision placement of the
      fibers. Thus a group of fibers can be prepared for splicing and spliced
      simultaneously due to their precise positioning. Physical stresses are not
      imparted in deposited fibers.
PAR  This invention may be better understood from the following detailed
      description taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic block diagram of the fiber optic depositing
      system.
PAR  FIG. 2 is a side view of a single layer deposited fiber optic.
PAR  FIG. 3 is a side view of a deposited stack of fiber optics.
PAR  FIG. 4 is a side view showing fiber optics deposited on both sides of the
      base tape.
PAR  FIG. 5 is a side view showing how the individual fibers are spliced
      together.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing reference numeral 10 generally represents a
      vacuum enclosure incorporating a low pressure gas sputtering atmosphere. A
      vacuum pump 12 is used for evacuating the enclosure while an inert gas
      source 14 is connected to the enclosure for supplying inert gas. Within
      the enclosure is a triode sputtering device shown with an anode 16 and a
      cathode 18 to create an ionized gas atmosphere. As shown in the drawing a
      plastic base tape feeding device 20 includes two reels 22 for feeding the
      tape 24 over a deposition position 26 to expose the tape as it moves past
      this position. Disposed to one side of the anode-cathode path is a supply
      28 of cladding material having a refractive index R1 and a supply 30 of
      fiber core having a refractive index R2. On the opposite side of the
      anode-cathode path is an interruption mask 32 that has slit openings
      therein. Reference numeral 34 indicates a target location wherein R1 or R2
      are positioned and numeral 36 indicates a location wherein the mask is
      positioned during the fiber core depositing operation. A radio frequency
      generator 38 is used to control movement of the ionized gas molecules
      (ions) during depositing operations.
PAR  In operation, the vacuum enclosure is evacuated and back filled to the
      proper pressure with the inert gas 14. An ionized plasma is formed between
      the anode and cathode and the cladding material R1 is moved to target
      location 34. The radio frequency generator is turned on and the cladding
      material is sputtered onto the plastic tape. The sputtering is caused by
      the generator attracting ionized molecules (ions) from the ionized gas and
      these molecules impinge onto R1 cladding material. This impingement causes
      release of the cladding material in a sputtering effect as shown by 40.
      The tape feed is energized to pass the tape over the deposition position
      26 and the cladded material is coated onto the tape. This coating of the
      tape continues until a desired length of tape is coated. The generator 38
      is turned off and R1 is replaced by fiber core R2. Mask 32 is moved to the
      mask position 36. The generator is then energized and the cladded tape is
      now passed over the position 26. Fiber core material R2 is sputtered
      through the slits in the mask to form strips of fiber core on the cladded
      tape, as shown in FIG. 2, as the tape is driven past the deposition
      position. When core application is completed on the desired tape length
      the generator 38 is cut off. The sputtering and tape movement operation is
      repeated, coating the core material with a layer of cladding material.
PAR  The deposition of additional cores and cladding material may be repeated to
      give a stack of fibers as shown in FIG. 3.
PAR  FIG. 4 shows the depositing of cores on both sides of a tape for use as a
      fiber optic lens.
PAR  FIG. 5 shows splicing of different sections of fiber optics.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for depositing and positioning optical fiber cores onto a base
      tape in a predetermined manner, comprising:
PA1  evacuating a vacuum enclosure;
PA1  filling said enclosure with an inert gas;
PA1  forming an ionized plasma within said enclosure;
PA1  positioning a supply of cladding material in a target position;
PA1  energizing a tape feed to pass plastic tape over a deposition position;
PA1  actuating a control means to cause sputtering of said cladding material
      onto said plastic tape;
PA1  removing said cladding material supply from said target position;
PA1  positioning a supply of fiber core material in said target position;
PA1  placing an interruption mask over said deposition position, and
PA1  re-energizing said tape feed and said control means to cause sputtering of
      said fiber core material through said interruption mask onto a cladded
      plastic tape.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said control means includes a
      radio frequency generator.
NUM  3.
PAR  3. A process as defined in claim 1 wherein said interruption mask is
      provided with a plurality of slits to definitely position fiber cores on
      said cladded tape.
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ABST
PAL  A hollow niobium body, rotatable about a horizontal axis, is arranged for
      partial immersion in an electrolyte of H.sub.2 SO.sub.4, HF and H.sub.2 O.
      A generally concentric opening at one end receives a cathode. Evolved
      gases rise therefrom and escape into a vapor space above without
      contacting the immersed surfaces of the niobium body. The cathode is
      hollow and is perforate in the portion introduced into the body in order
      to feed electrolyte into the body. For polishing, constant electric
      voltage is applied between the hollow niobium body and the cathode and
      adjusted in such a manner that damped current oscillations occur which are
      superimposed on the electrolytic current. Not later than after the
      complete decay of the current oscillations, the voltage is turned off
      until the oxide layer built up during the current oscillations is
      dissolved. Subsequently, a constant voltage is again adjusted in such a
      manner that damped current oscillations occur, and the sequence of states
      with the voltage turned on and off is repeated several more times. During
      the application of the constant voltage and the subsequent dissolution of
      the oxide layer, the hollow niobium body is kept at rest and its rotation
      about the axis of rotation is continued after the oxide layer is dissolved
      and before the constant voltage is applied again.
PARN
PAR  This is a division of application Ser. No. 289,543, filed Sept. 15, 1972,
      now U.S. Pat. No. 3,850,769.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. patent application Ser. No. 149,248, filed June 2, 1971, now U.S. Pat.
      No. 3,689,388, relates to polishing niobium parts electrolytically by a
      method in which the niobium part to be polished is placed as the anode in
      an electrolyte containing H.sub.2 SO.sub.4, HF and H.sub.2 O and a
      constant electric voltage is applied between the niobium part and a
      cathode, which is also disposed in the electrolyte. The constant electric
      voltage is adjusted so that damped current oscillations occur which are
      superimposed on the electrolytic current. Not later than after the
      complete decay of the current oscillations the voltage is turned off until
      the oxide layer built up during the current oscillations is dissolved.
      Subsequently, a constant voltage is again adjusted in such a manner that
      damped oscillations occur. The sequence of states with the voltage turned
      on and off is repeated several more times.
PAR  In the aforementioned method the niobium part to be polished is placed in
      an electrolyte consisting of 86 to 93% by weight of H.sub.2 SO.sub.4, 1.5
      to 4.0% by weight of HF and 5.5 to 10% by weight of H.sub.2 O at a
      temperature between 15.degree. and 50.degree.C, and a constant voltage
      between 9 and 15 V is adjusted so that damped current oscillations occur.
PAR  During the current oscillations, which are superimposed on the electrolytic
      current and which decay after a time, excellent polishing action takes
      place at the niobium surface. At the same time an oxide layer is being
      built up, which leads to the decay of the oscillations. A deviation of
      about .+-.0.1 V is permissable from the adjusted constant voltage. With
      larger deviations oscillations that have sufficient amplitude no longer
      occur. By turning off the voltage the oxide layer is dissolved, so that
      current oscillations again become possible if the voltage is turned on
      once more. The voltage must be switched off no later than after the
      complete decay of the oscillations because otherwise the niobium surface
      to be polished is etched and thereby becomes undesirably rough.
PAR  By repeating the successive switching on and off of the voltage several
      times, mirror-smooth surfaces are obtained within a relatively short time.
      By repeating the switching sequence many times, relatively thick layers
      can be polished down without etching to achieve a final product with a
      mirror-smooth surface.
PAR  The optimum voltage for developing the current oscillations depends to some
      degree on the composition and the temperature of the electrolyte and can
      be determined experimentally by merely raising the voltage until the
      desired oscillations occur. It has been found particularly advantageous to
      work with an electrolyte containing 89.0 to 90.5% by weight of H.sub.2
      SO.sub.4, 2.2 to 3.0% by weight of HF and the remainder H.sub.2 O at a
      temperature of 20.degree. to 35.degree.C, and with constant voltages
      between 11 and 13 V. Under these conditions particularly rapid
      oscillations occur which result in a particularly good polishing action.
PAR  It is not necessary to keep the voltage switched off until the current
      oscillations decay completely. In order to make the best use possible of
      the polishing action which occurs during the current oscillations, the
      voltage should be switched off, however, at the earliest only when the
      current oscillations have just passed their maximum amplitude. The
      earliest moment for switching the voltage on again can be easily
      determined experimentally in each particular case. As long as the oxide
      layer remains, no new current oscillations can occur when the voltage is
      switched on. In order to assure complete dissolution of the oxide layer
      built up during the current oscillations, the voltage should preferably
      remain off each time for about four minutes, with the electrolyte at rest.
      The dissolution of the oxide layer can be accelerated if one keeps the
      electrolyte in motion, at least at the surface to be polished of the
      niobium part. In that case, the voltage should remain off preferably for
      at least about 1.5 minutes each time.
PAR  The method according to the above-mentioned U.S. patent application has the
      advantage, among others, over other prior known methods for polishing
      niobium that otherwise difficult-to-control changes in the parameters of
      the polishing process, particularly concentration changes of the
      electrolyte, can be recognized by the change of the shape of the damped
      oscillations, for instance by the change of the oscillation frequency, the
      degree of damping and the magnitude of the maximum amplitude, during the
      condition with the voltage switched on. The parameter changes can
      therefore be immediately rectified at the next process step by changing
      the concentration ratio of the electrolyte components, or even more
      advantageously, by increasing the constant voltage to be adjusted in the
      range from 9 to 15 V.
PAR  The most important parameter change that occurs usually involves a slight
      reduction of the HF component in the electrolyte as the hydrofluoric acid
      is spent in dissolving the oxide layer present or being formed on the
      niobium part. This reduction of the HF concentration leads to a decrease
      of the maximum amplitude of the oscillations and can be compensated for by
      a slight increase in the voltage when the constant voltage is next
      switched on. The voltage increase required for the compensation of a
      reduction of the HF concentration by 0.25% is about 0.5 to 1 V. In a
      volume of electrolyte which is large in comparison with the size of the
      niobium part to be polished, the changes in the concentration of the
      electrolyte components are so small, if the duration of the process is not
      excessive, that corrections are not necessary. For the repeated switching
      on of the voltage the same constant voltage can always be adjusted in that
      case. The method is thereby simplified considerably.
PAR  The method according to the above-mentioned U.S. patent application is
      outstandingly well suited for the preparation of mirror-smooth niobium
      surfaces of high quality and for reducing entire surface layers with
      simultaneous polishing action. A high-quality surface is, for instance,
      required for superconducting cavity resonators of niobium, in which the
      superconductivity of the niobium is exploited. Such cavity resonators can,
      for instance, be used for particle accelerators. During the operation of
      the resonators high-frequency absorption takes place in the
      superconducting surface layer. In order to minimize the high-frequency
      absorption and losses, the surface layer should have a composition as
      homogeneous as possible, be as smooth as possible, and as free as possible
      of disturbances of any kind. The surface roughness, which is unavoidable
      in the machining of the niobium surfaces, must therefore be removed by
      polishing. As a rule it is furthermore necessary to remove a surface layer
      of the niobium part of several 100 .mu.m, to the extent that the former
      exhibits disturbances in the crystal lattice caused by the previous
      machining, which can cause losses. In general, mirror-smooth niobium
      surfaces are of advantage in all cases where high-frequency and/or a-c
      power losses in the superconducting niobium parts are to be avoided. This
      applies particularly to superconducting niobium separators for particle
      accelerators and to tubular niobium conductors for superconductive a-c
      cables.
PAR  While smaller niobium parts, particularly of geometrically simple shape,
      can be polished electrolytically in a simple manner by means of the
      aforementioned method without additional measures, it has been found,
      however, that considerable difficulties can be encountered in polishing
      the interior surfaces of hollow niobium bodies. In order to be able to
      polish electrolytically the interior surface of a hollow niobium body, the
      cathode must be introduced through an opening in the hollow niobium body
      into the interior thereof, with the niobium body itself connected as the
      anode. During the condition when the voltage is switched on, i.e., while
      current passes through the electrolyte between the cathode and the anode,
      a substantial development of gaseous hydrogen, which rises in the
      electrolyte, takes place at the cathode. This gaseous development has a
      very disturbing effect. First, there is danger, particularly in hollow
      niobium bodies of complex geometrical shape, for instance, in hollow
      niobium bodies which are to be used as separators in particle
      accelerators, that gas pockets form in the interior of the hollow niobium
      body, so that parts of the interior surface of the hollow niobium body to
      be polished are no longer wetted at all by the electrolyte and therefore
      cannot be polished.
PAR  It is, of course, possible under certain conditions, if the hollow niobium
      body is of sufficiently simple shape, to make provisions by a suitable
      disposition of the hollow niobium body and the cathode in the electrolyte,
      so that the gas bubbles formed at the cathode can rise to the surface of
      the electrolyte without the formation of gas pockets.
PAR  In a tubular hollow niobium body which is open on one or both sides, one
      can for instance, arrange a rod-shaped cathode in the axis of the tube and
      immerse the hollow niobium body with an opening pointing upward in the
      electrolyte in such a manner that the axis of the tube and the cathode are
      perpendicular to the surface of the electrolyte. By such an arrangement,
      however, the difficulties occurring due to the gas development cannot be
      reliably avoided. Particularly in hollow niobium bodies whose length is
      large as compared to the smallest inside dimension of its interior, gas
      bubbles which rise in the electrolyte penetrate practically the entire
      space between the interior surface of the hollow niobium body and the
      cathode, if the cathode is correspondingly long. The gas bubbles pass
      along the interior surface of the hollow body and come into contact with
      it. In such process the development of an anodic boundary layer, in which
      the voltage drop between the anode and the cathode is to take place
      predominantly, is obviously disturbed so much that the current
      oscillations required for good polishing action are largely suppressed, or
      do not occur at all. High quality surfaces can then no longer be achieved.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to improve upon the method described in
      the aforementioned U.S. patent application Ser. No. 149,248, so that in
      polishing the interior surface of hollow niobium bodies the above
      mentioned difficulties are avoided and that particularly in hollow niobium
      bodies of complex geometrical shape or great length mirror-smooth interior
      surfaces of high quality can be obtained.
PAR  According to the present invention in polishing the interior surface of a
      hollow niobium body having at least one opening therein, the body is
      immersed only partially in the electrolyte in such a manner, and is
      rotatably disposed about an axis of rotation which extends through the
      opening in such a manner, that in any position of the hollow niobium body
      there exists between the electrolyte surface and all portions of the
      interior surface of the hollow niobium body situated above the electrolyte
      surface an adjacent vapor space communicating with the external
      environment through the opening. As the hollow niobium body is rotated,
      the various portions of its interior surface are successively immersed in
      the electrolyte, but no part of the interior surface remains in the
      electrolyte continually. In addition the cathode is inserted into the
      hollow niobium body through the opening and is arranged in the electrolyte
      relative to the hollow niobium body in such a way that the gases formed at
      the cathode by the passage of current rise to the surface of the
      electrolyte and escape into said vapor space without contacting the
      immersed surfaces of the niobium body. The hollow niobium body is kept at
      rest during the application of the constant voltage and the subsequent
      dissolution of the oxide layer and is advanced in its rotation about the
      axis of rotation after the oxide layer is dissolved and before the
      constant voltage is applied again.
PAR  By use of the present method all difficulties due to heavy gas development
      at the cathode are avoided. Since that portion of the electrolyte, through
      which the gases formed by the passage of current rise to the surface of
      the electrolyte, is out of contact with interior surface of the hollow
      niobium body, the gas bubbles cannot reach those parts of the interior
      surface which are in the electrolyte at the time and are being polished.
      The anodic boundary layer therefore remains undisturbed.
PAR  Since there is always a vapor space above the electrolyte surface and the
      upper interior surface of the hollow niobium body which is connected with
      the external environment through the opening, the gas rising from the
      electrolyte into the vapor space can discharge from the hollow niobium
      body unimpeded.
PAR  As the hollow niobium body is rotated 360.degree., all parts of its
      interior surface are successively immersed in the electrolyte and are
      polished. Since no part of the interior surface remains in the electrolyte
      continually, continuous polishing action only at given points of the
      interior surface is avoided as is unevenness of the polished surface.
PAR  The hollow niobium body is kept at rest during the application of the
      constant voltage and the subsequent dissolution of the oxide layer, and is
      rotated only after the oxide layer is dissolved. As a consequence, during
      the polishing operation no new bare niobium surfaces are immersed in the
      electrolyte thus avoiding disturbance of the current oscillations which
      are so important to the polishing process. In addition it is thereby
      assured that no parts of the niobium surface which are still covered with
      an oxide layer emerge from the electrolyte. Such an oxide layer would
      prevent the current oscillations when again immersed in the electolyte.
PAR  Basically, one should resume rotation of the hollow niobium body only after
      repeated application of the constant voltage and subsequent dissolution of
      the oxide layer. In order to avoid the formation of steps at the interior
      surface to be polished, it is, however, advantageous to continue rotating
      the hollow niobium body about the axis of rotation after each dissolution
      of the oxide layer. It should be noted that the axis of rotation is not a
      physical member but rather the straight line about which the hollow
      niobium body is rotated. In order to achieve a polishing effect as uniform
      as possible, the angles of rotation during the further turning of the
      hollow niobium body should be chosen so that as far as possible, all parts
      of the interior surface are immersed in the electrolyte for about the same
      time during the overall polishing operation.
PAR  The boundary layer between the electrolyte and the air should in this
      connection come to lie, as far as possible, at a different place on the
      interior surface of the hollow niobium body after each successive advance.
      If the boundary layer between the electrolyte and the air is situated
      always, or very often, at the same point of the interior surface, the
      danger exists due to the increased conductivity of the electrolyte at its
      surface, that a groove will be etched into the interior surface of the
      hollow niobium body. To enhance uniform polishing action over the entire
      interior surface, it is furthermore advantageous if the axis of rotation
      lies in the plane that is formed by the electrolyte surface. The angle of
      rotation then can advantageously deviate from 180.degree. by a few degrees
      and be, for instance 175.degree. or 185.degree..
PAR  When polishing hollow niobium bodies that are symmetrical about the axis of
      rotation, the conditions become particularly simple if the axis of
      rotation coincides with the axis of symmetry of the body.
PAR  During the dissolution of the oxide layer the electrolyte situated inside
      the hollow niobium body can advantageously be replaced by circulating it.
      Particularly in hollow niobium bodies of complex geometrical shape the
      dissolution of the oxide layer is accelerated by the electrolyte flow so
      generated. Furthermore, such flow equalizes concentration changes that
      might occur in the electrolyte volume within the hollow niobium body which
      is relatively small as compared with the total quantity of electrolyte.
PAR  The interior surfaces of hollow niobium bodies, the outside of which are
      coated with another metal which can be attacked by the electrolyte, can be
      electrolytically polished in a simple manner according to the method
      described in the invention if one covers the other metal up with a
      protective layer resistant to the electrolyte. This is important
      particularly for niobium tubes for superconducting cables which are
      provided on their outside with a copper layer.
PAR  An advantageous apparatus for carrying out the method according to the
      invention comprises, for the purpose of holding the hollow niobium body to
      be polished, at least one tubular flange which can be interconnected with
      the hollow niobium body and is rotatably supported in the wall of an
      electrolytic tank. The flange can be utilized at the same time for feeding
      current to the hollow niobium body which is to be connected as the anode
      and therefore is preferably equipped outside of the electrolytic tank with
      slip ring contacts for introducing the current.
PAR  In the vicinity of the flange end adjacent to the hollow niobium body the
      wall of the flange is advantageously provided with holes. These holes
      constitute a simple connection of the empty gas space within the hollow
      niobium body with the external environment. The cathode which can be
      introduced into the hollow niobium body is preferably made tubular and has
      holes in the wall of the part situated inside the hollow niobium body.
      Such a tubular electrode permits simple circulation of the electrolyte by
      means of a pump, by feeding electrolyte to the interior of the hollow
      niobium body through the tubular electrode.
PAR  For the electrolytic polishing of hollow niobium bodies with deep internal
      cavities, a cathode is particularly well suited which has extensions
      protruding into the cavities. By means of such extensions, an
      approximately uniform current density can be achieved along the interior
      surface of the hollow niobium body in spite of the cavities. However,
      attention should be given to the fact that the extensions do not protrude
      into the cavities so far that gas bubbles rising from the extensions can
      reach parts of the interior surface of the hollow niobium body that are
      immersed in the electrolyte.
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PAR  The invention will be explained in further detail with reference to several
      FIGS. and examples of embodiments.
PAR  FIG. 1 shows schematically one embodiment of an apparatus for carrying out
      the method according to the invention in a longitudinal cross section;
PAR  FIG. 2 shows the cathode used in the apparatus according to FIG. 1 in cross
      section; and
PAR  FIG. 3 shows schematically a further embodiment of an apparatus for
      carrying out the method according to the invention in a longitudinal cross
      section.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, we will first explain the polishing of the interior
      surface of a hollow niobium body of relatively complex geometrical shape.
      The hollow niobium body 1, a separator structure of the HEM.sub.011 type
      for particle accelerators, which is equipped on both sides with niobium
      covers 2 and 3 and tubular niobium extensions 4 and 5, is arranged in an
      electrolytic tank 6. A tubular flange 7, connected with the tubular
      extension 4, for instance, by means of screws, serves for holding the
      hollow niobium body 1. The flange 7 is electrically insulated and extends
      through and is journalled in the wall of the electrolytic tank 6 for
      rotation about the axis of rotation 8.
PAR  As shown in FIG. 1, axis of rotation 8 coincides with the axis of symmetry
      of hollow niobium body 1. Tubular flange 7 and interconnected hollow
      niobium body 1 is rotatable about axis of rotation 8 by means of the motor
      9 mounted on the electrolytic tank and interconnected with flange 7 by
      means of drive belt 10.
PAR  Rollers 11 and 12 of plastic material or the like provide further support
      of the hollow niobium body 1. These plastic rolls can, of course, be
      omitted if a flange corresponding to the tubular flange 7 is also provided
      for supporting the tubular extension 5.
PAR  Cathode 13 consists of several parts. Main tubular portion 14, which is
      disposed in the interior of hollow niobium body 1 and is offset downward
      relative to the axis of rotation 8, is joined at its ends by connectors 15
      and 16 to respective mounting members 17 and 18 which are electrically
      insulated from flange 7 and electrolytic tank 6 and extend through the
      upstanding walls of the electrolytic tank 6 in an electrolyte-tight
      manner.
PAR  Cathode 13 is stationary and does not turn as flange 7 rotates. The parts
      14, 15 and 17 are made in tubular form.
PAR  Main tubular portion 14 of the cathode, shown in enlarged cross section in
      FIG. 2, is provided with holes 19 on its underside. Radially extending
      disc-shaped extensions 20 are attached to the main tubular portion 14 and
      extend into the cavities 20a in the wall of the hollow niobium body 1.
PAR  Flange 7 is also provided at the end adjacent to the hollow niobium body
      with holes 21 on its entire circumference. The discharge side of
      electrolyte circulating pump 22 is connected with the outer end of the
      mounting member 17 of the cathode by a hose 17a. An additional hose 24 is
      attached to the suction side of pump 22 and extends into electrolytic tank
      6.
PAR  When pumping, the electrolyte is drawn from electrolytic tank 6 and pumped
      into cathode 13. The electrolyte then flows through holes 19 in tubular
      part 14 of the cathode into the interior of hollow niobium body 1. Excess
      electrolyte is discharged from the interior of hollow niobium body 1
      through openings 21 in flange 7 and, in the embodiment shown in FIG. 1,
      also through the open end of tubular extension 5.
PAR  For the operation of the apparatus, electrolytic tank 6 is filled with
      electrolyte up to about the axis of rotation 8. As will be seen from FIG.
      1, the gases formed at the cathode can rise into the empty space 25 above
      the electrolyte surface without touching the parts of the interior surface
      of hollow niobium body 1 which are immersed in the electrolyte. The gases
      that are formed can discharge unimpeded to the outside through openings 21
      in the wall of flange 7 situated above the electrolyte level and, of
      course, also through open tubular extension 5. Flange 7 serves at the same
      time as the current connection for hollow niobium body 1 which is to be
      connected as the anode. To this end, flange 7 is connected with the
      positive terminal of a constant-voltage source 27 via slip rings 26.
      Cathode 14 is connected at the free end of mounting member 17 with the
      negative terminal of constant-voltage source 27.
PAR  Into the connecting line 27a is additionally connected chart recorder 28
      which is provided for recording and simultaneous monitoring of the current
      oscillations that occur during polishing. Electrolytic tank 6 stands in a
      further trough 29 which is supplied with cooling water for maintaining the
      electrolyte temperature.
PAR  Tank 6, tubular flange 7, cathode 13 as well as all other metal parts that
      come into contact with the electrolyte consist preferably of high purity
      aluminum. Polyethylene is, for instance, suited as the plastic material
      for rolls 11 and 12 and the insulating plastic parts at the extensions of
      cathode 13 and flange 7 through the walls of tank 6. Retaining rings, for
      instance, of Viton can preferably be used as seals. For the sake of
      clarity these are not shown in FIG. 1.
PAR  The method according to the invention will be clarified further by a
      specific example. The niobium separator 1 with the covers 2 and 3 and the
      tubular extensions 4 and 5, the interior of which is to be polished, has,
      for instance, a maximum inside diameter of 130 mm and at each of the
      narrowest points a minimum inside diameter of 40 mm. The length of the
      niobium separator including the tubular extensions 4 and 5 is about 300
      mm. For polishing, the niobium separator is first placed in the tank 6, as
      is shown in detail in FIG. 1. The tank 6 is then filled with electrolyte
      until the electrolyte level reaches the axis of rotation 8. As electrolyte
      is used, for instance, a mixture of 90% by volume of 96% sulfuric acid and
      10% by volume of 40 percent hydrofluoric acid. This mixture corresponds to
      a composition of about 89.8% by weight of H.sub.2 SO.sub.4, 2.6% by weight
      of HF and 7.6% by weight of H.sub.2 O. The bath temperature is kept
      constant at, for instance, 28.degree.C. The total volume of the
      electrolyte in the apparatus is about 5 liters. For polishing, a voltage
      of 12.5 V is applied between the anode and the cathode by means of a
      constant-voltage source 27 and is initially kept constant. Immediately
      after the voltage is applied, damped current oscillations occur, which are
      superimposed on the electrolytic current. After a transient, the amplitude
      of the current oscillations rises rapidly to a maximum and then becomes
      gradually smaller. In the present embodiment the mean current is
      approximately 50 A, the maximum amplitude of the oscillations superimposed
      on the current, about 10 A. Approximately 20 oscillations take place per
      minute. After for instance 1.5 minutes after the current oscillations have
      passed their maximum amplitude, the voltage is switched off for about 8
      minutes in order to allow the oxide layer which was formed during the
      oscillations and which most probably consists of Nb.sub.2 O.sub.5, to
      dissolve. During this intermission, the electrolyte is circulated with a
      speed of about 1 liter/min.
PAR  Subsequently the hollow niobium body 1 is rotated, for instance, through an
      angle of 185.degree. about the axis of rotation 8. At the latter position
      the parts of the interior surface of the hollow niobium body 1 that had
      been outside the electrolyte during the first polishing step, are now
      immersed in the electrolyte and being polished. After interrupting the
      voltage for another 8 minutes, the hollow niobium body 1 is again rotated
      by 185.degree. and polished again. With each polishing step a niobium
      layer about 1.5 .mu.m thick is removed from the interior surface of the
      hollow niobium body 1. If the objective is, for instance, the removal of a
      150- .mu.m thick layer, each half of the interior surface of the hollow
      niobium body 1 must be polished about 100 times, so that with an angle of
      rotation of somewhat over 180.degree. after each polishing step about 200
      polishing steps are required overall.
PAR  The polishing conditions can, of course, also be varied from the values
      given in the example. The periods with the voltage switched on can, for
      instance, be only 1 minute long up to 3 minutes long, and the
      intermissions with the voltage switched off may also be shorter than 8
      minutes, for instance, only 6 minutes, or also longer. Similarly other
      electrolyte compositions, bath temperatures and voltages are also
      possible.
PAR  Also very long hollow niobium bodies, for instance, niobium tubes several
      meters long for superconducting cables, can be electrolytically polished
      on their inside surfaces in a simple manner by the present method.
      Apparatus for polishing such a long hollow niobium body is schematically
      shown in FIG. 3. The hollow niobium body is a niobium tube 31, which is
      clad on its outside with a copper layer 32. However, the hollow niobium
      body may also, for instance, be a niobium layer which has been applied to
      the inner wall of a copper tube. So that the electrolyte cannot come in
      contact with copper, circular aluminum caps 33 and 34, if necessary, with
      the interposition of appropriate seals, are placed in an electrolyte-tight
      manner on both ends of tube 31. The outside 32 of the tube 31 is then
      covered up by tubing 35 of an electrolyte-resistant plastic material or
      rubber which fits tightly on the aluminum caps 33 and 34.
PAR  The hollow niobium body 31 so prepared is then placed in electrolytic tank
      36 and is connected via aluminum caps 33 and 34 with tubular flanges 37
      and 38, which extend through the walls of the electrolyte tank 36 in an
      electrolyte-tight and electrically insulated manner and are rotatable
      about an axis of rotation 39. The axis of rotation 39 is coincidental with
      the tube axis of the niobium body 31. Slightly below the axis of rotation
      39, a stationary, tubular cathode 40 is arranged which is provided with
      openings 41 on its underside. Cathode 40 may advantageously consist of
      several parts that can be assembled together, in order to facilitate the
      installation. If very long hollow niobium bodies are to be polished, slip
      rings 42 and 43 are preferably provided to feed in the current at both
      tubular flanges 37 and 38 to the hollow niobium body 31, which constitutes
      the anode. Similarly, both ends of cathode 40 are preferably connected
      with the negative terminal of the constant-voltage source 44. As an
      additional support for the hollow niobium body 31 plastic roll 45 is
      provided. Because of the great length of cathode 40, the electrolyte, when
      circulated by the pump, is preferably fed in at both ends of cathode 40,
      as is indicated by arrows 46. The electrolyte can then enter through the
      openings 41 into the interior of the hollow niobium body. Excess
      electrolyte as well as the gases that collect above the electrolyte level,
      which is in the same plane as the axis of rotation 39, can discharge to
      the outside through the openings 47 provided in the wall of flanges 37 and
      38. Electrolytic tank 36 stands in cooling tank 48. For polishing hollow
      niobium body 31 one can proceed as already explained above.
PAR  The method according to the invention can be automated in a simple manner.
      In the simplest case, the switching on and off of the voltage, the
      advancing of the hollow niobium body to be polished and the circulation of
      the electrolyte, for example, can be accomplished according to a
      permanently pre-set timing program.
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STM  We claim:
NUM  1.
PAR  1. Apparatus for electrolytically polishing a hollow niobium body
      comprising:
PA1  a. an open tank having side walls and a bottom adapted to accept an
      electrolyte made up of an aqueous solution of sulfuric and hydrofluoric
      acid;
PA1  b. at least one tubular flange rotatably supported in the wall of said tank
      capable of accepting a hollow niobium body having an opening therein in
      such a manner that the hollow niobium body can be aligned with the flange;
PA1  c. said flange positioned in said tank whereby said niobium body attached
      to said flange will be disposed in said tank partially immersed in
      electrolyte which can be filled therein;
PA1  d. a stationary hollow cathode extending from the exterior of said tank
      through said flange and adapted to extend into said hollow body which will
      be attached to said flange, said cathode having holes in the wall of the
      portion thereof which will be disposed within said body;
PA1  e. pump means for circulating electrolyte through said hollow cathode;
PA1  f. means for rotating said flange;
PA1  g. means for providing a constant voltage source and including two
      terminals, one of which is coupled to said cathode and the other of which
      includes means for coupling to the hollow body which will be attached to
      said flange; and
PA1  h. switching means for turning said voltage on and off.
NUM  2.
PAR  2. In the apparatus of claim 1, said flange is provided with holes.
NUM  3.
PAR  3. In the apparatus of claim 2, said flange is provided exteriorly of said
      tank with slip ring electrical contacts to provide connection with said
      voltage means.
NUM  4.
PAR  4. In the apparatus of claim 1, said cathode includes a plurality of spaced
      radially extending flange portions on the underside thereof.
NUM  5.
PAR  5. In the apparatus of claim 1, oscillation recording means electrically
      interposed between said voltage means and said cathode.
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ABST
PAL  A nonsymmetrical electroplating barrel having two end pieces and six sides,
      one side being a door opening suitable for loading and unloading the
      barrel. The door opening having a width greater than each of the other
      five sides. The two sides closest to the door opening being of the same
      width but being of a smaller width than the door and the other three
      sides. The three sides farthest from the door being of uniform width. The
      purpose of the dimensional limitations is to increase the inside volume of
      the electroplating barrel while using a conventional pair of end pieces
      thereby allowing the larger volume barrel to be substituted in
      conventional sizes of electroplating tanks.
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PAC  BACKGROUND OF THE INVENTION
PAR  Over the years the sizes of barrels for electroplating apparatus have been
      standardized such that the barrels are interchangeable as between
      manufacturers. Similarly all such barrels are designed to be symmetrical
      about the axis of rotation. It is common in the trade to refer to a "16
      inch barrel" and those in the trade will know that the individual has
      referred to a barrel of plastic construction which is symmetrical having
      six sides with one removable side used as a door for filling and emptying
      the barrel and where the dimension diagonally across between parallel
      sides is approximately 16 inches; the five side panels (exclusive of the
      removable door) will be permanently affixed to two end pieces having a
      generally circular periphery but with perhaps two flat areas, one being
      parallel with and adjacent to the door opening and the other being
      parallel with and remote from the door opening.
PAR  Where heavy loads are to be tumbled in the barrel it is conventional to
      have heavily reinforced bars at the corners of the panels because this is
      thought to be the most likely area of failure. As a general rule both the
      barrel and the reinforcing bars are of polypropylene or the like. An
      example of conventional corner reinforcement is noted in that 1969 patent
      to Kirkpatrick et al., U.S. Pat. No. 3,442,783.
PAR  Conventionally, the polypropylene end pieces of the barrel are grooved and
      the five permanently affixed side panels are mounted in the grooves,
      either be welding and/or bolting.
PAR  The reason for standardized sizes of electroplating barrels is that
      electroplating tanks must be standardized to receive such barrels and to
      receive standardized anode baskets which hold the copper, zinc, etc.,
      balls or pieces which comprise the metal which is being plated on the
      contents of the electroplating barrel. Obviously, it would be desirable to
      increase the volume of the barrel without increasing its radius of
      rotation because that would increase the amount of material that could be
      plated in a unit of time in a conventional electroplating tank.
PAR  During the course of research on ways to increase the volume of the
      electroplating barrel without resorting to anything other than
      conventional standardized sizes of apparatus currently available, the
      inventor herein discovered the dimensional relationships to be explained
      subsequently.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It was observed over several years of repair work that on barrel failures,
      the failure occurred most often on the side panels about the middle of the
      panel, seldom at the edges where the panels are joined. In use over a long
      period of time, the center portions of the panel begin to buckle and
      eventually they define a wavy pattern. It seems clear that industry's
      concern for corner failure is misplaced. It is speculated (with some
      confidence) that the reason for this is the differential heating that goes
      on during the electroplating process. The center part of the panel heats
      first and as a consequence it expands and it is also more pliable. Thus,
      the pounding by the heavy metal parts during the tumbling operation tends
      to stretch the hotter center portion of the panel more than its cooler
      reinforced edges.
PAR  As a consequence of this observed phenomenon the inventor herein decided to
      experiment with a barrel having no reinforcing at the corners. That is,
      the observation that corner failure occurs much less frequently than other
      kinds of failure gave rise to the thought that the heavy corner
      reinforcement might be unnecessary and that other reinforcement might be
      appropriate where the greatest problems occur. The applicant's prior
      patents have included some unique structure in the corner reinforcing area
      and it includes a rectangular bar of polypropylene having embeded therein
      a bar of steel designed to prevent bending of the polypropylene bar in one
      direction. A V-shaped portion is cut from the rectangle such that the
      V-shaped surfaces will be flush with the converging surfaces of the side
      panels.
PAR  The resulting experimental barrels were constructed without the reinforcing
      polypropylene bar and enclosed metal bar and the corners were welded
      together in a conventional manner. In subsequent testing it was observed
      that there was no greater incidence of corner failure but there was
      slightly less center buckling in the panels than with a comparable barrel
      used during the same period having reinforced corners. The center parts of
      the panels heat more quickly than the corners of the barrels because of
      the more ready circulation of hot fluids to that area and the smaller mass
      of the panels in that area; thus, without the corner reinforcement the
      expansion, contraction and resultant stretching are more uniform.
PAR  Conventional side panels have numerous holes drilled completely through the
      panels to provide easy circulation of the electroplating fluid during the
      tumbling operation. The edges of the panels, where they are joined
      together, do not have drilled holes and as a consequence they will heat
      and cool more slowly than the parts of the panel having the perforations.
PAR  To further minimize the differential heating and further reinforce the
      barrel at its weakest point it was decided to place reinforcing bars
      longitudinally down the center of the panels. To emphasize the
      significance, two things are accomplished, (1) the panel is strengthened
      at its weakest point (although a certain amount of fluid flow is
      curtailed) and (2) a more uniform mass is provided, thereby serving as a
      heat sink on each panel to help equalize the heating and cooling sequence.
      It was found that this was very helpful in preventing buckling and in
      increasing the life of the individual panels.
PAR  With this by way of background it was next observed that without the heavy
      reinforcing bars at the corners, the end pieces of the plating barrel
      could accommodate a larger sized panel without any part of the barrel
      extending beyond the circular periphery of the end pieces. During
      experimentation without the one inch reinforcing bars it was noted that
      the lower three side panels of any barrel could be lowered one inch
      without the panels being displaced beyond the periphery of the end pieces.
      In other words, with the corner reinforcing bars removed, a conventional
      end piece for a 16 inch barrel would accommodate as its three lower panels
      the panel sizes for an 18 inch barrel (the next larger standard size of
      barrel). The implications are particularly significant when one considers
      that the lower half of the barrel thus modified is enlarged roughly as the
      square of the radius of the interior portion of the barrel. For example,
      the lower half of the barrel increased from the standard 16 inch size to
      the standard 18 inch size would increase in the lower half of the barrel
      approximately
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      However, the corresponding 18 inch size door and adjacent side panels
      could not be used because of the necessity for radially extending blocks
      or hubs framing the door opening. Obviously the percent increase in volume
      of the upper half of the barrel is roughly the same as the increase for
      the lower half although the calculations of volume are a little more
      complicated.
PAR  On further experimentation it was observed that when all angles inside the
      barrel were maintained at 120.degree., a nonsymmetrical or assymmetrical
      hexagonal electroplating barrel could be constructed inside the rotational
      periphery of the end pieces by (1) using conventional end pieces of one
      standard size, (2) side panels from the next larger standard size for the
      three sides most remote from the door, (3) a door of the second larger
      standard size and (4) side panels adjacent the door of the same standard
      size as the end pieces.
PAR  With all the modifications above enumerated and incorporated into the
      structure and tested it became clear that over the years, with the many
      improved plastic welding techniques employed, the corner reinforcing bars
      had become unnecessary but the industry was unaware of that fact. The
      experimental barrels incorporating the instant inventive concepts
      illustrated that the problem of the industry was at the centerline of the
      side panels and this invention has supplied a solution to the problem
      while at the same time providing an electroplating barrel of increased
      capacity.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a part of an electroplating barrel and its
      supporting structure.
PAR  FIG. 2 is a fragmentary sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged sectional view of the plating barrel illustrated in
      FIG. 2.
PAR  FIG. 4 is an elevational view of the inside surface of an end piece of an
      electroplating barrel such as illustrated in FIG. 3.
PAR  FIG. 5 is a sectional view of a plating barrel similar to FIG. 3 but
      including dimensional notations.
PAR  FIG. 6 is a chart showing the new dimensions for the barrel of FIG. 5.
PAR  FIG. 7 is a chart of the old dimensions of standard sized barrels generally
      as shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An electroplating barrel 10 is supported on a conventional frame 12 and
      includes appropriate driving means 14 for rotating the barrel in the
      conventional manner. Electrodes 16 project through the end hubs of the
      barrel to provide electrical contact with the barrel interior.
PAR  During the normal course of procedure with an electroplating barrel the
      raising and lowering apparatus will set the barrel into an electroplating
      tank filled with an appropriate electrolyte, the tank being outlined
      schematically by broken line 18. The barrel is rotated by the gear 14 to
      tumble the contents of the barrel in the well-known manner. The metal to
      be plated on the metallic articles within the tumbling barrel comes from
      balls or other metallic pieces held in spring wire "anode baskets" 20
      which are hooked in conventional manner on anodes 22. Several different
      ways for attaching the anode basket in electrical contact with the anode
      are known in the art and any suitable mechanism for hooking the basket on
      the anode is satisfactory to this invention. What is important is the
      recognition that particular plating tanks 18 and particular baskets 20 are
      designed to accommodate specific sizes of barrels. It is conventional in
      the art to have barrels with a nominal inside barrel diameter of 12, 14,
      16, 18, 20, 22, 24, etc., inches. Obviously, if the turning diameter of
      the barrel is too great the edges of the barrel will contact the anode
      baskets 20 with resulting damage to the barrel and/or the basket. As a
      consequence the size limitation placed on an electroplating barrel which
      may be used in a standard electroplating tank is the periphery of the
      circle defined by the barrel in rotation. What has been done in the art is
      to provide end plates of some given dimension and provide that no other
      part of the barrel will extend beyond the periphery of the end pieces. In
      this manner no contact would be expected between the rotating barrel and
      the anode basket.
PAR  Apparatus for centering the barrel within the tank are conventional and
      there appears to be no need to describe this apparatus as any conventional
      means for centering the barrel on the tank is satisfactory for this
      invention.
PAR  As has been described above, this invention modifies prior structure by
      taking a standard sized end plate 24 which is generally circular in
      periphery except for an upper flat 26 and a lower flat 28. The upper flat
      26 is designed to be parallel to a door opening 30 in the tank. The bottom
      flat 28 is diagonally on the opposite side of the end piece 24 and is
      parallel to flat 26. The inside surface of the end piece 24 has grooves
      cut therein which form five sides of the resulting barrel. This invention
      relocates the grooves and modifies their length to provide a
      nonsymmetrical six sided geometrical shape. The sixth "side" is for the
      door opening so no groove is cut for that side. The three sides 32 nearest
      the bottom flat 28 are all substantially the same length and are wider
      than the two sides 34 adjacent the door opening 30. The door itself has a
      greater width, that is the distance measured between the free edges of the
      two side panels 34 at the opening 30 is greater than the width of panels
      32 or 34. The reason for the dimensional relationships will be explained
      subsequently.
PAR  It has been conventional over the years to provide reinforcing bars at the
      welded corners of the plastic plating barrel and this invention has
      eliminated those bars because they have become unnecessary in view of the
      improved technology in welding. Reinforcing bars 38 have been added by
      this invention extending longitudinally of the barrel on each of the
      panels 32, approximately at the center of the panel extending from one end
      of the tank to the other, said bars being welded or otherwise bonded to
      the exterior surface of panels 32. The reinforcing bars 38 include a
      square or rectangle in cross-section of plastic material, usually
      polypropylene, which encompasses a steel bar 40 previously disclosed in a
      number of the applicant's prior patents. The steel bar increases the
      strength and rigidity of the plastic bar 38 greatly and increases the life
      of the side panels 32 by balancing two essentially unrelated physical
      features.
PAR  In conventional apparatus the center part of the panels 32 tends to buckle
      over a period of time and define a wavy appearance after some period of
      use. This is believed to occur as a result of differential heating of the
      panel during the electroplating operation. As is well known, the barrel
      may move in and out of a plurality of plating tanks in a 24 hour period.
      The center of the panel 32 obviously heats more quickly than the side
      edges because the apertures through the side panels allow greater hot
      fluid circulation through the center than at the edges of the panel, where
      there are no apertures. Thus the corner sections of the barrel which are
      of greater mass will heat more slowly. In the prior apparatus where the
      reinforcing bars were at the corners, the differential heating was even
      more pronounced due to the even larger mass to be heated at the corner.
      Now, with the modified structure of this invention the reinforcing bar is
      at the center line of the panel and it provides a more balanced heating.
      The non-porous corners and bar 38 absorb heat from the adjacent porous
      portion of the panel and tend to minimize temperature differentials. With
      the lowered differential heating there is less of a tendency for the panel
      to buckle, thus increasing its life.
PAR  The other physical feature which contributes to the longer life and
      minimizes the buckling is the reinforcing bar provided at the center line
      which tends to hold the center line of the panel in a flat plane due to
      the increased rigidity of the composite panel which includes the side
      panel 32, plastic bar 38, and metallic bar 40. The stronger panel provides
      a longer life.
PAR  The side panels 34 do not need the reinforcing bar at their center line
      because they are narrower and the door locking hubs 42 at the edges of the
      panels adjacent the door opening 30 make them more rigid. The door itself
      includes a handle 44 of generally triangular shape which includes a
      reinforcing bar 46 similar in function to the bar 40. The door structure
      has not been illustrated in detail merely because conventional door
      structure is well known in the art and conventional structure is used
      herein except for the dimensional limitations to be outlined subsequently.
PAR  Without the 1 inch plastic reinforcing bars at the corners of the
      conventional electroplating barrel as permitted by the new design
      described above, the panels themselves can be moved radially 1 inch, still
      without extending beyond the periphery of the end pieces 24. Observing
      FIG. 3 it will be seen that the bottom panel 32 can be lowered 1 more inch
      below the axis of rotation 48 of the barrel. As indicated previously,
      conventional sized electroplating barrels are calibrated in 2 inch
      increments. That is, the next conventional size barrel from a nominal 12
      inch diameter is a 14 inch diameter (a 2 inch difference in diameter but a
      1 inch difference in radius which is significant because the conventional
      reinforcing bars at the barrel corners are 1 inch thick). Thus, with the
      dimensional relationships involved, where one previously used a panel size
      for 12 inch sized barrels one could now use the same end piece but with
      the next larger size side panels. The only other difference would be the
      placement and length of the grooves in the end piece. Specifically, where
      the end piece for a nominal inside diameter of 14 inches was used one
      could groove the end plate and seat three side panels in place at panel
      areas designated by number 32 which are of conventional size for 16 inch
      barrels thereby effectively moving all the panels radially 1 inch.
PAR  As can be seen with such a modification the free edges of the three panels
      for the 16 inch size plating barrel (used as the three bottom panels)
      exactly rise to the horizontal line 50 bisecting the end plate 24. Line 50
      is also the line which defines the upper limit of three conventionally
      placed 14 inch size side panels, the difference is the panel width and its
      radial distance from the axis of rotation 48. Thus, by this mechanism an
      increased internal volume of the electroplating barrel is accomplished in
      an amount proportional to the difference in the square of the radii of the
      two standard size barrels.
PAR  Unfortunately, this same simple structural modification cannot be used on
      the upper portion of the barrel as illustrated in FIG. 3 because of the
      sizes of the blocks 42 necessary to hold the door in place. The heavy door
      framing structure is necessary for reasons unrelated to the inventive
      concept disclosed herein.
PAR  Upon evaluating the dimensional relationships involved and working within
      the radial limitations allowable it was discovered that if the angles
      inside the barrels at the corners were maintained at 120.degree., then
      panels 34 of the same conventional size could be used and a door of
      exactly two increased conventional sizes would exactly fit into the
      resulting door opening. To explain it differently and by way of
      illustration, an end piece of conventional size for a 14 inch
      electroplating barrel will accommodate three side panels 32 which are for
      16 inch conventional size barrels, side panels 34 which are of
      conventional size for 14 inch barrels and a door which is for a
      conventional 18 inch size barrel. The width of the two side panels 34
      adjacent the side opening 30 is less than the width of at least half the
      remaining side panels 32 and in the preferred embodiment being of less
      width than all remaining side panels 32. Thus, by the manipulation of
      conventional elements used in conventional barrels the inventor herein has
      been able to provide a number of barrels mounted within a conventional
      sized circular periphery which is of increased internal barrel volume. It
      is an important contribution because the limitation on the number of parts
      which can be electroplated in an electroplating barrel is governed largely
      by the internal volume of the barrel. Increasing the internal volume
      increases the pounds of metallic articles which may be electroplated in
      one sequential plating operation but with no increase in time.
PAR  FIG. 6 illustrates the new dimensions in contrast with the old dimensions
      for conventional barrels in FIG. 7.
PAR  The result of the invention is a nonsymmetrical hexagonal barrel for
      electroplating which is of longer life due to the placement of reinforcing
      bars and of increased volume within a given radius of rotation permitting
      replacement of conventional barrels with the new barrel but with no
      requirement of modification of the electroplating tank.
PAR  Lest it not be misunderstood, the anode 22 is an electrical connection
      which extends through the sides of the plating tank. One cannot simply
      move the anode 22 to accommodate different sizes of electroplating
      barrels. Once a tank is constructed it will accommodate a miximum size of
      electroplating barrel and traditionally a line of electroplating tanks is
      arranged to accommodate a specific size of electroplating barrel.
      Obviously, it is not economically practical to buy electroplating tanks to
      accommodate 22 inch size barrels where the barrels to be used are all 16
      inch size barrels. Thus, once the tanks are installed and operational the
      electroplating shop is fixed as to the size of the barrel it can use
      practically in its tanks. Certainly smaller sized barrels could be used,
      but the tremendous amount of electrolyte in the larger size electroplating
      tanks could not be justified under those circumstances. What this
      invention does is allow an electroplating shop to increase the volume of
      its electroplating barrels by using the new barrels described herein but
      not requiring any modification whatsoever to its electroplating tanks.
PAR  Having thus described the invention in some detail, it will be obvious to
      those having ordinary skill in the art that certain modifications could be
      made without departing from the spirit of the invention. For example, the
      dimensions of the new barrel as set out in FIG. 6 could be modified
      slightly without departing from the real inventive concept. The width of
      the panels are set out to four decimal places and it is clear that this
      degree of accuracy cannot be realized in the cutting of plastic sheets a
      half inch or an inch thick and following plastic welding of the panels
      together. The theoretical measurements on panels cut on an angle are
      center line or average width measurements. Thus, where it is described in
      the specification and claimed in the appended claims with exact
      dimensions, it is not the intention that slightly modified dimensions
      would preclude infringement. It is not the intention of the inventor to be
      limited by the language of the specification but rather only by the
      language of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electroplating barrel assembly of polypropylene adapted for use in
      electroplating in combination with electrodes bounded by two end pieces
      and five foraminous side panels joined along their edges to form a closed
      polygonal enclosure having one side opening,
PA1  the side opening having a width greater than the width of any of the side
      panels and being adapted to receive a door to completely enclose anything
      within the barrel,
PA1  the width of the two side panels adjacent the side opening being less than
      the width of at least half the remaining side panels.
NUM  2.
PAR  2. The barrel of claim 1 including a reinforcing bar bonded to at least
      some of the panels.
NUM  3.
PAR  3. The barrel of claim 2 wherein the reinforcing bars extend the full
      length of the barrels and said bars being oriented along lines
      approximately bisecting said panels.
NUM  4.
PAR  4. The barrel of claim 3 wherein
PA1  the width of the side opening being about 11.25 inches,
PA1  the width of the two side panels adjacent the opening being about 8.372
      inches, and
PA1  the width of the remaining side panels being about 9.453 inches.
NUM  5.
PAR  5. The barrel of claim 3 wherein
PA1  the width of the side opening being about 12.375 inches,
PA1  the width of the two side panels adjacent the opening being about 9.453
      inches, and
PA1  the width of the remaining side panels being about 10.608 inches.
NUM  6.
PAR  6. The barrel of claim 3 wherein
PA1  the width of the side opening being about 13.5 inches,
PA1  the width of the two side panels adjacent the opening being about 10.608
      inches, and
PA1  the width of the remaining side panels being about 11.763 inches.
NUM  7.
PAR  7. The barrel of claim 3 wherein
PA1  the width of the side opening being about 14.625 inches,
PA1  the width of the two side panels adjacent the opening being about 11.763
      inches, and
PA1  the width of the remaining side panels being about 12.918 inches.
NUM  8.
PAR  8. The barrel of claim 3 wherein
PA1  the width of the side opening being about 10.125 inches,
PA1  the width of the two side panels adjacent the opening being about 7.144
      inches, and
PA1  the width of the remaining side panels being about 8.372 inches.
NUM  9.
PAR  9. The barrel of claim 1 wherein
PA1  the width of the side opening being about 11.25 inches,
PA1  the width of the two side panels adjacent the opening being about 8.372
      inches, and
PA1  the width of the remaining side panels being about 9.453 inches.
NUM  10.
PAR  10. The barrel of claim 1 wherein
PA1  the width of the side opening being about 12.375 inches,
PA1  the width of the two side panels adjacent the opening being about 9.453
      inches, and
PA1  the width of the remaining side panels being about 10.608 inches.
NUM  11.
PAR  11. The barrel of claim 1 wherein
PA1  the width of the side opening being about 13.5 inches,
PA1  the width of the two side panels adjacent the opening being about 10.608
      inches, and
PA1  the width of the remaining side panels being about 11.763 inches.
NUM  12.
PAR  12. The barrel of claim 1 wherein
PA1  the width of the side opening being about 14.625 inches,
PA1  the width of the two side panels adjacent the opening being about 11.763
      inches, and
PA1  the width of the remaining side panels being about 12.918 inches.
NUM  13.
PAR  13. The barrel of claim 1 wherein
PA1  the width of the side opening being about 10.125 inches,
PA1  the width of the two side panels adjacent the opening being about 7.144
      inches, and
PA1  the width of the remaining side panels being about 8.372 inches.
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ABST
PAL  Disclosed is a method of preparing an asbestos diaphragm where alkali metal
      ions are provided within the fibrous asbestos diaphragm, the diaphragm is
      heated to form an alkali metal silicate layer on the asbestos fibers, and
      thereafter a further layer of asbestos is deposited on the diaphragm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Diaphragm cells useful for the electrolysis of brines and the formation of
      chlorine and caustic soda have an anolyte chamber and a catholyte chamber.
      The anolyte chamber contains an anolyte solution of sodium chloride at a
      pH of from about 3.0 to about 4.5. Inside the anolyte chamber is an anode
      at which chlorine is evolved. The catholyte chamber of a sodium chloride
      chlor-alkali cell contains from about 10 to 15 weight percent sodium
      hydroxide while the catholyte chamber of a potassium chloride chlor-alkali
      cell may contain as much as 25 weight percent potassium hydroxide. The
      catholyte liquor contains the alkali metal hydroxide, and the alkali metal
      chloride. Alkali metal hydroxide is formed in the catholyte and hydrogen
      gas is evolved at the cathode.
PAR  In the operation of a sodium chloride diaphragm cell, brine containing
      approximately 300 to 315 grams per liter of sodium chloride is fed into
      the anolyte chamber. At the anode, the reaction 2Cl.sup.-.fwdarw.Cl.sub.2
      + 2e.sup.- takes place.
PAR  The anolyte liquor passes from the anolyte chamber through the diaphragm
      into the catholyte chamber, and a catholyte product containing from
      approximately 110 to approximately 150 grams per liter of sodium hydroxide
      and from approximately 120 to approximately 200 grams per liter of sodium
      chloride is recovered. In the catholyte chamber, the reaction 2H.sub.2 O +
      2e.sup.-.fwdarw.2OH.sup.- + H.sub.2 takes place.
PAR  Typically, diaphragms for chlorine cells have been prepared from asbestos.
      Most commonly, the asbestos is chrysotile asbestos. The chrysotile
      asbestos is used to provide a diaphragm having a thickness of from about
      one-eighth inch to about one-fourth inch. Chrysotile asbestos diaphragms
      generally have a service life of about 6 months.
PAR  It is necessary to periodically remove the diaphragm cell from service in
      order to remove the old diaphragm from the cathodes, and install a new
      diaphragm on the cathodes. This periodic removal of the cell from service
      results in a consequent loss of production in order to carry out a
      labor-intensive cell renewal operation. In the past, when diaphragm cells
      used graphite anodes, diaphragm renewal could be coordinated with anode
      renewal. However, metallic anodes, e.g., coated titanium anodes, have
      replaced graphite anodes to a considerable degree. While graphite anodes
      have a service life of from about 4 to about 8 months, coated metal anodes
      have a longer life, e.g., 3 or 4 or more years. Accordingly, the renewal
      of the diaphragms has become a principal factor in cell outage.
PAC  SUMMARY
PAR  It has now unexpectedly been found that a particularly long-lived diaphragm
      may be provided by preparing a chrysotile asbestos fibrous mat containing
      alkali metal ions therein and heating the alkali metal ion containing
      fibrous mat to a temperature sufficient to dry the mat and cause the
      alkali metal ion to react with the asbestos. This is believed to displace
      the magnesium ion from the surface of the chrysotile asbestos fibers to
      form an alkali metal silicate layer on the asbestos fibers which, upon
      contact with the acid anolyte, forms a dense, uniform silica layer on the
      surface of the original asbestos fibers thereby providing a long-lived
      diaphragm. Typically, the alkali metal is sodium and the alkali metal
      silicate is sodium silicate.
PAR  Thereafter, a further thin film of asbestos is deposited atop the asbestos
      diaphragm on the side intended to face the anolyte. It is believed that
      this further asbestos film or coat acts as a self-curing layer for
      pinholes, imperfections, and the like.
PAC  DETAILED DESCRIPTION
PAR  According to this invention, an asbestos diaphragm is prepared by providing
      asbestos containing an alkali metal ion, such as an alkali metal
      hydroxide, or an alkali metal chloride, e.g., sodium hydroxide, sodium
      chloride, potassium hydroxide, or potassium chloride or a combination
      thereof. The alkali metal ion containing and hydroxyl ion containing
      asbestos is heated to a temperature sufficient to initiate the
      displacement of magnesium from the asbestos and the formation of an alkali
      metal silicate surface or film on the asbestos and is maintained at or
      above such temperature long enough to form the alkali metal silicate.
      Thereafter, a thin film, layer, coating, or laminate of asbestos, e.g.,
      from about 0.01 to about 0.1 pounds of asbestos per square foot of
      diaphragm area is deposited atop the diaphragm, i.e., the first asbestos
      mat, sheet, or member, on the anolyte facing side thereof. Upon contact
      with the anolyte liquor, the alkali metal silicate is believed to form a
      particularly tough, adherent silica layer which is substantially inert to
      anolyte liquor. That is, the silica layer is more inert ot anolyte liquor
      than is a conventional diaphragm. The outer asbestos layer is believed to
      function as a self-curing film or layer, reducing the effects of pinholes
      and imperfections in the first asbestos layer.
PAR  As used herein a fibrous mat is an asbestos member, formed from asbestos
      fibers. As used herein a diaphragm is an asbestos member, either a fibrous
      mat or asbestos paper, characterized by chemical resistance to anolyte
      liquors and catholyte liquors, and electrolyte permeability.
PAR  In preparing a diaphragm according to one exemplification of this
      invention, an aqueous slurry containing asbestos and alkali metal ion is
      prepared. The slurry is drawn through an electrolyte-permeable cathode
      member and the asbestos deposited on the cathode member thereby forming a
      fibrous asbestos mat. Thereafter the alkali metal ion containing fibrous
      asbestos mat is heated whereby to form the alkali metal silicate.
PAR  The asbestos most commonly used is chrysotile asbestos. Typically, the
      asbestos is Quebec Asbestos Producers' Association Quebec Screen Test
      grades 4D or 4K or a mixture of grades 3T and 4T.
PAR  Typically, the slurry contains from about 0.5 to about 2.0 weight percent
      of asbestos. Concentrations of asbestos lower than about 0.5 weight
      percent, while satisfactory in providing a diaphragm according to this
      invention, require large throughputs of slurry in order to build up a
      satisfactory thickness of asbestos. Asbestos concentrations greater than
      about 2 weight percent asbestos in the slurry, generally result in
      substantial settling out of the asbestos in the slurry and a non-uniform
      diaphragm.
PAR  The alkali metal ion content of the slurry is provided by a basic solution
      of an alkali metal compound. That is, the alkali metal ion is provided by
      a solution having a pH greater than 7.0, and preferably greater than 10.
      The alkali metal ion content may be provided by a solution of a high pH
      alkali metal salt of a weak acid, such as sodium carbonate, sodium
      hydrogen carbonate, sodium acetate, or the like. Alternatively, the alkali
      metal content may be provided by a solution containing the hydroxide and a
      substantially completely ionized salt, as sodium hydroxide and sodium
      chloride. The alkali metal ion may also be provided by aqueous alkali
      metal hydroxide. Alternatively, potassium hydroxide or potassium chloride
      may be used to form the slurry.
PAR  Generally, sodium hydroxide is preferred as the alkali metal ion source
      because of its ready availability. While the method of preparing the
      diaphragm is described with reference to sodium hydroxide, it is to be
      understood that sodium chloride may also be included in the slurry with
      satisfactory results. The sodium ion content in the slurry should be such
      as is normally provided by a 10 to 50 weight percent aqueous solution of
      sodium hydroxide.
PAR  The slurry, preferably containing from about 0.5 to about 2 weight percent
      of chrysotile asbestos and from about 10 to about 25 or 50 weight percent
      of sodium hydroxide is used to prepare an asbestos diaphragm. The asbestos
      diaphragm is drawn onto a liquid permeable cathode member by methods well
      known in the art.
PAR  The cathode member itself is an alkali-resistant, catholyte-resistant,
      hydrogen-resistant, electroconductive metal having a low hydrogen
      overvoltage. Most commonly, iron or steel is used in fabricating the
      cathode member.
PAR  The cathode member is further characterized in that it is liquid permeable,
      i.e., electrolyte permeable, and gas permeable. The property of
      permeability may be provided by using a wire mesh cathode or by using a
      perforated plate cathode.
PAR  According to an exemplification of this invention, an alkali metal ion
      containing fibrous asbestos mat may be deposited on a cathode member by
      inserting the cathode member in an alkali metal ion and OH.sup.- ion
      containing aqueous slurry of asbestos and drawing a vacuum within the
      cathode member. By "vacuum" is meant a pressure differential between the
      inside and outside of the cathode. The vacuum draws the slurry through the
      cathode member, depositing the asbestos fibers on the external surfaces
      thereof. Typically, a vacuum of from about 15 to about 25 inches of
      mercury is provided within the cathode member for a period of from about
      10 minutes to about 25 minutes. In this way, a fibrous asbestos mat having
      a thickness of from about one-eighth inch to about 3/16 inch and a weight
      of from about 0.3 pounds per square foot to about 0.4 pounds per square
      foot is provided.
PAR  While a preferred exemplification of this invention utilizes a deposited
      asbestos diaphragm, it should be understood that an electrolyte permeable
      diaphragm may also be provided using asbestos paper. According to an
      exemplification of this invention where an asbestos paper diaphragm is
      used, the alkali metal ion and OH.sup.- ion may be introduced into the
      asbestos paper by forming the paper in an alkali metal ion containing
      slurry. Alternatively, an alkali metal ion containing solution, e.g.,
      aqueous sodium hydroxide may be forced through the asbestos paper after
      the formation thereof.
PAR  When sodium hydroxide is used, the asbestos diaphragm, whether a deposited
      fibrous mat or paper, should typically contain from about 5 to about 50
      weight percent of sodium hydroxide on an anhydrous basis and a dry
      asbestos basis, and preferably about 35 to about 40 weight percent sodium
      hydroxide, basis anhydrous sodium hydroxide and dry asbestos. This
      corresponds to from approximately 10 to about 100  percent and preferably
      from about 60 to about 80 percent of the stochiometric amount of sodium
      ion for one mole of sodium ion to react with one mole of silicate ion to
      form one mole of Na.sub.2 O . SiO.sub.2.
PAR  Lesser or greater amounts of sodium ion may be present in the fibrous
      asbestos mat, prepared as described above. Lesser amounts of sodium ion
      present in a fibrous asbestos mat, prepared as described above, while
      providing some increased life, may not provide an economically significant
      increase in diaphragm life. Greater amounts of sodium ion present in a
      fibrous asbestos mat, prepared as described above, while useful in
      providing increased diaphragm life, may tend to excessively tighten the
      diaphragm, causing it to behave as a permionic membrane, and may, at
      extremely high sodium ion concentrations actually reduce the strength of
      the diaphragm.
PAR  The sodium ion containing, asbestos member, either a fibrous mat or paper,
      is heated to a temperature sufficient to result in the formation of sodium
      silicate and is maintained at or above such temperature long enough to
      effect the desired degree of reaction. While not wishing to be bound by
      this explanation, it is believed that the following reaction occurs within
      the fibrous asbestos mat upon heating:
EQU  8M OH + Mg.sub.6 (OH).sub.8 Si.sub.4 O.sub.10 .fwdarw. 4M.sub.2 SiO.sub.3 +
      6Mg(OH).sub.2 + 2H.sub.2 O
PAL  where M is an alkali metal, generally sodium or potassium, and most
      commonly sodium.
PAR  While the heating stage itself may be in one or two stages, it can be
      characterized as encompassing two phases, a partial dehydration phase
      believed to drive off some of the water present therein while physically
      rearranging and compacting the asbestos fibers, and a reaction phase
      believed to form the alkali metal silicate in a form that reacts with
      anolyte liquor to form a silica which is less subject to attack by brine
      than chrysotile asbestos. In the heating stages of the method of this
      invention, the duration of heating, the temperature of heating, the
      initial moisture content of the asbestos, and the flow of heated air, if
      any, through the diaphragm, are inter-related.
PAR  Generally, the temperature during the first phase of heating should be
      above about 70.degree.C, which temperature corresponds to the temperature
      at which some compacting and rearrangement of the asbestos fibers is first
      observed. Temperatures above about 110.degree.C should be avoided in the
      early stages of heating, as such temperatures result in the delamination
      of wet diaphragms and subsequent high cell voltage and low current
      efficiency. Generally, the fibrous asbestos mat should be dried to a water
      content of less than 2.0 weight percent water, and preferably to 1.0
      weight percent water, or even lower, e.g., 0.5 weight percent water. The
      temperature of the first heating stage should be above 50.degree.C and
      below 110.degree.C, and generally from about 70.degree. to 110.degree.C.
      The length of the first heating should range from about 72 or more hours
      at 50.degree.C and about 24 hours at 70.degree.C to about 1 to 4 hours at
      110.degree.C, and should be long enough to permit the second stage of
      heating to be substantially in the absence of entrapped or entrained
      water.
PAR  While a first heating stage is referred to herein, it is to be understood
      that the first heating stage functions as a drying phase and may even be
      dispensed with if a vacuum is first applied to the cathode compartment to
      dry, physically rearrange, and compact the fibers. In such case, the
      vacuum should be a full vacuum, i.e., 20or more inches of mercury.
PAR  The first heating stage, or dehydration stage, is followed by a subsequent
      heating stage to form the desired silicate. This second heating stage is
      conducted at temperatures above about 110.degree.C, e.g., from about
      110.degree. to about 280.degree.C, and preferably from about 140.degree.
      to about 210.degree.C.
PAR  At temperatures below 140.degree.C, approximately several days, e.g., 4 or
      5 days, may be required for the alkali metal silicate to approach
      stochiometric conversion to the desired form, while at temperatures at or
      above 180.degree.C only a few hours, e.g., 2 hours with low alkali metal
      ion contents, to about 4 to 6 hours, are normally required for the
      formation of the desired form of the alkali metal silicate.
PAR  While the flow of heated air through the electrolyte permeable fibrous mat
      does not result in any decrease in the time required for silicate
      formation, it does result in removal of entrapped water, thereby reducing
      over-all drying time.
PAR  The heating may also be carried out under reduced pressure to speed the
      drying time.
PAR  In the preparation of a diaphragm according to a preferred exemplification
      of this invention, the asbestos mat is maintained between about 50.degree.
      and about 110.degree.C for a sufficient time to allow the evaporation of
      the entrapped water, e.g., at least about 1 hour, and preferably four or
      more hours, and frequently 72 to 96 hours. Maintaining the asbestos mat
      between about 50.degree. and 110.degree.C may be accomplished by slowly
      heating the diaphragm from or below 50.degree.C to or above 110.degree.C,
      or by maintaining the asbestos mat at a fixed temperature or plurality or
      sequence of fixed temperatures between 50.degree. and 110.degree.C.
      Thereafter the asbestos mat is maintained above 110.degree.C, e.g., from
      about 110.degree. to about 280.degree.C, and preferably from about
      140.degree. to about 210.degree.C. Maintaining the asbestos mat above
      about 110.degree.C may be accomplished by maintaining the asbestos mat at
      a single temperature above 110.degree.C, e.g., 140.degree. C, or
      180.degree.C, or by maintaining the asbestos at a sequence of temperatures
      above about 110.degree.C. The asbestos mat is maintained above
      110.degree.C long enough for substitution of the magnesium ion by the
      alkali metal ion and the formation of the alkali metal silicate, e.g.,
      from about 2 or 4 or 6 hours to several days, e.g., 96 or 120 or more
      hours. The mat is maintained above 110.degree.C in the substantial absence
      of entrapped or entrained water.
PAR  A surface film of alkali metal silicate is formed on the asbestos fibriles
      and in some instances on the individual fibers thereof. The surface film
      may exist as a thin layer or coating on the exterior of the individual
      fibers or even as a monolayer of alkali metal silicate. Alternatively, the
      alkali metal silicate layer may extend into, and in fact all the way
      through the individual asbestos fibers.
PAR  According to this invention, the alkali metal silicate layer is provided on
      the asbestos fibers. For example, when the alkali metal is sodium, the
      sodium silicate has the stochiometric formula: (Na.sub.2 O)
      (SiO.sub.2).sub.n where n is from about 1 to about 4 or more. However, it
      should be understood that this is only a stochiometric representation of a
      complex silicate polymer containing many (Na.sub.2 O) units and many
      (SiO.sub.2) units.
PAR  After the asbestos mat is heat treated, the second layer of asbestos may be
      applied directly thereto. Alternatively, the asbestos mat may be treated,
      e.g., with a silicate solution as described in the commonly assigned,
      copending application Ser. No. 343,600, filed Mar. 31, 1973, of Franklin
      Strain for Silicate Treated Asbestos Diaphragms for Electrolytic Cells, or
      with a perfluorinated sulfonyl fluoride type co-polymer as described in
      the commonly assigned, copending application Ser. No. 300,151, filed Oct.
      24, 1972, of Robbie T. Foster and William Bruce Darlington for Diaphragms
      for Electrolytic Cells.
PAR  After heat treating, and any subsequent treatment, e.g., with resins or
      silicate solution, or the like, the diaphragm, on a pervious support
      means, e.g., a cathode, is inserted into an asbestos slurry, e.g., a
      slurry of from about 0.1 to about 2 weight percent chrysotile asbestos in
      a cell liquor containing 7 to 12 weight percent sodium chloride, and about
      12 to 20 weight percent sodium hydroxide. A pressure differential is
      established across the support means, e.g., from about 5 to about 25
      inches of mercury, whereby to force the slurry through the treated
      asbestos diaphragm and deposit an additional film, layer, coating, or
      lamination of asbestos atop the diaphragm. This further layer of asbestos,
      applied after heating the diaphragm and prior to placing the
      diaphragm-cathode assembly in the cell, need only be a thin layer of
      asbestos, e.g., from about 0.01 to about 0.1 pounds of asbestos per square
      foot, and preferably from about 0.03 to about 0.07 pounds of asbestos per
      square foot.
PAR  Diaphragms prepared as described above are characterized by a very thin gel
      layer imparting self-healing properties to the diaphragm, and by
      significantly reduced swelling in cell service.
PAR  The "gel layer" is described by Kircher, "Electrolysis of Brines in
      Diaphragm Cells," in Sconce, ed., Chlorine, A.C.S. Monograph Series, No.
      54, Reinhold Publishing Company, New York, N.Y. (1962), at page 105, as a
      layer "formed within the asbestos mat which is sensitive to pH and which
      tends to dissolve, precipitate, and reform depending upon flow rate and
      salt content and pH of the flowing liquor." As a rule, in an untreated
      diaphragm the gel layer extends approximately 0.08 to 0.12 inch into the
      diaphragm from the anolyte side. The alkali metal ion treatment and
      heating of the diaphragm according to this invention appears to
      substantially retard the formation of the gel layer. Diaphragms prepared
      according to this invention are characterized by increased physical
      strength so as to withstand the erosiveness of the gas bubble filled
      anolyte stream flowing against it.
PAR  When the diaphragm is contacted with a low pH solution, e.g., anolyte
      liquor, having a pH of about 4.5 and preferably 4.0 or even lower, e.g.,
      3.5 or 2.9 or lower, the silicate of the underlying asbestos reacts to
      form a particularly tough adherent silica that is thereafter substantially
      inert to attack by the anolyte, while the outer asbestos coating provides
      a self-healing film.
PAR  Diaphragms produced as described above are characterized by long life and
      mechanical durability. Such diaphragms have a service life in excess of
      one year and frequently in excess of 18 months or longer. Such diaphragms
      are further characterized by a transverse wet tear strength in excess of
      4.4 pounds per inch, compared to an effectively zero wet tear strength for
      untreated asbestos diaphragms. The following example is illustrative.
DETD
PAC  EXAMPLE
PAR  Two asbestos diaphragms were prepared by drawing chrysotile asbestos from a
      cell liquor slurry, heating to substantial dryness, subsequent heating,
      and treatment with a perfluorinated sulfonic acid resin. A second coat of
      asbestos was then applied to one of the diaphragms, and both were tested
      in laboratory cells.
PAR  A slurry was prepared containing 15 weight percent sodium chloride, 10
      weight percent sodium hydroxide, and 1.5 weight percent Johns-Manville
      Grade chrysotile asbestos (1 part 3T, 2 parts 4T12).
PAR  Chrysotile asbestos was then forced from the slurry onto identical cathodes
      of a pair of laboratory diaphragm cells. Each laboratory electrolytic
      diaphragm cell had a 1000 cubic centimeter capacity catholyte compartment
      fabricated of 10 gauge steel sheet, and an anolyte compartment having a
      1000 cubic centimeter capacity fabricated of chlorinated polyvinyl
      chloride. The anode, measuring 5 inches by 7 inches, was 1/16 inch Grade-1
      titanium mesh coated with platinum and iridium. The cathode was 6 by 6
      mesh to the inch, 3/16 inch, number 13 steel screen. The gap between the
      anode and the cathode in each assembled cell was adjusted to three-eighths
      inch.
PAR  Asbestos mats were applied to the cathodes by applying a pressure
      differential of 25 inches of mercury across the cathode. In this way, an
      asbestos mat of 0.35 pounds per square foot was applied. The asbestos mats
      were partially dried by forcing air through at a pressure differential of
      25 inches of mercury for 25 minutes.
PAR  The partially dried asbestos mats were then soaked in cell liquor and a
      pressure differential of 1 to 2 inches of mercury was applied across the
      mat, forcing cell liquor through the mat. The asbestos mats were then
      removed from the cell liquor and heated to 100.degree.C for 4 hours under
      a pressure differential of 2 inches of mercury. They were then heated to
      180.degree.C for 20 hours under a pressure differential of 2 inches of
      mercury.
PAR  Thereafter, both asbestos mats were treated with a 0.13 weight percent
      solution of DuPont "Nafion" (TM) perfluorocarbon sulfonyl fluoride
      copolymer in ethanol, to provide 8 grams of Nafion (TM) per pound of
      asbestos. The Nafion was heat set by heating the asbestos mats to
      100.degree.C for 2 hours.
PAR  One of the asbestos mats, mounted on a mesh cathode, was then inserted in a
      slurry of 5 grams per liter of Johns-Manville 4T-12 chrysotile asbestos in
      an aqueous solution of 10 weight percent sodium hydroxide and 15 weight
      percent sodium chloride. A pressure differential of 25 inches of mercury
      was applied across the diaphragm and a layer of 0.05 pounds of asbestos
      per square foot was forced onto the diaphragm.
PAR  Thereafter, the two electrolytic cells were assembled, a brine feed of
      approximately 310 grams per liter of sodium chloride fed to the cells, and
      electrolysis commenced. The results shown in Table I were obtained.
TBL                                    Table I                                 
     __________________________________________________________________________
     Comparison of Diaphragms With and Without                                 
     A Second Asbestos Layer                                                   
                      Diaphragm with                                           
                               Diaphragm without                               
                      second layer of                                          
                               second layer of                                 
                      asbestos asbestos                                        
     __________________________________________________________________________
     Anolyte Head (inches of water)                                            
                       29 inches                                               
                                27 inches                                      
     Anode Current Efficiency                                                  
                       96%      92%                                            
     Cathode Current Efficiency                                                
                       94%      88%                                            
     Cell Voltage (volts)                                                      
                       3.40v    3.48v                                          
     Percent H.sub.2 in Cl.sub.2                                               
                       0.05%    0.05%                                          
     Percent O.sub.2 in Cl.sub.2                                               
                       0.51%    2.37%                                          
     __________________________________________________________________________
PAR  Although the present invention has been described with reference to
      specific details of particular embodiments thereof, it is not intended
      thereby to limit the scope of the invention except insofar as specific
      details are recited in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A laminated asbestos diaphragm comprising;
PA1  1. an asbestos mat, which mat has been treated by the process comprising:
PA2  a. drawing an aqueous alkali metal hydroxide solution through said mat to
      provide alkali metal hydroxide within said mat;
PA2  b. rendering the mat substantially free of water; and
PA2  c. thereafter heating the mat in the substantial absence of water to
      between 110.degree. and 280.degree.C. for more than 2 hours;
PA1  2.
NUM  2.
PAR  2. a layer of asbestos on said mat, said layer having been deposited by
      drawing a slurry of asbestos fibers through said previously heated
PAR   asbestos mat thereby depositing asbestos fibers on said asbestos mat.
      2. The diaphragm of claim 1 wherein said first layer contains from about
      0.3 to about 0.4 pounds of asbestos per square foot.
NUM  3.
PAR  3. The diaphragm of claim 1 wherein said second layer contains from about
      0.01 to about 0.10 pounds of asbestos per square foot.
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ABST
PAL  A rack for supporting electrically non-conductive articles during the
      successive chemical or electroless plating and electroplating of such
      articles has its metal frame covered with a plastic resin coating in which
      there is dispersed one or more organosulphur compounds so that plating
      material will not adhere to the rack during the chemical or electroless
      plating of articles supported thereby nor during the subsequent further
      electroplating of such articles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to racks for supporting articles during
      the plating thereof, and more particularly is directed to a coating for
      such racks intended to be used for supporting electrically non-conductive
      articles during the chemical or electroless plating thereof and also, if
      desired, during a subsequent further electroplating of the supported
      articles.
PAR  2. Description of the Prior Art
PAR  When an article of an electrically non-conductive material, for example, a
      plastic resin, glass, porcelain, ceramic or the like, is to be plated,
      such article is supported or suspended from a rack and, while thus
      suspended, is subjected to an electroless or chemical plating process for
      depositing a metal layer on the surface of the article, whereupon, if
      desired, the article may be subjected to a further electroplating process
      for depositing an additional metal layer thereon from an electrolyte. The
      racks used for supporting articles during the electroplating thereof are
      usually formed of metal, such as, copper, stainless steel or the like,
      covered with a resin paint coating, for example, of polyvinyl chloride,
      polyethylene, polyester, polyurethane or the like, so that the plating
      metal will not be deposited on the rack itself during the electroplating
      process. However, if such racks are used for supporting non-conductive
      articles during the chemical or electroless plating thereof, as aforesaid,
      the coated surface of the rack is activated during the activating
      treatment to which the suspended non-conductive articles are subjected as
      a prelude to the chemical or electroless plating process. Therefore, the
      electroless plating process deposits metal on the coated surface of the
      rack as well as on the non-conductive article or articles suspended
      therefrom. If the electroless plating process is followed by an
      electroplating process to further plate the non-conductive articles while
      suspended from the same rack, then the surface of the rack is also
      electroplated.
PAR  It will be apparent that the deposit of plating materials on the rack
      during the electroless plating of non-conductive articles suspended
      therefrom and during the subsequent electroplating of such articles
      constitutes a waste of such plating materials. Further, if the coated rack
      supporting the non-conductive articles during the electroplating thereof
      has had its surface plated with metal during the preceding electroless
      plating process, such metal plating on the rack causes non-uniform current
      distribution which results in deterioration of the electroplating of the
      suspended articles, particularly at concave portions of the latter.
PAR  In view of the foregoing, it has been the practice in plating
      non-conductive articles to manually transfer the latter from the rack
      supporting the same during the initial electroless plating to another
      coated rack whose surface is not plated with metal and from which the
      articles are then suspended during the subsequent electroplating process.
      However, it is obvious that a substantial waste of labor is involved in
      manually transferring the articles from one rack to another intermediate
      the electroless and electroplating processes. Further, the need to
      transfer the articles from one rack to another makes it impossible to
      carry out the entire plating operation by means of a fully automated or
      conveyor system.
PAR  With the foregoing arrangement, the racks used during the electroless
      plating of the non-conductive articles usually have the deposited metal
      removed therefrom by means of nitric acid. However when the deposited
      metal is thus dissolved, gaseous nitrogen oxides, such as, nitrogen
      monoxide and dioxide, are generated and these nitrogen oxides are toxic to
      humans and must be specially treated.
PAR  In order to avoid the foregoing problems, it has been proposed to provide
      racks used for supporting non-conductive articles during the plating
      thereof with a plastic resin coating which contains one or more metal
      oxides, for example, oxides of cadmium, antimony, lead or the like, and/or
      to treat such racks with a liquid or gaseous halide prior to the
      electroless plating process so as to avoid deposition of metal on the rack
      surface during such plating process. However, such metal oxides are
      generally insoluble in organic solvents, so that it is difficult to
      uniformly disperse the metal oxide in the plastic coating material for
      reliably ensuring that metal will not be deposited on the coated surface
      of the rack during the electroless plating of articles suspended
      therefrom. Further, the described gaseous halides are very toxic to humans
      so that the treatment of racks therewith requires the use of expensive
      exhaust and treating devices.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a rack for
      supporting non-conductive articles during the plating of the latter and
      which avoids the above described disadvantages of racks previously used
      for that purpose.
PAR  More specifically, it is an object of this invention to provide a coating
      for a rack, as foresaid, which reliably avoids the deposition of metal or
      plating material on the rack during electroless plating of non-conductive
      articles suspended therefrom and during subsequent electroplating of such
      articles while suspended from the same rack.
PAR  In general, in accordance with this invention, a rack for supporting
      non-conductive articles during the plating thereof is coated with a
      plastic resin material, such as polyvinyl chloride, polyethylene,
      polyester, polyurethane and the like, in which there is uniformly
      dispersed one or more organosulphur compounds. The amount of the
      organosulphur compound included in the coating material is preferably in
      the range between approximately 1.5 to 200 grams per kilogram of the
      plastic resin. If substantially less than 1.5 grams of organosulphur
      compound is used per kilogram of the resin in the coating material, then
      plating material is deposited on the rack during electroless plating of
      articles suspended therefrom. If the amount of organosulphur compound
      exceeds 200 grams per kilogram of resin in the coating material, then the
      resin will not harden satisfactorily when applied to the rack.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view illustrating a rack according to this
      invention for supporting non-conductive articles during the successive
      electroless plating and electroplating of such articles which are shown in
      broken lines; and
PAR  FIG. 2 is an enlarged sectional view taken along the line 2--2 on FIG. 1.
DETD
PAR  Referring to the drawing in detail, it will be seen that the reference
      numeral 10 generally identifies a rack for supporting non-conducting
      articles 11 during the successive electroless plating and electroplating
      of such articles. In accordance with this invention, and as shown
      particularly on FIG. 2, all portions of the rack 10 are fully covered with
      a coating or layer 12 of a plastic resin material having one or more
      organosulphur compounds uniformly dispersed therein.
PAR  The rack 10 itself may be formed of any suitable metal, such as, copper,
      stainless steel or the like, and may be given any desired configuration
      for suspending articles therefrom.
PAR  Among the organosulphur compounds that can be used in the rack coating are
      the following:
PAR  Thiophenol; Trichlorobenzenethiol; Pentachlorobenzenethiol;
      Naphthalenethiol; Anthracenethiol; Xylenethiol; 2-Thiohydantoin;
      1-Acetyl-5,5-dimethyl-2-thiohydantoin; 5,5-Dimethyl-2-thiohydantoin;
      2-Mercaptobenzimidazole; 2-Mercaptobenzthiazole;
      2,4-Dimercapto[1,2,4]-triazolo-[5,4-b][1,3,4]-thiadizole;
      5-Imino-3-mercapto-1,2,4-triazole; 5-Hydroxy-3-mercapto-1,2,4-triazole;
      4-Methyl-5-methylimino-3-mercapto-1,2,4-triazole;
      4-Ethyl-5-ethylimino-3-mercapto-1,2,4-triazole;
      4-Methyl-3,5-dimercapto-1,2,4-triazole;
      4-Ethyl-3,5-dimercapto-1,2,4-triazole; 4-Amino-
      3,5-dimercapto-1,2,4-triazole; 4-Phenyl-3,5-dimercapto-1,2,4-triazole;
      2-Thiobarbituric acid; Dithioammelide; Hydrazinocarbothioamide;
      Hydrazinocarbothiomethylamide; Hydrazinocarbonethioethylamide;
      Hydrazinocarbonethiophenylamide;
      5,6-Dihydro-4-phenyl-2-mercapto-1,3,4-thiadiazine;
      4,6-Diamino-2-mercapto-1,3,5-thiadiazine; Ethylenebisdithiocarbamic acid;
      Ethylenethiuram-monosulfide; Dihydrazinothiuram-monosulfide;
      Dihydrazinothiuram-disulfide; and Dinaphthyl-disulfide.
PAC  SPECIFIC EXAMPLES OF THE INVENTION
PAC  EXAMPLE I
PAR  4-Phenyl-3,5-dimercapto-1,2,4-triazole is intimately mixed into a polyvinyl
      chloride paint in an amount equivalent to 3 grams thereof per kilogram of
      polyvinyl chloride. The resulting mixture is applied to a rack of copper
      alloy so as to fully coat or cover the rack, as by dipping or immersing
      the rack in the coating mixture, whereupon the coated rack is heated to a
      temperature of 140.degree.C for 30 minutes so as to harden the coating
      thereon.
PAR  The resulting coated rack is then employed to support a non-conductive body
      or article of ABS copolymer, that is, a copolymer of styrene-acrylonitrile
      with butadiene-acrylonitrile, during the plating of such article. As a
      preliminary to the chemical or electroless plating of the article
      suspended from the coated rack, such article is subjected to a
      conventional cleaning or grease removing treatment, followed by successive
      etching, sensitizing and activating treatments. The etching treatment is
      accomplished with an etchant consisting of chromic-anhydride and sulfuric
      acid. The sensitizing treatment involves immersing the etched article and
      the rack from which it is suspended in an aqueous solution containing 20
      grams per liter of tin chloride and 22 c.c. per liter of hydrochloric
      acid, and the activating treatment involves immersing the suspended
      article in an aqueous solution containing 0.12 grams per liter of
      palladium chloride and having a pH of 3.0.
PAR  After such preliminary treatments, the rack and the non-conductive article
      suspended therefrom are subjected to a chemical or electroless nickel
      plating process by being immersed in an aqueous nickel plating solution
      containing 20 grams per liter of nickel sulfate, 27 grams per liter of
      sodium hypophosphite and 16 grams per liter of sodium succinate, and which
      is maintained at a temperature of 55.degree.C. and a pH of 5.5. The
      article is maintained in the electroless nickel plating solution for a
      period of time sufficient to provide a desired thickness of nickel plating
      the article. Upon the removal of the rack and the article suspended
      therefrom from the nickel plating solution, it is found that the
      non-conductive article is plated with nickel, but that the rack itself is
      not coated or plated with nickel. Thereafter, the non-conductive article,
      while still suspended from the same rack, is subjected to a conventional
      nickel electroplating process to further nickel plate the non-conductive
      article, and no nickel is deposited on the coated rack during such
      electroplating process.
PAR  The same coated rack is used to support non-conductive articles, as
      aforesaid, during 100 repetitions of the cycle of successive electroless
      and electroplating processes and it is found that no nickel is deposited
      on the coated rack at the conclusion thereof.
PAC  EXAMPLE II
PAR  Dinaphthyl-disulfide is intimately mixed into a polyvinyl chloride paint in
      an amount equivalent to 2 grams thereof per kilogram of polyvinyl
      chloride, and the resulting mixture is applied as a coating to a copper
      alloy rack, as in Example I. A non-conductive article of ABS copolymer is
      then suspended from the coated rack while being subjected to successive
      grease removing, etching, sensitizing and activating treatments followed
      by succesive electroless and plating processes for nickel plating the
      suspended article, all as specified in Example I. It is found that nickel
      is deposited only on the article and not on the coated rack either during
      the chemical or electroless plating process or during the subsequent
      electroplating process. Further, no nickel is deposited on the coated rack
      even when the latter is used to support articles during one hundred
      repetitions of the plating processes.
PAC  EXAMPLE III
PAR  The procedures recited in Examples I and II are repeated, but with a copper
      alloy rack coated with polyvinyl chloride paint containing 50 grams of
      Xylenethiol per kilogram of vinyl chloride. Once again, the thus coated
      rack is not plated with nickel either during the electroless or chemical
      plating of the non-conductive articles suspended therefrom or during the
      subsequent electroplating of the suspended articles, and there is no
      build-up of nickel on the coated rack even when the latter is used for one
      hundred repetitions of the plating operations.
PAC  EXAMPLE IV
PAR  Pentachlorobenzenethiol is intimately mixed into a polyethylene paint in an
      amount equivalent to 10 grams thereof per liter of the polyethylene paint,
      and the resulting mixture is applied as a coating to a copper rack, as in
      Example I. A ceramic article is then suspended from the coated rack while
      being subjected to successive grease removing, etching, sensitizing and
      activating treatments, as specified in Example I. Thereafter, the
      suspended article is immersed in a chemical or electroless aqueous copper
      plating solution which contains 7 grams per liter of cupric sulfate, 2
      grams per liter of nickel chloride, 2 grams per liter of sodium carbonate,
      22 grams per liter of rochelle salt, 25 c.c. per liter of formaldehyde and
      5 grams per liter of sodium hydroxide, and which is maintained at a
      temperature of 25.degree.C. and a pH of 12.7. Upon removal from such
      copper plating solution, it is found that electroless copper plating is
      applied only to the surface of the ceramic article and not at all to the
      coated rack. Subsequently, the ceramic article, while suspended from the
      same rack, is subjected to a conventional copper electroplating process to
      further copper plate the surface of the ceramic article, and no copper is
      deposited on the rack itself during such electroplating process.
PAR  The same coated rack is used to support ceramic articles, as aforesaid,
      during 150 repetitions of the above described cycle of electroless and
      electroplating processes and it is found that no copper is deposited on
      the coated rack at the conclusion thereof.
PAC  Reference Example
PAR  The procedures specified in Example I are repeated but with the coating on
      the rack consisting only of the polyvinyl chloride paint, that is, the
      4-Phenyl-3,5-dimercapto-1,2,4-triazole is omitted from the coating. It is
      found that nickel is deposited on the coated rack, as well as on the
      article of ABS copolymer suspended therefrom, both during the chemical
      electroless plating process and during the subsequent electroplating
      process. Therefore, before each reuse of the rack, the nickel deposited
      thereon has to be removed by means of nitric oxide in order to prevent the
      buildup of the plating metal on the repeatedly used rack. However, as
      previously noted, such removal of plating metal from the rack before each
      reuse represents an additional costly step in the plating process, and
      requires special equipment for treating the noxious or toxic nitrogen
      oxides that result. Further, the removed plating metal represents a costly
      waste thereof.
PAR  It will be apparent that racks coated according to this invention, as in
      Examples I-IV above, can be used to support articles during the successive
      chemical and electroplating processes without the deposit of plating metal
      on the rack itself, and thus can be reused, at least several hundred
      times, without the expense and trouble of removing metal from the rack
      after each plating cycle. Further, since no plating metal is deposited on
      the rack, the waste of plating material is avoided.
PAR  Although specific examples of the invention have been described in detail
      above, it will be understood that the invention is not limited to those
      precise examples which may be modified by one skilled in the art without
      departing from the scope or spirit of the invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rack for supporting electrically non-conductive articles during the
      successive electroless plating and electroplating of such articles, said
      rack comprising a metal frame, and a plastic resin coating on said frame,
      said resin selected from the group consisting of polyvinyl chloride,
      polyethylene, polyester and polyurethane, said plastic resin coating
      having substantially uniformly dispersed therein at least one
      organosulphur compound which is present in said coating in an amount
      between approximately 1.5 and 200 grams of said organosulphur compound per
      kilogram of said resin.
NUM  2.
PAR  2. A rack according to claim 1; in which said organosulphur compound is
      selected from the group consisting of Thiophenol; Trichlorobenzenethiol;
      Pentachlorobenzenethiol; Naphthalenethiol; Anthracenethiol; Xylenethiol;
      2-Thiohydantoin; 1-Acetyl-5,5-dimethyl-2-thiohydantoin;
      5,5-Dimethyl-2-thiohydantoin; 2-Mercaptobenzimidazole;
      2-Mercaptobenzthiazole;
      2,4-Dimercapto-1,2,4-triazolo-[5,4-b][1,3,4]-thiadiazole;
      5-Imino-3-mercapto-1,2,4-triazole; 5-Hydroxy-3-mercapto-1,2,4-triazole;
      4-Methyl-5-methylimino-3-mercapto-1,2,4-triazole;
      4-Ethul-5-ethylimino-3-mercapto-1,2,4-triazole;
      4-Methyl-3,5-dimercapto-1,2,4-triazole;
      4-Ethyl-3,5-dimercapto-1,2,4-triazole;
      4-Amino-3,5-dimercapto-1,2,4-triazole;
      4-Phenyl-3,5-dimercapto-1,2,4-triazole; 2-Thiobarbituric acid;
      Dithioammelide; Hydrazinecarbothioamide; Hydrazinocarbothiomethylamide;
      Hydrazinocarbothioethylamide; Hydrazinocarbothiophenylamide;
      5,6-Dihydro-4-phenyl-2-mercapto-1,3,4-thiadiazine;
      4,6-Diamino-2-mercapto-1,3,5-; thiadiazole Ethylenebisdithiocarbamic acid;
      Ethylenethiurammonosulfide; Dihydrazinothiuram-monosulfide;
      Dihydrazinothiuramdisulfide; and Dinaphthyl-disulfide.
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ABST
PAL  A process and apparatus for decomposing kerogen and recovering oil, high
      BTU gas and energy for the process wherein a crushed oil shale is fed to a
      rotary preheater (300.degree. to 350.degree. F.) hence into a rotary
      retort (850.degree.-1050.degree. F.) where the kerogen is decomposed and
      the oil evaporated, removed and condensed. From the retort the crushed
      shale goes to a hopper where any residual oil is stripped out by super
      heated steam leaving a char on the crushed shale. The stripped shale is
      fed into a furnace wherein the char is burned to provide heat for the
      process. To supplement the char and provide enough BTU's for the process,
      it is necessary to add a small amount of coal to the feed to the process.
      The hot gases from the furnace first pass into contact with the rotary
      retort and hence indirectly heat the oil shale in the retort. The hot
      furnace gases (or a portion thereof) then pass into direct contact with
      the crushed oil shale feed in the preheater.
BSUM
PAC  BACKGROUND OF THE INVENTION, FIELD OF THE INVENTION AND DESCRIPTION OF THE
      PRIOR ART.
PAR  This invention relates to a process for the production of crude shale oil
      suitable for use as a feed stock for refineries producing motor fuel and
      other hydrocarbon products, and particularly it relates to such a process
      wherein crushed oil shale is retorted in conjunction with small quantities
      of coal by the indirect application of heat obtained when the residual
      char is burned. An apparatus for the process is also disclosed.
PAR  It is well known that there is an increasing shortage of crude oil in the
      United States as older oil fields become depleted and new fields are
      difficult to locate and expensive to develop. It is also well known that
      immense reserves of petroleum are found in the shale of several western
      states. Research by the U.S. Bureau of Mines and others have proven that
      the oil produced from retorting this shale is suitable, after minor
      treatment, for refining into normal petroleum products. The techniques for
      mining this shale in an efficient manner with little or no adverse effect
      on the environment have been developed by the Bureau of Mines. Likewise
      techniques for disposal of spent shale in an ecologically sound manner
      have been published.
PAR  However until this time no economic process for retorting the shale has
      been invented, and as a result, no commercial shale oil producing facility
      has ever been constructed and operated in the United States. Several small
      facilities have been operated in foreign countries, especially in areas
      without alternative supplies of petroleum, however, the large labor
      requirement of the processes used made them impractical for the United
      States.
PAR  The largest United States deposit of oil shale is known as the Green River
      deposit and occurs in Colorado, Utah and Wyoming. This shale is a
      magnesium marlstone with a finely laminated structure wherein the organic
      material, called kerogen, and the inorganic material are intimately mixed.
      The shale contains from about 60 weight percent mineral matter to about 92
      weight percent and this distinguishes it from coal which contains only
      minor quantities of minerals. The organic portion is of such a structure
      that it is virtually insoluble in common organic solvents and therefore
      can only be released by distructive distillation. The mineral portion is
      reported to consist largely of dolomite, calcite, feldspars, quartz and
      illite clay. Trona, Nahcolite, and Dawsonite are reported to occur in or
      interbedded with some deposits. The inorganic particles are very small
      with a mean size of about 6 microns. In its natural state the shale is a
      strong, impervious rock consisting of the finely divided inorganic
      particles cemented together with the kerogen as the binder.
PAR  Upon the application of heat the kerogen decomposes into useful products.
      At temperatures on the order of 900.degree.F a disproportionation of
      carbon and hydrogen structures occurs whereby the solid high molecular
      weight kerogen, which has a carbon to hydrogen ratio of about 7.8, is
      converted into a liquid oil with a carbon to hydrogen ratio of about 7.2.
      The yield of this oil is in the range of 60-70 percent of the organic
      matter in the raw shale. An additional 7 to 10 percent is converted into
      light gases and about 20 to 25 percent into a carbon rich residue retained
      on the inorganic material. This residue is called char. The oil thus
      produced normally has an API gravity of about 17 to 20 and a pour point of
      70.degree. to 90.degree.F. At the temperatures of retorting, the oil is
      evaporated out of the shale.
PAR  Prior work attempting to develop economic processes for utilizing oil shale
      has followed several different paths. First is in situ retorting where the
      shale is burned in place and the heat produced decomposes the surrounding
      shale. This has been largely unsuccessful because of the impermeability of
      the shale which prevents movement of gases including both the air required
      for combustion and the product vapors.
PAR  Second is direct combustion retorting where crushed shale is heated by
      combustion occuring in the retort by burning injected fuels and/or the
      residual carbon remaining in the retorted shale. Commonly this is done in
      a vertical vessel where fresh shale is fed continuously or batchwise into
      the top and spent shale is removed from the bottom. Air for combustion is
      forced into the bottom section where combustion occurs. The hot gases pass
      up through the shale causing the kerogen to decompose. The product is
      removed as a vapor out the top and condensed. Equally common are down
      draft designs where the shale is fed upward and combustion occurs at the
      top with product removed at the bottom. These designs have the advantage
      of good heat efficiency but the disadvantage that the product is diluted
      with the combustion gases making recovery especially of light hydrocarbon
      gases difficult. Also since the shale contains large amounts of calcite
      and dolomite which decompose endothermally at 1050.degree.-1100.degree.F,
      temperature control in the combustion zone is very critical and very
      difficult. Also the best American shales tend to cake and fuse under
      extended combustion condition making continuous discharge of spent shale
      difficult if not impossible.
PAR  A third type of retorting process uses hot gas to heat the shale to the
      temperature required for destructive distillation. In some variations,
      flammable gases or liquid fuels are burned either within the retort or
      outside it and the gases produced by the combustion are passed through the
      bed of shale. The shale oil produced is swept out with the gases and
      condensed. This process has the advantage of good temperature control and
      the disadvantages of dilution of the product with the undesirable products
      of combustion, and high fuel requirements.
PAR  Most of the directly heated retorting systems have attractive potentials,
      but although they have been known for many years, they have never been
      commercialized because the design of the necessary equipment of a size to
      be profitable has eluded the designers and engineers.
PAR  Another system of retorting involves the indirect heating of the shale
      using ceramic balls to convey the heat. The spent shale is burned in a
      separate vessel to supply the heat to raise the temperature of the balls
      to such a point that when they are mixed with the shale in a retort, the
      shale is heated to retorting temperatures. The spent shale and the balls
      are then separated and the balls recycled. This process has the advantage
      that the light gases produced during retorting are not diluted with the
      products of combustion. The disadvantages are largely mechanical. Many
      other processes have been reported.
PAR  In order for a shale retorting process to be of commercial importance, it
      should meet all of the following criteria:
PAR  1. It must be mechanically sound. That is it must be possible to design and
      construct at a reasonable cost equipment to carry out the process on a
      very large scale and such equipment must be highly reliable and trouble
      free.
PAR  2. The process must produce a high yield of oil and saleable high BTU gas.
PAR  3. The process must be sufficiently efficient in regard to heat consumption
      that little fuel is required other than the char which results from
      retorting.
PAR  4. The process must use a relatively small amount of water since the oil
      shale occurs in arid areas where little water is available.
PAR  Until now no process has met this combination of requirements.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of this invention to provide a process for the
      producing of useful petroleum type raw materials from the retorting of
      naturally occuring oil shale wherein many of the disadvantages of the
      previously known processes are substantially avoided.
PAR  It is a further object of this invention to provide a process whereby a
      high BTU gas suitable after minor treatment for blending with natural gas
      is produced in conjunction with a crude shale oil suitable for processing
      into normal hydrocarbon products such as motor fuels and heating oils.
PAR  It is another object of this invention to produce shale oil and gas by a
      process where the additional heat requirement is made up from low
      temperature coke produced from the simultaneous retorting of small
      quantities of coal admixed with the shale.
PAR  It is yet another object of this invention to provide a process for
      producing shale oil and gas wherein the heat for retorting is supplied to
      the raw shale in an indirect manner such that the product gas is not
      diluted with the undesirable products of combustion, i.e., CO, CO.sub.2,
      N.sub.2.
PAR  It is also another object of this invention to provide a process for
      producing shale oil and gas employing types of equipment commonly
      available and well tested in commercial processes and which have been
      found to be mechanically sound and of high reliability.
PAR  Further purposes and objects of this invention will appear as the
      specification proceeds.
PAR  The foregoing objects are accomplished by providing a process for producing
      a crude shale oil and a high BTU gas by retorting crushed oil shale
      admixed with a small quantity of crushed coal in an indirectly heated,
      horizontal, rotary calciner equipped with mechanical seals to contain the
      vapors produced and a condensing system to recover the oil vapors. The
      process includes introducing on a continuous basis crushed shale, which
      has been preheated to about 300.degree.F, to the retort where it is
      further heated to 900.degree.F and held at this temperature for about 15
      minutes, from which the shale is continuously discharged into a hopper,
      sized to permit a residence time of about 15 minutes, during which time
      residual vapors are swept out with a small quantity of super heated steam.
      The vapors from the retort and the soaking hopper are passed to a system
      of air cooled condensers where the shale oil and water are condensed and
      thus separated from the gas which is then suitable for compression and
      drying. The oil free shale, containing the char produced during retorting,
      is fed to a furnace where it is burned to produce the heat for retorting
      and preheating the shale. It is necessary to add the coal to provide
      additional heat since the char is insufficient in its shelf to provide all
      the heat required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Particular embodiments of the present invention are illustrated in the
      accompanying drawings wherein:
PAR  FIG. 1 is a simplified block diagram illustrating one embodiment of my
      process in a particularly simplified form;
PAR  FIG. 2 is a diagrammatic view illustrating the process embodied in FIG. 1
      in somewhat more detail.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, one embodiment of my process is illustrated in block
      diagram form. An indirectly fire retort 2 is provided for heating the
      crushed shale to the temperatures required for destructive distillation.
      This retort is a rotary calciner equipped with mechanical seals to prevent
      the product vapors from leaking to the atmosphere. Equipment of similar
      design is used to react gases with solids are elevated temperatures. The
      temperature within the retort is maintained at 850.degree. to
      1050.degree.F, preferably between 900.degree. and 950.degree.F. At
      temperatures below 850.degree.F the decomposition of the kerogen is
      usually incomplete and at temperatures above 1050.degree.F the mineral
      carbonates begin to decompose, a reaction which takes up a large
      quantities of heat and which produces undesirable carbon dioxide which
      could reduce the value of the gas produced. The pressure in the retort is
      only a few inches of water and is the result of the vaporization of the
      organic material. The presence of light gases and water vapor assist in
      sweeping the vapors out of the retort.
PAR  The crushed shale is fed to the retort from a preheater 1, where the shale
      is continuously heated by directly contacting it with the hot gases from
      the heating chamber surrounding the retort. The temperature of these gases
      is moderated by cooling them in a waste heat boiler. The preheater
      consists of a rotary calciner in which the gases and the shale are fed
      concurrently or preferably countercurrently. This calciner is of the same
      general design as that used for the commercial production of lime or
      portland cement except that the low temperatures experienced in shale
      preheating do not require refractory lining of the steel tube. The
      temperature of the shale is controlled by regulating the quantity of gas
      fed. The temperature of the exiting shale must be maintained below the
      temperature of the exiting shale must be maintained below the temperature
      where decomposition begins. This is normally 350.degree.F but may vary
      somewhat with shale from different deposits. If the temperature is allowed
      to exceed this temperature there will be a loss in yield since the gases
      from the preheater 1 are vented to the atmosphere and the organic material
      in the stack gas may exceed allowable limits.
PAR  The shale must be crushed sufficiently fine that the oil vapors can easily
      pass out of the particle. Also heat transfer is improved by using a small
      size. However, finely crushed shale tends to dust badly and can create
      serious separation problems downstream of the retort. Thus a balance must
      be achieved which may vary somewhat with different deposits. Typically,
      shale crushed to 90 percent less than one quarter inch will be
      satisfactory.
PAR  The product vapors and the shale are allowed to flow from the retort 2 into
      a hopper 3 which serves as a vapor solid separator and where the residual
      product vapors are allowed to escape from the shale and in fact are swept
      out by a small quantity of steam, which has been super heated to about
      900.degree.F, and which is introduced near the bottom of the hopper. This
      hopper is sized such that the residence of the shale is sufficient to
      permit substantially all the product vapors to be removed. The retention
      time required will vary somewhat with different grades of shale but will
      typically be about 15 to 20 minutes.
PAR  From the bottom of hopper, the retorted shale containing the char is fed to
      a furnace 6 where it is burned to produce the heat required for retorting.
      The hot gases from the furnace pass first through the heating chamber of
      the retort 2, then through the waste heat boiler 7 and then through the
      preheater 1 and are then vented out a stack after such treatment as is
      necessary to meet air emission standards.
PAR  The product vapors including the shale oil, the light gases and moisture
      pass overhead from the hopper to a condenser system 4 where the liquids
      are recovered and separated from the light gases. The liquids, shale oil
      and water, pass from the condenser to receivers and decanter 5 where the
      water is removed. The shale oil product is ready for storage and shipment.
      The vapors passing overhead of the hopper 3 will contain various amounts
      of solids, these solids being fine particles of shale and these must be
      removed prior to shipment. The quantity of solid can vary from only a
      trace to several percent depending on a number of factors including size
      of crushed shale, design of the retort 2, operating conditions of the
      retort 2, and the design of the soaking hopper 3. A number of devices are
      available for removing these solids and the selection of the best for a
      given retorting plant will depend on the design of the major equipment for
      that plant.
PAR  The furnace should be of such a design that retention of the solids is
      sufficiently short that decomposition of the mineral carbonates does not
      occur to a substantial degree and that clinkers do not form. The furnaces
      used for firing high ash powdered coal such as those of the cyclone design
      should be suitable. Once again, solid carry out is a problem and
      precipitators or other types of equipment for solid removal from the stack
      gas may be necessary to prevent a fly ash pollution problem.
PAR  It must be remembered that natural deposits such as oil shale vary somewhat
      in their physical properties and processes for converting these natural
      materials into useful products must be modified somewhat to match
      properties of the specific deposit to be used. However, for this
      invention, the basic equipment will handle a wide range of shale with only
      the amount of the added coal adjusted to the heat requirement of the
      specific shale to be treated. The richer the shale, the more char per ton
      that will be produced during retorting and the smaller the quantity of
      coal required.
PAR  Typical high quality oil shale has a density of about 140 pounds per cubic
      foot or about 14 cubic feet per ton. This typical shale will yield per ton
      upon retorting about 26.7 gallons of oil with a gravity of 7.75 pounds per
      gallon, about 30 pounds of light gas with a gross heating value of about
      300,000 BTU and 70 pounds of char with a heating value of about 500,000
      BTU. The retorting requires that shale be heated to about 900.degree.F for
      about 15 minutes. The heat required to raise the temperature of the shale
      to 900.degree.F is about 275 BTU per pound or 550,000 BTU per ton.
PAR  It can be seen from the above information that if the heating process were
      100 percent efficient that there would be almost enough heat produced from
      burning the char, 500,000 BTU/ton, to retort the shale which requires
      550,000 BTU/ton. However, these heating processes are relatively
      inefficient and additional heat is required. In this invention the
      additional heat is provided by adding relatively small quantities of coal
      to the raw shale.
PAR  The coal used will probably be a relatively high volatile type such as is
      found in the western states not far from the shale deposits. This coal,
      when heated to 900.degree.F along with the shale undergoes a decomposition
      whereby about 25 percent of the coal is volatilized. The tar oil produced
      by this coking augments the oil from the shale.
PAR  In the preferred embodiment of this invention, the heat efficiency of the
      combined retort and preheater system is about 35 percent. This means that
      the actual heat requirement is about 1,571,000 BTU/ton of shale. Since
      500,000 BTU is available from the char, 1,071,000 must come from the coal.
      A typical low temperature coke has a heating value of 11,700 BTU/pound.
      This means therefore, that 91.5 pounds of such coke must be burned per ton
      of shale. For a coal which is 25 percent volatilized in the retort, about
      125 pounds of coal must be fed per ton of shale fed. The volatiles from
      the coal will increase the oil production by about 3.2 gallons per ton of
      shale. Obviously these quantities may vary somewhat depending on the type
      and quality of coal used.
PAR  Referring to FIG. 2, the process in more detail is as follows: crushed
      shale and crushed coal are fed continuously to a preheater 10 which is a
      horizontal rotary calciner where the mixture of shale and coal is
      contacted directly and countercurrently with hot stack gas thereby warming
      the feed to 300.degree. to 350.degree.F. The preheated feed is discharged
      into a hopper 22 and gas is vented through a stack 23. The preheated feed
      is picked up from the hopper by a conveyor 12 which continuously charges
      the retort 13. The conveyor is of such a design that the product gas from
      the retort cannot escape through the feed system. This can be accomplished
      by using a rotary feeder 24 or other devices commonly used for similar
      purposes.
PAR  The retort 13 consists of an indirectly fired horizontal rotary calciner
      equipped with mechanical seals 21 to retain the product vapors and prevent
      their contamination with gases used as a source of heat. An excellent
      description of indirect heat calciners of this type is found in Perry's
      Chemical Engineer's Handbook, 4th Edition, McGraw-Hill, New York, 1963,
      page 20-28, which is incorportated herein.
PAR  The product vapors and shale are discharged from the retort into a hopper
      16 which serves several functions. It provides a means for separating the
      vapors from the solids, it provides residence time for the residual vapors
      to escape from the solids, and it provides storage of fuel for the
      furnace. A small quantity of steam, superheated to 900.degree.F is
      injected near the bottom of the hopper 16 to assist in sweeping the
      product vapors out of the solids. The quantity of steam required will vary
      somewhat with the geometry of the hopper, but will be in range of about
      0.1 pound of steam per ton of shale to about 10 pounds per ton, preferable
      2 to 4 pounds per ton.
PAR  The vapors from the overhead of the hopper 16 pass first to a high
      temperature condenser 17, preferably using air as the cooling medium,
      where most of the shale oil is condensed. The outlet of this condenser
      must operate at temperatures above 212.degree.F to avoid the condensation
      of water. The oil is collected in a receiver 19 from which it is pumped to
      storage. The gases which are uncondensed pass on to a low temperature
      condenser 18 where the water is condensed along with very small quantities
      of hydrocarbons. The temperature of the outlet of this condenser must be
      lower than 212.degree.F in order to condense the water. The water is
      collected in a receiver 20 where the hydrocarbons are decanted and either
      collected or mixed with the shale oil from the high temperature receiver
      19. Commercially available air cooled condensers generally consist of
      multiple parallel finned tubes mounted nearly horizontal with air forced
      over the tubes by a fan. The uncondensed gas which amounts to about 500
      standard cubic feet per ton of shale is transferred via line 21 to a
      compression and treatment unit which is beyond the scope of this
      invention. However it is important to note that since it was not diluted
      by the combustion gases, there is little or no nitrogen present and minor
      treatment can make this gas suitable for blending with natural gas. The
      steam generated in the waste heat boiler 11 can be used to drive the gas
      compressors.
PAR  The shale from the bottom of the hopper is conveyed using a mechanical
      conveyor 15 or other system of conveying to the furnace 14 where the char
      is burned. In the embodiment shown in FIG. 2, the steam injected into the
      hopper 16 serves as a gas seal preventing the loss of product. However,
      other sealing systems such as the rotary valve 24 used for the feed could
      be employed.
PAR  The spent shale from the furnace 14 is allowed to cool and then is
      discarded.
PAR  The hot gases from the furnace 14 are passed first through the heating
      chamber of the retort 13, thence through the waste heat boiler 11, thence
      through the preheater 10, and lastly out the stack 23. Some hot gas may
      bypass the preheater 10 through the bypass flue 25 by which means the
      preheated shale temperature is controlled.
PAR  While in the foregoing there has been provided a detailed description of a
      specific embodiment of the present invention, it is to be understood that
      all equivalents obvious to those having skill in the art are to be
      included within the scope of the invention as claimed.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A process for producing a crude shale oil and a high BTU gas comprising
PA1  feeding a mixture of a major amount of crushed oil shale and a minor amount
      of coal, sufficient to provide process heat which is needed in excess of
      that supplied by burned char, to a rotary preheater,
PA1  heating said mixture to a temperature less than that at which decomposition
      of kerogen begins, said heating by direct contact of said mixture with a
      flow of hot gases,
PA1  passing said preheated mixture to a rotary retort,
PA1  indirectly heating said mixture to a temperature in the range of
      850.degree. to 1050.degree.F. with said hot gases, said hot gases
      indirectly heating said rotary prior to contacting said mixture in said
      preheater,
PA1  taking off a vaporous overhead comprising shale oil and tar oil and leaving
      a char on said shale,
PA1  passing said retorted mixture to a hopper,
PA1  removing residual shale oil by sweeping said hopper with superheated steam,
PA1  passing said vaporous overhead and stripped shale oil residual to a high
      temperature condenser,
PA1  condensing an oil fraction at a temperature above 212.degree.F from said
      vaporous overhead and said hopper residual shale oil,
PA1  passing the uncondensed gases from said high temperature condenser to a low
      temperature condenser,
PA1  condensing water from said uncondensed gas,
PA1  recovering a high BTU gas,
PA1  passing said mixture from said hopper to a furnace, and burning said char
      and unvolatized coal to produce said hot gases, which pass from said
      furnace, first contacting said rotary retort and then directly contacting
      said mixture in said preheater.
NUM  2.
PAR  2. The process according to claim 1 wherein the temperature of said
      preheater is in the range of 300.degree. to 350.degree.F.
NUM  3.
PAR  3. The process according to claim 2 wherein the temperature of said mixture
      in the rotary retort is in the range of 900.degree. to 950.degree.F.
NUM  4.
PAR  4. The process according to claim 3 wherein the residence time of said
      mixture in said rotary retort is sufficient to decompose substantially all
      of said shale oil.
NUM  5.
PAR  5. The process according to claim 4 wherein the residence time of said
      mixture in said hopper is sufficient to remove substantially all of said
      product vapors.
NUM  6.
PAR  6. The process according to claim 1 wherein 90% of said crushed material is
      less than one-quarter of an inch diameter.
NUM  7.
PAR  7. The process according to claim 1 wherein the super heated steam is
      present in the range of from 0.1 to 10 pounds of steam per ton of oil
      shale.
NUM  8.
PAR  8. The process according to claim 7 wherein the amount of steam is 2 to 4
      pounds per ton of oil shale.
NUM  9.
PAR  9. The process according to claim 1 wherein said mixture in said preheater
      countercurrently contacts said flow of hot gases.
NUM  10.
PAR  10. In a system for the recovery of a crude shale oil and a high BTU from
      oil shale containing kerogen comprising preheating an oil shale feed,
      retorting said oil shale feed to decompose said kerogen wherein the
      improvement comprises,
PA1  providing heat for said system by the countercurrent flow of hot gases
      through said system, said hot gases produced by the combustion of said
      retorted shale and unvolatized coal feed in a furnace,
PA1  feeding a shale oil feed comprising a mixture of a major amount of crushed
      oil shale and a minor amount of coal, sufficient to provide process heat
      which is needed in excess of that supplied by char, to a preheater,
PA1  heating said feed to a temperature of less than that at which decomposition
      of kerogen begins by direct contact of said feed with a flow of said hot
      gases,
PA1  passing said preheated feed to a retort,
PA1  indirectly heating said feed to a temperature in the range of 850.degree.
      to 1050.degree.F with said hot gases, prior to said hot gases contacting
      said feed in said preheater,
PA1  removing a vaporous overhead comprising shale oil and tar oil and leaving a
      char on said shale,
PA1  passing said retorted feed to a hopper,
PA1  removing residual shale oil by sweeping said hopper with superheated steam,
PA1  passing said vaporous overhead and stripped shale oil residue to a first
      condenser and condensing oil,
PA1  passing uncondensd gases from said first condenser to a second condenser
      and condensing water,
PA1  recovering a high BTU gas, and
PA1  passing said retorted and stripped feed from said hopper to said furnace.
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ABST
PAL  A crystalline aluminosilicate zeolite catalyst made by a process comprising
      the steps of exchanging the zeolite, heating it, compositing the resulting
      product with a porous matrix and reexchanging the composite product is
      provided. The invention also provides a method of converting a hydrocarbon
      charge using such catalyst.
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BSUM
PAR  The present invention relates to catalysts and catalyst compositions and to
      their manufacture and use. More specifically, the present invention
      relates to fluid catalysts, methods for making fluid catalysts having
      superior proportion, and processes employing fluid catalysts.
PAR  A wide variety of fluid catalysts are presently available and these
      generally comprise finely divided particles of catalytically active
      material capable of being suspended in a stream of fluidizing medium. It
      has been found that a large number of chemical reactions can be promoted
      or their efficiency improved by contact with a fluidized bed of such
      particles
PAR  A number of properties contribute to the successful use of finely divided
      catalysts in the form of a fluidized bed. Among the more important
      properties are attrition resistance, uniform porosity, easily controlled
      particle size, a satisfactory level of catalytic activity and stable
      catalytic properties.
PAR  Fluid catalysic has been applied to a wide variety of chemical reactions
      involving both inorganic and organic reactants and has been found to be
      especially useful in the petroleum industry where such techniques have
      been employed to accomplish reforming, isomerization, hydroprocessing, and
      cracking or conversion. The catalysts of the present invention have
      general application in fluid catalytic processes and have outstanding
      utility in the conversion of petroleum feed stock.
PAR  Fluid catalytic processes have been developed for use in the conversion of
      hydrocarbons and for conducting other reactions with petroleum derived
      materials, such as reforming, isomerization and hydroprocessing. While
      conventional techniques have been generally satisfactory, research has
      continued for the purpose of improving the fluid catalysts, the methods
      for making fluid catalysts, and the processes by which they are employed.
PAR  It has now been discovered that catalysts exist which have extremely high
      activities, especially for the conversion of hydrocarbons. The order of
      the activities of the new catalysts is actually so high that conventional
      cracking processes and apparatus cannot take full advantage of their high
      activity. It has been found, however, that by certain methods the activity
      of such catalysts may be lowered to a level at which their use in
      conventional cracking systems is satisfactory and, in fact, results in a
      considerable increase in the efficiency of standard processes. In
      addition, new techniques have been developed to take full advantage of the
      higher activities available in such catalysts.
PAR  Accordingly, it is a primary object of this invention to provide new fluid
      catalysts having outstanding activity and having improved physical
      properties.
PAR  Another object of the invention is to provide new highly active fluid
      catalysts comprising crystalline aluminonllicates.
PAR  A further object of the present invention is to provide methods for
      producing superactive fluid catalysts having good attrition resistance and
      controlled particle size and density.
PAR  An additional object of the invention is to provide highly active fluid
      catalysts which are especially useful in hydrocarbon cracking systems and
      which exhibit excellent selectivity, reduced coke-forming tendency and
      good reactor and regenerator stability.
PAR  Another important object of the present invention is to provide methods for
      producing and utilizing the new fluid catalysts of the present invention.
PAR  The manner in which the above objects and many other highly desirable
      objects and advantages are achieved will become apparent in the light of
      the following detailed description of the present invention.
PAR  As earlier mentioned, the catalysts of this invention have such
      extraordinarily high activity that their full utility in conventional
      hydrocarbon conversion processes cannot be realized. When such catalysts
      were subjected to conventional tests to determine their effectivenes for
      hydrocarbon conversion, they initially appeared to be relatively
      worthless. However, it was later discovered that this was due to the
      superactivity of the catalysts. Newly developed testing methods then
      showed that when such catalysts are subjected to additional treatments,
      which would normally reduce the activity of a conventional catalyst, the
      new catalysts actually become highly useful for hydrocarbon conversion.
PAR  The standard catalyst evaluation test widely established and used for the
      evaluation of hydrocarbon cracking catalysts, both for preliminary
      evaluation and for control during commercial use by examination of
      activity, is one known as the CAT-A test. In this test, a specified Light
      East Texas gas oil is cracked by passage over the catalyst in a fixed bed
      at a liquid hourly space velocity (LHSV) of 1.5 using a catalyst/oil ratio
      of 4/1 at an average reactor temperature of 800.degree.F and under
      atmospheric pressure. The per cent of gasoline produced in the Activity
      Index (A.I.). When so tested, the fresh crystalline aluminosillcates
      produce little gasoline and relatively large amounts of fixed gasses and
      coke. As noted, this appeared to condemn them as catalysts for cracking
      hydrocarbons.
PAR  A new test capable of operation upon small quantities of charge and
      catalyst and under a precision of control well beyond the capability of
      the CAT-A test and capable of tracing the course of reaction in successive
      time intervals and at precise temperature levels was therefore developed.
PAR  This test may be considered a micro method. The catalyst under
      investigation is placed in a refractory tube (Vycor, a commercial high
      silica glass is suitable) of about 8 mm outside diameter and is retained
      therein as a compact body by suitable porous plugs, such as of glass wool.
      This reactor tube is mounted in an electrically heated furnace. A suitable
      furnace would be one of about 1-inch internal diameter. With about 3 cc of
      catalytic material, the furnace would be about 6 inches long, and a
      reactor tube of about 12 inches length would be suitable. A thermocouple
      is inserted in the annular space surrounding the reactor, and the ends of
      the furnace are plugged with glass wool.
PAR  It will be recognized that the physical dimensions of this equipment are
      such that very close control of reaction temperature can be had. At either
      end of the reactor tube, a three-way valve is provided. To introduce
      reactant, an inert gas such as helium is bubbled through a body of liquid
      reactant to carry reactant into the reactor. The three-way inlet valve
      permits flushing before and after reaction, if desired, and also permits
      the introduction of the regenerative gases, if desired, after a reaction
      is investigated. The three-way valve on the outlet permits passing all of
      the effluent to a collection zone or permits diverting the effluent during
      a specified time interval, or at a specified temperature to sampling and
      analysis.
PAR  Chromatographic analysis of such samples permits a very rapid and close
      check upon the results of conversion with respect to many variables. The
      amounts of reactant carried in with the inert gas is controlled by the
      partial pressure of the reactant at the temperature of the reactant supply
      vessel and by the flow rate of the gaseous carrier and arrangement may be
      made to control the temperature of the reactant supply.
PAR  In the investigation of the highly active crystalline aluminosilicate
      materials by the previously described method, hexane was selected as the
      reactant and helium gas, introduced at 20 cc per minute, as the inort
      carrier gas. The helium and hexane were maintained at room temperature and
      atmospheric pressure.
PAR  When examined according to the foregoing method, the crystalline
      aluminosilicates were found to have very surprising levels of activity
      which were far beyond any previously thought possible.
PAR  For example, when a specific rare earth exchanged synthetic crystalline
      aluminosillicate having the crystalline structure of faujasite was tested
      with hexane in this manner at an LHSV of 0.5 and at a partial pressure in
      the vicinity of about 150 mm at a temperature of 240.degree.C
      (465.degree.F) for a period of ten minutes, about 20% of the hexane was
      converted. In contrast, over an amorphous silica-alumina catalyst of
      conventional type and having an A.I. of about 46, according to the CAT-A
      test, substantially no conversion of hexane can be detected until
      temperatures on the order of 500.degree.C (930.degree.F) are reached. An
      examination of the reaction rate and of the temperature relations involved
      leads to the conclusion that the reaction velocity constant over the
      crystalline aluminosilicate is on the order of up to 10,000 to 15,000
      times as great as that over conventional amorphous silica-alumina gel
      catalysts.
PAR  Examination of a fairly wide spectrum of crystalline aluminosilicate
      materials has led to the conclusion that the noted activity capability in
      actual and not imagined. Many crystalline aluminosilicate materials were
      tested and were found to have comparable high activities. Further, the
      test results have been found to be reproducible. Similar tests conducted
      with decane confirm the results, and these results correlate with other
      catalytic capabilities of the substances and are capable of correlation
      with general knowledge of catalytic processing.
PAR  The materials, which display the previously described superactivity, all
      partake of the general nature of crystalline aluminosilicate materials of
      both natural and synthetic origin.
PAR  Generally, the crystalline aluminosilicate materials with which this
      invention is concerned have the following general formula:
EQU  M.sub.2/n O . Al.sub.2 O.sub.3 . YSiO.sub.2 . ZH.sub.2 O .
PAL  in the salt form, wherein n is the valence of the metal cation M, Y is the
      number of moles of silica, and ZH.sub.2 O is the water of hydration.
PAR  Crystalline aluminosilicates of the above structure, sometimes referred to
      as crystalline zoolitos or molecular sieves, may be activated by removal
      of the water of hydration and when so activated, they possess sites
      capable of promoting catalytic conversions. Upon dehydration, the
      aluminosilicates are found to be highly porous and possess numerous
      surface cavities and internal pores connecting the cavities. These pores
      are of substantially constant diameter, generally in the range of from 3
      to 13 Angstroms, the exact size depending upon the composition and
      structure of the specific aluminosilicate.
PAR  In order to modify the properties of such materials, the original cations
      of the aluminosilicates, usually sodium, potassium, and/or calcium, may
      also be changed by processes of ion-exchange. Ion-exchange of the original
      ions has been found to have an especially beneficial effect on the
      catalytic cracking properties of the crystalline aluminosilicates.
PAR  Suitable crystalline aluminosilicates for use in the production of the
      fluid catalysts of the present invention include both natural and
      synthetic crystalline aluminosilicates or zeolites.
PAR  A fairly wide variety of natural crystalline zeolites exist and, among
      these, faujasite has been found to be an especially useful material for
      the preparation of the catalysts of this invention. Other satisfactory
      natural crystalline zeolites include, for example, analcite, paulingite,
      clinoptilolite, ferrierite, chabazite, gmelinite, levynite, erionite, and
      mordenite.
PAR  Among the most suitable synthetic crystalline aluminosilicates are the
      synthetic faujasites, including both X and Y types which have a crystal
      structure corresponding to that of natural faujasite. The preparation of
      such X aluminosilicates is described in U.S. Pat. No. 2,882,244 Milton
      issued Apr. 14, 1959. The preparation of the Y type is described in
      Belgian Pat. No. 577,642.
PAR  Another important synthetic crystalline zeolite not having a corresponding
      natural form is Zeolite A. The preparation of this crystalline
      aluminosilicate is described in U.S. Pat. No. 2,882,243 Milton and U.S.
      Pat. No. 2,982,612 Barrer et al.
PAR  Other suitable synthetic crystalline zeolites useful in the present
      invention include, for example: Y zeolite, B zeolite, D zeolite, E
      zeolite, F zeolite, G zeolite, H zeolite, K-G zeolite, J zeolite, L
      zeolite, M zeolite, K-M zeolite, Q zeolite, R zeolite, S zeolite, T
      zeolite, U zeolite, W zeolite, Z zeolite, and others.
PAR  Since the natural crystalline aluminosilicates are not all available in
      abundance, the synthetic zeolites are more often employed as starting
      materials for the preparation of catalysts in accordance with the present
      invention.
PAR  For example, highly useful crystalline aluminosilicate catalysts may be
      prepared by subjecting sodium X molecular sieve to ion exchange with a
      solution of rare earth chlorides until the sodium content is reduced to
      about 1.0 - 1.5% by weight of sodium and until about 25% by weight of rare
      earth ions calculated as RE.sub.2 O.sub.3 is introduced.
PAR  The various forms of synthetic crystalline aluminosilicate are also
      sometimes identified by numerical prefixes, as for example 4A-, 5A- and
      13x-zeolite. The 4A and 5A materials are zeolites of crystalline structure
      A and have a pore size of about 4A and 5A diameter respectively. A 13X
      material is one having an X crystalline structure and a pore size of about
      10A diameter.
PAR  The aluminosilicate materials may also be converted to the H or acid form
      in which hydrogen ions occupy the cation sites. For example, such a
      conversion may be had by ion-exchange with an ammonium ion followed by
      heating to drive off NH.sub.3 or by controlled acid leaching with a
      hydrochloric acid solution or like reagent. In general, the H form is more
      stable in materials having SiO.sub.2 /Al.sub.2 O.sub.3 of 3.5 or higher.
      Useful catalysts are also produced by a combination of ion-exchange
      treatments. For example, the crystalline aluminosilicates may be converted
      to the H or acid form by acid leaching and then may be ion-exchanged with
      a solution of rare earth salts to produce catalysts such as rare
      earth-hydrogen exchanged mordenite, rare earth - hydrogen exchanged
      synthetic faujasite of X or Y type and many other useful ion-exchanged
      catalysts. It will also be apparent that more than one type of metal
      cation may be used to ion-exchange the crystalline aluminosilicates and
      that the sequence of ion-exchange treatments may be varied. For example,
      acid leaching to substitute hydrogen ions may precede or follow
      ion-exchange treatment to substitute metal cations.
PAR  For the purpose of comparing the present superactive catalysts with
      conventional catalysts, a scale has been developed which is based on the
      conversion activity of a conventional amorphous silica-alumina (10%
      alumina) gel cracking catalyst having an A.I. measured by the CAT-A test
      of approximately 46. This conventional cracking catalyst is assigned a
      relative conversion activity, .alpha., equal to unity. Many of the
      superactive aluminosillicates of the present invention have been found to
      have an .alpha. value on the order of about 2,000 and above.
PAR  As previously noted, once the availability of an entire class of catalysts
      having extraordinarily high activity was discovered, attention was then
      directed towards methods for controlling the activity of such material so
      that they might be employed in presently available catalytic systems which
      represent such a tremendous financial commitment on the part of the
      petroleum industry and other chemical industries.
PAR  Although it is fully anticipated that new processes and systems will
      rapidly come into use which will take advantage of the high activities of
      the crystalline aluminosilicate catalysts, the initial emphasis has been
      placed on adapting them to conventional technology.
PAR  This line of investigation has led to the discovery that the extremely high
      activities of the crystalline aluminosillicate may be modified by
      compositing the crystalline aluminosilicate component with a less active
      or inert material, by steaming, by exchanging the original metal cations,
      usually sodium, potassium and calcium, with other metal cations or
      hydrogen ions, and by calcining.
PAR  A preferred method for reducing the activity of the aluminosilicate
      catalysts is by compositing the aluminosilicate with a matrix material
      which is relatively inactive. The term "relatively inactive " is here used
      to define materials which have catalytic properties in the conventional
      range of .alpha. .congruent. 1 or materials which are less active. Thus,
      for example, a rare earth aluminosilicate having an activity on the order
      of .alpha. .congruent. 2,000 or higher may be reduced to an activity level
      useful in current cracking technology by incorporating about 3 - 15% of
      such aluminosilicate in a matrix of amorphous silica-alumina gel having an
      activity on the .alpha. scale of unity and then steam treating.
PAR  Obviously, by this method of preparation, a diluent matrix material of
      various levels of activity may be used and any amount of the highly active
      material may also be employed to give the desired level of activity in the
      final catalyst. Among suitable matrix materials that may be incorporated
      into such composite catalysts are inorganic oxide gels, such as those of
      silica, zirconia, alumina, magnesia and combinations thereof with one
      another, clays, alumina, metals and refractory materials.
PAR  As a variant on the above method of compositing to reduce the activity of
      crystalline aluminosilicate catalysts, the active crystalline
      aluminosilicate component, in finely divided form, may be mixed
      mechanically with finely divided particles of less activity, such as sand
      and other silicas and sllicaceous materials other than sand, metal oxides,
      clays or other relatively inactive components. Since the frequency of
      contact between reactants and catalyst in a fluidized bed is a statistical
      matter, the incidence of contact between the highly active aluminosilicate
      particles and the reactants may be controlled on average by the addition
      and mixing of the desired proportion of relatively inactive particles into
      the same fluidized bed with the crystalline aluminosilicate catalyst
      particles.
PAR  It has also been found that the activity of the crystalline aluminosilicate
      catalysts under consideration may be reduced by a process of steam
      treating and that controlled steaming can be utilized to produce catalysts
      having any desired degree of activity. The degree of steaming of a
      specified catalyst to achieve a desired activity level is largely
      dependent upon the nature of the catalytic material.
PAR  For example, the crystalline aluminosilicate catalyst may be treated in an
      atmosphere containing from about 5 to 100% steam, at temperatures of from
      about 500.degree. to 1600.degree.F and under pressures ranging from
      sub-atmospheric to several hundred atmospheres, until the desired
      modification of the properties of the catalyst is achieved.
PAR  Cations which may suitably be used to replace the original cations of a
      crystalline zeolite by ion-exchange procedures to modify their catalytic
      properties may include the following, by way of example: Ba, Ca, Ce, Li,
      Mg, Ag, Sr, Zn, La, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu,
      Mn, Be, Ti, Zr, Hf, V, Cr, Fe, Co, Ni, Cu, Cd, Al, Sn, Pb. For example, a
      relatively small amount of polyvalent metal cations markedly improves the
      structural stability of the crystalline aluminosilicate into which it has
      been introduced, particularly with regard to the thermal and steam
      stability of the material.
PAR  As an example of activity control by ion-exchange, a crystalline
      aluminosilicate of the 13X type may be base exchanged with a mixture of
      rare earth chlorides as above-described to produce a rare earth
      aluminosilicate having about 20 -25% rare earth ion content calculated as
      RE.sub.2 O.sub.3. This material, when freshly prepared, has a very high
      relative activity, but by controlled steaming, for example, by treating in
      an atmosphere of steam for 5 to 40 hours at 1300.degree.F, the relative
      activity of this material can be reduced to more useful levels.
PAR  The natural and synthetic crystalline aluminosilicates comprise a network
      of SiO.sub.4 and AlO.sub.4 tetrahedra which are cross-linked by the
      sharing of oxygen atoms. The electrovalence of the tetrahedra is balanced
      by inclusion in the crystal of a cation, ordinarily a metal ion such a Na,
      K or Ca.
PAR  The original metal ion may be partially or fully replaced with other metal
      cations by various ion-exchange techniques. Alternatively, the original
      cations may first be converted or partially converted to the acid form and
      then exchanged with other metal cations. The relative concentrations of
      the reagents and of the material being treated, the size of the particles
      and the conditions of reaction may all be varied to obtain desired degrees
      of replacement or ion-exchange.
PAR  Thus, the nature and extent of exchange of a particular metal cation into
      the aluminosilicate complex also influences the relative conversion
      activity of the catalyst. Divalent cations, such as calcium ions, are
      known to confer specific properties when incorporated by ion exchange.
PAR  It has also been found to be possible to modify the properties of
      crystalline aluminosilicates by calsining. i.e., by heating at high
      temperatures but below the sintering temperature of the specific
      aluminosilicate, for varying periods of time.
PAR  It is also possible to produce crystalline aluminosilicates of suitably
      reduced activity by a combination of the foregoing methods. For example, a
      sodium Y aluminosilicate material may be base exchanged with a mixture of
      calcium and hydrogen ions to produce a calcium-hydrogen Y zeolite having
      relatively high .alpha. value. Then the activity of this material may be
      reduced by matrix dilution or compositing, as described above, to produce
      a final catalytic material having a relative conversion activity of about
      twice that of the original Na Y and suitable for use in existing cracking
      processes.
PAR  Having described in some detail the nature of the crystalline
      aluminosilicate catalysts used in the present invention and the various
      techniques by which their activities may be modified and brought to levels
      suited for use in conventional catalytic conversion systems, there will
      now be disclosed various methods which have been discovered for the
      preparation of such catalysts for use in fluid catalytic processes.
PAR  By fluid catalytic processes, reference is made to methods in which a
      chemical or physical process is initiated or its efficiency is enhanced by
      contact with finely divided catalyst particles suspended in a fluidizing
      medium. Taking the process of hydrocarbon conversion as an example,
      hydrocarbon feed material is cracked to hydrocarbon products of lower
      average molecular weight by suspending particles of catalytic material in
      a stream of hydrocarbon vapors under conversion conditions of temperature
      and pressure.
PAR  It is essential, therefore, that the particle size of fluid catalytic
      material be such that the particles can be suspended in the fluidizing
      medium. While the exact size of the particles will vary depending on the
      conditions of the reactor and the nature of the charge undergoing
      conversion, particles having a size of from about 20 to 200 microns are
      generally satisfactory for suspension in fluidized beds.
PAR  Since particles of different size will be affected differently by the same
      stream of fluidizing agent, it is highly desirable that the fluid catalyst
      particles be of relatively constant particle size. Otherwise, the finer
      particles will be too easily fluidized and will rapidly separate from the
      larger particles which will tend to collect in a dense phase. Thus, it is
      very desirable that the catalysts be formed by a method which permits
      close control of particle size and density.
PAR  By the same token, resistance to attrition or disintegration is also an
      important characteristic of fluid catalyst particles. If the particles
      have the tendency to break down easily during fluidization and transport
      throughout the particular system, a large amount of fines will be formed
      which will have to be removed from the system and which will require
      constant replacement. The necessity for maintaining a large catalyst
      inventory to replace particles lost through attrition sharply reduces the
      economy of processes utilizing such catalysts.
PAR  Without delving too deeply into the theory underlying the catalytic
      activity of crystalline aluminosilicates, it is generally accepted that
      their activity is related to the crystalline structure of the particular
      material. Accordingly, it is highly desirable that any process utilized
      for the formation of fluid catalysts comprising such materials should
      preserve the ordered or crystalline structure of the material so that its
      activity will not be impaired.
PAR  It is also desirable to have the capability for producing fluid catalyst
      particles of controlled size and density so that the characteristics of
      fluidized beds of such particles will be as uniform as possible.
PAR  Other valuable properties of fluid catalysts, especially of fluid catalysts
      to be used in hydrocarbon cracking systems, are good thermal and steam
      stability under regeneration conditions, good conversion activity,
      stability in the reactor, and high product selectivity.
PAR  The preferred method for producing fluid catalysts according to the present
      invention comprises compositing a superactive crystalline aluminosilicate
      component with a relatively inactive matrix component. Several
      satisfactory methods for making composite fluid catalysts have been
      developed and such methods generally comprise incorporating finely divided
      particles of aluminosilicate into a matrix component which preferably is
      an inorganic oxide gel, such as a silica-alumina gel.
PAR  One preferred method for producing highly active fluid catalysts comprising
      crystalline aluminosilicate components comprises the following general
      steps:
PAR  a. Preparation of the Aluminosilicate Component
PAR  A suitable crystalline aluminosilicate is selected for incorporation into
      the matrix component. While for the preparation of some catalysts, the
      crystalline aluminosilicate may be employed in an unmodified condition, it
      is ordinarily treated to modify its properties, especially where the final
      catalyst is to be used for hydrocarbon conversion.
PAR  A preferred starting material for the production of the present catalysts
      in a synthetic faujasite of the X type. This catalyst may be ion-exchanged
      by contact with a solution of rare earth chlorides to remove at least
      about 75% of the sodium ion content of the original sieve.
PAR  The catalytic properties of the material may be further modified by steam
      treating at this point.
PAR  It has also been found that the crystallinity retention of catalysts
      produced in accordance with this invention may be improved by
      pre-calcination of the crystalline aluminosilicate. For example, where the
      crystalline aluminosilicate is to be dispersed in a relatively inactive
      matrix material such as silica-alumina gel, it has been found possible to
      preserve the crystallinity of the aluminosilicate, such as rare earth
      exchanged synthetic faujasite by calcining it to drive off water, thus
      forming a more stable structure and minimizing loss in crystallinity
      during subsequent rapid drying as in spray drying, wet processing,
      steaming and aging. The calcining may be accomplished by heating the
      crystalline aluminosilicate sieve after ion exchange to a temperature
      below the sintering temperature of the sieve and generally in the range of
      from 500.degree. to 1600.degree.F.
PAR  The pre-calcination of the crystalline aluminosilicate may also be
      accomplished by high temperature spray drying of the aluminosilicate
      particles after formation. For example, wet, rare earth ion-exchanged
      particles of synthetic faujasite may be pre-calcined by being spray dried
      into a current of air having an inlet temperature of 1000.degree.F and an
      outlet temperature of 475.degree.F. Other pre-calcination techniques
      include calcining the crystalline aluminosilicate for periods of about 3
      hours at 1100.degree.F in air or in an atmosphere of steam at 15 psig.
PAR  Particles of the resulting rare earth exchanged crystalline aluminosilicate
      having a weight mean particle diameter of up to about 40 .mu. may then be
      slurried in water preparatory to formation of the composite catalyst.
PAR  b. Preparation of the Matrix Gel-Forming Solutions
PAR  In general, gels may be prepared by neutralizing solutions of salts of
      gel-forming oxides. In a preferred embodiment of this invention, a matrix
      of a silica-alumina gel is employed. This is ordinarily prepared by
      neutralizing a solution of sodium silicate with an acid solution. The acid
      solution may also contain a salt, such as aluminum sulfate, which provides
      the alumina content of the gel. Therefore, as a preliminary to formation
      of the gel, gel-forming solutions are first prepared. The gel-forming
      solutions for use in the production of a silica-alumina gel generally
      comprise an aqueous solution of sodium silicate and an aqueous solution
      containing an acid and aluminum sulfate.
PAR  The matrix may also be prepared by other methods disclosed in the patent
      literature, as for example, by those methods described in U.S. Pat. Nos.
      2,701,793; 2,859,184; 2,941,961; 3,003,951 and 3,023,172.
PAR  The matrix material may also be treated so as to make it more susceptible
      to deactivation by steam. This may be done by forming a matrix having a
      high silica-to-alumina ratio since such materials are more readily
      deactivated by steam. The susceptibility to deactivation by steam
      treatment of the matrix may also be increased by leaving a relatively
      large amount of sodium in the silica-alumina gel.
PAR  The activity of the matrix may also be reduced prior to combination with
      the highly active aluminosilicate component by incorporating catalytically
      inert fines into the matrix.
PAR  Rather than having to steam temper the product to reduce the activity of
      the matrix, as in the method described above, it may be preferable to use
      a matrix of low activity making steaming unnecessary. Suitable matrix
      materials having very low activities include clays, aluminas, hydrated
      metal oxides, silica gel, alumina gel, thoria gel, alkaline earth oxide -
      silica gels, cerium or rare earth gels or precipitates, zirconia gel,
      hafnia gel, tin oxide gel, titania gel, etc.
PAR  c. Introduction of Crystalline Aluminosilicate Component Into Gel-forming
      Solutions
PAR  According to the present method of catalyst production, it is generally
      preferable to introduce the crystalline aluminosilicate component by
      adding a slurry of aluminosilicate particles to the gel-forming solutions.
      Usually the addition is made to the sodium silicate solution with
      continuous agitation to maintain the particles in a thoroughly dispersed
      condition.
PAR  The addition of superactive crystalline aluminosilicate particles may also
      be made to the acid solution or to the silicate and acid solutions after
      they have been mixed, but before the gel has formed.
PAR  According to the preferred method, it has been found highly desirable to
      add fines to the hydrogel-forming solutions. Recyclo fines recovered from
      a spray drying unit or from the catalytic reactor itself are suitable for
      this purpose. These fines are preferably ground to a weight mean particle
      diameter of from 2 to 7 microns and may be slurried in water with the
      crystalline aluminosilicate particles prior to combination with the
      gel-forming solutions. The addition of the recycle fines in this manner
      has been found to improve the hardness and increase the density of the
      fluid catalyst particles formed by spray drying. In addition, it
      represents a definite economy in the over-all production of the catalyst
      by eliminating waste in the form of fines which may be produced at any
      step of the method, whether during grinding, spray drying or some other
      processing operation.
PAR  The fines added to the aluminosilicate and matrix gel may be of a size up
      to about 40 microns weight mean particle diameter. Special advantage may
      be gained also by the addition of fines below about 7 microns and
      preferably in the size range of from 0.3 to 3.0 microns.
PAR  For improved attrition resistance and higher diffusivity of the product,
      other fine solids may also be incorporated in the matrix, such as dried
      silica-alumina, other oxide gels, clays, metal salts, such as barytes,
      etc. The added fines and active components together will generally
      comprise roughly between 5 and 50% by volume and preferably between 15 and
      30% by volume of the final product.
PAR  The inclusion of fines, while desirable in many instances, is not essential
      in all cases. Catalysts of the type in question have been produced without
      the addition of recycle fines with excellent results.
PAR  it has also been found that good results may be obtained by utilizing a
      matrix hydrogel, for example, a silica-alumina hydrogel, which has a pH
      adjusted to the range of from about 6 to 11 and preferably in the range of
      from about 7.0 to 10.0. The pH may be adjusted by adding alkalis, such as
      sodium hydroxide, ammonium hydroxide, calcium oxide or calcium hydroxide,
      magnesium oxide or magnesium hydroxide, etc., if the matrix is too acid.
      If the matrix hydrogel is too alkaline, acids or acid salts such as
      ammonium chloride can be used. The hydrated matrix may be washed
      substantially free of soluble salts and its sodium content should be less
      than 0.5% sodium (on a dry solids basis) and preferably less than 0.2%
      sodium.
PAR  The use of a high pH in the hydrogel matrix prior to spray drying has been
      found to open up the structure of the matrix and to improve the physical
      properties of the catalyst.
PAR  d. Bead Formation
PAR  The slurry of aluminosilicate particles and fines, if fines are used, is
      then dispersed in the matrix gel-forming solutions which are mixed and are
      set to a hydrogel having the aluminosilicate particles dispersed within.
      The hydrogel formation may be carried out by forming the mixed gel-forming
      solutions and dispersed aluminosilicate particles into droplets and
      permitting the droplets to descend through a setting medium, such as an
      oil column. The acidity of the hydrogel is controlled to influence the
      properties of the product gel and to provide a set time so that the
      setting is completed during the progress of the droplets through the
      setting column.
PAR  After washing or scrubbing, the beads obtained in this manner may be
      subjected to further treatment, such as an additional ion-exchange
      treatment with rare earth chloride or ammonium solutions.
PAR  It has also been found desirable in some instances to reduce the density of
      the beads by including a heat-treating step either concurrently with or
      prior to the scrubbing. For example, the heat treating may be effected by
      maintaining the hydrogel beads in sluice water for 4 hours at a
      temperature of about 100.degree.F to reduce the density of the product.
      Heat treating may also be carried out for varying periods of time at
      elevated temperatures.
PAR  e. Formation of Fluid Catalyst Particles
PAR  According to the preferred method, the beads are then beaten into water to
      form a paste or slurry in which particles of the composite are finely
      divided and thoroughly dispersed. This aqueous slurry is then preferably
      sprayed to form microspheres of the catalyst suitable for use in fluid
      catalytic operations.
PAR  The spraying of the catalyst forming slurries or solutions may be
      accomplished in a number of ways, such as by spray forming the droplets in
      air or by passing the sprayed droplets in concurrent flow, counter-current
      flow, semi-countercurrent flow or cycloflow with respect to a stream of
      drying gas.
PAR  Spray forming may be accomplished with or without drying. In either case,
      the spraying serves to form small spherical-shaped particles of the
      catalyst. Where substantial moisture is to be removed, spraying is usually
      done into a stream of heated drying gas.
PAR  In spray drying by a semi-countercurrent procedure, the droplets are
      sprayed up into a chamber containing drying gas where the droplets are
      partially dried and then are permitted to cascade downwardly
      countercurrent to a rising stream of drying gas.
PAR  The drying fluid in the spray drying system may be superheated steam which
      tends to preserve the catalytic characteristics of the aluminosilicate.
PAR  f. Post-Forming Procedures
PAR  After the fluid catalyst particles have been produced by spray forming,
      spray drying, or the like, it may be desirable to subject the particles to
      certain additional treatments. According to one preferred procedure, the
      composite catalyst particles may be steam treated. For example, if the
      composite particles comprise about 5% by weight of rare earth exchanged
      synthetic faujasite of the X type and 95% by weight of a silica-alumina
      gel matrix, the composite may be steam treated for 24 hours, at
      1200.degree.F in 15 psi steam. Alternatively, steaming may be conducted
      for 16 hours at 1300.degree.F in steam at atmospheric pressure to achieve
      the desired modification in the catalytic properties of the product.
PAR  In addition to ion-exchange and steam treatments, the composite catalyst
      may also be subjected to other chemical treatments after formation to
      deactivate, improve selectivity or otherwise modify the catalytic
      properties of the material. For example, the composite catalyst may be
      treated with a calcium acetate-acetic acid solution or with a calcium
      hydroxide solution to modify its properties.
DETD
PAR  The previously described method may be better understood in the light of
      the following detailed examples, illustrating this method.
PAC  EXAMPLE I
PAR  A slurry was prepared by adding 2.61% by weight of rare earth exchanged
      synthetic faujasite particles of the X type in which 90% of the original
      sodium ions were replaced by rare earth ions. The particles were of from 2
      to 7 microns in diameter. To this slurry was added 17.39% by weight of
      recycled composite catalyst fines, ground to a particle diameter of 2 to 7
      microns. The fresh crystalline aluminosilicate particles were added to and
      thoroughly dispersed in 80% by weight of water.
PAR  A solution was then prepared by dissolving 54.65% by weight of sodium
      silicate and 2.47% by weight of a sodium hydroxide in 42.88% by weight of
      water. A second solution was prepared by dissolving 3.29% by weight of
      H.sub.2 SO.sub.4 (100%) and 5.80% by weight of Al.sub.2 (SO.sub.4).sub.3
      in 90.91% by weight of water.
PAR  The slurry of active particles including fresh aluminosilicate and recycled
      composite catalyst fines was then dispersed into the solutions in the
      following relative solution volumes 0.229 slurry, 0.853 sodium silicate
      solution, 1.000 acid-alum solution.
PAR  Droplets of the combination slurry and solutions were then passed through
      an oil setting column at a temperature of about 68.degree.F. The gel time
      of the sol was 4.6 seconds.
PAR  The temperature at which the above solutions were formed ranged from
      50.degree.-55.degree.F. and the resulting pH of the hydrogel was adjusted
      to from about 7.9 to 8.0.
PAR  The beads were then withdrawn from the oil column and were treated with a
      solution of 1.2% (NH.sub.4).sub.2 SO.sub.4 for a period of about 2 hours
      at ambient temperature to remove oil from the surface of the beads.
PAR  The beads were then subjected to an ion exchange step by being contacted
      with an aqueous solution of 3.9% (NH.sub.4).sub.2 SO.sub.4 for a period of
      about 4 hours at ambient temperature. This base exchange cycle was
      repeated five times with the beads being subjected to the steady flow of
      the treating solution for 75% of each 4-hour cycle.
PAR  The beads were then washed with water for cycles of 4 hours duration and
      each cycle was repeated 5 times.
PAR  The beads were next ground into a paste with water to a solids content of
      from 6 to 10% by weight and were then spray dried in conventional spray
      drying equipment. The inlet temperature of the air in the spray drier was
      from 800.degree. to 1000.degree.F., and the outlet temperature in the air
      was from 350.degree. to 400.degree.F. The product of the spray drying was
      in the form of microspheres having a moisture content in the range of from
      10 to 15% by weight.
PAR  The microspheres were next steam tempered by exposure to 100% atmosphere of
      steam at a temperature of 1300.degree.F for a period of 16 hours.
PAC  EXAMPLE 2
PA1  Solutions and slurries were prepared in the following manner:
PA1  1. 19.25 lbs. of sodium silicate (N brand -- 28.9 wt. % SiO.sub.2) were
      dissolved in 9.70 lbs. of water and 1.73 lbs. of clay (87% solids) were
      then dispersed in this solution,
PA1  2. 1.01 lbs. of sodium aluminosilicate of the Y type (47.5% solids were
      slurried in 8.95 lbs. of water, and this slurry was then thoroughly
      dispersed in solution (1), forming a solution having a Sp. Gr. of 1.203 at
      80.degree.F., and
PA1  3. 1.98 lbs. of sulfuric acid (97%) and 4.23 lbs. of aluminum sulfate
      (Al.sub.2 (SO.sub.4).sub.3 . 18 H.sub.2 O) were dissolved in 57.10 lbs. of
      water.
PAR  The solutions and slurries prepared as described above, were then mixed
      together continuously through a mixing nozzle with 428 cc/min of the
      silicate solution containing dispersed Y aluminosilicate at 65.degree.F
      being added to 436 cc/min. of the acid-alum solution at 41.degree.F. This
      mixture formed a hydrosol having a pH of 8.5 and a gel time of 3.3 seconds
      at 65.degree.F. The hydrosol was then made into beads of hydrogel by being
      formed into droplets which were passed through a column containing a
      liquid setting medium.
PAR  The calculated composition on a dry basis at this point was as follows:
      74.99 wt. % silica-alumina matrix (93.8 wt. % SiO.sub.2 - 6.11 wt. %
      Al.sub.2 O.sub.3) and 25 wt. % added fines of which 6.07 wt. % was sodium
      alumino-silicate of the Y type and 18.93 wt. % was clay.
PAR  The beads prepared in this manner were ion-exchanged with a 2% rare earth
      chloride solution (RECl.sub. 3 . 6H.sub.2 O) for 16 hours using one-half
      volume of solution per volume of hydrogel and were then subjected to a
      continuous ion-exchange with a 1.4% (NH.sub.4).sub.2 SO.sub.4 solution for
      24 hours. The exchanged hydrogel beads were next washed, homogenized in
      water, and spray dried to yield microspheres of fluid size range.
PAC  EXAMPLE 3
PAR  A fluid catalyst was prepared as in Example 2 except that the hydrogel
      beads were recontacted with a 0.25 wt. % RECl.sub.3 . 6H.sub.2 O solution
      for 4 hours, after the (NH.sub.4).sub.2 SO.sub.4 ion-exchange and the
      washing operations of Example 2. The beads were then washed free of
      chloride and sulfate ions, homogenized and spray dried to form fluid
      particles as in Example 2.
PAC  EXAMPLE 4
PAR  Solutions and slurries were prepared in the following manner;
PA1  1. 15.32 lbs. of sodium silicate (N Brand -- 28.9 wt. % SiO.sub.2) were
      dissolved in 7.72 lbs. of water and 0.725 lbs. of McNamee clay (87%
      solids) were then dispersed in this solution,
PA1  2. 1.24 lbs. 13X sodium aluminosilicate (55.8% solids) and 0.315 lbs. 4A
      sodium aluminosilicate (100% solids) were slurried in 7.08 lbs. of water.
      This slurry was then thoroughly dispersed in solution (1), forming a
      solution having a Sp. Gr. of 1.193 at 83.degree.F., and
PA1  3. 1.98 lbs. of sulfuric acid (97%) and 4.23 lbs. of aluminum sulfate
      (Al.sub.2 (SO.sub.4).sub.3 . 18H.sub.2 O) were dissolved in 57.1 lbs. of
      water.
PAR  The above solutions were mixed through a mixing nozzle by adding 460 cc/min
      of the silicate solution containing dispersed clay and X and A
      aluminosilicates at 70.degree.F to 436 cc/min of the acid-alum solution at
      40.degree.F forming a hydrosol having a pH of 8.5 and having a gel time of
      3.0 seconds at 65.degree.F.
PAR  Droplets of the hydrosol were then formed and passed through a column of
      setting liquid to form hydrogel beads. The hydrogel beads were then
      subjected to ion-exchange by contact with a 2 wt. % solution of rare earth
      chlorides (RECl.sub.3 . 6 H.sub.2 O) for 16 hours using one-half volume of
      solution per volume of hydrogel beads. Following the rare earth
      ion-exchange treatment, the beads were subjected to continuous
      ion-exchange with a 1% NH.sub.4 Cl solution for 24 hours and were then
      washed to remove chloride ions. The wet hydrogel was then homogenized and
      spray dried to yield particles of fluid size.
PAR  Another method for producing composite superactive fluid catalysts and
      constituting a major embodiment of the present invention comprises
      incorporating the crystalline aluminosilicate into a synthetic gel, such
      as a silica-alumina gel, which is produced by precipitation.
PAR  One such method generally comprises forming a silica gel by neutralizing an
      alkali metal silicate solution with an acid while maintaining the pH of
      the gel on the alkaline side. Sulfuric, acetic, hydrochloric, carbonic and
      other acid solutions may be used to neutralize the silicate solution The
      silica hydrogel is then mixed with an aqueous acidic solution of a salt
      capable of forming alumina. Hydrous alumina is then precipitated within
      the silica gel to form a silica-alumina gel. After precipitation, the gel
      is recovered and formed into fluidizable particles, such as microspheres,
      by spray forming, spray drying or other procedures.
PAR  According to conventional processing, the silica-alumina gel produced
      according to this method is recovered by filtering and it may then be
      washed prior to being sprayed or otherwise formed into fluid particles.
      Some processess omit the washing stop prior to spraying.
PAR  The particles may also be washed after being sprayed to remove residual
      ions, such as sodium or sulfate ions, and they then may be subjected to a
      further drying step.
PAR  As a modification of this method, the alumina may be precipitated in the
      pores of the silica gel from solutions of salts in which aluminum is
      present in the cation, such as aluminum sulfate, and also from solutions
      of salts in which aluminum is present in the anion, such as sodium or
      potassium aluminate. The use of separate solutions of this type results in
      a double precipitation of alumina within the silica gel.
PAR  The crystalline aluminosilicate particles may be incorporated into the
      silica-alumina gel matrix at any stage prior to the formation of the final
      composite particles. The preferred method for incorporating the
      superactive component comprises adding a slurry of crystalline
      alumino-silicate particles to the alkali metal silicate solution. However,
      good results are also obtained by addition of the crystalline
      aluminosilicate particles during subsequent stages of the process.
PAR  For example, the crystalline aluminosilcate particles may be added (1) with
      the acid solution, (2) to the acidified silicate solution before it has
      set to a gel, (3) to the silica hydrogel, after it has been precipitated,
      (4) to the silica gel, after addition of the aluminum salt solution, (5)
      to the silica gel, after precipitation of hydrous alumina within the pores
      of the silica-gel, (6) to the silica-alumina gel after recovery by
      filtration, and (7) to the silica-alumina gel, after filtering and
      washing, in those processes employing a washing step prior to spraying.
PAR  The fluid size particles produced by this method may also be subject to one
      or more ion-exchange treatments after they have been formed. Where such
      post-exchange treatment is employed, the catalyst particles, such as
      sprayed microspheres, are ordinarily washed to remove residual ions from
      the exchange treatment and are then dried.
PAR  The above-described method for producing superactive catalysts according to
      the present invention will be better understood in the light of the
      following detailed examples which illustrate this method.
PAC  EXAMPLE 5
PAR  Particles of a rare earth exchanged synthetic faujasite of the Y type, the
      original metal cations of which are about 90% replaced by rare earth metal
      cations, are slurried in 10 gallons of water. The amount of crystalline
      aluminosilicate in the slurry is calculated to yield a final composite
      catalyst product containing about 7.0% of superactive component.
PAR  Next, 2 gallons of sodium silicate solution, containing 28.6% SiO.sub.2 are
      thoroughly mixed with the slurry of crystalline aluminosilicate for a
      period of 1 hour at 88.degree.F.
PAR  To the silicate solution is then added over a period of 35 minutes 0.71
      gallons of a 35% solution of sulfuric acid and 0.642 gallons of an
      aluminum sulfate solution containing 7.8% Al.sub.2 O.sub.3. An aqueous
      solution of 0.165 gallons of sodium aluminate containing 23.6% Al.sub.2
      O.sub.3 is then mixed with an additional quantity of 0.66 gallons of
      water. The sodium aluminate solution is added to the previously prepared
      mixture to provide a final pH in the range of 5.5 to 6.0.
PAR  The resulting precipitated hydrogel is then pumped out of the reaction
      vessel and is filtered on drum filters. The filter cake is then spray
      dried in hot air to form microspheres of catalyst of fluid size.
PAC  EXAMPLE 6
PAR  Catalyst is prepared as in Example 5 except that, after spray drying, the
      microspheres are ion-exchanged with a 2 wt. % solution of rare earth
      chlorides (RECl.sub.3 . 6H.sub.2 O) for 16 hours using one-half volume of
      solution per volume of microspheres.
PAR  The microspheres are then washed to remove chloride ions and are dried at
      about 300.degree. F.
PAR  The fluid catalysts of the present invention may also be produced by
      utilizing a hydrosol rather than a hydrogel. For example, fresh
      alumino-silicate sieve alone or with recycle fines of a wright mean
      average particle diameter of from 0.1 to 20.0 microns may be dispersed in
      a silica sol produced by adding ammonium hydroxide to a silica hydrogel
      under atmospheric pressure. The dispersed aluminosilicate and silica
      hydrosol may then be spray dried to produce fluid catalyst particles in
      the form of microspheres.
PAR  Another primary method for preparing the catalysts of the present invention
      comprises mixing active aluminosilicate particles with matrix particles in
      an aqueous slurry and spraying the slurry to form fluid size particles.
PAR  The following Table I contains a number of examples of various combinations
      of active and matrix components which may be satisfactorily formed into
      highly useful fluid catalysts by this method. It is, of course,
      contemplated that various aluminosilicate components or mixtures thereof
      may be employed in the slurries.
PAR  A preferred method for producing the catalysts of the following Table
      comprises physically mixing the aluminosilicate, such as a rare earth
      exchanged synthetic faujasite, with particles of the matrix, such as clay
      or silica-alumina hydrogel and spray drying the resulting slurry. This
      general procedure was followed in preparing the catalysts of each of the
      Examples appearing in the following Table I.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     EXAMPLES OF CATALYSTS PREPARED BY SPRAY DRYING                            
     EXAMPLE                                                                   
           ACTIVE        MATRIX                                                
     NUMBER                                                                    
           COMPONENT     COMPONENT                                             
     __________________________________________________________________________
     1.    7.5% steamed rare                                                   
           earth exchanged                                                     
           synthetic faujasite                                                 
                         92.5% EPK Florida Kaolin                              
     2.    7.5% dried rare                                                     
           earth exchanged                                                     
           synthetic faujasite                                                 
                         92.5% EPK Florida Kaolin                              
     3.    5% dried rare earth                                                 
           exchanged synthetic                                                 
           faujasite     95.0% EPK Florida kaolin                              
     4.    7.5% dried rare earth                                               
           exchanged synthetic                                                 
                         92.5% EPK Florida Kaolin                              
           faujasite     calcined at 1600.degree.F.                            
     5.    7.5% dried rare earth                                               
                         92.5% EPK Florida Kaolin                              
           exchanged synthetic                                                 
                         plus 0.8% tetrapotassium                              
           faujasite     pyrophospate as dispersant                            
     6.    7.5% rare earth                                                     
                         30% clay 62.5% silica-                                
           exchanged synthetic                                                 
                         alumina gel                                           
           faujasite                                                           
     7.    7.5% rare earth                                                     
                         66% clay 26.5% silica-                                
           exchanged synthetic                                                 
                         alumina gel homogenized                               
           faujasite     prior to spray drying                                 
     8.    7.5% rare earth                                                     
           exchanged synthetic                                                 
           faujasite     92.5% silica-alumina gel                              
     9.    7.5% rare earth                                                     
                         92.5% silica-alumina gel                              
           exchanged synthetic                                                 
                         containing 16% of 4 micron                            
           faujasite     silica-alumina gel fines                              
     10.   7.5% rare earth                                                     
                         92.5% of silica-alumina gel                           
           exchanged synthetic                                                 
                         and 200 ppm of alkyl phenol                           
           faujasite     ethylene oxide polymer                                
                         surfactant (Renex 690 -                               
                         Atlas Powder Company)                                 
     11.   7.5% steamed rare                                                   
                         92.5% silica-alumina gel                              
           earth exchanged                                                     
                         containing 16% of 4 micron                            
           synthetic faujasite                                                 
                         silica-alumina gel fines                              
     12.   7.5% rare earth                                                     
                         92.5% silica-alumina gel                              
           exchanged synthetic                                                 
                         containing 8% of 4 micron                             
           faujasite     silica-alumina gel fines                              
     13.   7.5% rare earth                                                     
                         92.5% silica-alumina gel                              
           exchanged synthetic                                                 
                         containing 16% of 4 micron                            
           faujasite     silica-alumina gel fines                              
     14.   7.5% rare earth                                                     
           exchanged synthetic                                                 
           faujasite (1 micron                                                 
           size)         92.5% silica-alumina hydrogel                         
     15.   7.5% of a rare earth                                                
           exchanged synthetic                                                 
           faujasite, post-exchanged                                           
           with an aqueous solution                                            
           of rare earth trichloride                                           
                         92.5% silica-alumina                                  
           (RECl.sub.3.6H.sub.2 O) after                                       
           compositing                                                         
     16.   7.5% of a rare earth                                                
           exchanged synthetic                                                 
           faujasite.    92.5% silica-alumina                                  
                         hydrogel                                              
     17.   10% rare earth                                                      
           exchanged synthetic                                                 
                         90% silica-alumina gel                                
           faujasite                                                           
     18.   7.5% rare earth                                                     
                         92.5% silica-alumina gel                              
           exchanged synthetic                                                 
                         containing 16% of 4 micron                            
           faujasite     silica-alumina gel                                    
     19.   20% rare earth                                                      
                         80% silica-alumina                                    
           exchanged synthetic                                                 
                         hydrogel                                              
           faujasite calcined 3                                                
           hours at 1100.degree. F                                             
     20.   40% rare earth                                                      
           exchanged synthetic                                                 
                         60% silica-alumina                                    
           faujasite calcined 3                                                
                         hydrogel                                              
           hours at 1100.degree.F                                              
     21.   80% rare earth                                                      
           exchanged synthetic                                                 
                         20% silica-alumina                                    
           faujasite calcined 3                                                
                         hydrogel                                              
           hours at 1100.degree.F                                              
     22.   7.5% rare earth                                                     
           exchanged synthetic                                                 
           faujasite steamed                                                   
                         52.5% Silica gel                                      
           for 24 hours at                                                     
                         40% Kaolin                                            
           1200.degree. F and 15 psig                                          
     23.   7.5% rare earth                                                     
           exchanged synthetic                                                 
           faujasite steamed                                                   
           for 24 hours at                                                     
           1200.degree.F and 15 psig                                           
                         92.5% Alumina gel                                     
     __________________________________________________________________________
PAR  The ability of mixed slurries of clay and aluminosilicate particles to be
      spray dried may be greatly enhanced by the addition of a dispersant, such
      as tetrapotassium pyrophosphate, or surfactant, as in Examples 5 and 10 of
      Table I. The use of such materials enables slurries of much higher solids
      content to be satisfactorily sprayed with a corresponding increase in
      yield. The use of such dispersants also improves the uniformity in
      particle size obtained by spray drying. It is also useful to spray dry
      slurries of aluminosilicate and matrix particles including dispersant
      agents with the addition of a binding agent to produce particles having
      increased hardness.
PAR  In preparing catalysts by slurrying and spraying aluminosilicate and matrix
      components, the practice used in producing catalysts according to the
      method of Example I, may also be used to advantage, i.e., recycled lines
      from the spray drying chamber or elsewhere may be ground to the required
      size and then incorporated into the aluminosilicate-matrix slurry.
PAR  It has also been found to be highly advantageous to pump the slurries of
      high solids content directly from an homogenizer, such as a sonic or
      supersonic homogenizer, to the spray nozzle so that there is minimum hold
      up and little opportunity for the material to set up and plug the nozzle
      before it is sprayed.
PAR  It has also been found to be generally advantageous to dry crystalline
      aluminosilicates slowly since this preserves the crystallinity and hence
      the catalytic characteristics of such materials. The following Table 2
      contains a comparison of the relative crystallinity of crystalline
      aluminosilicates dried slowly, as in an atmosphere of steam, and dried
      rapidly, as by being sprayed directly onto a hot plate. Catalysts dried by
      both methods were subjected to further heating for 2 hours at
      650.degree.F. and their relative crystallinity was then measured by an
      X-ray diffraction technique.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     COMPARISON OF RELATIVE CRYSTALLINITY                                      
                   Relative Crystallinity                                      
                                 Relative Crystallinity                        
     Catalyst      When Dried on Hot Plate                                     
                                 When Dried in Steam                           
     __________________________________________________________________________
     1.                                                                        
       7% rare earth                                                           
       exchanged synthetic                                                     
       faujasite and 93%                                                       
       Georgia Kaolin pre-                                                     
                   14.8          20                                            
       pared by slurrying in                                                   
       water and drying.                                                       
     2.                                                                        
       Composite catalyst of                                                   
       7.5% rare earth ex-                                                     
       changed synthetic                                                       
       faujasite and 92.5%                                                     
                   1.6           11.3                                          
       silica-alumina gel                                                      
     3.                                                                        
       Composite catalysts of                                                  
       7.5% rare earth ex-                                                     
       changed synthetic                                                       
       faujasite and 92.5%                                                     
       silica-alumina gel                                                      
                   8.6           11.1                                          
       ion-exchanged with                                                      
       rare earth chloride                                                     
       solution after com-                                                     
       positing                                                                
     __________________________________________________________________________
PAR  Further studies have shown that air or steam tempering of the
      aluminosilicate component, such as rare earth exchanged synthetic
      faujasite prior to mixing with the matrix, such as a silica-alumina gel,
      also improves the crystallinity retention.
PAR  Another method for preserving crystallinity in fluid catalysts produced by
      the above-described methods involving spray drying or other rapid drying
      comprises incorporating into the catalyst composition a relaxing agent,
      such as non-shrinking solids. The solids may be added in the form of
      particles of up to 40 microns with aluminosilicate particles of up to 7
      microns, the non-shrinking particles being larger than the aluminosilicate
      particles. It is believed that the loss of activity during the rapid
      drying of aluminosilicate containing fluid catalysts, especially during
      spray drying, stems from the destruction of the crystalline structure of
      the aluminosilicate due to strong compressive forces exerted on it.
      According to this method, from about 20  to 30 % by volume of from 4 to 5
      micron diameter calcined alumina particles may be incorporated into the
      slurry of rare earth exchanged synthetic faujasite and silica-alumina gel,
      the aluminosilicate particles being on the order of from 1 to 3 microns in
      diameter. Upon drying, the alumina particles exhibit substantially no
      shrinkage and materially reduce the compression on the aluminosilicate
      particles.
PAR  An increase in crystallinity retention of the aluminosilicate is also
      generally realized when using clay rather than silica-alumina gel as the
      matrix material prior to spray drying. The clay tends to reduce internal
      pressures during drying due to its larger pores and lower water content.
PAR  It has also been found that the loss of crystallinity of the
      aluminosilicate during catalyst-forming processes involving rapid drying,
      such as spray drying, can be reduced by use of a particular method of
      drying. For example, an aqueous slurry of rare earth exchanged synthetic
      faujasite and silica-alumina gel may first be spray dried to a minimum
      water content by weight (based on dry solids) and then the partially dried
      product may be completely dried by another spray drying or oven drying
      operation or by introduction into the fluid catalytic reactor.
PAR  It has also been found that the attrition resistance of fluid catalysts
      prepared from slurries of clay and aluminosilicate may be improved by
      adding a small amount of sodium hydroxide to the slurry. Such an addition
      modifies the clay surface and improves the attrition resistance of the
      product. The same result may also be obtained by incorporating a small
      amount of a chelating agent into the composition to remove alumina from
      the clay structure so that it may serve as a binder in the composite.
PAR  Fluid catalyst particles may also be prepared by compositing fines of a
      crystalline aluminosilicate with organic and inorganic binders. For
      example from 5 to 40% fines of from 1 to 5 microns particle diameter of a
      rare earth exchanged synthetic faujasite may be dispersed in a sulfonated
      polystyrene resin by solvent or emulsification techniques. The organic
      matrix material may also have a catalytic function in addition to the
      catalytic activity of the aluminosilicate. The dispersion of
      aluminosilicate in an organic matrix may then be reduced to fluid catalyst
      particles by being sprayed from a solution or emulsion. Particles of the
      desired size may also be formed from the dispersion by pelleting,
      granulating and agglomerating techniques.
PAR  The fluid catalysts of the present invention may also be produced by a
      method comprising physically mixing an aluminosilicate component with a
      matrix component in the form of a wet cake. The cake may be dried, ground,
      and screened to size or may be processed as a slurry and spray dried. The
      matrix may be clay, a gel, or a cogel, such as silica-alumina gel, or
      similar binder material.
PAR  The present fluid catalysts may also be produced by wetting aluminosilicate
      particles with a gel-forming solution and then causing the gel to set or
      form around the superactive core particle.
PAR  Among the most important methods for producing fluid catalysts according to
      the present invention, there is included the incorporation of finely
      divided aluminosilicate catalytic material into a matrix of relatively
      inactive material. Such compositing may be accomplished in a number of
      ways. One satisfactory technique comprises balling powdered
      aluminosilicate with a binder such as clay, silica-alumina, organic
      materials, including natural and synthetic plastics and resins, inorganic
      materials including silicate solutions and the like.
PAR  Another method for compositing the aluminosilicate with relatively inactive
      material to produce suitable fluid catalysts comprises mechanically
      compacting the aluminosilicate with the matrix material. This may be
      accomplished by mixing powders of the superactive material and matrix and
      then compacting them under the influence of heat and/or pressure to
      produce self-supporting masses.
PAR  The fluid catalysts of the present invention have been found to be highly
      useful in the conversion of hydrocarbon charge material into hydrocarbon
      products of lower average molecular weight.
PAR  Fluid catalysts of the present type, comprising crystalline
      aluminosilicates, may be prepared so as to provide a wide range of
      activities. Thus, with such catalysts, the opportunity is now afforded to
      tailor the properties of the catalyst to suit the reactor conditions, the
      nature of the hydrocarbon feedstock and the desired products.
PAR  The present fluid catalysts have also been found to possess very superior
      selectivity as compared with conventional catalysts. This ability to
      convert a charge to yield a high proportion of valuable products,
      generally C.sub.5 + gasoline, and a reduced proportion of less valuable
      products, such as dry gas and coke, is a most important factor in
      catalytic cracking.
PAR  In order to demonstrate the advantage of fluid catalytic cracking with the
      new catalysts, a number of pilot plant fluid cracking runs were made, some
      with a conventional silica-alumina gel catalyst and others with the
      catalyst prepared according to Example I.
PAR  The results of three runs with the conventional catalyst and of six runs
      with the catalyst prepared according to Example I are presented in Table
      1.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     FLUID CATALYST CRACKING OF                                                
     29.degree.API MID-CONTINENT GAS OIL                                       
     Catalyst          Fluid Silica-Alumina                                    
                                   Fluid Crystalline Aluminosilicate Catalyst  
                                   *                                           
     Run No.           1   2   3   4    5    6    7    8        9              
     __________________________________________________________________________
     Catalyst Properties                                                       
     Relative Activity -------- 0.15 --------                                  
                                   -------------------------------- 0.44       
                                   ------------------                          
     Carbon Producing Factor                                                   
                       -------- 1.30 --------                                  
                                   -------------------------------- 0.81       
                                   ------------------                          
     Hydrogen Producing Factor                                                 
                       -------- 4.3 --------                                   
                                   -------------------------------- 0.4        
                                   ------------------                          
     Reactor Operating Conditions                                              
     Temperature - .degree.F                                                   
                       -------- ------------------ 900 ------------------------
                       ----------------------------------                      
     Pressure - psig   --------------------------  10 -------------------------
                       ---------------------------------                       
     Dispersion Steam - Wt. %                                                  
                       --------------------------  10 -------------------------
                       ---------------------------------                       
     Wt. Oil/Hr./Wt. Catalyst Bed                                              
                       1.5 0.69                                                
                               0.27                                            
                                   3.3  2.8  3.8  3.8  6.3     2.9             
     Catalyst/Oil - Weight                                                     
                       --------------------------  10 -------------------------
                       ----------- ----------------------                      
     Severity Factor (C/O/WHSV)                                                
                       6.7 14.5                                                
                               37.7                                            
                                   3.0  3.6  2.6  2.6  1.6     3.5             
     Carbon on Regen. Catalyst - Wt. %                                         
                       -------- 0.50 --------                                  
                                   ---------------- 0.20 ----------------      
                                                       -------- 0.50 --------  
     Carbon on Spent Catalyst - Wt. %                                          
                       0.95                                                    
                           1.08                                                
                               1.69                                            
                                   0.76 0.99 0.79 0.80 1.02    1.19            
     Product Yields                                                            
     Conversion (430.degree.F) - Vol. %                                        
                       50.7                                                    
                           55.3                                                
                               69.8                                            
                                   68.1 71.2 68.4 68.7 64.3    70.6            
     Coke (90% Carbon)- Wt. %                                                  
                       4.5 5.8 11.9                                            
                                   5.6  7.9  5.9  6.0  5.2     6.9             
     Dry Gas - H.sub.2 to C.sub.2 - Wt. %                                      
                       1.5 2.2 3.7 2.0  2.1  2.0  2.2  1.9     2.5             
     Propylene-Propane - Wt. %                                                 
                       4.2 5.3 7.3 7.1  6.8  6.6  6.7  6.4     7.7             
     Butene-Butane Fraction - Vol. %                                           
                       10.3                                                    
                           11.8                                                
                               16.4                                            
                                   18.2 16.7 16.9 17.1 15.5    18.9            
     C.sub.5 -430.degree.F VT Gasoline - Vol. %                                
                       38.7                                                    
                           40.0                                                
                               40.6                                            
                                   46.3 48.9 18.4 48.4 46.3    46.2            
     Total Cycle Oil (430.degree.F) - Vol. %                                   
                       49.3                                                    
                           44.7                                                
                               30.2                                            
                                   31.9 28.8 31.6 31.3 35.7    29.4            
     Liquid Recovery (C.sub.4 +) - Vol. %                                      
                       98.3                                                    
                           96.5                                                
                               87.2                                            
                                   96.4 94.4 96.9 96.8 97.5    94.5            
     __________________________________________________________________________
      * Composite comprising 3%-5% rare earth exchanged synthetic faujasite    
      dispersed in silica-alumina (10% Al.sub.2 O.sub.3) gel.                  
PAR  The data of Table 3 indicates that the crystalline aluminosilicate
      composite catalyst is considerably more active than normal commercial
      equilibrium silica-alumina gel catalysts. To obtain the same conversion
      level with the silica-alumina gel catalyst, it is necessary to operate at
      a much higher severity factor than with the fluid aluminosilicate
      catalysts. Severity factor as used herein referes to C/O/WHSV.
PAR  The results of cracking runs of the same per cent conversion also clearly
      show that a fluid catalyst comprising about 3 to 5% of a rare earth
      exchanged synthetic faujasite dispersed in a silica-alumina gel matrix, as
      prepared by the method of Example I, is considerably more selective than a
      conventional synthetic silica-alumina gel catalyst. At a given conversion
      level, less coke and gas are produced, butane production is approximately
      the same and gasoline yields are in the range of from 6 to 8 volume per
      cent higher. The following Table 4 summarizes and compares the results
      obtained with each catalyst at 70 volume % conversion.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
                   Fluid Silica-Alumina                                        
                               Fluid Crystalline Alumino-                      
     Catalyst      Gel Catalyst                                                
                               Silicate Composite Catalyst                     
     __________________________________________________________________________
     Run No.       1           2         3                                     
     Relative Activity                                                         
                   0.15             0.44                                       
     Carbon Factor 1.3              0.8                                        
     Conversion - Vol %                                                        
                   70                                                          
     Temperature - .degree.F                                                   
                   900                                                         
     Catalyst/Oil  10                                                          
     Carbon on Regen.                                                          
      Cat - Wt %   0.5         0.2       0.5                                   
     Severity Factor                                                           
      (C/O/WHSV)   50          3         3                                     
     Coke - Wt %   12.0        6.4       6.8                                   
     Dry Gas (C.sub.3 & Ltr.-Wt.)                                              
                   11.2        9.0       7.8                                   
     Butanes - Vol %                                                           
                   16.5        17.5      18.2                                  
     Gasoline - Vol %                                                          
                   40.6        48.6      46.8                                  
     __________________________________________________________________________
PAR  Regeneration rates for the superactive catalysts were also found to be
      equal to or better than those for silica-alumina under the same
      conditions.
PAR  Bench scale cracking runs were also conducted with a superactive catalyst
      of the same composition as the catalyst of Example 1 but crushed to fluid
      size rather than spray dried to microspheres. This crushed catalyst and
      spray dried microsperiodal composite catalyst comprising crystalline
      aluminosilicate dispersed in silica-alumina gel were compared with
      conventional silica-alumina gel catalyst in the fluid cracking of Light,
      Wide Cut and Heavy Mid-Continent Gas Oil feed stocks. Hereafter, the feed
      stocks are referred to as Light MCGO, Wide Cut MCGO and Heavy MCGO,
      respectively.
PAR  With the Light MCGO, the new catalyst in the form of crushed particles
      gives about 12% by weight more of C.sub.5 +gasoline at 50% weight
      conversion. This gasoline advantage is even greater at higher conversions.
      The coke yield for the new catalyst in either the form of crushed
      particles or spray dried microspheres is much lower than the coke yield
      with conventional silica-alumina gel fluid cracking catalysts. The
      reduction in coke laydown is on the order of 70- 75%.
PAR  With the Wide Cut MCGO, the catalyst in the form of crushed particles gives
      an increase of about 4.5% by weight of C.sub.5 gasoline at 40% weight
      conversion as compared with the same level of conversion over conventional
      fluid silica-alumina catalyst, and, as with the Light MCGO, the gasoline
      advantage increases with increasing conversion. The coke yield for the new
      catalyst in the form of powdered or crushed particles is also about 50%
      lower than that obtained with the silica-alumina.
PAR  Similar advantage is also realized in cracking Heavy Cut Mid-Continent Gas
      Oil charge with the fluid catalysts of the present invention.
PAR  In addition to the cracking of hydrocarbons, as previously described, the
      fluid catalysts of the present invention have wide utility in other
      processes employing fluid catalysts, such as isomerization, alkylation,
      polymerization, hydrogen transfer, hydration, dehydration,
      disproportionation, dealkylation, hydrocracking and in other processes and
      reactions involving the conversion of organic compounds.
PAR  It will be apparent to persons skilled in the art that the invention
      described herein and the specific examples disclosed may be varied and
      numerous substitutions of equivalents may be made without departing from
      the spirit of the invention or from the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of converting a charge of hydrocarbon material to hydrocarbon
      products which comprises contacting said charge under hydrocarbon
      conversion conditions with a crystalline zeolite catalyst composition
      prepared by:
PA1  a. exchanging the zeolite with a solution containing at least one
      exchangeable cation to at least partially replace the original cation;
PA1  b. heating the exchanged zeolite at a temperature of 500.degree. to
      1600.degree.F;
PA1  c. compositing the resulting zeolite with a porous matrix material; and
PA1  d. contacting the resultant composite with a solution containing at least
      one exchangeable cation other than the original cation.
NUM  2.
PAR  2. The method of claim 1 wherein the catalyst composition is in the form of
      a fluidized bed.
NUM  3.
PAR  3. The method of claim 2 wherein the conversion is cracking a charge of
      hydrocarbon to hydrocarbon products having a lower average molecular
      weight and wherein the exchange in step (a) is with rare earth cations.
NUM  4.
PAR  4. The method of claim 1 wherein the matrix material is at least one of a
      member selected from the group consisting of clay, alumina, a hydrated
      metal oxide, silica gel, alumina gel and silica-alumina gel.
NUM  5.
PAR  5. The method of claim 1 wherein the matrix is a composite of clay and
      inorganic oxide gel.
NUM  6.
PAR  6. The method of claim 1 wherein the exchange in steps (a) and (d) are with
      rare earth cations.
NUM  7.
PAR  7. The method of claim 1 wherein the zeolite is a synthetic faujasite.
NUM  8.
PAR  8. The method of claim 7 wherein the zeolite is faujasite X.
NUM  9.
PAR  9. The method of claim 7 wherein the zeolite is faujasite Y.
NUM  10.
PAR  10. The method of claim 1 wherein the cation originally present in the
      crystalline zeolite is sodium.
NUM  11.
PAR  11. The method of claim 1 wherein the heating is performed in an atmosphere
      containing from about 5 to 100% steam.
NUM  12.
PAR  12. A catalyst composition prepared by the steps recited in claim 1.
NUM  13.
PAR  13. A catalyst composition prepared by the steps recited in claim 3.
NUM  14.
PAR  14. The catalyst composition prepared by the steps recited in claim 1
      wherein the final exchange is with an ammonium salt.
NUM  15.
PAR  15. A method for cracking a hydrocarbon charge which comprises contacting
      said charge under catalytic cracking conditions with a crystalline
      zeolite-containing catalyst composition prepared by:
PA1  a. contacting the crystalline zeolite with a solution which includes a salt
      of a rare earth cation;
PA1  b. heating the exchanged zeolite at a temperature of 500.degree. to
      1600.degree.F;
PA1  c. compositing the resulting zeolite with a porous matrix material; and
PA1  d. contacting the resultant composite with a solution which includes an
      ammonium salt.
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ABST
PAL  Hydrocarbons are converted by contacting them at hydrocarbon conversion
      conditions with an acidic sulfur-free multimetallic catalytic composite
      comprising a combination of catalytically effective amounts of a platinum
      group component, a rhenium component, a cobalt component, and a halogen
      component with a porous carrier material. The platinum group component,
      rhenium component, cobalt component, and halogen component are present in
      the multimetallic catalyst in amounts respectively, calculated on an
      elemental basis, corresponding to about 0.01 to about 2 wt. % platinum
      group metal, about 0.01 to about 2 wt. % rhenium, about 0.1 to about 5 wt.
      % cobalt, and about 0.1 to about 3.5 wt. % halogen. Moreover, these
      metallic components are uniformly dispersed throughout the porous carrier
      material in carefully controlled oxidation states such that substantially
      all of the platinum group component is present therein in the elemental
      metallic state, and substantially all of the cobalt and rhenium components
      are present in the elemental metallic state or in a state which is
      reducible to the elemental metallic state under hydrocarbon conversion
      conditions. A specific example of the type of hydrocarbon conversion
      process disclosed is a process for the catalytic reforming of a low-octane
      gasoline fraction wherein the gasoline fraction and a hydrogen stream are
      contacted with the acidic sulfur-free multimetallic catalyst disclosed
      herein at reforming conditions.
BSUM
PAR  The subject of the present invention is a novel acidic sulfur-free
      multimetallic catalytic composite which has exceptional activity and
      resistance to deactivation when employed in a hydrocarbon conversion
      process that requires a catalyst having both a
      hydrogenation-dehydrogenation function and a carbonium ion-forming
      function. More precisely, the present invention involves a novel
      dual-function acidic sulfur-free multimetallic catalytic composite which,
      quite surprisingly, enables substantial improvements in hydrocarbon
      conversion processes that have traditionally used a dual-function
      catalyst. In another aspect, the present invention comprehends the
      improved processes that are produced by the use of an acidic sulfur-free
      catalytic composite comprising a combination of catalytically effective
      amounts of a platinum group component, a cobalt component, a rhenium
      component, and a halogen component with a porous carrier material;
      specifically, an improved reforming process which utilizes the subject
      catalyst to improve activity, selectivity, and stability characteristics.
PAR  Composites having a hydrogenation-dehydrogenation function and a carbonium
      ion-forming function are widely used today as catalysts in many
      industries, such as the petroleum and petrochemical industry, to
      accelerate a wide spectrum of hydrocarbon conversion reactions. Generally,
      the carbonium ion-forming function is thought to be associated with an
      acid-acting material of the porous, adsorptive, refractory oxide type
      which is typically utilized as the support or carrier for a heavy metal
      component such as the metals or compounds of metals of Groups V through
      VIII of the Periodic Table to which are generally attributed the
      hydrogenation-dehydrogenation function.
PAR  These catalytic composites are used to accelerate a wide variety of
      hydrocarbon conversion reactions such as hydrocracking, hydrogenolysis,
      isomerization, dehydrogenation, desulfurization, cyclization,
      polymerization, alkylation, cracking, hydroisomerization, dealkylation,
      transalkylation, etc. In many cases, the commercial applications of these
      catalysts are in processes where more than one of the reactions are
      proceeding simultaneously. An example of this type of process is reforming
      wherein a hydrocarbon feedstream containing paraffins and naphthenes is
      subjected to conditions which promote dehydrogenation of naphthenes to
      aromatics, dehydrocyclization of paraffins to aromatics, isomerization of
      paraffins and naphthenes, hydrocracking and hydrogenolysis of naphthenes
      and paraffins, and the like reactions, to produce an octane-rich or
      aromatic-rich product stream. Another example is a hydrocracking process
      wherein catalysts of this type are utilized to effect selective
      hydrogenation and cracking of high molecular weight unsaturated materials,
      selective hydrocracking of high molecular weight materails, and other like
      reactions, to produce a generally lower boiling, more valuable output
      stream. Yet another example is a hydroisomerization process wherein a
      hydrocarbon fraction which is relatively rich in straight-chain paraffin
      compounds is contacted with a dual-function catalyst to produce an output
      stream rich in isoparaffin compounds.
PAR  Regardless of the reaction involved or the particular process involved, it
      is of critical importance that the dual-function catalyst exhibit not only
      the capability to initially perform its specified functions, but also that
      it has the capability to perform them satisfactorily for prolonged periods
      of time. The analytical terms used in the art to measure how well a
      particular catalyst performs its intended function in a particular
      hydrocarbon reaction environment are activity, selectivity, and stability.
      And for purposes of discussion here, these terms are conveniently defined
      for a given charge stock as follows: (1) activity is a measure of the
      catalyst's ability to convert hydrocarbon reactants into products at a
      specified severity level where severity level means the conditions used--
      that is, the temperature, pressure, contact time, and presence of diluents
      such as H.sub.2 ; (2) selectivity refers to the amount of desired product
      or products obtained relative to the amount of reactants charged or
      converted; (3) stability refers to the rate of change with time of the
      activity and selectivity parameters-- obviously, the smaller rate implying
      the more stable catalyst. In a reforming process, for example, activity
      commonly refers to the amount of conversion that takes place for a given
      charge stock at a specified severity level and is typically measured by
      octane number of the C.sub.5 + product stream; selectivity usually refers
      to the amount of C.sub.5 + yield and other valuable products, relative to
      the amount of the charge, that is obtained at the particular activity or
      severity level; and stability is typically equated to the rate of change
      with time of activity, as measured by octane number of C.sub.5 + product,
      and of selectivity as measured by C.sub.5 + yield. Actually, the last
      statement is not strictly correct because generally a continuous reforming
      process is run to produce a constant octane C.sub.5 + product with
      severity level being continously adjusted to attain this result; and
      furthermore, the severity level is for this process usually varied by
      adjusting the conversion temperature in the reaction zone so that, in
      point of fact, the rate of change of activity finds response in the rate
      of change of conversion temperatures and changes in this last parameter
      are customarily taken as indicative of activity stability.
PAR  As is well known to those skilled in the art, the principal cause of
      observed deactivation or instability of a dual-function catalyst when it
      is used in a hydrocarbon conversion reaction is associated with the fact
      that coke forms on the surface of the catalyst during the course of the
      reaction. More specifically, in these hydrocarbon conversion processes,
      the conditions utilized typically result in the formation of heavy, high
      molecular weight, black, solid or semi-solid, carbonaceous material which
      is a hydrogen-deficient polymeric substance having properties akin to both
      polynuclear aromatics and graphite. This material coats the surface of the
      catalyst and thus reduces its activity by shielding its active sites from
      the reactants. In other words, the performance of this dual-function
      catalyst is sensitive to the presence of carbonaceous deposits or coke on
      the surface of the catalyst. Accordingly, the major problem facing workers
      in this area of the art is the development of more active and/or selective
      catalytic composites that are not as sensitive to the presence of these
      carbonaceous materials and/or have the capability to suppress the rate of
      the formation of these carbonaceous materials on the catalyst. Viewed in
      terms of performance parameters, the problem is to develope a
      dual-function catalyst having superior activity, selectivity, and
      stability characteristics. In particular, for a reforming process the
      problem is typically expressed in terms of shifting and stabilizing the
      C.sub.5 + yield-octane relationship at the lowest possible severity
      level-- C.sub.5 + yield being representative of selectivity and octane
      being proportional to activity.
PAR  I have now found a dual-function acidic sulfur-free multimetallic catalytic
      composite which possesses improved activity, selectivity, and stability
      characteristics when it is employed in a process for the conversion of
      hydrocarbons of the type which have heretofore utilized dual-function
      acidic catalytic composites such as processes for isomerization,
      hydroisomerization, dehydrogenation, desulfurization, denitrogenization,
      hydrogenation, alkylation, dealkylation, disproportionation,
      polymerization, hydrodealkylation, transalkylation, cyclization,
      dehydrocyclization, cracking, hydrocracking, halogenation, reforming,
      demethanation, and the like processes. In particular, I have ascertained
      that an acidic sulfur-free catalyst, comprising a combination of
      catalytically effective amounts of a platinum group component, a cobalt
      component, a rhenium component, and a halogen component with a porous
      refractory carrier material, can enable the performance of hydrocarbon
      conversion processes utilizing dual-function catalysts to be substantially
      improved if the metallic components are uniformly dispersed throughout the
      carrier material and if their oxidation states are controlled to be in the
      states hereinafter specified. Moreover, I have determined that an acidic
      sulfur-free catalytic composite, comprising a combination of catalytically
      effective amounts of a platinum group component, a rhenium component, a
      cobalt component, and a chloride component with an alumina carrier
      material, can be utilized to substantially improve the performance of a
      reforming process which operates on a low-octane gasoline fraction to
      produce a high-octane reformate and a methane-rich gas stream if the
      metallic components are uniformly dispersed throughout the alumina carrier
      material, and if the oxidation states of the metallic components are fixed
      in the state hereinafter specified. In the case of a reforming process,
      the principal advantage associated with the use of the present invention
      involves the acquisition of the capability to operate in a stable manner
      in a high severity operation; for example, a low or moderate pressure
      reforming process designed to produce a methane-rich off-gas stream and a
      C.sub.5 + reformate having an octane of about 100 F-1 clear. As indicated,
      the present invention essentially involves the finding that the addition
      of a rhenium component and a cobalt component to a dual-function acidic
      hydrocarbon conversion catalyst containing a platinum group component can
      enable the performance characteristics of the catalyst to be sharply and
      materially improved, if the hereinafter specified limitations on amounts
      of ingredients, absence of sulfur, oxidation states of metals, and
      distribution of metallic components in the support are met.
PAR  It is, accordingly one object of the present invention to provide an acidic
      multimetallic hydrocarbon conversion catalyst having superior performance
      characteristics when utilized in a hydrocarbon conversion process. A
      second object is to provide an acidic sulfur-free multimetallic catalyst
      having dual-function hydrocarbon conversion performance characteristics
      that are relatively insensitive to the deposition of hydrocarbonaceous
      material thereon. A third object is to provide preferred methods of
      preparation of this acidic sulfur-free multimetallic catalytic composite
      which insures the achievement and maintenance of its properties. Another
      object is to provide an improved reforming catalyst having superior
      activity, selectivity, and stability characteristics. Yet another object
      is to provide a dual-function hydrocarbon conversion catalyst which
      utilizes a combination of a rhenium component and a cobalt component to
      beneficially interact with and promote an acidic sulfur-free catalyst
      containing a platinum group component.
PAR  In brief summary, the present invention is, in one embodiment, an acidic
      sulfur-free catalytic composite comprising a porous carrier material
      containing, on an elemental basis, about 0.01 to about 2 wt. % platinum
      group metal, about 0.1 to about 5 wt. % cobalt, about 0.01 to about 2 wt.
      % rhenium, and about 0.1 to about 3.5 wt. % halogen, wherein the platinum
      group metal, rhenium, and cobalt are uniformly dispersed throughout the
      porous carrier material, wherein substantially all of the platinum group
      metal is present in the elemental metallic state, and wherein
      substantially all of the cobalt and rhenium are present in the elemental
      metallic state or in a state which is reducible to the elemental metallic
      state under hydrocarbon conversion or in a mixture of these states.
PAR  A second embodiment relates to an acidic sulfur-free catalytic composite
      comprising a porous carrier material containing, on an elemental basis,
      about 0.05 to about 1 wt. % platinum group metal, about 0.25 to about 2.5
      wt. % cobalt, about 0.05 to about 1 wt. % rhenium, and about 0.5 to about
      1.5 wt. % halogen, wherein the platinum group metal, rhenium, and cobalt
      are uniformly dispersed throughout the porous carrier material, wherein
      substantially all of the platinum group metal is present in the elemental
      metallic state, and wherein substantially all of the cobalt and rhenium
      are present in the elemental metallic state or in a state which is
      reducible to the elemental metallic state under hydrocarbon conversion
      conditions or in a mixture of these states.
PAR  A third embodiment comprehends the catalytic composite described in the
      first or second embodiment wherein the halogen is combined chloride.
PAR  Yet another embodiment involves a process for the conversion of a
      hydrocarbon comprising contacting the hydrocarbon and hydrogen with the
      catalytic composite described above in the first or second or third
      embodiment at hydrocarbon conversion conditions.
PAR  A preferred embodiment comprehends a process for reforming a gasoline
      fraction which comprises contacting the gasoline fraction and hydrogen
      with the catalytic composite described above in the first or second or
      third embodiment at reforming conditions selected to produce a high octane
      reformate and a methane-rich gas stream.
PAR  A highly preferred embodiment is a process for reforming a gasoline
      fraction which comprises contacting the gasoline fraction and hydrogen in
      a substantially water-free and sulfur-free environment with the catalytic
      composite characterized in the first, second, or third embodiment at
      reforming conditions selected to produce a high octane reformate and a
      methane-rich off-gas.
PAR  Other objects and embodiments of the present invention relate to additional
      details regarding preferred catalytic ingredients, preferred amounts of
      ingredients, suitable methods of composite preparation, operating
      conditions for use in the hydrocarbon conversion processes, and the like
      particulars, which are hereinafter given in the following detailed
      discussion of each of these facets of the present invention.
PAR  The acidic sulfur-free multimetallic catalyst of the present invention
      comprises a porous carrier material or support having combined therewith
      catalytically effective amounts of a platinum group component, a cobalt
      component, a rhenium component, and a halogen component.
PAR  Considering first the porous carrier material utilized in the present
      invention, it is preferred that the material be a porous, adsorptive,
      high-surface area support having a surface area of about 25 to about 500
      m.sup.2 /g. The porous carrier material should be relatively refractory to
      the conditions utilized in the hydrocarbon conversion process, and it is
      intended to include within the scope of the present invention carrier
      materials which have traditionally been utilized in dual-function
      hydrocarbon conversion catalysts such as: (1) activated carbon, coke, or
      charcoal; (2) silica or silica gel, silicon carbide, clays, and silicates
      including those synthetically prepared and naturally occurring, which may
      or may not be acid treated, for example, attapulgus clay, china clay,
      diatomaceous earth, fuller's earth, kaolin, kieselguhr, etc., (3)
      ceramics, porcelain, crushed firebrick, bauxite; (4) refractory inorganic
      oxides such as alumina, titanium dioxide, zirconium dioxide, chromium
      oxide, beryllium oxide, vanadium oxide, cesium oxide, hafnium oxide, zinc
      oxide, magnesia, boria, thoria, silica-alumina, silica-magnesia,
      chromia-alumina, alumina-boria, silica-zirconia, etc.; (5) crystalline
      zeolitic aluminosilicates such as naturally occurring or synthetically
      prepared mordenite and/or faujasite, either in the hydrogen form or in a
      form which has been treated with multivalent cations; (6) spinels such as
      MgAl.sub.2 O.sub.4, FeAl.sub.2 O.sub.4, ZnAl.sub.2 O.sub.4, MnAl.sub.2
      O.sub.4, CaAl.sub.2 O.sub.4 and other like compounds having the formula
      MO.Al.sub. 2 O.sub.3 where M is a metal having a valence of 2; and, (7)
      combinations of elements from one or more of these groups. The preferred
      porous carrier materials for use in the present invention are refractory
      inorganic oxides, with best results obtained with an alumina carrier
      material. Suitable alumina materials are the crystalline aluminas known as
      gamma-, eta-, and theta-alumina, with gamma- or eta-alumina giving best
      results. In addition, in some embodiments the alumina carrier material may
      contain minor proportions of other well known refractory inorganic oxides
      such as silica, zirconia, magnesia, etc.; however, the preferred support
      is substantially pure gamma- or eta-alumina. Preferred carrier materials
      have an apparent bulk density of about 0.3 to about 0.8 g/cc and surface
      area characteristics such that the average pore diameter is about 20 to
      300 Angstroms, the pore volume is about 0.1 to about 1 cc/g and the
      surface area is about 100 to about 500 m.sup.2 /g. In general, best
      results are typically obtained with a gamma-alumina carrier material which
      is used in the form of spherical particles having: a relatively small
      diameter (i.e. typically about 1/16 inch), an apparent bulk density of
      about 0.3 to about 0.8 g/cc, a pore volume of about 0.4 ml/g, and a
      surface area of about 200 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically prepared or natural occurring. Whatever
      type of alumina is employed, it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent, such as ammonium
      hydroxide, to a salt of aluminum such as aluminum chloride, aluminum
      nitrate, etc., in an amount to form an aluminum hydroxide gel which upon
      drying and calcining is converted to alumina. The alumina carrier may be
      formed in any desired shape such as spheres, pills, cakes, extrudates,
      powders, granules, tablets, etc., and utilized in any desired size. For
      the purpose of the present invention a particularly preferred form of
      alumina is the sphere; and alumina spheres may be continuously
      manufactured by the well known oil drop method which comprises: forming an
      alumina hydrosol by any of the techniques taught in the art and preferably
      by reacting aluminum metal with hydrochloric acid, combining the resultant
      hydrosol with a suitable gelling agent and dropping the resultant mixture
      into an oil bath maintained at elevated temperatures. The droplets of the
      mixture remain in the oil bath until they set and form hydrogel spheres.
      The spheres are then continuously withdrawn from the oil bath and
      typically subjected to specific aging treatments in oil and an ammoniacal
      solution to further improve their physical characteristics. The resulting
      aged and gelled particles are then washed and dried at a relatively low
      temperature of about 300.degree. to about 500.degree. F. and subjected to
      a calcination procedure at a temperature of about 850.degree.to about
      1300.degree. F. for a period of about 1 to about 20 hours. This treatment
      effects conversion of the alumina hydrogel to the corresponding
      crystalline gamma-alumina. See the teachings of U.S. Pat. No. 2,620,314
      for additional details.
PAR  One essential ingredient of the present catalytic composite is a rhenium
      component. It is of fundamental importance that substantially all of the
      rhenium component exists within the catalytic composite of the present
      invention in the elemental metallic state or in a state which is reducible
      to the elemental metallic state under hydrocarbon conversion conditions or
      in a mixture of these states. The rhenium component may be utilized in the
      composite in any amount which is catalytically effective, with the
      preferred amount being about 0.01 to about 2 wt. % thereof, calculated on
      an elemental basis. Typically, best results are obtained with about 0.05
      to about 1 wt. % rhenium. It is additionally preferred to select the
      specified amount of rhenium from within this broad weight range as a
      function of the amount of the platinum group component, on an atomic
      basis, as is explained hereinafter.
PAR  This rhenium component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      which results in a relatively uniform distribution of rhenium in the
      carrier material such as by coprecipitation, ion-exchange, or
      impregnation. In addition, it may be added at any stage of the preparation
      of the composite-- either during preparation of the carrier material or
      thereafter-- and the precise method of incorporation used is not deemed to
      be critical. However, best results are obtained when the rhenium component
      is relatively uniformly distributed throughout the carrier material in a
      relatively small particle size, and the preferred procedures are the ones
      known to result in a composite having this relatively uniform
      distribution. One acceptable procedure for incorporating this component
      into the composite involves cogelling or coprecipitating the rhenium
      component during the preparation of the preferred carrier material,
      alumina. This procedure usually comprehends the addition of a soluble,
      decomposable compound of rhenium such as perrhenic acid or a salt thereof
      to the alumina hydrosol before it is gelled. The resulting mixture is then
      finished by conventional gelling, aging, drying, and calcination steps as
      explained hereinbefore. A preferred way of incorporating this component is
      an impregnation step wherein the porous carrier material is impregnated
      with a suitable rhenium-containing solution either before, during, or
      after the carrier material is calcined. Preferred impregnation solutions
      are aqueous solutions of water solluble, decomposable rhenium compounds
      such as ammonium perrhenate, sodium perrhenate, potassium perrhenate,
      potassium rhenium oxychloride (K.sub.2 ReOCl.sub.5), potassium
      hexachlororhenate (IV), rhenium chloride, rhenium heptoxide, and the like
      compounds. Best results are ordinarily obtained when the impregnation
      solution is an aqueous solution of perrhenic acid. This component can be
      added to the carrier material either prior to, simultaneously with, or
      after the other metallic components are combined therewith. Best results
      are usually achieved when this component is added simultaneously with the
      other metallic components. In fact, excellent results are obtained with a
      one step impregnation procedure using an acidic aqueous solution
      containing chloroplatinic acid, perrhenic acid, cobaltous chloride, and
      hydrochloric acid.
PAR  A second essential ingredient of the subject catalyst is the platinum group
      component. That is, it is intended to cover the use of platinum, iridium,
      osmium, ruthenium, rhodium, palladium, or mixtures thereof as a second
      component of the present composite. It is an essential feature of the
      present invention that substantially all of this platinum group component
      exists within the final catalytic composite in the elemental metallic
      state. Generally, the amount of this component present in the final
      catalytic composite is small compared to the quantities of the other
      components combined therewith. In fact, the platinum group component
      generally will comprise about 0.01 to about 2 wt. % of the final catalytic
      composite, calculated on an elemental basis. Excellent results are
      obtained when the catalyst contains about 0.05 to about 1 wt. % of
      platinum, iridium, rhodium, or palladium metal. Particularly preferred
      mixtures of these metals are platinum and iridium and platinum and
      rhodium.
PAR  This platinum group component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion exchange or impregnation. The
      preferred method of preparing the catalyst involves the utilization of a
      soluble, decomposable compound of platinum group metal to impregnate the
      carrier material in a relatively uniform manner. For example, this
      component may be added to the support by commingling the latter with an
      aqueous solution of chloroplatinic or chloroiridic or chloropalladic acid.
      Other water-soluble compounds or complexes of platinum group metals may be
      employed in impregnation solutions and include ammonium chloroplatinate,
      bromoplatinic acid, platinum trichloride, platinum tetrachloride hydrate,
      platinum dichlorocarbonyl dichloride, dinitrodiaminoplatinum, sodium
      tetranitroplatinate (II), palladium chloride, palladium nitrate, palladium
      sulfate, diamminepalladium (II) hydroxide, tetramminepalladium (II)
      chloride, hexamminerhodium chloride, rhodium carbonylchloride, rhodium
      trichloride hydrate, rhodium nitrate, sodium hexachlororhodate (III),
      sodium hexanitrorhodate (III), iridium tribromide, iridium dichloride,
      iridium tetrachloride, sodium hexanitroiridate (III), potassium
      chloroiridate, potassium rhodium oxalate, etc. The utilization of a
      platinum, iridium, rhodium, or palladium chloride compound, such as
      chloroplatinic, chloroiridic, or chloropalladic acid or rhodium
      trichloride hydrate, is preferred since it facilitates the incorporation
      of both the platinum group components and at least a minor quantity of the
      halogen component in a single step. Hydrogen chloride or the like acid is
      also generally added to the impregnation solution in order to further
      facilitate the incorporation of the halogen component and the uniform
      distribution of the metallic components throughout the carrier material.
      In addition, it is generally preferred to impregnate the carrier material
      after it has been calcined in order to minimize the risk of washing away
      the valuable platinum or palladium compounds; however, in some cases it
      may be advantageous to impregnate the carrier material when it is in a
      gelled state.
PAR  A third essential ingredient of the acidic sulfur-free multimetallic
      catalytic composite of the present invention is a cobalt component.
      Although this component may be initially incorporated into the composite
      in many different decomposable forms which are hereinafter stated, my
      basic finding is that the catalytically active state for hydrocarbon
      conversion with this component is the elemental metallic state.
      Consequently, it is a feature of my invention that substantially all of
      the cobalt component exists in the catalytic composite either in the
      elemental metallic state or in a state which is reducible to the elemental
      state under hydrocarbon conversion conditions or in a mixture of these
      states. Examples of this reducible state are obtained when the cobalt
      component is initially present in the form of cobalt oxide, halide,
      oxyhalide, and the like reducible compounds. As a corollary to this basic
      finding on the active state of the cobalt component, it follows that the
      presence of cobalt in forms which are not reducible at hydrocarbon
      conversion conditions is to be scrupulously avoided if the full benefits
      of the present invention are to be realized. Illustrative of these
      undesired forms are cobalt sulfide and the cobalt oxysulfur compounds such
      as cobalt sulfate. Best results are obtained when the composite initially
      contains all of the cobalt component in the elemental metallic state or in
      a reducible oxide state or in a mixture of these states. All available
      evidence indicates that the preferred preparation procedure specifically
      described in Example I results in a catalyst having the cobalt component
      in a reducible oxide form. The cobalt component may be utilized in the
      composite in any amount which is catalytically effective, with the
      preferred amount being about 0.1 to about 5 wt. % thereof, calculated on
      an elemental cobalt basis. Typically, best results are obtained with about
      0.25 to about 2.5 wt. % cobalt. It is, additionally, preferred to select
      the specific amount of cobalt from within this broad weight range as a
      function of the amount of the platinum group component, on an atomic
      basis, as is explained hereinafter.
PAR  The cobalt component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      to result in a relatively uniform distribution of cobalt in the carrier
      material such as coprecipitation, cogellation, ion exchange, impregnation,
      etc. In addition, it may be added at any stage of the preparation of the
      composite-- either during preparation of the carrier material of
      thereafter-- since the precise method of incorporation used is not deemed
      to be critical. However, best results are obtained when the cobalt
      component is relatively uniformly distributed throughout the carrier
      material in a relatively small particle or crystallite size having a
      maximum dimension of less than 100 Angstroms, and the preferred procedures
      are the ones that are known to result in a composite having a relatively
      uniform distribution of the cobalt moiety in a relatively small particle
      size. One acceptable procedure for incorporating this component into the
      composite involves cogelling or coprecipitating the cobalt component
      during the preparation of the preferred carrier material, alumina. This
      procedure usually comprehends the addition of a soluble, decomposable, and
      reducible compound of cobalt such as cobalt chloride or nitrate to the
      alumina hydrosol before it is gelled. The resulting mixture is then
      finished by conventional gelling, aging, drying, and calcination steps as
      explained hereinbefore. One preferred way of incorporating this component
      in an impregnation step wherein the porous carrier material is impregnated
      with a suitable cobalt-containing solution either before, during, or after
      the carrier material is calcined or oxidized. The solvent used to form the
      impregnation solution may be water, alcohol, ether, or any other suitable
      organic or inorganic solvent provided the solvent does not adversely
      interact with any of the other ingredients of the composite or interfere
      with the distribution and reduction of the cobalt component. Preferred
      impregnation solutions are aqueous solutions of water-soluble,
      decomposable, and reducible cobalt compounds such as cobaltous acetate,
      cobaltous benzoate, cobaltous bromate, cobaltous bromide, cobaltous
      chlorate and perchlorate, cobaltous chloride, cobaltic chloride, cobaltous
      fluoride, cobaltous iodide, cobaltous nitrate, hexamminecobalt (III)
      chloride, hexamminecobalt (III) nitrate, triethylenediamminecobalt (III)
      chloride, cobaltous hexamethylenetetramine, and the like compounds. Best
      results are ordinarily obtained with the impregnation solution is an
      aqueous solution of cobalt chloride or cobalt nitrate. This cobalt
      component can be added to the carrier material, either prior to,
      simultaneously with, or after the other metallic components are combined
      therewith. Best results are usually achieved when this component is added
      simultaneously with the platinum group component via an acidic aqueous
      impregnation solution. In fact, excellent results are obtained, as
      reported in the examples, with an impregnation procedure using an acidic
      aqueous solution comprising chloroplatinic acid, perrhenic acid, cobaltous
      chloride, and hydrochloric acid.
PAR  It is essential to incorporate a halogen component into the acidic
      sulfur-free multimetallic catalytic composite of the present invention.
      Although the precise form of the chemistry of the association of the
      halogen component with the carrier material is not entirely known, it is
      customary in the art to refer to the halogen component as being combined
      with the carrier material, or with the other ingredients of the catalyst
      in the form of the halide (e.g. as the chloride). This combined halogen
      may be either fluorine, chlorine, iodine, bromine, or mixtures thereof. Of
      these, fluorine and, particularly, chlorine are preferred for the purposes
      of the present invention. The halogen may be added to the carrier material
      in any suitable manner, either during preparation of the support or before
      or after the addition of the other components. For example, the halogen
      may be added, at any stage of the preparation of the carrier material or
      to the calcined carrier material, as an aqueous solution of a suitable,
      decomposable halogen-containing compound such as hydrogen fluoride,
      hydrogen chloride, hydrogen bromide, ammonium chloride, etc. The halogen
      component or a portion thereof, may be combined with the carrier material
      during the impregnation of the latter with the platinum group, cobalt, or
      rhenium components; for example, through the utilization of a mixture of
      chloroplatinic acid and hydrogen chloride. In another situation, the
      alumina hydrosol which is typically utilized to form the preferred alumina
      carrier material may contain halogen and thus contribute at least a
      portion of the halogen component to the final composite. For reforming,
      the halogen will be typically combined with the carrier material in an
      amount sufficient to result in a final composite that contains about 0.1
      to about 3.5%, and preferably about  0.5 to about 1.5%, by weight, of
      halogen, calculated on an elemental basis. In isomerization or
      hydrocracking embodiments, it is generally preferred to utilize relatively
      larger amounts of halogen in the catalyst-- typically ranging up to about
      10 wt. % halogen calculated on an elemental basis, and more preferably,
      about 1 to about 5 wt. %. It is to be understood that the specified level
      of halogen component in the instant catalyst can be achieved or maintained
      during use in the conversion of hydrocarbons by continuously or
      periodically adding to the reaction zone a decomposable halogen-containing
      compound such as organic chloride (e.g. ethylene dichloride, carbon
      tetrachloride, t-butyl chloride) in an amount of about 1 to 100 wt. ppm.
      of the hydrocarbon feed, and preferably about 1 to about 10 wt. ppm.
PAR  Regarding especially preferred amounts of the various metallic components
      of the subject catalyst, I have found it to be a good practice to specify
      the amounts of the cobalt component and the rhenium component as a
      function of the amount of the platinum group component. On this basis, the
      amount of the cobalt component is ordinarily selected so that the atomic
      ratio of cobalt to platinum group metal contained in the composite is
      about 0.2:1 to about 66:1, with the preferred range being about 0.8:1 to
      about 18:1. Similarly, the amount of the rhenium component is ordinarily
      selected to produce a composite containing an atomic ratio of rhenium to
      platinum group metal of about 0.05:1 to about 10:1, with the preferred
      range being about 0.2:1 to about 5:1.
PAR  Another significant parameter for the instant catalyst is the "total metals
      content" which is defined to be the sum of the platinum group component,
      the cobalt component, and the rhenium component, calculated on an
      elemental basis. Good results are ordinarily obtained with the subject
      catalyst when this parameter is fixed at a value of about 0.15 to about 4
      wt. % with best results ordinarily achieved at a metals loading of about
      0.3 to about 3 wt. %.
PAR  In embodiments of the present invention wherein the instant multimetallic
      catalytic composite is used for the dehydrogenation of dehydrogenatable
      hydrocarbons or for the hydrogenation of hydrogenatable hydrocarbons, it
      is ordinarily a preferred practice to include an alkali or alkaline earth
      metal component in the composite. More precisely, this optional ingredient
      is selected from the group consisting of the compounds of the alkali
      metals--cesium, rubidium, potassium, sodium, and lithium-- and the
      compounds of the alkaline earth metals-- calcium, strontium, barium, and
      magnesium. Generally, good results are obtained in these embodiments when
      this component constitutes about 0.1 to about 5 wt. % of the composite,
      calculated on an elemental basis. This optional alkali or alkaline earth
      metal component can be incorporated in the composite in any of the known
      ways, with impregnation with an aqueous solution of a suitable
      water-soluble, decomposable compound being preferred.
PAR  An optional ingredient for the multimetallic catalyst of the present
      invention is a Friedel-Crafts metal halide component. This ingredient is
      particularly useful in hydrocarbon conversion embodiments of the present
      invention wherein it is preferred that the catalyst utilized has a strong
      acid or cracking function associated therewith-- for example, an
      embodiment wherein hydrocarbons are to be hydrocracked or isomerized with
      the catalyst of the present invention. Suitable metal halides of the
      Friedel-Crafts type include aluminum chloride, aluminum bromide, ferric
      chloride, ferric bromide, zinc chloride, and the like compounds, with the
      aluminum halides and particularly aluminum chloride ordinarily yielding
      best results. Generally, this optional ingredient can be incorporated into
      the composite of the present invention by any of the conventional methods
      for adding metallic halides of this type; however, best results are
      ordinarily obtained when the metallic halide is sublimed onto the surface
      of the carrier material according to the preferred method disclosed in
      U.S. Pat. No. 2,999.074. The component can generally be utilized in any
      amount which is catalytically effective, with a value selected from the
      range of aboug 1 to about 100 wt. % of the carrier material generally
      being preferred.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the final catalyst generally
      will be dried at a temperature of about 200.degree. to about 600.degree.
      F. for a period of at least about 2 to about 24 hours or more, and finally
      calcined or oxidized at a temperature of about 700.degree. to about
      1100.degree. F. in an air or oxygen atmosphere for a period of about 0.5
      to about 10 hours in order to convert substantially all of the metallic
      components to the corresponding reducible oxide form. Because a halogen
      component is utilized in the catalyst, best results are generally obtained
      when the halogen content of the catalyst is adjusted during the oxidation
      step by including a halogen or a halogen-containing compound such as HC1
      in the air or oxygen atmosphere utilized. In particular, when the halogen
      component of the catalyst is chlorine, it is preferred to use a mole ratio
      of H.sub.2 O to HC1 of about 5:1 to about 100:1 during at least a portion
      of the oxidation step in order to adjust the final chlorine content of the
      catalyst to a range of about 0.1 to about 3.5 wt. %. Preferably, the
      duration of this halogenation step is about 1 to 5 hours.
PAR  The resultant oxidized catalytic composite is preferably subjected to a
      substantially water-free and hydrocarbon-free reduction step prior to its
      use in the conversion of hydrocarbons. This step is designed to
      selectively reduce the platinum group component to the elemental metallic
      state and to insure a uniform and finely divided dispersion of the
      metallic components throughout the carrier material. Preferably
      substantially pure and dry hydrogen (i.e. less than 20 vol. ppm. H.sub.2
      O) is used as the reducing agent in this step. The reducing agent is
      contacted with the oxidized catalyst at conditions including a reduction
      temperature of about 800.degree. to about 1200.degree. F. and a period of
      time of about 0.5 to 10 hours effective to reduce substantially all of the
      platinum group component to the elemental metallic states. Quite
      surprisingly, it has been found that if this reduction step is performed
      with a hydrocarbon-free hydrogen stream at the temperature indicated and
      if the cobalt component is properly distributed in the carrier material in
      the oxide form and in the specified small particle size, no substantial
      amount of the cobalt component will be reduced in this step. However, once
      the catalyst sees a mixture of hydrogen, substantially all of the cobalt
      component is quickly reduced at the specified reduction temperature range.
      This reduction treatment may be performed in situ as part of a start-up
      sequence if precautions are taken to predry the plant to a substantially
      water-free state and if substantially water-free and hydrocarbon-free
      hydrogen is used.
PAR  The resulting reduced catalytic composite is, in accordance with the basic
      concept of the present invention, preferably maintained in a sulfur-free
      state both during its preparation and thereafter during its use in the
      conversion of hydrocarbons. As indicated previously, the beneficial
      interaction of the cobalt component with the other ingredients of the
      present catalytic composite is contingent upon the maintenance of the
      cobalt moiety in a highly dispersed, readily reducible state in the
      carrier material. Sulfur in the form of sulfide adversely interfers with
      both the dispersion and reducibility of the cobalt component and
      consequently it is a highly preferred practice to avoid presulfiding the
      reduced acidic multimetallic catalyst resulting from the reduction step.
      Once the catalyst has been exposed to hydrocarbon for a sufficient period
      of time to lay down a protective layer of carbon or coke on the surface
      thereof, the sulfur sensitivity of the resulting carbon-containing
      composite changes rather markedly and the presence of small amounts of
      sulfur can be tolerated without permanently disabling the catalyst. The
      exposure of the freshly reduced catalyst to sulfur can seriously damage
      the cobalt component thereof and consequently jeopardize the superior
      performance characteristics associated therewith. However, once a
      protective layer of carbon is established on the catalyst, the sulfur
      deactivation effect is less permanent and sulfur can be purged therefrom
      by exposure to a sulfur-free hydrogen stream at a temperature of about
      800.degree. too 1100.degree. F.
PAR  According to the present invention, a hydrocarbon charge stock and hydrogen
      are contacted with the instant acidic sulfur-free multimetallic catalyst
      in a hydrocarbon conversion zone. This contacting may be accomplished by
      using the catalyst in a fixed bed system, a moving bed system, a fluidized
      bed system, or in a batch type operation; however, in view of the danger
      of attrition losses of the valuable catalyst and of well known operational
      advantages, it is preferred to use either a fixed bed system or a
      dense-phase moving bed system such as is shown in U.S. Pat. No. 3,725,249.
      It is also contemplated that the contacting step can be performed in the
      presence of a physical mixture of particles of the catalyst of the present
      invention and particles of a conventional dual-function catalyst of the
      prior art. In a fixed bed system, a hydrogen-rich gas and the charge stock
      are preheated by any suitable heating means to the desired reaction
      temperature and then are passed into a conversion zone containing a fixed
      bed of the acidic multimetallic catalyst. It is, of course, understood
      that the conversion zone may be one of more separate reactors with
      suitable means therebetween to insure that the desired conversion
      temperature is maintained at the entrance to each reactor. It is also
      important to note that the reactants may be contacted with the catalyst
      bed in either upward, downward, or radial flow fashion with the latter
      being preferred. In addition, the reactants may be in the liquid phase, a
      mixed liquid-vapor phase, or a vapor phase when they contact the catalyst,
      with best results obtained in the vapor phase.
PAR  In the case where the acidic sulfur-free multimetallic catalyst of the
      present invention is used in a reforming operation, the reforming system
      will typically comprise a reforming zone containing one or more fixed beds
      or dense-phase moving beds of the catalyst. In a multiple bed system it
      is, of course, within the scope of the present invention to use the
      present catalyst in less than all of the beds, with a conventional
      dual-function catalyst of the prior art being used in the remainder of the
      beds. This reforming zone may be one or more separate reactors with
      suitable heating means therebetween to compensate for the endothermic
      nature of the reactions that take place in each catalyst bed. The
      hydrocarbon feed stream that is charged to this reforming system will
      comprise hydrocarbon fractions containing naphthenes and paraffins that
      boil within the gasoline range. The preferred charge stocks are those
      consisting essentially of naphthenes and paraffins, although in some cases
      aromatics and/or olefins may also be present. This preferred class
      includes straight run gasolines, natural gasolines, synthetic gasolines,
      partially reformed gasolines, and the like. On the other hand, it is
      frequently advantageous to charge thermally or catalytically cracked
      gasolines or higher boiling fractions thereof. Mixtures of straight run
      and cracked gasolines can also be used to advantage. The gasoline charge
      stock may be a full boiling gasoline having an initial boiling point of
      from about 50.degree. to about 150.degree. F. and an end boiling point
      within the range of from about 325.degree. to about 425.degree. F., or may
      be a selected fraction thereof which generally will be a higher boiling
      fraction commonly referred to as a heavy naphtha-- for example, a naphtha
      boiling in the range of C.sub.7 to 400.degree. F. In some cases, it is
      also advantageous to charge pure hydrocarbons or mixtures of hydrocarbons
      that have been extracted from hydrocarbon distillates-- for example,
      straight-chain paraffins-- which are to be converted to aromatics. It is
      preferred that these charge stocks be treated by conventional catalytic
      pretreatment methods such as hydrorefining, hydrotreating,
      hydrodesulfurization, etc., to remove substantially all sulfurous,
      nitrogenous, and water-yielding contaminants therefrom and to saturate any
      olefins that may be contained therein.
PAR  In other hydrocarbon conversion embodiments, the charge stock will be of
      the conventional type customarily used for the particular kind of
      hydrocarbon conversion being effected. For example, in a typical
      isomerization embodiment the charge stock can be a paraffinic stock rich
      in C.sub.4 to C.sub.8 normal paraffins, or a normal butane-rich stock, or
      a n-hexane-rich stock, or a mixture of xylene isomers, etc. In a
      dehydrogenation embodiment, the charge stock can be any of the known
      dehydrogenatable hydrocarbons such as an aliphatic compound containing 2
      to 30 carbon atoms per molecule, a C.sub.4 to C.sub.30 normal paraffin, a
      C.sub.8 to C.sub.12 alkylaromatic, a naphthene, and the like. In
      hydrocracking embodiments, the charge stock will be typically a gas oil,
      heavy cracked cycle oil, etc. In addition, alkylaromatic and naphthenes
      can be conveniently isomerized by using the catalyst of the present
      invention. Likewise, pure hydrocarbons or substantially pure hydrocarbons
      can be converted to more valuable products by using the acidic sulfur-free
      multimetallic catalyst of the present invention in any of the hydrocarbon
      conversion processes, known to the art, that use a dual-function catalyst.
PAR  Since sulfur has a high affinity for cobalt at hydrocarbon conversion
      conditions, I have found that best results are achieved in the conversion
      of hydrocarbons with the instant acidic multimetallic catalytic composite
      when the catalyst is used in a substantially sulfur-free environment. This
      is particularly true in the catalytic reforming embodiment of the present
      invention. The expression "substantially sulfur-free environment" is
      intended to mean that the total amount (expressed as equivalent elemental
      sulfur) of sulfur or sulfur-containing compounds, which are capable of
      producing a metallic sulfide at the reaction conditions used, entering the
      reaction zone containing the instant catalyst from any source is
      continuously maintained at an amount equivalent to less than 10 wt. ppm of
      the hydrocarbon charge stock, more preferably less than 5 wt. ppm, and
      most preferably less than 1 wt. ppm. Since in the ordinary operation of a
      conventional catalytic reforming process, wherein influent hydrogen is
      autogenously produced, the prime source for any sulfur entering the
      reforming zone is the hydrocarbon charge stock, maintaining the charge
      stock substantially free of sulfur is ordinarily sufficient to ensure that
      the environment containing the catalyst is maintained in the substantially
      sulfur-free state. More specifically, since hydrogen is a by-product of
      the catalytic reforming process, ordinarily the input hydrogen stream
      required for the process is obtained by recycling a portion of the
      hydrogen-rich stream recovered from the effluent withdrawn from the
      reforming zone. In this typical situation, this recycle hydrogen stream
      will ordinarily be substantially free of sulfur if the charge stock is
      maintained free of sulfur. If autogenous hydrogen is not utilized, then of
      course the concept of the present invention requires that the input
      hydrogen stream be maintained substantially sulfur-free; that is, less
      than 10 vol. ppm of H.sub.2 S, preferably less than 5 vol. ppm, and most
      preferably less than 1 vol. ppm.
PAR  The only other possible sources of sulfur that could interfere with the
      performance of the instant catalyst are sulfur that is initially combined
      with the catalyst and/or with the plant hardware. As indicated
      hereinbefore, a feature of the present acidic multimetallic catalyst is
      that it is maintained substantially sulfur-free; therefore, sulfur
      released from the catalyst is not usually a problem in the present
      process. Hardware sulfur is ordinarily not present in a new plant; it only
      becomes a problem when the present process is to be implemented in a plant
      that has seen service with a sulfur-containing feedstream. In this latter
      case, the preferred practice of the present invention involves an initial
      pretreatment of the sulfur-containing plant in order to remove
      substantially all of the decomposable hardware sulfur therefrom. This can
      be easily accomplished by any of the techniques for stripping sulfur from
      hardware known to those in the art; for example, by the circulation of a
      substantially sulfur-free hydrogen stream through the internals of the
      plant at a relatively high temperature of about 800.degree. to about
      1200.degree. F. until the H.sub.2 S content of the effluent gas stream
      drops to a relatively low level-- typically, less than 5 vol. ppm and
      preferably less than 2 vol. ppm. In sum, the sulfur-free feature of the
      present invention requires that the total amount of detrimental sulfur
      entering the hydrocarbon conversion zone containing the hereinbefore
      described acidic multimetallic catalyst must be continuously maintained at
      a substantially low level; specifically, the amount of sulfur must be held
      to a level equivalent to less than 10 wt. ppm, and preferably less than 1
      wt. ppm, of the feed.
PAR  In the case where the sulfur content of the feed stream for the present
      process is greater than the amounts previously specified, it is, of
      course, necessary to treat the charge stock in order to remove the
      undesired sulfur contaminants therefrom. This is easily accomplished by
      using any one of the conventional catalytic pretreatment methods such as
      hydrorefining, hydrotreating, hydrodesulfurization, and the like to remove
      substantially all sulfurous, nitrogenous, and water-yielding contaminants
      from this feedstream. Ordinarily, this involves subjecting the
      sulfur-containing feedstream to contact with a suitable sulfur-resistant
      hydrorefining catalyst in the presence of hydrogen under conversion
      conditions selected to decompose sulfur contaminants contained therein and
      form hydrogen sulfide. The hydrorefining catalyst typically comprises one
      or more of the oxides or sulfides of the transition metals of Group VI and
      VIII of the Periodic Table. A particularly preferred hydrorefining
      catalyst comprises a combination of a metallic component from the iron
      group metals of Group VIII and of a metallic component of the Group VI
      transition metals combined with a suitable porous refractory support.
      Particularly good results have been obtained when the iron group component
      is cobalt and/or nickel and the Group VI transition metal is molybdenum or
      tungsten. The preferred support for this type of catalyst is a refractory
      inorganic oxide of the type previously mentioned. For example, good
      results are obtained with a hydrorefining catalyst comprising cobalt oxide
      and molybdenum oxide supported on a carrier material comprising alumina
      and silica. The conditions utilized in this hydrorefining step are
      ordinarily selected from the following ranges: a temperature of about
      600.degree. to about 950.degree. F., a pressure of about 500 to about 5000
      psig., a liquid hourly space velocity of about 1 to about 20
      hr..sup.-.sup.1, and a hydrogen circulation rate of about 500 to about
      10,000 standard cubic feet of hydrogen per barrel of charge. After this
      hydrorefining step, the hydrogen sulfide, ammonia, and water liberated
      therein, are then easily removed from the resulting purified charge stock
      by conventional means such as a suitable stripping operation. Specific
      hydrorefining conditions are selected from the range given above as a
      function of the amounts and kinds of the sulfur contaminants in the
      feedstream in order to produce a substantially sulfur-free charge stock
      which is then charged to the process of the present invention.
PAR  In a reforming embodiment, it is generally preferred to utilize the novel
      acidic sulfur-free multimetallic catalytic composite in a substantially
      water-free environment. Essential to the achievement of this condition in
      the reforming zone is the control of the water level present in the charge
      stock and the hydrogen stream which is being charged to the zone. Best
      results are ordinarily obtained when the total amount of water entering
      the conversion zone from any source is held to a level less than 50 ppm
      and preferably less than 20 ppm expressed as weight of equivalent water in
      the charge stock. In general, this can be accomplished by careful control
      of the water present in the charge stock and in the hydrogen stream. The
      charge stock can be dried by using any suitable drying means known to the
      art, such as conventional solid adsorbent having a high selectivity for
      water, for instance, sodium or calcium crystalline aluminosilicates,
      silica gel, activated alumina, molecular sieves, anhydrous calcium
      sulfate, high surface area sodium, and the like adsorbents. Similarly, the
      water content of the charge stock may be adjusted by suitable stripping
      operations in a fractionation column or like device. And in some cases, a
      combination of adsorbent drying and distillation drying may be used
      advantageously to effect almost complete removal of water from the charge
      stock. In general, it is preferred to maintain the hydrogen stream
      entering the hydrocarbon conversion zone at a level of about 20 vol. ppm
      of water of less and most preferably about 15 vol. ppm or less. If the
      water level in the hydrogen stream is too high, drying of same can be
      conveniently accomplished by contacting the hydrogen stream with a
      suitable desiccant such as those mentioned above.
PAR  In the reforming embodiment, an effluent stream is withdrawn from the
      reforming zone and passed through a cooling means to a separation zone,
      typically maintained at about 25.degree. to 150.degree. F., wherein a
      hydrogen-rich gas stream is separated from a high octane liquid product
      stream, commonly called an unstabilized reformate. When the water level in
      the hydrogen stream is outside the range previously specified, at least a
      portion of this hydrogen-rich gas stream is withdrawn from the separating
      zone and passed through an adsorption zone containing an adsorbent
      selective for water. The resultant substantially water-free hydrogen
      stream can then be recycled through suitable compressing means back to the
      reforming zone. The liquid phase from the separating zone is typically
      withdrawn and commonly treated in a fractionating system in order to
      adjust the butane concentration, thereby controlling front-end volatility
      of the resulting reformate.
PAR  The conditions utilized in the numerous hydrocarbon conversion embodiments
      of the present invention are in general those customarily used in the art
      for the particular reaction, or combination of reactions, that is to be
      effected. For instance, alkylaromatic and paraffin isomerization
      conditions include: a temperature of about 32.degree. to about
      1000.degree. F. and preferably from about 75.degree. to about 600.degree.
      F.; a pressure of atmospheric to about 100 atmospheres; a hydrogen to
      hydrocarbon mole ratio of about 0.5:1 to about 20:1, and an LHSV
      (calculated on the basis of equivalent liquid volume of the charge stock
      contacted with the catalyst per hour divided by the volume of conversion
      zone containing catalyst) of about 0.2 hr..sup.-.sup.1 to 10
      hr..sup.-.sup.1. Dehydrogenation conditions include: a temperature of
      about 700.degree. to about 1250.degree. F., a pressure of about 0.1 to
      about 10 atmospheres, a liquid hourly space velocity of about 1 to 40
      hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole ratio of about 1:1 to
      20:1. Likewise, typically hydrocracking conditions include: a pressure of
      about 500 psig. to about 3000 psig., a temperature of about 400.degree. to
      about 900.degree. F., an LHSV of about 0.1 hr..sup.-.sup.1 to about 10
      hr..sup.-.sup.1 and hydrogen circulation rates of about 1000 to 10,000 SCF
      per barrel of charge.
PAR  In the reforming embodiment of the present invention, the pressure utilized
      is selected from the range of about 0 psig. to about 1000 psig. with the
      preferred pressure being about 50 psig. to about 600 psig. Particularly
      good results are obtained at low or moderate pressure; namely, a pressure
      of about 100 to 450 psig. In fact, it is a singular advantage of the
      present invention that it allows stable operation at lower pressures than
      have heretofore been successfully utilized in so-called "continuous"
      reforming systems (i.e. reforming for periods of about 15 to about 200 or
      more barrels of charge per pound of catalyst without regeneration) with
      all platinum monometallic catalyst. In other words, the acidic sulfur-free
      multimetallic catalyst of the present invention allows the operation of a
      continuous reforming system to be conducted at lower pressure (i.e. 100 to
      about 350 psig.) for about the same or better catalyst cycle life before
      regeneration as has been heretofore realized with conventional
      monometallic catalysts at higher pressures (i.e. 400 to 600 psig.). On the
      other hand, the extraordinary activity and activity-stability
      characteristics of the catalyst of the present invention enables reforming
      conditions conducted at pressures of 400 to 600 psig. to achieve
      substantially increased catalyst cycle life before regeneration.
PAR  The temperature required for reforming with the instant catalyst is
      markedly lower than that required for a similar reforming operation using
      a high quality catalyst of the prior art. This significant and desirable
      feature of the present invention is a consequence of the extraordinary
      activity of the acidic sulfur-free multimetallic catalyst of the present
      invention for the octane-upgrading reactions that are preferably induced
      in a typical reforming operation. Hence, the present invention requires a
      temperature in the range of from about 800.degree. to about 1100.degree.
      F. and preferably about 1050.degree. F. As is well known to those skilled
      in the continuous reforming art, the initial selection of the temperature
      within this broad range is made primarily as a function of the desired
      octane of the product reformate considering the characteristics of the
      charge stock and of the catalyst. Ordinarily, the temperature then is
      therefore slowly increased during the run to compensate for the inevitable
      deactivation that occurs to provide a constant octane product. Therefore,
      it is a feature of the present invention that not only is the initial
      temperature requirement substantially lower but also the rate at which the
      temperature is increased in order to maintain a constant octane product is
      substantially lower for the catalyst of the present invention than for an
      equivalent operation with a high quality reforming catalyst of the present
      invention except for the inclusion of the cobalt and rhenium components.
      Moreover, for the catalyst of the present invention, the C.sub.5 + yield
      loss for a given temperature increase is substantially lower than for a
      high quality reforming catalyst of the prior art. The extraordinary
      activity of the instant catalyst can be utilized in a number of highly
      beneficial ways to enable increased performance of a catalytic reforming
      process relative to that obtained in a similar operation with a
      monometallic or bimetallic catalyst of the prior art, some of these are:
      (1) Octane number of C.sub.5 + product can be substantially increased
      without sacrificing catalyst run length. (2) The duration of the process
      operation (i.e. catalyst run length or cycle life) before regeneration
      becomes necessary can be significantly increased. (3) Investment costs can
      be lowered without any sacrifice in cycle life by lowering recycle gas
      requirement thereby saving on capital cost for compressor capacity or by
      lowering initial catalyst loading requirements thereby saving on cost of
      catalyst and on capital cost of the reactors. (4) Throughput can be
      increased sharply at no sacrifce in catalyst cycle life if sufficient
      heater capacity is available.
PAR  The reforming embodiment of the present invention also typically utilizes
      sufficient hydrogen to provide an amount of about 1 to about 20 moles of
      hydrogen per mole of hydrocarbon entering the reforming zone, with
      excellent results being obtained when about 2 to about 6 moles of hydrogen
      are used per mole of hydrocarbon. Likewise, the liquid hourly space
      velocity (LHSV) used in reforming is selected from the range of about 0.1
      to about 10 hr..sup.-.sup.1, with a value in the range of about 1 to about
      5 hr..sup.-.sup.1 being preferred. In fact, it is a feature of the present
      invention that it allows operations to be conducted at higher LHSV than
      normally can be stably achieved in a continuous reforming process with a
      high quality reforming catalyst of the prior art. This last feature is of
      immense economic significance because it allows a continuous reforming
      process to operate at the same throughout level with less catalyst
      inventory or at greatly increased throughout level with the same catalyst
      inventory than that heretofore used with conventional reforming catalysts
      at no sacrifice in catalyst life before regeneration.
DETD
PAR  The following examples are given to illustrate further the preparation of
      the acidic sulfur-free multimetallic catalyst composite of the present
      invention and the use thereof in the conversion of hydrocarbons. It is
      understood that the examples are intended to be illustrative rather than
      restrictive.
PAC  EXAMPLE I
PAR  A sulfur-free alumina carrier material comprising 1/16 inch spheres was
      prepared by: forming an aluminum hydroxyl chloride sol by dissolving
      substantially pure aluminum pellets in a hydrochloric acid solution,
      adding hexamethylenetetramine to the resulting alumina sol, gelling the
      resulting solution by dropping it into an oil bath to form spherical
      particles of an aluminum-containing hydrogel, aging and washing the
      resulting particles and finally drying and calcining the aged and washed
      particles to form spherical particles of gamma-alumina containing about
      0.3 wt. % combined chloride. Additional details as to this method of
      preparing the preferred gamma-alumina carrier material are given in the
      teachings of U.S. Pat. No. 2,620,314.
PAR  A sulphur-free aqueous impregnation solution containing chloroplatinic
      acid, perrhenic acid, cobaltous chloride, and hydrogen chloride was then
      prepared. The alumina carrier material was thereafter admixed with the
      impregnation solution. The amount of reagents contained in this
      impregnation solution was calculated to result in a final composite
      containing, on an elemental basis, 0.375 wt. % platinum, 0.375 wt. %
      rhenium, and 0.5 wt. % cobalt. In order to insure uniform dispersion of
      the metallic components throughout the carrier material, the amount of
      hydrochloric acid used was about 3 wt. % of the alumina particles. This
      impregnation step was performed by adding the carrier material particles
      to the impregnation mixture with constant agitation. In addition, the
      volume of the solution was approximately the same as the void volume of
      the carrier material particles. The impregnation mixture was maintained in
      contact with the carrier material particles for a period of about one-half
      to about 3 hours at a temperature of about 70.degree. F. Thereafter, the
      temperature of the impregnation mixture was raised to about 225.degree. F.
      and the excess solution was evaporated in a period of about 1 hour. The
      resulting dried impregnated particles were then subjected to an oxidation
      treatment in a sulfur-free dry air stream at a temperature of about
      975.degree. F. and a GHSV of about 500 hr..sup.-.sup.1 for about one-half
      hour. This oxidation step was designed to convert substantially all of the
      metallic ingredients to the corresponding reducible oxide forms. The
      resulting oxidized spheres were subsequently contacted in a
      halogen-treating step with a sulfur-free air stream containing H.sub.2 O
      and HCl in a mole ratio of about 30:1  for about 2 hours at 975.degree. F.
      and a GHSV of about 500 hr..sup.-.sup.1 in order to adjust the halogen
      content of the catalyst particles to a value of about 0.98 wt. %. The
      halogen-treated spheres were thereafter subjected to a second oxidation
      step with a dry sulfur-free air stream at 975.degree. F. and a GHSV of 500
      hr..sup.-.sup.1 for an additional period of about one-half hour.
PAR  The oxidized and halogen treated catalyst particles were then subjected to
      a dry prereduction treatment, designed to reduce substantially all of the
      platinum component to the elemental metallic state by contacting them for
      about 1 hour with a substantially hydrocarbon-free and sulfur-free dry
      hydrogen stream containing less than 5 vol. ppm H.sub.2 O at a temperature
      of about 1050.degree. F., a pressure slightly above atmospheric, and a
      flow rate of the hydrogen stream through the catalyst particles
      corresponding to a gas hourly space velocity of about 400 hr..sup.-.sup.1.
PAR  Examination of a sample of the resulting reduced catalyst indicated that
      substantially all of the platinum component had been reduced to the
      metallic state. Controlled reduction experiments along with additional
      evidence from electron spin resonance established that at the completion
      of this reduction step, substantially all of the cobalt component was in a
      readily reducible oxide form. X-ray and electron spin resonance studies of
      the cobalt crystallites contained in a cobalt-containing catalyst of the
      present type after it had been exposed to hydrocarbons during the
      subsequently described reforming operation revealed that substantially all
      of the cobalt component was reduced to the elemental metallic state at the
      reforming conditions utilized.
PAR  A sample of the resulting reduced sulfur-free catalyst particles was
      analyzed and found to contain, on an elemental basis, about 0.375 wt. %
      platinum, about 0.5 wt. % cobalt, about 0.375 wt. % rhenium, and about
      0.98 wt. % chloride. This corresponds to an atomic ratio of rhenium to
      platinum of 1.05:1 and to an atomic ratio of cobalt to platinum of 4.4:1.
      The resulting acidic multimetallic catalyst is hereinafter referred to as
      catalyst "A".
PAC  EXAMPLE II
PAR  In order to compare the novel acidic sulfur-free multimetallic catalytic
      composite of the present invention with a leading bimetallic catalytic
      composite of the prior art in a manner calculated to bring out the
      beneficial interaction between the cobalt component and a platinum- and
      rhenium-containing catalyst, a comparison test was made between the acidic
      sulfur-free multimetallic catalyst of the present invention which was
      prepared in Example I (i.e. catalyst A) and a superior bimetallic
      reforming catalyst of the prior art which containing a combination of
      platinum and rhenium as its hydrogenation-dehydrogenation component. The
      control catalyst was a combination of a platinum component, a rhenium
      component, and a chloride component with a gamma-alumina carrier material
      in an amount sufficient to result in the final catalyst containing about
      0.375 wt. % platinum, about 0.375 wt. % rhenium, and about 0.87 wt. %
      chloride. The control catalyst is hereinafter referred to as catalyst "B".
      Catalyst B was prepared by a method identical to that set forth in Example
      I except that the cobalt reagent was excluded from the impregnation
      solution.
PAR  These catalysts were then separately subjected to a high stress accelerated
      catalytic reforming evaluation test designed to determine in a relatively
      short period of time their relative acitivity, selectivity, and stability
      characteristics in a process for reforming a relatively low-octane
      gasoline fraction. In both tests the same charge stock was utilized and
      its pertinent characteristics are set forth in Table I. It is to be noted
      that in both cases the test was conducted under substantially water-free
      conditions with the only significant source of water being the 14 to 18
      wt. % ppm present in the charge stock. Likewise, it is to be observed that
      both runs were performed under substantially sulfur-free conditions with
      the only sulfur input into the plant being the 0.1 ppm sulfur contained in
      the charge stock.
TBL                TABLE I                                                     
     ______________________________________                                    
     Analysis of Charge Stock                                                  
     ______________________________________                                    
     Gravity, .degree.API at 50.degree. F.                                     
                              59.7                                             
     Distillation Profile, .degree. F.                                         
      Initial Boiling Point  178                                               
       5% Boiling Point      199                                               
      10% Boiling Point      210                                               
      30% Boiling Point      232                                               
      60% Boiling Point      244                                               
      70% Boiling Point      286                                               
      90% Boiling Point      320                                               
      95% Boiling Point      336                                               
      End Boiling Point      376                                               
     Chloride, wt. ppm        0.35                                             
     Nitrogen, wt. ppm        0.2                                              
     Sulfur, wt. ppm          0.1                                              
     Water, wt. ppm          14 - 18                                           
     Octane Number, F-1 clear                                                  
                              41.0                                             
     Paraffins, vol. %        67                                               
     Naphthenes, vol. %       21.2                                             
     Aromatics, vol. %        11.3                                             
     ______________________________________                                    
PAR  This accelerated reforming test was specifically designed to determine in a
      very short period of time whether the catalyst being evaluated has
      superior characteristics for use in a high severity reforming operation.
      Each run consisted of a series of evaluation periods of 24 hours, each of
      these periods comprised a 12 hour line-out period followed by a 12 hour
      test period during which the C.sub.5 + product reformate and the gaseous
      products from the plant were collected and analyzed. Both test runs were
      performed at identical conditions which comprised a liquid hourly space
      velocity (LHSV) of 3.0 hr..sup.-.sup.1, a pressure of 300 psig., a 10:1
      gas to oil ratio, and an inlet reactor temperature which was continuously
      adjusted through the test in order to achieve and maintain a C.sub.5 +
      target octane of 100 F-1 clear.
PAR  Both tests were performed in a pilot plant scale reforming unit comprising
      a reactor containing a fixed bed of the catalyst undergoing evaluation, a
      hydrogen separation zone, a debutanizer column, and suitable heating
      means, pumping means, condensing means, compressing means, and the like
      conventional equipment. The flow scheme utilized in this plant involves
      commingling a hydrogen recycle stream with the charge stock and heating
      the resulting mixture to the desired conversion temperature. The heated
      mixture is then passed downflow into a reactor containing the catalyst
      undergoing evaluation as a stationary bed. An effluent stream is then
      withdrawn from the bottom of the reactor, cooled to about 55.degree. F.
      and passed to a gas-liquid separation zone wherein a hydrogen-rich gaseous
      phase separates from a liquid hydrocarbon phase. A portion of the gaseous
      phase is then continuously passed through a high surface area sodium
      scrubber and the resulting substantially water-free and sulfur-free
      hydrogen stream is returned to the reactor in order to supply the hydrogen
      recycle stream. The excess gaseous phase from the separation zone is
      recovered as the hydrogenand methane-containing product stream (commonly
      called "excess recycle gas"). The liquid phase from the separation zone is
      withdrawn therefrom and passed to a debutanizer column wherein light ends
      (i.e. C.sub.1 to C.sub.4) are taken overhead as debutanizer gas and a
      C.sub.5 + reformate stream recovered as the principal bottom product.
PAR  The results of the separate tests performed on the particularly preferred
      catalyst of the present invention, catalyst A, and the control catalyst,
      catalyst B, are presented for each test period in Table II in terms of
      inlet temperature to the reactor in .degree. F. necessary to achieve the
      target octane level, the amount of methane produced in standard cubic feet
      per barrel of charge (SCFB), and the amount of C.sub.5 + reformate
      recovered expressed as vol. % of the charge stock.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Results of Accelerated Reforming Test                                     
     CATALYST "A"           CATALYST "B"                                       
     Period                                                                    
         T, .degree.F                                                          
              C.sub.5 +, vol.%                                                 
                     CH.sub.4, SCFB                                            
                            T, .degree.F                                       
                                   C.sub.5 +, vol.%                            
                                          CH.sub.4, SCFB                       
     __________________________________________________________________________
     1   930.5                                                                 
              63.0   1090   993.5  68.92  392                                  
     2   932.0                                                                 
              63.91  1038   997.0  69.32  419                                  
     3   936.5                                                                 
              --     --     1000.0 --     --                                   
     4   940.5                                                                 
              64.07  101.sup.2                                                 
                            994.0  70.73  515                                  
     5   946.0                                                                 
              --     --     993.0  --     --                                   
     6   949.0                                                                 
              64.31   988   995.0  70.67  523                                  
     7   953.0                                                                 
              --     --     996.0  --     --                                   
     8   956.0                                                                 
              64.33   962   996.5  69.22  535                                  
     __________________________________________________________________________
PAR  Referring now to the results of the comparison test presented in Table II,
      it is evident that the principal effect of the cobalt component on the
      performance of the platinum- and rhenium-containing bimetallic catalyst is
      to enable a substantial improvement in the absolute activity of the
      catalyst coupled with a marked shift in the selectivity of the catalyst
      for methane production. That is, the data presented in Table II clearly
      indicates that the acidic sulfur-free catalyst of the present invention is
      markedly superior to the control catalyst in a high severity reforming
      process designed to produce a high octane reformate and a methane-rich off
      gas stream (i.e. a synthetic natural gas stream having substantial utility
      in areas where natural gas is in short supply). As was pointed out in
      detail hereinbefore, a good measure of activity for a reforming catalyst
      is the inlet temperature in the reactor which is required to make target
      octane and the data presented in Table II on this variable clearly shows
      the catalyst A was extraordinarily more active than catalyst B. The
      activity advantage that catalyst A manifests is consistently equal to or
      better than 40.degree. F. in inlet reactor temperature and is truly
      outstanding when one realizes that as a rule of thumb, the rate of a
      reaction ordinarily doubles for every 18.degree. to 20.degree. F. increase
      in reactor temperature. Thus, a 40.degree. F. activity advantage means
      that the catalyst of the present invention is approximately four or five
      times as active as the control catalyst. A specific example of this
      activity advantage can be obtained by looking at the data for period 8 of
      the test (i.e. 192 hours into the test), at this point, catalyst A
      required an inlet temperature of 956.degree. F. in order to make octane
      which stands in sharp contrast to the 996.5 requirement of catalyst B at
      the same point in the run. This 40.degree. F. difference in temperature
      requirement for octane is impressive evidence of the ability of the
      catalyst of the present invention to materially accelerate the rate of the
      involved reforming reactions. Thus, the data clearly shows that the
      composite of the present invention was extraordinarily more active than
      the control catalyst.
PAR  It is intended to cover by the following claims, all changes and
      modifications of the above disclosure of the present invention which would
      be self-evident to a man of ordinary skill in the hydrocarbon conversion
      art or the catalyst formulation art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for converting a hydrocarbon which comprises contacting the
      hydrocarbon at hydrocarbon conversion conditions with an acidic
      sulfur-free catalytic composite comprising a porous carrier material
      containing, on an elemental basis, about 0.01 to about 2 wt. % platinum
      group metal, about 0.1 to about 5 wt. % cobalt, about 0.01 to about 2 wt.
      % rhenium, and about 0.1 to about 3.5 wt. % halogen, wherein the platinum
      group metal, cobalt, and rhenium are uniformly dispersed throughout the
      porous carrier material, wherein substantially all of the platinum group
      metal is present in the elemental metallic state, and wherein
      substantially all of the cobalt and rhenium are present in the elemental
      metallic state or in a state which is reducible to the elemental metallic
      state under hydrocarbon conversion conditions or in a mixture of these
      states.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the platinum group metal is
      platinum.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the platinum group metal is
      iridium.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the platinum group metal is
      rhodium.
NUM  5.
PAR  5. A process as defined in claim 1 wherein the platinum group metal is
      palladium.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the porous carrier material is a
      refractory inorganic oxide.
NUM  7.
PAR  7. A process as defined in claim 6 wherein the refractory inorganic oxide
      is alumina.
NUM  8.
PAR  8. A process as defined in claim 1 wherein the halogen is combined
      chloride.
NUM  9.
PAR  9. A process as defined in claim 1 wherein the atomic ratio of rhenium to
      platinum group metal contained in the composite is about 0.05:1 to about
      10:1.
NUM  10.
PAR  10. A process as defined in claim 1 wherein the atomic ratio of cobalt to
      platinum group metal contained in the composite is about 0.2:1 to about
      66:1.
NUM  11.
PAR  11. A process as defined in claim 1 wherein substantially all of the cobalt
      contained in the composite is present in the elemental metallic state.
NUM  12.
PAR  12. A process as defined in claim 1 wherein the composite contains about
      0.05 to about 1 wt. % platinum, about 0.25 to about 2.5 wt. % cobalt,
      about 0.05 to about 1 wt. % rhenium, and about 0.5 to about 1.5 wt. %
      halogen.
NUM  13.
PAR  13. A process as defined in claim 1 wherein the contacting of the
      hydrocarbon with the catalytic composite is performed in the presence of
      hydrogen.
NUM  14.
PAR  14. A process as defined in claim 1 wherein the type of hydrocarbon
      conversion is catalytic reforming of a gasoline fraction to produce a high
      octane reformate, wherein the hydrocarbon is contained in the gasoline
      fraction, wherein the contacting is performed in the presence of hydrogen,
      and wherein the hydrocarbon conversion conditions are reforming
      conditions.
NUM  15.
PAR  15. A process as defined in claim 14 wherein the reforming conditions
      include a temperature of about 800.degree. to about 1100.degree. F., a
      pressure of about 0 to about 1000 psig., a liquid hourly space velocity of
      about 0.1 to about 10 hr..sup.-.sup.1, and a mole ratio of hydrogen to
      hydrocarbon of about 1:1 to about 20:1.
NUM  16.
PAR  16. A process as defined in claim 14 wherein the contacting is performed in
      a substantially water-free environment.
NUM  17.
PAR  17. A process as defined in claim 14 wherein the reforming conditions
      include a pressure of about 100 to about 450 psig.
NUM  18.
PAR  18. A process as defined in claim 14 wherein the contacting is performed in
      a substantially sulfur-free environment.
NUM  19.
PAR  19. A process as defined in claim 12 wherein the type of hydrocarbon
      conversion is catalytic reforming of a gasoline fraction to produce a high
      octane reformate, wherein the hydrocarbon is contained in the gasoline
      fraction, wherein the contacting is performed in the presence of hydrogen
      and wherein the hydrocarbon conversion conditions are reforming
      conditions.
NUM  20.
PAR  20. An acidic sulfur-free catalytic composite comprising a porous carrier
      material containing, on an elemental basis, about 0.01 to about 2 wt. %
      platinum group metal, about 0.1 to about 5 wt. % cobalt, about 0.01 to
      about 2 wt. % rhenium, and about 0.1 to about 3.5 wt. % halogen, wherein
      the platinum group metal, cobalt, and rhenium are uniformly dispersed
      throughout the porous carrier material, wherein substantially all of the
      platinum group metal is present in the elemental metallic state, and
      wherein substantially all of the cobalt and rhenium are present in the
      elemental metallic state or in a state which is reducible to the elemental
      metallic state under hydrocarbon conversion conditions or in a mixture of
      these states.
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PAL  The performance of a hydrocarbon conversion process using a trimetallic
      acidic catalytic composite, comprising a combination of catalytically
      effective amounts of a platinum or palladium component, an iridium
      component, a nickel component, and a halogen component with a porous
      carrier material, is improved by sulfiding the catalytic component, prior
      to any contact with hydrocarbon and after substantially all of the
      metallic components have been reduced to the corresponding metallic
      states, so that about 0.01 to 1 wt. % sulfur is incorporated therein,
      thereby diminishing undesired exothermic demethylation and other
      hydrogenolysis reactions during the initial operation of the process and
      markedly increasing the over-all stability of the process.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior, copending
      application Ser. No. 288,864 filed Sept. 13, 1972 now U.S. Pat. No.
      3,846,282. All of the teachings of this prior application are incorporated
      herein by reference.
BSUM
PAR  The subject of the present invention is a novel sulfided acidic trimetallic
      catalytic composite which has exceptional activity and resistance to
      deactivation when employed in a hydrocarbon conversion process that
      requires a catalyst having both a hydrogenation-dehydrogenation function
      and a cracking function. More precisely, the present invention involves a
      novel dual-function, acidic, trimetallic, and sulfided catalytic composite
      which, quite surprisingly, enables substantial improvements in hydrocarbon
      conversion processes that have traditionally used a dual-function
      cataylst. In another aspect, the present invention comprehends the
      improved processes that are produced by the use of a sulfided acidic
      catalytic composite comprising a combination of catalytically effective
      amounts of a platinum or palladium component, an iridium component, a
      nickel component, a halogen component, and a sulfur component with a
      porous carrier material; specifically, an improved reforming process which
      utilizes the subject catalyst to improve activity, selectivity, and
      stability characteristics.
PAR  Composites having a hydrogenation-dehydrogenation function and a cracking
      function are widely used today as catalysts in many industries, such as
      the petroleum and petrochemical industry, to accelerate a wide spectrum of
      hydrocarbon conversion reactions. Generally, the cracking function is
      thought to be associated with an acid-acting material of the porous
      adsorptive, refractory oxide type which is typically utilized as the
      support or carrier for a heavy metal component such as the metals or
      compounds of metals of Groups V through VIII of the Periodic Table to
      which are generally attributed the hydrogenation-dehydrogenation function.
PAR  These catalytic composites are used to accelerate a wide variety of
      hydrocarbon conversion reactions such as hydrocracking, isomerization,
      dehydrogenation, hydrogenation, desulfurization, cyclization, alkylation,
      polymerization, cracking, hydroisomerization, etc. In many cases, the
      commercial applications of these catalysts are in processes where more
      than one of these reactions are proceeding simultaneously. An example of
      this type of process is reforming wherein a hydrocarbon feedstream
      containing paraffins and naphthenes is subjected to conditions which
      promote dehydrogenation of naphthenes to aromatics, dehydrocyclization of
      paraffins to aromatics, isomerization of paraffins and naphthenes,
      hydrocracking of naphthenes and paraffins and the like reactions to
      produce an octane-rich or aromatic-rich product stream. Another example is
      a hydrocracking process wherein catalysts of this type are utilized to
      effect selective hydrogenation and cracking of high molecular weight
      unsaturated materials, selective hydrocracking of high molecular weight
      materials, and other like reactions, to produce a generally lower boiling,
      more valuable output stream. Yet another example is an isomerization
      process wherein a hydrocarbon fraction which is relatively rich in
      straight-chain paraffin components is contacted with a dual-function
      catalyst to produce an output stream rich in isoparaffin compounds.
PAR  Regardless of the reaction involved or the particular process involved, it
      is of critical importance that the dual-function catalyst exhibit not only
      the capability to initially perform its specified functions, but also that
      it has the capability to perform them satisfactorily for prolonged periods
      of time. The analytical terms used in the art to measure how well a
      particular catalyst performs its intended functions in a particular
      hydrocarbon reaction environment are activity, selectivity, and stability.
      And for purposes of discussion here, these terms are conveniently defined
      for a given charge stock as follows: (1) activity is a measure of the
      catalyst's ability to convert hydrocarbon reactants into products at a
      specified severity level where severity level means the conditions
      used--that is, the temperature, pressure, contact time, and presence of
      diluents such as H.sub.2 ; (2) selectivity refers to the amount of desired
      product or products obtained relative to the amount of reactants charged
      or converted; (3) stability refers to the rate of change with time of the
      activity and selectivity parameters--obviously, the smaller rate implying
      the more stable catalyst. In a reforming process, for example, activity
      commonly refers to the amount of conversion that takes place for a given
      charge stock at a specified severity level and is typically measured by
      octane number of the C.sub.5 + product stream, selectivity refers to the
      amount of C.sub.5 + yield relative to the amount of the charge that is
      obtained at the particular activity or severity level; and stability is
      typically equated to the rate of change with time of activity, as measured
      by octane number of C.sub.5 + product, and of selectivity, as measured by
      C.sub.5 + yield. Actually, the last statement is not strictly correct
      because generally a continuous reforming process is run to produce a
      constant octane C.sub.5 + product with severity level being continuously
      adjusted to attain this result; and, furthermore, the severity level is
      for this process usually varied by adjusting the conversion temperature in
      the reaction zone so that, in point of fact, the rate of change of
      activity finds response in the rate of change of conversion temperatures
      and changes in this last parameter are customarily taken as indicative of
      activity stability.
PAR  As is well known to those skilled in the art, the principal cause of
      observed deactivation of instability of a dual-function catalyst when it
      is used in a hydrocarbon conversion reaction is associated with the fact
      that coke forms on the surface of the catalyst during the course of the
      reaction. More specifically, in these hydrocarbon conversion processes,
      the conditions utilized typically result in the formation of heavy, high
      molecular weight, black, solid or semi-solid, hydrogen-deficient
      carbonaceous material having a polymeric structure somewhere between
      polynuclear aromatics and graphite. This material coats the surface of the
      catalyst and reduces its activity by shielding its active sites from the
      reactants. In other words the performance of this dual-function catalyst
      is sensitive to the presence of carbonaceous deposits on the surface of
      the catalyst. Accordingly, the major problem facing workers in this area
      of the art is the development of more active and selective composites that
      are not as sensitive to the presence of these carbonaceous materials
      and/or have the capability to suppress the rate of the formation of these
      carbonaceous materials on the catalyst. Viewed in terms of performance
      parameters, the problem is to develop a dual-function catalyst having
      superior activity, selectivity, and stability. In particular, for a
      reforming process the problem is typically expressed in terms of shifting
      and stabilizing the C.sub.5 + yield octane relationship--C.sub.5 + yield
      being representative of selectivity and octane being proportional to
      activity.
PAR  I have now found a dual-function sulfided acidic trimetallic catalytic
      composite which possesses improved activity, selectivity, and stability
      characteristics when it is employed in a process for the conversion of
      hydrocarbons of the type which have heretofore utilized dual-function
      acidic catalytic composites such as processes for isomerization,
      hydroisomerization, dehydrogenation, desulfurization, denitrogenization,
      hydrogenation, alkylation, dealkylation, hydrodealkylation,
      transalkylation, cyclization, dehydrocyclization, cracking, hydrocracking,
      reforming, and the like processes. In particular, I have acertained that a
      sulfided acidic trimetallic catalyst, comprising a combination of
      catalytically effective amounts of a platinum or palladium component, an
      iridium component, a nickel component, a halogen component, and a sulfur
      component with a porous refractory carrier material, can enable the
      performance of hydrocarbon conversion processes utilizing dual-function
      catalysts to be substantially improved if the metallic components are
      uniformly dispersed throughout the carrier material, if their oxidation
      states are controlled to be in the states hereinafter specified, and if
      the catalyst is sulfided in the manner indicated herein before use in the
      conversion of hydrocarbons and after substantially all of the metallic
      components contained therein are reduced to the corresponding elemental
      metallic state. Moreover, I have determined, as will be hereinafter
      demonstrated, that a sulfided acidic catalytic composite, comprising a
      combination of catalytically effective amounts of a platinum or palladium
      component, a nickel component, an iridium component, a chloride component
      and a sulfur component with an alumina carrier material, can be utilized
      to substantially improve the performance of a reforming process which
      operates on a low-octane gasoline fraction to produce a high-octane
      reformate if the metallic components are uniformly distributed throughout
      the alumina carrier material, if their oxidation states are fixed in the
      states hereinafter specified, and if the catalyst is properly sulfided
      before use in the conversion of hydrocarbons. In the case of a reforming
      process, the principal advantage associated with the use of the sulfided
      acidic catalyst of the present invention involves the acquisition of the
      capability to operate in a stable manner in a high severity operation; for
      example, an intermediate or low pressure reforming process designated to
      produce a C.sub.5 + reformate having an octane of about 100 F-1 clear. As
      indicated, the present invention essentially involves the finding that the
      addition of a sulfur component to a dual-function acidic hydrocarbon
      conversion catalyst containing a platinum or palladium component, a nickel
      component and an iridium component can enable the performance
      characteristics of the cataylst to be sharply and materially improved, if
      the hereinafter specified limitations on amounts of ingredients, oxidation
      states of metals, distribution of metallic components in the support and
      sulfiding are met.
PAR  It is accordingly, one object of the present invention to provide an
      improvement in a trimetallic hydrocarbon conversion catalyst having
      superior performance characteristics when utilized in a hydrocarbon
      conversion process. A second object is to provide a sulfided acidic
      catalyst having dual-function hydrocarbon conversion performance
      characteristics that are relatively insensitive to the deposition of
      hydrocarbonaceous material thereon. A third object is to provide preferred
      methods of preparation of this sulfided acidic catalytic composite which
      insures the achievement and maintenance of its properties. Another object
      is to provide an improved reforming catalyst having superior activity,
      selectivity, and stability. Yet another object is to provide a
      dual-function sulfided acidic trimetallic hydrocarbon conversion catalyst
      which utilizes a combination of a nickel component and a sulfur component
      to promote a catalyst containing a platinum or palladium metal component
      and an iridium component.
PAR  In brief summary, the present invention is, in one embodiment, a process
      for converting a hydrocarbon which comprises contacting the hydrocarbon,
      at hydrocarbon conversion conditions with a sulfided acidic catalytic
      composite comprising a porous carrier material containing, on an elemental
      basis, about 0.01 to about 2 wt. % platinum or palladium metal, about 0.01
      to 2 wt. % iridium, about 0.01 to about 5 wt. % nickel, and about 0.1 to
      about 3.5 wt. % halogen, and about 0.01 to about 1 wt. % sulfur, wherein
      the platinum or palladium, nickel, and iridium are uniformly dispersed
      throughout the porous carrier material, wherein substantially all of the
      platinum or palladium, nickel, and iridium are present in a sulfided state
      or in the corresponding elemental metallic states and wherein the
      composite is sulfided prior to contact with the hydrocarbon and after
      substantially all of the platinum or palladium, iridium, and nickel
      contained therein have been reduced to the corresponding metals, by
      treatment with a sulfiding gas at sulfiding conditions selected to
      incorporate about 0.01 to about 1  wt. % sulfur.
PAR  A second embodiment relates to the acidic sulfided catalytic composite of
      the first embodiment wherein the composite contains, on an elemental
      basis, about 0.05 to about 1wt. % platinum or palladium, about 0.05 to
      about 1 wt. % iridium, about 0.05 to about 2 wt. % nickel, about 0.5 to
      about 1.5 wt. % halogen, and about 0.05 to about 0.5 wt. % sulfur.
PAR  Yet another embodiment relates to a process for the conversion of a
      hydrocarbon comprising contacting the hydrocarbon and hydrogen with the
      sulfided acidic catalytic composite described above in the second
      embodiment at hydrocarbon conversion conditions.
PAR  A preferred embodiment relates to a process for reforming a gasoline
      fraction which comprises contacting the gasoline fraction and hydrogen
      with the sulfided acidic catalytic composite described above in the first
      or second embodiment at reforming conditions selected to produce a
      high-octane reformate.
PAR  Other objects and embodiments of the present invention relate to additional
      details regarding preferred catalytic ingredients, preferred amounts of
      ingredients, suitable methods of composite preparation, operating
      conditions for use in the hydrocarbon conversion processes, and the like
      particulars which are hereinafter given in the following detailed
      discussion of each of these facts of the present invention.
PAR  The sulfided acidic trimetallic catalyst of the present invention comprises
      a porous carrier material or support having combined therewith
      catalytically effective amounts of a platinum or palladium component, an
      iridium component, a nickel component, and a halogen component.
PAR  Considering first the porous carrier material utilized in the present
      invention, it is preferred that the material be a porous, adsorptive
      high-surface area support having a surface area of about 25 to about 500
      m.sup.2 /g. The porous carrier material should be relatively refractory to
      the conditions utilized in the hydrocarbon conversion process, and it is
      intended to include within the scope of the present invention carrier
      materials which have traditionally been utilized in dual-function
      hydrocarbon conversion catalysts such as: (1) activated carbon, coke, or
      charcoal; (2) silica or silica gel, silicon carbide, clays, and silicates
      including those synthetically-prepared and naturally-occurring, which may
      or may not be acid treated, for example, attapulgus clay, china clay,
      diatomaceous earth, fuller's earth, kaoline, kieselguhr, etc.; (3)
      ceramics, procelain, crushed firebrick, bauxite; (4) refractory inorganic
      oxides such as alumina, titanium dioxide, zirconium dioxide, chromium
      oxide, zinc oxide, magnesia, thoria, boria, silica-alumina,
      silica-magnesia, chromia-alumina, alumina-boria, silica zirconia, etc.;
      (5) crystalline zeolitic aluminosilicates such as naturally-occuring or
      synthetically-prepared mordenite and/or faujasite, either in the hydrogen
      form or in a form which has been treated with multi-valent cations; (6)
      spinels such as MgAl.sub.2 O.sub.4, FeAl.sub.2 O.sub.4, ZnAl.sub.2
      O.sub.4, MnAl.sub.2 O.sub.4, CaAl.sub.2 O.sub.4, and other like compound
      having the formula Mo.sup.. Al.sub.2 O.sub.3 where M is a metal having a
      valence of 2; and (7) combinations of elements from one or more of these
      groups. The preferred porous carrier materials for use in the present
      invention are refractory inorganic oxides, with best results obtained with
      an alumina carrier material. Suitable alumina materials are the
      crystalline aluminas known as the gamma-, eta-, and theta-alumina, with
      gamma- or eta-alumina giving best results. In addition, in some
      embodiments the alumina carrier material may contain minor proportions of
      other well known refractory inorganic oxides such as silica, zirconia,
      magnesia, etc.; however, the preferred support is substantially pure
      gamma-, or eta-alumina. Preferred carrier materials have an apparent bulk
      density of about 0.3 to about 0.8 g/cc and surface area characteristics
      such that the average pore diameter is about 20 to 300 Angstroms, the pore
      volume is about 0.1 to about 1 cc/g, and the surface area is about 100 to
      about 500 m.sup.2 /g. In general, best results are typically obtained with
      a gamma-alumina carrier material which is used in the form of spherical
      particles having: a relatively small diameter (i.e. typically about 1/16
      inch), an apparent bulk density of about 0.3 to about 0.8 g/cc, a pore
      volume of about 0.4 ml/g, and a surface area of about 200 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically-prepared or natural-occurring. Whatever
      type of alumina is employed it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent such as ammonium hydroxide
      to a salt of aluminum such as aluminum chloride, alumina nitrate, etc., in
      an amount to form an aluminum hydroxide gel which upon drying and
      calcining is converted to alumina. The alumina carrier may be formed in
      any desired shape such as spheres, pills, cakes, extrudates, powders,
      granules, tablets, etc., and utilized in any desired size. For the purpose
      of the present invention a particularly preferred form of alumina is the
      sphere; and alumina spheres may be continuously manufactured by the well
      known oil drop method which comprises: forming an alumina hydrosol by any
      of the techniques taught in the art and preferably by reacting aluminum
      metal with hydrochloric acid, combining the resulting hydrosol with a
      suitable gelling agent and dropping the resultant mixture into an oil bath
      maintained at elevated temperatures. The droplets of the mixture remain in
      the oil bath until they set and form hydrogel spheres. The spheres are
      then continuously withdrawn from the oil bath and typically subjected to
      specific aging treatments in oil and an ammoniacal solution to further
      improve their physical characteristics. The resulting aged and gelled
      particles are then washed and dried at a relatively low temperature of
      about 300.degree. to about 400.degree. F. and subjected to a calcination
      procedure at a temperature of about 850.degree. to about 1300.degree. F.
      for a period of about 1 to about 20 hours. This treatment effects
      conversion of the alumina hydrogel to the corresponding crystalline
      gamma-alumina. See the teachings of U.S. Pat. No. 2,620,314 for additional
      details.
PAR  One essential ingredient of the present catalytic composite is a nickel
      component. Best results are obtained when substantially all of this
      component is present in the composite in a sulfided state or in the
      elemental metallic state, or in a mixture of these states, and the
      preferred preparation procedure which is given in Example I is believed to
      result in this condition. The nickel component may be utilized in the
      composite in any amount which is catalytically effective, with the
      preferred amount being about 0.01 to about 5 wt. % thereof, calculated on
      an elemental nickel basis. Typically, best results are obtained with about
      0.05 to about 2 wt. % nickel. It is, additionally, preferred to select the
      specific amount of nickel from within this broad weight range as a
      function of the amount of the platinum or palladium component, on an
      atomic basis, as is explained hereinafter.
PAR  The nickel component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation
      art. In addition, it may be added at any stage of the preparation of the
      composite--either during preparation of the carrier material of
      thereafter--since the precise method of incorporation used is not deemed
      to be critical. However, best results are thought to be obtained when the
      nickel component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones that are known
      to result in a composite having a relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling the nickel component during the preparation of the
      preferred carrier material, alumina. This procedure usually comprehends
      the addition of a soluble, decomposable compound of nickel such as nickel
      chloride to the alumina hydrosol before it is gelled. The resulting
      mixture is then finished by conventional gelling, aging, drying, and
      calcination steps as explained hereinbefore. One preferred way of
      incorporating this component is an impregnation step wherein the porous
      carrier material is impregnated with a suitable nickel-containing solution
      either before, during, or after the carrier material is calcined.
      Preferred impregnation solutions are aqueous solutions of water-soluble,
      decomposable nickel compounds such as nickel bromate, nickel bromide,
      nickel perchlorate, nickel chloride, nickel fluoride, nickel iodide,
      nickel nitrate, nickel sulfate, hexammine nickel (II) chloride, and the
      like compounds. Best results are ordinarily obtained when the impregnation
      solution is an aqueous solution of nickel chloride or nickel nitrate. This
      nickel component can be added to the carrier material, either prior to,
      simultaneously with, or after the other metallic components are combined
      therewith. Best results are usually achieved when this component is added
      simultaneously with the other metallic components. In fact, excellent
      results are obtained, as reported in the examples, with a one step
      impregnation procedure using an aqueous solution comprising chloroplatinic
      acid, nickel chloride, hydrochloric acid, and chloroiridic acid.
PAR  A second essential ingredient of the subject catalyst is the platinum or
      palladium component. That is, it is intended to cover the use of platinum
      or palladium or mixtures thereof as a second component of the present
      composite. It is an essential feature of the present invention that
      substantially all of this platinum or palladium component exists within
      the final catalytic composite in a sulfided state or in the elemental
      metallic state or in a mixture of these states. Generally, the amount of
      this component present in the final catalyst composite is small compared
      to the quantities of the other components combined therewith. In fact, the
      platinum or palladium component generally will comprise about 0.01 to
      about 2 wt. % of the final catalytic composite, calculated on an elemental
      basis. Excellent results are obtained when the catalyst contains about
      0.05 to about 1 wt. % of platinum or palladium metal.
PAR  This platinum or palladium component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion exchange or impregnation. The
      preferred method of preparing the catalyst involves the utilization of a
      soluble, decomposable compound of platinum or palladium to impregnate the
      carrier material in a relatively uniform manner. For example, this
      component may be added to the support by commingling the later with an
      aqueous solution of chloroplatinic or chloropalladic acid. Other
      water-soluble compounds of platinum or palladium may be employed in
      impregnation solutions and include ammonium chloroplatinate, bromoplatinic
      acid, platinum trichloride, platinum tetrachloride hydrate, platinum
      dichlorocarbonyl dichloride, dinitrodiaminoplatinum sodium
      tetranitroplatinate (II), palladium chloride, palladium nitrate, palladium
      sulfate, diamminepalladium (II) hydroxide, tetramminepalladium (II)
      chloride, etc. The utilization of a platinum or palladium chloride
      compound, such as chloroplatinic or chloropalladic acid, is preferred
      since it facilitates the incorporation of both the platinum or palladium
      component and at least a minor quantity of the halogen component in a
      single step. Hydrogen chloride or the like acid is also generally added to
      the impregnation solution in order to further facilitate the incorporation
      of the halogen component and the uniform distribution of the metallic
      components throughout the carrier material. In addition, it is generally
      preferred to impregnate the carrier material after it has been calcined or
      oxidized in order to minimize the risk of washing away the valuable
      platinum or palladium compounds; however, in some cases it may be
      advantageous to impregnate the carrier material when it is in a gelled
      state.
PAR  Yet another essential ingredient of the present catalytic composite is an
      iridium component. It is of fundamental importance that substantially all
      of the iridium component exists within the catalytic composite of the
      present invention in the elemental state or in a sulfided state or in a
      mixture of these states and the subsequently described reduction and
      sulfiding procedure is designed to accomplish this objective. The iridium
      component may be utilized in the composite in any amount which is
      catalytically effective, with the preferred amount being about 0.01 to
      about 2 wt. % thereof, calculated on an elemental iridium basis. Typically
      best results are obtained with about 0.05 to about 1 wt. % iridium. It is,
      additionally, preferred to select the specific amount of iridium from
      within this broad weight range as a function of the amount of the platinum
      or palladium component, on an atomic basis, as is explained hereinafter.
PAR  This iridium component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      which results in a relatively uniform dispersion of iridium in the carrier
      material. In addition, it may be added at any stage of the preparation of
      the composite--either during preparation of the carrier material or
      thereafter--and the precise method of incorporation used is not deemed to
      be critical. However, best results are thought to be obtained when the
      iridium component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones known to
      result in a composite having this relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling or coprecipitating the iridium component during the
      preparation of the preferred carrier material, alumina. This procedure
      usually comprehends the addition of a soluble, decomposable compound of
      iridium such as iridium tetrachloride to the alumina hydrosol before it is
      gelled. The resulting mixture is then finished by conventional gelling,
      aging, drying, and calcination steps as explained hereinbefore. A
      preferred way of incorporating this component is an impregnation step
      wherein the porous carrier material is impregnated with a suitable
      iridium-containing solution either before, during, or after the carrier
      material is calcined. Preferred impregnation solutions are aqueous
      solutions of water soluble, decomposable iridium compounds, such as
      iridium tribromide, iridium dichloride, iridium tetrachloride, iridium
      oxalic acid, iridium sulfate potassium iridochloride, chloroiridic acid,
      sodium hexanitroiridate (III), and the like compounds. Best results are
      ordinarily obtained when the impregnation solution is an aqueous solution
      of chloroiridic acid or sodium chloroiridate. This component can be added
      to the carrier material, either prior to, simultaneously with, or after
      the other metallic components are combined therewith. Best results are
      usually achieved when this component is added simultaneously with the
      other metallic components. In fact, excellent results are obtained, as
      reported in the examples, with a one step impregnation procedure using an
      aqueous solution comprising chloroplatinic or chloropalladic acid,
      chloroiridic acid, hydrochloric acid, and nickel chloride.
PAR  It is essential to incorporate a halogen component into the sulfided acidic
      trimetallic catalytic composite of the present invention. Although the
      precise form of the chemistry of the association of the halogen component
      with the carrier material is not entirely known, it is customary in the
      art to refer to the halogen component as being combined with the carrier
      material, or with the other ingredients of the catalyst in the form of the
      halide (e.g. as the chloride). This combined halogen may be either
      fluorine, chlorine, iodine, bromine, or mixtures thereof. Of these,
      fluorine and, particularly, chlorine are preferred for the purposes of the
      present invention. The halogen may be added to the carrier material in any
      suitable manner, either during preparation of the support or before or
      after the addition of the other components. For example, the halogen may
      be added, at any stage of the preparation of the carrier material or to
      the calcined carrier material, as an aqueous solution of a suitable,
      decomposable halogen-containing compound such as hydrogen fluoride,
      hydrogen chloride, hydrogen bromide, ammonium chloride, etc. The halogen
      component or a portion thereof, may be combined with the carrier material
      during the impregnation of the latter with one or more of the metallic
      components; for example, in the case of the platinum component, through
      the utilization of a mixture of chloroplatinic acid and hydrogen chloride.
      In another situation, the alumina hydrosol which is typically utilized to
      form the preferred alumina carrier material may contain halogen and thus
      contribute at least a portion of the halogen component to the final
      composite. For reforming, the halogen will be typically combined with the
      carrier material in an amount sufficient to result in a final composite
      that contains about 0.1 to about 3.5%, and preferably about 0.5 to about
      1.5% by weight by halogen calculated on an elemental basis. In
      isomerization or hydrocracking embodiments, it is generally preferred to
      utilize relatively larger amounts of halogen in the catalyst--typically,
      ranging up to about 10 wt. % halogen calculated on an elemental basis, and
      more preferably about 1 to about 5 wt. %. It is within the scope of the
      present invention to achieve and/or maintain the specified level of
      halogen component in the catalyst during the operation of the conversion
      process by continuously or periodically adding to the reaction zone a
      decomposable halogen-containing compound such as an organic chloride (e.g.
      ethylene dichloride, carbon tetrachloride, t-butyl chloride) in an amount
      of about 1 to 100 wt. ppm. of the feed and preferably about 1 to 10 ppm.
PAR  Regarding the preferred amounts of the various metallic components of the
      subject catalyst, I have found it to be a good practice to specify the
      amounts of the iridium component and the nickel component as a function of
      the amount of the platinum or palladium component. On this basis, the
      amount of the iridium component is ordinarily selected so that the atomic
      ratio of iridium to platinum or palladium metal contained in the composite
      is about 0.1:1 to about 2:1, with the preferred range being about 0.25:1
      to about 1.5:1. Similarly, the amount of the nickel component is
      ordinarily selected to produce a composite containing an atomic ratio of
      nickel to platinum or palladium metal of about 0.2:1 to about 20:1, with
      the preferred range being about 1:1 to about 10:1.
PAR  Another significant parameter for the instant catalyst is the "total metals
      content" which is defined to be the sum of the platinum or palladium
      component, the iridium component, and the nickel component, calculated on
      an elemental metal basis. Good results are ordinarily obtained with the
      subject catalyst when this parameter is fixed at a value of about 0.15 to
      about 3 wt. %, with best results ordinarily achieved at a metals loading
      of about 0.3 to about 2 wt. %.
PAR  In embodiments of the present invention wherein the instant catalytic
      composite is used for dehydrogenation of dehydrogenatable hydrocarbons or
      for the hydrogenation of hydrogenatable hydrocarbons, it is ordinarily a
      preferred practice to include an alkali or alkaline earth metal component
      in the composite. More precisely, this optional component is selected from
      the group consisting of the compounds of the alkali metals--cesium,
      rubidium, potassium, sodium, and lithium--and the compounds of the
      alkaline earth metals--calcium, strontium, barium, and magnesium.
      Generally, good results are obtained in these embodiments when this
      component constitutes about 1 to about 5 wt. % of the composite,
      calculated on an elemental basis. This optional alkali or alkaline earth
      metal component can be incorporated in the composite in any of the known
      ways, with impregnation with an aqueous solution of a suitable
      water-soluble, decomposable compound being preferred.
PAR  An optional ingredient for the catalyst of the present invention is a
      Friedel-Crafts metal halide component. This ingredient is particularly
      useful in hydrocarbon conversion embodiments of the present invention
      wherein it is preferred that the catalyst utilized has a strong acid or
      cracking function associated therewith--for example, an embodiment wherein
      hydrocarbons are to be hydrocracked or isomerized with the catalyst of the
      present invention. Suitable metal halides of the Friedel-Crafts type
      include aluminum chloride, aluminum bromide, ferric chloride, ferric
      bromide, zinc chloride, and the like compounds, with the aluminum halides
      and particularly aluminum chloride ordinarily yeilding best results.
      Generally, this optional ingredient can be incorporated into the composite
      of the present invention by any of the conventional methods for adding
      metallic halides of this type; however, best results are ordinarily
      obtained when the metallic halide is sublimed onto the surface of the
      carrier material according to the preferred method disclosed in U.S. Pat.
      No. 2,999,074. The component can generally be utilized in any amount which
      is catalytically effective with a value selected from the range of about 1
      to about 100 wt. % of the carrier material generally being preferred.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the final catalyst generally
      will be dried at a temperature of about 200.degree. to about 600.degree.
      F. for a period of at least about 2 to about 24 hours or more, and finally
      calcined or oxidized at a temperature of about 700.degree. to about
      1100.degree. F. in an air atmosphere for a period of about 0.5 to about 10
      hours in order to convert substantially all of the metallic components to
      the oxide form. Because a halogen component is utilized in the catalyst,
      best results are generally obtained when the halogen content of the
      catalyst is adjusted during the oxidation step by including a halogen or a
      halogen-containing compound in the air atmosphere utilized. In particular,
      when the halogen component of the catalyst is chlorine, it is preferred to
      use a mole ratio of H.sub.2 O to HCl of about 5:1 to about 100:1 during at
      least a portion of the calcination step in order to adjust the final
      chlorine content of the catalyst to a range of about 0.1 to about 3.5 wt.
      %.
PAR  It is an essential feature of the present invention that the resultant
      oxidized catalytic composite is subjected to a substantially water-free
      reduction step prior to its use in the conversion of hydrocarbons. This
      step is designed to selectively reduce substantially all of the platinum
      or palladium, nickel, and iridium components to the corresponding metals
      and to insure a uniform and finely divided dispersion of these metallic
      components throughout the carrier material. Preferably, substantially pure
      and dry hydrogen (i.e. less than 20 vol. ppm. H.sub.2 O) is used as the
      reducing agent in this step. The reducing agent is contacted with the
      oxidized catalyst at conditions including a temperature of about
      800.degree. to about 1200.degree. F. and a period of time of about 0.5 to
      10 hours effective to reduce substantially all of the platinum or
      palladium, nickel, and iridium components to their corresponding elemental
      metallic states. This reduction treatment may be performed in situ as part
      of a start-up sequence if precautions are taken to predry the plant to a
      substantially water-free state and if substantially water-free hydrogen is
      used.
PAR  Another essential feature of the instant invention involves recognition
      that the resulting reduced catalytic composite can be beneficially
      subjected to a presulfiding operation with a sulfiding reagent designed to
      incorporate in the catalytic composite from about 0.01 to about 1 and more
      preferably about 0.05 to about 0.5 wt. % sulfur calculated on an elemental
      basis. I have found that is critical to perform this presulfiding
      procedure prior to use of the catalytic composite in the conversion of
      hydrocarbons and after the metallic components are reduced to the
      corresponding elemental metallic states. The principal reason for this
      requirement is that it ensures that the uniform distribution of the
      metallic components in the carrier material will not be adversely affected
      by the sulfur. Preferably, this presulfiding treatment takes place in the
      presence of hydrogen and a suitable sulfur-containing decomposable
      sulfiding reagent such as hydrogen sulfide, lower molecular weight
      mercaptans, organic sulfides, etc. Typically, this procedure comprises
      treating the selectively reduced catalyst with a sulfiding gas such as a
      mixture of hydrogen and hydrogen sulfide having about 10 moles of hydrogen
      per mole of hydrogen sulfide at conditions sufficient to effect the
      incorporation of the desired amount of sulfur, generally including a
      temperature ranging from about 50.degree. up to about 1100.degree. F. or
      more. It is generally a good practice to perform this presulfiding step
      under substantially water-free conditions. The sulfided state of the
      instant catalyst can be maintained during the conversion process by
      continuously or periodically adding a sulfiding reagent to the reactor
      containing the catalyst in an amount corresponding to about 1 to about 500
      wt. ppm. of the hydrocarbon charge and preferably about 1 to 20 wt. ppm.
PAR  According to the present invention, a hydrocarbon charge stock and hydrogen
      are contacted with the sulfided acidic trimetallic catalyst in a
      hydrocarbon conversion zone. This contacting may be accomplished by using
      the catalyst in a fixed bed system, a moving bed system, a fluidized bed
      system, or in a batch type operation; however, in view of the danger of
      attrition losses of the valuable catalyst and of well known operational
      advantages, it is preferred to use a fixed bed system. In this system, a
      hydrogen-rich gas and the charge stock are preheated by any suitable
      heating means to the desired reaction temperature and then are passed,
      into a conversion zone containing a fixed bed of the catalyst type
      previously characterized. It is, of course, understood that the conversion
      zone may be one or more separate reactors with suitable means therebetween
      to insure that the desired conversion temperature is maintained at the
      entrance to each reactor. It is also important to note that the reactants
      may be contacted. with the catalyst bed in either upward, downward, or
      radial flow fashion with the latter being preferred. In addition, the
      reactants may be in the liquid phase, a mixed liquid-vapor phase, or a
      vapor phase when they contact the catalyst, with best results obtained in
      the vapor phase.
PAR  In the case where the sulfided acidic trimetallic catalyst of the present
      invention is used in a reforming operation, the reforming system will
      comprise a reforming zone containing a fixed bed of the catalyst type
      previously characterized. This reforming zone may be one or more separate
      reactors with suitable heating means therebetween to compensate for the
      endothermic nature of the reactions that take place in each catalyst bed.
      The hydrocarbon feedstream that is charged to this reforming system will
      comprise hydrocarbon fractions containing naphthenes and paraffins that
      boil within the gasoline range. The preferred charge stocks are those
      consisting essentially of naphthenes and paraffins, although in some cases
      aromatics and/or olefins may also be present. This preferred class
      includes straight run gasolines, natural gasolines, synthetic gasolines,
      and the like. On the other hand, it is frequently advantageous to charge
      thermally or catalytically cracked gasolines or higher boiling fractions
      thereof. Mixtures of straight run and cracked gasolines can also be used
      to advantage. The gasoline charge stock may be a full boiling gasoline
      having an initial boiling point of from about 50.degree. to about
      150.degree. F. and an end boiling point within the range of from about
      325.degree. to about 425.degree. F., or may be a selected fraction thereof
      which generally will be a higher boiling fraction commonly referred to as
      a heavy naphtha--for example, a naphtha boiling in the range of C.sub.7 to
      400.degree. F. In some cases, it is also advantageous to charge pure
      hydrocarbons or mixtures of hydrocarbons that have been extracted from
      hydrocarbon distillates--for example, straight-chain paraffins--which are
      to be converted to aromatics. It is preferred that these charge stocks be
      treated by conventional catalytic pretreatment methods such as
      hydrorefining, hydrotreating, hydrodesulfurization, etc., to remove
      substantially all sulfurous, nitrogenous, and water-yielding contaminants
      therefrom and to saturate any olefins that may be obtained therein.
PAR  In other hydrocarbon conversion embodiments, the charge stock will be of
      the conventional type customarily used for the particular kind of
      hydrocarbon conversion being effected. For example, in a typical
      isomerization embodiment the charge stock can be a paraffinic stock rich
      in C.sub.4 to C.sub.8 normal paraffins, or a normal butane-rich stock, or
      a n-hexane-rich stock, or a mixture of xylene isomers, etc. In a
      dehydrogenation embodiment, the charge stock can be any of the known
      dehydrogenatable hydrocarbons such as an aliphatic compound containing 2
      to 30 carbon atoms per molecule, a C.sub.4 to C.sub.30 normal paraffin, a
      C.sub.8 to C.sub.12 alkylaromatic, a naphthene, and the like. In
      hydrocracking embodiments, the charge stock will be typically a gas oil,
      heavy cracked cycle oil, etc. In addition, alkylaromatics and naphthenes
      can be conveniently isomerized by using the catalyst of the present
      invention. Likewise, pure hydrocarbons or substantially pure hydrocarbons
      can be converted to more valuable products by using the sulfided acidic
      trimetallic catalyst of the present invention in any of the hydrocarbon
      conversion processes, known to the art, that use a dual-function catalyst.
PAR  In a reforming embodiment, it is generally preferred to utilize the
      sulfided acidic trimetallic catalytic composite in a substantially
      water-free environment. Essential to the achievement of this condition in
      the reforming zone is the control of the water level present in the charge
      stock and the hydrogen stream which is being charged to the zone. Best
      results are ordinarily obtained when the total amount of water entering
      the conversion zone from any source is held to a level less than 50 ppm.
      and preferably less than 20 ppm.; expressed as weight of equivalent water
      in the charge stock. In general, this can be accomplished by careful
      control of the water present in the charge stock and in the hydrogen
      stream. The charge stock can be dried by using any suitable drying means
      known to the art such as a conventional solid adsorbent having a high
      selectivity for water; for instance, sodium or calcium crystalline
      aluminosilicates, silica gel, activated alumina, molecular sieves,
      anhydrous calcium sulfate, high surface area sodium, and the like
      adsorbents. Similarly, the water content of the charge stock may be
      adjusted by suitable stripping operations in a fractionation column or
      like device. And in some cases, a combination of adsorbent drying and
      distillation drying may be used advantageously to effect almost complete
      removal of water from the charge stock. Preferably, the charge stock is
      dried to a level corresponding to less than 20 ppm. of H.sub.2 O
      equivalent. In general, it is preferred to dry the hydrogen stream
      entering the hydrocarbon conversion zone down to a level of about 10 vol.
      ppm. of water or less. This can be conveniently accomplished by contacting
      the hydrogen stream with a suitable desiccant such as those mentioned
      above.
PAR  In the reforming embodiment, an effluent stream is withdrawn from the
      reforming zone and passed through a cooling means to a separation zone,
      typically maintained at about 25.degree. to 150.degree. F., wherein a
      hydrogen-rich gas is separated from a high octane liquid product, commonly
      called an unstabilized reformate. When a super-dry operation is desired,
      at least a portion of this hydrogen-rich gas is withdrawn from the
      separating zone and passed through an adsorption zone containing an
      adsorbent selective for water. The resultant substantially water-free
      hydrogen stream can then be recycled through suitable compressing means
      back to the reforming zone. The liquid phase from the separating zone is
      typically withdrawn and commonly treated in a fractionating system in
      order to adjust the butane concentration, thereby controlling frontend
      volatility of the resulting reformate.
PAR  The conditions utilized in the numerous hydrocarbon conversion embodiments
      of the present invention are those customarily used in the art for the
      particular reaction, or combination of reactions, that is to be effected.
      For instance, alkylaromatic and paraffin isomerization conditions include:
      a temperature of about 32.degree. to about 1000.degree. F. and preferably
      about 75.degree. to about 600.degree. F.; a pressure of atmospheric to
      about 100 atmospheres; a hydrogen to hydrocarbon mole ratio of about 0.5:1
      to about 20:1, and a LHSV (calculated on the basis of equivalent liquid
      volume of the charge stock contacted with the catalyst per hour divided by
      the volume of conversion zone containing catalyst) of about 0.2
      hr..sup.-.sup.1 to 10 hr..sup.-.sup.1. Dehydrogenation conditions include:
      a temperature of about 700.degree. to about 1250.degree. F., a pressure of
      about 0.1 to about 10 atmospheres, a liquid hourly space velocity of about
      1 to 40 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole ratio of about
      1:1 to 20:1. Likewise, typically hydrocracking conditions include: a
      pressure of about 500 psig. to about 3000 psig.; a temperature of about
      400.degree. to about 900.degree. F.; an LHSV of about 0.1 hr..sup.-.sup.1
      to about 10 hr..sup.-.sup.1, and hydrogen circulation rates of about 1000
      to 10,000 SCF per barrel of charge.
PAR  In the reforming embodiment of the present invention, the pressure utilized
      is selected from the range of about 0 psig. to about 1000 psig., with the
      preferred pressure being about 50 psig. to about 600 psig. Particularly
      good results are obtained at a moderate pressure; namely a pressure of
      about 100 to 450 psig. In fact, it is a singular advantage of the present
      invention that it allows stable operation at lower pressure than have
      heretofore been successfully utilized in so-called "continuous" reforming
      systems (i.e. reforming for period of about 15 to about 200 or more
      barrels of charge per pound of catalyst without regeneration) with all
      platinum monometallic catalysts. In other words, the trimetallic catalyst
      of the present invention allows the operation of a continuous reforming
      system to be conducted at lower pressure (i.e. 100 to about 350 psig.) for
      about the same or better catalyst life before regeneration as has been
      heretofore realized with conventional monometallic catalysts at higher
      pressures (i.e. 400 to 600 psig.). On the other hand, the stability
      feature of the present invention enables reforming operations conducted at
      pressures of 400 to 600 psig. to achieve substantially increased catalyst
      life before regeneration.
PAR  Similarly, the temperature required for reforming is generally lower than
      that required for a similar reforming operation using a high quality
      catalyst of the prior art. This significant and desirable feature of the
      present invention is a consequence of the selectivity of the sulifided
      acidic trimetallic catalyst of the present invention for the
      octane-upgrading reactions that are preferably induced in a typical
      reforming operation. Hence the present invention requires a temperature in
      the range of from about 800.degree. to about 1100.degree. F., and
      preferably about 900.degree. to about 1050.degree. F. As is well known to
      those skilled in the continuous reforming art, the initial selection of
      the temperature within this broad range is made primarily as a function of
      the desired octane of the product reformate considering the
      characteristics of the charge stock and of the catalyst. Ordinarily, the
      temperature then is thereafter slowly increased during the run to
      compensate for the inevitable deactivation that occurs to provide a
      constant product. Therefore, it is a feature of the present invention that
      the rate at which the temperature is increased in order to maintain a
      constant octane product, is substantially lower for the catalyst of the
      present invention than for a high quality reforming platinum- and
      iridium-containing catalyst which is manufactured in exactly the same
      manner as the catalyst of the present invention except for the inclusion
      of the sulfur and nickel components. Moreover, for the catalyst of the
      present invention, the C.sub.5 + yield loss for a given temperature
      increase is substantially lower than for a high quality reforming catalyst
      of the prior art. In addition, hydrogen production is substantially
      higher.
PAR  The reforming embodiment of the present invention also typically utilizes
      sufficient hydrogen to provide an amount of about 1 to about 20 moles of
      hydrogen per mole of hydrocarbon entering the reforming zone, with
      excellent results being obtained when about 5 to about 10 moles of
      hydrogen are used per mole of hydrocarbon. Likewise, the liquid hourly
      space velocity (LHSV) used in reforming is selected from the range of
      about 0.1 to about 10 hr..sup.-.sup.1, with a value in the range of about
      1 to about 5 hr..sup.-.sup.1 being preferred. In fact, it is a feature of
      the present invention that it allows operations to be conducted at higher
      LHSV than normally can be stably achieved in a continuous reforming
      process with a high quality reforming catalyst of the prior art. This last
      feature is of immense economic significance because it allows a continuous
      reforming process to operate at the same throughput level with less
      catalyst inventory than that heretofore used with conventional reforming
      catalysts at no sacrifice in catalyst life before regeneration.
DETD
PAR  The following working examples are given to illustrate further the
      preparation of the sulfided acidic trimetallic catalytic composite of the
      present invention and the use thereof in the conversion of hydrocarbons.
      It is understood that the examples are intended to be illustrative rather
      than restrictive.
PAC  EXAMPLE I
PAR  An alumina carrier material comprising 1/16 inch spheres is prepared by:
      forming an aluminum hydroxyl chloride sol by dissolving substantially pure
      aluminum pellets in a hydrochloric acid solution, adding
      hexamethylenetetramine to the resulting sol, gelling the resulting
      solution by dropping it into an oil bath to form spherical particles of an
      aluminum hydrogel, aging and washing the resulting particles to form
      spherical particles of gamma-alumina containing about 0.3 wt. % combined
      chloride. Additional details as to this method of preparing the preferred
      carrier material are given in the teachings of U.S. Pat. No. 2,620,314.
PAR  An aqueous impregnation solution containing chloroplatinic acid,
      chloroiridic acid, nickel chloride, and hydrogen chloride is then
      prepared. The impregnation solution is then intimately admixed with the
      gamma-alumina particles. The impregnation solution contains platinum,
      iridium, and nickel in amounts calculated to result in a final composite
      containing, on an elemental basis, 0.375 wt. % platinum, 0.375 wt. %
      iridium, and 0.5 wt. % nickel. In order to insure uniform distribution of
      the metallic components throughout the carrier material, the amount of
      hydrogen chloride in the impregnation solution corresponds to about 2 wt.
      % of the alumina particles. This impregnation step is performed by adding
      the carrier material particles to the impregnation mixture with constant
      agitation. In addition, the volume of the solution is approximately the
      same as the void volume of the carrier material particles. The
      impregnation mixture is maintained in contact with the carrier material
      particles for a period of about one-half hour at a temperature of about
      70.degree. F. The temperature of the impregnation mixture is subsequently
      raised to about 225.degree. F. and the excess solution is evaporated in a
      period of about 1 hour. The resulting dried particles are then subjected
      to a calcination or oxidation treatment in a stream of dry air at a
      temperature of about 975.degree. F. and at a GHSV of about 500
      hr..sup.-.sup.1 for about 1 hour. The oxidized spheres are then contacted
      with an air stream containing H.sub.2 O and HCl in a mole ratio of about
      40:1 for about 2 hours at 975.degree. F. in order to adjust the halogen
      content of the catalyst particles to a value of about 0.90. The resulting
      oxidized and halogen treated catalyst particles are thereafter subjected
      to another treatment with a dry air stream at 975.degree. F. and a GHSV of
      500 hr..sup.-.sup.1 for an additional period of about one-half hour.
PAR  The resulting catalyst particles are analyzed and found to contain on an
      elemental basis, about 0.375 wt. % platinum, about 0.375 wt. % iridium,
      about 0.5 wt. % nickel, and about 0.85 wt. % chloride. For this catalyst,
      the atomic ratio of nickel to platinum is 4.4:1 and the atomic ratio of
      iridium to platinum is 1.02:1.
PAR  Thereafter, the catalyst particles are subjected to a dry pre-reduction
      treatment designed to reduce substantially all of the platinum, iridium,
      and nickel components to the elemental metallic state by contacting them
      for 1 hour with a substantially pure hydrogen stream containing less than
      5 vol. ppm. H.sub.2 O at a temperature of about 1050.degree. F., a
      pressure slightly above atmospheric and a flow rate of the hydrogen-stream
      through the catalyst particles corresponding to a gas hourly space
      velocity of about 400 hr..sup.-.sup.1.
PAR  The resulting reduced catalyst particles are then contacted with a
      sulfiding gas comprising a mixture of H.sub.2 S and H.sub.2 in a mole
      ratio of about 1:10 at a temperature of about 1050.degree. F., atmospheric
      pressure and GHSV of about 800 hr. .sup.-.sup.1 for a period of about
      one-half hour effective to incorporate about 0.2 wt. % sulfur.
PAC  EXAMPLE II
PAR  A portion of the spherical sulfided acidic trimetallic catalyst particles
      produced by the method described in Example I are loaded into a scale
      model of a continuous, fixed bed reforming plant of conventional design.
      In this plant, a heavy Kuwait naphtha and hydrogen are continuously
      contacted at reforming conditions: a liquid hourly space velocity of 1.5
      hr..sup.-.sup.1, a pressure of 100 psig., a hydrogen to hydrocarbon mole
      ratio of 8.1, and a temperature sufficient to continuously produce a
      C.sub.5 + reformate of 102 F-1 clear. It is to be noted that these are
      exceptionally severe conditions.
PAR  The heavy Kuwait naphtha has an API gravity at 60.degree. F. of 60.4, an
      initial boiling point of 184.degree. F., a 50% boiling point of
      256.degree. F., and an end boiling point of 360.degree. F. In addition, it
      contains about 8 vol. % aromatics, 71 vol. % paraffins, 21 vol. %
      naphthenes, 0.5 wt. parts per million sulfur, and 5 to 8 wt. parts per
      million water. The F-1 clear octane number of the raw stock is 40.0.
PAR  The fixed bed reforming plant is made up of a reactor containing the
      trimetallic catalyst, a hydrogen separation zone, a debutanizer column,
      and suitable heating, pumping, cooling, and controlling means. In this
      plant, a hydrogen recycle stream and the charge stock are commingled and
      heated to the desired temperature. The resultant mixture is then passed
      downflow into a reactor containing the sulfided acidic trimetallic
      catalyst as a fixed bed. An effluent stream is then withdrawn from the
      bottom of the reactor, cooled to about 55.degree. F., and passed to a
      separating zone wherein a hydrogen-rich gaseous phase separates from a
      liquid hydrocarbon phase. A portion of the gaseous phase is continuously
      passed through a high surface area sodium scrubber and the resulting
      water-free hydrogen stream recycled to the reactor in order to supply
      hydrogen thereto, and the excess hydrogen over that needed for plant
      pressure is recovered as excess separator gas. The liquid hydrocarbon
      phase from the hydrogen separating zone is withdrawn therefrom and passed
      to a debutanizer column of conventional design wherein light ends are
      taken overhead as debutanizer gas and a C.sub.5 + reformate stream
      recovered as bottoms.
PAR  The test run is continued for a catalyst life of about 20 barrels of charge
      per pound of catalyst utilized, and it is determined that the activity,
      selectivity, and stability of the present sulfided acidic trimetallic
      catalyst are vastly superior to those observed in a similar type test with
      a conventional commerical reforming catalyst. More specifically, the
      results obtained from the subject catalyst are superior to the platinum
      metal-containing catalyst of the prior art in the areas of hydrogen
      production, C.sub.5 + yield at octane, average rate of temperature
      increase necessary to maintain octane, and C.sub.5 + yield decline rate.
      Also it is noted that the principal effect of the sulfiding step on the
      performance of the instant catalyst involves diminished undesired
      exothermic demethylation and other hydrogenolysis activity during the
      initial portion of the test run and markedly increased over-all stability.
PAR  It is intended to cover by the following claims all changes and
      modifications of the above disclosure of the present invention which would
      be self-evident to a man of ordinary skill in the catalyst formulation art
      or the hydrocarbon conversion art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for catalytically reforming a gasoline fraction to produce a
      high octane reformate which comprises contacting the hydrocarbon at
      reforming conditions with a sulfided acidic catalytic composite comprising
      a porous carrier material containing, on an elemental basis, about 0.0l to
      about 2 wt. % platinum or palladium, about 0.01 to about 2 wt. % iridium,
      about 0.01 to about 5 wt. % nickel, about 0.1 to about 3.5 wt. % halogen,
      and about 0.01 to about 1 wt. % sulfur, wherein the platinum or palladium,
      iridium, and nickel are uniformly dispersed throughout the porous carrier
      material, wherein substantially all of the platinum or palladium, nickel,
      and iridium are present therein in a sulfided state or in the
      corresponding elemental metallic states, and wherein the composite is
      sulfided, prior to contact with the hydrocarbon and after substantially
      all of the platinum or palladium, iridium, and nickel contained therein
      have been reduced to the corresponding elemental metallic state, by
      treatment with a sulfiding gas at conditions selected to incorporate about
      0.01 to about 1 wt. % sulfur.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the porous carrier material is a
      refractory inorganic oxide.
NUM  3.
PAR  3. A process as defined in claim 2 wherein the refractory inorganic oxide
      is alumina.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the halogen is combined
      chloride.
NUM  5.
PAR  5. A process as defined in claim 1 wherein the atomic ratio of nickel to
      platinum or palladium in the composite is about 0.2:1 to about 20:1.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the atomic ratio of iridium to
      platinum in the composite is about 0.1:1 to 2:1.
NUM  7.
PAR  7. A process as defined in claim 1 wherein the composite contains, on an
      elemental basis, about 0.05 to about 1 wt. % platinum or palladium, about
      0.05 to about 1 wt. % iridium, about 0.05 to about 2 wt. % nickel, about
      0.5 to about 1.5 wt. % halogen, and about 0.05 to about 0.5 wt. % sulfur.
NUM  8.
PAR  8. A process as defined in claim 1 wherein the contacting of the
      hydrocarbon with the catalytic composite is performed in the presence of
      hydrogen.
NUM  9.
PAR  9. A process as defined in claim 1 wherein the type of hydrocarbon
      conversion is catalytic reforming of a gasoline fraction to produce a high
      octane reformate, wherein the hydrocarbon is contained in the gasoline
      fraction, wherein the contacting is performed in the presence of hydrogen,
      and wherein the hydrocarbon conversion conditions are reforming
      conditions.
NUM  10.
PAR  10. A process as defined in claim 9 wherein the reforming conditions
      include a temperature of about 800.degree. to about 1100.degree. F., a
      pressure of about 0 to about 1000 psig., a liquid hourly space velocity of
      about 0.1 to about 10 hr..sup.-.sup.1, and a mole ratio of hydrogen to
      hydrocarbon of about 1:1 to about 20:1.
NUM  11.
PAR  11. A process as defined in claim 9 wherein the contacting is performed in
      a substantially water-free environment.
NUM  12.
PAR  12. A process as defined in claim 9 wherein the reforming conditions
      include a pressure of about 100 to about 450 psig.
NUM  13.
PAR  13. A process as defined in claim 1 wherein the sulfiding gas is a mixture
      of hydrogen and hydrogen sulfide.
NUM  14.
PAR  14. A process as defined in claim 1 wherein the sulfiding conditions
      include a temperature of about 50.degree. to about 1150.degree. F.
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ABST
PAL  A process for reactivating a catalyst comprising iridium, or iridium as a
      component of a multimetallic combination, particularly one which includes
      both iridium and platinum admixed one with the other, and with other metal
      components, and halogen, composited with a refractory porous inorganic
      oxide, previously inactivated by coke deposition thereon, possible loss of
      halogen content and agglomeration of the metal, or metals, or oxides
      thereof, such as occurs in a reforming process wherein such catalyst is
      contacted with a hydrocarbon feed at reforming conditions, and
      subsequently regenerated by burning accumulated coke deposits therefrom. A
      bed of the coke-depleted catalyst, wherein up to about 70 weight percent
      of the iridium of the catalyst is present as agglomerates of crystallite
      sizes greater than about 50A, is contacted in a plurality of cycles, an
      initial cycle of which includes, in sequence, (i) reduction of the
      coke-depleted catalyst, as by contact thereof with a stream of reducing
      gas, e.g., hydrogen or hydrogen-containing gas, at temperature sufficient
      to reduce the said iridium component, or the iridium component in
      admixture with other components, and (ii) contact of the reduced catalyst,
      up to or not significantly beyond the time of halogen breakthrough, with a
      halogen, or halogen precursor, in the presence of insignificant
      concentrations of added molecular oxygen, if any, at temperature
      sufficient to redisperse the agglomerates, and subsequent cycles of which
      include, in sequence, reduction as defined in step (i), supra, and
      halogenation as defined in step (ii), supra, whether or not molecular
      oxygen is added.
BSUM
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to Application Ser. No. 343,304 by D. J. C. Yates, filed
      Mar. 21, 1974 (which is a continuation-in-part of Application Ser. No.
      248,603 filed Apr. 28, 1972); Application Ser. Nos. 388,742; 388,743;
      388,744 by D. J. C. Yates et al, filed Aug. 16, 1973; Application Ser. No.
      388,741 by J. D. Paynter et al filed Aug. 16, 1973; Application Ser. No.
      388,746 by J. H. Sinfelt et al, filed Aug. 16, 1973; and Application Ser.
      No. 411,192 by J. H. Sinfelt et al, filed Aug. 16, 1973 (which is a
      continuation-in-part of Ser. No. 388,746, filed Aug. 16, 1973), all of
      which relate to the reactivation of iridium-containing catalysts.
PAR  Catalytic reforming, or hydroforming, is a type of process well known to
      the petroleum refining industry, and has been used for improving the
      octane quality of naphthas and straight run gasolines for many years. In a
      typical process, a series of reactors, each provided with preheat
      furnaces, are provided with fixed beds of catalyst. A naphtha feed, with
      hydrogen, is co-currently passed sequentially through a reheat furnace and
      then to the preceding reactor of the series. There is net hydrogen
      production, and the vapor effluent from the last reactor of the series is
      a gas rich in hydrogen, which usually contains small amounts of normally
      gaseous hydrocarbons. The hydrogen is separated from the C.sub.5.sup.+
      liquid product and recycled to the process to inhibit coke formation on
      the catalyst, though inevitably coke accumulates on the catalyst.
PAR  Reforming catalysts are recognized as dual-functional, the catalyst
      composite including a component comprising a metal, or metals, or a
      compound or compounds thereof (usually an oxide or sulfide), providing a
      hydrogenation-dehydrogenation function and an acidic component providing
      an isomerization function. The platinum group, or Group VIII noble metals
      (ruthenium, osmium, rhodium, iridium, palladium and platinum), have been
      recognized as having excellent hydrogenation-dehydrogenation activity and,
      despite its expense, platinum has been recognized as having a combination
      of properties which makes it particularly suitable as a
      hydrogenation-dehydrogenation component for reforming operations. Hence,
      catalysts utilizing platinum composited with an inorganic oxide base,
      particularly alumina, have become widely used in commercial reforming
      operations. More recently, promoters which include other Group VIII noble
      metals, e.g., iridium, have admixed with platinum. Other metals, such as
      rhenium, lead, germanium, tin, Group III and rare earth metals, etc., have
      been added to platinum to enhance one or more of certain of the
      characteristics which a good reforming catalyst must possess, viz.,
      activity, selectivity, activity maintenance and yield stability. Minor
      proportions of a halogen, e.g., chlorine, fluorine, bromine and the like,
      are generally added to enhance the acid function required of such
      catalysts.
PAR  The principal reactions produced by these types of dual-functional
      catalysts in reforming are: (1) the dehydrogenation of naphthenes to
      produce the corresponding aromatic hydrocarbons, e.g., methylcyclohexane
      is dehydrogenated to form toluene, (2) isomerization of n-paraffins to
      form branched-chained paraffins and isomerization of ring compounds, e.g.,
      the isomerization of ethylcyclopentane to form methylcyclohexane, and
      dehydrogenation of the latter to from toluene, (3) dehydrocyclization of
      paraffins to form aromatics, e.g., the dehydrocyclization of n-heptane to
      form toluene, and (4) hydrocracking of high molecular weight feed
      constituents to form lower molecular weight, or lower boiling
      constituents, e.g., the cracking of n-decane to produce C.sub.3 and
      C.sub.7 hydrocarbons. The net effect of such reactions is to increase the
      concentration of aromatics, with consequent octane improvement of naphthas
      boiling within the gasoline range. An inevitable, though undesirable,
      reaction is believed to involve (5) polymerization of olefins, with
      subsequent degradation of the polymeric substances to form coke or
      carbonaceous materials which deposit on the catalyst, eventually resulting
      in its inactivation.
PAR  In catalytic reforming, the activity of the catalyst thus gradually
      declines due to a build-up of carbonaceous deposits on the catalyst.
      During operation, the temperature of the process can be gradually raised
      to compensate for this activity loss. Eventually, however, economics
      dictate the necessity of reactivating the so "inactivated" catalyst. The
      reactivation is normally conducted by swinging one reactor at a time out
      of series, while reforming is continued in the other reactors of the
      series, or by shutting down the whole reforming unit and treating all of
      the catalyst of the several reactors simultaneously prior to returning the
      reactors to on-stream or on-oil conditions. In either event, reactivation
      is accomplished in part, as is also known, by subjecting the catalyst to
      an oxidizing atmosphere to remove the carbonaceous deposits by burning at
      controlled conditions. The burning step per se, generally referred to as
      "regeneration," may be conducted in one or more cycles. Often, oxygen
      concentration at low temperature, e.g., with flame front temperature
      ranging about 800.degree.-1000.degree.F., followed by a secondary burn
      with increased oxygen concentrations as coke is depleted from the
      catalyst. Maximum temperatures range generally no higher than about
      1100.degree.F. or 1200.degree.F., but preferably are much less to avoid
      sintering of the catalyst. Higher temperatures should never be permitted
      for an extended period. Precise control, however, is difficult and, while
      incomplete removal of the coke deposits is acceptable in some cases, it is
      generally preferred to remove substantially all of the burnable coke from
      the catalyst. Despite the care taken with the burning operation, the
      activity of the catalyst already lessened, inter alia, by coke
      accumulation and halogen loss, is further lessened because the metallic
      components on the catalytic surface are agglomerated, or further
      agglomerated. Hence, it is prior art practice following the burn period to
      further treat the catalyst with halogen, e.g., chlorine for the purpose of
      restoring the desired activity, caused in part by loss of its acid
      function, and to redisperse the metallic crystallites or agglomerates
      which have been produced on the catalyst surfaces. In treating with
      halogen, oxygen is added to speed up the dispersing of the metals.
PAR  Platinum group metal catalysts have been long known to deactivate for
      various reasons, some of which have been specified. Serious loss of
      activity, however, is due to the tendency of those metals to form larger
      aggregates, or agglomerates. Thus, as the size of the agglomerates is
      increased, there results a progressive decline in catalytic activity.
      X-ray diffraction patterns taken, e.g., on fresh, or carefully
      reactivated, platinum-on-alumina catalyst thus fail to show any
      significant lines corresponding to platinum, this indicating that the
      platinum is present in very finely dispersed or atomic form. X-ray
      diffraction patterns taken on the same catalyst used in reforming, from
      which the coke has been burned, not only show the presence of platinum,
      but also agglomerates of relatively large or massive crystals whose sides
      (length of a side of an assumed cubic crystallite) are greater than about
      50 A (Angstrom units) and ranging about 150A, and greater. This is sharply
      contrasted with the fine state of dispersion of the platinum on most fresh
      catalysts which is shown by chemisorption techniques to range in average
      size to a maximum of about 11 or 12A. [For description of chemisorption
      techniques, refer to Journal of Catalysis, 8, 348, 1967 by D. J. C. Yates
      and J. H. Sinfelt.] Iridium metal not only exhibits similar behavior but,
      additionally, an acute tendency to agglomerate into large crystallites
      wherein the oxides are often in admixture with the agglomerated metal on
      the catalyst surface. The activity of such catalysts is substantially
      lowered as a result of the loss of metal dispersion on the catalytic
      surface.
PAR  In the treatment of conventional reforming catalysts (i.e., platinum or
      palladium catalysts), the actual amount of metals agglomeration, once
      reactivation of a reforming catalyst is necessitated by process economies,
      is of little, if any, consequence. Thus a bed of the inactive catalyst is
      simply contacted with a stream comprising a mixture of oxygen (air) and
      halogen, produced ex situ or in situ, at appropriate treat conditions and
      the treatment is continued up to the point of halogen breakthrough, at
      which time the metal is effectively redispersed. At the same time, halogen
      lost from the catalyst during the conduct of the reforming operation is
      replaced, effectively restoring the desired acid function of the catalyst.
      With the iridium-containing catalysts, however, redispersement of the
      metal, or metals, is exceedingly more difficult and it is the present
      practice to continue the treatment beyond the point of halogen
      breakthrough. In commercial operations, however, this is quite onerous
      because it is desired to minimize the time period that the equipment is
      exposed to corrosive gases, and the extended time required for the
      additional treatment is burdensome on the economics of the process.
      Moreover, it necessitates scrubbing the halogen from the exit or tail gas,
      e.g., with caustic soda. Halogen thus cannot be vented to the atmosphere,
      and spent caustic, particularly after halogen absorption, cannot be put in
      sewers, rivers, or streams. Hence, aside from the additional treat time
      and added unit corrosion problems, pollution and disposal problems make it
      undesirable in a commercial operation to treat significantly beyond the
      time of halogen breakthrough.
PAR  Halogen breakthrough, for purposes of the present invention, is defined as
      that point in time not exceeding about 0.50 hour (one-half hour),
      preferably not exceeding about 0.25 hour (one-quarter hour), and more
      preferably is defined as that point in time when the concentration of
      halogen in the exit gas, or gas from the exit side of the catalyst bed,
      becomes equal to the concentration of halogen in the inlet gas, or gas
      introduced into the catalyst bed. When a gaseous mixture which contains
      halogen is thus introduced into a catalyst bed, a point in time is reached
      when the concentration of halogen exiting from the tail of the catalyst
      bed has undergone a relatively rapid rise and has begun to approach the
      concentration of halogen in the gas being introduced into the entrance of
      the bed. It is well known that when treating a bed of catalyst with
      halogen, after a period of time a minute concentration of halogen in the
      exit gas will appear. After the first appearance of halogen, the
      concentration, at first slowly, but then rapidly increases until
      eventually a maximum concentration is reached, at which time the
      concentration of halogen in the exit gas becomes equal to the
      concentration of halogen in the inlet gas. This is a typical
      chromatographic response commonly observed in systems wherein a gaseous
      component is adsorbed or desorbed on a bed of solids of high surface area.
      In any event, pursuant to the best mode of practicing the present
      invention, halogen treatments are discontinued at that point in time when
      the halogen concentration in the exit gas becomes equal to the halogen
      concentration of the inlet gas.
PAR  Added oxygen, for purposes of the present invention, means oxygen injected
      or added per se during the reaction, or injected or added with reactants
      introduced during the reaction, as opposed to the generation or release in
      situ of oxygen as might occur by transition of the catalyst charge from
      one form into another.
PAR  This invention has as its primary object the improvement of conventional
      reforming, or hydroforming, processes in that its aim is to obviate the
      foregoing and other prior art deficiencies.
PAR  A particular object of the present invention is to provide a new and novel
      process for reactivation of catalysts which comprise iridium, or iridium
      as a component of a multimetallic combination, particularly one which
      includes both iridium and platinum admixed one with the other, and with
      other metal components, which become deactivated in reforming operations
      by contact with hydrocarbon feeds at reforming conditions, inclusive, also
      of any additional deactivation, if any, as caused by burning coke deposits
      from such coke fouled catalysts.
PAR  A more specific object is to provide a new and novel reactivation process
      which minimizes the number, kind and duration of treating steps in
      reactivating catalysts, particularly reforming catalysts, and returning
      same to a higher state of activation, or state of activation approaching
      or approximating that of the fresh catalyst.
PAR  These objects and others can be achieved in accordance with the present
      invention wherein it has unexpectedly been discovered that a catalyst, or
      bed of catalyst, comprising a composite of an iridium metal (or compound
      thereof) of the Periodic Table of the Elements (E. H. Sargent and Company,
      Copyright 1962 Dynaslide Company), or mixture of said metal with other
      metals, particularly platinum, or admixtures of iridium and platinum with
      other metals halogen and a refractory porous inorganic oxide can be
      reactivated, after deactivation by coke deposition thereon, possible loss
      of halogen content and agglomeration of the metal, or metals, such as can
      occur in a reforming operation, and this can be accomplished without any
      necessity of treating the catalyst for a period beyond, or significantly
      beyond, the point of halogen breakthrough. In an initial step, accumulated
      coke deposits are removed from the catalyst, or bed of catalyst, by
      burning with an oxygen-containing gas, or gases, at a temperature not
      substantially in excess of about 850.degree.F., and preferably not in
      excess of about 775.degree.F. A bed of the coke-depleted catalyst wherein
      the iridium of the catalyst is agglomerated no more than about seventy
      weight percent to crystallites having sides (assumed cubic crystallite)
      greater than about 50A, is contacted in a plurality of cycles, an initial
      cycle of which includes, in sequence, (i) contact of the coke-depleted
      catalyst with a reducing gas, preferably a stream of hydrogen or
      hydrogen-containing gas, at temperature and time sufficient to reduce a
      substantial portion of the iridium, an (ii) contact of the reduced
      catalyst, up to but not substantially exceeding halogen breakthrough, with
      a gas comprising halogen, or halogen precursor, which does not include
      significant concentrations of added molecular oxygen, if any, at
      temperature sufficient to redisperse the agglomerates and reduce their
      average crystallite size, and subsequent cycles of which include, in
      sequence, reduction as defined in step (i), supra, and halogenation as
      defined in step (ii), supra, whether or not molecular oxygen is added.
      Preferably, after the redispersion, the metal, or metals, of the catalyst,
      inclusive of iridium, is atomically dispersed, or the average size of the
      crystallites after redispersing are no more than about 12A, and preferably
      no more than about 5 percent of the iridium is present in the catalyst as
      agglomerates of a crystallite size ranging above about 50A.
PAR  In effecting the coke-burn, it is desirable that the concentration of
      oxygen, the temperature, and time of contact are insufficient to
      completely agglomerate the metal, or metals, of the catalyst. Preferably,
      the temperature of the burn should not be permitted to exceed about
      850.degree.F., more preferably 750.degree.F., and the oxygen concentration
      and time of contact with a bed of catalyst are controlled such that not
      more than about seventy weight percent of the iridium on said catalyst is
      agglomerated to crystallite sizes greater than about 50A. After the coke
      burn and prior to reduction, it is essential that the coke depleted
      catalyst not be contacted with a substantially halogen-free,
      oxygen-containing gas at temperatures in excess of those employed in the
      burning operation.
PAR  It is also essential that the coke-depleted catalyst, after reduction in
      any given cycle, not be contacted with a substantially halogen-free,
      oxygen-containing gas at a temperature sufficient to agglomerate further
      the iridium on the catalyst prior to a halogen redispersal step. In
      effecting redispersion of the metal, or metals, of the catalyst during
      halogen treatment, it is necessary to maintain the halogen, or
      halogen-containing gas, at a temperature of at least about 850.degree.F.
      to obtain significant redispersion.
PAR  The present invention has particular utility in the reactivation of
      partially agglomerated oxygen-sensitive, iridium-containing reforming
      catalysts. While the most common of the platinum group metals, e.g.,
      platinum or palladium, particularly the former which is widely used in
      commercial reforming, can be effectively dispersed to a highly active
      state by treatment of a bed of the catalyst with halogen, to the point of
      halogen breakthrough, in an oxxidizing atmosphere, this is not the case
      with iridium catalysts. Thus, in dispersing platinum, the amount of oxygen
      contained in the halogen treat gas is not at all critical and, in fact,
      the oxygen has a beneficial effect in increasing the rate of dispersion of
      the metals. Moreover, in treating a bed of the catalyst in a singular
      continued contact to the point of halogen breakthrough, the catalyst is
      generally returned to its original state of activity. With inactivated
      iridium catalysts, e.g., platinum-iridium catalysts, however, the prior
      art method of treating with halogen and air immediately after an oxidizing
      treatment results in very little reactivation even when a bed of the
      catalyst is treated long past the point of halogen breakthrough. Only a
      very small decrease in overall crystallite size of the agglomerates is
      obtained. The crystallite size of the metal is not reduced generally to
      the crystallite size existing in the initial catalyst prior to use, unless
      the amount of oxygen present with the halide is less than 10 volume
      percent, and preferably 1 volume percent, and also unless the catalyst is
      in reduced form at the time of the halogen treatment. For example, when an
      iridium-on-aluminum catalyst containing a high percentage of large iridium
      crystallites is treated without reduction with a mixture of one percent
      chlorine in air for several hours, very little redispersion of the iridium
      takes place. The presence of large metal crystallites gives catalysts of
      relatively low activity. However, subsequent to reduction, treatment of
      the same catalyst in similar manner with a gaseous mixture containing one
      percent chlorine, and the remainder an inert gas, will give an active
      catalyst. Even under optimum conditions, however, it is not possible to
      reactivate the catalyst sufficiently to return it to its original high
      state of activity unless the catalyst is treated for significantly long
      periods, generally ranging for several hours in duration.
PAR  It has now been discovered, however, that beds of inactivated
      iridium-containing catalysts can be treated and the catalysts returned to
      their original high state of activation without extension of the period of
      treatment beyond the point of halogen breakthrough. The present invention
      is thus based in part on the discovery, in treating beds of partially
      agglomerated catalyst of such character with halogen, e.g., chlorine,
      which contains molecular oxygen even in very low or minute concentration,
      that damage of the catalyst in some parts of the bed can result at the
      high treat temperatures which are essential to effectively redisperse the
      metal, or metals, of the catalyst. For example, when a gas comprising,
      e.g., one percent chlorine, one percent oxygen and ninety-eight volume
      percent of an inert gas such as helium is pased through a bed of partially
      agglomerated catalyst, e.g., platinum-iridium dispersed on an alumina,
      previously burned in oxygen to remove the coke, and subsequently reduced
      with hydrogen, the overall or total effect is initially one that is quite
      damaging to the catalyst. Thus, at an early point in time after
      introduction of the gaseous mixture, an examination of portions of
      catalyst taken from different locations throughout a bed, shows that the
      metals of the catalyst within the bed nearest the location of initial
      entry of the gas is well dispersed whereas, in sharp contrast, that
      nearest the location of the exit of the gas is quite severely
      agglomerated. As time passes, it is found with continued treatment that
      the catalyst nearest the location of exit begins to improve but never, at
      least up to the time of chlorine breakthrough, are the metals thereon as
      well dispersed as that on the catalyst nearest the location of entry of
      the gas. Experimentation has shown that the catalyst nearest the location
      of entry of the gas absorbs most of the chlorine from the gaseous mixture,
      leaving the gas exit side of the bed exposed to gas which contains
      relatively low chlorine concentration and, conversely, relatively high
      oxygen concentration. The result is that in the initial portion of entry
      of the gas into the bed, the metals of the catalyst are redispersed, while
      at the other extremity of the bed the metals of the catalyst are not
      redispersed but, in fact, are generally even more severely agglomerated
      (higher percentage of iridium present in the form of crystallites that are
      detectable by x-ray diffraction analysis--greater than 50A (side of an
      assumed cubic crystallite)) than at the time reactivation was begun.
PAR  It is reasoned that this phenomenon occurs because of the high affinity of
      reforming catalysts for halogen. Halogen uptake is found to be excessively
      high at the location where the halogen, or halogen-containing, gas is
      introduced, the halogen clinging tenaciously to the catalyst. The gas in
      the entry portion of the bed is thus found to be rapidly depleted of
      halogen and, as the gas containing lower than its initial halogen
      concentration flows toward the opposite extremity of the bed, there is
      less halogen uptake by the catalyst. In other words, halogen uptake
      downstream of the location of entry is lessened as the gas flows through
      the bed, this creating a halogen concentration gradient throughout the
      bed, with high halogen concentration at the front end of the bed and low
      halogen concentration at the opposite end of the bed. The net result is
      that the catalyst, in a given bed of a reactor, at the location of entry
      of the halogen-containing gas is always over-halogenated, while the
      catalyst at the opposite end of the bed is under-halogenated. Considerable
      time is required to completely redisperse the metals, and hence cause the
      catalyst to approach its previous or original state of activation. Given
      sufficiently long treating periods, always well past the time of chlorine
      breakthrough, the chlorine is found to gradually move to the location of
      the gas exit as the catalyst in the front portion of the bed becomes
      sufficiently chlorine-saturated, and some time after the catalyst has
      absorbed chlorine, the metals begin to redisperse. At the time of chlorine
      breakthrough at the gas exit side of the bed, however, redispersion of the
      metals has been effected only in the front part of the bed, while the
      metals of the catalyst in the rearward part, or gas exit side, of the bed
      ramain severely agglomerated. The net effect is that the activity of the
      total catalyst under the best of circumstances may have been somewhat
      improved but, unless the treatment is continued long past the time of
      chlorine breakthrough, the activity of the catalyst is far less than that
      of fresh catalyst.
PAR  Continuing this study, it was found that if a partially agglomerated
      catalyst, pre-reduced with hydrogen, were contacted with chlorine (i.e.,
      one containing no oxygen) then the additional damage to the catalyst at
      the exit side of the bed did not occur, and that continued contact with
      chlorine to the time of chlorine breakthrough did, in fact, result in
      overall reactivation of the catalyst. It was also found that repetitive
      cycles of treatment with hydrogen and chlorine, continued to the time of
      chlorine breakthrough, would progressively increase the activity of the
      catalyst causing it to very closely approach that of fresh catalyst. The
      reasons for the beneficial effect of a subsequent hydrogen reduction of
      the catalyst, and subsequent chlorination (i.e., a second or additional
      cycle, or cycles) are not too well understood. It is believed, however,
      that the hydrogen reduction returns the metals to their original reduced
      or metallic state (as opposed, e.g., to an iridium chloride, or chlorides,
      and/or iridium oxide, or oxides) in which state the metal is more
      receptive to being dispersed by the chlorine treat. In any event, it is
      known that the subsequent hydrogen treat does not damage or reinactivate
      the activated catalyst at the front of the bed. The net effect of the
      cyclic treatment is that upon reintroduction of the chlorine, after the
      hydrogen treatment, the metal, or metals, on the inactivated catalyst at
      the rear of the bed is dispersed, the activity of the catalyst at the
      point of chlorine breakthrough on completion of repetitive cycles
      generally closely approaching that of fresh catalyst. In practical
      commercial operations, it is found that partially agglomerated catalyst
      can be, in most cases, substantially completely regenerated after only two
      cycles of hydrogen-chlorine treat applications.
PAC  REGENERATION
PAR  An essential step in the practice of the present process is to remove coke
      or carbonaceous deposits from coke fouled catalyst, such as typically
      occurs in reforming wherein the reforming catalyst becomes fouled with
      coke or carbonaceous deposits. In initiating regeneration in a reforming
      process, one or the series of reactors is shut down, and the reactor, or
      reactors, is purged to remove reactive vapors, and the regeneration is
      accomplished in situ or ex situ.
PAR  A reactor (constituting a reaction zone) containing a bed of the catalyst,
      the latter having reached an objectionable degree of deactivation due to
      coke deposition thereon, is first purged of hydrocarbon vapors with a
      nonreactive or inert gas, e.g., helium, nitrogen, or flue gas. The coke or
      carbonaceous deposits are then burned from the catalyst by contact with an
      oxygen-containing gas at controlled conditions, that is, the burning
      temperature and treatment duration is controlled to avoid converting more
      than about 70 wt. % of the catalyst iridium to agglomerates having
      crystallite sizes greater than about 50A. Desirably, the burning operation
      is conducted at temperatures generally below about 850.degree.F., and
      preferably below about 750.degree.F. The temperature of the burn is
      controlled by controlling the oxygen concentration and inlet gas
      temperature, this taking into consideration, of course, the amount of coke
      to be burned and the time desired in order to complete the burn.
      Typically, the catalyst is treated with a gas having an oxygen partial
      pressure of at least about 0.1 psi (pounds per square inch), and
      preferably in the range of about 0.3 psi to about 2.0 psi, to provide a
      temperature ranging from 575.degree.F. to about 850.degree.F for a time
      sufficient to remove the coke deposits. Coke burn-off can be accomplished
      by first introducing only enough oxygen to initiate the burn while
      maintaining a temperature on the low side of this range, and gradually
      increasing the temperature as the flame front is advanced by additional
      oxygen injection until the temperature has reached optimum. Most of the
      coke can be readily removed in this way. For example, a catalyst obtained
      from a conventional reforming operation typically containing from about 1
      to 20 weight percent of coke deposited thereon, based on total catalyst,
      can be depleted of coke in this manner. Generally, the amount of coke can
      be reduced to as little as about 0.1 weight percent with oxygen partial
      pressures such as described, requiring generally from about 0.1 to about
      48 hours, and preferably from about 0.5 to about 20 hours.
PAR  In accordance with the best mode of practicing the present invention, at
      least two, and generally up to about five, or more, cycles of sequential
      hydrogen reduction and halogenation treatment are required to reactivate
      the reforming catalysts to their original state of activity, or activity
      approaching that of fresh catalyst after coke or carbonaceous deposits
      have been burned from the catalyst. Preferably, from 2 to about 3 cycles
      of sequential hydrogen reduction and halogenation treatment are employed,
      after carbon burn-off, in treating partially agglomerated catalysts
      resulting from typical hydrocarbon conversion process operations. The
      process of the present invention can, in any event, be properly regarded
      as a process in itself useful for reactivation of coke-fouled,
      halogen-depleted, partially agglomerated catalysts from any source,
      particularly hydrocarbon conversion processes, and more particularly
      coke-fouled, hydrogen-depleted, partially agglomerated iridium catalysts.
PAC  REDUCTION
PAR  After the coke burn-off step, oxygen is purged from the reaction zone by
      introduction of a nonreactive or inert gas, e.g., nitrogen, helium, or
      flue gas, to eliminate the hazard of a chance explosive combination of
      hydrogen and oxygen. A reducing gas, particularly hydrogen or a
      hydrogen-containing gas, generated in situ or ex situ, it thus first
      introduced into the reaction zone and contacted with the coke-depleted
      catalyst, prior to contact with a substantially halogen-free,
      oxygen-containing gas at a temperature sufficient to agglomerate further
      the iridium on said catalyst, at temperature ranging from about
      400.degree.F. to about 1100.degree.F., and preferably from about
      650.degree.F. to about 950.degree.F., sufficient to effect reduction of a
      substantial portion of the metal hydrogenation-dehydrogenation component,
      or components, contained on the catalysts. Pressures are not critical, but
      typically range between about 5 psig to about 100 psig. Suitably, the gas
      employed comprises from about 0.5 to about 50 percent hydrogen, with the
      balance of the gas being substantially nonreactive or inert. Pure, or
      essentially pure, hydrogen is, of course, suitable but is quite expensive
      and therefore need not be used. The concentration of the hydrogen in the
      treating gas and the necessary duration of such treatment, and temperature
      of treatment, are interrelated, but generally the time of treating the
      catalyst with a gaseous mixture such as described ranges from about 0.1
      hour to about 48 hours, and preferably from about 0.5 hours to about 24
      hours, at the more preferred temperatures.
PAC  HALOGENATION
PAR  Prior to introduction of halogen, hydrogen may be purged from the reaction
      zone, if desired, suitably by use of a nonreactive or inert gas such as
      helium, nitrogen or flue gas. The halogenation step is then carried out by
      injecting halogen, or a halogen component which will decompose in situ and
      liberate halogen, e.g., chlorine, bromine, fluorine or iodine, in the
      desired quantities, into the reaction zone and into contact with the
      reduced catalyst. The gas is generally introduced as halogen, or
      halogen-containing gaseous mixture, into the reforming zone and into
      contact with the reduced catalyst at temperature ranging from about
      850.degree.F. to about 1150.degree.F., and preferably from about
      900.degree.F. to about 1000.degree.F. The introduction may be continued up
      to the point of halogen breakthrough. The concentration of halogen is not
      critical, and can range, e.g., from a few parts per million to essentially
      pure halogen gas. Suitably, the halogen, e.g., chlorine, is introduced in
      a gaseous mixture wherein the halogen is contained in concentration
      ranging from about 0.01 mole percent to about 10 mole percent, and
      preferably from about 0.1  mole percent to about 3 mole percent.
PAR  The presence of any oxygen in the halogen treat gas generally complicates
      the process because of the necessity to purge out the oxygen for safety
      reasons prior to the intermittent introduction of hydrogen. In addition,
      the presence of any oxygen decreses the effectiveness of the regeneration
      when treating up to the point of halogen breakthrough, particularly during
      the initial cycle of treatment. Redispersion is nonetheless possible, even
      during the initial cycle of treatment, in the presence of a small amount
      of oxygen, but the effectiveness of the redispersion is decreased in
      proportion to the amount of oxygen that is present. It is found, in
      treating a bed of catalyst beyond the point of halogen breakthrough,
      however, that once essentially all of the catalyst constituting the bed
      has absorbed sufficient halogen, little or no damage is subsequently done
      by an added treat with an oxygen-containing halogen treat gas. It has thus
      been found that the presence of the halogen protects the catalyst from
      further damage by contact with oxygen at the relatively high temperature
      required for the treatment. Hence, oxygen present in the treat gas will
      not damage already halogenated catalyst but it will have some adverse
      effect on catalyst that is not halogenated, an inevitable state when
      treating only to the point of halogen breakthrough. This means, therefore,
      that the presence of oxygen in the halogen treat gas will be more damaging
      to the catalyst in the tail of the reactor during an initial treat than in
      a subsequent treat. Conversely, this means that the presence of oxygen in
      the halogen treat gas will be less damaging to the catalyst in the tail of
      the reactor in a subsequent treat vis-a-vis an initial treat because
      halogen previously absorbed by the catalyst will protect the catalyst from
      the oxygen exposure. Hence, it is desirable to essentially completely
      exclude oxygen during the first cycle of halogen treatment of the
      catalyst. In subsequent cycles of treatment with halogen, however, due to
      the passivating effect of the first cycle of treatment with halogen, the
      presence of oxygen becomes less damaging to the catalyst and its presence
      can be tolerated to a greater degree. Therefore, oxygen can be tolerated
      in the second and subsequent cycles of treatment of the catalyst with
      halogen, and in certain situations a small amount of oxygen may be
      deliberately added with the halogen.
PAR  The purpose of the hydrogen treat is to reduce the metal
      hydrogenation-dehydrogenation component, or components, to its metallic
      state. Subsequent halogenation treatment will then more effectively
      disperse the metals. The purpose of the halogenation treatment, on the
      other hand, is to reduce the average crystallite size of the
      hydrogenation-dehydrogenation component of the catalyst, i.e., the iridium
      or admixture of iridium with other metal components which, during a
      reforming and regeneration series, usually increases in size (size of an
      assumed cubic crystallite) to a value greater than 50A, and often to sizes
      ranging about 150A and higher, in which state the catalyst becomes at
      least sufficiently inactive to be uneconomically attractive for further
      use without reactivation. To restore fresh catalyst activity, the portion
      of the iridium that exists as large iridium or iridium oxide agglomerates
      must be dispersed to a crystallite size less than about 50A, and
      preferably to crystallite sizes down in the 11 and 12A range, which
      approximates the metal crystallite size of fresh catalyst, which contains
      essentially atomically dispersed metal.
PAR  Suitable halogen-containing materials for the purpose of this invention
      include free halogen, e.g., chlorine, bromine, fluorine, iodine, and the
      like, and including the hydrogen halides, e.g., hydrogen chloride and
      halide precursors, e.g., halogen compounds of the type which readily
      decompose in situ to liberate halogen. Preferred halogen-containing
      compounds include organic halides such as alkyl and aryl mono- and
      poly-halides, as well as halogenated acids, aldehydes, ketones, etc.
      Suitable alkyl halides, for example, include methyl chloride, ethyl
      bromide, methyl chloroform, carbon tetrachloride, etc., or a trihalide,
      e.g., chloroform, tertiary butyl chloride, or other polyhalide compounds
      such as perchloroethane, and the like.
PAR  Data providing an experimental basis leading to the discovery of the
      present invention are illustrated in the accompanying drawings, reference
      being made to FIGS. 1 through 3 which describe a series of simple treats
      of partially damaged iridium-containing catalysts, i.e., a mixture of
      platinum and iridium-on-alumina as partially damaged in a reforming
      operation to the extent that the catalyst initially contains, after carbon
      burn-off, a fairly uniform amount of the iridium as large metal crystals
      having sides (assumed cubic crystallite) greater than 50A. This initial
      condition of the catalyst is described in these figures as a straight
      horizontal line (a dotted line) plotted on a graph, the vertical axis of
      which represents the percentage of the catalytic metals present as large
      crystallites (percent agglomeration) and the horizontal axis of which
      represents the relative distance from the entry side to the exit side of
      the catalyst bed. The gas entry section at the leading edge of the bed is
      taken as zero percent, the gas exit section at the trailing edge of the
      bed is taken as 100 percent, points in between representing their
      respective location on the gradient ranging between 0 and  100 percent.
      Solid lines plotted on the graphs represent iridium and iridium oxide
      agglomeration, respectively, these defining treats of a bed of the
      partially damaged catalyst (previously reduced in a 100 percent stream of
      hydrogen for 8 hours at 700.degree.-900.degree.F.) treated to halogen
      breakthrough at 930.degree.F., 100 psig and at a flow rate of 25.3 SCF/Hr.
      with gaseous mixtures containing chlorine or both chlorine and oxygen,
      viz., 0.13 mole percent chlorine or 0.13 mole percent chlorine and 0.13
      mole percent oxygen, the balance of the gaseous mixtures being nitrogen.
PAR  Referring specifically to FIG. 1, there is shown a plot of percent iridium
      agglomeration on the vertical axis vs. percent of bed length on the
      horizontal axis, the initial state of the catalyst being described by the
      dotted horizontal line as one having on the order of about 28 percent of
      the iridium as crystals greater than 50A. The activity of this catalyst is
      about 25 percent less than that of fresh catalyst. The solid lines on the
      graph depict the changed condition of the catalyst as is obtained on
      once-through treating for 33 minutes with a gaseous mixture of chlorine
      and oxygen (0.13 M%/0.3M%), at which time breakthrough of chlorine occurs.
      The plot shows two solid lines for iridium agglomeration and iridium oxide
      agglomeration, as is determined from analysis by x-ray, which can reveal
      large crystallites of both iridium metal and iridium oxide, both forms of
      which are present after coke burn-off and resultant partial damage. The
      indicator of the total damage of the catalyst is the sum of the areas in
      between the two curves or, in other words, the total area below the upper
      solid line. The two lines distinguish the iridium and iridium oxide
      agglomeration components of the total large iridium present on the
      catalyst surface.
PAR  The data shown on the graph are thus as follows:
TBL                     Percent Iridium                                        
                        Agglomeration in                                       
                        Treating to                                            
                        Breakthrough with                                      
                        Chlorine-Oxygen Mixture                                
                                          Exit                                 
                   Prior          Middle  Side                                 
                   to Treat                                                    
                          Entry   of Bed  of Bed                               
     ______________________________________                                    
     Iridium Agglomeration, %                                                  
                     28       15      19    24                                 
     Iridium Oxide   --        5      15    15                                 
     Agglomeration, %                                                          
     Total Agglomeration, %                                                    
                     28       20      34    39                                 
     ______________________________________                                    
PAR  These results show that the front portion of the bed is reduced in total
      agglomeration by a factor of about 30 percent. In other words, 15 to 20
      percent catalyst damage is shown in the first part of the bed as compared
      to 28 percent at the start. This, of course, represents a considerable
      improvement in the front portion of the bed. However, in the back of the
      bed it will be observed that the total agglomeration is actually greater
      than 28 percent, this indicating that the treat to the point of
      breakthrough does not redisperse the iridium contained on the catalyst in
      that portion of the bed, but rather increases the damage at the tail of
      the reactor. This shows that a commercial procedure limited to a single
      cycle of treatment up to the point of chlorine breakthrough cannot
      accomplish complete redispersion of the iridium.
PAR  The catalyst at the front of the bed thus picks up and holds chlorine very
      tenaciously, and the gas which passes through the reactor to the exit side
      of the bed is primarily oxygen, particularly at the beginning of the
      treat. The oxygen alone in the tail of the reactor, being at a high
      temperature, it has been found, causes further agglomeration to occur even
      though at the same time the front portion of the bed is being partially
      redispersed by the action of the chlorine.
PAR  By specific reference to FIG. 2, there is shown the results of a run
      wherein (1) the bed is treated to breakthrough with a 0.13 mole percent
      mixture of chlorine in nitrogen and (2) the treat is continued with a
      mixture of 0.13 mole percent chlorine-0.13 mole percent oxygen, in
      nitrogen, for an additional thirty-three minutes. In this run, the time of
      exposure to oxygen is identical to the run described in FIG. 1 except in
      this case the catalyst is chlorinated in the absence of oxygen prior to
      any oxygen exposure. Other conditions were identical to that described in
      FIG. 1.
PAR  The data shown on the graph are thus as follows:
TBL              Percent Iridium Agglomeration in a                            
                 Sequential Treatment using, in a                              
                 First Step, a Gaseous Mixture Con-                            
                 taining Chlorine (No Oxygen) and,                             
                 in a Second Step, a Gaseous Mixture                           
                 Containing both Chlorine and Oxygen.                          
                      After Treat                                              
                 Prior to       Middle  Exit Side                              
                 Treat  Entry   of Bed  of Bed                                 
     ______________________________________                                    
     Iridium Agglomeration                                                     
                   28       16      --    22                                   
     Iridium Oxide --        0      --     7                                   
     Agglomeration                                                             
     Total Agglomeration                                                       
                   28       16      --    29                                   
     ______________________________________                                    
PAR  The results clearly show that the chlorine redisperses the metal in the bed
      entry without causing additional agglomeration at the back part of the
      bed. One observes that even the catalyst at the back or exit side of the
      bed, after exposure to oxygen, is at least partially protected from the
      aforementioned oxygen-induced agglomeration. This, of course, is sharply
      contrasted with the result shown in FIG. 1 wherein the back portion of the
      bed is severely agglomerated, more so than the starting material. This
      proves that chlorine in the absence of oxygen will passivate and protect
      the catalyst from subsequent oxygen exposure.
PAR  Next, referring specifically to FIG. 3, there is shown a treat in which the
      catalyst is first pre-reduced with hydrogen and then treated only to the
      point of chlorine breakthrough with a gas containing only chlorine and
      nitrogen, in a single cycle. Thus, a gas consisting of 0.13 mole percent
      chlorine in nitrogen is contacted with partially agglomerated catalyst, as
      previously described. Or, in other words, the demonstration of FIG. 2 is
      repeated, the second contact or treatment with a mixture of chlorine and
      oxygen being omitted. The conditions of operation are the same as in the
      preceding. The catalyst in this case is not exposed to oxygen, and the
      resulting back-agglomeration occurring in the tail ends of the beds, which
      produce iridium oxide agglomeration, as shown, is thus eliminated.
PAR  The data shown on the graph are as follows:
TBL              Percent Iridium Agglomeration                                 
                 in Treating to Breakthrough                                   
                 with Chlorine (No Oxygen)                                     
                      After Treat                                              
                 Prior          Middle  Exit Side                              
                 to Treat                                                      
                        Entry   of Bed  of Bed                                 
     ______________________________________                                    
     Iridium Agglomeration                                                     
                   28       13      --    13                                   
     Iridium Oxide --        0      --     0                                   
     Agglomeration                                                             
     Total Agglomeration                                                       
                   28       13      --    13                                   
     ______________________________________                                    
PAR  These data thus show that the partially agglomerated catalyst at the exit
      side of the bed is damaged by oxygen at treat conditions, in treating to
      the point of halogen breakthrough, albeit some improvement in activity
      does occur at the entrance of the bed where the metal is effectively
      redispersed. It is also shown that an initial halogen treatment, wherein
      no oxygen is present, will not cause additional metals agglomeration at
      the exit side of the bed in treating the catalyst to the point of halogen
      breakthrough, albeit the single cycle treatment does not reactivate the
      catalyst sufficiently to restore the full activity of the catalyst. An
      initial halogen treatment passivates and protects the catalyst such that
      subsequent exposure to oxygen is less harmful than an initial exposure to
      oxygen of a catalyst which has not been halogen treated.
PAR  In order to achieve the full benefits of this invention, it is essential to
      treat iridium-containing catalysts, including especially platinum-iridium
      catalysts, in a plurality of cycles, an initial cycle of which includes,
      in sequence, reduction of a partially agglomerated, coke-depleted
      catalyst, preferably with hydrogen or a hydrogen-containing gas, at
      temperatures sufficient to reduce the metal hydrogenation-dehydrogenation
      component and subsequently, particularly in the initial cycle, to contact
      the reduced catalyst with a halogen, or halogen precursor, which does not
      contain any significant amount of molecular oxygen. The catalyst is
      preferably similarly treated in subsequent cycles except that, due to the
      passivation effect of halogen injected into the process without any
      significant amount of added oxygen in the initial cycle, the presence of
      some oxygen added with the halogen in the subsequent cycle, or cycles,
      will not too greatly adversely affect the activity of the catalyst and, in
      some instances, may be utilized to advantage. The invention will thus be
      more fully understood by reference to the following selected nonlimiting
      examples and comparative data which illustrate its more salient features.
PAR  In order to demonstrate a preferred mode of practicing the present
      invention, certain selected salient data are set forth hereafter. In
      preparing for these demonstrations as described by reference to Examples 1
      and 2, below, a series of catalysts are prepared by slurrying 1 part of
      particulate alumina, 24 to 35 mesh average particle size (Tyler), in 4
      parts of water. Dilute aqueous solutions containing iridium (as
      chloro-iridic acid), or a second hydrogenation-dehydrogenation component,
      e.g., platinum (as chloroplatinic acid), is added and the resultant
      solution stirred for one hour to assure impregnation. The solids are then
      separated from the solution by filtration and then dried in a circulating
      air oven at about 220.degree.F. Portions of the catalyst are then heated
      to 930.degree.F. in a flowng stream of pure hydrogen. The portions of
      catalyst, which contain about 0.6 weight percent metal, or metals, as
      metallic metal, are then cooled, in the absence of air, to ambient
      conditions. The crystallite size of the hydrogenation-dehydrogenation
      component, or components, is determined by carbon monoxide adsorption to
      range ab initio between 11 A and 15 A.
PAR  These several portions of catalyst are then packed as fixed beds in three
      hydroforming reactors of a series and contacted with a typical virgin
      naphtha having the following inspections:
TBL  ASTM Distillation                                                         
     Initial            194                                                    
     10                 207                                                    
     20                 208                                                    
     30                 212                                                    
     40                 216                                                    
     50                 220                                                    
     60                 225                                                    
     70                 231                                                    
     80                 239                                                    
     90                 252                                                    
     Final B.P.         295                                                    
     Octane No., RON Clear                                                     
                        58.3                                                   
     Gravity, .degree.API                                                      
                        59.7                                                   
     Sulfur, Wt. Percent                                                       
                        &lt;0.05 ppm                                              
     Analysis, Vol. Percent                                                    
     Paraffins          45                                                     
     Naphthenes         48                                                     
     Aromatics          7                                                      
PAR  The hydroforming reactors are operated at the following on-oil conditions
      to produce a C.sub.5.sup.+  liquid gasoline product of 98-101 RON clear
      which, from the beginning of the run to the end of the run, lasts for
      approximately 6 months.
TBL  ______________________________________                                    
     Major Process Conditions                                                  
     Temperature, .degree.F. (Average)                                         
                         895-920                                               
     Pressure, Psig      225                                                   
     Space Velocity, W/Hr./W                                                   
                         2.5                                                   
     Hydrogen Rate, SCF/Bbl.                                                   
                         6000-7000                                             
     ______________________________________                                    
PAR  At the end of a run, the flow of feed to the unit is discontinued and each
      of the reactors containing the catalyst beds is purged with nitrogen to
      remove residual hydrocarbons. The reaction coke, amounting to about 1-2
      weight percent based on the total catalyst, is burned from the catalyst in
      situ by injecting initially about 0.3 volume percent oxygen in nitrogen
      into each of the reactors and maintaining a temperature of 810.degree.F.
      flame front temperature, and then over a period of 24-36 hours increasing
      the oxygen concentration on the gas to 1.0 volume percent oxygen and
      continuing the burn at a temperature of 750.degree.F. for a total time of
      4-6 hours, after which time the catalyst contains a residual of about 0.10
      weight percent coke. Each of the reactors is then purged with nitrogen to
      remove essentially all of the oxygen therefrom. Portions from several beds
      of coke-depleted catalysts are treated as described in the following
      examples.
DETD
PAC  EXAMPLE 1
PAR  A 0.6 weight percent iridium-on-alumina catalyst, containing 60 percent of
      the iridium as agglomerates of iridium and iridium oxide greater than 50A
      (length of side of an assumed cubic crystallite), contained in separate
      beds as shown in Table I, is treated in two distinct cycles, a cycle
      comprising a separate and distinct treatment with a hydrogen gas mixture
      and a subsequent treatment with a chlorine gas mixture. Thus, the catalyst
      is first treated with a gaseous mixture of 20 percent hydrogen in nitrogen
      for 16 hours at 750.degree.F. The hydrogen is then purged from the beds
      with nitrogen. The beds of reduced catalysts are then treated up to, but
      not beyond, the point of chlorine breakthrough with a gaseous mixture of
      1.5 percent chlorine in nitrogen at 900.degree.F., and the cycle then
      repeated. The results are given in Table I, below:
TBL                TABLE I                                                     
     ______________________________________                                    
                Percent Agglomeration                                          
                (Iridium Metal plus Iridium Oxide)                             
                Entry Middle of Bed                                            
                                 Exit Side of Bed                              
     ______________________________________                                    
     Starting Material                                                         
                  60      60         60                                        
     After First Cycle                                                         
                  28      33         27                                        
     After Second Cycle                                                        
                   0      2          0                                         
     ______________________________________                                    
PAR  The catalyst, when the reactors are returned to on-stream conditions,
      exhibits substantially the same activity as exhibited by the fresh
      catalyst.
PAC  EXAMPLE 2
PAR  A catalyst containing 0.3 percent iridium and 0.3 percent platinum, based
      on the total weight of the catalyst, x-ray spectroscopy of which shows 28
      percent of the total metals as crystallites larger than 50A, is treated
      for 48 hours in a stream of pure hydrogen at 930.degree.F., 100 psig at a
      flow rate of 25.3 SCF/Hr. and thereby reduced. The catalyst is then
      treated for 0.5 hour at otherwise similar conditions with a gaseous
      mixture of 0.3 mole percent chlorine in nitrogen. X-ray analyses of the
      catalyst are made after each of two cycles, with the following results,
      described in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                Percent Agglomeration                                          
                Entry Middle of Bed                                            
                                 Exit Side of Bed                              
     ______________________________________                                    
     Starting Material                                                         
                  28      28         28                                        
     After First Cycle                                                         
                  12      12         12                                        
     After Second Cycle                                                        
                   0      0          0                                         
     ______________________________________                                    
PAR  The variables which determine the exact shape of the exit halogen
      concentration response curve, for purposes of determining halogen
      breakthrough, are many and include temperature, pressure, catalyst surface
      area, entrance concentration, gas velocities, and moisture level of the
      catalyst and gases. Also, physical defects or mechanical faults in the
      catalyst packing can cause a false response due to gross by-passing or
      uneven distribution of part of the gas flow. However, regardless of these
      several factors, a period of relatively rapidly increasing concentration
      of halogen in the exit gases will always occur and, though the first exit
      of halogen may at best be an irreproducible observation, a point in time
      will be reached wherein the exit gas will contain a rapidly rising halogen
      content after which time absorption equilibrium will be reached whereupon
      the halogen content of the exit gas of a gaseous mixture will equal the
      halogen content of the inlet gas. Within one-half hour, and generally
      within one-quarter hour, or less, any agglomerates remaining at or near
      the exit of the bed will be effectively redispersed.
PAR  Catalysts useful in the practice of the present invention are those such as
      heretofore described, and such as used in hydrocarbon conversion
      processes, particularly reforming, or hydroforming, processes, e.g., a
      reforming process wherein a mixture of feedstock and hydrogen-containing
      gas is passed through a catalyst bed, or beds, where the reforming
      reactions are carried out at temperatures ranging about 600.degree. to
      1050.degree.F., total pressures ranging between about 100 and 1200 psig,
      hydrogen partial pressures ranging between about 50 and 1000 psi, at
      hydrogen rates ranging about 1000 to 10,000 SCF/B of feedstock, and an
      hourly weight space velocity between about 0.5 and 10. Within these ranges
      of conditions, the satisfactory catalyst life before regeneration or
      reactivation becomes necessary is dictated by economics and is variable
      with the severity of the imposed reforming conditions. Under mild
      conditions, the catalyst can function for months without serious decline
      in properties, while under more severe conditions, especially at lower
      hydrogen partial pressures, the satisfactory catalyst life per cycle can
      be as little as a few days.
PAR  The metal hydrogenation-dehydrogenation component, or components, is
      composited with a suitable base, and is employed in concentration ranging
      preferably from about 0.01 percent to about 10 percent, and more
      preferably from about 0.1 percent to about 5 percent, based on the total
      weight of catalyst composition. The metallic components, where two or more
      metals are employed, are employed in molar ratios ranging from about 1:10
      to about 10:1 and more preferably in molar ratios ranging from about 1:2
      to about 2:1, a composition comprising iridium with a second metal, e.g.,
      platinum, in molar ratio of 1:1 having been particularly satisfactory.
PAR  The hydrogenation-dehydrogenation component, or components, can be
      associated or composited with the porous refractory inorganic oxide by
      various methods known to the art. Where there is more than one component,
      the several components can be disposed on the porous inorganic oxide in
      intimate admixture with each other by a suitable technique such as ion
      exchange, coprecipitation, impregnation, and the like. It is not necessary
      that the components be incorporated onto the porous inorganic oxide
      support by the same technique. One component can be composited with the
      porous inorganic oxide by one method such as, for example,
      coprecipitation, and the other component associated with the porous
      inorganic oxide by another technique, i.e., impregnation. Furthermore, the
      components can be composited with the porous inorganic oxide either
      sequentially or simultaneously. It is generally preferred that the
      components be associated with the porous inorganic oxide by impregnation,
      either sequentially or simultaneously.
PAR  The metal, or metals, can be added in essentially any soluble form of the
      respective metal, or metals, together in the same solution or in sequence
      as, e.g., soluble salts, acids or other form of compounds. For example,
      iridium or platinum, or both, can be incorporated with a porous inorganic
      support in intimate admixture therewith by any suitable technique such as
      ion exchange, coprecipitation, impregnation, or the like. It is not
      essential that separate metal components be incorporated onto the porous
      inorganic oxide by the same technique. One metal, e.g., iridium can be
      associated with the porous inorganic oxide by one method, e.g.,
      coprecipitation, and the other component, e.g., platinum, by another
      technique, e.g., impregnation, or vice versa. To incorporate, e.g.,
      platinum onto a porous inorganic oxide support, impregnation with
      chloroplatinic acid is preferred but other platinum group compounds can be
      used such as ammonium chloroplatinates, polyamine platinum salts, platinum
      chloride, and the like. Iridium is also suitably incorporated onto a
      support with periridic acid, ammonium or potassium salts of iridium, and
      the like. Other metal promoters, e.g., other Group VIII metal components,
      tin, tungsten, iron, rhenium, lead, germanium, and the like, can also be
      incorporated onto a porous inorganic oxide with iridium, or iridium and
      platinum, in similar manner.
PAR  Suitably, mildly or moderately acidic refractory oxides are employed as
      supports, e.g., silica, silica alumina, magnesia, thoria, boria, titania,
      zirconia, various spinels, and the like, including in particular alumina
      which is preferred. High surface area catalysts, or catalysts having
      surface areas ranging upwardly from about 50 square meters per gram
      (B.E.T. Method) are preferred. In particular, catalysts having surface
      areas ranging from about 100 to about 250 square meters per gram, and
      higher, prove quite satisfactory.
PAR  In formation of the more active catalysts, refractory inorganic oxides of
      desired particle size distribution, in dry state, can be contacted,
      admixed, or otherwise incorporated with a metal-containing solution, or
      solutions, and thereby impregnated. The refractory inorganic oxide can
      thus be pilled, pelleted, beaded, or extruded, alone or in admixture with
      other materials, and dried and crushed to form particles of desired size
      ranging, e.g., from about 0.1 to about 0.4 inch, and preferably from about
      0.2 to about 0.3, average diameter. The material can then be treated by
      contact with a solution containing the desired amount of metal, or metals,
      or treated sequentially by contact with a solution containing one metal
      and then the other, in the desired amounts. On the other hand, larger
      particles can be so-treated and then crushed to the desired size. The
      particulate mass, in either instance, can be dried and calcined, and
      contacted with hydrogen, generated in situ or ex situ, to reduce the salt.
      Suitably, also, the catalyst composite can be formed by adding together
      suitable reagents such as salts of a metal, or metals, and ammonium
      hydroxide or ammonium carbonate, and a salt of alumina such as aluminum
      chloride and aluminum sulfate to form aluminum hydroxide. The aluminum
      hydroxide containing the salts of the metal, or metals, can then be
      heated, dried, and simultaneously converted to alumina and/or further
      impregnated with a metal, or metals, if desired. The material can then be
      calcined and then hydrogen-treated, in situ or ex situ, to reduce the
      salts and complete the formation of the catalyst composite.
PAR  Essentially any petroleum or hydrocarbon fraction containing paraffins,
      naphthenes, and the like, can be reformed and the catalyst regenerated. A
      suitable feed, e.g., a naphtha, either virgin or cracked, Fischer-Tropsch
      or mixtures thereof, is contacted at reforming conditions in the presence
      of hydrogen with a catalyst composite including the support which contains
      catalytically active amounts of iridium or admixtures of iridium and
      platinum, or iridium with other metals, including particularly mixtures of
      such metals with other metals. Typical feed stream hydrocarbon molecules
      are those containing from about 5 to about 12 carbon atoms, or more
      preferably from about 7 to about 9 carbon atoms. Naphthas, or petroleum
      fractions boiling within the range of from about 80.degree.F. to about
      450.degree.F., and preferably from about 125.degree.F. to about
      375.degree.F., contain hydrocarbons of carbon numbers within these ranges.
      Typical fractions thus usually contain from about 20 to about 80 volume
      percent of paraffins, both normal and branched, which fall in the range of
      about C.sub.5 to C.sub.12, and 5 through about 20 volume percent of the
      desirable aromatics falling within the range of from about C.sub.6 to
      C.sub.12.
PAR  It is apparent that various other modifications and changes can be made
      without departing the spirit and scope of the invention.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. In a process for the catalytic conversion of hydrocarbons wherein a
      hydrocarbon feedstock is contacted with a reforming catalyst comprising an
      iridium hydrogenation-dehydrogenation component composited with a
      refractory porous inorganic oxide support at conversion conditions, the
      catalyst having been at least partially deactivated during contact with
      said feedstock by the deposition of coke deposits thereon, a method for
      reactivating said catalyst after discontinuing contact of said catalyst
      with said feedstock comprising:
PA1  a. contacting a bed of said catalyst in a reaction zone with a gaseous
      mixture containing oxygen at an elevated temperature for a time sufficient
      to burn at least a substantial portion of said coke deposits therefrom,
      the duration of said contacting at said elevated temperature being
      insufficient to convert more than about 70 weight percent of the iridium
      on said catalyst to agglomerates having crystallite sizes greater than
      about 50A;
PA1  b. contacting a bed of said coke depleted catalyst without subsequent
      contact with a substantially halogen-free, oxygen-containing gas at
      temperature sufficient to agglomerate further the iridium on said
      catalyst, in a plurality of cycles, an initial cycle of which includes the
      steps of
PA2  i. contacting said coke depleted catalyst in a reaction zone with hydrogen
      or hydrogen-containing gas at an elevated temperature for a time
      sufficient to reduce a substantial portion of said iridium on said
      catalyst to its metallic form;
PA2  (ii) contacting said reduced catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in a reaction zone with a
      substantially oxygen-free, halogen-containing gas at a temperature of at
      least about 850.degree.F., continuing said contacting not substantially
      beyond the point of halogen breakthrough from the exit side of the bed of
      said catalyst;
PA3  and one or more subsequent cycles which includes the steps of
PA2  iii. contacting said halogen-treated catalyst in a reaction zone with a
      hydrogen or hydrogen-containing gas at an elevated temperature for a time
      sufficient to convert a substantial portion of said iridium on said
      catalyst to its metallic form; and then
PA2  iv. contacting said catalyst having a substantial portion of the iridium
      contained thereon in the metallic form in a reaction zone with a
      halogen-containing gas at a temperature of at least about 850.degree.F.,
      continuing said contacting not substantially beyond the point of halogen
      breakthrough from the exit side of the bed of said catalyst.
NUM  2.
PAR  2. The process of claim 1 wherein the hydrogenation-dehydrogenation
      component is comprised of a mixture of iridium and platinum.
NUM  3.
PAR  3. The process of claim 1 wherein the catalyst is treated in the sequence
      of hydrogen reduction and halogenation steps in a series of from about 2
      to about 5 cycles.
NUM  4.
PAR  4. The process of claim 1 wherein the reduction in steps (i) and (iii) is
      carried out at a temperature ranging from about 400.degree.F. to about
      1100.degree.F.
NUM  5.
PAR  5. The process of claim 4 wherein the temperature ranges from about
      650.degree.F. to about 950.degree.F.
NUM  6.
PAR  6. The process of claim 1 wherein the temperature of halogenation in steps
      (ii) and (iv) ranges from about 850.degree.F. to about 1150.degree.F.
NUM  7.
PAR  7. The process of claim 6 wherein the temperature ranges from about
      900.degree.F. to about 1000.degree.F.
NUM  8.
PAR  8. The process of claim 1 wherein the halogen employed in steps (ii) and
      (iv) is chlorine.
NUM  9.
PAR  9. The process of claim 1 wherein the halogen employed in steps (ii) and
      (iv) is introduced as a gaseous mixture wherein the halogen is contained
      in concentration ranging from about 0.01 mole percent to about 10 mole
      percent.
NUM  10.
PAR  10. The process of claim 1 wherein in steps (i) and (iii) the time of
      contact of the catalyst with the hydrogen or hydrogen-containing gas, to
      effect reduction of the iridium component of the catalyst, ranges from
      about 0.1 hour to about 48 hours, and the temperature ranges from about
      400.degree.F. to about 1100.degree.F.
NUM  11.
PAR  11. The process of claim 10 wherein the time of contact between the
      catalyst and the hydrogen or hydrogen-containing gas ranges from about
      0.05 hour to about 24 hours, and the temperature ranges from about
      650.degree.F. to about 950.degree.F.
NUM  12.
PAR  12. The process of claim 9 wherein the concentration of the halogen ranges
      from about 0.1 mole percent to about 3 mole percent.
NUM  13.
PAR  13. In a process for the catalytic reforming of hydrocarbons wherein a
      hydrocarbon feedstock is contacted with a reforming catalyst comprising an
      iridium hydrogenation dehydrogenation component composited with an alumina
      support at reforming conditions, the catalyst having been at least
      partially deactivated during contact with said feedstock by the deposition
      of coke deposits thereon, a method for reactivating said catalyst after
      discontinuing contact of said catalyst with said feedstock comprising:
PA1  a. contacting a bed of said catalyst in a reaction zone with a gaseous
      mixture containing oxygen at partial pressures of at least about 0.1 psi
      at temperatures ranging from 575.degree.F. to about 850.degree.F. for a
      period ranging from about 0.1 to about 48 hours to burn at least a
      substantial portion of said coke deposits therefrom, the duration of said
      contacting at said elevated temperature being insufficient to convert more
      than about 70 weight percent of the iridium component of said catalyst to
      agglomerates having crystallite sizes greater than about 50A;
PA1  b. contacting a bed of said coke depleted catalyst, without subsequent
      contacting with a substantially halogen-free, oxygen-containing gas at
      temperature sufficient to reagglomerate the iridium on said catalyst in a
      plurality of cycles, an initial cycle of which includes the steps of
PA2  i. contacting said coke depleted catalyst in a reaction zone with hydrogen
      or a hydrogen-containing gas at temperature ranging from about
      400.degree.F. to about 1100.degree.F. to reduce a substantial portion of
      said iridium component of said catalyst to its metallic form;
PA2  ii. contacting said reduced catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in a reaction zone with a
      substantially oxygen-free gas which contains halogen in concentration
      ranging from about 0.01 mole percent to about 10 mole percent at a
      temperature of at least about 850.degree.F., continuing said contacting
      not substantially beyond the point of halogen breakthrough from the exit
      side of the bed of said catalyst;
PA3  and one or more subsequent cycles which includes
PA2  iii. contacting said halogen-treated catalyst in a reaction zone with a
      hydrogen or a hydrogen-containing gas at temperature ranging from about
      400.degree.F. to about 1100.degree.F. for time sufficient to convert a
      substantial portion of said iridium component of said catalyst to its
      metallic form; and then
PA2  iv. contacting said catalyst having a substantial portion of the iridium
      contained thereon in the metallic form in a reaction zone with a gas which
      contains halogen in concentration ranging from about 0.01 mole percent to
      about 10 mole percent at a temperature of at least about 850.degree.F.,
      continuing said contacting not substantially beyond the point of halogen
      breakthrough from the exit side of the bed of said catalyst.
NUM  14.
PAR  14. The process of claim 13 wherein the hydrogenation-dehydrogenation
      component is comprised of a mixture of iridium and platinum, and the
      hydrogenation-dehydrogenation component is employed in concentration
      ranging from about 0.01 percent to about 10 percent.
NUM  15.
PAR  15. The process of claim 14 wherein the concentration of
      hydrogenation-dehydrogenation component ranges from about 0.1 to about 5
      percent.
NUM  16.
PAR  16. The process of claim 13 wherein the catalyst is treated in the sequence
      of hydrogen reduction and halogenation steps in a series of from about two
      to about five cycles.
NUM  17.
PAR  17. The process of claim 13 wherein the reduction in steps (i) and (iii) is
      carried out at temperatures ranging from about 600.degree.F. to about
      950.degree.F.
NUM  18.
PAR  18. The process of claim 13 wherein the temperature of halogenation in
      steps (ii) and (iv) ranges from about 850.degree.F. to about
      1150.degree.F.
NUM  19.
PAR  19. The process of claim 13 wherein the temperature of halogenation in
      steps (ii) and (iv) ranges from about 900.degree.F. to about
      1000.degree.F.
NUM  20.
PAR  20. The process of claim 13 wherein the halogen is chlorine.
NUM  21.
PAR  21. The process of claim 20 wherein the chlorine is provided as a gaseous
      mixture, and the chlorine contained therein is of concentration ranging
      from about 0.01 mole percent to about 10 mole percent.
NUM  22.
PAR  22. The process of Claim 21 wherein the concentration of the chlorine
      ranges from about 0.1 mole percent to about 3 mole percent.
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ABST
PAL  Supported iridium-containing hydrocarbon conversion catalysts which are at
      least partially deactivated due to the deposition of carbonaceous residues
      thereon during contact with hydrocarbons are regenerated by contacting the
      catalyst, prior to contact with oxygen at elevated temperature, with a
      chlorine-containing reagent to increase the catalyst chlorine content to
      at least 1.0 wt. %, based on anhydrous catalyst, and thereafter contacting
      the catalyst with a gaseous mixture containing oxygen, a chlorine
      containing reagent, and water at a temperature of about 750.degree. to
      1000.degree.F. for a time sufficient to burn at least a portion of the
      carbonaceous residues from the catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for regenerating
      iridium-containing hydrocarbon conversion catalysts. More particularly,
      the present invention relates to a process for regenerating a supported
      iridium-containing hydrocarbon conversion catalyst that has been
      deactivated by the deposition of carbonaceous residues thereon during
      contact with a hydrocarbon feed stock at elevated temperature.
PAR  2. Description of the Prior Art
PAR  The deactivation of noble metal-containing hydrocarbon conversion catalysts
      due to the deposition on the catalyst of carbonaceous residues is as well
      known phenomenon. The problem with catalyst deactivation is particularly
      acute with respect to supported noble metal-containing catalysts employed
      in the hydroforming of naphtha feed stocks.
PAR  Numerous methods have been suggested by prior workers for the regeneration
      of supported noble metal catalysts which have been deactivated by the
      deposition of carbonaceous residues. In U.S. Pat. Nos. 2,916,440,
      3,243,384, 3,201,355 and 3,654,182, there are disclosed procedures
      utilizing gaseous mixtures containing oxygen and a halogen or halogen
      compound, particularly hydrogen chloride, for combustion of the
      carbonaceous residues. Further, in U.S. Pat. No. 3,278,419 there is
      disclosed a procedure for the regeneration of supported platinum catalyst
      involving (a) addition of halogen to the catalyst while in contact with
      the process feed stock and (b) burning the coke deposits from the catalyst
      with an oxygen-containing, halogen-free regeneration gas. The prior art
      regeneration procedures are not completely adequate for the regeneration
      of iridium-containing catalysts. The performance of an iridium-containing
      catalyst contacted with oxygen at temperatures in excess of about
      800.degree.F. before use is diminished, unless certain procedures are
      employed, prior to and during contact with oxygen at elevated temperature,
      to protect the catalyst. If such precautions are not taken, the iridium
      present in the catalyst will undergo oxidative agglomeration to form large
      iridium oxide crystallites, which revert to low surface area iridium
      crystallites on reduction. Further, when iridium is employed in
      conjunction with other metals in a multimetallic catalyst system, high
      temperature oxygen contacting serves to destroy the highly dispersed
      polymetallic clusters comprising atoms of iridium and the other metals. A
      separate agglomerated iridium oxide phase forms, and the activity of the
      catalyst is subsequently much lower.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an improved technique for regenerating supported
      iridium-containing hydrocarbon conversion catalysts which have been
      deactivated by the deposition of carbonaceous residues thereon. The
      regeneration sequence comprises the steps of (1) contacting the
      deactivated catalyst, prior to exposure to oxygen at elevated temperature,
      with a chlorine-containing reagent in amounts sufficient to increase the
      catalyst chlorine content to at least 1.0 wt. % based on anhydrous
      catalyst, and (2) contacting the chlorine treated catalyst with a
      substantially sulfur-free gaseous mixture containing oxygen, a
      chlorine-containing reagent, and water at elevated temperature for a time
      sufficient to burn at least a portion of the carbonaceous deposits from
      the catalyst. More particularly, the regeneration procedure comprises the
      sequential steps of (1) contacting the deactivated catalyst during or
      immediately following hydrocarbon conversion operations with a
      chlorine-containing reagent in amounts sufficient to increase the catalyst
      chlorine content to at least 1.0 wt. % based on anhydrous catalyst, (2)
      purging the catalyst under non-oxidative conditions to remove hydrocarbons
      therefrom, and (3) contacting a treated catalyst with a substantially
      sulfur-free gaseous mixture containing minor amounts of oxygen, a
      chlorine-containing reagent, and water at elevated temperature for a time
      sufficient to burn at least a portion of the carbonaceous residues from
      the catalyst. Thereafter the catalyst may be returned to service without
      further treatment with oxygen-containing reagents.
PAR  The supported iridium-containing catalyst composites that are regenerated
      by the process of the present invention comprise a porous carrier or
      support material in combination with an iridium component and, for certain
      uses, a halogen component. The support component of the catalyst is
      preferably a porous, adsorptive material having a surface area, as
      determined by the Brunauer-Emmett-Teller (BET) method, of about 20 to 800,
      preferably 100 - 300 square meters per gram. This support material should
      be substantially refractory at the temperature and pressure conditions
      utilized in any given hydrocarbon conversion process. Useful support
      materials include: (a) silicon-based materials such as silica or silica
      gel, silicon carbide, clays, natural or synthetic silicates such as
      kieselguhr, kaolin, china clay, Attapulgus clay, etc.; (b) aluminosilicate
      zeolite materials such as naturally occurring or synthetic erionite,
      mordenite, faujasite, etc. that may or may not be previously converted to
      a hydrogen or ammonia form and reduced in soda content by virtue of an
      exchange reaction with various metal cations, including rare earth metal
      cations; (c) refractory inorganic oxides, including alumina, titanium
      dioxide, zinc oxide, magnesia, thoria, chromia, silica-alumina,
      alumina-titania, silica-zirconia, alumina-chromia, etc. and (d) mixtures
      of one or more of the materials referred to above.
PAR  Refractory inorganic oxide materials are preferred catalyst support
      materials. In general, superior results are obtained when alumina, in
      particular the gamma or eta forms, is employed. Alumina is the preferred
      catalyst support material when the catalyst is employed in naphtha
      reforming operations. The support materials described above are known
      articles of commerce and can be prepared for use as catalyst constituents
      by many varied techniques. Typically, the support materials are prepared
      in the form of spheres, granules, powders, extrudates or pellets. The
      precise size or shape of the support material used is dependent upon many
      engineering factors not within the purview of the instant invention.
PAR  As noted above, the regeneration process of the instant invention is
      particularly adapted to the treatment of deactivated iridium-containing
      catalysts. Iridium may be the sole catalyst metal present on the support;
      however, iridium may also be used in combination with other Group VIII
      metals or metals from Groups IB, VIA or VIIA of the Periodic Table of the
      Elements. More specifically, the iridium may be used in conjunction with
      one or more additional catalyst metals selected from copper, silver, gold,
      iron, cobalt, nickel, tungsten, molybdenum, chromium, platinum, palladium,
      rhodium, ruthenium, osmium, manganese or rhenium. The catalysts may also
      contain germanium, tin or lead. Particularly effective naphtha reforming
      catalysts are combinations of iridium and platinum. Most preferably, the
      catalyst metals are present in the form of highly dispersed clusters of
      atoms of said metals.
PAR  Certain minimum amounts of iridium, alone or in combination with additional
      catalyst metals, should be present on the catalyst. This is particularly
      true with respect to catalysts employed in a naphtha reforming operation
      where the catalyst should contain greater than about 0.1 wt. % iridium,
      based upon the dry weight of the total catalyst. For other types of
      operations, lesser quantities of iridium may be employed. Specifically,
      iridium may be present on the catalyst in amounts varying from about 0.01
      to about 3.0 wt. %, preferably in amounts varying from about 0.1 to about
      1.0 wt. %, based upon the total weight of the dry catalyst. Typically, any
      additional catalyst metals, such as platinum, are present in the catalyst
      in amounts varying from about 0.01 to 3.0 wt. %, preferably 0.1 to 1.0 wt.
      %, based upon the dry weight of the catalyst. Iridium/platinum naphtha
      reforming catalysts having maximum effectiveness normally contain 0.15 to
      1.0 wt. % each, preferably about 0.15 to 0.5 wt. % each, of iridium and
      platinum, based on total catalyst.
PAR  Iridium-containing catalysts may be prepared employing simple impregnation
      techniques. Such a catalyst may be prepared by impregnating a support
      material with a solution of a soluble iridium compound and soluble
      compounds of any additional metals to be incorporated in the catalyst.
      Generally, an aqueous solution of the metal compounds is used. In the case
      of multimetallic systems, the support material may be impregnated with the
      various metal-containing compounds either sequentially or simultaneously.
      However, it is highly desirable that the metal compounds, in the case of a
      polymetallic system, be impregnated on the catalyst support simultaneously
      to maximize the desired interaction between the metal components and
      thereby promote the formation of a highly dispersed polymetallic cluster
      structure in the final reduced form of the catalyst. The carrier material
      is impregnated with solutions of appropriate concentration to provide the
      desired quantity of metal in the finished catalyst. In the case of
      iridium-containing catalysts, compounds suitable for the impregnation of
      iridium onto the carrier include, among others, chloroiridic acid, iridium
      tribromide, iridium trichloride, and ammonium chloroiridate. Additional
      catalyst metals may be incorporated onto the support by employing
      compounds such as chloroplatinic acid, ammonium chloroplatinate, platinum
      amine salts, perrhenic acid, ruthenium trichloride, rhodium trichloride,
      rhodium nitrate, palladium chloride, palladium amine salts, osmium
      trichloride, chloroosmic acid, auric chloride, chloroauric acid, silver
      nitrate, copper nitrate, copper chloride, ferric nitrate, cobalt nitrate,
      nickel nitrate, etc. The preferred catalyst manufacturing technique
      involves contacting a previously prepared support, such as alumina, with
      an aqueous solution of an iridium compound, alone or in combination with a
      compound of at least one additional catalyst metal.
PAR  After impregnation of the carrier, the composite catalyst is dried at a
      temperature varying from about 220.degree. to 250.degree.F. The catalyst
      may be dried in air at the above stated temperatures or may be dried by
      treating the catalyst in a flowing stream of inert gas or hydrogen. The
      drying step may be followed by an additional calcination step at
      temperatures of about 500.degree. -700.degree.F. Care must be taken to
      avoid contacting the catalyst at temperatures in excess of about
      800.degree.F. with air or other gases of high oxygen concentration. If the
      catalyst is contacted with oxygen at too high a temperature, at least a
      portion of the iridium present will be oxidized, with loss of surface
      area, to crystallites of iridium oxide. In the case of polymetallic
      systems, the desired polymetallic cluster structure will not be obtained
      on reduction.
PAR  Additional materials may be added to the iridium-containing catalyst
      composite to assist in the promotion of various types of hydrocarbon
      conversion reactions for which the catalyst might be employed. For
      example, the naphtha reforming activity of the catalyst is enhanced
      markedly by the addition of a halogen moiety, particularly a chlorine or
      fluorine moiety, to the catalyst. The halogen should be present in the
      catalyst in amounts varying from about 0.1 to about 3.0 wt. %, based on
      the total dry weight of the catalyst. The halogen may be incorporated into
      the catalyst as any suitable stage in the catalyst manufacturing
      operation, i.e., before, during or after incorporation of the active metal
      component onto the support material. Halogen is often incorporated into
      the catalyst by impregnating the support with halogen-bearing metal
      compounds such as chloroiridic acid. Further amounts of halogen may be
      incorporated in the catalyst by contacting it with hydrogen fluoride,
      ammonium fluoride, hydrogen chloride, or ammonium chloride, either prior
      to or subsequent to the impregnation step. Other components may also be
      added to the catalyst composite. For example, the catalyst may be sulfided
      before or during use. For certain applications other than naphtha
      reforming, alkali or alkaline earth metal compounds may be added to the
      catalyst.
PAR  The iridium-containing catalyst composites may be used to promote a wide
      variety of hydrocarbon conversion reactions such as hydrocracking,
      isomerization, dehydrogenation, hydrogenation, alkylation, polymerization,
      cracking, and the like. The catalysts are particularly useful in promoting
      the dehydrogenation, isomerization, dehydrocyclization and hydrocracking
      reactions that occur in a naphtha hydroforming process.
PAR  In a naphtha hydroforming process (reforming) a substantially sulfur-free
      naphtha stream that typically contains about 15 to 80 volume % paraffins,
      15 to 80 volume % naphthenes and about 2 to 20% aromatics and boiling at
      atmospheric pressure substantially between about 80.degree. and
      450.degree.F., preferably between about 150.degree. and 375.degree.F., is
      contacted with the iridium-containing catalyst composite in the presence
      of hydrogen. The reactions typically occur in a vapor phase at a
      temperature varying from about 650.degree. to 1000.degree.F., preferably
      about 750.degree. - 980.degree.F. Reaction zone pressures may vary from
      about 1 to 50, preferably from about 5 to 30 atmospheres. The naphtha feed
      stream is passed over the catalyst composite at space velocities varying
      from about 0.5 to 20 parts by weight of naphtha per hour per part by
      weight of catalyst (W/hr./W), preferably from about 1 to 10 W/hr./W. The
      hydrogen to hydrocarbon mole ratio within the reaction zone is maintained
      between about 0.5 and 20, preferably between about 1 and 10. During the
      reforming process, the hydrogen used may be in admixture with light
      gaseous hydrocarbons. In a typical operation, the catalyst is maintained
      as a fixed bed within a series of adiabatically operated reactors. The
      product stream from each reactor (except the last) in the reactor train is
      reheated prior to passage to the following reactor. As an alternate to the
      above-described process, the catalyst may be used in a moving bed in which
      the naphtha charge stock, hydrogen and catalyst are passed in parallel
      through the reactor or in a fluidized system wherein the naphtha feed
      stock is passed upwardly through a turbulent bed of finely divided
      catalyst particles. Finally, if desired, the catalyst may be simply
      slurried with the charge stock and the resulting mixture conveyed to the
      reaction zone for further reaction.
PAR  Regardless of the hydrocarbon conversion reaction in which
      iridium-containing catalyst composites are employed, the catalyst tends to
      deactivate after use due at least in part to the formation of coke or
      carbonaceous residues on the surface of the catalyst. The carbonaceous
      residues on the surface of the catalyst cover the active catalyst sites
      and thus decrease activity. Accordingly, it becomes necessary to remove
      the carbonaceus deposits from the catalyst in order to return the catalyst
      to an economically viable activity level.
PAR  The first step in the regeneration sequence of the present invention
      consists of pretreating the deactivated catalyst with a
      chlorine-containing reagent in an amount sufficient to increase the
      catalyst chlorine content to at least 1.0 wt. %, based on anhydrous
      catalyst, preferably to about 1.0 to 4.0 wt. %, and most preferably to
      about 1.0 to 2.0 wt. %. The manner in which the chlorine level of the
      catalyst is brought within desired limits is not critical. The
      chlorine-containing reagent can be introduced with the hydrocarbon feeds
      or hydrogen recycle gas during the operation of the process.
      Alternatively, the chlorine-containing reagent may be introduced in an
      appropriate gas stream into the reaction zone to provide the desired
      catalyst chlorine level after the reactors are taken off-stream. The gas
      may be an inert gas, such as flue gas, nitrogen, or a reformer tail gas.
      While the manner in which the chlorine-containing reagent is introduced
      into the reaction zone is not critical, it is important that the reagent
      be contacted with the deactivated catalyst prior to contacting the
      deactivated catalyst with oxygen at temperatures normally employed in
      regeneration, that is, temperatures in excess of about 800.degree.F.
      Useful chlorine-containing reagents include elemental chlorine, hydrogen
      chloride, or chlorine-containing compounds that are thermally degraded to
      chlorine and/or hydrogen chloride at the temperature at which the catalyst
      is contacted with the chlorine-containing reagent. Useful
      chlorine-containing compounds are C.sub.1 -C.sub.4 chlorinated
      hydrocarbons such as carbon tetrachloride, trichloroethylene, ethylene
      dichloride, t-butyl chloride, etc.
PAR  Following the chlorine pretreating operation, the reaction zone containing
      the iridium-containing catalyst may be purged with an inert gas to remove
      volatile hydrocarbons. This step may be omitted if the hydrocarbons have
      been purged from the reaction zone prior to or during the chlorine
      pretreating operation.
PAR  Thereafter, the carbonaceous residues are at least partially removed from
      the chlorine-treated catalyst by contacting the catalyst with a
      substantially sulfur-free gaseous mixture that contains minor amounts of
      oxygen, a chlorine-containing reagent, and water. The treating gas
      contains from 0.1 to about 1.0 mole % oxygen, preferably from abut 0.2 to
      0.4 mole % oxygen. A concentration of chlorine-containing reagent
      equivalent in chlorine content to 20 to 2000 ppm by volume of HCl,
      preferably 50 to 1000 ppm, should be maintained in the gas mixture,
      depending on the system pressure and concentration of water in the gas.
      The molar ratio of water to said equivalent HCl in the inlet gas should be
      below about 10:1. If the amount of chlorine-containing reagent in the gas
      is too high, i.e., more than 2000 ppm by volume of equivalent HCl at 100
      psig pressure, the removal of the carbonaceous residues by burning will be
      inhibited to an unsatisfactory degree. Preferably the molar ratio of
      oxygen to chlorine-containing reagent (as equivalent HCl) in the treating
      gas exceeds about 5:1. Water may be added to the gas prior to contact with
      the deactivated catalyst; of course, it is also generated in situ as a
      result of the coke combustion process. The desired water levels can be
      maintained by passing the gas through a dryer system prior to contacting
      it with the deactivated catalyst material. The balance of the gaseous
      mixture used to burn carbonaceous residues is desirably composed of inert
      gas constituents such as nitrogen, helium, carbon dioxide, etc.
PAR  The burning operation is conducted at temperatures less than about
      1050.degree.F., preferably at a temperature ranging from about 750.degree.
      to 1000.degree.F. Normally the burning operation is conducted at the
      lowest possible temperature consistent with obtaining acceptable
      carbonaceous residue removal. Typically, the burning operation is
      conducted at pressures varying from 25 to 500 psig. The burning operation
      is conducted for a period sufficient to remove at least a portion,
      preferably substantially all the carbonaceous material present on the
      catalyst. Depending upon the amount of coke present on the catalyst, a
      burning period of from about 0.5 to 24, preferably 1 to 6, hours is
      adequate. In a normal operation, the contacting of the catalyst with the
      combustion gas is continued until the temperature difference across the
      zone or zones containing the catalyst is less than about 5.degree.F. and
      carbon dioxide formation essentially stops. At this point substantially
      all of the carbonaceous material has been removed from the catalyst.
PAR  The chlorine-containing reagent employed in the burning operation, which in
      general is convertible to hydrogen chloride and/or chlorine under burning
      conditions, may be added directly to the gas. Examples of useful reagents
      include chlorine, hydrogen chloride, C.sub.1 -C.sub.4 chlorinated
      hydrocarbons, such as carbon tetrachloride, ethylene dichloride, t-butyl
      chloride, etc.
PAR  Following completion of the burning operation, oxygen is purged from the
      zone containing the catalyst by contacting the same with an inert gas
      stream. If desired, the system may be dried simultaneously. After the
      purging operation, the catalyst is normally reduced with a hydrogen
      containing gas at elevated temperature. In the case of a naphtha
      hydroforming operation, the desired reduction may be achieved during the
      initial on-stream operation wherein the catalyst is brought in contact
      with hydrogen and the naphtha feed stock. If desired, the catalyst may be
      sulfided by contact with a sulfur-containing reagent, such as hydrogen
      sulfide, prior to use. In the most preferred operation, the catalyst,
      following the burning operation, is reutilized in the naphtha reforming
      process or other conversion operation without contacting the same with an
      oxygen-containing gas at a temperature in excess of about 800.degree.F.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate further the regeneration process of the
      present invention.
DETD
PAC  EXAMPLE 1
PAR  A catalyst containing 0.3 wt. % iridium and 0.3 wt. % platinum on alumina,
      with a chlorine content of 0.72 wt. % and with 4.7 wt. % carbonaceous
      residues (coke) deposited thereon in a prior naphtha reforming operation
      at typical reforming conditions, was contacted with a gas containing 1
      mole % chlorine in nitrogen at 700.degree.F. to add 1.0 wt. % chlorine to
      the catalyst. The coke was then burned at 925.degree.F. and 100 psig using
      a gas mixture consisting of 0.3 mole % oxygen in nitrogen. The catalyst
      was contained in a 1.5 inch ceramic-lined steel tubular reactor immersed
      in a fluidized solids bath. A catalyst charge of 150 grams was employed.
      The carbon burn off step required 6 hours, and after the burn there was a
      residual average coke content of 0.7 wt. %. Extensive oxidation of the
      iridium occurred, with formation of agglomerated iridium dioxide to the
      extent of 50-76%, depending on the position in the catalyst bed. Here
      percent agglomeration refers to the percentage of the initial metal
      component of the catalyst which exists in the form of crystallites
      detectable by X-ray diffraction, i.e., as crystallites greater that about
      50 A in size. On subsequent reduction, a low surface area iridium phase is
      formed. This gives an inactive catalyst.
PAC  EXAMPLE 2
PAR  The catalyst of Example 1 was treated exactly as in Example 1 except that
      the gas used for burning contained 0.03 mole % chlorine (600 ppm by volume
      equivalent HCl). The carbon burn-off step required 6 hours, and there was
      a residual average coke content of 0.66 wt. % after the burn. No
      agglomeration of the iridium in the catalyst was observed, and the final
      chlorine content was 3.0 wt. %.
PAC  EXAMPLE 3
PAR  In this example a burn was carried out on the catalyst of Example 1 at
      925.degree.F. sandbath temperature and 100 psig using 0.3 mole % O.sub.2
      and 0.3 mole % Cl.sub.2 (6000 ppm by volume equivalent HCl) in nitrogen.
      After the burn, it was found that only a small part of the coke had been
      removed from the catalyst. The residual coke amounted to 3.95 wt. %. This
      illustrates that the chlorine concentration must not be too high if one
      wishes to obtain reasonably complete combustion of the coke. Other
      disadvantages of this burn were that the platinum was agglomerated to an
      average extent of 47% and that excessive chlorine was deposited on the
      catalyst, i.e., 7.0 wt. %. For comparison, Example 2 was conducted with
      0.03 mole % chlorine and there was no damage to the iridium or platinum.
      Also there was only 0.66 wt. % coke left on the catalyst, and the final
      chlorine content of the catalyst was much lower, i.e., 3.0 wt. %.
PAC  EXAMPLE  4
PAR  In this example, a catalyst containing 0.3 wt. % Ir and 0.3 wt. % Pt on
      Al.sub.2 O.sub.3 with associated chlorine, and containing 3.0 wt. % coke,
      was regenerated at 880.degree.F. sandbath temperature and 100 psig, with
      N.sub.2 containing 0.3 mole % O.sub.2, 0.01 mole % Cl.sub.2 (200 ppm by
      volume HCl equivalent) and 2,000 ppm by volume of H.sub.2 O. The coked
      catalyst containing about 1.0 wt. % chlorine was treated prior to the burn
      with a chlorine in nitrogen mixture at 700.degree.F., to add 1.0% chlorine
      to the catalyst. After the burn, the catalyst showed 50% agglomeration of
      the iridium, and the chlorine content was 0.95 wt. %.
PAC  EXAMPLE 5
PAR  In this example, the catalyst of Example 4 was treated with Cl.sub.2 in
      N.sub.2, at 700.degree.F., to add 1.0% Cl.sub.2 to the catalyst. It was
      then burned at 880.degree.F. sandbath temperature and 100 psig, using 0.3%
      O.sub.2 and 0.01% Cl.sub.2 (200 ppm by volume HCl equivalent) in nitrogen.
      After the burn, the catalyst showed no agglomeration of either the iridium
      or the platinum. The chlorine content of the catalyst after the burn was
      2.1 wt. %.
PAC  EXAMPLE 6
PAR  In this example, the catalyst of Example 4 was regenerated as in Example 4,
      except that a chlorine concentration of 0.03 mole % (600 ppm by volume HCl
      equivalent) instead of 0.01 mole % was employed. After the burn, no
      agglomeration of iridium or platinum was detected, and the chlorine
      content was 1.4 wt. %. The results of Examples 4, 5 and 6 indicate that
      the required amount of chlorine to prevent agglomeration of the iridium
      during coke burnoff depends on the amount of water in the burning gas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the catalytic conversion of hydrocarbons wherein a
      hydrocarbon feed stock is contacted with a catalyst comprising from about
      0.01 to about 3.0 wt. % of an iridium component and a chlorine component
      contained on a refractory inorganic oxide support at conversion
      conditions, the catalyst having been at least partially deactivated during
      contact with said feed stock by the deposition of carbonaceous residues, a
      method for regenerating said catalyst comprising:
PA1  1. contacting said catalyst, after contact with said hydrocarbon feed stock
      with an oxygen-free chlorine-containing reagent in a gaseous medium from
      the group consisting of hydrocarbon feed, hydrogen containing gas, inert
      gas and mixtures thereof in an amount sufficient to increase the catalyst
      chlorine content to 1.0 weight percent to about 4.0 wt. %, based on
      anhydrous catalyst;
PA1  2. contacting said treated catalyst with a substantially sulfur-free
      gaseous mixture containing oxygen, a chlorine-containing reagent and water
      at a temperature of less than about 1050.degree.F. for a time sufficient
      to burn at least a substantial portion of said carbonaceous residues from
      said catalyst, said gaseous mixture containing 0.1 to 1.0 mole percent
      oxygen and a concentration of chlorine-containing reagent equivalent in
      chlorine content to 20 to 2000 ppm by volume of HCl, the molar ratio of
      water to said equivalent HCl in said gaseous mixture being less than about
      10:1.
NUM  2.
PAR  2. The process of claim 1 wherein said contacting of said treated catalyst
      is conducted at a temperature varying from 750.degree. to 1000.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein said step (2) gaseous mixtures contain
      from 50 to 1000 ppm by volume of equivalent HCl.
NUM  4.
PAR  4. The process of claim 2 wherein the gaseous mixture of step (2) contains
      from 50 to 1000 ppm by volume of equivalent HCl.
NUM  5.
PAR  5. The process of claim 1 wherein said catalyst additionally contains a
      platinum component.
NUM  6.
PAR  6. The process of claim 1 wherein, said step (1) contacting of said
      catalyst with said chlorine-containing reagent is continued for a time
      sufficient to increase catalyst chlorine content to from 1.0 to 2.0 wt. %,
      based on anhydrous catalyst.
NUM  7.
PAR  7. In a process for the catalytic conversion of a naphtha feed stock
      wherein a naphtha feed sotck and hydrogen are contacted with a catalyst
      comprising from about 0.01 to about 3.0 wt. % of an iridium component and
      a chlorine component contained on a refractory inorganic oxide support at
      reforming conditions, the catalyst having been at least partially
      deactivated during contact with said naphtha feed stock by the deposition
      of carbonaceous residues, a method of regenerating said catalyst
      comprising (1) contacting said catalyst, after contact with said naphtha
      feed stock with an oxygen-free chlorine-containing reagent in a gaseous
      medium from the group consisting of hydrocarbon feed, hydrogen containing
      gas, inert gas and mixtures thereof in amounts sufficient to increase
      catalyst chlorine content to about 1.0 to about 4.0 wt. %, based on
      anhydrous catalyst, and (2) contacting said treated catalyst with a
      substantially sulfur-free gaseous mixture containing oxygen, a
      chlorine-containing reagent, and water at a temperature of less than about
      1050.degree.F. for a time sufficient to burn at least a substantial
      portion of said carbonaceous residues from said catalyst, said gaseous
      mixture containing 0.1 to 1.0 mole percent oxygen and a concentration of
      chlorine-containing reagent equivalent in chlorine content to 20 to 2000
      ppm by volume of HCl, the molar ratio of water to said equivalent HCl in
      said gaseous mixture being less than about 10:1.
NUM  8.
PAR  8. The process of claim 7 wherein said step (2) contacting is conducted at
      a temperature varying from 750 to 1000.degree.F.
NUM  9.
PAR  9. The process of claim 7 wherein said step (2) gaseous mixture contains
      from 50 to 1000 ppm by volume of equivalent HCl.
NUM  10.
PAR  10. The process of claim 8 wherein said step (2) gaseous mixture contains
      from 50 to 1000 ppm by volume of equivalent HCl.
NUM  11.
PAR  11. The process of claim 7 wherein said catalyst additionally contains a
      platinum component.
NUM  12.
PAR  12. The process of claim 7 wherein said step (1) contacting is continued
      for a time sufficient to increase catalyst chlorine content to between
      about 1.0 to 2.0 wt. %, based on anhydrous catalyst.
NUM  13.
PAR  13. The process of claim 7 wherein the molar ratio of oxygen to equivalent
      HCl in said step (2) gaseous mixture is greater than about 5:1.
NUM  14.
PAR  14. The process of claim 8 wherein the molar ratio of oxygen to equivalent
      HCl in said step (2) gaseous mixture is greater than about 5:1.
NUM  15.
PAR  15. In a process for the catalytic reforming of naphtha feed stocks wherein
      said naphtha feed stock and hydrogen are contacted in a reaction zone with
      a catalyst comprising from about 0.01 to about 3.0 wt. % of an iridium
      component and a chlorine component contained on a refractory support at
      naphtha reforming conditions, the catalyst having been at least partially
      deactivated during contact with said naphtha feed stock and hydrogen by
      the deposition of carbonaceous residues thereon, a method for regenerating
      said catalyst comprising:
PA1  1. during the operation of said process, introducing into said reaction
      zone with said naphtha feed stock and hydrogen an oxygen-free
      chlorine-containing reagent in amounts sufficient to increase catalyst
      chlorine content to 1.0 to about 4.0 wt. %, based on anhydrous catalyst,
      and thereafter discontinuing the contacting of said catalyst with said
      naphtha feed stock;
PA1  2. contacting said catalyst with an inert gas to purge hydrogen and naphtha
      feed stock from contact with said catalyst; and
PA1  3. contacting said treated catalyst with a substantially sulfur-free
      gaseous mixture containing oxygen, a chlorine-containing reagent and water
      at a temperature of about 750.degree.-1000.degree.F. for a time sufficient
      to burn at least a substantial portion of said carbonaceous residues from
      said catalyst, said gaseous mixture containing 0.1 to 1.0 mole percent
      oxygen and a concentration of chlorine-containing reagent equivalent in
      chlorine content to 50 to 1000 ppm by volume of HCl, the molar ratio of
      water to said equivalent HCl in said gaseous mixture being less than about
      10:1.
NUM  16.
PAR  16. The process of claim 15 wherein said step (3) gaseous mixture contains
      from about 100 to 500 ppm by volume of equivalent HCl.
NUM  17.
PAR  17. The process of claim 15 wherein the molar ratio of oxygen to equivalent
      HCl in said step (3) gaseous mixture is greater than about 5:1.
NUM  18.
PAR  18. The process of claim 15 wherein said catalyst additionally contains
      from about 0.01 to about 3.0 wt. % of platinum.
NUM  19.
PAR  19. The process of claim 15 wherein the amount of iridium present on the
      catalyst is at least about 0.1 wt. %.
NUM  20.
PAR  20. The process of claim 15 wherein said step (1) contacting is continued
      for a time sufficient to increase catalyst chlorine content to between
      about 1.0 to 2.0 wt. %, based on anhydrous catalyst.
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ABST
PAL  Method and apparatus for detecting insecurely glued closure flaps on
      wrap-around paperboard cartons and for diverting defectively sealed
      cartons from the packaging line. A striking device in the form of an
      impact roller strikes the leading edge of each carton as it moves along a
      conveyor belt. Loose or insecure flaps opened by the impact are detected
      as the carton passes through a photocell station. Upon identification of
      an open flap condition a pivotal eject chute forming a part of the
      conveyor table is actuated downwardly to divert the rejected carton to a
      remote location for inspection and resealing or replacement.
BSUM
PAR  The present invention relates to carton handling apparatus and is more
      particularly directed to a system and method for detection of loose or
      partially unglued closure flaps on containers of the wrap-around carton
      type and for diverting improperly sealed cases from the packaging line
      onto an auxiliary line for repair or replacement.
PAR  A recent innovation in the packaging of filled glass jars, such as used in
      the baby food industry, has become known as the "wrap-around" carton.
      According to this packaging construction, the bulky cardboard partitions
      previously inserted between adjacent jars to prevent breakage on impact
      have been eliminated. This has been achieved by arranging the jars in
      nested engagement in staggered rows instead of the conventional
      "on-diameter" configuration, and by forming a warp-around carton tightly
      around the jars in such a manner that they are maintained in constant
      physical contact with each other. Under such conditions it is difficult,
      if not impossible, for the individual glass jars to impact with adjacent
      jars with sufficient force to cause glass breakage. Such a container and
      method of packaging is more fully disclosed in co-pending U.S. Pat.
      application Ser. No. 153,854, filed June 16, 1971, now abandoned, entitled
      "Wrap-Around Partitionless packaging" and assigned to common assignee.
PAR  A problem which has been encountered in connection with such wrap-around
      packaging is that the unitary integrity of the carton and contents which
      is necessary to ensure constant physical contact between the jars and thus
      avoid breakage depends on the maintenance of all flap seals. As a result,
      if any flap is improperly glued or only partially glued the desired
      resistance to impact forces will be lost.
PAR  Accordingly, it is a primary object of the present invention to provide a
      system whereby such improperly glued closure flaps may be easily detected
      and diverted from the packaging line without causing any noticeable
      interruption in the carton flow rate. It is a further object to provide
      such a system which is simple in construction and is easily adaptable to
      cartons of different shapes and sizes. A still further object is to
      provide such a system wherein operator intervention is seldom, if ever,
      required.
DRWD
PAR  These and other object features and advantages of the present invention
      will become more readily apparent after reading the following detailed
      description with reference to the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a warp-around carton blank in a flat, unfolded
      condition;
PAR  FIG. 2 is a partially cut-away perspective view depicting the arrangement
      of the jars within a fully formed and sealed carton, and further
      illustrating the position of the various closure flaps;
PAR  FIG. 3 is an overall perspective view of a loose flap detector and case
      eject work station according to the present invention;
PAR  FIGS. 4A- 4C are a series of schematic side-elevation views showing in time
      sequence the impact roller striker mechanism which opens any partially
      glued flaps for detection;
PAR  FIG. 5 is a pictorial perspective view of the photocell open flap detector
      unit which determines whether any flaps have been opened by the impact
      roller of FIGS. 4.
PAR  FIGS. 6A-6D are a series of schematic plan views of the positions of the
      various open flap-detector photocells, illustrating a normal carton and
      cartons in various reject conditions;
PAR  FIG. 7 is a schematic side elevation view of the case eject mechanism of
      the present invention; and
PAR  FIG. 8 is an electrical schematic diagram illustrating the logic circuitry
      for open flap detection and case eject chute activation.
DETD
PAR  Referring now to the drawings wherein like numerals in the different views
      represent the same element, FIG. 1 illustrates an unformed, flat carton
      blank 12 of the wrap-around partitionless type, such as disclosed in the
      co-pending patent application referred to above. As contrasted with
      conventional top-opening cartons, the wrap-around container includes eight
      side closure flaps which together form the two side walls of the carton
      and two end closure flaps which cooperate to form one end wall of the
      carton when formed.
PAR  More specifically, side flaps 14a -14d when folded and glued form container
      side wall 14 (see FIG. 3). Similarly, side flaps 16a-16d form side wall 16
      (FIG. 3) when the carton is formed. End tab 18a and end flap 18b together
      form the conventional manufacturer's joint or seal and comprise the
      trailing end wall 18 of the carton as it moves through the work station
      depicted in FIG. 3. Finally, bottom panel 20, end panel 22, and top panel
      24 respectively form the bottom, leading end wall and top surfaces of the
      container as it moves down the conveyor line.
PAR  The positioning of the various side and end flaps discussed in connection
      with FIG. 1 in their fully folded and sealed condition is illustrated in
      FIG. 2.
PAR  FIG. 3 is an overall perspective view illustrating the various components
      of a loose flap detector and case eject work station according to the
      present invention. In addition to a conventional powered roller conveyor
      belt 20 and support structure, the essential components of the present
      invention comprise striker mechanism 30 more fully described below in
      connection with FIG. 4, photocell detector station 40 more fully described
      below in connection with FIGS. 5 and 6, and case eject chute mechanism 50
      more fully described below in connection with FIG. 7. The circuitry that
      coordinates the operation of the photocell detector system 40 and the case
      ejector chute mechanism 50 is more fully described below in connection
      with FIG. 8.
PAR  Referring now to FIG. 3 the overall operation of the loose flap detector
      and case eject system is as follows. As the carton moves down the conveyor
      belt at a speed of about 90 feet per minute from position X to position Y,
      leading end wall 22 is struck near its upper edge by the impact roller of
      striker assembly 30. Upon impact, the constant physical contact of the
      jars inside the carton tends to cause a shifting of the containers which,
      in response to the internal forces generated due to the tight packing of
      the jars, causes any insecurely glued flaps to spring open. As the carton
      moves through the photocell detector station 40 any loose flaps which have
      been opened by the impact roller mechanism will be detected. Such
      detection will in turn cause actuation of the table drop mechanism of
      eject chute 50 which will divert the rejected carton to a location where
      it may be properly resealed or replaced.
PAR  FIGS. 4A-4C illustrate in time sequence the operation of the impact roller
      striker mechanism which opens any improperly glued flaps. Double-element
      roller 32 is pivotally suspended from support rail 36 which bridges the
      conveyor belt by drop hinge 34, which allows the roller to move in an arc
      about the hinge pivot point 34a. With no interference from a carton,
      roller 32 under its own weight will pivot downwardly into a position below
      the level of the carton top surfaces 24 as shown in FIG. 4A.
PAR  As a carton moves down the line from position X to position Y (FIG. 3) the
      upper portion of leading edge 22 will collide with roller 32 with
      sufficient impact so that the internal forces created within the carton
      will cause any unglued flaps to spring open. As the carton continues
      along, the conveyor hinge mounting 34 allows roller 32 to pivot upwardly
      and ride along the upper surface 24 of the carton as shown in FIG. 4B. As
      roller 32 passes over the rear portion of carton top surface 24 its own
      weight will cause it to descend to the position shown in FIG. 4C until it
      is contacted by the next carton in the line.
PAR  FIG. 5 and FIGS. 6 together illustrate the photocell arrangement by which
      various open flap or deformed carton conditions are detected. Light source
      A directs a beam of light across the belt toward photocell A' in a
      direction substantially transverse to the path of motion of the carton and
      at a vertical level of about the carton mid-line. Similarly, light source
      B directs a beam of light across the path of carton movement toward
      photocell B'. Photocell and light source pairs A, A' and B, B' together
      determine the width of a carton as follows. Light path B--B' (from light
      source B to photocell B') serves as the reference or index position
      against which certain other photocell conditions are compared. Thus, the
      instant light path B--B' is broken, other photocells are "interrogated" to
      determine whether any reject conditions exist. The individual light source
      units and photocells are movably mounted on support rails so that the
      spacing between light path B--B' and light path A--A' is adjustable. For a
      given carton size this dimension is preset so as to exceed by a slight
      amount the maximum allowable carton width. Thus, if light path B--B' and
      light path A--A' are at any instant simultaneously interrupted a condition
      is indicated which represents a carton that is wider than the preselected
      maximum dimension or one that is not square. This can occur, for example,
      when the impact force from roller 32 causes the internal forces to bulge
      out the manufacturer's joint as shown in FIG. 6C.
PAR  Light source C and photocell C' cooperate to respectively generate and
      detect a light beam C--C' in a vertical direction at a point just behind
      the trailing edge of the carton when the leading edge first interrupts
      light path B--B'. Thus, simultaneous interruption of light paths B--B' and
      C--C' will indicate that the manufacturer's joint has ruptured, opening
      end flap 18b. Photocell C' is mounted in cover 42 which is mounted above
      conveyor belt 20 and which also houses the various electrical circuitry
      (including relays, indicator lights, etc.) which will be discussed below
      in connection with FIG. 8.
PAR  Finally, light source and photocell combinations D, D' and E, E' are
      positioned on opposite sides of the carton just outside side edges 16 and
      14 respectively. Light beams D--D' and E'E' are directed vertically upward
      so that beam D--D' will be interrupted by the opening of side flap 14c
      (and side flap 14a) while beam E--E' will be interrupted by the opening of
      side flap 16c (and side flap 16a). Photocells D' and E' are mounted in
      cover 42.
PAR  The various carton conditions illustrated in FIGS. 6A-6D are as follows:
      FIG. 6D, normal carton; FIG. 6B, side flap (14c) open; FIG. 6C, deformed
      carton indicating faulty manufacturer's seal; FIG. 6D, end flap (18b)
      open.
PAR  FIG. 7 illustrates the drop chute mechanism of case eject station 50 in
      greater detail. The upper portion of the eject chute is formed by the
      final section 52 of conveyor belt 20 immediately downstream of photocell
      detector station 40. Belt section 52 is pivotally mounted at point 54 to
      the conveyor table frame so as to permit downward motion in an arc about
      pivot point 54. The end positions of this pivotal motion correspond to
      "table down" and "table up" conditions. The motion of belt section 52 is
      controlled by dual-action pneumatic cylinder 56 which is controlled by a
      double solenoid air control valve 58 (not shown) via air hoses 60a and
      60b. When the air pressure in upper air hose 60a is increased in response
      to the proper solenoid control signal, piston rod 56a is retracted into
      cylinder 56 pivoting belt section 52 down into its "table down" position.
      Similarly, when the relative air pressure in lower hose 60b is increased
      the piston rod is forced out of the cylinder pivoting belt section 52 to
      its "table up" position.
PAR  As will be discussed below in connection with FIG. 8, when the photocell
      detector logic circuitry determines that one or more loose flap conditions
      exist in a box passing through the photocell station a control signal is
      supplied to the "table down" solenoid valve 58 causing belt section 52 to
      move to its "table down" position and diverting the rejected carton from
      the packaging line to a location where it may be inspected and either
      properly resealed or discarded and the jars repacked.
PAR  Photocell F' is positioned in alignment with a corresponding light source F
      (not shown) which directs a light beam F--F' across the path of a carton
      moving down stationary eject chute 62 which immediately follows belt
      section 52 in its "table-down" configuration. Interruption of light beam
      F--F' causes actuation of the "table-up" solenoid (after a suitable delay)
      to restore belt section 52 to its horizontal non-reject position.
      Additionally each interruption of light beam F--F' increments a rejected
      box counter by one. Non-rejected boxes pass from belt section 52 (which
      remains in a horizontal "table-up" position) onto auxiliary belt 59 which
      routes them to storage or loading areas.
PAR  Referring now to the electrical schematic diagram of FIG. 8, the logic
      circuitry by which loose flaps are detected and the eject chute mechanism
      is actuated in response to such detection will be described.
PAR  Assuming supply line L2 to be at ground potential, a positive DC voltage
      signal is applied, via fuse 72 and wiring panel 74 from line L1
      simultaneously to photocells B', D', E', and F' which are connected in
      parallel.
PAR  Interruption of light beam B--B' in coincidence with interruption of either
      light beam A--A' or C--C' applies the L1 input voltage to the coil of
      relay 76, the other side of which is connected through a suitable
      resistance to ground line L2. Energization of this coil actuates the
      corresponding contact set which has the effect of applying the L1 input
      voltage to table-down solenoid 58a which (via pneumatic cylinder 56)
      pivots belt section 52 into its case reject position. As the rejected
      carton passes onto stationary down chute 62 it interrupts light beam F--F'
      which supplies an actuation signal to relay 78. When the relay 78 contacts
      close the input voltage on line L1 is supplied to the table-up solenoid
      58b to restore belt section 52 to its horizontal position.
PAR  In a similar manner, if either light beam D--D' or E--E' is interrupted the
      corresponding photocell will cause the input voltage on line L1 to be
      applied across relays 80 or 82, respectively, causing table-down solenoid
      58a to pivot belt section 52 to its case eject position. Interruption of
      light beam F--F' will then cause the table to be restored to a horizontal
      position.
PAR  It will be seen from FIG. 8 that each time photocell F' records passage of
      a rejected carton a signal will be supplied to rejected box counter 84
      which tallies the number of defective cartons.
PAR  While a preferred embodiment of the present invention has been shown and
      described above, it will be readily apparent to those skilled in the art
      that various modifications thereof can be made without departing from the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a packaging line of the type including transport means for moving a
      sequence of filled wrap-around paperboard cartons past a plurality of work
      stations to detect the presence of insecurely sealed closure flaps
      thereon, the improvement comprising:
PA1  impact means at a first of said work stations having at least one weighted
      roller pivotally suspended in the path of said cartons so as to allow said
      roller to arcuately strike the leading side wall of each of said cartons
      during movement by said transport means and thereafter to allow said
      roller to roll over the top surface of said moving cartons to open any
      insecurely sealed flap thereof;
PA1  optical open-flap detector means at a second of said work stations, said
      detector means including a plurality of spaced light source-photocell
      pairs in light beam alignment, positioned so that the light beam received
      by each of said photocells will be interrupted when a corresponding one of
      said closure flaps is in an open position; and
PA1  diverter means for removing cartons having so-detected open flaps from said
      packaging line.
NUM  2.
PAR  2. A method for detecting insecurely sealed closure flaps on paperboard
      cartons and for diverting cartons with defective flap seals from a
      packaging line comprising the steps of:
PA1  moving said cartons on a transport table past a plurality of work stations;
PA1  striking each of said cartons with an impact means as it passes a first
      work station to open any insecurely sealed flaps; and
PA1  detecting at a second work station any cartons with closure flaps which
      have been so-opened by said impact means.
NUM  3.
PAR  3. The method of claim 2 comprising the further step of diverting any of
      said cartons with so-detected open flaps from said packaging line.
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ABST
PAL  A plurality of axially spaced blades are rotated by a drive shaft
      positioned above the feed trough. The blades rotate transversely through
      the upper feed layer skimming off the foreign matter which is deposited in
      a container alongside the trough as the blades are rotated downwardly.
      Preferably, the blades are rotated through scraping wires on their
      downward track to clean the blades prior to passing through the feed once
      more.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for separating foreign material from
      feed, and more particularly such apparatus being adapted to be used in
      combination with power driven feeding equipment utilizing a trough tracing
      a closed path with a feed conveyor or distributor means moving through the
      trough.
PAR  In feed systems of the type described above, which can be more generally
      termed automatic feeding systems, a problem continuously arises in that
      the feed collects foreign matter as a result of bedding, droppings and
      other undesirable foreign matter falling into the trough with the feed.
      The whole mixture of feed and such foreign matter then travels along the
      trough and builds up a collection to the point that the feed may become
      saturated with non-edible material requiring cleaning to allow the feeding
      system to operate effectively. Manual cleaning, of course, is time
      consuming, difficult to carry out effectively and hence costly.
PAR  Many attempts have been made in the past to automatically accomplish this
      separation. Various combinations of pushing the mixture from the trough
      into a screen rotated by a complicated series of gears and shafts having
      buckets or cups to transfer the feed from a well to a chute back into the
      trough have been constructed. These devices are costly to construct,
      difficult to assemble and rough in operation. Their structure is such that
      a great deal of power is needed to operate them because of the necessity
      of moving the feed over a relatively large distance. This causes wear and
      tear on all parts involved and lowers the efficiency of the device. Also,
      the disadvantages listed above become critical in high speed applications
      resulting in thrown feed which is both wasteful and messy.
PAR  A greatly improved device over these prior art attempts was developed
      utilizing a cylindrical screen rotatable on an axis transverse to the
      trough which caused the feed to be picked up into the screen and sifted
      directly back into the trough keeping foreign matter within the confines
      of the screen. Such a device is described and illustrated in U.S. Pat. No.
      2,985,302 issued May 23, 1961 to Jan Brands and commonly assigned to the
      assignee of the subject application. While the type of separator described
      in the above identified patent is quite effective, it is further desired
      to improve on such systems in both an economical and functional manner.
      For example, it is desired to provide an automatic separation of foreign
      matter from the feed without diverting the feed in any substantial manner
      from its movement through the trough. Thus, there is a need in this art
      for an improved apparatus for separating foreign matter from feed.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a drive shaft is rotatably mounted in a
      direction generally parallel to the longitudinal axis of the feed trough
      and rotates a plurality of axially spaced generally aligned blades
      extending radially from the shaft so that their ends pass transversely
      through the feed to skim off foreign matter and deposit same in a
      container adjacent the trough.
PAR  In narrower aspects of the invention, the shaft and blades are mounted in a
      cylindrical housing which prevents the foreign matter from falling back
      into the trough while it is being carried for deposit into the container.
      Scraper wires are also mounted radially to the shaft intermediate the
      blades over the container to clean the blades as they rotate through each
      cycle. The drive shaft is driven by a takeoff from the feed conveyor
      mechanism itself which is moving through the feed trough.
PAR  A particular advantage of the subject invention is that the feed being
      conveyed through the trough is cleaned without diverting the path of the
      feed in any fashion. The blades simply skim through the feed separating
      the foreign matter and depositing same through their rotation into a
      container adjacent the trough. Most of the foreign material is in the
      upper layers of the feed and the natural motion of the feed as it is
      conveyed by the conveyor means causes most of the foreign matter to shift
      to the top so that the blades do not have to be brought into interference
      with the conveyor chain itself but merely skim the upper portion of the
      feed layers. This has been found to be sufficient to maintain a proper
      degree of cleanness. The subject invention permits a greatly simplified
      overall mechanism and the utilization of a cylindrical housing keeps the
      entire area clean. The container in which the foreign is deposited is
      conveniently positioned adjacent the trough beneath a portion of the
      cylindrical housing and may be detachably connected for emptying. The
      cleaner mechanism is preferably located near a directional change in the
      trough which requires a conveyor chain idler sprocket or the like which
      permits a simple gear arrangement takeoff for driving the drive shaft of
      the cleaner. In this fashion, the cleaner only operates when the conveyor
      does. Of equal importance, direct drive of the cleaner permits high speed
      operation since the speed of the cleaner will increase as the feed
      conveyor does. Direct cleaning without diverting the feed also reduces or
      eliminates the feed from being thrown out. The simplicity of the
      arrangement not only makes for a more economical package at the
      fabrication stage, but also provides good service life with little or no
      upkeep.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevation view in cross section of the feed
      cleaner of the invention;
PAR  FIG. 2 is a fragmentary plan view of the device illustrated in FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line III--III of FIG. 1; and
PAR  FIG. 4 is a fragmentary exploded view of two of the cleaning blades in
      perspective.
DETD
PAC  DESCRIPTION OF THE pREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, reference numeral 10 designates a
      trough section and a housing 12 located intermediately the ends of section
      10. The trough section is adapted to be connected in a continuous, endless
      trough feeder represented in part by the elbow section 14 and continuing
      through subsection 16. An endless driven chain 18 is driven continuously
      about the closed track of the troughs by a suitable power drive means
      well-known in the art. This distributes the feed F throughout the open
      trough portions for feeding by the poultry.
PAR  Housing 12 has a cylindrical configuration as illustrated in FIG. 3
      comprising a cylindrical shell 20 and a pair of end plates 22 and 24.
      Trough section 10 includes a portion 26 and 28 to each side of housing 12.
      An inlet opening is provided in end plate 24 for trough section 28 and an
      outlet opening is provided in end plate 22 for trough section 26 to permit
      flow of feed through housing 12. Sections 26 and 28 include sides 30 and
      30a of normal height and the bottom of housing 12 has a longitudinal
      opening 13 and the sides 30, 30a within the housing are shortened
      appropriately as illustrated by reference numerals 30', 30'a. This permits
      clearance for the cleaning blades 38, 38a, 38b, etc., the significance of
      which will be described hereinafter.
PAR  As shown in FIG. 2, the housing is secured to trough portions 26, 28 by
      fasteners illustrated by reference numeral 32 and the housing can be
      removed by making the fasteners removable or alternatively, by making
      trough portion 10 one unit which can be conventionally positioned as a
      section. A drive shaft 34 is rotatably mounted through end plates 22 and
      24 and extends outwardly beyond end plate 22 with a universal type fitting
      36. A plurality of axially spaced radially extending feed cleaning blades
      38, 38a, 38b, 38c, 38d, etc., are anchored to shaft 34 and rotatable
      therewith. In the preferred embodiment illustrated, each blade 38, 38a,
      etc., is comprised of three fins 40, 42, 44, etc. Thus, for each
      revolution of blades 38, three fins traverse the circle of rotation.
PAR  Referring to FIGS. 1 and 3, the length of each fin is such that it
      terminates in close proximity to the interior surface 46 of cylindrical
      shell 20. As illustrated in FIG. 3, as blades 40 are rotated in the
      direction of arrow A each fin passes through a substantial upper portion
      of feed F being conveyed through the trough although the blades clear the
      conveyor chain 18 as illustrated. Each of the blades 38, 38a, 38b, etc.,
      are preferably aligned so that as a particular series of aligned fins such
      as fins 44 traverse through the upper layer of feed F, they cooperate
      together as a unit picking up any foreign matter in the feed and carrying
      it on their forward leading edges 48. As the blade and respective fins
      rotate, the foreign matter might move slightly along leading edges 48, but
      will not fall back into the trough since the interior surface 46 of shell
      20 acts as a stop or shield. The rate of rotation in the preferred
      embodiment is preferably set so that the centrifugal force exerted through
      the rotation of the foreign matter will not permit it to fall back into
      the web portions 50 of any two neighboring fins. In addition, it will be
      appreciated that the foreign matter will be positioned as it is rotated up
      out of the feed at the outer radial extremity of each fin. As the fin
      passes from the vertical position toward the downward position so that the
      leading edge 48 of the particular fin faces downwardly, the foreign matter
      will by its gravitational weight separate from the fin and fall into a
      collecting container 52 illustrated in FIG. 3.
PAR  In the preferred embodiment, blade cleaning wires 54 and 56 are utilized to
      remove any foreign matter that is picked up by the cleaning blades which
      might otherwise adhere thereto due to its moistness or stickiness. Each
      pair of cleaning wires, 54, 56 or 54a, 56a, etc., is comprised of a single
      shaped wire 58 having a loop 60 formed at its middle portion causing the
      two aligned wires 54 and 56 to be slightly spaced from each other
      terminating at each free end in a hook portion 62, 64 respectively. The
      hook ends 62, 64 are configurated to fit tightly over drive shaft 34 and
      the loop ends 60, 60a are secured by mechanical fastener 66 to a support
      bar 70 secured to each end plate 22, 24 of housing 12. Support bar 70
      extends intermediate the end plate in an opening 72 which permits foreign
      matter falling off blades 38, 38a, etc., to drop through opening 72 into
      container 52. Each of the cleaning wires 54, 56; 54a, 56a, (FIG. 4) are
      spaced respectively from each other a distance closely related to the
      width of each fin of the blade so that as the fin passes through the
      opening between each cleaning wire, a scraping effect is provided along
      each side of the fin which causes foreign matter of any size which might
      otherwise adhere to each fin to be separated from the fin and drop into
      container 52. Container 52 incidentally can be secured permanently to the
      bottom wall 74 of trough portion 10 or secured in a removable fashion so
      that it can be removed entirely for emptying. The shell 20 can also be
      removable to permit easy access for cleaning etc.
PAR  Referring now to FIGS. 1 and 2, an idler sprocket 80 is illustrated
      rotatably secured about a vertical shaft 82 in elbow section 14 to assist
      the feed chain 18 in traversing a change of direction of 90.degree.. A
      sprocket housing 84 is illustrated which encloses the sprocket assembly. A
      bevel gear 86 is mounted on shaft 82 in mesh engagement with a bevel gear
      86. The latter is mounted on the end of a shaft 92 secured in mounting
      bracket 90. The conventional power means which drives the drive chain 18
      can thus be utilized to provide a drive for the cleaning assembly through
      shaft 34. By providing an appropriate mating adapter 94, the actuation of
      the cleaning blades is directly linked to the operation of the trough.
      Thus when the trough is operative, the cleaner is operative and likewise
      if the trough is stationary, the cleaner is stationary. Also, the speed of
      the cleaner increases in direct proportion to the speed at which the
      conveyor is being operated.
PAC  OPERATION
PAR  Having described the preferred arrangement, its operation should be
      obvious. With the feed trough in an operative condition, chain 18 propels
      or conveys feed along the trough in a circuitous path for feeding poultry
      or the like. As the feed passes through housing 12, the blades 38, 38a,
      etc., are rotating such that for each rotation, three aligned fins
      traverse through the upper layer of the feed to skim off any foreign
      material. This foreign material is carried on the outer leading edges of
      the fins in a circular fashion until it either falls into container 52 by
      its gravitational weight off the leading edge when the leading edge is in
      the downward facing position or is separated from the fin by the scraping
      or cleaning effect of the cleaning wires 58, 58a, etc.
PAR  The blades are propelled by the rotation of drive shaft 34 which is driven
      by the bevel gear arrangement and shaft 92. By selecting the ratio of the
      bevel gears 86, 88, the rotation of shaft 34 can be selected such that for
      at least one or more sweeps of aligned fins, an entire section of feed is
      skimmed for foreign matter and by the time the next series of aligned fins
      pass through the feed again, there will be no portion of feed being
      conveyed which will traverse the cleaning housing 12 without being acted
      upon by the cleaning fins.
PAR  Although but one embodiment has been shown and described in detail, it will
      be obvious to those having ordinary skill in this art that the details of
      construction of this particular embodiment may be modified in a great many
      ways without departing from the unique concepts presented. It is therefore
      intended that the invention is limited only by the scope of the appended
      claims rather than by particular details of construction shown, except as
      specifically stated in the claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A poultry feed cleaner for cleaning feed being conveyed along a feed
      trough comprising in combination: a drive shaft rotatably mounted in a
      direction generally parallel to the direction of the feed trough, a
      plurality of axially spaced generally aligned blades secured to said shaft
      and extending radially therefrom, said blades being rotated with said
      shaft for transverse movement through the feed being conveyed through said
      trough, said blades being spaced from each other sufficiently to remove
      foreign matter in the feed without removing any sufficient amounts of
      feed.
NUM  2.
PAR  2. The poultry feed cleaner according to claim 1 wherein said cleaner
      includes a receptacle means adjacent the trough portion through which said
      blades are operative, said blades picking up foreign material on or
      between one or more leading edges of adjacent blades and transferring same
      on the leading edges of said blades as said blades are rotated upwardly
      until said leading edges are rotated downwardly wherein the foreign matter
      drops by its weight into said receptacle.
NUM  3.
PAR  3. The poultry feed cleaner according to claim 2 wherein said feed cleaner
      further includes cleaning wires extending radially from said drive shaft
      beyond the terminal end of said blades above said receptacle, said wires
      being positioned in close proximity to the path of said blades such that
      when said blades pass by said wires, foreign material adhering to said
      blades will be separated therefrom and deposited in said receptacle.
NUM  4.
PAR  4. The poultry feed cleaner according to claim 3 wherein a pair of said
      cleaning wires are provided for each blade, each pair of wires being
      spaced axially a distance slightly greater than the width of each blade.
NUM  5.
PAR  5. The poultry feed cleaner according to claim 4 wherein alternate pairs of
      wires for alternate blades is formed of a single wire folded back, the
      ends of each single wire being anchored to the drive shaft on each side of
      the respective alternate blades each intermediate alternate blade being
      cleaned by one wire of each adjacent alternate pair of wires.
NUM  6.
PAR  6. The poultry feed cleaner according to claim 5 wherein said folded back
      wire forms a loop at their midsection which is anchored to a support
      spaced from said drive shaft a distance greater than the radial length of
      each blade.
NUM  7.
PAR  7. The poultry feed cleaner according to claim 6 wherein each of said
      blades are comprised of a plurality of circumferentially spaced fins in
      general alignment with each other.
NUM  8.
PAR  8. The poultry feed cleaner according to claim 2 wherein said cleaner
      includes a generally cylindrical housing enclosing said blades, said
      housing having a cylindrical interior surface positioned in close
      proximity to the terminal end of said blades so that foreign material
      removed from the feed as it passes through said cleaner is prevented from
      being moved beyond the end of said blades and returning to said feed
      trough.
NUM  9.
PAR  9. The poultry feed cleaner according to claim 8 wherein said cylindrical
      housing includes an opening the length thereof above said receptacle to
      permit free deposit of foreign material carried on said blades to drop
      into said receptacle.
NUM  10.
PAR  10. The poultry feed cleaner according to claim 1 wherein said drive shaft
      is driven by a takeoff means cooperative with the conveyor in the feed
      trough whereby said blades are rotated during operation of the conveyor
      means in direct proportion to the speed of the conveyor and are stationary
      when the conveyor means are stationary.
NUM  11.
PAR  11. The poultry feed cleaner according to claim 10 wherein said blades are
      comprised of a plurality of circumferentially spaced fins in general
      alignment with each other.
NUM  12.
PAR  12. A poultry feed cleaning apparatus for positioning in cooperative
      association with a feed conveyor means comprising, in combination: a
      housing having side and end walls and means defining a bottom opening
      extending generally between said end walls, an inlet opening in one end
      wall and an outlet opening in the other of said end walls for
      communication with a feed conveyor means such that poultry feed is
      conveyed through said housing below said bottom opening; a rotatable shaft
      mounted in said housing between said end walls above said bottom opening
      said shaft extending in a direction parallel to said conveyor means; a
      plurality of axially spaced blades secured to said shaft and extending
      radially therefrom, said blades being rotatable with said shaft for
      transverse movement through feed being conveyed through said housing, said
      blades being sufficiently spaced to pick up foreign material and the like
      and deposit same in a receptacle positioned adjacent the portion of feed
      conveyor means being cleaned by said blades, said receptacle being
      partially positioned beneath said bottom opening of said housing.
NUM  13.
PAR  13. The poultry feed cleaning apparatus according to claim 12 wherein said
      housing side is a cylindrical shell having an interior surface positioned
      in close proximity to the terminal end of said blades said spacing
      therebetween preventing any substantial amount of foreign material to be
      removed prematurely from said blades.
NUM  14.
PAR  14. The poultry feed cleaning apparatus accordiing to claim 13 wherein said
      blades are comprised of a plurality of fins spaced circumferentially and
      in general alignment with each other.
NUM  15.
PAR  15. The poultry feed cleaning apparatus according to claim 14 wherein said
      apparatus further includes cleaning wires extending radially from said
      drive shaft intermediate each of said blades above said receptacle, said
      wires being positioned in close proximity to the path of said blades such
      that when the fins of said blades pass by said wires, foreign material
      adhered to said blades will be separated therefrom and deposited in said
      receptacle.
NUM  16.
PAR  16. The poultry feed cleaning apparatus according to claim 15 wherein a
      pair of wires are provided for each blade, each pair of wires being spaced
      axially a distance from each other slightly greater than the width of said
      blades to provide a scraping means for scraping foreign material adhered
      to said blades.
NUM  17.
PAR  17. The poultry feed cleaning apparatus according to claim 16 wherein said
      drive shaft extends beyond one of said end walls of said housing and is
      rotated by a takeoff means cooperative with said feed conveyor means
      whereby said cleaning apparatus is operative when said feed conveyor means
      is operative at a speed proportional to the speed of the conveyor and
      stationary when said feed conveyor means is stationary.
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ABST
PAL  A treatment chamber for purification and fractionation of materials
      suspensions, particularly fibrous suspensions under pressure, and wherein
      the treatment chamber includes a rotary screening drum provided with
      pulsation members, the drum also including screening holes located on the
      back-side of, or immediately behind, the pulsation members as viewed in
      the direction of drum rotation.
BSUM
PAR  The present invention concerns a device for purification and fractionation
      of materials suspensions, notably fiber suspensions in pulp and/or paper
      mills and relates to screens of closed centripetal type.
PAR  According to the invention the device includes a screening drum equipped
      with a pulsation organ of a kind being part of the device as described in
      the Swedish patent application 2528/71 or similar devices.
PAR  In the device the injected matter is, according to the above patent
      application, introduced under the required overpressure into an exterior,
      ring-shaped chamber from where the fiber suspension first flows inwards
      through a rotating drum, provided with screen openings (perforations,
      slits etc.) as well as with pulsation organs arranged in different groups
      relative to the screen openings, whereupon remaining suspension is further
      purified/screened inwards through a concentric inner screening drum,
      rotary or stationary. The accepted matter is taken from the interior of
      the inner screening drum. Rejected matter is taken partly as coarse reject
      (containing knots and other coarser wood impurities as well as sand and
      other heavy particles) from the outer ring-shaped chamber, and partly as
      fine reject (containing minor, short or long wood impurities as well as
      other minor heavy particles to the extent that they have not earlier been
      sorted out) from the space between the two screening drums.
PAR  One of the purposes of this invention is by aid of the above procedure and
      equipment to achieve a purification and fractionation effect with regard
      to wood impurities as well as heavier particles as has not until now been
      possible to achieve with one single unit equipped with screening
      facilities. The high purification effect with regard to heavy particles,
      both large and small, in most cases enables the dispensing with the
      power-consuming hydrocyclones in the screening positions for unbleached
      pulp of different kinds as well as for purification of and as blocking
      functions against impurities materializing during the manufacture of
      different pulps before pulp vats and paper-machines.
PAR  When using a high-speed rotary screening drum provided with bowl-shaped
      pulsation organs according to pat. appl. 2528/71, a local pressure wave
      ensues at and close to the front of each pulsation organ as respects
      direction of rotation, as well as a suction wave to the leeward of these
      organs. The through-flow inwards of the suspension through the screen
      openings nearest to the front of the pulsation organ concerned is
      facilitated, the opposite being the case for the corresponding openings on
      the respective leeward sides. Since the volume capacity of the apparatus
      is large and, as a result, the flow-speed of the suspension inwards
      through the screen openings considerable, it is impossible, despite the
      great centrifugal effect in this case, to prevent part of the heavier
      impurities to pass through the screen openings inwards through the
      pulsation drum. After this passage, they are still subjected to a high
      centrifugal effect and collect outwards on to the inside of the drum.
PAR  One fundamental characteristic of this invention is the devising and
      arrangement or grouping of the pulsation organs in a way to cause a return
      action outwards through a minor number of the screen openings of the drum.
      Sand particles, rust flakes and other impurities of higher specific weight
      or higher sedimentation rate than that of the pure fiber are here returned
      outwards. This return is of the greatest importance for the attaining of
      optimum purification and fractionation effect using one single apparatus.
      The fine reject from the ring-shaped space behind the pulsation drum will
      in this way have a very low content also of less heavy impurities like
      sand, rust and the like, the result being that this reject can be refined
      with less risk and wear to the milling and defibrating organs and then be
      returned to the injecting matter to the device according to the invention.
      Said return takes place without any harmful effects of accumulation of
      milled-down or defibrated wood impurities in the subsequent fine-screening
      through the inner screening drum.
DRWD
PAR  Below examples show different designs of pulsation organs in combination
      with screen openings to show the invention.
PAR  FIGS. 1-28 show different species of pulsation organs according to the
      invention and FIGS. 29 and 30 show two alternative screen devices
      according to the invention.
DETD
PAR  FIGS. 1 and 2 display the mantle of a pulsation drum, made out of
      sheetmetal, where in FIG. 1 part of the mantle is extended in plane, FIG.
      2 being a section along the line A -- A in FIG. 1. This is a horizontal
      section of the drum which has a vertical center shaft. The drum is
      intended to rotate as shown by the arrow to the left in FIG. 2. The
      sheet-metal mantle 1 is provided with so-called eye-lid perforations,
      whose front sides 2 and 3 in the direction of rotation constitute
      pulsation organs 4 on the outside of the drum and 5 on the inside of the
      drum.
PAR  FIG. 3 shows screen openings 6 of pulsation organ 4 viewed from section B
      -- B in FIG. 1. When the drum rotates quickly, a pressure wave ensues in
      the suspension on the front sides of pulsation organs 4 and 5 and a
      suction wave on their leeward sides. The inwards flow of the suspension
      through the drum is thus counteracted in respect of screen openings 6 by
      pulsation organs 4 and are facilitated in respect of screen openings 7 by
      pulsation organs 5. The strength of the pressure and suction waves
      depends, besides by the design of the pulsation organs, mainly on the
      peripheral velocity of the drum relative to the peripheral velocity of the
      suspension in the liquid layers in question. At the relatively high
      peripheral speeds of the drum here concerned, range 7 - 15 m/sec., the
      design of the pulsation organs in respect of propelling effect on the
      suspension is of major importance to the pulsation effect and to the flow
      performance of the suspension through the screen openings at pulsation
      organs 4 and 5 respectively. The total of the propelling effect of
      pulsation organs 4 and 5 respectively should be as small as possible. By
      aid of the above shown pulsation organs 4 and 5, both individually equally
      large and of identical design, a sufficient difference is achieved in the
      flow of the suspension through the screen openings of the respective
      pulsation organs to cause heavier particles, that may have passed inwards
      through screen openings 7 at pulsation organs 5, to be returned by the
      centrifugal force outwards towards the weaker inflow through screen
      openings 6 at pulsation organs 4, which are fewer in numbers, e.g. as
      shown by the FIGS. In order that such a return take place the incoming
      overpressure in the suspension must not be so high that the flow speeds
      through the screen openings become excessive.
PAR  Pulsation organs 4 are shown in vertical rows or groups but may of course
      be arranged in horizontal or oblique rows or groups.
PAR  FIG. 4 shows a pulsation organ 4 obliquely arranged relative to the other
      pulsation organs. The upwards inclination has i.a. a down-feed effect on
      the spiralling movement of the suspension downwards along the drum. A
      downwards inclination has a back-keeping effect. The inclination can be
      varied in respect of pulsation organs 4 and 5 or for groups of these,
      respectively.
PAR  FIG. 5 shows part of the drum in cast condition, extended in plane, and
      FIG. 6 is a section thereof along the line C -- C in FIG. 5. The drum is
      designated 8 and intended to rotate to the left in FIGS. On the upper side
      (the exterior of the drum) is pulsation organ 9 with front side 10
      reversedly placed as viewed in the direction of rotation, and constituting
      part of a cylinder. The back or leeward side 11 is plane and arranged in
      approximately 90.degree. angle to the front side. As screen opening it has
      a hole 12 with the same inclination as the front side. Pulsation organs 13
      on the opposite side may be similarly designed or have a radial screen
      opening 14. Pulsation organs 9 and 13 are shown in equilateral, triangular
      partition with a free hole area of preferably fully 20% of the mantle
      surface, 80% whereof preferably to fall on holes 14. The pressure and
      suction waves, mentioned under the first design according to FIGS. 1 and
      2, selfevidently are in certain relation to the size of the pulsation
      organs. Behind each pulsation organ there ensues, at the peripheral speeds
      here concerned, a whirl with a powerful suction effect in the respective
      hole orifices on the leeward side of the pulsation organs. The size and
      height of the pulsation organs, the inclination of the front side and the
      leeward plane, and the number and grouping of the pulsation organs are to
      be adapted according to the pulsation effects required for different types
      of fiber suspensions and their fiber concentration during the progressing
      purification sequence downwards in the apparatus according to pat. appl.
      2528/71, both in the chamber outside the drum and in the chamber inside
      it.
PAR  The difference in the inward flow speed of the suspension (downwards in
      FIGS.) through holes 14 and 12 respectively increases relative to
      corresponding holes in FIGS. 1 and 2. The peripheral velocity of the drum
      and the ingoing overpressure on the outside of the drum can be so adjusted
      that the flow speed in holes 14 approaches zero, alternatively turns into
      a weak outward flow (upwards in FIGS.). The outward return, particularly
      of heavier impurities gets effective and the screen apparatus less
      sensitive to pressure and speed variations.
PAR  Hole and pulsator partition in the design according to FIG. 7 is the same
      as in the design according to FIG. 5 - 6. Holes 14 in FIG. 6 have their
      correspondence in holes 15 which are cylindrical but inclined in the
      rotation direction. Holes 16 are radial and tapering inwards. Holes 12 in
      FIG. 6 have their counterparts in holes 17 which are conical. The holes in
      FIG. 7 entail certain changes in the flows through the respective holes as
      compared with corresponding holes in FIG. 6 under otherwise identical
      conditions as regards ingoing overpressure and peripheral speeds for the
      drum which may be regarded as a kind of centrifugal pump functioning over
      the so-called confined point with the holes acting as a kind of blades.
PAR  In FIG. 8 the holes have been arranged at the side of the pulsation organs
      and are radially directed. Holes 18 are cylindrical and holes 19 conical.
PAR  FIG. 9 shows a pulsation organ 20 with two holes. The pulsation organs or a
      selected part thereof may be provided with more holes.
PAR  FIG. 10 shows a pulsation organ 21, obliquely arranged in the rotation
      direction. The degree of inclination can be varied in respect of the outer
      and inner groups of pulsation organs and also within the respective
      groups; refer to above.
PAR  Below will be described a number of different designs of pulsation organs
      which are particularly suitable for drums made of sheet-metal.
PAR  FIG. 11 shows a separate pulsation organ 22 welded to a perforated
      sheet-metal drum 23, part of which is displayed in the plane. The screen
      openings 24 are cylindrical as shown by the figure and/or conical in
      socalled equilateral, triangular partition. FIG. 12 shows a section of the
      pulsation organ along the line D -- D in FIG. 11. The pulsation organ can
      also be riveted to the drum, possibly simultaneously with a similar organ
      on the other side of the drum, or attached by other means.
PAR  FIG. 13 shows another pulsation organ 25, for instance made from a section
      of a pipe, also welded on to a hole-punched, preferably perforated drum,
      part whereof is displayed in the plane.
PAR  FIG. 14 is a section of the pulsation organ along the line E -- E in FIG.
      13. The screen openings are identical with those in FIGS. 11 and 12. If
      the pulsation organ 25 is located in such way that its projection against
      a plane normal to the rotation direction gets large, preferably larger
      than its projection against the mantle surface of the screening drum, the
      disintegration effect of the device is facilitated which may in certain
      cases be preferable.
PAR  Pulsation organ 26 in FIG. 15, shown as a section in FIG. 16 along the line
      F -- F, is bowl-shaped, as a part of a sphere, and pressed into
      nonperforated areas of drum mantle 23, preferably prior to bending of
      same, the drum mantle being hole-punched as in FIGS. 11 and 13.
PAR  FIGS. 17 and 18 (the latter being a section along line G -- G in FIG. 17)
      display a similar pulsation organ and drum, the pulsation organ here being
      provided with holes 27 on its leeward side and/or with reversedly located
      pulsation organs 28, similar to pulsation organ 25 in FIGS. 13 and 14.
PAR  FIG. 19 shows a long pulsation organ 29, a cross-section whereof is shown
      in FIG. 20. The pulsation organ is pressed into non-punched parts of the
      mantle which is devised as shown in preceding FIGS. Alternatively, the
      pulsation organ can be provided with holes 30 on its leeward side.
PAR  FIG. 21 displays pulsation organ 29 in smaller scale. The grouping is shown
      on a plane drum mantle.
PAR  FIG. 22 displays a similar pulsation organ 31, but here the perforation in
      the sheet-metal mantle is of so-called square type. Alternatively, the
      pulsation organs can be provided with holes 32 on the leeward side.
PAR  FIG. 23 shows the pulsation organ in smaller scale in a different grouping
      and with different lengths of pulsation organs 31 and 33, seen in the
      rotation direction as inclining upwards - backwards (31), respectively
      downwards - backwards (33).
PAR  FIG. 24 displays another grouping of pulsation organs 34 and 35, in this
      case hook-shaped with unequally long legs upwards and downwards the drum.
PAR  FIG. 25 shows the same pulsation organ as in FIG. 24, but here the
      pulsation organs of the second and fourth rows in the figure are placed
      with the open hook in the rotation direction. The pulsation organs
      according to FIGS. 15 - 25 can also be made in corresponding section to be
      welded, riveted or otherwise attached to the drum mantle plane or as
      finished drum, which is provided with different screen openings. In this
      way an existing combination of pulsation organs can be supplemented in
      case of need.
PAR  FIGS. 26, 27 and 28 (FIG. 27 is a section along J -- J in FIG. 26) show a
      design which gives a favourable combination effect. The spherical sectors
      36 produce an efficient pulsation and the intermediate smaller and
      protruding parts 37 provide a desirable guiding effect on the axial
      movement of the materials suspension as well as a certain pulsation
      effect. If the mantle of the pulsation drum is moved in the direction of
      the arrow and the materials suspension is fed in from above, the
      aforementioned intermediate parts 37 will counteract the downward movement
      of the suspension if the angle alfa is larger than 0.degree. and smaller
      than 90.degree.. By this the processing time is extended. If, on the other
      hand, the angle is chosen in the 90.degree. - 180.degree. range, the
      intermediate parts will contribute to an increase of the speed of the
      downward feed. It is consequently possible by aid of each part to achieve
      both an efficient pulsation and a guiding of the movement of the
      suspension across the screen surface.
PAR  In order that the above effect be achieved with the design according to
      FIGS. 26 - 28 is required that the pulsation/guiding organ is of the
      extension as to length and height as is required for achieving the
      intended effect. Since the height extension of the guiding organ is
      limited because of the risk of jamming caused by knots or major particles
      in the space outside the drum, the pulsation/guiding organ must be
      dimensioned in length with a certain minimum extension which preferably
      may be defined as a function of the width of the organ. According to the
      invention said relation is to be not less than 5:1, i.e. the length L
      measured along the mantle surface is to be not less than five times as
      large as the width B.
PAR  In FIG. 28 a modified design is shown. The guiding organ 38, which also
      produces a certain pulsation effect, is arranged on both sides of the
      actual pulsation organ 39. In order to obtain a uniform design, all organs
      are preferably to be devised either according to design 36 - 37 or design
      38 - 39, although both types may naturally be used on one and the same
      drum, internally and/or externally. Screen openings 40 are arranged
      between and/or in organs 36 - 39 as shown in FIGS. 26 and 27.
PAR  By way of introduction was stated that the pulsation organs according to
      the invention are particularly suitable for the knot-catching drum
      according to pat. appl. 2528/71. The pulsation organs can also be used to
      advantage for a knot-catcher, preferably closed-type, i.e. a screening
      apparatus intended exclusively for removing of knots and coarse
      impurities. This design can, in principle, be obtained by excluding the
      drum for finescreening in FIG. 2 of pat. appl. 2528/71. The screen device
      would in such case comprise only one screening drum (the outer drum with
      pulsation organs according to aforementioned pat. appl.) Under this
      alternative a special disintegration effect can be obtained if the
      pulsation drum is made more robust, preferably cast, e.g. as in FIGS. 6 -
      10, and if likewise the mantle devised outside the drum is made sturdier
      and provided with bulges which interact with the pulsation organs and the
      pulsation drum. At the same time an efficient primary sorting is in this
      case obtained.
PAR  The above mentioned and shown designs and combinations of pulsation organs
      and different groupings thereof only serve to illustrate the invention and
      do not cover all designs, combinations and groupings that are within the
      scope of the invention.
PAR  In FIGS. 29 and 30 are shown the two alternative screening devices
      according to pat. appl. 2528/71 which are particularly suitable for the
      screening drum, according to the invention, which is provided with
      pulsation organs.
PAR  The device according to FIG. 29 consists in its principal parts of a
      highspeed rotary screening drum 1' and, concentrically with and outside
      it, a highspeed rotary knot-catching and pulsation drum 2', and
      concentrically with these drums a stationary mantle 3' attached with a
      holder 4' to a screen casing 5' which is fixedly attached to a supporting
      frame 6' which in turn is mounted on to a base stand 7'.
PAR  The knot-catching drum 2' is at the top attached to a cover 8' which is
      rigidly mounted on a rotary shaft 9'. The screening drum 1' is at the top
      attached to a cover 10' equipped with low pump blades 11'. The cover 10'
      is fixedly mounted on to a sleeve 12' mounted against the shaft 9' in
      radial bearings 13' and 14' and thrust bearings 15'. The sleeve 12' is
      externally carried in radial bearings 16' and 17' against bearing support
      18' attached at the top to the supporting frame 6' and at its base
      inserted into the latter. Axially, the sleeve 12' is mounted to the
      bearing support 18' in thrust bearing 19' and a casing 20' fitted to the
      support 18' and provided with stuffing and sealing 20a'. The axial load on
      the shaft 9' is transferred via a ring 21' to bearing 15' and is absorbed
      by a casing 22' attached to the sleeve 12'. The radial bearing suspension
      of the shaft 9' is reinforced by a radial bearing 23' which is secured to
      shaft 9' by a screw 28' via the ring 21', wear linings 24' and 25', a
      driving pulley 26', and a washer 27'. Another driving pulley 29' for the
      screening drum 1' is fixedly mounted on casing 22' using a stuffing box
      sealing 30'.
PAR  The axial load on sleeve 12' is absorbed by a Seeger ring 31' and
      transferred via the bearing 17', a ring 32', and bearing 19' to the casing
      20' screwed on to sleeve 12' which is inserted into a fitting in the
      supporting frame 6'.
PAR  A nut 33' secures the cover 8', a wear lining 34' and the bearing 13' to
      the shaft 9'.
PAR  The cover 8' is equipped with blades 35'.
PAR  The cover 10' is devised with stuffing boxes 36' and 37'.
PAR  Connecting on to the inner side of screening drum 1', pulsation blades 38'
      are mounted on the supporting frame 6'. One or more of these blades 38'
      may be hollow and devised for adding of flushing water outwards toward
      screening drum 1' for extra cleaning of its screening organ at the same
      time as the water being flushed through the drum dilutes the pulp on the
      outside of the drum to its full height.
PAR  The mantle 3' is in its upper part 39' coarsely perforated (.phi. 20 - 25
      mm) and in its lower part 40' perforated for adding of flushing or excess
      water and provided with an outlet 41' for knots etc.
PAR  The screening drum is devised at the base with a seal 42', shown in
      socalled mechanical version.
PAR  The knot-catching and pulsation drum 2' is devised with
      pulsation-generating deformations 43' on its surface.
PAR  At the lower part of the drum 2' pressure water is introduced for dilution
      or flushing, partly through perforation 44' and, partly, through slots 46'
      at the two lower flanges of the drum 2'.
PAR  The apparatus is closed at its top with a cover 45'.
PAR  The driving pulleys 26' and 29' are driven via V-belt transmissions not
      shown by ditto separate electric motors, diamentally located in order to
      reduce the lower radial bearing loads.
PAC  Mode of operation:
PAR  The pulp, i.e. the incoming matter, is fed into the apparatus tangentially
      at A, enters the ring-shaped waste chamber B from where waste etc. is
      drained off when necessary at G. The pulp is peripherally distributed and
      flows inwards through the coarsely perforated mantle part 39', is
      accelerated to suitable speed and required pressure by the blades 35',
      being simultaneously defibrated, enters in a dispersed state the
      ring-shaped chamber D, flows against the centrifugal and pumping force,
      exerted by knot-catching drum 2', through the perforated zones of the
      latter where it is freed from knots, remaining pulp being diluted with
      pressure water added to chamber E at F through perforation 40' in the
      mantle 3'. The knots are fed out through outlet 41' with suitable
      counter-pressure at G.
PAR  The pulp, screened from knots, flows into the ring-shaped chamber N and
      inwards through the turbulent liquid layer proceeding through the
      perforation of the screening drum 1' which is locally cleaned by aid of
      pressure blasts from blades 38'.
PAR  At the lower part of screening drum 1' pressure water for dilution of
      remaining pulp is added at H to chamber J.
PAR  The remaining pulp, i.e. the reject, enters chamber K and is evacuated at L
      at suitable counter-pressure by aid of which the volume/quantity is
      regulated.
PAR  The pulp passed through screening drum 1', i.e. the accepted pulp, is
      evacuated at M.
PAR  A simplified design is shown in FIG. 30 which is a central vertical section
      of the apparatus, also in this case with a vertical shaft. The
      corresponding components etc. have the same figure and letter designations
      as in FIG. 29.
PAR  This design is principally intended for more easily screened and
      shortfibred pulps.
PAR  The principal difference between the two designs is that in the latter the
      screening drum 1' is stationary.
PAR  The knot-catching and pulsation drum 2' is now attached to the cover 8'
      which is fixedly mounted on the shaft 9'. The cover 8' is provided with
      blades 35' and 11'.
PAR  On the upper flange of the screening drum a ring 10' is screwed on. The
      screening drum with ring is secured at the upper flange of the drum to the
      flange on the supporting frame 6' and, at the same time, at the base, on
      to the lower flange of the screen casing 5'. The ring 10' is screwed on at
      the top to the upper flange of the supporting frame 6'.
PAR  The bearing sleeve 12' is at the base fitted into the supporting frame 6'
      and screwed on to it at the top.
PAR  The shaft 9' is mounted on to the bearing sleeve 12', at the top in radial
      bearing 13' and at the base in radial bearing 14'. The axial load on shaft
      9' is absorbed by the ring 21', the thrust bearing 15' and a cover 22'
      screwed on to the bearing sleeve 12' and equipped with a Stefa seal 30'.
PAR  The washer 27', the driving pulley 26', the wear lining 34' and the bearing
      13' are secured against shaft 9' with the nut 33'.
PAR  The bearings are sealed at the top with stuffing boxes 36' and 36a'.
PAR  The mantle 3' is in its upper part coarsely perforated (.phi. 20 - 25 mm)
      and in its lower part 40' suitably perforated for the adding of pressure
      water and provided with an outlet 41' for knots.
PAR  The knot-catching and pulsation drum 2' is devised with
      pulsation-generating deformations 43' on its surface. In the lower part of
      the drum pressure water is introduced through perforation 44' for diluting
      purposes.
PAR  The apparatus is closed at the top with the cover 45'.
PAR  The driving pulley 26' is driven via a V-belt transmission, not shown, by a
      ditto electric motor.
PAC  Mode of operation:
PAR  The pulp, i.e. the incoming matter, is fed into the apparatus tangentially
      at A, enters the ring-shaped waste chamber B from where waste etc. is
      drained off when necessary at G. The pulp is peripherally distributed and
      flows inwards through the coarsely perforated mantle part 39', is
      accelerated to suitable speed and required pressure by the blades 35',
      being simultaneously defibrated, enters in a dispersed state the
      ring-shaped chamber D, is screened from knots by the perforated zones of
      the drum 2' and is defibrated/deflocculated by the zones with protrusions
      43', and is diluted with pressure water through perforation 40' in the
      mantle 3'. This perforation communicates with outlet 41' causing the knots
      to evacuate at suitable counter-pressure at G by means of which the volume
      is regulated.
PAR  The pulp flows against the centrifugal and pumping force exerted by the
      knot-catching drum 2' and the liquid layer rotating on its inside, through
      the drum into the ring-shaped space N between the drums and passes the
      boundary layer close to screening drum 1' and through the latter.
PAR  At the lower part of screening drum 1' pressure water is added through the
      perforations 44' of screening drum 2' for diluting purposes. The remaining
      pulp, the reject, enters chamber K and is evacuated at L at suitable
      counter-pressure by aid of which the volume is regulated.
PAR  The pulp passed through screening drum 1' i.e. the accepted pulp, is
      evacuated at M.
PAR  In addition, different modifications of these devices are possible, e.g.
      the following:
PAR  a: in order to eliminate seal 42' in the design according to FIG. 29, the
      accepted pulp may be extracted at the top in which case the seal is placed
      between the accepted pulp and the incoming matter, possible leakage
      preferably being from accepted pulp to incoming matter. There are on this
      point different solutions, depending on whether the apparatus is operating
      in a pulp pipeline under comparatively high pressure or if the accepted
      pulp can flow off "freely" at the top.
PAR  b: in the design according to FIG. 30 with a stationary screening drum, the
      blades 38' may be rotary and driven at suitable speed in the same way as
      the screening drum in the design according to FIG. 29.
PAR  c: in the design types referred to a vertical center shaft is used. They
      may however preferably use a horizontal shaft, especially if this would
      make the design simpler and more rational.
PAR  d: when the apparatus is placed so far towards the beginning of the process
      that the fiber suspension is already screened from knots, this
      purification stage is naturally deleted, which means that pressure water
      need not be added at F and that the knot outlet G does not have any
      knot-removing function. The pressure water inlet and the knot outlet are
      in this case to be closed in some suitable way, e.g. by blank-flanging. It
      is of course also possible to make the construction cheaper by building
      the apparatus without the abovementioned pressure-water inlet and/or knot
      outlet. Should waste collection not be needed also waste chamber B can be
      deleted and possibly also the coarsely perforated mantle part 39'.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for purifying and fractionating a material suspension, notably
      a fiber suspension, under pressure, said device including
PA1  a treatment chamber having a circular cross-section, with an inlet for the
      suspension and outlets for reject and accept, respectively;
PA1  a screening drum having a circular cross-section and rotatable in the
      treatment chamber, said drum being provided with pulsation organs;
PA1  said inlet being exterior of said drum,
PA1  each pulsation organ having a limited extension along the axial dimension
      of said drum, and a rounded front surface, said organ being adapted to
      create pulsations in the suspension layer close to the screening drum,
PA1  said drum being perforate to provide an array of screen holes spaced on the
      surface of said drum,
PA1  the number of screen holes being considerably larger than the number of
      pulsation organs and
PA1  at least one screen hole being located on the surface of each said
      pulsation organ at its leeward side, viewed in the direction of rotation
      of said drum, thereby causing a local return flow outwardly through said
      screening drum.
NUM  2.
PAR  2. A device according to claim 1, said pulsation organs being arranged on
      both the outside and the inside of the screening drum.
NUM  3.
PAR  3. A device according to claim 2, characterized by the screening drum being
      provided on its inside with a greater number of pulsation organs than on
      its outside.
NUM  4.
PAR  4. A device according claim 1, characterized by the pulsation organs being
      at an angle to the rotation direction of the screening drum.
NUM  5.
PAR  5. A device according to claim 4, characterized by the pulsation organs
      being inclined upwards, setting out from their front surface.
NUM  6.
PAR  6. A device according to claim 4, characterized by the pulsation organs
      being inclined downwards, setting out from their front surface.
NUM  7.
PAR  7. A device according to claim 4, characterized by the pulsation organs
      being inclined, in part upwards and in part downwards, setting out from
      their front surface.
NUM  8.
PAR  8. A device according to claim 1, characterized by said drum being of sheet
      metal and said pulsation organs being pressed out in the sheet-metal of
      the screening drum.
NUM  9.
PAR  9. A device according to claim 1, characterized by the pulsation organs
      being prolonged and of a length five times exceeding their width.
NUM  10.
PAR  10. A device according to claim 9, characterized by the pulsation organs
      being angular.
NUM  11.
PAR  11. A device according to claim 9, characterized by the pulsation organs
      being provided with at least one bowl-shaped protuberance which ascends
      above the rest of the pulsation organ.
NUM  12.
PAR  12. A device according to claim 11, characterized by a bowl-shaped
      protuberance being centrally located on each pulsation organ.
NUM  13.
PAR  13. A device according to claim 11, characterized by a bowl-shaped
      protuberance being located at each end of each pulsation organ.
NUM  14.
PAR  14. A device according to claim 11, characterized by certain pulsation
      organs having a centrally located bowl-shaped protuberance and others
      having a bowl-shaped protuberance at each end.
NUM  15.
PAR  15. A device according to claim 1, characterized by the projection of the
      pulsation organs against a plane normal to the direction of rotation being
      larger than the projection of the organs against the surface of the
      screening drum.
NUM  16.
PAR  16. A device for purifying and fractionating a material suspension, notably
      a fiber suspension, under pressure, said device including
PA1  a treatment chamber having a circular cross-section, with an inlet for the
      suspension and outlets for reject and accept, respectively;
PA1  a screening drum having a circular cross-section and rotatable in the
      treatment chamber, said drum being provided with pulsation organs;
PA1  said inlet being exterior of said drum,
PA1  each pulsation organ having a limited extension along the axial dimension
      of said drum on its exterior surface, and a rounded front surface, said
      organ being adapted to create pulsations in the suspension layer close to
      the screening drum,
PA1  said drum being perforate to provide an array of screen holes spaced on the
      surface of said drum,
PA1  the number of screen holes being considerably larger than the number of
      pulsation organs and
PA1  at least one screen hole being located on the drum surface adjacent to said
      pulsation organ on its leeward side viewed in the direction of rotation of
      said drum, thereby causing a local return flow outwardly through said
      screening drum.
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PAL  Sewage is subjected to a sudden pressure release to break up the organic
      solids particles for improving subsequent treatment or separation
      operations.
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      1972 now abandoned.
BSUM
PAR  This invention relates to the processing of waste materials and more
      particularly to improvements in processes and apparatus for extracting or
      treating the solids in sewage.
PAR  Many processes for treating sewage materials are dependent upon time,
      efficiency and other factors which are related to the size of the
      individual particles of solids to be treated or separated. By way of
      example, bacterial digestion processes can be expedited if there is
      complete exposure of the solids to the bacteria, as by having the solids
      finely divided and thoroughly mixed in the medium where digestion occurs.
      Similarly, treatments which rely upon contact with or reaction with
      additives normally are enhanced where the solids are in the form of very
      small particles. Antipathogenic treatment, such as with chlorine, oxygen
      or ozone, may only reach the surface layers of large particles, leaving
      viable pathogens in the particle cores for later escape unless prolonged
      treatment is carried out or excess additives are provided. Accordingly,
      often it is desirable that the solids in sewage materials be in the form
      of fine particles for treatment processes. Moreover, since sewage handling
      processes normally involve large quantities of materials, it is further
      desirable that treatment operations be carried out at a rapid rate, and
      preferably on a high volume continuous basis.
PAR  It is an object of this invention to provide improvements meeting the
      aforementioned requirements.
PAR  It is another object of this invention to provide improvements which will
      increase the efficacy of waste handling and treatment systems and
      processes.
PAR  It is an object of this invention to provide improved processes and
      apparatus for removing solids from waste materials such as sewage.
PAR  It is a more specific object of this invention to provide improved
      apparatus and processes for preparing sewage solids for subsequent
      biological treatment, chemical treatment or other processing.
PAR  It is another object of this invention to provide improved apparatus and
      processes for expanding and comminuting particles of solids in sewage,
      sludge or the like, and particularly on a continuous operation basis.
PAR  Further and additional objects and advantages of this invention will be
      apparent to those skilled in the art from the following description, the
      accompanying drawings and the appended claims.
PAR  In accordance with teachings of this invention sewage is caused to flow
      through a hydraulic system which subjects the sewage to a sudden
      substantial drop in pressure, along with an attendant increase in
      velocity, and violent turbulence or agitation. By way of example, the
      pressure may be decreased on the order of 20 psi in 1/10 second or less,
      and the sewage may be subjected to turbulent flow while under a vacuum.
      The resulting material evidences a marked increase in the amount of
      suspended solids and a marked decrease in the amount of settleable solids,
      as compared to the input sewage material.
PAR  It is believed that the sudden decrease of pressure causes the larger
      organic solids particles to disintegrate or "explode", perhaps due to
      expansion of absorbed gases or gases generated within the particles by
      anaerobic bacterial digestion. Such gas producing phenomena may continue
      within particles of solid wastes, even though the exterior surface has
      been exposed to aerobic conditions. In any event, the sudden pressure drop
      and violent turbulence apparently cause comminution of the solids
      particles into many smaller particles and thorough mixing, resulting in
      apparent homogenization of the particles in the sewage.
PAR  The resultant sewage material then may be subjected to bacterial adsorption
      and ingestion, or biological treatment as it is called. The production of
      many smaller particles results in a greatly increased total surface area
      of solids particles for exposure to the action of natural bacteria which
      consume the organic sewage as food. If such bacteria are brought into
      intimate contact with such particles, as can be done during the turbulent
      flow and agitation, the bacteria will adsorb the particles of sewage on
      their surfaces for later consumption as food. This adsorption can take
      place in a matter of seconds or minutes. The bacteria and associated
      adsorbed particles are then settled or otherwise separated from the
      remainder of the sewage mixture and removed as a sewage sludge. The
      remaining effluent has a greatly reduced quantity of organic waste
      materials in it, comparable in many instances to the character of effluent
      from an activated sludge treatment plant.
PAR  The sludge may be kept in an aerobic condition by addition of air or oxygen
      so that the metabolism of the bacteria and the associated consumption of
      the attached organic wastes by these bacteria will proceed at a rapid
      rate. A portion of this sludge, following a time of aeration or
      oxygenation, may be recycled back into the system in the pressure drop
      and/or agitation zones for adding and mixing bacteria with the small
      particles of waste materials produced by the passage of additional sewage
      through the system to enhance the adsorption and ingestion processes.
PAR  For a more complete understanding of the invention, reference should be had
      to the illustrative embodiment shown in the accompanying drawings and
      described below.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of one system employing teachings of
      this invention; and
PAR  FIG. 2 is a schematic illustration of a pump and a diffuser which may be
      used in other embodiments.
DETD
PAR  Referring to the system of FIG. 1, a conduit 8 feeds sewage to a reactor 10
      comprising a receptacle 12 and an elongated vertical conduit 14 in open
      communication with a bottom opening 16 in the receptacle. The receptacle
      12 serves as a temporary reservoir or accumulator for the sewage. The
      conduit 14 has an open lower outlet end 18 and serves as a reactor shaft
      or passage, as will be described further below. A plunger 20 includes an
      operating stem 22 and a valve head 24 which serves as a flow constrictor
      and vortex suppressor to control the outflow from the reservoir 12 to the
      reactor shaft 14. The plunger 20 prevents formation of a vortex and avoids
      ventilation of the outflow zone from the top as well as serving as an
      on/off valve if desired. A receptacle 26 is provided beneath outlet 18 and
      forms a plunge pool for the outflow from the conduit 14.
PAR  A conduit 28 is connected to the receptacle 26 and leads to a clarifier 30.
      A discharge outlet 32 carries away the clarified effluent, and may lead to
      apparatus (not shown) for further treatment. The separated bacteria and
      associated fine particles of organic wastes which settle in the clarifier
      occupy a much smaller volume than the effluent, e.g., only 1 or 2% of the
      volume of the effluent. This smaller volume of bacteria and associated
      fine particles of organic wastes, or sludge as it is called, normally is
      comprised of less than about 5% of solids and more than about 95% water.
      An appropriate skimmer 34 is provided in the clarifier to assist in
      separating the solids and the clarified effluent. A conduit line 36
      carries the sludge from the clarifier 30 to an aeration and oxygenation
      tank 38. A further conduit system 40 conveys the sludge from the tank 38
      to a waste sludge outlet line 42. The system 40 includes conduits, such as
      indicated at 44 and 46, with associated controls such as variable valves
      48 and 50, for recycling controlled amounts of the sludge to the
      receptacle 12 and/or to the plunge pool 26, respectively. The treatment
      apparatus represented by clarifier 30, tank 38 and related components may
      be of any appropriate type in accordance with the treatment desired.
PAR  In the operation of the system of FIG. 1, the level of the sewage in
      reservoir 12 provides a pressure head H for the flow of the material into
      the shaft 14. The shaft is of sufficient vertical length from inlet 16 to
      outlet 18 to accomplish two related effects. The shaft flows full over a
      portion of its lower length, below a primary reactor pressure drop zone
      immediately beneath the inlet opening 16. The reactor zone is indicated
      generally by the dimension R in FIG. 1. The full conduit flow prevents
      ventilation of the reactor zone by reverse flow of air upward through the
      shaft. Moreover, the full flow portion beneath the primary reactor zone is
      of an appropriate length, as indicated by the dimension L, to draw a
      strong vacuum, i.e., reduce the absolute pressure substantially below
      atmospheric pressure to near absolute zero pressure, to cause flow
      separation in the reactor zone. Such flow conditions can be established
      simply by providing a shaft 14 of adequate length, e.g., substantially
      greater than the atmospheric pressure head, with due allowances relative
      to its diameter and frictional characteristics and to the characteristics
      of the fluent input material, and providing an adequate inflow supply to
      the receptacle 12.
PAR  As a result of the foregoing, sewage flowing from receptacle 12 into the
      upper portion of the shaft 14 passes abruptly from a zone of positive
      pressure due to head H in the bottom of receptacle 12 to the
      subatmospheric or negative pressure in the reactor zone. The distance
      traversed in this pressure change is on the order of one or two shaft
      diameters and occurs in a time period on the order of 1/10 second or less.
      Apparently this causes breaking up of the particles as by sudden expansion
      of internal gases or other expansion.
PAR  Along with the sudden pressure drop, the material will be rapidly
      accelerated to substantial velocities. Under flow conditions providing
      adequate vacuum as described, the flow stream will be separated or
      disrupted in the reactor zone to the extent that separated water vapor and
      released gases and a constricted or separated fluid stream will occur in
      the primary reaction zone. This will enhance the turbulence, agitation and
      mixing action in this area and immediately therebelow. Further agitation
      and mixing occurs in the subsequent full conduit flow area, and also
      particularly in the high velocity discharge into the plunge pool.
PAR  By way of one specific example, sewage was passed through a reactor
      corresponding to reactor 10 wherein shaft 14 was a vertical pipe of 12
      inches I.D. and 100 feet long. A plunge pool was provided immediately
      beneath the pipe outlet 18. Reservoir 12 was substantially larger in
      cross-section, i.e., about 4 feet, and was maintained at a level to
      provide a head H of about 10 feet. Flow rates were adjusted by adjusting
      plunger 24, with satisfactory results being observed over flow rates of
      from about 3 FPS to about 50 FPS. At higher rates it appears that
      frictional factors were sufficient to maintain adequate pressures in the
      upper portion of the pipe to preclude the desired sudden pressure drop. At
      lower flow rates, counter flow ventilation and/or other factors apparently
      prevented maintenance of an adequate length of full pipe flow to generate
      adequately low pressures in the upper portion of the pipe. Within the
      noted range, a vacuum zone apparently occurred in the top of the pipe 14,
      immediately beneath reservoir 12, with the sewage encountering a pressure
      drop on the order of 15- 20 psi from the positive pressure in the bottom
      of the reservoir to the vacuum in the reactor area in about 1/10 second or
      less as described above for reactor 10. It will be noted that the related
      change in velocity in this system was by a factor of about 17, e.g., from
      about 3 FPS in the reservoir to 50 FPS in the shaft at the upper range of
      flow rates.
PAR  Sewage flowed through the vertical pipe and into the plunge pool as
      outlined above underwent a great change in appearance, resulting from an
      apparent homogenization of particles in the sewage. Laboratory tests of
      samples taken before and after the drop showed a marked increase in the
      amount of suspended solids and a marked decrease in the amount of
      settleable solids. Evidently the effect of the drop was to greatly
      decrease the average particle size. The presence of a partial vacuum in
      the upper portion of the pipe and the sudden change from positive to a
      negative pressure as the sewage flowed into the upper portion of the pipe
      apparently "exploded" the larger particles into many smaller particles,
      and the violent turbulence in the high velocity flow both in the pipe and
      in the plunge pool beneath the pipe evidently achieved a thorough mixing
      of the particles, with the resultant apparent homogenization.
PAR  Significant economic advantages are afforded by the simple but efficient
      particle size reduction in the described vacuum reactor as well as by the
      simple but efficient intimate and thorough mixing of recycled sludge in
      the vacuum reactor and plunge pool, and in the very small aeration or
      oxygenation tank required as compared to a conventional activated sludge
      treatment plant. The simple gravitational flow arrangement of FIG. 1 also
      may be obtained, for instance, by a shaft or conduit extending to an
      underground treatment area. Accordingly, only a very small surface area
      would be required, which would be a further economic benefit in many
      locations. By way of further illustration, a 12 inch vertical reactor
      shaft as described above could pass 25 MGD of sewage, equivalent to the
      flow from an average industrialized population of 100,000 persons plus
      associated industry. Three shafts each 48 inches in diameter, with
      associated underground clarifiers, sludge aeration or oxygenation tanks,
      and other appurtenances occupying a few acres of underground space,
      theoretically could process an average flow of 1000 MGD, equivalent to the
      world's largest present sewage treatment plant which occupies 500 acres of
      land. Considerable savings in construction cost also can be obtained by
      using such vertical shaft reactors as compared to using a conventional
      activated sludge plant.
PAR  Another apparatus for achieving the desired reduction in particle size of
      sewage solids is illustrated in FIG. 2. Here a pump 52 is connected to a
      venturi conduit section 54, with a relatively large diameter diffuser
      outlet section 56 connected to the venturi. The diffuser would discharge
      at atmospheric pressure to a receiving pool corresponding to plunge pool
      26. In operation, the pump feeds the material to the venturi section under
      positive pressure. An abrupt change in pressure from positive gage
      pressure to vacuum (negative gage) will occur in the passage of the
      material through the venturi and into the section 56, with turbulence and
      agitation occurring in the section 56 and in the receiving pool. This
      apparatus and process step would be followed by clarification to separate
      the sludge and effluent, with subsequent treatment for the sludge and
      effluent as would be typical in biological treatment systems. For instance
      an arrangement for the related subsequent processing could be as shown and
      described with respect to FIG. 1.
PAR  Dividing the solid particles into relatively small and uniform particles as
      outlined above increases the homogenity of the mixture, increases the
      suspended solids, and concomittantly decreases settling and pretreatment
      separation of the solids. Moreover, since these results are obtained in a
      continuous flow operation, the improvements are well suited to use in
      sewage treatment and similar processes.
PAR  It will be appreciated that this invention may be utilized in various
      processes for handling and treating sewage and/or sludge other than a
      solids digestion and separation process as in FIG. 1. For instance such
      expansion, comminution and mixing may be used in processes for chemical
      treatment of pathogens in sewage or sludge, such as with chlorine, oxygen
      or ozone, or in increasing the uniformity, homogenity or flowability of
      such materials for other purposes. This may include rupturing cell walls
      of bacteria in sludge, for instance to improve flowability of the sludge,
      under appropriate pressure drop conditions.
PAR  It will be seen that improvements have been provided which meet the
      aforestated objects.
PAR  While particular embodiments of this invention have been described, it will
      be understood, of course, that the invention is not limited thereto since
      modifications may be made by those skilled in the art, particularly in
      light of the teachings herein. Therefore, it is contemplated by the
      appended claims to cover any such modifications as incorporate those
      features which may be said to constitute the essential features of these
      improvements, within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of treating aqueous sewage material containing organic solids
      particles during flow of such material, including subjecting said material
      to a positive pressure in a first zone in a receptacle, flowing such
      material abruptly from such zone of positive pressure downward through a
      generally vertical conduit in a manner to provide a reactor zone of near
      absolute zero pressure subjacent said receptacle and full conduit flow
      beneath said reactor zone, precluding entry of air into said reactor zone,
      flowing such material from said zone of positive pressure into and through
      said reactor zone at high velocity, causing water vapor and gases suddenly
      to be separated and released in said material in said reactor zone, and
      permitting such water vapor and gases to expand suddenly in said reactor
      zone, thereby rupturing organic solids particles in said sewage material
      by the sudden expansion of such water vapor and gases and thereby
      disintegrating said particles into substantially smaller particles.
NUM  2.
PAR  2. A process as in claim 1 wherein said material flows from said positive
      pressure first zone into the near absolute zero pressure area of said
      reactor zone in about 1/10 second or less.
NUM  3.
PAR  3. A process as in claim 2 wherein the positive pressure on said material
      in said first zone is equal to a pressure head of about 10 feet of water.
NUM  4.
PAR  4. A process of treating aqueous sewage material containing organic solids
      particles during flow of such material, including subjecting said material
      to a positive pressure in a first zone, flowing such material abruptly
      from such zone of positive pressure into and through a reactor zone of
      near absolute zero pressure at high velocity while excluding air from said
      zone, causing water vapor and gases suddenly to be separated and released
      in said material in said reactor zone, and permitting such water vapor and
      gases to expand suddenly in said reactor zone, thereby rupturing organic
      solids particles in said sewage material by the sudden expansion of such
      water vapor and gases and thereby disintegrating said particles into
      substantially smaller particles.
NUM  5.
PAR  5. A process as in claim 4 comprising establishing a pool of said material
      with a portion of said material in said pool being under superatmospheric
      pressure, flowing said material from a superatmospheric pressure zone in
      said pool through a conduit, and establishing such reactor zone of near
      absolute zero pressure in said conduit adjacent said pool, wherein said
      material flows from said superatmospheric pressure zone directly into said
      reactor zone.
NUM  6.
PAR  6. A process as in claim 5 including establishing said zone of near
      absolute zero pressure by gravity flow of said material from said reactor
      zone and controlling the inflow to said reactor zone.
NUM  7.
PAR  7. A process as in claim 6 wherein said conduit extends vertically downward
      directly from said pool.
NUM  8.
PAR  8. A process as in claim 7 including discharging said material from said
      conduit into a plunge pool.
NUM  9.
PAR  9. A process as in claim 8 including adding biological sludge in said
      plunge pool.
NUM  10.
PAR  10. A process as in claim 5 including subjecting such comminuted solids to
      bacterial processing, and adding a portion of the resulting sludge to said
      material in said pool.
NUM  11.
PAR  11. A process as in claim 4 including adding biological sludge to said
      material prior to such sudden reduction in pressure.
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ABST
PAL  A method and means for treating sewage using the activated sludge process.
      Sewage in a circular aeration chamber is given a spiral motion about the
      chamber centre and this motion is used to cause liquid-borne sludge to
      flow from the chamber along a canal around the chamber. Part of the sludge
      is returned from the canal to the chamber under the influence of gravity
      for recirculation.
BSUM
PAR  This invention relates to treatment of sewage using the activated sludge
      process and more particularly to the aeration of sewage and sludge in this
      process.
PAR  Aeration of liquid-borne sludge is usually effected in aeration tanks from
      where the sludge is passed to a sludge settling installation. Sludge is
      returned from the latter to the aeration tank to enhance activation and
      digestion of incoming sewage.
PAR  It is an object of the present invention to provide a method of and means
      for enhancing digestion of sludge in the aeration stage. A further object
      of the invention is to allow for denitrification of activated sludge in
      the aeration stage.
PAR  According to this invention there is provided a method of treating sewage
      using the activated sludge process comprising imparting to sewage
      introduced into a circular aeration chamber a spiral motion about the
      chamber centre, using the motion imparted to the sewage to cause
      liquid-borne sludge from the chamber to flow along a canal around the
      chamber and returning at least part of the liquid-borne sludge in the
      canal back into the aeration chamber under the influence of gravity for
      recirculation.
PAR  The invention also provides apparatus suitable for use in the treatment of
      sewage using the activated sludge process comprising a tank having a
      central aeration chamber and a canal around it, an overflow weir from the
      chamber into the canal, a deflecting wall in the canal co-operating with
      an underflow weir from the canal to the chamber and an outlet from the
      canal adjacent the deflecting wall upstream thereof.
PAR  Further features of the invention provide for the overflow and underflow
      weirs to be located adjacent one another, for the floor of the canal to
      slope downwardly from the deflecting wall to the underflow weir, for the
      deflecting wall to be displaced progressively towards the aeration chamber
      centre over the length of the canal having the inclined bottom and for the
      aeration chamber to have a base in the form of an endless channel of
      arcuate cross-section.
PAR  Still further features of the invention provide for the outlet to be in the
      form of an overflow weir preferably of adjustable height, for the
      apparatus to include a regulating gate to control the quantum of flow into
      the canal, for the apparatus to include a centrally located aerator
      adapted to impart a spiral motion about the aeration chamber centre to the
      liquid-borne sludge in the aeration chamber and for the aerator to include
      a stirring mechanism adjacent the floor of the chamber.
DRWD
PAR  A preferred embodiment of the invention is described below by way of
      example, reference being made to the accompanying schematic drawings, in
      which:
PAR  FIG. 1 is a plan view of an aerating installation according to the
      invention; and
PAR  FIGS. 2 and 3 are sectional elevations of parts of the installation taken
      along lines II--II and III--III respectively in FIG. 1.
DETD
PAR  The aerating installation comprises a tank 1 having a central aeration
      chamber 2, circular in plan and a canal 3 extending along the periphery of
      the aeration chamber.
PAR  At one end the canal 3 has an overflow weir 4 from the aeration chamber
      into the canal. The weir 4 is located beneath the normal liquid-sludge
      level 5 in the chamber 2 and is so dimensioned as to enable liquid-borne
      sludge to be diverted into and driven along the canal under the action of
      a spiral motion about the chamber centre of the sludge in the aeration
      chamber 2.
PAR  This motion in the sludge may be created by an aerator 6 mounted centrally
      in the aeration chamber and preferably of the conoidal type described in
      our co-pending Application entitled "Apparatus for Aeration or Evaporation
      of Liquid." The aerator causes circular and upward motions of sludge in
      the chamber and these motions combine to give a spiral flow which pushes
      the sludge along the canal 3. To facilitate this flow, the floor of the
      chamber 2 is preferably formed as an endless channel 7 of arcuate
      cross-section. The aerator 6 preferably has a stirring mechanism 21
      mounted thereon for rotation adjacent the floor of the chamber 2.
PAR  The end of the canal opposite the end with the inlet weir 4 has an
      underflow weir 8 in the chamber wall for returning to the aeration chamber
      2 at least some of the liquid-borne sludge in the canal 3. This weir 8 is
      situated adjacent the inlet weir 4 and has a deflecting wall 9 of the
      canal located to co-operate therewith. Adjacent to the deflecting wall 9
      and upstream thereof is an outlet from the canal in the form of another
      overflow weir 10 preferably adjustable in height.
PAR  The floor 11 of the canal slopes downwardly from the deflecting wall 9 to
      the weir 8 to enable sludge to be returned from the canal 3 to the chamber
      2 under the action of gravity.
PAR  As shown, the deflecting wall 9 is displaced progressively towards the
      aeration chamber centre over the length of that part of the canal having
      the inclined floor 11. This is to enhance even distribution of sludge into
      the aeration chamber.
PAR  Of the lightweight and heavy sludge passing along the canal 3 the former
      will discharge over the outlet weir 10 into a conduit 12 whilst the latter
      will pass through the underflow weir 8 to the chamber 2. The weir 10 will
      be so adjusted as to provide an appropriate ratio of sludge returned to
      and removed from the tank 1.
PAR  Means are provided for regulating the quantum of flow into the canal 3 and
      may conveniently be in the form of a swing gate 14 mounted at the inlet to
      the canal. A shield 15 is preferably mounted over the inlet weir 4 to
      prevent turbulence of liquid entering the canal 3. The conduit 12 leads to
      a second tank 16 which is the same as the tank 1 described above. The
      outlet from the tank 16 is in the form of an overflow weir 17 which
      discharges into a conduit 18 leading to a sludge settling installation.
PAR  In use, sewage is fed into aeration chamber 2 through conduit 19 after
      being passed through the usual screens. The sewage is aerated in the
      aeration chamber 2 together with activated sludge from the sludge settling
      installation.
PAR  During aeration nitrification also takes place but the passage of the
      sludge along canal 3 is slow and non-turbulent, giving it an opportunity
      to denitrify.
PAR  At the underflow weir 8 at the end of the canal the heavier of the
      liquid-borne sludge in the canal is returned to the aeration chamber by
      sliding down the inclined floor 11 of the canal under the action of
      gravity. In this way the heavier sludge is recirculated and digestion
      thereof is enhanced by virtue of the sludge being subjected to more
      aeration than is usual in these installations.
PAR  The lighter sludge passes over the weir 10 to the second tank 16 where the
      process is repeated. It is considered that the microbial life digesting
      the sludge will be different for the heavier and lighter sludge and by
      separating these into two tanks overall digestion will be improved. It may
      be necessary to remove sludge periodically from the bottom of the aeration
      chamber through a conduit 20 or the like.
PAR  It is stressed that the use of the canals 3 in the tanks 1 and 16 allow
      denitrification to take place so that denitrified sludge is passed to the
      settling installation. The continuous recirculation of sludge prevents too
      much sludge being passed to the settling installation and hence prevents
      overloading of the latter. Also, recirculation increases the sludge
      concentration in the tanks and hence the bacteria concentration which
      improves digestion and conversion to gas.
PAR  Although a double tank installation has been described, it may in certain
      applications be expedient to use one only or more than two tanks. Also,
      the installation described above may be changed in many ways as a matter
      of design without departing from the spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. In activated sludge treatment of sewage in a chamber having a center,
      the improvement comprising a) imparting to the sewage in the chamber a
      spiral motion about the chamber center, b) using the motion imparted to
      the sewage to cause liquid-born sludge in the chamber to flow from the
      chamber into and along a canal around the chamber, c) returning at least
      part of the liquid-born sludge under the influence of gravity directly
      from the canal back into the chamber after flowing said sludge in the
      canal substantially around the chamber.
NUM  2.
PAR  2. A process according to claim 1 wherein the flow of sludge along the
      canal around the chamber is slow and non-turbulent.
NUM  3.
PAR  3. A process according to claim 2 which comprises aerating the sewage in
      the chamber.
NUM  4.
PAR  4. Apparatus suitable for use in activated sludge treatment of sewage and
      comprising a tank having a central chamber with a floor and a centre,
      canal means for slow and non-turbulent flow of sludge around the chamber,
      an overflow weir from the chamber into the canal means, underflow weir
      means to permit sludge in the canal means to flow directly from the canal
      means into the chamber, a deflecting wall in the canal means co-operating
      with the underflow weir means and an outlet from the canal means adjacent
      the deflecting wall and upstream thereof.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 in which the overflow weir and underflow
      weir means are located adjacent one another.
NUM  6.
PAR  6. Apparatus as claimed in claim 4 in which the canal means has a floor
      which slopes downwardly from the deflecting wall to the underflow weir
      means.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 in which the deflecting wall is
      displaced progressively towards the chamber centre over the length of the
      canal means for which the floor slopes downwardly.
NUM  8.
PAR  8. Apparatus as claimed in claim 4 in which the outlet is in the form of an
      overflow weir which is adjustable in height.
NUM  9.
PAR  9. Apparatus as claimed in claim 4 in which the chamber floor is in the
      form of an endless channel of arcuate cross-section.
NUM  10.
PAR  10. Apparatus as claimed in claim 4 including a regulating gate to control
      the quantum of flow into the canal.
NUM  11.
PAR  11. Apparatus as claimed in claim 4 including a centrally located aerator
      adapted to impart a spiral motion about the chamber centre to liquid-borne
      sludge in the chamber.
NUM  12.
PAR  12. Apparatus as claimed in claim 11 in which the aerator includes a
      stirring mechanism adjacent the floor of the chamber.
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PAL  Total removal of cellulose nitrate particles from a waste water stream is
      accomplished by a combination of chemical and biological treatments which
      result in an effluent having a greatly reduced concentration of nitrogen
      compounds and having an acceptable BOD. The first step in the process
      requires that the insoluble, non-biodegradable cellulose nitrate particles
      be chemically digested with alkali to produce soluble products. Following
      digestion, the waste stream is supplemented with domestic raw sewage and a
      microbially utilizable carbon source and the supplemented waste stream is
      subjected first to an anaerobic microbial denitrification treatment to
      eliminate the oxidized forms of nitrogen and then to an aerobic microbial
      treatment to reduce BOD and to oxidize reduced nitrogen compounds. The
      effluent therefrom is again supplemented with a microbially utilizable
      carbon source and subjected to a final anaerobic microbial denitrification
      to remove nitrates present in the waste water resulting from nitrification
      processes occurring during the aerobic treatment step.
GOVT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to us of
      any royalty thereon.
PARN
PAR  This is a continuation-in-part of application Ser. No. 422,458, filed Dec.
      6, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for treating waste water containing
      cellulose nitrate particles and, more particularly, to a process for the
      chemical-biological degradation of cellulose nitrates found in waste
      streams resulting from cellulose nitrate manufacture so as to produce an
      effluent substantially free of reduced and oxidized forms of nitrogen.
PAR  Cellulose nitrate, hereinafter referred to as "nitrocellulose", is produced
      in large quantities for use in the manufacture of munitions, synthetic
      finishes and a wide variety of other products, by the reaction of pure
      cellulose with an excess of nitric acid and a dehydrating agent such as
      sulfuric acid. In the manufacture of nitrocellulose, the freshly nitrated
      cellulose material is thoroughly washed with substantial amounts of water
      to remove excess acid present and this wash water carries, in addition to
      unreacted acid, a suspension of small particles of insoluble
      nitrocellulose referred to as "nitrocellulose fines." While the waste
      water is normally neutralized and treated before flowing into the
      receiving water, there has, heretofore, been no practical way to eliminate
      the nitrocellulose fines therefrom, which fines constitute a serious
      waterway pollutant. Nitrocellulose fines remain in suspension in moving
      waste streams and receiving waters and this particulate suspension creates
      a milky appearance in the water, a discoloration that is objectionable
      from an aesthetic standpoint and one which prevents the use of such waters
      for domestic consumption or for many industrial uses. Another problem
      arising from the discharge of nitrocellulose into receiving waters is the
      likelihood of concentration of these nitrocellulose fines in pools located
      along stream and river beds which concentrated deposits could suddenly
      explode should they become dessicated or come into contact with strong
      oxidizing agents. If filtration were to be employed downstream of such a
      waste discharge for any purpose, the fines would collect on the filter
      device to an extent sufficient to constitute a serious hazard.
PAR  Attempts to quantitatively separate the nitrocellulose fines from the waste
      stream output of a producing plant by mechanical means, i.e.
      sedimentation, filtration and centrifugation have not proved to be fully
      adequate and even had such efforts beeen totally successful, would pose a
      further problem with respect to handling and disposing of the concentrated
      fines in an environmentally acceptable and safe manner. Nitrocellulose,
      being a thoroughly substituted cellulose compound is not subject to direct
      microbiological attack and is not broken down by microbes in receiving
      water systems. Therefore, there exists a need for a method for removing
      and disposing of these insoluble and non-biodegradable nitrated cellulose
      products from the waste streams of nitrocellulose producing plants without
      further reducing the quality of the environment. This invention has as one
      of its objects the provision of a practical and effective
      chemical-biological method for disposal of nitrocellulose fines without
      creating other toxic products. Another object of this invention is to
      provide a method for the treatment and purification of other polluting
      waste streams normally found associated with industrial facilities, i.e.,
      raw domestic sewage and water-dry waste streams (typically aqueous waste
      streams bearing organic liquids or solvents).
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for treating a waste water stream
      containing nitrocellulose fines which requires that the insoluble and
      non-biodegradable nitrocellulose particles in the waste stream be
      chemically digested with alkali at a pH of at least 11.5 to convert the
      insoluble particles to soluble and biodegradable products. The chemically
      digested waste stream is supplemented with raw domestic sewage and a
      source of microbially utilizable carbon material and this mixture is
      subjected to a microbial denitrification procedure to convert available
      oxidized nitrogen compounds to nitrogen gas. The effluent from the
      denitrification procedure is next exposed to an aerobic microbial
      treatment to reduce BOD and to oxidize reduced nitrogen compounds.
      Effluent from the aerobic microbial treatment is again supplemented with a
      microbially utilizable carbon source and subjected to a second and final
      microbial denitrification to convert the oxidized nitrate compounds to
      nitrogen, producing a waste steam effluent having an acceptable BOD and
      having a substantially reduced concentration of oxidized and reduced forms
      of nitrogen.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Waste water streams discharged from nitrocellulose manufacturing plants
      typically contain a suspension of fine, insoluble and non-biodegradable
      nitrocellulose particles which are present in concentrations that usually
      range from about 50 ppm to about 500 ppm. These same waste streams,
      whether or not neutralized prior to entry into receiving waters, also
      contain substantial quantities of nitrate ions from the nitric acid used
      in the manufacturing process which are also a significant waterway
      pollutant in that such oxidized forms of nitrogen fertilize water bodies
      encouraging the rapid growth of algae and the concomitant depletion of
      dissolved oxygen therein. Nitrate ions can, of course, be removed from
      water streams by known methods but removal of nitrocellulose fines by any
      acceptable method has long defied those skilled in the art. The present
      invention employs a series of chemical and biological steps which produce
      a final effluent free from nitrocellulose particles and substantially free
      of reduced and oxidized nitrogen compounds, all of which are polluting to
      receiving waters. This process not only serves to eliminate nitrocellulose
      as a pollutant, but, as will be disclosed hereinafter, utilizes both
      domestic raw sewage and water-dry waste streams in the process thereby
      eliminating the need for separate waste treatment facilities and
      procedures to dispose of such materials.
PAR  Initially, the nitrocellulose containing waste stream, containing a heavy
      nitrate ion concentration, is reacted with an alkaline material,
      preferably sodium hydroxide to chemically digest the insoluble
      nitrocellulose particles to produce soluble products. The efficiency of
      the digestion step is dependent on time of contact, temperature of
      digestion, pH of the solution, and the particular alkaline compound
      employed. The time required for digestion decreases with increasing
      temperatures and/or with increasing pH. While other alkaline materials,
      such as sodium bicarbonate, sodium carbonate, ammonium hydroxide and
      barium hydroxide, may be employed, sodium hydroxide is preferred both for
      its digestion efficiency and for economic considerations. Digestion can
      proceed at temperatures as low as 25.degree.C. but preferably the
      temperature of the digesting solution ranges from 60.degree.C. to
      90.degree.C. with even higher temperatures resulting in more rapid
      digestion but becoming economically impractical. For complete digestion of
      nitrocellulose, the pH must be maintained at or above 11.5 throughout the
      digestion. For samples of nitrocellulose suspended in distilled water,
      2.5-3.0% NaOH is sufficient to digest a 5% slurry. If acidic or heavily
      buffered waters are used to suspend the nitrocellulose, more NaOH will be
      required, the amount above 2.5-3.0% being determined by the acidity or
      buffering capacity of the liquid. If pH is allowed to fall appreciably
      below 11.5 during digestion, incomplete disruption of the nitrocellulose
      results, leaving an insoluble residue which is not biodegradable. The end
      point of the digestion step is reached when the insoluble particles of the
      nitrocellulose have completely disappeared and have been converted to
      soluble products. Experimental evidence indicates that digestion does not
      proceed stepwise with initial denitration followed by disruption of the
      cellulose backbone, but rather is an all or none decomposition of entire
      nitrocellulose subunits. The digested solution contains along with the
      high nitrate load, soluble organic nitrogen compounds and other
      non-nitrogen containing organic compounds. The BOD.sub.5 (5 day
      Biochemical Oxygen Demand) for a digested solution obtained from a 5%
      slurry of nitrocellulose in distilled water typically ranges from about
      200 mg/l to 450 mg/l.
PAR  When digestion of the nitrocellulose fines is completed, as evidenced by
      the total absence of insoluble particles of nitrocellulose, the solution
      is then neutralized to a pH within the range of from about 6.0 to about
      9.0 and preferably to a pH of 6.5 to 8.0. While any mineral acid may be
      used to effect neutralization, sulfuric acid or nitric acid are preferred.
PAR  Following digestion and neutralization, the waste stream is supplemented
      with domestic raw sewage and a microbially utilizable carbon source,
      hereinafter carbon/energy source. Domestic raw sewage, sometimes referred
      to as municipal waste waters, typically have a BOD.sub.5 of from 100-200
      mg/l and contain organic nitrogen compounds (10 to 25 mg/l), and nitrate
      (0 to 0.5 mg/l). The carbon/energy source should have a high BOD.sub.5
      value, preferably of the order of 2,000-3,000 mg/l, and suitable for this
      purpose, for example, are such organic materials as methanol, ethanol,
      acetone, glucose, acetic acid, sugar and mixtures thereof. These carbon
      materials constitute an energy source and function as an electron donor in
      certain of the process steps that follow. Methanol, ethanol and acetone
      are frequently waste products of many industrial processes and are
      components of so-called water-dry wastes arising from the manufacture of
      nitrocellulose. While the addition of raw sewage is not essential to the
      treatment process of this invention, it provides a source of trace
      minerals and acts as a diluent and can conveniently be treated along with
      the digested nitrocellulose waste stream and thereby obviate the need for
      a separate procedure to purify the sewage stream. It is essential that the
      raw sewage or other diluent, such as river or lake water be added in an
      amount sufficient to reduce the nitrate content of the resulting solution
      (or mixed liquor) to less than 200 ppm. At levels above 200 ppm,
      inhibition of the biological denitrification process occurs. The
      carbon/energy source is required for the process of this invention and the
      exact amount will be determined by the biological requirements of the
      treatment procedure to be discussed below.
PAR  The chemically digested nitrocellulose solution, supplemented with raw
      sewage and a carbon/energy source is exposed to a series of biological
      treatments consisting of an anaerobic microbial denitrification step
      followed by an aerobic microbial activated sludge treatment and a final
      anaerobic microbial denitrification step to produce a solids-free
      effluent, substantially free of oxidized and reduced forms of nitrogen and
      having an ecologically acceptable low BOD value. Microbial denitrification
      is that process whereby oxidized nitrogen compounds, e.g., nitrates and
      nitrites, are reduced to molecular nitrogen which leaves the system as a
      gas. This reduction is brought about by certain bacteria which are able,
      in the absence of oxygen, to utilize nitrates and nitrites in place of
      oxygen to oxidize available and microbially utilizable organic compounds.
      In the chemical reaction characterized by this microbial process, nitrates
      and nitrites serve as terminal electron acceptors and the assimilable or
      microbially utilizable carbon compounds serve as electron donors. Since
      the purpose of this microbial denitrification is to eliminate all oxidized
      nitrogen compounds, it is essential that there be available an excess of
      the carbon/energy source to insure that the denitrification goes to its
      theoretical completion and that there be sufficient additional carbon
      available for bacterial growth. The amount of carbon required can be
      readily calculated stoichiometrically and where methanol is the carbon
      source, 3 mg/l of methanol will adequately reduce 1 mg/l of nitrate and
      provide sufficient carbon for bacterial growth. Carbon source
      supplementation is essential to compensate for carbon and BOD deficiencies
      in both the digested nitrocellulose waste and the domestic sewage.
      Denitrification can be carried out in a conventional tank of suitable size
      using activated sludge as a source of suitable denitrifying bacteria or
      relying on the bacteria normally present in the raw sewage and holding the
      mixed liquor under essentially anaerobic conditions. The time required for
      denitrification will depend on the concentration of nitrates, the
      temperature of the liquor within the tank, the dissolved oxygen content,
      the population of denitrifying bacteria and the concentration of available
      microbially utilizable carbon material. None of the foregoing conditions
      is critical except that the dissolved oxygen concentration must be below
      that normally required for aerobic microbial growth and the temperature of
      the liquor should not drop below that at which the bacteria can
      efficiently denitrify the nitrates. Many common facultative bacteria are
      able to effect denitrification, including members of the genera
      Pseudomonas, Bacillus, and Achromobacter. Suitable denitrifying bacteria
      will be present in any activated sludge mass material or raw sewage
      material. After denitrification is completed, solids in the liquor are
      allowed to settle either in the same vessel or in a separate sedimentation
      vessel. Following sedimentation, the clear effluent is removed and the
      solids remaining are recycled for further denitrification.
PAR  The effluent from the foregoing denitrification (primary denitrification)
      is subjected to an aerated activated sludge treatment or other aerobic
      microbial process to reduce BOD, to break down nitrogen bearing organic
      compounds and oxidize reduced nitrogen compounds to nitrates and nitrites.
      In this step of the treatment process, activated sludge is mixed with the
      effluent from the primary denitrification and aerated to maintain an
      aerobic system. A dissolved oxygen concentration in excess of 2 mg/l is
      necessary to permit microbial break down of organic compounds not degraded
      in the primary denitrification step. Nitrifying bacteria normally present
      in the sludge or in the raw sewage oxidize reduced nitrogen compounds such
      as ammonia to nitrates and nitrites and this nitrification requires a
      minimum temperature of 7.degree.C., pH from about 6 to about 9 and a
      significant population of nitrifying bacteria such as species of
      Nitrobacter and Nitrosomonas in the activated sludge. This stage of the
      purification process will reduce the BOD of the mixed liquor to an
      acceptable level and will oxidize substantially all of the available
      reduced nitrogen compounds.
PAR  After the activated sludge treatment has gone to completion, the mixed
      liquor therefrom is transferred to a secondary denitrification vessel and
      again held under anaerobic conditions to microbially denitrify oxidized
      nitrogen compounds resulting from nitrification processes occurring during
      the aerated activated sludge treatment. Any available nitrates and
      nitrites are reduced to molecular nitrogen by the denitrifying bacteria
      present in the system in the same manner and under essentially the same
      conditions as set forth for the primary denitrification step. Because of
      the depletion of a carbon/energy source, it is necessary to supplement the
      liquor with a suitable carbon/energy source to permit denitrification of
      all of the oxidized nitrogen species. Effluent from the secondary
      denitrification flows into a sedimentation tank and upon settling, the
      sludge is returned to the aerated activated sludge vessel and the purified
      effluent is discharged to the receiving waters.
PAR  The foregoing process which may operate in either a batch or continuous
      mode efficiently and effectively removes from 95 to 99% or better of the
      nitrate content in the initial waste stream, 100% of the nitrites and up
      to 95% of the ammonia content and the BOD.sub.5 content is reduced from 80
      to 90% of that influent going into the primary denitrification vessel. In
      addition, the foregoing process is suitable for treating any waste stream
      having a high BOD.sub.5 (in excess of 150 mg/l), high organic nitrogen (in
      excess of 10 mg/l) and high nitrate (in excess of 150 mg/l) load. The
      following example illustrates in detail one specific embodiment of the
      process of this invention. While process parameters are set forth in this
      example in considerable detail, it should be understood that there is no
      intention here to limit the invention to the specific parameters
      disclosed. On the contrary, the intention is to cover all modifications
      falling within the spirit and scope of the invention as expressed in the
      appended claims.
DETD
PAC  EXAMPLE
PAR  A nitrocellulose waste water was created by suspending 20 gm of finely
      divided nitrocellulose of gun cotton quality (12.6 - 13.4% N) in 400 ml of
      water. 12 gm of sodium hydroxide was added to the suspension, producing a
      3% sodium hydroxide concentration having a pH above 12.0 and the alkaline
      suspension with stirring was heated to 95.degree.C. and held at this
      temperature for 20 minutes which was sufficient to completely eliminate
      all insoluble particles of nitrocellulose. After cooling and neutralizing
      with concentrated sulfuric acid (about .75 - .95 ml) to pH 6.5 - 7.0, the
      alkaline digested nitrocellulose solution was diluted with water to 2
      liters. This neutralized nitrocellulose digest contained 1600-1700 mg/l
      nitrate and about 660 mg/l sulfate.
PAR  This digest was continuously fed into a primary denitrification vessel at
      the rate of 250 ml/24 hrs and concurrently therewith domestic raw sewage
      and a carbon/energy source consisting of a 0.3% glucose solution were fed
      into the same vessel at rates of 2500 ml/24 hrs for the sewage and 80
      ml/24 hrs for the glucose solution. The combined influent going into the
      primary denitrification vessel had a pH of 8.4 and contained 160-170 mg/l
      nitrate, 2.4 mg/l of nitrite, and 16.7 mg/l of ammonia and 0.1 mg/l of
      dissolved oxygen and the system was kept anaerobic by maintaining a
      blanket of nitrogen gas in the head space within the 1500 ml vessel. The
      contents of the primary denitrification vessel were maintained at ambient
      temperatures, about 22.degree.C. Since the system is a continuous one,
      effluent is discharged from the primary denitrification vessel to a
      sedimentation tank where most of the solids separate out and are returned
      to the primary denitrification vessel. The effluent from this
      sedimentation tank now has a nitrate content of less than 5 mg/l and a
      nitrite content of 0.6 mg/l and was fed into a vigorously stirred and
      aerated activated sludge vessel wherein the dissolved oxygen content was
      increased to 8.0 mg/l. The contents of this vessel were maintained at
      ambient temperatures. In this vessel, there are provided those conditions
      necessary for the aerobic microbial break down of organic materials
      remaining after primary denitrification and also nitrification which
      involves the microbial break down of nitrogen-bearing organic compounds
      and subsequent oxidization of the available reduced nitrogen species.
      Following the aerated activated sludge treatment, the nitrate content of
      the liquor was increased to 80-100 mg/l and the ammonia content lowered
      from an initial 16.7 mg/l to about 1.7 mg/l. Effluent from the activated
      sludge vessel is fed directly into a secondary denitrification vessel and
      is supplemented with 80 ml of 0.2% glucose solution/24 hrs and is
      maintained under anaerobic conditions at ambient temperatures. The
      dissolved oxygen content of this effluent is reduced in the secondary
      denitrification vessel through the oxygen demand of the microorganisms
      metabolizing glucose and is lowered to a value of 0.2 mg/l. Thereafter,
      the denitrifying bacteria reduce available nitrates and nitrites in this
      vessel to molecular nitrogen with glucose providing the requisite electron
      donor for denitrification. The effluent from the secondary denitrification
      step is fed into a secondary sedimentation vessel and the separated solids
      or sludge returned daily to the activated sludge vessel. The effluent from
      the secondary sedimentation vessel has nitrate content of 7-8 mg/l or
      less, no detectable nitrites and less than 1 mg/l of ammonia. The
      BOD.sub.5 of this effluent is 27.3 mg/l which amounts to an 88% reduction
      in BOD. The overall nitrate removal, including the nitrate due to
      nitrification in the activated sludge vessel, brought about by this
      process was at least 97%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for treatment of a waste stream from nitrocellulose
      manufacture containing at least 50 ppm of insoluble, non-biodegradable
      nitrocellulose material which comprises the following steps taken in
      sequence:
PA1  a. chemically digesting by reacting with alkali at a pH of at least 11.5
      said insoluble nitrocellulose material in said waste stream to convert
      said insoluble material to soluble and biodegradable organic and nitrate
      products,
PA1  b. neutralizing said waste stream upon completion of said chemical
      digestion to a pH within the range of about 6.0 to 9.0,
PA1  c. combining said neutralized waste stream with domestic raw sewage and
      with a microbially utilizable carbon material to form a mixed liquor, said
      raw sewage added in sufficient quantity to reduce the nitrate content of
      the mixed liquor to less than 200 ppm and said carbon material added in
      sufficient quantity to sustain microbial denitrification of substantially
      all nitrates in the mixed liquor,
PA1  d. microbially denitrifying said liquor to convert the nitrate content of
      said mixed liquor to nitrogen gas, and thereafter separating solids from
      said liquor,
PA1  e. subjecting the solids-free liquor from step (d) to an aerobic microbial
      treatment to break down the organic products and to convert reduced
      nitrogen compounds present in said liquor to nitrates, and
PA1  f. microbially denitrifying the effluent from step (e) to reduce the
      nitrate compounds to nitrogen gas and to provide a substantially
      nitrate-free effluent having an ecologically acceptable BOD level.
NUM  2.
PAR  2. A process according to claim 1 wherein said insoluble nitrocellulose
      material is digested with alkali at a temperature of at least 60.degree.C.
NUM  3.
PAR  3. A process according to claim 2 wherein sufficient microbially,
      utilizable carbon material is added to the denitrifying step (f) to
      sustain denitrification of substantially all nitrates in said final
      denitrification step.
NUM  4.
PAR  4. A process according to claim 3 wherein after microbial denitrification
      in step (f) any remaining solid products are allowed to settle and this
      solid material is then combined with the material undergoing the aerobic
      microbial treatment of step (e).
NUM  5.
PAR  5. A process according to claim 4 wherein after microbial denitrification
      step (d) solids are separated and returned for further denitrification in
      step (d).
NUM  6.
PAR  6. A process according to claim 5 wherein the microbial utilizable carbon
      material is selected from the group consisting of methanol, ethanol,
      acetone, sugar, glucose, acetic acid and mixtures thereof.
NUM  7.
PAR  7. A process according to claim 6 wherein microbial denitrification occurs
      in an anaerobic activated sludge system and the aerobic microbial
      treatment occurs in an aerated activated sludge system.
NUM  8.
PAR  8. A process for the treatment of waste water from nitrocellulose
      manufacture containing at least 50 ppm of nitrocellulose fines which
      comprise the following steps in sequence:
PA1  a. treating said waste water containing insoluble, nonbiodegradable
      nitrocellulose fines with alkaline material at a pH of at least 11.5 to
      digest said nitrocellulose to soluble organic and nitrate products and
      then neutralizing the alkaline waste water to a pH within the range of
      about 6.0 to 9.0,
PA1  b. combining the neutralized nitrocellulose digested waste water with
      domestic raw sewage and with a microbially utilizable carbon material to
      form a mixed liquor, said raw sewage added in an amount sufficient to
      reduce the nitrate content of the mixed liquor to less than 200 ppm and
      said carbon material added in an amount sufficient to sustain microbial
      denitrification of substantially all nitrates in the mixed liquor,
PA1  c. microbially denitrifying said mixed liquor under conditions in which
      there is insufficient oxygen to satisfy the microorganisms in the mixed
      liquor to convert the nitrate content of said mixed liquor to nitrogen
      gas, and thereafter separating solids from said liquor,
PA1  d. aerating said denitrified mixed liquid at a rate and for a time
      sufficient to cause aerobic microbial reduction of the organic products
      and to convert reduced nitrogen compounds present in said liquor to
      nitrates, and
PA1  e. combining said mixed liquor from step (d) with a microbial utilizable
      carbon source and microbially denitrifying this mixture under conditions
      in which there is insufficient oxygen to satisfy microorganisms in the
      mixture to convert the nitrate compounds to nitrogen gas and providing a
      substantially nitrate-free effluent having an ecologically acceptable BOD.
NUM  9.
PAR  9. A process for the treatment of waste water containing nitrocellulose
      fines according to claim 8 wherein a microbially utilizable carbon source
      is added to the mixed liquor from the aeration step in sufficient quantity
      to sustain microbial denitrification of substantially all nitrates in the
      final denitrification step.
NUM  10.
PAR  10. A process for the treatment of waste water containing nitrocellulose
      fines according to claim 9 wherein after denitrification step (c), the
      solids in the liquor are allowed to separate and are returned for further
      denitrification in step (c) and after denitrification step (e) the solids
      are allowed to settle and are then combined with the material undergoing
      the aerobic microbial treatment.
NUM  11.
PAR  11. A process for the treatment of waste water containing nitrocellulose
      fines according to claim 10 wherein the microbially utilizable carbon
      material is selected from the group consisting of methanol, ethanol,
      acetone, sugar, glucose, acetic acid and mixtures thereof.
NUM  12.
PAR  12. A process for the treatment of waste water containing nitrocellulose
      fines according to claim 11 wherein the alkaline material is sodium
      hydroxide.
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ABST
PAL  A method of ultrafiltration and an artificial kidney therefor, in which a
      membrane which is capable of simultaneous ultrafiltration and dialysis of
      blood is arranged to form a portion of the wall of a constant volume,
      closed loop vessel. A dialysis liquid is circulated in the vessel, while
      blood is passed on the opposite face of the membrane, and a fraction of
      the dialysis liquid is withdrawn from the vessel at a predetermined rate.
      The remainder of the dialysis liquid is kept at a constant temperature and
      is regenerated.
BSUM
PAR  The present invention relates to a method of ultrafiltration, for example
      for carrying out haemodialysis treatments, and to artificial kidneys.
PAR  Patients who are partly or totally deprived of the kidney functions are
      conventionally subjected to periodic sessions of haemodialysis. During
      each session it is necessary to withdraw by ultrafiltration through the
      dialysis membrane exact quantities of water so as to prevent hypertension
      or even the formation of oedema. The general condition of the patient in
      fact depends on the quantity of water which has been removed.
PAR  Thus at present water is withdrawn during the course of a haemodialysis
      session by regulating the value of the reduced pressure of the dialysis
      liquid but since the ultrafiltrate is evacuated together with the dialysis
      liquid the amount of water actually extracted during the course of the
      dialysis is generally unknown.
PAR  In fact, this amount depends on a number of other factors: for example on
      the composition of the blood which varies during the haemodialysis, on the
      precision with which the pressures of the blood and of the dialysis liquid
      at the level of the membranes are known, on the nature of the membrane and
      on the extent of its clogging, and the greater the rate of ultrafiltration
      permitted by the membrane the more irregular does the amount of actually
      withdrawn water become. In this way haemodialysis techniques at present
      lead paradoxically to results which are more haphazard the better the
      quality of ultrafiltration provided by the membrane.
PAR  It is, of course, possible to make corrections a posteriori, but these must
      not be made too quickly so as not to unbalance the cellular medium. Hence,
      it is desirable to be able to draw up an ultrafiltration programme before
      the haemodialysis session rather than to have to make corrections
      thereafter.
PAR  On the other hand, present-day membranes may lead to excessively high
      ultrafiltrate flow, particularly in the treatment of children. It is then
      necessary to reduce this flow to acceptable values and in some cases even
      to stop all ultrafiltration.
PAR  According to the present invention we provide a method of ultrafiltration
      of a liquid comprising providing a constant volume closed vessel having a
      wall portion forming a membrane of an ultrafiltration apparatus,
      connecting the face of said membrane remote from said constant volume
      closed vessel to the liquid to be ultrafiltered, filling said vessel with
      dialysis liquid and withdrawing a fraction of said dialysis liquid from
      the vessel at a predetermined rate. With such a method one can use a
      simple and safe means of ensuring predetermined ultrafiltration flow
      during a haemodialysis session so as to progressively and with precision
      restore the patient to his normal weight at the end of each session.
PAR  The invention further permits optimum utilisation of the capacities of
      dialysis membranes giving high rates of ultrafiltration.
PAR  According to the method of the invention, the withdrawn liquid is
      simultaneously replaced by an equal volume of blood ultrafiltrate through
      the membrane.
PAR  The expression "dialysis liquid" will for purposes of simplification
      hereafter denote the liquid contained in the vessel, it being understood
      that this liquid may contain increasing amounts of ultrafiltrate during
      the course of a treatment. The proportion of ultrafiltrate generally
      remains small and represents at most a few percent of the volume.
PAR  It is not necessary totally to eliminate the gas (such as air) from the
      vessel as long as the volume of residual gas does not prolong the response
      time of the apparatus beyond acceptable limits. A gaseous residue of a
      volume less than 500 cm.sup.3, and preferably less than 200 cm.sup.3, can
      be tolerated.
PAR  The pressure difference at either side of the haemodialysis membrane is not
      critical, it depends particularly on the nature of the membrane
      (permeability, mechanical resistance), on the flow of ultrafiltration, on
      the degree of clogging and on the difference of osmotic pressure between
      the blood and the dialysis liquid. All the same it is advantageous to hold
      this pressure difference within predetermined limits, exceeding of these
      limits being an indication of a malfunction. Since the blood pressure is
      almost constant it is generally satisfactory to monitor the pressure of
      the dialysis liquid prevailing in the vessel. This pressure is generally
      lower than atmospheric pressure (up to 500 mm. of mercury, raised in the
      event of clogged membranes), but it may be slightly higher than
      atmospheric (very permeable membranes, ultrafiltration regulated at very
      weak values). When haemodialysis is performed without ultrafiltration the
      pressure in the vessel simply compensates for the osmotic pressure of the
      blood with respect to the dialysis bath, i.e. about 30 mm. of mercury.
PAR  The dialysis liquid can be withdrawn from the vessel by any convenient
      apparatus, for example a pump (whether volumetric or not) or vacuum
      generator. During the course of the withdrawal, gas is extracted which is
      either initially dissolved in the dialysis liquid or in the ultrafiltrate,
      or which has diffused through the membrane. The volume of withdrawn liquid
      may be measured after degassing, for example in a graduated test tube. If
      desired, the operation of the withdrawal device may be controlled by a
      programming means provided with a detector which is susceptible to the
      volume or to the flow of degassed liquid has been withdrawn.
PAR  According to another apsect of the invention there is provided an
      artificial kidney comprising a haemodialyser, including a membrane capable
      of permitting simultaneous dialysis and ultrafiltration of blood, a
      chamber on one face of the membrane connectable to a blood stream, a
      constant volume closed vessel, having a wall portion formed by said
      membrane, said vessel containing a dialysis liquid and means for
      withdrawing from said constant volume closed vessel, at a predetermined
      rate, a fraction of the dialysis liquid. Various other devices may be
      added: thermostat, dialysis liquid regenerator (for example a cartridge of
      adsorbent charcoal, of urease/ammonia absorber complex (resin or zirconium
      phosphate), source of hypochloride), manometer with high and low pressure
      contacts and other safety devices for example shut-off taps.
PAR  The connecting tubes are preferably thick-walled tubes of the "vacuum tube"
      kind.
PAR  The dialysis liquid reservoir is designed to withstand without noticeable
      deformation the reduced pressure to which it may be exposed, i.e. having
      thick or ribbed walls. Materials such as glass, stainless steel and
      polymers which can stand sterilising are suitable for its manufacture.
PAR  In a normal dialysis about 300 liters of dialysis liquid are generally
      consumed, which necessitates a voluminous apparatus.
PAR  It is preferred to utilise the compact apparatuses which have recently been
      developed and wherein various regeneration systems make it possible to
      operate with a reduced volume of liquid which circulates in closed
      circuit, the waste matter (urea, uracic acid, creatinin for example) being
      fixed or destroyed by systems such as those indicated above.
PAR  It is possible further to reduce the volume of the dialysis liquid if one
      accepts the blood being allowed to be charged with urea beyond the usual
      values. It is known that human beings can stand up to about 4 g/l of urea
      and it is, therefore, possible not to perform a haemodialysis unless the
      blood is charged with as much as 3 g/l of urea, for example. A volume of
      dialysis liquid in the region of 40 liters (i.e. the water volume of an
      average patient) thus theoretically enables the urea content to be reduced
      by 50 percent, i.e. to bring it back to 1.5 g/l without regeneration. The
      quantity of urea thus extracted corresponds substantially to that which is
      formed in 3 days.
PAR  Although such a volume of 40 liters is sufficient for conveniently
      extracting the other waste matter from the blood, it is useful to add a
      regenerator of the aforesaid kind to the circuit in order to increase the
      speed and efficacy of the haemodialysis.
DRWD
PAR  In order that the invention will be better understood, the following
      description is given, merely by way of example, reference being made to
      the accompanying drawing, in which the sole FIGURE schematically
      illustrates to no particular scale, one embodiment of an artificial kidney
      according to the invention.
DETD
PAR  A haemodialyser 1 is provided with a dialysis membrane 2 permitting
      ultrafiltration of the blood. This membrane separates the compartment 3
      intended for circulation of the blood to be purified from the compartment
      4 intended for the dialysis liquid. The dialysis liquid is contained in a
      vessel 5 forming a closed circuit of constant volume and comprising the
      compartment 4, a reservoir 11, a circulation pump 6, which recycles the
      dialysis liquid within the circuit 5 according to a flow rate
      corresponding to the normal conditions of a haemodialysis operation, a
      temperature regulating vessel 12 and a cartridge 7.
PAR  The reservoir 11 which has a volume of 40 liters may be formed of stainless
      steel. It is advantageously provided, at its upper portion, with a
      transparent glass inspection window 14. An extraction pump 8 of the
      volumetric type sucks dialysis liquid from the vessel 5 through a short
      dip tube and expels it into a graduated receptacle 9. A manometer 10
      indicates at any instant the reduced pressure prevailing at a specific
      point of the zone 5. It is equipped with minimum and maximum contacts
      connected to an alarm device 13, for example an acoustic device. The
      cartridge 7 filled with activated charcoal is positioned in the return
      path to the haemodialyser. The temperature regulating means in the vessel
      12 maintains the dialysis liquid at a value of 37.degree. to 38.degree.C.
PAR  The apparatus operates as follows. A suitable volume of dialysis liquid,
      prepared and controlled according to conventional techniques (for example
      conductivity measurements) is introduced into the vessel 5: the inspection
      window 14 enables the level of the liquid to be watched, which level
      should be as close as possible to the end of the dip tube. By means of the
      device 12 the temperature of the dialysis liquid is brought to and
      maintained at the desired temperature.
PAR  In a parallel operation the compartment 3 of the haemodialyser is filled
      with physiological serum, its inlet is connected to an artery of the
      patient, the serum is displaced by the blood and the outlet of the
      compartment is connected to a vein of the patient.
PAR  The circulation of the dialysis circuit having been effected by the pump 6
      the dialysis can then begin. The dialysis liquid passes through the
      cartridge of activated charcoal 7 which fixes part of the impurities.
      Under the effect of the reduced pressure created by the pump 8 the
      ultrafiltration in turn begins. The gases dissolved in the blood pass
      through the membrane 2 and accumulate at the top of the reservoir 11.
PAR  The pump 8, which may for example be a peristaltic pump, first sucks the
      dialysis liquid or the surplus air at the top of the reservoir 11. The
      dialysis liquid is thus brought to a constant level corresponding to the
      end of the dip tube disposed at the suction side of the pump. The dialysis
      liquid withdrawn from the reservoir is collected in the calibrated
      receptacle 9, the speed of the pump 8 being regulated so as to obtain a
      flow of degassed dialysis liquid equal to the desired flow of
      ultrafiltrate. The manometer 10 simply indicates the reduced pressure
      prevailing in the circuit 5. If, for any reason, the value of this reduced
      pressure strays from the previously fixed limits, then the alarm signal is
      triggered.
PAR  The method according to the invention offers considerable advantages. The
      ultrafiltration flow is in fact enforced, i.e. fixed beforehand at the
      desired values, and it can, moreover, be controlled and if need be readily
      corrected at any time during the dialysis. This flow is thus rendered
      independent of any of the factors on which it had hitherto been dependent
      when the dialysis liquid was subjected to a reduced pressure of a set
      value. Mastery of the ultrafiltration is a decisive element in the sphere
      of haemodialysis.
PAR  Furthermore, this method is very reliable. In fact, the alarm system linked
      to the manometer placed on the vessel containing the dialysis liquid
      signals as soon as any incident occurs. Thus the "low pressure" alarm can
      signal an excessive withdrawal flow and thus protects the membrane; the
      "high pressure" alarm can signal rupture of the membrane or of a tubing
      or, on the other hand, choking of tubing (by crushing). Moreover, if an
      incident occurs in the blood circuit (tube chocked or broken, pressure
      drop in the patient) it causes in the haemodialyser a sudden variation of
      blood pressure, the ultrafiltering liquid transmits it in full to the
      dialysis liquid and triggers the alarm.
PAR  Finally, the apparatus used can be appreciably simpler than conventional
      apparatus. More particularly, the auxiliary apparatus conventionally used
      as generator of the dialysis bath and monitor of the haemodialysis is no
      longer required. In fact, the complete dose of dialysis liquid can be
      prepared beforehand and the composition of the dialysis liquid can be
      controlled prior to the haemodialysis session and, if desired, adjusted to
      the ideal value; thus the conductivity meter becomes unnecessary during
      the haemodialysis session. Moreover, since escape of blood is
      automatically restricted to the flow of dialysis liquid withdrawn and
      since, furthermore, the inspection window 14 enables the level and
      colouration of the dialysis liquid to be verified at any time, the
      colorimeter can be replaced by a visual control means. In fact, the
      control apparatus for the haemodialysis is in essence reduced to the
      manometer 10 with its alarms and for the ultrafiltration to the calibrated
      receptacle 9.
PAR  The method according to the invention is of special interest for
      haemodialysis. It can readily be adapted to the case of pure
      ultrafiltration. It suffices to connect the pump 8 to a non-deformable
      compartment adjacent to the downstream face of the membrane of a blood
      ultrafilter, having possibly filled the compartment with a liquid
      (ultrafiltrate or liquid of some other kind), and to extract a quantity of
      liquid equal to the desired volume of ultrafiltrate.
PAR  The Examples which follow illustrate the invention and show the usefulness
      of the method for evaluating membranes having good ultrafiltration
      characteristics.
PAC  EXAMPLE 1
PAR  The apparatus schematically represented in the FIGURE is employed. The
      haemodialyser 1 is of the kind described in French Pat. No. 1,597,874. It
      is equipped with a haemodialysis membrane of regenerated cellulose
      commercially obtainable under the name of "Cuprophan" having a surface of
      0.9 m.sup.2, which permits an ultrafiltration flow of 1.7 milliliters per
      hour, per m.sup.2 and per mm. of mercury. The reservoir 11 is a stainless
      steel vessel of 40 liters volume provided with an inspection window 14 at
      the upper portion. The manometer 10 comprises two alarms for high and low
      pressure.
PAR  The circulation pump 6 is of the centrifugal kind.
PAR  The extraction pump 8 is a volumetric, of peristaltic type, having a
      thick-walled tube. The receptacle 9 is a calibrated test tube of 5 liters.
      A cartridge 7 of polypropylene contains 500 g. of activated charcoal. The
      device 12 consists of an electric resistance of 1 kW and a regulation
      device enabling the temperature of the dialysis liquid to be maintained at
      38.degree.C. These various members are connected by tubes of silicon
      elastomer having thick walls (diameters 8-14 mm).
PAR  The constant volume vessel or circuit 5 is filled with dialysis liquid from
      the highest connection, according to conventional technique. At the top of
      the reservoir 11 a volume of air of 100 cm.sup.3 remains. The dialysis
      liquid is caused to circulate and its conductivity is checked. The
      haemodialyser is connected to a ewe of 55 kg. and the treatment is begun.
PAR  The speed of the pump 8 is regulated as a function of a flow of degassed
      ultrafiltrate of 200 cm.sup.3 /h and an hourly check is made that the
      drawn off flow in fact corresponds to that desired (the speed of the pump
      8 is altered if necessary).
PAR  The session lasted 10 hours during which time the blood pressure in the
      dialyser was held steady near +60 mm. of mercury and the pressure at the
      manometer 10 near -100 mm. of mercury gauge. The urea rate of the ewe's
      blood changed from 2.5 g/l to 1.35 g/l. The rates of creatinin and of
      uracic acid in the dialysis liquid were almost zero after passing through
      the activated charcoal. Furthermore, 2 liters of liquid were withdrawn
      from the ewe by ultrafiltration.
PAC  EXAMPLE 2
PAR  The same apparatus as in Example 1 was employed but the Cuprophan membrane
      was replaced by a membrane of a copolymer of acrylonitrile and sodium
      methallylsulphonate, 89.5% acrylonitrile, having undergone an aqueous
      thermal treatment at 90.degree.C. with a stretching of 180 percent. This
      membrane permits an ultrafiltration flow six times as large as the
      preceding membrane, all other conditions being the same.
PAR  A test similar in every respect to that described in Example 1 was carried
      out, in particular the extraction pump 8 was driven at the same speed so
      as to obtain extraction of an equal volume of ultrafiltrate. The pressure
      at the manometer 10 was held steady in the neighbourhood of +10 mm. of
      mercury.
PAC  EXAMPLE 3
PAR  The same apparatus as in Example 2 is used but without operating the pump 8
      other than to evacuate the small volume of gas released during the
      dialysis.
PAR  After 10 hours of treatment the purification of the blood was as
      satisfactory as in Example 2 but the ewe had not lost any weight.
PAR  During the operation the manometer 10 has indicated a pressure in the
      neighbourhood of +30 mm. Hg.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of ultrafiltration of a liquid comprising the steps of
      providing a constant volume closed system having a wall portion forming a
      membrane of an ultrafiltration apparatus, connecting the face of the
      membrane remote from said constant volume closed system to the liquid to
      be ultrafiltered, filling said system with a dialysis liquid, circulating
      the dialysis liquid along said membrane at a flow rate corresponding to
      the normal conditions of a haemodialysis operation and withdrawing by
      pumping a fraction of said dialysis liquid from the system at a
      predetermined rate, so that the volume of liquid in said system is
      maintained constant.
NUM  2.
PAR  2. A method as claimed in claim 1, and further comprising maintaining the
      pressure of the dialysis liquid between two predetermined values lower
      than the pressure of the liquid to be ultrafiltered at said membrane.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the dialysis liquid is recycled
      and purified within said constant volume closed vessel.
NUM  4.
PAR  4. A method as claimed in claim 3, wherein the impurities contained in the
      diaylsis liquid are fixed with the aid of activated charcoal.
NUM  5.
PAR  5. A method as claimed in claim 1, and further comprising the steps of
      withdrawing residual gases from said constant volume vessel with said
      fraction of the dialysis liquid, degassing said dialysis liquid and
      measuring the rate of withdrawal of the degassed dialysis liquid.
NUM  6.
PAR  6. A method as claimed in claim 5, and further comprising the steps of
      controlling the withdrawal rate of dialysis liquid from said constant
      volume vessel as a function of the rate of withdrawal of the degassed
      dialysis liquid.
NUM  7.
PAR  7. Method of claim 1, wherein the dialysis liquid is circulated in the
      constant volume closed system without substantial valve restriction of the
      dialysis liquid flow.
NUM  8.
PAR  8. An artificial kidney comprising, in combination:
PA1  a. a haemodialyser including a membrane capable of permitting simultaneous
      dialysis and ultrafiltration of blood;
PA1  b. a chamber on one face of said membrance connectable to a blood stream;
PA1  c. a constant volume closed system, having a wall portion formed by said
      membrane, said system containing a dialysis liquid;
PA1  d. means for circulating the dialysis liquid along said membrane at a flow
      rate corresponding to the normal conditions of a haemodialysis operation;
      and
PA1  e. means for withdrawing by pumping from said constant volume closed
      system, at a predetermined rate, a fraction of the dialysis liquid, so
      that the volume of liquid in the system is maintained constant.
NUM  9.
PAR  9. An artificial kidney as claimed in claim 8, wherein said constant volume
      closed vessel comprises a closed circuit loop including said
      haemodialyser, a reservoir, a circulating pump and heating and temperature
      regulating means, and wherein said means for withdrawing dialysis liquid
      includes means for pumping dialysis liquid from said reservoir and means
      for measuring the rate of withdrawal of degassed dialysis liquid.
NUM  10.
PAR  10. An artificial kidney as claimed in claim 9, and further comprising, in
      said closed circuit loop, a dialysis liquid generator.
NUM  11.
PAR  11. An artificial kidney as claimed in claim 9, and further comprising a
      manometer associated with said reservoir and alarm means operatively
      associated with the manometer effective to give a warning when the
      pressure within said reservoir deviates from the predetermined range.
NUM  12.
PAR  12. An artificial kidney as claimed in claim 8, wherein said means for
      circulating the dialysis liquid circulates the dialysis liquid without
      substantial valve restriction of the dialysis liquid flow.
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ABST
PAL  A method for the treatment of waste water to form useful water, comprising
      the steps of subjecting the waste water to a chemical flocculation
      treatment, floating the formed turbid portion of the waste water, and
      subjecting the clarified water to reverse osmosis filtration.
PAL  The waste water treatment plant or installation for the performance of the
      aforesaid method comprises, in combination, apparatus for carrying out the
      chemical flocculation treatment, an electro flotation installation, and a
      reverse osmosis installation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of, and
      installation or plant, for the treatment or preparation of waste water so
      as to form circulating water, also hereinafter referred to as useful or
      consumable water.
PAR  The waste water which is produced in industrial operations, depending upon
      the nature of the contaminants, quantity and flow or transport of the
      substances, is so multifarious that in order to satisfy the requirements
      concerning protection of the environment it is extremely difficult to
      treat in an economically feasible manner the accumulated waste water so as
      to form useful or consumable water. The treatment is associated with
      exceptional difficulties if the waste water contains, apart from the
      dissolved substances, also sludge and/or emulsified constituents, for
      instance emulsions formed from washing processes.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a new and
      improved method of treating waste water permitting of an economically
      feasible treatment of the waste water which is accumulated due to
      industrial operations or the like, especially for the treatment of waste
      water which in particular also contains sludge and emulsified
      constituents, so as to form useful or consumable water (circulation
      water).
PAR  Another object of the present invention aims at the provision of a plant
      for the treatment of waste water so as to form useful or consumable water
      in a highly efficient and economical manner.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      method aspects of the invention are manifested by the features that the
      waste water
PAR  A. IS SUBJECTED TO A CHEMICAL FLOCCULATION TREATMENT;
PAR  B. THE ACCUMULATED TURBID PORTION OF THE WASTE WATER IS FLOATED BY
      ELECTRO-FLOTATION; AND
PAR  C. THE CLARIFIED WATER IS SUBJECTED TO A REVERSE OSMOSIS FILTRATION.
PAR  Due to the chemical flocculation treatment followed by electro-flotation
      there is achieved a pre-purification or pre-clarification of the waste
      water, rendering possible a further purification of the clarified water by
      a reverse osmosis filtration. The combination of the aforementioned method
      steps (a), (b) and (c) renders possible the economical treatment of
      organic, inorganic and mixture-loaded waste water into useful water.
PAR  The flocculation treatment is carried out generally in conventional manner
      in that there is added to the buffered waste water a flocculation agent or
      flocculant, preferably metallic salts, such as iron chloride, iron sulfate
      or aluminum sulfate, which throughout certain pH-ranges form flaky or
      flocculent precipitants and, if desired, there can be added flocculants.
PAR  The separation of the suspended substances or particles can occur in
      conventional manner by electro-flotation, if necessary with the aid of
      collectors or accumulators and foamers. There is thus employed
      electro-flotation wherein the gas bubbles are produced at the turbid
      portions of the waste water by electrolysis, for instance as disclosed in
      Swiss Pat. No. 425,655, to which reference may be readily had and the
      disclosure of which is incorporated herein by reference.
PAR  The clarified water from the flotation process is preferably delivered
      through the agency of a safety filter directly to the reverse osmosis
      filtration. It is preferable that the clarified water which is further
      purified by reverse osmosis, be purified through the use of wound
      cellulose acetate modules arranged in pressure pipes or tubes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood, and objects other than those set
      forth above will become apparent, when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein the single FIGURE schematically illustrates
      a preferred construction of plant or installation for the performance of
      the method aspects of this development.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing the accumulated waste water is buffered in the
      buffer tank 1 and is fed along in the system by feed or conveying pump 2.
      For the separation of the emulsions flocculation chemicals are added at
      the dosing arrangement 3 and in the reaction vessel or tank 4 there is
      carried out a complete flocculation for a defined residence time. In the
      flotation tank or vat 5 the flakes or flocculate are separated from the
      aqueous phase by means of electrolytically produced fine gas bubbles
      serving as the flotation agent. The floated sludge is periodically removed
      by means of a skimmer 6. The clarified and de-sludged waste water flows
      out of the flotation vat or tank 5 via a partition or separation wall
      system ans flows into the intermediate tank or vessel 7. The pre-pressure
      pump 8 supplies the reverse osmosis system 12 through the agency of the
      safety filter system 9 consisting of the compressed sand filter and fine
      filter and the high-pressure pump 11. In order to protect the module
      membranes of the reverse osmosis system there are added at the infeed
      device 10 small quantities of chemicals (pH-correction, disinfectants).
      The purified water flowing out of the reverse osmosis system 12 is
      degasified in a scrubber 13 and delivered into the useful water reservoir
      or network 14. The flow of concentrate, schematically indicated by
      reference character 15, is delivered into a not particularly illustrated
      pre-flooder.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A method for the treatment of industrial waste water for forming useful
      water, comprising the steps of:
PA1  a. subjecting the waste water to a chemical flocculation treatment;
PA1  b. floating the flocculate and turbid portions of the waste water which are
      formed during the flocculation treatment by electro-flotation; and
PA1  c. subjecting the clarified water to filtration by reverse osmosis.
NUM  2.
PAR  2. The method as defined in claim 1, wherein the reverse osmosis employs a
      cellulose acetate membrane filter.
NUM  3.
PAR  3. The method as defined in claim 2, wherein the membrane filter is a wound
      module arranged in a pressure tube.
NUM  4.
PAR  4. A water purification plant for the treatment of industrial waste water
      to form useful water, comprising, in combination:
PA1  apparatus for subjecting the waste water to a chemical flocculation
      treatment, a flotation installation operatively connected with the
      flocculation-treatment apparatus including an electro-flotation cell for
      floating the flocculate and turbid portions of the waste water, and a
      reverse osmosis filtration installation operatively connected with the
      flotation installation.
NUM  5.
PAR  5. The waste water purification plant as defined in claim 4, wherein said
      reverse osmosis means incorporates modules containing wound cellulose
      acetate membranes arranged in pressure tubes.
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ABST
PAL  An improved, closed-cycle process for regeneration of weakly acidic spent
      cation resins and for the recovery and recycle of the regenerants is
      disclosed. The improvement resides in the use of hydroxy or alkoxy
      substituted carboxylic acids as the cation resin regenerant. These acids
      and their metal salts are soluble and are high boiling and do not form
      azeotropes. When the spent cation regenerant is combined with the spent
      anion regenerant such as an amine salt, a weak, dissociable complex of the
      regenerants is formed and the metal salt is reconstituted. The complex is
      dissociated, preferably by distillation, into the separate regenerants
      which are recycled and the salt is recovered.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the removal of mineral pollutants from
      water, and more particularly, to an improved method for recovery of spent
      regenerants and removal of mineral salts therefrom.
PAR  2. Description of the Prior Art
PAR  Deionization processes employing weak acid and weak base resins are per se
      known to the art. Two very real advantages in using these weak resins are
      the achievement of very high regeneration efficiencies and a high
      theoretical loading capacity. Both types of weak exchangers can easily and
      effectively be regenerated to high levels by employing amounts of
      regenerant only slightly in excess of stoichiometry.
PAR  An improved process for the removal of mineral pollutants from water
      utilizing weakly acidic cation resin and weakly basic anion resin is
      disclosed in U.S. Pat. No. 3,700,592. The cation resin is regenerated with
      a chelating agent while the anion resin is regenerated with an organic
      solution of a base. The spent cation regenerant as a metal chelate is
      treated with carbon dioxide to precipitate a metal carbonate and free the
      chelate regenerant for recycle. The metal carbonate is then combined with
      the spent anion regenerant (amine salt) at elevated temperatures to
      precipitate the metal salt and recover carbon dioxide and amine regenerant
      for recycle.
PAR  An improved recovery process which eliminates separate treatment of the
      spent regenerant before reconstituting the mineral salt is disclosed in a
      copending application Ser. No. 496,619, filed concurrently herewith,
      entitled "Solid Mineral and Regenerant Recovery for Ion-Exchange Resins".
      In the improved process, a basic spent cation regenerant is combined with
      an acidic spent anion regenerant to form a weak dissociable complex of the
      regenerants and to reconstitute the mineral salts. The spent cation and
      anion regenerants are combined either in a continuous or batch fashion by
      blending near stoichiometric quantities of the materials. This
      stoichiometric adjustment is based on the amount of the two streams
      necessary to reconstitute the mineral salts removed from the spent
      ion-exchange resins. The regenerant streams may be either aqueous
      solutions or organic solvent water-solutions.
PAR  Among the cation resin regenerants disclosed in the aforementioned
      copending applications are metal complexing agents such as .beta.-diketone
      chelating agents such as 1,3-cyclohexanedione. Although these chelating
      agents are extremely effective regenerants, they suffer to some extent
      from loss through dimerization at elevated temperature under alkaline
      conditions such as encountered during the distillation recovery of the
      amine regenerant. Substitution with sterically hindering groups such as
      aliphatic groups in the 5- or 2-position of cyclohexanedione prohibits the
      dimerization reaction. However, such substitution decreases the water
      solubility of the chelate and the resulting metal chelate.
PAC  SUMMARY OF THE INVENTION
PAR  The preferred recoverable carboxylic acid cation resin regenerants are
      hydroxy or alkoxy substituted alkanoic acids of the formula:
      ##EQU1##
      where R.sup.1, R.sup.2 and R.sup.3 may be any of --H, --OH, --
      (CH.sub.2).sub.n CH.sub.3,--O(CH.sub.2).sub.n-- CH.sub.2
      R.sup.5,--O[(CH.sub.2).sub.q O].sub.m CH.sub.2 R.sup.5 where n is an
      integer from 0 to 5, m is an integer from 1 to 3, q is an integer from 1
      to 3 and R.sup.5 is --H or --OH; provided at least one of R.sup.1, R.sup.2
      and R.sup.3 contain at least one --C--O--C-- or --C--OH moiety. R.sup.4 is
      a divalent aliphatic hydrocarbon bridge containing 0-4 carbon atoms.
PAR  The hydroxyl or alkoxyl substituents provide high solubility for the parent
      acid and its cationic salts, particularly of such alkaline earth metal
      ions as calcium and magnesium. These substituents also insure that the
      acid is high boiling and demonstrates non-azeotropic behavior for ease of
      separation from the anion regenerant such as a tertiary amine. The weak
      complexing ability of these acids can be a positive factor in enhancing
      cation removal.
PAR  A basic spent cation regenerant is combined with an acidic spent anion
      regenerant to form a weak dissociable complex of the regenerants and to
      reconstitute the mineral salt. The spent cation and anion regenerants are
      combined either in a continuous or batch fashion by blending near
      stoichiometric quantities of the materials. This stoichiometric adjustment
      is based on the amount of the two streams necessary to reconsititute the
      mineral salts to be removed from the ion-exchange resins. The regenerant
      streams may be either aqueous solutions or organic solvent
      water-solutions. In either case, the regenerant streams are diluted by the
      amount of water of solvation released by the resin during regeneration and
      possibly by washes of the resin beds. This additional water is removed
      prior, during or after separation of the regenerants depending on the
      nature of the separation technique employed and the best time for
      precipitation and removal of the salts. The regenerants are recovered in
      their free-base forms, i.e., non-salt forms which for the cation
      regenerant is the acid form and for the anion regenerant is the hydroxyl
      form.
PAR  Separation and recovery of the free-base forms * of the regenerants may be
      accomplished by a physical separation technique such as one of the
      following:
PAR  1. distillation of a more volatile regenerant from a relatively
      non-volatile regenerant;
PAR  2. solvent extraction using an immiscible solvent having preferential
      solubility for one of the regenerants; or
PAR  3. by forming an insoluble complex of one of the regenerants.
FNT  * Cation Regenerant - Non-salt, i.e., acid form of the acid.
FNT  Anion Regenerant - Hydroxy Form, i.e., non-salt form.
PAR  The recovered regenerants are adjusted in concentration and recycled to
      regenerate the spent anion and cation resins and the precipitated mineral
      salts are separated by filtration, sedimentation or centrifugation.
PAR  The instant process minimizes expenditures for chemicals by recycling all
      reagents required in the process and by otherwise limiting reagent losses.
      The process is with minimum modifications adaptable to the treatment of a
      wide variety of mineral containing streams and particularly to brackish
      water and tertiary waste streams from sewage plants. A further advantage
      of the instant process is that it is compatible with state of the art
      regeneration techniques.
PAR  The unique and flexible system of the invention will cleanse source water
      in unlimited quantity and will eliminate brine disposal if used in
      conjunction with specialized regeneration techniques now available. The
      instant systems can reduce the mineral content of the irrigation waters to
      prevent the loss of soil productivity and remove nitrates, phosphates and
      other ions which can foster algae growth. The systems can aid in the
      recovery of valuable minerals from manufacturing waste water, provide
      economical methods for tertiary treatment of waste water and have broad
      application in brackish water conversion. It can thus open up vast new
      sources of water that without economical proper treatment would be
      unusable or unfit for general use. Since these systems provide economies
      in waste water tertiary treatment to remove dissolved, inorganic solids,
      they make possible the recycling of this water supply or reinjection of
      the treated water into ground reservoirs without lowering the overall
      quantity.
PAR  These and many other attendant advantages of the invention will become
      apparent as the invention becomes better understood by reference to the
      following detailed description when considered in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph illustrating the regeneration efficiency at 25.degree.C
      of a N-methyl morpholine buffered CC-3 resin column with MOPA at different
      Na+ loading levels; and
PAR  FIG. 2 is a graph illustrating the regeneration excess vs. cation resin
      loading at the time of regeneration for 100% CC-3 resin generated with
      MOPA.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process of the invention is preferably utilized in the purification of
      aqueous streams by the use of weak or moderately strong cation exchange
      and anion exchange resins. The resin beds may be mixed as disclosed in
      U.S. Pat. No. 3,700,592 or may be separate as disclosed in copending
      application Ser. No. 476,835 filed June 6, 1974.
PAR  The separation technique to be employed depends on the specific
      ion-exchange resins, the regenerants used to regenerate the resins and the
      particular salts which are to be precipitated.
PAR  The high degree of efficiency required of the process for it to be
      economical requires that not only the resin regenerations be essentially
      quantitative but that the separation and recovery of the regenerants be
      highly efficient. To achieve this separation it is necessary that the
      complex formed between the cation regenerant and the anion regenerant be
      sufficiently dissociated to provide enough of the anion regenerant for its
      rapid removal by distillation, complexation or solvent extraction. This
      separation becomes progressively more difficult as the acid concentration
      in the pot increases due to amine removal. Four requirements must thus be
      met by the regenerants: (1) the pK of the cation and anion regenerants
      must be low enough to assure quantitative regeneration of the respective
      ion-exchange resins, (2) the pK of these regenerants must be high enough
      to provide adequate dissociation of their complex to permit ease of
      separation, (3) the anion regenerant heel remaining in the cation
      regenerant after separation must not interfere with the regeneration of
      the cation resin or remain deposited on this resin after regeneration and
      (4) the cation regenerant must be stable to the separation media and must
      be stable under the conditions of the separation step. The pK of the
      regenerant will generally be between 5 and 7. Regeneration efficiency is
      related to the type of ion-exchange resins to be regenerated and the
      primary process of demineralization. The regenerant recovery process of
      the invention is generally adaptable to spent regenerant streams from
      separate or mixed beds of buffered or unbuffered weakly acidic cation
      exchange resins and weakly basic anion exchange resins such as those
      disclosed in U.S. Pat. No. 3,700,592 and in U.S. patent application Ser.
      No. 476,835, filed June 6, 1974.
PAR  The process is applicable to removal of water soluble inorganic salts from
      water, mainly halides, sulphates, sulphites, phosphates, phosphites,
      carbonates, bicarbonates, nitrites and nitrates of such metals as K, Na,
      Ca, Ba, Mg, Sn, Fe, Cu, Zn, Al, V, cr, Mn and others. Excellent results
      are obtained with the Group IA and IIA alkali and alkaline earth metals,
      the most naturally occurring impurities, since these are difficult to
      remove by non-buffered processes. The process in both embodiments will
      also work on saline feeds containing mixtures of anions and/or cations.
PAR  The pK of the resins, both cationic and anionic should fall between about 5
      and about 7. The resins are used in particulate bead form and may be large
      beads in the size range of 20-50 mesh or larger or small beads in the
      range of 40-80 mesh or smaller.
PAR  The weak cation-exchange resins which are particularly useful in the
      practice of this invention are those which contain carboxylic acid groups.
      These resins can conveniently be otbained by the copolymerization of
      compounds such as acrylic acid, methacrylic acid, acrylic esters,
      methacrylic esters, acrylonitrile or methacrylonitrile, and other
      unsaturated acrylates or nitriles with appropriate cross-linking agents
      such as divinylbenzene. If the resins are formed, however, from the
      polymerization of compounds containing ester or nitrile groups, hydrolysis
      to the corresponding acid must be effected prior to buffer addition.
      Further illustrations of the resins useful in the practice of the present
      invention and of methods for their preparation may be found by reference
      to U.S. Pat. Nos. 2,340,111; 2,371,818; 2,597,437; 2,885,371 and
      2,963,453. In addition to the above-mentioned ion-exchange resins, other
      weak-acid resins may be used. These resins may include those containing
      phosphonous, phosphonic, phosphinic or phosphoric acid groups and those
      resins which are made from phenol-formaldehyde condensates which also
      contain carboxylic acid groupings. The ion-exchange resins preferred at
      this time are those which contain either acrylic or methacrylic acid
      functional groups.
PAR  Representative weak-acid resins are Amberlite IRC-50 (a carboxylic resin
      based on a methacrylic acid cross-linked copolymer) having a pK of 6.1,
      B10-Rex 63 (a moderately acidic, phosphonic acid polystyrene type) of
      Biorad Corporation, Chelex-100 (a very weakly acidic, iminodiacetic acid
      polystyrene type), and Duolite CC-3(a polyacrylic acid having a pK of
      5.57) of Diamond Shamrock Corp. Duolite CC-3 is favored due to high
      loading.
PAR  Weak "base" ion-exchange resins are generally resins having primary amine,
      secondary amine or tertiary amine as the principal functional group.
      Typically the weak base polyamines are copolymers of acrylonitrile and
      methyl acrylate cross-linked with divinylbenzene and then subjected to
      aminolysis with polyamines; copolymers of styrene-divinylbenzene
      chloromethylates treated with primary or secondary amines; and reaction
      products of phenolformaldehyde with a polyalkyleneamine. A weakly basic
      anion exchange resin may be defined as one which on titration with
      hydrochloric acid in water free from electrolytes has a pH below 7 when
      the amount of hydrochloric acid added is one-half the amount required to
      reach the inflection point (equivalence point). Representative resins are
      set forth in the table below:
TBL                Table 1                                                     
     ______________________________________                                    
     Anionic Resins Composition      pK                                        
     ______________________________________                                    
     ES-340 (Diamond                                                           
                  85% Amine Functionality,                                     
                                     6.49                                      
     Shamrock)    15% Quaternary, Amine/                                       
                  Epoxy Polymer Matrix,                                        
                  Gel Type                                                     
     Dowex FDS-4024L                                                           
                  Benzyl Dimethyl Amine                                        
                                     6.81                                      
     (Dow Chemical)                                                            
                  Active Groups,                                               
                  Macroporous                                                  
     Amberlite IRA-68                                                          
                  Tertiary Amine Active                                        
                                     5.82                                      
     (Rhom & Haas)                                                             
                  Groups, Crosslinked                                          
                  Acrylic Matrix, Gel Type                                     
     Amberlite IRA-94                                                          
                  Amine Functional Groups                                      
                                     6.77                                      
     (Rhom & Haas)                                                             
                  Styrene-Divinylbenzene                                       
                  Matrix, Macroporous                                          
     ______________________________________                                    
PAR  Even though ES-340 and FDS-4024L have similar basicities, the former is
      preferred due to its capability of achieving rapid equilibration during
      deionization and loading in the range of 25-30%.
PAR  The regeneration process proceeds through the following steps:
PAC  I Cation Resin Regeneration
EQU  M(AC) + R.sub.c H.fwdarw.H(AC + MR.sub.c
PAC  II Anion Resin Regeneration
EQU  AN HX + R.sub.a .fwdarw.R.sub.a X + (AN) HOH
PAC  III Combination
EQU  MR.sub.c + R.sub.a X.fwdarw.MX + R.sub.c R.sub.a .fwdarw.MX + R.sub.c +
      R.sub.a
PAL  where:
PA1  H(ac) = cation Resin, H Form
PA1  Mx = inorganic salt; M=cation, X = anion
PA1  An(hoh) = anion Resin, OH Form
PA1  Mac = metal cation loaded cation resin
PA1  An hx = anion loaded anion resin
PA1  R.sub.c = Cation regenerant
PA1  R.sub.a = Anion regenerant
PA1  R.sub.c R.sub.a = Dissociable complex
PAR  In steps I and II, the spent resins are regenerated to displace the metal
      cation M and anion X to essentially quantitatively regenerate the resins
      to the acid and base forms yielding a metal salt MR.sub.c of the cation
      regenerant and a salt R.sub.a X of the anion regenerant. In step III the
      two salts in essentially stoichiometric amounts are combined to
      reconstitute the removed salt MX and to form the dissociable complex of
      the regenerants R.sub.c R.sub.a.
PAR  The anion regenerant according to the invention is an organic base. Among
      the organic bases, the amines (substituted and unsubstituted) are
      particularly suitable herein as anion regenerants. These amines may be
      selected from compounds of the formula:
      ##EQU2##
      Where R.sub.1, R.sub.2 and R.sub.3 are selected from hydrogen, alkyl,
      alkynyl, alkenyl, aryl, alkaryl, aralkyl, alkoxy and may be substituted
      with hetero atoms or groups such as hydroxyl, ether, halogen, cyano; or
      R.sub.2 and R.sub.3 may be linked to form a cycloaliphatic structure. The
      molecular weight of the amine is preferably maintained below about 500 and
      preferably below 200 to avoid extensive swelling and deterioration of the
      resin particles. Preferred anion regenerants have a pK in water at
      25.degree.C of 5 to 7. The pK of the regenerant is a compromise between
      the ability to regenerate and the ability to separate the regenerants. As
      the basicity decreases, the ability to regenerate decreases but the
      separation from the cation regenerant is facilitated.
PAR  Representative amine anion regenerants are N, N-dimethylethylamine,
      trimethylamine (TMA), pyridine, N-methylmorpholine,
      N,N-dimethyl-2-methoxyethyl amine, isopropanol amine, tri-n-octyl amine,
      tri-n-decyl amine, N,N-diethylmethyl amine, triethylamine and the like.
      Higher pK organic bases such as trimethylamine provide better separation
      from the cation regenerant. The regenerant should be at least two
      magnitude in pK more basic than the anion resin for efficient
      regeneration.
PAR  The anion regenerant is generally provided in at least a 30% stoichiometric
      excess with respect to the anion loading level of the column, generally a
      50 to 200% excess. Regeneration need not proceed to completion but may be
      60% or more depending on requirements of the primary demineralization
      step. The regenerant steam may be water or organic solvent based such as
      an alcohol, suitably methanol. The water content must be at least 5%,
      preferably at least 10%, to allow efficient removal of anions while
      preventing collapse of the resin due to dehydration.
PAR  Specific cation resin regenerants are .alpha.-hydroxy alkanoic acids of
      from 2-6 carbon atom chain length, .beta.-hydroxy alkanoic acids of from
      2-6 carbon atom chain length and the methyl, ethyl and propyl ethers of
      the above acids. Representative acids are .alpha.-lactic acid,
      .beta.-lactic acid, .beta.-methoxypropionic acid (MOPA) and 4,7
      -dioxacaprylic acid (DOCA).
PAR  The regeneration efficiency of several of these acids is illustrated by
      results of laboratory scale regeneration of both sodium and calcium loaded
      resins representing both the polyacrylic (Duolite CC-3) and
      polymethacrylic (Amberlite IRC-84) types using both water and
      methanol/water solutions as shown in the following table.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     REGENERATION OF CATION EXCHANGE RESINS WITH                               
     HYDROXYL OR ALKOXYL SUBSTITUTED CARBOXYLIC ACIDS.                         
                       Excess                         Regen.                   
     Regenerant  Conc. N                                                       
                       % Over Theory                                           
                                Solvent   Cation                               
                                               Resin  %                        
     __________________________________________________________________________
     .alpha.- Lactic Acid                                                      
                 1.98   20      H.sub.2 O Na.sup.+                             
                                              Duolite CC3                      
                                                      94                       
     "           1.39  100      15%CH.sub.3 OH/85%H.sub.2 O                    
                                          Na.sup.+                             
                                              Duolite CC3                      
                                                      90                       
     "           1.46  100      15%CH.sub.3 OH/85%H.sub.2 O                    
                                           Ca.sup.+.sup.+                      
                                              Duolite CC3                      
                                                      94                       
     .beta.- Lactic Acid                                                       
                 2.0N   50      H.sub.2 O  Ca.sup.+.sup.+                      
                                              Amberlite                        
                                                      84.5                     
                                               IRC-84                          
     "           1.03N 100      H.sub.2 O  Ca.sup.+.sup.+                      
                                              Duolite CC3                      
                                                      96.2                     
     .beta.-Methoxy Propionic                                                  
                 2.0N   50      H.sub.2 O Na.sup.+                             
                                              Duolite CC3                      
                                                      100                      
     Acid                                                                      
     __________________________________________________________________________
PAR  The cation regenerant is preferably utilized in excess in order to achieve
      efficient regeneration. The excess is suitably at least 50% of the amount
      theoretically required and preferably at least 100% of the stoichiometric
      amount. Furthermore, these cation regenerants are capable of efficient
      regeneration even in the presence of anion regenerant residues and salt
      heels. In fact, as shown in the following table, relatively high
      concentrations of these residues have little effect on regeneration
      efficiency.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     EFFECT OF SALT AND AMINE REGENERANT HEELS ON                              
     REGENERATION EFFICIENCY OF HYDROXYL AND ALKOXYL                           
     SUBSTITUTED CARBOXYLIC ACIDS                                              
                Amine Heel, % of                                               
                           Salt     Excess                                     
     Cation Regenerant                                                         
                Cation Regenerant                                              
                           Heel %                                              
                                Cation                                         
                                    Cation Regenerant %                        
                                                Regeneration                   
     __________________________________________________________________________
                                                %                              
     .alpha.- Lactic Acid                                                      
                Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          91.9                           
                12.5                                                           
     "          Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          98.4                           
                22.0                                                           
     "          Trimethyl Amine                                                
                           0    Ca.sup.+.sup.+                                 
                                    50          88.9                           
                24.5                                                           
     "          Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          97.6                           
                32.3                                                           
     "          Trimethyl Amine                                                
                           0    Ca.sup.+.sup.+                                 
                                    50          85.0                           
                31.0                                                           
     .beta.- Lactic Acid                                                       
                Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          93.6                           
                22.0                                                           
     "          Trimethyl Amine                                                
                           7.7% Na.sup.+                                       
                                    50          87.7                           
                20.2       NaCl                                                
     __________________________________________________________________________
PAR  The effect of loading level on the regeneration efficiency of both MOPA and
      DOCA in regenerating Duolite CC-3 cation exchange resin (a polyacrylic
      acid resin) loaded with various alkali and alkaline earth metal ions is
      shown in the following table. The loading level is the loading achieved by
      passing salt solution through a buffered column as in the demineralization
      step.
TBL                             REGENERATION                                   
                                        EQUIVALENTS ON                         
     CATION                                                                    
          REGENERANT,                                                          
                  N   LOADING LEVEL, %                                         
                                ACHIEVED, %                                    
                                        REGENERANT USED                        
     __________________________________________________________________________
     Na   DOCA    1.0N                                                         
                      70        95      1.35                                   
     Ca   MOPA    1.0N                                                         
                      38        66      1.91                                   
     Ca   DOCA    1.0N                                                         
                      57        85      2.38                                   
     Ca   MOPA    1.0N                                                         
                      70        94      2.62                                   
     Mg   DOCA    1.0N                                                         
                      70        78      2.05                                   
     Mg   MOPA    1.0N                                                         
                      44        98      3.20                                   
     Ba   DOCA    1.0N                                                         
                      60        67      3.60                                   
     Ba   MOPA    1.0N                                                         
                      54        67      3.85                                   
     Sr   DOCA    1.0N                                                         
                      54        80      2.93                                   
     Sr   MOPA    1.0N                                                         
                      66        90      3.15                                   
     __________________________________________________________________________
PAR  The requirements for adequate regeneration of a N-methyl morpholine
      buffered CC-3 cation resin are contained in FIGS. 1-2. This data was
      obtained from pilot plant runs utilizing MOPA at 25.degree.C as the
      regenerant. The data shows the effect of cation loading and excess
      regenerant on the efficiency or completeness of regeneration. For MOPA
      complete regeneration with a reasonable excess of acid requires a cation
      loading of 50% or higher.
PAR  As previously discussed, the choice of physical method of separating and
      recovering the regenerants influences the selection of regenerants. For
      example, in the distillation process the high temperature exposure of the
      cation regenerant during the physical separation of the two regenerants
      requires a high thermal stability and a high chemical stability, viz a
      viz, the other materials present in the regenerant media for the cation
      regenerant. Also, the boiling points of the regenerants and the vapor
      pressure must be considered in the distillation technique. Should
      separation be made by either solvent extraction or complexation, different
      physical properties relevant to such techniques and which are readily
      understood by the artisan must be considered. A more detailed description
      of particular separation techniques follows.
PAR  The removal from the neutralization mixture of one of the regenerants is
      dependent first on the dissociation of the complex formed between the two
      regenerants and the formation of an essentially non-dissociated complex
      with the complexing agent. It is found that when an insoluble complexing
      agent is employed to form an insoluble complex, this latter complex is
      little dissociated and hence the reaction to remove the regenerant is
      driven to an adequate degree of completion. A second requirement for this
      recovery is that the complex formed for the removal of regenerants must be
      destroyed by some means such as heat in order to recover the regenerant
      for use.
PAR  Separation of the regenerants at ambient conditions reduces the high
      temperature exposure of the regenerants and thus minimizes degradative
      side reactions such as oxidation, ester formation, amide formation, or
      dimerization which may occur on prolonged heating and which limit the
      types of regenerants which may be used. Although a complex of either the
      anion or cation regenerant could be used for the process from a practical
      standpoint, the anion regenerant such as the organic amines are more
      easily complexed and can most readily be removed. The properties of the
      complexing agent have a direct bearing on the efficiency of the process.
      In order to achieve efficient removal of one of the regenerants, a
      complexing agent should provide a complex which is essentially
      undissociated at ambient or low temperature. This is best achieved through
      the use of an insoluble complexing agent which in turn produces an
      insoluble complex, thus removing the regenerant from the ionizing medium.
PAR  The use of volatile complexable regenerant, on the other hand, aids the
      recovery of the complexed regenerant for use. Thus, heat can be used to
      break down the complex after isolation and the volatility permits the
      removal of the regenerant from the complexing agent. Preferred insoluble
      complexing agents are transition metal salts of water insoluble
      cross-linked polyacids. These polyacids are commercially available as
      cation-exchange resins and include polyacrylates, polymethacrylates,
      phosphonic acid and sulfuric acid substituted polystyrene based materials.
      The transition metals suitable for salt formation with these polyacids
      include copper, cobalt, chromium, iron and nickel, among others. The
      complexing agents are prepared by dmixing the polyacid with a water
      soluble salt of the desired transition metal ion under ambient conditions.
      The insoluble complexing agent forms directly and is separated for use in
      the spent regenerant recovery process of the invention.
PAR  Strong polyacids provide complexes with the transition metal which are not
      subject to dissociation and therefore could form soluble amine complexes
      which interfere with the removal of the amine. Preferred acids are strong
      polyacids, such as Dowex-50, a polysulfuric acid on a polystyrene lattice.
      An example domonstrating use of an insoluble complexing agent to separate
      an anion regenerant from its weak dissociable complex with a cation resin
      follows.
PAC  EXAMPLE 1
PAR  Twenty-five mil. of water solution containing 5.7% (13.7 milliequivalents)
      of .beta.-methoxypropionic acid and 3.5% (13.7 milliequivalents) of
      trimethylamine (TMA) were treated with 20 mil. of Dowex-50 resin (38
      miliequivalents), 60% of the acid sites substituted with cupric ions. The
      resin was stirred for several hours and the supernatant liquid remained
      colorless. Analysis of the supernatent liquid and the resin after
      separation showed the resin to contain 4.2 % copper and 7.16%
      trimethylamine. Essentially all of the trimethylamine had been removed
      from solution as indicated by the following analysis of the supernatant
      liquid.
PA1  Cu.sup..sup.+.sup.+  1.3 ppm
PA1  Tma   0.1 ppm
PAR  Efficient separation of the regenerants by solvent extraction can also be
      accomplished in accordance with the invention. The separation and removal
      of one regenerant from the other by extraction of the near stoichiometric
      adjustment mixture with a non-miscible solvent is also dependent on the
      dissociation of the complex formed between the regenerants. This
      dissociation occurs readily between weak acids and weak bases under the
      higher temperature conditions attained during distillation. However,
      surprisingly it has also been found that sufficient dissociation also
      occurs at ambient temperature to permit ready extraction of a single
      component.
PAR  Separation at ambient conditions provides a significant advantage over high
      temperature conditions in that the degradative side reactions occurring at
      temperatures above the boiling point of water such as oxidation, ester
      formation, amide formation, or dimerization which limits the selection of
      regenerants for higher temperature applications are minimized and hence a
      wider variety of chemical structures are suitable as regenerants. A second
      significant advantage is that the organic amine anion regenerant need not
      be volatile and hence losses due to volatility or the obnoxious odors
      associated with volatile amines are minimized. The process is alos
      amenable to continuous operation. Suitable amines are primary, secondary
      or tertiary amines such as trimethylamine, pyridine, N-methylmorpholine,
      isopropanolamine, ammonia, N,N-dimethylethylamine. The cation regenerants
      may be any of those previously recited.
PAR  The extractants may be aliphatic, alicyclic, or aromatic hydrocarbons
      containing 2-12 carbon atoms, such as hexane, heptane cyclohexane, toluene
      or benzene and halogenated derivatives thereof such as trichloroethylene.
      Other extractants include aliphatic or aromatic ethers such as
      diethylether or diphenyl oxide. Although it is possible to extract the
      cation regenerant, there are more readily available extractants which are
      good solvents for the amine regenerants and which are non-solvent for the
      cation regenerants and hence they are preferred in the practice of this
      embodiment. Examples of practice follow.
PAC  EXAMPLE 2
PAR  .beta.-methoxypropionic acid (cation resin regenerant) and trimethylamine
      (an anion resin regenerant) in approximately equimolar quantities in
      aqueous solution simulating a stoichiometric adjustant mixture, was
      subjected to extraction with two separate immiscible solvents, hexane and
      benzene. Extraction was effected by means of shaking equal quantities of
      aqueous mixture with the extractant in separatory funnel, allowing the two
      immiscible phase to separate and then analyzing each of the phases for
      amine and acid regenerants by potentiometric titration with standardized
      hydrochloric acid solution and then with standardized sodium hydroxide
      solution. In a like manner a series of three different mixtures of
      regenerants were continuously extracted with various immiscible
      extractants using a laboratory liquid/liquid extractor. The apparatus was
      so designed that spent extractant was continuously distilled to provide
      fresh extractant which was reused and the non-volatile, unextracted
      regenerant concentrated in the distillation pot. The results are shown
      below. Repeated extractions are required to remove the bulk of the amine
      but the data indicates the feasibility and operability of the process.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     SEPARATION ANION AND CATION EXCHANGE REGENERANTS BY EXTRACTION OF THE     
     ANION REGENERANT                                                          
     FROM AQUEOUS SOLUTION WITH AN IMMISCIBLE SOLVENT                          
     I. Extraction by Agitation and Phase Separation                           
                             Analysis, Normality of Regenerants                
      Cation     Anion       Water Phase    Solvent Phase                      
     Solvent                                                                   
          Regenerant                                                           
                Regenerant                                                     
                       Time  Cation Reg                                        
                                     Anion Reg.                                
                                            Cation Reg                         
                                                    Anion Reg.                 
     __________________________________________________________________________
     Hexane                                                                    
          .beta.-Methoxy-                                                      
                Trimethyl-                                                     
                       Initial                                                 
                             0.99    1.05   0.00    0.000                      
          propionic                                                            
                amine  Final 0.99    0.85   0.00    0.201                      
          acid                                                                 
     Benzene                                                                   
          .beta.-Methoxy-                                                      
                Trimethyl-                                                     
                       Initial                                                 
                             0.914   1.03   0.00    0.000                      
          propionic                                                            
                amine  Final 0.930*  0.96   0.00    0.018                      
          acid                                                                 
     II. Continuous Extraction (Laboratory Liquid Liquid Extractor)            
     Benzene                                                                   
          .beta.-Methoxy                                                       
                Pyridine                                                       
                       0 hrs 2.00    2.00   0.00    0.000                      
          propionic    2.5 hrs                                                 
                             --      --     0.00    0.758                      
          acid         6.0 hrs                                                 
                              2.86*  1.18   --      1.500                      
     Hexane                                                                    
          .beta.-Lactic                                                        
                N-methyl-                                                      
                       0 hrs 1.89    1.90   0.00    0.000                      
          acid  morpholine                                                     
                       2.5 hrs                                                 
                             --      --     0.00    0.025                      
     Diethyl                                                                   
          .alpha.-Lactic                                                       
                Isopropanol-                                                   
                       0 hrs 1.01    0.94   0.00    0.000                      
     ether                                                                     
          acid  amine  2.5 hrs                                                 
                             --      --     0.00    0.007                      
     __________________________________________________________________________
      *Increase in acid strength due to water removal by benzene.              
PAR  Total separation cannot be achieved since there will always be a partition
      of each regenerant between the two media. Furthermore, with respect to the
      complexation, this requires the addition, separation and recovery of
      another chemical to the process which adds additional cost and complexity.
      For these reasons, the distillation technique is preferred as the method
      of regenerant separation and recovery. All that is necessary is that one
      of the regenerants have a significantly lower boiling point than the
      other, suitably being separated by at least 10.degree.F, preferably by at
      least 25.degree.F. In practice it is found that amines with lower boiling
      points are more readily available than low boiling acids used for
      regenerating the cation. Hence, in most instances a low boiling amine
      would be used in combination with the higher boiling cation resin
      regenerant, although the reverse, that is the use of a low boiling cation
      resin regenerant with a high boiling amine, will work equally as well. The
      process may be carried out in a variety of ways dependent upon the resins,
      regenerants and mineral salts to be precipitated. For example, if excess
      process water is removed prior to bringing the regenerant streams together
      as generally indicated in FIG. 1, the desired salt precipitation will
      occur during the first step of stoichiometric combination of the two
      streams and the precipitated salts may be removed at this stage of the
      process.
PAR  However, on the other hand, when excess water is removed after the
      separation of the lower boiling amine regenerant then salt precipitation
      will occur when the composition of the remaining cation regenerant is
      being concentrated.
PAR  Some examples of practice follow.
PAC  EXAMPLE 3
PAR  In this experiment sodium lactate (boiling point lactic acid = 122.degree.C
      at 4mm Hg pressure) was used as the spent cation regenerant and N,
      N-dimethylethylamine hydrochloride (boiling point N,N-dimethylethylamine =
      37.degree.C at 760mm Hg pressure) in methanol-water solution as the spent
      anion regenerant. The combined reagents simulating stoichiometric
      adjustment and the presence of a residual sodium chloride heel from
      previous runs had the following composition:
     Compound           Wt, g   Moles                                          
     ______________________________________                                    
     N,N-Dimethylethylamine                                                    
                        13.2    0.18                                           
     Lactic Acid        16.0    0.18                                           
     Methanol           70.0                                                   
     Water              26.0                                                   
     ______________________________________                                    
PAR  The above solution was charged to the distillation pot of a 2 ft packed
      distillation column and the amine removed by distillation using a 10/1
      reflux ratio. Initially amine in a predominance of methanol was removed
      and finally amine and water. Analysis of the distillate and pot for amine
      by potentiometric titration after six hours showed 48% of the amine to
      have been removed in the distillate. Analysis of the pot and distillate
      for lactic acid accounted for all of the lactic acid and showed it to have
      remained in the distillation pot.
PAR  Separation of the amine from the ligand can be accomplished as previously
      indicated either by a phase separation technique or preferably by
      distillation. The ease of separation in phase separation is dependent upon
      the relative partition coefficients, and requires that the amine
      regenerant be very weakly basic and the cation regenerant be very weakly
      acidic so that a high degree of disassociation and a maximum rate of
      hydrolysis to the free state is achieved.
PAC  EXAMPLE 4
PAR  A 750 ml. volume of aqueous cation regenerant solution combined with water
      wash containing 0.41 mols of sodium lactate and 0.08 mols of free lactic
      acid was concentrated by distillation of the water in a simple single
      plate still. The solution was concentrated to 114 ml. and then rediluted
      to 150 ml. with deionized water and analyzed for sodium lactate and free
      lactic acid by titration with hydrochloric acid followed by back titration
      with sodium hydroxide. The analytical results showed 0.41 mols of sodium
      lactate and 0.15 mols free lactic acid. The increase in lactic acid was
      attributed to hydrolysis of lactide impurity in the starting regenerant
      solution.
PAR  Referring again to the preferred distillation technique for separating a
      more volatile amine anion resin regenerant from a weakly acidic carboxylic
      acid cation resin regenerant, the separation process can be depicted
      according to the following formula:
      ##EQU3##
      where R.sup.1 COOH is the cation resin regenerant and N(R.sup.2).sub.3 is
      the anion resin regenerant.
PAR  The amine carboxylate complex is a loosely bound compound which is partly
      associated and partly ionized. The amine and acid regenerant should have
      narrow boiling points separated by at least 10.degree.F in order to permit
      effective separation. The lower boiling regenerant must have sufficient
      volatility so that it can be readily removed from the complex containing
      mixture while the higher boiling regenerant should be essentially
      non-volatile or have very low volatility so that it does not carry over
      and contaminate the lower boiling regenerant. Some volatility and
      carry-over can be suffered. The carried-over regenerant can be removed in
      a secondary distillation column.
PAR  Though separation need not proceed to completion, it is desirable to
      recover at least 70% of the amine to provide effective regeneration of the
      anion resin column. The cation regenerant will then contain 70% of the
      free acid and about 30% undissociated, loosely bound compound. Less excess
      regenerant and less energy input is required as the degree of separation
      of the compound is increased.
PAR  The effect of loading level on the regeneration requirements for cation
      exchange resins such as Duolite CC-3 resins loaded with calcium utilizing
      a MOPA regenerant are presented in the following table.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     EFFECT OF LOADING LEVEL ON THE REGENERATION REQUIREMENTS                  
     FOR CATION EXCHANGE RESINS.                                               
     (DUOLITE CC-3 RESIN, LOADED WITH CALCIUM, MOPA REGENERANT)                
     LOADING    CONC. REGEN.                                                   
                         STOICHIOMETRY OF REGEN.                               
                                        FLOW RATE,                             
                                                REGENERATION                   
     % OF THEORETICAL                                                          
                SOLUTION, N                                                    
                         CHANGE, % OF CA.sup.+.sup.+ LOAD                      
                                        ml/MIN. YIELD, %                       
     __________________________________________________________________________
     70         1        300 (1)        1       94                             
     40.5       0.5      200 (2)        1.5     68                             
     38         1        200 (2)        0.5 - 1 66                             
     28.5       1        610 (1)        1       100                            
     __________________________________________________________________________
      (1) Profile technique of regeneration.                                   
      (2) Standard regeneration with wash.                                     
        MOPA = .beta.-methoxypropionic acid                                    
PAR  This data shows that very high levels of regeneration at 50% stoichiometric
      excess are achieved when a relatively high sodium chloride heel (7.6%) is
      present as a contaminant. However, when high residues of TMA are present
      in the regeneration stream, 40% or more significant quantities of TMA
      remain on the column as a substituent ion. Such a residue would appear
      later as a contaminant in the product water and result in a significant
      loss of regenerant. Laboratory and pilot plant scale tests of the
      separation of TMA from the TMA lactate complex indicated that for the
      selected regenerants 70% amine removal appears to be an upper limit.
      Practical operation would indicate removal on the order of 40%. A method
      of overcoming this difficulty has been successfully tested. This
      constitutes maintaining a 25% sodium heel on the cation regenerant. Such
      an imbalance results in excellent amine separation. At the same time
      sodium is the residue which is left on the cation column. Although this
      reduces the efficiency of the cation column, the presence of sodium would
      not contaminate the product water nor would this cause a serious loss of
      regenerant. Regeneration of a sodium loaded cation column with
      .beta.-lactic acid (100% stoichiometric as excess lactate ion) resulted in
      a 92.1% removal of sodium ion with 100% recovery of the .beta.-lactate
      moiety.
PAR  The above technique of using an excess of sodium or other metal ion to
      reduce the amine residue is limited by the fact that the amine deposits on
      the resin, because it moves down the column more slowly. Hence, regardless
      of the degree of imbalance, some residue of amine will remain due to this
      difference in rate of travel. Even adding the metal cation regenerant
      incrementally does not solve the problem, because of the presence of a
      small amount of amine contaminant in the regenerant itself. Thus, one
      could only tend to go toward reaching a progressively smaller amine
      residue without actual achievement of complete removal. Thus recycling
      will not achieve the desired result. However, a secondary treatment or
      post introduction on the toe of the resin with an inorganic metal salt
      solution (free of contaminants) will act to displace completely the amine
      heel on the resin. Such post treatment metal salt can have its metal ion
      the same or different from that present in the cation regenerant. The
      negative ion so long as it does not form complexes or insoluble products
      can be any negative ion, inorganic or low molecular weight organic such as
      formate. When this technique of post treatment is employed, the use of an
      imbalanced system is not required, but may be utilized. Experimentation
      has shown that post treatment salt concentrations of the order of 500 to
      10000 ppm and in stoichiometric excess over the amount of amine residue
      should be employed to give the best results.
PAR  Summary of the pilot plant tests of a TMA-.beta.-lactate system on
      continuous runs is shown in the following table.
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     SUMMARY OF PILOT PLANT TESTS                                              
     TMA - .beta.-Lactate System                                               
     (Continous Runs)                                                          
                  Distillate                                                   
     Feed Composition                                                          
                  Composition                                                  
                         Reboiler Composition                                  
     Lactate                                                                   
           Free Amine                                                          
                  Free Amine                                                   
                         Lactate                                               
                               Free Acid                                       
                                      % Dissociate                             
     __________________________________________________________________________
     FEEDING NEUT. REGEN. SOLUTION TO DISTILLATION COLUMN                      
     0.28N  .05N  1.57N  0.45N 0.12N  25.6                                     
     2.5 wt%                                                                   
           0.3 wt%                                                             
                  9.55 wt%                                                     
                         4.06 wt%                                              
                               1.04 wt%                                        
     FEEDING NEUT. REGEN. SOLUTION TO EVAPORATOR                               
     0.28N  .05N  0.33N  4.8N  2.5N   52.1                                     
     2.5 wt%                                                                   
           0.3 wt%                                                             
                  2.0 wt%                                                      
                         39 wt%                                                
                               20 wt%                                          
     FEEDING CONCENTRATED NEUT. REGEN. SOLUTION TO EVAPORATOR                  
     1.36N 0.12N  0.7N   4.5N  2.4N   63.3                                     
     12 wt%                                                                    
           0.7 wt%                                                             
                  4.1 wt%                                                      
                         37 wt%                                                
                               20 wt%                                          
     FEEDING AMINE SOLUTION TO EVAP. AS CK ON EQUILIBRIUM                      
     0.01N 0.7N   0.7N   7.5N  5.3N   70.7                                     
     Trace 4.0 wt%                                                             
                  4.0 wt%                                                      
                         60 wt%                                                
                               42 wt%                                          
     __________________________________________________________________________
PAR  A list of the pertinent physical properties of ingredients useful in the
      system of the invention are provided in the following table.
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     PHYSICAL PROPERTY DATA                                                    
                             .rho.20.degree.C                                  
                                  .mu.20.degree.C                              
                                       at in B.P.                              
                                                M. P.                          
     Description       M. W. g/cc g/cm-sec                                     
                                       .degree.C                               
                                                .degree.C                      
     __________________________________________________________________________
     Methanol (MeOH)   32.04 0.7914                                            
                                  --   65.0     -93.9                          
     .beta.-methoxypropanoic acid (MOPA)                                       
                       104.10                                                  
                             1.105                                             
                                  8.7  102 at 10mm Hg                          
                                                liq.                           
     N-methylmorpholine                                                        
                       101.15                                                  
                             0.9051    115      liq.                           
     Sodium Methoxypropanate                                                   
                       126.08                                                  
                              --  Solid                                        
                                       --       --                             
     Trimethylamine (TMA)                                                      
                       59.11 0.662                                             
                                  .about.0.3                                   
                                       2.9      -117.2                         
     TMA.MOPA          163.21                                                  
                              --  Solid                                        
                                       --       --                             
     Spent Anion Regen. (TMA sol'n)                                            
                       --    1.003                                             
                                  0.92 --       --                             
     Spent Cation Regen. (recycled                                             
                       --    1.043                                             
                                  --   --       --                             
         MOPA sol'n)                                                           
     Anion Regen. (2.15N TMA)                                                  
                       --    0.963                                             
                                  1.86 --       --                             
     Mixed Spent Regenerants                                                   
                       --    1.020                                             
                                  --   --       --                             
     Recovery MOPA sol'n) (5.5N)                                               
                       --    1.139                                             
                                  8.4  --       --                             
     Cation Regenerant (2N MOPA)                                               
                       --    1.033                                             
                                  --   --       --                             
     Dimethylethanolamine                                                      
                       89.14 0.887                                             
                                  --   133.5    --                             
     .beta. -Lactic Acid                                                       
                       90.08 1.449                                             
                                  --   Decomposes                              
                                                --                             
     Recovered MOPA sol'n (2.5N)                                               
                       --    1.056                                             
                                  --   --       --                             
     __________________________________________________________________________
PAR  A pilot plant capable of processing 1,000 gallons per day of waste water
      was operated as follows. The ion-exchange system consisted of a series of
      cation-anion resin bed sets identified as the carousel fixed beds buffered
      system as disclosed in application Ser. No. 476,835, filed June 6, 1974.
      The resins were CC-3 cation resin, IRA-68 anion resin and
      N-methylmorpholine and were utilized as buffer at 50% of theoretical
      cation capacity; trimethylamine (2N) was utilized as anion regenerant; and
      .beta.-methoxyproprionic acid (2N) was utilized as cation regenerant.
PAR  The resin columns were all 6 inches inside diameter, the cation resin
      columns were loaded to a 27-inch bed depth (fully regenerated) with 0.442
      cubic foot of CC-3 resin (54 g-eq theoretical capacity); the anion resins
      were loaded to a 54-inch bed depth (fully regenerated) with 0.884 cubic
      foot of IRA-68 resin (38.5 g-eq theoretical capacity). Eight columns were
      provided in 5 sets. The loading capacity of the lead anion resin column
      would be reached between 19 and about 29 hours with the system reducing
      500 ppm in NaCl feed to water containing below 2 ppm NaCl with the column
      loaded to a level of 40%. Highest purity water is achieved when the ion
      beds have been essentially 100% regenerated.
PAR  The anion resin is completely regenerated by using a 2N trimethylamine
      solution containing a 35% excess of regenerant; excess beyond a
      stoichiometric amount of anion loaded on the resin. The recycled cation
      regenerant composition is considerably more complex. The composition used
      successfully for regeneration is: 2.5N MOPA acid, 0.8N TMA-MOPA acid salt,
      0.4N sodium chloride, and 0.15N of unidentified ionized chlorides or
      chlorinated compounds. When the sodium chloride concentration approaches
      0.8N and the TMA-MOPA nears 1.7N, the regeneration efficiency drops below
      100% sodium removal and cation bed performance suffers.
PAR  The data demonstrates that with the use of TMA and MOPA as the regenerants,
      dissociation approaching 80% is regularly obtained at evaporator
      temperatures of 250.degree.F. At current ion-exchange loadings of 35% of
      theory, the regenerant recovery load is 0.1 gallon spent regenerant for
      every gallon of water at 1,000 ppm NaCl process. By increasing the
      ion-exchange loading to 70%, this load will be reduced almost inversely to
      0.05 gallons regenerant per gallon process water at 1,000 ppm NaCl. This
      reduction results since the wash water represents the bulk of the spent
      regenerant volume and remains essentially constant regardless of ion bed
      loading. In addition, the cation regenerant volume remains constant since
      less excess regenerant is required as loading increases.
PAR  In summary, it is seen that the use of the alkoxy or hydroxy substituted
      alkanoic acids of this invention as cation regenerants represents a step
      forward from the prior use of chelating agents such as beta diketones as a
      cation regenerant in water demineralization systems. The benefits to be
      obtained over the use of such diketones lies in the higher thermal and
      chemical stability without loss of water solubility of such acid
      regenerants. These facts allow the practicioner to separate and recover
      not only the cation regenerant but also due to physical property
      differences, the anion regenerants, since the two can be separated from
      each other by physical means as has been shown here, without high loss
      factors for either regenerant, most particularly in a distillation
      regenerant separation technique.
PAR  If one attempts to utilize other acids such as aliphatic hydrocarbon acids,
      e.g., acetic, proprionic, etc., poor results are obtained in attempting to
      separate the cationic and anion regenerants from each other. Thus it is
      seen that the total process must be considered. While the aliphatic acids
      may give suitable individual results for regeneration of the separate
      streams, when one wants to recover each regenerant for use from the
      neutralization mixture as for instance by the technique of copending
      application of DePree filed concurrently herewith Ser. No. 476,835,
      difficulties arise such as for distillation, -- slight differential
      between boiling point of H.sub.2 O and the acid, and the formation of
      azeotropes with water; in solvent extraction, much higher solubilities in
      common solvents with resultant poor partition coefficients.
PAR  It is to be realized that only preferred embodiments of the invention have
      been described and that numerous substitutions, alterations and
      modifications may be made without departing from the spirit and scope of
      this invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of recovering and recycling spent ion-exchange regenerants
      comprising the steps of:
PA1  1. passing through a first, separate bed of spent, weakly basic, anion
      exchange resin containing bound inorganic anion, X, a weak organic base
      anion regenerant, R.sub.a, to regenerate said resin and to form a first
      effluent stream containing spent anion regenerant of the formula, R.sub.a
      X;
PA1  2. passing through a second, separate bed of spent, weakly acidic cation
      exchange resin containing bound inorganic cation, M, a cation regenerant,
      R.sub.c, selected from an hydroxy or alkoxy substituted alkanoic acid to
      regenate said resin and to form a second effluent stream containing spent
      cation regenerant of the formula, MR.sub.c ;
PA1  3. combining said first stream containing spent anion regenerant, R.sub.a
      X, with said second stream containing spent cation regenerant, MR.sub.c,
      to form a mixture containing a strongly dissociated, ionizable complex,
      R.sub.c R.sub.a, and reconstituted inorganic salt, MX;
PA1  4. dissociating the complex to free R.sub.c or R.sub.a regenerant;
PA1  5. separating one of the regenerants from the mixture and recycling it to
      one of said beds; and
PA1  6. separating the remaining regenerant from the mixture and recycling it to
      the other of said beds.
NUM  2.
PAR  2. A method according to claim 1 in which the hydroxy or alkoxy substituted
      alkanoic acid is selected from compounds of the formula:
      ##EQU4##
      where R.sup.1, R.sup.2 and R.sup.3 are selected from --H; --OH,
      --(CH.sub.2).sub.n CH.sub.3, --O(CH.sub.2).sub.n CH.sub.2 R.sup.5,
      --O[(CH.sub.2).sub.q O].sub.m CH.sub.2 R.sup.5 where n is an integer from
      1-5, m is an integer from 1-3, q is an integer from 1-3, R.sup.5 is --H or
      --OH, provided at least one of R.sup.1, R.sup.2 or R.sup.3 contains at
      least one --C--O--C-- or --COH moiety; and R.sup.4 is a divalent aliphatic
      hydrocarbon bridge containing 1-4 carbon atoms.
NUM  3.
PAR  3. A method according to claim 2 in which R.sup.1 is --H, R.sup.2 is
      selected from alkyl or alkoxyalkyl, and R.sup.3 is a hydroxy or alkoxy
      group.
NUM  4.
PAR  4. A method according to claim 3 in which the cation regenerant is selected
      from .alpha. -hydroxy alkanoic acids of from 2-6 carbon atom chain length,
      .beta. -hydroxy alkanoic acids of from 2-6 carbon atom chain length and
      methyl, ethyl and propyl ethers thereof.
NUM  5.
PAR  5. A method according to claim 4 in which the cation regenerant is selected
      from .alpha. -lactic acid, .beta. -lactic acid, .beta. -methoxy propionic
      acid and 4,7-dioxacaprylic acid.
NUM  6.
PAR  6. A method according to claim 2 further including the step of
      stoichiometrically adjusting the amount of MR.sub.c combined with R.sub.a
      X such that MX is formed.
NUM  7.
PAR  7. A method according to claim 6 further including the step of removing
      said salt from the mixture.
NUM  8.
PAR  8. A method according to claim 7 in which the concentration of the salt is
      increased until it precipitates from the mixture.
NUM  9.
PAR  9. A method according to claim 2 further including the step of adjusting
      the concentration of the separated regenerants before recycling them to
      regenerate spent ion-exchange resin beds.
NUM  10.
PAR  10. A method according to claim 2 in which the pK of the regenerants is
      between 5 and 7.
NUM  11.
PAR  11. A method according to claim 10 in which the anion regenerant is a weak
      organic base having a pK magnitude at least 2 more basic than the anion
      resin.
NUM  12.
PAR  12. A method according to claim 11 in which the anion regenerant is an
      amine having a molecular weight below 500.
NUM  13.
PAR  13. A method according to claim 2 in which separation is accomplished by
      distilling one of said regenerants from the mixture and one of said
      regenerants is substantially more volatile than the other.
NUM  14.
PAR  14. A method according to claim 13 in which the boiling point of the more
      volatile regenerant is at least 10.degree.F less than the other
      regenerant.
NUM  15.
PAR  15. A method according to claim 14 in which the more volatile regenerant is
      an amine anion resin regenerant and at least 80% of the amine is separated
      and recovered.
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ABST
PAL  A apparatus for obtaining monoperoxy sulphuric acid from hydrogen peroxide
      and sulphuric acid is disclosed. Hydrogen peroxide in the form of an
      aqueous solution with a concentration ranging from 35 to 100 percent and
      either concentrated sulphuric acid or fuming sulphuric acid are added
      simultaneously to a reaction vessel. The temperature of the reaction is
      maintained in the range -10.degree.C to +80.degree.C and the supply of the
      hydrogen peroxide and sulphuric acid to the reaction vessel is controlled
      so that the generation of the monoperoxysulphuric acid occurs when
      required and the quantity thereof produced is adjusted according to the
      quantity thereof required for reaction with another reactant, for example
      a pollutant, the concentration of the monoperoxysulphuric acid being
      substantially constant.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 380,815, filed July 19, 1973,
      now U.S. Pat. No. 3,900,555.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process and to an apparatus for generating an
      oxidizing reagent for inter alia the treatment of polluted water and more
      particularly is concerned with a process and with an apparatus for
      generating monoperoxysulphuric ions.
PAR  It is known that the monoperoxysulphuric anion (HSO.sub.5 .sup.-) can be
      used for the detoxification, by oxidation, of impurities, especially
      cyanides, cyanhydrins, nitriles, phenols, dihydroxybenzenes, cresols,
      etc., contained in industrial waste water. It is also known that the
      monoperoxysulphuric anion can be used, either alone or in association with
      one or more halides, for the disinfection of water in swimming pools,
      reservoirs, etc. or for the sterilization of equipment such as feeding
      bottles, water bottles, etc. When the monoperoxysulphuric anion is used in
      association with one or more halides there occurs a well known reaction
      between the HSO.sub.5 .sup.- ion and the halide(s), which leads, depending
      on the pH of the medium, to the liberation of the corresponding halogen
      Cl.sub.2, Br.sub.2, I.sub.2 or to the formation of the corresponding
      hypohalites.
PAR  Commercially, the monopersulphuric anion is found either in the form of
      relatively stable, dilute aqueous solutions which contain, as well as
      HSO.sub.5 .sup.-, the HSO.sub.4 .sup.- and NH.sub.4 .sup.+ ions, or in
      solid form as potassium monopersulphate which is sold in admixture with
      potassium sulphate and potassium bisulphate. It is often advantageous,
      either for economic reasons or in order to avoid secondary pollution
      effects such as those caused by the NH.sub.4 .sup.+ ion, to employ
      solutions resulting from the reaction of sulphuric acid or fuming
      sulphuric acid on concentrated solutions of hydrogen peroxide but the
      monoperoxysulphuric acid solution which is obtained in this way is
      unstable and loses its active oxygen quickly, i.e. in a few hours.
PAR  There is therefore a need for a process and for a generator which enables
      one to produce the monoperoxysulphuric anion at the moment of use, i.e.
      before decomposition, in a quantity just sufficient to achieve the desired
      effect, and which permits the medium to be treated to be kept at a
      suitable pH value in order that the treatment can be carried out, possibly
      automatically, under optimum conditions.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, starting with hydrogen peroxide and sulphuric
      acid, monoperoxysulphuric acid is obtained, the generation of which is
      instantaneous at the moment of use and the emission is, quantitatively
      adjusted to the concentration of the toxic impurity to be destroyed in the
      effluent by oxidation, the concentration of the monoperoxysulphuric acid
      being constant. The reaction temperature is between -10.degree.C and
      80.degree.C, and the hydrogen peroxide, in the form of an aqueous solution
      of a concentration which is between 35  and 100 percent, preferably at
      least 50 percent, and the sulphuric acid in the form of a concentrated
      industrial solution or fuming sulphuric acid, are added simultaneously.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to one method of carrying out the process of the invention, the
      regulation of the generation of monoperoxysulphuric acid is effected by
      using an electrochemical signal which varies with the concentration of the
      impurity of the toxic effluent to be destroyed by oxidation.
PAR  When the toxic impurity to be destroyed is especially the CN.sup.- anion in
      the form of a simple or complex cyanide, the signal used for the
      regulation is the sudden variation in potential at the terminals of a pair
      of redox electrodes, depending on whether the medium is reducing in the
      presence of traces of CN.sup.- ion or oxidizing in the presence of a
      slight excess of monoperoxysulphuric acid.
PAR  The reaction can be carried out continuously in a constant level reactor
      which is placed above a tank in which the effluent to be cleansed is
      circulating, by simultaneously adding the hydrogen peroxide and the
      sulphuric acid; the reactor vessel overflows and a certain quantity of
      monoperoxysulphuric acid flows into the toxic effluent to be treated; with
      the concentration of reagents and the reaction temperature being suitably
      chosen according to the invention, the formation of the
      monoperoxysulphuric acid is quasi-instantaneous and the concentration of
      monoperoxysulphuric acid in the reaction remains constant.
PAR  According to one embodiment of the invention, the reagents, H.sub.2 O.sub.2
      and H.sub.2 SO.sub.4, can be added to the reactor by means of
      proportioning pumps, of which the starting and stopping are dependent on
      the appearance of the toxic impurity in the water to be treated, or the
      disappearance of said impurity therefrom. There is thus available a source
      of monoperoxysulphuric acid which is exactly adjusted to the rate of flow
      of toxic impurity, the measuring of this impurity in the water being
      effected by conventional means and being finally shown as an electric
      signal.
PAR  Furthermore, the acidity introduced by the monoperoxysulphuric acid
      solution in the effluent to be cleansed is simultaneously and immediately
      neutralized by a solution of alkali agent introduced in a controlled
      quantity, the introduction of the alkali agent being dependent on that of
      the monoperoxysulphuric acid. The sulphuric acid proportioning pump is
      coupled with another pump which permits an alkali agent solution to be
      added to the water to be treated at such a rate that the acidity
      introduced by the H.sub.2 SO.sub.5 solution is neutralized.
PAR  In general, the reaction temperature is close to ambient temperature, but
      it can without any inconvenience reach 60.degree. to 80.degree.C or can
      even be close to or below 0.degree.C.
PAR  The sulphuric acid is preferably the 66.degree. Be industrial solution or
      20% fuming sulphuric acid, the presence of a ferric impurity not being
      harmful.
PAR  The hydrogen peroxide is in the form of industrial aqueous solutions with
      concentrations which are between 35 and 100 percent, preferably 70 to 85
      percent. In fact, the higher the concentration of the reagents, the better
      is the rate of conversion into peroxy acid.
PAR  The synthesis reactor of the HSO.sub.5 .sup.- anion can be of the double
      jacket container type equipped with a mechanical agitator or of the static
      mixer type. It is made of materials which are compatible with the reagents
      being used, such as glass, stainless steel, etc.
PAR  The installation for cleansing polluted water comprises the oxidizing anion
      generator associated with a tank for the treatment of polluted effluents,
      equipped with automatic regulating devices relating to the concentration
      of the impurity to be destroyed.
PAR  The installation can be applied to the continuous or intermittent cleansing
      of industrial waste effluents, the toxic impurities of which can be
      destroyed by oxidation.
PAR  The treatment process for polluted water according to the invention is also
      applicable to the sterilization of water or material utilizing the
      antibacterial properties of the monoperoxysulphuric anion or those of
      halogens in free form or in hypohalite form, obtained by reaction of the
      monoperoxysulphuric ion on a halide in neutral or alkali medium.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made by way of example to
      the accompanying drawings in which FIGS. 1 and 2 show diagrammatically an
      installation according to the present invention.
DETD
PAR  A cyanide-containing effluent coming from a storage tank and after passing
      through a pump arrives by way of a pipe 1 at a tank 2 having several
      compartments 3 separated from each other by partitions 4 arranged in
      baffle formation. In the first compartment, 3A, the solution is vigorously
      agitated by means of a agitator 5 and as it leaves this compartment it
      passes in contact with an assembly of three electrodes 6 arranged
      downstream of the first compartment. The three electrodes comprise a
      calomel reference electrode, a gold or silver electrode, and a glass
      electrode. The reference glass electrode pair, via a regulating
      millivoltmeter pH meter which controls a proportioning pump 8 responsible
      for the circulation of a sodium hydroxide solution supplied through a
      conduit 8A, permits the maintenance of the pH of the cyanide containing
      effluent to be treated at pH 9, this being the pH value which is the
      optimum for the destruction by oxidation of cyanides by the HSO.sub.5
      .sup.- anion.
PAR  The reference-gold electrode pair assumes a negative potential in the
      presence of a slight excess of CN.sup.-.  Variation in this negative
      potential permits, via a regulating millivoltmeter 7, the control of three
      proportioning pumps. Two of the proportioning pumps, 9 and 10, make it
      possible via inlets 11 and 12 to add sulphuric acid and hydrogen peroxide
      to a reactor 13 which can, for example, be placed above the first
      compartment of the treatment tank 2. The reactor 13 comprises small
      double-jacket container 14 made of glass and provided, at its base, with a
      swan-neck 15 which permits overflow and the maintenance of a constant
      level. The reagents introduced at 11 and 12 are supplied to the reactor in
      such a way that the molar ratio H.sub.2 SO.sub.4 /H.sub.2 O.sub.2 leads to
      the most economical solution of monopersulphuric acid. The
      monopersulphuric acid solution leaves the reactor via the circuit 16, the
      strength of this solution depending on the molar ratio of reagents. The
      third proportioning pump 17 is coupled to the other two proportioning
      pumps so that it delivers into the effluent treatment tank 2 a
      concentrated solution of sodium hydroxide or milk of lime with a rate of
      flow such that the acidity of the oxidizing solution is substantially
      neutralized.
PAR  When the pair of redox gold-calomel electrodes at 6 detects the presence of
      CN.sup.- ions which are free or in the form of complex ions, the regulator
      7 starts up the proportioning pumps. A certain quantity of reagents is
      added to the reactor 13, which permits the flow, by overflow, of the
      corresponding quantity of monoperoxysulphuric acid which quickly reacts
      with the cyanide ions which are present. The potential varies in the
      reverse sense and when it passes beyond the reference point, the pumps
      stop and the addition of monopersulphuric acid also stops.
PAR  It is possible to check, along the flow path of the treated effluent at a
      distance such that the residence time is of the order of 15 minutes, that
      the CN.sup.- concentration is practically zero i.e. &lt;0.01 ppm. This check
      can be effected either by conventional methods using for example
      colorimetric measurements of the CN.sup.- ion in water or by a second pair
      of redox electrodes 18, of which the response is recorded, by using an
      electrode specific to the CN.sup.- ion. The electrode is connected to a
      control millivoltmeter 19 and the latter is connected to a recorder 20,
      the assembly being placed close to the outlet from the treatment tank 2.
PAR  The invention is illustrated by the following Example.
PAC  EXAMPLE
PAR  An industrial effluent from an electroplating plant was treated
      continuously for 5 hours at the rate of 235 liters per hour using the
      installation shown in the accompanying drawings. The effluent was a
      rinsing water containing 35 ppm of cyanide ions in the form of zinc
      cyanide associated with sodium cyanide. The effluent was injected into the
      first compartment of the treatment installation which compartment had a
      capacity of 4.5 liters and was vigorously agitated therein by a turbine in
      the presence of caustic soda and monopersulphuric acid.
PAR  The monopersulphuric acid, and also the quantity of caustic soda
      theoretically necessary for neutralizing it, originated respectively from
      the monopersulphuric acid generator 13 and from the proportioning pump 17
      which was coupled with the two proportioning pumps feeding the acid
      generator.
PAR  A quantity of caustic soda, sufficient to establish a pH of 9 in the
      treatment tank, was introduced into the first compartment by the
      proportioning pump 8 which was coupled to the pH meter at 7 which was
      regulated to pH 9 and controlled by the calomel glass electrode pair 6
      dipping into this first compartment.
PAR  The monoperoxysulphuric acid generator, with an effective volume of 20 ml,
      is shown in more detail in FIG. 2 of the accompanying drawings and
      comprised the constant-level reactor 13 having a double glass jacket
      inside which jacket circulated a cooling liquid, preferably water, via the
      circuits 21 and 22. The reactor 13 was equipped with a device which
      permits the overflow and maintenance of a constant level, such as the
      swan-neck 15 starting at its base. Degasification was provided by the
      swan-neck 15 and by an opening 23 at the upper part of the reactor. The
      reactor was also equipped with an agitator 24 for homogenizing the
      reagents and improving the heat exchanges.
PAR  The monoperoxysulphuric acid generator 13 was supplied with 66.degree. Be
      sulphuric acid and 70% hydrogen peroxide through the two proportioning
      pumps 9 and 10, both coupled to the same motor 25 which is controlled
      through the millivoltmeter 7 having a reference point connected to the
      terminals of a pair of redox electrodes such as calomel-gold (or silver)
      electrodes 6. The respective reagents, hydrogen peroxide and sulphuric
      acid, after transfer through the conduits 9A and 10A, are introduced
      through the two supply pipes 11 and 12 arranged symmetrically in the upper
      part of the generator.
PAR  The pumps are regulated so as to be able to deliver, firstly, 150 ml/hour
      of sulphuric acid and 54 ml/hour of hydrogen peroxide thereby to
      synthesize in the reactor 1 mol/hour of monopersulphuric acid in the form
      of a 31 percent by weight solution and secondly 450 ml/h of 30 percent by
      weight caustic soda.
PAR  The metallic control electrode dips into the third compartment of the
      treatment tank so as to read the potential of the effluent undergoing
      destruction after a reaction time of 3 minutes.
PAR  The reference electrode is common with the pH electrode. The millivoltmeter
      with a reference point is calibrated at -60 mV. While the potential
      between the calomel-gold electrodes is below this value, the generator
      synthesizes the monopersulphuric acid and delivers it into the first
      compartment of the treatment tank. When the potential becomes higher than
      this value, the generator is stopped.
PAR  The potential difference of a specific electrode of the CN.sup.- ion placed
      in the tenth compartment of the treatment tank, with reference to the
      calomel electrode, i.e. after a reaction time of 10 minutes, is
      continuously recorded and indicates a concentration lower than 1/100 ppm
      of CN.sup.- in the rejected water, this being verified by chemical
      measurements by the Aldrige method, carried out periodically.
PAR  Under the conditions described in the example, the total destruction of the
      cyanide ions consumed 668 g of 92% sulphuric acid, 164 g of 70% hydrogen
      peroxide and 1819 g of 10.1 N caustic soda.
CLMS
STM  I claim:
NUM  1.
PAR  1. A generator assembly for generating and supplying reagents to a
      treatment tank, comprising:
PA1  a reactor;
PA1  overflow means connected to said reactor for maintaining a constant level
      therewithin and delivering any overflow above the constant level out of
      the generator assembly for delivery to the treatment tank;
PA1  two inlet pipes disposed symmetrically in the upper part of said reactor;
PA1  two reagent proportioning pump means, each for supplying proportioned
      amounts of reagent to a respective one of said inlet pipes;
PA1  a single motor means connected to said two reagent proportioning pump means
      for driving both of said pump means; and
PA1  regulator means connected to said motor means for controlling said motor
      means in a predetermined manner in response to the conditions sensed
      external to the generator assembly in the treatment tank.
NUM  2.
PAR  2. A generator assembly in accordance with claim 1, wherein said reactor
      has at least one degasifying opening therein.
NUM  3.
PAR  3. A generator assembly in accordance with claim 1, further including
      agitator means for agitating the contents of said reactor.
NUM  4.
PAR  4. A generator assembly in accordance with claim 1, wherein said regulator
      means includes a redox electrode assembly for dipping into the treatment
      tank and wherein said regulator means causes the activation of said motor
      means when an oxidizable impurity is detected in the treatment tank by
      said redox electrode assembly.
NUM  5.
PAR  5. A generator assembly in accordance with claim 1, further including:
PA1  third pump means connected to said single motor means for supplying a third
      reagent directly to the treatment tank in a proportion to the amount of
      reagents pumped by said two reagent proportioning pump means.
NUM  6.
PAR  6. A generator assembly in accordance with claim 1, wherein said assembly
      is for generating and supplying monoperoxysulphuric acid to a treatment
      tank containing polluted water, said reagents delivered through said two
      inlet pipes being hydrogen peroxide and sulphuric acid.
NUM  7.
PAR  7. A generator assembly in accordance with claim 1, wherein said reactor is
      a double-jacket reactor and further including circulating means for
      circulating a cooling liquid inside said double jacket.
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ABST
PAL  Apparatus for admixing a deodorizing liquid with a bad smelling liquid,
      comprises a hollow body in the form of a Y lying on its side in a vertical
      plane, the lower leg of the Y discharging the admixed liquids and the
      upper leg of the Y supporting and housing conduits for supplying the
      deodorizing liquid lengthwise of the body to dispensers therefor located
      adjacent the lower end of the body. A fixed shaft within the body has
      partitions secured thereto that are comprised by a plurality of blades and
      are oppositely inclined for initially mixing the two liquids. Above these
      partitions, a rotary helicoidal turbine is rotated by a turbine shaft that
      extends through the upper leg of the Y.
BSUM
PAR  The present invention relates to apparatus for preventing the pollution of
      the atmosphere by bad odors emitted from various bad smelling liquids.
PAR  The present invention has for its object the provision of apparatus for
      admixing a deodorizing liquid with a bad smelling liquid in a homogeneous
      manner. The bad smelling liquid may be pastey or viscous or may have
      suspended solid or semi-solid bodies, the present invention providing for
      a constant ratio of addition of the deodorizing liquid to the bad smelling
      liquid.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional elevational view of apparatus according to the
      present invention;
PAR  FIG. 2 is an enlarged cross-sectional view showing a fixed mixing partition
      comprised by three inclined vanes;
PAR  FIG. 3 is a view similar to FIG. 2, but showing a fixed mixing partition
      comprised by four inclined vanes;
PAR  FIGS. 4a and 4b are frontal and edge elevational views, respectively, of
      the means for initially supplying the deodorizing liquid to the bad
      smelling liquid;
PAR  FIG. 5 is an enlarged fragmentary cross-sectional view of the upper end of
      the apparatus with the protective cap shown in phantom lines;
PAR  FIG. 6 is an enlarged fragmentary elevational view of the diffuser for the
      deodorizing liquid; and
PAR  FIG. 7 is a perspective view of the apparatus of the present invention.
DETD
PAR  Referring now to the drawings in greater detail, there is shown apparatus
      according to the present invention, comprising a cylindrical conduit body
      1 of generally Y-shaped configuration at whose upper end is a flange 2
      that is pierced by holes. A cap 3 covers the upper end. Tubing 4 of
      plastic material or glass extends parallel to the body of the device and
      is fixed thereto by supports 5 and carries the deodorizing liquid from the
      doser to the diffusers.
PAR  A two-legged mobile support 6 supports the upper end of the device while a
      shorter rear leg supports the rear of the device.
PAR  In the interior of the body 1, disposed above the place where the
      deodorizing liquid is injected, are two mixing partitions 9 which are
      oppositely inclined and comprised by any desired number of inclined blades
      and are fixed on the one hand to a fixed central support 10 and are fixed
      on the other hand to the interior wall of the body 1. The partitions 9
      serve not only as mixing partitions but also as the support for central
      member 10.
PAR  At the lower end of support 10 there is mounted the central diffuser 12
      with its multiple outlets.
PAR  Also carried by the support 10 is a circular chamber 13 provided with
      multiple outlets.
PAR  The two diffusers 12 and 13 assure the uniformity of dilution of the added
      liquid fed by the pipe 4.
PAR  The upper end of the central support 10 is provided with a machined member
      that receives the helicoidal turbine 14 that has a bearing ring at 15 of
      plastic that is lubricated by the carrier liquid. This turbine is provided
      with multiple blades of suitable dimensions and inclination.
PAR  The shaft 16 which prolongs the turbine 14 passes through the upper plate
      17 which closes the body of the device in cooperation with the flange 2
      and is secured by appropriate fasteners thereto. An oblique hole 19
      traverses the plate to permit the passage of the conduit 4 carrying the
      additive liquid from the doser to the diffusers.
PAR  At the center of the plate is disposed a roller bearing 20 with a double
      ball race which receives the axle of the turbine. The bearing cage is
      sufficiently large to receive two lower sealing rings 21 and two upper
      sealing rings 22 so as to permit the device to operate under either
      positive or negative pressure.
PAR  The outer end of the turbine axle is sufficiently long to receive a cap 23
      which carries a drive motor pinion 24 whose bearing ball 25 prevents any
      lateral play. Pinion 24 is driven by any appropriate motor means (not
      shown).
PAR  Cap 23 is provided with a clamping screw 26 and with a slot that receives a
      releasable lock preventing the unscrewing thereof.
PAR  A stirrup 27 fixed to plate 17 by gudgeons 28 carries the doser. A
      flat-headed regulating screw bears against the ball 25 and is secured in a
      screw-threaded hole in the stirrup and is blocked by a counter screw.
PAR  A clamping collar and its stirrup fixed by two screws permits connecting
      the tubing 4 of the additive liquid leaving the doser toward the diffusers
      by means of the tube 4.
PAR  The doser fitting which passes through the cap 3 is provided so as to
      ensure its fluidtightness with a sealing ring 18' which bears on the one
      hand on the fixation screw of the doser to the stirrup, and on the other
      hand on the interior of the cap.
PAR  The cap 3 covering the doser and the assembly of its securement accessories
      is secured to the plate by three female gudgeons. The fluidtightness
      between the plate and the cap is assured by a sealing ring.
PAR  It will of course be understood that the liquid flowing from left to right
      at the lower left of FIG. 1 passes the diffusers 12 and 13, flowing about
      the diffusers 12 and 13 and thus receives a charge of deodorizing liquid,
      e.g. formaldehyde which proceeds from the storage therefor through the
      conduit 4. The liquid is then agitated and admixed by passing the
      partitions 9 with their oppositely inclined blades and is further mixed by
      the turbine 14 which can be rotated by the liquid or power driven through
      the pinion 24, the thoroughly mixed liquids then proceeding through the
      lower leg of the Y-shaped apparatus past the final deflectors and
      agitators 29 to an appropriate discharge.
PAR  From a consideration of the foregoing disclosure, thereof, it will be
      evident that all of the initially recited objects of the present invention
      have been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with preferred embodiments, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described may invention, I claim:
NUM  1.
PAR  1. Apparatus for admixing a deodorizing liquid with a bad smelling liquid,
      comprising a generally Y-shaped hollow body comprised by a base having an
      upper and a lower end, a first leg and a second leg, and said legs meeting
      the base at an angle to each other, means supporting the Y-shaped body in
      an inclined position with the base and the first leg at an acute angle to
      a horizontal and the second leg below said first leg, the base and the
      legs intersecting in a vertical plane, means for introducing a deodorizing
      liquid into the lower end of the base, fixed mixing means within the base
      above said introducing means for admixing the deodorizing liquid and the
      bad smelling liquid, rotatable mixing means above the fixed mixing means
      in said body, an inclined shaft having a lower and an upper end extending
      coaxially through said first leg for rotating said rotatable mixing means,
      said fixed mixing means supporting the lower end of said shaft, and means
      at the upper end of said shaft for rotating said shaft.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, said rotatable mixing means comprising
      a helicoidal turbine.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, and further comprising oppositely
      inclined baffles in said second leg for further mixing said bad smelling
      liquid and said deodorizing liquid.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, said legs being at an acute angle to
      each other and said second leg being horizontal.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, and means supporting the upper end of
      said inclined shaft for rotation in said first leg, said supporting means
      comprising a roller bearing with a double ball race that rotatably
      receives and supports the upper end of said shaft, two sealing rings
      carried by said first leg and sealing against said shaft on one side of
      said roller bearing, and two sealing rings carried by said one leg and
      sealing against said shaft on the other side of said roller bearing so as
      to permit said apparatus to operate under either positive or negative
      pressure.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, said fixed mixing means comprising a
      fixed shaft, and spaced inclined blades secured to said fixed shaft and to
      the interior of said base.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, said inclined blades being oppositely
      inclined to each other.
NUM  8.
PAR  8. Apparatus as claimed in claim 6, said introducing means comprising a
      chamber with multiple outlets secured to the lower end of said fixed
      shaft.
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ABST
PAL  A reverse osmosis system having a tank for storing purified water includes
      a valve in the pipe which introduces feed water into a module containing a
      semipermeable membrane and which produces the purified water. The valve
      shuts off or turns on introduction of feed water into the module in
      response to the weight of purified water in the storage tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  This invention relates to a reverse osmosis system, and particularly to
      such a system having operation control responsive to the amount of
      purified water in a purified water storage tank.
PAR  2. The Prior Art
PAR  A number of reverse osmosis systems particularly suited for home use have
      been proposed by the prior art for storing purified water produced by a
      module containing a semipermeable membrane. Various arrangements are
      described in U.S. Pat. Nos. 3,493,496; 3,746,640; 3,794,172 and 3,794,173.
      Such systems have employed various methods of controlling operation to
      provide release of purified water from the storage tank when an excess is
      produced (often determined by pressure), or simply rely on back pressure
      build-up in a closed purified water tank to slow down osmotic action and
      purified water production when the tank is full. Release of excess
      purified water by overflow is wasteful since the membrane module continues
      to operate, and the purified water, as well as brine or concentrate, is
      allowed to flow to drain. Control by allowing pressure build-up of the
      purified water in the storage tank is not very precise since purified
      water may continue to flow into the storage tank until shut off pressure
      is reached, and overflow must often also be provided.
PAR  This invention solves the problem of purified water storage tank control in
      a reverse osmosis system by automatically turning off or on the feed water
      supply to the membrane module, which correspondingly controls its purified
      water output, or the purified water supply to the storage tank, to
      maintain a predetermined amount of purified water in
PAR  This invention solves the problem of purified water storage tank control in
      a reverse osmosis system by automatically turning off or on the feed water
      supply to the storage tank. This invention does not employ a float valve
      or other mechanical contrivance inside the purified water storage tank
      which might be subject to mechanical failure or might corrode and impart
      an undesirable taste to the contained water.
PAC  SUMMARY OF THE INVENTION
PAR  The reverse osmosis system of this invention comprises a module containing
      a semipermeable membrane, a pipe for introducing feed water under elevated
      pressure into the module, means which may include a restrictor or pressure
      control valve for releasing brine from the module while retaining
      operating pressure therein, and a tank for temporarily storing purified
      water passed through the semipermeable membrane in the module.
PAR  A valve is provided in one of the pipe introducing feed water into the
      module and the pipe transferring purified water from the module to the
      storage tank, this valve being actuated by means outside the tank for
      shutting off or turning on introduction of feed water into the module, and
      thus indirectly transfer of purified water into the storage tank, in
      response to the amount of purified water in the storage tank. Or, when
      this valve is provided in the pipe transferring purified water from the
      module to the storage tank, the shutting off or turning on of purified
      water transfer into the storage tank is, of course, direct.
PAR  The weight of water in the storage tank is employed for determining the
      amount, to automatically control actuation of the feed water input valve,
      or the purified water transfer valve, to maintain a predetermined amount
      of purified water in the storage tank. Hydraulic head is commonly
      considered to be a column height producing a pressure or weight of a
      liquid exerted over a unit area.
PAR  The means for actuating the feed water introduction or purified water
      transfer valve are disposed outside the purified water storage tank.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of a reverse osmosis system embodying
      features of the invention.
PAR  FIG. 2 is a diagrammatic illustration of a modified form of the system of
      FIG. 1, in which an electrically controlled valve is employed.
PAR  FIG. 3 is a diagrammatic illustration of a modified form of the system of
      FIG. 2, in which an electrically controlled valve is employed in the pipe
      transferring purified water from the module to the storage tank.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the reverse osmosis system comprises a reverse
      osmosis module 10, which contains a semipermeable membrane. Such modules
      are well known in the art and are described in detail, for example, in
      U.S. Pat. Nos. 3,493,496; 3,504,796; 3,542,199; and 3,542,203. An
      advantageous design includes a so-called spiral wound membrane cartridge.
      The brine or concentrate is released from module 10 through pipe 12, its
      release being controlled by an internal restrictor inside module 10, or an
      external pressure control valve, or as shown, restrictor 14, which in
      addition maintains operating pressure of liquid in module 10.
PAR  Rack 16 is arranged to support a storage tank 18 for temporarily holding
      purified water which has been passed through the semipermeable membrane in
      module 10 and from which it is transferred from module 10 through,
      preferably flexible, pipe or tubing 20. Storage tank 18 which as will be
      clearly seen in the drawings is of rigid construction, is pivotably
      mounted on rack 16, one end being supported by pivot or hinge 22 and the
      other by a resilient support such as spring 24. Feed water under elevated
      pressure from a source not shown and which it is required to purify, is
      introduced into module 10 through pipe 26, in which is placed a valve 28,
      which shuts off or turns on the flow of feed water through pipe 26
      responsive to the weight of purified water temporarily stored in storage
      tank 18. Valve 28 is of any suitable type such as a so-called plug valve
      or a ball valve, and communicates with pipe 26 at one end or side and to
      module 10 by pipe 26a at the other. Control handle 30 of valve 28 is
      connected by pivotable connector 32 to link 34, which in turn is connected
      by another pivotable connector 36 to the bottom of storage tank 18 near
      its resiliently supported end. When the resiliently supported end of
      storage tank 18 is displaced vertically downward a predetermined distance
      by a predetermined weight of purified water contained therein, link 34
      moves correspondingly and rotates handle 30 of valve 28 to off position as
      shown in FIG. 1.
PAR  The strength of spring 24 is selected so that it will allow downward
      displacement of storage tank 18 to cause rotation of handle 30 of valve 28
      to shut off flow of feed water therethrough when a predetermined weight of
      purified water is contained in storage tank 18. When water is withdrawn
      from storage tank 18, as by opening spigot 38, the weight of contained
      water in storage tank 18 is reduced and spring 24 raises the now lighter
      end of storage tank 18 and lifts link 34, which rotates handle 30 of valve
      28 to open, or partly open, position and thus turns on introduction of
      feed water through pipe 26 and 26a into module 10. The means for actuating
      valve 28, namely the pivoted link 34, forms a mechanical linkage between
      the resiliently supported end of storage tank 18 and handle 30 of valve 28
      to shut off or turn on introduction of feed water into module 10 at a
      predetermined vertical displacement of storage tank 18 caused by the
      weight of purified water therein.
PAR  In FIG. 2 is shown a modification of the system illustrated in FIG. 1 and
      comprises the module 10 with brine release pipe 12 and restrictor 14, the
      rack 16 supporting storage tank 18 on pivot 22 at one end and resilient
      means as spring 24 at the other end, with feed water introduced into
      module 10 by pipe 26 having a valve 28a, and purified water transferred
      from module 10 to storage tank 18 through pipe 20. In this embodiment the
      linkage between the resiliently supported end of the storage tank and the
      valve is electrical as well as mechanical, the valve 28a being of a
      commercial electrically actuated type, operated by a solenoid electrically
      connected to a micro switch 40. The bottom of storage tank 18, or a
      suitable finger 42 attached thereto, mechanically contacts micro switch 40
      to close solenoid valve 28a and thereby shuts off introduction of feed
      water through pipe 26 and 26a to module 10 when the resiliently supported
      end of storage tank 18 is vertically displaced downwardly a predetermined
      distance by the weight of purified water in storage tank 18. When the
      resiliently supported end of storage tank 18 becomes lighter by reason of
      withdrawal of purified water from storage tank 18 through spigot 38 and is
      vertically displaced upwardly to release finger 42 from micro switch 40,
      valve 28a is opened to turn on introduction of feed water through pipes 26
      and 26a into module 10. Electrical linkage is employed in this
      modification for actuation of the feed water valve instead of the
      mechanical linkage employed in the embodiment of FIG. 1.
PAR  In FIG. 3 is shown another modification of the system of FIG. 2, in which a
      solenoid valve responsive to the weight of water in the storage tank is
      placed in the pipe transferring purified water from the module to the
      storage tank. In this embodiment the system comprises module 12 with brine
      release pipe 12 and restrictor 14, the rack 16 supporting storage tank 18
      on pivot 22 at one end and resilient means such as spring 24 at the other
      end, with feed water introduced into module 10 by pipe 26. Purified water
      is transferred to storage tank 18 through pipe 20 in which is placed
      solenoid valve 28a, which is operated by connection to micro switch 40.
      The bottom of storage tank 18 or a suitable finger 42 attached thereto
      contacts micro switch 40 to close solenoid valve 28a and thereby shuts off
      the transfer of purified water from module 10 through pipe 20 into storage
      tank 18 when the resiliently supported end of storage tank 18 is displaced
      downwardly a predetermined distance by the amount or weight of purified
      water in storage tank 18. When the resiliently supported end of storage
      tank 18 becomes lighter by reason of withdrawal of purified water through
      spigot 38, and is vertically displaced upwardly to release finger 42 from
      micro switch 40, valve 28a is opened to turn on transfer of purified water
      through pipe 20 from module 10 into storage tank 18. Electrical linkage is
      employed in this embodiment to actuate a control valve place in the
      purified water transfer line.
PAR  It will be seen in all the embodiments discribed that the means for
      actuating the valve that controls the feed water input to, or the purified
      water transfer from the module, dependent on the weight of purified water
      in the storage tank, is completely outside the storage tank itself.
      Therefore, no mechanisms such as floats, level arms, bearings, valves,
      etc., are located within the tank and which could fail mechanically,
      corrode, rust or otherwise cause an undesirable odor, taste or suspended
      particles in the purified water in the storage tank. This is an important
      advantage because reverse osmosis systems for purifying municipal water
      for home use are most often used basically for the reason that the water
      produced is of a very pure grade, at least equivalent to so-called
      "bottled water," containing a low content of dissolved salts and of
      substantially enhanced characteristics such as taste, odor and clarity.
PAR  It will be appreciated that to obtain actuation of the control valve at a
      predetermined weight of water in the storage tank, the spring supporting
      one end of the tank will be of selected resiliency or tension. Also, the
      mechanical linkage or electrical micro switch arrangement will be of a
      type with arm lengths or switch spacing or characteristics to produce the
      desired shut off and turn on action interdependent with the spring
      tension.
PAR  Generally, also when a volume of purified water is withdrawn from the
      storage tank, the weight is substantially reduced. The feed or purified
      water lines are thereby opened for tank refilling and this may take an
      appreciable time before the original predetermined amount is restored in
      the storage tank. Therefore, problems of rapid on and off, or "hunting,"
      do not normally occur.
PAR  Placing the control valve in the pipe introducing feed water into the
      module has the advantage that when this valve shuts off, operation of the
      module is stopped and no feed water is used. Since operation of the module
      is stopped, production of purified water will shut down and flow through
      the pipe transferring purified water from the module to the storage tank
      is also effectively stopped. When the control valve is placed in the pipe
      transferring purified water from the module to the storage tank, somewhat
      more precise and immediate purified water control is obtained, but module
      operation is not shut down and feed water continues to flow through the
      module and out to drain.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reverse osmosis system comprising a module containing a semipermeable
      membrane, a pipe for introducing feed water under elevated pressure into
      said module, means for releasing brine from said module while retaining
      operating pressure therein, a rigid storage tank for temporarily storing
      purified water passed through the semipermeable membrane in said module,
      and a pipe for transferring purified water from said module into said
      storage tank; in which the improvement comprises:
PA1  a. a valve in one of said pipe introducing feed water under elevated
      pressure into said module, and said pipe for transferring purified water
      from said module into said rigid storage tank;
PA1  b. a resilient support for an end of said rigid storage tank; and,
PA1  c. a mechanical linkage between the resiliently supported end of said rigid
      storage tank which actuates said valve at a predetermined vertical
      displacement of said resiliently supported end of said rigid storage tank
      caused by the weight of purified water therein.
NUM  2.
PAR  2. A reverse osmosis system according to claim 1 in which a mechanical and
      electrical linkage between the resiliently supported end of said rigid
      storage tank and said valve actuates said valve, said electrical linkage
      comprising a solenoid operated valve and a switch, connected to said
      solenoid operated valve, which is mechanically actuated to shut off and
      turn on said solenoid operated valve by a predetermined vertical
      displacement of said resiliently supported end of said rigid storage tank
      caused by the weight of purified water therein.
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ABST
PAL  Separating and thickening apparatus, particularly advantageous for use in
      processing pulp, characterized by an apertured duct preferably of U-shape
      and rectangular cross-section. The duct is distinguished by closely spaced
      walls and incorporates removable screen segments which are readily
      accessible and easily replaced. The apparatus is so contrived to enable a
      highly efficient, high capacity, dewatering or thickening structure which
      requires no moving parts.
PARN
PAR  This application is a continuation of applicant's application Ser. No.
      81,980, filed Oct. 19, 1970, entitled "Thickening Apparatus", now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention provides improvements in thickening or dewatering devices
      having particular advantage in application to pulp slurry. It will be so
      described, though obviously not so limited in application.
PAR  In the processing of pulp, fibrous particles are moved through various
      stages of refining in a liquid vechicle, presenting such particles, in
      most case, in a high volume, low consistency, slurry flow. In certain
      stages of refining the slurry must be of a higher consistency than in
      other stages. This necessitates periodic use of thickening apparatus.
      There have been many devices of the prior art directed to such purposes,
      such as vacuum filters which rotate, mechanical screen devices which are
      vibrated, and screw presses. These devices of the prior art are large in
      size so that they require considerable space for installation, they are
      expensive as far as capital investment is concerned and quite costly to
      operate. In addition to the foregoing disadvantages, their efficiency has
      been a matter of some concern. A prime area of concern in their use is
      that they do permit the escape of obnoxious or dangerous fumes.
PAR  There are inexpensive screening devices which can be used for dewatering or
      thickening purposes. However, these have been, in the main, either too
      large for a given capacity or basically incapable of handling a high
      volume slurry flow.
PAR  Accordingly, the prior art thickening apparatus for the purposes described
      have not been satisfactorily contrived so as to be able to handle a large
      flow volume in a minimal amount of space and at a low cost, both from a
      standpoint of capital investment and operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a solution to the above noted problems. It
      provides a basically simple, compact, thickening apparatus capable of
      handling high volume flow and capable of quickly dewatering a pulp or like
      slurry with a high degree of efficiency. Preferred embodiments of the
      invention take the form of a duct or series of ducts having an inverted
      U-shape, the legs of which include separable screen segments affording
      optimal drain passages, the whole being enclosed in a housing to which and
      from which extracted effluent moves in a continuing rapid flow.
PAR  It is therefore a primary object of the invention to provide thickening
      apparatus which is more economical to fabricate, more efficient and
      satisfactory in use, adaptable to a wide variety of application, and
      unlikely to malfunction.
PAR  A further object of the invention is to provide an improved dewatering and
      thickening apparatus which has no moving parts.
PAR  Another object of the invention is to provide an improved thickening
      apparatus of duct form.
PAR  An additional object of the invention is to provide a duct formed
      thickening device for handling a direct, high volume, low consistency flow
      with a high degree of separating efficiency.
PAR  Another object of the invention is to provide a pulp or like thickener
      possessing the advantageous structural features, the inherent meritorious
      characteristics and the means and mode of use herein described.
PAR  With the above and other incidental objects in view as will more fully
      appear in the specification, the invention intended to be protected by
      Letters Patent consists of the features of construction, the parts and
      combinations thereof, and the mode of operation as hereinafter described
      or illustrated in the accompanying drawings, or their equivalents.
DRWD
PAR  Referring to the accompanying drawing wherein is shown one but obviously
      not necessarily the only form of embodiment of the invention,
PAR  FIG. 1 is a generally diagrammatic cross-sectional view of apparatus
      according to the invention with wall portions removed to show pertinent
      detail;
PAR  FIG. 2 is a schematic sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 shows a section of the screen segments embodied in the device of
      FIGS. 1 and 2;
PAR  FIG. 4 is a view taken on line 4--4 of FIG. 3; and
PAR  FIG. 5 is a schematic view of a system embodying the invention concept.
PAR  Like parts are indicated by similar characters of reference throughout the
      several views.
DETD
PAR  Looking to FIG. 1 of the drawings, as there seen, the invention structure
      is housed in a vertical shell-like housing 10 having closely spaced front
      and rear walls 11 and 12 interconnected by side walls 13. In the example
      illustrated, the top of the shell 10 is provided by a releasable cover
      plate 14. It is noted that in FIG. 1 the front wall 11 of the shell 10 has
      been removed to reveal the invention detail.
PAR  Referring to FIG. 1, in connection with one side wall 13, at its lower end,
      is a relatively large diameter conduit 15 which serves to deliver to the
      interior of the shell 10, by way of an adapter 16, a low consistency pulp
      slurry. As the adapter 16 passes through the lower end of the side wall
      13, a seal is provided thereabout. Within the shell 10 the discharge end
      of the adapter 16 is gradually modified and reduced in cross section and
      terminates in the form of a right angled elbow 18. The discharge end of
      the elbow 18 is flanged and opens vertically upward.
PAR  The flanged extremity of elbow 18 connects with and discharges directly to
      the lower end of one leg 19 of a duct assembly 20. The assembly 20 has an
      inverted U-shape and is comprised of a pair of closely spaced, generally
      parallel, vertically oriented duct sections 19 and 21 the upper
      extremities of which are bridged by an arcuately formed duct segment 22.
      The latter is formed on a uniform radius. Suitable connections and seals
      are provided between the respective sections of the duct assembly and
      their interconnected conduits so as to create what constitutes an
      integrated continuing flow passage.
PAR  In the preferred embodiment of the invention illustrated, it will be seen
      that use is made of portions of the front and rear walls of the shell 10
      in forming the duct assembly 20. Extending between, perpendicular to, and
      bridging the shell walls 11 and 12, in closely spaced parallel relation,
      are perforate screen wall units 23. The wall units 23 together with the
      spanning portions of the shell walls 11 and 12 therebetween mutually form
      the section 19 of the duct assembly 20. Similarly, the section 21 is
      formed by a pair of screen wall units 24 extending between, perpendicular
      to, and bridging the shell walls 11 and 12 in closely spaced parallel
      relation. To complete the duct assembly 20 and form the section 22
      thereof, the screen wall units 23 and 24 most adjacent are interconnected
      by an imperforate arcuate plate 29 while the most remote of the screen
      wall units 23 and 24 are interconnected at their upper extremities by an
      imperforate arcuate plate unit 30. The plate units 29 and 30 extend from
      the front wall 11 to the rear wall 12 of the shell 10 and form therewith
      an imperforate arcuate segment 22 of the duct assembly 20. Note that the
      cross sectional area of the passage through the various segments of the
      duct assembly 20 is essentially uniform, and screen walls basically
      consist of a frame releasably retaining one or more screen segments. The
      nature of the frame and the manner of mechanical insertion and release of
      the frame segments is not shown or discussed in detail since such is not
      per se essential to an understanding of the invention. Such mechanical
      construction features are within the capability of any mechanic having the
      basic invention before him. However, it is basic to the invention that the
      screen walls do have readily releasable screen segments which facilitate
      accessibility to the various portions of the duct assembly for inspection,
      flushing and any other purpose that might be required. As to the nature of
      the screen segments per se, a particular type of screen formation
      providing particular type of apertures is preferred in accordance with the
      invention such as illustrated in the drawings. As there seen, a
      rectangular screen segment or insert, one or more of which would be
      incorporated to form a screen wall 23 or 24, comprises outer bars 26 which
      in mounted position are vertically oriented and transversely spaced
      between the front and rear walls 11 and 12 of the shell 10. The bars 26
      constitute supports for transversely extending vertically spaced wires or
      bars 27 of a distinctive wave-line form. The wires 27 are closely spaced
      and form interior flow surfaces for a slurry moving through the vertical
      legs of the duct assembly 20, in which flow surfaces are defined arcuate
      slots. The bars 27 are so arranged to form between each successive pair of
      vertical bars 26 a single generally uniform arc the apex 28 of which is in
      any case directed in the sense of flow through the duct assembly 20. This
      means that within the duct section 19 the apex 28 between adjacent bars 26
      is in each case projected upwardly. Correspondingly, within the duct
      section 21 each apex will be directed in a sense downwardly.
PAR  In the lower end of the shell 10 the duct section 21 discharges to and
      through a conduit 31 of an imperforate tubing. The latter is projected
      through the bottom of the shell 10, a suitable seal being provided
      thereabout. Of course, there is a sealed interconnection between the
      mating ends of the duct section 21 and the conduit 31.
PAR  As diagrammatically shown in FIG. 1, the bottom 32 of the shell 10 has a
      hopper shape, there being provided in its dependent apex a valve
      controlled drain opening 33. As will be further described, the hopper type
      bottom 32 serves to accumulate effluent extracted in movement of a slurry
      through the duct assembly above described. By suitable control of the
      drain opening 33 one may control the speed of evacuation of the effluent.
      It will be preferably provided that the bottom 32 have a releasable
      interconnection with the remainder of the shell 10 so it may be quickly
      and easily removed and/or replaced, as and when needs require.
PAR  The walls 13 of the shell 10 are provided at various elevations with access
      plates 34. These may be released for inspection purposes or access to the
      removable screen segments for removal, replacement, flushing, or any other
      utilitarian purpose.
PAR  The construction of the pulp thickening apparatus above described is that
      basic and free of any part which must positively act to function that it
      is extremely simple to fabricate, install and maintain. As will further
      appear, the efficiency of the unit and the system thus provided is
      optimal.
PAR  Reference is now had to FIG. 5 of the drawings which shows schematically,
      and only to the extent necessary, a type of system in which the above
      described apparatus may be effectively employed. There seen, represented
      in generally schematic block form, is a receptacle 35 which may be
      utilized as a device for receiving dry broke and similar basic materials
      converted to a slurry form of low consistency. Note that water or other
      liquids extracted from the system are used as makeup water to insure the
      initially required low consistency of the slurry provided. From the
      receptacle 35 this low consistency slurry will pass, for example, through
      various types of mixtures, pulpers and other refining equipment. At one
      point or another, such as for storage or preparation for use in end
      products, the existing low consistency slurry must be converted to a high
      consistency form. For purposes of illustrating use of the invention, the
      slurry is shown to be passed through a variable speed screw feeder 37 to
      the shell 10. The feeder 37 produces a pressured low consistency, high
      volume, flow to and through supply conduit 15 and adapter 16 to the duct
      assembly 20 in the shell 10. The adapter 16 is formed to convert the cross
      section of the slurry flow to correspond to that of the duct assembly.
PAR  As noted, in the preferred embodiment illustrated, on entry to the duct
      assembly 20 the cross section of the flow is modified. In one preferred
      embodiment such as here illustrated the duct section 19 will be formed to
      have its screen walls 23 spaced apart in the neighborhood of 1.25 inches
      while the width of the screen walls will be 24 inches. Thus, as the low
      consistency slurry is pressured to flow upwardly of the duct section 19,
      over 95% of the duct surface area over which it passes is of screen form.
      Accordingly, in the use in particular of the screen form preferred,
      previously described, the slurry as it moves upwardly of the duct section
      19 will be optimally exposed to contact with the screen bars 27 and the
      single curved sections thereof between their support bars 26. The unique
      result is that liquid from the slurry tends to follow and cling to the
      surfaces of the individual curved sections of bars 27 and be expressed to
      a considerable degree between vertically spaced adjacent of such sections,
      particularly in the area of their apex portions 28. This tendency of
      liquid to move outwardly of the duct section 19 under the influence of the
      bars 27 over which the slurry passes is assisted by the pumping pressure
      and back pressure which is imposed upon the system. It is noted that the
      configuration of the arcuate segments of the bars 27 which terminate in
      upwardly directed apex portions 28 in duct section 19 influence a liquid
      flow and extraction of a nature that induces a self-cleaning action on the
      bars. This of course insures the optimal movement of the low consistency
      slurry and rapid thickening thereof in transit. It also enhances the
      ability of the invention thickener to handle an extremely high capacity
      flow in a unit time. In the flow, referring to FIG. 5 of the drawings,
      there will not only be a reactant back pressure due to gravity as the
      slurry moves up the duct section 19 but the system contemplates that the
      discharge conduit from the pulp thickener have incorporated therein a
      valve control device 38 such as illustrated in U.S. Pat. No. 3,460,466.
      The latter can be controlled in an obvious manner to assist in dictating
      the particular degree of extraction of liquid in the thickening procedure.
PAR  The duct section 22 is deliberately made as an imperforate 180.degree.
      curve to facilitate rapid and unimpeded movement of thickened slurry from
      the duct section 19 to the duct section 21. As the slurry moves down the
      duct section 21, the bars 27 forming the inner screen wall surfaces of the
      screen walls 24 function as in the first instance to direct fluid to
      adhere thereto and to pass outwardly of the walls 24 in a rapid and most
      effective manner. The passage of the thickened slurry through the duct
      section 21 is facilitated by the influence of gravity which adds to the
      effect of the pressured feed. Of course, the back pressure may be
      controlled by the valve 38 to achieve added extraction of liquid and the
      desired end result.
PAR  The liquid effluent which is efficiently and rapidly expressed from the
      duct assembly 20 in passage through the sections 19 and 21 as described,
      will flow down the back sides of the screen walls, concentrated in the
      area of the apices 28 of the bars 27, to accumulate in the shell bottom 32
      and to drain through the device 33 in a manner as dictated by the control
      of the latter. As schematically illustrated, it will be seen that this
      effluent is channelled to a supply pit from which the same may be drawn by
      a pump 40 to be supplied as makeup water. Further noting FIG. 5, the
      thickened slurry which is now of considerably higher density may be moved
      to a storage chamber 41 and fed from there to any one of a number of
      devices, as required. Such devices might be presses, refiners, paper or
      board forming machines, deckers, filters, and the like which are variously
      utilized in the pertaining systems.
PAR  It will be realized, of course, that the illustration of FIG. 5 is quite
      skimpy in character and arbitrarily set up to indicate only the basic
      function of the invention apparatus.
PAR  While a preferred construction and cross section of the duct assembly 20
      has been here described, due to the optimal function thereof, the
      invention nevertheless contemplates parallel use of duct assemblies of
      different cross sectional configuration and use of screen walls or screen
      segments wherein the apertures are differently formed.
PAR  As has been set forth, the invention provides a simple thickener which
      embodies no moving parts. Moreover, the thickener has been shown housed in
      a manner admirably suited for treatment of fibrous material in slurry
      form, particularly where it may be desirable to avoid exposure of the
      fibrous materials to atmosphere for any reason. In any case the thickener
      concept affords excellent facilities for removal of liquids from solids in
      any flow medium. The compact design and the facility with which the
      invention structure may be used to extract liquid enables a device which
      occupies a minimal space but is nevertheless capable of handling a high
      volume flow in a unit time.
PAR  Note is also made that it should be obvious that one may use a series of
      inverted U-shaped duct assemblies fed by separate conduits 15 leading from
      a main feed manifold. Another possibility is that there may be provided
      within a shell such as 10 a successive series of inverted U-shaped duct
      units connected in series relation in an obvious manner. In any event, the
      basic concept of the thickening apparatus of the invention can be used in
      various shape and form without departing from the spirit or the scope of
      the invention. As noted previously, the ducts can be made in tubular form
      and the character of the perforations in the screen wall sections may be
      varied to suit particular application.
PAR  In summary, in the function and use of the described thickening device the
      object in any case will be to reduce the slurry comprised of liquids and
      solids to a higher consistency form. The importance of the invention will
      become even more self-evident when it may be considered that a unit of the
      character here illustrated may be used, for example, as an inexpensive
      anti-pollution device. As such, it may be applied to sewage to extract
      objectional constituents. Also high on the usage list would be the
      potential of the application of the invention concept for classification
      purposes.
PAR  The invention system basically provides incoming slurry delivered under
      pressure to move through a duct assembly wherein flow is essentially in a
      continuing line path and there is no contrived, devious or helical path
      followed that would create unnecessary friction or turbulence in the flow.
      With the preferred screen segments illustrated, the unusual effect is to
      insure that as slurry moves upwardly and downwardly of the screen wall
      portions liquid will by wall attachment follow the form of the
      transversely disposed arcs of the screen bars to move between the vertical
      supports in an optimal expression and exit of liquids, the exiting liquids
      flowing down the outermost wall surfaces of the screen segments in an
      unimpeded flow running clear and clean of the vertical support bars.
PAR  One further point of interest in the particular inverted U-shaped duct
      assembly 20 here illustrated is that as thickened slurry moves through the
      imperforate 180.degree. elbow provided by duct section 22 there is
      essentially no retarding action, and the energy requirement for
      maintaining flow volume to and through the duct section 21 is thereby
      minimized.
PAR  While the thickening unit has been shown in a preferred vertical
      orientation, for certain applications the orientation might vary.
      Nevertheless, the vertical orientation is one of primary importance.
PAR  From the above description it will be apparent that there is thus provided
      a device of the character described possessing the particular features of
      advantage before enumerated as desirable, but which obviously is
      susceptible of modification in its form, proportions, detail construction
      and arrangement of parts without departing from the principle involved or
      sacrificing any of its advantages.
PAR  While in order to comply with the statute the invention has been described
      in language more or less specific as to structural features, it is to be
      understood that the invention is not limited to the specific features
      shown, but that the means and construction herein disclosed comprise but
      one of several modes of putting the invention into effect and the
      invention is therefore claimed in any of its forms or modifications within
      the legitimate and valid scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thickener in a system flowing solids in a slurry form under pressure
      and in a relatively large volume, said thickener being enclosed to express
      fluids under conditions of non-exposure to the atmosphere by a housing
      having lower and upper ends and providing at the lower end an inlet and an
      outlet and a drain for expressed fluids, a relatively thin slurry being
      admitted to said housing by way of said inlet and discharging in a
      thickened form from said outlet, said thickener including a continuous
      unobstructed duct structure within said housing including vertically
      oriented up and down duct sections communicating at respective lower ends
      with said inlet and said outlet and comprising screen walls in relatively
      closely spaced approximately parallel relation bridged at their lateral
      extremities by short interconnecting walls to provide for the slurry to
      move therein in a thin sheet-like flow, said vertical duct sections
      extending upwardly within the housing toward the upper end thereof and
      having adjacent of their ends to one end thereof interconnected by an
      imperforate generally arcuate duct section which provides for a direction
      reversing continuous slurry flow from one to the other of the vertical
      sections of said duct, slurry flow through a part of said duct being
      opposed by gravity forces, and portions of said vertical duct sections
      being perforate for an expression of fluids into said housing, expressed
      fluids flowing to said drain and exiting from said housing thereby.
NUM  2.
PAR  2. A thickener according to claim 1, wherein said short interconnecting
      walls are provided by wall portions of said housing, and said imperforate
      arcuate duct section is formed in part by wall portions of said housing.
NUM  3.
PAR  3. Dewatering and thickening apparatus particularly applicable to a pulp
      slurry comprising a continuous duct including a plurality of generally
      vertically oriented sections arranged in adjacent, relatively closely
      spaced relation, with each of said sections being connected to the
      adjacent of said sections by an arcuate duct section, said duct sections
      being unobstructed and forming thereby a smoothly continuing flow path for
      use in separating the components of a slurry comprised of liquids and
      solids which is flowed therethrough under pressure, said vertical duct
      sections embodying wall portions provided by screen structure including
      means defining apertures which are laterally extended in a sense
      transverse to flow and arranged thereby to smoothly and quickly separate
      substantial amounts of liquid from peripheral portions of the slurry flow
      through the apertures defined thereby.
NUM  4.
PAR  4. Apparatus as in claim 3 characterized by said arcuate duct section being
      defined by an imperforate wall structure.
NUM  5.
PAR  5. Apparatus as in claim 4 characterized by said continuous duct having a
      housing and extending between an inlet to and an outlet from said housing
      and said housing providing a receptacle for the liquid which is induced by
      said screen structure to separate from said slurry flow, and said screen
      structure being arranged to bridge opposite wall portions of said housing
      and form, with a portion thereof, said vertical duct sections.
NUM  6.
PAR  6. Apparatus as in claim 3 wherein said continuous duct is positioned in a
      housing and extends between an inlet to and an outlet from said housing;
      and said housing includes oppositely disposed imperforate wall segments
      and said oppositely disposed wall segments are bridged by spaced plate
      structures which define therewith said duct sections the configuration of
      which causes the slurry to move therethrough in a substantially sheet-like
      flow.
NUM  7.
PAR  7. Apparatus as in claim 6 characterized by the adjacent of said generally
      vertically oriented duct sections and their interconnecting arcuate duct
      section having a U-shape, the bridging plate structures of said vertically
      oriented sections being generally parallel and closely spaced and
      including portions defined by said screen structure the apertures of which
      are defined in part by bar shaped elements arranged transverse to the
      slurry flow.
NUM  8.
PAR  8. Apparatus as in claim 3 wherein said continuous duct is positioned in a
      receptacle defining a housing for said duct, and said vertical duct
      sections include opposite wall portions which are imperforate, bridged by
      further opposite wall portions which include said screen structure and
      dispose in a closely spaced parallel relation to cause said slurry to move
      thereby in a thin layered flow the thickness of which is a small fraction
      of its lateral extent.
NUM  9.
PAR  9. Dewatering and thickening apparatus particularly applicable to a pulp
      slurry comprising a duct structure defining a continuing flow path, said
      duct structure including opposite closely spaced approximately parallel
      wall portions embodying screen-like wall structure, which portions are
      bridged at their lateral extremities by short relatively widely spaced
      wall portions to provide a cross section to said flow path inducing the
      slurry to move therethrough in a fast moving, thin layered, sheet-like
      flow, the configuration of said screen-like wall structure being such to
      induce the rapid exit from said duct structure of substantial amounts of
      liquid from the peripheral portions of said flow.
NUM  10.
PAR  10. Apparatus as in claim 9 characterized by said duct structure having a
      housing and said duct structure including sections which in following
      sequence are alternately inclusive of apertured screen-like wall structure
      and imperforate and at least the sections inclusive of said screen-like
      wall structure being sealed in said housing.
NUM  11.
PAR  11. Apparatus as in claim 10 wherein said duct structure is comprised of at
      least one portion the length of which has a generally U-shaped
      configuration comprising vertical leg sections including wall portions
      embodying said apertured screen-like wall structure and a bridging section
      the wall portions of which are imperforate.
NUM  12.
PAR  12. Apparatus as in claim 9 characterized by said closely spaced wall
      portions including apertured screen like wall structure have the apertures
      therein laterally extended in a sense transverse to the direction of the
      slurry flow and of very limited extent in the direction of the slurry
      flow.
NUM  13.
PAR  13. Apparatus as in claim 11 characterized by said vertically oriented leg
      sections including two pair of opposite generally parallel side wall
      portions, one pair of which is substantially wider than the other and
      include screen structure comprising closely spaced wire-like bars having
      relatively widely spaced supports which define therewith arcuate slots
      arranged transverse to slurry flow, a central portion of each of which
      slots is projected in the sense of slurry flow.
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ABST
PAL  Horizontal vacuum belt filter machine comprises frame with spaced apart
      drums journaled to frame and endless belt structure mounted on drums.
      Endless belt structure has upper horizontal path of travel and comprises
      multiple longitudinally oriented endless belt segments arranged in
      side-by-side fashion with overlapping joint between adjacent edge portions
      of belt segments. Drums include first arrangement comprising multiple
      drums equal in number to multiple endless belt segments with each of
      multiple drums associated with separate one of belt segments. Drums
      further include second arrangement comprising single drum for multiple
      belt segments. Endless filter medium covers endless belt structure in area
      of upper horizontal path of belt travel, and suction device in area of
      upper horizontal path of belt travel cooperates with endless belt
      structure and filter medium for withdrawing liquid from slurry-like
      materials deposited upon filter medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a horizontal vacuum belt filter machine,
      and more particularly to an endless belt filter machine wherein the
      endless belt comprises multiple longitudinally oriented endless belt
      segments arranged in side-by-side fashion.
PAR  Generally, endless belt filters are known in the art such as the machine
      described in U.S. Pat. No. 3,190,451, granted June 22, 1965. Basically,
      these machines comprise an endless single belt mounted on drums journaled
      to the frame of the machine. An endless filter medium is supported by the
      endless belt on the top side thereof, and suction supplied to selected
      openings in the bottom of the belt functions to withdraw water from
      slurry-like materials deposited upon the filter medium. Ultimately, the
      filter cake is removed from the filter medium at the discharge end of the
      machine. Heretofore, most belt filter machines of the above described type
      included a single endless belt of a unitary or one-piece nature, or one
      fabricated from two or more pieces cemented or otherwise secured together
      into a single unitary member. Such a construction is not only difficult to
      handle and assemble but proper tensioning and tracking of the belt for
      extended periods of operation are difficult, if not impossible, to
      achieve.
PAR  Belt filter machines have also been proposed that include a plurality of
      drainage belts trained around spaced apart rotatable drums with a
      continuous gap left between adjacent edges of the belts through which
      filtrate drainage is effected. Such a machine is shown in U.S. Pat. No.
      3,426,908, granted Feb. 11, 1969. The belts of these machines do not
      cooperate with one another to form a unitary unit, and instead are spaced
      apart to provide the drainage characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a unique
      and beneficial belt filter machine which avoids the shortcomings of
      existing machines by including an endless belt construction that comprises
      multiple longitudinally oriented endless belt segments engaging one
      another and arranged in side-by-side fashion.
PAR  Another object of the present invention is to provide a belt filter machine
      having multiple longitudinally oriented endless belt segments arranged in
      side-by-side fashion with a vacuum tight overlapping joint between
      adjacent edge portions of the belt segments.
PAR  Still another object of the present invention is to provide a belt filter
      machine having multiple drums upon which multiple endless belt segments
      are mounted for individually controlling the tensioning and tracking of
      each belt segment.
PAR  In accordance with the present invention, a horizontal vacuum belt filter
      machine comprises a frame with spaced apart drums journaled to the frame
      and a longitudinally oriented endless belt structure mounted on the drums.
      The endless belt structure has an upper horizontal path of travel and
      comprises multiple longitudinally oriented endless belt segments arranged
      in side-by-side fashion with an overlapping joint between adjacent edge
      portions of the belt segments. The drums include a first arrangement that
      comprises multiple drums equal in number to the multiple endless segments
      with each of the multiple drums associated with a separate one of the belt
      segments. The drums further include a second arrangement that comprises a
      single drum for the multiple belt segments. An endless filter medium
      covers the endless belt structure in the area of the upper horizontal path
      of belt travel, and a suction device in the area of the upper horizontal
      path of belt travel cooperates with the endless belt structure and the
      filter medium for withdrawing liquid from slurry-like materials deposited
      upon the filter medium.
PAR  Preferably, the endless belt structure comprises three longitudinally
      oriented endless belt segments, and one of the belt segments includes an
      undercut side edge portion in its base portion while the adjacent belt
      segment includes a cutout side edge portion in its base portion. As a
      result, the undercut side edge portion of one of the belt segments mates
      with the cutout side edge portion of the adjacent belt segment to provide
      the overlapping joint.
PAR  Preferably, the first drum arrangement is at one end of the frame and
      defines the feed end of the machine while the second drum arrangement is
      at the opposite end of the machine where it defines the discharge end of
      the machine. Also, the single drum of the second drum arrangement may be
      driven. In the preferred embodiment of the invention, the first drum
      arrangement includes three individual drums two of which are journaled to
      the frame along the same axis while the remaining drum is journaled to the
      frame along a different axis spaced from the other. The middle drum of the
      three drums of the first drum arrangement is journaled to the frame along
      an axis different from the axis along which the two side drums of the
      first drum arrangement are journaled to the frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Novel features and advantages of the present invention in addition to those
      mentioned above will become apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawing wherein similar reference characters refer to similar
      parts and in which:
PAR  FIG. 1 is a perspective view illustrating a horizontal vacuum belt filter
      machine according to the present invention;
PAR  FIG. 2 is a side elevational view of the machine of FIG. 1 with the central
      portion thereof broken away;
PAR  FIG. 3 is a top plan view of the machine of FIG. 1 with the central portion
      thereof broken away; and
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring in more particularity to the drawing, a horizontal vacuum belt
      filter machine 10 is shown, according to the present invention. Generally,
      machines of this type include an endless filter medium and endless
      drainage belt structure with a system for supporting and driving the
      filtering and drainage belt structure. A suction box imparts vacuum to the
      area of the filter medium for the purpose of withdrawing liquid from
      slurry-like materials deposited thereon.
PAR  Particularly, the horizontal vacuum belt filter machine 10 comprises a
      frame 12 fabricated from tubular metal or similar material, and spaced
      apart drum arrangements 14, 16 are journaled to the frame, as explained
      more fully below. A longitudinally oriented endless belt structure 18 is
      mounted on the drum arrangements 14, 16 so that the belt structure is
      trained around them. The endless belt structure has an upper horizontal
      path of travel where the filtering action is accomplished. Moreover, the
      endless belt structure 18 comprises multiple longitudinally oriented
      endless belt segments 20, 22, 24 arranged in side-by-side fashion with an
      overlapping joint 26 between adjacent edge portions of the belt segments
      along the upper horizontal path of belt travel. An endless filter medium
      28 covers the endless belt structure 18 in the area of the upper
      horizontal path of belt travel, and, as shown in the drawing, a suction
      box 30 in that area of belt travel cooperates with the endless belt
      structure 18 and the filter medium 28 for withdrawing liquid from
      slurry-like materials deposited on the filter medium.
PAR  The endless filter medium 28 may comprise a foraminous wire of metal,
      cloth, plastic composition or the like. Also, the endless belt structure
      18 in the form of the multiple belt segments 20, 22, 24 may be constructed
      of any suitable flexible material such as rubber, plastic composition,
      rubber and fabric, or the like.
PAR  The spaced apart drum arrangements 14, 16 include a first arrangement 14 at
      the end of the frame 12 that defines the feed end of the machine 10. The
      second drum arrangement 16 is located at the opposite end of the frame 12
      and defines the discharge end of the machine 10. The first drum
      arrangement 14 comprises multiple individual drums 32, 34, 36 equal in
      number to the multiple endless belt segments 20, 22, 24 of the endless
      belt structure 18. Each of the multiple drums 32, 34, 36 is associated
      with a separate one of the individual belt segments that comprise the
      endless belt structure 18. The second drum arrangement 16 at the discharge
      end of the machine 10 comprises a single drum 38.
PAR  As shown best in FIG. 4, each of the endless belt segments 20, 22, 24
      includes a base portion 40. The middle belt segment 22 has a cutout
      portion 42 along each of its opposite side edges, and the cutouts are
      located in the base portion 40 of the segment 22. The belt segments 20, 24
      on opposite sides of the middle segment 22 each include an undercut
      portion 44 along the side edge adjacent the middle segment 22. The
      undercuts in the side belt segments 20, 24 are located in the base portion
      40 of these segments, and the cooperation between the cutouts 42 and
      undercuts 44 occurs along the upper horizontal path of belt travel to
      provide the overlapping joints 26 between adjacent edge portions of the
      individual belt segments.
PAR  A series of spaced apart drainage openings 46 is provided in the middle
      belt segment 22. These openings cooperate with openings 48 in the suction
      30 to impart vacuum to the material deposited upon the filter medium 28,
      as explained more fully below. The upper half of the belt segments carries
      a plurality of individual transversely extending ribs 50 integrally
      associated with the base portions 40 of the belt segments. The ribs 50 are
      spaced apart but parallel to one another and serve to support the endless
      filter medium 28 along the upper horizontal path of belt travel. Also, the
      ribs define filtrate receiving grooves 52 that communicate with the
      drainage opening 46 in the middle belt segment 22 during the filtering
      operation.
PAR  The single drum 38 at the discharge end of the machine 10 is secured to a
      shaft 54 which is journaled to the frame 12 by journal blocks 56. The
      single drum 38 provides the drive for the endless belt structure 18. In
      this connection, a suitable motor 58 is provided together with a
      transmission 60 for drivingly connecting the motor to the shaft 54. At the
      feed end of the machine 10 where the three multiple drums 32, 34, 36 are
      located, the middle drum 34 is journaled to the frame 12 by a shaft 62 and
      journal blocks 64. Each block 64 is adjustably mounted to the frame by a
      bearing guide slot 66 and an adjustable screw assembly 68 for positioning
      the block along the slot 66 at various positions on the frame. With such
      an arrangement, the middle belt segment 22 is easily tensioned the
      appropriate amount by anchoring the blocks 64 to the frame 12 at a
      position which will provide the appropriate belt tension. Two oppositely
      positioned shafts 70 are provided for securing the individual side drums
      32, 36 to the frame 12 of the machine 10. Journal blocks 72 secure each
      shaft 70 to the frame and the position of these blocks relative to the
      frame is adjustable in the same manner as the blocks 64 associated with
      shaft 62. With such an arrangement the belt segments 20, 24 may be
      appropriately tensioned in the same manner as described above in
      connection with the proper tensioning of belt segment 22.
PAR  A free-running pulley 74 is secured at each end of the shaft 54 for the
      single driven drum 38 at the discharge end of the machine 10. Shaft 70 at
      the feed end of the machine 10 also carries a free-running pulley 74 at
      each end thereof. As shown best in FIGS. 3 and 4, two V-belts 76 are
      trained around the pulleys, and the sides of the endless filter medium 28
      are attached to the V-belts for movement therewith. This arrangement
      provides proper tracking of the filter medium 28 during the filtering
      operation and the movement of the belt structure 18. The weight of the
      slurry-like material deposited upon the filter medium 28 provides
      sufficient frictional engagement between the filter 28 and the ribs 50 of
      the belt structure 18 which support the filter. As a result, the filter 28
      and belt 18 move together as a unit when the motor 58 is energized and
      slurry-like material is deposited upon the filter.
PAR  In operation, slurry-like material is deposited upon the endless filter
      medium 28 at the feed end of the machine 10. The liquid or filtrate in the
      slurry material passes through the medium onto the endless belt structure
      18 into the filtrate receiving grooves 52 between the ribs 50. The ribs 50
      being slightly spaced apart and parallel to one another serve to support
      the medium 28 above the grooves 52. Suction is continuously applied to the
      grooves 52 between the ribs via the suction box 30 as the openings 48
      therein communicate with the drainage openings 46 in the middle belt
      segment 22. As the belt segments 20, 22, 24 and the filter medium 28
      travel toward the discharge end of the machine 10, more and more liquid is
      withdrawn from the material deposited on the filter medium. Ultimately,
      the substantially dry filter cake on top of the medium 28 reaches the
      discharge end of the machine where it is removed, by gravity, a blast of
      air pressure or the like, as is well known. The return of the endless
      filter medium 28 and belt segments 20, 22, 24 takes place on the underside
      of the machine 10. The filter medium 28 may be washed along the return, as
      is well known.
PAR  The overlapping joint 26 between the edge portions of adjacent belt
      segments occurs along the upper horizontal path of belt travel and
      effectively prevents leakage of the liquid at these lines of overlapping
      connection. Also, it is significant that the overlapping joints 26 along
      the upper path are subjected to suction from the box 30, and this suction
      urges adjacent belt segments into intimate contact with one another at the
      joints so that the segments move together as a single unit. Relative
      movement between adjacent belt segments along the upper path of belt
      travel is thereby prevented. It is equally significant that the particular
      drum arrangements 14, 16 enable individual tensioning of the three belt
      segments that comprise the endless belt structure 18. Such construction
      facilitates handling and assembling of the belt structure 18 on the drums
      of the machine, and provides proper tensioning and tracking of the belt
      segments for extended periods of filtering operation. By properly
      tensioning and tracking each belt segment slippage between the segments is
      prevented and the overall belt structure moves a single unit along the
      upper horizontal path of belt travel.
PAR  Additionally, each belt segment includes a downwardly extending continuous
      tab 78 on the underside thereof. The tabs fit within annular grooves 80 in
      the drum arrangements 14, 16 to thereby insure proper tracking of the
      belts relative to the drum arrangements. The fluid-tight seals 26 are also
      maintained by the structural relationship between the tabs 78 and grooves
      80. Moreover, it is also understood that the endless belt structure may
      comprise two, four or other combinations of belt segments instead of the
      three segments shown in the drawing and described above.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a horizontal vacuum belt filter machine of the type comprising a
      frame, spaced apart drum means journaled to the frame at opposite ends
      thereof, endless belt means mounted on the drum means having an upper
      horizontal path of travel and comprising a plurality of separate
      longitudinally aligned endless belt segments, an endless filter medium
      supported upon the endless belt means in the area of the upper horizontal
      path of travel, and suction means beneath the upper horizontal path of
      travel cooperating with the endless belt means and the filter medium for
      withdrawing liquid from slurry-like material deposited upon the filter
      medium, the improvement being characterized by the separate endless belt
      segments each including edge portions recessed for overlapping sealing
      engagement with the recessed edge portion of an adjacent belt segment to
      form a leak resistant joint therebetween along the horizontal path of
      travel, the overlapping joint additionally acting by frictional
      cooperation to minimize relative longitudinal slippage between adjacent
      belt segments as they travel along the horizontal path.
NUM  2.
PAR  2. The combination of claim 1 in which the endless belt means comprises
      three longitudinally aligned endless belt segments.
NUM  3.
PAR  3. The combination of claim 1 in which the endless belt means includes a
      base portion, and wherein one of the belt segments of the belt means
      includes an undercut side edge portion in its base portion while the
      adjacent belt segment includes a cutout side edge portion in its base
      portion whereby the undercut side edge portion of one of the belt segments
      mates with the cutout side edge portion of the adjacent belt segment to
      provide the overlapping sealing engagement.
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ABST
PAL  Horizontal vacuum belt filter machine comprises frame with spaced apart
      drums journaled to frame and endless belt structure mounted on drums.
      Endless belt structure has upper horizontal path of travel and comprises
      multiple longitudinally oriented endless belt segments arranged in
      side-by-side fashion with overlapping joint between adjacent edge portions
      of belt segments. Drums include first arrangement comprising multiple
      drums equal in number to multiple endless belt segments with each of
      multiple drums associated with separate one of belt segments. Drums
      further include second arrangement comprising single drum for multiple
      belt segments. Endless filter medium covers endless belt structure in area
      of upper horizontal path of belt travel, and suction device in area of
      upper horizontal path of belt travel cooperates with endless belt
      structure and filter medium for withdrawing liquid from slurry-like
      materials deposited upon filter medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a horizontal vacuum belt filter machine,
      and more particularly to an endless belt filter machine wherein the
      endless belt comprises multiple longitudinally oriented endless belt
      segments arranged in side-by-side fashion.
PAR  Generally, endless belt filters are known in the art such as the machine
      described in U.S. Pat. No. 3,190,451, granted June 22, 1965. Basically,
      these machines comprise an endless single belt mounted on drums journaled
      to the frame of the machine. An endless filter medium is supported by the
      endless belt on the top side thereof, and suction supplied to selected
      openings in the bottom of the belt functions to withdraw water from
      slurry-like materials deposited upon the filter medium. Ultimately, the
      filter cake is removed from the filter medium at the discharge end of the
      machine. Heretofore, most belt filter machines of the above described type
      include a single endless belt of a unitary or one-piece nature, or one
      fabricated from two or more pieces cemented or otherwise secured together
      into a single unitary member. Such a construction is not only difficult to
      handle and assemble but proper tensioning and tracking of the belt for
      extended periods of operation are difficult, if not impossible, to
      achieve.
PAR  Belt filter machines have also been proposed that include a plurality of
      drainage belts trained around spaced apart rotatable drums with a
      continuous gap left between adjacent edges of the belts through which
      filtrate drainage is effected. Such a machine is shown in U.S. Pat. No.
      3,426,908, granted Feb. 11, 1969. The belts of these machines do not
      cooperate with one another to form a unitary unit, and instead are spaced
      apart to provide the drainage characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a unique
      and beneficial belt filter machine which avoids the shortcomings of
      existing machines by including an endless belt construction that comprises
      multiple longitudinally oriented endless belt segments engaging one
      another and arranged in side-by-side fashion.
PAR  Another object of the present invention is to provide a belt filter machine
      having multiple longitudinally oriented endless belt segments arranged in
      side-by-side fashion with a vacuum tight overlapping joint between
      adjacent edge portions of the belt segments.
PAR  Still another object of the present invention is to provide a belt filter
      machine having multiple drums upon which multiple endless belt segments
      are mounted for individually controlling the tensioning and tracking of
      each belt segment.
PAR  In accordance with the present invention, a horizontal vacuum velt filter
      machine comprises a frame with spaced apart drums journaled to the frame
      and a longitudinally oriented endless belt structure mounted on the drums.
      The endless belt structure has an upper horizontal path of travel and
      comprises multiple longitudinally oriented endless belt segments arranged
      in side-by-side fashion with an overlapping joint between adjacent edge
      portions of the belt segments. The drums include a first arrangement that
      comprises multiple drums equal in number to the multiple endless segments
      with each of the multiple drums associated with a separate one of the belt
      segments. The drums further include a second arrangement that comprises a
      single drum for the multiple belt segments. An endless filter medium
      covers the endless belt structure in the area of the upper horizontal path
      of belt travel, and a suction device in the area of the upper horizontal
      path of belt travel cooperates with the endless belt structure and the
      filter medium for withdrawing liquid from slurry-like materials deposited
      upon the filter medium.
PAR  Preferably, the endless belt structure comprises three longitudinally
      oriented endless belt segments, and one of the belt segments includes an
      undercut side edge portion in its base portion while the adjacent belt
      segment includes a cutout side edge portion in its base portion. As a
      result, the undercut side edge portion of one of the belt segments mates
      with the cutout side edge portion of the adjacent belt segment to provide
      the overlapping joint.
PAR  Preferably, the first drum arrangement is at one end of the frame and
      defines the feed end of the machine while the second drum arrangement is
      at the opposite end of the machine where it defines the discharge end of
      the machine. Also, the single drum of the second drum arrangement may be
      driven. In the preferred embodiment of the invention, the first drum
      arrangement includes three individual drums two of which are journaled to
      the frame along the same axis while the remaining drum is journaled to the
      frame along a different axis spaced from the other. The middle drum of the
      three drums of the first drum arrangement is journaled to the frame along
      an axis different from the axis along which the two side drums of the
      first drum arrangement are journaled to the frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Novel features and advantages of the present invention in addition to those
      mentioned above will become apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawing wherein similar reference characters refer to similar
      parts and in which:
PAR  FIG. 1 is a perspective view illustrating a horizontal vacuum belt filter
      machine according to the present invention;
PAR  FIG. 2 is a side elevational view of the machine of FIG. 1 with the central
      portion thereof broken away;
PAR  FIG. 3 is a top plan view of the machine of FIG. 1 with the central portion
      thereof broken away; and
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring in more particularity to the drawing, a horizontal vacuum belt
      filter machine 10 is shown, according to the present invention. Generally,
      machines of this type include an endless filter medium and endless
      drainage belt structure with a system for supporting and driving the
      filtering and drainage belt structure. A suction box imparts vacuum to the
      area of the filter medium for the purpose of withdrawing liquid from
      slurry-like materials deposited thereon.
PAR  Particularly, the horizontal vacuum belt filter machine 10 comprises a
      frame 12 fabricated from tubular metal or similar material, and spaced
      apart drum arrangements 14, 16 are journaled to the frame, as explained
      more fully below. A longitudinally oriented endless belt structure 18 is
      mounted on the drum arrangements 14, 16 so that the belt structure is
      trained around them. The endless belt structure has an upper horizontal
      path of travel where the filtering action is accomplished. Moreover, the
      endless belt structure 18 comprises multiple longitudinally oriented
      endless belt segments 20, 22, 24 arranged in side-by-side fashion with an
      overlapping joint 26 between adjacent edge portions of the belt segments
      along the upper horizontal path of belt travel. An endless filter medium
      28 covers the endless belt structure 18 in the area of the upper
      horizontal path of belt travel, and, as shown in the drawing, a suction
      box 30 in that area of belt travel cooperates with the endless belt
      structure 18 and the filter medium 28 for withdrawing liquid from
      slurry-like materials deposited on the filter medium.
PAR  The endless filter medium 28 may comprise a foraminous wire of metal,
      cloth, plastic composition or the like. Also, the endless belt structure
      18 in the form of the multiple belt segments 20, 22, 24 may be constructed
      of any suitable flexible material such as rubber, plastic composition,
      rubber and fabric, or the like.
PAR  The spaced apart drum arrangements 14, 16 include a first arrangement 14 at
      the end of the frame 12 that defines the feed end of the machine 10. The
      second drum arrangement 16 is located at the opposite end of the frame 12
      and defines the discharge end of the machine 10. The first drum
      arrangement 14 comprises multiple individual drums 32, 34, 36 equal in
      number to the multiple endless belt segments 20, 22, 24 of the endless
      belt structure 18. Each of the multiple drums 32, 34, 36 is associated
      with a separate one of the individual belt segments that comprise the
      endless belt structure 18. The second drum arrangement 16 at the discharge
      end of the machine 10 comprises a single drum 38.
PAR  As shown best in FIG. 4, each of the endless belt segments 20, 22, 24
      includes a base portion 40. The middle belt segment 22 has a cutout
      portion 42 along each of its opposite side edges, and the cutouts are
      located in the base portion 40 of the segment 22. The belt segments 20, 24
      on opposite sides of the middle segment 22 each include an undercut
      portion 44 along the side edge adjacent the middle segment 22. The
      undercuts in the side belt segments 20, 24 are located in the base portion
      40 of these segments, and the cooperation between the cutouts 42 and
      undercuts 44 occurs along the upper horizontal path of belt travel to
      provide the overlapping joints 26 between adjacent edge portions of the
      individual belt segments.
PAR  A series of spaced apart drainage openings 46 is provided in the middle
      belt segment 22. These openings cooperate with openings 48 in the suction
      30 to impart vacuum to the material deposited upon the filter medium 28,
      as explained more fully below. The upper half of the belt segments carries
      a plurality of individual transversely extending ribs 50 integrally
      associated with the base portions 40 of the belt segments. The ribs 50 are
      spaced apart but parallel to one another and serve to support the endless
      filter medium 28 along the upper horizontal path of belt travel. Also, the
      ribs define filtrate receiving grooves 52 that communicate with the
      drainage opening 46 in the middle belt segment 22 during the filtering
      operation.
PAR  The single drum 38 at the discharge end of the machine 10 is secured to a
      shaft or axle 54 which is journaled to the frame 12 by journal blocks 56.
      The single drum 38 provides the drive for the endless belt structure 18.
      In this connection, a suitable motor 58 is provided together with a
      transmission 60 for drivingly connecting the motor to the shaft 54. At the
      feed end of the machine 10 where the three multiple drums 32, 34, 36 are
      located, the middle drum 34 is journaled to the frame 12 by a shaft or
      axle 62 and journal blocks 64. Each block 64 is adjustably mounted to the
      frame by a bearing guide slot 66 and an adjustable screw assembly 68 for
      positioning the block along the slot 66 at various positions on the frame.
      With such an arrangement, the middle belt segment 22 is easily tensioned
      the appropriate amount by anchoring the blocks 64 to the frame 12 at a
      position which will provide the appropriate belt tension. Two oppositely
      positioned shafts or axles 70 are provided for securing the individual
      side drums 32, 36 to the frame 12 of the machine 10.  Journal blocks 72
      secure each shaft 70 to the frame and the position of these blocks
      relative to the frame is adjustable in the same manner as the blocks 64
      associated with shaft 62. With such an arrangement the belt segments 20,
      24 may be appropriately tensioned in the same manner as described above in
      connection with the proper tensioning of belt segment 22.
PAR  A free-running pulley 74 is secured at each end of the shaft 54 for the
      single driven drum 38 at the discharge end of the machine 10. Shaft 70 at
      the feed end of the machine 10 also carries a free-running pulley 74 at
      each end thereof. As shown best in FIGS. 3 and 4, two V-belts 76 are
      trained around the pulleys, and the sides of the endless filter medium 28
      are attached to the V-belts for movement therewith. This arrangement
      provides proper tracking of the filter medium 28 during the filtering
      operation and the movement of the belt structure 18. The weight of the
      slurry-like material deposited upon the filter medium 28 provides
      sufficient frictional engagement between the filter 28 and the ribs 50 of
      the belt structure 18 which support the filter. As a result, the filter 28
      and belt 18 move together as a unit when the motor 58 is energized and
      slurry-like material is deposited upon the filter.
PAR  In operation, slurry-like material is deposited upon the endless filter
      medium 28 at the feed end of the machine 10. The liquid or filtrate in the
      slurry material passes through the medium onto the endless belt structure
      18 into the filtrate receiving grooves 52 between the ribs 50. The ribs 50
      being slightly spaced apart and parallel to one another serve to support
      the medium 28 above the grooves 52. Suction is continuously applied to the
      grooves 52 between the ribs via the suction box 30 as the openings 48
      therein communicate with the drainage openings 46 in the middle belt
      segment 22. As the belt segments 20, 22, 24 and the filter medium 28
      travel toward the discharge end of the machine 10, more and more liquid is
      withdrawn from the material deposited on the filter medium. Ultimately,
      the substantially dry filter cake on top of the medium 28 reaches the
      discharge end of the machine where it is removed, by gravity, a blast of
      air pressure or the like, as is well known. The return of the endless
      filter medium 28 and belt segments 20, 22, 24 takes place on the underside
      of the machine 10. The filter medium 28 may be washed along the return, as
      is well known.
PAR  The overlapping joint 26 between the edge portions of adjacent belt
      segments occurs along the upper horizontal path of belt travel and
      effectively prevents leakage of the liquid at these lines of overlapping
      connection. Also, it is significant that the overlapping joints 26 along
      the upper path are subjected to suction from the box 30, and this suction
      urges adjacent belt segments into intimate contact with one another at the
      joints so that the segments move together as a single unit. Relative
      movement between adjacent belt segments along the upper path of belt
      travel is thereby prevented. It is equally significant that the particular
      drum arrangements 14, 16 enable individual tensioning of the three belt
      segments that comprise the endless belt structure 18. Such construction
      facilitates handling and assembling of the belt structure 18 on the drums
      of the machine, and provides proper tensioning and tracking of the belt
      segments for extended periods of filtering operation. By properly
      tensioning and tracking each belt segment slippage between the segments is
      prevented and the overall belt structure moves a single unit along the
      upper horizontal path of belt travel.
PAR  Additionally, each belt segment includes a downwardly extending continuous
      tab 78 on the underside thereof. The tabs fit within annular grooves 80 in
      the drum arrangements 14, 16 to thereby insure proper tracking of the
      belts relative to the drum arrangements. The fluid-tight seals 26 are also
      maintained by the structural relationship between the tabs 78 and grooves
      80. Moreover, it is also understood that the endless belt structure may
      comprise two, four or other combinations of belt segments instead of the
      three segments shown in the drawing and described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a horizontal vacuum belt filter machine of the type comprising a
      frame, spaced apart drum means journaled to the frame at opposite ends
      thereof, endless belt means mounted on the drum means having an upper
      horizontal path of travel and comprising a plurality of separate
      longitudinally aligned endless belt segments, an endless filter medium
      supported upon the endless belt means in the area of the upper horizontal
      path of travel, and suction means beneath the upper horizontal path of
      travel cooperating with the endless belt means and the filter medium for
      withdrawing liquid from slurry-like material deposited upon the filter
      medium, the improvement being characterized by the spaced apart drum means
      at one end of the frame including a plurality of independent drums having
      the plurality of endless belt segments mounted thereon, each independent
      drum being jounaled upon an axle for rotation independently of the others,
      and means for adjusting the longitudinal spacing of the axles relative to
      each other.
NUM  2.
PAR  2. The combination of claim 1 in which the spaced apart drum means includes
      a single drum at the end of the frame opposite the plurality of
      independent drums, and wherein each of the endless belt segments is
      trained around the single drum.
NUM  3.
PAR  3. The combination of claim 2 in which the single drum is driven.
NUM  4.
PAR  4. The combination of claim 1 wherein the endless belt means comprises
      three longitudinally aligned endless belt segments and the plurality of
      independent drums comprises three in number, one for each belt segment.
NUM  5.
PAR  5. The combination of claim 4 in which two of the three independent drums
      are journaled to the frame along substantially the same axis and the
      remaining drum is journaled to the frame along a different axis spaced
      from the other.
NUM  6.
PAR  6. The combination of claim 5 in which the middle drum of the three
      independent drums is journaled to the frame along an axis different from
      the axis along which the two side drums are journaled to the frame.
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PAL  An extracorporeal filter having improved characteristics for the positive
      elimination of gas bubbles from blood streams. The top of the filter
      housing is sloped to a high point where there is positioned an air vent.
      The inlet for the blood is positioned substantially in the center of the
      top portion and extends past the plane of the top portion into the filter
      housing.
BSUM
PAR  A new and improved blood filter for use in extracorporeal blood
      circulation.
PAC  BACKGROUND OF THE INVENTION
PAR  With new and improved surgical techniques developed over recent years in
      operations involving the heart, lungs and chest of the patient there has
      been increased usage of what is known as the heart-lung machine. With many
      of these new surgical techniques the length of time during which a
      heart-lung machine is used is also increasing. In simple terms the
      heart-lung machine comprises a pump for the blood and an oxygenator for
      placing oxygen and releasing carbon dioxide from the blood. The blood
      which is circulated in such a machine is that of the patient and in some
      instances transfused blood may also be added. In the cardiopulmonary
      bypasss line there is placed a filter to remove undesirable material from
      the blood before the blood is returned to the patient. The filter not only
      removes undesirable materials which are present in the blood but is also
      used as a means to remove entrapped gas or air bubbles that are present in
      the blood.
PAR  We have discovered a new filter assembly which does an excellent and
      positive job of removing microbubbles of gas from the bloodstream. Also
      our new improved filter assembly unexpectedly reduces the harmful effects
      which filtration and degasification may have on blood.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the present invention our new filter assembly has an
      inlet for blood positioned at the top of the filter assembly. The blood
      outlet is positioned at the bottom of the filter assembly. Blood entering
      from the top of the assembly passes downwardly inside the assembly through
      a filter media and out the bottom of the assembly. The top of the assembly
      is sloped and at the uppermost point at the top of the assembly is a gas
      vent to allow the gas to be evacuated from the assembly and allow any gas
      removed from the blood as it passes through the assembly to escape. The
      inlet for the blood extends below the top sloped surface of the assembly a
      distance sufficient to bring the blood into the assembly without
      interference from the gas bubbles being removed from the blood as they are
      passing along the sloped top surface of the assembly to the gas vent.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional view of a filter assembly of the present
      invention, and
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings there is shown a filter assembly 10 of the
      present invention. The assembly has a sloping top surface 11. At the
      uppermost point of the sloping top portion there is a gas vent 12 to allow
      air and other gases to escape from the filter. Substantially in the center
      of the sloping top surface is the inlet 13 for the blood. A critical part
      of the present invention is that the inlet extends below the sloping top
      portion as seen at 14. In the body of the assembly there is placed filter
      media 15 in suitable configuraton for filtering the blood. The top of the
      media is capped and sealed and the bottom of the media is sealed into the
      bottom portion 16 of the filter. In the center of the bottom portion is
      the blood outlet 17. The blood enters through the center top inlet 13,
      moves down along the side walls of the assembly, through the filter media
      15 and out the bottom outlet 17.
PAR  The filter assembly is placed in the line from the oxygenator to the
      patient. The blood after oxygenation contains excess gas which must be
      removed before the blood is returned to the patient. The gas is allowed to
      escape from the body of the filter by passing upwardly to the sloped top
      surface. The gas passes along the sloped top surface 11 to the uppermost
      point and out the gas vent 12 as indicated by the arrow in FIG. 2. The gas
      as it passes along the sloped top portion of our filter assembly is
      directed away from the incoming bloodstream in the inlet 13 by the
      shoulder 14 around the center inlet. The escaping gas is not reentrapped
      by the incoming blood. The elimination of the reentrapment of gas is the
      reason why our new filter assembly has reduced the deleterious effects
      that filtration and handling may have on blood.
PAR  The filter housing may be made from material which is inert to blood and
      which can be sterilized by steam sterilization, gas sterilization or
      radiation sterilization. We have found that suitable materials for the
      housing assembly are the polyolefins, such as polypropylene and
      polyethylene, the polycarbonates and various butadienestyrene resins.
PAR  It it preferred that the filter assembly be tapered from inlet to outlet as
      shown in FIG. 1. This shape aids in forcing gas in the assembly upwardly
      to the surface. It is desirable to have edges relatively smooth and
      rounded especially at the collar 14 around the inlet to aid in the smooth
      flow of blood and cause the least turbulence in these flows. The size of
      the inlet and outlet may vary; quarter inch diameter and three-eights inch
      diameter inlets and outlets have been found suitable.
PAR  The gas vent may incorporate any of the standard connectors or valves such
      as a stop cock, luer adaptor, built-in ball valve and the like.
PAR  The filter media may be any of the standard sieve type or depth type filter
      medias such as woven polyester fabric or woven nylon filter fabric or the
      nonwoven fabrics and felts or the foam materials. The specific media will
      be dependent on where the filter is to be used and the type of solid or
      liquid particles to be removed from the blood.
CLMS
STM  Having now described the present invention in its preferred embodiment what
      we claim as new is:
NUM  1.
PAR  1. An extracorporeal blood filter having improved characteristics for
      removing excess gas from the blood being filtered comprising a filter
      media mounted in a housing; said housing having a straight, smooth,
      uniformly sloped top surface from a low point positioned at the
      circumference of said housing to a high point positioned at the
      circumference of said housing directly opposite said low point, an inlet
      for the blood positioned in the top surface, a gas vent positioned at said
      high point, said blood inlet having a portion extending below the sloped
      top surface into the housing, said portion being free and open and not in
      contact with any other part of said filter whereby gas escaping to the
      vent is directed away from the entering bloodstream.
NUM  2.
PAR  2. An extracorporeal blood filter according to claim 1 wherein the blood
      inlet is positioned substantially in the center of the sloping top
      surface.
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ABST
PAL  A filter medium which permits an increased amount of filtration. The filter
      medium can be prepared by blending 100 parts by weight of aggregate
      particles, 5-18 parts by weight of an inorganic bonding material having a
      chemical composition of about 10-50% by weight of SiO.sub.2 and about
      5-20% by weight of B.sub.2 O.sub.3 and containing at least 70% by weight
      of a non-vitreous substance such as talc or boric acid, and about 3-15
      parts by weight of a combustible substance such as wheat flour, kneading
      the mixture with a caking material and water, molding the kneaded mixture,
      drying it, and then calcining the dried mixture at a temperature not lower
      than about 1100.degree.C. The size and number of the air-permeable pores
      in the filter medium can be controlled by adjusting the amounts of the
      bonding material and combustible substance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a filter medium which permits an increased amount
      of filtration.
PAR  2. Description of the Prior Art
PAR  Conventional processes for filtering molten aluminum include a method
      wherein a soft medium such as a glass fiber or stainless steel screen is
      used, a method wherein a fixed bed of alumina is utilized, and a method
      wherein a rigid medium is used. The last of these methods uses an
      apparatus comprising a filter tank equipped with an inlet and an outlet
      for molten aluminum and a heating lid equipped with a heat generating
      element and a thermocouple, and involves passing molten aluminum from the
      outside to the inside of a tubular hard medium by the difference in the
      surface level of incoming molten aluminum and outgoing molten aluminum.
      This method is superior to the other methods with respect to the
      substantial effects of the filtration and its adaptability to field work,
      etc.
PAR  In general, a filter medium such as a hard filter medium should possess the
      following properties.
PAR  1. It should have a number of air-permeable pores or proper size and of
      high uniformity.
PAR  2. It should be resistant to corrosion by the material to be filtered.
PAR  3. It should have thermal resistance and spalling resistance.
PAR  4.  The aggregate particles should be firmly bonded to one another and not
      cause filtration failure.
PAR  5. It should have mechanical strength higher than a certain level.
PAR  It has previously been known to produce a filter medium such as a hard
      medium using an aggregate material and a fritted vitreous binder. For
      example, a filter medium including a vitreous bonding material as
      disclosed in U.S. Pat. No. 3,524,548 has superior corrosion resistence to
      molten aluminum and permits stable filtration to be conducted.
PAR  However, with the vitreous bonding material used in this U.S. Patent, it is
      difficult to control the structure of the filter medium comprising an
      aggregate material, the bonding material and air-permeable pores.
      Accordingly, the filtration efficiency of the filter medium cannot be
      increased by providing a number of the air-permeable pores of a constant
      size.
PAR  Where the bonding material is vitreous, the following defects are
      encountered.
PAR  1.  Since the viscosity of the bonding material gradually decreases with a
      rise in temperature during calcining, it is difficult to obtain increased
      distances between aggregate particles and to lengthen the linking bridges
      of the bonding material.
PAR  2.  If a combustible substance is used with such a bonding material in
      order to increase the proportion of the air-permeable pores in the filter
      medium, the combustible substance carbonized within the bonding material
      is occluded in the vitreous substance and caused a reduction in mechanical
      strength and often leads to filter failure.
PAR  Accordingly, when a vitreous substance is used as the bonding material,
      there can be obtained only a filter medium which has a structure
      determined only by the nature of the aggregate particles. While the size
      of the pores can be controlled by varying the particle size of the
      aggregate, it is difficult to control the proportion of the pores in the
      filter medium.
PAC  Summary of the Invention
PAR  It has now been found that an inorganic bonding material having a chemical
      composition of about 10-50% by weight of SiO.sub.2 and about 5 to about
      20% by weight of B.sub.2 O.sub.3 and comprising at least about 70 parts by
      weight, based on 100 parts by weight of the inorganic bonding material, of
      a non-vitreous substance such as talc, Gairome-Clay, calcined alumina or
      boric acid, can be used as a binder for the production of the filter
      medium of this invention, and that if blended with a proper amount of
      combustible substance such as grain powder, coke powder or an organic
      resin powder and aggregate particles of small sizes, such a bonding
      material contributes to the production of a filter medium containing a
      number of air-permeable pores of a constant size as a result of burning
      the combustible substance or the evolution of decomposition gases. The
      organic resin powder can sometimes also act as a caking material,
      depending upon the properties of the organic resin.
PAR  Further according to the present invention, there is provided a filter
      medium which permits an increased amount of filtration, which can be
      prepared by blending 100 parts by weight of aggregate particles of at
      least one of fused alumina, sintered alumina, silicon carbide and silicon
      nitride, 5-18  parts by weight of an inorganic bonding material having a
      chemical composition of about 10 to about 50% by weight of SiO.sub.2 and
      about 5 to about 20% by weight of B.sub.2 O.sub.3 and containing a major
      proportion of a non-vitreous substance, and about 3 to about 15 parts by
      weight of a combustible substance such as grain powder, coke powder or an
      organic resin powder, kneading the mixture with the necessary amounts of a
      caking material and water, molding the kneaded mixture, drying it, and
      then calcining the dried mixture at a temperature not lower than about
      1100.degree.C.
PAC  Detailed Description of the Invention
PAR  Since the major proportion of the bonding material is a non-vitreous
      substance, the decrease of the viscosity of the bonding material is very
      slight after sintering, and the linking length or distance between the
      bonded aggregate particles of the bonding material can be maintained
      sufficiently large. The structure of the filter medium can microscopically
      be described as aggregate particles having voids (which are formed after
      the combustible material is decomposed and removed) therebetween and being
      joined by the inorganic bonding material. The linking length is the
      distance between the aggregate particles. Thus, the size of the
      air-permeable pores can be freely controlled by blending a suitable amount
      of a combustible substance and selecting the size of the aggregate
      particles. The reduction of the mechanical strength of the filter medium
      caused by an increase in the number of the pores does not give rise to any
      practical difficulty becuase of sufficient sintering of the bonding
      material, and filter failure does not occur.
PAR  The term "inorganic bonding material containing a major proportion of a
      non-vitreous substance" denotes a bonding material containing powder(s) of
      a natural or artificial non-vitreous substance such as talc, Gairome-Clay,
      calcined alumina or boric acid. Experiments have shown that when this
      inorganic bonding material has a chemical composition of not more than
      about 50% by weight of SiO.sub.2 and not less than about 5% by weight of
      B.sub.2 O.sub.3, it has satisfactory corrosion resistance to molten
      aluminum when used for the production of a filter medium. The inorganic
      bonding material contains at least 70% by weight of a non-vitreous
      material, preferably 72 to 85% by weight of the non-vitreous material.
PAR  For example, a typical formulation of such a material would be:
     10 - 50%  SiO.sub.2 :      32.8                                           
      5 - 20%  B.sub.2 O.sub.3                                                 
                         :      13.3                                           
     20 - 60%  Al.sub.2 O.sub.3                                                
                         :      38.2 --   98.6%                                
      2 - 10%  CaO       :       4.5                                           
      2 - 20%  MgO       :       9.8                                           
PAL  other materials such as Na.sub.2 O, K.sub.2 O, Fe.sub.2 O.sub.3, etc. being
      present in trace amounts.
PAR  Preferred non-vitrous substances in accordance with the present invention
      consist essentially of &gt; 10 - 50% by weight of a material of the formula:
      RO.sub.2 i.e., a tetravalent metal oxide such as SiO.sub.2, TiO.sub.2,
      GeO.sub.2 and ZrO.sub.2, from 25 - 80% by weight of a material of the
      formula: R.sub.2 O.sub.3, i.e., a trivalent metal oxide such as Al.sub.2
      O.sub.3, B.sub.2 O.sub.3 * and Fe.sub.2 O.sub.3, and from 4 - 30% by
      weight of a material of the formula: RO, i.e., a divalent metal oxide such
      as CaO, MgO, ZnO, etc. Trace amounts of materials of the formula: R.sub.2
      O, e.g., Na.sub.2 O, K.sub.2 O, etc., can be present without having a
      harmful effect on the non-vitreous substance.
FNT  * The 5 - 20% limitation on B.sub.2 O.sub.3 in the final inorganic bonding
      material still applies, however.
PAR  If, on the other hand, the SiO.sub.2 content of the bonding material is
      less than about 10% by weight and the B.sub.2 O.sub.3 content more than
      about 20% by weight, the viscosity of the bonding material is greatly
      reduced even when it is calcined at a temperature of about 1100.degree.C
      or higher, and it is impossible to maintain sufficient linking lengths of
      the bonding material.
PAR  While it is the minimum calcination temperature which is important, the
      maximum temperature for the calcination should generally be lower than
      about 2000.degree.C, i.e., the melting point of alumina, preferably lower
      than 1700.degree.C. (In the Example, calcination is conducted at
      1380.degree.C.) No special vacuum conditions or inert gas protection is
      necessary, and calcination is typically conducted in a hot flue gas
      atmosphere.
PAR  The size and number of the air-permeable pores present in the filter medium
      of this invention can be controlled by adjusting the amounts of the
      bonding material and combustible substance. It is not necessary therefore
      to rely only on the particle size of the aggregate in order to control the
      size of the pores, as is the case in producing conventional filter mediums
      using a vitreous bonding material. The selection of the particle size of
      the aggregate is relatively free, but it is suitable from about 7 to about
      80 mesh (in terms of average particle size) from the view point of
      preventing the deformation of the filter material during calcination and
      obtaining substantial filtering effects on molten aluminum or the like.
      More preferably, the average particle size is 12 to 40 mesh, and most
      preferably 16 to 30 mesh, all ASTM Sieve Standard.
PAR  The particle size of the inorganic bonding material and combustible
      substance can vary widely as can the particle size of the aggregate. Good
      results are provided when the inorganic bonding material is less than 400
      microns, preferably 40 to 100 microns, and the combustible substance is
      less than 560 microns, preferably less than 400 microns, and most
      preferably 50 to 300 microns.
PAR  To 100 parts by weight of the aggregate particles, 5 - 18 parts by weight
      of the inorganic bonding material and 3 - 15 parts by weight of the
      combustible substance are added. If the amount of the inorganic bonding
      material is much less than 5 parts by weight, the distances between the
      aggregate particles in the filter medium are too close, and the average
      diameter of the pores becomes small. This is contrary to the intended
      object of the present invention. On the other hand, if the amount of the
      inorganic bonding material is much larger than 18 parts by weight, the
      distances between the aggregate particles becomes too great and the
      linkages of the bonding material become too long, in which case high
      deformation of the filter material is encountered at calcination, and the
      resulting filter medium is useless.
PAR  If the amount of the combustible substance blended is much less than 3
      parts by weight, the pores do not substantially increase in size, and if
      it is much above 15 parts by weight, the bonding material itself becomes
      too porous, which may lead to a lack of mechanical strength of the filter
      medium.
PAR  Calcination at temperatures of 1100.degree.C or higher is necessary in
      order to completely burn the combustible substance. The term combustible
      substance is broad, and yet at this aspect the invention is broad. This is
      because the combustible substance need only be a solid material which can
      be "burned off" during calcination, i.e., decomposed to a gas, to leave
      voids in the final filter medium. So long as a material can be so
      decomposed, it can be freely used in the present invention. While in
      theory a combustible material could be used which gasifies during
      calcination and is later removed by a washing step, in practice such would
      unduly encumber the processing sequence. The combustible material, used at
      a suitable particle size range, is selected primarily upon cost
      considerations. Obvious restrictions, e.g., should not degrade or
      harmfully react with the other components of the filter medium, etc., will
      be apparent to one skilled in the art.
PAR  It is thus necessary that the chemical composition of the inorganic bonding
      material be selected so that a decrease in the viscosity of the bonding
      material does not occur at a temperature of 1100.degree.C or greater, and
      also that the major proportion of the inorganic bonding material is a
      non-vitreous substance.
PAR  On a commercial operation scale, good results are provided when the
      diameter of the pores is from about 40 to about 1000 microns, more
      preferably 150 to 600 microns, and most preferably 250 to 400 microns. One
      must balance the extra care needed to control the process conditions to
      obtain the narrow ranges (less variation in conditions during a run is
      permissible) against the extra cost therefor.
PAR  The filter medium of this invention is produced by mixing an inorganic
      bonding material, an aggregate, a combustible substance and other
      materials such as water and a caking material followed by shaping and
      calcination. The inorganic bonding material can be prepared by mixing at
      least 70 parts by weight of a natural or artificial non-vitreous substance
      such as talc, Gairome-Clay (see the "Ceramic Dictionary", page 35,
      published by Maruzen Publishing Co., Ltd., Japan), calcined alumina,
      sintered alumina, (as is known in the art, sintered or calcined alumina is
      an alumina having a tablet like crystal structure prepared by sintering
      alumina at a temperature near its melting point.
PAR  A typical product of this type is "Tabular Alumina" manufactured by Alcoa
      International S.A. (99.5% Al.sub.2 O.sub.3), which has a bulk density,
      packed lb/ft.sup.3, as a powder (minus 325 mesh) of 140, a specific
      gravity of 3.65 - 3.8, an apparent porosity of 5% and a water absorption
      of 1.5%. Fused alumina, on the other hand is alumina fused in an
      electrical furnace, and it is a glass-like material.), aluminum hydroxide,
      boric acid, calcium carbonate, magnesium carbonate, wollastonite,
      siliceous sand or silicate rock, and not more than about 30 parts by
      weight of a vitreous substance* (when the inorganic bonding material
      contains more than about 30% by weight of a vitreous substance, the
      subsequent calcination cannot effectively be carried out) such as a
      commercially available glaze for porcelain so as to provide a chemical
      composition falling within the range of about 10 to about 50% by weight of
      SiO.sub.2 and about 5 to about 20% by weight of B.sub.2 O.sub.3, and fully
      mixing and physically pulverizing these components in a mixer-pulverizer
      such as a ball mill. The particle size of the resulting inorganic bonding
      material is generally such as to pass a 200 mesh Tyler screen.
FNT  * Any vitreous substance can be used which resists the calcining
      temperature and the material being filtered, e.g., molten alumina. This is
      because at most about 30 % of the vitreous substance is used, and with in
      this bound selection is free.
PAR  Then, about 5 to about 18 parts by weight of the resulting inorganic
      bonding material in finely divided form and about 3 to about 15 parts by
      weight of a combustible substance such as rice flour, wheat flour, coke
      powder, polystyrene powder or urea resin powder are blended with 100 parts
      by weight of powders of about 7 to about 80 mesh of at least one aggregate
      selected from the group consisting of fused alumina, sintered alumina,
      silicon carbide and silicon nitride, preferably having a size as
      heretofore defined, and the blend is kneaded with the addition of small
      amounts of water and a caking material such as dextrin, sulfite pulp waste
      liquor or polyvinyl alcohol, followed by molding and drying by any known
      procedure (drying is merely conducted using temperatures and periods which
      do not deteriorate the molded filter medium (cracking of the molded filter
      medium is the most serious problem). The examples serve as general
      guidelines where the drying was carried out at 60.degree.C for 24 hours
      and then at 120.degree.C for 24 hours. Using knowledge in the art, these
      figures can be freely varied.). The dried mixture is then calcined at a
      temperature of about 1100.degree.C or greater.
PAR  Water and a caking material are generally used in an amount of from 1 to 10
      parts by weight per 100 parts by weight of the aggregate, respectively.
      This is not limitative, and one skilled in the art can freely select other
      useful proportions.
PAR  Typically used caking material properties are disclosed in U.S. Pat. No.
      3,524,548 at Columm 2 lines 59-69. The caking material can be freely
      selected in a manner known to the art.
PAR  According to the present invention, the structure of the filter medium is
      positively controlled by blending the combustible substance, and
      therefore, a filter medium having a number of air-permeable pores can be
      produced with simplicity. The resulting filter medium permits an increased
      amount of filtration. Especially when the filter medium of this invention
      is used for filtering molten aluminum, the passageway for molten aluminum
      can be enlarged greatly, and therefore, the amount of molten aluminum
      filtered can be increased 30% to 100% as compared with conventional filter
      media for molten aliminum.
PAR  Since the size and number of the air-permeable pores of the filter medium
      of this invention are controlled, it is of course possible to use it for
      filtering other metals, gases or water in increased amounts so long as the
      material of the filter medium is not attacked by these materials.
PAR  Furthermore, since the filter medium of this invention has been calcined at
      temperatures higher than in the case of filter mediums using a vitreous
      bonding material, it has high thermal resistance, and since the bonding
      material is not a vitreous substance, the filter medium of this invention
      also has superior resistance to spalling.
PAR  From the heretofore offered discussion it will be clear from the use of
      "about" terminology to define the compositional ranges of the present
      invention that some leeway is permitted at the ends of the bounds.
      However, these bounds were determined by extensive experimentation and
      best results are obtained when they are strictly observed. For this
      reason, such "about" terminology should be interpreted with this
      discussion in mind.
DETD
PAR  The invention will now be further illustrated by the several Examples. The
      inorganic bonding materials used in the Examples were formed from
      individual components having the following chemical analysis values (by
      weight). Not all components are used in each Example, and due to
      analytical error the figures may not always total 100%.
TBL  __________________________________________________________________________
              Al.sub.2 O.sub.3                                                 
                   SiO.sub.2                                                   
                        CaO  MgO  B.sub.2 O.sub.3                              
                                       Fe.sub.2 O.sub.3                        
                                            Ignition*                          
                                            loss                               
     __________________________________________________________________________
     Talc      1.30                                                            
                   59.85                                                       
                         0.86                                                  
                             28.85                                             
                                  --   3.10  5.21                              
     Calcium                                                                   
     Carbonate                                                                 
              --   --   54.89                                                  
                              0.93                                             
                                  --   --   43.72                              
     Gairome-                                                                  
     Clay     32.19                                                            
                   48.83                                                       
                         0.80                                                  
                              0.06                                             
                                  --   1.39 16.40                              
     Calcined                                                                  
     alumina  99.20                                                            
                    0.02                                                       
                        --   --   --   0.03 --                                 
     Boric acid                                                                
              --   --   --   --   56.40                                        
                                       --   43.52                              
     Wollastonite                                                              
              --   51.32                                                       
                        48.01                                                  
                             --   --   --   --                                 
     Commercially                                                              
     available glaze                                                           
               8.08                                                            
                   43.45                                                       
                         3.89                                                  
                             18.74                                             
                                  25.81                                        
                                       --   --                                 
     for porcelain                                                             
     __________________________________________________________________________
      *Merely for analytical purposes: not an important criterion of usefulness
                                                                               
PAC  Example 1
PAR  23 parts by weight of talc, 23 parts by weight of calcined alumina, 20
      parts by weight of Gairome-Clay, 12 parts by weight of boric acid, 7 parts
      by weight of calcium carbonate, and 15 parts by weight of a commercially
      available glaze for porcelain were mixed and pulverized for 48 hours in a
      ball mill to adjust the particle size of the resulting mixture such as to
      pass a 200 mesh Tyler screen. The resulting mixture had a chemical
      composition, by weight, of 32.15% of Al.sub.2 O.sub.3, 30.05% of
      SiO.sub.2, 4.78% of CaO, 9.52% of MgO, and 10.63% of B.sub.2 O.sub.3. Its
      ignition loss was 12.27%.
PAR  9 parts by weight of the resulting mixed pulverized product and 6 parts by
      weight of wheat flour were blended with 100 parts by weight of
      commercially available fused alumina of a particle size of No. 24 (as
      stipulated in JIS R6001), and the blend was further kneaded with 2.5 parts
      by weight of dextrin and 4 parts by weight of water. The kneaded mixture
      was molded into a tube which was open at both ends and which had an inner
      diameter of 60 mm, an outer diameter of 100 mm, and a length of 900 mm,
      removed, and, after drying, the molded product was calcined for 8 hours at
      1,350.degree.C in a heavy oil combustion flame. The resulting product had
      a bulk density of 2.08, an apparent porosity of 45.0, a compression
      strength of 230 Kg/cm.sup.2 and a grade number of 160. When molten
      aluminum was filtered through this tubular molded article, the amount of
      aluminum which could be filtered was about  1.45 times as large as that
      with a conventional filter medium. When this calcined product was immersed
      for 20 days in a bath of aluminum alloy 63S at 770.degree.C., no change
      was observed.
PAC  EXAMPLE 2
PAR  20 parts by weight each of calcined alumina, 20 parts by weight of
      Gairome-Clay, 17 parts by weight of wollastonite, 15 parts by weight of
      talc and 8 parts by weight of boric acid were blended with 20 parts by
      weight of the same glaze as was used in Example 1, and the mixture was
      pulverized for 48 hours in a ball mill to provide a pulverized mixture
      with a particle size such as to pass a 200 mesh Tyler screen. The
      resulting mixture had the chemical composition of 28.09% of Al.sub.2
      O.sub.3, 36.17% of SiO.sub.2, 9.24% of CaO, 8.09% of MgO, and 9.67% of
      B.sub.2 O.sub.3, and had an ignition loss of 7.54%.
PAR  13 parts by weight of the resulting pulverized mixture and 10 parts by
      weight of rice bran were blended with 100 parts by weight of commercially
      available fused alumina of a particle size of No. 30 (stipulated in JIS
      K6001), and the blend was thoroughly kneaded with 5 parts by weight of
      sulfite pulp waste liquor as a caking material (available from any paper
      mill) and 2 parts by weight of water. The kneaded mixture was molded into
      a tube open at both ends and having the same size as in Example 1. After
      drying, the molded tube was calcined for 10 hours at 1,300.degree.C. in a
      heavy oil combustion flame. The product had a bulk density of 1.98, an
      apparent porosity of 47.7% a compression strength of 195 kg/cm.sup.2 and a
      grade number of 180. When molten aluminum was filtered through the
      resulting filter medium, the amount of molten aluminum filtered was about
      1.7 times as large as that with conventional filter media. When the
      calcined product was immersed for 20 days in a bath of aluminum alloy 63S
      at 770.degree.C., no change was observed.
PAC  Example 3
PAR  100 parts by weight of fused alumina having a particle size of No. 36 (as
      stipulated in JIS R6001) was mixed with 16 parts of the same pulverized
      mixture as was obtained in Example 1 and 13.5 parts by weight of wheat
      flour. The mixture was thorougly kneaded with 3 parts by weight of dextrin
      and 6 parts by weight of water, and the mixture was molded into a tube
      open at both ends having the same size as in Example 1. After drying, the
      molded tube was calcined for 10 hours at 1,350.degree.C. The calcined
      product had a bulk density of 1.89, an apparent porosity of 50.0%, a
      compression strength of 152 kg/cm.sup.2 and a grade number of 240.   The
      amount of molten aluminum filtered was about 1.9 times as large as that
      with conventional filter media.
PAR  The most important characteristics of the filter medium of this invention
      are as follows: it can be formed to have a grade number of about 100 to
      about 300, preferably 130 to 250 and most preferably 150 to 180; a bulk
      density of about 1.70 to about 2.27, preferably 1.80 to 2.26 and most
      preferably 2.00 to 2.25; and an apparent porosity of about 39.0 to about
      51.0%, preferably 41.0 to 48.0% most preferably 42.0 to 46.0%.
PAR  The grade number is the number of cubic feet of air per minute that will
      pass through one square foot of the filter medium at a pressure of 2
      inches water column.
PAR  A filter medium having the composition and characteristics as defined is
      superior to any current filter medium available.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A filter medium which permits an increased amount of filtration and
      having a grade number of about 100 to about 300, a bulk density of about
      1.70 to about 2.27 and an apparent porosity of about 39.0 to about 51.0%,
      said filter medium being prepared from starting materials comprising
PA1  a. 100 parts by weight of aggregate particles of at least one of fused
      alumina, sintered alumina, silicon carbide and silicon nitride,
PA1  b. 5 to 18 parts by weight of an inorganic bonding material having a
      chemical composition of about 10 to about 50% by weight of SiO.sub.2 and
      about 5 to 20% by weight of B.sub.2 O.sub.3, the chemical composition of
      said bonding material being such that a decrease in the viscosity of said
      bonding material does not occur at a temperature of 1100.degree.C., or
      greater, at least 70% by weight of said bonding material being a
      non-vitreous substance selected from the group consisting of talc,
      Gairome-Clay, calcined alumina, sintered alumina, aluminum hydroxide,
      boric acid, calcium carbonate, magnesium carbonate, wollastonite,
      siliceous sand and siliceous stone, and
PA1  c. 3-15 parts by weight of a combustible substance.
NUM  2.
PAR  2. The filter medium of claim 1 wherein said combustible substance is
      selected from the group consisting of grain powder, coke powder, and
      organic resin powder.
NUM  3.
PAR  3. The filter medium of claim 1 wherein the aggregate particles have a
      particles size of about 7 to about 80 mesh.
NUM  4.
PAR  4. The filter medium of claim 1 wherein the inorganic bonding material of
      the filter medium comprises up to a maximum of 30% of a vitreous substance
      based on 100 parts by weight of the inorganic bonding material.
NUM  5.
PAR  5. The filter medium of claim 1 wherein the non-vitreous substance
      comprises:
PA1  more than 10-50% of at least one of SiO.sub.2, TiO.sub.2, GeO.sub.2 and
      ZrO.sub.2 ;
PA1  25-80% of at least one of Al.sub.2 O.sub.3, B.sub.2 O.sub.3 and Fe.sub.2
      O.sub.3 ;
PA1  4-30% of at least one of CaO, MgO and ZnO; all weight percents, the total
      of all percents of all components being 100 weight percent.
NUM  6.
PAR  6. The filter medium of claim 1 wherein the inorganic bonding material
      comprises:
PA1  10 - 50% SiO.sub.2
PA1  5 - 20% b.sub.2 o.sub.3
PA1  20 - 60% al.sub.2 O.sub.3
PA1  2 - 10% caO
PA1  2 - 20% mgO, all weight percents, the total of the percents of all
      components being 100 weight percent.
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ABST
PAL  Static electricity otherwise present in a room to which an air washer
      delivers a flow of air is neutralized by use of a composition which
      includes dodecylbenzyl-triethyl-ammonium chloride.
BSUM
PAR  In certain industries, the presence of static electricity in a room where
      certain processes are carried out has a decidedly adverse effect on the
      quality of the products or the smoothness with which the processes go
      forward. One particular example of such an industry is the textile
      industry, in which textile fibers are processed into textile yarns and
      textile fabrics. Particularly in the spinning of fiber into yarn, static
      electricity interferes with smooth processing of the fiber. Manifestly,
      the neutralization of static electricity under such circumstances would be
      highly desirable.
PAR  Certain industries which have encountered difficulty with static
      electricity, and notably the textile industry, employ a type of air
      conditioning equipment known as a "air washer" in maintaining desired
      conditions. As herein used, the term "air washer" refers to spray
      equipment in which liquid (conventionally water) is sprayed into an air
      flow. Such spray equipment or air washers may, for example only, include
      adiabatic water sprays for evaporative cooling and chilled water sprays
      which may both dehumidify and cool. Conventionally, an air washer includes
      a reservoir or tank in which a body of water is retained, a pump for
      circulating the body of water from the reservoir to a spray manifold,
      sprays through which the water is discharged into an air flow, separator
      plates for removing drops of liquid from the air flow and returning them
      to the reservoir, and a make-up water supply for maintaining the
      recirculating body of water at a predetermined level within the reservoir.
      An alternate arrangement which is also used provides a sump tank in which
      chilled water is retained and remote air washer stations to which the
      water is circulated. Such air washers and their use in the textile
      industry are generally well known to persons skilled in the arts of
      air-conditioning and textile manufacturing. As here used, the term "air
      washer" means either of these alternate arrangements.
PAR  Having in mind the desirability of reducing static electricity and the use
      of air washers, it is an object of this invention to promote the
      neutralization of static electricity by treating a body of water
      recirculated in an air washer. In accomplishing this object of the present
      invention, the body of water recirculating in the air washer has a
      quantity of a quatenary ammonium compound mixed therein, in a
      concentration effective for reducing static electricity in a room to which
      the air washer delivers a flow of air.
PAR  A further object of this invention is to make available, to a concern
      operating an air washer, a composition for treating water which is
      effective for neutralizing static electricity in a room to which an air
      washer delivers a flow of air. In realizing this object of the invention,
      a composition is prepared which comprises water and
      dodecylbenzyl-triethyl-ammonium chloride.
PAR  Many air washer installations employ various materials as some portion of
      the air washer structure. For this reason, it has been found desirable in
      maintaining the efficiency of an air washer to incorporate into a
      composition in accordance with this invention a constituent which inhibits
      rust in the air washer. Accordingly, this invention contemplates the
      incorporation of an isopropanolamine for accomplishing that function.
PAR  Additionally, efficiency of recirculation of the body of water in an air
      washer is favored by reduction of foaming. To accomplish that end, it is
      preferred that the composition in accordance with this invention
      incorporate a silicone emulsion for inhibiting foam.
DETD
PAC  EXAMPLE I
PAR  To ten gallons of a fifty percent (50%) (by weight) solution of
      dodecylbenzyl-triethyl-ammonium chloride in water was added one hundred
      twenty-eight (128) fluid ounces of a silicone emulsion defoamer and two
      hundred fifty-six (256) fluid ounces of an isopropanolamine rust
      inhibitor. This mixture was then diluted with a quantity of water
      sufficient to produce fifty-five (55) gallons and the resultant solution
      was fed continuously via a drip feeder arrangement into the reservoir of
      an air washer which contained approximately 18,000 gallons of water, with
      the feed rate being approximately thirty two (32) ounces per 24 hour
      period. The feed rate was directed at maintaining a level of approximately
      100 parts per million of the solution fed into the air washer. An analysis
      of yarn breakage in a spinning room supplied with air delivered by the air
      washer revealed a reduction in ends down per thousand spindle hours
      following feeding of the composition into the air washer reservoir, which
      was attributed to improved neutralization of static electricity.
PAC  EXAMPLE II
PAR  To ten (10) gallons of a fifty percent (50%) (by weight) solution of
      dodecylbenzyl-triethyl-ammonium chloride in water was added one hundred
      twenty-eight (128) fluid ounces of a silicone emulsion for inhibiting
      foaming and two hundred fifty-six (256) fluid ounces of an
      isopropanolamine for inhibiting rust. The resultant composition was then
      further diluted with water to produce a volume of fifty-five (55) gallons,
      which was then fed by a drip feeder arrangement into the reservoir of an
      air washer which contained approximately 2,000 gallons of water. The drip
      feed arrangement was adjusted to deliver approximately sixteen (16) ounces
      per 24 hour period. Observation of the carding of textile fibers in a room
      to which air was delivered by the air washer indicated improved carding
      performance which was attributed to the reduction of static electricity.
PAR  These and other experiences suggest that compositions in accordance with
      this invention may be formulated by employing a quantity of 50% (by
      weight) dodecylbenzyl-triethyl-ammonium chloride and water in the range
      from about eight gallons to about thirty gallons into which are mixed
      isopropanolamines for inhibiting rust in a range from about one hundred
      twenty-eight fluid ounces to about two hundred fifty-six fluid ounces and
      a silicone emulsion for inhibiting foaming in the range from about one
      hundred twenty-eight fluid ounces to about two hundred fifty-six fluid
      ounces. This composition may then, if desired, be diluted to a standard
      package measure such as 55 gallons for delivery and use. The composition
      is then delivered in effective quantities into the reservoir or tank of an
      air-washer system either at a central sump or at an individual station.
PAR  In the specification, there has been set forth a preferred embodiment of
      the invention, and although specific terms are employed, they are used in
      a generic and descriptive sense only and not for purposes of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A composition for treating water recirculated in an air washer and
      characterized by having sufficient ionic activity to be effective for
      neutralizing static electricity in a room to which the air washer delivers
      a flow of air, the composition consisting essentially of about fifty
      percent by weight dodecylbenzyl-triethyl-ammonium chloride; water in such
      quantity as to constitute substantially the remainder of the composition;
      and from about four fluid ounces per gallon of the composition to about
      thirty fluid ounces per gallon of the composition of an additive selected
      from the group consisting of rust inhibiting agents and anti-foaming
      agents.
NUM  2.
PAR  2. A composition for treating water recirculated in an air washer and
      characterized by having sufficient ionic activity to be effective for
      neutralizing static electricity in a room to which the air washer delivers
      a flow of air, the composition consisting essentially of isopropanolamine
      in the amount of from about four fluid ounces per gallon of the
      composition to about thirty fluid ounces per gallon of the composition;
      dodecylbenzyl-triethyl-ammonium chloride in the amount of about fifty
      percent by weight of the composition; and water in such amount as to
      constitute the remainder of the composition.
NUM  3.
PAR  3. A composition for treating water recirculated in an air washer and
      characterized by having sufficient ionic activity to be effective for
      neutralizing static electricity in a room to which the air washer delivers
      a flow of air, the composition consisting essentially of a silicone
      emulsion in the amount of from about four fluid ounces per gallon of the
      composition to about thirty fluid ounces per gallon of the composition;
      dodecylbenzyl-triethyl-ammonium chloride in the amount of about fifty
      percent by weight of the composition; and water in such amount as to
      constitute the remainder of the composition.
NUM  4.
PAR  4. A composition for treating water recirculated in an air washer and
      characterized by having sufficient ionic activity to be effective for
      neutralizing static electricity in a room to which the air washer delivers
      a flow of air, the composition consisting essentially of a rust inhibitor
      in the amount of from four fluid ounces per gallon of the composition to
      about thirty fluid ounces per gallon of the composition; an anti-foaming
      agent in the amount of from about four fluid ounces to about thirty fluid
      ounces per gallon of the composition; dodecylbenzyl-triethyl-ammonium
      chloride in the amount of about fifty percent by weight of the
      composition; and water in such amount as to constitute the remainder of
      the composition.
NUM  5.
PAR  5. A composition for treating water recirculated in an air washer and
      characterized by having sufficient ionic activity to be effective for
      neutralizing static electricity in a room to which the air washer delivers
      a flow of air, the composition consisting essentially of isopropanolamine
      in the amount of from about four fluid ounces per gallon of the
      composition to about thirty fluid ounces per gallon of the composition; a
      silicone emulsion in the amount of from about four fluid ounces per gallon
      of the composition to about thirty fluid ounces per gallon of the
      composition; dodecylbenzyl-triethyl-ammonium chloride in the amount of
      about fifty percent by weight of the composition; and water in such amount
      as to constitute the remainder of the composition.
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PAL  In accordance with a preferred embodiment of this invention a load
      supporting lubricant is formed by combining from about 40% to about 60% by
      volume of a petroleum grease with the balance being small, hard, uniformly
      sized, steel spheres dispersed throughout the grease. The diameter of the
      spheres should be within the range of from about 1/2 to about 3/4
      millimeters (hereinafter mm) to achieve the minimum coefficient of static
      friction which is typically about 0.001 or less. When disposed between
      slidably engaged surfaces, each of said spheres is free to roll at random
      as one surface moves relative to the other.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a load supporting lubricant formed by dispersing
      small uniformly sized spheres in a binder fluid.
PAC  BACKGROUND OF THE INVENTION
PAR  During the operation of any machine having slidably engaged metal surfaces,
      friction consumes energy. In the lubricant and bearing arts, there is a
      continuous effort directed at developing various ways of reducing the
      coefficients of static and dynamic friction between such surfaces and
      thereby minimizing these losses. The arts have progressed to the stage
      where a gain of a few percent is significant.
PAR  Early in the practice of these arts, rolling friction was substituted for
      sliding friction wherever feasible. Typically, this was accomplished by
      the use of caged or uncaged rolling elements such as balls or rollers.
      This development significantly reduced friction and provided a separate
      load supporting means between the slidably engaged surfaces. However, this
      development also added significantly to the cost of the machines when
      compared to the simple boundary lubrication provided by a thin film of oil
      or grease.
PAR  Recently, the use of hard microspheres made of iron, tungsten, nickel and
      the like and having a diameter of preferably less than 8 microns, as a
      lubricant, was disclosed in U.S. Pat. No. 3,549,531. This development
      provided about a 50 percent reduction in the friction of slidably engaged
      surfaces when compared to that of the simple boundary lubrication. More
      specifically, when dispersed in an oil or grease these microspheres, of
      the size disclosed in U.S. Pat. No. 3,549,531, provide a coefficient of
      friction between two slidably engaged surfaces of about 0.05.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an easily handled lubricating
      composition which, when placed between two slidably engaged surfaces,
      provides a load supporting capacity of about 3,500 kPa, and a coefficient
      of static friction of about 0.001 or less which is about 100 times less
      than that provided by a simple boundary lubricant, wherein said lubricant
      is a dispersion of hard uniformly sized spheres having a diameter of from
      about 1/2 to 4 mm in a binder fluid.
PAR  It is a further object of this invention to provide an easily handled
      lubricating composition which, when placed between two slidably engaged
      surfaces, provides a coefficient of static friction which is about 50
      times less than that provided by a lubricant consisting of a binder and
      hard microspheres having a diameter of about 4 to 8 microns.
PAR  It is a still further object of this invention to provide a lubricant
      composed of hard spheres in a binder fluid wherein the diameter of the
      spheres is at about that point, within the range of from 1/2 to 2 mm, so
      as to provide an unexpected minimum coefficient of static friction between
      two slidably engaged surfaces.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment of this invention, a lubricating
      composition is formed by uniformly dispersing small, hard steel spheres in
      a grease. The diameter of the spheres may vary from about 1/2 to about 4
      mm and are preferably from about 1/2 to 3/4 mm. The spheres preferably
      form a single closely packed layer between the two slidably engaged
      surfaces and the grease completely fills the interstices formed thereby.
      In this configuration, the grease forms about 40 percent by volume of the
      subject lubricating composition, and the spheres are free to roll at
      random when disposed between slidably engaged moving surfaces.
PAR  The load supporting capacity of the subject lubricating composition will
      depend on the hardness of the steel spheres and of the slidably engaged
      surfaces, and it has been learned that if the hardness is about 60 on the
      Rockwell C scale, the subject lubricating composition will have a load
      supporting capacity of about 3,500 kPa, which is about 500 pounds per
      square inch of the slidably engaged surfaces. However, the load supporting
      capacity will be reduced if there is a significant degree of nonuniformity
      in the size of the spheres. This is to be expected as in this situation
      the number of spheres actually supporting in the load will be reduced.
      However, the experimental work which led to the subject development was
      conducted with commercially available spheres sold in AFBMA (Anti-Friction
      Bearing Manufactures Association) Grade 25. This grade has relatively
      lenient tolerances of about .+-. 25 millionths of an inch. Preferably, the
      spheres are made from a corrosion resistance steel such as stainless steel
      440 C.
PAR  The grease in the subject composition serves as a lubricant but more
      importantly as a binder which ensures an easily handled composition when
      compared to small, loose spheres. The exact composition of the grease is
      not critical as long as it has sufficient cohesiveness to hold the spheres
      and does not corrode or, in any other manner, degrade the slidably engaged
      surfaces. Preferably, the grease would inhibit the corrosion of the
      spheres and the surfaces.
PAR  The subject lubricating composition provides the following advantages:
PA1  1. In general, exceptionally low coefficients of dynamic and static
      friction between two slidably engaged surfaces, and in particular an
      unexpected minimum in the coefficient of static friction;
PA1  2. Very high stiffness which is desirable in precision tool machines;
PA1  3. A high load supporting capacity in the range of about 3,500 kPa;
PA1  4. Low cost and ease of handling.
PAR  These and other advantages of the subject invention will be more easily
      understood in view of a detailed description thereof to include specific
      examples.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention a superior load supporting lubricant is
      formed by dispersing hard spheres having a diameter in the range of from
      about 1/4 mm to 4 mm dispersed in a binder fluid which may constitute from
      20 percent to 80 percent by volume of the total composition. It has been
      discovered that an optimum lubricant, in terms of providing the minimum
      coefficient of static friction between slidably engaged surfaces, is
      formed when the diameter of the spheres is held within the range of from
      about 1/2 to about 3/4 mm. A coefficient of static friction between
      slidably engaged hardened steel surfaces of less than 0.001 is typical and
      this value is about 100 times less than that provided by a thin film of
      oil or grease. However, as the diameter of the spheres is either increased
      or decreased from this optimum value, the coefficient of static friction
      increases. (See FIG. 1, a graph of the coefficient of static friction vs.
      ball diameter.) The physical reason for this minimum point is not
      understood at this time and it was totally unexpected.
PAR  The lubricant described in the aforementioned U.S. Pat. No. 3,549,531
      comprising microspheres having a preferred size of about 4 to 8 microns
      provides a coefficient of friction which is about 1/2 of that provided by
      the boundary lubrication of a thin film of grease or oil. On the other
      hand, a subject lubricant provides a coefficient of friction which is
      about 100 times below the boundary lubrication value. The reason for this
      dramatic improvement achieved by increasing the diameter of the spheres is
      also unexplained at this time but tends to indicate a totally distinct
      phenomenon. Equally unexpected was the gradual but well defined increase
      in the coefficient of static friction which occurs as the diameter of the
      spheres was increased beyond about 1 or 1 1/2 mm.
PAR  The advantages of the subject lubricant make it very desirable in many
      applications and particularly so in precision tool machines. The stiffness
      of the subject lubricant which is near 1.9 .times. 10.sup.12 newtons per
      meter per square meter, if the hardness of the balls is about 60 on the
      Rockwell C scale, is one of the features of the subject lubricant which
      makes it desirable in such machine applications because it minimizes
      deflection at the bearing surfaces and allows the machine to maintain
      closer tolerances.
PAR  Ground and hardened steel spheres are available in diameters as small as
      0.4 mm and in many dimensional tolerance grades labeled from 3 to 1,000.
      The grade number represents the permissible dimensional variations in
      millionths of an inch. Grade 25, which has a maximum variation of plus or
      minus 25 millionths of an inch is suitable in the subject lubricant
      application. It is again noted that an increase in the maximum dimensional
      variation will primarily affect the load supporting capacity of the
      lubricant. In addition, such an increase also reduces the cost of the
      spheres; therefore, the highest numbered grade, suitable for the loading
      conditions of a specific application should be used to minimize cost.
      Grade 25 will support about 3,500 kPa or about 500 pounds per square inch
      of bearing surface. This appears to be near the maximum value as the
      stresses on the spheres is above 500,000 psi.
PAR  Since the grease serves primarily as a retainer for the spheres and
      secondarily as a lubricant, its physical and chemical properties are not
      critical in the subject application. However, the grease should not create
      a corrosive environment for either the slidably engaged surfaces or the
      spheres. Understandably, the grease would preferably act to protect both
      the slidably engaged surfaces and the spheres from the environment.
      Suitable binder fluids would include typical known lubricants in the form
      of a grease or an oil; these may be petroleum based, mineral, synthetic,
      animal, or vegetable.
PAR  The volumetric ratio of binder fluid to spheres would dictate the number of
      spheres within a specific lubricating area. Therefore, this parameter
      would influence the load supporting capacity of the lubricant. In heavy
      loading applications, the binder fluid should constitute 40 percent by
      volume of the subject lubricant or less because at 40 percent the binder
      fluid would only fill the interstices of a closely packed sphere array;
      this would allow the maximum number of spheres to occupy a unit area. In
      lighter loading applications, the subject lubricant may be thinned or
      diluted with a suitable lubricating binder fluid, up to about 80 percent,
      without a significant loss of the superior lubricating properties of the
      subject composition.
PAR  It is to be noted that the slidably engaged surfaces and the spheres must
      have a sufficiently smooth surface to allow the spheres to roll at random
      as the surfaces move across one another. If this does not occur, sliding
      instead of rolling friction may occur and the lubricating properties of
      such a bearing would predictably be much more poorer.
PAC  EXAMPLE I
PAR  In accordance with the practice of this invention, a lubricant comprising
      about equal parts by volume of a white petroleum jelly and, dispersed
      therethrough, Grade 25 precision ground spheres having a diameter of about
      0.64 mm with a dimensional tolerance of plus or minus 25 millionths of an
      inch. The spheres were made from 440 C stainless steel which contains by
      weight: (a) from 0.95% to 1.2% carbon; (b) a maximum of 1% manganese; (c)
      a maximum of 1% silicon; (d) a maximum of 0.04% phosphorus; (e) a maximum
      of 0.03% sulfur; and (f) from 16.00% to 18.00% chromium and had a hardness
      of about 60 on the Rockwell C scale. White petroleum jelly is a purified
      mixture of semi-solid hydrocarbons obtained from petroleum, which jelly
      has been wholly or nearly wholly decolorized.
PAR  The lubricant was then evaluated in a simple laboratory apparatus, which
      employed direct loading with dead weights, to establish both the normal
      load and to determine the friction force. This appparatus ensures uniform
      loading over the lubricant composition. More specifically, the apparatus
      consisted of two parallel plates having a surface area of 100 mm square
      and a thickness of 25 mm. The plates were made from tool steel, SAE 01
      which contains about 0.9 percent carbon, 1.0 percent manganese, 0.5
      percent chromium, and 0.5 percent tungsten. The hardness of these plates
      was also about 60 on the Rockwell C scale.
PAR  To evaluate the lubricant, the lower plate was initially set on a large
      steel platform and leveled by three jack screws to within 5 .times.
      10.sup..sup.-5 mm per mm. After the mating surfaces of both plates were
      cleaned with acetone, a portion of the lubricant was placed on the top
      surface of the bottom plate at each of the verticies of an equilateral
      triangle so that the normal loading vector passed through the centroid of
      the triangle. This ensured a uniform loading of each portion of the
      lubricant. The top plate was then set on the lubricant and loaded with
      weights. The normal force is reported in units of mega newtons per square
      meter of lubricant which normalizes the data with respect to the number of
      spheres supporting the applied load. A string was attached to the top
      plate and passed over a pulley which was supported by an externally
      pressurized air bearing. The friction in the air bearing is negligible at
      the speeds and loads involved in this study.
PAR  The friction force required to move the upper plate was determined by the
      weight attached to the string. The force of static friction is the
      smallest force required to start the upper plate moving and the
      coefficient of static friction would be the ratio of the friction force to
      the normal load. Under a load of 0.95 mega newtons per square meter of
      lubricating area, the coefficient of static friction was about 0.00095 and
      a coefficient of dynamic friction was about 0.0007. The force of dynamic
      friction is that force required to maintain movement once it has begun and
      the ratio of the dynamic of friction force to the normal loading is the
      dynamic coefficient of friction.
PAR  This procedure was repeated using Grade 25 spheres having a diameter of
      about 0.4 mm. Under a load of 0.95 mega newtons per square meter of
      lubricating area, the coefficient of static friction was about 0.00157 and
      the coefficient of the dynamic friction was about 0.0011.
PAR  This same procedure was again repeated with Grade 25 spheres having a
      diameter of 1.59 mm. These spheres were made from a chrome alloy carbon
      steel and had a hardness also of about 60 on the Rockwell C scale. Under a
      load of 0.95 mega newtons per square meter, the lubricant formed with
      these spheres had a coefficient of static friction of 0.00145 and a
      coefficient of dynamic friction of 0.0006.
PAR  The coefficients of static friction for these spheres were also measured
      under loads of 11.28 kilograms and 20.36 kilograms. The data is reported
      in Table I below. The coefficients of dynamic friction, under these
      loading conditions are also reported in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Coefficient of Friction Data                                              
     Applied Load (Mega Newtons Per Square Meter)                              
            0.95       2.4        4.3                                          
            Static                                                             
                  Dynamic*                                                     
                       Static                                                  
                             Dynamic*                                          
                                  Static                                       
                                        Dynamic*                               
     __________________________________________________________________________
     Microsphere                                                               
     Size                                                                      
     (mm)                                                                      
     0.40   0.00157                                                            
                  0.0011                                                       
                       0.00142                                                 
                             0.0008                                            
                                  0.00123                                      
                                        0.0011                                 
     0.64   0.00095                                                            
                  0.0007                                                       
                       0.00089                                                 
                             0.0005                                            
                                  0.00103                                      
                                        0.0006                                 
     1.59   0.00145                                                            
                  0.0006                                                       
                       0.00133                                                 
                             0.0005                                            
                                  0.00179                                      
                                        0.0007                                 
     __________________________________________________________________________
      *The coefficient of dynamic friction was measured at a slow relative     
      velocity of less than 1/4 inch per second.                               
PAR  In conducting these experiments, the number of spheres in each of the three
      patches was monitored and each array was initially placed in a rectilinear
      or "square packed" configuration. (However, this specific configuration
      was not necessarily maintained during operation.) More specifically, when
      the largest spheres (1.59 mm) were evaluated, 18 were used and they
      initially occupied 45.5 .times. 10.sup..sup.-6 square meters; when the
      intermediated spheres were evaluated, 114 were used and they initially
      occupied 46.6 .times. 10.sup..sup.-6 square meters; and when the smallest
      spheres were evaluated 285 were used and they initially occupied 45.6
      .times. 10.sup..sup.-6 square meters. A strength analysis of the various
      spheres, under load, indicated that the load capacity of the lubricant is
      independent of sphere diameter. However, for a given size sphere, the load
      capacity is directly related to the number of spheres in the contact area.
PAC  EXAMPLE II
PAR  To gain a better understanding of the lubricating properties of
      microspheres, the lubricant described in the Santt U.S. Pat. No. 3,549,531
      was prepared in accordance with the teachings of that document.
      Specifically, a hardened spherical metal powder (sized to 40 microns plus
      or minus ten percent) was mixed with the binder fluid (white petroleum
      jelly) used in the subject lubricant. This is within the teaching of the
      Santt patent as seen in Column 3. This lubricant was then evaluated using
      the same equipment and procedures described in Example I. Under a load of
      0.98 mega newtons per square meter, the coefficient of static friction as
      measured in accordance with the procedures described in Example I was
      0.05. This value which agrees with the FIG. 2 in the patent which
      indicates that the Santt lubricant provides about a 50 percent reduction
      in the coefficient of friction of the boundary lubrication provided by a
      simple film of grease which is typically about 0.1. This value is
      supported in the 43rd edition of CRC's Handbook of Chemistry and Physics
      at p. 2181. The coefficient of static friction of steel on steel varies
      from about 0.08 to 0.2 if lubricated with typical lubricating oils.
PAR  While our invention has been described in terms of certain specific
      embodiments, it will be appreciated that other forms thereof could readily
      be adapted by one skilled in the art. Therefore, the scope of our
      invention is not to be limited to the specific embodiments disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A load supporting lubricant disposed between two slidably engageable
      surfaces consisting essentially of:
PA1  1. a binder fluid; and
PA1  2. a single layer of hard, uniformly sized spheres between the surfaces
      having a diameter in the range of from about 1/4 mm to about 4,0 mm,
      dispersed through said fluid; each of said spheres being able to roll at
      random between said surfaces in engaging load supporting relationship
      therewith and through said binder fluid as one of said surfaces moves
      relative to the other.
NUM  2.
PAR  2. A load bearing arrangement comprising slidably engageable surfaces
      having a load supporting medium disposed between the surfaces, said medium
      consisting essentially of:
PA1  1. from 20 to 80 percent by volume of a petroleum grease; and
PAR  2.  the balance being a single layer of hard, uniformly sized spheres
      between the surfaces having a diameter in the range of from about 1/4 mm
      to about 4.0 mm, dispersed through said fluid; each of said spheres being
      able to roll at random between said surfaces in engaging load supporting
      relationship therewith and through said binder fluid as one of said
      surfaces moves relative to the other.
NUM  3.
PAR  3. In a load bearing arrangement comprising slidably engageable surfaces
      having a load supporting medium disposed between the surfaces, the medium
      consisting essentially of:
PA1  1. a binder fluid; and
PA1  2. a single layer of hard uniformly sized spheres between the surfaces in
      engaging load supporting relationship therewith, the spheres having a
      diameter of from about 1/2 to about 3/4 mm so as to provide a minimum
      coefficient of static friction and the spheres having a uniform hardness
      in the range of from about 55 to 65 (Rockwell C) and each of the spheres
      being able to roll at random between the surfaces as one of the surfaces
      moves relative to the other and the spheres also being able to move
      through the binder fluid which is dispersed relatively uniformly
      throughout said layer of spheres.
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ABST
PAL  An improved gel-thickened lubricant, useful as a gear oil or as an antileak
      hydraulic oil, comprises an effective amount of a lithium soap (e.g., 0.1
      to 1 percent lithium stearate) or an aluminum soap (e.g., 0.5 to 2 percent
      aluminum stearate), or mixtures of such soaps, and a base oil having a
      viscosity in the range of 70 to about 3,000 SUS at 100.degree.F
      (preferably with an aniline point in the range of 150.degree. to
      170.degree.F when the oil is to be in contact with Buna N, etc., rubbers),
      said base oil comprising at least one hydrorefined naphthenic oil or a
      hydrocracked paraffinic oil having a viscosity in the range of 40 to
      12,000 SUS at 100.degree.F. Preferably, the base oil comprises a major
      amount of the hydrorefined naphthenic oil and a minor amount of a solvent
      refined paraffinic lube, or a hydrocracked lube with a paraffinic VGC, or
      a bright stock, or a mixture of two or more such oils. Preferably, the
      basic nitrogen content of the base oil is less than 80 ppm, more preferred
      less than 30 ppm (typically 0 to 10 ppm).
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our application Ser. No.
      178,479 filed Sept. 7, 1971 (now U.S. Pat. No. 3,816,316 issued June 11,
      1974), which is a continuation-in-part of Ser. No. 34,899 filed May 5,
      1970 (now U.S. Pat. No. 3,694,363 issued Sept. 26, 1972). The entire
      disclosure of both of these parent applications is hereby incorporated
      herein.
BSUM
PAR  The following patents and applications are related to the disclosure of the
      present application in that they disclose methods of obtaining soap
      thickened lubricants, aromatic extracts and concentrates, distillate oils,
      hydrocracked oils and hydrorefined oils, which can be used to make the
      lubricant composition of the present invention:
PAR  U.S. Pat. Nos. 3,383,312, 3,462,358, 3,681,279, 3,502,567, Ser. No. 730,999
      filed May 22, 1968, U.S. Pat. No. 3,619,414, Ser. No. 850,716 and Ser. No.
      850,717 both filed Aug. 18, 1969 (both now abandoned), U.S. Pat. No.
      3,654,127, Ser. No. 873,008 filed Oct. 31, 1969 (now abandoned), U.S. Pat.
      No. 3,706,653, U.S. Pat. No. 3,673,078, U.S. Pat. No. 3,681,233, Ser. No.
      35,231 filed May 6, 1970, Ser. No. 60,642 filed Aug. 2, 1970 (now
      abandoned), U.S. Pat. Nos. 3,715,302, 3,732,154, 3,663,427, 3,666,657,
      Ser. No. 140,398 filed May 5, 1971 (now abondoned), U.S. Pat. No.
      3,759,817, Ser. No. 178,193 filed Sept. 7, 1971, U.S. Pat. No. 3,791,959,
      Ser. No. 228,832 filed Feb. 24, 1972, Ser. No. 298,126 filed Oct. 6, 1972
      and Ser. No. 440,615 filed Feb. 7, 1974. The disclosure of all of these
      applications and patents is hereby incorporated in the present
      application.
PAC  BACKGROUND OF THE INVENTION
PAR  The industrial oil market is continuing to grow at a rapid pace.
      Accompanying this growth is the demand for better lubricant properties,
      due to more severe operating conditions and the need for better pollution
      control. Wear-resistant oils and heavy duty, antileak industrial gear oils
      can alleviate the equipment problems and failures caused by increased
      pressures and temperatures, shock loading, reduced tolerances, etc.
      Antileak oils can decrease the undesirable loss of lubricants both in
      closed hydraulic systems and in open gears. Not only do these latter oils
      reduce consumption, but they help curb the pollution of our natural
      waters.
PAR  This invention is primarily concerned with one specific area, that of
      antileak lubricants. By reducing leakage at the source, waste oil can be
      greatly minimized. However, other properties must not be sacrificed to the
      degree that lubrication and machinery protection are not satisfactory [see
      "Cutting Fluids", Lubrication 42 (4), 49 to 60 (1956)]. The present
      antileak lubricants help control pollution and are also completely
      satisfactory from the standpoint of other performance requirements (e.g.,
      oxidation stability). With respect to oxidation stability, the degree of
      stability which is obtained by oxidation inhibitor additives (such as the
      amine, phenolic and metal dithiophosphate additives), is governed by the
      end use of the lubricant, e.g., gear oils generally require a lower
      additive concentration than do hydraulic oils). In any event, the present
      invention provides improved stability, at a given level of a given
      additive, compared to similar prior art lubricants.
PAC  SUMMARY OF THE INVENTION
PAR  An improved antileak lubricant of the gel-thickened type comprises an
      effective amount of a lithium soap (e.g., 0.1 to 1 percent lithium
      stearate) or an aluminum soap (e.g., 0.5 to 2 percent aluminum stearate),
      or mixtures of such soaps, and a base oil having a viscosity in the range
      of 70 to about 3,000 SUS at 100.degree.F, said base oil comprising at
      least one hydrorefined naphthenic oil or a hydrocracked oil having a
      viscosity in the range of 40 to 12,000 SUS at 100.degree.F. A preferred
      base stock is a blend of the hydrorefined naphthenic oil and at least one
      paraffinic, by viscosity-gravity constant (VGC), lube which can be solvent
      refined, hydrocracked or a bright stock. The lubricant can also contain
      one or more of the following: an antirust agent (e.g., 0.02 to 2 percent,
      typically 0.2 percent barium petroleum sulfonate), an antioxidant (e.g.,
      0.05 to 1 percent of an amine type), an antifoam (e.g., 0.05 to 1 percent
      of a silicone type) and an antiwear (e.g., 0.1 to 5 percent, typically 0.3
      to 2 percent, zinc dialkyldithiophosphate, such as zinc-isopropyl,
      decyldithiophosphate) or tricresylphosphate. For systems having seals
      comprising synthetic rubbers (e.g., "Buna N", GRS, ABS) it is preferred
      that the aniline point of the base oil be in the range of 150 to
      170.degree.F. For systems where the seals are of other rubbers or
      materials, a higher aniline point may be required (e.g., for the silicone
      rubbers an aniline point of about 200.degree.F imparts the proper
      seal-swelling character to the hydraulic oil). In calculation of the
      aniline point of the base oil, one must consider the contribution of
      aromatic additives (e.g., those marketed as seal swell agents) and the
      hydrocarbon diluent used in many commercial additives. The term "base oil"
      in the present application refers to the total hydrocarbons of the 40 to
      12,000 SUS vicinity range which are present in the final hydraulic oil, it
      being understood that some of these hydrocarbons can be contributed via
      the usual commercial additives.
PAR  A preferred antioxidant is DBPC (ditertiarybutyl paracresol) or an amine
      type, used in combination with sufficient zinc dialkyldithiophosphate to
      impart antiwear properties (e.g., 0.010 to 0.20 percent zinc). Such
      dialkyldithiophosphates can also provide improved oxidation resistance.
PAR  The lubricant can show good antiwear and antileak performance and good
      hydrolytic and oxidation stability in the ASTM D-943 turbine oil stability
      test (TOST).
PAR  The base oils preferably contain less than 80 ppm of basic nitrogen and can
      be those described in the previously cited applications and patents of
      Mills et al. and, more preferably, are blends of two or more hydrorefined
      naphthenic oils (e.g., a blend of a 100 SUS at 100.degree.F hydrorefined
      naphthenic oil and a 2,500 SUS at 100.degree.F hydrorefined naphthenic
      oil) and hydrocracked paraffinic oil or of hydrorefined naphthenic oil and
      a paraffinic bright stock.
PAR  For hydraulic oil usage, leakage reduction is achieved by designing into
      the lubricant the ability to maintain good rubber seal condition (e.g., by
      proper choice of aniline point of the base oil) and the ability to
      obstruct small leaks with retardant materials (e.g., lithium or aluminum
      soaps or polymers). Plant trials have been conducted comparing the
      performance of the antileak hydraulic oils of the present invention to
      current, standard products. Lubricant loss was lowered as much as 88
      percent by the leak resistant formulations. These antileak hydraulic oils
      of the present invention also have good over-all properties and have
      performed well in many types of plant equipment.
PAC  FURTHER DESCRIPTION
PAR  The hydrocarbon base oil can also contain a low nitrogen content paraffinic
      distillate or solvent raffinate oil, a hydrorefined paraffinic distillate
      or raffinate, a viscosity index improver (e.g., high molecular weight
      polybutene or a polyacrylate or polymethylacrylate, preferably the
      dispersant type), a polycyclic aromatic concentrate (such as cycle stock)
      or extract (such as a furfural extract from a naphthenic distillate) to
      adjust the 335 UVA of the base stock (which preferably is in the range of
      0.01 to 0.4, more preferred 0.02 to 0.2) and/or the aniline point and an
      unhydrorefined naphthenic distillate or a naphthenic acid-free naphthenic
      distillate (to improve the D-943 test performance).
PAR  Paraffinic oils, whatever their refining history (e.g., hydrocracking), are
      those having a viscosity-gravity constant (VGC) in the range of 0.790 to
      0.819 (preferably above 0.799).
PAR  Naphthenic oils have a VGC in the range of 0.820 to 0.899 and the preferred
      hydrorefined naphthenic oils have a VGC in the range of 0.840 to 0.899.
      Hydrorefined, relatively aromatic oils, having a VGC in the range of 0.900
      to 0.920, can sometimes be used as a whole or partial substitute for the
      hydrorefined naphthenic lube. Aromatic oils (including hydrorefined or
      hydroaromaticized oils) having a VGC in the range of 0.921 to 1.050 and
      greater, can be useful in minor proportions (e.g., 1 to 20 percent) for
      adjusting the aniline point of the base oil, particularly when the base
      oil contains a high proportion of a high VI hydrocracked paraffinic oil.
PAR  As an additional component, or as a partial or complete substitute for the
      hydrorefined naphthenic oils previously described, hydraulic oils of the
      gel or polymer thickened types can contain a wax-free, hydrogenated
      polyolefin oil (e.g., see Canadian Pat. No. 842,290; U.S. Pat. No.
      3,598,740) or a high viscosity index, hydrocracked oil or a mixture of
      such components. In such blends an aromatic oil or concentrate rich in
      aromatic hydrocarbons (e.g., cycle oil) may have to be added to obtain the
      proper aniline point for seal swelling.
PAR  The preferred polyolefin oils are polymers or copolymers of C.sub.2 to
      C.sub.8 olefin which have a pour point no greater than -35.degree.F, and
      preferably below -50.degree.F. The hydrogenation can be from 50 to 100
      percent of saturation and, preferably, is to a bromine number no greater
      than 10, more preferably less than 5. Preferred polyolefins include
      ethylene-propylene copolymer, polypropylene, polybutene (especially
      polyisobutylene), and poly(1-octene).
PAR  The high VI hydrocracked paraffinic oil component can be obtained by
      hydrocracking a high viscosity distillate or dewaxed distillate from a
      paraffinic or naphthenic crude (such as Lagomedio) and typically has a VI
      in the range of 90 to 105 and contains in the range of 3 to 30 percent of
      aromatics by clay-gel analysis. The hydrocracked lubes are preferably
      stabilized (against UV light degradation and sludging) by extraction of
      the hydrocracked oil with aromatic selective solvents, such as furfural or
      phenol or by hydrorefining to reduce the 260 UVA at least 30 percent
      (preferably 40 percent).
PAR  The preferred "stabilized" hydrocracked oils (whether extracted or
      hydrorefined) are characterized by having a D-943 test life (to an
      increase in acid number of 2.0) which is at least 20 percent lower than
      the D-943 life of an unstabilized hydrocracked oil but which is at least
      20 percent greater than the D-943 life (with the usual amount of
      inhibitor) of an unhydrocracked solvent refined lube of the same
      viscosity.
PAR  One process for preparing a high VI hydrocracked oil comprises
      fractionating the stock material (such as an atmospheric residuum from
      Lagomedio crude) into three fractions, boiling at (a) from 720.degree. to
      855.degree.F, (b) 855.degree. to 980.degree.F and (c) the residuum or a
      fraction boiling at from 986.degree. to 1070.degree.F, solvent extracting
      fraction (b) with a solvent having preferential solubility for aromatics
      such as furfural, recombining the three fractions, dewaxing to 0.degree.F
      pour point or lower, and hydrocracking the combined fractions at from
      720.degree. to 800.degree.F using a hydrogen partial pressure of from
      2,000 to 3,000 psi, and a sulfided nickel-tungsten catalyst supported on
      silica-alumina and containing a minor amount of a fluoride (e.g., Gulf
      GC-6). The higher boiling fraction is deasphalted if required.
PAR  Examples of such hydrocracked oils are found in U.S. 3,579,435 and in the
      following applications (the disclosure of which is incorporated herein by
      reference):
TBL  Serial No.                                                                
            Filed Inventor(s)                                                  
                           Patent No.                                          
                                  Issued                                       
     __________________________________________________________________________
     780,241                                                                   
            11-19-68                                                           
                  Thompson et al.                                              
                           3,617,484                                           
                                  11-2-71                                      
     875,502                                                                   
            11-10-69                                                           
                  Thompson abandoned                                           
      64,656                                                                   
             8-17-70                                                           
                  Kress    3,723,295                                           
                                  3-27-73                                      
     __________________________________________________________________________
PAR  The preferred amount of gelling agent to add to a given base oil can be
      determined from an experimentally obtained "soap in oil curve". That is,
      various amounts of soap are added to base oil samples (which can also
      include some or all of the other additives) and the viscosity of the
      soap-oil samples is determined. The results are plotted as a viscosity
      versus concentration curve. In such a curve, a point will be found where
      the viscosity suddenly increases greatly. This will be the minimum
      concentration of soap which should be put into the oil for antileak
      protection. Generally, about 0.1 percent more soap than this minimum
      concentration should be put into the oil. The maximum amount of soap (or
      other gelling agent) will be where the solution "lumps-up" or becomes
      non-homogeneous.
PAR  The preferred soaps are lithium or aluminum stearate; however, any of the
      prior art lithium or aluminum soaps which have been used in petroleum
      lubricants can be useful in hydraulic oils of the present invention. Such
      soaps are shown, for example, in U.S. Pat. Nos. 2,489,300 and 3,383,312.
      For soap thickening useful lithium or aluminum soaps include soaps of
      fatty acids containing in the range of 12 to 22 carbon atoms, preferably
      an unsubstituted fatty acid. Stearates, palmitates, tallates, laurates,
      oleates and mixed soaps are among the useful soaps.
PAR  Polymer thickened oils can contain a small amount of a soap as a dispersant
      for the polymer or as a stabilizer (see U.S. Pat. No. 2,489,300). The
      present oils can also contain both soap and a polymer as long as the soap
      concentration is sufficient to contribute to thickening (e.g., 0.1 to 2
      weight percent).
PAR  To reduce equipment leakage, it is important that elastomeric seals and
      gaskets maintain a slight positive swell and remain pliable. Shrinkage and
      hardening allow oil to bypass. Certain base oils can help to keep the
      seals working properly.
PAR  A good test for judging if a base stock will properly condition the most
      commonly used seals, i.e., Buna N and Neoprene, is the aniline point (ASTM
      D-611). This test measures the solubility temperature of aniline and the
      lubricant. The aniline point is, therefore, a measure of solvency of the
      lubricant. Data obtained for the percent swell for Buna N and Neoprene
      seals for a series of 250 SUS at 100.degree.F oils having aniline points
      ranging from 150.degree.F to 230.degree.F show, that to obtain a small
      positive swell with the seals tested, the base oil should have an aniline
      point between 150.degree. and 170.degree.F. Lubricants which are mostly
      paraffinic in structure have high aniline points and will shrink the
      rubber and make it hard. This permits the lubricant to leak. On the other
      hand, if the aniline point is below 150.degree.F, excessive swell often
      occurs and the seal may be cut and torn by the rubbing surface, thereby
      allowing lubricant to bypass. This correlation does not necessarily apply
      to lubricants which contain seal conditioning additives. For other
      rubbers, such as silicones, a different aniline point range may be
      required for proper swelling (e.g., for silicone rubbers an aniline point
      in the range of 195.degree. to 215.degree.F is preferred.
PAR  Note that such prior art as U.S. Pat. No. 2,408,983 (which at column 5
      shows an aniline point of 178.degree.F), U.S. Pat. No. 2,489,300 (which in
      examples 1 and 2 shows aniline points of 145.degree.F and 131.degree.F)
      and U.S. 2,616,854 (which shows a range of 175.degree. to 190.degree.F)
      lead the art away from our preferred ranges of 150.degree. to 170.degree.F
      and 195.degree. to 215.degree.F.
PAR  Besides utilizing a base oil which properly conditions the rubber seals and
      gaskets, leakage can also be reduced by restricting small openings with
      leak retardant materials. The leak retardant must be carefully selected so
      that the properties of the lubricant are not harmed. There are two basic
      types of antileak additives presently being used. The first is the
      polymeric type which includes material having molecular weights greater
      than several hundred thousand (e.g., polybutene). The second involves
      gelling agents (e.g., organic salts of polyvalent metals or "soaps") which
      can have molecular weights of about three hundred.
PAR  There are no known products which completely stop leakage. One reason for
      this is that the types of leak retardants which can be used are limited by
      other performance characteristics. The antileak component must be a
      material which will not cause plugging in filters as small as five microns
      or interfere with servo-valve operation where clearances are extremely
      critical. Other properties of the lubricant itself, such as the oxidation
      stability, foam resistance, etc., must not be sacrificed.
PAR  In the following examples, as in the rest of this application, all
      percentages are by weight.
PAC  ILLUSTRATIVE EXAMPLES
PAR  The best way to evaluate new formulations is in the actual machinery in
      which leak problems are encountered. There is presently no standard way to
      measure antileak properties in the laboratory. A laboratory method has
      been devised, however, which appears to correlate with field experience.
      This test has been useful in measuring good versus bad antileak oils or
      improvements over a given reference oil. The reference oil can be, for
      example, a rust and oxidation (R&O) inhibited paraffinic hydraulic oil.
      This R&O reference contains all of the necessary additives to guarantee
      good lubricant performance but incorporates no leak retardants.
PAR  The apparatus in which leakage characteristics are measured is a U-shaped
      combination of 3/4-inch iron nipples, union sleeves, and elbows. They are
      joined together by hand tightening in a U-shape and then spot welded to
      hold in a fixed position. One end of the U is capped, the other end is
      connected to a pressure source. The procedure utilizes a 300 cc oil
      sample. The system is pressurized to 30 psi with nitrogen and allowed to
      stand for one hour. The oil which has dripped out at the end of this
      period is collected and weighed.
PAR  As with most screening tests, this method can only predict whether the oil
      is better than another. It cannot indicate the degree of improvement to be
      provided. Nothing but a large amount of field experience can supply this
      information.
DETD
PAC  EXAMPLE 1
PAC  Polymeric Type Antileak Hydraulic Oils
PAR  The incorporation of suitable polymers into hydraulic oils at
      concentrations as high as five percent can provide leakage protection. As
      can be seen in Table I, a typical product containing a high molecular
      weight butene polymer also has good over-all properties. The base oils,
      which are naphthenic in nature, have an aniline point of 152.degree.F and
      generally provide good rubber seal conditioning. Water separation, foam
      resistance, rust protection are all acceptable. The oxidation stability,
      as measured by the ASTM D-943 procedure, is 1,250 hours. Leakage
      resistance, according to the laboratory test is approximately 41 percent
      less than that of a normal R&O hydraulic oil.
PAR  Two field trials were run with the polymeric antileak hydraulic oil. The
      results of these equipment evaluations are listed in Table II. In the
      first field trial listed, three broaches were run for a period of two
      months at each of three separate plant locations. The broaches were first
      run with the R&O hydraulic oil to determine baseline data. The polymeric
      antileak oil was then added to these same machines and consumption
      characteristics measured. As can be seen, the three divisions reported
      improvements of 46, 88 and 50 percent, respectively. The second trial
      listed in Table II was run on a total plant basis. All machines using R&O
      hydraulic oil were studied for consumption during a six month period.
      These same machines were then charged with the polymeric antileak
      hydraulic oil for an equivalent six month period. After the one year
      trial, this plant measured a reduction in lubricant consumption of 38
      percent. Table III lists twelve machines in the second plant trial which
      had the largest amount of leakage with the B&O type hydraulic oil. The
      machines covered a wide range of operations. In these pieces of equipment,
      the leakage reduction afforded by the polymeric antileak hydraulic oil was
      39 percent, significantly more than the percentage reported for the total
      plant. Good leakage reduction is obtained with one to 6 percent polybutene
      (typically 2 percent).
PAR  The polymeric antileak lubricant after the field trials had experienced
      only the normal amount of degradation. Filter and valve operations were
      completely satisfactory. The one final property which had changed more
      than that of the R&O hydraulic oil was viscosity. The polymer loss by
      sheardown caused a viscosity decrease of approximately 10 percent. This
      loss did not cause any performance problems.
PAR  A polymer thickened antileak oil with good performance in the D-943 test
      comprises 2 percent of a polybutene additive, 0.6 percent DBPC, 0.7
      percent zinc dialkyldithiophosphate and the remainder a blend of
      hydrorefined naphthenic oil and hydrocracked paraffinic oil, the blend
      having an aniline point of 200.degree.F and a viscosity at 100.degree.F of
      300 SUS.
PAC  EXAMPLE 2
PAC  Gel Type Antileak Hydraulic Oils
PAR  An antileak hydraulic oil was compounded using lithium stearate as a gel
      type leak retardant.
PAR  The gel type antileak hydraulic oil composition had a SUS viscosity of
      about 250 at 100.degree.F and was prepared from a 200 SUS (at
      100.degree.F) base oil containing 56 ppm of basic nitrogen and obtained by
      blending 25 percent of 2,400 SUS (at 100.degree.F) hydrorefined naphthenic
      oil and 75 percent of 100 SUS (at 100.degree.F) hydrorefined naphthenic
      oil. Both hydrorefined naphthenic oils were obtained from naphthenic
      acid-free naphthenic distillate by hydrogenation at 625.degree.F, 1,200
      psig of 80 percent hydrogen, 0.2 LHSV with a presulfided
      nickel-molybdenum-oxide catalyst. In addition to the base oil, the
      hydraulic oil contained 0.25 percent lithium stearate, 0.17 percent of an
      amine type antioxidant (DuPont Ortholeum), 10 ppm of a defoamer (Dow
      Corning Silicone), 0.2 percent of a neutral barium petroleum sulfonate
      antirust agent, and 0.7 percent zinc dialkyldithiophosphate (Elco 114).
      The zinc dialkyldithiophosphate imparts especially useful antiwear and
      antioxidant properties to the hydraulic fluid and has excellent hydrolytic
      stability. The alkyl group of this additive can vary considerably,
      depending on the manufacturer; however, all such presently commercially
      available zinc dialkyldithiophosphate antiwear additives can be used in
      the fluids of the present invention.
PAR  Specific gelling agents (e.g., lithium or aluminum soaps) appear to be more
      efficient than the polymers in reducing leakage at concentrations up to
      three percent. The aluminum soaps are less hydrolytically stable than the
      lithium soaps. Lubricants containing these materials are, however, also
      somewhat less stable to oxidation. The over-all properties of the gel
      thickened hydraulic oil are good. A hydrogenated naphthenic type blended
      base oil with an aniline point of 160.degree.F, for example, can be used
      to provide seal swell. Oxidation stability, as measured by the ASTM D-943
      procedure, is about 300 hours less than the polymeric version but about
      200 percent better than a comparable oil containing naphthenic acid-free
      naphthenic distillate instead of the hydrorefined oil. The leak resistance
      of the gel type oil made from the hydrorefined base stock is twice as good
      as measured in laboratory equipment.
PAR  Field trial data was obtained with the gel anti-leak hydraulic oil of this
      example. Three presses were tested, one a horizontal type, and the other
      two vertical. These presses were operated from 880 hours to 1,944 hours.
      Leakage reduction when compared to the R&O hydraulic oil was 55, 85 and 60
      percent, respectively. These values are higher than the reductions
      reported for the polymeric antileak hydraulic oil. Filter and valve
      performance were completely acceptable. After this trial the condition of
      the product was excellent. There was no significant viscosity or acid
      buildup. A viscosity loss of about 15 percent occurred due to the
      sheardown of the gel, but there was still enough of the leak retardant
      present to maintain good leakage reduction.
PAR  Actual equipment testing has shown the polymeric antileak hydraulic oils
      can reduce losses by 23 to 88 percent. The gel containing antileak
      hydraulic oils are more efficient with reductions of 55 to 85 percent in
      plant equipment.
PAC  EXAMPLE 3
PAR  An antileak hydraulic oil was compounded using the same blended (i.e., 100
      SUS and 2,400 SUS hydrorefined naphthenic oils) base oil as in Example 2;
      however, the additives were different from those in Example 2, namely, 0.7
      percent ditertiarybutyl paracresol (DBPC), 0.05 percent alkyl C.sub.8 to
      C.sub.18) substituted succinic acid (Lubrizol 850), 0.1 percent
      dioctyldithio-thia-diazole (Amoco 150), 2 ppm silicone defoamer (1,000 cSt
      at 100.degree.F, Dow Corning 200 fluid). This hydraulic oil required about
      1,000 hours of ASTM D-943 testing to reach an acid number end point of
      2.0. In contrast, a hydraulic fluid with the same additives but made from
      unhydrorefined naphthenic oil failed after 200 hours of D-943 testing.
PAR  Addition of zinc dialkyldithiophosphate to provide 0.15 percent zinc in the
      final compounded oil imparts good antiwear properties.
PAC  EXAMPLE 4
PAR  Two antileak hydraulic oils were compounded using the additives in Example
      3 (that is, one oil contained zinc dialkyldithiophosphate) and as the base
      oil a 200 SUS blend of a 100 SUS hydrocracked paraffinic lube. Both oils
      showed better D-943 test performance than the corresponding oils
      containing hydrorefined or unhydrorefined base oils.
PAC  EXAMPLE 5
PAR  An antileak hydraulic oil was compounded using the same amount of lithium
      stearate and the same base as in Example 1. The addition of five percent
      of a 200 SUS "DuoSol" extracted paraffinic lube having an aniline point of
      226.degree.F improved the D-943 performance of the hydraulic oil. Similar
      results were obtained with five percent of a 152.degree.F aniline point
      blend of 25 percent 100 SUS and 75 percent 2,500 SUS naphthenic acid-free
      naphthenic distillates or with two and one-half percent of the paraffinic
      oil and two and one-half percent of the naphthenic oil blend.
PAR  A 200 SUS hydrocracked paraffinic lube can be used instead of the
      paraffinic lube in this example.
PAC  EXAMPLE 6
PAR  An antileak heavy duty gear oil was made by blending the following:
TBL                         Volume                                             
                            Percent                                            
     ______________________________________                                    
     Bright Stock* (150 SUS at 100.degree.F)                                   
                              71.00                                            
     Hydrorefined Naphthenic Lube                                              
        (2,400 SUS at 100.degree.F)                                            
                              24.75                                            
     Lithium Stearate         0.25                                             
     Dow Corning Silicone Antifoam                                             
        (one percent active)  0.50                                             
     Lubrizol 5002**          3.50                                             
     ______________________________________                                    
      *VGC of 0.79, ASTM VI of 97, obtained from solvent refining of paraffinic
      distillate.                                                              
      **Commercial gear oil additive of the phosphorus-sulfur type providing   
      antiwear, antirust and antioxidant.                                      
PAL  The blending is conventional. All components blended should be at
      relatively the same temperature at the start. Only mechanical agitation
      should be used. Moisture must not be present in the blending vessel or in
      the final packaging containers. Heating of the components, while
      mechanically agitating, should not exceed 150.degree.F.
PAR  Table VI reports certain properties of a typical batch of this blended gear
      oil and the usual range of batch to batch manufacturing variability.
PAR  The attached Table VIII lists the properties of a series of hydrocracked
      oils (stabilized by solvent extraction) which are especially suitable
      components for blending with hydrogenated and/or unhydrogenated naphthenic
      oils and/or an aromatic concentrate to provide a suitable base stock
      having an aniline point in the range of 150.degree. to 170.degree.F. For
      such blending, the following formula can be used to predict the aniline
      point (AP) of the blended base stock (AP Base): AP Base = (X)(AP
      Paraffinic Component) + (1-X)(AP Naphthenic Component); where X is the
      volume fraction of the paraffinic component and 1-X is the volume fraction
      of the naphthenic component.
PAR  An especially useful blended paraffinic component is obtained by blending
      90 parts by volume of a 60 SUS at 100.degree.F hydrocracked paraffinic oil
      (obtained by Duo-Sol extraction of a paraffinic distillate) with 10 parts
      by volume of the unhydrorefined paraffinic oil (obtained by Duo-Sol
      extraction of a paraffinic distillate).
PAR  Another paraffinic component, which can also be used as a textile process
      oil (due, in part, to its high unsulfonatable residue), is obtained by
      substitution o the hydrocracked paraffinic oil for the solvent refined
      oil. Similar paraffinic components of higher viscosity and differing
      aniline points can be obtained by blending other hydrorefined and
      unhydrorefined paraffinic lube stocks of higher viscosity.
PAR  Some commercial additive packages contain aromatic compounds. The
      contribution of these aromatics to the aniline point of the base oil must
      be considered in calculations.
PAR  When the base oil contains a hydrocracked oil component, satisfactory seal
      swelling can be obtained at higher aniline points (e.g., about
      200.degree.F).
PAR  An especially useful soap and polymer thickened oil, for lubrication of
      textile machinery, can be made by adding lithium stearate (or lithium
      palmitate, laurate, oleate, etc.) and high molecular weight
      polyisobutylene to a hydrogenated naphthenic oil having a viscosity in the
      range of 60 to 300 SUS at 100.degree.F. For example, sufficient lithium
      stearate (0.7 percent) and polyisobutylene (1.9 percent Paratec) to
      produce a MacMichael viscosity of about 25 was added to a 150 SUS (at
      100.degree.F) hydrorefined naphthenic lube (aniline point 162) to which
      there was also added 1.3 percent of 40 percent chlorinated paraffin
      (Chlorfin 40), to improve load carryability of the oil, 0.4 of
      ditertiarybutyl paracresol and 2 ppm of a silicone antifoam. This lithium
      soap thickened textile lubricant cannot be made with a paraffinic base oil
      of the same viscosity since the paraffinic oil is not sufficiently
      compatible with soap to permit attainment of the desired MacMichael
      viscosity. Unhydrorefined naphthenic oil cannot be used in this oil
      because it causes discoloration and damage to textiles.
PAR  The soap thickened, antileak hydraulic oils described herein can be used as
      a functional fluid in energy adsorber devices, such as those which can
      reduce the body and bumper damage caused by automotive collisions (e.g.,
      see Publications 710536, 710537 and 710540 of the Society of Automotive
      Engineers; mid-year meeting, Montreal, Quebec, Canada, June 7 to 11, 1971.
      In such a combination the base oil should have an aniline point of about
      200.degree.F when the seals are of silicone rubber.
PAR  In this application, hydrocracking is distinguished from hydrorefining in
      that in a hydrorefining process the production of "overhead" (i.e.,
      hydrocarbons boiling below 485.degree.F) is less than 25 percent by volume
      per pass through the reactor (and, typically less than 10 percent), see,
      for example, Ser. No. 228,832 filed Feb. 24, 1972 now U.S. Pat. No.
      3,839,188 issued Oct. 1, 1974.
PAR  An aluminum "complex" soap concentrate, which is useful in the present
      invention, can be made as follows (all parts are by weight):
PAR  Dissolve 0.7 parts benzoic acid in 500 parts of bright stock (or other high
      viscosity lube) at 220.degree.F.
PAR  Dissolve 13 parts stearic acid in 450 parts of paraffinic bright stock (or
      other high viscosity lube) at 200.degree.F.
PAR  Add Agrashell Kolate, 3 parts, to the stearic acid in oil, mix and stir
      (e.g., about eight minutes).
PAR  Add the benzoic acid in oil to the stearic-acid-oil-Kolate, heat with
      stirring, to 400.degree.F, then cool with stirring to 220.degree.F.
PAR  The concentrate is especially useful at levels which impart 0.1 to 1
      percent aluminum complex soap to the final hydraulic oil composition.
PAR  Agrashell Kelate is a reactive oxoaluminum compound for making complex
      alumimum soaps and greases.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Polymeric Type Antileak Hydraulic Oil                                     
     Lubricant Properties                                                      
                    ASTM R&O      Antileak                                     
     Test           Method                                                     
                         Hydraulic Oil                                         
                                  Hydraulic Oil                                
     __________________________________________________________________________
     Viscosity, SUS/100.degree.F.                                              
                    D2161                                                      
                         250      242                                          
     Viscosity, SUS/210.degree.F.                                              
                    D2161                                                      
                         50.4     45.3                                         
     Viscosity, Index                                                          
                    D2270                                                      
                         102      34                                           
     Viscosity, cs/100.degree.F.                                               
                    D445 53.9     52.1                                         
     Viscosity, cs/210.degree.F.                                               
                    D445 7.4      5.82                                         
     Flash, COC, .degree.F.                                                    
                    D92  440      335                                          
     Fire, COC, .degree.F.                                                     
                    D92  495      385                                          
     Pour, .degree.F.                                                          
                    D97  0        -25                                          
     Color          D1500                                                      
                         2.0      2.25                                         
     Gravity, .degree.API                                                      
                    D287 31.2     21.2                                         
     TAN, mgKOH/g   D664 0.07     0.0                                          
     Copper Strip, class                                                       
                    D130 1        1                                            
     Aniline Point, .degree.F.                                                 
                    D611 230      152                                          
     Demulsibility/130.degree.F.                                               
                    D1401                                                      
                         10       20                                           
      Separation, min.                                                         
     Foam, Tendency/Stability                                                  
                    D892                                                       
      Sequence I, ml     20/0     5/0                                          
      Sequence II, ml    20/0     25/0                                         
      Sequence III, ml   20/0     20/0                                         
     Rust, Syn Sea Water                                                       
                    D665B                                                      
                         Pass     Pass                                         
     Oxidation Stability, hr.sup.(1)                                           
                    D943 1,300    1,250                                        
     Leak Resistance                                                           
                    --                                                         
      Gms Leaked         110      65                                           
      Reduction, %       --       41                                           
     __________________________________________________________________________
      .sup.(1) To 2.0 TAN end point.                                           
TBL                                    TABLE II                                
     __________________________________________________________________________
     Polymeric Type Antileak Hydraulic Oil                                     
     Plant Trial Data                                                          
                    Consumption, Gallons                                       
                    R&O      Antileak %                                        
                    Hydraulic Oil                                              
                             Hydraulic Oil                                     
                                      Reduction                                
     __________________________________________________________________________
     No. 1 Plant Trial                                                         
      Per broach per week* at                                                  
       Division A   5.7      3.1      46                                       
       Division B   23.1     2.7      88                                       
       Division C   10.0     5.0      50                                       
     No. 2 Plant Trial                                                         
      Total plant usage**                                                      
                    3,131,667                                                  
                             2,242,766                                         
                                      28                                       
      Per unit manufactured                                                    
                    .98      .75      24                                       
     __________________________________________________________________________
       * 2 month duration                                                      
      ** 6 month duration                                                      
TBL                TABLE III                                                   
     ______________________________________                                    
     Polymeric Antileak Hydraulic Oil                                          
     No. 2 Plant Trial Leakage Comparisons                                     
                 Most Critical Machines                                        
                 Average Weekly Consumption, Gallons                           
                   R&O           Antileak                                      
     Type Equipment                                                            
                   Hydraulic Oil Hydraulic Oil                                 
     ______________________________________                                    
     Broach        108           57                                            
     Automated Drill Line                                                      
                   41            33                                            
     Mill          12            19                                            
     Drill         217           155                                           
     Gear Cutter   140           112                                           
     Drill         198           35                                            
     Lathe         217           178                                           
     Broach        32            28                                            
     Gear Cutter   102           57                                            
     Grinder       28            6                                             
     Drill         23            16                                            
     Lathe         66            25                                            
      Total        1,184         721                                           
      % Reduction                39                                            
     ______________________________________                                    
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Polymeric Type Antileak Hydraulic Oil                                     
     Lubricant Properties                                                      
                    ASTM R&O      Antileak                                     
     Test           Method                                                     
                         Hydraulic Oil                                         
                                  Hydraulic Oil                                
     __________________________________________________________________________
     Viscosity, SUS/100.degree.F.                                              
                    D2161                                                      
                         250      258                                          
     Viscosity, SUS/210.degree.F.                                              
                    D2161                                                      
                         50.4     45.5                                         
     Viscosity, Index                                                          
                    D2270                                                      
                         102      23                                           
     Viscosity, cs/100.degree.F.                                               
                    D445 53.9     55.6                                         
     Viscosity, cs/210.degree.F.                                               
                    D445 7.4      5.9                                          
     Flash, COC, .degree.F.                                                    
                    D92  440      350                                          
     Fire, COC, .degree.F.                                                     
                    D92  495      390                                          
     Pour, .degree.F.                                                          
                    D97  0        -40                                          
     Color          D1500                                                      
                         2.0      2.5                                          
     Gravity, .degree.API                                                      
                    D287 31.2     22.1                                         
     TAN, mgKOH/g   D664 0.07     0.0                                          
     Copper Strip, class                                                       
                    D130 1        1                                            
     Aniline Point, .degree.F.                                                 
                    D611 230      160                                          
     Demulsibility/130.degree.F.                                               
                    D1401                                                      
      Separation, min.   10       25                                           
     Foam, Tendency/Stability                                                  
                    D892                                                       
      Sequence I, ml     20/0     5/0                                          
      Sequence II, ml    20/0     25/0                                         
      Sequence III, ml   20/0     5/0                                          
     Rust, Syn Sea Water                                                       
                    D665B                                                      
                         Pass     Pass                                         
     Oxidation Stability, hr.sup.(1)                                           
                    D943 1,300    900                                          
     Leak Resistance                                                           
                    --                                                         
      Gms Leaked         110      20                                           
      Reduction, %       --       82                                           
     __________________________________________________________________________
      .sup.(1) To 2.0 TAN end point.                                           
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Gel Type Antileak Hydraulic Oil                                           
     Plant Trial Data                                                          
     __________________________________________________________________________
     Equipment                                                                 
      Type       Horizontal Press                                              
                           Vertical Press                                      
                                    Vertical Press                             
      Ram Diameter                                                             
                 12"       22"      36"                                        
      Oil Capacity                                                             
                 150 gal   200 gal  300 gal                                    
     Operation                                                                 
      Pressure   1500 psi  1000 psi 1500 psi                                   
      Temperature                                                              
                 Ambient   150.degree.F                                        
                                    125.degree.F                               
     Duration    880 hr    1944 hr  1400 hr                                    
     Leakage                                                                   
      R&O Hydraulic                                                            
      Oil        75-100 gal/wk                                                 
                           50 gal/wk                                           
                                    125 gal/wk                                 
      Antileak Hydraulic                                                       
      Oil        35-40 gal/wk                                                  
                           7 gal/wk 50 gal/wk                                  
      Reduction, %                                                             
                 55-60     85       60                                         
     __________________________________________________________________________
TBL                                    TABLE VI                                
     __________________________________________________________________________
                   ASTM Range      Typical                                     
     Property      Method                                                      
                        Usual                                                  
                             Range Data                                        
     __________________________________________________________________________
     Viscosity, SUS/100.degree.F                                               
                   D-2161                                                      
                        2850 3150  3000                                        
     Viscosity, eSt/100.degree.F                                               
                   D-445                                                       
                        615  701   647                                         
     Flash, COC, .degree.F                                                     
                   D-92      475 min                                           
                                   500                                         
     Pour, .degree.F                                                           
                   D-97      +5 max                                            
                                   0                                           
     Color         D-1500    6.0   5.0                                         
     Gravity, .degree.API                                                      
                   D-287     22.5 min                                          
                                   23.7                                        
     pH                            7.0                                         
     Total Acid No., mgKOH/g                                                   
                   D-664           0.60                                        
     Copper Strip, class,                                                      
                   D-130                                                       
      3 hours at 212.degree.F                                                  
                             1     1A                                          
     Foam, Tend/Stab, ml                                                       
                   D-892                                                       
      Sequence I             100/0 50/0                                        
      Sequence II            200/0 100/0                                       
      Sequence III           100/0 50/0                                        
     Rusting, Distilled H.sub.2 O                                              
                   D-665A                                                      
                        Pass       Pass                                        
     Timken, OK Load                                                           
                   D-2782    50 min                                            
                                   55                                          
     Weld Point                    315                                         
     4-Ball Wear, Scar             0.42                                        
     Lithium, percent ppm                                                      
                        55   75    65                                          
     Phosphorus, percent                                                       
                   D-1091                                                      
                        0.020                                                  
                             0.026 0.022                                       
     __________________________________________________________________________
TBL                TABLE VII                                                   
     ______________________________________                                    
     Properties of Hydrocracked Oils*                                          
                                         Aniline                               
     Viscosity  ASTM    Gravity  Wt.%    Point                                 
     (SUS, 100.degree.F.)                                                      
                VI      API      Aromatics                                     
                                         .degree.F.                            
     ______________________________________                                    
     100        103     34.2     12      220                                   
     200        107     33.3     11      235                                   
     500        107     31.5     13      250                                   
     ______________________________________                                    
      *All oils dewaxed to a 0.degree.F. pour point by chilling in a solvent.  
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A soap thickened lubricant comprising an effective amount, for
      thickening, of a lithium soap of a fatty acid or an aluminum soap of a
      fatty acid and a hydrocarbon base oil having a viscosity in the range of
      80 to about 3,000 SUS at 100.degree.F said base oil comprising at least
      one hydrorefined naphthenic oil or hydrocracked paraffin oil having a
      viscosity in the range of 40 to 12,000 SUS at 100.degree.F.
NUM  2.
PAR  2. A lubricant according to claim 1 and containing at least one said
      hydrorefined naphthenic oil which contains less than 80 ppm of basic
      nitrogen and has a viscosity-gravity constant in the range of 0.840 to
      0.899.
NUM  3.
PAR  3. A lubricant according to claim 1 and containing in the range of 0.1 to 1
      percent lithium stearate.
NUM  4.
PAR  4. A lubricant according to claim 1 and wherein said fatty acid has 12 to
      22 carbon atoms.
NUM  5.
PAR  5. A lubricant according to claim 4 and containing in the range of 0.0 to 1
      percent lithium stearate, in the range of 0.02 to 2 percent neutral barium
      petroleum sulfonate and in the range of 0.1 to 5 percent zinc
      dialkyldithiophosphate.
NUM  6.
PAR  6. A lubricant according to claim 1 wherein same base oil is a blend of at
      least two hydrorefined naphthenic oils.
NUM  7.
PAR  7. A lubricant according to claim 1 wherein said base oil contains said
      hydrorefined naphthenic oil and at least one additional oil component
      having a viscosity-gravity constant below 0.819.
NUM  8.
PAR  8. A lubricant according to claim 7 wherein said additional oil component
      is selected from bright stock, hydrocracked oil, solvent refined
      distillate and polyolefin oil.
NUM  9.
PAR  9. A lubricant according to claim 1 wherein said hydrocracked oil has been
      stabilized by contact with an aromatic selective solvent after
      hydrocracking.
NUM  10.
PAR  10. A lubricant according to claim 1 wherein said base oil contains less
      than 80 ppm of basic nitrogen.
NUM  11.
PAR  11. A lubricant according to claim 1 which is useful as a hydraulic oil and
      wherein said base oil has an aniline point in the range of 150.degree. to
      170.degree.F.
NUM  12.
PAR  12. A lubricant according to claim 1 wherein said base oil contains a
      hydrocracked paraffinic oil and has an aniline point in the range of
      195.degree. to 215.degree.F.
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PAL  An improved high retention lubricant for textile-machinery comprises a
      naphthenic base oil, a tackiness agent (e.g., polyisobutylene), and an
      effective amount of a lithium soap (e.g., 0.1 to 1.5% lithium stearate) to
      provide a MacMichael viscosity at 70.degree.F of at least 5, more
      preferred at least 15 (preferably 20 to 35). Typically, the base oil can
      have a viscosity in the range of 60 to 600 SUS at 100.degree.F (more
      preferably 125 to 300 SUS) and an aniline point in the range of 150 to
      170.degree.F, said base oil comprising at least one hydrorefined
      naphthenic oil component having a viscosity in the range of 40 to 12,000
      SUS at 100.degree.F, and preferably, is a wide boiling range blend
      containing at least two such hydrorefined naphthenic oils.
PARN
PAC  Cross Reference to Related Application
PAR  This application is a continuation-in-part of application Ser. No. 240,806,
      now U.S. Pat. No. 3,813,339. Said application 240,806 is related to
      copending applications Ser. No. 35,231, filed May 6, 1970 (now abandoned);
      Ser. No. 60,642, filed Aug. 3, 1970 (now abandoned); Ser. No. 178,193,
      filed Sept. 7, 1971 and Ser. No. 178,479, filed Sept. 7, 1971 (now U.S.
      Pat. No. 3,816,316.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A textile-machine lubricant must perform satisfactorily in textile-mill
      service where adequate lubricating properties must be combined with high
      retention (e.g., the ability to stay put in a bearing). Stray oil thrown
      from a bearing can find its way to the cloth being manufactured and
      complicate the cleaning steps taken at the end of the process.
PAR  Prior art textile-machinery lubricants have been compounded with high
      viscosity index oils (e.g., solvent-refined paraffinic lube oil) and a
      combination of additives to give the necessary retention properties. One
      of these materials, a lithium soap, was finely dispersed in the paraffinic
      oil, but was not in complete solution. Under field conditions, the soap
      separated from the product. This problem of gel stability has been
      frequently mentioned in the prior art.
PAR  The present invention relates to an improved high retention lubricant for
      textile-machinery which does not separate under field conditions, and
      which is equivalent or superior to prior art textile-machinery which does
      not separate under field conditions, and which is equivalent or superior
      to prior art textile lubricants in such performance characteristics as
      lubricating, retention and cloth scourability and which does not discolor
      or degrade textile fibers.
PAR  This improved high retention lubricant is not only resistant to separation
      but also has brighter appearance, produces less staining if it comes into
      contact with fabric, and provides rubber seal protection and conditioning.
      Furthermore, in mill trials this new lubricant provided lower mill
      consumption of electrical power required by such textile-machinery as
      Draper Shuttleless Looms.
PAR  Among the relevant publications of record in one or more parent
      applications are the following:
TBL  U.S. Pat. No.                                                             
               Issue Date   Patentee   Class/Sub                               
     ______________________________________                                    
     1,789,331 1/31           Becker     252/41                                
     2,074,089 3/37           Zimmer et al.                                    
                                         252/41                                
     2,121,796 6/38           Mikeska et al.                                   
                                         252/49.8X                             
     2,298,660 10/42          Stevens et al.                                   
                                         252/52RX                              
     2,322,209 6/43           Brutton    252/42.1X                             
     2,390,450 12/45          Morgan     252/36                                
     2,406,655 8/46           Bax et al. 252/36                                
     2,416,503 2/47           Trautman et al.                                  
                                         252/49.6                              
     2,651,616 9/53           Bryant et al.                                    
                                         252/41                                
     2,697,693 12/54          Browning et al.                                  
                                         252/41                                
     2,760,936 8/56           Baker      252/41                                
     2,769,781 11/56          Butcosk    252/40                                
     2,844,537 7/58           McCarthy et al.                                  
                                         252/41                                
     2,846,394 8/58           Brunstrum et al.                                 
                                         252/41                                
     3,431,863 12/69          Donaldson et al.                                 
                                         208/217X                              
     3,383,312 5/68           Coppock    252/36                                
     2,595,789 7/71           Coshburn    252/36X                              
     3,694,363 9/72           Griffith et al.                                  
                                          252/41X                              
     ______________________________________                                    
PAR  It should be noted that much of the above noted art is concerned with
      greases (which generally use high viscosity base oils and large amounts of
      soap), whereas the textile machinery lubricant of the present invention is
      a "thickened oil" and, in use, is more like an oil than a grease.
PAC  SUMMARY OF THE INVENTION
PAR  An improved high retention lubricant for textile-machinery comprises a
      naphthenic base oil, a tackiness agent (e.g., polyisobutylene, isotactic
      polypropylene, polyacrylates, etc.), and an effective amount of a lithium
      soap (e.g., 0.1 to 1.5% lithium stearate) to provide a MacMichael
      viscosity at 70.degree.F of at least 5, more preferred at least 20 to 35).
      The base oil can have a viscosity in the range of 60 to 600 SUS at
      100.degree.F (more preferably 125 to 300 SUS) and an aniline point in the
      range of 150.degree. to 170.degree.F, said base oil comprising at least
      one hydrorefined naphthenic oil component having a viscosity in the range
      of 40 to 12,000 SUS at 100.degree.F, and preferably, is a wide boiling
      range blend containing at least two such hydrorefined naphthenic oils. For
      example, the lubricant can comprise 75 parts by weight of 100 SUS
      hydrorefined naphthenic oil, 20 parts of 2400 SUS hydrorefined naphthenic
      oil, 2  parts of a high molecular weight (apparent molecular weight in oil
      of about 100,000) polyisobutylene tackiness agent, 1 part of lithium
      stearate, 1.5 parts of chlorinated paraffin as an antiwear agent, and 5
      ppm of silicone antifoam.
PAR  The improved high retention lubricant for textile-machinery of the present
      invention comprises additives and a base oil having an SUS viscosity in
      the range of 60 to 600 at 100.degree.F (more preferably 125.degree. to
      300.degree.F), consisting essentially of one or more hydrorefined
      naphthenic oils of the lubricating oil viscosity range (e.g., 45 to 12,000
      SUS at 100.degree.F) and having an aniline point in the range of
      140.degree. to 190.degree.F, more preferred 150.degree. to 170.degree.F, a
      viscosity-gravity constant (VGC) in the range of 0.820 to 0.899, more
      preferred 0.840 to 0.899, and an ultraviolet absorptivity (i.e., UVA) at
      260 millimicrons, (i.e., 260 UVA) which is at least 40% less than that of
      an unhydrorefined naphthenic lube of the same viscosity (VGC) and boiling
      range. Preferably, the UVA of the base oil at 335 millimicrons (i.e., 335
      UVA) is in the range of 0.0 to 0.4 (typically 0.02 to 0.2) and the ASTM
      D-1500 initial color is less than 4.0 (more preferably no greater than
      2.5).
PAR  The additives comprise a tackiness agent and a lithium soap in sufficient
      quantity to thicken the base oil and provide a minimum MacMichael
      viscosity, at 70.degree.F, of 5 (more preferably, at least 15, typically
      in the range of 20 to 35, e.g., about 25). The preferred tackiness agents
      are olefin polymers (e.g., atactic polypropylene, or polyisobutylene
      rubber) and can partially or fully hydrogenated; however, any
      oil-compatable tackiness agent (e.g., polyacrylates, aluminum oleate, or
      natural rubber obtained from dehydrated latex) can be used. The preferred
      range for the polyisobutylene polymers as commercially available, as
      indilution with oil (about 50%) is 0.3 to 6%, more preferably 1 to 3%. In
      any event, the amount used must be sufficient to cause the lubricant to be
      highly retentive on a bearing; however, the amount must be less than that
      which will cause the lubricant to be "stringy".
PAR  Another preferred additive is an antiwear agent which will not harm
      textiles, most preferred is 0.3 to 10% of a chlorinated paraffin; however,
      0.2 to 2% of tricresyl phosphate or a combination of these two additives
      can also be used. Optionally, the improved high retention lubricant for
      textile machinery can also contain an antifoam (such as 0.5 to 20 ppm of
      "active" silicone antifoam). Generally such an antifoam is used as a
      dilute solution or suspension containing about 1% of the active
      ingredient.
PAR  To further safeguard against discoloration, an antioxidant such as 0.05 to
      1% ditertiarybutyl paracresol (i.e., DBPC) can also be included.
PAR  In general, any additive used in the textile-machine lubricant of the
      present invention should have an acid number less than 25 and the total,
      compounded lubricant should have an acid number less than 0.5 and a
      "neutral" pH (preferably, 6.2 to 7.7, more preferred 6.8 to 7.2).
PAC  FURTHER DESCRIPTION
PAR  The base oil can consist essentially of a narrow-boiling range,
      hydrorefined naphthenic lube of the desired SUS viscosity or the desired
      viscosity base oil can be obtained from a wider boiling range blend of two
      or more narrow-boiling range naphthenic oils (e.g., a 150 SUS base oil can
      be obtained directly by hydrogenation of a 160 SUS distillate or can be
      obtained by hydrogenating a blend of 100 and 2,500 SUS distillate or, more
      preferred, the 150 SUS base oil can be obtained by blending a 100 SUS
      hydrorefined distillate with a 2,500 SUS hydrorefined distillate).
      Processes for obtaining such distillates and such hydrogenated oils are
      disclosed, for example, in the previously referred to applications and
      patents of Mills and co-inventors. Such oils are available under the trade
      name "Sunthene".
PAR  Although the base oil can have a viscosity at 100.degree.F in the range of
      60 to 600 SUS, the preferred viscosity range is 125 to 300 SUS and, more
      preferred, 140 to 220 SUS. When the viscosity of the base oil is less than
      about 125 SUS, the flash point becomes so low that it is difficult to heat
      the oil sufficiently to incorporate the lithium stearate. Generally the
      oil should be heated to about 400.degree.F for proper lithium stearate
      incorporation.
PAR  A blended base stock can be advantageous in such additive incorporation
      since the lithium can be first incorporated in a hot, higher flash point
      component oil (e.g., 2,500 SUS) and the mixture cooled prior to
      incorporation of other additives and the lower flash point remainder of
      the base oil. This flash point problem was considerably less in making
      prior art textile lubricants with paraffinic base oils since the
      paraffinic oils have generally much higher flash points for a given
      viscosity at 100.degree.F than do hydrogenated naphthenic oils.
PAR  For lubrication of looms, and most other textile machinery, the viscosity
      of the base oil at 100.degree.F is preferably no greater than 300 SUS
      because a higher viscosity base oil can produce a textile lubricant which
      causes too great an increase in start-up torque of the machinery. However,
      a protective coating for metals (e.g., firearms) can be made from the same
      additives as the textile machinery lubricant and in which the base oil has
      a viscosity as high as 600 SUS at 100.degree.F.
PAR  To improve such properties as color, flash point and oxidation stability,
      the base oil can also contain in the range of 0.5 to 15% of hydrorefined
      paraffinic oil, solvent-refined paraffinic oil, hydrocracked paraffinic
      oil (see Ser. No. 178,193), naphthenic distillate, naphthenic-acid free
      naphthenic distillate, polyolefin oils or hydrogenated polyolefin oils.
PAR  The base oils preferably contain less than 80 ppm of basic nitrogen, more
      preferably less than 30 ppm (in some cases 0 to 10 ppm), and can be those
      described in the previously cited applications of Mills et al. and, more
      preferably, are blends of two or more hydrorefined naphthenic oils (e.g.,
      a 150 SUS blend of a 100 SUS at 100.degree.F hydrorefined naphthenic oil
      and a 2,500 SUS at 100.degree.F hydrorefined oil) or a blend of
      hydrorefined naphthenic oil and hydrocracked paraffinic oil.
PAR  In the lubricant of the present invention, the base oil can have an aniline
      point in the range of 140 to 180, preferably the aniline point of the base
      oil is in the range of 150.degree. to 170.degree.F to enable maintenance
      of good rubber seal condition. Preferably, the oil or blend of oils is
      selected so as to obtain a base with the desired viscosity, an ultraviolet
      absorptivity at 335 millimicrons (i.e., 335 UVA) in the range of 0.01 to
      0.4, more preferred 0.02 to 0.2, and an aniline point in the range of
      150.degree. to 170.degree.F. The hydrorefined naphthenic oil component of
      such a base stock will generally have an aniline point in the range of 140
      to 190, more preferred 150.degree. to 170.degree.F.
PAR  Lubricants which are mostly paraffinic in structure have high aniline
      points and will shrink the rubber and make it hard. This permits the
      lubricant to leak. On the other hand, if the aniline point is below
      150.degree.F, excessive swell often occurs and the seal may be cut and
      torn by the rubbing surface, thereby allowing lubricant to bypass. Seal
      conditioning additives can also be used to improve seal performance in the
      lubricant.
PAR  The phrases "severe hydrorefining" or "hydrogenation" refer to processes
      conducted in the presence of a hydrogenation catalyst at from about
      500.degree. to 775.degree.F, with hydrogen of 50 to 100% purity, and from
      800 to 3,000 psi of hydrogen at the reactor inlet (at total pressures from
      800 to 6000 psig) at a fresh feed liquid hourly space velocity (LHSV) of
      from 0.1 to 8.0 (usually below 2.0), preferably conducted either in vapor
      phase or trickle phase. Such hydrogenation or severe hydrorefining is to
      be distinguished from hydrocracking in that the production of "overhead"
      (i.e., hydrocarbons boiling below 485.degree.F) is less than 25% by volume
      per pass through the reactor (and, typically, less than 10%). Product
      recycle, for example, as in U.S. Pat. No. 2,900,433, can be used to
      increase severity. Recycle liquid hourly space velocity can vary from 0 to
      20; however, it is preferred to operate at total liquid throughputs that
      obtain at greater than 25% of flooding velocity and more preferably at
      from 40 to 98% of flooding velocity.
PAR  Preferably, the temperature is below that at which substantial cracking
      occurs, that is, no more than 20 weight percent (preferably less than 10%)
      of the feed stock is converted to material boiling below 300.degree.F in a
      single pass through the reactor. Although the maximum hydrogenation
      temperature which will not produce substantial cracking is somewhat
      dependent upon the space velocity, the type of catalyst and the pressure,
      generally it is below 750.degree.F but can be as high as 785.degree.F. To
      allow a margin of safety, it is preferred to operate below 700.degree.F
      (except when it is desired to obtain a hydrogenated oil containing more
      gel aromatics than are in the charge). At total pressures below about 2000
      psi the preferred temperature is below about 660.degree.F, since above
      that temperature the degradation of oil viscosity can become large.
PAR  Typical of such severe hydrorefining methods, when conducted within the
      aforementioned processing conditions, are those of U.S. Pat. Nos.
      2,968,614; 3,993,855; 3,012,963; 3,114,701; 3,144,404; 3,278,420;
      3,502,567; 3,619,414; 3,642,358 and 3,681,279 and those of the previously
      referred to copending application Ser. No. 730,999. The terms "severely
      hydrorefined oil" or "hydrogenated oil" include the products, within the
      lubricating oil boiling range, of such severe hydrorefining or
      hydrogenation. One characteristic of a severely hydrorefined or
      hydrogenated oil is that the ratio of monocyclic aromatics to polycyclic
      aromatics is significantly greater than in hydrotreated oils or
      conventional distillate oils.
PAR  Where the desired hydrorefined oil is to be of the naphthenic class, a
      preferred charge to the hydrogenation reactor can be obtained by vacuum
      distillation of naphthenic or "mildly aromatic" crude oils (as in U.S.
      Pat. No. 3,184,396), especially those crude oils wherein the 1,500 to
      3,000 SUS (at 100.degree.F) distillate fractions have viscosity-gravity
      constants from 0.84 to 0.92. Preferably, such a charge stock should be
      substantially free of naphthenic acids prior to the hydrorefining (thus,
      in some cases distillation in the presence of caustic is advantageous).
      Usually materials boiling below about 600.degree.F (including residual
      H.sub.2 S, NH.sub.3, etc.) are removed from the hydrorefined oils, as by
      atmospheric distillation (and the viscosity can also be adjusted by choice
      of distillation end point) prior to clay contacting (if the oils are to be
      clay finished). Such naphthenic distillate oils are available commercially
      under the trade name "Circosol".
PAR  The viscosity of the base oil, or of the final hydrorefined oil, can be
      adjusted by the addition of other oils of higher or lower viscosity and
      which are within the lube oil boiling range. Where desired, the basic
      nitrogen content can be lowered by contacting the charge or hydrogenated
      oil or the blend of hydrogenated oils with sufficient acidic adsorbent or
      mineral acid to reduce the basic nitrogen content of the oil, as to below
      10 ppm.
PAR  By naphthenic distillate, we refer to a distillate fraction (or a mildly
      acid-treated distillate fraction, or a solvent raffinate fraction or an
      acid-treated raffinate) usually from vacuum distillation, of a crude which
      is classified as naphthenic (including "relatively naphthenic") by the
      viscosity-gravity constant (VGC) classification method (see pp. 79-80
      Plasticizer Technology, Vol. 1, p. 5 Bruins, Reinhold Publishing Corp. New
      York, 1965). Preferably, such crudes are "Grade A" (wax-free), typically
      Gulf Coastal, and include, for example, Refugio, Mirando, and Black Bayou.
      The lower VGC oils can be obtained from mid-continental crudes; and can be
      dewaxed if desired (as by extraction or isomerization). Such naphthenic
      fractions will have a VGC in the range of 0.820 to 0.899 and typically, a
      viscosity in the range of 150 to 12,000 SUS at 100.degree.F (for example,
      500 to 6,000). In some cases the crude (and distillate) can have a VGC as
      high as 0.94 (such crudes are characterized as "mildly aromatic"), or
      higher (e.g., 0.96+). Deep furfural extraction (e.g., about 50% yield) of
      a high VGC Grade A crude can be used to produce a wax-free, lower VGC
      fraction (e.g., 0.83 VGC).
PAR  Typically, paraffinic oils are those having a viscosity-gravity constant
      (VGC) in the range of 0.790 to 0.819 (preferably above 0.799). Typical of
      solvent refined paraffinic lubes are those available commercially under
      the trade name "Sunpar". Typical hydrorefined paraffinic lubes are those
      available commercially under the trade name Sunpar, H series (e.g.,
      "Sunpar 110 H").
PAR  Naphthenic oils have a VGC in the range of 0.820 to 0.899 and the preferred
      hydrorefined naphthenic oils have a VGC in the range of 0.850 to 0.899.
      Hydrorefined, relatively aromatic oils, having a VGC in the range of 0.900
      to 0.920, can sometimes be used as a whole or partial substitute for the
      hydrorefined naphthenic lube. Aromatic oils (including hydrorefined or
      hydroaromatized oils) having a VGC in the range of 0.921 to 1.050 and
      greater, can be useful in minor proportions (e.g., 1 to 20%) for adjusting
      the aniline point of the base oil, particularly when the base oil contains
      a high proportion (e.g., 20%) of a high VI hydrocracked paraffinic oil.
PAR  As an additional component to the hydroefined naphthenic oils previously
      described, the lubricant can contain a hydrogenated polyolefin oil (e.g.,
      see Serial No. 220,362 of Stearns et al; Canadian Pat. No. 842,290; and
      U.S. Pat. Nos. 3,598,740 and 3.778,487) or a hydrocracked oil (e.g., see
      Ser. No. 178,193) or a mixture of such components (e.g., see Ser. No.
      298,126). Such oils can be dewaxed, if desired. In such blends an aromatic
      oil or concentrate rich in aromatic hydrocarbons (e.g., cycle oil) may
      have to be added to obtain the proper aniline point for seal swelling.
PAR  A synthetic ester component (e.g., an azelate diester as in Ser. No.
      279,160) can be useful in some cases.
PAR  The preferred polyolefin oils are polymers or copolymers of C.sub.2
      -C.sub.8 olefin which have a pour point no greater than -35.degree.F, and
      preferably below -50.degree.F. The hydrogenation can be from 50 to 100% of
      saturation, and preferably is to a bromine number no greater than 10, more
      preferably less than 5. Preferred polyolefins include ethylene-propylene
      copolymer, polypropylene, polybutene (especially polyisobutylene), and
      poly(1-octene).
PAR  The high VI hydrocracked paraffinic oil component can be obtained by
      hydrocracking a high viscosity distillate or dewaxed distillate from a
      paraffinic crude (such as Lagomedio) and typically has a VI in the range
      of 90 to 105 and contains in the range of 3 to 30% of aromatics by
      clay-gel analysis. The hydrocracked lubes are preferably stabilized
      (against UV light degradation and sludging) by extraction of the
      hydrocracked oil with aromatic selective solvents, such as furfural or
      phenol or by hydrorefining to reduce the 260 UVA at least 30% (preferably
      40%). For examples of such oils see Ser. No. 178,193 of Bryer et al. and
      U.S. Pat. No. 3,579,435 to Olenzak et al.
PAR  The preferred "stabilized" hydrocracked oils (whether extracted or
      hydrorefined) are characterized by having a D-943 test life (to an
      increase in acid number of 2.0) which is at least 20% lower than the D-943
      life of an unstabilized hydrocracked oil but which is at least 20% greater
      than the D-943 life (with the usual amount of inhibitor, e.g., 0.5% DBPC)
      of an unhydrocracked solvent refined paraffinic lube of the same
      viscosity.
PAR  The preferred soap is lithium stearate; however, any of the prior art
      lithium soaps which have been used in petroleum lubricants can be useful
      in textile oils of the present invention. Such soaps are shown, for
      example, in U.S. Pat. Nos. 2,489,300 and 3,383,312. For soap thickening,
      the preferred lithium soaps include soaps of fatty acids containing in the
      range of 12 to 22 carbon atoms, preferably an unsubstituted fatty acid.
      Stearates, palmitates, tallates, laurates, oleates and mixed soaps are
      among the useful soaps.
DETD
PAC  ILLUSTRATIVE EXAMPLES
PAR  In the following examples, as elsewhere in this application, UVA stands for
      ultraviolet absorptivity, all percentages are by weight and all
      viscosities are at 100.degree.F, unless otherwise noted.
PAC  EXAMPLE 1
PAR  A high retention, textile machinery lubricant was compounded using a base
      oil comprising hydrogenated naphthenic oil, and containing high molecular
      weight polyisobutylene (as a tackiness agent) and lithium stearate.
PAR  The textile machinery lubricant composition had a MacMichael viscosity of
      about 25 at 70.degree.F and contained a 150 SUS (at 100.degree.F) base oil
      having an aniline point of 162 and consisting of 19.30 parts of 2,400 SUS
      (at 100.degree.F) hydrorefined naphthenic oil containing 45% aromatics and
      having a 260 UVA of 5.7, a 335 UVA of 0.22 and 76.38 parts of 100 SUS (at
      100.degree.F) hydrorefined naphthenic oil containing 35% aromatics and
      having a 260 UVA of 2.3 and a 335 UVA of 0.03. Both hydrorefined
      naphthenic oils were obtained from naphthenic acid-free, naphthenic
      distillate by hydrogenation at 625.degree.F, 1200 psig of 80% hydrogen,
      0.2 LHSV with a presulfided nickel-molybdenum oxide catalyst. Before
      hydrorefining the 100 SUS distillate had a 260 UVA of 7.3, a 335 UVA of
      0.23 and contained 44% aromatics; whereas, the 2,500 SUS distillate had a
      260 UVA of 10.5, and 335 UVA of 0.68 and contained 47% aromatics.
PAR  In addition to the base oil, the textile-machinery oil contained 1.9 parts
      of commercial polyisobutylene (available under the trade name "Paratac-N"
      of Enjay Company), 0.7 parts lithium stearate, 0.4 parts of DBPC
      antioxidant, 0.02 parts of a defoamer containing 1% active ingredients
      (Dow Corning Silicone), and 1.3 parts of chlorinated paraffin (Chlorafin
      40), containing 40% chlorine. The chlorinated paraffin imparts especially
      useful antiwear properties and does not discolor or damage textiles. The
      degree of chlorinatiion of this additive can vary considerably, depending
      on the manufacturer and grade; however, all such presently commercially
      available light colored, chlorinated paraffins can be used in the
      lubricant of the present invention.
PAR  The Compounding Procedure follows:
PAR  1. Mix all of the lithium-stearate with all of the 2,500 SUS oil and heat
      to 400.degree. to 410.degree.F for ten minutes with mechanical agitation.
PAR  2. Stop heat and add 100 SUS oil; cool as quickly as possible, to about
      150.degree.F.
PAR  Add remaining additives at 140.degree. to 150.degree.F.
PAR  4. Continue agitation until blend cools to 130.degree.F.
PAC  EXAMPLE 2
PAR  A textile-machinery lubricant was compounded using the same additives and
      procedures as that of Example 1, except that the base oil was a 150 SUS
      solvent refined paraffinic lube (sold as "Sunpar 115") having a VGC of
      0.803, viscosity at 210.degree.F of about 43.6 SUS and an aniline point of
      221. The paraffinic lube was made by blending two commercially available
      solvent refined paraffinic distillates, "Sunpar 110" (75.55 parts) and
      "Sunpar 120" (20.00 parts).
PAC  EXAMPLE 3
PAR  The storage stability of this paraffinic base lubricant of Example 2 was
      compared with that of the Example 1 lubricant by a centrifuging stability
      test method. The stability test was run by centrifuging each oil at 2,500
      rpm for six hours. The lubricant of Example 2 showed a significant amount
      of separation. The Example 1 oil, on the other hand, showed no hint of
      separation (i.e., no visible separation). A commercially available textile
      machine oil (Mobilplex EP-23) was also tested by such centrifuging and,
      like the Example 2 oil, separation was observed.
PAC  EXAMPLE 4
PAR  Another lab evaluation was conducted in a complete "Alemite" lubrication
      system. In this study the lubricator was pulsed on three-minute cycles or
      about 16 times faster than normal in plant operation. Each lubricant was
      run for 700 hours, which would be equivalent to about 11,000 hours in the
      field. Moreover, during the test, the lubricator stand was constantly
      vibrated by a small eccentric electric motor to promote the separation
      and/or stratification of the oils.
PAR  The results confirmed those from the centrifuge test of Example 3. The oil
      of Example 1 showed no tendency to separate or stratify under these
      conditions. In addition, the critical system components, including the
      filter and injectors, gave no evidence of plugging.
PAR  A commercially available textile-machinery lubricant (of the paraffinic
      type) stratified considerably when so tested in an Alemite system.
PAR  The results of both these tests showed that the Example 1 oil had
      significantly improved stability.
PAC  EXAMPLE 5
PAR  The Example 1 oil also had other required textile-machine oil properties.
      The Example 1 oil was subjected to a special test to measure the retention
      or anti-leak characteristics of machine oils. The test correlates with
      field performance, and for this reason was used to compare the Example 1
      oil with the Example 2 oil and with a conventional machine oil which
      contained no additives to improve oil retention.
PAR  The special test apparatus was a combination of 3/4-inch iron nipples,
      union sleeves, and elbows. They were joined together "hand tight" in a
      U-shape and spot-welded to hold a fixed position. In the test 300 ml of
      oil were poured into the apparatus and it was then pressurized to 30 psi
      with nitrogen and allowed to stand at the selected test temperature for
      one hour. The oil that leaked from the apparatus was collected and
      weighed.
PAR  There was no significant difference in leakage between the Example 1 and
      Example 2 oil, both giving about 10 times less leakage than the
      conventional oil.
PAR  However, the Example 1 oil has a leak-reducing feature not found in the
      Example 2 oil. The Example 1 oil keeps rubber seals soft and pliable and
      causes them to swell slightly, thus eliminating a field usage problem of
      seal shrinkage. The difference between the Example 1 and Example 2 oils is
      demonstrated by the following lab data:
TBL              Example 1 Oil                                                 
                             Example 2 Oil                                     
     ______________________________________                                    
     Rubber Swell Test, &                                                      
      212.degree.F, 168 Hours                                                  
                   +8.2          -0.1                                          
     ______________________________________                                    
PAR  Buna N seals swell in the Example 1 oil and thus keep snug tolerances and
      prevent leakage which takes place in usage due to wear.
PAR  Thus, the Example 1 lubricant has a combination of good retention
      properties plus the seal-conditioning feature which results in less stray
      oil in textile plants than with the Example 2 lubricant.
PAC  EXAMPLE 6
PAR  Even with the excellent retention properties of the Example 1 lubricant, in
      field usage it will occasionally come into contact with cloth. It is
      important therefore, that the oil not weaken the fabric after the
      finishing steps are completed.
PAR  The damaging potential of textile machine oils can be evaluated by the
      method of the Institute of Textile Technology (ITT). In the evaluation,
      the test oil is run for 8 hours in a laboratory-mounted bearing to
      simulate used lubricant conditions. During this period, the bearing
      temperature is recorded (it was essentially the same for the lubricant of
      Example 1 and the lubricant of Example 2, running between 105.degree. and
      110.degree.F).
PAR  When the sample preparation is complete, the oil is applied to desized
      cotton test fabric. Before bleaching, one half of the contaminated fabric
      samples, as well as control pieces, are treated with 1% sulfuric acid
      solution for 30 minutes. The test pieces are then boiled one hour in 2%
      caustic, rinsed with tap water, bleached with a hydrogen peroxide solution
      for one hour, rinsed and dried. The samples and controls are then
      subjected to a break-strength test to determine the deterioration caused
      by the oil.
PAR  The data for the lubricants of Example 1 and Example 2 are compared in the
      following table:
TBL               Example 1  Example 2                                         
     ______________________________________                                    
     Fabric Break Strength                                                     
     % of Control Sample                                                       
      With acid treatment                                                      
                    97.6         94.8                                          
      Without acid treatment                                                   
                    87.8         89.1                                          
     ______________________________________                                    
PAL  These data show that both are excellent in terms of cloth scourability with
      minimum fiber damage.
PAR  The Example 1 oil also produced less staining of cloth. These test results
      caused the Example 1 oil to obtain the highest possible ITT rating and
      make it applicable in all textile plants.
PAC  EXAMPLE 7
PAL  The oil of Example 1 was field tested by several major textile
      manufacturers. The primary testing was done at one large North Carolina
      mill in Draper shuttleless looms, which are lubricated every 48 minutes by
      a "Lincoln" automatic system. The Example 2 oil was used as the standard,
      and three commercially applicable lubricants were also tested. The oils
      were all checked for gear temperatures and, most importantly, for power
      costs which are calculated from amperage readings.
PAR  The results, relative to the Example 2 oil, were as follows:
TBL                                  Example                                   
                                     1 Lub-                                    
     Description  Commercial Lubricants                                        
                                     ricant*                                   
     Loom Test    B        C        D                                          
     ______________________________________                                    
     Gear Temp, .degree.F**                                                    
      Motor Side  +17      +44      +30    +17                                 
      Other Side  +12      +45      +36    +17                                 
     Power Costs,%**                                                           
                  +4.8     +5.5     +7.9   -5.7                                
     Overall Per- Satis-   Unsatis- Unsatis-                                   
                                           Satis-                              
      formance    factory  factory  factory                                    
                                           factory                             
     ______________________________________                                    
       *Average of 2 tests                                                     
      **Data relative to Example 2 oil                                         
PAR  The Example 1 lubricant was the only oil which provided power savings. The
      temperature differences were not considered significant. Oil B was Gulf
      Harmony 121, Oil C was Texaco Rock Drill 1,543 and Oil D was Humble Nuto
      113.
PAR  In a test at another southern mill, the lubricating properties of the
      Example 1 lube were found to equal those of the Example 2 oil, but the
      Example 1 oil had better staining and removal properties. No separation
      problems were noted.
PAR  The examples above show that the Example 1 lubricant not only solves the
      separation problem noted occasionally in the field with prior art oils,
      but it also has lighter color and brighter appearance and causes less
      staining should it come in contact with fabric during manufacture.
PAR  In addition to the stability and appearance, the Example 1 lubricant
      conditions and protects rubber seals and provides lower mill power
      consumption and cost. The Example 1 oil is also useful as a military
      automotive and artillery grease. The preferred range (150.degree. to
      170.degree.F) of aniline point for the base oil disclosed herein is not
      necessarily the preferred range if non-hydrocarbon seal swelling agents
      are contained in the lubricant. For other rubbers than Buna N, Neoprene,
      etc., such as the silicones, a different aniline point range may be
      required for proper swelling (e.g., for silicone rubbers and an aniline
      point in the range of 195.degree. to 215.degree.F is preferred).
PAR  The following Table I lists the properties of the textile-machinery
      lubricant of Example 1, which is a lubricant of the present invention. The
      table also lists a preferred range for these properties; however, the
      lubricant of the present invention need not have properties within this
      range.
PAR  Tables II and III list typical properties of commercially available
      naphthenic lubes (before and after hydrorefining) which can be used in
      practice of the present invention. The distillate oils are sold under the
      trade name "Circosol" and the hydrorefined oils are sold under the trade
      name "Sunthene".
TBL                TABLE I                                                     
     ______________________________________                                    
                                   Preferred                                   
                        Example    Range of                                    
               Method*  1          Properties                                  
     ______________________________________                                    
     Viscosity                                                                 
      MacMichael/70.degree.F                                                   
                            25         20-35                                   
     Flash, COC, .degree.F D-92                                                
                 280        270 min                                            
     Fire, COC, .degree.F                                                      
                 D-92       330        310 min                                 
     Pour, .degree.F                                                           
                 D-97       -20        --                                      
     Color       D-1500     2.5        3.5 max                                 
     Appearance  Visual     Slight     --                                      
                            haze                                               
     Gravity, .degree.API                                                      
                 D-287**    26.5       25.5-27.5                               
     Pounds per Gallon                                                         
                 D-1250**   7.46       --                                      
     Specific    D-1250**   0.896      0.890-                                  
      Gravity                          0.901                                   
     pH                     9.0        --                                      
     Cu Strip Class                                                            
                 D-130                                                         
      212.degree.F, 3 hr    1          1 max                                   
     Sulfur, %   D-129      0.08       --                                      
     Conradson, C %                                                            
                 D-189      0.22       --                                      
     Aniline Point, .degree.F                                                  
                 D-611      162        --                                      
     Ash, %      D-482      0.04       --                                      
     Sulfated Ash                                                              
                 D-874      0.11                                               
     Foam, Tendency                                                            
      Stability  D-892                                                         
      Sequence I, ml         0/0-10/0  50/0 max                                
      Sequence II, ml       50/15-25/0 50/0 max                                
      Sequence III, ml      TR/TR-1-/0 50/0 max                                
     Rusting, dis-                                                             
      tilled water                                                             
                 D-665      pass       pass                                    
     4-Ball Wear Scar                                                          
      25 Kg, 1800 rpm,                                                         
      167.degree.F, 1 hr.   0.45       --                                      
     Lithium, ppm                                                              
                 17160-200                                                     
     Chlorine, % D-808      0.55       0.49-0.64                               
     ______________________________________                                    
       *ASTM test method numbers.                                              
      **Calculated from data obtained by picnometer. Accurate results cannot be
      obtained using a hydromener.                                             
TBL                                    TABLE II                                
     __________________________________________________________________________
     TYPICAL DATA OF COMMERCIALLY AVAILABLE HYDROREFINED NAPHTHENIC LUBES      
     Property       ASTM Test                                                  
                            Oil 1                                              
                                 Oil 2                                         
                                      Oil 3                                    
                                           Oil 4                               
                                                Oil 5                          
                                                     Oil 6                     
                                                          Oil                  
                                                               Oil             
     __________________________________________________________________________
                                                               8               
     Viscosity, SUS at 100.degree.F                                            
                    D-2161-66                                                  
                            104  155  210  502  780  1275 2206 5047            
     Viscosity, SUS at 210.degree.F                                            
                    D-2161-66                                                  
                            38.0 41.0 43.1 52.0 59.0 67.7 84.7 126.5           
     API Gravity at 60.degree.F                                                
                    D- 287-67                                                  
                            24.2 23.3 22.5 20.6 19.9 19.3 18.6 19.0            
     Specific Gravity at 60.degree.F                                           
                    D-1250-56                                                  
                            .9088                                              
                                 .9140                                         
                                      .9190                                    
                                           .9303                               
                                                .9350                          
                                                     .9380                     
                                                          .9427                
                                                               .9402           
     Flash Point, COC, .degree.F                                               
                    D- 92-66                                                   
                            330  335  345  385  365  400  440  470             
     Volatility, 22 Hours                                                      
      at 225.degree.F (Wt.%)                                                   
                    D- 972-56                                                  
                            6.38 5.25 4.57 2.53 1.81 1.00 0.23 0.02            
     Pour Point, .degree.F                                                     
                    D- 97-66                                                   
                            -50  -30  -25  -10  -5   0    +15  +20             
     Color, ASTM D-1500                                                        
                    D-1500-64                                                  
                            0.5  0.5  0.5  1.0  1.0  1.0  1.5  1.5             
     UV Absorptivity at 260 mu                                                 
                    D-2008-68                                                  
                            2.2  3.0  3.4  4.1  4.8  5.3  5.7  6.7             
     Molecular Weight                                                          
                    D-2502  205  325  330  355  370  380  400  450             
     Viscosity-Gravity Constant                                                
                    D-2501-67                                                  
                            .871 .873 .875 .878 .881 .881 .882 .871            
     Refractive Index, 20/D                                                    
                    D-1747-62                                                  
                            1.4986                                             
                                 1.5015                                        
                                      1.5039                                   
                                           1.5104                              
                                                1.5130                         
                                                     1.5146                    
                                                          1.5170               
                                                               1.5174          
     Refractive Intercept                                                      
                    D-2159-64                                                  
                            1.0460                                             
                                 1.0463                                        
                                      1.0463                                   
                                           1.0471                              
                                                1.0473                         
                                                     1.0474                    
                                                          1.0475               
                                                               1.0491          
     Carbon Type Analysis                                                      
                    D-2140-62                                                  
      Aromatic  C Atoms, Ca %                                                  
                      --    15   16   16   15   17   18   18   18              
      Naphthenic C Atoms, Cn %                                                 
                      --    42   42   42   43   41   41   41   36              
      Paraffinic C Atoms, Cp %                                                 
                      --    43   42   42   42   41   41   41   46              
     Molecular Type Analysis                                                   
      (Clay Gel)    D-2007-70                                                  
     Asphaltenes, Wt.%                                                         
                      --    0    0    0    0    0    0    0    0               
     Polar Compounds, Wt.%                                                     
                      --    0.2  0.4  0.5  0.7  0.8  1.0  1.1  2.0             
     Aromatics, Wt.%                                                           
                      --    34.8 37.6 38.5 42.3 43.2 43.0 43.9 41.8            
     Total Aromatics, Wt.%                                                     
                      --    35.0 38.0 39.0 43.0 44.0 44.0 46.0 43.8            
     Saturates, Wt. %                                                          
                      --    65.0 62.0 61.0 57.0 56.0 56.0 55.0 56.2            
     Aniline Point, .degree.F                                                  
                    D- 611-64                                                  
                            156  160  162  164  171  174.0                     
                                                          176.0                
                                                               193             
     ASTM Type      D-2226-69                                                  
                            103  103  103  103  103  103  103  103             
     __________________________________________________________________________
      Oils 2, 3, 5 and 6 are blends of Oils 1 and 7                            
TBL                                    TABLE III                               
     __________________________________________________________________________
     TYPICAL DATA OF COMMERCIALLY AVAILABLE NAPHTHENIC DISTILLATE OILS         
                             ASTM                                              
     Property     ASTM Desig.                                                  
                         Oil A                                                 
                             Oil No. 3                                         
                                  Oil B                                        
                                      Oil C                                    
                                           Oil C                               
                                                Oil E                          
                                                     Oil F                     
                                                          Oil                  
                                                               Oil             
     __________________________________________________________________________
                                                               H               
     Viscosity, SUS at 100.degree.F                                            
                  D-2161-66                                                    
                         108 156  208 310  515  780  1276 2525 5945            
     Viscosity, SUS at 210.degree.F                                            
                  D-2161-66                                                    
                         38.2                                                  
                             41   43.2                                         
                                      46.8 52.4 58.8 68   87.2 135             
     API Gravity at 60.degree.F                                                
                  D- 287-67                                                    
                         22.2                                                  
                             22.4 21.0                                         
                                      20.1 19.6 19.1 18.4 17.6 17.3            
     Specific Gravity at 60.degree.F                                           
                  D-1250-56                                                    
                         .9206                                                 
                             .9194                                             
                                  .9279                                        
                                      .9334                                    
                                           .9365                               
                                                .9396                          
                                                     .9440                     
                                                          .9490                
                                                               .9509           
     Flash Point, COC, .degree.F                                               
                  D- 92-66                                                     
                         320 330  345 355  380  390  405  430  495             
     Volatility, 22 Hours                                                      
      at 225.degree.F (Wt.%)                                                   
                  D- 972-56                                                    
                         7.58                                                  
                             5.96 5.40                                         
                                      4.35 3.08 2.11 1.67 0.16 0.02            
     Pour Point, .degree.F                                                     
                  D- 97-66                                                     
                         -45 -35  -30 -15  -10  -5   0    +10  +20             
     Color, ASTM D-1500                                                        
                  D-1500-64                                                    
                         1.25                                                  
                             1.75 1.75                                         
                                      2.0  2.0  2.5  3.0  3.5  5.75            
     Molecular Weight                                                          
                  D-2502 295 325  325 345  355  370  380  395  450             
     Viscosity-Gravity Constant                                                
                  D-2501-67                                                    
                         0.884                                                 
                             0.878                                             
                                  0.884                                        
                                      0.887                                    
                                           0.885                               
                                                0.885                          
                                                     0.885                     
                                                          0.889                
                                                               0.884           
     Refractive Index, 20/D                                                    
                  D-1747-62                                                    
                         1.5081                                                
                             1.5079                                            
                                  1.5121                                       
                                      1.5160                                   
                                           1.5167                              
                                                1.5190                         
                                                     1.5210                    
                                                          1.5222               
                                                               1.5250          
     Refractivity Intercept                                                    
                  D-2159-64                                                    
                         1.0502                                                
                             1.0479                                            
                                  1.0500                                       
                                      1.0511                                   
                                           1.0503                              
                                                1.0510                         
                                                     1.0508                    
                                                          1.0495               
                                                               1.0495          
     Carbon Type Analysis                                                      
                  D-2140-62                                                    
      Aromatic  C Atoms, Ca %                                                  
                    --   21  20   21  22   21   22   22   21   20              
      Naphthenic C Atoms, Cn %                                                 
                    --   37  36   37  36   37   36   36   39   38              
      Paraffinic C Atoms, Cp %                                                 
                    --   42  44   42  42   42   42   46   40   42              
     Molecular Type Analysis                                                   
      (Clay Gel)  D-2007-70                                                    
     Asphaltenes, Wt.%                                                         
                    --   0   0    0   0    0    0    0    0    0               
     Polar Compounds, Wt.%                                                     
                    --   1.1 1.2  1.8 2.0  2.5  2.7  3.0  2.7  4.2             
     Aromatics, Wt.%                                                           
                    --   43.0                                                  
                             41.7 44.0                                         
                                      44.0 43.8 43.6 44.0 44.8 44.7            
     Total Aromatics, Wt.%                                                     
                    --   44.1                                                  
                             42.9 45.8                                         
                                      46.0 46.3 46.3 47.0 47.5 48.9            
     Saturates, Wt. %                                                          
                    --   55.9                                                  
                             57.1 54.2                                         
                                      54.0 53.7 53.7 53.0 52.5 51.1            
     Aniline Point, .degree.F                                                  
                  D- 611-64                                                    
                         145 156  152 154  156  162  166  172  183             
     ASTM Type    D-2226-69                                                    
                         103 103  103 103  103  103  103  103  103             
     __________________________________________________________________________
      Oils B, C, E and F are blends of oils A and C                            
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A high retention lubricant for textile-machinery, said lubricant
      comprising a base oil, an effective amount of a tackiness agent for
      retention in a bearing, and sufficient lithium soap to provide a
      MacMichael viscosity at 70.degree.F in the range of 5 to 15, said base oil
      having a viscosity in the range of 60 to 600 SUS at 100.degree.F, a 335
      UVA in the range of 0.01 to 0.4, and an aniline point in the range of
      150.degree. to 170.degree.F, and containing in the range of 85 to 100% of
      at least one hydrorefined naphthenic oil component having a viscosity in
      the range of 40 to 12,000 SUS at 100.degree.F, said tackiness agent being
      selected from the group consisting of polyacrylates, aluminum oleate,
      olefin polymer, hydrogenated olefin polymer, mixtures of hydrogenated and
      unhydrogenated olefin polymer, and natural rubber obtained from dehydrated
      latex.
NUM  2.
PAR  2. A lubricant according to claim 1 wherein said base oil contains a wide
      boiling range blend of at least two hydrorefined naphthenic oils.
NUM  3.
PAR  3. A lubricant according to claim 1 wherein said tackiness agent is
      polyisobutylene or hydrogenated polyisobutylene or a mixture of
      polyisobutylene and hydrogenated polyisobutylene.
NUM  4.
PAR  4. A lubricant according to claim 1 and containing 0.3 to 10% of a
      chlorinated paraffin or 0.2 to 2% of tricresyl phosphate, as an antiwear
      agent.
NUM  5.
PAR  5. A lubricant according to claim 4 and containing 0.05 to 20 ppm of a
      silicone antifoam.
NUM  6.
PAR  6. A lubricant according to claim 5 and containing 0.05 to 1% of
      ditertiarybutyl paracresol as an antioxidant.
NUM  7.
PAR  7. A lubricant according to claim 1 wherein said base oil contains in the
      range of 0.1 to 15% of hydrorefined paraffinic oil, solvent-refined
      paraffinic oil, naphthenic distillate or naphthenic acid-free naphthenic
      distillate.
NUM  8.
PAR  8. A lubricant according to claim 1 where the aniline point of said
      hydrorefined naphthenic oil component is in the range of 150.degree. to
      170.degree.F.
NUM  9.
PAR  9. Hydraulic oil according to claim 1 wherein said lithium soap is a soap
      of a C.sub.12 -C.sub.22 fatty acid.
NUM  10.
PAR  10. In the art of lubrication of textile machinery, the improvement which
      comprises lubricatiing said machinery with the lubricant of claim 1.
PATN
WKU  039390845
SRC  5
APN  4294513
APT  1
ART  116
APD  19731228
TTL  Functional fluid compositions containing substituted pyrimidines
ISD  19760217
NCL  2
ECL  1,2
EXA  Metz; Andrew H.
EXP  Gantz; Delbert E.
INVT
NAM  Sullivan; James D.
CTY  Chesterfield
STA  MO
ASSG
NAM  Monsanto Company
CTY  St. Louis
STA  MO
COD  02
RLAP
COD  71
APN  316159
APD  19721218
PSC  03
RLAP
COD  81
APN  156133
APD  19710623
PSC  01
PNO  3759829
RLAP
COD  82
APN  796885
APD  19690205
PSC  01
PNO  3591500
RLAP
COD  82
APN  540488
APD  19660406
PSC  03
CLAS
OCL  252 475
XCL  252 50
XCL  252 77
XCL  252391
ICL  C10m  332
FSC  252
FSS  47.5;50;77
UREF
PNO  3759829
ISD  19730900
NAM  Sullivan
OCL  252 47.5
LREP
FR2  Roberts; Herbert B.
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PAL  Functional fluid compositions comprising polyphenyl thioethers, mixed
      polyphenyl oxy-thioethers and mixtures thereof containing certain
      pyrimidines as anti-corrosive agents have improved metal compatibility and
      are particularly useful as aircraft engine lubricants and hydraulic
      fluids.
PARN
PAR  This application is a continuation of Ser. No. 316,159 filed Dec. 18, 1972
      and now abandoned, which is a continuation of Ser. No. 156,133 filed June
      23, 1971 and now U.S. Pat. No. 3,759,829, which is a continuation - in -
      part of application Ser. No. 796,885, filed Feb. 5, 1969 and now U.S. Pat.
      No. 3,591,500, which is a continuation - in - part of Ser. No. 540,488,
      filed Apr. 6, 1966 and now abandoned.
BSUM
PAR  This invention relates to functional fluid compositions having improved
      metal compatibility and more particularly to functional fluids containing
      certain organic nitrogen compounds.
PAR  Many different types of materials are utilized as functional fluids and
      functional fluids are used in many different types of applications. Such
      fluids have been used as electronic coolants, atomic reactor coolants,
      diffusion pump fluids, synthetic lubricants, damping fluids, bases for
      greases, force transmission fluids (hydraulic fluids) and as filter
      mediums for air-conditioning systems. Because of the wide variety of
      applications and the varied conditions under which functional fluids are
      utilized, the properties desired in a good functional fluid necessarily
      vary with the particular application in which it is to be utilized with
      each individual application requiring a functional fluid having a specific
      class of properties.
PAR  Of the foregoing, the use of functional fluids as lubricants, particularly
      aircraft engine lubricants, has posed a difficult area of application.
      Present design trends in aircraft engines are to the pure jet type or
      turbofan and away from the turboprop engine. Aside from the mechanical
      differences in design between the turbofan and turboprop engines, there is
      a significant difference in the properties of the lubricants required for
      these engines, primarily because of increased operating temperatures.
      Furthermore, even within the area of turbofan engine design alone, there
      is a trend to increase the temperature at which a lubricant must operate.
      Present temperature levels for turbofan lubricants are of the order of
      400.degree.-450.degree.F. (bulk oil temperature). However, it is evident
      that within the near future, temperatures of the order of 500.degree.F. or
      higher will be commonplace.
PAR  As the operating temperatures for lubricants have increased, it has become
      exceedingly difficult to find lubricants which properly function at these
      higher temperatures for any satisfactory length of time. Furthermore, it
      should always be realized that while the operating temperatures generally
      referred to are bulk oil temperatures, the actual temperatures at the
      points requiring lubrication exceed the bulk oil temperature and often
      times are one hundred to several hundred degrees higher.
PAR  In addition to the high temperature stability or durability problem, that
      is, the problem of finding a lubricant which will be thermally and
      oxidatively stable at temperatures as high as 500.degree.F., the solution
      of this problem is further complicated by the fact that in order for a
      lubricant to be satisfactory for use in many aircraft engines, it must
      also be usable at temperatures as low as -20.degree.F. to 0.degree.F. It
      is, therefore, evident that present trends require lubricants having not
      only an exceedingly wide liquid range but lubricants which are also
      thermally and oxidatively stable at high temperatures. Furthermore,
      present and future lubricants must, of course, possess at least adequate
      temperature-viscosity properties and satisfactory lubricity, that is, the
      lubricants must not become too thin at the very high temperatures to which
      they are subjected nor must they become too thick at the lower
      temperatures and must at the same time be able to provide at least minimum
      lubricity over such range of temperatures. In general, such lubricants
      must also not be too volatile and even if somewhat volatile must not, upon
      evaporation, leave any significant deposits to interfere with the proper
      operation of engine bearings.
PAR  Other properties which must be possessed by satisfactory jet engine
      lubricants are low pour point and relatively high flash point and
      autogenous ignition temperatures.
PAR  Another lubricating problem associated with presentday design and design
      trends in jet engines is that the increased thrust needed to obtain high
      speeds and altitudes results in further increases in not only operating
      temperatures but also higher bearing pressures.
PAR  A further problem in obtaining a lubricant which has good combination of
      properties at various temperatures is that those materials having a low
      pour point also have a high evaporation rate at the temperatures of the
      order of 400.degree.-500.degree.F.
PAR  In summary, as discussed above, a satisfactory jet engine lubricant must
      possess a wide variety of properties. Furthermore, all of these properties
      are not only difficult to obtain in the same fluid but some of them tend
      to be mutually exclusive.
PAR  The most important properties for jet engine lubricants mentioned above are
      high temperature stability (thermal stability), high temperature oxidative
      stability and little or no corrosion toward metals. While fluids are known
      which possess adequate thermal and oxidative stability either inherently
      or can be provided by incorporating additives, many such functional fluids
      are corrosive to metals at high temperatures in the order of 500.degree.F.
      and in particular to copper and silver. Although many additives, including
      organic nitrogen compounds, have been used in the past to reduce or
      eliminate the tendency of lubricants to corrode metals at lower
      temperatures, i.e., 100.degree. to 350.degree.F., at the higher
      temperatures referred to above the properties of additives become
      unpredictable. Many previously known metal corrosion inhibitors are not
      active at elevated temperatures and in many instances where they retain
      their corrosion inhibiting properties, they cause other problems such as
      decreased thermal and oxidative stability.
PAR  Additives useful in many different chemical types of functional fluids have
      now been discovered which reduce or eliminate the corrosiveness of the
      fluids toward metals at high temperatures.
PAR  It is, therefore, an object of this invention to provide functional fluid
      compositions which are substantially non-corrosive to metals. Another
      object of this invention is to provide functional fluid compositions which
      are substantially non-corrosive to metals at high temperatures. Another
      object of this invention is too provide additives for functional fluids
      which when added in a small amount to a base stock will reduce or
      eliminate the copper corrosivity of the fluid.
PAR  The objects mentioned above and others, which will hereinafter be apparent,
      are accomplished by adding to functional fluids, hereinafter described,
      corrosion reducing amounts of an organic nitrogen compound selected from
      the group consisting of
PAR  A. a compound represented by the formula
      ##SPC1##
PAL  wherein X is selected from the group consisting of hydrogen, NH.sub.2 and
      --OH, Y is selected from the group consisting of hydrogen, NH.sub.2, OH
      and NHC.tbd.N and G, G' and G" are each selected from the group consisting
      of carbon and nitrogen provided that at least 1 of G' and G" is carbon and
      at least 2 of G are carbon, Z is selected from the group consisting of
      hydrogen and a hydrocarbon group, n is an integer from 1 to 2, m is an
      integer from 1 to 2 and the sum of m + n is equal to the number of G
      groups that are carbon
PAR  B. a compound represented by the formula
      ##SPC2##
PAL  where G is selected from the group consisting of carbon and nitrogen
      provided that from 2 to 4 of G is nitrogen, X is selected from the group
      consisting of hydrogen, NH.sub.2 and OH, and p is an integer from 0 to 2
      and is no greater than the number of carbon atoms in the ring represented
      by G.
PAR  C. a compound represented by the formula
      ##SPC3##
PAL  where each R, R.sub.1 and R.sub.2 are selected from the group consisting of
      hydrogen and NH.sub.2 and
PAR  D. a compound selected from the group consisting of cyanoamino
      hydroxy-pyrimidines, anilinopropionitriles, aminocarbazols,
      aminopyridines, aminonicotinic acids, cyanoglutaramides,
      aminonapthylimides and alkyldiimidazolines.
PAR  The hydrocarbon group, Z above, can be an aliphatic or aromatic
      hydrocarbon.
PAR  Preferred additives of this invention are compounds of A above represented
      by the formula
      ##SPC4##
PAL  where X, Z, n and m have the same meaning as in A above.
PAR  Examples of compounds of formula I above are 4-aminoindazole,
      5-aminoindazole, 6-aminoindazole, 7-aminoindazole, 4-hydroxyindazole,
      5-hydroxyindazole, 6-hydroxyindazole and 7-hydroxyindazole. Such compounds
      are preferred additives of this invention because they are more soluble in
      the base stocks disclosed herein, particularly polyphenyl thioethers, and
      can be employed in small amounts to prevent or reduce metal corrosion.
      Particular compounds of A to D are presented in Table I hereinafter set
      forth.
PAR  The amount of the additives of this invention which are used in functional
      fluids vary according to the nature of the particular fluid to which they
      are added, i.e., the amount is proportional to the corrosivity of the
      fluid. Thus, the corrosivity of some fluids can be significantly reduced
      or eliminated by the addition of as little as about 0.025% by weight of
      the base stock of an additive of this invention. In general, an amount of
      up to about 5% by weight is adequate to achieve a substantially
      non-corrosive fluid. it is preferred to use from about 0.05% to about 0.5%
      by weight of an additive of this invention since within that range of
      concentrations the amount of additive used is low enough so that
      solubility considerations are not limiting yet adequate corrosion
      inhibition is obtained.
PAR  Because of the various considerations which go into the choice of the
      amount of additive used and also because of the differences existing
      between the many fluids in which the additives of this invention are
      active, the amount of additive to be used can be expressed as a "corrosion
      reducing amount", i.e., an amount which is effective to provide decreased
      corrosivity of the fluids contemplated.
PAR  Since many of the additives of this invention have limited solubility in
      some of the fluids hereinafter described, the improved compositions of
      this invention can be prepared by dissolving the additive in a small
      portion of the fluid at elevated temperatures in the range of from about
      100.degree.F. to about 200.degree.F., then mixing the heated composition
      with the main portion of the fluid to form a composition of this
      invention.
PAR  The additives of this invention are particularly useful in polyphenyl
      thioethers, which as used herein, means a compound or physical mixture of
      compounds represented by the structures
      ##SPC5##
PAL  where m is a whole number from 0 to 6,
      ##SPC6##
PAL  where A and A' are each selected from oxygen and sulfur,
      ##SPC7##
PAL  where x and y are whole numbers from 0 to 3 and the sum of x + y is from 1
      to 6 and A and A' are each selected from oxygen and sulfur but at least
      one of A and A' is sulfur, and
      ##SPC8##
PAL  where R is selected from the group consisting of alkyl and alkoxy groups
      having from 1 to 4 carbon atoms, hydroxyl and hydrogen, T is selected from
      the group consisting of alkyl, haloalkyl and alkoxyl groups having from 1
      to 4 carbon atoms, and hydroxyl, A is selected from the group consisting
      of oxygen and sulfur provided at least one A is sulfur, y, m and n are
      integers from 1 to 3 and K is an integer from 0 to 1 providing at least
      one K is 1.
PAR  Examples of such polyphenyl thioethers are:
PA1  2-Phenylmercapto-4'-phenoxydiphenyl sulfide,
PA1  2-Phenoxy-3'-phenylmercaptodiphenyl sulfide,
PA1  O-bis(phenylmercapto)benzene,
PA1  Phenylmercaptobiphenyl,
PA1  Bis(phenylmercapto)biphenyl,
PA1  m-(m-chlorophenylmercapto)m-phenylmercapto benzene,
PA1  Phenylmercapto(phenoxy)biphenyl,
PA1  m-chlorodiphenyl sulfide,
PA1  Bis(O-phenylmercaptophenyl)sulfide,
PA1  m-Bis(m-phenylmercaptophenylmercapto)benzene,
PA1  1,2,3-Tris(phenylmercapto)benzene,
PA1  1-Phenylmercapto-2,3-bis(phenoxy)benzene,
PA1  O-bis(O-phenylmercaptophenylmercapto)benzene,
PA1  m-Bis(p-phenylmercaptophenylmercapto)benzene,
PA1  2,2'-Bis(phenylmercapto)diphenyl ether,
PA1  3,4'-Bis(m-tolylmercapto)diphenyl ether,
PA1  3,3'-Bis(xylylmercapto)diphenyl ether,
PA1  3,4'-Bis(m-isopropylphenylmercapto)diphenyl ether,
PA1  3,4'-Bis(p-tert-butylphenylmercapto)diphenyl ether,
PA1  3,3'-Bis(m-chlorophenylmercapto)diphenyl ether,
PA1  3,3'-Bis(m-trifluoromethylphenylmercapto)diphenyl ether,
PA1  3,4'-Bis(m-perfluorobutylphenylmercapto)diphenyl ether,
PA1  and 2-m-Tolyloxy-2'-phenylmercaptodiphenyl sulfide.
PAR  Preferred compositions of this invention in which additives of this
      invention are advantageous are mixtures of m-bis(phenylmercapto)benzene
      and certain other materials which have properties that make them well
      suited for the uses disclosed above and particularly those applications,
      such as jet engine lubricants, requiring high temperatures, thermal and
      oxidative stability and wide liquid range. The other materials
      contemplated to be used with m-bis(phenylmercapto)benzene to provide such
      mixtures are as follows:
PA1  a. The three-, four-, five, and six-ring polyphenyl thioethers, for
      example, O-Bis(phenylmercapto)benzene
      ##SPC9##
PAL  bis-(m-phenylmercaptophenyl) sulfide
      ##SPC10##
PAL  m-phenylmercaptophenyl-p-phenylmercaptophenyl sulfide.
      ##SPC11##
PAL  the trisphenylmercaptobenzenes,
      ##SPC12##
PAL  such as 1,2,4-trisphenylmercaptobenzene,
PAL  3,3'-bis(phenylmercapto)biphenyl
      ##SPC13##
PAL  m-bis(p-phenylmercaptophenylmercapto)benzene,
      ##SPC14##
PAL  m-bis(m-phenylmercaptophenylmercapto)benzene
      ##SPC15##
PAL  and bis[m-(m-phenylmercaptophenylmercapto)phenyl] sulfide
      ##SPC16##
PA1  b. The mixed polyphenyl oxy-thioethers having the formula
EQU  R--Y--(R.sub.1 -Y.sub.1)m--R
PAL  wherein R is a phenyl group, R.sub.1 is a phenylene group and Y and Y.sub.1
      are each selected from the group consisting of oxygen and sulfur,
      providing at least one of Y and Y.sub.1 is sulfur and n is a whole number
      from 1 to 4. Examples of such mixed polyphenyl oxythioethers are
      m-phenylmercaptodiphenyl ether
      ##SPC17##
PAL  3,3'-bis(phenylmercapto)diphenyl ether,
      ##SPC18##
PAL  3,3'-bis(phenoxy))diphenyl sulfide,
      ##SPC19##
PAL  3-phenoxy-3'-phenylmercaptodiphenyl sulfide,
      ##SPC20##
PAL  3-phenylmercapto-3'-phenoxydiphenyl ether,
      ##SPC21##
PAL  3,4'-bis(phenylmercapto)diphenyl ether,
      ##SPC22##
PAL  m-bis(m-phenylmercaptophenoxy)benzene,
      ##SPC23##
PAL  and 3-phenylmercapto-3'-(m-phenylmercaptophenylmercapto) diphenyl ether,
      ##SPC24##
PA1  c. The four-, five- and six-ring polyphenyl ethers which can be represented
      by the structure
      ##SPC25##
PAL  where m is 2, 3, or 4 such as bis(m-phenoxyphenyl) ether, m-phenoxyphenyl
      p-phenoxyphenyl ether, m-bis(m-phenoxyphenoxy) benzene,
      m-[(m-phenoxyphenoxy) (p-phenoxyphenoxy)]benzene,
      p-[(p-phenoxyphenoxy)(m-phenoxyphenoxy)]benzene,
      p-bis(m-phenoxyphenoxy)benzene, m-bis(p-phenoxyphenoxy)benzene and
      o-bis(m-phenoxyphenoxy)benzene, by the structure
      ##SPC26##
PAL  such as 3,3'-bisphenoxy biphenyl
      ##SPC27##
PAL  and by the structure
      ##SPC28##
PAL  such as 1,3,4-triphenoxybenzene
      ##SPC29##
PAL  and mixtures and combinations of (a) through (c).
PAR  The compounds (a) through (c)) can be used alone or in combination to form
      compositions of this invention.
PAR  A typical mixture of polyphenyl thioethers is one which contains by weight
      from about 45 to about 55% m-phenoxyphenyl m-phenylmercaptophenyl sulfide,
      from about 25 to about 35% bis(m-phenylmercaptophenyl) sulfide and from
      about 18 to about 25% bis(m-phenoxyphenyl) sulfide. Particularly useful
      mixtures of polyphenyl thioethers are those containing the above mixtures
      and m-bis(phenylmercapto) benzene in about equal proportions. More
      particularly, examples of mixtures containing polyphenyl thioethers, mixed
      polyphenyl ethers, thioethers and halogenated polyphenyl ethers which are
      suitable as lubricants under high temperature conditions are as follows in
      weight percent:
PA1  1. 50% m-bis(phenylmercapto)benzene
PA2  25% m-phenoxyphenyl-m-phenylmercaptophenyl sulfide
PA2  11% bis(m-phenoxyphenyl)sulfide
PA2  14% bis(m-phenylmercaptophenyl)sulfide
PA1  2. 50% m-bis(phenylmercapto)benzene
PA2  25% m-phenoxy-m-phenylmercapto benzene
PA2  25% O-bis(phenylmercapto)benzene
PA1  3. 46% m-(m-chlorophenylmercapto)-m-phenylmercapto benzene
PA2  31% m-bis(phenylmercapto)benzene
PA2  15% m-phenoxy-m-phenylmercapto benzene
PA2  8% m-chlorodiphenyl sulfide
PAR  It is also contemplated that any of the individual polyphenyl ethers
      described above or mixtures thereof in admixture with additives of this
      invention can also be utilized to provide compositions of this invention.
      For example, mixtures of polyphenyl ethers in which the non-terminal
      phenylene rings are linked through oxygen atoms in the meta and/or para
      positions, have been found to be particularly suitable. An example of such
      polyphenyl ether compositions are those containing, in percent by weight,
      from about 0 to 6% of O-bis(m-phenoxyphenoxy)benzene (1), about 40 to 85%
      of m-bis(m-phenoxyphenoxy) benzene (2), about 0 to 40% of
      m-[(m-phenoxyphenoxy) )p-phenoxyphenoxy)] benzene (3), about 0 to 12% of
      p-bis(m-phenoxyphenoxy) benzene (4), about 0 to 10% of
      p-[(p-phenoxyphenoxy) (m-phenoxyphenoxy)] benzene (5), and about 0 to 6%
      of m-bis(p-phenoxyphenoxy)benzene (6). Typical compositions of such
      mixtures are listed below. The number of parentheses refers to the
      compound mentioned above having the same number thereafter.
TBL  TYPICAL COMPOSITIONS                                                      
     ______________________________________                                    
     Mixture                                                                   
     % by weight of components                                                 
     Component                                                                 
             A         B         C       D                                     
     ______________________________________                                    
     (1)     0         6         5       4.5                                   
     (2)     63        82        80      43.5                                  
     (3)     31        0         4       40                                    
     (4)     0         12        11      4                                     
     (5)     0         0         0       8                                     
     (6)     6         0         0       0                                     
     ______________________________________                                    
PAR  The action of the additives of this invention has been found to be
      beneficial in a wide variety of synthetic functional fluids. Such fluids
      include synthetic ester base fluids. These are fluids of lubricating
      viscosity which are esters of alcohols containing at least 4 carbon atoms
      and which generally contain more than one ester group. They may be esters
      of polyhydric alcohols, of polybasic acids, or both.
PAR  Ester fluids with particularly advantageously low temperature viscosity
      properties, which flow readily at temperatures as low as -30.degree.F.,
      are provided by the diesters of dibasic acids. Ester lubricants of the
      dibasic acid ester type are illustrated by diester of long-chain
      dicarboxylic acids like azelaic acid with long-chain branched primary
      alcohols of the C.sub.4 to C.sub.10 range. The synthetic ester lubricants
      also include the esters of long-chain monobasic acids such as pelargonic
      acid with glycols such as polyethylene glycols. Complex esters are also
      formed by linking dibasic acid half esters through a glycol such as
      dipropylene glycol, a polyethylene glycol of 200 molecular weight, and so
      forth. Permutation and combination of these methods of forming polyester
      type lubricant fluids are valuable as well and also it is common practice
      to achieve desired properties in the ultimate base fluid by blending
      different polyester products. Simple esters providing suitable fluids can
      be exemplified, for example, by bis(2-methylbutyl) sebacate,
      bis(1-methylcyclohexylmethyl) sebacate, bis(2,2,4-trimethylpentyl)
      sebacate, dipropylene glycol dipelargonate, the diesters of acids such as
      sebacid, azelaic and adipic acid with complex C.sub.8 -C.sub.10 primary
      branched chain alcohols such as those produced by the oxo process,
      polyethylene glycol 200 bis(2-ethylhexyl) sebacate, diisoamyl adipate,
      1,6-hexamethylene glycol di(2-ethylhexanoate), bis(dimethylamyl) azelate
      and so forth.
PAR  Ester fluids with particularly good high temperature oxidation resistance
      are provided by neopentyl polyol esters. The alcohols from which these
      esters are derived have the carbon structure of neopentane, with a central
      carbon atom surrounded by 4 substituent carbon atoms. Included in the
      neopentyl polyols are neopentyl glycol, trimethylolethane,
      trimethylolpropane, pentaerythritol and dipantaerythritol. Generally, the
      base fluids comprising neopentyl polyol esters are the esters with
      monocarboxylic acids. Such esters are generally more oxidatively and
      thermally stable than the dibasic acid esters. The useful esters of the
      neopentyl polyols include, for example, the esters of trimethylol propane,
      neopentyl glycol, pentaerythritol and dipentaerythritol with normal,
      branched chain and mixed acids having the chain lengths varying from
      C.sub.2 to C.sub.12. Thus, an illustrative series of esters are
      trimethylolpropane tri-n-pelargonate, trimethylolpropane, tricaprate,
      trimethylolpropane tricaprylate, the trimethylolpropane triester of mixed
      octanoates, pentaerythrityl tetra butyrate, pentaerythrityl tetravalerate,
      pentaerythrityl tetracaproate, pentaerythrityl dibutyrate dicaproate,
      pentaerythrityl butyrate caproate divalerate, pentaerythrityl butyra
      trivalerate, pentaerythrityl butyrate tricaproate, pentaerythrityl
      tributyrate caproate and mixed tetraesters of C.sub.2-10 fatty acids.
      Suitable dipentacrythrityl esters include dipentaerythrityl hexabutyrate,
      dipentaerythrityl hexapropionate, dipentaerythrityl hexavalerate,
      dipentaerythrityl hexacaproate, dipentaerythrityl hexaheptoate,
      dipentaerythrityl hexacaprylate, dipentaerythrityl tributyrate
      tricaproate, dipentaerythrityl trivalerate trinonylate and other
      dipentaerythrityl mixed hexaesters of C.sub.2-10 fatty acids. Also,
      additives of this invention are useful in mixtures of mono- and
      dipentaerythritol esters of C.sub.2-10 fatty acids and mixtures of
      C.sub.2-10 fatty acids.
PAR  For further description of still other ester fluids adapted for use as
      lubricant base stocks and useful in the provision of the compositions of
      this invention, reference may be made, for example, to the discussion in
      Gunderson et al., "Synthetic Lubricants" (Reinhold, 1962).
PAR  Other compositions of this invention useful as functional fluids can be
      prepared by combining additives of this invention described above with
      mono- and dialkylthiophenes represented by the structural formula
      ##SPC30##
PAL  wherein A, B and D are each alkyl C.sub.1-18 radicals and any two of A, B
      and D radicals together with the carbon atom to which they are attached
      can form an alicyclic ring and m and n are integers from 0 to 1, providing
      the sum of m + n is at least one.
PAR  Typical thiophenes of structure XXVIII are as follows:
PA1  2,5-(1-hexyl-1-methylnonyl)thiophene,
PA1  2,4-(1-hexyl-1-methylnonyl)thiophene,
PA1  2-tert-butyl thiophene,
PA1  2,5-tert-butyl thiophene,
PA1  2,5-(1,1-dimethylpropyl)thiophene,
PA1  2,5-(1-butyl-1-octylnonyl)thiophene,
PA1  2,5-(1-propylcyclobutyl)thiophene,
PA1  2-tert-butyl-4-(1-octyl-1-methyloctadecyl)thiophene,
PA1  2,5-(1-methylcyclohexyl)thiophene,
PA1  2,5-(1-octyl-1-methyldecyl)thiophene,
PA1  2,5-(1,1-dimethyltridecyl)thiophene,
PA1  2,3-(1,1-dimethyltridecyl)thiophene,
PA1  2,4-(1,1-dimethyltridecyl)thiophene,
PA1  2,4-(1-methylcyclopentyl)thiophene, and
PA1  2,5-(1-n-dodecylopentyl)thiophene.
PAR  Other functional fluids in which the additives of this invention can be
      used are blended synthetic fluids comprising a major proportion of
      dihalogenated diphenyl ethers or sulfides and a minor amount of blended
      agents selected from halogenated lower alkyl benzenes, halogenated
      benzene, monohalogenated diphenyl ethers and chlorinated biphenyl or
      combinations thereof. The dihalogenated diphenyl ethers suitable for use
      as base stocks in the fluid compositions of this invention are those
      represented by the structure
      ##SPC31##
PAL  where A is a chalkogen having an atomic number of 8 to 16, E and F are
      bromine, chlorine and fluorine.
PAR  Typical examples of such ethers and sulfides are:
PA1  1. different halogen on each ring:
PA2  2-bromo-2'-chlorodiphenyl ether,
PA2  2-bromo-2'-chlorodiphenyl sulfide,
PA2  2-bromo-3'-chlorodiphenyl ether,
PA2  2-bromo-3'-chlorodiphenyl sulfide,
PA2  2-bromo-4'-chlorodiphenyl ether,
PA2  2-bromo-4'-chlorodiphenyl sulfide,
PA2  3-bromo-2'-chlorodiphenyl ether,
PA2  3-bromo-2'-chlorodiphenyl sulfide,
PA2  3-bromo-3'-chlorodiphenyl ether,
PA2  3-fluoro-3'-fluorodiphenyl sulfide,
PA2  3-fluoro-4'-chlorodiphenyl ether,
PA2  3-bromo-4'-fluorodiphenyl sulfide,
PA2  4-fluoro-3'-fluorodiphenyl ether
PA2  4-bromo-3'-chlorodiphenyl sulfide,
PA2  4-bromo-4'-chlorodiphenyl ether,
PA2  4-bromo-4'-chlorodiphenyl sulfide,
PA2  4-bromo-2'-chlorodiphenyl ether, and
PA2  4-bromo-2'-chlorodiphenyl sulfide
PA1  2. same halogen on each ring:
PA2  2,2'-dibromodiphenyl ether,
PA2  2,2'-dibromodiphenyl sulfide,
PA2  2,3'-dibromophenyl ether,
PA2  2,3'-dibromodiphenyl sulfide,
PA2  2,4'-difluorodiphenyl ether,
PA2  2,4'-difluorodiphenyl sulfide,
PA2  3,3'-dibromodiphenyl ether,
PA2  3,3'-dibromodiphenyl sulfide,
PA2  3,4'-dibromodiphenyl ether,
PA2  3,4'-dibromodiphenyl sulfide,
PA2  4,4'-dibromodiphenyl ether,
PA2  4,4'-dibromodiphenyl sulfide,
PA2  2,2'-dichlorodiphenyl ether,
PA2  2,2'-dichlorodiphenyl sulfide,
PA2  2,3'-dichlorodiphenyl ether,
PA2  2,3'-dichlorodiphenyl sulfide,
PA2  2,4'-dichlorodiphenyl ether,
PA2  2,4'-dichlorophenyl sulfide,
PA2  3,3'-dichlorodiphenyl ether,
PA2  3,3'-dichlorodiphenyl sulfide,
PA2  3,4'-dichlorodiphenyl ether,
PA2  3,4'-dichlorodiphenyl sulfide,
PA2  4,4'-dichlorodiphenyl ether,
PA2  4,4'-dichlorodiphenyl sulfide
PAR  As used herein the term "major amount" of a fluid means that the amount of
      a particular fluid in a specific formulation is at least equal to the
      amount of any particular blending agent in said formulation. On the other
      hand the term "minor amount" of a blending agent means that the amount of
      a particular blending agent in a specific formulation is no more than the
      amount of any specific fluid in said formulation.
PAR  The ethers are generally preferred over the sulfides because their lower
      melting points make them usable in a wider number of applications and of
      the ethers, those in which the halogen substituents are in the 3,4'-
      relationship are preferred for use in the compositions of this invention,
      because their low melting points are the lowest of all the fluids of this
      invention.
PAR  The blending agents which can be used include the halogenated lower alkyl
      (C.sub.2-4) benzenes containing 1 to 5 halogens, such as
      4-bromomethylbenzene, 2-bromoethylbenzene, 4-bromopropylbenzene,
      4-chlorobutylbenzene, 2,4-dichloromethylbenzene, 2,3-dibromoethylbenzene,
      2,4-dibromoethylbenzene, 2,4-dichloroethylbenzene,
      2-fluoro-4-chloroethylbenzene, 2,5-dibromoethylbenzene,
      3,4-dibromoethylbenzene, 3,5-dibromopropylbenzene, 2,4-fluorobutylbenzene
      and the like. It is preferred to use the bromine-containing compounds
      because of the increased fire-resistance obtained thereby. Further
      examples of halogenated alkyl benzenes are tri- and
      tetra-chloroethylbenzene, tri- and tetrabromoethylbenzene,
      pentachloromethylbenzene, pentachloroethylbenzene, pentabromoethylbenzene,
      pentabromopropylbenzene, pentachlorobutylbenzene and the like.
PAR  In addition to the use of specific compounds, there can be used a mixture
      of halogenated alkyl benzenes such as the mixture of brominated ethyl
      benzenes disclosed in U.S. Pat. No. 2,257,903, which contain an average of
      two atoms of bromine per mol of ethyl benzene.
PAR  Other blending agents include the monohalogenated diphenyl ethers such as
      2-chlorodiphenyl ether, 3-chlorodiphenyl ether, 4-chlorodiphenyl ether,
      3-bromodiphenyl ether and the like and chlorinated biphenyl which is
      illustrated by the chlorinated biphenyl commercially available as products
      containing about 21, 32, 42, 48, 54 and 60% of combined chlorine
      corresponding approximately to mono-, di-, tri-, tetra-, penta- and
      hexachlorobiphenyl, respectively. The expression chlorinated biphenyl
      containing a stated percentage of combined chlorine is used herein as not
      only including these directly chlorinated products, but also as blends of
      one or more chlorinated biphenyl whereby the total chlorine content is
      broadly within the range of 20 to 60% preferably with the range of 20 to
      42% by weight. It is also preferred, in order to obtain fluids having low
      crystallizing points, to use chlorinated biphenyl which has been
      isomerized, and preferably distilled thereafter according to the teachings
      of U.S. Pat. No. 3,068,297.
PAR  The halogenated benzenes which can be used as blending agents include
      chloro- and bromobenzenes. The preferred chlorobenzenes are di-, tri- and
      tetrachlorobenzene and mixtures thereof. The preferred bromobenzenes are
      mono-, di- and tribromobenzene and more particularly m-dibromobenzene.
      Typical examples of halogenated benzenes useful as blending agents are
      o-dichlorobenzene, m-dichlorobenzene, 1,2,3-trichlorobenzene,
      1,2,4-trichlorobenzene, 1,3,5-trichlorobenzene,
      1,2,3,4-tetrachlorobenzene, 1,2,3,5-tetrachlorobenzene, o-dibromobenzene
      and 1,2,4-tribromobenzene.
PAR  Other blending agents which can be used are perhalogenated alkyl compounds
      such as hexachlorobutadiene.
PAR  Another class of functional fluids employed in preparing compositions of
      this invention are aliphatic hydrocarbon oils. Such oils are those
      obtained by super refining petroleum thereby producing a mixture of
      saturated aliphatic hydrocarbons or they can be produced synthetically.
      Preferred hydrocarbon oils useful in preparing compositions of this
      invention are those represented by the formula
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are saturated hydrocarbon
      radicals having a combined total of from 4 to 80 carbon atoms. The number
      of variations of the R groups in formula XXX is very large, and dependent
      thereupon is the viscosity range of any particular fluid. To list by name
      the many compounds contemplated by the above structure would unduly
      lengthen the present disclosure so therefore the following named compounds
      conforming to formula XXX are included herein only to point out the more
      commonly available and more desirable members of the class of compounds
      and in no way is such listing intented to exclude other compounds
      conforming to said formula. Such exemplary compounds are
      2,2,4-trimethylpentane, 4,4,6-trimethylnonane,
      7,9-dibutyl-7-methylpentadecane, 9,11-dihexyl-9-methylnonadecane,
      11,13-dioctyl-11-methyltricosane, 13,15-didecyl-13-methylheptacosane,
      15,17-didodecyl-15-methyldotriacontane, 4-ethyl-2,4-dimethylpentane,
      4-butyl-4,6-dimethylnonane, 7-methyl-7-butyl-9-ethylpentadecane,
      9-methyl-9-pentyl-11-propylnonadecane,
      11-methyl-11-hexyl-13-tridecyltricosane,
      13-methyl-13-heptadecyl-15-nonylheptacosane,
      15-methyl-15-butyl-17-hexyldotriacontane.
PAR  One of the major bench scale methods used for evaluating the corrosivity of
      a lubricant or hydraulic fluid is the procedure given in MIL-L-9236A
      according to which the lubricant to be treated is heated at a specified
      temperature in the presence of certain metals and air and the corrosivity
      determined by measuring the change in weight of the metals.
PAR  Various compositions of this invention were tested according to the
      procedure of MIL-L-9236A except that the temperature was held at
      500.degree.F. instead of 600.degree.F. The metal specimens used were, as
      specified in said procedure, steel, copper, silver, titanium, magnesium
      alloy and aluminum alloy. However, only the results upon copper and silver
      are reported since the compositions tested had essentially no effect on
      steel, titanium, magnesium alloy and aluminum alloy. The results observed
      using the above-described procedure are recorded in the tables below. The
      corrosivity to metals was determined by weighing the metal specimens
      before and after the test. The weight difference in milligrams per square
      centimeter of metal surface exposed to the fluid is reported.
PAR  To demonstrate the advantages of the anticorrosion activity of additives of
      this invention, various additives were added to a fluid designated as
      Fluid A. Fluid A was a mixture consisting by weight, of about 50% of
      m-bis(phenylmercapto)benzene, about 25% of m-phenoxyphenyl
      m-phenylmercaptophenyl sulfide, about 11% of bis(m-phenoxyphenyl) sulfide
      and about 14% of bis(m-phenylmercaptophenyl)sulfide. Table I below
      presents the data obtained by employing 0.1%, by weight, of each additive
      in Fluid A when the composition was subjected to the above-described test.
TBL                TABLE I                                                     
     ______________________________________                                    
                           Metal Weight                                        
                           Change Mg/cm.sub.2                                  
     Additive                Copper   Silver                                   
     ______________________________________                                    
     None-Control                                                              
     (Average f 23 tests)    -2.39    -.67                                     
     5-Aminoindazole         - .01    -.39                                     
     6-Aminoindazole         - .01    -.28                                     
     7-Aminoindazole         .00      -.20                                     
     3-Amino-1,2,4-triazole  - .09    -.56                                     
     3,5-Diamino-1,2,4-triazole                                                
                             - .03    -.13                                     
     5-Amino-4-carbamyl-3-pyrazoleacetic acid                                  
                             - .01    -.10                                     
     2,4-Dicyano-                                                              
     3-ethyl-3-methyl glutaramide                                              
                             - .57    -.59                                     
     4-Amino-1,8-naphthalimide                                                 
                             - .35    -.53                                     
     2,2'-Octamethylene Di-2-imidazoline                                       
                             - .04    -.31                                     
     Adenine-N-oxide         -1.02    -.25                                     
     7-Amino-1-v-triazolo-(d)-pyrimidine                                       
                             - .01    -.22                                     
     5,7-Diamino-1,2,6,8-tetrazaindolizine                                     
                             - .21    -.02                                     
     5-Aminoindole           -1.04    -.16                                     
     5-Hydroxyindole         -1.27    -.27                                     
     3,6-Diaminocarbazol     - .04    -.07                                     
     3,4-Diaminopyridine     - .05    -.19                                     
     2-Aminonicotinic Acid   - .37    -.39                                     
     7-Amino-s-triazolo(1,5-a)-                                                
     pyrimidin-5-(4H)-one    - .44    -.35                                     
     4-Methyl-1H-pyrazole(3,4-b)-                                              
     pyridine-3,6-diol       - .22    -.24                                     
     4-Aminopyrazolo(3,4-d)pyrimidine                                          
                             - .58    -.20                                     
     4,5-Diaminopyrimidine   - .39    -.53                                     
     2,4,5-Triaminopyrimidine                                                  
                             - .04    -.21                                     
     3-Amino-1-phenyl-2-pyrazolin-                                             
     5-one                   -1.41    -.52                                     
     2-Cyano amino-4,6-dihydroxy-                                              
     pyrimidine              -1.94    -.29                                     
     4,6-Dihydroxypyrimidine -1.22    -.59                                     
     4-Aminopyrimido(4,5-d)pyrimidine                                          
                             - .16    -.05                                     
     3,5,7-Triamino-s-triazolo                                                 
     (4,3-a)-s-triazine      - .69    -.25                                     
     5-Hydroxy-7-methyl-1,3,8-                                                 
     triazaindolizine        - 1.64   -.43                                     
     *6-Hydroxyindozole      + .04    +.30                                     
     ______________________________________                                    
      *-.05% concentration                                                     
PAR  The data in Table I is to be compared with data presented in Table II
      below. The data in Table II was obtained from additional runs of the same
      test employing Fluid A containing 0.1% by weight of additives of very
      similar molecular structure to those listed in Table I.
TBL                TABLE II                                                    
     ______________________________________                                    
                        Metal Weight Change                                    
                        Mg/cm.sub.2                                            
     Additive             Copper   Silver                                      
     ______________________________________                                    
     Control - from above -2.39    - .67                                       
     6-Aminouracil        -2.6     - .74                                       
     5-Aminouracil        -3.1     - .48                                       
     2,7-Dimercapto-4-hydroxypyrimido-                                         
     (4,5-b)pyrimidine    -5.4     - .81                                       
     Benzimidazole        -3.7     -1.2                                        
     2-Phenyl-4,6-bis(3-aminophenyl)-                                          
     1,3,5-triazine       -2.8     - .07                                       
     2-Mercaptopyrimidine -4.4     -1.5                                        
     4,6-Dihydroxy-2-mercapto-                                                 
     pyrimidine           -6.2     -1.1                                        
     4-Amino-6-hydroxy-2-mercapto-                                             
     pyrimidine           -6.2     - .93                                       
     2-Amino-4,6-dihydroxypyrimidino                                           
                          -3.4     - .61                                       
     1-[3-(6-chloropyridazinyl)]-3-                                            
     (3,4-dichlorophenyl)urea                                                  
                          -5.9     -1.7                                        
     3-Methyl-5-phenyl pyrazole                                                
                          -8.4     -2.0                                        
     2-hydroxy-3,3'-4,4',5,6,                                                  
     hexachlorocarbanilide                                                     
                          -8.8     -3.1                                        
     (3,4-Dichlorophenylureido)-p-                                             
     menthane             -3.0     - .69                                       
     5-Nitroindazole      -8.4     -1.4                                        
     ______________________________________                                    
PAR  A comparison of the results obtained in Tables I and II above indicates the
      selectivity required in solving the problem of metal corrosion by
      functional fluid at high temperatures by the incorporation of additives.
      Many additives which because of their structural similarity would be
      expected to reduce metal attack are found to increase it under the high
      temperature conditions for which the compositions of this invention are
      particularly useful.
PAR  In Table III below the results obtained using the above-described test are
      presented wherein Fluids are employed containing 5-aminoindazole, one of
      the preferred additives of this invention. Also included are the results
      obtained with different amounts of 5-aminoindazole employed in other
      fluids. The fluid designated Fluid B in Table III is a mixture consisting,
      by weight, of about 50% of m-phenoxyphenyl m-phenylmercaptophenyl sulfide,
      about 22% of bis(phenoxyphenyl)sulfide and about 28% of
      bis(m-phenylmercaptophenyl)sulfide. The concentration of the additive is
      given in weight percent of the fluid and the copper attack is reported as
      weight change in milligrams per unit of surface area in contact with the
      fluid.
TBL                TABLE III                                                   
     ______________________________________                                    
     Base Stock        Additive     Copper                                     
                       Concentration                                           
                                    Attack                                     
                       Wt. %        Mg/cm.sup.2                                
     ______________________________________                                    
     Penaerythritol tetraoctanoate                                             
                       0            -6.70                                      
     Pentaerythritol tetraoctanoate                                            
                       .10          -0.21                                      
     Bis(phenylmercapto)benzene                                                
                       0            -3.3                                       
     Bis(phenylmercapto)benzene                                                
                       .025         -0.90                                      
     Bis(phenylmercapto)benzene                                                
                       .05          +0.10                                      
     Bis(phenylmercapto)benzene                                                
                       .20          -0.02                                      
     Fluid B           0            -2.80                                      
     Fluid B           .025         -0.96                                      
     Fluid B           .05          +0.22                                      
     Fluid B           .10          +0.14                                      
     ______________________________________                                    
PAR  In accordance with the above data, it is evident that some of the fluids,
      particularly thioethers and mixtures of thioethers, when used as
      lubricants for gas turbine engines are outstanding with respect to high
      temperature stability and metal fluid compatibility when combined with
      additives of this invention. Thus, this invention relates to a novel
      method of lubricating gas turbine engines which comprises maintaining on
      the bearings and other points of wear of the engine a lubricating amount
      of a composition of this invention. Other fluids containing an additive of
      this invention useful as gas turbine engine lubricants are neopentyl
      polyol esters of C.sub.2-18 fatty acids, mixtures of neopentyl polyol
      esters of C.sub.2-18 fatty acids, dipentacrythritol ester of C.sub.2-18
      fatty acids and mixtures of the pentaerythritol esters and
      dipentaerythritol esters. Especially useful as gas turbine engine
      lubricants are mixtures of polyphenyl ethers and polyphenyl thioethers
      containing corrosion reducing amounts of an additive of this invention.
PAR  As a result of the excellent physical properties of the compositions
      particularly described above, improved hydraulic pressure devices can be
      prepared in accordance with this invention which comprise in combination a
      fluid chamber and an actuating fluid in said chamber, said fluid
      comprising a mixture of one or more of the base stocks hereinbefore
      described. In such a hydraulic apparatus wherein a movable member is
      actuated by the above-described functional fluids, performance
      characteristics are obtainable which are superior to those heretofore
      obtainable.
PAR  Because of the excellent fire-resistance of the compositions of this
      invention, their exceptionally low pour points, and good lubricity, the
      functional fluids of this invention can be utilized in those hydraulic
      systems wherein power must be transmitted and the frictional parts of the
      system lubricated by the hydraulic fluid utilized. Thus, the novel
      composition of this invention finds utility in the transmission of power
      in a hydraulic system having a pump therein supplying the power for the
      system. In such a system, the parts which are so lubricated include the
      frictional surfaces of the source of power, namely the pump, valves,
      operating pistons and cylinders, fluid motors and in some cases, for
      machine tools, the ways, table and slides. The hydraulic system may be of
      either the constant-volume or the variable-volume type of system.
PAR  The pumps may be of various types, including the piston-type pump, more
      particularly the variable-stroke piston pump, the variable-discharge or
      variable displacement piston pump, radial-piston pump, axial-piston pump,
      in which a pivoted cylinder block is adjusted at various angles with the
      piston assembly, for example, the Vickers Axial-Piston Pump, or in which
      the mechanism which drives the pistons is set at an angle adjustable with
      the cylinder block; gear-type pump, which may be spur, helical or
      herringbone gears, variations of internal gears, or a screw pump; or vane
      pumps. The valves may be stop valves, reversing valves, pilot valves,
      throttling valves, sequence valves or relief valves. Fluid motors are
      usually constant- or variable-discharge piston pumps caused to rotate by
      the pressure of the hydraulic fluid of the system with the power supplied
      by the pump power source. Such a hydraulic motor may be used in connection
      with a variable-discharge pump to form a variable-speed transmission.
PAR  Although the compositions described above are generally quite suitable for
      most applications, it may also be desirable to add small amounts of
      various other functional addition agents such as viscosity index
      improvers, e.g., a polymerized methacrylate ester, an alkylated
      polystyrene, or the polyether condensation products of ethylene oxide or
      propylene oxide, or both, with a glycol such as ethylene glycol, propylene
      glycol, butanediol, etc., or with an aliphatic alcohol such as butanol,
      octanol, decanol, tirdecanol, etc., pour point depressants, oxidation
      inhibitors, detergents, corrosion- and rust-inhibiting agents, anti-wear
      and lubricity agents, anti-foaming agents such as the silicone polymers,
      and the like.
PAR  While this invention has been described with respect to various specific
      examples and embodiments, it is to be understood that the invention is not
      limited thereto and that it can be variously practiced within the scope of
      the following claims.
CLMS
STM  The embodiments of this invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Composition comprising
PA1  I. a major amount of a fluid of lubricating or hydraulic viscosity selected
      from the group consisting of
PA2  i. polyphenyl thioethers,
PA2  ii. mixed polyphenyl oxy-thioethers, and
PA2  iii. admixtures thereof, and
PA1  Ii. a corrosion inhibiting amount of 4-aminopyrazolo (3,4-d)pyrimidine.
NUM  2.
PAR  2. Composition comprising
PA1  I. a major amount of a fluid of lubricating or hydraulic viscosity selected
      from the group consisting of
PA2  i. polyphenyl thioethers,
PA2  ii. mixed polyphenyl oxy-thioethers, and
PA2  iii. admixtures thereof, and
PA1  Ii. a corrosion inhibiting amount of 7-amino-1-v-triazolo-(d)pyrimidine.
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PAL  Our invention contemplates a liquid developer which carries a toner which
      is tacky. This tackiness, however, is a transient one. After the latent
      electrostatic image is developed by our tacky toner, that is one that has
      adhesive properties, the developed image with the toner in tacky state is
      contacted with sheet material such as paper. The developed tacky toner
      image has greater affinity for the paper than it does for the
      photoconductive surface. We insure this by using a photoconductive surface
      which has less affinity for the tacky toner than the sheet material to
      which the image is to be transferred. After the image is transferred to
      the sheet material the toner quickly loses its tackiness and dries to a
      hard scuff-resistant surface.
PAL  Our invention also contemplates a developer liquid which contains a toner
      which is non-sticky when first deposited then becomes sticky or tacky so
      that it can be transferred while tacky and loses its tackiness and remains
      firmly bonded to the surface to which it is transferred. The developing
      liquid comprises a low-boiling organic liquid which has low solvent power
      for a sol comprising a high molecular-weight polymer and a finely divided
      pigment or toner material adapted to be attracted by the charges on the
      photoconductive surface. The organosol contains modifiers and plasticizers
      adapted to give the developer liquid the desired characteristics.
PAL  We have found that, if desired, the sheet material to which the tacky image
      is to be transferred can be treated to give it greater affinity for the
      tacky toner.
PARN
PAR  This is a division of application Ser. No. 155,108, filed June 21, 1971,
      now U.S. Pat. No. 3,839,032.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrostatic reproduction processes are well known to the art. In the
      well-known Xerox system a photoconductive surface carried by a drum is
      electrostatically charged by a corona discharge device. The
      photoconductive surface which may be of selenium or the like is an
      insulator in the dark and a conductor in the light. The image to be
      reproduced is focused on the photoconductive surface. When the light
      strikes the photoconductive surface the charge leaks away in the
      illuminated areas leaving the dark areas to form the image. The latent
      image in the form of electrostatic charges on the photoconductive surface
      is then developed by a toner. This toner must be in the form of a dry
      powder. The dry toner particles are then transferred by an electrostatic
      charge to sheet material such as ordinary paper and are usually formed
      from thermoplastic resins. The toner particles are then fixed by heat on
      the ordinary paper and the image appears in its final form. The necessity
      of using heat to fix the toner particles prevents high-speed operation of
      the Xerox system. Furthermore, the dry toners are slightly abrasive and
      sooner or later they scratch and mar the selenium surface of the drum
      which is the heart of the Xerox machine. The dry toner also causes
      mechanical problems since the toner particles become air-borne and
      permeate the bearings of the machine. This requires frequent cleaning,
      which is an onerous task. The dry toners have inherent dielectrophoretic
      properties which prevent their filling in large black areas. This is
      easily observed by viewing any copy which has a large, black area made on
      the Xerox machine.
PAR  In the Electrofax method, a sheet of paper is covered with a photoconductor
      such as zinc oxide. The latent electrostatic image can be developed either
      by a dry toner or by a liquid in which a toner is suspended. A liquid
      developer comprises finely divided pigment particles having an average
      size no larger than about twenty microns and probably much smaller to
      about an average size of about five microns, suspended in a relatively
      non-conductive light hydrocarbon such as benzene, zylene, hexane, naphtha,
      cyclohexane, or the like. The final image, of course, in the Electrofax
      process, appears on the photoconductor-coated surface and is not
      transferred to ordinary paper. It has been realized for some time by those
      skilled in the art that it would be desirable to use liquid developers in
      a transfer process. No one has found a way, however, to accomplish this
      conveniently. In U.S. Pat. No. 3,261,688 issued May 17, 1966, to Mihajlov,
      one attempt at the employment of liquid developers in a transfer process
      is shown. Mihajlov applies a film of liquid developer over the
      photoconductive surface. He then exposes the photoconductive surface and
      the developer simultaneously to a pattern of light and shadow. He then
      attempts to transfer the image to an ordinary paper. He has found,
      however, that the non-image areas have background toner. He attempts to
      reduce this by applying an electrical potential of the same polarity as
      that of the toner to the roll which presses the paper against the film of
      developer and makes the roller of conductive rubber or the like.
PAR  In all of the processes of the prior art in which transfer of an image is
      made from a photoconductor to ordinary paper, there is a loss of
      definition according to the application of pressure which distorts the
      developed image or through the difficulty of attaining effective transfer
      of development particles to a new location and the effective fixing of the
      same. Difficulty is also experienced when the same photoconductive surface
      is used repetitively, and images produced on it successively are
      transferred to another medium. The problem is that the photoconductive
      surface becomes soiled. This soiling is not very great when dry toners are
      used but in a method such as that of Mihajlov, the liquid toner will
      adhere to some extent to the photoconductive surface and gradually become
      unusable.
PAC  SUMMARY OF THE INVENTION
PAR  One object of our invention is to provide an improved liquid toner or
      developer which can readily be applied to a latent electrostatic image on
      a photoconductive surface from which it can readily be transferred to a
      second surface such as ordinary paper or the like.
PAR  A further object of our invention is to provide a novel liquid toner or
      developer which is non-sticky when first deposited, becomes sticky or
      tacky after deposit so it can be transferred while tacky and loses its
      tackiness and remains firmly bonded to the surface to which it is
      transferred.
PAR  Another object of our invention is to provide a toner which can be
      transferred while tacky to a dry surface and then cured to provide a
      scuff-free and abrasion-resistant final image.
PAR  Still another object of our invention is to provide a developer or toner
      which when tacky will have greater affinity for paper than the
      photoconductive surface on which the image was developed.
PAR  A further object of our invention is to provide a novel sheet material
      having affinity for a tacky toner developed image.
PAR  Other and further objects of our invention will appear in the following
      description.
PAR  In general, our invention contemplates the provision of a liquid toner
      having transient adhesive or tacky properties for developing a latent
      electrostatic image on a photoconductive surface and for enabling transfer
      of the developed image from the photoconductive surface to the surface of
      paper or the like. The toner composition has low adhesion for the
      image-forming surface and high-adhesion for the copy surface. The tacky or
      adhesive properties are transient and the final image exhibits high
      resolution and is scuff-free. While our invention contemplates the use of
      ordinary paper, other appropriate sheet material such as thin sheets of
      plastic, aluminum foil or the like may be used if desired. The copy paper
      may be coated with a thin film of synthetic resin for which the toner
      particles suspended in the developer liquid have affinity. This procedure
      will permit a wider variety of developer liquids to be used. This
      eliminates the criticality or close limits of components in the confection
      of the developer liquids.
PAR  The developer according to the present invention is so arranged that it is
      more adhesive in respect of the surface to which it is to be transferred
      than it is to the surface on which the latent image is produced.
      Accordingly, when the latent image is developed it can readily be
      transferred to the copy sheet because of its greater affinity for it.
PAR  In its simplest aspect we may give the photoconductive surface low adhesion
      by treating the same to provide a silicone or a urethane film. Similarly
      it is feasible to treat paper with a medium which will give the paper a
      physical affinity for the toner, that is, the developed toner image. In a
      similar manner it is possible to cool the photoconductive surface and heat
      the copy paper. This temperature differential will have the effect of
      enhancing the affinity of the developed image with a copy paper.
PAR  Ordinarily, it is more desirable to be able to employ untreated paper as
      the copy sheet to which the tacky toner image is to be transferred.
      However, it is also contemplated by our invention that a paper treated to
      have special affinity for the tacky toner can be employed. For example, we
      have treated the paper with a solution of an acid maleic-modified vinyl
      chloride and vinyl acetate copolymer. The solvent is evaporated and it
      will be found that the paper thus treated has a special affinity for the
      tacky tonered image.
PAR  Another example of a coating for paper is a solution of a vinyl-toluene
      butadiene copolymer resin. These resins are available from the Goodyear
      Tire and Rubber Company and sold under the trademark "PLIOLITE." They are
      soluble in aliphatic solvents and films are formed by simple evaporation
      of the solvents. A paper coated with PLIOLITE resin exhibits affinity for
      the tacky tonered image. Another example of a coated paper is one coated
      with a solution of polyvinyl butyral. This synthetic resin is dissolved in
      alcohol to form a 4% solution. It is then applied to the paper to form a
      thin continuous film. The affinity for the toner in each case of the paper
      coated with the examples given above was such that transfer took place
      from the photoconductive layer to the paper. It is of interest to note
      that the pressure to effect the transfer is very slight. As a matter of
      fact if too much pressure is used it was found that the transfer of the
      tonered image from the photoconductor to the paper was less effective.
PAR  It it not necessary that the developer deposit a toner in a tacky or sticky
      condition. The developer may be such that the tonered image is non-tacky
      at first then becomes tacky or adhesive so it can be transferred in a
      tacky state and then as the solvent evaporates, dries or cures and loses
      its stickiness and remains firmly bonded to the surface to which it was
      transferred.
PAR  According to our invention the adhesive toner comprises a relatively large
      amount of a high molecular weight polymer adapted to form a continuous
      pigmented polymer matrix exhibiting high cohesion and tackiness. In
      general, high molecular weight polymers are dissolved in a suitable
      solvent. The solution of the high molecular weight polymer is pigmented
      with a suitable pigment such as microlith black and the solution suspended
      in a low-power solvent or diluent with the aid of a dispersing agent. The
      high molecular weight polymer may be one which has a low adhesion for the
      image forming surface and a high affinity for the copy surface.
      Alternatively the high molecular weight polymer may have low adhesion for
      both surfaces and a tackifier is combined with the polymer to create the
      high adhesion for the copy paper. The main characteristic of the high
      molecular weight polymer, however, is that it is generally insoluable in
      the diluent which we employ in making our developer fluid. The diluent
      which we prefer is that manufactured by the Standard Oil Company of New
      Jersey and sold under the trademark "ISOPAR G". This is an isomerized
      paraffinic hydrocarbon having a specific gravity of 0.75 at 60.degree.F.
      This product is substantially 100% pure isoparaffin. It has a boiling
      range from 157.degree. to 177.degree. C. ISOPAR H is a similar product and
      has a boiling range from 177.degree. to 188.degree. C. This is
      disadvantageous in that it takes a longer period of time for the copies to
      dry. The feature which characterizes the diluent is that it has low
      solubility for the solution of the high molecular weight polymer which is
      suspended throughout the diluent by a suitable dispersing agent. ISOPAR G
      has a kauri-butanol number of 27. This is true of ISOPAR E which has an
      initial boiling point of 116.degree. C and a final boiling point of
      143.degree. C. ISOPAR E, however, is dangerous to use since it has a flash
      point of 50.degree. F. The flash point of ISOPAR G is 105.degree.  F, and
      it is therefore a safer diluent. Because the tacky toner particles must
      migrate through the diluent under the influence of an electrostatic
      charge, the diluent must possess a low surface tension. ISOPAR is low in
      surface tension and high in interfacial tension. This accounts for its
      excellent demulsibility. Though other diluents which have low solvent
      power for the tacky toner organosol can be used, we prefer ISOPAR because
      of its manifold advantages in our process.
PAR  High molecular weight polymers which are used to form the solution to which
      the toner component is added are such that they are not soluble in the
      diluent. Appropriate high molecular weight resins which can be used are as
      follows:
TBL  High Molecular                                                            
     Weight Resins Manufacturer Trademark                                      
     ______________________________________                                    
     Vinyl-toluene/acrylate                                                    
                   Goodyear Tire                                               
                                "PLIOLITE VTAC"                                
     copolymer*    & Rubber Co.,                                               
                   Akron, Ohio                                                 
     Styrene/acrylate                                                          
                   Goodyear Tire                                               
                                "PLIOLITE AC"                                  
     copolymer     & Rubber Co.                                                
     Styrene copolymer                                                         
                   Goodyear Tire                                               
                                "PLIOLITE S-5A"                                
     Butadiene-styrene                                                         
                   Phillips     "SOLPRENE"                                     
     copolymer**   Petroleum Co.                                               
     ______________________________________                                    
      *Solutions of this resin in solvents having kauributanol values of 36 and
      higher dry rapidly to form tough, hard film with good adhesion.          
      Furthermore, a solution of this resin will not dissolve in "ISOPAR G"    
      (which is one of our diluents) which has a kauributanol number of 27.    
      **"SOLPRENE 303" is a solution-polymerized copolymer in the ratio of 52/4
      with partial block distribution of the styrene along the molecular chain.
      "SOLPRENE 1205" is a copolymer of butadiene and styrene in the ratio of  
      75/25 manufactured by the solution polymerization process.               
PAR  These resins are readily soluble in hydrocarbon solvents having high
      kauri-butanol numbers of 50 or more. An appropriate solvent is the
      hydrocarbon solvent manufactured by Standard Oil Company of New Jersey and
      sold under the trademark "SOLVESSO 100". It has an inital boiling point of
      159.degree. C and a final boiling point or end point of 182.degree. C. It
      consists largely of aromatic hydrocarbons and has a kauri-butanol number
      of 91. It is to be understood that any appropriate solvent may be
      employed. However, since some of the solvent for the resin will be present
      in the developer solution, its end point should be low.
PAR  As is pointed out above, ISOPAR G has an end point of 177.degree. C.
      SOLVESSO 100 has an end point of 182.degree. C. SOLVESSO 150 could be
      used, if desired, but it has an end point of 212.degree. C. The particular
      solvent is not critical as long as it is a solvent for the high molecular
      weight resin and can be evaporated at convenient temperatures from the
      final developer solution.
PAR  While the high molecular weight resins we employ exhibit tackiness upon
      drying, that is, when they are almost dry, it is desirable to increase the
      tackiness. This is done by adding a resin which has tacky properties to
      the solution of the high molecular polymer. The resin which is added for
      tackiness, as is the case with high molecular weight resins, must be
      soluble in the solvent for the high molecular weight resin and
      substantially insoluble in the diluent which is being used for the
      developer liquid.
PAR  We have found that appropriate tackifier resins are as follows:
     Tackifier Resins                                                          
                    Manufacturer Trademark                                     
     ______________________________________                                    
     Polymerized alpha                                                         
                    Pennsylvania "PICCOLYTE                                    
     pinene         Industrial   ALPHA"                                        
                    Chemical Corp.                                             
     Polymerized beta                                                          
                    Pennsylvania "PICCOLYTE                                    
     pinene         Industrial   BETA"                                         
                    Chemical Corp.                                             
     Polymerized mixed                                                         
                    Reichhold    "STA-TAC"                                     
     olefins*       Chemicals,                                                 
                    Inc.                                                       
     Heat-reactive synthetic                                                   
                    Reichhold    "BETAPRENE BC"                                
     hydrocarbon polymers**                                                    
                    Chemicals,                                                 
                    Inc.                                                       
     Pentaerythritol ester                                                     
                    Hercules Inc.                                              
                                 "PENTALYN H"                                  
     of hydrogenated rosin                                                     
     ______________________________________                                    
      *These provide performance qualities comparable to those achieved by pure
      terpene resins.                                                          
      **These polymers have iodine numbers of about 130, but the double bonds  
      are structurally protected and not easily cross-linked or oxidized. They 
      behave much like terpene resins and provide good wetting properties and  
      adhesion to a wide variety of surfaces.                                  
PAR  The high molecular weight resins may be plasticized to render them tacky by
      modifying agents. These are:
TBL  Plasticizers for                                                          
     High Molecular                                                            
     Weight Resins Manufacturer  Trademark                                     
     ______________________________________                                    
     Dibutyl phthalate                                                         
                   Celanese Corp.                                              
                   of America                                                  
     Dioctyl phthalate                                                         
                   Celanese Corp.                                              
                   of America                                                  
     Dimethyl phthalate                                                        
     Diethyl phthalate                                                         
     Di-isobutyl phthalate                                                     
     Di-iso-octyl phthalate                                                    
     Chlorinated polyphenyl                                                    
                   Monsanto Chemi-                                             
                                 "AROCLOR 1254"                                
                   cal Company                                                 
     Tricresyl phosphate                                                       
                   Union Carbide                                               
                   Plastics Co.                                                
     ______________________________________                                    
PAR  Some of the high molecular weight resins, such as "PLIOLITE VTAC", do not
      possess sufficient tackiness to effect complete transfer. We have seen
      that a tackifier resin may be added compatible with the high molecular
      weight resin to give the organosol the desired tackiness. This tackiness
      can be achieved by adding plasticizers to the high molecular weight resin.
      These plasticizers have the property of imparting tackiness to the high
      molecular weight resin so that less or no tackifier resin may be employed.
PAR  In carrying out our invention, we first manufacture the organosol by
      dissolving a high molecular weight resin or a mixture of high molecular
      weight resins in an appropriate solvent.
DETD
PAC  EXAMPLE A
PAR  The following formulation is prepared:
PA1  37.5 gms. PLIOLITE VTAC
PA1  40.0 gms. SOLPRENE 1205
PA1  100.0 gms. SOLVESSO 100
PAR  As we have pointed out above, SOLVESSO 100 is an ideal solvent. Any other
      appropriate solvent such as terpineol can be employed. The above
      formulation is emulsified in a high-speed emulsifying mill, together with
      1,100 mls. of a diluent such as ISOPAR G. A quantity of this organosol is
      further diluted with ISOPAR G to any desired extent to form a suspension.
      This suspension produces a tacky resin deposit on a negative polarity
      electrostatic surface charge.
PAR  The toner component is formulated to be compatible with the resin
      organosol, since it must be physically attached to the resin developer
      aggregates or co-deposit at a rate in substantially the same proportion as
      the ratio of toner component to the organosol solids. If the toner
      component is not compatible with the organosol solution, it will act as a
      separate system and deposit at a greater rate than the organosol. This
      will pull the pigment out of the developer liquid, and the deposit will be
      predominantly pigment. This will result in low cohesion and poor transfer
      qualities.
PAR  The toner should have the same resin system as the organosol. In the
      example we are considering, the two resins used were PLIOLITE VTAC and
      SOLPRENE 1,205. The pigment may be of any desired nature as, for example,
      carbon black, having a particle size on the average of 25 millimicrons.
      Any desired pigment may be used as, for example, reflex blue pigment with
      the carbon black. The pigment is advantageously coated with a modifying
      resin or a drying oil. A toner matching the organosol of this Example A is
      as follows:
PA1  100.0 gms. microlith black
PA1  12.5 gms. reflex blue
PA1  25.0 gms. PLIOLITE VTAC
PA1  25.0 gms. SOLPRENE 1,205
PAR  Sufficient toluol was added to the above mixture to achieve the correct
      milling viscosity for milling in a triple-roll mill. After milling, the
      mixture was diluted with 600 mls. of ISOPAR G. This toner is effective for
      negatively charged electrophotographic images.
PAR  The resin organosol and the toner component are mixed in a high-speed
      emulsifying mill and the constituents milled together. The resin solution
      prepared as described above was diluted with 1,100 mls. of ISOPAR G and
      milled for one minute. Then 120 mls. of the toner component were added and
      the mixture milled for three additional minutes. This concentrated
      adhesive toner was further diluted in a ratio of 50 mls. of toner to 200
      mls. of ISOPAR G to produce a developer liquid. Adhesive or tacky toner in
      this developer liquid is readily deposited on a negative polarity surface
      charge. It will be understood that there is nothing critical in the method
      of mixing the components. The toner components may first be added to the
      mill with 1100 mls. of ISOPAR G and then followed by mixing with the resin
      solution. Alternatively, the resin and the toner may be combined and then
      added to the mill with the diluent.
PAR  This adhesive toner developing liquid produced good image transfer between
      an organic photoconductor and an uncoated paper such as Velvet Book
      Opaque. It also produced good transfer between a zinc oxide resin
      photoconductor and a Velvet Book Opaque paper. A low density image was
      observed on the zinc oxide photoconductor after transfer. The
      photoconductive surface was a commercial zinc oxide photoconductor and not
      one of our special non-adhesive formulations as described above.
PAR  We then formulated another organosol component as follows:
PAC  EXAMPLE B
PA1  37.5 gms. PLIOLITE VTAC
PA1  20.0 gms. BETAPRENE BC 100 which is a tackifier resin
PA1  100.0 gms. SOLVESSO 100
PAL  The addition of the tackifier to the resin component and its incorporation
      into the developing fluid in the manner identical to that described above
      produced a developing fluid in which the image transfer from the organic
      photoconductor to the Velvet Book paper was less complete. On the other
      hand, when this toner was used with art paper, the transfer was more
      complete. It is to be understood, of course, that the photoconductors
      tested were not of the type of our invention having a low adhesion. When
      these toners were tested with photoconductors of our invention, the
      transfer of our tacky toner from the photoconductive surface to the paper
      was substantially complete.
PAR  The amount of toner component combined with the organosol component changes
      the adhesive properties. With 120 mls. of toner component, optimum
      adhesive transfer properties were achieved. The toner component in the
      amount of 60 mls. produced a deposit of low optical density and there was
      greater sedimentation of the toner concentrate. A toner component of 240
      mls. produced an optically dense deposit. The cohesion and adhesion were
      lowered with a resultant loss of transfer properties.
PAC  EXAMPLE C
PAR  An organosol was formed as follows:
PA1  37.5 gms. SOLPRENE 303
PA1  20.0 gms. PICCOLYTE ALPHA
PA1  10.0 gms. Polystyrene (melting point 75.degree. C; approximate molecular
      weight 400)
PA1  100.0 gms. SOLVESSO 100
PAL  This resin mixture s milled in a high-speed emulsifying mill together with
      1,100 mls. of a diluent such as ISOPAR G. This forms the resin solution or
      organosol.
PAR  The toner component matching the Example C organosol was made as follows:
PA1  200 gms. microlith black
PA1  25 gms. reflex blue
PA1  50 gms. PLIOLITE S-5D
PA1  75 gms SOLPRENE 1205
PAL  These were placed in a triple-roll mill and sufficient toluol was added to
      dissolve the mix and produce good milling viscosity. The mix was then
      diluted with 1,200 mls. of ISOPAR G in a high-speed emulsifying mill. The
      resin mix was added to 1,200 mls. of ISOPAR G in a high-speed emulsifying
      mill, to which was then added 120 mls. of the toner component Type C. This
      produced a developing liquid of our invention which exhibited low adhesion
      for both the organic and zinc oxide photoconductors and high adhesion for
      bond paper, Velvet Book paper, and art paper.
PAR  It will be observed that in each case the toner component is compatible
      with the organosol, so that the high molecular weight polymer nucleates or
      attaches to the toner component. In order to achieve this, the pigment
      must be wetted with a material which allows compatibility with the high
      molecular weight polymer. After the toner component is milled, it is
      tested for its electrophoretic properties. The tests varied depending on
      the type of pigment employed. Some tests showed that toner components
      deposit both on negatively and positively charged electrostatic surfaces.
      A toner component of this nature may still be useful, if it is combined
      with the organosol, since in this case the toner charge control is
      supplied by the high molecular weight resin.
PAR  An example of this follows:
PAC  EXAMPLE D
PAR  An organosol was confected as before from the following:
PA1  37.5 gms. PLIOLITE VTAC
PA1  20.0 gms. BETRAPRENE BC-100
PA1  100.0 gms. SOLVESSO 100
PAR  The matching toner component was made as follows:
PA1  50 gms. carbon black (particle size 25 millimicrons)
PA1  50 gms. BETAPRENE BC-100
PA1  25 gms. SOLVESSO 100
PAR  We stirred this mixture in a Cowles dissolver and then milled the mixture
      in a triple-roll mill. The mixture was then diluted with ISOPAR G and the
      toner produced an immediate deposit on both positive and negative polarity
      electrosurface charges.
PAR  Twenty-five grams of the toner component was added to the organosol
      solution and stirred with a Cowles dissolver. The solution was then added
      to 1,100 mls. of ISOPAR G in a high-speed emulsifying mill and milled for
      three minutes.
PAR  The resultant adhesive toner concentrate was diluted in the ratio of 50
      mls. concentrate to 200 mls. of ISOPAR G to produce an adhesive developing
      liquid. This adhesive developing liquid produced a deposit on negatively
      charged zinc oxide photoconductor which was then transferred completely to
      uncoated bond paper. This formulation is characterized by a high-yield
      electrophoretic deposition on a negative polarity charged surface. The
      pigment to resin ratio of this toner is approximately 1:6.
PAR  It will be seen that a high molecular weight polymer may form a solution
      which may be then suspended in a diluent having low solvent power.
      PLIOLITE VTAC acting by itself exhibits good adhesion to most surfaces. We
      can modify the adhesive properties by using other high molecular weight
      polymers which in themselves have a lower adhesion for most surfaces.
      Adhesion can be increased by adding tackifier resins which impart
      additional adhesion to high molecular weight polymers. Plasticizers may be
      added to modify the adhesive properties, if such be desired.
PAR  The pigment component acts to reduce sedimentation of the toner
      concentrate. Our tacky toners generally comprise relatively large
      aggregates and consequently suffer greater sedimentation than liquid
      toners of the prior art. This, however, does not present practical
      problems as long as the sediment is flocculent, since such flocculent
      sediment is easily redispersed by mechanical agitation. It is for this
      reason that we have shown an agitator in our developer tank.
PAR  It will be observed that, in general, we employ a high molecular weight
      polymer which has a low adhesion for the image-forming surface and a high
      adhesion for the copy surface. We add another high molecular weight
      polymer which acts as a dispersing agent to produce optimum resin deposit
      and the required electrostatic charge polarity. These resins in solution
      form an organosol. If the high molecular weight polymer does not have
      sufficiently high adhesion, we may add a tackifier or a plasticizer which
      creates a high adhesion for the copy paper. The resins and plasticizers
      which are chosen must be insoluble in the diluent which suspends the
      organosol and the toner formulation.
PAR  It will be seen that we have accomplished the objects of our invention.
      Our transfer method of a developed electrostatically formed image utilizes
      the tackiness of the toner and does not depend on an electrostatic field.
      We have provided a method of contact transfer of a liquid toner developed
      electrostatic image from a photoconductive surface to a copy sheet while
      maintaining the conductive surface in a clean condition. We have provided
      a liquid developer which has greater affinity for the copy paper than the
      photoconductive surface on which the image was formed. We have provided a
      novel developing liquid carrying in suspension a toner which is non-sticky
      when first deposited, which becomes sticky or tacky after deposit, so that
      it can be transferred in its tacky condition, and which then loses its
      tackiness so that it remains firmly bonded to the surface to which it is
      transferred. We have provided a novel sheet material having a special
      affinity for a tacky toner developed image.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of our
      claims. It is further obvious that various changes may be made in details
      within the scope of our claims without departing from the spirit of our
      invention. It is, therefore, to be understood that our invention is not to
      be limited to the specific details shown and described.
CLMS
STM  Having thus described our invention, what we claim is:
NUM  1.
PAR  1. A method of compounding a developing liquid for developing latent
      electrostatic images including the steps of forming an organosol
      comprising a solution of high molecular weight resin in a solvent having a
      kauri-butanol number in excess of 50, suspending said solution in a
      diluent having a kauri-butanol number of less than 30, forming a solution
      of a high molecular weight resin in a solvent having a kauri-butanol
      number greater than 50, milling said solution with a finely divided
      pigment having electrophoretic properties, suspending said pigment mix in
      a diluent having a kauri-butanol number of less than 30 and then mixing
      the high molecular weight resin suspension and the pigment suspension to
      form a developing liquid in which the pigment to resin ratios are between
      1:11 and 1:1.
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ABST
PAL  An electrostatographic developer mixture comprising finely-divided toner
      particles electrostatically adhering to the surface of highly
      shape-classified low carbon hypereutectoid steel carrier particles, the
      steel carrier particles comprising carrier cores having a composition
      comprising about 95.0 to 99.0 parts iron, 0.1 to 2.0 parts carbon, 0.5 to
      2.0 parts manganese, 0.5 to 2.0 parts silicon, 0.03 to 0.1 parts aluminum,
      0.01 to 0.05 parts phosphorus, and 0.02 to 0.05 parts sulphur, said
      carrier cores having been heat treated to a tempered martensitic
      microstructure with an average hardness of 40-55 Rockwell C and then
      overcoated with a coating material capable of electrostatically releasing
      toner particles adhered thereto to an electrostatic latent image.
      Processes of employing said developer mixture in electrostatographic
      imaging systems are also disclosed.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a divisional application of copending application Ser.
      No. 369,036 filed June 11, 1973 now U.S. Pat. No. 3,849,182 which is a
      continuation-in-part of U.S. Ser. No. 834,862 filed on June 19, 1969, now
      abandoned.
BSUM
PAR  This invention relates in general to an imaging system and, more
      particularly, to an electrostatographic material.
PAR  Electrostatography is best exemplified by the process of xerography as
      first described in U.S. Pat. No. 2,297,691 to C. F. Carlson. In this
      process a photoconductor is first provided with a uniform electrostatic
      charge over its surface and is then exposed to an image of activating
      electromagnetic radiation which selectively dissipates the charge in
      illuminated areas of the photoconductor while the charge in the
      non-illuminated areas is retained thereby forming an electrostatic latent
      image. This electrostatic latent image is then developed or made visible
      by the deposition of finely-divided electroscopic marking particles
      referred to in the art as "toner." The toner will normally be attracted to
      those areas of the layer which retain a charge, thereby forming a toner
      image corresponding to the electrostatic latent image. This powdered image
      may then be transferred to a support surface such as paper. The
      transferred image may subsequently be permanently affixed to the support
      surface as by fusing. Instead of forming latent images by uniformly
      charging a photoconductive layer and then exposing the layer to a
      light-and-shadow image, an image may be formed by directly charging the
      layer or an insulating member in image configuration. The powder image may
      be fixed to the imaging layer if elimination of the powder image transfer
      step is desired. Other suitable means such as solvent or overcoating
      treatment may be substituted for the foregoing heat fixing steps.
PAR  Several methods are known for applying the electroscopic particles to the
      electrostatic latent image to be developed. One well-known commercial
      method for developing electrostatic images is the "cascade" process
      disclosed by L. E. Walkup in U.S. Pat. No. 2,618,551 and E. N. Wise in
      U.S. Pat. No. 2,618,552. In this method a developer material comprising
      relatively large carrier beads having fine toner particles
      electrostatically coated thereon is conveyed to or rolled or cascaded
      across the electrostatic image-bearing surface. The composition of the
      carrier particles is so chosen as to triboelectrically charge the toner
      particles to the desired polarity. As the image cascades or rolles across
      the image-bearing surface, the toner particles are electrostatically
      deposited and secured to the charged portion of a latent image and are not
      deposited on the uncharged or background portion of the image. Most of the
      toner particles accidentally deposited in the background areas are removed
      by the rolling carrier, due apparently to the greater electrostatic
      attraction between the toner and carrier than between the toner and the
      discharged background. The carrier and excess toner are then recycled.
PAR  In most commercial processes the cascade technique is carried out in
      automatic machines. In these machines small buckets on an endless belt
      conveyor scoop the developer mixture comprising relatively large carrier
      beads and smaller toner particles and convey to a point above an
      electrostatic image-bearing surface where the developer mixture is allowed
      to fall and roll by gravity across the image-bearing surface. The carrier
      beads along with any unused toner particles are then returned to the sump
      for recycling through the developing system. Small quantities of toner
      material are periodically added to the developer mixture to compensate for
      the toner depleted during the development process. This process is
      repeated for each copy produced in the machine and is ordinarily repeated
      many thousands of times during the usable life of the developer mixture.
      It is apparent that in this process, as well as in other development
      techniques, the developer mixture is subjected to a great deal of
      mechanical attrition which tends to degrade both the toner and carrier
      particles. This degradation, of course, occurs primarily as a result of
      shear and impact forces due to the tumbling of the developer mixture on
      the image-bearing plate and the movement of the bucket conveyor through
      the developer material in the sump.
PAR  In prior art processes both coated and uncoated carrier beads were employed
      with varying degress of success. However, coated carrier beads are subject
      to deterioration or degradation characterized by the separation of
      portions of or the entire carrier coating from the carrier core. The
      separation may be in the form of chips, flakes, or entire layers and is
      primarily caused by poorly adhering coating materials which fail upon
      impact and abrasive contact with machine parts and other carrier
      particles. Carriers having coatings tend to chip and otherwise separate
      from the carrier core and must be frequently replaced, thereby increasing
      expense and consuming time. Print deletion and poor print quality occur
      when carrier particles having damaged coatings are not replaced. Fines and
      grit formed by the carrier coating disintegration tend to drift and form
      unwanted deposits on critical machine parts. In addition, the
      triboelectric properties of the carrier material vary with deterioration
      of the coating resulting in poor print quality.
PAR  Uncoated carrier beads, on the other hand, have three main deficiencies.
      First, often they lack the weight required to insure against adherence of
      the granular carrier material to the charged plate. Desirably, the
      specific gravity of the carrier material should be between about 3 and
      about 8. Heavier carrier bead materials cause impact damage to the surface
      of the image bearing layer. Secondly, the prior art uncoated carrier
      materials lacked the triboelectric qualities required of an
      electrostatographic material. Problems encountered when carrier materials
      lack these properties are set out in the following discussion. In the
      reproduction of high contrast copies such as letters, tracings, and the
      like, it is desirable to select the electroscopic powder and carrier
      materials so that their mutual electrification is relatively large; the
      degree of such electrification being determined in most cases by the
      distance between their relative positions in the triboelectric series.
      However, when otherwise compatible electroscopic powder and carrier
      materials are removed from each other in the triboelectric series by too
      great a distance, the resulting images are very faint because the
      attractive forces between the carrier and toner particles compete with the
      attractive forces between the electrostatic latent image and the toner
      particles. Although the image density described in the immediately
      preceding sentence may be improved by increasing the toner concentration
      in the developer mixture, undesirably high background toner deposition as
      well as increased toner impaction and agglomeration is encountered when
      the developer mixture is overtoned. The initial electrostatographic plate
      charge may be increased to improve the density of the deposited powdered
      image but the plate charge would ordinarily have to be excessively high in
      order to attract the electroscopic powder away from the carrier particle.
      Excessively high electrostatographic plate charges are not only
      undesirable because of the high power consumption necessary to maintain
      the electrostatographic plate at high potentials but also because a high
      potential causes the carrier particles to adhere to the
      electrostatographic plate surface rather than merely roll across and off
      the electrostatographic plate surface. Print deletion and massive
      carryover of carrier particles often occur when carrier particles adhere
      to reusable electrostatographic imaging surfaces. Massive carrier
      carryover problems are particularly acute when the developer is employed
      in solid area coverage machines where excessive quantities of toner
      particles are removed from carrier particles thereby leaving many carrier
      particles substantially bare of toner particles. Further, adherence of
      carrier particles to reusable electrostatographic imaging surfaces
      promotes the formation of undesirable scratches on the surfaces during
      image transfer and surface cleaning operations. It is, therefore, apparent
      that many materials which otherwise have suitable properties for
      employment as carrier particles are unsuitable because they possess too
      high a triboelectric value. Desirably, the triboelectric value for
      conventional electrostatography measured in micro-coulombs per gram of
      toner should be between 8 and 30.
PAR  Finally, the triboelectric value of a carrier material should not be
      significantly affected by ambient humidity conditions since such effect
      would destroy print quality at higher humidities and complicate machine
      design and operation. Many prior art uncoated materials were never
      commercially successful because of their great humidity sensitivity.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a system for
      developing electrostatic latent images which overcome the above-noted
      deficiencies.
PAR  It is another object of this invention to provide a system for developing
      electrostatic latent images which is relatively insensitive to humidity
      conditions.
PAR  It is another object of this invention to provide a carrier material which
      is relatively resistant to abrasion.
PAR  It is another object of this invention to provide a carrier material which
      has relatively improved triboelectric properties.
PAR  It is another object of this invention to provide a carrier material which
      has a relatively high density.
PAR  It is still another object of this invention to provide a carrier core
      material which allows for greater adhesion of carrier coating materials.
PAR  It is yet another object of this invention to provide a coated carrier
      material which is not subject to deterioration or degradation.
PAR  It is a further object of this invention to provide a carrier material
      wherein the carrier coating does not separate from the core material
      during machine operation.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing highly shape-classified low carbon hypereutectoid
      steel beads which have been heat treated to a tempered martensitic
      microstructure with an average hardness of 40-55 Rockwell C for use as an
      electrostatographic carrier core. The highly shape-classified low carbon
      hypereutectoid steel bead electrostatographic carrier cores of this
      invention comprise about 95.0 to 99.0 parts iron, 0.1 to 2.0 parts carbon,
      0.5 to 2.0 parts manganese, 0.5 to 2.0 parts silicon, 0.03 to 0.1 parts
      aluminum, 0.01 to 0.05 parts phosphorus, and 0.02 to 0.05 parts sulphur.
      One of the desirable properties of this type of core material is that the
      slight porosity of its surface area improves and yields greater adhesions
      of polymer coatings. Another desirable property of the electrostatographic
      carrier core materials of this invention is the presence of a rough
      surface thereon obtained by the aforementioned heat treatment in an air or
      oxygen atmosphere at temperatures ranging between about 500.degree. and
      about 1000.degree.F. The heat treatment of the core material provides
      oxidized carrier cores having a surface oxide layer comprising Fe.sub.3
      O.sub.4 of a thickness between about 0.2 and about 5.0 microns. It has
      been found that thus oxidized low carbon hypereutectoid steel carrier
      beads when subsequently coated with polymer materials provide coated
      electrostatographic carrier beads having increased coating to core
      adhesion resulting in longer machine life, less gritting characteristics,
      and permitting faster machine speeds. Particularly good adhesion of
      carrier coatings to the core material is obtained with an oxidized surface
      carrier core composition comprising about 96.0 to 98.0 parts iron, 0.85 to
      1.5 parts carbon, 0.9 to 1.2 parts manganese, 0.9  to 1.2 parts silicon,
      0.035 to 0.045 parts aluminum, 0.015 to 0.05 parts phosphorus, and 0.03 to
      0.05 parts sulphur. Optimum adhesion of carrier coatings to core material
      is obtained with an oxidized surface carrier core composition comprising
      about 96.9 parts iron, 1.0 part carbon, 1.0 part manganese, 1.0 part
      silicon, 0.04 parts aluminum, 0.015 parts phosphorus, and 0.035 parts
      sulfur.
PAR  The polymer coated carrier beads of this invention have a minimum density
      of about 7.0 grams per cubic centimeter.
PAR  The raw low carbon hypereutectoid steel beads when received as manufactured
      generally are not satisfactory for use as electrostatographic carrier
      cores because they usually contain at least about thirty percent by weight
      of non-round materials. The raw steel beads are generally manufactured by
      the so-called Rotating Electrode Process or in an electric arc furnace
      well known in the metals processing industry. In the Rotating Electrode
      Process, a rapidly rotating electrode, on the order of 5,000 to 12,000
      RPM, of the metal to be spheroidized is made molten by an electric arc
      from an opposing stationary tungsten electrode. Centrifugal forces throw
      off the molten droplets of metal which solidify in a chosen controlled
      atmosphere, for example, helium, before hitting the walls of a cylindrical
      collection chamber surrounding the electrodes. Thus, although spheroidal
      particles are produced, a mixture of round and irregularly shaped
      particles generally result. Non-round materials are undesirable because
      they contain slag, hollow particles, chip particles, and flat particles
      which cause variations in electrostatographic carrier bead density
      resulting in carrier bead sticking to electrostatographic photoreceptor
      drum surfaces causing print deletions, scratches on the photoreceptor
      drum, and non-uniform developer triboelectric properties. In addition,
      undersized particles create machine leakage problems and oversized
      particles lessen the amount of developability, that is, edge definition
      and background levels suffer in quality. Consequently, the raw steel beads
      must be sized and classified for usage as electrostatographic carrier
      cores.
PAR  In accordance with this invention, one method of obtaining highly
      shape-classified steel carrier cores is by mechanically separating round
      from irregularly-shaped beads through controlled vibration such as by
      employing a vibrating table set at a predetermined slope. A particularly
      useful vibrating table for classifying round beads in the 100 micron size
      range is TAFA Model 41-5 Vibrating Table available from TAFA Division,
      Humphreys Corp., Bow-Concord, New Hampshire. For separating 250 and 450
      micron round carrier core material from non-round materials, a
      particularly useful method is by employing a Krussow Double Spiral
      Separator available from Cleland Manufacturing Company, Minneapolis,
      Minnesota. For obtaining the highly shape-classified 250 micron and 450
      micron steel carrier cores, respectively, of this invention, it was found
      that the 31/2 spiral width and the 51/2 spiral width, respectively, of the
      aforementioned separator provided better than 95.0 percent rounds and the
      removal of all flakes and non-rounds with no appreciable loss of round
      material.
PAR  It has been found that the highly shape-classified low carbon
      hypereutectoid oxidized steel carrier beads of this invention when coated
      with a polymer coating provide satisfactory results in an
      electrostatographic device when at least about 95 percent of the carrier
      beads have been classified as rounds. For even better results, it is
      preferred that at least about 97 percent of the carrier beads have been
      classified as rounds. Optimum results in an electrostatographic device are
      obtained when at least about 98 percent of the carrier beads have been
      classified as rounds. As an indication of the value of shape-classified
      carrier beads, the voltage required to adhere carrier beads of various
      roundness percentages was measured by rolling developer mixtures prepared
      therefrom down an electrode inclined at 25.degree.. It was found that as
      the percentage of round classified carrier beads increased, so did the
      voltage required to adhere the carrier beads to the electrode. For
      example, at about 25 percent rounds, the voltage required was about 360;
      at about 50 percent round, the voltage required was about 440; at about 75
      percent rounds, the voltage required was about 570; and at about
      essentially 100 percent rounds, the voltage required was about 860. Thus,
      as the percentage of round carrier beads increases so does the voltage
      required to cause carrier bead sticking on an electrically charged surface
      such as a photoreceptor drum. Therefore, when employing highly
      shape-classified carrier beads in an electrostatographic development
      system, carrier bead sticking is minimized, photoreceptor surface
      scratching and damage is likewise minimized, and print quality is greatly
      improved.
PAR  After classification, the carrier cores may be coated with any suitable
      carrier coating material. Typical carrier coating materials include
      natural resin, thermoplastic resin, or partially cured thermosetting
      resin. Typical natural resins include: caoutchouc, colophony, copal,
      dammar, dragon's blood, jalep, storax, and mixtures thereof. Typical
      thermoplastic resins include: the polyolefins such as polyethylene,
      polypropylene, chlorinated polyethylene, and chlorosulfonated
      polyethylene; polyvinyls and polyvinylidenes such as polystyrene,
      polymethylstyrene, polymethylmethacrylate, polyacrylonitrile,
      polyvinylacetate, polyvinylalcohol, polyvinylbutyral, polyvinylchloride,
      polyvinylcarbazole, polyvinyl ethers, and polyvinyl ketones; fluorocarbons
      such as polytetrafluoroethylene, polyvinylfluoride, polyvinylidene
      fluoride; and polychlorotrifluoroethylene; polyamides such as
      polycoproloctamo and polyhexamethylene adipimide; polyesters such as
      polyethylene terephthalate; polyurethanes; polysulfides; polycarbonates;
      and mixtures thereof. Typical thermosetting resins include: phenolic
      resins such as phenol formaldehyde, phenol furfural and resorcinol
      formaldehyde; amino resins such as urea formaldehyde and melamine
      formaldehyde; polyester resins; epoxy resins; and mixtures thereof. A
      styrene-methacrylate-organosilicon terpolymer carrier coating composition
      such as described in U.S. Pat. No. 3,526,533 is particularly preferred
      because of its excellent triboelectric characteristics. The highly
      shape-classified oxidized carrier core materials of this invention may be
      coated with carrier coating material by any conventional carrier coating
      technique, such as, for example, the technique described in U.S. Pat. No.
      2,618,551.
PAR  After the highly shape-classified carrier beads of this invention are
      coated with carrier coating material, the coated carrier beads are
      screened to remove any agglomerates formed during the coating process. The
      screen mesh sizes employed naturally depend upon the carrier bead size
      desired. The thus-obtained carrier beads are now ready for mixing with an
      appropriate toner material to provide a developer mixture.
PAR  Any suitable pigmented or dyed electroscopic toner material may be employed
      with the carriers of this invention. Typical toner materials include: gum
      copal; gum sandarac; rosin; cumaromeindene resin; asphaltum; phenol
      formaldehyde resins; rosin modified phenol formaldehyde resins;
      methacrylic resins; polystyrene resins; polypropylene resins; epoxy
      resins; polyethylene resins; polyester resins; and mixtures thereof. The
      particular toner material to be employed usually depends upon the
      separation of the toner particles from the carrier beads in the
      triboelectric series and whether a negatively or positively charged image
      is to be developed. Among the patents describing electroscopic toner
      compositions are U.S. Pat. No. 2,659,670 to Copley, U.S. Pat. No.
      2,753,308 to Landrigan, U.S. Pat. No. 3,079,342 to Insalaco, U.S. Pat. No.
      Re. 25,136 to Carlson, and U.S. Pat. No. 2,788,288 to Rheinfrank et al.
      These toners generally have an average particle diameter between about 1
      and 30 microns. A toner comprising a styrene-N-butyl methacrylate
      copolymer, polyvinylbutyral and carbon black produced by the method
      disclosed by M. A. Insalaco in Example I of U.S. Pat. No. 3,079,342 is
      preferred because of its excellent triboelectric qualities and its deep
      black color.
PAR  An ultimate coated carrier particle diameter between about 50 microns to
      about 1,000 microns is preferred because the carrier particles then
      possess sufficient density and inertia to avoid adherence to the
      electrostatic images during the cascade development process. Adherence of
      carrier beads to electrostatographic drum surfaces is undesirable because
      of the formation of deep scratches on the surface during the image
      transfer and drum cleaning steps, particularly where cleaning is
      accomplished by a web cleaner such as the web disclosed by W. P. Graff,
      Jr., et al. in U.S. Pat. No. 3,186,838. Also, print deletion occurs when
      carrier beads adhere to electrostatographic imaging surfaces. Generally,
      speaking, satisfactory results are obtained when about 1 part toner is
      used with about 10 to about 200 parts by weight of carrier.
PAR  The developer compositions of the instant invention may be employed to
      develop electrostatic latent images on any suitable electrostatic latent
      image-bearing surface including conventional photoconductive surfaces.
      Well-known photoconductive materials include vitreous selenium, organic or
      inorganic photoconductors embedded in a non-photoconductive matrix,
      organic or inorganic photoconductors embedded in a photoconductive matrix,
      and the like. Representative patents in which photoconductive materials
      are disclosed include U.S. Pat. No. 2,803,542 to Ullrich, U.S. Pat. No.
      2,970,906 to Bixby, U.S. Pat. No. 3,121,006 to Middleton, U.S. Pat. No.
      3,121,007 to Middleton, and U.S. Pat. No. 3,151,982 to Corrsin. The
      developer compositions of this invention provide improved print quality
      such as image sharpness, solid area coverage and character fill-in when
      employed in electrostatographic machines.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples further define, describe, and compare methods of
      preparing developer materials of the present invention and of utilizing
      them to develop electrostatic latent images. Parts and percentages are by
      weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  Highly shape-classified 100 micron steel cores are obtained by the
      following method. A TAFA Model 41-5 vibrating table available from TAFA
      Division, Humphreys Corp., Bow-Concord, New Hampshire, is placed on a firm
      bench or table. Using an inclinometer, such as available from Berger
      Instruments, Boston, Mass., the table slope is adjusted to provide about
      2.degree. decline from back to front and about 1.5.degree. decline from
      the feed-side to the discharge-side. The vibration amplitude rheostat is
      set at about 32. The table is cleaned with a camel hair brush to remove
      dust which impedes the flow of carrier core. A feeder, such as Syntron
      Model EB-70 Parts Feeder available from Syntron Division, FMC Corporation,
      Homer City, Pa., isolated from table vibration, is regulated to provide a
      steady material flow with good dispersion across the vibrating table. The
      two carrier core fractions are collected in the respective round and
      non-round collection containers. In this way, 100 micron carrier core
      particles are mechanically separated into round and irregularly shaped
      beads as to provide highly shape-classified carrier cores.
PAC  EXAMPLE II
PAR  Highly shape-classified 250 micron steel carrier cores are obtained by the
      following method. The as-received carrier cores are poured into a gravity
      separator, such as the Krussow Double Spiral Separator available from
      Cleland Manufacturing Company, Minneapolis, Minnesota, employing a 31/2
      spiral width. The rounds are consolidated into one container. In this way,
      highly shape-classified carrier core particles being at least about 95.0
      percent rounds are obtained and flaked, non-round, irregularly shaped
      particles are separated from the starting material with no appreciable
      loss of round material.
PAC  EXAMPLE III
PAR  A highly shape-classified 250 micron coated carrier material is prepared as
      follows. The carrier core material comprises about 96.9 parts iron, 1.0
      part carbon, 1.0 part manganese, 1.0 part silicon, 0.04 parts aluminum,
      0.15 parts phosphorus, and 0.035 parts sulphur. The surface of the carrier
      core material has an oxide layer comprising Fe.sub.3 O.sub.4 of about 1.0
      micron in thickness obtained by heat treating the carrier cores at about
      900.degree.F in an air atmosphere for about 6 hours. The oxidized carrier
      core material was exposed to a 0.05 M CuSO.sub.4 solution to ascertain the
      degree of surface oxidation. Theoretically, the copper should plate any
      area of the carrier core not having an oxide coating. By the foregoing,
      only a few carrier beads became plated with copper. The carrier beads were
      then classified to obtain at least about 95.0 percent rounds in accordance
      with Example II. The highly shape-classified carrier beads were then
      coated with about 0.28 percent by weight, based on the weight of the
      beads, of the methyl terpolymer coating composition disclosed in U.S. Pat.
      No. 3,526,533 and wherein the coating composition contained about 8.0
      percent by weight, based on the weight of the coating composition, of
      DuPont Oil Red dye. The highly shape-classified coated carrier beads are
      then screened to remove any agglomerated particles. The classified and
      screened coated carrier cores are then evaluated for carrier coating
      abrasion resistance according to the following procedure: Approximately
      25.0 grams of coated carrier beads are weighed to the nearest 0.1
      milligram and placed in a 250 ml stainless steel beaker fitted with a
      rubber stopper. The beaker and the carrier beads are agitated on a Red
      Devil Paint shaker for 15 minutes. The stopper is removed and any
      particles adhering thereto are carefully washed into the beaker with a
      wash bottle. 100 Ml of distilled water and two drops of Triton X-100, a
      nonionic wetting agent available from Rohm & Haas, Philadelphia, Pa., are
      added to the beaker. The mixture is agitated for 30 seconds at 7 amps
      using a Branson Sonifier. The mixture is carefully filtered through a 5
      micron cellulose, millipore filter weighed to the nearest 0.1 milligram.
      The mixture is washed with two additional 100 ml portions of distilled
      water and filtered. The filter paper is dried to constant weight in a
      circulating air oven at 60.degree.C. The coating weight removed is
      determined by subtracting the original filter weight from the final
      weight. The coating weight removed was found to be about 17.0 percent.
PAR  A developer mixture is prepared by mixing about 100 parts of the highly
      shape-classified coated carrier beads obtained with about one part of
      toner material comprising styrene-n-butyl methacrylate copolymer,
      polyvinylbutyral and carbon black produced by the method disclosed in
      Example I of U.S. Pat. No. 3,079,342 having an average particle size of
      about 10 to about 20 microns. The developer mixture is cascaded across an
      imaging surface bearing a positively charged electrostatic image. The
      resulting developed image is transferred by electrostatic means to a sheet
      of paper whereon it is fused by heat. The resulting image is dense and
      substantially free of background toner deposits. After the development of
      about 13,000 images, the carrier material is examined. The material
      overcoating the carrier core is found not to have flaked, separated, or
      deteriorated in any manner.
PAC  EXAMPLE IV
PAR  A coated carrier material is prepared as follows. The carrier core material
      comprises about 96.9 parts iron, 1.0 part carbon, 1.0 part manganese, 1.0
      part silicon, 0.04 parts aluminum, 0.15 parts phosphorus, and 0.035 parts
      sulphur. The carrier core material is not heat-treated as in Example III
      and has substantially no oxide layer thereon. The carrier core material
      was exposed to a 0.05 M CuSO.sub.4 solution to determine the degree of
      surface oxidation. Substantially all of the carrier core material became
      plated with copper indicating substantially no surface oxidation. The
      carrier core material was then classified, coated, screened, and evaluated
      for carrier coating abrasion resistance as in Example III. The coating
      weight removed was found to be about 73.0 percent.
PAR  A developer mixture is produced by mixing about 100 parts of the coated
      carrier beads with about one part of the toner material described in
      Example III and employed as in Example III to develop an imaging surface
      bearing a positively charged electrostatic image. After development of
      several hundred images, the carrier material is examined. The material
      overcoating the carrier core is found to have flaked, separated, and
      deteriorated. The developed images are found to have hollow characters,
      poor edge definition, and contain an unsatisfactory level of background
      deposits. These results show that an oxidized carrier substrate provides a
      much stronger coating/core bond providing much improved carrier coating
      adhesion with resulting improved print quality.
PAC  EXAMPLE V
PAR  The carrier material of Example III was evaluated for carrier coating
      abrasion resistance as in Example III except that the carrier cores were
      coated with 0.2 percent and 0.6 percent coating weights. The object was to
      determine the effect of coating weight on abrasion resistance. The
      results, based on the abrasion test, indicate that carrier coating
      abrasion resistance is not influenced by coating weight.
PAC  EXAMPLE VI
PAR  250 Micron size carrier core material comprising about 98.9 parts iron, 0.1
      parts carbon, 0.5 parts manganese, 0.5 parts silicon, 0.03 parts aluminum,
      0.01 parts phosphorus, and 0.02 parts sulphur was oxidized in an air
      atmosphere under various conditions in a Lindberg Hevi-Duty Oven to
      determine the effect on carrier coating abrasion resistance. All trials
      were run at 500.degree.C with the only variable being time of treatment.
      The as-received core material was poured into a crucible and placed in the
      oven. The power for the oven was switched on and the temperature controls
      were set for 500.degree.C. When the control temperature was reached, the
      treatment was begun. After the desired treatment time, the crucible was
      removed from the oven and allowed to air cool overnight. Oxidation times
      allowed were 1, 3, and 7 hours. Samples of the as-received carrier core
      material and the carrier core materials air-oxidized for 1, 3, and 7
      hours, respectively, were then coated with 0.28 percent by weight, based
      on the weight of the carrier cores, with the coating composition of
      Example III. The four sets of carrier materials were evaluated for carrier
      coating abrasion resistance in accordance with the procedure set forth in
      Example III. It was found that the asreceived coated core sample provided
      the poorest carrier coating abrasion resistance losing about 71.0 percent
      total coating after 15 minutes agitation. The core material sample
      air-oxidized for one hour lost about 54.0 percent total coating after 15
      minutes agitation; the core material sample air-oxidized for three hours
      lost about 55.0 percent total coating after 15 minutes agitation; and the
      core material sample air-oxidized for 7 hours lost about 43.0 percent
      total coating after 15 minutes agitation. Thus, a significant improvement
      in the coating adhesion to carrier core was observed in the air-oxidized
      samples.
PAR  Although specific components and proportions have been stated in the above
      description of preferred embodiments of the invention, other typical
      materials as listed above where suitable may be used with similar results.
      In addition, other materials may be added to the mixture to synergize,
      enhance, or otherwise modify the properties of the carrier beads. For
      example, a material to improve the sphericity of the beads may be
      incorporated during manufacture.
PAR  The expressions "developer" and "developing material" as employed herein
      are intended to include electroscopic toner material or combinations of
      toner material and carrier material.
PAR  Other modifications and ramifications of the present invention will occur
      to those skilled in the art upon a reading of this disclosure. These are
      intended to be included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrostatographic developer mixture consisting essentially of about
      one part by weight of finely-divided toner particles electrostatically
      adhering to the surface of about 10 parts to about 200 parts by weight of
      highly shape-classified low carbon hypereutectoid steel carrier particles
      having an average particle size between about 50 microns and about 1,000
      microns and a specific gravity of at least about 7 grams per cubic
      centimeter, said steel carrier particles having been heat treated to a
      tempered martensitic microstructure with an average hardness of 40-55
      Rockwell C in an air or oxygen atmosphere at temperatures ranging between
      about 500.degree. and about 1,000.degree.F to provide an oxide surface
      layer comprising Fe.sub.3 O.sub.4 on said steel carrier material, said
      oxide surface layer having a thickness between about 0.2 and about 5.0
      microns, said steel carrier particles comprising carrier cores having a
      composition comprising about 95.0 to about 99.0 parts iron, about 0.1 to
      about 2.0 parts carbon, about 0.5 to about 2.0 parts manganese, about 0.5
      to about 2.0 parts silicon, about 0.03 to about 0.1 parts aluminum, about
      0.01 to about 0.05 parts phosphorus, and about 0.02 to about 0.05 parts
      sulphur, said treated carrier particles being overcoated with a resinous
      coating material capable of electrostatically releasing said
      electrostatically adhering toner particles to an electrostatic latent
      image.
NUM  2.
PAR  2. An electrostatographic developer mixture according to claim 1 wherein
      said carrier cores comprise about 96.0 to about 98.0 parts iron, about
      0.85 to about 1.5 parts carbon, about 0.9 to about 1.2 parts manganese,
      about 0.9 to about 1.2 parts silicon, about 0.035 to about 0.045 parts
      aluminum, about 0.015 to about 0.05 parts phosphorus, and about 0.03 to
      about 0.05 parts sulphur.
NUM  3.
PAR  3. An electrostatographic developer mixture according to claim 1 wherein
      said carrier cores comprise about 96.9 parts iron, about 1.0 parts carbon,
      about 1.0 parts manganese, about 1.0 parts silicon, about 0.04 parts
      aluminum, about 0.015 parts phosphorus, and about 0.035 parts sulphur.
NUM  4.
PAR  4. An electrostatographic developer mixture according to claim 1 wherein
      said highly shape-classified steel carrier particles comprise at least
      about 95 percent by weight of round carrier particles.
NUM  5.
PAR  5. An electrostatographic developer mixture according to claim 1 wherein
      said highly shape-classified steel carrier particles are essentially free
      of non-round carrier particles.
NUM  6.
PAR  6. An electrostatographic developer mixture according to claim 1 wherein
      said highly shape-classified steel carrier particles are obtained by
      mechanically separating round carrier particles from irregularly-shaped
      particles through controlled vibration.
NUM  7.
PAR  7. An electrostatographic developer mixture according to claim 1 wherein
      said highly shape-classified steel carrier particles are obtained by
      separating non-round particles from round carrier particles by employing a
      double-spiral separator.
NUM  8.
PAR  8. An electrostatographic developer mixture according to claim 1 wherein at
      least about 95 percent of said steel carrier particles have been
      classified as rounds.
NUM  9.
PAR  9. An electrostatographic developer mixture according to claim 1 wherein
      said carrier coating material consists essentially of a
      styrene-methacrylate-organosilcon terpolymer.
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PAL  Disclosed herein are novel liquid toner compositions that are useful in
      copier duplicators. The toner compositions of the present invention are
      highly hydrophobic liquid toners for developing latent images and comprise
      pigment, dye, polymer and a silane treated fumed silica, the combination
      being suspended in a volatile isoparaffinic hydrocarbon vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid toners for use in a combination of
      electrostatic copier and lithographic printer generally known as a copier
      duplicator, and more particularly to compositions of toners wherein finely
      divided pigment, dye, polymer and a hydrophobic agent are suspended in a
      volatile hydrocarbon liquid having a high electrical resistance.
PAR  In electrostatic printers, a sheet having a photoconductive layer is given
      a electrostatic positive or negative charge in the dark, such as by means
      of a corona-charging device. The charge layer is then exposed to a light
      image of an original document to cause the charge on the layer to leak off
      in non-image areas and selectively leave a latent electrostatic charge
      image. This latent image is then developed by applying to the
      photoconductive layer a toner containing particles which have a charge
      opposite to the residual electrostatic charge image so that the toner
      particles adhere to the charged areas and form an image. In order to
      function properly for this purpose, the toner must be capable of producing
      a colored layer of suitable density on the charged areas without unduly
      coloring the background areas. Although there are many liquid toners which
      serve satisfactorily in the electrophotographic production of a single
      copy, where multiple copies are to be made, as in a copier duplicator, for
      various reasons prior toners have proven deficient.
PAR  In a copier duplicator the sheet having the image serves as a master in a
      combination electrophotographic and lithographic operation where many
      copies are to be produced. This includes the operation where the master
      may be part of an offset printer. In such an operation, a sheet having a
      photoconductor coating is given a charge as by a corona flash. The charged
      surface is then exposed to an original to be reproduced and an image is
      formed on the photoconductor surface. The sheet is then passed through a
      liquid toner whereby hydrophobic, oleophilic particles are
      electrostatically attached to the latent image. The master is then dried
      to set the toner, etched to render the background hydrophilic, dampened
      with water and then dampened with an oil based ink. In an offset operation
      the image is then transferred to a blanket from which it is subsequently
      transferred to the copy paper.
PAR  In a copier duplicator, the toner must not only obtain true reproduction
      over the image area, otherwise known as "fill-in", but it should also be
      highly hydrophobic and oleophilic as well as be impervious and resistant
      to etching chemicals.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a liquid toner
      composition for a copier duplicator which is strongly hydrophobic and
      oleophilic.
PAR  A further object of the present invention is to provide a highly
      hydrophobic liquid toner compositions which give images having good
      fill-in.
PAR  A still further object of this invention is to provide a highly hydrophobic
      and oleophilic liquid toner for use in a copier duplicator which is
      impervious and resistant to etching chemicals.
PAR  Another object of the present invention is to provide a highly hydrophobic
      liquid toner composition that can be used to produce a electrostatic
      offset master for use in lithographic printing.
PAR  These and other objects of the present invention will become apparent by
      reading the following detailed description.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has been found that the above objects may be attained and and improved
      liquid toner for a copier duplicator produced by the use of the present
      invention. The liquid toner composition of the present invention comprises
      a finely divided pigment, such as carbon black, a dye and a hydrophobic
      agent suspended in a hydrocarbon fluid containing a dissolved polymer. The
      hydrophobic agent which has been found to have particular utility in a
      liquid toner is a silane treated fumed silica.
PAR  The term silane treated fumed silica is defined for the purposes of this
      invention as fumed silicon dioxide which is treated with an organosilicon
      compound in which some of the bonds of a silane linkage are substituted by
      saturated or unsaturated hydrophobic organic groups. The saturated organic
      groups include methyl, ethyl, propyl, butyl, bromomethyl, chloromethyl,
      chloroethyl and chloropropyl groups. The unsaturated organic groups
      include vinyl, chlorovinyl, allyl, allyl-phenyl, and methacryloxypropyl.
      It will be appreciated that some of the organosilicon bonds of the silane
      linkage may be satisfied by oxygen atoms.
PAR  The liquid toner compositions of the present invention may be utilized in
      both direct and offset lithographic techniques; however, it should be
      noted that the liquid toner of the present invention is not limited in its
      use in lithographic techniques as it can be used for electrophotographic
      printing, high speed printing, ink jet printing, microfilm reproduction,
      facsimile printing, instrument recording, etc.
PAR  The primary advantage of the liquid toner compositions of the present
      invention is that they have characteristics which are required for making
      good offset litho masters as follows: (a) The toned areas are sufficiently
      hydrophobic/oleophilic to attract ink and repel a fountain solution; (b)
      Toned areas resist the attack of etch solution; (c) Toner particles have
      as uniform charge so that the non-image areas are not developed and solid
      areas are filled uniformly; and (d) Toner suspension has good stability,
      good adhesion to the image areas.
PAR  The use of conventional pigmented liquid toners have led to the obtaining
      of copies of poor quality or non-acceptability and therefore would not be
      useful in offset printing as they do not possess the enumerated
      characteristics.
PAR  The toner pigment, such as alkali blue and carbon black, should be of
      particularly fine particle size, preferably not greater than about 25
      millimicrons particle diameter as measured by electron microscopy.
PAR  Example of inorganic or organic pigment coloring agents which may be added
      to electrostatic liquid toners of the present invention are as follows:
      Carbon black, aniline black, cyanine black, spirit black, benzidine
      orange, benzidine yellow, methylene blue, alkali blue, cyanine blue,
      phthalocyanine green.
PAR  It is to be understood that the inclusion of a dye is not necessary in a
      toner to be used in a copier-duplicator as the coloring agent for the copy
      paper is the ink with which the master or blanket is dampened. A dye such
      as nigrosine may be included in such a toner composition as a matter of
      convenience where it is desirable to see the image of the master.
PAR  The carrier liquid, as mentioned above, is a hydrocarbon fluid, it having
      been discovered that this particular class of carriers is uniquely capable
      of effecting the present invention by virtue of the following attributes:
      (a) quick evaporation, e.g., a thin film of the carrier will evaporate in
      a few seconds at a temperature below the char point of paper, so as to
      permit fast drying; (b) non-toxity; (c) low odor; (d) sufficient fluidity
      to allow the dispersed particles to migrate therethrough with ease so that
      they are capable of being quickly electrostatically attracted to and
      coupled with the pattern of electrostatic charges which is to be developed
      (e) not attacking the binder or other ingredients of the photoconductive
      coating on the lithographic master; (f) not bleeding the electrostatic
      charges before the particle is deposited so as to maintain any desire
      degree of contrast; and (g) inexpensiveness.
PAR  In order to obtain these beneficial attributes, the petroleum fraction,
      i.e., paraffinic solvent, should have an evaporation rate at least as fast
      as that of kerosene, but slower than that of hexane. Thereby, the
      evaporation of the liquid from a film will be rapid, e.g., 2 seconds, or
      less, at a temperature below the char point of paper, it being customary
      to raise the temperature of the film of liquid developer to this level for
      the purpose of evaporating the developer after the electroscopic particles
      of the toner have been deposited by attraction on the electrostatically
      charged pattern. The petroleum fraction should have a low K.B.
      (Kauri-butanol) number, to wit, less than 30, and preferably between 25
      and 30. This low K.B. number minimizes the possibility that the petroleum
      fraction will attack the coating binder, e.g., the binder for the zinc
      oxide, or will attack or dissolve the dispersed copolymer particles of the
      toner. The petroleum fraction also should be substantially free of
      aromatic liquid constitutents, i.e., it should be substantially
      aromatic-liquid-free. This term as used herein, connotes that the
      proportion of aromatic liquids in the organic liquid carrier should not be
      in excess of approximately 2 percent by weight. The aromatic liquids have
      a strong tendency to attack the coating binders, e.g., the coating binders
      for zinc oxide, but in concentrations of less than 2 percent this tendency
      is so negligible as to be unnoticeable. The petroleum fraction must have a
      high electrical resistivity, e.g., in the order of at least 10.sup.9 ohm
      centimeters, and a dielectric constant of less than 3.5 so that the liquid
      carrier will not dissipate the pattern of electrostatic charges which are
      to be developed. The TCC (Tagliabue closed cup) flash point of the liquid
      carrier should be at least 100.degree.F (38.degree.C) whereby under the
      conditions of use the liquid is considered non-flammable. The paraffinic
      solvent also is non-toxic. It possesses no objectionable odor and
      preferably is odor-free, this being denoted by the term "low odor."
PAR  Consonant with its low dielectric constant and high resistivity, the liquid
      carrier is non-polar. The petroleum fractions have two other advantages of
      low viscosity and inexpensiveness.
PAR  Examples of petroleum fraction organic liquid carriers having physical
      characteristics which fall within the foregoing criteria are Isopar G
      manufactured by Exxon Corporation and Soltrol 100 manufactured by Phillips
      Petroleum.
PAR  The polymeric material must be soluble in the saturated low K B solvent
      isoparaffinic hydrocarbon fluid and is preferably an acrylic polymer, an
      olefin-alkylated polyvinylpyrrolidone or a beta-piene having a high degree
      of affinity for adsorption on the pigment. Examples of such polymeric
      materials are Neocryl B-707, manufactured by Polyvinyl Chemicals, Inc,
      Ganex 216, manufactured by GAF Corp. and Gammaprene A-115 manufactured by
      Reichold Chemicals, respectively. Throughout this specification, including
      the appended claims, the term polymer is used to specify a polymeric
      material soluble in a low K B solvent.
PAR  Various charge director compounds may be added, if desired to the toner
      compositions of the present invention. While it is not necessary with the
      electrostatic liquid toner composition of the present invention it might
      be desirable, for increased contrast, to include in the toner composition
      a positively or negatively charged charge director.
PAR  The charge directors, which are per se well known in the field of
      electrostatic liquid toners, must be soluble or dispersible in the
      paraffinic solvent and must create or augment an electrostatic charge on
      the sub-micron dispersed particles. Examples of usable charge directors
      pursuant to this invention are aluminum stearate; cobalt salt of 2-ethyl
      hexanoic acid; iron salt of 2-ethyl hexanoic acid; manganese salt of
      2-ethyl hexanoic acid; zirconium salt of 2-ethyl hexanoic acid; manganese
      linoleate; metal salts consisting of naphthenic acid and metals such as
      manganese, cobalt, nickel, zinc, chromium, magnesium, lead, iron
      zirconium, calcium and aluminum. Negative charge directors, or reversed
      toners, would include compounds of: phospholipids, lecithin, and
      sulfonates.
PAR  The desirable amount of such a charge director dissolved is the carrier
      liquid consisting of said hydrocarbon is in the range of from 0.01g to 1g
      per 1000 g of the carrier liquid.
PAR  Hydrophobic agents that have been found to be particularly suitable as part
      of the toner composition of the present invention are silane treated fumed
      silica. An example of such a silane treated fumed silica is Silanox 101,
      manufactured by Cabot Corporation, Boston, Massachusetts. Such a silane
      treated fumed silica preferably should have a particle size of 5-15
      millimicrons and a BET surface area of 100-400 m.sup.2 /gm.
PAR  High relative humidity has been a problem in obtaining good prints in
      electrophotography. The present invention helps to solve this problem as
      the silanes are not sensitive to humidity.
PAR  The liquid toners of the present invention are made by first preparing a
      concentrate having the following weight percent composition.
TBL  ______________________________________                                    
     hydrophobic agent    1.0 - 12.0%                                          
     pigment              0.1 - 12.0%                                          
     polymer              10.0 - 40.0%                                         
     hydrocarbon          40.0 - 65.0%                                         
     ______________________________________                                    
PAR  The above concentrate, if desired, may include 1.0 to 6.0% dye. The
      concentrate is dispersed in a suitable apparatus, such as a sand mill,
      then added to a petroleum fraction liquid carrier in a ratio of 4 to 50
      parts by weight carrier to one part by weight concentrate to produce the
      liquid toner.
PAR  The resulting liquid toner will generally have the following composition:
TBL  hydrophobic agent     0.02 to 3.0%                                        
     pigment               0.02 to 3.0%                                        
     polymer               0.2 to 9.1%                                         
     hydrocarbon carrier   88 to 99.3%                                         
DETD
PAR  Having described the basic concepts of the present invention, it will now
      be illustrated by reference to the following examples:
PAC  EXAMPLE I
PAR  The following mixture was prepared.
TBL  ______________________________________                                    
     Silanox 101   (Cabot Corp.)    1.2 Parts                                  
     Mogul L Carbon Black                                                      
                   (Cabot Corp.)    0.2 Parts                                  
     Alkali Blue RS                                                            
                   (Allied Chemicals)                                          
                                    2.1 Parts                                  
     Neocryl B-707 (Polyvinyl Chemicals)                                       
                                    36.8 Parts                                 
     Isopar G      (Exxon Corp.)    59.7 Parts                                 
     ______________________________________                                    
PAR  The Neocryl B707 was dissolved in the Isopar G and this combination was
      then dispersed along with the Silanox 101, Mogul L and Blue Dye in a sand
      mill. Five of this gms. concentrate was added to 135 grams of Isopar G
      containing two grams of 6% zirconium octoate. This toner was used for
      making copies on a zinc oxide Mead Master Paper in a 253 PB copier, which
      copies were etched in a regular etching solution and used as masters to
      make prints on an offset press.
PAR  The imaged areas picked up ink and the non-image areas interacted with the
      fountain solution to render them continuously hydrophillic. The prints
      were quite satisfactorily for fill-inn, absence of trailing, good
      background, etc.
PAC  EXAMPLE II
PAR  A mill base concentrate was made having the following composition:
TBL  Mogul - L Carbon Black                                                    
                    (Cabot Corp.)   11 Parts                                   
     Silanox 101    (Cabot Corp.)   11 Parts                                   
     Alkali Blue G  (Allied Chemicals)                                         
                                    6 Parts                                    
     Ganex V-220    (G A F Corp.)   10 Parts                                   
     Soltrol - 100  (Phillips Petroleum)                                       
                                    62 Parts                                   
PAR  The above ingredients were ball milled for about 48 hrs.
PAR  An intensifier was made by taking, 10.3 grams of the following:
TBL  1% Nuodex Gel Solu-                                                       
                  (TENNECTO CHEMICALS)                                         
                                    26.0 grams                                 
     tion                                                                      
     6% Zirconium Octoate                                                      
                  (TENNECO CHEMICALS)                                          
                                    7.3 grams                                  
     10% AC 432 Resin                                                          
                  (Allied Chemical)                                            
     in Soltrol 100                                                            
                  (Phillips Petroleum)                                         
                                    56.4 grams                                 
PAR  A liquid toner was made by diluting 20 grams of the above intensifier with
      1000 grams Isopare G.
PAR  Copies were made using a Pitney Bowes 253 Copier and MeadOffset Master
      Paper. The toned master papers were etched and prints were made in an ATF
      CHIEF MULTILITH Press. More than 200 satisfactory copies were obtained.
PAC  EXAMPLE III
PAR  The following was proposed:
TBL  50% solids L-31                                                           
     Co-dispersion (Columbian Carbon)                                          
                                    16 Parts                                   
     Gammaprene (A-115)                                                        
                   (Reichhold Chemicals)                                       
                                    10 Parts                                   
     Alkali Blue G (ALLIED CHEMICALS)                                          
                                    1.2 Parts                                  
     Silanox 101   (CABOT CORP.)    4.0 Parts                                  
     6% Zirconium Octuate                                                      
                   (TENNECO)        8.3 Parts                                  
     Isopar G      (Exxon Corp.)    60.5 Parts                                 
PAR  The above were mixed in a high speed disperser for 30 minutes, and 20 grams
      of the concentrate were diluted to 100 grams with Isopar-G. This was used
      in a 253 Copier to make offset masters. Toned and etched masters were
      evaluated as described in example 1 and 2. More than 200 satisfactory
      copies were obtained.
PAR  Although specific ingredients, ranges and proportions have been disclosed
      in the description of the preferred embodiments of the present invention,
      other materials as listed above, where suitable, may be used with similar
      results. In addition,  other well known additives may be incorporated in
      the compositions of the present invention to synergize, enhance, or
      otherwise modify the properties of the compositions. It will be apparent,
      therefore, that various changes and modifications can be made on the
      details of formulation, procedure and use without departing from the
      spirit of the present invention, said invention to be limited only as
      defined by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydrophobic, oleophilic liquid toner for use in a copier duplicator
      wherein an electrostatic image is created on a photoconductive layer,
      comprising: a concentrate having 0.1 to 12.0% pigment with a particle size
      not greater than 25 millimicrons, 10  40% polymer having a high affinity
      for the adsorption of said pigment, 40 to 65% hydrocarbon carrier having a
      K.B. number less than 30, a dielectric constant of less than 3.5, a
      resistivity of at least 10.sup.9 ohm centimeters, and a TCC flash point of
      at least 100.degree.F, said hydrocarbon carrier having a composition
      containing less than 2% aromatic liquid constituents and said polymer
      being soluble in said hydrocarbon carrier, and 1.0 to 12% silane treated
      fumed silica having a particle size of 5 to 15 millimicrons and a BET
      surface area of 100 to 400 m.sup.2 /gm, one part of said concentrate being
      dissolved in 4 to 50 parts by weight of said hydrocarbon carrier, said
      silane having some of the bonds of the silane linkage substituted by
      saturated or unsaturated hydrophobic organic groups.
NUM  2.
PAR  2. The liquid toner of claim 1 wherein said hydrocarbon carrier comprises
      an isoparaffinic hydrocarbon fluid.
NUM  3.
PAR  3. The liquid toner of claim 2 wherein said isoparaffinic hydrocarbon fluid
      has added thereto approximately one to two parts of 6% zirconium octoate.
NUM  4.
PAR  4. A hydrophobic, oleophibic liquid toner for use in a copier duplicator
      wherein an electrostatic image is created on a photoconductive layer,
      comprising 0.02 to 3% pigment having a particle size not greater than 25
      millimicrons, 0.2 to 9.1% polymer having a high affinity for the
      adsorption of said pigment, 88 to 99.3% hydrocarbon carrier and 0.02 to 3%
      silane treated fumed silica having a particle size of 5 to 15 millimicrons
      and a BET surface area of 100 to 400 m.sup.2 /gm said hydrocarbon carrier
      having a K.B. number less than 30, a dielectric constant of less than 3.5,
      a resistivity of at least 10.sup.9 ohm centimeters, a TCC flash point of
      at least 100.degree.F and containing less than 2% aromatic liquid
      constituents, and said polymer being soluble in said hydrocarbon carrier,
      said silane having some of the bonds of the silane linkage substituted by
      saturated or unsaturated hydrophobic organic groups.
NUM  5.
PAR  5. The liquid toner of claim 4 wherein said hydrocarbon carrier has a
      petroleum fraction of paraffinic solvent.
NUM  6.
PAR  6. The liquid toner of claim 5 wherein said pigment is carbon black, said
      polymer is selected from the group consisting of acrylic, olefin-alkylated
      polyvinylpyrrolidone, and beta-piene and said hydrocarbon is a
      isoparaffinic hydrocarbon fluid.
NUM  7.
PAR  7. In a method of producing a hydrophobic, oleophilic liquid toner for use
      in a copier duplicator wherein an electrostatic image is created on a
      photoconductive layer, the steps comprising: preparing a mixture having
      1.0 to 12% silane treated fumed silica, 0.1 to 12% pigment having a
      particle size not greater than 25 millimicrons, 10 to 40% polymer soluble
      in a liquid hydrocarbon and having a high affinity for the adsorption of
      said pigment and 40 to 65% hydrocarbon carrier having a K.B. number less
      than 30, a dielectric constant of less than 35, a resistivity of at least
      10.sup.9 ohm centimeters, a TCC flash point of at least 100.degree.F and
      containing less than 2% aromatic liquid constituents, dispersing said
      mixture to form a concentrate, and blending one part of the concentrate
      with 4 to 50 parts by weight of a said hydrocarbon carrier, said silane
      having some of the bonds of the silane linkage substituted by saturated or
      unsaturated hydrophobic organic groups.
NUM  8.
PAR  8. The method of claim 7 wherein said petroleum liquid carrier is an
      isoparaffinic hydrocarbon fluid.
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ABST
PAL  A water-in-oil emulsion finding use as a stable functional fluid comprises
      about 19 to about 50 weight percent water, about 80 to about 49 weight
      percent mineral oil and a small amount of a hydrocarbyl-substituted
      succinic acid mono ester of a polyoxyethylene mono-ol. The mono-ol has an
      average molecular weight of about 200-1,000 and the hydrocarbyl
      substituent is from about 750 to about 2,000 average molecular weight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recently, hydraulic equipment and fire-resistant hydraulic fluid
      applications have realized a substantial growth in usage. The Federal Coal
      Mine Health and Safety Act of 1969 and the Occupational Health and Safety
      Act (OHSA) require specific safety standards which are expected to lead to
      new applications and increased usage of fire-resistant functional fluids
      including lubricants.
PAR  Emulsions provide an important source of functional fluids having very low
      inflammability. Of these, the water-in-oil emulsion is the most recent and
      most important development. All of the emulsions and functional fluids
      herein discussed are of this type. In these fluids, water is the dispersed
      phase and oil is the continuous phase. The stability and homogeneity of
      the fluid is maintained by the addition of an emulsifier. The choice of
      the emulsifier is critical, and the emulsion is normally very sensitive to
      temperature variation or temperature cycling from hot to cold to hot, etc.
PAR  An emulsion deteriorates by undergoing emulsion inversion and water
      separation in whole or in part. Inversion is defined as the change from a
      water-in-oil emulsion to an oil-in-water emulsion, i.e., after inversion
      the mineral oil is no longer the continuous phase and water separation can
      be observed. As a result of such emulsion deterioration, the anti-wear
      property of the emulsion is decreased very substantially thereby producing
      premature hydraulic pump failure. The choice of emulsifier is critically
      important in preventing deterioration of the emulsion over a reasonable
      period of use and a range of temperatures, U.S. Pat. No. 3,378,494.
PAC  SUMMARY
PAR  A water-in-oil emulsion finding use as a stable functional fluid comprises
      about 19 to about 50 weight percent water, about 80 to about 49 weight
      percent mineral oil, and in an amount sufficient to stabilize the emulsion
      against deterioration leading to substantial loss of anti-wear capability,
      a certain hydrocarbyl-substituted succinic acid monoester of a
      polyoxyethylene mono-ol. Said hydrocarbyl substituent is from about 750 to
      about 2,000 average molecular weight and said polyoxyethylene mono-ol has
      an average molecular weight of from about 200 to about 1,000.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The formation of stable water-in-oil emulsions is found to depend on a
      critical balance of amphipathic properties in the emulsifier. An
      amphipathic molecule is an organic species encompassing in the same
      molecule two dissimilar structural groups, e.g., a water-soluble and a
      water-insoluble moiety. The composition, solubility properties, relation
      and relative sizes of these dissimilar moieties in relation to the overall
      molecular configuration determines the efficiency of a monoester in
      stabilizing a water-in-oil emulsion. Critical amphipathic balance is
      achieved in the monoester through the choice of a hydrocarbyl group and a
      polyoxyethylene mono-ol within the limits set forth.
PAR  The hydrocarbyl substituent is a water-insoluble, or lipophilic moiety,
      while the polyoxyethylene moiety is water-soluble or hydrophilic. A
      critical balance between these entities is necessary to achieve
      water-in-oil emulsion stability as shown by the fact that small changes
      lead to inversion of the emulsion, water separation, emulsion
      deterioration and wear.
PAR  A stable water-in-oil emulsion which finds use as a hydraulic fluid, or
      other functional fluid, including use as a lubricant where nonflammability
      is required, is found to be the composition comprising from about 19 to
      about 50 weight percent of water, preferably from about 29 to about 50
      weight percent water, about 80 to about 49 weight percent of mineral oil,
      preferably from about 70 to about 49 weight percent mineral oil, and in an
      amount sufficient to stabilize the emulsion against deterioration,
      normally about 0.1-5 weight percent and preferably about 0.5-2 weight
      percent, a certain hydrocarbyl-substituted succinic acid monoester of a
      polyoxyethylene mono-ol.
PAR  The succinic acid monoester will normally be hydrocarbyl-substituted with a
      hydrocarbon group of from about 500 to about 5,000 average molecular
      weight, preferably from about 750 to about 2,000 average molecular weight
      and most preferably from about 900 to about 1,400 average molecular
      weight. Hydrocarbyl, as used in this invention in describing substituents
      in succinic acid and anhydride, and as used in describing the
      monoester-emulsifier of the present invention, denotes an organic radical
      composed of carbon and hydrogen which may be aliphatic, alicyclic,
      aromatic or combinations thereof, e.g., alkyl, aryl, aralkyl. Elements
      other than carbon and hydrogen, such as chlorine or oxygen, form a minor,
      insubstantial, sometimes adventitious, component of a hydrocarbyl group.
      Preferably, the hydrocarbyl group will be relatively free of aliphatic
      unsaturation, i.e., ethylenic and acetylenic, particularly acetylenic
      unsaturation. The hydrocarbyl group is preferably aliphatic, having
      preferably from 0 to 2 sites of ethylenic unsaturation and most preferably
      from 0 to 1 such site. Hydrocarbyl groups derived from a polyolefin,
      itself derived from olefins (normally 1-olefins) of from 2 to 6 carbon
      atoms (ethylene being copolymerized with an olefin of at least 3 carbon
      atoms), or from a high molecular weight petroleum-derived hydrocarbon, are
      preferred, and of these polyisobutenyl is most preferred. Illustrative
      sources for the high molecular weight hydrocarbyl substituents are
      petroleum mineral oils, such as naphthenic bright stocks, polypropylene,
      polyisobutylene, poly-1-butene, copolymers of ethylene and propylene,
      poly-1-pentene, poly-4-methyl-1-pentene, poly-1-hexene,
      poly-3-methylbutene-1, etc.
PAR  The hydrocarbyl-substituted succinic acid and anhydrides are preferably
      derived from the addition of a polyolefin to maleic acid or anhydride, in
      which case the double bond of the maleic acid or anhydride becomes
      saturated and there remains in the hydrocarbyl at least 1 olefinic double
      bond. If it is desired, the olefinic bond may be saturated by
      hydrogenation. A typical preparation of a hydrocarbyl-substituted succinic
      anhydride has been described, for example, in U.S. Pat. No. 3,024,195. As
      used herein, the words "succinic acid" or "succinic anhydride" denote the
      entire class of succinic acid generating compounds, including the acid,
      anhydride, acid halide, or ester, which function to yield the products of
      the present invention.
PAR  The mono-ol which together with the hydrocarbyl-substituted succinoyl
      moiety composes the ester-emulsifier of the present composition is
      preferably a polyoxyethylene mono-ol of a C1-C5 alkanol, that is, a
      mono-ol of the form RO(CH2 CH2 O)nH wherein R is a C1-C5 alkyl group and n
      is an integer having an average value from about 4 to about 20 and
      preferably from about 6 to about 8. The total molecular weight of said
      mono-ol will range from about 200 to about 1,000 and preferably from about
      315 to about 385. The addition of ethylene oxide to an alkanol to produce
      the polyoxyethylene mono-ols of the present invention can be accomplished
      according to catalyzed reactions which are known in the art. In general,
      the polyoxyethylene mono-ols are poly-disperse mixtures of compounds that
      differ in polymer chain length. However, their properties approximate
      those of the molecule represented by their average composition.
PAR  The monoester is normally produced by the direct reaction of the
      polyoxyethylene mono-ol with hydrocarbyl-substituted succinic anhydride in
      a mol ratio of about 1:1 at a temperature of from about 120.degree. to
      about 175.degree.C reacted for a period of from about 3 to about 24 hours.
DETD
PAC  EXAMPLE 1
PAR  1,150 grams of the polybutene succinic anhydride having a molecular weight
      of about 1,200 in 1,150 grams of a neutral petroleum oil is heated to
      270.degree.F and added to 450 grams of methoxy-capped polyoxyethylene
      glycol (i.e., derived from methanol and ethylene oxide) of about 380
      average molecular weight. The mixture was stirred for about 20 hours at
      290.degree.F. The product is the mono-ester of polybutene succinic acid.
PAC  COMPOSITIONS
PAR  The mineral oils which are suitable for purposes of the present invention
      comprise hydrocarbons and mixtures of hydrocarbons which are aliphatic,
      naphthenic and aromatic hydrocarbons. Individual hydrocarbons will contain
      from about 8 to about 50 carbon atoms and be chosen from the classes of
      aromatic, alkylaromatic, alkane, alkene, paraffinic and naphthenic
      molecules. The hydrocarbon oil is present in the functional fluid emulsion
      to the extent of 80-49 percent by weight of the total composition. An
      important characteristic of the hydrocarbon oil is its viscosity. The
      viscosity of the mineral oil should range from about 80 to about 500 SSU
      at 100.degree.F (37.degree.C) and from about 25 to about 70 SSU at
      210.degree.F (100.degree.C). The hydrocarbon oil may be a dewaxed mineral
      oil, or a synthetic hydrocarbon oil.
PAR  The mineral oil, water and monoester-emulsifier form the fire-resistant
      base stock of the functional fluid. Specific additives are combined with
      this emulsion to impart particular properties. For example, anti-wear
      agents, antioxidants, hydrolysis suppressants, rust inhibitors,
      antifoamants, and viscosity index improvers may be added in small
      percentages.
PAR  Neutral or overbased dispersants such as calcium or barium alkaryl
      sulfonates and phenates may be present in a functional fluid emulsion in
      an amount from about 5 mM/kg to about 25 mM/kg. In addition, auxiliary
      emulsifiers which are known to the art may also be present in these
      emulsions to the extent of from 0.1 to 2 percent by weight. For example,
      lecithin may be utilized as an auxiliary emulsifier. Corrosion inhibitors
      such as amine carboxylates, amines, hindered phenols, and zinc
      dithiophosphates will also normally be present in small percentages of
      from 0.01-2 percent by weight.
PAC  EXAMPLE A
PAR  A non-flammable hydraulic fluid is made by combining 1.5 percent of the
      emulsifier of Example 1 with 56.9 weight percent of a naphthenic base oil
      having a viscosity of 100 SSU at 100.degree.F, 40 weight percent of water,
      10mM/kg zinc dialkyl dithiophosphate, 0.3 weight percent lecithin, and 0.3
      weight percent of an amine carboxylate.
PAR  A typical functional fluid composition within the scope of the present
      invention comprises 19-50 weight percent water, 80-48 weight percent
      mineral oil, about 0.5-2 weight percent mono-ester of an alkenyl succinic
      anhydride of about 1,000 molecular weight and a methoxy-capped
      polyoxyethylene glycol (i.e., derived from methanol and ethylene oxide) of
      about 315-385 average molecular weight, and 5-20 mM/kg of zinc
      dihydrocarbyl dithiophosphate.
PAC  EVALUATION
PAR  Of the three principal properties to be subjected to tests in a
      water-in-oil emulsion hydraulic fluid, namely fire resistance, wear and
      stability, the principal critical advantage of the composition of the
      present invention is the stability of the emulsion. As indicated
      previously, emulsion stability is affected by temperature to a
      considerable degree. In our emulsion stability test, the emulsion is
      heated in an oven for 48 hours at 185.degree.F (85.degree.C) in a
      graduated cylinder. Upon being brought to room temperature, the existence
      of water separation is measured by the amount of clear aqueous fluid
      present at the bottom of the cylinder. Any amount of water separation is
      considered unsatisfactory, but up to 5 ml oil separation per 100 ml of
      emulsion is tolerable. In the following table the results of our test on
      emulsions containing 1.5 weight percent of emulsifier in a 40 weight
      percent water and about 60 weight percent oil are given. The monoesters of
      Table I are esters of a hydrocarbyl-substituted succinic anhydride wherein
      said hydrocarbyl group is a polyisobutenyl group of about 1100 average
      molecular weight. The imide is formed from the reaction of the same
      polyisobutenyl-succinic anhydride with an amino-substituted
      polyoxyethylene mono-ol. The monoesters are formed from the reaction of
      said polyisobutenyl succinic anhydride with a polyoxypropylene methanol
      and a polyoxyethylene methanol respectively. The degree of oxyalkylenation
      is given in parenthesis, i.e., as the average number of oxyalkylene groups
      in the mono-ol.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Water-in-Oil Emulsion Stability                                           
     Emulsifier            Rating                                              
     ______________________________________                                    
     monoester of polyoxy-                                                     
      propylene (7)        unsatisfactory                                      
     monoester of polyoxy-                                                     
      ethylene (8)         satisfactory                                        
     imide of amino polyoxy-                                                   
      ethylene (8)         unsatisfactory                                      
     ______________________________________                                    
PAR  The results of Table I demonstrate the critical sensitivity of the
      water-in-oil emulsions of the present invention to amphipathic balance in
      the structure of the emulsifier. Changes in molecular weight, and chemical
      functionality, outside the scope of the limitations delineated herein,
      produces water-in-oil emulsions which are unable to meet the strict
      requirements of the emulsion stability test.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water-in-oil emulsion finding use as a functional fluid comprises from
      about 19 to about 50 weight percent of water, from about 80 to about 49
      weight percent of mineral oil and in an amount sufficient to stabilize
      said water-in-oil emulsion a hydrocarbyl-substituted succinic acid
      monoester of a polyoxyethylene mono-ol of average molecular weight from
      about 200 to about 1,000 terminated with an alkyl group of 1 to 5 carbon
      atoms, wherein said hydrocarbyl substituent is of from about 750 to about
      2,000 average molecular weight.
NUM  2.
PAR  2. A water-in-oil emulsion according to claim 1 wherein said hydrocarbyl
      substituent is a polyolefin itself derived from C2-C6 mono-olefins with
      the proviso that ethylene is copolymerized with a higher olefin.
NUM  3.
PAR  3. A water-in-oil emulsion according to claim 2 wherein said polyolefin is
      polyisobutylene.
NUM  4.
PAR  4. A water-in-oil emulsion according to claim 1 wherein said alkanol is
      methyl alcohol.
NUM  5.
PAR  5. A water-in-oil emulsion according to claim 1 wherein said
      polyoxyethylene mono-ol contains an average of from 5 to 10 oxyethylene
      groups.
NUM  6.
PAR  6. A water-in-oil emulsion according to claim 1 wherein said
      polyoxyethylene mono-ol is of about 315-385 average molecular weight and
      is derived from methanol, and wherein said hydrocarbyl substituent is of
      from about 900 to about 1,400 molecular weight.
NUM  7.
PAR  7. A water-in-oil emulsion according to claim 1 wherein said amount
      sufficient to stabilize said water-in-oil emulsion is about 0.1-5 weight
      percent.
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ABST
PAL  This invention provides etching solutions for copper and copper alloys
      comprising a mixed aqueous solution of a peroxysulfate with a purine
      compound and a halogen compound added as the catalyst. There is also
      provided a process for etching copper or copper alloys with said etching
      solutions.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to etching solutions for copper and copper alloys
      and an etching process using said etching solutions. More particularly it
      is concerned with aqueous peroxysulfate solutions for the etching of
      copper and copper alloys containing catalysts for greatly increasing the
      rate of etching.
PAR  2. Description of the Prior Art
PAR  Etching of copper and copper alloys has been acquiring increasing
      importance in a variety of industrial fields. Particularly with
      development of the electronic industry, etching has become very important
      in the production of printed circuit plates and lead frames of the IC
      circuit. Heretofore, the etching of copper and copper alloys has usually
      been done with ferric chloride, peroxysulfates. chromicsulfonic acid
      mixtures and the like. However, ferric chloride, which dissolves solder,
      cannot be used for the solder-plated materials and is therefore unsuitable
      for the production of high-grade printed circuit boards. Chromic-sulfuric
      acid mixtures are also unsuitable for industrial use in view of associated
      pollution problems. Waste from the acid mixtures contains chromium which
      is difficult to be removed. Under such circumstance peroxysulfates are
      commonly employed for etching. As the rate of etching copper and copper
      alloys is very slow with a peroxysulfate alone, mercury salts are usually
      added in order to induce a faster rate of the etching as described in
      Japanese Patent Publication 16,008/1961. Although the amount of the
      mercury salt used is small, it should be removed in order to avoid
      pollution problems when discharged into a river as waste. However,
      complete removal of mercury is very difficult. Therefore substitute
      catalysts are eagerly desired.
PAR  An attempt to develop catalysts other than the mercury salts is illustrated
      in Japanese Pat. Publication No. 33185/1962 in which thiourea,
      ethylenethiourea, hexamethylenetetramine and the like are reported to be
      effective.
PAR  The catalytic effect of these catalysts, however, is of short duration. It
      is necessary that they be supplemented frequently. Thus, they are not
      economically satisfactory despite their promoting effects on the rate of
      etching.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide aqueous peroxysulfate
      solutions for etching copper and copper alloys with which the etching is
      accelerated for a long period of time and at the same time overcomes the
      above-mentioned difficulties.
PAR  After extensive investigations of the process for etching copper and copper
      alloys with an aqueous peroxysulfate solution we have found that addition
      of one or more purine compounds and one or more halogen compounds as the
      catalyst to an aqueous peroxysulfate solution greatly increases the
      etching rate as well as duration of the etching effect.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is based upon the unique action exerted in the coexistence
      of a purine compound and a halogen compound. The object of the invention
      will not be realized in the singular presence of either one of the purine
      and halogen compounds.
PAR  As the purine compound suitable for use in the invention are mentioned
      compounds containing a purine ring
      ##SPC1##
PAL  such as, purine, adenine, chloropurines, purinethiols, guanine, xanthine,
      hypoxanthine, theophylline and the like.
PAR  As the halogen compound substances are used which liberate halogen in an
      aqueous peroxysulfate solution, which include, for example, hydrofluoric
      acid and salts thereof, hydrochloric acid and salts thereof, hydrobromic
      acid and salts thereof, hydroiodic acid and salts thereof, oxides of
      fluorine, chlorine, bromine and iodine, oxygen-containing acids of
      chlorine, bromine and iodine and salts thereof, dichloroisocyanuric acid
      and salts thereof, 1-chlorodiethylether and the like. From the economical
      point of view, hydrochloric acid and salts thereof are preferred. As the
      peroxysulfate ammonium, potassium, sodium and lithium salts of
      peroxymonosulfuric acid and ammonium, potassium, sodium and barium salts
      of peroxydisulfuric acid and the like as described in Japanese Pat.
      Publications No. 9463/1964 and 11324/1966 are used. Ammonium
      peroxymonosulfate and peroxydisulfate are preferable for the invention.
PAR  Copper and copper alloys to which the invention can be applied include
      copper, brass, bronze, beryllium copper, constantan and the like.
PAR  Concentration of the peroxysulfate in etching copper and copper alloys
      according to the invention is from 5% by weight to the solubility limit
      and preferably from 5% by weight to 25% by weight, and that of the purine
      compound is from 10 p.p.m. to the solubility limit and preferably from 50
      p.p.m. to 1000 p.p.m. Whereas addition of these compounds in
      concentrations in excess of 1,000 p.p.m. will not produce adverse
      reactions it is not economical. Concentration of the halogen compound is
      from 5 p.p.m. to 1000 p.p.m. and preferably from 10 p.p.m. to 500 p.p.m.
      The concentrations in excess of 1,000 p.p.m. will have a deterious effect
      upon the result of the invention.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention is illustrated by the following examples:
PAC  EXAMPLES 1 - 12
PAR  Etching solutions were prepared at concentrations of 250 g./l. of ammonium
      peroxydisulfate and 50 ml/l. of 75% by weight orthophosphoric acid with a
      purine compound alone or in combination with sodium chloride. The etching
      solution was placed in a small plate-rotary spray etcher, which was then
      used for etching the copper off a copper laminated board 5cm. .times. 5cm.
      in size with copper foil thickness 35 .mu. at a spray pressure of 0.5
      kg./cm..sup.2 while maintaining the temperature at 40.degree.C. Results
      are shown in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Example                                                                   
            Name and concentration of                                          
                             Concentration                                     
                                     Rate of etching .mu./min.                 
            purine compound  of sodium                                         
     No.              Concent-                                                 
                             chloride                                          
                      ration               After                               
                      mg./l. p.p.m.(cl.sup.- )                                 
                                     Initially                                 
                                           8 hrs.                              
     __________________________________________________________________________
     1      Purine     80    --      6.7                                       
     2      "         "      10      60.0  53.8                                
     3      Adenine   200    --      8.6                                       
     4      "         400    --      11.5                                      
     5      "         "      10      41.1  34.0                                
     6      6-Mercaptopurine                                                   
                      100    --      8.1                                       
            (Purinethiol)                                                      
     7      "         "      10      47.9  43.8                                
     8      6-Chloropurine                                                     
                      100    --      40.4  38.2                                
     9      Hypoxanthine                                                       
                      "      --      5.3                                       
     10     "         "      10      24.3  20.3                                
     11     Guanine   200    --      9.4                                       
     12     "         "      10      20.8  19.8                                
     Comparative                                                               
     Example (1)                                                               
            --        --     --      5.0   3.0                                 
     Example (2)                                                               
            --        --     10      2.7   2.0                                 
     Example (3)                                                               
            Thiourea  500 p.p.m.                                               
                             --      23.0  3.0                                 
     __________________________________________________________________________
PAR  The data in Table I indicates that the etching of copper is increased in
      rate and duration in effect only by the coexistence of a purine and a
      halogen compound.
PAC  EXAMPLES 13 - 19
PAR  Etching solutions were prepared of 250 g./l. of ammonium peroxydisulfate,
      50 ml./l. of 75% by weight orthophosphoric acid and 200 mg./l. of adenine
      with varied concentrations of sodium chloride. Etching of copper was made
      in the same way as in Examples 1-12. Results are shown in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Example No. Sodium chloride p.p.m.                                        
                                 Rate of etching                               
                 (in terms of Cl.sup.- )                                       
                                 .mu./min.                                     
     ______________________________________                                    
     13          10              36.1                                          
     14          20              35.0                                          
     15          50              37.5                                          
     16          100             "                                             
     17          200             "                                             
     18          500             "                                             
     19          1000            21.2                                          
     ______________________________________                                    
PAR  The data in Table II indicate that the presence of chlorine ion at 1,000
      p.p.m. or more adversely reduce the etching rate.
PAC  EXAMPLES 20 - 23
PAR  A solution was prepared at concentrations of 250 g./l. of ammonium
      peroxydisulfate, 50 ml./l. of 75% by weight orthophosphoric acid and 200
      mg./l. of adenine, to which were added sodium bromide, potassium iodide,
      dichloroisocyanuric acid and 1-chlorodiethylether respectively. Etching of
      copper was performed using the solution in the same way as in Examples
      1-12. Results are shown in Table III.
TBL                                    Table III                               
     __________________________________________________________________________
     Example                                                                   
          Name of the halogen compound                                         
                         Concentration                                         
                                 Rate of etching                               
     No.                 p.p.m.  .mu./min.                                     
     __________________________________________________________________________
     20   Sodium bromide 50      36.5                                          
     21   Potassium iodide                                                     
                         50      34.2                                          
     22   Dichloroisocyanuric acid                                             
                         50      29.8                                          
     23   1-Chlorodiethylether                                                 
                         50      36.9                                          
     __________________________________________________________________________
PAC  EXAMPLE 24
PAR  A solution was prepared of ammonium peroxymonosulfate at 100 g./l.,
      sulfuric acid at 50 g./l., purine at 200 mg./l. and sodium chloride at 10
      p.p.m. in terms of chloride ion. Etching of copper was carried out using
      the solution in the same way as in Examples 1-12. Rate of the copper
      etching was 58.2 .mu./min. As a comparative example, etching of copper was
      carried out in the same way as above using a solution containing only
      ammonium peroxymonosulfate at 100 g./l. and sulfuric acid at 50 g./l. The
      rate of the copper etching was 8.0 .mu./min.
CLMS
STM  We claim:
NUM  1.
PAR  1. An etching solution for copper and copper alloys comprising an aqueous
      peroxysulfate solution containing from 5 percent by weight to its
      solubility limit therein of a peroxysulfate, from 10 parts per million to
      its solubility limit therein of a purine compound, and from 5 parts per
      million to 1,000 parts per million of a halogen compound which liberates
      halogen in an aqueous peroxysulfate solution.
NUM  2.
PAR  2. An etching solution according to claim 1 wherein the peroxysulfate is
      ammonium peroxymonosulfate or ammonium peroxydisulfate.
NUM  3.
PAR  3. An etching solution according to claim 1 wherein the purine compound is
      a member selected from the group consisting of purine, adenine, a
      chloropurine, a purinethiol, guanine, xanthine, hypoxanthine and
      theophylline.
NUM  4.
PAR  4. An etching solution according to claim 1 wherein the halogen compound is
      a member selected from the group consisting of hydrofluoric acid and salts
      thereof, hydrochloric acid and salts thereof, hydrobromie acid and salts
      thereof, hydroiodic acid and salts thereof, oxides of fluorine, chlorine,
      bromine and iodine, oxygen-containing acids of chlorine, bromine and
      iodine and salts thereof, dichloroisocyanuric acid and salts thereof and
      1-chlorodiethylether.
NUM  5.
PAR  5. An etching solution of claim 1, wherein the concentration of said
      peroxysulfate is from 5 to 25 percent by weight, the concentration of said
      purine compound is from 50 to 1,000 parts per million, and the
      concentration of said halogen compound is from 10 to 500 parts per
      million.
NUM  6.
PAR  6. An etching solution for copper and copper alloys comprising an aqueous
      solution containing from 5 percent by weight to its solubility limit
      therein of a peroxysulfate, from 10 parts per million to its solubility
      limit therein of a purine compound, and from 5 parts per million to 1,000
      parts per million of a halogen compound which liberates halogen in an
      aqueous peroxysulfate solution.
NUM  7.
PAR  7. An etching solution of claim 6, wherein the concentration of said
      peroxysulfate is from 5 to 25 percent by weight, the concentration of said
      purine compound is from 50 to 1,000 parts per million, and the
      concentration of said halogen compound is from 10 to 500 parts per
      million.
NUM  8.
PAR  8. In the process for etching copper and copper alloys with an aqueous
      peroxysulfate solution containing from 5 percent by weight to its
      solubility limit therein of a peroxysulfate, which comprises adding to
      said solution from 10 parts per million to its solubility limit therein of
      a purine compound, and from 5 parts per million to 1,000 parts per million
      of a halogen compound which liberates halogen in an aqueous peroxysulfate
      solution.
NUM  9.
PAR  9. The process of claim 8, wherein the concentration of said peroxysulfate
      is from 5 to 25 percent by weight, the concentration of said purine
      compound is from 50 to 1,000 parts per million, and the concentration of
      said halogen compound is from 10 to 500 parts per million.
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ABST
PAL  There is disclosed a composition comprising approximately by weight (a)
      0.01 to 0.1% of a copolymer of (1) an ethylenically unsaturated polymeric
      anhydride or partial ester and (2) an ethylenically unsaturated monomer;
      (b) up to 10% of at least one lower alkylene glycol lower alkyl monoether,
      (c) up to 25% of an aliphatic alcohol; (d) 0.1 to 2% of an ethoxylated
      C.sub.10.sub.-18 alkali metal sulfate and the balance water. Components
      (b) and (c) may both be present, or a greater amount of one to compensate
      for the absence of the other.
BSUM
PAR  This invention relates to compositions of matter which are particularly
      suitable for use in cleaning glass or glass-like surfaces and to an
      anti-fogging agent. The invention relates more particularly to a novel
      aqueous solution comprising a water soluble carboxyl containing copolymer,
      preferably at least one glycol mono ether and an alkoxylated alcohol
      alkali metal or ammonium sulfate, and if desired, a hydroxide. The
      invention contemplates both a concentrate or an aqueous composition. The
      composition may be applied in any customary manner in addition to being
      dispensed from a spray bottle or aerosol container.
PAR  A good glass cleaner should have excellent soil and grease removability,
      good hard surface detergency, that is, have the ability to remove
      encrusted dirt deposits and the like, be non-streaking, fast-drying,
      impart anti-fogging characteristics to the thus cleaned glass and be
      easily dispensable for convenience of use. If aerosol application is
      desired, the composition should in addition to the above-noted
      characteristics be able to create a foam or foam-like mixture which breaks
      easily, yet does not run; thereby remaining in situ until removed, such as
      by being rubbed off or washed off.
PAR  There are presently a number of glass cleaning compositions available, some
      of which meet one or more of the above specifications, however, it is not
      believed that any one composition is able to meet all of the above
      specifications. In addition to the cleaning and non-streaking problems
      associated with glass cleaners, a more important problem generally is the
      fogging of the glass which occurs subsequent to use of the cleaning
      composition. The formation of fog on glass surfaces resulting in loss of
      visibility is a problem which has troubled homeowners, drivers, pilots,
      wearers of eyeglasses and virtually anyone who depends upon clear
      visibility through a glass such as a window, glass door, display showcase,
      and an eyeglass. The attention which has been paid to this problem is
      evidenced by industry's endeavor to produce an anti-fogging or de-fogging
      glass cleaning composition.
PAR  Glass fogging is caused at least in part by the condensation of steam or
      water vapor when the surface temperature of the glass is below the dew
      point. The condensation of moisture droplets onto the glass surface causes
      the formation of an opaque fog, slightly translucent at best, the
      foregoing rendering the glass surface difficult to see through and thereby
      causing an obstruction to clear vision. It is known to utilize various
      surface active agents to reduce the surface tension and thereby enhance
      the coalescence of individual water droplets thereon into a larger, more
      translucent form. These prior art compositions, however, while possessing
      adequate de-fogging characteristics, possess a series of other undesirable
      properties, such as high initial film formation, image distortion,
      streaking, smearing and smudging on the surface. From the foregoing, it is
      readily apparent that a preferred glass cleaning composition and
      anti-fogger should possess superior properties in each of the above
      categories as well as possessing adequate if not better than adequate
      antifogging ability.
PAR  It is accordingly an object of this invention to provide a novel and
      improved glass cleaning and anti-fogging composition.
PAR  It is another object of the instant invention to avoid one or more
      drawbacks of the prior art.
PAR  For handling purposes and for ease of preparation and marketing, the
      composition may be prepared as a concentrate. A typical concentrated
      solution will be generally a 4 to 25% non-aqueous solution to which there
      would thereafter be added water to form the aqueous composition. The
      composition may be dispersed from a spray container or from an aerosol
      container if desired. The composition is made by mixing the ingredients in
      any order, preferably, however, the polymer is first dispersed in a
      solvent.
PAR  Broadly speaking, the instant invention includes the provisions of an
      aqueous composition comprising approximately by weight
PA1  a. 0.01 to 0.1% of a copolymer of
PA2  1. a monomer derived from an ethylenically unsaturated carboxylic acid
      anhydride or partial ester with
PA2  2. a non-carboxylic containing ethylenically unsaturated monomer,
PA1  b. up to 10% of at least one lower alkylene glycol lower alkyl monoether,
PA1  c. up to 25% of an aliphatic alcohol,
PA1  d. 0.1 to 2% of an alkoxylated C.sub.8.sub.-20 alkali metal or ammonium
      sulfate, and the balance water.
PAR  Component (b) may be replaced by increasing the amount of component (c) or
      vice versa.
PAR  The invention, as aforesaid, also contemplates a liquid concentrate
      comprised of approximately the following: (a) 0.01 to 1.0 part, preferably
      0.01 to 0.06 parts of the copolymer, (b) 0 to 10 parts, preferably 2 to 6
      parts of at least one of said glycol monoether; (c) 0 to 10 parts,
      preferably 2 to 6 parts of the aliphatic alcohol; (d) 0.01 to 3.0 parts,
      preferably 0.1 to 0.9 parts of the alkoxylated alcohol alkali metal or
      ammonium sulfate; and (e) 0 to 2 parts, preferably 0.1 to 0.8 parts of a
      base; the above concentrated solution may be diluted with water for ready
      application in a proportion of about 1 part concentrate to about 9 parts
      water.
PAR  A most preferred composition embodying the above concentrate will be as
      follows:
TBL                             Percent                                        
                 Parts          of Concentrate                                 
     ______________________________________                                    
     a) Copolymer  0.04             0.44                                       
     b) Glycol monoether                                                       
                   2.00             21.9                                       
                            4.5             49.3                               
       glycol monoether                                                        
                   2.50             27.4                                       
     c) Aliphatic alcohol                                                      
                   3.80             41.6                                       
     d) Alkoxylate sulfate                                                     
                   0.50             5.5                                        
     e) Base       0.30             3.3                                        
                   9.14     parts   100.14                                     
     ______________________________________                                    
PAR  For the purposes of this invention, any water soluble alkali metal salt or
      ammonium salt of any C.sub.8.sub.-20 alkoxylated alcohol sulfate may be
      employed. The alkylated alcohol sulfates have the general formula R--O--
      (R.sup.1 O).sub.x --SO.sub.3 M wherein R is a straight or branched chain
      alkyl group having from 8 to 20 carbon atoms, preferably 10-18, R.sup.1 is
      an alkyl radical containing from 2 to 4 carbon atoms, preferably 2, x is
      an integer of 2-200, preferably 2-20, optimally 2-3, and M is an alkali
      metal such as sodium, potassium and the like, preferably sodium. Although
      any of the higher fatty acid alkoxylated sulfates may be utilized, it is
      preferred to utilize a sulfate wherein R is a fatty alkyl from between 10
      to 18 carbons, optimally 12-15 carbons. The alkoxylation reaction is
      carried out by procedures known in the art and accordingly, need not be
      discussed herein. An example of alkylene oxide condensation product as
      above referred to, with an active hydrocarbon-containing hydrophobe may be
      prepared from an alkylene oxide or a precursor thereof and a hydrophobe
      containing an active hydrogen. The alkylene oxides include precursors as
      well, having from 2 to 4 carbon atoms, such as ethylene oxide, propylene
      oxide, and the like; ethylene oxide being preferred. Mixtures of such
      alkylating agents may also be used. The degree of alkoxylation will
      optimally be such that about 3 moles of ethylene oxide are employed.
      However, the effective amount of ethylene oxide can vary between about
      2-200 moles as aforesaid and may be readily determined in any particular
      case by preliminary tests and routine experimentation.
PAR  The amount of alkoxylated alcohol alkali metal or ammonium salt employed
      will generally be about 0.1 to 2%, preferably about 0.5 to 0.9%, optimally
      about 0.5 to 0.7%.
PAR  These alkali metal salts of alkoxylated alcohol sulfates (anionic
      detergents) generally have the fatty alkyl group terminally joined to the
      polyoxyethylene chain which is of necessity terminally joined to the
      sulfur of the sulfate group. Although a degree of a branching of the
      higher alkyl group is satisfactory, such as for example with secondary
      alcohols, the alcohols employed will generally be straight chained due to
      availability considerations. Furthermore, medial joinder of the alkyl to
      the ethanoxy chain should be minimized although a small percentage up to
      about 10% of medial joinder near one end of the alkyl chain is acceptable.
      As noted above, the preferred range of the alkyl is from 10 to 18 carbon
      atoms and within this range, the mixed alkyls having 12 to 15 carbon atoms
      are most preferred, these mixtures containing approximately between 10 and
      50% of each chain length.
PAR  Examples of the higher alcohol polyethenoxy sulfates which may be used as
      the anionic sulfate in the present invention include: mixed
      C.sub.12.sub.-15 normal primary alkyl triethenoxy sulfate; ammonium salt;
      myristyl triethenoxy sulfate, potassium salt; n-decyl diethenoxy sulfate,
      sodium salt, lauryl diethenoxy sulfate, ammonium salt, palmityl
      tetraethenoxy sulfate, sodium salt; mixed C.sub.12.sub.-15 normal primary
      alkyl mixed tri- and tetraethenoxy sulfate, sodium salt; stearyl
      pentaethenoxy sulfate, ammonium salt and mixed C.sub.10.sub.-18 normal
      primary alkyl triethenoxy sulfate, potassium salt.
PAR  The carboxyl containing copolymer may be any suitable member which is water
      soluble and a mild film former operative to harden the window cleaner
      residue left on the glass at the time of application. The copolymer may be
      employed as an anhydride which upon hydrolysis yields a highly polar
      polymeric free and/or partial ester. The polymeric anhydrides which are
      herein contemplated are interpolymers of at least one ethylenically
      unsaturated monomer with an anhydride linkage. The preferred anhydrides
      are the alpha-beta-unsaturated dicarboxylic acid anhydrides and
      particularly those of the maleic anhydride series having the formula:
      ##EQU1##
      wherein R and R.sup.1 are independently selected from the group consisting
      of hydrogen, alkyl, aryl, aralkyl, substituted alkyl, aryl or aralkyl.
      Examples of such compounds are: maleic anhydride, citraconic anhydride
      (methyl maleic), fumaric anhydride, mosaconic anhydride, phenyl maleic
      anhydride, benzyl maleic anhydride and aconitic anhydride. Particularly
      preferred is maleic anhydride having the formula:
      ##EQU2##
      wherein n indicates the number of repeating units, it is generally from 2
      to about 100 or more.
PAR  The polymerizable non-carboxylic comonomers containing an ethylenic group
      which may be employed with the above-described anhydrides include those
      well known ethylenically unsaturated compounds copolymerizable therewith
      such as:
PAR  Vinyl ethers, such as lower alkyl vinyl ethers, i.e., methyl, ethyl,
      n-propyl iso-propyl, n-butyl and iso-butyl ethers; monoalkenyl aromatics,
      such as styrene, alpha-methylstyrene, and other lower alkyl substituted
      styrenes; olefins such as the lower olefins, e.g., ethylene, propylene,
      isobutylene and the like.
PAR  The copolymers preferably contain the two moieties in equamolar amounts
      whereby the repeating unit in the interpolymer contains one anhydride and
      one comonomer moiety.
PAR  Examples of specific copolymers which may be employed are: vinyl methyl
      ether/maleic anhydride, vinyl ethyl ether/maleic anhydride, styrene/maleic
      anhydride, alpha,methyl-styrene/maleic anhydride and ethylene/maleic
      anhydride.
PAR  When the copolymer dissolves in water or in alcohol, the anhydride linkage
      is cleaved as follows:
      ##EQU3##
      wherein n and R.sup.1 are as above defined; R.sup.1 being derived from the
      ethylenically unsaturated copolymerizable monomer. The anhydride slowly
      hydrolyzes to form the free acid which is readily water soluble.
PAR  The copolymers above described may vary in molecular weights from as low as
      about 400 to several million (e.g., 2 million) or more. The copolymers as
      such, are known in the art and may be prepared by any conventionally known
      procedure. It is noteworthy that the degree of polymerization of the
      copolymer influences its molecular weight and inasmuch as the polymers
      employed herein must be water soluble, this factor must be taken into
      consideration. It is difficult, however, to establish an absolute value of
      the upper and lower limits of the degree of polymerization of the
      polymers, which limits may vary within a wide range. It is essential as
      aforesaid, that they be substantially water soluble and, therefore, the
      foregoing determines the degree of polymerization. Preferred copolymers
      are those having a low molecular weight. The copolymer will be employed in
      amounts as specified above. The percent solids copolymer in the
      composition is generally about 0.01 to 0.1, preferably 0.03 to 0.05.
PAR  Preferably, the copolymers are added to an aqueous solution containing the
      other essential ingredients except for any nonionics or base, as rapidly
      as possible with stirring and heating. The foregoing applies when the
      copolymers are not employed in their pre-hydrolized form. Hydrolyzed
      copolymer can be dispersed directly in the alcohol or the glycol ethers,
      or the combination then added to the water phase. For best results, it has
      been observed that alkali materials and nonionics should not be present
      during the hydrolysis of the copolymer. It has also been found that if the
      copolymers are not rapidly dispersed in the aqueous mixture, the viscosity
      of the resultant product may be too low from the standpoint of preparing a
      commercially acceptable product. In general, the stability is less at the
      lower viscosity. The copolymer may be added gradually to the aqueous
      mixture or all at once. However, each addition should be rapidly admixed
      with the aqueous phase.
PAR  Among the surface-active materials present as a component in the instant
      invention, members derived from the following may be employed: lower
      alkylene glycol lower alkyl monoethers. Particularly suitable are the
      ethylene and propylene glycol ethers derived from straight chain primary
      alcohols containing 1 to 6 carbon atoms. Particularly preferred are the
      ethers of monohydric alcohols having the formula R--OR.sup.2 --OH wherein
      R is an aliphatic radical selected from the group consisting of methyl,
      ethyl, propylene, butyl and isobutyl radicals and R.sup.2 is an aliphatic
      radical selected from the group consisting of ethanol, propanol and
      isopropanol radicals. Examples of the above are ethylene glycol monomethyl
      ether, ethylene glycol monoethyl ether, ethylene glycol monobutyl ether,
      propylene glycol monomethyl ether, propylene glycol monobutyl ether and
      the like. The above monoether glycols are believed to function as a
      solvent for the dirt and the like upon the glass surface to be cleaned.
      Glycol ethers and alcohol also serve to promote rapid drying of the above
      surface. They may be employed singly or in admixture. Generally, there
      will be present at least one in amounts as specified above.
PAR  The alcoholic components of the invention comprise any lower aliphatic
      alcohol having from 1 to 6 carbon atoms, such as the monohydric alkanols,
      i.e., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, secbutyl and the
      like. The function of the alcohol is also believed to be that of a
      solvent. The alcohol also adds the additional function in that it imparts
      freeze-thaw stability to the composition.
PAR  The alcoholic component may be employed in amounts as specified above.
PAR  The base component or hydroxide acts as a detergent and also functions as a
      cleaning agent. A suitable base component is sodium, potassium or ammonium
      hydroxide. Other hydroxides can be utilized as substitutes, though
      ammonium hydroxide is preferred. The base is generally employed in amounts
      as specified above. A most preferred component is 26.degree.Be ammonia,
      29% active.
PAR  The balance of the composition in order to bring same up to 100% will
      generally be water.
PAR  In the aerosol embodiment of the invention a propellant must be used. It is
      preferred that the propellant be volatile organic material that exists as
      a gas at room temperature, exists mainly as a liquid at room temperature
      and elevated pressure and is soluble in either the glycol ether or in
      water but not in both. Saturated aliphatic hydrocarbons and halogenated
      (e.g., fluorinated) saturated aliphatic hydrocarbons having vapor
      pressures within the range of about 5 to 300 p.s.i.g., preferably about 10
      to 85 p.s.i.g. at 70.degree.F are typical of the propellants which may be
      used in this invention. The chlorofluoro saturated aliphatic hydrocarbons
      such as dichlorodifluoromethane, monochlorodifluoromethane,
      dichlorotetrafluoroethane, dichlorodifluoroethane, difluoroethane,
      dimonochloroethane and mixtures thereof have been found to be particularly
      suitable propellants. It is preferred that the above propellant be a 35-65
      part mixture of dichlorodifluoromethane and dichlorotetrafluoroethane
      (Freon 12 and 114, respectively). The amount of propellant employed varies
      depending upon the density of the propellant. Thus, the propellant should
      be added in such amount as to constitute about 2 to 30% and preferably
      about 3 to 17%, more preferably 8 to 15% and in certain instances, 10% by
      volume of the liquid composition. In the case of saturated aliphatic
      hydrocarbons of lower density such as butane, isobutane, n-butane,
      isopentane and n-pentane and mixtures thereof, an amount ranging from 1 to
      10%, preferably 1-3%, by weight should be employed. It is to be understood
      that either group of propellants may be employed with equal success.
PAR  When the composition of the invention is dispersed from an aerosol
      container, an initial pressure in the range of about 10 to 85 p.s.i.g. at
      70.degree.F is generally created. In the case of glass and other fragile
      containers, such pressure should be kept in the range of about 10 to 30
      p.s.i.g.
PAR  If a metallic aerosol container is employed, it is sometimes preferable to
      add a small proportion of a suitable corrosion inhibitor to the
      composition, for example, about 0.01 to 5% by weight of the composition.
      Typical inhibitors include sodium, oleic acid, N-fatty .alpha.-mono
      propionate, N-fatty .alpha.-amino dipropanol, hexanol, morpholine,
      formaldehyde and the like.
PAR  In operation, the composition is introduced into the aerosol container and
      confined therein at the vapor pressure of the propellant. When the valve
      of the container is opened, the pressure of the composition is released as
      it emerges from the container.
PAR  It is to be understood that the composition works equally as well on
      materials such as polysultone, "Plexiglas," (acrylics) "Lexane" and the
      like.
PAR  The following examples merely serve to illustrate the invention in more
      specific detail, and when read in conjunction with the foregoing
      description, will aid in determining the full scope of the present
      invention. The examples are merely illustrative and not intended to
      restrict the invention. All parts, proportions and ratios in the following
      examples as well as in the appended claims are by weight unless otherwise
      indicated.
DETD
PAC  EXAMPLE 1
PAR  A glass cleaning composition is formulated by mixing the following
      ingredients in the water component thereof.
TBL  ______________________________________                                    
     Water                  90.86                                              
     Ethylene glycol monobutyl ether                                           
                            2.00                                               
     Propylene glycol monomethyl ether                                         
                            2.50                                               
     Isopropyl alcohol      3.80                                               
     C.sub.12.sub.-15 sodium sulfate + 3EO                                     
                            0.50                                               
     Methyl vinyl ether/maleic anhydride                                       
     copolymer              0.04                                               
     Ammonium hydroxide     0.30                                               
                            100.00%                                            
     ______________________________________                                    
PAR  Coloring ingredients, perfumes and the like may be added if desired. The pH
      can also be adjusted if desired. The above composition, when used as a
      glass cleaner, particularly on windows, exhibits substantially no
      streaking and imparts antifog properties to the thus treated glass.
PAC  EXAMPLES 2-4
PAR  The procedure of Example 1 is followed with the substitution of the
      following copolymers: ethyl vinyl ether/maleic anhydride, styrene/maleic
      anhydride, and ethylene maleic anhydride. The same good results are
      obtained.
PAC  EXAMPLES 5-6
PAR  The procedure of Example 1 is repeated except that the ether component is
      varied as indicated: ethylene glycol monomethyl ether and propylene glycol
      monobutyl ether. The same good results are obtained.
PAC  EXAMPLES 7-8
PAR  The procedure of Example 1 is repeated except that the alcohol component is
      varied as follows: butyl alcohol and ethyl alcohol are substituted. The
      same good results are obtained.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated except that a C.sub.12.sub.-15
      potassium sulfate + 3EO is substituted.
PAC  EXAMPLE 10
PAR  When a formulation is desired for aerosol application, 98.2% of the
      formulation of Example 1 is admixed with 1.8% propellant comprising 87
      parts isobutane and 13 parts propane packaged in an aerosol container with
      a valve to a pressure of 58-64 p.s.i.g. When the mixture is sprayed upon a
      glass surface, the same good results are obtained.
PAR  The foregoing description of the invention has been presented describing
      certain preferable embodiments. It is not intended that the invention
      should be so limited since as is apparent from the preceeding description,
      certain changes and modifications thereof may be made and will be obvious
      to those skilled in the art when departing from the scope of the
      invention, all of which are within the subject and scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition consisting essentially of approximately by weight, (a)
      0.01 to 1.% of a copolymer derived from (1) an .alpha., .beta. -
      ethylenically unsaturated dicarboxylic acid anhydride having the general
      formula
      ##EQU4##
      wherein R and R' are independently selected from the group consisting of
      hydrogen, alkyl, aryl, aralkyl, substituted alkyl, aryl and aralkyl and
      (2) an ethylenically unsaturated monomer selected from the group
      consisting of vinyl ethers, styrene, alpha-methyl styrene, lower alkyl
      substituted styrenes and lower olefins, up to 10% of at least one lower
      alkylene glycol; lower alkyl monoether, (c) up to 25% of a C.sub.1 -6
      aliphatic alcohol, (d) 0.1 to 2.0% of an ethoxylated C.sub.10 -18 alkali
      metal or ammonium sulfate having about 2-200 units of ethylene oxide and
      the balance water, with the proviso that at least one of component (b) or
      (c) is present.
NUM  2.
PAR  2. A composition as defined in claim 1 wherein unit (1) of component (a) is
      maleic anhydride.
NUM  3.
PAR  3. A composition as defined in claim 1 wherein component (b) is selected
      from the group consisting of ethylene glycolmonomethyl ether, ethylene
      glycolmonoethyl ether, ethylene glycolmonobutyl ether, propylene
      glycolmonomethyl ether, and propylene glycolmonobutyl ether.
NUM  4.
PAR  4. A composition as defined in claim 3 wherein component (b) is a mixture
      of said monoethers.
NUM  5.
PAR  5. A composition as defined in claim 1 wherein component (c) is a C.sub.1
      -6 monohydric alkanol.
NUM  6.
PAR  6. A composition as defined in claim 1 wherein component (d) is a
      C.sub.12.sub.-15 sodium sulfate + 2-20 E.O.
NUM  7.
PAR  7. A stable concentrate consisting essentially of approximately (a) 0.01 to
      10 parts of a copolymer derived from (1) an .alpha., .beta. --
      ethylenically unsaturated dicarboxylic acid anhydride having the general
      formula
      ##EQU5##
      wherein R and R' are independently selected from the group consisting of
      hydrogen, alkyl, aralkyl, substituted alkyl, aryl and aralkyl and (2) an
      ethylenically unsaturated monomer selected from the group consisting of
      vinyl ethers, styrene, alpha-methyl styrene, lower alkyl substituted
      styrenes and lower olefins, (b) 0-10 parts of at least one lower alkylene
      glycol lower alkyl monoether, (c) 0-10 parts of a C.sub.1 -6 aliphatic
      alcohol and (d) 0.1 to 0.9 parts of an ethoxylated C.sub.10.sub.-18 alkali
      metal or ammonium sulfate having about 2-200 units of ethylene oxide.
NUM  8.
PAR  8. An aerosol container packaged composition comprising approximately by
      weight the components of claim 1 in the following amounts: 0.01 to 0.1 of
      component (a), 0 to 10% of component (b), 0 to 25% of component (c), 0.1
      to 2% of component (d) 0 to 98% water and 1 to 30% of an aerosol
      propellant.
NUM  9.
PAR  9. An aerosol container packaged composition as defined in claim 8 wherein
      said propellant is selected from the group consisting of saturated
      aliphatic hydrocarbons and halogenated saturated aliphatic hydrocarbons.
NUM  10.
PAR  10. An aerosol container packaged composition as defined in claim 8 wherein
      said propellant is a fluorocarbon.
NUM  11.
PAR  11. A method of cleaning and defogging glass surfaces comprising applying
      thereto an effective amount of the composition as defined in claim 1.
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ABST
PAL  A composition for use in Deacidification of Paper, which comprises 0.1 to
      20% by weight of methyl magnesium carbonate in an organic solvent, where
      the solvent is not harmful to the paper.
GOVT
PAC  Government License
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for Governmental purposes
      without the payment of any royalties thereon or therefore.
BSUM
PAR  Barrow and others developed aqueous solutions for deacidification of books
      and papers, but the disadvantages of these aqueous methods for many
      conservation needs have led to a diligent search for practical and
      economical non-aqueous methods for such treatment.
PAR  Baynes-Cope (1) proposed the use of about a one percent solution of barium
      hydroxide in methanol for the non-aqueous deacidification of paper. This
      is effective in neutralizing acid and in conferring substantial alkaline
      reserve in treated papers, but suffers from the fact that barium compounds
      are very toxic, and that barium hydroxide is a very strong alkali.
      Although the barium hydroxide is slowly converted to barium carbonate, a
      very insoluble and relatively mild alkali, by reaction with carbon dioxide
      of the air, the paper is exposed to the high alkalinity for a significant
      length of time. It is well known that cellulose becomes extremely
      sensitive to oxidation at high alkalinity. These disadvantages severely
      limit the use of this method.
PAR  The Regnal process for non-aqueous deacidification uses magnesium acetate
      dissolved or suspended in polyvinyl acetal in organic solvents. These
      solutions are used to impregnate the paper with the polyvinyl acetal and
      magnesium acetate. The polyvinyl acetal reinforces weak papers and the
      magnesium acetate acts as a buffer, neutralizing strong acids and
      releasing the relatively weak acetic acid which is then lost by
      evaporation. This process does strengthen weak paper, but provides little
      protection against acid deterioration. First, the magnesium acetate is not
      very soluble in organic solvents which severely limits the amount that can
      be introduced into the paper, and second, the acetic acid released is
      sufficiently acid to damage paper, although it does so at a slower rate
      than stronger acids such as sulfuric or hydrochloric. Thus the Regnal
      process is not completely effective in stabilizing the paper against acid
      deterioration.
PAR  R. D. Smith in U.S. Pat. No. 3,676,055 issued July 11, 1972 has taught the
      use of magnesium methoxide (sometimes called magnesium methylate
      [(CH.sub.3 O).sub.2 Mg]) for the non-aqueous deacidification of books and
      papers. Magnesium methoxide is soluble in methanol up to about 8 or 9
      percent concentration. Smith recommends that the solution be diluted to
      about 1.0 or 1.5 percent concentration preferably with a halogenated
      hydrocarbon. Books and papers may be dipped in the solution or the
      solution may be applied by brushing or spraying. Smith also suggests that
      a pressure spray container with the self-generating pressure spray from
      the use of a low boiling halogenated hydrocarbon such as
      difluorodichloromethane or one of the other low-boiling fluorocarbons
      makes a convenient method of applying the solution. The halogenated
      hydrocarbons contribute to rapid evaporation of the solution and tend to
      minimize attack on certain inks by the methanol.
PAR  When the solvent solution is applied to paper, it hydrolyzes promptly to
      form magnesium hydroxide, a moderately strong alkali, which is then slowly
      converted to magnesium carbonate by exposure to atmospheric carbon
      dioxide. This carbonation process may be speeded up by exposing the
      treated book or paper to an atmosphere of carbon dioxide for a period of
      time, but this represents an additional step and extra time in treating
      the paper or book. Furthermore, the paper is exposed to the strong alkali
      magnesium hydroxide during the time that carbonation is occurring, thus
      subjecting the paper to the danger of increased oxidation from the
      strongly alkaline conditions.
PAR  The most serious objections to Smith's method, however, revolve around the
      practical application of the solution to books and papers. Magnesium
      methoxide is extraordinarily sensitive to water and must be kept in
      carefully sealed containers, since even traces of moisture cause immediate
      hydrolysis of the magnesium methoxide and precipitation of magnesium
      hydroxide, a white, gelatinous, material that is insoluble in water as
      well as inorganic solvents. Thus, pans of magnesium methylate solution
      exposed to the atmosphere for dipping books are quickly exhausted by
      hydrolysis from the water vapor in the air. When the solution is sprayed
      on books, as suggested by Smith, spray nozzles are subject to frequent
      plugging, requiring disassembly, cleaning with acid, and careful re-drying
      before reassembly. This is a tedious, annoying, and expensive procedure
      when a number of books are to be treated. The use of brushes to apply the
      solution is no better, as the bristles quickly become clogged with
      magnesium hydroxide, and must be cleaned in acid and dried before reuse.
PAR  Furthermore, the paper must be dried considerably below the normal
      equilibrium moisture content of 5 to 6 percent to prevent premature
      hydrolysis of the magnesium solution on the surface of the paper, causing
      a glaze of magnesium hydroxide which obscures the writing or printing, and
      limits the penetration of the solution to the interior of the sheet of
      paper which, as a result, may be incompletely deacidified.
PAR  Problems with Smith's magnesium methoxide process become so severe on damp
      days that it is virtually inoperable on a production basis.
DETD
PAC  Description of the Invention
PAR  In contrast to the difficulties described with the prior art of non-aqueous
      deacidification, I have found that these difficulties can be eliminated by
      the use of methyl magnesium carbonate in organic solvent. Methanol is
      suitable as a solvent, as are mixtures of methanol with other organic
      solvents such as butane, hexane, octane, benzene, toluene, halogenated
      hydrocarbons, ethers, esters, ketones and the like. The only consideration
      is that the solvent be reasonably volatile in order that treated books and
      papers dry readily, and that the solvent be compatible with the methyl
      magnesium carbonate. It is also desirable that the solvent not discolor or
      be otherwise detrimental to the papers or books being treated. A suitable
      choice of solvent will be readily apparent to one skilled in the art.
PAR  Methyl magnesium carbonate was prepared by Szarvasy in 1897 (Berichte, 30,
      1836 (1897).), giving its formula as
      ##EQU1##
      Stiles and Finkbeiner [Am. Soc., 81, 505-506, (1959)]  later showed this
      to be incorrect, and indicated that the formula should be CH.sub.3
      OMgOCO.sub.2 CH.sub.3.XCO.sub.2 where X varies with the solvent and
      temperature. Detailed procedures were given for its preparation. We have
      found the following simplified procedure preferable for preparing a
      solution to be used in the deacidification and buffering of books and
      papers.
PAR  Magnesium methoxide is prepared by known procedures to give an 8 percent
      solution in methanol by weight. If desired even higher concentrations can
      be prepared, but the excess above 8 or 9 percent will not dissolve in the
      methanol, and remains as a precipitate, forming a slurry with the
      solution. Carbon dioxide is then passed into the solution or suspension
      until it is saturated with the carbon dioxide. This usually requires about
      an hour with a moderate flow of carbon dioxide and good mixing. In the
      case of the 8 percent solution of magnesium methoxide, the initial
      reaction with the carbon dioxide produces a turbidity or precipitate
      within a short time, but this redissolves on continued addition of carbon
      dioxide and the solution becomes clear and colorless if pure reagents are
      used -- otherwise a mild yellow color may develop. This color does not
      appear to be harmful, as it generally disappears when the paper is treated
      and dried. However, it is best to test any discolored solution on paper of
      no value before use on valuable books and papers, and to repeat the
      preparation of the solution with reagents of higher purity if permanent
      stains are noted. Normally, magnesium metal suitable for Grignard reagent
      preparation, synthetic absolute methanol of electronic grade or ACS grade,
      and the ordinary commercial grade (99.5%+) of carbon dioxide are
      satisfactory for producing colorless methyl magnesium carbonate solutions.
PAR  The stock solution described may be concentrated to 20 percent or higher
      for shipment or storage by distilling off excess methanol. If desired, all
      of the methanol can be distilled off leaving a solid material which can be
      stored in tightly closed containers and redissolved in methanol as desired
      for use. (Magnesium methoxide becomes very feebly soluble once the
      methanol is removed and it cannot be redissolved to form solutions more
      concentrated than about 1 percent, even in boiling methanol. This is a
      further advantage of the methyl magnesium carbonate.) The magnesium methyl
      carbonate dissolves faster if the methanol contains dissolved carbon
      dioxide, but this is not necessary.
PAR  For use, the stock solution preferably is diluted to a concentration of
      about 1 to 3 percent using methanol or one of the other solvents
      enumerated above. It is nearly always desirable that the treated book or
      paper contain about 2 to 3 percent of magnesium carbonate after the
      treatment. This will provide an alkaline reserve sufficient to protect the
      book from acid for many years, typically 300 to 500 years or more. Greater
      or lesser concentrations are possible, however, depending upon the
      estimate of risk to acid exposure of the treated book or paper. Acid
      exposures are usually derived from polluted atmospheres, particularly in
      heavy industrial environments, so books and papers thus exposed would
      require more alkaline reserve than a book or paper exposed only to a
      remote rural environment. However even in rural environments the book will
      be subjected to some atmospheric contaminants and to internally generated
      acids from oxidation, or hydrolysis of additives.
PAR  The advantages of the methyl magnesium carbonate solution are most evident
      in the process of treating books and papers by dipping, spraying, or
      brushing. These solutions are very tolerant of water compared to solutions
      of magnesuim methoxide, and do not cause plugging of spray nozzles. Simple
      rinsing in methanol is sufficient to keep bristle brushes clean and
      flexible. There is no tendency for pans of the solution to precipitate
      when dipping books and papers, even when exposed to damp atmospheres for
      several hours. Covering the pans tightly between dips, or maintaining a
      carbon dioxide atmosphere over the surface of the solution is sufficient
      to prolong the usefulness of the solution without precipitation for
      several days. Considering the volatility of the solvent, it is unlikely
      that greater stability during use would be of any practical significance,
      as evaporation, and exhaustion of the solution by the treated papers would
      change the concentration to the point where replacement would be
      desirable.
PAR  The tolerance of methyl magnesium carbonate to water is best illustrated by
      an experiment comparing it to magnesium methoxide. A 1.5 percent solution
      by weight of methyl magnesium carbonate and a 1.5 percent solution by
      weight of magnesium methoxide were made up in methanol. Both solutions
      were clear and colorless. Then 5 ml of a 10 percent by weight solution of
      water in methanol was added to 140 ml portions of each of the two
      solutions. The solution of methyl magnesium carbonate remained clear and
      colorless. The solution of magnesium hydroxide on the other hand
      immediately became turbid and was filled with a copious white, gelatinous
      precipitate of magnesium hydroxide. Even a second addition of 5 ml of 10
      percent water in methanol caused no precipitation to the methyl magnesium
      carbonate. Thus it can be seen that the methyl magnesium carbonate is
      extremely tolerant of water, explaining its remarkable freedom from
      plugging when used in spray equipment.
PAR  When the methyl magnesium carbonate solution is applied to paper and dried,
      the material slowly hydrolyzes to form magnesium carbonate without going
      through the magnesium hydroxide, and thus does not expose the paper to
      such highly alkaline conditions as does magnesium methylate.
PAR  The operating limits of my invention are from about 0.1 percent to 20
      percent or more by weight of methyl magnesium carbonate in methanol, or a
      mixture of methanol and other organic solvents as enumerated previously.
      The preferred limits are from about 1 percent to 3 percent by weight in
      solution. The actual concentration used is determined more by the amount
      of alkaline reserve to be left in the paper than by the requirements for
      deacidification, since even very low concentrations of a few tenths of a
      percent of methyl magnesium carbonate are usually adequate to deacidify
      most acid papers when they are thoroughly wet with the solution. With more
      concentrated solutions, it is possible to completely deacidify books and
      papers with a light spray that barely dampens the paper, an advantage when
      treating books, as the book then dries so rapidly that the pages can be
      treated and dried almost as fast as the pages can be turned. Danger of
      solvent damage to sensitive inks is thereby minimized. Operation with
      concentrated soltuions, 3 percent to 10 percent by weight is feasible with
      methyl magnesium carbonate to give higher alkaline reserves if desired,
      giving great flexibility to operating with my invention. This is not
      possible with magnesium methoxide because the difficulties described will
      be intensified with higher concentrations. The operation of my invention
      is demonstrated by the following examples.
PAC  EXAMPLE 1
PAR  A solution of magnesium methoxide was prepared by dissolving magnesium
      metal turnings in anhydrous methyl alcohol to form a solution of 3 percent
      wt/volume.
PAR  A second solution was prepared by taking a portion of the magnesium
      methoxide solution and saturating it with carbon dioxide by bubbling a
      slow stream of the gas through the solution for 3 hours while maintaining
      good agitation.
PAR  Both solutions were clear and colorless.
PAR  A portion of the second solution was evaporated to dryness under vacuum,
      yielding a white, glassy solid which was easily pulverized to a white
      powder. This powder analysed 16.65 percent magnesium and 40.82 percent
      carbon dioxide which is consistent with the formula.
EQU  CH.sub.3 OMgOCO.sub.2 CH.sub.3 : 0.355 CO.sub.2 -methyl magnesium carbonate
PAR  The solid redissolved readily in methanol saturated with carbon dioxide,
      but dissolved very slowly in plain methanol.
PAR  The magnesium methoxide solution (solution no. 1) and the methyl magnesium
      carbonate (solution no. 2) were used to treat acid papers by applying both
      solutions with a paint sprayer ("Tuffy" model NCF501 with Type EGA502
      spray gun manufactured by the DeVilbiss Co., Toledo, OH). With solution
      no. 1, the spray head plugged in less than 10 minutes of intermittent
      spraying as the papers were sprayed, set aside to dry and more papers laid
      out for spraying. In contrast to this behavior, solution no. 2 was used
      for the entire day (about 7 hours) with absolutely no difficulty
      experienced from plugging. Rinsing the spray gun with methanol at the end
      of the day was sufficient to clean the gun so that no visible residues
      remained.
PAR  On damp days (RH above 50 percent), papers sprayed with solution No. 1
      acquired a glaze of magnesium hydroxide on the surface which partially
      obscured the writing or printing and left a powdery white deposit on
      drying. This deposit was difficult to remove completely, but tended to
      dust off slowly with handling. The treated papers were unpleasant and
      harsh to the touch.
PAR  In contrast to this, the papers sprayed with solution no. 2 were soft and
      smooth to the touch, and there was not obscuration of the writing or
      printing even when the papers were slightly damp (8-10 percent moisture
      present) when they were sprayed. There was no powdery deposit after
      drying, and the papers were smooth and pleasant to the touch.
PAC  EXAMPLE 2
PAR  A solution of 1 percent magnesium methoxide was made up by diluting a
      commercial solution of 8 percent magmesium methoxide in methanol with
      Freon TF (Trichlorotrifluoroethane) to 1 percent concentration (w/v).
PAR  This solution was used to treat the papers listed in Table 1 as follows:
      Twenty-five ml of the solution was poured into a shallow tray slightly
      larger than the 81/2.times. 11 inch sheets of paper to be treated, and a
      single sheet of paper was immersed in the solution. The paper was
      thoroughly impregnated by rocking the tray to agitate the solution and
      insure even distribution. After three minutes, the paper was removed from
      the solution, drained and hung up to dry, blotting off any excess liquid
      accumulating at the lower edge.
PAR  The excess of the 25 ml of solution was discarded and the pan wiped
      carefully to remove any residues. A fresh 25 ml of solution was used for
      the next sheet of paper. In this way each sheet was treated exactly alike
      and there was no possibility of depletion of the solution from sample to
      sample.
PAR  The treated sheets were conditioned at 23.degree.C and 50 percent RH for 24
      hours and then tested with the results shown in Table II.
PAR  The testing procedures used were as follows:
PA1  pH -- 2.5 grams of paper pulped 250 ml of water in in a Waring blender and
      the pH read on a pH meter with a glass electrode
PA1  Acidity -- The above pulp was titrated with 0.1N NaOH to a pH of 7.0 and
      the acidity calculated as milliequivalents per kilogram
PA1  %MgCO.sub.3 -- The pulped sample was treated with excess standard
      hydrochloric acid, boiled to expel CO.sub.2 and back titrated with 0.1N
      sodium hydroxide to a pH of 7.0. The amount of alkalinity present was
      calculated as %MgCO.sub.3
PA1  M.i.t. folding Endurance -- TAPPI method T511, Su-69 Tensile Strength --
      TAPPI method T494, OS-70 Thickness -- TAPPI method T411 OS-68 Brightness
      -- TAPPI method T452 - M58 using a Photovolt model 670 meter
PA1  Moisture Regain -- TAPPI method T412-Su69
PAR  In dipping the papers in the solution, considerable difficulty was
      experienced because of the "glazing" of the surfaces of the paper with
      precipitated magnesium hydroxide. In fact, there was so much surface
      deposit that the thickness of the paper was significantly increased and
      there was much dusting of the paper during handling after drying.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Papers Used in Treatment Tests                                            
     Paper                                                                     
         Name    Composition    pH Additives                                   
     __________________________________________________________________________
     A   JCP-A60                                                               
               30% Bleached Southern Kraft                                     
                               6.5 13 parts                                    
               70% Bleached Hardwood Kraft                                     
                                   clay                                        
     B   Maderite                                                              
               30% Bleached Southern Kraft                                     
                               6.1 15 parts                                    
         Offset                                                                
               70% Hardwood Soda   clay; rosin                                 
                                   & starch                                    
     C   Handmade                                                              
               33% Refined Rag 5.3 1 percent                                   
               33% Bleached Kraft  Neuphor                                     
               33% Sulfite         3 percent                                   
                                   alum                                        
     __________________________________________________________________________
PAR  These papers were conditioned at 23.degree.C and 50 percent RH for 24 hours
      before treatment.
PAC  EXAMPLE 3
PAR  A portion of the 1 percent magnesium methoxide solution from Example 2 was
      converted to methyl magnesium carbonate solution by saturating the
      solution with carbon dioxide, bubbling a moderate stream of the gas
      through the solution for 11/2 hours, at which point no more carbon dioxide
      would dissolve in the solution and conversion was complete.
PAR  Samples of the three papers were treated with this solution following the
      same procedure used in Example 2.
PAR  In dipping these papers, there was no precipitation from the solution, and
      no surface deposit. Thickness of the papers was essentially unchanged, and
      there was no dusting of the papers after drying.
PAR  Papers from Examples 2 and 3, together with the untreated controls, were
      conditioned for 24 hours at 23.degree.C and 50 percent RH and then were
      tested with the results shown in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Comparison of Treated Papers with Untreated Controls                      
     Paper    pH   Acidity                                                     
                        MgCO.sub.3, %                                          
                              M.I.T. Fold,                                     
                                       Tensile Strength,                       
                                                  Thickness                    
                                                        Brightness             
                                                              Moisture         
                   Me.sub.Q /Kg                                                
                              1/2 Kg Load                                      
                                       Kg/15 mm width                          
                                                  1/1000"     Regain %         
     JCP-A60                  MD   CD  MD   CD                                 
     __________________________________________________________________________
     Control-no                                                                
              6.5  8    --    558  470 5.43 3.46  3.73  74.5  4.36             
      treatment                                                                
     Treated Ex. 2                                                             
              9.1  --   7.35  532  549 5.51 3.50  4.40  74.6  2.74             
     Treated Ex. 3                                                             
              8.9  --   6.34  483  691 5.10 3.75  3.75  74.0  6.26             
     Maderite                                                                  
     Offset                                                                    
     Control-no                                                                
              6.1  12   --    565  316 6.18 3.22  3.47  75.4  4.83             
      treatment                                                                
     Treated Ex. 2                                                             
              10.2 --   6.85  670  449 6.83 3.17  4.00  75.4  2.80             
     Treated Ex. 3                                                             
              9.8  --   6.95  575  448 5.60 3.30  3.49  73.0  4.93             
     Handmade                                                                  
     Control-no                                                                
              5.3  40   --     8251                                            
                                   --  6.30 --    7.4   78.0  6.01             
      treatment                                                                
     Treated Ex. 2                                                             
              10.3 --   9.24   5877                                            
                                   --  5.93 --    7.9   80.9  3.3              
     Treated Ex. 3                                                             
              10.3 --   10.25   5719                                           
                                   --  6.39 --    7.6   78.0  6.08             
     __________________________________________________________________________
PAR  It was an unexpected benefit that the moisture regain of the papers treated
      with methyl magnesium carbonate were so much better than those treated
      with magnesium methoxide, as the better moisture regain indicates that the
      paper will have a higher equilibrium moisture content and therefore will
      be more flexible and less subject to embrittlement from drying out in
      atmospheres of low humidity after treatment. This also contributes to a
      more pleasant "feel" of the paper, as dry papers tend to feel harsh and
      unpleasant to the touch.
PAR  It can be seen from the test results that the treated papers were
      completely deacidified and that they contain significant alkaline
      reserves. The excessive surface deposits from the magnesium methoxide show
      up as an increase in the thickness of the paper not found with the methyl
      magnesium carbonate treatment. The excessive surface deposits caused an
      increase in the brightness with some of the papers treated with magnesium
      methoxide, but this would be undesirable for printed papers as the
      printing would tend to be obscured by such deposits.
PAR  Treatment with methyl magnesium carbonate is effective in prolonging the
      life of the paper as shown by the data in Table III which gives the
      results of accelerated aging tests on the paper. It is generally accepted
      that 3 days aging at 100.degree.C is roughly equivalent to 25 years aging
      at normal room temperatures. The sheets of JCPA-60 papers treated with
      magnesium methoxide and with magnesium methyl carbonate were compared with
      untreated sheets after aging for 0, 3, 6, 12, and 36 days in an oven at
      100.degree.C. The deterioration of the paper is shown by the decline in
      folding endurance with age.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Accelerated Aging Tests at 100.degree.C. Effect on M.I.T. Folding         
     Endurance                                                                 
     Days Aging - Fold Endurance                                               
     0             3       6       12      36                                  
     Paper MD  CD  MD  CD  MD  CD  MD  CD  MD  CD                              
     __________________________________________________________________________
     JCP-A60                                                                   
     Untreated                                                                 
     Control                                                                   
           558 470 431 426 215 202 279 190 91  109                             
     JCP-A60                                                                   
     Treated                                                                   
     EX. 2 532 549 409 371 364 253 384 288 246 354                             
     JCP-A60                                                                   
     Treated                                                                   
     EX. 3 483 691 606 576 423 751 296 309 272 356                             
     __________________________________________________________________________
PAR  It is apparent that the treated papers maintain their folding endurance
      much better than the untreated paper and, as a result, have a much longer
      life expectancy. There appears to be little difference in the beneficial
      effect of the treatment with magnesium methoxide and methyl magnesium
      carbonate, as both serve to deposit magnesium carbonate in the paper as an
      alkaline reserve, but the substantial operating advantages of the methyl
      magnesium carbonate have been amply illustrated in the examples.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A composition for the deacidification of paper materials comprising 0.1
      to 20% by weight of methyl magnesium carbonate in an organic solvent.
NUM  2.
PAR  2. The composition of claim 1 wherein the solvent is a volatile solvent,
      which is not detrimental to paper or inks.
NUM  3.
PAR  3. A composition according to claim 2 wherein the solvent is methanol.
NUM  4.
PAR  4. A composition according to calim 3 wherein the methyl magnesium
      carbonate is present in 1-3% by weight.
NUM  5.
PAR  5. A composition according to claim 2 wherein the solvent is a halogenated
      hydrocarbon.
NUM  6.
PAR  6. A composition according to claim 1 in a spray container with a
      self-pressurizing halogenated hydrocarbon as said solvent.
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ABST
PAL  A water washable substantially biodegradable dye penetrant composition
      having excellent sensitivity and high stability, for use in
      non-destructive testing of objects to locate voids and defects therein,
      said composition consisting essentially of an organic dye, preferably a
      fluorescent dye, and a carrier or solvent for said dye, in the form of a
      mixture of certain ethoxylated linear alcohols, particularly a combination
      of biodegradable nonionic surfactants each comprised of ethoxylates of a
      mixture of secondary alcohols having linear alkyl chains of from 11 to 15
      carbon atoms, one of which contains an average of 5 moles of ethylene
      oxide, and another of which contains an average of 9 moles of ethylene
      oxide. In the method of application of the dye penetrant compositions,
      such composition is applied to the surface of an object containing cracks
      and flaws, water is applied to the surface of the object to remove excess
      liquid dye penetrant composition from the surface without removing such
      penetrant from the cracks and defects, and with or without a developer,
      the surface of the object is viewed under suitable lighting conditions, e.
      g. ultraviolet or black light when the dye in the penetrant is a
      fluorescent dye, to locate any cracks or defects in the surface of the
      body as indicated by colored traces from the dye penetrant remaining in
      the cracks and flaws.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 444,433, filed Feb. 21, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved dye penetrant composition and method
      for non-destructively testing material specimens to locate and identify
      surface voids, cracks or defects, and more particularly to an improved
      liquid vehicle for such a dye penetrant. The invention is especially
      concerned with a novel easily water washable, stable and sensitive dye
      penetrant composition of the above type having the characteristics of
      being able to disclose a wide range of defective conditions in parts,
      employing as solvent or vehicle essentially a biodegradable non-ionic
      surfactant in the form of certain combinations or mixtures of certain
      ethoxylated alcohols; and to a method utilizing such dye penetrant
      composition for non-destructive testing of parts.
PAR  In known penetrant inspection methods for rapid location and evaluation of
      surface flaws or cracks in test bodies or parts, a dye penetrant
      composition, preferably containing a fluorescent dye, and which will
      penetrate the openings of the surface cracks or flaws in the part, is
      applied to the surface of the test body, and the excess penetrant
      composition is removed from the surface of the body. A developer
      composition may then be applied to the part surface, which acts as a wick
      and causes the liquid penetrant containing the fluorescent dye, which was
      retained in the cracks or surface flaws, to be drawn up out of the surface
      defects by capillary action. The part is then exposed to appropriate
      lighting conditions, such as invisible fluorescigenous light, and the
      location of the surface flaws is revealed by the emission of visible
      fluorescent light by the penetrant dye which was retained in the cracks or
      flaws after the penetrant composition was removed from the surface of the
      part.
PAR  For best efficiency, particularly for the detection and location of minute
      surface cracks and flaws, as well as intermediate size and gross cracks,
      it is necessary that the dye penetrant composition have high sensitivity.
PAR  Volatile type solvents are commonly employed for extending or thinning dye
      penetrant inspection solutions or compositions. This is done chiefly for
      the purpose of lowering the viscosity of the penetrant in order to adapt
      it for application in spraying systems. Thus for example solvents such as
      kerosene, light fuel oils, and methyl ethyl ketone, all highly volatile
      solvents, have heretofore been employed in prior art dye penetrants. See
      for example U.S. Pat. No. 2,806,959. Further, most dye penetrant solutions
      in practice generally require the use of a combination of solvents,
      including primary and secondary solvents, extender solvents and wetting
      agents.
PAR  However, the use of volatile solvents in dye penetrant compositions has
      certain disadvantages. Thus, the use of volatile solvents in dye
      penetrants results in the evolution of fumes and solvent vapors which are
      rapidly formed by the evaporating solvent.
PAR  In addition, stability of the penetrant solution is essential without the
      necessity for carefully balancing the various liquid components of a dye
      penetrant solution in order to obtain efficient penetration of the
      solution into the cracks and flaws of a part, dye solubility, wetting
      action and washability control.
PAR  An additional criterion has recently developed also with respect to dye
      penetrant solutions and compositions. Generally, dye penetrant solutions
      presently being used and containing solvents and wetting agents present a
      disposal problem in that they are substantially non-biodegradable, that
      is, they are very difficult to decompose by bacteria in sewage disposal
      plants. Hence the necessity for the development of dye penetrant solutions
      and compositions which are biodegradable, that is which employ dye
      solvents and carriers which are biodegradable, and are readily available
      despite the petrochemical shortage, has attained considerable importance.
PAR  In my above copending application there is disclosed a novel dye penetrant
      which has improved washability and sensitivity characteristics, and which
      is biodegradable, containing as the vehicle for the dye, certain
      biodegradable nonionic ethoxylated alcohols. Although dye penetrants of
      this type have been tested extensively and have proved highly satisfactory
      and effective for most applications, occasionally some undesirable
      fluorescent background was left on the parts undergoing inspection. Also,
      although high sensitivity formulations can be provided by means of the
      penetrant compositions of may above application, including the
      aforementioned nonionic ethoxylated alcohols as surfactant, in some
      instances an even greater sensitivity range is desired for the dye
      penetrant, especially when working with parts or speciments containing a
      wide range of cracks or defects of varying sizes. Also, it has been found
      that when employing many of the nonionic ethoxylated alcohols in dye
      penetrants according to my above copending application, it is necessary to
      employ relatively high volumes of water and increased pressure to wash
      excess penetrant from the surface of the test specimen.
PAR  Accordingly, an object of the present invention is the provision of a
      readily water washable dye penetrant solution or composition which avoids
      the use of the conventional primary and secondary volatile and
      non-volatile solvents, and multiplicity of wetting agents, and their
      above-noted disadvantages, and which is highly stable, has excellent
      sensitivity and is essentially non-flammable and non-toxic. A particular
      object of the invention is to provide a dye penetrant solution of the
      above-noted type, having good wettability characteristics, and which
      employs a liquid carrier or vehicle for the dye, which is generally of the
      type disclosed in my above copending application, which is readily
      available and is biodegradable, thus rendering the dye penetrant solution
      essentially biodegradable, and which has certain additional advantages.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that the above objects and advantages can be
      accomplished according to the invention, and an improved biodegradable dye
      penetrant composition provided, by employing as a solvent or carrier for
      the dye, e.g. fluorescent dye, in the dye penetrant, a combination of
      biodegradable nonionic surfactants comprised of certain ethoxylated linear
      alcohols, of the type disclosed in my above copending application,
      particularly a combination of such biodegradable nonionic surfactants,
      each preferably comprised of ethoxylates of a mixture of secondary
      alcohols having linear alkyl chains of from 11 to 15 carbon atoms, one of
      which surfactants contains an average of 5 moles of ethylene oxide, and
      another of which contains an average of 9 moles of ethylene oxide, such
      dye penetrant compositions being substantially free of oder and having an
      unusually high flash point in excess of 400.degree. F. If desired, where a
      particularly high sensitivity material is required, a third member of such
      series of biodegradable nonionic surfactants can be incorporated, the
      latter surfactant also preferably comprised of ethoxylates of a mixture of
      secondary alcohols having linear alkyl chains of from 11 to 15 carbon
      atoms, and which contains an average of 3 moles of ethylene oxide.
PAR  By employment of a dye penetrant composition of the above type, utilizing a
      combination of the above nonionic ethoxylated alcohols containing 5 moles
      of ethylene oxide and 9 moles of ethylene oxide, respectively, it has been
      found that a substantial improvement is obtained, in the absence of
      fluorescent background remaining on the parts, permitting sharp and
      brilliant indications of defects on a non-fluorescent background, and
      permitting use of substantially reduced amounts of water for washing and
      reduced water pressure and time of washing, as compared to the use of for
      example the individual ethoxylated alcohols. In addition, the invention
      combination of biodegradable surfactants employed in the dye penetrant of
      the invention has the ability to detect and disclose a very wide range of
      defective conditions or cracks of varying sizes, usually only capable of
      being detected by employing several different levels of penetrant
      formulations of the prior art, that is penetrants which contain varying
      amounts of dye.
PAR  The dye penetrant composition of the present invention otherwise has
      substantially the same improved properties and advantages of the dye
      penetrant of my above copending application, in that it does not require
      the presence of any additional solvents or wetting agents, generally
      employed in prior art dye penetrant solutions and compositions. The dye
      penetrant solution of the invention is accordingly very simple to mix, and
      to use, is economical, and not only is biodegradable, but the above-noted
      nonionic solvent carrier for the dye is readily available since it is less
      dependent on petrochemical sources for its manufacture.
PAR  Thus, it has been found according to the present invention that the simple
      addition of a small amount of dye, preferably in proportions hereinafter
      disclosed, to the above-noted specific combination of nonionic ethoxylated
      alcohols results in an efficient powerful dye penetrant with highly unique
      and desirable characteristics including instant washability from the
      surface of parts without loss of dye penetrant solution entrapped within
      the defects and cracks. Such dye penetrant solution penetrates the cracks
      and flaws in the surface of parts instantly and without having to wait for
      relatively long periods for this purpose as in the case of many commerical
      penetrants. Thus, the invention provides a dye penetrant solution
      employing essentially a single type of biodegradable surfactant as carrier
      or vehicle for the dye, while at the same time obtaining high stability of
      the dye in the carrier, and also obtaining excellent wettability and
      instant washability of the dye penetrant solution from the part surface
      without dislodging the dye penetrant from the cracks and flaws in a part
      surface. Since the above-noted nonionic dye solvent or carrier employed
      has extremely low volatility it provides dye penetrant solutions of
      uniform and stable sensitivity, and which afford excellent crack and
      defect detection. Further, the nonionic solvent or carrier of the dye
      penetrant solution hereof has a high flash point, of the order of
      400.degree.F., and is essentially nonflammable, has low volatility, is
      substantially odorless, and of particular significance, it is
      biodegradable, thus conferring such properties on the dye penetrant
      solution.
PAR  The nonionic biodegradable solvent or carrier for the dye according to the
      invention consists of certain combinations of two or more surfactants of
      the same family, each consisting of ethoxylates of a mixture of linear
      secondary aliphatic alcohols, with the hydroxyl groups randomly
      distributed, the linear aliphatic hydrophobic portion of such alcohols
      being a mixture of alkyl chains containing in the range from 11 to 15
      carbon atoms, one of such surfactants containing an average of 5 moles of
      ethylene oxide, and another of such surfactants containing 9 moles of
      ethylene oxide. If desired a third surfactant of the above same family can
      be incorporated, containing an average of 3 moles of ethylene oxide, for
      further enhanced sensitivity.
PAR  The above nonionic biodegradable surfactant combination employed as carrier
      for the dye penetrant of the invention is a combination or mixture of
      compounds of surfactants which can be represented by the formula:
      ##EQU1##
      where n is in the range from 9 to 13, and m for one surfactant of the
      combination is 5 and for a second surfactant of the combination is 9, and
      which combination, if desired can also include a third surfactant as
      defined above, where m is 3.
PAR  Although preferably each of the above-defined surfactants of the
      combination is formed of a mixture of two or more linear alkyl hydrophobic
      chains ranging from C.sub.11 to C.sub.15, as noted below, the surfactant
      can contain a single such chain formed from a single secondary aliphatic
      alcohol of the types described below.
PAR  The linear alkyl hydrophobic portion of each of the above defined
      surfactants of the combination preferably is a mixture of C.sub.11 to
      C.sub.15 linear alkyl chains, and can be derived from a mixture of
      C.sub.11 to C.sub.15 aliphatic secondary alcohols, for example the
      secondary undecyl, dodecyl, tridecyl, tetradecyl and pentadecyl alcohols.
      The hydrophilic portion of each of the surfactants of the combination is a
      poloxyethylene chain randomly attached to any carbon atom of the linear
      alkyl hydrophobic chains, other than to the terminal carbon atoms thereof,
      through an ether linkage. Such hydrophilic polyoxyethylene chain is
      generally expressed in terms of an average number of moles of ethylene
      oxide.
PAR  Thus, the combination of biodegradable nonionic surfactants of the
      invention, and which are of the types defined in the above formula,
      preferably are those consisting of a mixture of ethoxylates of from 11 to
      15 carbon atoms in the aliphatic hydrophobic chain, and containing an
      average of 5 and 9 moles of ethylene oxide, respectively, as the
      hydrophil, and which may also include an additional such surfactant
      containing 3 moles of ethylene oxide in the hydrophil.
PAR  Materials corresponding to these three biodegradable nonionic surfactants
      are marketed, respectively as:
TBL  Tergitol         15-S-3                                                   
     "                15-S-5                                                   
     "                15-S-9                                                   
PAL  In each case of the Tergitol S series of surfactants listed above, the
      number to the left of the "S" indicates a hydrophobic aliphatic chain of
      from 11 to 15 carbon atoms derived from a mixture of alcohols on C.sub.11
      to C.sub.15 backbone chains, and the number to the right of the S
      designates the average number of moles of ethylene oxide as the hydrophil.
      Thus for example, Tergitol 15-S-5 is a mixture of linear aliphatic
      alcohols in the C.sub.11 to C.sub.15 range ethoxylated with an average of
      5 moles of ethylene oxide. All of these commercially marketed Tergitol S
      series of surfactants are water soluble except for Tergitol 15-S-3, which
      is essentially water insoluble. Thus, the basic combination or mixture of
      these materials in providing the dye penetrant of the invention, is a
      mixture of the above Tergitols 15-S-5 and 15-S-9. To this mixture there
      can be added optionally Tergitol 15-S-3.
PAR  The respective nonionic biodegradable surfactants employed as carrier or
      vehicle for the dye of the penetrant solution according to the invention,
      are prepared by reacting an alcohol or mixture of alcohols, as described
      above, with the desired proportion of ethylene oxide, in the presence of
      an alkaline catalyst, such as potassium hydroxide. The ethylene oxide may
      be added to the alcohol or mixture of alcohols in one continuous step or
      it may be added in several steps. The products thus produced possess
      random distribution of oxyethylene groups, as noted above.
PAR  Any suitable dye generally employed in dye penetrant compositions can be
      incorporated into the combination of nonionic ethoxylated alcohol
      surfactants described above for producing the dye penetrant compositions
      of the invention. Preferably, however, a fluorescent dye is employed for
      this purpose. The ethoxylated surfactants vehicle for the dye is
      compatible therewith and has the ability to dissolve either small or
      relatively large amounts of the dye and to hold a high concentration of
      dye in solution while providing good resolution and clarity of the dye
      trace in the cracks and flaws. Thus, the amount of dye employed can be
      varied to change the sensitivity of the penetrant while maintaining the
      same washability, utilizing the combination of nonionic surfactants
      according to the invention.
PAR  As previously noted, the dye penetrant solution employed according to the
      invention preferably contains a fluorescent dye. Various types of
      fluorescent dyes can be employed including for example the dye marketed as
      Fluorol 7GA as well as other fluorescent dyes such as those marketed as
      Calcofluor Yellow, Azosol Brilliant Yellow 6GF; Rhodanine B. Rhodanine 6
      GDN, Calcofluor White RW, Blancophor White AW, Auramine and Eosine G, and
      water soluble fluorescent dyes such as Blancophor FFG.
PAR  The dye penetrant composition employed accordint to the invention
      alternatively can contain non-fluorescent or daylight type dyes such as
      azo type dyes, e.g. syleneazo-beta-naphthol, Mefford No. 322 dye, believed
      to be o-toluene-azoxyleneazo-beta-naphthol, and the azo dyes marketed as
      Oil Red "O" and Sudan Red. These dyes conveniently can be employed where
      daylight or white light is only available, and particularly where the
      surface of the body to be detected contains relatively gross cracks.
      However, it is preferred to employ fluorescent dyes having greater
      sensitivity or detectability as result of the high contrast obtained by
      the fluorescent indications.
PAR  The dye penetrant composition according to the present invention permits
      rapid and almost instantaneous removal or cleaning of the remaining dye
      penetrant from the object surface by water washing, e.g. by application of
      ordinary tap water, a water spray or a spray mixture of air and water, or
      by wiping with a water moistened cloth or a cloth moistened with a rapid
      drying solvent such as trichloroethane or alcohol, without any need for
      emulsifiers and the like. Thus, the dye penetrant composition hereof
      generally has excellent wettability and practically instantaneous
      washability with water without removing dye penetrant from the cracks and
      defects on the part surface.
PAR  However, if desired, small amounts of extenders such as kerosene, the
      iso-paraffinic materials marketed as "Isopar," and volatile solvents such
      as methyl ethyl ketone, isopropyl alcohol, and the like, and water, can be
      added to the dye penetrant composition of the invention containing the
      ethoxylated alcohol carrier, to vary the properties thereof. It is noted
      however that in preferred practice these additives are not employed and in
      effect a "one liquid" solution is provided according to the invention, in
      which the combination of the ethoxylated alcohol surfactants is
      essentially the sole carrier for the dye. Also, if desired, corrosion
      inhibitors such as, for example, morpholine, can be added in a small
      amount such as 0.01 to 0.1% by volume of the dye penetrant composition,
      particularly where the object being tested is highly susceptible to
      corrosion, such as magnesium.
PAR  The amount of dye which is incorporated into the ethoxylated alcohol
      surfactant combination or carrier to produce the dye penetrant composition
      of the invention, can range from about 0.1 to 15, preferably about 0.5 to
      about 10, parts of the dye, or mixtures thereof, per 100 parts of the
      total combination of ethoxylated alcohol surfactants by weight. In
      preparing the dye penetrant composition of the invention, the dye is
      simply added to the ethoxylated alcohol carrier combination in the desired
      proportion. The resulting dye penetrant composition has both high and low
      temperature stability.
PAR  Where a developer composition is employed, any one of the three general
      types of developer compositions, namely dry powder, wet aqueous
      (water-base) and wet non-aqueous (volatile solvent base) developer
      compositions can be employed. In each case, the developer composition
      contains a light colored powder, forming a coating which contrasts with
      the color of the dye in the penetrant and which acts as a wick or blotter,
      and causes liquid penetrant containing the dye, e.g. fluorescent dye,
      which was retained in the cracks or surface flaws, to be drawn up out of
      the surface defects by capillary action and to "bleed" through the powder.
      Preferred developer compositions for use in conjunction with the dye
      penetrant composition according to the invention, are those described in
      my U.S. Pat. No. 3,803,051, which is a dry powder developer containing
      fumed alumina, fumed silica, fumed titanium dioxide and talc, and in my
      U.S. Pat. No. 3,748,469, and which is a wet nonaqueous developer
      composition consisting essentially of isopropyl alcohol, talc and glycol
      monobutyl ether. The descriptions of such developer compositions contained
      in the above patents are incorporated herein by reference.
PAR  The ethoxylate surfactant containing 5 moles ethylene oxide, of the
      surfactant combination employed herein is generally employed in an amount
      of about 29 to about 90%, preferably about 49 to about 85%, and the amount
      of ethoxylate surfactant containing 9 moles of ethylene oxide generally in
      an amount of about 9 to about 70%, preferably about 14 to about 50%, by
      weight of the penetrant composition. Usually a larger amount of the former
      surfactant containing 5 moles of ethylene oxide as compared to the latter
      surfactant containing 9 moles of ethylene oxide, is utilized. By
      increasing the amount of such surfactant containing 5 moles of ethylene
      oxide to the surfactant containing 9 moles of ethylene oxide, the
      sensitivity of the dye penetrant is increased. An increase in the amount
      of the latter surfactant with respect to the amount of the former tends to
      increase water washability, so that a proper balance of these two
      surfactants provides the desired sensitivity and washability properties.
PAR  With rough surfaces, as in castings, smaller amounts of dye are employed in
      the surfactant combinations vehicle of the invention, for obtaining
      brilliant fluorescence from gross cracks. For parts with smooth surfaces,
      larger amounts of dye are used in the surfactant combination vehicle in
      order to obtain high fluorescent indications from minute cracks in such
      parts. Thus, the dye penetrant composition of the invention employing the
      above combination of biodegradable nonionic ethoxylated alcohol
      surfactants also can be tailored to have varying degrees of sensitivity
      for detection of the smallest microcracks to gross cracks in a part
      surface by generally varying the amount of dye incorporated. This is
      illustrated by the compositions I, II, III and IV in Table 1 below:
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPOSITIONS (parts by weight)                                            
                I      II       III      IV                                    
                Sensitivity Level                                              
                  Super                                                        
     COMPONENTS   high     High     Medium Low                                 
     ______________________________________                                    
     Tergitol 15-S-5                                                           
                  75.0     75.0     75.0   75.0                                
     Tergitol 15-S-9                                                           
                  25.0     25.0     25.0   25.0                                
     Calcofluor White RW                                                       
                  5.0      2.5      1.25   0.675                               
     Fluorol 7GA  1.5      0.75     0.375  0.187                               
     TOTAL        106.5    103.25   101.625                                    
                                           100.862                             
     ______________________________________                                    
PAR  Composition I provides a very high sensitivity performance, and is
      particularly advantageous for inspection of parts having a very smooth
      surface with microcracks. The high sensitivity dye penetrant Composition
      II is also suitable for this purpose. The medium sensitivity Composition
      III is suitable for detection of cracks of intermediate size, and the low
      sensitivity dye penetrant Composition IV is employed for detection of
      gross cracks. It will be noted that the sensitivity of Compositions I to
      IV varies with the amount of dye present, the sensitivity generally
      increasing with increase in dye concentration.
PAR  It is noteworthy that although the amount of dye in Compositions I, II, III
      and IV varies, these compositions containing the combination of Tergitols
      15-S-5 and 15-S-9, have essentially the same water washability
      characteristics when subjected to normal washing conditions using a water
      spray or a water-air spray. Moreover, under such normal washing
      conditions, and irrespective of dye concentration, the parts following
      such washing operation employing any of the above compositions I to IV are
      observed to be essentially free of fluorescent background so that the
      fluorescent indications of cracks and flaws are brilliant, with sharp
      contrast against the background metal of the part.
PAR  Representative examples of effective dye penetrant formulations provided by
      employing a combination of Tergitol 15-S-5 and Tergitol 15-S-9, in varying
      proportions, and which have varying sensitivity, are set forth in Table 2
      below. In Table 2, the proportions are expressed in terms of parts by
      weight.
TBL                TABLE 2                                                     
     ______________________________________                                    
     COMPOSITIONS                                                              
                  V       VI        VII                                        
                  Sensitivity Level                                            
     COMPONENTS     High      Medium    Low                                    
     ______________________________________                                    
     Tergitol 15-S-5                                                           
                    65        50        35                                     
     Tergitol 15-S-9                                                           
                    35        50        65                                     
     Calcofluor White RW                                                       
                    5.0       5.0       5.0                                    
     Fluorol 7GA    1.5       1.5       1.5                                    
     ______________________________________                                    
PAR  From Table 2 above, it is seen that the sensitivity of the respective
      formulations is increased by increasing the amount of Tergitol 15-S-5
      employed in the respective formulations in combination with Tergitol
      15-S-9, the amount of dye remaining constant.
PAR  Although ethoxylates as defined above, having 3 moles of ethylene oxide, as
      represented by Tergitol 15-S-3, are essentially water insoluble, this
      material optionally can be incorporated in the above combination or
      mixture of Tergitol 15-S-5  and Tergitol 15-S-9 in the dye penetrant
      composition according to the invention. The amount of such ethoxylate
      containing 3 moles of ethylene oxide which can be employed can range from
      0 to about 25% by weight of the penetrant formulation. Although Tergitol
      15-S-3 tends to reduce somewhat the water washability of the resultant dye
      penetrant, such surfactant is preferably employed in relatively small
      amount as noted above, so as not to affect water washability in any
      significant degree, while increasing the sensitivity of the penetrant.
PAR  Representative examples of the above dye penetrant compositions containing
      a combination of three of the above-noted ethoxylates in admixture are set
      forth in Table 3 below; the amounts being expressed as parts by weight.
TBL                TABLE 3                                                     
     ______________________________________                                    
     COMPOSITIONS                                                              
     COMPONENTS     VIII      IX        X                                      
     ______________________________________                                    
     Tergitol 15-S-5                                                           
                    75        60        50                                     
     Tergitol 15-S-9                                                           
                    20        25        30                                     
     Tergitol 15-S-3                                                           
                    5         15        20                                     
     Calcofluor White RW                                                       
                    5         5         5                                      
     Fluorol 7GA    1.5       1.5       1.5                                    
     ______________________________________                                    
PAR  The following examples serve to illustrate but are not limitative of the
      benefits and advantages obtained by practice of the present invention.
PAC  EXAMPLE 1
PAR  The fluorescent dye penetrant Composition I above was applied as by
      spraying, to one-half of the surface of a chromium-plated brass test panel
      containing minute cracks of the order of 0.00002 to 0.0001 inch in width,
      closely distributed over its entire surface. A water wash was then applied
      as by an air-water spray over the coating of the dye penetrant Composition
      I on the test panel, washing away the dye penetrant on the surface of the
      panel without dislodging the dye penetrant from the surface cracks and
      thus entrapping the penetrant therein.
PAR  The other half of the test panel surface was sprayed with fluorescent dye
      penetrant solution similar to Composition I, and containing the same dyes
      and amounts thereof but containing only Tergitol 15-S-5 in an amount of
      100 parts by weight, and designated Composition I', followed by
      application of an air-water spray to the surface of the panel to remove
      excess dye penetrant from the surface of the panel.
PAR  It was noted that substantially smaller amounts of wash water and at about
      one half the pressure was required for washing employing the invention
      Composition I containing the combination of ethoxylate surfactants as
      compared to Composition I' containing the single ethoxylate surfactant,
      and the time for washing using Composition I was reduced to less than half
      as compared to the amount of time when employing Composition I'.
PAR  Both halves of the test panel surface to which penetrant Composition I
      above and the Composition I' penetrant were initially respectively
      applied, were then covered with a powder developer having the following
      composition, according to my above U.S. Pat. No. 3,803,051.
TBL  ______________________________________                                    
     COMPONENTS    Percent by Weight                                           
     ______________________________________                                    
     Talc          52                                                          
     Alumina       35                                                          
     Silica        4                                                           
     TiO.sub.2     9                                                           
     ______________________________________                                    
PAR  The above developer was permitted to dwell over the two half surfaces of
      the test panel for a period of about 2 minutes.
PAR  Excess developer composition was then carefully removed from both half
      surfaces of the test panel by means of a gentle air blast.
PAR  The panel was then placed under black light (fluorescent) illumination and
      the respective half surfaces viewed in such illumination. It was observed
      that the first half side of the panel which has initially been treated
      with dye penetrant Composition I of the present invention, disclosed
      fluorescent indications from numerous readily defined microcracks therein,
      such fluorescent indications being sharper and more brilliant than the
      fluorescent indications from the microcracks on the half side of the panel
      which had been initially treated with the dye penetrant containing only
      Tergitol 15-S-5, as result of some slight flourescent background remaining
      on the latter half side of the panel.
PAC  EXAMPLE 2
PAR  Dye penetrant inspection tests were carred out in a manner generally
      similar to the procedure of Example 1, employing Composition II on a test
      panel similar to that of Example 1, Composition III on a test panel
      containing cracks of intermediate size, and employing Composition IV on a
      test panel having gross cracks.
PAR  In each of the three tests above, bright fluorescent indications were
      obtained from the cracks of fine size on the first panel, from the cracks
      of intermediate size on the second panel, and from the gross cracks on the
      third panel, employing Compositions II, III and IV, respectively
      comparable to the brightness and sensitivity of the fluorescent
      indications obtained employing composition I in Example 1, again free of
      any residual background fluorescence.
PAR  From Examples 1 and 2 above, it was observed that Compositions I and II
      function as super high to high sensitivity dye penetrant formulations for
      detecting microcracks, dye penetrant Composition III functions as a medium
      sensitivity dye penetrant for detecting intermediate size cracks, and dye
      penetrant Composition IV functions as a low sensitivity dye penetrant for
      detecting gross cracks, employing the combination of surfactants Tergitols
      15-S-5 and 15-S-9 according to the invention. Thus there is provided
      according to the invention a dye penetrant composition having excellent
      sensitivity and which can be tailored for a large sensitivity range
      necessary to detect from the most minute microcrack to the largest gross
      crack, without requiring any change in the washability of the formulation.
      In other words, Compositions I, II, III and IV above all have the same
      improved washability characteristics when adequate amounts of water are
      used for washing, despite the differences in dye concentration of these
      respective compositions. Thus, it is believed that the dye penetrant of
      the invention employing the above defined combination of ethoxylated
      alcohol surfactants as carrier has the unique property of great affinity
      for remaining within the cracks and defects of a part, while that portion
      of the dye penetrant contacting the surface of the parts containing the
      cracks, can be almost instantaneously washed away with simple water
      spraying using adequate amounts of water, without dislodging the penetrant
      entrapments.
PAR  In addition, the washability properties of the dye penetrant of the
      invention containing a combination of the defined ethoxylated surfactants
      are superior to those of the dye penetrants of my above copending
      application, containing a single ethoxylated surfactant, resulting in more
      efficient and complete removal of any residual background fluorescence.
PAC  EXAMPLE 3
PAR  Tests on aluminum panels having a very smooth surface and containing
      microcracks of the order of 0.00002 to 0.0001 inch in width, were carried
      out employing a procedure similar to that employed in Example 1, utilizing
      Composition V containing a combination of Tergitol 15-S-5 and Tergitol
      15-S-9, in a ratio of 65 to 35 parts by weight, respectively.
PAR  Results obtained were similar to those obtained in Example 1, but the test
      panel to which Composition V was applied required a slightly more rigorous
      water wash due to the presence of Tergitol 15-S-3 than in the case of the
      test panel containing Composition I in Example 1.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was essentially followed, but employing in place
      of Composition I, a non-fluorescent water washable biodegradable dye
      penetrant solution according to the invention, consisting of 12 parts of
      Tergitol 15-S-5, 4 parts of Tergitol 15-S-9 and 1 part of Oil Red O dye,
      by volume, applied over the entire surface of the test panel.
PAR  Excellent results of crack detectability were obtained employing such
      biodegradable non-fluorescent dye penetrants.
PAR  However, the brightness and sensitivity of the colored dye traces obtained
      employing the biodegradable non-fluorescent dye penetrant of this example
      were not as great as for the fluorescent biodegradable dye penetrant
      Composition I in Example 1.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was followed except that in place of the powder
      developer employed in Example 1, a nonaqueous developer having the
      following composition, according to my above U.S. Pat. No. 3,748,469 was
      employed:
TBL  COMPONENTS       Percent By Weight                                        
     ______________________________________                                    
     Isopropyl alcohol                                                         
                      70.5                                                     
     Talc             28.6                                                     
     Glycol monobutyl ether                                                    
                       0.9                                                     
     ______________________________________                                    
PAR  The above developer was permitted to remain on the panel surfaces to which
      it was applied for a period of 2 minutes, until substantially all of the
      isopropyl alcohol had evaporated and a substantially dry powder coating
      was formed.
PAR  Results similar to the results of Example 1 were obtained.
PAC  EXAMPLE 6
PAR  Test procedure similar to Example 1 was followed but employing dye
      penetrant Composition VIII of Table 3, containing a combination of
      Tergitols 15-S-5, 15-S-9 and 15-S-3.
PAR  Results obtained were similar to those obtained employing Composition I in
      Example 1, it being noted that dye penetrant Composition VIII produced
      somewhat reduced water washability of excess penetrant from the panel
      surface, while affording somewhat higher sensitivity in permitting
      detection of the minute cracks in the panel with somewhat more brilliant
      indications than in the case of Composition I, containing the combination
      of only the two surfactants 15-S-5 and 15-S-9.
PAC  EXAMPLE 7
PAR  Test procedure similar to that of Example 1 was carried out employing each
      of the respective Compositions I, II, III and IV in an automatic
      conveyorized penetrant system for processing various parts and specimens.
PAR  Good washability was obtained on all parts using a short relatively
      constant washing time on each of the respective parts for each of the
      above compositions, regardless of crack size, with excellent sensitivity
      of the resulting fluorescent indications in each case.
PAR  On the other hand, various prior art formulations could not be employed for
      such automatic processing since each such formulation requires a different
      and independent washing time due to differences in washability for each
      such formulation for different size cracks in parts.
PAR  From the foregoing, it is seen that the invention provides a highly
      effective substantially biodegradable water washable dye penetrant
      composition employing a dye carrier or vehicle in the form of certain
      combinations of ethoxylated alcohols, which permits substantially
      instantaneous removal of dye penetrant from the surface of the part in a
      single wash operation, while maintaining the dye penetrant in the cracks
      or defects of the part, followed by further processing as desired in the
      conventional manner for viewing under suitable e.g. fluorescent, lighting
      conditions, to obtain improved brilliance, definition and resolution of
      dye traces from cracks and flaws in the part surface, as compared to prior
      art penetrants, and affording a substantially non-flammable high
      performance dye penetrant composition having a wide range of sensitivity
      with improved washability characteristics, which results in a surface
      substantially free of undesirable fluorescent background, especially in
      rough metallic surfaces, and avoiding the use of volatile extenders and
      thinners in the dye penetrant, and which has high flash point, low
      flammability and volatility, is non-toxic and essentially odorless, and of
      particular importance is biodegradable. The improved dye penetrant of the
      invention is quick acting and rapidly penetrates surface defects of parts,
      and the combination of surfactants employed in the dye penetrant aids in
      providing brilliant indications without requiring high dye concentrations.
PAR  Since various changes and modifications of the invention will occur to and
      can be made readily by those skilled in the art without departing from the
      invention concept, the invention is not to be taken as limited except by
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water washable biodegradable liquid dye penetrant composition for use
      in non-destructive testing for detecting cracks and flaws in the surface
      of an object, which comprises (1) a major amount of a combination of
      biodegradable nonionic surfactants consisting of ethoxylates of linear
      secondary aliphatic alcohols, with the hydroxyl groups randomly
      distributed, the linear aliphatic portion of said alcohols being alkyl
      chains containing in the range from 11 to 15 carbon atoms, one of said
      biodegradable surfactants containing an average of 5 moles of ethylene
      oxide and another of said biodegradable surfactants containing an average
      of 9 moles of ethylene oxide; and (2) a small amount of a dye soluble in
      said combination of biodegradable surfactants.
NUM  2.
PAR  2. A dye penetrant composition as defined in claim 1, wherein said
      ethoxylates of said alcohols forming said surfactants have the formula:
      ##EQU2##
      where n is in the range from 9 to 13, m for said one of said surfactants
      being 5, and m for said another of said surfactants being 9, and said dye
      is present in said composition in an amount ranging from about 0.1 to 15
      parts, per 100 parts, by weight of the total combination of said
      surfacants, said composition being substantially non-flammable.
NUM  3.
PAR  3. A dye penetrant composition as defined in claim 2, wherein the linear
      alkyl hydrophobic portion of each of said surfactants is a mixture of
      C.sub.11 to C.sub.15 linear chains, and the hydrophilic portion of each of
      said surfactants is a polyoxyethylene chain randomly attached to the
      linear alkyl hydrophobic chains through an ether linkage.
NUM  4.
PAR  4. A dye penetrant composition as defined in claim 3, employing a larger
      amount of said one of said ethoxylated surfactants containing 5 moles of
      ethylene oxide than the amount of said another ethoxylated surfactant
      containing 9 moles of ethylene oxide.
NUM  5.
PAR  5. A dye penetrant composition as defined in claim 3, the amount of said
      one of said ethoxylated surfactants containing 5 moles of ethylene oxide
      being about 29 to about 90%, and the amount of said another ethoxylated
      surfactant containing 9 moles of ethylene oxide being about 9 to about
      70%, by weight of said dye penetrant composition.
NUM  6.
PAR  6. A dye penetrant composition as defined in claim 5, said combination of
      nonionic surfactants including a third said nonionic surfactant, said
      third surfactant containing an average of 3 moles of ethylene oxide, and
      employed in an amount of 0 to about 25%, by weight of said dye penetrant
      composition.
NUM  7.
PAR  7. A dye penetrant composition as defined in claim 6, wherein said dye is a
      fluorescent dye.
NUM  8.
PAR  8. A dye penetrant composition as defined in claim 5, wherein said dye is a
      fluorescent dye.
NUM  9.
PAR  9. A dye penetrant composition as defined in claim 3, the amount of said
      one of said ethoxylated surfactants containing 5 moles of ethylene oxide
      being about 49 to about 85, and the amount of said another ethoxylated
      surfactant containing 9 moles of ethylene oxide being about 14 to about
      50%, by weight of said dye penetrant composition.
NUM  10.
PAR  10. A dye penetrant composition as defined in claim 9, said combination of
      nonionic surfactants including a third said nonionic surfactant, said
      third surfactant containing an average of 3 moles of ethylene oxide, and
      employed in an amount of 0 to about 25%, by weight of said dye penetrant
      composition.
NUM  11.
PAR  11. A dye penetrant composition as defined in claim 2, wherein said dye is
      a fluorescent dye, and said fluorescent dye is present in an amount
      ranging from about 0.5 to about 10 parts, per 100 parts, by weight of the
      total combination of said surfactants.
NUM  12.
PAR  12. A dye penetrant composition as defined in claim 1, said combination of
      nonionic surfactants including a third said nonionic surfactant, said
      third surfactant containing an average of 3 moles of ethylene oxide.
NUM  13.
PAR  13. A dye penetrant composition as defined in claim 1, wherein said dye is
      a fluorescent dye.
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ABST
PAL  A daylight fluorescent pigment based on condensation resins which contain a
      compound of the formula
      ##SPC1##
PAL  In which R.sub.1 is hydroxyalkyl of 1-8 carbon atoms or unsubstituted or
      substituted phenyl, carboxylic acid amide, cyano, nitro, sulfonic acid
      amide, alkylsulfone of 1-6 carbon atoms, acetylamino or unsubstituted or
      substituted benzoylamino or the triazolyl or benzimidazolyl radical,
      R.sub.2 is a straight-drained or branched alkylene radical of 1-8 carbon
      atoms which may contain as a bridging member between two alkylene moieties
      the phenylene or cyclohexylene radical or an oxygen or cycloalkylene and
      zis 1, 2 or 3. Compared with known pigment dyestuffs of the naphthalic
      acid imide series they have the advantage that they can be prepared with a
      dyestuff which is technically obtainable in an easy way. The daylight
      fluorescent pigments of this invention have a very good fastness to
      bleeding, a very high tinctorial strength, an improved fluorescence
      intensity and a very good brilliance. They are advantageously suited for
      the dyeing of lacquers and varnishes, printing pastes, inks, and plastic
      materials.
BSUM
PAR  The present invention concerns improved daylight fluorescent pigments, a
      process for their preparation and their utilization.
PAR  For the preparation of yellow daylight fluorescent pigments the use of many
      fluorescent dyestuffs is known. Until now almost exclusively compounds of
      the 4-amino-1,8-naphthalic acidimide-N-(2', 4'-dimethyl phenyl)-imide type
      have been used for the preparation of such pigment series. Especially
      important is the dyestuff of Colour-Index C.I.No. 56,200,
      4-amino-1,8-naphthalic acid (see also U.S. Pat. No. 3,412,035).
PAR  Furthermore it is known to use reaction products of epichlorohydrin with
      4-amino-1,8-naphthalic acid-N-alkyl- or -N-arylimides (see Russian Patent
      Specification No. 306,160) as well as the 4-N-butylamino-1,8-naphthalic
      acid-N-butylimide (see U.S. Pat. Nos. 3,303,168 and 3,412,035) for the
      preparation of daylight fluorescent pigments.
PAR  The dyestuff of Colour Index C.I. No. 56,200 and in particular the reaction
      products of epichlorohydrins with 4-amino-1,8-naphthalic acid-N-alkyl- and
      N-arylimides are technically only accessible by an extremely expensive and
      multi-phased process. For this purpose acenaphthene is nitrated to
      5-nitroacenaphthene, oxidized with chromic acid to 4-nitro-1,8-naphthalic
      acid and reduced to 4-amino-1,8-naphthalic acid, followed by the formation
      of the imide and eventually by the reaction with epichlorohydrin. This
      technically very pretentious synthesis, which can only be performed with
      the aid of different solvents, needs extensive devices, brings up
      important ecological problems, gives unsatisfactory yields and implies a
      mandatory purification of the end-products by recrystallization. The
      foregoing explanations illustrate the uneconomical way of the preparation
      of these dyestuffs.
PAR  As far as the dyestuff 4-butylamino-1,8-naphthalic acid-N-butylimide is
      concerned, an easily accessible dyestuff with a good yield and purity is
      obtained by conversion of 4-sulfonaphthalic acid with n-butylamine in
      excess (see U.S. Pat. No. 2,006,017), but the coloristic properties of the
      daylight fluorescent pigments prepared therewith are inferior compared
      with the above mentioned dyestuffs, especially in respect to fastness to
      light and to solvents as well as to the very important fastness to
      aromatic solvents.
PAR  From the foregoing it becomes evident that further easily accessible and
      coloristically useful dyestuffs of the 4-amino-1,8-naphthalic acid imide
      series were sought.
PAR  The present invention provides new daylight fluorescent pigments which
      provide the necessary requirements, and for which the dyestuffs used are
      easily accessible. These daylight fluorescent pigments based on
      condensation resins contain dyestuffs of the formula (I)
      ##SPC2##
PAL  which are incorporated in the condensation resins in a monomolecular form:
      The formula members of formula I have the following meanings: R.sub.1
      stands for substituted alkyl, cycloalkyl or aryl radical or a heterocyclic
      radical; R.sub.2 stands for an alkylene radical which may contain between
      two alkylene moities heteroatoms, isocyclic or heterocyclic radicals, or
      which stands for a cycloalkylene radical. From these dyestuffs, to be
      especially mentioned are those in which R.sub.1 stands for a
      straight-chained or branched alkyl radical of 1-8 carbon atoms, preferably
      of 1-5 carbon atoms which may be substituted by halogen atoms such as
      chlorine, hydroxy, lower alkoxy, carbalkoxy, carboxy, lower alkylsulfone,
      carbamyl, sulfamyl, amino, trifluormethyl, acyl or acylamino groups of 2-6
      carbon atoms each, for example acetyl amino, benzoylamino, chlorine or
      methylbenzoylamino or phenylsulfonylamino groups, by aromatic radicals
      such as phenyl or naphthyl radicals or by heterocyclic radicals,
      furthermore for a cycloaliphatic radical, for example a cyclohexyl,
      alkylcyclohexyl or halogenocyclohexyl radical as well as an aromatic
      radical, especially of the benzene and naphthalene series, whereby the
      aromatic nuclei may be substituted; or R.sub.1 is a heterocyclic radical
      such as, for example, a radical of the pyridine, pyrazole, imidazole,
      triazole, oxazole, thiazole, thiadiazole or pyrimidine series or of their
      benzo compounds, and wherein R.sub.2 stands for a straight-chained or
      branched alkylene radical of 1-8 carbon atoms, preferably of 2-6 carbon
      atoms which may be interrupted by hetero atoms such as sulphur or nitrogen
      atoms, especially by oxygen atoms, or by isocyclic rings such as
      cycloalkyl or aryl radicals, or by heterocyclic radicals, or R.sub.2
      stands for a cycloalkylene radical, for example for a cyclopentylene or
      cyclohexylene radical, and z is the integer 1 or 2, preferably 1. The
      radicals usable for R.sub.2 may also contain further non-ionic
      substituents such as hydroxy, alkoxy, preferably lower alkoxy, aryloxy,
      carbalkoxy, preferably lower carbalkoxy, cyano or alkylsulfone groups or
      aryl radicals.
PAR  Best results are obtained from those dyestuffs which correspond to the
      general formula (II)
      ##SPC3##
PAL  in which R.sub.3 stands for a hydroxyalkyl radical of 1-8 carbon atoms,
      preferably of 1-5 carbon atoms, or for the phenyl radical which may be
      substituted by chlorine, bromine, alkyl groups of 1-4 carbon atoms, alkoxy
      groups of 1-4 carbon atoms, carboxylic acid amide, cyano, nitro, sulfonic
      acid amide, alkylsulfone groups of 1-6 carbon atoms, acetylamino or
      benzoylamino or benzoylamino substituted by chlorine or methyl groups or
      methyl and chlorine, or for the triazolyl- or benzimidazolyl radical;
      R.sub.4 stands for a straight-chained or branched alkylene radical of 1-8
      carbon atoms, especially of 2-6 carbon atoms, which may contain as
      intermediate link a phenylene or a cyclohexylene radical or an oxygen atom
      or a cycloalkylene, especially a cyclohexylene radical, whereby R.sub.4
      may contain additionally at least one hydroxy group in the aliphatic or
      cycloaliphatic moiety.
PAR  For the preparation of the new advantageous daylight fluorescent pigments,
      dyestuffs of the formula (III)
      ##SPC4##
PAL  are especially suitable, in which R.sub.5 stands for a hydroxyalkyl radical
      of 1-5 carbon atoms, a cyclohexyl- or the phenyl radical which may be
      substituted by chlorine, methyl, ethyl, methoxy or ethoxy groups,
      preferably the phenyl radical which may be substituted by 1-3 methyl
      groups, Alk stands for a straight-chained or branched alkyl radical of 2-5
      carbon atoms, and z is the integer 1 or 2, preferably 1.
PAR  Emphasis has to be given to those daylight fluorescent pigments which
      contain such dyestuffs of the formula (III) in which R.sub.5 stands for
      the .beta.-hydroxy-ethyl, the cyclohexyl or the dimethylphenyl radical,
      Alk stands for the ethylene or propylene radical, preferably for the
      ethylene or n-propylene radical, or for the
      2-hydroxy-propylene-(1,3)-radical, and z is 1. The bright, greenish-yellow
      daylight fluorescent pigments of the invention may be prepared in such a
      way that the dyestuffs of the above mentioned formula (I) are incorporated
      in the starting components of condensation resins or their preliminary
      condensates; the resin components are condensed by heating and the so
      obtained dyed resins are converted following usual methods into the most
      favorable form for their utilization.
PAR  Some of the dyestuffs of the invention are known (see U.S. Pat. Nos.
      2,006,017 and 2,415,373). The new dyestuffs can be obtained according to
      known processes, for example by reacting 1 mol of 4-halogen-1,8-naphthalic
      acid anhydride with 1 mol of an amine of the formula H.sub.2 N--R.sub.1
      with R.sub.1 having the above signification, to yield a compound of the
      formula (IV)
      ##SPC5##
PAL  in which Hal stands for a halogen atom and R.sub.1 has the signification as
      indicated above; this compound of the formula (IV) is then reacted with a
      further mol of an amine of the formula H.sub.2 N--R.sub.2 --OH with
      R.sub.2 having the above signification to a dyestuff of the formula (I).
      Compounds of the formula (I) in which R.sub.1 has the same signification
      as --R.sub.2 --OH may also be prepared by reacting a
      4-halogen-1,8-naphthalic acid anhydride with an amine of the formula
      H.sub.2 N--R.sub.2 --OH with R.sub.2 of the above mentioned signification.
      For binding the acid H-Hal which was liberated during the reaction either
      a monomolar excess of the amine of the formula H.sub.2 N--R.sub.2 --OH is
      used or the reaction is carried out in presence of an acid binding agent.
PAR  As condensation resins for the daylight fluorescent pigments of the
      invention, those products of greatest interest are those which are
      non-elastic, nor fibre-forming and friable and which can easily be
      converted into a finely dispersed form by crushing. Furthermore, the
      resins should have a relatively high softening point, preferably above
      about 100.degree.C, in order to avoid a conglomeration and an
      agglutination of the resin particles when they are crushed. Furthermore,
      the resins utilized for the preparation of coating dyestuffs and printing
      pastes should be insoluble or almost insoluble in varnishing agents as
      well as in solvents such as benzene, toluene or xylolene and should not
      swell therein. Furthermore, the resins must possess a good transparency
      and a sufficient fastness to light. Resins which fulfill these conditions
      are generally known, and some of them have already been used for the
      preparation of daylight fluorescent pigments.
PAR  Especially suitable are melamine-formaldehyde resins which are obtained by
      condensation of 1 mol melamine with 1.5-6, preferably with 2.5-3.5 mols of
      formaldehyde or agents yielding formaldehyde.
PAR  These resins may additionally contain aryl- or arylkyl sulfonic acid amide
      compounds and an additional amount of formaldehyde, advantageously about
      0.5-3 mols more than the stoichiometric for their condensation. Calculated
      on the melamine content the sulfonic acid amides can be present in the
      resins up to a 20-fold amount by weight. Resins suitable for the
      preparation of the pigments of the invention are described for example, in
      the U.S. Pat. Nos. 2,809,954 and 2,851,424.
PAR  The new daylight fluorescent pigments excel in their very good fastnessess
      to bleeding, to solvents and to over-varnishing, especially their
      outstanding fastness to aromatic solvents, and they are superior to
      daylight fluorescent pigments which are prepared with already known
      dyestuffs, for example, with the dyestuff having the C.I. No. 56,200. The
      daylight fluorescent pigments of the invention possess also a higher
      tinctorial strength, a higher intensity of fluorescence and a higher
      brightness.
PAR  The resulting high economy achieved with these better properties of the
      daylight fluorescent pigments of the invention, is additionally
      considerably increased due to the simpler process of preparation of the
      dyestuffs used, which in general is a one-step process without solvents
      and expensive devices, utilizes better ecological conditions, and provides
      a better yield and purity in comparison with known dyestuffs which are
      obtainable only under extremely expensive processes. For these reasons the
      new daylight fluorescent pigments represent considerable technical
      progress.
DETD
PAR  The following examples illustrate the invention. The parts indicated
      therein are parts by weight.
PAC  EXAMPLE 1
PAR  88.8 parts of toluene sulfonamide and 6.7 parts of paraformaldehyde were
      mixed with 1.3 parts of the dyestuff corresponding to the formula
      ##SPC6##
PAL  and the mixture melted at 160.degree.C. Into the clear yellow melt 21.8
      parts of melamine were added, and stirring was continued for 10-15
      minutes at 160.degree.C; then 21.7 parts of paraformaldehyde were added
      portion-wise at the same temperature. After a further 15 minutes' stirring
      the viscous melt was cured for 3 hours at 160.degree.C, crushed after
      cooling, and then moistly pulverized in a ball-mill. After drying, 10.8
      parts of the so obtained pigment were triturated as usual with 27 parts of
      an acrylate resin lacquer in xylene and 8 parts of xylene. The lacquers so
      obtained are extremely brilliant, greenish-yellow and possess a high
      tinctorial strength; they also possess a good fastness to solvents.
PAC  EXAMPLE 2
PAR  A mixture of 102.6 parts of para-toluenesulfonamide, 1.8 parts of the
      dyestuff of the formula
      ##SPC7##
PAL  and 25 parts of melamine were heated to 130.degree.C. To the so obtained
      melt, 30 parts of paraformaldehyde were added portionwise during a 10
      minute interval, and the mixture was then heated to 160.degree.C in the
      course of 10 minutes, while stirring. After further stirring for 20
      minutes at this temperature the viscous melt was poured out and crushed
      after cooling. A yellow-green pigment was obtained which gave brilliant,
      fast to overvarnishing, yellow green lacquers when triturated in acrylate
      lacquers.
PAC  EXAMPLE 3
PAR  A mixture of 51.4 parts of toluenesulfonamide, 12.6 parts of melamine, 24.0
      parts of paraformaldehyde and 1.5  parts of the dyestuff of the formula
      ##SPC8##
PAL  was condensed to a melt at 120.degree.C. The so obtained homogeneous melt
      was afterwards cured at 160.degree.C during 2 hours. After cooling and
      crushing a bright green-yellow pigment was obtained. 2 parts of this
      fluorescing pigment yield, after usual incorporation into a
      soft-polyvinylchloride, a strong fluorescing yellow-green dye.
PAR  Instead of the above mentioned dyestuffs, the dyestuffs mentioned in the
      following table, corresponding to the formula (I), may also be used with
      the same result; they present all greenish-yellow to green-yellow, bright
      daylight fluorescent pigments.
TBL                                    Table                                   
     __________________________________________________________________________
     Ex.                                                                       
        --R.sub.1     --R.sub.2 --OH                                           
     __________________________________________________________________________
     4.               --CH.sub.2 --CH--CH.sub.3                                
                      .vertline.                                               
                      OH                                                       
     5. do.           --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --OH      
     6. do.                                                                    
     7. do.                                                                    
     8. do.                                                                    
     9.               --CH.sub.2 --CH.sub.2 --OH                               
     10.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --CH.sub.2 --OH                    
     11.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --NH--CH.sub.2 --CH.sub.2 --OH     
     12.              --CH.sub.2 --CH.sub.2 --OH                               
     13.                                                                       
        do.           --CH.sub.2 --CH--CH.sub.3                                
                      .vertline.                                               
                      OH                                                       
     14.              --CH.sub.2 --CH.sub.2 --OH                               
     15.                                                                       
        do.           --CH.sub.2 --CH--CH.sub.3                                
                      .vertline.                                               
                      OH                                                       
     16.              --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --OH      
     17.                                                                       
        do.           --CH.sub.2 --CH--CH.sub.3                                
                      .vertline.                                               
                      OH                                                       
     18.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --CH.sub.2 --OH                    
     19.              --CH.sub.2 --CH.sub.2 --OH                               
     20.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --OH      
     21               --CH.sub.2 --CH.sub.2 --OH                               
     22.                                                                       
        --CH.sub.2 --CH.sub.2 --OH                                             
                      --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --OH      
     23.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --CH.sub.2 --OH                    
     24.                                                                       
        do.           --CH.sub.2 --CH--CH.sub.3                                
                      .vertline.                                               
                      OH                                                       
     25.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --NH--CH.sub.2 --CH.sub.2 --OH     
     26.                                                                       
        --CH.sub. 2 --CH--CH.sub.3                                             
        .vertline.                                                             
        OH                                                                     
     27.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --OH                               
     28.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --CH.sub.2 --OH                    
     29.                                                                       
        --CH.sub.2 --CH.sub.2 --OH                                             
                      --CH.sub.2 --CH--CH.sub.2 --OH                           
                      .vertline.                                               
                      CH.sub.2 --CH.sub.3                                      
     30.              --CH.sub.2 --CH--CH.sub.2 --OH                           
                      .vertline.                                               
                      OH                                                       
     31.                                                                       
        do.           --CH.sub.2 --CH.sub.2 --CH.sub.2 --OH                    
     32.              --CH.sub.2 --CH.sub.2 --CH.sub.2 --OH                    
     33.                                                                       
        do.           --CH.sub.2 --CH--CH.sub.2 --OH                           
                      .vertline.                                               
                      OH                                                       
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. Daylight flurorescent pigments consisting essentially of a condensation
      resin and one or several compounds of the general formula (I)
      ##SPC9##
PAL  in which R.sub.1 stands for a substituted alkyl, cycloalkyl or aryl radical
      or a heterocyclic radical, R.sub.2 stands for an alkylene radical which
      may be interrupted by heteroatoms, isocyclic or heterocyclic radicals, or
      which stands for a cycloalkylene radical whereby R.sub.2 may be
      substituted by further non-ionic substituents, and z is 1, 2 or 3, the
      condensation resin being a melamine-formaldehyde resin which was obtained
      by condensation of melamine with formaldehyde or with agents yielding
      formaldehyde and with aryl sulfonic acid amides, aralkyl sulfonic acid
      amides or with both aryl sulfonic acid amides and aralkyl sulfonic acid
      amides.
NUM  2.
PAR  2. A daylight fluorescent pigment as claimed in claim 1 containing a
      compound corresponding to the general formula of claim 1, wherein R.sub.1
      is hydroxyalkyl of 2 to 4 carbon atoms, cyclohexyl, lower alkyl
      cyclohexyl, di-(lower alkyl) cyclohexyl, mono-(lower alkyl)-phenyl,
      di-(lower alkyl)-phenyl or tri-(lower alkyl)-phenyl and R.sub.2 is
      alkylene of 2 to 4 carbon atoms or hydroxyalkylene of 2 to 4 carbon atoms,
      and z is 1 or 2.
NUM  3.
PAR  3. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula as defined in claim 1 in which R.sub.1 is
      .beta.-hydroxy-ethyl, cyclohexyl or dimethylphenyl, R.sub.2 is ethylene or
      propylene or is 2-hydroxy-propylene-(1,3), and z is 1.
NUM  4.
PAR  4. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula as defined in claim 1 in which R.sub.1 is
      .beta.-hydroxyethyl and R.sub.2 is ethylene, and z is 1.
NUM  5.
PAR  5. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula defined in claim 1 in which R.sub.1 is cyclohexyl
      and R.sub.2 is ethylene, and z is 1.
NUM  6.
PAR  6. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula defined in claim 1 in which R.sub.1 is
      2,4-dimethylphenyl and R.sub.2 is ethylene, and z is 1.
NUM  7.
PAR  7. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula defined in claim 1 in which R.sub.1 is cyclohexyl
      and R.sub.2 is n-propylene, and z is 1.
NUM  8.
PAR  8. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula defined in claim 1 in which R.sub.1 is
      .beta.-hydroxyethyl and R.sub.2 is n-propylene, and z is 1.
NUM  9.
PAR  9. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula defined in claim 1 in which R.sub.1 is
      2,4-dimethylphenyl and R.sub.2 is n-propylene, and z is 1.
NUM  10.
PAR  10. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula defined in claim 1 in which R.sub.1 is
      .beta.-hydroxyethyl and R.sub.2 is 2-hydroxypropylene-(1,3), and z is 1.
NUM  11.
PAR  11. A daylight fluorescent pigment as claimed in claim 1 or 2 which
      contains a compound of the formula defined in claim 1 in which R.sub.1 is
      cyclohexyl and R.sub.2 is 2-hydroxypropylene-(1,3), and z is 1.
NUM  12.
PAR  12. A daylight fluorescent pigment as claimed in claim 1 which contains a
      compound of the formula defined in claim 1 in which R.sub.1 is
      2,4-dimethylphenyl and R.sub.2 is 2-hydroxypropylene-(1,3), and z is 1.
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PAL  Liquid scintillation counting compositions which include certain
      polyethoxylated poly(oxypropylene) emulsifiers allow stable dispersion of
      aqueous or other samples merely by shaking. Preferred are mixtures of such
      emulsifiers, which give homogeneous, monophasic-appearing dispersions over
      wide ranges of temperature and aqueous sample content. Certain of these
      emulsifiers, without being mixed, are of particular advantage when used in
      analysis of samples obtained through radioimmunoassay techniques, which
      are extremely difficult to disperse. Certain of these emulsifiers, also
      without being mixed, uniformly give homogeneous, monophasic appearing
      aqueous counting samples over much wider ranges of aqueous sample content
      and temperature than prior sample emulsifiers.
BSUM
PAC  BACKGROUND
PAR  When a charged atomic or nuclear particle passes through matter, it
      dissipates its energy in the ionization and excitation of the molecules of
      the material. This ionization and/or excitation is the basis of all the
      major instruments used for the detection and measurement of such
      particles. Similar instruments are also used for the detection of
      uncharged radiations, which produce secondary charged particles in their
      passage through matter. X-rays, gamma rays and neutrons are examples of
      uncharged radiations. The different types of radiation detection
      instruments can be divided into three categories: dosimeters, track
      visualization instruments, and counters, for example, scintillation
      counters.
PAR  In scintillation counters the fluorescence emission produced in a suitable
      solid, liquid, or gas by high energy particles, either charged or
      uncharged, is detected by one or more photo-multiplier tubes or other
      light-sensitive devices. Radiations and particles which scintillation
      counters are employed to detect include neutrons, X-rays, .gamma.-rays,
      electrons (beta-rays), positrons, protons, deuterons, tritons, alpha
      particles, fission fragments, mesons, and other nuclear particles. The
      scintillation process is the transformation of energy dissipated as
      ionization and excitation of a substance into fluorescence emission. A
      substance which performs the entire transformation is called a
      scintillator, and may be in any state of matter, i.e. solid, liquid or
      gas.
PAR  Both organic and inorganic materials have been employed as scintillators in
      scintillation counters. The earliest scintillators were inorganic
      materials such as willemite, barium platinocyanide, brown diamond, and
      zinc sulfide. A primary disadvantage of the inorganic materials is that
      they are available only as small crystals and crystalline powders, and
      thus must be used as multi-crystalline screens which are opaque to their
      own luminescence in thicknesses greater than about 0.1mm. Further, they
      cannot be used in solutions due to general insolubility.
PAR  Many new organic materials have been evaluated for use as scintillators in
      scintillation counters. Among the more significant improvements is the
      discovery that organic scintillator solutions can be employed in place of
      solids, thus obviating the need for large, pure, crystalline blocks. It
      has further been found that a substance to be tested, for example a
      material tagged with radioactive material such as carbon-14, can be added
      directly to the scintillator solution or "cocktail" for measurement.
PAR  In recent years, liquid scintillation counting has become a very popular
      method for the measurement of low energy beta emitters such as
      14.sub.C,35.sub.S and 3.sub.H (tritium). Liquid scintillation counting
      (LSC) is commonly accomplished by combining, dissolving, dispersing or
      solubilizing a radioactive sample to be analyzed in a liquid scintillator
      so as to form a counting sample. Each radioactive disintegration may lead
      to the production of a light pulse, and these are counted by suitable
      equipment, as mentioned above. One measure of success of the analysis is
      the ability to obtain the same number of counts per unit time from a given
      sample over a period of time, allowing, of course, for the natural
      radioactive decay of the material. A measure of sensitivity and utility of
      the analysis is called the "counting efficiency", which is commonly
      defined as:
      ##EQU1##
PAR  The common constituents of a liquid scintillator are the solvent and one or
      more fluors. The solvent is usually an aromatic liquid such as an
      alkylbenzene. Its purpose is to absorb the energy of excitation due to
      radioactive disintegrations, and to transfer it to the fluor. The fluor
      (sometimes called a scintillator solute) converts the transferred energy
      to electromagnetic radiation. When a fluor does not produce this
      radiation, or fluorescence light, at the wavelengths of greatest
      sensitivity of the light measuring device available, a second fluor
      (sometimes called a wavelength shifter or secondary scintillator solute)
      may be added. It absorbs the light from the first or primary fluor, and
      re-emits at longer wavelengths, hopefully matching the sensitivity of the
      light measuring device, and leading to higher counting efficiency.
PAR  However, one of the major drawbacks of the usual aromatic solvents is that
      they do not permit the counting of aqueous samples in homogeneous media.
      Most samples of biological interest, and many of environmental interest,
      are aqueous, and contain salts, proteins and/or saccharides. When such
      samples are added to a liquid scintillator which is mostly composed of
      aromatic solvent, an immiscible layer may be formed in the sample
      container, preventing either accurate or reproducible determination of the
      radioactive disintegrations. The average range of travel of a beta
      particle produced from a tritium decomposition is about 1.2 microns in
      water, and the average range of beta particle from a 14.sub.C
      decomposition is about 12 microns. Unless the particle can reach the
      aromatic solvent within such a small distance from the particle's origin
      in the aqueous phase, no scintillation or count will result from the
      decomposition.
PAR  In order to circumvent this, two approaches have been developed. One was
      the use of added solvents, such as methanol or dioxane, which are miscible
      with both water and aromatic solvents. This allowed more accurate counting
      of aqueous samples in homogeneous solution, provided the samples were
      sufficiently small and very dilute. There are a number of disadvantages to
      multiple solvent systems, including (a) the amount of the sample which can
      be handled is limited; (b) the salt, protein, saccharide or other
      water-soluble constituent of interest can only be present in limited
      concentration ranges; (c) the typical added solvent is flammable and
      volatile; and (d) the typical added solvent, and p-dioxane in particular,
      is volatile and the vapors are toxic. The second approach was the use of
      surface active substances or emulsifiers, so that the aqueous sample in
      the counting container was actually present either in a solution
      (colloidal or true), dispersion or emulsion of a multitude of suitable
      small micelles. Compositions consisting of fluors, alkylbenzene solvents
      and ethoxylated alkylphenol detergents such as the Triton-type detergents
      available from Rohm and Haas, have been widely accepted for measurement of
      aqueous samples. Their disadvantages include limitations on the amount of
      aqueous sample accomodatable in the cocktail, and difficultly predictable
      effects of temperature on sample solubility or dispersability. See D. I.
      Chapman and J. Marcroft, 22 Int. J. Appl. Radiat. Isotopes 371 (1971). A
      further disadvantage is the difficulty in predicting the effect of time on
      the sample stability. Another problem is the influence of the mode of
      preparation on the counting efficiency. It has been stated by Chapman et
      al. and others that warming the sample and the above scintillator to
      40.degree.C, thorough mixing, then slow cooling without further mixing are
      necessary for reproducible results. This type of system is described
      elsewhere, such as in U.S. Pat. No. 3,573,218, issued Mar. 30, 1971, to R.
      H. Benson, and in the article by R. I. Lieberman and A. A. Moghissi, 21
      Int. J. Appl. Radiat. Isotopes 319 (1970) and references cited therein.
      With all of the reported examples of this system, sample capacity varies
      greatly with temperature and also varies objectionably with time.
PAR  Another problem with prior art emulsifier cocktails as described in the
      literature or available in the market is their tendency to show spurious
      counts due to phosphorescence when the counting sample is prepared in
      daylight or under fluorescent lighting. This is thought to be due to
      impurities in the emulsifiers. It requires long and undesirable waits
      before counting is begun.
PAR  Of the analytical systems which utilize scintillation counting of aqueous
      samples, the most demanding with regard to sample solubility in the
      scintillation cocktail are those which may be categorized as
      radioimmunoassay techniques, such as those reviewed in some detail in D.
      S. Skelley et al., "Radioimmunoassay," 19 Clinical Chemistry 146 (1973).
      Radioimmunoassay is a currently unsurpassed method for ultramicroanalysis
      of components of biological materials. Generally, it involves the analysis
      of a serum which contains an antibody, or other material having chemically
      specific binding sites, with a radioactively-tagged antigen or other
      liquid which becomes bound to the binding sites of the material to be
      analyzed. The mixture is aged or "incubated" for a time sufficient for
      such binding to occur, and the excess antigen or liquid is separated from
      the material to be analyzed. That material is mixed in a scintillation
      cocktail, and subjected to scintillation counting. Comparison of counting
      results with suitable controls or standards allows one to accurately
      determine very minute amounts of materials in biological samples. For
      example, tiny amounts of human plasma, urine or serum may be tested using
      radioimmunoassay techniques for levels of digoxin, digitoxin, angiotensin,
      steroids, and many other materials. A large number of kits for
      radioimmunoassay testing for such materials are commercially available,
      such as the Digoxin [.sup.3 H] Radioimmunoassay Kit, made by New England
      Nuclear Corp., the Schwarz/Mann Angiotensin -.sup.125 I Kit, made by the
      Schwartz/Mann Division of Becton Dickinson Corporation, and the NEN
      General Steroids Pak, also made by New England Nuclear Corp. As will be
      understood in the art, the term "radioimmunoassay" (hereafter RIA) as used
      herein is not intended to be restricted to analyses involving antibodies
      and antigens but includes competitive binding processes in general,
      including what Skelley et al., supra refer to as "competitive protein
      binding analysis," etc.
PAR  RIA presents the most difficult test of scintillator detergents or
      emulsifiers, because RIA samples contain one or more substances which
      cause formation of non homogeneous mixtures with prior art liquid
      scintillators, such as inorganic phosphate or other salts or buffers,
      human serum or bovine serum albumin. In particular, liquid scintillators
      containing 25 to 50% by volume of ethoxylated nonylphenols, which includes
      the Triton-type emulsifiers, fail to form homogeneous solutions or even
      uniform solubilized microemulsions with normal levels of RIA samples.
      Instead sediment up to 3mm high appears when 1 to 2ml of common RIA
      samples are added to typical amounts, e.g. 10 to 15 ml, of liquid
      scintillator cocktails containing alkylphenol derivatives and other types
      of emulsifiers. At other times, complete separation of liquid phases
      and/or precipitation of crystalline solids occurs, rendering the previous
      LSC techniques useless or of doubtful accuracy for the counting of RIA
      samples. A further problem with prior art emulsifier cocktails is in
      determining the counting efficiency on an automated basis, which is
      specially desirable when RIA samples in great number are to be counted.
      The use of the automatic external standard built into many commercial
      liquid scintillation instruments has been reported to be inaccurate when
      these emulsifier cocktails are used at not-always-predictable levels of
      aqueous sample. These problems often become apparent only after the
      counting sample has been kept for several hours, and often only when the
      counting temperature differs from the preparation temperature.
PAR  Thus it can be seen that many difficulties have existed with regard to
      previous aqueous scintillation cocktails, and that these difficulties
      became magnified and others arose when attempts were made to use previous
      scintillation cocktail formulations on complex aqueous samples such as
      those obtained in radioimmunoassay analysis.
PAR  It is therefore an object of the present invention to provide improved
      liquid scintillators for scintillation counting which will permit the
      measurement of counting samples having a relatively large proportion of
      water with greater precision and accuracy than before possible. It is a
      further object to provide compositions for LSC which are insensitive to
      the order or manner of addition of the sample. It is a further object to
      provide compositions for LSC which, when used with aqueous samples, will
      result in a liquid whose appearance is that of a homogeneous solution, or
      a similarly appearing microemulsion or dispersion. It is a further object
      to provide compositions for LSC whose ability to contain large aqueous
      samples in homogeneous-appearing solution is relatively independent of
      temperature over the common range of 0.degree.-30.degree.C. It is a
      further object to provide compositions for LSC whose water miscibility
      does not vary substantially throughout the entire range of its water
      holding capacity, obviating reference to and allowance for complicated
      phase diagrams. It is a further object to provide compositions for LSC
      whose flammability, volatility, odor, and vapor toxicity are unusually
      low. It is a further object to provide compositions for LSC allowing all
      methods for determination of LSC efficiency to be applied conveniently and
      accurately. It is a further object to provide a process for the
      preparation of an LSC sample whereby the material to be analyzed is
      sufficiently dispersed or dissolved merely by shaking the constituents at
      ordinary room temperatures of 15.degree.-35.degree.C. It is a further
      object to provide compositions for LSC that dissolve or solubilize into
      stable solutions or uniform microemulsions any or all of the following:
      RIA samples for determination of steroidal hormones, other RIA samples of
      diverse types, inorganic salts including alkali metal phosphates, human
      and other serums, and blood fractions, including bovine serum albumin and
      many other samples of interest. It is a still further object of this
      invention to provide a composition for LSC exhibiting little or no
      light-induced phosphorescence, permitting counting of the sample
      accurately an unusually short time after preparation. It is a still
      further object to provide compositions for LSC showing unusually high
      counting efficiency as defined above for large, aqueous samples,
      particularly for the isotopes .sup.3 H and .sup.125 I, but not limited to
      these.
PAR  Other objects and advantages of this invention will be apparent to those
      skilled in the art from a consideration of this description of the
      invention.
PAR  Briefly, the present invention involves the use of certain emulsifiers, or
      combinations of emulsifiers, in scintillation cocktails which are useful
      and highly efficient with large varieties and sizes of aqueous samples
      over a wide range of temperatures. Such emulsifiers are generally block
      polymers of the following structural formula:
      ##EQU2##
      These block polymers comprise a hydrophobic center chain of oxypropylene
      links, prepared by adding propylene oxide to the two hydroxyl groups of a
      propylene glycol nucleus, with both ends of the central chain terminating
      in hydrophilic poly (oxyethylene) groups. The method of making these
      polymers is disclosed, for example, in U.S. Pat. No. 2,674,619. The
      hydrophobic central chain can be made to any controlled length varying
      from about 800 to three or four thousands in molecular weight. The
      hydrophilic poly(oxyethylene) end groups are controlled in length to
      constitute from about 10 to 80% by weight of the final molecule. The most
      useful members of this group of copolmers have a poly(oxypropylene) chain
      length corresponding to a y value of about 15 to 56, and poly(oxyethylene)
      chain lengths corresponding to x and z values of between 1 and 35.
PAR  The fluors used in the present invention are those which are well known in
      the art. One or more fluors may be used in a particular composition. The
      compositions may or may not contain for some purposes a neutron-capture
      solute or a gamma-capture solute. The fluors need only be present in
      amounts sufficient to enable the compositions of the present invention to
      be useful as liquid scintillators. The optimum results will vary depending
      on the nature of the fluor chosen, the composition of the cocktail, and
      the nature of the other ingredients. The primary fluor will generally be
      present in amounts of from about 1 to 100 grams per liter, preferably from
      3 to 6 grams per liter. The secondary fluor, if used, will be present at
      0.05 to 10 grams per liter, the preferred amounts being between 0.1 to 1
      gram per liter. The preferred primary fluor is 2,5-diphenyloxazole (PPO).
      Other oxazoles, oxadiazoles, such as
      2-(4-biphenylyl-5-phenyl-1,3,4-oxadiazole (PBD), and other known fluors
      such as p-terphenyl make suitable primary fluors or scintillation solutes.
      Suitable secondary solutes are also known, including
      1,4-bis-(o-methylstyryl) benzene (Bis-MSB), 1,4-bis-[2-(5-phenyloxazolyl)]
      benzene (POPOP), p-bis-[2-(5-1-naphthyloxazolyl)] benzene (alpha-NOPON),
      1,6-diphenyl-1,3,5-hexatriene (DPH), and 2-(1-naphthyl)-5-phenyloxazole
      (alpha-NPO). The preferred secondary solute is Bis-MSB.
PAR  The solvents which are useful in preparing the compositions of the present
      invention are the liquid aromatic hydrocarbons, preferably those
      containing from about 6 to 12, preferably from about 6 to 10 carbon atoms.
      These include benzene, toluene, o-, m- and p-xylenes, 1,2,4 - and
      1,3,5-trimethylbenzene, any of the ethylmethyl benzenes, and mixtures of
      any of the above. The preferred solvents in the present invention are the
      dimethyl- and trimethylbenzenes, singly or mixed, the most preferred being
      1,2,4-trimethylbenzene. The solvent may generally comprise about 20 to
      about 90% by volume of the LSC composition, preferably about 40 to about
      70% by volume.
PAR  In Lieberman and Moghissi, 21 Int. J. Applied Radiat. Isotopes 319 (1970)
      (hereafter Lieberman), evaluations were made of a number of surface active
      agents, including five agents having the polyethoxylated
      poly(oxypropylene) structure depicted above, in low level counting of
      tritiated water. it was determined in that study that those five agents
      were inferior to other known surface active agents for use in LSC, both in
      counting efficiency and in ability to emulsify large amounts of water. The
      alkyl phenyl polyethylene glycol ether (ethoxylated alkylphenol) types of
      detergent, such as Triton N-101 and Triton X-100, both from Rohm and Haas
      Co., were reported as superior to those polyethoxylated poly(oxypropylene)
      agents tested. Only certain of the polyethoxylated poly(oxypropylene)
      agents available were tested, in a simple system involving pure tritiated
      water. Further, the reported results concerning the capability of
      emulsifying higher water concentrations dealt with water concentrations of
      30-50%. At such high concentrations the LSC compositions are set up as a
      gel, which is undesirable in many respects, as compared to transparent,
      apparently monophasic liquids, which are far more preferable for handling
      and testing, and are not so apt to form two phases in storage.
PAR  In accordance with one aspect of the present invention, it has been found
      that both the counting efficiency and water emulsification are
      substantially improved when mixtures of certain polyethoxylated
      poly(oxypropylene) emulsifiers are used in scintillation cocktails, as
      compared with emulsifiers used or suggested in the past, including the
      polyethoxylated poly(oxypropylene) emulsifiers tested singly by Lieberman.
      In accordance with another aspect of the present invention, it has been
      found that certain polyethoxylated poly(oxypropylene) emulsifiers used
      singly, including some of those tested by Lieberman, are functional and
      give thoroughly dispersed cocktails having a monophasic appearance over
      wide ranges of temperature and aqueous sample content, when used in
      scintillation counting of RIA samples, which the art would have expected
      that those emulsifiers would have been unsuitable for, especially in view
      of the results reported by Lieberman. In accordance with still another
      aspect of the present invention, it has been found that certain
      polyethoxylated poly(oxypropylene) emulsifiers used singly are superior to
      the polyethoxylated poly(oxypropylene) emulsifiers tested by Lieberman,
      and are suitable for both liquid scintillation counting in general and for
      RIA techniques.
PAR  Contrary to the implication of the Lieberman article that the
      polyethoxylated poly(oxypropylene) agents are not suitable as LSC
      emulsifiers, it has been found that mixtures of different polyethoxylated
      poly(oxypropylene) agents of the formula depicted above, having a y value
      of from about 15 to 56, preferably from about 18 to about 40, and having x
      and z values of from about 1 to about 30, preferably constituting from
      about 10 to about 30% by weight of the total molecule, exhibit counting
      efficiencies, emulsifying properties and other characteristics which are
      far superior to previous LSC emulsifiers. Preferably such mixtures include
      one agent having a relatively large number of oxypropylene groups in its
      center chain, e.g. from about 30 to 56, preferably from 32 to 40, and
      another agent having relatively fewer of such groups, e.g. from 15 to 30,
      preferably from 18 to 28, oxypropylene groups.
PAR  Such mixtures result in aqueous LSC cocktails which are clear liquids over
      a broad range of water concentrations and temperatures. This can be easily
      appreciated by comparing FIG. 1, which is a phase diagram of typical LSC
      cocktails containing a prior art alkyl phenyl polyethylene glycol ether
      (ethoxylated alkylphenol) type emulsifier (Triton X-100, Rohm and Haas
      Co., see Example V infra) with FIG. 2, which is a phase diagram of LSC
      cocktails containing a mixture of polyethoxylated poly(oxypropylene)
      emulsifiers in accordance with the present invention (see Example VI,
      infra). Note that at most suitable counting temperatures, i.e. from about
      0.degree. to about 30.degree.C, the incorporation of more than 12 to 17%
      water in the Triton X-100 cocktail will result in a two phase system or a
      gel which will eventually revert to a two phase system. Close temperature
      control must be maintained from the time the sample is made up until the
      desired measurements are made, or the sample may separate into two phases.
      Prolonged storage of samples containing above 12 to 17% water is very
      difficult. Measurements using such systems often involve trial and error,
      with samples having to be remade and often stored and equilibrated for a
      substantial time prior to measurement because the original sample
      underwent phase separation.
PAR  By contrast, the LSC cocktails containing the mixtures of polyethoxylated
      poly(oxypropylene) in accordance with the present invention exhibit very
      little phase sensitivity to either water content or temperature, over the
      normal counting temperature range. Thus such cocktails can be made up at
      near their maximum water content at any temperature between about
      0.degree. and 30.degree.C. and be measured at any desired temperature,
      with little fear that phase separation will occur. Nor is close
      temperature control between make-up and measurement critical from the
      standpoint of phase separation. Nor is the analyst faced with the use of a
      solid gel which will eventually undergo phase separation, rather than a
      clear homogeneous liquid. In fact, no phase change occurs with most
      cocktails of the present invention even after prolonged storage for weeks
      or months. These cocktails have other advantages, one being the very low
      luminescence or phosphorescence they exhibit. This property minimizes
      false counts caused by ambient lighting to which the cocktail is exposed
      during mixing. Minimization of the cocktail phosphorescence means shorter
      equilibration times can be used between the time the cocktail is made up
      and the time when it is measured. These cocktails are particularly
      advantageous when large numbers of samples are to be analyzed
      automatically. All of the samples made in accordance with this invention
      can be placed in the automatic sample holder shortly after mixing. Since
      the initial phosphorescence is low and decreases rapidly and the cocktail
      stays stable for so long, those samples which reach the counter within 1
      hour will be truly comparable with those samples which reach the counter
      after 18 to 20 hours. Thereafter the samples can normally be stored for up
      to four months and still the counts on each sample will be repeatable,
      allowing for natural radioactive decay.
PAR  These advantages which are obtained over prior art cocktails in liquid
      scintillation counting in general are even more strikingly observed and of
      even greater benefit in analyzing samples obtained by radioimmunoassay
      techniques. There the volume of the sample which is obtained after
      separation of the bound from the unbound ligands or antigens varies from
      sample to sample. The accuracy of the analysis improves significantly if
      larger sample sizes can be measured, and thus it is preferable to add all
      of the RIA sample to the cocktail, no matter how much is obtained. Also,
      as a practical matter, it is preferable not to have to precisely measure
      out each sample for addition to the cocktail, especially where large
      numbers of samples are being analyzed. Yet even with the best of prior art
      emulsifiers, i.e., those which could hold some amounts of RIA samples for
      a period without phase separation, there are severe limits on the RIA
      sample size which can be accomodated, as well as strict temperature
      limitations. Scintillation cocktails containing the mixed polyethoxylated
      poly(oxypropylene) emulsifiers of the present invention do not form
      separate phases over wide ranges of aqueous RIA sample content and
      temperature. Thus the present invention effectively eliminates the need
      for strict controls on RIA sample size and temperature.
PAR  While it is therefore preferred thaat a mixture of polyethoxylated
      poly(oxypropylene) agents be used as the surface active agents, it has
      also been found that certain of the materials having that structure,
      without being admixed with other polyethoxylated poly(oxypropylene)
      agents, are of particular advantage in RIA analyses. Lieberman tested
      several polyethoxylated poly (oxypropylene) agents singly for use in LSC,
      namely five materials sold under the name Pluronic by BASF Wyandotte
      Corp.: Pluronic L35 (average number of oxypropylene groups 16.4, 50% poly
      (oxyethylene) in total molecule); Pluronic L61 (30 oxypropylene groups,
      10% poly(oxyethylene)); Pluronic L62 (30 oxypropylene groups, 20%
      poly(oxyethylene)); Pluronic L92 (47.4 oxypropylene groups, 20%
      poly(oxyethylene)); and Pluronic L121 (69 oxypropylene groups, 10%
      poly(oxyethylene)). The Lieberman testing system was a simple one in which
      the aqueous portion of the cocktail was pure tritiated water. Lieberman
      concluded that none of the polyethoxylated poly(oxypropylene) detergents
      were suitable or comparable to other known LSC emulsifiers.
PAR  It has now been found that polyethoxylated poly(oxypropylene) containing
      from about 18 to about 50 oxypropylene units in the center chain and from
      about 10 to about 30% by weight oxyethylene units in the total molecule
      are suitable LSC emulsifiers for radioimmunoassay samples which contain
      buffers and plasma and/or human or other serum. This range includes
      several materials tested and found lacking in Lieberman's tritiated water
      system, i.e., Pluronic L61, Pluronic L62, and Pluronic L92. Why such
      materials might be unsuitable for simple systems such as tritiated water
      and yet show advantages over known emulsifiers in the more difficult RIA
      sample systems is not essentially known. It also includes a number of
      other commercially available polyethoxylated poly(oxypropylene)
      detergents, such as Pluronic L42 ( the average number of oxypropylene
      groups 20, 20% poly (oxyethylene) in the total molecule) and Pluronic L72
      (35 oxypropylene groups, 20% poly(oxyethylene)) both also available from
      BASF Wyandotte Corp. Although not nearly as effective as the
      above-described mixed polyethoxylated poly(oxypropylene) emulsifier
      system, the above unmixed emulsifiers show considerably more flexibility
      than prior emulsifiers, with regard to the holding capacity for the RIA
      sample. The term "unmixed" is used here to differentiate over the
      above-described "mixed" polyethoxylated poly (oxypropylene) embodiments,
      and is not intended to exclude added amounts of previously known
      emulsifiers, such as the ethoxylated alkylphenols and other emulsifiers
      mentioned earlier. In fact, addition of such emulsifiers appears to
      enhance the flexibility of these unmixed polyethoxylated
      poly(oxypropylene) emulsifiers in RIA analysis.
PAR  Moreover, within the range of molecular structure of the unmixed
      polyethoxylated poly(oxypropylene) emulsifiers disclosed above it has been
      found that certain materials other than those tested by Lieberman are
      suitable for liquid scintillation counting in general as well as for RIA.
      In this regard, polyethoxylated poly(oxypropylene) materials having from
      about 32 to about 40 oxypropylene groups and comprising about 10 to 30%
      poly(oxyethylene) are superior to the other compounds of the same formula
      and to other surface active agents of the prior art. Also superior,
      although not as strikingly so are similar materials containing about 18 to
      about 25 poly (oxypropylene) units. The preferred compound is Pluronic
      L72, with Pluronic L42 being somewhat less preferred. These compounds
      share the advantages of the mixture of poly(oxyethylene)
      poly(oxypropylene) surface active agents, albeit not to the same degree.
      Both Pluronic L72 and Pluronic L42, for example, are superior in aqueous
      sample holding capacity to Pluronic L62. They too are particularly useful
      with regard to RIA counting. Again, emulsifiers within these ranges may be
      used to advantage in combination with other types of known emulsifiers or
      detergents.
PAR  Another class of Pluronics exist, e.g. Pluronic 10R5 and Pluronic 25R2,
      also by Wyandotte Corp., which may be called "reverse Pluronics," since
      their structure is the reverse of that depicted above. That is, they have
      a hydrophilic central chain of poly(oxyethylene) units and hydrophobic end
      groups of poly(oxypropylene) units. These may also be used, alone or
      admixed, but they do not perform nearly as well as the emulsifiers
      discussed above.
PAR  As will be appreciated by those skilled in the art, any of the compositions
      of the present invention may be used to advantage in some circumstances in
      combination with multiple solvent systems.
DETD
PAR  The invention will be further clarified with reference to the following
      illustrative embodiments. All samples are observed at the given
      temperature at least overnight before observations of physical state are
      recorded. All percentages given are by volume unless otherwise indicated.
PAC  EXAMPLE I
PAR  A composition without fluors but otherwise that of a liquid scintillator is
      prepared by blending together to form a colorless liquid 50% by volume a
      polyethoxylated poly(oxypropylene) copolmer of the average structure
      described and depicted above where y=30 and x=z=5 (Pluronic L62, by BASF
      Wyandotte Corp.), and 50% by volume 1,2,4-trimethylbenzene.
PAC  EXAMPLE II
PAR  A composition without fluors but otherwise that of a liquid scintillator is
      prepared by blending together to form a colorless liquid 30% by volume a
      copolymer of the average structure depicted above where y=35 and x=z=5.8
      (Pluronic L72), 20% by volume of a copolymer of that structure but where
      y=20.7 and x=z=3.4 (Pluronic L42) and 50% by volume
      1,2,4-trimethylbenzene.
PAC  EXAMPLE III
PAR  An LSC composition without fluors but otherwise that of a liquid
      scintillator is prepared by blending together to form a colorless liquid
      40% by volume an ethoxylated nonylphenol of the following average
      structure (Tergitol NPX, Union Carbide Co.):
EQU  p--(t--C.sub.9 H.sub.19)--C.sub.6 H.sub.4 --O--(CH.sub.2 --CH.sub.2
      --O).sub.10.5 --H
PAL  30% by volume p-xylene and 30% by volume 1,2,4-trimethylbenzene.
PAC  EXAMPLE IV
PAR  A radioimmunoassay sample representing all but the radioactivity in a
      Digoxin [.sup.3 H] Radioimmunoassay Kit from New England Nuclear Corp. is
      prepared by blending several of the components of that kit. The mixture is
      made from 7 parts by volume of the buffer concentrate, 2 parts by volume
      of the diluent used in the kit's charcoal suspension (i.e., equivalent to
      the charcoal suspension supplied with the kit without the charcoal), and 1
      part by volume of normal human serum, all of which are aqueous solutions
      or dispersions. In addition to normal human serum the mixture contains
      bovine serum albumin and sodium dihydrogen phosphate buffer from the
      buffer concentrate and charcoal diluent solutions and other materials.
PAR  Samples are prepared by shaking 0.90 ml. of the above mixture with 10.0 ml.
      of the LSC compositions of Examples I, II, and III. The samples are left
      undisturbed at 24.degree.C for 20 hours, and then observed. Ideally, a
      homogeneous, transparent to faintly translucent liquid solution is
      desired. Separation of solid or liquid constituents is undesirable because
      one does not know whether any of the radioactivity potentially present in
      an actual, equivalent sample will fail to be counted accurately. The
      samples are also observed after being kept at a constant 5.degree.C for 18
      hours. These two temperatures of 24.degree. and 5.degree.C represent the
      most common actual conditions of use for mixtures of LSC compositions. The
      observations are shown in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Appearance on Keeping Radioimmunoassay Samples in                         
     Various LSC Compositions -                                                
     LSC Composition                                                           
               Water Added                                                     
                       24.degree./20 hours                                     
                                  5.degree./18 hours                           
     __________________________________________________________________________
     Example I --      homogeneous,                                            
                                  homogeneous,                                 
                       transparent soln.                                       
                                  transparent soln.                            
     Example II                                                                
               --      homogeneous,                                            
                                  homogeneous,                                 
                       transparent soln.                                       
                                  transparent soln.                            
     Example III                                                               
               --      Ppt. 3mm in depth                                       
                                  Hazy soln.                                   
     Example III                                                               
               0.9ml*  homogeneous,                                            
                                  Sepn. of 2nd                                 
                       transparent soln.                                       
                                  liquid phase                                 
     __________________________________________________________________________
      *It is known that dilutions of water solutions of polar materials with   
      additional water will often allow the diluted sample to be dissolved in  
      the LSC composition; this is tried here in order to avoid the precipitate
      obtained from Example III.                                               
PAC  EXAMPLE V
PAR  An LSC composition representing a cocktail commonly used by those skilled
      in the art is prepared by blending together to form a clear, pale yellow,
      blue-fluorescent liquid 33.3% by volume an ethoxylated octylphenol of the
      following average structure (Triton X-100, Rohm and Haas Co.):
EQU  p--(t--C.sub.8 H.sub.17)--C.sub.6 H.sub.4 --O--(CH.sub.2 CH.sub.2
      --O).sub.9.5 --H
PAL  with 66.7% by volume of toluene, 5.55 g/liter of PPO and 0.12 g/liter of
      Bis-MSB.
PAR  Varying percentages of water are shaken manually with the cocktail until
      further shaking produced no visible change in appearance of the mixture.
      The mixtures are kept in a controlled temperature bath for several hours,
      shaken again, and kept 18 hours at the same temperature. The physical
      appearance is plotted as FIG. I, attached. Note that the water levels from
      0-4% are not practically usable in the LSC because the mixture separates
      into two liquid phases. At the common instrumental counting temperature of
      5.degree.C, the water levels from 11-16% are not usable, and at the common
      counting temperature of 24.degree.C, water levels from 15-20% are not
      usable, because of phase separation. Up to 24.degree.C, gels are formed
      with water levels above 15-20%. These gels become 2 phases after standing
      for several days at 20.degree.C.
PAC  EXAMPLE VI
PAR  An LSC composition is prepared by blending together to form a clear, pale
      yellow, blue-fluorescent liquid 24% by volume of a polyethoxylated
      poly(oxypropylene) copolymer of the average structure described and
      depicted above, where y=35 and x=z=5.8 (Pluronic L72), 24% by volume of a
      copolymer of similar structure where y=20.7 and x=z=3.4 (Pluronic L42),
      52% by volume 1,2,4-trimethylbenzene, 0.50 g/liter of Bis-MSB and 4.00
      g/liter of PPO.
PAR  The behavior of the composition with water on keeping at various
      temperatures for 18-24 hours in the manner described in Example V is noted
      and plotted as FIG. II, attached. Observe that the water levels from 0-20%
      are usable for this LSC in the temperature range of 0.degree.-29.degree.C,
      and that the various mixtures with water are apparently free from large
      regions of biphasic nature.
PAC  EXAMPLE VII
PAR  An LSC composition is prepared by blending together to form a clear, pale
      yellow, blue-fluorescent liquid 50% by volume of a copolymer of the
      average structure described and depicted above wherein y=30 and x=z=5
      (pluronic L62), with 50% by volume of 1,2,4-trimethylbenzene, in which is
      mixed 0.50 g/liter of Bis-MSB and 5.00 g/liter of PPO.
PAR  Addition of incremental amounts of water and allowing to stand as in
      example VII, results in a clear, apparently monophasic liquid over a range
      of from 0-12.5% water over a temperature range of from about 5.degree. to
      about 25.degree.C. Above 12.5% water the mixture separated into two phases
      on keeping. At from about 30 to about 50% water levels, a translucent gel
      is formed.
PAC  EXAMPLE VIII
PAR  An LSC composition is prepared by blending together 100 ml. of a
      polyethoxylated poly(oxypropylene) of the average structure depicted above
      where y=20.7 and x=z=3.4 (Pluronic L42), 100 ml of 1,2,4-trimethylbenzene,
      1 gram of PPO, and 0.1 g of Bis-MSB. This composition was a clear liquid
      at 0, 5, 10, 15, and 20% water. At 25% water level, a two phase system was
      obtained.
PAC  EXAMPLE IX
PAR  An LSC composition is prepared by blending together 100 ml. of a
      polyethoxylated poly(oxypropylene) of the average structure depicted above
      where y=35 and x=z=5.8 (Pluronic L72), 100 ml of 1,2,4-trimethylbenzene, 1
      g. PPO and 0.1 g. Bis-MSB. This composition was a clear liquid at 0, 5,
      10, 15, and 20% water. At the level of 25% water a clear gel was formed.
PAC  EXAMPLE X
PAR  The LSC compositions in EXamples V, VI, VII, VIII, and IX are tested for
      LSC efficiency by the method generally acknowledged by those skilled in
      the art to be most accurate, that of internal standardization. The isotope
      used is .sup.3 H, and the form is .sup.3 HHO. The counting temperature is
      5.degree.-12.degree.C, and the instruments used are Packard Tri-Carb
      3320's, made by Packard Instruments Co., operated to best advantage for
      each mixture. Efficiencies vary from instrument to instrument, and depend
      upon the settings of all the counting parameters on the instrument. The
      Packard Tri-Carb 3320 is a typical, current instrument, which is capable
      of counting a sealed, unquenched, tritium standard at about 60%
      efficiency. The results are shown in Table II.
TBL                                    Table II                                
     __________________________________________________________________________
     Tritium Counting Efficiencies of LSC Compositions                         
     Water LSC Comp.                                                           
                  LSC Comp.                                                    
                         LSC Comp.                                             
                                LSC Comp.                                      
                                       LSC Comp.                               
     in Sample                                                                 
           of Ex V                                                             
                  of Ex VI                                                     
                         of Ex VII                                             
                                of Ex VIII                                     
                                       of EX IX                                
     __________________________________________________________________________
     none  41%    40%    40%    36%    35%                                     
     5%    34%    35%    35%    31%    32%                                     
     10%   32%    33%    33%    28%    31%                                     
     15%   Phase sep.                                                          
                  32%    Phase sep.                                            
                                27%    29%                                     
     20%   Phase sep.                                                          
                  30%    Phase sep.                                            
                                23%    23%                                     
     __________________________________________________________________________
PAR  Measurements made using the same techniques give a 33% counting efficiency
      for 10 ml of the LSC composition of Example VI when mixed with 0.9 ml of
      the RIA sample of Example IV, and 33% counting efficiency for 10 ml of the
      LSC composition of Example VIII when mixed with 0.9 ml of the RIA sample
      of Example IV.
PAC  EXAMPLE XI
PAR  In many cases the aqueous samples for liquid scintillation counting can
      only be obtained in rather small volume, such as those obtained from a
      Packard 305 oxidizer, made by Packard Instruments, Inc. Some systems
      produce aqueous sample of only 0.2 to 0.3 while other systems put out
      samples of from about 0.8 to 1.0 ml. In analyzing these smaller aqueous
      samples, it is desirable to use high efficiency LSC compositions having
      lower emulsifier content. It is particularly desirable to have a single
      LSC composition which would handle both the 0.2 to 0.3 range and the 0.8
      to 1.0 range of aqueous samples interchangeably. In order to demonstrate
      that the mixtures of the present invention can be used to handle both low
      ranges of aqueous sample with higher efficiency than previously
      attainable, an LSC composition containing lower amounts of the emulsifiers
      of Example VI was prepared by blending 17% by volume of Pluronic L72, 17%
      by volume Pluronic L42, and 66% by volume 1,2,4-trimethylbenzene, with
      0.50 g/liter of Bis-MSB and 5.00 g/liter of PPO. At this low emulsifying
      level, phase observations with incremental amounts of water disclosed a
      range between about 0.6 and 1.1% water mixed with the above composition
      within which a two phase, rather than a single homogeneous phase liquid
      resulted. However, this problem was solved by adding 12.0 grams of water
      per liter to the above composition and thereafter treating this
      water-augmented liquid as the base LSC composition. The efficiencies
      measured for this water-augmented LSC composition for 0, 5, and 9.1%
      aqueous samples, are reported in Table III as LSC composition XI-A. With
      this water-augmented LSC composition, no biphasic ranges between about 0
      and 9.1% are observed. Of course, if one could be sure that all of the
      aqueous samples to be tested would be above or below the 0.6 to 1.1%
      range, the water augmentation would not be necessary in order to avoid
      phase separation, and in that case the efficiencies obtained from the
      mixtures of the present invention would even be slightly higher. However,
      in the interest of having an LSC composition which can handle this entire
      range of low level aqueous sample content, the slight loss in efficiency
      caused by water augmentation can be tolerated.
PAR  For comparison, an LSC composition is chosen which is believed to be the
      most efficient of prior LSC systems for this range of aqueous sample
      levels. It is prepared by blending together 250 ml of an ethoxylated
      dodecylphenol of the following average structure (Tergitol 12P-9, Union
      Carbide):
EQU  p--(t--C.sub.12 H.sub.25)--C.sub.6 H.sub.4 --O--(CH.sub.2 CH.sub.2
      --O).sub.9 --H
PAL  with 650 ml of 1,2,4-trimethylbenzene, 100 g of naphthalene, 3.92 g of PPO
      and 0.08 g of Bis-MSB. This LSC composition is designated as LSC
      composition XI-B in Table III.
PAR  The behavior of this composition with water on keeping at various
      temperatures for 18-24 hours is shown in FIG. III. Observe that water
      levels are usable at 23.degree.C from 0-0.9% water, not usable from about
      0.9-2.9% water, then usable again from 2.9-13.5% water. Further observe
      that mixtures prepared with water at the common room temperatures of
      20.degree.-30.degree.C become biphasic on keeping in LSC instruments at
      the common instrumental temperature of 5.degree., 10.degree., and
      12.5.degree.C. These phase anomalies are not curable by water
      augmentation, as can be done with the LSC mixtures with which the
      comparison is made. The counting efficiencies are given in Table III, and
      were determined in the same manner as those reported in Table II.
     ______________________________________                                    
     Tritium Counting Efficiencies for Low Aqueous                             
     Sample Levels                                                             
     Water in Sample                                                           
                 LSC Comp. XI-A                                                
                              LSC Comp. XI-B                                   
     ______________________________________                                    
     none        41%          41%                                              
     5.0%        39%          37%                                              
     9.1%        36%          34%                                              
     ______________________________________                                    
PAR  In addition to having higher counting efficiencies and being monophasic
      throughout the range of 0-9.1% water, the water augmented LSC composition
      XI-A does not require the presence of naphthalene, which makes LSC
      composition XI-B rather pungent, and thus composition XI-A is more
      comfortably handled in LSC analysis.
PAC  EXAMPLE XII
PAR  The LSC composition in Examples VI, XI-A, and XI-B are tested for
      luminescence or phosphorescence (which, if present would lead to false
      counts) on the Packard 3320 counters by irradiation of 10 ml volumes of
      triplicate samples of each composition under standard conditions of
      container, geometry, temperature and time, by means of a mercury vapor
      lamp. This is intended to simulate the mixing of an LSC sample in strong
      fluorescent light or incident sunlight, a procedure known to give false
      counts due to phosphorescence and not radioactivity. The fewer counts
      obtained under these standard conditions, when the samples are counted as
      though they contained tritium, the better. The results are reported in
      Table IV.
     ______________________________________                                    
     Counts per Minute Observed in Uniform Test of                             
     Ultraviolet-Light-Induced Luminescence                                    
     ______________________________________                                    
     LSC Composition of Example VI                                             
                        mean value .about. 650 cpm                             
     LSC Composition of Example XI-A                                           
                        mean value .about. 100cpm                              
     LSC Composition of Example XI-B                                           
                        mean value .about. 1400 cpm                            
     ______________________________________                                    
PAR  In sum, it has been found that LSC compositions containing polyethoxylated
      poly(oxypropylene) emulsifiers, taken singly, which have from about 18 to
      28 oxypropylene groups per chain or from about 32 to 40 oxypropylene
      groups per chain, and which have a chain content of poly(oxyethylene) of
      from about 10 to 30% of their poly (oxypropylene) content, accomodate
      large amounts of aqueous sample over wide temperature ranges to give
      homogeneous, apparently monophasic liquids which are suitable for liquid
      scintillation counting. This is particularly surprising in view of the
      fact that a material of the same structure but having an oxypropylene
      chain length between the two ranges (Pluronic L62) is much more limited in
      its aqueous sample holding capacity. It has further been found that
      emulsifiers of the same structure and having an oxypropylene chain length
      of from about 18 to about 50, taken singly, are consistently successful in
      dispersing samples from radioimmunoassay or other competitive binding
      analyses to form homogeneous liquids which are suitable for scintillation
      counting whereas prior emulsifiers were unsuccessful. It has further been
      found that mixtures of emulsifiers having the same structural formula with
      from about 15 to 56 oxypropylene units per chain and a chain content from
      about 1 to about 30 oxyethylene units are even better than the above
      groups of those emulsifiers in ability to homogeneously disperse aqueous
      samples including RIA and other samples, in having increased counting
      efficiencies, and in other ways.
PAR  While a number of embodiments have been described with particularity, other
      embodiments, uses and advantages will be apparent to those skilled in the
      art from this disclosure. It is intended that the present disclosure be
      merely exemplary and not limiting, and the scope and spirit of the
      invention is indicated by the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid scintillation counting composition, comprising at least one
      solvent, a scintillating solute and a surface active agent, said surface
      active agent comprising a mixture of a first material having the following
      structural formula:
      ##EQU3##
      wherein y is from about 15 to 56, and x and z are from about 1 to 35, and
      a second, different material having the following structural formula:
      ##EQU4##
      wherein y' is from about 15 to 56, and x' and z' are from about 1 to 35.
NUM  2.
PAR  2. The composition of claim 1, wherein y and y' are from about 18 to about
      50 and the total [CH.sub.2 CH.sub.2 O] contents are from about 10 to about
      30% of the total weight in both molecules.
NUM  3.
PAR  3. The composition of claim 1, in which the sum of x plus y plus z is
      greater than the sum of x' plus y' plus z'.
NUM  4.
PAR  4. The composition of claim 3, wherein y is from about 30 to 56, and y' is
      from about 15 to 30.
NUM  5.
PAR  5. The composition of claim 3, wherein y is from about 32 to 40, and y' is
      from about 18 to 28.
NUM  6.
PAR  6. The composition of claim 1, wherein y is about 35 and y' is about 20.
NUM  7.
PAR  7. The composition of claim 1, further comprising an aqueous sample to be
      measured.
NUM  8.
PAR  8. The composition of claim 7, said aqueous sample being present in the
      liquid scintillating composition in the range of between about 1 and 25%.
NUM  9.
PAR  9. A liquid scintillation counting composition, comprising at least one
      solvent, a scintillating solute and a surface active agent, said surface
      active agent comprising a material having the following structural
      formula:
      ##EQU5##
      wherein y is selected from the ranges of 18 to 28 and 32 to 40, and the
      total [CH.sub.2 --CH.sub.2 --O] content is from about 10 to 30% by weight
      of the molecule.
NUM  10.
PAR  10. A method of liquid scintillation counting comprising mixing a sample to
      be analyzed with a liquid scintillation composition comprising a mixture
      of a first material having the following structural formula:
      ##EQU6##
      in which y is from about 15 to 56 and x and z are from about 1 to about
      35, and a second material having the following structural formula:
      ##EQU7##
      in which y' is from about 15 to about 56 and x and z are from about 1 to
      35, and exposing the liquid scintillation composition to a scintillation
      counter.
NUM  11.
PAR  11. The method of claim 10, in which y and y' are from about 18 to about
      50, and the total [CH.sub.2 --CH.sub.2 --O] contents are from about 10 to
      about 30% of the total weight in both molecules.
NUM  12.
PAR  12. The method of claim 11 in which y is from about 30 to 56 and y' is from
      about 15 to 30.
NUM  13.
PAR  13. The method of claim 12 in which y is about 35 and y' is about 20.
NUM  14.
PAR  14. A method of liquid scintillation counting comprising adding a sample to
      be analyzed to a liquid scintillation composition comprising a material
      having a material having the following structural formula:
      ##EQU8##
      in which y is selected from the ranges of about 18 to about 28 and about
      32 to about 40, and the total [CH.sub.2 --CH.sub.2 --O] content is about
      10 to 30% by weight of the total molecule.
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ABST
PAL  Microcapsules, particularly for the use in the manufacture of "no carbon
      required" copying material, which microcapsules contain as core material
      not only dye precursors but also mono- or poly-alkyl-substituted indans.
BSUM
PAR  This invention relates to microcapsules containing alkyl-substituted indans
      and dyes as core materials.
PAR  It is known to use microcapsules containing dyes for making copying papers,
      the microcapsules generally being ruptured by the pressure applied during
      a writing operation so that the liberated dye is transferred to an
      acid-reacting layer where, if a leuco compound has been used, the actual
      dye is developed.
PAR  In the formation of the dye on the acid-reacting layer, a developer is
      required, since the dyes are generally only capable of being adsorbed on
      the acid-reacting layer when in solution.
PAR  The developers described for the dyes, which are at the same time solvents
      for the dyes and core materials for the microcapsules, are for example
      hydrocarbons such as naphthas, xylenes, diphenyls and/or chlorinated
      compounds. At the present time, mixture of chlorinated hydrocarbons,
      particularly mixtures of chlorinated diphenyls are almost exclusively
      used. However, these chlorinated compounds have a number of drawbacks. On
      account of its high density, the microcapsule dispersion shows a
      relatively strong tendency to sedimentation with the formation of
      agglomerates, this greatly hampering the handling of the capsule
      dispersion in storage, metering, or in the further processing thereof to
      form a paper coating composition.
PAR  The chlorinated diphenyls also have the drawback that in their presence dye
      development takes place comparatively slowly. It is also known that
      chlorinated diphenyls, in particular, show a certain degree of toxicity,
      cannot be degraded chemically or microbiologically and tend to accumulate
      in certain organs of living creatures. Complete destruction of residues is
      only possible by incineration, which produces undesirable hydrogen
      chloride gas. When the papers are re-used as salvage paper, there is the
      risk of these materials passing into foodstuffs via packaging materials.
      They also have an unpleasant odor.
PAR  Thus there is a need for novel solvents or developers for use as core
      materials in dye-containing microcapsules.
PAR  We have found that microcapsules containing as core material a
      water-immiscible liquid and at least one dye, the water-immiscible liquid
      substantially consisting of one or more mono- or poly-alkyl-substituted
      indans in which the alkyl side-chains are linear or branched and may
      contain from 1 to 11 carbon atoms do not suffer from the above drawbacks.
PAR  Alkyl-substituted indans have desirable properties for use as solvents or
      developers for reactive dyes. They have relatively high boiling points
      and, particularly in mixtures, very low solidification points of below
      -15.degree.C. They have low viscosity over a wide temperature range and
      permit good transfer of the dye to the acid-reacting layer. Full
      development of the dye is possible even when the acid-reacting layer is
      merely moistened by the solvent, since the non-polarity of the
      alkyl-substituted indans does not impair the adsorption and reaction of
      the dye on the said pigments of the acid-reacting layer.
PAR  Examples of suitable indans having alkyl side chains of from 1 to 11 carbon
      atoms are 1-(1' ,6'-dimethylheptyl)indane, 1-isopropylindan,
      1,1-dimethylindan, 4-t-butylindan and 2-ethylindan.
PAR  The preferred indan compounds are phenyl-substituted indans having linear
      or branched alkyl side-chains preferably of from 1 to 6 carbon atoms.
      These are, in particular, alkyl-substituted 3-phenylindans and mixtures of
      alkyl-substituted phenylindans or mixtures thereof with other solvents or
      developers.
PAR  It is surprising that in a 6 percent w/w mixture of a conventionally used
      reactive dye mixture, for example a mixture of Crystal Violet lactone and
      N-benzoylleuco Methylene Blue in a ratio of about 3:1, the dye precursors
      are contained in a dissolved state to an extent of only 5.28 percent by
      weight in 1-methyl-3-phenylindan, of only 3.05 percent by weight in
      1-methyl-3-phenyl-5-isopropylindan and of only 2.48 percent by weight in
      1-methyl-3- [p-isopropylphenyl]-5-isopropylindan and yet produce copies
      having the same color intensity as given by a 6 percent w/w solution of
      said dye precursor mixture in chlorinated diphenyl. This fact shows that
      even undissolved dye precursor is assisted in development by said solvent
      in the copying operation. In the art there has been the prejudice that
      only those solvents showing very high solubility for the dye precursors
      and thus ensuring complete solution of the latter are capable of
      guaranteeing good dye development.
PAR  Another advantage of alkyl-substituted phenyl indans over dichlorodiphenyl
      is that they have virtually no solvent or plasticizing effect on the
      polymeric capsule wall materials generally used, the result being that in
      some cases leakage through the capsule walls is less despite the lower
      boiling points. This means, for example, that copying papers may be
      manufactured which show better storage stability. The alkyl-substituted
      indans used are also virtually non-toxic and, surprisingly, have only a
      very weak odor in comparison with chlorinated diphenyl. Thus they are less
      of an environmental problem than liquid developers hitherto used. Another
      advantage of these solvents is that their density is only slightly above
      1. For example 1-methyl-3-phenylindan has a density of 1.023. This means
      that aqueous capsule dispersions are virtually intrinsically stable with
      the result that they are simpler to store and easier to process. The
      solvents are also good solvents for conventional UV absorbers such as
      Tinuvin P, so that light stabilization of the encapsulated dye precursors
      is readily possible.
PAR  The phenyl indans are cheaply available in a technically advantageous
      manner from styrene as starting material. They are reaction products of
      styrene with itself (dimerization) or with appropriate alkyl-substituted
      styrene compounds and may be obtained by Friedel-Crafts alkylation
      processes.
PAR  It is not necessary to use the indans proposed by the invention as pure
      compounds. It is equally possible to use mixtures which are produced, for
      example, by the synthesis of these compounds on an industrial scale. The
      mixtures may even show an advantage over the pure substances by having
      lower solidification points.
PAR  Suitable alkyl radicals on the preferred phenylindans are for example
      methyl, ethyl, propyl and butyl to hexyl radicals, these radicals being
      straight-chain or branched-chain. The alkyl radicals may be attached to
      the indan ring system or to the phenyl radical, which is preferably in
      position 30 Convenient compounds are those having from 1 to 3 alkyl
      radicals in positions 1, 3 and 5 of the indan.
PAR  As examples of the phenyl indans which may be used in the present invention
      there may be mentioned: 1-methyl-3-phenylindan,
      1-methyl-3-phenyl-5-isopropylindan, 1-methyl-3-phenyl-5-t-butylindan,
      1-methyl-3-[p-isopropylphenyl]-5-isopropylindan,
      1-ethyl-2-methyl-3-phenylindan, x-.alpha.-phenylethylindan (where x may be
      1, 2, 4 or 5), 1-ethyl-2-phenyl-3-methylindan, x-phenylindan (where x may
      be 1, 2, 4 or 5), 1,5-dimethyl-3-[p-tolyl] indan, 1-phenyl-2-methylindan,
      1-p-tolylindan, 1-methyl-2-phenylindan and 1,1-3-trimethyl-3-phenylindan.
PAR  Of these, the preferred phenylindans are 1-methyl-3-phenylindan and
      1-methyl-3-phenyl-5-isopropylindan.
PAR  The choice of indan derivatives to be used in the invention is governed by
      their properties as solvents or developers for the reactive dye used and
      by their physical properties, particularly their solidification point.
      Usually, the solidification points of the mixtures used should not be
      higher than -15.degree.C.
PAR  It will be appreciated that the alkyl-substituted indans may also be used
      in admixture with up to 50 percent of other solvents known to be suitable
      as solvents for reactive dyes, such as alkylbenzenes, diphenylbenzenes,
      alkylnaphthalenes, dialkylphthalates, dicyclohexylbenzenes,
      chloroparaffins, chlorodiphenyls and unsubstituted or substituted
      tetralines.
PAR  A great advantage of the alkyl-substituted indans is that they may, if
      desired, be used in the quality obtained from commercial synthesis. Not
      even the by-products produced from the indans under the reaction
      conditions by dimerization or polymerization have any undesirable effect,
      so that there is no need to separate these compounds.
PAR  As examples of mixtures with other solvents there may be mentioned mixtures
      of 1-methyl-3-phenylindan with n-dodecylbenzene or of 1-methyl-3
      -[p-isopropylphenyl]-5-isopropylindan with dioctylphthalate. It is also
      possible to use blends with aliphatic hydrocarbons such as high-boiling
      naphthas and polynuclear aromatics or aromatic mixtures which may, if
      desired, be alkylated.
PAR  In a particularly preferred embodiment, the indans proposed by the present
      invention are used in admixture with alkyl-substituted diphenylmethanes
      such as are described, for example, in German Published Application No.
      2,153,634. The diphenylmethanes are usually substituted with
      straight-chain or branched-chain alkyl groups of from 1 to 6 carbon atoms
      in the same manner as the phenylindans. Such alkyl-substituted
      diphenylmethanes may be obtained, for example, by reaction of styrene with
      benzene or appropriate alkyl-substituted benzenes under Friedel-Crafts
      conditions.
PAR  Preferred and highly suitable diphenylmethanes are: 1,1-diphenylethane
      (methyl diphenylmethane), methylphenyl-[3 -isopropylphenyl]methane,
      methyl-[4,4'-diisopropyl]-diphenylmethane,
      methyl-[2,5,4'-triisopropyl]-diphenylmethane,
      methylphenyl-[2,5-diisopropylphenyl]-methane,
      methylphenyl-[2,5-dimethylpheny]-methane,
      methylphenyl-[2,5-t-butylphenyl]-methane,
      methylphenyl-[4-hexylphenyl]-methane and 1-phenyl-1-p-tolylethane.
PAR  Examples of advantageous mixtures are mixtures of
      1-methyl-3-phenyl-5-isopropylindan with
      methylphenyl-[2,5-dimethylphenyl]-methane or of 1-methyl-3-phenylindan
      with methylphenyl-[2,5-dimethylphenyl]-methane or of
      1,5-dimethyl-3-[p-tolyl]-indan with 1-phenyl-1-[3-isopropylphenyl]-methane
      or of 1-methyl-3-[p-isopropylphenyl]-5-isopropylindan with
      1-phenyl-1-p-tolyl-ethane.
PAR  Suitable dyes are those which are soluble in the solvents or solvent
      mixtures generally to an extent of at least 0.1 percent by weight. In
      particular, they are the conventional reactive dyes known to be suitable
      for copying papers, for example Crystal Violet lactone, N-benzoylleuco
      Methylene Blue, 3-methyl-bis-naphthospiropyran, Malachite Green lactone,
      Rhodamin B lactone, o-hydroxybenzalacetophenone and fluorans. Such dyes
      and their use in copying papers are described for example in German Patent
      No. 671,604, German Published Application No. 1,183,918, U.S. Pat. Nos.
      3,293,060; 3,179,600; 2,505,470; 2,505,472 and 2,505,480 or for example in
      Japanese Pat. Application No. 25,657/1970.
PAR  The microcapsules containing dyes and the phenylindans or mixtures as
      proposed by the invention as core materials may be made by a variety of
      processes and with a variety of wall materials such as are known in the
      prior art. For example, the microcapsules may be made by complex
      coacervation as described in German Published Application No. 1,122,495 or
      by interfacial polymerization as described in German Published Application
      No. 1,444,415 or with urea/formaldehyde condensation products as described
      in German Published Application No. 1,290,799. German Published
      Application No. 1,294,932 described an atomizing process for the
      manufacture of microcapsules, German Published Application No. 1,619,808
      discloses a process for gelling emulsion droplets and German Published
      Application No. 1,912,323 describes a phase-reversal process.
PAR  In a preferred process for the manufacture of microcapsules, a mixture
      containing the wall material, the reactive dye and the alkylated
      phenylindan in a volatile organic solvent is dispersed in an aqueous
      carrier liquid where the capsule wall material migrates to the phase
      interfaces and is obtained in a solvent-free form by evaporation of the
      solvent. The capsule wall may, if desired, be further strengthened by
      crosslinking.
PAR  A preferred wall material for this process is a copolymer, obtained by
      solution polymerization, of from 20 to 65 percent by weight of methyl
      methacrylate, from 10 to 65 percent by weight of acetyl acetate of
      mono(meth)acrylates of aliphatic diols of from 2 to 8 carbon atoms such as
      butanediol-1-acrylate-4-acetyl acetate, from 0 to 30% by weight of
      acrylamide, from 0 to 30 percent by weight of acrylic and/or methacrylic
      acids, from 0 to 30 percent by weight of vinyl pyrrolidone, from 0 to 30,
      preferably 0 to 3, percent by weight of vinylsulfonic acid or salts
      thereof, from 0 to 30, preferably 0 to 3, percent by weight of
      2-sulfo-ethylmethyl acrylate or salts thereof and from 0 to 3 percent by
      weight of 2-acrylamido-2-methylpropanesulfonic acid or salts thereof,
      usually having a K value of from 10 to 70 as measured by the method
      proposed by H. Fikentscher in Cellolosechemie 13 (1932) pp. 58 et seq.
      Suitable salts of the said sulfonic acids are the sodium salts.
PAR  Suitable volatile solvents for the wall and core materials in this process
      are aliphatic chlorinated hydrocarbons such as chloroform or methylene
      chloride to which a lower aliphatic alcohol such as methanol, ethanol,
      propanol or isopropanol has been added.
PAR  In other manufacturing processes, advantageous wall materials are for
      example gelatine, polyvinyl alcohol, urea/melamine or phenyl/formaldehyde
      resins, polyamides and polyurethanes.
PAR  In the manufacture of copying papers, the resulting microcapsules are
      usually applied, in the form of a microcapsule dispersion, to a substrate
      such as paper or plastics films. Alternatively, they may be embedded in,
      for example, the body of the paper or in similar compositions consisting
      of other polymers. Due to their excellent non-leak properties, they may
      also be applied directly to the conventional acid-reacting layers.
      Suitable acid-reacting layers are for example kaolin, attapulgite,
      bentonite, acidic colloidal silicon dioxide, zeolite and organic acid
      resins such as phenolic resins.
DETD
PAR  In the following Examples the parts are by weight.
PAC  EXAMPLE 1
PAC  Preparation of copolymers for the wall material
PAR  In a stirred vessel equipped with a temperature bath 500 parts of a mixture
      of 478 parts of butanediol monoacrylate acetyl acetate, 380 parts of
      methyl methacrylate, 140 parts of acrylamide and 2 parts of the sodium
      salt of 2-sulfoethyl methacrylate, which mixture has been previously
      neutralized to pH 4 with 10% caustic soda solution, is mixed with 7.5
      parts of azodiisobutybonitrile and 1,000 parts of isopropanol and the
      mixture is heated at 80.degree.C. 15 minutes after the commencement of
      polymerization the remainder of the mixture is steadily added to the
      reaction mixture over 1 hour at from 80.degree. to 85.degree.C.
      Polymerization is continued to completion over 3 hours at this
      temperature, after which the reaction mixture is cooled to room
      temperature and the polymer solution is diluted with 500 parts of
      chloroform to give a 36.8 percent w/w polymer solution. A 1 percent w/w
      solution in chloroform gives a K value of 44 for said polymer.
PAC  Preparation of microcapsule dispersion
PAR  60 parts of the resulting solution of wall material are dissolved, together
      with 67 parts of 1-methyl-3-phenylindan, in 180 parts of chloroform
      containing 0.5 part of tributylamine, 1 part of N-benzoylleuco Methylene
      Blue, 3 parts of 3,3-bis-(dimethylamino)-6-dimethylamino phthalide
      (Crystal Violet lactone) and 6 parts of isopropanol with stirring to form
      a homogeneous solution.
PAR  In a vessel having a capacity of 800 parts and equipped with an Ultraturrax
      T 45 (by Jahnke and Kunkel) adapted to dip into the liquid, there are
      placed 200 parts of water and 50 parts of a 10% solution of a polyvinyl
      pyrrolidone having a K value of 90 and stirring is effected at a speed of
      10,000 r.p.m. The above solution is then added over about 5 minutes.
      Stirring is continued until the average particle size is from 10 to 12
      .mu.. The temperature rises to about 45.degree.C. In this way there is
      obtained an emulsion which is stable for a prolonged period.
PAR  250 parts of water are placed in a stirred vessel having a capacity of
      2,000 parts and equipped with a flat-paddle agitator (120 r.p.m.) and
      fitted with a descending condenser, and the above emulsion is added with
      stirring. From the thus diluted emulsion the chloroform is distilled off
      over about 75 minutes. To the dispersion, which is heated at 80.degree. C,
      there are added 7 parts of 40 percent formaldehyde solution for hardening
      purposes, and the mixture is maintained at 70.degree.C for about 1 hour.
PAR  On cooling there is obtained a stable microcapsule dispersion in a yield of
      more than 98 percent based on the wall material used, the microcapusles
      having an average diameter of from 5 to 8 .mu.. The microcapsules may be
      readily obtained as a free-flowing powder by filtration, repeated washing
      with water to remove the protective colloid and drying. The simplest
      method of drying is to spray the microcapsules through nozzles.
PAC  Tests on the microcapsules for leakage
PAR  The resulting microcapsule dispersion is brushed with a fine hair-brush
      onto paper weighing 5.7 g/m.sup.2 which has been stretched taut in a frame
      in a moist condition and then dried. The dispersion on the paper is then
      dried at room temperature. The coating consists of 5.6 g/m.sup.2 of
      microcapsules. The papers are odorless. A portion of the papers is stored
      at room temperature, a portion at 80.degree.C and a further portion at
      95.degree.C, storage being for 16 hours in all cases.
PAR  After storage, the papers thus coated are each placed with the coated side
      against a paper the surface of which is coated in the usual manner with an
      acid bentonite acting as acid-reacting layer for the dye. The sheets of
      paper are then placed in an electric typewriter and are typed on with the
      pressure lever at setting "2".
PAR  The recording properties of the coating are then assessed according to the
      following scale:
PA1  grade 5: intensely blue, very sharply defined characters, very legible
PA1  grade 4: strongly blue, very legible
PA1  grade 3: blue, legible
PA1  grade 2: bluish, just legible
PA1  grade 1: no coloration, no copy, illegible.
PAR  The coated paper stored at room temperature immediately gives a blue copy
      (grade 5). The papers stored at 80.degree. and 95.degree.C also
      immediately give copies of the same intensity (grade 5). This test shows
      that the microcapsule wall is so well sealed that the copying properties
      of the paper remain unchanged despite storage under hot conditions, which
      means that these microcapsules may be used for making copying papers
      capable of storage at room temperature for prolonged periods.
PAC  COMPARATIVE EXAMPLE 1a
PAR  Manufacture of the microcapsules is carried out as described in Example 1
      except that instead of 67 parts of 1-methyl-3-phenylindan 90 parts of
      dichlorodiphenyl and 10 parts of naphtha (boiling range 155.degree. to
      180.degree.C) are used. The wall material consists of 400 parts of
      butanediol monoacrylate acetyl acetate, 395 parts of methyl methacrylate,
      200 parts of acrylamide and 2 parts of the sodium salt of 2-sulfoethyl
      methacrylate. The amount of chloroform is 180 parts and the isopropanol is
      omitted.
PAR  There is obtained, at a yield of over 97%, a dispersion which settles very
      quickly to give a solid sediment containing microcapsules having an
      average diameter of from 7 to 10 .mu..
PAR  A similarly prepared paper having a capsule coating of from 7-8 g/m.sup.2
      gives a copy of grade 5 intensity when tested in a typewriter as described
      above, this being true of the sample stored at room temperature and also
      of those stored at 85.degree.C and 95.degree.C.
PAR  When some of the paper is removed from a large stack of said paper, the
      smell of dichlorodiphenyl is distinctly noticeable.
PAC  EXAMPLE 1b
PAR  The microcapsules are manufactured as described in Example 1 except that
      commercially pure methylphenylindan as produced in the dimerization of
      styrene is used.
PAR  There is produced, at a yield of more than 98 percent, a stable dispersion
      containing capsules having a diameter of from 6 to 7 .mu..
PAR  A paper coated in the same way with 6 g/m.sup.2 of microcapsules provides a
      blue copy of intensity grade 5 when tested in a typewriter after storage
      at room temperature. Papers stored at 80.degree. and 95.degree.C produce
      grade 4 copies.
PAC  EXAMPLE 2
PAR  Using a copolymeric wall material produced as described in Example 1, a
      core material consisting of 34 parts of 1-methyl-3-phenyl-5-isopropylindan
      as produced in the commercial synthesis of styrene as a by-product, and 33
      parts of an aromatics-containing hydrocarbon mixture (Shellsol N), 3 parts
      of Crystal Violet lactone, 1 part of N-benzoylleuco Methylene Blue and 180
      parts of chloroform as volatile solvent is encapsulated in the manner
      described in Example 1. There is obtained, at a yield of more than 98
      percent, a dispersion having microcapsules of an average diameter of from
      4 to 6 .mu..
PAR  Papers are prepared with these microcapsules in the manner described in
      Example 1 and then tested for copying properties after storage at various
      temperature. Papers stored at room temperatures give a grade 5 copy and
      papers stored for 16 hours at 80.degree. and 95.degree.C also give grade 5
      copies. The characters are very legible in all cases.
PAC  EXAMPLE 3
PAR  In a repetition of Example 1, 37 parts of 1-methyl-3
      -[isopropylphenyl]-5-isopropylindan and 30 parts of n-dodecylbenzene are
      used as solvent in place of pure 1-methyl-3-phenylindan. There is
      obtained, in a yield of nearly 98 percent, a microcapsule dispersion
      having an average microcapsule diameter of from 6 to 8 .mu.. Paper
      prepared therewith and stored at room temperature gives a grade 4 copy.
      Papers stored at 80.degree. and 95.degree.C also give grade 4 copies.
PAR  For the following tests, a copolymer of 47.5 parts of butanediol
      monoacrylate acetyl acetate, 38 parts of methyl methacrylate, 14 parts of
      acrylamide and 0.25 part of 2-sulfoethyl methacrylate is prepared. The K
      value of this copolymer is 40.3, as measured in 1% chloroform solution by
      the method proposed by Fikentscher.
PAC  EXAMPLE 4
PAR  In a repetition of Example 1, 67 parts of
      1-methyl-3-phenyl-5-isopropylindan are used as solvent for the dye
      precursor in place of methylphenylindan. This solvent is a reaction
      product of styrene and p-isopropylstyrene.
PAR  The solution is prepared by adding 180 parts of chloroform and there is
      produced, at a yield of more than 98 percent, a stable dispersion
      containing microcapsules having an average diameter of 7 .mu..
PAR  Paper coated with the resulting microcapsules is completely ordorless, even
      when stored in a stack for a long period. When stored at room temperature,
      these papers give grade 5 copies. The grading of the copies is not changed
      when the papers are stored for 16 hours at 80.degree. and 95.degree.C.
PAC  EXAMPLE 5
PAR  Using the copolymeric wall material stated in Example 4, a core liquid
      consisting of 37 parts of 1-methyl-3-[p-isopropylphenyl]-5-isopropylindan,
      30 parts of methylphenyl-[2,5-dimethylphenyl]-methane, 3 parts of Crystal
      Violet lactone, 1 part of N-benzoylleuco Methylene Blue and 180 parts of
      chloroform containing 0.5 part of tributylamine is encapsulated. There is
      obtained a stable dispersion having an average microcapsule diameter of
      from 4 to 5 .mu.. Papers stored at room temperature, 80.degree. and
      95.degree.C (16 hours in each case) all give grade 4 copies.
PAC  EXAMPLE 6
PAR  Example 5 is repeated except that in place of the
      methylphenyl-[2,5-dimethylphenyl]-methane 27 parts of
      methylphenyl-[2,5-diisopropylphenyl]-methane and 40 parts of
      1-methyl-3-phenylindan are used as solvent or liquid developer. The
      resulting dispersion contains microcapsules having an average diameter of
      from 6 to 7 .mu., which after application to paper give excellent grade 5
      copies after storage (for 16 hours) at room temperature or at 80.degree.
      or at 95.degree.C.
PAC  EXAMPLE 7
PAR  In a beaker having a capacity of 800 parts there is prepared a solution of
      19 parts of gelatin in 90 parts of water at a pH of 5.5 and at a
      temperature of 55.degree.C. Thorough stirring is effected with a
      high-speed stirrer equipped with a disc and a solution of 2.4 parts of
      Crystal Violet lactone and 0.8 part of N-benzoylleuco Methylene Blue in 30
      parts of 1-methyl-3-phenylindan is emulsified in the above solution at
      55.degree.C until a droplet size of from 6 to 9 .mu. is obtained. There is
      then added, over 5 minutes, a solution of 19 parts of gum arabic in 80
      parts of water at 55.degree.C (pH 4.7).
PAR  The dispersion is transferred to a beaker having a capacity of 1,000 parts
      and is stirred during adjustment to pH 5.40 with 0.2N NaOH. Maintaining
      the temperature at 55.degree.C, 300 parts of water having the same
      temperature are added over 20 minutes and the emulsion is adjusted to pH
      4.5 over about 15 minutes with 0.1N acetic acid and then stirred for a
      further 20 minutes. After the dropwise addition of 3.6 parts of 37 percent
      formaldehyde solution, the mixture is cooleld to 5.degree.C over 50
      minutes and then slowly adjusted to pH 9.5 with 0.2N NaOH. After 6 hours
      the capsule walls are hardened. There is obtained an approximately 19%
      dispersion which shows no tendency to settle. The microcapsules have a
      diameter of approximately 6 to 8 .mu..
PAR  Paper coated with this dispersion provides grade 5 copies when tested under
      the conditions given above and after storage for 16 hours at room
      temperature or at 80.degree. or at 95.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. Dye containing microcapsules which comprise:
PA1  a. a capsule wall, said wall being a mixture of gelatine and gum arabic or
      a copolymer of from 20 to 65 percent by weight of methyl methacrylate,
      from 10 to 65 percent by weight of an acetyl acetate of
      mono(meth)-acrylates of aliphatic diols of from 2 to 8 carbon atoms, from
      0 to 30 percent by weight of acrylamide, from 0 to 30 percent by weight of
      acrylic acid, methacrylic acid or a mixture thereof, from 0 to 30 percent
      by weight of vinyl pyrrolidone, from 0 to 3 percent by weight of
      vinylsulfonic acid or salts thereof, of 2-sulfoethyl methacrylate or salts
      thereof or of 2-acrylamido-2-methylpropane-sulfonic acid or salts thereof;
      and,
PA1  b. core material consisting essentially of at least one dye and a water
      immiscible organic liquid consisting essentially of at least one
      phenylindane mono- or disubstituted by linear or branched alkyl of from 1
      to 6 carbon atoms.
NUM  2.
PAR  2. Microcapsules as claimed in claim 1, wherein the water immiscible
      organic liquid contains at least one additional solvent selected from the
      group consisting of high-boiling aliphatic hydrocarbons, diphenylbenzene,
      diphenyls, terphenyls, phthalates, indans, tetralines, monoalkylbenzenes
      and polyalkylbenzenes.
NUM  3.
PAR  3. Microcapsules as claimed in claim 1, wherein the water-immiscible
      organic liquid consists essentially of 1-methyl-3-phenylindan,
      1-methyl-3-phenyl-5-isopropylindan, 1-methyl-3-phenyl-5-t-butylindan,
      1-methyl-3-[p-isopropylphenyl]-5-isopropyl-indan,
      1-ethyl-2-methyl-3-phenylindan, x-.alpha.-phenylethylindan (where xmay be
      1, 2, x may be 1,2, 4 or 5), 1-ethyl-2-phenyl-3-methylindan, x-phenylindan
      (where x may be 1, 2, 4 or 5), 1,5-dimethyl-3-[p-tolyl]-indan,
      1,1,3-trimethyl-3-phenylindan, 1-phenyl-2-methylindan, 1-p-tolylindan,
      1-methyl-2-phenylindan or a mixture thereof.
NUM  4.
PAR  4. Microcapsules of which the core material is at least one dye and a water
      immiscible organic liquid consisting essentially of at least one
      3-phenylindane mono- or disubstituted by linear or branched alkyl of from
      1 to 6 carbon atoms; and the wall material is a mixture of gelatine and
      gum arabic or a copolymer of from 20 to 65 percent by weight of methyl
      methacrylate, from 10 to 65 percent by weight of an acetyl acetate of
      mono(meth)-acrylates of aliphatic diols of from 2 to 8 carbon atoms, from
      0 to 30 percent by weight of acrylamide, from 0 to 30 percent by weight of
      acrylic acid, methacrylic acid or a mixture thereof, from 0 to 30 percent
      by weight of vinyl pyrrolidone, from 0 to 3 percent by weight of
      vinylsulfonic acid or salts thereof, of 2-sulfoethyl methacrylate or salts
      thereof or of 2-acrylamido-2-methylpropane-sulfonic acid or salts thereof.
NUM  5.
PAR  5. Microcapsules as claimed in claim 4, wherein the water immiscible
      organic liquid contains at least one additional solvent selected from the
      group consisting of high-boiling aliphatic hydrocarbons, diphenylbenzene,
      diphenyls, terphenyls, phthalates, indans, tetralines, monoalkylbenzenes
      and polyalkylbenzenes.
NUM  6.
PAR  6. Microcapsules as claimed in claim 4, wherein the water immiscible
      organic liquid consists essentially of 1-methyl-3-phenylindan,
      1-methyl-3-phenyl-5-isopropyl indan,
      1-methyl-3-[isopropylphenyl]-5-isopropyl indan or a mixture therefrom.
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ABST
PAL  An improved catalyst for use in a process for the vapor phase conversion of
      an unsaturated aldehyde (such as acrolein) to the corresponding
      unsaturated carboxylic acid (such as acrylic acid) is disclosed. The
      improved catalyst comprises an unagglomerated, supported catalyst having
      the empirical formula Mo.sub.a V.sub.b W.sub.c Mn.sub.d O.sub.e, the
      atomic ratio of Mo:V:W:Mn:O being such that when a is 12, b is 0.5 to 12,
      c is 0.1 to 6, d is 0.5 to 20 and e is 37 to 94, supported on porous
      silica particles having a surface area of from about 25 to about 350
      m.sup.2 /gm and a porosity of from about 0.2 to about 1.0 cc/gm, whereby
      essentially all of the catalytic metals is contained on the surfaces of
      the particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous processes and catalysts are known in the prior art for the
      production of unsaturated, carboxylic acids by the oxidation of
      unsaturated aldehydes, e.g., the production of acrylic acid from acrolein.
      A very efficacious process of this type is shown in U.S. Pat. No.
      3,644,509 which discloses producing an unsaturated carboxylic acid, such
      as acrylic acid, by reacting the corresponding unsaturated aldehyde, such
      as acrolein, with oxygen in the presence of a catalyst having the
      empirical formula Mo.sub.a V.sub.b W.sub.c Mn.sub.d O.sub.e, the atomic
      ratio of Mo:V:W:Mn:O being such that when a is 12, b is 0.5 to 12, c is
      0.1 to 6, d is 0.5 to 20 and e is 37 to 94.
PAR  The search has continued for improved catalysts and processes to produce
      unsaturated carboxylic acids by the oxidation of unsaturated aldehydes.
PAR  Metal oxide catalysts are often used "neat" (i.e, unsupported) in processes
      of this type and often as particulates in a bed or zone within a reaction
      vessel. Generally, the reactants are introduced, either separately or
      concurrently, at one end of the zone and flow co-currently through the
      reaction zone in contact with the particular catalytic material therein
      with the reaction product stream (including the desired product) exiting
      from the zone at the end opposite introduction.
PAR  A number of difficulties have been found to arise in the operation of such
      neat metal oxide-catalyzed processes. It has been found, for example, that
      substantially all (i.e, more than 75 percent) of the total conversion
      occurs in the first portion of the catalyst zone or bed (i.e., the first
      25 percent of the total catalyst zone or bed) which is in contact with the
      reactants. The concentration of conversion in the first portion of the
      zone in an exothermic reaction raises the exotherm temperature at that
      point substantially in excess of that at later points in the catalyst
      zone. These high exotherm temperatures make control of the reaction more
      difficult, dictate more expensive heat-resistant materials, often decrease
      the yield of desired product and/or increase the yield of undesired
      by-products and are otherwise disadvantageous.
PAR  Generally, attempts to solve the problems associated with such a
      concentration of conversion in the initial portion of a neat catalyst zone
      have focused on diluting the catalyst in such a manner so as to
      essentially homogenize the exotherm temperature throughout the length of
      the catalyst zone. Dilution has been attempted both by adding separate
      discrete particles of a non-catalytic material uniformly dispersed with
      the catalyst particles and by mixing the catalyst material with the
      non-catalytic material (in solution, slurry or the like) and forming the
      resulting mixture into relatively homogenous particles of an admixture of
      catalytic and non-catalytic material for use in the catalytic reaction
      zone.
PAR  These types of dilution of catalytic material in a reaction zone have been
      found, however, to manifest other problems. That is, it is frequently
      considerably more expensive to prepare the diluted catalyst zones or beds.
      In addition, product yields from such diluted catalyst zones are often
      lower both in total product yield and product selectivity than with the
      corresponding neat catalyst zones.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a catalyst for use in the
      conversion of an unsaturated aldehyde to the corresponding unsaturated
      carboxylic acid which reduces or alleviates the problems of the prior art.
PAR  It is a specific object of the present invention to provide a catalyst for
      the conversion of an unsaturated aldehyde to the corresponding unsaturated
      carboxylic acid which maintains a relatively even exotherm temperature
      throughout the reaction zone.
PAR  It is also an object of this invention to provide a catalyst for the
      conversion of an unsaturated aldehyde to the corresponding unsaturated
      carboxylic acid which provides a high yield of and selectivity for the
      desired product.
PAR  It is further an object of this invention to provide a catalyst for the
      conversion of an unsaturated aldehyde to the corresponding unsaturated
      carboxylic acid which conversion is relatively inexpensive to perform.
PAR  It is further an object of this invention to provide a single form catalyst
      for the conversion of an unsaturated aldehyde to the corresponding
      unsaturated carboxylic acid which may be utilized throughout substantially
      all of the catalytic reaction zone.
PAR  The present invention provides an improved unagglomerated catalyst adapted
      for use in the catalytic conversion of a monoethylenically unsaturated
      acyclic aldehyde to the corresponding monoethylenically unsaturated
      acyclic carboxylic acid having the empirical formula Mo.sub.a V.sub.b
      W.sub.c Mn.sub.d O.sub.e, the atomic ratio of Mo:V:W:Mn:O being such that
      when a is 12, b is 0.5 to 12, c is 0.1 to 6, d is 0.5 to 20 and e is 37 to
      94, contained on a porous silica support particle having a surface area of
      from about 25 to about 350 m.sup.2 /gm and a porosity of from about 0.2 to
      about 1.0 cc/gm, the catalytic metals being contained essentially only on
      the surfaces of the particle.
PAR  The essence of the present invention is the discovery that a particular
      type and composition of support material for this particular catalyst
      material used in this particular reaction offers a surprising balance of
      high yield and high selectivity of desired product while maintaining a
      reasonably even exotherm temperature along the reaction zone. In addition,
      it has been found that the improved process utilizing the catalyst of the
      present invention can be performed with lower amounts of catalyst per mole
      of reactants than the corresponding neat catalyst process without
      decreasing product yield or selectivity.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The catalyst as described above and as used in the present invention may be
      regarded as a mixture of oxides of the various metals and/or mixtures of
      heteropoly acid salts of the various metals (both of which mixtures are
      hereinafter called "catalytic metals") supported on the external surfaces
      of an unagglomerated porous silica support material.
PAR  That is, once the various catalytic metals (in the form of oxides or salts)
      are applied onto the porous silica support particles (in a manner as
      described hereinbelow), the particles are not agglomerated, compacted or
      otherwise physically combined into larger-sized particles. In this manner,
      essentially all of the catalytic metals remain disposed on the external
      surfaces of the porous silica support material. Such external surfaces
      include the outer (e.g., peripheral) surfaces and also some or all of the
      surfaces of the pores in the particles. In the particles used in the
      process of present invention, however, essentially all of the catalytic
      metals are exposed to the vapor phase reactants and essentially none of
      the catalytic metals are disposed within the non-porous interior of a
      particle (as occurs when catalyst-containing particles are thereafter
      agglomerated into larger particles).
PAR  Since the catalyst particles as used in the process of the present
      invention are not agglomerated or otherwise further combined into
      larger-sized particles, the size and shape of the silica support particles
      on which the catalytic metals are deposited is essentially determined by
      the size and shape of the utlimate catalyst particles desired. The
      particle shape and size of the porous silica particles will vary somewhat
      depending upon the particular reaction, reaction vessel and the like, and
      it will be understood that the porous silica particles (and the resulting
      catalyst particles) may be of any size and shape effective to catalyze a
      particular reaction. Particle size can be, for example, from about 0.01 to
      about 1 inch. Generally, for commercial reactors the porous silica
      particles (and the resulting catalyst-containing particles) will be
      spherical, cylindrical, or elliptical in shape. Spherical particles of
      this type generally will have a diameter in the range of from about
      one-eighth to about one-half, preferably from about one-fourth to about
      three-eighths inch. Cylindrical- (or elliptical-) shaped particles of this
      type will generally have their diameter (or both diameters for
      elliptical-shaped particles) in the range of from about one-eighth to
      about one-half, preferably from about one-fourth to about three-eighths
      inch and a length of from about one-eighth to about one-half, preferably
      from about one-fourth to about three-eighths inch.
PAR  The porous silica particles useful as the catalyst support have a surface
      area of from about 25 to about 350, preferably from about 100 to about
      200, m.sup.2 /gm and a porosity of from about 0.2 to about 1.0, preferably
      from about 0.3 to about 0.8 cc/gm. Porosity is measured in accordance with
      conventional techniques known in the art such as mercury porosimetry.
PAR  The catalyst may be prepared by any suitable technique for depositing the
      catalytic material onto the surfaces of the support but is preferably
      prepared by depositing the metal oxide compounds or their precursors on
      and in the porous silica particles and calcining the particles at a
      temperature of about 200.degree. to 600.degree.C. or more in the presence
      of oxygen. For example, aqueous solutions of water-soluble compounds of
      the metals may be mixed, the porous silica particles added thereto and the
      water removed by evaporation or the like to leave dry particles suitable
      for calcining. Suitable water-soluble compounds useful in the preparation
      of a catalyst in accordance with the foregoing method include ammonium
      paramolybdate, ammonium metavanadate, ammonium paratungstate, manganous
      acetate, ammonium metatungstate, orthotungstic acid, metatungstic acid,
      molybdic acid, molybdenum pentoxide, molybdenum trioxide, manganous
      benzoate, and manganese nitrate.
PAR  The catalyst particles are preferably formed by first forming an aqueous
      solution of water-soluble salts of molybdenum, vanadium and tungsten,
      adding the porous silica particles thereto to absorb the solution, adding
      a solution of a manganese salt which cause precipitation of the metal
      compounds, drying and calcining the particles. Suitable water-soluble
      manganese compounds useful in the preparation of a catalyst in this manner
      include the water-soluble manganese salts of an inorganic or organic acid.
      Preferably the manganese salts of C.sub.1 to C.sub.8 carboxylic acids or
      nitric acid are utilized. The water-soluble compounds of molybdenum,
      vanadium and tungsten useful in this method of preparation of the catalyst
      particles again include ammonium paramolybdate, ammonium metavanadate,
      ammonium paratungstate, manganous acetate, ammonium metatungstate,
      orthotungstic acid, metatungstic acid, molybdic acid, molybdenum pentoxide
      and molybdenum trioxide. The ammonium salts of these metals are preferred
      for use in this method of catalyst preparation.
PAR  The catalyst particles of the present invention may advantageously be
      utilized as the catalyst in the catalytic oxidation of an unsaturated
      acyclic aldehyde to the corresponding carboxylic acid. The process may be
      carried out continuously or non-continuously and the catalyst may be
      present in various forms such as in one or more fixed beds or as a
      fluidized system.
PAR  Portions of the reactants which do not undergo reaction may be recycled if
      desired. The temperatures employed are preferably between 250.degree. and
      325.degree.C. although higher or lower temperatures generally between
      200.degree. and 350.degree.C. may be employed.
PAR  The pressure utilized in the unsaturated acyclic aldehyde oxidation process
      may be subatmospheric, atmospheric or superatmospheric. Usually pressures
      ranging from 0.5 to 3.0 atmospheres will be utilized although pressures up
      to 10 atmospheres and higher may be suitably employed. The contact time of
      the reactants with the catalyst at the reaction conditions is generally
      between 0.3 and 15 seconds but is preferably a relatively short time of
      from 0.5 to 10 seconds. By contact time as used herein is meant the
      contact time adjusted to 25.degree.C. and atmospheric pressure (conditions
      denoted by NTP). Thus, the contact time is calculated by dividing the
      volume of the catalyst bed (including voids) by the volume per unit flow
      rate of the reactants at NTP.
PAR  The oxygen necessary as a reactant in such a process may be from
      practically any molecular oxygen-containing gas such as concentrated
      molecular oxygen or air. Also, the molecular oxygen-containing gas may be
      one wherein molecular oxygen is mixed in varying amounts with an inert
      diluent gas such as nitrogen, argo, or a carbon oxide. The unsaturated
      aldehyde reactant may be premixed with the oxygen-containing gas before
      introduction to the reaction zone or the reactants may be introduced
      separately into the reaction zone. Also, the unsaturated aldehyde and/or
      molecular oxygen may be introduced into the reaction zone at one or a
      plurality of points along the length of the reaction zone. The reactants
      may be pretreated before entering the reaction zone such as for the
      removal of undesirable components therefrom.
PAR  Although other unsaturated acyclic aldehydes may be oxidized to the
      corresponding carboxylic acids by the present process, the aldehydes
      preferably have .beta.-unsaturation with the most suitable aldehydes being
      in of the formula:
      ##EQU1##
      wherein R.sub.1 is hydrogen or an alkyl radical of 1 to 6 carbon atoms and
      wherein R.sub.2 and R.sub.3 are hydrogen or methyl radicals. Preferably
      the present process is utilized for the production of acrylic acid from
      acrolein. Other conversions that may be accomplished include methacrolein
      to methacrylic acid, and crotonaldehyde to crotonic acid.
PAR  In conducting the oxidation reaction, the gaseous feed mixture should
      generally contain from 0.5 to 6 moles of oxygen per mole of the
      unsaturated aldehyde although the preferable range is from 1.0 to 4.0
      moles per mole. Water is also desirably present in the gaseous feed in
      amounts of from 1 to 25, preferably 2 to 20, moles per mole of unsaturated
      aldehyde. In addition to water, diluents which are gaseous under the
      reaction conditions and are relatively inert may be introduced into the
      system. Suitable diluents include nitrogen, flue gas, CO.sub.2 and
      paraffinic hydrocarbons.
PAR  While unsaturated aldehydes as described above are commercially available,
      it is advantageous to utilize as the starting material herein, the
      reaction product stream from a reaction zone in which an alkene of the
      following formula:
      ##EQU2##
      wherein R.sub.1 is hydrogen or an alkyl radical of from 1 to 6 carbon
      atoms; and R.sub.2 and R.sub.3 are hydrogen or methyl radicals; is
      catalytically oxidized to the corresponding unsaturated aldehyde. Such an
      alkene oxidation process may be conducted in any suitable manner as known
      in the art.
PAR  When the alkene oxidation stream is utilized as the starting material in
      the unsaturated acyclic aldehyde oxidation zone, it is preferred that the
      alkene oxidation to unsaturated aldehyde reaction zone and unsaturated
      aldehyde oxidation to unsaturated carboxylic acid reaction zone be
      maintained serially such that the reaction product stream from the alkene
      oxidation zone may be utilized directly (i.e., without immediate
      separation and/or product recovery) as the starting unsaturated aldehyde
      feed material in the unsaturated aldehyde oxidation zone.
PAR  The unsaturated carboxylic acid product resulting from the aldehyde
      oxidation process is useful in a number of industrial uses and
      particularly as a starting material for the ultimate production of plastic
      resin materials such as acrylic resins, methacrylate resins, methyl
      methacrylate resins and the like.
PAR  As noted above, the catalyst materials have the empirical formula Mo.sub.a
      V.sub.b W.sub.c Mn.sub.d O.sub.e, the atomic ratio of Mo:V:W:Mn:O being
      such that when a is 12, b is 0.5 to 12, c is 0.1 to 6, d is 0.5 to 20 and
      e is 37 to 94. In a particularly preferred catalyst, the atomic ratio of
      Mo:V:W:Mn:O is such what when a is 12, b is 1 to 6, c is 0.3 to 3.0, d is
      1 to 12 and e is 40 to 84. Generally, the catalyst particles contain from
      about 5 to about 75, preferably from about 25 to about 60, most preferably
      from about 35 to about 50, weight percent of the catalyst materials and
      concommitantly from about 95 to about 25, preferably from about 75 to
      about 40, most preferably from about 65 to about 50, weight percent of the
      porous silica support material.
PAR  The invention is additionally illustrated in connection with the following
      Examples which are to be considered as illustrative of the present
      invention. It should be understood, however, that the invention is not
      limited to the specific details of the Examples.
PAC  EXAMPLE 1
PAR  Solutions of 15.79 grams of annonium molybdate in 56 cc water, 2.65 grams
      of ammonium metavanadate in 56 cc water and 2.23 grams of ammonium
      paratungstate in 56 cc water are mixed together at 70.degree.C. 32.5 grams
      of silica particles are added while stirring the solution. The silica has
      a surface area of 150 m.sup.2 /gm, a particle size of -20+30 mesh (about
      0.03 to 0.02 inch) and a porosity of 0.51 cc/gm measured by mercury
      porosimetry. A solution of 5.50 grams of manganese acetate is added to the
      mixture and the resulting slurry is evaporated to dryness in a stream of
      dry air. The solid material thus obtained is calcined in air at
      400.degree.C. for 5 hours. The composition of the resulting catalyst is
      represented by the formula Mo.sub.12 V.sub.3 W.sub.1.2 Mn.sub.3 O.sub.53
      /SiO.sub.2. The catalyst contains 65 percent by weight silica and 35
      percent by weight of catalytic material.
PAR  A 5 cc sample of the above-produced -20+30 mesh particle size catalyst is
      tested for the oxidation of acrolein to acrylic acid in a laboratory
      reactor which consists of a stainless steel U-tube of 0.364 inch internal
      diameter heated in a fluidized sand bath. A gaseous mixture of 2.6 mole
      percent acrolein, 45.2 mole percent steam and 52.2 mole percent air is
      passed over the catalyst with an NTP contact time of 0.87 seconds. The
      liquid product collected and the vent gases are each analyzed by gas
      chromatography. The results obtained are given below, where:
PA1  Conversion = 100 .times. (Total moles of carbon recovered - moles of carbon
      recovered as acrolein) / (Total moles of carbon recovered)
PA1  Selectivity = 100 .times. (Moles of carbon in product as acrylic acid) /
      (Total moles of carbon recovered - Moles of carbon recovered as acrolein)
PA1  Yield = 100 .times. (Moles of carbon in product as acrylic acid) / (Total
      moles of carbon recovered)
TBL  Run  Reaction                                                             
     No.  Temperature, .degree.C.                                              
                       Conversion %                                            
                                  Selectivity %                                
                                           Yield %                             
     ______________________________________                                    
     1    285           99        95       95                                  
     2    285           98        96       94                                  
     3    290          100        95       95                                  
     4    290          100        96       96                                  
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A catalyst of the same chemical composition as Example 1 is prepared by the
      procedure described in Example 1 except that the silica has a particle
      size -20 to +30 mesh, a surface area of 60 m.sup.2 /gm and a porosity of
      0.69 cc/gm. The catalyst is tested for acrolein oxidation under the
      conditions described in Example 1, with the following results:
TBL  Run  Reaction                                                             
     No.  Temperature, .degree.C.                                              
                       Conversion %                                            
                                  Selectivity %                                
                                           Yield %                             
     ______________________________________                                    
     5    314          100        91       91                                  
     6    315          100        92       92                                  
     7    315           99        92       92                                  
     8    314          100        92       92                                  
     ______________________________________                                    
PAR  This Example serves to illustrate the importance of the surface area and
      pore volume of the support on the activity and selectivity of the
      catalyst. The catalyst of Example 1 employs a relatively high surface area
      silica, and shows higher activity (as evidenced by the temperature
      necessary to operate at 100 percent acrolein conversion since the lower
      the operating temperature the more active the catalyst), selectivity and
      yield than the catalyst of Example 2 which employs a silica of lower
      surface area.
PAC  COMPARATIVE EXAMPLE A
PAR  A catalyst of the same chemical composition as that in Example 1 is
      prepared using the metal salts described therein. The silica is added in
      the form of 108.3 grams of a 30 weight percent aqueous colloidal
      suspension of silica. After evaporating to dryness and calcining in the
      manner described in Example 1, the fine particles are agglomerated to
      spherical particles of -20+30 mesh size. The agglomerated catalyst
      particles prepared in this manner each appear (upon visual and microscopic
      examination) to be uniform dispersion of catalytic and non-catalytic
      (i.e., silica) material. A substantial portion of the catalytic metals
      appear to be disposed within the solid portion of the body of the
      particles so as not be be exposed to vapor phase reactants.
PAR  The resulting catalyst particles have a particle size of about -20 to +30
      mesh, a surface area of 93 m.sup.2 /gm and a porosity of 0.34 cc/gm. The
      catalyst is tested for acrolein oxidation under the conditions described
      in Example 1 with the following results:
TBL  Run  Reaction                                                             
     No.  Temperature, .degree.C.                                              
                       Conversion %                                            
                                  Selectivity %                                
                                           Yield %                             
     ______________________________________                                    
      9   299          84         95       80                                  
     10   315          96         93       90                                  
     11   315          96         94       90                                  
     12   322          98         94       91                                  
     13   322          98         93       91                                  
     14   330          98         92       90                                  
     ______________________________________                                    
PAR  This Example serves to illustrate the importance of the use of a catalyst
      particle containing the catalytic metals on the external surfaces of the
      finished catalyst. The catalyst of this Example which, because of the
      colloidal size of the silica and the subsequent agglomeration after
      deposition of the catalytic metals, contains catalytic metals in its
      interior portions not exposed to the reactants, shows lower activity, as
      evidenced by the higher operating temperature required for complete
      acrolein conversion, also lower selectivity and yield than the catalyst of
      Example 1 employing the preferred method of preparation.
PAC  COMPARATIVE EXAMPLE B
PAR  Comparative Example A is repeated except that the silica is added in the
      form of fine particles all smaller than 30 mesh having a distribution
      generally of from about -30+250 mesh (with about 15 weight percent of the
      particles going through the 250 mesh screen) and with an average particle
      size of about 100 microns, a surface area of 70 m.sup.2 /gm and a porosity
      of 0.69 cc/gm. The silica used is the silica of Example 2 ground to the
      finer size. After evaporating to dryness and calcining in the manner
      described in Example 1, the particles are consolidated into particles of
      -20+30 mesh size. The catalyst is tested for acrolein oxidation under the
      conditions described in Example 1, with the following results:
TBL  Run  Reaction                                                             
     No.  Temperature, .degree.C.                                              
                       Conversion %                                            
                                  Selectivity %                                
                                           Yield %                             
     ______________________________________                                    
     15   315          94         93       88                                  
     16   315          93         93       87                                  
     17   325          98         91       89                                  
     18   325          91         92       83                                  
     19   325          96         92       88                                  
     20   335          100        88       88                                  
     21   335          100        91       91                                  
     ______________________________________                                    
PAR  This Example serves to illustrate again the importance of utilizing
      unagglomerated catalyst particles containing the catalytic metals on the
      surfaces of the particular silica support particles. The acrolein
      conversion process using the catalyst prepared by the method of Example 1
      shows higher activity, selectivity and yield than the process using the
      catalyst of this Example prepared as described in this other manner.
PAC  COMPARATIVE EXAMPLE C
PAR  A catalyst is prepared by the method of Example 1 except that the silica
      support is not included. The chemical composition of the Mo-V-W-Mn oxides
      in the unsupported catalyst of this Example and the supported catalyst of
      Example 1 are identical.
PAR  Acrolein oxidation is performed in accordance with the procedure of Example
      1 utilizing the above-prepared unsupported catalyst as well as the
      catalysts of Example 1 and Comparative Example A. The temperature profile
      through the catalyst bed in each run is measured using a 5 junction
      thermocouple arranged along the vertical axis of the catalyst bed both in
      the center of the bed and along the exterior wall of the reaction zone.
      The difference between the bed temperature and wall temperature at a given
      point is the exotherm temperature. The maximum exotherm temperature for
      each run and other results are given below:
TBL                                 Maximum                                    
                                    Exotherm                                   
            Temper-                                                            
                   Conversion                                                  
                         Selectivity                                           
                                Yield                                          
                                    Temperature                                
     Catalyst                                                                  
            ature, .degree.C.                                                  
                   %     %      %   .degree.C.                                 
     __________________________________________________________________________
     Comparative                                                               
      Example C                                                                
            247    100   93     93  41                                         
     Example 1                                                                 
            285    100   97     97  15                                         
     Comparative                                                               
      Example A                                                                
            335    100   92     92  31                                         
     __________________________________________________________________________
PAR  This Example illustrates that the acrolein oxidation process of the present
      invention utilizing the particular unagglomerated silica supported
      catalysts give the highest selectivity and yield to acrylic acid and
      significantly moderate the temperature in the catalyst bed. They are
      superior in these respects to unsupported catalysts (Comparative Example
      C) and an agglomerated, supported catalyst (Comparative Example A). The
      decrease in the exotherm generated in the catalyst bed is very significant
      in operation of a catalyst, as undesirable temperature changes may result
      in catalyst deactivation or physical deterioration and loss in efficiency
      to desired products. In addition, analysis of the product streams in each
      run shows that the acrolein oxidation process of the present invention
      produces substantially less propionic acid as an impurity than the run
      utilizing the catalyst of Comparative Example C. As known in the art,
      propionic acid is a detrimental impurity in acrylic acid particularly when
      the acrylic acid is further utilized to form plastic resin materials. For
      such use, the acrylic acid should contain as small an amount of propionic
      acid as possible.
PAC  EXAMPLE 3
PAR  A solution containing 136.1 grams ammonium molybdate, 22.85 grams ammonium
      metavanadate and 19.23 grams ammonium paratungstate in 1,450 cc water is
      concentrated by evaporating off excess water until its volume is 200 cc.
      280 grams of silica in the form of 5 mm spheres are added to this
      solution, which is totally absorbed by the silica pellets. The silica has
      a surface area of 150 m.sup.2 /gm and a porosity of 0.51 cc/gm. 47.45
      grams of manganese acetate dissolved in a minimum amount of water is then
      added. The catalyst is dried at 120.degree.C. and calcined in air at
      400.degree.C. for 5 hours. The catalyst contains 33 weight percent
      catalyst material and 67 weight percent silica support.
PAR  A liter of catalyst is placed in a 1 inch O.D. steel reactor tube heated at
      286.degree.C. A gaseous feed mixture containing 4.1 mole percent acrolein,
      48.0 mole percent nitrogen, 6.6 mole percent oxygen and 41.3 mole percent
      water is passed over the catalyst with a contact time of 2.48 seconds. 86
      percent of acrolein fed is converted with 86 percent efficiency to acrylic
      acid.
PAR  The principles, preferred embodiments and modes of operation of the present
      invention have been described in the foregoing specification. The
      invention which is intended to be protected herein, however, is not to be
      construed as limited to the particular forms disclosed, since these are to
      be regarded as illustrative rather than restrictive. Variations and
      changes may be made by those skilled in the art without departing from the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An unagglomerated catalyst adapted for use in the catalytic conversion
      of a monoethylenically unsaturated acrylic aldehyde to the corresponding
      monoethylenically unsaturated acyclic carboxylic acid having the empirical
      formula Mo.sub.a V.sub.b W.sub.c Mn.sub.d O.sub.e, the atomic ratio of
      Mo:V:W:Mn:O being such that when a is 12, b is 0.5 to 12, c is 0.1 to 6, d
      is 0.5 to 20 and e is 37 to 94, contained on a porous silica support
      particle having a surface area of from about 25 to about 350 gm/m.sup.2
      and a porosity of from about 0.2 to about 1.0 cc/gm, the catalytic metals
      being contained essentially only on the surfaces of the particles.
NUM  2.
PAR  2. The improved catalyst of claim 1 wherein when a is 12, b is 1 to 6, c is
      0.3 to 3.0, d is 1 to 12 and e is 40 to 84.
NUM  3.
PAR  3. The catalyst of claim 1 wherein said silica particle has a porosity of
      about 0.3 to about 0.8 cc/gm and a surface area of from about 100 to about
      200 gm/m.sup.2.
NUM  4.
PAR  4. The catalyst of claim 3 wherein said silica support particle has a
      particle size of from about 0.01 to about 1 inch.
NUM  5.
PAR  5. The catalyst of claim 4 wherein said silica support particle is a
      spherical pellet having a diameter of from about 1/8 to about 1/2 inch.
NUM  6.
PAR  6. The catalyst of claim 4 wherein said silica support particle is a
      cylindrical pellet having a diameter and length in the range of from about
      1/8 to about 1/2 inch.
NUM  7.
PAR  7. The catalyst of claim 1 wherein said catalyst is formed by first
      preparing an aqueous solution of an ammonium molybdate, an ammonium
      vanadate and an ammonium tungstate, adding said silica particulates to
      said solution, and adding thereafter a water-soluble manganese salt of an
      organic or inorganic acid to precipitate said metal oxides onto and into
      said porous silica particulates, removing said impregnated silica
      particulates and drying said particles.
NUM  8.
PAR  8. The catalyst of claim 7 wherein said manganese salt is manganese nitrate
      or manganese salt of a C.sub.1 to C.sub.8 carboxylic acid.
NUM  9.
PAR  9. The catalyst of claim 1 wherein said catalyst particle contains from
      about 5 to about 75 percent catalyst materials and, concommitantly, from
      about 95 to about 25 weight percent of the porous silica support material.
NUM  10.
PAR  10. The catalyst of claim 9 wherein said catalyst particle contains from
      about 25 to about 60 weight percent catalyst materials and,
      concommitantly, from about 75 to about 40 weight percent of the porous
      silica support material.
NUM  11.
PAR  11. The catalyst of claim 10 wherein said catalyst particle contains from
      about 35 to about 50 percent catalyst materials and, concommitantly, from
      about 65 to about 50 weight percent of the porous silica support material.
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ABST
PAL  Exhaust gas cleaning catalysts are produced by alloying copper and aluminum
      with at least one of the elements, nickel and chromium, and eluting by
      alkali or acid means aluminum from the cooled alloy surface. Small amounts
      of other metals from the fourth or fifth period V.about. VIII groups, may
      be added to the catalysts by alloying, or by impregnation, for enhanced
      catalytic properties. The catalysts exhibit improved reduction of NO and
      oxidation of CO in an exhaust gas stream, in the presence of Pb, SO.sub.2,
      moisture and hydrocarbons (H.C) and at relatively low temperatures.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an exhaust gas cleaning catalyst. Recently
      in connection with problems of air pollution there has been a desire for
      efficient cleaning of various exhaust gases, including boiler exhaust gas,
      nitric acid plant exhaust gas and automobile exhaust gas, that is, exhaust
      gases which contain one or more of such harmful things as SO.sub.2, NOx,
      and CO.
PAR  The present invention provides a catalyst for converting NOx and CO in said
      exhaust gases into harmless N.sub.2 and CO.sub.2.
PAR  Generally, this type of catalyst must be capable of enhancing the following
      reactions.
EQU  CO + 1/2O.sub.2 .fwdarw. CO.sub.2
EQU  CO + H.sub.2 O .fwdarw. CO.sub.2 + H.sub.2
EQU  NOx + X .sup.. CO .fwdarw. 1/2N.sub.2 + X .sup.. CO.sub.2
EQU  NOx + X.sup.. H.sub.2 .fwdarw. 1/2N.sub.2 + X .sup.. H.sub.2 O
PAR  However, H.sub.2, which is produced by the reaction, simultaneously
      produces NH.sub.3. Since the production of NH.sub.3 is not in accord with
      the object of this type of reaction, it must be fully suppressed in terms
      of quantity.
PAR  Further, an exhaust gas cleaning catalyst that enhances the reaction
      SO.sub.2 + 2CO .fwdarw. S + 2CO.sub.2, would be more effective.
PAR  A principal object of the present invention is to provide a method of
      producing an exhaust gas cleaning catalyst which can effectively carry out
      the cleaning reaction of said exhaust gases with due consideration for
      reaction temperature.
PAR  According to the invention, an exhaust gas cleaning catalyst is produced by
      using Al and Cu as main components, adding at least one of the elements Ni
      and Cr to produce an alloy, and eluting Al from the surface of said alloy
      by acid or alkali means.
PAR  The catalysts of the invention have a wide range of application, therefore
      the concentrations of the components must be determined according to the
      working conditions and objects of use.
PAR  Thus, the composition of the catalyst must be determined essentially by the
      following factors:
PA1  1. Moisture concentration in a gas to be cleaned;
PA1  2. Presence or absence of Pb, SO and hydrocarbons (H.sup.. C) in the gas;
PA1  3. Nature of the intended reaction (oxidation reaction of CO or reduction
      reaction of NOx);
PA1  4. Nature of the reducing agent, in the case of the reduction reaction of
      NOx;
PA1  5. Temperature used; and,
PA1  6. Required mechanical strength and workability.
PAR  Further, the configuration of the catalyst is determined essentially by the
      following factors:
PA1  1. Allowable pressure loss:
PA1  2. Thermal load (caused essentially by reaction heat);
PA1  3. Dynamic characteristics at the time of start up and shut down; and,
PA1  4. Amount of gas to be treated.
PAR  The relation between the above factors and the present catalyst
      compositions will now be described.
PAL  1. Cu concentration
PAR  Cu is important for the activity of the cleaning catalyst, and the presence
      of 20.about.50 wt% Cu provides the greatest catalytic activity. However,
      Cu concentration must be determined by the moisture concentration in the
      exhaust gas. That is:
PA1  When moisture is 0.about.1 mol%,
PA2  Cu is 10.about.50 wt%, preferably 20.about.23 wt%.
PA1  When moisture is 1.about.6 mol%,
PA2  Cu is 20.about.50 wt%, preferably 28.about.35 wt%.
PA1  When moisture is 6 mol% or above,
PA2  Cu is 30.about.50 wt%, preferably 35.about.43 wt%.
PAR  If Cu concentration is 55 wt% or above, severe conditions are required for
      the elution of Al, entailing violent powder falling at the time of packing
      and during use, so that such concentration is not practical. Further, when
      the Cu content is 20.about.23 wt%, if there is no moisture the activity is
      highest and the surface is stable, but from the standpoint of durability
      in the presence of water, said range of 20.about.50 wt%, particularly
      35.about.43 wt% is desired as described above.
PAL  2. Ni or Cr concentration
PAR  Ni and Cr prevent the deterioration of activity and also preclude poisoning
      due to Pb and SO.sub.2. Further, they improve the heat resistance of the
      catalyst. However, the increase of Ni and Cr concentration decreases the
      machinability of the catalyst. The use of Ni gives the catalyst a strong
      surface, but when more than 10ppm of SO.sub.2 exists in the exhaust gas,
      the use of Ni is not preferred and it is desirable to use Cr.
PAR  Further, when the present catalyst is used for the reduction reaction of
      NOx, either Ni or Cr is used depending upon the reducing agent. Thus, when
      H.sub.2 is used as a reducing agent, Ni is employed whereas Cr is
      desirable when CO is used.
PAR  Although the desirable concentrations of Ni and Cr are determined by the
      working conditions and the object of use, their approximate values are as
      follows.
PA1  Cr 0.5.about.8 wt%, preferably 3.about.6 wt%
PA1  Ni 1.about.20 wt%, preferably 3.about.7 wt%
PAL  3, Al concentration
PAR  Al may be the remainder of the alloy of Cu, Ni or Cr.
PAR  According to the invention, not only is at least one of the elements Ni and
      Cr added to Al and Cu, but one or more metals (excluding Tc) belonging to
      the fourth or fifth period, V.about.VIII groups may also be added.
PAR  Thus, some amounts of such metals as V, Mn, Fe, Co, Nb, Mo, Ru, Rh and Pd
      are added depending upon the object of use and working conditions. These
      additive metals hardly influence the initial activity of the catalyst, but
      they influence the poisoning action of SO.sub.2 and H.sup.. C in an
      exhaust gas to be treated. Thus, V, Mn and Co serve to decrease the
      poisoning action of H.sup.. C at reaction temperatures. Fe has the main
      effects of preventing the poisoning by H.sup.. C at reaction temperatures
      of 450.degree..about.550.degree.C, preventing thermal deterioration of
      activity, enabling Cu concentration to be decreased, and enhancing the
      reaction CO + 1/2O.sub.2 .fwdarw. CO.sub.2. Further, Nb, Mo, Ru, Rh and Pd
      are particularly effective to decrease the poisoning action of SO.sub.2.
      Therefore, in the case of a catalyst for which the poisoning by SO.sub.2
      is a problem, it is desirable to add one or more of the elements Nb, Mo,
      Ru, Rh and Pd. In this case, the reaction rate is decreased, but by also
      decreasing the amount of Al eluted from the alloy surface, it is possible
      to avoid the poisoning by SO.sub.2 at reaction temperatures of
      200.degree..about.400.degree.C. Of course, the catalyst of the present
      invention rarely suffers poisoning with respect to less than 100ppm of
      SO.sub.2 even if particular consideration is not paid to anti-SO.sub.2
      property, as long as the reaction temperature is above 450.degree.C.
PAR  The amounts of these additive metals to be employed must be determined so
      as to match the object of use and working condition of the catalyst with
      due consideration for the additional effect obtainable, and the increased
      manufacturing cost, or effects on the mechanical strength of the catalyst.
      For example, the addition of 1.about.3 wt% of Mn is effective against the
      poisoning by H.sup.. C (C.sub.5 or above) and at temperatures of
      300.degree.C or above, this particular catalyst is not poisoned even by
      1,000ppm of H.sup.. C. On the other hand, at temperatures of
      200.degree..about.400.degree.C this particular catalyst is poisoned by
      SO.sub.2. Further, the addition of 3 wt% or more of Mn weakens the
      mechanical strength of the catalyst and results in increased poisoning by
      SO.sub.2. Thus, with certain additive metals, necessary effects can be
      obtained, but under certain conditions the catalyst performance can be
      decreased. Therefore, great care should be given to the selection of
      additive metals and to the amount employed.
PAR  Our experiments have revealed that the intended effects are obtained if V,
      Mn, Co, Mo and Nb are added in amounts corresponding to 0.1.about.5.0 wt%,
      desirably 0.5.about.2.0 wt%, Ru, Rh and Pd in amounts corresponding to
      0.01.about.0.1 wt%, and Fe in amounts corresponding to 1.about.20 wt%,
      desirably 7.about.15 wt%, as needed.
PAR  Typical methods for adding said additive metals are as follows. To an alloy
      of Al and Cu as main components and including one of the elements Ni and
      Cr, said additive metals are directly added as components of said alloy.
      In another method, after Al is eluted from the surface of the alloy to
      activate the latter, the catalyst alloy surface is impregnated with said
      additive metals in the form of suitable metal salts and is baked. In a
      third method the additive metals are added to the catalyst alloy surface
      by electrolytic and non-electrolytic plating.
PAR  The catalyst according to the invention can be shaped to any desired
      configuration matching the object of use as described above, but the
      metallic properties (ductility, malleability, etc.) of the catalyst are
      poor and cold working is difficult. Thus, the catalyst must be in the form
      of a particulate catalyst prepared by crushing an alloy ingot, a molded
      catalyst cast in any desired mold, or a suitably hot worked catalyst.
      These forms, however, have undesirable aspects such as high production
      costs, an increase in the amounts of catalyst necessary, a decrease in the
      anti-vibration property due to attrition between particles, and high
      pressure-losses.
PAR  Therefore, it is desirable that after a wire gauze, perforated plate or
      thin plate of iron, chrome steel, stainless steel or other relatively
      low-cost, high melting point metal material is worked into a suitable
      shape, the same be immersed in a molten catalyst alloy to allow the latter
      to metallurgically adhere to the surface. Further, instead of using the
      immersion process, said relatively high melting point metal material may
      be sprayed with a molten catalyst metal.
PAR  The catalyst thus produced has sufficient strength even in the form of a
      plate having a thickness of 0.3.about.0.5 mm. Further, it may be molded
      into a complicated structure (e.g. a honeycomb structure). In that case,
      the catalyst may be made integral with a heat transfer wall to achieve
      uniform temperature distribution.
PAR  Since the catalyst can be formed as thin plate, it is possible to achieve
      increased effective catalytic surface, anti-vibration property, uniform
      temperature, decreased pressure loss, etc. Further, the catalyst may be
      formed as a light-weight catalyst layer or as a reaction vessel.
PAR  Preferred embodiments of the invention will now be described with reference
      to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 4 are graphs showing the catalytic performance in a first
      example of the present inventive catalyst.
PAR  FIGS. 5 through 10 are graphs showing the catalytic performance in a second
      example of the present inventive catalyst.
PAR  FIG. 11 is a view showing a sectional construction in a fourth example of
      the present inventive catalyst.
PAR  FIGS. 12 and 13 are perspective views showing examples of the shape of a
      base member used in said fourth example.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
TBL  Catalyst No.                                                              
               1       2       3     4     5     6                             
     ______________________________________                                    
     Cu (wt%)  21.3    31.1    40.0  41.0  39.8  50.2                          
     Cr (wt%)   0.5     0.5     0.8   2.3   3.9   4.5                          
     Al (wt%)  Bal-    "       "     "     "     "                             
               ance                                                            
     ______________________________________                                    
PAR  Test catalysts of the above compositions were prepared by melting
      predetermined amounts of the metals in a crucible, maintaining the
      temperature at 900.degree..about.1,200.degree.C for 30 minutes, subjecting
      the melt to quick cooling, crushing the solid to 4.about.6 mesh, immersing
      the particles in an aqueous solution of 30 wt% caustic soda at
      100.degree.C for 5 minutes to elute Al from the surface, washing the
      catalyst with water, drying it in a N.sub.2 atmosphere, and baking it at
      200.degree.C in the air.
PAR  The experiments were conducted in the following manner.
PAR  First, a catalyst of one of the above compositions was put in a stainless
      steel reaction pipe of 1.sup.B, and by using packaged gases a reaction gas
      was synthesized which consisted of
TBL  CO         about     20 vol%                                              
     NO                   650 ppm                                              
     O.sub.2              0.3 vol%                                             
     CO.sub.2   about     13.5 vol%                                            
     N.sub.2    balance                                                        
PAL  and to which a predetermined amount of H.sub.2 O was added. The gas was
      passed at specific velocity (SV) of 15,000.about.20,000 (I/H) and the gas
      was analyzed before and after the catalyst layer to determine the rates of
      removal of NO and CO.
PAR  FIGS. 1 through 4 show the activity of the present inventive catalysts in
      terms of the rate of removal of NO. FIG. 1 shows changes in the rate of
      removal of NO versus H.sub.2 O concentration in said reaction gas with
      reference to said No. 1, 4 and 5 catalysts. FIG. 2 shows the relation
      between the reaction temperature and the rate of removal of NO with
      reference to said individual catalysts of the present invention when said
      reaction gas with a constant H.sub.2 O concentration (2.1mol%) was used.
      FIG. 3 shows changes in the rate of removal of NO versus SO.sub.2
      concentration in said reaction gas with reference to No. 3, 4 and 5
      catalysts when said reaction gas with a constant H.sub.2 O concentration
      (13.8vol%) was used under fixed conditions of SV-18,000 (I/H) and reaction
      temperature 212.degree.C. FIG. 4 shows the effects of Pb poisoning on the
      rate of removal of NO with reference to No. 2 and 4 catalysts and also
      shows the merit of the addition of CO, in suppressing the rate of removal
      of NO as a result of Pb poisoning with reference to the No. 4 catalyst.
PAR  The effects of SO.sub.2 on the rate of removal of NO were investigated by
      determining the rate of removal of NO by using said reaction gas with
      SO.sub.2 added thereto, in the manner described above. Further, the
      similar effects of Pb were investigated in such a manner that the catalyst
      of the invention activated by alkali treatment is impregnated with an
      aqueous solution of Pb salt to allow the Pb to deposit on the catalyst,
      and thereafter the rate of removal of NO was measured by a similar method.
PAR  In addition, the result of measurement of the rate of removal of CO showed
      generally the same tendency as the result of measurement of the rate of
      removal of NO. Further, a reaction gas consisting of
TBL  CO         about     5 vol%                                               
     O.sub.2    about     20 vol%                                              
     N.sub.2              balance                                              
PAL  was used and the rate of removal of CO was measured when the reaction CO +
      1/2O.sub.2 .fwdarw. CO.sub.2 took place. The result of said measurement
      showed generally the same tendency.
PAC  EXAMPLE 2
TBL  Catalyst No.                                                              
               7       8       9     10    11    12                            
     ______________________________________                                    
     Cu (wt%)  30      40      40    40    20    20                            
     Ni (wt%)  20      10       5     1    10     5                            
     Al (wt%)  Bal-    "       "     "     "     "                             
               ance                                                            
     ______________________________________                                    
PAR  The No. 7.about.12 catalysts above were prepared by producing a catalyst
      alloy from predetermined amounts of metals in the same manner as in
      Example 1, crushing it to 4.about.6 mesh and then activating the surfaces
      of the particles also in the same manner as in Example 1. The reaction
      experiments were carried out by the same method as described in Example 1.
PAR  FIG. 5 shows the CO removal performance of the No. 7 catalyst. FIG. 6 shows
      the NO removal performance of the same catalyst. It is seen from FIG. 5
      that either CO or H.sub.2 may equally be used as a reducing agent for the
      reduction-wise removal of CO. It is also seen that a mixture thereof may
      be used as well. The catalyst accelerates the reaction 2CO + O.sub.2
      .fwdarw. 2CO.sub.2 and induces the reaction CO + H.sub.2 O .fwdarw.
      CO.sub.2 + H.sub.2 in the presence of oxygen, but in the presence of a
      large amount of H.sub.2 the reaction H.sub.2 + 1/2O.sub.2 .fwdarw. H.sub.2
      O takes place first, so that the rate of removal of NO is decreased, as
      can be seen from the rate of removal (the rate of reaction) of NO in FIG.
      6.
PAR  In the experiment using the No. 9 catalyst, the rates of reaction (the
      rates of removal) of NO and CO with respect to an exhaust gas containing
      15 vol% H.sub.2 O and 30 ppm SO.sub.2 were as shown in FIGS. 7 and 8,
      respectively. The performance of this catalyst as impregnated with an
      aqueous solution of Pb (NO.sub.3).sub.2 so that it is fully poisoned by
      Pb, is indicated by the dot (.cndot.) marks. It is seen from these graphs
      that this catalyst is hardly poisoned by Pb at temperatures below
      200.degree.C. Further, in comparison with the No. 7 catalyst having 20 wt%
      Ni, the Ni concentration does not influence the reduction of NO.
PAR  FIG. 9 shows the effects of water on the present catalysts while FIG. 10
      shows the effects of SO.sub.2 on the present catalysts, in terms of the
      rate of removal of NO for No. 7.about.12 catalysts. Further, in the case
      of the oxidation reaction of CO in the presence of excessive oxygen, the
      present catalysts exhibit substantially the same tendency.
PAR  The catalyst produced from an alloy of Al, Cu and Ni and by eluting Al with
      alkali according to the present invention exhibits high catalytic activity
      with respect to the reduction of NO and the oxidation of CO.
PAR  * In the case of the reduction of NO:
PAR  The rate of reaction (the rate of removal of NO) is greater than 90% at
      250.degree.C and SV-16,000/H.
PAR  * In the case of the oxidation of CO:
PAR  The rate of reaction (the rate of removal of CO) is greater than 20% at
      300.degree.C and SV-15,000/H.
PAR  In the case of reduction of NO, the evolution of NH.sub.3 can be controlled
      to be less than 30 ppm and either CO or H.sub.2 may be used as a reducing
      agent.
PAC  EXAMPLE 3
PAR  In this example, the basic catalyst of the present invention, prepared by
      crushing a catalyst alloy consisting of 40 wt% Cu, 3 wt% Cr and the
      balance Al to 4.about.6 mesh and immersing the particles in 30 wt% caustic
      soda at 100.degree.C for 5 minutes to elute Al from the surface, is
      compared with improved catalysts, prepared by depositing additive metals
      to be later described on the surface of said basic catalyst by the
      impregnation process, with respect to the rate of removal of NO. The
      results are shown in the following table.
PAR  The individual additive metals are indicated within parentheses and the
      amount added is indicated with respect to the intended element alone.
      Further, the results of measurement in the rows indicated with (0.5, 1.0,
      5.0) and (0.05, 0.1) as amounts added show the average values since there
      were almost no changes in the results of measurement even if amounts added
      are changed in that manner. Further, the reaction gases II, III and IV are
      the basic reaction gas used in Example 1 plus 30ppm of SO.sub.2, 800ppm of
      benzene, and 800ppm of N-hexane, respectively, and the measured values
      indicate the rates of removal of NO five hours after the initiation of the
      experiment (the reaction temperature is 300.degree.C.)
PAR  In the Examples, alkali treatment using caustic soda was utilized to
      activate the catalyst by eluting the Al from the catalyst alloy surface,
      but it is also possible to employ acid treatment using, e.g., acetic acid.
      To describe an example of acid treatment, a catalyst alloy consisting of
      29.6 wt% Cu, 1.4 wt% Cr and the balance Al was crushed to 4.about.6 mesh
      and immersed in an aqueous solution of 10% acetic acid at ordinary
      temperature for 1 minute, washed with water, dried and baked at
      250.degree.C. The activity of the catalyst thus obtained was such that the
      rate of removal of NO attained thereby was 76% at a reaction temperature
      of 250.degree.C.
TBL          Additive metal   Rate of removal of NO (%)                        
     Catalyst No.                                                              
             element  Amount added                                             
                              I       II     III   IV                          
             (Form in which                                                    
                      (wt%)   Basic reaction                                   
                                      SO.sub.2 added                           
                                             Benzene                           
                                                   N-hexane                    
             it is added)     gas     (30ppm)                                  
                                             added added                       
                                             (800ppm)                          
                                                   (800ppm)                    
     __________________________________________________________________________
             Without addi-                                                     
             tives (Basic     81      42     31    32                          
             catalyst)                                                         
     13      V        0.5,1.0,5.0                                              
                              70      42     63    65                          
             (NH.sub.4 VO.sub.3)                                               
                      0.1     70      40     60    61                          
     14      Mn       0.5,1.0,5.0                                              
                              73      40     60    60                          
             (MnCO.sub.3 3H.sub.2 O)                                           
                      0.1     73      40     55    58                          
     15      Co       0.5,1.0,5.0                                              
                              70      35     50    55                          
             (Co(NO.sub.3).sub.2 6H.sub.2 O)                                   
                      0.1     70      38     46    51                          
     16      Mo       0.5,1.0,5.0                                              
                              68      58     50    48                          
             (NH.sub.4).sub.2 MoO.sub.4)                                       
                      0.1     68      50     45    42                          
     17      Nb       0.5,1.0,5.0                                              
                              80      70     67    67                          
             (NbCl.sub.5)                                                      
                      0.1     80      66     60    67                          
     18      Ru       0.05,0.1                                                 
                              76      73     68    65                          
             (RuCl.sub.3)                                                      
                      0.01    76      70     67    63                          
     19      Rh       0.05,0.1                                                 
                              90      88     83    85                          
             (RhCl.sub.3)                                                      
                      0.01    90      85     85    85                          
     20      Pd       0.05,0.1                                                 
                              90      85     92    90                          
             (PdCl.sub.2 8H.sub.2 O)                                           
                      0.01    90      80     85    85                          
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  FIG. 11 shows a catalyst 22 comprising the present inventive catalyst alloy
      21 carried on a base member 20, composed of a metal having a higher
      melting point than the catalyst alloy 21, such as iron, chrome steel,
      stainless steel or other relatively inexpensive high-melting-point metal
      materials. The reference 23 designates an alloy layer between the base
      member 20 and the catalyst alloy 21 and the reference 24 designates an
      active layer from which Al has been eluted.
PAR  To describe an example of the production method, predetermined amounts of
      metals -- 38.5 wt% Cu, 3.2 wt% Cr and the balance Al -- were melted in a
      crucible at 1,200.degree..about.1,250.degree.C, maintained at said
      temperature for 30 minutes, and cooled to 900.degree.C. A flux consisting
      of a mixture of LiCl, KCl and cryolite was melted in another crucible at
      550.degree..about.600.degree.C. A. 30-mesh stainless wire gauze bent to a
      required shape was immersed in said flux and then in said molten catalyst
      alloy, withdrawn within 30 minutes and left to stand for cooling. The
      catalyst structure thus produced was immersed in a 30 wt% caustic soda
      solution at 100.degree.C for 3 minutes to elute Al, washed with water,
      dried in N.sub.2, and left to stand a whole day and night in the air to
      oxidize the surface. The catalyst thus obtained was put in a stainless
      reaction pipe of 1.sup.B and a gas consisting of
TBL  CO         about     2 vol%                                               
     NO                   650 ppm                                              
     O.sub.2              0.3 vol%                                             
     CO.sub.2             13 vol%                                              
     H.sub.2 O            16 vol%                                              
     SO.sub.2             40 ppm                                               
     N.sub.2    balance                                                        
PAL  was passed therethrough for reaction at 210.degree.C. As a result, a
PA1  67% rate of removal of NO and a
PA1  52% rate of removal of CO were attained.
PAR  For a particulate catalyst of the same composition obtained by crushing the
      catalyst alloy, the rate of removal of NO was 69% and the rate of removal
      of CO was 52%.
PAR  The alloy deposited on the wire gauze was analyzed, but the elution of the
      wire gauze metal was negligibly small.
PAR  The base member 20 may take any desired form, besides a wire gauze, such as
      a perforated plate or a thin sheet. Further, the base member 20 may be
      preformed in a shape desired as a catalyst shape, such as a honey-comb
      structure 20a shown in FIG. 12 and a structure 20b shown in FIG. 13
      intimately contacted with a heat transfer wall 25 and having a number of
      fins 26. It is then possible to deposit the present inventive catalyst
      alloy in the manner described above.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing an exhaust gas cleaning catalyst comprising the
      steps of
PA1  forming an alloy composed of 20 to 50% by weight of Cu; at least one of the
      metals Ni in an amount of 1 to 20% by weight, and Cr in an amount of 0.5
      to 8% by weight; and Al as the remaining percent by weight;
PA1  adding at least one additional metal selected from the group consisting of
      V, Mn, Fe, Co, Nb, Mo, Ru, Rh and Pd; and
PA1  eluting Al from the surface of said alloy to activate the surface of said
      catalyst.
NUM  2.
PAR  2. A method of producing an exhaust gas cleaning catalyst according to
      claim 1 wherein said alloy is applied to a preformed base member
      consisting of a metal having a higher melting point than said alloy.
NUM  3.
PAR  3. A method of producing an exhaust gas cleaning catalyst according to
      claim 2 wherein said alloy is sprayed on said base member.
NUM  4.
PAR  4. A method of producing an exhaust gas cleaning catalyst according to
      claim 1 wherein said eluting step is carried out by employing a
      non-oxidizing acid.
NUM  5.
PAR  5. A method of producing an exhaust gas cleaning catalyst according to
      claim 1 wherein said eluting step is carried out by employing an alkali.
NUM  6.
PAR  6. A method of producing an exhaust gas cleaning catalyst according to
      claim 1 wherein said additional metal is added in said forming step.
NUM  7.
PAR  7. A method of producing an exhaust gas cleaning catalyst according to
      claim 1 wherein said adding step is carried out by applying said
      additional metal to the surface of said alloy.
NUM  8.
PAR  8. A method of producing an exhaust gas cleaning catalyst according to
      claim 7 wherein said additional metal is applied to the eluted surface of
      said alloy in the form of a salt and said alloy is then baked.
NUM  9.
PAR  9. A method of producing an exhaust gas cleaning catalyst according to
      claim 1 wherein said additional metal is employed in the following amounts
      by weight:
PA1  V, mn, Co, Mo, Nb -- 0.1 to 5%;
PA1  Ru, Rh, Pd -- 0.01 to 0.1%; and,
PA1  Fe -- 1.0 to 20%.
NUM  10.
PAR  10. An exhaust gas cleaning catalyst comprising an alloy composed of 20 to
      50% by weight of Cu, at least one of the metals Ni in an amount of 1 to
      20% by weight and Cr in an amount of 0.5 to 8% by weight, and Al as the
      remaining percent by weight; said catalyst including at least one
      additional metal selected from the group consisting of V, Mn, Fe, Co, Nb,
      Mo, Ru, Rh and Pd; and the surface of said catalyst being activated by the
      removal of Al therefrom.
NUM  11.
PAR  11. An exhaust cleaning catalyst according to claim 10 wherein said
      additional metal is deposited on the surface of the catalyst.
NUM  12.
PAR  12. An exhaust cleaning catalyst according to claim 10 wherein said
      additional metal is employed in the following amounts by weight:
PA1  V, mn, Co, Mo, Nb -- 0.1 to 5%;
PA1  Ru, Rh, Pd -- 0.01 to 0.1%; and,
PA1  Fe -- 1.0 to 20%.
NUM  13.
PAR  13. An exhaust gas cleaning catalyst according to claim 10 further
      comprising a base member on which said alloy is carried.
NUM  14.
PAR  14. An exhaust gas cleaning catalyst according to claim 13 wherein said
      base member consists of a metal having a higher melting point than said
      alloy.
NUM  15.
PAR  15. A method of producing an exhaust gas cleaning catalyst consisting of
      forming an alloy composed of 20 to 50% by weight of copper; at least one
      of the metals Ni in an amount of 3 to 7% by weight and Cr in an amount of
      0.5 to 85 by weight; and Al as the remaining percent by weight; and
      eluting Al from the surface of said alloy to activate the surface of said
      catalyst.
NUM  16.
PAR  16. An exhaust gas cleaning catalyst comprising an alloy composed of 20 to
      50% by weight of copper; at least one of the metals Ni in an amount of 3
      to 7% by weight and Cr in an amount of 0.5 to 8% by weight; and Al as the
      remaining percent by weight; the surface of said alloy being activated by
      the removal of Al therefrom.
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PAL  A relatively stable suspension of particles of a glycine containing
      material is formed by mixing the particles in a suspending medium of an
      alcohol saturated with glycine. The suspension is applied to a substrate
      and the alcohol is evaporated to form a film of the particles on the
      substrate.
GOVT
PAR  The invention herein disclosed was made in the course of or under a
      contract or subcontract thereunder with the Department of the Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of depositing a film or
      polycrystalline material on a substrate, and of preparing a relatively
      stable suspension used in the deposition method.
PAR  In making various types of electrical devices it has been found desirable
      to deposit on the surface of a substrate a relatively dense film of a
      material with the film being adhered to the substrate. Although thin films
      of many materials can be obtained by the well-known techniques of vacuum
      evaporation or sputtering, some materials cannot be satisfactorily
      deposited by these techniques. For example, pyroelectric materials, such
      as triglycine sulfate (TGS), triglycine selenate (TGSe) and the like, used
      in making pyroelectric detectors cannot be deposited by these techniques
      because they thermally decompose before they melt or exhibit appreciable
      vapor pressure. As described in U.S. Pat. No. 3,511,991 to H. P. Beerman,
      one method which has been suggested for forming a film of these materials
      is to mix particles of these materials with a binder, such as a plastic
      and apply a film of the mixture to a substrate. The binder serves to bind
      the particles to each other and to the substrate. However, a disadvantage
      of this method is that the binder may have an undesirable adverse effect
      on the desired properties of the resulting film.
PAR  A method which has been developed to form a film of these materials without
      a binder, and described in U.S. Pat. No. 3,767,462 to R. A. Larrabee, is
      to form a suspension of particles of the material in a volatile suspending
      medium which is a relatively poor solvent for the material, such as a
      mixture of an alcohol and water. The suspension is applied to the surface
      of the substrate and the suspending medium is evaporated to leave a film
      of the particles on the substrate. The resulting film can be made denser
      and more adherent by treating it with the vapors of a suitable good
      solvent, such as water, and drying it. Although this method results in
      coherent film of the material on the substrate which is adherent to the
      substrate and which is substantially free of other materials which may
      adversely affect the properties of the film, this method does have a
      problem. It has been found very difficult to form a stable suspension of
      the particles in the alcohol and water mixture. By a stable suspension it
      is meant that there is no visible settling of the particles for at least
      the length of time required to deposit the film.
PAC  SUMMARY OF THE INVENTION
PAR  A substantially stable suspension of particles of a material in a
      suspending medium is achieved by using a suspending medium of a mixture of
      an alcohol and glycine. The suspension is used to form a film of the
      material on a surface of a substrate by applying the suspension to the
      surface of the substrate and evaporating the alcohol.
DETD
PAC  DETAILED DESCRIPTION
PAR  In forming a suspension of particles of a compound material in a suspending
      medium, it has been found that if the compound material is slightly
      soluble in the suspending medium so as to introduce one component of the
      compound material in the suspending medium, the stability of the
      suspension may be relatively poor. By a poor stability it is meant that
      there is a tendency for the particles to settle out in a relatively short
      period of time. However, I have found that the stability of the suspension
      can be greatly improved by using a suspending medium to which is added a
      component of the compound material which does not adversely affect
      suspension stability and lowers the solubility of the compound material in
      the suspending medium. Preferably, the suspending medium is saturated with
      the additive component.
PAR  This method is particularly useful in forming a suspension for use in
      depositing a pyroelectric material, such as triglycine sulfate (TGS),
      triglycine selenate (TGSe), triglycine fluoroberyllate (TGFB) and the
      like, on a substrate to form a ferroelectric or pyroelectric element. As
      previously described, heretofore a suspension of a pyroelectric material
      was formed by mixing particles of the material in a suspending medium of a
      mixture of an alcohol and water. However, some of the pyroelectric
      material dissolved in the alcohol. When using triglycine sulfate or
      triglycine selenide, this resulted in the introduction of the sulfate or
      selenide radical in the suspending medium which increased the tendency of
      the pyroelectric material particles to agglomerate and settle so as to
      reduce the stability of the suspension. In accordance with the present
      invention, a much more stable suspension of the pyroelectric material
      particles is obtained by using a suspension medium of an alcohol and
      glycine. Suitable alcohols are isopropyl alcohol, methyl alcohol or higher
      molecular weight alcohols such as isobutyl alcohol. The glycine is a
      component of the pyroelectric material which does not tend to cause
      agglomeration and lowers the solubility of the pyroelectric material in
      the suspending medium. Preferably, the alcohol is saturated with the
      glycine.
PAR  A suspension of the pyroelectric material particles is formed by adding the
      pyroelectric material particles to a glycine saturated alcohol suspending
      medium and ball milling the mixture until the pyroelectric material
      particles are of submicron size and are suspended in the suspending
      medium. Preferably, the ball milling is carried out using a plastic
      container, such as a polyethylene container, and glass marbles. It has
      been found that the use of a plastic container results in a lower
      contamination of the suspension than if a glass or ceramic container is
      used, and any contaminating plastic can be removed by boiling the
      deposited film in trichloroethylene. In addition, a small amount of glass
      (e.g. 1%) contamination may be beneficial in providing adherence of the
      film to the substrate prior to densification.
PAR  To form a film of the pyroelectric material on a substrate using the
      suspension, the substrate is placed in a container and the suspension is
      placed in the container covering and in contact with a surface of the
      substrate. The alcohol of the suspending medium is then evaporated. This
      results in a settling of the suspended particles onto the surface of the
      substrate to form a film of the particles on the substrate as the alcohol
      evaporates. When the alcohol is completely evaporated, a small amount of
      the glycine from the suspending medium will remain in the deposited film,
      but this has not proved to be harmful. As previously stated, the deposited
      film of the pyroelectric material particles can be densified by treating
      it with water vapor, e.g. saturated water vapor at a temperature
      approaching the boiling point of water, and then drying the film of the
      entrained water.
CLMS
STM  I claim:
NUM  1.
PAR  1. A suspension having improved stability comprising a mixture of an
      alcohol having one to five carbon atoms and glycine and a pyroelectric
      particulate material selected from the group consisting of triglycine
      sulfate, triglycine selenate and triglycine fluoroberyllate suspended in
      said mixture.
NUM  2.
PAR  2. A suspension in accordance with claim 1 in which the alcohol is
      saturated with the glycine.
NUM  3.
PAR  3. A suspension in accordance with claim 2 in which the pyroelectric
      particulate material contains a glycine component and another component
      which dissolves in the alcohol and adversely affects the suspension
      stability.
NUM  4.
PAR  4. A suspension in accordance with claim 3 in which the pyroelectric
      material is selected from the group consisting of triglycine sulfate,
      triglycine selenate and triglycine fluoroberyllate.
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PAL  The fragrance composition of this invention comprises the combination of a
      fragrance oil and a film-former which are mutually soluble in a
      water-ethanol solvent. Fragrance compositions of the aforedescribed type
      have an adequate odor strength when initially applied to a substrate
      (e.g., human skin), which odor strength is continued for a desirably long
      period of time after application.
BSUM
PAR  This invention relates to a novel fragrance composition (e.g., perfume,
      cologne, etc.) having a desirable odor strength when initially applied to
      the skin of a user and which odor strength is continued for a desirably
      long period of time after application.
PAR  The fragrance composition of this invention comprises the combination of a
      fragrance oil and a film-former which are mutually soluble in a
      water-ethanol solvent. The aforementioned components are in such relative
      amounts that the fragrance compositions exhibit the following
      characteristics:
PAR  1. The fragrance composition has an adequate odor strength when it is
      initially applied to the skin of the user, which odor strength remains at
      a satisfactory level for a long period of time.
PAR  2. Both the fragrance compound oil and the filmformer are co-dissolved in
      the volatile solvent so as to provide a mutual compatible system.
PAR  3. During evaporation of the volatile solvent, a sufficient amount of
      fragrance oil is released to impart the desired odor level but at a rate
      where a desired odor level is maintained for a prolonged period of time.
PAC  BACKGROUND PRIOR ART
PAR  It is known that with conventional fragrance compositions, such as perfumes
      and colognes, the initial odor of the fragrance compound is very great and
      sometimes overpowering. However, within a reasonably short period of time,
      that is several hours, the odor strength of the applied fragrance compound
      begins to diminish and becomes progressively weaker. After a period of
      time, very little odor remains.
PAR  Prior to this invention, various techniques have been proposed for
      prolonging the odor of fragrance compositions. One such procedure is based
      on the knowledge that the rate at which a fragrance volatilizes may be
      reduced by the addition of a compatible oil having a vapor pressure lower
      than that of the fragrance oil. The volatility of the fragrance is
      thereupon reduced by the ratio of the mole fraction of the fragrance to
      the sum of the mole fractions of the fragrance oil and diluent oil. This
      method has several disadvantages. One disadvantage is that an inordinate
      amount of fragrance oil must be used in order to overcome the initial
      fragrance depression. Said increase in concentration will result in a
      higher cost of ingredients and, in some cases, an increase in skin
      irritation since some fragrance materials have shown potential irritation
      in the past. A second disadvantage would be that on application to the
      skin an oil film would be deposited on the skin which is objectionable.
PAR  The present state of the art also teaches that the volatility of the
      fragrance oil is reduced, and may even be overcome, by surrounding small
      droplets of fragrance oil by a resistant wall. This wall or encapsulation
      may be either water sensitive or water insensitive. In the first case, the
      fragrance is released when the encapsulated particle is affected by water
      but not insensible moisture loss from the skin; while in the second case,
      the capsule wall must be ruptured mechanically (as by scratching) before
      the fragrance is released. Encapsulating processes and compositions are
      well known. Examples of prior art publications and patents which teach the
      aforementioned encapsulating procedures for prolonging fragrance release
      are the following:
PAR  German Patent No. 1,268,316.
PAR  "Coacervation," micro-encapsulage et produits microencapsules,
PAR  G. J. Leeuw, Parf. Cosm. Sav., Vol. 13, No. 5, May 1970.
PAR  U.S. Pat. No. 3,539,465.
PAR  Ecapsulated Perfume in Aerosol Products, Polak's Frutal Works, Journal
      Society Cosmetic Chemists, Vol. 22, pp. 655-666, Sept. 17, 1971.
PAR  U.S. Pat. No. 3,455,838. Microencapsulation, L. A. Luzzi, Journal of
      Pharmaceutical Sciences, Vol. 59, No. 1, Oct. 1970.
PAR  Prior to this invention, it was known to use film-formers of the type used
      in accordance with this invention in cosmetic compositions (e.g., skin and
      hair treating compositions) to effect an improvement upon application to
      the body (e.g., to provide a smooth coating, minimize undesirable side
      effects, etc.). Examples of patents showing compositions of the
      aforementioned type are U.S. Pat. Nos. 3,697,644; 3,776,920 and 3,417,054.
      Film-formers of the type used in accordance with this invention have also
      been used in fiber or fabric treating compositions to impart to the fiber
      or fabric odorant or fragrant qualities. Compositions of the
      aforementioned type are shown in U.S. Pat. Nos. 3,567,118; 3,567,119 and
      3,596,833.
PAR  None of the above-mentioned prior art patents or publications teach
      applicants' novel composition which provides a perfume or fragrance
      composition wherein the initial odor strength of the fragrance composition
      is at an acceptable, effective but not overpowering level, and which odor
      strength is not rapidly diminished but remains noticeable for a long
      period of time. One of the main objects of the invention is to provide a
      perfume or fragrance composition which is at an acceptable odor strength
      immediately upon application and which advantageously does not
      significantly lose its odor strength for a long period after application.
      This is in contrast to many conventional fragrance compositions whose
      initial odor character, while initially acceptable, rapidly diminishes
      after a short period of time when exposed on the skin. The fragrance
      compositions of this invention also are distinguished from prior art
      compositions which initially have no or little odor strength upon
      application to a substrate and which only becomes noticeable upon
      activation.
PAR  It has been found that the objectives of this invention may be realized if
      a fragrance compound oil is combined with a film-former in a water-alcohol
      solvent in such amounts that there results a completely soluble, mutually
      compatible system. Discreet encapsulation and granulation processes are
      avoided. A smooth film, invisible to the eye, free from powder-like
      residue, is laid down on the skin. A more stable system results since the
      fragrance/polymer complex is formed on the skin eliminating possibility of
      encapsulation breakdown and subsequent loss of prolonged fragrance release
      in actual usage. Use of commercially available materials eliminates
      excessive high material cost based on restricted specialty items.
      Production is simple requiring only a mixing step as compared to
      complicated processes requiring a special expensive and difficult
      encapsulation step.
PAR  While this invention is not limited to any theory of action, when the
      fragrance composition is applied to the skin, the fragrance compound oil
      employed is believed to become entrapped in the film-forming material
      during evaporation of the volatile solvent. The release of the entrapped
      fragrance compound is thereby hindered resulting in a reduced release
      rate. The exact mechanism through which this release works is not fully
      known; however, it can be understood that several mechanisms may be
      hypothesized:
PA1  a. Reduction of the partial vapor pressure of the fragrance through
      solubility or chemical binding with the film.
PA1  b. Mechanical repression of vapor pressure of the fragrance through an
      in-situ encapsulation by the film.
PA1  c. Release of fragrance bound to film by absorption and subsequent
      unbinding by cutaneous moisture.
PAR  Any fragrance oil that is soluble in the water-ethanol solvent and which is
      compatible with the film-former so as to give a mutual compatible system
      may be used. Examples of components found in fragrance oils of the
      aforementioned type are: musk ketone, ionone, cedarwood terpeneless,
      aldehyde C-12 lauric, auranthiol, methyl anthranilate, vanillin, bergamot
      terpeneless, oil of cananga, citral, oil of patchouly, resin Balsam Tolu,
      musk ambrette, sandalwood oil, geraniol, terpenyl acetate, rhodinol,
      hydroxycitronellal, oil of orange, oil of geranium, methyl ionone, oil of
      lavender, phenyl ethyl acetate, rosewood oil, aldehyde C-12 MNA.
PAR  Any film-former that is soluble in the water-ethanol solvent and which is
      compatible with fragrance oil may be used. Film-former materials useful in
      the production of the fragrance compositions of this invention are ionic
      and non-ionic derivatives of water-soluble polymers. Examples of suitable
      film-forming materials are water soluble polymers containing a cationic
      moiety such as polyvinyl pyrrolidone derivatives such as quaternized
      polyvinyl pyrrolidone having molecular weight of 50,000 to 1,000,000.
      Other examples of ionic polymeric film forming materials are cationic
      cellulose derivatives sold under the trade names of polymer JR (Union
      Carbide), Klucel GM (Hercules) and ethoxylated polyethyleneimine sold
      under the trade name PEI 600 (Dow). Examples of suitable non-ionic film
      forming materials are water soluble cellulosic derivatives such as
      hydroxymethyl cellulose, hydroxypropyl methylcellulose and hydroxyethyl
      cellulose.
PAR  The fragrance oil, film-former and water-ethanol solvent are of such nature
      and in such amounts that the fragrance oil is co-dissolved in the
      water-ethanol solvent along with the film-former. Also, the aforementioned
      components are in such amounts that when the fragrance composition is
      applied to the skin, the initial odor strength is adequate and the
      fragrance oil subsequent to application is released at an appropriate rate
      so that the desired odor level is maintained for a long period of time.
PAR  In general, the fragrance oil is in an amount of 0.01 to 50.0% by weight,
      and preferably 1.0 to 5.0% by weight of the total weight of the fragrance
      oil, film-former and water-ethanol solvent components. The film-former is
      generally in an amount of 0.01 to 20.0% by weight, and preferably 0.1 to
      2.0% by weight of the total weight of the fragrance oil, film-former and
      water-ethanol solvent components. The water-ethanol solvent component is
      generally in an amount of 30.0 to 99.98% by weight, and preferably 93.0 to
      98.99% by weight of the total weight of the fragrance oil, filmformer and
      water-ethanol solvent components. In the water-ethanol solvent components.
      In the water-ethanol solvent component, the water is generally in an
      amount of 1.0 to 59.8% by weight, and preferably 20.0 to 40.0% by weight
      of the water-ethanol solvent mixture.
PAR  In addition to the above-mentioned essential components, i.e., the
      fragrance oil, film-former and water-ethanol solvent, conventional
      fragrance composition additives may be incorporated in the compositions of
      this invention.
PAR  Adjuvants, such as glycerine, propylene glycol, etc., may be added to
      improve humectancy and spreading of the film. Other adjuvants may be added
      as film plasticizers if needed.
PAR  Homologous polymers of different molecular weight (viscosity) may be used
      to achieve the same effect. As the molecular weight in a homologous
      polymeric series is increased, the concentration by weight required is
      decreased. Mixtures of non-homologous polymers each below their respective
      critical concentration may be used.
PAR  In addition to the above variations, adjuvants may be added to obtain
      special and joint results such as the addition of anti-microbial agents,
      skin coloring or toning agents, sunscreening agents, and others.
PAR  In the manufacture of the fragrance compositions of this invention, the
      following method is preferably followed. The film-former is added to water
      and stirred to form a uniform dispersion or solution. To this dispersion
      or solution is added an appropriate amount of ethanol and the resulting
      mixture is stirred until a clear solution results. To this solution is
      added the fragrance oil and the resulting mixture is stirred until a clear
      solution results.
PAR  If the film-former is not easily soluble in ethanol, the above described
      method should be used in order to ensure a uniform product. If the
      film-former is easily soluble in ethanol, as an alternative to the method
      described above, the film-former may be first added to the ethanol and
      stirred to give a solution thereof, after which the remaining components,
      i.e., water and fragrance oil are added to the ethanol solution. The water
      may be added first to the ethanol solution and then the fragrance oil, or
      the fragrance oil may be added first and then the water.
PAR  In order to illustrate the invention by specific example, the following
      Examples I to VI are given. In the fragrance composition formulations
      disclosed in the examples which follow, the fragrance compositions were
      prepared by the hereinbefore-described preferred method wherein first the
      filmformer is added to water, afterwhich the ethanol and the fragrance oil
      are added.
DETD
PAC  EXAMPLE I
TBL  Quaternized vinyl pyrrolidone copolymer                                   
       (mol. wt. c100,000)    4.0                                              
     Ethyl Alcohol 190 Proof  78.2                                             
     Fragrance Oil NP13       5.3                                              
     Water                    12.5                                             
PAR  Two drops of the test solution (coded) and an equivalent amount of a
      control solution (coded) prepared without the film-former polymer, were
      placed on randomized marked areas on the top of each forearm. Each
      panelist was then allowed to go about unrestricted. After 71/2 hours, a
      group of judges compared the marked areas for residual odor strength. The
      marked area having the stronger residual odor was given a value of one
      (1). So that each forearm scored a point, each panelist scored two points.
      The number of points for the test solution and for the control solution
      were summed up and compared for significance.
PAR  Results for Example I were obtained by adding the scores obtained by five
      (5) judges on nine panelists were:
TBL           Example I    73                                                  
              Control      35                                                  
                          108                                                  
PAR  Since 73 out of 108 is statistically significant, Example I is concluded to
      be significantly longer lasting at 71/2 hrs.
PAC  EXAMPLE II
TBL  Quaternized vinyl pyrrolidone copolymer                                   
      (mol. wt. c1,000,000)   3.0                                              
     Ethyl Alcohol 190 Proof  79.7                                             
     Fragrance Oil NP13       5.3                                              
     Water                    12.0                                             
PAR  The composition from Example II was compared to a control solution by the
      same method as used in Example I. Six judges evaluated ten panelists and
      found 82 preferences out of 120 for a significant prolongation.
PAC  EXAMPLE III
TBL  Ethoxylated Polyethyleneimine                                             
                              1.0                                              
     Ethyl Alcohol 190 Proof  79.7                                             
     Fragrance Oil NP13       5.3                                              
     Water                    12.0                                             
PAR  When applied as in Example I, seven judges evaluated ten panelists finding
      84 preferences out of 140 for a significant prolongation.
PAC  EXAMPLE IV
TBL  Quaternized vinyl pyrrolidone copolymer                                   
       (mol.wt. c1,000,000)   1.0                                              
     Ethyl Alcohol 190 Proof  79.7                                             
     Fragrance Oil NP13       5.3                                              
     Water                    14.0                                             
PAR  When applied as in Example I, seven judges evaluated ten panelists finding
      88 preferences out of 140 for a significant prolongation.
PAC  EXAMPLE V
TBL  Cationic Cellulosic Polymer                                               
                              1.0                                              
     Ethyl Alcohol 190 Proof  74.7                                             
     Fragrance Oil NP13       5.3                                              
     Water                    19.0                                             
PAR  When applied as in Example I, six judges evaluated eleven panelists finding
      86 preferences out of 130 for a significant prolongation.
PAC  EXAMPLE VI
TBL  Hydroxypropyl Methylcellulose                                             
       (400 centipoise viscosity at 2%)                                        
                              1.0                                              
     Ethyl Alcohol 190 Proof  80.0                                             
     Fragrance Oil NP13       5.3                                              
     Water                    13.7                                             
PAR  When applied as in Example I, seven judges evaluated 12 panelists finding
      128 preferences out of 162 for a significant prolongation. (Two responses
      were out, four responses showed no difference.)
CLMS
STM  We claim:
NUM  1.
PAR  1. A fragrance composition having an adequate odor strength when initially
      applied to the human skin and which odor strength is continued for a long
      period of time after application comprising a fragrance oil and a film
      former mutually soluble in a water-ethanol solvent system, the film-former
      being in an amount of 0.01 to 20.0% by weight of the total weight of the
      film-former, fragrance oil and water-ethanol solvent components, the
      fragrance oil being in an amount of 0.01 to 50.0% by weight of the total
      weight of the film-former, fragrance oil and waterethanol solvent
      components, the water-ethanol solvent being in an amount of 30.0 to 99.98%
      by weight of the total weight of the fragrance oil, film-former and
      water-ethanol solvent components, the water being in an amount of 1.0 to
      59.8% by weight of the water-ethanol solvent.
NUM  2.
PAR  2. A fragrance composition according to claim 1 wherein the film-former is
      a quaternized vinyl pyrrolidone copolymer.
NUM  3.
PAR  3. A fragrance composition according to claim 1 wherein the film-former is
      an ethoxylated polyethyleneimine.
NUM  4.
PAR  4. A fragrance composition according to claim 1 wherein the film-former is
      a cationic cellulosic polymer.
NUM  5.
PAR  5. A fragrance composition according to claim 1 wherein the film-former is
      hydroxy propyl methyl cellulose.
NUM  6.
PAR  6. A fragrance composition having an adequate odor strength when initially
      applied to the human skin and which odor strength is continued for a long
      period of time after application comprising a fragrance oil and a
      film-former mutually soluble in a water-ethanol solvent system, the
      film-former being in an amount of 0.1 to 2.0% by weight of the total
      weight of the film-former, fragrance oil and water-ethanol solvent
      components, the fragrance oil being in an amount of 1.0 to 5.0% by weight
      of the total weight of the film-former, fragrance oil and water-ethanol
      solvent components, the water-ethanol solvent being in an amount of 93.0
      to 98.99% by weight of the total weight of the fragrance oil, film-former
      and water-ethanol solvent components, the water being in an amount of 20.0
      to 40.0% by weight of the water-ethanol solvent.
NUM  7.
PAR  7. A fragrance composition according to claim 6 wherein the film-former is
      a quaternized vinyl pyrrolidone copolymer.
NUM  8.
PAR  8. A fragrance composition according to claim 6 wherein the film-former is
      an ethoxylated polyethyleneimine.
NUM  9.
PAR  9. A fragrance composition according to claim 6 wherein the film-former is
      a cationic cellulosic polymer.
NUM  10.
PAR  10. A fragrance composition according to claim 6 wherein the film-former is
      hydroxy propyl methyl cellulose.
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ABST
PAL  Alkali metal pyrophosphates and alkaline earth metal pyrophosphates are
      combined to provide a builder system for detergent compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the use of alkali metal pyrophosphates and
      alkaline earth metal pyrophosphates which are particularly adapted to
      reducing water hardness. The alkali metal pyrophosphate and alkaline earth
      metal pyrophosphate may be used alone as an additive product or formulated
      into a complete detergent composition. Additive products are intended to
      supplement the consumer's regular detergent product as a presoak or by
      direct addition to the wash solution with the consumer's detergent. The
      detergent composition of the present invention includes an organic
      detergent as an additional component to the alkali metal pyrophosphate and
      an alkaline earth metal pyrophosphate.
PAR  Builders are important to detergent compositions in that a builder
      functions to control water hardness. If an ineffective builder or
      ineffective amounts of a builder are used cleaning performance by the
      detergent is lessened. The lack of builder capacity is evidenced by
      measuring the reflectivity of fabrics washed in hard water versus control
      fabrics washed in the absence of hard water where reflectance is greater.
PAR  Detergent builders have for the most part been classified as sequestering
      or precipitating. Sequestering builders include for example, such
      materials as water-soluble tripolyphosphate, citrate, ethylene diamine
      tetraacetate, and organic phosphonates. Alkali metal pyrophosphates are
      also classed as sequestering builders.
PAR  Precipitating builders are materials such as the alkali metal carbonates,
      bicarbonates, sesquicarbonates, silicates, aluminates, oxylates, and fatty
      acids, particularly the sodium and potassium salts.
PAR  The distinction between precipitating and sequestering builders, is stated
      to be whether or not a significant amount of precipitate is formed when
      the builder is used in an amount sufficient to combine with all of the
      calcium ions in solution. A builder such as sodium tripolyphosphate when
      used at a level of about 0.06% by weight in a solution containing 7 grains
      of calcium hardness is not classed as a precipitating builder as no
      precipitation occurs. As the tripolyphosphate has controlled the hardness,
      the mechanism is sequestration. Sodium carbonate, however, is classed as a
      precipitating builder when used at the same concentrations as the sodium
      tripolyphosphate in a 7 grain solution of calcium ions as the carbonate
      will eventually precipitate as calcium carbonate, even though the rate of
      precipitation is slow.
PAR  Precipitating builders such as sodium carbonate which exhibit extremely
      slow rates of precipitation with calcium ions are frequently insufficient
      to prevent intereference by the calcium ion with the detergent thereby
      impairing the cleaning of the fabrics. This intereference takes place
      primarily at the site of body soil stains where the calcium ions become
      affixed to the carboxyl radicals in the fatty acids of the body soil.
      Another way in which the calcium ions interfere with the detergency
      process is that they combine with the detergent component to lessen the
      detergents effective concentration. For instance, alkyl benzene sulfonates
      are anionic detergents which may be precipitated by calcium ions to the
      extent that on a stoichiometric basis one mole of calcium ion solution
      will precipitate 2 moles of alkyl benzene sulfonate, thus substantially
      lowering the amount of detergent active available for cleaning.
PAR  As was previously mentioned the sodium carbonate would if given sufficient
      amount of time precipitate most of the calcium ions. During the course of
      a wash cycle which is generally from 10 to 12 minutes, the calcium ions do
      not precipitate but predominantly associate as a soluble species in a 1:1
      ion pair with the carbonate anion. This soluble calcium complex has a
      binding constant much less than that found in the calcium tripolyphosphate
      sequestered complex. To improve the effectiveness of sodium carbonate as a
      detergent builder it has been suggested in Belgium Pat. No. 798,856 issued
      Oct. 29, 1973, herein incorporated by reference, that a crystallization
      seed such as calcium carbonate be included in the composition. The use of
      the crystallization seed provides a two-fold benefit. First, the calcium
      ions in the wash solution are rapidly depleted by the precipitation of the
      calcium and carbonate ions onto the surface of the crystallization seed,
      and second, that once precipitated upon the crystallization seed the
      calcium ions are no longer free to interfere with the organic detergent
      components.
PAR  It was previously stated that the alkali metal pyrophosphates with which
      the present invention is concerned, are classed as sequestering builders.
      Sodium pyrophosphate is the equivalent of sodium tripolyphosphate in that
      both possess the ability to sequester one mole of calcium hardness per
      mole of the respective polyphosphate anion. This sequestration by
      pyrophosphate is extremely rapid and permanent in that the calcium ions
      once sequestered do not to any appreciable extent become free again.
      Indeed sodium pyrophosphate in a composition of limited phosphorus content
      is more advantageous to use than tripolyphosphate because the molecular
      weight of the pyrophosphate is lower than that of the tripolyphosphate
      thus allowing more moles of pyrophosphate anion to be present than of the
      tripolyphosphate anion at a given phosphorus content.
PAR  It has now been found that alkali metal pyrophosphates are made much more
      effective in their building capacity when used in conjunction with finely
      divided particles of calcium pyrophosphate. It was previously stated that
      the alkali metal pyrophosphates were previously known for their use in
      detergent product as sequestrants of water hardness. While not wishing to
      be bound by any particular theory it appears that the calcium
      pyrophosphate causes the alkali metal pyrophosphates to precipitate rather
      than only sequester calcium ions in the wash. Some of the effect of the
      calcium pyrophosphate alone may be to assist in increasing the
      reflectivity of the washed fabric.
PAR  Whereas sodium pyrophosphate sequesters calcium ions on a 1:1 molar basis,
      it will precipitate as the dicalcium salt on the finely divided calcium
      pyrophosphate in a ratio of 2 moles of calcium ion per mole of soluble
      pyrophosphate. Thus substantially larger amounts of calcium ion can be
      controlled by precipitation than by sequestration.
PAR  It is thus an object of the present invention to prepare a detergent
      additive or complete detergent composition containing an alkali metal
      pyrophosphate as a detergent builder.
PAR  It is yet a further object of the present invention to prepare a detergent
      composition or detergent additive containing calcium pyrophosphate.
PAR  Yet a further object of the present invention is to prepare a detergent
      additive or complete detergent product containing as a builder system an
      alkali metal pyrophosphate which is of an increased effectiveness in
      depleting water hardness and maintaining whiteness through the use of
      calcium pyrophosphate.
PAR  Percentages and ratios throughout the specification and claims are by
      weight unless otherwise indicated. Temperatures are by degrees Fahrenheit
      unless noted otherwise.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has two aspects. The first is a detergent additive
      comprising:
PA1  a. an alkali metal pyrophosphate; and
PA1  b. an alkaline earth metal pyrophosphate having a mean particle diameter of
      less than 25 microns; in a weight ratio of the alkali metal pyrophosphate
      to the alkaline earth metal pyrophosphate of from about 60:1 to about 1:8.
PAR  A second aspect of the present invention is a detergent composition
      comprising:
PA1  a. from about 5% to about 60% by weight of an alkali metal pyrophosphate;
PA1  b. from about 1% to about 50% by weight of an alkaline earth metal
      pyrophosphate having a mean particle diameter of less than 25 microns; and
PA1  c. from about 2% to about 40% by weight of an organic detergent component.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The alkali metal pyrophosphates of the present invention are commercially
      available from several sources. Preferably the alkali metal pyrophosphates
      of the present invention are the sodium and potassium salts, especially
      sodium. The choice of the physical form of the alkali metal pyrophosphate
      to be employed herein is not particularly important, however, some
      advantages may be noted for one form over another. Thus the anhydrous
      salts or hydrates of the alkali metal pyrophosphates are employed herein.
      When the composition is in granular form it is preferred that the granules
      be of the size of granules in commercially available detergents to ensure
      rapid dissolution and for consumer aesthetics. While the anhydrous
      pyrophosphates may be used in the present invention there is no particular
      advantage because in several modes of the present invention the
      pyrophosphate will be contacted with an aqueous slurry.
PAR  The alkaline earth metal pyrophosphates of the invention such as the
      calcium or magnesium salts thereof, particularly calcium, are employed in
      the present invention as a crystallization seed upon which water hardness
      ions associated with the alkali metal pyrophosphates precipitate. It is
      believed that to provide for the most effective use of the crystallization
      seed, that the calcium pyrophosphate particles should have a large surface
      area available for crystal growth and that the crystallization seeds
      themselves be present in a sufficiently large number to ensure that they
      are dispersed throughout the solution containing the water hardness.
PAR  The rate at which the hardness may be depleted by precipitation at a given
      alkali metal pyrophosphate content is a function of the number of
      particles of the alkaline earth metal pyrophosphate present in the
      solution containing hardness. With greater numbers of crystallization
      seeds present in the solution, there is a greater probability that the
      water hardness to be precipitated will come in contact with the
      crystallization seed. The surface area of the alkaline earth metal
      pyrophosphate available for crystallization growth is also a function of
      the number of particles present per given weight of the alkaline earth
      metal pyrophosphate. Thus for a given crystal structure of the alkaline
      earth metal pyrophosphate the mean particle diameter defined as the
      longest axis of the particle, will be determinative of the nominal surface
      area. Otherwise stated the known geometry of the particle and mean
      diameter thereof allow the calculation of the nominal surface area.
PAR  In discussing the surface area, it is assumed that the crystallization seed
      has not been deactivated or poisoned by a material which would inhibit the
      growth on the crystal surface of the reaction product of the water
      hardness salt and the pyrophosphate anion.
PAR  Herein particle size is used as a convenient measure of the surface area of
      the alkaline earth metal pyrophosphate.
PAR  To be effective as a crystallization seed the alkaline earth metal
      pyrophosphate has a mean particle diameter of less than 25 microns,
      preferably from about 0.01 to about 1.0 micron, and most preferably from
      about 0.01 to about 0.20 micron. The surface area of the alkaline earth
      metal pyrophosphate crystallization seed should be greater than 1 square
      meter per gram, preferably greater than 20 square meters per gram, and
      most preferably greater than 100 square meters per gram.
PAR  Alkaline earth metal pyrophosphates useful in the present invention may be
      prepared in accordance with the methods described in U.S. Pat. No.
      2,876,166 to Nebergall on Mar. 3, 1959, and U.S. Pat. No. 2,876,168 to
      Broge et al, patented Mar. 3, 1959.
PAR  Briefly summarized the alkaline earth metal pyrophosphates, and in
      particular calcium pyrophosphate, may be prepared by heating dicalcium
      orthophosphate dihydrate to a temperature from about 100.degree.C to about
      300.degree.C to drive off the water of hydration thus forming anhydrous
      dicalcium orthophosphate. The anhydrous dicalcium orthophosphate is then
      heated to a temperature above about 300.degree.C to drive off the water of
      constitution resulting in the formation of calcium pyrophosphate (Ca.sub.2
      P.sub.2 O.sub.7). The alkaline earth metal pyrophosphates if not of the
      requisite size and surface area may be made finer by colloid mills which
      are used to grind the alkaline earth metal pyrophosphate to the desired
      particle size.
PAR  In the detergent additive aspect of the present invention the weight ratio
      of the alkali metal pyrophosphate to the alkaline earth metal
      pyrophosphate is from about 60:1 to about 1:8, preferably from about 20:1
      to about 1:1, and most preferably from about 10:1 to about 2:1. While the
      amount of alkali metal pyrophosphate used to precipitate hardness is
      theoretically set at one-half the amount necessary for sequestration,
      slightly larger amounts are desirable so that some soluble pyrophosphate
      is available in the wash to peptize and suspend soil.
PAR  To either the additive composition or the complete detergent product of the
      present invention supplemental alkaline materials may be included to
      provide a reserve source of alkalinity to keep the pH of the solution from
      which the hardness is to be depleted above 8, preferably above 9. The
      purpose of the supplemental alkaline materials is to provide a pH where
      the precipitation product of the water hardness and the alkali metal
      pyrophosphate is most favorable. Preferably the supplemental alkaline
      material is an alkali metal carbonate or an alkali metal or alkaline earth
      metal hydroxide and mixtures thereof. Alkali metal silicates of the
      formula SiO.sub.2 :M.sub.2 O may also be employed to provide the benefit
      of the supplemental alkaline material. The alkali metal silicates
      generally have an SiO.sub.2 :M.sub.2 O weight ratio of from about 1:1 to
      about 4:1. Preferably the alkali metal silicate is the sodium or
      potassium, especially the sodium salt thereof. Examples of the alkali
      metal carbonates are sodium and potassium carbonate, while the alkali
      metal hydroxides are preferably sodium or potassium and the alkaline earth
      metal hydroxide is preferably calcium hydroxide. These alkaline materials
      are employed at a level of from about 1% to about 30%, preferably about 3%
      to about 20% by weight.
PAR  When the product of the present invention is formulated as a complete
      detergent composition the alkali metal pyrophosphate will be present in
      the composition at from about 5 to about 60%, preferably about 8 to about
      40%, and most preferably from about 12% to about 27% by weight of the
      composition.
PAR  The amount of the alkaline earth metal pyrophosphate in the detergent
      product is from about 1 to about 50%, preferably from about 2 to about
      30%, and most preferably from about 3% to about 20% by weight of the
      composition. The preferred ratios of the alkali metal pyrophosphate to the
      alkaline earth metal pyrophosphate are as previously given for the
      detergent additive.
PAR  The organic detergent component of the present invention as more fully
      described below is present at from about 2 to about 40%, preferably from
      about 5 to about 30%, and most preferably from about 10 to about 25% by
      weight of the total detergent composition.
PAR  The supplemental alkaline material discussed above were used in conjunction
      with the detergent additive aspect of the present invention may also be
      used with the detergent composition of the present invention. Suitable
      organic detergent components which may be used herein include, for
      example, the following:
PAC  DETERGENT COMPONENT
PAR  Preferably the detergent component of the present invention is a
      water-soluble salt of: an ethoxylated sulfated alcohol with an average
      degree of ethoxylation of about 1 to 4 and an alkyl chain length of about
      14 to 16; tallow ethoxy sulfate; tallow alcohol sulfates; an alkyl benzene
      sulfonate with an average alkyl chain length between 11 and 12, preferably
      11.2 carbon atoms; a C.sub.6 -C.sub.20 .alpha.-sulfocarboxylic acid or
      ester thereof having 1 to 14 carbon atoms in the alcohol radical; a
      C.sub.8 -C.sub.24 paraffin sulfonate; a C.sub.10 -C.sub.24 .alpha.-olefin
      sulfonate or mixtures thereof; or other anionic sulfur-containing
      surfactant. Such preferred detergents are discussed below.
PAR  An especially preferred alkyl ether sulfate detergent component of the
      present invention is a mixture of alkyl ether sulfates, said mixture
      having an average (arithmetic mean) carbon chain length within the range
      of about 12 to 16 carbon atoms, preferably from about 14 to 15 carbon
      atoms, and an average (arithmetic mean) degree of ethoxylation of from
      about 1 to 4 moles of ethylene oxide, preferably from about 2 to 3 moles
      of ethylene oxide.
PAR  Specifically, such preferred mixtures comprise from about 0 to 10% by
      weight of mixture of C.sub.12-13 compounds, from about 50 to 100% by
      weight of mixture of C.sub.14-15 compounds, and from about 0 to 45% by
      weight of mixture of C.sub.16-17 compounds, and from about 0 to 10% by
      weight of a mixture of C.sub.18-19  compounds. Further, such preferred
      alkyl ether sulfate mixtures comprise from about 0 to 30% by weight of
      mixture of compounds having a degree of ethoxylation of 0, from about 45
      to 95% by weight of mixture of compounds having a degree of ethoxylation
      from 1 to 4, from about 5 to 25% by weight of mixture of compounds having
      a degree of ethoxylation from 5 to 8, and from about 0 to 15% by weight of
      mixture of compounds having a degree of ethoxylation greater than 8. The
      sulfated condensation products of ethoxylated alcohols of 8 to 24 alkyl
      carbons and with from 1 to 30, preferably 1 to 4 moles of ethylene oxide
      may be used in place of the preferred alkyl ether sulfates discussed
      above.
PAR  Another class of detergents which may be used in the present invention
      includes the water-soluble salts, particularly the alkali metal, ammonium,
      and alkylolammonium salts of organic sulfuric reaction products having in
      their molecular structure an alkyl group containing from about 8 to about
      22  carbon atoms and a sulfuric acid ester group. Examples of this group
      of synthetic detergents are the sodium and potassium alkyl sulfates,
      especially those obtained by sulfating the higher alcohols (C.sub.8
      -C.sub.18 carbon atoms) produced by reducing the glycerides of tallow or
      coconut oil.
PAR  Preferred water-soluble organic detergent compounds herin include alkyl
      benzene sulfonates (preferably linear although "hard" ABS may be used)
      containing from about 9 to 15 carbon atoms in the alkyl group. Examples of
      the above are sodium and potassium alkyl benzene sulfonates in which the
      alkyl group contains from about 11 to about 12 carbon atoms, in straight
      chain or branched chain configuration, e.g. those of the type described in
      U.S. Pat. Nos. 2,220,099 and 2,477,383. Especially valuable are straight
      chain alkyl benzene sulfonates in which the average of the alkyl groups is
      about 11.2 carbon atoms, abbreviated as C.sub.11.2 LAS.
PAR  Another useful detergent compound herein includes the water-soluble salts
      of esters of .alpha.-sulfonated fatty acids containing from about 6 to 20
      carbon atoms in the fatty acid group and their esters from about 1 to 14
      carbon atoms in the alcohol radical.
PAR  Preferred "olefin sulfonate" detergent mixtures utilizable yerein comprise
      olefin sulfonates containing from about 10 to about 24 carbon atoms. Such
      materials can be produced by sulfonation of .alpha.-olefins by means of
      uncomplexed sulfur trioxide followed by neutralization under conditions
      such that any sultones present are hydrolyzed to the corresponding
      hydroxy-alkane sulfonates. The .alpha.-olefin starting materials
      preferably have from 14 to 16 carbon atoms. Said preferred .alpha.-olefin
      sulfonates are described in U.S. Pat. No. 3,332,880, incorporated herein
      by reference.
PAR  The paraffin sulfonates embraced in the present invention are essentially
      linear and contain from 8 to 24 carbon atoms, preferably 12 to 20 and more
      preferably 14 to 18 carbon atoms in the alkyl radical.
PAR  Other anionic detergent compounds herein include the sodium alkyl glyceryl
      ether sulfates, especially those ethers of higher alcohols derived from
      tallow and coconut oil; sodium coconut oil fatty acid monoglyceride
      sulfonates and sulfates; and sodium or potassium salts of alkyl phenol
      ethylene oxide ether sulfate containing about 1 to about 10 units of
      ethylene oxide per molecule and wherein the alkyl groups contain about 8
      to about 12 carbon atoms.
PAR  Water-soluble salts of the higher fatty acids, i.e. "soaps," are useful as
      the detergent component of the composition herein. This class of
      detergents includes ordinary alkali metal soaps such as the sodium,
      potassium, ammonium and alkylolammonium salts of higher fatty acids
      containing from about 8 to about 24 carbon atoms and preferably from about
      10 to about 20 carbon atoms. Soaps can be made by direct saponification of
      fats and oils or by the neutralization of free fatty acids. Particularly
      useful are the sodium and potassium salts of the mixtures of fatty acids
      derived from coconut oil and tallow, i.e. sodium or potassium tallow and
      coconut soap.
PAR  Water-soluble nonionic synthetic detergents are also useful as the
      detergent component of the instant composition. Such nonionic detergent
      materials can be broadly defined as compounds produced by the condensation
      of alkylene oxide groups (hydrophilic in nature) with an organic
      hydrophobic compound, which may be aliphatic or alkyl aromatic in nature.
      The length of the polyoxyalkylene group which is condensed with any
      particular hydrophobic group can be readily adjusted to yield a
      water-soluble compound having the desired degree of balance between
      hydrophilic and hydrophobic elements.
PAR  For example, a well-known class of nonionic synthetic detergents is made
      available on the market under the trade name "Pluronic" sold by Wyandotte
      Chemicals. These compounds are formed by condensing ethylene oxide with a
      hydrophobic base formed by the condensation of propylene oxide with
      propylene glycol. Other suitable nonionic synthetic detergents include the
      polyethylene oxide condensates of alkyl phenols, e.g. the condensation
      products of alkyl phenols having an alkyl group containing from about 6 to
      12 carbon atoms in either a straight chain or branched chain
      configuration, with ethylene oxide, the said ethylene oxide being present
      in amounts equal to 5 to 25 moles of ethylene oxide per mole of alkyl
      phenol.
PAR  The water-soluble condensation products of aliphatic alcohols having from 8
      to 22 carbon atoms, in either straight chain or branched configuration,
      with ethylene oxide, e.g. a coconut alcohol-ethylene oxide condensate
      having from 5 to 30 moles of ethylene oxide per mole of coconut alcohol,
      the coconut alcohol fraction having from 10 to 14 carbon atoms, are also
      useful nonionic detergents herein.
PAR  Semi-polar nonionic detergents include watersoluble amine oxides containing
      one alkyl moiety of from about 10 to 28 carbon atoms and 2 moieties
      selected from the group consisting of alkyl groups and hydroxyalkyl groups
      containing from 1 to about 3 carbon atoms; water-soluble phosphine oxide
      detergents containing one alkyl moiety of about 10 to 28 carbon atoms and
      2 moieties selected from the group consisting of alkyl groups and
      hydroxyalkyl groups containing from about 1 to 3 carbon atoms; and
      water-soluble sulfoxide detergents containing one alkyl moiety of from
      about 10 to 28 carbon atoms and a moiety selected from the group
      consisting of alkyl and hydroxyalkyl moieties of from 1 to 3 carbon atoms.
PAR  Ampholytic detergents include derivatives of aliphatic or aliphatic
      derivatives of heterocyclic secondary and tertiary amines in which the
      aliphatic moiety can be straight chain or branched and wherein one of the
      aliphatic substituents contains from about 8 to 18 carbon atoms and at
      least one aliphatic substituent contains an anionic water-solubilizing
      group.
PAR  Zwitterionic detergents include derivatives of aliphatic quaternary
      ammonium, phosphonium and sulfonium compounds in which the aliphatic
      moieties can be straight chain or branched, and wherein one of the
      aliphatic substituents contains from about 8 to 18 carbon atoms and one
      contains an anionic water-solubilizing group.
PAR  Other useful detergents include water-soluble salts of
      2-acyloxy-alkane-1-sulfonic acids containing from about 2 to 9 carbon
      atoms in the acyl group of from about 9 to about 23 carbon atoms in the
      alkane moiety; .beta.-alkyloxy alkane sulfonates containing from about 1
      to 3 carbon atoms in the alkyl group and from about 8 to 20 carbon atoms
      in the alkane moiety; alkyl dimethyl amine oxides wherein the alkyl group
      contains from about 11 to 16 carbon atoms;
      alkyldimethyl-ammoniopropane-sulfonates and
      alkyl-dimethyl-ammonio-hydroxypropane-sulfonates wherein the alkyl group
      in both types contains from about 14 to 18 carbon atoms; soaps as
      hereinabove defined; the condensation product of tallow fatty alcohol with
      about 11 moles of ethylene oxide; the condensation product of a C.sub.13
      (avg.) secondary alcohol with 9 moles of ethylene oxide; and alkyl
      glyceral ether sulfates with from 10 to 18 carbon atoms in the alkyl
      radical.
PAR  A typical listing of the classes and species of detergent compounds useful
      herein appear in U.S. Pat. No. 3,852,211, to Ohren issued Dec. 3, 1974,
      incorporated herein by reference. The foregoing list of detergent
      compounds and mixtures which can be used in the instant compositions is
      representative of such materials, but is not intended to be limiting.
PAC  ADDITIONAL COMPONENTS
PAR  It is to be understood that the compositions of the present invention may
      be supplemented by all manner of detergent components. Soil suspending
      agents may be included at about 0.5% to 10% by weight such as
      water-soluble salts of carboxymethylcellulose,
      carboxyhydroxymethylcellulose, copolymers of maleic anhydride and vinyl
      ethers, and polyethylene glycols having a molecular weight of about 400 to
      10,000 are common components of the detergent compositions of the present
      invention. Dyes, pigments, optical brighteners, and perfumes can be added
      in varying amounts as desired.
PAR  Other materials such as fluorescers, antiseptics, germicides, enzymes in
      minor amounts of anti-caking agents such as sodium sulfosuccinate, and
      sodium benzoate may also be added.
PAR  Additional amounts of water-soluble detergency builders may be added to the
      detergent compositions of the present invention. Such inorganic detergency
      builder salts include alkali metal carbonates, borates, and bicarbonates.
      Specific examples of such salts are the sodium and potassium borates,
      perborates, bicarbonates, and carbonates. The alkali metal carbonates are
      used as co-builders in the same amounts as they are for a supplemental
      source of alkalinity as discussed previously.
PAR  Examples of suitable organic detergency builder salts are: (1)
      water-soluble aminopolycarboxylates, e.g. sodium and potassium
      ethylenediaminetetraacetates, nitrilotriacetates and
      N-(2-hydroxyethyl)-nitrilodiacetates; (2) water-soluble salts of phytic
      acid, e.g. sodium and potassium phytates -- see U.S. Pat. No. 2,739,942;
      (3) water-soluble polyphosphonates, including specifically, sodium,
      potassium and lithium salts of ethane-1-hydroxy-1,1diphosphonic acid,
      sodium, potassium and lithium salts of methylene diphosphonic acid,
      sodium, potassium and lithium salts of ethylene diphosphonic acid, and
      sodium, potassium and lithium salts of ethane-1,1,2-triphosphonic acid.
      Other examples include the alkali metal salts of
      ethane-2-carboxy-1,1-diphosphonic acid, hydroxymethanediphosphonic acid,
      carbonyldiphosphonic acid, ethane-1-hydroxy-1,1,2triphosphonic acid,
      ethane-2-hydroxy-1,1,2-triphosphonic acid, propane-1,1,3,3-tetraphosphonic
      acid, propane-1,1,2,3-tetraphosphonic acid, and
      propane-1,2,2,3-tetraphosphonic acid; and (4) water-soluble salts of
      polycarboxylate polymers and copolymers as described in U.S. Pat. No.
      3,308,067.
PAR  A useful detergent builder which may be employed in the present invention
      comprises a water-soluble salt of a polymeric aliphatic polycarboxylic
      acid having the following structural relationships as to the position of
      the carboxylate groups and possessing the following prescribed physical
      characteristics: (a) a minimum molecular weight of about 350 calculated as
      to the acid form; (b) an equivalent weight of about 50 to about 80
      calculated as to acid form; (c) at least 45 mole percent of the monomeric
      species having at least two carboxyl radicals separated from each other by
      not more than two carbon atoms; (d) the site of attachment of the polymer
      chain of any carboxyl-containing radical being separated by not more than
      three carbon atoms along the polymer chain from the site of attachment of
      the next carboxyl-containing radical. Specific examples of the
      above-described builders include polymers of itaconic acid, aconitic acid,
      maleic acid, mesaconic acid, fumaric acid, methylene malonic acid and
      citraconic acid and copolymers with themselves.
PAR  In addition, other builders which can be used satisfactorily include
      water-soluble salts of mellitic acid, citric acid, pyromellitic acid,
      benzene pentacarboxylic acid, oxydiacetic acid, carboxymethyloxysuccinic
      acid, and oxydisuccinic acid.
PAR  The detergent compositions of this invention preferably contain the
      water-soluble detergent in a ratio to the total builder present in a
      weight ratio of from about 10:1 to about 1:10, preferably from about 2:1
      to about 1:5. The amount of additional builder in either the additive or
      detergent compositions of the present invention is from about 2% to about
      30%, preferably from about 5 % to about 20 %.
PAR  Certain zeolites or aluminosilicates enhance the function of the alkaline
      metal pyrophosphate and add building capacity in that the aluminosilicates
      sequester calcium hardness. One such aluminosilicate which is useful in
      the compositions of the invention is an amorphous waterinsoluble hydrated
      compound of the formula Na.sub.x (.sub.x AlO.sub.2.ySiO.sub.2), wherein x
      is an integer of from 1 to 1.2 and y is 1, said amorphous material being
      further characterized by a Mg.sup.+.sup.+ exchange capacity of from about
      50 mg eq. CaCO.sub.3 /g to about 150 mg eq. CaCO.sub.3 /g. This ion
      exchange builder is more fully described in Ireland published patent
      application 1505/74 to B. H. Gedge et al filed July 16, 1974, herein
      incorporated by reference.
PAR  A second water-insoluble synthetic aluminosilicate ion exchange material
      useful herein has the formula Na.sub.z
      [(AlO.sub.2).sub.z.(SiO.sub.2).sub.y ]xH.sub.2 O, wherein z and y are
      integers of at least 6; the molar ratio of z to y is in the range from 1.0
      to about 0.5, and x is an integer from about 15 to about 264; said
      aluminosilicate ion exchange material having a particle size diameter from
      about 0.1 micron to about 100 microns; a calcium ion exchange capacity of
      at least about 200 mg eq./g; and a calcium ion exchange rate of at least
      about 2 grains/gallon/minute/gram. These synthetic aluminosilicates are
      discussed in Belgium Pat. No. 814,874 herein incorporated by reference.
PAR  The compositions of the present invention as either a detergent additive or
      a complete detergent product may be formulated into liquid compositions.
      The solvent or medium for the liquid composition may be a material such as
      water or a mono- or polyhydric alcohol of from 1 to 8 carbon atoms. The
      medium may comprise from about 10 % to about 90 %, preferably from about
      20 % to about 70 % by weight of the total composition. Preferred liquid
      mediums are water, ethanol, glycerine, and ethylene glycol.
PAC  COMPOSITION PREPARATION
PAR  The detergent additive of the complete detergent product of the present
      invention may be formulated as a liquid paste or solid composition.
PAR  When prepared as a liquid the compositions of the present invention are
      slurried in the solvent medium and packaged. To prevent the settling out
      of the less soluble materials, electrolytes such as potassium chloride or
      other known suspending agents, may be added to the composition in minor
      amounts. To prepare the paste form of the present invention an the amount
      of solvent medium is employed is such that the product becomes extremely
      viscous.
PAR  When the additive or complete detergent product of the present invention is
      formulated as a solid, the product may be in the form of homogenous
      granule or may be present as separately admixed granules. To prepare the
      additive or complete detergent composition in the form of homogenous
      granules the product is slurried and then formed into granules by spray
      drying, drum drying, freeze drying, or agglomeration. Of the methods of
      homogenous granule formation, spray drying is preferred as the granules
      have greater uniformity of size.
PAR  Spray drying of the additive or detergent compositions of the present
      invention is best carried out as set forth in U.S. Pat. Nos. 3,629,951 and
      3,629,955 to Davis et al, issued Dec. 28, 1971.
PAR  Where the detergent or the additive composition is formed by admixture, it
      is preferable to include a small amount of binding agent to prevent
      segregation of the ultrafine alkaline earth metal pyrophosphate
      crystallization seed from the remaining much larger granules of the
      composition. Suitable binding agents include for instance polyethylene
      glycol which may be sprayed onto the detergent or additive composition to
      prevent such segregation. Preferably the polyethylene glycol has a
      molecular weight ranging from about 400 to about 10,000.
PAR  The detergent additive or complete detergent composition of the present
      invention will most effectively be used at concentrations where the unique
      builder system of the present invention is present in amount sufficient to
      control substantially all of the calcium hardness present. Generally the
      compositions of the present invention will be used at from about 0.05% to
      about 0.5% by weight of the wash solution.
PAR  The additive aspect of the present invention may be used as a soak solution
      prior to washing the clothes for a period of from a few minutes to several
      hours. The additive composition may also be used to augment the consumer's
      regular detergent product. The detergent compositions of the present
      invention are otherwise used in the same manner as conventional detergent
      products presently being marketed.
PAR  Following are Examples of the present invention:
PAC  EXAMPLE I
PAR  Detergent additives are prepared in accordance with the invention having
      the following compositions:
TBL  A                                                                         
     97.5%        sodium pyrophosphate                                         
     2.4%         dicalcium pyrophosphate (mean                                
                   particle diameter 0.01.mu.)                                 
     0.1%         minors                                                       
     B                                                                         
     11.0%        sodium pyrophosphate                                         
     88.8%        dicalcium pyrophosphate (mean                                
                   particle diameter 25.mu.)                                   
     0.2%         minors                                                       
PAR  Products A and B are tested at a concentration of 0.2% by weight for
      hardness control in 11 grain water by presoaking clay soiled dacron
      polyester swatches for 1 hour in 100.degree.F. water followed by washing
      the fabrics with a detergent product (at 0.12% by weight) at the same
      temperature. The detergent product had the following composition:
TBL  20%          sodium alkyl (12 carbons benzene                             
                   sulfonate)                                                  
     20%          sodium carbonate                                             
     40%          sodium sulfate                                               
     12%          moisture                                                     
      8%          minors                                                       
PAR  Products A and B as used above show increased detergency as measured by a
      Hunter Whiteness meter over control swatches which are treated with the
      detergent alone.
PAC  EXAMPLE II
PAR  Detergent products A, B and C are prepared by spray drying.
TBL  ______________________________________                                    
                      A      B        C                                        
     ______________________________________                                    
     Sodium alkyl (12 carbons)                                                 
      benzene sulfonate  5%      22%      --                                   
     Sodium coconut triethoxy                                                  
      sulfate           --        5%      15%                                  
     Sodium pyrophosphate                                                      
                        30%      34%      60%                                  
     Sodium sulfate     50%      14%      --                                   
     Dicalcium pyrophosphate                                                   
      (mean particle diam-                                                     
                        10%      15%      20%                                  
      eter 3.mu.)                                                              
     Minors              5%      10%       5%                                  
     ______________________________________                                    
PAR  Compositions A, B, C are tested for cleaning and hardness control compared
      to the detergent described in Example I. A, B, and C perform better under
      the conditions of Example I than does the detergent product disclosed
      therein.
PAR  A, B, C may be modified to form liquid compositions by adding the dried
      product to water so that the water makes up 70% of the total product.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A detergent additive comprising:
PA1  a. an alkali metal pyrophosphate; and
PA1  b. an alkaline earth metal pyrophosphate having
PA2  a mean particle diameter of less than 25 microns; in a weight ratio of the
      alkali metal pyrophosphate to the alkaline earth metal pyrophosphate of
      from about 60:1 to about 1:8.
NUM  2.
PAR  2. The composition of claim 1 additionally comprising a supplemental
      alkaline material at from about 1% to about 30% by weight selected from
      the group consisting of alkali metal carbonates, and alkali metal and
      alkaline earth metal hydroxides and mixtures thereof.
NUM  3.
PAR  3. The composition of claim 1 wherein the alkaline earth metal
      pyrophosphate is calcium or magnesium pyrophosphate.
NUM  4.
PAR  4. The composition of claim 3 wherein the mean particle diameter of the
      alkaline earth metal pyrophosphate is from about 0.01 to about 1 micron.
NUM  5.
PAR  5. The composition of claim 4 wherein the weight ratio of the alkali metal
      pyrophosphate to the alkaline earth metal pyrophosphate is from about 20:1
      to about 1:1.
NUM  6.
PAR  6. The composition of claim 5 wherein the alkaline earth metal
      pyrophosphate is the calcium salt.
NUM  7.
PAR  7. The composition of claim 6 wherein the alkali metal pyrophosphate is the
      sodium salt.
NUM  8.
PAR  8. The composition of claim 2 wherein the supplemental alkaline material is
      sodium carbonate.
NUM  9.
PAR  9. A detergent composition comprising:
PA1  a. from about 5% to about 60% by weight of an alkali metal pyrophosphate;
PA1  b. from about 1% to about 50% by weight of an alkaline earth metal
      pyrophosphate having a mean particle diameter of less than 25 microns and
PA1  c. from about 2% to about 40% by weight of an organic detergent surfactant
      component.
NUM  10.
PAR  10. A detergent composition in accordance with claim 9 wherein the organic
      detergent is selected from the group consisting of anionic and nonionic
      detergents and mixtures thereof.
NUM  11.
PAR  11. The detergent composition of claim 10 wherein the mean particle
      diameter of the alkaline earth metal pyrophosphate is from about 0.01 to
      about 1 micron.
NUM  12.
PAR  12. The detergent composition of claim 11 wherein the weight ratio of the
      alkali metal pyrophosphate to the alkaline earth metal pyrophosphate is
      from about 20:1 to about 1:1.
NUM  13.
PAR  13. The detergent composition of claim 12 wherein the alkali metal
      pyrophosphate and the alkaline earth metal pyrophosphate are sodium
      pyrophosphate and calcium pyrophosphate.
NUM  14.
PAR  14. The detergent composition of claim 13 wherein the sodium pyrophosphate
      is present at from about 8% to about 40%, the calcium pyrophosphate is
      present at from about 2% to about 30%, and the detergent is present at
      from about 5% to about 30% by weight.
NUM  15.
PAR  15. The detergent composition of claim 14 wherein the detergent component
      is a nonionic selected from the group consisting of alkoxylated alcohols
      and alkoxylated alkyl phenols having from 8 to 20 carbon atoms in the
      alkyl radical and from 1 to 30 alkoxy units per alkyl radical and mixtures
      thereof.
NUM  16.
PAR  16. The detergent composition of claim 15 wherein the nonionic is an
      ethoxylated alcohol wherein the alcohol residue with from 10 to 16 carbon
      atoms and the degree of ethoxylation is from 1 to 10 moles of ethylene
      oxide per mole of alcohol residue.
NUM  17.
PAR  17. The detergent composition of claim 14 wherein the detergent component
      is anionic.
NUM  18.
PAR  18. The composition of claim 17 wherein the anionic detergent is selected
      from the group consisting of the alkali metal and ammonium salts of alkyl
      ether sulfates, alkyl benzene sulfonates, alkyl sulfates, and
      alpha-sulfocarboxylic acids.
NUM  19.
PAR  19. The detergent composition of claim 9 additionally comprising a
      supplemental alkaline material at from about 1% to about 30% by weight
      selected from the group consisting of alkali metal carbonates, alkali
      metal, and alkaline earth metal hydroxides and mixtures thereof.
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ABST
PAL  Composition for ultrasonic inspection of surface and subsurface flaws and
      discontinuities in bodies, in the form of an aqueous gel containing an
      N-alkyl-2-pyrrolidone having a short alkyl chain, preferably
      N-methyl-2-pyrrolidone, a water soluble surfactant, e.g. a nonyl phenyl
      ether of polyethylene glycol, and silica, preferably in fine powder form,
      suspended uniformly in the gel. The composition or gel is applied to a
      surface of a body such as a metal aircraft structural part, and a probe or
      transducer of an ultrasonic testing device is contacted or pressed against
      the gel and the transducer is caused to move or slide in various
      directions on the gel to transmit ultrasonic energy through the gel and
      the object, to inspect the object and locate any surface or subsurface
      flaws or discontinuities.
PARN
PAR  This is a division of application Ser. No. 295,059 filed Oct. 4, 1972, now
      U.S. Pat. No. 3,826,127.
BSUM
PAR  This invention relates to the inspection of surface and subsurface flaws
      and discontinuities in objects by ultrasonic nondestructive testing, and
      is particularly concerned with the provision of a novel ultrasonic
      couplant composition to provide good ultrasonic transmission and
      particularly adapted for use for such ultrasonic inspection, and also to a
      method of ultrasonic inspection employing such novel composition.
PAR  Ultrasonic nondestructive testing of bodies such as metal parts has been
      developed. This is a method which utilizes UHF (ultra-high frequency)
      sound waves to detect discontinuities in parts. An ultrasonic testing
      device is employed, in which a probe or transducer is placed in contact
      with a surface of the part to be inspected. Ultrasonic waves are generated
      by applying a pulsed oscillating voltage from a pulser to a transducer
      (piezoelectric crystal). When the transducer is electrically excited and
      is adequately coupled to a part being inspected, an ultrasonic wave passes
      into the part. A change in acoustic properties of the part (surface and
      subsurface cracks, discontinuities, part surfaces, interfaces) reflects
      the wave back to the transducer. The reflected wave mechanically stresses
      the transducer and the transducer generates electrical charges. The
      electrical signals are applied to an amplifier circuit with the ultrasonic
      instrument, where they are amplified and displayed on a CRT (cathode-ray
      tube).
PAR  In the above procedure, a couplant is required to be applied to a surface
      of the object to be tested, to provide an effective medium for ultrasonic
      transmission between the transducer or probe applied to the surface of the
      body, and the body undergoing nondestructive testing. Thus, the primary
      purpose of couplants is to provide a suitable ultrasonic path between the
      transducer and part being inspected. Air is a poor conductor of ultrasonic
      energy. The couplant also fills in and smooths out irregularities of a
      part's surface and aids in movement of the transducer. A further purpose
      of the couplant is to serve as an acoustic impedance matching medium. The
      closer the couplant acoustic impedance matches that of the part being
      inspected, the better the ultrasonic wave transfer.
PAR  Ultrasonic coupling compositions which have been employed to date by the
      industry include for example, water, glycerin, light oil and petroleum
      jelly or grease. These materials have been used in the past basically
      because of their relatively good ultrasonic transmission characteristics.
      However, none of the prior art couplants such as those noted above have
      all of the desirable features required for efficient ultrasonic inspection
      of parts. Thus, for example, water and glycerin are corrosive to certain
      metals. Oils and greases usually contaminate the surface of the parts to
      be tested, making it necessary to degrease the parts after testing.
      Further, in those cases where the parts comprise titanium or its alloys,
      the degreasing is required, the use of highly flammable solvents is
      necessary for this purpose, since the usual chlorinated solvents employed
      for degreasing are detrimental to titanium and cannot be employed.
PAR  It is accordingly the chief object of the present invention to provide an
      ultrasonic couplant composition, that is a composition for use in
      ultrasonic inspection of parts, having excellent ultrasonic transmission,
      which is noncorrosive to metals, particularly titanium, aluminum and
      steel, and their various alloys, is nonflammable, odorless and essentially
      nontoxic, can be simply applied to a part to be tested and the part
      surface oriented in a horizontal, vertical or overhead position, without
      dripping of the composition, and while permitting a probe or transducer to
      remain adhered to the couplant composition regardless of the orientation
      of the part surface, such couplant composition being essentially
      non-hygroscopic, easily removable from the part surface such as by removal
      with water, and being reusable and relatively inexpensive to manufacture.
      Another important characteristic of the couplant composition sought
      according to the invention is the ability of the couplant composition to
      be traced for complete removal, as for example by incorporation of a
      fluorescent dye, any observed traces of which will indicate the presence
      of any residual couplant and assure complete removal thereof upon
      completion of inspection.
PAR  The above objects and advantages are obtained according to the invention by
      the provision of an ultrasonic couplant composition comprising an aqueous
      gel containing an N-alkyl-2-pyrrolidone wherein the alkyl group contains
      from 1 to 4 carbon atoms, a water soluble surfactant and silica suspended
      in the gel.
PAR  In preferred practice, as will be pointed out in greater detail
      hereinafter, the pyrrolidone particularly effective for this purpose has
      been found to be N-methyl-2-pyrrolidone, and the preferred surfactant is a
      water soluble nonionic surfactant or wetting agent, such as the nonyl
      phenyl ether of polyethylene glycol. The silica component preferably is in
      the form of a fine powder, distributed uniformly in the aqueous gel.
      Preferably, the respective components of the composition, including the
      pyrrolidone, surfactant, silica and water are employed in certain
      proportions, as pointed out in detail hereinafter. The ultrasonic couplant
      composition or gel of the invention has essentially all of the advantages
      stated in the above objects, and is essentially neutral, rendering it
      highly compatible with metals and metal alloys, particularly those
      employed in aircraft structural parts, notably aluminum, titanium and
      steel. The composition is moreover essentially nontoxic and can be readily
      handled by personnel, and is economical.
PAR  As will be further pointed out in greater detail below, the above-noted
      components of the composition can be readily mixed, forming a gel of
      suitable viscosity almost immediately, and the gel can be stored in closed
      containers without degradation, over relatively long periods, for use as
      desired.
PAR  The pyrrolidone component employed in the ultrasonic couplant composition
      of the invention functions as the main solvent of the composition, and
      promotes wetability of the gel composition with respect to the surface of
      an object to be tested, such as a metal part, and functions as a
      stabilizer for the gel. The pyrrolidone component which is useful
      according to the present invention is an N-alkyl-2-pyrrolidone wherein the
      alkyl group has a short carbon chain of from 1 to 4 carbon atoms. Examples
      of such groups are methyl, ethyl, propyl, isopropyl, butyl and isobutyl.
      Specific examples of these compounds are N-methyl-2-pyrrolidone,
      N-ethyl-2-pyrrolidone, N-propyl-2-pyrrolidone, N-isopropyl-2-pyrrolidone,
      N-butyl-2-pyrrolidone, and N-isobutyl-2-pyrrolidone.
PAR  A lower N-alkyl substituted pyrrolidone having the foregoing general
      structure and which is especially preferred in practicing the invention is
      N-methyl-2-pyrrolidone.
PAR  N-vinyl-2-pyrrolidone, as contrasted to the above-noted
      N-alkyl-2-pyrrolidones, has been found unsuitable for use in the invention
      composition. Such N-vinyl-2-pyrrolidone presents problems of water
      washability, and in addition the N-vinyl-2-pyrrolidone, particularly upon
      contact with or addition of water, emits a highly obnoxious odor,
      rendering it highly unsuitable for handling by operating personnel.
PAR  The N-alkyl-2-pyrrolidone hereof, particularly the N-methyl-2-pyrrolidone,
      can be employed in varying amounts in producing the gel composition
      hereof, and generally is employed in an amount ranging from about 10 to
      about 40 percent, preferably about 15 to about 35 percent, by weight of
      the composition.
PAR  The water soluble surfactant component of the ultrasonic couplant
      composition hereof functions as a gel forming wetting agent or gel
      promoter. Thus, the water soluble surfactant hereof aids in the formation
      of a gel upon the addition of water to the pyrrolidone solvent. The choice
      of water soluble surfactant which can be employed may vary among
      commercially available surfactants, a water soluble nonionic detergent or
      wetting agent being particularly effective. A hydrophilic nonionic
      detergent containing ether-oxygen groups, is preferred in combination with
      the pyrrolidone, e.g. N-methyl-2-pyrrolidone, a particularly effective
      surfactant or detergent of this type being marketed as Tergitol nonionic
      NPX, although other nonionic detergents such as Tergitol nonionic TMN and
      Aerosol OT 75 percent also can be employed. Tergitol nonionic NPX is a
      nonyl phenyl ether of polyethylene glycol containing 10.5 mols of ethylene
      oxide and having the general formula C.sub.9 H.sub.19 C.sub.6 H.sub.4
      O(CH.sub.2 CH.sub.2 O).sub.10.5 H. Tergitol TMN is a trimethyl nonyl ether
      of polyethylene glycol containing 6 mols of ethylene oxide and has the
      formula (CH.sub.3).sub.3 C.sub.9 H.sub.16 O(CH.sub.2 CH.sub.2 O).sub.6 H.
      Aerosol OT 75 percent is a 75 wt percent solution in water of dioctyl
      sodium sulfo-succinate. Other nonionic surfactants are also usable in the
      ultrasonic couplant composition disclosed herein to produce essentially
      the same results, provided that such surfactants are sufficiently
      hydrophilic in nature and do not require the use of an inordinate amount
      of silica to maintain the physical integrity and strength of the gel, as
      pointed out more fully below.
PAR  The water soluble surfactant component also may be employed in varying
      proportions, but generally is employed in an amount ranging from about 10
      to about 35 percent, preferably about 15 to about 30 percent, by weight of
      the composition.
PAR  The silica component of the couplant composition hereof functions when
      uniformly dispersed in the composition, to form a colloid dispersion in
      the gel which provides gel strength and physical integrity, and maintains
      the gel stable at varying temperatures, particularly at elevated
      temperature, e.g. up to about 125.degree.F or higher. Thus the gel remains
      stable when applied to an object or a part which is at elevated
      temperature. The silica preferably is employed in an extremely fine powder
      form. Thus, in preferred practice such fine powdered silica can have a
      particle size ranging from about 0.007 to about 0.050 micron (about 70 to
      about 500 angstroms), and under such conditions is an extremely fluffy,
      snow-white powder of extremely low bulk density. A commercially available
      form of this component having the above fine particle size is marketed as
      Cab-O-Sil M-5 by Cabot Corporation. Such Cab-O-Sil has an enormous
      external area, 1 gram of Cab-O-Sil M-5 having about 400 square meters of
      surface area. Cab-O-Sil M-5 is a submicroscopic fire-dry fumed silica
      different in structure from precipitated silicas or silica gels.
PAR  An important criterion of the composition of the invention is the formation
      of a clear gel which is transparent so that after application of the gel
      to a part surface one can see the surface of the part through the gel, the
      fine silica dispersion essentially permitting such transparency in the
      gel. Also, the fine powdered silica preferably employed is essentially
      nonabrasive and tends to impart lubricity to permit easy spreading of the
      gel in a thin layer over the part surface.
PAR  The silica component can also be employed in varying amounts, but generally
      is employed in an amount ranging from about 10 to about 40 percent,
      preferably about 10 to about 25 percent, by weight of the composition.
PAR  Water is employed in the invention composition to form the aqueous gel
      matrix, and is utilized, in conjunction with the pyrrolidone, water
      soluble surfactant and silica components, as an extender and gel promoter.
      Although tap water can be employed, deionized water is preferred since tap
      water may contain salts and minerals which may be corrosive to metals to
      be tested.
PAR  Water is employed also in varying amounts dependent on the proportions of
      the other components employed, particularly the pyrrolidone and surfactant
      components, but generally the water is employed in an amount ranging from
      about 10 to about 50 percent, preferably about 15 to about 40 percent, by
      weight of the composition.
PAR  As previously noted, it is often desirable to be able to check the part
      surface for the presence of residual gel, after an inspection of the part
      has been completed and the bulk or major portion of the gel has been
      removed from the surface. This can be accomplished by incorporating either
      a daylight visible dye or a fluorescent dye into the gel or couplant
      composition of the invention, and viewing the surface of the part under
      proper lighting conditions to detect any traces of the gel as indicated by
      the presence of colored or fluorescent indications or smears imparted by
      the presence of the dye in the composition. For this purpose, it is
      preferred to incorporate as an optional component a fluorescent dye which
      is either colorless or only lightly colored when viewed by visible light,
      but which provides a bright fluorescent color when viewed under
      fluorescent or "black" light. Thus the presence of the dye in the gel
      still renders the gel clear in white or ordinary daylight so that the part
      surface can be viewed through the layer of gel applied to the part
      surface.
PAR  Various types of fluorescent dyes can be employed including for example the
      dye marketed as Fluorol 7GA as well as other fluorescent dyes such as
      those marketed as Calcofluor Yellow, Asosol Brilliant Yellow 6GF,
      Rhodanine B, Rhodanine 6GDN, Calcofluor White RW, Blancophor White AW,
      Auramine and Eosine G. The above-noted Rhodanine dyes, Auramine and Eosine
      G fluoresce in a color range from greenish yellow to red. There can also
      be employed nonfluorescent or daylight type dyes such as azo type dyes,
      e.g. xyleneazo-beta-naphthol, Mefford No. 322 dye, believed to be
      o-tolueneazoxyleneazo-beta-naphthol, and the azo dyes marketed as Oil Red
      "O" and Sudan Red. These dyes can be employed where daylight or white
      light is only available. Here also it is preferred to employ those
      daylight dyes which are light colored and which permit the gel to be
      sufficiently transparent to permit viewing the surface of the part to
      which the gel is applied, through the gel layer or film.
PAR  The amount of the optional dye component, e.g. fluorescent or daylight dye,
      employed, can vary, but it is generally employed in a small amount ranging
      from about 0.2 to about 2 percent, preferably about 0.2 to about 1.5
      percent, by weight of the composition.
PAR  Illustrative examples of ultrasonic couplant compositions according to the
      invention, but not in limitation thereof, are set forth in the table
      below, the amounts of the respective components being expressed in terms
      of per cent by weight.
TBL                                    EXAMPLES (% by weight)                  
     __________________________________________________________________________
     Component                                                                 
              1    2    3    4     5    6    7    8    9    10  11             
     __________________________________________________________________________
     N-methyl-2-                                                               
     pyrrolidone                                                               
              30.75                                                            
                   20.0 40.0 32    15.0 10.0 30.0 25.0 20.0 35.0               
                                                                10.0           
     Delonized H.sub.2 O                                                       
              29.0 40.0 20.0 28    45.0 50.0 29.0 24.0 32.0 23.0               
                                                                14.0           
     Fumed silica                                                              
              17.25                                                            
                   18.0 20.0 10.0  30.0 10.0 22.0 24.0 20.0 15.0               
                                                                40.0           
     Tergitol                                                                  
     Nonionic NPX                                                              
              22.0 21.5 20.0 29.5  10.0 29.5 18.0 26.0 28.0 26.0               
                                                                35.0           
     calcofluor                                                                
     white RW 0.5  --   --   0.5   --   --   --   --   --    1.0               
                                                                 0.5           
     Fluorol 7GA                                                               
              0.5   0.5 --   --    --    0.5 --    1.0 --   --   0.5           
              100.0                                                            
                   100.0                                                       
                        100.0                                                  
                             100.0 100.0                                       
                                        100.0                                  
                                             100.0                             
                                                  100.0                        
                                                       100.0                   
                                                            100.0              
                                                                100.0          
     __________________________________________________________________________
PAR  Particularly effective compositions according to the invention for
      ultrasonic nondestructive inspection, are those of Examples 1, 2, 3, 8 and
      11 of the above table.
PAR  The following are additional examples of illustrative couplant compositions
      according to the invention, wherein the N-methyl-2-pyrrolidone, the
      Tergitol nonionic NPX and the deionized water of certain of the
      compositions of the examples of the above table, are replaced by
      equivalent components according to the invention as described above.
TBL  ______________________________________                                    
     EXAMPLE 12                                                                
                      (% by weight)                                            
     N-ethyl-2-pyrrolidone                                                     
                      30                                                       
     Deionized water  30                                                       
     Fumed silica     18                                                       
     Tergitol nonionic TMN                                                     
                      22                                                       
                      100                                                      
     EXAMPLE 13                                                                
                      (% by weight)                                            
     N-propyl -2-pyrrolidone                                                   
                      20                                                       
     Tap water        40                                                       
     Fumed silica     18                                                       
     Tergitol nonionic NPX                                                     
                      22                                                       
                      100                                                      
     EXAMPLE 14                                                                
                      (% by weight)                                            
     N-butyl -2-pyrrolidone                                                    
                      10                                                       
     Deionized water  34                                                       
     Powdered silica  25                                                       
     Aerosol OT 75%   30                                                       
     Fluorol 7GA       1                                                       
                      100                                                      
     EXAMPLE 15                                                                
                      (% by weight)                                            
     N-methyl-2-pyrrolidone                                                    
                      25                                                       
     Deionized water  25                                                       
     Powdered silica  24                                                       
     Tergitol nonionic NPX                                                     
                      26                                                       
                      100                                                      
     ______________________________________                                    
PAR  In formulating the ultrasonic couplant composition of the invention, the
      order of addition of the components is not essential, but usually the
      liquids, including the pyrrolidone, water soluble surfactant and water are
      first mixed or added together and the silica component then added to the
      resulting solution. Where the optional dye component is added, it can be
      incorporated for example with the liquids, and prior to introduction of
      the silica, although if desired the dye can be added last. Upon mixing of
      all of the components, the composition initially forms a gel which remains
      stable after applied to the part for purposes of ultrasonic inspection.
PAR  In employing the ultrasonic couplant composition or gel according to the
      invention, for purposes of ultrasonic inspection of a part, the part
      employed, if necessary, can first be cleaned to remove any contaminants
      from the part surface. The ultrasonic couplant gel of the invention is
      readily applied over the surface area of the part to be inspected by
      ultrasonic transmission through the part. For this purpose the gel can be
      dispensed and applied to the part surface to provide a thin layer of
      couplant, by any suitable means such as by the hand, spatula or brush. The
      probe or transducer of the ultrasonic test equipment is then pressed into
      contact with the gel on the surface of the part, and is readily moved as
      by sliding over the gelled surface in any direction necessary for
      inspection of cracks, flaws, or discontinuities such as part surfaces or
      interfaces, which may be contained on the surface of the part or within
      the part. The ultrasonic system for this purpose includes means in the
      form of a probe or transducer to generate ultrasonic energy, a couplant
      according to the present invention, and an ultrasonic instrument. The
      latter instrument contains suitable circuits, including a
      receiver-amplifier circuit and a CRT for displaying electrical signals
      generated by the transducer when discontinuity echoes are present,
      corresponding to any flaws, cracks or discontinuities in the body, as the
      transducer is moved over the gel on the surface of the body.
PAR  The sensitivity of the ultrasonic equipment employed should be such as to
      be capable of detecting the smallest defect which may be encountered in
      the part being tested. The thin layer or film of ultrasonic couplant gel
      of the invention formed on the surface of the part between the probe or
      transducer and the part surface maintains excellent ultrasonic
      transmission between the transducer and the part at all times. The
      presence of cracks, flaws, or discontinuities on the surface or within the
      body of the part being tested is detected by variations in noise signals
      received by the testing unit, and which can be indicated on the CRT
      display mechanism. If there is improper coupling between the transducer
      and the body being tested, there will be an absence of noise signals
      received by the test unit. By means of the ultrasonic testing equipment
      employed, in conjunction with the thin film of gel couplant according to
      the invention, on the surface of the body, the size of flaws, cracks or
      discontinuities on or in the test body, for example the length thereof as
      well as their orientation, can be detected.
PAR  The above-described ultrasonic test system and equipment is well known and
      since it forms no part of the present invention it is not described in
      detail herein. However, the use of the invention couplant composition in
      an ultrasonic inspection system for detecting cracks and defects in a part
      is schematically illustrated in the accompanying drawing.
DRWD
PAR  FIG. 1 of the accompanying drawing illustrates the detection of cracks and
      flaws in a metal part employing the ultrasonic couplant of the invention,
      and
PAR  FIG. 2 illustrates practice of the invention utilizing the couplant
      composition hereof applied to a vertically disposed surface of a part for
      detection of any defects therein.
DETD
PAR  In FIG. 1, 10 represents a metal part containing cracks indicated at 12,
      which may be both surface cracks and internal cracks. The layer of
      couplant gel of the invention is shown at 14 and the transducer, indicated
      at 16, of the ultrasonic test equipment (not shown) is pressed into
      contact with the surface of the gel 14, and manually is made to slide on
      the gel surface into the proper location to detect cracks 12. When the
      transducer is electrically excited, an ultrasonic wave is transmitted
      through the gel layer 14, and such sound wave indicated at 18, impinging
      on the cracks 12, is reflected back through the part, as indicated at 20,
      to the transducer 16, which generates electrical signals indicating such
      cracks, which are amplified and displayed on a CRT (not shown) of the test
      equipment.
PAR  Similarly FIG. 2 shows a part 22 having an internal void as indicated at
      24, the part being disposed in a vertical position. A gel couplant
      composition according to the invention, is applied to a vertical surface
      26 of the part, in the form of a thin layer at 28, and the transducer,
      indicated at 16, of an ultrasonic test equipment is pressed into contact
      with the thin vertical layer of gel 28 on part surface 26. As seen in this
      embodiment, the gel layer 28 has sufficient viscosity to be maintained on
      the vertical surface of the part without dripping, and the transducer 16
      can be maintained in position on the vertical gel surface without any
      support by the hand of the operator, simply by adherence ot the transducer
      to the gel layer. Upon excitation of the transducer the incident sound
      wave 30 is transmitted across the gel layer 28 and through the test body
      22, and is reflected back at 32 by the discontinuity at the void or defect
      24, to the transducer 16, and the resulting signal from the transducer
      indicating a change in acoustic properties corresponding to the
      discontinuity is displayed on the CRT of the inspection system.
PAR  It will be understood that the schematic illustrations in the drawing are
      intended only as illustrative of practice of the invention.
PAR  After the ultrasonic inspection is completed, the layer or film of couplant
      composition or gel can be scraped from the surface of the past by suitable
      means, and returned to the container for reuse, or such gel layer can be
      wiped clean with dry cloths followed by a water moistened wiping. Due to
      the N-alkyl-2-pyrrolidone vehicle and the water soluble surfactant
      contained in the gel, the gel can be readily removed from the part surface
      by the application of water thereto, as by a water spray.
PAR  Where the ultrasonic couplant composition or gel of the invention contains
      the optional fluorescent dye component, the surface area of the part from
      which the gel layer has been removed can be viewed under fluorescent or
      "black" light illumination to check for the presence of residual or trace
      amounts of the gel. Any such traces or residual gel will provide bright
      fluorescent indications, so that a final removal operation of the residual
      gel can then be performed in those specific areas in which the gel still
      remains. As previously noted, such excess or residual gel can be removed
      by water spraying since the gel is highly soluble in water.
PAR  Alternatively, in place of employing a fluorescent dye, a dye such as an
      azo dye which is visible by ordinary white light or daylight can be
      employed, and any residual gel indicated by any dye smears under ordinary
      visible light, can then be removed from the part surface in the manner
      noted above.
PAR  As previously indicated, the components of the ultrasonic couplant
      composition or gel of the invention can be varied, and the amounts thereof
      varied as described above to provide a formulation which has the desired
      viscosity for the particular purpose. Preferably, the viscosity of the gel
      is such that it can be readily applied by means noted above over the part
      surface to form a thin film or layer of the gel on the surface, and the
      ultrasonic transducer or probe can be readily moved or can readily slide
      on the gel surface from one selected area to another. It is particularly
      noteworthy that in addition to its ability to be readily applied, the
      ultrasonic couplant gel composition of the invention, due to its
      viscosity, can be employed on vertical and overhead surface applications
      without dripping of the composition, and the ultrasonic probe or
      transducer remains adhered to the gel-treated surface in horizontal,
      vertical and overhead surface applications, permitting the operator
      freedom of both hands for example to return to the ultrasonic console of
      the test equipment and make adjustments, when necessary.
PAR  The couplant composition or gel of the invention can be employed for
      ultrasonic nondestructive testing of all types of parts, particularly
      metal parts of aircraft such as titanium and aluminum wing skins,
      structural hardware such as bulkheads or wing spars of aircraft, and
      aluminum, steel or titanium castings. Such ultrasonic testing process
      employing the couplant composition of the invention can be used to detect
      so-called "unbonds," e.g. of a fusion welded airplane fuselage bulkhead.
      Thus the ultrasonic couplant composition of the invention can be employed
      to detect surface and subsurface flaws and discontinuities, for example
      cracks, voids and unbonds in the fusion welding to determine the nature
      and integrity of the welds.
PAR  The following are examples of practice of the invention employing the novel
      ultrasonic coupling composition hereof.
PAC  EXAMPLE 16
PAR  The composition of Example 1 above was applied by brushing to selected
      areas of an aluminum aircraft wing skin, to form a thin layer of the gel
      on the part surface. The transducer of an ultrasonic test equipment was
      pressed into contact with the surface of the gel and was moved by sliding
      in various selected directions over the gel along the surface of the part.
      Variations in noise signals on the CRT display unit of the test equipment
      indicated cracks and discontinuities in the part, and presenting an
      indication of the location, orientation and size of very small as well as
      large cracks and flaws in the part.
PAR  The gel containing the combination of fluorescent dyes of Example 1, had a
      light yellow coloration but was transparent and the part surface could be
      viewed through the gel layer.
PAR  After testing was completed, the gel layer was removed from the wing skin
      surface by wiping first with a dry cloth and then with a water moistened
      wiping cloth. The area from which the gel layer was removed was then
      viewed under fluorescent or black light, and residual gel on the surface
      was indicated by very bright fluorescent yellow-green smears. Such
      residual gel was then removed by a final water spray.
PAC  EXAMPLE 17
PAR  The procedure of Example 16 above was essentially repeated, but employing
      as the test part a titanium alloy fusion welded airplane fuselage
      bulkhead, and employing the gel composition of Example 2 above, the gel
      being applied to a vertical surface of the bulkhead.
PAR  The transducer was pressed into contact with the gel on the vertical
      surface of the bulkhead, and was moved by sliding in various directions.
      The variations in noise signals produced by ultrasonic transmission
      generated by the transducer and transmitted through the test body were
      observed on the display unit of the ultrasonic test equipment, detecting
      the location, orientation and size of so-called unbonds of the fusion
      welds within the part. During the inspection process, it was noted that
      the transducer could be positioned at any location on the gel disposed on
      the vertical surface of the part, and the transducer remained in this
      position without any support by the operator's hand, permitting the
      operator freedom to make adjustments on the test equipment at will.
PAR  Following inspection, the gel was scraped free of the surface of the part
      by a knife or similar means, after which the part was viewed under black
      or fluorescent light, with residual traces of the gel indicated by bright
      yellow smears. The residual gel was then removed from the part surface by
      water spraying.
PAC  EXAMPLE 18
PAR  The procedure of Example 16 was essentially followed but employing the gel
      composition of Example 4, which was applied by spatula on a surface of a
      steel casting. The gel layer was in the form of a clear transparent gel
      under visible light, so that the surface of the casting could be seen
      through the gel layer.
PAR  Upon contact with and movement of an ultrasonic probe or transducer of an
      ultrasonic test equipment over the surface of the part by sliding contact
      of the probe with the gel surface, microcracks as well as cracks of
      substantially larger size both in the surface and within the body of the
      casting were detected by variations in the noise signals transmitted
      through the body of the part and received by the receiving unit of the
      test equipment.
PAR  After testing, the gel layer was scraped from the surface of the part and
      returned to the container of gel for reuse, and the surface of the test
      area then viewed under black light, showed deep blue colorations or smears
      emitted from the fluorescent dye in those areas containing residual gel.
      Such residual gel was then removed by water spray.
PAC  EXAMPLE 19
PAR  The procedure of Example 16 was substantially repeated, but employing the
      gel composition of Example 3, containing no dye.
PAR  In this embodiment, particular care was taken to remove practically all of
      the gel following ultrasonic inspection, by the wiping procedure of
      Example 16, leaving essentially no residual gel on the surface of the
      part.
PAR  While I have described particular embodiments of my invention for the
      purpose of illustration within the spirit of the invention, it will be
      understood that the invention is not to be taken as limited except by the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition for ultrasonic inspection of surface and subsurface flaws
      and discontinuities, comprising an aqueous gel containing an
      N-alkyl-2-pyrrolidone wherein the alkyl group contains from 1 to 4 carbon
      atoms, a water soluble surfactant and silica suspended in said gel.
NUM  2.
PAR  2. A composition as defined in claim 1, said pyrrolidone being
      N-methyl-2-pyrrolidone.
NUM  3.
PAR  3. A composition as defined in claim 1, said water soluble surfactant being
      a nonyl phenyl ether of polyethylene glycol.
NUM  4.
PAR  4. A composition as defined in claim 1, wherein said silica is fumed
      silica.
NUM  5.
PAR  5. A composition as defined in claim 1, wherein said pyrrolidone is
      N-methyl-2-pyrrolidone and said water soluble surfactant is a nonyl phenyl
      ether of polyethylene glycol.
NUM  6.
PAR  6. A composition as defined in claim 5, wherein said silica is fumed
      silica.
NUM  7.
PAR  7. A composition as defined in claim 1 including a small amount of a dye.
NUM  8.
PAR  8. A composition as defined in claim 6, including a small amount of a
      fluorescent dye.
NUM  9.
PAR  9. A composition for ultrasonic inspection of surface and subsurface flaws
      and discontinuities, comprising a gel consisting essentially of about 10
      to about 40 percent of an N-alkyl-2-pyrrolidone wherein the alkyl group
      contains from 1 to 4 carbon atoms, about 10 to about 35 percent of a water
      soluble surfactant, about 10 to about 50 percent water and about 10 to
      about 40 percent powdered silica distributed in said gel, by weight.
NUM  10.
PAR  10. A composition as defined in claim 9, said pyrrolidone being
      N-methyl-2-pyrrolidone.
NUM  11.
PAR  11. A composition as defined in claim 9, said water soluble surfactant
      being a nonyl phenyl ether of polyethylene glycol.
NUM  12.
PAR  12. A composition as defined in claim 9, wherein said pyrrolidone is
      N-methyl-2-pyrrolidone and said water soluble surfactant is a nonyl phenyl
      ether of polyethylene glycol, and wherein said water is deionized water.
NUM  13.
PAR  13. A composition as defined in claim 9, said gel consisting essentially of
      about 15 to about 35 percent of said pyrrolidone, about 15 to about 30
      percent of said water soluble surfactant, about 15 to about 40 percent of
      deionized water and about 10 to about 25 percent of fumed silica, by
      weight.
NUM  14.
PAR  14. A composition as defined in claim 9, including about 0.1 to about 2
      percent by weight of a dye.
NUM  15.
PAR  15. A composition as defined in claim 14, wherein said dye is a fluorescent
      dye.
NUM  16.
PAR  16. A composition as defined in claim 13, including about 0.2 to about 1.5
      percent by weight of a fluorescent dye.
PATN
WKU  039391027
SRC  5
APN  4567056
APT  1
ART  115
APD  19740329
TTL  Hydrocarbon isomerization catalyst and process
ISD  19760217
NCL  9
ECL  1
EXP  Garvin; Patrick P.
DCD  19911001
INVT
NAM  Hayes; John C.
CTY  Palatine
STA  IL
ASSG
NAM  Universal Oil Products Company
CTY  Des Plaines
STA  IL
COD  02
RLAP
COD  72
APN  365782
APD  19730531
PSC  01
PNO  3839193
RLAP
COD  82
APN  27457
APD  19700410
PSC  03
CLAS
OCL  252439
XCL  252441
XCL  252442
XCL  260668A
XCL  2606832
XCL  26068368
EDF  2
ICL  B01J 2704
ICL  B01J 2708
ICL  B01J 2710
FSC  252
FSS  441;439;442
UREF
PNO  2848377
ISD  19580800
NAM  Webb
XCL  252441
UREF
PNO  3507781
ISD  19700400
NAM  Spurlock et al.
XCL  252442
UREF
PNO  3632525
ISD  19720100
NAM  Rausch
XCL  252439
UREF
PNO  3654184
ISD  19720400
NAM  McCallister et al.
OCL  252442
UREF
PNO  3839193
ISD  19741000
NAM  Hayes
XCL  252441
LREP
FR2  Hoatson, Jr.; James R.
FR2  McBride; Thomas K.
FR2  Page, II; Wiliam H.
ABST
PAL  A hydrocarbon isomerization catalyst composition, comprising a combination
      of catalytically effective amounts of a platinum or palladium component,
      an iridium component, a germanium component, a halogen component and a
      Friedel-Crafts metal halide component combined with a refractory inorganic
      oxide is disclosed. A specific example of the disclosed catalytic
      composition is a combination of catalytically effective amounts of a
      platinum component, an iridium component, a germanium component, a
      chloride component and an aluminum chloride component with an alumina
      carrier material, effective in isomerizing a pentane-hexane hydrocarbon
      fraction or in isomerizing non-equilibrium mixtures of alkylaromatic
      hydrocarbons such as xylenes.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 365,782 filed May 31, 1973, now U.S. Pat. No. 3,839,193, Oct. 1, 1974
      which copending application is a continuation-in-part of my copending
      application Ser. No. 27,457, filed Apr. 10, 1970, now abandoned the
      teachings of both of which copending applications are specifically
      incorporated herein by reference.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a catalyst for isomerizing isomerizable
      hydrocarbons including isomerizable parraffins, cycloparafins, olefins and
      alkylaromatics. This invention further relates to a process for
      isomerizing isomerizable hydrocarbons with a catalytic composite
      comprising a combination of platinum or palladium component, an iridium
      component, a germanium component, a halogen component and a Fridel-Crafts
      metal halide with a refractory inorganic oxide. The present invention
      utilizes a dual-function catalytic composite having both a
      hydrogenation-dehydrogenation function and a cracking function which
      affords substantial improvements in hydrocarbon isomerization processes
      that have traditionally used dual-function catalysts.
PAR  Processes for the isomerization of hydrocarbons have acquired significant
      importance within the petrochemical and petroleum refining industry. The
      demand for para-xylene has created a demand for processes to isomerize
      other xylene isomers and ethylbenzene to produce para-xylene. The demand
      for certain branched chain paraffins, such as isobutane or isopentane, as
      intermediates in producing high octane motor fuel alkylate, can be met by
      isomerizing the corresponding normal paraffins. It is desired that the
      alkylate be highly branched to provide a high octane rating. This can be
      accomplished by alkylating an isoparaffin with C.sub.4 -C.sub.7 internal
      olefins which, in turn, can be produced by isomerization of corresponding
      linear alpha-olefins.
PAR  Catalytic composites exhibiting a dual hydrogenation-dehydrogenation and
      cracking function are widely used in the petroleum and petrochemical
      industry to isomerize hydrocarbons. Such catalysts generally have a heavy
      metal component, e.g., metals or metallic compounds of Group V through
      VIII of the Periodic Table, to inpart a hydrogenation-dehydrogenation
      function, with an acid-acting inorganic oxide to import a cracking
      function. In catalysis of isomerization reactions, it is important that
      the catalytic composite not only catalyze the specific desired
      isomerization reaction by having its dual hyrogenation-dehydrogenation
      function correctly balanced against its cracking function, but also that
      the catalyst perform its desired functions well over prolonged periods of
      time.
PAR  The performance of a given catalyst in a hydrocarbon isomerization process
      is typically measured by the activity, selectivity, and stability of the
      catalyst. Activity refers to the ability of a catalyst to isomerize the
      hydrocarbon reactants into the corresponding isomers at a specified set of
      reaction conditions; selectivity refers to the percent of reactants
      isomerized to form the desired isomerized product and/or products;
      stability refers to the rate of change of the selectivity and activity of
      the catalyst.
PAR  The principal cause is instability (i.e., loss of selectivity and activity
      in an originally selective, active catalyst) is the formation of coke on
      the catalytic surface of the catalyst during the reaction. This coke is
      characterizable as a high molecular weight, hydrogen-deficient,
      carbonaceous material, typically having an atomic carbon to hydrogen ratio
      of about 1 or more. Thus, a problem in the hydrocarbon isomerization art
      is the development of more active and selective composites not sensitive
      to the carbonaceous materials and/or having the ability to suppress the
      rate of the formation of these carbonaceous materials on the catalyst. A
      primary aim of the art is to develop a hydrocarbon isomerization process
      utilizing a dual-function catalyst having superior activity, selectivity
      and stability. In particular, it is desired to provide a process wherein
      hyrocarbons are isomerized without excessive cracking or other
      decomposition reactions which lower the overall yield of the process and
      make it more difficult to operate.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a catalyst composition
      suitable for use in a process for isomerizing isomerizable hydrocarbons.
      It is another object of this invention to provide an isomerization process
      using a particular isomerization catalyst effective in isomerizing
      isomerizable hydrocarbons without introducing undesired decomposition
      and/or cracking reactions. It is a further object of this invention to
      provide a process for isomerizing isomerizable hydrocarbons utilizing a
      dual-function catalyst having superior activity, selectivity and
      stability.
PAR  An isomerization process has now been developed utilizing a dual-function
      catalyst which possesses improved activity, selectivity and stability.
      Moreover, in the particular case of a C.sub.8 alkylaromatic isomerization
      process, the present catalyst allows essentially equilibrium conversions
      of the C.sub.8 alkylaromatics with essentially stoichiometric selectivity
      without evidencing excessive production of hydrogenated or cracked
      products. Further, this activity and selectivity is readily maintainable
      at its originally high levels, evidencing a very stable catalytic
      alkylaromatic isomerization process.
PAR  In a broad embodiment, this invention relates to a catalytic composite
      comprising a refractory inorganic oxide having combined therewith, on a
      Friedel-Crafts metal halide-free basis, about 0.01 to about 2 weight
      percent platinum or palladium, about 0.01 to about 2 weight percent
      iridium, about 0.01 to about 5 weight percent germanium, and about 0.1 to
      about 3.5 weight percent halogen, calculated on an elemental basis, and
      about 1.0 to about 100 weight percent Friedel-Crafts metal halide, wherein
      the platinum or palladium, iridium and germanium are uniformly dispersed
      throughout the refractory inorganic oxide, wherein substantially all of
      the platinum or palladium and iridium are present in the corresponding
      metallic states and wherein substantially all of the germanium is present
      in an oxidation state above that of the elemental metal.
PAR  In another broad embodiment, this invention relates to a process for
      isomerizing an isomerizable hydrocarbon which comprises contacting said
      hydrocarbon at isomerization conditions with a catalytic composite
      comprising a combination of a platinum or palladium component, as iridium
      component, a germanium component, a halogen component and a Friedel-Crafts
      metal halide component with a refractory inorganic oxide carrier material.
PAR  In a more limited embodiment, this invention relates to a catalyst
      composition which comprises a combination of a platinum component, an
      iridium component, a germanium component, a chlorine component and an
      aluminum chloride component with an alumina carrier material.
PAR  In another more limited embodiment, this invention relates to an
      isomerization process utilizing a catalytic composite comprising a
      combination of a platinum or palladium component, an iridium component, a
      germanium component, a chlorine component and an aluminum chloride
      component with an alumina carrier material, the components preferably
      being present in the composite in amounts sufficient to result in the
      final composite containing, on an elemental, Friedel-Crafts metal
      halide-free basis, about 0.01 to about 2.0 weight percent platinum or
      palladium metal, and about 0.01 to about 2 weight percent iridium metal,
      and about 0.01 to about 5 weight percent germanium and about 3.5 weight
      percent chlorine, wherein the platinum or palladium, germanium and iridium
      are uniformly dispersed throughout the porous carrier material, wherein
      substantially all of the platinum or palladium and iridium are present in
      the corresponding elemental metallic state, wherein substantially all of
      the germanium is present in an oxidation state above that of the elemental
      metal.
PAR  In a more specific embodiment, this invention relates to the isomerization
      of either a saturated or olefinic isomerizable hydrocarbon by contacting
      the hydrocarbon with the catalytic composite of the present invention at
      isomerization conditions which include a temperature of about 0.degree. to
      about 425.degree.C., a pressure of about atmospheric to about 100
      atmospheres and a liquid hourly space velocity of about 0.1 to about 10.
      In another limited embodiment this process related to the isomerization of
      an isomerizable alkylaromatic hydrocarbon by contacting the alkylaromatic
      with the catalytic composite of the present invention at isomerization
      conditions which include a temperature of about 0.degree. to about
      600.degree.C., a pressure of about atmospheric to about 100 atmospheres, a
      liquid hourly space velocity of about 0.1 to about 20.0 hr..sup.-.sup.1
      and a hydrogen to hydrocarbon mole ratio of about 1:1 to about 20:1.
PAR  Other objects and embodiments referring to alternative isomerizable
      hydrocarbons and to alternative catalytic compositions will be found in
      the following further detailed description of this invention.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The catalyst of this invention is useful in the isomerization of
      isomerizable saturated hydrocarbons including acyclic paraffins and cyclic
      naphthenes and is particularly suitable for the isomerization of straight
      chain or mildly branched chain paraffins containing 4 or more carbon atoms
      per molecule such as normal butane, normal pentane, normal hexane, normal
      heptane, normal octane, etc., and mixtures thereof. Cycloparaffins
      applicable are those containing at least 5 carbon atoms in the ring such
      as alkylcyclopentanes and cyclohexanes, including methylcyclopentane,
      dimethylcyclopentane, cyclohexane, methylcyclohexane, dimethylcyclohexane,
      etc. The catalyst of this invention is also useful for conversion of
      mixtures of paraffins and/or naphthenes such as those derived by selective
      fractionation and distillation of straight-run natural gasolines and
      naphthas. Such mixtures of paraffins and/or naphthenes include the
      so-called pentane fractions, hexane fractions, and mixtures thereof. It is
      not intended, however, to limit this invention to these enumerated
      saturated hydrocarbons and it is contemplated that straight or branched
      chain saturated hydrocarbons containing up to about 20 carbon atoms per
      molecule may be isomerized using the catalyst of the present invention
      with C.sub.4 -C.sub.9 hydrocarbons being particularly preferred.
PAR  The olefins which may be isomerized using the present catalyst are
      generally mixtures of olefinic hydrocarbons of approximately the same
      molecular weight, including the 1-isomer, 2-isomer and other position
      isomers, capable of undergoing isomerization to olefins in which the
      double bond occupies a different position in the hydrocarbon chain. The
      catalyst of this invention can be used to provide an olefinic feedstock
      for motor fuel alkylation purposes containing an optimum amount of the
      more centrally located double bond isomers, by converting the 1-isomer, or
      other near-terminal-position isomer into olefins wherein the double bond
      is made centrally located in the carbon atoms chain. The catalyst of this
      invention is useful for isomerizing such isomerizable olefinic
      hydrocarbons as 1-butene or 3-methyl-1-butene, which are converted into
      2-butene and 2-methyl-2-butene, respectively. This invention can be
      utilized to shift the double bond of an olefinic hydrocarbon such as
      1-pentene, 1-hexene, 2-hexene or 4-methyl-1-pentene to a more centrally
      located position so that 2-pentene, 2-hexene, 3-hexene or
      4-methyl-2pentene, respectively, can be obtained. It is not intended to
      limit this invention to the enumerated olefinic hydrocarbons. It is
      contemplated that shifting the double bond to a different position may be
      effective in straight or branched chain olefinic hydrocarbons containing
      up to about 20 carbon atoms per molecule. This invention also applies to
      the hydroisomerization of olefins wherein olefins are converted to
      branched-chain paraffins and/or branched olefins.
PAR  The catalyst of this invention is also useful for the isomerization of
      isomerizable alkylaromatic hydrocarbons, e.g., ortho-xylene, meta-xylene,
      para-xylene, ethylbenzene, the ethyltoluenes, the trimethylbenzenes, the
      diethylbenzenes, the triethylbenzenes, normal propylbenzene,
      isopropylbenzene, etc., and mixtures thereof. Preferred isomerizable
      alkylaromatic hydrocarbons are the alkylbenzene hydrocarbons, particularly
      the C.sub.8 alkylbenzenes, and non-equilibrium mixtures of various C.sub.8
      aromatic isomers. Higher molecular weight alkylaromatic hydrocarbons such
      as the alkylnaphthalenes, the alkylanthracenes, the alkylphenanthrenes,
      etc., are also suitable.
PAR  The isomerizable hydrocarbons may be utilized as found in selective
      fractions from various naturally-occurring petroleum streams, e.g., as
      individual components or as certain boiling range fractions obtained by
      the selective fractionation and distillation of catalytically cracked gas
      oil. This invention may be utilized for complete conversion of
      isomerizable hydrocarbons when they are present in minor quantities in
      various fluid or gaseous streams. The isomerizable hydrocarbons to be
      converted using the catalyst of this invention need not be concentrated.
      For example, isomerizable hydrocarbons appear in minor quantities in
      various refinery offstreams, usually diluted with gases such as hydrogen,
      nitrogen, methane, ethane, propane, etc. These offstreams, containing
      minor quantities of isomerizable hydrocarbons, are obtained from various
      refinery installations including thermal cracking units, catalytic
      cracking units, thermal reforming units, coking units, polymerization
      units, dehydrogenation units, etc., and have in the past been burned as
      fuel, since an economical process for the utilization of the hydrocarbon
      content has not been available. This is particularly true of refinery
      fluid streams which contain minor quantities of isomerizable hydrocarbons.
      This invention allows the isomerization of aromatic streams such as
      reformate to produce xylenes, particularly paraxylene, thus upgrading the
      reformate from its gasoline value to a high petrochemical value.
PAR  As hereinbefore indicated, the catalyst of the present invention comprises
      a refractory inorganic oxide carrier material or support having combined
      therewith catalytically effective amounts of a platinum or palladium
      component, an iridium component, a germanium component, and a
      Friedel-Crafts metal halide component and a halogen component.
PAR  Considering first the porous carrier material utilized in the present
      invention, it is preferred that the material be a porous, adsorptive,
      high-surface area support having a surface area of about 25 to about 500
      m.sup.2 /g. The porous carrier material should be relatively refractory to
      the conditions utilized in the present process, and it is intended to
      include within the scope of useable supports materials which have
      traditionally been utilized in dual-function hydrocarbon conversion
      catalysts such as: silica or silica gel, silicon carbide, clays, and
      silicates including those synthetically prepared and naturally-occurring,
      which may or may not be acid treated, for example, attapulgus clay, china
      clay, diatomaceous earth, fuller's earth, kaoline, kieselguhr, etc.;
      ceramics, porcelain, crushed firebrick, bauxite; refractory inorganic
      oxides such as alumina, titanium dioxide, zirconium dioxide, chromium
      oxide, zinc oxide, magnesia, thoria, boria, silica-alumina,
      silica-magnesia, chromia-alumina. alumina-boria, silica-zirconia, etc.;
      crystalline zeolitic aluminosilicates such as naturally-occurring or
      synthetically-prepared mordentie and/or faujasite, either in the hydrogen
      form or in a form which has been treated with mulit-valent cations;
      spinels such as Mg Al.sub.2 0.sub.4, Fe Al.sub.2 0.sub.4, RnAl.sub.2
      0.sub.4, MnAl.sub.2 0.sub.4 , CaAl.sub.2 0.sub.4 and other like compounds
      having the formula MoAl.sub.2 0.sub.3 wherein M is a metal having a
      valence of 2; and, combinations of elements from one or more of these
      groups. The preferred porous carrier materials for use in the catalyst
      employed in the present process are refractory inorganic oxides containing
      chemically combined hydroxyl groups such as those contained in silica and
      any of the other aforementioned refractory inorganic oxides including the
      various crystalline aluminosilicates and clays, with best results obtained
      with an alumina carrier material. Suitable alumina materials are the
      crystalline aluminas known as the gamma-, eta-, and theta-alumina, with
      gamma- or eta-alumina giving best results. In addition, in some
      embodiments the alumina carrier material may contain minor proportions of
      other well known refractory inorganic oxides such as silica, zirconia,
      magnesia, etc.; however, the preferred support is substantially pure
      gamma-, or eta-alumina. Preferred carrier materials have an apparent bulk
      density of about 0.3 to about 0.7 g/cc. and surface area characteristics
      such that the average pore diameter is about 20 to 300 Angstroms, the pore
      volume is about 0.1 to about 1 cc/g. and the surface area is about 100 to
      about 500 m.sup.2 /g. In general, best results are typically obtained with
      a gamma-alumina carrier material which is used in the form of spherical
      particles having: a relatively small diameter (i.e., typically about 1/16
      inch), an apprent bulk density of about 0.5 to about 0.6 g/cc., a pore
      volume of about 0.4 ml/g., and a surface area of about 175 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically prepared or natural occurring. Whatever
      type of alumina is employed it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent, such as ammonium hydroxide
      to a salt of aluminum such as aluminum chloride, aluminum nitrate, etc.,
      in an amount to form an aluminum hydroxide gel which upon drying and
      calcining is converted to alumina. The alumina carrier may be formed in
      any desired shape such as sheres, pills, cakes, extrudates, powders,
      granules, tablets, etc., and utilized in any desired size. For the purpose
      of the present invention a particularly preferred form of alumina is the
      sphere; and alumina spheres may be continuously manufactured by the well
      known oil drop method which comprises: forming an alumina hydrosol by any
      of the techniques taught in the art and preferably by reacting aluminum
      metal with hydrochloric acid, combining the resulting hydrosol with a
      suitable gelling agent and dropping the resultant mixture into an oil bath
      maintained at elevated temperatures. The droplets of the mixture remain in
      the oil bath until they set and form hydrogel spheres. The spheres are
      then continuously withdrawn from the oil bath and typically subjected to
      specific aging treatments in oil and an ammoniacal solution to further
      improve their physical characteristics. The resulting aged and gelled
      particles are then washed and dried at a relatively low temperature of
      about 150.degree. to about 205.degree.C. and subjected to a calcination
      procedure at a temperature of about 455.degree.to about 750.degree.C. for
      a period of about 1 to about 20 hours. This treatment effects conversion
      of the alumina hydrogel to the corresponding crystalline gamma-alumina.
      See the teachings of U.S. Pat. No. 2,620,314 for additional details.
PAR  One essential constituent of the catalyst of the present invention is a
      germanium component. It is an essential feature of the catalyst that
      substantially all of the germanium component is present in the catalyst in
      an oxidation state above that of the elemental metal. This component may
      exist within the composite as a compound such as the oxide, sulfide,
      halide, oxychloride, aluminate, etc., or in combination with the carrier
      material or other ingredients of the composite. Although it is not
      intended to restrict the composition of the catalyst by this explanation,
      it is believed that best results are obtained when the germanium component
      is present in the composite in the +2 or +4 oxidation state, with the +4
      oxidation state being preferred. Preferably, the germanium component is
      used in an amount sufficient to result in the final catalytic composite
      containing, on an elemental, Friedel-Crafts metal halide-free basis, about
      0.01 to about 5 weight percent germanium with best results typically
      obtained with about 0.05 to about 2 weight percent germanium.
PAR  This germanium component may be incorporated in the catalyst composite in
      any suitable manner known to the art to result in a uniform dispersion of
      the metal moiety throughout the carrier material, e.g., by coprecipitation
      or cogellation with the porous carrier material, ion-exchange with the
      gelled carrier material, or impregnation of the carrier material either
      after or before it is dried and calcined. Any conventional method for
      uniformly distributing a metallic component in a catalytic composite may
      be employed. The particular method of incorporation used is not deemed to
      be an essential feature of the preparation of the composite. One method of
      incorporating the germanium component into the catalytic composite
      involves coprecipitating the germanium component during the preparation of
      the preferred carrier material, alumina. This method typically involves
      the addition of a suitable germanium compound such as germanium
      tetrachloride or finely divided germanium oxide to the alumina hydrosol
      and then combining the hydrosol with a suitable gelling agent and dropping
      the resulting mixture into an oil bath, etc., as explained in detail
      hereinbefore. After drying and calcining the resulting gelled carrier
      material there is obtained an intimate combination of alumina and
      germanium oxide. A preferred method of incorporating the germanium
      component into the catalytic composite involves utilization of a soluble,
      decomposable compound of germanium to impregnate the porous carrier
      material. In general, the solvent used in this impregnation step is
      selected on the basis of its capacity to dissolve the desired germanium
      compound and is preferably an aqueous, acidic solution. The germanium
      component may be added to the carrier material by commingling the latter
      with an aqueous, acidic solution of suitable germanium salt or suitable
      compound of germanium such as germanium oxide, germanium tetraethoxide,
      germanium tetrapropoxide, germanium tetrachloride, germanium difluoride,
      germanium tetrafluoride, germanium di-iodide, germanium monosulfide and
      the like compounds. One particularly preferred impregnation solution
      comprises nascent germanium metal dissolved in chlorine water to yield a
      germanium oxychloride. A second preferred impregnation solution comprises
      germanium tetrachloride dissolved in an anhydrous alcohol such as ethanol
      or propanol. In general, the germanium component can be impregnated either
      before, at the same time, or after the other metallic components are added
      to the carrier material; however, excellent results are obtained when the
      germanium component is impregnated simultaneously with the other metallic
      components. A preferred impregnation solution comprises chloroplatinic
      acid, hydrogen chloride, chloroiridic acid and germanium tetrachloride
      dissolved in ethanol. Best results are believed to be obtained when this
      component exists in the composite as germanium oxide.
PAR  Regardless of which germanium compound is used in the preferred
      impregnation step, it is important that the germanium component be
      uniformly distributed throughout the carrier material. In order to achieve
      this objective it is necessary to maintain the pH of the impregnation
      solution in a range of about 1 to about 7 and to dilute the impregnation
      solution to a volume which approximates the volume of the carrier material
      which is impregnated. It is preferred to use a volume ratio of
      impregnation solution to carrier material of at least 0.5:1 and preferably
      about 1:1 to about 10:1 or more. Similarly, it is preferred to use a
      relatively long contact time during the impregnation step ranging from
      about one quarter hour up to about one half hour or more before drying to
      remove excess solvent in order to insure a high dispersion of the
      germanium component through the carrier material. The mixture of
      impregnation solution and carrier material is, likewise, preferably
      constantly agitated during this preferred impregnation step.
PAR  A second essential ingredient of the catalyst is the platinum or palladium
      component. The use of platinum or palladium, or mixtures thereof, as a
      second component of the present composite are included. It is an essential
      feature of the catalyst that substantially all of this platinum or
      palladium component exists within the final catalytic composite in the
      elemental metallic state. Generally, the amount of this component present
      in the final catalyst composite is small compared to the quantities of the
      other components combined therewith. In fact, the platinum or palladium
      component generally will comprise about 0.01 to about 2 weight percent of
      the final catalytic composite, calculated on an elemental, Friedel-Crafts
      metal halide-free basis. Excellent results are obtained when the catalyst
      contains about 0.05 to about 1 weight percent of platinum or palladium
      metal.
PAR  This platinum or palladium component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion-exchange, or impregnation. The
      preferred method involves the utilization of a soluble, decomposable
      compound of platinum or palladium to impregnate the carrier material in a
      relatively uniform manner. For example, this component may be added to the
      support by commingling the latter with an aqueous solution of
      chloroplatinic or chloropalladic acid. Other water-soluble compounds of
      platinum or palladium may be employed in impregnation solutions. These
      include ammonium chloroplatinate, bromoplatinic acid, platinum dichloride,
      platinum tetrachloride hydrate, platinum dichlorocarbonyl dichloride,
      dinitrodiaminoplatinum, palladium chloride, palladium nitrate, palladium
      sulfate, etc. The utilization of a platinum or palladium chloride
      compound, such as chloroplatinic or chloropalladic acid, is preferred
      since it facilitates the incorporation of both the platinum or palladium
      component and at least a minor quantity of the preferred halogen component
      in a single step. Hydrogen chloride or the like acid is also generally
      added to the impregnation solution in order to further facilitate the
      incorporation of the halogen component and the uniform distribution of the
      metallic component throughout the carrier material. In addition, it is
      generally preferred to impregnate the carrier material after it has been
      calcined in order to minimize the risk of washing away the valuable
      platinum or palladium compounds; however, in some cases it may be
      advantageous to impregnate the carrier material when it is in a gelled
      state.
PAR  Another essential ingredient of the catalyst composite is an iridium
      component. It is of fundamental importance that substantially all of the
      iridium component exist within the catalytic composite of the present
      invention in the elemental state and the subsequently described reduction
      procedure is designed to accomplish this objective. The iridium component
      may be utilized in the composite in any amount which is catalytically
      effective, with the preferred amount being about 0.01 to about 2 weight
      percent thereof, calculated on an elemental iridium basis. Typically best
      results are obtained with about 0.05 to about 1 weight percent iridium. It
      is additionally preferred to select the specific amount of iridium from
      within this broad weight range as a function of the amount of the platinum
      or palladium component, on an atomic basis, as explained hereinafter.
PAR  The iridium component may be incorporated into the catalytic composite in
      any conventional manner which results in a relatively uniform dispersion
      of iridium in the carrier material. It may be added at any stage of the
      preparation of the composite, either during preparation of the carrier
      material or thereafter. The precise method of incorporation used is not
      critical. Best results are thought to be obtained when the iridium
      component is relatively uniformly distributed throughout the carrier
      material, and the preferred procedures are those known to result in a
      composite having this relatively uniform distribution. One acceptable
      preocedure for incorporating this component into the composite involves
      cogelling or coprecipitating the iridium component during the preparation
      of the preferred carrier material, alumina. This procedure usually
      comprehends the addition of a soluble, decomposable compound of iridium
      such as iridium tetrachloride to the alumina hydrosol before it is gelled.
      The resulting mixture is then finished by conventional gelling, aging,,
      drying and calcination steps as explained hereinbefore. A preferred way of
      incorporating this component is an impregnation step wherein the porous
      carrier material is impregnated with a suitable iridium-containing
      solution either before, at the same time as, or after the carrier material
      is calcined. Preferred impregnation solutions are aqueous solutions of
      water soluble, decomposable iridium compounds such as iridium tribromide,
      iridium dichloride, iridium tetrachloride, iridium oxalic acid, iridium
      sulfate, potassium iridochloride, chloroiridic acid and the like
      compounds. Best results are ordinarily obtained when the impregnation
      solution is an aqueous solution of chloroiridic acid or sodium
      chloroiridate. This component can be added to the carrier material, either
      before, at the same time as, or after the other metallic components are
      combined therewith. Best results are usually achieved when this component
      is added simultaneously with the other metallic components. Excellent
      results are obtained with a one-step impregnation procedure using an
      aqueous solution comprising chloroplatinic or chloropalladic acid,
      chloroiridic acid, hydrochloric acid and germanium tetrachloride dissolved
      in anhydrous alcohol.
PAR  It is essential to incorporate a halogen component into the catalytic
      composite of the present invention. Although the precise form of the
      chemistry of the association of the halogen component with the carrier
      material is not entirely known, it is customary in the art to refer to the
      halogen component as being combined with the carrier material or with the
      other ingredients of the catalyst in the form of the halide (e.g., as the
      chloride). This combined halogen may be either fluorine, chlorine, iodine,
      bromine, or mixtures thereof. Of these, fluorine and, particularly,
      chlorine are preferred for the purposes of the present invention. The
      halogen may be added to the carrier material in any suitable manner,
      either during preparation of the support or before or after the addition
      of the other components. For example, the halogen may be added to the
      carrier at any stage of the preparation of the carrier material or after
      calcination as an aqueous solution of a suitable, decomposable,
      halogen-containing compound such as hydrogen fluoride, hydrogen chloride,
      hydrogen bromide, ammonium chloride, etc. The halogen component or a
      portion thereof, may be combined with the carrier material during the
      impregnation of the latter with the platinum or palladium or iridium
      components e.g., by use of a mixture of chloroplatinic acid and hydrogen
      chloride. In another embodiment, the alumina hydrosol which is typically
      utilized to form the preferred alumina carrier material may contain
      halogen and thus contribute at least a portion of the halogen component to
      the final composite. It is generally preferred to utilize amounts of
      halogen in the catalyst of less than about 10 weight percent halogen
      calculated on an elemental basis, and more preferably about 0.1 to about
      3.5 weight percent.
PAR  Regarding the preferred amounts of the various metallic components of the
      catalyst, the amounts of the iridium component and the germanium component
      may be specified as a function of the amount of the platinum or palladium
      component. On this basis, the amount of the iridium component is
      ordinarily selected so that the atomic ratio of iridium to platinum or
      palladium metal contained in the composite is about 0.1:1 to about 2:1,
      with the preferred range being about 0.25:1 to about 1.5:1. Similarly, the
      amount of the germanium component is ordinarily selected to produce a
      composite containing an atomic ratio of germanium to platinum or palladium
      metal of about 0.3:1 to about 10:1, with the preferred range being about
      0.6:1 to about 6:1.
PAR  The "total metals content" is defined to be the sum of the platinum or
      palladium component, the iridium component and the germanium component,
      calculated on a Friedel-Crafts metal halide-free, elemental metal basis.
      Good results are ordinarily obtained with the subject catalyst when the
      total metals content is fixed at a value of about 0.15 to about 3 weight
      percent, with best results ordinarily achieved at a metals loading of
      about 0.3 to about 2 weight percent.
PAR  Regardless of the details of how the above-described metals components of
      the catalyst are combined with the porous carrier material, the resulting
      composite generally will be dried at a temperature of about 95.degree. to
      about 315.degree.C. for a period of at least about 2 to about 24 hours or
      more, and calcined or oxidized at a temperature of about 370.degree. to
      about 595.degree.C. in an air atmosphere for a period of about 0.5 to
      about 10 hours in order to convert substantially all of the metallic
      components substantially to the oxide form. Because a halogen component is
      utilized in the catalyst, best results are generally obtained when the
      halogen content of the catalyst is adjusted during the calcination step by
      including a halogen or a halogen containing compound in the air atmosphere
      utilized. In particular, when the halogen component of the catalyst is
      chlorine, it is preferred to use a mole ratio of H.sub.2 0 to HC.sub.1 of
      about 5:1 to about 100:1 during at least a portion of the calcination step
      in order to adjust the final chlorine content of the calcined composite to
      a range of about 0.1 to about 3.5 weight percent.
PAR  The resulting calcined composite is then impregnated with another essential
      ingredient of the catalyst of the present invention, the Friedel-Crafts
      metal halide component. Aluminum chloride is particularly preferred for
      use as the Friedel-Crafts metal halide component in the present catalyst.
      Other suitable metal halides include aluminum bromide, ferric chloride,
      ferric bromide, zinc chloride, beryllium chloride, etc.
PAR  The presence of chemically combined hydroxyl groups in the refractory
      inorganic oxide allows a reaction to occur between the Friedel-Crafts
      metal halide and the hydroxyl group of the carrier material. For example,
      aluminum chloride reacts with the hydroxyl groups of the preferred alumina
      carrier material to yield Al--O--AlCl.sub.2 active centers which enhance
      the catalytic behavior of the composite. It is desired that the combined
      halogen component be present in the calcined composite within the lower
      end of the 0.1 to 10 weight percent halogen range. This range of combined
      halogen content substitutes to some degree for the hydroxyl groups which
      are necessary for reaction of the carrier material with the Friedel-Crafts
      metal halide component. This prevents to a small extent, reaction between
      the Friedel-Crafts metal halide and the carrier material. Some halogen
      must be present, however, in order to insure that the germanium component
      remains in its dispersed oxidation state in the catalyst.
PAR  The Friedel-Crafts metal halide may be impregnated onto the calcined
      composite containing combined hydroxyl groups by the sublimation of the
      Friedel-Crafts metal halide onto the calcined composite under conditions
      such that the sublimed Friedel-Crafts metal halide is combined with the
      hydroxyl groups of the calcined composite. This reaction is typically
      accompanied by the elimination of about 0.5 to about 2.0 moles of hydrogen
      chloride per mole of Friedel-Crafts metal halide reacted with the carrier
      material. For example, in the case of subliming aluminum chloride, which
      sublimes at about 184.degree.C., suitable impregnation temperatures range
      from about 190.degree. to about 700.degree.C., with a preferable range
      being between about 200.degree. and about 600.degree.C. The sublimation
      can be conducted at atmospheric pressure or under increased pressure and
      in the presence or absence of diluent gases such as hydrogen or light
      paraffinic hydrocarbons or both. The impregnation of the Friedel-Crafts
      metal halide may be conducted batch wise, but a preferred method for
      impregnating the calcined composite is to pass sublimed AlCl.sub.3 vapors,
      in admixture with an inert gas such as hydrogen, through a calcined
      catalyst bed. This method both continuously deposits and reacts the
      aluminum chloride and also removes the evolved HCl.
PAR  The amount of Friedel-Crafts metal halide combined with the calcined
      composite may range from about 1 weight percent up to about 100 weight
      percent of the Friedel-Crafts metal halide-free, calcined composite. The
      final composite containing the sublimed Friedel-Crafts metal halide is
      treated to remove the unreacted Friedel-Crafts metal halide by subjecting
      the composite to a temperature above the sublimation temperature of the
      Friedel-Crafts metal halide for a time sufficient to remove from the
      composite any unreacted Friedel-Crafts metal halide. In the case of
      AlCl.sub.3, temperatures of about 400.degree. to about 600.degree.C., and
      times of from about 1 to about 48 hours are sufficient.
PAR  It is an essential feature of the catalyst employed in the process of the
      present invention that the resultant catalytic composite is subjected to a
      substantially water-free reduction step prior to its use in the
      isomerization of hydrocarbons. This step is designed to reduce the
      platinum or palladium and iridium components to the corresponding metals
      selectively and to insure a uniform and finely divided dispersion of these
      metallic components throughout the carrier material, while maintaining the
      germanium component in a positive oxidation state. Preferably,
      substantially pure and dry hydrogen (i.e., less than 20 vol. ppm. H.sub.2
      0) is used as the reducing agent in this step. The reducing agent is
      contacted with the catalyst at conditions including a temperature of about
      435.degree. to about 650.degree.C. and a period of time of about 0.5 to 2
      hours effective to reduce substantially all of the platinum or palladium
      and iridium components to their elemental metallic state while maintaining
      the germanium component in an oxidation state above that of the elemental
      metal. This reduction treatment may be performed in situ as part of a
      startup sequence if precautions are taken to predry the isomerization unit
      to a substantially water-free state and if substantially water-free
      hydrogen is used.
PAR  The resulting reduced catalytic composite may, in some cases, be
      beneficially subjected to a presulfiding operation designed to incorporate
      in the catalytic composite from about 0.05 to about 0.5 weight percent
      sulfur, calculated on an elemental, Friedel-Crafts metal halide-free
      basis. Preferably, this presulfiding treatment takes place in the presence
      of hydrogen and a suitable sulfur-containing compound such as hydrogen
      sulfide, lower molecular weight mercaptans, organic sulfides, etc.
      Typically, this procedure comprises treating the selectively reduced
      catalyst with a sulfiding gas such as a mixture of hydrogen and hydrogen
      sulfide having about 10 moles of hydrogen per mole of hydrogen sulfide at
      conditions sufficient to effect the desired incorporation of sulfur,
      generally including a temperature ranging from about 10.degree. up to
      about 595.degree.C. or more. It is generally a good practice to perform
      this presulfiding step under substantially water-free conditions.
PAR  According to the present invention, an isomerizable hydrocarbon charge
      stock, preferably in admixture with hydrogen, is contacted with a catalyst
      of the type hereinbefore described in a hydrocarbon isomerization zone.
      Contacting may be effected using the catalyst in a fixed bed system, a
      moving bed system, a fluidized bed system, or in a batch type operation.
      In view of the danger of attrition loss of the valuable catalyst and of
      operational advantages, it is preferred to use a fixed bed system. In this
      system, a hydrogen-rich gas and the charge stock are preheated by suitable
      heating means to the desired reaction temperature and then passed into an
      isomerization zone containing a fixed bed of the catalyst type previously
      characterized. The conversion zone may be one or more separate reactors
      with suitable means therebetween to insure that the desired isomerization
      temperature is maintained at the entrance to each zone. It is to be noted
      that the reactants may be contacted with the catalyst bed in either
      upward, downward, or radial flow fashion, and that the reactants may be in
      the liquid phase, a mixed liquid-vapor phase, or vapor phase when
      contacted with the catalyst, with best results obtained in a vapor phase.
PAR  Isomerization of isomerizable olefinic or saturated hydrocarbons is
      preferably effected in a continuous downflow fixed bed system. One
      preferred method is to pass the hydrocarbons continuously, preferably
      commingled with about 0.1 to about 10 moles or more of hydrogen per mole
      of hydrocarbon, to an isomerization reaction zone containing the catalyst,
      and to maintain the zone at proper isomerization conditions such as a
      temperature in the range of about 0.degree. to about 425.degree.C. or more
      and a pressure of about atmospheric to about 100 atmospheres or more. The
      hydrocarbon is passed over the catalyst at a liquid hourly space velocity
      (defined as volume of liquid hydrocarbon passed per hour per volume of
      catalyst) of from about 0.1 to about 10 hr..sup..sup.-1 or more. In
      addition, diluents such as argon, nitrogen, etc., may be present. The
      isomerized product is continuously withdrawn, separated from the reactor
      effluent, and recovered by conventional means, preferably fractional
      distillation, while the unreacted starting material may be recycled to
      form a portion of the feed stock.
PAR  Isomerization of an isomerizable alkylaromatic hydrocarbon is preferably
      effected by contacting the alkylaromatic, in a reaction zone containing
      the hereinbefore described catalyst as a fixed catalyst bed by passing the
      hydrocarbon in a down-flow fashion through the bed, while maintaining the
      zone at proper alkylaromatic isomerization conditions such as a
      temperature in the range from about 0.degree. to about 600.degree.C. or
      more, and a pressure of atmospheric to about 100 atmospheres or more. The
      hydrocarbon is employed, preferably in admixture with hydrogen at a
      hydrogen to hydrocarbon mole ratio of about 1:1 to about 25:1 or more, and
      at a liquid hourly hydrocarbon space velocity of about 0.1 to about 20
      hr..sup..sup.-1 or more. Inert diluents such as nitrogen, argon, etc., may
      be present. The isomerized product is continuously withdrawn, separated
      from the reactor effluent by conventional means including fractional
      distillation or crystallization, and recovered.
DETD
PAR  The following working examples are given to illustrate further the
      preparation of the trimetallic catalytic composite utilized in the process
      of the present invention and the employment of the catalyst in
      isomerization of hydrocarbons. It is to be understood that the examples
      are illustrative rather than restrictive.
PAC  EXAMPLE I
PAR  This example demonstrates a particularly good method of preparing the
      preferred catalytic composite utilized in the process of the present
      invention.
PAR  An alumina carrier material comprising 1/16 inch spheres is prepared by
      forming an aluminum hydroxyl chloride sol by dissolving substantially pure
      aluminum pellets in a hydrochloric acid solution, adding
      hexamethylenetetramine to the resulting sol, gelling the resulting
      solution by dropping it into an oil bath to form spherical particles of an
      aluminum hydrogel, aging and washing the resulting particles and finally
      drying and calcining the aged and washed particles to form spherical
      particles of gamma-alumina containing about 0.3 weight percent combined
      chloride. Additional details as to the method of preparing the preferred
      carrier material are given in the teachings of U.S. Pat. No. 2,620,314.
PAR  A measured amount of germanium tetrachloride is dissolved in anhydrous
      ethanol. The resulting solution is then aged at room temperature until an
      equilibrium condition is established therein. An aqueous solution
      containing chloroplatinic acid, chloroiridic acid and hydrogen chloride is
      then prepared. The two solutions are then intimately admixed and used to
      impregnate the gamma-alumina particles in amounts, respectively,
      calculated to result in a final composite containing, on an elemental
      basis, 0.375 weight percent platinum, 0.375 weight percent iridium and 0.5
      weight percent germanium. In order to insure uniform distribution of the
      metallic components throughout the carrier material, the amount of
      hydrogen chloride corresponds to about 2 weight percent of the alumina
      particles. This impregnation step is performed by adding the carrier
      material particles to the impregnation mixture with constant agitation. In
      addition, the volume of the solution is approximately the same as the
      volume of the carrier material particles. The impregnation mixture is
      maintained in contact with the carrier material particles for a period of
      about one-half hour at a temperature of about 21.degree.C. Thereafter, the
      temperature of the impregnation mixture is raised to about  108.degree.C.
      and the excess solution is evaporated during a period of about one hour.
      The resulting dried particles are then subjected to a calcination
      treatment in an air atmosphere at a temperature of about 496.degree.C. for
      about 1 hour. The calcined spheres are then contacted with an air stream
      containing H.sub.2 0 and HC0 in a mole ratio of about 40:1 for about 4
      hours at 524.degree.C. in order to adjust the halogen content of the
      catalyst particles to a value of about 0.90. The resulting particles are
      analyzed and found to contain, on an elemental basis, about 0.375 weight
      percent platinum, about 0.375 weight percent iridium, about 0.5 weight
      percent germanium and about 0.85 weight percent chloride. The atomic ratio
      of germanium to platinum is found to be 3.56:1, and the atomic ratio of
      iridium to platinum is found to be 1.02:1. The calcined particles are
      placed in a glass lined rotating autoclave along with anhydrous aluminum
      chloride which is added to the autoclave in the amount of 3 parts, by
      weight, of aluminum chloride for each 4 parts of the calcined catalyst
      particles added. The autoclave is sealed, pressured with 25 psig. of
      hydrogen, and heated and rotated for 2 hours at 300.degree.C. The
      autoclave is then allowed to cool and is decompressed through a caustic
      scrubber, opened and the final composite removed therefrom. An analysis of
      the composite removed from the autoclave indicates about a 15 weight
      percent gain based on the original calcined composite, indicating an
      amount of aluminum chloride sublimed onto the catalyst of an equivalent
      weight percent. The caustic scrubber is found to have adsorbed hydrogen
      fluoride equivalent to about 5.0 weight percent of the calcined composite,
      which corresponds to about 0.8 moles of HCl evolved per mole of aluminum
      chloride reacted with the calcined composite.
PAR  Thereafter, the resulting catalyst particles are subjected to a dry
      prereduction treatment designed to reduce the platinum and iridium
      components to the elemental state, while maintaining the germanium
      component in a positive oxidation state, by contacting the composite for
      one hour with a substantially pure hydrogen stream which contains less
      than 5 volume ppm. H.sub.2 0 at a temperature of about 565.degree.C. and a
      pressure slightly above atmospheric. A flow rate of the hydrogen stream
      through the catalyst particles is used which corresponds to a gas hourly
      space velocity of about 720 hrs..sup.-.sup.1.
PAC  EXAMPLE II
PAR  A portion of the catalyst prepared in Example I is placed, as a catalytic
      composite, in a continuous flow, fixed bed isomerization plant of
      conventional design. The charge stock, containing on a weight percent
      basis, 20.0 percent ethylbenzene, 10.0 percent para-xylene, 50.0 percent
      meta-xylene, and 20.0 percent ortho-xylene is commingled with about 8
      moles of hydrogen per mole of hydrocarbon, heated to 400.degree.C., and
      continuously charged at 4.0 hr..sup..sup.-1 liguid hourly space velocity
      (LHSV) to the reactor which is maintained at a pressure of about 400 psig.
      and 400.degree.C. The resulting product evidences essentially equilibrium
      conversion to para-xylene with only insignificant amounts of cracked
      products thus indicating an efficient alkylaromatic isomerization
      catalyst.
PAC  EXAMPLE III
PAR  A portion of the catalyst produced by the method of Example I is placed in
      a continuous flow, fixed bed isomerization plant of conventional design as
      utilized in Example II. Substantially pure meta-xylene is used as a charge
      stock. The charge stock is commingled with about 8 moles of hydrogen per
      mole of hydrocarbon, heated to about 390.degree.C., and continuously
      charged to the reactor which is maintained at a pressure of about 300
      psig. Substantial conversion of meta-xylene to para-xylene is obtained . .
      . i.e., greater than 80 percent of equilibrium.
PAC  EXAMPLE IV
PAR  A catalyst identical to that produced in Example I but containing only 0.40
      weight percent combined chloride, on an elemental Friedel-Crafts metal
      halide-free basis, is used to isomerize 1-butene in an appropriate
      isomerization reactor, at a reactor pressure of about 500 psig. and a
      reactor temperature of about 140.degree.C. Substantial conversion to
      2-butene is observed.
PAC  EXAMPLE V
PAR  The same catalyst as utilized in Example IV is charged to an appropriate,
      continuous isomerization reactor of conventional design maintained at a
      reactor pressure of about 1000 psig. and a reactor temperature of about
      180.degree.C. 3-methyl-1-butene is continuously passed to this reactor
      with substantial conversion to 2-methyl-2-butene being observed.
PAC  EXAMPLE VI
PAR  A catalyst, identical to that catalyst produced in Example I except that
      the gamma-alumina particles are contacted with hydrogen fluoride to
      provide a 2.9 weight percent combined fluoride content in the catalyst, is
      placed in an appropriate continuous isomerization reactor of conventional
      design maintained at a reactor pressure of about 300 psig. and a reactor
      temperature of about 200.degree.C. Normal hexane is continuously charged
      to the reactor and an analysis of the product stream shows substantial
      conversion to 2,2-dimethylbutane,2,3-dimethylbutane, 2-methylpentane, and
      3-methylpentane.
PAC  EXAMPLE VII
PAR  A portion of the catalyst prepared in Example I is placed in an appropriate
      continuous isomerization apparatus and used to isomerize normal butane at
      a reactor pressure of 300 psig., a 0.5 hydrogen to hydrocarbon mole ratio,
      a 1.0 liquid hourly space velocity, and a reactor temperature of
      230.degree.C. Substantial conversion of normal butane to isobutane is
      observed . . . i.e., approximately a conversion of normal butane to
      isobutane of about 45 weight percent of the original butane charged.
PAC  EXAMPLE VIII
PAR  A portion of the catalyst prepared in Example I is placed in an appropriate
      continuous isomerization reactor maintained at a reactor temperature of
      about 210.degree.C. and a reactor pressure of about 250 psig.
      Methylcyclopentane is continuously passed to this reactor with a
      substantial conversion to cyclohexane being observed.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A catalytic composite consisting essentially of a refractory inorganic
      oxide having combined therewith, on a Friedel-Crafts metal halide-free
      basis, about 0.01 to about 2 weight percent platinum or palladium, about
      0.01 to about 2 weight percent iridium, about 0.01 to about 5 weight
      percent germanium, and about 0.1 to about 3.5 weight percent halogen in
      halide form, calculated on an elemental basis, and about 1.0 to about 100
      weight percent Friedel-Crafts metal halide, wherein the platinum or
      palladium, iridium and germanium are uniformly dispersed throughout the
      refractory inorganic oxide, wherein substantially all of the platinum or
      palladium and iridium are present in the corresponding metallic states and
      wherein substantially all of the germanium is present in the form of the
      oxide, sulfide, halide, oxychloride or aluminate.
NUM  2.
PAR  2. A composite as defined in claim 1 wherein the Friedel-Crafts metal
      halide is anhydrous aluminum chloride.
NUM  3.
PAR  3. A composite as defined in claim 2 wherein the refractory inorganic oxide
      is alumina.
NUM  4.
PAR  4. A composite as defined in claim 1 wherein the halogen is in chloride
      form.
NUM  5.
PAR  5. A composite as defined in claim 1 wherein the atomic ratio of germanium
      to platinum or palladium contained in the composite is about 0.3:1 to
      about 10:1.
NUM  6.
PAR  6. A composite as defined in claim 1 wherein the atomic ratio of iridium to
      platinum or palladium contained in the composite is about 0.1:1 to about
      2:1.
NUM  7.
PAR  7. A composite as defined in claim 1 wherein the catalytic composite is
      sulfided to contain about 0.05 to about 0.5 weight percent sulfur,
      calculated on an elemental, Friedel-Crafts metal halide-free basis.
NUM  8.
PAR  8. A composite as defined in claim 1 wherein substantially all of the
      germanium is present in the catalytic composite as germanium oxide.
NUM  9.
PAR  9. A composite as defined in claim 1 wherein the composite contains, on a
      Friedel-Crafts metal halide-free, elemental basis, about 0.05 to about 1
      weight percent platinum, about 0.05 to about 1 weight percent iridium,
      about 0.05 to about 2 weight percent germanium and about 0.5 to about 1.5
      weight percent halogen.
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PAL  A catalyst for the oxidative destruction of gaseous organic compounds
      comprises 50-80% of a mixture of active carbonates and oxides, i.e.,
      50-85% of manganese oxides, 0-30% of manganous carbonate, 3-10% of cupric
      oxide, and 0-15% of nickel oxides; and 50-20% of a cold-shapable
      refractory excipient. Organic compounds oxidized by the catalysts of this
      invention including xylenoles, pyridine, methylpyrrolidone, sulfur
      heterocyclics, etc.
PARN
PAR  This is a division of application Ser. No. 203,833, filed Dec. 1, 1971, now
      abandoned.
BSUM
PAR  This invention relates to improvements in catalytic products capable of
      guaranteeing destruction, by oxidation, of harmful or malodorous gases and
      vapors of organic origin, as well as their preparation method and their
      uses. By way of particularly advantageous uses, one might mention the
      destruction of vapors of toxic solvents coming from varnishing or
      enamelling installations, plastic treatment installations, installations
      for the pyrogenation (burning) of household and similar garbage, as well
      as engine exhaust gases.
PAR  Known catalytic products for the destruction of gases and vapors of organic
      origin frequently have a precious metal base; consequently, they are
      expensive and they are sensitive to contamination by various impurities.
PAR  The catalytic products of this invention are economical and have good
      mechanical strength. These products made by the method of the invention,
      starting with the improved catalytic compounds resulting from one
      particular combination of certain metal oxides and excipient, make it
      possible efficiently to employ the property of these oxides to catalyze
      the oxidation of a large number of organic compounds which generally are
      responsible for the odor and toxicity of the residual vapors of many
      industrial establishments and which resist all economical treatments known
      until now.
PAR  According to the invention, these catalytic compounds include:
PA1  Manganese oxides, 50-85%,
PA1  Manganous carbonate, 0-30%,
PA1  Cupric oxide, 5-10%,
PA1  Nickel oxides, 0-15%.
PAR  The excipient added to these catalytic compositions is preferably a cement
      or a clay-base refractory product. The cement or clay-base refractory
      product represents 20-50% and preferably 30% of the total weight of the
      mixture obtained; according to the invention, it serves especially as a
      refractory binding agent, giving good mechanical strength to the
      components of this mixture in the conditioning process as for various
      forms of the final catalytic product. For example, the cement or clay-base
      refractory product makes it possible to cold-shape this mixture into any
      geometrical form desired or to keep this mixture on any desired support of
      metal or refractory material, which is presented in the form of a
      honeycomb block, plate, grid (grill), or sheet.
PAR  In the oxidative destruction of harmful or foul-smelling gases and vapors,
      of organic origin, at temperatures below 300.degree.C, the optimum
      composition for the catalytic product according to the invention is as
      follows:
PA1  Manganese oxide 50%,
PA1  Manganous carbonate 30%,
PA1  Cupric oxide 10%,
PA1  Nickel oxides 10%,
PA1  Cement or clay-base refractory product (excipient).
PAR  These oxides, according to the invention, result from the open-air heating
      reaction, performed at a moderate temperature of the order of
      300.degree.C, that is, from heating of a mixture of corresponding metallic
      carbonates and hydroxycarbonates, including about 80% manganous carbonate,
      10% cupric hydroxycarbonate, and 10% nickel hydroxycarbonate. This
      moderate heating temperature consequently leaves intact a certain
      proportion of residual manganous carbonate and yields manganese dioxide of
      a particular physical shape, in the form of elementary grains on the order
      of a micron in a crystalline form retaining the structure of the
      rhombohedric form of the generating (precursor) manganous carbonate.
PAR  The optimum composition of the catalytic product according to this
      invention for the oxidative destruction of harmful or foul-smelling gases
      and odors of organic origin at temperatures above 300.degree.C is as
      follows:
PA1  Manganese oxides 80%,
PA1  Cupric oxide 10%,
PA1  Nickel oxides 10%,
PA1  Cement or clay-base refractory products (excipient).
PAR  These oxides of this invention are obtained from the open-air heating
      reaction, at a temperature of 600.degree.-1,000.degree.C, of a mixture of
      corresponding metallic carbonates and hydroxycarbonates, including about
      80% manganous carbonate, 10% cupric hydroxycarbonate, and 10% nickel
      hydroxycarbonate. This heating temperature guarantees total transformation
      of the carbonates and hydroxycarbonates of said mixture into oxides which
      will be active in the composition of the final catalytic product.
DETD
PAR  By way of illustration, we give below some descriptive examples for
      preparing catalytic products according to the invention.
PAC  EXAMPLE 1
PAR  We mix saturated aqueous solutions of:
TBL  MnCl.sub.2 . 4 H.sub.2 O                                                  
                           949     g.                                          
     CuCl.sub.2 . 2 H.sub.2 O                                                  
                           41      g.                                          
     NiCl.sub.2 . 6 H.sub.2 O                                                  
                           194     g.                                          
PAL  and we add the mixture to a saturated solution of NH.sub.4 HCO.sub.3 (951
      g.) or an excess of 5% ammonium bicarbonate. A mixture of
      hydroxycarbonates of manganese, of copper, and of nickel precipitates. To
      this we add 400 g. of cement or clay-base refractory product in order to
      make out of it a paste which will be more or less thick, depending upon
      the requirements of making the form which we have given to the final
      catalytic product. A paste, which flows easily, facilitates impregnating
      honeycomb supports or supports in the form of a sheet. Medium consistency
      makes it possible to deposit the paste on metallic or refractory supports
      that have the shape of a plate, grill, or rod and it is easier for the
      paste to stick to these supports. A thick paste makes it possible -- by
      means of molding or extrusion -- to make any desired geometrical shape,
      such as a disc, a tube, a briquette, a granule, a little stick, or a ring.
      After the cement has set or after the clayey refractory product has dried
      the mixture thus shaped, with or without support, is subjected to heating
      in an oven or ventilated kiln; it is heated to 30.degree.C. in order in
      situ to perform in a progressive manner, reactions of the following type
      which transform the carbonates, supported by the refractory binding agent,
      into oxides:
EQU  MnCO.sub.3 + 1/2 O.sub.2 .fwdarw. MnO.sub.2 + CO.sub. 2
EQU  CuCO.sub.3, Cu(OH).sub.2 .fwdarw. 2 CuO + CO.sub.2 + H.sub.2 O
EQU  NiCo.sub.3, Ni(OH).sub.2 + 1/2 O.sub.2 .fwdarw. NiO + NiO.sub.2 + CO.sub.2
      + H.sub.2 O
PAR  This open-air heating operation:
EQU  MnCO.sub.3 + 1/2 O.sub.2 .fwdarw.MnO.sub.2 + CO.sub.2
PAL  stops at about 60% with respect to the manganese used.
PAR  The catalytic product thus obtained contains about
PA1  55% manganese oxides
PA1  30% manganous carbonate
PA1  5% cupric oxide
PA1  10% nickel oxides
PAL  kept firmly in place by the cement or the clay-base refractory product. The
      catalytic product, which retains intact the shape which it received prior
      to heating, now has a very porous structure, created during the heating by
      expulsion of carbon dioxide, and is now ready to be placed in a stream of
      gas or vapors of organic origin which must be destroyed, in order to
      catalyze their oxidation.
PAC  EXAMPLE 2
PAR  A mixture of hydroxycarbonates of manganese, copper, and nickel is obtained
      in the same manner as described in Example 1.
PAR  This mixture is dried and placed in a ventilated stove and it is heated to
      300.degree.C. in order to perform the reactions of the type mentioned in
      Example 1 which transform the carbonates into oxides. Open-air heating:
EQU  MnCO.sub.3 + 1/2 O.sub.2 .fwdarw. MnO.sub.2 + CO.sub.2
PAL  reaches a top at about 60% with respect to the manganese used.
PAR  The catalytic compounds thus obtained include:
PA1  55% manganese oxides,
PA1  30% manganous carbonate,
PA1  5% cupric oxide,
PA1  10% nickel oxides.
PAR  These catalytic compounds are mixed with cement or clayey refractory
      product whose weight represents about 30% of the total weight of the
      mixture, in order, as in Example 1, to make up a paste which will be more
      or less thick, according to the requirements of making the desired shape
      of the final catalytic product. After the cement has set or after the
      clayey refractory product has dried, the catalytic product obtained has
      good mechanical strength and is ready for use in the oxidative destruction
      of harmful or foul-smelling gases and vapors of organic origin.
PAR  We found, rather surprisingly, that starting at about 180.degree.C, it is
      possible by passing gaseous organic compounds over catalytic products
      obtained in accordance with Examples 1 and 2 to accomplish the total
      combustion of gaseous organic compounds, e.g., the residues of engine
      gases and furnace gases from varnishes and solvents, which were either
      completely resistant to any destructive treatment or which were sensitive
      only to catalysts based on a precious metal.
PAR  Examination of the catalytic products of Examples 1 and 2 microscopically
      and by x-rays indicates that the manganese dioxide obtained in the form of
      grains on the order of a micron retains the spectrum of rhodocrosite
      (natural manganese carbonate) which has a rhombohedric crystalline
      structure. This particular structure of manganese dioxide and the great
      porosity of the catalytic product made enables us to obtain exceptional
      catalytic activity of this product at low temperatures. Temperatures for
      the transformation of the carbon monoxide into CO.sub.2 can be as low as
      -40.degree.C.
PAC  EXAMPLE 3
PAR  A mixture of hydroxycarbonates of manganese, of copper, and of nickel is
      obtained in the same fashion as described in Example 1. This mixture is
      subjected to forceful desiccation and it is then heated progressively in
      contact with air at a temperature of about 650.degree.C, until we get a
      content of about 55% total dioxides (expressed as MnO.sub.2) determined by
      titration with oxalic acid.
PAR  After heating, the carbonates and hydroxycarbonates are totally transformed
      into oxides. The mixture obtained includes about:
PA1  85% manganese oxide,
PA1  5% copper oxide,
PA1  10% nickel oxides.
PAR  Cement or clay-base refractory product is added to these oxides in order,
      as in Example 1, to make a paste which will be more or less thick,
      depending upon the requirements of making the shape we want to give to the
      final catalytic product. The weight of the cement or the clayey refractory
      product used represents 20-50%, or preferably 30% of the total weight of
      the oxides-cement mixture. After the cement sets or after the clayey
      refractory product is dry, the catalytic product obtained has good
      mechanical strength, regardless of the form which we give it. This
      catalytic product is ready for use in the oxidative destruction of harmful
      or foul-smelling gases and vapors of organic origin, preferably at a
      temperature about 300.degree.C.
PAR  The catalytic products of the invention described above make it possible,
      in an economical fashion, to accomplish the oxidative destruction of toxic
      and foul-smelling industrial organic products such as cyclic and
      heterocyclic products, e.g., pyridine and its homologues,
      methylpyrrolidone, the sulfurated heterocycles present as permanent
      impurities in solvents, e.g., the cresols, the xylenols,
      methylisobutylketone, butyl acetate, ethylene glycol acetates, etc.
PAR  We can establish the effectiveness of this destruction by at least three
      means. The first consists of the disappearance of the odor of the vapors
      treated. This means is extremely effective because the compounds involved,
      as is known, have an intolerable ordor, even with a content of just a few
      ppm per cubic meter. Disappearance of any perceptible odor is thus proof
      of the destruction of these compounds down to the very smallest traces.
PAR  The second means consists in a quantitative evaluation of the possible
      residues of compounds involved here using a Draeger tube. By this means,
      we exercise visual assay of the effectiveness of the reaction by colored
      reagents.
PAR  Finally, the third means consists of gas-phase chromatography of the gas to
      be treated, before and after passage over the catalyst.
PAR  Results from these three means agree with each other. For example, gas
      having a content of 6 g./m..sup.3 of xylenol (the usual content of gases
      in kilns used to enamel-coat electrical wires), obtained by bubbling air
      in xylenol at ambient temperature, and subjected to catalytic oxidation
      treatment over a catalyst made according to Examples 1 and 2, but without
      any nickel, is freed of xylenol starting at 220.degree.C; with the same
      catalyst, but containing nickel, this temperature is lowered to
      180.degree.C.
PAR  Similar tests made at levels of pyridine and methylpyrrolidone of the same
      order, gave entirely similar results.
PAR  The mixture perfected, according to the invention, of catalytic compounds
      and excipient, such as cement or a clay-base refractory product, enables
      us to obtain catalytic compounds giving excellent flexibility in terms of
      their being shaped into a final catalytic product offering great
      mechanical strength. Good mechanical strength prevents premature breakup
      of the catalytic product and, by virtue of this fact, prolongs its
      lifetime and its effectiveness. The wide variety of forms which can be
      given to the catalytic product in the invention and its mechanical
      strength, enables us substantially to enlarge the possibilities of
      designing installations involving the oxidative destruction of harmful and
      foul-smelling gases and vapors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A catalyst for the oxidative destruction of gaseous organic compounds,
      which comprises between about 80 and about 50% of total catalyst weight of
      active ingredients and from about 20 to about 50% of total catalyst weight
      of a cold-shapable refractory excipient, wherein the active ingredients
      comprises from about 50% to about 85% by weight of rhombohedral manganese
      oxides, from 0 to about 30% by weight of manganous carbonate, from about 3
      to about 10% by weight of cupric oxide, and from 0 to about 15% by weight
      of nickel oxides.
NUM  2.
PAR  2. The catalyst of claim 1, wherein the refractory excipient is a cement.
NUM  3.
PAR  3. The catalyst of claim 1, wherein the refractory excipient is a
      refractory earth.
NUM  4.
PAR  4. The catalyst of claim 1, wherein the refractory excipient comprises
      about 30% of total catalyst weight and the active ingredients comprising
      about 70% of total catalyst weight comprise about 55% by weight of
      manganese oxides about 30% of manganous carbonate, about 5% of cupric
      oxide, and about 10% of nickel oxides.
NUM  5.
PAR  5. The catalyst of claim 1, wherein the refractory excipient comprises
      about 30% of total catalyst weight and the active ingredients comprising
      about 70% of total catalyst weight comprise between about 80% and about
      85% by weight of manganese oxides, between about 5% and about 10% by
      weight of cupric oxides, and between about 5% and about 15% by weight of
      nickel oxides.
NUM  6.
PAR  6. The catalyst of claim 1, wherein the catalyst is shaped in a
      configuration selected from the group of configurations consisting of
      briquettes, rings, tubes, balls, rods, and granules.
NUM  7.
PAR  7. The catalyst of claim 1, wherein said catalyst is supported on a shaped
      substrate, the shaped substrate having a configuration selected from among
      sheets, honeycombs, plates and grills.
NUM  8.
PAR  8. The catalyst of claim 1, wherein said catalyst is supported on a
      substrate selected from refractory and metal substrates.
NUM  9.
PAR  9. A method of making the catalyst of claim 1, which comprises:
PA1  treating saturated aqueous solutions of a soluble manganese salt, a soluble
      cupric salt, and a soluble nickel salt in ratios to yield from about 50 to
      about 85% by weight of manganese, from about 3% to about 10% by weight of
      copper, and from 0 to about 15% by weight of nickel with at least 5%
      excess of a saturated solution of a bicarbonate salt to obtain a
      precipitate of combined manganese, cupric, and nickel carbonates and
      hydroxycarbonates and a supernatent mother liquor;
PA1  adding to the precipitate of combined carbonates and hydroxycarbonates and
      the supernatant mother liquors a cold-shapable refractory excipient,
      wherein the excipient comprises from about 20% to about 50% of total
      weight, to form a paste;
PA1  shaping the paste to form particles of a definite geometrical
      configuration;
PA1  and heating the particles of a defined geometrical configuration in air at
      a temperature of at least 300.degree.C.
NUM  10.
PAR  10. A method of making the catalyst of claim 1, which comprises:
PA1  preparing a mixture containing between about 50% and about 85% by weight of
      manganous carbonate, between about 3% and about 10% by weight of cupric
      hydroxycarbonate, and from 0 to about 15% by weight of nickel
      hydroxycarbonate;
PA1  incorporating in the mixture from about 20% to about 50% of total weight of
      a refractory excipient, selected from a cement and a refractory earth, to
      form a paste;
PA1  fabricating the paste into a definite geometrical configuration;
PA1  and heating said paste fabricated into a definite geometrical configuration
      in air at a temperature of at least 300.degree.C.
NUM  11.
PAR  11. A method of making the catalyst of claim 1, which comprises:
PA1  preparing a mixture containing between about 50% and about 85% by weight of
      manganous carbonate, between about 3% and about 10% by weight of cupric
      hydroxycarbonate, and from 0 to about 15% of nickel hydroxycarbonate;
PA1  incorporating in the mixture from about 20% to about 50% of total weight of
      a refractory excipient, selected from a cement and a refractory earth, to
      form a paste;
PA1  depositing the paste on a shaped substrate selected from refractory and
      metallic substrates; and
PA1  heating said paste on the shaped substrate in air at a temperature of at
      least 300.degree.C.
NUM  12.
PAR  12. A method of making the catalyst of claim 1, which comprises:
PA1  preparing a mixture containing between about 80% and about 85% by weight of
      manganous carbonate, between about 5% and about 10% by weight of cupric
      hydroxycarbonate, and between about 5% and about 15% by weight of nickel
      hydroxycarbonate;
PA1  drying the mixture and heating the mixture in air at a temperature above
      300.degree.C;
PA1  incorporating in the mixture dried and heated in air an excipient, selected
      from cement and a refractory earth to make from about 30% to about 50% by
      weight of catalyst obtained, to form a paste;
PA1  fabricating the paste into a definite geometrical configuration; and
PA1  permitting said paste to harden.
NUM  13.
PAR  13. A method of making the catalyst of claim 1, which comprises:
PA1  preparing a mixture containing between about 80% and about 85% by weight of
      manganous carbonate, between about 5% and about 10% by weight of cupric
      hydroxycarbonate, and between about 5% and about 15% by weight of nickel
      hydroxycarbonate;
PA1  drying the mixture and heating the mixture in air at a temperature above
      300.degree.C;
PA1  incorporating in the mixture dried and heated in air an excipient, selected
      from cement and a refractory earth to make from about 30% to about 50% by
      weight of catalyst obtained, to form a paste;
PA1  depositing the paste on a shaped metallic substrate; and
PA1  permitting said paste to harden.
NUM  14.
PAR  14. The method of claim 10, wherein said paste fabricated into a definite
      geometrical configuration is heated in air at a temperature between about
      600.degree.C and about 1000.degree. C.
NUM  15.
PAR  15. The method of claim 12, wherein said mixture is dried and heated in air
      at a temperature between about 600.degree.C and about 1000.degree.C.
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ABST
PAL  In a supported catalyst for treating internal combustion engine exhaust
      gases the active material comprises a non-noble metal or compound thereof
      and the support comprises a primary support carrying a secondary support;
      the secondary support consists essentially of one or more involatile
      acidic and/or amphoteric oxides substantially in combination with one or
      more basic oxides from Group II, III or IV of the Periodic Table. A
      platinum group metal may also be present. The catalyst can be used for
      reductive or oxidative treatment or for simultaneous reduction of nitrogen
      oxides and oxidation of carbon monoxide and hydrocarbons and exhibits high
      activity and long life.
BSUM
PAR  THIS INVENTION relates to a catalytic process for treating internal
      combustion engine exhaust gases and to a catalyst for the process.
PAR  It has been proposed to treat internal combustion engine exhaust gases over
      catalysts comprising metals or their compounds and refractory oxides for
      the purpose of decomposing nitrogen oxides and/or oxidising carbon
      monoxide and hydrocarbons. Many such processes of treatment are
      satisfactory while the catalyst is fresh but become less efficient after
      some use. We have traced one important cause of the loss of catalytic
      efficiency to chemical combination of oxides of non-noble metals with the
      refractory oxides to form inactive compounds. This occurs even under
      apparently net-reducing conditions in which non-noble metal oxides should
      not be present: possibly the combination occurs at times when the gas
      mixture composition fluctuates to net-oxidising conditions, or takes place
      by virtue of the oxygen present along with carbon monoxide, hydrogen and
      hydrocarbons, in exhaust gas freshly issuing from the engine. It appears
      also that free metal is oxidised by steam or carbon dioxide and taken
      irreversibly into combination.
PAR  We have found that if the acidic and amphoteric refractory oxides of the
      catalyst support are taken into combination with an added basic oxide, the
      loss of catalytic activity is usefully decreased. Catalysts on such
      supports appear to be usefully active for nitrogen oxides removal under
      only very slightly reducing conditions or even under slightly oxidising
      conditions, in contrast with many previously proposed catalysts, which
      have been active only under rather strongly net-reducing conditions. They
      are also effective for oxidising carbon monoxide and hydrocarbons.
PAR  The invention provides a catalyst comprising a non-noble metal or compound
      thereof and a catalyst support comprising a primary catalyst support
      carrying a secondary catalyst support, the secondary support consisting
      essentially of one or more involatile acidic and/or amphoteric oxides
      substantially in combination with one or more basic oxides from Group II,
      III or IV of the Periodic Table.
PAR  The catalyst support and catalysts in which it carries a platinum group
      metal are the subject of co-pending application Ser. No. 386,876 filed
      Aug. 9th, 1973.
PAR  The expression "primary support" denotes the material on which the catalyst
      depends for its mechanical shape and structure. The expression "secondary
      support" denotes the material with which the catalytically active material
      is to be intimately associated. The expression "substantially in
      combination" is intended to include catalysts in which free acidic or
      amphoteric oxide is present but is not accessible to the active material,
      or is present in a small amount relative to the active material so that,
      after all this additional acidic oxide has reacted with active material,
      sufficient excess active material remains for the catalyst to be still
      adequately active. Usually it is preferred to have at least 70% by weight
      of the acidic or amphoteric oxide in combination with basic oxides.
PAR  In this specification the composition of solids will be expressed as weight
      percentages based on the non-volatile materials present. The composition
      of gases will be in volumes per cent unless otherwise stated. The Periodic
      Table is as set forth in "Abridgments of Specifications" published by the
      UK Patent Office.
PAR  The acidic or amphoteric oxide of the secondary support can be for example
      alumina, silica, chromia, manganese oxide or iron oxide or mixtures or
      compounds thereof. These oxides, especially alumina and chromia would, if
      present in the free state in a catalyst, react with oxides of for example
      nickel, cobalt or copper to give spinels, which are very difficult to
      reduce. If more than one acidic or amphoteric oxide is present, the
      combination results in complicated mixed oxides, especially when silica is
      one of the acidic oxides. In particular aluminosilicates are preferred, on
      account of the stability of their compounds with basic oxides. Even when
      the acidic oxide is very weakly acidic, such as titania or zirconia, the
      combination with basic oxide can be advantageous.
PAR  The basic oxide of the secondary support is preferably an oxide of a metal
      of an A Group of the Periodic Table, especially of Group IIa, especially
      calcium strontium or barium or more than one of these, most conveniently
      calcium. Such oxides appear to be of general application, but other basic
      oxides are applicable to only certain of the acidic oxides. For example
      zirconium oxide is more basic than silica, and we find that zirconium
      silicate is inert to nickel oxide even at 1350.degree.C. Zinc oxide can be
      present in combination with alumina. Some rare earth oxides are suitable
      as basic constituents of the combined oxide. It is possible to have some
      oxide of non-noble catalytic metal combined with acidic and/or amphoteric
      oxide in the secondary support, but this is usually to be avoided on
      economic grounds.
PAR  The secondary support can be added naturally-occurring or separately made
      material or the in situ reaction product of precursors or, when the
      primary support contains acidic and/or amphoteric oxides, the in situ
      reaction product of the added oxide with primary support. Among combined
      oxides that can be used are melilite (especially gehlenite Ca.sub.2
      Al.sub.2 SiO.sub.7 on account of its high melting point and inertness and,
      less preferably, the isomorphous compounds at intermediate stages to
      akermanite Ca.sub.2 MgSi.sub.2 O.sub.7, and the higher-melting types of
      iron melilite), anorthite (CaO.Al.sub.2 O.sub.3.2SiO.sub.2), calcium
      silicates (such as rankinite, pseudowollastonite and wollastonite
      CaO.SiO.sub.2 and also calcium orthosilicates CaMSiO.sub.4 such as
      monticellites in which M is for example manganese, iron or cobalt) and
      calcium aluminates (especially those containing at least one molecule of
      CaO per molecule of Al.sub.2 O.sub.3). It appears to be preferable to use
      combined oxides in which the basic oxide is present in a quantity that
      will give a stoichiometric compound with the acidic or amphoteric oxide
      considered as a monomeric acid; for example CaO.Al.sub.2 O.sub.3 is
      preferred to CaO.2Al.sub.2 O.sub.3. Thus also cordierite Mg.sub.2 Al.sub.4
      Si.sub.5 O.sub.18 is less suitable as a secondary support to be used at
      high temperatures, because it reacts with nickel oxide relatively readily.
PAR  If the basic oxide is unstable in steam, as is calcium oxide, it should be
      in a dead-burned state if it is present in substantial excess in a free
      state. Other oxides, such as those commonly used as catalyst supports, can
      be present in the secondary support, but is is usually found that the
      combined oxides do not require modification in this way.
PAR  The porosity of the secondary support, excluding voids between fibres or
      particles or open volume of multi-tubular matrices, is suitably in the
      range 30 to 70% by volume or greater. Its specific gravity is suitably 0.5
      to 1.5 and its specific surface 0.01 to 250 m.sup.2 /g. A method for
      producing secondary supports, and hence catalysts, of high porosity is
      described hereinafter.
PAR  The primary support can be in any convenient mechanical shape for example
      discrete particles (especially rounded granules), fibres and multi-tubular
      matrices or as a coating on any of such forms or on a metal substrate such
      as a wire, vessel wall or perforated structure or mesh. The primary
      support is preferably made of refractory non-metallic, especially oxidic,
      material and and can have been formed for example by casting, moulding,
      compression, extrusion, wet granulation or prilling in air or oil. If the
      primary support is a multitubular matrix, it can have been formed by
      moulding, extrusion, coating a convertible template such as aluminium foil
      or a fugitive template such as paper or cloth or by building-up from
      simpler shapes. If the primary support is fibrous, it can be made by
      various spinning and/or blowing procedures, followed if desired by
      felting, weaving or paper-making or bonding into self supporting units.
      Alternatively the primary support can itself be a metal substrate such as
      described.
PAR  When the primary support is a multi-tubular matrix, the cross-sectional
      shape of the passages in it can be for example triangles, squares,
      hexagons or the figures bounded by a wave and a straight line or shallow
      curve. The number of passages per square inch is suitably over 25 and may
      be as high as 200-600, though 40-500 appears to be the most useful range.
      The walls between the passages are typically 0.1 to 0.4 mm thick.
PAR  when the secondary support has been applied as such or is the product of
      reacting its precursors at the primary support surface, the proportion of
      secondary to primary support is suitably in the range 2-40%, especially
      5-25% by weight.
PAR  When the secondary support is the product of reacting a basic oxide at the
      surface of the primary support the concentration of alkaline earth metal
      oxide, free and combined, is suitably 0.5 to 25%, especially 2.5 to 15%,
      calculated as equivalent CaO. When the primary support is in a shape
      having a geometric surface greater than that of particles (such as
      multi-tubular matrix or fibre), the proportion of alkaline earth oxide
      should be proportioned to the geometric surface. The concentration of
      alkaline earth metal (calculated as equivalent CaO, and including free and
      combined oxide is suitably in the range 0.2-10, especially, 1 to 6,
      milligrams per square centimetre of geometrical surface; such values
      correspond to the above weight percentages when the geometrical area is 32
      cm.sup.2 /cm.sup.3.
PAR  The primary support suitably comprises an oxide such as magnesia, alumina,
      silica, titania, zirconia, hafnia, thoria, chromia and mixtures or
      compounds of these with each other or with basic refractory oxides such as
      those of calcium, strontium or barium, in highly refractory forms such as
      fused magnesia, highly calcined alumina, calcined aluminosilicates,
      zircon-mullite, spinels and hydraulic cements. Especially useful primary
      supports include cyclosilicates, as discussed further below. Other
      suitable primary support materials include petalite, silicon nitride and
      silicon oxynitride.
PAR  Supports having specific surfaces in the range 0.1-100 m.sup.2 /g, such as
      alumina calcined at 950.degree.-1500.degree.C, alpha alumina bonded with
      bentonite and suitably calcined kaolin/cement mixtures are especially
      suitable.
PAR  Although it is generally preferable to choose a primary support material
      that will afford the best possible thermal and mechanical resistance, the
      invention includes catalyst supports and catalysts that, for operative
      convenience, have the same material, a calcium aluminosilicate, for both
      the primary and the secondary support and, indeed, some that do not
      include a secondary support introduced as a distinct component, or some in
      which (see Example 2) the primary support itself contains catalytically
      active material. It is believed to be legitimate to refer to the primary
      and the secondary support in such catalysts because catalytic chemical
      reaction appears to take place largely in surface regions of the catalyst
      less than about 30 microns deep, so that the inner region of the catalyst
      fulfils only the function of a primary support.
PAR  Gehlenite and compounds isomorphous therewith are especially suitable when
      the same compound is to act as both the primary and the secondary support.
PAR  The primary support may be composed of a combination of acidic or
      amphoteric and basic oxides; examples are cyclosilicates such as
      cordierite, which has the empirical formula Mg.sub.2 Al.sub.4 Si.sub.5
      O.sub.18 and in which possibly some or all of the magnesium may be
      replaced by iron and/or manganese. In these compounds each magnesium (or
      iron or manganese) atom may be taken to account for two aluminium atoms,
      as in the compound MgAl.sub.2 O.sub.4, and thus the silica is not
      neutralised at all. Equally each magnesium (or iron or manganese) atom can
      be taken to account for one silicon atom, so that three silicon atoms and
      four aluminium atoms are not accounted for. Probably neither explanation
      represents the true chemical situation and, in any event, cordierite as
      synthetically formed often contains other compounds. The result, however,
      is that good adhesion of calcium aluminosilicate secondary supports is
      obtained, and the cordierite structure is protected from attack by oxides
      such as nickel oxide.
PAR  When the primary support is a matrix made of bonded refractory fibres it
      can be in any form, for example, a set of refractory paper sheets
      supported in a suitable block or framework or a block of fibres having
      sufficient permeability to allow gas to pass through or having
      through-passages. The fibres can be made of any material having suitable
      mechanical properties, for example, of alumina, silica, aluminosilicate,
      glass wool, chromia, titania or zirconia. Fibres composed substantially of
      alumina and/or zirconia of thickness under 10 microns and substantially
      free of particles known as "shot" are very suitable; and these may be made
      by fiberising a viscous composition comprising an aqueous solution of a
      slat of aluminium and/or zirconium and a water-soluble organic polymer,
      drying the fibre formed, and heating to decompose the salt to oxide and to
      decompose the polymer, especially as described in our co-pending US
      application Serial No. 152429, now abandoned which specification is
      incorporated herein by reference. The refractory bonding of the fibres can
      be by for example any of the compounds of which the fibres could be
      composed and these can be applied in the form of colloidal solutions,
      aqueous solutions of thermally decomposable compounds or organic thermally
      decomposable compounds.
PAR  In the catalyst according to the invention the active material preferably
      comprises metallic nickel or cobalt or an alloy of these, possibly
      containing small proportions of copper or silver or a platinum group metal
      or more than one of these. The nickel or cobalt or nickel/cobalt alloy
      content of the complete catalyst is suitably in the range 2 to 50%, by
      weight, calculated as monoxides; the content on the total of monoxides and
      secondary support is thus suitably 5-95%. If copper is present its
      content, calculated as CuO, is preferably 2-10% of the said monoxides; and
      if a platinum group metal is present its content is preferably 0.001 to
      1.0%, calculated on the total of monoxide and primary and secondary
      support. Such catalysts are suitable for net-reducing or
      incompletely-oxidising treatment of exhaust gases; and, if an oxidising
      treatment is to be carried out, the active material can be any of the
      oxides of the above non-noble metals and/or one or more oxides of copper,
      manganese or chromium or, less preferably, other non-noble transition
      metals. The concentration of such oxides is suitably the same as in the
      reductive catalysts, and the same content of platinum group metals can be
      used. (In such catalysts the content of manganese is calculated as MnO and
      of chromium as Cr.sub.2 O.sub.3, their lower oxides).
PAR  The platinum group metal in the catalyst includes preferably platinum
      and/or rhodium if the process is to be under net-reducing or about neutral
      conditions. It preferably includes platinum and/or palladium if the
      process is to be an oxidation.
PAR  For making the catalyst the invention provides a number of methods
      differing chiefly in the manner in which the support is made. In some of
      these catalytic material can be added before the formation of the
      secondary support is complete.
PAR  One method comprises making a suspension of finely divided secondary
      support material in a liquid, applying the suspension to the surface of
      the primary support. The suspension may contain adjuvants such as soluble
      polymers or surface active agents to improve its stability and promote
      temporary adhesion. Usually adhesion can be improved by subsequent heat
      treatment at, for example, at least 800.degree.C, especially
      900.degree.-1200.degree.C. These temperatures apply especially to calcium
      alumino-silicate systems. Suitable temperatures for other systems can, of
      course, be obtained experimentally.
PAR  A second method comprises applying to the primary support a solution or
      suspension of secondary support precursors, that is, compounds reactable
      together to produce the secondary support. A heat treatment is desirable
      to effect the reaction and cause adhesion.
PAR  A third method comprises selecting a primary comprising at least one of the
      oxides to be combined in the secondary support, applying the other oxides
      to be combined therein and causing reaction to produce the secondary
      support at the surface of the primary support. A heat treatment as in the
      second method is desirable. Preferably the primary support comprises
      acidic and/or amphoteric oxides and a basic oxide is applied to it. When
      the applied oxide is to be an alkaline earth oxide, the primary support is
      impregnated conveniently with the nitrate, but other suitable decomposable
      salts are the nitrite, bicarbonate, carboxylate (such as formate, acetate
      or citrate). Hydroxides are suitable and also silicates, aluminates and
      aluminosilicates, provided they are adequately dispersed to make up for
      their low solubility. Insoluble compounds can be used as a slurry alone or
      in conjunction with soluble compounds. Hydrolysable compounds such as
      halides can be used, but have the disadvantage of requiring steam
      treatment in order to produce oxide under readily accessible conditions.
      Any convenient method, for example, dipping or spraying, can be used for
      applying the secondary support material or precursor to the primary
      support. After applying the alkaline earth compound, it is suitably dried,
      e.g. at 120.degree.C, before the calcination. Calcination is preferably at
      a temperature in the range 600.degree.-1400.degree.C, especially
      800.degree.-1200.degree.C, so as to give an oxide layer and/or to effect
      combination with the primary support.
PAR  In these three methods a primary support having the desired shape is used
      as starting material. A fourth method, however, comprises forming a
      calcium aluminosilicate or precursors thereof in the shape required. As
      explained, the secondary support is constituted by the surface layers of
      such a shape. In this method, catalytic material may be present in the
      material before the forming operation; this has the advantage that a
      catalyst is produced in a single operation.
PAR  Whichever method is used, it is preferred to effect the heat treatment at
      over 800.degree.C, especially 1000.degree.-1600.degree.C. Preferably it is
      carried out in the presence of steam, since this accelerates the reactions
      causing adhesion or producing the secondary support. The heat treatment
      can be carried out in more than one stage; for example the support can be
      mildly calcined, for example at up to 600.degree.C, or even merely dried,
      and the remaining heat treatment carried out by the user of the support.
      The latter is convenient when catalytic material is present, as in methods
      1, 2 and 4 above.
PAR  Combinations of the methods may be used, if desired. In these methods if a
      catalytic material precursor is present before formation of secondary
      support is complete and is of a type that can react with secondary support
      precursors, it is preferably reduced to metal before the heat treatment.
PAR  The secondary support is produced preferably in the presence of a compound
      thermally decomposable to form a highly porous solid, but preferably
      substantially stable at up to 600.degree.C, especially 1100.degree.C. This
      has the effect of increasing the porosity of the secondary support, but
      the effect is different from that produced by ingredients decomposable at
      lower temperatures. Thus organic materials and graphite have decomposed or
      burned before combination between the basic oxide and the acidic or
      amphoteric oxide has proceeded too any extent. A very suitable thermally
      decomposable compound is calcium carbonate, which, decomposes in air at a
      substantial rate only at over 740.degree.C. Other compounds such as the
      carbonates of magnesium, strontium and barium are of comparable stability.
      It is within the invention to perform the heating step in the presence of
      an atmosphere containing more carbon dioxide than air contains, in order
      to increase the decomposition temperature. The decomposable compound is
      very suitably the source of the basic oxide. Increases in porosity may
      also be obtained by the use of hydrated oxides.
PAR  For methods 2 and 4 and combination methods the starting materials may be
      already reaction products of basic and acidic or amphoteric oxides. For
      example calcium carbonate, calcium silicate CaSiO.sub.3 and anorthite
      CaAl.sub.2 Si.sub.2 O.sub.8 may be reacted to produce gehlenite.
PAR  When employing method 4, various forming methods can be used and have been
      mentioned in describing the support structurally. When the shape is a
      multi-tubular matrix a preferred method involves making a plastic
      composition comprising the compound decomposable to a highly porous solid,
      the combined oxides or mixture of oxides or compounds decomposable or
      reactable thereto, a liquid and a viscosity-controlling substance soluble
      in or swellable by the liquid and forcing it successively through a zone
      comprising a plurality of discrete primary channels within a solid block,
      then a unifying zone comprising secondary channels within the same block,
      the secondary channels being interlinked, and the aggregate cross-section
      of the secondary channels being equal to or sufficiently less than that of
      the primary channels and the time of passage through the secondary
      channels being sufficiently long to effect unification of the feed into a
      matrix, drying the extrudate thus produced, and heating it to give
      combined oxide. Such a method is described more specifically in our
      co-pending US application Ser. No. 24887, now U.S. Pat. No. 3,824,196,
      which is incorporated herein by reference.
PAR  For this method the heating should be sufficient to bring the extrudate to
      a condition in which it can be handled. Thereafter it may be heated
      further by the maker or user of the catalyst to complete the production of
      the combined oxide or to give ceramic bonds or both. Catalytic material
      and/or material convertible thereto may be present in the extruded
      composition or may be added later.
PAR  The compound decomposable to a highly porous solid can be one of the basic
      or acidic or amphoteric oxides.
PAR  When the heating to the combined oxides is to be carried out by the
      catalyst-maker, it is preferably at 1000.degree. to 1600.degree.C. A
      suitable time is in the range 2-40 hours.
PAR  The present invention provides a particular method of making the catalyst
      applicable especially to methods 2 and 4, in which the heat treatment of
      the support or catalyst is effected by means of a stream of gas in which
      an exothermic oxidation reaction is taking place. The gas stream can be
      any that will give the required temperature, which is preferably
      800.degree.-1600.degree.C. Preferably it contains an oxidisable compound
      that does not form undesirable by-products; for example the compound may
      be hydrogen, carbon monoxide and mixtures thereof. Hydrocarbon vapours can
      be used if carbon-producing conditions are avoided, for example by
      limiting their volumetric concentration in the gas. A very suitable gas is
      one resulting from incomplete combustion of a hydrocarbon fuel with air.
      Thus the effluent from a rich-running internal combustion engine,
      containing preferably 3-8% by volume of carbon monoxide is, after addition
      of air, a convenient gas to use. Such a gas usually contains free
      hydrogen, to the extent of 1 to 3% by volume. If the heat treatment takes
      place after incorporation of catalytic material, this is apparently
      preferable, since then some catalytic oxidation takes place.
PAR  Thus the invention provides a method of starting-up a catalytic process for
      exhaust gas treatment, by adjusting the engine fuel injection or
      carburation system to give an exhaust containing 3-8% by volume of carbon
      monoxide, feeding air to the gas to oxidise carbon monoxide and heat the
      gas to a temperature over 800.degree.C, and reacting the resulting mixture
      in the presence of the catalyst, the catalyst being initially in an
      uncalcined or incompletely heat treated condition, until substantial
      production of the compounds of basic and acidic and/or amphoteric
      constituents of the catalyst has taken place. If the process is for
      reductive decomposition of nitrogen oxides, the air supply is thereafter
      shut off and the engine re-adjusted to normal operating conditions, giving
      an exhaust containing up to 2% by volume of carbon monoxide. Such a method
      can be conveinently used by service stations or by drivers, especially on
      automobiles already equipped for warming-up the NO.sub.x removal catalyst
      bed under oxidising conditions.
PAR  Preparation of catalyst starting from complete support can be for example
      by impregnating the combined primary and secondary support with a solution
      of a compound thermally decomposable to a catalytically active material;
      heating to effect the thermal decomposition and, if required, reducing the
      product of such decomposition to metal are then carried out if the active
      material is a non-noble metal or oxide. In this method the catalytic
      material should preferably be confined as much as possible to the
      secondary support and the impregnation conditions chosen accordingly, for
      example, by control of the volume of the impregnating solution. If there
      is an impregnation with a compound of a platinum group metal, a salt or an
      ionic or non-ionic complex can be used. Complexes such as ammines are
      useful owing to their resistance to hydrolysis. Impregnation may be in
      conjunction with a treatment with an organic acid or with an
      insolubilising step such as reduction or sulphiding.
PAR  Any convenient method, for example dipping or spraying, can be used for the
      above impregnation. For heating catalyst precursors a temperature in the
      range 300.degree.-800.degree.C is suitable. Reduction is required if the
      catalyst is to be used for a reductive treatment of exhaust gases, but is
      not usually carried out by the catalyst-maker, since it takes place in
      contact with the exhaust gas. Reduction followed by re-oxidation can be
      employed in making a catalyst for oxidation. The product ("catalyst
      precursor") ready for charging to a reductive exhaust gas reactor but
      requiring reduction therein is the usual article of commerce.
PAR  The invention provides a process of exhaust gas treatment using the
      catalyst. This may be reductive for the removal of nitrogen oxides or
      oxidative for removal of carbon monoxide and hydrocarbons. A reductive
      stage may be followed by air-addition and an oxidative stage. In some
      circumstances, depending on engine design and local emission standards, it
      is possible to use a single catalyst, preferably of the type described
      herein containing one or more platinum group metals, for removing nitrogen
      oxides, carbon monoxide and hydrocarbons simultaneously from an exhaust
      gas containing, possibly as the result of continuous air-addition,
      reductive and oxidative components in approximate equivalence. Whenever
      the process removes nitrogen oxides, the exhaust gas is preferably passed
      over a pre-oxidation bed in order to remove residual oxygen. The process
      of NO.sub.x reduction is preferably started up in the presence of added
      air until the catalyst operating temperature has been reached.
PAR  When the process of the invention is to be used for nitrogen oxides removal
      the reducing power of the gases as expressed by the function
EQU   CO +  H.sub.2 - 20.sub. 2 where "CO", "H.sub.2 " and "O.sub.2 " are volume
      percentages, is preferably positive. However a reducing power greater than
      8 corresponds to poor fuel economy, CO being over 2% and O.sub.2 under
      0.3%. The carbon monoxide content of the gases need not, in general, be
      over 2%, and, indeed, engines designed to use a stoichiometric or slightly
      "lean" fuel mixture can be made non-polluting by the process of the
      invention. Further, the process affords effective removal of nitrogen
      oxides in systems in which air is added as a regular measure or for
      warming up. The best use of nickel-copper catalysts and like non-noble
      metal catalysts is made when the reducing power is in the range 0.5 to
      6.0. When a platinum group metal is also present the reducing power can be
      lower, even down to approximate equivalence.
PAR  The temperature for the process, whether reductive or neutral, is normally
      over 300.degree.C, preferably over 500.degree.C. It is preferably over
      600.degree.C, for example 650.degree.-850.degree.C, when the catalyst does
      not contain a platinum group metal, but 500.degree.-700.degree.C when a
      platinum group metal is present. These temperatures relate to steady
      running conditions, not involving start-up or heavy accelerations,
      corresponding to the "stabilised mode" of the test as laid down in the
      United States Federal Register 36 No 128, 2 July 1971. In air-assisted
      warm-up or heavy acceleration the temperature can rise
      150.degree.-200.degree.C above the steady running level.
PAR  If the exhaust treatment process is an oxidation, it is carried out
      suitably at temperatures in the range 200.degree.-1000.degree.C. When it
      is intended for complete oxidation of exhaust gases, whether as the sole
      catalytic treatment applied to such gases, or as an oxidation following
      nitrogen oxides removal under netreducing conditions, the temperature is
      typically 400.degree.-850.degree.C and rises in the direction of gas flow,
      owing to the heat of reaction. For complete oxidation the rate of oxygen
      feed (usually as air) should be sufficient to oxidise all the carbon
      monoxide and hydrocarbon present and afford a moderate excess for example
      up to 2% v/v. It can, however, be used for incomplete oxidation, using a
      deficiency of oxygen and operating at a lower temperature. One example of
      such a use is in the preliminary removal of oxygen from a netreducing
      exhaust gas, as a preliminary to treatment over a nitrogen oxides removal
      catalyst, as descibed in our co-pending U.S. application Ser. No. 248811,
      now abandoned, incorporated herein by reference.
PAR  The space velocity of the process depends on the shape of the catalyst, but
      is typically (for granular or matrix catalyst) in the range 0.10 to 3.0
      .times. 10.sup.5 hour.sup..sup.-1 for separate reduction or oxidation or
      combined reduction and oxidation and 2-5 times this range for an oxidation
      preliminary to nitrogen oxides removal, if such a bed is used. It will be
      appreciated that when the engine drives a vehicle the space velocity is
      likely to range between lower and upper levels differing by a factor of as
      much as 10, more probably up to 6.0, in town conditions in which the rate
      of engine revolution is compensated by gear-changing. The volume of
      catalyst should be ample for the very high gas-flows during
      accelerating-away in town traffic. The space velocity definition is to be
      understood as denoting a range SV.sub.1 to SV.sub.2 where SV.sub.2 is from
      6 to 10 times SV.sub.1 within the stared broad range. Such space
      velocities correspond to catalyst volumes that are convenient for
      automobile use, for example 0.5 to 5.0 liter, according to engine size and
      characteristics.
PAR  The invention provides further a reactor containing the catalyst and having
      an inlet port suitable for connection to an engine and an outlet port; and
      also an internal combustion engine having one or more such reactors in its
      exhaust line.
PAR  The gasoline fed to the engine suitably has a sulphur content of less than
      200 ppm w/w (as S) and less than 0.4 g of lead (as Pb) per US gallon (3.8
      liters), preferably under 0.01 g. The phosphorus content of the gasoline
      can be up to 500 ppm without significant detriment, using suitably chosen
      catalytically active materials.
PAR  The following Examples include one test by the US Federal procedure (8) and
      laboratory tests, some with an engine, in conditions found to be
      correlated therewith. The Federal procedure may be summarised as follows.
      From a cold start the first 505 seconds' is collected in bag A and then
      the gas from succeeding operation, known as "stabilised mode", in bag B
      (total time 1369 seconds). The first 505 seconds include two heavy
      accelerations and the stabilised mode includes a succession of standstills
      (without engine stop) and runs at moderate speed. Then follows a 10 minute
      standstill with engine stop and a repeat of the first 505 seconds, the
      exhaust being collected in bag C. The emission levels for each bag are
      calculated in grams and added together by the formula (0.43A + B +
      0.57C).div. 7.5, where 7.5 is the number of miles driven in the test. The
      allowable limits quoted in Example 8 are those originally set for 1976,
      but it is understood that less stringent limits may be set in the near
      future.
PAR  Where catalyst activity is expressed in terms of a first order velocity
      constant k or k.sub.N .sbsb.2 sec.sup..sup.-1, this has been calculated by
      the formula
      ##EQU1##
      where SV is volume hourly space velocity
PAR  C is percentage conversion of NO.sub.x to N.sub.2
PAR  It will be evident that catalysts according to the invention of high
      activity and stability; so far, satisfactory NO.sub.x removal has been
      achieved in runs equivalent to up to 27000 miles.
DETD
PAC  EXAMPLE 1
PAL  Gehlenite support: nickel-copper catalyst
PAR  The following mixture was prepared:
PA1  992 g alpha alumina powder
PA1  2144 g precipitated calcium carbonate powder, heavy
PA1  864 g bentonite
PA1  600 g Pre-soaked starch sold under the name "Kordek"
PA1  900 g Water
PAR  It was mixed thoroughly until the starch had dissolved, then pugged and
      forced by means of an extrusion screw through a one-inch square die having
      15 slots parallel to each side and 16 slots parallel to each diagonal,
      making a total of 512 cores, each in the shape of a right-angled triangle.
      The resulting multi-tubular extrudate was dried, heated slowly up to
      1280.degree.C and calcined at 1280.degree.C for 10 hours. The product had
      the following percentage composition by weight (calculated):
TBL         CaO            41%                                                 
            Al.sub.2 O.sub.3                                                   
                           37%                                                 
            SiO.sub.2      22%                                                 
PAR  Its porosity was 53% v/v and specific surface 0.3 m.sup.2 /g. By X-ray
      diffraction examination it was shown to contain gehlenite as major phase,
      with monocalcium aluminate and a calcium silicate as minor phases.
PAR  Its bulk density was 0.6 g/cc; and it appeared to be strong enough for use
      in a reactor for treating automobile exhaust gas.
PAR  It was impregnated with copper and nickel nitrates by dipping into a mixed
      solution, draining, and drying, and then calcined at 450.degree.C. After
      1, 2 and 3 immersions the weight percentage contents of nickel oxide and
      cupric oxides were shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Immersions  1          2          3                                       
     ______________________________________                                    
     NiO         10.1       16.3       22.1                                    
     CuO          1.0        1.5        2.1                                    
     ______________________________________                                    
PAR  In this catalyst the surface regions of the catalyst constitute the
      secondary support.
PAC  ACTIVITY AND STABILITY
PAL  Laboratory test
PAR  A half-inch length of the catalyst made by 2 immersions was tested in a gas
      having the volume percentage composition CO 2.0, H.sub.2 0.7, CO.sub.2 13,
      H.sub.2 O 15, O.sub.2 0.3, NO = 1500 ppm, SO.sub.2 = 7-10 ppm, N.sub.2 =
      balance, at a flow rate of 550-600 1/hour (space velocity 65000-70000
      hour.sup..sup.-1) at a range of temperatures up to 800.degree.C. A similar
      catalyst but made of bentonite -- bound alumina with an alumina trihydrate
      coating was tested as a control.
PAR  A similar test was carried out after operation for 144 hours (new catalyst)
      or 76 hours (control) at 800.degree.C. The percentage conversions of
      nitrogen oxides to nitrogen are shown in Graph I.
PAR  It is evident from the graph that
PAR  a. the gehlenite-based catalyst is more active initially at all
      temperatures below about 700.degree.C.
PAR  b. the gehlenite-based catalyst is much more active at 500.degree.C, that
      is, it has a lower "strike temperature".
PAR  c. the gehlenite-based catalyst loses activity much more slowly (from 99 to
      90 in 144 hours) than the alumina-based catalyst (98 to 38 in 76 hours).
      It was observed that the activity of the gehlenite-based catalyst had
      settled out at the 144 hour level.
PAL  Engine Durability
PAR  a. A one-inch length of 41/2 inch diameter matrix having 288 passages per
      square inch but of the same composition was immersed three times in the
      mixed nitrate solutions, drying and calcining after each immersion, and
      tested at 800.degree.C in the exhaust from a Ford Cortina 1600 cc engine
      running at about 3100 rpm under a dynamometer load corresponding to 50 mph
      road load conditions. The fuel used was a 99 octane mixture containing 54
      ppm w/w of sulphur but no lead or phosphorus. The exhaust gas contained 2%
      of CO, 0.5 .+-. 0.1% of O.sub.2 and 2000-2500 ppm v/v of NO.sub.x. It was
      passed over the catalyst at a space velocity of 1.7 to 2.0 .times.
      10.sup.5 hour.sup..sup.-1. The activity for conversion of nitrogen oxides
      to nitrogen was measured over a period of 145 hours and expressed as
      velocity constant k.sub.N .sbsb.2, the values of which were as follows:
TBL  Time, hours                                                               
               2     19     42   62   78   100  125  145                       
     k.sub.N.sbsb.2                                                            
              49     44     35   53   51    47   46   40                       
PAR  b. After 145 hours at 800.degree.C, when it was evident that negligible
      deactivation was occurring, the carburetter was adjusted to give 4% CO in
      the exhaust and air was added to the exhaust so that there was approx.
      0.5% O.sub.2 excess (i.e. above 2.5% O.sub.2, or 13% air added). Over the
      catalyst, the CO, H.sub.2 and hydrocarbons reacted with the O.sub.2 to
      produce a considerable exotherm associated with the removal of over 90%
      CO, for example the exit gas temperatures were thus increased to at least
      980.degree.C and the catalyst surface temperatures were probably very much
      higher.
PAR  After running for 1 hour in these conditions the catalyst was tested again
      in the normal conditions of 2% CO, 800.degree.C. The activity was found to
      be better (68) than before. Under these conditions, alumina-nickel
      catalysts would have lost activity.
PAL  Variation of Activity with air/fuel ratio
PAR  The catalyst used in test (a) was, after the 145 hours at 2% CO, tested at
      a range of reducing power by varying the air/fuel ratio by carburetter
      adjustments. (This changed also the percentages of other gases, including
      oxygen and nitrogen oxides). The results are shown in Table 12,
PAR  It is evident that activity is present at least to the stoichiometric
      level, probably slightly on the lean side.
TBL                Table 2                                                     
     ______________________________________                                    
     CO + H.sub.2 - 20.sub.2                                                   
                    CO/O.sub.2     k.sub.N.sbsb.2                              
     vol. %                        sec.sup..sup.-1                             
     ______________________________________                                    
     -0.5  to -0.78 0.8 to 1.1      0                                          
     -0.1 to -0.3   1.2 to 1.5     19                                          
     -0.04 to +0.2  1.45 to 1.75   36                                          
     -0.02 to +0.3  1.2 to 1.5     41                                          
     0.16 to 0.44   1.7 to 2.0     42                                          
     0.68 to 0.92   2.3  to 2.65   48                                          
     0.88 to 1.12   2.7 to 3.0     48                                          
     1.24 to 1.5    3.35 to 3.75   47                                          
     1.5 to 1.72    3.7  to 3.95   47                                          
     1.6 to 1.86    4.05 to 4.45   50                                          
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Gehlenite matrix containing nickel and copper: calcination by exothermic
      gas reaction
PAR  The following mixture was prepared:
PA1  992 g alpha alumina powder ex Ramsden
PA1  2144 g precipitated calcium carbonate powder, heavy
PA1  864 g bentonite
PA1  600 g pre-cooked starch sold under the name "Kordek"
PA1  1233 g coarse powdered nickel oxide
PA1  100 g finely powdered cupric oxide
PAR  It was mixed dry, then with water to form a thick paste. The paste was
      pugged and forced by means of an extrusion screw through a 4 inch diameter
      die having per square inch 11 slots parallel to each side of the square
      and 12 slots parallel to each diagonal, making a total of 288 cores, each
      in the shape of a right-angled triangle. The slots were 10
      .times.10.sup..sup.-3 inch wide. The resulting multi-tubular extrudate was
      dried but not calcined. A piece of the matrix 1.25 inch long was set up in
      a converter in the exhaust of the engine described in Example  1, running
      on a similar fuel but of 101 Octane rating. The exhaust gas contained 2%
      of CO, 0.5.+-.0.1% of O.sub.2 and 2000-2500 ppm v/v of NO.sub.x. It was
      passed over the matrix at 800.degree. and at a space velocity of 1.4 to
      1.6 .times. 10.sup.5 hour.sup.-1 and reduced the nickel oxide and copper
      oxide. The outlet gas was analysed for nitrogen oxides and ammonia and the
      results used to calculate the velocity constant k.sub.N .sbsb.2. The value
      of k.sub.N .sbsb.2  for the catalyst in its incompletely calcined state
      was 40.
PAR  The calcination of the catalyst was then completed by adjusting the engine
      carburetter to give 4-5% of CO in the exhaust gas and feeding oxygen (as
      air) slightly in excess of the CO, to the engine exhaust manifold.
      Combination of the CO with oxygen raised the gas temperature to about
      1000.degree.C measured at the outlet of the catalyst. These conditions
      were maintained for 10 minutes, whereafter the air supply was stopped but
      the rich gas flow continued until the catalyst had cooled to 800.degree.C,
      and then the carburetter was readjusted to give 2% of CO. The value of
      k.sub.N .sbsb.2 was now found to be 100 sec.sup..sup.-1. After 20 hours'
      operation k.sub.N .sbsb.2, was found to be 65 sec.sup..sup.-1, but no
      further decrease took place over the next 70 hours.
PAR  The particle size distribution of the nickel oxide was as follows.
TBL                Table 3                                                     
     ______________________________________                                    
     Particle Size Distribution of Metal Oxide                                 
     ______________________________________                                    
     Cumulative percent                                                        
                      Particle diameter                                        
                      (microns)                                                
     ______________________________________                                    
     0.5              2.5                                                      
     9.0              5.0                                                      
     27.0             7.5                                                      
     51.0             10.0                                                     
     94.0             15.0                                                     
     99.0             20.0                                                     
     100.0            30.0                                                     
     ______________________________________                                    
PAR  In this catalyst the surface regions of the matrix constitute the secondary
      support. The regions beneath the surface constitute the primary support,
      even though they contain nickel oxide and cupric oxide.
PAC  EXAMPLE 3
PAC  Gehlenite secondary support on cordierite primary support
PAL  A. gehlenite applied as such by slip-coating.
PAR  A 1.25 inch length of 4-inch diameter spiral cordierite matrix, supplied by
      3M Corporation (American Lava Corporation) and having about 450 passages
      per square inch, each having the cross-sectional shape of the figure
      bounded by a sine-wave and an arc, was coated with gehlenite by dipping
      twice into a colloidmilled 27% w/w suspension of gehlenite in water. After
      each dip the coated matrix was calcined at 1000.degree.C for 1 hour. The
      weight percentage of gehlenite applied was 6.5.
PAR  The gehlenite had been made as described in Example 1.
PAL  B. calcium aluminosilicate made in situ
PAR  A matrix sample similar to that used in A was impregnated twice with
      saturated aqueous calcium nitrate solution. After each impregnation the
      sample was calcined at 1000.degree.C for 1 hour.
PAL  C. control: matrix sample without pre-treatment. Nickel-copper-platinum
      catalysts
PAR  Each catalyst support was impregnated with a solution at pH2 containing the
      nitrates of nickel and of copper and ammine platinic chloride in the
      proportions 90.5% NiO, 7.15% CuO and 0.36% Pt. The impregnated support was
      drained, dried at 130.degree.C and then calcined at 650.degree.C for 4
      hours. The impregnation was repeated once for catalyst support A and twice
      for B and C.
PAC  Nitrogen Oxides removal process
PAR  A gas mixture simulating internal combustion exhaust gas and containing by
      volume
TBL  NO.sub.x         1940 ppm                                                 
     CO               2%                                                       
     H.sub.2          0.7%                                                     
     O.sub.2          0.3%                                                     
     CO.sub.2, N.sub.2, steam balance                                          
PAL  was passed over each catalyst at a space velocity of 7 .times. 10.sup.4
      hour .sup..sup.-1 at temperatures in the range 500.degree.-800.degree..
      Runs were carried out first at successively increasing temperatures, then
      a steady run of 60-90 hours was carried out at 800.degree.C, then runs
      were carried out at successively decreasing temperatures in the range. The
      outlet nitrogen oxides and ammonia contents were measured and used to
      calculate a first-order velocity constant.
PAR  Table 4 shows the values of k(u) for the runs at successively increasing
      temperatures, k(d) for the runs at successively decreasing temperatures,
      and the ratio
      ##EQU2##
      which measures the proportion of activity remaining after the steady run
      and other runs so far carried out in the test.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Composition % w/w  Activity and Stability                                 
     Catalyst                                                                  
           NiO  CuO Pt  Temp.                                                  
                             k(u)  Time at                                     
                        .degree.C                                              
                             sec.sup.-.sup.1                                   
                                   800.degree.C                                
                                        k(d) k(d)                              
                                   hours     k(u)                              
     A     18.3 1.1 0.03                                                       
                        500  3.4   71   21   6.17                              
                        550  20.0       34.5 1.73                              
                        600  32.0       42.8 1.21                              
                        650  40.0       48.5 1.21                              
                        700  48.0       52.5 1.09                              
                        750  53.0       62.0 1.07                              
                        800  54.0       70.0 1.29                              
     B     9.8  2.3 0.03                                                       
                        500  15.8  71   10.0 0.63                              
                        550  21         18   0.86                              
                        600  28         28   1.0                               
                        650  39         37   0.95                              
                        700  54         45   0.83                              
                        750  55         56   1.02                              
                        800  56         66   1.18                              
     (control)                                                                 
           22.9 1.4 0.01                                                       
                        500  0.5   90   2.6  5.2                               
                        550  10.5       4.0  0.38                              
                        600  36         5.8  0.16                              
                        650  66         6.9  0.104                             
                        700  86         8.6  0.10                              
                        750  107.5      9.4  0.09                              
                        800  80         NA   NA                                
     __________________________________________________________________________
PAC  EXAMPLE 4
PAC  Gehlenite on bonded fibre matrix
PAR  A cylindrical matrix consisting of bonded alumina fibres, supplied by
      Societe Generale des Produits Refractaires under the name "Fibral" and
      having a diameter of 8 cm, an axial length of 3.4 cm and 105 passages 1.5
      mm wide per 25 mm square formed in it parallel to its axis, was soaked in
      water and then drained and coated with gehlenite from a 16% w/v slurry. It
      was dried and calcined at 1200.degree.C for 1 hour. This process was
      repeated. The uptake of gehlenite was 13.6% w/w. The coated matrix was
      then impregnated twice with a solution containing nickel nitrate, copper
      nitrate and ammine-platinic chloride, drying and then calcining at
      650.degree.C for 4 hours after each impregnation. The content of nickel
      oxide in the matrix was 34.7%, of copper oxide 2.8% and of platinum 0.05%.
PAR  The catalyst was tested by passing over it at 700.degree.C and at a space
      velocity of 210000 to 250000 hour.sup.-.sup.1 the exhaust gas from the
      engine described in Example 1. The activity for conversion of nitrogen
      oxides to nitrogen was measured over a period of 193 hours and expressed
      as velocity constant k.sub.N.sbsb.2.
PAR  During the period of operation carburetter adjustments were made from time
      to time in order to give carbon monoxide contents of 2.0 or 1.5% v/v, and
      the inlet and outlet concentrations of carbon monoxide, oxygen, nitrogen
      oxides and ammonia were measured at both carburetter settings. The results
      are shown in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Time on                                                                   
           CO  CO  O.sub.2                                                     
                        O.sub.2                                                
                            NO  NO  NH.sub.3                                   
                                        k.sub.N.sbsb.2                         
                                              Gas Rate                         
     Line (hrs)                                                                
           Inlet                                                               
               Exit                                                            
                   Inlet                                                       
                        Exit                                                   
                            Inlet                                              
                                Exit                                           
                                    Exit                                       
                                        (sec.sup..sup.-1)                      
                                              m.sup.3 /hr                      
     __________________________________________________________________________
     0.9   1.5 0.8 0.5  0.08                                                   
                            2320                                               
                                1160                                           
                                    15  46.6  42.5                             
           2.1 1.5 0.35 NIL 2150                                               
                                880 50  57.4                                   
     44.1  2.0 1.5 0.46 0.02                                                   
                            2400                                               
                                950 50  59.3  42.4                             
           1.5 0.9 0.56 0.07                                                   
                            2480                                               
                                1040                                           
                                    12  58.4                                   
     136.1 2.0 2.0 0.22 NIL 1460                                               
                                680 40  40.5  35.5                             
           1.5 1.2 0.33 NIL 1600                                               
                                770 15  40.8                                   
     193.6 2.0 2.0 0.34 0.06                                                   
                            1350                                               
                                710 38  33.8  35.5                             
           1.5 1.3 0.38 0.10                                                   
                            1540                                               
                                840 12  34.0                                   
     __________________________________________________________________________
PAR  It is evident that the catalyst still has substantial activity after 193.6
      hours' operation.
PAC  EXAMPLE 5
PAC  Gehlenite on cordierite: nickel-copper-platinum catalyst Life test at a
      range of reducing power
PAR  A sample of synthetically produced cordierite matrix of volume 260 ml.,
      having about 300 passages per square inch each in the cross-sectional
      shape of the figures bounded by a sine-wave and a straight line, was
      coated with gehlenite by two impregnations, as described in Example 4. The
      uptake of gehlenite was 12.7% w/w. It was then impregnated three times
      with nickel-copper-platinum solution as described in Example 4. The
      content of nickel oxide was 17.0%, of copper oxide 1.4% and of platinum
      0.1%.
PAR  The catalyst was tested using the engine described in Example 1. The rate
      constant k.sub.N.sbsb.2 was determined at various carbon monoxide levels
      at intervals in a run of 99 hours, at an inlet temperature of about
      700.degree.C and at a space velocity of 140000 hour.sup.-.sup.1. Table 6
      shows the inlet and outlet contents of carbon monoxide, oxygen, nitrogen
      oxides and ammonia and values of k.sub.N.sbsb.2 after 23 and 99 hours'
      operation. It is evident that substantially no loss of activity has
      occurred.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Hours                                                                     
         Temperature                                                           
                 % CO    % O.sub.2                                             
                                 ppm NO  ppm NH                                
                                               k.sub.N.sbsb.2                  
     inlet   outlet                                                            
                 inlet                                                         
                     outlet                                                    
                         inlet                                                 
                             outlet                                            
                                 inlet                                         
                                     outlet                                    
                                         outlet                                
     __________________________________________________________________________
     23  695 732 1.2 0.6 0.54                                                  
                             0.0 2230                                          
                                     500 21    56.2                            
         705 740 1.5 0.9 0.47                                                  
                             0.0 2140                                          
                                     320 22    70.3                            
         701 720 2.0 1.4 0.39                                                  
                             0.0 2020                                          
                                     240 36    77.3                            
         697 717 2.5 2.0 0.32                                                  
                             0.0 1860                                          
                                     210 55    76.4                            
     99  705 742 1.1 0.4 0.63                                                  
                             0.0 2200                                          
                                     980 10    30.1                            
         704 733 1.5 1.0 0.50                                                  
                             0.0 2120                                          
                                     330 35    67.2                            
         701 720 2.0 1.4 0.39                                                  
                             0.0 1990                                          
                                     250 55    70.9                            
         696 719 2.4 1.9 0.34                                                  
                             0.0 1890                                          
                                     170 50    81.3                            
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  A sample of catalyst similar to that used in Example 5 but having about 450
      passages per square inch was subjected to a longer life test at a space
      velocity of 165000 and a carbon monoxide level of 2%. The values of
      k.sub.N.sbsb.2 at times up to 262 hours are shown in Table 7, together
      with the oxygen contents obtaining at the time of measurement.
TBL                Table 7                                                     
     ______________________________________                                    
     Time(hours)                                                               
              3       22      47   94   134  183  262                          
     ______________________________________                                    
     0.sub.2 %                                                                 
              0.41    0.46    0.51 0.46 0.46 0.45 0.34                         
     k.sub.N.sbsb.2                                                            
              113     108      113 96   99   81   67                           
     ______________________________________                                    
PAL  It is evident that the catalyst has retained a substantial part of its
      activity after a time corresponding to 13000 miles operation.
PAC  EXAMPLE 7
PAC  Copper-chromium oxides with palladium on gehlenite on cordierite
PAR  A catalyst support was made as described in Example 1 was immersed in a
      ballmilled 14% w/w aqueous suspension of copper chromite dried at
      120.degree.C and calcined at 650.degree.C for 4 hours. This procedure was
      repeated twice. The total uptake of copper chromite was 12.2%. The
      resulting coated support was immersed in a palladium nitrate at a
      concentration calculated to apply 0.05% w/w of palladium, then drained and
      dried.
PAC  Test in exhaust gas oxidation
PAR  The catalyst was tested by passing over it, at a space velocity of 1.6
      .times. 10.sup.5 hour.sup.-.sup.1 the engine exhaust described in Example
      1, into which 17% v/v of air had been fed. The percentage conversions of
      carbon monoxide and hydrocarbon were as shown in Table 8
TBL                Table 8                                                     
     ______________________________________                                    
     Time, hours                                                               
              Percentage conversions                                           
            inlet CO 2%   inlet CO 1.5%                                        
            CO     hydrocarbon                                                 
                              CO       hydrocarbon                             
     ______________________________________                                    
     2        92.4     69.9       88.7   74.7                                  
     46.2     86.2     61.5       NA     NA                                    
     65.2     84.9     58.3       92.9   67.1                                  
     ______________________________________                                    
PAR  It is evident that the catalyst loses activity only very slowly.
PAC  EXAMPLE 8
PAC  Behaviour of nickel-copper-platinum-gehlenite-cordierite NO.sub.x removal
      catalyst in US Federal test.
PAR  A 4-cylinder British Leyland Marina engine of capacity 1796 cc(112 cu. in)
      and compression ratio 8.0 was equipped with a reactor (1) adjacent to the
      cylinder head containing NO.sub.x removal catalyst, followed by a pipe
      containing an air-injection nozzle and leading to an oxidation reactor(2).
      The engine was fuelled with a 91.7 Research Octane (82 Motor Octane)
      gasoline containing 0.016% sulphur (as S) and 0.0022 g lead (as Pb, per US
      gallon) and was operated using a dynamometer inertia weight to represent a
      vehicle of 2500 lb weight. Carburation was set to give 2-2.5% carbon
      monoxide in the exhaust.
PAR  The catalysts were
PA1  1. as described in Example 6 in the form of 2 matrix units 4 inches in
      diameter and 3 inches long
PA1  2. a proprietary oxidation catalyst in the form of 3 matrix units 4 inches
      in diameter and 3 inches long.
PAR  The catalysts were warmed to operating temperature by temporarily feeding
      air to the inlet of reactor (1) at the cold start but not at the start
      following the 10 minute standstill. The rates of emission in grams per
      mile were
TBL  Hydrocarbon                                                               
                0.16    (Federal standard                                      
                                      0.41                                     
     CO         0.72                  3.4                                      
     NO.sub.x   0.18                  0.40)                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A catalyst for treating internal combustion engine exhaust gases which
      comprises at least one non-noble metal or compound thereof on a support
      that comprises a primary catalyst support carrying a refractory secondary
      catalyst support, the secondary support consisting essentially of one or
      more involatile acidic and/or amphoteric oxides selected from the group
      consisting of alumina, silica, chromia, manganese oxide, iron oxide and
      mixtures or compounds thereof substantially in combination with one or
      more basic oxides from the group consisting of calcium, strontium and
      barium wherein at least 70% by weight of said acidic and/or amphoteric
      oxide is in combination with said basic oxides and said one or more basic
      oxides is present in a quantity that will give a stoichiometric compound
      with said acidic and/or amphoteric compound.
NUM  2.
PAR  2. A catalyst according to claim 1 in which the acidic oxide is an
      aluminosilicate.
NUM  3.
PAR  3. A catalyst according to claim 2 in which the secondary support comprises
      melilite.
NUM  4.
PAR  4. A catalyst according to claim 1 in which the secondary support has a
      porosity in the range 30 to 70% by volume.
NUM  5.
PAR  5. A catalyst according to claim 1 in which the secondary support is
      naturally-occurring or separately made material or is the in situ reaction
      product of precursors thereof.
NUM  6.
PAR  6. A catalyst according to claim 1 in which the secondary support is the in
      situ reaction product of added oxide with the primary support.
NUM  7.
PAR  7. A catalyst according to claim 1 in which the primary support and the
      secondary support consist essentially of calcium aluminosilicate and the
      function of the primary support is performed by the inner regions of the
      support and the function of the secondary support is performed by the
      surface regions thereof.
NUM  8.
PAR  8. A catalyst according to claim 1 in which the primary support is
      cordierite.
NUM  9.
PAR  9. A catalyst according to claim 1 having a cordierite primary support in
      the form of a multi-tubular matrix having 40 to 500 passages separated by
      walls of thickness 0.1 to 0.4 mm and a secondary support forming a layer
      on the surface of the primary support, the secondary support constituting
      2-40% by weight of the primary support and consisting essentially of
      gehlenite.
NUM  10.
PAR  10. A catalyst according to claim 1 in which the active material of the
      catalyst comprises metallic nickel or cobalt or an alloy of these, the
      catalyst being intended for reductive treatment of exhaust gas.
NUM  11.
PAR  11. A catalyst according to claim 10 containing also copper, silver,
      platinum group metal or mixtures thereof.
NUM  12.
PAR  12. A catalyst according to claim 11 in which copper is present in a
      content, calculated as CuO, of 2-10% of the nickel and cobalt and
      nickel/cobalt alloy calculated as monoxides.
NUM  13.
PAR  13. A catalyst according to claim 1 in which the active material of the
      catalyst comprises one or more oxides of nickel, cobalt, copper, manganese
      or chromium and, the catalyst being intended for oxidative treatment of
      exhaust gas.
NUM  14.
PAR  14. A catalyst according to claim 13 in which the active material of the
      catalyst comprises also a platinum group metal.
NUM  15.
PAR  15. A method of producing a catalyst of at least one non-noble metal or
      compound thereof on a support which comprises a primary catalyst support
      carrying a refractory secondary catalyst support, the secondary support
      consisting essentially of one or more involatile acidic and/or amphoteric
      oxides selected from the group consisting of alumina, silica, chromia,
      manganese oxide, iron oxide and mixtures or compounds thereof
      substantially in combination with one or more basic oxides from the group
      consisting of calcium, strontium and barium which comprises the step of
      reacting secondary support precursor compounds together at an elevated
      temperature of over 800.degree.C in the presence of a compound thermally
      decomposable to form a highly porous solid.
NUM  16.
PAR  16. A method according to claim 15 in which the secondary support precursor
      mixture is heated by means of a stream of gas in which the oxidation of
      hydrogen, carbon monoxide, hydrocarbons or mixtures thereof is taking
      place.
NUM  17.
PAR  17. A method according to claim 15 in which the gas is the exhaust, to
      which air has been added, from a rich-running internal combustion engine.
NUM  18.
PAR  18. A method according to claim 15 in which the catalytic material
      precursors are compounds of a non-noble metal and the mixture is subjected
      to reduction before the reaction at elevated temperature.
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ABST
PAL  Microporous polyurethane hydrogels of high water swellability comprising
      lightly crosslinked polymers of isocyanate terminated prepolymers which
      are the reaction product of (i) poly(alkyleneoxy) polyol with (ii) organic
      diisocyanate that has been lightly crosslinked with (iii) water or an
      organic polyamine are produced by impregnating the isocyanato terminated
      prepolymer solution prior to contact with the crosslinking agent with a
      minor significant amount of a liquid non-solvent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of various materials as absorbents for moisture is a well known,
      widespread practice. In this application many of the natural and synthetic
      materials have been used and extensive efforts have been made to improve
      their absorption properties. One of the major deficiencies of the natural
      and synthetic materials heretofore used has been the tendency for them to
      release the absorbed moisture when pressure has been applied to the
      moisture containing material. The fact that pressure causes the absorbed
      fluid to be expelled from the absorbent is known as reversible absorption.
      For many applications, however, irreversible absorption is desired, for
      example, in surgical dressings, diapers, bed pads, catemenials, and the
      like, whereby the absorbed moisture is retained in the absorbent material
      under an applied pressure.
PAR  Within the past few years recent innovations have resulted in the
      production of materials having such irreversible absorption properties;
      these materials are now known as hydrogels. In most instances they have
      been produced in powder or particulate form and even, in some instances in
      film form. An especially interesting characteristic of the hydrogel
      polymers is that when in contact with water they absorb it and swell to a
      certain point and stop and the final swollen polymer is still similar in
      shape to its initial unswollen shape. Many of the hydrogels have the
      ability to absorb many times their original weight in water without
      becoming soggy or deformed. In general, the hydrogels are used in
      conjunction with other materials as supports. Among the U.S. Pat. Nos.
      that have issued in this field are 3,699,103, 3,589,364, 3,694,301,
      3,670,731, 3,164,565. This is but an exemplary listing and should not be
      considered complete.
PAC  SUMMARY OF THE INVENTION
PAR  Water swellable, lightly crosslinked, microporous hydrogel polymers of an
      isocyanato terminated prepolymer comprising the reaction product of (i) a
      poly(alkyleneoxy) polyol having an average molecular weight up to about
      25,000 with (ii) an organic diisocyanate wherein said prepolymer is
      lightly crosslinked with (iii) a crosslinking agent that is water or an
      organic polyamine, the amount of crosslinking agent used being an
      equivalent amount based on the number of equivalents of isocyanato groups
      present in the prepolymer are produced by impregnation of the isocyanato
      terminated prepolymer solution with a liquid non-solvent.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It was recently discovered that a new class of polyurethane hydrogels could
      be produced by the formation of an isocyanato terminated prepolymer
      obtained by the reaction of poly(alkyleneoxy) polyol and organic
      diisocyanate followed by light crosslinking with water or an organic
      polyamine in which the amount of crosslinker used is sufficient to produce
      an essentially water insoluble hydrogel rather than the end-capped
      product. The fibers, films, tapes or other shaped articles were previously
      obtained in a substantially non-porous state. In many instances a porous
      product would be more desirable; it is lighter and it would have higher
      absorption capacity.
PAR  It has now been found that a microporous polyurethane, water swellable,
      lightly crosslinked, hydrogel in pellet, flake, film, tape, fiber or other
      configuration can be produced by impregnating the isocyanato terminated
      prepolymer solution with a minor significant amount of a liquid
      non-solvent prior to contact with the crosslinking agent. The hydrogels
      are the reaction products of poly(alkyleneoxy) polyol having an average
      molecular weight up to about 25,000 and organic diisocyanate that have
      been lightly crosslinked with a critical quantity of crosslinker; the
      crosslinker being water or an organic amine. The crosslinker can be in a
      coagulation bath, however, such bath is not necessary in some instances.
PAR  In accord with this invention, a liquid non-solvent is added to the
      isocyanato terminated prepolymer solution before it is reacted with the
      crosslinker. The amount of liquid non-solvent is an amount that is
      insufficient to cause precipitation. This amount will vary, as will become
      apparent, on many factors, e.g., the particular isocyanato terminated
      prepolymer the solvent selected, the concentration of prepolymer in the
      solvent, the temperature, the particular non-solvent, the degree of
      microporosity desired and the particular shaped item to be produced.
      However, it will always be a minor portion of the total of all of the
      solvents present in the prepolymer solution. The term "liquid non-solvent"
      signifies a liquid compound that is soluble in the solvent used to
      dissolve the isocyanato terminated prepolymer but which essentially does
      not dissolve the prepolymer itself and in which the hydrogel is also
      insoluble. The term "minor significant amount" means the amount that is
      insufficient to cause precipitation of the prepolymer from its solution
      under the particular conditions prevailing. This is generally less than 50
      weight percent of the total solvent content and usually less than about 25
      weight percent.
PAR  The discovery that the addition of the liquid non-solvent to the prepolymer
      solution before reacting the prepolymer with the crosslinker would produce
      a microporous hydrogel was a completely unexpected and unobvious finding.
PAR  A microporous hydrogel pellet or flake is of interest in many manufactured
      items. It was found that these could be produced by extruding the liquid
      non-solvent treated isocyanato terminated prepolymer solution, hereinafter
      called the impregnated solution, into the coagulation bath, through a fine
      capillary. The particular type of capillary used will determine whether a
      flake or a pellet is obtained. It was found that conventional,
      spinnerettes could be used to obtain flakes and that fine capillary tubes
      yielded pellets. To prevent agglomeration at the orifice openings, the
      material is extruded in a downward direction. As the impregnated solution
      leaves the fine capillary in droplets it enters a coagulation bath and the
      free isocyanato groups react with the crosslinker. The presence of the
      liquid non-solvent in the impregnated solution causes the hydrogel to form
      in a microporous state that is not obtained in the absence of the liquid
      non-solvent. At the same time, the prepolymer solvent is removed and the
      insoluble, water-swellable, lightly crosslinked hydrogel pellets and
      flakes are formed and conveyed away from the area below the orifice. The
      coagulation bath serves two purposes, it permits reaction of the
      isocyanato terminated prepolymer with the crosslinker and it removes the
      solvent from the prepolymer solution. In producing flakes or pellets one
      adjusts the concentration of the prepolymer in the prepolymer solution so
      that it will leave the capillary orifices in droplets rather than as a
      continuous filament or stream under the particular extrusion conditions
      employed with the specific composition being used.
PAR  Microporous hydrogel fibers are produced by extruding the impregnated
      solution through a spinnerette in continuous streams into the coagulation
      bath. There it is converted to the water swellable, lightly crosslinked,
      microporous hydrogel in the same manner as were the pellets and flakes;
      but the fibers are handled using conventional fiber producing techniques
      and equipment.
PAR  The spinning operation for producing microporous hydrogel fibers can be
      carried out in the manner known to those skilled in the art using
      spinnerettes of different hole sizes and containing different numbers of
      holes. The preferred method is to extrude the impregnated prepolymer
      solution downward into the coagulant bath to avoid blockage of the holes,
      then use guides to control the direction through the bath and from the
      bath. The solid, lightly crosslinked, microporous hydrogel fibers can be
      conducted over wash rolls to remove solvents and thence to drying rolls.
      The microporous fibers may be collected as continuous filament, tow or
      chopped into staple by known means; if desired, they can be subjected to a
      stretching treatment at any stage of the process. The equipment required
      and its operation in producing fibers and tapes are well known in the art.
PAR  Microporous hydrogel fibers, tapes, or ribbons are produced in the same
      manner as discussed above for the production of the fibers, differing only
      in the shape of the orifice employed, slit rather than capillary, in the
      extrusion.
PAR  The liquid non-solvent can be exemplified by the aliphatic hydrocarbons;
      preferably those boiling below about 150.degree.C. In some instances the
      liquid non-solvent may be the same solvent that is used in the coagulation
      bath. However, while it is generally essentially the sole major solvent in
      the coagulation bath, it is present in the isocyanato-terminated
      prepolymer solution in but a minor significant amount. As suitable
      non-solvents one can mention hexane, heptane, octane, naphtha, nonane,
      decane, dipropyl ether, dibutyl ether, and the like. Trace amounts of
      aromatic hydrocarbons can be present. Illustrative of combinations of
      prepolymer solvents and liquid non-solvents are benzene/heptane,
      toluene/nonane, trichloroethylene/naphtha, bis2-chloroethyl
      ether/dibutylether, methyl ethyl ketone/hexane, and the like.
PAR  The poly(alkyleneoxy) polyols that are used in producing the microporous
      hydrogel polymers of the present invention are those having a molecular
      weight up to about 25,000. These polyols can be diols, triols or tetrols,
      with the molecular weight of the polyol varying depending upon which is
      used.
PAR  The suitable diols are the poly(ethyleneoxy)glycols which have a molecular
      weight of from about 4,000 to 25,000, preferably from about 6,000 to
      20,000. These diols are well known and many are commercially available.
      Minor amounts preferably up to about 35 weight percent of a
      poly(propyleneoxy) glycol or a poly(butyleneoxy) glycol can also be
      present. The polyols can be block or random copolymers containing mixtures
      of ethyleneoxy, propyleneoxy, or butyleneoxy units.
PAR  The triols and tetrols that can be used are those having a molecular weight
      of from about 92 to 5,000, preferably from about 500 to 1,500. These can
      be the poly(alkyleneoxy) polyols wherein the alkyleneoxy group contains 2
      to 4 carbon atoms and they can be homopolymers or block or random
      copolymers having three or four reactive hydroxyl groups. One can also use
      the aliphatic polyhydroxyl compounds of the formula C.sub.n H.sub.2n
      2.sub.-m (OH).sub.m wherein n is an integer having a value of from 3 to 6
      and m has a value of 3 or 4.
PAR  Illustrative of the suitable polyols are poly(ethyleneoxy) diol,
      poly(propyleneoxy) diol, poly(butyleneoxy) diol,
      copoly(ethyleneoxy-propyleneoxy) diol, poly(ethyleneoxy) triol,
      poly(ethyleneoxy) tetrol, poly(propyleneoxy) triol,
      copoly(ethyleneoxy-propyleneoxy) triol, copoly(ethyleneoxy-butyleneoxy)
      triol, glycerine, sorbitol, 1,2,6-hexanetriol, trimethylolpropane,
      pentaerythritol, dipentaerythritol, and the like. The alkyleneoxy adducts
      of the mono or polyamines such as ethylamine, ethanolamine,
      diethanolamine, ethylene diamine, propylenediamine, is opropanolamine,
      hexamethylene diamine, and the like. Mixtures thereof can be used if
      desired. In addition, one can include some polycaprolactone polyol or
      conventional polyester polyol.
PAR  The microporous hydrogels can be produced by reacting the poly(alkyleneoxy)
      diol with an organic diisocyanate to form an isocyanato terminated
      prepolymer which is then lightly crosslinked with a crosslinking agent
      that is a mixture of an organic diamine and an organic triamine. In
      another embodiment, the microporous hydrogels can be produced by reacting
      a mixture of poly(alkyleneoxy) diols and poly(alkyleneoxy) triols and/or
      tetrols with an organic diisocyanate to form the prepolymer which is then
      lightly crosslinked with a crosslinking agent that is water, an organic
      diamine, or a mixture thereof. When a mixture of polyols is used in
      producing the microporous hydrogels the mole ratio of the diol to the
      higher polyols is at least about 6:1 and can be as high as about 40:1.
      Preferably this mole ratio is from about 15:1 to about 30:1, and more
      preferably from about 20:1 to about 25:1. It has been observed that the
      mole ratio of diol to higher polyol has an effect on water uptake; the
      higher the mole ratio, the higher the water uptake.
PAR  Any of the known organic diisocyanates can be used in the reaction with the
      polyol to produce the isocyanato terminated prepolymer. These isocyanates
      are well known to those skilled in the polyurethane art and illustrative
      thereof one can mention, tolylene diisocyanate, phenylene diisocyanate,
      hexamethylene diisocyanate, isophorone diisocyanate, methylene
      bis(4-phenylisocyanate), 4,4' methylene bis(cyclohexyl isocyanate),
      4,4'-methylenebis(0-tolyleneisocyanate), dimer acid diisocyanate,
      4,4'-methylemebis-(phenyleneisocyanate), 2,2,4-trimethylpentane
      diisocyanate, aniline-formaldehyde polyisocyanates having an average of
      from about 2 to about 3 isocyanato groups per molecule.
PAR  In producing the isocyanato terminated prepolymer one reacts an excess of
      the isocyanate with the polyol. The ratio of isocyanato groups to hydroxyl
      is from about 1.2 to 1.6 equivalents of isocyanato per equivalent of
      hydroxyl. An equivalent amount of isocyanato sufficient to react with any
      water present in the reactants can also be added. It has been observed
      that at lower ratios the microporous hydrogel polymer becomes too soluble,
      while at ratios above 1.6:1 the water uptake of the microporous hydrogel
      decreases. In this reaction any of the known catalysts can be used such as
      dibutyltin dilaurate, stannous octoate, triethylenediamine, lead octoate,
      bis(dimethylamino) ethyl ether, and the like. The catalyst is present at a
      concentration of from about 0.001 to about one percent by weight. The
      conventional catalytic amounts are employed.
PAR  Production of the isocyanato terminated prepolymer is carried out in the
      presence of an inert organic solvent such as benzene, toluene,
      trichloroethane, trichloroethylene, bis(2-chloroethyl) ether, methyl ethyl
      ketone, ethylene dichloride, ethyl acetate, xylene, and the like.
PAR  The temperatures at which the prepolymer is produced can vary from about
      50.degree.C. to about 170.degree.C. and is not critical to the reaction.
      The time required to carry the reaction the completion will vary depending
      upon the particular reactants and catalyst used, the size of the batch and
      other factors known to those skilled in the art. The reaction for the
      preparation of the prepolymer is preferably carried out under anhydrous
      conditions and under an inert gas atmosphere.
PAR  The product obtained in this first step is an isocyanato terminated
      prepolymer that is soluble in the organic solvent used in carrying out the
      reaction. This solution has a solids content dependent upon the amount of
      materials initially charged. For ease in further handling it is preferred
      that the solids content be not greater than about 40 weight percent,
      preferably from 10 to 35 weight percent. The solution viscosity should
      range from about 100 to about 200,000 centipoises.
PAR  To produce the microporous hydrogen polymer from the above isocyanato
      terminated prepolymer, one impregnates the solution with a liquid
      non-solvent and then reacts this prepolymer with a crosslinking agent to
      effect a light degree of crosslinking. The term"lightly crosslinked
      hydrogen polymer" signifies a hydrogel that contains not more than an
      average of about one crosslinked unit per 50,000 average molecular weight
      of the microporous hydrogel. Preferably there is an average of about one
      crosslink unit for each 100,000 to 300,000 of hydrogel molecular weight
      and more preferably about one crosslink unit for each 150,000 to 250,000
      of hydrogel molecular weight. As previously indicated, the suitable
      crosslinkers are water or the organic polyamines, such as the primary or
      secondary diamines or triamines. The polyamines can be any of the known
      aliphatic or aromatic polyamines such as ethylene diamine, diethylene
      triamine, propylene diamines, hexamethylene diamine,
      methylenebis(aniline), tolylene diamine, isophorone diamine,
      trimethylpentane diamine, aniline-formaldehyde adduct polyamines, and the
      like. The amount of crosslinking agent used is an amount sufficient to
      react with all of the terminal isocyanato groups and to effect a light
      crosslinking. The desired concentration of crosslinker is that wherein the
      equivalents of reactive crosslinking groups in the cross-linking agent
      used is equivalent to the number of equivalents of isocyanato groups
      present in the prepolymer. This amount should be sufficient to react with
      all of the isocyanato groups and crosslink the polymer but it should not
      be an amount which would result in end-capping of the isocyanato groups
      rather than crosslinking.
PAR  The water swellable, lightly crosslinked, microporous hydrogels produced in
      this invention were found to have unexpectedly higher water absorption
      capacities than the materials produced by other procedures that did not
      employ impregnation of the isocyanato terminated prepolymer solution with
      liquid non-solvent prior to contact thereof with the crosslinking agent.
      In fact, it has been observed that the capacities can be increased as much
      as two-fold or more. In addition, the rate of water absorption of the
      microporous hydrogels of this invention is faster. The physical
      appearances of the microporous hydrogels is different, they are more
      opaque, and have a softer more pleasing hand. Further, as of this time,
      this impregnation process has been the only method known by which this
      novel type of hydrogel could be manufactured in the pellet or flake form.
PAR  The shaped microporous hydrogel articles produced by this invention can be
      blended with other natural and synthetic fibers, films or tapes to make
      composite blends. The amount of microporous hydrogel polymer in such
      composite can vary from 0.1 weight percent to 99.9 weight percent. This
      amount is dependent upon the desires of the user and how much water
      absorbency he wishes to impart to the finished article. Among the other
      materials that can be used in the blend one can mention cotton, wool,
      linen, flax, polyamides, polyesters, acrylics, modacrylics, acetates,
      celluloses, polyolefins, polyurethanes, or blends thereof.
PAR  The microporous hydrogels can be used per se or in blends in diapers,
      bandages, bed pads, catamenials, facial tissues and paper towels,
      agricultural uses, filters, and a plurality of other manufactured articles
      in which moisture absorbency is desired.
PAR  The following examples serve to illustrate the invention. Parts are by
      weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A solution containing 1100 grams of a poly(oxyethylene) diol having an
      average molecular weight of about 8,500, 6.16 grams of a poly(oxyethylene)
      triol having an average molecular weight of about 1,190 which was the
      ethylene oxide adduct of glycerine and 2,694 grams of trichloroethylene
      solvent was heated to 86.degree. to 89.degree.C. while refluxing in a
      glass reaction vessel to remove 2.2 grams of water. The solution was then
      cooled to 54.degree.C and 48.25 grams of methylenebis (4-phenylisocyanate)
      and 0.3462 grams of dibutyltin dilaurate were added to the kettle
      contents. The solution was heated and refluxed at 80.degree.C to
      88.degree.C for 2 hours. The isocyanato to hydroxyl equivalent ratio of
      the solution was 1.4:1, the diol/triol molar ratio was 25.08:1 and the
      total solids content was 30 percent. The isocyanato equivalent weight of
      the resulting prepolymer solution was 45,426 with a Brookfield viscosity
      of 47,500 centipoises at 22.degree.C.
PAR  A 48.1 gram portion of the isocyanato terminated prepolymer solution
      described above and 48.1 grams of additional trichloroethylene were mixed
      together to obtain a homogenous solution which contained 15 percent
      solids. A total of 26.42 grams of liquid non-solvent naphtha, was slowly
      added to the solution without causing precipitation. It was found that the
      addition of 1 more gram of naphtha (giving a total of 27.42 grams) did
      cause precipitation of the solids; however, the clear solution
      characteristics were restored when 1 gram of trichloroethylene was added.
      The amount of liquid non-solvent (naphtha) impregnation capability without
      precipitation for this solution was thus established as about 21.5 percent
      with a total solids content of 11.8 percent. A film was cast on glass and
      air cured utilizing ambient mositure as the crosslinking agent. This
      microporous hydrogel film was white, opaque (indicative of microporous
      structure), had good adhesion to the glass and a texture like "kid
      leather" or chamois. The hydrogel properties of water absorption capacity
      and solubility in water are compared in the following Table for films
      prepared from the non-impregnated and liquid non-solvent naphtha
      impregnated isocyanato terminated prepolymer solutions.
TBL  ______________________________________                                    
                 Water Absorption                                              
                 Capacity (times                                               
                             Percent Water                                     
                 wts. of Film)                                                 
                             Soluble                                           
     ______________________________________                                    
     Non-Impregnated                                                           
                   20.17         0.66                                          
     Hydrogel Film                                                             
     Naphtha Impregnated                                                       
                   42.47         3.76                                          
     Microporous Hydrogel                                                      
     Film                                                                      
     ______________________________________                                    
PAR  The highly significant effect of the addition of liquid non-solvent to the
      isocyanato terminated prepolymer solution prior to contact with the
      crosslinking agent is noted by the fact that the water uptake capacity was
      increased approximately 110 percent.
PAR  In another experiment using the liquid non-solvent naphtha impregnated
      isocyanato terminated prepolymer solution a portion was placed in a
      hypodermic syringe. The liquid non-solvent impregnated solution was
      extruded from the syringe in the form of droplets which were allowed to
      fall through an ambient air space approximately 10 to 15 inches and then
      into a coagulating bath containing naphtha that was 0.0001 N in ethylene
      diamine at room temperature. The droplets falling into the coagulating
      bath formed small microporous spherical pellets or beads which were found
      to have a water uptake capacity of 57.87 times their own weight and a
      water solubility of 9.93 percent.
PAC  EXAMPLE 2
PAR  An isocyanato terminated prepolymer solution was prepared as described in
      Example 1 at 35 percent total solids in trichloroethylene solvent. The
      solution had an equivalent weight of 35,503 with a Brookfield viscosity of
      79,680 centipoises at 22.degree.C. This polymer solution was divided into
      several portions, each of which was impregnated with various amounts of
      the liquid non-solvent naphtha to give impregnated solutions having a
      range of viscosities from 125 centipoises to 1,360 centipoises at
      22.degree.C and total solids contents which ranged from 10.4 weight
      percent to 15.4 weight percent.
PAR  Each of the naphtha impregnated solutions was then extruded via a
      conventional fiber spinning spinnerette of 30 holes, each hole 0.08 mm
      diameter, using a "Zenith" metering pump to supply a constant rate of 3.6
      ml per minute. Droplets of the respective impregnated solutions were
      formed on the face of the spinnerette and were allowed to release and fall
      through an ambient air space of about 13 to 15 inches thence into a
      coagulating bath (11 inches depth) of naphtha/trichloroethylene (95/5)
      which contained approximately 0.0003 percent ethylene diamine as
      crosslinking agent. The droplets of each of the naphtha impregnated
      solutions were thus formed into microporous pellet or flake-like shapes
      and were partially dried and cured in the ambient air space with most of
      the solvent extraction and crosslinking occuring in the coagulating bath.
      The microporous pellets or flakes from each of the respective impregnated
      solutions were removed from the bath, dried at room temperature, and the
      water absorption capacities and water solubilities were determined. The
      results of these experiments are shown in the following Table:
TBL                TABLE                                                       
     ______________________________________                                    
          Solids Content Non-Solvent                                           
                                    Absorption                                 
                                            % Water                            
          After Dilution Solvent    Water   Solubil-                           
     Run  and Impregnation (%)                                                 
                         Percent    Capacity                                   
                                            ities                              
     ______________________________________                                    
     1    15.40          14.2/85.8  23.88   2.69                               
     2    14.19          16.4/83.6  30.59   2.25                               
     3    13.00          18.6/81.4  40.23   3.43                               
     4    11.48          20.3/79.7  42.89   6.03                               
     5    10.94          21.3/78.7  42.95   5.38                               
     6    10.40          22.3/77.7  44.59   4.04                               
     ______________________________________                                    
      The effects of the non-solvent impregnation of the isocyanate terminated
      prepolymer solution at the various solids and viscosity levels shown in
      the Table were as follows: Pellets or flakes produced from the naphtha
      impregnated solutions 4 to 6 were the most uniform in size and shape,
      being circular and flake-like, and they had the highest water absorption
      capacities which increased with the amount of liquid non-solvent
      impregnant used. The microporous hydrogel pellets or flakes which were
      produced from solutions 1 to 3 were more irregular in size and shape being
      somewhat spherical, with an increasing amount of fines and filamentary
      material noted at the higher solids, lower impregnation levels.
PAC  EXAMPLE 3
PAR  Naphtha impregnated isocyanato terminated prepolymer solutions 4 and 5 from
      Example 2 were extruded via a 20 holes spinnerette, each hole 0.09 mm
      diameter, at a pumping rate of 1.5 grams of prepolymer solids per hour per
      hole. The procedure was much the same as described in Example 2 except
      that the droplets of prepolymer were extruded into an ambient air space
      (15") encircled by a "glass" tube, to provide protection from room air
      currents, and thence into a coagulating or crosslinking bath containing 95
      percent naphtha/5 percent trichloroethylene, that was 0.0001 N in ethylene
      diamine. The impregnated microporous hydrogel pellets or flakes passed a
      distance of about 4 to 5 inches in the coagulating bath onto a mesh
      conveyor belt and were carried about 55 inches through the bath and
      collected in a wire basket at the end of the conveyor belt. The
      microporous hydrogel particles were dried at room temperature and their
      properties determined.
TBL  ______________________________________                                    
     Run                4           5                                          
     ______________________________________                                    
     Particle Dimensions, avg.                                                 
     Diameter, Inch     1/8         1/8                                        
     Thickness, Inch    1/32        1/32                                       
     Water Absorption Capacity                                                 
                        52 fold     51 fold                                    
     Water Solubility, Percent                                                 
                        1.5         1.2                                        
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  An isocyanato terminated prepolymer solution was prepared as described in
      Example 1, at 30 percent solids content then further reduced to 25.2
      percent solids by addition of trichloroethylene solvent. This prepolymer
      solution had an equivalent weight of 62,939 and a Brookfield viscosity of
      10,000 centipoise at 22.degree.C. A portion of this prepolymer solution
      was then further reduced to 10 percent solids content by addition of an
      80/20 mixture of trichloroethylene and naphtha, using the naphtha as the
      liquid non-solvent. This low viscosity (100 cps) naphtha impregnated
      prepolymer solution was then placed in a conventional pressure type air
      actuated paint spray gun. Two samaples of non-woven structures (batts)
      were produced, the first by spraying the impregnated prepolymer solution
      into ambient air and letting the filaments thus formed fall into a
      coagulating bath containing naphtha/trichloroethylene (95/5) that was
      0.0001 N in ethylene diamine; the second sample was sprayed into air,
      thence onto "nonsticking" cloth, using atmospheric moisture as the
      crosslinker. The first non-woven batt had a finer weave than the second
      batt. The properties of the microporous hydrogel batts were obtained and
      are given below.
TBL  ______________________________________                                    
                  Water Absorption                                             
                             Percent Water                                     
                  Capacity   Soluble                                           
     ______________________________________                                    
     Film (Cast on glass and                                                   
                    30.01 fold   0.91                                          
      air cured)                                                               
     First Non-woven Batt                                                      
                    40.03 fold   7.33                                          
     Second Non-woven Batt                                                     
                    32.85 fold   15.31                                         
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  An isocyanato terminated prepolymer solution was prepared by heating 1125
      grams of the poly(oxyethylene) diol and 5.58 grams of the
      poly(oxyethylene) triol used in Example 1 in 2,401 grams of
      trichloroethylene solvent at 76.degree.C to 90.degree.C while refluxing to
      remove 3.6 grams of water. The heat was removed, allowing the kettle
      contents to cool to 75.degree. to 78.degree.C, and 51.84 grams of
      methylenebis (4-phenylisocyanate) and 0.3547 gram of dibutyltin dilaurate
      were added. The solution was heated and refluxed at 75.degree. to
      89.degree.C for two hours. The isocyanato to hydroxy equivalent ratio of
      the prepolymer solution was 1.4:1, the diol to triol molar ratio was 30:1
      and the total solids content was 33 percent. At this point 354 grams of
      the liquid non-solvent naphtha was added to the prepolymer solution and
      the solids content was reduced to about 30 percent. The equivalent weight
      of the resulting impregnated prepolymer solution was 36,306 and the
      Brookfield viscosity was 67,360 at 22.degree.C.
PAR  The naphtha impregnated isocyanato terminated prepolymer solution was
      extruded via a slit-type die having an opening 3 inches by 0.007 inches to
      form a continuous microporous hydrogel tape using a Zenith metering pump
      to supply a constant rate of 19 ml per minute. To produce this tape the
      slit-type die was positioned vertically approximately 1/2-inch to 1 inch
      above the surface of a coagulating bath which contained naphtha and
      trichloroethylene (95/5) that was 0.0001 N in ethylene diamine at a
      temperature of 22.degree.C.
PAR  The impregnated prepolymer solution was thus extruded from the slit die in
      a ribbon-like fluid gel state and passed initially through the 1/2 to 1
      inch ambient air space and thence vertically downward into the coagulating
      and crosslinking bath and onto a conveyor belt running 4 to 5 inches below
      the bath surface. The impregnated prepolymer solution coagulated rapidly
      and did not adhere to the belt. The microporous hydrogel tape was carried
      through the coagulating bath approximately 55 inches at rates of 8 and 12
      feet per minute, drawn over a series of drying rolls heated at 30.degree.
      to 40.degree.C at rates of 10 and 14 feet per minute and then collected on
      a package using a surface drive take-up at rates of about 11 and 15 feet
      per minute. The tape samples thus obtained were about 1 inch wide by
      0.0006 inch thick and opaque with good appearance. The properties of the
      microporous hydrogel tape along with a film cast from the same
      non-impregnated prepolymer solution on glass and air cured for comparison
      purposes are set forth below.
TBL  ______________________________________                                    
                  Water Absorption                                             
                             Percent Water                                     
                  Capacity   Solubles                                          
     ______________________________________                                    
     Film cast on glass                                                        
                    23.36 fold   0.7                                           
     and air cured                                                             
     Impregnated hydrogel                                                      
                    31.42 fold   3.97                                          
     tape (8 ft. per min.)                                                     
     Impregnated hydrogel                                                      
                    32.22 fold   6.22                                          
     tape (12 ft. per min.)                                                    
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  An isocyanato terminated prepolymer solution was prepared as described in
      Example 1 except the isocyanato to hydroxyl equivalent ratio was 1.325:1,
      the diol to triol molar ratio was 22.5:1 and the total solids content was
      initially 35 percent. Sufficient naphtha was added as the liquid
      non-solvent impregnant to reduce this to 34.1 percent. This impregnated
      prepolymer solution was transferred from the reaction vessel to a
      stainless steel dope pot under nitrogen. The solution was then extruded
      through spinnerettes to form multifilament yarns by the conventional
      spinning procedures. The spinnerettes were positioned about 10 to 15
      inches above the coagulating bath and the filaments were extruded
      vertically downward into ambient air thence into the bath containing
      naphthatrichloroethylene (95/5) that was 0.0001 N in ethylene diamine. The
      filaments were drawn downward through the bath 6 to 8 inches then
      horizontally about 12 inches and vertically upward about 6 to 8 inches
      passing through a wash bath containing naphtha for a distance of
      approximately 12 to 14 inches. The microporous hydrogel fibers then were
      drawn over drying rolls and dried at 30.degree.C. The filaments were then
      packaged at about 30 fpm. The impregnated microporous hydrogel fibers were
      opaque, had a soft hand, were insoluble in trichloroethylene, slightly
      elastomeric and of good appearance. Fiber samples were obtained with
      spinnerettes of 40 holes, 60 holes and 100 holes, each hole 0.1mm in
      diameter. These fibers all had elongations at break of over 100 percent
      and the following properties:
TBL                               Water   Percent                              
     Number of        Denier Per  Absorption                                   
                                          Water                                
     Filaments                                                                 
             Denier   Filament    Capacity                                     
                                          Soluble                              
     ______________________________________                                    
     40      200      5           21.2    1.30                                 
                                  fold                                         
     60      1054     17.6        21.6    1.39                                 
                                  fold                                         
     100     951      9.5         21.2    1.21                                 
                                  fold                                         
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An article of manufacture comprising a composite of (I) a shaped
      microporous, water swellable, lightly crosslinked, hydrogel polymer
      article of the isocyanato terminated prepolymer comprising the reaction
      product of:
PA1  i. a poly(alkyleneoxy) polyol having an average molecular weight up to
      about 25,000 wherein the alkyleneoxy group contains from 2 to 4 carbon
      atoms, and
PA1  ii. an organic diisocyanate, said prepolymer impregnated with a minor
      significant amount of a liquid non-solvent prior to lightly crosslinking
      thereof with an equivalent amount of a crosslinking agent of the group:
PA1  iii. water or organic polyamine; wherein said poly(alkyleneoxy) polyol is a
      mixture of a major amount of a poly(ethyleneoxy) diol having an average
      molecular weight of from about 4,000 to about 25,000 and a minor amount of
      a higher polyol of the group poly(alkyleneoxy) triol or poly(alkyleneoxy)
      tetrol having from 2 to 4 carbon atoms in the alkyleneoxy group or
      aliphatic polyhydroxyl compound of the formula C.sub.n
      H.sub.2n.sub.+2.sub.-m (OH).sub.m wherein n has a value of 3 to 6 and m
      has a value of 3 to 4, or mixtures thereof, said triol or tetrol having an
      average molecular weight of from about 92 to 5,000, wherein the mole ratio
      of diol to higher polyol in said mixture is from about 6:1 to 40:1;
      wherein the equivalents ratio of isocyanato groups to hydroxyl groups is
      from about 1.2:1 to about 1.6:1; wherein the organic polyamine is a
      primary or secondary diamine or triamine and wherein the equivalents of
      reactive crosslinking groups in said crosslinking agent used is equivalent
      to the number of equivalents of isocyanato groups present in said
      prepolymer; in combination with (II) a natural or a different synthetic
      fiber or film.
NUM  2.
PAR  2. A method for producing a shaped microporous, lightly crosslinked, water
      swellable, hydrogel polymer article which comprises the steps of:
PA1  A. producing an organic solvent solution of an isocyanato terminated
      prepolymer comprising the reaction product of:
PA2  i. poly(alkyleneoxy) polyol having an average molecular weight up to about
      25,000, wherein the alkyleneoxy group contains from 2 to 4 carbon atoms,
      and
PA2  ii. organic diisocyanate, wherein said poly(alkyleneoxy) polyol is a
      mixture of a major amount of a poly(ethyleneoxy) diol having an average
      molecular weight of from about 4,000 to about 25,000 and a minor amount of
      a higher polyol of the group poly(alkyleneoxy) triol or poly(alkyleneoxy)
      tetrol having from 2 to 4 carbon atoms in the alkyleneoxy group or
      aliphatic polyhydroxyl compound of the formula C.sub.n
      H.sub.2n.sub.+2.sub.-m (OH).sub.m wherein n has a value of 3 to 6 and m
      has a value of 3 to 4 or mixture thereof, said triol or tetrol having an
      average molecular weight of from about 92 to 5,000, wherein the mole ratio
      of diol to higher polyol in said mixture is from about 6:1 to 40:1; and
      wherein the equivalents ratio of isocyanato groups to hydroxyl groups is
      from about 1.2:1 to about 1.6:1;
PA1  B. impregnating said isocyanato terminated prepolymer solution with a minor
      significant amount of a liquid nonsolvent;
PA1  C. extruding or spinning said impregnated isocyanato terminated solution
      into a crosslinking bath comprising:
PA2  i. a crosslinking agent for the isocyanato terminated prepolymer of the
      group (a) water or (b) organic polyamine,
PAL  wherein said polyamine is a primary or secondary diamine or triamine and
      wherein the equivalents of reactive crosslinking groups in said
      crosslinking agent used is equivalent to the number of equivalents of
      isocyanato groups present in said prepolymer; and
PA1  D. recovering the lightly crosslinked, water swellable, shaped microporous
      hydrogel article.
NUM  3.
PAR  3. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      poly (alkyleneoxy) polyol is poly (ethyleneoxy) diol having an average
      molecular weight of from 4,000 to 25,000.
NUM  4.
PAR  4. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      poly(alkyleneoxy) polyol is poly(alkyleneoxy) diol having an average
      molecular weight of from about 6,000 to 20,000.
NUM  5.
PAR  5. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy) diol having an
      average molecular weight from about 6,000 to 20,000 and a
      poly(ethyleneoxy) triol having an average molecular weight of from about
      500 to 1,500, wherein the mole ratio of diol to triol is from about 15:1
      to about 30:1.
NUM  6.
PAR  6. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      organic diisocyanate is methylenebis(4-phenylisocyanate).
NUM  7.
PAR  7. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 3, wherein said
      organic diisocyanate is methylbis(4-phenylisocyanate).
NUM  8.
PAR  8. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 4, wherein said
      organic diisocyanate is methylenebis(4-phenylisocyanate).
NUM  9.
PAR  9. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 5, wherein said
      organic diisocyanate is methylenebis(4-phenylisocyanate).
NUM  10.
PAR  10. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      crosslinking agent is water present in said coagulant bath at an
      concentration up to 0.05 N.
NUM  11.
PAR  11. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 5, wherein said
      crosslinking agent is water present in said coagulant bath at an
      concentration up to 0.05 N.
NUM  12.
PAR  12. The method for producing a shaped microporous water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 6, wherein said
      crosslinking agent is water present in said coagulant bath at an
      concentration up to 0.05 N.
NUM  13.
PAR  13. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 9, wherein said
      crosslinking agent is water present in said coagulant bath at an
      concentration up to 0.05 N.
NUM  14.
PAR  14. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      crosslinking is an organic diamine present in said coagulant bath at an
      concentration up to 0.05 N.
NUM  15.
PAR  15. The method for producing a shaped microporous, water swellable, lightly
      crosslinked hydrogel polymer article as claimed in claim 2, wherein said
      crosslinking agent is ethylene diamine present in said coagulant bath at
      an concentration up to 0.05 N.
NUM  16.
PAR  16. The method for producing a shaped microporous water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 5, wherein said
      crosslinking agent is ethylene diamine present in said coagulant bath at
      an concentration up to 0.05 N.
NUM  17.
PAR  17. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 6, wherein said
      crosslinking agent is ethylene diamine present in said coagulant bath at
      an concentration up to 0.05 N.
NUM  18.
PAR  18. The method for producing a shaped microporous water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 9, wherein said
      crosslinking agent is ethylene diamine present in said coagulant bath at
      an concentration up to 0.05 N.
NUM  19.
PAR  19. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2 wherein said
      crosslinking agent is a mixture of organic diamine and organic triamine
      present in said coagulant bath at a concentration up to 0.05 N.
NUM  20.
PAR  20. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 3, wherein said
      crosslinking agent is a mixture of organic diamine and organic triamine
      present in said coagulant bath at a concentration up to 0.05 N.
NUM  21.
PAR  21. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 4, wherein said
      crosslinking agent is a mixture of organic diamine and organic triamine
      present in said coagulant bath at a concentration up to 0.05 N.
NUM  22.
PAR  22. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 5, wherein said
      crosslinking agent is a mixture of organic diamine and organic triamine
      present in said coagulant bath at a concentration up to 0.05 N.
NUM  23.
PAR  23. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 8, wherein said
      crosslinking agent is a mixture of organic diamine and organic triamine
      present in said coagulant bath at a concentration up to 0.05 N.
NUM  24.
PAR  24. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein the
      crosslinking agent is a mixture of ethylene diamine and diethylene
      triamine present in said coagulant bath at a concentration up to 0.05 N.
NUM  25.
PAR  25. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 3, wherein the
      crosslinking agent is a mixture of ethylene diamine and diethylene
      triamine present in said coagulant bath at a concentration up to 0.05 N.
NUM  26.
PAR  26. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 4, wherein the
      crosslinking agent is a mixture of ethylene diamine and diethylene
      triamine present in said coagulant bath at a concentration up to 0.05 N.
NUM  27.
PAR  27. The method for producing a shaped microporous, water swellable, lightly
      crosslinked hydrogel polymer article as claimed in claim 7, wherein the
      crosslinking agent is a mixture of ethylene diamine and diethylene
      triamine present in said coagulant bath at a concentration up to 0.05 N.
NUM  28.
PAR  28. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 8, wherein the
      crosslinking agent is a mixture of ethylene diamine and diethylene
      triamine present in said coagulant bath at a concentration up to 0.05 N.
NUM  29.
PAR  29. The method for producing a shaped microporous, water swellable, lightly
      crosslinked hydrogel polymer article as claimed in claim 2, wherein said
      poly(alkyleneoxy) polyol is poly(ethyleneoxy) diol, said organic
      diisocyanate is tolylene diisocyanate, and said crosslinker is a mixture
      of ethylene diamine and diethylene triamine present in said coagulant bath
      at a concentration up to 0.05 N.
NUM  30.
PAR  30. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      poly(alkyleneoxy) polyol is poly(ethyleneoxy) diol, said organic
      diisocyanate is methylene bis(4-phenylisocyanate), and said crosslinker is
      a mixture of ethylene diamine and diethylene triamine present in said
      coagulant bath at a concentration up to 0.05 N.
NUM  31.
PAR  31. The method for producing a shaped microporous, water swellable, lightly
      crosslinked, hydrogel polymer article as claimed in claim 2, wherein said
      poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy) diol and
      poly(ethyleneoxy) triol, said organic diisocyanate is
      methylenebis(4-phenylisocyanate), and said crosslinker is water present in
      said coagulant bath at a concentration up to 0.05 N.
NUM  32.
PAR  32. The method for producing a shaped microporous, lightly crosslinked,
      hydrogel polymer article as claimed in claim 2, wherein said
      poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy) diol and
      poly(ethyleneoxy) triol, said organic diisocyanate is
      methylenebis(4-phenylisocyanate), and said crosslinker is ethylene diamine
      present in said coagulant bath at a concentration up to 0.05 N.
NUM  33.
PAR  33. A shaped, microporous, water-swellable, lightly crosslinked, hydrogel
      polymer article, said article produced by the process of claim 2.
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ABST
PAL  This invention relates to polyurethane-polyurea cellular elastomers having
      excellent energy absorbing properties over a wide temperature range and at
      various impact speeds and, more particularly, to the production of such
      elastomers by reacting a polymer polyol, an aromatic polyamine and, an
      aromatic glycol with an organic polyisocyanate. The elastomers are useful
      as energy absorbing components in automobile bumpers and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Until fairly recently, the technology pertaining to rubber-like materials
      (elastomers) as force-reducing impact media has not been well quantified
      because of the scarcity of actual use requirements and lack of suitable
      test equipment. However, automotive industry trends toward safety impact
      bumpers brought about by legislation have significantly increased research
      activities to acquire such technology. Such research activities should
      take into account the following theoretical considerations. Yielding
      materials on impact reduce impact forces by decelerating the impacting
      object through a distance. The maximum force generated is the product of
      the mass of the impacting object and its maximum deceleration. Thus, if an
      object decelerates through a short distance, forces are higher than if an
      object decelerates less rapidly through a longer distance. The advantage
      of using rubber-like materials as impact media is that the original shape
      is recoverable after the impact cycle.
PAR  Rubber-like materials must meet several criteria to serve effectively as
      force-reducing impact media (bumpers) for automobiles. The materials must
      provide sufficient resistance to the impacting object to stop the object
      in a reasonable distance so that acceptable forces on the automobile are
      obtained. Then the media must return to substantially its original
      dimensions. These criteria must hold over the service temperature and
      impact speed of the operation. Further, rubbers are viscoelastic in nature
      (i.e., their physical properties vary as a function of temperature and
      strain rate). Therefore, in the evaluation of rubber-like materials as
      energy absorbing impact components (bumpers) for automobiles, these
      factors must also be taken into account. Additionally, the evaluation
      should simulate closely actual use conditions. Prior art bumpers employing
      rubber-like materials as energy absorbing media have not been entirely
      satisfactory.
PAR  2. Description of the Prior Art
PAR  By way of illustration, U.S. Pat. No. 3,493,257 describes a composite
      urethane-steel bumper stated to be capable of withstanding the impact of a
      4000 pound automobile traveling at five miles per hour with a stationary
      object without damage to the bumper. A urethane thickness of 1.5 inches
      and the formulation used to produce the urethane are disclosed in the
      patent. Based on an analysis of that disclosure, there are shortcomings
      both in the urethane formulation and in the bumper design described in the
      patent. The approximate force generated from the given impact conditions
      can be calculated from the equation:
EQU  F = V.sup.2 .times.W.times.0.186.times.E.sub.f /(X .times. E (A) where
PAR  X = stroke distance, inches
PAR  F = force, lbs.
PAR  V = velocity, ft/sec.
PAR  W = weight, lbs.
PAR  E.sub.f =energy fraction absorbed of total energy
PAR  E = Cycle Efficiency fraction
PAL  Assuming the stroke is 2/3 the thickness (1.0 inch), E.sub.f is 0.3 and E
      is 0.5, then the force (F) calculated from equation (A) is 32,800 pounds
      at impact. This force is well above the force expected to be capable of
      deforming the steel reinforcing bar of the composite automotive bumper
      described in the patent.
PAR  Further, the following formulation (reaction mixture) is described in U.S.
      Pat. No. 3,493,257.
TBL  ______________________________________                                    
                       Parts Per Hundred                                       
     Ingredient        (by weight)                                             
     ______________________________________                                    
     Organic Polyisocyanate                                                    
                       35.8                                                    
     Polyol            100                                                     
     Aromatic Diamine  26.4                                                    
     H.sub.2 O         0.05                                                    
     ______________________________________                                    
PAL  This formulation contains a 1000 molecular weight polyoxypropylene polyol
      and a relatively large amount of the aromatic diamine is employed. The
      moduli of such urethanes produced from such formulations are relatively
      sensitive with respect to temperature changes. The urethane becomes hard
      at cold temperatures thereby decreasing the amount of deflection from
      impact as the temperature is reduced. This effect increases object
      deceleration which results in increased forces on the automobile. Thus,
      from both urethane formulation and design considerations, the bumper of
      U.S. Pat. No. 3,493,257 is not suitable to meet the applicable Federal
      Motor Vehicle Safety Standard (i.e., FMVSS 215) requirements for a safety
      bumper.
PAR  As a further illustration U.S. Pat. No. 3,514,144 describes a realistic
      concept for an energy absorbing urethane elastomer bumper. The statement
      is made "with a bumper of modest dimensions, the energy of impact for a
      heavy automobile traveling at 5 mph can be fully dissipated by this
      contruction". However, no test data is given nor any description of the
      urethane elastomer presented. A temperature insensitive and energy
      absorbing elastomeric material would be required to make the urethane
      bumper of the latter patent functional.
PAR  Additionally, U.S. Pat. No. 3,558,529 discloses the use of a mixture of
      incompatible polyols for making temperature-insensitive urethane polymers
      that are useful as crash padding, insulation etc. However, the products of
      the latter patent are not entirely satisfactory energy absorbing
      materials. Thus, the specific disclosure of this patent (particularly the
      Examples) relate only to polyols which impart to the products insufficient
      load bearing properties for many energy absorbing applications, especially
      for automobile bumpers.
PAR  Further, U.S. Pat. No. 3,580,869 discloses that urethane automobile bumpers
      can be produced from reaction mixtures containing a polyol, an aromatic
      polyamine having unhindered primary amino groups, an organic
      polyisocyanate, and an aromatic glycol. Such reaction mixtures are
      relatively difficult to process unless the aromatic amine and the organic
      polyisocyanate are prereacted to form a prepolymer. Moreover, urethane
      bumpers so produced have relatively poor load-bearing properties and it is
      believed they have been found suitable for use only as "cosmetic" bumpers
      (as distinguished from energy absorbing bumpers). Improved load bearing
      and better processability are achieved using the polymer polyol-hindered
      aromatic amineorganic polyisocyanate formulations of U.S. Pat. No.
      3,586,649 to produce the urethane. However, such urethanes lack the
      desired degree of strain rate sensitivity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based, in part, on the discovery that the use of
      relatively high molecular weight polyol starting materials in producing
      urethane elastomers as well as the presence of both urethane and urea
      structures in urethane elastomers, are needed to provide efficient energy
      absorbing and modulus insensitivity to temperature change for low speed
      impact applications. Accordingly, this invention provides a process for
      producing a cellular polyurethane-polyurea elastomer which comprises
      forming and curing a reaction mixture containing:
PAR  a. a polymer polyol comprising a major liquid polyoxyalkylene polyol that
      has a molecular weight of at least 1500 and a hydroxyl number from 20 to
      120 and that contains therein a minor amount of a film-forming organic
      polymer having a molecular weight of at least 5000,
PAR  b. an aromatic polyamine having at least two primary amine groups
      (.sup.-NH.sub.2) attached to carbon atoms of the same or different
      aromatic rings, at least one of such carbon atoms being adjacent to a
      carbon atom having a substituent other than hydrogen,
PAR  c. an aromatic glycol,
PAR  d. an organic polyisocyanate in an amount that provides from 0.8 to 1.3
      (preferably from 0.95 to 1.1) isocyanato groups per activehydrogen group
      in the reaction mixture,
PAR  e. a catalytic amount of catalyst for the curing of the reaction mixture to
      produce the elastomer, and
PAR  f. a blowing agent in an amount sufficient to produce a cellular structure
      in the elastomer,
PAL  said reaction mixture containing from 97 to 65 (preferably from 97 to 85)
      parts by weight of (a) and from 3 to 35 (preferably from 3 to 15) parts by
      weight of (b) per 100 parts by weight of (a) and (b) and said reaction
      mixture containing from 1 to 35 (preferably from 1 to 20) parts by weight
      of (C) per 100 parts by weight of (a) and (c), with the proviso that the
      reaction mixture contains no more than 35 parts by weight of (b) and (c)
      per 100 parts by weight of (a), (b) and (c).
PAR  As will be apparent to those skilled in the art, a specific formulation
      (reaction mixture) for an energy absorbing impact elastomer cannot be
      described which would answer each and every application requirement. The
      reaction mixture used in a particular case will depend upon the
      specifications necessary for satisfactory performance under the given
      conditions. For example, the particular operating temperature range, the
      final forces and deflections allowed during the impact cycle, cost
      requirements, processing requirements, etc. must be considered for each
      case.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The polymer polyols employed in the process of this invention have a liquid
      polyol component that has a molecular weight of at least 1500 (preferably
      from 2,000 to 8,400) and that has a hydroxyl number from 20 to 120
      (preferably from 25 to 50 when microcellular elastomers are being
      produced). The polymer polyol also has a polymer component that has a
      molecular weight of at least 5000. The polymer component is dissolved or
      dispersed in the polyol component. The polymer polyol preferably contains
      from 85 to 60 parts by weight of the polyol and from 15 to 40 parts by
      weight of the polymer per 100 parts by weight of the polymer polyol. In
      the process of this invention, these polymer polyols react with the
      organic polyisocyanate to produce urethane groups. Polyols of the polymer
      polyol type are used in the formulations of this invention because they
      impart higher modulus to the elastomer than conventional polyols. Further,
      the polymer polyols are desired because of the modulus insensitivity to
      temperature of the elastomer produced therefrom. Suitable polymer polyols
      are disclosed in U.S. Pat. Nos. 3,304,273; 3,383,351 and 3,523,093,
      Belgian Patent No. 788,115, Canadian Patent No. 785,835, and in Reference
      3 (identified below).
PAR  The polymers in the polymer polyols employed in the process of this
      invention include those produced from monomers such as hydrocarbon olefins
      (e.g., styrene, chlorostyrene), olefinic nitriles (e.g., acrylonitrile,
      methacrylonitrile), alkenyl esters of alkanoic acids (e.g., vinyl acetate,
      vinyl propionate, vinyl butyrate), alkyl acrylates (e.g., methyl acrylate
      and ethyl acrylate), alkyl methacrylates (e.g., methylmethacrylate and
      ethylmethacrylate), unsaturated aliphatic acids (e.g., acrylic acid and
      methacrylic acid). The preferred olefin is acrylonitrile alone or mixed
      with styrene. Preferably, the polymer component is formed in situ by
      polymerizing one or more polymerizable monomers in the polyol.
PAR  The polyol in the polymer polyol employed in the process of this invention
      can be a hydroxyl-terminated polyester, a polyhydroxyalkane, a polyphenol,
      a polyoxyalkylene polyol, or the like. Among the polyols which can be
      employed are one or more polyols from the following classes of
      compositions, alone or in admixture, known to those skilled in the
      polyurethane art.
PA1  a. Alkylene oxide adducts of polyhydroxyalkanes;
PA1  b. Hydroxyl-terminated polyesters;
PA1  c. Alkylene oxide adducts of non-reducing sugars and sugar derivatives;
PA1  d. Alkylene oxide adducts of phosphorus and polyphosphorus acids;
PA1  e. Alkylene oxide adducts thereof of polyphenols;
PA1  f. The polyols from natural oils such as castor oil, and the like.
PAL  Illustrative alkylene oxide adducts of polyhydroxyalkanes include, among
      others, the alkylene oxide adducts of ethylene glycol, propylene glycol,
      1,3-dihydroxypropane, 1,3-dihydroxybutane, 1,4-dihydroxybutane, 1,4-, 1,5-
      and 1,6-dihydroxyhexane, 1,2-, 1,3-, 1,4-, 1,6-, and 1,8-dihydroxyoctane,
      1,10-dihydroxydecane, glycerol, 1,2,4-trihydroxybutane,
      1,2,6-trihydroxyhexane, 1,1,1-trimethylolethane, 1,1,1-trimethylolpropane,
      pentaerythritol, caprolactone, polycaprolactone, xylitol, arabitol,
      sorbitol, mannitol, and the like; preferably the adducts of ethylene
      oxide, propylene oxide, epoxybutane, or mixtures thereof. A preferred
      class of alkylene oxide adducts of polyhydroxyalkanes are the ethylene
      oxide, propylene oxide, butylene oxide, or mixtures thereof, adducts of
      trihydroxyalkanes. Ethylene oxide capped (--OC.sub.2 H.sub.4 OH
      terminated) propylene oxide polyols are preferred because of their
      increased reactivity over non-capped propylene oxide polyols thus leading
      to decreased demold times for the molded article. Illustrative
      hydroxyl-terminated polyesters are those which are prepared by
      polymerizing a lactone in the presence of an active hydrogen-containing
      starter as disclosed in U.S. Pat. No. 2,914,556.
PAR  The aromatic polyamines employed in the process of this invention contain
      at least two primary amino groups attached to carbon atoms of the same or
      different aromatic rings, at least one of such carbon atoms being adjacent
      to a carbon atom having a substituent other than hydrogen (i.e., at least
      one of the primary amino groups is "hindered"). As used herein,
      "polyamine" denotes a monomer or polymer containing a plurality of amino
      groups and does not necessarily denote a polymer of a monomeric amine. In
      the process of this invention, these polyamines react with the organic
      polyisocyanate to produce urea groups and function as chain extenders.
      Aromatic polyamines are used as extenders in the process of this invention
      because they impart high load bearing ability and modulus insensitivity to
      temperature to the resulting elastomer. Unlike aromatic polyamines having
      only unhindered primary amino groups (see U.S. Pat. No. 3,580,869), the
      aromatic polyamines employed in the process of the present invention are
      readily converted to cellular polyurethane-polyurea elastomers using the
      one-shot process or quasi-prepolymer process. The use of the amines of the
      latter patent is not desirable because of the processing difficulties
      inherent the use of the high viscosity prepolymer intermediates required
      and the prepolymer shelf instability. The prepolymer technique is
      necessary with such amines because using the on-shot or quasi-prepolymer
      techniques result in the polyisocyanate reacting preferentially with the
      diamine rather than with the polyol. Contrary to the suggestion in the
      latter patent, it has been found that the use of hindered aromatic
      polyamines in the process of the present invention produces cellular
      elastomers having compression sets and skin thickness as good or better
      than found in elastomers produced in the process of that patent which
      employs unhindered aromatic polyamines. Illustrative of suitable hindered
      aromatic polyamines are 3-chloro-4,4'-diaminodiphenylmethane,
      4,4'-methylene bis (2-chloroaniline), cumene diamine, toluene diamine,
      dichlorobenzidine, etc.
PAR  The organic polyisocyanates employed in the process of this invention
      include monomeric and polymeric organic polyisocyanates, aliphatic and
      aromatic polyisocyanates and prepolymers produced by reacting a polyol
      with an excess of a polyisocyanate. The preferred polyisocyanates are
      quasi-prepolymers (especially the reaction products of excess tolylene
      diisocyanate and short chain polyoxypropylene diols or triols) because of
      the ease of processing such materials.
PAR  The aromatic glycols employed in the process of this invention include
      reaction products of alkylene oxides with aromatic amines or alcohols
      having two active hydrogens, especially reaction products of alkylene
      oxides with di [hydroxyalkoxy] aryl compounds and primary amino aryl
      compounds. In the process of this invention, the aromatic glycols react
      with the organic polyisocyanates to form urethane groups and function as
      chain extenders. Aromatic glycols are desired for extenders in the present
      invention because of the strain rate sensitivity of the elastomer. That
      is, the apparent hardness is greater at higher strain rates, thereby
      providing greater energy absorption at impact. They are used to improve
      modulus or energy absorbing ability without imparing the temperature
      sensitivity of the elastomer. The preferred aromatic glycols are the
      reaction products of ethylene oxide and aniline. Others may be used such
      as ethylene oxide and propylene oxide adducts of bisphenol A or the
      propylene oxide adducts of aniline.
PAR  Suitable polyisocyanates for use in the process of this invention include
      poly(arylene-isocyanates) having at least two aromatic rings with one
      isocyanato group on each ring. These aromatic rings are suitably
      interconnected by an ether, sulfone, sulfoxide, methylene, propylene,
      carbonyl linkage or by two methylene groups connected to a benzene ring
      substituted by an isocyanato group. The aromatic rings of the
      poly(aryleneisocyanate) can be substituted e.g., by methyl, ethyl or
      propyl groups. Suitable poly(aryleneisocyanates) include polymethylene
      poly(phenyleneisocyanates) having the formula:
      ##SPC1##
PAL  wherein x has an average value from 1.1 to 5 inclusive (preferably from 2.0
      to 3.0). Other suitable polyisocyanates include 4,4'-diphenylmethylene
      diisocyanate; 3,3'diphenylmethylene diisocyanate; diphenyl diisocyanate;
      diphenylsulfone diisocyanate; diphenylsulfide diisocyanate;
      diphenylsulfoxide diisocyanate; and diphenylpropane diisocyanate; and the
      isomeric tolylene and xylene diisocyanates and their residue products.
PAR  The catalysts employed in the process of this invention accelerate the cure
      of the reaction mixture and include organic amines and organometallic
      compounds such as lead octoate, dibutyltin dilaurate, tin octoate, cobalt
      octoate and triethylene diamine.
PAR  The blowing agents employed in the process of this invention include any
      compound capable of generating an inert gas under the conditions used to
      cure the elastomer (e.g., by reaction to produce a gas or by
      volatilization). Suitable blowing agents include water and volatile
      halocarbons (especially chlorocarbons and chloroflurocarbons) such as
      methylene chloride, trichloromonofluoromethane, dichlorodifluoromethane,
      dichloromonofluoromethane, dichloromethane, trichloromethane,
      bromotrifluoromethane, chlorodifluoromethane, chloromethane,
      1,1-dichloro-1,1-fluoromethane, 1,1-difluoro-1, 2,2-trichloroethane,
      chloropentafluoroethane, 1-chloro-1-fluorethane, 1-chloro-2-fluoroethane,
      1,1,2-trifluoroethane, 2-chloro-1,1,2,3,3,4,4-heptafluorobutane,
      hexafluorocylcobutane and octafluorobutane. Other useful blowing agents
      include low-boiling hydrocarbons such as butane, pentane, hexane,
      cyclohexane and the like. The amount of the blowing agent employed is
      determined by the desired elements of the cellular elastomer to be
      produced. In this connection, the elastomers produced by the process of
      this invention can be designed to have any of a wide range of densities,
      e.g., from 5 to 70 pounds per cubic foot. For certain applications e.g.,
      for automobile bumpers, the elastomers preferably have densities from 10
      to 40 and such densities can be achieved by employing from 3 to 10 parts
      by weight of a blowing agent (such as methylene dichloride or
      trichloromonofluoromethane) per 100 parts by weight of the active
      hydrogen-containing components and the polyisocyanate in the reaction
      mixture.
PAR  In the process of this invention, the reaction mixture can be formed and
      cured in accordance with the standard techniques known in the art. Thus,
      in those cases where molded microcellular elastomers are to be produced,
      the techniques described in Reference 2 (identified below) are applicable.
      A suitable process sequence is as follows:
      ##EQU1##
PAR  Since the polyurethane-forming and polyurea-forming reactions involved in
      the cure of the reaction mixtures are exothermic, curing can usually be
      accomplished without the application of heat from an external source.
PAR  In the practice of the process of this invention, one or more of each of
      the starting materials can be employed. In fact, it is often preferable to
      employ more than one of at least some of the starting materials,
      particularly the organic polyisocyanate (i.e., mixtures of isomeric
      tolylene diisocyanates) and catalyst (i.e., both tin and amine catalysts).
PAR  Mixtures comprising the polymer polyols, aromatic polyamines and the
      aromatic glycols useful in the process of this invention are novel
      compositions of matter that also constitute a part of this invention.
      Thus, this invention also provides mixtures composed of (a), (b) and (c)
      above in the relative amounts indicated above.
PAR  The cellular elastomers produced in accordance with this invention are
      useful as energy absorbing components in automobile bumpers, packaging and
      the like.
PAR  The molecular weights of the polyols and polymer polyols described herein
      are weight average molecular weights.
DETD
PAC  EXPERIMENTAL
PAR  The following experimental description illustrates the present invention.
      In the experimental description, the following abbreviations are used.
TBL  __________________________________________________________________________
     Abbreviation   Meaning                                                    
     __________________________________________________________________________
     Reference 1    Hintzen, H. and Dunleavy, R. A.,                           
                    "An Energy Absorbing Elastomeric                           
                    Bumper", Paper presented at the                            
                    SAE Meeting, Detroit, Michigan,                            
                    January, 1973. This reference                              
                    describes the same experimental                            
                    work as appears below with                                 
                    respect to "Compounds A, B and                             
                    C".                                                        
     Reference 2    Dunleavy, R. A., "Some Aspects of                          
                    the Microcellular Urethane                                 
                    Material and Process", J. Elas-                            
                    toplastics, 2, January, 1970.                              
     Reference 3    Kuryla, W. C., et al., "Polymer/                           
                    Polyols, a New Class of Poly-                              
                    urethane Intermediates", J.                                
                    Cellular Plastics, March, 1966.                            
     lb.            pound                                                      
     max            maximum                                                    
     min            minute                                                     
     ft             foot                                                       
     pli            pounds per linear inch                                     
     pcf            pounds per cubic foot                                      
     pph            parts by weight per 100 parts                              
                    by weight                                                  
     %              percent                                                    
     mph            miles per hour                                             
     Resin          Blend of the active hydrogen-                              
                    containing components and catalyst                         
                    used to produce a polyurethane                             
                    elastomer.                                                 
     Activator      Blend of the isocyanate component                          
                    and blowing agent used to produce                          
                    a polyurethane elastomer.                                  
     R/A            Weight Ratio of Resin to Activator                         
     EW (Equivalent Weight)                                                    
                    A unit basis for calculation of                            
                    reactant weight ratios. It is the                          
                    weight of a substance that theo-                           
                    retically combines with one gram                           
                    of hydrogen or eight grams of                              
                    oxygen, i.e., EW (Hydrogen) = 1                            
                    and EW (Oxygen) = 8.                                       
     Hydroxyl Number (OH No.)                                                  
                    A measure of the equivalent weight                         
                    of a hydroxyl-containing substance.                        
                          56.1 .times. 1000.                                   
                    OH No. =     Expressed                                     
                          EW                                                   
                    as milligrams of potassium hydrox-                         
                    ide per gram of material.                                  
     FNCO (Free Isocyanate)                                                    
                    A measure of the EW of an isocy-                           
                    anate-containing material.                                 
                          4.2                                                  
                    % FNCO = .times. 1000                                      
                          EW                                                   
                    Expressed as the weight percent                            
                    of the reactive or free isocyan-                           
                    ate content of a substance.                                
     Polyol A       A polyalkylene oxide triol                                 
                    produced from propylene and                                
                    ethylene oxides and glycerine                              
                    and having a molelcular weight of                          
                    about 4,900. The alkylene oxide                            
                    units are present primarily in                             
                    blocks and the primary OH content                          
                    is about 75%. The ethylene oxide                           
                    is used to "cap" the triol.                                
                    Based on its alkylene oxide con-                           
                    tent this triol contains 85 wt-%                           
                    C.sub.3 H.sub.6 O and 15 wt-% C.sub.2 H.sub.4 O.           
     Polymer/Polyol I                                                          
                    A polymer/polyol having EW = 2000                          
                    and produced by polymerizing 20                            
                    weight percent acrylonitrile in 80                         
                    weight percent Polyol A. The polymer                       
                    in this polymer polyol has a mole-                         
                    cular weight of over 5000.                                 
     Isocyanate A   This is a quasi prepolymer containing                      
                    30 weight percent free NCO pro-                            
                    duced by reacting (a) an excess of                         
                    a mixture containing 80 weight                             
                    percent 2,4-tolylene diisocyanate                          
                    and 20 weight percent 2,6-                                 
                    tolylene diisocyanate with (b)                             
                    dipropylene glycol.                                        
     Isocyanate B                                                              
                    Sold as "ISONATE 901"                                      
     Aromatic Diol I                                                           
                    EW.about.90                                                
     Aromatic Diamine I                                                        
                    A reaction product of aniline,2-                           
                    chloroaniline and formaldehyde.                            
                    The reaction product is a mixture                          
                    of aniline, 2-chloroaniline,                               
                    4,4'-methylene dianiline (MDA),                            
                    3-chloro-4,4'-diaminodiphenyl-                             
                    enethane and 4,4'-methylene                                
                    bis(2-chloroaniline) (MOCA).                               
                    The reaction product has EW=126.                           
     Aromatic Diamine II                                                       
                    A reaction product differing from                          
                    Aromatic Diamine I in that its                             
                    EW=128.                                                    
                    CH.sub.2 CH.sub.2                                          
     DABCO 33LV     N----CH.sub.2 CH.sub.2 ----N                               
                    CH.sub.2 CH.sub.2                                          
     T-12           dibutyltin dilaurate                                       
     __________________________________________________________________________
PAR  "Stream Weight Ratios" (R/A) referred to below are calculated as follows:
PAR  Three values are required for calculation of the stream weight ratio of
      polyol to isocyanate: the free isocyanate content of the isocyanate and
      the hydroxyl number and moisture content of the polyol. They can be
      determined by standard and analytical methods. Sample Calculations follow:
TBL  Given:                                                                    
           Isocyanate Stream FNCO                                              
                              =      26.0%                                     
           Polyol Stream OH No.                                                
                              =      142                                       
           Polyol Stream H.sub.2 O Content                                     
                              =      .090%                                     
PAL  Moisture reacts with the isocyanate and is not accounted for by the OH No.
      of the polyol. The OH No. must be corrected by adding the OH No.
      equivalent of the water to the OH No.
EQU  0.090 .times. 62.3 = 5.6
EQU  142 + 5.6 = 148 (corrected OH No.)
PAL  The equivalent weight (EW) of the polyol and of the isocyanate are then
      calculated. Percent FNCO is based upon EW 42 (NCO) and OH No. is based
      upon EW 56.1 (KOH).
      ##EQU2##
      Since one equivalent of isocyanate plus one equivalent of polyol are
      required to make a urethane polymer of FNCO/OH equivalent ratio of 1.00
      (or 100 index) then weight ratio of polyol to isocyanate = 380/162 = 2.34.
PAR  If an index other than 100 is desired the formula is
      ##EQU3##
      For example, the calculation for a 103 index is:
EQU  R.sub.i = (2.34/103) .times. 100 = 2.27 Where I = 103
PAL  or 2.27 parts of the polyol should be reacted with 1.00 parts of the
      isocyanate to provide a urethane polymer of 103 isocyanate index.
PAR  The following foaming characteristics and foam properties were observed or
      measured with regard to various cellular polyurethane-polyurea elastomeric
      produced as described below.
PAR  Cream Time The interval of time from the formation of the complete
      formulation to the appearance of a creamy color in the formulation. The
      cream time is proportional to the rate of reaction of the formulation.
PAR  Rise Time The interval of time from the formation of the complete
      formulation to the attainment of the maximum height of the cellular
      elastomer.
PAR  Tack Free Time The interval of time from the formation of the complete
      formulation to the disappearance of the tacky feel from the surface of the
      resulting elastomer.
PAR  For the sake of brevity, the microcellular polyurethane-polyurea elastomers
      described below are sometimes referred to simply as "urethanes".
PAR  Criteria
PAR  Present day performance criteria for elastomers as force-reducing impact
      media are somewhat limited. Therefore, functional goals were set up for
      the experiments described below which, it was felt, if met would produce a
      material of satisfactory performance. These are given below:
PAR  a. The capability to absorb energy of the level encountered in low speed
      (&lt;10 mph) vehicle collisions over the service temperature in a minimal
      distance.
PAR  b. Good surface appearance and a coatable surface.
PAR  c. The capability of being easily processed with available relatively low
      cost equipment.
PAR  d. Shelf stable chemical intermediates suitable for commercial operation,
      available and of relatively low cost.
PAR  These requirements seem best answered by the use of an integral-skin
      microcellular urethane rubber for the force-reducing impact media. A
      microcellular urethane rubber is the product resulting from the in-process
      density reduction of a solid urethane elastomer. Solid urethanes
      inherently possess many performance advantages over natural and synthetic
      rubbers, e.g., strength properties over a wide temperature range, abrasion
      and solvent resistance. The reduction in density, or foaming, is done for
      a variety of reasons, not least among them is cost reduction, when the
      properties of the expanded product can meet established performance
      criteria. Other advantages over liquid-cast solid elastomers are
      moldability (internal pressure causes excellent mold fill-out and
      simplicity of process). These materials are inherently flexible for
      engineering property variation through formulation. Microcellular urethane
      material and process were described in depth in Reference 2.
PAR  Reaction Mixtures
PAR  Three types of reaction mixtures were prepared for evaluation by pendulum
      impact testing. These "Compounds" (reaction mixtures) were designated
      "Compounds A, B, and C" . The formulations, processing conditions, and
      reactivity are given in Tables 1, 2, and 3 below for microcellular
      urethanes A, B, and C, respectively produced from these Compounds. Their
      basic difference is use of aromatic diol extenders (A), aromatic diamine
      extenders (B) and both aromatic diamine and aromatic diol extenders (C),
      as follows:
PAR  Compound A - This compound was formulated to simulate the so-called
      "cosmetic" urethane which is in commercial use today on automotive bumpers
      primarily as a decorative, as distinguished from an energy absorbing,
      component. This urethane is known to be relatively temperature sensitive
      with respect to change in modulus.
PAR  Compound B - This compound was formulated to improve modulus sensitivity to
      temperature.
PAR  Compound C - This compound was formulated to improve modulus sensitivity to
      temperature as well as to retain much of the force pick up ability of
      Compound a expected in dynamic pendulum testing.
PAR  The starting materials were processed via a urethane metering-mixing
      machine into 20 .times.  3 .times. 5 inch deep test blocks for pendulum
      impact testing. Materials were formulated to bracket expected performance
      requirements.
PAR  Processing
PAR  The following preparation of an elastomer from Compound C is typical of the
      preparations of all the elastomers of this invention described in this
      Experimental section: The Resin and Activator components (blends) were
      prepared for processing on a small Martin Sweets urethane metering-mixing
      machine (15-20 lb/min max thruput). The weights of the ingredients used
      are shown below in their order of addition.
TBL  ______________________________________                                    
     Resin       Wt. (grams)                                                   
                            Activator  Wt. (grams)                             
     ______________________________________                                    
     Polymer Polyol I                                                          
                 37,568     Isocyanate 18,160                                  
                            A                                                  
     Aromatic Diol I                                                           
                 410        Methylene  4,540                                   
                            Chloride                                           
     Aromatic Diamine                                                          
                 2,860                                                         
     DABCO 33LV  275                                                           
     T-12        55                                                            
     ______________________________________                                    
PAL  The above weights of Resin materials were combined in a ten-gallon unheated
      container and mixed under nitrogen for an hour with a mounted Lightning
      Mixer. The initial temperature of Polymer Polyol I was 25.degree.C. The
      Diol and Diamine were each heated for 4 hours in a 100.degree.C air oven
      before addition to the mix. The DABCO 33LV and T-12 catalyst were blended
      at ambient temperature (75.degree.F) prior to mixing. The above weights of
      Activator were mixed separately under nitrogen for 30 minutes at ambient
      temperature (75.degree.F). The prepared Resin and Activator components
      were charged into their respective pots on the Martin Sweets and
      circulated. Samples were taken from the machine for chemical analyses
      (FNCO, H.sub.2 O, OH No.) for calculation of stream weight ratio. The
      ratio was calculated upon receipt of the chemical analysis. The metering
      pumps on the Martin Sweets were adjusted to deliver the desired ratio and
      thruput to the mixing head. The components were delivered to the heated
      mold for making the part. Ten minutes was allowed for ambient cure before
      the part was removed from the mold.
PAR  Testing
PAR  Physical properties were measured on samples of each formulated product by
      standard ASTM rubber tests. These test results are given in Table 4 below.
      The ASTM test methods used for each measurement are shown in Table 5
      below. Compression moduli at 25 per cent deflection as a function of
      temperature were established on the three Compounds and are shown in Table
      5A below.
PAR  Examination of the physical property test data indicates that formulation
      goal expectations were achieved. Improvement in the modulus insensitivity
      to temperature from Compound A to B to C is clearly evident in the
      hardness values as well as the compression modulus values of the
      elastomers produced from the three Compounds.
PAR  Pendulum to moveable vehicle impact evaluation of the microcellular
      urethane block was made at three temperatures, -20.degree.F, 75.degree.F,
      and 120.degree.F. The test samples were conditioned in temperature boxes
      for at least twelve hours prior to the dynamic test, mounted on the
      vehicle at ambient temperature and immediately impacted. The vehicle
      weight was 3500 lbs. as well as the pendulum. Impacts were made at 4.0,
      5.0, and 5.5 mph. Forces and deflection were measured concurrently and
      read out as xy force deflection plots. The test samples were identified as
      follows:
TBL  Compound A Block     AB                                                   
     Compound B Block     BB                                                   
     Compound C Block     CB                                                   
PAL  A total of 18 pendulum to moveable vehicle impacts were made. The
      parameters, Max Force, Max Deflection, Stored Absorbed Energy, Hysteresis
      Energy, Vehicle Compliance, Coefficient and Cycle Efficiency were taken
      from and/or calculated from the individual dynamic load deflection data.
      These data are shown in Table 6.
PAR  To obtain further information on the dynamic impact properties of the three
      microcellular urethanes, pendulum to rigid fixture impact tests were made.
      The pendulum to moveable vehicle tests which had been done previously were
      simulated in that 75.degree.F and 120.degree.F impacts were made at 30% of
      the energy generated in a 5.5 mph/3500 lb. vehicle impact. The
      -20.degree.F impact was made at 1/2 or 15% of the total energy with the
      exception of Compound A which was made at 1/6 or 5% of the total 5.5
      mph/3500 lb. vehicle impact. In each case a 2400 lb. pendulum was used and
      the velocities were 3.64, 2.57, and 1.49 mph for the 30%, the 15%, and the
      5% energy impact, respectively. These data are shown in Table 7 below for
      the designated test samples. Each of the evaluation parameters were
      explored which were previously mentioned. An explanation of the various
      impact evaluation parameters appears below:
PAR  Max Force - read directly from the dynamic force deflection curve (lbs.).
PAR  Max Deflection - read directly from the dynamic force deflection curve
      (inches).
PAR  Absorbed Energy - total area under "in cycle" on dynamic force deflection
      curve (ft. lbs.).
PAR  Hysteresis Energy - difference between total area under "in cycle" and "out
      cycle" curve on dynamic force deflection curve (ft. lbs.).
PAR  Vehicle Compliance Coefficient - calculated from the equation
EQU  C = (E.sub.T - E.sub.A)/F.sup.2  where
PAR  C = vehicle compliance coefficient (ft./lb.)
PAR  E.sub.T = total energy into vehicle (ft./lbs.)
PAR  E.sub.A = absorbed energy in urethane (ft./lbs.)
PAR  F = max force (lbs.)
PAR  For pendulum to moveable vehicle impact, it is assumed that the excess
      energy remaining in the pendulum after impact and the energy put into the
      vehicle in elastic collision total 50% of the original total pendulum
      energy available to the vehicle at impact. The compliance coefficient thus
      is the reciprocal of the vehicle spring constant. For pendulum to fixture
      impact the equation is simply
EQU  C = (E.sub.T -E.sub.A)/F.sup.2
PAR  Cycle Efficiency Fraction - calculated from the equation:
EQU  E = X.sub.T /X
PAL  where
EQU  X.sub.T = (V.sup.2 .times. W .times. 0.183 .times. E.sub.f)/F
PAL  when
PAR  X.sub.T = theoretical deflection (inches)
PAR  X = actual measured deflection (inches)
PAR  V = velocity of impact (ft./sec.)
PAR  W = weight vehicle (lbs.)
PAR  E.sub.f = fraction absorbed energy of total energy
PAR  F = max force (lbs.)
PAR  An ideal impact media provides minimum max deflection at impact velocity
      for a given force. Thus, one can define efficiency for the cycle on the
      deflection obtained for the force level. A constant force square wave
      deflection would in this case be classified as 100% efficiency.
PAR  Examination of the pendulum to moveable vehicle impact data and the
      calculated parameters clearly shows the superiority of Compounds B and C
      over Compound A with respect to temperature sensitivity. This increase in
      hardness of the microcellular urethane elastomer at -20.degree.F results
      in rapid deceleration and thus high force levels. This trend could be
      predicted from the hardnesses and compression moduli of the respective
      urethanes as a function of temperatures as shown in Tables 4 and 5A below.
PAR  Of interest is the distribution of the energy fraction as a function of
      temperature for each of the Compound blocks. The absorbed energy fraction
      varied from 3 to 41% in the urethane during impact. The total energy
      picture for the pendulum to moveable vehicle model may be expressed
      according to the following equation.
TBL  E.sub.T                                                                   
           =     E.sub.P +    E.sub.A                                          
                                    +    CF.sup.2                              
                                                +    E.sub.c                   
     (100%)      (2-5%)      (3-40%)    (10-30%)    (50%)                      
PAL  where
PAR  E.sub.p = the remaining KE in the pendulum after an in-line impact
PAR  E.sub.A = absorbed energy in the urethane
PAR  CF.sup.2 = absorbed energy in the vehicle assuming it acts as a spring
PAR  E.sub.c = energy lost to the vehicle to provide movement; this is assumed
      to be about a perfect elastic collision
PAR  The urethane bumper and the vehicle itself may be considered in combination
      on impact as a temperature sensitive spring (the urethane) in series with
      a constant (over temperature) spring (the vehicle). If the urethane
      becomes hard at cold temperatures and does not deflect and absorbs much
      energy this energy is transmitted to the vehicle and results in greater
      deflection of the vehicle frame which is of course not desirable. Both
      springs have a common force but different deflections depending upon the
      spring constant of each. The vehicle can take so much energy without
      destructing, so it is important to design relatively
      temperature-insensitive urethane compounds for automotive bumpers.
PAR  The hysteresis energy seems relatively constant, percentage-wise, for
      Compounds B or C, 10-12% of the total energy across the temperature range.
      It is higher for Compound A which is a "deader" material than B and C as
      shown by the physical property data in Table 4 below (Bashore Resilience).
PAR  The vehicle compliance coefficient, the reciprocal of the vehicle's spring
      constant, should be constant. The data show differently which indicates
      there may be another variable in the picture which is unknown at the
      present. Some apparent trends for the vehicle compliance coefficient for
      pendulum to moveable vehicle impact are:
PAR  a. It increases upon impact as the temperature of the urethane block test
      sample is increased. This may be because of the relatively poor impact
      instability of block with regard to dimension.
PAR  b. It increases upon impact as the speed of impact is increased.
PAR  c. It decreases upon impact as the temperature of the urethane shape sample
      is increased. This may be due to lack of the necessary load pick up at
      higher temperature resulting in some bottoming-out.
PAR  The Cycle Efficiency calculated for the pendulum to moveable vehicle
      impacts seems reasonable at 50% to 60%. There is some scatter in the data,
      which is expected. There is an apparent trend of lower efficiency at
      higher temperature which is most likely due to force "slip through" as the
      urethane softens.
PAR  To provide further insight on the impact characteristics of the compounds,
      the pendulum to fixture impact was analyzed in a similar manner, see Table
      7 below. General observations were made as follows:
PAR  a. Only 70-80% of the total energy put into the system was picked up as
      absorbed energy. This may be a function of temperature of the sample
      and/or the amount of total energy put into the sample. Some energy might
      have been picked up by deflection of the fixture or the pendulum itself
      may have twisted during impact. This is not the entire picture because the
      vehicle compliance coefficients were not constant.
PAR  b. The hysteresis energy, in general, decreased as the temperature of the
      urethane decreased. This is to be expected as seen in the original
      physical property data. See Table 4 below.
PAR  c. Similar trends were found for vehicle compliance and for cycle
      efficiency as previously shown in the pendulum to moveable vehicle impact
      evaluation. They still remain at this time not totally understandable.
      Future work should include the actual measurement of vehicle compression
      so this variable may be explored.
PAR  This part of the experimental program showed the superiority of the B and C
      type compounds over A. Compound A displayed more modulus sensitivity to
      temperature which caused low deflection and greater deceleration at low
      temperatures resulting in higher impact forces than B and C. This
      sensitivity to modulus also caused higher frame deflection since the A
      compound actually absorbed much less energy (3% vs. 15%) than B or C at
      low temperature. This excess energy was transmitted to the frame of the
      vehicle.
PAR  Modulus sensitivity to temperature can also be brought about in
      polyurethane formulating by the use of a low molecular weight polyol
      and/or too much chain extender, either diamine or glycol. These results
      are illustrated by U.S. Pat. No. 3,493,257 in which both of these premises
      were violated. To demonstrate this, the formulation of U.S. Pat. No.
      3,493,257 was prepared ("13RAD105-7") and tested. The physical screening
      properties are shown in Table 8 below and 25% compression moduli vs.
      temperature are shown in Table 5A below compared to similar test data on
      Compounds A and C. The sensitivity to temperature is worse than Compound A
      which was judged unsatisfactory. Therefore, the formulation of U.S. Pat.
      No. 3,493,257 would not be expected to functionally perform if the
      application were over a normal ambient exterior service range.
PAR  Unpublished work had suggested that diamine urethanes would be less strain
      rate sensitive as well as less temperature sensitive than glycol
      urethanes. One would then expect less force resistance at impact speeds
      for the aromatic diamine system than the aromatic glycol system. This
      would result in what is termed "slip through" in the aromatic diamine
      system, in which, because of this lack of resistance, forces are not
      picked up as the impacting object goes through the compression cycle. This
      results in lower energy absorption, lower efficiency, and higher final
      forces. An indication of this pnenomenon is the pendulum to vehicle impact
      evaluation of Compounds A, B, and C. See BB vs. CB at 5.5 mph impact
      speed. The force at 120.degree.F was greater than the force at 75.degree.F
      for the B compound (12,000 lbs. vs. 11,300 lbs.). This is an indication of
      "slip through" at the higher temperature. This was verified by a 7%
      decrease in the cycle efficiency for BB. For CB this was not the case, the
      120.degree.F force was 12,500 lbs. compared to 13,400 lbs. obtained at
      75.degree.F. The cycle efficiency changed only 3% compared to the 7%
      observed for the B compound.
PAR  Therefore, three more microcellular urethane compounds (Compounds A1, B1,
      and C1) were impacted at higher energy levels to ascertain the validity or
      advantage of utilizing the merits of glycol-diamine mixtures as extenders
      for the microcellular urethane rubber-like impact media as represented by
      the Type C compound.
PAR  Tables 9, 10, and 11 below show the formulation process conditions and
      reactivity for compounds A1, B1, and C1, respectively. Their physical
      properties are shown in Table 12 below as measured by those standard ASTM
      rubber tests given in Table 5. These compounds were selected for dynamic
      impact studies because, (a) they represented the three classes of
      compounds, (b) they were of similar density, and (c) their compression
      moduli at 50% and 75.degree.F were for all practical purposes at the same
      level.
PAR  All conditions were the same as described previously for the pendulum to
      fixture test except that the energy level was made higher to explore the
      "slip through" evidently experienced in the testing of the Compound B. The
      weight of the pendulum in this series of tests was 4000 lbs. and the speed
      of the pendulum was varied to obtain the desired energy level. In line
      with the previous pendulum to fixture impact tests the energy fraction
      absorbed as assumed to be 80% of the total for 75.degree.F and
      125.degree.F tests and 70% for the -20.degree.F tests, with the exception
      of Compound A1 which was assumed to be 50% at -20.degree.F. This was
      necessary because all the measuring equipment which was available was the
      load cell for force measurements and modeling clay for total deflection
      measurement. It was not possible to actually measure the energy fraction.
PAR  The pendulum to fixture impact data is shown in Table 13 below. The "slip
      through" phenomenon is shown dramatically in the B1 compound at 1500 ft.
      lbs. impact energy by the low force obtained at -20.degree.F (14,800 lbs.)
      and the much higher forces measured at 75.degree.F and 125.degree.F --
      30,000 and 32,000 lbs., respectively. The C1 compound yield forces upon
      impact according to expectation. The A1 compound once again exhibited
      temperature sensitivity to modulus by the high force obtained at
      &lt;20.degree.F. The "slip through" phenomenon is further demonstrated by the
      calculated cycle efficiencies for the B1 compound which are relatively low
      at 75.degree.F and 125.degree.F 17 and 16 per cent, respectively.
PAR  Impacts at higher input energy, 2400 and 3300 ft. lbs. were explored for
      the C1 compound. This data as seen in Table 13 below shows that the
      compound needs to be designed to cover a certain range of impact energy.
      The C1 compound for example would require either a higher density, a
      higher modulus at the same density with comparable temperature
      insensitivity or perhaps an increased depth of urethane to functionally
      operate at impact energies of 2000 ft. lbs. or higher.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Formulation, Process Conditions and Reactivity for                        
     Compound A Microcellular Urethane                                         
     (9RAD110)*                                                                
     Formulation                                                               
     ______________________________________                                    
     pph     Resin         pph     Activator                                   
     ______________________________________                                    
     100     Polymer Polyol I                                                  
                           32.8    Isocyanate A                                
     15      Aromatic Diol I                                                   
                            8.2    Methylene Chloride                          
     0.125   DABCO 33LV                                                        
     0.25    T-12                                                              
     OH No. = 106      % FNCO = 24.5                                           
     % H.sub.2 O = 0.10                                                        
     Process Conditions                                                        
     ______________________________________                                    
     Resin Temperature, .degree.F                                              
                         112                                                   
     Activator Temperature, .degree.F                                          
                         75                                                    
     Stream Weight Ratio, R/A                                                  
                         2.80                                                  
     Isocyanate Index    105                                                   
     Mold Temperature, .degree.F                                               
                         150-155                                               
     Thruput, lb/min     15.5                                                  
     Reactivity                                                                
     ______________________________________                                    
     Cream Time, sec.     8-10                                                 
     Rise Time, sec.     50-55                                                 
     Tack-Free Time, sec.                                                      
                         60-65                                                 
     ______________________________________                                    
      *such designations herein are notebook references                        
TBL                TABLE 2                                                     
     ______________________________________                                    
     Formulation, Process Conditions and Reactivity for                        
     Compound B Microcellular Urethane                                         
     (12RAD52)                                                                 
     Formulation                                                               
     ______________________________________                                    
     pph     Resin         pph     Activator                                   
     ______________________________________                                    
     100     Polymer Polyol I                                                  
                           19.1    Isocyanate A                                
     7.5     Aromatic Diamine I                                                
                            4.8    Methylene Chloride                          
     0.30    DABCO 33LV                                                        
     0.15    T-12                                                              
     OH No. = 57       % FNCO = 24.5                                           
     % H.sub.2 O = 0.2                                                         
     Process Conditions                                                        
     ______________________________________                                    
     Resin Temperature, .degree.F                                              
                         130                                                   
     Activator Temperature, .degree.F                                          
                         75                                                    
     Stream Weight Ratio, R/A                                                  
                         4.5                                                   
     Isocyanate Index    105                                                   
     Mold Temperature, .degree.F                                               
                         155                                                   
     Thruput, lb/min     14.5                                                  
     Reactivity                                                                
     ______________________________________                                    
     Cream Time, sec.    20-22                                                 
     Rise Time, sec.     110-120                                               
     Tack-Free Time, sec.                                                      
                         130-140                                               
     ______________________________________                                    
TBL                TABLE 3                                                     
     ______________________________________                                    
     Formulation, Process Conditions and Reactivity for                        
     Compound C Microcellular Urethane                                         
     (8RAD124 or 12RAD130)                                                     
     Formulation                                                               
     ______________________________________                                    
     pph     Resin         pph     Activator                                   
     ______________________________________                                    
     92      Polymer Polyol I                                                  
                           17.9    Isocyanate A                                
     1       Aromatic Diol I                                                   
                            4.5    Methylene Chloride                          
     7       Aromatic Diamine II                                               
     0.67    DABCO 33LV                                                        
     0.13    T-12                                                              
     OH No. = 62.3     % FNCO = 24.5                                           
     % H.sub.2 O = 0.122                                                       
     Process Conditions                                                        
     ______________________________________                                    
     Resin Temperature, .degree.F                                              
                         126                                                   
     Activator Temperature, .degree.F                                          
                         76                                                    
     Stream Weight Ratio, R/A                                                  
                         4.45                                                  
     Isocyanate Index    105                                                   
     Mold Temperature, .degree.F                                               
                         155                                                   
     Thruput, lbs/min    16.2                                                  
     Reactivity                                                                
     ______________________________________                                    
     Cream Time, sec.    12                                                    
     Rise Time, sec.       70-75                                               
     Tack-Free Time, sec.                                                      
                         90                                                    
     ______________________________________                                    
TBL                Table 4                                                     
     ______________________________________                                    
     Physical Properties of Microcellular Urethane Compounds                   
     A, B, and C                                                               
     ______________________________________                                    
     Research Notebook                                                         
                    9RAD110   12RAD52   8RAD124                                
     Reference                                                                 
                     A         B         C                                     
     ______________________________________                                    
     Density pcf    30        31        32                                     
     Hardness, Shore A at                                                      
     -20.degree.F   70        59        58                                     
      75.degree.F   34        47        47                                     
     125.degree.F   30        45        48                                     
     100% Modulus, psi                                                         
                    180       308       330                                    
     Tensile Strength, psi                                                     
                    525       385       415                                    
     Ultimate Elongation, %                                                    
                    275       130       130                                    
     C Tear, pli    55        50        55                                     
     B Compression Set, %                                                      
                    10        22        24                                     
     50% Compression                                                           
                    110       195       210                                    
      Modulus, psi                                                             
     Bashore Resilience, %                                                     
      at                                                                       
     -20.degree.F   11        22        22                                     
      75.degree.F   14        22        22                                     
     125.degree.F   21        56        57                                     
     ______________________________________                                    
TBL                TABLE 5                                                     
     ______________________________________                                    
     Physical Test Methods                                                     
     Property      ASTM Method  Specimen Size*                                 
     ______________________________________                                    
     Density       D1564        1".times.1".times.1/2" thick                   
     Hardness      D2240        1".times.1".times.1/2" thick                   
     Tensile Strength                                                          
                   D412         1/8"-1/4" thick                                
     Tear          D624C        1/8"-1/4" thick                                
     Compression Set                                                           
                   D395B 22 hr at                                              
                                1".times.1".times.1/2" thick                   
                   158.degree.F                                                
                   50% compressed                                              
     Compression Modulus                                                       
                   D575         1".times.1".times.1/2" thick                   
     Bashore Resilience                                                        
                   D2632        1".times.1".times.1/2" thick                   
     ______________________________________                                    
      *" denotes inch                                                          
TBL                                    TABLE 5A                                
     __________________________________________________________________________
     Effect of Temperature on 25% Compression Modulus of                       
     Microcellular Urethane Elastomers                                         
     25% Compression Modulus, psi                                              
                                   Urethane of                                 
              Urethane A                                                       
                     Urethane B                                                
                            Urethane C                                         
                                   USP 3,493,257                               
     Temperature .degree.F                                                     
              9RAD110-2                                                        
                     12RAD52B                                                  
                            8RAD124                                            
                                   13RAD105-7                                  
     __________________________________________________________________________
     -20      431    161    199    775                                         
      0       422    166    190    435                                         
      72      47     84     93     103                                         
     100      43     87     91     101                                         
     125      35     83     92      97                                         
     __________________________________________________________________________
TBL                                    Table 6                                 
     __________________________________________________________________________
     Pendulum to Vehicle Impact Evaluation of Microcellular Urethanes A, B,    
     and C                                                                     
     __________________________________________________________________________
     Test Sample      AB   AB   BB   BB   BB   CB   CB                         
     Velocity Impact, mph                                                      
                      4.0  5.5  4.0  5.0  5.5  4.0  5.5                        
     __________________________________________________________________________
     Max. Force, lbs at                                                        
     -20.degree.F     18,500                                                   
                           --   13,500                                         
                                     --   17,750                               
                                               15,500                          
                                                    19,500                     
      75.degree.F     10,000                                                   
                           12,500                                              
                                 8,750                                         
                                     11,000                                    
                                          11,300                               
                                                9,500                          
                                                    13,400                     
     120.degree.F      6,750                                                   
                           11,400                                              
                                 8,500                                         
                                     --   12,000                               
                                                8,700                          
                                                    12,500                     
     Max. Deflection, inches at                                                
     -20.degree.F     0.15 --   0.54 --   0.72 0.50 0.62                       
      75.degree.F     1.30 1.71 1.65 1.97 1.97 1.50 1.93                       
     120.degree.F     2.40 2.71 1.95 --   2.26 1.75 2.23                       
     Absorbed Energy, ft lbs at                                                
     -20.degree.F     55   --   356  --   615  313  555                        
      75.degree.F     655  1177 676  970  1010 630  1154                       
     120.degree.F     752  1210 725  --   1109 684  1184                       
     Absorbed Energy, % at                                                     
     -20.degree.F     3    --   19   --   17   17   16                         
      75.degree.F     35   33   36   33   29   34   33                         
     120.degree.F     41   34   39   --   31   37   34                         
     Hysteresis Energy, ft lbs at                                              
     -20.degree.F     45   --   260  --   425  246  416                        
      75.degree.F     470  890  218  323  349  212  410                        
     120.degree.F     362  630  185  --   338  222  340                        
     Hysteresis Energy, % at                                                   
     -20.degree.F     2    --   14   --   12   13   12                         
      75.degree.F     25   25   12   11   10   11   12                         
     120.degree.F     20   18   10   --   10   12   10                         
     Vehicle Compliance Coefficient                                            
     X10.sup.6, ft/lb at                                                       
     -20.degree.F     2.5  --   3.1  --   3.7  2.6  3.2                        
      75.degree.F     2.7  3.7  3.2  4.0  5.9  3.3  3.4                        
     120.degree.F     3.8  4.2  2.8  --   4.5  3.2  3.7                        
     Cycle Efficiency, % at                                                    
     -20.degree.F     24   --   60   --   58   50   56                         
      75.degree.F     62   66   57   54   56   53   54                         
     120.degree.F     56   47   55   --   49   54   51                         
     __________________________________________________________________________
TBL                Table 7                                                     
     ______________________________________                                    
     Pendulum to Fixture Impact Evaluation of Microcellular                    
     Urethanes A, B and C                                                      
     ______________________________________                                    
     Test Sample          AB      BB      CB                                   
     ______________________________________                                    
     Max. Force, lbs at                                                        
     -20.degree.F         12,400  12,800  14,200                               
      75.degree.F          9,100   9,000   9,300                               
     120.degree.F          7,300   8,700   8,600                               
     Max. Deflection, inches at                                                
     -20.degree.F         0.15    0.60    0.56                                 
      75.degree.F         1.68    2.11    1.99                                 
     120.degree.F         2.82    2.35    2.26                                 
     Absorbed Energy, ft lbs at                                                
     -20.degree.F         86      363     390                                  
      75.degree.F         875     855     850                                  
     120.degree.F         835     860     815                                  
     Absorbed Energy, % at                                                     
     -20.degree.F         49      69      74                                   
      75.degree.F         82      80      80                                   
     120.degree.F         79      81      77                                   
     Hysteresis Energy, ft lbs at                                              
     -20.degree.F         55      295     315                                  
      75.degree.F         705     416     425                                  
     120.degree.F         500     328     342                                  
     Hysteresis Energy, %                                                      
     -20.degree.F         31      56      59                                   
      75.degree.F         67      39      40                                   
     120.degree.F         47      31      32                                   
     Vehicle Compliance Coefficient                                            
     X10.sup.6, ft/lb at                                                       
     -20.degree.F         0.6     1.0     0.7                                  
      75.degree.F         2.4     2.5     2.4                                  
     120.degree. F        4.2     2.6     3.3                                  
     Cycle Efficiency, % at                                                    
     -20.degree.F         56      57      59                                   
      75.degree.F         69      54      56                                   
     120.degree.F         49      51      51                                   
     ______________________________________                                    
TBL                Table 8                                                     
     ______________________________________                                    
     Physical Properties of USP 3,493,257 Microcellular                        
     Urethane (Prepared by UCC-13RAD105-7)                                     
     ______________________________________                                    
     Density, pcf           26                                                 
     Hardness, Shore A at                                                      
     -20.degree.F           78                                                 
      75.degree.F           54                                                 
     125.degree.F           52                                                 
     100% Modulus, psi      280                                                
     Tensile Strength, psi  350                                                
     Ultimate Elongation, % 160                                                
     C Tear, pli            80                                                 
     B Compression Set, %   34                                                 
     Bashore Resilience, % at                                                  
     -20.degree.F           16                                                 
      75.degree.F           24                                                 
     125.degree.F           33                                                 
     50% Compression Modulus, psi                                              
                            215                                                
     ______________________________________                                    
TBL                TABLE 9                                                     
     ______________________________________                                    
     Formulation, Process Conditions and Reactivity for                        
     Compound A1 Microcellular Urethane                                        
     (12RAD96)                                                                 
     Formulation                                                               
     ______________________________________                                    
     pph     Resin         pph     Activator                                   
     ______________________________________                                    
     88      Polymer Polyol I                                                  
                           17.6    Isocyanate A                                
     10      Aromatic Diol I                                                   
                            7.0    Methylene Chloride                          
     2       Diethylene Glycol                                                 
     0.25    DABCO 33LV                                                        
     0.05    T-12                                                              
     OH No. = 108      %FNCO = 24.5                                            
     % H.sub.2 O = 0.05                                                        
     Process Conditions                                                        
     ______________________________________                                    
     Resin Temperature, .degree.F                                              
                         116                                                   
     Activator Temperature, .degree.F                                          
                         75                                                    
     Stream Weight Ratio R/A                                                   
                         2.8                                                   
     Isocyanate Index    105                                                   
     Mold Temperature, .degree.F                                               
                         155                                                   
     Thruput, lb/min     15.8                                                  
     Reactivity                                                                
     Cream Time, sec.    8                                                     
     Rise Time, sec.     70                                                    
     Tack-Free Time, sec.                                                      
                         85                                                    
     ______________________________________                                    
TBL                TABLE 10                                                    
     ______________________________________                                    
     Formulation, Process Conditions and Reactivity for                        
     Compound B1 Microcellular Urethane                                        
     (12RAD40-5)                                                               
     Formulation                                                               
     ______________________________________                                    
     pph     Resin         pph     Activator                                   
     ______________________________________                                    
     100     Polymer Polyol I                                                  
                           15.5    Isocyanate B                                
     5       Aromatic Diamine II                                               
                            3.8    Methylene Chloride                          
     0.25    DABCO 33LV                                                        
     0.025   T-12                                                              
     OH No. = 59.6     %FNCO = 26.2                                            
     % H.sub.2 O = 0.15                                                        
     Process Conditions                                                        
     ______________________________________                                    
     Resin Temperature, .degree.F                                              
                         121                                                   
     Activator Temperature, .degree.F                                          
                         75                                                    
     Stream Weight Ratio, R/A                                                  
                         5.46                                                  
     Isocyanate Index    105                                                   
     Mold Temperature, .degree.F                                               
                         155                                                   
     Thruput, lbs/min    14                                                    
     Reactivity                                                                
     ______________________________________                                    
     Cream Time, sec.                                                          
     Rise Time, sec.                                                           
     Tack-Free Time, sec.                                                      
     ______________________________________                                    
TBL                TABLE 11                                                    
     ______________________________________                                    
     Formulation, Process Conditions and Reactivity for                        
     Compound C1 Microcellular Urethane                                        
     (12RAD 102)                                                               
     Formulation                                                               
     ______________________________________                                    
     pph   Resin           pph     Activator                                   
     ______________________________________                                    
     90    Polymer Polyol I                                                    
                           21.6    Isocyanate A                                
     7     Aromatic Diol I  5.4    Methylene Chloride                          
     3     Aromatic Diamine II                                                 
     0.65  DABCO 33LV                                                          
     0.2   T-12                                                                
     OH No. = 80.9     %FNCO = 24.5                                            
     % H.sub.2 O = 0.05                                                        
     Process Conditions                                                        
     ______________________________________                                    
     Resin Temperature, .degree.F                                              
                         118                                                   
     Activator Temperature, .degree.F                                          
                         75                                                    
     Stream Weight Ratio R/A                                                   
                         3.7                                                   
     Isocyanate Index    105                                                   
     Mold Temperature, .degree.F                                               
     Thruput, lbs/min    15.1                                                  
     Reactivity                                                                
     ______________________________________                                    
     Cream Time, sec.    6                                                     
     Rise Time, sec.     120-130                                               
     Tack-Free Time, sec.                                                      
                         140-150                                               
     ______________________________________                                    
TBL                TABLE 12                                                    
     ______________________________________                                    
     Physical Properties of Microcellular Urethane Compounds                   
     A1, B1 and C1                                                             
     ______________________________________                                    
     Research Notebook                                                         
                    12RAD96   12RAD40-5 12RAD102                               
      Reference     A.sub.1   B.sub.1   C.sub.1                                
     Density, pcf   33        32        35                                     
     Hardness, Shore A at                                                      
     ______________________________________                                    
     -20.degree.F    75*      64        76                                     
      75.degree.F   55        51        49                                     
     125.degree.F   39         57*      45                                     
     100% Modulus, psi                                                         
                    139       --        210                                    
     Tensile Strength, psi                                                     
                    334       220       438                                    
     Ultimate Elongation, %                                                    
                    220       70        200                                    
     C Tear, pli    64        23        63                                     
     B Compression Set, %                                                      
                    9         14        16                                     
     50% Compression                                                           
                    220       226       224                                    
      Modulus, psi                                                             
     Bashore Resilience, %                                                     
      at                                                                       
     -20.degree.F   14        23        16                                     
      75.degree.F   19        56        17                                     
     125.degree.F   23        64        27                                     
     ______________________________________                                    
      *anomalous data                                                          
TBL                                    Table 13                                
     __________________________________________________________________________
     Pendulum to Fixture Impact Evaluation of Microcellular Urethanes A1, B1   
     and C1                                                                    
     __________________________________________________________________________
     Test Samples     A1B  B1B  C1B  C1B  C1B                                  
     __________________________________________________________________________
     Max. Force, lbs at                                                        
     -20.degree.F     38,800                                                   
                           14,800                                              
                                30,000                                         
                                     38,000                                    
                                          --                                   
      75.degree.F     10,400                                                   
                           30,000                                              
                                12,000                                         
                                     17,600                                    
                                          26,000                               
     125.degree.F     14,000                                                   
                           32,000                                              
                                10,800                                         
                                     22,000                                    
                                          32,000                               
     Max. Deflection, inches at                                                
     -20.degree. F    0.32 1.42 0.33 0.58 --                                   
      75.degree.F     1.78 2.75 1.63 2.06 2.36                                 
     125.degree.F     2.68 2.85 2.24 2.60 2.90                                 
     Absorbed Energy, ft lbs at                                                
     -20.degree.F     750  1030 750  1680 2320                                 
      75.degree.F     1200 1200 1200 1920 2640                                 
     125.degree.F     1200 1200 1200 1920 2640                                 
     Absorbed Energy, % at                                                     
     -20.degree.F     50   70   50   70   70                                   
      75.degree.F     80   80   80   80   80                                   
     125.degree.F     80   80   80   80   80                                   
     Vehicle Compliance Coefficient                                            
     X10.sup.6, ft/lb at                                                       
     -20.degree.F     0.50 2.08 0.83 0.50 --                                   
      75.degree.F     2.78 0.33 2.08 1.55 0.98                                 
     125.degree.F     1.53 0.29 2.56 0.99 0.65                                 
     Cycles Efficiency, % at                                                   
     -20.degree.F     72   69   90   57   --                                   
      75.degree.F     78   17   60   45   23                                   
     125.degree.F     48   16   48   26   15                                   
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a cellular polyurethane-polyurea elastomer
      useful as the energy absorbing component in automobile bumpers which
      process comprises forming and curing a reaction mixture consisting
      essentially of:
PA1  a. a polymer polyol comprising a liquid polyoxyalkylene polyol that has a
      molecular weight of at least 1500 and a hydroxyl number from 20 to 120 and
      that contains therein film-forming organic polymer having a molecular
      weight of at least 5000, said polymer polyol consisting essentially of
      from 85 to 60 parts by weight of the polyol and from 15 to 40 parts by
      weight of the polymer per 100 parts by weight of the polymer polyol and
      said polymer having been produced polymerizing in said polyol at least one
      monomer selected from the group consisting of hydrocarbon olefins,
      olefinic nitriles, alkenyl esters of alkanoic acids, alkyl acrylates,
      alkyl methacrylates and unsaturated aliphatic acids;
PA1  b. an aromatic polyamine having at least two primary amine groups attached
      to carbon atoms of the same or different aromatic rings, at least one of
      such carbon atoms being adjacent to a carbon atom having a chlorine
      substituent and each such aromatic ring consisting of carbon and hydrogen;
PA1  c. an aromatic glycol, said glycol being the reaction product of an
      alkylene oxide with an aromatic amine consisting of carbon, hydrogen and
      nitrogen, said nitrogen being in an amino group, and said aromatic amine
      having two active hydrogens provided by the amino group or an aromatic
      alcohol consisting of carbon, hydrogen and oxygen, said oxygen being in
      hydroxyl groups, and said alcohol having two active hydrogens; provided by
      the hydroxyl groups;
PA1  d. an organic polyisocyanate in an amount that provides from 0.8 to 1.3
      isocyanato groups per active-hydrogen group in the reaction mixture;
PA1  e. a catalytic amount of catalyst for the curing of the reaction mixture to
      produce the elastomer; and
PA1  f. a blowing agent in an amount sufficient to produce a cellular structure
      in the elastomer,
PAL  said reaction mixture containing from 97 to 65 parts by weight of (a) and 3
      to 35 parts by weight of (b) per 100 parts by weight of (a) and (b) and
      said reaction mixture containing from 1 to 35 parts by weight of (c) per
      100 parts by weight of (a) and (c), with the proviso that the reaction
      mixture contains no more than 35 parts by weight of (b) and (c) per 100
      parts by weight of (a), (b) and (c).
NUM  2.
PAR  2. An elastomer produced by the process of claim 1.
NUM  3.
PAR  3. A mixture useful in producing a cellular polyurethane-polyurea elastomer
      useful as the energy absorbing component in automobile bumpers which
      mixture consists essentially of:
PA1  a. a polymer polyol comprising of liquid polyoxyakylene polyol that has a
      molecular weight of at least 1500 and a hydroxyl number from 20 to 120 and
      that contains therein film-fomring organic polymer having a molecular
      weight of at least 5000, said polymer polyol consisting essentially of
      from 85 to 60 parts by weight of the polyol and from 15 to 40 parts by
      weight of the polymer per 100 parts by weight of the polymer polyol and
      said polymer having been produced polymerizing in said polyol at least one
      monomer selected from the group consisting of hydrocarbon olefins,
      olefinic nitriles, alkenyl esters of alkanoic acids, alkyl acrylates,
      alkyl methacrylates and unsaturated aliphatic acids;
PA1  b. an aromatic polyamine having at least two primary amine groups attached
      to carbon atoms of the same or different aromatic rings, at least one of
      such carbon atoms being adjacent to a carbon atom having a chlorine
      substituent and each such aromatic ring consisting of carbon and hydrogen;
      and
PA1  c. an aromatic glycol, said glycol being the reaction product of an
      alkylene oxide with an aromatic amine consisting of carbon, hydrogen and
      nitrogen, said nitrogen being in an amino group, and said aromatic amine
      having two active hydrogens provided by the amino group or an aromatic
      alcohol consisting of carbon, hydrogen and oxygen, said oxygen being in
      hydroxyl groups, and said alcohol having two active hydrogens; provided by
      the hydroxyl groups;
PAL  said mixture containing from 97 to 65 parts by weight of (a) and 3 to 35
      parts by weight of (b) per 100 parts by weight of (a) and (b) and said
      mixture containing from 1 to 35 parts by weight of (c) per 100 parts by
      weight of (a) and (c), with the proviso that the mixture contains no more
      than 35 parts by weight of (b) and (c) per 100 parts by weight of (a), (b)
      and (c).
NUM  4.
PAR  4. A mixture as claimed in claim 3 wherein (a) is a polymer polyol
      comprising a liquid polyoxypropylene triol that has terminal --OC.sub.2
      H.sub.4 OH groups, that has a molecular weight from 2000 to 8400, that has
      a hydroxyl number from 25 to 50 and that contains therein a film-forming
      acrylonitrile polymer having a molecular weight of at least 5000, said
      polymer polyol containing 85 to 60 parts by weight of the polyol and from
      15 to 40 parts by weight of the polymer per 100 parts by weight of the
      polymer polyol; (b) is 4,4'-methylene bis(2-chloroaniline); and (c) is the
      reaction product of two moles, an alkylene oxide and one mole of a primary
      aromatic amine, said mixture containing from 97 to 85 parts by weight of
      (a) and from 3 to 15 parts by weight of (b) per 100 parts by weight of (a)
      and (b) and from 1 to 20 parts by weight of (c) per 100 parts by weight of
      (a) and (c), with the proviso that the mixture contains no more than 35
      parts by weight of (b) and (c) per 100 parts by weight of (a), (b) and
      (c).
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ABST
PAL  Novel stable-in-use aminoplast resin binder solutions comprising aqueous
      solutions of predominantly a urea-formaldehyde resin having a formaldehyde
      to urea ratio of less than 2.0, from about 40 to 56% by weight dissolved
      ammonium polyphosphate reacted with 5 to 12.5 percent by weight
      formaldehyde and not more than 30% by weight water. Preferred aminoplast
      resin binder solutions also contain a methylolated melamine-formaldehyde
      resin. A novel process for the production of the stable aminoplast resin
      binder solutions containing high percentages of ammonium polyphosphates
      and suitable for production of fire-retardant particle board is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Urea-formaldehyde resins are widely used in the wood products industry as
      adhesives for plywoods and binder resins for hardboard, chipboard,
      particle board and the like. Recently, due to considerations of safety and
      fire prevention, there has developed a demand for fire-retardant or
      fire-resistant plywoods and particle board or chipboard. Therefore, the
      prior art has sought methods for the incorporation of fire-retardant
      salts, and specifically such salts as ammonium phosphates and
      polyphosphates, into plywoods and particle board.
PAR  The prior art methods of incorporation of ammonium phosphates into particle
      boards have required mixing in the dry phosphate salt or spraying a
      solution thereof onto the particle board wood furnish and drying such
      furnish before adding resin binder thereto. However, a sprayed solution of
      ammonium polyphosphate will remain undried and sticky for long periods
      even at high temperatures. It requires temperatures of over 500.degree.F.
      to render it non-sticky and this is far higher than normal hot pressing
      temperatures for particle boards. Alternatively, it has been suggested to
      incorporate the powdered dry salt into a binder resin, but such dry
      powdered salts are very difficult to disperse and maintain evenly
      dispersed in such resin solutions. Furthermore, they interfere with the
      smooth operation of the furnish depositing equipment when dry mixed into
      such furnish.
PAR  Attempts to blend aqueous solutions of ammonium polyphosphates with aqueous
      syrups of urea-formaldehyde or melamine-urea-formaldehyde resins have been
      successful only in very low concentrations of the phosphates, since higher
      concentrations of phosphates cause the resins to cloud and precipitate.
      These low concentrations are generally not sufficient to confer an
      acceptable level of flame retardancy on the final particle board product.
      Consequently, it has been desired to incorporate aqueous solutions of
      phosphate salts into urea-formaldehyde and melamine-urea-formaldehyde
      resins at concentrations higher than 10% by weight in order to simplify
      the process of production of fire-retardant particle boards.
PAR  It has now been found that certain aminoplast resins will remain stable to
      aqueous solutions of modified ammonium polyphosphates for extended periods
      making possible a fire-retardant binder resin solution quite suitable for
      use in the general commercial process for the production of particle
      board. The availability of such binder resin solutions makes possible the
      production of fire-retardant particle board produced as rapidly with the
      same number of steps as are required for the present production of
      non-fire-retardant particle boards. These novel fire-retardant binder
      resin solutions can be used in the same manner and with the same facility
      as ordinary aminoplast binder resin solutions but contain much higher
      concentrations of ammonium phosphates than are compatible with such normal
      resin solutions. Thus, industry is enable to produce fire-retardant
      particle board by the same processes and at the same rate of production as
      the non-fire-retardant particle boards. A further advantage is the fact
      that the novel binder resin solutions do not require dilution with
      increased amounts of water which would, in turn, require a separate drying
      step for the wood furnish. As a consequence, these novel binder resin
      solutions and process for their production represent a decided improvement
      in both economics and safety.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the process for the production of a
      resin binder solution and the resin binder solution product comprising a
      clear aqueous solution of predominantly a urea-formaldehyde resin having a
      formaldehyde to urea ratio of less than 2.0, and preferably about 1.2 to
      1.8, preferably a minor proportion of a methylolated melamine-formaldehyde
      resin, from about 40 to 56% by weight dissolved ammonium polyphosphate
      reacted with 5 to 12.5 parts formaldehyde and not more than 30% by weight
      water.
PAR  The process for production of the novel binder resin solution comprises
      mixing with a substantially neutral aqueous solution of a low molecular
      weight urea-formaldehyde resin of a mol ratio of from about 3.0 to 3.5
      formaldehyde/urea, said solution having a viscosity of from 60 to 100 cps
      and a percent solids of at least 70 percent, sufficient urea to reduce the
      formaldehyde/urea ratio to from about 1.2 to 2.0 and sufficient of a
      stable concentrated aqueous solution of ammonium polyphosphate reacted
      with from 5 to 12.5 parts by weight of formaldehyde and adjusted to a pH
      of from 4.7 to 6.2 having a percent solids of at least about 55 percent to
      produce a concentration of dissolved ammonium polyphosphate of about 40 to
      56 percent in the resulting stable binder resin solution. Preferably, from
      about 15 to 25 percent by weight of a methylolated melamine-formaldehyde
      resin in aqueous solution of at least about 50 percent solids, and
      preferably more than 60 percent solids, can be added to the neutral
      aqueous urea-formaldehyde solution prior to mixing therewith the urea and
      ammonium polyphosphate solution detailed above.
PAC  DETAILED EMBODIMENTS
PAR  The starting material to produce the desired resin binder solutions of the
      present invention is a low molecular weight urea-formaldehyde resin of
      from about 3.0 to 3.5 formaldehyde/urea ratio in substantially neutral
      aqueous solution. Such high F/U ratio, low or lightly bodied resin can be
      obtained by the method described in copending application Ser. No. 430,351
      filed Jan. 2, 1974 by Gordon E. Brown. That method consists in initial
      reaction under alkaline conditions at a temperature of at least
      75.degree.C., cooling and adjusting to an acid pH of from about 1.7 to 2.1
      and reacting at a temperature of from 30.degree. to 55.degree.C. to body
      the resin to the desired viscosity, neutralizing the solution and cooling
      to ambient temperature. The desired low molecular weight or lightly bodied
      resin will have a viscosity of from about 60 to 100 cps at 21.degree.C.
      which can be obtained with only about 3 to 10 minutes of bodying reaction
      at the acid pH specified and 30.degree. to  55.degree.C. Thereafter the
      neutralized aqueous solution is conveniently subjected to distillation of
      a portion of the water present to concentrate the UF resin solution to a
      high solids content of from about 70 to 95 percent, preferably 80 to 90
      percent solids. Such early concentration will avoid the necessity for
      later concentration of the finished binder resin or redrying of the
      particle board furnish produced to acceptable moisture limits for hot
      pressing.
PAR  A preferred base resin comprises such high F/U ratio, low molecular weight
      urea-formaldehyde resin above described further mixed with a methylolated
      melamine-formaldehyde resin in aqueous solution of a solids content of at
      least 50 percent, and preferably at least 60 percent, in an amount of from
      about 15 to 25 percent by weight of the starting UF resin. Such mixed
      resin solution is hereafter referred to as melamine-urea-formaldehyde
      resin solution or MUF resin base. It has been found that the presence of
      ammonium phosphates in UF binder resin solutions tends to lead to
      decomposition of the UF resin under high temperature hot pressing
      conditions, but that fortification thereof with the indicated amount of
      methylolated melamine-formaldehyde resin overcomes this tendency and
      renders the mixed resin base relatively stable in the presence of ammonium
      phosphates under high temperatures. Desirably the resin base will
      constitute from about 25 to about 40 percent by weight of the total binder
      solution composition.
PAR  A distillation process can be used to concentrate the solids content of the
      MUF base resin to at least 70 percent, and preferably to about 80 to 90
      percent, if required. If desired, the concentration can be performed after
      addition of the melamine-formaldehyde resin solution, rather than of the
      starting urea-formaldehyde resin as discussed above.
PAR  There is added to the concentrated urea-formaldehyde base resin, or
      alternatively the above-described MUF resin base, sufficient urea to
      adjust the F/U ratio of the resulting mixture to less than 2.0.
      Preferably, sufficient urea is added to produce an F/U ratio of from 1.2
      to 1.8. There is generally required from about 20 to 30 percent by weight
      urea on the basis of the MUF resin base. The urea can be added dry or as a
      concentrated aqueous solution as desired.
PAR  In order to produce a fire-retardant resin binder solution and a particle
      board produced therewith of the highest fire-retardant ratings, it is
      desirable to include in the resin binder solution the highest
      concentration of ammonium phosphate which is compatible with stability of
      the mixed resin solution produced. However, care must be taken that the
      ammonium phosphate content of the binder solution is not so great as to
      interfere with the spraying and mixing of the binder solution with the
      wood particle furnish for the manufacture of particle boards. The amounts
      of ammonium phosphate solutions specified herein have been found to
      produce high fire-retardant ratings in particle board products and to be
      easily and efficiently applied and mixed in typical commercial particle
      board production processes.
PAR  It has been found that the ammonium polyphosphate content can be supplied
      by a variety of compatible aqueous solutions thereof. The most preferred
      sources of ammonium phosphates are aqueous solutions of ammonium
      polyphosphates since such solutions can contain greater amounts of the
      phosphates prior to saturation. Such solutions are generally commercially
      available from the fertilizer industry and are complex gross mixtures of
      various condensed and polyphosphates as the ammonium salts produced by
      ammoniating a phospholeum of from 95 to 120 percent total phosphate
      content, which phospholeums are commercially available condensed
      phosphoric acid solutions. Typical ammonium polyphosphate solutions
      expressed by plant food content analysis are the 10-34-0 ammonium
      polyphosphate available as a 60 percent solution from fertilizer producers
      and 11-37-0 ammonium polyphosphate available as a 66 percent solution from
      the TVA and others. Such ammonium polyphosphate solutions enable one to
      produce binder solutions containing higher phosphate contents with little
      increase in the diluting water present.
PAR  However, such condensed ammonium phosphate and polyphosphates cannot
      practically be used in binder resins without other additives because, (1)
      they are incompatible with UF and MUF resin syrups, (2) the ammonium ion
      concentration reacts with the free formaldehyde in the only partially
      bodied resins and prevents normal resinification, and (3) the ammonium ion
      demonstrates no latency so that such polyphosphate salts severely retard
      the cure of the binder resin at board pressing temperatures. Hence, when
      ammonium polyphosphate solutions are employed it has been found that
      reaction thereof with from 5 to 12.5 percent by weight formaldehyde
      renders the ammonium polyphosphates compatible with the UF and MUF resins
      and fully usable therewith. Furthermore, it has been found that the strong
      buffering effect of ammonium polyphosphate is overcome by reaction of the
      ammonium ion with the formaldehyde which serves to lower the pH of the
      resulting polyphosphate solutions and of a resin solution containing same
      to promote a normal and acceptable curing rate. Consequently, it has been
      found essential to react a concentrated ammonium polyphosphate solution
      with from 5 to 12.5 percent by weight formaldehyde prior to mixing them
      with a UF or MUF resin base. To avoid too acid a pH it has been found
      convenient to adjust the pH with a base to from about 4.7 to 6.2 in the
      resulting reacted solutions. It has also been found convenient to
      concentrate the solutions by distillation under vacuum to restore the
      phosphate concentration in the formaldehyde reacted solutions, if this is
      desired.
PAR  It has been found that such solutions of ammonium polyphosphates reacted
      with formaldehyde are stable for commercially adequate periods and show no
      tendency to precipitate in storage for upwards of one week. The
      formaldehyde-reacted polyphosphate solutions are termed herein F.R.
      solutions.
PAR  Typical formaldehyde-reacted ammonium polyphosphate solutions based on 100
      parts ammonium polyphosphate suitable for blending with the
      urea-formaldehyde or melamine-urea-formaldehyde resin bases are those of
      the following compositions:
TBL  F.R. Solutions                                                            
       Ingredient                                                              
                Solution Conc.                                                 
                             Parts    % Solids                                 
     ______________________________________                                    
       10-34-0 APP                                                             
                60%          100      79-90                                    
     or  11-37-0 APP                                                           
                66%          100      81-92                                    
       Formalin 50%          10-25      7-16.5                                 
       Caustic  50%          2-6      1.4-4.0                                  
     ______________________________________                                    
PAL  Thus, on a 100 percent solids basis, such solutions can contain from 79 to
      92% ammonium polyphosphate, from 7 to 16.5% formaldehyde and from 1.4 to
      4.0% caustic.
PAR  The most preferred solutions are those containing the greater amounts of
      ammonium polyphosphates since they will produce the highest phosphate
      concentrations in the blended binder resin solutions. A quite useful and
      stable ammonium polyphosphate or F.R. solution having a pH of 5.3 has been
      found to be one of the following composition:
TBL  100 parts 11-37-0 APP --                                                  
                        66% solution                                           
     15 parts Formalin --                                                      
                        50% solution                                           
     4 parts Caustic -- 50% solution                                           
PAL  On a 100% solids basis the above 75.5% solids solution contains 87.4
      ammonium polyphosphate, 9.9% formaldehyde and 2.7% caustic.
PAR  When mixed with the above-described melamine-urea-formaldehyde resin base
      and sufficient urea to produce a formaldehyde/urea ratio of from about 1.2
      to 2.0, the fire-retardant binder resin solutions produced will have the
      following typical compositions, based on 100 parts solution:
TBL  Binder Resin Solution                                                     
                 Parts       % Solids Wt.                                      
     ______________________________________                                    
     MUF Resin Base                                                            
                   26-40          28-42                                        
     Urea           6-10          7.5-12                                       
     F.R. Solution 50-68          46-64.5                                      
     ______________________________________                                    
PAL  The above typical binder resin solutions contain between about 40 and 56
      percent by weight ammonium polyphosphate and, when applied to wood
      particle furnish at a typical 30 percent based on the weight of the bone
      dry wood particles will supply from 12 to 16.8 percent ammonium
      polyphosphate in the finished particle boards. When applied at 25 to 40
      percent rates they will supply from 10 to 22 percent ammonium
      polyphosphate in the boards. These binder resin solutions have solids
      contents ranging from about 77 to 83 percent.
PAR  When referred to herein as condensed ammonium phosphates or ammonium
      polyphosphates any of the condensed ammonium phosphates can be employed,
      including the ammonium polyphosphates from orthophosphoric acid, the
      ammonium metaphosphates and the ammonium ultraphosphates. Any of such
      aqueous solutions can be used as a source of ammonium phosphate in the new
      fire-retardant binder resins.
PAR  The fire-retardant particle boards produced with the new binder resins are
      made by the usual industrial processes for such boards. These processes
      involve spraying the desired concentration of resin solution onto a dried
      wood particle furnish, thorough blending thereof, deposit of the furnish
      and resin onto supporting cauls and pressing the wood particle furnish to
      stops at from about 300 to 400 psi at temperatures of from about
      275.degree. to 350.degree.F. for periods of from about 3 to 8 minutes to
      produce the finished particle boards.
PAR  The strength properties of the particle boards described in the examples
      below are described in terms of the modulus of rupture in pounds per
      square inch, internal bond values in pounds per square inch, and densities
      of the test particle boards produced. The modulus of rupture property is
      determined by tests carried out in accordance with ASTM Test D-1037-60T.
      The internal bond values, also known as tensile strength perpendicular to
      the surface, are determined in accordance with the same ASTM Test
      D-1037-60T.
PAR  The sample particle boards described in the examples below were tested for
      fire-retardancy rating by the well-known Schlyter Burning Test described
      in "Fire-Test Methods", Forest Products Laboratory Report No. 1443,
      U.S.D.A. Forest Service (1959), modified by the use of methane as the fuel
      rather than the standard natural gas. Ratings from the test are given in
      terms of flame spread in 5 minutes as a percentage of the flame spread in
      the same period on standard untreated red oak lumber one inch thick. Type
      I or Class I fire-retardancy is represented by flame spread ratings of 25
      or less, i.e., 25 percent of standard, while Type II or Class II
      fire-retardancy is represented by ratings of from 25 to 75, i.e. percent,
      based on red oak lumber as standard.
DETD
PAR  The examples below will serve to further illustrate the fire-retardant
      properties of particle boards prepared with the novel binder resin
      solutions of the present invention.
PAC  EXAMPLE I
PAR  This example illustrates the use of fire-retardant binder resin solutions
      of the present invention to prepare high quality particle boards of good
      strength and density. A urea-formaldehyde resin was prepared by reacting
      100 parts of a 50% aqueous formalin solution with 31.8 parts of urea at a
      pH of about 9.0 for 5 minutes at 80.degree.C., cooling the mixture to
      60.degree.C., distilling off 10% of the water present to a temperature of
      about 40.degree.C. Thereafter the resin solution was adjusted to a pH of
      1.8 with sulfuric acid and the resin bodied for 5 minutes and neutralized.
      The resin solution was distilled to a solids content of 89 percent,
      cooled, and mixed with 20% by weight on the basis of the UF resin of a 65
      percent aqueous solution of a methylolated melamine-formaldehyde resin
      (Resimene 841). This 5:1 mixture formed the melamine-urea-formaldehyde
      base resin of approximately 85 percent solids.
PAR  The F.R. solutions were prepared by reacting 100 parts of a 66 percent
      aqueous solution of 11-37-0 ammonium polyphosphate having a pH of 6.1 with
      10 to 25 parts of a 50 percent aqueous formalin solution. As the formalin
      reacted with the ammonium ion the pH dropped to below 4.5. There was then
      added 2 to 4 parts of a 50 percent aqueous caustic solution to adjust the
      pH to approximately 4.7 to 6.2. There was then removed by vacuum
      distillation sufficient parts of water to readjust the phosphate
      concentration to approximately the original 66 percent. The total solids
      content of the resulting concentrated solutions stable for periods of two
      weeks were approximately 72 to 78 percent. The compositions of the F.R.
      solutions thus prepared are set out in Table 1 together with the viscosity
      and pH of each solution.
TBL                Table 1                                                     
     ______________________________________                                    
            Parts    Parts    Parts   Viscosity,                               
     Solution                                                                  
            APP      Formalin Caustic cps     pH                               
     ______________________________________                                    
     A.     100      25       4       375     4.7                              
     B.     100      20       4       254     5.0                              
     C.     100      15       4       241     5.4                              
     D.     100      10       4       228     6.2                              
     E.     100      20       4       254     5.0                              
     F.     100      15       4       241     5.4                              
     ______________________________________                                    
PAR  There were then mixed with 30 parts of the above MUF base resin 7.5 parts
      of urea and 62.5 parts of the F.R. solutions produced as described above
      from 11-37-0 ammonium polyphosphate to produce the aqueous binder resin
      syrups of about 36 cps viscosity. These binder resin solutions of about 20
      percent water were excellent particle board binders stable for periods of
      at least 6 hours at 75.degree.F. until thickened beyond sprayability.
PAR  Particle boards were prepared in the usual manner from dried wood particle
      furnish sprayed with 30 percent of the above solutions based on the weight
      of the dry wood furnish, sufficient solution to supply approximately 13.2%
      of ammonium polyphosphate in the finished particle boards. The boards were
      3/4 inch thick with a density of about 47 pounds per cubic foot produced
      by pressing for 7 minutes at 325.degree.F. to stops under a pressure of
      about 350 psi. These sample particle boards were subjected to testing for
      modulus of rupture, internal bonding and density by the tests described
      above and the results are set out in Table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
     Binder Resin                                                              
                 F.R. Sol'n. MOR     IB    Density                             
     ______________________________________                                    
     1           A           1650    116   .718                                
     2           B           1820    139   .721                                
     2 (Repeat)  B           2290    153   .713                                
     3           C           1670    102   .709                                
     4           D           1640     96   .714                                
     5           E           1970    128   .723                                
     6           F           2040    118   .728                                
     6 (Repeat)  F           2020    133   .724                                
     ______________________________________                                    
PAR  Thus, the above-described binder resin solutions are shown to produce good
      quality particle boards with fully acceptable modulus of rupture and
      internal bonding indicating high strength boards.
PAC  EXAMPLE II
PAR  This example illustrates the production of highly fire-resistant strong
      particle boards from the binder resin solutions of the present invention.
      All the test particle boards were produced at 15 .times. 42 inch boards,
      of 3/4 inch thickness by a pressing cycle of 7.5 minutes at a pressing
      temperature of 325.degree.F. and pressure of 350 psi. All the test boards
      demonstrated Type I fire-retardancy by the above-described Schlyter test.
PAR  The binder resin solutions were prepared as described in Example I from 30
      parts of the same MUF resin base as Example I, 7.5 parts urea and 62.5
      parts of F.R. solution C described in Table 1 above. The binder solutions
      were sprayed at the rate of 32 percent by weight (boards 7 and 8) and 35.2
      percent (board 9) onto wood particle furnish that was then air stratified
      wherein the fine particles were concentrated at the surface and the coarse
      particles at the center. After pressing, the cooled boards were tested for
      modulus of rupture and internal bonding as set out below and were further
      subjected to the Schlyter flame spread test described. The flame spread
      ratings, all well within the criteria for Type I fire-retardancy, also set
      out in Table 3 below, are expressed as percent of those found with a red
      oak board standard, on repeat burnings.
TBL                Table 3                                                     
     ______________________________________                                    
     Board Binder %     MOR     IB      Flame Spreads                          
     ______________________________________                                    
     7     32           2024    76      14, 16                                 
     7     32           2102    51      14, 16                                 
     8     32           2016    52      14, 14                                 
     8     32           2230    59      14, 14                                 
     9     35.2         2819    54      14, 14                                 
     ______________________________________                                    
PAC  EXAMPLE III
PAR  Additional test particle boards were prepared which contained in the
      pressed furnish five percent of a dry, solid flame retardant, boric acid
      or monoammonium phosphate, in addition to the same fire-retardant binder
      resin solutions of the present invention, used at a 30 and 32 percent
      spray level on the same air stratified particle furnish. No differences in
      the flame spread ratings by the Schlyter test were found. These ratings as
      well as modulus of rupture and internal bonding measurement are set out in
      Table 4 below.
TBL                Table 4                                                     
     ______________________________________                                    
     Board Dry F.R.   Binder % MOR    IB   Flame Spread                        
     ______________________________________                                    
     10    Boric A.   32       1870   60   14, 14                              
     10    Boric A.   32       1580   45   14, 14                              
     11    MAP        30       3054   47   14, 14                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fire retardant aminoplast binder resin solution containing not more
      than 30 percent by weight water consisting of
PA1  A. a substantially neutral aqueous solution of a low molecular weight
      urea-formaldehyde resin of a mol ratio of from about 3.0 to 3.5
      formaldehyde to urea, a viscosity of from about 60 to 100 cps and a
      percent solids of at least 70 percent,
PA1  B. sufficient urea to reduce the formaldehyde to urea ratio to from about
      1.2 to 2.0, and
PA1  C. a stable concentrated aqueous solution having a percent solids of at
      least 55 percent of ammonium polyphosphate reacted with from 5 to 12.5
      percent by weight formaldehyde adjusted to a pH of from 4.7 to 6.2 to
      produce a concentration of dissolved ammonium polyphosphate of from about
      40 to 56 percent by weight in said binder resin solution.
NUM  2.
PAR  2. A fire-retardant aminoplast binder resin solution containing not more
      than 30 percent by weight water consisting of
PA1  A. a substantially neutral aqueous solution of a low molecular weight
      urea-formaldehyde resin of a mol ratio of from about 3.0 to 3.5
      formaldehyde to urea, a viscosity of from about 60 to 100 cps and a
      percent solids of at least 70 percent,
PA1  B. sufficient urea to reduce the formaldehyde to urea ratio to from about
      1.2 to 2.0,
PA1  C. a stable concentrated aqueous solution having a percent solids of at
      least 55 percent of ammonium polyphosphate reacted with from 5 to 12.5
      percent by weight formaldehyde adjusted to a pH of from 4.7 to 6.2 to
      produce a concentration of dissolved ammonium polyphosphate of from about
      40 to 56 percent by weight in said binder resin solution and
PA1  D. from 15 to 25 percent by weight based on the urea-formaldehyde resin of
      a methylolated melamine-formaldehyde resin.
NUM  3.
PAR  3. The binder resin solution of claim 2 wherein the dissolved ammonium
      polyphosphate is selected from 10-34-0 and 11-37-0 ammonium
      polyphosphates.
NUM  4.
PAR  4. The binder resin solution of claim 2 wherein the ammonium polyphosphate
      formaldehyde reaction product contains, on a 100 percent solids basis,
      79-92 percent ammonium polyphosphate, 7 to 16.5 percent formaldehyde and
      1.4 to 4 percent caustic.
NUM  5.
PAR  5. The binder resin solution of claim 2 wherein the melamine-formaldehyde
      and urea-formaldehyde resin solutions comprise from about 25 to about 40
      weight percent of said solution.
NUM  6.
PAR  6. A process for production of a fire-retardant aminoplast binder resin
      solution containing not more than 30 percent by weight water which
      comprises
PA1  A. mixing with a substantially neutral aqueous solution of a low molecular
      weight urea-formaldehyde resin of a mol ratio of from about 3.0 to 3.5
      formaldehyde to urea, a viscosity of from about 60 to 100 cps and a
      percent solids of at least 70 percent,
PA1  B. sufficient urea to reduce the formaldehyde to urea ratio to from about
      1.2 to 2.0, and
PA1  C. a stable concentrated aqueous solution having a percent solids of at
      least 55 percent of ammonium polyphosphate reacted with from 5 to 12.5
      percent by weight formaldehyde adjusted to a pH of from 4.7 to 6.2 to
      produce a concentration of dissolved ammonium polyphosphate of from about
      40 to 56 percent by weight in said binder resin solution.
NUM  7.
PAR  7. The process of claim 6 wherein there is mixed with the urea-formaldehyde
      resin solution of (A) from about 15 to 25 percent by weight thereof of an
      aqueous solution of at least 50 percent solids of a methylolated
      melamine-formaldehyde resin so as to produce a melamine-urea-formaldehyde
      resin solution of at least 70 percent solids.
NUM  8.
PAR  8. The process of claim 7 wherein the melamine-urea-formaldehyde resin
      solution is subjected to distillation to concentrate same to a solids
      content of at least 70 percent.
NUM  9.
PAR  9. The process of claim 7 wherein the solution of ammonium polyphosphate is
      an aqueous solution of a reaction mixture on a solids basis of from 79 to
      92 percent ammonium polyphosphate, from 7 to 16.5 percent formaldehyde and
      from 1.4 to 4 percent caustic.
NUM  10.
PAR  10. The process of claim 7 wherein the formaldehyde-reacted ammonium
      polyphosphate solution is subjected to distillation to concentrate same to
      a solids content of at least 70 percent.
NUM  11.
PAR  11. The process of claim 7 wherein the urea-formaldehyde resin solution has
      a solids content of at least 85 percent, wherein the methylolated
      melamine-formaldehyde resin solution has a solids content of at least 60
      percent and is present in an amount of about 20 percent of the weight of
      the urea-formaldehyde resin, wherein the solution of ammonium
      polyphosphate comprises a 60 to 66 percent solution of ammonium
      polyphosphate reacted with 10 to 25 parts formalin solution and 2 to 6
      parts caustic solution, and the mixed binder resin solution has a solids
      content of at least 75 percent.
NUM  12.
PAR  12. The process of claim 7 wherein the urea-formaldehyde resin solution has
      a solids content of at least 85 percent, wherein the methylolated
      melamine-formaldehyde resin solution has a solids content of at least 60
      percent and is present in an amount of about 20 percent of the weight of
      the urea-formaldehyde resin, wherein the solution of ammonium
      polyphosphate comprises about 100 parts of a 66 percent 11-37-0 ammonium
      polyphosphate solution, about 15 parts of a 50 percent formaldehyde
      solution and about 4 parts of a 50 percent caustic solution concentrated
      to a solids content of about 75 percent, and the mixed binder resin
      solution has a solids content of at least 75 percent.
NUM  13.
PAR  13. A fire-retardant particle board comprising wood particles bonded with a
      composition of claim 2.
NUM  14.
PAR  14. The fire-retardant particle board of claim 13 wherein the aminoplast
      resin binder is a melamine-urea-formaldehyde resin and the ammonium
      polyphosphate is selected from 10-34-0 and 11-37-0 ammonium
      polyphosphates.
NUM  15.
PAR  15. The fire-retardant particle board of claim 14 wherein the ammonium
      polyphosphate is present in an amount of from 12 to 16.8 percent by
      weight.
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ABST
PAL  A cold water resistant adhesive composition is disclosed which exhibits an
      optimum balance of cold water resistance and removability when employed
      for labeling of bottles which will be used under conditions of extreme
      humidity. The adhesive comprises a mixture of starch, styrene-maleic
      anhydride resin, peptizer, water and sufficient alkali to obtain a pH of
      8.0 to 11.0 with at least 20% of the alkali present in the form of a
      "fixed alkali".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention:
PAR  A novel ice-proof or cold water resistant adhesive for labeling bottles is
      provided which comprises a mixture of starch, sytrene-maleic anhydride
      resin, peptizer, water and sufficient alkali to obtain a pH of 8 to 11
      with at least 20% of the alkali present in the form of a "fixed alkali".
      The adhesives thus produced provide an optimum balance of cold water
      resistance and label removability.
PAC  II. Brief Description of the Prior Art:
PAR  Ice-proof or cold water resistant labeling adhesives have been used for
      many years for conditions where extreme humidity resistance and label
      removal are required, as for example in labeling beer and soda bottles,
      and some pharmaceuticals. Heretofore, most of these adhesives were based
      on casein in combination with metallic salts; however, the problems
      associated with caseins, e.g. cost, availability, variations in quality,
      etc., instigated searches for casein substitutes, especially those based
      on low cost, readily available starches. Until recently, these searches
      were unsuccessful. An adhesive recently developed based on starch and
      ammonium salts of styrene-maleic anhydride resins exhibits superior
      ice-proof properties, however, it has now been found that the bond formed
      by these adhesives is so strong that removal of the label, even upon
      soaking in hot alkaline water, is difficult or impossible under such
      conditions and equipment as are used in commercial operations.
PAR  Due to the recent ecological pressure which has reversed the trend toward
      "non-returnable" bottles and reemphasized the need for "returnables" which
      require removal of the labels prior to reutilization, the inability to
      remove the labels has made these recently developed adhesives unacceptable
      for commercial operations.
PAR  There is thus a need in the art for an ice-proof adhesive for labels which
      possesses the optimum balance in properties of being sufficiently cold
      water resistant to remain on the bottles during use yet may be easily
      removed or stripped from the bottles to facilitate reutilization.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that ice-proof adhesives which possess an optimum
      balance of water resistance and label removability may be prepared from a
      starch/styrene-maleic anhydride based composition which contains a
      specified amount of its required alkali in the form of a fixed alkali.
      Thus, ice-proof adhesives for labels may be prepared from starch,
      sytrene-maleic anhydride resins, peptizers, water and sufficient alkali to
      obtain a pH of 8.0 to 11.0 with at least about 20% of the total alkali on
      a stoichiometric basis employed in the form of a fixed alkali.
PAR  By the term fixed alkali, as used herein, is meant an alkaline base such as
      the hydroxides of sodium, potassium, lithium and the mono-, di- or
      tri-ethanolamines or isopropanolamines, etc. wherein the corresponding
      sytrene-maleic anhydride salt does not revert to an insoluble form on
      aging due to the volatility of the base.
PAR  Since the films of styrene-maleic anhydride salts containing at least 20%
      fixed alkali, within a pH range of 8.0 to 11.0, remain cold water soluble
      upon aging, in contrast to the films of the corresponding ammonium salts
      which become insoluble, it would be expected that these films would not
      impart the desired ice-proofness. It is therefore, completely unexpected
      to find that labeling adhesives compounded from these same films would
      possess superior ice-proofness which renders them resistant to cold water
      for up to 72 hours, even after extended aging. Thus, the use of these
      salts to produce cold water resistant or ice-proof adhesives would appear
      to be totally unexpected, particularly in view of the fact that both the
      starch film and the fixed alkali-styrene-maleic anhydride salt film are
      completely soluble in cold water when considered separately. While we do
      not wish to be bound by theory, it is hypothesized that a reaction occurs
      between the fixed alkali-styrene-maleic anhydride salt and the starch
      which results in the production of a material having superior adhesive
      properties even under high humidity conditions, yet which allows removal
      of the adhered label when desired. This behavior is completely opposed to
      that of the corresponding ammonium salts wherein the continual loss of
      volatile ammonia from the soluble ammonium-styrene-maleic anhydride film
      converts the film back to the insoluble acid form on aging and hence does
      not allow removal of the label when desired.
PAR  The presence of a certain amount of alkali is required in the adhesive
      system to perform a variety of functions including acting as solvent for
      the resin, as neutralizer for the acidity of the starch and other
      materials, as an agent to impart certain desirable rheological and
      physical properties as well as to provide the optimum balance of
      ice-proofness and label removability to the system. This amount of alkali
      may be considered the amount required to ensure a pH between 8.0 and 11.0
      in the final adhesive system. Values outside these pH limits tend to
      detract from the stability of the product and to affect the ice-proof and
      label removal properties. In accordance with the present invention, it has
      been found that only a certain percentage of the total alkali necessary
      for the stated pH range must be present as fixed alkali to form a salt
      with the styrene-maleic anhydride resin in order to provide the required
      degree of ice-proofness and label removability. Thus, it has been found
      that the addition of fixed alkali in an amount of at least 20% of the
      total alkali on a stoichiometric basis is sufficient to produce the
      desired adhesive composition. The remaining alkali can be non-fixed, e.g.
      ammonia, morpholine, etc. However, if some of the alkali employed is of a
      volatile or non-fixed nature, it will be necessary to add additional
      alkali to maintain the desired pH and compensate for the losses due to
      volatility.
PAR  In general, the adhesives of the present invention are made by dissolving
      with heat the sytrene-maleic anhydride resin in water made alkaline with
      the particular alkali component. A peptizer is then mixed in, followed by
      the addition of starch after which the mixture is cooked until smooth.
      After cooling, the mixture is adjusted with water to the desired
      viscosity. Defoamers, preservatives, coloring agents and other modifying
      agents may be added without affecting the spirit or essence of the
      invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As a base for the adhesives of the present invention, either raw starches
      or converted or modified starches may be employed. Thus, starches derived
      from any plant source including corn, potato, sweet potato, wheat, rice,
      sago, tapioca, waxy maize, sorghum, high amylose corn, etc. may be
      employed as may the corresponding conversion products as those dextrins
      prepared by the hydrolytic motion of acid and/or heat, the oxidized
      starches prepared by treatment with oxidants such as sodium hypochlorite,
      fluidity or thin boiling starches prepared by enzyme conversion or by mild
      acid hydrolysis or the corresponding ester or ether starch derivatives.
      The starches may be used singly or in combination to achieve various final
      properties in the adhesive composition. The preferred starches are amioca
      based since these starches, when cooked, have a higher resistance toward
      pasting up on aging. Raw corn starch or other starch derivatives may
      additionally be blended into the mixture for the desired rheological or
      machining properties.
PAR  The term "styrene-maleic anhydride resin" as used herein is also meant to
      include the corresponding acid functionalities as well as the preformed
      salts of the resins. In general, the styrene-maleic anhydride copolymers
      will vary in molar ratio of styrene to maleic anhydride from 1:1 to 3:1.
      They may vary in molecular weight from 1,600 to 50,000 and may include the
      respective half ester modifications with alcohols.
PAR  The styrene and maleic anhydride can be polymerized to form resins for use
      in this invention by any conventional polymerization methods. Solution
      polymerization methods can be employed where the monomers are polymerized
      in a suitable solvent using as a polymerization catalyst a free-radical
      catalyst, such as benzoyl peroxide or dicumyl peroxide, at a temperature
      of about 75.degree. to 300.degree.C (167.degree. to 572.degree.F) or more.
      Suitable solvents include the aromatic hydrocarbons such as cumene,
      p-cymene, xylene, toluene and the like. Typical preparation procedures are
      described in U.S. Pats. 3,085,994; 3,418,292 and 3,178,395.
PAR  The partial esters of these styrene-maleic anhydride resins can be prepared
      for use in this invention in conventional manners from alkanols of about 3
      to 20 carbon atoms, preferably from hexanol or octanol. The extent of the
      half-esterification of the styrene-maleic anhydride copolymer will
      generally be about 10 to 100%, preferably 20 to 80%. That is, about 5 to
      50%, preferably 20 to 40% of the total number of carboxyl groups of the
      copolymer are esterified with alcohol. The esterification can be effected
      by simply heating a mixture of the appropriate quantities of
      sytrene-maleic anhydride copolymer with the alcohol at elevated
      temperatures, usually about 100.degree. to 200.degree.C (212.degree. to
      392.degree.F). Preparations of these esters are described in U.S. Pats.
      3,342,787 and 3,392,155.
PAR  Among the preferred resins employed in this invention are the
      styrene-maleic anhydride copolymers having a styrene to maleic anhydride
      ratio of 3:1 and a molecular weight of 1900 and sold under the same SMA
      3000A by Arco. A half ester, sold by Arco as SMA 2625A, having a styrene
      to maleic anhydride ratio of about 2:1, a molecular weight of 1900 and
      comprising a 50% hexyl half ester modification is also preferred. Another
      preferred resin has a styrene to maleic anhydride ratio of 1:1, a
      molecular weight of 50,000 and is available from Monsanto under the
      tradename Lytron 810.
PAR  The ratio of the styrene maleic anhydride to starch will generally vary
      between 4.8 and 20.0 parts styrene maleic anhydride per 100 parts starch,
      although larger amounts of starch may be employed for machining or
      rheological purposes.
PAR  Peptizers, such as urea, formamide, ammonium thiocyanate, acetamide,
      thiourea and dicyandiamide or mixtures thereof are required to prevent
      instability or pasting up of the finished products on aging. The amount of
      peptizer employed will in general vary in a ratio of peptizer to starch of
      from about 2.0:10.0 to 6.0:10.0, preferably from 3.0:10.0 to 5.0:10.0
      depending upon a number of factors, particularly the type of starch base
      used. Thus, starches containing larger amounts of linear amylose as
      compared to the branched amylopectin units will require larger quantities
      of peptizer.
PAR  The required fixed alkali as previously discussed, includes any alkali
      which does not volatilize off during drying and therefore does not cause
      the styrene maleic anhydride salt to revert to an insoluble form on aging.
      Suitable fixed alkali include sodium potassium, lithium hydroxides and the
      organic amines such as the mono-, di- or tri-ethanolamines or the
      isopropanolamines. While these components may be used alone in amounts
      sufficient to obtain the desired pH levels, other alkali components which
      are not fixed may be employed in amounts up to 80% of the total alkali.
      This latter group of alkalis include such volatile materials as ammonia,
      morpholine, etc.
PAR  In order to eliminate variations which may occur due to volatility or
      relative basicity, it is to be understood that the requirement that at
      least 20% of the alkali be present as fixed alkali is meant 20% of the
      stoichiometric equivalent based on a 100% fixed alkali product.
PAR  Defoamers, preservatives, color agents and other modifying agents may be
      added without affecting the desirable properties of the adhesives of the
      invention. Thus, modifying agents such as wheat flour, bentonite, etc. may
      be employed for additional shortness and for machining requirements.
      Defoamers including tributyl phosphate, preservatives such as phenol,
      color agents like carmel and plasticizers and hygroscopic agents such as
      glycols, glycerine, fatty acids, etc. may also be employed as required.
PAR  Water is the aqueous solvent preferably employed for forming the liquid
      adhesive, however other aqueous media may be employed to dissolve the
      various ingredients, including for example, mixtures of organic solvents
      and water. The amount of solvent employed in preparing these compositions
      will vary depending upon the properties such as viscosity, etc. desired in
      the final product and may easily be determined by the practitioner.
PAR  The particular manner of addition of the ingredients in preparing the
      composition is not critical even in the case where a plurality of alkali
      components are employed. In the latter instance, the fixed alkali may be
      added first or, if post added, as to an ammonia product, will act to
      replace the volatile ammonia in the styrene-maleic anhydride salt.
PAR  The viscosity of the final product varies with the type of starch, the type
      of label, the labeling machine, its speed and the environmental
      conditions. Thus, viscosities can range from 10,000 cps. to 150,000 cps.
      at 72.degree.F (22.degree.C), however they will generally be within the
      range of 20,000 cps. and 60,000 cps.
PAR  A particularly preferred composition prepared in accordance with the
      present invention and containing only fixed alkali comprises a mixture of
      50 parts water, 35 parts starch, 2.5 parts of a styrene maleic anhydride
      resin having a styrene to maleic anhydride ratio of 1:1 and a molecular
      weight of 50,000, 10 parts urea and 3.8 parts 25% sodium hydroxide.
      Another preferred composition in which some volatile alkali is present
      comprises a mixture of 65 parts water, 40 parts starch, 5 parts of a
      styrene maleic anhydride resin having a styrene to maleic anhydride ratio
      of 3:1 and a molecular weight of 1900, 10 parts urea, 5 parts concentrated
      ammonia and 2 parts 25% sodium hydroxide.
DETD
PAR  In the examples which follow and in evaluating the products produced in
      accordance with the present invention, the following tests were employed
      to evaluate the degree of ice-proofness and the removability of the
      labels.
PAR  "Ice-Proof" Test -- The general ice-proof laboratory test used to evaluate
      cold water resistance consists of applying a 1 mil wet coating one-half
      inch wide) to each end of a beer label and quickly pressing the label to a
      clean, standard 12 oz. beer bottle. Sets of six bottles are then permitted
      to dry 24 hours at room temperature and then immersed in 40.degree.F.
      (4.degree.C) water maintained inside a refrigerator. They are observed
      each 24 hours for a total of 72 hours and a record kept of the label
      condition, i.e. on, off, edges flagging, etc. Another set of six bottles
      are allowed to dry 72 hours before testing. Ice-proofness for 72 hours
      after a 24 hour drying period is usually considered optimum. The test is
      considered "pass" if none of the labels of set of six falls off. It is
      considered "marginal" if one out of six labels falls off, and anything
      else is "fail".
PAR  "Label Removal" Test -- The general label removal or "stripper" test
      consists of predrying labeled bottles for one month before immersion in a
      150.degree.F. (65.degree.C.) bath composed of 5% NaOH and 0.1% wetting
      agent for two hours in order to simulate commercial bottle washing
      operations. A smaller mixer keeps the liquid swirling during the period
      and observations made of the label condition, i.e. time on, time off, etc.
      Sets of six are run this way. Fast removal, e.g. one-half hour, is
      considered preferable but removal within the two hour period is usually
      considered sufficient. Commercial strippers which remove labels more
      efficiently usually run on 20 minute cycles. The test is considered pass
      if all of the set of six labels come off. It is considered marginal if one
      out of the six stays on; all else is fail.
PAC  EXAMPLE I
PAR  This example shows that ammonia-styrene-maleic anhydride films tend to age
      into water resistance as the ammonia volatilizes off while the films
      prepared from both the corresponding sodium salt and the salt containing
      only 25% sodium remain soluble in water.
PAR  Three identical mixes of 20 parts Lytron 810 plus 80 parts of water were
      prepared. Then 30 parts of 25% sodium hydroxide were added to one, 11.3
      parts concentrated ammonia to another and a mixture of 7.5 parts 25%
      sodium hydroxide and 8.5 parts concentrated ammonia to the third. All
      samples were mixed and heated at 180.degree.F. (82.degree.C.) for one hour
      when clear solutions formed. When cooled, two sets of three mil wet films
      of each type were coated on glass plates and air dried for two hours.
PAR  One set of each was then immersed in water and observed. All the samples
      disintegrated and dissolved in the water within two hours.
PAR  The second set of samples was aged for 1 week at room temperature and then
      immersed in the water. The sodium film as well as the ammonia film
      containing 25% sodium hydroxide dissolved, however, the pure ammonia film
      was still tough and tenacious. IR analysis confirmed the elimination of
      the ammonia and reversal to free acid in the latter film and also
      confirmed the stability of the sodium film.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of the novel adhesives of the
      present invention as well as providing a comparison between the sodium and
      ammonia based adhesives with respect to ice-proofness.
PAR  2.5 parts Lytron 810 (Monsanto product with styrene to maleic anhydride
      ratio of 1:1 and molecular weight of 50,000) were mixed with 50 parts
      water and 3.8 parts 25% NaOH added thereto after which the blend was mixed
      for 30 minutes at 190.degree.F. (88.degree.C.). Then, 15 parts urea and
      32.5 parts amioca starch were added to the blend and the temperature
      readjusted to 190.degree.F. and mixing continued for two hours. After
      cooling, the final viscosity was adjusted with water to 20,000 cps at
      72.degree.F. (22.degree.C.). The final pH was 9.5.
PAR  A second adhesive formulation was prepared using concentrated NH.sub.3 in
      place of the NaOH. In this formulation it was necessary to use 2.6 parts
      concentrated NH.sub.3 to obtain the pH of 9.5.
PAR  As a control, a sample was prepared without the styrene-maleic anhydride
      resin. In this case, the Lytron was replaced with additional starch and
      sufficient NaOH was added to give a pH of 9.5.
PAR  When bottles bearing labels which had been applied using samples of each of
      the adhesive formulations were subjected to the Ice-Proof Test, the labels
      from the control adhesive containing no resin fell off within four to six
      hours while the labels applied using the adhesives containing the sodium
      or ammonium salts of the styrene-maleic anhydride resins remained on
      throughout the duration of the 72 hour test.
PAR  It is thus seen that the sodium salt product exhibits the same
      ice-proofness as the ammonium salt product, a factor which may be
      considered unexpected in view of the solubility of the pure sodium
      sytrene-maleic anhydride salt film prepared in Example I.
PAC  EXAMPLE III
PAR  Bottles were labeled using adhesives prepared in accordance with method of
      Example II and using both the sodium and the ammonium salts of the
      styrene-maleic anhydride resins. The bottles were aged for one month and
      subjected to the Label Removal test previously described. The labels
      applied using the sodium based adhesives were removed within the two hour
      period while those applied using the corresponding ammonium salts were
      still on the bottles.
PAR  This example thus shows that although the sodium and ammonium salts of the
      styrene-maleic anhydride resins exhibit similar ice-proof properties when
      employed in a starch based adhesive, the label removed properties of the
      sodium salt product are far superior to those of the ammonium salt
      product.
PAC  EXAMPLE IV
PAR  The procedure of Example II was repeated using formamide in place of urea
      as a peptizer. The resulting adhesive exhibited similar ice-proof and
      label removal properties.
PAC  EXAMPLE V
PAR  Example II was repeated using stoichiometric equivalents of KOH, LiOH and
      diethanolamine in place of the NaOH. Testing for label removability and
      ice-proofness gave similar superior results.
PAC  EXAMPLE VI
PAR  Separate samples of the sodium salt product of Example II were modified by
      replacing 25%, 50%, 75% and 85% of the 25% NaOH with equivalents of
      concentrated NH.sub.3 sufficient for pH of 9.5 in the final product. When
      subjected to the label removal test, only the 85% replacement did not pass
      while the 75% replacement passed. This indicates that about 20% of the
      total necessary alkali need be present in the form of fixed alkali in
      order to impart the desired label removal feature to the adhesive.
PAR  A variation of the above was made by adding to separate samples of the
      ammonium salt product of Example II, 15%, 25%, 50% and 75% additions of
      the 25% NaOH used in the sodium salt product. The addition of this fixed
      alkali will tend to volatilize off its equivalent ammonia and thereby
      maintain the desired total alkalinity. When the Label Removal test was
      performed on these samples, only the 15% addition did not pass while 25%
      did pass, again indicating that above 20% of the total alkali must be
      present as fixed alkali.
PAC  EXAMPLE VII
PAR  This example illustrates the wide range of styrene-maleic anhydride resins
      which may be employed in the present invention. Modifications of Example
      II are shown with Arco's SMA 3000A, a typical resin with styrene to maleic
      anhydride ratio of 3:1 and molecular weight of 1900. The procedure was
      also repeated with Arco SMA 2625, a typical half ester with styrene to
      maleic anhydride ratio of 2:1 and molecular weight of 1900. Both of these
      were used to replace Monsanto's Lytron 810, a resin with styrene to maleic
      anhydride ratio of 1:1 and molecular weight of 50,000 in the proportions
      which follow.
TBL  ______________________________________                                    
            Material   Parts   Parts                                           
     ______________________________________                                    
            amioca starch                                                      
                       30      30                                              
            raw corn starch                                                    
                       10      --                                              
            wheat flour                                                        
                       --      5                                               
            SMA 2625A   5      --                                              
            SMA 3000A  --      5                                               
            Urea       10      10                                              
            25% NaOH    3      2                                               
            Conc. NH.sub.3                                                     
                       --      2                                               
            Water      50      60                                              
     ______________________________________                                    
PAL  When subjected to Ice-Proof and Label Removal tests, the adhesives formed
      from both formulations passed both tests.
PAC  EXAMPLE VIII
PAR  Example II was repeated with the Lytron 810 varying in 0.5 increments from
      0 to 7.5 parts. The 25% caustic was adjusted to give a final pH of 9.5.
      These modifications were then tested for ice-proofness label and
      removability with the following results.
TBL  __________________________________________________________________________
     Ice-proofness                                                             
     Parts Lyton 810                                                           
               24 Hour aging                                                   
                        72 Hour aging                                          
                                 Removability                                  
     __________________________________________________________________________
     0- 1      Fail     Fail     Pass                                          
     1.5-2.0   Marginal Pass     Pass                                          
     2.5-5.0   Pass     Pass     Pass                                          
     5.5-6.5   Pass     Pass     Marginal                                      
     7.0-7.5   Pass     Pass     Fail                                          
     __________________________________________________________________________
PAR  As is seen from the above results, only compositions containing Lytron 810
      in amounts of 1.5 to 6.5 parts seem acceptable from both an ice-proof and
      label removal viewpoint.
PAC  EXAMPLE IX
PAR  The procedure of Example II was repeated varying the starch component as
      indicated. They were then tested for ice-proofness and label removability
      with the following results:
TBL  Starch Composition                                                        
                  Parts   Ice-proofness                                        
                                      Removability                             
     ______________________________________                                    
     Tapioca      32.5    Pass        Pass                                     
     Potato       32.5    "           "                                        
     Corn         32.5    "           "                                        
     Mixture of amioca                                                         
                  27.5                                                         
      and corn     5.0    "           "                                        
     Mixture of amioca                                                         
                  27.5                                                         
      and tapioca  5.0    "           "                                        
     Mixture of amioca                                                         
                  27.5                                                         
      and potato   5.0    "           "                                        
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A cold water resistant adhesive composition comprising a mixture of
      starch, at least one styrene maleic anhydride copolymer having a styrene
      to maleic anhydride ratio of 1:1 to 3:1, a peptizer, water and sufficient
      alkali to give a pH within the range of 8.0 to 11.0 with at least 20% of
      the total alkali, on a stoichiometric equivalent basis, of a 100% fixed
      alkali product, employed in the form of a fixed alkali, said composition
      containing 4.8 to 20.0 parts sytrene maleic anhydride per 100 parts
      starch.
NUM  2.
PAR  2. The cold water resistant adhesive composition of claim 1 wherein the
      fixed alkali is chosen from the group consisting of sodium, potassium, and
      lithium hydroxides, monoethanolamine, diethanolamine and triethanolamine.
NUM  3.
PAR  3. The cold water resistant adhesive composition of claim 1 wherein the
      peptizer is present in a peptizer to starch ratio of 2:10 to 6:10.
NUM  4.
PAR  4. The cold water resistant adhesive composition of claim 1 wherein the
      starch employed is amioca.
NUM  5.
PAR  5. The cold water resistant adhesive of claim 1 comprising a mixture of 65
      parts water, 40 parts starch, 5 parts styrene maleic anhydride resin
      having a sytrene to maleic anhydride ratio of 3:1 and a molecular weight
      of 1900, 10 parts urea, 5 parts concentrated ammonia and 2 parts 25%
      sodium hydroxide.
NUM  6.
PAR  6. The cold water resistant adhesive of claim 1 wherein all the alkali is
      present in the form of fixed alkali.
NUM  7.
PAR  7. The cold water resistant adhesive of claim 6 comprising a mixture of 50
      parts water, 35 parts starch, 2.5 parts styrene maleic anhydride resin
      having a styrene to maleic anhydride ratio of 1:1 and a molecular weight
      of 50,000 10 parts urea and 3.8 parts 25% sodium hydroxide.
NUM  8.
PAR  8. The cold water resistant adhesive of claim 1 wherein the styrene maleic
      anhydride copolymer is a 50% hexyl half ester modification having a
      styrene to maleic anhydride ratio of 2:1 and a molecular weight of 1900.
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ABST
PAL  A novel polyamic acid intermediate composition in a polar, aprotic solvent
      and the corresponding fully condensed polyimide are prepared from
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride and a diamine having at
      least two carbon atoms such as bis(4-aminophenyl)ether.
BSUM
PAR  This invention relates to the polyamic acid intermediates and to the
      strong, flexible, thermally stable polyimides prepared from
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride and a diamine having at
      least two carbon atoms.
PAR  The linear polyimides are recognized as possessing excellent resistance to
      high temperatures as well as other noteworthy properties including
      resistance to oils and many organic chemicals, good electrical properties
      and radiation resistance. The linear polyimides are generally utilized as
      coatings or as unsupported films or filaments. These polyimide materials
      are generally prepared from an aromatic dianhydride and an aromatic
      diamine in two distinct stages. In the first-stage the dianhydride and the
      diamine link together forming an alternating chain polyamic acid. In the
      second stage the polyamic acid condenses to the desired polyimide.
PAR  In a typical procedure for preparing polyimides an aromatic dianhydride and
      an aromatic diamine are dissolved in a suitable solvent for the
      condensation reaction to the polyamic acid. A highly polar solvent, such
      as dimethyl acetamide is a preferred solvent for the formation of long
      chain polyamic acid polymers of suitable properties. Since the aromatic
      dianhydrides are difficultly soluble solids, the resin solution as
      conventionally formulated for reaction to the polyamic acid can only
      contain from about 10 to 20 percent solids. The resulting polyamic acid in
      solution is then conveniently coated onto the desired substrate or formed
      into a film or a fiber, as desired, for solvent removal and condensation
      to the polyimide.
PAR  The compound 3,3',4,4'-benzhydrol tetracarboxylic dianhydride is a diaryl
      dianhydride very similar in structure to 3,3',4,4'-benzophenone
      tetracarboxylic dianhydride. However, due to the reactive aliphatic
      hydroxyl group in the former compound, it possesses certain uniquely
      different reaction characteristics. Thus, U.S. Pat. No. 3,293,267
      describes and illustrates the active self-condensation of
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride by anhydride-hydroxyl
      reaction to produce a useful homopolymer, having a free carboxyl group for
      each anhydride-hydroxyl reaction. This self-esterification reaction of the
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride readily occurs when it is
      dissolved in a solvent but does not occur in the solid, undissolved state.
PAR  In view of the facile anhydride-hydroxyl reactivity of 3,3',4,4'-benzhydrol
      tetracarboxylic dianhydride and the fact that a solution is required for
      the preparation of polyamic acids, it was believed that this particular
      diaryl dianhydride could not be used as a copolymerization reactant in the
      preparation of polyimides. The diamine-dianhydride reaction to the
      alternating chain polyimide is an invariant 1:1 reaction of the two
      monomers. It was believed to be self-evident that the 3,3',4,4'-benzhydrol
      tetracarboxylic dianhydride in the solution of reactants would readily
      self-esterify and would thereby substantially interfere with the desired
      polyamic acid copolymerization reaction both by removing a substantial
      amount of this dianhydride as an available reactant and by introducing
      chain-stopping carboxyl groups into the system.
PAR  Notwithstanding this affinity of the 3,3',4,4'-benzhydrol tetracarboxylic
      dianhydride for the self-esterification reaction, we have unexpectedly
      discovered that a solution of this dianhydride and a diamine will
      quantitatively copolymerize to the polyamic acid with no detectable ester
      group in the resulting polyimide. Surprisingly, the hydroxyl groups are
      substantially unreacted in the final polyimide. We have also unexpectedly
      discovered that the polyamic acid solution can be made with as high as
      about 35 weight percent solids content when 3,3',4,4'-benzhydrol
      tetracarboxylic dianhydride is used as the diaryl dianhydride. This higher
      concentration of the polyamic acid solution is particularly advantageous
      in reducing shipping and storage costs.
PAR  In preparing the polyimide of our invention a suitable diamine and the
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride are dissolved in a polar,
      aprotic solvent in stoichiometric amounts for the 1:1 reaction. Preferred
      solvents include dimethyl formamide, dimethylacetamide,
      N-methylpyrrolidone, dimethylsulfoxide, and the like. The first-stage
      reaction to the polyamic acid is carried out at a temperature of about
      0.degree. C. up to about 100.degree. C. but preferably from about room
      temperature (20.degree. C.) up to no higher than about 50.degree. C., most
      preferably no higher than about 40.degree. C., to avoid the possibility of
      the polyamic acid reacting further to the polyimide in this first-stage.
      In the second stage the polyamic acid is preferably freed of solvent and
      is further condensed to the corresponding polyimide over a period of time
      at incrementally increasing temperatures of between about 50.degree. and
      about 350.degree. C., preferably ending at a temperature between about
      200.degree. and about 300.degree. C.
PAR  The diamines which are useful herein for preparing the polyamic acid and
      the polyimide can be represented by the formula H.sub.2 N--R--NH.sub.2,
      wherein R is a divalent organic radical containing at least two carbon
      atoms with each nitrogen atom chemically bonded to different carbon atoms
      and selected from the groups: aromatic, aliphatic, cycloaliphatic,
      combined aromatic and aliphatic, heterocyclic, bridged organic radicals
      wherein the bridge is oxygen, nitrogen, sulfur, silicon or phosphorus, and
      substituted groups thereof. Suitable diamines for producing the polyamic
      acid and the polyimide of this invention include those disclosed in U.S.
      Pat. Nos. 3,179,633; 3,179,634 and 3,190,856, the disclosures of which
      with respect to diamines are incorporated herein by reference.
PAR  The preferred diamines are aromatic diamines including monocyclic diamines;
      such as p-phenylene diamine; m-phenylene diamine; 2,4-toluenediamine;
      2,5-toluenediamine; 2,5-diaminochlorobenzene; 2,4-diaminoanisole and the
      like; bicyclic diamines, such as 1,4-diaminonaphthalene and the like; and
      bis-cyclo diamines such as those having the formula
      ##SPC1##
PAL  wherein A is a group selected from --O--, --CO--, --C(R') (R")--, --S--,
      --SO-- and --SO.sub.2 --, where R' and R" are independently hydrogen or a
      lower alkyl radical having from one to about four carbon atoms. Examples
      include bis(4-aminophenyl)ether; diaminodiphenyl sulfone; diaminophenyl
      methane; 4,4'-propylidene dianiline, thiodianiline and the like. Mixtures
      of the diamines can also be used.
PAR  Polar, aprotic solvents which are useful for dissolving the
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride and diamine reactants and
      the resulting polyamic acid include the sulfoxides, the sulfones, the
      di-N-substituted carboxylic acid amides, the N-substituted pyrrolidones,
      and the like. The sulfoxides are defined by the formula R.sub.1
      (R.sub.2)S:O in which R.sub.1 and R.sub.2 are independently selected from
      lower alkyl, phenyl and benzyl and chlorine substituted derivatives
      thereof. Dimethyl sulfoxide is the preferred sulfoxide. Also useful are
      diethyl sulfoxide, di-n-propyl sulfoxide, di-n-butyl sulfoxide,
      di-2-chloroethyl sulfoxide, diphenyl sulfoxide, methyl phenyl sulfoxide,
      benzyl phenyl sulfoxide, dibenzyl sulfoxide, and the like. The sulfones
      are defined by the formula R.sub.3 (R.sub.4)SO.sub.2 in which R.sub.3 and
      R.sub.4 are independently selected from lower alkyl and can be joined
      together to form a cyclic compound having from three to eight members in
      the ring. Sulfolane also known as tetramethylene sulfone is the preferred
      sulfone. Also useful are dimethyl sulfone, diethyl sulfone, trimethylene
      sulfone, pentamethylene sulfone, hexamethylene sulfone, and the like.
PAR  The di-N-substituted carboxylic acid amides are defined by the formula
      R.sub.5 CONR.sub.6 (R.sub.7) in which R.sub.5 is hydrogen or lower alkyl
      and R.sub.6 and R.sub.7 are independently lower alkyl. Preferred
      di-N-substituted carboxylic acid amides are dimethyl formamide and
      dimethyl acetamide. Also useful are diethyl formamide, diethyl acetamide,
      di-n-propyl acetamide, di-t-butyl acetamide, dimethyl butyramide, dimethyl
      propionamide, and the like. The useful N-substituted pyrrolidones include
      the N-lower alkyl alpha and beta pyrrolidones. Preferred are N-methyl
      pyrrolidone and N-ethyl pyrrolidone. Other polar, aprotic solvents are
      useful herein. The term lower alkyl includes alkyl groups having from one
      to about four carbon atoms. Suitable mixtures of two or more polar,
      aprotic solvents can also be used. Particular care is exercised in
      selecting a solvent which possesses both the desired solubilizing capacity
      as well as a suitable volatility for solvent removal.
PAR  The desired reaction of 3,3',4,4'-benzhydrol tetracarboxylic dianhydride
      with the diamine in the first stage produces a solution of a polyamic acid
      having the general formula
      ##SPC2##
PAL  where the carbonyl groups are independently in the 3-, 4- and 3'-, 4'-
      positions respectively, wherein n is greater than about 10 up to about
      1,000, preferably between about 50 and about 200, and R is as defined
      above. The polyamic acid in solution is formed with a polyamic acid
      content of between about 5 and about 35 weight percent and preferably
      between about 15 and about 30 weight percent. This polyamic acid is then
      further condensed, following the removal of the solvent, to produce a
      polyimide having the general formula
      ##SPC3##
PAL  wherein n and R are as defined above.
PAR  The 3,3',4,4'-benzhydrol tetracarboxylic dianhydride and the diamine are
      preferably used in substantially equal molar amounts for the equimolar
      copolymerization reaction to the alternating chain polymer. A substantial
      excess, that is greater than about 5 percent, of either monomer tends to
      substantially restrict the degree of polymerization with a consequent
      substantial diminishment in the desirable properties of the polyimide.
PAR  The solution of the polyamic acid is preferably prepared in high solids
      content such as about 25 to about 35 weight percent solids if it is to be
      shipped or stored in order to reduce overall volume and concomitant costs.
      For coating applications, casting of films, ejecting as filaments, wetting
      of reinforcing cloth, and like uses, the viscosity of the polyamic acid
      solution can be adjusted appropriate to the use by the addition of
      additional solvent. This solvent can most suitably be a further quantity
      of the same solvent already present or it can be another suitable solvent
      for the polyamic acid. If desired, suitable fillers, pigments,
      plasticizing agents, and the like can be added to this polyamic acid
      solution.
PAR  In preparing the solution of the reacting momomers it is preferred that the
      diamine be introduced into the polar, aprotic solvent and solubilized
      before the 3,3',4,4'-benzhydrol tetracarboxylic dianhydride is added in
      order to forestall the self-esterification of this dianhydride. As an
      alternative but less preferred procedure the two components can be
      solubilized at the same time. The solvent can be substantially removed
      from the polyamic acid at a partial vacuum at a temperature at which no
      significant condensation of the polyamic acid takes place. More preferably
      the solvent is removed as well as the water resulting from the
      condensation reaction to the polyimide at a relatively low reaction
      temperature with the temperature being progressively increased until all
      solvent and all water has been removed and all of the polyamic acid has
      been converted to the desired polyimide.
DETD
PAR  The following examples are set out to illustrate the invention and to
      provide a better understanding of its details and advantages.
PAC  EXAMPLE 1
PAR  A solution of 10.0 g. (0.05 mol) of 4,4'-diaminophenylether in 115 cc. of
      water-free dimethylacetamide was prepared in a 250 cc. flask fitted with a
      stirrer, powder addition apparatus and a glass tube for sample removal for
      measurement of viscosity. The flask was closed to the atmosphere to
      exclude moisture. Over a 2-hour period 16.4g.(0.0508 mol) of powdered
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride was added with stirring.
      There was an exothermic reaction but the temperature was maintained below
      40.degree. C. by the controlled addition of the dianhydride to avoid
      conversion of polyamic acid to polyimide. The viscosity of the solution
      increased to Gardner G at the end of the reaction. The solution contained
      about 20 weight percent polyamic acid.
PAR  A film of this solution was cast on sheet Mylar (polyethylene
      terephthalate) using a Bird applicator set at 10 mils (0.25mm.). The film
      was dried one-half hour at 150.degree. C. in a circulating air oven. The
      resulting self-supporting film was stripped from the Mylar and was placed
      on a metal plate with metal strips holding the film in place. The final
      cure was completed step-wise from 200.degree. to 300.degree. C. by
      increasing the temperature over a period of about 1 hour with 300.degree.
      C. maintained for one-half hour. The resulting film of about 1 mil (0.025
      mm.) thickness was clear, yellow and transparent. The F.E.T. (folding
      endurance test), ASTM D-2176, on a series of strips cut from the film
      resulted in an average of about 15,000 folds for strips taken lengthwise
      to the direction of casting and an average of about 1,600 folds for
      samples taken transversely to the direction of casting.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that a total of 16.6 g. (0.514 mol) of the
      3,3',4,4'-benzhydrol tetracarboxylic dianhydride was used. The Gardner
      viscosity of the polyamic acid solution increased to a K value. Films were
      prepared on steel as well as on Mylar as in Example 1. Strips prepared
      from these films were tested in the folding test and demonstrated F.E.T.
      values having an average of 25,800 folds for the lengthwise strips and
      20,000 for the transverse strips.
PAC  EXAMPLE 3
PAR  The same general procedure was used as described in Example 1. A 10.0 g.
      charge of 4,4'-diaminophenylether was introduced into 65.3 cc. of
      dimethylacetamide. Powdered 3,3',4,4'-benzhydrol tetracarboxylic
      dianhydride was added incrementally over a five-hour period, with complete
      solution obtained between increments, until 17.1 g. (0.053 mol) had been
      added. The temperature varied between 28.degree.-38.degree. C. over this
      5-hour period. The final solution containing about 30 percent polyamic
      acid exhibited a Gardner viscosity of z-3. A film was cast and cured as
      before and was tested to determine the F.E.T. values. The tested strips
      resulted in an average of 14,700 folds for the lengthwise strips and
      11,600 folds for the transverse strips.
PAR  Infra-red absorption studies of polyimide films cast directly on silver
      chloride wafers confirmed the preparation of the polyimide structure with
      no absorption band in the ester or anhydride range. The polyimide can be
      cured as a coating on a metal surface such as on copper or aluminum
      conductors, cured to adhere metal objects such as titanium together, cured
      as a filament and the like. The polyamic acid solution can also be used to
      wet reinforcing cloth lamina, such as glass cloth, and thickened with
      solvent removal to a handleable pre-preg which will flow under heat and
      pressure using stacked layers to form a reinforced polyimide laminate. The
      novel polyimide of this invention can also be utilized in other
      applications for which polyimides are particularly adapted. In the above
      examples the Gardner viscosity is also known as the Gardner-Holdt
      viscosity.
PAR  It is to be understood that the above disclosure is by way of specific
      example and that numerous modifications and variations are available to
      those of ordinary skill in the art without departing from the true spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polyamic acid having the general formula
      ##SPC4##
PA1  where the carbonyl groups are independently in the 3-, 4- and 3'-, 4'-
      positions respectively, wherein n is greater than about 10 up to about
      1000 and R is a divalent organic radical having at least two carbon atoms
      with each nitrogen atom chemically bonded to different carbon atoms of
      said R radical.
NUM  2.
PAR  2. A solution containing from about 5 to about 35 weight percent of said
      polyamic acid of claim 1 and the remainder being a polar, aprotic solvent.
NUM  3.
PAR  3. A solution containing from about 15 to about 30 weight percent of the
      polyamic acid of claim 1 and the remainder being a polar, aprotic solvent.
NUM  4.
PAR  4. A polyamic acid in accordance with claim 1 in which n is between about
      50 and about 200.
NUM  5.
PAR  5. A polyamic acid in accordance with claim 1 in which R is the divalent
      radical
      ##SPC5##
PA1  wherein A is a group selected from --O--, --CO--, --C(R') (R")--, --S--,
      --SO-- and --SO.sub.2 --, where R' and R" are independently hydrogen or a
      lower alkyl radical having from one to about four carbon atoms.
NUM  6.
PAR  6. A method of preparing the polyamic acid of claim 1 which comprises
      reacting 3,3',4,4'-benzhydrol tetracarboxylic dianhydride with a diamine
      at a temperature between about 0.degree. and about 100.degree. C.
NUM  7.
PAR  7. A method in accordance with claim 6 in which said reaction is carried
      out at a temperature between about 20.degree. and about 50.degree. C.
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ABST
PAL  Improved aqueous electrocoating materials and methods providing improved
      coating deposits on metal substrates are obtained by adding an alcohol
      having from 1 to 8 preferably 2 to 4, carbon atoms to an organic coating
      resin having reactive sites at least partly but not completely
      neutralized, so that the alcohol is at least partly dispersed in the
      resin. The alcohol is preferably added before diluting the resin with
      water and is about 2.0 to 20 weight percent, preferably about 10 weight
      percent based on the resin.
PARN
PAR  This is a divisional of application Ser. No. 297,419, filed Oct. 13, 1972,
      now U.S. Pat. No. 3,784,093 issued 8/1/74.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of electrocoating metal substrates.
      More particularly, the invention relates to improved electrocoating
      materials and improved methods for use in electrocoating systems for
      electrodepositing a coating on interior electrically-conductive surface
      areas of metal substrates such as container bodies and components.
PAR  Basically, electrocoating is the electrodeposition of organic resinous
      coating materials on electrically-conductive surface areas, from
      polyelectrolytic electrocoating material mediums which for purposes of
      this invention are anodic or cathodic, aqueous base bath solutions,
      suspensions or dispersions. The electrocoating mediums ultimately contain
      coating ions or polyelectrolytic particles, which, in the case of anodic
      mediums, carry a negative charge in the bath and when a voltage is applied
      and current is induced to flow through the medium, migrate to and
      discharge onto any positively charged surface of a metal substrate, i.e.,
      the anode, which may be in contact with the medium. Conversely, the
      polyelectrolytic particles, in the case of cathodic mediums, carry a
      positive charge in the medium, and, upon application of a voltage, migrate
      to and discharge onto any negatively charged surface of a metal substrate,
      i.e. the cathode, which may be in contact with the medium.
PAR  A layer of particulate coating material is electrodeposited adjacent the
      electrically charged metal substrate as the direct current flows between
      it and an oppositely electrically charged electrode such as a wire or rod,
      immersed in the coating bath. The process is driven by an electrical
      potential which can typically range from about 50 to 500 volts. The
      electrodeposition of the coating material takes place only at
      electrically-conductive surface areas of the metal object because only at
      such areas is there an electrical circuit and the electrical action which
      allows the flow of direct current needed to cause the polyelectrolytic
      particles to be electrodeposited adjacent the electrically-conductive
      surface.
PAR  The thickness of the layer of particulate material electrodeposited is
      automatically regulated by the electrical conductivity of the particular
      mediums used. Once a certain layer thickness of coating material has
      attached to the electrically-conductive surface area of the metal
      substrate, the electrodeposited coating material, in having a low
      electrical conductivity, increasingly tends to insulate the surface area
      from the coating bath in which it is immersed, transforming it into a
      non-conductive surface, whereby direct current flow therein greatly
      diminishes and eventually ceases, with the resulting inhibition of further
      electrodeposition of coating material.
PAR  One particular field where it has been found desirable to coat metal
      substrates is in the manufacturing of metal containers, cans or components
      thereof, where it is necessary that all the exposed, uncoated surface
      areas of the metal can be coated to protect the metal from corrosion.
PAR  A typical method which has been used for coating and perfecting coverage
      thereof on the interior surfaces of metal can bodies such as used in the
      packaging of beer or carbonated beverages, is to employ a double coat
      system which involves initially applying a base coat as by roller onto
      metal stock while in the flat and, after fabricating the can from the
      coated stock, applying a second or top coat rolled or sprayed onto the
      interior of the fabricated can or component of seal any discontinuities or
      other electrically porous or conductive areas in the base coat. The top
      coat is an overall coat since location of discontinuities is usually not
      reliably ascertainable.
PAR  Recent electrocoating technology has made it possible to eliminate the top
      coat and to apply in its stead a repair coating only adjacent the
      discontinuities, or to replace the base and top two-coat system with only
      a single, full coating.
PAR  Since metal containers are usually relatively low cost items, commercially,
      they must be manufactured at high speeds. Protective organic coatings
      applied to the interiors of the containers, especially those for packaging
      food, beer, beverages and like products must be applied at high speeds and
      must be of very high quality. The containers and coatings thereon are
      frequently cycled at high temperatures and they often must protect the
      metal surfaces from corrosive container contents while permitting little
      or no change or affect in the contents themselves.
PAR  Conventional aqueous electrocoating materials used for coating such
      containers are usually manufactured and shipped as an aqueous concentrate
      comprising an organic resin such as a carboxylic acid resin, having at
      least some of its reactive sites neutralized, usually by an amido
      compound. These materials when shipped usually contain from about 20 to 60
      percent resin solids which already or later are made water soluble. Before
      or during use in electrocoating processes, water, usually de-ionized or
      distilled, is added to the concentrates to dilute and disperse them into
      the water dispersion medium.
PAR  Heretofore, these aqueous electrocoating materials and mediums have not,
      for commercial practice, been entirely satisfactory for obtaining the
      desired high quality coatings on the previously mentioned and like high
      standard containers and components. One major shortcoming of the coating
      materials is their insufficient "throwing power", i.e. their inability to
      evenly, uniformly and sufficiently coat cracks, curves, seams and other
      container and/or component areas remote from the throwing electrode, as
      adequately as areas adjacent thereto. One reason for inadequate throwing
      power is the materials' low initial and/or diminishing resistivity during
      use. Another major shortcoming is that their deposits or coatings upon
      metal surfaces form gas bubbles therein. During baking or curing of the
      coatings at high temperatures, the gases evolve leaving pin holes or voids
      which seriously affect the coating quality. Another shortcoming is that
      the materials do not sufficiently wet the metal substrate. This limits
      their ability to adhere to the substrate and to coat remote areas thereof.
PAR  Improving throwing power and wetting ability by slowing coating time is not
      commercially practical, and increasing voltage to increase throwing power
      gives non-uniform coatings adjacent to as compared to areas remote from
      the throwing electrode. The above shortcomings often render it difficult
      to provide container coatings which obtain quick test, iron pick-up and
      other test values sufficient to qualify them for use on the aforementioned
      high-standard containers.
PAR  It has now been found that according to this invention the aforementioned
      shortcomings, problems and disadvantages are overcome. Utilizing
      conventional operating conditions, improved coatings are obtained
      employing the aqueous electrocoating methods and materials or mediums of
      this invention. The coatings obtained have the same or increased
      resistivity, increased throwing power, and more even, more uniform and
      thicker overall coatings. Wetting and adhesion to the metal substrate is
      improved, and importantly, the coatings and deposits obtained are more
      pliable. This releases more entrapped gases and leaves less pin holes and
      voids after curing. Further, higher quality coatings with lower quick
      test, iron pick-up and other test values are provided.
PAR  These and other advantages are achieved with the improved electrocoating
      methods and improved aqueous electrocoating materials of this invention
      which generally involve adding with agitation, to obtain presence in the
      materials, of an alcohol having from 1 to 8 carbon atoms.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is an improvement in electrocoating methods and in
      electrocoating materials employed therein.
PAR  In a method of electrocoating of the type wherein a coating is deposited
      upon a metal substrate by passing electric current through a circuit
      comprising a cathode, the metal substrate as an anode and an aqueous
      polyelectrolytic electrocoating medium in contact with each, the medium
      being of the type wherein there is dispersed in water, an organic resin
      having its reactive sites partly but not completely neutralized, the
      improvement comprises: adding an alcohol having from 1 to 8, preferably
      from 2 to 4 carbon atoms, in an amount of from about 2.0 to 20, preferably
      about 10 weight percent based on the weight of the resin, and, agitating
      the medium to disperse the alcohol therein.
PAR  The organic resin can be a synthetic polycarboxylic acid resin whose
      reactive sites are partly but not completely neutralized with a water
      soluble amino compound or it can be a synthetic resin having N-functional
      groups partly but not completely neutralized with an acid.
PAR  Preferably, the alcohol is added before, although it can be added after,
      adding water, preferably de-ionized, to the medium. Preferably, the
      alcohol added is about 10 weight percent based on the resin and is at
      least partly water soluble such as isopropanol, and, the de-ionized water
      preferably added after the alcohol, is a dispersion medium for the alcohol
      and the resin.
PAR  As coating operations continue wherein the improved electrocoating method
      is employed and the medium is being used up, the improvement can comprise
      gradually adding to the medium being used up, more of the original medium
      comprising a concentrate of the same partly but not completely neutralized
      resin with the same amount of the alcohol dispersed therein, to maintain
      substantially the same properties of the original medium during the
      electrocoating process. Preferably, the alcohol added to the original
      resin is isopropanol added in an amount of about 10 weight percent based
      on the weight of the resin.
PAR  The improved aqueous polyelectrolytic electrocoating material is of the
      type containing a partly but not completely neutralized organic resin
      concentrate dispersed in water and used in contact with an anode and a
      cathode as an electric circuit in an electrocoating process for coating a
      metal substrate. The improvement in the aqueous polyelectrolytic
      electrocoating material comprises the inclusion therein of an alcohol
      having from 1 to 8 carbon atoms at least partly associated with and
      dispersed in the resin concentrate of the material in an amount of from
      2.0 to 20 weight percent based on the weight of the resin.
PAR  The organic resin can be a synthetic polycarboxylic acid resin concentrate
      partly but not completely neutralized with a sufficient quantity of water
      soluble amino compound to maintain the polycarboxylic acid resin as a
      dispersion of anionic polyelectrolyte in the material, or the aqueous
      electrocoating material can be a synthetic resin having N-functional
      groups partly neutralized with an acid.
PAR  Preferably the alcohol is partly water soluble has from 2 to 4 carbon
      atoms, is isopropanol, and is present in an amount of about 10 weight
      percent based on the weight of the resin.
PAR  The invention also includes an improved method of improving the performance
      of a depleted aqueous polyelectrolytic electrocoating bath of the type
      containing an organic resin concentrate dispersed in water and having its
      reactive sites partly but not completely neutralized, the resin in the
      bath having been at least partly used up during an electrocoating process
      wherein an electric current was passed through a circuit comprising the
      bath in contact with an anode and a cathode, the improvement in this
      improved method comprising adding to the depleted bath more of the
      original resin concentrate, the added resin concentrate having at least
      partly associated therewith and dispersed therein, an alcohol of from 1 to
      8 carbon atoms in the amount of from 2.0 to 20 weight percent based on the
      weight of the resin. Preferably, the alcohol has from 2 to 4 carbon atoms,
      is partly water soluble, and is isopropanol in the amount of about 10
      weight percent based on the weight of the resin.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The improvements of this invention involve adding an alcohol to
      conventional aqueous polyelectrolytic electrocoating materials or mediums
      of the type employed in conventional electrocoating methods for coating a
      metal substrate wherein an electric current is passed through the material
      while it is in contact with an anode and a cathode.
PAR  The alcohol can be added to most conventional aqueous electrocoating
      materials or mediums after they have been used or as they are originally
      obtained from manufacturers. Usually, electrocoating materials such as
      those suitable for coating metal cans and components are manufactured and
      shipped as a concentrate having from about 20 to 60 percent resin solids.
      The concentrate generally comprises, dispersed in some water, an organic
      resin having reactive sites which are partly but not completely
      neutralized. Neutralization of the resins has a solubilizing effect. It
      renders them water miscible or water soluble so that they can be dispersed
      therein.
PAR  Typically, either before or, less commonly, during the actual
      electrocoating process, the shipped concentrate is diluted or let down
      with water to form a relatively low solids make-up bath wherein the resin
      solids are a dispersed phase within the water dispersion medium.
PAR  The amount of water added to dilute the concentrate is a suitable
      conventional amount which can vary depending on the amount of resin solids
      in the concentrate, the type of metal substrate being coated, and the
      amount of solids ultimately desired deposited thereon. Usually, water is
      added in an amount sufficient to reduce the concentrate from about 20 to
      60 percent resin solids to an aqueous bath having from a measurable
      percent to about 20 weight percent resin solids, commonly the resin solids
      are reduced to from about 5 to 10 (for full coating) and from about 1 to 6
      (for repair coating) weight percent resin solids based on the bath. Low
      solids baths are especially suitable for use with high speed can
      electrocoating machines. At speeds such as 550 cans/min., percentages
      above 20 result in commercially impractical viscosities, while low
      percentages obtain practical viscosities and mean less loss of solids due
      to drag-out as cans are dragged out of baths.
PAR  This invention involves adding an alcohol having from 1 to 8 carbon atoms
      to conventional aqueous electrocoating materials to improve their
      performance and to improve the electrocoating processes in which they are
      employed. The alcohol can be added to fresh, old, or used aqueous
      electrocoating materials either before or after the solubilized or
      neutralized resin concentrates of the materials are diluted or let down
      with water.
PAR  Examples of alcohols having from 1 to 8 carbon atoms which can be employed
      according to this invention are methanol, ethanol, propanol, isopropanol,
      n-butanol, isobutanol, sec-butanol, tert-butanol, amyl alcohol, isoamyl
      alcohol, hexanol, 2-ethyl hexanol, heptanol, and octanol.
PAR  Generally, the alcohols suitable for this invention have solubility
      parameters in the range of about 9.9 to 14.0, hydrogen bonding indexes of
      about 13.0 to 20.0, and dipole moments of about 1.6 to 2.6.
PAR  The amount of alcohol which can be added to conventional aqueous
      polyelectrolytic electrocoating materials is from about 2 to 20 weight
      percent, preferably about 10 weight percent, based on the weight of the
      resin solids in the material.
PAR  Alcohols of the above type preferably are added to electrocoating materials
      obtained in neutralized or solubilized resin concentrate form, before the
      addition of water to assure that the alcohol disperses in the resin
      concentrate and at least some of the alcohol unites or associates with the
      resin. This is especially true for alcohols such as those having about 5
      to 8 carbon atoms since these alcohols for purposes of this invention are
      considered very slightly soluble in or miscible with water. Examples of
      these are amyl alcohol, isoamyl alcohol, hexanol, 2-ethyl hexanol,
      heptanol, and octanol.
PAR  Alcohols having 1 to 5 carbon atoms such as methanol, ethanol, propanol,
      and isopropanol, considered, for purposes of this invention water soluble
      or water miscible, and butanol, considered somewhat water soluble or
      miscible, can be added to the resin concentrate after adding de-ionized
      water, though they preferably should also be added before adding water. As
      in the case with the less soluble alcohols, adding them before adding
      water facilitates and assures their uniting with or coming into
      association with resin particles.
PAR  The alcohols of this invention preferably are added slowly to the resin
      concentrates and in all cases while agitating the concentrates preferably
      vigorously, and continuing the agitation until the alcohols are dispersed
      therein. The agitation can be by any conventional means.
PAR  Once the alcohol is dispersed in the concentrate, water, preferably
      de-ionized or distilled is added in a conventional manner, preferably with
      agitation, to form an aqueous electrocoating bath comprising, the alcohol
      at least partly dispersed in the resin concentrate and the partly but not
      completely neutralized resin dispersed in the de-ionized water dispersion
      medium.
PAR  Preferably, alcohols of this invention are added to resins which are from
      50 to 85 percent neutralized. As will be shown later, it appears that the
      best results are obtained when the percentage of neutralization is toward
      the lower end of the aforementioned range. When neutralization is
      increasingly above 85 percent, the appreciable benefit of adding an
      alcohol to the bath lessens. At 100 percent neutralization no benefit is
      obtained.
PAR  The aqueous polyelectrolytic electrocoating materials to which the alcohols
      having from 1 to 8 carbon atoms can be added to obtain the improved
      electrocoating materials and processes of this invention can be any of the
      organic resin-containing materials utilizable as aqueous electrocoating
      concentrates or baths in metal electrocoating systems. The materials or
      mediums can be modified, extended and stabilized in the conventional
      manner.
PAR  Suitable aqueous polyelectrolytic electrocoating materials contain organic
      resins having acrylic or alkacrylic acid moieties. Such acrylic-type
      resins may be polymers, copolymers, terpolymers, etc. derived by the
      reaction of acrylic acid or methacrylic acid with vinyl monomers such as
      alkyl acrylates or methacrylates, butyl acrylate, ethyl acrylate, methyl
      methacrylate, ethyl methacrylate, vinyl acetate vinyl hydrocarbons such as
      styrene, ethylene as well as those polymers derived from reaction of
      mixtures of such vinyl monomers with acrylic or methacrylic acids. The
      resulting acrylic or methacrylic polymers may be further modified by
      reaction with suitable crosslinking agents such as melamine, epoxy resins,
      acrylamides, etc.
PAR  Examples of suitable polymers defined hereinabove include acrylic and vinyl
      polymer resins such as butyl acrylate-methacrylate-methacrylic acid
      copolymers, and vinyl acetate-acrylic acid copolymers.
PAR  The aforementioned organic resins have their acrylic or alkacrylic acid
      moieties, i.e. their reactive sites neutralized in the conventional manner
      as by reaction with suitable amido compounds which will attach to and
      neutralize the resin carboxyl reactive sites. Examples of aqueous
      materials or mediums which can be employed are those disclosed in U.S.
      Pat. No. 3,230,162 issued to A. E. Gilchrist on Jan. 18, 1966. Disclosed
      therein are numerous concentrate compositions comprising baths of aqueous
      mediums the predominant portions of which are a synthetic polycarboxylic
      acid resin at least partially neutralized with a sufficient quantity of
      water soluble amino compound to maintain the polycarboxylic acid resin as
      a dispersion of anionic polyelectrolyte in the baths. Generally,
      Gilchrist's concentrate composition comprises about 50 to 95 percent by
      weight polycarboxylic acid resin having an electrical equivalent weight
      between about 1,000 and 20,000 and an acid number between about 30 and
      about 300; about 1 to 10 percent by weight of water soluble amino compound
      based on the weight of the polycarboxylic acid resin in the composition;
      and the balance water.
PAR  Gilchrist discloses that when the polycarboxylic resin dispersion
      concentration in a bath is between from about one-half to 1 percent to a
      practical maximum concentration of about 35 to 40 percent by weight, best
      film deposition results are obtained. Conventional oxygen sequestering
      agents can be added to the vehicle in the bath. Scavenger polybasic acids
      having a molecular weight approaching 1,000, usually in the region of
      about 500 to 800, can also be added to the bath to prevent it from
      accumulating an excess of amino. An example is the dimer of linoleic acid.
      Such polybasic acids apparently form soaps which are codeposited with the
      resins in the resulting film.
PAR  The water soluble amino compounds which Gilchrist states can be employed
      with anodic baths include: hydroxyamines, polyamines and monoamines such
      as ethanolamine, triethanolamine; polyglycol amines such as hydroxyl amine
      diethylene triamine and others such as mono-, di-, and triethyl amines.
PAR  Other suitable aqueous polyelectrolytic electrocoating materials are
      non-polycarboxylic acid resins such as resins formulated from phenolics,
      polyvinyl ethers and polyimides. For example, a suitable material is a
      phenolic- poly amidic resin having its reactive sites neutralized by an
      acid.
PAR  The preferred aqueous polyelectrolytic electrocoating materials or mediums
      improved and used in improved processes according to this invention
      contain synthetic organic resins of the acrylic-type as hereinbefore
      explained. Such synthetic acrylic resin containing materials have been
      found to provide suitable coatings for containers for food and beverage
      products. Acrylic-type resins provide harder, more inert, less
      water-permeable, less corrosive and more tast-free coatings than say
      natural or like oil-derived resins such as amine soaps derived from
      reactions of carboxyl compounds with oils such as castor oil, which
      coatings are generally less suitable for high quality food, beer and
      beverage containers.
PAR  Electrocoating processes improved according to the improved method of this
      invention, viz. with the addition, during agitation, of an alcohol of from
      1 to 8 carbon atoms, and the addition of water either before or after the
      alcohol either before or during the electrocoating process, can be carried
      out under conventional operating conditions, that is utilizing voltages of
      from 5 to 500 volts, more commonly from about 100 to 400 volts, and still
      more commonly from about 100 to 200 volts; amperages of from about 1 to 12
      amps depending on the material being used and the coating being effected,
      e.g. repair or full; coating times usually from about 1 to 4 seconds; and
      temperatures of about 85.degree. to 105.degree.F.
PAR  That adding an alcohol having from 1 to 8 carbon atoms to conventional
      aqueous electrocoating materials or mediums improves their performance and
      improves the processes in which they are employed is shown in the
      following series of Tables comparing test results of coatings of control
      samples of conventional materials sans alcohol, with samples of the same
      materials with various alcohols, respectively added thereto. One of the
      criteria listed in the tables which shows improved results such as
      adequacy of film build-up and adequacy of coating are the Quick Test
      values. A typical quick test is to pour an aqueous 1 percent sodium
      chloride solution into an open-ended tin-free steel (TFS) cylindrical can
      having its lap seam cemented with a polymeric material (Miraseam Can), its
      closed end sealed with a steel end closure and its interior roller coated
      with a single layer of a conventional lacquer. An electrode is placed in
      the solution and a 6 volt potential is induced in the circuit. The current
      flowing through the circuit, measured in milliamperes, determines the
      effectiveness of the repair coat. A perfect repair coat coverage is
      obtained when there is no current flow.
PAR  Quick test values are usually instantaneous readings taken from a
      milliammeter. An instantaneous reading or value in the art is considered
      taken within a 5 second interval after current is induced to flow.
      Although most of the quick test readings shown in the tables herein are
      instantaneous, it is to be noted that some of the readings, for example
      those on Table I are taken after 15 second intervals. Instantaneous values
      are quite lower than values at 15 seconds since milliampere flow increases
      rapidly with time.
PAR  Table I shows some of the alcohols having from 1 to 8 carbon atoms which
      can be employed to improve the coating performance of exemplary
      conventional acrylic-type aqueous polyelectrolytic electrocoating
      materials.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Material                                                                  
            10% Alcohol                                                        
                      Conductivity                                             
                               PH   Quick                                      
            Added     (Resistivity in                                          
                                    Test                                       
            (based on wgt.                                                     
                      ohm/cm)       (ma at                                     
            of resin solids)        15 sec)                                    
     __________________________________________________________________________
     A(used)                                                                   
              --      3500     8.4  85,95                                      
     "      methanol  3400     8.25 65,85                                      
     "      propanol  3600     8.30 40,55                                      
     "      isopropanol                                                        
                      3800     8.20 35,45                                      
     "      sec-butanol                                                        
                      3600     8.20 60,55                                      
     "      isobutanol                                                         
                      3600     8.30 45,50                                      
     "      amyl alcohol                                                       
                      3600     8.15 45,35                                      
     "      isoamyl alcohol                                                    
                      3650     8.25 40,50                                      
     "      hexanol   3800     8.25 16,10                                      
     "      2-ethyl hexanol                                                    
                      3550     8.20 18,40                                      
     "      heptanol  3700     8.25 50,55                                      
     "octanol                                                                  
            3600      8.30     16,45                                           
     A'(fresh)                                                                 
            --        4400     8.7  5-115, 5-125                               
     "      2-ethyl hexanol                                                    
                      4350     8.7  0-3, 0-3                                   
     "      octanol   4400     8.7  0-3, 1-11                                  
     "      (all others of A)                                                  
                      approx. 4400                                             
                               approx.                                         
                               8.7  80, +90                                    
     B(fresh)                                                                  
            --        2800     8.05 8-30,8-35                                  
     "      isobutanol                                                         
                      "        8.03 5-30,5-30                                  
            propanol  "        8.10 1-15,4-20                                  
            isopropanol                                                        
                      "        8.15 1-16,4- 20                                 
     B'(used)                                                                  
            --        --       --   11.10                                      
     "      isopropanol                                                        
                      --       --    1.75                                      
     __________________________________________________________________________
     A -- Acrylic-type aqueous polyelectrolytic electrocoating                 
          material (A-T APEM) (used batch) generally comprising                
          a polymer of butyl acrylate-styrene-methacrylic acid                 
          hydroxyethyl methacrylate. The material is manufactured              
          and sold by Pittsburg Plate Glass and is sold under the              
          designation 1085. The material was diluted from 28.5                 
          wgt. % resin solids to 2.5 wgt. % solids (based on diluted           
          bath)with de-ionized water. The Quick Tests were run                 
          at 300 volts/1 sec. at a bath temperature of 85.degree.F, on         
          Lot No. 1 of Easy-Open tinplate container ends. (Quick               
          Test time was 15 sec. interval).                                     
     A'-- Fresh batch of material A diluted from 25 to 2.5 wgt. %              
          resin solids based on diluted bath; (other conditions and Lot        
          same as for A except that Quick Test time was instantaneous          
          and at 15 sec. for each run).                                        
     B -- A-T APEM (fresh) generally comprising a terpolymer of                
          butyl acrylate styrene and methacrylic acid monomers                 
          reacted with melamine cross linking agent. (Conditions               
          and Lot same as for A'). The material is designated EXM68074 and     
          is manufactured and sold by Glidden Chemicals(Durkee) SCM Corp.      
     B'-- Same material as B but old batch obtained at 35 wgt. %               
          resin solids, and reduced from 25 wgt. % resin solids to             
          2.5 wgt. % (based on diluted bath) and run on same Lot at            
          same conditions except that voltage was 200 volts/1                  
     __________________________________________________________________________
          sec.).                                                               
PAR  A comparison of Quick Test values obtained upon adding isopropanol to
      materials B and B' indicates an apparent improvement in values when
      voltage is lowered from 300 to 200 volts, at one second.
PAR  When a series of Quick Test values are obtained for a particular
      conventional aqueous polyelectrolytic electrocoating material, the series
      tends to have one or more disparately high readings and incongruous
      values. This may indicate the material's inability to consistently provide
      effective coatings.
PAR  It has been found that adding an alcohol of this invention to such a
      conventional acrylic-type electrocoating material provides less disparate
      Quick Test values, which is an indication of more consistently effecitve
      coatings. Table II shows two series of Quick Tests on one batch (C) and
      one series on another (C') that gave a few disparate readings, whereas the
      series on the batch (C') with ethanol added gave less disparate values.
TBL                                    TABLE II                                
     __________________________________________________________________________
     BATCH                                                                     
          % ALCOHOL ADDED                                                      
                     CONDUCTIVITY                                              
                              PH   QUICK TEST                                  
          (Based on Weight                                                     
                     (Resistivity  (ma, instantaneous)                         
          of Resin Solids                                                      
                     in ohm/cm)                                                
     __________________________________________________________________________
     C    --         3750     8.35 1.5,  1.5, 2.0, 6.0, 6.50,                  
                                                             11.0              
     C    --         --       --   0.25, 0.25,                                 
                                              1.25,                            
                                                   5.50,                       
                                                        6.50,                  
                                                             30.0              
     C'   --         3300     8.2  1.5,  14.0,                                 
                                              34.0,                            
                                                   40.0,                       
                                                        72.0,                  
                                                             100.+             
     C'   50% ethanol                                                          
                     --       --   0.25, 1.75,                                 
                                              2.0, 2.5, 6.0, 20.0              
     __________________________________________________________________________
     C and C'       These are two batches of the A-T APEM respectively         
                    believed to be a 74.7% and a                               
                    71.7% neutralized polymer of butyl acrylate-styrene-methacr
                    ylic acid-hydroxyethyl                                     
                    methacrylate containing no more than 20 weight percent of  
                    total polymer units                                        
                    derived from methacrylic and no more than 7 weight percent 
                    of total polymer units                                     
                    derived from hydroxyethyl methacrylate. The materials are  
                    designated X1222 and                                       
                    are manufactured by Pittsburg Plate Glass. Each Batch C    
                    was diluted from 22 weight                                 
                    percent resin solids to 2.07 weight percent resin solids   
                    (based on diluted bath)                                    
                    and each Batch C' from 22 weight percent to 2.10 weight    
                    percent resin solids (based                                
                    on the diluted Bath. The Batches were used to repair coat  
                    Miraseam TFS cans at                                       
                    a bath temperature of 85.degree.F. at 100 volts/1 sec. The 
                    % alcohol added is based on                                
                    the weight percent resin solids in the diluted             
     __________________________________________________________________________
                    bath.                                                      
PAR  Alcohols suitable for use according to this invention and as indicated by
      improved Quick Tests providing improved coatings easily acceptable for
      coating high standard food, beer and beverage containers, are shown in
      Table III. It is to be noted here and throughout that improved materials
      providing improved coatings have characteristically been found to effect
      no substantial loss in, and in most instances either maintain or increase
      the conductivity of the electrocoating bath in which they are employed.
      Solvents reducing the conductivity more than say 100 ohm/cm have not been
      found to provide acceptable coatings.
TBL                                    TABLE III                               
     __________________________________________________________________________
     MATERIAL                                                                  
            % RESIN SOLIDS                                                     
                     10% ALCOHOL                                               
                             CONDUCTIVITY                                      
                                      PH   SOLUBILITY                          
                                                  VOLTS/SEC                    
                                                         QUICK TEST            
                     ADDED (based                                              
                             (Resistivity  PARAMETER     (ma, instantaneous    
                     on Resin                                                  
                             in ohm/cm)                  and after 15 sec.)    
                     Solids in                                                 
            Orig.                                                              
                Diluted                                                        
                     Diluted Bath)                       85.degree.            
                                                             95.degree.        
                                                                105.degree.    
     __________________________________________________________________________
     B"(fresh)                                                                 
            25  3      --    1900     8.8  --     300/1 sec.                   
                                                         8-18                  
                                                             2-6               
                                                                1-7            
     "      "   "    ethanol 1950     8.6  12.7   "      1-6 0-1               
                                                                0-2            
     "      "   "    isopropanol                                               
                             1850     8.6  11.5   "      0-0 0-3               
                                                                0-2            
     "      "   "    n-butanol                                                 
                             1900     8.6  11.4   "      not 0-1               
                                                                1-2            
                                                         run                   
     "      "   "    2-ethyl hexanol                                           
                             1950     8.6   9.5   "      0-1 0-1               
                                                                0-3            
     "      "   "    dimethyl                                                  
                     formamide*                                                
                             1600     8.95 12.1   "      not 0-1               
                                                                0- 1           
                                                         run                   
     __________________________________________________________________________
     B"         Different batch of same basic A-T APEM designated EXM68074,    
                described for B of TABLE I and                                 
                here used to repair coat Lot No. 2 of Easy Open Tinplate       
                Container Ends.                                                
     *          Dimethyl Formamide provided acceptable Quick Tests but is      
                unsuitable for high quality                                    
                coatings because of unacceptable coating quality as shown in   
                TABLE IV.                                                      
     __________________________________________________________________________
PAR  A criteria besides Quick Tests values for determining acceptability of
      coatings is visual examination of their appearances on metal substrates.
      Of the alcohols or solvents added to the batch of conventional aqueous
      electrocoating material of Table IV, below, the only solvent tested that
      clearly improved the coatings was isopropanol.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     MATERIAL                                                                  
            % RESIN                                                            
                 % SOLVENT ADDED                                               
                              % RESIN                                          
                                   CONDUCTIVITY                                
                                            PH  VOLTS/SEC                      
                                                       COATING APPEARANCE      
            SOLIDS            SOLIDS                                           
                                   (Resistivity                                
            (Orig.)           (Diluted)                                        
                                   in ohm/cm)          Film Edges              
     __________________________________________________________________________
     C"     22     Control    2.0  7300     8.6 200/2 sec.                     
                                                       sm.  sl. hvy.           
     "      "    1%                                                            
                   Isopropanol                                                 
                              "    7600     --  "      "    --                 
     "      "    3%                                                            
                   "          "    8900     --  "      "    --                 
     "      "    5%                                                            
                   "          "    8800     8.65                               
                                                "      "    --                 
     "      "    1%                                                            
                   Cellosolve "    7000     --  "      pbly.                   
                                                            --                 
     "      "    3%                                                            
                   "          "    7300     --  "      sl.less                 
                                                            --                 
                                                       pbly.                   
     "      "    5%                                                            
                   "          "    7600     8.5 "      --   *                  
     "      "    1%                                                            
                   ethylene glycol                                             
                              "    5500     --  "      sm.  hvy.               
     "      "    3%                                                            
                   "          "    4000     --  "      "    **                 
     "      "    5%                                                            
                   "          "    3200     --  "      "    **                 
     "      "    1%                                                            
                   Glycerin   "    7500     --  "      sl. pbly.               
                                                            --                 
     "      "    3%                                                            
                   "          "    7400     --  "      plby.                   
                                                            --                 
     "      "    5%                                                            
                   "          "    7400     8.5 "      "    ***                
     "      "    1%                                                            
                   tetra hydrofuron                                            
                              "    7300     --  "      v. sl.                  
                                                            sl. hvy.           
                                                       pbly.                   
     "      "    3%                                                            
                   "          "    7700     --  "      sl. pbly.               
                                                            ****               
     "      "    5%                                                            
                   "          "    8600     8.5 "      "    ****               
     "      "    1%                                                            
                   Dimethyl Formamide                                          
                              "    7300     --  "      sl. pbly.               
                                                            sl. hvy.           
     "      "    3%                                                            
                   "          "    7600     --  "      "    "                  
     "      "    5%                                                            
                   "          "    7900     8.45                               
                                                "      "    edges              
     __________________________________________________________________________
                                                            improve            
     C"        Different Batch of same basic A-T APEM designated X1222,        
               described for C and C' in Table II and - here used to full coat 
               1X4 inch Tin Free Steel Strips. Bath temperature was room       
               temperature, - i.e. 70-80.degree.F. Butyl Cellosolve was also   
               tested but was like Cellosolve found inadequate.                
     *         pebble finish inadequate on edges                               
                                              sm.     --smooth                 
     **        some coating loss in rinse, very heavy edges                    
                                              pbly.   -- pebble finish         
     ***       some coating loss in rinse from edges                           
                                              sl.     --slightly               
     ****      better weight distribution     hvy.    --heavy                  
                                              v.      -- very                  
     __________________________________________________________________________
PAR  Still another criteria for determining acceptability of coatings is their
      preformance when used on a series of components of containers packed with
      a sulfide-producing product. Table V shows performances of coatings as
      indicated by the listed Quick Test values and Sulfide Test Grades. The
      sulfide test generally comprises filling to one-half capacity a series of
      conventionally base coated tinplate cans having scored, repair-coated
      (with a solvent-containing material), Easy Open Tinplate Ends
      atmospherically sealed therein, with a sulfide-producing product or
      similar chemical solution, and subjecting the filled cans to a processing
      temperature of 240.degree.l F. for 1 hour, and then pressure-cold water
      cooling and storing them at room temperature for 1 day. Upon visual
      examination, black sulfide material appears in or adjacent discontinuities
      in the repair coat or adjacent score lines in the ends. For Table V, the
      amount of sulfide appearing on the ends was visually graded from a score
      of 0, indicating no sulfide material, to 10, indicating heavy sulfide
      material.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     MA-                                                                       
        % RESIN                                                                
               % SOLVENT                                                       
                      CONDUC-                                                  
                            PH VOLTS BATH                                      
                                         QUICK TEST  SULFIDE                   
                                                           IRON PICK-UP        
     TER-                                                                      
        SOLIDS ADDED  TIVITY   SEC   TEMP.           GRADE (ppm aver/6 cans)   
     IAL              (Resis-                                                  
                            (.degree.F)                                        
                                     (based on                                 
                      tivity in                      sulfide                   
     Orig. Diluted    ohm/cm)            (ma, instant)                         
                                                 (aver.)                       
                                                     amt.)                     
     __________________________________________________________________________
     D  27.5                                                                   
           2.5  --    3500  7.95                                               
                               200/1sec                                        
                                     85.degree.                                
                                         2,3,2,4,6,4.5                         
                                                 3.6 5(slightly)               
                                                           not determined      
     "  "  "   2-ethyl                                                         
                      3750  8.1                                                
                               "     "   1,2,1,2,1,0.5                         
                                                 1.1 3(very                    
                                                           "                   
               hexanol                               slightly)                 
     "  "  "   Dimethyl                                                        
                      3450  8.15                                               
                               "     "   7,4.5,3,3.5,6,4.5                     
                                                 4.5 4(slight)                 
                                                           "                   
               Formamide                                                       
     B'"                                                                       
        -- 3   10% 2- --    -- 300/1sec                                        
                                     95.degree.                                
                                         no data 8   8(heavy)                  
                                                           "                   
               ethyl                     available                             
                                                 (15                           
               hexanol*                          sec)                          
     "  21 3   10% 2- --    -- "     "     "     2   4(slight)                 
                                                           "                   
               ethyl                             (15                           
               hexanol**                         sec)                          
     B""                                                                       
        25 2.5 --     --    -- 200/1sec                                        
                                     85.degree.                                
                                           "     11.10                         
                                                     4(slight)                 
                                                           "                   
     "  "  "   10% iso-                                                        
                      --    -- "     "     "     1.75                          
                                                     3(very                    
                                                           "                   
               propanol                              slight)                   
     C'"                                                                       
        22 2   --     --    -- 100/2sec                                        
                                     80.degree.                                
                                         1.25,1.75,                            
                                                 3.3 not de-                   
                                                           1.01 ppm            
                                         1.50,8.0,   termined                  
                                         0.75,6.5                              
     "  "  "   10% 2- --    -- 100/2sec                                        
                                     "   0.0,1.0,                              
                                                 0.4  "    0.58 ppm            
               ethyl                     0.0,0.25,                             
               hexanol                   0.5,0.75                              
     __________________________________________________________________________
     D  -- A-T APEM (fresh) designated EXM 69115 and manufactured              
                                         B'"                                   
                                            -- Different batch of same         
                                            material as B                      
        Glidden Chemicals, Durkee Div. of SCM Corp.                            
                                            in Table I, i.e. EXM68074 here     
                                            used to                            
                                            repair coat tinplate ends.         
     C'"                                                                       
        -- Different batch of same material as C in Table II,                  
        i.e. X1222, here used to repair coat six Miraseam (TFS)                
                                         B""s.                                 
                                            -- Different batch of same         
                                            material as B'                     
                                            in Table I, EXM6804 here used to   
                                            repair                             
     *  -- 2-ethyl hexanol here added to diluted bath containing 3 wgt.        
                                            coat Miraseam (TFS) cans.          
        resin solids 10 wgt% ethyl hexanol is based on the 3 wgt. %            
        resin solids in the diluted bath.                                      
                                         ** -- 2-ethyl hexanol here added to   
                                            the 21 wgt%                        
                                            resin solids concentrate; after    
                                            the alcohol                        
                                            was dispersed in the concentrate,  
                                            de-ionized                         
                                            water was added to dilute to 3%    
                                            resin solids based on the diluted  
                                            bath                               
     __________________________________________________________________________
PAR  The sulfide grades shown in Table V that the coatings tested were most
      improved when they contained an alcohol of this invention.
PAR  It is to be noted that the data regarding the conventional electrocoating
      material designated B'" in Table V indicates that for the less soluble
      alcohols of this invention, for example here, 2-ethyl hexanol it is
      preferred and best grade results are obtained when such alcohols are added
      directly to the resin solids concentrate before, rather than after,
      diluting the resin solids concentrate from say 21 percent resin solids
      concentrate to a 3 weight percent resin solids diluted bath. Addition of
      the less soluble alcohols of this invention to the diluted bath renders it
      more difficult for the alcohols to become associated with the smaller
      amount of resin solids widely dispersed within a greater amount of water
      dispersion medium.
PAR  Still another criteria for determining the performance of coatings are Iron
      Pick-up Test Values. Table V shows that for aqueous electrocoating
      material C'" lower iron pick-up values are obtained when 2-ethyl hexanol
      is added to the material. An Iron Pick-up test determines over a period of
      time the number of parts of ferrous or ferric metal ions dissolved into or
      picked-up by a million parts contained in a metal substrate container that
      has been repair coated and that is still allowing some minute current flow
      to and corrosion of the metal substrate. The iron pick-up values listed in
      Table V were based upon an average of six Miraseam (TFS) cans containing
      beer and stored at 98.degree.F. for 1 month.
PAR  As stated in comments regarding material B'" of Table V the preferred
      method of adding alcohol to the resin solids concentrate according to this
      invention is to add it directly to the concentrate before, rather than
      after, diluting the concentrate to a low solids bath. The appearances of
      residual rinse water obtained from rinsing a series of Miraseam (TFS) cans
      coated as shown in Table VI is further evidence of this, since the
      relative clarity and cloudiness of rinse water generally indicates
      relative absence or presence of resin solids therein, and since cloudy
      rinse water was obtained by adding 2-ethyl hexanol to the original
      concentrate as compared to clear rinse water when the alcohol was added to
      the diluted bath. As previously explained, Table VI further shows the
      importance of adding the less soluble alcohols of this invention directly
      to the concentrate.
PAR  It has been found, and it is significant to note that, as shown in Table
      VI, the alcohol added to the electrocoating material according to this
      invention must enter the dispersed phase of the bath, i.e. it must enter
      and become united or associated with the resin solids of the material.
      Whereas 2-ethyl hexanol added to the diluted bath obtained relatively high
      quick tests and coatings with little solids therein as indicated by the
      relatively clear rinse water, with extended additional mixing, of the
      2-ethyl hexanol within the diluted bath obtained close to very cloudy
      rinse water. This indicates that it is necessary that the alcohol enter
      the dispersed phase and be associated with the resin solids for a
      significant amount of resin solids to appear in the coatings. Best results
      with 2-ethyl hexanol were obtained when, of course, the alcohol was added
      directly to the original concentrate and mixed therewith.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     MATERIAL                                                                  
           % RESIN                                                             
                  % ALCOHOL QUICK                                              
                                 APPEARANCE                                    
           SOLIDS ADDED TO  TEST OF RINSE WATER                                
     Orig.     Dil.                                                            
                  Orig.                                                        
                      Dil.                                                     
     __________________________________________________________________________
     C""   22  2  --  --    10.6   --                                          
     "     "   "  --  15%   3.3  relatively clear                              
                      2EH*                                                     
                      20%   3.6  relatively clear                              
                      2EH*                                                     
     "     "   "  *** --    --   approaching very                              
                                 cloudy                                        
     "     "   "  15% --    1.5  very cloudy                                   
                  2EH                                                          
                  20%       2.5  very cloudy                                   
                  2EH                                                          
     "     "   "  --  5% IPA**                                                 
                            1.2  slightly cloudy                               
                      10% " 0.6  slightly cloudy                               
                      20% " 1.0  slightly cloudy                               
     __________________________________________________________________________
       *2-ethyl hexanol                                                        
       **Isopropanol                                                           
      ***with extended additional mixing                                       
PAR  As shown in Table VII below, the improved materials and method of this
      invention can be employed in relation to full coating as well as repair
      coating various containers and components.
TBL                                    TABLE VII                               
     __________________________________________________________________________
     MATERIAL                                                                  
           % RESIN % ALCOHOL ADDED                                             
                             VOLTS/SEC                                         
                                    BATH QUICK TEST                            
           SOLIDS  (based on resin  TEMP.                                      
                                         (ma, instantaneous                    
     Orig.      Dil.                                                           
                   solids in bath)  (.degree.F.)                               
                                         aver/2 cans                           
     __________________________________________________________________________
     E     27.5 2  --        200/1sec                                          
                                    75-80.degree.                              
                                         12.5                                  
     "     "    "  10% isopropanol                                             
                             "      "     4.5                                  
     F     30   3  --        300/1sec                                          
                                    80.degree.                                 
                                         40-70                                 
      F'   30   "   6% isopropanol                                             
                             "      "    20-40                                 
     __________________________________________________________________________
      E    -- A-T APEM generally comprising a polymer of ethyl acrylate, methyl
      methacrylate and methacrylic acid effected with n-butoxy and             
      methacrylamide agent. The material was used to full coat 2 drawn tinplate
      cans.                                                                    
      F & F' -- A-T APEM (cathodic) generally comprising a phenolic-polyamidic 
      resin, the reactive sites of the polyamide being neutralized by acetic   
      acid. The phenolic resin is designated Super Beckacete 24-001 manufacture
      by Riechold Chemicals, Inc., and the polyamide is designated Versamid 100
      manufactured by General Mills, Inc. The material F was used to full      
      electrocoat Easy Open Tinplate container ends.                           
PAR  The material designated F was made by dissolving 40 grams of the polyamide
      Versamid 100 with 60 grams of the phenolic material Super Beckacite
      24-001, in 13 grams of methyl, isobutyl ketone (MIBK) and 20 grams of
      toluene. When the materials were completely dissolved, 5 grams of glacial
      acetic acid were added thereto to ionified or neutralize the reactive
      sites of the polyamide. Thereafter, 200 grams of de-ionized water was
      added to dilute the original 30 percent resin solids concentrate to a
      resulting 3 weight percent resin solids based on the diluted bath.
PAR  The material F' comprises essentially the same materials except that the 10
      grams of toluene was replaced with 10 grams of isopropanol, the de-ionized
      water being added thereafter to reduce the resin solids in the same
      manner.
PAR  It is to be noted that when the alcohols of this invention are added to the
      aforementioned conventional aqueous polyelectrolytic electrocoating
      materials, the surface tension of the resulting bath is only slightly
      affected by such addition. For example, whereas a five percent resin
      solids material hereabove designated X1222 has a surface tension of 40.4
      dynes/cm, the same material having ten percent isopropanol (based on bath
      solids) had a surface tension of 40.2 dynes/cm, and with the same
      percentage of 2-ethyl hexanol had a surface tension of 38.3 dynes/cm.
PAR  It has been found that the addition of 20 weight percent based on a 5
      weight percent solids diluted bath solution of hereinbefore designated
      X1222 obtained better coating results, ambient bath temperatures, 300
      volts/secs on drawn and ironed steel containers than the same bath
      solution simply diluted with water and not having an alcohol added
      thereto. In the former case, 278 grams of coating extended to within 1/16
      inch from the bottoms of the containers, in the latter case 309 grams of
      coating extended to only one-eighth inch from the bottoms.
PAR  It has been found that improved coatings were not obtainable when an
      alcohol of this invention was added to an aqueous electrocoating material
      designated RC1137-70 manufactured by De Soto and believed to be a one
      hundred percent neutralized polymer of acrylic acid, and esters thereof.
      Although the chemical mechanisms of adding an alcohol to this invention to
      obtain an improved coating deposits are not fully understood, the
      aforementioned inability to improve a coating believed to be 100 percent
      neutralized may indicate that the addition of alcohol tends to provide
      small electrolytic coating particles and tends to prevent them from
      agglommerating into larger particles, the 100 percent neutralized material
      perhaps having the smallest particle sizes. The smaller particle sizes
      obtained by the addition of the alcohols therein, obtains more compact
      deposition of particles, generally higher resistivities, better throwing
      and wetting power and easier, smoother release of vapors in the coatings
      during baking.
PAR  A typical method of employing this invention is to pour a 22 weight percent
      resin solids concentrate of an aqueous polyelectrolytic electrocoating
      material such as hereinbefore designated X1222 into a large drum. Ten
      weight percent of an alcohol such as isopropanol based on a precalculation
      of a predetermined amount of solids, say 2 percent after dilution, is
      added to the drum with agitation until the alcohol is completely dispersed
      into the resin concentrate. A certain amount, say 5 gallons, of the
      material is taken from the drum and diluted to a 2 percent solids bath
      with de-ionized water. This bath is used to repair or full electrocoat
      metal substrates, and when its performance begins to dwindle or is
      depleted (here meant to some extent) another 5 gallons of the
      alcohol-containing concentrate is drawn into another container and added
      to the "depleted" bath as needed, to thereby replenish the original bath,
      and to thereby maintain substantially the same properties as the original
      bath or medium during the electrocoating process.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the methods and materials described and
      their effectuation without departing from the spirit and scope of the
      invention or sacrificing all of its material advantages, the methods and
      materials hereinbefore described being merely preferred embodiments
      thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aqueous polyelectrolytic electrocoating concentrate dispersable in
      water to form a bath used in contact with an anode and a cathode in an
      electric circuit of an electrocoating process for electrocoating a metal
      substrate, which comprises from about 20 to 60 weight percent synthetic
      polycarboxylic acid resin solids based on the concentrate, said solids
      being soluble in alcohols haivng from 1 to 5 carbon atoms, and having from
      50 to 85 percent of their reactive sites neutralized with a sufficient
      quantity of water soluble amino compound to maintain the polycarboxylic
      acid resin solids as a dispersion of anionic polyelectrolyte in the
      concentrate, and
PA1  a monohydric alcohol having from 1 to 5 carbon atoms selected from the
      group consisting of methanol, ethanol, propanol, isopropanol, n-butanol,
      isobutanol, sec-butanol, tert-butanol, amyl alcohol and isoamyl alcohol,
      said alcohol being at least partly associated with and dispersed in the
      resin concentrate in an amount of from 2.0 to 20 weight percent based on
      the weight of the resin solids, the presence of said alcohol being to at
      least maintain the resistivity and increase the throwing and wetting power
      of the medium bath, and to provide a higher quality, more pliable coating
      which releases more vapors from and leaves less voids in the coating upon
      curing than if said monohydric alcohol were not present in the
      concentrate.
NUM  2.
PAR  2. The improved electrocoating material of claim 1 wherein the alcohol is
      partly water soluble and has from 2 to 4 carbon atoms.
NUM  3.
PAR  3. The improved electrocoating material of claim 2 wherein the alcohol is
      isopropanol present in an amount of about 10 weight percent based on the
      resin.
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ABST
PAL  Viscosity stable polyurethane solutions in polar solvents as
      N,N-dimethylformamide are obtained when such solutions contain small
      amounts of ammonium salts of strong acids, such salts include ammonium
      chloride and nitrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Solid polyurethanes dissolved in solvents have many applications. For
      example, such polyurethane solutions are used in the manufacture of films,
      coatings as on fabric, metal and the like, and as adhesives.
      Unfortunately, in many of these polyurethane solutions the polyurethane
      begins to degrade in a relatively short time after preparation in the
      strongly polar solvents often required. Degradation of polyesterurethanes
      in solutions of
      ##EQU1##
      wherein the R's are hydrogen or alkyl groups is particularly bad.
      Therefore, it is desirable to be able to provide stabilized polyurethane
      solutions which have good storage life even under relatively high
      temperature conditions.
PAC  SUMMARY OF THE INVENTION
PAR  Viscosity stable polyurethane solutions are provided which contain small
      amounts of ammonium salts of strong acids. The ammonium salts include the
      salts of the strong inorganic acids including hydrochloric acid, sulfuric
      acid, nitric acid and the like in amounts of from about 0.01 to 2 or more,
      preferably 0.05 to 1 percent. Ammonium salts of weak organic acids such as
      acetic acid are unsatisfactory as stabilizers for the solutions. Preferred
      materials are ammonium chloride, ammonium sulfate and ammonium nitrate.
      Ammonium chloride and ammonium nitrate and particularly effective
      stabilizers for solutions of polyesterurethane in DMF at elevated
      temperatures such as 65.degree.C. Ammonium acetate is ineffective in this
      system.
PAC  DETAILED DESCRIPTION
PAR  The polyurethanes are readily prepared from a variety of compounds having
      terminal functional groups reactive with organic diisocyanates. Normally
      used are hydroxyl-terminated compounds. The hydroxyl-terminated compounds
      or macroglycols usually have molecular weights greater than about 300 to
      400. A great variety of such macroglycols have been prepared and proposed
      for commercial applications. The most commonly used macroglycols are
      hydroxyl-terminated polyesters, polyethers, polylactones and
      polybutadienes. In the preparation of one type of elastomeric film and
      sheet material such macroglycols, alone or in admixture, having molecular
      weights greater than about 400, and difunctional chain extenders as
      glycols, are reacted with the organic diisocyanate. Useful materials are
      obtained by reacting the organic diisocyanate with a mixture of a
      macroglycol and a small difunctional chain extender such as an alkylene
      glycol or ether glycol, a cycloaliphatic glycol, or an aromatic-aliphatic
      glycol; or the so-called prepolymer technique may be used where an excess
      of organic diisocyanate is first reacted with the macroglycol and then the
      small difunctional chain extender added, normally in amounts equivalent to
      react with substantially all of the free isocyanate groups.
PAR  The hydroxyl polyester macroglycols are linear hydroxyl-terminated
      polyesters having molecular weights between about 500 and 4000 and acid
      numbers usually less than about 10. The polyesters utilized include those
      prepared by the polyesterification of aliphatic dicarboxylic acids
      including for example, adipic, succinic, pimelic, suberic, azelaic,
      sebacic and the like or their anhydrides. Aromatic dicarboxylic acids may
      also be used, or mixtures of aliphatic and aromatic dicarboxylic acids.
      Useful acids include aliphatic dicarboxylic acids of the formula
      HOOC--R--COOH where R is an alkylene radical containing 2 to 8 carbon
      atoms. The phthalic acids are also useful. The glycols used in the
      preparation of the polyesters by reaction with the dicarboxylic acids are
      aliphatic glycols containing between 2 and 10 carbon atoms such as
      ethylene glycol, propanediol, butanediol, hexamethylene glycol,
      octamethylene glycol, 2-ethylhexanediol-1,6, neopentyl glycol and the
      like. Preparation of specific polyesterurethanes from polyesters are
      described in U.S. Pat. No. 2,871,218 for example. Polyesteramides also are
      contemplated, usually by substitution of a diamine or amino alcohol for at
      least part of the glycol.
PAR  Poly(epsilon-caprolactone)diol macroglycols are the polyester reaction
      products of epsilon-caprolactones whose polymerization has been initiated
      by bifunctional compounds having two active hydrogen sites which are
      capable of opening the lactone ring and initiating polymerization of the
      lactone. These bifunctional materials may be represented by the formula
      HX--R--XH wherein R is an organic radical which can be aliphatic,
      cycloaliphatic, aromatic or heterocyclic and X is O, NH and NR where R is
      a hydrocarbon radical which can be alkyl, aryl, aralkyl and cycloalkyl.
      Such materials include diols, diamines and aminoalcohols preferably.
      Useful diols include alkylene glycols wherein the alkylene group contains
      2 to 10 carbon atoms for example, ethylene glycol, 1,2-propane diol,
      butanediol-1,4, hexamethylene glycol and the like. Ethylene glycol
      provides excellent polyesters.
PAR  The lactones preferred for preparing the polyesters are
      epsilon-caprolactones having the general formula
      ##EQU2##
      wherein at least 6 of the R's are hydrogen and the remainder are hydrogen
      or alkyl groups containing 1 to 10 carbon atoms, preferably methyl.
      Mixtures of lactones may be employed to form the polyesters as
      epsilon-caprolactone and trimethyl-epsilon-caprolactone,
      .gamma.-methyl-epsilon-caprolactone, .beta.-methyl-epsilon-caprolactone,
      dimethyl-epsilon-caprolactone and the like. The lactones are polymerized
      readily by heating with the bifunctional reactant to a temperature of
      about 100.degree. to about 200.degree.C. Catalysts may be employed if
      desired. Particularly preferred are poly(epsilon-caprolactone)diols having
      molecular weights in the range of about 500 to about 5000.
PAR  The hydroxyl(polyalkylene oxide), or polyether, macroglycols preferably are
      essentially linear hydroxyl-terminated compounds having ether linkages as
      the major linkage joining carbon atoms. The molecular weights may vary
      between about 500 and 4000. The hydroxyl(polyalkylene oxide)s found useful
      include hydroxyl poly(methylene oxide)s as hydroxyl poly(tetramethylene
      oxide), hydroxyl poly(trimethylene oxide), hydroxyl poly(hexamethylene
      oxide), hydroxyl poly(ethylene oxide) and the like of the formula
      HO(CH.sub.2).sub.n O.sub.x H wherein n is a number from 2 to 6 and x is an
      integer, and alkyl substituted types such as hydroxyl poly(1,2-propylene
      oxide). Preparation of polyurethanes from these polyethers is described in
      U.S. Pat. No. 2,899,411 for example.
PAR  If small glycols are used as chain extender with the macroglycols and the
      organic diisocyanate, these normally are aliphatic glycols or ether
      glycols containing 2 to 10 carbon atoms. Typical glycols which have been
      employed include ethylene glycol, propylene glycol, butanediol-1,4,
      hexanediol, 2-ethylhexanediol-1,6, neopentyl glycol and the like.
      Cycloaliphatic glycols such as cyclohexanedimethanol, and
      aromatic-aliphatic glycols such as bis-1,4(.beta.-hydroxyethoxy)benzene,
      may also be employed.
PAR  The amount of glycol chain extender used with the macroglycol and the
      diisocyanate may vary from about 0.1 to 12 mols per mol of macroglycol.
      Excellent polyurethanes are obtained with a molar ratio of one mol of
      macroglycol and 1 to 5 mols of the small chain extender glycol.
      Substituted glycols also may be used.
PAR  The organic diisocyanates which are reacted with the macroglycols will
      include, for example, both aliphatic and aromatic diisocyanates. Such
      aliphatic diisocyanates include for example, hexamethylene diisocyanate,
      methylene-bis(4-cyclohexyl isocyanate), isophorone diisocyanate, etc. The
      aromatic diisocyanates include naphthalene-1,5-diisocyanates, diphenyl
      methane-4,4'-diisocyanate, tolylene diisocyanate, p-phenylene
      diisocyanate, dichlorodiphenyl methane diisocyanate, dimethyl diphenyl
      methane diisocyanate, bibenzyl diisocyanate, diphenyl ether diisocyanates,
      bitolylene diisocyanates and the like, for example, diisocyanates of the
      formula
      ##SPC1##
PAL  wherein X may be a valence bond, an alkylene radical containing 1 to 5
      carbon atoms, NR where R is an alkyl radical, oxygen, sulfur, sulfoxide,
      sulfone and the like. Also useful are acyclic or alicyclic diisocyanates
      containing greater than 6 carbon atoms as 4,4'-methylenebis-(cyclohexyl
      diisocyanate).
PAR  About equimolar ratios of diisocyanate and diols may be used. When a small
      glycol chain extender is also used, the ratio of reactants employed may be
      varied from about 1.5 to 13 mols of organic diisocyanate per mol of
      macroglycol with 0.5 to 12 mols of the glycol. The amount of organic
      diisocyanate used is dependent on the total amount of glycol chain
      extender and macroglycol and normally is a molar amount essentially
      equivalent to the total of these latter two reactants so that there are
      essentially no free unreacted isocyanate groups remaining in the polymer.
      Excellent polyurethanes have been obtained when a molar ratio of one mol
      of macroglycol of molecular weight about 800 to 2500, 1 to 3 mols of
      glycol, and 2 to 4 mols of the aromatic diisocyanate are caused to react.
      While essentially equimolar amounts of isocyanate and active hydrogen
      groups are preferred, it will be understood that an excess of any
      reactant, preferably less than 10%, as 5%, of excess organic diisocyanate
      can be used, although larger amounts of diisocyanate can, of course, be
      used in forming prepolymers. These, of course, have to be kept free of
      moisture until further reaction with the chain extender component is
      desired.
PAR  Other polyurethane materials that are well known and prepared in a variety
      of ways as is described in the patent literature may be used. For example,
      hydroxyl-terminated polyesters, polyesteramides, polyalkylene ether
      glycols and the like of molecular weights from about 800 to 3000 or higher
      are reacted with organic isocyanates, generally with an excess of the
      diisocyanate. The resulting polyurethane elastomers may be cured or
      vulcanized by adding additional organic diisocyanate whereas only a slight
      excess of isocyanate is used to make the polyurethane; or if a substantial
      excess of organic diisocyanate is used in making the polyurethane, then
      the isocyanateterminated polyurethane is mixed or treated or exposed to
      such amounts of polyfunctional additives such as water, diamines, glycols,
      and the like that will result in its curing or vulcanization. The excess
      diisocyanate present or added is in amounts from about 1 to 25%,
      preferably 3 to 15 weight parts per 100 weight parts of polyurethane.
      Regardless of the source of the polyurethane, the process of this
      invention may be used for solutions.
PAR  Solvents used are any of those known to those skilled in the art for
      dissolving polyurethanes, which normally are polar solvents including
      substituted amides such as N,N-dimethylformamide and N,N-dimethyl
      acetamide. The invention is, in general, useful where solvents having the
      general formula
      ##EQU3##
      where R is hydrogen or alkyl, are used.
DETD
PAC  EXAMPLES
PAR  A 30% polyurethane solution was prepared by dissolving a polyurethane in
      dimethylformamide. The polyurethane is a polyesterurethane prepared from 1
      mol of a poly(tetramethyleneadipate) polyester of 1050 molecular weight,
      2.0 mols of butanediol with an equal molar proportion of diphenyl methane
      diisocyanate. In two portions of this solution there are separately
      dissolved 0.1 weight percent of ammonium sulfate and 0.1 weight percent of
      ammonium nitrate. The Brookfield viscosity of these two solutions, and a
      control containing no ammonium salt, was determined at room temperature
      using spindle 5 at 5 rpm and found to be 43,400 cps for the control,
      42,600 cps for ammonium sulfate and 44,800 cps for ammonium nitrate. The
      samples were heated at a temperature of 69.degree.C. for 72 hours, cooled
      to room temperature and the Brookfield viscosity determined again. The
      control was 23,900 cps, only 55% of the original viscosity, that of the
      ammonium sulfate was 30,800 cps, 72% of the original viscosity, and for
      the ammonium nitrate, 41,000 cps,  92% of the original viscosity value.
      The behavior of the control clearly shows that the polymer was degraded
      during this aging period by the substantial decrease in the molecular
      weight of the polyesterurethane containing no ammonium salt.
PAR  A 30% solution of the polyesterurethane of Example I was prepared into
      which there was dissolved (1) 0.1 weight percent ammonium chloride and (2)
      another 0.2 weight percent ammonium chloride. Using spindle 5 at 5 rpm,
      Brookfield Viscometer, the Viscosity at room temperature of the 0.1 weight
      percent of the ammonium chloride solution was 49,120 cps and that of the
      0.2% was 48,560 cps. After aging in a 70.degree.C. oven for 3 days and
      cooled to room temperature for testing, it was found that the viscosity of
      0.1 weight percent solution was 41,600 cps and that of the 0.2 weight
      percent solution was 40,400 cps, retaining 84.5% and 82.2% of the original
      unaged viscosity of the solutions.
PAR  Among the advantages of this invention is that solutions may be made more
      readily by heating the mixture of polyurethane and solvent without fear of
      degradation which would be of concern in the absence of the ammonium salt.
      Further, in processes where warm solutions are required the stabilized
      solutions of this invention may be heated for longer periods of time
      without degradation than solutions not containing the ammonium salt. These
      stabilized solutions find particular utility in coating and impregnating
      fabrics useful, for example, in upholstery, outer garments as in coats and
      shoe fabrics.
CLMS
STM  We claim:
NUM  1.
PAR  1. A solution of polyurethane in a solvent having the general formula
      ##EQU4##
      wherein the R's are hydrogen or alkyl containing a viscosity stabilizing
      amount of about 0.01 to about 2% of an ammonium salt of an inorganic acid
      selected from the group consisting of ammonium chloride, ammonium nitrate,
      and ammonium sulfate.
NUM  2.
PAR  2. A solution of claim 1 wherein the polyurethane is a polyetherurethane.
NUM  3.
PAR  3. A solution of claim 1 wherein the polyurethane is a polyesterurethane.
NUM  4.
PAR  4. The solution of claim 2 wherein the ammonium salt is ammonium chloride
      or ammonium nitrate present in amount of about 0.05 to 1%.
NUM  5.
PAR  5. The solution of claim 3 wherein the ammonium salt is ammonium chloride
      or ammonium nitrate present in amount of about 0.05 to 1%.
NUM  6.
PAR  6. The solution of claim 4 wherein the solvent is dimethylformamide.
NUM  7.
PAR  7. The solution of claim 5 wherein the solvent is dimethylformamide.
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      Brothers)(N.Y.)(1968), page 294.
ABST
PAL  A thermoplastic resin composition is disclosed which contains a polymodal,
      resinous, branched block butadiene/styrene copolymer and a naphthenic
      extender oil. The resin has very high impact strength.
BSUM
PAR  The present invention relates to thermoplastic resin materials. More
      particularly, it relates to polymodal branched block butadiene/styrene
      copolymers.
PAC  BACKGROUND OF THE INVENTION
PAR  Branched block copolymers of butadiene and styrene are disclosed in U.S.
      Pat. No. 3,281,383 to Zelinski et al. These polymers have several
      advantageous properties. Further improvements were achieved by the
      so-called polymodal branched block copolymers of butadiene and styrene
      disclosed in U.S. Pat. No. 3,639,517 to Kitchen et al. The resins are
      described therein to have strength, clarity, processability and
      environmental durability. For many applications of these resins, their
      impact strength is an important feature. The impact strength is a measure
      of the impact the resin can stand without breaking. The higher the impact
      strength of a certain resin, the less likely it is that an article made
      from this resin will break when subjected to impacts or when dropped. It
      would, therefore, be desirable to increase the impact strength of said
      polymodal resins.
PAC  THE INVENTION
PAR  It is thus one object of this invention to provide novel polymeric
      compositions.
PAR  A further object of this invention is to provide thermoplastic compositions
      which have high impact strength.
PAR  In accordance with this invention, I have now found that a composition of
      matter consisting essentially of a polymodal branched block copolymer and
      a modifying amount of naphthenic extender oil possesses an impact strength
      which is drastically increased over the impact strength of the polymodal
      resin alone.
PAR  The polymodal resin useful in accordance with this invention has the
      generic formula
EQU  (A- B).sub.x Y
PAL  wherein A is essentially a block of polymerized monovinyl-substituted
      aromatic monomers of 8 to about 16 carbon atoms; B is essentially a
      polymerized conjugated alkadiene block, the alkadiene having 4 to about 12
      carbon atoms; Y is an atom or group of atoms derived from a polyfunctional
      coupling agent; and x represents the number of functional groups of said
      polyfunctional coupling agent.
PAR  The resin useful in accordance with this invention is branched. That means
      more than two blocks A-B are connected via one radical of the
      polyfunctional coupling agent.
PAR  The preferred weight distribution of A and B is such that the polymer
      comprises about 70 to about 95 weight percent, more preferably about 75 to
      about 85 weight percent of the polymerized monovinyl-substituted aromatic
      hydrocarbon and about 30 to about 5 weight percent, more preferably about
      25 to about 15 weight percent of the polymerized conjugated alkadiene
      monomer. The polymer blocks A-B demonstrate a plurality of modes on a gel
      permeation chromatograph before coupling.
PAR  Presently preferred is the polymodal resin obtained by copolymerizing
      butadiene and styrene, coupled by an epoxidized linseed oil having an
      average of about 5 functional groups per molecule. Another preferred
      polymer is derived from isoprene and styrene as comonomers. The preferred
      resins can additionally be defined as having a melt flow of about 0.5 to
      about 20.0 as determined by ASTM D-1238-65T, Condition G, and when formed
      into an article as demonstrating a haze transmittance in the range of
      about 0 to about 20 percent as determined by ASTM D-1003-61, Procedure A,
      a falling ball impact strength value of at least 1.0 ft.-lbs. and
      environmental stress cracking resistance value of at least 100 days at 0
      percent failure.
PAR  These polymodal branched block copolymers can be prepared by first
      essentially completely polymerizing a substantial portion of the total
      amount of a monovinyl-substituted aromatic hydrocarbon monomer having 8 to
      about 18 carbon atoms with an organolithium initiator. Then, the remainder
      of about 10 to about 60 weight percent of the total vinyl-substituted
      aromatic monomer together with additional initiator are added and
      polymerized in one or more increments. Together with the additional
      monomer, organolithium catalyst is added in such quantities that the
      molecular weight distribution of the blocks made from the added monomer
      differs substantially from increment to increment. Each increment is
      allowed to polymerize essentially completely. Thereafter, a conjugated
      alkadiene monomer of 4 to about 12 carbon atoms is charged to the reaction
      product and polymerized to essential completion. Then, a polyfunctional
      coupling agent having at least three reactive sites per molecule capable
      of reacting with the lithium terminals of the blocks prepared before is
      added. Thus, the polymodal branches are coupled to form the polymodal
      branched block copolymer, one essential ingredient of the composition of
      this invention.
PAR  The polymodal polymers useful in the composition of this invention as well
      as the methods to make same are disclosed in more detail in the U.S. Pat.
      No. 3,639,517, which is hereby included in this disclosure by reference.
      The presently preferred polymer is a polymodal, branched butadiene/styrene
      block copolymer comprising about 24 weight percent butadiene and about 76
      weight percent styrene. The branches of this radial block copolymer have a
      bimodal molecular weight distribution in the styrene blocks.
PAR  Naphthenic extender oils useful in accordance with this invention comprise
      naphthenes or paraffins and some aromatic hydrocarbons. The naphthenic
      extender oils such as conventionally employed in rubber formulations can
      be used for the purpose of this invention. These oils have a viscosity in
      the range of about 100 to about 5,000 SUS at 100.degree.F. In a presently
      preferred embodiment, such oils contain about 40 weight percent
      naphthenics, about 45 weight percent paraffins, and about 15 weight
      percent aromatics.
PAR  The composition of this invention can also contain small amounts of
      conventionally employed additives such as stabilizers, antioxidants,
      antiblocking agents, pigments, and the like.
PAR  The compounding of the composition of this invention is done by
      conventional means. The ingredients are mixed together using commercially
      available equipment, e.g., extruders or blenders.
DETD
PAR  The invention will be more fully understood from the following examples.
PAC  EXAMPLE I
PAR  One hundred parts by weight of a polymodal branched block butadiene/styrene
      copolymer resin having a weight ratio of butadiene to styrene of 24/76, a
      melt flow (ASTM D-1238-65T, Condition G) of 5.0 g/10 min., a density (ASTM
      D-792-66) of 1.04 g/cc and a Vicat softening point (ASTM D-1525-70) of
      200.degree.F and containing 1.5 parts by weight of
      tri(nonylphenyl)-phosphite containing 1 weight percent of
      triisopropanolamine.sup.(1), 0.5 part by weight of
      2,6-di-tert-butyl-4-methylphenol.sup.(2) and 0.25 part by weight of a
      microcrystalline wax were compounded on a Banbury blender with various
      quantities of naphthenic extender oil (ASTM D-2226 Type 103) having a
      viscosity of 760 SUS at 100.degree.F, a flash point of 410.degree.F and an
      aniline point of 179.degree.F.sup.(3). The test results of this
      composition are shown in Table I.
FNT  .sup.(1) Polygard HR, Uniroyal
FNT  .sup.(2) Ionol antioxidant, Shell Oil Co.
FNT  .sup.(3) Sunthene 380, Sun Oil Co.
TBL                TABLE I                                                     
     ______________________________________                                    
     (Polymodal Resin).sup.(4)                                                 
            Notched Izod.sup.(1)                                               
     Extender                                                                  
            Impact, Room  Tensile.sup.(2)                                      
     Oil    Temperature   Strength    Elongation.sup.(3)                       
     Wt. %  ft. lbs./inch psi         %                                        
     ______________________________________                                    
     0      .51           2200        300                                      
     5      .45           1500        307                                      
     10     3.63          1340        272                                      
     15     6.16          1191        257                                      
     ______________________________________                                    
      .sup.(1) Izod impact strength, measured on a notched specimen in         
      accordance with ASTM D-256-72a.                                          
      .sup.(2) Tensile strength, measured in accordance with ASTM D-638-72.    
      .sup.(3) Elongation, determined in accordance with ASTM D-638-72.        
      .sup.(4) KR-03 resin, Phillips Petroleum Company.                        
PAR  The results of this Table show that the addition of the naphthenic extender
      oil drastically increases the impact strength of the resin. This large
      increase in impact strength of the composition is unexpected.
PAC  EXAMPLE II
PAR  In order to compare the properties of the composition of this invention
      with a composition comprising a resin which is non-polymodal, a further
      series of compositions were prepared by blending a branched
      butadiene/styrene block copolymer resin having a weight ratio of butadiene
      to styrene of 24 to 76, However, not being polymodal, with the same
      additives and oil quantities as shown in Example I. The test results of
      the composition made are shown in Table II. The non-polymodal block
      copolymer was prepared by the same method as the polymodal polymer of
      Example I except that the monovinyl aromatic monomer was not added
      incrementally with additional initiator so that the molecular weight
      distribution of the block is essentially uniform.
TBL                TABLE II                                                    
     ______________________________________                                    
     (Non-polymodal Resin).sup.4                                               
            Notched Izod.sup.(1)                                               
     Extender                                                                  
            Impact, Room  Tensile.sup.(2)                                      
     Oil    Temperature   Strength    Elongation.sup.(3)                       
     Wt. %  ft. lbs./inch psi         %                                        
     ______________________________________                                    
     0      .22           3575        7                                        
     5      .23           2975        8                                        
     10     .26           2625        5                                        
     15     .20           2450        6                                        
     ______________________________________                                    
      .sup.(1) Izod impact strength, measured on a notched specimen in         
      accordance with ASTM D-256-72a.                                          
      .sup.(2) Tensile strength, measured in accordance with ASTM D-638-72.    
      .sup.(3) Elongation, determined in accordance with ASTM D-638-72.        
      .sup.(4) KR-01 resin, Phillips Petroleum Company.                        
PAR  The results of Table II show that the impact strength of a non-polymodal
      branched block copolymer is not increased by the addition of naphthenic
      extender oil. This is in contrast to the results of Table I showing that a
      polymodal branched block copolymer has notched impact strength which is
      increased about 10 to about 14 times as compared to that of the resin
      containing no naphthenic extender oil. Table II even shows that the
      addition of about 15 weight percent of extender oil reduces the impact
      strength of the non-polymodal branched block copolymer. A comparison of
      Tables I and II thus shows that the addition of the naphthenic extender
      oil to a polymodal resin drastically increases the impact strength thereof
      whereas this is not the case for a non-polymodal resin.
PAC  EXAMPLE III
PAR  The operation of Example I was repeated using different quantities of
      extender oil as well as samples from different lots of the polymodal
      branched block copolymer production. The results are shown in the
      following Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
            Izod Impact.sup.(1)                                                
                          Tensile.sup.(2)                                      
                                      Elongation.sup.(3)                       
     Extender                                                                  
            Ft. lbs./in.  (psi)       %                                        
     Oil    Run Number    Run Number  Run Number                               
     Wt. %  (1)       (2)     (1)   (2)   (1)   (2)                            
     ______________________________________                                    
     0      .43      NR.sup.(4)                                                
                              1650  1850  283   293                            
     2      .40      NR       2400  NR    197   NR                             
     5      .61      4.4      1400  2050  371   167                            
     10     4.88     4.13     1150  1375  182   263                            
     15     4.18     5.62     1550  1725  109    51                            
     20     4.86     NR        950  NR    213   NR                             
     ______________________________________                                    
      .sup.(1) Izod impact strength, measured on a notched specimen in         
      accordance with ASTM D-256-72a.                                          
      .sup.(2) Tensile strength, measured in accordance with ASTM D-638-72.    
      .sup.(3) Elongation, determined in accordance with ASTM D-638-72.        
      .sup.(4) NR, not run.                                                    
PAR  The data of Table III show that the naphthenic extender oil largely
      increases the impact strengths of the resin in each case. The tensile
      strength and the elongation decrease by the addition of the extender oil
      to a certain degree. However, the impact strength is considered more
      important in several applications of these resins such as toys and
      decorative molded pieces as well as packaging. Best overall properties are
      obtained with about 10 weight percent of the naphthenic extender oil
      incorporated into the composition.
PAR  Reasonable variations and modifications which will be apparent to those
      skilled in the art can be made in this invention without departing from
      the spirit and scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition consisting essentially of
PA1  a. a polymodal radial brached block copolymer of the general formula
EQU  (A- B).sub.x Y
PA1  wherein A is essentially a block of polymerized monovinyl-substituted
      aromatic monomers of 8 to about 16 carbon atoms; B is essentially a
      polymerized conjugated alkadiene block, the alkadiene having 4 to about 12
      carbon atoms; Y is an atom or group of atoms derived from a polyfunctional
      coupling agent; and x represents the number of functional groups of said
      polyfunctional coupling agent, and
PA1  b. an amount of a naphthenic extender oil which increases the impact
      strength.
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein said polymodal resin
      consists essentially of about 70 to about 95 weight percent of polymerized
      monovinyl-substituted aromatic hydrocarbon monomer and about 30 to about 5
      weight percent of polymerized conjugated alkadiene monomer.
NUM  3.
PAR  3. A composition in accordance with claim 2 wherein said polymodal resin
      consists essentially of about 75 to about 85 weight percent of polymerized
      monovinyl-substituted aromatic hydrocarbon monomer containing from 8 to
      about 18 carbon atoms and from about 25 to about 15 weight percent of
      polymerized conjugated alkadiene monomer containing from 4 to about 12
      carbon atoms.
NUM  4.
PAR  4. A composition in accordance with claim 3 wherein the weight ratio of the
      monovinyl-substituted aromatic hydrocarbon monomer to the conjugated
      alkadiene is about 76 to about 24.
NUM  5.
PAR  5. A composition in accordance with claim 1 wherein B is essentially a
      block of poly-1,3-butadiene.
NUM  6.
PAR  6. A composition in accordance with claim 1 wherein B is essentially a
      block of polyisoprene.
NUM  7.
PAR  7. A composition in accordance with claim 1 wherein A is essentially a
      block of polystyrene.
NUM  8.
PAR  8. A composition in accordance with claim 1 wherein the naphthenic extender
      oil has a viscosity of about 100 to about 5,000 SUS at 100.degree.F.
NUM  9.
PAR  9. A composition in accordance with claim 8 containing about 10 to about 15
      weight percent of naphthenic extender oil.
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ABST
PAL  Process for the bulk dyeing of polyesters, characterised in that the
      dyestuffs used are anthraquinone derivatives of the formula
      ##SPC1##
PAL  Wherein Q denotes one of the bridge members --O-- or --CO--, R denotes
      hydrogen or an alkyl group containing 1-4 carbon atoms, Ar denotes an aryl
      group, n denotes a number from 1 to 4, X, Y and Z denote an amino,
      hydroxyl, alkoxy, aryloxy, alkylmercapto, arylmercapto, arylamino or
      aroylamino group or halogen and a, b and c each denote zero or a number
      from 1 to 4, with the sum of n+a+b+c being a number from 1 to 6.
BSUM
PAR  It has been found that anthraquinone derivatives of thr formula
      ##SPC2##
PAL  Wherein Q denotes one of the bridge members --O-- or --CO--, R denotes
      hydrogen or an alkyl group containing 1--4 carbon atoms, Ar denotes an
      aryl group, n denotes a number from 1 to 4, X, Y and Z denote an amino,
      hydroxyl, alkoxy, aryloxy, alkylmercapto, arylmercapto, arylamino or
      aroylamino group or halogen and a, b and c each denote zero or a number
      from 1 to 4, with the sum of n+a+b+c being a number from 1 to 6, are
      outstandingly suitable for the bulk dyeing of polyesters.
PAR  Ar is preferably a phenyl, naphthyl or diphenyl group, the number of carbon
      atoms in the alkoxy and alkylmercapto group is preferably 1-6, aryl in the
      aryloxy, arylmercapto, arylamino and aroylamino group is preferably phenyl
      and halogen is preferably chlorine or bromine.
PAR  Compounds of particular interest are the aryloxyanilinoanthraquinone
      derivatives of the formula
      ##SPC3##
      and preferably derivatives of the formula
      ##SPC4##
PAL  Wherein X, Y and Z denote hydrogen or a hydroxyl, benzoylamino, phenylamino
      or phenylmercapto group and one of the radicals X, Y and Z can also be
      ##SPC5##
PAL  And R' and R" denote hydrogen atoms or alkyl groups containing 1-4 carbon
      atoms and R" also denotes the phenyl group if R and R' are hydrogen atoms,
      and especially those of the formula
      ##SPC6##
PAL  Wherein Z.sub.1 is a benzoylamino, phenylmercapto or 4-phenoxyanilino
      group.
PAR  1,4-Di(4'-phenoxyanilino)-anthraquinone and a process for its manufacture
      from 1,4-dihalogenoanthraquinone and aminodiphenyl ether are already known
      from German Patent Specification No. 706,608. After sulphonation, the
      compound is used for dyeing wool.
PAR  German Patent Specification No. 1,128,066 describes diarylketones bonded
      via an amino group to anthraquinone derivatives. In this patent, they are
      proposed for the spin dyeing of cellulose acetate, viscose,
      polyacrylonitrile, polystyrene and polyamide.
PAR  1-(2'-Benzoylanilino)-anthraquinone and
      1,5-bis-(2'-benzoylanilino)-anthraquinone were described by F. Mayer and
      W. Freund in Ber. 55 (1922), page 2,055.
PAR  The anthraquinone derivatives used in accordance with the invention can be
      manufactured by condensing an anthraquinone derivative which in addition
      to the substituents X, Y and Z contains at least one mobile halogen,
      preferably in the .alpha.-position, with 4-aminophenyl aryl ethers or
      4-aminophenyl aryl ketones in the presence of an acid-binding agent, such
      as an alkali metal carbonate or alkali metal acetate, and of a copper
      catalyst, in a higher-boiling solvent.
PAR  The following may be mentioned as examples of halogenated anthraquinone
      derivatives suitable for the condensation reaction: 1-Chloroanthraquinone,
      1,4-, 1,5- or 1,8-dichloroanthraquinone, 1,4,5,8-tetrachloroanthraquinone,
      1-chloro-4-, -5- or -8-benzoylaminoanthraquinone,
      1-bromo-4-benzoylaminoanthraquinone,
      1,5-dibromo-4,8-dibenzoylaminoanthraquinone, 1-chloro-4- or
      -5-hydroxyanthraquinone, 1,4-dichloro-5,8-dihydroxyanthraquinone and
      1,5-dichloro-4,8-dihydroxyanthraquinone.
PAR  However, preferably the anthraquinone derivatives used according to the
      invention are obtained by condensation of chlorophenyl aryl ethers or
      ketones or bromophenyl aryl ethers or ketones with an aminoanthraquinone
      derivative which contains at least one amino group, preferably in the
      .alpha.-position, in addition to the substituents, X, Y and Z, by allowing
      the two reactants to react in a higher-boiling diluent, in the presence of
      an acid-binding agent and of a copper catalyst, at a temperature between
      140.degree. and 220.degree.C, preferably between 160.degree. and
      200.degree.C.
PAR  As a particularly advantageous variant of the second method of manufacture,
      there exists the possibility, in the case of the reaction with
      monobromodiphenyl ether derivatives, of preparing the latter, prior to the
      condensation, in the same medium by monobromination of the corresponding
      diphenyl ether derivatives at temperatures in the range from -10.degree.
      to 60.degree.C, preferably 0.degree. to 30.degree.C, optionally in the
      presence of a halogenation catalyst, and thereafter, following addition of
      the acid-binding agent, of the aminoanthraquinone, especially of a
      monoaminoanthraquinone, and of the copper catalyst, carrying out the
      condensation to the phenoxyanilinoanthraquinone, as a result of which the
      manfacturing process is carried out as a one-pot process.
PAR  The mixture formed thereby, which essentially consist of the corresponding
      4-phenoxyanilinoanthraquinone derivatives or isomers and in addition can
      contain small amounts of dicondensation products which are derived from
      dibromination products of the diphenyl ether derivative employed, are very
      particularly suitable for use as dyestuffs for the bulk dyeing of
      polyesters, because of their higher solubility and lower tendency to
      crystallise, and are distinguished by improved fastness properties
      compared to the pure dicondensation products.
PAR  The following may be mentioned as examples of diphenyl ether derivatives
      which can be used, in accordance with the above one-pot variant, for
      condensation with aminoanthraquinones: Diphenyl ether, 2-, 3- or
      4-methyldiphenyl ether, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or
      3,5-dimethyldiphenyl ether, 2,2'-, 2,3'-, 3,3'- or 3,4'-dimethyldiphenyl
      ether, 2- or 4-ethyldiphenyl ether or isomer mixtures as obtained by the
      ethylation of diphenyl ether, 2- or 4-tert.-butyldiphenyl ether or isomer
      mixtures, such as are obtained by tert.-butylation of diphenyl ether, and
      2-, 3- or 4-phenyldiphenyl ether.
PAR  The following are examples of suitable aminoanthraquinones for condensation
      with monobromodiphenyl ether derivatives: 1-Amino-anthraquinone, 1,4-,
      1,5-, 1,6-, 1,7- or 1,8-diaminoanthraquinone,
      1,4,5,8-tetraamino-anthraquinone, 4-, 5- or
      8-amino-1-anilinoanthraquinone, 4-, 5- or
      8-amino-1-(4'-chloroanilino)-anthraquinone, 4-, 5- or
      8-amino-1-(2',4'-dichloroanilino)-anthraquinone, 4-, 5- or
      8-amino-1-(4'-methoxy- or -methylanilino)-anthraquinone, 6- and
      7-chloro-1-amino-anthraquinone, 6,7-dichloro-1-amino-anthraquinone,
      2-chloro-1,5-diamino-anthraquinone, 4-, 5- or
      8-amino-1-benzoylamino-anthraquinone,
      5-amino-1,4-dibenzoylamino-anthraquinone, 4- or 5-amino-1-(2'- or
      3'-chlorobenzoylamino)-anthraquinone, 4- or
      5-amino-1-hydroxy-anthraquinone, 4,8-diamino-1-hydroxy-anthraquinone,
      4,5,8-triamino-1-hydroxy-anthraquinone,
      5-amino-1,4-dihydroxy-anthraquinone,
      5,8-diamino-1,4-dihydroxy-anthraquinone,
      4,8-diamino-1,5-dihydroxy-anthraquinone,
      4,5-diamino-1,8-dihydroxy-anthraquinone,
      8-amino-1,4,5-trihydroxy-anthraquinone, 4-amino-1-methoxy-anthraquinone,
      1-amino-4-hydroxy-2-phenoxy-anthraquinone, 4-amino-1-hydroxy- or
      -methoxy-anthraquinone and 1-amino-4-, -5-, -6- or
      -8-phenyl-mercapto-anthraquinone.
PAR  Preferably, the pure monobromodiphenyl ether or monobromoalkyldiphenyl
      ether derivatives, such as, for example, 4-bromodiphenyl ether or
      4-bromo-4'-methyldiphenyl ether, are used for the condensation with a
      diaminoanthraquinone.
PAR  For condensation with 2- or 3-chlorobenzophenone, 1,5-diaminoanthraquinone
      is above all suitable.
PAR  As polyesters to be dyed, there should in particular be mentioned those
      which are obtained by polycondensation of terephthalic acid or its esters
      with glycols of the formula HO--(CH.sub.2).sub.n --OH, wherein n denotes
      the number 2-10, or with 1,4-di(hydroxymethyl)-cyclohexane, or by
      polycondensation of glycol ethers of hydroxybenzoic acids, for example
      p-(.beta.-hydroxyethoxy)-benzoic acid. The term linear polyesters also
      encompasses copolyesters which are obtained by partial replacement of the
      terephthalic acid by another dicarboxylic acid or a hydroxycarboxylic acid
      and/or by partial replacement of the glycol by another diol.
PAR  However, polyethylene terephthalates are of particular interest.
PAR  The polyesters to be dyed, suitably in the form of powders, chips or
      granules, are intimately mixed with the dyestuff. This can be done, for
      example, by sprinkling the polyester particles with the finely divided dry
      dyestuff powder or by treating the polyester particles with a solution or
      dispersion of the dyestuff in an organic solvent and subsequently removing
      the solvent.
PAR  Finally, the dyestuff can also be added direct to the fused polyester or be
      added before or during the polycondensation of the polyethylene
      terephthalate.
PAR  The ratio of dyestuff to polyester can vary within wide limits depending on
      the desired depth of colour. In general, it is advisable to use 0.01-2
      parts of dyestuff per 100 parts of polyester.
PAR  The polyester particles treated in this way are fused in an extruder in
      accordance with known processes and extruded to form articles, in
      particular films or fibres, or cast to form sheets.
PAR  Evenly and intensely coloured articles of high fastness to light are
      obtained. The dyed fibres obtainable in accordance with the process are
      furthermore distinguished by outstanding fastness to wet cleaning and dry
      cleaning.
PAR  A particular advantage of the dyestuffs to be used according to the
      invention is that they dissolve in the polyester melt and, surprisingly,
      withstand high temperatures, of up to 300.degree.C, without decomposing,
      so that substantially clearer colorations are obtained than when using
      insoluble pigments.
PAR  In the examples which follow, the parts denote parts by weight.
DETD
PAC  EXAMPLE 1
PAR  a. A mixture of 25 parts of 4-bromodiphenyl ether, 11.8 parts of
      1,5-diaminoanthraquinone, 7.5 parts of anhydrous sodium carbonate, 0.5
      part of copper powder and 0.5 part of copper-I chloride in 150 parts of
      nitrobenzene is stirred for 4 hours at the boil, whilst distilling off the
      water which forms in the reaction.
PAR  After cooling, the crystalline reaction product is separated off and washed
      with a little nitrobenzene, then with alcohol and finally with hot water.
      To remove the copper, the moist product is after-treated in 5 percent
      strength hydrochloric acid at 60.degree.C, again filtered off, thoroughly
      washed with hot water and dried in vacuo at 90.degree.C. 20 parts of dark
      violet 1,5-bis-(4'-phenoxyanilino)-anthraquinone are obtained.
PAR  The product is obtained in practically quantitative yield if instead of
      filtration the solvent is removed in steam.
PAR  b. Non-delustered polyethylene terephthalate granules suitable for the
      manufacture of fibres are shaken with 1 percent by weight of
      1,5-bis-(4'-phenoxy-anilino)-anthraquinone in a container which can be
      closed, for 15 minutes on a shaking machine. The uniformly coloured
      granules are spun on a melt spinning machine (285.degree.C .+-.
      3.degree.C, dwell time in the spinning machine approx. 5 minutes) to give
      filaments which are stretched on a stretch-and-twist installation, and are
      wound up. Because of the solubility of the dyestuff in polyethylene
      terephthalate, a vivid deep violet coloration is obtained, which is
      distinguished by outstanding fastness to light, excellent fastness to
      washing, dry cleaning, cross-dyeing and sublimation and high stability to
      chlorite bleach.
PAC  EXAMPLES 2-5
PAR  If instead of 1,5-diaminoanthraquinone equivalent amounts of the
      diaminoanthraquinones listed in the table below are condensed with
      4-bromodiphenyl ether in accordance with the process of Example 1, the
      corresponding bis-(4'-phenoxyanilino)-anthraquinones are obtained, which
      dye polyester fibres, in accordance with the melt spinning process
      described in Example 1, in the colour shades indicated:
TBL  Example                                                                   
            Diaminoanthraquinone   Colour shade                                
     ______________________________________                                    
     2      1,4-Diaminoanthraquinone                                           
                                   Green                                       
     3      1,8-Diaminoanthraquinone                                           
                                   Violet                                      
     4      1,5-Diamino-4,8-dihydroxyanthra-                                   
                                   Blue                                        
            quinone                                                            
     5      1,5-Diamino-4-hydroxyanthraquinone                                 
                                   Blue                                        
     ______________________________________                                    
PAC  EXAMPLES 6-13
PAR  A mixture of 12 parts of 1-amino-4-hydroxyanthraquinone, 13 parts of
      4-bromodiphenyl ether, 5 parts of anhydrous sodium acetate, 0.2 part of
      copper powder and 0.2 part of copper-I chloride in 100 parts of
      nitrobenzene is condensed for 26 hours in accordance with Example 1.
PAR  After cooling to 70.degree., 200 parts of alcohol are added to the reaction
      mixture, which is allowed to cool completely. The reaction product which
      has separated out as crystals is then separated off, washed with alcohol
      and further treated in accordance with Example 1.
PAR  15 parts of 1-(4'-phenoxyanilino)-4-hydroxy-anthraquinone, which dyes
      polyester in fast blue shades by the melt spinning process, are obtained.
PAR  The following dyestuffs are obtained analogously when the corresponding
      aminoanthraquinone derivatives are condensed with 4-bromodiphenyl ether
      until the reaction has been completed:
TBL  Example                                                                   
            Dyestuff                  Shade                                    
                                      in PES                                   
     ______________________________________                                    
     7      1-(4'-Phenoxyanilino)-4-anilino-anthra-                            
                                      Green                                    
            quinone                                                            
     8      1-(4'-Phenoxyanilino)-4-benzoyl-amino-                             
                                      Blue                                     
            anthraquinone                                                      
     9      1-(4'-Phenoxyanilino)-5-benzoyl-amino-                             
                                      Claret                                   
            anthraquinone                                                      
     10     1-(4'-Phenoxyanilino)-4-methoxy-anthra-                            
                                      Violet                                   
            quinone                                                            
     11     1-(4'-Phenoxyanilino)-4-phenylmercapto-                            
                                      Violet                                   
            anthraquinone                                                      
     12     1-(4'-Phenoxyanilino)-5-phenylmercapto-                            
                                      Red                                      
            anthraquinone                                                      
     13     1-(4'-Phenoxyanilino)-anthraquinone                                
                                      Claret                                   
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  12 parts of 1-amino-4-hydroxyanthraquinone are condensed with 13.8 parts of
      4-bromo-4'-methyldiphenyl ether and worked up, analogously to the
      instructions of Example 6. This gives
      1-(4'-p-toluyloxyanilino)-4-hydroxyanthraquinone, which dyes polyester in
      fast blue shades by the melt spinning process.
PAC  EXAMPLES 15-22
PAR  If 4-bromo-4'-methyl-diphenyl ether is condensed with the
      monoaminoanthraquinones or diaminoanthraquinones mentioned in the table
      given below, in accordance with the instructions of Example 6 or 1,
      dyestuffs are obtained which dye polyester fibres, by the melt spinning
      process, in the shades indicated.
TBL  ______________________________________                                    
     Example                         Colour                                    
                                     shade                                     
     ______________________________________                                    
     15     1-Amino-4-benzoylaminoanthraquinone                                
                                     Blue                                      
     16     1-Amino-5-benzoylaminoanthraquinone                                
                                     Claret                                    
     17     1-Amino-4-anilinoanthraquinone                                     
                                     Green                                     
     18     1-Amino-5-phenylmercaptoanthraquinone                              
                                     Red                                       
     19     1,4-Diaminoanthraquinone Green                                     
     20     1,5-Diaminoanthraquinone Violet                                    
     21     1,5-Diamino-4-hydroxyanthraquinone                                 
                                     Blue                                      
     22     1,5-Diamino-4,8-dihydroxyanthraquinone                             
                                     Blue                                      
     ______________________________________                                    
PAC  EXAMPLES 23-33
PAR  After adding 0.01 part of iodine to a solution of 18.7 g of diphenyl ether
      in 150 parts of nitrobenzene, a solution of 16 parts of bromine in 50
      parts of nitrobenzene is allowed to run in over the course of one hour,
      whilst stirring. The reaction mixture is stirred for a further hour at
      room temperature. 20 parts of anhydrous sodium acetate, 23.9 parts of
      1-amino-4-hydroxyanthraquinone, 0.5 g of copper-I chloride and 0.5 g of
      copper powder are then added and the mixture is stirred for 24 hours at
      200.degree.-210.degree. whilst distilling the acetic acid formed. After
      cooling to 70.degree., 1,000 parts of alcohol are added and the mixture is
      worked up further in accordance with Example 6.
PAR  A blue dyestuff mixture is obtained, which essentially consists of
      1-(4'-phenoxyanilino)-4-hydroxyanthraquinone and contains a little
      4,4'-di-(4"-hydroxy-1"-anthraquinonylamino)-diphenyl ether. This mixture
      dyes polyester fibres in fast blue shades by the melt spinning process.
      The dyeings are in particular distinguished by good fastness to rubbing
      after thermofixing of the dyed material.
PAR  Similar dyestuffs or dyestuff mixtures are obtained if instead of diphenyl
      ether equivalent amounts of one of the diphenyl ether derivatives listed
      in the table which follows are employed for bromination and subsequent
      condensation with 1-amino-4-hydroxyanthraquinone.
TBL  ______________________________________                                    
     Example                                                                   
            Diphenyl ether derivatives                                         
                                   Shade of the                                
                                   condensation                                
                                   product, in                                 
                                   polyester                                   
     ______________________________________                                    
     24     4-Methyldiphenyl ether Blue                                        
     25     3-Methyldiphenyl ether Blue                                        
     26     2,4-Dimethyldiphenyl ether                                         
                                   Blue                                        
     27     2,5-Dimethyldiphenyl ether                                         
                                   Blue                                        
     28     3,4-Dimethyldiphenyl ether                                         
                                   Blue                                        
     29     2,4'-Dimethyldiphenyl ether                                        
                                   Blue                                        
     30     4-Ethyldiphenyl ether  Blue                                        
     31     4-tert.-Butyldiphenyl ether                                        
                                   Blue                                        
     32     2-Phenyldiphenyl ether Blue                                        
     33     4-Phenyldiphenyl ether Blue                                        
     ______________________________________                                    
PAC  EXAMPLES 34-40
PAR  If the compounds mentioned below are used to dye polyester fibres, the
      colour shades indicated in the table are obtained:
TBL  Exam-                                                                     
     ple   Dyestuff                Colour shade                                
     ______________________________________                                    
     34    1,5-Bis-(2'-p-phenylbenzoylanilino)-                                
                                   Claret                                      
           anthraquinone                                                       
     35    1,5-Bis-(2'-benzoylanilino-anthra-                                  
                                   Claret                                      
           quinone                                                             
     36    1,5-Bis-(3'-p-phenylbenzoylanilino)-                                
                                   Claret                                      
           anthraquinone                                                       
     37    1,5-Bis-(2'-p-methylbenzoylanilino)-                                
                                   Claret                                      
           anthraquinone                                                       
     38    1,5-Bis-(3'-benzoylanilino)-anthra-                                 
                                   Claret                                      
           quinone                                                             
     39    1,5-Bis-(4'-methyl-3'-benzoyl-                                      
                                   Claret                                      
           anilino)-anthraquinone                                              
     40    1-(2'-p-phenylbenzoylanilino)-                                      
                                   Orange                                      
           anthraquinone                                                       
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the bulk dyeing of polyesters, characterised in that the
      dyestuffs used are anthraquinone derivatives of the formula
      ##SPC7##
PAL  wherein Q denotes one of the bridge members --O-- or --CO--, R denotes
      hydrogen or an alkyl group containing 1-4 carbon atoms, Ar denotes an aryl
      group, n denotes a number from 1 to 4, X, Y and Z denote an amino,
      hydroxyl, alkoxy, aryloxy, alkylmercapto, arylmercapto, arylamino or
      aroylamino group or halogen and a, b and c each denote zero or a number
      from 1 to 4, with the sum of n+a+b+c being a number from 1 to 6.
NUM  2.
PAR  2. Process according to claim 1, characterised in that the dyestuffs used
      are anthraquinone derivatives of the formula
      ##SPC8##
PAL  wherein R, Ar, n, X, Y, Z, a, b and c have the meaning indicated in claim
      1.
NUM  3.
PAR  3. Process according to claim 1, characterised in that the dyestuffs used
      are anthraquinone derivatives of the formula
      ##SPC9##
PAL  wherein R and Ar have the meaning indicated in claim 1 and the -CO-Ar
      radicals are in the ortho-position or meta-position to the imino groups.
NUM  4.
PAR  4. Process according to clain 1, characterised in that the dyestuffs used
      are anthraquinone derivatives of the formula
      ##SPC10##
PAL  wherein X, Y and Z denote hydrogen or a hydroxyl, benzoylamino, phenylamino
      or phenylmercapto group and one of the radicals X, Y and Z can also be
      ##SPC11##
PAL  R has the meaning indiated in claim 1 and R' and R" can be a hydrogen atom
      or an alkyl group containing 1-4 carbon atoms or, if R and R' are hydrogen
      atoms, R" also denotes the phenyl group.
NUM  5.
PAR  5. Process according to claim 1, characterised in that the dyestuffs used
      are anthraquinone derivatives of the formula
      ##SPC12##
PAL  wherein Z.sub.1 is a benzoylamino, phenylmercapto or 4-phenoxyanilino
      group.
NUM  6.
PAR  6. Process according to claim 3, characterised in that the dyestuffs used
      are anthraquinone derivatives of the formula
      ##SPC13##
PAL  wherein T'" denotes hydrogen or the phenyl radical and R has the meaning
      indicated in claim 1.
NUM  7.
PAR  7. Process according to claim 6, characterised in that the dyestuffs used
      are anthraquinone derivatives of the formula
      ##SPC14##
NUM  8.
PAR  8. The polyester material dyed with a dyestuff according to claim 1.
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ABST
PAL  Improved powder paint compositions employing particulate metal color
      producing components comprise a unique combination of (a) aluminum flakes
      individually encapsulated in a thin, thermosettable, organic film-former,
      (b) nickel powder, and (c) the principal film-former of the powder paint
      composition in particulate form. The encapsulated aluminum flake is
      prepared by intimately dispersing the aluminum flake in a solution of the
      thermosettable, organic film-former of controlled concentration and spray
      drying the resultant dispersion. In the preferred embodiment, the
      principal film-former of the powder paint composition is also a
      thermosettable material and, in the most preferred embodiment, it is also
      crosslinkable with the thermosettable coating on the aluminum flakes.
PARN
PAC  RELATION TO PARENT APPLICATION
PAR  This application is a continuation-in-part of copending U.S. patent
      application Ser. No. 422,473, filed Dec. 6, 1973 under the same title and
      now abandoned. This application contains the illustrative examples of the
      parent application and additional illustrative examples wherein the
      amounts of thermosettable film-forming material deposited on the metal
      particles prior to their incorporation into a powder paint are above that
      illustrated in the parent. The recitational disclosures a to the same in
      the body of the specification are conformed to take into account the
      additional examples.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One basic technique for the manufacture of powder coating materials is the
      so-called fusion method. This involves the mixing of solvent-free raw
      materials in their molten state, usually via some form of extruder,
      cooling, pulverization and size separation-classification. This method has
      a number of disadvantages unrelated to pigmentation and an additional
      short-coming when metal flakes are employed as pigments. The high shear
      employed in the mixing stage results in deformation of the metal flakes.
      Additionally, during the pulverization step, the metal flakes are further
      deformed and reduced in particle size. Coatings produced from such powders
      are characterized by a low level of brilliance and poor polychromatic
      appearance.
PAR  Another basic technique for the manufacture of powder coating meterials is
      the so-called solution-preparation, solvent-separation technique which can
      be effected by more than one method. This general technique involves the
      preparation of a coating material in an organic solvent, separation of the
      solvent from the paint solids, and size-separation classification. Also,
      pulverization in some form may or may not be required depending upon the
      solvent separation method involved.
PAR  The separation of the solvent can be carried out by conventional spray
      drying techniques or by heat exchange separation wherein the components of
      a paint solution are separated by volatilization of the more volatile
      solvent and separation of the volatilized solvent from the nonvolatilized
      paint solids by gravitational forces. Since the metal flakes can be added
      after pulverization, if pulverization is required when using any of the
      solvent separation methods, damage to the metal flakes during
      pulverization can be avoided by using the solution preparation,
      solvent-separation technique. Problems do arise, however, with respect to
      distribution and orientation of the metal flakes when the powder coating
      material is applied to the substrate to be coated. This is particularly
      true when the method of application is that of electrostatic spray, the
      method most commonly employed to apply the final coating of paint to
      automobiles and a variety of other metal manufacturers. In such
      applications, the flakes tend to orient in a random fashion with a low
      percentage of the flakes parallel to the substrate. The net result is a
      high degree of metal protrusion with little metallic brilliance and a low
      gloss factor.
PAR  Thus, when either of the aforedescribed methods are used to produce
      metal-pigmented, powder-paint coatings in accordance with the prior art
      processes, a substantially higher aluminum to non-metal pigment ratio is
      required, relative to the same ratio in liquid paints, in order to achieve
      the same degree of brightness and metallic appearance obtained with liquid
      paints. Further, the problem of metal flake protrusion remains even when
      brightness and metallic appearance are achieved.
PAR  In liquid paints, it is known to partially coat aluminum flakes used as
      pigments to increase the electrostatic spray efficiency of such paints. In
      U.S. Pat. 3,575,900 a method is disclosed for precipitating the resin of
      the solution coating upon the aluminum flake in colloidal form. This
      solution is then used as such or mixed with another solution for use. The
      patentee specifically points out that, while it may be convenient to call
      this encapsulation, it is not intended to denote that the aluminum
      particles are completely eveloped. The resin disclosed for this purpose is
      a copolymer of vinyl chloride and monoethylenically unsaturated monomers
      containing about 60 to about 99% by weight vinyl chloride. Aluminum flake
      is also partially coated in U.S. Pat. 3,532,662. Here the coating was
      carried out with a random copolymer of methyl methacrylate and methacrylic
      acid adsorbed on the pigment. By this method, a dispersion is made of the
      solid particles in a liquid continuous phase comprising an organic liquid
      containing in solution a polymer which is adsorbed by the particles and a
      stabilizer, and modifying the polarity of the continuous phase so that the
      polymer is insoluble therein, the stabilizer being a compound containing
      an anchor component which becomes associated with the adsorbed polymer on
      the particle surface and a pendant chain-like component which is solvated
      by the modified continuous phase and provides a stabilizing sheath around
      the particles. It is alleged that this improves the "wetting" of the
      treated particles by the film-forming material dispersion-type coating
      composition.
PAR  Powder paints have certain advantages over conventional liquid paints in
      that they are essentially free of volatile solvents but they also present
      problems which differ from the problems encountered with liquid paints.
      These differences include differences with respect to employment of
      aluminum flakes as a color producing component. For instance, when flakes
      partially coated by resin precipitate are employed in liquid paints, there
      remains the organic solvent and other components of the solution to
      prevent direct exposure of the flake to the atmosphere and other external
      influences. Further, in powder paints, if aluminum flake is coated, the
      coating must be a relatively dry solid and the size, weight and continuity
      of the organic encapsulation are all factors in affecting the distribution
      of such particles when electrostatically sprayed with the powder that is
      the principal film-former of the coating composition.
PAR  Coated aluminum flakes, i.e., aluminum flakes individually encapsulated in
      a continuous thermosettable film, admixed with the particulate principal
      film-former of a powder paint and electrostatically sprayed on a metal
      substrate will in a substantial portion orient in parallel relationship to
      the substrate. This substantially reduces or eliminates flake protrusion.
      Unfortunately, however, there remains a tendency for these coated flakes
      to assume a substrate-parallel orientation close to the outer surface of
      the cured coating. This can produce two undesired results. The first of
      these is the insufficient appearance of metallic depth in the coating
      wherein the metal flakes are seen through varying depths of a film which
      is usually colored with a non-metal color producing component. The second
      is an undesired "silvery" effect which dominates the non-metal color
      producing component if the concentration of the near-surface,
      substrate-parallel flakes is too high.
PAC  THE INVENTION
PAR  A dominance of silvery effect in polychromatic finishes resulting from an
      overabundance of aluminum flake near and parallel to the outer surface of
      a cured coating is avoided and depth variation for the metal color
      producing component in polychromatic or monochromatic finishes is achieved
      by including in a powder coating composition a combination of (1) aluminum
      flakes encapsulated in a thin, continuous, coating of thermosettable,
      organic film-former and (2) nickel powder.
PAR  The nickel powder used as the second metal color producing component does
      not require encapsulation. Suitable nickel powder for use as particulate
      pigment is available from a variety of sources. Advisedly, this powder is
      of a size that will pass through a 400, preferably a 325, mesh screen or
      finer. The nickel powder is ordinarily in the form of flakes.
PAR  Aluminum flakes which are incorporated in powder paints to provide a
      metallic color producing component are herein encapsulated in a thin,
      continuous, thermosettable organic coating through which the aluminum
      particle is visible to the human eye. This coating is preferably
      transparent but may be translucent. The term "substantially transparent"
      as used herein means materials which are either transparent or translucent
      or partially transparent and partially translucent.
PAR  As these metal pigments are most frequently used in polychromatic finishes,
      the powder coating composition will ordinarily contain at least one
      non-metal color producing component. The "non-metal color producing
      component" may be a particulate pigment, dye or tint and may be either
      organic, e.g., carbon black, or inorganic, e.g., a metal salt.
PAR  In accordance with this invention, the encapsulated aluminum flakes and the
      nickel powder are admixed, i.e., cold blended, with the balance of the
      coating material after the principal film-former is in particulate form.
      The encapsulated flakes may be admixed before, after or simultaneously
      with nickel powder. The non-metal color producing component may be admixed
      with the film-forming powder before, after or during the addition of the
      coated aluminum flakes and/or the nickel powder. In the preferred
      embodiment, the non-metal color producing component is added before the
      metal color producing components, i.e., the coated aluminum flakes and the
      nickel powder.
PAR  The aluminum color producing component is most often aluminum flakes in the
      form of aluminum paste. To avoid unnecessary complication of the
      description of this invention, such aluminum flakes will be used to
      illustrate the invention. It should be understood, however, that this
      method is applicable to any particulate aluminum used as a color producing
      component in a powder coating material. This includes aluminum particles
      which are solely aluminum, aluminum coated organic particles and
      polymer-sandwiched metal particles having exposed metal edges.
PAR  Aluminum paste is aluminum flakes, usually about 60 to about 70 weight
      percent, in a smaller amount, usually about 30 to about 40 weight percent,
      of a liquid hydrocarbon solvent which serves as a lubricant, e.g., mineral
      spirits. A small amount of an additional lubricant, e.g., stearic acid,
      may be added during the milling operation which produces the aluminum
      flakes. Everett J. Hall is credited with originating the method of beating
      aluminum into fine flakes with polished steel balls in a rotating mill
      while the flakes are wet with a liquid hydrocarbon. See U.S. Pat. No.
      1,569,484 (1926). A detailed description of aluminum paste, its
      manufacture, flake size, testing, uses in paint, etc. is found in Aluminum
      Paint and Powder, J. D. Edwards and Robert I. Wray, 3rd Ed. (1955),
      Library of Congress Catalog Card Number: 55-6623, Reinhold Publishing
      Corporation, 430 Park Avenue, New York, New York, U.S.A. and the same is
      incorporated herein by reference.
PAR  More specifically, one first disperses the aluminum flakes in about 2 to
      about 200 parts by weight of thermosettable film-former per 100 parts by
      weight aluminum flakes. In one embodiment wherein the coating of such
      flakes is relatively light, the aluminum flakes are dispersed in about 2
      to about 30 weight percent of thermosettable film-former based on the
      actual weight of the aluminum flakes, i.e., about 2 to about 30 parts by
      weight of thermosettable film-former per 100 parts by weight aluminum
      flakes. In most applications, it will be found advantageous to use between
      10 and 200, preferably between about 30 and about 70, parts by weight of
      thermosettable film-former per 100 parts by weight aluminum flakes. When
      metal particles of different density are used, the weight of aluminum
      flakes of the same surface area can be used to determine the amount of
      film-former to use in coating the metal particles. When less than about 2
      weight percent of the film-former is used, complete encapsulation of the
      metal flakes may not result. When more than about 30 weight percent of the
      film-former is used, care must be taken in controlling the spray drying
      operation to minimize the formation of an excessive amount of spherical
      particles containing more than one metal flake. The incidence of full
      coverage is high in the 30 to 70 range above described. Such spherical
      particles can be removed from the other coated aluminum flakes by
      screening. The inclusion of large, multi-leafed particles in a cured
      coating provides an irregular appearance. A similar result may be obtained
      if one mixes the uncoated metal flakes with the principal film-former of a
      powder paint while the latter is in liquid state
PAR  The film-former used to coat the aluminum flakes may be a self-crosslinking
      polymer or copolymer or a chemically functional polymer or copolymer and a
      monomeric crosslinking agent. The preferred film-formers for this purpose
      include thermosettable copolymer systems comprising: (a) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a C.sub.4 - C.sub.20, saturated, straight chain, aliphatic,
      dicarboxylic acid crosslinking agent - exemplified by U.S. patent
      application Serial No. 172,236 filed August 16, 1971, now U.S. Pat. No.
      3,752,870; (b) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent therefor a mixture of about 90 to 98 percent by
      equivalent weight of a C.sub.4 - C.sub.20, saturated, straight chain,
      aliphatic dicarboxylic acid and about 10 to about 2 percent by equivalent
      weight of a C.sub.10 - C.sub.22, saturated, straight chain, aliphatic,
      monocarboxylic acid - exemplified by U.S. Patent 3,730,930; (c) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a diphenol having a molecular weight in the range of about 110 to
      about 550 - exemplified by U.S. patent application Serial No. 172,228,
      filed August 16, 1971, now U.S. Pat. No. 3,758,643; (d) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a carboxy terminated polymer - exemplified by U.S. patent
      application Serial No. 172,229 filed August 16, 1971, now U.S. Pat. No.
      3,781,380; (e) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent a phenolic hydroxy terminated polymer - exemplified by
      U.S. patent application Serial No. 172,225 filed August 16, 1971, now U.S.
      Pat. No. 3,787,520; (f) an epoxy-functional, carboxy-functional,
      self-crosslinkable copolymer of ethylenically unsaturated monomers -
      exemplified by U.S. patent application Ser. No. 172,238 filed August 16,
      1971, now U.S. Pat. No. 3,770,848; (g) a hydroxy-functional,
      carboxy-functional, copolymer of monoethylenically unsaturated monomers -
      exemplified by U.S. patent application Serial No. 172,237 filed August 16,
      1971, now U.S. Pat. No. 3,787,340; (h) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor an anhydride of a
      dicarboxylic acid - exemplified by U.S. patent application Ser. No.
      172,224 filed Aug. 16, 1971, now U.S. Pat. No. 3,781,379; (i) a
      hydroxy-functional copolymer of monoethylenically unsaturated monomers and
      as crosslinking agent therefor a compound selected from dicarboxylic
      acids, melamines, and anhydrides - exemplified by U.S. patent application
      Ser. No. 172,223 filed Aug. 16, 1971; and abandoned in favor of
      continuation application Ser. No. 407,128 filed Oct. 17, 1973 in turn
      abandoned in favor of continuation-in-part application Ser. No. 526,546
      filed Nov. 25, 1974. (j) an epoxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefor a compound containing tertiary
      nitrogen atoms -- exemplified by U.S. patent application Ser. No. 172,222
      filed Aug. 16, 1971; (k) a copolymer of an alpha-beta unsaturated
      carboxylic acid and an ethylenically unsaturated compound and as
      crosslinking agent therefor an epoxy resin having two or more epoxy groups
      per molecule - as exemplified by U.S. patent application Ser. No. 172,226
      filed Aug. 16, 1971 now U.S. Pat. No. 3,758,635; (l) a self-crosslinkable,
      epoxy-functional, anhydride-functional copolymer of olefinically
      unsaturatd monomers - exemplified by U.S. patent application Ser. No.
      172,235 filed Aug. 16, 1971, now U.S. Pat. No. 3,758,632; (m) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a carboxy terminated polymer, e.g., a carboxy terminated polymer,
      e.g., a carboxy terminated polyester - exemplified by application Ser. No.
      223,746 filed Feb. 4, 1972; and abandoned in favor of continuation-in-part
      application Ser. No. 489,271 filed Aug. 5, 1974. (n) an epoxy-functional
      copolymer of vinyl monomers and as crosslinking agent therefor a
      dicarboxylic acid -- exemplified by U.S. patent application Ser. No.
      228,262 filed Feb. 22, 1972, now U.S. Pat. No. 3,787,521; (o) an
      epoxy-functional and hydroxy-functional copolymer of monovinyl monomers
      and as crosslinking agent therefor a C.sub.4 -C.sub.20, saturated,
      straight chain, aliphatic dicarboxylic acid -- exemplified by U.S. patent
      application Ser. No. 394,874 filed Sept. 6, 1973; and now abandoned in
      favor of continuation-in-part application Ser. No. 552,676 filed Feb. 24,
      1975 (p) an epoxy-functional copolymer of monovinyl monomers with optional
      hydroxy and/or amide functionality and as crosslinking agent therefore (1)
      a C.sub.4 -C.sub.20, saturated, straight chain, aliphatic dicarboxylic
      acid and (2) a polyanhydride-exemplified by U.S. patent application Ser.
      No. 344,881 filed Sept. 6, 1973; and now abandoned in favor of
      continuation-in-part application Ser. No. 552,556 filed Feb. 24, 1975 and
      continuation-in-part application Ser. No. 552,557 filed Feb. 24, 1975 (q)
      an epoxy-functional, amide-functional copolymer of monovinyl monomers and
      as crosslinking agent therefor an anhydride of a dicarboxylic acid -
      exemplified by U.S. patent application Ser. No. 394,880 filed Sept. 6,
      1973; and now abandoned in favor of continuation-in-part application Ser.
      No. 552,572 filed Feb. 24, 1975 (r) an epoxy-functional,
      hydroxy-functional copolymer of monovinyl monomers and as crosslinking
      agent therefore an anhydride of a dicarboxylic acid - exemplified by U.S.
      patent application Ser. No. 394,879 filed Sept. 6, 1973; and now abandoned
      in favor of continuation-in-part application Ser. No. 552,511 filed Feb.
      24, 1975 (s) an epoxy-functional, amide-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a carboxy-terminated polymer
      -- exemplified by U.S. patent application Ser. No. 394,875 filed Sept. 6,
      1973; and now abandoned in favor of continuation-in-part application Ser.
      No. 552,518 filed Feb. 24, 1975 (t) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefore a monomeric or
      polymeric anhydride and a hydroxy carboxylic acid -- exemplified by U.S.
      patent application Ser. No. 394,878 filed Sept. 6, 1973; and now abandoned
      in favor of continuation-in-part application Ser. No. 552,079 filed Feb.
      24, 1975 (u) an epoxy-functional, amide-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a monomeric or polymeric
      anhydride and a hydroxy carboxylic acid -- exemplified by U.S. patent
      application Ser. No. 394,877 filed Sept. 6, 1973; and now abandoned in
      favor of continuation-in-part application Ser. No. 552,078 filed Feb. 24,
      1975 and (v) an epoxy-functional, hydroxy functional copolymer of
      monovinyl monomers and as crosslinking agent therefore a monomeric or
      polymeric anhydride and a hydroxy carboxylic acid -- exemplified in U.S.
      patent application Ser. No. 394,876 filed Sept. 6. 1973 and now abandoned
      in favor of continuation-in-part application Ser. No. 552,077 filed Feb.
      24, 1975.
PAR  Other thermoset film-formers suitable for use in coating the metal
      particles include, but not by way of limitation thermosettable systems in
      which the polymeric component is a polyester, a polyepoxide and
      urethane-modified polyesters, polyepoxides and acrylices. As with the
      acrylics heretofore more specifically described, these may be
      self-crosslinking polymers or may be a combination of functional polymer
      and a coreactable monomeric compound which serves as crosslinking agent.
PAR  The preferred thermosettable powder paints known to applicants for
      automotive topcoats, the use wherein metallic pigments find their greatest
      use, consist essentially of an epoxy functional copolymer of olefinically
      unsaturated monomers  and a crosslinking agent therefor. Such paints,
      excluusive of pigments, may also contain flow control agents, catalysts,
      etc. in very small quantities.
PAR  The copolymer referred to in the preceding paragraph has average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C. The epoxy functionality is provided by employing a glycidyl
      ester of a monoethylenically unsaturated carboxylic acid, e.g., glycidyl
      acrylate or glycidyl methacrylate, as a constituent monomer of the
      copolymer. This monomer should comprise about 5 to about 20 weight percent
      of the total. Additional functionality, e.g., hydroxy functionality or
      amide functionality, may also be employed by inclusion of a C.sub.5
      -C.sub.7 hydroxy acrylate or methacrylate, e.g., hydroxyethyl acrylate,
      hydroxyethyl methacrylate, hydroxypropyl acrylate, or hydroxypropyl
      methacrylate, or an alpha-beta olefinically unsaturated amide, e.g.,
      acrylamide or methacrylamide, among the constitutent monomers. When such
      additional functionality is used, the monomers providing it comprise about
      2 to about 10 weight percent of the constituent monomers. The balance of
      the copolymer, i.e., about 70 to about 93 weight percent of the
      constituent monomers, are made up of monofunctional, olefinically
      unsaturated monomers, i.e., the sole functionality being ethylenic
      unsaturation. These monofunctional, olefinically unsaturated monomers are,
      at least in major proportion, i.e., in excess of 50 weight percent of the
      constituent monomers, acrylic monomers. The preferred monofunctional
      acrylic monomers for this purpose are esters of C.sub.1 -C.sub.8
      monohydric alcohols and acrylic or methacrylic acid, e.g., methyl
      methacrylate, ethyl acrylate, propyl methacrylate, butyl acrylate, butyl
      methacrylate, hexyl acrylate and 2-ethylhexyl acrylate. In this preferred
      embodiment, the remainder, if any, aside from the aforementioned epoxy,
      hydroxy and amide functional monomers which also have olefinic
      unsaturation functionality used up in the polymerization formation of the
      copolymer, is preferably made up to C.sub.8 -C.sub.12 monovinyl
      hydrocarbons, e.g., styrene, vinyl toluene, alpha methyl styrene and
      tertiary butyl styrene. Other vinyl monomers which are suitable in minor
      amounts, i.e., between 0 and 30 weight percent of the constituent
      monomers, include vinyl chloride, acrylonitrile, methacrylonitrile, and
      vinyl acetate.
PAR  The crosslinking agents employed with the aforedescribed copolymer will
      have functionality that will react with the functionality of the
      copolymer. Thus, all of the crosslinking agents heretofore mentioned in
      the recital of powder paint patents and patent applications, e.g., C.sub.4
      -C.sub.20 saturated, aliphatic dicarboxylic acids, mixtures of C.sub.4
      -C.sub.20 saturated aliphatic dicarboxylic acids and monocarboxylic acids
      of carbon number in the same range, carboxy terminated copolymers having
      molecular weight (M.sub.n) in the range of 650 to 3000, monomeric
      anhydrides preferably anhydrides having a melting point in the range of
      about 35.degree. to 140.degree.C., e.g., phthalic anhydride, maleic
      anhydride, cyclohexane-1,2-dicarboxylic anhydride, succinic anhydride,
      etc., homopolymers of monomeric anhydrides, and mixtures of such
      anhydrides and hydroxy acids having a melting point in the range
      40.degree. to 150.degree.C., are suitable for use as crosslinking agents
      for these copolymers. The disclosures of all patents and patent
      applications recited herein are incorporated herein by reference. In
      general, these crosslinking agents are employed in amounts such as to
      provide between about 0.3 and about 1.5, preferably between about 0.8 and
      about 1.2, functional groups which are reactable with functional groups on
      the copolymer per functional group on the copolymer.
PAR  The best acrylic, thermoplastic, powder coatings known  to applicants are
      copolymers of alpha-beta olefinically unsaturated monomers. These are made
      up either solely or predominantly of acrylic monomers, i.e., acrylates,
      methacrylates, mixtures of acrylates and methacrylates and a small
      fraction of acrylic or methacrylic acid. In the embodiment wherein the
      copolymer is made up predominantly of acrylic monomers, the acrylic
      monomers may include up to about 5 weight percent acrylic acid,
      methacrylic acid or a mixture of acrylic and metacrylic acids while i.e.,
      in excess of 51 weight percent acrylic monomers, the balance is made up of
      C.sub.8 -C.sub.12 monovinyl hydrocarbons, e.g., styrene, vinyl toluene,
      alpha methyl styrene, and tertiary butyl styrene. The acrylates and
      methacrylates used in either of these embodiments are preferably esters of
      a C.sub.1 -C.sub.8 monohydric alcohol and acrylic acid or methacrylic acid
      or a mixture of acrylic and methacrylic acids.
PAR  Thus, such a copolymer could contain about 46 to about 100 weight percent
      of esters of a C.sub.1 -C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid, 0 to 49 weight percent of C.sub.8 -C.sub.12 monovinyl
      hydrocarbons, and 0 to about 5 weight percent acrylic or methacrylic acid
      with the sum of the aforementioned esters and acrylic or methacrylic acid
      comprising in excess of 5 weight percent of the comonomers as stated
      earlier in this paragraph. One such copolymer contains about 76 to about
      81 mole percent methyl methacrylate 1 to 3 mole percent acrylic acid or
      methacrylic acid or a mixture of acrylic and methacrylic acids, and 16 to
      23 mole percent butyl methacrylate.
PAR  The term "vinyl monomer" as used herein means a monomeric compound having
      in its molecular structure the functional group
      ##EQU1##
      wherein X is a hydrogen atom or a methyl group.
PAR  The term "copolymer" as used herein means a polymer formed from two or more
      different monomers.
PAR  "Alpha-beta unsaturation" as used herein includes both the olefinic
      unsaturation that is between two carbon atoms which are in the alpha and
      beta positions relative to an activating group such as a carboxyl group,
      e.g., the olefinic unsaturation of maleic anhydride, and the olefinic
      unsaturation between the two carbon atoms which are in the alpha and beta
      positions with respect to the terminus of an aliphatic carbon-to-carbon
      chain, e.g., the olefinic unsaturation of acrylic acid or styrene.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preparation of the coated metal flakes is carried out in a solvent for
      the film-former that is sufficiently volatile for efficient spray drying
      and which will not chemically react with either the film-former or the
      metal flakes to a degree that will significantly modify their properties
      or appearance within the contact times employed to carry out the spray
      drying process. A preferred solvent for this purpose is methylene
      chloride. Other solvents which can be used include toluene, xylene, methyl
      ethyl ketone, acetone and low boiling petroleum naphthas.
PAR  A typical formulation for a feed stock for the spray drier in accordance
      with this invention would include the following:
TBL                   Parts By Weight                                          
     ______________________________________                                    
     aluminum paste     30.00                                                  
     film former        2.00                                                   
     MeCl.sub.2         200.00                                                 
     ______________________________________                                    
PAR  Typical operating parameters for a conventional, 3 ft. diameter spray drier
      equipped with a conventional two-fluid nozzle atomizer, e.g., a gas and a
      liquid as in a conventional air atomizing (liquid) paint spray gun, are as
      follows:
TBL  air flor         197 cubic feet/minute                                    
     feed flow        380 ml/min.                                              
     inlet air temperature                                                     
                      180.degree.F.                                            
     outlet air temperature                                                    
                       80.degree.F.                                            
     product rate     6 lbs./hr.                                               
PAR  The coated aluminum, as received from the spray drier, is then sieved
      through a screen of desired particulate size, e.g., a 44 micron screen, to
      remove excessively large particles. Approximately 20% of the product in
      the form of oversize particles is discarded.
PAR  The non-metal powder component, hereinafter called the "powder component"
      comprises the primary film-forming component and, where the finish is to
      be polychromatic, at least one non-metal color producing component. This
      non-metal color producing component may be a pigment, dye or tint. For
      purposes of this invention, white and black shall be considered colors
      inasmuch as a light reflecting or light absorbing material must be added
      to the organic film-former to provide the finish with a white or black
      appearance in the same manner that a material must be added to the organic
      film-former which reflects light rays that convey to the eye one color
      while absorbing others.
PAR  The film-forming component of the powder component is preferably a
      thermosetting film-forming material. Those thermosetting film-forming
      materials heretofore disclosed for use in coating the metal leaves are
      suitable for use as the principal film-former of the powder component. The
      thermosets preferred for the coating of the metal leaves are also the
      preferred thermosets for this purpose.
PAR  In addition, the principal film-former of the powder component of this
      invention may be a thermoplastic powder, e.g., a thermoplastic, acrylic
      polymer having a molecular weight (M.sub.n) in the range of 30,000 to
      80,000 and a glass transition temperature in the range of 60.degree.C. to
      110.degree.C. -- as exemplified by U.S. patent application Ser. No.
      172,227 filed Aug. 16, 1971. A variety of other thermoplastic powders
      which can be used with the encapsulated aluminum flakes and nickel powder
      are disclosed in U.S. Pat. No. 3,532,530 which is incorporated herein by
      reference. These coated flakes, of course, can be used with any
      thermoplastic powder suitable for use as the principal film-former of any
      thermoplastic powder paint.
PAR  The formulation of the non-metal powder component, which in the case of a
      polychromatic finish contains a non-metal color producing component, is
      prepared taking into consideration the particular color chosen for
      employment with the metallic color component and the amount of the
      metallic color component to be employed. The powder component is
      quantitatively formulated taking into account the amount of material to be
      brought in through the addition of the metal color producing component,
      i.e., the combination or sum of the encapsulated aluminum flakes and the
      nickel powder.
PAR  A typical composition for the powder component is as follows:
TBL                  Parts by Weight                                           
     ______________________________________                                    
     film-former       94.33                                                   
     flow control additive                                                     
                       0.67                                                    
     pigment (non-metal)                                                       
                       5.00                                                    
     ______________________________________                                    
PAR  The preparation and processing of the non-metal powder component into
      powder form is carried out by one of the conventional powder preparation
      techniques, e.g., extrusion, spray drying, or solvent extraction. Once in
      powdered form, this material is sieved through a suitable screen, e.g., a
      74 micron screen.
PAR  The final step in the preparation of the powder coating material of this
      invention is the blending of the two major components, i.e., the metal
      component consisting of encapsulated aluminum flake and nickel powder and
      the non-metal powder component. The exact proportions of the two major
      components will, of course, depend on the specific formulation and the
      amount of metal needed. In the typical example aforedescribed, if one
      blends about 98.5 parts by weight of the non-metal powder component with
      about 1.5 parts by weight of the metal component, a "low metallic"
      automotive top coat paint results.
PAR  Appearance of the finished coating will, of course, be a primary factor in
      selecting the total concentration of metal in the total powder paint
      composition. This concentration will vary from a very low weight percent
      of the total powder paint composition in some polychromatic finishes,
      i.e., as low as about 0.005 weight percent, to a much higher weight
      percent of the total powder paint composition in the so called "Argent"
      finishes, i.e., as high as about 25 weight percent when aluminum is the
      only metal used. If for example, the spray dried coating on the flakes
      comprises about 2 to about 30 weight percent by weight of the flakes then,
      the total metal component of the powder paint composition will comprise
      between about 0.005 to about 32.50, advantageously between about 0.25 to
      about 28.75, and preferably between about 0.54 to about 28.25, weight
      percent of the total powder paint composition. These figures will be
      modified by the weight of nickel powder substituted for a portion of the
      aluminum. The principal film-forming powder and non-metal pigment, if any,
      will make up the balance of the powder paint composition. The non-metal
      pigment will constitute between 0 and about 22 weight percent of the total
      composition.
PAR  This invention will be more fully understood from the following
      illustrative examples.
PAC  EXAMPLE 1
PAC  a Preparation of the Coated Aluminum Flakes
PAR  A powder paint in accordance with this invention is prepared from the
      following materials using the procedures hereinafter outlined:
PAR  1. Preparation of an epoxy-functional acrylic copolymer of alpha-beta
      olefinically unsaturated monomers is prepared as follows:
TBL  Ingredients       Parts By Weight                                         
     ______________________________________                                    
     glycidyl methacrylate                                                     
                       15                                                      
     methyl methacrylate                                                       
                       45                                                      
     butyl methacrylate                                                        
                       40                                                      
     ______________________________________                                    
PAR  The above named ingredients are mixed together. Three (3) parts by weight
      of 2,2'-azobis-(2-methyl-propionitrile), hereinafter called AIBN, is
      dissolved in the monomer mixture. The mixture is slowly added to refluxing
      toluene (100 parts) which is stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return them to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reflux temperature (109.degree.C.-112.degree.C.)
      with only a small fraction of heat supplied from an external heater. After
      the addition of the monomer mixture is complete, the refluxing is
      maintained by external heat source for 3 additional hours.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer solution becomes more concentrated. The
      temperature of the vacuum oven is raised to about 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through 20 mesh screen. The copolymer has a glass transition temperature
      of 53.degree.C. and a molecular weight (M.sub.n) of 4000.
PAR  One hundred parts by weight of the ground copolymer are mixed with the
      following materials:
TBL                      Parts By Weight                                       
     ______________________________________                                    
     azelaic acid          10.0                                                
     poly (lauryl acrylate)(M.sub.n =10,000                                    
                           0.7                                                 
     ______________________________________                                    
PAR  The materials are mixed together in a ball mill for 2 hours. The mixture is
      mill rolled at 85.degree.C. to 90.degree.C. for 5 minutes. The solid
      obtained is ground in a ball mill and the powder is sieved with a 140 mesh
      screen.
PAR  Two parts by weight of this thermosettable mixture are combined with 30
      parts by weight of aluminum paste (35% by weight mineral spirits and 65%
      by weight aluminum flakes that will pass through a 325 mesh screen and
      have typical surface area of 7.5 m.sup.2 /g, maximum particle diameter
      below 45 microns and most common particle size distribution in the range
      of about 7 to about 15 microns) and 200 parts by weight of methylene
      chloride under low shear agitation so as to disperse the aluminum in the
      thermosettable material without damage to the aluminum flakes.
PAR  Once the above dispersion has been prepared, it is spray dried in a manner
      which will produce individual aluminum flakes coated with a thin,
      continuous coating of dry copolymer. This is accomplished in a 3 foot
      diameter spray drier equipped with a two-fluid nozzle in counter-current
      position using the following conditions:
TBL  air flow in drying chamber                                                
                       200 cubic feet/minute                                   
     feed rate of mixture                                                      
                       380 ml/minute                                           
     inlet air temperature                                                     
                       180.degree.F.                                           
     two fluid atomization air pressure 80 lbs.                                
PAL  The product obtained from this process has an overall composition of 19.5
      parts by weight of aluminum and 2.0 parts by weight of the thermosettable
      mixture aforedescribed plus a small amount of residual solvent (i.e., 0.05
      to 0.2 parts) that has not completely volatilized during the spray dry
      process. This product is then screened through a 44 micron screen.
PAC  b. Preparation of the Non-Metal Powder Component
PAR  A thermosettable material is produced by mixing 166 parts by weight of the
      epoxy-functional copolymer employed in the thermosettable material used to
      coat the aluminum flakes in (a) above with the following materials:
TBL                   Parts By Weight                                          
     ______________________________________                                    
     azelaic acid       22.65                                                  
     poly (lauryl acrylate)                                                    
                        1.34                                                   
     phthalo green pigment                                                     
                        1.75                                                   
     yellow iron oxide pigment                                                 
                        8.26                                                   
     ______________________________________                                    
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  c. Preparation of the Powder Coating Material
PAR  A powder coating material in accordance with this invention is produced by
      blending 98.5 parts by weight of the non-metal powder component from (b)
      with the following materials:
TBL                     Parts By Weight                                        
     ______________________________________                                    
     nickel powder (325 mesh)                                                  
                          1.0                                                  
     coated aluminum flakes from (a)                                           
                          .55                                                  
     ______________________________________                                    
PAL  The resultant powder coating composition on a solids basis is as follows:
TBL                      Parts By Weight                                       
     ______________________________________                                    
     nickel powder (flakes)                                                    
                           1.00                                                
     aluminum flake (uncoated basis)                                           
                           .50                                                 
     epoxy-functional copolymer from (a)                                       
                           81.77                                               
     poly (lauryl acrylate) -M.sub.n =10,000                                   
                           .66                                                 
     phthalo green         .86                                                 
     yellow iron oxide     4.05                                                
     azelaic acid          11.15                                               
     ______________________________________                                    
PAR  It will be noted that in this example the thermosettable material used to
      coat the aluminum flakes and the thermosettable material used to form the
      non-metal powder component are crosslinkable with each other.
PAR  The powder thus obtained is then sprayed on an electrically grounded steel
      substrate with a conventional electrostatic powder spray gun operating at
      about 50 KV charging voltage. After spraying, the coated substrate is
      heated to about 350.degree.F. for about 25 minutes. The coating thus
      obtained has good appearance and physical properties. The coating thus
      obtained demonstrates a more random metal particle orientation with
      respect to depth and increased polychromatic light reflection of the cured
      film than is obtained when this process is duplicated except for
      substituting an equal volume of aluminum flakes of like size for the
      nickel powder.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flake is 1:4. The coating
      thus obtained has good appearance, good physical properties, and a random
      metal particle orientation with respect to depth. With the change in
      ratio, there is, of course, a change in polychromatic appearance. This
      flexibility is advantageous in preparing a variety of market-acceptable,
      polychromatic coatings with the same or different non-metal pigments.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flake is 5:1. The coating
      thus obtained has good appearance, good physical properties, and a random
      metal particle orientation with respect to depth. This flexibility is
      advantageous in preparing a variety of market-acceptable, polychromatic
      coatings with the same or different non-metal pigments.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flake is 1.5:1. An
      coating of outstanding appearance is obtained and the physical properties
      of the film are good.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except for the the difference that
      the weight ratio of nickel powder to coated aluminum flake is 2.5:1. A
      coating of outstanding appearance is obtained and the physical properties
      of the film are good.
PAC  EXAMPLE 6
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences: (1) the coated aluminum flakes are
      prepared from the following materials:
TBL                      Parts By Weight                                       
     ______________________________________                                    
     aluminum paste        30.000                                              
      (65% aluminum flakes                                                     
      and 35% mineral spirits)                                                 
     thermosettable mixture                                                    
                           0.218                                               
      (same epoxy-functional co-                                               
      polymer used in Example 1                                                
      in amount as 0.195 parts by                                              
      weight and poly (azelaic an-                                             
      hydride) 0.023 parts by weight                                           
     poly (lauryl acrylate)M.sub.n =10,000                                     
                           0.001                                               
     methylene chloride    197.000                                             
     ______________________________________                                    
PAR  The product obtained after spray drying has a composition of 19.50 parts by
      weight aluminum, 0.218 parts by weight thermosettable material and 0.001
      parts by weight poly (lauryl acrylate).
PAR  The coated aluminum thus produced in the amount of 0.52 parts by weight and
      1.0 parts by weight of 325 mesh nickel powder are combined with 98.48
      parts by weight of the non-metal powder component of Example 1 to yeild a
      powder coating composition.
PAR  This powder coating material is electrodeposited upon a metal substrate and
      heat cured as in Example 1. The resulting coating demonstrates good gloss,
      good orientation of the aluminum flakes, good depth variation of the metal
      particles, and weathering resistance.
PAC  EXAMPLE 7
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences: (1) The starting mixture for preparation
      of the coated aluminum flakes is of the following composition:
TBL                     Parts By Weight                                        
     ______________________________________                                    
     aluminum paste       30.00                                                
     (65% by wt. aluminum and 35%                                              
     by weight mineral spirits)                                                
     thermosettable mixture                                                    
                          5.46                                                 
      (a) epoxy-functional copolymer                                           
       of Example 1 - 4.88                                                     
      (b) poly (azelaic                                                        
       anhydride) - 0.58                                                       
     poly (lauryl acrylate)                                                    
                          0.03                                                 
     methylene chloride   250.00                                               
     ______________________________________                                    
PAR  This material is mixed and spray dried as in Example 1 and in the resultant
      material the flakes have coating about 2.5 times thicker than that of the
      coated flakes of Example 1. The empirical composition of the spray dried
      product by weight is as follows:
TBL                      Parts By Weight                                       
     ______________________________________                                    
     aluminum (uncoated basis                                                  
                           19.50                                               
     thermosettable material                                                   
                           5.46                                                
      (a) epoxy copolymer of                                                   
        Example 1 - 4.88                                                       
      (b) poly (azelaic anhydride)-0.58                                        
     poly (lauryl acrylate)                                                    
                           0.03                                                
     ______________________________________                                    
PAL  (2) Since the amount of coating on the aluminum flakes is here large enough
      to be a significant factor, it is taken into consideration when
      formulating the non-metal powder component to maintain the same relative
      quantities of pigment and film-former. (3) The weight ratio of the nickel
      powder to coated aluminum flakes is 2.1:1.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. the coating of the aluminum flakes is prepared from 30 parts by weight
      of the same aluminum paste used in Example 1 (19.5 parts by weight
      aluminum), and 4.7 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      porportions used in Example 1 and 0.03 parts by weight poly (lauryl
      acrylate), and
PAR  2. Following the procedure of Example 7, the non-metal powder component is
      adjusted and employed in an amount to provide the powder coating material
      to be sprayed with the same level of pigment loading as in such material
      in Example 1, and
PAR  3. the weight ratio of nickel powder to coated aluminum flakes is 1.8:1.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. the coating of the aluminum flakes is prepared from 30 parts by weight
      of aluminum paste used in Example 1  (19.5 parts by weight aluminum) and
      from 2.93 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, and 0.02 parts by weight poly (lauryl
      acrylate) and
PAR  2. Following the procedure of Example 7, the nonmetal powder component is
      adjusted and employed in an amount to provide the powder coating material
      to be sprayed with the same level of pigment loading as in such material
      in Example 1, and
PAR  3. the weight ratio of nickel powder to coated aluminum flakes is 1:2.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 is repeated except for the following
      differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 1.76 parts by weight of the thermosettable material, i.e., the
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, and 0.01 parts by weight poly (lauryl
      acrylate) - M.sub.n = 10,000, and
PAR  2. the weight ratio of nickel powder to coated aluminum flakes is 1:1.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 11
PAR  The procedure of Example 1 is repeated except for the following
      differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 2.54 parts by weight of the thermosettable material, i.e., the
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, and 0.01 parts by weight poly (lauryl
      acrylate) -M.sub.n = 10,000, and
PAR  2. Following the procedure of Example 7, the non-metal powder component is
      adjusted and employed in an amount to provide the powder coating material
      to be sprayed with the same level of pigment loading as in such material
      in Example 1, and
PAR  3. the weight ratio of nickel powder to coated aluminum flakes is 1:3.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 12
PAR  The procedure of Example 1 is repeated except for the following
      differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 0.39 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, and 0.002 parts by weight poly (lauryl
      acrylate) -M.sub.n = 10,000, and (2) the weight ratio of nickel powder to
      coated aluminum flakes is 1:2.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 13
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of an epoxyfunctional and
      hydroxy-functional copolymer of alpha-beta olefinically unsaturated
      monomers is substituted for the epoxyfunctional copolymer of Example 1 and
      a functionally equivalent amount of poly (azelaic anhydride) is
      substituted for the azelaic acid. The epoxy-functional and
      hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL                           Percent By Weight                                
     Reactants      Grams     Of Total Reactants                               
     ______________________________________                                    
     glycidyl methacrylate                                                     
                    225.0     15                                               
     hydroxyethyl methacry-                                                    
     late           75.0      5                                                
     butyl methacrylate                                                        
                    600.0     40                                               
     styrene        75.0      5                                                
     methyl methacrylate                                                       
                    525.0     35                                               
     ______________________________________                                    
PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 70.0 grams (4.5% based on combined weights of reactants) of
      2,2'-azobis-(2-methyl propionitrile), hereinafter called AIBN, are added
      to the monomer mixture. The solution is added dropwise over a 3 hour
      period into 1500 ml. toluene at 100.degree.-108.degree.C. under nitrogen
      atmosphere. Then 0.4 grams of AIBN dissolved in 10 ml. of acetone are
      added over a 1/2 hour period and refluxing is continued for 2 additional
      hours.
PAR  The toluene-polymer solution is diluted in 1500 ml. acetone and coagulated
      in 16 liters of hexane. The white powder is dried in a vacuum oven at
      55.degree.C. for 24 hours. This copolymer has molecular weight - M.sub.w
      -M.sub.n = 6750/3400 and the molecular weight per epoxy group is about
      1068.
PAR  The cured finish obtained from the powder coating composition utilizing the
      above film-former demonstrates good physical properties, good metal
      particle orientation and good depth variation of the metal particles.
PAC  EXAMPLE 14
PAR  The procedure of Example 13 is repeated with the single difference that
      about 35% of the poly (azelaic anhydride) is replaced with a functionally
      equivalent amount of 12-hydroxystearic acid.
PAC  EXAMPLE 15
PAR  The procedure of Example 1 is repeated except for the difference that an
      epoxy-functional, amide-functional copolymer of alpha-beta olefinically
      unsaturated monomers is substituted for the epoxy-functional copolymer of
      Example 1 and a functionally equivalent amount of a carboxy-terminated
      polymer is substituted for the azelaic acid. The epoxy-functional,
      amidefunctional copolymer used in this example is prepared from the below
      listed components in the manner hereinafter described:
TBL                            Percent By Weight                               
     Reactants      Grams      Of Total Reactants                              
     ______________________________________                                    
     glycidyl methacrylate                                                     
                    45         15                                              
     acrylamide     15         5                                               
     butyl methacrylate                                                        
                    111        37                                              
     methyl methacrylate                                                       
                    129        43                                              
     ______________________________________                                    
PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 11.0 grams of 2,2'-azobis-(2-methylpropionitrile), hereinafter called
      AIBN, are added to the mixture. The mixture is slowly added to 200 ml. of
      toluene heated to 80.degree.-90.degree.C. which is being stirred
      vigorously under a nitrogen atmosphere. A condenser is provided at the top
      of the toluene container to condense the toluene vapors and return the
      condensed toluene to the container. The monomer mixture is added through a
      regulating valve and the rate of addition is controlled to maintain a
      reaction temperature of 90.degree.-110.degree.C. with the rest of the heat
      supplied from an external heater. After the addition of the monomer
      mixture is completed (3hours), 0.8 gram of AIBN dissolved in 10 ml.
      acetone is added over a one-half hour period and refluxing is continued
      for two additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in the vacuum
      oven at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n = 6700/3200 and WPE (molecular weight per epoxide
      group) is about 1000.
PAR  The carboxy terminated polymer to be used as crosslinking agent is prepared
      from the following materials in the following manner: Five hundred grams
      of a commercially available epoxy resin, Epon 1001, (epoxide equivalent
      450-525, melting range 64.degree.-76.degree.C. - molecular weight average
      900.degree.C.), is charge into a 500 ml. stainless steel beaker having a
      heating mantle. The epoxy resin is heated to 110.degree.C. As the epoxy
      resin is stirred, 194 grams of azelaic acid are added. After a reaction
      time of 30 minutes, a homogeneous mixture is obtained. The mixture resin,
      only semi-reacted, is poured out into an aluminum pan and cooled. The
      solid mixture is pulverized to pass through a 100 mesh screen by use of a
      blender. This resin is only partially reacted because if fully reacted it
      could not be powdered. A portion of the carboxy terminated polymer is
      weighed out for making a powder coating composition in accordance with
      this invention.
PAR  The cured finish obtained from the powder coating composition utilizing the
      above film-former demonstrates good physical properties, good metal
      particle orientation and good depth variation of the metal particles.
PAC  EXAMPLE 16
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a hydroxy-functional copolymer is
      substituted for the epoxyfunctional copolymer of Example 1 and a
      functionally equivalent amount of hexamethoxy melamine is substituted for
      the azelaic acid.
PAR  The hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL  Reactants           Parts By Weight                                       
     ______________________________________                                    
     2-hydroxyethyl methacrylate                                               
                         15                                                    
     ethyl acrylate      25                                                    
     methyl methacrylate 60                                                    
     ______________________________________                                    
PAR  A 1 liter, four-necked flask which contains 150 ml. of methyl ethyl ketone
      is heated until the contents of the flask are at a refluxing temperature
      of 85.degree.C. A mixture of the above listed monomers and 4 parts by
      weight of 2,2' -azobis-(2-methyl propionitrile), hereinafter called AIBN,
      in the total amount of 208 grams is added in a dropwise fashion over a
      period of one and a half hours to the reaction mixture which is maintained
      at 85.degree.C. After the monomer addition is complete, 0.5 grams of AIBN
      (dissolved in 20 grams of toluene) is added dropwise. The refluxing is
      continued for an additional one-half hour to complete the polymerization.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer becomes more concentrated. The
      temperature of the vacuum oven is raised to 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen.
PAR  The cured finish obtained from the powder coating composition utilizing the
      above film-former demonstrates good physical properties, good metal
      particle orientation and good depth variation of the metal particles.
PAC  EXAMPLE 17
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a self-crosslinking copolymer is
      substituted for the epoxy-functional copolymer and the azelaic acid.
PAR  The self-crosslinking copolymer used in this example is prepared from the
      following listed components in the manner hereinafter described:
TBL  Reactants        Grams                                                    
     ______________________________________                                    
     glycidyl methacrylate                                                     
                      30                                                       
     methacrylic acid 21                                                       
     methyl methacrylate                                                       
                      129                                                      
     butyl methacrylate                                                        
                      120                                                      
     ______________________________________                                    
PAR  The monomers above listed are mixed with 12 grams of an initiator, i.e.,
      t-butylperoxypivate. Three hundred grams of benzene is charged into a one
      liter flask which is equipped with a dropping funnel, condenser, stirrer,
      thermometer and nitrogen inlet. The monomer mixture is placed in the
      dropping funnel. The flask is heated to 80.degree.C. and a refluxing of
      the solvent is achieved. While maintaining the reaction temperature at
      80.degree.C., the monomer mixture is added in a dropwise fashion over a
      two hour period. After the addition is complete, the reaction is continued
      for another two hours. The contents of the flask are then cooled to room
      temperature.
PAR  One hundred millileters of the resultant solution are mixed with 0.3 grams
      of poly (2-ethylhexyl acrylate). The mixture is dispersed and then is
      dried in a vacuum oven at 70.degree.C. The powder coating obtained is
      ground to pass through a 200 mesh sieve.
PAR  The cured finish obtained from the powder coating composition utilizing the
      above film-former demonstrates good physical properties, good metal
      particle orientation and good depth variation of the metal particles.
PAC  EXAMPLE 18
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (butyl acrylate) - M.sub.n = 9000.
PAC  EXAMPLE 19
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (isododecyl methacrylate).
PAC  EXAMPLE 20
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of
      polyethylene glycol perfluoro octonoate (M.sub.n = 3400).
PAC  EXAMPLE 21
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 0.1 weight % of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 1.75:1.
PAC  EXAMPLE 22
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 32.50 weight % of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2.25:1.
PAC  EXAMPLE 23
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 0.25 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 1.5:1.
PAC  EXAMPLE 24
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 28.75 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2.5:1. In this example, non-metal pigments are not used.
PAC  EXAMPLE 25
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 0.45 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2:1.
PAC  EXAMPLE 26
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 10 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2:1.
PAC  EXAMPLE 27
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2:1. In this example, the non-metal pigments constitute 21.9
      weight percent of the total powder paint composition.
PAC  EXAMPLE 28
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes and the nickel powder are mixed
      with the principal film-forming in an amount such that they provide a
      metal pigment component which comprises 31.0 weight percent of the total
      paint composition, the weight ratio of nickel powder to coated aluminum
      flakes is 2:1 and the principal film-forming powder contains, as the sole
      non-metal pigment, phthalo green pigment in an amount such that it
      comprises 0.25 weight percent of the total powder paint composition.
PAC  EXAMPLE 29
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes and the nickel powder are mixed
      with the principal film-forming powder in an amount such that they
      comprise 4.0 weight percent of the total powder with a weight ratio of
      nickel powder to coated aluminum flakes of 2:1 and the principal
      film-forming powder contains a mixture of metal-free pigments in an amount
      such that it comprises 22 weight percent of the total powder paint
      composition. The mixture of metal-free pigments consists predominantly of
      chrome yellow with flaventhron (yellow organic), red iron oxide and carbon
      black present from trace amounts to above one weight percent.
PAC  EXAMPLE 30
PAR  The procedure of Example 1 is repeated except for the difference that the
      principal film-forming material into which is mixed nickel powder and the
      encapsulated aluminum flakes is a thermoplastic powder coating material
      prepared from the following materials using the procedure hereinafter
      described.
TBL  ______________________________________                                    
                       Parts By Weight                                         
     ______________________________________                                    
     poly (methyl methacrylate                                                 
                         100                                                   
        M.sub.n = 40,000                                                       
     poly (lauryl methacrylate)                                                
                         2                                                     
        M.sub.n = 120,000                                                      
     tetrabutylammonium bromide                                                
                         0.5                                                   
     ______________________________________                                    
PAR  Step I. The materials listed below are thoroughly mixed.
TBL  __________________________________________________________________________
                    A    B    C    D    E                                      
                    PARTS BY WEIGHT                                            
     __________________________________________________________________________
     1.                                                                        
       aluminum paste                                                          
       (65% metal)  30.00                                                      
                         30.00                                                 
                              30.00                                            
                                   30.00                                       
                                        30.00                                  
     2.                                                                        
       thermosettable                                                          
       mixture      9.75 13.65                                                 
                              19.5 29.25                                       
                                        39.00                                  
       (a) resin*   8.58 12.01                                                 
                              17.16                                            
                                   25.74                                       
                                        34.32                                  
       (b) polyazelaic                                                         
          anhydride 1.17 1.64 2.34 3.51 4.68                                   
          % based on                                                           
          weight of alumi-                                                     
          num       50.00                                                      
                         70.00                                                 
                              100.00                                           
                                   150.00                                      
                                        200.00                                 
     3.                                                                        
       poly(lauryl acrylate)                                                   
                    0.06 0.08 0.12 0.18 0.23                                   
     4.                                                                        
       methylene chloride                                                      
                    250.00                                                     
                         250.00                                                
                              250.00                                           
                                   250.00                                      
                                        250.00                                 
     __________________________________________________________________________
      *epoxy-functional copolymer of Example 1.                                
PAR  Step II. This mixture is then spray dried as in the preceding examples and
      a product comprising aluminum flakes encapsulated in a thermosettable
      mixture of resin and cross-linking agent is obtained wherein the relative
      weights of the components are as follows:
TBL                 A    B    C    D    E                                      
                    PARTS BY WEIGHT                                            
     __________________________________________________________________________
     1.  aluminum flakes                                                       
                    19.5 19.5 19.5 19.5 19.5                                   
     2. thermosettable mixture                                                 
                    9.75 13.65                                                 
                              19.50                                            
                                   29.25                                       
                                        39.00                                  
     3. poly(laurylacrylate)                                                   
                    0.06 0.08 0.12 0.18 0.23                                   
     __________________________________________________________________________
PAR  The above ingredients are mixed in a twin shell tumbling mixer for 10
      minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend is
      cooled and pulverized to pass through a 200 mesh screen.
PAR  The above materials in the amount of 188 parts by weight are mixed with the
      yellow iron oxide pigment (8.26 parts by weight), phthalo green pigment
      (1.75 parts by weight) and 1.34 parts by weight of poly (lauryl acrylate).
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is extended at 100.degree.C. from a kneading extruder. The
      solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAR  The finish coating obtained from the powder coating utilizing the above
      film-former is a thermoplastic film with good metal particle orientation
      and depth variation.
PAC  EXAMPLE 31
PAR  The procedure of Example 1 is repeated with the following compositional
      difference: The coated aluminum flakes and the nickel powder are mixed
      with the principal film-forming powder in an amount such that they
      comprise 0.5 weight percent of the total powder paint composition and the
      weight ratio of nickel powder to coated aluminum flades is 2:1.
PAC  EXAMPLE 32
PAR  A series of powder paints, A-E are prepared from the following materials in
      the manner hereinafter set forth and later electrostatically sprayed as in
      Example 1 for test purposes.
PAC  Step III
PAR  These encapsulated aluminum flakes are sieved through a 44 micron screen.
      All particles left on the screen are rejected.
PAC  Step IV
PAR  A non-metallic powder mixture is made up by thoroughly mixing the below
      listed materials after which the mixture is pulverized and sieved through
      a 75 micron screen. All particles left on the screen are rejected.
TBL  __________________________________________________________________________
                    A     B     C     D     E                                  
                    PARTS BY WEIGHT                                            
     __________________________________________________________________________
     1. Resin*      166   166   166   166   166                                
     2. Azelaic acid                                                           
                    22.64 22.64 22.64 22.64 22.64                              
     3. Poly(lauryl                                                            
       acrylate)    1.34  1.34  1.34  1.34  1.34                               
     4. Pigments                                                               
       (a) thalo green                                                         
                    2.03  2.03  2.04  2.06  2.08                               
       (b) yellow iron oxide                                                   
                    8.04  8.07  8.11  8.18  8.25                               
     __________________________________________________________________________
      *epoxy-functional copolymer of Example 1                                 
PAC  Step V
PAR  An evenly mixed blend is formed from the encapsulated aluminum flakes of
      Step III and the nonmetallic powder mixture of Step IV in the following
      relative proportions:
TBL               A    B    C    D    E                                        
                  PARTS BY WEIGHT                                              
     __________________________________________________________________________
     1. encapsulated aluminum                                                  
       flakes     2.255                                                        
                       2.556                                                   
                            3.009                                              
                                 3.764                                         
                                      4.518                                    
     2. nonmetallic powder                                                     
                  97.745                                                       
                       97.444                                                  
                            96.991                                             
                                 96.236                                        
                                      95.482                                   
     __________________________________________________________________________
PAR  The relative concentrations of ingredients in each of these blends is as
      follows:
TBL  Ingredient         Parts by Weight                                        
     ______________________________________                                    
     aluminum           1.50                                                   
     thermosettable material                                                   
      (resin and crosslinker)                                                  
                        92.91                                                  
     poly(laurylacrylate)                                                      
                        0.66                                                   
     phthalo green      0.99                                                   
     yellow iron oxide  3.93                                                   
     ______________________________________                                    
PAR  Each of the powders thus obtained are blended with nickel powder in an
      amount such that the weight ratio of nickel to aluminum is 2:1 and are
      sprayed on electrically grounded substrates and baked as in Example 1.
      Metal encapsulated pigmet spacing and orientation is best when the resin
      encapsulation on the aluminum flakes is in the range of 50 to 70 weight
      percent of the aluminum with the very best achieved with paint A (50
      weight percent encapsulation based on the weight of aluminum flakes).
PAC  EXAMPLE 33
PAR  Aluminum flakes are encapsulated as in Example 1 except for the differences
      that solvents other than methylene chloride, i.e., toluene, xylene,
      acetone, hexane and methyl ethyl ketone, are used to disperse the
      film-forming material and aluminum flakes prior to spray drying. The spray
      srying operation is adjusted in conformance with the relative volalities
      of the solvent are used in each test. The encapsulated flakes thus
      prepared are incorporated into the powder paint of Example 1,
      electrostatically sprayed upon substrates and the substrates are baked as
      in Example 1.
PAR  Hydrocarbons, alcohols, and ketones boiling in the range of 50.degree.C. to
      152.degree.C., preferably 50.degree.C. to 90.degree.C., can be used for
      this purpose. The amount of solvent used is in excess of the combined
      weights of the aluminum flakes and the film-former used for encapsulation.
      Advantageously, the amount of solvent used is in the range of about 3 to
      100 times the combined weights of film-former and aluminum flakes.
PAR  Apparatus and methods for electrostatically spraying powder coating
      materials are illustrated and described in U.S. Pat. Nos. 3,536,514;
      3,595,678; and 3,598,629.
PAR  Many modifications of the foregoing examples will be apparent to those
      skilled in the art in view of this specification. It is intended that all
      such modifications which fall within the scope of this invention be
      included within the appended claims.
PAR  The disclosures of U.S. patent application Ser. No. 442,291 filed Feb. 12,
      1974 by Santokh S. Labana et al and entitled "Powder Coating Compositions
      Including Glycidyl Ester-Modified Copolymer" are incorporated herein by
      reference.
PAR  Any and all disclosures appearing in the claim and not specifically
      appearing in the body of this specification are herewith incorporated in
      the body of this specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder paint which exclusive of catalysts, antistatic agents,
      plasticizers, and flow control agents, the same being known and optional
      additives to powder paints, consists essentially of aluminum flakes,
      non-metal pigment, and a particulate, organic, film-former, the
      improvement wherein
PA1  A. said non-metal pigment comprises 0 to about 22 weight percent of said
      powder paint,
PA1  B. said aluminum flakes comprise about 0.005 to about 25 weight percent of
      said powder paint and are encapsulated prior to admixture with said
      particulate, organic, film-former with about 2 to about 200 parts by
      weight of a continuous coating of a thermosettable, organic, film-former
      per 100 parts by weight aluminum flakes, said thermosettable, organic,
      film-former consisting essentially of a copolymer having average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C. bearing functional groups provided by constituent monomers
      selected from the group consisting of glycidyl esters of a
      monoethylenically unsaturated carboxylic acid, C.sub.5 -C.sub.7
      monohydroxy acrylates, C.sub.5 -C.sub.7 monohydroxy methacrylates and
      alpha-beta olefinically unsaturated amides and wherein at least above 50
      weight percent of the constituent monomers are selected from acrylic
      monomers and the remainder weight percent, if any, of the constituent
      monomers consist essentially of C.sub.8 -C.sub.12 monovinyl hydrocarbons,
      said copolymer being self-crosslinkable or employed in combination with a
      monomeric or polymeric crosslinking agent that is capable of reacting with
      said functional groups on said copolymer.
PA1  C. nickel powder is dispersed in said powder paint, the weight ratio of
      said nickel powder to the encapsulated aluminum flakes being between about
      1:4 and about 5:1, and
PA1  D. said particulate, organic film-former is selected from
PA2  1. a thermoplastic, particulate, film-former that is a polymer of
      alpha-beta olefinically unsaturated monomers of which about 51 to about
      100 weight percent are acrylic monomers and 0 to about 49 weight percent
      are monovinyl hydrocarbons, and
PA2  2. thermosettable, particulate, film-formers consisting essentially of a
      copolymer having average molecular weight (M.sub.n) in the range of about
      1500 to about 15,000 and glass transition temperature in the range of
      about 40.degree.C. to about 90.degree.C., bearing functional groups
      provided by constituent monomers selected from the group consisting of
      glycidyl esters of a monoethylenically unsaturated carboxylic acid,
      C.sub.5 -C.sub.7 monohydroxy acrylates, C.sub.5 -C.sub.7 monohydroxy
      methacrylates and alpha-beta olefinically unsaturated amides and wherein
      at least about 50 weight percent of the constituent monomers are selected
      from acrylic monomers and the remainder weight percent, if any, of the
      constituent monomers consist essentially of C.sub.8 -C.sub.12 monovinyl
      hydrocarbons, said copolymer being self-crosslinkable or employed in
      combination with a monomeric or polymeric cross-linking agent that is
      capable of reactions with said functional groups on said copolymer.
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein the weight ratio of
      said nickel powder to said encapsulated aluminum flakes is between about
      1.5:1 and about 2.5:1.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein the encapsulation of
      said aluminum flakes is in the amount of about 2 to about 30 parts by
      weight of thermosettable, organic, film-former per 100 parts by weight of
      said aluminum flakes.
NUM  4.
PAR  4. A powder paint in accordance with claim 1 wherein the encapsulation of
      said aluminum flakes is in the amount of about 30 to about 70 parts by
      weight of thermosettable, organic, film-former per 100 parts by weight of
      said aluminum flakes.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic film-former consisting
      essentially of a copolymer which is a copolymer of monoethylenically
      unsaturated monomers of which about 5 to about 20 weight percent are
      glycidyl esters of a monoethylenically unsaturated carboxylic acid, in
      excess of 50 weight percent of the constituent monomers are acrylic
      monomers and the remainder weight percent, if any, of the constituent
      monomers are C.sub.8 -C.sub.12 monovinyl hydrocarbons, and a crosslinking
      agent selected from the groups consisting of dicarboxylic acids and
      anhydrides of dicarboxylic acids.
NUM  6.
PAR  6. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of
      monoethylenically unsaturated monomers of which about 5 to about 20 weight
      percent are glycidyl esters of a monoethylenically unsaturated carboxylic
      acid, in excess of 50 weight percent of the constituent monomers are
      esters of a C.sub.1 -C.sub.8 monohydric alcohol and acrylic or methacrylic
      acid and the remainder weight percent, if any, of the constituent monomers
      are C.sub.8 -C.sub.12 monovinyl hydrocarbons, and a crosslinking agent
      selected from the group consisting of dicarboxylic acids and anhydrides of
      dicarboxylic acids.
NUM  7.
PAR  7. A powder paint in accordance with claim 1 wherein said copolymer of said
      particulate, organic, film-former bears functional groups provided by
      constituent monomers which are selected from C.sub.5 -C.sub.7 monohydroxy
      acrylates and C.sub.5 -C.sub.7 monohydroxy methacrylates and is employed
      with a melamine crosslinking agent.
NUM  8.
PAR  8. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated by dispersing 100 parts by weight of aluminum flakes and
      about 10 to about 200 parts by weight of said thermosettable, organic,
      film-former in a volatile solvent boiling in the range of about
      40.degree.C. to about 152.degree.C., that is fugitive from said
      thermosettable, organic, film-former and said aluminum flakes in spray
      drying and spray drying said dispersion, said solvent being present in
      said dispersion in an amount in excess of the total amount of said
      aluminum flakes and said film-former.
NUM  9.
PAR  9. A powder paint in accordance with claim 8 wherein said 100 parts by
      weight of said aluminum flakes is dispersed in said solvent with about 30
      to about 70 parts by weight of said thermosettable, organic, film-former,
      and said solvent is selected from methylene chloride, alcohols, ketones
      and hydrocarbons boiling in the range of about 50.degree.C. to about
      90.degree.C. and is present in said dispersion in an amount at least 3
      times the combined amounts of said aluminum flakes and said film-former.
NUM  10.
PAR  10. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid and
      about 80 to about 95 weight percent of esters of a C.sub.1 -C.sub.8
      monohydric alcohol and acrylic or methacrylic acid and a crosslinking
      agent selected from the group consisting of dicarboxylic acids and
      anhydrides of dicarboxylic acids.
NUM  11.
PAR  11. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid, about 2
      to about 10 weight percent of a C.sub.5 -C.sub.7 hydroxy acrylate or
      methacrylate and about 70 to about 93 weight percent of esters of a
      C.sub.1 -C.sub.8 monohydric alcohol and acrylic or methacrylic acid and a
      crosslinking agent selected from the group consisting of dicarboxylic
      acids and anhydrides of dicarboxylic acids.
NUM  12.
PAR  12. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid, about 2
      to about 10 weight percent of an alpha-beta olefinically unsaturated amide
      and about 70 to about 93 weight percent of esters of a monohydric alcohol
      and acrylic or methacrylic acid and a crosslinking agent selected from the
      group consisting of dicarboxylic acids and anhydrides of dicarboxylic
      acids.
NUM  13.
PAR  13. A powder paint in accordance with claim 12 wherein said alpha-beta
      olefinically unsaturated amide is selected from the group consisting of
      acrylamide and methacrylamide.
NUM  14.
PAR  14. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid and about 80 to about 95 weight percent of
      esters of a C.sub.1 -C.sub.8  monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  15.
PAR  15. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolmer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of a C.sub.5 -C.sub.7 hydroxyacrylate or methacrylate and about 70
      to about 93 weight percent of esters of a C.sub.1 -C.sub.8 monohydric
      alcohol and acrylic or methacrylic acid and a crosslinking agent selected
      from the group consisting of dicarboxylic acids and anhydrides of
      dicarboxylic acids.
NUM  16.
PAR  16. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of acrylamide or methacrylamide, and about 70 to about 93 weight
      percent of esters of a C.sub.1 -C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
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ABST
PAL  The invention relates to polychromophoric compounds which have been found
      to be effective ultraviolet stabilizers. The invention also relates to
      ultraviolet degradable organic compositions containing a stabilizing
      amount of the polychromophoric composition to prevent such degradation.
      These stabilizers are effective in the presence of other additives
      commonly employed in polymeric compositions including, for example,
      pigments, colorants, fillers, reinforcing agents and the like. These
      ultraviolet stabilizers may also be incorporated into the organic
      compositions in the polymer melt or dissolved in the polymer dope, coated
      on the exterior of the molded article, film or extruded fiber.
BSUM
PAR  This invention relates to polychromophoric ultraviolet stabilizers and
      their use in organic compositions. More particularly, the invention
      relates to polychromophoric compositions and the stabilization of
      ultraviolet degradable organic compositions against deterioration
      resulting from the exposure to such radiations with such polychromophoric
      compositions.
PAR  The degradative effects of ultraviolet light on various organic
      compositions is well known in the art. The photo-deterioration or
      degradation is of particular concern with organic photo-degradable
      compositions which are exposed to ultraviolet light, such as sunlight, for
      long periods of time. One group of such photo-degradable organic
      compositions are polymeric compositions such as polyolefins, polyesters
      and the like. On exposure to sunlight for extended periods of time, these
      polymeric compositions degrade and their physical properties are reduced
      to render the polymeric composition less useful for most applications.
      Therefore, considerable effort has been directed to providing a solution
      to the photo-degradation problem of polymeric compositions. As a result of
      this effort, there have been discovered many additives and stabilizers
      which improve the stability of polymeric compositions.
PAR  Moreover, various additives and stabilizers exhibit the power to absorb
      ultraviolet radiation within the band of 2900 to 4000 A. and, when
      incorporated in various plastic materials such as transparent sheets, the
      resultant sheet acts as a filter for all the radiation passing through and
      will transmit only such radiations as are not absorbed by the sheet and/or
      the absorbing agent. It is thus possible to screen out undesirable
      radiations and utilize the resulting transparent sheet as a filter in many
      technical and commercial applications, such as wrappings for food products
      and the like.
PAR  While there are many additives, stabilizers and mixtures thereof which are
      known in the art to improve the ultraviolet light stability of organic
      compositions, there is a need in the art for more efficient and effective
      stabilizers to prevent the photo-degradation of organic compositions
      susceptible to photo-degradation. Therefore, to provide a more effective
      and efficient ultraviolet stabilizer for organic compositions susceptible
      to such degradation would be an advance in the state of the art.
PAR  It is, therefore, an object of the present invention to provide more
      effective and efficient ultraviolet light stabilizer compositions.
PAR  Another object of the present invention is to provide useful compositions
      characterized by improved resistance to ultraviolet degradation and
      deterioration.
PAR  A further object of the present invention is to provide compositions
      containing polychromophoric compositions which are resistant to
      ultraviolet degradation.
PAR  Another and further obejct of this invention is to provide processes for
      improving the resistance of organic materials to deterioration and
      degradation by actinic radiation and especially ultraviolet radiation.
PAR  A still further object of this invention is to provide compositions and
      processes for improving the resistance of organic materials to
      deterioration and degradation by actinic radiations, including short
      wave-length visible radiations.
PAR  Further objects and advantages of the invention will be apparent to those
      skilled in the art from the accompanying disclosure and claims.
PAR  In accordance with the present invention, polychromophoric compositions are
      provided which are useful as ultraviolet stabilizers or ultraviolet
      screening agents. These organic compositions contain at least one
      heterocyclic group containing compositions connected to an aromatic
      moiety. The polychromophoric compositions of the present invention have
      the following structure:
      ##EQU1##
      wherein A is a group having the structure
      ##SPC1##
PAR  R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are hydrogen, hydroxy, lower
      alkyl or substituted lower alkyl groups having 1 to 12 carbon atoms,
      cycloalkyl or substituted cycloalkyl, aryl or substituted aryl having 6 to
      18 carbon atoms, lower alkylaryl, chloro, bromo, fluoro, alkoxy, aryloxy,
      substituted amino, cyano, carboalkoxy and the substituents R.sub.1 and
      R.sub.2, R.sub.2 and R.sub.3, R.sub.3 and R.sub.4, and R.sub.4 and
      R.sub.5, combined with the carbon atoms to which they are attached, are
      joined alkylene groups completing a carbocyclic ring, which ring can also
      be substituted with one or more of the substituents listed above for
      R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5. It is necessary that at
      least one of R.sub.1 or R.sub.5 be hydrogen, so that on exposure to
      ultraviolet light, the heterocyclic bisphenyl ester is capable by the
      "Photo-Fries" rearrangement of forming a phenol group in that position
      formerly joined through an oxygen atom to the carbonyl linking group.
PAR  B is a heterocyclic phenyl group having the structure
      ##SPC2##
PAL  wherein X and Y are a carbon atom or a nitrogen atom; Z is an oxygen atom,
      a sulfur atom, or a nitrogen atom containing a hydrogen atom or a
      substituted or unsubstituted lower alkyl group having 1 to 12 carbon
      atoms; I is hydrogen, fluoro, chloro, bromo, lower alkyl, substituted
      lower alkyl, cycloalkyl, substituted cycloalkyl, aryl substituted aryl,
      lower alkylaryl, alkoxy, aryloxy, substituted amino, and cyano. I is
      present on all positions of the benzenoid ring, except the carbon atom
      attached to the heterocyclic ring and the carbon atom attached to the
      carbonyloxy or oxycarbonyl group. When the heterocyclic bisphenyl ester is
      structure II, it is necessary that at least one of I, ortho to the carbon
      atom attached to oxycarbonyl group be hydrogen, so that on exposure to
      ultraviolet light, the heterocyclic bisphenyl ester is capable by the
      "Photo-Fries" rearrangement of forming a phenol group in that position
      formerly joined through an oxygen atom to the carbonyl linkage group.
PAR  E is substituted or unsubstituted alkylene and arylene; n is an integer
      from 1 to 6.
PAR  Suitable A groups are phenyl, naphthyl, 2,4-di-t-butylphenyl,
      2-t-butyl-4-methylphenyl, 3-methoxyphenyl, 3-chlorophenyl,
      4-acetamidophenyl, 4-carbomethoxyphenyl and the like.
PAR  Suitable B groups are, for example, moieties having the structure:
      ##SPC3##
PAL  and include substituted and unsubstituted 1,3,4-oxadiazol-2,5-diyl,
      1,3,4-thiadiazol-2,5-diyl, 1,2,4-triazol-3,5-diyl, oxazol-diyl,
      thiazoldiyl and imidazol-diyl and the like.
PAR  Examples of suitable 1,3,4-oxadiazol-2,5-diyl moieties are those having the
      structures:
      ##SPC4##
PAL  wherein E is a substituted or unsubstituted alkylene having 1 to 12 carbon
      atoms or arylene having 6 to 18 carbon atoms; n is an integer from 1 to 6;
      such as 4,4'-(1,3,4-oxadiazol-2,5-diyl)diphenyl, 4,4'[5,5'-tetramethylene
      bis(1,3,4-oxadiazol-2-yl)]diphenyl,
      4,4'-[5,5'-bis(1,3,4-oxadiazol-2,2'-diyl)diphenyl, 4,4'-[5,5'-m-phenylene
      bis(1,3,4-oxadiazol-2-yl)]diphenyl,
      4,4',4"-[5,5',5"-(1,3,5-phenylene)tris(1,3,4-oxadiazol-2-yl)triphenyl and
      the like.
PAR  Examples of suitable 1,3,4-thiadiazol-2,5-diyl moieties are those having
      the structures:
      ##SPC5##
PAL  wherein E is a substituted or unsubstituted alkylene or arylene; n is an
      integer from 1 to 6; such as 4,4'-(1,3,4-thiazol-2,5-diyl)diphenyl,
      4,4'-[5,5'-tetramethylene bis(1,3,4-thiadiazol-2-yl)]diphenyl,
      4,4'-[5,5'-bis(1,3,4-thiadiazol-2,2'-diyl)]diphenyl,
      4,4'-[5,5'-m-phenylene bis(1,3,4-thiadiazol-2-yl)]diphenyl,
      4,4',4"-[5,5',5"-(1,3,5-phenylene)tris(1,3,4-oxadiazol-2-yl)]triphenyl and
      the like.
PAR  Examples of suitable 1,2,4-triazol-3,5-diyl moieties are those having the
      structures:
      ##SPC6##
PAL  wherein E is a substituted or unsubstituted alkylene and arylene; n is an
      integer from 1 to 6, Q is hydrogen or a substituted or unsubstituted lower
      alkyl group containing 1 to 12 carbon atoms; such as
      4,4'-(1H-1,2,4-triazol-3,5-diyl)diphenyl,
      4,4'(4H-1,2,4-triazol-3,5-diyl)diphenyl, 4,4'-[5,5'-tetramethylene
      bis(4H-1,2,4-triazol-3-yl)]diphenyl,
      4,4'-(4-methyl-1,2,4-triazol-3,5-diyl)diphenyl,
      4,4'-(1-methyl-1,2,4-triazol-3,5-diyl)diphenyl, 4,4'-[5,5'-m-phenylene
      bis(4-methyl-1,2,4-triazol-3-yl)]diphenyl, and the like.
PAR  Examples of suitable oxazol-diyl moieties are those having the structures:
      ##SPC7##
PAL  wherein E is a substituted or unsubstituted alkylene and arylene, or the
      same as R.sub.1 ; J is the same as R.sub.1 or a substituted or
      unsubstituted alkylene having 1 to 12 carbon atoms or arylene having 6 to
      18 carbon atoms; n is an integer from 1 to 6; such as
      4,4'-(oxazol-2,5-diyl)diphenyl, 4,4'-(4-methyloxazol-2,5-diyl)diphenyl,
      4,4'-(4-phenyloxazol-4,5-diyl)diphenyl,
      3,4'-(4-methyloxazol-2,5-diyl)diphenyl and the like.
PAR  Examples of suitable thiazol-diyl moieties are those having the structures:
      ##SPC8##
PAL  wherein E is a substituted or unsubstituted alkylene and arylene, or the
      same as R.sub.1 ; J is the same as R.sub.1 or a substituted or
      unsubstituted alkylene or arylene; n is an integer from 1 to 6; such as
      4,4'-(thiazol-2,5-diyl)diphenyl, 4,4'-(4-methylthiazol-2,5-diyl)diphenyl,
      4,4'-(2-methylthiazol-4,5-diyl)diphenyl, 4,4'-(thiazol-4,5-diyl)diphenyl,
      and the like.
PAR  Examples of suitable imidazol-diyl moieties are those having the
      structures:
      ##SPC9##
PAL  wherein E is a substituted or unsubstituted alkylene and arylene, or the
      same as R.sub.1J is the same as R.sub.1, or a substituted or unsubstituted
      alkylene or arylene; n is an integer from 1 to 6; Q is hydrogen or a
      substituted or unsubstituted lower alkyl group having 1 to 12 carbon
      atoms, such as 4,4'-(imidazol-2,5-diyl)diphenyl,
      4,4'-(1-methylimidazol-2,5-diyl)diphenyl,
      4,4'-(2-methylimidazol-4,5-diyl)diphenyl,
      4,4'-(4-methylimidazol-2,5-diyl)diphenyl,
      4,4'-(1,4-dimethylimidazol-2,5-diyl)diphenyl and
      4,4'-(1,2-dimethylimidazol-4,5-diyl)diphenyl and the like.
PAR  The heterocyclic compositions can be added to organic compositions which
      are susceptible to ultraviolet degradation. Such compositions include, for
      example, polymeric compositions such as polyester fiber and molding
      compositions, such as polyethylene terephthalate, polytetramethylene
      terephthalate and the like; polyolefins such as, for example, high, medium
      and low density polyethylene, polypropylene, polybutene and the like;
      polyamides such as N-methoxymethyl polyhexamethylene adipamide, nylon 66
      and the like; polycarbonates; poly(vinyl chlorides) and copolymers;
      cellulose esters; acrylic/butadiene/styrene plastic; polyacrylics such as
      methyl methacrylate; polystyrene; gelatin; vinylidene chloride copolymers
      such as vinylidene chloride/vinyl acetate copolymers; ethylene vinyl
      acetate copolymers; cellulose ethers such as methyl cellulose; polyvinyl
      esters such as polyvinyl acetate; polyethylene oxide; polyvinyl acetals;
      polyformaldehydes; and polyurethanes. Such compositions also include
      natural and synthetic rubbers, such as polybutadiene, and unsaturated
      organic compositions such as oils and the like, as well as compositions
      containing such organic compositions.
PAR  The polychromophoric compositions, as effective ultraviolet stabilizers or
      screening agents, are generally used in an amount of from 0.01 to 10%, by
      weight, based on the weight of the organic material to which they are
      added. While a detectable amount of ultraviolet screening and
      stabilization may be obtained with amounts less than 0.01%, this amount of
      stabilization or screening would be of little practical utility in a
      commercial application. Moreover, while amounts greater than 10% by weight
      provide effective ultraviolet stability and screening, such concentrations
      are undesirable because of cost and the deleterious effect which such
      concentrations may have on the mechanical properties of the organic
      composition in which the stabilizer is incorporated. Preferably, the
      stabilizer is used in an amount of from about 0.1 to about 3%, by weight.
      For example, an amount of 2%, by weight, of the stabilizer effectively
      stabilizes cellulose acetate butyrate plastic compositions.
PAR  The ultraviolet stabilized organic compositions of the present invention
      may also contain other additives, pigments, colorants, stabilizers and the
      like. For example, polymeric compositions, such as polyolefins, may also
      contain and generally do contain other additives such as white or colored
      pigments or colorants, antioxidants, plasticizers, flow aids, processing
      aids, polymeric modifiers and the like.
PAR  These novel polychromophoric ultraviolet stabilizers may be incorporated
      into organic compositions by melt-blending or may be added onto the
      surface of an organic plastic material prior to being molded into a
      suitable object. These materials can also be added to coatings and the
      like which can be applied to the surface of a molded object.
PAR  This invention will be further illustrated by the following examples
      although it will be understood that these examples are included merely for
      purposes of illustration and are not intended to limit the scope of the
      invention.
DETD
PAC  EXAMPLE 1
PAR  Diphenyl-4,4'-(1,3,4-oxadiazol-2,5-diyl)dibenzoate, (I) can be prepared by
      the following procedure:
PAR  To a solution of hydrazine (0.01 mole) and sodium bicarbonate (15 g.) in
      150 ml. of water, monoterephthaloyl chloride (0.18 mole) in 125 ml. of THF
      was added slowly with stirring. After stirring for an additional 30
      minutes, the Product A was filtered and washed with 1 liter of water (m.p.
      295.degree.-8.degree., quantitative yield). A solution of A (0.056 mole)
      and 100 ml. of phosphorus oxychloride in 200 ml. of toluene was refluxed
      for 6 hours. The product B was filtered ans washed with water (m.p.
      268.degree.-270.degree., yield 80%). A solution of B (0.042 mole) and
      potassium hydroxide (0.1 mole) in 700 ml. of 60% ethanol was refluxed for
      10 hours. The mixture was then acidified with 6N HCl. The product was
      filtered and identified as the corresponding bis acid (m.p. &gt;300.degree.,
      quantitative yield). The bis acid (0.013 mole) was refluxed with 50 ml. of
      thionyl chloride in 200 ml. of chlorobenzene for 10 hours. After removal
      of excess thionyl chloride, the product C was obtained by filtration (m.p.
      208.degree.-210.degree., yield 90%). To a solution of phenol (0.036 mole)
      and sodium hydroxide (0.025 mole) in 50 ml. of water, C (0.012 mole) in
      150 ml. of chloroform was added. The mixture was refluxed for 4 hours.
      After cooling, Product I was obtained by filtration (m.p.
      275.degree.-280.degree., yield 50%).
      ##SPC10##
PAC  EXAMPLE 2
PAR  Bis(m-hydroxyphenyl)4,4'-(1,3,4-oxadiazol-2,5-diyl)dibenzoate, (II) can be
      prepared by following the same procedure as described in Example 1 (m.p.
      &gt;300.degree., yield 50%).
PAC  EXAMPLE 3
PAR  Diphenyl-4,4'-(1,3,4-thiadiazol-2,5-diyl)dibenzoate, (III) can be prepared
      by the following procedure:
PAR  1,2-di(4-Carbomethoxybenzoyl)hydrazine (A), prepared as in Example 1, in
      pyridine was refluxed with phosphorus pentasulfide for 15 hours. The
      mixture was cooled and poured into 20% ethanol. After the solution was
      neutralized with sodium bicarbonate, the product,
      dimethyl-4,4'-(1,3,4-thiadiazol-2,5-diyl)dibenzoate (D), was obtained by
      filtration (m.p. 268.degree.-270.degree., yiled 60%). Then III was
      obtained by reacting D in a similar manner as in Example 1 (m.p.
      &gt;300.degree., 60%).
PAC  EXAMPLE 4
PAR  Diphenyl-4,4'-(4-methyl-1,2,4-triazol-3,5-diyl)dibenzoate (IV) can be
      prepared by the following procedure:
PAR  A solution of N-methyl-p-carbmethoxybenzamide in chloroform was treated
      with phosphorus pentachloride to give E. Then E was reacted with
      p-carbmethoxybenzoyl hydrazine to yield
      dimethyl-4,4'-(4-methyl-1,2,4-triazol-3,5-diyl)dibenzoate, (F). Then IV
      was obtained by reacting F in a similar manner as in Example 1.
PAC  EXAMPLE 5
PAR  Diphenyl-4,4'-(5,5'-bi-1,3,4-oxadiazol-2,2'-diyl)dibenzoate, (V) can be
      prepared by the following procedure:
PAR  A mixture of oxalyl dihydrazine (0.01 mole), lithium chloride (2.0 g) and
      p-carbmethoxybenzoyl chloride (0.02 mole) in N-methyl pyrrolidinone (100
      ml.) was stirred at room temperature overnight. The mixture was poured
      into 500 ml. of ice-water. The product,
      1,1'-oxalylbis[2-(p-carbmethoxybenzoyl hydrazine], G, was obtained by
      filtration. Then V was produced by reacting G in a similar manner as in
      Example 1 (m.p. &gt;300.degree., 50%).
PAC  EXAMPLE 6
PAR  2,5-Bis(p-benzoyloxyphenyl)-1,3,4-oxadiazole (VI) can be prepared by the
      following procedure:
      ##SPC11##
PAR  p-Hydroxybenzoic acid was refluxed with benzoyl chloride for 4 hours to
      give A'. A' was heated with excess thionyl chloride for 2 hours to yield
      B'. B' (0.1 mole) in 100 ml. N-methylpyrrolidinone was treated with .03
      mol. 60% hydrazine in 50 ml. N-methylpyrrolidinone for 1 hour at
      5.degree.-10.degree. and then stirred an additional hour at room
      temperature. The mixture was poured into 500 ml. ice-water and filtered to
      obtain C'. The mixture of C' and excess thionyl chloride was refluxed for
      2 hours. After removal of thionyl chloride, the product VI, was obtained
      and recrystallized from toluene (m.p. 200.degree.-3.degree., yield 70%).
PAC  EXAMPLE 7
PAR  Diphenyl-4,4'-(4-methyloxazol-2,5-diyl)dibenzoate (VII) can be produced by
      the following procedure:
PAR  .alpha.-(p-Carbomethoxybenzamido)-p-carbmethoxypropiophenone, obtained by
      reaction of p-carbmethoxybenzamide and
      .alpha.-bromo-p-carbmethoxypropiophenone, was refluxed in toluene with
      phosphorus oxychloride to yield 70%
      dimethyl-4,4'-(4-methyloxazol-2,5-diyl)dibenzoate, D'. Then VII was
      obtained in a similar manner as in Example 1.
PAC  EXAMPLE 8
PAR  Diphenyl-4,4'-(2-methyloxazol-4,5-diyl)dibenzoate (VIII) can be produced by
      the following procedure:
PAR  p,p'-Dicarbmethoxybenzoin, obtained by benzoin condensation of methyl
      p-formylbenzoate, was refluxed with ammonium acetate, paraldehyde in
      glacial arctic acid for 2 hours. The product,
      dimethyl-4,4'-(2-methyloxazol-4,5-diyl)dibenzoate, E', was obtained by
      filtration after cooling. Then VIII was obtained in a similar manner as in
      Example 1.
PAC  EXAMPLE 9
PAR  The ultraviolet stabilization provided by the heterocyclic stabilizer of
      the present invention is shown for poly(tetramethylene terephthalate) in
      Table 1.
PAR  A dry mixture of the stabilizer and granulated poly(tetramethylene
      terephthalate) was extruded into 1/16 in. diam. rods, pelletized and
      injection molded into 21/2- .times. 1/2- .times. 1/16-inch flat bars;
      these flat bars were exposed to a 280-700 nm. mercury lamp. The test
      results are summarized in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Effectiveness of Ultraviolet Stabilizers                                  
     in Poly(tetramethylene terephthalate)                                     
               FWIS (Flatwise Impact Strength)                                 
     Compound (0.5%)                                                           
                 Initial    300 hr.    500 hr.                                 
     ______________________________________                                    
     None            17          6        1                                    
     I               20         20       18                                    
     II              20         19       20                                    
     III             18         18       16                                    
     IV              19         17       15                                    
     V               20         20       20                                    
     VI              19         17       17                                    
     VII             17         17       15                                    
     VIII            18         16       14                                    
     ______________________________________                                    
PAR  These polychromophoric compositions find particular utility as ultraviolet
      stabilizers in organic compositions requiring ultraviolet stability. Such
      compositions include polymeric compositions such as, for example,
      polyester fiber and molding compositions, poly-.alpha.-olefins,
      polyamides, acrylics, cellulose esters and the like, as well as molded or
      shaped articles, film and coatings formed from such materials and the
      like. Such compositions also include natural and synthetic rubbers, as
      well as organic materials such as oils, fats, and unsaturated organic
      materials and materials having such materials contained therein such as
      paints, varnishes, cosmetics and the like.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An organic composition susceptible to ultraviolet degradation stabilized
      against such degradation with a stabilizing amount of a composition of
      matter comprising compounds having the formula:
      ##EQU2##
      wherein A is a group having the structure:
      ##SPC12##
PAL  wherein
PA1  R.sub.1, r.sub.2, r.sub.3, r.sub.4 and R.sub.5 are hydrogen, hydroxy,
      chloro, bromo, fluoro, lower alkyl, substituted lower alkyl, cycloalkyl,
      substituted cycloalkyl, aryl, substituted aryl, lower alkylaryl, alkoxy,
      aryloxy, amino, substituted amino, cyano, carboalkoxy and the substituents
      R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, R.sub.3 and R.sub.4, and R.sub.4
      and R.sub.5 combined with the carbon atoms to which they are attached, are
      joined alkylene groups completing a carbocyclic ring, which ring can also
      be substituted with one or more of the substituents listed above for
      R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 ;
PA1  B is a heterocyclic group having the structures
      ##SPC13##
PA1   wherein
PA1  X and Y are a carbon atom, a carbon atom containing an alkyl group having 1
      to 12 carbon atoms, a carbon atom containing an aryl group having 6 to 18
      carbon atoms or a nitrogen atom; Z is an oxygen atom, a sulfur atom, or a
      nitrogen atom containing a hydrogen atom or a substituted or unsubstituted
      lower alkyl group having 1 to 12 carbon atoms; I is hydrogen, chloro,
      bromo, fluoro, lower alkyl, substituted lower alkyl, cycloalkyl,
      substituted cycloalkyl, aryl, substituted aryl, lower alkylaryl,
      aryl-substituted-aryl, alkoxy, aryloxy, substituted amino and cyano, said
      I is present on all positions of the benzenoid ring, except the carbon
      atom attached to the heterocyclic ring and the carbon atom attached to the
      carbonyloxy or oxycarbonyl group, E is a substituted or unsubstituted
      alkylene and arylene and n is an integer from 1 to 6 wherein at least one
      of R.sub.1, R.sub.5 or I ortho to the oxy of said carbonyloxy or
      oxycarbonyl group is hydrogen.
NUM  2.
PAR  2. An organic composition susceptible to ultraviolet degradation stabilized
      against such degradation with a stabilizing amount of a composition of
      matter according to claim 1 having the formula
      ##SPC14##
PA1  R.sub.1, r.sub.2, r.sub.3, r.sub.4 and R.sub.5 are hydrogen, hydroxy,
      chloro, bromo, fluoro, lower alkyl, substituted lower alkyl, cycloalkyl,
      substituted cycloalkyl, aryl, substituted aryl, lower alkylaryl, alkoxy,
      aryloxy, substituted amino, cyano, carboalkoxy and the substituents
      R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, R.sub.3 and R.sub.4, and R.sub.4
      and R.sub.5 combined with the carbon atoms to which they are attached, are
      joined alkylene groups completing a carbocyclic ring, which ring can also
      be substituted with one or more of the substituents listed above the
      R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 ; D is carbonyloxy or
      oxycarbonyl; Z is an oxygen atom, a sulfur atom, or a nitrogen atom
      containing a hydrogen atom or a substituted or unsubstituted lower alkyl
      group having 1 to 12 carbon atoms; I is hydrogen, chloro, bromo, fluoro,
      lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl,
      aryl, substituted aryl, lower alkylaryl, aryl-substituted-aryl, alkoxy,
      aryloxy, substituted amino and cyano, and I is present on all positions of
      the benzenoid ring, except the carbon atom attached to the heterocyclic
      ring and the carbon atom attached to the carbonyloxy or oxycarbonyl group,
      E is a substituted or unsubstituted alkylene and arylene and n is an
      integer from 1 to 6 wherein at least one of R.sub.1, R.sub.5 or I ortho to
      the oxy of said carbonyloxy or oxycarbonyl group is hydrogen.
NUM  3.
PAR  3. An organic composition susceptible to ultraviolet degradation stabilized
      against such degradation with a stabilizing amount of a composition of
      matter according to claim 1 having the formula
      ##SPC15##
PA1  R.sub.1, r.sub.2, r.sub.3, r.sub.4, r.sub.5, and R.sub.6 are hydrogen,
      hydroxy, chloro, bromo, fluoro, lower alkyl, substituted lower alkyl,
      cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, lower
      alkylaryl, alkoxy, aryloxy, amino, substituted amino, cyano, carboalkoxy,
      and the substituents R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, R.sub.3 and
      R.sub.4, and R.sub.4 and R.sub.5 combined with the carbon atoms to which
      they are attached, are joined alkylene groups completing a carbocyclic
      ring, which ring can also be substituted with one or more of the
      substituents listed above for R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5
      and R.sub.6 ; D is carbonyloxy or oxycarbonyl; Z is an oxygen atom, a
      sulfur atom, or a nitrogen atom containing a hydrogen atom or a
      substituted or unsubstituted lower alkyl group having 1 to 12 carbon
      atoms; I is hydrogen, chloro, bromo, fluoro, lower alkyl, substituted
      lower alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted amino
      and cyano, said I is present on all positions of the benzenoid ring,
      except the carbon atom attached to the heterocyclic ring and the carbon
      atom attached to the carbonyloxy or oxycarbonyl group;
PA1  E is a substituted or unsubstituted alkylene and arylene and n is an
      integer from 1 to 6 wherein at least one of R.sub.1, R.sub.5 or I ortho to
      the oxy of said carbonyloxy or oxycarbonyl group is hydrogen.
NUM  4.
PAR  4. An organic composition susceptible to ultraviolet degradation stabilized
      against such degradation with a stabilizing amount of a composition of
      matter according to claim 1 having the formula
      ##SPC16##
PA1  R.sub.1, r.sub.2, r.sub.3, r.sub.4, r.sub.5 and R.sub.6 are hydrogen,
      hydroxy, chloro, bromo, fluoro, lower alkyl, substituted lower alkyl,
      cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, lower
      alkylaryl, alkoxy, aryloxy, amino, substituted amino, cyano, carboalkoxy,
      and the substituents R.sub.1 and R.sub.2, R.sub.2 and R.sub.3, R.sub.3 and
      R.sub.4, and R.sub.4 and R.sub.5 combined with the carbon atoms to which
      they are attached, are joined alkylene groups completing a carbocyclic
      ring, which ring can also be substituted with one or more of the
      substituents listed above for R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5
      and R.sub.6 ; D is carbonyloxy or oxycarbonyl; Z is an oxygen atom, a
      sulfur atom, or a nitrogen atom containing a hydrogen atom or a
      substituted or unsubstituted lower alkyl group having 1 to 12 carbon
      atoms; I is hydrogen, chloro, bromo, fluoro, lower alkyl, substituted
      lower alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted amino
      and cyano, said I is present on all positions of the benzenoid ring,
      except the carbon atom attached to the heterocyclic ring and the carbon
      atom attached to the carbonyloxy or oxycarbonyl group; E is a substituted
      or unsubstituted alkylene and arylene and n is an integer from 1 to 6
      wherein at least one of R.sub.1, R.sub.5 or I ortho to the oxy of said
      carbonyloxy or oxycarbonyl group is hydrogen.
NUM  5.
PAR  5. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC17##
NUM  6.
PAR  6. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC18##
NUM  7.
PAR  7. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC19##
NUM  8.
PAR  8. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC20##
NUM  9.
PAR  9. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC21##
NUM  10.
PAR  10. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC22##
NUM  11.
PAR  11. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC23##
NUM  12.
PAR  12. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC24##
NUM  13.
PAR  13. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC25##
NUM  14.
PAR  14. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC26##
NUM  15.
PAR  15. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC27##
NUM  16.
PAR  16. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC28##
NUM  17.
PAR  17. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC29##
NUM  18.
PAR  18. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC30##
NUM  19.
PAR  19. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC31##
NUM  20.
PAR  20. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC32##
NUM  21.
PAR  21. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC33##
NUM  22.
PAR  22. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC34##
NUM  23.
PAR  23. An organic composition according to claim 2 containing a stabilizing
      amount of a compound having the formula:
      ##SPC35##
NUM  24.
PAR  24. An organic composition according to claim 3 containing a stabilizing
      amount of a compound having the formula:
      ##SPC36##
NUM  25.
PAR  25. An organic composition according to claim 3 containing a stabilizing
      amount of a compound having the formula:
      ##SPC37##
NUM  26.
PAR  26. An organic composition according to claim 3 containing a stabilizing
      amount of a compound having the formula:
      ##SPC38##
NUM  27.
PAR  27. An organic composition according to claim 3 containing a stabilizing
      amount of a compound having the formula:
      ##SPC39##
NUM  28.
PAR  28. An organic composition according to claim 3 containing a stabilizing
      amount of a compound having the formula:
      ##SPC40##
NUM  29.
PAR  29. An organic composition according to claim 3 containing a stabilizing
      amount of a compound having the formula:
      ##SPC41##
NUM  30.
PAR  30. An organic composition according to claim 4 containing a stabilizing
      amount of a compound having the formula:
      ##SPC42##
PATN
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APD  19730514
TTL  Self-supported, oriented high-performance films having minimal thermal
      distortion properties
ISD  19760217
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ABST
PAL  Highly unusual and useful novel high-performance, oriented, lowcrystalline,
      essentially heterocyclic structures, e.g. films, are prepared from certain
      novel and important process sequences. These structures, e.g. films and
      fibers, possess a unique combination of minimal shrinkage at high
      temperatures, after orientation, coupled with negligible coefficent of
      expansion over an unusually wide temperature range.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  There are no other related applications to this one. But it is to be noted
      that the polyparabanic acid heterocyclic polymer, which is the preferred
      polymer used to make the unique structures of the invention, is disclosed
      in a series of patents which are owned by the common assignee. These are
      U.S. Pat. Nos. 3,591,562; 3,547,897; 3,661,859; 3,684,773; 3,637,843; and
      3,635,905.
PAC  BACKGROUND OF THE INVENTION
PAR  In general, unoriented polymers have a relatively large coefficient of
      thermal expansion, as compared to other materials such as inorganics.
      Furthermore, for many applications, e.g. film and fiber, most polymers are
      not strong enough to be used without orientation. But orientation causes
      an adverse effect on the resistance of a polymeric structure to permanent
      irreversable shrinkage. These shrinkage effects are so pronounced that
      they obscure the effect of reversable thermal expansion.
PAR  Irreversable shrinkage as used herein means thermally irreversable
      permanent dimensional change from a stressed condition as opposed to
      contraction which is thermally reversable.
PAR  Structures such as fibers and films having exceptional thermal dimensional
      stability would be exceedingly useful for use as magnetic tape bases,
      circuit boards, substrates for miniaturized electronics, fibers for highly
      accurate measurements and the like.
PAR  Polymeric materials with this unique characteristic would also be extremely
      useful for reinforcing fillers and for use in those situations where
      dissimilar materials are in contact with each other and are subject to
      wide variations in thermal cycling. Examples of this type of combination
      would be metallized polymer foils and laminates containing layers of
      different types of polymers and other materials.
PAR  The thermal expansion coefficient is defined at temperature T as
      .alpha..sub.T, where
      ##EQU1##
      Where L.sub.o is the initial sample length, and .DELTA.L is the change in
      sample length which occurs during the change in temperature, .DELTA.T.
PAR  Isolated instances of specific unoriented polymer structures which show a
      zero coefficient of expansion are described in U.S. Pat. Nos. 3,455,879
      and 3,642,709. These are formed from specific polymer compositions which
      are totally unrelated to the ones of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  Controlled orientation process for producing high-temperature resistant
      polymer articles showing unusual thermal dimensional stability, including
      a low or zero shrinkage at high temperatures with about zero coefficient
      of expansion over a wide temperature range, particularly near room
      temperature.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The unique structures, e.g. films and fibers, of the invention, are
      obtained by expressly subjecting high temperature performance precursor
      structures to certain critical processing techniques in order to develop
      the unusual thermal dimensional stability.
PAR  Thus, total dimensional stability as used herein refers not only to
      coefficient of thermal expansion attributes, but also comprises an
      additional but highly important property component. That is, these
      structures of the invention are composed of high temperature resistant
      polymers which have a T.sub.g, i.e., a glass transition temperature, which
      is extremely high relative to the normal environment in which they are
      used and processed.
PAR  Thus, a typical high-softening temperature polymer to be used in the
      structures of the invention would have a T.sub.g greater than 100.degree.
      C, preferably greater than 150.degree., and most preferably 200.degree. C.
      or equivalent .degree. F. Those will be referred to herein as high
      softening temperature polymers.
PAR  High glass transition temperatures are extremely significant. The reason is
      that the polymers of this invention which can be suitably oriented are
      highly resistant to the shrinkage at temperatures above room temperature
      which is ordinarily associated with highly oriented films or fibers as
      they approach within 50.degree. C of their respective T.sub.g.
PAR  Shrinkage is ordinarily so pronounced at this temperature for low T.sub.g
      polymers that it tends to make the other thermal dimensional
      characteristic, e.g., thermal expansion coefficients, insignificant.
      Furthermore, such oriented structures in the art possess high shrinkage
      stresses. These result in those serious thermal distortions at relatively
      low temperatures which are ordinarily referred to as permanent
      irreversable "shrinkage".
PAR  It is only when a polymer with an exceptionally high glass transition
      temperature is properly oriented according to the techniques of the
      invention to eliminate irreversable shrinkage that the phenomenon of low
      or even zero coefficient of thermal expansion can be isolated and observed
      as being not only a novel thermal dimensional stability component, but an
      exceedingly useful property even at room temperature and above.
PAR  Heretofore it was known that some reduction in the magnitude of .alpha. in
      the direction of orientation is achieved. However, such reduction of
      .alpha. is a relatively small percentage of the total value of .alpha..
PAR  It is known that high performance films, fibers and other structures can be
      made from various heterocyclic polymers such as those described in U.S.
      Pat. No. 3,661,859, which disclosure is incorporated herein in its
      entirety by reference. Those particular polymers are referred to as
      1,3-imidazolidene-2,4,5-trione-1-diyl polymers and are especially
      preferred for the purpose of this invention. They are also referred to as
      polyparabanic acids which term is shortened to PPA which will be used
      hereinafter.
PAR  The repeating heterocyclic ring structure of this preferred polymer is
      shown as follows:
      ##EQU2##
      n, where n is a number from 10 to 1,000,000.
PAR  Related to PPA but different high performance polymers that can be used are
      polyhydantoins which have been described in the art. See, for instance,
      Netherlands Pat. No. 6,809,916, Belgium Pat. No. 723,772, German Pat. Nos.
      1,807,742; 1,805,955; 1,812,002; 1,812,003; 1,905,367. Polyimides are well
      known and are described in such publications as British Pat. No.
      1,240,665, U.S. Pat. Nos. 3,486,934, 3,536,666, French Pat. Nos.
      1,488,924, 1,549,101, Russian Pat. No. 218,424, German Pat. No. 1,301,114,
      Netherlands Pat. No. 7,001,648 and the like.
PAR  The detailed preparation of these polymers and solutions of these polymers
      in suitable solvents are set forth in the above-recited patents and others
      also in the art, and therefore need not be repated here except as is
      necessary to understand the invention.
PAR  The preferred heterocyclic polymers which are used to form the structures
      of the invention are characterized by high temperature thermal stability,
      organic petroleum solvent resistance, relative high tensile modulus,
      tensile strength and ultimate elongations with low shrinkage at at high
      temperatures.
PAR  Furthermore, they have relatively high dielectric strengths. These
      properties have been found by the present inventors and their co-workers
      to offer outstanding commercial advantages when used as films in flexible
      circuitry for use in air bag circuits, light monitoring circuits,
      telephone circuits because of their ability to be soldered. They also are
      useable for magnetic tapes (where good dimensional stability at high
      temperatures is required), for fibers, such as tire cord fibers, where
      high tenacity and modulus are required, for moldings for electrical
      connectors and bearings where high temperatures are required, magnetic
      wire insulation, coatings for ship cables and cookware, glass fabrics,
      industrial belts and the like.
PAR  In general, the heterocyclic polymers of the invention will comprise
      sufficient repeating units of a special heterocyclic ring structure to be
      solid at room temperature.
PAR  The heterocyclic ring will be 5-membered and will contain carbon, and
      nitrogen linkages wherein at least two of the carbon linkages will be
      carbonyl groups, i.e.
      ##EQU3##
      which are separated by a nitrogen atom.
PAR  The preferred heterocyclic ring can be schematically represented as
      ##EQU4##
      wherein X is selected from the group consisting of:
      ##EQU5##
      and wherein a minimum of two carbonyl groups are present and separated by
      a nitrogen atom.
PAR  Examples of Heterocyclic rings which fall in this class are:
      ##EQU6##
      where R is H or a C.sub.1 to C.sub.50 hydrocarbon.
PAR  Other suitable polymers have repeating units, as follows:
      ##EQU7##
      wherein Z is a number from 10 to 500, preferably 50 to 200, wherein some
      of the units can be aliphatic comonomers.
PAR  Thus in general the polymers which are suitable for use in the process and
      oriented structures of the invention are aromatic-based, high-temperature
      polymers selected from the group consisting of aromatic PPA, aromatic
      polyhydantoins, aromatic polyamides, aromatic polyamideimides, aromatic
      poly(carbonates) and aromatic polysulfones.
PAR  In general, the high performance polymers disclosed herein, particularly
      aromatic PPA homopolymers are oriented as low as 40.degree. C. below their
      glass transition temperature, T.sub.g, or at their T.sub.g, or slightly
      above their T.sub.g (not more than 10.degree. C. above) (depending on
      stretch rate) followed by rapid quenching to produce a highly oriented
      anistropic film. As is typical of oriented films, the mechanical
      properties are greatly enhanced by orientation. Thermal expansion in the
      orientation direction can be reduced drastically and even made negative by
      the proper control of such orientation.
PAR  A negative .alpha. means that the sample actually is reversable --
      contracts on heating and expands on cooling.
PAR  The magnitude and sign of .alpha. are determined by the amount of
      orientation achieved which is controlled primarily by the factors of (a)
      drawing temperature, (b) percent elongation, (c) rate of draw, and (d)
      rapidity of quench.
PAR  The orientation techniques described herein are applicable for other PPA
      homopolymers, copolymers as well as blends containing PPA, and for other
      heterocyclic polymers. Orientation of other structures such as fibers
      extruded and molded sheets will also respond in a similar manner to the
      cast films described in the examples herein.
PAR  Generally speaking, relationships of birefringence to .alpha.(coefficient
      of thermal expansion) are shown in the following Table.
TBL  ______________________________________                                    
               Birefringence                                                   
                            .times. 10.sup..sup.-5 deg..sup..sup.-1            
     ______________________________________                                    
     General     .05 to 0.2     + 1.6 to -3                                    
     Preferred   .06 to 0.18    + 2 to -2                                      
     Most Preferred                                                            
                 .07 to 0.15    +0.8 to -0.5                                   
     ______________________________________                                    
PAR  Thus the essence of the invention is to control the particular process
      conditions in order that the resulting structure has an .alpha. or
      birefringence falling within the ranges expressed above.
PAR  The variable process conditions which can be controlled and selected in
      order to obtain the desired .alpha. values comprise:
PA1  a. temperature of orientation or stretching;
PA1  b. rate of orientation;
PA1  c. ultimate percent of stretch in final product;
PA1  d. a relatively rapid quench.
PAR  The details and ranges governing these process variables are discussed
      below.
PAR  The temperature of orientation will, of course, vary from polymer to
      polymer depending on that polymer's particular glass transition
      temperature.
PAR  In general, the temperatures of orientation will range from approximately
      40.degree. C. below the T.sub.g to about 10.degree. C. above the T.sub.g,
      preferably 20.degree. C. below T.sub.g to about 5.degree. C. above T.sub.g
      and most preferably about 10.degree. C. below T.sub.g and up to 2.degree.
      C. above T.sub.g.
PAR  For the preferred PPA polymers of the invention, the temperature range for
      orientation will be about 250.degree. to 300.degree. C., preferably
      270.degree. to 295.degree. C., and most preferably 270.degree. to
      292.degree. C.
PAR  Generally, the rate of stretch measured in percent elongation per minute,
      i.e. PPM, will vary from about 10 to 10,000, preferably 75 to 5,000, and
      most preferably 100 to 2,000.
PAR  The ultimate percentage of stretch or elongation in the final structural
      article will vary from 25 to 500% increase over initial dimension,
      preferably 50 to 200%, and most preferably 75 to 150% increase over
      initial dimension.
PAR  The essence of the present invention is the unique process for producing
      novel products with almost perfect thermal dimensional stability under
      anhydrous conditions. It has also been found that other factors besides
      thermal ones influence the total or overall dimensional stability of a
      structure prepared according to this invention. Thus, it has been
      disdovered that an extremely important factor is the effect of sorbed
      water vapor. Since the high performance polymers comprising the structures
      which are the substance of this invention are generally polar, it is
      normal that they will absorb small quanitites of water. Hitherto, the
      effect of that water had not been known to create an effect on the total
      dimensional stability of the oriented film.
PAR  As a result of the observations detailed herein it has been discovered that
      there is a hydroscopic coefficient of expansion as well as a pronounced
      hydroscopic effect on the thermal coefficient of expansion. Ideally, for
      maximum dimensional stability, the hydroscopic factors influencing
      coefficients of expansion must be inter-related with these other
      coefficients of expansion in order to arrive at a balance point where
      there is a minimal dimensional change effect created by the factors of
      water vapor and heat.
PAR  In order to further demonstrate the invention, a number of films
      incorporating the unique process techniques and therefore exemplifying the
      novel films of this invention were prepared in the following series of
      examples. In these examples, expansion measurements (and determinations)
      were made on a Perkin-Elmer Thermal Mechanical Analyzer. The expansion
      coefficient was calculated by determining the slope at T.sub.1 on an L vs.
      T plot and then dividing this by the original length, L.sub.o at T.sub.o.
PAR  Oriented, cast films were first subjected to a preheat cycle, i.e.
      annealing, and cooled before an .alpha. measurement scan. This was done to
      remove any residual shrinkage effects that would superimpose on thermal
      expansion effects.
PAC  EXAMPLE 1
PAR  A dry PPA film cast from a DMF solution of PPA polymer made from diphenyl
      ether diisocyanates according to the techniques described in U.S. Pat. No.
      3,661,859, which patent is hereby incorporated by reference in its
      entirety, was oriented as follows:
PAR  The film was rapidly stretched 75% at 240.degree. C. at a rate of 100%
      elongation per minute in a hot air oven and quenched in the drawn state by
      exposing to ambient air. The stretched film was heat-treated (annealed and
      dried) for 30 min. at 150.degree. C. Permanent nonrecoverable shrinkage of
      0.2% on this first heat cycle was observed. An .alpha.(OP) measurement was
      made with results as follows:
PA1  .alpha..sub.25 (OP) = -1.02 .times. 10.sup.-.sup.5 deg. .sup.-.sup.1
PA1  .alpha..sub.25 (TD) = +5.4 .times. 10.sup.-.sup.5 deg. .sup.-.sup.1
PAR  When the results are reported, OD indicates the orientation or draw
      direction and TD indicates the planer transverse direction.
PAR  The subscript on .alpha. indicates the temperature at which .alpha. is
      quoted.
PAR  Although only values of .alpha. calculated near room temperature were
      tabulated, these novel coefficient of expansion characteristics apply to
      all temperatures below T.sub.g, but their particular magnitude is
      temperature dependent as it is for normal materials. For example, this
      particular PPA film exhibits a negative .alpha. from the lowest measured
      temperature of -151.degree. C. to over +270.degree. C. This is apparent
      from L vs. T comparisons over a wide spectrum where .alpha. is seen to
      become more negative as the temperature increases.
PAC  EXAMPLE 2
PAR  The film of Example 1 was rapidly stretched 150% at 240.degree. C. at a
      rate of 75% elongation per minute in the apparatus described in Example 1
      and quenched in ambient air in the drawn state. The resulting .alpha. is:
PA1  .sub.25 (MD) + -1.4 .times. 10.sup.-.sup.5 deg. .sup.-.sup.1
PAR  An unstressed portion of this oriented film was held at 202.degree. C.
      overnight and showed no shrinkage (0.1%) even at this high temperature. No
      significant amount of orientation was lost by this heat treatment as
      indicated by the retention of the negative value and corresponding
      birefringence value after annealing.
PAC  EXAMPLE 3
PAR  In order to demonstrate the utility of this invention for aromatic
      polyimides, a "Kapton" 500H polyimide film obtained from E. I. duPont de
      Nemours & Co., Inc., Film Dept., Wilmington, Delaware 19898 was uniaxially
      oriented by stretching at 290.degree. C. at a rate of 1000% elongation per
      minute followed by rapid air quench at ambient temperatures.
PAR  The linear thermal expansion coefficient in the orientation direction (OD)
      at 25.degree. C. was -0.24 .times. 10.sup.-.sup.5 in/in/.degree.  C. for
      100% stretch. These values are to be compared with one of +1.85 .times.
      10.sup.-.sup.5 in/in/.degree.  C. (note sign) at 25.degree. C. (Machine
      Direction) for the film as received and analyzed without orientation. This
      measurement on the unstretched film was in good agreement with the
      literature value (DuPont Bulletin H-2) of 2.0 .times. 10.sup.-.sup.5
      in/in/.degree.  C.
PAR  The birefringence, after orientation, was very large, i.e. greater than
      0.15. When the oriented film was held in an unrestrained mode at
      150.degree. C. for 7.5 hours in helium, it underwent a relatively large
      permanent shrinkage of 1.45%, but still retained a negative (OD) of -1.1
      .times. 10.sup.-.sup.5 in/in/.degree. C.
PAC  EXAMPLE 4
PAR  Polyhydantoin film (I Do 4089 obtained from Farbenfabreken Bayer AG) of the
      general structure
      ##SPC1##
PAL  as determined by NMR and infrared analysis was oriented in the apparatus
      and using the technique described above in Example 1 by stretching to a
      100% elongation at 290.degree. C. at a stretching rate of 1000% per minute
      and immediately quenched in air. The .alpha..sub.75 before orientation was
      +5.45 .times. 10.sup.-.sup.5 in/in/.degree.  C. After orientation
      .alpha..sub.75 (MD) was -0150 .times. 10.sup.-.sup.5 in/in/.degree.  C.
      Birefringence was very high at 0.1248.
PAR  Examples 3 and 4 demonstrate the techniques of the invention can be used to
      prepare dimensionally stable films from high performance aromatic
      polyamides, and polyhydantoins in addition to those from PPA.
PAR  It should be noted that biaxially oriented films can also be prepared which
      have comparable unique and unusual dimensional characteristics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oriented shaped article formed from a high softening temperature
      aromatic-containing polymer or copolymer having a thermal co-efficient of
      expansion (.alpha.) of from +1.6 to -3.0 .times. 10.sup.-.sup.5 deg
      .sup.-.sup.1 and for PPA a birefringence value of from 0.05 to 0.2 and
      wherein said article has been elongated at least 25% more than its
      non-oriented value in one dimension.
NUM  2.
PAR  2. An article according to claim 1 which is a fiber or filament.
NUM  3.
PAR  3. An article according to claim 1 which is a molded sheet.
NUM  4.
PAR  4. An article according to claim 2 wherein .alpha. is about +2.0 to -2.6
      .times. 10.sup.-.sup.5 deg. .sup.-.sup.1, the birefringence is from 0.05
      to 0.2 and the article has been elongated at least 25% more than its
      non-oriented value in the machine direction and wherein said article is in
      a substantially anhydrous condition or in a constant humidity condition.
NUM  5.
PAR  5. An article according to claim 1 wherein said polymer is homopolymer or
      copolymer PPA.
NUM  6.
PAR  6. An article according to claim 1 wherein said polymer is a homopolymer or
      copolymer polyimide.
NUM  7.
PAR  7. An article according to claim 1 wherein said polymer is homopolymer or
      copolymer polyhydantoin.
NUM  8.
PAR  8. An article according to claim 1 wherein .alpha.  is about +2.0 to -2.0.
NUM  9.
PAR  9. An article according to claim 1 which has been prepared from a cast
      film.
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ABST
PAL  A process for producing a polyarylene ester, which comprises subjecting to
      a polymerization reaction a slurry of at least one divalent phenol, at
      least one aromatic carboxyl dichloride and calcium hydroxide (in the form
      of solid particles), the calcium hydroxide being used in an amount of at
      least 1.5 mol to one mol of the divalent phenol, in an inert organic
      liquid which is a solvent for the polyarylene ester but not a solvent for
      calcium hydro-oxide to give a reaction mixture consisting of a solid phase
      and a single liquid phase containing the polyarylene ester dissolved in
      the inert organic liquid, and then separating the liquid phase from the
      solid phase.
BSUM
PAR  The present invention relates to a process for producing a linear
      polyarylene ester, and more particularly to a novel and economical process
      for producing a polymerization reaction mixture, from which a pure
      polyarylene ester can be effectively recovered.
PAR  Polyarylene esters have, hitherto, been produced by reacting a divalent
      phenol or its salt and an aromatic carboxyl dichloride by two methods,
      i.e. solution condensation polymerization and interfacial condensation
      polymerization. Briefly, the solution condensation polymerization method
      comprises reacting a divalent phenol and an aromatic carboxyl dichloride
      in the presence of a base and a solvent, and the interfacial condensation
      polymerization method comprises mixing an aqueous solution of a divalent
      phenol, an inorganic base and a solvent to give an emulsion and therewith
      reacting a solution of an aromatic carboxyl dichloride.
PAR  According to the known methods, the desired polyarylene esters can be
      produced effectively, but the treatment of the reaction mixture is very
      troublesome.
PAR  For instance, according to the solution condensation polymerization method
      for producing a high molecular weight polyarylene ester, it is necessary
      to use an expensive organic base as an acid acceptor in the polymerization
      reaction and further troublesome problems are encountered in the
      purification of the polymer and in the separation and recovery of the
      solvent. That is, the organic solvent used such as pyridine or
      triethylamine is hardly recovered from the reaction mixture and therefore
      it requires a very expensive separation apparatus. Besides, the
      polymer-containing solution must be washed with a large amount of water
      for removing completely pyridine hydrochloride or triethylamine
      hydrochloride therefrom.
PAR  On the other hand, according to the interfacial condensation polymerization
      method, the reaction mixture comprises an organic phase consisting of a
      solution of the polyarylene ester in a solvent and an aqueous phase, and
      the solution of polymer contains waste materials in high concentration
      which must be removed by washing well with water. In such washing step the
      mixture is emulsified and therefore both phases are hardly separated from
      each other, and moreover, a large amount of water is required therefor.
      Thus, the interfacial condensation polymerization method has a defect in
      the treatment of the waste water, particularly in case of producing the
      polyarylene ester in a large scale.
PAR  The present inventors have extensively studied to find an improved process
      for producing a polyarylene ester, particularly the improvement in the
      treatment of the reaction mixture, and as a result have now found a novel
      and economical process for producing a polymerization reaction mixture,
      from which a pure polyarylene ester can be effectively recovered.
PAR  An object of the present invention is to provide an improved process for
      producing a polyarylene ester.
PAR  Another object of the invention is to provide a process for producing a
      polymerization reaction mixture, from which the desired polyarylene ester
      can be effectively recovered.
PAR  These and other objects will be apparent from the description hereinafter.
PAR  According to the present invention, the desired polyarylene ester can be
      produced by subjecting to a polymerization reaction a slurry of at least
      one divalent phenol, at least one aromatic carboxyl dichloride and calcium
      hydroxide (in the form of solid particles) in an inert organic liquid
      which is a solvent for the polyarylene ester but not a solvent for calcium
      hydrooxide to give a reaction mixture consisting of a solid phase and a
      single liquid phase containing the polyarylene ester dissolved in the
      inert organic liquid, and then separating the liquid phase from the solid
      phase.
PAR  The divalent phenol used in the present invention includes hydroquinone,
      resorcinol, 2,2-bis(4-hydroxyphenyl)propane,
      2,2-bis(4-hydroxy-3,5-dichlorophenyl)propane,
      2,2-bis(4-hydroxy3,5-dibromophenyl)propane,
      2,2-bis(4-hydroxyphenyl)cyclohexane, 4,4'-dihydroxydiphenyl, or the like.
      Other examples of the divalent phenol are described in Japanese Patent
      Publication No. 9446/1963. If desired, two or more kinds of the divalent
      phenol may be used together.
PAR  The representative examples of the aromatic carboxyl dichloride used in the
      present invention may be isophthaloyl chloride, terephthaloyl chloride, or
      a mixture thereof. Other examples thereof are described in Japanese Patent
      Publication No. 9446/1963.
PAR  When a copolymer is desired instead of a homopolymer, two or more different
      kinds of the divalent phenol may be used in the polymerization reaction. A
      polymerization catalyst may be used in the reaction. suitable examples of
      the catalyst are a tertiary amine (e.g. triethylamine, tripropylamine or
      N,N-dimethylaniline), a quaternary ammonium compound (e.g.
      tetraethylammonium bromide, cetyltriethylammonium bromide,
      tetra-n-propylammonium bromide, tetramethylammonium hydroxide,
      tetra-n-butylammonium iodide or benzyltrimethylammonium chloride), a
      quaternary phosphonium compound (e.g. n-butyltriphenylphosphonium bromide
      or methyltriphenylphosphonium bromide), or the like. The catalyst may be
      used in a range of 0.001 to about 5 % by mol on the basis of the divalent
      phenol which is originally added to the slurry.
PAR  A molecular weight modifier may be also added to the polymerization
      reaction. The suitable molecular weight modifier may be a monofunctional
      phenol (e.g. phenol or p-tert-butylphenol), a monofunctional alcohol (e.g.
      methanol or butanol), or the like. The molecular weight modifier may be
      used in an amount of 6 or less % by weight on the basis of the divalent
      phenol which is originally added to the slurry.
PAR  The inert organic liquid which is effective as a solvent for the
      polyarylene ester but not effective as a solvent for calcium hydroxide
      includes methylene chloride, 1,2-dichloroethane, chloroform,
      trichloroethane, tetrachloroethane, chlorobenzene, orthodichlorobenzene,
      or the like. The amount of the inert organic liquid is not critical, but
      it may usually be used in an amount sufficient to give a 3 to 25 % by
      weight solution of the polymer in the inert organic liquid. When the
      obtained reaction mixture is so viscous that the solution of polymer can
      not be separated from the solid inorganic phase, the inert organic liquid
      may be additionally added to the reaction mixture for effectively
      conducting the separation.
PAR  Calcium hydroxide is used in an amount of at least 1.5 mol to one mol of
      the divalent phenol. For instance, the amount of calcium hydroxide may
      vary within a range of about 1.5 to 8 mol to one mol of the divalent
      phenol which is originally added to the slurry, depending on the purity of
      the calcium hydroxide, the degree of polymerization and polymerization
      catalyst (if any).
PAR  Calcium hydroxide may be used together with a hydroxide, carbonate,
      bicarbonate, phosphate or phosphite of an alkali metal or alkaline earth
      metal (e.g. sodium hydroxide, potassium hydrooxide, magnesium hydroxide,
      sodium carbonate, potassium carbonate, magnesium carbonate, calcium
      carbonate, sodium bicarbonate, potassium bicarbonate, magnesium
      bicarbonate, calcium bicarbonate, sodium phosphate, potassium phosphate,
      magnesium phosphate, calcium phosphate, sodium hypophosphite, potassium
      hypophosphite, magnesium hypophosphite or calcium hypophosphite).
PAR  The reaction time may vary depending on the desired polymer, the degree of
      polymerization and other reaction conditions, but may usually be in a
      range of several to tens of minutes or several hours. The reaction
      temperature may also vary within a wide range, but may usually be in a
      range of 0.degree. to 100.degree.C. When methylene chloride is used as the
      inert organic liquid, the reflux temperature thereof is most preferable.
PAR  After the completion of the polymerization reaction, the single liquid
      phase containing the polyarylene ester is separated from the solid phase
      by a conventional liquid-solid separation method, e.g. filtration,
      centrifuging and decantation. Optionally, the filter cake obtained after
      the filtration or decantation may be repeatedly washed with an inert
      organic liquid which is the same as used in the polymerization reaction,
      and thereby the remaining polyarylene ester may be taken out.
PAR  The desired polyarylene ester may be separated from the solution thereof in
      the solvent by various methods, for instance, by precipitating the polymer
      by adding an aliphatic hydrocarbon (e.g. pentane, hexane or heptane) to
      the solution, the aliphatic hydrocarbon having a boiling point largely
      different from that of the solvent for the polymer, being able to be
      easily separated by distillation and being not used as a solvent for the
      polymer; by precipitating the polymer by adding methanol, acetone or the
      like to the solution; or by evaporating to dryness.
PAR  The present invention is illustrated by the following examples, but is not
      limited thereto.
DETD
PAC  EXAMPLE 1
PAR  To a 500 ml separable flask are added 2,2-bis(4-hydroxyphenyl)propane (22.8
      g), calcium hydroxide (20.38 g), methylene chloride (150 ml) and
      triethylamine (0.05 ml). To the mixture is added dropwise a solution of
      terephthaloyl chloride (10.15 g) and isophthaloyl chloride (10.15 g) in
      methylene chloride (50 ml) at around 20.degree.C over a period of 25
      minutes with agitation under nitrogen gas. The mixture is agitated for 3
      hours and thereafter allowed to stand for 15 hours. After separating the
      solid phase by a centrifuge, the methylene chloride solution is added to
      acetone. The resulting precipitate of the desired polymer is separated and
      dried. The polymer thus obtained has an inherent viscosity: .eta.sp/C =
      0.780, which is measured at 25.degree.C in chloroform (C = 0.5 g/100 ml).
      (Hereinafter, it is measured under the same conditions as above unless
      mentioned otherwise).
PAC  EXAMPLE 2
PAR  To a 300 ml four-necked flask are added 2,2-bis(4-hydroxyphenyl)propane
      (11.4 g), calcium hydroxide (8.15 g), triethylamine (0.025 ml) and
      methylene chloride (100 ml). The mixture is heated to 30.degree.C and then
      agitated for a while. After cooling to 10.degree.C, to the mixture is
      added dropwise a solution of terephthaloyl chloride (5.075 g) and
      isophthaloyl chloride (5.075 g) in methylene chloride (40 ml) over a
      period of 20 minutes. The mixture is heated to 30.degree.C and agitated
      for 10 hours and then allowed to stand. The reaction mixture is diluted
      with methylene chloride (200 ml) and agitated well. The supernatant fluid
      is taken out. The product has an inherent viscosity: .eta.sp/C = 2.48.
PAC  EXAMPLE 3
PAR  To a 300 ml four-necked flask are added 2,2-bis(4-hydroxyphenyl)propane
      (22.8 g), calcium hydroxide (17.78 g), terephthaloyl chloride (10.15 g),
      isophthaloyl chloride (10.15 g), phenol (0.282 g) and methylene chloride
      (200 ml). The mixture is agitated well at room temperature for 30 minutes.
      To the mixture is added triethylamine (70 .mu.l) and the mixture is
      subjected to a polymerization reaction with refluxing methylene chloride.
      After 8 hours, the reaction mixture is cooled to room temperature, diluted
      with methylene chloride (200 ml) and then filtered with a filter paper. To
      the filtrate is added acetone and the resulting precipitates are separated
      and dried to give the desired polymer having an inherent viscosity:
      .eta.sp/C = 0.500.
PAC  EXAMPLE 4
PAR  The Example 3 is repeated except that the molecular weight modifier
      (phenol) is replaced by .beta.-naphthol (0.290 g), o-phenylphenol (0.340
      g), p-phenylphenol (0.425 g) or t-butylphenol (0.451 g) to give the
      desired polymer having an inherent viscosity: .eta.sp/C = 0.590, 0.765,
      0.790 or 0.647, respectively.
PAC  EXAMPLE 5
PAR  To a 300 ml four-necked flask are added 2,2-bis(4-hydroxyphenyl)propane
      (22.8 g), calcium hydroxide (17.78 g), o-phenylphenol (0.4255 g) and
      methylene chloride (150 ml). The mixture is agitated at room temperature
      for 30 minutes, and thereto is added triethylamine (70 .mu.l) and further
      added dropwise a solution of terephthaloyl chloride (10.15 g) and
      isophthaloyl chloride (10.15 g) in methylene chloride (50 ml) over a
      period of 10 minutes. The mixture is subjected to a polymerization
      reaction with refluxing methylene chloride for 4 hours. The reaction
      mixture is filtered with a filter paper and the filtrate is condensed to
      give gelling materials. The materials are pulverized and then dried to
      give the desired polymer having an inherent viscosity: .eta.sp/C = 0.834.
PAC  EXAMPLE 6
PAR  The Example 5 is repeated except that the catalyst (triethylamine) is
      replaced by tetraethylammonium bromide (0.105 g) or pyridine (41 .mu.l) to
      give the desired polymer having an inherent viscosity: .eta.sp/C = 0.780
      or 0.530, respectively.
PAC  EXAMPLE 7
PAR  To a 300 ml four-necked flask are added 2,2-bis(4-hydroxyphenyl)propane
      (22.8 g), calcium hydroxide (17.78 g), o-phenylphenol (0.2553 g) and
      sym-tetrachloroethane (150 ml). The mixture is agitated at room
      temperature for 30 minutes, and thereto is added triethylamine (70 .mu.l)
      and further added dropwise a solution of terephthaloyl chloride (20.3 g)
      in tetrachloroethane (50 ml) over a period of 10 minutes. The mixture is
      subjected to a polymerization reaction at 50.degree.-65.degree.C for 2
      hours. The reaction mixture is filtered with a filter paper and the
      filtrate is further filtered with a filter having 0.1 .mu. in thickness
      under reduced pressure. A film is formed from the filtrate by a casting
      method. The film thus obtained has an inherent viscosity: .eta.sp/C =
      0.856 (in phenol-tetrachloroethane, at 50.degree.C, and C = 0.5 g/100 ml).
PAC  EXAMPLE 8
PAR  The Example 5 is repeated except that 2,2-bis(4-hydroxyphenyl)propane (22.8
      g) is replaced by 2,2-bis(4-hydroxyphenyl)propane (19.88 g) and
      2,2-bis(4-hydroxy-3,5-dibromophenyl)-propane (8.16 g) to give the desired
      polymer having an inherent viscosity: .eta.sp/C = 1.120.
PAC  EXAMPLE 9
PAR  To a 1,000 ml separable flask are added 2,2-bis(4-hydroxyphenyl)propane
      (68.4 g), calcium hydroxide (33.35 g), phenol (0.79 g) and methylene
      chloride (500 ml), and the mixture is agitated at 20.degree.C for 30
      minutes. To the mixture is added triethylamine (0.42 ml) and further added
      dropwise a solution of terephthaloyl chloride (30.45 g) and isophthaloyl
      chloride (30.45 g) in methylene chloride (200 ml) at the reflux
      temperature of methylene chloride, in which the reflux of methylene
      chloride occurs by the heat of reaction. After heating for 5 hours at the
      reflux temperature, the reaction mixture is filtered to give a solution of
      polymer. The solution of polymer is washed with diluted hydrochloric acid
      and further washed well with water, and then stripped with steam to give
      the desired polymer in a solid state, which has an inherent viscosity:
      .eta.sp/C = 0.470.
PAC  EXAMPLE 10
PAR  Example 9 is repeated except that the amount of calcium hydroxide is 44.46
      g and sodium hypophosphite (0.3 g) is additionally used to give the
      desired polymer having an inherent viscosity: .eta.sp/C = 0.650.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a polyarylene ester, which comprises subjecting
      to a polymerization reaction at a temperature of 0.degree. to 100.degree.
      C, in the presence of a polymerization catalyst selected from the group
      consisting of a tertiary amine, a quaternary ammonium compound and a
      quaternary phosphonium compound, a slurry of at least one divalent phenol,
      at least one aromatic carboxyl dichloride, and calcium hydroxide in the
      form of solid particles, said polymerization catalyst being used in an
      amount of 0.001 to about 5 molar % based on the amount of the divalent
      phenol and said calcium hydroxide being present in an amount of at least
      1.5 mol per one mol of said divalent phenol, in an inert organic liquid
      which is a solvent for the polyarylene ester but not a solvent for the
      calcium hydroxide to give a reaction mixture consisting of a solid phase
      and a single liquid phase containing the polyarylene ester dissolved in
      the inert organic liquid, and then separating the liquid phase from the
      solid phase.
NUM  2.
PAR  2. The process according to calim 1, wherein the divalent phenol is a
      member selected from the group consisting of hydroquinone, resorcinol,
      2,2-bis(4-hydroxyphenyl)propane,
      2,2-bis(4-hydroxy-3,5-dichlorophenyl)propane,
      2,2-bis(4-hydroxy-3,5-dibromophenyl)propane,
      2,2-bis(4-hydroxyphenyl)cyclohexane and 4,4'-dihydroxydiphenyl.
NUM  3.
PAR  3. The process according to claim 1, wherein the aromatic carboxyl
      dichloride is a member selected from the group consisting of isophthaloyl
      chloride and terephthaloyl chloride.
NUM  4.
PAR  4. The process according to claim 1, wherein the inert organic liquid is a
      member selected from the group consisting of methylene chloride,
      1,2-dichloroethane, chloroform, trichloroethane, tetrachloroethane,
      chlorobenzene and orthodichlorobenzene.
NUM  5.
PAR  5. The process according to claim 1, wherein the polymerization reaction is
      carried out in the presence of a molecular weight modifier.
NUM  6.
PAR  6. The process according to claim 5, wherein the molecular weight modifier
      is a member selected from the group consisting of a monofunctional phenol
      and a monofunctional alcohol.
NUM  7.
PAR  7. The process according to claim 6, wherein the molecular weight modifier
      is used in an amount of 6 or less % by weight on the basis of the divalent
      phenol.
NUM  8.
PAR  8. The process according to claim 1, wherein the calcium hydroxide is used
      together with a hydroxide, carbonate, bicarbonate, phosphate or phosphite
      of an alkali metal or alkaline earth metal.
NUM  9.
PAR  9. The process according to claim 1, wherein the quaternary ammonium
      compound is a member selected from the group consisting of
      tetraethylammonium bromide, cetyltriethylammonium bromide,
      tetra-n-propylammonium bromide, tetramethylammonium hydroxide,
      tetra-n-butylammonium iodide and benzyltrimethylammonium chloride.
NUM  10.
PAR  10. The process according to claim 1, wherein the quaternary phosphonium
      compound is a member selected from the group consisting of
      n-butyltriphenylphosphonium bromide and methyltriphenylphosphonium
      bromide.
NUM  11.
PAR  11. The process according to claim 1, wherein the tertrary amine is a
      member selected from the group consisting of triethylamine, tripropylamine
      and N,N-dimethylaniline.
NUM  12.
PAR  12. The process according to claim 6, wherein the monofunctional phenol is
      a member selected from the group consisting of phenol, p-tert-butylphenol,
      .beta.-naphthol, o-phenylphenol and p-phenylphenol.
NUM  13.
PAR  13. The process according to claim 6, wherein the monofunctional alcohol is
      a member selected from the group consisting of methanol and butanol.
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ABST
PAL  The contaminating inorganic compounds such as alkali metal salts or alkali
      metal hydroxides which remain in a polycarbonate solution prepared by
      reacting phosgene with a dihydroxy-aryl compound are removed by contacting
      the solution with a molecular sieve.
BSUM
PAR  The phase boundary condensation process of the type disclosed in U.S. Pat.
      No. 3,028,365 is one process for the preparation of aromatic
      polycarbonates. In this process, dihydroxydiaryl compounds are reacted
      with phosgene in a two-phase mixture of aqueous alkali metal hydroxide
      solution and solvent. After the polycondensation, the phases are
      separated. The polycarbonates are isolated from the organic solvent phase
      either by evaporating off the solvent or by precipitation. To produce high
      quality polycarbonates it is necessary quantitatively to remove from the
      polycarbonate phase the inorganic constituents originating from the
      reaction, above all the alkali metal chlorides and alkali metal
      hydroxides. One common process for the removal of these harmful foreign
      constituents is repeated extraction of the polycarbonate solutions with
      electrolyte-free water. This operation, which can be carried out in
      centrifuges, mixer-separator systems or extraction columns, however,
      requires considerable technical effort since viscous solutions have to be
      processed. A further disadvantage of such a process is the very high
      consumption of electrolyte-free water. This applies particularly if the
      salt like foreign constituents have to be removed quantitatively from
      polycarbonates which are exposed to high temperatures.
PAR  An object of the present invention is to provide a simple and effective
      process for the removal of inorganic foreign constituents from
      polycarbonate solutions. Another object of the invention is to provide a
      process for removing inorganic byproducts remaining in the polycarbonate
      phase after the polycarbonate has been made by reaction of a carbonic acid
      derivative such as, phosgene with dihydroxydiaryl compound as disclosed in
      the aforesaid patent.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing a process wherein a
      polycarbonate solution containing inorganic contaminants such as, alkali
      metal chlorides and alkali metal hydroxides and the like is contacted with
      a molecular sieve moist with water until such contaminants are removed.
      The water content of the molecular sieves useful in the process of the
      instant invention, depends on the kind of molecular sieve employed and
      differs between 100% and 20% of the saturation concentration of the
      molecular sieve.
DETD
PAR  The process according to the invention permits simple and economical
      removal of the harmful inorganic foreign constituents from a
      polycarbonate. This process neither requires technically involved
      apparatuses, such as for example, high speed centrifuges, not major
      amounts of electrolyte-free water, since the amounts of water required for
      the regeneration of the molecular sieves are practically negligible and
      amount to at most one-tenth of the amounts used for the extraction.
PAR  Hitherto, molecular sieves have been used for dehydrating organic
      solutions. The fact that desalinations can also be carried out with
      molecular sieves containing water is new. The desalination does not take
      place by an ion exchange mechanism.
PAR  The manipulation and execution of the process according to the invention
      are simple and require little technical effort. A process which can be
      carried out in practice consists of bringing the organic polycarbonate
      solutions, obtained from the phase boundary process after separating off
      the aqueous phase, into contact with molecular sieves which have first
      been washed free of salt with electrolyte-free water, until the
      polycarbonate solutions are quantitatively desalinated. A suitable
      apparatus is a column filled with molecular sieves. This columnn is
      charged, in a continuous process, with the polycarbonate solution which
      contains a salt. When the charge capacity has been reached, regeneration
      is effected by rinsing with electrolyte-free water until the effluent is
      salt-free.
PAR  Any suitable molecular sieves which are hydrophilic gels, have a pore
      structure and can be reversibly hydrated with water may be used in
      practicing the invention.
PAR  Examples of gels of this nature are granular natural or snythetic
      silica-alumina materials which are as free of binder as possible and have
      lattice structures of the zeolite type (see, on this subject, the
      monograph Molekularsiebe (Molecular Sieves) by O. Grubner, P. Jiro and M.
      Ralek, VEB-Verlag der Wissenschaften, Berlin 1968), with pore widths of 2
      A to 10 A (Bayer Zeolith); silica gel (Merckosorb (a product marketed by
      Messrs E. Merck Darmstadt)) with pore widths of 40 A to 100 A, which are
      optionally absorbed in glass beads (Perisorb (a product marketed by
      Messrs. E. Merck Darmstadt)); also modified borosilicate glasses according
      to W. Haller (J. Chem. Phys. 42, 686 (1965)) with pore widths between 75 A
      and 2,400 A, which are marketed under the tradename Controlled Pore Glass
      by Electro Nucleonics, Inc., Fairfield, N.A. U.S.A. Molecular sieves based
      on organic products are also to be included under this group of materials.
      These include 3-dimensionally crosslinked polysaccharides such as, for
      example, dextran gels (Sephadex grades (a product marketed by Messrs.
      Pharmacia Fine Chemicals, Uppsala, Sweden)), which can optionally be
      alkylated (Sephadex-LH grades (a product marketed by Messrs. Pharmacia
      Fine Chemicals, Uppsala, Sweden)), agarose gels (Sepharose (a product
      marketed by Messrs. Pharmacia Fine Chemicals, Uppsala, Sweden)), cellulose
      gels and agar gels. As further examples of synthetic organic gels there
      should be mentioned crosslinked polyacrylamides and polyethylene oxides
      crosslinked via acrylate groups (Merckogel, Merckogel OR (a product
      marketed by Messrs. Merck, Darmstadt)). Ion exchange gels which, because
      of their hydrophilic groups, are able to bind water reversibly are also
      suitable. As examples there may be mentioned: three-dimensionally
      crosslinked polystyrenes provided with sulphonic acid groups (Bayer
      Lewatite) and the dextran gels already mentioned above, where they possess
      the acid groups or ammonium groups required for ion exchange (dextran gel
      ion exchangers).
PAR  Among the molecular sieves mentioned by way of examples and defined in the
      sense of the invention, the molecular sieves of the zeolite type are
      preferred. The particular advantage of this class of molecular sieve
      resides in their very good chemical resistance to the system used, in good
      handling when using granular types and in the low resistance to flow
      coupled simultaneously with low abrasion. However, the criteria just
      mentioned are not of decisive importance with regard to the effectiveness
      of the molecular sieves.
PAR  The charge capacities of the molecular sieves (milliequivalents of
      Cl.sup.-/g of molecular sieve) are between 0.1 and 5.
PAR  In order to effect complete desalinations, slip-through curves are
      determined as a function of the initial concentration, which is generally
      between 200 and 50 ppm of Cl.sup.-. From these curves, contact times can
      be calculated. These are between 5 and 100 minutes.
PAR  The temperatures at which the desalination is carried out can lie between
      5.degree. and 100.degree.C. They depend on the nature of the polycarbonate
      solvents used. In practice temperatures between 20.degree. and 40.degree.C
      are preferred.
PAR  For regeneration, the charged molecular sieves are desalinated with water.
      The amounts of water required for this purpose are generally 2 to 10 times
      the weight of the molecular sieves. The desalination is advantageously
      carried out at higher temperatures, say 40.degree.-80.degree.C. This
      allows the regeneration times to be shortened. Between 2 and 40 minutes
      are generally required.
PAR  The regenerated molecular sieves contain between 5 and 20% by weight of
      water. They can be reused directly for the desalination of the
      polycarbonate solutions. However, in order not to transfer unnecessary
      amounts of water into the polycarbonate solutions it is advisable to
      effect a brief treatment with steam or warmed inert gases in order thereby
      to expel surface water.
PAR  All polycarbonate solutions, but preferably those which are obtained from
      the phase boundary process, of U.S. Pat. No. 3,028,365 and the like, can
      be desalinated by the process according to the invention. These solutions
      in general contain between 50 and 200 ppm of Cl.sup.- in the organic
      phase.
PAR  The process is used preferentially for solutions of polycarbonates based on
      dihydroxydiarylalkanes. These polycarbonates in general have molecular
      weights between 10,000 and 200,000. Suitable solvents are the chlorinated
      hydrocarbons known, and used, for the preparation and solution of these
      high molecular aromatic polycarbonates, individually or as mixtures such
      as, for example, methylene chloride, chloroform, 1,2-dichloroethane and
      chlorobenzene. The polycarbonate concentrations in the solvent or solvent
      mixture can vary between 5 and 25% by weight. The preferred range is
      between 10  and 20% by weight.
PAR  The desalination effect is independent on the molecular weight of the
      polycarbonates used. Solutions of particularly high molecular
      polycarbonates can be diluted appropriately before desalination.
      Trouble-free working is possible with polycarbonate solutions of
      viscosities &lt; 500 cP.
PAR  The polycarbonate solutions desalinated in accordance with the process of
      the invention are worked up in accordance with known techniques, for
      example by evaporating the solvents in stripping extruders or by
      precipitating the polycarbonates with non-solvents. The solutions can also
      be used directly for casting films or for spinning fibers.
PAL  Production of a polycarbonate solution:
PA0  61.2 kg of a solution of 48.75 kg of 2,2-bis-(4-hydroxyphenyl)propane, 237
      kg of water, 39.4 kg of a 45 % sodium hydroxide solution, fifty g of
      sodium borhydride and 750 g of p-tert.-butylphenol is continuously treated
      per hour in a suitable apparatus with 4.75 kg of phosgene in 90 kg of
      methylene chloride/chlorobenzene in a ratio of 60 : 40 whilst adding 3 kg
      of a 45 % sodium hydroxide solution.
PAR  After the addition of 40 g per hour of triethylamine and 0.75 kg per hour
      of a 45 % sodium hydroxide solution, a polycarbonate with a relative
      viscosity of 1.303 is obtained after a main residence time of 30 minutes.
PAR  After separating off the aqueous phase, the organic polycarbonate solution
      is used for further experiments after the required dilution or
      concentration.
PAC  EXAMPLE 1
PAR  15 g of Bayer Zeolithe T 143 molecular sieve, of pore width 4 A, are shaken
      for 20 hours with 100 g of a 14.5% strength polycarbonate solution
      (bisphenol A polycarbonate, molecular weight approx. 31,000, solvent:
      methylene chloride/chlorobenzene in the ratio of 60:40), which contains 60
      ppm of chloride ions and 0.25% of water, in a 300 ml Erlenmeyer flask.
      After this contact, the chloride ion content of the polycarbonate solution
      is &lt; 2 ppm.
PAC  EXAMPLE 2
PAR  The procedure followed is analogous to Example 1 except that 1.0 g of water
      is added to the polycarbonate solution. After a contact time of 3 hours,
      the chloride ion content is &lt; 2 ppm.
PAC  EXAMPLE 3
PAR  The procedure followed is analogous to Example 1 except that the molecular
      sieve is first moistened with water up to a content of 20 % by weight
      referred to the molecular sieve. After a contact time of less than 1 hour,
      no further chloride ions are detectable in the polycarbonate solution (&lt; 2
      ppm). The polycarbonate solution had had 0.25 % by weight of water.
PAC  EXAMPLE 4
PAR  The procedure followed is analogous to Example 3 except that Bayer Zeolithe
      T 134 of pore width 3 A is used as the molecular sieve. After a contact
      time of less than 1 hour, no further chloride ions are detectable in the
      polycarbonate solution (&lt; 2 ppm).
PAC  EXAMPLE 5
PAR  The procedure followed is analogous to Example 3 except that Bayer Zeolithe
      K 154 of pore width 5 A is used as the molecular sieve. After a contact
      time of less than 1 hour, no further chloride ions are detectable (&lt; 2
      ppm).
PAC  EXAMPLE 6
PAR  The procedure followed is analogous to Example 1 except that the
      polycarbonate solution contains 1,020 ppm of chloride ions and 0.88% of
      water. After a contact time of 3 hours, the chloride ion content had
      fallen to 106 ppm.
PAC  EXAMPLE 7
PAR  400 g of Bayer Zeolithe T 143 molecular sieve are charged with 160 ml of
      water in a column (length 1,000 mm, diameter 30 mm). After a
      pre-absorption of water, 5 l of the polycarbonate solution described in
      Example 1 and containing 245 ppm of chloride ions are pumped through the
      column at a throughput of 2 l/hour. The polycarbonate solution which
      issues still contains 17 ppm of chloride ions.
PAC  EXAMPLE 8
PAR  The procedure followed is as in Example 7 except that four of the columns
      described there are connected in series. After the third column, the
      polycarbonate solution is free of chloride ions (&lt; 2 ppm).
PAC  EXAMPLE 9
PAR  50 l of the polycarbonate solution characterized in Example 1, and having a
      chloride ion content of 245 ppm, are pumped through the column, filled
      with molecular sieve, described in Example 7. This exhausts the capacity
      of the column; the solution which issues has almost the same content of
      chloride ions as the solution introduced. The column filling is then
      washed with 350 ml of methylene chloride and regenerated by rinsing with 3
      liters of water at 80.degree.C and again charged with the polycarbonate
      solution. After a throughput of 45 liters, the capacity of the molecular
      sieve is exhausted.
PAC  EXAMPLE 10
PAR  Analogously to Example 7, a polycarbonate solution (bisphenol A
      polycarbonate, molecular weight approx. 110,000, solvent: methylene
      chloride) of 5.1% by weight solids concentration and having a chloride ion
      content of 62 ppm is pumped through the column filled with molecular
      sieve, for the purpose of desalination (throughput 0.425 l/hour, total
      amount 10 l). The polycarbonate solution issuing from the column has a
      chloride ion content of 19 ppm. This solution is pumped through the column
      a second time. The chloride ion content is then less than 2 ppm.
PAC  EXAMPLE 11
PAR  100 g of Bayer Zeolithe T 143 molecular sieve in a packed column are
      charged, after pre-absorption of 30 g of water, with the polycarbonate
      solution described in Example 1 until the capacity is exhausted. The
      molecular sieve is then regenerated with 3000 g of water at 80.degree.C.
      The chloride ion content of the water is 2 080 mg. This corresponds to a
      charge capacity of 0.6 millieaquivalent/g of molecular sieve.
PAC  EXAMPLE 12
PAR  The procedure followed in analogous to Example 11 except that the
      polycarbonate solution contains 0.75% by weight of water. The charge
      molecular capacity was found to be 2.6 milliequivalents/g of molecular
      sieve.
PAC  EXAMPLE 13
PAR  100 g of the polycarbonate solution described in Example 1, containing 192
      ppm of chloride ions, are brought into contact for 3 hours with 15 g of a
      dextran gel type Sephadex G 25 fine (pore width &lt; 50 A, after
      pre-absorption of 30 g of water, particle size 20-80.mu.). The chloride
      ion content after treatment is 6 ppm.
PAC  EXAMPLE 14
PAR  The procedure followed is analogous to Example 13 except that Sephadex G 25
      coarse (particle size 100-300.mu.) is used as the molecular sieve after
      pre-absorption of 30 g of water. After a contact time of 3 hours, the
      chloride ion content is 8 ppm.
PAC  EXAMPLE 15
PAR  The procedure followed is analogous to Example 13 except that Sephadex G 75
      (pore width &lt; 400 A) is used as the molecular sieve after pre-absorption
      of 100 g of water. After a contact time of 3 hours, the chloride ion
      content is &lt; 2 ppm.
PAC  EXAMPLE 16
PAR  100 g of the polycarbonate solution described in Example 1, having a
      chloride ion content of 136 ppm, are brought into contact for 3 hours with
      15 g of Merck silica gel grade 1,000 (particle size 0.06 - 0.2 mm, pore
      width 1,000 A after pre-absorption of water until saturation is reached).
      The chloride ion content after this treatment is 25 ppm.
PAC  EXAMPLE 17
PAR  The procedure followed is analogous to Example 16 except that the silica
      gel employed is Merckosorb Si 60 (particle size 30.mu., pore width 60 A)
      after pre-absorption with water. The chloride ion content after 3 hours
      contact time is &lt; 4 ppm.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for removing inorganic compounds from polycarbonate solutions
      which comprises contacting a polycarbonate solution with a molecular sieve
      which is moist with water.
NUM  2.
PAR  2. The process for removing inorganic compounds from a polycarbonate
      solution of claim 1 wherein the polycarbonate solution is obtained by
      phosgenation of dihydroxydiarylalkane in a two-phase mixture of aqueous
      alkali metal hydroxide solution and chlorinated hydrocarbon as the solvent
      and the solution has solids concentrations of 5-25% by weight of
      polycarbonate.
NUM  3.
PAR  3. The process for removing inorganic compounds from a polycarbonate
      solution of claim 1 wherein the molecular sieve is a natural or synthetic
      zeolite with pore widths between 2 and 10 A.
NUM  4.
PAR  4. The process for removing inorganic salts from polycarbonate solutions of
      claim 1 wherein the molecular sieve is a water-swellable
      three-dimensionally crosslinked polysaccharide.
NUM  5.
PAR  5. The process for removing inorganic salts from polycarbonate solutions of
      claim 1 wherein the molecular sieve is a silica gel or a porous glass.
NUM  6.
PAR  6. A continuous process for removing inorganic salts from a polycarbonate
      solution according to the process of claim 1 wherein the polycarbonate
      solution is brought into contact with a molecular sieve in a column filled
      with the latter at a temperature between 5.degree. and 100.degree.C, for a
      period of 5-100 minutes.
NUM  7.
PAR  7. A process for removing inorganic contaminants from a polycarbonate in
      solution in an organic solvent therefor which comprises contacting the
      solution with a moist porous hydrophilic gel adapted to be reversibly
      hydrated with water until the contaminants are absorbed on the gel, and
      thereafter separating the polycarbonate solution from the gel.
NUM  8.
PAR  8. The process of claim 7 wherein the contaminants include an alkali metal
      salt or an alkali metal hydroxide.
NUM  9.
PAR  9. A process for removing inorganic compounds from a solution of a
      polycarbonate in a solvent which comprises contacting said solution with a
      molecular sieve wherein the sieve is moist or the solution contains
      sufficient water to moisten the sieve.
NUM  10.
PAR  10. The process of claim 9 wherein the sieve has a water content of between
      20 and 100 % of its saturation capacity.
NUM  11.
PAR  11. The process of claim 9 wherein the solution contains between 5 and 20
      wt.% water based upon the weight of molecular sieve contacted.
NUM  12.
PAR  12. The process of claim 9 wherein the solution contains sufficient water
      to moisten the molecular sieve to between 20 and 100 % of its saturation
      capacity and the sieve is dry before contacting it with said solution.
NUM  13.
PAR  13. The process of claim 9 wherein the sieve contains between 20 and 100
      wt.% of its saturation concentration of water and the solution contains
      water.
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PAL  Thermoplastic copolymers are formed by the interaction of a
      4-mercaptophenol and a dihalo-substituted aromatic sulfone of the
      structure
PAL  X--phenylene-SO.sub.2 2-phenylene) .sub.y X, wherein y is 1 or 2. The
      latter are typified by 4,4'-dichlorodiphenyl sulfone and
      4,4'-bis(4-chlorophenylsulfonyl)biphenyl. The mercoptophenol may have one
      or two lower alkyl groups ortho to the hydroxyl.
PAL  The polymers are characterized by high glass transition temperatures and
      high impact strength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  p-Benzenedithiol has been interpolymerized with 4,4'-dichlorodiphenyl
      sulfone. -- Kreuchunas, U.S. Pat. No. 2,822,351.
PAR  4,4'-Thiodiphenol has been interpolymerized with 4,4'-dichlorodiphenyl
      sulfone. -- Johnson and Franhem, British Pat. No. 1,078,234.
PAR  4,4'-Oxydi(benzenethiol) has been interpolymerized with
      4,4'-dichlorodiphenyl sulfone and with
      4,4'-bis(4-chlorophenylsulfonyl)biphenyl. -- Gabler, German
      Offenlegungsschrift 2,009,323, published Sept. 10, 1970. The resulting
      polymers have respectively the structures
EQU  [ S--C.sub.6 H.sub.4 --O--C.sub.6 H.sub.4 --S--C.sub.6 H.sub.4 --SO.sub.2
      --C.sub.6 H.sub.4 ] .sub.n and
EQU  [ S--C.sub.6 H.sub.4 --O--C.sub.6 H.sub.4 --S--C.sub.6 H.sub.4 --SO.sub.2
      --C.sub.6 H.sub.4 --C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4 ] .sub.n.
PAC  THE INVENTION
PAR  My new thermoplastic high polymers are aromatic
      polyether-polysulfide-polysulfones composed of recurring units of
      oxyphenylenethio moieties (derived from a 4-mercaptophenol) and
      sulfonyldiphenylene moieties (derived from sulfonyldiphenylene dihalide
      compounds of the formula X [ C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4
      ] .sub.y X where y is 1 or 2).
PAR  The polymers, accordingly, have the structure [ R ( C.sub.6 H.sub.4
      --SO.sub.2 --C.sub.6 H.sub.4 ) .sub.y ] .sub.n where y is 1 or 2, n is an
      integer from about 30 to 60, R is a mixture of --OR'--S-- and
      --S--R'--O--, and R' is a phenylene group.
PAR  These polymers are characterized by superior resistance to high
      temperatures, and by toughness and stability. They are useful for the
      production of molded articles.
PAR  The polymers are prepared by the condensation of substantially equimolar
      amounts of a 4-mercaptophenol (preferably in the form of the potassium
      salt) and 4,4'-dichlorodiphenyl sulfone or 4,4'-bis
      (4-chlorophenylsulfonyl) biphenyl in a highly polar, inert, aprotic
      organic solvent in the absence of oxygen.
PAR  The 4,4'-bis (4-chlorophenylsulfonyl)biphenyl referred to is described and
      claimed in the copending application of Robert J. Cornell, Ser. No.
      138,347 filed Apr. 28, 1971, and now abandoned. In that application the
      preparation of 4,4'-bis(4-chlorophenylsulfonyl)biphenyl is described as
      follows:
PAR  To a stirred mixture of biphenyl (30.8 g.; 0.2 mole) and
      4-chlorobenzenesulfonyl chloride (94.9 g.; 0.45 mole) at 70.degree.C.,
      ferric chloride (5 g.) was added. The temperature was raised to
      140.degree.C., the reaction mixture solidified. It was further heated for
      2 hours after solidification. The solid was then dissolved in
      dimethylformamide (DMF) and, upon cooling, the named product crystallized
      out. A second recrystallization from DMF resulted in white crystals, m.p.
      271.degree.-273.degree.C.; yield, 65% of theory.
PAR  The 4-mercaptophenol employed may have no alkyl substituents, or, if
      desired, may have one or two lower alkyl groups (C.sub.1 to C.sub.4) ortho
      to the hydroxyl group. Examples of such compounds are 4-mercaptophenol,
      and the 2-methyl and 2,6-dimethyl homologs thereof.
PAR  Exemplary solvents of the kind described are dimethyl sulfoxide, dimethyl
      sulfone, diethyl sulfoxide, diisopropyl sulfone, and tetrahydrothiophene
      1,1-dioxide (commonly called sulfolane).
PAR  The mercaptophenol is converted, in situ in the selected solvent, to its
      alkali metal salt by reaction with alkali metal, alkali metal hydride,
      alkali metal hydroxide, alkali metal alkoxide or alkali metal alkyl, an
      alkali metal hydroxide being preferred.
PAR  As in other such reactions, it is essential in the polymerization reaction
      that the solvent be maintained substantially anhydrous before and during
      the reaction, since the presence of water leads to formation of only low
      molecular weight polymers and phenolic species.
PAR  It is often convenient to form the alkali metal salt of the mercaptophenol
      in situ in the reaction solvent. The mercaptophenol and an alkali metal
      hydroxide are admixed in essentially stoichiometric amounts and the water
      present is removed azeotropically with benzene, xylene, halogenated
      benzenes or other inert organic azeotrope-forming organic liquids. After
      the azeotrope has been removed, the substantially anhydrous metal salt of
      the mercaptophenol remains in the highly polar solvent. A preferred
      azeotrope-former is chlorobenzene.
PAR  The reaction between 4,4'-bis(4chlorophenylsulfonyl)biphenyl or
      4,4'-dichlorodiphenyl sulfone and the metal salt of the mercaptophenol
      proceeds on an equimolar basis. This can be varied slightly, but a
      variation of .+-. 2% away from stoichiometry is detrimental to the
      molecular weight of the final polyarylene
      polyether-polysulfide-polysulfone. Since the desirable properties of these
      polymers are realized when high molecular weights are achieved, equimolar
      amounts of reactants are preferred.
PAR  The exclusion of oxygen from the reaction mass is necessary to avoid
      oxidative attack on the mercaptophenol, the polymer, or the solvent during
      polymerization, particularly at the higher temperatures. The use of
      nitrogen to blanket the reaction vessel serves this purpose very well.
PAR  The polymerization reaction readily proceeds without need of an added
      catalyst, upon application of heat to the mixture in the selected sulfone
      or sulfoxide solvent. The selected temperature should be below the boiling
      point of the solvent and above its freezing point. Since such solvents as
      dimethyl sulfone and sulfolane freeze at about room temperatures, it is
      obvious that, with such materials, elevated temperatures are desirable.
PAR  While the reaction temperature is not narrowly critical, it has been found
      that, at temperatures below about room temperature, the reaction time is
      extremely long in order to secure high molecular weights. Temperatures
      above room temperature, and generally above 100.degree.C., are preferred.
      With dimethyl sulfoxide, the preferred temperature is in the range
      120.degree.-165.degree.C., and with sulfolane, 210.degree.-235.degree.C.
      Higher temperatures for each solvent can be employed, if desired, provided
      care is taken to prevent degradation or decomposition of the reactants,
      the polymer, and the solvents employed.
PAR  The polymer can be isolated from the reaction mass by filtration of the
      alkali metal halide formed and stripping of the solvent. A second method
      involves precipitation of the polymer by a non-solvent, such as methanol.
      The precipitated polymer must be washed with water to remove the alkali
      metal halide. Proper drying involves heating to 100.degree.-120.degree.C.
      in vacuo for 8 to 12 hours.
PAR  The dried polymers are soluble in halogenated hydrocarbons, e.g.,
      chloroform, methylene chloride, sym-tetrachloroethane, chlorobenzene, and
      o-dichlorobenzene. These solvents are ideal for viscosity determinations.
PAR  The following examples illustrate the preparation of polymers of my
      invention. All parts and percentages are by weight unless otherwise
      indicated.
PAR  The physical properties here reported are determined by the following
      testing methods:
PAR  Reduced viscosity is determined by dissolving a 0.45-gram sample of the
      polymer in the indicated solvent contained in 100-ml. volumetric flask, so
      that resultant solution measures exactly 100 ml. at 30.degree.C. in a
      constant temperature bath. The viscosity is then determined in an
      Ostwald-Fenske or similar viscometer. Reduced viscosity values are
      obtained from the equation:
      ##EQU1##
      wherein t.sub.o is the efflux time of the pure solvent,
PA1  t.sub.s is the efflux time of the polymer solution,
PA1  C is the concentration of the polymer solution expressed as grams per 100
      ml. of solution.
PAR  Glass transition temperature T.sub.g, commonly also referred to as second
      order phase transition temperature, is determined on a Perkin-Elmer
      differential scanning calorimeter using a temperature rise rate of
      20.degree.C. per minute.
PAR  Heat distortion temperature ("HDT") is measured by A.S.T.M. procedure
      D-648.
PAR  Impact strength is determined by using a modified A.S.T.M. D-256 test. Chip
      impact strength values are determined on test specimens 0.5 .times. 0.5
      .times. 0.100 inch, clamped in a vise set in the standard Izod tester
      (A.S.T.M. D-256) and struck with the hammer 0.218 inch above the vise.
      Because it is easier to measure and correct for minor variations in the
      sample width and sample thickness than to adjust the position of the
      sample holder, the impact value is computed as:
DETD
PAC  EXAMPLE 1
PAR  The materials used were as follows:
TBL  Moles  Grams         Materials                                            
     ______________________________________                                    
     0.3    37.8       4-mercaptophenol                                        
     0.3    86.1       4,4'-dichlorodiphenyl sulfone                           
     0.6    79         42.7% aqueous KOH solution                              
            450(ml.)   chlorobenzene                                           
            200(ml.)   sulfolane                                               
     ______________________________________                                    
PAR  In a one-liter stainless steel pot fitted with a mechanical stirrer, gas
      inlet, condenser and addition funnel were placed the sulfolane and 400 ml.
      of chlorobenzene. The solvent mixture was sparged with nitrogen for thirty
      minutes, then the 4-mercaptophenol and 50 ml. of chlorobenzene were added,
      and the solution was sparged with nitrogen for one hour while the
      temperature was raised to 90.degree.C. The KOH solution was then added
      over a ten-minute period. The bath temperature was raised to 140.degree.C.
      to initiate azeotropic removal of water, completed in 11/2 hours. Excess
      chlorobenzene was removed by increasing the nitrogen flow.
PAR  The anhydrous solution of the dipotassium salt of 4-mercaptophenol thus
      prepared was cooled to 115.degree.C., then the 4,4'-dichlorodiphenyl
      sulfone was added. The temperature of the mix was raised to 230.degree.C.
      and maintained for 3 hours. The resulting viscous polymer solution was
      mixed with methanol to precipitate the polymer, which was then broken up
      while suspended in water in a high-speed Waring Blendor. The polymer was
      thoroughly washed with distilled water to remove all potassium chloride.
      Yield of polymer, after drying at 120.degree.C. in vacuo for 12 hours, was
      100%.
TBL  ______________________________________                                    
     Polymer properties:                                                       
     Reduced viscosity (in                                                     
     chloroform)        = 0.41                                                 
     T.sub.g            = 370.degree.F. (188.degree.C.)                        
     HDT (at 264 psi)   = 354.degree.F. (179.degree.C.)                        
     Chip impact strength                                                      
                        = 59.9 inch-lbs./inch.sup.2                            
     ______________________________________                                    
PAR  The polymer structure is:
EQU  [ R--C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4 ] .sub.n,
PAL  where R is a mixture of --O--C.sub.6 H.sub.4 --S-- and --S--C.sub.6 H.sub.4
      --O--.
PAC  EXAMPLE 2
PAR  Ingredients:
TBL  Moles  Grams        Material                                              
     ______________________________________                                    
     0.12   60.36     4,4'-bis(4-chlorophenylsulfonyl)-                        
                      biphenyl                                                 
     0.12   15.12     4-mercaptophenol                                         
     0.24   30.95     43.6% KOH solution                                       
            300(ml.)  chlorobenzene                                            
            140(ml.)  sulfolane                                                
     ______________________________________                                    
PAL  This example was conducted in the same manner as Example 1.
TBL  ______________________________________                                    
     Polymer properties:                                                       
     Reduced viscosity (in                                                     
     sym-tetrachloroethane)                                                    
                        = 0.54                                                 
     T.sub.g            = 460.degree.F. (238.degree.C.)                        
     Chip impact strength                                                      
                        = 36.5 inch-lbs./inch.sup.2                            
     ______________________________________                                    
PAR  The polymer structure is:
EQU  [ R--C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4 --C.sub.6 H.sub.4
      --SO.sub.2 --C.sub.6 H.sub.4 ] .sub.n,
PAL  where R is a mixture of --O--C.sub.6 H.sub.4 --S-- and --S--C.sub.6 H.sub.4
      --O--.
PAC  EXAMPLE 3
PAR  Ingredients:
TBL  Moles  Grams         Material                                             
     ______________________________________                                    
     0.3    42         2-methyl-4-mercaptophenol                               
     0.3    86.1       4,4'-dichlorodiphenyl sulfone                           
     0.6    78.8       42.6% KOH solution                                      
            310(ml.)   sulfolane                                               
            500(ml.)   chlorobenzene                                           
     ______________________________________                                    
PAL  This example was conducted in the same manner as Example 1. The reduced
      viscosity (in chloroform) was 0.15. The polymer structure is:
EQU  [ R--C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4 ] .sub.n,
PAL  where R is a mixture of --S--C.sub.6 H.sub.3 (CH.sub.3)--O-- and
      --O--C.sub.6 H.sub.3 (CH.sub.3)--S--.
PAC  EXAMPLE 4
PAR  Ingredients:
TBL  Moles  Grams         Material                                             
     ______________________________________                                    
     0.2    30.8       2,6-dimethyl-4-mercaptophenol                           
     0.2    56.7       4,4'-dichlorodiphenyl sulfone                           
     0.4    53.0       42.10% KOH solution                                     
            350(ml.)   chlorobenzene                                           
            140(ml.)   sulfolane                                               
     ______________________________________                                    
PAL  This example was conducted in the same manner as Example 1.
PAR  The T.sub.g was 420.degree.F. The polymer structure is:
EQU  [ R--O--C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4 ] .sub.n,
PAL  where R is a mixture of --S--C.sub.6 H.sub.2 (CH.sub.3).sub.2 --O-- and
      --O--C.sub.6 H.sub.2 (CH.sub.3).sub.2 --S--.
PAR  The superior properties of my polymers are shown by the following data
      comparing the polymers of examples 1 and 2, above, with a commercial
      polysulfone (P-1700) made from isopropylidene-diphenol and
      dichlorodiphenyl sulfone.
TBL  ______________________________________                                    
               P-1700   Ex. 1      Ex. 2                                       
     ______________________________________                                    
     Chip impact                                                               
     strength     26.8       59.9       36.5                                   
     T.sub.g     375.degree.F.                                                 
                            370.degree.F.                                      
                                       460.degree.F.                           
     HDT at 264 psi                                                            
                 345.degree.F.                                                 
                            354.degree.F.                                      
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. Thermoplastic high polymers consisting essentially of the structure
EQU  [ R ( C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4 ) .sub.y ] .sub.n,
PAL  wherein y is 1 or 2, n is an integer from about 30 to 60, R is a mixture of
      --O--R'--S-- and --S--R'--O--, and R' is selected from the group
      consisting of phenylene, methylphenylene and dimethylphenylene groups.
NUM  2.
PAR  2. Polymers according to claim 1, wherein y is 1.
NUM  3.
PAR  3. Polymers according to claim 1, wherein y is 2.
NUM  4.
PAR  4. Polymers according to claim 1, wherein R' is --C.sub.6 H.sub.4 --.
NUM  5.
PAR  5. Polymers according to claim 1, wherein R' is --C.sub.6 H.sub.3
      (CH.sub.3)--.
NUM  6.
PAR  6. Polymers according to claim 1, wherein R' is --C.sub.6 H.sub.2
      (CH.sub.3).sub.2 --.
NUM  7.
PAR  7. A moldable polyether-polysulfide-polysulfone consisting essentially of
      the structure [ R--(C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4).sub.y ]
      .sub.n, wherein y is 1 or 2, n is an integer from about 30 to 60, R is a
      mixture of O--R'S-- and --S--R'--O--, and R' is selected from the group
      consisting of phenylene, methylphenylene and dimethyl phenylene groups.
NUM  8.
PAR  8. A method of preparing a polyether-polysulfide-polysulfone consisting
      essentially of reacting substantially equimolar amounts of an alkali metal
      salt of a 4-mercaptophenol of the formula HO--R'--SH wherein R' is
      selected from the group consisting of phenylene, methylphenylene and
      dimethyl phenylene groups and a dihalide compound of the formula X [
      C.sub.6 H.sub.4 --SO.sub.2 --C.sub.6 H.sub.4 ] .sub.y X wherein y is 1 or
      2 and X is chlorine and the reaction is conducted in an anhydrous solvent.
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ABST
PAL  A copolymer suitable for making self-extinguishing fibers, containing at
      least 50 wt.% acrylonitrile, from 2 to 30 wt.% of vinyl or vinylidene
      chloride, from 0 to 10 wt.% of a neutral, non-halogenated, ethylenically
      unsaturated monomer and from 2 to 40 wt.% of a monomer of the general
      formula:
      ##EQU1##
      WHEREIN R is hydrogen or methyl and n is an integer from 1 to 4.
BSUM
PAR  The invention relates to a novel copolymer containing acrylonitrile
      moieties, bromoalkyl-acrylate or methacrylate moieties and vinylhalide
      moieties.
PAR  In preparing copolymers suitable for conversion to fibers, acrylonitrile is
      usually copolymerized with minor quantities of a further ethylenically
      unsaturated monomer, such as vinyl acetate, methyl acrylate and styrene
      and, generally, also with small quantities of a copolymerizable, dyestuff
      accepting monomer.
PAR  The resulting fibers are dyeable and exhibit a number of satisfactory
      properties, but are not as flame-proof as required for various end uses,
      such as for articles of wear, blankets, carpets or the like.
PAR  Thus, according to the prior art the copolymers of acrylonitrile with the
      above-mentioned ethylenically unsaturated monomers are blended with
      polymers or copolymers of vinyl or vinylidene halide monomers such as
      those of vinyl chloride or vinylidene chloride.
PAR  From these polymer blends improved fibers in respect of flame-proofness can
      be obtained but the fibers are of lower standard.
PAR  It is believed that phenomena of partial incompatibility between the
      blended polymers arise.
PAR  According to a further method known in the art, copolymers containing a
      halogen (chlorine or bromine) are converted to fibers, the said copolymers
      being obtained by copolymerizing a vinyl or vinylidene halide monomer with
      acrylonitrile and a further previously mentioned ethylenically unsaturated
      monomer.
PAR  This procedure suffers from various drawbacks because the introduction of
      the vinyl or vinylidene halide monomers into the acrylonitrile copolymers
      detrimentally affects the properties of the fibers manufactured from the
      said copolymers.
PAR  This drawback arises increasingly on increase in the vinyl or vinylidene
      halide moieties in the acrylonitrile copolymer or, in other words, the
      higher are the desired self-extinguishing properties.
PAR  Thus, for instance, in the copolymerization of acrylonitrile with vinyl or
      vinylidene chloride and with the further ethylenically unsaturated
      monomers, copolymers unsuitable or hardly suitable for textile uses are
      generally obtained.
PAR  The fibers produced from the said copolymers exhibit namely various
      undesirable properties, especially under the physical-mechanical and
      shrinking in water at high temperature aspects.
PAR  It has now been found that these drawbacks can be substantially reduced by
      the copolymers of the present invention which contain bromoalkyl acrylate
      or methacrylate moieties together with acrylonitrile moieties and vinyl or
      vinylidene halide moieties.
PAR  Thus, the invention provides a copolymer comprising at least 50 wt.%
      acrylonitrile, from 2 to 30 wt.% of vinyl or vinylidene chloride, from 0
      to 10 wt.% of a neutral, ethylenically unsaturated, non-halogenated
      monomer and from 2 to 40 wt.% of a bromoalkyl acrylate or methacrylate
      monomer of the general formula:
      ##EQU2##
      wherein R is hydrogen or methyl and n is an integer from 1 to 4.
PAR  The receptivity towards basic dyestuffs of said copolymer can be improved
      by including therein moieties of a monomer carrying sulphonic or, better,
      salified sulphonic groups.
PAR  The content of the copolymerized monomer carrying sulphonic groups, in the
      final copolymer can range from 0.1 to 3.0% by weight.
PAR  The preferred bromoalkyl acrylates or methacrylates are 2-bromoethyl
      acrylate and 2-bromoethyl methacrylate.
PAR  As neutral, ethylenically unsaturated, non-halogenated monomers the
      compounds belonging to the following classes can be used: hydrocarbons,
      such as styrene and alpha-methylstyrene; ethers, such as vinyl methyl
      ether; ketones, such as vinyl methyl ketone; acrylates and methacrylates,
      such as methyl acrylate and methyl methacrylate, and vinyl esters, such as
      vinyl acetate. Among these compounds vinyl acetate, styrene and methyl
      acrylate are preferred.
PAR  The copolymerizable unsaturated monomers carrying sulphonic groups can be
      selected among the following compounds: methallyl sulphonic, styrene
      sulphonic, vinyl sulphonic, allyl oxyethyl sulphonic, methallyl oxyethyl
      sulphonic, allyl oxypropanol sulphonic, isopropenyl benzenesulphonic,
      vinyl methylbenzenesulphonic, vinyl ethylbenzenesulphonic, isopropenyl
      isopropylbenzenesulphonic, vinyl hydroxybenzenesulphonic, vinyl
      dihydroxybenzenesulphonic, vinyl trihydroxybenzenesulphonic, vinyl
      hydroxynaphthalenesulphonic, isopropenyl naphthalenesulphonic, allyl
      benzenesulphonic, methallyl benzenesulphonic, isopropenyl phenyl
      n-butanesulphonic, vinyl hydroxyphenylmethanesulphonic, vinyl
      trihydroxyphenyl ethanesulphonic, isopropylethylenesulphonic, acetyl
      ethylenesulphonic, napthyl-ethylenesulphonic, propenesulphonic,
      butenesulphonic, hexenesulphonic, methylpentenesulphonic,
      methylbutenesulphonic, triisobutylenesulphonic and diisobutylenesulphonic
      acids. These monomers are conveniently used in the form of alkali metal or
      ammonium salts. The preferred monomers carrying sulphonic groups are:
      methallyl sulphonic and styrene sulphonic acids and alkali metal salts
      thereof.
PAR  The copolymers of the invention can be prepared by a wide range of
      conventional methods such as suspension, emulsion or solution
      polymerization. The polymerization medium is preferably water; however,
      aqueous salt solutions or acid solutions are useful for the purpose. It is
      further possible to polymerize in particular solvents such as
      dimethylformamide, ethylene carbonate and dimethyl sulphoxide or in usual
      organic solvents such as benzene, heptane or alcohols.
PAR  In polymerization the monomers are mixed and contacted with one another by
      a discontinuous, semicontinuous or continuous method, in the presence of
      catalysts generating free radicals.
PAR  When operating in an aqueous medium the pH is usually maintained at a value
      from 2 to 5, the polymerization temperature varying depending upon the
      type and method of polymerization, a value of from 30.degree. to
      70.degree.C being generally preferred.
PAR  Suitable catalysts are persulphuric acid, perboric acid or their alkali
      metal or ammonium salts; hydrogen peroxide, organic peroxides such as
      benzoyl peroxide, lauroyl peroxide, tert-butyl hydroperoxide;
      azo-compounds such as alpha-alpha'-azobisisobutyronitrile; catalysts of
      the reduction-oxidation type such as persulphates-bisulphites,
      chlorates-bisulphites, hydrogen peroxide-ferrous salts,
      permanganate-oxalic acid, benzoyl peroxide-dimethylaniline and further
      known catalysts for radicalic polymerization. If necessaary, the
      polymerization medium can be admixed with molecular weight modifying
      agents, emulsifiers or dispersing agents.
PAR  The copolymers of the invention have a specific viscosity of from 0.1 to
      0.4, the viscosity being determined by a viscosimeter of the Ubbelhode
      type by measuring the periods of flow through a capillary tube of known
      volumes of the solution containing 0.1 g copolymer to 100 ml
      dimethylformamide in comparison with dimethylformamide as such.
PAR  The said copolymers can be spun by a wet process, by extruding the
      copolymer dissolved in a suitable solvent into a coagulating bath
      consisting of a liquid which is inert and non-solvent for the copolymer.
PAR  To this end a spinning solution can be employed containing 8 to 35% by
      weight copolymer in a solvent such as N,N-dimethylformamide, ethylene
      carbonate, N,N-dimethyl acetamide, dimethyl sulphoxide, or in a
      concentrated aqueous solution of sodium thiocyanate, zinc chloride or
      nitric acid.
PAR  The coagulating bath can consist of a mixture of water and solvent for the
      copolymer, such as a mixture of water and dimethylformamide or dimethyl
      acetamide. Relatively dilute aqueous solutions of salts, hydrocarbons, or
      substances of alcoholic type can be employed as coagulating baths; the
      last mentioned substances can be employed in the form of an aqueous
      solution.
PAR  The formed filaments are drawn and washed, possibly submitted to heat
      treatment in a saturated steam atmosphere.
PAR  The use of bromoalkyl acrylates or methacrylates in polymerization is
      advantageous on account of the low volatility of these monomers; moreover,
      the said monomer can be easily obtained, such as by transesterification
      reaction.
PAR  A fundamental advantage of the invention is the possibility of introducing
      large quantities of halogenated moieties, hence halogen into the copolymer
      without detrimentally affecting the properties of the copolymer and fibers
      obtained therefrom. This is believed to be attributable to the properties
      of "affinity" of bromoalkyl acrylates or methacrylates to the other
      monomers forming the copolymer.
PAR  Best results are obtained when the component moieties of the copolymer are
      within the following ranges by weight: necessary,
PA1  acrylonitrile: at least 70%,
PA1  bromoalkyl acrylate or methacrylate: 5 to 20%,
PA1  vinyl or vinylidene chloride: 10 to 25%,
PA1  neutral, ethylenically unsaturated, non-halogenated monomer: 0 to 5%.
PAR  The fibers manufactured from the copolymer exhibit generally high
      properties which make them useful in the textile field. More particularly,
      the fibers are of excellent color, high physical mechanical properties,
      heat and light proofness and dyeability; moreover their shrinking
      properties in water at high temperature are acceptable.
PAR  In the following experimental examples the parts are to be understood by
      weight, unless otherwise specified.
PAR  Moreover, in said examples AN denotes acrylonitrile, BEA 2-bromoethyl
      acrylate, VCl vinyl chloride and VCl.sub.2 vinylidene chloride. These
      initials denote both the monomers as such and the corresponding monomer
      moieties in the copolymer.
DETD
PAC  EXAMPLE 1
PAR  A glass reactor provided with a stirrer, means for feeding the reactants
      and a thermostatic system is charged with 300 parts water; the latter is
      heated to 40.degree.C while flushing by means of a nitrogen stream.
PAR  The reactor is gradually fed in 120 minutes with 60 parts AN monomer, 20
      parts VCl.sub.2 and 20 parts BEA.
PAR  At the same time the reactor is fed with a catalytic system consisting of a
      first solution obtained by dissolving 1.2 parts potassium persulphate in
      100 parts water and a further solution obtained by dissolving in 135 parts
      water the following ingredients: 2 parts sodium bisulphite, 6 parts 1 N
      sulphuric acid and 2.5 parts of a solution containing 0.01 g/liter ferrous
      sulphate.
PAR  The two solutions forming the catalytic system are separately delivered to
      the reactor in which the temperature is constantly maintained at
      40.degree.C.
PAR  When delivery is terminated, the said temperature is maintained during
      further 30 minutes, whereupon 0.01 parts of the disodium salt of
      ethylenediaminetetraacetic acid are added while cooling.
PAR  A white AN/VCl.sub.2 /BEA copolymer is obtained, with a composition by
      weight of 72/15/13 and a specific viscosity of 0.15.
PAR  The recovered and dried copolymer is dissolved in dimethyl acetamide to a
      24% concentration by weight.
PAR  Antimony sesquioxide is added to and dispersed in the resulting clear
      solution in a proportion amounting to 2.0 parts by weight to 100 parts by
      weight copolymer. The resulting mixture is extruded into a coagulating
      bath formed by dimethyl acetamide and water (45/55 by weight) kept at
      55.degree.C. The filaments are washed and drawn to six times their length
      in water at 98.degree.C, then dried.
PAR  The filaments obtained are self-extinguishing when exposed to a flame and
      moreover exhibit satisfactory physical-mechanical and heat-resistance
      properties.
PAC  EXAMPLE 2
PAR  The procedure described in Example 1 is followed to prepare a number of
      copolymers which are converted to fibers.
PAR  The fibers are treated in saturated steam at various pressures, whereby
      shrinking is ascertained in comparison with the fibers obtained from
      AN/VCl.sub.2 and AN/VCl copolymers.
PAR  Table 1 summarizes the results of tests (a) to (d); the tests (a) and (b)
      being comparative tests.
PAR  In the table column (1) shows the moieties forming the copolymer, column
      (2) shows the weight ratio of the moieties, column (3) shows the
      percentage of shrinking after treatment of the fibers in saturated steam
      at 1.5 kg/sq.cm., and column (4) shows the percentage of shrinking after
      treatment of the fibers in saturated steam at 2.5 kg/sq.cm.
TBL                Table 1                                                     
     ______________________________________                                    
             (1)       (2)       (3)    (4)                                    
     ______________________________________                                    
     Test a)   AN/VCl.sub.2                                                    
                           60/40     32   47                                   
     Test b)   AN/VCl      50/50     50   50                                   
     Test c)   AN/VCl.sub.2 /BEA                                               
                           75/10/15  23   29                                   
     Test d)   AN/VCl.sub.2 /BEA                                               
                           70/15/15  26   34                                   
     ______________________________________                                    
PAR  All examined samples are of a similar behaviour towards the flame.
PAR  The shrinkage values in saturated steam are further improved when moieties
      of at least one neutral, ethylenically unsaturated, non-halogenated
      monomer and possibly also of a copolymerizable monomer carrying sulphonic
      groups adapted to improve the dyeability of the filaments are introduced
      into the copolymer.
CLMS
STM  We claim:
NUM  1.
PAR  1. A copolymer suitable for making self-extinguishing fibers, consisting
      essentially of the following comonomers: at least 50 wt.% acrylonitrile,
      from 2 to 30 wt.% of vinyl or vinylidene chloride, from 0 to 10 wt.% of a
      neutral, ethylenically unsaturated, non-halogenated monomer and from 2 to
      40 wt.% of a monomer selected from the group corresponding to the general
      formula:
      ##EQU3##
      wherein R is selected from the group of hydrogen and methyl and n is an
      integer from 1 to 4.
NUM  2.
PAR  2. A copolymer suitable for making self-extinguishing fibers, consisting
      essentially of the following comonomers: at least 70 wt.% acrylonitrile,
      from 10 to 25 wt.% of vinyl or vinylidene chloride, from 0 to 5 wt.% of a
      neutral, ethylenically unsaturated, non-halogenated monomer and from 5 to
      20 wt.% of a monomer selected from the group corresponding to the general
      formula:
      ##EQU4##
      wherein R is selected from the group of hydrogen and methyl and n is an
      integer from 1 to 4.
NUM  3.
PAR  3. A copolymer suitable for making self-extinguishing fibers, consisting
      essentially of the following comonomers: at least 50 wt.% acrylonitrile,
      from 2 to 30 wt.% of vinyl or vinylidene chloride, from 0 to 10 wt.% of a
      neutral, ethylenically unsaturated, non-halogenated monomer; from 0.1 to 3
      wt.% of a copolymerized monomer carrying sulphonic groups, and from 2 to
      40 wt.% of a monomer selected from the group corresponding to the general
      formula:
      ##EQU5##
      wherein R is selected from the group of hydrogen and methyl and n is an
      integer from 1 to 4.
NUM  4.
PAR  4. The copolymer of claim 1, wherein the said neutral monomer is selected
      in the group consisting of styrene, alpha-methylstyrene, vinyl methyl
      ether, vinyl methyl ketone, methyl acrylate, methyl methacrylate and vinyl
      acetate.
NUM  5.
PAR  5. The copolymer of claim 2, wherein the said neutral monomer is selected
      from the group consisting of styrene, alpha-methylstyrene, vinyl methyl
      ether, vinyl methyl ketone, methyl acrylate, methyl methacrylate and vinyl
      acetate.
NUM  6.
PAR  6. The copolymer of claim 3, wherein the said neutral monomer is selected
      from the group consisting of styrene, alpha-methylstyrene, vinyl methyl
      ether, vinyl methyl ketone, methyl acrylate, methyl methacrylate and vinyl
      acetate.
NUM  7.
PAR  7. The copolymer of claim 3, wherein the monomer carrying sulphonic groups
      is selected from the group consisting of methallyl sulphonic acid, styrene
      sulphonic acid and alkali metal salts of said acids.
NUM  8.
PAR  8. A fiber produced from the copolymer of claim 1.
NUM  9.
PAR  9. A fiber produced from the copolymer of claim 2.
NUM  10.
PAR  10. A fiber produced from the copolymer of claim 3.
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ABST
PAL  Resins composed of interreacted urea, formaldehyde and a non-tertiary
      C.sub.4.sub.-6 alkanol in 1:2.3-2.7:1.3-1.8 molar ratio containing 0.3-0.7
      mol of methylol substituents per mol of interreacted urea therein having
      molecular weights in the range 350 - 700 are thermosetting,
      toluene-soluble, and water-insoluble, and are of pumpable viscosity. They
      are made by a multi-step process containing two acid alkylation steps with
      intervening removal of water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to novel alkylated urea-formaldehyde resins
      and to methods for the preparation thereof. More particularly, the
      invention relates to such resins which are thermosetting, which are
      soluble in at least their own weight of toluene, and which are of pumpable
      viscosity even when containing no solvent thinner or other diluent
      material. The invention further relates to the production of these resins
      by a process involving a double alkylation step with predetermined
      combinations of temperature and pH, resulting in formation of a resin of
      critical molecular weight containing methylol and alkylated methylol
      substituents in critical proportion.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Thermosetting toluene-soluble alkylated urea-formaldehyde resins have long
      been commercially available and are in wide commercial use as components
      of surface coatings. A disadvantage of these resins is that they are very
      viscous, so viscous in fact that they cannot be pumped in pumps available
      to the lacquer and enamel manufacturer unless they are thinned with a
      volatile organic solvent. Volatile organic solvents are usually
      inflammable, and resins containing such solvents require special
      safeguards when shipped and stored. It is a disadvantage of resins
      containing such solvents that they are intrinsically dangerous to handle.
PAR  A particular and increasingly important disadvantage of resins containing
      such solvents is that under the Federal Clean Air Act (and under many
      State and municipal counterpart acts) lacquers, paints, enamels, etc.
      containing these resin-solvent solutions cannot be applied except within a
      solvent recovery system adequate to prevent the solvent content of these
      coatings from escaping into the atmosphere. Solvent recovery systems are
      costly to install and to maintain, and there is always the danger of an
      explosion.
PAR  A demand has accordingly arisen for a thermosetting toluene-soluble
      alkylated urea-formaldehyde resin which is of pumpable viscosity at room
      or at elevated temperature when containing no solvent, diluent or thinner,
      yet which thermosets rapidly at conventional baking temperatures to a
      hard, enamel-like state. Such a resin should also be compatible with the
      solvents and alkyd resins still customarily employed in the formulation of
      baking enamels and other surface coatings.
PAC  SUMMARY OF THE INVENTION
PAR  The discovery has now been made that this demand is met by alkylated
      urea-formaldehyde products which are composed of interreacted urea,
      formaldehyde and a non-tertiary C.sub.4.sub.-6 alkanol (or mixture of such
      alkanols) in 1:2.3-2.7:1.3-1.8 molar ratio respectively. The molar ratio
      of urea to unalkylated methylol substituents in the products is 1:0.3-0.7
      and the products have a number average molecular weight between 350 and
      700. Since the products are viscous liquids, for convenience they are
      herein generally termed "resins".
PAR  The further discovery has been made that resins of this description have a
      viscosity sufficiently low that they can be pumped at room or at elevated
      temperatures when containing no solvent diluent or thinner (i.e., at 100%
      resin solids content), and that they are adequately soluble in solvents
      used for lacquer and enamel manufacturing purposes, e.g., in benzene,
      toluene, xylene, petroleum naphtha, acetone, ethyl acetate, n-butanol, and
      isobutanol. Moreover, the resins are compatible with the principal alkyd
      resins which are used for the formulation of bake-type enamel finishes,
      and possess remarkable stability in that they remain of pumpable viscosity
      when stored at room temperature for six months.
PAR  The resins of the present invention are insoluble in water and so are
      suitable for use in the formulation of latex paints, varnishes and
      enamels.
PAC  DETAILED DESCRIPTION
PAR  The structure of the resins of the present invention is illustrated by the
      following formula, which is representative of the average structure of the
      resin of the present invention at dimeric weight:
      ##EQU1##
      In this formula the "C.sub.4.sub.-6 "  substituents represent non-tertiary
      alkyl substituents and "X" represents methylene (--CH.sub.2 --) or
      methyleneoxy (--CH.sub.2 OCH.sub.2 --). In the formula, the molar ratio of
      combined urea, formaldehyde and C.sub.4.sub.-6 alkanol is 1:2.5:1.5, and
      the molar ratio of combined urea to unalkylated methylol substituents is
      1:0.5. When the C.sub.4.sub.-6 alkyl substituents are butyl, and X is
      methylene, the molecular weight of the resin illustrated by the formula is
      436. However, the relative positions of the substituents attached to the
      nitrogen atoms are variable, and therefore the resins may be and probably
      are composed of position isomers of the resin illustrated.
PAR  The resins of the present invention are made by a process involving
      numerous critical steps.
PAR  In the first step, urea and formaldehyde are interreacted at an alkaline pH
      in molar ratio to form a mixture of methylolureas and methylolurea
      derivatives (molar ratio urea: reacted formaldehyde = 1:2.3-2.7 and
      preferably 1:2.5). In this step, it is advantageous to employ an excess of
      formaldehyde, but the reaction is stopped when the urea has reacted with
      the above-indicated amount of formaldehyde. The unreacted excess can be
      distilled off and reused. A large excess of formaldehyde can be employed
      without harm, but no advantage has been found in adding more than six mols
      of formaldehyde per mol of urea. The reaction can be performed at any
      alkaline pH, but the range of 7-9 gives good results and is therefore
      preferred. The reaction proceeds between room and reflux temperatures.
      Aqueous formaldehyde (or if preferred, paraformaldehyde) can be employed.
PAR  The product of the reaction is a mixture principally composed of
      dimethylolurea, trimethylolurea, and low condensation products thereof
      (predominantly smaller then pentameric).
PAR  When paraformaldehyde is employed, the reaction product contains at most a
      negligible amount of water and can be used for the next step (the first
      alkylation step) without treatment. However, when aqueous formaldehyde is
      employed, the residual water, when present in amounts larger than about
      30% of the weight of the non-volatiles ("solids") therein, interferes
      unduly with the alkylation reaction, and this excess must be removed.
PAR  Accordingly, when aqueous formaldehyde is employed, in the next step the
      solution is concentrated to at least 50% and preferably to 70% to 95%
      non-volatiles or more to remove most of and preferably substantially all
      of the water.
PAR  The third main step of the process (the first alkylation) is performed by
      heating the above-described product with an excess of C.sub.4.sub.-6
      alkanol (or mixture of such alkanols) at a predetermined pH and
      temperature such that a substantial proportion (at least 30%) of the
      methylol substituents are alkylated and yet polymerization of the
      methylolureas (with and without alkylation) occurs to no more than a
      negligible extent, i.e., so that at least about one-half of the ureas are
      not larger than dimeric. One suitable combination is a pH in the range of
      4 to 6 and a temperature between 70.degree.C. and reflux. Another
      combination is a pH less than 2 and a temperature between 20.degree.C. and
      55.degree.C. Other suitable combinations can be found by laboratory trial.
      The alkylation is preferably continued until the reaction becomes very
      slow or virtually ceases, with alkylation of more than half of the
      methylol groups present in the starting mixture of methylolureas.
PAR  When at least 30% of the methylol groups have become alkylated and the
      alkylation reaction has become undesirably slow, the mixture is
      concentrated to remove excess water and excess alkanol and to raise its
      non-volatile content to at least 80% by weight.
PAR  The mixture is then subjected to a second alkylation, with a C.sub.4.sub.-6
      alkanol or mixture of alkanols. The alkylation is performed at a pH below
      about 2, the solution being maintained at a temperature within the range
      of 25.degree.C. to 55.degree.C. until the alkylated methylolureas contain
      between about 1.3 and 1.8 mol of the C.sub.4.sub.-6 alkanol (or mixture of
      said alkanols) and the number of unalkylated methylol substituents has
      decreased to less than 0.7 but has not decreased below 0.3 mol per mol of
      combined urea present.
PAR  The process is terminated by raising the pH of the mixture above 7
      (preferably to 7.5-8.5). If desired, the mixture may be concentrated to
      substantially 100% solids, thereby removing substantially all the water
      and unreacted formaldehyde and alkanol or alkanols. The product, both
      before and after final concentration, is stable for six months at room
      temperature.
PAR  In the alkylation reactions, preferably the alkanol (or mixture of
      alkanols) is added in excess. However, more than three times the
      stoichiometric amount confers only slight benefit, which is therefore
      regarded as the practical maximum.
PAR  The three concentration steps described above can be performed in any
      convenient way, the preferred object being to remove substantially all the
      volatile material present (chiefly water, unreacted formaldehyde and
      unreacted alkanol). Vacuum distillation (less than 50 mm. of Hg) permits
      these components to be removed substantially completely and is therefore
      preferred.
PAR  The pH adjustments can be made by addition of 50% sodium hydroxide solution
      or concentrated sulfuric or nitric acids, as the step in each instance may
      require. However, volatile acids (formic acid or acetic acid) and volatile
      bases (triethanolamine, or morpholine) can also be used. They volatilize
      at temperatures at which surface coatings are customarily baked, and so do
      not introduce any hydrophilic component into the surface coatings.
PAR  Suitable alkanols include any non-tertiary C.sub.4.sub.-6 alkanol. Among
      these are n-butanol, iso-butanol, n-amyl alcohol and n-hexyl alcohol which
      are preferred because of the ease with which they react with the
      methylolurea.
PAR  When the steps set forth above are followed, the product has a number
      average molecular weight between about 350 and 700. When our preferred
      methods are employed, the products generally have molecular weights in the
      range of about 400 to 500.
PAR  The products are water-white but sometimes possess a haze. Products
      possessing this haze do not appear to be inferior in any respect except
      appearance, so that this haze appears harmless. The haze can be removed by
      filtration. The filtered product is a water-clear sparkling syrup which is
      soluble in at least its own weight of toluene and which is of pumpable
      viscosity; that is, it can be pumped at room or elevated temperature in
      any of the pumps customarily used in the surface coating industry to pump
      components of varnishes and enamels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is further illustrated by the preferred embodiments
      (examples) which follow. The claims are not to be construed as limited
      thereto.
PAC  EXAMPLE 1
PAR  The following illustrates the preparation of a preferred resin according to
      the present invention by the embodiment of the process wherein the
      alkylation is performed first at reflux temperature at a slightly acid pH
      and then at about room temperature at highly acid pH, to provide a syrup
      of substantially 100% resins solids which is of pumpable viscosity at room
      temperature and which is soluble in its own weight of toluene. It contains
      about 0.5 --CH.sub.2 OH substituents per urea residue present.
PAR  1014 g. of 44% formalin (14.85 mols) in a flask equipped with stirrer,
      condenser, and thermometer is adjusted to pH 7.4 with triethanolamine. To
      this is added 270 g. (4.5 mols) of urea. The mixture is heated to
      80.degree.C. and is maintained at that temperature for 30 minutes, after
      which the mixture is subjected to vacuum distillation at 50.degree. -
      70.degree.C. until about 95% of the water in the mixture has been removed.
      To this is added 1166 g. (15.75 mols) of n-butanol, and the pH of the
      mixture is adjusted to 5 by addition of 90% formic acid. The mixture is
      first refluxed for 10 -15 minutes and is then decanted until 205 mol of
      the water/butanol azetrope has been taken off. The mixture is then cooled
      to 35.degree.C. and its pH is adjusted to 7.5 by addition of aqueous 50%
      sodium hydroxide. The mixture is then vacuum concentrated to a terminal
      temperature of  90.degree.-95.degree.C., at which point the solids content
      of the mixture is 90%. The mixture is cooled, and to it is added 666 g. of
      butanol (9.0 mols) and sufficient 70% nitric acid to lower the pH to 1.5.
      The mixture is then stirred at 50.degree.C. for 30 minutes, adjusted to pH
      7.5 with sodium hydroxide, vacuum concentrated to 100% solids at
      100.degree.C. and filtered. The filtrate is a clear syrup which is
      composed of combined urea, formaldehyde and butanol in about 1:2.4:1.4
      molar ratio and which contains about 0.5 mol of --CH.sub.2 OH substituent
      per mol of combined urea present. It has a molecular weight of about 450,
      and a Gardner-Holdt viscosity of Z.sub.2 at 25.degree.C. It is soluble in
      its own weight of toluene at 20.degree.C. It is pumpable at room
      temperature.
PAC  EXAMPLE 2
PAR  The following illustrates the preparation of a resin syrup similar to that
      of Example 1 but having an even lower viscosity.
PAR  To a 3-liter flask equipped with thermometer, stirrer and condenser
      containing 1105 g. of 44% formalin (16.2 mols) adjusted to pH 8.3 by
      addition of 50% aqueous sodium hydroxide is added 270 g. (4.5 mols) or
      urea. The mixture is heated to 80.degree.C. and held there for 30 minutes,
      after which time vacuum is applied and approximately 95% of the water
      present is removed by vacuum distillation at 50.degree.-70.degree.C. To
      this is added 999 g. (13.5 mols) of n-butanol and the pH is adjusted to
      1.5 by addition of concentrated sulfuric acid. The mixture is stirred for
      30 minutes at 40.degree.C. It is then neutralized to pH 7 with 50% sodium
      hydroxide, and is subjected to vacuum distillation until it contains 86%
      solids. The non-solids in the syrup are largely butanol and formaldehyde.
      To this is added 666 g. (9.0 mols) of n-butanol and the pH of the mixture
      adjusted to 1 with concentrated sulfuric acid. The mixture is held with
      stirring at 40.degree.C. for 30 minutes and is then neutralized with 50%
      sodium hydroxide. Vacuum is applied and the mixture stripped of all
      volatiles to 100.degree.C. The residue is essentially composed of resin
      solids. It has a Gardner-Holdt viscosity of Y at 25.degree.C. and is
      readily pumped. The ratio of combined urea, formaldehyde and butanol in
      the polymer is 1:2.51.6. It contains about 0.4 --CH.sub.2 OH substituents
      per mol of combined urea present. The syrup is soluble in its own weight
      of toluene. It is composed of about 34% monomer by weight, 15% dimer, and
      51% higher polymeric forms, and has a number average molecular weight of
      about 450.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except that amyl alcohol is used in
      place of butanol. A similar syrup is obtained.
PAC  EXAMPLE 4
PAR  The following illustrates a pumpable syrup according to the present
      invention wherein the alkyl substituents in the resin are hexyl (C.sub.6)
      substituents.
PAR  The procedure of Example 1 is repeated except that n-hexanol is used in
      place of the butanol. A similar syrup is obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermosetting, storage-stable, toluene-soluble, water-insoluble,
      alkylated urea-formaldehyde resin of pumpable viscosity, at room
      temperature, at 100% resin solids content composed of interreacted urea,
      formaldehyde and a non-tertiary C.sub.4.sub.-6 alkanol in
      1:2.3-2.7:-1.3-1.8 molar ratio respectively; the number average molecular
      weight of the resin being between about 350 and 700, and said resin
      containing between 0.3 and 0.7 mol of methylol substituents per mol of
      interreacted urea therein.
NUM  2.
PAR  2. A resin according to claim 1 containing substantially no thinner or
      solvent.
NUM  3.
PAR  3. A resin according to claim wherein the C.sub.4.sub.-6 alkanol is
      n-butanol.
NUM  4.
PAR  4. A resin according to claim 1 composed of interreacted urea,
      formaldehyde, and n-butanol in 1:2.5:1.5 molar ratio.
NUM  5.
PAR  5. A resin according to claim 1 wherein the resin has a number average
      molecular weight between about 400 and 500.
NUM  6.
PAR  6. A process for the manufacture of a thermosetting toluene-soluble
      water-insoluble alkylated urea-formaldehyde resin according to claim 1,
      which consists essentially in the following steps:
PA1  1. reacting 1 mol of urea with about 2.3 to 2.7 mols of formaldehyde at a
      non-acid pH in aqueous solution;
PA1  2. concentrating the reaction product to at least 50% solids;
PA1  3. adding to the residue an excess of a non-tertiary C.sub.4.sub.-6 alkanol
      or mixture of non-tertiary C.sub.4.sub.-6 alkanols in stoichiometric
      excess;
PA1  4. maintaining the resulting solution at a predetermined pH below 7 and at
      a predetermined temperature between 20.degree.C. and reflux at which
      combination of pH and temperature alkylation of said reaction product
      proceeds rapidly and polymerization of said reaction product proceeds
      slowly, whereby a urea-formaldehyde resin is obtained at least 30% of the
      methylol groups of which are alkylated and which has a number average
      molecular weight between 350 and 700;
PA1  5. concentrating the reaction product to at least 80% solids;
PA1  6. adding to the residue said alkanol or a mixture of said alkanols in
      stoichiometric excess;
PA1  7. acidifying the resulting solution to a pH below about 2;
PA1  8. maintaining the solution at about 25.degree.C. to 55.degree.C. until the
      reaction product contains between about 1.3 and 1.8 mol of said
      C.sub.4.sub.-6 alkanol or mixture of said alkanols and until it contains
      0.3 to 0.7 mol of methylol substituents per mol of combined urea present;
      and
PA1  9. raising the pH of the solution about 7.
NUM  7.
PAR  7. A process according to claim 6 wherein in step (1) thereof the urea and
      the formaldehyde are reacted at pH 7.5-8.5 and at the reflux temperature
      of the solution.
NUM  8.
PAR  8. A process according to claim 6 wherein in step (2) thereof the reaction
      product is concentrated to at least 70% solids.
NUM  9.
PAR  9. A process according to claim 6 wherein the alkanol added is n-butanol.
NUM  10.
PAR  10. A process according to claim 6 wherein in step (4) thereof the solution
      is heated at a temperature between 70.degree.C. and reflux and at pH 4 to
      6.
NUM  11.
PAR  11. A process according to claim 6 wherein in step (4) thereof the solution
      is heated at a temperature between 20.degree.C. and 50.degree.C. and at a
      pH less than 2.
NUM  12.
PAR  12. A process according to claim 6 wherein in step (4) thereof the solution
      is maintained at the predetermined pH and temperature until alkylation of
      said reaction product has substantially ceased.
NUM  13.
PAR  13. A process according to claim 6 wherein in step (7) thereof the solution
      is acidified to a pH in the range of 0.5 to 1.
NUM  14.
PAR  14. A process according to claim 6 wherein in step (8) thereof the solution
      is maintained at about 50.degree.C. until the reaction product contains
      about 1.5 mol of C.sub.4.sub.-6 alkanol.
NUM  15.
PAR  15. A process according to claim 6 wherein the concentrations are performed
      under a vacuum of less than 50 mm. of Hg.
NUM  16.
PAR  16. A process for the manufacture of a thermosetting toluene-soluble
      water-insoluble alkylated urea-formaldehyde resin according to claim 1,
      which consists essentially in the steps of:
PA1  1. reacting 1 mol of urea with about 2.3 to 2.7 mols of paraformaldehyde at
      an alkaline pH;
PA1  2. adding to the reaction product a non-tertiary C.sub.4.sub.-6 alkanol or
      mixture of non-tertiary alkanols in stoichiometric excess;
PA1  3. maintaining the resulting solution at a predetermined pH below 7 and at
      a predetermined temperature between 20.degree.C. and reflux at which
      combination of pH and temperature alkylation of said reaction product
      proceeds rapidly and polymerization of said reaction product proceeds
      slowly, whereby a urea-formaldehyde resin is obtained at least 30% of the
      methylol groups of which are alkylated and which has a number average
      molecular weight between 350 and 700;
PA1  4. concentrating the resulting solution to at least 80% solids;
PAR  5. adding to the residue said alkanol or said mixture of alkanols in
      stoichiometric excess;
PA1  6. acidifying the resulting solution to a pH below about 2;
PA1  7. maintaining the solution at about 25.degree.C. to about 55.degree.C.
      until the reaction product contains between about 1.3 and 1.8 mol of said
      C.sub.4.sub.-6 alkanol or mixture of said alkanols and until it contains
      0.3 to 0.7 mol of methylol substituents per mol of combined urea present;
      and
PA1  8. raising the pH of the solution above 7.
NUM  17.
PAR  17. A process for the manufacture of a thermosetting toluene-soluble
      water-insoluble butylated urea-formaldehyde resin according to claim 1,
      which consists essentially in the following steps:
PA1  1. reacting 1 mol of urea with 2.5 mols of formaldehyde at pH 7.5-8.5 in
      aqueous solution;
PA1  2. concentrating the solution to at least 70% solids by weight;
PA1  3. adding to said solution an excess of n-butanol;
PA1  4. adjusting the pH of the solution below 2 and maintaining the solution at
      about 20.degree.C. to 50.degree.C. until reaction of said n-butanol has
      become negligibly slow;
PA1  5. adjusting the pH of the solution to a value about 8;
PA1  6. concentrating to at least 70% solids;
PA1  7. adding n-butanol in stoichiometric excess;
PA1  8. acidifying the solution to about pH 1;
PA1  9. maintaining the solution at about 25.degree.C. to 30.degree.C. until the
      reaction product has a content of about 1.5 mol of said butanol;
PA1  10. raising the pH of the solution to about 8; and
PA1  11. concentrating the solution to substantially 100% solids.
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ABST
PAL  A process for preparing compounds containing hydantoin groups, wherein
      compounds which contain isocyanate or isothiocyanate groups are reacted
      with compounds which contain at least one, preferably two
      .alpha.-halocarboxylic acid amide groups or one .alpha.,
      .alpha.'-dihalodicarboxylic acid diamide group.
PARN
PAR  This is a continutation-in-part of application Ser. No. 457,853, filed Apr.
      4, 1974, and now abandoned.
BSUM
PAR  It is known to prepare polyhydantoins by reacting glycine ester derivatives
      which are at least difunctional with polyisocyanates (see French Patent
      Specification No. 1,484,694). This method of forming polyhydantoins can be
      represented by the following schematic and very simplified reaction
      equation:
      ##EQU1##
PAR  In this reaction equation, the symbols R.sup.1 represent independently of
      each other, hydrogen or an alkyl radical preferably containing 1 to 4
      carbon atoms, R.sup.2 represents hydroxyl, amino, alkylamino,
      dialkylamino, alkoxy or aroxy, the alkyl radical preferably containing 1
      to 4 carbon atoms and the aryl radical preferably 6 to 10 carbon atoms, Ar
      denotes an aromatic radical and R.sup.3 denotes the organic residue of a
      diisocyanate.
PAR  The reaction may also be carried out with polyfunctional starting
      materials, i.e. glycine ester derivatives which have more than two glycine
      ester functions and polyisocyanates which contain more than two isocyanate
      groups. In that case, branched molecules are formed.
PAR  This invention relates to a process for preparing compounds containing
      hydantoin groups, wherein compounds which contain isocyanate or
      isothiocyanate groups are reacted with compounds which contain at least
      one, preferably two, .alpha.-halocarboxylic acid amide groups or one
      .alpha., .alpha.'-dihalodicarboxylic acid diamide group or derivatives
      thereof.
PAR  The basic reactions which are capable of taking place in such a process are
      illustrated by equations 2 and 3 in which a diisocyanate is used as
      example.
      ##EQU2##
PAR  The process may in principle be carried out with any known compounds which
      contain iso(thio)cyanate groups. If monoiso(thio)cyanates and a compound
      which contains only one .alpha.-halocarbonamide group are used, then
      compounds with only one hydantoin ring are formed. On the other hand
      polyiso(thio)cyanates and compounds which contain several
      .alpha.-halocarbonamide groups produce linear or branched, oligomeric or
      even polymeric substances, depending on the proportions in which the
      reactants are employed, and these substances contain hydantoin rings as
      connecting members. In such cases, the chain is continued by way of the
      N-atoms in the 1-3-3-1 position of the resulting hydantoin rings when di-
      and polyiso(thio)cyanates are reacted with .alpha.-halocarboxylic acid
      amides which can be prepared from .alpha.-halocarboxylic acid of formula
      VIII and di- or poly-amines of formula IX, whereas when mono- or
      polyfunctional .alpha.-halocarboxylic acid amides which can be obtained by
      condensing compounds which contain several .alpha.-halocarboxylic acid
      groups of formula XI with monoamines and polyamines, preferably with
      monoamines of formula IX are used, then the chain is also continued via
      the carbon atoms in the 5-position of the hydantoin ring. These various
      forms of cross-linking may be carried out separately or in combination
      with each other to produce high molecular weight cross-linked substances.
      The stoichiometric reactions represented in equations 2 and 3 between a
      diisocyanate and the two difunctional .alpha.-halocarboxylic acid amides
      of formulae IV and VI serves only as example of the synthesis of linear
      polymers.
PAR  Suitable mono- and polyiso(thio)cyanates for the process are compounds of
      the general formulae
PAC  R.sup.3 (-NCO).sub.z or R.sup.3 (-NCS).sub.z,              X
PAL  in which R.sup.3 represents an optionally substituted aliphatic radical
      containing 1 - 20 carbon atoms, an optionally substituted aromatic radical
      containing 5 - 12 carbon atoms, a cycloaliphatic radical containing 5 - 12
      carbon atoms, an aliphatic-aromatic radical containing 6 - 20 carbon atoms
      and an aromatic or cycloaliphatic heterocyclic radical which contains or
      is substituted by hetero atoms such as N, O or S and has 5 - 12 ring
      atoms. Aliphatic radicals which contain 2 to 6 carbon atoms, phenyl-,
      tolyl-, naphthyl-, diphenylmethane and diphenylether radicals are
      particularly preferred. z represents an integer of from 1 to 4, especially
      2 or 3. Inventive compounds produced by using iso(thio)cyanates in which
      R.sup.3 represents an optionally substituted aliphatic radical containing
      1 - 20 carbon atoms, preferably 2 to 6 carbon atoms, a cycloaliphatic
      radical containing 5 to 12 carbon atoms and an aromatic or cycloaliphatic
      heterocyclic radical which contains or is substituted by hetero atoms such
      as N, O or S and has 5 to 12 ring atoms have not yet been obtainable.
PAR  The monisocyanates used for this invention are aliphatic and aromatic
      compounds which contain one NCO group in the molecule and which may
      optionally be substituted by hetero atoms, for example alkylisocyanates
      such as ethyl-, methyl-, butyl-, dodecyl-, stearyl-, isopropyl-, or
      nonylisocyanate, aromatic, optionally substituted monoisocyanates such as
      phenyl-, tolyl-isocyanate, isopropyl-, nonyl-, nitro-, alkoxy-, aroxy-,
      chloro-, dichloro-, trichloro-, tetrachloro-, pentachloro-, benzyl- or
      bromophenyl isocyanate or isocyanatobenzoic acid esters,
      isocyanatophthalic acid esters and isocyanato-isophthalic acid esters,
      isocyanatobenzonitrile, cycloaliphatic isocyanates such as cyclohexyl
      isocyanate and unsaturated isocyanates such as allyl, oleyl or
      cyclohexenyl isocyanate.
PAR  The starting components used according to the invention may also be
      aliphatic, cycloaliphatic, araliphatic, aromatic and heterocyclic
      polyisocyanates (see Annalen, 562, pages 75 to 136), for example ethylene
      diisocyanate, tetramethylene-1,4-diisocyanate,
      hexamethyl-1,6-diisocyanate, dodecane-1,12-diisocyanate,
      cyclobutane-1,3-diisocyanate, cyclohexane-1,3-and -1,4-diisocyanate and
      any mixtures of these isomers,
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane (U.S. Pat. No.
      3,401,190), hexahydrotolylene-2,4- and -2,6-diisocyanate and any mixtures
      of these isomers, hexahydro-1,3-and/or -1,4-phenylene diisocyanate,
      perhydrodiphenylmethane-2,4'- and/or 4,4'-diisocyanate, phenylene-1,3- and
      -1,4-diisocyanate, tolylene-2,4- and -2,6-diisocyanate and any mixtures of
      these isomers, diphenylmethane-2,4'- and/or 4,4'-diisocyanate,
      naphthylene-1,5-diisocyanate, triphenyl methane-4,4',4"-triisocyanate,
      polyphenyl-polymethylene polyisocyanates which can be obtained by
      aniline-formaldehyde condensation followed by phosgenation and which have
      been described e.g. in British Patent Specification Nos. 874,430 and
      848,671, perchlorinated arylpolyisocyanates such as those described e.g.
      in U.S. Pat. No. 3,277,138, polyisocyanates which contain carbodiimide
      groups as described in U.S. Pat. No. 3,152,162, the diisocyanates
      described in U.S. Pat. Specification No. 3,492,330, polyisocyanates which
      contain allophanate groups as described e.g. in British Pat.
      Specifications Nos. 994,890 and 1,288,688 and U.S. Pat. No. 3,769,318,
      polyisocyanates which contain isocyanurate groups as described e.g. in
      British Pat. Specifications Nos. 843,841, 1,091,949, 1,267,011, 1,304,936
      and 1,305,036, polyisocyanates which contain urethane groups as described
      e.g. in British Pat. Specification 1,303,201 or in U.S. Pat. No.
      3,394,164, polyisocyanates which contain acylated urea groups according to
      U.S. Pat. No. 3,517,039, polyisocyanates which contain biuret groups as
      described e.g. in U.S. Pat. Specification No. 3,124,605, in British Pat.
      Specifications Nos. 889,050 and 1,308,652, polyisocyanates prepared by
      telomerisation reactions as described e.g. in U.S. Pat. Specification
      3,654,106, polyisocyanates which contain ester groups as mentioned e.g. in
      British Pat. Specifications Nos. 956,474, 1,072,956 and 1,086,404 and in
      U.S. Pat. Specification 3,567,763 and reaction products of the above
      mentioned isocyanates with acetales in accordance with U.S. Pat.
      Specification 3,120,502.
PAR  The distillation residues obtained from the commercial production of
      isocyanates and still containing isocyanate groups may also be used,
      optionally dissolved in one or more of the above mentioned
      polyisocyanates. Any mixtures of the above mentioned polyisocyanates may
      also be used.
PAR  It is preferred to use commercially readily available mixtures of tolylene
      diisocyanates, m-phenylenediisocyanate, any phosgenated condensates of
      aniline and formaldehyde which have a polyphenylene-methylene structure
      and the symmetric compounds 4,4'-diisocyanatodiphenylmethane,
      4,4'-diisocyanatodiphenylether, p-phenylene diisocyanate,
      4,4'-diisocyanatodiphenyl-dimethylmethane, analogous hydroaromatic
      diisocyanates and hexamethylene diisocyanate.
PAR  The isocyanates may be used in their free form or partly or completely in
      the form of masked isocyanates which react as the corresponding free
      isocyanates under the given reaction conditions and have been obtained by
      reaction with compounds which contain reactive hydrogen atoms.
PAR  The masked isocyanate compounds used are preferably carbamic acid esters
      obtained from aromatic and aliphatic mono- and polyhydroxy compounds, e.g.
      carbamic acid esters of the general formulae
      ##EQU3##
      in which R.sup.3 denotes the organic radical of an iso(thio)cyanate and
      has the meaning given above and A, which represents the organic radical of
      a monohydroxy compound, and B, which represents the organic radical of a
      difunctional or trifunctional hydroxy compound, may stand for an aliphatic
      radical containing 1 - 10 carbon atoms, a cycloaliphatic radical
      containing 5 - 10 carbon atoms, an aliphatic-aromatic radical containing 6
      - 12 carbon atoms and an romatic radical containing 5 - 12 carbon atoms,
      all of which radicals may also be substituted; z represents an integer of
      from 1 to 4, preferably 2 to 3.
PAR  Examples include the carbamic acid esters of phenol, isomeric cresols and
      commercial mixtures thereof and similar aromatic hydroxyl compounds,
      aliphatic monoalcohols such as methanol, ethanol, propanol, isopropanol,
      butanol, isobutanol, cyclohexanol, benzyl alcohols and aliphatic diols or
      polyols such as ethylene glycol and trimethylolpropane.
PAR  The O-alkylurethanes may be introduced into the reaction mixture as such or
      produced in situ by reaction of polyiso(thio)cyanates with alcohols. If
      O-alkylurethanes are used for the reaction, up to 100 % of the isocyanate
      groups may be present in the O-alkylurethane form.
PAR  Instead of the above mentioned (poly)isocyanates, the analogous
      (poly)isothiocyanates may be used.
PAR  Particularly suitable .alpha.-halocarboxylic acid amides for the process
      are those which are derived from aliphatic .alpha.-halocarboxylic acids of
      the formula
      ##EQU4##
      and their derivatives. In the above formula, Hal denotes halogen, e.g. F,
      Cl, Br or I, preferably Cl; the two groups R.sup.4 may be the same or
      different and denotes an aromatic radical containing 5 - 10 carbon atoms
      which may also be substituted, an aliphatic radical containing 1 - 20
      carbon atoms, a cycloaliphatic radical containing 5 - 10 carbon atoms or
      hydrogen. Two radicals R.sup.4 together with the .alpha.-carbon atoms may
      form a cycloaliphatic ring containing 5 to 7 ring members. The derivatives
      of these acids are preferably the acid halides (acid chlorides; the
      C.sub.1 -C.sub.10 alkyl esters (methyl-,ethyl-,isopropyl- or hexylesters)
      and the C.sub.6 - C.sub.10 aryl esters (phenyl-, cresyl- and
      naphthylesters).
PAR  Preferred examples of .alpha.-halocarboxylic acids and their derivatives
      are chloroacetic acid, and .alpha.-halogenated, e.g. .alpha.-chlorinated
      or .alpha.-brominated propionic, butyric, 2-ethylhexanoic, stearic,
      phenylacetic, diphenylacetic, dimethylacetic, isopropylacetic and
      cyclohexanoic acid.
PAR  Compounds which contain several .alpha.-halocarboxylic acid groups are
      represented by the following formula
      ##EQU5##
      are also suitable. In the above formula, R.sup.6 denotes an aliphatic
      radical containing 1 - 10 carbon atoms, a cycloaliphatic radical
      containing 5 - 10 carbon atoms, an aliphatic aromatic radical containing 6
      - 10 carbon atoms, an aromatic radical containing 5 - 10 carbon atoms or a
      single bond and y represents an integer of from 1 to 3, preferably 2 to 3.
      These compounds are formed, for example, by .alpha.,.alpha.'-chlorination
      or -bromination of polybasic carboxylic acids such as succinic, adipic,
      glutaric, sebacic or phenylene diacetic acid.
PAR  The various stereoisomeric forms of dichloro- and dibromo-succinic acids
      which can be obtained from maleic and fumaric acid are preferred.
PAR  Suitable monoamines and polyamines for preparing the halocarboxylic acid
      amides are compounds of the formula
EQU  R.sup.5 (-NH.sub.2).sub.x                                  IX in which
      R.sup.5 denotes optionally substituted aliphatic, aromatic,
      aliphatic-aromatic or heterocyclic radicals. R.sup.5 preferably has the
      same meaning as R.sup.3. x denotes an integer of from 1 to 4, preferably 2
      to 3. The preferred amines used are propylamine, cyclohexylamine, aniline,
      hexamethylene diamine, m- and p-phenylene diamine,
      4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenylether, tolylene-2,4- or
      -2,6-diamine and the commercial amine mixture obtained by condensation of
      aniline with formaldehyde.
PAR  Mono- and poly-functional .alpha.-halocarboxylic acid amides represented by
      the general formula
      ##EQU6##
      in which R.sup.4, R.sup.5, Hal and x have the meanings indicated above may
      be obtained in known manner, e.g. from .alpha.-halocarboxylic acid halide
      derivatives or .alpha.-halocarboxylic acid ester derivatives of compound
      VIII and amines of formula IX or from the isocyanates (X) corresponding to
      these amines and .alpha.-halocarboxylic acids (VIII).
PAR  Monofunctional and polyfunctional .alpha.-halocarboxylic acid amides
      represented by the formula
      ##EQU7##
      in which R.sup.4, R.sup.5, R.sup.6, Hal and y have the meanings already
      indicated may similarly be obtained from the corresponding derivatives of
      compound XI and amines of formula IX, preferably with x = 1 (or more) or
      the corresponding isocyanates (X).
PAR  To carry out the process according to the invention, the starting materials
      may be dissolved in a solvent and then heated to temperatures of about
      60.degree. - 350.degree.C. A slow stream of inert gas (e.g. nitrogen or
      CO.sub.2) is advantageously passed over or through the reacting solution
      to remove the hydrogen halide evolved more quickly. The reaction is
      generally finished when evolution of the hydrogen halide ceases. The
      reaction last usually from 1 to 50 hours, preferably 1 - 20 hours.
PAR  The reaction may be modified by slowly adding one or both reactants to the
      inert solvent or to the other reactant, optionally in solution only at
      elevated temperatures, for example at 80.degree. to 220.degree.C.
PAR  On the other hand it is not necessary to prepare the .alpha.-halocarboxylic
      acid amides separately and isolated before they are used for the process
      of preparing the inventive polyhydantoins. They may also be prepared by a
      one pot reaction, optionally in a solvent, for example by reacting the
      corresponding .alpha.-halocarboxylic acids with an equivalent quantity of
      the isocyanate which corresponds to the amine component or by reacting the
      corresponding .alpha.-halocarboxylic acid halides, or the esters obtained
      from them by a reaction with phenolic reactants such as monoalcohols or
      polyols, with the amine component, e.g. at temperatures of between
      -20.degree. and 200.degree.C, and they may then be reacted directly, for
      example within the same temperature range, with the same or another of the
      above mentioned isocyanate components to produce the compounds which
      contain hydantoin rings.
PAR  Alternatively, the reaction may be carried out stepwise by first reacting
      part of the isocyanate or O-alkylurethane with the .alpha.-halocarboxylic
      acid amide derivative, e.g. at 50.degree. to 200.degree.C, and then
      reacting the product with the same or another of the above mentioned
      isocyanate components, O-phenylurethanes or O-alkylurethanes, for example
      at the same temperature range.
PAR  Solvents which are inert in the reaction and towards the reaction products
      may be used, for example higher boiling, optionally halogenated aliphatic
      and aromatic hydrocarbon solvents such as paraffin oils, chloroparaffin,
      chlorobenzene, dichlorobenzene, nitrobenzene, tetralin, decalin,
      alkylbenzenes or alkylnaphthalenes and diphenylethers.
PAR  It is preferred, however, to use solvents which react with the isocyanates
      to form so-called masked isocyanates as already described above. These
      solvents may if desired be used together with the solvents mentioned
      above. Solvents which form masked isocyanates are in particular solvents
      which contain active hydrogen atoms which react with the isocyanates to
      form isocyanate derivatives such as urethanes which are easily reconverted
      into the isocyanates by heat. Phenolic solvents are particularly
      preferred, e.g. phenol, cresols or mixtures thereof.
PAR  According to the invention, the reaction may be accelerated by catalysts.
      The following are examples of suitable catalysts:
PAR  1) Tertiary amines, such as triethylamine, tributylamine,
      N-methylmorpholine, N-ethylmorpholine, N-cocomorpholine,
      N,N,N',N'-tetramethyl-ethylenediamine, 1,4-diaza-bicyclo(2,2,2)-octane,
      N-methyl-N'-dimethylaminoethyl-piperazine, N,N-dimethylbenzylamine,
      bis-(N,N-diethylaminoethyl)-adipate, N,N-diethylbenzylamine,
      pentamethyldiethylenetriamine, N,N-dimethylcyclohexylamine,
      N,N,N',N'-tetramethyl-1,3-butanediamine,
      N,N-dimethyl-.beta.-phenylethylamine, 1,2-dimethylimidazole and
      2-methylimidazole. 2) Tertiary amines containing hydrogen atoms which are
      reactive with isocyanate groups, e.g. triethanolamine,
      triisopropanolamine, N-methyl-diethanolamine, N-ethyl-diethanolamine,
      N,N-dimethyl-ethanolamine and their reaction products with alkylene oxides
      such as propylene oxide and/or ethylene oxide;
PAR  3 Silaamines which contain carbon-silicon bonds (see German Patent
      Specification No. 1,229,290), e.g. 2,2,4-trimethyl-2-silamorpholine and
      1,3-diethylaminomethyl-tetramethyl-disiloxane;
PAR  4 Bases which contain nitrogen, such as tetraalkylammonium hydroxides and
      hexahydrotriazines;
PAR  5 Organic metal compounds, in particular iron, lead and/or tin. The organic
      tin compounds used are preferably tin(II) salts of carboxylic acids such
      as tin(II) acetate, tin(II) octoate, tin(II) ethylhexoate and tin(II)
      laurate and dialkyl tin(IV) salts such as dibutyl tin dichloride, acetate,
      laurate or maleate or dioctyl tin diacetate, or iron salts such as iron
      acetylacetonate or iron chloride, lead oxide, lead carbonate or lead
      carboxylate.
PAR  Other catalysts which may be used in the process according to the invention
      have been described in Kunststoff-Handbuch, Volume VII, published by
      Vieweg and Hochtlen, Carl-Hanser-Verlag, Munich 1966, on pages 96 to 102,
      and in High Polymers, Vol. XVI, Part I, (Polyurethanes-Chemistry),
      published by Saunders and Frisch, Interscience Publishers, New York 1962,
      on pages 129 - 217.
PAR  The compounds obtained according to the invention may be high molecular or
      low molecular weight compounds. This depends mainly on the choice of
      starting materials and the molar ratios in which they are used. 1) When
      "monovalent" reactants are used, compounds with only one hydantoin ring
      are obtained. 2) If 1 mol of a bis-.alpha.-halocarboxylic acid amide is
      reacted with 2/n mol of a polyiso(thio)cyanate which contains n NCO
      groups, then a high molecular weight product is obtained if n &gt; 1,
      preferably n = 2, for example when a diisocyanate of formula II is reacted
      with a bis-.alpha.-halocarboxylic acid amide of formula IV, then a high
      molecular weight product which contains the following recurrent structural
      unit is obtained:
      ##EQU8##
PAR  3) If, on the other hand, one mol of a bis-.alpha.-halocarboxylic acid
      amide is reacted with 4/n mol of a polyiso(thio)cyanate which contains n
      NCO groups per molecule, then if n &gt; 1, preferably n = 2, the product
      obtained contains n hydantoin rings per molecule, for example when an
      isocyanate of formula II is reacted with a bis-.alpha.-halocarboxylic acid
      amide of the formula IV, then a hydantoin ring which contains NCO groups
      as represented by the following formula is obtained:
      ##EQU9##
PAR  If the reaction is carried out with a derivative of a diisocyanate, i.e. a
      so-called masked diisocyanate, or if a phenolic solvent is used, e.g.
      phenol, cresols or mixtures thereof, then products of the following
      formula are obtained:
      ##EQU10##
      in which A denotes an aliphatic or aromatic radical as described above. 4)
      If for 1 mol of bis-.alpha.-halocarboxylic acid amide there are used
      between 2/n and 4/n mol of a polyiso(thio)cyanate which contains n NCO
      groups per molecule, then if n &gt; 1, preferably n = 2, products of the
      following formula are obtained:
      ##EQU11##
      in which o = 2 to about 200, especially 2 - 50, and if masked isocyanates
      or phenolic solvents are used, then products of the following formula are
      obtained in analogous manner:
      ##EQU12##
      5) If in accordance with 2 - 4 .alpha.,.alpha.'-dihalodicarboxylic acid
      diamides of formula VI or of formula XXI for y = 2 are used instead of
      bis-.alpha.-halocarboxylic acid amides in analogous form, then the
      reaction products obtained are dimeric to polymeric products in which the
      hydantoin rings are also linked through the carbon atoms in the
      5,5'-position.
PAR  These reaction products are specifically characterised as follows:
PAR  a. Instead of high molecular weight products of Formula V, products with
      recurrent structural units of the following formula are obtained:
      ##EQU13##
PAR  b. instead of hydantoins of the formula XII which contain NCO groups,
      hydantoins of the following formula are obtained:
      ##EQU14##
      or in the masked form
      ##EQU15##
PAR  c. instead of oligomers of formula XIV, oligomers of the following formula
      are obtained:
      ##EQU16##
      or in the masked form:
      ##EQU17##
PAR  Since the inventive reaction is generally carried out in solvents, the
      products are also obtained as solutions. These solutions may be used
      directly as coating materials. When heated to elevated temperatures the
      products of the invention are converted into hard, non-fusible products.
      Thus when heated to temperatures of about 100.degree. to 500.degree.C,
      they give rise to temperature resistant coatings which have extremely high
      chemical, thermal and physical resistance. It is, therefore, possible to
      obtain coatings exhibiting outstanding flexibility, surfacehardness,
      abrasion resistance and resistance to all the conventional solvents such
      as alcohols, aromatic and aliphatic hydrocarbons, esters, ethers and
      ketones, and even to water, by applying solutions of the inventive
      products to heat-resistant supporting bases comprising for example,
      metals, ceramics, glass or asbestos fibres, or fabrics made from such
      fibres, or even to other adequately temperature-resistant synthetics, and
      then stoving at elevated temperatures.
PAR  The iso(thio)cyanate groups still present in the products would be expected
      to form high molecular weight materials by chain lengthening or
      cross-linking reactions although cross-linked substances may also be
      obtained from isocyanates which are more than divalent or from
      .alpha.-halocarboxylic acid amides (XX) of more than divalent amines or
      from the amides (XX) of polyfunctional .alpha.-halocarboxylic acids of
      formula XI already mentioned above, in which the proportion of
      cross-linking component may vary within wide limits. Thus, for example, an
      oligomer which consists of three hydantoin rings and three optionally
      masked NCO groups is formed from 1 mol of
      4,4',4"-trichloroacetanilidomethane and 3 mols of
      4,4'-diisocyanato-diphenylmethane. In stoichiometric reaction mixtures
      according to equation 2, the cross-linking component may advantageously
      consist of a more than difunctional iso(thio)cyanate and/or a more than
      difunctional .alpha.-halocarboxylic acid amide derivative, and the
      proportion of NCO groups or .alpha.-halocarboxylic acid amide groups
      present in these components may be 0.2 to 50 mols %, preferably 0.5 to 10
      mols %. The synthetic resins, coatings and sheets obtained in this way
      have excellent flexibility and surface hardness as well as excellent
      abrasion resistance and resistance to all the usual solvents such as
      alcohols, aromatic and aliphatic hydrocarbons and esters, ethers and
      ketones as well as water.
PAR  The outstanding properties of the inventive products which guarantee
      synthetic resins, coatings or structures of excellent flexibility,
      surface-hardness and high temperature resistance, remain largely
      unaffected, or can be varied as required, when other polymers known per se
      are jointly used, for example, polyesters, polyamides, polyurethanes,
      polyolefins, polyacetals, polyepoxides, polyimides, polyamide-imides,
      polyimino-polyesters and polyimide isocyanates. The quantities in which
      these polymers are used will largely depend upon the properties required
      of the end product and the weight ratio of the polymers of the invention
      to the known polymers may conveniently vary from 10 : 90 to 90 : 10. They
      are preferably mixed in a weight ratio of 30 : 70 to 70 : 30. These known
      polymers may be added to the polyhydantoins or may even be incorporated in
      them by polymerisation and condensation.
PAR  There should also be particularly mentioned the modification which is
      obtained by adding polyesters which contain reactive hydroxyl groups. When
      these polyesters are used with high or low molecular weight compounds
      according to this invention which contain masked or free NCO groups as for
      instance described in the formulae VIII - XI they cause chain lengthening
      or cross-linking of the molecules by way of urethane groups, either
      directly or after removal of the masking group. Coatings obtained from
      these polymers have also an excellent flexibility and surface-hardness and
      are high temperature resistant.
PAR  Suitable polyesters containing hydroxyl groups include the known types
      which can be obtained by routine methods from polycarboxylic acids, for
      example succinic acid, adipic acid, sebacic acid, phthalic acid,
      isophthalic acid, terephthalic acid or maleic acid and polyalcohols, for
      example glycol, diethylene glycol, triethylene glycol, propylene glycol,
      dipropylene glycol, glycerol, 1,1,1-tri-methylol propane or
      pentaerythritol.
PAC  EXAMPLE 1
PAR  a. A solution of 56 g NaOH in 140 g of water and 113.0 g of chloroacetyl
      chloride are added alternately to 74.4 g of aniline in a mixture of 200 g
      of tetrahydrofuran and 100 g of water, and the reaction mixture is then
      stirred for 30 minutes at room temperature. The product is worked up by
      evaporating the organic solvent under vacuum and recrystallising the
      resulting precipitate. Yield: 108 g (87% of the theory) of
      .alpha.-chloroacetanilide (alcohol), m.p.: 133.degree.C.
PAR  Other .alpha.-halocarboxylic acid amides may be prepared in a manner
      analogous to Example 1 a), for example:
PAR  1,6-Bis-.alpha.-chloroacetamido-hexane, m.p.: 128.degree.-130.degree.C
      (methanol);
PAR  1,3-Bis-.alpha.-chloroacetamido benzene m.p.: 220.degree.-221.degree.C
      (DMF/acetonitrile);
PAR  4,4'-bis-.alpha.-chloroacetamido-diphenylmethane, m.p.: 232.degree.C
      (DMF/alcohol);
PAR  4,4'-bis-.alpha.-chloroacetamido-diphenylether, m.p.:
      234.degree.-235.degree.C (dioxane).
PAR  b. 120 g of m-cresol are added to 31.2 g of .alpha.-chloroacetanilide, and
      25.0 g of 4,4'-diisocyanatodiphenylmethane are then introduced at
      80.degree.C at a rate adjusted to the exothermic reaction. The reaction
      mixture is slowly heated to 185.degree.C and kept at this temperature for
      about 12 hours, or until evolution of HCl ceases, anhydrous nitrogen being
      passed through at the same time.
PAR  29 g (56% of the theory) of a dihydantoin of the following structure
      ##SPC1##
PAL  are obtained after precipitation with alcohol and recrystallisation from
      glycol monomethylether. The hydrantoin ring structure of this product is
      confirmed by the typical IR absorption at 1700 cm.sup..sup.-1, and 1755
      cm.sup..sup.-1, nitrogen content is 10.3% and the melting point is
      208.degree.-210.degree.C.  c. Hydantoin (1 b) is also obtained from the
      following reaction:
PAR  19.0 g of chloroacetic acid and 23.8 g of phenylisocyanate are first mixed
      with 120 g of m-cresol at 80.degree.C. The reaction mixture is then slowly
      heated to 150.degree.-160.degree.C and finally, after evolution of
      CO.sub.2 has ceased, 25.0 g of 4,4'-diisocyanatodiphenylmethane are added
      at 120.degree.C and the reaction mixture is then heated to 185.degree.C.
      The reaction mixture is then kept at this temperature while anhydrous
      nitrogen is passed through the mixture for about 12 hours or until
      evolution of HCl ceases. Precipitation with alcohol yields a dihydantoin
      which has the typical IR absorption band at 1700 and 1755 cm.sup..sup.-1,
      a nitrogen content of 10.0%, a chlorine content below 0.2% and a melting
      point of 192.degree. - 195.degree.C.
PAC  EXAMPLE 2
PAR  52.2 g of 1,3-bis-.alpha.-chloroacetamido-benzene in 160 g of m-cresol are
      mixed with 32.6 g of 1,3-diisocyanatobenzene at 80.degree.C at a rate
      adjusted to the exothermic reaction. The reaction mixture is then heated
      to about 185.degree.C and kept at this temperature while anhydrous
      nitrogen is passed through for about 12 hours until evolution of HCl
      ceases. 230 g of an approximately 30% solution of polyhydantoin in
      m-cresol are obtained. The solution has the viscosity of 7680
      cP.sub.20.sub..degree.C and a chlorine content below 0.3%. The presence of
      the hydantoin ring structure is confirmed by the typical IR absorption
      band at 1700 and 1755 cm.sup..sup.-1.
PAC  EXAMPLE 3
PAR  200 g of the solution obtained according to Example 2 are mixed with 3000 g
      of methanol (or acetone) with vigorous stirring, and the precipitate
      formed is washed with methanol and dried at 80.degree.C under vacuum.
PAR  130 g of the polyhydantoin described in Example 2 are obtained. It has a
      softening point of 300.degree.C, shows the typical IR absorption bands at
      1700 and 1755 cm.sup..sup.-1 and has a nitrogen content of 15.9%.
PAC  EXAMPLE 4
PAR  53.8 g of 1,6-bis-.alpha.-chloroacetamido-hexane in 170 g of m-cresol are
      reacted by the method described in Example 2 with 33.6 g of
      1,6-diisocyanatohexane, first at 80.degree.C and then for about 12 hours
      at 185.degree.C until evolution of HCl ceases. About 242 g of an
      approximately 30% cresolic polyhydantoin solution with a chlorine content
      below 0.2%, a viscosity of 12 350 cP.sub.20.sub..degree.C and the typical
      hydantoin absorption bands at 1700 and 1755 cm.sup..sup.-1 remain behind.
PAR  The polyhydantoin can be precipitated from its solution with acetone in
      accordance with the method given in Example 3. 100 g of polyhydantoin
      containing 0.25% of chlorine and 15.2% of nitrogen are obtained after
      suction filtration and drying.
PAC  EXAMPLE 5
PAR  50.0 g of 4,4'-diisocyanatodiphenylmethane are added to 52.2 g of
      1,3-bis-.alpha.-chloroacetamido-benzene and a mixture of 110 g of m-cresol
      and 100 g of phenol at 120.degree.C at a rate adjusted to the exothermic
      rise in temperature and the reaction mixture is then heated to
      185.degree.C and kept at this temperature for about 12 hours while
      nitrogen is passed through it.
PAR  297 g of an approximately 30% solution of polyhydantoin which has a
      chlorine content below 0.2% and a viscosity of 9600
      cP.sub.20.sub..degree.C and shows the typical hydantoin IR absorption
      bands at 1700 and 1755 cm.sup..sup.-1 are obtained.
PAR  Precipitation from methanol carried out in accordance with Example 3 yields
      a solid polyhydantoin containing 12.5% of nitrogen.
PAC  EXAMPLE 6
PAR  A solution of 50.0 g of 4,4'-diisocyanatodiphenylmethane in 150 g of
      toluene is added to 52.2 g of 1,3-bis-.alpha.-chloroacetamido-benzene in
      210 g of m-cresol at 80.degree.C at a rate adjusted to the exothermic
      reaction. The reaction mixture is then slowly heated to 180.degree.C,
      whereby the toluene is split off, and it is then kept at 190.degree.C for
      about 10 hours.
PAR  The resulting approximately 30% solution of polyhydantoin in cresol shows
      the characteristic IR absorption bands at 1700 and 1755 cm.sup..sup.-1 for
      the hydantoin ring and has a viscosity of 7283 cP.sub.20.sub..degree.C.
PAC  EXAMPLE 7
PAR  210 g of m-cresol are mixed with 34.8 g of tolylene diisocyanate (isomeric
      mixture: 2,4 : 2,6 = 80 : 20) and 70.2 g of
      4,4'-bis-.alpha.-chloroacetamido-diphenylmethane are then added at
      120.degree.C and the reaction mixture is immediately heated to
      185.degree.C while nitrogen is passed through it.
PAR  After a reaction time of about 15 hours at a temperature of 185.degree. -
      200.degree.C, about 300 g of a cresol polyhydantoin solution are left
      behind. This solution has a viscosity of 6470 cP.sub.20.sub..degree.C and
      a chlorine content below 0.2% and shows the IR absorption bands at 1700
      and 1755 cm.sup..sup.-1.
PAC  EXAMPLE 8
PAR  50.0 g of 4,4'-diisocyanatodiphenylmethane followed by 70.2 g of
      4,4'-bis-.alpha.-chloroacetamidodiphenylmethane are added in the course of
      about one hour to 250 g of m-cresol at 120.degree.C, the rate of addition
      being adjusted to the heat evolved in the exothermic reaction. The
      reaction mixture is then directly heated to about 185.degree.C and kept at
      this temperature for about 12 hours, until evolution of HCl ceases, and
      anhydrous nitrogen is passed through at the same time.
PAR  Approximately 355 g of an approximately 30% polyhydantoin solution in
      cresol which has a viscosity of 12 770 cP.sub.20.sub..degree.C and a
      chlorine content below 0.2% are obtained. The solution shows the typical
      hydantoin absorption bands at 1700 and 1755 cm.sup..sup.-1.
PAR  The cresolic solution is precipitated by mixing it with 5000 g of methanol
      with stirring. After suction filtration and drying, 240 g of a
      polyhydantoin which contains 10.5% of N and less then 0.2% of Cl remain
      behind.
PAC  EXAMPLE 9
PAR  Using the method described in Example 8, 240 g of m-cresol are mixed with
      50.4 g of 4,4'-diisocyanatodiphenyl ether followed by 70.6 g of
      4,4'-bis-.alpha.-chloroacetamidodiphenylether at 120.degree.C and the
      mixture is then reacted at 185.degree.C for 14 hours. 346 g of an
      approximately 30% polyhydantoin solution which has a chlorine content
      below 0.2% and a viscosity of 12460 cP.sub.20.sub..degree.C are obtained.
      Precipitation of this solution in methanol yields 210 g of a polyhydantoin
      with a nitrogen content of 10.4% and a chlorine content below 0.2%. The
      hydantoin structure is in both cases confirmed by the IR absorption bands
      at 1700 and 1755 cm.sup..sup.-1.
PAC  EXAMPLES 10 - 13
PAR  Using the methods described in Example 8, 250 g (Examples 10 and 11) or 255
      g (Example 12) or 260 g (Example 13) of m-cresol are mixed with 50.0 g
      (Example 10) or 51.0 g (Example 11) or 53.0 g (Example 12) or 55.0 g
      (Example 13) of 4,4'-diisocyanatodiphenylmethane followed by 70.6 g of
      4,4'-bis-.alpha.-chloroacetamidodiphenylether at 120.degree.C and the
      reaction mixture is then kept at 185.degree.C for about 20 hours, until
      evolution of HCl ceases. The resulting solutions all contain less than
      0.2% of chlorine and show the typical hydantoin bands at 1700 and 1755
      cm.sup..sup.-1 in the IR spectrum.
PAR  Example 10 yields 356 g of a polyhydantoin solution with a viscosity of 11
      209 cP.sub.20.sub..degree.C ; Example 11: 357 g of polyhydantoin solution,
      viscosity 14 117 cP.sub.20.sub..degree.C ; Example 12: 364 g of
      polyhydantoin solution, viscosity 25,378 cP.sub.20.sub..degree.C ; Example
      13: 371 g of polyhydantoin solution, viscosity 12,835
      cP.sub.20.sub..degree.C.
PAC  EXAMPLE 14
PAR  51.0 g of 4,4'-diisocyanatodiphenylmethane are added to 220 g of m-cresol
      in the course of 1 hour at 120.degree.C. The reaction mixture is then
      heated to 185.degree.C, 52.2 l of 1,3-bis-.alpha.-chloroacetamidobenzene
      are introduced and the mixture is kept at 185.degree. - 190.degree.C for
      about 12 hours, until evolution of HCl ceases, and anhydrous nitrogen is
      passed through at the same time.
PAR  About 308 g of an approximately 30% polyhydantoin solution in cresol with a
      viscosity of 30 843 cP.sub.20.sub..degree.C and a chlorine content below
      0.2% are obtained. In the IR spectrum, the solution shows the typical
      hydantoin absorption band at 1700 to 1755 cm.sup..sup.-1.
PAC  EXAMPLE 15
PAR  99.1 g of 4,4'-diaminodiphenylmethane followed by 113.0 g of
      chloroacetylchloride are added to 620 g of m-cresol. The reaction mixture
      is then kept at 150.degree.C until evolution of HCl ceases and at the same
      time anhydrous nitrogen is passed through it. 125.1 g of
      4,4'-diisocyanatodiphenylmethane are then added at 120.degree.C and the
      reaction mixture is immediately heated to 190.degree.C. After 15 hours at
      190.degree.C, 884 g of a polyhydantoin solution in cresol with a chlorine
      content below 0.2% and a viscosity of 8370 cP.sub.20.sub..degree.C are
      left. The solution shows the typical hydantoin absorption bands at 1700
      and 1755 cm.sup..sup.-1.
PAC  EXAMPLE 16
PAR  32.0 g of 1,3-diisocyanatobenzene followed by 37.8 g of chloroacetic acid
      are added to 210 g of m-cresol at 120.degree.C at a rate adjusted to the
      exothermic reaction. The reaction mixture is heated to 150.degree. -
      160.degree.C at a rate adjusted to the evolution of CO.sub.2. When
      evolution of CO.sub.2 ceases, 51.0 g of 4,4'-diisocyanatodiphenylmethane
      are introduced at 120.degree.C and the reaction mixture is then
      immediately heated to 185.degree.C and kept at this temperature for about
      12 hours, until evolution of HCl ceases, while anhydrous nitrogen is
      passed through.
PAR  298 g of an approximately 30% polyhydantoin solution in cresol with a
      viscosity of 20 700 cP.sub.20.sub..degree.C and a chlorine content below
      0.2% are obtained. The existence of the hydantoin ring structure is
      confirmed by the typical IR absorption bands at 1700 to 1755
      cm.sup..sup.-1.
PAR  The polyhydantoin precipitated as described in Example 3 contains 14.3% of
      nitrogen.
PAC  EXAMPLE 17
PAR  a) 53.0 g of 4,4'-diisocyanatodiphenylmethane are added to 220 g of
      m-cresol at 120.degree.C. 1.12 g of dibromosuccinic acid and 52.2 g of
      1,3-bis-.alpha.-chloroacetamidobenzene are then added at a rate adjusted
      to the exothermic reaction. The mixture is slowly heated to 185.degree. -
      190.degree.C and kept at this temperature until evolution of HCl ceases,
      anhydrous nitrogen being passed through it at the same time. After about
      15 hours, 310 g of a solution in cresol of a slightly branched
      polyhydantoin are obtained. The solution shows the characteristic IR
      absorption bands at 1700 to 1755 cm.sup..sup.-1 and has a chlorine content
      below 0.2% and a viscosity of 13,538 cP.sub.20.sub..degree.C.
PAR  b) 52.5 g of 4,4'-diisocyanatodiphenylmethane followed by 2.58 g of
      4,4'-bis-(4-anilido-2,3-dibromosuccinic acid-amido)-diphenylmethane and
      52.2 g of 1,3-bis-.alpha.-chloroacetamidobenzene are added to 220 g of
      m-cresol at 120.degree.C. The reaction mixture is immediately heated to
      185.degree. - 190.degree.C and the reaction is completed by the method
      described in Example 17 a.) 312 g of the cresolic solution of a slightly
      branched polyhydantoin which shows the typical IR absorption bands at 1700
      and 1755 cm.sup..sup.-1 are obtained. The solution has a viscosity of 16
      820 cP.sub.20.sub..degree.C and a chlorine content below 0.2%.
PAC  EXAMPLES 18 - 22
PAR  210 g m-cresol are mixed with the catalysts indicated below. 51.0 g of
      4,4'-diisocyanatodiphenylmethane followed by 52.2 g of
      1,3-bis-.alpha.-chloroacetamidobenzene are then added at 120.degree.C and
      the reaction mixture is then heated to 185.degree.C for about 12 hours
      while anhydrous nitrogen is passed through it.
PAR  The calculated quantity of cresolic solution of a polyhydantoin with the
      typical IR absorption bands at 1700 and 1755 cm.sup..sup.-1 is obtained in
      all cases. The solutions have approximately the viscosities indicated
      below. Their chlorine content is in all cases below 0.2%.
PAC  EXAMPLE 18
PAR  0.009 g of triethylenediamine Viscosity: 12 110 cP.sub.20.sub..degree.C
PAC  EXAMPLE 19
PAR  0.041 g of iron acetylacetonate--Viscosity: 12 586 cP.sub.20.sub..degree.C
PAC  EXAMPLE 20
PAR  0.047 g of dibutyl tin dilaurate--Viscosity: 11 261 cP.sub.20.sub..degree.C
PAC  EXAMPLE 21
PAR  0.039 g of tin(II) octoate--Viscosity: 10 490 cP.sub.20.sub..degree.C
PAC  EXAMPLE 22
PAR  0.010 g of PbO--Viscosity: 9 720 cP.sub.20.sub..degree.C
PAC  EXAMPLE 23
PAR  50.0 g of 4,4'-diisocyanatodiphenylmethane followed by 35.3 g of
      4,4'-bis-.alpha.-chloroacetamidodiphenylether are added to 180 g of
      m-cresol at 120.degree.C in the course of one hour at a rate adjusted to
      the exothermic reaction, and the reaction mixture is then kept at about
      185.degree.C for about 15 hours, until evolution of HCl ceases, and
      anhydrous nitrogen is passed through the reaction mixture at the same
      time.
PAR  258 g of a solution of a dihydantoin in cresol is obtained. The solution
      has a concentration of approximately 30%, based on the free isocyanate.
      The dihydantoin has the following structure (analogous to formula XIII)
      ##SPC2##
PAL  The hydantoin ring structure is confirmed by the typical IR absorption band
      at 1700 and 1755 cm.sup..sup.-1. The viscosity of the solution is 6340
      cP.sub.20.sub..degree.C and its chlorine content is below 0.2%. The
      hydantoin-isocyanate derivative precipitated by the method of Example 3
      contains 8.1 % of nitrogen.
PAR  200 g of an approximately 30 % solution of the dihydantoin in cresol is
      mixed with a solution of 350 g of a polyester obtained from 1,6 mol
      terephthalic acid dimethylester, 1,2 mol ethylene glycol and 0,8 mol
      glycerine in 820 g m-cresol at 50.degree.C. A homogeneous solution having
      a viscosity of 7480 cP.sub.20.sub..degree.C is obtained. This solution is
      applied to metal sheet and stoved to a clear, hard lacquer film in stages
      at 240.degree.C and 300.degree.C.
PAC  EXAMPLE 24
PAR  160 of m-cresol are mixed with 37.5 g of 4,4'-diisocyanatodiphenylmethane
      and 35.3 g of 4,4'-bis-.alpha.-chloroacetamido-diphenylether at
      120.degree.C in accordance with the methods described in Example 23 and
      then kept at 185.degree.C for 12 hours.
PAR  225 g of a cresolic oligohydantoin solution which has a concentration of
      about 30% with respect to the free isocyanate content is obtained. The
      hydantoin structure in the solution is demonstrated by the IR absorption
      at 1700 and 1755 cm.sup..sup.-1. The viscosity of the solution is 11 810
      cP.sub.20.sub..degree.C and the chlorine content is below 0.2%. When the
      polyhydantoin solution is titrated to determine the amount of masked
      isocyanate, it is found that it still contains 1.4% of available NCO
      groups.
PAR  200 g of the above obtained 30 % solution of an oligohydantoin in cresol is
      mixed with a solution of 200 g of a polyester obtained from 1,6 mol
      terephthalic acid dimethylester, 1,2 mol ethylene glycol and 0,8 mol
      glycerine and having 6 % by weight OH groups in 480 g m-cresol at
      50.degree.C. A homogeneous solution having a viscosity of 5800
      cP.sub.20.sub..degree.C is obtained. This solution is applied to a warm
      metal sheet and stoved for half an hour at 230.degree.C and about 3
      minutes at 300.degree.C to a clear lacquer film having a pencil hardness
      of 5 H.
PAC  EXAMPLE 25
PAR  52.2 g of 1,3-bis-.alpha.-chloroacetamidobenzene are added to a solution of
      52.2 g of tolylene diisocyanate (mixture of isomers 2,4 : 2,6 = 80 : 20)
      in 150 g of toluene at 100.degree.C. The mixture is slowly heated to
      180.degree.C, the toluene being thereby evaporated, and the mixture is
      then kept at 185.degree.C for about 20 hours while nitrogen is passed
      through it. Approximately 90 g of a product which contains 6.2% of the
      free isocyanate groups and which shows the typical hydantoin absorption
      bands at 1700 and 1755 cm.sup..sup.-1 in the IR spectrum are obtained. The
      chlorine content is 0.5%.
PAC  EXAMPLE 26
PAR  51.0 g of 4,4'-diisocyanatodiphenylmethane are added to 0.049 g of ferric
      acetylacetonate in 250 g of m-cresol at 100.degree.C at a rate adjusted to
      the exothermic reaction, and 67.4 g of 2,3-dichlorosuccinic acid dianilide
      are then added at 160.degree.C. The reaction mixture is then immediately
      heated to about 185.degree.C and kept at this temperature for about 15
      hours, until evolution of HCl ceases, and anhydrous nitrogen is passed
      through at the same time. About 353 g of an approximately 30% cresolic
      polyhydantoin solution which shows the characteristic IR absorption bands
      at 1700 and 1755 cm.sup..sup.-1 and has a viscosity of 2 728
      cP.sub.20.sub..degree.C are obtained. The chlorine content is below 0.2%.
PAC  EXAMPLE 27
PAR  Using the method described in Example 26, 75.0 g of
      4,4'-diisocyanatodiphenylmethane are added to a mixture of 0.059 g of
      ferric acetylacetonate in 300 g of m-cresol at 100.degree.C, and 67.4 g of
      2,3-dichlorosuccinic acid dianilide are then added at 160.degree.C. The
      reaction mixture is then kept at 185.degree.C for 15 hours while anhydrous
      nitrogen is passed through it.
PAR  Approximately 427 g of an oligohydantoin solution which has a concentration
      of about 30%, based on the free isocyanate content are obtained. The
      hydantoin structure of the solution is confirmed by the characteristic IR
      absorption bands at 1700 and 1755 cm.sup..sup.-1. The viscosity of the
      cresolic solution is 3 400 cP.sub.20.sub..degree.C and its chlorine
      content is below 0.2%. Titration of the masked isocyanate groups shows
      that the solution contains 1.7% of available NCO groups.
PAC  EXAMPLE 28
PAR  127.5 g of 4,4'-diisocyanatodiphenylmethane are added to a solution of
      74.12 g of n-butanol and 0.140 g of ferric acetylacetonate in 700 g of
      m-cresol at 100.degree.C at a rate adjusted to the exothermic reaction.
      When the NCO band has disappeared, 176.6 g of
      4,4'-bis-.alpha.-chloroacetamidodiphenyl ether are added at 120.degree.C.
      The reaction mixture is then immediately heated to 190.degree. -
      195.degree.C and the quantity of alcohol introduced and the expected
      quantity of HCl are driven off at this temperature in the course of about
      20 hours while anhydrous nitrogen is passed through.
PAR  About 968 g of an approximately 29% cresolic polyhydantoin solution which
      shows the characteristic IR absorption bands at 1700 and 1755
      cm.sup..sup.-1 and has a viscosity of 2394 cP.sub.20.sub..degree.C are
      obtained. The chlorine content is below 0.2%.
PAR  After further dilution of the resulting brown, viscous solution with
      cresol, the polyhydantoin can be directly applied from it to a metal sheet
      and stoved to a clear lacquer film in stages at 200.degree.C and
      250.degree.C.
PAC  EXAMPLE 29
PAR  23.0 g of ethyl alcohol and 127.5 g of 4,4'-diisocyanatodiphenylmethane in
      650 g of m-cresol are kept at 80.degree. to 90.degree.C until the
      isocyanate groups have reacted. 176.6 g of
      4,4'-bis-.alpha.-chloroacetamido-diphenylether are then added at
      120.degree.C and the reaction mixture is immediately heated to 190.degree.
      - 195.degree.C. It is then kept at this temperature until termination of
      the condensation reaction, anhydrous nitrogen being passed through it at
      the same time. The alcohol and HCl are driven off. About 918 g of an
      approximately 30% cresolic polyhydantoin solution which shows the typical
      IR absorption bands at 1700 and 1755 cm.sup..sup.-1 are obtained after
      about 18 hours. The viscosity of the solution is 7420
      cP.sub.20.sub..degree.C, its chlorine content below 0.2%.
PAC  EXAMPLE 30
PAR  A mixture of 7.5 g of n-butanol and 176.6 g of
      4,4'-bis-.alpha.-chloroacetamido-diphenylether is added to 127.5 g of
      4,4'-diisocyanatodiphenylmethane in 650 g of m-cresol at 120.degree.C. The
      reaction mixture is kept at 120.degree.C for 1 hour, 195.degree.C for 10
      hours and 210.degree.C for 5 hours, anhydrous nitrogen being passed
      through the solution at the same time. The expected quantities of alcohol
      and HCl are driven off.
PAR  The resulting hydantoin ring structure is demonstrated by the presence of
      the typical IR absorption bands at 1700 and 1755 cm.sup..sup.-1. The
      chlorine content of the solution is below 0.2%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of a compound containing hydantoin groups
      which comprises reacting at a temperature of 50.degree. to 350.degree.C.
      at least one compound of the formula
PAC  R.sup.3 (-NCX).sub.z
PAL  wherein X is O or S; z is an integer of from 2 to 3 and R.sup.3 is an
      optionally substituted aliphatic radical having 1-20 carbon atoms, an
      optionally substituted aromatic radical having 5-12 carbon atoms, a
      cycloaliphatic radical having 5-12 carbon atoms, an aliphatic-aromatic
      radical having 6-20 carbon atoms, an aromatic or cycloaliphatic
      heterocyclic radical containing 5-12 carbon atoms which contains or is
      substituted by hetero atoms such as N, O or S with (b) at least one
      .alpha.-halocarboxylic acid amide selected from the group consisting of
      ##EQU18##
      wherein Hal denotes halogen; R.sup.4 is an optionally substituted aromatic
      radical having 5-10 carbon atoms, an aliphatic radical having 1-20 carbon
      atoms, a cycloaliphatic radical having 5-10 carbon atoms, hydrogen or the
      two radicals R.sup.4 taken together with the carbon atom to which they are
      attached form a cycloaliphatic ring of 5-7 ring members, R.sup.5 is one of
      the radicals defining R.sup.3 ; R.sup.6 is an aliphatic radical having
      1-10 carbon atoms, a cycloaliphatic radical having 5-10 carbon atoms, an
      aliphatic-aromatic radical having 6-10 carbon atoms or an aromatic radical
      having 5-10 carbon atoms and x and y are integers from 2 to 3.
NUM  2.
PAR  2. The process as claimed in claim 1 wherein 1 mol of (a) is reacted with
      from 2/z to 4/z mol of (b).
NUM  3.
PAR  3. The process as claimed in claim 1 wherein 1 mol of (a) is reacted with
      2/z mol of (b).
NUM  4.
PAR  4. The process as claimed in claim 1 wherein 1 mol of (a) is reacted with
      4/z mol of (b).
NUM  5.
PAR  5. The process as claimed in claim 1 wherein the reaction is carried out in
      a phenolic solvent or in the presence of an aliphatic alcohol or polyol.
NUM  6.
PAR  6. The process as claimed in claim 1 wherein the reaction is carried out in
      the presence of at least one organic metal compound of iron, lead or tin
      or in the presence of iron chloride, lead oxide or lead carbonate.
NUM  7.
PAR  7. The process as claimed in claim 1 wherein the reaction is carried out in
      the presence of a tertiary amine.
NUM  8.
PAR  8. The process as claimed in claim 1 wherein (a) is tolylene diisocyanate,
      m-phenylenediisocyanate, polyphenylenemethylene-polyisocyanate,
      4,4-diisocyanato-diphenylmethane, 4,4-diisocyanato-diphenylether,
      4,4-diisocyanato-diphenyldimethylmethane, p-phenylene diisocyanate or
      hexamethlyene diisocyanate.
NUM  9.
PAR  9. The process as claimed in claim 1 wherein up to 100% of the isocyanate
      groups are present in the O-alkylurethane form.
NUM  10.
PAR  10. The process as claimed in claim 1 wherein (b) is the amide of
      chloroacetic acid, .alpha.-chlorinated or .alpha.-brominated propionic,
      butyric, 2-ethylhexanoic, stearic, phenylacetic, diphenylacetic,
      dimethylacetic, isopropylacetic or cyclohexanoic acid or
      .alpha.,.alpha.'-chlorinated or .alpha.,.alpha.'-brominated succinic,
      adipic, glutaric, sebacic or phenylene diacetic acid.
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ABST
PAL  Polyurethane hydrogels of high water swellability comprising lightly
      crosslinked polymers of isocyanate terminated prepolymers which are the
      reaction production of (i) poly(alkyleneoxy) polyols with (ii) organic
      diisocyanates that has been lightly crosslinked with (iii) water or an
      organic polyamine.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of fibrous materials as absorbents for moisture is a well known,
      widespread practice. In this application many of the natural and synthetic
      fibers have been used and extensive efforts have been made to improve the
      absorption properties of the materials. One of the major deficiencies of
      the natural and synthetic materials heretofore used has been the tendency
      for them to release the absorbed moisture when pressure has been applied
      to the moisture containing material. The fact that pressure causes the
      absorbed fluid to be expelled from the fibers is known as reversible
      absorption. For many applications, however, irreversible absorption is
      desired, for example, in surgical dressings, diapers, bed pads,
      catamenials, and the like, whereby the absorbed moisture is retained in
      the absorbent material under an applied pressure.
PAR  Within the past few years recent innovations have resulted in the
      production of materials having such irreversible absorption properties;
      these materials are now known as hydrogels. In most instances they have
      been produced in powder or particulate form and even, in some instances,
      in film form. An especially interesting characteristic of the hydrogel
      polymers is that when in contact with water they absorb it and swell to a
      certain point and stop and the final swollen polymer is still similar in
      shape to its initial unswollen shape. Many of the hydrogels have the
      ability to absorb many times their original weight in water without
      becoming soggy or deformed. In general, the hydrogels are used in
      conjunction with other materials as supports. Among the U.S. patents that
      have issued in this field are U.S. Pat. Nos. 3,669,103; 3,589,364;
      3,694,301; 3,670,731; and 3,164,565. This is but an exemplary listing and
      should not be considered complete.
PAC  SUMMARY OF THE INVENTION
PAR  Water swellable, lightly crosslinked, hydrogel polymers of an isocyanato
      terminated prepolymer comprising the reaction product of (i)
      poly(alkyleneoxy) polyol having an average molecular weight up to about
      25,000 with (ii) organic diisocyanate wherein said prepolymer is lightly
      crosslinked with (iii) a crosslinking agent that is water or an organic
      polyamine, the amount of crosslinking agent used being an equivalent
      amount based on the number of equivalents of isocyanato groups present in
      the prepolymer.
PAC  DESCRIPTION OF THE INVENTION
PAR  The poly(alkyleneoxy) polyols that are used in producing the hydrogel
      polymers of the present invention are those having a molecular weight up
      to about 25,000. These polyols can be diols, triols or tetrols, with the
      molecular weight of the polyol varying depending upon which is used.
PAR  The suitable diols are the poly(ethyleneoxy) glycols which have a molecular
      weight of from about 4,000 to 25,000, preferably from about 6,000 to
      20,000. These diols are well known and many are commercially available.
      Minor amounts, preferably up to about 35 weight percent of a
      poly(propyleneoxy) glycol or a poly(butyleneoxy) glycol can also be
      present. The polyols can be block or random copolymers containing mixtures
      of ethyleneoxy, propyleneoxy, or butyleneoxy units.
PAR  The triols and tetrols that can be used are those having a molecular weight
      of from about 92 to 5,000, preferably from about 500 to 1,500. These can
      be the poly(alkyleneoxy) polyols wherein the alkyleneoxy group contains 2
      to 4 carbon atoms and they can be homopolymers or block or random
      copolymers having three or four reactive hydroxyl groups. One can also use
      the aliphatic polyhydroxyl compounds of the formula C.sub.n
      H.sub.2n.sub.+2.sub.-m (OH).sub.m wherein n is an integer having a value
      of from 3 to 6 and m has a value of 3 or 4.
PAR  Illustrative of the suitable polyols are poly(ethyleneoxy) diol,
      poly(propyleneoxy) diol, poly(butyleneoxy) diol,
      copoly(ethyleneoxy-propyleneoxy) diol, poly(ethyleneoxy) triol,
      poly(ethyleneoxy) tetrol, poly(propyleneoxy) triol,
      copoly(ethyleneoxy-propyleneoxy) triol, copoly(ethyleneoxy-butyleneoxy)
      triol, glycerine, sorbitol, 1,2,6-hexanetriol, trimethylolpropane,
      pentaerythritol, dipentaerythritol, and the like. The alkylene adducts of
      the mono or polyamines such as ethylamine, ethanolamine, diethanolamine,
      ethylene-diamine, propylenediamine, isopropanolamine,
      hexamethylenediamine, and the like. Mixtures thereof can be used if
      desired. In addition, one can include some polycaprolactonepolyol, or
      conventional polyester polyol.
PAR  The hydrogels can be produced by reacting the poly(alkyleneoxy) diol with
      an organic diisocyanate to form an isocyanato terminated prepolymer which
      is then lightly crosslinked with a crosslinking agent that is a mixture of
      an organic diamine and an organic triamine. In another embodiment, the
      hydrogels can be produced by reacting a mixture of poly(alkyleneoxy) diols
      and poly(alkyleneoxy) triols and/or tetrols with an organic diisocyanate
      to form the prepolymer which is then lightly crosslinked with a
      crosslinking agent that is water, an organic diamine, or a mixture
      thereof. When a mixture of polyols is used in producing the hydrogels the
      mole ratio of the diol to the higher polyols is at least about 6:1 and can
      be as high as about 40:1. Preferably this mole ratio is from about 15:1 to
      about 30:1, and more preferably from about 20:1 to about 25:1. It has been
      observed that the mole ratio of diol to higher polyol has an effect on
      water uptake; the higher the mole ratio, the higher the water uptake.
PAR  Any of the known organic diisocyanates can be used in the reaction with the
      polyol to produce the isocyanato terminated prepolymer. These isocyanates
      are well known to those skilled in the polyurethane art and illustrative
      thereof one can mention, tolylene diisocyanate, phenylene diisocyanate,
      hexamethylene diisocyanate, isophorone diisocyanate,
      methylenebis(4-phenylisocyanate), 4,4'-methylene
      bis(cyclohexylisocyanate), 4,4'-methylene bis(o-tolylene isocyanate),
      dimer acid diisocyanate, 4,4'-methylene bis(phenyleneisocyanate),
      2,2,4-trimethylpentane diisocyanate, aniline-formaldehyde polyisocyanates
      having an average of from about two to about three isocyanato groups per
      molecule.
PAR  In producing the isocyanato terminated prepolymer one reacts an excess of
      the isocyanate with the polyol. The ratio of isocyanato groups to hydroxyl
      is from about 1.2 to 1.6 equivalents of isocyanato per equivalent of
      hydroxyl. An equivalent amount of isocyanato sufficient to react with any
      water present in the reactants can also be added. It has been observed
      that at lower ratios the hydrogel polymer becomes too soluble, while at
      ratios above 1.6:1 the water uptake of the hydrogel decreases. In this
      reaction any of the known catalysts can be used such as dibutyltin
      dilaurate, stannous octoate, triethylenediamine, lead octoate,
      bis(dimethylamino) ethyl ether, and the like. The catalyst is present at a
      concentration of from about 0.001 to about 1 percent by weight. The
      conventional catalytic amounts are employed.
PAR  Production of the isocyanato terminated prepolymer is carried out in the
      presence of an inert organic solvent such as benzene, toluene,
      trichloroethane, trichloroethylene, bis(2-chloroethyl) ether, methyl ethyl
      ketone, ethylene dichloride, ethyl acetate, xylene, and the like.
PAR  The temperature at which the prepolymer is produced can vary from about
      50.degree.C. to about 170.degree.C. and is not critical to the reaction.
      The time required to carry the reaction the completion will vary depending
      upon the particular reactants and catalyst used, the size of the batch and
      other factors known to those skilled in the art. The reaction for the
      preparation of the prepolymer is preferably carried out under anhydrous
      conditions and under an inert gas atmosphere.
PAR  The product obtained in this first step is an isocyanato terminated
      prepolymer that is soluble in the organic solvent used in carrying out the
      reaction. This solution has a solids content dependent upon the amount of
      materials initially charged. For ease in further handling it is preferred
      that the solids content be not greater than about 40 weight percent,
      preferably from 25 to 35 weight percent. The solution viscosity should
      range from about 15,000 to about 200,000 centipoises.
PAR  To produce the hydrogel polymer from the above isocyanato terminated
      prepolymer, one reacts this prepolymer with a crosslinking agent to effect
      a light degree of crosslinking. The term lightly crosslinked hydrogel
      polymer signifies a hydrogel that contains not more than an average of
      about one crosslink unit per 50,000 average molecular weight of the
      hydrogel. Preferably there is an average of about one crosslink unit for
      each 100,000 to 300,000 hydrogel molecular weight and more preferably
      about one crosslink unit for each 150,000 to 250,000 hydrogel molecular
      weight. As previously indicated, the suitable crosslinkers are water or
      the organic polyamines, such as the primary or secondary diamines or
      triamines. The polyamines can be any of the known aliphatic or aromatic
      polyamines such as ethylene diamine, diethylene triamine, propylene
      diamine, hexamethylene diamine, methylene bis(aniline), tolylene diamine,
      isophorone diamine, trimethylpentane diamine, aniline-formaldehyde adduct
      polyamines, and the like. The amount of crosslinking agent used is an
      amount sufficient to react with all of the terminal isocyanato groups and
      to effect a light crosslinking. The desired concentration of crosslinker
      is that wherein the equivalents of reactive crosslinking groups in the
      crosslinking agent used is equivalent to the number of equivalents of
      isocyanato groups present in the prepolymer. This amount should be
      sufficient to react with all of the isocyanato groups and crosslink the
      polymer but it should not be an amount which would result in end-capping
      of the isocyanato groups rather than crosslinking.
DETD
PAR  The following examples further serve to illustrate this invention.
PAC  EXAMPLE 1
PAR  A mixture was prepared containing 400 grams of poly(ethyleneoxy) diol
      having an average molecular weight of about 8,565 and 1,650 grams of
      benzene. Analysis indicated that this solution contained 2.14 grams of
      water. Then 32.93 grams of a 80:20 mixture of 2,4- and 2,6- tolylene
      diisocyanate were added. This amount is sufficient to provide an
      isocyanato/hydroxyl equivalent ratio of 1.5:1 and an isocyanato/water
      equivalent ratio of 1:1. Six drops of dibutyltin dilaurate catalyst were
      added and the mixture was heated at 70.degree.C. to 78.degree.C. for 3.5
      hours under a nitrogen atmosphere. At the end of the reaction the
      isocyanato terminated prepolymer was analyzed for free isocyanato groups.
PAR  A 907.5 gram portion of the solution, containing 0.0559 equivalent of
      isocyanato group, was reacted at ambient temperature, under nitrogen, with
      a mixture of 0.6549 gram of diethylene triamine and 1.1420 grams of a
      90/10 weight percent blend of ethylene diamine and 1,3-diaminopropane
      dissolved in 50 grams of benzene. This amines solution contained 0.056
      equivalent of amino group. The entire mixture gelled within one minute
      after mixing.
PAR  The gel was covered with n-hexane and triturated to yield a white granular
      solid and a colorless gel, both of which were recovered as separate
      portions and dried in a vacuum oven. The dried white granular hydrogel
      polymer absorbed 20.6 times its weight of water upon immersion in water
      for 42 hours. Analysis also indicated that it was water soluble to the
      extent of 18.5 weight percent.
PAR  A sample of the dried white gel portion absorbed 10.6 times its weight of
      water and dissolved to the extent of 13 percent by weight when immersed in
      water for 24 hours at room temperature.
PAC  EXAMPLE 2
PAR  A mixture containing 200 grams of the same poly(ethyleneoxy) diol used in
      Example 1, 3.08 grams of a poly(oxyethylene) triol having an average
      molecular weight of about 1,190 and 611 grams of benzene was
      azeotropically distilled to remove 50 ml. of distillate. Analysis of the
      residual solution showed it to contain only 0.002 weight percent water.
      The dry mixture remaining in the reactor contained 180 grams of the diol,
      2.77 grams of the triol and 550 grams of benzene. In this solution, the
      diol:triol molar ratio was 9:1. A solution of 7.21 grams of methylene
      bis(4-phenylisocyanate) in 50 grams of benzene (isocyanato/hydroxyl
      equivalent ratio of 1.33:1) was added to the polyol solution after the
      addition of 2 drops of dibutyltin dilaurate. The reaction began, as
      evidenced by a thickening of the solution. The reaction was continued at
      reflux after adding an additional 200 grams of benzene. The solution was
      diluted with another 100 grams of benzene and it was used to cast 9 films,
      50 mils thick, on glass plates. These films were divided into three groups
      of three plates each to study the methods by which the isocyanato
      terminated prepolymer could be crosslinked to the hydrogel polymer.
PAR  Group A -- The three coated plates in this group were placed in a forced
      air oven which also contained a beaker filled with 300 ml. of water. The
      films were heated at 75.degree.C. for 45.25 hours, the plates removed and
      the films peeled off. Two of the films were only partially cured; the
      third was tough and hard. When immersed in water the third film showed a
      water uptake equal to 30 times its weight and was soluble to the extent of
      57 percent by weight. The water solubility indicates that partial
      crosslinking had occurred, however; the lightly crosslinked polymer was a
      hydrogel having a high water absorbency.
PAR  Group B -- This group of coated plates was placed in a vacuum oven which
      also contained a beaker containing one gram of ethylene diamine. The oven
      was evacuated, sealed and maintained at a temperature of 42.degree.C. for
      46 hours. The films were then recovered from the plates. While these films
      were tough they were completely soluble in water, an indication that
      crosslinking had not occurred and that the high amine concentration
      present had resulted in end-capping rather than crosslinking.
PAR  Group C -- This group of plates was left standing at ambient room
      conditions for 46 hours, permitting crosslinking to occur by means of
      atmospheric moisture. The hard, tough hydrogel polymers produced absorbed
      12.5 times their weight of water and were water soluble to the extent of
      0.5 weight percent. These results indicate extensive crosslinking as
      evidenced by the low water solubility and the lower water absorbency as
      compared to the films obtained in Group A.
PAR  The results show the need for careful control of crosslinking agent in
      order to obtain a good hydrogel of high water absorbency and low water
      solubility.
PAC  EXAMPLE 3
PAR  A solution containing 100 grams of the same diol and 0.5876 gram of the
      same triol of Example 2 and 518 grams of benzene was distilled until the
      distillate was no longer cloudy, 160 ml. of distillate were removed.
      Analysis of a 131.9 gram sample showed a residual water content in the
      solution in the reactor of 0.008 weight percent.
PAR  At this point the reactor contained 74.27 grams of the diol, 0.4186 gram of
      the triol and 305.8 grams of benzene; this is a diol to triol mole ratio
      of 24.6:1. The solution was heated to reflux and while stirring a solution
      of 3.31 grams of 98 percent methylenebis(4-phenylisocyanate) in 20 grams
      of benzene was added; isocyanato to hydroxyl ratio of 1.3:1. Three drops
      of dibutyltin dilaurate were added and the solution stirred at reflux for
      45 minutes. At the end of this time, analysis showed an isocyanato
      equivalent weight of 77,970 for the isocyanato terminated prepolymer
      solution. The solids content of the solution was about 19.3 weight
      percent. Four films were cast on glass plates, each 50 mil thick, divided
      into two equal groups and treated as follows:
PAR  Group A -- Two of the plates were placed in a forced air oven, which also
      contained a beaker of water, and left there for 19.75 hours at
      52.degree.C. At the end of this period, the films of the lightly
      crosslinked hydrogel were removed from the plates; they were fully cured
      and were hard, tough and opaque in appearance. Samples immersed in water
      for 8 hours showed a water absorption capacity of 35.9 times the weight of
      the original film. The film was also soluble to the extent of 49.5 weight
      percent.
PAR  Group B -- The 2 coated plates in this group were left at ambient room
      conditions for 50.25 hours, then the films were removed and evaluated.
      They were hard and tough hydrogel polymer films which showed water
      absorption capacity of 40.2 times their original weight and a water
      solubility of 13 weight percent. Portions of these films immersed in 0.3 N
      sodium chloride solution showed absorption capacities of 41.2 times their
      weight. This is an indication that the hydrogel polymers of this invention
      can be used for salt containing solutions as well as water alone.
PAR  Portions of the original fluid prepolymer solution aged at room temperature
      under a nitrogen atmosphere for three days became very thick and viscous.
      Analysis of this material indicated an isocyanato equivalent weight of
      793,000. Films produced from this material by the two procedures disclosed
      above were completely soluble in water indicating that unknown reactions
      occur on standing that destroy the terminal isocyanato groups and render
      the prepolymer unsuitable for the production of the lightly crosslinked
      hydrogel polymers of this invention.
PAC  EXAMPLE 4
PAR  Following the procedure described in Example 3, an isocyanato terminated
      prepolymer solution was produced by reacting a mixture of 180.65 grams of
      the same diol and 1.07 grams of the same triol with 7.37 grams of
      methylene bis(4-phenylisocyanate) in 755 grams of benzene. In this
      reaction the diol to triol molar ratio was 23.4:1 and isocyanato to
      hydroxyl equivalent ratio was 1.2:1. The catalyst used was 2 drops of
      dibutyltin dilaurate. This prepolymer solution was a fluid liquid having a
      20% by weight solids content. Films of about 50 mils thickness were cast
      on glass plates. One group of these films was cured for 20 hours at
      75.degree.C. in a forced air oven that also contained a beaker of water.
      The films completely dissolved in water upon immersion over night
      indicating that end-capping had resulted and that the prepolymer had not
      been converted to a lightly crosslinked hydrogel polymer, because of the
      large excess of water crosslinking agent present. The second group was
      cured for 93 hours at ambient room conditions; however, it was noted that
      the films were hard and free of benzene odor after only 24 hours of
      exposure. The cured films were lightly crosslinked hydrogels having a
      water uptake of 33.4 times their weight and they were soluble in water to
      the extent of 33%. These results indicated that a lightly crosslinked
      hydrogel polymer had been produced in this second group.
PAC  EXAMPLE 5
PAR  Following the procedure described in Example 3, an isocyanato terminated
      prepolymer was produced by dissolving 200 grams of the same diol and 1.19
      grams of the same triol of Example 2 in 905 grams of benzene. This was
      azeotropically distilled to remove 130.7 grams of distillate. A 109.6
      grams sample of the dry solution was removed for water analysis, which was
      found to be 0.0061%. The remaining solution, which now contained 174.87
      grams of the diol, 1.04 grams of the triol and 587.1 grams of benzene was
      heated to 44.degree.C. and a solution of 9.01 grams of methylene
      bis(4-phenylisocyanate) in 153 grams of anhydrous benzene and 2 drops of
      dibutyltin dilaurate were added. This mixture had a diol to triol molar
      ratio of 23.4:1 and an isocyanate to hydroxyl equivalent ratio of 1.6:1.
      After stirring at reflux for 2 hours the isocyanato terminated prepolymer
      solution was left standing over night at room temperature under a nitrogen
      atmosphere. This prepolymer solution was used to prepare casts films on
      glass plates. A film that was 10 mils thick when cast and was permitted to
      stand at room temperature for 48 hours using atmospheric moisture as the
      crosslinking agent produced a lightly crosslinked hydrogel that had a
      water absorbency of 21 times its weight and a solubility in water of 6.5
      weight percent upon immersion in distilled water at room temperature for
      24 hours. These results indicated the production of a satisfactory lightly
      crosslinked hydrogel. A second film that was 50 mils thick when cast was
      crosslinked at 60.degree.C. in an oven containing a beaker of water over a
      5 hour period. The hydrogel polymer film produced in this instance had a
      water absorbency of 20.7 times its weight and a water solubility of 0.5
      weight percent by the same procedure described previously. A third film
      which was 50 mils thick when cast was crosslinked over a 48 hour period at
      ambient room temperature conditions as described for the first film. This
      hydrogel polymer film had a water absorbency 20.7 times its weight and a
      water solubility of 1 weight percent by the same procedure previously
      described.
PAR  The results obtained in this experiment indicate that an increase in the
      isocyanato to hydroxyl equivalent ratio to 1.6:1 produced hydrogel polymer
      films having somewhat lower water absorbency than the films obtained in
      Examples 3 and 4 and that the hydrogel polymer films were less soluble
      than films obtained in the previous examples.
PAC  EXAMPLE 6
PAR  A solution of 200 grams of a poly(oxyethylene) diol having an average
      molecular weight of 8565 and 1.19 grams of the same triol used in Example
      2 was prepared in 835 grams of toluene. The resulting solution was
      azeotropically distilled and 56 grams of distillate were removed. Analysis
      of the residual solution indicated a water content of 0.003 weight
      percent. The dried solution was calculated to contain 177.8 grams of the
      diol, 1.06 grams of the triol and 526 grams of toluene. A solution of 6.29
      grams of methylene bis(4-phenylisocyanate) in 125.7 grams of anhydrous
      toluene and two drops of dibutyltin dilaurate were added, the isocyanato
      to hydroxyl equivalent ratio was 1.2:1 and the diol to triol molar ratio
      was 23.4:1. After stirring at 70.degree.-78.degree. for 50 minutes an
      additional 323 grams of anhydrous toluene was added to reduce the solids
      content to 17.9%. Analysis indicated an isocyanato equivalent weight of
      530,900 for the solution. Films of about 50 mils thickness were cast on
      glass plates and cured by exposure to atmospheric moisture under ambient
      room conditions for 20.75 hours to produce a lightly crosslinked hydrogel.
      At the end of this period 2 of the plates were vacuum oven dried for 3.5
      hours to remove all trace of residual toluene. The other cast films were
      left at atmospheric conditions. The vacuum dried hydrogel films were
      tough, opaque and free of toluene odor and had a water absorption capacity
      equal to 45 times their weight; they were soluble in water to the extent
      of 38.5 weight percent. The films which were not vacuum dried were also
      tough and opaque but they had a slight toluene odor. These films showed a
      water absorption capacity of 32.5 times their weight and were soluble to
      the extent of 45 weight percent in water.
PAC  EXAMPLE 7
PAR  An isocyanato terminated prepolymer was prepared in the same manner as
      described in Example 6 using as the solvent purified methyl ethyl ketone
      having a 0.0021 percent water content. The reaction was carried out for
      1.5 hours at 65.degree.-80.degree.C. using six drops of dibutyltin
      dilaurate as the catalyst. At the end of this time an additional portion
      of the diisocyanate was added to bring the total isocyanato to hydroxyl
      equivalents ratio to 1.4:1 and the mixture was heated at
      41.degree.-50.degree.C. for 35 minutes and then allowed to stand overnight
      at room temperature under nitrogen. The next morning the solidified
      mixture was heated to 61.degree. to 69.degree. and an additional portion
      of the diisocyanate was added to bring the total isocyanato to hydroxyl
      equivalents ratio to 1.78:1. The solution was heated for an additional
      hour at 60.degree.-67.degree.C. and analysis indicated an isocyanate
      equivalent weight of 102,600 for the solution. The course of the
      experiment indicate that an unknown impurity was present that had
      destroyed some of the diisocyanate. Films of 50 mil thickness were cast on
      9 glass plates and the plates were treated as follows:
PAR  Group A -- This group, containing three plates, was cured for 18 hours at
      60.degree.C. in a forced air oven that also contained a beaker of water.
      By this treatment a tough heterogeneous odor-free hydrogel polymer film
      was produced which had a water absorption capacity of 38.7 times its
      weight and a solubility in water of 26.5 weight percent at room
      temperature.
PAR  Group B -- The films in this group, consisting of six plates, were lightly
      crosslinked to the hydrogel polymer by exposure to atmospheric moisture at
      ambient room conditions for 22.5 hours. These films were difficult to
      remove from the glass and had an odor of methyl ethyl ketone. They were
      therefore placed in a vacuum oven at 40.degree.C. for 2 hours to remove
      residual solvents. The dried films showed a water absorption capacity of
      27.7 times their weight and a water solubility of 22 weight percent.
PAC  EXAMPLE 8
PAR  A mixture was prepared containing 200 grams of a poly(oxyethylene) diol
      having an average molecular weight of about 19,965, 0.4998 gram of a
      poly(oxyethylene) triol having an average molecular weight of about 1,190
      and 904 grams of benzene. The mixture was azeotropically distilled to
      remove 73.8 grams of distillate and the residual solution was found to
      contain 0.0026 weight percent of water. This solution contained 180.42
      grams of the diol, 0.451 gram of the triol and 549 grams of benzene; it
      had a diol to triol molar ratio of 23.8:1. A solution of 3.15 grams of
      methylene bis(4-phenylisocyanate) in 118 grams of benzene and 2 drops of
      dibutyltin dilaurate were added and the mixture was stirred at reflux for
      15 minutes. The isocyanato to hydroxyl equivalent ratio was 1.2:1 but
      analysis indicated that all of the diisocyanate had reacted. A sample film
      cast from this solution was completely soluble indicating that a hydrogel
      had not been produced. An additional total amount of 1.46 grams of the
      diisocyanate and 200 grams of benzene were added and the mixture was
      heated for an additional 1.75 hours at reflux. At this point analysis
      indicated an isocyanate equivalent weight of 185,500 for the solution. The
      reaction mixture was diluted with an additional 400 ml. of benzene and 9
      films of approximately 50 mils thickness were cast on glass plates.
PAR  Group A -- Three of the films were crosslinked in a 60.degree. oven for
      51/4 hours. There was present in the oven a beaker of water. The cured
      hydrogel films were slightly yellow and when rolled in water in a glass
      jar for 8 hours showed a water absorption capacity equal to 45 times their
      weight and they were soluble to the extent of 21.5 percent.
PAR  Group B -- The six plates in this group were allowed to stand and cure with
      the atmospheric moisture at room conditions for about 22 hours. The
      hydrogel films were tough but had a slight benzene odor, therefore, they
      were dried in a vacuum oven at 41.degree.C. for 5.25 hours. These hydrogel
      cast films absorbed 33.6 times their weight of water and were soluble to
      the extent of 8.5 percent.
PAC  EXAMPLE 9
PAR  An isocyanato terminated prepolymer was prepared as described in Example 3
      by charging 178 grams of a poly(oxyethylene) diol having an average
      molecular weight of 8565, 1.06 grams of the triol of Example 8 and 7.72
      grams of methylene bis(4-phenylisocyanate), all dissolved in 747 grams
      benzene. The polyol benzene solution was found to contain 0.0073 weight
      percent of water. The isocyanato to hydroxyl equivalent ratio was 1.3:1.
      The isocyanato terminated prepolymer was found to have an isocyanate
      equivalent weight of 67,900 for the solution. Films having a thickness of
      50 mils were cast on glass plates. They were placed in a chamber having a
      constant temperature of 50.degree.C. and constant humidity of 50 percent.
      Specimens were removed at fixed times and immediately placed in a vacuum
      oven and dried at 46.degree.C. at full vacuum for 17 hours. In addition to
      the films indicated above, two of the cast films were cured by allowing
      them to stand at ambient room conditions for 24 hours to effect
      crosslinking with atmospheric moisture.
PAR  The hydrogel films produced were evaluated for their water absorption
      capacity and solubility. The results are tabulated below:
TBL                 Water Absorption                                           
                    Capacity, Times The                                        
                                   Water                                       
     Cure Conditions                                                           
                    Weight Of The Film                                         
                                   Solubility %                                
     ______________________________________                                    
     10 minutes/chamber                                                        
                    26             14.0                                        
     15 minutes/chamber                                                        
                    27.2           8.5                                         
     20 minutes/chamber                                                        
                    28.1           6.0                                         
     30 minutes/chamber                                                        
                    31.4           8.5                                         
     24 hours ambient room                                                     
                    33.1           10.0                                        
     ______________________________________                                    
PAL  The results in this experiment show that one can produce a hydrogel at a
      rapid rate at a high relative humidity and at a temperature of about
      50.degree.C. that will have essentially the same degree of water
      absorption capacity as is obtained by exposure of the isocyanato
      terminated prepolymer to ambient conditions for a much longer period of
      time.
PAC  EXAMPLE 10
PAR  An isocyanato terminated prepolymer was prepared by reacting 181.71
      grams-of poly(oxyethylene) diol having an average molecular weight of
      about 8330, 1.08 grams of a poly(oxyethylene) triol having an average
      molecular weight of about 1190 and 7.74 grams of methylene
      bis(4-phenylisocyanate) in 762 grams of benzene at a reflux temperature
      using 100 ppm of dibutyltin dilaurate catalyst based on the reactants
      charged. The water content in the polyol benzene mixture was found to be
      0.0039 weight percent and the isocyanato to hydroxyl equivalent ratio was
      1.3:1. The prepolymer solution was found to have an isocyanate equivalent
      weight of 76,500.
PAR  The prepolymer was converted to a powder hydrogel by the dropwise addition
      of sufficient n-hexane, while stirring vigorously, to approach the cloud
      point. At this point a 252 gram portion of the mixture was removed and
      then the n-hexane addition was continued to the remaining prepolymer
      solution until a fine white powder began to precipitate. A solution of
      0.073 gram of ethylene diamine in 165 ml. of n-hexane was rapidly added to
      the vigorously stirred prepolymer mixture and immediately a white
      precipitate formed. Stirring was continued for another 10 minutes and then
      the slurry was permitted to settle and the supernatant solution was
      decanted. The solid was washed with three 400 ml. portions of anhydrous
      n-hexane by pouring the hexane on to the powder, stirring for 5 minutes,
      letting the solids settle and then decanting. After the last wash the
      hexane-powder slurry was filtered on a Buchner funnel and the hydrogel
      powder was spread out and allowed to dry at ambient room conditions over
      night. The next day the solid was dried to constant weight in a vacuum
      oven at 30.degree.C. for 5 hours and at 51.degree.C. for 1 hour.
PAR  Portions of the hydrogel powder were immersed in jars of distilled water
      and 0.3 N sodium chloride solution, the jars were capped and rolled for 8
      hours at ambient conditions. The hydrogel was found to have a water
      absorption capacity of 33.2 times its weight of distilled water and 30
      times its weight of 0.3 N sodium chloride solution. The hydrogel was
      soluble in water to the extent of 23.5 weight percent.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A water swellable, lightly crosslinked, hydrogel polymer of the
      isocyanato terminated prepolymer comprising the reaction product of:
PA1  i. a poly(alkyleneoxy) polyol having an average molecular weight up to
      about 25,000 wherein the alkyleneoxy group contains from two to four
      carbon atoms, and
PA1  ii. an organic diisocyanate,
PAL  said prepolymer lightly crosslinked with an equivalent amount of a
      crosslinking agent of the group:
PA1  iii. water or organic polyamine;
PAL  wherein said poly(alkyleneoxy) polyol is a mixture of a major amount of a
      poly(ethyleneoxy) diol having an average molecular weight of from about
      4,000 to about 25,000, and a minor amount of a higher polyol of the group
      poly(alkyleneoxy) triol or poly(alkyleneoxy) tetrol or aliphatic
      polyhydroxyl compound of the formula C.sub.n H.sub.2n.sub.+2.sub.-m
      (OH).sub.m wherein n has a value of 3 to 6 and m has a value of 3 to 4, or
      mixtures thereof, said triol or tetrol having an average molecular weight
      of from about 92 to 5,000, wherein the mole ratio of diol to higher polyol
      in said mixture is from about 6:1 to 40:1; wherein the equivalents ratio
      of isocyanato groups to hydroxyl groups is from about 1.2:1 to about
      1.6:1; wherein the organic polyamine is a primary or secondary diamine or
      triamine; and wherein the equivalents of reactive crosslinking groups in
      said crosslinking agent used is equivalent to the number of equivalents of
      isocyanato groups present in said prepolymer.
NUM  2.
PAR  2. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is poly(ethyleneoxy) diol having an
      average molecular weight of from 4,000 to 25,000.
NUM  3.
PAR  3. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is poly(alkyleneoxy) diol having an
      average molecular weight of from about 6,000 to 20,000.
NUM  4.
PAR  4. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy)
      diol having an average molecular weight of from about 6,000 to 20,000 and
      a poly(ethyleneoxy) triol having an average molecular weight of from about
      500 to 1,500, wherein the mole ratio of diol to triol is from about 15:1
      to about 30:1.
NUM  5.
PAR  5. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said organic diisocyanate is tolylene diisocyanate.
NUM  6.
PAR  6. The water swellable, lightly crosslinked, hydrogel polymer of claim 2,
      wherein said organic diisocyanate is tolylene diisocyanate.
NUM  7.
PAR  7. The water swellable, lightly crosslinked, hydrogel polymer of claim 3,
      wherein said organic diisocyanate is tolylene diisocyanate.
NUM  8.
PAR  8. The water swellable, lightly crosslinked, hydrogel polymer of claim 4,
      wherein said organic diisocyanate is tolylene diisocyanate.
NUM  9.
PAR  9. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said organic diisocyanate is methylenebis(4-phenylisocyanate).
NUM  10.
PAR  10. The water swellable, lightly crosslinked, hydrogel polymer of claim 2,
      wherein said organic diisocyanate is methylenebis(4-phenylisocyanate).
NUM  11.
PAR  11. The water swellable, lightly crosslinked, hydrogel polymer of claim 3,
      wherein said organic diisocyanate is methylenebis(4-phenylisocyanate).
NUM  12.
PAR  12. The water swellable, lightly crosslinked, hydrogel polymer of claim 4,
      wherein said organic diisocyanate is methylenebis-(4-phenylisocyanate).
NUM  13.
PAR  13. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said crosslinking agent is water.
NUM  14.
PAR  14. The water swellable, lightly crosslinked, hydrogel polymer of claim 4,
      wherein said crosslinking agent is water.
NUM  15.
PAR  15. The water swellable, lightly crosslinked, hydrogel polymer of claim 5,
      wherein said crosslinking agent is water.
NUM  16.
PAR  16. The water swellable, lightly crosslinked, hydrogel polymer of claim 8,
      wherein said crosslinking agent is water.
NUM  17.
PAR  17. The water swellable, lightly crosslinked, hydrogel polymer of claim 9,
      wherein said crosslinking agent is water.
NUM  18.
PAR  18. The water swellable, lightly crosslinked, hydrogel polymer of claim 12,
      wherein said crosslinking agent is water.
NUM  19.
PAR  19. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said crosslinking is an organic diamine.
NUM  20.
PAR  20. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said crosslinking agent is ethylene diamine.
NUM  21.
PAR  21. The water swellable, lightly crosslinked, hydrogel polymer of claim 4,
      wherein said crosslinking agent is ethylene diamine.
NUM  22.
PAR  22. The water swellable, lightly crosslinked, hydrogel polymer of claim 5,
      wherein said crosslinking agent is ethylene diamine.
NUM  23.
PAR  23. The water swellable, lightly crosslinked, hydrogel polymer of claim 8,
      wherein said crosslinking agent is ethylene diamine.
NUM  24.
PAR  24. The water swellable, lightly crosslinked, hydrogel polymer of claim 9,
      wherein said crosslinking agent is ethylene diamine.
NUM  25.
PAR  25. The water swellable, lightly crosslinked, hydrogel polymer of claim 12,
      wherein said crosslinking agent is ethylene diamine.
NUM  26.
PAR  26. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said crosslinking agent is a mixture of organic diamine and
      organic triamine.
NUM  27.
PAR  27. The water swellable, lightly crosslinked, hydrogel polymer of claim 2,
      wherein said crosslinking agent is a mixture of organic diamine and
      organic triamine.
NUM  28.
PAR  28. The water swellable, lightly crosslinked, hydrogel polymer of claim 3,
      wherein said crosslinking agent is a mixture of organic diamine and
      organic triamine.
NUM  29.
PAR  29. The water swellable, lightly crosslinked, hydrogel polymer of claim 6,
      wherein said crosslinking agent is a mixture of organic diamine and
      organic triamine.
NUM  30.
PAR  30. The water swellable, lightly crosslinked, hydrogel polymer of claim 7,
      wherein said crosslinking agent is a mixture of organic diamine and
      organic triamine.
NUM  31.
PAR  31. The water swellable, lightly crosslinked, hydrogel polymer of claim 10,
      wherein said crosslinking agent is a mixture of organic diamine and
      organic triamine.
NUM  32.
PAR  32. The water swellable, lightly crosslinked, hydrogel polymer of claim 11,
      wherein said crosslinking agent is a mixture of organic diamine and
      organic triamine.
NUM  33.
PAR  33. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein the crosslinking agent is a mixture of ethylene diamine and
      diethylene triamine.
NUM  34.
PAR  34. The water swellable, lightly crosslinked, hydrogel polymer of claim 2,
      wherein the crosslinking agent is a mixture of ethylene diamine and
      diethylene triamine.
NUM  35.
PAR  35. The water swellable, lightly crosslinked, hydrogel polymer of claim 3,
      wherein the crosslinking agent is a mixture of ethylene diamine and
      diethylene triamine.
NUM  36.
PAR  36. The water swellable, lightly crosslinked, hydrogel polymer of claim 6,
      wherein the crosslinking agent is a mixture of ethylene diamine and
      diethylene triamine.
NUM  37.
PAR  37. The water swellable, lightly crosslinked, hydrogel polymer of claim 7,
      wherein the crosslinking agent is a mixture of ethylene diamine and
      diethylene triamine.
NUM  38.
PAR  38. The water swellable, lightly crosslinked, hydrogel polymer of claim 10,
      wherein the crosslinking agent is a mixture of ethylene diamine and
      diethylene triamine.
NUM  39.
PAR  39. The water swellable, lightly crosslinked, hydrogel polymer of claim 11,
      wherein the crosslinking agent is a mixture of ethylene diamine and
      diethylene triamine.
NUM  40.
PAR  40. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is poly(ethyleneoxy) diol, said
      organic diisocyanate is tolylene diisocyanate, and said crosslinker is a
      mixture of ethylene diamine and diethylene triamine.
NUM  41.
PAR  41. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is poly(ethyleneoxy) diol, said
      organic diisocyanate is methylenebis(4-phenylisocyanate), and said
      crosslinker is a mixture of ethylene diamine and diethylene triamine.
NUM  42.
PAR  42. The water swellable, lightly crosslinked hydrogel, polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy)
      diol and poly(ethyleneoxy) triol, said organic diisocyanate is tolylene
      diisocyanate, and said crosslinker is water.
NUM  43.
PAR  43. The water swellable, lightly crosslinked hydrogel, polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy)
      diol and poly(ethyleneoxy) triol, said organic diisocyanate is methylene
      bis(4-phenylisocyanate), and said crosslinker is water.
NUM  44.
PAR  44. The water swellable, lightly crosslinked hydrogel, polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy)
      diol and poly(ethyleneoxy) triol, said organic diisocyanate is tolylene
      diisocyanate, and said crosslinker is ethylene diamine.
NUM  45.
PAR  45. The water swellable, lightly crosslinked, hydrogel polymer of claim 1,
      wherein said poly(alkyleneoxy) polyol is a mixture of poly(ethyleneoxy)
      diol and poly(ethyleneoxy) triol, said organic diisocyanate is
      methylenebis(4-phenylisocyanate), and said crosslinker is ethylene
      diamine.
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PAL  Polyurethanes are made fire-retardant by including in the reaction mixture
      aromatic polyisocyanates having halogen-containing side chains.
BSUM
PAR  This invention relates to flame-retardant polyurethane resins produced by
      the reaction of the side-chain halogenated aromatic polyisocyanates with
      polyols.
PAR  Polyurethane resins are acquiring increasing importance because they have
      properties that make them valuable in a variety of end uses. For example,
      rigid foams are used as construction boards and heat insulators, and
      semirigid and flexible foams are used in cushioning, shock absorption, and
      packaging applications. Unfoamed polyurethanes are used in coatings and as
      elastomers. In most of these applications, it is necessary that the
      material be fire-retardant. Unfortunately, most conventional polyurethane
      resins, and especially polyurethane foams, are highly flammable and have a
      tendency to melt and burn when exposed to high temperatures or to flames.
      This is particularly true of foams which are based wholly or partly on the
      usual commercial mixtures of 2,4and 2,6-tolylene diisocyanates. Such foams
      burn rapidly and support combustion once ignited.
PAR  Many attempts have been made to reduce the flammability of both foamed and
      unfoamed polyurethane resins by blending fire-retardant additives
      therewith. Such attempts have met with limited success. While such
      additives as tris(2-chloroethyl) phosphate, tris(2,3-dibromopropyl)
      phosphate, ammonium phosphate, and antimony oxide reduce the flammability
      of polyurethane resins, the amounts of these additives that must be
      incorporated into the resins to render them acceptably fire resistant are
      so large that they have a deleterious effect on such physical and
      mechanical properties of the resins as dimensional stability, compression
      strength, and density. In addition, some of the proposed additives are not
      stable to heat or to humidity, while others tend to separate from the
      resin by crystallization or evaporation after a relatively short time,
      thus causing the resins to lose their fire-resistant qualities.
PAR  A more successful way of making polyurethanes fire-retardant involves the
      incorporation of a fire-retardant element into the polymer chain. For
      example, phosphorus-containing polyols or phosphonates have been used in
      polyurethane synthesis. The resulting fire-resistant resins frequently
      have poor aging properties under humid conditions because the
      phosphorus-oxygen-carbon linkages in them are readily hydrolyzed by water
      and by aqeuous acids and bases.
PAR  In accordance with this invention, it has been found that polyurethane
      resins having improved resistance to burning and to flame propagation can
      be obtained by replacing a portion or all of the isocyanate component
      conventionally employed in the production of polyurethane resins with a
      side-chain halogenated aromatic polyisocyanate. The improved resistance to
      burning and flame propagation occurs both in the absence and in the
      presence of known flammability-retarding additives. when such additives
      are used, the desired level of flame retardance is achieved at
      substantially lower concentrations of the additives than was previously
      possible.
PAR  The side-chain halogenated aromatic polyisocyanates that are used in the
      production of the fire-retardant polyurethane resins of this invention
      have the structural formula
      ##SPC1##
PAL  wherein each X represents chlorine or bromine; R represents hydrogen or the
      group
      ##SPC2##
PAL  when R represents hydrogen, m represents a number in the range of 2 to 3;
      when R represents the group
      ##SPC3##
PAL  m representa a number in the range of 1 to 3; and n and n" each represents
      a number in the range of 0 to 2. The following are illustrative of these
      side-chain halogenated polyisocyanates: 2,4-diisocyanatobenzotrichloride,
      2,6-diisocyanatobenzotrichloride,
      2,4-diisocyanato-5-chlorobenzotrichloride,
      2,4-diisocyanato-6-chlorobenzotrichloride, 2,4-diisocyanatobenzyl
      chloride, 2,4,6-triisocyanatobenzal chloride,
      2,4,6-triisocyanatobenzotrichloride,
      2,4-diisocyanato-3,6-dichlorobenzotrichloride,
      2,6-diisocyanato-4-chlorobenzotrichloride,
      2,4-diisocyanatobenzotribromide, 2,6-diisocyanatobenzotribromide,
      2,4-diisocyanato-6-bromobenzotribromide, 2,6-diisocyanatobenzyl bromide,
      2,6-diisocyanatobenzal bromide, di(4-isocyanatophenyl)dichloromethane,
      tris(4-isocyanatophenyl)chloromethane,
      di-(2,5-diisocyanatophenyl)dichloromethane,
      di-(3-chloro-4-isocyanatophenyl)dichloromethane,
      di(4-isocyanatophenyl)dibromomethane,
      tris-(2-bromo-4-isocyanatophenyl)bromomethane, and the like. The preferred
      side-chain halogenated aromatic polyisocyanates for use in the preparation
      of fire-retardant polyurethane resins are
      2,4-diisocyanatobenzotrichloride, 2,6-diisocyanatobenzotrichloride,
      mixtures of the 2,4- and 2,6-diisocyanatobenzotrichlorides, and
      di(4-isocyanatophenyl)dichloromethane.
PAR  The side-chain halogenation of the polyisocyanates may be effected by
      procedures that are known in the art. For example, the chlorinated
      aromatic polyisocyanates may be prepared by the side-chain chlorination of
      the corresponding aromatic polyisocyanates. The side-chain chlorination
      may be effected by contacting the aromatic polyisocyanate with gaseous
      chlorine in the absence of a chlorination catalyst or in the presence of
      light or a side-chain chlorination catalyst, such as benzoyl peroxide or
      phosphorus pentachloride, at a temperature in the range of about
      90.degree. to 250.degree.C., and preferably 100.degree. to 150.degree.C.,
      until the desired amount of chlorine has reacted. When a tolylene
      diisocyanate is chlorinated in this way, the product obtained contains at
      least about 80% of the diisocyanatobenzotrichloride and small amounts of
      the corresponding diisocyanatobenzyl chloride, diisoycanatobenzal
      chloride, and ringchlorinated diisocyanatobenzotrichlorides. When a
      mixture of tolylene diisocyanates is side-chain chlorinated, the product
      contains approximately the same ratio of isomers as the starting material.
      Thus, when a mixture of tolylene diisocyanates containing 80% of the
      2,4-isomer and 20% of the 2,6-isomer is chlorinated, the product comprises
      a mixture of diisocyanatobenzotrichlorides containing about 80% of the
      2,4-isomer and 20% of the 2,6-isomer.
PAR  Before they are used in the preparation of polyurethane resins, the
      side-chain chlorinated aromatic polyisocyanates are sparged with a dry
      gas, preferably air, at a temperature of at least 135.degree.C. and/or
      distilled under reduced pressure to about 135.degree.C. to remove from
      them hydrogen chloride and unreacted chlorine.
PAR  The fire-retardant polyurethane resins of this invention are prepared by
      reacting a polyisocyanate component that comprises a side-chain
      halogenated aromatic polyisocyanate with a polyol having at least two
      active hydrogen atoms. The compositions may be prepared by any known
      process. Suitable processes include the one-shot process, the total
      prepolymer process, the semi-prepolymer process, and modifications of
      these processes. In the one-shot procedure, the polyol, catalyst (and
      blowing agent and surfactants if foams are being produced) are blended
      together before being mixed with the isocyanate component. In the
      prepolymer processes, all or part of the polyol is mixed with the
      isocyanate before the catalyst, blowing agent, other additives, and any
      remaining polyol are added.
PAR  The polyisocyanate component used in the preparation of the polyurethane
      resins contains the amount of side-chain halogenated aromatic
      polyisocyanate that will impart to the resin the desired degree of
      fire-retardance without appreciably affecting its physical and mechanical
      properties. In most cases, about 10% to 100%, based on the weight of the
      polyisocyanate component, of side-chain halogenated aromatic
      polyisocyanate is used. The best combinations of fire-retardance and other
      properties are usually obtained when the polyisocyanate component contains
      about 30% to 80% by weight of side-chain halogenated aromatic
      polyisocyanate and about 20% to 70% by weight of aromatic polyisocyanate
      that is not side-chain halogenated.
PAR  Any of the conventional organic polyisocyanates can be used in combination
      with the side-chain halogenated aromatic polyisocyanates in the
      preparation of the fire-retardant polyurethane resins of this invention.
      Among the useful isocyanates are the following: 2,4-tolylene diisocyanate,
      2,6-tolylene diisocyanate, tris(4-isocyanatophenyl)methane,
      di(4-isocyanatophenyl)methane, di(2,5-diisocyanatophenyl)methane,
      2,4,6-tolyl triisocyanate, xylylene diisocyanate,
      naphthalene-1,5-diisocyanate, hexamethylene diisocyanate, 1,4-phenylene
      diisocyanate, polyphenylene polymethylene polyisocyanate, mixtures of
      these isocyanates, and the like.
PAR  Any of the polyols known to be suitable for preparing polyurethane resins
      can be used in preparing the fire-retarding resinous compositions of this
      invention. These polyols may be polyesters having terminal hydroxyl
      groups, hydroxyl-terminated polyethers, or mixtures thereof. The molecular
      weights of the polyols should be at least 500 and preferably between 750
      and 10,000; their hydroxyl numbers should be between 15 and 700 and
      preferably between 30 and 60; and their acid numbers should be not greater
      than 50 and preferably below 2.
PAR  Suitable polyesters can be prepared by the condensation of a dicarboxylic
      acid, acid anhydride, or acid chloride with a polyhydric alcohol. The
      polyhydric alcohol is usually an aliphatic glycol, such as ethylene
      glycol, propylene glycol, 2,2-dimethylpropylene glycol, hexanediol-1,5,
      neopentyl glycol, or triethylene glycol, and the like or a mixture of such
      glycols with each other and/or with minor amounts of polyols having more
      than two hydroxyl groups, such as glycerol, trimethylolpropane,
      1,2,5-hexanetriol, pentaerythritol, or sorbitol. Aromatic polyols, such as
      trihydroxymethylbenzene, can also be used. The polycarboxylic acids that
      can be used in the preparation of the polyesters include dicarboxylic
      acids and tricarboxylic acids that contain from two to about 36 carbon
      atoms. The preferred acids are dicarboxylic acids that contain from four
      to 12 carbon atoms, such as phthalic acid, isophthalic acid, terephthalic
      acid, cyclohexane-1,4-diacetic acid, adipic acid, succinic acid, azelaic
      acid, glutaric acid, maleic acid, fumaric acid, itaconic acid, and
      mixtures of these acids.
PAR  The useful polyethers include polyalkylene ethers, such as polyethylene
      glycols, polypropylene glycols, and the like as well as polyalkylene ether
      polyols prepared by reacting a polyol, such as glycerol, pentaerythritol,
      sorbitol, or sucrose, with a lower alkylene oxide, such as ethylene oxide,
      or propylene oxide.
PAR  The polyurethane resins of this invention may be rigid, semi-rigid, or
      flexible foams or they may be unfoamed resins.
PAR  When the resins are to be foams, any of the foaming agents known to be
      useful for this purpose, such as water, halogenated hydrocarbons, and
      mixtures thereof, may be used. Any of the catalysts that are commonly used
      in the preparation of polyurethane resins may be present in the reaction
      mixture. These include metallic salts, teritiary amines, and mixtures
      thereof, for example, stannous octoate, dibutyltin laurate,
      N-methylmorpholine, triethylene diamine, and triethylamine. In addition, a
      foam stabilizer or surfactant, for example, polydimethyl siloxane,
      sulfonated castor oil, oxyethylated sorbitan monopalmitate, or
      oxyethylated polypropylene glycol, may be present during the
      polyurethane-forming reaction.
PAR  If desired, a small amount of a flammability-retarding additive may be
      incorporated into the resin to further improve its fire-resisting
      properties. Suitable additives include tris(2-chloroethyl) phosphate,
      tris(2,3-dibromopropyl) phosphate, ammonium phosphate, hexabromobutene,
      antimony oxide, dibromoneopentyl glycol, dialkyl N,N-dimethyl
      phosphoramidates, and the like.
PAR  In addition to the aforementioned ingredients, the polyurethane resin
      compositions of this invention may contain fillers, stabilizers, pigments,
      dyes, other resins, and the like, in the amounts ordinarily employed for
      these purposes.
DETD
PAR  The invention is further illustrated by the following examples.
PAC  EXAMPLE 1
PAR  Two hundred grams of a mixture of tolylene diisocyanates which contained
      80% of the 2,4-isomer and 20% of the 2,6-isomer and which boiled at
      85.degree.-92.degree.C./0.5mm. was side-chain chlorinated by passing
      chlorine over its surface while it was maintained at a temperature in the
      range of 110.degree.-120.degree.C. until 288 grams (4.06 moles) of
      chlorine had been added. The chlorination was catalyzed by light from a
      100 watt tungsten lamp. The chlorinated material was sparged with dry air
      at 135.degree.-140.degree.C. to remove hydrogen chloride and unreacted
      chlorine from it. There was obtained 317.6 grams of a product that had a
      density at 25.degree.C. of 1.5514 and a chlorine content of 39.1%
      (calculated 38.5%) It contained about 80% by weight of a mixture of 2,4-
      and 2,6-diisocyanatobenzotrichlorides and small amounts of reaction
      by-products including 2,4- and 2,6-diisocyanatobenzyl chlorides, 2,4- and
      2,6-diisocyanatobenzal chlorides, and ring-chlorinated 2,4- and
      2,6-diisocyanatobenzotrichlorides.
PAC  EXAMPLE 2
PAR  A mixture of tolylene diisocyanates which contained 80% of the 2,4-isomer
      and 20% of the 2,6-isomer (3917 grams; 22.5 moles) was stirred and heated
      at 105.degree.-125.degree.C. while chlorine was passed over its surface.
      The chlorination, which was catalyzed by light from a 150 watt tungsten
      lamp, was continued until the weight of the reaction mixture had increased
      by 2558 grams.
PAR  The crude side-chain chlorinated product was heated at
      135.degree.-145.degree.C. and sparged with dry air to remove hydrogen
      chloride and unreacted chlorine from it. It was then treated with
      activated carbon. The purified product, which was a clear reddish viscous
      oil, was subjected to overhead distillation at
      150.degree.-184.degree.C./0.3 - 1.0 mm. The distillate was a clear,
      straw-colored syrupy liquid that contained 36.5% C, 0.86% H, 9.37% N, and
      39.9% Cl (calculated for C.sub.9 H.sub.3 O.sub.2 N.sub.2 Cl.sub.3 : 39.0%
      C, 1.08% H, 10.1% N, and 38.5% Cl) and that had a density at 25.degree.C.
      of 1.568 and a color (APHA) of 500.
PAR  The infrared spectrum of the product showed the presence of NCO groups and
      the absence of the aliphatic C--H linkage. Anayltical data obtained by gas
      chromatography indicated that the product contained at least 88% of 2,4-
      and 2,6-diisocyanatobenzotrichlorides and small amounts of
      ring-chlorinated 2,4- and 2,6-diisocyanatobenzotrichlorides.
PAC  EXAMPLE 3
PAR  A polyurethane resin was prepared by the following procedure:
PAR  A mixture of 200 grams of a polyether that had a hydroxyl number of 56
      (Polyol LG-56), 2.5 grams of a silicone surfactant (DC 192), 0.6 gram of
      triethylenediamine (Dabco 33-LV) and 7.4 grams of water was homogenized
      for 4.5 minutes. After the addition of 0.5 gram of stannous octoate, the
      mixture was homogenized for 30 seconds. Then 155 grams of the product of
      Example 2 was added, and after homgenization for 5 seconds the mixture was
      poured into a mold and allowed to rise. The resulting foam was cured in a
      circulating air oven at 150.degree.C. for 5 minutes, cut into 6 inches
      .times. 2 inches .times. 0.5 inch specimens, and tested for flammability.
PAR  For comparative purposes, corresponding polyurethane foams were prepared
      using a commercially-available mixture of tolylene diisocyanates (80/20
      mixture of 2,4- and 2,6-isomers).
PAR  Unlike the comparative foams which burned rapidly, the foam prepared from
      the side-chain chlorinated tolylene diisocyanate burned very slowly
      without flaming drips.
PAC  EXAMPLE 4
PAR  When the procedure described in Example 3 was repeated using as the
      polyisocyanate component a mixture containing equimolar amounts of the
      product of Example 2 and a mixture of tolylene diisocyanates (80/20
      mixture of 2,4- and 2,6-isomers), the polyurethane foam obtained burned
      very slowly and had physical and mechanical properties equivalent to those
      of the foam prepared from tolylene diisocyanates that had not been
      side-chain chlorinated.
PAC  EXAMPLE 5
PAR  When the procedure described in Example 3 was repeated using as the
      polyisocyanate component a mixture of 2,4- and
      2,6-diisocyanatobenzotribromide, similar results were obtained.
PAC  EXAMPLE 6
PAR  When a polyisocyanate component comprising a mixture containing 80% by
      weight of the product of Example 2 and 20% by weight of tolylene
      diisocyanates (80/20 mixture of 2,4- and 2,6-isomers) was used in the
      preparation of a linear polyurethane elastomer, the product obtained was
      far more resistant to burning than the corresponding elastomer prepared
      from tolylene diisocyanates that had not been side-chain chlorinated.
PAR  Each of the other side-chain halogenated aromatic polyisocyanates disclosed
      herein can be used in a similar manner to impart fire-retardance to
      polyurethane resins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fire-retardant polyurethane resin that comprises the reaction product
      of a polyisocyanate component containing from about 30% to 80% by weight
      of a side-chain halogenated aromatic polyisocyanate selected from the
      group consisting of 2,4-diisocyanatobenzotrichloride,
      2,6-diisocyanatobenzotrichloride, and mixtures thereof and a polyol having
      at least two active hydrogen atoms selected from the group consisting of
      polyether polyols, polyester polyols, and mixtures thereof.
NUM  2.
PAR  2. A fire-retardant polyurethane resin as defined in claim 1 wherein the
      polyisocyanate component contains from 20% to 70% by weight of a
      polyisocyanate selected from the group consisting of 2,4-tolylene
      diisocyanate, 2,6-tolylene diisocyanate, and mixtures thereof.
NUM  3.
PAR  3. A fire-retardant polyurethane resin as defined in claim 1 wherein the
      polyol is a polyether.
NUM  4.
PAR  4. A fire-retardant polyurethane resin as defined in claim 1 wherein the
      polyisocyanate component contains equimolar amounts of (a) a side-chain
      halogenated polyisocyanate selected from the group consisting of
      2,4-diisocyanatobenzotrichloride, 2,6-diisocyanatobenzotrichloride, and
      mixtures thereof and (b) a polyisocyanate selected from the group
      consisting of 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, and
      mixtures thereof.
NUM  5.
PAR  5. A fire-retardant polyurethane resin as defined in claim 1 wherein the
      polyisocyanate component comprises from 30% to 80% by weight of a mixture
      of diisocyanatobenzotrichlorides containing about 80% of the 2,4-isomer
      and 20% of the 2,6-isomer.
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ABST
PAL  Diglycidylhexahydrobenzimidazolone and diglycidyltetrahydrobenzimidazolone.
      These compounds can be used by curing with amines or anhydrides, to
      manufacture casting resins, electrical resins, sintering powders and,
      compression moulding compositions.
PARN
PAR  This is a divisional of application Ser. No. 319,961, filed on Dec. 29,
      1971, now U.S. Pat. No. 3,828,066.
BSUM
PAR  The subject of the invention are new diglycidylimidazolidones, namely
      optionally alkyl-substituted diglycidylhexahydrobenzimidazolidone and
      diglycidyltetrahydrobenzimidazolidone (= diglycidyltetrahydrobenz-2[
      3H]-imidazolone), which can be used, by curing with amines or anhydrides,
      to manufacture casting resins, electrical resins, sintering powders,
      compression moulding compositions, B-stages and the like.
PAR  Diglycidylimidazolidones based on ethyleneurea or propyleneurea are already
      known from Swiss Pat. Specification No. 471,149.
PAR  Further, diglycidylbenzimidazolone has been described in Russian Pat.
      Specification No. 271,005. There, attention is also drawn to the
      exceptional compressive strength of the cured resins.
PAR  The diglycidylhexahydrobenzimidazolidones according to the invention, of
      the formula
      ##SPC1##
PAL  And diglycidyltetrahydrobenzimidazolidones according to the invention, of
      the formula
      ##SPC2##
PAL  Wherein X denotes hydrogen or an alkyl group with 1 to 4 carbon atoms,
      especially the methyl or ethyl group, can be manufactured easily and in
      good purity and lead to cured products which are more stable to water than
      the known product.
PAR  The diglycidyl-ethers of the formulae (I) and (II) can be manufactured from
      the corresponding hexahydrobenzimidazolidones and
      tetrahydrobenzimidazolidones which possess, on the nitrogen atoms, groups
      which can be converted into epoxy groups, such as, in particular, a
      hydroxyhalogenopropyl group, for example the hydroxychloroethyl or
      hydroxybromoethyl group. The hydroxyl group can be in the 2- or 3-position
      and the halogen can be in the 3- or 2-position. The reaction is carried
      out in the customary manner, above all in the presence of agents which
      split off hydrogen halide, such as strong alkalis, for example anhydrous
      sodium hydroxide or aqueous sodium hydroxide solution. However, other
      strongly alkaline reagents, such as potassium hydroxide, barium hydroxide,
      calcium hydroxide, sodium carbonate or potassium carbonate can also be
      used for the purpose.
PAR  A further radical which can be converted into the 1,2-epoxyethyl radical
      is, for example, the prop-2-enyl group which can be converted into the
      2,3-epoxypropyl group in a known manner, such as, above all, by reaction
      with hydrogen peroxide and a nitrile or with per-acids, for example
      peracetic acid, perbenzoic acid or monoperphthalic acid. The starting
      products can be obtained, for example, by reaction of 1 mol of
      hexahydrobenzimidazoles or tetrahydrobenzimidazoles with 2 mols of an
      epihalogenohydrin, above all epichlorohydrin, in the presence of a
      catalyst, such as, in particular, a tertiary amine, a quaternary ammonium
      base or a quaternary ammonium salt. Suitable catalysts for the addition of
      epichlorohydrin are above all tertiary amines, such as triethylamine,
      tri-n-propylamine, benzyldimethylamine, N,N'-dimethylaniline and
      triethanolamine; quaternary ammonium bases, such as
      benzyltrimethylammonium hydroxide; quaternary ammonium salts, such as
      tetramethylammonium chloride, tetraethylammonium chloride,
      benzyltrimethylammonium chloride, benzyltrimethylammonium acetate and
      methyltriethylammonium chloride; hydrazines with a tertiary nitrogen atom,
      such as 1,1-dimethylhydrazine, which can also be employed in the
      quaternised form; alkali halides, such as lithium chloride, potassium
      chloride or sodium chloride, bromide or fluoride; further, ion exchange
      resins with tertiary or quaternary amino groups and also ion exchangers
      with acid amide groups. It is also possible to work without a catalyst.
PAR  The addition of the epihalogenohydrin to the hexahydrobenzimidazolidone or
      tetrahydrobenzimidazolidone can be carried out with or without solvent,
      with an excess of epichlorohydrin, at temperatures of up to 140.degree.C,
      under the action of one of the catalysts mentioned, over the course of 30
      to 360 minutes. The subsequent dehydrohalogenation can be carried out at
      40.degree. to 70.degree.C with solid or liquid alkalis and optionally
      whilst azeotropically distilling off the water formed. The alkali halide
      is separated off in a known manner. The resulting diglycidyl derivatives
      are isolated by distilling off the excess epihalogenohydrin and, if
      appropriate, the solvent. They are as a rule obtained as viscous,
      colourless to light brown liquids in yields of up to 100%.
      Tetrahydrobenzimidazolidone is easily obtainable by reaction of
      o-chlorocyclohexanone with urea. Catalytic hydrogenation of
      tetrahydrobenzimidazolidone with hydrogen yields
      hexahydrobenzimidazolidone (trans-form).
PAR  The diglycidyl compounds according to the invention of the formulae (I) and
      (II) react with the customary curing agents for epoxide compounds. They
      can therefore be crosslinked or cured by addition of such curing agents,
      analogously to other polyfunctional epoxide compounds. Basic or acid
      compounds can be used as such curing agents.
PAR  As suitable curing agents there may, for example, be mentioned: amines or
      amides, such as aliphatic, cycloaliphatic or aromatic, primary, secondary
      and tertiary amines, for example monoethanolamine, ethylenediamine,
      hexamethylenediamine, trimethylhexamethylenediamine, diethylenetriamine,
      triethylenetetramine, tetraethylenepentamine,
      N,N-dimethylpropylenediamine-1,3, N,N-diethylpropylenediamine-1,3,
      2,2-bis(4'-aminocyclohexyl)propane,
      3,5,5-trimethyl-3-(aminomethyl)cyclohexylamine ("isophoronediamine"),
      Mannich bases, such as 2,4,6-tris-(dimethylaminomethyl)-phenol;
      m-phenylenediamine, p-phenylenediamine, bis-(4-aminophenyl)-methane,
      bis-(4-aminophenyl)-sulphone and m-xylylenediamine; adducts of
      acrylonitrile or monoepoxides, such as ethylene oxide or propylene oxide,
      to polyalkylenepolyamines, such as diethylenetriamine or
      triethylenetetramine; adducts of polyamines, such as diethylenetriamine or
      triethylenetetramine in excess, and polyepoxides, such as
      diomethane-polyglycidyl-ethers; ketimines, for example from acetone or
      methyl ethyl ketone and bis(p-aminophenyl)-methane; adducts of monophenols
      or polyphenols and polyamines; polyamides, especially those from aliphatic
      polyamines, such as diethylenetriamine or triethylenetetramine, and
      dimerised or trimerised unsaturated fatty acids, such as dimerised linseed
      oil fatty acid (VERSAMID); polymeric polysulphides (THIOKOL);
      dicyandiamide, aniline-formaldehyde resins; polyhydric phenols, for
      example resorcinol, 2,2-bis-(4-hydroxyphenyl)-propane or
      phenol-formaldehyde resins; boron trifluoride and its complexes with
      organic compounds, such as BF.sub.3 -ether complexes and BF.sub.3 -amine
      complexes, for example BF.sub.3 -monoethylamine complex;
      acetoacetanilide-BF.sub.3 complex; phosphoric acid; triphenylphosphite;
      polybasic carboxylic acids and their anhydrides, for example phthalic
      anhydride, .DELTA..sup.4 -tetrahydrophthalic anhydride, hexahydrophthalic
      anhydride, 4-methylhexahydrophthalic anhydride,
      3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic anhydride,
      4-methyl-3,6endomethylene-.DELTA..sup.4 -tetrahydrophthalic anhydride (=
      methylnadic anhydride),
      3,4,5,6,7,7-hexachloro-3,6-endomethylene-.DELTA..sup.4 -tetrahydrophthalic
      anhydride, succinic anhydride, adipic anhydride, trimethyl adipic
      anhydride, azelaic anhydride, sebacic anhydride, maleic anhydride,
      dodecenyl-succinic anhydride; pyromellitic dianhydride or mixtures of such
      anhydrides.
PAR  Curing accelerators can furthermore be employed in the curing reaction, and
      in particular when using polyamides, dicyandiamide, polymeric
      polysulphides or polycarboxylic acid anhydrides as curing agents; such
      accelerators are, for example, tertiary amines, their salts or quaternary
      ammonium compounds, for example 2,4,6-tris-(dimethylaminomethyl)phenol,
      benzyldimethylamine, 2-ethyl-4-methyl-imidazole and triamylammonium
      phenolate; or alkali metal alcoholates, such as, for example, sodium
      hexanetriolate.
PAR  A further subject of the invention are curable mixtures which contain a
      diglycidyl compound according to the invention, of the formula (I) or
      (II), optionally together with other polyepoxide compounds, and also
      curing agents for epoxide resins, such as polyamines or polycarboxylic
      acid anhydrides.
PAR  The diglycidyl compounds according to the invention or their mixtures with
      other polyepoxide compounds and/or curing agents can be mixed, before
      curing, with customary modifiers, such as extenders, fillers and
      reinforcing agents, pigments, dyestuffs, plasticisers, flow control
      agents, agents for conferring thixotropy, flameproofing substances and
      mould release agents.
PAR  As extenders, reinforcing agents, fillers and pigments which can be
      introduced into the curable mixtures according to the invention there may,
      for example, be mentioned: coal tar, bitumen, glass fibres, boron fibres,
      carbon fibres, cellulose, polyethylene powder, polypropylene powder, mica,
      asbestos, quartz powder, slate powder, aluminium oxide trihydrate, chalk
      powder, gypsum, antimony trioxide, bentones, silica aerogel (AEROSIL),
      lithopone, baryte, titanium dioxide, carbon black, graphite, iron oxide or
      metal powders, such as aluminium powder or iron powder.
PAR  Suitable organic solvents for modifying the curable mixtures are, for
      example, toluene, xylene, n-propanol, butyl acetate, acetone, methyl ethyl
      ketone, diacetone alcohol, ethylene glycol monomethyl ether, monoethyl
      ether and monobutyl ether.
PAR  Particularly for use in the lacquer field, the new diglycidyl compounds can
      furthermore be partially or completely esterified in a known manner with
      carboxylic acids such as, in particular, higher unsaturated fatty acids.
      It is furthermore possible to add other curable synthetic resins, for
      example phenoplasts or aminoplasts, to such lacquer resin formulations.
PAR  The curable mixtures can serve, in the unfilled or filled state, optionally
      in the form of solutions or emulsions, as laminating resins, paints,
      lacquers, dipping resins, impregnating resins, casting resins, compression
      moulding compositions, sintering powders, spreading and surface-filling
      compositions, floor covering compositions, potting and insulating
      compositions for the electrical industry, and adhesives, and for the
      manufacture of such products.
PAR  Cured mouldings of this resin display good heat stability, good electrical
      properties and outstanding stability to water, coupled with good
      mechanical properties.
DETD
PAC  MANUFACTURING EXAMPLES
PAC  EXAMPLE 1
PAR  56 g of hexahydrobenzimidazolidone (0.4 mol) together with 740 g of
      epichlorohydrin (8.0 mols) and 0.5 g of tetramethylammonium chloride are
      stirred for 110 minutes at 115.degree.-118.degree.C. Hereupon, a clear
      dark solution results. An azeotropic circulatory distillation is
      established by application of vacuum (60-90 mm Hg) at an external
      temperature of 140.degree.-148.degree.C in such a way that at a
      temperature of the reaction mixture of 59.degree.-61.degree.C a vigorous
      distillation takes place. 70.4 g of 50% strength aqueous sodium hydroxide
      solution are then added dropwise over the course of 5 hours whilst
      stirring vigorously; at the same time the water present in the reaction
      mixture is continuously removed azeotropically, and separated off.
PAR  Thereafter, distillation is carried out for a further 60 minutes under the
      conditions indicated in order to remove the last remnants of water from
      the batch. The batch is then cooled to about 35.degree.C. The sodium
      chloride produced in the reaction is removed by filtration; the residue is
      washed with a little epichlorohydrin and the combined epichlorohydrin
      solutions are extracted by shaking with 400 ml of water, to remove salt
      and remnants of alkali. The organic phase is concentrated at 60.degree.C
      under a water pump vacuum and is then dried to constant weight at
      100.degree.C/0.2 mm Hg. 89 g (88.2% of theory) of a liquid, light brown
      resin with 6.73 epoxide equivalents/kg (84.8% of theory), essentially
      corresponding to the following structure
      ##SPC3##
PAL  are obtained.
PAC  EXAMPLE 2
PAR  Analogously to Example 1, 420.5 g of tetrahydrobenzimidazolidone (3.0 mols)
      are treated with 2.5 g of tetramethylammonium chloride in 4,700 ml of
      epichlorohydrin (60.0 mols). The dehydrohalogenation is again carried out
      according to Example 1, with 528 g of 50% strength aqueous sodium
      hydroxide solution (6.6 mols). The working up and isolation of the product
      is carried out in the usual manner. 747 g (99.5% of theory) of a clear,
      light brown, viscous liquid containing 0.65% of total chlorine and having
      an epoxide content of 7.50 equivalents/kg (93.6% of theory) are obtained.
PAR  The product can be purified as follows:
PAR  It is first subjected to a high vacuum distillation; this yields a product
      with 7.90 epoxide equivalents per kilogram which boils at
      160.degree.-162.degree.C/0.08 mm Hg and slowly crystallises at room
      temperature. This substance is recrystallised in the ratio of 1:4 from a
      mixture of acetone/ether (1:5). Colourless crystals are obtained, which
      melt at 88.degree.-91.degree.C and have an epoxide content of 7.98 epoxide
      equivalents/kg (99.9% of theory).
PAR  The microanalysis gives the following values:
TBL  Found:          Calculated:                                               
     ______________________________________                                    
     62.48% C        62.38% C                                                  
      7.28% H         7.25% H                                                  
     11.26% N        11.19% N                                                  
     ______________________________________                                    
PAR  Accordingly, the new diglycidyl compound corresponds to the following
      structure:
      ##SPC4##
PAC  EXAMPLE 3
PAR  Analogously to Example 1, 6.9 g of 5-methyl-tetrahydrobenzimidazolidone
      (0.0453 mol) are reacted with 0.3 g of tetramethylammonium chloride in
      125.6 g of epichlorohydrin (1.358 mols) at 115.degree.-118.degree.C. The
      dehydrohalogenation is also carried out according to Example 1 with 7.98 g
      of 50% strength aqueous sodium hydroxide solution (0.0996 mol). After the
      customary working up of the product, 11.9 g (100% of theory) of a viscous,
      light brown resin with 6.93 epoxide equivalents/kg (91.7% of theory),
      essentially corresponding to the following structure:
      ##SPC5##
PAL  are obtained.
PAC  USE EXAMPLES
PAC  EXAMPLE I
PAR  100 g of the crude epoxide resin obtained according to Example 2,
      containing 7.50 epoxide equivalents/kg, are mixed with 106 g of
      hexahydrophthalic anhydride at 80.degree.C to give a homogeneous melt and
      the mixture is deaerated and poured into an aluminium casting mould
      prewarmed to 80.degree.C. Curing takes place in 5 hours at 80.degree.C + 2
      hours at 120.degree.C + 20 hours at 150.degree.C. Clear, transparent
      mouldings having the following excellent mechanical properties are
      obtained:
TBL  Flexural strength (VSM)                                                   
                          14 - 18.5 kp/mm.sup.2                                
     Deflection (VSM)     4.5 - 7.3 mm                                         
     Impact strength (VSM 16 - 20 cm.kp/cm.sup.2                               
     Heat distortion point according                                           
                          154.degree.C                                         
     to Martens (DIN)                                                          
     Water absorption (1 hour at 100.degree.C)                                 
                          0.58%                                                
PAC  EXAMPLE II
PAR  100 parts by weight of the epoxide resin manufactured according to Example
      2 are mixed with 37 parts by weight of methylenebisaniline and cured for 2
      hours at 80.degree.C and 8 hours at 140.degree.C, as indicated in Example
      I. The mouldings show the following properties:
TBL  Impact strength (VSM) 17.6 cm.kp/cm.sup.2                                 
     Flexural strength (VSM)                                                   
                           20.2 kp/mm.sup.2                                    
     Deflection (VSM)      7.7 mm                                              
     Heat distortion point according                                           
     to Martens (DIN)      148.degree.C                                        
     Water absorption:                                                         
       4 days at room temperature                                              
                           0.73%                                               
       1 hour in boiling water                                                 
                           0.70%                                               
     Tensile shear strength on                                                 
     Anticorodal B         0.9 kg/mm.sup.2                                     
PAC  EXAMPLE III
PAR  100 parts by weight of the epoxide resin manufactured according to Example
      2 are cured with 44 parts by weight of
      4,4'-diamino-3,3'-(dimethyldicyclohexyl)-methane for 24 hours at
      40.degree.C and 6 hours at 100.degree.C. The mouldings obtained as in
      Example I show the following properties:
TBL  Impact strength (VSM)    12.6 cm.kp/cm.sup.2                              
     Flexural strength (VSM)  14.3 kp/mm.sup.2                                 
     Deflection (VSM)         4.6 mm                                           
     Heat distortion point according                                           
     to Martens (DIN)         119.degree.C                                     
     Water absorption (1 hour in boiling water)                                
                              0.77%                                            
     Tensile shear strength on Anticorodal B                                   
                              0.6 kg/mm.sup.2                                  
CLMS
STM  I claim:
NUM  1.
PAR  1. A curable mixture which serves for the manufacture of moldings,
      comprising a diglycidyl compound of the formula
      ##SPC6##
PAL  wherein X is hydrogen or alkyl of 1 to 4 carbon atoms, and a curing agent
      for epoxy resins.
NUM  2.
PAR  2. The curable mixture of claim 1 wherein X is methyl or ethyl.
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ABST
PAL  Acrylyl-terminated urea-urethane compositions that are the reaction product
      of an organic polyisocyanate, a hydroxylamine and a hydroxyhydrocarbyl
      acrylate. These compositions can be used in the preparation of coatings
      and inks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The coating and ink industry has been seeking new derivatives that can be
      used in compositions that do not require appreciable amounts of volatile
      solvents that evaporate and pollute the atmosphere. The novel compounds of
      this invention can be used in coating and ink formulations that are
      readily cured by ultraviolet, thermal or electron beam processes.
PAC  SUMMARY OF THE INVENTION
PAR  A new class of acrylyl-terminated urea-urethane compositions has been
      discovered comprising the reaction products of an organic polyisocyanate,
      an organic hydroxylamine and a hydroxyhydrocarbyl acrylate. The new
      compositions of this invention contain both urea and urethane groups and
      terminal acrylyl groups. As a consequence, the compositions show the
      advantageous properties of the ureas as well as of the urethanes. In
      addition, the terminal reactive acrylyl group makes them ideally suitable
      for use in coating and ink compositions. Thus, the new compounds of this
      invention find particular utility in the manufacture of inks and coatings.
PAC  DESCRIPTION OF THE INVENTION
PAR  In the production of the compositions of this invention an organic
      polyisocyanate having at least two isocyanato groups is reacted with a
      hydroxylamine and a hydroxyhydrocarbyl acrylate.
PAR  The organic polyisocyanates suitable for use in the production of the
      compounds of this invention are any of the known polyisocyanates; the
      preferred are those having from 2 to about 5 isocyanate groups in the
      molecule. Illustrative thereof one can mention ethylene diisocyanate,
      trimethylene diisocyanate, hexamethylene diisocyanate,
      propylene-1,2-diisocyanate, ethylidene diisocyanate,
      cyclopentylene-1,3-diisocyanate, the 1,2-, 1,3- and 1,4-cyclohexylene
      diisocyanates, the 1,3- and 1,4-phenylene diisocyanates, polymethylene
      polyphenylene-isocyanates, the 2,4- and 2,6-tolylene diisocyanates, the
      1,3- and 1,4-xylylene diisocyanates, bis(4-isocyanatophenyl)methane,
      4,4'-diphenylpropane diisocyanates, the polyisocyanates disclosed in U.S.
      Pat. No. 2,683,730, bis(2-isocyanatoethyl)carbonate,
      1,8-diisocyanato-p-menthane, (OCNCH.sub.2 CH.sub.2 CH.sub.2
      OCH.sub.2).sub.2,  1-methyl-2,4-diisocyanatocyclohexane, the
      chlorophenylene diisocyanates, naphthalene-1,5-diisocyanate,
      triphenylmethane-4,4',4"-triisocyanate,
      isopropylbenzene-alpha-4-diisocyanate, 5,6-bicyclo[2.2.1]hept-2-ene
      diisocyanate, 5,6-diisocyanatomethylbicyclo [2.2.1] hept-2-ene,
      5,6-diisocyanatobutylbicyclo[2.2.1]hept-2-ene,
      bis(2-isocyanatoethyl)-bicyclo[2.21]hept-5-en-2,3-dicarboxylate,
      5,6-diisocyanatopentylbicyclo[2.2.1]hept-2 -ene, as disclosed in U.S. Pat.
      No. 3,275,679. The isocyanates can be used alone or in combination.
PAR  The hydroxylamines are those of the structure:
EQU  HOR'NHR
PAL  wherein R is hydrogen, a linear or branched alkyl of from 1 to about 10
      carbon atoms preferably 6 to 8 carbon atoms, cycloalkyl of from 5 to 12
      carbon atoms or aryl of 6 to 12 carbon atoms and R' is a linear or
      branched divalent alkylene of from 1 to about 12 carbon atoms, preferably
      1 to 6 carbon atoms, arylene of 6 to 12 carbon atoms or cycloalkylene of 5
      to 12 carbon atoms. Illustrative thereof one can mention aminoethanol, the
      aminopropanols, the aminobutanols, the aminohexanols, the aminodecanols,
      methylethanolamine, the aminocyclohexanols, aminobenzyl alcohol, or any
      other amino alcohol.
PAR  The hydroxyhydrocarbyl acrylates that are used in the reaction are those of
      the structure:
      ##EQU1##
      wherein R' is as defined above and Z is hydrogen or methyl. Illustrative
      thereof one can mention 2-hydroxyethyl acrylate, 2-(or 1-) hydroxypropyl
      acrylate, 2-(or 1-) hydroxybutyl acrylate, p-hydroxyphenyl acrylate,
      4-hydroxycyclohexyl acrylate, as well as the corresponding methacrylate
      compounds.
PAR  In producing the acrylyl-terminated urea-urethane compositions the amount
      of each reactant is selected so that the theoretical number of equivalents
      of isocyanato groups charged to the reaction mixture is from about 80
      percent to about 105 percent of the sum total of the number of equivalents
      of hydrogen atoms reacted therewith that are present in the hydroxyl and
      amino groups in the hydroxylamine and in the hydroxyhydrocarbyl acrylate.
      Preferably the number of equivalents of isocyanato groups is from 95 to
      100 percent thereof. When the polyisocyanate contains more than two
      isocyanato groups and is a tri- or tetra- or higher isocyanate then one
      can produce a cross-linked product. The preferred compositions are those
      which are produced with the diisocyanates since they are less viscous. In
      practice an excess of the hydroxyhydrocarbyl acrylate is preferably used
      since it can also serve as a solvent medium for the reaction.
PAR  Theoretically though applicant does not intend to be bound thereby, the
      primary reaction product obtained by the reaction of a hydroxyhydrocarbyl
      acrylate (HAA), a diisocyanate (DI) and a hydroxylamine (HA) can be
      represented by the general structure
EQU  HAA[DI-HA].sub.n DI-HAA                                    (2)
PAL  wherein n is an integer having a value of from 1 to 10, preferably from 1
      to 3. Thus, the unit HAA has the structure
      ##EQU2##
      The unit DI has the structure
      ##EQU3##
      wherein X is a residue of the isocyanate compound and the unit HA
      represents the structure
      ##EQU4##
      when a triisocyanate or higher functional isocyanate is used the
      crosslinked structure presents a more complicated formula and those
      skilled in the art are well able to write these out. The molecular weight
      of the product can be controlled by controlling the ratio of
      hydroxyhydrocarbyl acrylate to hydroxylamine charged to the reaction
      mixture. The higher the ratio the lower the molecular weight since the
      hydroxyhydrocarbyl acrylate acts as a chain terminator for the reaction.
PAR  The reaction can be carried out in the presence of a solvent to facilitate
      stirring and as solvent one can use any conventional solvent or an
      intermediate which is desirably present in the subsequently formulated
      coating or ink but which does not interfere with the reaction at the
      present time. The reaction is carried out at a temperature of from about
      10.degree. to 75.degree., preferably from 20.degree. to 50.degree.C. The
      time required will vary depending upon the specific reactants employed,
      the temperature, the size of the batch and other variables. Those skilled
      in the art are fully familiar with the effects of these variables and will
      know when to stop the reaction.
PAR  Normally a catalyst is present for the urethane reaction at the
      conventional concentration known to those skilled in this art. The
      catalysts and the concentrations to be used are known to vary depending
      upon the particular amine or tin catalyst employed. These catalysts are so
      well known that they should not require more than a brief mention. They
      include triethylene diamine, morpholine, N-ethyl-morpholine, piperazine,
      trithyanolamine, triethylamine, N,N,N',N'-tetramethylbutane-1,3-diamine
      dibutyltin, dilaurate, stanous octoate, stannous laurate, dioctyltin
      diacetate, lead octoate, stannous oleate, stannous tallate, dibutyltin
      oxide, etc.
DETD
PAR  The following examples further serve to illustrate the invention; parts are
      by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  There were charged to a flask 222 grams of isophorone diisocyanate, 167
      grams of 2(N-methylcarbamoyl) ethyl acrylate as solvent (MCEA) and 0.5
      gram of dibutyltin dilaurate. This was heated to 50.degree.C., then 30.5
      grams of 2-aminoethanol was added over a period of 17 minutes in a
      dropwise manner while controlling the temperature at about 50.degree.C.
      The reaction was stirred an additional 2.75 hours at 50.degree.C. until
      the exothermic reaction appeared to have terminated. Over an 80 minutes
      period 135 grams of 2-hydroxyethyl acrylate was added while maintaining a
      temperature of about 50.degree.C. The mixture was then stirred for an
      additional 1.25 hours at 50.degree.C. and permitted to cool to room
      temperature. The product was a 70 percent solution of the
      acrylate-terminated urea-urethane oligomer in the solvent.
PAR  A radiation curable composition was produced by mixing 11.43 parts of the
      above oligomer solution, 3.77 parts of 2(N-methylcarbamoyl)ethyl acrylate,
      4.8 parts of neopentyl glycol diacrylate and 0.4 part of a mixture of the
      n- and iso-butyl ethers of benzoin as photoinitiator. This composition had
      a Gardner-Holdt viscosity of U. A thin film was coated on the Bonderite
      No. 37 steel and cured by exposure to the continuum light radiation from
      an 18 kilowatt argon swirl-flow plasma arc for 0.6 second. The cured film
      was about 1 mil thick; it had a Sward Hardness of 56, acetone resistance
      more than 300 seconds, and a Taber Wear factor of 2.8 using CS-17 wheels
      and one kilogram weights for 200 cycles with the wear results reported in
      milligrams of weight loss per 100 cycles. Impact resistance and adhesion
      values were low. Similar results were obtained when irradiated for 0.15
      second.
PAC  EXAMPLE 2
PAR  Following the procedure similar to that of Example 1, a mixture of 900
      grams of trimethylhexamethylene diisocyanate, 668 grams of
      2(N-methylcarbamoyl)ethyl acrylate as solvent and 2 grams of dibutyltin
      dilaurate was initially reacted with 122 grams of 2-aminoethanol and then
      with 540 grams of 2-hydroxyethyl acrylate over a period of about 6.5 hours
      and then allowed to cool. The product was a 70 percent solution of the
      acrylate-terminated urea-urethane oligomer in the solvent.
PAR  A radiation curable composition was produced by mixing 45.7 parts of the
      above oligomer solution, 16.3 parts of 2(N-methylcarbamoyl)ethyl acrylate,
      25 parts of neopentyl glycol diacrylate, 7 parts isodecyl acrylate, 6
      parts of 2-hydroxyethyl acrylate, 7 parts of silica flatting agent and 2
      parts of a mixture of the n- and iso-butyl ethers of benzoin as
      photoinitiator. This composition had a Gardner-Holdt viscosity of C. The
      composition was applied to a vinyl asbestos tile heated to 82.degree.C.
      and then cured as described in Example 1. The cured coating was about 3
      mils thick; it had a Sward Hardness of 20, a 60.degree. Gardner Gloss of
      63, a Taber Wear factor of 18.3 milligrams loss per 500 cycles and a 100
      percent crosshatch adhesion value.
PAC  EXAMPLE 3
PAR  Following the procedure similar to that of Example 1, a mixture of 675
      grams trimethylhexamethylene diisocyanate, 291 grams of
      2(N-methylcarbamoyl)ethyl acrylate as solvent and 1 gram of dibutyltin
      dilaurate was initially reacted with 112.5 grams of monoisopropanolamine
      and then with 405 grams of 2-hydroxyethyl acrylate over a period of about
      3 hours and then cooled to room temperature. The solution had a
      Gardner-Holdt viscosity above Z6.
PAR  In the same manner, acrylate-terminated urea-urethane oligomers are
      produced by reacting the following materials:
PAR  4. tolylene diisocyanate N-methyl-2-hydroxyethylamine 2-hydroxypropyl
      acrylate
PAR  5. tolylene diisocyanate p-aminobenzyl alcohol 2-hydroxybutyl acrylate
PAR  6-tolylene diisocyanate 6-aminohexanol 2-hydroxyethyl acrylate
PAR  7. -isophorone diisocyanate 2-aminoethanol 2-hydroxyethyl methacrylate
PAR  8. isophorone diisocyanate 3-aminocyclohexanol 2-hydroxyethyl acrylate
PAR  9. bis(4-isocyanatophenyl)methane 2-aminobutanol p-hydroxyphenyl acrylate
PAR  10. tolylene diisocyanate 2-aminopropanol 4-hydroxycyclohexyl acrylate
PAR  11. triphenylmethane-4,4',4"-triisocyanate 2-aminoethanol 2-hydroxyethyl
      acrylate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acrylyl-terminated urea-urethane comprising the reaction product
      obtained by reacting a mixture consisting essentially of:
PA1  a. an organic polyisocyanate having at least 2 isocyanato groups;
PA1  b. a hydroxylamine of the structure:
EQU  HOR'NHR
PAL  wherein R is hydrogen, alkyl of from 1 to 10 carbon atoms cycloalkyl of 5
      to 12 carbon atoms or aryl of 6 to 12 carbon atoms and R' is divalent
      alkylene of 1 to 12 carbon atoms, arylene of 6 to 12 carbon atoms or
      cycloalkylene of 5 to 12 carbon atoms; and
PA1  c. a hydroxyhydrocarbyl acrylate of the structure:
      ##EQU5##
      wherein Z is hydrogen or methyl and R' is as hereinbefore defined; and
      wherein the number of equivalents of isocyanato groups in the organic
      polyisocyanate charged is from about 80 percent to about 105 percent of
      the sum total of the number of equivalents of hydrogen atoms reactive
      therewith that are present in the hydroxyl and amine groups in said
      hydroxylamine and in said hydroxyhydrocarbyl acrylate.
NUM  2.
PAR  2. A composition as claimed in claim 1, wherein said hydroxylamine R is
      hydrogen and R' is divalent alkylene of 1 to 6 carbon atoms.
NUM  3.
PAR  3. A composition as claimed in claim 1, wherein said component (a) is an
      organic diisocyanate.
NUM  4.
PAR  4. A composition as claimed in claim 1, wherein said component (b) is
      2-aminoethanol.
NUM  5.
PAR  5. A composition as claimed in claim 1, wherein said component (c) is
      2-hydroxyethyl acrylate.
NUM  6.
PAR  6. A composition as claimed in claim 1, wherein said component (a) is
      isophorone diisocyanate, said component (b) is 2-aminoethanol and said
      component (c) is 2-hydroxyethyl acrylate.
NUM  7.
PAR  7. A composition as claimed in claim 1, wherein said component (a) is
      trimethylhexamethylene diisocyanate, said component (b) is 2-aminoethanol
      and said component (c) is 2-hydroxyethyl acrylate.
NUM  8.
PAR  8. A composition as claimed in claim 1, wherein said component (a) is
      trimethylhexamethylene diisocyanate, said component (b) is
      monoisopropanolamine and said component (c) is 2-hydroxyethyl acrylate.
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ABST
PAL  Improved powder paint compositions are disclosed which comprise a
      particulate mixture of (1) a qualitatively difunctional copolymer of about
      5 to about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated acid, about 2 to about 10 weight percent of an alpha-beta
      olefinically unsaturated amide and about 70 to about 93 weight percent
      monoethylenically unsaturated monomers consisting essentially of
      monofunctional monomers selected from the group consisting of esters of a
      C.sub.1 - C.sub.8 monohydric alcohol and acrylic acid, esters of a C.sub.1
      - C.sub.8 monohydric alcohol and methacrylic acid, and C.sub.8 -  C.sub.12
      monovinyl hydrocarbons, (2) a C.sub.4 -  C.sub.20 saturated straight
      chain, aliphatic dicarboxylic acid which is present in an amount that
      provides about 0.1 to about 0.6 carboxyl group per functional group on
      said copolymer, and (3) a polyanhydride, i.e., a homopolymer of a
      monomeric anhydride of a dicarboxylic acid, having molecular weight in the
      range of about 1,000 to about 5,000 which is present in an amount that
      provides about 0.2 to about 1.1 anhydride groups per epoxy group on said
      copolymer.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 394,881
      filed Sept. 6, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Powder coating compositions are extremely desirable for use in painting
      substrates in that they are essentially free of organic solvents
      conventionally utilized in liquid paint systems. Thus, they give off
      little, if any, volatile material to the environment when heat cured.
PAR  Powder coating compositions comprising (1) a copolymer of a glycidyl
      acrylate and other monofunctional olefinically unsaturated monomers, (2)
      an anhydride crosslinking agent, and (3) a polymeric flow control agent
      were heretofore described in U.S. Pat. No. 3,781,379 issued Dec. 25, 1973
      to S. S. Labana and A. N. Theodore, the inventors herein.
PAR  Powder coating compositions comprising (1) a copolymer of a glycidyl
      acrylate and other monofunctional olefinically unsaturated monomers, (2) a
      dicarboxylic acid crosslinking agent, and (3) a polymeric flow control
      agent were heretofore described in U.S. Pat. No. 3,752,870 to S. S.
      Labana, a coinventor herein.
PAR  Powder coating compositions comprising (1) a copolymer of a glycidyl
      acrylate and other monofunctional olefinically unsaturated monomers, (2) a
      crosslinking agent comprising a mixture of a monocarboxylic acid and a
      dicarboxylic acid, and (3) a polymeric flow control agent were heretofore
      described in U.S. Pat. No. 3,730,930 to Santokh S. Labana, a coinventor
      herein.
PAR  Powder coating compositions comprising (1) a copolymer of a hydroxy
      acrylate and other monofunctional olefinically unsaturated monomers, (2) a
      crosslinking agent selected from anhydrides, dicarboxylic acids, and
      melamines and (3) a polymeric flow control agent were heretofore described
      in copending U.S. Pat. application Ser. No. 407,128 filed Oct. 17, 1973 by
      Santokh S. Labana, a coinventor herein and Yun F. Chang.
PAC  THE INVENTION
PAR  It now has been discovered that powder paints having certain unexpected
      advantages relative to the aforedescribed powder paints compositions can
      be obtained by converting the qualitatively monofunctional (epoxy
      functional) copolymer to a qualitatively difunctional (epoxy and amide
      functional) copolymer and employing such difunctional copolymer in
      combination with a combination of crosslinking agents, i.e., a
      dicarboyxlic acid and a polyanhydride.
PAR  Substitution of the polyanhydride for a portion of the dicarboxylic acids
      which otherwise would be required provides a powder paint having improved
      leveling characteristics and further characterized by increased gel time
      and increased adhesion.
PAR  Further improvement in the homogeneity of the powders can be obtained by
      having the copolymer both epoxy-functional and hydroxy-functional. Such
      powders can be cured at lower temperatures and provide coatings having
      improved mechanical properties and solvent resistance. This provides the
      copolymer with both a difference in functional groups and an increase in
      total functionality and increased polarity. The latter provides, in
      combination with the crosslinking agents, a higher degree of compatibility
      (aiding homogeneous mixing) of the complete coating composition including
      pigment dispersion.
PAR  These powders are effectively prepared by spray drying in that they resist
      phase separation. They may also be processed by melt blending and vacuum
      drying techniques. They are easily and effectively mixed by extrusion or
      mill rolling.
PAR  The functionality of the copolymer is provided by constituent
      epoxy-functional acrylates and methacrylates and hydroxy-functional
      acrylates and methacrylates. For simplicity, except in those instances
      wherein a specific compound is named, the term "acrylate" is used in this
      specification to include esters of both acrylic and methacrylic acid,
      i.e., acrylates and methacrylates.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The epoxy and amide functional copolymers used in the practice of this
      invention contain between about 5 and about 20, preferably between 8 and
      15, weight percent of a glycidyl ester of a monoethylenically unsaturated
      carboxylic acid, e.g., glycidyl acrylate and glycidyl methacrylate, about
      2 to about 10 weight percent of an alpha-beta olefinically unsaturated
      amide and about 70 to about 93 weight percent monoethylenically
      unsaturated monomers selected from the group consisting of esters of a
      C.sub.1 - C.sub.8 monohydric alcohol and acrylic acid, esters of a C.sub.1
      - C.sub.8 monohydric alcohol and methacrylic acid and C.sub.8 - C.sub.12
      monovinyl hydrocarbons such as styrene, vinyl toluene, t-butyl styrene,
      chlorostyrene and alpha methyl styrene. The preferred amides are
      acrylamide and methacrylamide. In the preferred embodiment in excess of 50
      weight percent of such monofunctional, monoethylenically unsaturated
      monomers are esters of a C.sub.1 - C.sub.8 monohydric alcohol and either
      acrylic or methacrylic acid. Other vinyl monomers such as vinyl chloride,
      acrylonitrile, methacrylonitrile and vinyl acetate may be used as
      modifying monomers. When employed these monomers comprise about 0 to about
      30 weight percent of the monomer mixture but, ordinarily, the remainder
      monomers will consist exclusively of the aforementioned esters of a
      C.sub.1 - C.sub.8 monohydric alcohol and acrylic or methacrylic acid or a
      mixture of such esters and C.sub.8 - C.sub.12 monovinyl hydrocarbons.
PAR  These copolymers have a glass transition temperature in the range of
      40.degree. to 90.degree.C., preferably between 50.degree.C. and
      80.degree.C., and a molecular weight (M.sub.n) in the range of about 1500
      to about 15,000, preferably about 2500 to about 6,000.
PAR  When dicarboxylic acids have been used as the sole crosslinking agent for
      epoxy-functional copolymers, it has been found advantageous to employ the
      acid in an amount such that about 0.3 to about 1.2 carboxyl groups are
      present for each epoxy group in the copolymer.
PAR  In this invention, a portion of the dicarboxylic acid crosslinking agent is
      replaced by a functionall equivalent amount of a polyanhydride. Thus, a
      mixture of the prepolymer and crosslinking agent in accordance with this
      invention advantageously contains the dicarboxylic acid in an amount
      sufficient to provide about 0.1 to about 0.6 carboxyl groups per
      functional group on the prepolymer and the polyanhydride in an amount
      sufficient to provide about 0.2 to about 1.1 anhydride groups per same.
PAR  These powder coating compositions include as crosslinking agents for the
      aforedescribed copolymers saturated, straight chain, aliphatic,
      dicarboxylic acid containing 4 to 20 carbon atoms per molecular.
PAR  The preferred dicarboxylic acids are those containing from 5 to 13 carbon
      atoms per molecule. In still greater detail, the most desirable acids are
      adipic acid, pimelic acid, suberic acid, azelaic acid, sebasic acid,
      undecanoic acid and brassylic acid.
PAR  The preferred polyanhydrides are poly (adipic anhydride), poly (azelaic
      anhydride), and poly (sebasic anhydride) but others having molecular
      weight up to about 5000 are useful. Those having molecular weight in the
      range of about 1,000 to about 2500 are preferred.
PAR  These powder coating compositions advantageously contain a flow control
      agent as a part of the powder coating mixture. The flow control agent is a
      polymer having a molecular weight (M.sub.n) of at least 1000 and comprises
      at least 0.05 weight percent of the mixture. The flow control agent has a
      glass transition temperature at least 20.degree.C. below the glass
      transition temperature of the mixture's copolymer.
PAR  One group of suitable flow control agents are acrylic polymers. Preferred
      acrylic polymers which may be used for the flow control agent are
      polylauryl acrylate, polybutyl acrylate, poly (2- ethylhexyl acrylate),
      polylauryl methacrylate and polyisodecyl methacrylate.
PAR  The flow control agent may also be a fluorinated polymer having a surface
      tension, at the baking temperature of the powder, lower than that of the
      copolymer utilized in the mixture. Preferred flow control agents, if the
      agent is a fluorinated polymer are esters of polyethyleneglycol or
      polypropyleneglycol and fluorinated fatty acids. For example, an ester of
      polyethyleneglycol of molecular weight of over 2500 and perfluoro octanoic
      acid is a useful flow control agent. Polymer siloxanes of molecular weight
      of over 1000 (advantageously 1,000 to 20,000) may also be useful as flow
      control agents, e.g., poly (dimethyl siloxane) or poly (methylphenyl)
      siloxane.
PAR  A coating composition formed in accordance with the teachings of this
      invention may include a small weight percent of a catalyst in order to
      increase the crosslinking rate of the powder coating composition at the
      baking temperature thereof. Baking temperatures will ordinarily be in the
      range of 130.degree. to 200.degree.C. and the catalyst should produce a
      gel time for the powder coating composition at the baking temperature to
      be used which is at least 1 minute but no greater than 20 minutes. This
      gel time is preferably in the range of 1 to 12 minutes and most preferably
      between about 2 and about 8 minutes.
PAR  Some catalysts which are suitable for use in the powder coating
      compositions include tetraalkylammonium salts, imidazole type catalyst,
      tertiary amines and metal salts of organic carboxylic acids. The
      tetraalkylammonium salt catalysts include the following: tetrabutyl
      ammonium chloride (bromide or iodide), tetraethyl ammonium chloride
      (bromide or iodide), trimethylbenzylammonium chloride, dodecyl dimethyl
      (2-phenoxyethyl) ammonium bromide, diethyl (2-hydroxy ethyl) methyl
      ammonium bromide. Suitable catalysts of the imidazole type include:
      2-methyl-4-ethyl imidazole, 2-methyl imidazole, imidazole, 2 -
      [(N-benzylanilino) methyl] - 2 - imidazoline phosphate, and 2 - benzyl - 2
      - imidazoline hydrochloride. Suitable tertiary amine catalysts for the
      powder coating compositions of this invention include: triethylenediamine,
      N,N - diethylcyclohexylamine, and N-methyl morpholine. The metal salts of
      organic carboxylic acid which are catalysts for the powder coatings of
      this invention include, but are not limited to: stannous octoate, zinc
      naphthenate, cobalt naphthenate, zinc octoate, stannous 2 - ethylhexoate,
      phenylmercuric propionate, lead neodecanoate, dibutyl tin dilaurate and
      lithium benzoate.
PAR  The catalyst used in an individual powder coating composition is generally
      solid at room temperature and has a melting point of from 50.degree. to
      200.degree.C.
PAR  Conventional non-metallic and metallic pigments can be used with these
      powder coating compositions. Such are conventionally employed in an amount
      such as to constitute between about 6 and 35 weight percent of the total
      mixture depending on the pigment selected and the gloss required for the
      baked coating.
PAR  Since individual powder coating compositions of this invention can be
      applied to an article to be painted by electrostatic methods, one may
      desire to include a small weight percentage of an antistatic agent in such
      compositions. In particular, the antistatic agent is included in a range
      from 0.05 weight percent of the total powder composition. Suitable
      antistatic agents include, but are not limited to, tetraalkylammonium
      salts as discussed previously and which also serve as catalysts. Other
      suitable antistatic agents include: alkyl-poly (ethyleneoxy) phosphate or
      alkylauryl poly (ethyleneoxy) phosphates as, for example, ethyl benzyl
      poly (ethyleneoxy) phosphate; polyethyleneimine, poly (2-vinyl
      pyrollidone), pyridinium chloride, poly (vinyl pyridium chloride),
      polyvinyl alcohol or inorganic salts.
PAR  A plasticizer may be used in a powder coating composition of this invention
      if desired. The type of plasticizers used very often include adipates,
      phosphates, phthalates, sebacates, polyesters derived from adipic acid or
      azelaic acid, and epoxy or epoxidized plasticizers. Some of these
      plasticizers are: dihexyl adipate, diisooctyl adipate, dicyclohexyl
      adipate, triphenylphosphate, tricresylphosphate, tributylphosphate,
      dibutylphthalate, dioctylphthalate, butyl octyl phthalate, dioctyl
      sebacate, butyl benzyl sebacate, dibenzyl sebacate, butanediol - 1,4 -
      diglycidyl ether, diglycidyl ether of bisphenol A and its polymers and
      cellulose acetate butyrate.
DETD
PAR  Having described the various materials which are employed in formulating
      the powder coating compositions of this invention, a plurality of examples
      are hereinafter set forth to illustrate various individual powder coating
      compositions. In each examples, the molecular weight of the copolymer is
      between 1500 to 15,000 and the glass transition temperature of the
      copolymer is between 40.degree. and 90.degree.C.
PAC  EXAMPLE 1
PAR  An epoxy-functional and amide-functional copolymer is prepared from the
      below listed components in the manner hereinafter set forth:
TBL                             Percent by Weight                              
     Reactants     Amounts, grams                                              
                                Of Total Reactants                             
     ______________________________________                                    
     Glydicyl methacrylate                                                     
                   45           15                                             
     Acrylamide    15           5                                              
     Butyl methacrylate                                                        
                   111          37                                             
     Methyl methacrylate                                                       
                   129          43                                             
     ______________________________________                                    
PAR  In this polymerization, 11.0 grams of 2,2'-azobis(2-methylpropionitrile),
      hereinafter called AIBN, are mixed with the monomer mixture. The monomer
      mixture (solution) is added slowly to about 200 ml of toluene heated to
      80.degree.-90.degree.C. which is being stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return the condensed toluene to the
      container. The monomer mixture is added through a regulating valve and the
      rate of addition is controlled to maintain a reaction temperature of
      90.degree.-110.degree.C. with the rest of the heat supplied from an
      external heater. After the addition of the monomer mixture is completed (3
      hours), 0.8 grams of AIBN dissolved in 10 ml acetone is added over a 1/2
      hour period and refluxing is continued for 2 additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in the vacuum
      oven at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n = 6700/3200 and WPE (molecular weight per epoxide
      group) is about 1000.
PAR  The dry copolymer, hereinafter called Copolymer A, is mixed with the
      following ingredients in the proportions hereinafter set forth to form a
      coating powder.
TBL  ______________________________________                                    
     Ingredients          Amounts, grams                                       
     ______________________________________                                    
     Copolymer A          50.0                                                 
     Poly (azelaic anhydride)                                                  
                          4.80                                                 
     Azelaic acid         2.40                                                 
     Titanium dioxide     4.50                                                 
     Ferrite Yellow       4.00                                                 
     Poly (2-ethylhexylacrylate) --                                            
     M.sub.n = 11000      0.42                                                 
     ______________________________________                                    
PAR  This mixture is ball-milled for 5 hours and mill rolled for 10 minutes at
      110.degree.C. Subsequently, the cooled material is granulated and
      converted to a particle size range of 5-30 microns with a fluid energy
      mill. This powder demonstrates excellent non-caking characteristics, is
      uniform in appearance, and demonstrates a high gel time.
PAR  This powder is sprayed electrostatically on a grounded steel panel by using
      an electrostatic powder spray gun operating at 50 KV charging voltage. The
      powder coated panels are cured at 160.degree.C. for 20 minutes.
PAR  The cured coatings have good adhesion to the steel panels. They also have
      good impact strength and are not soluble in xylene, toluene, methyl ethyl
      ketone, or gasoline. The appearance of these coated surfaces is excellent
      and free of "orange peel" effect.
PAC  EXAMPLE 2
PAR  Powder coating materials of Example 1 including the copolymer and all other
      ingredients are dispersed in 45 mls. toluene and reduced with acetone to a
      homogeneous mixture containing 30% total solids. After processing this
      mixture with a spray dryer, a powder is obtained that contained less than
      1.5% solvent.
PAR  This powder is deposited on steel panels as in Example 1 and cured at
      160.degree.C. for 25 minutes. The resulting coating has good solvent
      resistance and appearance.
PAC  EXAMPLE 3
PAR  The procedures of Example 1 are repeated except that a functionally
      equivalent amount of glycidyl acrylate is substituted for the glycidyl
      methacrylate used to form the copolymer.
PAC  EXAMPLE 4
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of adipic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 5
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of pimelic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 6
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of suberic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 7
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of sebacic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 8
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of undecanoic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 9
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of brassylic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 10
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of poly (adipic anhydride) is substituted
      for the poly (azelaic anhydride) in the coating material formulation.
PAC  EXAMPLE 11
PAR  The procedures of Example 1 are repeated except for the difference that a
      functionally equivalent amount of poly (sebasic anhydride) is substituted
      for the poly (azelaic anhydride) in the coating material formulation.
PAC  EXAMPLE 12
PAR  The procedures of Example 1 are repeated except for the differences that
      the composition of the copolymer and the composition of the complete
      coating material differ as hereinafter set forth.
PAR  The composition of the copolymer, hereinafter called Copolymer B, is as
      follows:
TBL                             Percent By Weight                              
     Reactants      Amounts, grams                                             
                                Of Total Reactants                             
     ______________________________________                                    
     Glycidyl methacrylate                                                     
                    45          15                                             
     Methacrylamide 6           2                                              
     Butyl methacrylate                                                        
                    120         40                                             
     Methyl methacrylate                                                       
                    129         43                                             
     ______________________________________                                    
PAR  The composition of the coating material of this example is as follows:
TBL  Ingredients          Amounts, grams                                       
     ______________________________________                                    
     Copolymer B          50.00                                                
     Poly (azelaic anhydride)                                                  
                          8.50                                                 
     Azelaic Acid         1.10                                                 
     Titanium dioxide     4.50                                                 
     Ferrite yellow       4.00                                                 
     Poly (2-ethylhexyl acrylate),                                             
     M.sub.n = 9000       0.42                                                 
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  The procedure of Example 1 is repeated except for the differences that the
      composition of the copolymer and the composition of the complete coating
      material differ as hereinafter set forth.
PAR  The composition of the copolymer, hereinafter called Copolymer C, is as
      follows:
TBL                             Percent By Weight                              
     Reactants     Amounts, grams                                              
                                Of Total Reactants                             
     ______________________________________                                    
     Glycidyl methacrylate                                                     
                   16           8                                              
     Methacrylamide                                                            
                   20           10                                             
     Butyl methacrylate                                                        
                   84           42                                             
     Methyl methacrylate                                                       
                   80           40                                             
     ______________________________________                                    
PAR  The composition of the coating material in this example is as follows:
TBL  Ingredients          Amounts, grams                                       
     ______________________________________                                    
     Copolymer C          50.00                                                
     Poly (azelaic anhydride)                                                  
                          3.00                                                 
     Azelaic acid         1.60                                                 
     Titanium dioxide     4.50                                                 
     Ferrite yellow       4.00                                                 
     Poly (2-ethylhexyl acrylate),                                             
     M.sub.n = 11000      0.42                                                 
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (butyl acrylate) M.sub.n = 9000, is substituted
      for the poly (2-ethylhexyl acrylate) flow control agent.
PAC  EXAMPLE 15
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (lauryl methacrylate), M.sub.n = 6000, is
      substituted for the poly (2-ethylhexyl acrylate) flow control agent.
PAC  EXAMPLE 16
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (isodecyl methacrylate), M.sub.n = 5000, is
      substituted for the poly (2-ethylhexyl acrylate) flow control agent.
PAC  EXAMPLE 17
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of polyethylene glycol perfluoro octonoate, M.sub.n =
      3400, is substituted for the poly (2-ethylhexyl acrylate) flow control
      agent.
PAC  EXAMPLE 18
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (methyl siloxane) is substituted for the poly
      (2-ethylhexyl acrylate) flow control agent.
PAC  EXAMPLE 19
PAR  The procedures of Example 1 are repeated with the single difference that
      the flow control agent, poly (2-ethylhexyl acrylate), is reduced from 0.42
      grams to 0.25 grams.
PAC  EXAMPLE 20
PAR  The procedures of Example 1 are repeated with the single difference that
      the flow control agent, poly (2-ethylhexyl acrylate), is increased from
      0.42 grams to 0.75 grams.
PAC  EXAMPLE 21
PAR  The procedures of Example 1 are repeated with the single difference that
      the flow control agent, poly (2-ethylhexyl acrylate), is increased from
      0.42 grams to 1.5 grams.
PAR  The term "polyanhydride" as used herein means a homopolymer of a monomeric
      anhydride of a dicarboxylic acid.
PAR  Many modifications of this invention will be apparent to those skilled in
      the art in view of this specification. It is intended that all such
      modifications which fall within the scope of this invention be included
      within the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a thermosettable powder paint which exclusive of pigments, catalysts,
      antistatic agents, plasticizers, and flow control agents, the same being
      conventional non-reactive additives to the thermosettable powder paint,
      consists essentially of a coreactive particulate mixture of
PA1  1. a qualitatively difunctional copolymer of about 5 to about 20 weight
      percent of a glycidyl ester of a monoethylenically unsaturated acid and
      about 95 to about 80 weight percent of monoethylenically unsaturated
      monomers and having a glass transition temperature in the range of about
      40.degree.C. to about 90.degree.C. and a molecular weight (M.sub.n) in the
      range of about 1500 to about 15,000, and
PA1  2. a C.sub.4 - C.sub.20 saturated, straight chain, aliphatic dicarboxylic
      acid,
PAL  the improvement wherein
PA1  A. said copolymer is qualitatively difunctional and said other
      monoethylenically unsaturated monomers consist essentially of an
      alpha-beta olefinically unsaturated amide in an amount comprising about 2
      to about 10 weight percent of said copolymer and monofunctional monomers
      selected from the group consisting of esters of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic acid esters of a C.sub.1 - C.sub.8
      monohydric alcohol and methacrylic acid and C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, and
PA1  B. there is substituted for a portion of said dicarboxylic acid a
      polyanhydride having molecular weight in the range of about 1000 to about
      5000 and the resultant mixture of said dicarboxylic acid and said
      polyanhydride is proportional and quantified such that said dicarboxylic
      acid is present in an amount that provides about 0.1 to about 0.6 carboxyl
      groups per epoxy group on said copolymer and said polyanhydride is present
      in an amount that provides about 0.2 to about 1.1 anhydride groups per
      epoxy group on said polymer.
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein said alpha-beta
      olefinically unsaturated amide is selected from amides consisting of
      acrylamide and methacrylamide.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein said glycidyl ester is
      an ester selected from the group consisting of glycidyl acrylate and
      glycidyl methacrylate.
NUM  4.
PAR  4. A powder paint in accordance with claim 1 wherein said polyanhydride has
      molecular weight in the range (M.sub.n) in the range of about 1000 to
      about 2500.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein said copolymer has
      molecular weight (M.sub.n) in the range of about 2500 to about 6000.
PATN
WKU  039391280
SRC  5
APN  3780848
APT  1
ART  141
APD  19730711
TTL  Vulcanization of halogen or epoxy-containing polyacrylate elastomers
ISD  19760217
NCL  14
ECL  1
EXP  Griffin; Ronald W.
DCD  19900717
INVT
NAM  Behrens; Rudolf Adolf
CTY  Gladstone
STA  NJ
ASSG
NAM  American Cyanamid Company
CTY  Stamford
STA  CT
COD  02
RLAP
COD  71
APN  158601
APD  19710630
PSC  03
CLAS
OCL  260 795P
XCL  260 23AR
XCL  260 312R
XCL  260 4229
XCL  260 795R
XCL  260 895H
XCL  260 895S
EDF  2
ICL  C08F 2802
FSC  260
FSS  2 EC;23 AR;89.5 H;89.5 S;23.7 M;23.7 H;784;775;79.5 R;79.5 P
UREF
PNO  3450681
ISD  19690600
NAM  Gobran et al.
OCL  260 80.72
UREF
PNO  3458461
ISD  19690700
NAM  Mihal
OCL  260 23AR
UREF
PNO  3493548
ISD  19700200
NAM  Chalmers
OCL  260 79.7
UREF
PNO  3506624
ISD  19700400
NAM  Behrens
OCL  260 78.4D
UREF
PNO  3607847
ISD  19710900
NAM  Troussier
OCL  260 86.1E
UREF
PNO  3746674
ISD  19730700
NAM  Behrens
OCL  260 79.5R
LREP
FR2  Fickey; Charles J.
ABST
PAL  A vulcanization composition is provided which comprises a halogen- or
      epoxy-containing polyacrylate elastomer from about 0.05 to 2.5 parts of
      sulfur and from about 0.5 to 7 parts of either a sodium or potassium salt
      of 2-ethylhexanoic acid. In addition, an improved process for vulcanizing
      the elastomers is provided which comprises adding such sulfur and
      2-ethylhexanoic acid salts to the polymer.
PARN
PAR  This is a continuation of application Ser. No. 158,601, filed June 30,
      1971, now abandoned.
BSUM
PAR  Generally stated the subject matter of the present invention relates to an
      improved vulcanization system for halogen or epoxy-containing polyacrylate
      elastomers. More particularly, the invention relates to an improved
      vulcanization system comprising sulfur and an alkali metal salt of
      2-ethylhexanoic acid.
PAC  BACKGROUND OF THE INVENTION
PAR  Vulcanization systems comprising sulfur and an alkali metal salt of an
      organic carboxylic acid, hereinafter referred to as a soap and sulfur cure
      system, were originally disclosed and claimed in U.S. Pat. No. 3,458,461
      issued on July 29, 1969 to F. F. Mihal. This soap and sulfur cure system
      provided better mold release, reduced corrosion of molds, better economy,
      freedom from offensive fumes and vapors, optional elimination of
      post-curing and excellent bin stability.
PAR  An improvement in the soap and sulfur cure system was disclosed in U.S.
      Pat. No. 3,506,624 issued on Apr. 14, 1970 to R. A. Behrens. The
      improvement comprised the utilization of a combination of sulfur, an
      alkali metal salt of an organic carboxylic acid and an N-substituted -mono
      or bis-maleimide. This system provided the additional advantages of
      improved processing safety and good cure rate.
PAR  The present invention represents the culmination of a long series of
      investigations conducted largely by the inventor and his associates
      directed to improving the soap and sulfur cure system.
PAR  Accordingly, it is a primary object of this invention to provide a new and
      improved soap and sulfur cure system for vulcanizing particular synthetic
      elastomeric polymers. Another object of this invention is to provide a
      soap and sulfur cure system which has a faster cure rate.
PAR  Additional objects and advantages will be set forth in part in the
      description which follows, and in part will be obvious from the
      description or may be learned by the practice of the invention, the
      objects and advantages being realized and attained by means of
      compositions and improvements, particularly pointed out in the appended
      claims.
PAC  THE INVENTION
PAR  To achieve the foregoing objects and in accordance with its purposes, as
      embodied and broadly described the present invention provides an improved
      vulcanization composition comprising a halogen or epoxy-containing
      polyacrylate elastomer, 0.05 to 2.5 parts of sulfur and from about 0.5 to
      7 parts of either a sodium or potassium salt of 2-ethylhexanoic acid per
      100 parts by weight of a particular synthetic elastomeric polymer.
PAR  The invention also provides an improved process for vulcanizing halogen or
      epoxy-containing polyacrylate elastomers which comprises adding to the
      elastomer prior to vulcanization from about 0.05 to 2.5 parts of sulfur
      and from about 0.5 to 7 parts of either a sodium or potassium salt of
      caprylic acid based on 100 parts by weight of said elastomer.
PAR  The invention constitutes the novel methods, processes, steps and
      improvements herein shown and described.
PAR  It is to be understood that both the foregoing general description and the
      following detailed description are exemplary and explanatory and are not
      restrictive of the invention.
PAR  The present invention resides in the discovery that the combination of
      sulfur with either a sodium or potassium 2-ethylhexanoate provides a
      substantially increased cure rate of the synthetic elastomeric polymers.
PAR  As employed in the instant specification and claims, the term halogen or
      epoxy-containing polyacrylate elastomer is defined to comprise the
      following:
PAR  The halogen-containing acrylate polymers, which are typically copolymers of
      an alkyl acrylate, particularly a lower alkyl acrylate, and a minor amount
      of a compatible vinyl or allyl monomer containing a halogen atom,
      generally a chlorine atom. These include copolymers of one or more lower
      alkyl acrylates with a halogen-containing monomer; copolymers of one or
      more alkyl acrylates with other compatible acrylate monomers, including
      alkoxyalkylacrylates, thioalkylacrylates, alkylthioalkyl acrylates,
      alkoxythioalkyl acrylates, cyanoalkyl acrylates, cyanoalkoxyalkyl
      acrylates, cyanothioalkyl acrylates, with a halogen-containing monomer;
      and copolymers of the above with other compatible vinyl monomers, such as
      acrylonitrile, with a halogen-containing monomer.
PAR  The acrylic acid component of the composition comprises one or more lower
      alkyl acrylates, i.e., esters of acrylic acid and an alcohol containing
      from about 1 to 8 carbon atoms, such as methyl, ethyl, n-butyl, n-hexyl
      and n-octylacrylates.
PAR  The compatible halogen-containing, preferably chlorine-containing
      comonomers include vinyl chloroacetate, vinyl chloropropionate, allyl
      chloropropionate, 2-chloroethyl vinylether, 2-chloroethylacrylates, and
      the like, and chlorine containing monomers having the formula:
      ##EQU1##
      and
      ##EQU2##
PAR  Also included are the chloroprene elastomers, including not only polymers
      of 2-chloro-1,3-butadiene, but also copolymers thereof with vinyl or diene
      monomers wherein chloroprene is the predominant monomer.
PAR  Lastly, the epoxy-containing acrylate elastomers, including both
      homopolymers and copolymers, of one or more copolymerizable monomers, such
      as ethyl acrylate, allyl glycidyl ether and glycidyl methacrylate are
      included.
PAR  Examples of useful copolymers include those of ethylacrylate and about 5
      weight percent of chloroethyl vinylether, copolymers of ethylacrylate and
      about 5 weight percent of 2-chloroethylacrylate, and copolymers of about
      70 weight percent or more of ethylacrylate and up to 15 weight percent of
      vinylchloroacetate. Particularly effective applications of this invention
      are in the vulcanization of copolymers of ethyl acrylate and vinyl
      chloroacetate (the product of copolymerization of about 5%
      vinylchloroacetate and 95% ethylacrylate); copolymers of ethyl and
      butylacrylate, methoxyethyl or ethoxyethyl acrylate and
      vinylchloroacetate; and copolymers of butyl acrylate, cyanoethyl acrylate
      and vinyl chloroacetate. Normally, the halogen or epoxy-containing monomer
      represents a minor proportion of the total monomer mixture, for example,
      up to about 10% by weight.
PAR  The halogen and epoxy groups in the polymers hereinabove defined are
      sometimes described as active groups when referring to elastomeric
      polymers. The reason for this is that it is known in the art that polymers
      containing such groups are more readily vulcanized, thereby permitting
      vulcanization of specialty formulations not ordinarily easily
      vulcanizable. Such elastomers are of particular interest because of their
      outstanding resistance to deterioration due to heat. They perhaps have the
      best such properties of all commercial rubbers, except for some silicones
      and some highly fluorinated elastomers made for special applications. The
      polymers are also highly resistant to flexural breakdown, compression set,
      ozone, ultraviolet light, mineral oils and gas diffusion.
PAR  Vulcanization according to the present invention comprises mixing the
      unvulcanized elastomer with sulfur, the sodium or potassium salt of
      2-ethylhexanoic acid and other additives. The compounding can be done on a
      rubber mill by standard procedures. The compounded rubber is then cured at
      an elevated temperature, as in a heated mold.
PAR  The amount of sulfur used should be between 0.05 and 2.5%, preferably
      between 0.2 and 1%, based on the weight of the elastomer.
PAR  The amount of sodium or potassium 2-ethylhexanoate used should be between
      0.5 and 7%, preferably between 2 and 5%, based on the weight of the
      elastomer.
PAR  When a maleimide is used in conjunction with sulfur and the alkali metal
      salt of 2-ethylhexanoic acid, the amount may vary over a wide range,
      depending on the particular application for which the system is designed.
      Normally, the maleimide will be used in a range of from about 0.25 and 5%,
      preferably 0.5 to 1.5% by weight, based on the weight of the elastomer.
      Generally, as the amount of maleimide is increased the rate of cure and
      level of cure are increased with at most only a slight decrease in the
      processing safety, the amount of sulfur and alkali metal 2-ethylhexanoate
      remaining constant.
PAR  Additives normally used in compounding elastomers may be added at the time
      of compounding the elastomer. These include carbon black, other fillers,
      pigments, antioxidants, stabilizers, and other conventional materials.
      Organic acids, such as stearic acid, are sometimes added to retard the
      cure, thereby providing an additional measure of control of the cure rate.
PAR  As employed in the instant specification and claims all parts are expressed
      as parts by weight and are based on 100 parts of the synthetic elastomeric
      polymer.
DETD
PAR  The following examples are provided for illustrative purposes and may
      include particular features of the invention. However, the examples should
      not be construed as limiting the invention, many variations of which are
      possible without departing from the spirit or scope thereof.
PAC  EXAMPLE I
PAR  A base formula was prepared as follows:
TBL                        Parts                                               
     Elastomer (1)         400                                                 
     FEF carbon black      240                                                 
     Stearic acid          8                                                   
     Antioxidant (2)       8                                                   
     Sulfur                1.2                                                 
      (1) 94% of a mixture of 85 parts ethyl acrylate and 15 parts butyl       
      acrylate copolymerized with 6% vinyl chloroacetate                       
      (2) Di-beta-napthyl-p-phenylene diamine                                  
PAR  The above composition was divided into four equal parts and compounded as
      follows:
TBL                     Parts by Weight                                        
                        A    B      C      D                                   
     ______________________________________                                    
     Sodium oleate        3.5    --     --   --                                
     Ivory beads (3)      --     3.5    --   --                                
     Sodium and potassium                                                      
     stearates (2:1)      --     --     3.5  --                                
     Sodium 2-ethylhexanoate                                                   
                          --     --     --   3.5                               
     (3) Mainly sodium stearate;                                               
     analysis shows 8.36%Na, 0.26%K                                            
     Stress-Strain properties: cured 15 minutes at 330.degree.F.               
     Modulus at 100%, psi 650    550    650  1200                              
     Tensile, psi         1500   1450   1460 1700                              
     Elongation,%         270    290    260  150                               
     Shore A hardness     70     69     72   75                                
     ______________________________________                                    
PAR  The above data illustrates that sodium 2-ethylhexanoate is faster curing
      than sodium oleate, sodium stearate, or mixtures of sodium and potassium
      stearates. The vulcanizate attains a higher state of cure in the same time
      period, as indicated by the higher modulus, higher tensile, lower
      elongation at break and higher hardness.
PAC  EXAMPLE II
PAR  To a base formulation prepared as follows:
TBL                         Parts                                              
     Elastomer of Ex. 1     100                                                
     FEF carbon black        60                                                
     Stearic acid           0.5                                                
     Sulfur                  0.25                                              
PAL  was added 4.0 parts of sodium 2-ethylhexanoate; to a similar composition
      was added 4.0 parts of sodium oleate. The two compositions were compounded
      on a standard two-roll rubber mill and cured in a mold for 15 minutes at
      330.degree.F.
TBL  ______________________________________                                    
     Monsanto Oscillating Disc Rheometer at 330.degree.F.                      
                          A     B                                              
     ______________________________________                                    
     Maximum cure rate      4.4     0.9                                        
     Rise in torque during 5 min.                                              
                            24      4                                          
     (in. lbs.)                                                                
     Stress-strain properties: cured 15 minutes at 330.degree.C.               
     Modulus at 100%, psi   1250    910                                        
     Tensile, psi           1760    1750                                       
     Elongation,%           140     190                                        
     Shore A hardness       65      68                                         
     ______________________________________                                    
PAR  The above data show that sodium 2-ethylhexanoate is almost 5 times as fast
      curing as sodium oleate, achieving 6 times the rise in torque during the
      same period of time. The stress-strain properties indicate that sodium
      2-ethylhexanoate attains a higher state of cure than sodium oleate.
PAC  EXAMPLE III
PAR  Compositions were prepared as follows:
TBL                 A     B       C       D                                    
     ______________________________________                                    
     Elastomer*       100     100     100   100                                
     FEF Carbon black 60      60      60    60                                 
     Antioxidant**    2       2       2     2                                  
     Stearic acid     2       2       2     2                                  
     Sulfur            0.3     0.3     0.3   0.3                               
     Sodium 2-ethylhexanoate***                                                
                      4       --      --    --                                 
     Potassium stearate                                                        
                      --      4       --    --                                 
     Sodium stearate  --      --      4     --                                 
     Sodium oleate    --      --      --    4                                  
     ______________________________________                                    
       *95% ethyl acrylate - 5% vinylchloroacetate                             
       **Di-.beta.-naphthyl-p-phenylenediamine                                 
      ***5.7 parts of a 70% solution in water                                  
PAR  The above compositions were compounded on a standard two-roll rubber mill
      and cured for 10 minutes at 330.degree.F.
TBL  ______________________________________                                    
     Stress-Strain Properties                                                  
                       A       B       C     D                                 
     ______________________________________                                    
     Modulus at 100%, psi                                                      
                       1280    795     500   650                               
     Tensile, psi      1910    1900    1480  1560                              
     Elongation,%      160     250     360   210                               
     Shore A hardness  72      68      70    67                                
     Monsanto Oscillating Disc Rheometer at 330.degree.F.                      
     Max. Cure Rate    4.1     3.1     0.9   1.4                               
     Time to 90% full cure min.                                                
                       17      20      32.5  28.5                              
     Max. Torque (in. lbs.)                                                    
                       65      42      42    47.5                              
     ______________________________________                                    
PAR  The stress-strain data indicate that composition A attains a higher state
      of cure than B, C or D in the same period of time, as shown by the higher
      modulus, higher tensile, lower elongation and higher hardness. The
      Rheometer data show a much faster rate of cure for A and a higher state of
      cure in a shorter time.
PAC  EXAMPLE IV
PAR  The following compositions were prepared:
TBL                        A    B                                              
     ______________________________________                                    
     Elastomer*              100    100                                        
     FEF Carbon black        60     60                                         
     Antioxidant**           2      2                                          
     Stearic acid            2      2                                          
     Sulfur                  0.3    0.3                                        
     Sodium 2-ethylhexanoate***                                                
                             4      --                                         
     Sodium stearate         --     4                                          
     ______________________________________                                    
       *42% ethylacrylate - 29% butylacrylate - 23% methoxyethyl-acrylate - 6% 
      vinylchloroacetate                                                       
       **Di-.beta.-napthyl-p-phenylene diamine                                 
      ***5.7 parts of a 70% solution in water                                  
PAR  The compositions were compounded on a standard two-roll mill and cured for
      10 minutes at 330.degree.F.
TBL  ______________________________________                                    
     Stress-strain properties                                                  
                             A      B                                          
     ______________________________________                                    
     Modulus at 100%, psi    1125   290                                        
     Tensile, psi            1610   1005                                       
     Elongation,%            150    340                                        
     Shore A hardness        70     60                                         
     Monsanto Oscillating Disc Rheometer at 330.degree.F.                      
     Maximum Cure Rate       3.0    0.5                                        
     Time to 90% full cure, min.                                               
                             17.5   42.5                                       
     Maximum Torque (in. lbs.)                                                 
                             56     32                                         
     ______________________________________                                    
PAR  Both stress-strain data and Rheometer confirm that A is faster curing than
      B and attains a higher state of cure in a shorter time.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A vulcanizable halogen or epoxy-containing polyacrylate elastomer
      composition comprising, for each 100 parts by weight of said elastomer,
      from about 0.05 to 2.5 parts of sulfur and from about 0.5 to 7 parts by
      weight of either the sodium or potassium salt of 2-ethylhexanoic acid.
NUM  2.
PAR  2. A composition according to claim 1 wherein the elastomer is a
      halogen-containing acrylate polymer.
NUM  3.
PAR  3. A composition according to claim 1 wherein the elastomer is an
      epoxy-containing polyacrylate elastomer.
NUM  4.
PAR  4. A composition according to claim 1 wherein the 2-ethylhexanoic acid salt
      is the sodium salt.
NUM  5.
PAR  5. A composition according to claim 1 wherein the 2-ethylhexanoic acid salt
      is the potassium salt.
NUM  6.
PAR  6. A composition according to claim 1 wherein the elastomer is a copolymer
      of at least one lower alkyl acrylate, said alkyl having from about 1 to 8
      carbon atoms and vinyl chloroacetate.
NUM  7.
PAR  7. A composition according to claim 1 wherein the elastomer is a copolymer
      of ethyl acrylate and vinyl chloroacetate.
NUM  8.
PAR  8. A composition according to claim 1 wherein the elastomer is a terpolymer
      of ethyl acrylate, butyl acrylate and vinyl chloroacetate.
NUM  9.
PAR  9. A composition according to claim 1 wherein the elastomer is a copolymer
      of at least one alkylacrylate, an alkoxyalkylacrylate and
      vinylchloroacetate.
NUM  10.
PAR  10. A composition according to claim 1 wherein the elastomer is a copolymer
      of ethylacrylate, butyl acrylate, methoxy- or ethoxyethylacrylate and
      vinylchloroacetate.
NUM  11.
PAR  11. A composition according to claim 1 comprising from about 0.25 to 5
      parts by weight, based on the weight of the elastomer, of an N-substituted
      mono- or bis maleimide.
NUM  12.
PAR  12. A composition according to claim 11 wherein the N-substituted maleimide
      is phenylene 1,3-maleimide.
NUM  13.
PAR  13. A composition according to claim 11 wherein the N-substituted maleimide
      is N-phenyl maleimide.
NUM  14.
PAR  14. In a process for vulcanizing a halogen or epoxy-containing polyacrylate
      elastomer, the improvement which comprises adding to the elastomer prior
      to vulcanization from about 0.05 to 2.5 parts of sulfur and from about 0.5
      to 7 parts of either a sodium or potassium salt of 2-ethylhexanoic acid
      based on 100 parts by weight of said elastomer.
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ABST
PAL  A process is described for the preparation of substantially linear,
      amorphous random copolymers of mono-olefins or mono-olefins and
      unconjugated dienes with N-unsaturated lactams.
PAL  At least two mono-olefins containing 2 to 20 carbon atoms, and possibly an
      unconjugated diene, are placed in contact, in an inert liquid medium at a
      temperature of between -80.degree. and +150.degree.C, with at least one
      such N-unsaturated lactam in the form of a complex with a Lewis acid, in
      the presence of a co-ordination catalyst system, until a copolymer forms.
PAL  The resulting copolymers can be vulcanized, and among other properties have
      improved adherence to metal surfaces.
BSUM
PAR  This invention concern a process for the preparation of new random
      copolymers, substantially linear and amorphous, of mono-olefins,
      particularly alpha-olefins, or mono-olefins and non-conjugated dienes,
      with lactams with substitution on the nitrogen atom by an unsaturated
      hydrocarbon radical. It also concerns the new copolymers thereby obtained,
      and elastomers produced by vulcanizing these copolymers.
PAR  Amorphous copolymers of mono-olefins, particularly ethylene and propylene,
      or mono-olefins and unconjugated dienes, such as ethylene, propylene and
      dicyclopentadiene or ethylidenenorbornene, are known in the existing art,
      and they are prepared by polymerization techniques using co-ordination
      catalysis, involving catalysts formed by the combination of compounds of
      transition metals in columns IV to VIII of the periodic table of elements
      with organometallic compounds of elements in columns I to III of this
      table. These amorphous copolymers can be vulcanized to produce elastomers
      with good mechanical properties, notably tensile strength and elasticity,
      and which can accordingly be used to make objects which must combine
      flexibility with mechanical strength, such as conveyor belts, pipes for
      industrial purposes and sealing rings.
PAR  It has been suggested that certain properties of these copolymers could be
      improved by incorporating therein relatively small quantities of groups
      from unsaturated polar derivatives, particularly unsaturated amines or
      unsaturated carboxylic acids, in their chains. This is done by
      copolymerizing the unsaturated polar derivatives with mono-olefins, and
      possibly non-conjugated dienes, using co-ordination catalysis techniques
      for the preparation of amorphous copolymers of mono-olefins or
      mono-olefins and unconjugated dienes.
PAR  These unsaturated polar derivatives, which show varying degrees of
      polarity, react with varying degrees of intensity to the components of the
      co-ordination catalyst, particularly the organometallic compounds, thereby
      inhibiting copolymerization. Because of this, certain polar monomers,
      which could have brought about improvements in certain properties of
      amorphous copolymers of mono-olefins or mono-olefins and unconjugated
      dienes cannot be incorporated in the chains of these copolymers.
PAR  Research that led to the present invention showed that the incorporation of
      lactam-derived groups in the chains of amorphous copolymers of
      mono-olefins, or mono-olefins and unconjugated dienes, among other things
      improved the adherence of such copolymers on various substrates. These new
      copolymers are obtained by a process involving co-ordination catalysis but
      which overcomes the drawbacks already mentioned, through the presence of
      the polar monomer in the polymerization medium containing the
      co-ordination catalyst.
PAR  This new process for the preparation of substantially linear amorphous,
      random copolymers of mono-olefins, or mono-olefins and unconjugated
      dienes, with lactams with the general formula:
      ##EQU1##
      where R.sub.1 is a monovalent alkenyl radical containing 2 to 8 carbon
      atoms, R.sub.2 and R.sub.3, which are identical or different, represent
      hydrogen or a monovalent hydrocarbon radical, free of ethylenic
      unsaturation and containing 1 to 8 carbon atoms, X represents oxygen or
      sulphur, and n is an integer ranging from 3 to 14, is characterized by the
      fact that at least two mono-olefins containing from 2 to 20 carbon atoms
      in their molecule, and possibly an unconjugated diene, are placed in
      contact, in an inert liquid medium at a temperature of between -80.degree.
      and +150.degree.C, with at least one of these lactams in the form of a
      complex with a Lewis acid, and in the presence of a catalyst system formed
      by the combination of an organometallic compound of at least one element
      in columns I, II or III of the periodic table of elements with a compound
      of a transition metal in columns IV to VIII of the periodic table, until a
      copolymer forms.
PAR  Suitable mono-olefins for use in this new process are alpha-olefins with
      the formula R--CH = CH.sub.2 = CH.sub.2, where R is hydrogen or an alkyl
      radical containing 1 to 18 carbon atoms, such as ethylene, propylene,
      1-butene, 1-pentene, 4-methyl 1-pentene, 1-hexene, 1-octene and
      1-hexadecene, and ethylene is preferably used in combination with an
      alpha-olefin containing 3 to 8 carbon atoms, and particularly with
      propylene or 1-butene.
PAR  Unconjugated dienes used in this new process can be linear or cyclic, and
      comprise in particular 1,4-hexadiene, 2-methyl-1,4-pentadiene,
      1,4-cyclopentadiene, 1,5-cyclooctadiene, 4,7,8,9-tetrahydroindene,
      [3,2,0]-bicyclo-2,6-heptadiene, and norbornene derivatives such as
      dicyclopentadiene, and 5-alkylidene-2-norbornenes such as
      5-methylene-2-norbornene and 5-ethylidene-2-norbornene.
PAR  N-unsaturated lactams that can be polymerized in this new process with
      mono-olefins, or mono-olefins and unconjugated dienes, and which are
      represented by the formula given above, contain from 4 to 15 nuclear
      carbon atoms (n = 3 to 14), and preferably 4 to 13 nuclear carbon atoms (n
      =  3 to 12), these nuclear carbon atoms optionally bearing monovalent
      hydrocarbon substitutions, free of ethylenic unsaturation, and containing
      1 to 8 carbon atoms, and preferably radicals such as phenyl or alkyls
      containing 1 to 6 carbon atoms, such as methyl or ethyl. These
      N-unsaturated lactams include, among others, N-vinylpyrrolidone,
      N-vinyl-5-methyl pyrrolidone, N-vinyl-3-methyl pyrrolidone,
      N-vinyl-5-ethyl pyrrolidone, N-vinyl-5,5-dimethyl pyrrolidone,
      N-vinyl-5-phenyl pyrrolidone, N-allylpyrrolidone, N-vinylthiopyrrolidone,
      N-vinylpiperidone, N-vinyl-6,6-diethyl piperidone, N-vinyl caprolactam,
      N-vinyl-7-methyl caprolactam, N-vinyl-7-ethyl caprolactam,
      N-vinyl-7,7-dimethyl caprolactam, N-vinylthiocaprolactam,
      N-allylcaprolactam and N-vinylcapryllactam.
PAR  The resulting copolymers are amorphous and substantially linear, and their
      molecular weight of at least 5,000 is high enough to remain solid at
      ordinary temperatures. They can be vulcanized by means of free-radical
      generators such as peroxides, or by sulphur vulcanization systems when
      they contain groups derived from an unconjugated diene. The presence in
      such copolymers of heterocyclic radicals of the lactam type gives them
      good adherence to metals, after vulcanization, so that they are suitable
      for use in making, among other things, sealing joints between metal parts,
      or coatings for metal surfaces. They also ensure compatibility in mixtures
      of incompatible elastomers.
PAR  Copolymers produced by this new process contain 99.9 to 80%, and preferably
      99.8 to 85% weight of non-polar groups derived from at least two
      mono-olefins containing 2 to 20 carbon atoms in their molecule, and
      possibly an unconjugated diene, and 0.1 to 20 %, and preferably 0.2 to 15
      % weight of polar groups derived from at least one unsaturated lactam with
      the general formula given above.
PAR  In one preferred embodiment, the mono-olefins constituting non-polar groups
      with the unconjugated diene, if any, are alpha-olefins with the formula
      R--CH = CH.sub.2, where R is hydrogen or an alkyl containing 1 to 18
      carbon atoms, and particularly ethylene, combined with a higher
      alpha-olefin containing 3 to 8 carbon atoms, such as propylene of
      1-butene.
PAR  In copolymers containing ethylene, the minimum ethylene content is not of
      critical importance, but the upper limit is 75 % of the weight of
      copolymer, to prevent polythene-type crystallinity. The proportion of the
      second mono-olefin, such as propylene or 1-butene, or of the second
      mono-olefin and unconjugated diene, can be from 5 to 75 % of the weight of
      copolymer, and the unconjugated diene content can be up to 20 % of the
      weight of copolymer. The content of polar groups is from 0.1 to 20 %, and
      preferably 0.2 to 15 %, of the weight of copolymer.
PAR  In this new process, the unsaturated lactams from which polar groups in the
      copolymer are derived are copolymerized with the mono-olefins and
      unconjugated dienes, if any, in the form of complexes with Lewis acids. A
      lewis acid is regarded as any compound acting as acceptor of an electron
      doublet, in this case the electron doublet of the basic nitrogen atom in
      the unsaturated lactam. Lewis acids that can be used to complex
      unsaturated nitrogen derivatives for this process include, among others,
      alkyl aluminum dihalides such as ethylaluminum dichloride and
      ethylaluminum dibromide, aluminum trihalides such as aluminum trichloride
      and aluminum tribromide; boron halides such as boron trichloride and boron
      trifluoride etherate; tin halides such as tin tetrachloride and tin
      tetrabromide, and nickel halides such as nickel dichloride. As a rule, the
      compound acting as Lewis acid for the unsaturated lactam is selected so
      that the complex it forms with the lactam has greater stability than the
      reaction products the lactam may form with the components of the
      co-ordination catalyst system used in copolymerization. The complex
      between the Lewis acid and unsaturated lactam can be preformed before
      being added to the polymerization mixture; in this case the lactam and
      Lewis acid are dissolved in an inert solvent, preferably the liquid used
      as the polymerization medium, which is kept at asuitable temperature, for
      example -80.degree. to +80.degree.C. The complex can also be formed in
      situ in the polymerization mixture, before or during polymerization. The
      molar proportion of Lewis acid used to form the complex must be at least
      equal to the stoichiometric quantity, and may be as much as four times
      this amount. The quantity is preferably such that the molar ratio of Lewis
      acid to unsaturated lactam is between 1 and 3.
PAR  Particularly suitable catalyst systems for the preparation of copolymers by
      this new process are formed by the combination or organic compounds of
      aluminum with titanium, vanadium, tungsten or zirconium derivatives, such
      as halides, oxyhalides, compounds in which at least one of the valencies
      of the transition metal is saturated by a heteroatom, particularly oxygen
      or nitrogen, linked to an organic group, such as acetyl acetonates,
      benzoyl acetonates and alcoholates.
PAR  In certain cases, it may be preferably to use a complex of the transition
      metal derivative with a ligand selected from aliphatic ethers such as
      diethylic and dipropylic ethers, diethoxyethane, cyclic ethers such as
      tetrahydrofurane, dioxane, thioethers, phosphines, arsines, tertiary
      amines such as trimethylamine, methyldiethylamine, heterocyclic nitrogen
      bases such as pyridine, quinoline, .beta.-diketones, ketoesters,
      hydroxyaldehydes, aminoaldehydes and aminoalcohols.
PAR  One particularly recommended catalyst system contains an organo-aluminum
      compound with the formula AlY.sub.n Cl.sub.(3-n), where n is a number
      equalling 1, 3/2, 2 or 3, and Y is a lower alkyl radical such as ethyl,
      propyl, isobutyl or hexyl, combined with a titanium halide such as
      TiCl.sub.4, or a vanadium halide or oxyhalide such as VCl.sub.4 or
      VOCl.sub.3, or vanadium acetylacetonate. These titanium or vanadium
      halides can be complexed by tetrahydrofurane, an aliphatic ether, tertiary
      amine, pyridine or quinoline.
PAR  The catalyst may be deposited on an organic or inorganic carrier, or
      chemically bonded to it.
PAR  The catalyst system may also contain a certain proportion of activator,
      such as an alkoxyalkyl halosulphide or halosulphate, such as ethoxyethyl
      chlorosulphide or chlorosulphate, a halosulphonyl thiophene such as
      di-2-4-(chlorosulphonyl) thiophene, or a dichloroarylphosphine such as
      dichlorophenylphosphine.
PAR  To form the catalyst system, the organometallic compound and transition
      metal compound may be mixed or left separate before being added to the
      polymerization mixture. Premixed catalyst may be added to the
      polymerization mixture continuously or intermittently.
PAR  The activator, if any, may be mixed with the catalyst before being added to
      the polymerization mixture. It can also be added directly to the mixture
      during polymerization, continuously or in fractions. In another method,
      the activator is first mixed with the transition metal compound.
PAR  The quantities of organometallic and transition metal compounds in the
      catalyst system are such that the ratio of the number of metal atoms in
      the organometallic compound to the number of transition metal atoms in the
      transition metal compound is between 1 and 50, and preferably between 2
      and 30.
PAR  The quantity of activator can vary widely, such as from 0.5 to 25 moles of
      activator per transition metal atom, but the polymerization mixture must
      contain more organometallic compound, expressed in metal atoms, than
      activator molecules.
PAR  The inert liquid medium (namely a medium that will no affect the components
      of the catalyst system or the complex between the unsaturated nitrogen
      derivative and the Lewis acid), in which copolymerization takes place, is
      preferably an aliphatic, aromatic or cycloaliphatic hydrocarbon, such as
      heptane, toluene, hexane, cyclohexane or benzene, or mixtures of these
      solvents. Inert halogenated hydrocarbons can also be used, such as
      chloroform, chlorobenzene and tetrachloroethylene. Olefins themselves can
      act as a liquid polymerization medium, and copolymerization can be
      performed in the olefin or one of the olefins to be copolymerized, used in
      liquid form.
PAR  Recommended temperatures for polymerization are between -30.degree. and
      +100.degree.C, while pressures can range for example from 1 to 50
      atmospheres, or even more.
PAR  All of the complexes between the unsaturated lactam and Lewis acid can be
      added to the polymerization mixture before the catalyst system is added,
      or during polymerization, continuously or intermittently. The proportion
      of complex in the polymerization mixture, compared with the proportion of
      organometallic derivatives in the catalyst system, is not of critical
      importance, and can be much greater.
PAR  Copolymerization can be performed continuously, in which case the inert
      liquid medium, olefins, complexed unsaturated nitrogen derivative,
      unconjugated diene if any, and catalyst system, are fed continuously into
      the reactor, at rates such that the length of time they remin in the
      reactor is sufficient to obtain the necessary concentration of copolymer
      in the reactive mixture.
PAR  During copolymerization, the reaction medium is deprived of free oxygen, as
      already known in the prior art, by a flow of inert gas, such as nitrogen,
      before polymerization begins.
PAR  The time required for copolymerization generally varies depending on
      operating conditions, and is usually between 20 minutes to 4 hours.
PAR  After copolymerization, the catalyst is destroyed by some method known in
      the prior art, such as by adding an alcohol to the reactive mixture. The
      copolymer is then separated from the solvent by coagulation with an
      alcohol, by stripping with steam, or by any other method for isolating a
      polymer from solutions containing it.
DETD
PAR  The invention is illustrated by the following examples, without being
      confined to them.
PAC  EXAMPLE 1
PAR  Copolymerization was performed in a cylindrical glass reactor with an
      inside diameter of 10 cm and a capacity of 2,000 milliliters. It was
      equipped with a stirring system, a dropping funnel to introduce the
      unsaturated lactam, two dropping funnels to inject the catalyst system,
      and gas inlet and outlet tubes. The reactor was submerged in a
      heat-controlled bath and its temperature was kept at 30.degree.C
      throughout copolymerization.
PAR  The funnels on top of the reactor were swept out in order to establish a
      nitrogen atmosphere in them. 25 millimoles of a complex of
      N-vinylpyrrolidone and ethylaluminum dichloride, dissolved in 40
      milliliters of benzene, prepared by mixing N-vinylpyrrolidone and
      ethylaluminum dichloride in a molar ratio of 1:1 in benzene at a
      temperature of approximately 10.degree.C, were placed in the monomer-inlet
      funnel.
PAR  2 millimoles of vanadium tetrachloride in 40 milliliters of anhydrous
      heptane were placed in one of the dropping funnels for the catalyst
      system, and 16 millimoles of ethylaluminum sesquichloride (1/2[(C.sub.2
      H.sub.5).sub.3 Al.sub.2 Cl.sub.3 ]) in 40 milliliters of anhydrous heptane
      in the other.
PAR  880 milliliters of heptane, which had first been dried an degassed, were
      placed in the reactor, inside which a nitrogen atmosphere was maintained.
      The flow of nitrogen was stopped, and a mixture of ethylene and propylene,
      in a molar ratio of propylene to ethylene of 1.2, was fed through the
      gas-inlet tube. This mixture circulated at a rate of 100 normal liters an
      hour throughout copolymerization.
PAR  20 minutes after the gas mixture had begun to be fed in, the complexed
      vinylpyrrolidone and catalyst system components were injected drop by
      drop, each over a period of 40 minutes. Injection of the olefins continued
      for a further 10 minutes, after which copolymerization was halted by
      adding 50 milliliters of ethanol. The solution was then poured into
      ethanol to precipitate the copolymer, which was next washed in ethanol and
      dried in a drier at reduced pressure.
PAR  This produced 36 gr of a solid substance with the appearance of an
      unvulcanized elastomer, amorphous to X-rays, and with a reduced viscosity,
      measured in decaline at 135.degree.C, of 0.78.
PAR  After hot ethanol extraction, the terpolymer was analysed by the Kjeldahl
      method to determine its nitrogen content, while its propylene content was
      measured by infrared analysis.
PAR  The terpolymer contained 0.44 % weight of nitrogen, corresponding to 3.5 %
      vinylpyrrolidone-derived groups, 33.9 propylene-derived groups and 62.7 %
      ethylene-derived groups.
PAR  If the test is repeated under the same conditions, but using
      vinylpyrrolidone in a non-complexed form, no copolymer forms.
PAC  EXAMPLE 2
PAR  1.3 liters of dried, degassed heptane were placed in a cylindrical glass
      reactor with a capacity of 1,500 milliliters, heat-controlled at
      30.degree.C, equipped with an anchor stirrer and with apertures at the
      base to introduce the catalyst system components, unsaturated lactam,
      reaction solvent and olefinic monomers, and at the top an outlet for the
      reaction solution and residual gas; the introduction of heptane is done
      after first sweeping out the reactor with N.sub.2
PAR  A gas mixture of ethylene and propylene, in a molar ratio of propylene to
      ethylene of 1:2, was then injected into the reactor for 20 minutes, at a
      rate of 100 normal liters an hour. 1.2 millimoles of VCl.sub.4, 8.4
      millimoles of ethylaluminum sesquichloride, each diluted in heptane, and
      20 millimoles of N-vinylpyrrolidone complexed by 20 millimoles of
      ethylaluminum dichloride diluted in benzene, were fed into the reactor,
      over a period of 40 minutes, using measuring pumps. The olefins were
      injected continuously. After 40 minutes, the total volume of solution was
      1.5 liters.
PAR  While injection of the olefins continued, fresh heptane, and 2.4 millimoles
      of VCl.sub.4 and 16.8 millimoles of ethylaluminum sesquichloride, each
      diluted in heptane, and 40 millimoles of N-vinylpyrrolidone, complexed by
      40 millimoles of ethylaluminum dichloride, and diluted in benzene, were
      fed into the base of the reactor, the quantity being such that the total
      volume of solvent injected, including the solvent used to dilute the
      components of the catalyst system and complexed monomer, was 1.45 liters
      in 80 minutes, while the copolymer solution was collected continuously
      through the upper reactor outlet, at the rate of 1.5 liters in 80 minutes.
      On leaving the reactor, the copolymer solution was mixed with an
      antioxidant, then washed continuously with an aqueous acid solution to
      coagulate the copolymer. After three successive 80-minute periods, the
      total quantity of solution collected was 6 liters, and its copolymer
      concentration was 7.2 % in weight.
PAR  The resulting terpolymer had the appearance of an unvulcanized elastomer,
      with reduced viscosity, measured in decaline at 135.degree.C, of 0.98.
PAR  This terpolymer contained 0.24 % weight of nitrogen, namely 1.9 %
      N-vinylpyrrolidone-derived groups, 38 % propylene-derived groups, and 60.1
      % ethylene-derived groups.
PAR  A comparative test was done, under the same conditions but without
      complexing the N-vinylpyrrolidone. No polymer was obtained.
PAC  EXAMPLE 3
PAR  The same conditions applied as in Example 2, except that the
      N-vinylpyrrolidone and ethylaluminum dichloride complex were replaced by
      the same molar quanity of a complex obtained by mixing N-vinylcaprolactam
      and ethylaluminum dichloride, in a molar ration of 1:1, in benzene at
      10.degree.C, and that the catalysts and complex were added over a period
      of 80 minutes.
PAR  This produced 50.5 gr of a terpolymer amorphous in X-rays, with the
      appearance of an unvulcanized elastomer, and with reduced viscosity,
      measured in decaline at 135.degree.C, of 0.903.
PAR  This terpolymer contained 0.3 % weight of nitrogen, namely 3 %
      vinylcaprolactam-derived groups, 36 % propylene-derived groups, and 61 %
      ethylene-derived groups.
PAR  When the test was repeated without complexing the N-vinylcaprolactam, no
      polymer was obtained.
PAC  EXAMPLE 4
PAR  Copolymerization was performed in a six-liter reactor similar to the one in
      Example 1, heat-controlled at 20.degree.C.
PAR  The funnels on top of the reactor were swept out with nitrogen to establish
      a nitrogen atmosphere in them. 150 millimoles of the N-vinylpyrrolidone
      and ethylaluminum dichloride complex described in Example 1, diluted in
      160 milliliters of benzene, were placed in the monomer-inlet funnel.
PAR  8 millimoles of VOCl.sub.3 in 120 milliliters of anhydrous heptane were
      placed in one of the dropping tunnels for the catalyst system, and 40
      millimoles of diethylaluminum chloride in the same amount of anhydrous
      heptane in the other.
PAR  3.6 liters of heptane, which had first been dried and degassed, were placed
      in the reactor, inside which a nitrogen atmosphere was maintained. The
      flow of nitrogen was stopped, and a mixture of ethylene and propylene, in
      a molar ratio of propylene to ethylene of 1.2, was fed in through the
      gas-inlet tube. This mixture circulated at the rate of 100 normal liters
      an hour throughout copolymerization. 20 minutes after the gas mixture had
      begun to be fed in, the complexed lactam and the components of the
      catalyst system were injected drop by drop, each over a period of 120
      minutes. Injection of the olefins continued for a further 10 minutes.
PAR  When the reaction was over, an antioxidant was added to the reactive
      mixture, and it was treated with water containing 6 % weight of citric
      acid to wash the polymer.
PAR  The reaction produced 160 gr of a terpolymer with the appearance of an
      unvulcanized elastomer, amorphous in X-rays, and with a reduced viscosity,
      measured in tetraline at 135.degree.C, of 0.760.
PAR  The terpolymer contained 0.45 % weight of nitrogen, corresponding to 2 %
      vinylpyrrolidone-derived groups, 38 % propylene-derived groups and 58.4 %
      ethylene-derived groups.
PAR  The terpolymer was then subjected to a vulcanization test. For this
      purpose, a mixture containing 100 parts weight of terpolymer, 70 parts
      weight of colloidal silica, and 12 parts weight of commercial peroxide
      containing 40 % bis(t-butylperoxyisopropyl) benzene were mixed in a roller
      mixer, and then vulcanized by heating in a press to 165.degree.C for 35
      minutes.
PAR  The vulcanized product showed a tensile strength of 120 kg/cm2, and
      breaking elongation of 450 %.
PAR  The adherence of this vulcanized mixture (referred to as MP) on an aluminum
      surface, as well as the adherence of a similar mixture (referred to as
      MC), prepared from the terpolymer described in Example 3, and using
      another vulcanized mixture (referred to as MT) as control sample, prepared
      under the same conditions from an ethylene and propylene copolymer
      marketed under the name "Dutral" by the Italian firm Montedison SpA.
PAR  This was measured on samples, prepared by hot-pressing (at 185.degree.C)
      each of the mixtures between 2 aluminum foils 30 mm wide, which had
      previously been cleaned with trichlorethylene and treated with a
      sulphochromic mixture, so as to provide at one end of the sample a part
      free of elastomer. Hot pressing was continued for a period of time
      referred to below as t.sub.95, corresponding to the time needed to reach
      95 % of the optimum crosslinking couple of the mixture on a Monsanto
      rheometer. After the hot-pressing phase, the assembly was cooled down, and
      the samples were subjected to a peeling test to determine the adhesive
      force.
PAR  This test was done using a dynamometer comprising a fixed upper part
      provided with two rotationally mobile horizontal bars, set slightly apart,
      and a lower part equipped with jaws and vertically mobile when subjected
      to a measurable force.
PAR  The sample was placed vertically between two bars, the end free of
      vulcanized mixture upwards, and the parts of the foils left free were each
      bent back over the corresponding bar, then gripped in the jaws of the
      lower part.
PAR  This lower part was then moved downwards at a speed of 15 mm per minute, in
      order to tear the foil away from the elastomer, and the force needed to do
      this was measured.
PAR  This force, expressed in kg per cm width of foil, is known as the adhesive
      force, and it defines the adherence of the elastomer to the aluminum
      surface.
PAR  The results obtained in the test are shown in Table I below.
TBL                Table I                                                     
     ______________________________________                                    
     Mixture t.sub.95 (mins.)                                                  
                         Adhesive force                                        
                                      Remarks                                  
     ______________________________________                                    
     MT      7           2.6          very uneven                              
                                      adherence in                             
                                      points                                   
     MP      5.5         3.2          homogeneous                              
                                      adherence                                
     MC      6           3.1          fairly even                              
                                      adherence                                
     ______________________________________                                    
PAR  Comparison of these results shows that the addition to the chains of an
      amorphous ethylene and propylene copolymer of N-vinylpyrrolidone-derived
      groups (MP) or N-vinylcaprolactam-derived groups (MC) brings about a
      qualitative and quantitative improvement in the adherence of vulcanized
      copolymer to metal substrates, particularly aluminum.
PAC  EXAMPLE 5
PAR  The same conditions applied as in Example 3, except that the
      N-vinylcaprolactam and ethylaluminum dichloride complex was replaced by a
      complex of N-vinyl-7-ethyl caprolactam and ethylaluminum dichloride
      prepared in the same way.
PAR  This produced 48 gr of a terpolymer amorphous in X-rays and with the
      appearance of a vulcanized elastomer.
PAR  This terpolymer contained 0.27 % weight of nitrogen, namely 3.2 %
      N-vinyl-7-ethyl caprolactam-derived groups, 35 % propylene-derived groups
      and 61.8 % ethylene-derived groups.
PAC  EXAMPLE 6
PAR  The same method was adopted as in Example 1, except that the
      N-vinylpyrrolidone and ethylaluminum dichloride complex was replaced by a
      complex of N-vinylthiopyrrolidone and ethylaluminum dichloride prepared in
      the same way.
PAR  This produced 30 gr of a terpolymer amorphous in X-rays and containing 0.29
      % weight of nitrogen, namely 2.6 % vinylthiopyrrolidone-derived groups, 35
      % propylene-derived groups and 62.4 % ethylene-derived groups.
PAC  EXAMPLE 7
PAR  Two copolymerization tests were performed under the same conditions as
      those described in Example 3, except that the N-vinylcaprolactam was
      replaced by N-allylcaprolactam (test 1) and by N-vinylthiocaprolactam
      (test 2).
PAR  Test 1 produced 46gr of a terpolymer with the appearance of an unvulcanized
      elastomer, amorphous in X-rays and containing 0.25 % weight of nitrogen,
      namely 2.7 % N-allylcaprolactam-derived groups, 34 % propylene-derived
      groups and 63.3 % ethylene-derived groups.
PAR  Test 2 produced 40 gr of a terpolymer amorphous in X-rays, containing 0.21
      % nitrogen, namely 2.3 % N-vinylthiocaprolactam-derived groups, 35 %
      propylene-derived groups and 62.7 % ethylene-derived groups.
PAC  EXAMPLE 8
PAR  A reactor similar to the one described in Example 1 was used, and the
      temperature was kept at 20.degree.C throughout copolymerization.
PAR  The funnels on top of the reactor were drained and a nitrogen atmosphere
      established in them. 50 millimoles of a complex of N-vinylpyrrolidone and
      ethylaluminum dichloride in 80 milliliters of benzene, prepared as
      described in Example 1, were placed in the monomer-inlet funnel.
PAR  750 milliliters of anhydrous benzene were placed in one of the funnels for
      the catalyst system. The flow of nitrogen was stopped, and a mixture of
      ethylene and 1-butene, in the molar ratio of 1-butene to ethylene of 2,
      was injected through the gas-inlet tube. This mixture circulated at a rate
      of 100 normal liters an hour throughout copolymerization.
PAR  After 20 minutes' saturation of the solvent by the gaseous mixture, the
      complexed N-pyrrolidone and catalyst system components were fed in
      continuously, each over a period of 60 minutes.
PAR  30 minutes after addition of the catalysts, polymerization was halted by
      adding 20 milliliters of ethanol. The contents of the reactor were then
      poured into ethanol to coagulate the polymer, which was then washed in
      ethanol and in hot water, and dried in a drier at approximately
      50.degree.C.
PAR  This produced 42 gr of a terpolymer amorphous in X-rays, and containing 0.3
      % weight of nitrogen, namely 2.4 % N-vinylpyrrolidone-derived groups, 41 %
      butene-derived groups and 56.6 % ethylene-derived groups.
PAC  EXAMPLE 9
PAR  3.6 liters of anhydrous benzene were added to a 6-liter reactor of the type
      described in Example 1, heat-controlled to 30.degree.C, with a nitrogen
      atmosphere inside, and with a stirring system operating. The flow of
      nitrogen was stopped, and the benzene was saturated with a mixture of
      ethylene and propylene in a molar ratio of propylene to ethylene of 1.2.
      This mixture circulated at the rate of 100 normal liters an hour.
PAR  After saturation of the benzene, and without interrupting the addition of
      the olefins, 200 millimoles of 5-ethylidene 2-norbornene, 200 millimoles
      of an N-vinylcaprolactam and ethylaluminum dichloride complex, prepared as
      described in Example 1, together with 8 millimoles of VOCl.sub.3 and 40
      millimoles of ethylaluminum sesquichloride, were added continuously to the
      reactor, over a period of 150 minutes.
PAR  All the non-gaseous compounds added to the reactor were diluted in benzene,
      so that the total volume of benzene in the reactor was 4 liters.
PAR  When the reaction was over, an antioxidant solution was added to the
      contents of the reactor, and the catalysts were deactivated with ethanol.
      The polymer that had formed was collected by stripping away with vapour of
      the volatile components of the solution of polymer in benzene.
PAR  This produced 210 gr of tetrapolymer, amorphous in X-rays, and with the
      appearance of an unvulcanized elastomer. The viscosimetric molecular mass,
      based on measurement of reduced viscosity of the polymer in tetraline at
      135.degree.C, was 78,000.
PAR  This tetrapolymer contained 5 % weight of ethylidene norbornene-derived
      groups, as well as 0.42 % nitrogen, corresponding to 4 %
      N-vinylcaprolactam-derived groups, 40 % propylene-derived groups and 51 %
      ethylene-derived groups.
PAC  EXAMPLE 10
PAR  A 1,000 milliliter reactor of the same type as described in Example 1 was
      used, with an additional dropping funnel for the injection of a diene. The
      reactor was submerged in a heat-controlled bath, and its temperature kept
      at 0.degree.C.
PAR  30 millimoles of cicyclopentadiene, diluted in 60 milliliters of heptane,
      were placed in the diene-inlet funnel, and 50 millimoles of the
      N-vinylpyrrylidone and ethylaluminum dichloride complex described in
      Example 1, diluted in 60 milliters of benzene, were placed in the
      lactam-inlet funnel. 4 millimoles of VOCl.sub.3 were placed in one of the
      catalyst inlet funnels, and 60 millimoles of ethylaluminum sesquichloride
      in the other, each diluted in 60 milliliters of heptane.
PAR  630 milliliters of anhydrous heptane were placed in the reactor, inside
      which a nitrogen atmosphere was maintained. The flow of nitrogen was
      stopped, and a mixture of ethylene and propylene, in a molar ration of
      propylene to ethylene of 2, was fed in through the gas-inlet tube. This
      mixture circulated at a rate of 100 normal liters an hour.
PAR  30 minutes after the gas mixture had begun to be fed in, the molar ratio of
      propylene to ethylene was changed to 1 without altering the overall
      flow-rate, and the dicyclopentadiene, complexed lactam, and each of the
      catalyst system components were added drop by drop, over a period of 60
      minutes.
PAR  Polymerization was then halted, and the polymer separated from the reactive
      mixture, purified and dried, as described in Example 1.
PAR  This produced 120 gr of a substance amorphous in X-rays, and with the
      appearance of an unvulcanized elastomer, containing 50 % weight of
      ethylene, 43 % propylene, 0.4 % nitrogen, namely 3.2 % N-vinylpyrrolidone,
      and 4 non-aromatic double bonds per 1,000 carbon atoms, corresponding to
      3.8 % weight of dicyclopentadiene.
PAR  The tetrapolymer was then vulcanized by mixing 100 parts weight of it in a
      roller mixer with 50 parts weight of HAF carbon black, 5 parts zinc oxide,
      2 parts sulphur, 1 part mercaptobenzothiazole and 2 parts
      tetramethylthiurame disulphide.
PAR  This mixture was heated to 155.degree.C for 1 hour, in a press.
PAR  The vulcanized product had a tensile strength of 140 kg/cm2 and elongation
      at break of 320 %.
PAC  EXAMPLE 11
PAR  The same conditions applied as in Example 3, except that the
      N-vinylcaprolactam and ethylaluminum dichloride complex was replaced by a
      complex obtained by reaction in toluene at 0.degree.C of
      N-vinylcaprolactam and aluminum trichloride, in a molar ratio of 1:1, ant
      that toluene was used as reaction medium for polymerization.
PAR  This produced 30 gr of a terpolymer amorphous in X-rays, and with a reduced
      viscosity, measured in decaline at 135.degree.C, of 0.9. It contained 0.2
      % weight of nitrogen, namely approximately 2 % N-vinylcaprolactam-derived
      groups, 63 % ethylene-derived groups and 35 % propylene-derived groups.
PAC  EXAMPLE 12
PAR  The same operating procedure was performed as in Example 11, except that
      the N-vinylcaprolactam and aluminum trichloride complex was replaced by a
      complex of N-vinylcaprolactam and boron trifluoride etherate (BF.sub.3
      {(C.sub.2 H.sub.5).sub.2 O }), prepared in the same way.
PAR  This produced 32 gr of a terpolymer with the appearance of an unvulcanized
      elastomer and amorphous in X-rays.
PAR  It contained 0.24 % weight of nitrogen, namely approximately 2.4 % of
      N-vinylcaprolactam-derived groups, 41.6 % propylene-derived groups and 56
      % ethylene-derived groups.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of substantially linear amorphous, random
      copolymers of mono-olefins, or mono-olefins and unconjugated dienes, with
      unsaturated lactams of the general formula
      ##EQU2##
      where R.sub.1 is a monovalent alkenyl radical containing 2 to 8 carbon
      atoms, R.sub.2 and R.sub.3, which are identical or different, represent
      hydrogen or a monovalent hydrocarbon radical, free of ethylenic
      unsaturation and containing 1 to 8 carbon atoms, X represents oxygen or
      sulphur, and n is an integer of from 3 to 14 representing the number of
      repeating units
      ##EQU3##
      in the lactam ring so that the number of carbon atoms in the ring is equal
      to (n = 1) comprising contacting at least 2 mono-olefins containing from 2
      to 20 carbon atoms in their molecules or at least 2 such mono-olefins and
      an unconjugated diene, in an inert liquid medium at a temperature of
      between -80.degree.C and +150.degree.C, with at least one of said
      unsaturated lactams, in the form of a complex formed with a Lewis acid, in
      at least stoichiometric amounts, in the presence of a catalytically
      effective amount of a catalyst system formed by the combination of an
      organometallic compound of at least one metal in columns I, II, or III of
      the periodic table of elements with a compound of a transition metal in
      columns IV to VIII of the periodic table, at a ratio of the number of
      atoms of the first metal to the number of atoms of the second metal of
      between 1 and 50, to obtain said copolymer.
NUM  2.
PAR  2. A process as defined in claim 1, in which the monoolefins have the
      general formula R--CH = CH.sub.2, where R represents one of a pair
      comprising hydrogen and an alkyl radical containing 1 to 18 carbon atoms.
NUM  3.
PAR  3. A process as defined in claim 2, in which the olefins are ethylene
      combined with an alpha-olefin containing 3 to 8 carbon atoms.
NUM  4.
PAR  4. A process as defined in claim 3 in which the alpha-olefin is one of a
      pair comprising propylene or 1-butene.
NUM  5.
PAR  5. A process as defined in claim 1 in which an unconjugated diene is
      included in the polymerization mixture, this diene being selected from the
      group consisting of 1,4-hexadiene, 2-methyl1,4-pentadiene,
      1,4-cycloheptadiene, 1,5-cyclooctadiene, 4,7,8,9tetrahydroindene,
      [3,2,0]-bicyclo 2,6-heptadiene, dicyclopentadiene and 5-alkylidene
      2-norbornenes.
NUM  6.
PAR  6. A process as defined in claim 1 in which the N-unsaturated lactams
      contain 4 to 13 nuclear carbon atoms or nuclear carbon atoms with
      monovalent hydrocarbon substitutions selected from the group consisting of
      alkyl radicals containing 1 to 6 carbon atoms and phenyl.
NUM  7.
PAR  7. A process as defined in claim 6, in which the N-unsaturated lactams are
      selected from the group consisting of N-vinylpyrrolidone,
      N-vinylcaprolactam, N-vinyl-7-ethyl caprolactam, N-vinylthiopyrrolidone,
      N-vinylthiocaprolactam and N-allylcaprolactam.
NUM  8.
PAR  8. A process as defined in claim 1, in which the Lewis acids used to
      complex the unsaturated lactam are selected from the group consisting of
      alkyl aluminum dihalides, aluminum trihalides, boron halides, tin halides
      and nickel halides.
NUM  9.
PAR  9. A process as defined in claim 8 in which the Lewis acids are selected
      from the group consisting of alkyl aluminum dichlorides, aluminum
      trichloride and boron trifluoride.
NUM  10.
PAR  10. A process as defined in claim 9 in which the alkyl aluminum dichloride
      is ethylaluminum dichloride.
NUM  11.
PAR  11. A process as defined in claim 1, in which the catalyst system is formed
      by the combination of one of a pair comprising an organoaluminum and a
      halogenated organoaluminum compound and one of a pair comprising vanadium
      halide and oxyhalide.
NUM  12.
PAR  12. A process as defined in claim 11 in which the vanadium halide and
      oxyhalide are complexed by an organic ligand.
NUM  13.
PAR  13. A process as defined in claim 1 in which the inert liquid medium in
      which copolymerization takes place is a member of the group consisting of
      aliphatic, aromatic and cycloaliphatic hydrocarbons and their halogenated
      derivatives.
NUM  14.
PAR  14. A process as defined in claim 1, in which the polymerization
      temperature is between -30.degree. and +100.degree.C.
NUM  15.
PAR  15. A substantially linear, amorphous, random copolymer consisting of 99.9
      to 80% weight of non-polar groups having at least 2 mono-olefins
      containing 2 to 20 carbon atoms in their molecules or at least 2 such
      mono-olefins and an unconjugated diene, and 0.1 to 20% polar groups having
      at least 1 unsaturated lactam of the general formula
      ##EQU4##
      where R.sub.1 is a monovalent alkenyl radical containing 2 to 8 carbon
      atoms, R.sub.2 and R.sub.3, which are identical or different, represent
      hydrogen or a monovalent hydrocarbon radical free of ethylenic
      unsaturation and containing 1 to 8 carbon atoms, X represents oxygen or
      sulphur, and n is an integer of from 3 to 14 representing the number of
      repeating units
      ##EQU5##
      in the lactam ring so that the number of carbon atoms in the ring is equal
      to (n + 1).
NUM  16.
PAR  16. A copolymer as defined in claim 15, in which the unsaturated lactams
      contain from 4 to 13 nuclear carbon atoms or such nuclear carbon atoms
      bearing monovalent hydrocarbon substituents selected from the group
      consisting of alkyl containing 1 to 6 carbon atoms and phenyl.
NUM  17.
PAR  17. A copolymer as defined in claim 16 in which the unsaturated lactams are
      selected from the group consisting of N-vinylpyrrolidone,
      N-vinylcaprolactam, N-vinyl-7-methyl caprolactam, N-vinylthiopyrrolidone,
      N-vinylthiocaprolactam and N-allylcaprolactam.
NUM  18.
PAR  18. A copolymer as defined in claim 15 in which the non-polar groups have
      at least 2 olefins with the formula R--CH=CH.sub.2, where R represents one
      of a pair comprising hydrogen and an alkyl radical containing 1 to 18
      carbon atoms.
NUM  19.
PAR  19. A copolymer as defined in claim 18 in which the non-polar groups are
      derived from ethylene and an alpha-olefin containing 3 to 8 carbon atoms.
NUM  20.
PAR  20. A copolymer as defined in claim 19, in which the non-polar groups are
      one of two paris comprising ethylene and propylene, and ethylene and
      1-butene, and in which the proportion of propylene or 1-butene derived
      groups can vary between 5 and 75% of the weight of copolymer, and the
      ethylene content is not more than 75% of the weight of copolymer.
NUM  21.
PAR  21. A copolymer as defined in claim 15, in which the non-polar groups also
      contain units of an unconjugated diene, the proportion of which is not
      more than 20% of the weight of copolymer.
NUM  22.
PAR  22. A copolymer as defined in claim 21, in which the unconjugated diene is
      selected from the group consisting of dicyclopentadiene,
      5-alkylidene-2-norbornenes 1,4-hexadiene 2-methyl-1,4-pentadiene,
      1,4-cycloheptadiene, 1,5-cyclooctadiene, 4,7,8,9-tetrahydroindene, and
      [3,2,0]bicyclo 2,6-heptadiene.
NUM  23.
PAR  23. A copolymer as defined in claim 15, in which the non-polar groups
      represent 99.8 to 85% of the weight of copolymer, while polar groups
      represent 0.2 to 15% of the weight of copolymer.
NUM  24.
PAR  24. Elastomers obtained by vulcanizing a copolymer as defined in claim 15.
NUM  25.
PAR  25. Elastomers as defined in claim 24, vulcanized on a substrate.
NUM  26.
PAR  26. Elastomers as defined in claim 25, in which the substrate is a metal
      surface.
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PAL  Disclosed herein is a polymer comprising
PAL  A. from about 1 to 100% by weight of a polymerized monomer containing at
      least one active methylene group and having the formula
      ##EQU1##
      wherein n is 0 or 1, R is hydrogen or methyl, R' is substituted or
      unsubstituted arylenethylene having the structure
      ##EQU2##
      wherein Ar is arylene, R.sup.2 is hydrogen, alkyl, aryl, or cycloalkyl,
      R.sup.3 is alkoxy or amino when n is equal to 0, and R.sup.3 is alkyl,
      alkoxy, amino, cycloalkyl or aryl when n is equal to 1; and
PAL  B. from 0 to about 99% by weight of at least one additional polymerized
      ethylenically unsaturated monomer.
BSUM
PAR  This invention relates to organic materials which are particularly useful
      in the photographic field. In particular, this invention relates to the
      composition of such organic materials, particularly polymeric materials
      which can be incorporated into photographic elements and emulsions to
      obtain a desirable combination of properties.
PAR  Photographic elements employed in photography, must have good physical and
      photographic properties. Owing to its unique properties, including its
      good dispersing property and its excellent protective colloid properties,
      gelatin has been used as the binding agent in layers of photographic
      elements for many years. Gelatin is, however, subject to dimensional
      change when subjected to varying temperature, humidity and like
      conditions. Many natural and synthetic materials have been proposed as
      substitutes or partial substitutes for gelatin in one or more layers of
      photographic elements to improve dimensional stability. For example, as
      shown in U.S. Pat. No. 3,062,674 issued Nov. 6, 1962 and U.S. Pat. No.
      3,142,568 issued July 28, 1964, vinyl or addition polymers are employed in
      binding agents in layers of photographic elements to improve physical
      properties, including dimensional stability. However, the use of such
      polymers in layers of photographic elements, often adversely affects the
      hardness of the layers, their resistance to abrasion, and their adhesion
      to film supports.
PAR  Japanese Patent No. 7,002,726 describes a copolymer of the general formula
      ##EQU3##
      where R and R' are hydrogen or a lower alkyl, halide, OH, or acetyl or
      acetoxyl group and at least one vinyl monomer selected from styrene,
      acrylonitrile, vinyl acetate, vinyl chloride, ethyl methacrylate and
      acrylamide. The polymers described in this Japanese patent do not contain
      active methylene groups except when R.sup.1 is acetyl. In that case, the
      copolymer which is outside the scope of the present invention is
      inoperative for the purposes of this invention.
PAR  Polymers containing active methylene groups which serve as crosslinking
      sites that are reactive with conventional gelatin hardeners are disclosed
      in U.S. Pat. Nos. 3,459,790; 3,488,708, 3,554,987 and 3,658,878. In these
      polymers, the active methylene group is located in a side chain and is
      linked to the main chain of the polymer through an ester group. Use of
      these polymers has, in large measure, resolved the problem of adverse
      effects upon layer hardness, resistance to abrasion and adhesion to film
      supports referred to above. Under certain conditions, however, this ester
      group may tend to hydrolyze with consequent loss of the crosslinking site.
      It is evident, therefore, that a substitute for gelatin which is not
      subject to such defects will greatly enhance the art.
PAR  Accordingly, it is an object of this invention to provide monomers
      containing active methylene crosslinking sites and crosslinkable polymers
      containing active methylene crosslinking sites in at least some of the
      side chains therein, wherein the group joining the side chain to the
      polymer backbone possesses increased resistance to hydrolysis.
PAR  It is another object of this invention to provide polymers having the
      desirable properties described above that can be hardened, with
      conventional gelatin hardening agents, for example, aldehydes and
      bis(vinylsulfonyl) compounds and which can be used as binding agents in
      photographic elements containing silver halide having desirable color,
      hardening and sensitometric properties.
PAR  Other objects of this invention will become apparent from an examination of
      the specification and claims which follows.
PAR  In accordance with this invention, it has been found that an
      ethylenically-unsaturated monomer containing an active methylene function
      can be homopolymerized or polymerized with at least one additional monomer
      to yield polymers which are useful, for example, as gelatin extenders and
      modifiers which will crosslink with the common gelatin hardening agents.
      More particularly, the present invention comprises a polymer comprising
PAR  A. from about 1 to 100% by weight of a polymerized monomer containing at
      least one active methylene group and having the formula
      ##EQU4##
      wherein n is 0 or 1, R is hydrogen or methyl, R' is substituted or
      unsubstituted arylenethylene having the structure
      ##EQU5##
      wherein Ar is arylene, R.sup.2 is hydrogen, alkyl, aryl, or cycloalkyl,
      R.sup.3 is alkoxy or amino when n is equal to 0, and R.sup.3 is alkyl,
      alkoxy, amino, cycloalkyl, or aryl when n is equal to 1; and
PAR  B. from 0 to about 99% by weight of at least one additional polymerized
      ethylenically unsaturated monomer.
PAR  The monomers according to this invention containing the active methylene
      groups can be reacted with themselves to form homopolymers, or can be
      reacted with at least one other ethylenically unsaturated monomer to form
      a polymeric substance. The polymers produced by the practice of this
      invention are addition homopolymers or interpolymers containing active
      methylene groups in the side chains of the homopolymers or interpolymers.
      Active methylene groups, as described herein, are methylene groups between
      two electronegative carbonyl groups. Such methylene groups exhibit unusual
      chemical activity and are said to be "active."
PAR  The molecular weights of the polymers of this invention are subject to wide
      variation, but are often in the range of about 5000 to about 500,000.
      These polymers, which are generally water soluble, preferably have
      inherent viscosities (0.25 g. polymer in 100 ml. 1 N. sodium chloride at
      25.degree.C.) from 0.10 to 2.0, more preferably from about 0.25 to about
      1.25.
PAR  As set out above, polymers included in this invention are homopolymers are
      interpolymers of a first polymerized monomer with up to 99% by weight of a
      second polymerized monomer, said first polymerized monomer having the
      formula
      ##EQU6##
      wherein n is 0 or 1 and R is hydrogen or methyl.
PAR  R' is substituted or unsubstituted arylenethylene, having the structure
      ##EQU7##
      wherein Ar is arylene, preferably of from 6 to 12 carbon atoms, e.g.
      phenyl, naphthyl, which can be substituted, if desired, with alkyl or
      alkoxy groups, preferably of from 1 to 10 carbon atoms, as exemplified by
      methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
      and isomers thereof, methoxy, ethoxy, propoxy, butoxy, pentyloxy, etc.
      More preferably, where Ar is substituted, it is substituted with lower
      alkyl or alkoxy groups of from 1 to 5 carbon atoms. Ar also can have
      substituents which are cycloalkyl, preferably of from 5 to 7 carbon atoms,
      such as, for example, cyclopentyl, cyclohexyl, or cycloheptyl, cyano,
      halide, such as bromide, chloride, fluoride, and iodide, and others known
      to those skilled in the art. R.sup.2 is hydrogen, alkyl, aryl, or
      cycloalkyl, as described above.
PAR  When n is equal to 0, R.sup.3 can be alkoxy, preferably of from 1 to 10
      carbon atoms; more preferably of from 1 to 5 carbon atoms, as described
      above. When n is equal to 0, R.sup.3 also can be amino, having the
      structure
      ##EQU8##
      wherein R.sup.4 and R.sup.5 are hydrogen, substituted or unsubstituted
      alkyl, preferably having from 1 to 10 carbon atoms, substituted or
      unsubstituted cycloalkyl, preferably of from 5 to 7 carbon atoms, such as,
      for example, cyclopentyl, cyclohexyl, or cycloheptyl, or substituted or
      unsubstituted aryl, preferably of from 6 to 12 carbon atoms as described
      above, e.g. phenyl and naphthyl.
PAR  When n is equal to 1, R.sup.3 can be alkyl or alkoxy, each preferably
      having from 1 to 10 carbon atoms, as exemplified by methyl, ethyl, propyl,
      butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, and isomers thereof,
      methoxy, ethoxy, propoxy, butoxy, pentyloxy, etc.; it is more preferred
      that where R.sup.3 is alkyl or alkoxy, it contains from 1 to 5 carbon
      atoms. When n is equal to 1, R.sup.3 also can be amino having the
      structure
      ##EQU9##
      wherein R.sup.4 and R.sup.5 are as defined above; or substituted or
      unsubstituted cycloalkyl, preferably of from 5 to 7 carbon atoms, such as,
      for example, cyclopentyl, cyclohexyl, or cycloheptyl; or aryl, preferably
      of from 6 to 12 carbon atoms, e.g., phenyl, naphthyl, unsubstituted or
      substituted with alkyl, carboxyl, alkoxycarbonyl and the like, e.g. tolyl,
      xylyl, benzyl, etc.
PAR  Two particularly useful monomers containing active methylene groups
      according to this invention are ethyl acryloylacetate and 6-(m- and
      p-vinylphenyl)-2, 4-hexanedione. The latter is a mixture of the meta (60
      percent, by weight) and para (40 percent) isomers of the substituted aryl
      which are not easily separated. Little difference in behavior in
      polymerization between the mixture and the pure isomers is observed.
PAR  These two monomers can be polymerized to advantage with one or more
      monomers as shown in the following preferred embodiments of this
      invention: a copolymer of ethyl acryloylacetate (20-5 weight percent) and
      acrylamide (80-95 weight percent); a copolymer of ethyl acryloylacetate
      (50 weight percent) and methacrylic acid (50 weight percent); a terpolymer
      of ethyl acryloylacetate (5-20 weight percent), and N-(lower alkyl)
      acrylamide, e.g., N-isopropylacrylamide (5-20 weight percent), and a salt
      of a sulfoacrylate, e.g., sodium 3-methacryloyloxypropane-1-sulfonate,
      (50-90 weight percent); a copolymer of 6-(m- and p-vinylphenyl)-2,
      4-hexanedione (20-80 weight percent) and sodium
      3-methacryloyloxypropane-1-sulfonate (80-20 weight percent); a copolymer
      of 6-(m- and p-vinylphenyl)-2,4-hexanedione (20-80 weight percent) and
      sodium p-styrene sulfonate (80-20 weight percent); and a copolymer of
      6-(m- and p-vinylphenyl-2,4-hexanedione (20-80 weight percent) and sodium
      2-acrylamido-2-methylpropane-1-sulfonate (80-20 weight percent).
PAR  The preparation of ethyl acryloylacetate follows procedures as described by
      N. Nazarov and S. I. Zavyalov, Zh. Obshch. Khim., 23, 1793 (1953); and E.
      Wenkert, A. Afonso, J. B-Son Bredenberg, C. Kaneko and A. Tahara, J. Am.
      Chem. Soc., 86, 2038 (1964); G. Stork and R. Natix Guthikonda, Tetrahedron
      Letters, 27, 2755-58, (1972).
PAR  The synthesis of ethyl acryloylacetate as described in the references above
      follows the reaction sequence shown below.
      ##EQU10##
PAR  The preparation of endo and exo-5-carbo-tert-butoxyacetyl-2-norborine can
      be carried out by adding to n-butyl lithium (2 moles) in tetrahydrofuran
      (2 liters) at 0.degree.C. 2 moles of N-isopropylcyclohexylamine. To this
      solution at -78.degree.C. is added dropwise tertiary butyl acetate over a
      period of one hour, followed after 30 minutes by the addition of an acid
      chloride having the formula
      ##SPC1##
PAL  The cooling bath is removed and the mixture is stirred at room temperature
      for 1 hour and quenched with concentrated hydrochloric acid (300 ml.) in
      water (700 ml). The mixture is allowed to reach room temperature and the
      organic layer is separated. The aqueous layer is extracted with ether and
      the combined extracts are washed with saturated NaHCO.sub.3 (500 ml),
      dried over anhydrous MgSO.sub.4, filtered and the solvent removed. The
      beta keto ester residue has the formula:
      ##SPC2##
PAR  Tertiary butyl acryloylacetate can be prepared by adding 0.49 mole of the
      above prepared beta ketoester to the top of a vertical quartz tube packed
      with quartz chips kept at 500.degree.C. The crude product is collected
      under reduced pressure and cooled at -20.degree.C. The material is then
      distilled.
PAR  N,N-dimethylacryloylacetamide is prepared by the method described above for
      the beta ketoester, except that the material is not distilled before
      pyrolyzing in the quartz tube.
PAR  The preparation of 6-(m- and p-vinylphenyl)-2,4-hexanedione follows
      procedures as described by C. R. Hauser and T. M. Harris, J. Amer. Chem.
      Soc., 80, 6360 (1958); and L. Weiler, J. Amer. Chem. Soc., 92, 6702 (1970)
      and is described in Example 14 herein.
PAR  As noted above, polymers of this invention may comprise up to 99% by weight
      of at least one additional polymerized ethylenically unsaturated monomer.
      As exemplary of such monomers may be listed: vinyl esters, amides,
      nitriles, ketones, halides, ethers, alpha-beta unsaturated acids or esters
      thereof, olefins, diolefins and the like, as exemplified by acrylonitrile,
      methacrylonitrile, styrene, alpha-methyl styrene, sodium
      p-styrenesulfonate, acrylamide, methacrylamide, vinyl chloride, methyl
      vinyl ketone, fumaric, maleic and itaconic esters, 2-chloroethyl vinyl
      ether, acrylic acid, sodium methacryloyloxyethyl sulfate, sodium
      2-acrylamido-2-methylpropane-1-sulfonate, methacrylic acid,
      dimethylaminoethyl methacrylate,
      4,4,9-trimethyl-8-oxo-7-oxa-4-azonia-9-decene-1-sulfonate,
      N-vinylsuccinamide, N,N-dimethyl-N-2-hydroxypropylamine methacrylimide,
      N-vinylphthalimide, N-vinylpyrrolidone, butadiene, isoprene, vinylidene
      chloride, ethylene and the like. Sulfoacrylate salts are particularly
      useful as comonomers in the practice of this invention. Examples of such
      salts are sodium 3-methacryloxypropane-1-sulfonate, sodium
      3-acryloyloxypropane-1-sulfonate, sodium 4-acryloyloxybutane-2-sulfonate,
      3-methyl-1-vinylimidazolium methosulfate, 1,2-dimethyl-5-vinylpyridinium
      methosulfate and others as described in Dykstra, U.S. Pat. No. 3,411,911
      issued Nov. 19, 1968.
PAR  When the polymer contains up to 30% by weight of one or more of the
      monomers containing active methylene groups, the polymerization can
      usually be carried out as a solution polymerization in a suitable medium,
      for example, water or mixtures of water with water miscible solvents, as
      exemplified by methanol, ethanol, propanol, isopropanol, and the like.
      When the polymer contains more than 30% by weight of one or more monomers
      containing active methylene groups, the polymerization can usually be
      carried out by solution polymerization in a suitable organic solvent, for
      example, acetone, benzene, cyclohexanone, N, N-dimethylformamide, dimethyl
      sulfoxide, tetrahydrofuran, and the like; or by aqueous emulsion or
      suspension polymerization according to methods well known to those skilled
      in the art.
PAR  The temperature at which the polymers described herein are prepared is
      subject to wide variation since this temperature depends upon such
      variable features as the specific monomer used, duration of heating,
      pressure employed and like considerations. However, the polymerization
      temperature generally does not exceed about 110.degree.C., and most often
      it is in the range of about 50.degree. to about 100.degree.C.
PAR  The pressure employed in the polymerization is usually only sufficient to
      maintain the reaction mixture in liquid form, although either
      superatmospheric or subatmospheric pressures can be used where such use is
      advantageous. The concentration of polymerizable monomer in the
      polymerization mixture can be varied widely with concentrations up to
      about 100%, by weight, and preferably about 20 to about 70%, by weight,
      based on the weight of the polymerization mixture, being satisfactory.
      Suitable catalysts for the polymerization reaction include, for example,
      the free radical catalysts, such as hydrogen peroxide, cumene
      hydroperoxide, water soluble azo type initiators and the like. In redox
      polymerization systems conventional ingredients can be employed. If
      desired, the polymer can be isolated from the reaction vehicle by
      freezing, salting out, precipitation or any other procedure suitable for
      this purpose.
PAR  As indicated in U.S. Pat. No. 3,142,568, issued July 28, 1964, it is
      sometimes advantageous to include a surface active agent or compatible
      mixtures of such agents in the preparation of vinyl or addition polymers.
      Suitable wetting agents include the non-ionic, ionic and amphoteric types
      as exemplified by the polyoxyalkylene derivatives, amphoteric amino acid
      dispersing agents, including sulfobetaines and the like. Such wetting
      agents are disclosed in U.S. Pat. No. 2,600,831, issued June 17, 1952;
      U.S. Pat. No. 2,271,623 issued Feb. 3, 1942; U.S. Pat. No. 2,275,727
      issued Mar. 10, 1942 and U.S. Pat. No. 2,787,604 issued Apr. 2, 1957; U.S.
      Pat. No. 2,816,920 issued Dec. 17, 1957; and U.S. Pat. No. 2,739,891
      issued Mar. 27, 1956.
PAR  Photographic silver halide dispersions containing addition homopolymers or
      interpolymers containing active methylene groups, in combination with
      photographic binding agents, such as gelatin, can be made in a variety of
      ways. For example, an aqueous gelatin dispersion of the photographic
      silver halide can be mixed with an aqueous dispersion or solution of the
      homopolymer or interpolymer. Alternatively, the photographic silver halide
      can be precipitated in an aqueous dispersion or solution of the
      homopolymer or interpolymer with or without another colloid, depending
      upon the dispersing characteristics of the homopolymer or interpolymer. In
      this case, a water-soluble salt such as silver nitrate is admixed with a
      water-soluble halide such as potassium bromide in the presence of the
      mixture. In still another procedure, the photographic silver halide is
      precipitated in an aqueous gelatin solution and digested in the
      conventional manner known to the art. After digestion, but prior to
      coating, there is added to the emulsion an aqueous dispersion of the
      homopolymer or interpolymer containing active methylene groups in its side
      chains. The bulk of the resulting dispersion can be increased by the
      addition of more of the homopolymer or interpolymer and/or natural or
      synthetic colloids or other binding agents suitable for use in
      photographic silver halide emulsions. Satisfactory colloids include, for
      example, gelatin, protein derivatives e.g. carboxy methylated proteins,
      colloidal albumin, cellulose derivatives, synthetic resins such as
      polyvinyl compounds e.g. polyacrylamide and the like.
PAR  The gelatin substitutes described herein can be employed as the binding
      agent in one or more layers of a photographic silver halide element.
      However, photographic silver halides are generally precipitated in the
      presence of binding agents such as gelatin or other colloids which exhibit
      very good peptizing action. Therefore, the photographic silver halide
      emulsions or layers containing polymers of this invention will often
      contain some binding agent such as gelatin which exhibits this very good
      peptizing action. Where such is the case, the concentration of the
      homopolymers or interpolymers described herein as gelatin substitutes will
      be in the range of from 20 to about 85%, often in the range of about 50 to
      about 85%, by weight, based on total binding agent (dry weight), employed
      in photographic emulsions, photographic emulsion layers or other layers of
      a photographic element. The remainder of the binding agent is gelatin
      usually, although other colloids also give good results. Where the
      polymers are used in photographic elements in layers other than the
      emulsion layers, for example, in filter layers, antihalation layers,
      antiabrasion layers, antistatic layers, barrier layers, receiving layers
      for diffusion transfer processes and the like, they can be used as the
      sole vehicle or in admixture with natural or synthetic colloids such as
      are mentioned hereinbefore. The silver halide employed in the preparation
      of light sensitive coatings described herein includes any of the
      photographic silver halides as exemplified by silver bromide, silver
      chloride and silver iodide, or mixed silver halides such as silver
      chlorobromide, silver bromoiodide, and the like. Very good results are
      obtained with high contrast silver halide emulsions in which the halide
      comprises at least 50 mole percent chloride. Preferred emulsions of this
      type contain at least 60 mole percent chloride; less than 40 mole percent
      bromide and less than 5 mole percent iodide.
PAR  The polymers described herein can be incorporated into gelatin emulsions to
      provide an emulsion with increased hardness properties. The final
      resultant hardness of said emulsion is apparently dependent on the ratio
      of the gelatin in the emulsion and the absolute concentration of the
      active methylene units in the homopolymer or interpolymer.
PAR  Emulsions containing the homopolymers or interpolymers of this invention
      can be chemically sensitized with compounds of the sulfur group as
      described in Sheppard et al. U.S. Pat. No. 1,623,499 issued Apr. 5, 1927,
      noble metal salts such as gold salts, reduction sensitized with reducing
      agents, and combinations of these. The polymers of this invention are
      especially useful to obtain hardened emulsions containing silver halides
      which have been chemically sensitized with gold and the like. The fog
      problems often associated with emulsions, such as gold sensitized
      emulsions which have been hardened by reducing hardeners such as
      formaldehyde, mucochloric acid and the like, are substantially reduced by
      the use of the polymer-gelatin emulsions which do not require reducing
      hardeners to achieve a hardened emulsion.
PAR  The homopolymers and the interpolymers containing active methylene groups
      in their side chains can be used in various kinds of photographic
      emulsions. For example, they can be used in direct positive silver halide
      emulsions, x-ray and other non-spectrally sensitized emulsions as well as
      in orthochromatic, panchromatic and infrared sensitive emulsions,
      particularly those sensitized with merocyanine dyes, cyanine dyes,
      carbocyanine dyes and the like. Furthermore, these polymers can be used in
      emulsions intended for color photography, for example, emulsions
      containing color forming couplers or emulsions to be developed by
      solutions containing couplers or other color generating materials. In
      addition, these polymers can be used in photographic emulsions containing
      developers, e.g., polyhydroxybenzenes, as well as in emulsions intended
      for use in diffusion transfer processes which utilize the non-developed
      silver halide in the non-image areas of the negative to form a positive by
      dissolving the underdeveloped silver halide and precipitating it on a
      receiving layer in close proximity to the original silver halide emulsion
      layer. Such processes are described in Rott U.S. Pat. No. 2,352,014; Lane
      U.S. Pat. No. 2,543,181; and Yackel et al. U.S. Pat. No. 3,020,155.
PAR  In certain preferred embodiments the polymers of this invention are used in
      photographic image transfer film units such as in image transfer film
      units as described, for example, in U.S. Pat. Nos. 2,543,181; 2,983,606;
      3,227,550; 3,227,552; 3,415,645; 3,415,644; 3,415,646 and 3,635,707;
      Canadian Patent No. 674,082 and Belgian Patent Nos. 757,959, and 757,960,
      both issued Apr. 23, 1971 and British Patent Nos. 904,364 and 840,731. In
      highly preferred embodiments the polymers are particularly useful in the
      photographic element of an image transfer film unit which is designed to
      be processed with a single alkaline processing solution.
PAR  The polymeric materials of this invention are advantageously used in image
      transfer elements wherein it is desired to process with a highly alkaline
      processing composition and in those instances where the film unit remains
      laminated together after processing. The alkali resistant polymers of this
      invention are generally useful in image transfer film units which comprise
      (1) a photosensitive element comprising a support having thereon at least
      one layer containing a silver halide emulsion, preferably having
      associated therewith an image-dye-providing material and more preferably
      at least three of said layers which contain respectively a blue-sensitive
      silver halide emulsion, a green-sensitive silver halide emulsion and a
      red-sensitive silver halide emulsion; (2) an image-receiving layer which
      can be located on a separate support and superposed on said support
      containing said silver halide emulsion layers or preferably it can be
      coated on the same support adjacent to the photosensitive silver halide
      emulsion layers; and (3) means containing an alkaline processing
      composition adapted to discharge its contents within said film unit.
PAR  Where the receiver layer is coated on the same support with the
      photosensitive silver halide layers, the support is preferably a
      transparent support, an opaque layer is preferably positioned between the
      image-receiving layer and the photosensitive silver halide layer and the
      alkaline processing composition preferably contains an opacifying
      substance such as carbon or a pH indicator dye which is discharged into
      the film unit between a dimensionally stable support or cover sheet and
      the photosensitive element. A means for containing the alkaline processing
      solution to be any means known in the art for this purpose including
      rupturable containers positioned at the point of desired discharge of its
      contents into the film unit and adapted to be passed between a pair of
      juxtaposed rollers to effect discharge of the contents into the film unit,
      frangible containers positioned over or within the photosensitive element,
      hypodermic syringes and the like.
PAR  The term "image dye providing material" as used herein is understood to
      refer to those compounds which either (1) do not require a chemical
      reaction to form the image dye or (2) undergo reactions encountered in
      photographic imaging systems to produce an image dye such as with color
      couplers, oxichromic compounds, and the like. The first class of compounds
      is generally referred to as preformed image dyes and includes shifted
      dyes, etc., while the second class of compounds is generally referred to
      as dye precursors.
PAR  The terms "initially diffusible" and "initially immobile" as used herein
      refer to compounds which are incorporated in the photographic element and
      upon contact with an alkaline processing solution are substantially
      diffusible or substantially immobile, respectively.
PAR  The image-dye-providing materials and one preferred embodiment where
      negative silver halide emulsions are used can be initially mobile
      image-dye-providing materials, such as those used in image transfer of
      photographic elements. Typically useful initially mobile
      image-dye-providing materials include dye developers as disclosed in U.S.
      Pat. Nos. 2,983,606; 3,225,001, and the like. Oxichromic developers which
      undergo chromogenic oxidation to form image dyes as disclosed in U.S. Ser.
      No. 308,869, filed Nov. 22, 1972, now U.S. Pat. No. 3,880,658, issued Apr.
      29, 1975, shifted indophenol dye developers as disclosed in Bush and
      Rabin, U.S. Ser. No. 227,113, filed Feb. 17, 1972, now U.S. Pat. No.
      3,854,945,issued Dec. 17, 1974, metalized dye developers as disclosed in
      U.S. Pat. Nos. 3,482,972; 3,544,545; 3,551,406 and 3,563,739, and the
      like, all of which are incorporated herein by reference.
PAR  In another embodiment immobile image-dye-providing compounds can be used in
      association with silver halide emulsions wherein said compounds undergo
      oxidation followed by hydrolysis to provide an imagewise distribution of
      immobile image dye. Compounds of this type can be used with negative
      emulsions to form positive image records in the exposed photographic
      element or they can be used with direct-positive or reversal emulsions to
      form positive transfer images, such as in an image-transfer film unit.
      Typical useful compounds of this type are disclosed in Canadian Patent No.
      602,607 by Whitmore et al., issued Aug. 2, 1960; U.S. Ser. Nos. 351,673 by
      Fleckenstein et al. and 351,700 by Fleckenstein, both filed Apr. 16, 1973
      and 160,068 by Gompf et al., now U.S. Pat. No. 3,698,897; and U.S. Pat.
      Nos. 3,728,113 by Becker et al.; 3,725,062 by Anderson et al.; 3,227,552
      by Whitmore; 3,443,939, 3,443,940 and 3,443,941 and the like, all of which
      are incorporated herein by reference.
DETD
PAR  The following examples are included for a further understanding of the
      invention:
PAC  EXAMPLE 1
PAC  Poly(acrylamide-co-ethyl acryloylacetate) (90.0:10.0 weight percent,
      respectively)
PAR  To a mixture of acrylamide (180 g, 2.53 mole) and ethyl acryloylacetate (20
      g, 0.14 mole) in water (1600 ml) and absolute ethanol (125 ml), maintained
      under a nitrogen atmosphere, was added 1.0 g
      2,2'-azobis(2-methylpropionitrile). The solution was held at 65.degree.C.
      for 4 hours. To this mixture was added 1 liter of water and the product
      was precipitated from solution by the addition of isopropyl alcohol (10
      gal.), filtered, washed, and dried. The yield of the resulting fluffy,
      white solid was 170 g.
PAR  The polymer composition consistent with the analysis, C, 47.4%; H, 7.6%; N,
      17.3%, is 94 weight percent acrylamide and 6 weight percent ethyl
      acryloylacetate. The inherent viscosity was 0.95 (1 N NaCl).
PAC  EXAMPLE 2
PAC  Poly(ethyl
      acryloylacetate-co-N-isopropylacrylamide-co-sodium-3-methacryloyloxypropan
     e-1-sulfonate) (8.8:6.9:84.3 weight percent, respectively)
PAR  To a mixture of N-isopropylacrylamide (20.2 g, 0.18 mole), ethyl
      acryloylacetate (26.0 g, 0.18 mole) and sodium
      3-methacryloyloxypropane-1-sulfonate (248.4 g, 1.08 mole) in water (2250
      ml) and absolute ethanol (180 ml) under a nitrogen atmosphere was added
      2,2'-azobis(2-methylpropionitrile) (1.0 g) as initiator. The solution was
      heated at 65.degree.C. overnight. The product was precipitated from the
      resulting viscous solution in water with isopropanol (10 gal.), filtered,
      washed, and dried. The polymer had an inherent viscosity of 0.97 in 1
      normal sodium chloride solution.
PAC  EXAMPLE 3
PAC  Poly(methacrylic acid-co-ethyl acryloylacetate) (50.0:50.0 weight percent,
      respectively)
PAR  To a mixture of methacrylic acid (10 g) and ethyl acryloylacetate (10 g) in
      acetone (40 ml) was added 2,2'-azobis-(2-methylpropionitrile) (0.1 g) as
      initiator. The solution was held at 65.degree.C. overnight. The resulting
      polymer was isolated by precipitation in ether, filtered and dried. The
      polymer had an inherent viscosity of 0.58 in methanol.
PAC  EXAMPLE 4
PAC  Poly(ethyl acryloylacetate)
PAR  To ethyl acryloylacetate (10.0 g, 0.70M) in benzene (5 ml) was added
      2,2'-azobis-(2-methylpropionitrile) (50 mg.). This mixture was held at
      65.degree.C. under a nitrogen atmosphere overnight. The resulting viscous
      mass was dissolved in acetone and precipitated in isopropanol. The
      resulting polymer was immediately filtered and dissolved in acetone. The
      yield was 7.0 g.
PAC  EXAMPLE 5
PAC  Poly[6-(m- and p-vinylphenyl)-2,4-hexanedione]
PAR  To 6-(m- and p-vinylphenyl)- 2,4-hexanedione (10.0 g, 0.046 M) in benzene
      (5 ml) was added 2,2'-azobis(2-methylpropionitrile) (50 mg). This mixture
      was held at 60.degree.C. under a nitrogen atmosphere overnight. The
      resulting viscous mass was dissolved in acetone and precipitated in
      isopropanol. The resulting polymer was immediately filtered and dissolved
      in acetone for future use. The yield was 8.0 g.
PAC  EXAMPLE 6
PAC  Poly[6-(m- and p-vinylphenyl)- 2,4-hexanedione]
PAR  To 6 -(m- and p-vinylphenyl)- 2,4-hexanedione (13 g, 0.06 M) in 60 ml of
      water and 1 ml of Triton 770 (40% active ingredient) surface active agent
      was added potassium persulfate (100 mg) and sodium bisulfite (33 mg). This
      emulsion system was then held at 80.degree.C. under a nitrogen atmosphere
      for 2 hours. The resulting emulsion was dialyzed overnight in a distilled
      water bath. The yield was 10.0 g.
PAC  EXAMPLE 7
PAC  Poly[acrylamide-co-6-(m- and p-vinylphenyl)- 2,4 -hexanedione] (10.0:90.0
      weight percent, respectively)
PAR  To water (120 ml), potassium persulfate (200 mg), and sodium bisulfite (20
      mg) at 80.degree.C. under a nitrogen atmosphere were added,
      simultaneously, 6-(m- and p-vinylphenyl)- 2,4-hexanedione (18 g, 0.083 M)
      from one dropping funnel and acrylamide (2 g, 0.028 M) and sodium
      bisulfite (20 mg) in water (20 ml) from another funnel. This emulsion
      system was kept at 80.degree.C. under a nitrogen atmosphere for 2  hours.
      The resulting emulsion was dialyzed overnight in a distilled water bath.
      The yield was 20 g.
PAC  EXAMPLE 8
PAC  Poly[ 6 -(m- and p-vinylphenyl)-
      2,4-hexanedione-co-sodium-3-methacryloyloxypropane-1-sulfonate] (48.5:51.5
      weight percent, respectively)
PAR  To a mixture of 6 -(m- and p-vinylphenyl)- 2,4-hexanedione (130 g, 0.6 M)
      and sodium 3-methacryloyloxypropane-1-sulfonate (138 g, 0.6 M) in dimethyl
      sulfoxide (800 ml), maintained under a nitrogen atmosphere, was added 2.0
      g of 2,2'-azobis-(2-methylpropionitrile). The solution was kept at
      60.degree.-65.degree.C. for 20 hours. The product was precipitated from
      solution with isopropanol (4 gal), filtered, washed, and the resulting
      white solid dissolved immediately in water at 15.7 percent solids. The
      yield was 100 percent.
PAC  EXAMPLE 9
PAC  Poly[6 -(m- and p-vinylphenyl)-
      2,4-hexanedione-co-sodium-2-acrylamido-2-methyl propane-1sulfonate]
      (48.5:51.5 weight percent, respectively)
PAR  To a mixture of 6 -(m- and p-vinylphenyl)- 2,4-hexanedione (6.5 g, 0.03 M)
      and sodium 2-acrylamido-2-methylpropanesulfonate (6.9 g, 0.03 M) in
      dimethyl sulfoxide (40 ml), maintained under a nitrogen atmosphere, was
      added 2,2'-azobis(2-methylpropionitrile) (0.1 g). The solution was kept at
      60.degree.-65.degree.C. for 20 hours. The product was precipitated from
      solution with isopropanol (1 gal.), filtered, washed and the resulting
      white solid dissolved immediately in water at 11.1 percent solids. The
      yield was 55 percent.
PAC  EXAMPLE 10
PAC  Poly[6-(m- and p-vinylphenyl)- 2,4-hexanedione-co-sodium
      p-styrenesulfonate] (51.2:48.8 weight percent, respectively)
PAR  To a mixture of 6 -(m- and p-vinylphenyl)- 2,4-hexanedione (13.0 g, 0.06 M)
      and sodium p-styrenesulfonate (12.4 g., 0.06 M) in dimethyl sulfoxide (60
      ml), maintained under a nitrogen atmosphere, was added
      2,2'-azobis(2-methylpropionitrile) (0.2 g). The solution was kept at
      60.degree.-65.degree.C. for 20 hours. The product was precipitated from
      solution with isopropanol (1 gal.), filtered, washed and the resulting
      white solid dissolved immediately in water at 13.3 percent solids. The
      yield was 80 percent.
PAC  EXAMPLE 11
PAC  Poly[acrylamide-co-6-(m- and p-vinylphenyl)- 2,4-hexanedione] (90:10 weight
      percent, respectively)
PAR  To a mixture of acrylamide (18.0 g, 0.253 M) and 6-(m- and p-vinylphenyl)-
      2,4-hexanedione (2 g, 0.009 M) in water (160 ml) and absolute ethanol (20
      ml), maintained under a nitrogen atmosphere, was added
      2,2'-azobis(2-methylpropionitrile) (0.1 g). The solution was kept at
      65.degree.C. for 6 hours. The product was precipitated from the resulting
      viscous solution with isopropanol (4 1), filtered, washed, and immediately
      dissolved in water at 5.5% solids. The polymer had an inherent viscosity
      of 1.21 in 1 normal sodium chloride solution.
PAR  The following polymers were prepared in a manner similar to the preparation
      of the polymer of Example 1:
PAR  Poly[acrylamide-co-6-(m- and p-vinylphenyl)- 2,4-hexanedione] (90:10 and
      85:15 weight percent, respectively)
PAR  Poly[acrylamide-co-N,N-diethyl-5-(m- and p-vinylphenyl)- 3-oxopentanoic
      acid amide] (90:10 weight percent, respectively)
PAR  Poly[acrylamide-co-ethyl 5-(m- and p-vinylphenyl)-3-oxopentanoate] (90:10
      and 80:20 weight percent, respectively)
PAR  Poly[acrylamide-co-N,N-dimethylacryloylacetamide] (80:20 and 90:10 weight
      percent, respectively).
PAR  Other polymers within the scope of this invention which have been prepared
      in a similar fashion as the polymer in Example 4 include poly[ethyl 5-(m-
      and p-vinylphenyl)- 3 -oxopentanoate], poly[N,N-diethyl-5 -(m- and
      p-vinylphenyl)- 3 -oxopentanoic acid amide], poly[t-butyl 5-(m- and
      p-vinylphenyl)- 3-oxopentanoate].
PAR  The following polymers were prepared in a similar manner as the polymer in
      Example 7 in weight ratios of the first polymerized monomer to the second
      polymerized monomer from about 1:9 to about 4:1:
PAR  Poly[methacrylic acid-co-ethyl acryloylacetate] (15:85 and 10:90, weight
      percent, respectively)
PAR  Poly[methacrylic acid-co-6-(m- and p-vinylphenyl)-2,4-hexanedione](15:85
      and 10:90, weight percent, respectively)
PAR  Poly[methacrylic acid-co-ethyl 5-(m- and p-vinylphenyl)-3-oxopentanoate]
      (15:85 and 10:90, weight percent, respectively)
PAR  Poly[methacrylic acid-co-N,N-diethyl-5-(m- and p-vinylphenyl)-
      3-oxopentanoic acid amide] (15:85 weight percent, respectively)
PAR  Poly[methacrylic acid-co-t-butyl 5-(m- and p-vinylphenyl)- 3-oxopentanoate]
      (15:85 weight percent, respectively)
PAR  Poly[n-butyl acrylate-co-methacrylic acid-co-ethyl acryloylacetate]
      (10:10:80 weight percent, respectively)
PAR  Poly[n-butyl acrylate-co-methacrylic acid-co-6-(m- and p-vinylphenyl)-
      2,4-hexanedione] (10:15:75 weight percent, respectively)
PAR  Poly[n-butyl acrylate-co-ethyl acryloylacetate] (50:50 weight percent,
      respectively)
PAR  Poly[n-butyl acrylate-co-6-(m- and p-vinylphenyl)- 2,4-hexanedione] (50:50
      weight percent, respectively.
PAR  The following polymers which are within the scope of this invention were
      prepared by solution polymerization in benzene:
PAR  Poly[2-hydroxyethyl methacrylate-co-ethyl acryloylacetate] (1.0:4.0 molar
      ratio)
PAR  Poly[2-hydroxyethyl methacrylate-co-6-(m- and p-vinylphenyl)-
      2,4-hexanedione] (1.0:3.0 molar ratio)
PAR  The following example illustrates the use of polymers described herein as
      vehicles in photographic elements. This use was disclosed and claimed in
      copending U.S. application Ser. No. 394,002, filed Sept. 4, 1973, now
      abandoned.
PAC  EXAMPLE 12
PAR  This example demonstrates that poly(acrylamide-co-ethyl acryloylacetate)
      (weight ratio: 90/10), similar to the copolymer with weight ratio 94/6
      described in Example 1, can be used as the vehicle for an all-polymeric
      photographic film which after exposure and processing yields sensitometric
      results which are quite similar to those obtained after dispersion of
      grains from the same emulsion in gelatin.
PAR  A high-speed silver bromoiodide (94:6) negative emulsion, similar to the
      type of emulsion described by Trivelli and Smith (PSA J. Vol. 79, 330),
      was prepared using as the peptizer poly(3-thiapentyl
      acrylate-co-3-acryloyloxypropane-1-sulfonic acid, sodium salt) (mole ratio
      1:6). This polymeric peptizer contains a thioether group and was described
      in U.S. Pat. No. 3,615,624. Removal of soluble salts and concentration of
      the emulsion were carried out by ultrafiltration. After digestion to
      optimum speed, the emulsion was split into several parts, one of which was
      dispersed in poly(acrylamide-co-ethylacryloylacetate) (weight ratio:
      90/10) (160 g per silver mole), and another part in gelatin (160 g per
      silver mole). After admixture of customarily used adjuvants and of a
      crosslinking agent (2 g formaldehyde per 100 g of polymer or gelatin) both
      emulsions were coated on a transparent support so as to yield a coverage
      of 53.82 mg/dm.sup.2 silver and 79.85 mg/dm.sup.2 vehicle (polymer or
      gelatin, respectively). Exposure (500 W, 5400.degree.K) and development
      with a metol-hydroquinone metaborate normal constrast developer (5 minutes
      in Kodak Developer DK-50) (20.degree.C.) yielded the following
      sensitometric results. Polymer "A" is poly(acrylamide-co-ethyl
      acryloylacetate) (weight ratio: 90/10).
TBL  ______________________________________                                    
                                 Net Fog                                       
               Relative          (Total Fog                                    
     Vehicle   Speed    Gamma    Minus Base Density)                           
     ______________________________________                                    
     Polymer "A"                                                               
               155      1.00     0.10                                          
     Gelatin   100      0.82     0.06                                          
     ______________________________________                                    
PAR  My co-worker, R. G. Mowrey, and I have discovered that polymers of this
      invention can be used as replacements for the conventional gelatin
      emulsion vehicles, particularly in photographic silver-dye bleach
      elements. This use is disclosed and claimed in our co-pending U.S.
      application Ser. No. 497,804, filed Aug. 15, 1974 and entitled "Hardenable
      Vehicles for Silver Halide Emulsions." Improved sensitometric results are
      obtained because of the presence of cross-linking sites in the polymers
      which, when cross-linked, are more stable to the bleaching conditions of
      the process. The following example illustrates this application of
      polymers herein described.
PAC  EXAMPLE 13
PAR  A series of coatings on a polyester film support comprising an azo dye
      having the structure
      ##SPC3##
PAL  dispersed in various vehicles within the scope of this invention were
      prepared as identified in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                   Conc.    Formaldehyde                                       
     Sample No.                                                                
             Vehicle                                                           
                   mg/ft.sup.2                                                 
                       (mg/dm.sup.2)                                           
                            Hardener mg/ft.sup.2 (mg/dm.sup.2)                 
     __________________________________________________________________________
     1 (Control)                                                               
             Gelatin                                                           
                   250 (26.9)                                                  
                            2.5     (0.269)                                    
     2 (Control)                                                               
             Gelatin                                                           
                   250 (26.9)                                                  
                            25.0    (2.69)                                     
     3       XY - 90                                                           
                   250 (26.9)                                                  
                            2.5     (0.269)                                    
     4       XY - 90                                                           
                   250 (26.9)                                                  
                            25.0    (2.69)                                     
     5       XZ'- 80                                                           
                   250 (26.9)                                                  
                            2.5     (0.269)                                    
     6       XZ'- 80                                                           
                   250 (26.9)                                                  
                            25.0    (2.69)                                     
     7       XZ - 90                                                           
                   250 (26.9)                                                  
                            2.5     (0.269)                                    
     8       XZ - 90                                                           
                   250 (26.9)                                                  
                            25.0    (2.69)                                     
     9       XZ - 80                                                           
                   250 (26.9)                                                  
                            2.5     (0.269)                                    
     10      XZ - 80                                                           
                   250 (26.9)                                                  
                            25.0    (2.69)                                     
     __________________________________________________________________________
PAL  The materials used as vehicles are identified as having the following
      structures:
      ##EQU11##
      The numbers used with the vehicle identification letters refer to the
      weight percent of the material called X based on the total polymer weight
      if the polymerization went to 100% conversion. An acidic activator sheet
      was also prepared.
PAR  Procedure: To test the polymeric vehicles, separate samples of the
      activator sheet were preheated to 100.degree.C. for 10 seconds and then
      laminated for 10 seconds at 100.degree.C. with samples of the dye
      coatings. While molten, the coatings were separated, cooled and washed in
      water, and the dye coatings evaluated for reticulation and adhesion.
PAR  Results: No adhesion of the dye layer to its original support was observed
      with Sample 1, and complete degradation of the gelatin vehicle had
      occurred. In Sample 2, which employed gelatin and a higher level of
      formaldehyde, some degradation and loss of gelatin had occurred, but the
      results were improved. In the remaining Samples 3 through 10, the dyed
      layer remained intact with no apparent degradation of the vehicles.
PAC  EXAMPLE 14
PAC  Preparation of 6-(m- and p-vinylphenyl)-2,4-hexanedione
PAR  To a suspension of sodium hydride (41.3 g, 1M) 57% oil dispersion) in
      tetrahydrofuran (2 1) at 0.degree.-10.degree.C was added 2,4-pentanedione
      (100 g, 1M) and the solution was stirred at 0.degree.C. for 15 minutes.
      Then n-butyllithium (1M) in hexane was added slowly at
      0.degree.-10.degree.C. and the solution of the dianion was stirred at
      0.degree.C. for an additional 15 minutes. Vinyl benzyl chloride (obtained
      from the Dow Chemical Company as a mixture of meta (60 percent) and para
      (40 percent) isomers (152.5 g, 1M) was added at 0.degree.C. and the
      reaction mixture was stirred at room temperature for 1-2 hours. The
      mixture was poured onto cracked ice containing hydrochloric acid (200 ml).
      The organic layer was separated and the aqueous layer was extracted with
      chloroform (5 .times. 150 ml). The combined organic extracts were washed
      with saturated bicarbonate solution (250 ml), saturated sodium chloride
      solution (250 ml) and water (250 ml), dried, filtered and the solvent
      removed.
PAR  The residual oil was diluted with an equal volume of methanol and poured
      into a large excess of hot copper acetate solution (200 g. in 1750 l of
      water). The copper chelate of the diketone fell out; was filtered off and
      washed with water, followed by ligroin (1 l.). The copper chelate was then
      decomposed in the presence of ice-cold 10% sulfuric acid and the mixture
      extracted with ether (5 .times. 200 ml); the ether extracts were washed
      with saturated bicarbonate solution (2 .times. 250 ml), saturated sodium
      chloride solution (250 ml) and water(250 ml), dried, filtered and the
      solvent removed. The residue was distilled giving 6-(m- and
      p-vinylphenyl)-2,4-hexanedione boiling at 77.degree.-82.degree.C. at 0.005
      mm. The yield was 65%. With analysis, the amount of carbon in the final
      product was 77.7 weight percent, as compared to 77.8% theoretical; the
      amount of hydrogen in the final product was 7.6 weight percent, as
      compared to 7.4% theoretical.
PAC  EXAMPLE 15
PAR  Example 13 was repeated using the following polymers:
      ##EQU12##
      in ratio and coating structure as follows:
TBL  AY               90:10                                                    
     BZ               90:10                                                    
     BY               90:10                                                    
     XM               90:10                                                    
     XO               90:10                                                    
     XP               80:20                                                    
     XN               90:10                                                    
PAL  One series of coating structures contained 125 mg/ft.sup.2 of polymer and
      gelatin and another contained 250 mg/ft.sup.2 of polymer with only
      sufficient gelatin to peptize the silver halide emulsion. The hardener was
      1% formalin. The results were substantially identical to those obtained in
      Example 13.
PAR  This invention was been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymer prepared from components comprising:
PA1  A. from about 1 to about 100 percent by weight of a polymerizable monomer
      containing at least one active methylene group and having the formula
      ##EQU13##
      wherein R is hydrogen or methyl, R' is substituted or unsubstituted
      arylenethylene having the structure
      ##EQU14##
      wherein Ar is arylene containing from 6 to 12 carbon atoms, R.sup.2 is
      hydrogen, alkyl containing from 1 to 10 carbon atoms, aryl containing from
      6 to 12 carbon atoms, or cycloalkyl containing from 5 to 7 carbon atoms,
      and R.sup.3 is alkoxy containing from 1 to 10 carbon atoms, amino having
      the structure
      ##EQU15##
      wherein R.sup.4 and R.sup.5 are independently selected from the group
      consisting of hydrogen, alkyl containing from 1 to 10 carbon atoms,
      cycloalkyl containing from 5 to 7 carbon atoms, and aryl containing from 6
      to 12 carbon atoms; cycloalkyl containing from 5 to 7 carbon atoms, or
      aryl containing from 6 to 12 carbon atoms; and
PA1  B. from 0 to about 99% by weight of at least one additional polymerizable
      ethylenically unsaturated monomer.
NUM  2.
PAR  2. The polymer of claim 1 wherein at least one of the additional
      polymerizable ethylenically unsaturated monomers is selected from the
      group consisting of acrylamide, n-butyl acrylate, 2-hydroxyethyl
      methacrylate, N-isopropyl acrylamide, N,N-dimethyl-N-2-hydroxypropylamine
      methacrylimide, methacrylamide, methacrylic acid, sodium
      2-acrylamido-2-methylpropane-1-sulfonate, sodium
      4-acryloyloxybutane-2-sulfonate, sodium 3-acryloyloxy propane-1-sulfonate,
      sodium 3-methacryloyloxypropane-1-sulfonate, sodium p-styrene sulfonate,
      3-methyl-1-vinylimidazolium methosulfate and
      1,2-dimethyl-5-vinylpyridinium methosulfate.
NUM  3.
PAR  3. The polymer of claim 1 wherein at least one of the additional
      polymerizable ethylenically unsaturated monomers is a sulfoacrylate salt.
NUM  4.
PAR  4. A polymer prepared from components comprising
PA1  A. from about 1 to 100% by weight of a polymerizable monomer containing at
      least one active methylene group and having the formula
      ##EQU16##
      wherein R is hydrogen or methyl, R.sup.2 is hydrogen, alkyl containing
      from 1 to 10 carbon atoms, aryl containing from 6 to 12 carbon atoms, or
      cycloalkyl containing from 5 to 7 carbon atoms, and R.sup.3 is alkoxy
      containing from 1 to 10 carbon atoms, amino having the structure
      ##EQU17##
      wherein R.sup.4 and R.sup.5 are independently selected from the group
      consisting of hydrogen, alkyl containing from 1 to 10 carbon atoms,
      cycloalkyl containing from 5 to 7 carbon atoms, and aryl containing 6 to
      12 carbon atoms; cycloalkyl containing from 5 to 7 carbon atoms, or aryl
      containing from 6 to 12 carbon atoms; and
PA1  B. from 0 to about 99% by weight of at least one additional polymerizable
      ethylenically unsaturated monomer.
NUM  5.
PAR  5. The polymer of claim 4 wherein the polymer has an inherent viscosity in
      the range of 0.10 to 2.0.
NUM  6.
PAR  6. The polymer of claim 5 wherein at least one of the additional
      polymerizable ethylenically unsaturated monomers is selected from the
      group consisting of acrylamide, n-butyl acrylate, 2-hydroxyethyl
      methacrylate, N-isopropyl acrylamide, N,N-dimethyl-N-2-hydroxypropylamine
      methacrylimide, methacrylamide, methacrylic acid sodium
      2-acrylamido-2-methylpropane-1-sulfonate, sodium 4-acryloyloxy
      butane-2-sulfonate, sodium 3-acryloyloxypropane-1-sulfonate, sodium
      3-methacryloyloxypropane-1-sulfonate, sodium p-styrene sulfonate,
      3-methyl-1-vinylimidazolium methosulfate and
      1,2-dimethyl-5-vinylpyridinium methosulfate.
NUM  7.
PAR  7. The polymer of claim 5 wherein at least one of the additional
      polymerizable ethylenically unsaturated monomers is a sulfoacrylate salt.
NUM  8.
PAR  8. A polymer prepared from components comprising
PA1  A. from about 1 to about 100% by weight of a polymerizable monomer
      containing at least one active methylene group and having the formula
      ##EQU18##
      wherein R is hydrogen or methyl, R.sup.2 is hydrogen, and R.sup.3 is
      alkoxy containing from 1 to 10 carbon atoms, or amino having the structure
      ##EQU19##
      wherein R.sup.4 and R.sup.5 are independently selected from the group
      consisting of hydrogen, alkyl containing from 1 to 10 carbon atoms,
      cycloalkyl containing from 5 to 7 carbon atoms and aryl containing from 6
      to 12 carbon atoms; and
PA1  B. from 0 to about 99% by weight of at least one additional polymerizable
      ethylenically unsaturated monomer.
NUM  9.
PAR  9. The polymer of claim 8 wherein the polymerizable monomer of the formula
      ##EQU20##
      is selected from the group consisting of t-butyl 5-(m- and
      p-vinylphenyl)-3-oxopentanoate, N,N-diethyl-5-(m- and
      p-vinylphenyl)-3-oxopentanoic acid amide and ethyl 5-(m- and
      p-vinylphenyl)-3-oxopentanoate.
NUM  10.
PAR  10. A homopolymer prepared from components comprising a polymerizable
      monomer containing at least one active methylene group and having the
      formula
      ##EQU21##
      wherein R is hydrogen or methyl, Ar is arylene containing from 6 to 12
      carbon atoms, R.sup.2 is hydrogen, alkyl containing from 1 to 10 carbon
      atoms, aryl containing from 6 to 12 carbon atoms or cycloalkyl containing
      from 5 to 7 carbon atoms, and R.sup.3 is alkoxy containing from 1 to 10
      carbon atoms, amino having the formula
      ##EQU22##
      wherein R.sup.4 and R.sup.5 are independently selected from the group
      consisting of hydrogen, alkyl containing from 1 to 10 carbon atoms,
      cycloalkyl containing from 5 to 7 carbon atoms, and aryl containing from 6
      to 12 carbon atoms; cycloalkyl containing from 5 to 7 carbon atoms, or
      aryl containing from 6 to 12 carbon atoms.
NUM  11.
PAR  11. The homopolymer of claim 10 wherein the polymerizable monomer is
      selected from the group consisting of t-butyl-5-(m- and
      p-vinylphenyl)-3-oxopentanoate, N,N-diethyl-5-(m- and
      p-vinylphenyl)-3-oxopentanoic acid amide and ethyl-5-(m- and
      p-vinylphenyl)-3-oxopentanoate.
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ABST
PAL  A copolymer of 2,4-dimethyl-4-vinyl-1-cyclohexene and at least one member
      of the group consisting of 2,6- and 3,6-dimethyl-1,3,6-octatrienes, which
      copolymer is suitable for use as a tackifier, said copolymer consisting
      essentially of (A) structural units derived from
      2,4-dimethyl-4-vinyl-1-cyclohexene and (B) structural units derived from
      at least one member selected from the group consisting of 2,6- and
      3,6-dimethyl-1,3,6-octatriene in proportions of 100 moles of (A) to 1 to
      400 moles of (B) and characterized by containing not more than seven
      unsaturated double bonds per 100 carbon atoms contained in its molecule
      and having a softening point of 85.degree.-160.degree.C. and an average
      molecular weight of 450-1850 is disclosed.
BSUM
PAR  This invention relates to a tacky resin suitable for use as a tackifier and
      a process for its preparation.
PAR  The polyterpene resin has been used hitherto as a tackifier resin of the
      highest grade, but this resin has the drawback that its starting material
      is the naturally produced terpenic essential oil whose production is
      limited and whose supply and price are unstable.
PAR  On the other hand, the demand for tackifier resins has been increasing
      greatly in recent years. Hence, the development of a tackifier resin
      having as its starting material a petrochemical product that can be
      supplied in large and steady amounts is being hoped for, and various
      suggestions have been made to meet this demand. For example, the petroleum
      resins having C.sub.9 aromatic or C.sub.5 aliphatic unsaturated
      hydrocarbons have been suggested. However, these resins have such
      drawbacks as in the case of the aromatic type petroleum resins their
      cohesion was great and they were brittle, whereas in the case of the
      aliphatic type petroleum resins their softening point was too low, with
      the consequence that limitations were imposed on the uses to which these
      resins could be put. As resins not having these drawbacks, the alicyclic
      resins can be mentioned, and various copolymeric resins having as their
      predominant constituent alpha-pinene and beta-pinene, which are obtained
      from natural substances, have been suggested (e.g. Japenese Patent
      Publications Nos. 7388/72 and 21578/72 and U.S. Pat. No. 2,567,918). Since
      these resins also depend on naturally obtained substances, such drawbacks
      as limitations on the supply of the starting materials as well as the
      instability of their prices are present.
PAR  It is therefore an object of the present invention to provide a polymer
      suitable for use as a tackifier, which can be synthesized from readily
      available starting materials.
PAR  Another object of this invention is to provide a polymer suitable for use
      as a tackifier, the discoloration and loss by heat of which are small and
      whose aging resistance is superior.
PAR  It is still a further object to provide a solvent-saluble polymer which may
      be used as a tackifier for an adhesive having tack, adhesiveness and
      cohesion equal to that of an adhesive which employs a polyterpene resin as
      a tackifier.
PAR  The foregoing objects of the present invention are achieved by a copolymer
      of 2,4-dimethyl-4-vinyl-1-cyclohexene and 2,6- and/or
      3,6-dimethyl-1,3,6-octatriene, said copolymer consisting essentially of:
      (A) structural units of 2,4-dimethyl-4-vinyl-1-cyclohexene. (B) structural
      units of 2,6-dimethyl-1,3,6-octatriene and/or
      3,6-dimethyl-1,3,6-octatriene in proportions of 100 moles of (A) to 1-400
      moles of (B), and containing not more than seven unsaturated double bonds
      per 100 carbon atoms of the copolymer molecule and having a softening
      point of 85.degree.-160.degree.C. and an average molecular weight of
      450-1850. This copolymer is suitable for use as a tackifier.
PAR  The foregoing copolymer of this invention is a new copolymer. This
      copolymer can be prepared by copolymerizing
      2,4-dimethyl-4-vinyl-1-cyclohexene with 2,6-dimethyl-1,3,6-octatriene
      and/or 3,6-dimethyl-1,3,6-octatriene in a molar ratio of 100:1 to 100:300
      in the presence of a cationic polymerization catalyst. The
      2,4-dimethyl-4-vinyl-1-cyclohexene (DMVCH) available in great quantities
      from petrochemical processing being a cyclic dimer is an alicyclic
      unsaturated compound similar to for example, alpha-pinene.
PAR  According to our researches, the reactivity of DMVCH, when used alone, is
      low. Even though the polymerization reaction is carried out using, say, a
      Friedel-Crafts type cationic polymerization catalyst (metal halides), only
      polymers in the liquid state can be obtained. Again, even though a
      catalyst system consisting of a combination of a co-catalyst, such as an
      alkyl halide or a halogenated silane derivative, with the foregoing
      cationic polymerization catalyst is used, it is difficult to obtain in
      good yield a resin having a high softening point that is required of a
      tackifier resin. However, it was found that if DMVCH was copolymerized
      with a dimethyloctatriene, i.e., 2,6-dimethyl-1,3,6-octatriene and/or
      3,6-dimethyl-1,3,6-octatriene, in the presence of a suitable catalyst, a
      resin of high softening point of at least about 85.degree.C. and having
      the properties suitable for use as a tackifier resin could be readily
      obtained.
PAR  In spite of the fact that the new copolymer of this invention contains
      structural units derived from trienes, the infrared absorption spectrum
      and the nuclear magnetic resonance spectrum analyses and the chemical
      analysis of an iodine value, etc. surprisingly show that it contains
      hardly any unsaturated bonds of vinyl and butenyl in its molecular chain,
      the number of such unsaturates being not greater than seven per 100 carbon
      atoms of the polymer. Since the copolymer resin of the invention contains
      a markedly small number of unsaturated bonds, it is excellent in change of
      color shade at the time of heating, heat decreasing factor at the time of
      heating and aging resistance. Again, this copolymer resin is soluble in
      solvents and does not become gelled in structure. It is thus presumed from
      these facts that the side chains of the invention copolymer do not
      cross-link but form a cyclic structure. That is to say, the copolymer
      formed by copolymerizing in accordance with the invention process an
      alicyclic type monomeric DMVCH with a chain aliphatic type
      dimethyloctatriene is not a simple copolymer having alicyclic and chain
      structures in its side chains, but is presumed to be a unique new
      copolymer having alicyclic structures in both its side and main chains.
      Moreover, the dimethyloctatriene has the effect of increasing the
      molecular weight of the resulting copolymer resin in this case. In
      addition, it becomes possible by controlling the proportion in which the
      dimethyloctatriene is copolymerized with DMVCH to freely adjust the
      softening point of the resulting resin to come within the high softening
      point zone (85.degree.-160.degree.C.), a requirement that a resin must
      possess to qualify as a tackifier resin.
PAR  Accordingly, the invention copolymer has a softening point of about
      85.degree.-160.degree.C., preferably 90.degree.-130.degree.C., and more
      preferably 100.degree.-120.degree.C., and a molecular weight of 450-1850.
PAR  The invention copolymer possesses superior thermal stability, and its
      weight loss when heated at 150.degree.C. in air for 10 hours is no more
      than 2%. Again, the invention copolymer has the advantage that it compares
      favorably with the commercial natural terpene resins in its superior
      solubility and compatibility, properties the possession of which are of
      essential importance to a tackifier. That is to say, it readily dissolves
      in many of the aliphatic, aromatic and chlorinated hydrocarbon solvents,
      and possesses superior compatibility with such substances as rubber,
      polyolefins, waxes, drying oil, alkyd resins and chlorinated paraffin.
      Again, with respect to such properties as tack (initial adhesiveness),
      adhesiveness and cohesion that are required of a resin when used as a
      tackifier for a pressure sensitive adhesive tape, the invention copolymer
      possesses these properties to a degree comparable to that of the
      commercial terpene resins. It is possible by varying the proportion of the
      monomers used in preparing the invention copolymer to adjust the
      proportions of the copolymeric structural units derived from the monomers
      so as to come within the range of 1-400 moles, preferably 30-150 moles,
      and more preferably 60-100 moles, of the dimethyloctatriene units per 100
      moles of the DMVCH units. By such an adjustment, it becomes possible to
      change the balance that exists between the properties of tack,
      adhesiveness and cohesion. For instance, it is possible to prepare a
      copolymer that exhibits tack greater than that of the commercial terpene
      resins. When the content of the structural units derived from
      dimethyloctatriene is insufficient, the softening point of the copolymer
      becomes unduly low. On the other hand, when the structural units derived
      from dimethyloctatriene are in excess, the softening point becomes
      excessively high. The invention copolymer also has the advantage that its
      discoloration and loss by heat are less, as well as that its aging
      resistance is good. These properties are especially useful for hot-melt
      adhesives, whose fields of application are lately showing an increase.
PAR  The starting 2,4-dimethyl-4-vinyl-1-cyclohexene (DMVCH) used in this
      invention has the following structure. It corresponds to the cyclic dimer
      of isoprene and can be readily prepared by the dimerization reaction of
      isoprene obtained in the petrochemical industry.
      ##SPC1##
PAC  2,4-dimethyl-4-vinyl-1-cyclohexene (DMVCH)
PAR  On the other hand, dimethyloctatriene, the other starting material in this
      invention, has one of the following two structural formulas. Both
      correspond to the chain dimers of isoprene and can likewise be readily
      prepared by the dimerization reaction of the petrochemical product
      isoprene.
      ##EQU1##
EQU  2,6-dimethyl-1,3,6-octatriene
EQU  3,6-dimethyl-1,3,6-octatriene
PAR  In the present invention, either 2,6-dimethyl-1,3,6-octatriene or
      3,6-dimethyl-1,3,6-octatriene may be copolymerized with DMVCH, or both
      2,6- and 3,6-dimethyl-1,3,6-octatrienes may be used conjointly in their
      copolymerization with DMVCH. The DMVCH and dimethyloctatrienes are used in
      the copolymerization reaction in proportions of usually from 1.0 part by
      weight to 300 parts by weight, preferably 10 to 100 parts by weight, and
      more preferably 20 to 80 parts by weight, of dimethyloctatrienes per 100
      parts by weight of DMVCH.
PAR  The foregoing DMVCH and dimethyloctatrienes used in the present invention
      are obtained simultaneously in the form of a mixture of these compounds
      from the dimerization of isoprene, and the proportion in which the DMVCH
      and dimethyloctatrienes are present in the reaction product can be
      adjusted as desired by a suitable choice of the conditions of the
      dimerization reaction and the catalyst. Hence, the reaction mixture can be
      used as the starting material for preparing the copolymer.
PAR  The method of preparing the foregoing DMVCH and dimethyloctatrienes is
      known.
PAR  In carrying out the copolymerization of the present invention, such
      unsaturated monomers other than DMVCH and dimethyloctatrienes as, for
      example, isoprene, butadiene, cyclopentadiene, styrene,
      alpha-methylstyrene and isobutylene can also be copolymerized in a small
      amount of the order that it does not adversely affect the properties of
      the resulting resin. The yield of the copolymer can be increased by
      copolymerizing these comonomers. Again, it becomes possible to readily
      prepare copolymers having a relatively high softening point.
PAR  These monomers are generally used in an amount of 1-100 parts by weight per
      100 parts by weight of DMVCH.
PAR  Any of the cationic polymerization catalysts can be used in the
      copolymerization of this invention. Examples of preferred polymerization
      catalysts include the halides of the Friedel-Crafts type catalysts, e.g.,
      aluminum bromide, boron trifluoride, aluminum chloride, stannous chloride
      and titanium tetrachloride; alkyl aluminum halides, e.g., alkyl aluminum
      dihalides such as ethylaluminum dichloride and aluminum sesquihalides such
      as ethylaluminum sesquichloride. It is also possible to use a catalyst
      system obtained by combining an organic halide, e.g., methyl chloride,
      ethyl chloride, propyl chloride, tertiary butyl chloride, secondary butyl
      chloride and benzyl chloride, or a halogenated silane compound, e.g.,
      trimethylchlorosilane and phenyldimethylchlorosilane with the foregoing
      polymerization catalyst as a co-catalyst. The amount of the cationic
      polymerization catalyst used is 0.05- 15% by weight, and preferably 3-6%
      by weight, based on the starting monomeric mixture, while the amount of
      the cocatalyst used is 0.25-8% by weight, and preferably 0.8-6% by weight,
      based on the starting monomeric mixture.
PAR  A reaction solvent is desirably used in carrying out the polymerization
      reaction of the present invention. Usable as such solvent are the
      hydrocarbon solvents and the halogenated hydrocarbon solvents. For
      example, the aromatic hydrocarbon solvents such as benzene, toluene,
      p-xylene and ethylbenzene, and the chlorinated hydrocarbon solvents such
      as methylene chloride and ethylene dichloride can be used. An especially
      preferred solvent is benzene. While the amount of solvent used has no
      great effect on the reaction itself, it greatly affects the handling of
      the polymerization product. For example, in the case where benzene is used
      as the solvent, if it is used in a proportion of less than about 10% by
      weight, the polymerization reaction liquid containing the resulting resin
      becomes highly viscous, with the consequence that difficulty is
      experienced in its handling. On the other hand, even though the benzene is
      used in large amounts of over 200% by weight based on the starting
      monomeric mixture, no particular advantages are had, and hence the use of
      benzene in such large amounts is uneconomical.
PAR  While no particular restrictions are imposed as to the conditions under
      which the invention copolymerization reaction is conducted, a reaction
      temperature ranging from -80.degree..about.80.degree.C., and preferably
      0.degree..about.40.degree.C., and a reaction pressure in the range 1-20
      kg/cm.sup.2, and preferably 1-5 kg/cm.sup.2, are usually used, while the
      reaction time ranges usually from several minutes to 10 hours, and
      preferably 30 minutes to several hours.
PAR  For the purpose of removing the residual catalyst, it is a desirable
      practice in the present invention to submit the reaction product to
      washing in an acid or alkali, washing with water and filtration.
      Furthermore, for the removal of the solvent, unreacted monomers and low
      molecular weight products, steam distillation and vacuum distillation are
      usually carried out.
DETD
PAR  This invention is more specifically illustrated by the following examples,
      which serve to illustrate the invention but are not intended to limit it
      thereto. In the examples the parts and percentages are on a weight basis
      unless otherwise specified. The physical properties of the polymers shown
      in the examples were measured in the following manner.
PAL  Softening point:
PAR  The softening point is measured in accordance with ASTM Method E - 28.
PAL  Weight loss on heating:
PAR  A sample of given weight is heated at 150.degree.C. for 10 hours in an
      electric furnace, following which the sample is weighed, the rate of
      weight loss being obtained as follows:
EQU  Weight loss on heating = A - B/A x 100%
PAL  where
PA1  A is the original weight of the sample, and
PA1  B is the weight of the sample after heating.
PAL  Number of double bonds per 100 carbon atoms:
PAR  The number was determined in accordance with the measurement of an iodine
      value [Nijs method using iodine monochloride (ICl)].
PAL  Molecular weight:
PAR  The number-average molecular weight determined by using a vapor pressure
      osmometer (model 302) of Mechrolab Inc., U.S.A. and benzene as a solvent.
PAC  EXAMPLE 1
PAR  A four-necked 100-ml flask fitted with a stirrer, a thermometer, a dropping
      funnel and a gas inlet line was purged with nitrogen. This flask was then
      charged with 26.4 grams of benzene and 0.80 gram of aluminum chloride
      (anhydrous; this will apply equally hereinafter), and the mixture was
      rendered into a slurry. This was followed by the addition of 0.84 gram of
      secondary butylchloride as co-catalyst, after which the temperature was
      adjusted to 0.degree.-5.degree.C. A mixture of 11.5 grams of DMVCH and 4.9
      grams of 2,6-dimethyl-1,3,6-octatriene (2,6-DMOT) was then placed in a
      dropping funnel and slowly added dropwise during a period of 30-40
      minutes. After completion of the addition, the temperature was immediately
      raised to 30.degree.C., and while maintaining this temperature the
      reaction mixture was stirred for 6 hours.
PAR  A mixture of 3.9 grams of caustic soda and 8.1 grams of normal butanol was
      then added to the reaction mixture to deactivate the catalyst, following
      which the residual catalyst and alkali were removed by washing the
      reaction mixture with water. This was followed by submitting the reaction
      mixture to steam distillation to remove the benzene, normal butanol,
      unreacted monomers and oily low molecular weight substances.
PAR  11.0 grams of a yellow polymer was thus obtained. This polymer had a
      softening point of 104.degree.C. and a molecular weight of 680. It
      contained four double bonds per 100 carbon atoms. Furthermore, this
      polymer contained 59 mol% of units derived from DMVCH and 41 mol% of units
      derived from 2,6-DMOT.
PAC  EXAMPLES 2-5
PAR  The polymerization reaction was carried out as in Example 1, except that
      instead of the monomeric mixture that was used therein 16.4 grams of
      monomeric mixtures of DMVCH and 2,6-dimethyl-1,3,6-octatriene in the
      proportions shown in Table 1 were used, following which the after
      treatment was carried out likewise as in Example 1. The yields,
      compositions and physical property values of the resulting polymers are
      shown in Table 1.
PAC  CONTROL 1
PAR  Example 1 was repeated but using 16.4 grams of DMVCH alone instead of the
      monomeric mixture that was used therein. 10.2 Grams of a polymer having a
      molecular weight of 435 and a softening point of 73.degree.C. was
      obtained.
PAC  CONTROL 2
PAR  The reaction was operated exactly as in Example 1, except that 16.4 grams
      of 2,6-DMOT was used along instead of the monomeric mixture used therein.
      There was gelling of the product.
TBL                                    Table 1                                 
     __________________________________________________________________________
                      Composition                                              
                                Number of                                      
            Proportion of                                                      
                      of Resulting                                             
                                Double Soften-                                 
            Monomers Used                                                      
                      Polymer   Bonds Per                                      
                                       ing  Molecu-                            
            (mol %)   (mol %)   100 Carbon                                     
                                       Point                                   
                                            lar  Yield                         
            DMVCH                                                              
                 DMOT *                                                        
                      DMVCH                                                    
                           DMOT *                                              
                                Atoms  (.degree.C)                             
                                            Weight                             
                                                 (g)                           
     __________________________________________________________________________
     Example 1                                                                 
            70   30   59   41   4      104  680  11.0                          
     "  2   80   20   73   27   4       91  500  11.5                          
     "  3   70   30   59   41   4      104  620  11.0                          
     "  4   60   40   53   47   5      110  890  13.6                          
     "  5   50   50   41   59   5      124  1100 13.1                          
     Control 1                                                                 
            100   0   100   0           73  435  10.2                          
     "  2    0   100   0   100  Gelled           16.4                          
     __________________________________________________________________________
      DMOT: 2,6-dimethyl-1,3,6-octatriene?                                     
PAC  EXAMPLE 6
PAR  The reaction was carried out as in Example 1 but using the following
      catalysts, solvent and monomers. The after treatment was also carried out
      in like manner.
TBL  ______________________________________                                    
     Catalysts.                                                                
      Aluminum chloride        0.8 gram                                        
      Trimethylchlorosilane    0.8 gram                                        
     Solvent.                                                                  
      Benzene                 17.7 grams                                       
     Monomers.                                                                 
      DMVCH                   11.5 grams                                       
      Dimethyloctatrienes *    4.9 grams                                       
     ______________________________________                                    
      * A mixture of 80 weight % of 2,6-dimethyl-1,3,6-octatriene and 20 weight
      % of 3,6-dimethyl-1,3,6-octatriene.                                      
PAR  11.4 Grams of a copolymer was obtained. This copolymer had a softening
      point of 110.degree.C. and a molecular weight of 900, while the number of
      double bonds contained per 100 carbon atoms was 5 and weight loss on
      heating was 1.5%. Furthermore, this copolymer contained 57 mol% of units
      derived from DMVCH and 43 mol% of units derived from dimethyloctatrienes.
PAC  EXAMPLE 7
PAR  The experiment was carried out by operating exactly as in Example 1 but
      using the following catalysts, solvent and monomers.
TBL  ______________________________________                                    
     Catalysts.                                                                
      Aluminum chloride         0.8 gram                                       
      Benzyl chloride           0.7 gram                                       
     Solvent.                                                                  
      Benzene                  17.7 grams                                      
     Monomers.                                                                 
      DMVCH                    11.5 grams                                      
      3,6-dimethyl-1,3,6-octatriene (3,6-DMOT)                                 
                                4.9 grams                                      
     ______________________________________                                    
PAR  The yield of the copolymer was 10.8 grams. The so obtained copolymer had a
      softening point of 94.degree.C., and a molecular weight of 610, while the
      number of double bonds contained per 100 carbon atoms was 4 and weight
      loss on heating was 1.5%. Furthermore, this copolymer contained 58 mol% of
      units derived from DMVCH and 42 mol% of units derived from 3,6-DMOT.
PAC  EXAMPLE 8
PAR  The following catalysts, solvent and monomers were used, but the reaction
      was otherwise carried out exactly as in Example 1 followed by the same
      after treatment.
TBL  ______________________________________                                    
     Catalysts.                                                                
      Stannic chloride         0.7 gram                                        
      Tertiary butyl chloride  0.8 gram                                        
     Solvent.                                                                  
      Methylene chloride      17.7 grams                                       
     Monomers.                                                                 
      DMVCH                   11.5 grams                                       
      2,6-dimethyl-1,3,6-octatriene                                            
      (2,6-DMOT)               4.9 grams                                       
     ______________________________________                                    
PAR  The yield of the copolymer was 10.4 grams. This copolymer had a softening
      point of 102.degree.C. and a molecular weight of 860, while the number of
      double bonds contained per 100 carbon atoms was 4 and weight loss on
      heating was 1.5%. Furthermore, this copolymer contained 55 mol% of units
      derived from DMVCH and 45 mol% of units derived from 2,6-DMOT.
PAC  EXAMPLE 9
PAR  The following catalysts, solvent and monomers were used, but the reaction
      was otherwise carried out exactly as in Example 1 followed by the same
      after treatment.
TBL  ______________________________________                                    
     Catalyst.                                                                 
      Ethylaluminum chloride   0.8 gram                                        
      Ethyl chloride           0.8 gram                                        
     Solvent.                                                                  
      Methylene chloride      26.2 grams                                       
     Monomers.                                                                 
      DMVCH                    9.8 grams                                       
      3,6-dimethyl-1,3,6-octatriene                                            
                               6.6 grams                                       
     ______________________________________                                    
PAR  The yield of copolymer was 13.0 grams. The softening point of this
      copolymer was 131.0.degree.C. and molecular weight was 1350, the number of
      double bonds contained per 100 carbon atoms was 5 and weight loss on
      heating was 1.5%. Furthermore, this copolymer contained 51 mol% of units
      derived from DMVCH and 49 mol % of units derived from 3,6-DMOT.
PAC  EXAMPLE 10
PAR  A four-necked 100-ml flask fitted with a stirrer, a thermometer, a dropping
      funnel and a gas inlet line was purged with nitrogen, after which it was
      charged with 35.2 grams of benzene and 0.495 gram of anhydrous aluminum
      chloride. After the mixture was rendered into a slurry, 1.27 grams of
      benzyl chloride was added as co-catalyst, and the temperature was adjusted
      to 0.degree.-5.degree.C. A mixture of 20.1 grams of DMVCH, 9.1 grams of
      2,6-DMOT and 3.6 grams of vinyltoluene was placed in a dropping funnel and
      added dropwise to the foregoing mixture a period of 30-40 minutes. After
      completion of the addition, the reaction temperature was immediately
      raised to 30.degree.C. and held at this temperature while continuing the
      stirring of the reaction mixture for 4 hours. This was followed by the
      addition of 3.5 grams of an aqueous caustic potash solution to the
      reaction mixture to deactivate the catalyst. Next, the reaction mixture
      was washed five times in water to remove the residual catalyst and alkali,
      followed by steam distillation to remove the benzene, unreacted monomers
      and oily low molecular weight substances. 31.5 grams of a light yellow
      copolymer was thus obtained. This copolymer had a softening point of
      104.degree.C. and a molecular weight of 900, while the number of double
      bonds contained per 100 carbon atoms was 5 and weight loss on heating was
      1.6%. Furthermore, this copolymer contained 60 mol% of units derived from
      DMVCH, 29 mol% of units derived from 2,6-DMOT and 11 mol% of units derived
      from vinyltoluene.
PAC  EXAMPLE 11
PAR  The copolymerization reaction was carried out in accordance with the
      procedure described in Example 10 with the apparatus described therein,
      using the following catalyst, co-catalyst, reaction solvent and starting
      materials.
TBL  ______________________________________                                    
     Aluminum chloride         0.405 gram                                      
     Benzyl chloride           1.27 grams                                      
     Benzene                  35.2 grams                                       
     DMVCH                    19.7 grams                                       
     2,6-DMOT                  6.5 grams                                       
     Isoprene                  5.5 grams                                       
     ______________________________________                                    
PAR  While the dropping was being carried out for 30-40 minutes, the temperature
      of the reaction mixture was held at 0.degree.-5.degree.C. After completion
      of the dropping, the reaction was carried out for 4 hours while
      maintaining the temperature of the reaction mixture at 30.degree.C. 29.8
      grams of a light yellow resin having a softening point of 101.degree.C.
      and a molecular weight of 800 was thus obtained. The number of double
      bonds contained in this copolymer was 5, and its weight loss on heating
      was 1.6%. Furthermore, this copolymer contained 60 mol% of units derived
      from DMVCH, 22 mol% of units derived from 2,6-DMOT and 18 mol% of units
      derived from isoprene.
PAC  TEST 1
PAR  Coating compositions obtained by incorporating in natural rubber as
      tackifiers 40% of the copolymers obtained in Examples 1-5, 11, 12 and
      Control 1 were applied to polypropylene film to prepare adhesive tapes.
      The performances of these tapes were compared with the performances of
      adhesive tapes obtained in similar manner but using commercial resins. The
      results obtained are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                           Coating Composi-                                    
                                      Coating                                  
                           tion Using Composi-                                 
                           Commercial Resins                                   
                                      tion Using                               
            Coating Composition Using                                          
                                Aliphatic                                      
                                      Copolymer                                
            Invention Copolymer                                                
                           Terpene                                             
                                Petroleum                                      
                                      of                                       
            Ex. 1                                                              
               Ex. 2                                                           
                  Ex. 3                                                        
                     Ex. 4                                                     
                        Ex. 5                                                  
                           Resin                                               
                                Resin Control 1                                
     __________________________________________________________________________
     Tack*  2.5                                                                
               1.5                                                             
                  2.5                                                          
                     3.0                                                       
                        6.5                                                    
                           3    16    8.5                                      
      (cm)                                                                     
     Adhesive-                                                                 
     ness** 700                                                                
               400                                                             
                  680                                                          
                     700                                                       
                        780                                                    
                           600  600   790                                      
      (g/2.5 cm)                                                               
     Cohesion***                                                               
            3.3                                                                
               2.2                                                             
                  3.3                                                          
                     3.4                                                       
                        3.5                                                    
                           2.6  2.6   3.7                                      
      (kg/cm.sup.2)                                                            
     __________________________________________________________________________
      *Tack was determined in accordance with the ball tack testing method with
      a ball diameter of 8/32 inch.                                            
      **Adhesiveness is the 180 degree stripping strength measured in accordanc
      with ASTM D-1000-66.                                                     
      ***Cohesion is the tensile shear strength measured in accordance with AST
      D-2295.                                                                  
PAC  TEST 2
PAC  Hot-melt adhesiveness test
PAR  One hundred parts of the resin obtained in Example 1, 100 parts of paraffin
      wax (m. p. 145.degree.C.) and as an antioxidant 0.5 part of
      2,6-di-tertbutyl-p-cresol were added to 100 parts of an ethylene-vinyl
      acetate copolymer (No. 220 produced by Mitsui Polychemical Company, vinyl
      acetate content 28%, MI = 150), following which the mixture was melt
      blended by heating at 180.degree.C. with stirring. When this hot-melt type
      adhesive was measured for its physical properties, it was found to be an
      adhesive having satisfactory flexibility, its melt viscosity
      (170.degree.C.) being 400 centipoises, and its cloud point being
      110.degree.C. as measured by the JIS Method K 2266. Furthermore, when this
      adhesive was formed into a sheet, sandwiched between two sheets of
      aluminum and pressed to form a laminate, which was then measured for its
      T-type stripping strength, it was 2 kilograms per inch.
PAC  EXAMPLES 12-21
PAR  Example 10 was repeated but using the starting materials shown in Table 3
      to carry out the polymerization reactions. The compositions and physical
      properties of the resulting copolymers are shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
                                          Physical Properties                  
                                                       Number of               
     Monomer Composition     Copolymer Composition     Double                  
                                                             % Weight          
                                      Third  Soften-   Bonds Loss on           
              2,6-     Third      2,6-                                         
                                      Compo- ing  Molecu-                      
                                                       Per 100                 
                                                             Heating           
     Exam-                                                                     
         DMVCH                                                                 
              DMOT     Component                                               
                             DMVCH                                             
                                  DMOT                                         
                                      nent                                     
                                          Yield                                
                                             Point                             
                                                  lar  Carbon                  
                                                             (150.degree.C.,   
     ples                                                                      
         (g)  (g)      (g)   (mol%)                                            
                                  (mol%)                                       
                                      (mol%)                                   
                                          (g)                                  
                                             (.degree.C)                       
                                                  Weight                       
                                                       Atoms 10                
     __________________________________________________________________________
                                                             hours)            
     12  19.7 6.3 piperylene                                                   
                           3.0                                                 
                             66   23  11  27.2                                 
                                             100.0                             
                                                  900  4     1.6               
     13  22.1 7.1 cyclopentadiene                                              
                           3.7                                                 
                             63   24  13  29.5                                 
                                             108.5                             
                                                  850  4     1.7               
     14  14.8 12.0                                                             
                  vinyltoluene                                                 
                           3.7                                                 
                             43   44  13  27.5                                 
                                             109  950  6     1.5               
     15  19.7 6.3 isoprene 3.0                                                 
                             66   23  11  27.5                                 
                                             101.0                             
                                                  800  5     1.7               
     16  20.1 9.1 .alpha.-methylstyrene                                        
                           5.0                                                 
                             57   28  15  33.0                                 
                                              98  680  5     1.5               
     17  19.5 6.5 butadiene                                                    
                           5.0                                                 
                             61   22  17  29.8                                 
                                             103  780  5     1.9               
     18  20.1 6.8 styrene  3.7                                                 
                             64   23  13  29.5                                 
                                             103  760  5     1.6               
     19  22.5 14.2                                                             
                  isobutylene                                                  
                           3.0                                                 
                             52   40   8  35.6                                 
                                             108  900  6     1.7               
     20  19.9 10.2                                                             
                  vinylcyclohexene                                             
                           5.0                                                 
                             55   30  15  33.8                                 
                                              99  700  6     1.8               
     21  19.7 7.1 .alpha.-pinene                                               
                           3.0                                                 
                             64   25  11  28.0                                 
                                             103  780  5     1.9               
     __________________________________________________________________________
PAR  Adhesive tapes were prepared as described in Test 1 using the so-obtained
      copolymers, and the resulting tapes were measured for their tack, cohesion
      and adhesiveness with the results shown in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
              Tack      Cohesion     Adhesiveness                              
     Example  (cm)      (g/2.5 cm)   (kg/cm.sup.2)                             
     ______________________________________                                    
     12       3.9       700          3.6                                       
     13       6.3       700          3.5                                       
     14       6.8       720          4.0                                       
     15       6.0       730          3.6                                       
     16       4.0       700          3.4                                       
     17       6.0       --           --                                        
     18       5.8       730          3.9                                       
     19       8.0       --           --                                        
     20       7.2       700          3.2                                       
     21       5.0       680          3.6                                       
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A copolymer of 2,4-dimethyl-4-vinyl-1-cyclohexene and at least one
      member of the group consisting of 2,6- and 3,6-dimethyl-1,3,6-octatrienes,
      which copolymer is suitable for use as a tackifier, said copolymer
      consisting essentially of the reaction product of: (A) structural units of
      2,4-dimethyl-4-vinyl-1-cyclohexene; (B) structural units of at least one
      member selected from the group consisting of 2,6- and
      3,6-dimethyl-1,3,6-octatrienes in proportions of 100 moles of (A) to 1 to
      400 moles of (B); and optionally (C) from 1 to 50 moles per 100 moles of
      component (A), at least one unsaturated compound selected from the group
      consisting of isoprene, butadiene piperylene, cyclopentadiene, styrene,
      vinyltoluene, alpha-methylstyrene, isobutylene, vinylcyclohexene and
      alpha-pinene, and characterized by containing not more than seven
      unsaturated double bonds per 100 carbon atoms per copolymer molecule, and
      having a softening point of 85.degree.-160.degree.C. and a number average
      molecular weight of 450-1850.
NUM  2.
PAR  2. The copolymer of claim 1 in which the weight loss on heating as measured
      under the conditions of 10 hours at 150.degree.C. is not greater than 2
      percent.
NUM  3.
PAR  3. The copolymer of claim 1 in which component C is present.
NUM  4.
PAR  4. The copolymer of claim 3 in which the weight loss on heating as measured
      under the conditions of 10 hours at 150.degree.C. is not greater than 2
      percent.
NUM  5.
PAR  5. A process for preparing a copolymer of
      2,4-dimethyl-4-vinyl-1-cyclohexene and at least one member of the group
      consisting of 2,6- and 3,6-dimethyl-1,3,6-octatrienes which comprises
      copolymerizing 2,4-dimethyl-4-vinyl-1-cyclohexene with at least one member
      selected from the group consisting of 2,6- and
      3,6-dimethyl-1,3,6-octatrienes in a molar ratio of 100:1-100:300 in the
      presence of a cationic polymerization catalyst.
NUM  6.
PAR  6. The process of claim 5 wherein said reaction is carried out in a
      polymerization solvent.
NUM  7.
PAR  7. The process of claim 5 wherein said polymerization reaction is conducted
      at a temperature of from -80.degree. to 80.degree.C.
NUM  8.
PAR  8. The process of claim 5 wherein an organic halide co-catalyst is used in
      conjunction with said cationic polymerization catalyst.
NUM  9.
PAR  9. The copolymer of claim 1 wherein the softening point is from about
      90.degree. to 130.degree.C.
NUM  10.
PAR  10. The copolymer of claim 1 wherein the softening point is from about
      100.degree. to 120.degree.C.
NUM  11.
PAR  11. The copolymer of claim 1 wherein the amount of (B) is from 30 to 150
      moles per 100 moles of (A).
NUM  12.
PAR  12. The copolymer of claim 11 wherein the amount of (B) is from 60 to 100
      moles per 100 moles of (A).
NUM  13.
PAR  13. The process of claim 7 wherein the reaction is conducted at a
      temperature of from 0.degree. to 40.degree.C.
NUM  14.
PAR  14. The process of claim 5 wherein the reaction is conducted at a pressure
      of 1 to 20 kg/cm.sup.2.
NUM  15.
PAR  15. The process of claim 14 wherein the reaction is conducted at a pressure
      of 1 to 5 kg/cm.sup.2.
NUM  16.
PAR  16. The process of claim 5 wherein the reaction time is from several
      minutes to 10 hours.
NUM  17.
PAR  17. The process of claim 16 wherein the reaction time is from 30 minutes to
      several hours.
NUM  18.
PAR  18. The process of claim 5 wherein the amount of the cationic
      polymerization catalyst is from 0.05 to 15% by weight based on the
      starting monomeric mixture.
NUM  19.
PAR  19. The process of claim 18 wherein the amount of the cationic
      polymerization catalyst is from 3 to 6% by weight based on the starting
      monomeric mixture.
NUM  20.
PAR  20. The process of claim 18 wherein the amount of the cationic
      polymerization catalyst is from 0.25 to 8% by weight based on the starting
      monomeric mixture.
NUM  21.
PAR  21. The process of claim 20 wherein the amount of the cationic
      polymerization catalyst is from 0.8 to 6% by weight based on the starting
      monomeric mixture.
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ABST
PAL  A process is described for the preparation of substantially linear,
      amorphous random copolymers of mono-olefins or mono-olefins and
      unconjugated dienes with unsaturated nitrogen derivatives selected from
      N-vinylimidazoles and N-vinylimidazolines and compounds derived from them
      by substitution, for the hydrogen atoms fixed to the carbons in the
      heterocycle, of hydrocarbon or aminohydrocarbon radicals.
PAL  At least two mono-olefins containing 2 to 20 carbon atoms, and possibly an
      unconjugated diene, are placed in contact, in an inert liquid medium at a
      temperature of between -80.degree. and +150.degree.C, with at least one of
      these nitrogen derivatives in the form of a complex with a Lewis acid, in
      the presence of a co-ordination catalyst system.
PAL  The resulting copolymers can be vulcanized, and among other properties have
      excellent adherence to metal surfaces.
BSUM
PAR  This invention concerns a process for the preparation of new random
      copolymers, substantially linear and amorphous copolymers, of
      mono-olefins, particularly alpha-olefins, or mono-olefins and
      non-conjugated dienes, with unsaturated derivatives selected from
      N-vinylimidazoles and N-vinylimidazolines. It also concerns the new
      copolymers thereby obtained, and elastomers produced by vulcanizing these
      copolymers..
PAR  Amorphous copolymers of mono-olefins, particularly ethylene and propylene,
      or mono-olefins and non-conjugated dienes, such as ethylene, propylene and
      dicyclopentadiene or ethylidenenorbornene, are known in the existing art,
      and they are prepared by polymerization techniques using co-ordination
      catalysis, involving catalysts formed by the combination of compounds of
      transition metals in columns IV to VIII of the periodic table of elements
      with organometallic compounds of elements in columns I to III of this
      table. These amorphous copolymers can be vulcanized to produce elastomers
      with good mechanical properties, notably tensile strength and elasticity,
      and which can accordingly be used to make objects which must combine
      flexibility with mechanical strength, such as sheaths for electric cables,
      conveyor belts, pipes for industrial purposes, sealing rings or other such
      objects.
PAR  It has been suggested that certain properties of these copolymers could be
      improved by incorporating therein relatively small quantities of groups
      from unsaturated polar derivatives, particularly N-alkenylic nitrogen
      derivatives, in their chains. This is done by copolymerizing the
      unsaturated polar derivatives with mono-olefins, and possibly
      non-conjugated dienes, using co-ordination catalysis techniques for the
      preparation of amorphous copolymers of mono-olefins or mono-olefins and
      unconjugated dienes.
PAR  These unsaturated polar derivatives, which show varying degrees of
      polarity, react with varying degrees of intensity to the components of the
      co-ordination catalyst, particularly the organometallic compounds;
PAR  TO PREVENT COPOLYMERIZATION FROM BEING INHIBITED, UNSATURATED POLAR
      DERIVATIVES FOR COPOLYMERIZING WITH MONO-OLEFINS AND POSSIBLY UNCONJUGATED
      DIENES MUST POSSESS CERTAIN CHARACTERISTICS, AND IN CERTAIN CASES THE
      AMOUNT IN THE POLYMERIZATION MIXTURE MUST BE LIMITED.
PAR  N-alkenylic nitrogen derivatives used in existing processes as unsaturated
      polar derivatives suitable for copolymerization with mono-olefins by
      co-ordination catalysis to produce amorphous copolymers are either
      derivatives in which the nitrogen atom shows low reactivity, particularly
      as the result of major steric hindrance, for example vinylcarbazole or
      N-N-di-isopropyl-3-butenylamine, in which case, copolymerization is
      performed without any special precautions, or derivatives in which the
      nitrogen atom does not show any steric hindrance, but on the other hand
      bears an alkenyl radical, the double bond of which is at least in a
      position .beta. in relation to the nitrogen atom, in which case the molar
      proportion of this nitrogen derivative in the polymerization mixture is
      less than the proportion of organometallic derivatives in the catalytic
      system in the same mixture.
PAR  This means that amorphous copolymers of mono-olefins containing groups
      bearing imidazolyl or similar radicals in their chains can be produced by
      co-ordination catalysis only by copolymerizing them with mono-olefins of
      N-alkenylimidazoles or similar substances containing an alkenyl radical
      with unsaturated end bonds, and containing at least four carbon atoms, and
      also by ensuring that there is always less than 1 mole of N-unsaturated
      derivative per mole of organometallic compound in the catalytic system.
PAR  Apart from the need for precise checking of the proportion of
      N-alkenylimidazole or similar derivatives to be copolymerized with the
      mono-olefins, these requirements also rule out the use of
      N-vinylimidazole-type derivatives. This represents a serious drawback,
      since such derivatives are easily available on the market, and their use
      could mean a considerable reduction in industrial production costs for
      amorphous mono-olefin copolymers containing groups bearing imidazolyl or
      similar radicals.
PAR  The new process proposed in this invention removes these restrictions, and
      allows co-ordination catalysis to be used to produce copolymers of
      mono-olefins or mono-olefins and non-conjugated dienes with unsaturated
      nitrogen derivatives selected from N-vinylimidazoles and
      N-vinylimidazolines; such catalysis had never previously been used.
PAR  The new process described in this invention for the preparation of
      substantially linear, amorphous, random copolymers of mono-olefins, or
      mono-olefins and unconjugated dienes, with unsaturated nitrogen
      derivatives selected from N-vinylimidazoles and N-vinylimidazolines and
      compounds deriving from them by substitution, for the hydrogen atoms fixed
      to the heterocycle carbons, of hydrocarbon or aminohydrocarbon radicals,
      is characterized by the fact that at least two mono-olefins containing
      from 2 to 20 carbon atoms in their molecule, and possibly an unconjugated
      diene, are placed in contact, in an inert liquid medium at a temperature
      of between -80.degree. and +150.degree.C, with at least one of these
      unsaturated nitrogen derivatives in the form of a complex with a Lewis
      acid, and in the presence of a catalyst system formed by the combination
      of an organometallic compound of at least one element in columns I, II or
      III of the periodic table of elements with a compound of a transition
      metal in columns IV to VIII of the periodic table, until a copolymer
      forms.
PAR  Recommended mono-olefins for use in this new process are alpha-olefins with
      the formula R-CH = CH.sub.2, where R is hydrogen or an alkyl radical
      containing 1 to 18 carbon atoms, such as ethylene, propylene, 1-butene,
      1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene and
      1-hexadecene; ethylene is preferably used in combination with an
      alpha-olefin containing 3 to 8 carbon atoms, and particularly with
      propylene or 1-butene.
PAR  Unconjugated dienes used in this new process can be linear or cyclic, and
      comprise in particular, 1,4-hexadiene, 2-methyl-1,4-pentadiene,
      1,4-cycloheptadiene, 1,5-cyclo-octadiene, 4,7,8,9-tetrahydroindene,
      [3,2,0] -bicyclo-2,6-heptadiene, and norbornene derivatives such as
      dicyclopentadiene, 5-alkylidene-2-norbornene, for example 5-methylene
      2-norbornene and 5-ethylidene-2-norbornene.
PAR  Unsaturated nitrogen derivatives that can be polymerized in this new
      process with mono-olefins, or mono-olefins and unconjugated dienes,
      comprise N-vinylimidazoles and N-vinylimidazolines, as well as compounds
      derived from them by substitution, for the hydrogen atoms fixed to the
      heterocycle carbons, of hydrocarbon radicals from the group comprising
      monovalent alkyl, aryl, aralkyl and alkaryl radicals, or their amino
      derivatives, containing 1 to 8 carbon atoms, or by substitution, for the
      hydrogen atoms in the two adjacent carbons to the heterocycle, of a
      divalent hydrocarbon or aminohydrocarbon radical, containing 4 to 8 carbon
      atoms and forming a hydrocarbon nucleus with the adjacent carbon atoms to
      the heterocycle, particularly an aromatic nucleus. These unsaturated
      nitrogen derivatives include, among others, N-vinylimidazoles, namely
      1-vintlimidazole, N-vinyl-2-methyl imidazole, N-vinyl-2-ethyl imidazole,
      N-vinyl-2-phenyl imidazole, N-vinyl-2,4-dimethyl imidazole,
      N-vinylbenzimidazole, N-vinyl-2-methyl benzimidazole, and
      N-vinylimidazolines, namely 1-vinylimidazoline, N-vinyl-2-methyl
      imidazoline, N-vinyl-2-phenyl imidazoline.
PAR  The resulting copolymers are amorphous and substantially linear, and their
      molecular weight of at least 5,000 is high enough to remain solid at
      ordinary temperatures. They can be vulcanized by means of free-radical
      generators such as peroxides, or by sulphur vulcanization systems when
      they contain groups derived from an unconjugated diene. The presence in
      such copolymers of heterocyclic radicals derived from imidazole or
      imidazoline gives them good adherence to metals, after vulcanization, so
      that they are suitable for use in making, among other things, sealing
      joints between metal parts, or coatings for metal surfaces. They also
      ensure compatibility in mixtures of incompatible elastomers.
PAR  Copolymers produced by this new process contain 99.9 to 80 percent, and
      preferably 99.8 to 85 percent weight of non-polar groups derived from at
      least two mono-olefins containing 2 to 20 carbon atoms in their molecule,
      and possibly an unconjugated diene, and 0.1 to 20 percent, and preferably
      0.2 to 15 percent weight of polar groups derived from at least one
      unsaturated nitrogen derivative selected from N-vinylimidazoles and
      N-vinylimidazolines, and compounds derived from them by substitution, for
      the hydrogen atoms fixed to the heterocycle carbons, of hydrocarbon or
      aminohydrocarbon radicals, as described above.
PAR  In one recommended embodiment, the mono-olefins constituting non-polar
      groups with the unconjugated diene, if any, are alpha-olefins with the
      formula R-CH = CH.sub.2, where R is hydrogen or an alkyl containing 1 to
      18 carbon atoms, and particularly ethylene, combined with an upper
      alpha-olefin containing 3 to 8 carbon atoms, notably propylene or
      1-butene.
PAR  In copolymers containing ethylene, the minimum ethylene content is not of
      critical importance, but the upper limit is 75 percent of the weight of
      copolymer, to prevent polythene-type crystallinity. The proportion of the
      second mono-olefin, such as propylene or 1-butene, or of the second
      mono-olefin and unconjugated diene, can be from 5 to 75 percent of the
      weight of copolymer, and the unconjugated diene content can be up to 20
      percent of the weight of copolymer. The content of polar groups is from
      0.1 to 20 percent, and preferably 0.2 to 15 percent, of the weight of
      copolymer.
PAR  In this new process, the unsaturated nitrogen derivatives from which polar
      groups in the copolymer are derived are copolymerized with the
      mono-olefins and unconjugated dienes, if any, in the form of complexes
      with Lewis acids. A Lewis acid is regarded as any compound acting as
      acceptor of an electron doublet, in this case the electron doublet of the
      basic nitrogen atom in the unsaturated nitrogen derivative. Lewis acids
      that can be used to complex unsaturated nitrogen derivatives for this
      process include, among others, alkyl aluminium dihalides such as
      ethyl-aluminium dichloride and ethyl-aluminium dibromide; aluminium
      trihalides such as aluminium trichloride and aluminium tribromide; boron
      halides such as boron trichloride and boron trifluoride etherate; tin
      halides such as tin tetrachloride and tin tetrabromide, and nickel halides
      such as nickel dichloride. As a rule, the compound acting as a Lewis acid
      for the unsaturated nitrogen derivative is selected so that the complex it
      forms with the derivative has greater stability than the reaction products
      that it may form with the components of the co-ordination catalyst system
      used in copolymerization. The complex between the Lewis acid and
      unsaturated nitrogen derivative can be preformed before being added to the
      polymerization mixture; in this case the nitrogen derivative and Lewis
      acid are dissolved in an inert solvent, preferably the liquid used as the
      polymerization medium, which is kept at a suitable temperature, for
      example -80.degree. to +80.degree.C. The complex can also be formed in
      situ in the polymerization mixture, before or during polymerization. The
      molar proportion of Lewis acid used to form the complex must be at least
      equal to the stoichiometric quantity, and may be as much as four times
      this amount. The quantity is preferably such that the molar ratio of Lewis
      acid to unsaturated nitrogen derivative is between 1 and 3.
PAR  Particularly suitable catalyst systems for the preparation of copolymers by
      this new process are formed by the combination of organic compounds of
      aluminium with titanium, vanadium, tungsten or zirconium derivatives, such
      as halides, oxyhalides, compounds in which at least one of the valencies
      of the transition metal is saturated by a heteroatom, particularly oxygen
      or nitrogen, linked to an organic group, such as acetyl acetonates,
      benzoyl acetonates and alcoholates.
PAR  In certain cases, it may be preferable to use a complex of the transition
      metal derivative with a ligand selected from aliphatic ethers such as
      diethylic and dipropylic ethers, diethoxyethane, cyclic ethers such as
      tetrahydrofurane, dioxane, thioethers, phosphines, arsines, tertiary
      amines such as trimethylamine, methyldiethylamine, heterocyclic nitrogen
      bases such as pyridine, quinoline, .beta.-diketones, ketoesters,
      hydroxyaldehydes, aminoaldehydes and aminoalcohols.
PAR  One particularly recommended catalyst system contains an organoaluminium
      compound with the formula AlY.sub.n cl.sub.(3-n), where n is a number
      equalling 1, 3/2, 2 or 3, and Y is a lower alkyl radical such as ethyl,
      propyl, isobutyl or hexyl, combined with a titanium halide such as
      TiCl.sub.4, or a vanadium halide or oxyhalide such as VCl.sub.4 or
      VOCl.sub.3, or vanadium acetylacetonate. These titanium or vandium halides
      can be complexed by tetrahydrofurane, an aliphatic ether, tertiary amine,
      pyridine or quinoline.
PAR  The catalyst may be deposited on an organic or inorganic carrier, or
      chemically bonded to it.
PAR  The catalyst system may also contain a certain proportion of activator,
      such as an alkoxyalkyl halosulphide or halosulphate, such as ethoxyethyl
      chlorosulphide or chlorosulphate, a halosulphonyl thiophene such as
      di-2,4- (chlorosulphonyl) thiophene, or a dichloroarylphosphine such as
      dichlorophenylphosphine.
PAR  To form the catalyst system, the organometallic compound and transition
      metal compound may be mixed or left separate before being added to the
      polymerization mixture. Premixed catalyst may be added to the
      polymerization mixture continuously or intermittently.
PAR  The activator, if any, may be mixed with the catalyst before being added to
      the polymerization mixture. It can also be added direct to the mixture
      during polymerization, continuously or in fractions. In another method,
      the activator is first mixed with the transition metal compound.
PAR  The quantities of organometallic and transition metal compounds in the
      catalyst system are such that the ratio of the number of metal atoms in
      the organometallic compound to the number of transition metal atoms in the
      transition metal compound is between 1 and 50, and preferably between 2
      and 30.
PAR  The quantity of activator can vary widely, such as from 0.5 to 25 moles of
      activator per transition metal atom, but the polymerization mixture must
      contain more organometallic compound, expressed in metal atoms, than
      activator molecules.
PAR  The inert liquid medium (namely a medium that will not affect the
      components of the catalyst system or the complex between the unsaturated
      nitrogen derivative and the Lewis acid), in which copolymerization takes
      place, is preferably an aliphatic, aromatic or cycloaliphatic hydrocarbon,
      such as heptane, hexane, cyclohexane or benzene, or mixtures of these
      solvents. Inert halogenated hydrocarbons can also be used, such as
      chloroform, chlorobenzene and tetrachloroethylene. Olefins themselves can
      act as a liquid polymerization medium, and copolymerization can be
      performed in the olefin or one of the olefins to be copolymerized, used in
      liquid form.
PAR  Recommended temperatures for polymerization are between -30.degree. and
      +100.degree.C, while pressures can range for example from 1 to 50
      atmospheres, or even more.
PAR  All of the complex between the unsaturated nitrogen derivative and Lewis
      acid can be added to the polymerization mixture before the catalyst system
      is added, or during polymerization, continuously or intermittently. The
      proportion of complex in the polymerization mixture compared with the
      proportion of organometallic derivative in the catalyst system, is not of
      critical importance, and can be much greater.
PAR  Copolymerization can be performed continuously, in which case the inert
      liquid medium, olefins, complexed unsaturated nitrogen derivative,
      unconjugated diene if any, and catalyst system, are fed continuously into
      the reactor, at rates such that the length of time they remain in the
      reactor is sufficient to obtain the necessary concentration of copolymer
      in the reactive mixture.
PAR  During copolymerization, the reaction mixture is deprived of free oxygen,
      as already known in the previous art, by a flow of inert gas, such as
      nitrogen, before polymerization begins.
PAR  The time required for copolymerization generally varies depending on
      operating conditions, and is usually between 20 minutes to 4 hours.
PAR  After copolymerization, the catalyst is destroyed by some method known in
      the previous art, such as by adding an alcohol to the reaction mixture.
      The copolymer is then separated from the solvent by coagulation with an
      alcohol, by stripping with steam, or by any other method for isolating a
      polymer from solutions containing it.
PAR  The invention is illustrated by the following examples, without being
      confined to them.
DETD
PAC  EXAMPLE 1
PAR  Copolymerization was performed in a cylindrical glass reactor with an
      inside diameter of 10 cm and a capacity of 2,000 milliliters. It was
      equipped with a stirring system, a dropping funnel to inject the nitrogen
      monomer, two dropping funnels to inject the catalyst system, and gas inlet
      and outlet tubes. The reactor was submerged in a heat-controlled bath and
      its temperature was kept at 30.degree.C throughout copolymerization.
PAR  The funnels on top of the reactor were swept out in order to establish a
      nitrogen atmosphere in them. 25 millimoles of a complex of
      N-vinylimidazole and ethylaluminium dichloride, dissolved in 40
      milliliters of benzene, prepared by simply mixing N-vinylimidazole and
      ethyl aluminium dichloride in a molar ratio of 1:1 in benzene at a
      temperature of approximately 10.degree.C, were placed in the monomer-inlet
      funnel.
PAR  2 millimoles of vanadium tetrachloride in 40 milliliters of anhydrous
      heptane were placed in one of the dropping funnels for the catalyst
      system, and 16 millimoles of ethyl aluminium sesquichloride (1/2 [(C.sub.2
      H.sub.5).sub.3 Cl.sub.3 Al.sub.2 ]) in 40 milliliters of anhydrous heptane
      in the other.
PAR  880 milliliters of heptane, which had first been dried and degassed, were
      placed in the reactor, inside which a nitrogen atmosphere was maintained.
      The flow of nitrogen was stopped, and a mixture of ethylene and propylene,
      in a molar ratio of propylene to ethylene of 1.2, was fed in through the
      gas-inlet tube. This mixture circulated at a rate of 100 normal liters an
      hour throughout copolymerization. 20 minutes after the gas mixture had
      begun to be fed in, the complexed nitrogen monomer and catalyst system
      components were injected drop by drop, each over a period of 40 minutes.
      Injection of the gases continued for a further 10 minutes, after which
      copolymerization was halted by adding 50 milliliters of ethanol. The
      solution was then poured into ethanol to precipitate the copolymer, which
      was next washed in ethanol and dried in a drier at reduced pressure.
PAR  This produced 50 gr of a solid substance with the appearance of an
      unvulcanized elastomer, amorphous to X-rays, and with a reduced viscosity,
      measured in decaline at 135.degree.C, of 0.937.
PAR  After hot ethanol extraction, the terpolymer was analysed by the Kjeldahl
      method to determine its nitrogen content, while its propylene and
      vinylimidazole content were measured by infrared analysis.
PAR  The terpolymer contained 0.55 percent weight of nitrogen, corresponding to
      1.85 percent vinylimidazole-derived groups (infrared analysis showed 1.9
      percent vinylimidazole-derived groups), 48.7 percent propylene-derived
      groups and 49.45 percent ethylene-derived groups.
PAR  If the test is repeated under the same conditions, but using vinylimidazole
      in a non-complexed form, no polymer forms.
PAC  EXAMPLE 2
PAR  1.3 liters of dried, degassed heptane were placed in a cylindrical glass
      reactor with a capacity of 1,500 milliliters, heat-controlled at
      30.degree.C, equipped with an anchor stirrer and with apertures at the
      base to inject the catalyst system components, nitrogen monomer, reaction
      solvent and olefinic monomers, and at the top an outlet for the reaction
      solution and residual gas, the introduction of heptane is done after first
      sweeping out the reactor with nitrogen.
PAR  A gas mixture of ethylene and propylene, in a molar ratio of ethylene to
      propylene of 0.83, was then injected into the reactor for 20 minutes. 1.2
      millimoles of VCl.sub.4, 8.4 millimoles of ethylaluminium sesquichloride,
      each diluted in heptane, and 16 millimoles of vinylimidazole complexed by
      a stoichiometric quantity of ethylaluminium dichloride diluted in benzene,
      were fed into the reactor, over a period of 40 minutes, using measuring
      pumps. The olefins were injected continuously. After 40 minutes, the total
      volume of solution was 1.5 liters.
PAR  While injection of the olefins continued, fresh heptane was fed into the
      base of the reactor, the quantity being such that the total volume of
      solvent injected, including the solvent used to dilute the components of
      the catalyst system and complexed monomer, was 1.45 liters in 80 minutes,
      together with 2.4 millimoles of VCl.sub.4 and 16.8 millimoles of
      ethylaluminium sesquichloride diluted in heptane and 32 millimoles of
      vinylimidazole complexed by the same molar quantity of ethylaluminium
      dichloride diluted in benzene, while the copolymer solution was collected
      continuously through the upper reactor outlet, at the rate of 1.5 liters
      in 80 minutes. On leaving the reactor, the copolymer solution was mixed
      with an antioxidant, then washed continuously with an aqueous acid
      solution to coagulate the copolymer. After three successive 80-minute
      periods, the total quantity of solution collected was 6 liters, and its
      copolymer concentration was 6.3 percent in weight.
PAR  The resulting terpolymer had the appearance of an unvulcanized elastomer,
      with reduced viscosity, measured in decaline at 135.degree.C, of 1.09.
PAR  This terpolymer contained 0.94 percent weight of nitrogen, namely 3.15
      percent vinylimidazole-derived groups, 34.7 percent propylene-derived
      groups, and 62.15 percent ethylene-derived groups.
PAR  A comparative test was done, under the same conditions but without
      complexing the imidazole. No polymer was obtained.
PAC  EXAMPLE 3
PAR  Copolymerization was performed in a six-liter reactor similar to the one in
      Example 1, heat-controlled at 20.degree.C.
PAR  The funnels on top of the reactor were swept out with nitrogen to establish
      a nitrogen atmosphere in them. 100 millimoles of the N-vinylimidazole and
      ethylaluminium dichloride complex described in Example 1, diluted in 160
      milliliters of benzene, were placed in the monomer-inlet funnel.
PAR  8 millimoles of VOCl.sub.3 in 100 milliliters of anhydrous heptane were
      placed in one of the dropping funnels for the catalyst system, and 40
      millimoles of diethylaluminium chloride in 120 milliliters of anhhydrous
      heptane in the other.
PAR  2.6 liters of heptane, which had first been dried and degassed, were placed
      in the reactor, inside which a nitrogen atmosphere was maintained. The
      flow of nitrogen was stopped, and a mixture of ethylene and propylene, in
      a molar ratio of propylene to ethylene of 1.2, was fed in through the
      gas-inlet tube. This mixture circulated at the rate of 100 normal liters
      an hour throughout copolymerization. 20 minutes after the gas mixture had
      begun to be fed in, the complexed nitrogen monomer and the components of
      the catalyst system were injected drop by drop, each over a period of 100
      minutes. Injection of the olefins continued for a further 10 minutes.
PAR  When the reaction was over, an antioxidant was added to the reaction
      mixture, and it was treated with water containing 6 percent weight of
      citric acid to wash the polymer.
PAR  The reaction produced 200 gr of a terpolymer with the appearance of an
      unvulcanized elastomer, amorphous to X-rays, and with a reduced viscosity,
      measured in tetraline at 135.degree.C, of 0.924.
PAR  The terpolymer contained 0.6 weight of nitrogen, corresponding to 2 percent
      vinylimidazole-derived groups, 40 percent propylene-derived groups and 58
      percent ethylene-derived groups.
PAR  The terpolymer was subjected to two vulcanization tests, referred to as VP
      and VS.
PAR  For these tests, two mixtures were prepared, based on the terpolymer and
      containing the ingredients needed for vulcanization, using a roller mixer.
      Each mixture was then vulcanized by being heated in a press to a suitable
      temperature and for a suitable period. The mechanical properties of the
      resulting vulcanized elastomers were measured.
PAR  The composition of the mixture by parts weight, vulcanization temperature
      and duration, and the mechanical properties of the vulcanized elastomers,
      are shown in table I below.
TBL                Table I                                                     
     ______________________________________                                    
     Type of vulcanization                                                     
                          VP         VS                                        
     ______________________________________                                    
     Terpolymer           100        100                                       
     Colloidal silica (*)  60                                                  
     Carbon black                    60                                        
     Zinc oxide                      5                                         
     Sulphur                         0.32                                      
     40 % dicumyl peroxide           6.75                                      
     Perkadox 14/40 (**)   10                                                  
     Vulcanization temperature (.degree.C)                                     
                          165        160                                       
     Length of vulcanization (mins.)                                           
                           50        60                                        
     Mechanical properties                                                     
     tensile strength (kg/cm2)                                                 
                          157        170                                       
     elongation at break (%)                                                   
                          500        430                                       
     Shore A hardness                74                                        
     resilience (%)                  64                                        
     ______________________________________                                    
       (*) The colloidal silica used is sold commercially under the name       
      "Aerosil 972".                                                           
      (**) A commercial preparation containing 40 % bis (t-butylperoxyisopropyl
      benzene.                                                                 
PAR  The adhesive force of the vulcanized mixture VP on an aluminium surface was
      also measured, in comparison with a similar vulcanized mixture in which
      the terpolymer was replaced by an ethylene and propylene copolymer
      marketed under the name "Dutral" by the Italian firm Montedison SpA.
PAR  This was measured on samples, prepared by hot-pressing (at 185.degree.C)
      each of the mixtures between 2 aluminium foils 30 mm wide, which had
      previously been cleaned with trichlorethylene and treated with
      sulphochromic mixture, so as to provide at one end of the sample a part
      free of elastomer. Hot pressing was continued for a period of time
      referred to below as t.sub.95, corresponding to the time needed to reach
      95 percent of the optimum crosslinking couple of the mixture on a Monsanto
      rheometer. After the hot-pressing phase, the assembly was cooled down, and
      the samples were subjected to a peeling test to determine the adhesive
      force.
PAR  This test was done using a dynamometer comprising a fixed upper part
      provided with two rotationally mobile horizontal bars, set slightly apart,
      and a lower part equipped with jaws and vertically mobile when subjected
      to a measurable force.
PAR  The sample was placed vertically between two bars, elastomer-free and
      upwards, and the parts of the foils left free were each bent back over the
      corresponding bar, then gripped in the jaws of the lower part.
PAR  This lower part was then moved downwards at a speed of 15 mm per minute, in
      order to tear the foil away from the elastomer, and the force needed to do
      this was measured. This force, expressed in kg per cm width of foil, is
      known as the adhesive force.
PAR  The results obtained in the test are shown in table II below.
TBL                Table II                                                    
     ______________________________________                                    
     Mixture t.sub.95 (mins.)                                                  
                          Adhesive force                                       
                                       Remarks                                 
     ______________________________________                                    
     Control                                                                   
     sample  7            2.6          very uneven                             
                                       adherence in                            
                                       points                                  
     VP      6            3.4          very even                               
                                       homogeneous                             
                                       adherence                               
     ______________________________________                                    
PAR  The presence of N-vinylimidazole-derived groups in the ethylene and
      propylene copolymer chains improves and considerably increases the
      adherence of the vulcanized polymer on metal substrates.
PAC  EXAMPLE 4
PAR  The same conditions as those described in Example 1 were applied, except
      that the N-vinylimidazole and ethylaluminium dichloride complex were
      replaced by the same molar quantity of a complex obtained by mixing
      N-vinylbenzimidazole and ethylaluminium dichloride, with a molar ratio of
      1:1, at 40.degree.C in benzene.
PAR  The reaction produced 43 gr of an amorphous terpolymer with the appearance
      of an unvulcanized elastomer. It contained 0.4 percent weight of nitrogen,
      namely 2.8 percent N-vinylbenzimidazole-derived groups, 48 percent
      propylene-derived groups, and 49.2 percent ethylene-derived groups.
PAC  EXAMPLE 5
PAR  The same operating conditions were used as in Example 3, except that the
      N-vinylimidazole and ethylaluminium dichloride complex was replaced by the
      same molar quantity of a complex obtained by mixing N-vinylimidazoline and
      ethylaluminium dichloride, with a molar ratio of 1:1, at 30.degree.C in
      benzene. Polymerization temperature was 30.degree.C.
PAR  This produced 190 gr of a terpolymer amorphous to X-rays, and containing
      1.9 percent weight of N-vinylimidazoline-derived groups, 41 percent
      propylene-derived groups and 57.1 percent ethylene-derived groups.
PAR  The reduced viscosity of this terpolymer, measured in tetraline at
      135.degree.C, was 0.926.
PAC  EXAMPLE 6
PAR  The conditions applied as those for Example 1, except that the
      N-vinylimidazole and ethylaluminium dichloride complex were replaced by
      the same molar quantity of a complex obtained by mixing N-vinyl 2-ethyl
      imidazole and ethylaluminium dichloride, with a molar ratio of 1:1 at
      30.degree.C in benzene.
PAR  This produced 46 gr of a terpolymer with the appearance of an unvulcanized
      elastomer, amorphous in X-rays, and containing 47 percent weight of
      propylene, 51 percent ethylene, and 2 percent N-vinyl 2-ethyl imidazole,
      namely 0.46 percent of nitrogen.
PAR  When the same process was repeated, but without complexing the unsaturated
      nitrogen derivative, no polymer was obtained.
PAC  EXAMPLE 7
PAR  A reactor similar to the one described in Example 1 was used, and the
      temperature was kept at 20.degree.C throughout copolymerization.
PAR  The funnels on top of the reactor were swept out and a nitrogen atmosphere
      established in them. 50 millimoles of a complex of N-vinylimidazole and
      ethylaluminium dichloride in 80 milliliters of benzene, prepared as
      described in Example 1, were placed in the monomer-inlet funnel.
PAR  Two millimoles of VOCl.sub.3 were placed in one of the catalyst-system
      funnels, and 10 millimoles of diethylaluminium chloride in the other, each
      diluted in 60 milliliters of benzene.
PAR  750 milliliters of anhydrous benzene were placed in the reactor, inside
      which a nitrogen atmosphere was maintained. The flow of nitrogen was
      stopped, and a mixture of ethylene and 1-butene, in the molar ratio of
      1-butene to ethylene of 2, was injected through the gas-inlet tube. This
      mixture circulated at a rate of 100 normal liters an hour throughout
      copolymerization.
PAR  After 20 minutes' saturation of the solvent by the gaseous mixture, the
      complexed nitrogen monomer and catalyst system components were fed in
      continuously, each over a period of 60 minutes.
PAR  30 minutes after injection of the catalysts, polymerization was halted by
      adding 20 milliliters of ethanol. The contents of the reactor were then
      poured into ethanol to coagulate the polymer, which was then washed in
      ethanol and in hot water, and dried in a drier at approximately
      50.degree.C.
PAR  The reaction produced 40 gr of a terpolymer amorphous in X-rays, and
      containing 40 percent weight of 1-butene-derived groups, 58.5 percent
      ethylene-derived groups, and 0.45 percent nitrogen, corresponding to 1.5
      percent N-vinylimidazole-derived groups.
PAC  EXAMPLE 8
PAR  3.6 liters of anhydrous benzene were injected into a 6-liter reactor of the
      type described in Example 1, heat-controlled to 30.degree.C, with a
      nitrogen atmosphere inside, and with a stirring system operating. The flow
      of nitrogen was stopped, and the benzene was saturated with a mixture of
      ethylene and propylene in a molar ratio of propylene to ethylene of 1.2.
      This mixture circulated at the rate of 100 normal liters an hour.
PAR  After saturation of the benzene, and without interrupting injection of the
      olefins, 200 millimoles of 5-ethylidene 2-norbornene, 200 millimoles of an
      N-vinylimidazole and ethylaluminium dichloride complex, prepared as
      described in Example 1, together with 8 millimoles of VOCl.sub.3 and 96
      millimoles of ethylaluminium sesquichloride, were injected continuously
      into the reactor, over a period of 150 minutes.
PAR  All the non-gaseous compounds injected into the reactor were diluted in
      benzene, so that the total volume of benzene in the reactor was 4 liters.
PAR  When the reaction was over, an antioxidant solution was added to the
      contents of the reactor, and the catalysts were deactivated with ethanol.
      The polymer that had formed was collected by steam stripping of the
      volatile components of the solution of polymer in benzene.
PAR  This produced 220 gr of tetrapolymer, amorphous in X-rays, and with the
      appearance of an unvulcanized elastomer. The viscosimetric molecular mass,
      based on measurement of reduced viscosity of the polymer in tetraline at
      135.degree.C, was 76,000.
PAR  This tetrapolymer contained 0.4 double bonds per 100 gr, namely 4.8 percent
      weight of 5-ethylidene 2-norbornene-derived groups, as well as 0.51
      percent nitrogen, corresponding to 1.7 percent N-vinylimidazole-derived
      groups, with 48 percent propylene-derived groups and 45.5 percent
      ethylene-derived groups.
PAC  EXAMPLE 9
PAR  A 1,000 milliliter reactor of the same type as described in Example 1 was
      used, with an additional dropping funnel for the injection of an
      unconjugated diene. The reactor was submerged in a heat-controlled bath,
      and its temperature kept at 0.degree.C.
PAR  30 millimoles of dicyclopentadiene, diluted in 60 milliliters of heptane,
      were placed in the diene-inlet funnel, and 50 millimoles of the
      N-vinylimidazole and ethylaluminium dichloride complex described in
      Example 1, diluted in 60 milliliters of benzene, were placed in the
      monomer-inlet funnel. 4 millimoles of VOCl.sub.3 were placed in one of the
      catalyst inlet funnels, and 60 millimoles of ethylaluminium sesquichloride
      in the other, each diluted in 60 milliliters of heptane.
PAR  630 milliliters of anhydrous heptane were placed in the reactor, inside
      which a nitrogen atmosphere was maintained. The flow of nitrogen was
      stopped, and a mixture of ethylene and propylene, in a molar ratio of
      propylene to ethylene of 2, was fed in through the gas-inlet tube. This
      mixture circulated at a rate of 100 normal liters an hour.
PAR  30 minutes after the gas mixture had begun to be fed in, the molar ratio of
      propylene to ethylene was changed to 1 without altering the overall
      flow-rate, and the dicyclopentadiene, complexed nitrogen polymer, and each
      of the catalyst system components were injected drop by drop, over a
      period of 60 minutes.
PAR  Polymerization was then halted, and the polymer separated from the reactive
      mixture, purified and dried, as described in Example 1.
PAR  This produced 87.5 gr of a substance amorphous in X-rays, and with the
      appearance of an unconjugated elastomer.
PAR  This substance was a tetrapolymer containing 45 percent weight of ethylene,
      49.5 percent propylene, 0.52 percent nitrogen, namely 1.75 percent
      N-vinylimidazole, and 4 non-aromatic double bonds per 1,000 carbon atoms,
      corresponding to 3.75 percent weight of dicyclopentadiene.
PAR  The tetrapolymer was then vulcanized by mixing 100 parts weight of it in a
      roller mixer with 50 parts weight of HAF carbon black, 5 parts zinc oxide,
      2 parts sulphur, 1 part mercaptobenzothiazole and 2 parts
      tetramethylthiurame disulphide.
PAR  This mixture was heated to 155.degree.C for 1 hour, in a press.
PAR  The vulcanized product had the following mechanical properties:
TBL  - tensile strength     140 kg/cm2                                         
     elongation at break    320 %                                              
PAC  EXAMPLE 10
PAR  The same conditions applied as in Example 1, except that the
      N-vinylimidazole and ethylaluminium dichloride complex was replaced by a
      complex obtained by reaction in toluene at 0.degree.C of N-vinylimidazole
      and aluminium trichloride, in a molar ratio of 1:1, and the toluene was
      used as the reaction medium for polymerization.
PAR  This produced 35 gr of a terpolymer with the appearance of an unvulcanized
      elastomer, amorphous in X-rays, and with a reduced viscosity, measured in
      decaline at 135.degree.C, of 0.815.
PAR  This terpolymer contained 0.28 percent weight of nitrogen, namely 0.94
      percent of N-vinylimidazole-derived groups, 43 percent propylene-derived
      groups and 56 percent ethylene-derived groups.
PAC  EXAMPLE 11
PAR  The same operating procedure was performed as in Example 10, except that
      the N-vinylimidazole and aluminium trichloride complex was replaced by a
      complex obtained by reaction in toluene at 0.degree.C of N-vinylimidazole
      and boron trifluoride etherate (BF.sub.3 {(C.sub.2 H.sub.5) .sub.2 0 } )
      in a molar ratio of N-vinylimidazole boron trifluoride of 1:1.
PAR  This produced 30 gr of a terpolymer amorphous in X-rays, and containing
      0.32 percent weight of nitrogen, namely 1 percent N-vinylimidazole-derived
      groups, 42 percent propylene-derived groups and 57 percent
      ethylene-derived groups.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of substantially linear, amorphous, random
      copolymers of mono-olefins, or mono-olefins and unconjugated dienes, with
      a member selected from the group consisting of N-vinylimidazole,
      N-vinylimidazoline, ring substituted N-vinyl-imidazoles and ring
      substituted N-vinylimidazolines wherein the substituents are hydrocarbon
      radicals and amino-hydrocarbon radicals, comprising contacting at least
      two mono-olefins containing from 2 to 20 carbon atoms in their molecule or
      at least two such mono-olefins and said unconjugated diene in a liquid
      medium at a temperature of between -80.degree. to 150.degree.C with at
      least one of the said members in the form of a complex with a Lewis acid,
      in the presence of the catalyst system formed by the combination of an
      organometallic compound of at least one metal in column I, II or III of
      the periodic table of elements with a compound of a transition metal in
      columns IV to VIII of said periodic table at a ratio of the number of
      atoms of the first metal to the number of atoms of the second metal of
      between 1 and 50, to obtain the desired copolymer.
NUM  2.
PAR  2. A process as defined in claim 1, in which the monoolefins have the
      general formula R-CH = CH.sub.2, where R represents one of a pair
      comprising hydrogen and an alkyl radical containing 1 to 18 carbon atoms.
NUM  3.
PAR  3. A process as defined in claim 2, in which the olefins are ethylene
      combined with an alpha-olefin containing 3 to 8 carbon atoms.
NUM  4.
PAR  4. A process as defined in claim 3, in which the alphaolefin is one of a
      pair comprising propylene and 1-butene.
NUM  5.
PAR  5. A process as defined in claim 1, in which an unconjugated diene is
      included in the polymerization mixture, this diene being selected from the
      group consisting of 1,4-hexadiene, 2-methyl-1,4-pentadiene,
      1,4-cycloheptadiene, 1,5-cyclo-octadiene, 4,7,8,9-tetrahydroindene,
      bicyclo-2,6-heptadiene, dicyclopentadiene and 5-alkylidene-2-norbornenes.
NUM  6.
PAR  6. A process as defined in claim 1, in which said member is selected from
      the group consisting of N-vinylimidazole, N-vinylimidazoline, ring
      substituted N-vinylimidazoles and ring substituted N-vinyl-imidazolines
      wherein the substituents are alkyl, aryl, aralkyl and alkaryl radicals,
      and corresponding aminoradicals, containing from 1 to 8 carbon atoms or a
      hydrocarbon or aminohydrocarbon divalent radical containing 4 to 8 carbon
      atoms, borne by the two adjacent carbon atoms of the ring and forming a
      hydrocarbon nucleus with them.
NUM  7.
PAR  7. A process as defined in claim 6, in which the hydrocarbon nucleus is an
      aromatic nucleus.
NUM  8.
PAR  8. A process as defined in claim 6 in which said member is selected from
      the group consisting of N-vinylimidazole, N-vinylbenzimidazole,
      N-vinylimidazoline and N-vinyl-2-ethyl imidazole.
NUM  9.
PAR  9. A process as defined in claim 1 in which the Lewis acid used to complex
      said member is selected from the group consisting of alkyl aluminum
      dihalides, aluminum trihalides, boron halides, tin halides and nickel
      halides.
NUM  10.
PAR  10. A process as defined in claim 9, in which the Lewis acid is selected
      from the group consisting of alkyl aluminum dichlorides, aluminum
      trichloride and boron trifluoride.
NUM  11.
PAR  11. A process as defined in claim 10, in which the alkyl aluminum
      dichloride is ethylaluminum dichloride and the boron trifluoride is boron
      trifluoride etherate.
NUM  12.
PAR  12. A process as defined in claim 1, in which the catalyst system is formed
      by the combination of one of a pair comprising an organoaluminum and a
      halogenated organoaluminum compound and one of a pair comprising vanadium
      halide and oxyhalide.
NUM  13.
PAR  13. A process as defined in claim 12, in which said vanadium halide and
      oxyhalide is complexed by an organic ligand.
NUM  14.
PAR  14. A process as defined in claim 1, in which the inert liquid medium in
      which copolymerization takes place is selected from the group consisting
      of aliphatic, aromatic, cycloaliphatic hydrocarbons and corresponding
      halogenated hydrocarbons.
NUM  15.
PAR  15. A process as defined in claim 1, in which the polymerization
      temperature is between -30.degree. and +100.degree.C.
NUM  16.
PAR  16. A substantially linear, amorphous random copolymer, characterized by
      the fact that it contains 99.9 to 80% weight of non-polar groups from at
      least 2 mono-olefins containing 2 to 20 carbon atoms in their molecule or
      at least 2 such mono-olefins and an unconjugated diene, and 0.1 to 20
      percent polar groups from at least 1 member selected from the group
      consisting of N-vinylimidazole, N-vinylimidazoline, ring substituted
      N-vinylimidazoles and ring substituted N-vinylimidazolines wherein the
      substituents are hydrocarbon radicals and amino-hydrocarbon radicals.
NUM  17.
PAR  17. A copolymer as defined in claim 16, in which said member is selected
      from the group consisting of N-vinylimidazole, N-vinylimidazoline, and
      ring substituted N-vinylimidazoles and ring substituted
      N-vinylimidazolines wherein the substituents are aryl, alkyl, aralkyl,
      alkaryl radicals and amino radicals, containing 1 to 8 carbon atoms, or a
      hydrocarbon or amino-hydrocarbon divalent radical containing 4 to 8 carbon
      atoms, borne by the 2 adjacent carbon atoms of the ring and forming a
      hydrocarbon nucleus with them.
NUM  18.
PAR  18. A copolymer as defined in claim 17, in which the hydrocarbon nucleus is
      an aromatic nucleus.
NUM  19.
PAR  19. A copolymer as defined in claim 17, in which said member is selected
      from the group consisting of N-vinylimidazole, N-vinylbenzimidazole,
      N-vinyl-2-ethyl imidazole and N-vinyl-imidazoline.
NUM  20.
PAR  20. A copolymer as defined in claim 16, in which the nonpolar groups
      consist of units from at least 2 olefins with the formula R-CH=CH.sub.2,
      where R represents one of a pair comprising hydrogen and an alkyl radical
      containing 1 to 18 carbon atoms.
NUM  21.
PAR  21. A copolymer as defined in claim 20, in which the nonpolar groups
      consist of units from ethylene and an alpha-olefin containing 3 to 8
      carbon atoms.
NUM  22.
PAR  22. A copolymer as defined in claim 21, in which the nonpolar groups
      consist of units from one of two pairs comprising ethylene and propylene,
      and ethylene and 1-butene, and in which the proportion of propylene or
      1-butene-derived groups can vary between 5 and 75 percent of the weight of
      copolymers, and the ethylene content is not more than 75 percent of the
      weight of the copolymer.
NUM  23.
PAR  23. A copolymer as defined in claim 16, in which the nonpolar groups also
      contain units derived from an unconjugated diene, the proportion of which
      is not more than 20 percent of the weight of copolymers.
NUM  24.
PAR  24. A copolymer as defined in claim 19, in which the unconjugated diene is
      selected from the group consisting of dicyclopentadiene, a
      5-alkylidene-2-norbornene, 1,4-hexadiene 2-methyl-1,4-pentadiene,
      1,4-cycloheptadiene, 1,5-cyclooctadiene, 4,7,8,9-tetrahydroindene and
      bicyclo-2,6-heptadiene.
NUM  25.
PAR  25. A copolymer as defined in claim 16, in which the non-polar groups
      represent 99.8 to 85 percent of the weight of copolymer, while polar
      groups represent 0.2 to 15 percent of the weight of copolymer.
NUM  26.
PAR  26. Elastomers obtained by vulcanizing a copolymer as defined in claim 16.
NUM  27.
PAR  27. Elastomers as defined in claim 26, vulcanized on a substrate.
NUM  28.
PAR  28. Elastomers as defined in claim 27, vulcanized on a metal surface.
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ABST
PAL  High vinyl polybutadiene having an increased cure rate and superior
      properties comprises a peroxide curing agent selected from the class
      consisting of dicumyl peroxide, t-butyl perbenzoate, bis(t-butylperoxy)
      diisopropyl benzene, and n-butyl 4,4-bis(t-butylperoxy) valerate in
      combination with a peroxide selected from the class consisting of benzoyl
      peroxide, bis(4-t-butylcyclohexyl) peroxydicarbonate, t-butyl peroctoate,
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane,
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexyne-3, and t-butyl hydroperoxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an increased cure late for high vinyl
      rubbers. More specifically, the present invention relates to the use of
      synergistic combinations of organic peroxides to increase the cure rate as
      well as the physical properties of high vinyl rubber without an increase
      in cure temperature or amount of peroxide.
PAR  Heretofore, in the field of curing polymers, organic peroxides have been
      used. This use of peroxides has also been extended into the field of high
      vinyl (1,2-configuration) rubbers (polybutadiene and copolymers thereof).
      However, cure rates are generally lower than desirable and hence injection
      molding and other processes are somewhat limited by the cure rate. Slower
      cycle time in the production of articles or slower production time in the
      manufacture of continuous articles such as sheets of course increase the
      production cost.
PAR  Generally, no prior art is known whereby the cure rate of high vinyl
      rubbers has been increased.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to increase the cure
      rates of high vinyl rubber or polybutadiene polymer and
      polybutadiene-styrene copolymer resins.
PAR  It is another object of the present invention to increase cure rates of
      high vinyl rubber resins through the use of synergistic combinations of
      peroxides.
PAR  It is a further object of the present invention to improve the physical
      properties of high vinyl rubber resins.
PAR  It is still another object of the present invention to improve the cure
      rates of high vinyl rubber resins through the use of generally a class of
      high temperature peroxides in combination with generally a lower
      temperature class of peroxides.
PAR  It is a still further object of the present invention to provide articles
      made from high vinyl rubber resins which have improved cycle and process
      times and are thus less costly to produce or manufacture.
PAR  These and other objects of the present invention, together with the
      advantages thereof over existing prior art compounds and methods which
      will become apparent from the following specification are accomplished by
      the compounds and methods herein described and claimed.
PAR  In general, the high vinyl polybutadiene resin comprises by weight, 100
      parts of a polybutadiene resin selected from the class consisting of the
      homopolymer of butadiene or the copolymer of butadiene and styrene
      containing at least 40 percent of butadiene, at least 50 percent of the
      butadiene repeating unit in the polymer or copolymer being in the
      1,2-configuration, from 0.4 to about 4.0 parts based upon an equivalent
      amount of dicumyl peroxide of a peroxide curing agent selected from a
      first class consisting of dicumyl peroxide, t-butyl perbenzoate,
      bis(t-butylperoxy) diisopropyl benzene, and n-butyl 4,4-bis(t-butylperoxy)
      valerate and from 0.2 to about 2.0 parts based upon an equivalent amount
      of dicumyl peroxide of a peroxide curing agent selected from a second
      class consisting of benzoyl peroxide, bis(4-t-butylcyclohexyl)
      peroxydicarbonate, t-butyl peroctoate, 2,5-dimethyl-2,5-bis
      (t-butylperoxy)-hexane, 2,5-dimethyl-2,5-bis(t-butylperoxy)-hexyne-3, and
      t-butyl hydroperoxide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the concepts of the present invention, high vinyl rubbers are
      cured through the use of synergistic peroxide combinations. More
      specifically, the high vinyl rubbers of the present invention are polymers
      of butadiene or copolymers of butadiene-styrene or in lieu of styrene
      other ethylenically unsaturated compounds such as .alpha.-methyl styrene
      wherein the copolymer contains at least 40 percent by weight of butadiene.
      Such resins or high vinyl polybutadiene or copolymer of polybutadiene may
      also include up to about 60 percent by weight of ethylenically unsaturated
      compounds which are incorporated by curing. Generally, any vinyl monomer
      such as divinyl benzene and vinyl toluene may be used. These resins are
      usually prepared by using conventional free radical or anionic catalysts
      so that they have a molecular weight of say between 1,000 to 200,000 and a
      workable or flowable viscosity or consistency. Moreover, the resins of the
      present invention may contain conventional fillers, reinforcing fibers and
      fabrics, pigments, flame retardants and the like.
PAR  Generally, although the average molecular weight of the polymer or
      copolymer resins may usually be of any value within the above range, an
      average molecular weight (determined by intrinsic viscosity measurement)
      ranges from about 10,000 to about 100,000 for good processabilitty and
      good flow characteristics such as during molding. Desirably, at least 50
      percent of the polymers and preferably 90 percent have a molecular weight
      above 10,000 with at least 95 percent having a molecular weight above
      2,000. The presence of higher proportions of polymers having molecular
      weights below these limitations generally cause slow curing rates and have
      poor physical properties in the cured product. Additionally, the
      polybutadiene portion of the resins desirably has a vinyl content of at
      least 50 percent by weight and preferably 80 percent or 90 percent. That
      is, the butadiene units are incorporated into the polymeric chain largely
      in the 1,2-configuration.
PAR  Various ingredients may be added to the resins as above noted such as
      fillers, reinforcing agents and the like. A preferred filler and
      reinforcing agent is silica which may be incorporated to the extent of
      from 100 to about 500 parts by weight per 100 parts of resin.
      Additionally, often other desirable fillers include glass fiber either as
      a chop filler or as a glass fabric in a laminate in which situation the
      glass fiber serves the purpose of a filler and prevents crazing and
      cracking during fast cures. Since fillers generally produce a stiff
      product when cured, they are generally not utilized in applications
      wherein flexible properties are desirable such as in electrical wiring. As
      above noted, other compounds which may be added are the various vinyl
      monomers.
PAR  The various fillers, reinforcing agents, compounding ingredients and the
      like are then mixed in a container. Solvents such as hexane, heptane and
      toluene may be utilized and the resulting slurry stirred until the various
      compounds are blended. However, the use of solvents need not be utilized
      since the various compounds can be adequately dry blended. Additionally,
      dry blending is often preferred in actual production since it tends to be
      more economical in that the need for solvents is eliminated as well as the
      later remmoval of the solvent as through a vacuum.
PAR  Yet another compound which may be added to the resins are the metallic
      salts of higher fatty acids containing from 8 to about 26 carbon atoms
      wherein the preferred metals are calcium, magnesium, zinc, and cadmium.
      Generally, the metal may be selected from group 2A or 2B of the periodic
      table (Handbook of Chemistry and Physics, 46th Edition, The Chemical
      Rubber Company, 1965 - 1966, Page B-3). Examples of desirable metallic
      soaps include calcium 2-ethyl-hexanoate, calcium octoate, calcium laurate,
      calcium myristate, calcium stearate, calcium palmitate, calcium oleate,
      calcium arachidate, magnesium stearate, magnesium octotate, magnesium
      oleate, zinc stearate, zinc oleate, zinc laurate, cadmium stearate and
      mixtures thereof in any proportion. A preferred metallic soap is calcium
      stearate. A desirable amount of the metallic soaps by weight for 100 parts
      of resin is from about 0.5 to about 5.0 parts with about 2.0 to about 4.0
      parts being a preferred range. Metallic salts are often used since
      generally they seem to impart desirable molding properties and tend to
      have a heat stabilizing effect such as on the flexural strength of the
      resins. Additionally, they tend to act as internal lubricants and thus act
      as mold releasing agents.
PAR  the synergistic peroxides of the present invention which give increased
      cures are combinations of various specific classes of peroxides.
      Generally, it has been found that a peroxide from a first or generally a
      high temperature class must be in combination with a peroxide from a
      second or generally lower temperature class to produce synergistic
      results. Examples of specific peroxides from the first class include
      dicumyl peroxide, t-butyl perbenzoate, bis(t-butylperoxy) diisopropyl
      benzene, and n-butyl 4,4-bis(t-butylperoxy) valerate. The amount of
      so-called high temperature dicumyl peroxide generally ranges from 0.4 to
      about 4.0 parts by weight based upon 100 parts of high vinyl rubber resin.
      The remaining peroxides have the same range based on their equivalent
      weight to dicumyl peroxide. That is, the actual amount of the other
      peroxides will be dependent upon their molecular weight, purity and number
      of effective radicals to dicumyl peroxide. A preferred range extends from
      about 1.5 to about 3.0 parts with approximately 2.0 parts being an optimum
      or highly preferred amount.
PAR  Specific examples of the second class of peroxides include benzoyl
      peroxide, bis(4-t-butylcyclohexyl) peroxydicarbonate, t-butyl peroctoate,
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane,
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexyne-3, and t-butyl hydroperoxide.
      The amount of peroxides from this class will generally range from 0.25 to
      about 2.5 parts by weight. Herein again, all amounts are in equivalents to
      dicumyl peroxide. A preferred class extends from about 0.5 to about 2.0
      parts with a highly preferred or optimum amount being approximately 1.0
      part. In general, the amount of peroxide from the first class is desirably
      slightly greater than the amount from the second class in order to achieve
      a high synergistic result and superior properties. More specifically, the
      ratio by weight of the first class to the second class can vary from about
      1.1 to about 3.5 with a preferred range being from 1.5 to 3.2. It should
      be realized that since synergistic results are obtained, the reason for
      which is not fully understood, the amount by weight of peroxides in the
      first class to those of the second class may vary from one combination to
      another in order to achieve the best result for each combination. In
      general, preferred combinatiions have been found to include dicumyl
      peroxide, bis(t-butylperoxy) diisopropyl benzene or t-butyl perbenzoate in
      combination with benzoyl peroxide and dicumyl peroxide in combination with
      bis(4-t-butylcyclohexyl) peroxydicarbonate or
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane on approximately a two to one
      weight ratio.
PAR  Concerning the synergistic combinations of peroxides of the present
      invention, it has been found that the total amount of synergistic peroxide
      combination required is not greater than the required cure amount of a
      single peroxide and may even be less. Thus, from about 0.5 to about 6.0
      parts by weight of peroxide per 100 parts of polymer resin are generally
      required. Of course, the exact or preferred amounts desired for the
      production of any particular article will vary to some extent depending
      upon the specific synergistic combination utilized, the curing
      temperature, the vinyl content of the polymer resin, and the amount and
      type of fillers contained in the polymer resin. The reasons for such
      variations are well known to those skilled in the art and are generally as
      follows. As the curing temperature is increased, the total amount of
      peroxide required is lowered since the peroxides decompose at a faster
      rate. Similarly, as the cure time is increased, a lower catalyst level is
      required because a given amount decomposes to a greater extent. Since
      various fillers tend to be good heat conductors or conduct heat better
      than the polymer resin itself, increased amounts of such fillers will tend
      to reduce the total amount required of the peroxides and will tend to
      obscure any cure rate increase. The percentage of vinyl content of the
      polymer resin tends to dramatically affect the total amount of peroxide
      required since coupling or crosslinking occurs through such vinyl sites.
      Thus, for a low vinyl content, very roughly about 6 parts of peroxides are
      required whereas for a vinyl content in excess of 90 percent only an
      amount of roughly 3 parts is required.
PAR  The high vinyl resins including any additives such as fillers, pigments,
      soaps and the like with the particular peroxide combinations of the
      present invention may be cured at a temperature of from about 250.degree.F
      to about 420.degree.F and even higher or lower at times. A preferred
      temperature range has been found to extend from about 280.degree.F to
      about 350.degree.F. Of course, generally higher temperatures will give
      quicker cures. Often however due to practical considerations such as the
      thickness of items being molded or of sheets, a quick cure is not
      desirable since due to an exothemic reaction, cracking may occur
      throughout the item.
PAR  Since the peroxide compounds of the present invention give faster cures,
      shorter cure cycles as well as cure times in continuous processes are
      required thus allowing faster production and reduced cost. Moreover, due
      to the shorter cure times, thick articles can be cured through at a much
      more even cure than heretofore. This result is probably attributed to the
      fact that the peroxide combinations of the present invention are initiated
      at a lower temperature and thus do not reach high temperatures which cause
      cracking. Such factors thus permit thicker items to be molded and tend to
      permit more articles to be cured at lower temperatures such as when steam
      is used as the heat source rather than electricity.
PAR  In addition to the increased cure rate, the various peroxide combinations
      of the present invention produce high vinyl polymers having unexpected
      increases in physical properties. That is, properties such as tensile
      strength, flexural modulus, flexural strength, tensile modulus and
      hardness are all increased whereas percent elongation to fracture is
      decreased. Such properties are generally highly desirable in most
      applications of the cured resin. Thus, not only can articles having much
      higher physical properties be produced, but where desired, articles having
      the same physical properties as before may be produced using less peroxide
      material. of course, the cured high vinyl polybutadiene resins of the
      present invention may be used in any situations and applications as the
      heretofore normally cured resins. Thus, the synergistic cured resins may
      be used in sheet molding, bulk molding, injection molding, for potting
      compounds, structural materials, general high temperature uses, as well as
      for electrical insulators. Generally, the synergistic cure resins of the
      present invention may also be used wherever polymers such as epoxy,
      phenolic or thermosetting polyesters are used.
PAR  The invention will be more fully understood by reference to the Tables
      below. Samples according to formulations set forth in Table I were
      prepared by solution mixing in a Hobart Mixer followed by vacuum drying.
      These samples were molded in a flash mold and electric compression press
      under 20 tons pressure. The cured samples were tested using an Instron
      machine under ASTM thermoset conditions. Comparison of the combination
      peroxide cures of the present invention were made by comparing the results
      with a conventional formulation utilizing a single peroxide. The increase
      in physical properties of the unique formulations are set forth in Table
      II. It is noted that increases in curing rates are generally noted by
      highr physical properties and shorter cure times than the control and that
      increased physical properties are shown in comparison of the optimum
      results.
PAR  Table I sets forth the formulation for various controls and samples. All of
      the samples contain 3.0 parts per 100 parts of resin (PHR) of calcium
      stearate and approximately 1.0 parts of vinyl triacetoxysilane per 100
      parts of filler.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     FORMULATIONS OF SAMPLES                                                   
     COMPOUND     Control A                                                    
                         1     2     3     4     Control B                     
                                                        5     6                
     __________________________________________________________________________
     80%+ Vinyl                                                                
     Polybutadiene                                                             
                  100.0  100.0 100.0 100.0 100.0 100.0  100.0 100.0            
     phr Silica   150.0  150.0 150.0 150.0 150.0 150.0  150.0 150.0            
     Dicumyl Peroxide                                                          
                  3.0    2.0   2.0   2.0   1.5                                 
     Bis(4-t-butyl-                                                            
     cyclohexyl)                                                               
     peroxydicarbon-                                                           
     ate                 1.0                                  1.0              
     Benzoyl Pero-                                                             
     xide                      1.0         1.5          1.0                    
     2,5-dimethyl-                                                             
     2,5-bis(t-butylperoxy)-                                                   
     hexane                          1.0                                       
     Bis(t-butylperoxy)                                                        
     diisopropyl benzene                         3.0    2.0   2.0              
     __________________________________________________________________________
     COMPOUND     Control C                                                    
                         7     Control D                                       
                                     8     9     10     11                     
     __________________________________________________________________________
     80%+ Vinyl                                                                
     Polybutadiene                                                             
                  100.0  100.0 100.0 100.0 100.0 100.0  100.0                  
     phr Silica   150.0  150.0 380.0 380.0 380.0 380.0  380.0                  
     Dicumyl Peroxide                                                          
                  4.0    3.0   3.0   2.0   2.0   2.0    2.0                    
     Bis(4-t-butyl-                                                            
     cyclohexyl)                                                               
     peroxydicarbon-                                                           
     ate                                         1.0                           
     Benzoyl Pero-                                                             
     xide                                  1.0                                 
     2,5-dimethyl-2,5-                                                         
     bis(t-butylperoxy)-                                                       
     hexane              1.0                                                   
     t-butyl hydro-                                                            
     peroxide                        1.0                                       
     t-butyl peroo-                                                            
     toate                                              1.0                    
     __________________________________________________________________________
     COMPOUND     Control E                                                    
                         12    13    14    15    16     Control                
                                                              17               
     __________________________________________________________________________
     80%+ Vinyl                                                                
     Polybutadiene                                                             
                  100.0  100.0 100.0 100.0 100.0 100.0  100.0 100.0            
     phr Silica   380.0  380.0 380.0 380.0 380.0 380.0  150.0 150.0            
     t-butyl per-                                                              
     benzoate     3.0    2.0   1.5   2.0   2.0   2.0                           
     bis(4-t-butyl-                                                            
     cyclohexyl) peroxy-                                                       
     dicarbonate         1.0                                                   
     Benzoyl peroxide          1.5         1.0                1.0              
     t-butyl hydro-                                                            
     peroxide                        1.0                                       
     t-butyl peroct-                                                           
     oate                                        1.0                           
     n-butyl 4,4-bis                                                           
     (t-butylperoxy)                                                           
     valerate                                           3.0   2.0              
     __________________________________________________________________________
TBL                TABLE II                                                    
     ______________________________________                                    
     COMPOUND   Control 1       2       3     4                                
                A                                                              
     ______________________________________                                    
     FLEXURAL MODULUS PSI (THOUSANDS)                                          
     ______________________________________                                    
     Times & Temp.                                                             
     1' at 350.degree.F                 687                                    
     2'         719                     675   630                              
     4'         662      739    666     703   685                              
     7'         651      704    655     744   706                              
     4' at 325.degree.F                                                        
                499      445    595     358   423                              
     7'         585      636    638     666   656                              
     13'        630      651    736     751   685                              
     23'                 671    701                                            
     13' at 300.degree.F                211                                    
     23'                                641                                    
     FLEXURAL STRENGTH PSI                                                     
     ______________________________________                                    
     1' at 350.degree.F                 7862                                   
     2'         7991                    8951  9852                             
     4'         6491    8604    6993    8655  9367                             
     7'         5190    8128    8057    7474  8780                             
     4' at 325.degree.F                                                        
                7600    8407    9615    7085  8413                             
     7'         8004    9028    9647    8717  10410                            
     13'        5987    8233    7814    9011  10130                            
     23'                7678    7345    --    --                               
     13' at 300.degree.F                4697  1196                             
     23'                                9694                                   
     ______________________________________                                    
     COMPOUND  Control  5         6                                            
               B                                                               
     ______________________________________                                    
     FLEXURAL MODULUS PSI (THOUSANDS)                                          
     ______________________________________                                    
     2' at 350.degree.F 347       327                                          
     4'        648      649       718                                          
     6'                 718       723                                          
     8'                 649       690                                          
     4' at 325.degree.F                                                        
               337      --        --                                           
     8'                 399       366                                          
     12'                616       584                                          
     FLEXURAL STRENGTH PSI                                                     
     ______________________________________                                    
     2' at 350.degree.F 7510      5904                                         
     4'        8781     9885      9923                                         
     6'                 10060     9001                                         
     8'                 9693      8841                                         
     4' at 325.degree.F                                                        
               7129     --        --                                           
     8'                 7503      7271                                         
     12'                9774      8984                                         
     ______________________________________                                    
     COMPOUND    Control C      7                                              
     ______________________________________                                    
     FLEXURAL MODULUS PSI (THOUSANDS)                                          
     ______________________________________                                    
     2' at 340.degree.F                                                        
                 764            727                                            
     4'          891            876                                            
     8'          912            915                                            
     2' at 325.degree.F                                                        
                 530            620                                            
     4'          884            903                                            
     8'          926            918                                            
     16'         915            966                                            
     FLEXURAL STRENGTH PSI                                                     
     ______________________________________                                    
     2' at 340.degree.F                                                        
                  9873          10070                                          
     4'          11450          12560                                          
     8'          11180          12780                                          
     2' at 325.degree.F                                                        
                  7545           8017                                          
     4'          11330          12310                                          
     8'          12220          12650                                          
     16'         10910          13220                                          
     ______________________________________                                    
     Control D    8        9        10     11                                  
     ______________________________________                                    
     OPTIMUM FLEXURAL MODULUS PSI .times. 10.sup..sup.+3                       
     ______________________________________                                    
      Cure Temp.                                                               
     at 350.degree.F                                                           
             1310     1322     1563   1580   1412                              
     at 325.degree.F                                                           
             1146     1382     1367   1442   1317                              
     at 300.degree.F                                                           
             1120     1220     1525   1421   1160                              
     OPTIMUM FLEXURAL STRENGTH PSI                                             
     ______________________________________                                    
     at 350.degree.F                                                           
              9600    11760    12590  12760  10790                             
     at 325.degree.F                                                           
             11790    11980    12710  12470  11360                             
     at 360.degree.F                                                           
             11150    12250    13340  12730  10970                             
     ______________________________________                                    
     COMPOUND                                                                  
             Control E  12      13   14  15     16                             
     ______________________________________                                    
     OPTIMUM FLEXURAL MODULUS PSI .times. 10.sup..sup.+3                       
     ______________________________________                                    
     Cure Temp.                                                                
     at 280.degree.F                                                           
             520         904    1082 593 393    1037                           
     at 305.degree.F                                                           
             637        1408    1045 723 392    1351                           
     at 330.degree.F                                                           
             508        1404    1007 798 1211   1361                           
     OPTIMUM FLEXURAL STRENGTH PSI                                             
     ______________________________________                                    
     at 280.degree.F                                                           
             5800       8598    3400 8046                                      
                                         6987   11450                          
     at 305.degree.F                                                           
             5800       10330   3300 8776                                      
                                         6931   12480                          
     at 330.degree.F                                                           
             6000       10166   3800 8875                                      
                                         12130  12220                          
     ______________________________________                                    
     COMPOUND                                                                  
             Control F  17                                                     
     ______________________________________                                    
     FLEXURAL MODULUS                                                          
     ______________________________________                                    
     Cure Temp.                                                                
     10' at 310.degree.F                                                       
                 314,400        329,300                                        
     4' at 340.degree.F                                                        
                 303,900        291,900                                        
     16' at 340.degree.F                                                       
                  46,280                                                       
     10' at 340.degree.F        307,800                                        
     TENSILE STRENGTH                                                          
     ______________________________________                                    
     10' at 310.degree.F                                                       
                 4431           4436                                           
     4' at 340.degree.F                                                        
                 3781           3763                                           
     16' at 340.degree.F                                                       
                 1078                                                          
     10' at 340.degree.F        2370                                           
     ______________________________________                                    
PAR  As readily apparent from the data in Table II, higher physical properties
      were obtained for the same time of cure as the controls thus indicating
      faster cure rate. Moreover, higher properties were obtained at the end of
      a cure cycle thus indicating the cured resin having, of course, better
      properties. Additionally, Control F and Compound 17 show that with the use
      of synergistic peroxides of the present invention a lower reversion in
      properties is obtained upon excessive cure. Considering Samples 1 through
      16 which were cured for optimum periods of time, it is quite apparent that
      vastly improved physical properties were obtained. In general,
      formulations or samples 1, 2, 6, 7, 9, 10 and 15 produced superior results
      and hence these combinations are preferred.
PAR  As apparent to one skilled in the art, various modifications can be made
      according to the concepts of the present invention without departing from
      the spirit of the invention herein disclosed. While in accordance with the
      Patent Statutes, the preferred embodiments have been described in detail,
      it is to be understood that the invention is not limited thereto; the
      scope of the invention being measured solely by the scope of the attached
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A peroxide cured high vinyl resin composition comprising by weight, 100
      parts of a peroxide cured resin selected from the class consisting of a
      homopolymer of butadiene or a copolymer of butadiene and styrene
      containing at least 40 percent of butadiene, at least 80 percent of the
      butadiene repeating units in the polymer or copolymer being in the
      1,2-configuration, said resin cured utilizing from 0.4 to about 4.0 parts
      based upon an equivalent amount of dicumyl peroxide of a peroxide curing
      agent selected from a first class consisting of dicumyl peroxide, bis
      (t-butylperoxy) diisopropyl benzene, t-butyl perbenzoate, and n-butyl
      4,4-bis (t-butylperoxy) valerate and from 0.25 to about 2.5 parts based
      upon an equivalent amount of dicumyl peroxide of a peroxide curing agent
      selected from a second class consisting of benzoyl peroxide, bis
      (4-t-butylcyclohexyl) peroxydicarbonate, t-butyl peroctoate,
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane, 2,5-dimethyl-2,5-bis
      (t-butylperoxy)-hexyne-3, and t-butyl hydroperoxide.
NUM  2.
PAR  2. A cured high vinyl resin composition according to claim 1, wherein the
      amount of said first class of peroxide ranges from about 1.5 to about 3.0
      parts and the amount of said second class of peroxide ranges from about
      0.5 to about 2.0.
NUM  3.
PAR  3. A cured high vinyl resin composition according to claim 1, wherein the
      ratio of the amount of peroxide of said first class to the amount of
      peroxide of said second class is 1.1 to about 3.5.
NUM  4.
PAR  4. A cured high vinyl resin composition according to claim 1, wherein said
      second class of peroxide is selected from the group consisting of benzoyl
      peroxide, bis(4-t-butylcyclohexyl) peroxydicarbonate and
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane.
NUM  5.
PAR  5. A cured high vinyl resin composition according to claim 1, wherein said
      dicuymyl peroxide, bis(t-butylperoxy) diiosopropyl benzene and t-butyl
      perbenzoate is in combination with benzoyl peroxide.
NUM  6.
PAR  6. A curable high vinyl polybutadiene composition comprising by weight, 100
      parts of a curable resin selected from the class consisting of a
      homopolymer of butadiene or a copolymer of butadiene and styrene
      containing at least 40 percent of butadiene, at least 80 percent of the
      butadiene repeating units in the polymer or copolymer being in the
      1,2-configuration, from 0.4 to about 4.0 parts based upon an equivalent
      amount of dicuymyl peroxide of a peroxide curing agent selected from a
      first class consisting of dicumyl peroxide, t-butyl perbenzoate, bis
      (t-butylperoxy) diisopropyl benzene, and n-butyl perbenzoate,
      bis(t-butylperoxy) valerate and from 0.25 to about 2.5 parts based upon an
      equivalent amount of dicumyl peroxide of a peroxide curing agent selected
      from a second class consisting of benzoyl peroxide, bis
      (4-t-butylcyclohexyl) peroxydicarbonate, t-butyl peroctoate,
      2,5-dimethyl-2,5-bis (t-butylperoxy)-hexane,
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexyne-3, and t-butyl hydroperoxide.
NUM  7.
PAR  7. A curable high vinyl composition according to claim 6, wherein the
      amount of said first class of peroxide ranges from about 1.5 to about 3.0
      and the amount of said second class of peroxide ranges from about 0.5 to
      about 2.0.
NUM  8.
PAR  8. A curable high vinyl composition according to claim 6, wherein the ratio
      of the amount of peroxide of said first class to the amount of peroxide of
      said second class is about 1.1 to about 3.5.
NUM  9.
PAR  9. A curable high vinyl composition according to claim 6, wherein said
      second class of peroxide is selected from the group consisting of benzoyl
      peroxide, bis(4-t-butylcyclohexyl) peroxydicarbonate and
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane.
NUM  10.
PAR  10. A curable high vinyl composition according to claim 7, wherein said
      dicumyl peroxide, bis (t-butylperoxy) diiosopropyl benzene and t-butyl
      perbenzoate is in combination with benzoyl peroxide.
NUM  11.
PAR  11. A process for producing a cured high vinyl resin, composition
      comprising the steps of, adding by weight 100 parts of a curable resin
      selected from the class consisting of a homopolymer of butadiene or a
      copolymer of butadiene and styrene containing at least 40 percent of
      polybutadiene, at least 80 percent of the polybutadiene repeating units in
      the polymer or copolymer being in the 1,2configuration, adding from 0.4 to
      about 4.0 parts based upon an equivalent amount of dicumyl peroxide of a
      peroxide curing agent selected from a first class consisting of dicumyl
      peroxide, t-butyl perbenzoate, bis (t-butylperoxy) diisopropyl benzene,
      and n-butyl 4,4-bis (t-butylperoxy) valerate and adding from 0.2 to about
      2.5 parts based upon an equivalent amount of dicumyl peroxide of a
      peroxide curing agent selected from a second class consisting of benzoyl
      peroxide, bis (4-t-butylcyclohexyl) peroxydicarbonate, t-butyl
      hydroperoxide, t-butyl peroctoate,
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane and
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexyne-3 and then curing said curable
      resin.
NUM  12.
PAR  12. A process according to claim 11, wherein the amount of said first class
      of peroxide ranges from about 1.5 to about 3.0 and the amount of said
      second class of peroxide ranges from about 0.5 to about 2.0.
NUM  13.
PAR  13. A process according to claim 11, wherein the ratio of the amount of
      peroxide of said first class to the amount of peroxides of said second
      class is about 1.1 to about 3.5.
NUM  14.
PAR  14. A process according to claim 11, wherein said second class of peroxide
      is selected from the group consisting of benzoyl peroxide,
      bis(4-t-butylcyclohexyl) peroxydicarbonate and
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane.
NUM  15.
PAR  15. A process according to claim 11, wherein said dicumyl peroxide, bis
      (t-butylperoxy) diiosopropyl benzene and t-butyl perbenzoate is in
      combination with benzoyl peroxide.
NUM  16.
PAR  16. A peroxide cured high vinyl resin composition according to claim 1
      wherein at least 90 percent of the butadiene repeating units are in the
      1,2 configuration.
NUM  17.
PAR  17. A cured high vinyl resin composition according to claim 1, wherein the
      amount of said first class peroxide agent is about 2 parts of the amount
      of said second class of peroxide agent is about 1 part.
NUM  18.
PAR  18. A cured high vinyl resin composition according to claim 1, wherein said
      first peroxide curing agent is dicumyl peroxide and said second class of
      peroxide curing agent is selected from the class consisting of bis
      (4-t-butylcyclohexyl) peroxydicarbonate and
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane.
NUM  19.
PAR  19. A curable high vinyl polybutadiene composition according to claim 6,
      wherein at least 90 percent of the butadiene repeating units are in the
      1,2 configuration.
NUM  20.
PAR  20. A curable high vinyl polybutadiene composition according to claim 6,
      wherein the amount of said first class peroxide agent is about 2 and the
      amount of said second class peroxide agent is about 1.
NUM  21.
PAR  21. A curable high vinyl polybutadiene composition according to claim 6,
      wherein said first class peroxide curing agent is dicumyl peroxide and the
      second class peroxide curing agent is selected from the class consisting
      of bis(4-t-butylcyclohexyl) peroxydicarbonate and
      2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane.
NUM  22.
PAR  22. A process according to claim 11, wherein at least 90 percent of the
      polybutadiene repeating units are in the 1,2 configuration.
NUM  23.
PAR  23. A process according to claim 11, wherein the amount of said first class
      peroxide agent is about 2 and the amount of second class of peroxide agent
      is about 1.
NUM  24.
PAR  24. A process according to claim 11, wherein said first class curing agent
      is dicumyl peroxide and said second class peroxide curing agent is
      selected from the class consisting of bis (4-t-butylcyclohexyl)
      peroxydicarbonate and 2,5-dimethyl-2,5-bis(t-butylperoxy)-hexane.
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ABST
PAL  A method of polymerizing acrylonitrile monomer or copolymerizing a mixture
      of acrylonitrile monomer and further ethylenically unsaturated monomer
      copolymerizable therewith which comprises contacting in an aqueous medium
      the monomer of mixture of monomers with a catalytic system comprising
      hydrogen perioxide, a water-soluble salt of a hydroxylamine mono- or
      disulfonic acid and a water-soluble salt of a variable valence metal, such
      as a ferrous salt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a process for preparing polyacrylonitrile and
      copolymers of acrylonitrile which are particularly suitable for processing
      into fibers.
PAR  The invention further relates to an active catalytic system for use in such
      polymerization and copolymerization reactions.
PAR  2. Description of the Prior Art
PAR  It is known that polyacrylonitrile and the copolymers of acrylonitrile
      containing the latter in a proportion of at least 85% by weight are widely
      used in the art, more particularly in the manufacture of fibers.
PAR  Such polymers are prepared in the art by polymerization of acrylonitrile or
      by copolymerization of acrylonitrile with one or more ethylenically
      unsaturated compounds copolymerizable therewith, using suitable catalysts
      and normally operating in an aqueous polymerization medium.
PAR  More particularly, useful catalysts include peroxide compounds generally,
      such as benzoyl peroxide and alkali metal or ammonium persulphates, or
      combinations of such compounds with substances of a reducing character,
      known as redox couples.
PAR  Other known catalytic systems comprise derivatives of hydroxylamine as
      oxidants in combination with reducing agents consisting of salts of metals
      in reduced form or inorganic compounds of tetravalent sulphur.
PAR  Known polymerization processes do not always lead to polymers of
      acrylonitrile of fully satisfactory properties.
PAR  Thus, for instance, when copolymerizing two or more monomers, difficulties
      are encountered in obtaining homogeneous polymerization products.
PAR  Moreover, various catalysts among those described above exhibit
      effectiveness in such a range of polymerization temperatures that the
      resulting polymers are of lower standards.
PAR  In other cases, improved polymers can be obtained only when polymerizing
      within such a range of temperatures that the reaction speeds are so low as
      to make the polymerization process impracticable or at least uneconomical.
PAR  On the other hand, it is known that the properties of fibers obtained from
      polymers and copolymers of acrylonitrile depend upon the properties
      conferred to the polymers or copolymers, such as molecular weight,
      distribution of molecular weights, structure and the like.
PAR  It was attempted in the art to attain such properties either by the choice
      of the catalytic system or by introducing special expedients in the
      polymerization process.
PAR  Thus, in accordance with certain known processes the polymerization is
      carried out in a plurality of steps in which the parameters, such as the
      pH and the temperature of the reaction medium, are maintained at different
      values, with the disadvantage of necessarily adjusting various parameters
      at the plurality of reaction steps.
PAR  Therefore, in preparing polymers and copolymers of acrylonitrile, problems
      arise relating to the progress of polymerization and also to the nature of
      the resulting polymers. In known processes, the requirements for
      inexpensiveness and simplicity of the process are hardly to be reconciled
      with those relating to imparting properties which make the polymers
      suitable for processing into high grade fibers.
PAR  The above drawbacks are avoided or at least minimized by the process of the
      invention which is essentially based on the use of a new catalytic system
      for the polymerization of acrylonitrile or copolymerization of the latter
      with further ethylenically unsaturated monomers.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is, therefore, to provide a process for the
      polymerization and copolymerization of acrylonitrile.
PAR  A further object of the invention is to provide a new active catalytic
      system for use in such as polymerization or copolymerization process.
PAR  A still further object of the invention is to provide a process for
      polymerization or copolymerization of acrylonitrile which can be carried
      out in an easily controllable and inexpensive manner, thereby making the
      process suitable for a large scale production of acrylonitrile polymers
      and copolymers.
PAR  A further object of the invention is to obtain acrylonitrile polymers and
      copolymers of uniform and constant composition, from which mechanically
      strong fibers with improved color and heat stability properties may be
      obtained.
PAR  Further objects and advantages of the invention will result from the
      following description.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the process of the invention, the polymerization of
      acrylonitrile monomer or copolymerization of a mixture of acrylonitrile
      monomer with further ethylenically unsaturated monomers copolymerizable
      therewith is carried out by contacting the monomer or mixture of monomers
      in an aqueous medium at a temperature from 40.degree. to 70.degree.C with
      a catalytic system comprising:
PA0  hydrogen peroxide
PA0  a hydroxylamine mono- or disulfonate
PA0  a salt of a variable valence metal.
PAR  The water soluble salts of the hydroxylamine mono- and disulfonic acids,
      such as the alkali metal salts, are preferably used as sulfonates.
PAR  Amongst the variable valence metals, iron, which is supplied to the
      polymerization medium in the form of a ferrous salt such as ferrous
      sulphate or, anyhow, in the form of a water-soluble salts bivalent iron,
      is preferred.
PAR  The derivatives of hydroxylamine act as reducing agents in the catalytic
      system of the invention, this function being performed only when the
      catalytic system also includes a salt of the variable valence metal.
PAR  Merely combining hydrogen peroxyde with the hydroxylamine derivative will
      not afford any appreciable polymer production speed when operating under
      the conditions of this invention. The salt of the variable valence metal
      is, therefore, believed to act as an electron transfer agent in the
      oxydation-reduction reaction.
PAR  The monomers which can be copolymerized with acrylonitrile belong to a wide
      class of ethylenically unsaturated compounds such as vinyl acetate, methyl
      vinyl ketone, methyl acrylate, methyl methacrylate, dimethyl itaconate,
      butyl methacrylate, butyl acrylate, diethyl maleate, vinyl trimethyl
      acetate, methacrylonitrile, styrene, vinyl ethylhexyl ether, octyl
      methacrylate, alpha-methylstyrene, 4-methoxystyrene, ethylene sulfonic
      acid, allyl sulfonic acid, methallyl sulfonic acid, halogenated
      monoethylene compounds and N-vinyl compounds. Two or more of the compounds
      can be copolymerized with acrylonitrile, if desired.
PAR  The preferred copolymers for the purposes of the invention are those
      containing acrylonitrile in a proportion of 85 to 95% by weight, methyl
      acrylate, vinyl acetate, styrene or methyl vinyl ketone in a proportion of
      4 to 14% by weight and a copolymerizable sulfonate such as sodium or
      potassium styrene sulfonate or sodium methallyl sulfonate in a proportion
      of 0.1 to 5% by weight.
PAR  The objects of the invention are advantageously fulfilled by employing the
      catalytic system in a molar ratio of hydrogen peroxide to hydroxylamine
      sulfonate from 0.05:1 to 20:1 and a molar ratio of hydrogen peroxide to
      the ferrous salt from 1:10.sup.-.sup.3 to 1:10.sup.-.sup.6. The preferred
      values of the ratios are from 0.1:1 to 10:1 and 1:10.sup.-.sup.4 to
      1:10.sup.-.sup.5, respectively.
PAR  The objects of the invention are further advantageously fulfilled by
      employing in the reaction medium the catalytic system in a proportion of
      0.05 to 5, preferably 0.2 to 3 parts by weight to 100 parts by weight
      monomer or mixture of monomers.
PAR  The preferred temperature in the polymerization or copolymerization medium
      is of the order of 50.degree.C.
PAR  Moreover, the conversion of the monomer or mixture of monomers should
      advantageously not exceed a value of 85%, and conversion values of the
      order of 40-70% are preferred.
PAR  The necessary period of time for reaching the abovementioned conversion
      values depends upon the selected temperature, the concentration of
      monomers, the catalyst concentration, etc. Generally, the polymerization
      or copolymerization time is from 5 minutes to 12 hours.
PAR  The polymerization or copolymerization reaction can be carried out by
      employing conventional means, allowing a uniform distribution of the
      monomers and reaction products in the reaction medium.
PAR  It is therefore advisable to operate in a medium which is stirred and in
      which the overall concentration of the monomer or mixture of monomers and
      polymer or copolymer is from 10 to 40% by weight.
PAR  The polymerization or copolymerization can be carried out discontinuously
      or, preferably, continuously with two or more reactors in series with one
      another.
PAR  In any case, on completion of polymerization or copolymerization the
      polymer or copolymer is conveniently separated from the aqueous medium by
      filtering or centrifuging, then washed and dried by normal techniques.
DETD
PAC  EXAMPLE 1
PAR  A polymerization reactor is employed, having glazed inner walls, equipped
      with a mechanical stirrer and a heat exchange jacket. The reactor is
      charged with 500 parts deionized water, 100 parts acrylonitrile, 1.5 ml
      hydrogen peroxide (36% volume), 1 part of potassium hydroxylamine
      disulfonate dihydrate and 0.0001 parts ferrous sulphate. The parts are by
      weight.
PAR  Upon flushing the reactor by means of a nitrogen flow, the mass is heated
      to 50.degree.C and stirred at this temperature for 4 hours, until a
      polymer slurry of pH 2.7 is obtained. The slurry is filtered, then
      thoroughly washed with water, again filtered, the solids being then dried
      at 80.degree.C in air, yielding a white polymer. The conversion value of
      the monomer into the corresponding polymer is 45%, the polymer having an
      specific viscosity of 0.129 (this value being determined at 25.degree.C in
      a solution of 0.1 g polymer for each 100 ml dimethylformamide).
PAR  The polymer is dissolved in dimethylacetamide at 80.degree.C to yield a
      solution containing 29 g polymer for each 100 ml solvent.
PAR  The solution is then extruded at a speed of 1 meter/minute in a 45% by
      weight dimethylacetamide aqueous solution. The extruded fibers are washed,
      then drawn to four times their length in boiling water and finally dried.
      The resulting 2.8 denier fibers show satisfactory physical and color
      properties.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is followed, the reactor being charged with 500
      parts deionized water, 92 parts acrylonitrile, 8 parts methyl acrylate, 3
      ml 36% by volume hydrogen peroxide, 1 part potassium hydroxylamine
      disulfonate dihydrate and 0.0001 parts ferrous sulfate. The parts are by
      weight.
PAR  The temperature is maintained for 4 hours at 55.degree.C, the mass being
      stirred till a copolymer slurry of pH 2.4 is obtained. The slurry is
      filtered, thoroughly washed with water, again filtered and the solids are
      dried at 80.degree.C in air, yielding a white copolymer.
PAR  The copolymer yield is 45% with respect to the overall monomers charge. The
      specific viscosity of the polymer is 0.130 measured under the conditions
      of Example 1.
PAR  The copolymer is dissolved in dimethylacetamide at 90.degree.C, the
      resulting solution containing 28 g copolymer for each 100 ml solvent.
PAR  The solution is extruded at a speed of 5 meter/minute in a 55%
      dimethylacetamide aqueous solution. The extruded fibers are washed, drawn
      to 7 times their length in boiling water and dried. After a treatment at
      130.degree.C with saturated steam, 4.1 denier fibers are obtained having a
      tenacity of 2.6 g/denier and an elongation at break of 48%. The fibers
      are, moreover, of a satisfactory original color and excellent heat
      stability.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is again followed. The reactor is charged with
      500 parts deionized water, 90 parts acrylonitrile, 10 parts vinyl acetate,
      6 ml 36% by volume hydrogen peroxide, 1 part potassium hydroxylamine
      disulfonate dihydrate and 0.0002 parts ferrous sulphate. The temperature
      is maintained for 4 hours at 55.degree.C while stirring the mass until a
      slurry of pH 2.4 is obtained. The slurry is then filtered, thoroughly
      washed with water, again filtered, and the solids are dried at 80.degree.C
      in air, yielding a white copolymer. The copolymer yield is 62% with
      respect to the overall monomers feed.
PAR  The specific viscosity of the copolymer is 0.220 measured under the
      conditions of Example 1. The copolymer is dissolved in dimethylacetamide
      at 95.degree.C to yield a solution containing 17 g copolymer for each 100
      ml solvent. The solution is extruded at a speed of 4 meter/minute in a 45%
      dimethylacetamide aqueous solution.
PAR  The extruded fibers are washed, drawn to four times their length in boiling
      water and dried. After a treatment at 135.degree.C in saturated steam, 2.9
      denier fibers are obtained which are of a tenacity of 2.4 g/denier and an
      elongation at break of 42%.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is again followed. The reactor is charged with
      500 parts deionized water, 92 parts acrylonitrile, 8 parts styrene, 12 ml
      36% by volume hydrogen peroxide, 2 parts potassium hydroxylamine
      disulfonate dihydrate and 0.0001 parts ferrous sulphate. The parts are by
      weight.
PAR  The mass is stirred for 4 hours at a temperature of 60.degree.C to yield a
      copolymer slurry of pH 2.4. The slurry is filtered, thoroughly washed with
      water, again filtered, and the resulting solids then dried at 80.degree.C
      in air, yielding a white copolymer. The monomers conversion into the
      corresponding copolymer has a value of 68%.
PAR  The specific viscosity of the copolymer is 0.160, its determination being
      effected as described in the first example.
PAR  The copolymer is dissolved in dimethylacetamide at 90.degree.C and a
      solution containing 21 g polymer for each 100 ml solvent is obtained. The
      solution is then extruded at a speed of 6 meter/minute in a 50% by weight
      dimethylacetamide aqueous solution. The extruded fibers are washed, drawn
      to 5 times their length in boiling water and dried. After treatment at
      125.degree.C with saturated steam, 3.6 denier fibers are obtained of a
      tenacity of 2.7 g/denier and an elongation at break of 39%.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. The method of polymerizing a monomer composition containing at least 85%
      by weight of acrylonitrile and up to 15% by weight of a further
      ethylenically unsaturated monomer copolymerizable therewith, which method
      comprises contacting the monomer composition in a aqueous medium at a
      temperature from 40.degree. to 70.degree.C with a catalytic composition
      comprising hydrogen peroxide, a water-soluble salt of a hydroxylamine
      mono- or di-sulfonic acid and a water-soluble ferrous salt, wherein the
      proportion of said catalytic system is from 0.05 to 5 parts by weight to
      100 parts by weight of said monomer composition, wherein the molar ratio
      of said hydrogen peroxide to said sulfonic acid salt is from 0.05:1 to
      20:1, and wherein the molar ratio of said hydrogen peroxide to said
      ferrous salt is from 1:10.sup.-.sup.3 to 1:10.sup.-.sup.6.
NUM  2.
PAR  2. The method set forth in claim 1, wherein said water-soluble salt of a
      hydroxylamine mono- or di-sulfonic acid is an alkali metal salt thereof.
NUM  3.
PAR  3. The method set forth in claim 1, wherein said molar ratio of said
      hydrogen peroxide to said ferrous salt is from 1:10.sup.-.sup.4 to
      1:10.sup.-.sup.5.
NUM  4.
PAR  4. The method set forth in claim 1, wherein said molar ratio of said
      hydrogen peroxide to said sulfonic acid salt is from 0.1:1 to 10:1.
NUM  5.
PAR  5. The method set forth in claim 1, wherein said proportion of said
      catalytic system to said monomer composition is from 0.2 to 3 parts by
      weight.
NUM  6.
PAR  6. The method set forth in claim 1, wherein said polymerization is carried
      out at a temperature of about 50.degree.C.
NUM  7.
PAR  7. The method set forth in claim 1, wherein said polymerization time is
      from 5 minutes to 12 hours.
NUM  8.
PAR  8. The method set forth in claim 1, wherein said monomer or mixture of
      monomers are converted up to a value not exceeding 85%.
NUM  9.
PAR  9. The method set forth in claim 8, wherein the conversion value is from 40
      to 70%.
NUM  10.
PAR  10. The method set forth in claim 1, wherein the overall concentration of
      said monomer or mixture of monomers and polymer in said aqueous medium is
      from 10 to 40% by weight.
NUM  11.
PAR  11. The method of polymerizing a monomer composition containing at least
      85% by weight acrylonitrile and up to 15% by weight of another
      ethylenically unsaturated monomer copolymerizable therewith, which
      comprises the steps of providing an aqueous medium comprising the monomer
      or mixture of monomer and a catalytic system comprising an alkali metal
      salt of hydroxylamine mono- or disulfonic acid, hydrogen peroxide and a
      water soluble ferrous salt with a molar ratio of hydrogen peroxide to the
      salt of hydroxylamine mono- or disulfonic acid from 0.05: to 20:1 and a
      molar ratio of hydrogen peroxide to the ferrous salt from 1:10.sup.-.sup.3
      to 1:10.sup.-.sup.6, said catalytic system being in a proportion of from
      0.05 to 5 parts by weight to 100 parts by weight monomer or mixture of
      monomers, thereby contacting the monomer or mixture of monomers with the
      catalytic system in the aqueous medium while operating at a temperature
      from 40.degree. to 70.degree.C for a period of time from 5 minutes to 12
      hours without exceeding a conversion value of 85%, the overall
      concentration of the monomer or mixture of monomers and polymer in the
      aqueous medium being from 10 to 40% by weight.
NUM  12.
PAR  12. The method set forth in claim 11, wherein the molar ratio of hydrogen
      peroxide to the salt of hydroxylamine mono- or disulfonic acid is from
      0.1:1 to 10:1, the molar ratio of hydrogen peroxide to the ferrous salt is
      from 1:10.sup.-.sup.4 to 1:10.sup.-.sup.5, the proportion of the catalytic
      system is from 0.2 to 3 parts by weight, the temperature of the aqueous
      medium is about 50.degree.C and the conversion value of the monomer or
      mixture of monomers is from 40 to 70%.
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ABST
PAL  Aqueous suspensions of discrete particles of polymer, for instance
      polyvinyl latices, are heated with solvents which are at least partially
      water-miscible, particularly certain shortchain ketones, until the polymer
      is agglomerated to the desired degree. Various water-soluble inorganic
      metal salts, especially alkali metal and alkaline earth metal halides and
      sulfates, may also be added to facilitate the agglomeration. Novel
      macromolecular resins of high absorptivity are thus produced, comprising
      the fine particles of polymer cofused in a reticulated structure, the
      degree of cofusion being controlled at will by the process conditions
      selected.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a streamlined continuation of our copending application
      Ser. No. 682,384, filed Nov. 13, 1968, now abandoned, which in turn is a
      continuation in part of our copending application Ser. No. 585,052, filed
      Oct. 7, 1966, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to macromolecular polymer structures and methods for
      their preparation. It also concerns compositions containing these
      macroreticular products and in particular highly absorptive resins and
      plastisols.
PAR  Blotter-type resins are known. They are generally prepared by forming large
      particles of a synthetic polymeric resin and exploding the particles by
      suddenly reducing pressure within the system. This results in a
      sponge-like structure wherein the interstices are fairly continuous and
      the solid matrix is hard and horny, much like coral. This type of resin is
      able to soak up liquids such as plasticizers, hence its popular term a
      "blotter resin."
PAR  It is among the objects of this invention to provide novel cofused resin
      structures which are especially adapted to use instead of blotter resins
      because they have the ability to absorb and hold large quantities of
      plasticizers and other liquids. A further object is to provide plastisols
      and similar compositions, with or without pigmentation, which are in the
      form of apparently dry, free-flowing granules, but which contain trapped
      within the interstices of the reticulated structure the plasticizer
      necessary to convert them to plastisols upon the application of stress or
      shear. Additional objects are to devise methods for making and using these
      new types of cofused resins.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects are realized by the present invention, which in its
      broader aspects comprises fusing together fine, discrete polymer particles
      under controlled conditions until the desired degree of cofusion is
      achieved, by intimately commingling a stable aqueous emulsion or
      suspension of the polymer, particularly a vinyl polymer, and a
      water-miscible organic solvent system and heating to achieve conditions
      under which the polymer is partially but not wholly solubilized. The
      polymer particles are thereby softened to the point where they fuse
      together, either lightly or extensively depending on the time and
      temperature of heating and the type of solvent. These confused particles
      then precipitate and the resulting macroreticular resin may be recovered
      from the liquid phase, dried and finished in any of the usually accepted
      ways.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. I is illustrative of a typical polyvinyl chloride (PVC) resin having
      the novel reticulated structure obtained by this process;
PAR  FIGS. II and III depict a typical prior art PVC dispersion resin (Geon 121,
      product of Goodrich). All three figures are photomicrographs at the same
      magnification (1000x). The macroreticular resin of FIG. I appears as a
      relatively large discrete particle in a matrix remarkably free of broken
      bits and primary particles. On the other hand, the prior art resin of FIG.
      II appears as agglomerates with a background of small particles. FIG. III
      shows the result when the agglomerates of FIG. II are broken up by mere
      stirring or other physical disturbance of a very gentle type. (Such
      treatment of the structures of FIG. I does not change their character,
      thus demonstrating the fact that they are not simple "agglomerates" but a
      new type of discrete structure in which the polymer particles are actually
      fused together.)
PAR  FIG. IV is a phase diagram of a typical solvent system for PVC and FIG. V
      illustrates graphically representative resin aggregate strengths as
      measured by the Brookfield method hereafter described.
PAR  FIGS. VI through X are top-illuminated photographs at 188x magnification of
      various prior art resins and of a typical resin of the present invention:
      FIG. VI - the product of Example IV; FIG. VII - a commercial blotter resin
      (product of Dow-No. 133-4); FIG. VIII - Geon 121 again; FIG. IX - a
      commercial suspension G. P. resin (product of Stauffer-SCC No. 620); FIG.
      X - a commercial extender resin (product of Goodyear - "Pliovic"M-50).
PAR  FIGS. XI through XXI are transmission-illuminated photographs, again at
      188x magnification, identified as follows: FIG. XI - product of Example I;
      FIG. XII - product of Example II; FIG. XIII - The "pigmentsol" product of
      Example III B; FIG. XIV - product of Example IV again; FIG. XV - The
      milled product of Example V (the large globule at the bottom of the field
      is merely an air bubble); FIG. XVI - Dow 133-4 blotter resin again; FIG.
      XVII - Geon 121 again; FIG. XVIII - SCC 620 again; FIG. XIX - "Pliovic"
      M-50 again; FIGS. XX and XXI - products of this invention prepared by the
      combined solvent-salt process of Examples VI and VII.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The choice of polymer for this process may vary widely. For instance, one
      may use a vinyl halide, e.g. a homopolymer prepared by the emulsion
      polymerization of vinyl chloride in an aqueous system until a stable latex
      of primary particle size results. Instead of such latices, polymers
      prepared by other processes may also be used, for instance dispersion type
      polymers. The desired emulsions or suspensions may be prepared by
      redispersing preformed polymer particles in an aqueous system, for example
      after they have been spray-dried or otherwise recovered as a dry powder or
      granules. Such a reconstituted polymer suspension is then mixed and heated
      with the critical water-miscible solvent system according to the process
      of the present invention, just as is a latex obtained directly by emulsion
      polymerization. Generally whatever the source of the polymer dispersion,
      whether latex or suspension, the concentration of polymer in it is
      preferably between about 5 and about 50%, preferably about 20 to 30%, by
      weight.
PAR  Instead of one monomer, mixtures of monomers may be polymerized to obtain
      latices of copolymers in lieu of homopolymers which are then utilized to
      make the new resins. Typical examples of polymers useful in this invention
      are the vinyl and vinylidene halides, especially the chlorides and
      bromides; vinyl ketones; vinyl aromatic compounds like styrene and its
      copolymers and blends such as acrylonitrile-butadiene-styrene systems;
      vinyl sulfide copolymers; vinyl esters such as vinyl acetate; esters of
      alcohols with mono- and polybasic acids, e.g. methyl and ethyl acrylates,
      methyl and ethyl methacrylates, maleic acid and fumaric acid esters;
      unsaturated ethers and amides such as cetyl vinyl ether, acrylamides and
      acrylonitriles; and alkylenes like ethylene and propylene. Substantially
      any polymer which is thermoplastic can be successfully treated by the
      process of this invention.
PAR  The choice of organic solvent system for this new process is a particularly
      critical one. The solvent should be one in which the polymer per se is at
      least partially soluble, and yet should not be one which, in the aqueous
      system and with the heat employed in this process, actually does more than
      soften the polymer particles. The softened particles in the aqueous matrix
      can then "glue" themselves together at various contact points to provide
      the novel cofused resins of this invention. If on the other hand the
      organic solvent-heat treatment fully solubilizes the polymer in the latex,
      an amorphous coagulum precipitates which merely consists of large polymer
      agglomerates having neither the desirably high absorptivity nor the
      reticulated structure of cofused resins. It has been found that a system
      consisting essentially of an at least partially water-miscible ketone
      having from 3 to 6 carbon atoms and a lower alkanol (1 to 5 carbons) which
      is miscible with both the ketone and the water is especially satisfactory.
      One may employ for instance as the alkanol from about 0 to about 10 parts
      by volume of methanol, ethanol or isopropanol per part by volume of the
      ketone. Representative of the most desirable ketones for treating
      polyvinyl latices are cyclohexanone (water-miscible to the extent of about
      8%), acetone and methyl ethyl ketone. Some ketones can be used as the sole
      solvent, particularly acetone and cyclohexanone. Other solvents notably
      useful with polyvinyl chloride and polyvinyl bromide are tetrahydrofuran,
      dioxane, dimethylacetamide, dimethylsulfoxide and mixtures of these. Those
      skilled in the polymerization art, given applicants' teachings herein, can
      readily select particularly desirable organic solvents and heating
      temperatures to be used with any given polymer to achieve whatever degree
      of particle cofusion is desired. For instance, to obtain a resin wherein
      the particles are very strongly bonded together, one might select a
      polyvinyl chloride latex and cyclohexanone as the solvent. To obtain a
      lightly cofused PVC resin one might prefer acetone to cyclohexanone, but
      with many methacrylate latices one would probably avoid choosing this
      solvent. Where two organic solvents are mixed, the proportions of them to
      employ are of course interdependent with the polymer system chosen and the
      specific temperature and time of treatment. All these process conditions
      can be easily adjusted so that the polymer particles agglomerate at the
      desired point to obtain the desired confused resin.
PAR  According to one preferred embodiment of this invention, a solvent system
      of cyclohexanone and methanol has been found to be most effective with
      aqueous polyvinyl chloride latices in obtaining resins with the desired
      macroreticular structure. All combinations of these solvents and water in
      the miscible region of the phase diagram of FIG. IV are operable. It has
      been observed that by varying the composition within this miscible region,
      one can obtain varying degrees of surface fusion. Thus cofused resins may
      be prepared which can, if desired, be broken down easily. By operating in
      a region of higher cyclohexanone, on the other hand, a more permanent
      blotter-type resin may be formed.
PAR  It has been found particularly desirable, especially in large scale
      commercial operation, to incorporate in the polymer suspension-organic
      solvent system a relatively minor proportion by weight of an electrolyte
      which is a water-soluble metal salt. The combination of the salt with the
      heat and organic solvent facilitates the softening and agglomeration of
      the polymer particles, thus speeding and controlling the cofusion into the
      desired reticulated structure. Preferred salts for treatment of polyvinyl
      halides are alkali metal and alkaline earth metal halides, sulfates,
      phosphates and nitrates, and in particular sodium and potassium chlorides
      and sulfates. Such a salt is used in proportions generally ranging between
      about 10 and 50% by weight of the polymer solids content in the
      suspension, and preferably between about 15 and 30% by weight.
PAR  One skilled in the art can also readily choose the particular conditions of
      temperature and time under which the polymer suspension and the solvent
      system are interreacted. As above noted, the temperatures and time are
      interdependent and also dependent upon the solvent system and the polymer
      chosen and their proportions. Of course, a temperature below the boiling
      point (at whatever pressure chosen) but above the freezing point of the
      solvent system should be used. For instance, when a cofused or "CF"
      polyvinyl chloride resin is in preparation, a relatively small proportion
      of solvent will suffice if the temperature is somewhat above about
      70.degree.C (the approximate softening temperature of PVC); but more
      solvent is required at lower temperatures in order to achieve the desired
      degree of cofusion in the same period of time. Conversely, with the poorer
      solvents and the solventelectrolyte systems, higher temperatures are
      desirable.
PAR  If enough solvent and reaction time are provided, even room temperature can
      be used successfully, but naturally some heat is desirable to accelerate
      the reaction. Again using PVC resin preparation as an example, when
      acetone or cyclohexanone and methanol is the solvent system of choice, the
      temperature of heating should be about 40.degree. to 100.degree.C and
      preferably 50.degree. to 85.degree.C, and the time of the heating should
      be rather long, e.g. about 1/2 to 2 hours. On the other hand, when
      cyclohexanone is used alone, heating for only 5 minutes at 150.degree.C
      under pressure is sufficient. It is often desirable to use refluxing
      conditions to avoid loss of the solvents and water.
PAR  The importance of heating as one of the conditions of the new process is
      well illustrated by the following comparative test:
PAR  To 154 grams of PVC latex (32.5% solids) were added 240 grams of methanol,
      150 grams of acetone and 100 grams of H.sub.2 O. The latex coagulated at
      once, was stirred for 10 minutes at room temperature and then filtered
      through 15 cm No541 Whatman filter paper in a Buchner funnel attached to a
      standard laboratory vacuum line. Filtration time = 7 min. 35 sec. When
      this experiment was repeated but the mixture stirred and heated for 2
      hours at 75.degree.C before filtering by the same technique, the
      filtration time was only 30 seconds. It is noteworthy that this improved
      filtrability also aids materially in the ease of recovery of these new
      resins from the solvent system in which they are formed.
PAR  The reticulated resins precipitated by this new process are recovered by
      any means well known in the art, for instance, centrifuging, washing with
      water or hot methanol, tumble-drying, evaporating off residual solvents,
      etc. The final products are characterized and distinguished from hitherto
      known resins by many properties, particularly their microscopic
      appearance, their bulk densities, their surface areas, the relative
      permanence of bonding at the points of fusion of the primary particles
      composing them as measured, e.g. by their shear-resistance or
      shear-convertibility, and their absorptivity. For instance, the following
      table shows bulk densities of three of the new cofused polyvinyl chloride
      resins as compared to a commercially available dispersion-grade PVC resin
      prepared by conventional emulsion polymerization (again Geon 121) and to
      other respresentative prior art resins prepared by various techniques. The
      standard test described in ASTM D-1182 "Bulk Density Apparent" was used
      for this comparison.
TBL  ______________________________________                                    
                         Density                                               
     ______________________________________                                    
     SCC 620 (Stauffer suspension resin)                                       
                           48.76    100 ml                                     
     Dow 133-4 (blotter resin)                                                 
                           36.12    "                                          
     Geon 103 (Goodrich suspension resin)                                      
                           54.12    "                                          
     Diamond 744 (suspension resin)                                            
                           56.40    "                                          
     Pliovic M-50 (Goodyear extender resin)                                    
                           40.76    "                                          
     Geon 121 (Goodrich dispersion resin                                       
                           30.24    "                                          
     CF 494-2              26.64    "                                          
     CF 494-10             24.68    "                                          
     CF 494-11             22.76    "                                          
     ______________________________________                                    
PAR  The CF resin 494-2 was prepared by heating the PVC latex emulsion with
      acetone for four hours at a temperature from 75.degree. to 85.degree.C, CF
      494-10 was obtained by treatment with a mixture of acetone and methyl
      alcohol for four hours at a temperature from 65.degree. to 68.degree.C,
      and CF 494-11 by treatment with acetone and sodium chloride for the same
      period at a temperature from 75.degree. to 85.degree.C. It is clear that
      all three of these novel resins differ markedly in bulk density from even
      the prior art resin nearest to them in primary particle size and process
      of manufacture, the Geon 121. These test results are also of interest in
      illustrating the variations in bulk densities which can be achieved at
      will among these new products by varying the solvent systems and heating
      temperatures chosen.
PAR  The particle size distribution for each of these test resins is as follows:
TBL  SCC 620                  20 to 100                                        
                                       microns                                 
     Dow 133-4                40 to 135                                        
                                       "                                       
     Geon 103                 100 to 130                                       
                                       "                                       
     Diamond 744              20 to  60                                        
                                       "                                       
     Pliovic M-50             18 to  40                                        
                                       "                                       
     Geon 121 (with two maximum distribution ranges                            
     respectively at 0.10 to 0.26 microns                                      
     and 0.39 to 0.78 microns)                                                 
                              0.06 to 1.18                                     
                                       "                                       
     CF 494-2                 10 to  35                                        
                                       "                                       
     CF 494-10                10 to  20                                        
                                       "                                       
     CF 494-11                10 to  40                                        
                                       "                                       
PAR  Surface area of the cofused resin products is preferably measured by the
      "BET method," i.e. the method developed by Brunauer, Emmet and Teller and
      described in Chapter 12, "Scientific and Industrial Glass Blowing and
      Laboratory Techniques," Barr & Anhorn (Instruments Publishing Co. 1959).
      Comparative mean specific surface areas for representative resins of the
      prior art and the new CF resins by the BET technique are as follows:
TBL  Average suspension resin                                                  
                             0.09    M.sup.2 /g                                
     Blotter resin (Dow 133-4)                                                 
                             0.9     M.sup.2 /g                                
     Average CF resin        2.7     M.sup.2 /g                                
     Average dispersion resin (Geon 121)                                       
                             4.3     M.sup.2 /g                                
PAL  Note especially the new product's greatly increased surface area as
      compared to the so-called blotter resin. From these data it is clear that,
      while the cofused resins can be advantageously used to replace blotter
      resins in many applications because of their extreme absorptive capacity,
      they are not themselves blotter resins per se. Nor can they be considered
      either suspension resins or dispersion resins. Rather they constitute an
      entirely new class of resins which in their most important characteristics
      are clearly differentiated from the several prior art resin categories.
PAR  Another important means by which the new cofused resins are differentiated
      from those hitherto known, and also a means by which individual CF resins
      may be distinguished from each other, is by measurement of their aggregate
      strength, i.e. the force required to shear the resins, converting them to
      their primary discrete particles by breaking them apart at their points of
      fusion. The prior art blotter resins, for instance, are so firmly
      aggregated that they are generally not shear-convertible at all. A
      dispersiongrade resin such as Geon 121, on the other hand, may consist of
      agglomerates, not aggregates, so loosely bound by static charges rather
      than fusion that little or no measurable force is needed to shatter its
      structure.
PAR  Two techniques have been developed for measuring the force required to
      shear the new cofused resins into their primary discrete particles and
      thus compare their aggregate strengths with those of the prior art resins:
      (a) Dry Strength, using an instrument modified for this purpose, Tester
      Model TT, manufactured by Instron Corp., Canton, Mass.; and (b) Wet
      Strength, adapting a Wells-Brookfield plate and cone rheometer Model
      200-HBT-2X, manufactured by Brookfield Engineering Laboratories,
      Stoughton, Mass. Both techniques are in effect measuring the strength of
      the interparticle fusion bond in the resin aggregate.
PAC  a. Aggregate Strength, Dry 10  minute,
PAR  This measurement is made using a 2 gram resin sample within a one inch
      diameter cylindrical cavity die with a tight fitting top plunger,
      subjected to compression in the Instron Tester. The Instron is set up with
      the D compression cell, chart 10 inches per minutes, 1000 lbs. full scale
      and crosshead at 0.1 inches per minute. The total area under the curve
      from 50 lbs. to 1000 lbs. is determined and called A. The distance from
      the 500 lb. intercept to the 1000 lb. intercept is called B. The quantity
      .alpha. is reported where .alpha. = (A) (B) (.1). A higher number
      indicates stronger interparticular bonds requiring more force to break
      apart the agglomerates. Non-converting prior art resins such as the
      suspension and dispersion types have a low alpha value since they rapidly
      assume their final compacted form. Blotter resin which can compact its
      irregular shape has a higher value. The shear-convertible resins all have
      alpha values even higher, since the value rises with the strength of the
      interparticle bond.
PAC  b. Aggregate Strength, Wet
PAR  In this technique, a slurry of resin in an excess of a carrier fluid, e.g.,
      2 ethylhexyl phthalate (also known as dioctyl phthalate or DOP), is
      subjected to varying shear, and the effect on the viscosity of the slurry
      measured.
PAR  One gram of resin is added with minimum stirring to 3 grams of DOP. This is
      gently stirred with a wooden applicator stick to assure homogeneity.
PAR  The slurry is placed in the sample holder of the rheometer. The gap between
      cone and plate is set to 25 microns. The speed is set at 2 rpm. The motor
      is energized and viscosity readings are taken after one minute and after
      eleven minutes. The speed is increased at 20 rpm. for 9 minutes and then
      returned to 2 rpm. A reading at 21 minutes is taken. If readings are taken
      at intermediate times, e.g., 3, 5, 7, and 9 minutes, then results may be
      plotted as viscosity versus time as hereafter shown. A beta value is
      reported where: .beta. = 1 min. visc. -11 min. visc. +2 (11 min. visc. -21
      min. visc.) or .beta. = 1 min. visc. + 11 min. visc. - 2 (21 min. visc.).
      .beta. is used to rank the various resins, a higher .beta. indicating more
      resistance to shear.
PAR  Results comparing the CF and prior art resins by both techniques are shown
      in the table below under the headings .alpha. and .beta.. Porosities
      reported in this table were determined thus:
PAR  Two grams of isopropanol or of DOP are weighed into a 50 ml beaker and the
      resin added slowly with minimal stirring with a wooden applicator stick.
      The end point is reached when the paste no longer sticks to the bottom of
      the beaker. Back titration is performed if necessary by adding an
      additional weighed amount of alcohol. This latter procedure does lower
      reproducibility, which otherwise is quite good. The final paste is weighed
      and the amount of alcohol that would be absorbed by 100 grams of resin is
      calculated and reported. Correlation between the alcohol and the DOP
      titrations is good, with the alcohol method giving higher values.
TBL                                    TABLE                                   
     __________________________________________________________________________
                    Bulk den.                                                  
                          Porosity                                             
     Sample  Size in .mu.                                                      
                    g/ml  (phr)   .alpha.                                      
                                       .beta.                                  
                                             Notes                             
                           Alc.                                                
                              DOP                                              
     __________________________________________________________________________
     SCC-620                                                                   
     G.P. resin                                                                
             110-170                                                           
                    .59    40     7.4  4.1                                     
     Geon 121                                                                  
     dispersion                                                                
     resin   .2-1.5 .30    40     3.7  0.1                                     
     Dow 133-4                                                                 
     blotter                                                                   
     resin   200-250                                                           
                    .36    60     31.1 2.8                                     
     CF Resins(PVC)                                                            
     529-42A                                                                   
     low acetone                                                               
             2.5-75       140     26.0 14.2  shear                             
                                             sensitive                         
     655-2                                                                     
     low temp.                                                                 
             2.5-25       190     36.1 45.0  shear                             
                                             convertible                       
     655-7A                                                                    
     high acetone                                                              
             1-10         200 130 57.4 48.8  shear                             
                                             convertible                       
     655-13D                   170-                                            
     high acetone                                                              
             1-50   .16   240 200 59.8 123.  shear                             
                                             convertible                       
     655-8                                                                     
     high acetone                                                              
             1-50   .17   230 170 71.8 65.2  shear                             
                                             convertible                       
     265-41                                                                    
     cyclohexanone                                                             
             large  .21   250     93.3 154.  shear                             
                                             resistant                         
     __________________________________________________________________________
PAR  As mentioned above, by the second or modified Brookfield technique one can
      also compare resins graphically by plotting viscosity versus time, giving
      a curve like that of Figure V. The dispersion resin Geon 121 on this curve
      has constant low viscosity. Due to surface abrasion, a blotter resin like
      Dow 133-4 shows a slight early decrease in viscosity, followed by a
      levelling off to a limiting value higher than Geon 121. Shear-sensitive CF
      resins like 529-42A have been partially broken down before the test
      begins, so start with medium viscosity and drop to a value near Geon 121.
      The more shear-resistant CF resins start higher and drop quickly, as with
      655-8 and 655-13D. Resin 265-41, the most strongly fused, i.e., highly
      shear resistant, CF product does not convert during the early part of the
      test, but does so when the higher speed is used between the eleven and
      twenty minutes times.
PAR  The confused polyvinyl resins of this invention are distinguished from the
      various classes of prior art resins, such as those tabulated above, by
      their peculiar combination of properties. For instance, their primary
      particle size averages approximately 0.03 -2.0 microns (diameter). their
      surface area as measured by the previously described BET method is
      generally at least about 2 square meters per gram, and their maximum bulk
      density (ASTM-D1182 method) is about 30 grams per 100 ml. Those polyvinyl
      CF resins which are shear-sensitive usually range in wet aggregate
      strength, as measured by the modified Brookfield test, between about
      .beta. =8 and .beta. =30; those which are shearconvertible generally range
      between about .beta. =31 and about .beta. =130; and those which are
      shear-resistant have a wet strength of greater than about .beta. =130,
      normally up to .beta. =200 or more. All three types of polyvinyl CF resins
      are characterized by dry aggregate strengths of at least about .beta. =20,
      as measured by the above-described Instron test, the alpha value generally
      increasing as the resin's resistance to shear, i.e., the aggregate
      strength, increases.
PAR  Those new resins which are polyvinyls are capable of absorbing large
      amounts of plasticizer at ordinary room temperatures and still retaining
      their apparently dry, free-flowing character. For instance, cofused PVC
      resins can absorb up to 200% of their weight of DOP but remain dry.
      Depending on the conditions of fusion, resin having the plasticizer taken
      up in it exhibits varying degrees of permanence. Again using the lower
      alkanol: ketone solvent system are exemplary, generally the lower the
      proportion of the ketone in the system the more the product lends itself
      to conversion to a conventional, liquid plastisol. The dry,
      plasticizer-containing resin under these conditions we have termed
      "instant plastisol". It is not of course a true plastisol itself, because
      it is not a liquid. However, it is in essence a plastisol precursor in the
      sense that it is convertible to a standard plastisol simply by the
      application of a shearing force. The severity of shearing must of course
      be interdependent with the tightness with which the polymer particles of
      new macroreticular resin are fused together and thus hold on to the
      absorbed plasticizer. Those resins are usually chosen for the preparation
      of plastisol precursors which have wet aggregate strengths in the range of
      .beta. =8 to .beta. =130.
PAR  This property of instantly converting to a liquid plastisol upon simple
      shearing renders this type of the new cofused resins particularly valuable
      for a variety of uses, for instance as carriers for chemicals, as glass
      and wood laminates and in other types of adhesives, as "dry" lubricants
      and binders, pressuresealing gaskets, films and sheeting. As a plastisol
      or pigmentsol per se, this type of resin premixed with plasticizer and
      containing pigment if desired can be shipped and handled as a dry powder
      at less cost than conventional liquid plastisols. The "barrier effect"
      permits separate, "dry" storing of two reactive chemicals and their
      reaction together in situ whenever the cofused resin carrier is sheared to
      release them.
PAR  Furthermore, simple grinding of the cofused resin products results in
      clean, dispersion-grade resins such as have not been obtainable before
      from emulsion polymerizations. These milled products form very high-grade
      films characterized by good stability and low haze. Thus it can be seen
      conversely that the new process of this invention is also useful as a
      method of purifying resins obtained by emulsion polymerization techniques.
PAR  The following examples are given simply to illustrate this invention and
      not in any way to limit its scope:
PAC  EXAMPLE I
PAR  Four hundred grams of a high molecular weight emulsiontype polyvinyl
      chloride resin, of dispersion grade in particle size, sold under the
      trademark Geon 121, are heated at 75.degree.-80.degree.C. in the presence
      of the following mixed solvent system for 5 hours.
TBL  ______________________________________                                    
     1820       H.sub.2 O                                                      
     1725       Methanol      (cc's)                                           
     975        Cyclohexanone                                                  
     ______________________________________                                    
PAL  Upon completion of the reaction, the polymer is filtered and washed by
      slurring it with 800 cc methanol for 30 minutes at 50.degree.C. The
      polymer is filtered and dried.
PAR  Microscopic evaluation of the particles before and after treatment revealed
      that there are large increases in particle size. The resultant particles
      exhibit the desired macroreticular structure. A photograph of them appears
      herein as FIG. XI.
TBL  ______________________________________                                    
                    before  = 41.7g./100ml.                                    
     Bulk density                                                              
                    after   = 28.2                                             
     ______________________________________                                    
PAR  A sample of this product is mixed with a conventional plasticizer, DOP. It
      is found that the resin absorbs 60 parts of DOP per 100 grams and still
      remains dry.
PAC  EXAMPLE II
PAR  A sample of 240 grams of polyvinyl chloride latex prepared by emulsion
      polymerization and consisting of 35.2% solids and containing 84 grams of
      polymer and 156 grams of water, is stirred for 3 hours at 75.degree.C.
      with 260 cc H.sub.2 O, 416 cc methanol and 208 cc cyclohexanone.
PAR  The latex emulsion breaks and the CF resin precipitates and is filtered
      off. The pearl-like product is washed for 1 hour in hot 50.degree.C.
      methanol, filtered and dried. Microscopic examination reveals the desired
      structure shown in FIG. I. This product is also shown in FIG. XII.
PAC  EXAMPLE III
PAR  A. Five parts of titanium dioxide pigment as a 24% by weight water
      dispersion are intimately mixed with 20 parts of polyvinyl chloride resin
      present in a 40% solids latex emulsion. The resin latex-pigment mixture is
      then blended with a mixed solvent composed of 8% cyclohexanone, 41%
      methanol and 51% water for 3 hours at 70.degree.C. The resulting
      macroreticular resin-pigment composition is then filtered and dried. This
      dry powder, which contains 20% pigment, is allowed to absorb sufficient
      dioctyl phthalate plasticizer to fill the voids in its structure. The
      resulting plastisol remains a dry, free-flowing powder.
PAR  B. Five parts of a 24% water dispersion of blue pigment (phthalocyanine
      blue) are mixed with a PVC latex (40% solids) containing 20 parts of PVC.
      The resin latex-pigment mixture is then treated with 120 grams of a mixed
      solvent composed of 8% cyclohexanone, 41% methanol and 51% water. The
      mixture is heated for 3 hours at 70.degree.C. The macroreticular
      resin-pigment mixture is then filtered and dried. This product is
      illustrated in FIG. XIII. To this pigmented blotter composition, which
      contains 20% active pigment, are added 25 grams of dioctyl phthalate
      plasticizer.
PAR  Both of these two "pigmentsols," or "instant plastisols" are ready for
      calendering operations.
PAC  EXAMPLE IV
PAR  A. To 1,000 grams of a PVC latex containing 25% solids are added 100 grams
      of acetone. The mixture is heated for 3 hours at 75.degree.C. The
      resultant precipitated macroreticular resin is then cooled, filtered,
      washed with 4,000 grams of H.sub.2 O, filtered and air dried. This product
      is shown in FIGS. VI and XIV.
PAR  B. To 250 grams of the dry CF resin prepared above are added 200 grams of
      DOP. The CF blotter type resin evenly absorbs the plasticizer and remains
      a dry and free flowing powder. This dry blend can be stored for prolonged
      periods. A portion of it is dusted between glass plates and 100 p.s.i.
      pressure applied. The pressure causes the dry blend to shear into an even
      liquid plastisol. The plates, between which the liquefied plastisol is now
      sandwiched evenly, are placed in an oven at 350.degree.F. for 20 minutes.
      A clear, strong, adhesive, glass laminate results. This material is
      suitable for safety type glass.
PAR  C. A sample of the CF resin prepared above is converted to a dry blend in a
      Hobart N-50 (B-beater stirrer) by charging the CF-PVC resin and slowly
      dripping in 60 parts by weight of DOP plasticizer per 100 parts of the
      resin, with stirring at No. 1 speed. The resultant dry powder is employed
      to laminate plywood, using two types of bonding techniques:
PAC  Pressure only:
PAR  Here the CF dry blend containing the plasticizer is sprinkled on one wood
      ply, the second wood ply is placed on top to form the lap joint, and the
      unit is put in the hot press at 350.degree.F. at 167 p.s.i.
PAC  Shere Conversion:
PAR  Here the powdered plastisol is sprinkled on the wood surface followed by
      shear conversion (rubbing of the plies together to liquefy the dry blend)
      prior to bonding.
TBL  ______________________________________                                    
     Data on bond strength is as follows:                                      
                    Bond      Type of                                          
                    Strength  Failure                                          
     ______________________________________                                    
     Pressure bond method                                                      
                      355 p.s.i.  90% wood                                     
     Shear conversion method                                                   
                      360 p.s.i.  95% wood                                     
     ______________________________________                                    
PAC  EXAMPLE V
PAR  A sample of the CF resin prepared in Example IV is milled twice
      (Mikropulverizer ) to break up aggregates and evaluated as a dispersion
      grade resin for plastisol applications. Resin from this same latex is
      isolated using the conventional spray drying process followed by milling.
      Both resins are evaluated as dispersion grade resins relative to Geon 121
      (also spary dried) by preparing plastisols from them using a Hobart N-50
      mixer equipped with the B-type beater stirrer. The following formulation
      was used (in parts by weight): 100 resin, 100 dioctylphthalate, 1 tin
      mercaptide heat stabilizer.
PAR  The following table gives the results obtained in three comparative
      standard tests:
TBL                      CF      Spray    Geon                                 
     Properties          23      Dried    121                                  
                                 23                                            
     ______________________________________                                    
     1.  Resin properties    0.5     1.8    3.2                                
         % methanol extractables                                               
         (ASTM D 2222-63T)                                                     
     2.  Plastisol properties                                                  
         Brookfield viscosity (poise)                                          
                             14      119    15                                 
         (ASTM D 1824-61T)                                                     
     3.  Fused Film (350.degree. F-10 min.-                                    
         20 mil.) Properties (clear) (haze) (haze)                             
         Clarity (% haze)    0.8%    25%    30%                                
         (ASTM D 1003-61)                                                      
     ______________________________________                                    
PAR  It can be seen from the data that CF 23 by virtue of the coagulation
      process is excellently "cleaned up" and after milling functions as a
      dispersion grade resin. A photograph of this product appears herein as
      FIG. XV. For example, the new CF resin has vastly decreased methanol
      extractables (soap residues), excellent film clarity (improved to
      glass-like qualities, 0.8% haze), and plastisol viscosity comparable to
      Geon 121, indicating that the milled CF resin functions as a dispersion
      grade resin with low viscosity and excellent film clarity.
PAC  EXAMPLE VI
TBL  ______________________________________                                    
     Example VI                                                                
     ______________________________________                                    
     PVC Latex     100       parts,  dry weight                                
     Water (including                                                          
                   300       "                                                 
     latex water)                                                              
     Acetone       20        "                                                 
     Sodium Chloride                                                           
                   35        "                                                 
     Sodium Carbonate                                                          
                   0.2       "                                                 
     ______________________________________                                    
PAR  All of these reactants except the sodium chloride are charged into a
      reactor and heated under reflux with stirring for 2 hours at 75.degree.C.
      At the end of that period the sodium chloride is added as a saturated
      aqueous solution (35.7 parts per 100 parts H.sub.2 O - this water of
      solution being in addition to the 300 parts initially charged). Heating
      and stirring are continued 30 minutes longer, after which the reaction
      system is cooled to approximately 35.degree.C. and the resin product
      filtered, washed free of salts and dried. This resin is illustrated in
      FIG. XX.
PAC  EXAMPLE VII
PAR  One hundred parts by weight (dry) of PVC latex, 40 parts of acetone, 24
      parts of sodium sulfate (as a 10% aqueous solution), 0.2 part of sodium
      carbonate (as a 1% solution), 1 part of "Ionol" (a free radical scavenger
      used to reduce polymer decomposition during heat treatment) and enough
      additional water to make a total of 1000 parts of water are heated for 3
      hours at 80.degree.C. with agitation. The resulting resin, after recovery
      by filtration, water-washing and drying, had a DOp plasticizer absorption
      capacity of 170 phr. A photograph of this product appears as FIG. XXI
      herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A reticulated resin structure in the form of a dry, free flowing powder,
      said resin structure comprising a plurality of vinyl polymer resin
      particles which are fused to one another at a plurality of contact points
      in a manner such that said resin structure has interstices between the
      thus fused particles thereof; said reticulated resin structure being
      prepared by means of a process which comprises intimately mixing an
      aqueous emulsion or suspension of discrete particles of a vinyl polymer
      and an at least partially water-miscible organic solvent system selected
      from the group consisting of ketones having from 3 to 6 carbon atoms,
      mixtures of such ketones with water-miscible lower alkanols of 1 to 5
      carbons which are miscible with both the ketone and the water, dioxane,
      tetrahydrofuran, diemthylacetamide and mixtures of these, and heating the
      admixture to a temperature of at least 40.degree.C. and for a time
      sufficient to soften said vinyl polymer particles without fully
      solubilizing said particles and fuse said particles together with one
      another into a resin having a reticulated structure with interstices
      between said fused particles and sufficient to provide fused particles
      having a surface area of at least 2M.sup.2 /g as measured by the BET
      method, a dry aggregate strength as measured by the Instron method of at
      least .alpha. - 20, a wet aggregate strength as measured by the modified
      Brookfield test of from about .beta. = 8 to about .beta. = 130 and a
      maximum bulk density by the ASTM-D1182 method of about 30 grams per 100
      milliliters, and then separating the resulting reticulated resin
      structure.
NUM  2.
PAR  2. The resin structure of claim 1, wherein said vinyl polymer is polyvinyl
      chloride.
NUM  3.
PAR  3. The resin structure of claim 1, wherein said vinyl polymer is a
      copolymer of vinyl chloride and vinyl acetate.
NUM  4.
PAR  4. The resin structure of claim 1, wherein in the process used for its
      preparation said solvent system also contains a water-soluble alkali metal
      salt electrolyte.
NUM  5.
PAR  5. The resin structure of Claim 2, wherein in the process used for its
      preparation said solvent system is one part by volume of cyclohexanone
      with between 0 and 10 parts by volume of methanol.
NUM  6.
PAR  6. The resin structure of claim 2, wherein in the process used for its
      preparation said solvent system is acetone.
NUM  7.
PAR  7. The resin structure of claim 2, wherein in the process used for its
      preparation said solvent system is cyclohexaneone.
NUM  8.
PAR  8. The resin structure of claim 1, wherein in the process used for its
      preparation an inert pigment is added to the system and a pigmented resin
      structure is separated.
NUM  9.
PAR  9. A reticulated resin structure in the form of a dry, free flowing powder,
      said resin structure comprising a plurality of polyvinyl chloride resin
      particles which are fused to one another at a plurality of contact points
      in a manner such that said resin structure has interstices between the
      thus fused particles thereof; said reticulated resin structure being
      prepared by means of a process which comprises intimately mixing discrete
      particles of polyvinyl chloride in a solvent system consisting essentially
      of methanol, cyclohexanone, and water in the proportions encompassed
      within the miscible region which is present to the right of the
      23.degree.C. miscibility curve in the phase diagram of FIG. IV, heating
      the mixture at a temperature between about 40.degree.C. and 100.degree.C.
      for between about 1/2 and 5 hours to soften said polyvinyl chloride
      particles without fully solubilizing said particles sufficiently to fuse
      said particles together with one another forming a reticulated resin
      structure with interstices between said fused particles and sufficient to
      provide fused particles having a surface area of at least 2M.sup.2 /g as
      measured by the BET method, a dry aggregate strength as measured by the
      Instron method of at least .alpha. = 20, a wet aggregate strength as
      measured by the modified Brookfield test of from about .beta. = 8 to about
      .beta. = 130, and a bulk density by the ASTM-D1182 method of less than 30
      grams per 100 milliliters, and separating the resulting reticulated resin
      structure.
NUM  10.
PAR  10. A reticulated resin structure in the form of a dry, free flowing powder
      said resin structure comprising a plurality of polyvinyl chloride resin
      particles which are fused to one another at a plurality of contact points
      in a manner such that said resin structure has interstices between the
      thus fused particle thereof; said reticulated resin being prepared by
      means of a process which comprises intimately mixing an aqueous latex of
      polyvinyl chloride particles in a solvent system comprising acetone and a
      water soluble alkali metal salt electrolyte selected from the group
      consisting of sodium sulfate and sodium chloride and heating the admixture
      to a temperature of about 50 and 85 degrees C. for from about 0.5 to 2
      hours thus softening said polyvinyl chloride particles without fully
      solubilizing them, thereby fusing said particles with one another into a
      resin having a reticulated structure with interstices between the thus
      fused particles and then precipitating the resulting resin structure, said
      reticulated resin structure being characterized by a surface are of at
      least 2M.sup.2 /g as measured by the BET method, a dry aggregate strength
      as measured by the Instron method of at least .alpha. = 20, a wet
      aggregate strength as measured by the modified Brookfield test of about 62
       = 8 to about .beta. = 130, and a maximum bulk density by the ASTM-D1182
      method of about 30 grams per 100 milliliters.
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ABST
PAL  Polyoctenamers, in which more than 80% of the C=C-double bonds are in the
      cis-configuration, with a second order transition temperature of
      approximately -90.degree.C, a crystallisation temperature of from
      -30.degree. to +10.degree.C and a melting point of +10 to +40.degree.C and
      a process for its production, wherein cyclooctene and, optionally, up to
      20% by weight, based on the monomer total, of another cyclic olefin are
      polymerised in an inert organic solvent at temperatures of from
      -50.degree. to +10.degree.C in the presence of a catalyst of
PA0  A. a tungsten halide or oxyhalide,
PA0  B. an alcohol or a halogen substituted alcohol,
PA0  C. an organometallic compound of aluminium, and
PA0  D. boron trifluoride or boron trifluoride etherate.
BSUM
PAR  It is known to polymerise cyclooctene via ring cleavage in the presence
      both of compounds of tungsten and of organo-metallic compounds of metals
      of group 1a to 3a of the Periodic System.sup.(1) to form linear
      unsaturated polyoctenamers. The C=C-double bonds of the resulting
      polyoctenamers are predominantly in the trans-configuration.
PAR  Reference is made in German Offenlegungsschrift No. 2,051,798 to the
      possibility of obtaining polyoctenamers having from 70 to 80% of the
      C=C-double bonds in the cis-configuration, at a low polymerisation
      temperature. Unfortunately, the conversions obtained in this process are
      poor.
PAR  The present invention relates to polyoctenamers having more than 80%,
      preferably 85 to 90%, of the C=C-double bonds in the cis-configuration,
      and to a process for their production. Polyoctenamers of this kind are
      referred to hereinafter as cis-polyoctenamers. In the context of the
      invention, cis-polyoctenamers also include copolymers of cyclooctene with
      up to 20% by weight, based on the monomer total, of another cycloolefin,
      for example cyclopentene, cyclooctadiene, cyclodecene, cyclododecene or
      cyclododecatriene.
PAR  The cis-polyoctenamers according to the invention are rubber-like
      substances with a second order transition temperature of about
      -90.degree.C. They crystallise at temperatures in the range of from
      -30.degree. to +10.degree.C, and melt at temperatures in the range of from
      +10.degree. to +40.degree.C. The cis-content was determined by
      IR-spectroscopy.
PAR  The invention also relates to a process for the production of
      cis-polyoctenamers, wherein cyclooctene and, optionally, up to 20% by
      weight, based on the monomer mixture, of another cyclic olefin are
      polymerised in an inert organic solvent at a temperature in the range of
      from -50.degree. to +10.degree.C in the presence of a catalyst comprising:
PA0  A. a tungsten halide or oxyhalide;
PA0  B. an alcohol or a halogen substituted alcohol,
PA0  C. an organometallic compound of aluminium; and
PA0  D. boron trifluoride or boron trifluoride etherate.
PAR  The catalyst contains preferably
PA0  A. as tungsten halide or oxyhalide WCl.sub.6, WBr.sub.6, WF.sub.6,
      WCl.sub.5 or WoCl.sub.4 ; WCl.sub.6 being most preferred;
PA0  B. as alcohol a monohydric aliphatic alcohol with 1 to 6 carbon atoms, for
      example ethanol or propanol; as halogen substituted alcohol an aliphatic
      monohydric alcohol having 2 to 6 carbon atoms, for example
      2-chloro-ethanol, 2-chloro-propanol and 2-bromo-ethanol;
PA0  C. as organometallic compound of aluminium a compound corresponding to the
      general formula
EQU  AlR.sub.n X.sub.3.sub.-n
PAL  in which R is an alkyl radical, preferably having 1 to 6 carbon atoms, X is
      chlorine or bromine and n is 1, 1.5, 2 or 3, for example
      trimethylaluminium, triethylaluminium, aluminiumdiethylchloride, aluminium
      ethyldichloride and ethylaluminium sesquichloride (ethylaluminium
      dichloride being particularly preferred); and
PA0  D. boron trifluoride or a boron trifluoride etherate, preferably
      BF.sub.3.O(C.sub. 2 H.sub.5).sub.2.
PAR  Components A and B can be used in a molar ratio of 1 : 1 to 1 : 5,
      preferably in a molar ratio of about 1 : 2. The organoaluminium compound C
      is preferably used in a molar ratio of 1 : 1 to 1 : 6, to the tungsten
      halide A.
PAR  The molar ratio of the boron trifluoride or its etherate D to the tungsten
      halide A can vary from 0.1 : 1 to 10 : 1. The two components are
      preferably used in equimolecular proportions.
PAR  The polymerisation reaction can be carried out at a temperature of from
      -50.degree. to +10.degree.C, preferably at a temperature of from
      -40.degree. to -20.degree.C.
PAR  The process according to the invention is generally carried out in an inert
      solvent, such as toluene, cyclohexane, hexane or methylene chloride, with
      a cyclooctene concentration of 1 to 50% by weight, preferably 10 to 25% by
      weight. In general, the catalyst components are successively added to a
      solution of the cyclooctene. The order A/B/D/C is preferred. It is
      possible with advantage initially to react the tungsten halide in part of
      the solvent used with the alcohol or halogen substituted alcohol
      subsequently ot add this solution to the monomer solution in the required
      quantity and then to add the other components BF.sub.3.Et.sub.2 O and
      AlR.sub.n X.sub.3.sub.-n. The catalyst is generally used in a quantity
      corresponding to 0.01 to 10m Mol, preferably in a quantity of from 0.05 to
      1 m Mol of tungsten/100 g of cyclooctene. The polymerisation reaction is
      carried out in the absence of water and air in an inert-gas atmosphere,
      for example argon or nitrogen.
PAR  It is readily possible by virtue of the process according to the invention
      to obtain polyoctenamers with a cis-double bond content of more than 80%
      without any reduction in yield, even despite the low temperatures required
      for obtaining a high cis-double bond content. Yields of more than 80% are
      obtained.
PAR  On completion of polymerisation, the polyoctenamers can be isolated and
      purified in conventional manner. After the polymerisation reaction has
      been stopped by addition of an alcohol, carboxylic acid or amine, the
      catalyst residues can be removed by precipitating the polymers in a
      precipitant, such as acetone or methanol. Stabilisers normally used for
      rubber, such as phenyl-.beta.-naphthylamine or
      2,2'-dihydroxy-3,3'-di-tert.-butyl-5,5'-dimethyldiphenyl-methane, can be
      added in quantities of from 0.2 to 3%.
PAR  The polymers obtained in accordance with the invention are rubber-like
      substances which can be cross-linked with usual vulcanisation systems.
DETD
PAC  EXAMPLES
PAC  Production of WCl.sub.4 (OC.sub.2 H.sub.4 Cl).sub.2
PAR  2.01 g of 2-chloroethanol in 50 ml of toluene were added dropwise to a
      suspension of 4.95 g of WCl.sub.6 in 200 ml of toluene in a
      stirrer-equipped flask. The solution was 0.05 molar, based on tungsten.
PAC  EXAMPLE 1
PAR  700 ml of toluene and 100 g of cyclooctene (COE) were introduced into a 2
      liter vessel equipped with a stirrer and thermometer. The mixture was
      cooled to -30.degree.C, followed by addition of the catalyst components:
      0.5 mMol of WCl.sub.4 (OC.sub.2 H.sub.4 Cl).sub.2, 0.5 mMol of
      BF.sub.3.Et.sub.2 O and 1.5 mMol of EtAICl.sub.2 in the form of an 1 molar
      solution in hexane.
PAR  Polymerisation began immediately. The temperature was kept at -30.degree.C
      by cooling. After 2 hours, the conversion reached 82%. Polymerisation was
      then stopped by the addition of 10 ml of a 10% (n-Bu).sub.3 N-solution in
      toluene and 0.5 g of
      2,2'-dihydroxy-3,3'-di-tert.-butyl-5,5'-dimethyldiphenyl-methane. The
      polymer solution was precipitated in 3 liters of ethanol. The polymer was
      dried in vacuo at 40.degree.C.
PAL  Cis-double bond content: 92.1%
PAL  Inherent viscosity in toluene at 25.degree.C: 4.08 [dl/g].
PAR  The ratio of cis- to trans-double bonds was determined by IR-spectroscopy
      by measuring the bands at 3002 cm.sup.116 1 for the cis-double bonds and
      965 cm.sup..sup.-1 for the trans-double bonds.
      ##EQU1##
PAC  EXAMPLE 2
PAR  The procedure was as in Example 1, except that 200 ppm of butene butene-1
      (based on cyclooctene) were added. A polymer with an inherent viscosity of
      1.82 [dl/g] was obtained in a yield of 75%.
PAL  Cis-double bond content: 89.4%.
PAC  EXAMPLE 3 (Comparison Example)
PAR  The procedure was as in Example 1, except that no BF.sub.3.Et.sub.2 O was
      added. The yield amounted to 52%.
PAL  Inherent viscosity: 1.13 [dl/g].
PAL  The cis-double bond content only amounted to 63.9%.
PAC  EXAMPLE 4 (Comparison Example)
PAR  100 g of COE was dissolved in 700 ml of hexane. 0.5 mMol of WCl.sub.6, 1.5
      mMol of acetic acid and 2.0 mMol of EtAlCl.sub.2 were used as catalyst.
      Polymerisation was carried out over a period of 2 hours at -40.degree.C.
      The yield amounted to 10%, and the cis-double bond content to 75%.
PAC  EXAMPLE 5 (Comparison Example)
PAR  In Example 5, toluene instead of hexane was used as the solvent. The
      further procedure was as in Example 4. A cross-linked polymer, 90% the
      double bonds of which were in the trans-configuration was obtained in a
      yield of 90%.
PAC  EXAMPLE 6
PAR  100 g of COE were dissolved in 700 ml of toluene, followed by the addition
      of 1.0 mMol of WCl.sub.4 (OC.sub.2 H.sub.4 Cl).sub.2, 0.5 mMol of
      BF.sub.3.Et.sub.2 O and 3 mMol of Et.sub.2 AlCl. Polymerisation was
      carried out over a period of 2 hours at -20.degree.C. The yield amounted
      to 76%.
PAL  Inherent viscosity: 1.08 dl/g.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a polyoctenamer in which at least 80% of
      the C=C -double bonds are in the cis-configuration, wherein cyclooctene is
      polymerised in an inert organic solvent at a temperature of from
      -50.degree. to +10.degree.C. in the presence of a catalyst comprising:
PA0  A. a tungsten halide or oxyhalide;
PA0  B. an alcohol or a halogen substituted alcohol;
PA0  C. an organometallic compound of aluminum and
PA0  D. boron trifluoride or boron trifluoride therate,
PAL  components A and B being in a molar ratio of from 1:1 to 1:5, components C
      and A being in a molar ratio of from 1:1 to 1:6 and components D and A
      being in a molar ratio of from 0.1:1 to 10:1.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein component A is WCl.sub.6,
      WBr.sub.6, WF.sub.6, Wcl.sub.5 or WOCl.sub.4.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein component B is a monohydric
      aliphatic alcohol having 1 to 6 carbon atoms or an aliphatic monohydric
      alcohol having 2 to 6 carbon atoms substituted by chlorine.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein component C is a compound
      corresponding to the formula
EQU  AlR.sub.n X.sub.3.sub.-n
PAL  in which R is an alkyl radical, X is Cl or Br and n is 1, 1.5, 2 or 3.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the reaction is carried out at a
      temperature in the range of from -40.degree. to -20.degree.C.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the reaction is carried out in
      an inert solvent.
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ABST
PAL  Olefins are polymerized with a catalyst which forms on mixing a supported
      chromium oxide composite and a silane adjuvant. This system allows the
      production of polymer of a given melt index at a higher temperature, thus
      increasing the production rate and is of particular utility in solution
      polymerizations designed to produce ethylene polymers and copolymers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of olefin polymers with a
      supported chromium oxide catalyst.
PAR  In the production of olefin polymers utilizing a solution process the
      production rate, that is, the pounds of polymer produced per unit of time
      per reactor, is limited by the viscosity of the polymerization medium.
      Thus, when the amount of polymer reaches a certain level, the viscosity of
      the polymer solution becomes too great to be handled by the filters and
      centrifuges. As a general proposition, the melt index of the polymer being
      produced varies with temperature, higher melt index (lower molecular
      weight) polymer being produced at the higher temperatures. Thus, this
      problem cannot be solved simply by raising the temperature since this
      produces a different polymer. Greater production rates could be obtained
      if polymer of a given melt index could be produced at a higher temperature
      since this would allow a greater concentration of polymer in the solution.
      It is further desirable to operate at a higher temperature so as to
      improve the efficiency of heat removal during the polymerization. Also
      higher reactor effluent temperature improves catalyst removal and solvent
      removal efficiency.
PAC  Summary of the Invention
PAR  It is an object of this invention to allow operation of an olefin
      polymerization process at a higher temperature;
PAR  IT IS A FURTHER OBJECT OF THIS INVENTION TO PROVIDE A CATALYST WHICH GIVES
      A LOWER MELT INDEX FOR A GIVEN POLYMERIZATION TEMPERATURE;
PAR  IT IS YET A FURTHER OBJECT OF THIS INVENTION TO PRODUCE POLYMER OF A GIVEN
      MELT INDEX AT A RELATIVELY HIGHER TEMPERATURE;
PAR  IT IS STILL YET A FURTHER OBJECT OF THIS INVENTION TO INCREASE THE
      PRODUCTION RATE OF AN OLEFIN POLYMERIZATION PROCESS;
PAR  IT IS YET A FURTHER OBJECT OF THIS INVENTION TO OPERATE AN OLEFIN
      POLYMERIZATION PROCESS AT A HIGHER POLYMER CONCENTRATION;
PAR  IT IS STILL YET A FURTHER OBJECT OF THIS INVENTION TO IMPROVE HEAT TRANSFER
      DURING POLYMERIZATION;
PAR  IT IS STILL YET A FURTHER OBJECT OF THIS INVENTION TO IMPROVE CATALYST
      REMOVAL AND SOLVENT REMOVAL EFFICIENCY;
PAR  IT IS STILL YET A FURTHER OBJECT OF THIS INVENTION TO PRODUCE POLYMER
      HAVING A BROADER MOLECULAR WEIGHT DISTRIBUTION; AND
PAR  IS IS STILL YET A FURTHER OBJECT OF THIS INVENTION TO PROVIDE AN IMPROVED
      OLEFIN POLYMERIZATION CATALYST.
PAR  In accordance with this invention, a silane is introduced into an olefin
      polymerization system utilizing a supported chromium oxide catalyst.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, forming a part hereof, FIG. 1 is a plot showing the
      relationship of HLMI/MI ratio to melt index for polymers made with and
      without the added presence of a silane in the polymerization reactor; and
      FIG. 2 is a similar plot showing the relationship of melt index to reactor
      temperature.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The base or support for the chromium oxide portion of the catalyst system
      of this invention can be any conventional silicon-containing material such
      as silica, silica-alumina, silica-titania, and the like. The supports are
      particulate in nature and they can be prepared by precipitation and
      coprecipitation techniques, or by mixing silica with other refractory
      materials.
PAR  For example, sodium silicate can be added to an acid such as sulfuric acid,
      the resulting precipitate aged for at least 1 hour, and water-soluble
      salts removed by washing with water to thus produce an alkali metal-free
      hydrogel. Alkali metal ion can be more rapidly removed if the wash water
      contains an ammonium salt. The water is then removed by spray drying a
      water-hydrogel slurry or by drying in a conventional tray-dryer. Silica
      generally constitutes the major portion of the support with other metal
      compounds when used making up from 0.1 to about 20 weight percent of the
      finished support.
PAR  Supports can be produced by coprecipitating an alkali metal silicate
      solution such as water glass and titanium or aluminum compounds such as
      titanyl sulfate or aluminum sulfate by adding said silicate to a mineral
      acid such as sulfuric acid, said acid containing said titanium or aluminum
      compound, to form a hydrogel. The hydrogel is preferably aged for a time
      of at least 1 hour. This hydrogel can then be treated in the manner
      described above to form the corresonding silica-titania or silica-alumina
      gel.
PAR  The support contains about 0.1 to 10, preferably 0.5 to 4 weight percent of
      chromium calculated as chromium oxide (CrO.sub.3) based on the weight of
      the total support plus chromium oxide. The chromium can be added to the
      support in any manner known in the art such as impregnation with an
      aqueous solution of a chromium compound such as chromium oxide or chromium
      nitrate which is convertible to chromium oxide on calcination.
      Alternatively, a hydrocarbon solution of a chromium compound convertible
      to chromium oxide can also be used to impregnate the support.
      Alternatively, silica can be coprecipitated with a chromium compound or a
      chromium compound physically mixed with the support.
PAR  This chromium-containing support is then activated by calcining. Preferably
      this is done by heating at a temperature within the range of 700-2000,
      preferably 900.degree.-1700.degree.F for a time within the range of 1/2 to
      50, preferably 1 to 10 hours in an oxygen-containing atmosphere such as
      dry air to convert at least a part of the chromium to the hexavalent
      state. Preferably this is carried out in a stream of fluidizing air which
      stream of fluidizing air is continued as the material is cooled.
PAR  The silanes of this invention have the structure R.sub.4.sub.-n SiH.sub.n
      wherein n is an integer from 0 to 3 and R is a saturated or unsaturated
      hydrocarbon group containing from 1 to about 10 carbon atoms per molecule
      selected from alkyl, alkenyl, aryl, and cycloalkyl groups or combinations
      thereof such as aralkyl and alkaryl. The silane may contain different R
      groups. Exemplary compounds include triethylsilane, tetraethylsilane,
      phenylsilane, diphenylsilane, diphenyl(methyl)silane, dibenzylsilane,
      tribenzylsilane, triphenylsilane, di-1-naphthylsilane, triallylsilane,
      ditolylsilane, and the like.
PAR  The amount of silane used to treat the catalyst is in the range of about
      0.001 to about 10 weight percent, preferably about 0.01 to about 6 weight
      percent based on the weight of the total catalyst, that is, the support
      plus the chromium compound and excluding the silane. The silane may
      contact the catalyst prior to charging the catalyst to the reactor or may
      be added as a separate stream to the reactor prior to initiating
      polymerization. Generally, the silane is added in a hydrocarbon solution,
      the hydrocarbon usually being the same as the solvent contained in the
      reactor but it is not restricted to that solvent. Dilute solutions, i.e.,
      about 0.005 to about 1 weight percent are conveniently used when passing
      the silane solution to the reactor. More concentrated solutions can be
      used when pretreating the catalyst but it is desirable to thoroughly mix
      the silane solution with the catalyst with vigorous stirring.
PAR  Catalyst concentrations in the reactor are conventional and are in the
      range of about 0.001 to about 10 weight percent based on the weight of the
      reactor contents. The reactor conditions of pressure and temperature are
      conventional for the solution process used in this invention except that
      the treated catalysts of this invention permit considerably higher
      temperatures to be used to produce a given melt index polymer, compared to
      the untreated controls. Generally temperatures of 230.degree. to
      350.degree.F are used. For example, an increase of about
      10.degree.-35.degree.F in reactor temperature is required to make a 0.2
      melt index ethylene homopolymer over a catalyst treated with 0.03 to 0.06
      weight percent of diphenyl silane as compared with the temperature
      required to give the same melt index with the same catalyst not treated
      with the silane.
PAR  The catalyst system of this invention is particularly useful for the
      preparation of normally solid polymers of at least one mono-1-olefin
      having 2-8 carbon atoms per molecule preferably polymers of ethylene or
      copolymers of ethylene with another mono-1-olefin containing 3 to 8 carbon
      atoms per molecule. As an example, the olefin polymer can be produced from
      at least one aliphatic mono-1-olefin having 2 to 8 carbon atoms per
      molecule. Exemplary copolymers include those of ethylene/propylene,
      ethylene/1-butene, ethylene/1-hexene, ethylene/1-octene and the like. The
      major portion of such copolymers is derived from ethylene and generally
      consists of about 80-99, preferably 95-99 mole percent of ethylene.
PAR  Suitable solvents for the polymerization medium include hydrocarbons having
      3 to 12 carbon atoms per molecule such as paraffins, cycloparaffins, and
      aromatics with the paraffinic hydrocarbons being more preferred. Exemplary
      solvents include n-butane, isobutane, n-pentane, isopentane, n-hexane,
      n-heptane, 2,2,4-trimethylpentane, cyclopentane, cyclohexane,
      methylcyclohexane, n-dodecane and mixtures thereof. Generally a pressure
      of 0 to 2000 psig is utilized, preferably about 50 to 750 psig, this
      pressure being sufficient to maintain the solvent in liquid phase.
PAR  Thus, in accordance with the invention, olefin polymers are produced,
      preferably in a solution process with the amount of polymer of a given
      melt index per reactor being increased by using the catalyst system of
      this invention. Increase is achieved by utilizing as an adjuvant the
      hydrocarbyl-substituted silane which increases the capability of the
      catalyst to produce higher molecular weight polymer (lower MI) at a given
      reactor temperature, i.e., the resulting polymers have a lower melt index
      at the same reactor temperature when made in the presence of the silane
      than in the absence of the silane. Therefore, the silane-treated catalyst
      permits a higher reactor temperature to be used to produce a given melt
      index polymer, compared to an untreated catalyst, with the result that the
      viscosity of the solution of the polymer at a given polymer concentration
      is reduced. This in turn permits operating at higher polymer
      concentrations and therefore higher plant production rates. The higher
      solids level coupled with a decreased viscosity of the solution due to
      operating at somewhat higher reactor temperatures also allows greater
      efficiency in heat removal during polymerization. The higher temperature
      of reactor effluent also improves catalyst removal and solvent removal
      efficiency.
PAR  Although the increase in polymer production applies to any melt index
      polymer made in the solution process, it is of particular interest in
      producing blow molding grade polymers having melt indexes ranging from
      about 0.1 to about 1.5. The reason for this is that such polymer solutions
      have relatively high viscosities at the reactor conditions employed to
      make them in the absence of this invention and reactor temperature cannot
      be raised to lower the solution viscosities without raising the melt index
      of the polymers.
PAR  A secondary effect obtained by using the silane-treated catalysts is the
      production of somewhat broader molecular weight distribution polymers at a
      given melt index than those polymers produced with no silane treatment of
      the catalysts. The polymers prepared according to this invention,
      particularly those exhibiting a melt index of about 0.1 to 1, are useful
      for blow molding applications because they possess good shear response at
      the molding conditions and the molded articles have good environmental
      stress cracking resistance.
PAC  Example 1
PAR  Ethylene homopolymers were prepared using the catalysts prepared as
      described below.
PAR  The base catalyst consisted of microspheroidal silica having a surface area
      of about 700 square meters per gram and a pore diameter of about 50-70
      Angstroms impregnated with sufficient chromium trioxide to give
      approximately 0.7 percent chromium content based on the weight of the
      composite. The catalyst of each run was activated by heating it for 5
      hours in dry air at 1000.degree.F. In the following Table, MI means melt
      index of the polymer as determined by ASTM D1238-62 condition E, HLMI
      means high load melt index as determined by ASTM D1238-62 condition F, the
      HLMI/MI ratio is a measure of molecular weight distribution of the
      polymer, the higher the value the broader the molecular weight
      distribution and productivity is expressed in pounds polymer made per
      pound catalyst. Each polymerization run was conducted in a 1.3 liter
      stirred reactor containing 3/4 pound (340.2 gms) of cyclohexane as
      solvent. Ethylene pressure was 450 psig, each run was one hour in length
      and the catalyst used per run ranged from about 0.09  to 0.13 gms (about
      0.026 to 0.038 weight percent based on reactor contents at start of
      reaction). The silane, when used, was passed to the reactor prior to start
      of polymerization in a separate stream dissolved in cyclohexane (about
      0.01 weight percent) to give the amount of silane (diphenylsilane in each
      instance) used based on the weight of catalyst. Ethylene homopolymer was
      prepared in each run. The results are presented in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Ethylene Polymerization                                                   
                                           Catalyst                            
     Run  Wt. %    Reactor    Polymer                                          
                                     HLMI  Productivity                        
     No.  Silane   Temp., .degree.F                                            
                              MI     MI    lb/lb                               
     ______________________________________                                    
     1    0        275        0.19    82   1000                                
     2    0        285        0.35    72   1200                                
     3    0.03     285        0.15   101   800                                 
     4    0.03     295        0.33    86   870                                 
     5    0.06     300        0.13   132   553                                 
     6    0.06     310        0.20   124   460                                 
     7    0.06     320        0.48   108   430                                 
     8    4.0      285        0.04   116   253                                 
     ______________________________________                                    
PAR  Inspection of the data show in control runs 1 & 2 that the melt index
      increases from 0.19 to 0.35 as the reactor temperature is increased from
      275.degree.F to 285.degree.F. When 0.03 weight percent diphenyl silane was
      present during polymerization, the data reveal that the reactor
      temperature required to make polymer of similar melt index (control run 1
      vs invention run 3 and control run 2 vs invention run 4) was 10.degree.F
      higher in the presence of the silane. Similarly, when the quantity of
      silane was doubled, the effect on reactor temperature required to make
      polymer of similar melt index compared to that made in the absence of
      silane was even more pronounced. Comparison of control run 1 with
      invention runs 5 and 6 show that the reactor temperature can be about
      25.degree.-35.degree.F higher and still make polymer having a melt index
      of about 0.2 because of the presence of the silane. A similar spread in
      reactor temperature is seen for control run  2 and invention run 7 for
      polymers having higher melt index values. In all of the invention runs
      3-7, comparing with polymers of similar melt index made in the absence of
      the silane, the molecular weight distribution of the polymers is broadened
      in the presence of silane-treated catalysts as shown by the higher HLMI/MI
      values in those runs. Also, the HLMI/MI values of polymers of similar melt
      indexes increases with the increasing silane content, as is shown in runs
      1, 3 and 6 and in runs 2, 4 and 7. Run 8 shows the effect of substantially
      increasing the amount of silane upon polymer melt index, and HLMI/MI ratio
      in comparison to control run 2 at the same reactor temperature and
      invention run 3 at the same reactor temperature with 0.03 weight percent
      silane in the reactor.
PAR  Productivity of the catalyst in terms of pounds polymer produced per pound
      of catalyst used should not be confused with production of polymer per day
      per reactor which depends upon how much polymer is recovered from the
      solution and this factor is related to polymer solubility which is
      temperature dependent. Thus, high polymer production rates can be achieved
      with low productivity catalyst by increasing the amount of catalyst used.
      For a given melt index, higher production rates are achieved in accordance
      with the invention because of the higher temperature used.
PAR  FIG. 1. showing the effect of diphenylsilane-treated catalyst on HLMI/MI
      ratio of polymers produced with it, and FIG. 2, showing the effect of the
      silane-treated catalyst on the reactor temperatures needed to produce a
      polymer in the melt index range given are plotted from the data given in
      Table 1. The Figures clearly demonstrate the beneficial effects resulting
      from the use of the silane-treated catalysts of this invention on reactor
      temperature requirements and the broadening of the molecular weight
      distribution of polymers produced over the catalysts.
PAR  Although ethylene homopolymers are shown in the Example, the catalysts of
      this invention can obviously be used to prepare copolymers of ethylene
      with other aliphatic 1-olefins having from 3-8 carbon atoms per molecule
      since the catalysts of the controls are known in the art to have this
      capability.
PAR  While this invention has been described in detail for the purpose of
      illustration, it is not to be construed as limited thereby but is intended
      to cover all changes and modifications within the spirit and scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymerization process which comprises contacting at least one
      mono-1-olefin having 2 to 8 carbon atoms per molecule in the presence of a
      liquid solvent with a catalyst system comprising (1) a calcined support
      containing chromium in the form of chromium oxide at least a part of said
      chromium being in the hexavalent state and (2) a silane of the formula
      R.sub.4.sub.-n SiH.sub.n wherein n is an integer from 0 to 3 and R is a
      saturated or unsaturated hydrocarbon group containing from 1 to 10 carbon
      atoms per molecule selected from alkyl, alkenyl, aryl, aralkyl, alkaryl,
      and cycloalkyl groups.
NUM  2.
PAR  2. A method according to claim 1 wherein said olefin comprises ethylene.
NUM  3.
PAR  3. A method according to claim 1 wherein said contacting is carried out at
      a temperature such that polymer formed is dissolved in said solvent.
NUM  4.
PAR  4. A method according to claim 3 wherein said temperature is in the range
      of 230.degree. to 350.degree.F.
NUM  5.
PAR  5. A method according to claim 1 wherein said silane is one of
      triethylsilane, tetraethylsilane, phenylsilane, diphenylsilane,
      diphenyl(methyl)silane, dibenzylsilane, tribenzylsilane, triphenylsilane,
      di-1-naphthylsilane, triallylsilane, ditolylsilane.
NUM  6.
PAR  6. A method according to claim 5 wherein said silane is diphenylsilane.
NUM  7.
PAR  7. A method according to claim 1 wherein said support comprises silica and
      said chromium is present in an amount within the range of 0.1 to 10 weight
      percent based on the weight of said support and chromium compound.
NUM  8.
PAR  8. A method according to claim 1 wherein said solvent is cyclohexane.
NUM  9.
PAR  9. A method according to claim 8 wherein said olefin comprises ethylene,
      said contacting is carried out at a temperature within the range of
      230.degree. to 350.degree.F, said silane is triphenylsilane and said
      support comprises silica containing 0.1 to 10 weight percent chromium
      based on the total weight of said support and chromium oxide and wherein
      said silane is present in an amount within the range of 0.01 to 6 weight
      percent based on the weight of said support containing chromium.
NUM  10.
PAR  10. A method according to claim 1 wherein said silane is present in an
      amount within the range of 0.001 to 10 weight percent based on the weight
      of said support containing chromium.
PATN
WKU  039391388
SRC  5
APN  5031893
APT  1
ART  141
APD  19740904
TTL  Radical polymerization initiator andd process for its preparation
ISD  19760217
NCL  9
ECL  1
EXA  Parker; William E
EXP  Welsh; M. J.
INVT
NAM  Suzuki; Souichi
CTY  Yokohama
CNT  JA
INVT
NAM  Horino; Hiroshi
CTY  Yokohama
CNT  JA
INVT
NAM  Ohishi; Tetsu
CTY  Tokyo
CNT  JA
ASSG
NAM  Nippon Zeon Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730906
APN  48-99675
CLAS
OCL  260100
XCL  252415
XCL  260 975
EDF  2
ICL  C09F  140
FSC  260
FSS  100;97.5
FSC  252
FSS  415
UREF
PNO  3223696
ISD  19651200
NAM  Boylan
OCL  260100
UREF
PNO  3518214
ISD  19700600
NAM  Wheelus
OCL  260 97.5
UREF
PNO  3567704
ISD  19710300
NAM  Schuller
OCL  260 97.5
LREP
FRM  Sherman & Shalloway
ABST
PAL  A radical polymerization initiator comprising as an active ingredient a
      hydroperoxide of disproportionated or hydrogenated rosin acid or its
      alkali metal or ammonium salt.
PAL  The initiator is prepared by contacting disproportionated or hydrogenated
      rosin acid or its alkali metal or ammonium salt with molecular oxygen in
      water or an organic solvent at a temperature of 0.degree. to 150.degree.C.
      to form its hydroperoxide.
BSUM
PAR  This invention relates to a radical polymerization initiator having a
      hydrophilic group and being suitable for low temperature polymerization,
      and to a process for its preparation.
PAR  In the radical-initiated solution- or emulsion-polymerization of a vinyl
      monomer in an aqueous medium, the use of a hydrophilic radical
      polymerization initiator is advantageous because it leads to the
      stabilization of the reaction system and the uniform proceeding of the
      polymerization. For low temperature (for example, lower than 10.degree.C.)
      polymerizations, only redox-type catalysts have previously been known as
      radical polymerization initiators, and no polymerization initiator
      containing a hydrophilic group has ever been known.
PAR  Accordingly, it is an object of this invention to provide a novel radical
      polymerization initiator which is suitable for low temperature
      polymerizations and exhibits hydrophilic properties.
PAR  We have found that a product obtained by disproportionating or
      hydrogenating rosin acid, which is readily available in nature, and then
      hydroperoxidizing the resulting product, has a carboxyl group as a
      hydrophilic group, and suits the above object of this invention.
PAR  According to this invention, there are provided a radical polymerization
      initiator containing as an effective ingredient a hydroperoxide of
      disproportionated or hydrogenated rosin acid or its alkali metal or
      ammonium salt, and a process for preparing the radical polymerization
      initiator which comprises contacting disproportionated or hydrogenated
      rosin acid or its alkali metal or ammonium salt in water or an organic
      solvent with molecular oxygen at a temperature of 0.degree. to
      150.degree.C. to form its hydroperoxide.
PAR  It has been known that rosin acid spontaneously oxidizes to form its oxide
      and peroxide. However, these oxidation products are not effective as
      radical polymerization initiators, but rather inhibit polymerizations. It
      is unexpected therefore that an oxidation product of disproportionated or
      hydrogenated rosin acid acts as a superior radical polymerization
      initiator.
PAR  The radical polymerization initiator of this invention has a hydrophilic
      group. Because of this, the radical initiator of this invention generates
      radicals on interfaces of monomer particles or polymer particles
      containing monomers or aqueous solutions. The generated radical, either
      directly or after reaction with the monomer nearby to form oligomer
      radicals, enters the insides of the particles and is oriented, whereas the
      hydrophilic group remains on the surfaces of the particles. Thus, when the
      hydroperoxide in accordance with this invention is used, the emulsifier
      adds to the end of the polymer obtained and is oriented in the aqueous
      phase. Accordingly, the hydrophilic group can be distributed on the
      interfaces of the particles with better efficiency than in the case of
      copolymerizing a water-soluble monomer. It is a further feature of this
      invention that the stability of the latex is superior because of this
      hydrophilic group.
PAR  The radical polymerization initiator of this invention can also act as an
      emulsifier. The initiator of this invention has a good balance between
      hydrophilicity and oleophilicity, and is oriented on the interfaces of
      polymer particles, interfaces of monomer particles, and in the case of
      emulsion polymerization, also micelle interfaces in which case the
      initiator itself contributes as an emulsifier to the stability of the
      emulsion. When the radical polymerization initiator of this invention is
      used as a redox initiator in a low temperature polymerization together
      with a reducing agent, it is more liable to generate radicals since the
      reducing agent is generally water-soluble and the peroxide readily makes
      contact with the reducing agent at the interface between the monomer and
      water. Since the generated radicals are present near the monomer, the
      efficiency of the initiator is high. Accordingly, in this case, the
      radical polymerization initiator of this invention is an ideal initiating
      system.
PAR  The radical polymerization initiator of this invention is furthermore
      active at low temperatures. It may be used alone or together with a
      reducible metal salt to form a redox system. In either case, it easily
      initiates polymerizations. The rate of polymerization can be freely
      controlled according to the amount of the radical initiator of this
      invention used. In a polymerization initiation system at low temperatures,
      the rate of polymerization is not so much affected only by changing the
      amount of the conventional peroxide and considerable difficulties are
      encountered in obtaining the desired rate of polymerization. In contrast,
      the rate of polymerization can be controlled with good reproducibility by
      varying the amount of the radical polymerization initiator of this
      invention. Furthermore, the radical polymerization initiator of this
      invention has a great ability to complete the polymerization. Since the
      conventional water-soluble polymerization initiators, especially hydrogen
      peroxide or a persulfate, have strong hydrophilicity, the rate of
      polymerization is markedly reduced towards the end of the polymerization
      reaction when the concentration of the monomer becomes low. In contrast,
      the initiator of this invention can give rise to a polymerization
      conversion of at least 95% without hardly any reduction in the rate of
      polymerization.
PAR  As stated above, the hydroperoxide initiator of this invention acts both as
      an emulsifier and a polymerization initiator, and these activities
      together with its function after adding to the polymer on decomposition
      are also superior.
PAR  The hydroperoxide of rosin acid or its alkali metal or ammonium salt in
      this invention can be prepared by disproportionating or hydrogenating
      natural rosin, and then hydroperoxidizing or hydroperoxidizing and
      saponifying the resultant product. The saponification may be performed
      before hydroperoxidization. The starting natural rosin includes, for
      example, gum rosin, wood rosin, or tall oil rosin, and is composed mainly
      of abietic acid, levopimaric acid, palustric acid, dehydroabietic acid,
      tetrahydroabietic acid and neoabietic acid. The hydroperoxide is obtained
      as a mixture of the starting material and its intermediate (content
      20-35%). But when used as a polymerization initiator, it need not be
      purified in particular, but can be in the form of the mixture.
PAR  The process for preparing the polymerization initiator of this invention
      will be described specifically.
PAR  First, disproportionated or hydrogenated rosin acid or its alkali metal or
      ammonium salt (to be abbreviated below as rosin) is oxidized with
      molecular oxygen in water or an organic solvent inert to oxygen to form a
      hydroperoxide. Oxygen and air are, for example, used as the molecular
      oxygen. The concentration of the rosin in the solvent is not particularly
      limited. However, if the concentration is too high, the salt is apt to
      precipitate, and when it is too low, the efficiency is poor. Accordingly,
      the suitable concentration of the rosin is 10 to 30% by weight. As the
      reaction temperature is increased, the rate of absorption of oxygen
      increases, but the rate of the decomposition of the resulting peroxide
      also increases. If the temperature is too high, the yield of the peroxide
      is poor. At low temperatures, the reduction in yield caused by the
      decomposition of the peroxide can be prevented, but the rate of absorption
      of oxygen is slow, and long periods of time are required for the reaction.
      The reaction temperature that can be employed is 0.degree. to
      150.degree.C., preferably 20.degree. to 100.degree.C.
PAR  The reaction can take place fully without the aid of an initiator, but when
      no initiator is used, the induction period becomes longer and indefinite.
      In order to shorten the induction period and promote the reaction, it is
      preferred to use an initiator conjointly. Examples of the initiator are
      azo compounds, alkyl peroxides, acyl peroxides, hydroperoxides, ketone
      peroxides, per esters, peroxy carbonates, persulfates, and hydrogen
      peroxide. The use of a radical reaction initiator is effective, and
      ultraviolet rays can also be used. Conveniently, the reaction can be
      performed while adding a part of the rosin peroxide prepared in the
      previous reaction. In order to shorten the induction period of the
      reaction, it is also effective to initiate the reaction at a temperature
      about 20.degree. to 30.degree.C. higher than the prescribed reaction
      temperature, and to lower the temperature to the desired point when the
      absorption of oxygen begins. The pressure of oxygen or air can be either
      normal atmospheric pressure or elevated pressures (usually 0 to 100
      Kg/cm.sup.2.G). In order to promote the reaction, it is desirable to
      elevate the pressure to some degree. Furthermore, in order to ensure good
      contact between gas and liquid, it is desirable to blow oxygen into the
      reaction mixture or to stir the reaction mixture sufficiently.
PAR  The hydroperoxide of this invention cannot be obtained if rosin acid,
      neither disproportionated nor hydrogenated, is used. The hydroperoxide of
      the salt of rosin acid can be either one obtained by hydroperoxiding rosin
      acid and then saponifying the product, or one obtained by
      hydroperoxidizing a rosin acid salt. Generally, the latter is advantageous
      from the production viewpoint.
PAR  The polymers are prepared in an aqueous media using the radical
      polymerization initiator of this invention utilizing emulsion-,
      suspension-, and aqueous-polymerization techniques. The amount of the
      initiator used is 0.01 to 10 parts by weight per 100 parts by weight of
      the monomer.
PAR  In the case of emulsion-polymerization, a monomer is emulsified and
      dispersed with stirring in an aqueous solution of the radical
      polymerization initiator in a reactor free from oxygen, and then
      polymerized at a temperature of not more than 100.degree.C., preferably
      0.degree. to 80.degree.C. The pH of the polymerization system is not
      particularly restricted, but preferably the polymerization is carried out
      at a pH of at least 8. If desired, an anionic, cationic, nonionic or
      amphoteric emulsifier, a dispersant, an emulsification assistant such as
      inorganic salts, and a molecular weight adjuster for example, a sulfur
      compound such as tertiary dodecyl mercaptan or diisopropyl dixanthogen
      disulfide, or a halogen compound such as carbon tetrachloride or carbon
      tetrabromide can be used.
PAR  In the case of suspension polymerization, the radical polymerization
      initiator is formed into an aqueous solution having a concentration lower
      than the critical micelle concentration in a reactor free from oxygen, and
      a suspension is formed while stirring the monomer; and the polymerization
      of the monomer is carried out at a temperature of not more than
      100.degree.C., preferably 0 to 90.degree.C. If desired, there can be used
      a stabilizer, for example, natural polymers or their derivatives such as
      gelatin, tragacanth, starch, methyl cellulose, or carboxymethyl cellulose;
      water-soluble polymers such as polyvinyl alcohol, partially saponified
      polyvinyl alcohol, vinyl alcohol copolymers, or polyacrylic acid;
      difficulty soluble salts such as BaSO.sub.4, CaSO.sub.4, BaCO.sub.3,
      CaCO.sub.3, MgCO.sub.3 or Ca.sub.3 (PO.sub.4).sub.2 ; inorganic polymers
      such as talc, bentonite, silicic acid, diatomaceous earth or clay; and
      difficulty soluble finely divided inorganic compounds such as metal or
      metal oxide powders, or a stabilization assistant such as NaCl, KCl or
      Na.sub.2 SO.sub.4 or other salts.
PAR  In the case of aqueous solution-polymerization, a water-soluble monomer is
      added to an aqueous solution of this polymerization initiator of this
      invention in a reaction vessel free from oxygen, and the monomer is
      polymerized at a temperature of not more than 100.degree.C., preferably
      0.degree. to 80.degree.C.
PAR  In these polymerizations, conventional polymerization initiators can also
      be used conjointly.
PAR  The mechanism of polymerization using the radical polymerization initiator
      of this invention will be described below with reference to emulsion
      polymerization as an example.
PAR  When the concentrations of water, the monomer and the radical
      polymerization initiator exceed the critical micelle concentration in the
      polymerization system, micelles are formed. When the monomer is dispersed
      in this aqueous solution, a very small amount of the monomer is
      solubilized in the micelle, and a greater part of the monomer becomes
      liquid droplets protected by the radical polymerization initiator. If the
      system is properly stirred, it separates into an aqueous phase, a micelle
      phase and a phase of the liquid droplets of the monomer. The
      polymerization of the monomer begins by heating the system to a
      predetermined temperature or adding a promotor to form a redox catalyst
      system in order to obtain radicals from the polymerization initiator.
      Radicals are generated at the interface between the micelle phase and the
      monomer liquid phase. The generated radicals either directly or after
      reaction with the monomer nearby to form oligomer radicals, enter the
      droplets of the monomer or the micelle to initiate the polymerization of
      the monomer solubilized, and to form polymer particles. At this time, the
      hydrophilic group of the generated radicals is distributed with good
      efficiency on the interfaces of the particles. Accordingly, the unreacted
      radical polymerization initiator contributes to the stability of the
      emulsion as an emulsifier, and the fragments of the initiator attached to
      the ends of the polymer contributes to the stability of the latex.
PAR  Monomers that can be polymerized using the radical polymerization initiator
      of this invention are any radical-polymerizable monomers. For example,
      there can be used diene monomers such as 1,3-butadiene, isoprene,
      2,3-dimethyl-1,3-butadiene, 2-ethyl-1,3-butadiene, 1,3-pentadiene or
      chloroprene, unsaturated nitriles such as acrylonitrile,
      methacrylonitrile, .alpha.-chloroacrylonitrile, or .alpha.-cyanoethyl
      acrylonitrile; monovinylidene aromatic hydrocarbons such as styrene, an
      alkyl styrene (e.g., o-, m- or p-methyl styrene or ethyl styrene), vinyl
      naphthalene or halogenated monovinylidene aromatic hydrocarbons (e.g., o-,
      m- or p-chlorostyrene, or 2,4-dibromostyrene); unsaturated carboxylic
      acids or the esters thereof such as acrylic acid, methacrylic acid,
      crotonic acid, itaconic acid, maleic acid, fumaric acid, methyl acrylate,
      butyl acrylate, 2-ethylhexyl acrylate or methyl methacrylate; vinyl esters
      such as vinyl pyridine or vinyl acetate; and vinylidene halides such as
      vinylidene chloride or vinylidene bromide. These monomers can be used
      either alone or in admixture of two or more.
DETD
PAR  The following Examples illustrate the present invention in greater detail.
PAC  EXAMPLE 1
PAR  A 0.5 liter autoclave was charged with 200 g of an aqueous solution of
      disproportionated potassium rosinate (solids content 23%, pH = 10.6; to be
      abbreviated as rosin soap). After sealing the autoclave, oxygen was
      introduced into the autoclave to a pressure of 15 Kg/cm.sup.2.G, and while
      being maintained at 40.degree.C., the aqueous solution was stirred by an
      electromagnetic induction stirrer. In about 23 hours, the absorption of
      oxygen began, and in 46 hours, a pressure reduction amounting to 4.9
      Kg/cm.sup.2 was observed.
PAR  The contents were withdrawn, and the peroxide was determined using
      potassium iodide. The concentration of the peroxide was found to be 0.16
      mol/liter. The conversion of the rosin soap to the peroxide corresponded
      to 23.6 mol%.
PAC  EXAMPLE 2
PAR  A 1-liter autoclave was charged with 475 g of the same rosin soap solution
      as used in Example 1 and 25 g of the aqueous solution of peroxidized rosin
      soap prepared in Example 1, and reacted at an initial oxygen pressure of
      30 Kg/cm.sup.2.G and at a temperature of 60.degree.C. for 23 hours. The
      reduction of the oxygen pressure was 11.6 Kg/cm.sup.2, and the conversion
      of the rosin soap to the peroxide was 31.0 mol%.
PAC  EXAMPLE 3
PAR  Same as Example 2, except that the reaction temperature in the initial
      stage was changed to 80.degree.C., and lowered to 60.degree.C. when the
      absorption of oxygen began. Then, the reaction was performed at this
      temperature. After 20.5 hours, there was a reduction in oxygen pressure
      which amounted to 10.7 Kg/cm.sup.2 in total. Titration showed that the
      conversion of the rosin soap to the peroxide was 28.5 mol%.
PAR  The above procedure was repeated except that potassium rosinate not
      disproportionated was used. The pressure after 20 hours was 5 Kg/cm.sup.2,
      and the conversion was 1 mol%.
PAC  EXAMPLES 4 to 7
PAR  Polymerization was carried out in accordance with Polymerization Recipe 1
      shown in Table 1 using the disproportionated potassium rosinate
      hydroperoxide prepared in Example 3. Except the low boiling monomer and
      the promotor, all of the ingredients in the polymerization recipe were
      placed in a glass bottle having a capacity of about 1 liter. Dissolved
      oxygen was removed by repeating the pressure reduction and the nitrogen
      purging. Then, the remaining monomer was fed into the glass bottle. The
      autoclave was plugged and sealed, and rotated in the longitudinal
      direction in a constant temperature vessel at 5.degree.C. Then, the
      promotor was fed from the plug to initiate the polymerization. The results
      are shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Polymerization Recipe 1                                                   
                            Amounts blended                                    
     Starting materials     (parts by weight)                                  
     ______________________________________                                    
     Butadiene              66                                                 
     Acrylonitrile          34                                                 
     Water                  200                                                
     Emulsifier (potassium rosinate)                                           
                            See Table 2                                        
     Water-soluble polymerization                                              
     initiator              See Table 2                                        
     Sodium carbonate       0.1                                                
     Tertiary dodecyl mercaptan                                                
                            0.4                                                
     Ferrous sulfate        0.01                                               
     Trisodium ethylenediaminetetraacetate                                     
                            0.03                                               
     Sodium formaldehyde sulfoxylate                                           
                            0.2                                                
     ______________________________________                                    
TBL                                    Table 2                                 
     __________________________________________________________________________
                      Contrast        Example                                  
                      1   2   3   4   4   5   6   7                            
     __________________________________________________________________________
     Water-soluble polymerization                                              
     initiator (parts by weight)                                               
     Succinic acid hydroperoxide                                               
                      0.2 --  --  --  --  --  --  --                           
     Hydrogen peroxide                                                         
                      --  0.2 --  --  --  --  --  --                           
     Potassium persulfate                                                      
                      --  --  0.2 --  --  --  --  --                           
     Ammonium persulfate                                                       
                      --  --  --  0.2 --  --  --  --                           
     Potassium rosinate                                                        
     hydroperoxide                                                             
     (amount of the pure product)                                              
                      --  --  --  --  0.05                                     
                                          0.1 0.2 0.3                          
     Emulsifier                                                                
     (parts by weight)                                                         
     Potassium rosinate                                                        
                      2.3 2.3 2.3 2.3 2.45                                     
                                          2.4 2.3 2.2                          
     Polymerization Conversion (%)                                             
     4 hours after initiation                                                  
     of polymerization                                                         
                      1   2    7   6  15  21  29  38                           
     8 hours after initiation                                                  
     of polymerization                                                         
                      2   2   17  16  33  41  60  85                           
     16 hours after initiation                                                 
     of polymerization                                                         
                      5   2   46  44  66  84  98  99                           
     __________________________________________________________________________
PAR  For comparison, the rate of polymerization was examined when succinic acid
      hydroperoxide, hydrogen peroxide, potassium persulfate or ammonium
      persulfate as a water-soluble polymerization initiator was used in the
      production of acrylonitrile/butadiene rubber. The amount of the peroxide
      used was 0.2 phm. It was found that the rate of polymerization was slower
      than in the case of using potassium rosinate hydroperoxide used in Example
      6.
PAR  In Examples 4 to 7, the total amount of the emulsifier and peroxide was
      maintained constant, and the amount of the peroxide was varied. It was
      found that the rate of polymerization varied greatly with the amount of
      the peroxide when the potassium rosinate hydroperoxide was used. From
      this, it is clear that the rate of polymerization can be controlled
      according to the amount of the peroxide. From the fact that in Examples 6
      and 7, the polymerization conversion was 98  and 99%, respectively, when
      the reaction time was 16 hours, it is clear that the potassium rosinate
      hydroperoxide had the ability to perform complete polymerization.
PAC  EXAMPLES 8 to 13
PAR  In order to show that rosin acid hydroperoxide is a universal radical
      initiator, typical radical-polymerizable monomers were polymerized using
      it. The polymerization procedure was the same as that used in Example 4.
      The results are shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
                        Examples                                               
                        8   9   10  11  12  13                                 
     __________________________________________________________________________
     Monomers (parts by weight)                                                
      Styrene           100 --  --  --  --  --                                 
      Acrylonitrile     --  100 --  --  --  --                                 
      Methyl methacrylate                                                      
                        --  --  100 --  --  --                                 
      Methacrylic acid  --  --  --  100 --  --                                 
      Butadiene         --  --  --  --  100 --                                 
      Isoprene          --  --  --  --  --  100                                
     Polymerization conversion (%)                                             
     after the prescribed periods of time                                      
       4 hours          70  65   95 91   5   5                                 
       8 hours          99  96  100 98  10  12                                 
      16 hours          99  99  100 98  15  18                                 
     __________________________________________________________________________
PAR  It is seen from Table 3 that potassium rosinate hydroperoxide can be used
      as an initiator in the polymerization of any of styrene, acrylonitrile,
      methyl methacrylate, methacrylic acid, butadiene and isoprene which are
      typical radical-polymerizable monomers, and there can be attained a rate
      of polymerization proportional to the polymerization rate constant
      inherent to each of the monomers.
PAC  EXAMPLES 14 to 16
PAR  These Examples show that disproportionated rosin hydroperoxide is effective
      as a thermally decomposable polymerization initiator. Acrylonitrile and
      butadiene were copolymerized in accordance with the procedure of Example 4
      using the emulsion polymerization recipe 2 shown in Table 4 at a
      temperature of 40.degree.C. The results are shown in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
                     Example                                                   
                            Example  Example                                   
                      14     15       16                                       
     ______________________________________                                    
     Polymerization recipe 2                                                   
     (parts by weight)                                                         
     Butadiene         66       66       66                                    
     Acrylonitrile     34       34       34                                    
     Water             200      200      200                                   
     Potassium oleate  2.05     1.6      --                                    
     Sodium naphthalene-sulfonate/                                             
     formaldehyde condensate                                                   
                       0.2      0.2      --                                    
     Potassium rosinate                                                        
     hydroperoxide     0.01     0.1      0.8                                   
     Potassium rosinate                                                        
                       0.04     0.4      3.2                                   
     Sodium carbonate  0.1      0.1      0.1                                   
     Tertiary decyl mercaptan                                                  
                       0.4      0.4      0.4                                   
     Polymerization conversions                                                
     (%) after the                                                             
     prescribed periods of time                                                
      4 hours          20       21       22                                    
      8 hours          44       50       72                                    
     16 hours          81       90       100                                   
     ______________________________________                                    
PAR  In these Examples, the amount of the peroxide was varied to 0.01, 0.1, and
      0.8 phm. Consequently, it was found that the rate of polymerization is
      higher as the amount of the peroxide is larger. However, as is seen from
      Example 14, a sufficiently feasible rate of polymerization was attained
      when the amount of the peroxide was as small as 0.01 phm. This shows that
      potassium rosinate hydroperoxide can be used as a thermally decomposable
      peroxide.
PAC  EXAMPLE 17
PAR  In this Example, the efficiency of the peroxide as an initiator was
      examined. Acrylonitrile and butadiene were polymerized in emulsion in
      accordance with the same polymerization recipe as Example 6 using
      diisopropyl benzene hydroperoxide (DiP) (comparison), and potassium
      rosinate hydroperoxide (RKHP) (invention) while adjusting the pH of the
      polymerization system to 10.3. The rate of polymerization was measured.
PAR  The peroxide was dissolved in a 2% aqueous solution of rosin soap of pH
      10.3, and ferrous sulfate was used as a reducing agent at 5.degree.C.
      Then, the rate of decomposition of the peroxide was measured.
PAR  The results are shown in Table 5 below.
TBL                Table 5                                                     
     ______________________________________                                    
                  Comparison Example 17                                        
     ______________________________________                                    
     Perodixe       DiP          RKHP                                          
     Rate of decomposition                                                     
                    6 .times. 10.sup.2 l/mol.hr.                               
                                 1 .times. 10.sup.2 l/mol.hr.                  
     Rate of polymerization                                                    
                    7%/hr        8%/hr                                         
     ______________________________________                                    
PAR  The reaction between the peroxide (ROOH) and Fe.sup.+.sup.+ salt is
      expressed by equation (1), and the decomposition rate constant (ki) at a
      given pH is expressed by equation (2).
EQU  ROH + Fe.sup.+.sup.+.fwdarw..sup.ki RO. + .sup.-OH +
      Fe.sup.+.sup.+.sup.+(1)
      ##EQU1##
      [ROOH].sub.o . . . the initial concentration of the peroxide t . . . the
      reaction time
PA1  [ROOH] . . . the concentration of the peroxide at a given reaction time t
PA1  [Fe.sup.+.sup.+] . . . the concentration of Fe.sup.+.sup.+ at a given
      reaction time t
PAR  The rate of decomposition was determined in accordance with equation (2)
      after measuring [ROOH].sub.o, [ROOH] and t. [Fe.sup.+.sup.+] was not
      actually measured, but was calculated on the basis of the concentration of
      Fe.sup.+.sup.+ salt as charged. The rate of reaction between DiP and
      Fe.sup.+.sup.+ salt was calculated as 1330 l/mol.hr. according to the
      literature (Can. Journal Chem. 30, 985, 1952), which value does not
      correspond with that given in Table 5. This is presumably because the
      concentration of Fe.sup.+.sup.+ salt was not actually measured, but was
      calculated on the basis of the concentration of Fe.sup.+.sup.+ salt as
      charged in order to know the relative decomposition rates between DiP and
      RKHP; the pH was different; and the decomposition was performed in the
      aqueous soap solution.
PAR  The efficiency of the initiator cannot be evaluated directly from the rate
      of decomposition and the rate of polymerization. When the efficiency of
      the initiator is examined in regard to the rate of polymerization, the
      rate of polymerization of DiP is lower than that of RKHP in spite of the
      fact that the rate of decomposition of DiP is far greater than that of
      RKHP. From this, it can be seen that RKHP is a peroxide having good
      efficiency in regard to the rate of polymerization.
PAC  EXAMPLE 18
PAR  Using disproportionated potassium rosinate hydroperoxide prepared in
      Example 2, polymerization was performed in accordance with the
      polymerization recipe shown in Table 6. The mechanical stability of the
      resultant latex was measured. The results are shown in Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
                     Comparison  Example                                       
                      1      2        18                                       
     ______________________________________                                    
     Polymerization recipe                                                     
     (parts by weight)                                                         
     Butadiene         66       66       66                                    
     Acrylonitrile     34       34       34                                    
     Distilled water   210      210      210                                   
     Potassium rosinate                                                        
                       2.65     2.3      2.1                                   
     Potassium rosinate                                                        
     hydroperoxide     --       --       0.2                                   
     Sodium carbonate  0.1      0.1      0.1                                   
     Tertiary dodecyl mercaptan                                                
                       0.4      0.4      0.4                                   
     Ferrous sulfate   0.004    0.005    0.01                                  
     Trisodium ethylenediamine                                                 
     tetraacetate      0.02     0.02     0.02                                  
     Sodium formaldehyde                                                       
     sulfoxylate       0.2      0.2      0.2                                   
     Diisopropyl benzene                                                       
     hydroperoxide     0.2      0.2      --                                    
     Polymerization temperature                                                
     (.degree.C.)      5        5        5                                     
     Initial rate of polymerization                                            
     (%/hr)            10       10       10                                    
     Final polymerization                                                      
     conversion (%)    89.5     90.5     90.0                                  
     Amount of the coagulated                                                  
     substance at the time of                                                  
     polymerization (%)                                                        
                       0.2      0.5      0.2                                   
     Mechanical stability of                                                   
     the latex (%)     1        4        1                                     
     ______________________________________                                    
PAR  The mechanical stability of the latex was tested by the Hamilton Beach
      mixer method [H. F. Jordan. P. D. Brass, C. P. Roe: Ind. Eng. Chem., 9,
      182 (1937)]. Specifically, 250 g of a sample latex was placed in a
      receptacle, and its temperature was adjusted to 50.degree. .+-.
      1.degree.C. Then, the spindle was rotated for 5 minutes at a speed of
      15000 rpm, and the amount (%) of the resulting coagulated substance was
      measured.
PAR  The mechanical stability of the latex is affected by such factors as the
      particle diameter of the latex or its soap coverage. Accordingly, in this
      Example and the experiments of Comparisons 1 and 2, the rate of
      polymerization was maintained at the same level according to the amounts
      of the iron ion and the peroxide. It can be seen from Table 6 that when
      rosin soap hydroperoxide was used, the amount of the coagulated substance
      formed in the polymerization was small, and the latex had good mechanical
      stability.
PAC  EXAMPLE 19
PAR  Oxidation reaction was performed in the same way as in Example 3 using
      hydrogenated potassium rosinate (Staybelite Resin, a product of Hercules
      Incorporated). After performing the reaction for 18 hours, there was a
      reduction in oxygen pressure amounting to 14.6 Kg/cm.sup.2 in total.
      Titration showed that the conversion of the hydrogenated potassium
      rosinate to a peroxide was 33.9 mol%.
PAR  Acrylonitrile and butadiene were copolymerized using 0.1 part by weight,
      calculated as the amount of the pure product per 100 parts by weight of
      the monomers, of the resulting peroxide. The polymerization conversion was
      27% after 4 hours from the initiation of polymerization, 55% after 8
      hours, and 98% after 16 hours. There was obtained a rubber latex having
      superior mechanical stability.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A radical emulsion-, suspension-, or aqueous-polymerization initiator
      consisting essentially of as an active ingredient a hydroperoxide of
      disproportionated rosin acid, alkali metal salt thereof, ammonium salt
      thereof, hydrogenated rosin acid, alkali metal salt thereof, or ammonium
      salt thereof, said active ingredient being prepared by contacting
      disproportionated rosin acid, alkali metal salt thereof, ammonium salt
      thereof, hydrogenated rosin acid, alkali metal salt thereof, or ammonium
      salt thereof with molecular oxygen in water or an organic solvent in the
      presence of a radical reaction initiator at a temperature of 0.degree. to
      150.degree.C. and a pressure of 0 to 100 kg/cm.sup.2.G to form the
      hydroperoxide thereof.
NUM  2.
PAR  2. The radical polymerization initiator of claim 1 wherein said active
      ingredient is a hydroperoxide of disproportionated potassium rosinate,
      said active ingredient being prepared by contacting disproportionated
      potassium rosinate with molecular oxygen in water or in an organic solvent
      in the presence of a radical reaction initiator at a temperature of
      5.degree. to 150.degree.C. and a pressure of 0 to 100 Kg/cm.sup.2.G to
      form its hydroperoxide.
NUM  3.
PAR  3. A process for preparing a radical emulsion-, suspension-, or
      aqueous-polymerization initiator consisting essentially of, as an active
      ingredient, a hydroperoxide of a member selected from the group consisting
      of disproportionated rosin acid, alkali metal salt thereof, ammonium salt
      thereof, hydrogenated rosin acid, alkali metal salt thereof, and ammonium
      salt thereof, which process comprises contacting said member with
      molecular oxygen in water or an organic solvent in the presence of a
      radical reaction initiator at a temperature of 5.degree. to 150.degree.C.
      and a pressure of 0 to 100 Kg/cm.sup.2.G to form the hydroperoxide
      thereof.
NUM  4.
PAR  4. The process of claim 3 wherein the active ingredient is the
      hydroperoxide of disproportionated potassium rosinate obtained by
      contacting disproportionated potassium rosinate with molecular oxygen in
      water or in an organic solvent in the presence of a radical initiator at a
      temperature of 5.degree. to 150.degree.C. and a pressure of 0 to 150
      Kg/cm.sup.2.G
NUM  5.
PAR  5. The process of claim 3 wherein the reaction temperature is from
      20.degree. to 100.degree.C.
NUM  6.
PAR  6. The process of claim 5 wherein the reaction temperature is from
      40.degree. to 60.degree.C. and the pressure is from 10 to 30
      kg/cm.sup.2.G.
NUM  7.
PAR  7. In a radical emulsion-polymerization process, the improvement comprising
      using the radical emulsion-polymerization initiator of claim 1.
NUM  8.
PAR  8. In a radical suspension-polymerization process, the improvement
      comprising using the radical suspension-polymerization initiator of claim
      1.
NUM  9.
PAR  9. In a radical aqueous-polymerization process, the improvement comprising
      using the radical aqueous-polymerization initiator of claim 1.
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ABST
PAL  The invention relates to a new and useful antibacterial substance which is
      of the formula
      ##EQU1##
      and to processes for its production and recovery. The invention embraces
      this antibacterial agent and its salts as crude concentrates, as purifed
      solids and in pure crystaline forms. This antibiotic of the Formula I is
      effective in inhibiting the growth of gram positive bacteria. The compound
      of the Formula I is prepared by cultivating a strain of Streptomyces sp.
      X-1092 in an aqueous carbohydrate solution containing a nitrogenous
      nutrient under submerged aerobic conditions until substantial activity
      versus Gram-positive bacteria is imparted to said solution and then
      recovering said compound of the Formula I from said solution.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  There is provided, according to the present invention, an antibiotic
      substance effective in inhibiting the growth of Gram-positive bacteria
      which is of the Formula I. Chemically, this substance is known at
      1-(S)-hydroxy-2-(S,S)-valylamido-cyclobutane-1-acetic acid.
PAR  There is further provided according to the present invention, a process for
      the production of such antibiotic substance of the Formula I which
      comprises cultivation of a strain of Streptomyces sp. X-1092 in an aqueous
      carbohydrate solution containing a nitrogenous nutrient under submerged
      aerobic conditions until substantial activity versus gram-positive
      bacteria is imparted to said solution and then recovering said compound of
      the Formula I from said solution.
PAR  The organism producing the antibiotic of the present invention is a new
      species designated Streptomyces sp. X-1092. A culture of the living
      organism, given the laboratory designation X-1092, has been deposited in
      the U.S. Department of Agriculture, Agriculture Research Service, NRRL,
      Peoria, Illinois, and added to its permanent collection of microorganisms
      as NRRL 8047.
PAR  The representative strain of Streptomyces sp. X-1092 has the following
      characteristics.
PAR  On solid media, this organism grows in a fashion that is characteristic for
      members of the genus Streptomyces: abundant mycelial growth penetrates
      into the agar, and the aerial mycelium breaks up in characteristic chains
      of spores while there is no fragmentation of the immersed mycelium. The
      aerial sporulation system belongs to the type retinaculum-apertum (RA),
      with loose spirals, loops and hooks of small diameter.
PAR  The formulation of the media used in the description of the growth
      characteristics, is described below.
PAR  Medium 1: "Fermentation medium": Difco Bacto Thermoactinomyces fermentation
      medium to which 1.5% agar was added.
PAR  Medium 2: BBL (Baltimore Biological Laboratory) Czapek-Dox, to which 1.5%
      agar was added.
PAR  Medium 3: Difco Bacto potato dextrose agar.
PAR  Medium 4: "Y+M medium": yeast extract, 0.4%; malt extract, 1.0%; dextrose,
      0.4%; agar, 2%; pH 7.3.
PAR  Medium 5: "Oatmeal-glucose medium": Gerber's oatmeal, 5%; dextrose, 2%;
      agar 2% in tap water; pH 7.0.
PAR  Medium 6: "Tomato paste medium": dextrose, 1% K.sub.2 HPO.sub.4, 0.1%;
      tomato paste, 2%; Wilson's Medopeptone, 0.1%; CaCO.sub.3 ; 0.2%; agar,
      1.5% in tap water; pH 6.8-7.3.
PAR  Medium 7: "Tomato-soy medium": same as medium 6, to which 1% soyalose
      (Central Soya Co.) has been added.
PAR  Medium 8: "Pablum medium": 6% Pablum mixed cereal in cheesecloth bag dipped
      in and out of boiling tap water for 2 or 3 minutes. The water lost by
      evaporation is replaced, and agar is added to 1.5%.
PAR  Medium 9: "Tomato-oatmeal medium": baby oatmeal (Gerber's), 2%; tomato
      paste, 2%; agar, 2%, in tap water; pH 6.8-7.3.
PAR  Medium 10: "Yeast extract medium": yeast extract, 1%; dextrose, 1%; agar,
      1.5%, in tap water; pH 6.8.
PAR  Medium 11: "Glucose-asparagine medium": dextrose, 1%; asparagine, 0.05%;
      K.sub.2 HPO.sub.4, 0.05%; agar, 1.5%; pH 6.8.
PAR  Medium 12: "Glycerol-asparagine medium": glycerol, 1%; asparagine, 0.1%
      K.sub.2 HPO.sub.4, 0.1%; agar, 2% in tap water; pH 7.0.
PAR  Medium 13: "Starch-casein medium": soluble starch, 1%; casein, 0.1%;
      K.sub.2 HPO.sub.4, 0.05%; MgSO.sub.4, 0.05%; agar, 1.5%; pH 7.4.
PAR  Medium 14: "Emerson's medium": beef extract, 0.4%; peptone, 0.4%; NaCl,
      0.25%; yeast extract, 0.1%; dextrose, 1%; agar, 2%; pH 7.0.
PAR  Medium 15: "Bennett's medium": yeast extract, 0.1%; beef extract, 0.1%;
      N-Z-Amine A (casein hydrolysate from Sheffield Inc.) 0.2%; dextrose, 1%;
      agar, 1.8%; pH 7.3.
PAR  Medium 16: "Amidex medium": Amidex (Corn Products Co., Decatur, ILL. 1%;
      N-Z-Amine A, 0.2%; beef extract, 0.1%; yeast extract, 0.1%;
      CaCl.sub.2,2H.sub.2 O, 0.0014%; agar, 2%; pH 7.3.
PAR  Medium 17: "Sporulation medium" (ATCC medium number 5): yeast extract,
      0.1%; beef extract, 0.1%; tryptose 0.2%; glucose, 1%; FeSO.sub.4, trace;
      agar, 1.5%; pH 7.2.
PAR  Media 18, 19, 20, 21, 22, 23 are, respectively, media 2 through 7 as
      described by Shirling, E. G., and Gottlieb, D., Methods for
      characterization of Streptomyces species, International J. of Systematic
      Bacteriol., 16, 313-340, 1966.
PAR  Unless otherwise indicated, the observations reported have been performed
      after a period of incubation of 14 days at 28.degree. C. The
      characteristics of growth in these solid media is summarized in the Table
      below. Colors of upper surface and reverse are named according to
      Ridgway's Color Standards and Color Nomenclature, Washington, D.C., 1912.
TBL  __________________________________________________________________________
         Characteristics of                                                    
                      Color of upper surface                                   
                                   Color of reverse of                         
     Medium                                                                    
         aerial growth                                                         
                      of colonies  colonies                                    
     __________________________________________________________________________
     1   abundant; wrinkled;                                                   
                      pallid quaker drab                                       
                                   dirty cream buff                            
         good sporulation                                                      
                      turning to medium deep                                   
                                   center turning to                           
                      mouse gray toward the                                    
                                   dark olive and pale                         
                      edges; whitish edges                                     
                                   olive buff toward                           
                                   the edges                                   
     2   fair; flat, thin                                                      
                      whitish      whitish                                     
         sporulation                                                           
     3   almost none                                                           
     4   abundant; wrinkled;                                                   
                      pale mouse gray                                          
                                   dirty olive ocher                           
         good sporulation;                                                     
         medium becomes                                                        
         yellow; droplets of                                                   
         yellow exudate on                                                     
         colonies                                                              
     5   none                                                                  
     6   abundant; wrinkled;                                                   
                      light mouse gray,                                        
                                   honey yellow center                         
         granulated;  with whitish edges                                       
                                   and light brownish                          
         sporulation thicker       olive toward the                            
         at the edges; yellow      edges, with                                 
         pigment diffuses          mustard yellow                              
         into medium               edges                                       
     7   abundant; wrinkled;                                                   
                      pale mouse gray; off-                                    
                                   pale mouse gray                             
         with good    white edges  center, mouse                               
         sporulation; medium       gray toward the                             
         turns light yellow        edges, and off-                             
                                   white edges                                 
     8   abundant; wrinkled;                                                   
                      pale mouse gray and                                      
                                   mustard yellow                              
         granulated, good                                                      
                      off-white edges                                          
                                   center turning                              
         sporulation               buffy citrine at                            
                                   edges                                       
     9   abundant; wrinkled;                                                   
                      light mouse gray with                                    
                                   honey yellow center                         
         granulated; good                                                      
                      off-white edges; later                                   
                                   turning light                               
         sporulation; traces                                                   
                      mouse gray with gray                                     
                                   brownish olive                              
         of light yellow                                                       
                      edges        toward the edges                            
         pigmentation in                                                       
         the medium                                                            
     10  abundant; wrinkled;                                                   
                      light mouse gray with                                    
                                   antimony yellow,                            
         good sporulation;                                                     
                      off-white edges which                                    
                                   and in parts,                               
         antimony-yellow                                                       
                      in time became pallid                                    
                                   ochraceous tawny                            
         exudate; yellow                                                       
                      mouse gray                                               
         diffusible pigment                                                    
     11  good; wrinkled;                                                       
                      barium yellow vegeta-                                    
                                   citron yellow                               
         scanty sporulation                                                    
                      tive mycelium                                            
         off-white in color                                                    
     12  abundant; thin                                                        
                      cream color vegata-                                      
                                   primuline yellow                            
         sporulation, white                                                    
                      tive mycelium; later,                                    
         in color; colonies                                                    
                      pallid mouse gray to                                     
         granular, cracking                                                    
                      light mouse gray, with                                   
         with age; light                                                       
                      off-white edges                                          
         yellow diffusible                                                     
         pigment                                                               
     13  abundant; light                                                       
                      vegetative mycelium                                      
                                   barium yellow                               
         sporulation; yellow                                                   
                      primrose yellow;                                         
         pigment produced;                                                     
                      sporulated areas pallid                                  
         clearing around the                                                   
                      mouse gray with off-                                     
         colonies (hydrolysis                                                  
                      white edges                                              
         of starch and/or casein)                                              
     14  abundant; fairly                                                      
                      vegetative mycelium                                      
                                   dirty mustard yellow                        
         abundant sporulation                                                  
                      Naples yellow; spore                                     
                                   center turning dirty                        
                      areas pallid mouse                                       
                                   buffy brown and Naples                      
                      gray turning off-                                        
                                   yellow at the edges                         
                      white at the edges                                       
     15  abundant; and good                                                    
                      pale mouse gray; edges                                   
                                   wax yellow center                           
         sporulation, which                                                    
                      light mouse gray; off-                                   
                                   turning into dirty                          
         is thinner at the                                                     
                      white edges  olive citrine close                         
         center of colonies;       to the edges                                
         drops of exudate on                                                   
         colonies; light                                                       
         yellow pigment                                                        
         diffuses into medium                                                  
     16  good growth and                                                       
                      vegetative mycelium                                      
                                   mustard yellow center                       
         sporulation  chamois; sporulation                                     
                                   turning to antimony                         
                      off-white with mouse                                     
                                   yellow toward the                           
                      gray patches;                                            
                                   edges                                       
                      vegetative mycelium at                                   
                      edges of colonies                                        
                      becomes yellow ocher                                     
     17  abundant; poor                                                        
                      vegetative mycelium                                      
                                   olive ocher center                          
         sporulation; honey yellow;                                            
                                   turning to honey                            
         light yellow sporulated areas light                                   
                                   yellow toward edges                         
         pigment diffusing                                                     
                      mouse gray with off-                                     
         into medium  white edges                                              
     18  abundant; wrinkled;                                                   
                      mouse gray with few                                      
                                   fuscous; paler indenta-                     
         with surface cracks;                                                  
                      pale gray patches                                        
                                   tions immersed into                         
         good sporulation;         the agar                                    
         light yellow                                                          
         diffusible pigment                                                    
     19  good, flat, with                                                      
                      vegetative mycelium                                      
                                   cream buff                                  
         ruffled edges;                                                        
                      cream buff; sporulated                                   
         thin sporulation                                                      
                      areas pallid mouse gray                                  
     20  abundant; smooth,                                                     
                      mouse gray at center                                     
                                   deep grayish olive                          
         with ruffled edges;                                                   
                      and pale mouse gray                                      
                                   center changing to                          
         good sporulation;                                                     
                      near edges; off-white                                    
                                   chamois and cream                           
         lumps near the                                                        
                      edges        buff toward edges                           
         center of colonies;                                                   
         very little clear-                                                    
         ing around the                                                        
         colonies                                                              
     21  abundant; with                                                        
                      mouse gray   mouse gray                                  
         good sporulation                                                      
     22  fair; no sporulation;                                                 
                      Naples yellow                                            
                                   mustard yellow                              
         light yellow pigment                                                  
         diffuses into the                                                     
         medium                                                                
     __________________________________________________________________________
PAR  Unless otherwise indicated, the observations reported have been performed
      after a period of incubation of 14 days at 28.degree. C. The
      characteristics of growth in these solid media are summarized in the Table
      above. Colors of upper surface and reverse are named according to
      Ridgway's Color Standards and Color Nomenclature, Washington, D.C., 1912.
PAR  The species Streptomyces X-1092 described herein includes all strains of
      streptomyces which form a compound of the Formula I and which cannot be
      definitely differentiated from the strain NRRL 8047 and its subcultures
      including mutants and variants. The compound of the Formula I is
      identified herein and after this identification is known, it is easy to
      differentiate the strains producing a compound of the Formula I from
      others.
PAR  Streptomyces sp. X-1092, when grown under suitable conditions, produces a
      compound of the Formula I. A fermentation broth containing Streptomyces
      sp. X-1092 is prepared by inoculating spores or mycelia of the compound of
      the Formula I - producing organism into a suitable medium and then
      cultivating under aerobic conditions. For the production of a compound of
      the Formula I, cultivation on a solid medium is possible but for
      production in large quantities cultivation in a liquid medium is
      preferable. The temperature of the cultivation may be varied over a wide
      range, 20.degree.-35.degree. C, within which the organism may grow but a
      temperature of 26.degree.-30.degree. C and a substantially neutral pH is
      preferred. In the submerged aerobic fermentation of the organism for the
      production of a compound of the Formula I, the medium may contain as the
      source for carbon, a commercially available glyceride oil or a
      carbohydrate such as glycerol, glucose, maltose, lactose, dextrin, starch,
      etc. in pure or crude states and as the source of nitrogen, an organic
      material such as soybean meal, distillers solubles, peanut meal, cotton
      seed meal, meat extract, peptone, fish meal, yeast extract, corn steep
      liquor, etc. and when desired inorganic sources of nitrogen such as
      nitrates and ammonium salts and mineral salts such as ammonium sulfate,
      magnesium sulfate and the like. It also may contain sodium chloride,
      potassium chloride, potassium phosphate and the like and buffering agents
      such as sodium citrate, calcium carbonate or phosphates and trace amounts
      of heavy metal salts. In aerated submerged culturing procedures, an
      anti-foam agent such as liquid paraffin, fatty oils or silicone compounds
      is used. More than one kind of carbon source, nitrogen source or anti-foam
      source may be used for production of a compound of the Formula I.
      Generally the cultivation is continued until at least several hundred
      mcg/ml of a compound of the Formula I has accumulated in the medium.
DETD
PAR  The following Examples will serve to illustrate this invention without
      limiting it thereto.
PAC  EXAMPLE 1
PAR  Spores of Streptomyces sp. X-1092, were added to 6-liter Erlenmeyer flasks
      containing 2 liters of Trypticase soy broth (Baltimore Biological
      Laboratories). The flasks were incubated at 28.degree. for 76 hours on a
      rotary shaker [240 rpm with a 2 inch stroke]. Four liters of inoculum was
      added to 200 liters of fermentation medium containing (in g/liter):
      K.sub.2 HPO.sub.4, 7.0; KH.sub.2 PO.sub.4, 3.0; (NH.sub.4).sub.2 SO.sub.4,
      1.0; sodium citrate, 0.5; MgSO.sub.4. 7H.sub.2 O, 0.1; and D-glucose, 2.0
      (autoclaved separately). The culture was incubated at 20.degree. in a
      380-liter fermentor, aerated at 113 liters per minute and agitated at 260
      rpm. Silicone anti-form (Dow Corning AF) was added as needed to control
      frothing. After 66 hours of incubation, the fermentation broth was
      filtered through infusorial earth.
PAC  EXAMPLE 2
PAR  The clarified broth from two 200 liter fermentations was applied to 50
      liters Dowex 50WX-4 resin, styrene-divinyl benzene-sulfonic acid ion
      exchange resin Ca 50-100 mesh, in the H+ form. After washing with 200
      liters distilled water, the resin was eluted with 400 liters 5% aqueous
      pyridine solution. The eluate which contained 33 g solids was evaporated
      under reduced pressure to 2 liters, the pH adjusted to 2.5 by addition of
      5N HCl and the solution applied to a column (70 cm ht) containing 2.5
      liters Bio-Rad AG50WX-4 resin, styrene-divinyl benzene-sulfonic acid ion
      exchange resin, 100-200 mesh, in the Na+ form, which had been equilibrated
      with 0.2M sodium phosphate-citrate buffer, pH 4.2. The resin was then
      eluted with the same buffer and the activity was obtained at an elution
      volume of 11-13 liters. This fraction was desalted by readsorption of the
      antimetabolite onto 1.2 liters Bio-Rad AG50WX-4 resin,  50-100 mesh, in
      the H+ form followed by elution with 10% aqueous pyridine solution. The
      eluate was evaporated under reduced pressure to a small volume, the
      concentrate was treated with charcoal, the filtrate from the charcoal step
      was again evaporated and
      1-(S)-hydroxy-2-(S,S)-valylamido-cyclobutane-1-acetic acid was
      crystallized from ethanol-water (9-1): m.p. 247.degree.-250.degree.;
      [.rho.].sub.D 25 +  8.4 (c 1, H.sub.2 O), -31.2 (c 1, 5N HCl); pK.sub.1
      3.8, pK.sub.2 7.5; ir (Kbr disk) 3365 and 3240 (OH and amide NH), 1660 and
      1520 (sec amide), 1615 and 1390 cm.sup..sup.-1 (carboxylate); nmr (D.sub.2
      O, 20 mg, ext TMS),
      ##EQU2##
      4.23 (d,1 J = 6Hz, 2.92 (3.18 with DCl)
      ##EQU3##
      2.30-2.80 (m,5),
      ##EQU4##
      Anal. calcd for C.sub.11 H.sub.20 N.sub.2 O.sub.4 : C 54.03, H8.25 N
      11.47. Found: C 54.11, H 8.40, N 11.57.
PAC  EXAMPLE 3
PAR  As indicated above the compound of the Formula I and its salts are active
      against gram positive bacteria. Listed in Table 1 which follows are the
      inhibition zone diameters (mm) for several illustrative organisms as
      determined by agar-diffusion testing. As is apparent from the foregoing
      properties, the antibiotic of the Formula I is useful for suppressing the
      growth of gram positive organisms.
PAR  The antimicrobial spectrum of
      1-(s)-hydroxy-2-(S,S)-valylamido-cyclobutane-1-acetic acid was measured in
      a chemically defined medium a by the paper disc agar-diffusion technique.
      The results are given in Table 1. The activity was limited to gram
      positive organism.
TBL                Table 1                                                     
     ______________________________________                                    
     Antimicrobial Spectrum                                                    
                          Inhibition                                           
     Test Organism        zone diameter (mm)                                   
     ______________________________________                                    
     Bacillus cereus ATCC-6464                                                 
                          60                                                   
     Bacillus sp. ATCC-27860                                                   
                          25                                                   
     Bacillus subtilis NRRL-558                                                
                          34                                                   
     Streptomyces cellulosae ATCC-3313                                         
                          34                                                   
     Micrococcus glutamicus ATCC-13761.sup.b                                   
                          20                                                   
     Escherichia coli B   0                                                    
     Pseudomonas ovalis NRRL-22                                                
                          0                                                    
     Candida albicans NRRL-477.sup.b                                           
                          0                                                    
     Pullularia pullulans QM-279c                                              
                          0                                                    
     ______________________________________                                    
PA1  a. Paper-disc agar-diffusion assays were performed with 12.7 mm discs each
      containing 12 m.mu. of a compound of the Formula I in Davis Minimal Agar.
PA1  b. Biotin was added to the medium at 100 g liter to insure ample growth of
      these test organisms.
PAR  The compound of the Formula I also evidenced anti-metabolite activity. This
      activity was determined by counter diffusion methods which have been
      described in the literature in Journal of Antibiotics, Volume 27, pp.
      229-233, 1974. against Streptomyces cellulosae. The activity of the
      compound of the Formula I was non-competitively reversed by the addition
      of either L-cysteine or L-cystine to the medium. Partial reversals were
      observed with either L-methionine or D,L-homocysteine. Other common amino
      acids, nucleosides and water soluble vitamins did not reverse the activity
      of a compound of the Formula I. In addition glutathione and dithiothreitol
      did not reverse the inhibition, so it can be concluded that the reversal
      by cysteine is not due to chemical inactivation by thiols.
PAR  Only slight reversal of inhibition against the three species of Bacilli and
      Micrococcus glutamicus was observed with L-methionine, L-cystine and
      L-cysteine; no reversal was observed with other common amino acids
      mucleosides and/or water soluble vitamins.
PAR  As is indicated above, the compound of the Formula I is prepared under
      submerged aerobic conditions. Preferably submerged fermentation in tanks
      is used for production of substantial quantities of the X-1092 antibiotic
      in accordance with conventional procedures. Small quantities of antibiotic
      are obtained by shake-flask culture. As is customary in aerobic submerged
      culture processes, sterile air is blown through the culture medium. For
      efficient growth of the organism and production of the antibiotic of the
      Formula I, the volume of air employed in the production is above 0.1
      volume of air per minute per volume of culture medium. Optimum growth
      occurs when the volume of air employed is between 0.6 and one volume of
      air per minute per volume of culture production medium. The production of
      antibiotics can be followed during the fermentation by testing samples of
      the broth for antibiotic activity against organisms known to be sensitive
      to the antibiotic. The bioassay is conveniently effected by paper disc
      assay on agar plates.
PAR  As is the custom, maximum antibiotic production occurs within 2-6 days in
      either large tank or shake-flask fermentation. Commonly maximum production
      of antibiotic activity is realized within 5-6 days.
PAR  Following its production under submerged aerobic conditions the compound of
      the Formula I can be recovered from the fermentation broth by methods
      commonly employed in the fermentation art. The anitbiotic activity
      produced during fermentation of a compound of the Formula I-producing
      organism occurs in the antibiotic broth. Accordingly, isolation techniques
      employed in the production of such antibiotics are designed to permit
      maximum recovery of the antibiotic from the broth. Thus, for example,
      mycelia and undissolved solids are removed from the fermentation broth by
      conventional means such as filtration and the antibiotic of the Formula I
      is recovered from the filtered broth by techniques such as ion exchange or
      adsorption.
PAR  The compound of the Formula I having the basic amino group and the acid
      COOH group can form salts with both acids and bases. It is easily soluble
      in alcaline solutions such as aqueous solutions of alkaline metal and
      alkaline earth metal hydroxides. Thus, solutions of a compound of the
      Formula I in aqueous sodium hydroxide or calcium hydroxide forms the
      sodium or calcium salt respectively which can be isolated by conventional
      procedures. In like manner are formed salts of organic bases such as amine
      salts and the like. Similarly, the compound of the Formula I can form
      salts with acidic substances and such substances can be prepared by
      conventional techniques with such pharmaceutically acceptable acids as
      hydrochloric acid, hydrobromic acid, sulfuric acid and the like. All that
      is required of the salt is that it provide a pharmaceutically acceptable
      salt of a compound of the Formula I.
PAR  As is indicated above, compounds of the Formula I and its salts possess the
      property of adversely affecting the growth of certain Gram-positive
      bacteria. It is useful in wash solutions for sanitary purposes as in the
      washing of hands and the cleaning of equipment, floors or furnishings of
      contaminated rooms or laboratories; It is useful also for suppressing the
      growth of sensitive organisms in plate assays and other microbiological
      media.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
PA1  1-(s)-hydroxy-2-(S,S)-valylamido-cyclobutane-1-acetic acid and its
      pharmaceutically acceptable salts.
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PAL  Process for preparing a dyestuff consisting essentially of only
      unsymmetrical 1:2-chromium complex azo dyestuffs by heating a mixture of
      o,o'-dihydroxy azo dyestuffs and o-carboxy-o'-hydroxy azo dyestuffs, both
      being free from sulfonic acid groups, with chromium-III chloride in an
      organic solvent at a temperature of 105.degree. to 120.degree.C until the
      portion of o,o'-dihydroxy azo dyestuff is completely metallized and
      completing the 1:2-chromium complex formation by adjusting the pH-value to
      5.0-6.5, and heating at a temperature of 70.degree. to 90.degree.C.
PARN
PAR  This is a continuation, of application Ser. No. 245,767 filed Apr. 20,
      1972, now abandoned.
BSUM
PAR  The present invention relates to a process for the preparation of
      unsymmetrical I:2-chromium complex azo dyestuffs.
PAR  It is known that, for the preparation of unsymmetrical 1:2-chromium complex
      azo dyestuffs containing, per atom of chromium, an o,o'-dihydroxy azo
      dyestuff and an o-carboxy-o'-hydroxy azo dyestuff in complex bound form,
      the 1:1-chromium complex compound of the o,o'-dihydroxy azo dyestuff is
      prepared in pure form in a first reaction step, followed by a second step
      in which this compound is reacted with the o-carboxy-o'-hydroxy azo
      dyestuff. This process is disclosed, for example in German Auslegeschrift
      No. 1 254 785 and in German Offenlegungsschrift No. 1 644 219.
PAR  It has now been found that such unsymmetrical 1:2-chromium complex azo
      dyestuffs of the formula (1)
      ##SPC1##
PAL  In which A stands for a phenylene radical which is free from sulfonic acid
      groups and which may be substituted, for example by a chlorine or bromine
      atom and/or by a nitro, methyl, ethyl, methoxy, ethoxy, sulfamoyl or
      carbamoyl group, B and X, which may be identical or different, each stands
      for a radical of a coupling component free from sulfonic acid groups,
      which belongs to the hydroxy-naphthalene, pyrazolone or
      acetoacetylarylamide series, and R stands for a hydrogen atom or any
      substituent, for example a chlorine or bromine atom or a methyl,
      .beta.-hydroxyethyl-sulfonyl, carboxyl, sulfamoyl,
      sulfo-N-mono-alkyl-amino or sulfo-N-dialkyl-amino group, the alkyl portion
      thereof containing 1 to 4 carbon atoms, which is preferably in 4-position
      with regard to the carboxyl group which is incorporated in the complex
      arrangement, can be prepared in an almost single-step and therefore simple
      process by heating a mixture of an o,o'-dihydroxy azo dyestuff which is
      free from sulfonic acid groups and corresponds to the formula (2)
      ##EQU1##
      and an o-carboxy-o'-hydroxy axo dyestuff which is free from sulfonic acid
      groups and which corresponds to the formula (3)
      ##SPC2##
PAL  In which A, B, X and R are defined as above, in a molar ratio of dyestuff
      (2) to dyestuff (3) of from 1 : 0.75 to 1 : 1, with a 1.0 to 1.1-molar
      amount of chromium-III chloride, calculated on o,o'-dihydroxy azo
      dyestuff, in an organic solvent, preferably n-butanol or ethylene glycol
      or in a mixture thereof, at a temperature of from 105.degree. to
      120.degree.C, until the o,o'-dihydroxy azo dyestuff portion is completely
      metallized, and subsequently heating the mixture to a temperature of from
      70  to 90.degree.C at a pH-value of from 5.0 to 6.5, where required after
      addition of water. Further in the formula (1) A is phenylene unsubstituted
      by sulfonic acid or phenylene unsubstituted by sulfonic acid and
      substituted by chlorine, nitro, methyl, .beta.-hydroxyethylsulfonyl,
      sulfonamide, N,N-di(lower alkyl)sulfonamide, dinitro or chloro and nitro,
      B and X each is naphthylene, phenylmethyl-pyrazolone,
      dichlorophenyl-methyl-pyrazolone,
      .beta.-hydroxyethyl-sulfonylphenyl-methyl-pyrazolone or
      acetoacetyl-phenylamide and R is hydrogen, chlorine, carboxyl, sulfonamide
      or .beta.-hydroxyethylsulfonyl.
PAR  The feasibility of the process resides in the fact that the metallizing
      reaction, in which hydrochloric acid is set free from the chromium-III
      chloride by the complex formation with the o,o'-dihydroxy azo dyestuff,
      yields neither 1:1-nor symmetrical 1:2-chromium complex compounds of the
      o-carboxy-o'-hydroxy-azo dyestuff. On the contrary, under these
      conditions, metallization starts exclusively on the o,o'-dihydroxy azo
      dyestuff whilst the o-carboxy-o'-hydroxy azo dyestuff present in the
      mixture remains unmetallized or part thereof reacts with the 1:1-chromium
      complex compound of the o,o'-dihydroxy azo dyestuff already formed to
      yield the unsymmetrical 1:2-chromium complex compound.
PAR  The monoazo dyestuffs of the above-mentioned formulae (2) and (3) are
      prepared in known manner by diazotizing 2-aminophenol or derivatives of
      2-amino-benzoic acid and coupling with the coupling component B or X. The
      dyestuff mixture to be used for the chroming reaction may be prepared by
      mixing the individual dyestuffs (2) and (3) or preferably by mixed
      coupling in such a manner as first to diazotize the 2-aminobenzoic acid or
      an R-substituted derivative thereof and then to couple it with the
      coupling component H-X-OH, to add the coupling component H-B-OH to this
      coupling mixture and finally to combine it with the diazotized
      2-amino-phenol derivative.
PAR  For chroming purposes the dyestuffs are introduced in the form of dry
      powders or of moist filter cakes into solutions of chromium-III chloride
      in n-butanol or ethylene glycol. The chroming agent is chromium-III
      chloride hexahydrate or chromium- III chloride, which is prepared by
      dissolving sodium dichromate dihydrate in a small amount of ethylene
      glycol, diluting the solution with n-butanol or ethylene glycol and
      effecting reduction by dropwise addition of the 8-molar amount of hydrogen
      chloride in the form of a 37% hydrochloric acid, calculated on 1 mol of
      dichromate, and finally heating to 105.degree.-120.degree. with azeotropic
      distillation of n-butanol/water, or if ethylene glycol is used as a
      solvent, with distillation of water in vacuo until complete chroming of
      the o,o'-dihydroxy azo dyestuff present in the mixture is reached. The
      mixture is then cooled to 70.degree.-90.degree.C and the pH-value of the
      batch is adjusted to 5.0-6.5 by means of sodium acetate or sodium
      hydroxide solution, where required by adding water; the mixture is then
      heated at the indicated temperature until the remaining
      o-carboxy-o'-hydroxy azo dyestuff has entirely reacted with the
      1:1-chromium complex compound of the o,o'-dihydroxy azo dyestuff still
      present in the mixture.
DETD
PAR  The following Examples serve to illustrate the invention, the parts and
      percentages being by weight unless stated otherwise.
PAC  EXAMPLE 1
PAR  15.0 Parts of crystallized sodium dichromate (Na.sub.2 Cr.sub.2 O.sub.7
      --2H.sub.2 O) were dissolved in 20 parts by volume of glycol, 500 parts by
      volume of n-butanol were added and the solution was reduced to
      chromium-III chloride by dropwise adding 40.0 parts of 37% hydrochloric
      acid. Into this solution, a mixture of 29.9 parts of
      1-(2'-hydroxy-5'-chlorophenyl)-azo-2-naphthol (dyestuff 2) and 29.2 parts
      of 1-(2'-carboxyphenyl)-azo-2-naphthol (dye-stuff 3) was introduced, the
      mixture was heated while stirring to an external temperature of
      130.degree.C while the azeotropical mixture of n-butanol/water was
      distilled off until the internal temperature had risen to 108.degree.C.
      Refluxing was continued for an hour until the portion of the
      non-metallized o,o'-dihydroxy azo dyestuff (2) had disappeared. After
      cooling to 80.degree.C, 16.0 parts of crystallized sodium acetate and 50
      parts by volume of water were added and the pH-value was adjusted to 5.5
      by means of concentrated sodium hydroxide solution. After a reaction time
      of 2 hours at 80.degree.C, the reaction yielding the 1:2-chromium complex
      compound was complete. After addition of 500 parts by volume of water,
      n-butanol/water was distilled off in vacuo and the dyestuff was isolated
      from the remaining aqueous suspension by suction-filtration. A grey black
      powder was obtained, which yielded from an aqueous dispersion on wool,
      reddish grey dyeings having a very good fastness to light and wet
      processing.
PAR  The dyestuff corresponds to the formula
      ##SPC3##
PAC  EXAMPLE 2
PAR  15.0 Parts of crystallized sodium dichromate (Na.sub.2 Cr.sub.2 O.sub.7 . 2
      H.sub.2 O) were dissolved while stirring in 200 parts by volume of glycol
      and the solution was reduced to chromium-III chloride by dropwise adding
      40.0 parts of 37% hydrochloric acid. A mixture of 33.9 parts of
      4-(2'-hydroxy-4'-nitrophenyl)-azo-1-phenyl-3-methyl-pyrazol-5-one and 29.3
      parts of 4-(2', 5'-dicarboxyphenyl)-azo-1-phenyl-3-methyl-pyrazol-5-one
      was introduced into this solution and the mixture was heated for 5 to 6
      hours under a reduced pressure of 300 mm mercury first to an internal
      temperature of 100.degree.C, while water distilled off, and then further
      to 120.degree.C until the o,o'-dihydroxy azo dyestuff had disappeared. The
      mixture was then cooled to 80.degree.C, 16.0 parts of crystallized sodium
      acetate were added and the pH-value was adjusted to 5.5 by means of
      concentrated sodium hydroxide solution. The reaction yielding the
      1:2-chromium complex compound was complete after 2 hours at 80.degree.C.
      After dilution with 800 parts by volume of water and cooling to room
      temperature, the precipitated dyestuff was suction-filtered. A reddish
      brown powder was obtained, which yielded, from an aqueous dispersion on
      polyamide fiber material, yellowish red dyeings having a very good
      fastness to light and wet processing.
PAR  The dyestuff corresponds to the formula
      ##SPC4##
PAC  EXAMPLE 3
PAR  28.0 Parts of chromium-III chloride hydrate were dissolved while stirring
      in 500 parts by volume of n-butanol and a mixture of 30.9 parts of
      1-(2'-hydroxy-5'-nitrophenyl)-azo-2-naphthol (2) and 29.5 parts of
      4-(2',5'-dicarboxyphenyl)-azo-1-phenyl-3-methyl-pyrazol-5-one (3) was
      added. The mixture was heated at an external temperature of 130.degree.C,
      while the azeotropical mixture of n-butanol and water was distilled off
      until the internal temperature had risen to 107.degree.C. Subsequently,
      refluxing was continued for 2 hours until the portion of metal-free
      o,o'-dihydroxy azo dyestuff (2) had disappeared. The mixture was then
      cooled to 80.degree.C, 16 parts of crystallized sodium acetate and 50
      parts by volume of water were added and the pH was adjusted to 5.5 by
      means of concentrated sodium hydroxide solution. After a reaction time of
      3 hours at 80.degree.C the reaction yielding the 1:2-chromium complex
      compound was complete. After addition of 500 parts by volume of water,
      n-butanol/water was distilled off in vacuo and the dyestuff was isolated
      from the remaining n-butanol-free suspension by suction-filtration. The
      dyestuff, when dyed from a weakly acid aqueous dispersion, yielded on wool
      brown dyeings having very good fastness to light and wet processing. It
      corresponds to the formula
      ##SPC5##
PAR  The compounds cited in the following Table were prepared according to the
      process disclosed in Example 1 to 3.
      ##SPC6##
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of a dyestuff consisting essentially of an
      unsymmetrical 1:2-chromium complex azo dyestuff of the formula
      ##SPC7##
PAL  wherein A is phenylene unsubstituted by sulfonic acid or phenylene
      unsubstituted by sulfonic acid and substituted by chlorine, bromine,
      nitro, methyl, ethyl, methoxy, ethoxy, sulfamoyl or carbamoyl, B and X
      each is naphthalene, pyrazolone or acetoacetyl-phenylamide each of which
      is unsubstituted by sulfonic acid, and R is hydrogen, chlorine, bromine,
      methyl, .beta.-hydroxyethylsulfonyl, carboxyl, sulfamoyl,
      sulfo-N-monoalkylamino or sulfo-N-dialkylamino in which said alkyl is of
      one to four carbon atoms, which process comprises heating a mixture of an
      o,o'-dihydroxy azo compound of the formula
      ##EQU2##
      and an o-carboxy-o'-hydroxy azo compound of the formula
      ##SPC8##
PAL  said compounds of the formulas (2) and (3) being unsubstituted by sulfonic
      acid, in a molar ratio of said compound of the formula (2) to said
      compound of the formula (3) in the range of about 1:0.75 to about 1:1 with
      about 1.0 to 1.1 molar amount of chromium-III compound, calculated on the
      compound of formula (2), in an organic solvent to a temperature of about
      105.degree.C. to about 120.degree.C. to completely metallize said compound
      of the formula (2), and then heating said mixture at a pH of about 5.0 to
      about 6.5 at a temperature of about 70.degree.C. to about 90.degree.C. to
      form said unsymmetrical dyestuff of the formula (1).
NUM  2.
PAR  2. A process according to claim 1 wherein said organic solvent is
      n-butanol.
NUM  3.
PAR  3. A process according to claim 1 wherein said organic solvent is ethylene
      glycol.
NUM  4.
PAR  4. A process according to claim 1 wherein said organic solvent is a mixture
      of n-butanol and ethylene glycol.
NUM  5.
PAR  5. A process according to claim 1 wherein A is substituted by chlorine,
      nitro, methyl, .beta.-hydroxyethylsulfonyl, sulfonamide, N,N-di(lower
      alkyl) sulfonamide, dinitro or chloro and nitro, B and X each is
      naphthylene, phenylmethyl-pyrazolone, dichlorophenyl-methyl-pyrazolone,
      .beta.-hydroxyethylsulfonylphenyl-methyl-pyrazolone or
      acetoacetylphenylamide and R is hydrogen, chlorine, carboxyl, sulfonamide
      or .beta.-hydroxyethylsulfonyl.
NUM  6.
PAR  6. A process according to claim 1 wherein A stands for phenylene
      unsubstituted by sulfonic acid or phenylene unsubstituted by sulfonic acid
      and substituted by chlorine, bromine, nitro, methyl, ethyl, methoxy,
      ethoxy, sulfamoyl or carbamoyl, B is naphthylene, phenyl-methylpyrazolone
      or acetoacetyl-phenylamine and unsubstituted by sulfonic acid and X is
      naphthylene, phenyl-methyl-pyrazolone, acetoacetyl-phenylamide
      dichlorophenyl-methyl-pyrazolone or
      .beta.-hydroxyethyl-sulfonylphenyl-methyl-pyrazolone and unsubstituted by
      sulfonic acid and R is hydrogen, chlorine, bromine, methyl,
      .beta.-hydroxyethyl-sulfonyl, carboxyl, sulfamoyl, sulfo-N-monoalkyl-amino
      or sulfo-N-dialkyl-amino in which said alkyl contains 1 to 4 carbon atoms.
NUM  7.
PAR  7. A process for the preparation of a dyestuff consisting essentially of an
      unsymmetrical 1:2 chromium complex azo dyestuff of the formula
      ##SPC9##
PAL  wherein A is phenyl substituted by a member selected from the group
      consisting of hydrogen, chlorine, nitro, chlorine and nitro, di-nitro,
      methyl, .beta.-hydroxyethylsulfonyl, N,N-diethylsulfonamide and
      sulfonamide; B and X each is naphthylene, acetoacetyl-phenylamide or
      pyrazolone containing a member selected from the group consisting of
      hydrogen, phenyl-methyl, di-chlorophenyl-methyl and
      phenyl-methyl-.beta.-hydroxyethylsulfonyl; and R is a member selected from
      the group consisting of hydrogen, chlorine, .beta.-hydroxyethylsulfonyl,
      carboxyl and sulfonamide, which process comprises:
PA1  a. heating a mixture of an o,o'dihydroxy azo compound of the formula
      ##EQU3##
      and an o-carboxy-o'-hydroxy azo compound of the formula
      ##SPC10##
PAL  in a molar ratio of said compound of the formula (2) to said compound of
      formula (3) in the range of about 1 : 0.75 to about 1 : 1 with about 1.0
      to 1.1 molar amount of chromium-III- calculated on the compound of formula
      (2), said heating being carried out in an organic solvent selected from
      the group consisting of n-butanol, ethylene glycol and mixtures thereof at
      a temperature of about 105.degree.C. to about 120.degree.C. to
      substantially completely metallize said compound of the formula (2);
PA1  b. then adjusting the pH of the mixture to about 5.0 to 6.5; and
PA1  c. heating said mixture at a temperature of about 70.degree.C. to about
      90.degree.C. to form said unsymmetrical dyestuff consisting essentially
      only of the dyestuff of the formula (1).
NUM  8.
PAR  8. The process of claim 7 wherein B is naphthalene.
NUM  9.
PAR  9. The process of claim 7 wherein B is acetoacetyl-phenylamide.
NUM  10.
PAR  10. The process of claim 7 wherein B is phenyl-methyl-pyrazolone.
NUM  11.
PAR  11. The process of claim 7 wherein B is dichlorophenyl-methyl-pyrazolone.
NUM  12.
PAR  12. The process of claim 7 wherein X is naphthalene.
NUM  13.
PAR  13. The process of claim 7 wherein X is acetoacetyl-phenylamide.
NUM  14.
PAR  14. The process of claim 7 wherein X is phenyl-methyl-pyrazolone.
NUM  15.
PAR  15. The process of claim 7 wherein X is dichlorophenyl-methyl-pyrazolone.
PATN
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LREP
FRM  Curtis, Morris & Safford
ABST
PAL  Copper containing monoazo dyestuffs of the general formula
      ##SPC1##
PAL  Wherein X is
PA1  -- SO.sub.2 -- CH.sub.2 -- CH.sub.2 -- Z or
PA1  -- SO.sub.2 -- CH = CH.sub.2
PAL  in which Z is hydroxy or an inorganic or organic radical capable of being
      split off by alkaline agents. The said dyestuffs are easily soluble in
      water in the form of their alkali metal salts giving blue solutions which
      may be used for the dyeing or printing of nitrogen containing fibrous
      materials, materials containing hydroxyl groups or modified
      polyacrylonitrile fibrous materials, the dyeings obtained on wool or
      cellulose fibres being distinguished by high tinctorial strength and good
      fastness properties in general, and in particular to light, to wet
      processing, to weather, to chlorinated water and to hypochlorite.
PARN
PAR  This is a continuation-in-part application of application Ser. No. 205,397
      filed Dec. 6, 1971, now abandoned.
BSUM
PAR  The present invention relates to novel, copper-containing monoazo dyestuffs
      of the general formula
      ##SPC2##
PAL  In which formula X
PA1  -- so.sub.2 -- ch.sub.2 -- ch.sub.2 -- z or
PA1  -- SO.sub.2 -- CH = CH.sub.2
PAL  in which Z is hydroxy or an inorganic or organic radical capable of being
      split off by alkaline agents.
PAR  This invention also relates to a process for the manufacture of said
      monoazo dyestuffs which process comprises a
PAR  A. REACTING A METALLIZABLE AZO COMPOUND OF THE FORMULA
      ##SPC3##
PAL  In which X is defined as above and R is hydroxyl a or a lower alkoxy, with
      a copper yielding agent according to known processes for the manufacture
      of copper complex compounds of azo dyestuffs, in a neutral or slightly
      acid aqueous medium at a temperature within the range of from 0.degree. to
      100.degree.C, for example by heating an aqueous solution of the
      metallizable azo compound with a copper yielding agent or
PAR  B. CONVERTING THE DYESTUFF OF THE FORMULA
      ##SPC4##
PAL  By esterification with an acid, for example concentrated sulfuric acid,
      sulfuric acid monohydrate, phosphoric acid or polyphosphoric acid, into
      the corresponding dyestuff with the grouping -SO.sub.2 -CH.sub.2 -CH.sub.2
      -Z, in which Z is an acid radical capable of being split off by alkaline
      agents and, optionally, converting the dyestuff obtained by treating it
      with an alkaline agent into the corresponding dyestuff with the grouping
      --SO.sub.2 --CH=CH.sub.2.
PAR  Suitable radicals Z which can be split off by the action of an alkaline
      agent are, for example, a dialkyl amino group, such as the dimethyl or
      diethyl amino group, the thiosulfuric acid ester group, the phosphoric
      acid ester group and, especially, the sulfuric acid ester group.
PAR  The copper complex dyestuffs obtained in accordance with the invention are
      easily soluble in water in the form of their alkali metal salts giving
      blue solutions which may be used for dyeing or printing different fibrous
      materials, especially those containing hydroxyl groups. Suitable fibrous
      materials are, for example, native or regenerated cellulose fibrous
      materials, such as cotton, staple rayon and linen. The dyestuffs of the
      invention are used in the presence of acid binding agents which are
      generally used for reactive dyestuffs in industry, such as sodium
      carbonate, sodium hydrogen carbonate, sodium hydroxide solution or sodium
      trichloroacetate.
PAR  Dyeing with the novel dyestuffs may be carried out, for example, by
      treating the cellulose containing textile material with an alkaline
      solution of the dyestuff, which may also be a printing paste, and allowing
      an acid binding agent, such as sodium hydroxide, sodium carbonate, sodium
      bicarbonate or trichloroacetic acid sodium to act on it before, during or
      after the treatment.
PAR  The dyestuffs are fixed on the dyed textile material by the acid binding
      agent and, optionally, by the action of heat, preferably at a temperature
      within the range of from 40.degree. to 150.degree.C.
PAR  In order to improve the fastness to wet processing the dyeings and prints
      thus obtained are subsequently thoroughly rinsed with cold and hot water,
      optionally in the presence of a dispersing agent.
PAR  According to methods generally used in industry the dyestuffs of the
      invention are also suitable for dyeing nitrogen containing fibrous
      materials, such as leather, silk, polyamide fibers, polyurethane fibers,
      regenerated protein fibers or modified polyacrylo-nitrile fibers and,
      especially, wool, for example, from a slightly acid, neutral or slightly
      alkaline bath. The pH of the dye-bath may be kept constant or may be
      varied during the dyeing process by adding suitable additives, for example
      by starting the dyeing procedure at pH 4 and increasing it during the
      dyeing process to 7.5.
PAR  The novel dyestuffs may also be applied on the nitrogen containing textile
      materials mentioned according to the printing processes generally used in
      practice.
PAR  The dyeings produced on cellulose fibers or on wool with the dyestuffs of
      the invention are distinguished by high tinctorial strength, by a very
      good solubility and by good stability in printing pastes. In printing
      processes, they yield prints which have sharp outlines and which have no
      tendency or only an insignificant tendency to stain or to bleed on
      accompanying fabrics. Dyestuff portions which are not fixed on the fibre,
      can be washed without difficulty.
PAR  The dyestuffs of the invention have good fastness to wet processing in
      general. In particular they have good fastness to light and to weather if
      the fabric has been subjected to a synthetic resin finish, especially to
      an anti-crease treatment, and also good fastness to alkali, to acid, to
      chlorinated water, to hypochlorite, to washing and to sea water.
PAR  As compared to the dyestuffs which have been proposed in German Patent No.
      1,126,542 of closely related structure, the dyestuffs of the invention are
      distinguished by improved fastness to weather, to washing, to chlorinated
      water and to hypochlorite and especially by having a reduced tendency to
      smudging on accompanying fabrics in dyeing or printing of cotton materials
     .
DETD
PAR  The following Examples illustrate the invention. The parts and percentages
      are by weight unless stated otherwise.
PAC  EXAMPLE 1
PAR  250 Parts of crystallized copper sulfate were added to a neutral solution
      of 627 parts of the dyestuff of formula
      ##SPC5##
PAL  in 8,000 parts of water. The mixture was stirred at room temperature for 20
      minutes and adjusted pH 5.8 with about 100 parts of anhydrous sodium
      carbonate. The solution obtained was vaporized at 60.degree.C in vacuo. A
      black powder was obtained which was dissolved in water giving a blue
      solution. The dyestuff so obtained was of the formula
      ##SPC6##
PAR  This dyestuff yielded a reddish blue print when printed on cotton fabric in
      the presence of sodium bicarbonate and subsequently steamed; the prints
      were fast to light and to washing.
PAR  When using 547 parts of the dyestuff of the formula
      ##SPC7##
PAL  instead of 627 parts of the dyestuff used in the manner as described before
      in Example 1 and carrying out the process as hereinbefore described, the
      dyestuff of formula
      ##SPC8##
PAL  was obtained which yielded on cotton a reddish blue print and could be
      fixed fast on the fiber in fast manner in the presence of sodium
      hydroxide.
PAC  EXAMPLE 2
PAR  60.8 Parts of the dyestuff of formula
      ##SPC9##
PAL  obtained according to the second part of Example 1, were introduced in 400
      parts of concentrated sulfuric acid. Subsequently the mixture was stirred
      at room temperature for 15 hours. The mixture was then poured on about
      1,500 parts of ice in a thin jet. 300 Parts of chalk powder were
      introduced while stirring. The pH was adjusted to 5.5 with a sodium
      carbonate solution, the mixture was heated to 70.degree. - 80.degree.C and
      was separated by filtration. The residue was washed with hot water and
      rejected. The filtrate was vaporized at 60.degree.C in vacuo. The product
      so obtained was identical with the dyestuff prepared as described in the
      first part of Example 1.
PAC  EXAMPLE 3
PAR  250 Parts of crystallized copper sulfate and 80 parts of diethyl amine were
      added to a neutral solution of 627 parts of the dyestuff of formula
      ##SPC10##
PAL  in 8,000 parts of water. After the copper sulfate had completely been
      dissolved, the pH was adjusted to 12 with about 460 parts of 33% sodium
      hydroxide solution. The mixture was stirred for 15 hours and the pH was
      adjusted to 6.5 by adding about 180 parts of 36% hydrochloric acid. The
      solution obtained was vaporized at 80.degree.C in vacuo. A salt containing
      black powder was obtained which was dissolved in water giving a blue
      solution. In the form of the free acid the novel dyestuff was of the
      formula
      ##SPC11##
PAR  This dyestuff yielded a reddish blue print of very good fastness to light
      and washing when printed on cotton in the presence of sodium carbonate.
PAC  EXAMPLE 4
PAR  140 Parts of 33% sodium hydroxide solution were added to a neutral solution
      of 688.5 parts of the dyestuff of formula
      ##SPC12##
PAL  in about 8,000 parts of water while stirring in such a manner that the pH
      did not exceed 11.5. The mixture was stirred for 15 minutes at a pH 11 to
      11.5 and then the pH was adjusted to 5 - 6 with about 30 g of glacial
      acetic acid. The dyestuff solution so obtained was vaporized at
      60.degree.C in vacuo. A black powder was obtained which was dissolved in
      water giving a blue solution. In the form of the free acid the dyestuff so
      obtained was of the formula
      ##SPC13##
PAR  This dyestuff yielded on regenerated cellulose fibers intense, reddish blue
      dyeings of very good fastness to light and washing in the presence of
      sodium carbonate.
PAC  EXAMPLE 5
PAR  30 Parts of sodium acetate and 30 parts of crystallized copper sulfate were
      added to a solution of 64.1 parts of the dyestuff of formula
      ##SPC14##
PAL  in 1,000 parts of water. The pH was adjusted to 4.5 with a slight amount of
      glacial acetic acid and the mixture was heated while refluxing for 15
      hours. The blue dyestuff solution was subsequently vaporized to dryness at
      60.degree.C. The 1:1-copper complex dyestuff obtained in this process was
      identical with the dyestuff prepared as described in Example 1.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A water soluble copper-complex monoazo dyestuff of the formula
      ##SPC15##
PAL  wherein X is
PA1  --CH=CH.sub.2 or
PA1  --SO.sub.2 -- CH.sub.2 -- CH.sub.2 --Z
PAL  in which Z is hydroxy, sulfato, thiosulfato, phosphato, dimethylamino or
      diethylamino.
NUM  2.
PAR  2. The dyestuff according to claim 1 of the formula
      ##SPC16##
NUM  3.
PAR  3. The dyestuff according to claim 1 of the formula
      ##SPC17##
NUM  4.
PAR  4. The dyestuff according to claim 1 of the formula
      ##SPC18##
PATN
WKU  039391426
SRC  5
APN  4951913
APT  1
ART  117
APD  19740806
TTL  Phenylazophenyl dyestuff
ISD  19760217
NCL  3
ECL  1
EXP  Curtis; Allen B.
INVT
NAM  Fleckenstein; Erwin
CTY  Hofheim, Taunus
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730806
APN  2339713
CLAS
OCL  260205
XCL  260156
XCL  260197
XCL  260207
XCL  260146R
XCL  260154
XCL  260152
EDF  2
ICL  C07C11500
FSC  260
FSS  207;567.6 M;205
UREF
PNO  2821526
ISD  19580100
NAM  Boyd
XCL  260567.6M
UREF
PNO  2967858
ISD  19610100
NAM  Merian et al.
OCL  260205
UREF
PNO  3272793
ISD  19660900
NAM  Taber et al.
XCL  260207
UREF
PNO  3542758
ISD  19701100
NAM  Heger
XCL  260154
UREF
PNO  3694426
ISD  19720900
NAM  Doss
XCL  260207
UREF
PNO  3712881
ISD  19730100
NAM  Angliker et al.
XCL  260207
UREF
PNO  3767680
ISD  19731000
NAM  Kolliker et al.
XCL  260207
FREF
PNO  1,184,825
ISD  19700300
CNT  UK
OCL  260207
FREF
PNO  224,009
ISD  19590900
CNT  AU
OCL  260205
LREP
FRM  Connolly and Hutz
ABST
PAL  Basic azo dyestuffs, free from sulfo groups and having the formula
PAL  Wherein Z is the radical of a tertiary amino group or of a quaternary
      ammonium group, Alk is alkylene of two to five carbon atoms, X is oxygen,
      Ar is phenylene unsubstituted or substituted by alkyl of one to four
      carbon atoms, alkoxy of one to four carbon atoms and/or chlorine or
      bromine, and K as the radical of a coupling component is the radical of a
      tertiary amine of the benzene series, the radical of
      2,6-diamino-3-cyano-4-methyl pyridine or a derivative thereof or the
      radical of the 2-hydroxynaphthalene series, which are suitable for the
      preparation of writing and stamping inks or pastes for ball-point pens as
      well as suitable in offset printing and for the dyeing, printing or mass
      dyeing of, for example, tannined cellulose fibers, silk, hair, leather,
      acetate silk, polyamide fibers or acid modified polyolefins, polyamide or
      polyester fibers and fibers containing polyacrylonitrile or polyvinylidene
      cyanide. The dyeings obtained on these fibers have, in general, a high
      color intensity and, in general, good fastness to light and to wet
      processing. The dyestuffs can be used in slightly acid and strongly acid
      baths and are stable at a temperature above 100.degree.C as used in
      high-temperature dyeing. Wool is completely reserved by the dyestuffs
      under normal dyeing conditions.
BSUM
PAR  The present invention relates to basic azo dyestuffs, a process for their
      preparation and their use.
PAR  The present invention provides basic azo dyestuffs which are free from
      sulphonic acid groups and have the general formula
EQU  Z -- Alk -- X -- CH.sub.2 -- CH.sub.2 -- SO.sub.2 -- Ar -- N = N -- K (I)
PAL  wherein Ar is the phenylene radical or the naphthylene radical which may be
      substituted by halogen atoms, for example, chlorine or bromine atoms,
      alkyl groups of one to four carbon atoms, alkoxy groups of one to four
      carbon atoms, alkylene-carbonyloxy-alkyl groups having a total of three to
      six carbon atoms, carbonyloxyalkyl groups having a total of two to six
      carbon atoms, alkylsulfon groups of one to four carbon atoms,
      alkanoylamino groups of two to four carbon atoms, acyl groups of aliphatic
      carboxylic acids of two to five carbon atoms or acyl groups of aromatic
      carboxylic acids of the benzene series, such as the acetyl, propionyl,
      benzoyl, methylbenzoyl, chlorobenzoyl or nitrobenzoyl group, by nitro,
      trifluoromethyl and/or carbamoyl or sulfamyl groups, X is an oxygen atom
      or a sulfur atom, Alk is a linear or branched alkylene radical of two to
      eight carbon atoms, Z is the radical of a tertiary amino group or a
      quaternary ammonium group and K is the radical of a coupling component
      which is free from sulfonic acid groups.
PAR  The new dyestuffs can be obtained
PA0  A. by coupling the diazonium compound of an amine of the formula II
EQU  Z -- Alk -- X -- CH.sub.2 CH.sub.2 SO.sub.2 -- Ar -- NH.sub.2 (II)
PAL  wherein Ar, X, Alk and Z are defined as above, with a coupling component H
      -- K as defined above or
PA0  B. by treating an azo dyestuff of the formula III
EQU  Z -- Alk -- X -- CH.sub.2 CH.sub.2 SO.sub.2 -- Ar -- N = N -- K (III)
PAL  wherein Ar, X, Alk and K are defined as above and Z is the radical of a
      tertiary amino group, with alkylating agents.
PAR  The amines of the formula II may be diazotized according to known methods,
      for example, with alkali metal nitrite and an inorganic acid, for example,
      hydrochloric acid, sulfuric acid or phosphoric acid, or with
      nitrosylsulfuric acid.
PAR  The coupling with the coupling components may also be carried out in known
      manner, for example, in neutral to acid medium, if necessary, in the
      presence of sodium acetate or similar buffer substances influencing the
      coupling speed or of catalysts, for example, dimethyl formamide, pyridine
      or the salts thereof.
PAR  The amines of the formula II can be obtained by the addition reaction of
      compounds of the formula HX -- Alk -- Z, wherein X, Z and Alk are defined
      as above, in alkaline media with compounds of the formula CH.sub.2 =
      CH.sub.2 -- SO.sub.2 -- AR -- NH.sub.2 wherein Ar is defined as above.
PAR  Suitable tertiary amino groups for Z are, for example, preferably,
      optionally substituted dialkyl amino groups, dicycloalkylamino groups or
      heterocyclic amino groups, for example, morpholino, pyrrolidino or
      piperidino groups, especially, however, the dialkylamino groups which
      contain one to six carbon atoms in the alkyl radical and, optionally, may
      be substituted by chlorine, hydroxy, methoxy, ethoxy, cyano or acyloxy
      groups of lower aliphatic carboxylic acids.
PAR  The quaternary ammonium group for Z may have the formula
      ##EQU1##
      wherein Y.sub.1 and Y.sub.2 each stands for an alkyl radical, preferably
      an alkyl radical of one to six carbon atoms, an aralkyl or cycloalkyl
      radical, Y.sub.3 is hydrogen, an alkyl, aralkyl, cycloalkyl or alkoxy
      radical or an amino group and N may form a heterocyclic ring with Y.sub.1,
      Y.sub.2 and/or Y.sub.3.
PAR  Suitable coupling components are aromatic or heterocyclic compounds
      coupling in o- or p-position to a hydroxy group or a primary, secondary or
      tertiary amino group which compounds are free from sulfonic acid groups.
      Of the series of components suitable for this purpose which effect the
      coupling reaction in o- or p-position to a hydroxy group, are aromatic or
      heterocyclic hydroxy compounds and such compounds which contain an
      enolisable or enolised ketomethylene group which is in the heterocyclic
      ring. Compounds of this kind are, for example, phenol, the derivatives
      substituted in 2- or 4-position of the phenol, such as o- and p-cresol,
      p-chlorophenyl, 4-hydroxy-1,2-xylene, 4-hydroxyacetophenone and
      hydroquinone-monomethyl ether, the derivatives substituted in 4-position
      of the .alpha.-naphthol, such as 4-chloro-naphthol, 4-methoxy-naphthol and
      4-benzoyl-1-naphthol, .beta.-naphthol and the derivatives thereof, such as
      6-bromo-2-naphthol, 7-hydroxy-2-methoxynaphthalene,
      1-benzoylamino-7-naphthol and 4-benzolazo-1-amino-7-naphthol, as well as
      6-hydroxyindazole, 6-hydroxy-quinoline, 8-hydroxy-quinoline,
      4-hydroxy-1-alkyl-2-quinolone, 6-hydroxy-2-pyridone, 3
      -hydroxydiphenylamine, 2-hydroxy-carbazole, 5-hydroxybenzthiazole,
      3-hydroxydiphenylene-oxide and 5-pyrazolones.
PAR  In addition to these monohydroxy compounds suitable coupling components are
      also polyhydroxy compounds coupling in o-position to the hydroxy groups of
      the aromatic or heterocyclic series, for example resorcinol,
      benzoyl-resorcinol, terephthaloyl-bis-resorcinol,
      2,6-dihydroxynaphthalene, 2,4-dihydroxy-quinoline and
      3,6-dihydroxy-diphenylene-dioxide. Suitable are also alkyl or aryl amides
      of aromatic or heterocyclic hydroxycarboxylic acids or of acylacetic
      acids, for example, alkyl or aryl amides of 2,3-hydroxy-naphthoic acids,
      2-hydroxycarbazole-3-carboxylic acids,
      3-hydroxy-diphenyleneoxide-2-carboxylic acids, of the acetoacetic acid or
      the benzoylacetic acid.
PAR  Suitable coupling components for the process of the invention which effect
      coupling in o- or p-position to a primary, secondary or tertiary amino
      group are aromatic or heterocyclic amino compounds. Suitable primary
      amines are, for example aniline, toluidine, xylidine, anisidines,
      phenylene diamines, tolylene diamines, aminocresol ether, alkoxy anilines,
      chloroanilines, 3-acylaminoanilines, dialkoxy anilines, naphthyl amines as
      well as heterocyclic amines, for example, aminopyrimidines,
      5-aminopyrazoles, 6- or 7-aminoindazoles or 8-aminoquinolines. Suitable
      secondary or tertiary amines are compounds of the benzene or naphthalene
      series, in which case the benzene or naphthalene radical may contain
      further substituents, for example, halogen atoms, alkyl, alkoxy,
      carbalkoxy, carboxy, alkylsulfonyl, carbamyl, sulfamyl, amino,
      trifluoromethyl, acyl or acylamino groups. Suitable substituents for the
      secondary or tertiary amino groups are, for example, lower alkyl radicals,
      such as methyl, ethyl, propyl or butyl radicals, or aralkyl, cycloalkyl or
      aryl radicals in which, optionally, further substituents may be contained,
      for example, halogen atoms, hydroxy, cyano, acyloxy, carbalkoxy, carbamyl,
      dialkylamino, phenyl, alkoxy, alkyl, acyl, pyridyl, dicarboximido,
      alkylsulfon, arylsulfon, alkylsulfonylamino, sulfamyl or phenoxy groups.
      In the tertiary amines, the alkyl groups may, optionally, form with one
      another or together with a nitrogen or oxygen atom hydrated hetero rings,
      such as the piperidino, morpholino or piperazino ring.
PAR  Suitable coupling components are, furthermore, indoles, for example, indol,
      2-alkylindoles, 2-arylindoles, 1,2-dialkylindoles, 1-alkyl-2-aryl-indoles
      or 1-alkylindoles and the derivatives thereof substituted in the benzene
      nucleus which may contain non ionic substituents in the alkyl or aryl
      radicals.
PAR  Suitable coupling components are, furthermore,
      1,2,3,4-tetrahydroquinolines, or 1,2,3,4-tetrahydrobenzoquinolines, which
      may contain optionally substituted alkyl radicals in the nitrogen atom, as
      well as benzomorpholines, benzopiperazines,
      2-methylene-1,3,3-trialkylindolines,
      2-cyanomethylene-1,3-dialkylbenzimidazolines, 1-alkyl-, 2-alkyl- or
      1,2-dialkylperimidines, 4,5-dialkyl- or 4,5-dialkyl- or
      4,5-diarylimidazoles, arylpyrazolines, for example,
      1,5-diphenyl-3,5-dimethylpyrazoline-.DELTA.2,1-(.alpha.-naphthyl)-3,5,5-tr
     imethyl-pyrazoline-.DELTA.2,1-phenyl-3,5,5-trimethylpyrazoline-.DELTA.2 or
      1-(2'-methoxy-5'-methylphenyl)-3,5,5-trimethylpyrazoline-.DELTA.2,
      2,6-diamino-3-cyano-4-alkylpyridines of 1,3-indandion.
PAR  The alkylation is carried out at elevated temperature, optionally by adding
      acid-binding agents, such as magnesium oxide, magnesium carbonate, sodium
      carbonate, calcium carbonate or sodium bicarbonate, and, optionally, under
      pressure. The most favourable conditions in each case can easily be
      evaluated by preliminary tests.
PAR  Optionally, the alkylation can also be carried out in water.
PAR  Suitable alkylating agents are alkyl halides, aralkyl halides,
      halogenoacetamides, .beta.-halogenopropionitriles, halohydrins, alkylene
      oxides, acrylic acid amide, alkyl esters of sulfuric acid or alkyl esters
      of the organic sulfonic acids.
PAR  Suitable alkylating agents are for example methyl chloride, methyl bromide
      or methyl iodide, ethyl bromide or ethyl iodide, propyl bromide or propyl
      iodide, benzyl chloride, chloroacetamide, .beta.-chloropropionitrile,
      ethylene chlorohydrin, dimethyl sulfate, benzenesulfonic acid methyl
      ester, p-toluenesulfonic acid methyl ester, -ethyl ester, -propyl ester or
      -butyl ester. The alkylation is advantageously effected in an inert
      organic solvent, for example, in a hydrocarbon, a chlorohydrocarbon or a
      nitrohydrocarbon, such as benzene, toluene, xylene, tetrachlorethane,
      chloroform, carbon tetrachloride, mono- or dichlorobenzene or
      nitrobenzene, in an acid amide or acid anhydride, such as dimethyl
      formamide, N-methylacetamide or acetic acid anhydride, in
      dimethylsulfoxide or in a ketone, such as acetone or methyl ethyl ketone.
      An excess of the alkylating agent may be used instead of an organic
      solvent.
PAR  In a modification of the processes mentioned above, the dyestuffs of the
      invention may also be obtained by reacting azo dyestuffs of the formula IV
EQU  CH.sub.2 = CH -- SO.sub.2 -- Ar -- N = N -- K              (IV)
PAL  wherein Ar and K are defined as above, with compounds of the formula
      HX--Alk--Z, wherein X, Alk and Z are defined as above.
PAR  The dyestuffs of the invention preferably contain as anion X.sup.- the
      anion of a strong acid, for example, sulfuric acid or the semi-esters
      thereof, an arylsulfonic acid or a hydrohalic acid. These anions used in
      the invention may also be replaced by anions of other acids, for example,
      phosphoric acid, perchloric acid, acetic acid, oxalic acid, lactic acid,
      propionic acid, maleic acid, malonic acid or tartaric acid. The dyestuffs
      may also be obtained in the form of their double salts with zinc or
      cadmium halides. The nature of the anionic radical does not influence the
      properties of the dyestuffs as long as the radical is colorless and does
      not affect the solubility of the dyestuffs in undesired manner.
PAR  The dyestuffs of the invention are suitable for the preparation of writing
      and stamping inks or pastes for ballpoint pens and can also be used in
      offset printing. They are also suitable for the dyeing, printing or mass
      dyeing of tannined cellulose fibres, silk, hair, leather, coco fibres,
      jute, sisal or synthetic fibres, such as acetate silk, polyamide fibres or
      acid modified polyolefin, polyamide or polyester fibres, especially
      however, of fibres containing polyacrylonitrile or polyvinylidene cyanide.
      The dyeings obtained on these fibres have, mostly, a high color intensity
      and, in general, good fastness to light and to wet processing, for example
      to washing, fulling, cross-dyeing, carbonizing, chlorine treatment and
      perspiration, as well as to decatizing, steaming, ironing, rubbing and
      solvents. The dyestuffs are, generally, unaffected by changing the pH of
      the dyebath and can, therefore, be used in slightly acid and in strongly
      acid baths. They are also stable at a temperature above 100.degree.C as
      used in high-temperature dyeing. Wool is completely reserved by the
      dyestuffs under normal dyeing conditions.
PAR  The dyeing is preferably carried out in an aqueous medium at the boiling
      temperature or at a temperature above 100.degree.C under pressure in
      closed vessels. The dyestuffs may also be applied from organic solvents.
PAR  The dyestuffs may also be added to spinning solutions for the preparation
      of polyacrylonitrile containing fibers, but they also dye the undraft
      fibers.
PAR  To prepare the aqueous dyebaths and printing pastes, the dyestuffs may be
      used in the form of powders which may if necessary contain extenders, for
      example, inorganic salts, dextrin and, optionally, further additives. It
      is, however, more advantageous to use concentrated aqueous solutions of
      the dyestuffs which are easier to handle, for example those containing
      from about 20 to 60 % of dyestuff, one or more low aliphatic acids, such
      as formic acid, acetic acid, propionic acid or lactic acid as well as
      further additives where required, such as water soluble polyvalent
      alcohols, the ethers or esters thereof, polyethers, aliphatic carboxylic
      acid amides, lactams, lactones, nitriles, dimethyl sulphoxide, diacetone
      alcohol, dioxane, tetrahydrofuran or urea and water.
PAR  To prepare the dyebaths which only contain organic solvents, for example,
      chlorohydrocarbons, concentrated solutions are advantageously used which
      contain the dyestuff as free base or as salt of a monobasic organic salt,
      chlorohydrocarbons, organic acids and polar organic solvents.
PAR  The dyestuffs of the invention, together with anionic precipitating agents,
      for example, argillaceous earth, tannin or heteropoly acids, for example,
      phosphorus tungstenic acid or phosphorus molybdenic acid form pigments
      fast to light which can advantageously be used in paper printing.
PAR  Among the new dyestuffs of the invention there are especially to accentuate
      those in which Alk is an alkylene radical of two to five carbon atoms,
      especially an alkylene radical of two or three carbon atoms, X is an
      oxygen atom, Ar is a phenylene radical which may be substituted by alkyl
      groups of one to four carbon atoms, by alkoxy groups of one to four carbon
      atoms and/or by chlorine or bromine atoms in which Ar may especially be a
      radical of the formula
      ##SPC1##
PAL  wherein R.sub.1 stands for hydrogen, chlorine, bromine, a methyl or ethyl
      group or a methoxy or ethoxy group and R.sub.2 stands for a hydrogen atom,
      a methyl or ethyl or methoxy or ethoxy group and in which K is a coupling
      component which belongs to a tertiary amine of the benzene series, the
      2,6-diamino-3-cyan-4-methyl-pyridine or a derivative of this compound or
      the 2-hydroxy-naphthalene series.
PAR  Especially preferred are dyestuffs which have the general formula
      ##SPC2##
PAL  wherein Z.sub.1 is a radical of the formula
      ##EQU2##
      or the quarternary salt thereof of the formula
      ##EQU3##
      wherein Y.sub.1 and Y.sub.2 are identical or different and each is an
      alkyl radical of one to six, preferably one to four, especially one or two
      carbon atoms or a benzyl radical or cyclohexyl radical, Y.sub.3 is a
      hydrogen atom, an alkyl radical of one to four carbon atoms, a benzyl
      radical or a lower alkoxy group and/or Y.sub.1, Y.sub.2 and/or Y.sub.3
      together form a heterocyclic ring, especially a morpholine, piperidine or
      pyridine ring with the nitrogen atom and A.sup.(.sup.-) is an anion,
      alkylene stands for an alkylene radical of two or three carbon atoms,
      R.sub.1 is hydrogen, chlorine, bromine, the methoxy, ethoxy, methyl or
      ethyl group, R.sub.2 is hydrogen, the methoxy, ethoxy, methyl or ethyl
      group and K.sub.1 is a radical of the formula
      ##SPC3##
PAL  or of the formula
      ##SPC4##
PAL  or of the formula
      ##SPC5##
PAL  in which formulae R.sub.3 is hydrogen, an alkyl group of one to four carbon
      atoms, an alkoxy group of one to four carbon atoms, an acetylamino group
      or a chlorine or bromine atom, the radicals R.sub.4 are identical or
      different and each stands for a hydrogen atom, a hydroxy, cyano, acetoxy
      or alkoxy group of one to four carbon atoms or a phenyl radical or for a
      chlorine or bromine atom, n is identical or different in each case and is
      1, 2, 3 or 4, the radicals R are identical or different and each stands
      for a hydrogen atom or a radical of the formula --(CH.sub.2).sub.n
      --R.sub.4, wherein R.sub.4 and n are defined as above, and R.sub.5 is
      hydrogen, a chlorine or bromine atom, an alkyl or an alkoxy group of one
      to four carbon atoms, the benzoylamino or acetylamino group or a
      phenylamidocarbonyl group optionally substituted in the nucleus.
DETD
PAR  The following examples illustrate the invention, the parts and percentages
      being by weight, unless stated otherwise:
PAC  EXAMPLE 1
PAR  27.2 Parts of the compound of the formula
      ##SPC6##
PAL  (prepared by reacting 4-aminophenyl-vinylsulfone with
      N,N-dimethyl-.beta.-amino-ethanol in the presence of sodium hydroxide)
      were diazotized in usual manner. 14.8 parts of
      2,6-diamino-3-cyano-4-methyl-pyridine dissolved in 100 parts of 2 N
      hydrochloric acid were added to the diazonium salt solution.
PAR  After coupling being terminated the dyestuff solution was adjusted to pH 9
      with dilute sodium hydroxide solution, the precipitated dyestuff was
      suction-filtered, washed with water and dried at 60.degree.C.
PAR  30.2 Parts of a dyestuff of the formula
      ##SPC7##
PAL  were obtained. This dyestuff dyed polyacrylonitrile and acid modified
      polyester fibers from an acid bath in very fast yellow shades.
PAC  EXAMPLE 2
PAR  35.1 Parts of the compound of the formula
      ##SPC8##
PAL  were diazotized in usual manner. 24.9 Parts of
      N-.beta.-cyanethyl-N-phenethyl-aniline, dissolved in 100 parts of glacial
      acetic acid, were added to the diazonium salt solution. After coupling
      being finished, the dyestuff was precipitated by adding sodium chloride,
      suction-filtered and dried at 60.degree.C.
PAR  The dyestuff obtained had the formula
      ##SPC9##
PAL  It dyed polyacrylonitrile and acid modified polyester fibers in fast orange
      shades.
PAC  EXAMPLE 3
PAR  30 Parts of the compound of the formula
      ##SPC10##
PAL  were diazotized in usual manner. The diazonium salt solution was added to a
      solution of 14.4 parts of .beta.-naphthol in 110 parts of 1 N sodium
      hydroxide solution. After coupling being terminated, the precipitated
      dyestuff was suction-filtered, washed with sodium carbonate solution and
      dried. 40.1 Parts of a dyestuff were obtained which had the formula
      ##SPC11##
PAL  It dyed polyacrylonitrile and acid-modified polyester fibers from an acid
      bath in fast orange shades.
PAC  EXAMPLE 4
PAR  44.2 Parts of the compound of the formula
      ##SPC12##
PAL  were diazotized in usual manner and coupled with 17.4 parts of
      N-methyl-N-.beta.-cyanethyl aniline in hydrochloric acid solution. After
      coupling being terminated, the dyestuff was salted out by adding sodium
      chloride, suction-filtered, washed with sodium chloride solution and dried
      at 60.degree.C. 56.2 Parts of a dyestuff of the formula
      ##SPC13##
PAL  were obtained. It dyed polyacrylonitrile and acid-modified polyester fibers
      in fast red shades.
PAR  The following Table contains further dyestuffs of the invention as well as
      the shades they dye on polyacrylonitrile fibers and acid-modified
      polyester fibers:
      ##SPC14##
CLMS
STM  We claim:
NUM  1.
PAR  1. A basic azo dyestuff, free from sulfo groups and having the formula
      ##SPC15##
PAL  wherein Z.sub.1 is the quaternary salt of the formula
      ##EQU4##
      wherein Y.sub.1 and Y.sub.2 are identical or different and each is alkyl
      of one to six carbon atoms, or benzyl or cyclohexyl, Y.sub.3 is hydrogen,
      alkyl of one to four carbon atoms, benzyl or alkoxy and/or Y.sub.1,
      Y.sub.2 and/or Y.sub.3 together with the N-atom form the morpholine,
      piperidine or pyridine ring and A.sup.(.sup.-) is an anion, alkylene is
      alkylene of two or three carbon atoms, R.sub.1 is hydrogen, chlorine,
      bromine, methoxy, ethoxy, methyl or ethyl, R.sub.2 is hydrogen, methoxy,
      ethoxy, methyl or ethyl and K.sub.1 is a radical of the formula
      ##SPC16##
PAL  in which R.sub.3 is hydrogen, alkyl of one to four carbon atoms, alkoxy of
      one to four carbon atoms, acetylamino or chlorine or bromine, the radicals
      R.sub.4 are identical or different and each is hydrogen, hydroxy, cyano,
      acetoxy or alkoxy of one to four carbon atoms or phenyl or chlorine or
      bromine and the indices n are identical or different and each is 1, 2, 3,
      or 4.
NUM  2.
PAR  2. The dyestuff as claimed in claim 1 of the formula
      ##SPC17##
PAL  wherein A.sup.(.sup.-) is an anion which is a chloride, sulfate, acetate or
      CH.sub.3 OSO.sub.4.sup.(.sup.-) or
      ##EQU5##
NUM  3.
PAR  3. The dyestuff as claimed in claim 1 of the formula
      ##SPC18##
PATN
WKU  039391434
SRC  5
APN  4660536
APT  1
ART  124
APD  19740501
TTL  1-N-isoserylkanamycins and the production thereof
ISD  19760217
NCL  11
ECL  1
EXA  Owens; Cary
EXP  Brown; Johnnie R.
INVT
NAM  Umezawa; Hamao
CTY  Tokyo
CNT  JA
INVT
NAM  Maeda; Kenji
CTY  Tokyo
CNT  JA
INVT
NAM  Kondo; Shinichi
CTY  Yokohama
CNT  JA
INVT
NAM  Umezawa; Sumio
CTY  Tokyo
CNT  JA
ASSG
NAM  Zaidan Hojin Biseibutsu Kagaku Kenkyu Kai
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730515
APN  48-53151
PRIR
CNT  JA
APD  19730829
APN  48-96176
CLAS
OCL  260210K
XCL  424180
EDF  2
ICL  C07A 1504
FSC  260
FSS  210 K
UREF
PNO  3032547
ISD  19620500
NAM  Rothrock et al.
OCL  260210K
UREF
PNO  3753973
ISD  19730800
NAM  Umezawa et al.
OCL  260210K
UREF
PNO  3781268
ISD  19731200
NAM  Kawaguchi et al.
OCL  260210K
OREF
PAL  Morrison and Boyd, "Organic Chemistry" Allynl and Bacon Inc., Boston, 1970,
      p. 1101.
LREP
FR2  Haight; James C.
ABST
PAL  1-N-isoseryl derivatives of kanamycin A, kanamycin B and
      3',4'-dideoxykanamycin B are now synthesized, which are new and useful
      compounds active against gram-negative and gram-positive bacteria and also
      against drug-resistant strains of these bacteria. The production of the
      1-N-isoserylkanamycins is made by reacting isoserine with the 1-N-amino
      group of kanamycin with the functional amino group(s) being protected,
      following by removal of the amino-protecting groups and by chromatographic
      separation of the desired 1-N-isoserylation product.
BSUM
PAR  This invention relates to 1N-isoserylkanamycin A, 1-N-isoserylkanamycin B
      and 1-N-isoseryl-3',4'-dideoxykanamycin B which are new and useful
      compounds active against gram-negative and gram-positive bacteria and also
      against drug-resistant strains of these bacteria. This invention further
      relates to a process for the production of these 1-N-isoseryl derivatives
      of the kanamycins.
PAR  Kanamycin A (hereinafter called merely kanamycin) and kanamycin B are well
      known aminoglycosidic antibiotics which have widely been used as valuable
      chemotherapeutic agents. Unfortunately, however, some drug-resistant
      strains of bacteria which are resistant to the action of these known
      aminoglycosidic antibiotics have occurred in recent years. Accordingly,
      the mechanism of resistance of these drug-resistant bacteria to the known
      aminoglycosidic antibiotics has been studied. For instance, one of the
      present inventors, H. Umezawa et al, has found that some strains of
      gram-negative bacteria carrying R factor, Staphylococcus aureus and
      Pseudomonas aeruginosa isolated from patients, are resistant to kanamycins
      and that these kanamycin-resistant strains have as a mechanism of
      resistance the production of an enzyme capable of phosphorylating the
      3'-hydroxyl group of kanamycins and inactivating the kanamycins by the
      action of the phosphotransferase (see "Science" Vol. 157, page 1,559
      (1967).
PAR  On the basis of these findings, H. Umezawa et al prepared 3'-deoxykanamycin
      and 3',4'-dideoxykanamycin B which are not susceptible to the action of
      the phosphotransferase as described in the "Journal of Antibiotics" Ser.
      A, Vol. 24, pages 274-275 (1971) and Vol. 24, pages 485-487 (1971).
      3'-Deoxykanamycin and 3',4'-dideoxykanamycin B are actually effective
      against the abovementioned kanamycin-resistant strains but have further
      been found to be inactive against other kinds of kanamycin-resistant
      strains such as Escherichia coli JR66/W677 into which has been transferred
      the R factor from clinically isolated Klebsiella. H. Umezawa et al have
      found that the latter kind of kanamycin-resistant strains have a mechanism
      of resistance in that they produce an enzyme capable of adenylylating the
      2"-hydroxyl group of the kanamycin or 3',4'-dideoxykanamycin B molecule
      with ATP (adenosine triphosphate) and inactivating kanamycin and
      3',4'-dideoxykanamycin B by the action of this nucleotidyltransferase; see
      the "Journal of Antibiotics" Vol. 24, pages 911-913 (1971) and "Journal of
      Antibiotics" Vol. 25, page 492 (1972).
PAR  On the other hand, it is known that butirosin B which is an aminoglycosidic
      antibiotic produced by a Bacillus species is active against some
      kanamycin- and ribostamycin-resistant bacteria. Butirosin B has been
      identified as 1-N-[(S)-4-amino-2-hydroxy-n-butyryl]-ribostamycin; see the
      "Tetrahedron Letters" Vol. 28, page 2,125 and pages 2,617-2,630 (1971) and
      German Offenlegungsschrift No. 1,914,527. By comparison of the
      antibacterial activity of ribostamycin with that of butirosin B, we have
      found that the (S)- 4-amino-2-hydroxybutyryl substituent on the 1-amino
      group of the butirosin B molecule has an important role in enabling the
      substituted ribostamycin to be active against both ribostamycin resistant
      and -sensitive strains and that the presence of the
      (S)-4-amino-2-hydroxybutyryl substituent at the 1-amino group of the
      butirosin B molecule can inhibit the action of the nucleotidyltransferase
      produced by the kanamycin-resistant strains. From the above findings and
      in view of the molecular structure of the kanamycins, we presumed there
      would be a possibility that there could be produced in new and useful
      derivatives of the kanamycins in which the 1-amino group is modified by
      introduction of a bulky substituent thereon to bring about steric
      hindrance of the 2"-hydroxyl group and thereby to render the kanamycin
      insusceptible to the action of the inactivating enzymes of the
      kanamycin-resistant bacteria. With this presumption, we have made further
      study to synthetize new derivatives of kanamycins which are usefully
      effective not only against the gram-negative and gram-positive bacteria
      but also against the drug-resistant bacteria. As a result, we have now
      found that acylation of the 1-amino group of kanamycin, kanamycin B and
      3',4'-dideoxykanamycin B with isoserine, either in the racemic form or in
      the form of the L-isomer or in the form of the D-isomer, gives new and
      useful kanamycin derivatives which exhibit a useful antibacterial activity
      against the gram-negative and gram-positive bacteria as well as against
      the drug-resistant bacteria.
PAR  An object of this invention is, therefore, to provide new kanamycin
      derivatives which show useful antibacterial activity even against the
      kanamycin-resistant  bacteria. A particular object of this invention is to
      provide as such new and useful kanamycin derivatives,
      1-N-isoserylkanamycin, 1-N-isoserylkanamycin B and
      1-N-isoseryl-3',4'-dideoxykanamycin B. Another object of this invention is
      to provide a process for the production of these new 1-N-isoseryl
      derivatives of kanamycins which is carried out in a facile way and gives a
      favorable yield of the desired product. Other objects of this invention
      will be clear from the following description.
PAR  We have now succeeded in obtaining 1-N-isoserylkanamycin,
      1-N-isoserylkanamycin B and 1-N-isoseryl-3', 4'-dideoxykanamycin B by
      acylating kanamycin, kanamycin B and 3',4'-dideoxykanamycin B,
      respectively, at the 1-amino group thereof with isoserine while the amino
      groups other than said 1-amino group are partially or wholly blocked by a
      known amino-protecting group, removing the amino-protecting groups from
      the resulting acylation products and then isolating the desired product in
      a chromatographic manner. It has further been found that the
      1-N-isoserylkanamycins so synthetized exhibit a usefully high
      antibacterial activity against the bacteria sensitive to kanamycin,
      kanamycin B and 3',4'-dideoxykanamycin B, as well as against the
      kanamycin-resistant bacteria, including Pseudomonas aeruginosa.
PAR  According to a first aspect of this invention, therefore, there is provided
      a compound selected from the group consisting of 1-N-isoserylkanamycin,
      1-N-isoserylkanamycin B and 1-N-isoseryl-3',4'-dideoxykanamycin B, which
      are generically represented by the following general formula:
      ##SPC1##
PAL  wherein R is a hydroxyl group or a hydrogen atom and R' is amino group or a
      hydroxyl group, provided that when R is a hydrogen atom, R' is the amino
      group, and the pharmaceutically acceptable acid-addition salts thereof. As
      the isoseryl moiety in the molecule of the compound of the above general
      formula (I) may be either in the DL-form or in the L-form or in the
      D-form, it may be noted that in accordance with this invention the term
      1-N-isoserylkanamycin includes 1-N-DL-isoserylkanamycin,
      1-N-L-isoserylkanamycin and 1-N-D-isoserylkanamycin; that the term
      1-N-isoserylkanamycin B includes 1-N-DL-isoserylkanamycin B,
      1-N-L-isoserylkanamycin B and 1-N-D-isoserylkanamycin B; and that the term
      1-N-isoseryl-3',4'-dideoxykanamycin B includes
      1-N-DL-isoseryl-3',4'-dideoxykanamycin B,
      1-N-L-isoseryl-3',4'-dideoxykanamycin B and
      1-N-D-isoseryl-3',4'-dideoxykanamycin B.
PAR  1-N-isoserylkanamycin corresponds to the compound of the above general
      formula (I) where R and R' are each the hydroxyl group.
      1-N-isoserylkanamycin B corresponds to the compound of the general formula
      (I) where each R is the hydroxyl group and R' is the amino group.
      1-N-isoseryl-3',4'-dideoxykanamycin B corresponds to the compound of the
      general formula (I) where each R is the hydrogen atom and R' is the amino
      group.
PAR  Examples of the pharmaceutically acceptable acid-addition salts of the
      compounds of the above-mentioned general formula (I) according to this
      invention include the hydrochloride, sulfate, phosphate, acetate, maleate,
      fumarate, succinate, tartrate, oxalate, citrate, methanesulfonate,
      ethanesulfonate and the like.
PAR  1-N-DL-isoserylkanamycin has the following physical, chemical and
      biological properties: This compound is a substance in the form of a
      colorless crystalline powder with a decomposition point of
      174.degree.-177.degree.C, [.alpha.].sub.D.sup.25 +89.degree. (c 0.65,
      water). This substance gives a single spot positive to the ninhydrin
      reaction at Rf 0.27 on thin layer chromatography in silica gel (available
      under a trade name "ART 5721," a product of E. Merck, West Germany) using
      a solvent system of 4:1:2:1, methanol-chloroform-28% aqueous ammonia-water
      as the development solvent (whereas kanamycin shows Rf 0.39 under the same
      conditions). This substance also gives a single spot at Rf 0.08 on thin
      layer chromatography with the same silica gel when using a solvent system
      of 4:5:2:5, butanol-ethanol-chloroform-17% aqueous ammonia as the
      development solvent (while kanamycin shows Rf 0.11 in the latter case).
      The ultra-violet absorption spectrum of this substance in water shows only
      the end absorption, and infra-red absorption of this substance in a
      potassium bromide pellet shows main absorption peaks at 3,400, 2,950,
      1,650, 1,560, 1,490, 1,390, 1,340, 1,150 and 1,030 cm.sup.-.sup.1, from
      which the existence of an amide linkage --CONH-- in the molecule of the
      substance can be confirmed. This substance exhibits a high antibacterial
      activity not only against various gram-negative and gram-positive bacteria
      which are sensitive to kanamycins, but also against the drug-resistant
      strains of Escherichia coli and Pseudomonas aeruginosa. This substance is
      of a low toxicity to animals and man, as shown by the fact that it
      exhibits an LD.sub.50 value of more than 200 mg/kg upon intravenous
      injection of this compound in mice.
PAR  1-N-L-isoserylkanamycin is a substance in the form of a colorless
      crystalline powder with a decomposition point of 184.degree.-187.degree.C,
      [.alpha.].sub.D.sup.24 +74.degree. (c 0.85, water).
      1-N-D-isoserylkanamycin is a substance also in the form of a colorless
      crystalline powder with a decomposition point of 184.degree.-188.degree.C,
      [.alpha.].sub.D.sup.24 + 82.degree. (c 0.33, water). The other properties
      (including antibacterial activity and toxicity) of 1-N-L-isoserylkanamycin
      and 1-N-D-isoserylkanamycin are observed to be the same as those of
      1-N-DL-isoserylkanamycin.
PAR  1-N-DL-isoserylkanamycin B has the following physical, chemical and
      biological properties: This compound is a substance in the form of a
      colorless crystalline powder with a decomposition point of
      179.degree.-184.degree.C, [.alpha.].sub.D.sup.26 +86.degree. (c 0.72,
      water). This substance gives a single spot positive to the ninhydrin
      reaction at Rf 0.09 on thin layer chromatography with silica gel
      (available under a trade name "ART 5721", a product of E. Merck, West
      Germany) using a solvent system of 4:5:2:5 butanol-ethanol-chloroform-17%
      aqueous ammonia as the development solvent (whereas kanamycin B shows Rf
      0.16 under the same conditions). The ultra-violet absorption spectrum of
      this substance in water shows only the end absorption, and the infra-red
      absorption spectrum of this substance in a potassium bromide pellet shows
      main absorption peaks from which the existence of an amide linkage in the
      molecule of this compound can be confirmed. The NMR spectrum reveals that
      this substance is a compound in which kanamycin B and DL-isoserine are
      bonded with each with in a molar ratio of 1:1. This substance exhibits a
      high antibacterial activity not only against various gram-negative and
      gram-positive bacteria which are sensitive to kanamycins, but also against
      the drug-resistant strains of Escherichia coli and Pseudomonas aeruginosa.
      This substance is of a low toxicity to animals and man as shown by the
      fact that it exhibits an LD.sub.50 value of more than 100 mg/kg upon
      intravenous injection of this compound in mice.
PAR  1-N-DL-isoseryl-3',4'-dideoxykanamycin B has the following physical,
      chemical and biological properties: This compound is a substance in the
      form of a colorless crystalline powder with a decomposition point of
      174.degree.-175.degree.C, [.alpha.].sub.D.sup.26 +82.degree. (c 0.32,
      water). This substance gives a single spot positive to the ninhydrin
      reaction at Rf 0.17 on thin layer chromatography with silica gel
      (available under a trade name "ART 5721", a product of E. Merck, West
      Germany) using a solvent system of 4:5:2:5 butanol-ethanol-chloroform-17%
      aqueous ammonia as the development solvent (whereas 3',4'-dideoxykanamycin
      B shows Rf 0.26 under the same conditions). The ultra-violet absorption
      spectrum of this substance in water shows only the end absorption, and the
      infra-red absorption spectrum of this substance in a potassium bromide
      pellet shows main absorption peaks from which the existence of an amide
      linkage in the molecule of this compound can be confirmed. The NMR
      spectrum reveals that this substance is a compound in which kanamycin B
      and DL-isoserine are bonded with each with in a molar ratio of 1:1. This
      substance also exhibits a high antibacterial activity not only against
      various gram-negative and gram-positive bacteria which are sensitive to
      kanamycins, but also against the drug-resistant strains of Escherichia
      coli and Pseudomonas aeruginosa. This substance is of a low toxicity to
      animals and man as shown by the fact that it exhibits an LD.sub.50 value
      of more than 100 mg/kg upon intravenous injection of this compound in
      mice.
PAR  The minimum inhibitory concentrations (mcg/ml) of 1-N-DL-isoserylkanamycin,
      1-N-DL-isoserylkanamycin B and 1-N-DL-isoseryl-3',4'-dideoxykanamycin B
      against various microorganisms were determined according to the serial
      dilution method using nutrient agar medium at 37.degree.C, the estimation
      being effected after 18 hours incubation. For comparison purposes, the
      minimum inhibitory concentrations of kanamycin, kanamycin B and
      3',4'-dideoxykanamycin B were also determined in the same manner and under
      the same conditions as mentioned above.
PAR  The antibacterial spectra of 1-N-DL-isoseryl-kanamycin (abbreviated as
      1-IS-KM), 1-N-DL-isoseryl-kanamycin B (abbreviated as 1-IS-KMB) and
      1-N-DL-isoseryl-3',4'-dideoxykanamycin B (abbreviated as 1-IS-DKB) are
      shown in the following table together with those of kanamycin (abbreviated
      as KM), kanamycin B (abbreviated as KMB) and 3',4'-dideoxykanamycin B
      (abbreviated as DKB).
TBL  __________________________________________________________________________
                          Minimum Inhibitory Concentration (mcg/ml)            
            Test organisms                                                     
                          KM     1-IS-KM                                       
                                        KMB    1-IS-KMB                        
                                                      DKB    1-IS-DKB          
     __________________________________________________________________________
     Staphylococcus aureus FDA 209P                                            
                          0.78   0.78   0.39   1.56   &lt;0.20  0.78              
     Staphylococcus aureus Smith                                               
                          &lt;0.20  0.20   &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20             
     Staphylococcus aureus Terajima                                            
                          &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20             
     Sarcina lutea PCI 1001                                                    
                          6.25   3.12   1.56   6.25   6.25   1.56              
     Bacillus anthracis   &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20             
     Bacillus subtilis PCI 219                                                 
                          &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20             
     Bacillus subtilis NRRL B-558                                              
                          &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20  &lt;0.20             
     Bacillus cereus ATCC 10702                                                
                          1.56   0.78   0.78   1.56   0.78   1.56              
     Corynebacterium bovis 1810                                                
                          3.13   1.56   1.56   1.56   3.13   0.78              
     Mycobacterium smegmatis ATCC 607                                          
                          0.78   0.39   0.78   0.78   0.39   &lt;0.20             
     Shigella dysenteriae JS 11910                                             
                          6.25   3.13   3.13   6.25   1.56   3.13              
     Shigella flexneri 4b JS 11811                                             
                          6.25   3.13   3.13   3.13   1.56   3.13              
     Shigella sonnei JS 11746                                                  
                          3.13   1.56   1.56   6.25   0.78   3.13              
     Salmonella typhosa T-63                                                   
                          0.39   0.78   0.20   0.78   &lt;0.20  0.78              
     Salmonella enteritidis 1891                                               
                          0.78   0.78   1.56   0.78   1.56   0.39              
     Proteus vulgaris OX 19                                                    
                          0.78   0.39   0.78   0.78   &lt;0.20  0.20              
     Klebsiella pneumoniae PCI 602                                             
                          0.78   0.39   0.78   0.78   0.39   0.39              
     Klebsiella pneumoniae 22 No. 3038                                         
                          &gt;100   1.56   &gt;100   6.25   100    1.56              
     Escherichia coli NIHJ                                                     
                          1.56   1.56   0.78   3.13   0.39   1.56              
     Escherichia coli K-12                                                     
                          1.56   0.78   0.78   1.56   0.78   1.56              
     Escherichia coli K-12 ML 1629                                             
                          &gt;100   1.56   &gt;100   3.13   0.78   1.56              
     Escherichia coli K-12 ML 1630                                             
                          &gt;100   1.56   &gt;100   3.13   0.78   1.56              
     Escherichia coli K-12 ML 1410                                             
                          1.56   1.56   0.78   1.56   1.56   1.56              
     Escherichia coli K-12 ML 1410 R81                                         
                          &gt;100   1.56   &gt;100   3.13   1.56   1.56              
     Escherichia coli LA290 R55                                                
                          100    1.56   12.5   1.56   50     1.56              
     Escherichia coli LA290 R56                                                
                          12.5   0.78   3.13   0.78   12.5   0.39              
     Escherichia coli LA290 R64                                                
                          12.5   0.78   3.13   0.78   6.25   0.39              
     Escherichia coli W677                                                     
                          1.56   0.78   0.39   0.78   0.20   0.78              
     Escherichia coli JR66/W677                                                
                          &gt;100   3.13   &gt;100   12.5   50     3.13              
     Pseudomonas aeruginosa A3                                                 
                          50     3.13   50     6.25   1.56   3.13              
     Pseudomonas aeruginosa No.12                                              
                          25     0.78   12.5   6.25   0.78   1.56              
     Pseudomonas aeruginosa TI-13                                              
                          &gt;100   3.13   100    6.25   1.56   3.13              
     Pseudomonas aeruginosa GN315                                              
                          &gt;100   &gt;100   &gt;100   50     &gt;100   12.5              
     Pseudomonas aeruginosa 99                                                 
                          &gt;100   6.25   &gt;100   6.25   3.13   3.13              
     __________________________________________________________________________
PAR  The 1-N-DL(or -L- or -D-)-isoserylkanamycin, 1-N-DL(or -L- or
      -D-)-isoserylkanamycin B and 1-N-DL (or -L- or
      -D-)-isoseryl-3',4'-dideoxykanamycin B, that is, the new compounds of the
      general formula (I) according to this invention, are all of low toxicity
      to animals and man, as shown by the fact that they have LD.sub.50 values
      of more than 100 mg/kg upon intravenous injection of the compounds in
      mice. In addition, the new compounds of this invention exhibit a high
      antibacterial activity against various gram-positive and gram-negative
      bacteria, including the kanamycin-resistant strains, so that the new
      compounds of this invention may be useful in treatment of infections by
      gram-positive and gram-negative bacteria. The compounds of this invention
      may be administered orally, intraperitoneally, intravenously,
      subcutaneously or intramuscularly using any pharmaceutical form known to
      the art for such administration and in a similar manner to the kanamycins.
      For instance, the compounds of the formula (I) of this invention may be
      administered orally using any pharmaceutical form known to the art for
      such oral administration. Examples of pharmaceutical forms for oral
      administration are powders, capsules, tablets, syrups, and the like.
      Suitable dosages of the compounds for the effective treatment of bacterial
      infections are in a range of 0.25-2 g per person per day when it is given
      orally. It is preferred that said dose should be orally administered in
      three to four aliquots per day. The compounds of this invention may also
      be administered by intramuscular injection at a dosage of 50-200 mg per
      person two to four times per day. Moreover, the compounds of the invention
      may be formulated into an ointment for external application which contains
      the compounds of this invention at a concentration of 0.5-5% by weight in
      mixture with a known ointment base such as polyethylene glycol.
PAR  The compounds of the formula (I) according to this invention, that is to
      say, 1-N-isoserylkanamycin, 1-N-isoserylkanamycin B and
      1-N-isoseryl-3',4'-dideoxykanamycin B, principally may be produced from
      kanamycin, kanamycin B and 3',4'-dideoxykanamycin B, respectively, which
      are represented by the following general formula:
      ##SPC2##
PAL  wherein R is hydroxyl group or a hydrogen atom and R' is a amino or
      hydroxyl group, provided that when R is an hydrogen atom, R' is the amino
      group, by reacting a starting compound of the above general formula (II)
      selectively at the 1-amino group thereof with isoserine of the formula:
EQU  HOOC--CH(OH)--CH.sub.2 NH.sub.2                            (III)
PAL  in a manner known in the prior art acylation of amino groups. The starting
      material kanamycin contains four amino groups per molecule, while
      kanamycin B and 3',4'-dideoxykanamycin B contain five amino groups per
      molecule thereof. In order to achieve the production of the new compound
      of the formula (I) according to this invention, it is required that only
      the 1-amino group of the starting compound of the formula (II) should
      selectively be acylated with isoserine without acylation of the other
      amino groups. It will be obvious that the desired new compound of the
      formula (I) would be obtained in a best yield if the isoserine reactant of
      the formula (III) is reacted with an amino-protected derivative of the
      starting compound of the formula (II) in which all the amino groups other
      than the 1-amino group (namely, the 6'-, 3- and 3"-amino groups of
      kanamycin or the 6'-, 2'-, 3- and 3"-amino groups of kanamycin B and
      3',4'-dideoxykanamycin B) have been blocked by a known amino-protecting
      group while the 1-amino group remains free. The preparation of such an
      amino-protected derivative of the starting compound of the formula (II) is
      possible, but needs a very complicated method comprising a number of
      reaction steps. In this situation, it is rather preferred to prepare an
      amino-protected derivative of the starting compound of the formula (II) in
      which merely the primary 6'-amino group of the starting compound (II) has
      been blocked by the amino-protecting group with the 1-amino group
      remaining in the free state, because the preparation of such an
      amino-protected derivative is relatively easier and simpler owing to the
      fact that the 6'-amino group is the most reactive among all the amino
      groups of the starting compound (II) and is hence capable of being
      protected preferentially by the amino-protecting group while keeping the
      other amino groups unblocked. Kanamycin B and 3',4'-dideoxykanamycin B
      also contain the 2'-amino group in the molecule thereof, and the
      reactivity of the 2'-amino group is lower than that of the 6'-amino group
      but higher than that of the other amino groups. Accordingly, it is also
      feasible to prepare such an amino-protecting derivative of kanamycin B or
      3',4'-dideoxykanamycin B with either only the 6'-amino group or both the
      6'-amino and 2'-amino groups protected by the amino-protecting group.
PAR  When the so-prepared amino-protected derivative of the compound (II) in
      which the 6'-amino group (and possibly also the 2'-amino group with
      kanamycin B and 3',4'-dideoxykanamycin B) has been blocked is reacted with
      isoserine (III) of which the amino group may preferably be blocked with an
      amino-protecting group, there may be formed a mixture of different
      acylation products comprising the desired 1-N-mono-isoseryl product in
      which only the 1-amino group has been acylated with the isoserine, as well
      as such undesired mono- or multiisoseryl products of which at least one of
      the amino groups other than the 1-amino group and other than the blocked
      6'-amino group (possibly also the blocked 2'-amino group) has been
      acylated with the isoserine, respectively. When these mixed acylation
      products so formed are treated so as to remove the amino-protecting groups
      therefrom, there may be produced mixed isoseryl derivatives of the
      starting compound (II) comprising the desired 1-N-mono-isoseryl product of
      the formula (I) as well as the undesired mono- or multi-isoseryl products
      from which the amino-protecting groups have already been liberated. The
      desired 1-N-mono-isoseryl product (I) may be isolated from said mixed
      isoseryl derivatives in a chromatographic manner, separately from the
      other undesired isoseryl products which exhibit lower antibacterial
      activity against the drug-resistant and -sensitive bacteria than the
      desired product (I).
PAR  According to a second aspect of this invention, therefore, there is
      provided a process for the production of the compounds
      1-N-isoserylkanamycin, 1-N-isoserylkanamycin B or
      1-N-isoseryl-3',4'-dideoxykanamycin B of the aforesaid general formula
      (I), which comprises acylating a compound of the general formula:
      ##SPC3##
PAL  wherein R is a hydroxyl group or a hydrogen atom and R" is the amino group
      --NH.sub.2, an amino group blocked with a known amino-protecting group, or
      a hydroxyl group, provided that when R is hydrogen, R" is the amino group
      or the blocked amino group; R.sub.1 is a known amino-protecting group and
      R.sub.2 is a hydrogen atom, or R.sub.1 and R.sub.2 taken together form a
      known divalent amino-protecting group, with an isoserine compound
      (including the racemic form, the L-isomer and the D-isomer) of the
      formula:
      ##EQU1##
      wherein R.sub.3 and R.sub.4 are each a hydrogen atom or a known
      amino-protecting group, or R.sub.3 and R.sub.4 taken together forms a
      known divalent amino-protecting group, to produce the mixed acylation
      products containing the desired intermediate product of the formula:
      ##SPC4##
PAL  wherein R, R", R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each as defined
      above, removing the amino-protecting groups from said mixed acylation
      products, and then isolating the desired compound of the formula (I) out
      of the mixed acylation products which have been freed from the
      amino-protecting groups.
PAR  To prepare the compound having the amino group protected according to the
      above formula (IV) which is employed as the starting material in the
      process of this invention, kanamycin, kanamycin B or
      3',4'-dideoxykanamycin B, that is, a compound of the above formula (II),
      is reacted with a reagent which is known and is commonly used in the
      conventional synthesis of peptides to introduce a known amino-protecting
      group. Accordingly, the above-mentioned known amino-protecting groups
      available in this invention may be any of the amino-protecting groups
      which are commonly used in the conventional synthesis of peptides, as long
      as it is capable of being removed readily from the products of the
      acylation step of the present process by treating the acylation products
      in a known manner for the removal of the amino-protecting group, without
      substantially affecting the amide linkage which has been formed between
      the 1-N-isoseryl radical and the kanamycin moiety of the acylation
      products.
PAR  As suitable examples of the known amino-protecting groups R.sub.1, R.sub.2,
      R.sub.3 and R.sub.4 which are available in this invention, there may be
      mentioned an alkyloxycarbonyl group such as ethoxycarbonyl,
      t-butoxycarbonyl a t-amyloxycarbonyl; an cycloalkyloxycarbonyl group such
      as cyclopentyloxycarbonyl and cyclohexyloxycarbonyl; an aralkyloxycarbonyl
      group such as benzyloxycarbonyl and p-nitrobenzyloxycarbonyl; an
      aryloxycarbonyl group such as phenoxycarbonyl and furfuryloxycarbonyl; an
      acyl group such as o-nitrophenoxyacetyl; and the like. When a pair of the
      groups R.sub.1 and R.sub.2 or a pair of the groups R.sub.3 and R.sub.4
      taken together forms a known divalent amino-protecting group, this
      divalent amino-protecting group may be a phthaloyl group or a salicylidene
      group and generally an alkylidene or arylidene group of the formula
      =CHR.sub.5 in which R.sub.5 is an alkyl group of 1-6 carbon atoms such as
      methyl, ethyl, propyl, isopropyl, butyl or pentyl, or an aryl group such
      as phenyl, tolyl, p-methoxyphenyl or o-hydroxyphenyl.
PAR  Such known amino-protecting groups as alkyloxycarbonyl, aralkyloxycarbonyl
      or aryloxycarbonyl groups may be shown by a formula -CO-OR.sub.6 in which
      R.sub.6 is an alkyl group of 1-5 carbon atoms such as methyl, ethyl,
      t-butyl and t-amyl or a cycloalkyl group of 3-6 carbon atoms such as
      cyclopentyl and cyclohexyl; an aralkyl group such as phenyl alkyl group
      containing alkyl of 1-4 carbon atoms, for example, benzyl and
      p-nitrobenzyl; an aryl group such as phenyl or a heterocyclic group such
      as furfuryl. The preferred amino-protecting groups are t-butoxy and
      benzyloxy, as these are capable of reacting with the 6'-amino group and
      possibly also with the 2'-amino group of the compound (II) and being
      removed from the acylation products most readily.
PAR  For the preparation of such an amino-protected compound of the formula (IV)
      in which the 6'-amino group alone or together with the 2'-amino group has
      been blocked by a known amino-protecting group of the type -CO-OR.sub.6,
      the antibiotic compound of the formula (II) may be reacted with a
      substantially equimolar proportion of a chloroformate of the formula:
EQU  Cl--CO--OR.sub.6                                           (VII)
PAL  or a p-nitrophenyl carbonate of the formula:
EQU  p--NO.sub.2 --C.sub.6 H.sub.5 --O--CO--OR.sub.6            (VII')
PAL  or an N-hydroxysuccinimide ester of the formula:
      ##SPC5##
PAL  or an azidoformate of the formula:
EQU  N.sub.3 --CO--OR.sub.6                                     (VII'")
PAL  or a 4,6-dimethylpyrimidyl-2-thiol-carbonate of the formula:
      ##SPC6##
PAL  wherein R.sub.6 is as defined above, in a suitable solvent such as water,
      ethanol, acetone or a mixture thereof under a neutral or basic conditions
      in a manner known in the prior art of synthesis of peptides. The reaction
      products so obtained consist of a mixture of various amino-protected
      derivatives of the compound (II) comprising the main proportion of
      compounds where only the 6'-amino group has been blocked by the group
      --CO--OR.sub.6, as well as minor proportions of compounds where the
      6'-amino group and at least one of the other amino groups have been
      blocked by the group --CO--OR.sub.6, and so on. By subjecting this mixture
      of reaction products to a chromatographic separation using a
      cation-exchange resin containing carboxylic functions, for example, a
      copolymer of methacrylic acid with divinylbenzene (available under a trade
      name "Amberlite" IRC 50 or "Amberlite" CG 50, a product of Rohm Haas,
      U.S.A., in the form of the ammonium salt), there may be isolated the
      starting compound (IV) in which the 6'-amino group alone or together with
      the 2'-amino group has been blocked by the amino-protecting group of the
      type --CO--OR.sub.6.
PAR  For the protection of such amino-protected compounds of the formula (IV) in
      which the 6'-amino group alone or together with the 2'-amino group has
      been blocked by a known, divalent amino-protecting group of the alkylidene
      or arylidene type =CHR.sub.5, the antibiotic compound of the formula (II)
      may be alkylidenated or arylidenated by reacting with a substantially
      equimolar proportion of an aldehyde of the formula:
EQU  OHC--R.sub.6                                               (VIII)
PAL  wherein R.sub.6 is as defined above, in a manner known in the production of
      Schiff bases. Suitable aldehyde (VIII) for this purpose include
      acetaldehyde, anisaldehyde, tolualdehyde, p-nitrobenzaldehyde and salicyl
      aldehyde. In this way, there may be obtained the mixed alkylidenation or
      arylidenation products, which may be subjected to a chromatographic
      separation using a cation-exchange resin as stated above to isolate the
      starting compound (IV) in which the 6'-amino group alone or together with
      the 2'-amino group has been blocked by the amino-protecting group of the
      type =CHR.sub.5.
PAR  For instance, 6'-N-t-butoxycarbonylkanamycin may be prepared in a high
      yield by reacting kanamycin in solution in a mixture of pyridine, water
      and triethylamine with a 1 to 3 molar proportion of t-butoxycarbonyl azide
      added dropwise thereto under agitation, stirring the admixture at ambient
      temperature overnight, concentrating the reaction mixture to dryness in
      vacuo and then purifying the solid residue in a column chromatography with
      a cation-exchange resin such as Amberlite CG 50 (NH.sub.4 form), while
      recovering the unreacted kanamycin. Moreover,
      2',6'-di-N-t-butoxycarbonylkanamycin B or 3',4'-dideoxykanamycin B may be
      prepared in a high yield, for example, by reacting kanamycin B or
      3',4'-dideoxykanamycin B in solution in a mixture of pyridine, water and
      triethylamine with a 2-3 molar proportion of t-butoxycarbonyl azide added
      dropwise thereto under agitation, stirring the admixture at ambient
      temperature overnight, concentrating the reaction mixture to dryness in
      vacuo, and then purifying the solid residue in column chromatography with
      a cation-exchange resin such as Amberlite CG 50 (NH.sub.4 form). When this
      preparation procedure is repeated with 2 molar proportions or less of
      t-butoxycarbonyl azide, there may be obtained
      6'-N-t-butoxycarbonyl-kanamycin B or 3',4'-dideoxykanamycin B in a high
      yield. 6'-N-t-butoxycarbonyl-kanamycin B or 3',4'-dideoxykanamycin B once
      isolated may also be converted into the 2',6'-di-N-t-butoxycarbonyl
      derivative by further reacting with 1 to 2 molar proportions of
      t-butoxycarbonyl azide in a similar manner. The compounds of the formula
      (IV) prepared in the above procedures may be employed as a starting
      compound in the process of this invention without purification.
PAR  In acylating the starting compound (IV) with the isoserine compound (V) in
      accordance with the process of this invention, the compound (IV) is
      reacted with the isoserine compound (V) in a manner known for the
      acylation which is used commonly in the conventional synthesis of amides.
      Thus, the compound (IV) may be acylated by condensing with the isoserine
      compound (V) in a solution in dimethylformamide, acetone or
      tetrahydrofuran under ice-cooling and in the presence of a dehydrating
      agent such as dicyclohexylcarbodiimide. The isoserine employed may either
      be in the racemic form or in the optically active forms. When an optically
      active isoserine, for example, (L)-isoserine or (D)-isoserine, is used the
      product of the process of this invention is then as biologically active
      that of the racemic form. Of course, the isoserine compound (V) may also
      be used in the form of its reactive derivative such as the acid chloride,
      the mixed acid anhydride, the active esters or the azide derivative
      thereof. Thus, it is feasible that the isoserine compound (V) is at first
      reacted with N-hydroxysucciimide in the presence of
      dicyclohexylcarbodiimide to prepare its active ester of the formula:
      ##SPC7##
PAL  which is, in turn, reacted with the compound (IV) for the N-acylation of
      the latter compound. It is preferred that the compound (IV) should be
      reacted with 0.5 to 3 molar proportions of the active ester form of the
      isoserine compound (V') in a reaction medium consisting of water and an
      organic solvent such as dimethoxyethane. Of the isoserine compound (V) or
      its active ester form (V') which is used as the acylating agent in the
      process of this invention, it is preferred to use a form of the isoserine
      compound (V) in which the amino-protecting groups R.sub.3 and R.sub.4 are
      of the same nature as that of the amino-protecting groups for the R.sub.1,
      R.sub.2 and R" present in the starting compound (IV) employed.
PAR  In the process of this invention, acylation of the compound (IV) with the
      isoserine compound (V) or (V') gives the mixed acylation products which
      are usually composed of a mixture of the desired 1-N-monoisoseryl product
      and the otherwise undesired mono-N-isoseryl products as well as the
      undesired multi-n-isoseryl products.
PAR  The mixed acylation products so produced may then be treated so as to
      remove the remaining amino-protecting groups therefrom, that is to say,
      convert the remaining amino-protecting groups into hydrogen atoms. Before
      this removal of the amino-protecting groups, however, it is also possible
      to separate chromatographically the mixed acylation products, for example,
      using silica gel, so that the unreacted portion of the compound (IV)
      employed is removed therefrom.
PAR  The removal of the remaining amino-protecting groups from the
      above-mentioned mixed acylation products which are produced by the
      acylation step of the present process converts the amino-protecting groups
      into hydrogen atoms and may be effected in the following different ways
      known per se. Thus, when the amino-protecting group is an alkyloxycarbonyl
      group such as t-butoxycarbonyl, an cycloalkyloxycarbonyl group,
      aryloxycarbonyl group, alkylidene or arylidene group, the removal of this
      kind of amino-protecting group from the acylation products may be effected
      by subjecting the acylation products to a moderate hydrolysis treatment
      with an acid such as aqueous trifluoroacetic acid, aqueous acetic acid or
      diluted hydrochloric acid. When the amino-protecting group is an
      aralkyloxycarbonyl group such as benzyloxycarbonyl, the removal of this
      amino-protecting group may be effected by subjecting the acylation
      products to a hydrogenolysis treatment in the presence of a
      palladium-carbon catalyst or to a treatment with hydrogen bromide in
      acetic acid. The o-nitrophenoxyacetyl amino-protecting group may be
      removed by a reductive treatment. When the amino-protecting group is
      phthaloyl, the removal of phthaloyl groups from the acylation products may
      be achieved by treating the acylation products with hydrazine hydrate in
      ethanol under heating. When the acylation products contain different kinds
      of the amino-protecting groups, the acylation products may be subjected to
      simultaneous or successive treatments to remove the different
      amino-protecting groups therefrom. For instance, when the acylation
      products contain the t-butoxycarbonyl group and the benzyloxycarbonyl
      group as the amino-protecting groups, these groups may be removed
      simultaneously by treating the acylation products to acidic catalytic
      hydrogenation with 5% palladium on carbon in 90% trifluoroacetic acid and
      methanol.
PAR  After the removal of the amino-protecting groups from the acylation
      products is carried out, the mixed acylation products from which the
      amino-protecting groups have been removed are then subjected to a
      chromatographic separation to remove the unreacted materials and to
      isolate the desired compound of the formula (I). The removal of the
      unreacted materials may be effected by column chromatography with silica
      gel. The isolation of the desired compound of the formula (I) from the
      mixed acylation products may be achieved efficiently by subjecting the
      acylation products to an ion-exchange chromatography using, for example, a
      cation-exchange resin containing carboxylic functions, such as Amberlite
      IRC 50 or Amberlite CG 50 (products of Rohm & Haas Co., U.S.A.), a weak
      cation-exchanger such as CM-Sephadex C-25 (a product of Pharmacia Co.,
      Sweden) or CM-cellulose. The eluate from the chromatographic process is
      collected in fractions, and the antibacterial activity of these fractions
      is detected using the sensitive bacteria and resistant bacteria as the
      test microorganisms. Through this detection of the antibacterial activity
      of each fraction, it is easy to locate the active fractions containing the
      desired compound of the formula (I) and to recover this desired compound
      from the active fractions in a manner known in the prior art production
      and recovery of the known aminoglycosidic antibiotics.
PAR  Moreover, for purposes of the isolation and purification of the desired
      compound of the formula (I) from the mixed acylation products, we have now
      found it very effective to utilize a ligand-exchange chromatography using
      an anion-exchange resin such as Dowex 50W .times. 2 (H cycle) which has
      been first associated with a metal salt such as cupric chloride, cobaltous
      chloride, nickel nitrate, ferric chloride, zinc chloride, cadmium chloride
      and the like and subsequently treated with ammonia or an amine such as
      methylamine.
DETD
PAR  This invention is now illustrated with reference to the following Examples
      to which this invention is not limited in any way.
PAC  EXAMPLE 1
PAC  Synthesis of 1-N-DL-isoserylkanamycin
PAL  a. Preparation of 6'-N-tert-butoxycarbonylkanamycin
PAR  Kanamycin base (20 g, 41.3 milimoles) was dissolved in 1,600 ml of a
      mixture of pyridine-water-triethylamine (10:10:1 by volume), to which was
      then added 5.9 g (41.3 millimoles) of tert-butoxycarbonyl azide. The
      admixture was agitated for 20 hours at ambient temperature to effect the
      tert-butoxycarbonylation. The reaction mixture was then concentrated to
      dryness under reduced pressure to give a solid. This solid was dissolved
      in water and the aqueous solution was passed into a column of 1,000 ml of
      a cation-exchange resin consisting essentially of a copolymer of
      methacrylic acid and divinylbenzene (commercially available as "Amberlite"
      CG 50, ammonium form) to adsorb the butoxycarbonylation products onto by
      the resin. The resin column was washed with 5,000 ml of water and then
      with 5,000 ml of 0.05N aqueous ammonia, and elution was subsequently made
      with 0.1N aqueous ammonia. Those fractions of the eluate which were
      positive to the ninhydrin reaction and to the Rydon-Smith reaction and
      gave a single spot in a high-voltage paper electrophoresis were combined
      together and concentrated to dryness to yield 10.9 g of a white powder of
      6'-N-tert-butoxycarbonylkanamycin (decomposition point
      202.degree.-203.degree.C). Yield 45.3%. When the resin column was further
      eluted with 0.3N aqueous ammonia, the unreacted kanamycin was recovered in
      a yield of 7.3 g (36.6%).
PAL  b. Production of 1-N-DL-isoserylkanamycin
PAR  The product of the above stage (a), namely
      6'-N-tert-butoxycarbonylkanamycin (633 mg, 1.0 millimole) was dissolved in
      a mixture of 10 ml of water and 5 ml of dimethoxyethane to which was then
      added a solution of 303 mg (1.0 millimole) of N-hydroxysuccinimide ester
      of tert-butoxycarbonyl-DL-isoserine in 5 ml of dimethoxyethane. The
      mixture was stirred for 21 hours at ambient temperature to effect the
      acylation. The reaction mixture was concentrated to dryness under reduced
      pressure to give a solid comprising the acylation products. The solid,
      without being purified, was dissolved in 5 ml of 90% aqueous
      trifluoroacetic acid and the solution was allowed to stand at ambient
      temperature for 45 minutes during which removal of the tert-butoxycarbonyl
      groups took place. The reaction solution was then concentrated to dryness
      under reduced pressure to give a solid which was subsequently washed with
      40 ml of ethyl ether, affording 1,367 mg of a solid material. This solid
      material was dissolved in water and the aqueous solution was passed into a
      column of 25 ml of a cation-exchange resin consisting essentially of a
      copolymer of methacrylic acid and divinylbenzene (commercially available
      as "Amberlite" CG 50, ammonium form) to adsorb the acylation products onto
      the resin. The resin column was washed with water (125 ml) and then eluted
      with 0.25N aqueous ammonia. The eluate was collected in fractions of 5 ml,
      and every fraction was tested according to a usual plate test method for
      its antibacterial activity using the kanamycin-sensitive strain Bacillus
      subtilis PCI 219 and the kanamycin-resistant strain Escherichia coli
      JR66/W677 as the test organisms. Those fractions which showed high
      antibacterial activity to both the strains were combined and concentrated
      to dryness under reduced pressure to give 190 mg of a white powder. As
      this powder was found to still contain impurities on a thin layer
      chromatography of silica gel (available under a trade name "ART 5721", a
      product of E. Merck, West Germany) using a solvent system of 4:1:2:1,
      methanol-chloroform-28% aqueous ammonia-water as the development solvent,
      this powder was dissolved in a mixture of methanol-chloroform-17% aqueous
      ammonia (4:1:2 by volume) and the solution was purified by column
      chromatography of 12 g of silicic acid. Thus, the silicic acid column was
      eluted with the same solvent mixture and the eluate was collected in 4 ml
      fractions. Every fraction was tested by silica gel thin layer
      chromatography, and those fractions which gave a single spot in this thin
      layer chromatography were combined and concentrated to dryness under
      reduced pressure to give 97 mg of a colorless crystalline powder of
      1-N-DL-isoserylkanamycin A. Yield 17.0%. Decomposition point
      174.degree.-177.degree.C, [.alpha.].sub.D.sup.25 +89.degree. (c 0.65,
      water).
PAR  Elemental analysis--Found: C 43.90, H 7.56, N 11.89%. Calculated for
      C.sub.21 H.sub.41 N.sub.5 O.sub.13 : C 44.13, H 7.23, N 12.25%.
PAC  EXAMPLE 2
PAC  Synthesis of 1-N-DL-isoseryl-3',4'-dideoxykanamycin B
PAL  a. Preparation of 6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B
PAR  3',4'-dideoxykanamycin B base (5 g, 11 millimoles) was dissolved in 555 ml
      of a mixture of pyridine-water-triethylamine (10:10:1 by volume), to which
      was then added 1.58 g (11 millimoles) of tert-butoxycarbonyl azide. The
      admixture was agitated for 18 hours at ambient temperature to effect the
      tert-butoxycarbonylation. The reaction mixture was then concentrated to
      dryness under reduced pressure to give a solid. This solid was dissolved
      in water and the aqueous solution was passed into a column of 300 ml of a
      cation-exchange resin consisting essentially of a copolymer of methacrylic
      acid and divinylbenzene (commercially available as "Amberlite" CG 50,
      ammonium form) to adsorb the butoxycarbonylation products onto the resin.
      The resin column was washed with 1,500 ml of water and then eluted with
      0.2% aqueous ammonia. Those fractions of the eluate which were positive to
      the ninhydrin reaction and to the Rydon-Smith reaction and also gave a
      single spot in a high-voltage paper electrophoresis were combined and
      concentrated to dryness, affording 2.8 g of a white powder of
      6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B (decomposition point
      136.degree.-140.degree.C). Yield 49%. When the resin column was further
      eluted with 1% aqueous ammonia, the unreacted 3',4'-dideoxykanamycin B was
      recovered in a yield of 1.8 g (36%).
PAL  b. Production of 1-N-DL-isoseryl-3',4'-dideoxykanamycin B
PAR  The product of the above stage (a), namely
      6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B (553 mg, 1.0 millimole),
      was dissolved in 21 ml of a mixture of pyridine-water-triethylamine
      (10:10:1 by volume), to which was then added 160 mg (1.1 millimoles) of
      tert-butoxycarbonyl azide. The admixture was stirred at ambient
      temperature for 23 hours and the reaction mixture was concentrated under
      reduced pressure to give 757 mg of a faint yellow colored powder mixture
      of 6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B and
      2',6'-di-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B containing a trace
      of its positional isomers. This powder, without being purified, was
      dissolved in a mixture of 10 ml of water and 10 ml of dimethoxyethane, to
      which was subsequently added a solution of 330 mg (1.1 millimoles) of
      N-hydroxysuccinimide ester of tert-butoxycarbonyl-DL-isoserine in 5 ml of
      diemthoxyethane. The mixture was stirred for 24 hours at ambient
      temperature to effect the acylation. The reaction mixture was concentrated
      to dryness under reduced pressure to give a solid comprising the acylation
      products. This solid was taken up into 5 ml of 90% aqueous trifluoroacetic
      acid and the solution was allowed to stand at ambient temperature for 30
      minutes during which the removal of the tert-butoxycarbonyl groups was
      effected. The reaction solution was then concentrated to dryness under
      reduced pressure to give a solid which was subsequently washed with a
      small volume of ethyl ether, affording 1.66 g of a faintly yellow colored
      powder. This powder was dissolved in water and the aqueous solution was
      passed into a column of  25 ml of a cation-exchange resin consisting
      essentially of a copolymer of methacrylic acid and divinylbenzene
      "Amberlite" CG 50) (, ammonium form) to adsorb the acylation products
      adsorbed by the resin. The resin column was washed with water (125 ml) and
      the eluted with 0.5N aqueous ammonia. The eluate was collected in
      fractions each of 5 ml, and every fraction was tested according to a usual
      plate method for its antibacterial activity using the kanamycin-sensitive
      strain Bacillus subtilis PCI 219 and the kanamycin-resistant strain
      Escherichia coli JR66/W677 as the test microorganisms. Those fractions
      which showed high anti-bacterial activity to both strains were combined
      and concentrated to dryness under reduced pressure to give 322 mg of a
      white powder. As this powder was observed to still contain impurities in a
      silica gel thin layer chromatography, it was purified by column
      chromatography with 12 g of silicic acid. Thus, the silica gel column
      containing the adsorbed acylation product was eluted with a mixture of
      methanol-chloroform-17% aqueous ammonia (4:1:2 by volume) and the eluate
      was collected in 4 ml fractions. Every fraction was tested by silica gel
      thin layer chromatography, and those fractions which gave a single spot in
      this thin layer chromatography were combined and concentrated to dryness
      under reduced pressure to give 91 mg of a colorless crystalline powder
      which was identified as 1-N-DL-isoseryl-3',4'-dideoxykanamycin B. Yield
      17%. Decomposition point 174.degree.-175.degree.C. [.alpha.].sub.D.sup.26
      +82.degree.  (c 0.32, water).
PAR  Elemental analysis--Found: C 46.00, H 7.97, N 15.70%. Calculated for
      C.sub.21 H.sub.42 N.sub.6 O.sub.10 : C 46.83, H 7.86, N 15.61%.
PAC  EXAMPLE 3
PAC  Synthesis of 1-N-DL-isoserylkanamycin B
PAL  a. Preparation of 6'-N-tert-butoxycarbonylkanamycin B
PAR  Kanamycin B base (4.83 g, 10 millimoles) was dissolved in 100 ml of water,
      to which was added a solution of 2.40 g (10 millimoles) of tert-butyl
      4,6-dimethylpyrimidyl-2-thiol-carbonate in 100 ml of dioxane. The mixture
      was agitated for 18 hours at ambient temperature to effect the
      tert-butoxycarbonylation. The reaction mixture was then concentrated to
      dryness under reduced pressure to give a solid. This solid was dissolved
      in water and the aqueous solution was passed into a column of 350 ml of a
      cation-exchange resin consisting essentially of a copolymer of methacrylic
      acid and divinylbenzene "Amberlite" CG 50, ammonium form) to adsorb the
      butoxycarbonylation products onto the resin. The resin column was washed
      with 1,400 ml of water and then eluted with 0.2% aqueous ammonia. Those
      fractions of the eluate which were positive to the ninhydrin reaction and
      to the Rydon-Smith reaction and also gave a single spot in a high-voltage
      paper electrophoresis were combined and concentrated to dryness, affording
      2.35 g of a white powder of 6'-N-tert-butoxycarbonylkanamycin B
      (decomposition point 168.degree.-172.degree.C). Yield 40%. When the resin
      column was further eluted with 0.6% aqueous ammonia, the unreacted
      kanamycin B was recovered in a yield of 1.0 g (21%).
PAL  b. Production of 1-N-DL-isoserylkanamycin B
PAR  The product of the above stage (a), namely
      6'-N-tert-butoxycarbonylkanamycin B (584 mg, 1.0 millimole), was dissolved
      in 21 ml of a mixture of pyridine-water-triethylamine (10:10:1 by volume),
      to which was then added 160 mg (1.1 millimoles) of tert-butoxycarbonyl
      azide. The admixture was stirred at ambient temperature for 23 hours and
      the reaction mixture was concentrated under reduced pressure to give 715
      mg of a faintly yellow colored powder mixture of
      6'-N-tert-butoxycarbonylkanamycin B and
      2',6'-di-N-tert-butoxycarbonylkanamycin B containing a trace of its
      positional isomers. This powder, without being purified, was dissolved in
      a mixture of 10 ml of water and 5 ml of dimethoxyethane, to which was
      subsequently added a solution of 330 mg (1.1 millimoles) of
      N-hydroxysuccinimide ester of tert-butoxycarbonyl-DL-isoserine in 6 ml of
      dimethoxyethane. The mixture was stirred for 24 hours at ambient
      temperature to effect the acylation. The reaction mixture was concentrated
      to dryness under reduced pressure to give a solid comprising the acylation
      products. This solid was taken up into 5 ml of 90% aqueous trifluoroacetic
      acid and the solution was allowed to stand at ambient temperature for 30
      minutes during which the removal of the tert-butoxycarbonyl groups was
      effected. The reaction solution was then concentrated to dryness under
      reduced pressure to give a solid which was subsequently washed with a
      small volume of ethyl ether, affording 1.75 g of a faintly yellow colored
      powder. This powder was dissolved in water and the aqueous solution was
      passed into a column of 30 ml of a cation-exchange resin consisting
      essentially of a copolymer of methacrylic acid and divinylbenzene
      "Amberlite" CG 50 ammonium form) to adsorb the acylation products onto the
      resin. The resin column was washed with water (150 ml) and then eluted
      with 0.25N aqueous ammonia. The eluate was collected in fractions each of
      6 ml, and every fraction was tested according to a usual plate method for
      its antibacterial activity using the kanamycin-sensitive strain Bacillus
      subtilis PCI 219 and the kanamycin-resistant strain Escherichia coli
      JR66/W677 as the test microorganisms. Those fractions which showed high
      anti-bacterial activity to both strains were combined and concentrated to
      dryness under reduced pressure to give 248 mg of a white powder. As this
      powder was observed to still contain impurities in a silica gel thin layer
      chromatography, it was purified by column chromatography with 11 g of
      silicic acid. Thus, the silica gel column containing the adsorbed
      acylation product was eluted with a mixture of methanol-chloroform-17%
      aqueous ammonia (4:1:2 by volume) and the eluate was collected in 4 ml
      fractions. Every fraction was tested by silica gel thin layer
      chromatography, and those fractions which gave a single spot in this thin
      layer chromatography were combined and concentrated to dryness under
      reduced pressure to give 69 mg of a colorless crystalline powder which was
      identified as 1-N-DL-isoserylkanamycin B. Yield 12%. Decomposition point
      179.degree.-184.degree.C. [.alpha.].sub.D.sup.26  + 86.degree. (c 0.72,
      water).
PAR  Elemental analysis--Found: C 44.52, H 7.18, N 14.92%. Calculated for
      C.sub.21 H.sub.42 N.sub.6 O.sub.12 : C 44.20, H 7.41, N 14.73%.
PAC  EXAMPLE 4
PAC  Synthesis of 1-N-DL-isoseryl-3',4'-dideoxykanamycin B
PAL  a. Preparation of 6'-N-benzyloxycarbonyl-3',4'-dideoxykanamycin B
PAR  13.53 g (30 millimoles) of 3',4'-dideoxykanamycin (abbreviated as DKB) base
      was dissolved in 135 ml of water, and to this solution was added dropwise
      5.61 g (33 millimoles) of benzyloxycarbonyl chloride over 1 hour under
      stirring and under ice-cooling (0.degree.-5.degree.C). After the
      adddition, the mixture was further stirred for 1 hour at ambient
      temperature and filtered to remove the precipitate. The filtrate was
      washed with 135 ml of ethyl ether. The aqueous phase was neutralized by
      addition of aqueous ammonia and then concentrated under reduced pressure.
      The concentrated solution was passed through a column of 480 ml of a
      cation-exchange resin consisting essentially of a copolymer of methacrylic
      acid and divinylbenzene "Amberlite CG 50", (the ammonium form) to effect
      adsorption of the benzyloxycarbonylated DKB by the resin. The resin column
      was washed with water (1,920 ml) and then eluted with 0.1N aqueous
      ammonia. 960 ml of the first running of the eluate was discarded, and the
      subsequently running fraction of the eluate amounting to 780 ml was
      collected, concentrated and freeze-driedd to give 5.43 g of a colorless
      powder of 6'-N-benzyloxycarbonyl DKB, mp. 113.degree.-115.degree.C (with
      decomposition under foaming). Yield 31%.
PAL  b. Synthesis of 1-N-DL-isoseryl-3',4'-dideoxykanamycin B
PAR  6'-N-benzyloxycarbonyl-3',4'-dideoxykanamycin B (1 g, 1.62 millimoles) was
      dissolved in a mixture (85 ml) of pyridine-water-triethylamine (10:10:1 by
      volume), to which was added tert-butoxycarbonyl azide (256 mg, 1.78
      millimoles). The admixture was stirred at ambient temperature for 21 hours
      and the reaction mixture was concentrated under reduced pressure to give
      1.27 g of a yellowish powder mixture of
      6'-N-benzyloxycarbonyl-3',4'-dideoxykanamycin B and
      2'-N-tert-butoxycarbonyl-6'-N-benzyloxycarbonyl-3',4'-dideoxykanamycin B
      containing a trace of its positional isomers. This powder, without being
      purified, was dissolved in a mixture of 5 ml of water and 5 ml of
      dimethoxyethane, to which was subsequently added a solution of 623 mg
      (1.78 millimoles) of N-hydroxysuccinimide ester of
      benzyloxycarbonyl-DL-isoserine in 20 ml of dimethoxyethane. The mixture
      was stirred for 24 hours at ambient temperature. The reaction mixture was
      concentrated to dryness under reduced pressure to give a solid comprising
      the acylation products. This solid was dissolved in a mixture of 90%
      aqueous trifluoroacetic acid (13 ml), methanol (9 ml) and water (1 ml),
      and hydrogenated with 5% palladiumcarbon (640 mg) as the catalyst at
      atmospheric pressure for 5 hours to simultaneously remove the two kinds of
      N-protecting groups. After removing the catalyst by filtration,
      evaporation of the solution gave a colorless powder. The powder was
      subsequently processed in the same purification procedure as in Example 2
      (b), affording 1-N-DL-isoreryl-3',4'-dideoxykanamycin B in an 18% yield.
PAC  EXAMPLE 5
PAC  Synthesis of 1-N-DL-isoserylkanamycin B
PAL  a. Preparation of 6'-N-benzyloxycarbonylkanamycin B
PAR  Kanamycin B base (5.8 g, 12 millimoles) was dissolved in 116 ml of water,
      and to the resulting solution was addded dropwise 2.04 g (12 millimoles)
      of benzyloxycarbonyl chloride over 1 hour under ice-cooling and stirring.
      After the addition, the mixture was stirred for 2 hours at ambient
      temperature. The reaction mixture was filtered to remove the precipitate
      deposited, and the filtrate was washed with 116 ml of ethyl ether. The
      aqueous phase was neutralized with aqueous ammonia and then concentrated
      under reduced pressure. The concentrated solution was then passed into a
      column of 240 ml of a cation-exchange resin made of a copolymer of
      methacrylic acid and divinylbenzene "Amberlite CG 50", ammonium form) to
      adsorb the 6'-N-benzyloxycarbonylated kanamycin B onto the resin. The
      resin column was then washed with water (960 ml) and subsequently eluted
      with 0.1N aqueous ammonia. Those fractions of the eluate which were
      positive to the Rydon-Smith reaction and gave a single spot in
      high-voltage paper electrophoresis were collected, combined and
      concentrated to dryness to afford 2.7 g of a white powder of
      6'-N-benzyloxycarbonylkanamycin B. Yield 37%.
PAL  b. Synthesis of 1-N-DL-isoserylkanamycin B
PAR  Butoxycarbonylation of 6'-N-benzyloxycarbonylkanamycin B with
      tert-butoxycarbonyl azide, acylation with N-hydroxysuccinimide ester of
      tert-benzyloxycarbonyl-DL-isoserine, removal of N-protecting groups by
      catalytic hydrogenation in acidic solution and purification by column
      chromatography in the same manner as in Example 4 (b) afforded
      1-N-DL-isoserylkanamycin B in a 17% yield.
PAC  EXAMPLE 6
PAC  Synthesis of 1-N-L-isoserylkanamycin
PAR  6'-N-tert-butoxycarbonylkanamycin (316 mg, 0.5  millimoles) was dissolved
      in a mixture of 5 ml of water and 2.5 ml of dimethoxyethane, and to the
      resulting solution was added a solution of 225 mg (0.7 millimoles) of
      N-hydroxysuccinimide ester of tert-butoxycarbonyl-L-isoserine in 2.5 ml of
      dimethoxyethane. The admixture was subsequently processed in the same
      manner as in Example 1 (b), affording 48 mg of 1-N-L-isoserylkanamycin.
      Yield 17%.
PAC  EXAMPLE 7
PAC  Synthesis of 1-N-D-isoserylkanamycin
PAR  6'-N-tert-butoxycarbonylkanamycin (10.5 mg, 0.18 millimoles) was dissolved
      in a mixture of 2.5 ml of water and 1.25 ml of dimethoxyethane, and to the
      resulting solution was added a solution of 55 mg (0.18 millimoles) of
      N-hydroxysuccinimide ester of tert-butoxycarbonyl-D-isoserine in 1.25 ml
      of dimethoxyethane. The admixture was subsequently processed in the same
      manner as in Example 1 (b), affording 19 mg of 1-N-D-isoserylkanamycin.
      Yield 18%.
PAC  EXAMPLE 8
PAC  Synthesis of 1-N-L-isoserylkanamycin B
PAR  6'-N-tert-butoxycarbonylkanamycin B (117 mg, 0.2 millimoles) was dissolved
      in a mixture (4 ml) of pyridine-water-triethylamine (10:10:1 by volume),
      to which was added tert-butoxycarbonyl azide (32 mg, 0.22 millimoles). The
      admixture was stirred at ambient temperature for 23 hours and the reaction
      mixture was concentrated to dryness under reduced pressure. The residue,
      without being purified, was dissolved in a mixture of water (2 ml) and
      dimethoxyethane (2 ml) and to the resulting solution was added a solution
      of 66 mg (0.22 millimoles) of N-hydroxysuccinimide ester of
      tert-butoxycarbonyl-L-isoserine in 1 ml of dimethoxyethane. The admixture
      was subsequently processed in the same manner as in Example 3 (b),
      affording 1-N-L-isoserylkanamycin B in a 16% yield. Decomposition point
      189.degree.-194.degree.C.
PAC  EXAMPLE 9
PAC  Synthesis of 1-N-D-isoserylkanamycin B
PAR  6'-N-tert-butoxycarbonylkanamycin C (58 mg, 0.1 millimole) was dissolved in
      a mixture (2 ml) of pyridine-water-triethylamine (10:10:1 by volume), to
      which was added tert-butoxycarbonyl azide (16 mg, 0.11 millimoles). After
      stirring for 23 hours, the reaction mixture was concentrated to dryness
      under reduced pressure. The residue, without being purified, was dissolved
      in a mixture of water (1 ml) and dimethoxyethane (1 ml) and to the
      resulting solution was added a solution of 33 mg (0.11 millimoles) of
      N-hydroxysuccinimide ester of tert-butoxycarbonyl-D-isoserine in 0.5 ml of
      dimethoxyethane. The admixture was subsequently processed in the same
      manner as in Example 3 (b), affording 1-N-D-isoserylkanamycin B in a 15%
      yield. Decomposition point 188.degree.-194.degree.C.
PAC  EXAMPLE 10
PAC  Synthesis of 1-N-L-isoseryl-3',4'-dideoxykanamycin B
PAR  6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B (111 mg, 0.2 millimoles)
      was dissolved in a mixture (4 ml) of pyridine-water-triethylamine (10:10:1
      by volume), to which was added tert-butoxycarbonyl azide (32 mg, 0.22
      millimoles). After stirring for 23 hours, the reaction mixture was
      concentrated to dryness under reduced pressure. The residue, without being
      purified, was dissolved in a mixture of water (2 ml) and dimethoxyethane
      (2 ml) and to the resulting solution was added a solution of 66 mg (0.22
      millimoles) of N-hydroxysuccinimide ester of
      tert-butoxycarbonyl-L-isoserine in 1 ml of dimethoxyethane. The admixture
      was subsequently processed in the same manner as in Example 2 (b),
      affording 1-N-L-isoseryl-3',4'-dideoxykanamycin B in a 19% yield.
      Decomposition point 184.degree.-186.degree.C.
PAC  EXAMPLE 11
PAC  Synthesis of 1-N-D-isoseryl-3',4'-dideoxykanamycin B
PAR  Butoxycarbonylation of 6'-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B
      with tert-butoxycarbonyl azide, acylation with N-hydroxysuccinimide ester
      of tert-butoxycarbonyl-D-isoserine, removal of tert-butoxycarbonyl groups
      and column chromatography in the same manner as in Example 2 (b) afforded
      1-N-D-isoseryl-3',4'-dideoxykanamycin B in a 18% yield. Decomposition
      point 184.degree.-187.degree.C.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
      From the foregoing description, one skilled in the art can easily
      ascertain the essential characteristics of this invention, and without
      departing from the spirit and scope of this invention, can make various
      changes and modifications of this invention to adapt it to various usage
      conditions.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound selected from the group consisting of 1-N-isoserylkanamycin;
      1-N-isoserylkanamycin B; 1-N-isoseryl-3',4'-dideoxykanamycin B; and the
      pharmaceutically acceptable acid-addition salts thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1, 1-N-DL-isoserylkanamycin.
NUM  3.
PAR  3. A compound as claimed in claim 1, 1-N-L-isoserylkanamycin.
NUM  4.
PAR  4. A compound as claimed in claim 1, 1-N-D-isoserylkanamycin.
NUM  5.
PAR  5. A compound as claimed in claim 1, 1-N-DL-isoserylkanamycin B.
NUM  6.
PAR  6. A compound as claimed in claim 1, 1-N-L-isoserylkanamycin B.
NUM  7.
PAR  7. A compound as claimed in claim 1, 1-N-D-isoserylkanamycin B.
NUM  8.
PAR  8. A compound as claimed in claim 1, 1-N-DL-isoseryl-3',4'-dideoxykanamycin
      B.
NUM  9.
PAR  9. A compound as claimed in claim 1, 1-N-L-isoseryl-3',4'-dideoxykanamycin
      B.
NUM  10.
PAR  10. A compound as claimed in claim 1, 1-N-D-isoseryl-3',4'-dideoxykanamycin
      B.
NUM  11.
PAR  11. A process for preparing a compound as claimed in claim 1, which
      comprises:
PA1  a. reacting
PA2  i. a starting compound selected from the group consisting of
      6'-N-tert-butoxycarbonylkanamycin; 6'-N-benzyloxycarbonylkanamycin;
      2',6'-di-N-tert-butoxycarbonylkanamycin B;
      2',6'-di-N-tert-butoxycarbonyl-3',4'-dideoxykanamycin B; or
      2'-N-tert-butoxycarbonyl-6'-N-benzyloxycarbonyl-3',4'-dideoxykanamycin B
      with
PA2  ii. the N-hydroxysuccinimide ester of tert-butoxycarbonylisoserine or the
      N-hydroxysuccinimide ester of benzyloxycarbonyl isoserine to form a
      corresponding 1-N-monoisoseryl derivative of said starting compound; and
PA1  b. reducing the 6'-N and 2'-N substituents on said 1-N-monoisoseryl
      derivative to amino groups to form said compound as claimed in claim 1.
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PAL  N-(4-R.sup.2 -benzenesulfonyl)-5-O-desosaminyl-erythromycilamine, wherein
      R.sup.2 is a C.sub.1 -C.sub.5 alkyl radical, halogen or NH.sub.2. The
      compounds possess antibacterial activity.
BSUM
PAR  This invention relates to the manufacture of N-(4-benzenesulfonyl)-5
      -O-desosaminyl-erythromycilamine derivatives from
      N-(4-R-benzenesulfonyl)-erythromycilamine by reaction with diluted mineral
      acids.
PAR  According to the invention, there is disclosed a process for the
      manufacture of novel N-(4-R.sup.2 -benzenesulfonyl)-5
      -O-desosaminyl-erythromycilamine derivatives of the formula II, wherein
      R.sup.2 is a C.sub.1 -C.sub.5 alkyl radical, halogen or NH.sub.2, which
      comprises reacting a compound of the formula I, wherein R is a C.sub.1
      -C.sub.5 alkyl radical, halogen or NHCOR.sup.1 (R.sup.1 being C.sub.1
      -C.sub.5 alkyl or phenyl), with diluted mineral acids in a convenient
      solvent (e.g. dimethylformamide, methanol) at room temperature.
PAR  The products may be isolated from the reaction mixture by such methods as
      extraction or crystallisation.
      ##SPC1##
PAR  Preliminary bacteriological tests with the novel compounds obtained
      according to the invention showed that they have an activity on some
      pathogene micro-organisms as well as a synergistic activity with
      trimethoprime (Table I).
TBL                TABLE I                                                     
     ______________________________________                                    
     MIC in mcg/ml of the tested compounds                                     
     Compound E.coli 7920 E.coli 8141 Strept.haem.                             
     ______________________________________                                    
     DEASBr   250         500         62.2                                     
     DEASBr                                                                    
      +       62.2        62.2        0.9                                      
      T                                                                        
     DEASCl   250         250         125                                      
     DEASCl                                                                    
      +       62.2        31.1        7.8                                      
      T                                                                        
     DEASNH.sub.2                                                              
              125         125         62.2                                     
     DEASNH.sub.2                                                              
      +       62.2        31.1        3.9                                      
      T                                                                        
     DEAST    125         125         62.2                                     
     DEAST                                                                     
      +       62.2        31.1        3.9                                      
      T                                                                        
     ______________________________________                                    
      DEASBr  = N-(4-bromo-benzenesulfonyl)-5-O-desosaminyl EA                 
      DEASCl = N-(4-chloro-benzenesulphonyl)-5-O-desosaminyl EA                
      DEASNH.sub.2  = N-(4-amino-benzenesulfonyl)5-O-desosaminyl EA            
      DEAST  = N-(4-methyl-benzenesulfonyl)-5-O-desosaminyl EA                 
      EA   = erythromycilamine                                                 
      T    = trimethoprime                                                     
PAR  Since it is known that compounds of the class of erythromycines without the
      sugar cladinose have no antibacterial activity, but the compounds
      according to the invention have such an activity, being the hydrolysis
      products of parent substances in an acidic medium, so their activity and
      the activity of the parent substances in vitro may have a special meaning
      for their effect in vivo.
PAR  The invention is illustrated by the following Examples:
PAC  EXAMPLE 1
PAC  N-(4-chloro-benzenesulfonyl)-5 -O-desosaminyl-erythromycilamine
PAR  N-(4-chloro-benzenesulfonyl)-erythromycilamine (3 g., 0.0033 moles) was
      dissolved in 1 % methanolic HCl (300 ml.) and left at room temperature for
      24 hours. The solution was subsequently evaporated in vacuo. The residue
      was dissolved in chloroform (8 ml.) and gradually added drop by drop under
      vigorous stirring to a mixture of saturated NaCl solution (12 ml.), 20 %
      Na.sub.2 CO.sub.3 solution (20 ml.) and saturated NaHCO.sub.3 solution (12
      ml.). After the separation of the layers, the aqueous layer was extracted
      with chloroform (3 .times. 10 ml.). The combined chloroform extracts were
      washed successively with a saturated NaHCO.sub.3 solution (10 ml.) and
      saturated NaCl solution (10 ml.) and dried over K.sub.2 CO.sub.3. After
      the elimination of chloroform, the residue was three times crystallized
      from chloroform petroleum ether, m.p. 148.degree.-152.degree.C.
PAR  Analysis for C.sub.35 H.sub.59 ClN.sub.2 O.sub.11 S. calc.: C 55.94 %; H
      7.91 %; N 3.72 %; S 4.26 %. obt.: C 55.74 %; H 8.14 %; N 3.90 %; S 4.10 %.
       (M.sup.+) = 750. [.alpha.].sub.D.sup.20 = - 22.55.degree. (1 % solution
      in CHCl.sub.3)
PAC  EXAMPLE 2
PAC  N-(4-methyl-benzenesulfonyl)-5 -O-desosaminyl-erythromycilamine
PAR  N-(4-methyl-benzenesulfonyl)-erythromycilamine (3 g., 0.0034 moles) in 1 %
      methanolic HCl (300 ml.) was left for 24 hours at room temperature. The
      solution was then evaporated in vacuo and the residue dissolved in
      chloroform (8 ml.). The chloroform solution was added drop by drop under
      vigorous stirring to a mixture of saturated NaCl solution (12 ml.), 20 %
      Na.sub.2 CO.sub.3 solution (20 ml.) and saturated NaHCO.sub.3 solution (12
      ml.). After vigorous stirring the layers were separated and the aqueous
      layer extracted with chloroform (3 .times. 10 ml.). the combined
      chloroform extracts were washed successively with a saturated NaHCO.sub.3
      solution (10 ml.) and saturated NaCl solution (10 ml.) and dried over
      K.sub.2 CO.sub.3. After the elimination of chloroform, the residue was
      crystallised 3 times from chloroform/petroleum ether, m.p.
      141.degree.-145.degree.C.
PAR  Analysis for C.sub.36 H.sub.62 N.sub.2 O.sub.11 S. calc.: C 59.15 %; H 8.55
      %; N 3.83 %; S 4.38 %. obt.: C 59.21 %; H 8.79 %; N 4.00 %; S 4.51 %.
      (M.sup.+) = 730. [.alpha.].sub.D.sup.20 = -9.04.degree. (1 % solution in
      CHCl.sub.3).
PAC  EXAMPLE 3
PAC  N-(4-bromo-benzenesulfonyl)-5 -O-desosaminyl-erythromycilamine
PAR  N-(4-bromo-benzenesulfonyl)-erythromycilamine (3 g., 0.0031 moles) was
      dissolved in 1 % methanolic HCl (300 ml.) and then left for 24 hours at
      room temperature. The solution was then evaporated in vacuo. The residue
      was dissolved in chloroform (8 ml.) and gradually added drop by drop under
      vigorous stirring to a mixture of saturated NaCl solution (12 ml.), 20 %
      Na.sub.2 CO.sub.3 solution (20 ml.) and saturated NaHCO.sub.3 solution (12
      ml.). After separating the layers, the aqueous layer was extracted with
      chloroform (3 .times. 10 ml.). The combined chloroform extracts were
      washed successively with a saturated NaHCO.sub.3 solution (10 ml.) and a
      saturated NaCl solution (10 ml.) and dried over K.sub.2 CO.sub.3. After
      the elimination of chloroform, the residue was crystallised 3 times from
      chloroform/petroleum ether, m.p. 151.degree.-154.degree.C.
PAR  Analysis for C.sub.35 H.sub.59 BrN.sub.2 O.sub.11 S. calc.: C 52.82 %; H
      7.47 %; N 3.52 %; S 4.03 %. obt.: C 52.76 %; H 7.71 %; N 3.30 %; S 4.07 %.
      (M.sup.+) = 794 [.alpha.].sub.D.sup.20 = -23.78.degree. (1 % solution in
      CHCl.sub.3)
PAC  EXAMPLE 4
PAC  N-(4-amino-benzenesulfonyl)-5-0-desosaminyl-erythromycilamine
PAR  N-(4-acetylamino-benzenesulfonyl)-erythromycilamine (3 g., 0.0032 moles)
      was dissolved in 1 % methanolic HCl (300 ml.) and left for 24 hours at
      room temperature. The solution was then evaporated in vacuo. The residue
      was dissolved in chloroform (12 ml.) and added drop by drop under vigorous
      stirring to a mixture of saturated NaCl solution (12 ml.), 20 % Na.sub.2
      CO.sub.3 solution (20 ml.) and saturated NaHCO.sub.3 solution (12 ml.).
      After separating the layers, the aqueous layer was extracted with
      chloroform (3 .times. 10 ml.). The combined chloroform extracts were
      washed successively with a saturated NaHCO.sub.3 solution (10 ml.) and a
      saturated NaCl solution (10 ml.) and dried over K.sub.2 CO.sub.3. After
      the elimination of chloroform in vacuo, the residue was crystallised 3
      times from chloroform/petroleum ether, m.p. 165.degree.-169.degree.C.
PAR  Analysis for C.sub.35 H.sub.61 N.sub.3 O.sub.11 S. calc.: C 57.43 %; H 8.40
      %; N 5.74 %; S 4.38 %. obt.: C 56.52 %; H 7.85 %; N 5.00 %; S 3.70 %.
      (M.sup.+) = 731. [.alpha.].sub.D.sup.20 = -10.98.degree. (1 % solution in
      CHCl.sub.3).
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. An N-(4-R.sup.2 -benzenesulfonyl)-5-0-desosaminyl-erythromycilamine,
      wherein R.sup.2 is a C.sub.1 -C.sub.5 alkyl radical, halogen or NH.sub.2.
NUM  2.
PAR  2. The erythromycilamine of claim 1, wherein R.sup.2 is methyl.
NUM  3.
PAR  3. The erythromycilamine of claim 1, wherein R.sup.2 is bromine.
NUM  4.
PAR  4. The erythromycilamine of claim 1, wherein R.sup.2 is chlorine.
NUM  5.
PAR  5. The erythromycilamine of claim 1, wherein R.sup.2 is NH.sub.2.
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PAL  The invention provides a novel therapeutic composition comprising a
      pharmaceutically acceptable carrier containing a therapeutically effective
      amount of an ethereally monosubstituted monosaccharide having the general
      formula S-O-Y, wherein S is the residue of a monosaccharide selected from
      the group consisting of pentoses, hexoses and heptoses and Y is selected
      from the group consisting of cyclic monovalent nitrogen containing organic
      radicals and residua and monovalent organic radicals and residua having
      the general formula
      ##EQU1##
      wherein R.sub.1 is a divalent organic radical having a linear carbon chain
      length of about 1-7 carbon atoms and R.sub.2 and R.sub.3 are selected from
      the group consisting of --H, --OH, --SH, halogen and monovalent organic
      radicals and residua having a linear carbon chain length of about 1-7
      carbon atoms. The invention also provides certain novel ethereally
      monosubstituted monosaccharides, of which
      3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucose is an example. The novel
      monosaccharides show striking antiviral activity or other therapeutically
      valuable properties and are useful as an active ingredient in the above
      therapeutic composition. The invention further provides a method of
      therapeutically treating warm blooded animals with the aforementioned
      therapeutic composition and novel monosubstituted monosaccharides.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with a novel therapeutic composition and
      a method of therapeutically treating warm blooded animals therewith. In
      one of its more specific variants, the invention further relates to
      certain novel ethereally monosubstituted monosaccharides which are
      especially useful as ingredients in the aforementioned composition and in
      practicing the aforementioned method.
PAR  Many diseases caused by certain living micro-organisms may be treated very
      effectively by administering a therapeutically effective amount of an
      antibiotic. However, antibiotics are not effective in the treatment of
      virus infections insofar as suppressing the proliferation of the virus
      particles and reducing cell damage are concerned.
PAR  A number of substances other than antibiotics have been proposed heretofore
      for use in treating virus infections, but they have not been used
      extensively for a number of reasons. For instance, the previously proposed
      antiviral agents usually exhibit very low antiviral activity and have
      little positive effect on the course of the viral infection. The
      previously proposed antiviral drugs also have not been effective in the
      treatment of a wide spectrum of virus infections and this has been a major
      disadvantage. The therapeutic treatment of a large number of patients
      having undetermined viral infections of widely differing types is
      impractical with the narrow spectrum prior art antiviral drugs as it is
      too difficult to determine the exact virus causing the infection and then
      select an effective drug. Many potentially effective antiviral drugs are
      toxic and can not be safely administered to patients, and still other
      antiviral drugs have undesirable side effects. As a result of the
      foregoing and other deficiencies, it is apparent that an entirely
      satisfactory wide spectrum nontoxic antiviral drug has not been available
      heretofore for routinely administering to patients having a viral
      infection caused by many of the common viruses.
PAR  It has been discovered that certain ethereally monosubstituted
      monosaccharides provide important biological signals which allow living
      cells to resist virus infections. As will be described in greater detail
      hereinafter, the signals also provide other types of control in cell
      chemistry.
PAR  The therapeutic compositions of the invention overcome the disadvantages of
      the prior art antiviral agents noted above, and also produce other unusual
      and unexpected results. For example, the ethereally monosubstituted
      monosaccharides described hereinafter are therapeutically effective at
      very low concentrations while at the same time they exhibit no side
      effects and are very non-toxic. The ratio of the minimum toxic to
      therapeutic dose is greater than 50 in both tissue culture and animals.
PAR  it is an object of the present invention to provide a therapeutic
      composition including a pharmaceutically acceptable carrier and a
      therapeutically effective amount of certain ethereally monosubstituted
      monosaccharides to be described more fully hereinafter.
PAR  It is a further object to provide certain novel compounds to be described
      more fully hereinafter, which are ethereally monosubstituted
      monosaccharides exhibiting striking antiviral activity and/or other
      therapeutically valuable properties.
PAR  It is still a further object to provide a therapeutic composition
      containing one or more of the novel monosaccharides of the invention.
PAR  It is still a further object to provide a method of therapeutically
      treating a warm blooded animal wherein the above described therapeutic
      composition and/or novel monosaccharides are administered thereto in a
      therapeutically effective amount.
PAR  Still other objects and advantages of the invention will be apparent to
      those skilled in the art upon reference to the following detailed
      description.
PAC  DETAILED DESCRIPTION OF THE INVENTION INCLUDING PREFERRED VARIANTS THEREOF
PAR  The novel therapeutic composition of the invention comprises a
      pharmaceutically acceptable carrier and a therapeutically effective amount
      of an ethereally monosubstituted monosaccharide having the general formual
      S-O-Y and organic acid and inorganic acid salts thereof, wherein S is the
      residue of a monosaccharide selected from the group consisting of
      pentoses, hexoses and heptoses and Y is selected from the group consisting
      of cyclic monovalent nitrogen containing organic radicals and residua and
      monovalent organic radicals and residua having the general formula
      ##EQU2##
      wherein R.sub.1 is a divalent organic radical having a linear carbon chain
      length of about 1-7 carbon atoms and R.sub.2 and R.sub.3 are selected from
      the group consisting of --H, --OH, --SH, halogen and monovalent organic
      radicals and residua having a linear carbon chain length of about 1-7
      carbon atoms. When R.sub.2 or R.sub.3 is halogen, the halogen may be F,
      Cl, Br or I, of which Cl or Br is usually preferred. The organic radical
      R.sub.1, and R.sub.2 and R.sub.3 when they are organic radicals, may be
      branched or unbranched linear carbon chains and may be saturated or
      unsaturated and, when saturated, the linear and/or branched carbon chains
      may contain one or more double or triple carbon-to-carbon bonds. The
      linear and/or branched carbon chains of R.sub.1, R.sub.2 and R.sub.3 may
      be substituted or unsubstituted and, when substituted, one or more
      substituents may be present such as --OH, --SH, halogen (F, Cl, Br and/or
      I), branched or unbranched and saturated or unsaturated hydrocarbon
      radicals containing 1-7 and preferably 1-3 carbon atoms, --OR.sub.4 and/or
      --SR.sub.4 radicals wherein R.sub.4 is a branched or unbranched and
      saturated or unsaturated hydrocarbon radical containing 1-7 and preferably
       1-3 carbon atoms, carboxylic acid residues containing 1-7 and preferably
      1-3 carbon atoms, and amino groups and aminohydrocarbon radicals
      containing 1-7 and preferably 1-3 carbon atoms. Preferably R.sub.1 is a
      hydrocarbon radical having a linear carbon chain length of 1-3 or 1-4
      carbon atoms and R.sub.2 and R.sub.3 are individually selected from the
      group consisting of hydrogen and/or hydrocarbon radicals having linear
      carbon chain lengths of 1-3 or 1-4 carbon atoms.
PAR  Examples of compounds from which cyclic organic radicals and residua are
      derived include (a) monovalent nitrogen containing saturated, unsaturated
      or aromatic carbocyclic compounds containing about 4-8 carbon atoms in the
      ring and preferably about 5-6 carbon atoms in the ring and at least one
      nitrogen atom attached thereto or to an organo substituent thereon, (b)
      heterocyclic organic compounds containing about 3-8 carbon atoms in the
      ring and at least one ring nitrogen atom and (c) derivatives of the
      foregoing compounds wherein at least one substituent is present such as
      --OH, --SH, halogen (F, Cl, Br and/or I), branched or unbranched and
      saturated or unsaturated hydrocarbon radicals containing 1-7 and
      preferably 1-3 carbon atoms, --OR.sub.5 and/or --SR.sub.5 radicals wherein
      R.sub.5 is a branched or unbranched and saturated or unsaturated
      hydrocarbon radical containing 1-7 and preferably 1-3 carbon atoms,
      carbocyclic acid residues containing 1-7 and preferably 1-3 carbon atoms,
      and amino groups and aminohydrocarbon radicals containing 1-7 and
      preferably 1-3 carbon atoms.
PAR  The monosaccharide residue S may exist in an open chain or cyclic form.
      However, it is usually preferred that the ethereally monosubstituted
      monosaccharide have the following general formula:
      ##SPC1##
PAL  wherein X and Z are H, OH and/or hydroxyalkyl groups containing up to 2
      carbon atoms and Y represents the same organic radicals and residua as
      aforementioned for the general formula S-O-Y. The above general formula
      illustrates the hexacyclic form of the various isomers of the pentoses,
      hexoses and heptoses, the relative spatial configuration of the -H and -OH
      groups about the ring, and the monosubstitution thereof in accordance with
      one presently preferred variant of the invention. The hydroxyl group of
      the hemiacetal or hemiketal linkage may assume an .alpha. or a .beta.
      configuration. The compounds of the invention may be in the form of
      anomers or mixtures of anomers.
PAR  The configurations of the various isomers of the pentoses, hexoses and
      heptoses are well known to those skilled in this art and numerous
      reference books are available on the subject, the teachings of which are
      incorporated herein by reference. For example, see Textbook of
      Biochemistry, 4th Edition, by West et al. (1966); Advanced Organic
      Chemistry, by Fieser and Fieser (1961); and Organic Chemistry, by Paul
      Karrer (1947). The prior art discloses, for example, a total of eight open
      chain isomers for the reducing pentoses, 16 open chain isomers for the
      reducing hexoses, and an even larger number of open chain isomers for the
      reducing heptoses. One half of the aforementioned isomers have the
      property, when in aqueous solution, of causing a plane of polarized light
      to rotate to the right and thus are referred to as dextrorotatory
      compounds and are given the prefix D- or (+) to distinguish them from
      their levorotatory counterparts, which are given the prefix L- or (-).
      Either the D-series or the L-series of the pentoses, hexoses and heptoses
      may be used in practicing the invention, but it is usually preferred to
      use the D-series. The hexoses often give the best results and especially
      D-talose, D-galactose, L-galactose, D-idose, D-gulose, D-mannose,
      D-glucose, L-glucose, D-altrose and D-allose. The aforementioned pentoses,
      hexoses and heptoses may be ethereally monosubstituted in any available
      position. Nevertheless, it is understood that substitution of certain
      positions of specific monosacchardides results in more therapeutically
      active or less toxic compounds. For instance, substitution of the 1-O- and
      3-O- positions of glucose and the 6-O- position of galactose results in
      especially valuable compounds.
PAR  The following substituents may be ethereally substituted on any of the
      available positions of the various isomers of the pentoses, hexoses and
      heptoses to produce nontoxic compounds having exceptional therapeutic
      activity:
PA1  -(n-propylamino),
PA1  -(N',N'-dimethylamino-n-propyl),
PA1  -(N',N'-dimethylaminoisopropyl),
PA1  -(N-methyl piperidyl),
PA1  -(N',N'-dimethylaminoethyl),
PA1  -(N',N'-diethylaminoethyl), and
PA1  -(2',N',N'-trimethylamino-n-propyl).
PAL  Of the foregoing substituents, -(N',N'-dimethylamino-n-propyl) is presently
      preferred and especially when substituted in the 1-O- or 3-O- position of
      glucose or in the 6-O- position of galactose.
PAR  The following compounds have been found to have exceptional wide spectrum
      antiviral activity and other therapeutically valuable properties and are
      presently preferred for use in the composition and method of the
      invention:
PA1  3-O-3'-(n-propylamino)-D-glucose,
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucose,
PA1  3-O-4'-(N-methyl piperidyl)-D-glucose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-D-glucose,
PA1  3-O-2'-(N',N'-diethylaminoethyl)-D-glucose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-D-glucose,
PA1  .alpha.-N,N-dimethylaminoisopropyl-D-glucoside,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-D-galactose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-D-glucose,
PA1  6-O-2'-(N',N',-dimethylaminopropyl)-D-galactose, and
PAR  organic acid and inorganic acid salts thereof. Of the foregoing compounds,
      3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucose is presently preferred.
PAR  Additional compounds of the general formula S-O-Y, wherein Y is
      ##EQU3##
      which may be used in practicing the invention are listed below:
TBL  Monosaccharide                                                            
     Residue (S)  Substituent (Y)                                              
     ______________________________________                                    
                   R.sub.1       R.sub.2 R.sub.3                               
     3-O-D-Glucose 3'-n-propyl   H       methyl                                
     "               "           ethyl    "                                    
     "               "           H       ethyl                                 
     -             2'-n-propyl   methyl  methyl                                
     "             3'-1,2-propenyl                                             
                                  "       "                                    
     "             sec.-butyl     "       "                                    
     "             3'-butyl       "       "                                    
     "             2'-ethyl      H       H                                     
     "             methyl        H       H                                     
     6-O-D-Galactose                                                           
                   3'-n-propyl   H       methyl                                
     "               "           ethyl    "                                    
     "               "           H       ethyl                                 
     "             3'-1,2-propenyl                                             
                                 methyl  methyl                                
     "             sec.-butyl     "       "                                    
     "             3'-butyl       "       "                                    
     ______________________________________                                    
PAL  Still other compounds of the general formula S-O-Y, wherein Y is a cyclic
      monovalent nitrogen containing organic radical or residue, which may be
      used in practicing the invention are as follows:
TBL  Monosaccharide                                                            
                  Substituent (Y)                                              
     Residue (S)                                                               
     ______________________________________                                    
                  Cyclic Radical                                               
                               Substituent on the                              
                               Cyclic Radical                                  
     3-O-D-Glucose                                                             
                  4'-piperidyl H                                               
     "            3'-piperidyl methyl, H                                       
     "            2'-piperidyl  "                                              
     "            3'-pyrrolidyl                                                
                                "                                              
     "            2'-pyrrolidyl                                                
                                "                                              
     6-O-D-Galactose                                                           
                  4'-piperidyl H                                               
     "            3'-piperidyl methyl, H                                       
     "            2'-piperidyl  "                                              
     "            3'-pyrrolidyl                                                
                                "                                              
     "            2'-pyrrolidyl                                                
                                "                                              
     ______________________________________                                    
PAR  The present invention also provides certain novel compounds which have wide
      spectrum antiviral activity. The novel compounds may be defined
      generically as follows:
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-glucose,
PA1  3-O-4'-(N-methyl piperidyl)-glucose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-glucose
PA1  3-O-3'-(2', N',N'-trimethylamino-n-propyl)-glucose,
PA1  .alpha.-N,N-dimethylaminoisopropyl-glucoside,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-galactose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-glucose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-galactose, and
PA1  organic acid and inorganic acid salts thereof.
PAL  Species of the foregoing novel compounds which possess striking wide
      spectrum antiviral activity are as follows:
      3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucopyranose,
PA1  3-O-4'(N-methyl piperidyl)-D-glucopyranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-D-glucopyranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-D-glucopyranose,
PA1  .alpha.-N,N-dimethylaminoisopropyl-D-glucoside,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-D-galactopyranose,
PA1  3-O-2'(N',N'-dimethylaminopropyl)-D-glucopyranose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-D-galactopyranose, and
PA1  organic acid and inorganic acid salts thereof.
PAR  In general, the preparation of the monosubstituted compounds described
      herein involves the formation of alkyl ethers or substituted alkyl ethers
      at selected positions on the desired monosaccharide, such as at position
      1-O- or 3-O-of D-glucose, position 6-O- of D-galactose, and position 3-O-
      of D-fructose. The condensation of the substituent substrate with the
      monosaccharide at the desired position may be achieved by various prior
      art techniques. One method is described in U.S. Pat. No. 2,715,121, issued
      Aug. 9, 1955 to GLEN, et al., the disclusure of which is incorporated
      herein by reference. The method described in this patent requires extreme
      reaction conditions and often gives low yields. The product purity is also
      less than satisfactory.
PAR  The preferred method of preparation involves much milder reaction
      conditions than employed in U.S. Pat. No. 2,715,121. The side reactions
      are minimized, the purity of the final product is greatly improved and the
      method may be adapted to a series of solvents having varying properties
      such as tetrahydrofuran, dioxane and benzene. Briefly, the improved method
      involves the reaction of a monosaccharide which has been blocked with one
      or more organo groups in the hydroxyl group positions adjacent the desired
      position to be substituted. The blocked monosaccharide is dissolved in one
      of the foregoing solvents and is reacted with a halogenated organo amino
      compound having the desired carbon chain length and configuration in the
      presence of a base such as sodium hydroxide. The resulting intermediate
      products are blocked derivatives of the compounds of the invention. The
      blocking groups may be removed by hydrolysis and the resulting free amine
      may be purified to arrive at the final product, which may be in the form
      of a salt. Further details of this preferred method are set out in the
      Examples appearing hereinafter. In practicing one variant of the
      invention, the above mentioned blocked intermediate product may be used as
      an ingredient in the therapeutic composition and method of the invention.
      This will be described more fully below.
PAR  It is understood that simple derivatives of the compounds described herein
      are embraced by the invention. Such derivatives may be prepared by prior
      art techniques and procedures and used as an ingredient in the therapeutic
      composition and method of the invention.
PAR  For example, the free amine compounds are basic and form organic acid salts
      and inorganic acid salts, and the resulting salts are useful in the
      therapeutic composition and method of the invention. The salts may be
      prepared by the usual prior art techniques, such as by adding the free
      amine compound to water and then adding the desired organic acid or
      mineral acid thereto in an amount sufficient to neutralize the free amine.
      Examples of suitable acids include HCl, HBr, H.sub.2 SO.sub.4, HNO.sub.3,
      benzoic acid, p-aminobenzoic acid, p-acetamidobenzoic acid,
      p-hydroxybenzoic acid, alkane sulfonic acid, p-toluene sulfonic acid,
      acetic acid, alkylcarboxylic acids, oxalic acid, tartaric acid, lactic
      acid, pyruvic acid, malic acid, succinic acid, gluconic acid and
      glucuronic acid. The aqueous solution of the resulting salt is evaporated
      to the volume necessary to assure precipitation of the salt upon cooling.
      The precipitated salt is recovered by filtration, washed and dried to
      obtain a final amine salt product. The amine salts are often preferred for
      use in formulating the therapeutic compositions of the invention as they
      are crystalline and relatively nonhygroscopic. The amine salts are also
      better adapted for intramuscular injection than are the free amines.
PAR  The compounds of the invention possess strong hydrophilic properties due to
      the presence of a plurality of free hydroxyl groups. In some instances, it
      is desirable to decrease the hydrophilic properties and thereby increase
      the solubility of the compound in the fatty tissues of a warm blooded
      animal to be therapeutically treated therewith. This technique also aids
      in the transportation of the drug to a desired tissue or the concentration
      thereof in a desired tissue. In practicing one variant of the invention, a
      labile organic substituent is selected which temporarily blocks at least
      one free monosaccharide hydroxyl group and thereby decreases the
      hydrophilic properties temporarily, and allows the compound to be
      transported or concentrated in fatty tissues. The labile organic
      substituent is removed in vivo during treatment of the warm blooded animal
      and the hydroxyl group is unblocked. The initial hydrophilic properties of
      the compound are thus restored thereby assuring its effectiveness as a
      drug.
PAR  Prior art blocking techniques may be employed such as acetonization and
      acetylation. Suitable prior art blocking methods are described in the
      aforementioned U.S. Pat. No. 2,715,121 and are described in the specific
      examples appearing hereinafter. In instances where an aldehyde or ketone
      is reacted with hydroxyl groups on adjacent carbon atoms, the initial
      compound may be dissolved in the desired aldehyde or ketone under
      anhydrous conditions and a Lewis acid catalyst is added in a catalytic
      quantity, such as 1% zinc chloride or anhydrous phosphoric acid. Often
      acetone is the preferred blocking agent, but aldehydes or ketones of much
      higher molecular weight may be used when desired such as those containing
      up to 25 carbon atoms. The reaction mixture is agitated at room
      temperature for a prolonged reaction period, such as 24-48 hours. The
      compound may be blocked in a plurality of positions, such as the 1,2- and
      5,6- positions. It is usually preferred to block positions such as the
      1,2- positions as the resulting partially blocked compound is much less
      toxic.
PAR  It is also possible to block one or more free hydroxyl positions of the
      compound with an ester group, wherein the carboxylic acid residue contains
      1-18 and preferably 1-3 carbon atoms. The ester derivatives likewise may
      be prepared following prior art techniques such as by reacting a
      carboxylic acid anhydride with the compound following prior art practices.
      Additionally, the alpha or beta alkyl derivatives of monosaccharides such
      as glucose may be prepared following prior art techniques. In this later
      instance, the compound is dissolved in a dry alcohol having the desired
      carbon chain length and reacted with the compound in the presence of a
      catalyst such as hydrogen chloride. While the above discussed derivatives
      are presently preferred, it is understood that still other simple
      derivatives may be prepared following prior art techniques and then used
      in practicing the present invention. In addition to the foregoing, the
      compounds may also include monosubstituted monosaccharides in which the
      substrate
      ##EQU4##
      may be replaced by a substituent R.sub.7, where R.sub.7 is a
      deoxymonosaccharide derivative of halogen, keto, amino, lower alkyl,
      mercapto, alkenyl, alkynyl, aromatic, heterocyclic or alkylcarboxylic acid
      and its derivatives. R.sub.7 may also represent the same groups as the
      above substrate of the monosaccharide ethers. Still other antiviral agents
      have a general formula S-O-Y wherein Y is -R.sub.8 -S-R.sub.9, where
      R.sub.8 is saturated or unsaturated hydrocarbon radical containing 1-7
      carbon atoms and R.sub.9 is a monovalent saturated or unsaturated
      hydrocarbon radical containing 1-7 carbon atoms or hydrogen.
PAR  The compounds of the invention are especially useful as wide spectrum
      antiviral agents for the therapeutic treatment of warm blooded animals.
      They exhibit potent antiviral activity against both RNA and DNA viruses,
      which is highly unusual and unexpected in view of the very limited and
      specific antiviral activity of the prior art antiviral agents. The
      compounds of the present invention exhibit marked suppression of virus
      particle multiplication and virus-induced cell injury in animal and human
      cell tissue culture systems, against such widely varying viruses as herpes
      simplex, influenza A and mumps. In tests in the whole animal, the
      compounds can reduce mortality and morbidity manifestations of influenza
      infections by from 50 to 85%.
PAR  The compounds of the present invention may be administered to human patient
      or animal to be treated either orally or by parenteral administration.
      When the therapeutic composition is to be administered orally, the
      compound may be admixed with a prior art filler and/or binder such as
      starch and a disintegrator, and the admixture is pressed into a tablet of
      a size convenient for oral administration. Capsules also may be filled
      with the powdered therapeutic composition and administered orally.
      Alternatively, a water solution or suspension of the therapeutic
      composition may be admixed with a flavored syrup such as cherry syrup and
      administered orally. When the therapeutic composition is administered by
      intramuscular injection, the compound is usually dissolved in a
      physiological saline solution which contains sodium chloride in sufficient
      concentration to make the overall solution to be injected isotonic to body
      fluids. A salt of the free amine compound is usually preferred in
      instances where the compound is administered by intramuscular injection.
      In treating upper respiratory viral infections, the salt form in aqueous
      solution may also be administered by nasopharyngeal spray. Administration
      also may be made by means of a suppository in patients unable to retain
      medication administered by mouth.
PAR  The dosage may be varied over extremely wide limits as the compounds are
      effective at low dosage levels, and are relatively free of toxicity and
      adverse side effects. The compounds may be administered in the minimum
      quantity which is therapeutically effective, and the dosage may be
      increased as desired up to the maximum dosage tolerated by the patient.
      Animal toxicity data indicate that the limiting non-toxic dosage may be up
      to 100-200 times the minimum effective dosage. Also, it is not necessary
      to carefully control the dosage for patients sensitive to the prior art
      antiviral drugs. As a general rule, the compound may be administered in an
      amount of about 1-40 milligrams per kilogram of body weight per day, and
      preferably in an amount of about 2-20 milligrams per kilogram per day,
      over the period required for treatment of the viral infection.
PAR  Surprisingly, the compounds described herein have still other unusual and
      unexpected therapeutically valuable properties. The learning of new tasks
      is enhanced. The therapeutic composition also protects against death due
      to water deprivation. The buffer capacity of the compounds over a pH range
      of approximately 7-9.8 is very good and they may be used for this purpose.
      Certain compounds also exhibit lubricative properties and may be used as a
      specialized lubricant. Compounds such as 3-O-D-glucopropionitrile are
      photosensitive and may be used in photographic applications.
DETD
PAR  The following specific Examples further illustrate the present invention.
PAC  EXAMPLE 1
PAR  To a solution of 104 g (0.4 mole) of
      1,2:5,6-di-O-isopropylidene-D-glucofuranose in 550 ml of tetrahydrofuran
      (THF) was added 189.7 g (1.2 mole) of 3-chloro-N,N-dimethylamino propane
      in the form of the hydrochloride salt and 144 g (3.6 mole) of sodium
      hydroxide. The suspension was mechanically stirred and heated to reflux
      for 18 hours. The reaction mixture thus prepared was filtered, the solids
      were washed with THF, and the washings were combined with the filtered
      liquid. The THF was removed under reduced pressure and an amber-colored
      viscous oil was obtained.
PAR  The oil was distilled under high vacuum (less than 1 mm Hg) while using a
      very slight dry nitrogen purge to obtain high and low boiling fractions.
      The low boiling fraction was identified as unreacted
      3-chloro-N,N-dimethylamino propane. The high boiling fraction had a
      boiling point of 139.degree.-143.degree.C at 0.07 mm Hg and was a clear
      viscous oil with an optical rotation of {.alpha.}.sub.D.sup.25 =
      -19.3.degree. neat (100 mm) and a density of 0.95 g/cc. The refractive
      index was .eta..sub.D.sup.26 = 1.4576. Gas chromatography showed a purity
      greater than 99%. An elemental analysis showed C, H, N and O contents of
      59.13%, 8.99%, 4.12% and 27.70% respectively. The yield was 80% of the
      novel compound
      1,2:5,6-di-O-isopropylidene-3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucof
     uranose.
PAR  A portion of the above oil (10 g) was hydrolyzed in aqueous sulfuric acid
      at a pH value of 1.9-2.1 for 10 hours with refluxing. The resulting
      solution was adjusted to a pH value of 4.5 with saturated Ba(OH).sub.2
      solution, centrifuged, and filtered through an ultrafine filter. The
      filtrate was lyophillized to a white to slightly yellow solid having a
      melting point of 78.degree.-80.degree.C. Gas chromatography data indicated
      above 99% purity of the novel compound
      3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucopyranose. In thin layer
      chromatography, the flow rate on silica gel with a solvent mixture
      composed of n-propanol, ethyl acetate, H.sub.2 O and NH.sub.3 in the ratio
      by volume of 60:10:30:10 respectively, was R.sub.f = 0.356.
PAR  The gas-liquid chromatograms for the above intermediate and final novel
      compounds were run on a Beckman G.C. Model 72 - 5 with a hydrogen flame
      detector. The column used for the intermediate novel compound was a
      commercially available SE-52 column, wherein methylphenyl resins act as
      stationary phases supported on Chromosorb W (H.P.), which is made by
      Johns-Manville Corporation. The final novel compound was chromatographed
      on a Chromosorb 103 glass column, which is packed with porous resins. The
      foregoing materials are commercially available.
PAC  EXAMPLE 2
PAR  A solution of 26.0 g of 1,2:3,4-di-O-isopropylidene-D-galactopyranose in 50
      ml of anhydrous THF was mixed with a suspension of 0.3 mole of
      3-chloro-N,N-dimethylamino propane hydrochloride and 36 g of sodium
      hydroxide in 100 ml THF. The mixture was stirred vigorously and refluxed
      for three hours. The resulting brownish solution was cooled, filtered and
      most of the solvent was evaporated leaving a brown oil. The remaining
      solvent and unreacted 3-chloro-N,N-dimethylamino propane were removed by
      fractional distillation under reduced pressure. The residual oil was
      extracted with chloroform, decolorized with activated charcoal and dried
      over anhydrous magnesium sulfate. Removal of the chloroform solvent
      yielded 13.4 g of yellow oil, which was identified as
      1,2:3,4-di-O-isopropylidene-6-O-3'-(N',N'-dimethylamino-n-propyl)-D-galact
     opyranose. Infrared and gas chromatography in accordance with Example 1
      indicated the presence of one major component having a refractive index of
      .eta..sub.D.sup.28 = 1.461 and an optical rotation of
      {.alpha.}.sub.D.sup.25 = -49.4.degree. in chloroform.
PAR  The oil was refluxed with 50 ml of 0.5 N sulfuric acid for 18 hours. The
      resulting solution was washed with chloroform and the pH value was
      adjusted to 4.2. On lyophillization, the aqueous solution yielded 4.67 g
      of white crystalline solid
      6-O-3'-(N',N'-dimethylamino-n-propyl)-D-galactopyranose having an optical
      rotation of {.alpha.}.sub.D.sup.25 = +77.2.degree. in H.sub.2 O. A gas
      chromatography analysis in accordance with Example 1 indicated that the
      purity of the product was in excess of 95%.
PAC  EXAMPLE 3
PAR  Starting with 51 g (0.3 mole) of 4-chloro-N-methylpiperidine hydrochloride,
      26 g (0.1 mole) of 1,2:5,6-di-O-isopropylidene-D-glucofuranose and 36 g of
      NaOH in 150 ml THF, condensation was accomplished using the general
      procedure outlined in Example 1. The residue remaining following vacuum
      distillation was dissolved and recrystallized from hot methanol. The
      melting point was 106.degree.-107.5.degree.C (sharp).
PAR  Hydrolysis of the above product in H.sub.2 SO.sub.4 at a pH value of 2.1
      yielded 3-O-4'-(N-methylpiperidyl)-D-glucopyranose having an optical
      rotation of {.alpha.}.sub.D.sup.25 = +38.42.degree. in H.sub.2 O. A gas
      chromatography analysis in accordance with Example 1 indicated that the
      purity of the product was in excess of 96%. The melting point was
      62.degree.-65.degree.C.
PAC  EXAMPLE 4
PAR  A solution of 0.1 mole of 1,2:5,6-di-O-isopropylidene-D-glucofuranose in 50
      ml of THF was added to a suspension of 0.3 mole of
      2-chloro-N,N-diethylaminoethane hydrochloride and 36 g of sodium hydroxide
      in 100 ml of THF. The suspension was mechanically stirred and refluxed
      overnight and the reaction mixture was treated as set out in Example 1.
      The desired product,
      1,2:5,6-di-O-isopropylidene-3-O-2'-(N',N'-diethylaminoethyl)-D-glucofurano
     se was obtained as a clear yellow liquid (b.p.
      144.degree.-150.degree.C/0.15 mm Hg) having an optical rotation of
      {.alpha.}.sub.D.sup.28 = -20.6.degree. neat and a refractive index of
      .eta..sub.D.sup.25 = 1.4532. The liquid solidified on exposure to air,
      probably due to formation of the carbonate salt. The yield was 85%.
PAR  Ten grams of the above product were hydrolyzed with aqueous sulfuric acid
      at a pH value of 1.9-2.1 for ten hours under reflux. The resulting
      solution was adjusted to a pH value of 4-5 with saturated barium hydroxide
      solution and then centrifuged and filtered. Lyophillization of the
      filtrate yielded 6.55 g of light brown crystalline
      3-O-2'-(N',N'-diethylaminoethyl)-D-glucopyranose. The optical rotation in
      water was {.alpha.}.sub.D.sup.25 = +36.33.degree.. A gas chromatography
      analysis in accordance with Example 1 indicated that the purity was in
      excess of 99%.
PAC  EXAMPLE 5
PAR  To 26 g (0.1 mole) of 1,2:5,6-di-O-isopropylidene-D-glucofuranose and 36 g
      (0.9 mole) of sodium hydroxide in 150 ml of refluxing THF was added
      dropwise over one hour 0.3 mole of 3-bromopropionitrile in 50 ml of THF.
      The reaction mixture was refluxed for an additional 6 hours and then
      filtered. The solids were washed with THF and the washings were combined
      with the filtrate. The solvent was removed under reduced pressure and
      solid di-O-isopropylidene-3-O-3'-propionitrile-D-glucofuranose was
      obtained. The decomposition point was 165.degree.C and it was light
      sensitive indicating utility in photographic applications.
PAR  Five grams (0.016 mole) of the above product were dissolved in anhydrous
      ether and added dropwise to a suspension of 0.76 g (0.02 mole) of lithium
      aluminum hydride in ether. The resulting complex was dissolved in cold HCl
      and neutralized rapidly with sodium bicarbonate. The suspension thus
      produced was extracted with chloroform and the solvent was removed to
      obtain a yellow oil in a yield of 250 mg. Gas chromatography in accordance
      with Example 1 indicated a purity of 98% and there was a sharp IR band at
      3400 cm.sup.-.sup.1. The oil was hydrolyzed at a pH value of 2.1 in
      sulfuric acid and lyophillized to dryness. The yield was 85 mg of
      3-O-3'-(n-propylamino)-D-glucopyranose.
PAC  EXAMPLE 6
PAR  The 3-O-2'-(N',N'-dimethylaminopropyl) derivative of
      1,2:5,6-di-O-isopropylidene-D-glucofuranose was prepared by condensing 0.1
      mole of 1,2:5,6-di-O-isopropylidene-D-glucofuranose with 0.3 mole of
      2-chloro-N,N-dimethylamino propane hydrochloride in the presence of 0.9
      mole of sodium hydroxide in 150 ml of THF. The reaction mixture was
      fractionally distilled under reduced pressure to obtain a yellow viscous
      oil (b.p. 142.degree.-145.degree.C/0.07 mm Hg) in 81% yield. The optical
      rotation was {.alpha.}.sub.D.sup.25 = -21.5.degree. neat and the
      refractive index was .eta..sub.D.sup.25 = 1.4549. Gas chromatography in
      accordance with Example 1 indicated only one component.
PAR  The above prepared yellow viscous oil (10 g) was hydrolyzed with aqueous
      sulfuric acid at a pH value of 2.0 by refluxing for 10 hours. The pH value
      of the hydrolysate was adjusted to 4-5 with saturated barium hydroxide
      solution, filtered and lyophillized to obtain 10.5 g of light yellow
      crystals of 3-O-2' -(N',N'-dimethylaminopropyl)-D-glucopyranose. The
      optical rotation in water was {.alpha.}.sub.D.sup.25 = +37.86.degree.. Gas
      chromatography in accordance with Example 1 indicated a purity in excess
      of 82%.
PAC  EXAMPLE 7
PAR  .alpha.-N,N-dimethylaminoisopropyl-D-glucoside was prepared by starting
      with 0.1 mole of anhydrous D-glucose in 300 ml of THF and adding 0.3 mole
      of N,N-dimethylamino-2-propanol along with 95 g of dry Dowex 50-X cation
      exchange resin in H.sup.+form. The reaction mixture was refluxed for 18
      hours and then 70 ml of 5 N ammonium hydroxide was added. The reaction
      mixture was filtered and the filtrate was concentrated under reduced
      pressure to obtain a brown viscous oil. The oil was dissolved in hot
      ethanol, decolorized with charcoal, dried with anhydrous MgSO.sub.4, and
      acidified with dry HCl gas. The ethanol solution was concentrated from 500
      ml to approximately 100 ml and allowed to cool under running tap water.
      The .alpha.-N,N-dimethylaminoisopropyl-D-glucoside product crystallized
      from the concentrated solution upon scratching the container. Thin layer
      chromatography in accordance with Example 1 indicated a flow rate on
      silica gel of R.sub.f = 0.34.
PAC  EXAMPLE 8
PAR  To 0.1 mole of 1,2:5,6-di-O-isopropylidene-D-glucofuranose was added 0.3
      mole of 2,N,N,-trimethylaminopropyl chloride hydrochloride along with 36 g
      of sodium hydroxide. The general reaction procedure was in accordance with
      Example 1. The oil resulting from the reaction had a boiling point of
      144.degree.-146.degree.C at 0.6mm Hg and an optical rotation of
      {.alpha.}.sub.D.sup.20 = -20.05.degree. neat.
PAR  The above product was hydrolyzed according to the general method outlined
      in Example 1 to obtain the desired 3-O-3'-(2',
      N',N'-trimethylamino-n-propyl)-D-glucopyranose. The optical rotation of
      the product in water was {.alpha.}.sub.D.sup.20 = +38.0.degree..
PAC  EXAMPLE 9
PAR  This example illustrates the preparation of
      6-O-2'-(N',N'-dimethylaminopropyl)-D-galactose.
PAR  The general procedure of Example 2 was followed with the exception of using
      2-chloro-N,N-dimethylaminopropane hydrochloride as a starting material
      rather than the corresponding 3-chloro derivative. The intermediate
      product had an optical rotation in water of {.alpha.}.sub.D.sup.24 =
      -54.5.degree., and a refractive index of .eta..sub.D.sup.24 = 1.4552. The
      final product had a rate of flow value on thin layer chromatography
      analysis in accordance with Example 1 of R.sub.f = 0.376.
PAC  EXAMPLE 10
PAR  Well established methodology of the prior art was employed to determine the
      antiviral potency of compounds against influenza A.sub.2 virus, Hong Kong
      strain, in tissue cultures, employing the baby hamster kidney cell line
      (see R. L. Muldoon, L. Mezny and G. G. Jackson in Antimicrobial Agents and
      Chemotherapy 2:224-228, 1972). Virus infectivity was evaluated by both
      hemagglutination techniques and cytopathogenic effects, with identical
      results for each method. In Table 1 below, the virus-inhibiting effects of
      two low drug concentrations, 3 and 10 .mu.g/ml, are depicted. Results are
      given as the log decrease in infectivity of the virus inoculum. A log
      decrease of 4.0 is the maximum obtainable, representing complete
      suppression of virus growth in the system. The virus inoculum of day 0 was
      always 100 times that amount required to kill 50% of the tissue culture
      cells (100 TCD.sub.50). These results indicate that different derivatives
      suppress viral growth by from 3 to 10,000 fold, the most potent effect
      being exerted by 3-O-3'-(N',N'-dimethylamino-n-propyl)-glucose.
TBL                TABLE 1                                                     
     ______________________________________                                    
                           Log Decrease                                        
                           in Infectivity of                                   
                           Virus Inoculum at                                   
     Compound              Concentration of                                    
     ______________________________________                                    
                           3 .mu.g/ml                                          
                                    10 .mu.g/ml                                
     3-O-3'-(N',N'-dimethylamino-n-                                            
      propyl)-D-glucose    3.2      4.0                                        
                                     (max.)                                    
     3-O-4'-(N-methylpiperidyl)-D-                                             
      glucose              2.5      3.5                                        
     3-O-2'-(N',N'-dimethylaminoethyl)-                                        
      D-glucose            2.5      3.5                                        
     3-O-3'-(2',N',N'-trimethylamino-                                          
      n-propyl)-D-glucose  2.4      3.0                                        
     .alpha.-N,N-dimethylaminoisopropyl                                        
      glucoside            1.5      2.5                                        
     6-O-3'-(N',N'-dimethylamino-n-                                            
      propyl)-D-galactose  1.0      2.0                                        
     3-O-2'-(N',N'-dimethylaminopropyl)-                                       
      D-glucose            1.0      2.0                                        
     3-O-2'-(N',N'-diethylaminoethyl)-                                         
      D-glucose            0.5      1.0                                        
     6-O-2'-(N',N'-dimethylaminopropyl)-                                       
      D-galactose          0.1      0.5                                        
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  Using well established methodology of the prior art, derivatives were
      examined for their capacity to inhibit the multiplication of herpes
      simplex virus in tissue culture. Therapeutic effects were evaluated by the
      plaque formation technic of Rapp (see Fred Rapp in Journal of Immunology
      93:643, 1964). The concentrations of the drug required to reduce plaque
      formation by 50% and by 100% respectively were determined. In Table 2
      below, the results given illustrate the effectiveness of a number of
      derivatives and high dependence of potency on drug structure. As in the
      influenza study, the most potent derivative is
      3-O-3'-(N',N'-dimethylamino-n-propyl)-glucose. Identical anti-herpes
      results as given above were obtained with study of cytopathogenic effects,
      whether in primary rabbit kidney or human embryo cell tissue culture
      lines. In other studies, a similar array of antiviral effects against
      mumps virus in tissue cultures were also found.
PAC  EXAMPLE 12
PAR  The most potent of the above derivatives,
      3-O-3'-(N',N'-dimethylamino-n-propyl)-glucose, was examined for its
      capacity to suppress influenza A.sub.2 /Hong Kong disease in mice. In this
      study mice were infected by a sublethal, disease-producing dose of
      mouse-adapted human influenza virus and were treated either with distilled
TBL                                    Table 2                                 
     __________________________________________________________________________
                                Concentration required                         
                                             Concentration required            
                                to exert 50% inhibition                        
                                             to exert 100% inhibition          
                                of herpes-induced                              
                                             of herpes-induced                 
                                plaque formation                               
                                             plaque formation                  
     Compound                   (.mu.g/ml)   (.mu.g/ml)                        
     __________________________________________________________________________
     3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucose                           
                                0.3          1                                 
     3-O-4'-(N-methylpiperidyl)-D-glucose                                      
                                0.7          6                                 
     6-O-3'-(N',N'-dimethylamino-n-propyl)-D-galactose                         
                                2            &gt;10                               
     3-O-3'-(2',N',N'-trimethylamino-n-propyl)-D-                              
      glucose                   2            7                                 
     3-O-2'-(N',N'-diethylaminoethyl)-D-glucose                                
                                2            20                                
     1,2:5,6-di-O-isopropylidene-3-O-3'-(N',N'-                                
      dimethylamino-n-propyl)-D-glucofuranose                                  
                                &lt;3           --                                
     1,2:5,6-di-O-isopropylidene-3-O-4'-(N-methyl-                             
      piperidyl)-D-glucofuranose                                               
                                &lt;3           --                                
     3-O-2'-(N',N'-dimethylaminopropyl)-D-glucose                              
                                3            &gt;20                               
     3-O-3'-n-propylamino-D-glucose                                            
                                3            20                                
     1,2:5,6-di-O-isopropylidene-3-O-2'-(N',N'-                                
      diethylaminoethyl)-D-glucofuranose                                       
                                6            30                                
     .alpha.-N,N-dimethylaminoisopropyl glucoside                              
                                10           &gt;50                               
     __________________________________________________________________________
PAL  water (control) or with 40 mg/Kg compound. Fifty percent of the
      administered drug was in a form reduced in hydrophilicity by addition of a
      labile organic group, i.e., acetone, to the 1,2- positions to promote
      absorption into the cells and slow release from body fat. Medication was
      administered orally, beginning 24 hours post-infection. Disease
      progression and drug effect were evaluated at 8 days by examination of the
      lung for pneumonic consolidation using the method of T. W. Chang and L.
      Weinstein (Am. J. Med. Sci., 1973, in press) and by the objective technic
      of weighing the lungs. Note that lung weight increase during influenza
      infection reflects edema, hemorrhage and virus content (see P. Gordon and
      E. R. Brown, Canad. J. Micro. 18:1463, 1972). Below in Table 3, part A,
      objective data are presented for lung weights illustrating an 82%
      suppression of disease by the derivative.
PAR  The above medication was also examined for its capacity to prevent death in
      mice ill with a lethal influenza A/PR/8 infection. The drug was given
      subcutaneously at 3 dose levels, once 90 minutes before infection. The
      results illustrate a significant dose-dependent protection against death
      and are shown in Table 3, part B.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     A. ACTION IN MICE ILL WITH INFLUENZA A.sub.2 /HONG KONG DISEASE           
     Group    Average Lung Weight                                              
                          % Disease                                            
                                 Frequency of Normal Lungs                     
              (mg)        Suppression                                          
                                 (&lt;170 mg)                                     
     __________________________________________________________________________
     Normal   160                21/21                                         
     Infected control                                                          
              258                 1/21                                         
     Infected treated                                                          
              177         82     13/21                                         
     B. ACTION IN MICE ILL WITH A LETHAL INFLUENZA A/PR/8 INFECTION            
     Drug     Mortality Frequency                                              
                          % Mortality                                          
                                 % of Population Protected                     
              at 8 days                                                        
     __________________________________________________________________________
      0 (Control)                                                              
              42/44       95                                                   
      10 mg/Kg                                                                 
              18/22       81     14                                            
      40 mg/Kg                                                                 
              16/22       72     23                                            
     160 mg/Kg                                                                 
              10/22       45     50                                            
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound selected from the group consisting of
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-glucose,
PA1  3-O-4'-(N-methyl piperidyl)-glucose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-glucose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-glucose,
PA1  .alpha.-N,N-dimethylaminoisopropyl-glucoside,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-galactose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-glucose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-galactose, and therapeutically effective
      and acceptable organic acid and inorganic acid salts thereof.
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein the said compound is
      3-O-3'-(N',N'-dimethylamino-n-propyl)-glucose.
NUM  3.
PAR  3. A compound in accordance with claim 1 wherein the said compound is
      3-O-4'-(N-methyl piperidyl)-glucose.
NUM  4.
PAR  4. A compound in accordance with claim 1 wherein the said compound is
      3-O-2'-(N',N'-dimethylaminoethyl)-glucose.
NUM  5.
PAR  5. A compound in accordance with claim 1 wherein the said compound is
      3-O-3'-(2',N',N'-trimethylamino-n-propyl)-glucose.
NUM  6.
PAR  6. A compound in accordance with claim 1 wherein the said compound is
      .alpha.-N,N-dimethylaminoisopropylglucoside.
NUM  7.
PAR  7. A compound in accordance with claim 1 wherein the said compound is
      6-O-3'-(N',N'-dimethylamino-n-propyl)-galactose.
NUM  8.
PAR  8. A compound in accordance with claim 1 wherein the said compound is
      3-O-2'-(N',N'-dimethylaminopropyl)-glucose.
NUM  9.
PAR  9. A compound in accordance with claim 1 wherein the said compound is
      6-O-2'-(N',N'-dimethylaminopropyl)-galactose.
NUM  10.
PAR  10. A compound selected from the group consisting of
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucopyranose,
PA1  3-O-4'-(N-methyl piperidyl)-D-glucopyranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-D-glucopyranose,
PA1  3-O-3'-(2', N',N'-trimethylamino-n-propyl)-D-glucopyranose,
PA1  .alpha.-N,N-dimethylaminoisopropyl-D-glucoside,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-D-galactopyranose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-D-glucopyranose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-D-galactopyranose, and therapeutically
      effective and acceptable organic acid and inorganic acid salts thereof.
NUM  11.
PAR  11. A compound in accordance with claim 10 wherein the said compound is
      3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucopyranose.
NUM  12.
PAR  12. A compound in accordance with claim 10 wherein the said compound is
      3-O-4'-(N-methyl piperidyl)-D-glucopyranose.
NUM  13.
PAR  13. A compound in accordance with claim 10 wherein the said compound is
      3-O-2'-(N',N'-dimethylaminoethyl) D-glucopyranose.
NUM  14.
PAR  14. A compound in accordance with claim 10 wherein the said compound is
      3-O-3'-(2',N',N'-trimethylamino-n-propyl)-D-glucopyranose.
NUM  15.
PAR  15. A compound in accordance with claim 10 wherein the said compound is
      .alpha.-N,N-dimethylaminoisopropyl-D-glucoside.
NUM  16.
PAR  16. A compound in accordance with claim 10 wherein the said compound is
      6-O-3'-(N',N'-dimethylamino-n-propyl)-D-galactopyranose.
NUM  17.
PAR  17. A compound in accordance with claim 10 whrerein the said compound is
      3-O-2'-(N',N'-dimethylaminopropyl)-D-glucopyranose.
NUM  18.
PAR  18. A compound in accordance with claim 10 wherein the said compound is
      6-O-2'-(N',N'-dimethylaminopropyl)-D-galactopyranose.
NUM  19.
PAR  19. A compound in accordance with claim 1 wherein the compound is in the
      form of a salt of the said organic and inorganic acids, the said acids
      being selected from the group consisting of HCl, HBr, H.sub.2 SO.sub.4,
      HNO.sub.3, benzoic acid, p-aminobenzoic acid, p-acetamidobenzoic acid,
      p-hydroxybenzoic acid, alkane sulfonic acids, p-toluene sulfonic acid,
      lower alkyl monocarboxylic acids, oxalic acid, tartaric acid, lactic acid,
      pyruvic acid, malic acid, succinic acid, gluconic acid and glucuronic
      acid.
NUM  20.
PAR  20. A compound in accordance with claim 10 wherein the compound is in the
      form of a salt of the said organic and inorganic acids, the said acids
      being selected from the group consisting of HCl, HBr, H.sub.2 SO.sub.4,
      HNO.sub.3, benzoic acid, p-aminobenzoic acid, p-acetamidobenzoic acid,
      p-hydroxybenzoic acid, alkane sulfonic acids, p-toluene sulfonic acid,
      lower alkyl monocarboxylic acids, oxalic acid, tartaric acid, lactic acid,
      pyruvic acid, malic acid, succinic acid, gluconic acid and glucuronic
      acid.
NUM  21.
PAR  21. A compound in accordance with claim 19 wherein the said compound is
      3-O-3'-(N',N'-dimethylamino-n-propyl)-glucose.
NUM  22.
PAR  22. A compound in accordance with claim 21 wherein the said acid is HCl.
NUM  23.
PAR  23. A compound in accordance with claim 20 wherein the said compound is
      3-O-3'-(N' ,N'-dimethylamino-n-propyl)-D-glucopyranose.
NUM  24.
PAR  24. A compound in accordance with claim 23 wherein the said acid is HCl.
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ABST
PAL  The invention provides a novel therapeutic composition comprising a
      pharmaceutically acceptable carrier containing a therapeutically effective
      amount of an ethereal monosubstitution of a monosaccharide derivative
      having the general formula S--O--Y, wherein S is the residue of the
      monosaccharide derivative selected from the group consisting of pentoses,
      hexoses and heptoses as single or polysubstituted acetals, ketals or
      esters and Y is selected from the group consisting of cyclic monovalent
      nitrogen-containing organic radicals and residua and monovalent organic
      radicals and residua having the general formula
      ##EQU1##
      wherein R.sub.1 is a divalent organic radical having a linear carbon chain
      length of about 1-7 carbon atoms and R.sub.2 and R.sub.3 are selected from
      the group consisting of --H, --OH, --SH, halogen and monovalent organic
      radicals and residua having a linear carbon chain length of about 1-7
      carbon atoms. The invention also provides certain novel ethereal
      monosubstitutions of monosaccharide derivatives, of which
      3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuranose
      is an example. The novel monosaccharide derivatives show striking
      antiviral activity or other therapeutically valuable properties and are
      useful as active ingredients in the above therapeutic composition. The
      invention further provides a method of therapeutically treating
      warm-blooded animals with the aforementioned therapeutic composition and
      novel monosubstituted monosaccharide derivatives.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation in part of my copending application Ser.
      No. 337,134, filed on Mar. 1, 1973, for Therapeutic Composition, Novel
      Compounds Useful Therein and Method of Using the Same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with a novel therapeutic composition and
      a method of therapeutically treating warm-blooded animals therewith. In
      one of its more specific variants, the invention further relates to
      certain novel ethereal monosubstitutions of monosaccharide derivatives
      which are especially useful as ingredients in the aforementioned
      composition and in practicing the aforementioned method.
PAR  Many diseases caused by certain living microorganisms may be treated very
      effectively by administering a therapeutically effective amount of an
      antibiotic. However, antibiotics are not effective in the treatment of
      virus infections insofar as suppressing the proliferation of the virus
      particles and reducing cell damage are concerned.
PAR  A number of substances other than antibiotics have been proposed heretofore
      for use in treating virus infections, but they have not been used
      extensively for a number of reasons. For instance, the previously proposed
      antiviral agents usually exhibit very low antiviral activity and have
      little positive effect on the course of the viral infection. The
      previously proposed antiviral drugs also have not been effective in the
      treatment of a wide spectrum of virus infections and this has been a major
      disadvantage. The therapeutic treatment of a large number of patients
      having undetermined viral infections of widely differing types is
      impractical with the narrow spectrum prior art antiviral drugs, as it is
      too difficult to determine the exact virus causing the infection and then
      select an effective drug. Many potentially effective antiviral drugs are
      toxic and cannot be safely administered to patients, and still other
      antiviral drugs have undesirable side effects. As a result of the
      foregoing and other deficiencies, it is apparent that an entirely
      satisfactory wide spectrum nontoxic antiviral drug has not been available
      heretofore for routinely administering to patients having a viral
      infection caused by many of the common viruses.
PAR  It has been discovered that certain ethereal monosubstitutions of
      monosaccharide derivatives provide important biological signals which
      allow living cells to resist virus infections. As will be described in
      greater detail hereinafter, the signals also provide other types of
      control in cell chemistry.
PAR  The therapeutic compositions of the invention overcome the disadvantages of
      the prior art antiviral agents noted above, and also produce other unusual
      and unexpected results. For example, the ethereal monosubstitutions of
      monosaccharide derivatives described hereinafter are therapeutically
      effective at very low concentrations, while at the same time they exhibit
      no side effects and are very nontoxic. The ratio of the minimum toxic to
      therapeutic dose is greater than 50 in both tissue culture and animals.
PAR  The antiviral compounds and the therapeutic compositions containing the
      same disclosed and claimed in my earlier filed copending application Ser.
      No. 337,134 possess striking antiviral properties and are highly effective
      in the treatment of a wide variety of viral infections in warm blooded
      animals. Nevertheless, the earlier described antiviral compounds and
      therapeutic compositions do have certain limitations and disadvantages
      which are over come by the present invention. For example, the earlier
      described compounds possess strong hydrophilic properties due to the
      presence of a plurality of free hydroxyl groups which result in several
      limitations on the effective use thereof in situ including short shelf
      life, variability of the stability in solution as a function of
      temperature, and extreme hygroscopicity.
PAR  The compounds of the present invention have been found to be more desirable
      with respect to the properties listed above. This is presently believed to
      be the direct result of a decrease in the hydrophilic properties and,
      thereby, an increase in the solubility of the compounds in the fatty
      tissues of a warm-blooded animal which has been therapeutically treated
      therewith. This technique also aids in the transportation of the drug to a
      desired tissue or the concentration thereof in a desired tissue. In the
      practice of one variant of the invention, an organic substituent is
      selected which blocks at least one free monosaccharide hydroxyl group and
      thereby decreases the hydrophilic properties and allows the compound to be
      transported or concentrated in fatty tissues. In a further variant, a
      labile organic substituent is selected which may be removed in vivo during
      treatment of the warm-blooded animal after it has served its purpose,
      thereby unblocking the hydroxyl group (s).
PAR  It is an object of the present invention to provide a therapeutic
      composition including a pharmaceutically acceptable carrier and a
      therapeutically effective amount of certain ethereal monosubstitutions of
      monosaccharide derivatives to be described more fully hereinafter.
PAR  It is a further object to provide certain novel compounds to be described
      more fully hereinafter, which are ethereal monosubstitutions of
      monosaccharide derivatives exhibiting striking antiviral activity and/or
      other therapeutically valuable properties.
PAR  It is still a further object to provide a therapeutic composition
      containing one or more of the novel monosaccharide derivatives of the
      invention.
PAR  It is still a further object to provide a method of therapeutically
      treating a warm-blooded animal wherein the above described therapeutic
      composition and/or novel monosaccharide derivatives are administered
      thereto in a therapeutically effective amount.
PAR  Still other objects and advantages of the invention will be apparent to
      those skilled in the art upon reference to the following detailed
      description.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION INCLUDING PREFERRED VARIANTS THEREOF
PAR  The novel therapeutic composition of the invention comprises a
      pharmaceutically acceptable carrier and a therapeutically effective amount
      of an ethereal monosubstitution of a monosaccharide derivative having the
      general formula S--O--Y and organic and inorganic acid salts thereof,
      wherein S is the residue of a monosaccharide selected from the group
      consisting of pentoses, hexoses and heptoses which has been derivatized
      with (a) one or more aliphatic alcohols containing 1-18 carbon atoms and
      preferably 1-4 carbon atoms to produce an acetal group at one or more
      available hydroxyl residua, (b) one or more aldehydes containing 1-18
      carbon atoms and preferably 1-4 carbon atoms to produce single or multiple
      acetal groups at one or more available hydroxyl residua, (c) one or more
      ketones containing 1-18 carbon atoms and preferably 1-4 carbon atoms to
      produce single or multiple ketal groups at one or more available hydroxyl
      residua, or (d) one or more organic acid residua containing 1-18 carbon
      atoms and preferably 1-4 carbon atoms to produce ester groups at one or
      more available hydroxyl residua, and Y is selected from the group
      consisting of cyclic monovalent nitrogen-containing organic radicals and
      residua and monovalent organic radicals and residua having the general
      formula
      ##EQU2##
      wherein R.sub.1 is a divalent organic radical having a linear carbon chain
      length of about 1-7 carbon atoms and R.sub.2 and R.sub.3 are selected from
      the group consisting of --H, --OH, --SH, halogen and monovalent organic
      radicals and residua having a linear carbon chain length of about 1-7
      carbon atoms. When R.sub.2 or R.sub.3 is halogen, the halogen may be F,
      Cl, Br or I, of which Cl or Br is usually preferred. The organic radical
      R.sub.1, and R.sub.2 and R.sub.3 when they are organic radicals, may be
      branched or unbranched linear carbon chains and may be saturated or
      unsaturated, and, when saturated, the linear and/or branched carbon chains
      may contain one or more double or triple carbon-to-carbon bonds. The
      linear and/or branched carbon chains of R.sub.1, R.sub.2 and R.sub.3 may
      be substituted or unsubstituted and, when substituted, one or more
      substituents may be present, such as --OH, --SH, halogen (F, Cl, Br and/or
      I), branched or unbranched and saturated or unsaturated hydrocarbon
      radicals containing 1-7 and preferably 1-3 carbon atoms, --OR.sub.4 and/or
      --SR.sub.4 radicals wherein R.sub.4 is a branched or unbranched and
      saturated or unsaturated hydrocarbon radical containing 1-7 and preferably
      1-3 carbon atoms, carboxylic acid residua containing 1-7 and preferably
      1-3 carbon atoms, and amino groups and aminohydrocarbon radicals
      containing 1-7 and preferably 1-3 carbon atoms. Preferably R.sub.1 is a
      hydrocarbon radical having a linear carbon chain length of 1-3 or 1-4
      carbon atoms and R.sub.2 and R.sub.3 are individually selected from the
      group consisting of hydrogen and/or hydrocarbon radicals having linear
      carbon chain lengths of 1-3 or 1-4 carbon atoms.
PAR  Examples of compounds from which cyclic organic radicals and residua are
      derived include (a) monovalent nitrogen containing saturated, unsaturated
      or aromatic carbocyclic compounds containing about 4-8 carbon atoms in the
      ring and preferably about 5-6 carbon atoms in the ring and at least one
      nitrogen atom attached thereto or to an organo substituent thereon, (b)
      heterocyclic organic compounds containing about 3-8 carbon atoms in the
      ring and at least one ring nitrogen atom and (c) derivatives of the
      foregoing compounds wherein at least one substituent is present, such as
      --OH, --SH, halogen (F, Cl, Br and/or I), branched or unbranched and
      saturated or unsaturated hydrocarbon radicals containing 1-7 and
      preferably 1-3 carbon atoms, --OR.sub.5 and/or --SR.sub.5 radicals wherein
      R.sub.5 is a branched or unbranched and saturated or unsaturated
      hydrocarbon radical containing 1-7 and preferably 1-3 carbon atoms,
      carbocyclic acid residua containing 1-7 and preferably 1-3 carbon atoms,
      and amino groups and aminohydrocarbon radicals containing 1-7 and
      preferably 1-3 carbon atoms.
PAR  The derivatized monosaccharide residue S may exist in an open chain or
      cyclic form having the general formulae:
      ##EQU3##
      ##SPC1##
      wherein X and Z are H, OH, hydroxyalkyl, alkoxyl and/or alkoxyalkyl
      containing up to 3 carbon atoms, W is H, alkyl, alkenyl, cyclic alkane or
      cyclic aromatic containing 1-18 and preferably 1-6 carbon atoms or acyl
      containing 1-18 and preferably 1-4 carbon atoms, and Y represents the same
      organic radicals and residua as aforementioned for the general formula
      S--O--Y. The above general formulae illustrate the various isomers of the
      pentoses, hexoses and heptoses, the relative spatial configuration of the
      --H and --OH groups about the ring, and the monosubstitution thereof in
      accordance with one presently preferred variant of the invention. The
      hydroxyl or alkoxyl residue of the hemiacetal or hemiketal linkage may
      assume an .alpha. or a .beta. configuration. The compounds of the
      invention may be in the form of anomers or mixtures of anomers.
PAR  The configurations of the various derivatives of isomers of the pentoses,
      hexoses and heptoses are well known to those skilled in this art and
      numerous reference books are available on the subject, the teachings of
      which are incorporated herein by reference. For example, see Textbook of
      Biochemistry, 4th Edition, by West et al (1966) and The Monosaccharides by
      Stanek, Cerny, Kocourek and Pacak (1963). The prior art discloses, for
      example, a total of eight open chain isomers for the reducing hexoses, and
      an even larger number of open chain isomers for the reducing heptoses.
      Either the D-series or the L-series of the pentoses, hexoses and heptoses
      may be used in practicing the invention, but it is usually preferred to
      use the D-series. The hexoses often give the best results and especially
      D-taloes, D-galactose, L-galactose, D-idose, D-gulose, D-mannose,
      D-glucose, L-glucose, D-altrose and D-allose. The aforementioned pentoses,
      hexoses and heptoses may be ethereally monosubstituted in any available
      position and derivatized at one or more of the remaining hydroxyl groups.
      Nevertheless, it is understood that substitution of certain positions of
      specific monosaccharide derivatives results in more therapeutically active
      or less toxic compounds. For instance, substitution of the 3-O- position
      of 1,2-O-isopropylidene-D-glucofuranose or
      1,2:5,6-di-O-isopropylidene-D-glucofuranose and the 6-O- position of
      1,2-O-isopropylidene-D-galactopyranose or
      1,2:3,4-di-O-isopropylidene-D-galactopyranose results in especially
      valuable compounds.
PAR  The following substituents may be ethereally substituted on any of the
      available positions of the various isomers of the pentoses, hexoses and
      heptoses to produce nontoxic compounds having exceptional therapeutic
      activity:
PA1  -(n-propylamino),
PA1  -(N',N'-dimethylamino-n-propyl),
PA1  -(N',N'-dimethylaminoisopropyl),
PA1  -(N'-methylpiperidyl),
PA1  -(N',N'-dimethylaminoethyl),
PA1  -(N',N'-diethylaminoethyl),
PA1  -(2',N',N'-trimethylamino-n-propyl),
PA1  -dimethylamino,
PA1  -(N',N'-dimethylaminomethyl),
PA1  -(N',N'-dimethylaminopropyl),
PA1  -(N',N'-dimethylamino-iso-butyl),
PA1  -(N',N'-dimethylamino-n-butyl),
PA1  -(N',N'-dimethylamino-iso-pentyl),
PA1  -(N',N'-dimethylaminopentyl),
PA1  -(N'-methylamino-n-propyl),
PA1  -(N'-methyl-N'-ethylamino-n-propyl),
PA1  -(N',N'-diethylamino-n-propyl),
PA1  -(amino-n-propyl),
PA1  -(N'-ethylamino-n-propyl),
PA1  -(N'-propylamino-n-propyl),
PA1  -(N',N'-iso-propylamino-n-propyl),
PA1  -(1',2'-ethylimino-n-propyl),
PA1  -(1"-n-propylpyrrolidyl),
PA1  -(1"-n-propylpiperidyl),
PA1  -piperidyl,
PA1  -(N',N'-dimethylamino-sec-butyl).
PAL  Of the foregoing substituents, -(N',N'-dimethylamino-n-propyl) is presently
      preferred and especially when substituted in the 3-O- position of
      1,2-O-isopropylidene-D-glucofuranose or
      1,2:5,6-di-O-isopropylidene-D-glucofuranose or the 6-O- position of
      1,2-O-isopropylidene-D-galactopyranose or
      1,2:3,4-di-O-isopropylidene-D-galactopyranose.
PAR  The following compounds have been found to have exceptional wide spectrum
      antiviral activity and other therapeutically valuable properties and are
      presently preferred for use in the composition and method of the
      invention:
PA1  3-O-3'-(n-propylamino)-1,2,-O-isopropylidene-D-glucofuranose,
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2,-O-isopropylidene-D-glucofuranose,
PA1  3-O-2'-(N',N' -diethylaminoethyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuran
     ose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-galactopyranos
     e,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-galactopyranose,
PA1  3-O-3'-(n-propylamino)-1,2:5,6-di-O-isopropylidene-D-glucofuranose,
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glucofu
     ranose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2:5,6-di-O-isopropylidene-D-glucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2:5,6-di-O-isopropylidene-D-glucofurano
     se,
PA1  3-O-2'-(N',N'-diethylaminoethyl)-1,2:5,6-di-O-isopropylidene-D-glucofuranos
     e,
PA1  3-O-3'-(2',N' ,N'
      -trimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2:5,6-di-O-isopropylidene-D-glucofuran
     ose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:3,4-di-O-isopropylidene-D-galacto
     pyranose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2:3,4-di-O-isopropylidene-D-galactopyr
     anose,
PA1  .alpha.-N',N'-dimethylamino-iso-propyl-2,3:5,6-di-O-isopropylidene-D-glucof
     uranoside,
PAL  and organic and inorganic acid salts thereof.
PAR  Of the foregoing compounds,
      3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuranose
      is presently preferred.
PAR  Additional compounds of the general formula S--O--Y, wherein Y is
      ##EQU4##
      which may be used in practicing the invention are listed below:
TBL  Monosaccharide Residue                                                    
                     Substituent                                               
     (S)             (Y)                                                       
                      R.sub.1 R.sub.2  R.sub.3                                 
     ______________________________________                                    
     3-O-1,2-O-isopropylidene-                                                 
     D-glucofuranose 3'-n-propyl  H        methyl                              
     "               3'-n-propyl  ethyl    "                                   
     "               3'-n-propyl  H        ethyl                               
     "               2'-iso-propyl                                             
                                  methyl   methyl                              
     "               3'-1,2-propenyl                                           
                                  "        "                                   
     "               sec-butyl    "        "                                   
     "               3'-butyl     "        "                                   
     "               2'-ethyl     H        H                                   
     "               methyl       H        H                                   
     6-O-1,2-O-isopropylidene-                                                 
     D-galactopyranose                                                         
                     3'-n-propyl  H        methyl                              
     "               3'-n-propyl  ethyl    "                                   
     "               3'-n-propyl  H        ethyl                               
     "               3'-1,2-propenyl                                           
                                  methyl   methyl                              
     "               2'-iso-propyl                                             
                                  "        "                                   
     "               sec-butyl    "        "                                   
     "               3'-butyl     "        "                                   
     "               2'-ethyl     H        H                                   
     "               methyl       H        H                                   
     3-O-1,2:5,6-di-O-iso-                                                     
     propylidene-D-gluco-                                                      
     furanose        3'-n-propyl  H        methyl                              
     "               3'-n-propyl  ethyl    "                                   
     "               3'-n-propyl  H        ethyl                               
     "               2'-iso-propyl                                             
                                  methyl   methyl                              
     "               3'-1,2-propenyl                                           
                                  "        "                                   
     "               sec-butyl    "        "                                   
     "               3'-butyl     "        "                                   
     "               2'-ethyl     H        H                                   
     "               methyl       H        H                                   
     6-O-1,2:3,4-di-O-iso-                                                     
     propylidene-D-                                                            
     galactopyranose 3'-n-propyl  H        methyl                              
     "               3'-n-propyl  ethyl    "                                   
     "               3'-n-propyl  H        ethyl                               
     "               3'-1,2-propenyl                                           
                                  methyl   methyl                              
     "               2'-iso-propyl                                             
                                  "        "                                   
     "               sec-butyl    "        "                                   
     "               3'-butyl     "        "                                   
     "               2'-ethyl     H        H                                   
     "               methyl       H        H                                   
     ______________________________________                                    
PAR  Still other compounds of the general formula S--O--Y, wherein Y is a cyclic
      monovalent nitrogen-containing organic radical or residue, which may be
      used in practicing the invention, are as follows:
TBL  Monosaccharide Residue                                                    
                    Substituent                                                
     (S)            (Y)                                                        
                             Substituent                                       
                  Cyclic Radical                                               
                             on the                                            
                             Cyclic Radical                                    
     ______________________________________                                    
     3-O-1,2-O-isopropylidene-                                                 
     D-glucofuranose                                                           
                    4'-piperidyl H                                             
     "              3'-piperidyl methyl, H                                     
     "              2'-piperidyl "                                             
     "              3'-pyrrolidyl                                              
                                 "                                             
     "              2'-pyrrolidyl                                              
                                 "                                             
     6-O-1,2-O-isopropylidene-                                                 
     D-galactopyranose                                                         
                    4'-piperidyl H                                             
     "              3'-piperidyl methyl, H                                     
     "              2'-piperidyl "                                             
     "              3'-pyrrolidyl                                              
                                 "                                             
     "              2'-pyrrolidyl                                              
                                 "                                             
     3-O-1,2:5,6-di-O-iso-                                                     
     propylidene-D-                                                            
     glucofuranose  4'-piperidyl H                                             
     "              3'-piperidyl methyl, H                                     
     "              2'-piperidyl "                                             
     "              3'-pyrrolidyl                                              
                                 "                                             
     "              2'-pyrrolidyl                                              
                                 "                                             
     6-O-1,2:3,4-di-O-                                                         
     isopropylidene-D-                                                         
     galactopyranose                                                           
                    4'-piperidyl H                                             
     "              3'-piperidyl methyl, H                                     
     "              2'-piperidyl "                                             
     "              3'-pyrrolidyl                                              
                                 "                                             
     "              2'-pyrrolidyl                                              
                                 "                                             
     ______________________________________                                    
PAR  The present invention also provides certain novel compounds which have wide
      spectrum antiviral activity. The novel compounds may be defined
      generically as follows:
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylideneglucofuranose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2-O-isopropylideneglucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2-O-isopropylideneglucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2-O-isopropylideneglucofuranose
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylideneglucofuranose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidenegalactopyranose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidenegalactopyranose,
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:5,6-di-O-isopropylideneglucofuran
     ose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2:5,6-di-O-isopropylideneglucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2:5,6-di-O-isopropylideneglucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2:5,6-di-O-isopropylideneglucof
     uranose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2:5,6-di-O-isopropylideneglucofuranose
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:3,4-di-O-isopropylidenegalactopyr
     anose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2:3,4-di-O-isopropylidenegalactopyrano
     se,
PA1  -N',N'-dimethylamino-iso-propyl-2,3:5,6-di-O-isopropylideneglucofuranoside,
PAL  and organic and inorganic acid salts thereof.
PAR  Species of the foregoing novel compounds which possess striking wide
      spectrum antiviral activity are as follows:
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuran
     ose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-galactopyranos
     e,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-galactopyranose,
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glucofu
     ranose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2:5,6-di-O-isopropylidene-D-glucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glu
     cofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2:5,6-di-O-isopropylidene-D-glucofurano
     se,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2:5,6-di-O-isopropylidene-D-glucofuran
     ose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:3,4-di-O-isopropylidene-D-galacto
     pyranose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)1,2:3,4-di-O-isopropylidene-D-galactopyra
     nose,
PA1  .alpha.-N',N'-dimethylamino-iso-propyl-2,3:5,6-di-O-isopropylidene-D-glucof
     uranoside,
PAL  and organic and inorganic acid salts thereof.
PAR  In general, the preparation of the monosubstituted compounds described
      herein involves the formation of alkyl ethers or substituted alkyl ethers
      at selected positions on the desired monosaccharide derivative, such as at
      position 3-O- of 1,2-O-isopropylidene-D-glucofuranose or
      1,2:5,6-di-O-isopropylidene-D-glucofuranose, position 6-O- of
      1,2-O-isopropylidene-D-galactopyranose or
      1,2:3,4-di-O-isopropylidene-D-galactopyranose, and position 3-O- of
      1,2-O-isopropylidene-D-fructopyranose, or
      1,2:5,6-di-O-isopropylidene-D-fructopyranose. The condensation of the
      substituent substrate with the monosaccharide derivative at the desired
      position may be achieved by various prior art techniques. One method is
      described in U.S. Pat. No. 2,715,121, issued Aug. 9, 1955, to GLEN et al,
      the disclosure of which is incorporated herein by reference. The method
      described in this patent requires extreme reaction conditions and often
      gives low yields. The product purity is also less than satisfactory.
PAR  The preferred method of preparation involves much milder reaction
      conditions than employed in U.S. Pat. No. 2,715,121. The side reactions
      are minimized, the purity of the final product is greatly improved and the
      method may be adapted to a series of solvents having varying properties
      such as dioxane, tetrahydrofuran and benzene. Briefly, the improved method
      involves the reaction of a monosaccharide derivative which is blocked with
      one or more organo groups in the hydroxyl group positions adjacent the
      desired position to be substituted. The blocked monosaccharide is
      dissolved in one of the foregoing solvents and is reacted with a
      halogenated organo amino compound having the desired carbon chain length
      and configuration in the presence of a base such as sodium hydroxide.
      Selective removal of one or more blocking groups may be accomplished by
      hydrolysis under specific conditions resulting in a new product which is
      to be considered a compound of this invention. The reaction of either the
      blocked compound or the hydrolyzed compound with any organic or inorganic
      acid to form a salt thereof or with any organic or inorganic base to form
      a salt thereof results in a compound of this invention.
PAR  It is understood that simple derivatives of the compounds described herein
      are embraced by the invention. Such derivatives may be prepared by prior
      art techniques and procedures and used as an ingredient in the therapeutic
      composition and method of the invention.
PAR  For example, the free amine compounds are basic and form organic acid salts
      and inorganic acid salts, and the resulting salts are useful in the
      therapeutic composition and method of the invention. The salts may be
      prepared by the usual prior art techniques, such as by adding the free
      amine compound to water and then adding the desired organic acid or
      mineral acid thereto in an amount sufficient to neutralize the free amine.
      Examples of suitable acids include HCl, HBr, H.sub.2 SO.sub.4, HNO.sub.3,
      benzoic acid, p-aminobenzoic acid, p-acetamidobenzoic acid,
      p-hydroxybenzoic acid, alkane sulfonic acid, p-toluene sulfonic acid,
      acetic acid, alkylcarboxylic acids, oxalic acid, tartaric acid, lactic
      acid, pyruvic acid, malic acid, succinic acid, gluconic acid and
      glucuronic acid. The aqueous solution of the resulting salt is evaporated
      to the volume necessary to assure precipitation of the salt upon cooling.
      The precipitated salt is recovered by filtration, washed and dried to
      obtain a final amine salt product. The amine salts are often preferred for
      use in formulating the therapeutic compositions of the invention as they
      are crystalline and relatively nonhygroscopic. The amine salts are also
      better adapted for intramuscular injection than are the free amines.
PAR  Prior art blocking techniques may be employed such as acetonization and
      acetylation. Suitable prior art blocking methods are described in the
      aforementioned U.S. Pat. No 2,715,121 and are described in the specific
      examples appearing hereinafter. In instances where an aldehyde or ketone
      is reacted with hydroxyl groups on adjacent carbon atoms, the initial
      compound may be dissolved in the desired aldehyde or ketone under
      anhydrous conditions and a Lewis acid catalyst is added in a catalytic
      quantity, such as 1% zinc chloride or anhydrous phosphoric acid. Often
      acetone is the preferred blocking agent, but aldehydes or ketones of much
      higher molecular weight may be used when desired such as those containing
      up to 25 carbon atoms. The reaction mixture is agitated at room
      temperature for a prolonged reaction period, such as 24-48 hours. The
      compound may be blocked in a plurality of positions, such as the 1,2- and
      5,6- positions. It is usually preferred to block positions such as the
      1,2- positions as the resulting partially blocked compound is much less
      toxic than compounds blocked in all available hydroxyl groups.
PAR  It is also possible to block one or more free hydroxyl positions of the
      compound with an ester group, wherein the carboxylic acid residue contains
      1-18 and preferably 1-3 carbon atoms. The ester derivatives likewise may
      be prepared following prior art techniques such as by reacting a
      carboxylic acid anhydride with the compound following prior art practices.
      Additionally, the .alpha. or .beta. alkyl derivatives of monosaccharide
      derivatives such as 2,3:5,6-di-O-isopropylidene-D-glucofuranoside may be
      prepared following prior art techniques. In this latter instance, the
      compound is dissolved in a dry alcohol having the desired carbon chain
      length with aforementioned residua and reacted with the compound in the
      presence of a catalyst such as hydrogen chloride of Dowex 50 H+ resin.
      While the above discussed derivatives are presently preferred, it is
      understood that still other simple derivatives may be prepared following
      prior art techniques and then used in practicing the present invention. In
      addition to the foregoing, the compounds may also include
      monosubstitutions of monosaccharide derivatives in which the substrate
      ##EQU5##
      may be replaced by a substituent R.sub.7, where R.sub.7 is a
      deoxymonosaccharide derivative of halogen, keto, amino, lower alkyl,
      mercapto, alkenyl, alkynyl, aromatic, heterocyclic or alkylcarboxylic acid
      and its derivatives. R.sub.7 may also represent the same groups as the
      above substrate of the monosaccharide derivative ethers. Still other
      antiviral agents have a general formula S--O--Y wherein Y is --R.sub.8
      --S--R.sub.9, where R.sub.8 is a saturated or unsaturated hydrocarbon
      radical containing 1-7 carbon atoms and R.sub.9 is a monovalent saturated
      or unsaturated hydrocarbon radical containing 1-7 carbon atoms and
      hydrogen.
PAR  The compounds of the invention are especially useful as wide spectrum
      antiviral agents for the therapeutic treatment of warm-blooded animals.
      They exhibit potent antiviral activity against both RNA and DNA viruses,
      contrary to the prior art antiviral agents. The compounds of the present
      invention exhibit marked suppression of virus particle multiplication and
      virus-induced cell injury in animal and human cell tissue culture systems
      against such widely varying viruses as herpes simplex, influenza A, mumps,
      poliovirus and rhinovirus. In tests in the whole animal, the compounds can
      reduce mortality and morbidity manifestations of influenza A infection by
      from 50% to 85%.
PAR  The compounds of the present invention may be administered to human patient
      or animal to be treated either orally or by parenteral administration.
      When the therapeutic composition is to be administered orally, the
      compound may be admixed with a prior art filler and/or binder such as
      starch and a disintegrator, and the admixture is pressed into a tablet of
      a size convenient for oral administration. Capsules also may be filled
      with the powdered therapeutic composition and administered orally.
      Alternatively, a water solution or suspension of the therapeutic
      composition may be admixed with a flavored syrup such as cherry syrup and
      administered orally. When the therapeutic composition is administered by
      intramuscular injection, the compound is usually dissolved in a
      physiological saline solution which contains sodium chloride in sufficient
      concentration to make the overall solution to be injected isotonic to body
      fluids. A salt of the free amine compound is usually preferred in
      instances where the compound is administered by intramuscular injection.
      In treating upper respiratory viral infections, the salt form in aqueous
      solution may also be administered by nasopharyngeal spray. Administration
      also may be by means of a suppository in patients unable to retain
      medication administered by mouth.
PAR  The dosage may be varied over extremely wide limits, as the compounds are
      effective at low dosage levels and are relatively free of toxicity and
      adverse side effects. The compounds may be administered in the minimum
      quantity which is therapeutically effective, and the dosage may be
      increased as desired up to the maximum dosage tolerated by the patient.
      Animal toxicity data indicate that the limiting nontoxic dosage may be up
      to 100-200 times the minimum effective dosage. Also, it is not necessary
      to carefully control the dosage for patients sensitive to the prior art
      antiviral drugs. As a general rule, the compound may be administered in an
      amount of about 1-40 milligrams per kilogram of body weight per day, and
      preferably in an amount of about 2-20 miligrams per kilogram per day, over
      the period required for treatment of the viral infection.
PAR  Surprisingly, the compounds described herein have still other unusual and
      unexpected therapeutically valuable properties. The learning of new tasks
      is enhanced. The therapeutic composition also protects against death due
      to water deprivation. The buffer capacity of the compounds over a pH range
      of approximately 7-9.8 is very good and they may be used for this purpose.
      Certain compounds also exhibit lubricative properties and may be used as a
      specialized lubricant. Compounds such as 3-O-D-glucopropionitrile and its
      derivatives are photosensitive and may be used in photographic
      applications.
PAR  It has been further discovered that the normal life span of tissue culture
      cells being grown in a prior art tissue culture medium may be extended
      very substantially and often by several fold by growing the cells in a
      tissue culture medium which contains an effective amount of one or more of
      the antiviral compounds described herein. This variant of the present
      invention is especially useful in the growing of human embryo cells and it
      has been observed that such cells survive for a significantly longer
      period of time in a tissue culture medium in the presence of as little as
      2 micrograms per milliliter of one or more of the antiviral compounds
      described herein. However, much larger quantities of the compound may be
      present, such as the quantity described herein in the treatment of tissue
      culture cells infected with a virus, or in amounts up to the tolerance
      level of the cells. Preferably, the compound is 3-O-3' (N',N'
      -dimethylamino-n-propyl)-1',2-O-isopropylidene glucofuranose. This variant
      of the invention reduces research costs due to the longer life span of the
      tissue culture cells. It also has other positive effects as the surviving
      cells tend to be more vigorous and in a better state of preservation and
      more consistent research results are obtained.
PAR  It has also been discovered that the antiviral compounds disclosed herein,
      the pharmaceutical compositions containing the same, and the method of the
      invention are effective in the treatment of metastatic cancer in mice. In
      practicing this variant of the invention, a mouse having a metastatic
      cancer, such as carcinoma, is treated by administering thereto a
      therapeutically effective amount of at least one antiviral compound
      disclosed herein. The compound may be administered at the dosage level
      described herein for common viral infections such as influenza. Often much
      larger quantities are more effective such as 10-50 times this amount, or
      quantities within the tolerance level of the mouse regardless of the
      amount. Death from cancer is caused by metastatic spread of the tumor
      cells, which in turn results from a greater freedom to translocate that
      individual cells develop when they become cancerous (Leighton, J., The
      Spread of Cancer. Academic Press, New York and London, 1967). The
      compounds used in the treatment of cancers specifically prevent this
      tendency to metastasis, thereby rendering the cancer non-malignant and
      allowing the mouse to live.
PAR  The compounds used in the aforementioned treatment of metastatic cancer
      and/or in the tissue culture medium in the growing of tissue culture cells
      are preferably the antiviral compounds disclosed herein. However, it is
      understood that the antiviral compounds disclosed in my earlier filed
      application Ser. No. 337,134 also are useful for this purpose and may be
      substituted in equal quantities. The teachings of application Ser. No.
      337,134 are therefore incorporated herein by reference.
PAR  The following specific examples further illustrate the present invention.
PAC  EXAMPLE 1
PAR  To a solution of 104 g (0.4 mole) of
      1,2:5,6-di-O-isopropylidene-D-glucofuranose in 550 ml of 1,4-dioxane was
      added 189.7 g (1.2 mole) of 3-chloro-N,N-dimethylamino propane in the form
      of the hydrochloride salt and 144 g (3.6 mole) of sodium hydroxide. The
      suspension was mechanically stirred and heated to reflux for 18 hours. The
      reaction mixture thus prepared was filtered, the solids were washed with
      1,4-dioxane and the washings were combined with the filtered liquid. The
      solvent was removed under reduced pressure and an amber-colored viscous
      oil was obtained.
PAR  The oil was distilled under high vacuum (less than 1 mm Hg) while using a
      very slight dry nitrogen purge to obtain high and low boiling fractions.
      The low boiling fraction was identified as unreacted
      3-chloro-N,N-dimethylamino propane. The high boiling fraction had a
      boiling point of 148.degree.-154.degree.C at 2.5 mm Hg and was a clear
      viscous oil with an optical rotation of {.alpha.}.sub.D.sup.25 = -
      19.3.degree. neat (100 mm) and a density of 0.95 g/cc. The refractive
      index was .nu..sub.D.sup.26 =  1.4576. Gas chromatography showed a purity
      greater than 99%. An elemental analysis showed: C, 59.13; H, 8.99; N,
      4.12; O, 27.7. The yield was 80% of the novel compound
      1,2:5,6-di-O-isopropylidene-3-O-3'-(N'
      ,N'-dimethylamino-n-propyl)-D-glucofuranose.
PAR  A portion of the above oil (10 g) was hydrolyzed in aqueous sulfuric acid
      at a pH value of 1.9-2.1 for 10 hours with refluxing. The resulting
      solution was adjusted to a pH value of 4.5 with saturated Ba(OH).sub.2
      solution, centrifuged, and filtered through an ultrafine filter. The
      filtrate was lyophillized to a white-to-slightly yellow solid having a
      melting point of 78.degree.-80.degree.C. Gas chromatography data indicated
      above 99% purity of the novel compound
      3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucopyranose. In thin-layer
      chromatography, the flow rate on silica gel with a solvent mixture
      composed of n-propanol, ethyl acetate, H.sub.2 O and NH.sub.3 in the ratio
      by volume of 60:10:30:10, respectively, was R.sub.f =  0.356.
PAR  A portion of the oil is partially hydrolyzed to
      1,2-O-isopropylidene-3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucofuranose
      by dissolving it in distilled water and adjusting the pH of the
      approximately 1M solution to 3.0 .+-. 0.2 with 6N HCl. The solution is
      extracted twice with chloroform and the clear aqueous solution is refluxed
      for about 2 hours. Completion of partial hydrolysis reaction was monitored
      by gas chromatography from disappearance of the peak of parent compound
      and appearance of a new peak with larger retention time. The solution is
      then cooled, made alkaline with 30% sodium hydroxide to pH 10.5 and then
      extracted with chloroform. The chloroform phase is separated, dried over
      anhydrous magnesium sulfate and vacuum distilled to remove the solvent.
      The resulting colorless viscous oil has optical rotation of
      .alpha..sub.neat .degree. = - 12.degree. and refractive index of 1.4687 at
      25.degree.C. Alternatively, the compound can be obtained as the
      hydrochloride salt by lyophillizing the aqueous solution after partial
      hydrolysis at pH 4.0-4.5. A white crystalline material is obtained which
      is recrystallized from methanol. The crystalline hydrochloride of
      1,2-O-isopropylidene-3-O-3'-(N',N'-dimethylamino-n-propyl)-D-glucofuranose
      has a melting point of 181.degree.-183.degree.C and purity as indicated by
      gas chromatography is 98+%. Infrared spectrophotometry indicates the
      presence of a strong --OH band which is not present in the parent oil. The
      elemental analysis for the hydrochloride salt in a typical batch showed:
      C, 49.09; H, 8.40; N, 4.14; Cl, 10.32; O, 28.12. Theoretical values are as
      follows: C, 49.19; H, 8.19; N, 4.09; Cl, 10.39; O, 28.11.
PAR  The gas-liquid chromatograms for the above intermediate and final novel
      compounds were run on a Beckman GC, Model 72-5 with a hydrogen flame
      detector. The column used for the intermediate novel compound was a
      commercially available SE-52 column, wherein methyl phenyl resins act as
      stationary phases supported on Chromosorb W (H.P.) which is made by
      Johns-Manville Corporation. The final novel compound was chromatographed
      on a Chromosorb 103 glass column, which is packed with porous resins. The
      foregoing materials are commercially available.
PAC  EXAMPLE 2
PAR  Starting with 51 g (0.3 mole) of 4-chloro-N-methylpiperidine hydrochloride
      and 26 g (0.1 mole) of 1,2:5,6-di-O-isopropylidene-D-glucofuranose and 36
      g of NaOH in 150 ml 1,4-dioxane, condensation was accomplished using the
      general procedure outlined in Example 1. The residue remaining following
      vacuum distillation was dissolved and recrystallized from hot methanol.
      The melting point was 106.degree.-107.5.degree.C (sharp).
PAR  Hydrolysis of the above product in H.sub.2 SO.sub.4 at a pH value of 2.1
      yielded 3-O-4'-(N'-methylpiperidyl)-D-glucopyranose having an optical
      rotation of {.alpha.}.sub.D.sup.25 = + 38.42.degree. in H.sub.2 O. A gas
      chromatography analysis in accordance with Example 1 indicated that the
      purity of the product was in excess of 96%. The melting point was
      62.degree.-65.degree.C.
PAC  EXAMPLE 3
PAR  A solution of 0.1 mole of 1,2:5,6-di-O-isopropylidene-D-glucofuranose in 50
      ml of tetrahydrofuran was added to a suspension of 0.3 mole of
      2-chloro-N,N-diethylaminoethane hydrochloride and 36 g of sodium hydroxide
      in 100 ml of tetrahydrofuran. The suspension was mechanically stirred and
      refluxed overnight and the reaction mixture was treated as set out in
      Example 1. The desired product,
      1,2:5,6-di-O-isopropylidene-3-O-2'-diethylaminoethyl)-D-glucofuranose was
      obtained as a clear yellow liquid (boiling point
      144.degree.-150.degree.C/0.15 mm Hg) having an optical rotation of
      {.alpha.}.sub.D.sup.28 = - 20.6.degree. neat and a refractive index of
      .nu..sub.D.sup.25 =  1.4532. The liquid solidified on exposure to air,
      probably due to formation of the carbonate salt. The yield was 85%. Ten
      grams of the above product were hydrolyzed with aqueous sulfuric acid at a
      pH value of 1.9-2.1 for 10 hours under reflux. The resulting solution was
      adjusted to a pH value of 4-5 with saturated barium hydroxide solution and
      then centrifuged and filtered. Lyophillization of the filtrate yielded
      6.55 g of light brown crystalline
      3-O-2'-(N',N'-diethylaminoethyl)-D-glucopyranose. The optical rotation in
      water was {.alpha.}.sub.D.sup.25 = 36.33.degree.. A gas chromatography
      analysis in accordance with Example 1 indicated that the purity was in
      excess of 99%.
PAC  EXAMPLE 4
PAR  To 26 g (0.1 mole) of 1,2:5,6-di-O-isopropylidene-D-glucofuranose and 36 g
      (0.9 mole) of sodium hydroxide in 150 ml of refluxing tetrahydrofuran was
      added dropwise over 1 hour 0.3 mole of 3-bromopropionitrile in 50 ml of
      tetrahydrofuran. The reaction mixture was refluxed for an additional 6
      hours and then filtered. The solids were washed with tetrahydrofuran and
      the washings were combined with the filtrate. The solvent was removed
      under reduced pressure and solid
      1,2:5,6-di-O-isopropylidene-3-O-3'-propionitrile-D-glucofuranose was
      obtained. The decomposition point was 165.degree.C and it was light
      sensitive indicating utility in photographic applications.
PAR  Five grams (0.016 mole) of the above product was dissolved in anhydrous
      ether and added dropwise to a suspension of 0.76 g (0.02 mole) of lithium
      aluminum hydride in ether. The resulting complex was dissolved in cold
      hydrochloric acid and neutralized rapidly with sodium bicarbonate. The
      suspension thus produced was extracted with chloroform and the solvent was
      removed to obtain a yellow oil in a yield of 250 mg. Gas chromatography in
      accordance with Example 1 indicated a purity of 98% and there was a sharp
      infrared band at 3400 cm.sup..sup.-1. The oil was hydrolyzed at a pH value
      of 2.1 in sulfuric acid and lyophillized to dryness. The yield was 85 mg
      of 3-O-3'-(n-propylamino)-D-glucopyranose.
PAC  EXAMPLE 5
PAR  The 3-O-2'-(N',N' -dimethylaminopropyl) derivative of
      1,2;5,6-di-O-isopropylidene-D-glucofuranose was prepared by condensing 0.1
      mole of 1,2:5,6-di-O-isopropylidene-D-glucofuranose with 0.3 mole of
      2-chloro-N,N-dimethylamino propane hydrochloride in the presence of 0.9
      mole of sodium hydroxide in 150 ml of 1,4-dioxane. The reaction mixture
      was fractionally distilled under reduced pressure to obtain a yellow
      viscous oil (boiling point 142-145.degree.C/0.07 mm Hg) in 81% yield. The
      optical rotation was {.alpha.}.sub.D.sup.25 = -21.5.degree. neat and the
      refractive index was .nu. .sub.D.sup.25 = 1.4549. Gas chromatography in
      accordance with Example 1 indicated only one component.
PAR  The above prepared yellow viscous oil (10 g) was hydrolyzed with aqueous
      sulfuric acid at a pH value of 2.0 by refluxing for 10 hours. The pH value
      of the hydrolysate was adjusted to 4-5 with saturated barium hydroxide
      solution, filtered and lyophillized to obtain 10.5 g of light yellow
      crystals of 3-O-2'-(N',N' -dimethylaminopropyl)-D-glucopyranose. The
      optical rotation in water was {.alpha.}.sub.D.sup.25 = +37.86.degree.. Gas
      chromatography in accordance with Example 1 indicated a purity in excess
      of 82%.
PAR  A portion of the oil,
      1,2:5,6-di-O-isopropylidene-3-O-2'-(N',N'-dimethylaminopropyl)-D-glucofura
     nose, is partially hydrolyzed at pH 3.0 .+-. 0.2 as indicated in Example 1.
      A white crystalline hydrochloride salt is obtained on lyophillization. The
      salt obtained is highly hygroscopic, with gas chromatographic purity being
      of the order of 80%.
PAC  EXAMPLE 6
PAR  To 0.1 mole of 1,2:5,6-di-O-isopropylidene-D-glucofuranose was added 0.3
      mole of 2,N,N-trimethylaminopropyl chloride hydrochloride along with 36 g
      of sodium hydroxide. The general reaction procedure was in accordance with
      Example 1. The oil resulting from the reaction had a boiling point of
      144.degree.-146.degree.C at 0.6 mm Hg and an optical rotation of
      {.alpha.}.sub.D.sup.20 = -20.05.degree. neat.
PAR  The above product was hydrolyzed according to the general method outlined
      in Example 1 to obtain the desired
      3-O-3'-(2',N',N'-trimethylamino-n-propyl)-D-glucopyranose. The optical
      rotation of the product in water was {.alpha.}.sub.D.sup.20 =
      +38.0.degree..
PAR  A portion of the oil,
      1,2:5,6-di-O-isopropylidene-3-O-3'-(2',N',N'-trimethylamino-n-propyl)-D-gl
     ucofuranose, is partially hydrolyzed at pH 3.0 .+-. 0.2 according to the
      procedure mentioned in Example 1. A white crystalline
      1,2-O-isopropylidene-3-O-3'-(2',N',N'-trimethylamino-n-propyl)-D-glucofura
     nose hydrochloride was obtained which is highly hygroscopic in nature.
      Optical rotation of the hydrochloride salt at pH 7.0 and 25.degree.C is
      -21.33.degree.. Gas chromatography analysis indicated better than 99% pure
      major component.
PAC  EXAMPLE 7
PAR  Using the general method outlined in Example 1, 0.02 mole of
      1,2:5,6-di-O-isopropylidene-D-glucofuranose in 1,4-dioxane was reacted
      with 0.0225 mole of 2-(2-chloroethyl)-N-methylpyrrolidine hydrochloride
      and 0.0675 mole of sodium hydroxide. After 18 hours, the solvent was
      removed and the resulting orange oil was vacuum distilled under nitrogen.
      The residue consisted of the desired product,
      1,2:5,6-di-O-isopropylidene-3-O-2'-[2'-(N"-methyl)-pyrrolidyl}-ethyl-D-glu
     cofuranose having an optical rotation of {.alpha.}.sub.D.sup.25 =
      -22.95.degree. in chloroform.
PAC  EXAMPLE 8
PAR  1,2:5,6-di-O-isopropylidene-D-glucofuranose (0.1 mole) and
      N-(2-chloroethyl)-pyrrolidine hydrochloride (0.15 mole) are mechanically
      stirred and refluxed with 0.45 mole of sodium hydroxide in 150 ml of
      tetrahydrofuran for 18 hours. The tetrahydrofuran is removed from the
      reaction products and the resulting oil is vacuum distilled under
      nitrogen. The
      3-O-2'-{N'-pyrrolidyl)-ethyl}-1,2:5,6-di-O-isopropylidene-D-glucofuranose
      derivative has a boiling point of 165.degree.-171.degree.C/0.15 mm Hg. Gas
      chromatography indicates a purity of 99%. Using the hydrolysis procedure
      outlined in Example 1, 10 g of the blocked oil was hydrolyzed and
      lyophillized giving a white hygroscopic crystalline solid.
PAC  EXAMPLE 9
PAR  The N',N'-dimethylamino-n-pentyl derivative of
      1,2:5,6-di-O-isopropylidene-D-glucofuranose is made by condensing
      N,N-dimethylamino-n-pentyl-5-chloride hydrochloride with
      1,2:5,6-di-O-isopropylidene-D-glucofuranose in the presence of pulverized
      sodium hydroxide in freshly purified, dry 1,4-dioxane as described in the
      procedure in Example 1. The product was confirmed by gas chromatography
      and infrared spectra.
PAR  N,N-dimethylamino-n-pentyl chloride hydrochloride is made from a
      commercially available sample of N,N-dimethylamino-n-pentyl alcohol by
      treatment with thionyl chloride (SOCl.sub.2). Specifically, 10.7 g of
      thionyl chloride in a 250 ml three neck round bottom flask is cooled in a
      salt-ice water bath and stirred vigorously. To the cooled solution is
      added, dropwise, 10 g of N,N-dimethylamino-n-pentyl alcohol. The reaction
      is exothermic and the temperature is carefully controlled. The mixture is
      stirred for 1 hour after the evolution of SO.sub.2 and HCl subsides. The
      mixture is brought to room temperature and allowed to stir overnight.
      Absolute alcohol is added to destroy excess thionyl chloride. Ten grams of
      crude N,N-dimethylamino-n-pentyl chloride hydrochloride is obtained as a
      white solid. This is used directly for the condensation reaction with
      1,2:5,6-di-O-isopropylidene-D-glucofuranose without further purification.
      The alcohol and chloride can be resolved on a Chromosorb 103 gas
      chromatography column.
PAC  EXAMPLE 10
PAR  Bromine (9.8 g) was added slowly and dropwise to a mechanically stirred
      mixture of 50 g of cracked ice and a chilled aqueous sodium hydroxide
      solution (7 g/20 ml water). After the addition of bromine is complete, 15
      g of 1,2:5,6-di-O-isopropylidene-3-O-acetamido-D-glucofuranose (prepared
      by the general procedure outlined in Example 1 by the condensation of
      1,2:5,6-di-O-isopropylidene-D-glucofuranose with 2-chloroacetamide in the
      presence of sodium hydroxide) is added in four portions 15 minutes apart.
      The reaction mixture is heated for 1 hour in a water bath. After this
      time, an additional portion of the aqueous solution of sodium hydroxide
      (20 g/20 ml) is added and heating is continued for another hour. The
      mixture is cooled and extracted three times with ether. The ether extract
      is dried over anhydrous magnesium sulfate. The yellow hygroscopic solid
      remaining after evaporating off the ether is the desired
      1,2:5,6-di-O-isopropylidene-3-O-aminomethyl-D-glucofuranose derivative.
      The product was identified by the disappearance of the carbonyl stretching
      at 1670 cm.sup..sup.-1 found in the parent acetamido compound.
PAC  EXAMPLE 11
PAR  Well established methodology of the prior art was employed to determine the
      antiviral potency of derivatives of
      1,2-O-isopropylidene-D-glucofuranose.HCl against poliovirus, type 1, and
      rhinovirus, type 1A, in tissue cultures at 37.degree.C, employing HeLa
      cells with an agar overlay and WI-38 cells respectively. (See Wallis, C.,
      F. Morales, J. Powell, and J. L. Melnick, Plaque enhancement of
      enteroviruses by magnesium chloride, cysteine, and pancreatin. J.
      Bacteriol. 91:1932-1935, 1966.) Poliovirus cell injury was determined by
      the study of plaque formation and rhinovirus was examined for cytopathic
      effect. In Table I, the virus inhibiting effects of three concentrations
      of the 3-O-3'-(N',N'-dimethylamino-n-propyl) derivative are depicted. The
      results are given as the degree of inhibition of infectivity, identified
      as plaque formation in the poliovirus system and as cytopathic effect in
      the system studying rhinovirus. The results indicate that, at the
      appropriate dose, the drug can completely inhibit 1,000 plaque forming
      units (PFU) of poliovirus and a 1,000 TCID.sub.50 dose of rhinovirus 1A,
      which is a virus dose 1,000 times that amount required to kill 50% of the
      tissue cultured cells.
TBL  __________________________________________________________________________
     DERIVATIVES OF 1,2-O-ISOPROPYLIDENE-D-GLUCOFURANOSE . HCl                 
     TABLE I - SUMMARY OF ANTIVIRAL ACTIONS IN TISSUE CULTURE                  
                            Virus                                              
     Derivative                                                                
              Dose  System  Type   Titer  Determination                        
                                                  Drug Effect                  
     __________________________________________________________________________
     3-O-3'-(N',N'-                                                            
               1 .mu.g/ml                                                      
                    HeLa cells in                                              
                            Poliovirus                                         
                                   50 PFU.sup.1                                
                                          Plaque number                        
                                                  Total inhibition             
     dimethylamino- vitro with                                                 
                            type 1                                             
     n-propyl)      agar overlay                                               
     "        20 .mu.g/ml                                                      
                    "       "      250 PFU                                     
                                          "       "                            
     "        40 .mu.g/ml                                                      
                    "       "     1000 PFU                                     
                                          "       "                            
     3-O-3'-(N',N'-                                                            
               2 .mu.g/ml                                                      
                    WI-38 cells                                                
                            Rhinovirus                                         
                                  100 TCID.sub.50.sup.2                        
                                          Cytopathic                           
                                                  Total inhibition             
     dimethylamino-         type 1A       effect                               
     n-propyl)                                                                 
     "        20 .mu.g/ml                                                      
                    "       "     1000 TCID.sub.50                             
                                          "       "                            
     "        40 .mu.g/ml                                                      
                    "       "     1000 TCID.sub.50                             
                                          "       "                            
     __________________________________________________________________________
      .sup.1 plaque-forming units.                                             
      .sup.2 tissue culture infectious dose involving 50% of cells.            
PAC  EXAMPLE 12
PAR  Derivatives of 1,2 -O-isopropylidene-D-glucofuranose hydrochloride were
      examined for their capacity to suppress influenza A2 disease in mice and
      for their capacity to suppress death and nonlethal nervous system disease
      produced by the encephalomyocarditis virus in mice. In these studies, drug
      effect on lung pathology produced by a 15 ID.sub.50 dose of influenza
      virus was examined. This dose is 15 times the dose that produces disease
      in 50% of the animals. Disease and drug effect on disease were determined
      by lung weight increase and reduction thereof. In the encephalomyocarditis
      study, 10 times the dose capable of killing 50% of the animals was given,
      and the degree of nonlethal disease and death were determined, as well as
      drug inhibition of both of these parameters. The results for these
      experiments are summarized in Table II, and indicate the production of
      significant reduction in lung weight increase by drug, as well as a
      significant inhibition of death and nonlethal disease produced by
      encephalomyocarditis virus. These effects were more potent for the
      3-O-3'-(N',N'-dimethylamino-n-propyl) derivative than for the other two
      derivatives studied.
TBL  __________________________________________________________________________
     DERIVATIVES OF 1,2-O-ISOPROPYLIDENE-D-GLUCOFURANOSE . HCl                 
     TABLE II - SUMMARY OF ANTIVIRAL ACTIONS IN VIVO IN MICE                   
                             Virus                                             
     Derivative                                                                
              Dose   System  Type   Titer Determination                        
                                                  Drug Effect                  
     __________________________________________________________________________
     3-O-3'-(N',N'-                                                            
               20 mg/Kg                                                        
                     Mouse in vivo                                             
                             Influenza                                         
                                    15 ID.sub.50.sup.1                         
                                          Lung weight                          
                                                  Significant re-              
     dimethylamino-          type A       increase                             
                                                  duction in lung              
     n-propyl)                                    weight increase              
     3-O-3'-(N',N'-                                                            
               80 mg/Kg                                                        
                     Mouse in vivo                                             
                             Encephalo-                                        
                                    10 LD.sub.50.sup.2                         
                                          Involvement                          
                                                  Significant in-              
     dimethylamino-          myocarditis  of CNS.sup.3 and                     
                                                  hibition of death            
     n-propyl)                            death   and nonlethal                
                                                  disease                      
     "        160 mg/Kg                                                        
                     "       "      "     "       "                            
     3-O-2'-(N',N'-                                                            
               80 mg/Kg                                                        
                     "       "      "     "       Inhibition sig-              
     dimethylamino-                               nificant, but less           
     iso-propyl)                                  than n-propyl                
                                                  derivative                   
     "        160 mg/Kg                                                        
                     "       "      "     "       "                            
     3-O-3'-(2',N',                                                            
               80 mg/Kg                                                        
                     "       "      "     "       "                            
     N'-trimethyl-                                                             
     amino-n-propyl)                                                           
     "        160 mg/Kg                                                        
                     "       "      "     "       "                            
     __________________________________________________________________________
      .sup.1 infectious dose involving 50% of animals.                         
      .sup.2 lethal dose killing 50% of animals.                               
      .sup.3 central nervous system.                                           
PAC  EXAMPLE 13
PAR  Human embryonic fibroblast cells, WI-38 type, were obtained from
      Microbiological Associates and grown in maintenance medium 199 with 1%
      fetal calf serum in the presence and absence of either 2, 20, or 40 ug/ml
      of 1,2-O-isopropylidene- 3-O-
      3'-(N',N'-dimethylamino-n-propyl)-D-glucofuranose.HCl at 37.degree.C and
      34.degree.C. For cells grown at 37.degree.C, survival of tissue cultured
      cells in the absence of drug diminished progressively through day 15, at
      which time 95% of cells failed to metabolize and no longer formed a
      monolayer. At 34.degree.C, by 72 hours 95% of cells without drug were no
      longer actively metabolizing as determined by pH and a monolayer was no
      longer evident under microscopic examination. Addition of drug in the
      concentrations described above reduced this loss of viability by 75% at 15
      days and 72 hours at 37.degree.C and 34.degree.C respectively.
PAC  EXAMPLE 14
PAR  C57B1/6J mice bearing transplanted melanoma B-16 were obtained from The
      Jackson Laboratories. This tumor was transplanted into recipient C57BL/6J
      mice at 10 days and the behavior of tumor growth in recipient mice was
      observed over 2 months. During this period, 90% of control animals died
      manifesting metastatic spread to the liver, bowel and kidney. Animals
      treated with 80 mg/Kg per day 1,2 -O-isopropylidene- 3-O-
      3"-(N',N'-dimethylamino-n-propyl)-D-glucofuranose.HCl, injected
      subcutaneously, exhibited significant central necrosis of primary tumors
      and only 15% succumbed to such cancer metastasis.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound selected from the group consisting of
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylideneglucofuranose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2-O-isopropylidenglucosefuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2-O-isopropylideneglucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2-O-isopropylideneglucofuranose
PA1  3-O-2'-(N',N'-dimethylaminopropy)-1,2-O-isopropylideneglucosefuranose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidenegalactopyranose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidenegalactopyranose,
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:5,6-di-O-isopropylideneglucofuran
     ose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2:5,6-di-O-isopropyleneglucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2:5,6-di-O-isopropyleneglucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2:5,6-di-O-isopropyleneglucofur
     anose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2:5,6-di-O-isopropyleneglucofuranose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:3,4-di-O-isopropylidenegalactopyr
     anose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2:3,4-di-O-isopropylidenegalactopyrano
     se,
PA1  .alpha.
      -N',N'-dimethylamino-iso-propyl-2,3:5,6-di-O-isopropylideneglucofuranoside
PAL  and therapeutically effective and acceptable organic and inorganic acid
      salts thereof.
NUM  2.
PAR  2. A compound selected from the group consisting of
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-4-(N'-methylpiperidyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2O-isopropylidene-D-glucofuranose,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuran
     ose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-glucofuranose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-galactopyranos
     e,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-galactopyranose,
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glucofu
     ranose,
PA1  3-O-4'-(N'-methylpiperidyl)-1,2:5,6-di-O-isopropylidene-D-glucofuranose,
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2:5,6-di-O-isopropylidene-D-glucofurano
     se,
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glu
     cofuranose,
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2:5,6-di-O-isopropylidene-D-glucofuran
     ose,
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:3,4-di-O-isopropylidene-D-galacto
     pyranose,
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2:3,4-di-O-isopropylidene-D-galactopyr
     anose,
PA1  .alpha.
      -N',N'-dimethylamino-iso-propyl-2,3:5,6-di-O-isopropylidene-D-glucofuranos
     ide,
PAL  and therapeutically effective and acceptable organic and inorganic acid
      salts thereof.
NUM  3.
PAR  3. A compound in accordance with claim 2 wherein the compound is
      3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuranose
NUM  4.
PAR  4. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-4'-(N'-methylpiperidyl)-1,2-O-isopropylidene-D-glucofuranose.
NUM  5.
PAR  5. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2-O-isopropylidene-D-glucofuranose.
NUM  6.
PAR  6. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2-O-isopropylidene-D-gulcofuran
     ose.
NUM  7.
PAR  7. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-glucofuranose.
NUM  8.
PAR  8. A compound in accordance with claim 2 wherein the compound is
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-galactopyranos
     e.
NUM  9.
PAR  9. A compound in accordance with claim 2 wherein the compound is
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2-O-isopropylidene-D-galactopyranose.
NUM  10.
PAR  10. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glucofu
     ranose.
NUM  11.
PAR  11. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-4'-(N'-methylpiperidyl)-1,2:5,6-di-O-isopropylidene-D-gulcofuranose.
NUM  12.
PAR  12. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-2'-(N',N'-dimethylaminoethyl)-1,2:5,6-di-O-isopropylidene-D-glucofurano
     se.
NUM  13.
PAR  13. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-3'-(2',N',N'-trimethylamino-n-propyl)-1,2:5,6-di-O-isopropylidene-D-glu
     cofuranose.
NUM  14.
PAR  14. A compound in accordance with claim 2 wherein the compound is
PA1  3-O-2'-(N',N'-dimethylaminopropyl)-1,2:5,6-di-O-isopropylidene-D-glucofuran
     ose.
NUM  15.
PAR  15. A compound in accordance with claim 2 wherein the compound is
PA1  6-O-3'-(N',N'-dimethylamino-n-propyl)-1,2:3,4-di-O-isopropylidene-D-galacto
     pyranose.
NUM  16.
PAR  16. A compound in accordance with claim 2 wherein the compound is
PA1  6-O-2'-(N',N'-dimethylaminopropyl)-1,2:3,4-di-O-iospropylidene-D-galactopyr
     anose.
NUM  17.
PAR  17. A compound in accordance with claim 2 wherein the compound is
PA1  .alpha.
      -N',N'-dimethylamino-iso-propyl-2,3:5,6-O-isopropylidene-D-glucofuranoside
     .
NUM  18.
PAR  18. A compound in accordance with claim 1 wherein the compound is in the
      form of a salt of an acid selected from the group consisting of HCl, HBr,
      H.sub.2 SO.sub.4, HNO.sub.3, benzoic acid, p-aminobenzoic acid,
      p-acetamidobenzoic acid, p-hydroxybenzoic acid, alkane sulfonic acids,
      p-toluene sulfonic acid, lower alkyl monocarboxylic acids, oxalic acid,
      tartaric acid, lactic acid, pyruvic acid, malic acid, succinic acid,
      gluconic acid and glucuronic acid.
NUM  19.
PAR  19. A compound in accordance with claim 18 wherein the said compound is
      3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylideneglucofuranose.
NUM  20.
PAR  20. A compound in accordance with claim 19 wherein the said acid is HCl.
NUM  21.
PAR  21. A compound in accordance with claim 2 wherein the compound is in the
      form of a salt of an acid selected from the group consisting of HCl, HBr,
      H.sub.2 SO.sub.4, HNO.sub.3, benzoic acid, p-aminobenzoic acid,
      p-acetamidobenzoic acid, p-hydroxybenzoic acid, alkane sulfonic acids,
      p-toluene sulfonic acid, lower alkyl monocarboxylic acids, oxalic acid,
      tartaric acid, lactic acid, pyruvic acid, malic acid, succinic acid,
      gluconic acid and glucuronic acid.
NUM  22.
PAR  22. A compound in accordance with claim 21 wherein the said compound is
      3-O-3'-(N',N'-dimethylamino-n-propyl)-1,2-O-isopropylidene-D-glucofuranose
     .
NUM  23.
PAR  23. A compound in accordance with claim 22 wherein the said acid is HCl.
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ABST
PAL  New unsaturated 1,2-diazacyclododecanes, more particularly
      1,2-diazacyclododecatrienes-1,5,9 and 1,2-diazacyclododecanes-1 and a
      novel process for the preparation thereof are disclosed which process
      comprises reacting a 1,3-diolefin with an azine in the presence of certain
      nickel catalysts. Said process unexpectedly yields 12-membered ring
      compounds only, and more especially oligomerization products of 2 mols of
      a 1,3-diolefin and 1 mol of an azine, while deactivation of the nickel
      catalyst by the -N=N-bond is avoided.
BSUM
PAR  The present invention relates to new unsaturated 1,2-diazacyclododecanes
      and in particular 1,2-diazacyclododecatrienes-1,5,9 and
      1,2-diazacyclododecanes-1, a new process for their manufacture and their
      use as biocidal active compounds, and the biocidal agents containing the
      new 1,2-diazacyclododecanes as active compounds.
PAR  It is known from the literature that the cyclotrimerisation of butadiene
      can be directed into a cyclodimerisation by the addition of suitable
      ligands (electron donors) to catalysts containing nickel.
PAR  It has been found that unsaturated 1,2-diazacyclododecanes of the formula
      Ia or I.sup.b
      ##EQU1##
      WHEREIN R.sub.1 and R.sub.1 '  independently of one another denote an
      aliphatic, cycloaliphatic, araliphatic or carbocyclic-aromatic hydrocarbon
      radical and R.sub.2 and R.sub.2 ' independently of one another denote
      hydrogen or an aliphatic or cycloaliphatic hydrocarbon radical, or R.sub.1
      and R.sub.2, or R.sub.1 ' and R.sub.2 ', together with the carbon atom to
      which they are bonded, form a cycloaliphatic ring, R.sub.4 represents
      hydrogen or the methyl group and R.sub.3 and R.sub.3 ' each represent
      hydrogen, or R.sub.3 or R.sub.3 ' represents the methyl group if R.sub.4
      denotes hydrogen, are obtained in good to very good yields if a
      1,3-diolefine of the formula II
      ##EQU2##
      in which R.sub.3, R.sub.3 ' and R.sub.4 have the meaning given under
      formula I, is reacted at a temperature below 100.degree.C with an azine of
      the formula III
      ##EQU3##
      in which R.sub.1, R.sub.1 ', R.sub.2 and R.sub.2 ' have the meaning given
      under the formula I, in the presence of a catalyst which is obtained under
      reducing conditions by the action of an electron donor on compounds of
      nickel which are free of carbon monoxide, and the reaction product is
      optionally hydrogenated.
PAR  On the one hand, it is surprising that in spite of the use of nickel
      catalysts obtained by addition of electron donors no 8-membered rings but
      exclusively 12-membered rings are produced, and in particular that the
      co-oligomerisation products of 2 mols of 1,3-diolefine of the formula II
      and 1 mol of azine of the formula III are produced in high selectivity
      even if the 1,3-diolefine of the formula II is employed in excess. In
      contrast, in the known co-oligomerisation of 1,3-diolefines using
      analogous catalysts, for example in the cooligomerisation of 1,3-butadiene
      and isoprene, all other co-oligomerisation products are formed in
      approximately equal amounts alongside the predominantly produced
      cyclodimerisation product of 1,3-butadiene. On the other hand,
      surprisingly, no complex formation with the metal (nickel) takes place in
      the case of the systems according to the invention, whilst such is the
      case, for example, for azobenzenes; accordingly, the nickel catalyst is
      not deactivated by the --N=N-- grouping and can be reused.
PAR  Aliphatic, cycloaliphatic, araliphatic or carbocyclicaromatic hydrocarbon
      radicals represented by R.sub.1, R.sub.1 ', R.sub.2 or R.sub.2 ' can be
      unsubstituted or substituted. Possible substituents are, for example,
      halogen atoms such as chlorine or bromine, trifluoromethyl, nitro, nitrile
      and phenyl groups, or alkyl, alkoxy, alkylamino, dialkylamino or alkylthio
      groups, each with 1 to 4 carbon atoms in the alkyl part.
PAR  Possible aliphatic hydrocarbon radicals having the meanings of R.sub.1,
      R.sub.1 ', R.sub.2 or R.sub.2 ' are above all optionally substituted alkyl
      or alkenyl radicals with up to 18, especially up to four carbon atoms. As
      examples of such radicals there may be mentioned: methyl, ethyl,
      isopropyl, n-propyl, 2-methylpropyl, 2,2-dimethylpropyl, n-butyl,
      2-methylbutyl, 3-methylbutyl, 3,3-dimethylbutyl, but-2-enyl, n-pentyl,
      4-methylpentyl, n-hexyl, n-octyl, n-decyl, n-dodecyl, n-pentadecyl,
      n-hexadecyl, n-heptadecyl, n-octadecyl and cinnamyl groups.
PAR  If R.sub.1, R.sub.1 ', R.sub.2 or R.sub.2 ' represent cycloaliphatic
      hydrocarbon radicals, they are, in particular, 3-members to 8-membered
      cycloalkyl radicals which are optionally substituted by methyl groups,
      especially methylcyclohexyl radicals and above all the cyclohexyl radical.
PAR  If R.sub.1 or R.sub.1 ' denotes an araliphatic hydrocarbon radical, it is,
      for example, the phenethyl radical, but especially the benzyl radical.
PAR  Carbocyclic-aromatic hydrocarbon radicals which R.sub.1 or R.sub.1 ' can
      represent can be mononuclear or polynuclear, substituted or unsubstituted
      and condensed with heterocyclic structures, above all 5-membered or
      6-membered heterocyclic structures which contain O, S and/or N, for
      example with thiophene, furane, pyrrole, imidazole, pyrazole, pyridine,
      pyrimidine and pyridazine radicals. Examples of such carbocyclic-aromatic
      hydrocarbon radicals are the phenyl, 2-, 3- or 4-methylphenyl,
      4-methoxyphenyl, 4-chlorophenyl, 3,5-dibromophenyl, 3-nitrophenyl,
      3,5-dinitrophenyl, naphthyl-1, anthraquinone, fluorenone, benzofuran-6-yl,
      benzothien-6-yl, indol-6-yl and 3,4-methylenedioxyphenyl group.
      Preferably, R.sub.1 or R.sub.1 ' represents a phenyl or naphthyl radical
      which is optionally substituted or condensed with a heterocyclic
      structure.
PAR  If R.sub.1 and R.sub.2, or R.sub.2 ' and R.sub.2 ', together with the
      carbon atom to which they are bonded, form a cycloaliphatic ring, the
      latter is preferably unsubstituted and has three to 12, especially five to
      12, carbon atoms, such as the cyclopropyl, cyclopentyl, cyclohexyl,
      cyclooctyl and cyclododecyl ring.
PAR  In general, preferred unsaturated 1,2-diazacyclododecanes of the formula Ia
      or Ib according to the invention are those wherein R.sub.1 and R.sub.1 ',
      or R.sub.2 and R.sub.2 ', are identical and have the abovementioned
      preferred meaning.
PAR  According to a further preference, R.sub.1 and R.sub.1 ' each represent a
      alkyl or alkenyl radical with up to four carbon atoms which is optionally
      substituted by a phenyl group, the cyclohexyl radical, a phenyl radical
      which is optionally substituted in the 4-position by a halogen atom or an
      alkyl or alkoxy group with 1 to 4 carbon atoms, especially a chlorine atom
      or a methoxy group, the naphthyl-1 radical or the 3,4-methylenedioxyphenyl
      radical, and R.sub.2, R.sub.2 ', R.sub.3 '  and R.sub.4 each represent
      hydrogen.
PAR  Further preferred unsaturated 1,2-diazacyclododecanes of the formula Ia or
      Ib are those wherein R.sub.1, R.sub.1 ', R.sub.2 and R.sub.2 ' each
      represent a saturated, unsubstituted alkyl radical with one to four carbon
      atoms, especially the methyl group, or R.sub.1 and R.sub.2, as well as
      R.sub.1 ' and R.sub.2 ', each form, together with the carbon atom to which
      they are bonded, an unsubstituted cycloaliphatic ring with five to 12
      carbon atoms, and R.sub.3, R.sub.3 ' and R.sub.4 each denote hydrogen.
PAR  1,2-Diazacyclododecatriene-1,5,9 of the formula I, wherein R.sub.1 and
      R.sub.1 ' each denote the ethyl group and R.sub.2, R.sub.2 ', R.sub.3,
      R.sub.3 ' and R.sub.4 each denote hydrogen, has proved particularly
      valuable.
PAR  The 1,3-diolefines of the formula II used as starting products, namely
      butadiene-1,3,2 -methyl-butadiene-1,3 and hexadiene-2,4, are known.
      Butadiene-1,3 is preferentially used in the process according to the
      invention.
PAR  The azines of the formula III are also known or can be manufactured in a
      manner which is in itself known. Symmetrical azines, that is to say
      compounds of the formula III in which R.sub.1 and R.sub.1 ' or R.sub.2 and
      R.sub.2 ' are each identical can be manufactured, for example, by
      condensation of appropriate aldehydes or ketones with hydrazine or
      hydrazine derivatives, such as hydrazine hydrate, hydrazine sulphate or
      hydrazine hydrochloride.
PAR  Asymmetrical azines, that is to say compounds of the formula III in which
      R.sub.1 and R.sub.1 ', and/or R.sub.2 and R.sub.2 ', have different
      meanings can be obtained, for example, by reaction of a hydrazone with
      aldehydes, ketones of quinones or by reaction of a hydrazone with the
      Schiff's base of an aldehyde.
PAR  The following may be mentioned as examples of suitable azines of the
      formula III: diethylidenehydrazine (acetaldazine),
      di-n-propylidenehydrazine (propionaldazine), di-n-butylidenehydrazine
      n-butyraldazine), bis-(2-methylpropylidene)-hydrazine (isobutyraldazine),
      bis-(2,2-dimethylpropylidene)-hydrazine (neopentanaldazine),
      bis-(3,3-dimethylbutylidene)-hydrazine, bis-(2-methylbutylidene)-hydrazine
      (isopentanaldazine), di-n-pentylidenehydrazine, di-n-hexylidenehydrazine,
      di-n-heptylidenehydrazine, di-n-octylidenehydrazine,
      di-n-nonylidenehydrazine, di-n-decylidenehydrazine,
      di-n-dodecylidenehydrazine, di-n-pentadecylidenehydrazine,
      di-h-hexadecylidenehydrazine, di-n-heptadecylidenehydrazine,
      di-n-octadecylidenehydrazine, dibuten-2-ylidenehydrazine (crotonaldazine),
      dicinnamylidenehydrazine, bis-(cyclopropyl-methylidene)-hydrazine,
      bis-(cyclobutyl-methylidene)-hydrazine,
      bis-(cyclohexyl-methylidene)-hydrazine,
      bis-(cyclooctyl-methylidene)-hydrazine, bis-(phenethylidene)-hydrazine,
      bis-(.gamma.-phenylpropylidene)-hydrazine, dibenzylidenehydrazine
      (benzaldazine), bis-(4-chlorobenzylidene)-hydrazine,
      bis-(3-nitrobenzylidene)-hydrazine, bis-(2-, 3- or
      4-methylbenzylidene)-hydrazine, bis-(4-methoxybenzylidene)-hydrazine
      (p-anisaldazine),bis-(naphth-1-yl-methylidene)-hydrazine
      (naphthalene-1-aldazine), bis-(3,4- methylenedioxybenzylidene)-hydrazine
      (piperonaldazine), di-isopropylidenehydrazine (acetonazine),
      bis-[butylidene-(2)]-hydrazine (butanonazine),
      bis-[3-methyl-butyliden-(2)]-hydrazine,
      bis-[3,3-dimethyl-butylidene-(2)]-hydrazine,
      bis-[pentylidene-(2)]-hydrazine, bis-[pentylidene-(3)]-hydrazine,
      bis-[4-methyl-pentylidene-(2)]-hydrazine, bis-[hexylidene-(2)]-hydrazine,
      bis-[heptylidene-(3)]-hydrazine, bis-(dicyclohexyl-methylidene)-hydrazine,
      ethylidene-3-nitrobenzylidene)-hydrazine,
      (3-nitrobenzylidene)-benzylidene-hydrazine, dicyclohexylidenehydrazine
      (cyclohexanonazine), and dicyclododecylidenehydrazine
      (cyclododecanonazine).
PAR  The catalysts which can be used in the process according to the invention
      are in themselves known; preferably, catalysts are used which are obtained
      by the reduction of compounds of nickel which are free of carbon monoxide,
      with organo-metallic compounds which are free of halogen, such as
      metal-alkyls or metal-aryls, in the presence of electron donors.
PAR  Examples of suitable compounds of nickel which are free of carbon monoxide
      are nickel acetylacetonate, nickel dimethylglyoxime, nickel formate and
      dicyclopentadienyl-nickel; nickel acetylacetonate is preferred.
PAR  Possible metal-alkyls or metal-aryls according to the definition are, for
      example, n-butyl-lithium or methyl-lithium, trimethyl-aluminium or
      triethyl-aluminium, ethoxydiethyl-aluminium, tributyl-gallium and
      diethyl-zinc; the use of ethoxy-diethyl-aluminium as a reducing agent has
      proved particularly advantageous.
PAR  The electron donors used are Lewis bases, such as cyclic ethers,
      alkylphosphines or arylphosphines, alkylphosphites or arylphosphites and
      the corresponding compounds of arsenic and antimony, for example dioxane,
      tetrahydrofurane, tetrahydropyrane, triethylphosphine,
      tricyclohexylphosphine, triphenylphosphine, triethylarsine,
      triethylarsine, triphenylarsine, triphenylantimony, triphenylphosphite,
      tris-o-cresyl-phosphite, tris-o-methoxyphenyl-phosphite,
      o-biphenylyl-diphenylphosphite and tris-o-biphenylyl-phosphite.
      Triphenylphosphine is used preferentially.
PAR  The nickel compound and the electron donor are appropriately used in a
      mutual molar ratio of 1:1 to about 1:3, whilst the reducing agent is used
      in an approximately 2-fold to 10-fold excess, relative to the nickel
      compound.
PAR  Usually, the catalyst is manufactured in situ by reduction of the nickel
      compound which is free of carbon monoxide, in the presence of the electron
      donor, in an inert solvent which already contains the starting diolefine
      of the formula II. The reduction can be carried out through addition of
      one of the abovementioned reducing agents or electrolytically. On the
      other hand, it is also possible to use, for the reaction of the
      1,3-diolefine of the formula II with the azine of the formula III, a
      nickel-O-complex which has been isolated beforehand, such as the
      ethylene-bis-(triphenylphosphine)-Ni-(O)-complex, the
      bis-cyclooctadiene-(1,5)-nickel(O)-complex or the
      trans-cyclododecatriene-(1,5,9)-nickel(O)-complex.
PAR  The reaction according to the invention is advantageously carried out in
      the presence of an inert organic solvent. Possible solvents are, in
      particular, optionally halogenated aliphatic or aromatic hydrocarbons or
      aliphatic and cycloaliphatic ethers, such as n-hexane, n-heptane, benzene,
      toluene, chlorobenzene, diethyl ether and dioxane. It is very particularly
      preferred to carry out the reaction under anhydrous conditions, above all
      in anhydrous toluene. It is however also possible to use an excess of the
      starting diolefine of the formula II as the solvent both already during
      the manufacture of the catalyst and during the subsequent reaction with
      the azine of the formula III.
PAR  If the reaction is carried out in the presence of an organic solvent it is
      possible -- without significantly impairing the yields of
      1,2-diazacyclododecatrienes-1,5,9 of the formula Ia -- to work either with
      stoichiometric amounts of 1,3-diolefine of the formula II and azine of the
      formula III or with a slight excess of 1,3-diolefine.
PAR  The process according to the invention can be carried out under normal
      pressure or under excess pressure, for example under an excess pressure of
      up to about 10 bars; preferably, an initial pressure of about 1 bar is
      used.
PAR  Though the reaction can be carried out at temperatures of up to
      100.degree.C, a temperature range of 20.degree.C to 40.degree.C is
      preferred. Furthermore, it is advisable to carry out the reaction under a
      protective gas, such as nitrogen or argon.
PAR  The 1,2-diazacyclododecatrienes-1,5,9 of the formula Ia obtained after the
      reaction can, if desired, be converted into the corresponding
      1,2-diazacyclododecenes-1 of the formula Ib in a manner which is in itself
      known, by hydrogenation, for example by catalytic hydrogenation.
PAR  The 1,2-diazacyclododecatrienes-1,5,9 of the formula Ia, manufactured
      according to the invention, can be isolated and purified in the usual
      manner, for example by means of repeated distillation.
PAR  The new unsaturated 1,2-diazacyclododecanes of the formula Ia or Ib are
      colourless to slightly yellowish liquids or crystals and can be in either
      the trans-configuration or the cis-configuration but are predominantly
      obtained in the trans-form. In the formulae of the examples which follow,
      all compounds have therefore been represented in the transform. The
      reactions were carried out under a protective gas (nitrogen or argon).
DETD
PAC  EXAMPLE 1
      ##SPC1##
PAR  2.2 g (8.5 mmols) of nickel acetylacetonate and 2.2 g (8.4 mmols) of
      triphenylphosphine in 100 ml of absolute toluene, in which 40 g (0.74 mol)
      of butadiene-1,3 are dissolved, are reduced with 3.2 ml (21 mmols) of
      ethoxy-diethyl-aluminium at 0.degree.C to 20.degree.C. After stirring the
      reaction mixture for 1 hour at 20.degree.C, a clear, orange-red-coloured
      catalyst solution results. Thereafter 20 g (0.24 mol) of
      diethylidene-hydrazine (acetaldazine) are added in one portion to the
      catalyst solution at 0.degree.C and after a further hour the reaction
      mixture is warmed to 30.degree.C and kept for 20 hours at this temperature
      (initial pressure approx. 1 bar). Thereafter the reaction is interrupted
      and the reaction solution is subjected to a distillation at 10.sup.-.sup.3
      mm Hg and a bath temperature of maximally 100.degree.C. After a further
      fine distillation using a split-tube column, 31.5 g of
      3,12-dimethyl-1,2-diazacyclododecatriene-1,5,9 are obtained; yield: 69% of
      theory, relative to diethylidene-hydrazine reacted (conversion 100%);
      boiling point (0.2 mm Hg) = 63.degree.-66.degree.C; n.sub.D.sup.20 =
      1.4861. The residue contained 6 g of higher polymers in addition to the
      catalyst.
PA0  Ms-spectrum: molecule peak 192, fragment masses 177, 82, 67 and 54;
PA0  H.sup.1 --nmr spectrum: .delta. = 5(m), 3.5-3.8(m), 1.5-2.8(m), 1.2(d) in
      the ratio of 4:2:8:6.
PAC  EXAMPLE 2
PAR  2.2 g (8.5 mmols) of nickel acetylacetonate and 2.2 g (8.4 mmols) of
      triphenylphosphine, in 100 ml of anhydrous benzene in which 41 g (0.75
      mol) of butadiene-1,3 are dissolved, are reduced with 2.7 ml (20 mmols) of
      triethyl-aluminium at 0.degree.- 20.degree.C. After carrying out the
      catalysis and working up the reaction product as indicated in Example 1,
      the same amount of 3,12-dimethyl-1,2-diazacyclododecatriene-1,5,9 is
      obtained.
PAC  EXAMPLE 3
PAR  If the procedure indicated in Example 1 is followed but instead of 2.2 g
      (8.4 mmols) of triphenylphosphine 2.6 g (8.4 mmols) of triphenylphosphite
      are used, 3,12-dimethyl-1,2-diazacyclododecatriene-1,5,9 is obtained in
      practically the same yield as in Example 1, after a reaction time of 15
      days and working up the reaction product as in the example mentioned.
PAC  EXAMPLE 4
PAR  If the procedure indicated in Example 1 is followed but instead of 2.2 g
      (8.4 mmols) of triphenylphosphine 3.09 g (8.4 mmols) of
      tris-o-cresyl-phosphite are used,
      3,12-dimethyl-1,2-diazacyclododecatriene-1,5,9 is obtained in practically
      the same yield as in Example 1, after a reaction time of 22 days and
      working up the reaction product as indicated in the example mentioned.
PAC  EXAMPLE 5
      ##SPC2##
PAR  If, whilst otherwise following the same procedure, the
      diethylidenehydrazine in Example 1 is replaced by 20 g (0.178 mol) of
      di-n-propylidenehydrazine (propionaldazine), 34.8 g of 3,12
      -diethyl-1,2-diazacyclododecatriene-1,5,9 are obtained after working up
      and fine distillation of the reaction product at 10.sup..sup.-3 mm Hg as
      described in Example 1; yield: 89% of theory relative to
      di-n-propylidenehydrazine converted (conversion 100%); boiling point (0.01
      mm Hg) = 63.degree.C.
PA0  Ms-spectrum: molecule peak 220, fragment masses 191, 96, 81, 67 and 54.
PA0  H.sup.1 -nmr spectrum: .delta. = 5(m), 3.7 (m), 3.3 (m), 2.9-1.5 (m), 0.8
      (t) in the ratio of 4 : 2 : 12 : 6.
PAC  EXAMPLE 6
      ##SPC3##
PAR  A catalyst solution is prepared as described in Example 1 and 20 g (0.096
      mol) of dibenzylidenehydrazine (benzaldazine) are added thereto. After 48
      hours, the reaction is interrupted, and the mixture is distilled, directly
      from the reaction vessel, at 10.sup..sup.-2 mm Hg and a bath temperature
      of at most 90.degree.C. Sufficient boiling ethanol is added to the
      distillation residue that the entire residue dissolves. After
      recrystallisation from ethanol, 18 g of
      3,12-diphenyl-1,2-diazacyclododecatriene-1,5,9 are obtained as colourless
      crystals; yield 58% of theory, relative to dibenzylidenehydrazine
      converted (conversion 100%); melting point 146.degree.-147.degree.C.
PA0  Ms-spectrum: molecule peak 316, fragment masses 288, 144, 143, 129, 91, 77
      and 66.
PA0  H.sup.1 --nmr spectrum: .delta. = 7.3(s), 5.15(m), 4.28-4.60 (each 2d),
      3.5-1.7 (m) in the ratio of 10:4:2:8.
PA0  Analysis for C.sub.22 H.sub.24 N.sub.2 : Calculated-- C 83.48%, H 7.65%, N
      8.86%. Found-- C 83.49%, H 7.66%, N 9.03%.
PAC  EXAMPLE 7
      ##SPC4##
PAR  3,12-Diphenyl-1,2-diazacyclododecatriene-1,5,9, manufactured according to
      Example 6, is hydrogenated under normal pressure and at room temperature
      (approx. 25.degree.C) on a platinum-charcoal catalyst (5% platinum); 2
      mols of hydrogen are taken up and 3,12-diphenyl-1,2-diazacyclododecene-1
      is obtained; melting point 79-80.degree.C. The
      1,2-diazacyclododecatrienes-1,5,9, described in the remaining examples can
      be hydrogenated analogously.
PAC  EXAMPLE 8
PAR  If in Example 6, whilst otherwise following the same procedure, only the
      stoichiometrically required amount (11 g = 0.2 mol) of butadiene-1,3 is
      used instead of an excess, 3,12-diphenyl-1,2-diazacyclododecatriene-1,5,9
      is obtained in practically the same yield.
PAC  EXAMPLE 9
PAR  2.75 g (10 mmols) of bis-cyclooctadiene-1,5-nickel-(O) and 2.62 g (10
      mmols) of triphenylphosphine are dissolved in 300 ml of anhydrous benzene
      which contains 54 g (1 mol) of butadiene-1,3, at -10.degree.C to
      0.degree.C. A clear, homogeneous orange-coloured solution results.
      Thereafter, 52.8 g (0.25 mol) of dibenzylidenehydrazine (benzaldazine) are
      added and the reaction mixture is stirred for 48 hours at 20.degree.C.
      After working up the reaction product as indicated in Example 6,
      3,12-diphenyl-1,2-diazacyclododecatriene-1,5,9 is obtained in practically
      the same yield as in Example 6.
PAC  EXAMPLE 10
      ##SPC5##
PAR  A catalyst solution is prepared as described in Example 1 and 20 g (0.075
      mol) of bis-(4-methoxybenzylidene)-hydrazine (p-anisaldazine) are
      subsequently added thereto. After a reaction time of 15 hours at
      30.degree.C, the reaction mixture is cooled to -70.degree.C and filtered,
      and the filter residue is washed with cold diethyl ether. 20.1 g of
      3,12-di-4-methoxyphenyl-1,2-diazacyclododecatriene-1,5,9 are thus obtained
      in the form of colourless crystals; melting point
      167.degree.-169.degree.C. A further 2.1 g of the product of the above
      formula can be obtained by concentrating the mother liquor; yield 79% of
      theory, relative to bis-(4-methoxy-benzylidene)-hydrazine converted
      (conversion 100%).
PA0  Ms spectrum: molecule peak 376, fragment masses 348, 240, 173, 159, 121 and
      91.
PA0  H.sup.1 -nmr spectrum: .delta. = 6.85-7.45(m), 5.25(m), 4.28-4.64 (each
      2d), 3.80 (s), 1.80-3.30 (m) in the ratio of 8:4:2:6:8.
PA0  Analysis for C.sub.24 H.sub.28 N.sub.2 O.sub.2 : Calculated-- C 76.56%, H
      7.50%, N 7.44%. Found--C 76.70%, H 7.60%, N 7.50%.
PAC  EXAMPLE 11
      ##SPC6##
PAR  If, whilst otherwise following the same procedure, the
      dibenzylidenehydrazine in Example 6 is replaced by 20 g (0.067 mol) of
      piperonaldazine, 19.2 g of
      3,12-di-(3,4-methylenedioxyphenyl)-1,2-diazacyclododecatriene-1,5,9 are
      obtained; melting point 160.degree.-161.degree.C (decomposition); yield
      71% of theory, relative to piperonaldazine converted (conversion 100%).
PA0  Ms spectrum: molecule peak 404, fragment masses 376, 268, 188, 187, 173,
      157 and 135.
PA0  H.sup.1 --nmr spectrum: .delta. = 6.98 (s), 6.85 (s), 6.0 (s), 5.25 (m),
      4.20-4.58 (2d), 1.7-3.3 (m) in the ratio of 2:4:4:4:2:8.
PA0  Analysis for C.sub.24 H.sub.24 N.sub.2 O.sub.4 : Calculated--C 71.25%, H
      5.98%, N 6.93%. Found--C 70.80%, H 6.10%, N 6.90%.
PAC  EXAMPLE 12
      ##SPC7##
PAR  If, whilst otherwise using the same procedure, twice the amount of catalyst
      (nickel acetylacetonate and triphenylphosphine) is used in Example 1, and
      instead of 20 g of diethylidenehydrazine 55.4 g (0.494 mol) of
      diisopropylidenehydrazine (acetonazine) are used, 69 g of 3,3',12,12'
      -tetramethyl-1,2-diazacyclododecatriene-1,5,9 are obtained, in the form of
      a colourless liquid, after distillation using a split tube column; boiling
      point (0.03 mm Hg) = 63.degree.C; yield 64% of theory relative to
      diisopropylidenehydrazine converted (conversion 100%).
PA0  Ms spectrum: molecule peak 220, fragment masses 205, 192. 96 and 81.
PA0  H.sup.1 --nmr spectrum: .delta. = 4.95 (m), 2.35-2.50 (m), 1.90-2.10 (m),
      1.15 (s) in the ratio of 4:4:4:12.
PAC  EXAMPLE 13
      ##SPC8##
PAR  The procedure described in Example 6 is followed but using 14.4 g (0.04
      mol) of dicyclododecylidenehydrazine (cyclododecanonazine) instead of 20 g
      of dibenzylidene-hydrazine, and carrying out the reaction at 35.degree.C
      for 40 hours. From the distillation residue, 3.0 g of the compound of the
      above formula can be isolated, in the manner described in Example 6, in
      the form of colourless crystals; melting point 195.degree.-196.degree.C;
      yield 32% of theory relative to dicyclododecylidenehydrazine converted
      (conversion 50%).
PA0  Ms spectrum: molecule peak 468, fragment masses 440, 220 and 166.
PA0  H.sup.1 --nmr spectrum: .delta. = 5 (m), 2.35-2.55 (m), 1.90-2.10 (m), 1.55
      (s), 1.40 (s) in the ratio of 4:4:4:8:36.
PA0  Analysis for C.sub.32 H.sub.56 N.sub.2 : Calculated-- C 81.9%, H 12.06%, N
      5.99%, Found--81.3%, H 12.1%, N 6.2%.
PAC  EXAMPLE 14
      ##SPC9##
PAR  If, whilst otherwise following the same procedure, the 20 g of
      diethylidenehydrazine in Example 1 are replaced by 16.6 g (0.12 mol) of
      bis-(2-methylpropylidene)-hydrazine (isobutyraldazine), 21.3 g of
      3.12-diisopropyl-1,2-diazacyclododecatriene-1,5,9 are obtained after the
      fine distillation at 1 mm Hg; boiling point (1 mm Hg) = 124.degree.C;
      yield 72% of theory relative to bis-(2-methylpropylidene)-hydrazine
      converted (conversion 100%).
PA0  Ms spectrum: molecule peak 248, fragment masses 205, 110 and 95.
PA0  H.sup.1 -nmr spectrum: .delta. = 5.1 (m), 3.75 (m), 3.05 (m), 1.5-2.9 (m),
      0.85-1.15 (each 2d) in the ratio of 4:2:2:8:12.
PAC  EXAMPLE 15
      ##SPC10##
PAR  Example 10 is repeated but using, instead of 20 g of
      bis-(4-methoxybenzylidene)-hydrazine, 20 g (0.072 mol) of
      bis-(4-chlorobenzylidene)-hydrazine (p-chlorobenzaldazine). After working
      up the reaction product as described and recrystallising it once from
      toluene, 4.15 g of 3,12-di-4-chlorophenyl-1,2-diazacyclododecatriene-1,5,9
      are obtained in the form of colourless crystals; melting point
      155.degree.-158.degree.C (decomposition); yield 15% of theory relative to
      bis-(4-chlorobenzylidene)-hydrazine converted (conversion 100%).
PA0  Ms spectrum: molecule peak 384, 386 and 388, (6:4:1), fragment masses 356,
      358, 360 (6:4:1), 178, 180 (3:1), 177, 179, (3:1), 163, 165 (3:1) and 143.
PA0  H.sup.1 -nmr spectrum: .delta. -- 7.4 (m), 5.25 (m), 4.28-4.62 (each 2d),
      1.9-3.4 (m) in the ratio of 8:4:2:8.
PA0  Analysis for C.sub.22 H.sub.22 N.sub.2 Cl.sub.2 : Calculated--C 68.64%, H
      5.76%, N 7.28%. Found-- C 68.97%, H 5.86%, N 7.06%.
PAC  EXAMPLE 16
      ##SPC11##
PAR  2.2 g (8.5 mmols) of nickel acetylacetonate and 2.2 g (8.4 mmols) of
      triphenylphosphine, in 100 ml of anhydrous toluene in which 13.86 g (0.256
      mol) of butadiene-1,3 are dissolved, are reduced with 3.2 ml (21 mmols) of
      ethoxy-diethyl-aluminium at 0.degree.C to 20.degree.C. After stirring the
      reaction mixture for 1 hour at 20.degree.C, a clear, orange-red-coloured
      solution is produced. To this solution, 15 g (0.0485 mol) of
      naphthalene-1-aldazine are subsequently added in one portion, at
      0.degree.C. Thereafter the reaction mixture is warmed to 30.degree.C and
      kept at this temperature for 18 hours. After this time, the reaction is
      interrupted and the mixture is distilled directly from the reaction
      vessel, at 10.sup..sup.-3 mm Hg and a bath temperature of -70.degree.C to
      +10.degree.C, into a receiver cooled with liquid nitrogen. The residue is
      washed with cold diethyl ether. 10 g of slightly yellowish-coloured
      crystals of 3,12-dinaphthyl-1,2-diazacyclododecatriene-1,5,9 are left;
      after recrystallisation from ethanol, these are colourless and have a
      melting point of 129.degree.C (decomposition); yield 49% of theory,
      relative to naphthalene-1-aldazine converted (conversion 100%).
PA0  Ms spectrum: molecule peak 416, fragment masses 388, 277, 194, 193 and 179.
PA0  H.sup.1 --nmr spectrum: .delta. = 7.12-8.22 (m), 5.92-6.34 (2d), 5.37 (m),
      2.95 (m), 2.18 (m) in the ratio of 14:2:4:4:4.
PA0  Analysis for C.sub.30 H.sub.28 N.sub.2 : Calculated -- C 86.5%, H 6.78%, N
      6.73%. Found -- C 85.8%, H 6.8%, N 6.6%.
PAC  EXAMPLE 17
      ##SPC12##
PAR  Example 16 is repeated but using 10 g (0.185 mol) of butadiene-1,3 instead
      of 13.86 g and 15 g (0.0575 mol) of dicinnamylidenehydrazine
      (cinnamaldazine) instead of 15 g of naphthalene-1-aldazine. 12.6 g of
      3,12-distyryl-1,2-diazacyclododecatriene-1,5,9 are obtained in the form of
      slightly yellowish-coloured crystals; melting point 135.degree.C; yield
      58% of theory relative to cinnamaldazine converted (conversion 100%).
PA0  Ms spectrum: molecule peak 368, fragment masses 340, 170, 169 and 155.
PA0  H.sup.1 -nmr spectrum: .delta. = 7.30 (m), 6.5 (d), 5.2 (m), 3.88-4.35
      (each 2d), 1.70-3.30 (m) in the ratio of 10:4:4:2:8.
PA0  Analysis for C.sub.26 H.sub.28 N.sub.2 : Calculated -- C 84.7%, H 7.9%, N
      7.6%. Found -- C 84.65%, H 7.77%, N 7.37%.
PAC  EXAMPLE 18
PAR  Example 6 is repeated, but using 13.6 g (0.255 mol) of butadiene-1,3
      instead of 40 g, and 20 g (0.104 mol) of dicyclohexylidenehydrazine
      (cyclohexanonazine) instead of 20 g of dibenzylidenehydrazine. 16.3 g of
      1,2-diazacyclododecatriene-1,5,9 of the formula
      ##SPC13##
PAL  are obtained in the form of colourless crystals; melting point
      62-64.degree.C; yield 52% of theory relative to cyclohexanonazine
      converted (conversion 100%).
PA0  Ms spectrum: molecule peak 300, fragment masses 272, 136, 135 and 121.
PA0  H.sup.1 --nmr spectrum: .delta. = 4.98 (m), 2.45 (m), 1.98 (m), 1.4-1.80
      (m) in the ratio of 4:4:4:20.
PA0  Analysis for C.sub.20 H.sub.32 N.sub.2 : Calculated -- C 80.07%, H 10.75%,
      N 9.3%. Found -- C 79.0%, H 10.7%, N 8.9%.
PAC  EXAMPLE 19
      ##SPC14##
PAR  2.2 g (8.5 mmols) of nickel acetylacetonate and 2.2 g (8.4 mmols) of
      triphenylphosphine, in 100 ml of anhydrous toluene in which 52 g (0.965
      mol) of butadiene-1,3 are dissolved, are reduced with 3.2 ml (21 mmols) of
      ethoxy-diethyl-aluminium at 0.degree.C to 20.degree.C. After stirring the
      reaction mixture for 1 hour at 20.degree.C, a clear solution, coloured
      orange-red, is obtained. Thereafter, 54 g (0.24 mol) of
      bis-(cyclohexyl-methylidene)-hydrazine (cyclohexylaldazine) are added to
      this solution in one portion, at 0.degree.C, and the reaction mixture is
      stirred further at room temperature. After 40 minutes, a strongly
      exothermic reaction occurs. The reaction mixture is cooled to
      -70.degree.C, the product which has precipitated is filtered off, and the
      filter residue is washed with cold diethyl ether and dried.
PAR  58 g of 3,12-dicyclohexyl-1,2-diazacyclododecatriene-1,5,9 are obtained as
      colourless crystals of melting point 102.degree.-103.degree.C; yield 79%
      of theory relative to bis-(cyclohexyl-methylidene)-hydrazine converted
      (conversion 100%). A further 4.4 g of
      3,12-dicyclohexyl-1,2-diazacyclododecatriene-1,5,9 can be isolated by
      concentrating the mother liquor, corresponding to a total yield of 85% of
      theory. MS spectrum: molecule peak 328, fragment masses 300, 245, 150, 149
      and 135.
PA0  H.sup.1 --nmr spectrum: .delta. = 4.95 (m), 3.10 (m), 2.50 (m), 1.40-2.35
      (m), 1.15 (d) in the ratio of 4:2:4:18:8.
PA0  Analysis for C.sub.22 H.sub.36 N.sub.2 : Calculated -- C 80.42%, H 11.04%,
      N 8.53%. Found -- C 80.44%, H 10.96%, N 8.53%.
PAC  EXAMPLE 20
PAR  If the procedure indicated in Example 19 is followed but using a reaction
      temperature of 40.degree.C and passing in butadiene-1,3 so that all the
      butadiene-1,3 is absorbed immediately (pressure-free process), the same
      reaction time and working up of the reaction product as in the example
      mentioned gives 3,12-dicyclohexyl-1,2-diazacyclododecatriene-1,5,9 in
      practically the same yield.
PAC  EXAMPLE 21
PAR  Example 6 is repeated, but using 16.5 g of dicyclopentylidenehydrazine
      (cyclopentanonazine) instead of 20 g of dibenzylidenehydrazine. 18 g of
      1,2-diazacyclododecatriene-1,5,9 of the formula
      ##SPC15##
PAL  are isolated; yield 66% of theory relative to cyclopentanonazine converted
      (conversion 100%).
PA0  Ms spectrum: molecule peak 272, 244, 122 and 107.
PA0  H.sup.1 --nmr spectrum: .delta. = 5.0 (m), 2.46 (m), 1.98 (m), 1.5-1.80 (m)
      in the ratio of 4:4:4:16.
PAC  EXAMPLE 22
      ##SPC16##
PAR  If in Example 6, whilst otherwise following the same procedure, 20 g (0.096
      mol) of dibenzylidenehydrazine (benzaldazine) are replaced by 24 g (0.1
      mol) of bis-(4-methyl-benzylidene)-hydrazine, the same working up and
      recrystallisation from ethanol gives 27 g of
      3,12-di-4-methylphenyl-1,2-diazacyclododecatriene-1,5,9 in the form of
      colourless crystals; melting point 155.degree.C; yield 78% of theory
      relative to bis-(4-methylbenzylidene)-hydrazine converted (conversion
      100%).
PA0  Ms spectrum: molecule peak 344, fragment masses 316, 158, 157 and 143.
PA0  H.sup.1 --nmr spectrum: .delta. = 7.3 (m), 5.26 (m), 4.28-4.61 (each 2d),
      3.2-1.8 (m) in the ratio of 8:4:2:14.
PAC  EXAMPLE 23
      ##SPC17##
PAR  If in Example 1, whilst otherwise following the same procedure, the
      diethylidenehydrazine is replaced by 54 g (0.24 mol) of
      di-n-hepthylidenehydrazine, working up and molecular distillation at 0.01
      mm Hg and 140.degree.C bath temperature gives
      3,12-di-n-hexyl-1,2-diazacyclododecatriene-1,5,9 as a viscous oil; yield
      56 g = 68% of theory, relative to di-n-heptylidenehydrazine converted
      (conversion 100%).
PA0  Ms spectrum: molecule peak 332, fragment masses 304, 247, 152, 151 and 137.
PA0  H.sup.1 --nmr spectrum: .delta. = 5 (m), 3.3-3.9 (m), 2.9-15 (m), 0.8 (t)
      in the ratio of 4:2:28:6.
PAR  The new 1,2-diazacyclododecanes of the formula Ia or Ib possess biocidal,
      especially herbicidal, properties and are suitable for combating pests of
      all kinds, for example for use as pre-emergence herbicides for combating
      grass-like weeds in various crop plantings.
PAR  The activity of the new compounds was determined from the following
      experiment:
PAC  Herbicidal action on application before emergence of the plant
      (pre-emergence use)
PAR  Immediately after sowing the test plants, the surface of the ground is
      treated with an aqueous suspension of the active substance obtained from a
      25% strength wettable powder. The amount used is chosen to correspond to
      16 kg of active substance per hectare. The seed dishes are kept in a
      greenhouse at 22.degree.-25.degree.C and 50-70% relative atmospheric
      humidity.
PAR  The test plants used are:
PA1  Avena sativa
PA1  Setaria italica
PA1  Lolium perenne.
PAR  20 days after application of the active substance, the test is evaluated.
      In this test, the 3,12-diethyl-1,2-diazacyclododecatriene-1,5,9
      manufactured according to Example 5 showed an excellent herbicidal action.
PAR  Biocidal agents according to the invention are manufactured in a manner
      which is in itself known by intimate mixing and grinding of active
      substances of the formula Ia or Ib with suitable carriers, optionally with
      addition of dispersing agents or solvents which are inert towards the
      active substances. The active substances can exist, and be used, in the
      following forms of preparations:
PAR  Solid forms of preparations: dusting agents, sprinkling agents, granules,
      encapsulated granules, impregnated granules and homogeneous granules.
PAR  Active substance concentrates which can be dispersed in water: wettable
      powders, pastes and emulsions.
PAR  Liquid forms of preparations: solutions and aerosols.
PAR  To manufacture solid forms of preparations (dusting agents, sprinkling
      agents and granules), the active substances are mixed with solid carriers.
      Possible carriers are, for example, kaolin, talc, bolus, loess, chalk,
      limestone, lime grits, attaclay, dolomite, diatomaceous earth,
      precipitated silica, alkaline earth metal silicates, sodium aluminium
      silicates and potassium aluminium silicates (feldspars and micas), calcium
      sulphate and magnesium sulphate, magnesium oxide, ground plastics,
      fertilisers, such as ammonium sulphate, ammonium phosphate, ammonium
      nitrate and urea, ground vegetable products, such as cereal flour,
      powdered bark, wood flour, nutshell powder, cellulose powder, residues
      from plant extractions, active charcoal and the like, individually or as
      mixtures with one another.
PAR  The particle size of the carriers is appropriately up to approx. 0.1 mm for
      dusting agents, approx. 0.075 to 0.2 mm for sprinkling agents and 0.2 mm
      or above for granules. The active substance concentrations in the solid
      forms of preparations are as a rule 0.5 to 80%. It is furthermore possible
      to add, to these mixtures, additives which stabilise the active substance
      and/or non-ionic, anionic and cationic substances which, for example,
      improve the adhesion of the active substances to plants and parts of
      plants (adhesives and glues) and/or ensure better wettability (wetting
      agents) as well as dispersibility (dispersing agents).
PAR  Possible adhesives are, for example, the following: olein-lime mixtures,
      cellulose derivatives (methylcellulose or carboxymethylcellulose),
      hydroxyethylene glycol ethers of monoalkylphenols and dialkylphenols with
      5 - 15 ethylene oxide residues per molecule and 8 - 9 carbon atoms in the
      alkyl radical, ligninsulphonic acid, its alkali metal salts and alkaline
      earth metal salts, polyethylene glycols (Carbowaxes), fatty alcohol
      polyethylene glycol ethers with 5 - 20 ethylene oxide radicals per
      molecule and 8 - 18 carbon atoms in the fatty alcohol part, condensation
      products of ethylene oxide or propylene oxide, polyvinylpyrrolidones,
      polyvinyl alcohols, condensation products of urea-formaldehyde, and latex
      products.
PAR  Water-dispersible active substance concentrates, that is to say wettable
      powders, pastes and emulsion concentrates, are agents which can be diluted
      with water to any desired concentration. They consist generally of active
      substance, carrier, surface-active substances and anti-foaming agents and
      optionally solvents. The active substance concentration in these agents is
      about 5 - 80%. The wettable powders and pastes are obtained by mixing and
      grinding the active substances with dispersing agents and pulverulent
      carriers in suitable apparatuses until the mixture is homogeneous. In some
      cases it is advantageous to use mixtures of different carriers.
PAR  Examples of dispersing agents which can be used are: condensation products
      of sulphonated naphthalene and sulphonated naphthalene derivatives with
      formaldehyde, condensation products of naphthalene or of
      naphthalenesulphonic acids with phenol and formaldehyde and alkali metal
      salts, ammonium salts and alkaline earth metal salts of ligninsulphonic
      acid, as well as alkylarylsulphonates, alkali metal salts and alkaline
      earth metal salts of dibutylnaphthalenesulphonic acid, fatty alcohol
      sulphates, such as salts of sulphated hexadecanols, heptadecanols and
      octadecanols and salts of sulphated fatty alcohol polyethylene glycol
      ethers, the sodium salt of oleyl-methyl-tauride, dialkyldilaurylammonium
      chloride and fatty acid salts of alkali metals and alkaline earth metals.
PAR  Silicones, for example, can be used as anti-foaming agents.
PAR  The active substances are mixed with the abovementioned additives, ground,
      sieved and graded so that in the case of wettable powders the solid
      constituent does not exceed a particle size of 0.02 to 0.04 mm and in the
      case of pastes it does not exceed 0.03 mm. Dispersing agents, such as are
      listed in the preceding sections, organic solvents and water are used for
      the manufacture of emulsion concentrates and pastes.
PAR  Examples of solvents are, for example, alcohols, benzene, xylenes, toluene,
      dimethylsulphoxide and mineral oil fractions which boil in the range of
      120.degree.C to 350.degree.C. The solvents must be practically odourless,
      non-phytotoxic and inert towards the active substances and must not be
      easily inflammable.
PAR  The agents according to the invention can furthermore be used in the form
      of solutions. For this, the active substance, or several active
      substances, of the formula Ia or Ib are dissolved in suitable organic
      solvents, solvent mixtures, water or mixtures of organic solvents with
      water. Aliphatic and aromatic hydrocarbons, their chlorinated derivatives,
      alkylnaphthalenes and mineral oils, by themselves or as a mixture with one
      another, can be used as organic solvents. The solutions should contain the
      active substances in a concentration range of 1 to 20%.
PAR  These solutions can be applied either with the aid of a propellant gas (as
      a spray) or by means of special spray guns (as an aerosol).
PAR  Other biocidal active substances or agents can be mixed into the agents
      according to the invention, which have been described to broaden the
      spectrum of action. Thus the new agents can for example contain, in
      addition to the compounds of the formula Ia or Ib, insecticides,
      fungicides, bactericides, fungistatic agents, bacteriostatic agents or
      nematocides, for broadening the spectrum of action. The agents according
      to the invention can furthermore also contain plant fertilisers, trace
      elements and the like.
PAR  Some forms of preparations of the new active substances are described below
      by way of examples. Unless stated to the contrary, parts denote parts by
      weight.
PAC  Dusting agents
PAR  To manufacture a 5% strength dusting agent, the following substances are
      used: 5 parts of 3,3',12,12'-tetramethyl-1,2-diazacyclododecatriene-1,5,9,
      3 parts of precipitated silica and 92 parts of talc.
PAR  The active substance is intimately mixed with the carriers, and the mixture
      is ground.
PAC  Emulsion concentrate
PAR  To manufacture a 30% strength emulsion concentrate, 30 parts of
      3,12-diethyl-1,2-diazacyclododecatriene-1,5,9, 6 parts of octylphenol
      polyethylene glycol with 9-10 mols of ethylene oxide per mol of
      octylphenol, 6 parts of alkylarylsulphonate and 58 parts of xylene are
      mixed with one another. This concentrate can be diluted with water to give
      emulsions of suitable concentration.
PAC  Wettable powder
PAR  To manufacture a 25% strength wettable powder, the following constituents
      are used: 25 parts of 3,12-diisopropyl-1,2-diazacyclododecatriene-1,5,9,
      20 parts of colloidal silica, 5 parts of sodium laurylsulphonate, 5 parts
      of naphthalenesulphonic acids-formaldehyde condensate and 45 parts of
      kaolin.
PAR  The active substance is absorbed on the carriers (silica and kaolin) and
      the whole is subsequently mixed and ground. A wettable powder of good
      wettability and ability to remain suspended is obtained. Suspensions of
      any desired active substance concentration can be obtained from this
      wettable powder by dilution with water.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A 1,2-diaza-1,5,9-cyclododecatriene or 1,2-diaza-1-cyclododecene of the
      formula
      ##EQU4##
      wherein R.sub.1 and R.sub.1 ' independently of one another denote alkyl of
      one to six carbon atoms; alkenyl of up to four carbon atoms; alkyl of one
      to four carbon atoms substituted by phenyl; alkenyl of up to four carbon
      atoms substituted by phenyl; cyclohexyl; phenyl; phenyl substituted in the
      4-position by a halogen atom, an alkyl of one to four carbon atoms or an
      alkoxy of one to four carbon atoms; 1-naphthyl; or
      3,4-methylenedioxyphenyl;
PA1  R.sub.2 and R.sub.2 ' independently of one another denote hydrogen; alkyl
      of one to four carbon atoms; or
PA1  R.sub.1 and R.sub.2, or R.sub.1 ' and R.sub.2 ', together with the carbon
      atoms to which they are bonded form a cycloalkyl ring of five to 12 carbon
      atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 and R.sub.1 '
      independently of one another denote alkyl of one to six carbon atoms;
      cyclohexyl; phenyl; 1-naphthyl; 4-methoxyphenyl; 3,4-methylenedioxyphenyl;
      4-chlorophenyl; 4-methylphenyl; or styryl,
PA1  R.sub.2 and R.sub.2 ' independently of one another denote hydrogen or
      methyl, or
PA1  R.sub.1 and R.sub.2, or R.sub.1 ' and R.sub.2 ', together with the carbon
      atoms to which they are bonded form a cycloalkyl ring of five to 12 carbon
      atoms.
NUM  3.
PAR  3. A compound according to claim 1 wherein
PA1  R.sub.1 and R.sub.1 ' each represent alkyl of one to six carbon atoms;
      cyclohexyl; phenyl; 1-naphthyl; 4-methoxyphenyl; 3,4-methylenedioxyphenyl;
      4-chlorophenyl; 4-methylphenyl; or styryl, and
PA1  R.sub.2 and R.sub.2 ' are hydrogen.
NUM  4.
PAR  4. A compound according to claim 1 wherein
PA1  R.sub.1, r.sub.1 ', r.sub.2 and R.sub.2 ' each represent alkyl of one to
      four carbon atoms.
NUM  5.
PAR  5. A compound according to claim 1 wherein
PA1  R.sub.1 and R.sub.2 as well as R.sub.1 ' and R.sub.2 ' each form, together
      with the carbon atom to which they are bonded, a cycloalkyl ring of five
      to 12 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 1,
      3,12-diethyl-1,2-diaza-1,5,9-cyclododecatriene.
NUM  7.
PAR  7. A compound according to claim 1,
      3,12-diphenyl-1,2-diaza-1,5,9-cyclododecatriene.
NUM  8.
PAR  8. A compound according to claim 1,
      3,12-di(4-methoxyphenyl)-1,2-diaza-1,5,9-cyclododecatriene.
NUM  9.
PAR  9. A compound according to claim 1,
      3,3,12,12-tetramethyl-1,2-diaza-1,5,9-cyclododecatriene.
NUM  10.
PAR  10. A compound according to claim 1,
      3,12-diphenyl-1,2-diaza-1-cyclododecene.
NUM  11.
PAR  11. A compound according to claim 1 having the formula
      ##SPC18##
NUM  12.
PAR  12. A process for the manufacture of the 1,2-diaza-1,5,9-cyclododecatrienes
      according to claim 1 which comprises
PA1  reacting 1,3-butadiene with an azine of the formula
      ##EQU5##
      wherein R.sub.1 and R.sub.1 ' independently of one another denote alkyl of
      one to six carbon atoms; alkenyl of up to four carbon atoms; alkyl of one
      to four carbon atoms substituted by phenyl; alkenyl of up to four carbon
      atoms substituted by phenyl; cyclohexyl; phenyl; phenyl substituted in the
      4-position by a halogen atom, an alkyl of one to four carbon atoms or an
      alkoxy of one to four carbon atoms; 1-naphthyl; or
      3,4-methylenedioxyphenyl; R.sub.2 and R.sub.2 ' independently of one
      another denote hydrogen; alkyl of one to four carbon atoms; or R.sub.1 and
      R.sub.2, or R.sub.1 ' and R.sub.2 ', together with the carbon atoms to
      which they are bonded form a cycloalkyl ring of five to 12 carbon atoms;
      at a temperature below 100.degree.C, under an inert atmosphere, in an
      anhydrous inert organic solvent, in the presence of previously isolated
      bis-cyclooctadiene-(1,5) nickel (0) complex catalyst or in the presence of
      a catalyst obtained by the reduction of a nickel compound, which is free
      of carbon monoxide, selected from the group consisting of nickel
      acetylacetonate, nickel dimethylglyoxime, nickel formate and
      dicyclopentadienyl nickel, with an organometallic compound free of
      halogen, in the presence of an electron donor Lewis base selected from the
      group consisting of cyclic ethers, alkylphosphines, arylphosphines, alkyl
      phosphites, aryl phosphites and the corresponding alkyl and aryl compounds
      of arsenic and antimony.
NUM  13.
PAR  13. A process for the manufacture of the 1,2-diaza-1-cyclododecenes
      according to claim 1 which comprises
PA1  reducing the corresponding 1,2-diaza-1,5,9-cyclododecatriene by catalytic
      hydrogenation.
NUM  14.
PAR  14. A process according to claim 13 wherein said nickel compound is nickel
      acetylacetonate, said organometallic compound is ethoxy-diethyl-aluminum,
      and the Lewis base electron donor is triphenylphosphine.
NUM  15.
PAR  15. The process according to claim 14 wherein the reaction is carried out
      at a temperature between 20.degree. and 40.degree.C.
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PAL  1,3,5,7-TETRANITRO-1,3,5,7-TETRAAZACYLOOCTANE IS PREPARED BY NITROLYSIS OF
      A 1,3,5,7-TETRAACYL-1,3,5,7-TETRAAZACYLOOCTANE OR A
      1,5-DIACYL-3,7-DINITRO11,3,5,7-TETRAAZACYCLOOCATNE WITH NITROGEN
      PENTOXIDE.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  HMX (1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane) is the most powerful
      non-atomic explosive in military use, but widespread use of this explosive
      has been limited by its excessive cost. Although HMX was first discovered
      in 1941, the only known process for its manufacture comprises nitrolysis
      of hexamethylenetetramine with a mixture of nitric acid and acetic
      anhydride, essentially as described by Castorina and coworkers (J.A.C.S.,
      82, 1617 (1960)). This process has deficiencies, notably poor yield of HMX
      on a methylene basis and high consumption of acetic anhydride.
PAR  It has been proposed to produce HMX by nitrolysis of TAT
      (1,3,5,7-tetraacetyl-1,3,5,7-tetraazacyclooctane). However, such attempts
      have been unsuccessful (G. C. Bassler, "The Chemistry of Cyclonite," PhD
      Thesis 1943, Pennsylvania State College, pages 179-180). These attempts
      have included treatment of TAT with (a) 100% nitric acid at temperature
      ranging from -30.degree.C. to -50.degree.C., (b) mixtures of ammonium
      nitrate +acetic anhydride at 70.degree.C., and (c) mixtures of 100% nitric
      acid and acetic anhydride at temperatures from 0.degree.C. to 25.degree.C.
      The first two procedures gave no water-insoluble products, while the last
      produced a water-insoluble compound, which was not HMX.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a process for producing
      HMX by nitrolysis of TAT. Other objects will become apparent from the
      following description of the invention.
PAR  We have now discovered the HMX can be obtained in good yields by reacting
      TAT with nitrogen pentoxide. Preferably, an amount of nitrogen pentoxide
      substantially greater than the stoichiometric amount required for the
      reaction is employed, particularly to compensate for loss of relatively
      unstable nitrogen pentoxide due to increased rate of decomposition thereof
      at the reaction temperature. The nitrogen pentoxide may be introduced as
      such into the reaction mixture, or it may be generated in situ by
      employing a mixture of nitric acid with a substance which is capable of
      reacting with nitric acid under the conditions to produce nitrogen
      pentoxide.
PAR  The process of the present invention is considered to be unobvious in view
      of the fact that prior art attempts to produce HMX by nitrolysis of TAT
      have been unsuccessful, even when 100% nitric acid mixed with acetic
      anhydride, was employed, as noted above.
PAR  We have also discovered that in place of TAT other
      1,3,5,7-tetraacyl-1,3,5,7-tetraazacyclooctanes as well as
      1,5-diacyl-3,7-dinitro-1,3,5,7-tetraazacyclooctanes of the general formula
      shown below can be employed as starting materials in similar manner. The
      reaction is represented by the following equation
      ##EQU1##
      wherein R is an alkyl radical containing 1 to 6 carbon atoms, M in both
      cases is either a nitro group or an acyl radical of the formula RCO--
      wherein R has the aforesaid definition, and X is 2 when M is a nitrogroup
      and 4 when M is an acyl radical RCO.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate specific embodiments of the method of
      carrying out the process of the present invention. It is to be understood
      that they are illustrative only and do not in any way limit the invention.
PAC  EXAMPLE 1.
PAC  Nitration of TAT with a mixture of nitric acid and phosphorus pentoxide
PAR  30 grams of 98% nitric acid were introduced into a 100 ml. round bottom,
      three-neck glass flask provided with a thermometer, magnetic stirring bar,
      and condenser to which a drying tube filled with calcium sulfate was
      attached. By means of an external ice-salt bath the flask contents were
      cooled to 5.degree.C., after which 12 grams of phosphorus pentoxide were
      added during 15 minutes while vigorously agitating and maintaining the
      contents at about 5.degree.C. The resulting mixture was allowed to warm to
      room temperature and 1 gram of TAT was introduced in one portion. The
      reaction mixture was heated to 50.degree.C. in about 3 minutes with a
      preheated water bath and agitated at that temperature for one hour. The
      resulting orange-red solution was then cooled to 20.degree.C. and poured
      onto 125 grams of ice. After storage of the mixture in the refrigerator
      for 2 hours, the solid which had separated on quenching was removed by
      filtration through a sintered glass funnel, washed with cold water until
      the wash waters were of neutral pH and dried. The crude HMX thus obtained
      weighed 0.9 gram, possessed a melting point of 273.degree.C. and a purity
      of 91% as determined by nuclear magnetic resonance (NMR) which corresponds
      to 79% of the theoretical yield of HMX. The impurities present in the
      crude product, essentially
      1,3,5-trinitro-7-acetyl-1,3,5,7-tetraazacycloctane (SEX), and
      1,7-dinitroxy-2,4,6-trinitro-2,4,6-triazaheptane (ATX), can be removed by
      extraction with boiling acetone.
PAR  Table 1 sets forth the results of the above example as well as the results
      obtained when the reaction was carried out in the foregoing manner but
      wherein other ratios of phosphorus pentoxide to nitric acid and time and
      temperature of the reaction were employed.
PAC  EXAMPLE 15
PAC  Nitration of DADN with HNO.sub.3 --P.sub.2 O.sub.5 system
PAR  10 grams of phosphorus pentoxide were charged to a 100 ml. round bottom,
      three-neck glass flask fitted with a condenser, thermometer and a magnetic
      stirring bar. 30 grams of 100% nitric acid (freshly distilled from a
      mixture of 97% nitric acid containing 15% by weight of 30% oleum) were
      quickly introduced, resulting in a temperature exotherm of about
      40.degree.C. The temperature was allowed to cool to
      30.degree.-35.degree.C., and 0.89 gram of
      1,5-diacetyl-3,7-dinitro-1,3,5,7-tetraazacyclooctane (DADN), prepared by
      the method described in the Journal of Heterocyclic Chemistry, 10, 725
      (1973), was introduced rapidly. The resulting reaction mixture was quickly
      heated to 65.degree.C. and maintained at that temperature for 15 minutes.
      The hot reaction mixture was then quenched by pouring it onto a large
      volume of ice. The resulting precipitate was separated as a cake by
      filtration, washed acid-free with cold water and air dried. The product
      thus obtained weighed 0.87 gram and analyzed 100% pure HMX, which
      corresponds to 98% of theory yield of HMX.
PAC  EXAMPLE 16
PAC  Nitration of TPT with HNO.sub.3 --P.sub.2 O.sub.5 system
PAR  The procedure of example 15 was followed but using 1 gram of
      1,3,5,7-tetrapropionyl-1,3,5,7-tetraazacyclooctane (TPT), 38 grams of 100%
      nitric acid and 10 grams of P.sub.2 O.sub.5. The reaction mixture was
      heated at 50.degree.C. for 50 minutes, and then drowned and worked up in
      the aforesaid manner. The product analyzed 100% HMX. The yield of HMX was
      94% of theory.
PAC  EXAMPLE 17
PAC  Nitration of DADN with HNO.sub.3 -polyphosphoric acid system
PAR  The procedure of example 15 was followed using 50 grams of 85%
      polyphosphoric acid in place of P.sub.2 O.sub.5, 22.5 grams of 100%
      HNO.sub.3 and 6.1 grams of DADN. The reaction mixture was heated at
      60.degree.-70.degree.C. for 60 minutes and then drowned and worked up as
      above. The product analyzed 100% pure HMX. The HMX was obtained in 88% of
      theory yield.
PAR  Table II shows the results of the foregoing example as well as the results
      obtained when the reaction was carried out in the foregoing manner but
      wherein other ratios of polyphosphoric acid, time and temperature of the
      reaction, etc. were employed.
PAC  EXAMPLE 32
PAC  Nitration of DADN with HNO.sub.3 -trifluoroacetic anhydride system
PAR  45 grams of 100% nitric acid were charged to a 100 ml. round bottom,
      three-neck glass flask fitted with a condenser, thermometer and a magnetic
      stirring bar. The flask contents were cooled to 10.degree.C. and 27.4
      grams of trifluoroacetic anhydride followed by 3 grams of DADN were
      introduced while maintaining the contents at 10.degree.C. The resulting
      solution was heated rapidly to 50.degree.C. and maintained at that
      temperature for 1 hour. The reaction mixture was drowned on ice and worked
      up in the usual manner. 2.5 grams of crude HMX containing 93% HMX and 7%
      SEX by NMR analysis were thus obtained, corresponding to 76% of theory
      yield of HMX.
PAC  EXAMPLE 33
PAC  Nitration of DADN with HNO.sub.3 -trifluoroacetic anhydride system
PAR  27 grams of 100% nitric acid and 35 grams of trifluoroacetic anhydride were
      added to 25 ml. of cold nitromethane while maintaining the temperature at
      10.degree.C. 3 grams of DADN were then added and the resulting solution
      was heated rapidly to 40.degree.C. and maintained at that temperature for
      90 minutes. The reaction mixture was cooled and drowned on ice, and the
      resulting precipitate was separated by filtration, washed acid-free with
      water and air dried. 2.86 grams of product analyzing 97% HMX and 3% SEX
      were obtained, corresponding to 91% of theory yield of HMX.
PAC  EXAMPLE 34
PAC  Nitration of DADN with HNO.sub.3 --SO.sub.3 system
PAR  9 grams of stabilized sulfur trioxide (marketed under the trademark
      "Sulfan" by Allied Chemical Corp.) were added to 30 grams of 98% nitric
      acid at 0.degree.C. 3 grams of DADN were added to the mixture, while
      maintaining the temperature at 5.degree.C. The resulting mixture was
      heated rapidly to 45.degree.C. and agitated at 45.degree.-50.degree.C. for
      70 minutes. The reaction mixture was then quenched on ice and the solid
      which separated was isolated by filtration, washed acid-free with cold
      water and dried. 2.1 grams of product, having a melting point of
      256.degree.-258.degree.C. and analyzing 89% HMX and 11% SEX by NMR
      analysis, were thus obtained, corresponding to 60% of the theoretical
      yield of HMX.
PAC  EXAMPLE 35
PAC  Nitration of DADN with N.sub.2 O.sub.5 --HNO.sub.3 system
PAR  20 grams of N.sub.2 O.sub.5, prepared by reacting phosphorus pentoxide with
      98-99% nitric acid according to the procedure of Frankel et al. described
      in the Journal of Organic Chemistry 25, 747 (1960), were mixed with 30
      grams of 100% nitric acid at 0.degree.C. 3 grams of DADN were added to 20
      ml. of the resulting solution at 0.degree.C. The solution thus obtained
      was heated rapidly to 50.degree.C. and agitated at that temperature for 50
      minutes. The reaction mixture was drowned on ice and the solid precipitate
      formed was separated by filtration, washed acid-free and air dried. 1.79
      grams of product, which melted at 225.degree.-235.degree.C. and contained
      70% HMX and 30% SEX by NMR analysis, were thus obtained, corresponding to
      41% of the theoretical yield of HMX.
PAC  EXAMPLE 36
PAC  Nitration of DADN with N.sub.2 O.sub.5 --HNO.sub.3 system
PAR  3 grams of DADN were added to 24 grams (15 ml.) of a cold (10.degree.C.)
      solution of nitrogen pentoxide in nitric acid containing 18% N.sub.2
      O.sub.5 by analysis according to the method of E. Berl, Chem. Ztg. 34, 428
      (1910). (The N.sub.2 O.sub.5 --HNO.sub.3 solution was prepared by a
      modification of the Frankel et al. method noted above, wherein an excess
      of nitric acid was added to P.sub.2 O.sub.5 and the resulting reaction
      mixture was distilled in vacuo.) The resulting solution was rapidly heated
      to 50.degree.C. and agitated at that temperature for 60 minutes. The
      reaction mixture was then drowned in ice-water mixture, and the solid
      which precipitated was separated by filtration, washed acid-free with cold
      water and dried. The product thus obtained weighed 2.66 grams, melted at
      264.degree.-266.degree.C. and contained 94% HMX and 6% SEX by NMR
      analysis, corresponding to 82% of theory yield of HMX.
PAR  A kinetic study of nitration rates with various N.sub.2 O.sub.5
      concentrations in HNO.sub.3 indicated that the rate of nitration was
      approximately proportional to the product of the reactant concentration
      and the N.sub.2 O.sub.5 concentration. This result indicates that the
      N.sub.2 O.sub.5 species, or an ionized form thereof, is the active agent
      in the nitration of DADN to HMX.
PAC  EXAMPLE 37
PAC  Nitration of DADN with N.sub.2 O.sub.5 -nitromethane system
PAR  12 grams of N.sub.2 O.sub.5, prepared by reacting phosphorus pentoxide with
      98-99% nitric acid according to the procedure of Frankel et al. described
      in the Journal of Organic Chemistry 25, 747 (1960), were added to 28 grams
      of nitromethane at 0.degree.C. 3 grams of DADN were added to the resulting
      solution at 0.degree.C. and the mixture thus obtained was heated to
      50.degree.C. and maintained at that temperature for 60 minutes. The
      reaction mass was drowned in ice-water mixture and the solid precipitate
      formed was separated by filtration, washed acid-free and dried. The
      product thus obtained weighed 2.48 grams, melted at
      245.degree.-246.degree.C. and contained 80% HMX and 20% SEX based on NMR
      analysis, which corresponds to 65% of the theoretical yield of HMX.
PAC  EXAMPLE 38
PAC  Nitration of DPDN with HNO.sub.3 --P.sub.2 O.sub.5 system
PAR  10 grams of P.sub.2 O.sub.5 were stirred into 30 grams of 99% nitric acid
      at room temperature, whereby the mixture heated spontaneously to about
      70.degree.C. The mixture was allowed to cool to 30.degree.C. and 1.08
      grams of 1,5-dipropionyl-3,7-dinitro-1,3,5,7-tetraazacyclooctane (DPDN)
      were added quickly and the resulting mixture was heated with agitation to
      50.degree.C. for 50 minutes. The reaction mixture was then drowned on ice,
      and the white solid which precipitated was separated by filtration, washed
      acid-free with cold water and air dried. The product weighed 0.956 gram,
      melted at 277.degree.-8.degree.C., and analyzed 100% HMX, corresponding to
      89% of the theoretical yield of HMX.
PAR  The process of the present invention comprises mixing together the
      1,3,5,7-tetraacyl-1,3,5,7-tetraazacyclooctane or the
      1,5-diacyl-3,7-dinitro-1,3,5,7-tetraazacyclooctane and nitrogen pentoxide
      in the presence of an inert liquid diluent, wherein the reactants are at
      least in part soluble, in sufficient amount to provide a stirrable
      reaction mixture, usually at a low temperature, e.g.
      0.degree.-20.degree.C. to minimize decomposition of the nitrogen
      pentoxide, which is relatively unstable at higher temperatures, heating
      the mixture rapidly to reaction temperatures, e.g. about
      50.degree.-70.degree.C., and thereafter separating the HMX formed.
      Suitable diluents, which are inert or practically inert to the reactants,
      include organic liquids, e.g. nitroparaffins such as nitromethane,
      chlorinated hydrocarbons, such as methylene chloride and chloroform, as
      well as inorganic liquids, such as nitric acid. In addition, liquid
      diluents for the reaction mixture can be provided when a liquid system
      capable of forming nitrogen pentoxide in situ is employed, e.g. a mixture
      of nitric acid and polyphosphoric acid, etc., as discussed below.
PAR  The amounts of reactants employed in the present process may vary within
      wide limits. For conversion of
      1,5-diacyl-3,7-dinitro-1,3,5,7-tetraazacyclooctane to HMX 2 molecular
      proportions of N.sub.2 O.sub.5 are theoretically required in accordance
      with the equation noted above, while 4 molecular proportions of N.sub.2
      O.sub.5 are required for conversion of
      1,3,5,7-tetraacyl-1,3,5,7-tetraazacyclooctane to HMX. Preferably, a
      substantial excess of N.sub.2 O.sub.5 over the stoichiometric amount, e.g.
      about 2 to 50 times the stoichiometric amount, is usually employed, since
      it appears to ensure a more rapid and efficient conversion to HMX, and
      also compensates for loss of N.sub.2 O.sub.5 due to decomposition thereof
      which is promoted by higher temperatures. The use of still larger
      proportions of nitrogen pentoxide, although within the scope of the
      present invention, is relatively uneconomical since it generally provides
      no additional advantages in yield of HMX, shorter reaction time, etc.
PAR  It is not necessary to introduce the nitrogen pentoxide as such to the
      reaction mixture, but it may be formed in situ from a mixture of nitric
      acid and a substance capable of reacting with nitric acid to produce
      nitrogen pentoxide. Thus, for example, N.sub.2 O.sub.5 can be formed from
      a mixture of nitric acid and phosphorus pentoxide (Frankel et al. J. Org.
      Chem 25, 744 (1960), viz.
EQU  P.sub.2 O.sub.5 +  2HNO.sub.3 .fwdarw. N.sub.2 O.sub.5 +  2HPO.sub.3
PAL  from a mixture of nitric acid and trifluoroacetic anhydride (J. Robson,
      J.A.C.S. 77, 107 (1955); R. Boschan J. Org. Chem 25, 1450 (1960), viz.
EQU  (CF.sub.3 CO).sub.2 O + 2HNO.sub.3 .fwdarw. N.sub.2 O.sub.5 +  2CF.sub.3
      COOH
PAL  and from a mixture of nitric acid and sulfur trioxide (Farbwerke Hoechst
      Germ. Pat. 871,744 (1938)), viz.
EQU  SO.sub.3 +  2HNO.sub.3 .fwdarw. N.sub.2 O.sub.5 + H.sub.2 SO.sub.4
PAR  The process of the present invention is generally carried out at
      temperatures within the range of 40.degree.C. to 90.degree.C. When
      substantially lower temperatures are employed, the HMX forming reaction is
      usually undesirably slow. The use of temperatures substantially above
      90.degree.C., although operative to form various amounts of HMX, generally
      accelerates undesirable side reactions. The particular temperature
      employed depends on the particular starting material employed, the system
      used for generating N.sub.2 O.sub.5, the reaction time desired, the
      diluent or solvent employed, etc.
PAR  Although the order of mixing the reactants is not critical, it is preferred
      to add the cyclooctane compound to the solution of nitrogen pentoxide in
      the liquid diluent, or the liquid system for generating nitrogen
      pentoxide, at a low temperature, e.g. 0.degree.-10.degree.C., and then
      heat the resulting mixture to the desired reaction temperature. The HMX
      formed can be recovered by pouring the reaction mixture on ice or
      ice-water mixture, separating the solid precipitate of HMX by filtration
      and washing the filter cake acid-free with cold water. The dried HMX can
      be purified, if necessary, by crystallization from a suitable solvent,
      such as acetone.
PAR  A preferred embodiment of the present process comprises forming the
      nitrogen pentoxide in situ from a mixture of nitric acid and phosphorus
      pentoxide, and particularly from a mixture of nitric acid and a
      polyphosphoric acid containing more than 75% by weight of P.sub.2 O.sub.5,
      and especially a polyphosphoric acid containing about 85% by weight of
      P.sub.2 O.sub.5. The latter mixture of nitric acid and 85% polyphosphoric
      acid is especially desirable, since its use in the present process
      provides a rapid reaction rate and produces HMX in high yield and purity.
      Also, polyphosphoric acid of approximately 85% content P.sub.2 O.sub.5 is
      readily available commercially at relatively low cost and serves as a most
      desirable liquid diluent in the present process.
PAR  When a mixture of nitric acid and 85% commercial polyphosphoric acid is
      employed to generate N.sub.2 O.sub.5 in situ, it is advantageous that the
      polyphosphoric acid constitute the major portion of said mixture. Thus, as
      shown in examples 17-31, when the polyphosphoric acid constitutes up to
      about 50% by weight of said mixture, the HMX is obtained in relatively
      impure form and in yields generally not greater than about 60% of theory,
      whereas when the proportion of polyphosphoric acid in said mixture is
      substantially greater than 50% by weight, e.g. about 70%, the HMX is
      obtained in high purity and in yields of the order of 80-99% of theory.
PAR  The foregoing disclosure is merely illustrative of the principles of this
      invention and are not to be interpreted in a limiting sense. We wish it to
      be understood that we do not desire to be limited to exact details of
      construction shown and described for obvious modifications will occur to a
      person skilled in the art.
TBL                                    TABLE I                                 
     __________________________________________________________________________
            HNO.sub.3    Reaction                                              
                                 Crude HMX           Pure                      
            Conc.        Conditions  Melting         HMX                       
     Ex.                                                                       
        TAT HNO.sub.3                                                          
                    P.sub.2 O.sub.5                                            
                         Temp.                                                 
                             Time    Point     Impur-      %                   
     No.                                                                       
        Grams                                                                  
            (%) Grams                                                          
                    Grams                                                      
                         .degree.C.                                            
                             (Min.)                                            
                                 Grams                                         
                                     .degree.C.                                
                                           Purity                              
                                               ities Grams                     
                                                          Theory               
     __________________________________________________________________________
                                               ATX                             
     1  1   98  30  12   50  60  0.9 270-273                                   
                                           91.2                                
                                               SEX   0.82 79                   
                                               ATX                             
     2  1   98  30  12   58  30  0.9 268-272                                   
                                           88.4                                
                                               SEX   0.80 76.5                 
                                               ATX                             
     3  1   98  30  9    60  30  0.8 267-271                                   
                                           85.0                                
                                               SEX   0.68 65.4                 
                                               ATX                             
     4  1   98  30  6    60  60  0.63                                          
                                     267-270                                   
                                           76.0                                
                                               SEX   0.48 46.1                 
     5  1   98  30  6    60  30  0.39                                          
                                     225-260                                   
                                           83.0                                
                                               SEX   0.32 31.1                 
     6  1   98  30  6    60  10  0.21                                          
                                     217-218                                   
                                           33.4                                
                                               SEX   0.7   6.7                 
                                               ATX                             
     7  1   98  30  6    70  10  0.38                                          
                                     252-260                                   
                                           70.6                                
                                               SEX   0.27 25.8                 
     8  1   98  30  3    70  10  none                                          
                                     --    --  --    --   --                   
     9  1   98  30  3    70  15  none                                          
                                     --    --  --    --   --                   
     10 1   98  30  3    25  150 none                                          
                                     --    --  --    --   --                   
     11 0.7 100 21   2.1 45  30  0.16                                          
                                     219-220                                   
                                           10  SEX   0.015                     
                                                          2.2                  
                                               ATX                             
     12 1   100 30  3    70  10  0.55                                          
                                     262-267                                   
                                           78  SEX   0.43 41.3                 
     13 1   100 30  3    70  120 none                                          
                                     --    --  --    --   --                   
     14 1   100 30  3    70  30  0.78                                          
                                     140-260                                   
                                           50  ATX   0.39 37.5                 
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                  Polyphosphoric                                               
                          N.sub.2 O.sub.5                                      
                                        Crude HMX                              
     Example                                                                   
          DADN                                                                 
              HNO.sub.3                                                        
                  Acid*   Times Temp.                                          
                                     Time                                      
                                        M.P.                                   
                                            %    Pure HMX                      
     No.  Grams                                                                
              Grams                                                            
                  Grams   Theory**                                             
                                .degree.C.                                     
                                     Min.                                      
                                        .degree.C.                             
                                            Purity                             
                                                 %Theory                       
     __________________________________________________________________________
     17   8.92                                                                 
              22.5                                                             
                  50      2.9   60-70                                          
                                     60 --  100  88                            
     18   5   37.4                                                             
                  20      7.2   70    5 223  51  34                            
     19   5   37.4                                                             
                  20      7.2   70   15 245  83  57                            
     20   5   37.4                                                             
                  20      7.2   70   30 276 100  39                            
     21   5   37.4                                                             
                  40      8.6   70   15 228  70  47                            
     22   5   37.4                                                             
                  40      8.6   70   30 273  82  56                            
     23   3.1 45  100     17.2  60-70                                          
                                     60 --  100  86                            
     24   3.1 22.5                                                             
                  50      8.4   60-70                                          
                                     60 --  100  94                            
     25   2.88                                                                 
              22.5                                                             
                  50      8.0   60-70                                          
                                     30 --  100  96                            
     26   2.52                                                                 
              22.5                                                             
                  50      10.2  60-70                                          
                                     60 --  100  99                            
     27   6.0 22.5                                                             
                  50      4.3   60-70                                          
                                     60 --  100  92                            
     28   6.97                                                                 
              22.5                                                             
                  50      3.7   60- 70                                         
                                     60 --   96.5                              
                                                  96.5                         
     29   7.6 22.5                                                             
                  50      3.4   60-70                                          
                                     60 --  100  84                            
     30   7.5 22.5                                                             
                  50      3.4   60-70                                          
                                     30 --   86  74                            
     31   9.1 22.5                                                             
                  50      2.84  60-70                                          
                                     45 --   93  77                            
     __________________________________________________________________________
      *Commercial 85% polyphosphoric acid, i.e. containing 85% by weight P.sub.
      O.sub.5                                                                  
      **2 mols of N.sub.2 O.sub.5 are theoretically required to convert DADN to
      HMX as noted above. The figure shown corresponds to the amount of N.sub.2
      O.sub.5 formed from the amounts of HNO.sub.3 and polyphosphoric acid     
      employed calculated on the basis of the following reaction and assuming  
      that the polyphosphoric acid is H.sub.2 P.sub.2 O.sub.6 or H.sub.2       
      O/P.sub.2 O.sub.5 = 1:1 (molar basis), P.sub.2 O.sub.5 + 2HNO.sub.3      
      N.sub.2 O.sub.5 + 2HPO.sub.3                                             
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing 1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane,
      which comprises the step of reacting an
      N-acylated-1,3,5,7-tetraazacyclooctane of the following formula
      ##EQU2##
      wherein R is an alkyl radical of 1 to 6 carbon atoms, and M in both cases
      is the same and is either a nitro group or an acyl radical of the formula
      RCO--, wherein R has the aforesaid definition, with nitrogen pentoxide in
      the presence of a liquid diluent from the group consisting of a
      nitroparaffin, methylene chloride, chloroform, 100% nitric acid,
      polyphosphoric acid containing more than 75% by weight of phosphorus
      pentoxide and a liquid system for producing nitrogen pentoxide consisting
      essentially of a mixture of 100% nitriacid and a material of the group
      consisting of trifluoroacetic anhydride, sulfur trioxide, phosphorus
      pentoxide and polyphosphoric acid containing more than 75% by weight of
      phosphorus pentoxide.
NUM  2.
PAR  2. The process according to claim 1, wherein the reaction is carried out at
      a temperature between about 40.degree.C. and about 90.degree.C.
NUM  3.
PAR  3. The process according to claim 1, wherein at least about 2 times the
      stoichiometric amount of nitrogen pentoxide required for the reaction is
      employed.
NUM  4.
PAR  4. The process according to claim 1, wherein M is nitro.
NUM  5.
PAR  5. The process according to claim 4, wherein R is methyl.
NUM  6.
PAR  6. The process according to claim 1, wherein the diluent is nitric acid.
NUM  7.
PAR  7. The process according to claim 1, wherein the diluent is nitromethane.
NUM  8.
PAR  8. The process according to claim 1, wherein the nitrogen pentoxide is
      formed in situ from a mixture of 100% nitric acid and a material selected
      from the group consisting of trifluoroacetic anhydride, sulfur trioxide,
      phosphorus pentoxide and polyphosphoric acid containing more than 75% by
      weight of phosphorus pentoxide.
NUM  9.
PAR  9. The process according to claim 8, wherein the nitrogen pentoxide is
      formed in situ from a mixture of nitric acid and trifluoroacetic
      anhydride.
NUM  10.
PAR  10. The process according to claim 8, wherein the nitrogen pentoxide is
      formed in situ from a mixture of nitric acid and sulfur trioxide.
NUM  11.
PAR  11. The process according to claim 8, wherein the nitrogen pentoxide is
      formed in situ from a mixture of nitric acid and phosphorus pentoxide.
NUM  12.
PAR  12. The process according to claim 8, wherein the nitrogen pentoxide is
      formed in situ from a mixture of 100% nitric acid and polyphosphoric acid
      containing more than 75% by weight of phosphorus pentoxide.
NUM  13.
PAR  13. The process according to claim 12, wherein the polyphosphoric acid
      contains about 85% of phosphorus pentoxide.
NUM  14.
PAR  14. The process according to claim 13, wherein the mixture of nitric acid
      and polyphosphoric acid contains more than 50% by weight of polyphosphoric
      acid.
NUM  15.
PAR  15. The process according to claim 14, wherein the N-acylated compound is
      1,5-diacetyl-3,7-dinitro-1,3,5,7-tetraazacyclooctane.
NUM  16.
PAR  16. The process according to claim 8, wherein M is nitro.
NUM  17.
PAR  17. The process according to claim 8, wherein the N-acylated compound is
      1,5-diacetyl-3,7-dinitro-1,3,5,7-tetraazacyclooctane.
NUM  18.
PAR  18. The process according to claim 8, wherein the N-acylated compound is
      1,3,5,7-tetraacetyl-1,3,5,7-tetraazacyclooctane.
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ABST
PAL  6-(.alpha.-3-Acyl-ureidoacetamido)-penicillanic acids and pharmaceutically
      acceptable non-toxic salts thereof in which the hydrogen atom of the
      nitrogen atom present in the 3-position is substituted, are effective
      against Gram-positive and Gram-negative infections, particularly
      Klebsiella aerobacter infections.
PARN
PAC  CROSS-REFERENCE
PAR  This is a divisional of our copending applications Ser. Nos. 145,809 and
      145,877 filed May 21, 1971, now abandoned.
BSUM
PAR  The present invention relates to new penicillins which are useful as
      anti-bacterial agents for humans, poultry and animals, and foodstuff
      additives in animal fodder. They are particularly useful in the treatment
      of illnesses due to infection by Gram-positive and Gram-negative bacteria,
      and especially by Klebsiella bacteria such as Klebsiella aerobacter.
PAR  Anti-bacterial agents, such as ampicillin (U.S. Pat. No. 2,985,648) have
      proved very effective in the therapy of infections by Gram-positive and
      Gram-negative bacteria. However, they are not capable of effectively
      combating Klebsiella infections. Carbenicillin U.S. Pat. Nos. 3,142,673
      and 3,282,926) is only effective in man in the case of infections by
      Klebsiella bacteria if it is administered in continuing high doses, such
      as are only achieved by infusion.
PAR  6-(.alpha.-3-Acylureidoacetamido)-penicillanic acids are described in
      Netherlands Pat. Nos. 69,01646 and 69,08909 and in U.S. Pat. Nos.
      3,479,339, 3,483,188 and 3,481,922 and German Offenlegungsschrift
      1,959,920 but all 3-acylureido acetamidopenicillanic acids described and
      claimed in these Patents posssess, in contrast to those of the present
      invention, a hydrogen atom on the nitrogen atom present in the 3-position
      in the acylureido group. The presence of this hydrogen atom and the
      absence of anoher substituent at this position of the acylureido group in
      part necessarily results from the different way of synthesising these
      penicillins.
PAR  More particularly, the present invention is concerned with penicillins of
      the formula:
      ##EQU1##
      or a pharmaceutically acceptable non-toxic salt thereof wherein
PAR  A is a group of the formula:
      ##EQU2##
      wherein X is hydrogen, alkyl, preferably lower alkyl, alkenyl, preferably
      lower alkenyl, cycloalkyl or cycloalkenyl with up to 10 carbon atoms,
      arylvinyl, especially phenylvinyl, mono-, di-, or tri-halo(lower alkyl),
      (lower alkyl)amino, di(loweralkyl)amino, monarylamino, aryl especially
      phenyl (lower alkyl)amino, aryloxy especially phenoxy, alkoxy or aralkoxy
      with up to 8 carbon atoms, cycloalkoxy with up to 7 carbon atoms, or a
      group of the formula:
PA1  (lower alkyl)-O-V- (5);
PA1  (lower alkyl)-S-V- (6);
PA1  N.tbd.c-v- (7);
PA1  (lower alkyl)-O-CO-V- (8);
PA1  di(lower alkyl)amino-CO-V- (9);
      ##SPC1##
PAL  wherein
PA1  V is a bivalent organic radical with 1 to 3 carbon atoms;
PA1  n is 0, 1 or 2;
PA1  R.sub.1, r.sub.2 and R.sub.3 are the same or different and are each
      hydrogen, chlorine, bromine, iodine, fluorine, nitro, cyano, di(lower
      alkyl)amino, di(lower alkyl)aminocarbonyl, lower alkanoylamino, lower
      alkoxycarbonyl, lower alkanoyloxy, lower alkyl, lower alkoxy, sulphamyl or
      trifluoromethyl;
PA1  Y is alkyl, especially lower alkyl, alkenyl, especially lower alkenyl such
      as vinyl and propenyl, cycloalkyl or cycloalkenyl with up to 10 carbon
      atoms, mono-, di-, or tri-halo(lower alkyl), aryl especially phenyl, a
      heterocyclic group, or aralkyl with up to 8 carbon atoms;
PA1  --Z-- is a divalent group of the formula:-
      ##EQU3##
      wherein m is 3, 4 or 5 and the arrow  means that the two free valencies of
      the group Z are not arbitrarily joined to the N and C atoms of the group
      ##EQU4##
       but are oriented as indicated by the arrow; Q is a divalent group, and in
      particular a group of the formula:
      ##EQU5##
      ##SPC2##
     E is oxygen or sulphur; G is hydrogen or lower alkyl; R.sub.1 and R.sub.2
      are as above defined; the arrow in the divalent group  Q  means that the
      two free valencies of the group Q are not arbitrarily joined to the two
      nitrogen atoms of the group   but are oriented as indicated by the arrow:
      M is a group of the formula:    wherein
PA1  E and G are as above defined; B is a group of the formula:
      ##SPC3##
PAL  wherein
PA1  R.sub.4, r.sub.5 and R.sub.6 are the same or different, and are each
      hydrogen, halogen, lower alkyl, lower alkoxy, lower alkylthio, lower
      alkylthionyl, lower alkylsulphonyl, nitro, di(lower alkyl)amino, lower
      alkanoylamino, hydroxy, or lower alkanoyloxy and which, as regards the
      chirality center C, can have either of the two possible R- and S-
      stereomeric configurations.
PAR  The invention covers not only pure R- and S-stereoisomers, but also
      mixtures of these isomers in any proportions.
PAR  The salts to which the invention more particularly relates are the
      non-toxic pharmaceutially tolerated salts, which include salts of the acid
      carboxyl group.
PAR  The above mentioned pharmaceutically acceptable non-toxic tolerated salts
      include salts of the acid carboxyl group, such as sodium, potassium,
      magnesium, calcium, aluminium and ammonium salts, and non-toxic
      substituted ammonium salts with amines such as di- and tri-lower
      alkylamines, procaine, dibenzylamine, N,N'-dibenzylethylenediamine,
      N-benzyl-.beta.-phenylethylamine, N-methylmorpholine and
      N-ethylmorpholine, 1-ephenamine, dehydroabietylamine,
      N,N'-bis-dehydroabietylethylenediamine, N-lower alkylpiperidine and other
      amines which have been used for formng salts of penicillins.
PAR  The term "lower alkyl" is to be understood, in the present invention, as
      meaning both a straight-chain and a branched alkyl group with up to 6
      carbon atoms. In conjunction with other groups, such as in "di-lower
      alkylamino," the term "-lower alkyl-" only relates to the alkyl part of
      the particular group.
PAR  The phrase "the compound of the present invention" includes the
      pharmaceutically acceptable non-toxic salts of the penicillins of the
      present invention.
PAR  According to one embodiment of the present invention A is:
      ##EQU6##
      B is phenyl.
PAR  These steroisomers in which the chirality center *C is in the
      R-configuration, i.e. D(-)-, are preferred.
PAR  According to another embodiment of the present invention:
PAR  B is p-methylthiophenyl, p-methylphenyl, p-methoxyphenyl, p-chlorophenyl or
      thienyl-(2).
PAR  According to another embodiment of the present invention:
PA1  A is pyrrolid-2-on-1-yl;
PA1  B is phenyl or tolyl; and
PA1  *C can have either of the two possible R-- and S-- steroisomeric
      configurations or it can be a mixture of such diastereomers.
PAR  The preferred salt is the sodium salt and particularly preferred sodium
      salts are those wherein *C has the D(-)- configuration.
PAR  The invention further provides a process for the preparation of the above
      penicillins and salts in which 6-aminopenicillanic acid (52) or a compound
      of the formula (53) or (54):
      ##EQU7##
      in which R.sub.7, R.sub.8 and R.sub.9 are the same or different alkyl
      having up to 6 carbon atoms;
PA1  is reacted at a temperature of -30 to +50.degree.C with a carboxylic acid
      of the formula:
      ##EQU8##
      modified at the carboxyl group, wherein A, B and *C are as above defined.
PAR  This reaction is, when 6-aminopenicillanic acid is used, carried out in an
      anhydrous or aqueous solvent, in the presence of a base. If a compound of
      the formula (53) or (54) is used, the reaction is carried out in an
      anhydrous solvent, free of hydroxyl groups, with or without the addition
      of a base.
PAR  The carboxyl group of the carboxylic acids of the formula (55) may be
      modified by either
PA1  (i) reacting such a carboxylic acid with about one molar equivalent of a
      compound of the formula (56), (50), (51), or (52):
      ##EQU9##
      wherein R.sub.9 is as above defined;
PA1  R.sub.10 is the same as R.sub.9 and in addition may be phenyl;
PA1  R.sub.11 is a divalent organic radical (CH.sub.2).sub.4, CH.sub.2).sub.5 or
      (CH.sub.2).sub.2 O (CH.sub.2).sub.2 ; and
PA1  W is halogen;
PAL  in an anhydrous, inert organic solvent in the presence of about one molar
      equivalent of a base at a temperature of about -60.degree.C to
      +30.degree.C; or
PA1  ii. by converting a carboxylic acid of the formula (55) into the
      corresponding carboxylic acid derivative of the formula (60):
      ##EQU10##
      wherein A, B and *C are as above defined and each U is --CN or --COO--
      lower alkyl.
PAR  The carboxylic acid derivatives of the formula (60) may be prepared by
      reacting a compound of the formula (61):
      ##EQU11##
      wherein U is as above defined,
PAL  in an anhydrous, inert organic solvent, in the presence of at least one
      molar equivalent of a tertiary organic base, at a temperature of from
      -25.degree.C to +25.degree.C, with one molar equivalent of thionyl
      chloride, to obtain an intermediate product, with one molar equivalent of
      base hydrochloride being formed. The intermediate product is then reacted,
      without isolation and in the presence of a further molar equivalent of a
      base, with a molar equivalent of the carboxylic acid of the formula (55)
      at a temperature of about -25.degree.C to +25.degree.C, to give the
      modified carboxylic acid of the formula (60).
PAR  In carrying out the process of the invention using 6-amino-penicillanic
      acid, the modified carboxylic acid of formula (55), preferably in the form
      of a solution in an anhydrous, inert organic solvent, is brought together
      with a solution of 6-aminopenicillanic acid in water or in an aqueous or
      anhydrous organic solvent, in the presence of a base. Suitable solvents
      for the carboxylic acids modified at the carboxyl group are, for example,
      acetone, tetrahydrofurane, dioxane, dimethylformamide, dimethylsulphoxide
      and hexamethylphosphoric acid triamide for an aqueous reaction medium, and
      preferably methylene chloride and chloroform for an anhydrous reaction
      medium.
PAR  The 6-aminopenicillanic acid is preferably employed in the reaction
      according to the invention as a solution of its salt with a base, in water
      or in a mixture of water and a water-miscible solvent, or in an anhydrous
      organic solvent. Suitable solvents for the 6-aminopenicillanic acid or its
      salt, apart from water, are preferably acetone, tetrahydrofurane, dioxane,
      acetonitrile, dimethylformamide, dimethylsulphoxide, hexamethylphosphoric
      acid triamide and isopropanol for an aqueous medium and, in addition to
      the solvents mentioned, preferably methylene chloride and chloroform for
      an anhydrous reaction medium. In ordfer to convert the 6-aminopenicillanic
      acid into the salt of a base, the salt being dissolved in a solvent,
      inorganic bases such as sodium carbonate, sodium hydroxide, sodium
      bicarbonate, the corresponding potassium and calcium compounds, magnesium
      oxide or magnesium carbonate or buffer mixtures can for example be used as
      bases suitable for the purpose in the case of an aqueous or
      water-containing reaction mixture, whilst triethylamine, pyridine,
      diethylamine, N-ethylpiperidine or N-ethylmorpholine can preferably be
      used in the case of an anhydrous reaction medium.
PAR  The reaction, according to the invention, of the carboxylic acids of the
      formula (55), modified at the carboxyl group, with the silylated
      6-aminopenicillanic acids of the formulae (53) and (54) is carried out in
      inert organic solvents which are free of hydroxyl groups, for example in
      carbon tetrachloride, methylene chloride, chloroform, tetrahydrofurane,
      benzene, diethyl ether and toluene.
PAR  The reaction, according to the invention, of the carboxylic acids of the
      formula (55), in the form which is modified at the carboxyl group, with
      the 6-aminopenicillanic acid, in an aqueous or water-containing medium,
      can be carried out at a pH of, preferably, 6.5 to 8.0, or also at a pH of
      about 3.
PAR  As in the case of most chemical reactions, higher or lower temperatures
      than those indicated in the Examples can be used. However, if the values
      indicated in the Examples are substantially exceeded, side-reactions will
      occur to an increasing extent, and these reduce the yield or
      disadvantageously affect the purity of the products. On the other hand,
      excessively lowered reaction temperatures reduce the speed of reaction so
      much that reductions in yield can occur. Reaction temperatures of
      -20.degree.C to +30.degree.C are therefore preferred in the reaction
      according to the invention, of the carboxylic acids of the formula (55),
      modified at the carboxyl group, with the 6-animopenicillanic acid or the
      silylated 6-aminopenicillanic acids of the formulae (53) and (54). Only in
      cases where the carboxylic acids modified at the carboxyl group are
      insufficiently stable, or there is the danger that racemisation may occur
      at an optically active centre located near the carboxyl group, can it be
      advisable preferably to carry out the process at reaction temperatures
      below -20.degree.. In the reaction, according to the invention, of the
      carboxylic acids of the formula (55), modified at the carboxyl group, with
      the 6-animopenicillanic acid or the compounds of the formulae (53) and
      (54), the reactants can be reacted in equimolar amounts. It may however be
      advisable to use one of the two reactants in excess in order to facilitate
      the purification of the desired penicillin, or its preparation in a pure
      form, and to increase the yield. Thus it is, for example, possible to
      employ the 6-aminopenicillanic acid or the compounds of the formulae (53)
      and (54) in an excess of 0.1 to about 0.4 mol equivalent and thereby to
      achieve better utilisation of the carboxylic acids of the general formula
      (55). When working up the reaction mixture and isolating the penicillin,
      6-aminopenicillanic acid which may be present can be easily removed
      because of its good solubility in aqueous mineral acids. Any carboxylic
      acid [see formula (55)] which may be present can, on the other hand, only
      be separated with much greater difficulty from the penicillin formed.
PAR  The amount of bases added in the reaction, according to the invention, of
      the carboxylic acids of the formula (55), modified at the carboxyl group,
      with 6-aminopenicillanic acid or the compounds of the formulae (53) and
      (54) is for example determined by the desired maintenance of a particular
      pH. Where a pH measurement and adjustment is not carried out, or is not
      possible or sensible because of the absence of sufficient amounts of water
      in the diluent, about 0.5 to 2.0 mol equivalents of base are added in the
      case where he compounds of the formula (53) or (54) are used, and about
      1.5 to 2.5 mol equivalents of base are added in the case where
      6-aminopenicillanic acid and an anhydrous reaction medium are used.
PAR  The working up of the reaction batches for the manufacture of the
      penicillins according to the invention, and of their salts, in all cases
      takes place in the manner generally known for penicillins.
PAR  The carboxylic acids of the formula (55) can be modified at the carboxyl
      group, according to the invention, by reacting them with about one molar
      equivalent of a compound of one of the formulae (56), (57), (58) or (59)
      in an anhydrous, inert organic solvent in the presence of about one molar
      equivalent of a base, preferably a tertiary organic base, at a temperature
      of about -60.degree.C to +30.degree.C, preferably -30.degree.C to
      +5.degree.C, most preferably -20.degree.C to +5.degree.C. The forms of the
      carboxylic acids, modified at the carboxyl group, which are thereby
      produced are preferably not isolated, but used, together with the solvent
      in which they are present, for the reaction with the 6-aminopenicillanic
      acid or the compounds of the formulae (53) or (54). If the reaction
      mixture for the reaction with the aminopenicillanic acid contains water,
      organic solvents which are miscible with water, for example acetone,
      tetrahydrofurane, dioxane, dimethylformamide, dimethylsulphoxide or
      hexamethylphosphoric acid triamide, are preferentially used as solvents
      for the reaction of the carboxylic acids (55) with the compounds (56),
      (57), (58) or (59). If the reaction mixture for the reaction with
      6-aminopenicillanic acid does not contain any water, or if the reaction
      mixture for the reaction with compounds of the formulae (53) or (54 ) is
      concerned, solvents such as, preferably, methylene chloride or chloroform
      are also used, in addition to the solvents mentioned.
PAR  According to the invention it is also possible to modify the carboxylic
      acids of formula (55) at the carboxyl group by conversion into the
      derivatives of the formula:
      ##EQU12##
      wherein A, B, *C and U are as above defined.
PAR  This is expediently done by first converting a compound of the formula
      (61):
      ##EQU13##
      wherein U is as above defined,
PAL  in an anhydrous, inert organic solvent, for example acetone,
      tetrahydrofurane, methylene chloride, dioxane, chloroform or
      dimethylformamide, in the presence of at least, and preferably, one mol
      equivalent of a tertiary base, preferably triethylamine, at temperatures
      of about -25.degree.C to +25.degree.C, preferably -10.degree.C, into an
      intermediate product by means of one mol equivalent of thionyl chloride,
      with one mol equivalent of base hydrochloride being formed. This
      intermediate product, the constitution of which is unknown, is not
      isolated, but is reacted in the presence of a further molar equivalent of
      an organic base, also preferably triethylamine, with one molar eqivalent
      of the carboxylic acid of formula (55) at a temperature of about
      -25.degree.C to +25.degree.C, preferably -10.degree.C to +10.degree.C.
      After the base hydrochloride has been removed by filtration, the
      appropriate compound of the formula (60) can be isolated by evaporating
      off the solvent and can optionally be purified by recrystallisation from
      inert solvents or, if the substance is not crystalline, by brief washing
      of a solution, for example in ether or benzene, with an aqueous
      bicarbonate solution at as low a temperature as possible.
PAR  The 6-aminopenicillanic acid used as starting material in the process of
      the invention can be obtained by known methods, for instance by fission of
      penicillin-G, either by microbiological or by chemical means (compare
      Netherlands Pat. No. 67/13809).
PAR  The carboxylic acids of formula (55) can be obtained from the amino-acids
      of the formula:
      ##EQU14##
      wherein B is as above defined,
PAL  by reaction with a compound of the formula:
EQU  A -- CO -- W                                               (63)
PAL  wherein
PA1  A and W are as above defined.
PAR  The compounds of the formula (63) in which W is halogen, can be obtained by
      processes described in German Offenlegungsschrift No. 1 793 287, in German
      Pat. No. 1,259,871, in U.S. Pat. Nos. 3,275,618 and 3,337,621, and in
      Japanese Pat. No. 434 247. Furthermore, some of the compounds of formula
      (63) in which W is halogen can be obtained from the corresponding amide by
      metallization at the amide nitrogen atom with methyl, lithium, followed by
      reaction with phosgene.
PAR  The compounds of formula (63) in which W is halogen and A is
      ##EQU15##
PAR  can be obtained from the cyclic ureas of formula:-
      ##EQU16##
      wherein Q is as above defined, and phosgene.
PAL  The reaction is illustrated in the examples.
PAR  The production of the reagents of the formulae (56), (57) and (59) is
      described in the literature [see J. Med. Chem. 9, (1966), p980; Ber. 96,
      (1963) p2681; Tetrahedron 17, (1962), p114]. The reagent of formula (58)
      can be obtained from N,N'dimethylethylene diamine after converting it into
      the N,N'-bis-trimethylsilyl compound, reacting this with phosgene to give
      the corresponding cyclic urea, and reacting the latter with phosgene.
PAR  The penicillins according to the invention can also be obtained from the
      carboxylic acids of the formula (55) and 6-aminopenicillanic acid, or the
      silylated 6-aminopenicillanic acids [see formulae (53) and (54)] by the
      known methods of peptide chemistry (see E. Schroder & K. Lubke, "The
      Peptides," Methods of Peptide Synthesis, Vol. I, pages 76-128). This
      method of production is however inferior to that of the present invention.
PAR  On attempting to obtain some of the penicillins according to the invention
      via the acid chlorides, prepared in the usual manner from the acids
      (formula (55)) and thionyl chloride, and 6-aminopenicillanic acid, we
      obtained a mixture of several penicillins amongst which the desired
      penicillin, [identified by a preparation via a different, unambiguous
      route] from ampicillin and the corresponding acid chloride A--CO--Cl;
      compare formula (55) was either not present at all or only present in very
      small amounts. This was deduced from a comparison of the "in vitro"
      bacterial spectra and of the thin layer chromatogram. In an experiment to
      obtain the penicillins according to the invention via the mixed
      anhydrides, prepared in the usual manner from the acids by means of
      chloroformic acid ethyl ester, and aminopenicillanic acid, it was only
      possible to isolate ethoxycarbonylpenicillin in a yield of 20%.
PAR  The penicillins of the present invention can also be produced by reacting a
      compound of the formula:
      ##EQU17##
      wherein B and *C are as above defined,
PAL  or a condensation product of such a compound with a carbonyl compound,
      preferably acetone [U.S. Pat. No. 3,198,804], the said condensation
      product being of the formula:
      ##EQU18##
      wherein B and *C are as above defined,
PA1  (in the preferred case where the carbonyl is acetone, G is methyl)
PAL  or a compound of the formula:
      ##EQU19##
      wherein B is as above defined; and
PA1  R.sub.4, r.sub.5 and R.sub.6 are alkyl with up to 6 carbon atoms, at a
      temperature of -20.degree.C to +50.degree.C with a compound of the
      formula:
      ##EQU20##
      wherein X, Y, Z, E and Q are as above defined; and
PA1  W is halogen or an azide group;
PAL  in a solvent and in the presence of a base when a compound of formula (62)
      or (63) is used, and in an anhydrous solvent free of hydroxyl groups with
      or without the presence of a base when a compound of formula (64) or (65)
      is used.
PAR  If a compound of the formulae (62) or (63) is used as the starting material
      for the synthesis of a penicillin according to the invention, and is
      reacted with a compound of the formulae (66), (67) or (68), the reactions
      can for example be carried out in a mixture of water and one or more
      organic solvents miscible with water, such as acetone, tetrahydrofurane,
      dioxane, acetonitrile, dimethylformamide, dimethylsulphoxide or
      isopropanol. At the same time, the pH of the reaction mixture is for
      example kept between 6.5 and 8.0 by adding a base or by the use of a
      buffer solution. The reaction according to the invention can however also
      be carried out in a different pH range, for example between 4.5 and 9.0 or
      at pH 2.0-3.0. It is furthermore possible to carry out the reaction in a
      solvent immiscible with water, for example chloroform or methylene
      chloride, with the addition of, preferably, triethylamine, diethylamine or
      N-ethylpiperidine. Furthermore, the reaction can be carried out in a
      mixture of water and a solvent which is immiscible with water such as, for
      example, ether, chloroform, methylene chloride, carbon disulphide,
      isobutyl methyl ketone, acetic acid ethyl ester or benzene, in which case
      it is desirable to stir the mixture vigorously and to maintain the pH
      value between 4.5 and 9.0 or, for example, 2.0 and 3.0, by adding bases or
      by the use of a buffer solution.
PAR  If a compound of the formula (64) or (65) is used as the starting material
      for the synthesis, and this substance is reacted with a compound of the
      formula (66), (67) or (68), the process must be carried out in a solvent
      which is anhydrous and free of hydroxyl groups. Such solvents are for
      example methylene chloride, chloroform, benzene, tetrahydrofurane, acetone
      and dimethylformamide. In this case, the addition of a base is not
      necessary, but in individual cases the yield and purity of the products
      can be improved thereby. Admittedly, the converse effect is also possible.
      The base which is optionally added must either be a tertiary amine, such
      as pyridine or triethylamine, or a secondary amine which is difficult to
      acylate as a result of steric hindrance, such as dicyclohexylamine. The
      number of usable bases is hence almost unlimited.
PAR  As in most chemical reactions, higher or lower temperatures than those
      indicated in the Examples can be used. If, however, the values given in
      the Examples are significantly exceeded, side-reactions, which reduce the
      yield or unfavourably influence the purity of the products, will
      increasingly occur. On the other hand, excessively lowered reaction
      temperatures so greatly reduce the reaction speed that reductions in yield
      can occur. Reaction temperatures in the range of -20.degree.C to
      +50.degree.C are therefore preferred, and a temperature of about
      0.degree.C to +20.degree.C is particularly preferred.
PAR  The reactants can be reacted with one another in equimolar amounts. It can
      however be desirable to use one of the two reactants in excess, in order
      to facilitate the purifications, or preparation in a pure form, of the
      desired penicillin, and to increase the yield. For example, the compounds
      of the formulae (62) or (63) can be employed in an excess of 0.1 to 0.3
      mol equivalents, and less decomposition of the reactants of the
      formulae(66), (67) or (68) in the aqueous solvent mixture can thereby be
      achieved. The excess of the reactants of the formulae (62) or (63) can be
      easily removed when working up the reaction mixture, because of their good
      solubility in aqueous mineral acid. On the other hand, however, the
      reactants of the formulae (66), (67) and (68) can also advantageously be
      employed in an excess of, for example, 0.1 to 1.0 mol equivalents. As a
      result of this, the reactants, for example of the formulae (62) or (63),
      are better utilized, and the decomposition of the reactants of the
      formulae (66), (67) or (68) which takes place as a side-reaction in
      aqueous solvents, is compensated. Since the compounds of the formulae
      (66), (67) or (68) which are added in excess rapidly change, in water,
      into neutral amides, ureas or thioureas which can easily be removed, the
      purity of the penicillins is thereby hardly impaired.
PAR  The amount of the base added is determined inter alia by the desired
      maintenance of a particular pH. Where a pH measurement and adjustment is
      not carried out, or is impossible or pointless because of the absence of
      sufficient amounts of water in the diluent, 2 mol equivalents of base are
      preferably added in the case where a compound of the formulae (62) or (63)
      is used, and either no base at all or, preferably 1 mol equivalent of base
      is added in the case where a compound of the formulae (64) or (65) is
      used.
PAR  The working up of the reaction batches for the manufacture of the
      penicillins according to the invention, and of their salts, can be
      throughout carried out in the manner generally known for penicillins.
PAR  The compounds of the formula (62) used as the starting material in the
      present invention can, as regards the configuration at the asymmetrical
      center in the side chain (: *C), be in the D(-)- = R-form or L(+)- =
      S-form. They are described in German Pat. Specification No. 1,156,078, in
      U.S. Pat. Nos. 3,342,677, 3,157,640, 2,985,648 and 3,140,282, in South
      African Pat. No. 68/0290 and (an anhydrous form) in U.S. Pat. No.
      3,144,445. All crystal forms and configurations of the compounds of the
      formula (62) are suitable for use as the starting material for the
      reaction according to the invention. The compounds of the formulae (63),
      (64) or (65) used as the starting material in the present invention, can,
      as regards the configuration at the asymmetrical center in the side chain
      (: *C), also occur in the D(-)- = R-form or L(+)- = S-form. The
      configuration of the asymmetrical centers of the 6-aminopenicillanic acid
      nucleus in the compounds of the formulae (62), (63), (64) and (65) should
      be identical with the corresponding asymmetrical centers of the
      6-aminopenicillanic acid, which has, for example, been obtained from
      penicillin-G by fermentative processes.
PAR  The production of the compounds of the formulae (64) and (65), used as the
      starting material, is described in Netherlands Pat. No. 68/18057.
PAR  The compounds of the formulae (66) and (67) used as starting materials in
      the above process can be produced if W is halogen, according to processes
      which are described in German Offenlegungsschrift No. 1 793 287, in German
      Pat. No. 1,259,871, in U.S. Pat. Nos. 3,275,618 and 3,337,621, and in
      Japanese Pat. No. 434 247.
PAR  Furthermore compounds of the formulae (66) and (67) have been prepared, if
      W is halogen, from the corresponding amides after metallization with
      methyl-lithium and subsequent reaction with phosgene. Such preparations
      are described in more detail in the examples.
PAR  The production of the compounds of the formula (68), to be used as the
      starting material, - where W is halogen - is illustrated in Examples No.
      144B and 147 B/C. It can also be carried out in the same manner as
      described in the examples.
PAR  The sales of the penicillines of the present invention can be obtained in a
      manner per se known, for example by reacting the free acid with a suitable
      base.
PAR  The chemotherapeutic activity of the new penicillins was tested in vivo and
      in vitro. The in vitro inhibition values (MIC = minimum inhibition
      concentration (see Tables 1 and 2) were determined in a liquid medium in
      the test tube series dilution test, with readings being taken after 24
      hours' incubation at 37.degree.C. The MIC is indicated by the non-turbid
      test tube in the dilution series. A complete medium of the following
      composition was used as the nutrient medium:
TBL  Lab Lemco (OXOID)    10       g                                           
     Peptone (DIFCO)      10       g                                           
     NaCl                 3        g                                           
     D-(+)-Dextrose (MERCK)                                                    
                          10       g                                           
     Buffer pH 7.4        1000     ml.                                         
PAR  The spectrum of action encompasses both Gram-negative and Gram-positive
      bacteria. The particular advantage of the penicillins according to the
      invention is that they are effective both in vitro (see Tables 1 and 2)
      and in animal experiments against ampicillin-resistant and
      carbenicillin-resistant Klebsiella bacteria and against
      ampicillin-resistant Proteus bacteria. Furthermore, ampicillin-resistant
      varieties of pseudomonas are attacked in vitro and in vivo. The
      concentrations required for destruction of the bacteria are reached in the
      serum after parenteral administration.
PAR  The effect, which is generally excellent, is achieved both on a single
      administration and on repeated administration. The penicillins according
      to the invention are stable to acid. Some of the new penicillins are very
      well tolerated, which is made particularly clear through the extremely
      high dose which in these cases is tolerated, without complication, on
      intravenous administration into the vein of the tail.
TBL                                    Table 1                                 
     __________________________________________________________________________
     (MIC in units/ml) Bacterial Strains                                       
     __________________________________________________________________________
                                                               Strep-          
        E. Coli          Proteus vulg.                                         
                                   Klebsiella                                  
                                             Psdm. aerug.                      
                                                       Staph.                  
                                                               toc.us          
     Peni-                                                     faec.           
     cillin                                                    ATCC            
     No.*                                                                      
        14  A 261                                                              
                C 165                                                          
                     183/58                                                    
                         1017 3400 K 10 63   Bonn Walter                       
                                                       1777 E                  
                                                           133 9790            
     __________________________________________________________________________
     1  25  &gt;400                                                               
                100  100 400  200   50  50   400  200      1.6 200             
     2  3.1 400 12.5 12.5                                                      
                         100  25    50  50   100  100      .about.0.8          
                                                               200             
     4  0.8-4                                                                  
            100-                                                               
                4-20 4-20                                                      
                         4-20 4-20  20-100                                     
                                        20-100                                 
                                             20-100                            
                                                  20-100   &lt;0.8                
                                                               100-500         
            500                                                                
     5      100-                                                               
                4-20          20-100    20-100    20-100   &lt;0.8                
                                                               100-500         
            500                                                                
     7  100-500                                                                
            &gt;500                                                               
                100-500                                                        
                     100-                                                      
                         .about.500                                            
                              100- 500                                         
                                    &gt;500                                       
                                        &gt;500 100-500                           
                                                  &gt;500 100-                    
                                                           0.8-4               
                                                               100-500         
        500          500                               500                     
     8  &gt;500                                                                   
            &gt;500                                                               
                &gt;500 &gt;500                                                      
                         &gt;500 &gt;500  &gt;500                                       
                                        &gt;500 &gt;500 &gt;500 100-                    
                                                           4-20                
                                                               &gt;500            
     9  20-100                                                                 
            &gt;500                                                               
                100-500                                                        
                     100-                                                      
                         &gt;500 &gt;500  &gt;500                                       
                                        &gt;500 &gt;500 &gt;500     0.8-4               
                                                               .about.500      
                     500                                                       
     10 B                                                                      
        12.5                                                                   
            &gt;400                                                               
                50   50  200  200   50  50   200  200  400 1.6 100             
     11 C                                                                      
        6.3 &gt;400                                                               
                50   12.5                                                      
                         100  100   50  100  400  200  400 1.6 200             
     12 6.3 &gt;400                                                               
                50   12.5                                                      
                         100  100   50  100  400  200  400 1.6 200             
     14 4-20                                                                   
            &gt;500                                                               
                20-100                                                         
                     20-100                                                    
                         100-500                                               
                              .about.100                                       
                                    20-100                                     
                                        20-100                                 
                                             100-500                           
                                                  100-500  0.8-4               
                                                               100-500         
     15 20-100                                                                 
            &gt;500                                                               
                100-500                                                        
                     100-                                                      
                         &gt;500 &gt;500  &gt;500                                       
                                        &gt;500 &gt;500 &gt;500     0.8-4               
                                                               &gt;500            
                     500                                                       
     17 4-20                                                                   
            &gt;500                                                               
                20-100                                                         
                     20-100                                                    
                         &gt;500 100- 500                                         
                                    20-100                                     
                                        20-100                                 
                                             100-500                           
                                                  100-500  &lt;0.8                
                                                               20-100          
     18 4-20                                                                   
            &gt;500                                                               
                20-100                                                         
                     20-100                                                    
                         100-500                                               
                              100-500                                          
                                    20-100                                     
                                        20-100                                 
                                             100-500                           
                                                  100-500  0.8-4               
                                                               .about.100      
     20     &gt;500                                                               
                20-100        100-500   20-100    100-500  &lt;0.8                
                                                               20-100          
     21     &gt;500                                                               
                20-100        20-100    20-100    100-500  &lt;0.8                
                                                               100-500         
     22     &gt;500                                                               
                4-20          4-20      20-100    20-100   &lt;0.8                
                                                               .about.20       
     23     &gt;500                                                               
                100-500       &gt;500      &gt;500      &gt;500     0.8-4               
                                                               100-500         
     24 6.3 &gt;400                                                               
                25   25  100  50    50  100  100  100      .about.1.6          
                                                               200             
     27 100 &gt;400                                                               
                200  200 &gt;400 &gt;400  &gt;400                                       
                                        &gt;400 &gt;400 &gt;400 &gt;400                    
                                                           6.3 &gt;400            
     28 100 &gt;400                                                               
                200  400 &gt;400 &gt;400  &gt;400                                       
                                        &gt;400 &gt;400 &gt;400 &gt;400                    
                                                           12.5                
                                                               &gt;400            
     29 3.1 &gt;400                                                               
                6.3  3.1 12.5 12.5  200 100  25   50   200 &lt;                   
                                                               100             
     30 4-20                                                                   
            &gt;500                                                               
                20-100                                                         
                     20-100                                                    
                         100- 100-500                                          
                                    100-500                                    
                                        100-500                                
                                             100-500                           
                                                  100-500  0.8-4               
                                                               20-100          
                         500                 approx.                           
     31 20-100                                                                 
            &gt;500                                                               
                100-500                                                        
                     20-100                                                    
                         100- 100-500                                          
                                    100-500                                    
                                        100-500                                
                                             500  100-500  0.8-4               
                                                               &gt;500            
                         500                                                   
        approx.          approx.                                               
     32 20  &gt;500                                                               
                20-100                                                         
                     20-100                                                    
                         100  100-500                                          
                                    100-500                                    
                                        approx. 100                            
                                             100-500                           
                                                  100-500  approx.             
                                                               100-500         
                                                           0.3                 
     33     100-                                                               
                4-20     4-20           4-20      4-20     &lt;0.8                
                                                               20-100          
        approx.                                                                
            500                                   approx.                      
     35 4   100-                                                               
                20-100                                                         
                     4-20                                                      
                         20-100                                                
                              20-100                                           
                                    20-100                                     
                                        20-100                                 
                                             4-20 20       &lt;0.8                
                                                               20-100          
            500                                                                
     36     &gt;500                                                               
                100-500  &gt;500           &gt;500      &gt;500     4-20                
                                                               100-500         
     37 &lt;0.8                                                                   
            &gt;500                                                               
                0.8-4                                                          
                     0.8-4                                                     
                         4-20 4-20  20-100                                     
                                        4-20 4-20 4-20     &lt;0.8                
                                                               20-100          
     38 0.8-4                                                                  
            &gt;500                                                               
                4-20 4-20                                                      
                         20-100                                                
                              20-100                                           
                                    20-100                                     
                                        20-100                                 
                                             20-100                            
                                                  20-100   &lt;0.8                
                                                               100-500         
     44 6.25                                                                   
            400 25   25  50   25    50  50   50   50       1.6 100             
     45 6.25                                                                   
            &gt;400                                                               
                25   6.25                                                      
                         100  100   100 100  25   12.5 400 &lt;0.78               
                                                               50              
     46 6.25                                                                   
            &gt;400                                                               
                50   12.5                                                      
                         25   50    100 50   25   25   200 1.56                
                                                               50              
     47 3.12                                                                   
            &gt;400                                                               
                25   6.25                                                      
                         50   100   100 50   12.5 12.5 200 &lt;0.78               
                                                               50              
     48 A                                                                      
        3.12                                                                   
            &gt;400                                                               
                12.5 6.25                                                      
                         25   50    100 50   25   12.5 200 &lt;0.78               
                                                               25              
     51 3.12                                                                   
            400 12.5 12.5                                                      
                         25   25    100 50   12.5 12.5 400 &lt;0.78               
                                                               25              
     52 3.12                                                                   
            &gt;400                                                               
                12.5 6.25                                                      
                         --   --    100 --   12.5 12.5 200 &lt;0.78               
                                                               --              
     53 3.12                                                                   
            400 6.25 12.5                                                      
                         6.25 12.5  50  25   6.25 12.5 200 &lt;0.78               
                                                               12.5            
     54 6.25                                                                   
            &gt;400                                                               
                25   6.25                                                      
                         200  100   100 100  12.5 25   200 &lt;0.78               
                                                               50              
     55 6.25                                                                   
            &gt;400                                                               
                25   12.5                                                      
                         100  100   100 100  12.5 25   200 &lt;0.78               
                                                               50              
     __________________________________________________________________________
      *The numbers in this column are the numbers of the Examples in which the 
      penicillin and its production are described.                             
TBL                                    Table 2                                 
     __________________________________________________________________________
     MIC in units/ml                                                           
     __________________________________________________________________________
     Bacterial Strains                                                         
     __________________________________________________________________________
     Peni-                                   Pseudomonas                       
                                                      Staph.   Strep.          
     cillin                                                                    
         E. coli         Prot. vulg.                                           
                                   Klebsiella                                  
                                             aerug.   aureus   faec.           
     No. 14  A 261                                                             
                 C 165                                                         
                     183/58                                                    
                         1017 3400 K 10 63   Bonn                              
                                                 Walter                        
                                                      1777E                    
                                                           133 ATCC            
                                                               9790            
     __________________________________________________________________________
     Ampi-                                                                     
         .about.0.8                                                            
             &gt;400                                                              
                 6.25                                                          
                     200 400  &gt;400 100-200                                     
                                        100-200                                
                                             200 200  200  &lt;1.0                
                                                               12.5            
     cillin                                                                    
     59  1.56                                                                  
             &gt;400                                                              
                 6.25                                                          
                     3.12                                                      
                         6.25 12.5 25   50   12.5                              
                                                 25   100  &lt;0.78               
                                                               100             
     60  6.25                                                                  
             &gt;400                                                              
                 25  12.5                                                      
                         25   50   100  50   25  50   50   &lt;0.78               
                                                               100             
     61  3.12                                                                  
             &gt;400                                                              
                 6.25                                                          
                     6.25                                                      
                         25   25   100  50   12.5                              
                                                 25   200  &lt;0.78               
                                                               50              
     62  1.56                                                                  
             400 6.25                                                          
                     3.12                                                      
                         6.25 6.25 100  100  12.5                              
                                                 25   400  &lt;0.78               
                                                               100             
     63  &lt;0.78                                                                 
             400 1.56                                                          
                     &lt;0.78                                                     
                         1.56 3.12 50   50   6.25                              
                                                 12.5 200  &lt;                   
                                                               5078            
     64  3.12                                                                  
             &gt;400                                                              
                 25  25  25   100  100  100  25  50   50    1.56               
                                                               100             
     65  &lt;0.78                                                                 
             400 3.12                                                          
                     1.56                                                      
                         3.12 6.25 12.5 12.5 12.5                              
                                                 12.5 50   &lt;0.78               
                                                               50              
     66  3.12                                                                  
             &gt;400                                                              
                 12.5                                                          
                     50  50   100  50   50   6.25                              
                                                 12.5 50   &lt;0.78               
                                                               25              
     67  1.56                                                                  
             400 6.25                                                          
                     1.56                                                      
                         6.25 6.25 100  100  25  50   400  &lt;0.78               
                                                               100             
     68  3.12                                                                  
             &gt;400                                                              
                 12.5                                                          
                     6.25                                                      
                         12.5 25   50   25   12.5                              
                                                 12.5 50   &lt;0.78               
                                                               50              
     69  1.56                                                                  
             400 6.25                                                          
                     3.12                                                      
                         12.5 25   50   25   12.5                              
                                                 100       &lt;0.78               
                                                               100             
     70  3.12                                                                  
             200 6.25                                                          
                     3.12                                                      
                         12.5 12.5 25   12.5 12.5                              
                                                 100       &lt;0.78               
                                                               100             
     71  &gt;400                                                                  
             &gt;400                                                              
                 &gt;400                                                          
                     &gt;400                                                      
                         &gt;400 &gt;400 &gt;400 &gt;400 &gt;400                              
                                                 400       200 &gt;400            
     72  6.25                                                                  
             400 25  12.5                                                      
                         50   200  100  50   50  400       &lt;0.78               
                                                               100             
     73  3.12                                                                  
             200-                                                              
                 6.25                                                          
                     1.56                                                      
                         6.25 12.5 25-50                                       
                                        12.5-25                                
                                             12.5                              
                                                 .about.50 0.78                
                                                               50-100          
             400                                                               
     74  100 &gt;400                                                              
                 &gt;400                                                          
                     &gt;400                                                      
                         &gt;400 &gt;400 &gt;400 &gt;400 &gt;400                              
                                                 &gt;400      25  &gt;400            
     75  &lt;0.8                                                                  
             100&lt;                                                              
                 0.8&lt;4                                                         
                     0.8&lt;4                                                     
                         4&lt;20 0.8&lt;4                                            
                                   20&lt;100                                      
                                        4&lt;20 4&lt;20                              
                                                 4&lt;20      0.8 20&lt;100          
             500                                                               
     76  0.8&lt;4                                                                 
             100&lt;                                                              
                 4&lt;20                                                          
                     .about.4                                                  
                         4&lt;20 20&lt;100                                           
                                   20&lt;100                                      
                                        20&lt;100                                 
                                             4&lt;20                              
                                                 20&lt;100    &lt;0.8                
                                                               20&lt;100          
             500                                                               
     83  3.12                                                                  
             400 6.25                                                          
                     6.25                                                      
                         25   6.25 25   50   50  100       &lt;0.78               
                                                               100             
     86  12.5                                                                  
             &gt;400                                                              
                 25  50  50   50   100  50   25  50        &lt;0.78               
                                                               100             
     87  4&lt;20                                                                  
             100&lt;                                                              
                 20&lt; 20&lt; 20&lt;100                                                
                              20&lt;100                                           
                                   20&lt;100                                      
                                        20&lt;100                                 
                                             4&lt;20                              
                                                 20&lt;100    &lt;0.8                
                                                               20&lt;100          
             500 100 100                                                       
     88  1.56                                                                  
             400 6.25                                                          
                     3.12                                                      
                         12.5 6.25 50   25   25  50        &lt;0.78               
                                                               50              
     89  1.56                                                                  
             400 6.25                                                          
                     1.56                                                      
                         3.12 12.5 25   12.5 25  50        &lt;0.78               
                                                               100             
     90  6.25                                                                  
             400 12.5                                                          
                     12.5                                                      
                         12.5 25   50   25   25  50   50       100             
     91      100&lt;                                                              
                 0.8&lt;4   0.8&lt;4          4&lt;20     4&lt;20      &lt;0.8                
                                                               20&lt;100          
             500                                                               
     92 B    &gt;500                                                              
                 4&lt;20    20&lt;100         20&lt;100   20&lt;100    &lt;0.8                
                                                               20&lt;100          
     93 B    &gt;500                                                              
                 4&lt;20    20&lt;100         20&lt;100   20&lt;100    &lt;0.8                
                                                               20&lt;100          
     94  12.5                                                                  
             &gt;400                                                              
                 50  100 100  50   200  200  100 100       3.12                
                                                               200             
     96  6.25                                                                  
             &gt;400                                                              
                 12.5                                                          
                     25  50   50   200  200  25  25   400  1.56                
                                                               25              
     97  6.25                                                                  
             &gt;400                                                              
                 25  6.25                                                      
                         25   25   400  50   25  50                            
     98  3.12                                                                  
             &gt;400                                                              
                 6.25                                                          
                     6.25                                                      
                         12.5 25   400  400  12.5                              
                                                 25   200  &lt;0.78               
                                                               100             
     99 B    &gt;500                                                              
                 20-100  approx.        &lt;500     100-500   &lt;0.8                
                                                               100-            
                         500                                   500             
     101 B   &gt;500                                                              
                 20-100  100-500        100-500  100-500   &lt;0.8                
                                                               approx.         
                                                               20              
     102     &gt;500                                                              
                 4&lt;20    4&lt;20           20&lt;100   4&lt;20      &lt;0.8                
                                                               4&lt;20            
     103     &gt;500                                                              
                 4-20    100-500   100-      100-          &lt;0.8                
                                                               20-100          
                                   500       500                               
     105 B   &gt;500                                                              
                 4-20    &lt;500           100-500  &gt;500      &lt;0.8                
                                                               20-100          
     107 &lt;0.8                                                                  
             20&lt; &lt;0.8                                                          
                     &lt;0.8                                                      
                         0.8-4                                                 
                              0.8-4                                            
                                   .about.4                                    
                                        4-20 0.8-4                             
                                                 0.8-4                         
                                                      20-100                   
                                                           &lt;0.8                
                                                               4-20            
             100                                                               
     108     &gt;500                                                              
                 4-20    20-100         100-500                                
                                             0.8-4                             
                                                 20-100    &lt;0.8                
                                                               .about.20       
     109     &gt;500                                                              
                 4-20    20-100         100-500  50-100    0.8 4-20            
     110 0.8-4                                                                 
             100-                                                              
                 4-20                                                          
                     4-20                                                      
                         4-20 4-20 4-20 4-20 20- 20-100                        
                                                      20-100                   
                                                           0.8 4-20            
             500                             100                               
     111 &lt;0.8                                                                  
             20-100                                                            
                 0.8-4                                                         
                     &lt;0.8                                                      
                         0.8-4                                                 
                              0.8-4                                            
                                   4-20 4-20 4-20                              
                                                 4-20 4-20 0.8 4-20            
     112 &lt;0.8                                                                  
             20-100                                                            
                 0.8-4                                                         
                     &lt;0.8                                                      
                         0.8-4                                                 
                              0.8-4                                            
                                   4-20 4-20 4-20                              
                                                 4-20 20-100                   
                                                           0.8 4-20            
     113         0.8-4   4-20           100- 500 4-20 100-500                  
                                                           0.8                 
     114         4-20    20-100         100-500  4-20 100-500                  
                                                           0.8                 
     115         20-100  20-100         100-500  20-100                        
                                                      100-500                  
                                                           0.8                 
     116         4-20    4-20           20-100   approx.                       
                                                      100-500                  
                                                           0.8                 
                                                 20                            
     117 &lt;0.78                                                                 
             50  1.56                                                          
                     1.56                                                      
                         3.12 3.12 6.25 12.5 12.5                              
                                                 12.5 12.5 0.8 50              
     118 12.5                                                                  
             &gt;400                                                              
                 50  200 100  200  100  200  200 200  100  1.6 50              
     119 25  &gt;400                                                              
                 200 400 &gt;400 &gt;400 400  &gt;400 &gt;400                              
                                                 &gt;400 200  1.6 100             
     121 6   &gt;400                                                              
                 50  100 100  200  25   100  100 100  100  &lt;0.8                
                                                               100             
     122 12.5                                                                  
             &gt;400                                                              
                 50  200 100  400  50   100  200 400  400  1.6 100             
     123 3.12                                                                  
             &gt;400                                                              
                 25  12.5                                                      
                         50   100  50   100  50  100  25   &lt;0.8                
                                                               200             
     124 3.12                                                                  
             &gt;400                                                              
                 12.5                                                          
                     25  50   50   50   50   50  100  25   &lt;0.78               
                                                               200             
     125 3.12                                                                  
             &gt;400                                                              
                 25  50  50   100  200  100  50  100  50   3.12                
                                                               200             
     126 12.5                                                                  
             &gt;400                                                              
                 50  50  100  100  100  200  100 200  100  1.66                
                                                               200             
     127 0.78                                                                  
             50  3.12                                                          
                     1.56                                                      
                         3.12 6.25 12.5 12.5 12.5                              
                                                 25   12.5 &lt;0.78               
                                                               25              
     128 0.78                                                                  
             50  1.56                                                          
                     &lt;0.78                                                     
                         1.56 6.25 6.25 6.25 6.25                              
                                                 12.5 12.5 &lt;0.78               
                                                               50              
     129 0.78                                                                  
             50  1.56                                                          
                     1.56                                                      
                         3.12 6.25 6.25 6.25 6.25                              
                                                 12.5 6.25 &lt;0.78               
                                                               50              
     130 12.5                                                                  
             &gt;400                                                              
                 100 100 200  400  25   50   200 200       &lt;0.8                
                                                               50              
     131 0.8 20-100                                                            
                 &lt;0.8                                                          
                     &lt;0.8                                                      
                         0.8-4                                                 
                              0.8-4                                            
                                   0.8-4                                       
                                        4-20 0.8-4                             
                                                 0.8-4                         
                                                      20-100                   
                                                           &lt;0.8                
                                                               4-20            
     132 0.8 &gt;400                                                              
                 0.8-4                                                         
                     &lt;0.8                                                      
                         4-20 0.8-4                                            
                                   4-20 20-100                                 
                                             4-20                              
                                                 4-20 20-100                   
                                                           &lt;0.8                
                                                               4-20            
     134 3.1 &gt;400                                                              
                 25  25  12.5 50   50   200  100 50   200  3.1 100             
     135 12.5                                                                  
             400 50  25  25   100  100  400  400 100  100  &lt;0.8                
                                                               200             
     138 6.25                                                                  
             200 25  12.5                                                      
                         25   100  50   50   25  100  12.5 &lt;0.8                
                                                               50              
     140 0.8 50  3.1 1.6 3.1  6.25 12.5 25   12.5                              
                                                 12.5      &lt;0.8                
                                                               12.5            
     141 0.8 50  3.1 1.6 3.1  3.1  6.25 12.5 12.5                              
                                                 6.25                          
     142 0.8 50  3.1 1.6 3.1  12.5 12.5 25   25  12.5      &lt;0.8                
                                                               25              
     143 12.5                                                                  
             &gt;400                                                              
                 50  50  200  400  50   100  200 200       &lt;0.8                
                                                               100             
     144 1.56                                                                  
             400 6.25                                                          
                     50  12   25   50   50   6.25                              
                                                 12.5 200  &lt;0.8                
                                                               25              
     147A                                                                      
         12.5                                                                  
             &gt;400                                                              
                 50  100 50   200  200  100  25  200  100  &lt;0.8                
                                                               50              
     __________________________________________________________________________
PAR  The activity spectrum includes both Gram-negative and Gram-positive
      bacteria. The paticular advantage of the penicillins according to the
      invention is that they are effective both in vitro (Tables 1 and 2) and in
      animal experiments (Table 3) against ampicillin-resistant and
      carbenicillin-resistant Klebsiella bacteria and against
      ampicillin-resistant Proteus bacteria. Furthermore, they act on
      ampicillin-resistant Pseudomonas varieties in vitro and in vivo. The
      concentrations required for destroying the bacteria are reached in the
      serum after parenteral administration (Table 4). Table 5 shows the
      decrease in the number of ampicillin-resistant Proteus bacteria present in
      the blood after intraperitoneal infection and subcutaneous administration
      of 50,000 units/kg of penicillin. The excellent effect of some of the new
      penicillins against Gram-positive bacteria is shown in Table 3. The
      excellent effect is achieved both on a single administration and also on
      multiple administration. The resorption of the new penicillins often takes
      place very rapidly after subcutaneous administration (Table 4), and the
      peak values are often reached within 10 minutes. Elimination is equally
      rapid in both these cases. The substances according to the invention are
      stable to acid; as examples, penicillins No. 59, No. 66 and No. 83 may be
      quoted, which remain microbiologically active at pH 1 for over one hour.
      Table 6 shows that the new penicillins are excellently tolerated, which is
      shown particularly clearly by the extremely high dose which is tolerated
      without complications on intravenous administration into the vein of the
      tail. Penicillin No. 66 may here be very particularly quoted as an
      example.
PAR  The experiments on animals (see Table 3) were carried out with white mice
      of the CF1 strain. The infection took place intraperitoneally with the
      particular bacterium indicated.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Number of surviving mice in % after intraperitoneal infection and         
     subcutaneous therapy,                                                     
     30 minutes and 90 minutes after infection                                 
     Peni-                                                                     
        Dose:                                                                  
     cillin                                                                    
        2 .times. 3000 units/mouse                                             
                    2 .times. 200 units/mouse                                  
                                4 .times. 3000 units/mouse                     
                                            2 .times. 3000 units/mouse         
                                                        2 .times. 3000         
                                                        units/mouse            
     No:-                                                                      
        E.coli C 165                                                           
                    Staph. aureus 133                                          
                                Psdm. aerug. Walter                            
                                            Klebsiella 63                      
                                                        Proteus vulg. 1017     
        (Ampicillin-                                                           
                    (Ampicillin-                                               
                                (Ampicillin-                                   
                                            (Ampicillin- and                   
                                                        (Ampicillin-           
        sensitive)  sensitive)  resistant)  Carbenicillin-                     
                                                        resistant)             
                                            resistant)                         
     __________________________________________________________________________
        1  2  3  5  1  2  3  5  1  2  3  5  1  2  3  5  1  2  3  5             
        day                                                                    
           days                                                                
              days                                                             
                 days                                                          
                    day                                                        
                       days                                                    
                          days                                                 
                             days                                              
                                day                                            
                                   days                                        
                                      days                                     
                                         days                                  
                                            day                                
                                               days                            
                                                  days                         
                                                     days                      
                                                        day                    
                                                           days   days         
                                                           days                
     59 70 60 60 60 90 70 70 70             100                                
                                               90 30    100                    
                                                           100    100          
                                                           100                 
     90 100                                                                    
           90 90 90                         90 70 0     100                    
                                                           80     80           
                                                           80                  
     62 80 70                               100                                
                                               100                             
                                                  40    70 50     50           
                                                           50                  
     63 80 60 60 60                         100                                
                                               100                             
                                                  30    80 70     70           
                                                           70                  
     65 90 60 60 60 90 80 70 70             100                                
                                               100                             
                                                  10    100                    
                                                           100    100          
                                                           100                 
     73 70 50 40 40 80 70 50 40 50 30 10    100                                
                                               80 0     100                    
                                                           100    100          
                                                           100                 
     66 100                                                                    
           60 50 50 100                                                        
                       90 70 70 30          90 90 0     100                    
                                                           100    100          
                                                           100                 
     67 80 50 40 40             50          100                                
                                               80 10    100                    
                                                           100    100          
                                                           90                  
     83 90 60 60 60 80 70 70 70 70 20       100                                
                                               100                             
                                                  60    100                    
                                                           100    100          
                                                           100                 
     94 50 30 30 30                         80 30       100                    
                                                           100    100          
                                                           100                 
     75 90 80 80 80                         100                                
                                               100                             
                                                  100                          
                                                     20 60 10                  
     Ampi-                                                                     
     cillin                                                                    
        100                                                                    
           100                                                                 
              100                                                              
                 100                                                           
                    100                                                        
                       100                                                     
                          100                                                  
                             100            0  0  0  0  0  0      0            
                                                           0                   
     Car-                                                                      
     beni-                                                                     
     cillin                                 0  0  0  0  100                    
                                                           100    100          
                                                           100                 
     __________________________________________________________________________
PAC  Continuation of Table 3.
PAR  Number of surviving mice in % (after intraperitoneal infection and
      subcutaneous therapy) after the indicated number of days.
TBL  __________________________________________________________________________
     Bacterial Strains                                                         
                Penicillin                                                     
                        Dose*.sup.)                                            
                            1st 2nd 3rd 5th day                                
     __________________________________________________________________________
     E.coli C 165                                                              
                No:-144 A   80  80  80  80                                     
     E. coli C 165                                                             
                Carbenicillin                                                  
                        A   70  50  50  50                                     
     Prot.vulg. 1017 I                                                         
                No:-144 A   70  50  50  50                                     
                Carbenicillin                                                  
                        A   50  50  50  50                                     
                Ampicillin                                                     
                        A   0   0   0   0                                      
                No:-147 B   100 100 100 100                                    
     Klebsiella 63                                                             
                No:-144 B   70  30  0                                          
                Carbenicillin                                                  
                        B   0                                                  
                Ampicillin                                                     
                        B   0                                                  
                Cephalothin                                                    
                        B   0                                                  
                No:-147 C   100 100 40  10                                     
     Pseudm.aer.                                                               
                No:-144 D   100 20  20  20                                     
     Walter                                                                    
                Carbenicillin                                                  
                        D   80  20  20  20                                     
                Ampicillin                                                     
                        D   0                                                  
                Cephalothin                                                    
                        D   0                                                  
     Pseudomon.                                                                
     aer. F 41  No:-144 E   100                                                
                Carbenicillin                                                  
                        E   0                                                  
     Pseudomon.                                                                
     aer. F 41  No:-144 F   100                                                
                Carbenicillin                                                  
                        F   20                                                 
     Pseudomon.                                                                
     aer. F 41  No:-144 G   100                                                
                Carbenicillin                                                  
                        G   70                                                 
     Pseudomon.                                                                
     aer. F 41  No:-144 H   100                                                
                Carbenicillin                                                  
                        H   70                                                 
     Klebsiella 63                                                             
                No:-144 A   30                                                 
                Carbenicillin                                                  
                        A   0                                                  
     Klebsiella 63                                                             
                No:-144 B   100                                                
                Carbenicillin                                                  
                        B   0                                                  
     Klebsiella 63                                                             
                No:-144 C   100                                                
                Carbenicillin                                                  
                        C   0                                                  
     __________________________________________________________________________
     *.sup.) Dose A = 37,500 units/kg,                                         
                      30 and 90 minutes after infection                        
     Dose B = 75,000 units/kg,                                                 
                      30 and 90 minutes after infection                        
     Dose C = 150,000 units/kg,                                                
                      30 and 90 minutes after infection                        
     Dose D = 150,000 units/kg,                                                
                      0.5, 2, 4 and 6 hours after                              
                      infection                                                
     Dose E = 50,000 units/kg,                                                 
                      30 minutes before and 2, 4 and 6                         
                      hours after infection                                    
     Dose F = 75,000 units/kg,                                                 
                      30 minutes before and 2, 4 and 6                         
                      hours after infection                                    
     Dose G = 150,000 units/kg,                                                
                      30 minutes before and 2, 4 and 6                         
                      hours after infection                                    
     Dose H = 200,000 units/kg,                                                
                      30 minutes before and 2, 4 and 6                         
                      hours after infection.                                   
PAC  Table 4
PAR  Serum lever after subcutaneous ("s.c.") administration to white mice, in
      units/ml of serum, measured from the microbiological activity against
      Proteus vulgaris 1017 (ampicillin-resistant).
TBL  __________________________________________________________________________
     Peni-                                                                     
         Dose  Concentration in the serum; number of minutes                   
     cillin                                                                    
         (s.c.)                                                                
               after administration of the dose                                
     No:-      10 mins.                                                        
                     15 mins.                                                  
                           20 mins.                                            
                                 30 mins.                                      
                                       60 mins.                                
     __________________________________________________________________________
     59  150.000     25 units    20 units                                      
                                       &lt;2 units                                
         units                                                                 
     64  50.000                                                                
               50 units    10 units                                            
         units                                                                 
     64  150.000     42 units    26 units                                      
                                       &lt;10 units                               
         units                                                                 
     __________________________________________________________________________
PAC  TABLE 5
PAR  Reduction in number of bacteria/ml of blood after subcutaneous
      administration of Penicillin No. 83. Infection took place
      intraperitoneally with Proteus vulgaris 1017, 8 .times. 10.sup.5 /mouse;
      ampicillin-resistant.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Reduction in number of bacteria/ml of blood after subcutaneous            
     administration of Penicillin No. 83.                                      
     Infection took place intraperitoneally with Proteus vulgaris 1017, 8      
     .times. 10.sup.5 /mouse; ampicillin-resistant.                            
                  Number of bacteria after infection, measured after           
                  infection:                                                   
                  30 mins.                                                     
                         60 mins.                                              
                                90 mins.                                       
                                       120 mins.                               
                                              150 mins.                        
                                                     180 mins.                 
     __________________________________________________________________________
     Control      3 .times. 10.sup.4                                           
                         2 .times. 10.sup.4                                    
                                2 .times. 10.sup.4                             
                                       --     7 .times. 10.sup.4               
                                                     5 .times. 10.sup.4        
     Administration of:                                                        
     1 .times. 50,000 units/kg                                                 
     subcutaneously,                                                           
                  9 .times. 10.sup.3                                           
                         7 .times. 10.sup.3                                    
                                2 .times. 10.sup.3                             
                                       1 .times. 10.sup.3                      
                                              3 .times. 10.sup.3               
                                                     8 .times. 10.sup.3        
     30 minutes after                                                          
     infection                                                                 
     Administration of:                                                        
     1 .times. 50,000 units/kg                                                 
     subcutaneously, after      approx.                                        
     30 minutes, and a                                                         
                  2 .times. 10.sup.4                                           
                         8 .times. 10.sup.3                                    
                                5 .times. 10.sup.3                             
                                       2 .times. 10.sup.2                      
                                              &lt;10.sup.1                        
                                                     &lt;10.sup.1                 
     further 50,000 units/                                                     
     kg after 90 minutes.                                                      
     __________________________________________________________________________
PAR  The Table shows that a dose of 50,000 units/kg, administered
      subcutaneously, already drastically reduces the number of bacteria in the
      blood; additionally, it shows that the double subcutaneous administration
      of 50,000 units/kg causes elimination of the bacteria.
TBL                Table 6                                                     
     ______________________________________                                    
              Acute toxicity (LD.sub.50) in white mice                         
              after intravenous injection into the vein                        
              of the tail, in mg/kg                                            
     ______________________________________                                    
     Penicillin                                                                
     No.                                                                       
     66         &gt;4000                                                          
     60         1500                                                           
     86         &gt;3000                                                          
     83         &gt;1200                                                          
     94         4000                                                           
     75         1500                                                           
     Carbenicillin                                                             
                2700                                                           
     Dicycloxacillin                                                           
                900                                                            
     ______________________________________                                    
PAR  The comparison shows that the new penicillins are clearly superior to the
      commercially available products dicycloxacillin and carbenicillin on
      intravenous injection of a single dose.
PAR  The invention further relates to the pharmaceutical use of the new
      penicillins and their pharmaceutically acceptable salts.
PAR  Accordingly, the present invention provides an antibiotic pharmaceutical
      composition containing as an active ingredient at least one of the
      penicillins of the formula (1), or a pharmaceutically acceptable non-toxic
      salt thereof in combination with a pharmaceutically acceptable solid or
      liquid diluent or carrier as hereinafter defined.
PAR  In the present specification the expression "pharmaceutically acceptable
      diluent or carrier" means a non-toxic substance that when mixed with the
      active ingredient or ingredients renders it suitable for administration.
      The expression preferably excludes water and low-molecular weight organic
      solvents commonly used in chemical synthesis, except in the presence of
      other pharmaceutically necessary ingredients such as salts in correct
      quantities to render the composition isotonic, buffers, surfactants,
      coloring and flavoring agents, and preservatives. Examples of suitable
      liquid diluents and carriers are vegetable oils, polyols, buffered aqueous
      solutions, isotonic saline aqueous solutions, syrups and lotion bases.
      Examples of suitable solid diluents and carriers are starches, cellulose
      and its derivatives, sugars, stearates and stearic acid, talc, certain
      types of alumina, and ointment bases. Examples of pharmaceutical
      compositions according to the invention are ointments, pastes, creams,
      sprays, lotions, aqueous suspensions, elixirs, syrups, drops, granules and
      powders, either free-flowing or compressed into tablets.
PAR  The penicillins and pharmaceutically acceptable salts of the present
      invention may be administered perorally.
PAR  One group of preferred pharmaceutical compositions of the invention are
      therefore those adapted for oral administration. The diluents and carriers
      used are preferably therefore those that adapt the active ingredient or
      ingredients for oral administration. Examples of such diluents and
      carriers are solid vehicles, excipients and lubricants such as glucose,
      lactose and sucrose, corn and potato starch, sodium carboxymethyl
      cellulose, ethyl cellulose and cellulose acetate, powdered gum tragacanth,
      gelatin, alginic acid, agar, stearic acid, sodium calcium and magnesium
      stearates, sodium lauryl sulphate, polyvinylpyrollidone, sodium citrate,
      calcium carbonate, dicalcium phosphate, and certain types of alumina.
PAR  The pharmaceutical compositions of the invention may also contain other
      non-toxic adjuvants and modifiers such as dyes, surfactants, perfumes,
      flavouring agents, preservatives and biocides.
PAR  The compounds of the present invention may also be administered
      parenterally for example by intramuscular, subcutaneous or intravenous
      injection, or, if necessary, as a continuous drip infusion. A group of
      preferred pharmaceutical compositions of the invention are therefore those
      adapted for parenteral injection. The diluents and carriers used are
      therefore preferably those that adapt the active ingredient for parenteral
      administration. Examples of such diluents and carriers are solvents and
      suspending diluents such as water and water-miscible organic solvents, in
      particular sesame oil, groundnut oil, aqueous propylene glycol, and
      N,N'-dimethyl formamide. A preferred example of a pharmaceutical
      composition of the invention adapted for parenteral administration is a
      sterile isotonic saline aqueous solution of the active ingredient, which
      may be buffered with a pharmaceutically acceptable buffer. The solution
      may be rendered isotonic in any known manner, for example by the
      incorporation of sodium chloride and/or glucose. Such solutions can be
      administered as a single dose or as a continuous drip infusion, or divided
      into a series of doses.
PAR  In oral and parenteral administration a dose of 25,000 to 1,000,000 units
      per kg. body weight is appropriate.
PAR  The present invention also provides antibiotic medicaments in dosage unit
      form as hereinafter defined comprising as an active ingredient at least
      one penicillin of formula (1), or a pharmaceutically acceptable non-toxic
      salt thereof, either alone or in combination with a pharmaceutically
      acceptable solid or liquid diluent or carrier. In this case the diluent or
      carrier is preferably as defined above but can also be water or another
      common solvent.
PAR  The expression "medicament in dosage unit form" as used in the present
      specification means a medicament in the form of discrete portions each
      containing a unit dose or a multiple or sub-multiple of a unit dose of the
      active ingredient(s); for example, one, two, three or four unit doses or a
      half, a third or a quarter of a unit dose. A "unit dose" is the amount of
      the active ingredient(s) to be administered on one occasion and will
      usually be a daily dose, or for example a half, a third, or a quarter of a
      daily dose depending on whether the medicament is to be administered once
      or, for example, twice, three times, or four times a day.
PAR  The discrete portions constituting the medicament in dosage unit form can
      include a protective envelope. The active ingredient can be undiluted and
      contained in such an envelope, or can be mixed with a pharmaceutically
      acceptable solid or liquid diluent or carrier as defined above. Such
      portions can for example be in monolithic coherent form, such as tablets,
      lozenges, pills, suppositories, or dragees; in wrapped or concealed form,
      the active ingredients being within a protective envelope, such as wrapped
      powders, cachets, sachets, capsules, or ampoules; or in the form of a
      sterile solution suitable for parenteral injection, such as ampoules of
      buffered, isotonic, sterile, pyrogen-free aqueous solution; or in any
      other form known in the art.
PAR  As stated above, oral administration is one preferred form of
      administration for the penicillins of formula (1) and their
      pharmaceutically acceptable non-toxic salts. Preferred medicaments in
      dosage unit form according to the invention are therefore those adapted
      for oral administration, such as tablets, pills, dragees, capsules, and
      cachets, as well as wrapped powders containing the active ingredient in
      powdered form with a powdered diluent or carrier for suspension in water
      before being taken.
PAR  As stated above, another preferred mode of administration for the
      penicillins and their pharmaceutically acceptable non-toxic salts is
      parenteral administration. Preferred medicaments in dosage unit form
      according to the invention are therefore those adapted for parenteral
      injection, such as ampoules containing a measured quantity of a sterile
      isotonic saline injectable aqueous solution of the new active ingredient,
      which may be buffered with a pharmaceutically acceptable buffer. A
      particularly preferred medicament in dosage unit form according to the
      invention is dry ampoules each containing a unit dose or a multiple or
      sub-multiple of a unit dose of one of the new penicillins and
      pharmaceutically acceptable salts according to the invention. Such
      ampoules may be used at the place and time of administration for making up
      parenterally injectable solutions.
PAR  The preferred unit dose for parenteral and peroral administration of the
      medicaments of the invention is 1,250,000 - 90,000,000 units per person of
      active ingredient.
PAR  The following non-limitative examples more particularly illustrate the
      present invention.
PAR  The .alpha.-aminobenzylpenicillin (ampicillin) used in the examples
      contained about 14% of water, but anhydrous .alpha.-aminobenzylpenicillin
      [compare U.S. Pat. No. 3,144,445] can be used equally well.
PAR  Unless expressly stated otherwise, "ampicillin" denotes the
      .alpha.-aminobenzylpenicillin having the D(-)- = R-configuration in the
      side chain.
PAR  The .beta.-lactam content of the penicillins was determined iodometrically
      in the following Examples. All substances described here showed an IR
      spectrum corresponding to their structure. The NMR spectra of the
      penicillins were recorded in CD.sub.3 OD solution; the signals indicated
      in the Examples correspond to the .tau.-scale; they agree with the
      particular structure.
PAR  The figures quoted in the Examples for the effectiveness against certain
      bacteria (units/ml) are minimum inhibitory concentrations in the test tube
      series dilution test after 24 hours' incubation.
PAR  In the case of the data: "Effectiveness in Animal Experiments," "A" denotes
      that the particular penicillin is more effective than ampicillin when used
      subcutaneously in mice against Proteus Vulgaris 1017, and "B" denotes that
      it is more effective than ampicillin and carbenicillin against Klebsiella
      aerobacter 63.
DETD
PAC  EXAMPLE 1
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl ureido)-benzylpenicillin:
PAR  5.5 parts by weight of
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-.alpha.-phenylacetic acid were
      dissolved in 50 parts by volume of dichloromethane, with exclusion of
      moisture, and 2.0 parts by weight of triethylamine were added while
      cooling. The mixture was now cooled to between -5.degree. and
      -10.degree.C, and 3.6  parts by weight of tetramethylchloroformamidinium
      chloride were added as several portions over the course of a few minutes.
      Thereafter, the mixture was stirred for 30 minutes at this temperature and
      any insoluble matter was filtered off without the solution rising to above
      0.degree.C. The filtrate was cooled to -10.degree.C and added all at once
      to a solution of 4.1 parts by weight of 6-aminopenicillanic acid and 3.4
      parts by weight of triethylamine in 50 parts by volume of dichloromethane,
      cooled to -10.degree.C. [The aminopenicillanic acid was stirred for 1.5
      hours at room temperature with the triethylamine and2 parts by weight of a
      molecular sieve (Zeolite VS 10-2) which had been ground in a mortar;
      thereafter, the mixture was filtered while excluding moisture, and the
      filtrate was employed for the reaction]. The combined solutions were left
      to stand for 1 hour at 0.degree.C and subsequently poured into 100 parts
      by volume of water. the pH value was adjusted to 6.5,  the dichloromethane
      phase was separated off, and the aqueous phase was covered with 200 parts
      by volume of a 1:1 mixture of ethyl acetate and ether. Sufficient 2 N
      hydrochloric acid was added, while stirring vigorously and cooling with
      ice, to obtain a pH value of 2.0 in the aqueous layer. The organic phase
      was separated off, washed with 2 .times. 40 parts by volume of water and
      dried for two hours over MgSO.sub.4 in a refrigerator. 20 parts by volume
      of a 1 M solution of sodium 2-ethylhexanoate in ether containing methanol
      were now added, the mixture was largely concentrated in vacuo at
      0.degree.C, the residue was taken up in just sufficient methanol, and the
      sodium salt of the penicillin was precipitated by adding excess ether
      whilst shaking vigorously.
PAR  Yield: 67%. .beta.-Lactam content: 81%.
TBL  ______________________________________                                    
              C         H         N       S                                    
     Calculated:                                                               
              51.4      5.3       10.9    6.2                                  
     Found:   51.5      6.0       10.3    5.5                                  
     ______________________________________                                    
PAR  According to the IR spectrum and thin layer chromatogram the product was
      identical with a comparison sample prepared from ampicillin and
      N-acetyl-N-allylcarbamic acid chloride.
PAC  EXAMPLE 2
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin:
PAR  A solution was prepared, as described in Example 1, from 6.25 parts by
      weight of
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      and 3.6 parts by weight of tetramethylchloroformamidinium chloride, and
      was kept for 1.5 hours at -5.degree. to -10.degree.C. Thereafter it was
      combined with a solution of 4.1 parts by weight of 6-aminopenicillanic
      acid and 3.5 parts by weight of triethylamine in dichloromethane, which
      was stored for one hour at room temperature. Thereafter the mixture was
      worked up as described in Example 1.
PAR  Yield: 62%. .beta.-Lactam content: 84%.
TBL  ______________________________________                                    
              C        H        Cl     N      S                                
     Calculated:                                                               
              48.0     5.1      6.4    10.2   5.8                              
     Found:   48.1     5.2      5.8     9.9   6.4                              
     ______________________________________                                    
PAR  NMR signals at .tau.=2.3-2.9 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H), 6.4
      (2 H), 6.75 (3 H), 7.3 (2 H), 7.9 (2 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 3
PAR  If, in the procedure of Example 2, the
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methylureido)-phenylacetic acid
      used there is replaced by 0.02 mol of:-
PA1  D(-)-.alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-.gamma.-trifluorobutyryl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.gamma.-chloroethyl-ureido)-phen
     ylacetic acid,
PA1  D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1,2,5,6,-tetrahydrobenzoyl]-3-methyl-ureido)-phenylacetic
      acid or
PA1  D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido)-phenylacetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-.alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-.gamma.-trifluorobutyryl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.gamma.-chloroethyl-ureido)-benz
     ylpenicillin,
PA1  D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1,2,5,6-tetrahydrobenzoyl]-3-methyl-ureido)-benzylpenicill
     in, or
PA1  D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 4
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-methylbenzylpenicillin:
PAR  This penicillin was prepared, as described in Examples 1 and 2, from 5.5
      parts by weight of D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-tolyl-acetic
      acid, 3 parts by weight of tetramethyl-chloroformamidinium chloride and
      4.35 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 59%. .beta.-Lactam content: 84%.
TBL  ______________________________________                                    
              C         H         N       S                                    
     Calculated:                                                               
              54.5      5.3       9.7     7.9                                  
     Found:   54.9      5.9       9.5     (5.6)                                
     ______________________________________                                    
PAR  NMR signals at .tau.=2.5 (5 H), 2.5-3.0 (4 H), 4.3-4.65 (3.0 H), 5.8 (1 H),
      6.9 (3 H), 7.7 (3 H) and 8.2-8.5 ppm (6 H).
PAR  Effectiveness in Animal Experiments: A and B.
PAC  EXAMPLE 5
PAC  Sodium
      D,L-(3-.gamma.-chlorobutyryl-3methyl-ureido)-(2-thienyl)methylpenicillin:
PAR  This penicillin was prepared, in the manner described in Examples 1 and 2,
      from 5.9 parts by weight of
      D,L-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-(2-thienyl)-acetic acid, 3.5
      parts by weight of tetramethylchloroformamidinium chloride and 4.06 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 64%. .beta.-Lactam content: 95.5%. NMR signals at .tau.=2.5-3.2 (3
      H), 4.1 (1 H), 4.4 (2 H), 5.8 (1 H), 6.3 (2 H), 6.7 (3 H), 7.2 (2 H), 7.9
      (2 H) and 8.4 ppm (6 H). Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 6
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by:
PA1  0.02 mol of: .alpha.-(3-acetyl-3-methyl-ureido)-p-tolylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-chlorophenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylsulphenylphenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxyphenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorophenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-iodo-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichloro-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxy-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromo-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-methyl-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethyl-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluoro-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2-thienyl-acetic acid, or
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-3-thienyl-acetic acid,
PAR  the sodium salts of the following penicillins are obtained:
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-chloro-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylsulphenyl-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxybenzyl-penicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethyl-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluoro-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin or
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin.
PAC  EXAMPLE 7
PAC  Sodium
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicil
     lin:
PAR  1.35 parts by weight of tetramethylchloroformamidinium chloride were
      dissolved in 15 parts by volume of dichloromethane and cooled to
      0.degree.C while excluding moisture. 2.4 parts by weight of
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid, in a little methylene chloride, were added to this solution. A
      solution of 1.04 parts by volume of triethylamine in 5 parts by volume of
      dichloromethane was now added dropwise at -5.degree.C over the course of
      30 minutes. After a further 40 minutes at -5.degree.C, the mixture was
      combined with a solution of the triethylamine salt from 2.22 parts by
      weight of 6-aminopenicillanic acid and 1.6 parts by volume of
      triethylamine in 25 parts by volume of dichloromethane, cooled to
      -20.degree.C. The mixture was now stirred for 30 minutes at 0.degree.C,
      with a further 0.4 part by volume of triethylamine being added after 15
      minutes. Thereafter, the mixture was stirred for a further 30 minutes at
      room temperature and poured into water, the aqueous layer was separated
      off at pH 6.5, and the sodium salt of the penicillin was isolated as
      described in Example 1.
PAR  Yield: 28%. .beta.-Lactam content: 94%. NMR signals at .tau. = 2.6 (2.1 H),
      2.7 (0.9 H), 3.4 (0.7 H), 3.8 (0.3 H), 4.35-4.50 (2 H), 5.8 (1 H), 6.15 (3
      H), 6.8 (2.1 H), 6.85 (0.9 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 8
PAC  Sodium
      L(+)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicil
     lin:
PAR  This penicillin was prepared, in the manner described in Example 7, from
      3.1 parts by weight of
      L(+)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid, 1.74 parts by weight of tetramethylchloroformamidinium chloride and
      2.87 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 47% .beta.-Lactam content: 92% NMR signals at .tau. = 2.6 (1.8 H),
      2.7 (1.2 H), 3.35 (0.6 H) 3.8 (0.4 H), 4.4 (2 H), 5.75 (1 H), 6.15 (3 H),
      6.8 (1.8 H), 6.85 (1.2 H), and 8.4 ppm (6 H).
PAC  EXAMPLE 9
PAC  Sodium
      D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicill
     in:
PAR  A solution of 5.0 parts by weight of
      D,L-.alpha.-(3-methoxycarbonyl-3-methylureido)-2,6-dichlorophenylacetic
      acid in 10 parts by volume of acetone was added dropwise, at 0.degree.C,
      to a suspension of 3.0 parts by weight of finely ground
      tetramethylchloroformamidinium chloride in 20 parts by volume of dry
      acetone. After 5 minutes, the mixture was cooled to -5.degree.C and 2.1
      parts by volume of triethylamine in 10 parts by volume of acetone were
      added dropwise, slowly and uniformly, over the course of 30 minutes whilst
      excluding moisture. The mixture was kept at 0.degree.C for 1 hour, while
      stirring, and thereafter the precipitate was filtered off without the
      solution rising to above 0.degree.C. The filtrate was now added, in
      several portions, to a solution of 3.23 parts by weight of
      6-aminopenicillanic acid in 25 parts by volume of 80% strength aqueous
      tetrahydrofurane (sufficient 2 N NaOH being added for solution just to
      occur [pH 8.2]), at 0.degree.C, while keeping the pH value at between 7.5
      and 8.0 by adding 2 N NaOH. The mixture was allowed to come to room
      temperature while stirring, where it was stirred until no further addition
      of sodium hydroxide solution was necessary for maintaining the pH value of
      7.5 to 8.0 (1 to 2 hours). Thereafter, the pH value was lowered to 6.5
      with a little dilute hydrochloric acid, 20 parts by volume of water were
      added, and the tetrahydrofurane was evaporated off in vacuo at room
      temperature. The aqueous solution which remained was extracted once with
      25 parts by volume of ether and covered with 50 parts by volume of a 1:1
      mixture of ethyl acetate and ether. The solution was acidified to pH 2.0
      with dilute hydrochloric acid while cooling with ice, and the organic
      phase was separated off. The latter was twice washed with 10 parts by
      volume of water at a time, dried over MgSO.sub.4 for 4 hours at
      0.degree.C, and filtered. The sodium salt of the penicillin was
      precipitated by adding 15 parts by volume of a 1 molar solution of sodium
      2-ethyl-hexanoate in ether containing methanol. The solvent was almost
      completely distilled from the mixture in vacuo at 0.degree.C, the residue
      was taken up in the minimum possible amount of methanol, and the product
      was precipitated by adding ether. After standing for 1 hour at 0.degree.C,
      it was filtered off, washed with ether containing methanol and
      subsequently dried for several days over P.sub.2 O.sub.5 in a vacuum
      desiccator.
PAR  Yield: 71%. .beta.-Lactam content: 68%.
TBL  ______________________________________                                    
              C        H        Cl     N      S                                
     Calculated:                                                               
              41.3     4.2      12.2   9.6    5.5                              
     Found:   41.1     5.0      14.0   9.0    4.9                              
     ______________________________________                                    
PAL  Nmr signals at .tau. = 2.5 (1.95 H), 2.6 (1.05 H), 3.35 and 3.40 (0.65 H),
      3.8 (0.35 H), 4.45 (2 H), 5.8 (1 H), 6.2 (3 H), 6.75 (1.95 H), 6.8 (1.05
      H) and 8.4 ppm (6 H).
PAC  EXAMPLE 10
PAC  A. D(-)-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  15.1 parts by weight of D(-)-C-phenylglycine were stirred for 15 minutes
      with 20:2 parts by weight of triethylamine in 180 parts by volume of a 3:1
      mixture of dimethylsulphoxide and water. 15.2 parts by weight of
      N-methoxy-carbonyl-N-methyl-carbamic acid chloride in 30 parts by volume
      of dry acetone were now added dropwise within 30 minutes in such a way
      that the temperature did not exceed 20.degree.C. The mixture was stirred
      for a further 2 hours, 200 parts by volume of water were then added and
      the whole was acidified to pH 2 with dilute hydrochloric acid. Thereafter
      the mixture was extracted 3 times with 120 parts by volume of ethyl
      acetate at a time, and the organic phase was washed with 50 parts by
      volume of water and dried over MgSO.sub.4. After filtration, the solvent
      was distilled off in vacuo, the remnants of dimethylsulphoxide were
      stripped off at 80.degree.C and 0.1 mm Hg. The glassy oil, which was left
      in  73% yield, was pure methoxycarbonyl-methyl-ureidophenylacetic acid,
      according to the NMR spectrum.
TBL  ______________________________________                                    
              C           H           N                                        
     Calculated:                                                               
              54.0        5.3         10.5                                     
     Found:   54.9        5.6          9.6                                     
     ______________________________________                                    
PAR  NMR signals at .tau. = 0.4 (1 H), 2.4-2.8 (5 H), 4.65 (1 H), 6.2 (3 H) and
      6.9 ppm (3 H).
PAC  B. Sodium D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido-benzylpenicillin:
PAR  This penicillin was prepared as described in Example 7, from 5.3 parts by
      weight of D(-)-.alpha.-(3-methoxycarbonyl-3-methylureido)-phenylacetic
      acid, 3.4 parts by weight of tetramethyl chloroformamidinium chloride and
      4.0 parts by weight of 6-amino-penicillanic acid.
PAR  Yield: 63%. .beta.-Lactam content: 69%. NMR signals at .tau. = 2.3-2.9 (5
      H), 4.45 (1 H), 4.5 and 4.55 (2 H), 5.8 (1 H), 6.2 (3 H), 6.85 (3 H) and
      8.45 ppm (6 H).
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with that of the penicillin (B) prepared from ampicillin and
      N-methoxycarbonyl-N-methyl-carbamic acid chloride, and with the product
      (C) which was prepared according to the instructions of Example 27:
TBL  Type of Bacterium Effectiveness [units/ml]                                
                     (A)    (B)      (C)                                       
     ______________________________________                                    
     Escherichia coli 14                                                       
                       12.5     6.25     100                                   
     Escherichia coli 183/58                                                   
                       50       25       200                                   
     Pseudomonas aerug. Bonn                                                   
                       50       25       400                                   
     Pseudomonas aerug. Walter                                                 
                       50       25       400                                   
     Klebsiella K 10   200      200      400                                   
     Klebsiella 63     200      200      400                                   
     Staphylococcus aureus 133                                                 
                       1.56     1.56     6.25                                  
     ______________________________________                                    
PAC  EXAMPLE 11
PAC  A. D(-)-.alpha.-(3-Isopropoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  15.1 parts by weight of D(-)-C-phenylglycine were dissolved in 250 parts by
      volume of 50% strength aqueous dioxane by adding sufficient dilute sodium
      hydroxide solution. Thereafter the pH value was lowered to 7.8 with 2 N
      HCl, whereupon a part of the phenylglycine precipitated in a finely
      divided form. The mixture was cooled to 0.degree.C and 18.0 parts by
      weight of N-isopropoxycarbonyl-N-methylcarbamic acid chloride in 30 parts
      by volume of anhydrous dioxane were added dropwise over the course of 30
      minutes, the pH value of 7.5-8.0 being maintained by simultaneous addition
      of 2 N sodium hydroxide solution. The mixture was subsequently stirred at
      room temperature until no further addition of alkali was necessary for
      keeping the pH constant. 300 parts by volume of water were now added and
      the solution was extracted once with 150 parts by volume of ether.
      Thereafter it was acidified to pH = 2 with N NCl, and the oil which
      precipitated was taken up in several portions of ethyl acetate. The
      combined organic solutions were washed once with 100 parts by volume of
      water and were dried for some hours over MgSO.sub.4. After filtration,
      they were evaporated, and the oily residue was freed of dioxane to
      60-80.degree.C and 0.1 mm Hg. The glassy product was obtained in 48%
      yield. It was completely pure, according to the NMR spectrum and the thin
      layer chromatogram.
TBL  ______________________________________                                    
              C           H           N                                        
     Calculated:                                                               
              57.1        6.1         9.5                                      
     Found:   56.9        5.7         9.8                                      
     ______________________________________                                    
PAR  NMR signals at .tau. = 0.3 (1 H), +0.4 (1 H), 2.3-2.8 (5 H), 4.6 (1 H), 5.0
      (1 H), 6.9 (3 H) and 8.75 ppm (6 H).
PAR  B. The following .alpha.-ureido-arylacetic acids were prepared as described
      in Example 11A:
PAR  1. D(-)-.alpha.-(3-Acetyl-3-allyl-ureido)-phenylacetic acid from 8.1 parts
      by weight of N-acetyl-N-allylcarbamic acid chloride and 7.5 parts by
      weight of D(-)-C-phenylglycine.
PAR  Yield: 100%.
TBL  ______________________________________                                    
              C           H           N                                        
     Calculated:                                                               
              60.8        5.9         10.1                                     
     Found:   60.3        6.1          9.8                                     
     ______________________________________                                    
PAR  NMR signals at .tau. = 0.0 (1 H), 2.6 (5 H), 3.75-4.5 (1 H), 4.6 (1 H),
      4.7-5.15 (2 H), 5.5-5.9 (2 H) and 7.7 ppm (3 H).
PAR  2. D(-)-.alpha.-(3-.gamma.-Chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      from 9.9 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic acid
      chloride and 7.5 parts by weight of D(-)-C-phenyl-glycine.
PAR  Yield: 99%.
TBL  ______________________________________                                    
              C         H         Cl      N                                    
     Calculated:                                                               
              53.8      5.5       11.3    9.0                                  
     Found:   53.9      5.8       10.8    9.4                                  
     ______________________________________                                    
PAR  NMR signals at .tau. = -0.1 (1 H), 2.6 (5 H), 4.6 (1 H), 6.3 (2 H), 6.8 (3
      H), 7.2 (2 H) and 7.9 ppm (2 H).
PAR  3. D,L-.alpha.-(3-Benzoyl-3-methyl-ureido)-4-tolylacetic acid from 3.2
      parts by weight of N-benzoyl-N-methylcarbamic acid chloride and 3.8 parts
      by weight of D,L-C-(4-tolyl)-glycine.
PAR  Yield: 90%.
PAR  NMR signals at .tau. = 2.5 (5 H), 2.6 (2 H), 2.8 (2 H), 4.5 (1 H), 6.85 (3
      H) and 7.7 ppm (3 H).
PAR  4.
      D(-)-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
     acid from 1.75 parts by weight of N-acetyl-N-methyl-carbamic acid chloride
      and 3.31 parts by weight of D(-)-C-(2,6-dichlorophenyl)-glycine
      hydrobromide. [we assume that the acid, which can be obtained from
      2,6-dichlorobenzyldehyde via the hydantoin in a manner which is in itself
      known, and which after acylation of the amino group and splitting of the
      racemate with optically active bases, followed by removal of the acylating
      group, is obtained in a laevo-rotatory and a dextro-rotatory form,
      belongs, by analogy to the known conditions in the case of
      C-phenylglycine, to the D-series in the laevo-rotatory form, and to the
      L-series in the dextro-rotary form].
PAR  Yield: 90%. Melting point = 149.degree.C, [.alpha.].sub.D = 28.1.degree.
      NMR signals at .tau. = 0.2 (1 H), 2.5 (3 H), 3.6 (1 H), 6.2 (3 H) and 6.9
      ppm (3 H).
PAR  5.
      L(+)-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
     acid from 1.6 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      chloride and 3.01 parts by weight of L(+)-C-(2,6-dichlorophenyl)-glycine
      hydrobromide.
PAR  Yield: 100%, [.alpha.].sub.D = + 29.3.degree.NMR signals as indicated in
      Example 9.B.4.
PAR  6. D,L-.alpha.-(3,Methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid from 3.03 parts by weight of N-methoxycarbonyl-N-methyl-carbamic acid
      chloride and 4.4 parts by weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAR  Yield: 78%. Melting point = 216.degree.C. NMR signals as indicated in
      Example 9.B.4.
PAR  7. D(-)-.alpha.-(3-n-Butoxycarbonyl-3-methyl-ureido)-phenylacetic acid from
      9.7 parts by weight of N-n-butoxycarbonyl-N-methylcarbamic acid chloride
      and 7.1 parts by weight of D-C-phenylglycine.
PAR  Yield: 100%.
TBL  ______________________________________                                    
              C           H           N                                        
     Calculated:                                                               
              58.4        6.5         9.1                                      
     Found:   58.6        6.9         9.5                                      
     ______________________________________                                    
PAR  NMR signals at .tau. = 0.5 (1 H), 2.6 (5 H), 4.65 (1 H), 5.8 (2 H), 6.9 (3
      H), 8.0-9.0 (4 H) and 9.05 ppm (3 H).
PAR  8. D,L-.alpha.-(3-Benzoyl-3-allyl-ureido)-4-methoxyphenyl-glycine from 4.5
      parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and 3.6 parts
      by weight of D,L-C-(4-methoxyphenyl)glycine.
PAR  Yield: 70%
PAR  NMR signals at .tau. = 0.6 (1 H), 2.5 (5 H), 2.5 (5 H), 2.7 (2 H), 3.0 (2
      H), 3.8-4.5 (1 H), 4.6-5.2 (3 H), 5.6-5.8 (2 H) and 6.2 ppm (3 H).
PAR  9. D(-)-.alpha.-(3-Acetyl-3-benzyl-ureido)-phenylacetic acid from 8.5 parts
      by weight of N-acetyl-N-benzyl-carbamic acid chloride and 6.0 parts by
      weight of D(-)-C-phenylglycine.
PAR  Yield: 92%. Melting point = 183.degree.-185.degree.C.
TBL  ______________________________________                                    
              C           H           N                                        
     Calculated:                                                               
              66.3        5.6         8.6                                      
     Found:   66.3        5.7         8.6                                      
     ______________________________________                                    
PAR  NMR signals .tau. = -0.1 (1 H), 2.6 (5 H), 2.7 (5 H), 4.55 (1 H), 5.0 (2 H)
      and 7.8 ppm (3 H).
PAR  10. D,L-.alpha.-(3-Benzoyl-3-allyl-ureido)-2,6-dichlorophenylacetic acid
      from 4.5 parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and
      4.4 parts by weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAR  Yield: 97%.
TBL  ______________________________________                                    
              C         H         Cl      N                                    
     Calculated:                                                               
              56.0      4.0       17.4    6.9                                  
     Found:   55.6      4.4       16.0    6.5                                  
     ______________________________________                                    
PAR  NMR signals at .tau. = 0 (1 H), 2.3-2.65 (8 H), 3.6 (1 H), 3.9-4.5 (1 H),
      4.8-5.3 (2 H) and 5.6-5.9 ppm (2 H).
PAR  11. D,L-.alpha.-(3-Acetyl-3-allyl-ureido)-2-thienylacetic acid from 3.2
      parts by weight of N-acetyl-N-allylcarbamic acid chloride and 2.9 parts by
      weight of D,L-C-(2-thienyl)-glycine. Yield: 99%.
PAR  NMR signals at .tau. = 2.5-3.1 (3 H), 3.7-4.4 (1 H), 4.3 (1 H), 4.6-5.1 (2
      H), 5.5-5.7 (2 H) and 7.7 ppm (3 H).
PAR  12.
      D,L-.alpha.-(3-Dimethylaminocarbonyl-3-methyl-ureido)-2,6-dichloro-phenyla
     cetic acid from 3.3 parts by weight of
      N-dimethylamino-carbonyl-N-methyl-carbamic acid chloride and 4.4 parts by
      weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAR  Yield: 86%. Melting point = 205.degree.C. NMR signals at .tau. = 1.6 (1 H),
      2.5 (3 H), 3.7 (1 H), 7.0 (3 H) and 7.1 ppm (6 H).
PAR  13. D,L-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-4-methoxyphenylacetic
      acid from 3.0 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      chloride and 3.6 parts by weight of D,L-C-(4-methoxyphenyl)-glycine.
PAR  Yield: 87%. NMR signals at .tau. = 2.6 (2 H), 3.05 (2 H), 4.6 (1 H), 6.2 (6
      H) and 6.8 ppm (3 H).
PAR  14.
      D,L-.alpha.-(3-Dimethylaminocarbonyl-3-methyl-ureido)-4-methoxyphenylaceti
     c acid from 3.3 parts by weight of N-dimethylaminocarbonyl-N-methylcarbamic
      acid chloride and 3.6 parts by weight of D,L-C-(4-methoxyphenyl)-glycine.
PAR  Yield: 100%. NMR signals at .tau. = 2.0 (1 H), 2.6 (2 H), 3.05 (2 H), 4.6
      (1 H), 6.2 (3 H), 6.95 (3 H) and 7.1 ppm (6 H).
PAR  15. D,L-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-2-thienyl acetic acid
      from 3.0 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      hydrochloride and 2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 100%. NMR signals at .tau. = 0.4 (1 H), 2.5-3.1 (3 H), 4.25 (1 H),
      6.2 (3 H) and 6.8 ppm (3 H).
PAR  16. D,L-.alpha.-(3-Dimethylaminocarbonyl-3-methyl-ureido-phenylacetic acid
      from 3.3 parts by weight of N-dimethylaminocarbonyl-3-methyl-carbamic acid
      chloride and 2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 84%. NMR signals at .tau. = 1.9 (1 H), 2.5-3.1 (3 H), 4.3 (1 H), 6.9
      (3 H) and 7.1 ppm (6 H)
PAR  17. D,L-.alpha.-(3-Benzoyl-3-allyl-ureido)-.alpha.-2-thienylacetic acid
      from 4.5 parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and
      2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 96%. NMR signals at .tau. = 2.5 (5 H), 2.5-3.1 (3 H), 3.8-4.5 (2 H),
      4.8-5.3 (2 H) and 5.5-5.8 ppm (2 H).
PAR  18. D,L-.alpha.-(3.gamma.-Chlorobutyryl-3-methyl-ureido)-2-thienylacetic
      acid from 4.0 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic
      acid chloride and 2.9 parts by weight of D,L-.alpha.-(2-thienyl)-glycine.
PAR  Yield: 99%. NMR signals at .tau. = 2.5-3.1 (3 H), 4.2 (1 H), 6.35 (2 H),
      6.7 (3 H), 7.2 (2 H), and 7.9 ppm (2 H).
PAR  19. D,L-.alpha.-(3-[2-Furoyl]-3-methyl-ureido)-2-thienylacetic acid from
      5.6 parts by weight of N-(2-furoyl)-N-methyl-carbamic acid chloride and
      4.7 parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 100%.
PAR  20. D(-)-.alpha.-(3-Allyloxycarbonyl-3-methyl-ureido)-phenylacetic acid
      from 15.8 parts by weight of N-allyoxycarbonyl-N-methylcarbamic acid
      chloride and 15.1 parts by weight of D-C-phenylglycine.
PAR  Yield: 88%. NMR signals at .tau. = -1.8 (1 H), +0.4 (1 H), 2.6 (5 H),
      3.7-4.3 (1 H), 4.4-4.9 (3 H), 5.3 (2 H), and 6.85 ppm (3 H).
PAR  21. D(-)-.alpha.-(3-[3-Nitro-4-methylbenzoyl]-3-methyl-ureido)-phenylacetic
      acid from 8.0 parts by weight of
      N-(3-nitro-4-methylbenzoyl)-N-methyl-carbamic acid chloride and 4.7 parts
      by weight of D(-)-C-phenylgycine.
PAR  Yield: 46%. NMR signals at .tau. = 1.6-2.8 (8 H), 4.6 (1 H), 6.8 (3 H) and
      7.4 ppm (3 H).
PAR  22. D(-)-.alpha.-(3-[4-Methylbenzoyl]-3-methyl-ureido)-phenylacetic acid
      from 13 parts by weight of N-p-methylbenzoyl-N-methylcarbamic acid
      chloride and 9.2 parts by weight of D(-)-C-phenylglycine.
PAR  Yield: 85%. NMR signals at .tau. = 0.2 (1 H), 2.4-2.9 (9 H), 6.65 (1 H),
      6.9 (3 H) and 7.6 ppm (3 H).
PAR  23. D,L-.alpha.-(3-Benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetic acid
      from 7.2 parts by weight of N-benzoyl-N-methylcarbamic acid chloride and
      8.0 parts by weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAR  Yield: 100%. Melting point = 200.degree.C. NMR signals at .tau. = -0.4 (1
      H), 2.2-2.7 (8 H), 3.5 (1 H) and 6.9 (3 H).
PAR  24. D,L-.alpha.-(3-Benzoyl-3-methyl-ureido)-4-methylsulphenylphenylacetic
      acid from 10.0 parts by weight of N-benzoyl-N-methylcarbamic acid chloride
      and 10.0 parts by weight of D,L-C-(4-methylsulphenylphenyl)-glycine.
PAR  Yield: 73%. NMR signals at .tau. = 0.2 (1 H), 2.3-2.8 (9 H), 4.65 (1 H),
      6.9 (3 H) and 7.5 ppm (3 H).
PAR  25.
      D,L-.alpha.-(3-Ethoxycarbonyl-3-methyl-ureido)-4-methylsulphenylphenylacet
     ic acid from 16.8 parts by weight of N-ethoxycarbonyl-N-methyl-carbamic
      acid chloride and 20.0 parts by weight of
      D,L-C-(4-methylsulphenylphenyl)-glycine. NMR signals at .tau. = 0.4 (1 H),
      2.4-2.9 (4 H), 4.65 (1 H), 5.75 (2 H), 6.85 (3 H) and 7.55 ppm (3 H).
PAR  26.
      D,L-.alpha.-(3-.beta.-Chloropropionyl-3-methylureido)-(1,2,5,6-tetrahydrop
     henylacetic acid from 18.4 parts by weight of
      N-.beta.-chloropropionyl-N-methylcarbamic acid chloride and 15.5 parts by
      weight of D,L-C-(1,2,5,6-tetrahydrophenyl)-glycine.
PAR  Yield: 73%. NMR signals at .tau. = 0.6 (1 H), 4.3 (2 H), 5.7 (1 H), 6.2 (2
      H), 6.8 (2 H) and 7.7-8.8 ppm (7 H).
PAR  27. D(-)-.alpha.-(3-[2 -Thenoyl]-3-methyl-ureido)-phenylacetic acid from
      9.0 parts by weight of N-(2-thenoyl)-N-methyl-carbamic acid chloride and
      6.6 parts by weight of D-C-phenylglycine.
PAR  Yield: 50%.
PAR  28.
      D(-)-.alpha.-(3,5-Dimethyl-isoxazol-4-oyl]-3-methyl-ureido)-phenylacetic a
     cid from 8.5 parts by weight of
      N-(3,5-dimethylisoxazol-4-oyl)-N-methylcarbamic acid chloride and 5.9
      parts by weight of D-C-phenylglycine.
PAR  Yield: 32%.
PAR  C. Sodium
      D(-)-.alpha.-(3-isopropoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was manufactured as described in Example 9 from 5.9 parts
      by weight of
      D(-)-.alpha.-(3-isopropoxycarbonyl-3-methyl-ureido)-phenylacetic acid, 3.7
      parts by weight of tetramethylchloroformamidinium chloride and 4.0 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 45%. .beta.-Lactam content: 86%
TBL  ______________________________________                                    
              C         H         N       S                                    
     Calculated:                                                               
              48.8      5.6       10.4    5.9                                  
     Found:   48.7      5.9       10.8    5.8                                  
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.55 (2 H), 5.0 (1 H), 5.8
      (1 H), 6.85 (3 H), 8.5 (6 H), and 8.7 ppm (6 H).
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with the penicillin (B) prepared from ampicillin and
      N-i-propoxycarbonyl-N-methylcarbamic acid chloride and with the product
      (C) which was obtained from
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methylureido)-phenylacetic acid
      according to the procedure described in Example 28:
TBL  Type of Bacterium                                                         
                     Effectiveness [units/ml]                                  
                   (A)     (B)       (C)                                       
     ______________________________________                                    
     Escherichia coli 14                                                       
                     6.25      6.25      100                                   
     Escherichia coli C 165                                                    
                     50        25        200                                   
     Escherichia coli 183/58                                                   
                     12.5      6.25      400                                   
     Pseudomonas aer. Bonn.                                                    
                     50        25        &gt;400                                  
     Pseudomonas aer. Walter                                                   
                     100       50        &gt;400                                  
     ______________________________________                                    
PAC  EXAMPLE 12
PAC  Sodium D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9 from 5.6
      parts by weight of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid, 3.3
      parts by weight of tetramethyl-chloroformamidinium chloride and 3.6 parts
      by weight of 6-aminopenicillanic acid. The ureidoacetic acid was stirred
      with the tetramethylchloroformamidinium chloride in acetone at -5.degree.C
      for only 20 minutes.
PAR  Yield: 38%. .beta.-Lactam content: 61%.
TBL  ______________________________________                                    
              C         H         N       S                                    
     Calculated:                                                               
              48.1      6.0       9.7     5.6                                  
     Found:   48.4      5.5       9.4     5.5                                  
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (3 H),
      6.85 (3 H) and 8.1-8.9 ppm (13 H).
PAC  EXAMPLE 13
PAR  If, in the procedure of Example 10, the
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic acid used
      there is replaced by 0.018 mol of:
PA1  D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-propyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl)-3-n-butyl-ureido)-phenylacetic acid
      or
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl)-3-cyclohexyl-ureido-phenylacetic
      acid, the sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl)-3-n-butyl-ureido)-benzylpencillin, or
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl)-3-cyclohexyl-ureido)-benzylpenicillin
PAC  EXAMPLE 14
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxybenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9, from 4.4
      parts by weight of
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxyphenylacetic acid, 2.26
      parts by weight of tetramethylchloroformamidinium chloride and 2.6 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 51%. .beta.-Lactam content: 65%.
TBL  ______________________________________                                    
              C         H         N       S                                    
     Calculated:                                                               
              55.4      5.2       9.2     5.3                                  
     Found:   55.4      4.8       8.1     4.5                                  
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 2.7 (2 H), 3.2 (2 H), 3.9-4.5 (1 H), 4.55
      (3 H), 4.7-5.2 (2 H), 5.6-5.9 (3 H), 6.25 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 15
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorobenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9 from 7.2
      parts by weight of
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorophenylacetic acid, 4.05
      parts by weight of tetramethylchloroformamidinium chloride and 3.86 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 46%. .beta.-Lactam content: 83%.
TBL  ______________________________________                                    
              C        H        Cl     N      S                                
     Calculated:                                                               
              49.5     4.3      10.8   8.6    4.9                              
     Found:   49.9     5.1      11.3   8.2    4.4                              
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.9 (8 H), 3.4 (1 H), 3.8-4.4 (1 H), 4.4-4.6 (2
      H), 4.8-5.2 (2 H), 5.5-5.8 (2 H), 5.85 (1 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 16
PAR  If, in the procedure of Example 4, the
      D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-tolyl-acetic acid used there is
      replaced by 0.015 mol of:
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-chlorophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-methoxyphenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chlorophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-iodophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxyphenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-thienylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-m-tolylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylphenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorophenylacetic
      acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-thienylacetic acid,
PA1  L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[3-nitro-4-methoxyphenyl]-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methoxybenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-p-methylsulphenylbenzoyl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[2-chloro-4-ethylsulphenylbenzoyl]-3-methyl-ureido)-phenyla
     cetic acid,
PA1  D(-)-.alpha.-(3-m-cyanobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[3,5-dimethylbenzoyl]-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-m-iodobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-phenylacetic acid or
PA1  D(-)-.alpha.-(3-naphthoyl(1)-3-methyl-ureido)-phenylacetic acid,
PAR  the sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-chlorobenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-methoxybenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-iodo-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxy-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromo-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-thienylmethylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-methylbenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-thienylmethylpenicillin,
PA1  L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[3-nitro-4-methoxyphenyl]-3-methyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-p-methoxybenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl-3-methyl-ureido)-benzylpenici
     llin,
PA1  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(3-p-methylsulphenylbenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-4-ethylsulphenyl-benzoyl]-3-methyl-ureido)-benzyl
     penicillin,
PA1  D(-)-.alpha.-(3-m-cyano-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[3,5-dimethyl-benzoyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-m-iodobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-benzylpenicillin or
PA1  D(-)-.alpha.-(3-naphthyl(1)-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 17.
PAC  Sodium D,L-.alpha.-(3-acetyl-3-allyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 9 from 5.0
      parts by weight of D,L-.alpha.-(3-acetyl-3-allyl-ureido)-2-thienyl-acetic
      acid, 3.6 parts by weight of tetramethylchloroformamidinium chloride and
      3.9 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 53%. .beta.-Lactam content: 72%.
TBL  ______________________________________                                    
              C         H         N       S                                    
     Calculated:                                                               
              46.2      4.9       10.8    12.3                                 
     Found:   46.6      5.3       10.4    12.3                                 
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.5-3.2 (3 H), 3.8-4.4 (1 H), 4.2 (1 H), 4.5 (2 H),
      4.6-5.0 (2 H), 5.5-5.7 (2 H), 5.8 (1 H), 7.7 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 18
PAC  Sodium
      D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-4-methoxybenzylpenicillin:
PAR  3.04 parts by weight of tetramethylchloroformamidinium chloride in 20 parts
      by volume of dry dichloromethane were intially taken at 0.degree.C, and a
      solution of 4.8 parts by weight of
      D,L-.alpha.-(3-methoxycarbonyl-3-methylureido)-4-methoxyphenylacetic acid
      in 10 parts by volume of methylene chloride was added. 2.24 parts by
      volume of triethylamine in 10 parts by volume of methylene chloride were
      now added dropwise over the course of 30 minutes at 0.degree.C, with
      exclusion of moisture. Thereafter the mixture was stirred for 20 minutes
      at +5.degree.C, insoluble matter was filtered off without the solution
      rising to above 5.degree.C, and the filtrate was cooled to -20.degree.C. A
      solution of 5.0 parts by weight of 6-aminopenicillanic acid and 3.5 parts
      by volume of triethylamine in 20 parts by volume of methylene chloride,
      prepared as described in Example 1, and also cooled to -20.degree.C, was
      added thereto. The mixture was stirred for 30 minutes at 0.degree.C and
      subsequently for a further 30 minutes at room temperature, and was finally
      poured into 150 parts by volume of ice water and adjusted to a pH value of
      6.5 with 2 N sodium hydroxide solution. After separating off the organic
      layer and adding 150 parts by volume of a 1:1 mixture of ethyl acetate and
      ether, the mixture was worked up as described in Example 1 and the sodium
      salt of the penicillin was isolated.
PAR  Yield: 54%. .beta.-Lactam content: 75%. NMR signals at .tau. = 2.6 (2 H),
      3.1 (2 H), 4.3-4.9 (3 H), 5.8 (1 H), 6.2 (6 H), 6.85 (3 H) and 8.5 ppm (6
      H).
PAR  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 19
PAC  Sodium
      D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-methoxybenzylpenic
     illin:
PAR  This penicillin was prepared as described in Example 18, from 6.0 parts by
      weight of
      D,L-.alpha.-(3-dimethyl-aminocarbonyl-3-methyl-ureido)-4-methoxyphenylacet
     ic acid, 3.8 parts by weight of tetramethylchloroformamidinium chloride and
      6.2 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 23%. .beta.-Lactam content: 59%. NMR signals at .tau. = 2.65 (2 H),
      3.1 (2 H), 4.4-4.8 (3 H), 5.65 (1 H), 6.2 (3 H), 6.9 (3 H), 7.05 (6 H) and
      8.4 ppm (6 H).
PAC  EXAMPLE 20
PAC  Sodium
      D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared as described in Example 18, from 4.5 parts by
      weight of D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-thienylacetic
      acid, 3.2 parts by weight of tetramethylchloroformamidinium chloride and
      5.2 parts by weight of 6-aminopenicillanic acid.
PAR  Yield 62%. .beta.-Lactam content: 84%. NMR signals at .tau. = 2.5-3.2 (3
      H), 4.2 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2 (3 H), 6.8 (3 H) and 8.4 ppm (6
      H).
PAR  Effectiveness in animal experiments: A
PAC  EXAMPLE 21
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared as described in Example 18, from 6.0 parts by
      weight of D,L-.alpha.-(3-benzoyl-3-allyl-ureido) -2-thienylacetic acid,
      3.4 parts by weight of tetramethylchloroformamidinium chloride and 5.5
      parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 45%. .beta.-Lactam content: 77%. NMR signals at .tau. = 2.5 (5 H),
      2.5-3.1 (3 H), 3.7-4.4 (2 H), 4.5 (2 H), 4.7-5.2 (2 H), 5.5-5.9 (3 H) and
      8.4 ppm (6 H).
PAR  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 22
PAC  Sodium
      D,L-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-2-thienylmethylpenicillin:
PAR  This penicillin was prepared as described in Example 18, from 11.6 parts by
      weight of D,L-.alpha.-(3-[2-furoyl]-3-methyl-ureido)2-thienylacetic acid,
      6.5 parts by weight of tetramethylchloroform-amidinium chloride and 3.2
      parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 39%.  .beta.-Lactam content: 88%. NMR signals at .tau. = 2.2 (1 H),
      2.5-3.1 (4 H), 3.35 (1 H), 4.1 (1 H), 4.45 (2 H), 5.8 (1 H), 6.55 (3 H)
      and 8.4 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 23
PAC  Sodium
      D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-2-thienylmethylpenic
     illin:
PAR  A suspension of 3.9 parts by weight of tetramethylchloroformamidinium
      chloride in 30 parts by volume of dry acetone was treated with a solution
      of D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)2-thienylacetic
      acid in 10 parts by volume of acetone over the course of 5 minutes at
      -20.degree.C, and subsequently 2.1 parts by volume of triethylamine in 5
      parts by volume of acetone were added dropwise over the course of 30
      minutes. After the mixture had been stirred for a further hour at
      -20.degree.C, it was filtered in such a way that the temperature of the
      solution did not rise above -10.degree.C. It was again cooled to
      -20.degree.C and combined with a vigorously stirred solution of 3.9 parts
      by weight of 6-aminopenicillanic acid in 50 ml of 60% strength aqueous
      tetrahydrofurane (solution took place after adding sufficient 2 N NaOH to
      establish a pH value of 8.2), cooled to -5.degree.C. A pH range of 7.5 -
      8.0 was maintained by adding 2 N sodium hydroxide solution. After 15
      minutes, the mixture was allowed to come to room temperature and stirring
      was continued until no further change in the pH value was observable. The
      subsequent working-up of the reaction mixture and the isolation of the
      penicillin was carried out in the manner indicated in Example 9.
PAR  Yield: 43%. .beta.-Lactam content: 54%. NMR signals at .tau. = 2.5-3.2 (3
      H), 4.5 (3 H), 5.8 (1 H), 6.9 (3 H), 7.05 (6 H), and 8.4 ppm (6 H).
PAC  EXAMPLE 24
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin:
PAR  5.1 parts by weight of
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      and 3.0 parts by weight of tetramethylchloro-formamidinium chloride were
      reacted in methylene chloride as described in Example 18. The resulting
      solution was combined with a solution of 6.5 parts by weight of
      N-trimethylsilyl-6-aminopenicillanic acid trimethylsilyl ester in 33 parts
      by volume of dry methylene chloride at 0.degree.C. 1.3 parts by weight of
      pyridine were added and the mixture was stirred, while excluding moisture,
      for 1 hour at 0.degree.C and subsequently for 2.5 hours at room
      temperature. It was now poured into 120 parts by volume of ice water, a pH
      value of 7 - 8 was established and the methylene chloride was stripped off
      in vacuo. The aqueous phase was shaken with 50 parts by volume of ether,
      which was then discarded, whilst the aqueous phase was freed of solid
      constituents by filtration. It was now covered with 200 parts by volume of
      a 1 : 1 mixture of ether and ethyl acetate, cooled to 0.degree.C and
      acidified to pH = 2 with 2 N hydrochloric acid, while stirring vigorously.
      The organic solution was separated off, twice washed with 50 parts by
      volume of water at a time, dried over MgSO.sub.4 and filtered, and the
      sodium salt of the penicillin was precipitated by adding 15 ml of a 1 M
      solution of sodium 2-ethylhexanoate in ether containing methanol. The
      entire mixture was concentrated almost to dryness at 0.degree.C, rapidly
      dissolved in as little methanol as possible, and precipitated by adding
      excess ether. Non-crystalline solid substance.
PAR  Yield: 29% .beta.-Lactam content: 49%.
PAR  Position of the NMR signals as indicated in Example 2.
PAR  The crude product still contained
      D-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      which was removable by fractional extraction of the aqueous penicillin
      salt solution at pH values of 5.5 - 6.5.
PAC  EXAMPLE 25
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by 0.02 mol of:
PA1  D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-propenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-.beta.-dimethylaminoethyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-benzyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-allyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-phenylacetic acid or
PA1  D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-phenylacetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:-
PA1  D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-prop-1-enyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3t-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-.beta.-dimethylaminoethyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-benzyl-uriedo)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-benzylpenicillin, or
PA1  D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 26
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by 0.02 mol of:
PA1  D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-methyl-ureido-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methylsulphenylacetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-n-butyryl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methoxycarbonyl-acetyl-3-methyl-ureido)-phenylacetic acid.
PA1  D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-cyanomethyl-acetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-phenylacetic acid,
      D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonylamino)-phenylacetic acid,
      or D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-phenylacetic acid,
PAR  the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylsulphenylacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-n-butyryl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methoxycarbonylacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-cyanomethyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonylamino)-benzylpenicillin or
PA1  D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-benzylpenicillin.
PAC  EXAMPLE 27
PAC  Attempt to prepare sodium
      D(-)-.alpha.-(3-methexycarbonyl-3-methylureido)-benzylpenicillin:
PAR  5.2 parts by weight of
      D(-)-.alpha.-(3-methoxycarbonyl-3-methylureido)-phenylacetic acid were
      suspended in a mixture of 10 parts by weight of benzene, 5 parts by weight
      of thionyl chloride and 0.05 part by weight of dimethylformamide and the
      mixture was subsequently carefully warmed, whilst stirring with a magnetic
      stirrer. The mixture was kept at about 60.degree.C until the evolution of
      gas had ceased, and subsequently thionyl chloride and benzene were removed
      in a waterpump vacuum, finally at 0.1 mm Hg and 50.degree.C. The product
      which remained showed strong bands in the IR spectrum at 1805, 1725 and
      1175 cm.sup.-.sup.1.
PAR  Yield: 5.5 parts by weight. Calculated as
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic acid
      chloride:
TBL  Calculated:                                                               
              C 50.55   H 4.56    Cl 12.47 N 9.84                              
     Found:   C 47.57   H 4.29    Cl 11.6  N 9.68                              
PAR  5 parts by weight of the product thus obtained, dissolved in 10 parts by
      volume of dry tetrahydrofurane, were added dropwise, while stirring, to an
      ice-cooled solution of 3.8 parts by weight of 6-aminopenicillanic acid in
      50 parts by volume of 80% strength aqueous tetrahydrofurane (addition of
      sufficient 2 N sodium hydroxide solution for solution to occur at pH 8.2).
      In the course thereof, the pH value was kept at between 7 and 8 by
      simultaneous addition of further 2 N sodium hydroxide solution.
      Thereafter, the mixture was further stirred for 30 minutes at 0.degree.C
      and then stirred at room temperature until no further addition of sodium
      hydroxide solution was necessary for maintaining a pH value of 7 - 8.
PAR  100 parts by volume of water were now added, the tetrahydrofurane was
      removed at 0.degree.C in vacuo, and the aqueous solution which remained
      was extracted with 50 parts by volume of ether to remove neutral
      constituents. It was then covered with 150 parts by volume of a 1 : 1
      mixture of ether and ethyl acetate and thereafter acidified with dilute
      hydrochloric acid to pH = 2.0, while cooling with ice and stirring.
PAR  The organic phase was separated off, washed with 50 parts by volume of
      water and dried over MgSO.sub.4.
PAR  Thereafter, 17 parts by volume of a 1 M solution of sodium 2-ethylhexanoate
      in ether containing methanol were added, the mixture was evaporated almost
      to dryness in vacuo, and the residue was dissolved in the minimum amount
      of methanol. On adding excess ether, a colorless, non-crystalline product
      precipitated, which, after decanting the supernatant solution, was
      digested with ether, filtered off and dried over P.sub.2 O.sub.5 in a
      vacuum desiccator.
PAR  Yield: 6 parts by weight. .beta.-Lactam content: 88%. Calculated as
      methoxycarbonyl-methyl-ureido- benzylpenicillin:
TBL        C 49.3   H 4.7    Cl --  N 11.5  S 6.6                              
     Found:                                                                    
           C 47.5   H 6.0    Cl 0.1 N  9.9  S 7.0                              
PAR  The thin layer chromatogram of the product (silica gel, 10 : 3 : 1 mixture
      of n-butanol, n-pentane and glacial acetic acid, running time 1.5 hours)
      showed spots at Rf values of 0.045, 0.11 - 0.3 and 0.56. Authentic
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-benzylpenicillin,
      manufactured either according to the method of Example 8 or by acylation
      of ampicillin with N-methoxycarbonyl-N-methyl-carbamic acid chloride,
      showed an Rf value of 0.45 under the same conditions. An electrophorogram
      developed with Bacillus subtilis showed the presence of several
      antibiotically active substances, of which, however, none agreed with the
      authentic material. Finally, the NMR spectrum permitted the presence of
      major amounts of the desired methoxycarbonyl-methylureido-benzylpenicillin
      to be ruled out; rather, it confirmed the assumption of a mixture of
      several different substances.
PAR  As regards the anti-bacterial effectiveness of this product, see the Table
      accompanying Example 8.
PAC  EXAMPLE 28
PAR  In the reaction of
      D(-)-.alpha.(3-i-propoxycarbonyl-3-methylureido)-phenylacetic acid and of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid with
      thionyl chloride and subsequently with 6-aminopenicillanic acid in the
      manner described in Example 11 C, products were in each case again
      obtained which proved to be mixtures of several antibiotically active
      substances, but of which none was identical with the authentic
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-benzylpenicillin or
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin
      manufactured according to the instruction of Examples 9C and 10. The Rf
      values of thin layer chromatograms developed on silica gel with a 9 : 3 :
      1 mixture of n-butanol, pentane and glacial acetic acid were 0.080 and
      0.35, and 0.078, 0.46 and 0.75, respectively.
PAR  Under the same conditions, the authentic products showed Rf values of 0.56
      and 0.64 respectively.
PAR  Products from the reaction of
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  For anti-bacterial effectiveness, see the Table accompanying Example 9C.
PAR  Products from the reaction of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid:
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with the penicillins (B) prepared from ampicillin and
      N-n-butoxycarbonyl-N-methyl-carbamic acid chloride:
TBL  Type of Bacterium                                                         
                      Effectiveness [units/ml]                                 
                    (A)       (B)                                              
     ______________________________________                                    
     Escherichia coli 14                                                       
                      100         3.12                                         
     Escherichia coli C 165                                                    
                      200         6.25                                         
     Escherichia coli 183/58                                                   
                      400         6.25                                         
     Proteus 3400     &gt;400        25                                           
     Proteus 1017     &gt;400        12.5                                         
     Pseudomonas aerug. Bonn.                                                  
                      &gt;400        12.5                                         
     Pseudomonas aerug. Walter                                                 
                      &gt;400        25                                           
     Staphylococcus aur. 133                                                   
                      12.5        &lt;0.78                                        
     ______________________________________                                    
PAC  EXAMPLE 29
PAC  Sodium
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  4.5 parts by weight of 6-aminopenicillanic acid were suspended in 60 parts
      by volume of 50% strength aqueous tetrahydrofurane, the amount of
      triethylamine just sufficient to dissolve the aminopenicillanic acid was
      added, the resulting solution, which had a pH of 8.0 (glass electrode) was
      cooled to 0.degree.C, and a solution of 8.0 parts by weight of
      O-[D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methylureido)-phenylacetyl]-C-c
     yano-C-ethoxy-carbonyl-formaldehydeoxime in 25 parts by volume of
      tetrahydrofurane was added dropwise, while keeping the pH of the solution
      at 7.5 by appropriate addition of triethylamine. Thereafter the mixture
      was stirred for 90 minutes at 22.degree.C, 100 parts by volume of water
      were added, the solution was adjusted to pH 6.5, the tetrahydrofurane was
      largely removed in vacuo in a rotary evaporator, and the remaining aqueous
      solution was covered with a 1 : 1 mixture of ether and ethyl acetate,
      stirred, cooled to 0.degree. - 5.degree.C and acidified to pH 1.5 with 2 N
      hydrochloric acid.
PAR  The organic phase was then separated off, washed with water and dried over
      sodium sulphate in a refrigerator, and the sodium salt of the penicillin
      was precipitated by means of a 1 M solution of sodium 2-ethylhexanoate in
      ether containing methanol. The supernatant solution was decanted from the
      initially oily precipitate, and the latter was converted into a colourless
      powder by trituration with dry ether.
PAR  .beta.-Lactam content: 82%. NMR signals at .tau. = 2.4-3.0 (5 H), 4.3-4.7
      (3 H), 5.2 (1 H),
PAR  5.8 (1 H), 6.8 (3 H) and 7.9-9.0 ppm (16 H).
PAR  The biological activity of this penicillin (A) and of the penicillin (B)
      prepared from ampicillin and N-cyclohexyloxycarbonyl-N-methyl-carbamic
      acid chloride were identical within the limit of error, as is shown by the
      Table below. Minimum inhibitory concentration in units/ml:
TBL                   A        B                                               
     ______________________________________                                    
     E. coli 14         3.12       1.56                                        
     E. coli A 261      400        400                                         
     E. coli C 165      6.25       6.25                                        
     E. coli 183/58     3.12       1.56                                        
     Proteus 3400       12.5       6.25                                        
     Proteus 1017       12.5       6.25                                        
     Pseudomonas aerug. Bonn                                                   
                        25         25                                          
     Pseudomonas aerug. Walter                                                 
                        50         50                                          
     Klebsiella K 10    200        100                                         
     Klebsiella 63      100        100                                         
     Staphylococcus aureus 1777 E                                              
                        200        400                                         
     Staphylococcus aureus 133                                                 
                        &lt;0.7       &lt;0.7                                        
     Enterococcus ATCC 9790                                                    
                        100        100                                         
     ______________________________________                                    
PAC  EXAMPLE 30
PAC  Sodium D(-)-.alpha.- (3-allyloxycarbonyl-3-methy-ureido)-benzylpenicillin:
PAR  7.1 parts by weight of 6-aminopenicillanic acid were dissolved in a mixture
      of 120 parts by volume of methylene chloride and 10 parts by volume of
      triethylamine, 12.4 parts by weight of
      O-[D(-)-.alpha.-(3-allyloxycarbonyl-3-methylureido)-phenylacetyl]-C-cyano-
     C-ethoxycarbonyl-formaldehydeoxime were added, the solution was left to
      stand for 24 hours in a refrigerator, diluted with 150 parts by volume of
      methylene chloride and exhaustively extracted by shaking with sodium
      bicarbonate solution, the combined bicarbonate extracts were covered with
      a 1 : 1 mixture of ether and ethyl acetate, the pH of the aqueous phase
      was adjusted to 5.0 with 2 N hydrochloric acid, while stirring the organic
      phase was separated off, the aqueous phase was covered with fresh
      ether-ethyl acetate mixture, the aqueous phase was then acidified to pH
      1.5 with 2 N hydrochloric acid, while stirring and cooling with ice, the
      organic phase was separated off, and the sodium salt of the penicillin was
      precipitated and isolated in the manner described in Example 29.
PAR  Yield: 30%. .beta.-Lactam content: 74%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 49.7    H 5.2     N 10.5   S 6.1                               
     Found:   C 49.9    H 6.1     N 10.4   S 5.6                               
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 3.7-4.3 (1 H), 4.4-4.9 (5 H), 5.1-5.4
      (2 H), 5.8 (1 H), 6.8 (3 H) and 8.45 ppm (6 H).
PAR  The biological effectiveness of this penicillin (A) and of the penicillin
      (B) prepared from ampicillin and N-allyloxycarbonyl-N-methyl-carbamic acid
      chloride were identical within the limit of error, as is shown by the
      Table below. Minimum inhibitory concentration in units/ml:
TBL                 A          B                                               
     ______________________________________                                    
     E. coli 14       0.8      -    4    3.12                                  
     E. coli A 261    100      -    500  &gt;400                                  
     E. coli C 165    4        -    20   12.5                                  
     E. coli 183/58   4        -    20   6.25                                  
     Proteus 3400     20       -    100  25                                    
     Proteus 1017     20       -    100  12.5                                  
     Pseudomonas aerug. Bonn                                                   
                      4        -    20   12.5                                  
     Pseudomonas aerug. Walter                                                 
                      20       -    100  12.5                                  
     Klebsiella K 10  20       -    100  50                                    
     Klebsiella 63    20       -    100  25                                    
     Staphylococcus aureus 133                                                 
                      0.8      -    4    0.78                                  
     Enterococcus ATCC 9790                                                    
                      20       -    100  50                                    
     ______________________________________                                    
PAC  EXAMPLE 31
PAC  Sodium .alpha.-(3-benzeyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 30 from
      2.82 parts by weight of 6-aminopenicillanic acid, 6.0 parts by weight of
      0[.alpha.-(3-benzoyl-3-methylureido)-2,6-dichlorophenylacetyl]-C-cyano-C-e
     thoxycarbonyl-formaldehydeoxime, 50 parts by volume of methylene chloride
      and 4 parts by volume of triethylamine.
PAR  Yield: 40%. .beta.-Lactam content: 80%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 47.4    H 4.3     N 8.8   S 5.0                                
     Found:   C 47.1    H 4.7     N 8.9   S 5.4                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.9 (8 H), 3.3 (0.6 H), 3.8 (0.4 H), 4.45 (2 H),
      5.8 (1 H), 6.8 (0.6 H). 6.85 (0.4 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 32
PAC  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin:
PAR  5.6 parts by weight of
      .alpha.-(3-benzoyl-3-methylureido)-2,6-dichlorophenylacetic acid were
      dissolved in a mixture of 70 parts by volume of dry acetone and 2.5 parts
      by volume of triethylamine at -5.degree.C to -10.degree.C, 2.9 parts by
      weight of 1-methyl-2-chloro-pyrrolinium chloride were added, the mixture
      was stirred for 45 minutes, the precipitate thereby formed (triethylamine
      hydrochloride) was filtered off, the filtrate was combined with a solution
      of 4.3 parts by weight of 6-aminopenicillanic acid in water which was
      prepared with the aid of triethylamine, had a pH of 7.5 and was cooled to
      -10.degree.C, the mixture was subsequently stirred for 2 hours at
      -5.degree.C, and the pH was at the same time kept at 7.5 by appropriate
      addition of triethylamine. The mixture was then diluted with 130 parts by
      volume of water, the pH was adjusted to 6.5 by means of 2 N hydrochloric
      acid, the acetone was stripped off in vacuo, the solution which remained
      was adjusted to pH 7.5 and extracted by shaking with a 1 : 1 mixture of
      ether and ethyl acetate, the aqueous phase was separated off covered with
      fresh organic phase, and acidified to pH 1.5 with 2 N hydrochloric acid,
      while stirring and cooling in ice, the organic phase was separated off,
      washed with water and dried for 2 hours in a refrigerator over sodium
      sulphate, and the sodium salt of the penicillin was precipitated and
      isolated in the manner described in Example 27.
PAR  Yield: 33%. .beta.-Lactam content: 78%. NMR signals at .tau. = 2.4-2.75 (8
      H), 3.3 (0.7 H), 3.7 (0.3 H), 4.4 (2 H), 5.75 (1 H), 6.8 (3 H) and 8.45
      ppm (6 H).
PAR  Effectiveness in animal experiments : A and B
PAC  EXAMPLE 33
PAC  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-4-methylthiobenzylpenicillin:
PAR  This penicillin was prepared, as described in Example 32, from 6.0 parts by
      weight of .alpha.-(3-benzoyl-3-methylureido)-4-methylthiophenylacetic
      acid, dissolved in 70 parts by volume of acetone and 2.35 parts by volume
      of triethylamine, after reaction with 2.7 parts by weight of
      1-methyl-2-chloropyrrolinium chloride, by combination with a solution of
      6-aminopenicillanic acid in water, of pH 7.5, prepared by addition of
      triethylamine.
PAR  Yield: 45% .beta.-Lactam content: 72%. NMR signals at .tau. = 2.4-2.9 (9
      H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.9 (3 H), 7.6 (3 H) and 8.45 ppm (6
      H).
PAR  Effectiveness in animal experiments : A and B
PAC  EXAMPLE 34
PAC  Sodium
      .alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-4-methylthiobenzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 32 from 6.0
      parts by weight of
      .alpha.-(3-ethoxycarbonyl-3-methylureido)-4-methylthiophenylacetic acid,
      80 parts by volume of acetone, 2.6 parts by volume of triethylamine and
      3.0 parts by weight of 1-methyl-2-chloropyrrolinium chloride, by
      combination with a solution of 4.4 parts by weight of 6-aminopenicillanic
      acid in 70 parts by volume of 50% strength aqueous acetone, prepared by
      addition of triethylamine.
PAR  Yield: 44%. .beta.-Lactam content; 78%. NMR signals at .tau. = 2.6 (2 H),
      2.75 (2 H), 4.5 (1 H), 4.55 (2 H), 5.5-5.9 (3 H), 6.85 (3 H), 7.55 (3 H),
      8.4 (6 H) and 8.6 ppm (3 H).
PAC  EXAMPLE 35
PAC  Sodium
      .alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-4-methylthiobenzylpenicillin:
PAR  To prepare this penicillin, 6.0 parts by weight of
      .alpha.-(3-ethoxycarbonyl-3-methylureido)-4-methylthiophenylacetic acid
      were dissolved in 80 parts by volume of acetone, with the addition of 2.6
      parts by volume of triethylamine, 3.0 parts by weight of
      1-methyl-2-chloro-pyrrolinium chloride were added at -5.degree.C to
      -10.degree.C, the mixture was stirred for 45 minutes at the same
      temperature, a solution of 4.4 parts by weight of 6-aminopenicillanic acid
      in a mixture of 70 parts by volume of 50% strength aqueous acetone and
      triethylamine, which had a pH of 7.5, was added, the mixture was
      subsequently stirred for 2 hours at -5.degree.C and diluted with 150 parts
      by volume of water, and the reaction mixture was worked up as in Example
      32, to isolate the sodium salt of the penicillin.
PAR  Yield: 44%. .beta.-Lactam content: 78%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 46.7    H 5.2     N 9.9   S 11.3                               
     Found:   C 47.0    H 5.6     N 9.4   S 10.8                               
     ______________________________________                                    
PAR  NMR signals as indicated in Example 34. The spectra of both substances are
      identical.
PAR  Effectiveness in animal experiments: A
PAC  EXAMPLE 36
PAC  Sodium
      .alpha.-(3-.beta.-chloropropionyl-3-methyl-uredo)-cyclohex-3-enylmethylpen
     icillin:
PAR  This penicillin was prepared in the manner described in Example 32, from
      5.3 parts by weight of
      .alpha.-(3.beta.-chloropropionyl-3-methylureido)-cyclohex-3-enyl-acetic
      acid, after reaction with 3.0 parts by weight of
      1-methyl-2-chloro-pyrrolinium chloride in the presence of 2.6 parts by
      volume of triethylamine, by reaction with 4.4 parts by weight of
      6-aminopenicillanic acid which had been dissolved in 50% strength aqueous
      acetone, at pH 7.5, by means of triethylamine,
PAR  Yield: 44%, .beta.-Lactam content: 78%, NMR signals at .tau. = 4.3 (2 H),
      4.5 (2 H), 5.8 (1 H), 6.2 (2 H), 6.65 (3 H), 6.8 (2 H) and 7.7 - 8.8 ppm
      (13 H).
PAC  EXAMPLE 37
PAC  Sodium D(-)-.alpha.-[3-(2-thenoyl)-3-methyl-ureido]-benzylpenicillin:
PAR  To prepare this penicillin, 3.9 parts by weight of
      D(-)-.alpha.-[3-(2-thenoyl)-3-methyl-ureido]-phenylacetic acid were
      dissolved in 55 parts by volume of acetone with the addition of 2.0 parts
      by volume of triethylamine, 2.3 parts by weight of
      1-methyl-2-chloropyrrolinium chloride were added at -5.degree.C to
      -10.degree.C, the mixture was stirred for 45 minutes at the same
      temperature, a solution of 3.1 parts by weight of 6-aminopenicillanic acid
      in a mixture of 60 parts by volume of 90% strength aqueous acetone and
      triethylamine, which had a pH of 7.5, was added, and the mixture was
      stirred for 2 hours at -5.degree.C and worked up - as described in Example
      32 - to isolate the sodium salt of the penicillin. Yield: 56%.
      .beta.-Lactam content: 64%. NMR signals at .tau. = 2.1-3.0 (8 H), 4.35-4.8
      (3 H), 5.8 (1 H), 6.55 (3 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 38
PAC  Sodium
      D(-)-.alpha.-[3-(3,5-dimethylisoxazoloyl-4)-3-methyl-ureido]-benzylpenicil
     lin:
PAR  To prepare this penicillin, 3.9 parts by weight of
      D-.alpha.-[3-(3,5-dimethylisoxazoloyl-4)-3-methyl-ureido]-phenylacetic
      acid were dissolved in 60 parts by volume of methylene chloride with the
      addition of 2.0 parts by volume of triethylamine, the solution was cooled
      to -10.degree.C, 2.2 parts by weight of 1-methyl-2-chloropyrrolinium
      chloride were added, and the mixture was left to stand for 90 minutes at
      -10.degree. to -35.degree.C (solution A).
PAR  Separately, 3.1 parts by weight of 6-aminopenicillanic acid were suspended
      in 60 parts by volume of methylene chloride, 3.4 parts by volume of
      triethylamine were added, and the mixture was stirred for 4 hours at
      22.degree.C (solution B). Solution B was then cooled to between 0 and
      -5.degree.C, and solution A was added in several portions, over the course
      of 30 minutes, while stirring and continuing to cool.
PAR  Thereafter the mixture was stirred for a further hour at 0.degree. to
      5.degree.C, the solvent was stripped off in vacuo, the residue was taken
      up in water and a 1 : 1 mixture of ether and ethyl acetate, the pH was
      adjusted to 7.5 while stirring, the organic phase was separated off, the
      aqueous phase was covered with fresh ether-ethyl acetate mixture, the pH
      was brought to 1.5 by means of 2 N hydrochloric acid, while stirring and
      cooling with ice, the organic phase was separated off, washed with water
      and dried over magnesium sulphate for 2 hours in a refrigerator, and the
      penicillin was isolated as the sodium salt, as described in Example 32.
      Yield: 50% .beta.-Lactam content: 80%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.7    H 5.0     N 12.3  S 5.6                                
     Found:   C 51.1    H 5.4     N 11.6  S 5.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.35-2.9 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (3 H), 7.6 (3 H), 7.75 (3 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 39
PAR  If, in the procedure of Example 37, the
      D(-)-.alpha.-[3-(2-thenoyl)-3-methylureido]-phenylacetic acid used there
      is replaced by 0.012 mol of:
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-methyl-ureido ]-phenylacetic acid,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-ethyl-ureido ]-phenyl-acetic acid,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-n-propyl-ureido]-phenylacetic acid,
PA1  D(-)-.alpha.-[3-(2-furoyl-3-phenyl-ureido]-phenylacetic acid,
PA1  D(-)-.alpha.-[3-(2,5-dimethylfuroyl-3-)-3-methyl-ureido]-phenylacetic acid,
PA1  D(-)-.alpha.-[3-(5-bromofuroyl-3-)-3-methyl-ureido ]-phenylacetic acid,
PA1  D-(-)-.alpha.-[3-(5-methoxymethylfuroyl-2-)3-methyl-ureido]-phenylacetic
      acid,
PA1  D(-)-.alpha.-[3-(3,5-dimethylisothiazol-3-yl)-carbonyl)-3-methyl-ureido]-ph
     enylacetic acid,
PA1  D(-)-.alpha.-[3-(isoxazol-4-yl)-carbonyl-3-methyl-ureido]-phenylacetic
      acid,
PA1  D(-)-.alpha.-[3-(isoxazol-3-yl)-carbonyl-3-methyl-ureido]-phenylacetic
      acid,
PA1  D(-)-.alpha.-[3-(3-methylthiodiazol(1,2,5)-4-yl)-carbonyl-3-methyl-ureido]-
     phenylacetic acid or
PA1  D(-)-.alpha.-[3-(4-methylthiadiazol(1,2,3)-5-yl)-carbonyl-3-methyl-ureido]-
     phenylacetic acid
PAR  the sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-ethyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-n-propyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-phenyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(2,5-dimethylfuroyl-3)-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(5-bromofuroyl-3)-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(5-methoxymethylfuroyl-2)-3-methyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-[3-(3,5-dimethylisothiazol-3-yl)-carbonyl-3-methyl-ureido]-ben
     zylpenicillin,
PA1  D(-)-.alpha.-[3-(isoxazol-4-yl)-carbonyl-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-isoxazol-3-yl)-carbonyl-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(3-methylthiodiazol(1,2,5)-4-yl)-carbonyl-3-methyl-ureido]-
     benzylpenicillin or
PA1  D(-)-.alpha.-[3-(4-methylthiodiazol(1,2,3)-5-yl)-carbonyl-3-methyl-ureido]-
     benzylpenicillin.
PAC  EXAMPLE 40
PAC  A) d(-)-.alpha.-(3-Cyclohexyloxycarbonyl-3-methyl-ureido)-phenyl-acetic
      acid:
PAR  13.5 parts by weight of bis-(trimethylsilyl)-C-phenylglycine were dissolved
      in 100 parts by volume of dry carbon tetrachloride, a solution of 10.0
      parts by weight of N-cyclohexyloxycarbonyl-N-methyl-carbamic acid chloride
      in 30 parts by volume of carbon tetrachloride was slowly added dropwise at
      0.degree.C while excluding moisture, and the mixture was left to stand
      overnight in a refrigerator. Thereafter it was washed 3 times with 50
      parts by volume of water at a time, and the organic phase was evaporated
      to dryness in vacuo.
PAL  Yield of oily product: 95%. NMR signals at .tau. = 0.5 (1 H), 2.5 (5 H),
      4.6 (1 H), 5.2 (1 H), 6.8 (3 H) and 7.9-8.9 ppm (10 H).
PAC  (B)0-[D(-)-.alpha.-(3-Cyclohexyloxycarbonyl-3-methyl-ureido)-phenyl
      acetyl]-C-cyano-C-ethoxycarbonyl-formaldehydeoxime:
PAR  2.92 parts by weight of C-cyano-C-ethoxycarbonyl-formaldehydeoxime were
      dissolved in 50 parts by volume of tetrahydrofurane, 2.9 parts by volume
      of triethylamine were added, the mixture was cooled to -10.degree.C, 1.5
      parts by volume of thionyl chloride were then slowly added dropwise while
      stirring and continuing to cool, and the mixture was subsequently stirred
      for 15 minutes at -10.degree.C. A solution, cooled to 0.degree.C, of 6.88
      parts by weight of
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)-phenylacetic acid
      in a mixture of 50 parts by volume of tetrahydrofurane and 2.9 parts by
      volume of triethylamine was then added dropwise over the course of approx.
      45 minutes while continuing to cool, and the reaction mixture was
      subsequently stirred for a further hour at 0.degree.C. The triethylamine
      hydrochloride which had separated out was then filtered off, the filtrate
      was evaporated in vacuo from a bath at 15.degree.- 20.degree.C, using a
      rotary evaporator, the residue was dissolved in methylene chloride, the
      solution was cooled to  0.degree.C and once shaken rapidly with ice water,
      and the organic phase was subsequently dried at 0.degree.C over sodium
      sulphate, filtered, and evaporated in vacuo by means of a rotary
      evaporator, from a bath at 20.degree.C, and finally from a bath at
      40.degree.C. A colourless, varnish-like substance is obtained.
PAR  Yield: 98%. Specific rotation: [.alpha.].sub.589 -8.1.degree. (54.2 mg;
      methanol).
PAR  The substance showed an IR spectrum corresponding to its structure.
PAR  NMR signals at .tau. = 0.5 (1 H), 2.6 (5 H), 4.3 (1 H), 5.25 (1 H), 5.7 (2
      H), 6.8 (3 H) and 8.0-9.0 ppm (13 H).
PAC  EXAMPLE 41
PAC  0-[D(-)-.alpha.-(3-Allyloxycarbonyl-3-methyl-ureido)-phenylacetyl]-C-cyano-
     C-ethoxycarbonyl-formaldehydeoxime:
PAR  This substance was prepared in the manner described in Example 40, from
      5.86 parts by weight of C-cyano-C-ethoxycarbonyl-formaldehydeoxime, 100
      parts by volume of tetrahydrofurane, 57 parts by volume of triethylamine,
      3.0 parts by volume of thionyl chloride and a mixture of 12.0 parts by
      weight of D(-)-.alpha.-(3-allyloxycarbonyl-3-methyl-ureido)-phenylacetic
      acid, 100 parts by volume of tetrahydrofurane and 5.7 parts by volume of
      triethylamine. A colorless, varnish-like substance is obtained.
PAR  Yield: over 80%. Specific rotation: [.alpha.].sub.589 -19.6.degree. (50.6
      mg; methanol).
PAR  The substance showed an IR spectrum corresponding to its structure.
PAR  NMR signals at .tau. = 0.4 (1 H), 2.6 (5 H), 3.7-4.2 (1 H), 4.3 (1 H),
      4.5-4.9 (2 H), 5.3 (2 H), 5.65 (2 H), 6.8 (3 H) and 8.65 ppm (3 H).
PAC  EXAMPLE 42
PAC  0-[D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetyl]C-cyan
     o-C-ethoxycarbonyl-formaldehydeoxime:
PAR  This substance was prepared in the manner described in Example 40, from
      2.85 parts by weight of C-cyano-C-ethoxycarbonyl-formaldehydeoxime, 50
      parts by volume of tetrahydrofurane, 2.8 parts by volume of triethylamine,
      1.45 parts by volume of thionyl chloride and a mixture of 7.6 parts by
      weight of
      D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetic acid, 50
      parts by volume of tetrahydrofurane and 2.8 parts by volume of
      triethylamine. A colorless, varnish-like substance was obtained.
PAR  Yield: over 80%.
PAR  The IR spectrum of the substance showed the bands corresponding to its
      structure.
PAR  NMR signals at .tau. = 0.5 (1 H), 2.45 (5 H), 3.55 (1 H), 5.65 (2 H), 6.9
      (3 H) and 8.7 (3 H).
PAC  EXAMPLE 43
PAC  Sodium
      .alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-.alpha.-p-tolyl-methylpenicilli
     n:
PAR  This penicillin was prepared in the manner described in Example 1, from
      14.5 parts by weight of
      .alpha.-pyrrolid-2-on-1-yl-carbonylamino)-.alpha.-p-tolylacetic acid, 10.2
      parts by weight of tetramethyl-chloroformamidinium chloride and 15 parts
      by weight of 6-amino-penicillanic acid.
PAR  Yield: 29% .beta.-Lactam content: 67% NMR signals at .tau. = 2.5 - 3.05 (4
      H), 4.5 (3 H), 5.8 (1 H), 6.1 - 6.4 (2 H), 7.4 (2 H), 7.7 (3 H), 8.0 (2 H)
      and 8.3 - 8.6 ppm (6 H).
PAC  EXAMPLE 44
PAC  Sodium
      .alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-.alpha.-p-tolyl-methylpenicill
     in:
PAR  This penicillin was prepared in the manner indicated in Example 2, from 9
      parts by weight of N-o-fluorobenzoyl-N-methylureido-N-p-tolylacetic acid,
      4.95 parts by weight of tetramethyl-chloroformamidinium chloride and 8.5
      parts by weight of 6-amino-penicillanic acid.
PAR  Yield: 59% .beta.-Lactam content: 87%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 53.7    H 4.8     N 9.7   S 5.5                                
     Found    C 53.4    H(6.0)    N 9.7   S 5.9                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3 - 3.1 (8 H), 4.5 (3 H), 5.8 (1 H), 6.3 (3 H),
      7.7 (3 H) and 8.2 - 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 45
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpenicillin:
PAR  3.76 parts by weight of tetramethylchloroformamidinium chloride were
      suspended in 15 parts by volume of dry acetone and stirred for 10 minutes
      with exclusion of moisture. The product was filtered off, again with
      exclusion of moisture, and the reagent was suspended in 40 parts by volume
      of methylene chloride and cooled to 0.degree.C. 5.53 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      in a little methylene chloride were now added and a solution of 2.0 parts
      by weight of triethylamine in 20 parts by volume of methylene chloride was
      added dropwise to the mixture over the course of 30 minutes, while
      stirring and excluding moisture. The mixture was stirred for a further 20
      minutes at +5.degree.C and then cooled to -20.degree.C and treated, all at
      once, with a solution of the triethylamine salt of 6-aminopenicillanic
      acid in methylene chloride, also cooled to -20.degree.C. (This solution
      had been prepared by stirring 5.8 parts by weight of 6-aminopenicillanic
      acid, 3.4 parts by weight of triethylamine and 8 parts by weight of
      anhydrous sodium sulphate in 40 parts by volume of methylene chloride for
      2 hours, and subsequent filtering). The mixture was left to reach
      0.degree.C while stirring, was treated with a further 0.9 part by weight
      of triethylamine after a short time, and was further stirred for 30
      minutes at 0.degree.C and 30 minutes at room temperature. It was now
      poured into ice water, the pH value was adjusted to 5.5 and the methylene
      chloride was stripped off in vacuo. The residue was twice extracted with
      ether and the ether was eluted with a little water. The combined aqueous
      solutions were covered with a layer of ethyl acetate and adjusted to a pH
      value of 1.5 with dilute hydrochloric acid while stirring and cooling with
      ice. The ethyl acetate phase was separated off, the water was again
      extracted with ethyl acetate, and the combined extracts were washed with
      water. They were dried for about 1 hour at 0.degree.C over MgSO.sub.4,
      filtered and treated with 20 parts by volume of a 1 molar solution of
      sodium 2-ethylhexanoate in ether containing methanol, and the mixture was
      evaporated in vacuo at room temperature until it acquired an oily
      consistency. It was now dissolved in the requisite amount of methanol and
      this solution was added dropwise to 500 parts by volume of a mixture of
      about 500 parts by volume of absolute ether and 50 parts by volume of
      methanol, while stirring vigorously. The product which precipitated was
      filtered off after standing for a short time, suspended in dry ether and
      again filtered off. It was dried in vacuo over P.sub.2 O.sub.5 for about 2
      days.
PAR  Yield: 70% .beta.-Lactam content: 86% NMR signals, see Table 2, page 96, IR
      bands at 3280, 1760, 1712, 1655, 1600, 1520, 1270 and 765 cm.sup.-.sup.1
      (in Nujol suspension).
PAC  EXAMPLE 46
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpenicillin:
PAR  2.8 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)carbonylamino]-p-methylphenylacetic acid
      were reacted, in the manner described in Exampale 45, with 1.7 parts by
      weight of 1-methyl-2-chloro-.DELTA. 1-pyrrolinium chloride instead of
      tetramethyl-chloroformamidinium chloride, and subsequently with 2.6 parts
      by weight of 6-aminopenicillanic acid in the form of its triethylamine
      salt, to give the sodium salt of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]
PAR  Yield: 54% .beta.-Lactam content: 39% NMR signals, see Table 2.
PAR  The position of the IR bands agrees with that of the penicillin of Example
      45.
PAC  EXAMPLE 47
PAC  Sodium .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chloro
      benzylpenicillin:
PAR  This penicillin was manufactured in the manner described in Example 1, from
      5.95 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic
      acid, 3.76 parts by weight of tetramethylchloroformamidinium chloride and
      5.8 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 59% .beta.-Lactam content: 86% NMR signals, see Table 2. IR bands at
      3300, 1775, 1727, 1667, 1608, 1540, 1287 and 780 cm.sup.-.sup.1.
PAC  EXAMPLE 48 A
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenicillin:
PAR  3.6 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic acid
      were reacted in the manner described in Example 1 with 2.22 parts by
      weight of 1,3-dimethyl-2-chloro-.DELTA.-1-imidazolinium chloride and
      subsequently with 3.02 parts by weight of 6-aminopenicillanic acid to give
      the sodium salt of
      .alpha.-[(imidazolidin-2-on-1-yl)carbonylamino]-p-chlorobenzylpenicillin.
PAR  Yield: 65% .beta.-Lactam content: 72% NMR signals, see Table 2.
PAR  The IR spectrum in Nujol is identical with that of the penicillin of
      Example 47.
PAC  EXAMPLE 48 B
      .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic
      acid:
PAR  16.5 parts by weight of .alpha.-(4-methylphenyl)-glycine were dissolved in
      200 parts by volume of 50% strength aqueous dioxane, with the addition of
      sufficient 2 N sodium hydroxide solution. Thereafter the mixture was
      adjusted back to a pH value of 7-8 with 5 N hydrochloric acid, whereupon
      the aminoacid separated out partially as a fine precipitate. A solution of
      11.8 parts by weight of 1-chlorocarbonyl-imidazolidin-2-one in 50 parts by
      volume of warm acetone was now added dropwise, while stirring and cooling
      by means of an ice bath. The pH was at the same time maintained at between
      7 and 8 by appropriate addition of 2 N sodium hydroxide solution. After
      completion of the addition, the mixture was stirred for a further 15
      minutes at room temperature until the pH value remained constant.
      Unreacted aminoacid (6 parts by weight) was filtered off, and the filtrate
      was evaporated to half its volume in vacuo and extracted once with 100
      parts by volume of ether. The aqueous phase was adjusted to a pH of 1-2
      with 2 N hydrochloric acid and the oil which precipitated was taken up in
      ethyl acetate by extraction with 2 .times. 100 parts by volume. The
      combined ethyl acetate extracts were washed with 50 parts by volume of
      water, dried over MgSO.sub.4 and subsequently evaporated to dryness. A
      glassy foam was obtained, which through trituration with petroleum ether
      was converted into a finely granular, non-crystalline powder.
PAR  Yield: 48%. NMR signals, see Table 2.
PAC  EXAMPLE 48 C
PAR  The following .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]phenylacetic
      acid was produced as described in Example 48 B:
      .alpha.-[(Imidazolidin-2-on-1-yl)carbonylamino]-p-chlorophenylacetic acid
      from 18.6 parts by weight of .alpha.-(4-chlorophenyl)-glycine and 11.8
      parts by weight of 1-chlorocarbonylimidazolidin-2-one. Recovered unreacted
      .alpha.-(4-chlorophenyl)glycine: 6 parts by weight.
PAR  Yield of product moist with ether: 33 parts by weight.
PAR  The substance was recrystallised from ethyl acetate/petroleum ether.
TBL  ______________________________________                                    
     1st fraction, yield:                                                      
                  35%     relative to converted starting                       
     2nd fraction, yield:                                                      
                  15%     material.                                            
     ______________________________________                                    
PAR  Melting point = 115.degree.-120.degree.C. NMR signals, see Table 2.
PAC  EXAMPLE 48 D
PAC  1Chlorocarbonyl-imidazolidin-2-one:
PAR  4 parts by weight of phosgene in 10 parts by volume of absolute
      tetrahydrofurane were added dropwise, over the course of 15 minutes, to a
      vigorously stirred solution of 3.5 parts by weight of imidazolidone-(2)
      [manufactured according to Fischer and Koch, Ann. 232, page 224 (1886)] in
      50 parts by volume of absolute tetrahydrofurane. Thereafter the reaction
      mixture was stirred for 3 hours at 10.degree.C and a stream of dry air was
      then passed through it to blow out the hydrochloric acid produced, and
      residues of phosgene. It was now evaporated to dryness in vacuo on a
      rotary evaporator, and the solid residue was dried over concentrated
      sulphuric acid at about 12 mm Hg.
PAR  Yield: 93%. Melting point = 150.degree.C after recrystallisation from
      acetone-pentane.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 32.3    H 3.4     N 18.8  Cl 23.9                              
     Found:   C 32.3    H(4.5)    N 18.7  Cl 23.9                              
     ______________________________________                                    
PAR  NMR signals at .tau. = 5.7 to 6.1 (2 H) and 6.3 to 6.7 (2 H),
      (acetone-d.sub.6 as the solvent), symmetrical A.sub.2 B.sub.2 -system. IR
      bands at 3230, 1790, 1700, 1270 and 1150 cm.sup.-.sup.1.
PAC  EXAMPLE 48 E
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of one of the following:
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)-acetic acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxyphenylacetic
      acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-m-hydroxyphenylacetic
      acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o-chlorophenylacetic acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-di-fluorophenylacetic
      acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonyl-amino]-o,o'-chlorofluorophenylac
     etic acid or
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-acetylaminophenylacetic
      acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl
      2)-methylpenicillin,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)-methylpenicilli
     n,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpenicillin,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-m-hydroxybenzylpenicillin,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o-chlorobenzylpenicillin,
PAL  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]o,o'-difluorobenzylpenicill
     in,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-chlorofluorobenzylpen
     icillin or
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-acetylaminobenzylpenicil
     lin.
PAC  EXAMPLE 49
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid:
PAR  9.7 parts by weight of D(-)-C-phenylglycine were suspended in 150 parts by
      volume of 50% strength aqueous dioxane and sufficient 40% strength aqueous
      sodium hydroxide solution was added dropwise at room temperature, while
      stirring, for the phenylglycine to have just dissolved. Approximately 15%
      strength hydrochloric acid was then added to this solution, while
      stirring, until the pH of the solution had reached 7.5 - 8.0. The fine
      suspension of the phenylglycine which is present at that stage was cooled
      to about +5.degree.C, 10.6 parts by weight of finely powdered
      imidazolidin-2-on-1-yl-carbonyl chloride were gradually introduced at this
      temperature, while stirring, and at the same time the pH was kept at 7.5 -
      8.0 by appropriate addition of approximately 5 N sodium hydroxide
      solution. The phenylglycine hereupon dissolved, apart from a small amount
      of residue. The mixture was stirred for a further 60 minutes at
      +5.degree.C, during which time a little sodium hydroxide solution still
      had to be added occasionally in the first 15 minutes only, to maintain the
      desired pH. Small amounts of insoluble matter were then filtered off. The
      filtrate was largely freed of dioxane by means of a rotary evaporator,
      covered with a layer of ethyl acetate, acidified with 2 N hydrochloric
      acid to pH 1.5 - 2.0 and thoroughly stirred, and the organic phase was
      then separated off, twice washed with water, dried over magnesium sulphate
      and completely evaporated in a rotary evaporator. The residue, a colorless
      clear foam, was dried for 2 days over P.sub.4 O.sub.10 in a desiccator
      with an open tap, connected to an oil pump. Yield: 7.9 parts by weight. In
      the IR spectrum (solvent: dimethylsulphoxide), the substance shows two
      double bands in the region left open by the solvent, namely at 1720 and
      1670, and at 1525 and 1480 cm.sup.-.sup.1 , respectively. NMR signals, see
      Table 2.
PAC  EXAMPLE 50
PAC  .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiophenylacetic
      acid:
PAR  (a) .alpha.-Amino-4-methylthiophenylacetic acid:
PAR  This aminoacid was obtained according to the usual procedure: starting from
      4-methylthiobenzaldehyde, via the cyanohydrin and .alpha.-aminonitrile,
      and its saponification with boiling 20% strength hydrochloric acid.
      Melting point &gt;260.degree. on the Kofler bench.
PAR  The IR spectrum (Nujol) shows a single band in the carbonyl region at 1740
      cm.sup.-.sup.1 and a broad absorption between 1570 and 1670
      cm.sup.-.sup.1, with a main peak at 1590 cm.sup.-.sup.1.
PAR  The NMR spectrum (NaOD/D.sub.2 O) shows signals at .tau. = 2.5-2.8 (4 H)
      (AB-system), at 5.6 (1 H) and at 7.6 ppm (3 H).
PAR  .alpha.-[(Imidasolidin-2-on-1-yl)-carbonylamino]-4-methylthiophenylacetic
      acid:
PAR  This compound was manufactured from 13 parts by weight of the aminoacid
      described above and 10 parts by weight of imidazolidin-2-on-1-yl-carbonyl
      chloride, in the manner described in Example 5.
PAR  Yield: 6.7 parts by weight of a yellowish hard foam. In the IR spectrum
      (solvent: dimethylsulphoxide) the substance shows two double bands in the
      range left open by the solvent, namely at 1710 and 1660, and at 1520 and
      1480 cm.sup.-.sup.1. NMR signals, see Table 2.
PAC  EXAMPLE 51
PAC  Sodium
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin:
PAR  3.8 parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid
      were dissolved in 65 parts by volume of dichloromethane, 2.7 parts by
      weight of 1-methyl-2-chloro-.DELTA.1-pyrrolinium chloride were added, and
      after cooling to -10.degree.C 2.0 parts by volume of triethylamine were
      added gradually. This reaction mixture was then stirred for one hour at
      -5.degree.C (mixture A). 4.0 parts by weight of 6-aminopenicillanic acid
      in 80 parts by volume of dichloromethane were treated with 4.4 parts by
      volume of triethylamine and 4.0 parts by weight of anhydrous sodium
      sulphate and then stirred for two hours at room temperature. After
      filtration, the solution was cooled to -20.degree.C and combined with the
      mixture A. The reaction mixture was left to reach 0.degree.C of its own
      accord, and was then stirred for a further hour at 0.degree.C. The solvent
      was now removed in a rotary evaporator, the residue was dissolved in
      water, and the solution was covered with a layer of ethyl acetate and
      acidified with dilute hydrochloric acid at 0.degree. to 5.degree.C, while
      stirring, until pH 1.5 was reached. The organic phase was then separated
      off, washed with water, dried over magnesium sulphate while cooling, and
      filtered, and after dilution with an equal amount of ether the sodium salt
      of the penicillin was precipitated from the filtrate by adding a solution
      of sodium 2-ethylcaproate dissolved in ether containing methanol.
PAR  Yield: 1.3 parts by weight. .beta.-Lactam content: 34%. IR band at 1775
      cm.sup.-.sup.1. NMR signals, see Table 2.
PAC  EXAMPLE 52
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin
      (free acid and sodium salt):
PAR  Mixture A was prepared in a corresponding manner to Example 51, from 3.8
      parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid,
      65 parts by volume of dichloromethane, 3.0 parts by weight of
      1,3-dimethyl-2-chloro-.DELTA.-1-imidazolinium chloride and 2.0 parts by
      volume of triethylamine, and reacted with the dried solution prepared from
      4.0 parts by weight of 6-aminopenicillanic acid, 80 parts by volume of
      dichloromethane, 4.4 parts by volume of triethylamine and 4.0 parts by
      weight of Na.sub.2 SO.sub.4. After removing the solvent and distributing
      the reaction product between an aqueous phase of pH 1.5 and ethyl acetate,
      a precipitate which is neither soluble in the acid aqueous phase nor in
      the organic phase was formed and this was filtered off, washed with water
      and dried. This product was the free acid of the desired penicillin. Yield
      1.5 parts by weight. The ethyl acetate phase which was above the acid
      aqueous phase was separated off, washed with water, dried over magnesium
      sulphate and diluted with ether, and the sodium salt of the penicillin was
      precipitated.
PAR  Yield: 1.9 parts by weight. .beta.-Lactam content (free acid): 92%.
      .beta.-Lactam content (sodium salt): 89%. The two penicillins show an IR
      spectrum which corresponds to their structure.
PAR  NMR signals, see Table 2.
PAC  EXAMPLE 53
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin
      (free acid and sodium salt):
PAR  The penicillin was prepared in a manner corresponding to Example 52, from
      3.8 parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid,
      50 parts by volume of dichloromethane, 1.2 parts by weight of
      tetramethylchloroformamidinium chloride and 1.0 part by volume of
      triethylamine, constituting mixture A, and 2.0 parts by weight of
      6-aminopenicillanic acid in 50 parts by volume of dichloromethane and 2.2
      parts by volume of triethylamine as well as 2.0 parts by weight of sodium
      sulphate. 0.2 part by weight of penicillin was obtained as the free acid
      and 1.9 parts by weight as the sodium salt.
PAR  .beta.-Lactam content (free acid): 90%. .beta.-Lactam content (sodium
      salt): 25%.
PAR  The free acid showed an IR spectrum corresponding to its structure.
PAC  EXAMPLE 54
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzylpenicil
     lin:
PAR  This penicillin was prepared in a manner corresponding to Example 51, from
      4.5 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthio-phenylacetic
      acid, 80 parts by volume of dichloromethane, 2.7 parts by weight of
      1-methyl-2-chloro-.DELTA.1-pyrrolinium chloride and 2.0 parts by volume of
      triethylamine, constituting mixture A, and 4.0 parts by weight of
      6-aminopenicillanic acid, 80 parts by volume of dichloromethane, 4.4 parts
      by volume of triethylamine and 4.0 parts by weight of sodium sulphate.
PAR  Yield: 4.2 parts by weight of sodium salt. .beta.-Lactam content: 36%. NMR
      signals, see Table 2.
PAC  EXAMPLE 55
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzylpencill
     in:
PAR  This penicillin was obtained in a manner based on Example 51, from 1.9
      parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthio-phenylacetic
      acid, 40 parts by volume of dichloromethane, 1.2 parts by weight of
      tetramethylchloroformamidinium chloride and 0.98 part by volume of
      triethylamine constituting mixture A, and 1.73 parts by weight of
      6-aminopenicillanic acid, 40 parts by volume of dichloromethane, 1.9 parts
      by volume of triethylamine and 1.5 parts by weight of sodium sulphate
      constituting mixture B. Yield: 2.0 parts by weight of sodium salt.
      .beta.-Lactam content: 61%. The pencillin showed an IR spectrum
      corresponding to its structure.
PAR  NMR signals, see Table 2.
PAC  EXAMPLE 56
PAC  1,3-Dimethyl-2-chloro-.DELTA.1-imidazolinium chloride:
PAR  (a) N,N'-Dimethyl-N,N'-bis-trimethylsilyl-ethylenediamine:
PAR  A mixture of 176 parts by weight of N,N'-dimethylethylenediamine, 1000
      parts by volume of benzene and 552 parts by volume of triethylamine were
      stirred at room temperature and at the same time 434 parts by weight of
      trimethylchlorosilane, diluted with 500 parts by volume of benzene, were
      added dropwise over the course of 3 hours. The mixture was stirred for a
      further 3.5 hours and left to stand overnight, and the precipitate present
      was filtered off and washed with benzene. The combined filtrates were
      concentrated in a rotary evaporator and the residue was distilled in
      vacuo.
PAR  Yield: 364 parts by weight. Boiling point 0.15 = 55.degree.-60.degree.C.
PAR  The NMR spectrum (CCl.sub.4 as the solvent) showed signals at -160 (4 H)
      and -148 Hz (6 H), with the signal of the trimethylsilyl radicals (9 H)
      being at 0 Hz.
TBL  ______________________________________                                    
     Analysis:                                                                 
             Calculated:                                                       
                        C 51.7    H 12.1  N 12.1                               
             Found:     C 51.1    H 11.9  N 12.1                               
     ______________________________________                                    
PAR  (b) N,N'-Dimethylimidazolidone-(2).
PAR  A solution of 363 parts by weight of
      N,N'-dimethyl-N,N'-bis-trimethylsilyl-ethylenediamine in 440 parts by
      volume of dichloromethane, and a solution of 170 parts by weight of
      phosgene in 700 parts by volume of dichloromethane, were simultaneously
      and separately added dropwise, over the course of 4.5 hours, to 800 parts
      by volume of dichloromethane at room temperature, while stirring. The
      reaction mixture was then left to stand overnight, the unreacted phosgene
      was flushed out with dry air, the solvent was removed in a rotary
      evaporator and the residue was distilled in vacuo. Yield 119 parts by
      weight. Boiling point 10-10.5 mm Hg = 95.degree.-95.5.degree.C.
PAR  (c) 1,3-Dimethyl-2-chloro-.DELTA.-1-imidazolinium chloride:
PAR  A solution of 150 parts by weight of 1,3-dimethylimidazolidone-(2) in 200
      parts by volume of toluene was added to a solution of 156 parts by weight
      of phosgene in 330 parts by volume of toluene, and the mixture was left to
      stand overnight at room temperature. The product which had then
      crystallised out was filtered off, washed with carbon tetrachloride and
      dried over P.sub.4 O.sub.10 in a desiccator.
PAR  Yield 177 parts by weight.
PAR  Melting point: about 95.degree.-100.degree.C (Kofler bench). The product is
      crystalline and very hygroscopic. The NMR spectrum (solvent:chloroform)
      shows signals at .tau. = 5.6 (4 H) and 6.65 ppm (6 H).
PAC  EXAMPLE 57
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of:
PA1  D(-)-.alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-phenylacetic
      acid,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylphenylaceti
     c acid,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-chlorophenylaceti
     c acid,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylthiophenyla
     cetic acid,
PA1  .alpha.-[(diazacyclohexan-2-on-1-yl)-carbonylamino]-p-hydroxyphenylacetic
      acid,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic
      acid,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-thienyl(3)-acetic
      acid,
PA1  D(-)-.alpha.-[(benzimidazolon-1-yl)-carbonylamino]-phenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylphenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-chlorophenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylthio-phenylacetic
      acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-hydroxy-phenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-thienyl(2)-acetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-thienyl(3)-acetic acid,
PA1  D(-)-.alpha.-[(5-methyl-imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic
      acid,
      .alpha.-[(4-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylace
     tic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl,
      -carbonylamino]-p-chlorophenylacetic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthiophenyl
     acetic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxyphenylace
     tic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic
      acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)-acetic
      acid,
PA1  D(-)-.alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-phenylace
     tic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenyl
     acetic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenyl
     acetic acid,
PA1  .alpha.-[(4,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthioph
     enylacetic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxypheny
     lacetic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl
      (2)-acetic acid or
PA1  .alpha.-[(4,4-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl
      (3)-acetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-benzylpenicillin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylbenzylpenic
     illin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenic
     illin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylthio-benzyl
     penicillin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpeni
     cillin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(2)m
     ethylpenicillin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(3)m
     ethylpenicillin,
PA1  D(-)-.alpha.-[(benzimidazolon-1-yl)-carbonylamino]-benzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methyl-benzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-chlorobenzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylthio-benzylpenicillin
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-hydroxy-benzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-.alpha.-thienyl(2)-methylpeni
     cillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-.alpha.-thienyl(3)-methylpeni
     cillin,
PA1  D(-)-.alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicil
     lin,
PA1  .alpha.-[(4-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpeni
     cillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpeni
     cillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthio-benzy
     lpenicillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpen
     icillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(2)
     methylpenicillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(3)
     methylpenicillin,
PA1  D(-)-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzyl
     penicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzyl
     penicillin,
PA1  .alpha.-[(4,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthio-b
     enzylpenicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzy
     lpenicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thieny
     l(2)-methylpenicillin or
PA1  .alpha.-[(4,4-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thieny
     l(3)-methylpenicillin.
PAC  EXAMPLE 58
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of:-
PA1  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenylacetic
      acid,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenylacetic
      acid,
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenylacetic
      acid,
PA1  D(-)-.alpha.-[imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylace
     tic acid,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylac
     etic acid or
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylace
     tic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:-
PA1  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenic
     illin,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenic
     illin,
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenici
     llin,
PA1  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'
      -dichlorobenzylpenicillin,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpe
     nicillin or
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpen
     icillin.
PAC  Table 7
PAR  NMR data of some penicillins of the formula (1). Position of the signals is
      indicated in the .tau.-scale [ppm]. Solvent: CD.sub.3 OD.
TBL  ______________________________________                                    
     Example                                                                   
            NMR signals at   Impurities visible in                             
            [intensity of the signals,                                         
                             the spectrum.                                     
            deducting the signals of                                           
            the intermediate acid]                                             
     ______________________________________                                    
     45     2.4-3.0 (4 H), 4.3-4.6                                             
                             15% by weight of .alpha.-                         
            (3 H) 5.8 (1 H), 5.9-6.4                                           
                             (imidazolidin-2-on-1-yl-                          
            (2 H), 6.4-6.9 (2 H), 7.7                                          
                             carbonylamino)-p-methyl-                          
            (3 H) and 8.4 (6 H)                                                
                             phenylacetic acid                                 
     46     as Example 45    60% by weight of .alpha.-                         
                             (imidazolidin-2-on-1-yl-                          
                             carbonylamino)-p-methyl-                          
                             phenylacetic acid                                 
     47     2.6 (4 H), 4.3-4.6 (3 H),                                          
                             10% by weight of .alpha.-                         
            5.8 (1 H), 5.9-6.8 (4 H)                                           
                             (imidazolidin-2-on-1-                             
            and 8.3-8.6 (6 H)                                                  
                             yl-carbonylamino)-p-                              
                             chloro-phenylacetic                               
                             acid                                              
     48A    as Example 47    25% by weight of .alpha.-                         
                             (imidazolidin-2-on-1-                             
                             yl-carbonylamino)-p-                              
                             chloro-phenylacetic                               
                             acid                                              
     48B    0.9 (1 H), 2.6 (2 H),                                              
     acetone-                                                                  
            2.8 (3 H), 4.5 (1 H),                                              
     d.sub.6 as the                                                            
            6.2 (2 H), 6.6 (2 H),                                              
                             --                                                
     solvent                                                                   
            and 7.7 (3 H)                                                      
     48C    0.9 (1 H), 2.55 (4 H),                                             
     acetone-                                                                  
            4.5 (1 H), 6.2 (2 H),                                              
                             --                                                
     d.sub.6 as the                                                            
            and 6.5 (2 H)                                                      
     solvent                                                                   
     49     2.4-2.75 (5 H), 4.45-4.6                                           
            (1 H), 6.0-6.85 (4 H)                                              
                             --                                                
     50     2.55-2.8 (4 H), 4.55-4.7                                           
            (1 H), 5.95-6.8 (4 H),                                             
                             --                                                
            7.55 (3 H)                                                         
     51     2.35-2.75, 4.35-4.55, 5.75                                         
                             58% by weight of D-                               
            5.95-6.85, 8.3-8.55                                                
                             .alpha.-(imidazolidin-2-                          
                             on-1-yl-carbonyl-                                 
                             amino)-phenyl-acetic                              
                             acid                                              
     52     (free acid) 2.4-2.7 (5 H),                                         
            4.3-4.6 (3 H), 5.55 (1 H),                                         
            5.9-6.7 (4 H), 8.25-8.5                                            
            (6 H) (Na salt) 2.45-2.75                                          
                             --                                                
            (5 H), 4.3-4.6 (3 H), 5.8                                          
            (1 H), 5.95-6.75 (4 H),                                            
            8.3-8.6 (6 H)                                                      
     54     2.45-2.9, 4.35-4.6, 5.8,                                           
                             60% by weight of                                  
            5.9-6.85, 7.6, 8.3-8.55                                            
                             .alpha.-(imidazolidin-2-                          
                             on-1-yl-carbonyl-                                 
                             amino)-p-methyl-                                  
                             thio-phenylacetic                                 
                             acid                                              
     55     2.4-2.9, 4.35-4.65, 5.8                                            
                             40% by weight of                                  
            5.95-6.8, 7.6, 8.3-8.6                                             
                             .alpha.-(imidazolidin-2-                          
                             on-1-yl-carbonyl-                                 
                             amino)-p-methylthio-                              
                             phenylacetic acid                                 
     ______________________________________                                    
PAC  EXAMPLE 59
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  D(-)-.alpha.-Aminobenzylpenicillin (ampicillin) 15 parts by weight) was
      suspended in 80% strength aqueous tetrahydrofurane (150 parts by volume)
      and sufficient triethylamine (approx. 7.5 parts by volume) was added
      dropwise at 20.degree.C, while stirring, that a clear solution was just
      produced and the pH value was between 7.5 and 8.2 (glass electrode). The
      mixture was now cooled to 0.degree.C and a solution of
      N-benzoyl-N-methylcarbamic acid chloride (6.5 parts by weight) in absolute
      tetrahydrofurane (25 parts by volume) was added dropwise over the course
      of 30 minutes, while cooling with ice, the pH value being kept between 7.5
      and 8.0 through simultaneous addition of triethylamine. The mixture was
      stirred for 30 minutes at 0.degree.C and subsequently further stirred at
      room temperature until addition of triethylamine was no longer necessary
      for maintaining the pH value of 7.5. Water (150 parts by volume) was now
      added and the pH value was adjusted to 6.5 with a little dilute surphuric
      acid, after which the tetrahydrofurane was largely removed in a rotary
      evaporator at room temperature. The aqueous solution which remained was
      extracted once by shaking with ether, subsequently covered with a 1:1
      mixture of ethyl acetate and ether (400 parts by volume) and treated with
      sufficient dilute sulphuric acid, while stirring and cooling with ice, to
      establish a pH value of 1 - 2. The organic phase was separated off, twice
      washed with water (60 parts by volume at a time) and dried at 0.degree.C
      over MgSO.sub.4 for about one hour, and after filtering, the solution of
      the penicillin was treated with about 50 parts by volume of a 1 molar
      solution of sodium 2-ethyl hexanoate in ether containing methanol. The
      mixture was left to stand at 0.degree.C for some hours, the solvent was
      subsequently decanted, and the residue was triturated with ether and
      filtered off. After drying over P.sub.2 O.sub.5 in a vacuum desiccator,
      the sodium salt of the penicillin was obtained in the form of a
      noncrystalline solid.
PAR  Yield: 14.7 parts by weight (83%).  .beta.-Lactam content: 87%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 55.4    H 4.8     N 10.3  S 5.9                                
     Found:   C 56.2    H(7.0)    N  9.7  S 5.9                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4 (10 H), 4.2 (1 H), 4.4 (2 H), 5.7 (1 H), 6.8 (3
      H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 1.56 units/ml (6.25 units/ml.sup.x)
PAR  Effectiveness against Proteus 3400: 12.5 units/ml (50 units/ml.sup.x)
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml (25
      units/ml.sup.x)
PAR  The figures given in brackets give, for comparison, the particular
      effectiveness of the corresponding penicillin which carries hydrogen in
      the 3-position in the side chain (that is to say, which is not a subject
      of the present invention; compare Netherlands Pat. No. 69/08909 published
      Dec. 16, 1969), that is to say sodium
      D(-)-.alpha.-(3-benzoylureido)benzylpenicillin.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 60
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 59, from 15
      parts by weight of ampicillin and 7.0 parts by weight of
      N-benzoyl-N-ethylcarbamic acid chloride.
PAR  Yield: (crude product): 79%  .beta.-Lactam content: 91%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 53.8    H 5.4     N 9.6   S 5.6                                
     Found:   C 53.0    H 5.0     N 9.9   S 5.7                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.5 (5 H), 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.2 (2
      H), 8.4 (6 H) and 8.8 ppm (3 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 61
PAC  Sodium D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  If 18 parts by weight of ampicillin were reacted with 6.6 parts by weight
      of N-ethoxycarbonyl-N-methylcarbamic acid chloride in the manner described
      in Example 59, the penicillin was obtained in the form of its Na salt, in
      72% yield.
PAR  .beta.-Lactam content: 94%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 49.3    H 5.1     N 11.0  S 6.3                                
     Found:   C 48.9    H 5.4     N 10.8  S 6.2                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (3 H), 6.8 (3
      H), 8.5 (6 H) and 8.7 ppm (3 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 62
PAC  Sodium D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido-benzylpenicillin:
PAR  On reacting 15 parts by weight of ampicillin with 6.7 parts by weight of
      N-hexahydrobenzoyl-N-methylcarbamic acid chloride in accordance with the
      instruction of Example 59, the sodium salt of the penicillin was obtained
      in 60% yield.
PAR  .beta.-Lactam content: 89%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 53.5    H 6.0     N 10.0  S 5.8                                
     Found:   C 51.9    H 6.2     N 9.6   S 5.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7 (3
      H), 7.3 (1 H), 8.0-9.0 (10 H) and 8.5 ppm (6 H).
PAR  Effectiveness against Proteus 3400: 6.25 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 63
PAC  Sodium D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-benzylpenicillin:
PAR  The sodium salt of the penicillin was prepared from 15 parts by weight of
      ampicillin and 7.4 parts by weight of N-cinnamoyl-N-methylcarbamic acid
      chbride, as in Example 59.
PAR  Yield: 72%  .beta.-Lactam content: 90%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 55.9    H 5.1     N 9.6   S 5.5                                
     Found:   C 54.8    H 5.6     N 9.4   S 5.4                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.0-3.0 (12 H), 4.4 (1 H), 4.5 (1 H), 5.8 (1 H), 6.7
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness against E. coli 14: &lt;0.78 units/ml.
PAR  Effectiveness against Proteus 1017: 1.56 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 6.25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 64
PAC  Sodium D(-)-.alpha.-(3 -.beta.
      -chloropropionyl-3-methyl-ureido)-benzylpenicillin:
PAR  19.7 parts by weight of ampicillin were reacted with 7.0 parts by weight of
      N-.beta.-chloropropionyl-N-methylcarbamic acid chloride in accordance with
      Example 59.
PAR  Yield: 80%  .beta.-Lactam content: 94%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 47.8   H 4.8    Cl 6.7 N. 10.6 S 6.1                           
     Found:   C 48.4   H 5.5    Cl 6.0 N 10.5  S 6.5                           
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2 (2
      H), 6.8 (3 H), 6.9 (2 H) and 8.5 ppm (6 H)
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 1017: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 65
PAC  Sodium
      D(-)-.alpha.-(3-(1,2,5,6)-tetrahydrobenzoyl-3-methyl-ureido)benzylpenicill
     in:
PAR  This penicillin was prepared in the manner described in Example 59, from
      15.8 parts by weight of ampicillin and 7.0 parts by weight of
      N-1,2,5,6-tetrahydrobenzoyl-N-methyl-carbamic acid chloride.
PAR  Yield: 55%  .beta.-Lactam content: 85% (according to the IR spectrum)
TBL  ______________________________________                                    
     Calculated:                                                               
              C 55.2    H 5.6     N 10.3  S 5.9                                
     Found:   C 54.5    H 6.3     N 10.2  S 5.9                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.2-4.6 (5 H), 5.8 (1 H) 6.7 (3 H),
      7.1 (1 H) and 7.6-8.8 ppm (12 H)
PAR  Effectiveness against E. coli 14: &lt;0.78 units/ml.
PAR  Effectiveness against Proteus 1017: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. BOnn: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 66A
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 59, from 20
      parts by weight of ampicillin and 6.0 parts by weight of
      N-acetyl-N-methyl-carbamic acid chloride.
PAR  Yield: 100%  .beta.-Lactam content: 86%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 49.2    H 5.1     N 11.5  S 6.5                                
     Found:   C 49.2    H(7.0)    N 10.4  S 6.5                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H), 6.75
      (3 H), 7.7 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 6.25 units/ml.
PAR  Effectiveness against Klebsiella K 10: 50 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 66B
PAC  Crystalline sodium
      D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin:
PAR  The process of preparing sodium
      D(-)-.alpha.-(3-acetyl-3-methylureido)-benzylpenicillin, following Example
      59, yields an amorphous product, as is shown by an X-ray diffraction
      picture. If this substance (3.8 parts by weight) is dissolved in ethanol
      (15 parts by volume) at room temperature (duration of the solution process
      approximately 14 to 20 minutes), acetic acid ethyl ester (60 parts by
      volume) is subsequently added, and the clear colorless solution is left to
      stand at room temperature, very fine hair-like crystals (bundles of
      needles), which are recognizable as such with the naked eye, begin to
      separate out after 1 to 2 hours, if crystal seeds are not yet present.
      After some hours the crystals are filtered off, washed with acetic acid
      ethyl ester and dried thoroughly in a chamber wherein drying is effected
      by circulating air at 60.degree.C.
PAR  Yield: 3.0 parts by weight.  .beta.-Lactam content: 92%.  Melting point:
      about 212.degree.C (corrected, decomposition)  (Kofler bench).  NMR
      signals at .tau. = 2.5 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7 (3 H),
      7.7 (3 H) and 8.5 ppm (6 H).  Calculated: (1.9% H.sub.2 O content C 50.1 H
      5.0 N 11.7 S 6.7 taken into account).  Found: C 50.1 H 5.8 N 10.8 S 7.0.
PAL  The IR spectra of the amorphous and crystalline penicillin salt are
      depicted in FIGS. 1 and 2.
PAR  It is however also possible to suspend the amorphous penicillin salt in
      acetic acid ethyl ester and then to add about 20% of ethanol while
      stirring, In that case, also, a clear solution is produced, from which the
      crystalline penicillin salt separates out.
PAR  It is furthermore also possible to use other solvent mixtures, for example
      ethanol/dioxane. If the amorphous salt is dissolved in acetone or warm
      (approx. 50.degree.C) isopropanol and left to stand, the salt again
      separates out in a crystalline form.
PAC  EXAMPLE 67
PAC  Sodium
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was obtained from 20 parts by weight of ampicillin and 12
      parts by weight of N-cyclohexyloxycarbonyl-N-methylcarbamic acid chloride,
      in the manner described in Example 59.
PAR  Yield: 49%; .beta.-Lactam content: 94%.  Calculated: C 53.2 H 5.7 N 9.9 S
      5.7.  Found: C 53.1 H 6.5 N 9.7 S 5.5.  NMR signals at .tau. = 2.6 (5 H),
      4.4 (1 H), 4.5 (2 H), 5.2 (1 H), 5.8 (1 H), 6.8 (3 H) and 7.9-8.9 (16 H).
PAR  Effectiveness against E. coli 14: 1.56 units/ml.
PAR  Effectiveness against Proteus 3400: 6.25 units/ml.
PAR  Effectiveness against Pseudonomas Aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 68
PAC  Sodium D(-)-.alpha.-(3-allyloxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 19.2 parts by weight of ampicillin and
      7.5 parts by weight of N-allyloxycarbonyl-N-methyl-carbamic acid chloride
      in the manner described in Example 59.
PAR  Yield: 79%  .beta.-Lactam content: 90%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.9    H 5.0     N 10.7  S 6.2                                
     Found:   C (53.8)  H 5.8     N 10.7  S 6.2                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 3.7-4.3 (1 H), 4.4 (1 H), 4.4-4.9 (4 H),
      5.2 (2 H), 5.8 (1 H), 6.8 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 69
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trifluorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was obtained in the manner described in Example 59, on
      reacting 16.7 parts by weight of ampicillin with 8.0 parts by weight of
      N-.gamma.-trifluorobutyryl-N-methylcarbamic acid chloride.
PAR  Yield: 80%  .beta.-Lactam content: 91%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 47.1    H 4.5     N 9.9   S 5.7                                
     Found:   C 46.6    H 4.9     N 9.6   S 5.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.9-7.8
      (4 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 1.56 units/ml.
PAR  Effectiveness against Proteus 1017: 12.5 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness against Klebsiella 63: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 70
PAC  Sodium
      D(-)-.alpha.-(3-[m-nitro-p-methyl]-benzoyl-3-methyl-ureido)benzylpenicilli
     n:
PAR  This penicillin was obtained in the manner described in Example 59, on
      reacting 15 parts by weight of ampicillin with 8.5 parts by weight of
      N-m-nitro-p-methylbenzoyl-N-methylcarbamic acid chloride.
PAR  Yield: 64%  .beta.-Lactam content: 88%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.7    H 4.7     N 11.3  S 5.2                                
     Found:   C 50.6    H 5.7     N 11.2  S 5.0                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 1.9 (1 H), 2.2-2.4 (1 H), 2.4-2.8 (6 H), 4.4 (1 H),
      4.5 (2 H), 5.8 (1 H), 6.8 (3 H), 7.4 (3 H), and 8.5 ppm (6 H).
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness against Klebsiella 63: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 71
PAC  Sodium D(-)-.alpha.-(3-stearinoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 11.9
      parts by weight of N-stearinoyl-N-methyl-carbamic acid chloride in the
      manner described in Example 59.
PAR  Yield: 80%.  .beta.-Lactam content: 80%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 61.4    H 8.0     N 8.0   S 4.5                                
     Found:   C 61.0    H 8.4     N 7.5   S 4.3                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8 (3
      H), 7.4 (2 H), and 8.3-9.3 ppm (39 H).
PAC  EXAMPLE 72
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)benzy
     lpenicillin:
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 10.4
      parts by weight of
      N-.gamma.-trichlorobutyryl-N-.beta.-chloroethyl-carbamic acid chloride in
      the manner described in Example 59.
PAR  Yield: 56%.  .beta.-Lactam content: 91%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 41.9   H 4.0    Cl 21.5 N 8.5 S 4.8                            
              C 43.2   H 5.1    Cl 20.0 N 8.5 S 4.7                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H),
      5.8-7.2 (8H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Klebsiella 63: 50 units/ml.
PAR  EFfectiveness in animal experiments: A and B.
PAC  EXample 73
PAC  Sodium D(-)-.alpha.-(3-p-methylbenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 18 parts by weight of ampicillin and 11
      parts by weight of N-p-methylbenzoyl-N-methyl-carbamic acid chloride in
      the manner described in Example 59.
PAR  Yield: 79%.  .beta.-Lactam content: 89%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 55.4    H 5.2     N 9.9   S 5.7                                
     Found:   C 54.6    H 6.7     N 9.9   S 5.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.9 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.85 (3 H), 7.65 (3 H) and 8.45 (6 H).
PAR  Effectiveness against E. coli: 312 units/ml.
PAR  Effectiveness against Proteus 1017: 6.25 units/ml.
PAR  Effectiveness against Klebsiella 63: 12.5-25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 74
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-hexadecyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 11.4
      parts by weight of N-acetyl-N-hexadecylcarbamic acid chloride in the
      manner described in Example 59.
PAR  Yield: 56%  .beta.-Lactam content: 76%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 60.7    H 7.9     N 8.1   S 4.6                                
     Found:   C 60.3    H 8.0     N 7.6   S 4.9                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.3 (2
      H), 7.7 (3 H), 8.45 (6 H), 8.7 (28 H), and 9.1 ppm (3 H).
PAC  EXAMPLE 75
PAC  Sodium D(-)-.alpha.-(3-thenoyl-(2)-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was obtained in 81% yield on reacting 18.1 parts by weight
      of ampicillin with 8.2 parts by weight of N-2-thenoyl-N-methyl-carbamic
      acid chloride. (See Example 59).
PAR  .beta.-Lactam content: 92%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.8    H 4.4     N 10.3  S 11.8                               
     Found:   C 51.7    H 6.1     N 9.9   S 11.9                               
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.1-3.0 (8H), 4.4 (1H), 4.5 (1 H), 4.6 (1 H), 5.8 (1
      H), 6.6 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 76
PAC  Sodium
      D(-)-.alpha.-[3,5-dimethylisoxazol-4-yl]-carbonyl-3-methyl-ureido)-benzylp
     enicillin:
PAR  This penicillin was prepared from 18.1 parts by weight of ampicillin and
      8.7 parts by weight of
      N-4-(3,5-dimethyl)-isoxazolyl-carbonyl-N-methyl-carbamic acid chloride.
      (See Example 59).
PAR  Yield: 70%  .beta. -Lactam content: 85%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.7    H 4.9     N 12.5  S 5.7                                
     Found:   C 50.6    H 6.2     N 11.1  S 5.5                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.5 (1 H), 4.6 (1 H), 5.8 (1
      H), 6.8 (3 H), 7.6 (3 H), 7.75 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 77
PAR  If, in the procedure of Examples 59 and 64, the
      D-.alpha.-amino-benzylpenicillin used there is replaced by 0.04 mol of:
PA1  .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amino-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methylthiobenzylpenicillin,
PA1  .alpha.-amino-p-methoxybenzylpenicillin,
PA1  .alpha.-amino-o-chlorobenzylpenicillin,
PA1  .alpha.-amino-m-iodobenzylpenicillin,
PA1  .alpha.-amino-2,6-dichlorobenzylpenicillin,
PA1  .alpha.-amino-2,6-dimethoxybenzylpenicillin,
PA1  .alpha.-amino-2,4-dibromobenzylpenicillin,
PA1  .alpha.-amino-m-methylbenzylpenicillin,
PA1  .alpha.-amino-2,6-dimethylbenzylpenicillin,
PA1  .alpha.-amino-2-chloro-6-fluorobenzylpenicillin,
PA1  .alpha.-amino-.alpha.-2-thienylmethylpenicillin or
PA1  .alpha.-amino-.alpha.-3-thienylmethylpenicillin;
PAR  the following penicillins are obtained:
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methylthiobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methoxybenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA1  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA1  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA1  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin,
PA1  sodium .alpha.(3-acetyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methylthiobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxybenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA1  sodium
      .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA1  sodium 60 -(3-acetyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin or
PA1  sodium
      .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin.
PAC  EXAMPLE 78
PAR  If, in the procedure of Example 59, the N-benzoyl-N-methylcarbamic acid
      chloride used there is replaced by 0.035 mol of:
PA1  N-acetyl-N-ethyl-carbamic acid chloride,
PA1  N-acetyl-N-vinyl-carbamic acid chloride,
PA1  N-acetyl-N-n-propyl-carbamic acid chloride,
PA1  N-acetyl-N-propenyl-carbamic acid chloride,
PA1  N-acetyl-N-i-propyl-carbamic acid chloride,
PA1  N-acetyl-N-n-butyl-carbamic acid chloride,
PA1  N-acetyl-N-t-butyl-carbamic acid chloride,
PA1  N-acetyl-N-.beta.-methoxyethyl-carbamic acid chloride,
PA1  N-acetyl-N-.beta.-dimethylaminoethyl-carbamic acid chloride,
PA1  N-acetyl-N-cyclohexyl-carbamic acid chloride,
PA1  N-acetyl-N-cyclobutyl-carbamic acid chloride,
PA1  N-methoxyacetyl-N-methyl-carbamic acid chloride,
PA1  N-propionyl-N-methyl-carbamic acid chloride,
PA1  N-methyl-sulphenylacetyl-N-methyl-carbamic acid chloride,
PA1  N-propionyl-N-ethyl-carbamic acid chloride,
PA1  N-propionyl-N-vinyl-carbamic acid chloride,
PA1  N-n-butyryl-N-methyl-carbamic acid chloride,
PA1  N-methoxycarbonyl-acetyl-N-methyl-carbamic acid chloride,
PA1  N-i-butyryl-N-methyl-carbamic acid chloride,
PA1  N-acryloyl-N-methyl-carbamic acid chloride,
PA1  N-pivaloyl-N-methyl-carbamic acid chloride,
PA1  N-cyanomethyl-acetyl-N-methyl-carbamic acid chloride,
PA1  N-acetyl-N-phenyl-carbamic acid chloride or
PA1  N-propionyl-N-phenyl-carbamic acid chloride;
PAR  the following penicillins are obtained:
PA1  sodium D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-propenyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-acetyl-3-.beta.-dimethyl-aminoethyl-ureido)-benzylpenicill
     in,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-methylthio-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-n-butyryl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-methoxycarbonyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-cyano-methyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin or
PA1  sodium D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 79
PAC  Sodium D(-)-.alpha.-3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  A solution of 10.6 parts by weight of bis-trimethylsilylampicillin in 50
      parts by volume of dry methylene chloride was cooled to -10.degree.C with
      exclusion of moisture, and treated with a solution of 3.8 parts by weight
      of N-benzoyl-N-methyl-carbamic acid chloride in 20 parts by volume of
      absolute methylene chloride, cooled to 0.degree.C. The mixture was left to
      stand in a refrigerator for 6 hours, the solvent was then stripped off in
      a rotary evaporator at room temperature, the residue was taken up in 100
      parts by volume of a 1:1 mixture of ether and ethyl acetate, and the
      solution was exhaustively extracted with 2N sodium bicarbonate solution.
      The aqueous phase was treated with fresh ether-ethyl acetate mixture and
      acidified with 2 N HCl to pH = 1.5-2.0 (glass electrode), while cooling
      with ice: the organic phase was separated off, again washed with water and
      subsequently dried over Na.sub.2 SO.sub.4 at 0.degree.C, and the sodium
      salt of the penicillin was precipitated, and isolated, in the manner
      described in Example 59.
PAR  Yield: 56%
PAR  .beta. -Lactam content: 74%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 54.1    H 5.0     N 10.1  S 5.8                                
     Found:   C 54.0    H 5.6     N  9.5  S 5.7                                
     ______________________________________                                    
PAR  The IR and NMR spectra are identical with those of the penicillin from
      Example 1.
PAC  EXAMPLE 80
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  15 parts by weight of ampicillin were suspended in 150 parts by volume of
      80% strength aqueous tetrahydrofurane and sufficient dilute HCL was
      subsequently added, whilst cooling to -5.degree.C, to establish a pH value
      of 2.5 and partially to dissolve the ampicillin. A solution of 6.5 parts
      by weight of N-benzoyl-N-methyl-carbamic acid chloride in 25 parts by
      weight of absolute tetrahydrofurane was now added dropwise over the course
      of 30 minutes, at -5.degree. to 0.degree.C, while keeping the pH value at
      2.5-3.0 by simultaneous addition of triethylamine. The mixture was stirred
      for a further 20 minutes until the pH value remained constant at about 3.0
      even without the addition of triethylamine. A pH value of 6.5-7.0 was now
      established by means of triethylamine, 150 parts by volume of water are
      added, and the tetrahydrofurane was evaporated off in a rotary evaporator
      at room temperature. The aqueous solution was once extracted with 100
      parts by volume of ether, then covered with 200 parts by volume of a 1:1
      mixture of ether and ethyl acetate, and brought to pH = 1.5-2.0 by adding
      2 N hydrochloric acid whilst cooling with ice, and the penicillin was
      removed from the water by repeated extraction with ether-ethyl acetate
      mixture. The combined organic phases were twice washed with 100 parts by
      volume of water at a time and dried over MgSO.sub.4, and the sodium salt
      of the penicillin was subsequently precipitated and isolated in the manner
      described in Example 59.
PAR  Yield: 60%.
PAR  .beta.-Lactam content: 93.3%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 54.9    H 4.9     N 10.2  S 5.8                                
     Found:   C 54.7    H 5.4     N 10.1  S 5.9                                
     ______________________________________                                    
PAR  The product agrees with that of Example 1 in respect of its IR and NMR
      spectra.
PAC  EXAMPLE 81
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)benzy
     lpenicillin:
PAR  A mixture of 8.0 parts by weight of ampicillin, 100 parts by volume of
      methylene chloride and 5.5 parts by volume of triethylamine was stirred
      for 2 hours at room temperature, and then stirred vigorously, for a
      further 15 minutes, with anhydrous sodium sulphate and filtered. The
      mixture was cooled to 0.degree.C and a solution of 6.3 parts by weight of
      N-.gamma.-trichlorobutyryl-N-.beta.-chloroethyl-carbamic acid chloride in
      30 parts by volume of dry methylene chloride was added dropwise over the
      course of 20 minutes, while excluding moisture. Thereafter the mixture was
      stirred for a further 90 minutes at 0.degree.C and then concentrated to
      dryness in a rotary evaporator, in vacuo. The residue was taken up in
      water, the pH value was adjusted to 7-8 with 2 N NaOH, and the mixture was
      extracted once with ether. Thereafter working up took place as in Example
      59 under acid conditions, and the sodium salt of the penicillin was
      precipitated and isolated.
PAR  Yield: 49%.
PAR  .beta.-Lactam content: 81%.
PAR  The product agrees with that of Example 14 as regards its IR and NMR
      spectrum.
PAC  EXAMPLE 82
PAC  Calcium L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared as described in Example 59, but instead of the
      D-.alpha.-aminobenzylpenicillin used in Example 59, 0.35 part by weight of
      L-.alpha.-amino-benzylpenicillin was reacted with 0.15 parts by weight of
      N-benzoyl-N-methyl carbamic acid chloride. The penicillin was isolated as
      the calcium salt.
PAR  Yield: 5%
PAR  .beta.-Lactam content: 75%
PAR  NMR signals at .tau. = 2.4-2.8 (10 H), 4.35-4.65 (3H), 5.8 (1 H), 6.85 (3H)
      and 8.4 ppm (6 H).
PAC  EXAMPLE 83
PAC  Sodium
      D(-)-.alpha.-(3-[4-methoxy-3-nitrobenzoyl]-3-methyl-ureido)benzylpenicilli
     n):
PAR  Sufficient 2 N NaOH was added to a suspension of 17.5 parts by weight of
      ampicillin in 250 parts by volume of 80% strength aqueous
      tetrahydrofurane, at 0.degree.C, for solution just to occur. A solution of
      13.6 parts by weight of N-(4-methoxy-3-nitrobenzoyl)-carbamic acid
      chloride in 30 parts by volume of absolute tetrahydrofurane was now added
      dropwise over the course of 30 minutes, and the pH value was
      simultaneously kept between 7.5 and 8.0 by adding 2 N sodium hydroxide
      solution. The mixture was stirred for a further 30 minutes at 0.degree.C
      and sufficiently long (.noteq.60 minutes) at room temperature for the pH
      value to remain at 7-8 even without addition of sodium hydroxide solution.
      The tetrahydrofurane was now recovered in a rotary evaporator, at room
      temperature, 100 parts by volume of water were added and the mixture was
      extracted with 100 parts by volume of ether. The aqueous phase was covered
      with 200 parts by volume of a 1:1 mixture of ether and ethyl acetate after
      which it was acidified to pH = 2 with dilute hydrochloric acid, while
      stirring and cooling with ice, and was then extracted twice with 100 parts
      by volume, at a time, of ether-ethyl acetate mixture. The combined organic
      phases were washed with 2 .times. 50 parts by volume of water and dried
      over anhydrous MgSO.sub.4, the drying agent was filtered off, and the
      filtrate was treated with 50 parts by volume of a molar solution of sodium
      2-ethylhexanoate in ether containing methanol. Thereafter, the solvent was
      almost completely removed in vacuo at room temperature, the residue was
      taken up in methanol, and the sodium salt of the penicillin was
      precipitated by adding ether. After standing for 30 minutes at 0.degree.C,
      the supernatant solvent was decanted, and the residue was suspended in
      ether, filtered and dried over P.sub.2 O.sub.5 in a vacuum desiccator.
PAR  Yield: 88%.
PAR  .beta.-Lactam content: 72%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.3    H 4.3     N 11.5  S 5.3                                
     Found:   C 51.5    H 5.7     N 10.7  S 5.1                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 1.9 (1 H), 2,2 (1 H), 2.6 (5 H), 2.7 (1H), 4.4 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.0 (3 H), 6.7 (3 H) and 8.45 ppm (6 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 3400: 6.25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  Example 84
PAR  If, in the procedure of Example 83, the ampicillin used there is replaced
      by 0.05 mol of:
PA1  .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amino-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methoxybenzylpenicillin,
PA1  .alpha.-amino-p-methylsulphenylbenzylpenicillin,
PA1  .alpha.-amino-o-chlorobenzylpenicillin,
PA1  .alpha.-amino-m-iodobenzylpenicillin or
PA1  .alpha.-amino-m-methylbenzylpenicillin;
PAR  the following penicillins are obtained:
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methylbenzylpenic
     illin,
PA1  sodium
      a-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA1  sodium
      a-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methoxybenzylpenicillin
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methylthiobenzylp
     enicillin,
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-o-chlorobenzylpenic
     illin,
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-m-iodobenzylpenicil
     lin or sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-m-methylbenzylpenic
     illin.
PAC  EXAMPLE 85
PAR  If, in the procedure according to Example 83, the
      N-(3-nitro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride used there is
      replaced by 0.05 mol of:
PA1  N-(p-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(p-methoxycarbonylaminobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(p-chlorobenzoyl)-N-ethyl-carbamic acid chloride,
PA1  N-(o-bromobenzoyl)-N-(n-propyl)-carbamic acid chloride,
PA1  N-(p-ethoxybenzoyl)-N-(i-propyl)-carbamic acid chloride,
PA1  N-(m-chlorobenzoyl)-N-allyl-carbamic acid chloride,
PA1  N-(2-chloro-5-methoxy-benzoyl)-N-(n-butyl)-carbamic acid chloride,
PA1  N-(p-methylthiobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(p-nitrobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(2,4-dichlorobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(2-chloro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(2-chloro-4-ethylthiobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(3-chloro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(m-cyanobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(3,5-dimethylbenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(m-iodobenzoyl)-N-methyl-carbamic acid chloride or
PA1  N-(1-naphthoyl)-N-methyl-carbamic acid chloride;
PAR  The sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-p-methoxybenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl)-3-methyl-ureido)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-ethoxybenzoyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-m-chlorobenzoyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-benzylpencill
     in,
PA1  D(-)-.alpha.-(3-p-methylthiobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2,4-dichlorobenzoyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-4-methoxybenzoyl]-3-methyl-ureido)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(3-[2-chloro-4-ethylthiobenzoyl]-3-methyl-ureido)benzylpenicil
     lin,
PA1  D(-)-.alpha.-(3-[3-chloro-4-methoxybenzoyl]-3-methyl-ureido)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(3-m-cyanobenzoyl- 3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[3,5-dimethylbenzoyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-m-iodobenzoyl-3 -methyl-ureido)-benzylpenicillin or
PA1  D(-)-.alpha.-(3-[i-naphthoyl]-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 86
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared in the manner described in Example 83, by
      reacting 17.5 parts by weight of ampicillin with 8.1 parts by weight of
      N-acetyl-N-allyl-carbamic acid chloride.
PAR  Yield: 81%.
PAR  .beta.-Lactam content: 82%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.2    H 5.3     N 10.8  S 6.2                                
     Found:   C 51.9    H(6.9)    N 10.5  S 6.4                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 4.5-5.2 (6 H), 5.6 (2 H), 5.85 (1 H),
      7.7 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 12.5 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 87
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      10.6 parts by weight of N-acetyl-N-benzyl carbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 85%.
PAR  .beta.-Lactam content: 70%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 54.4    H 5.3     N 9.77  S 5.7                                
     Found:   C 54.4    H 5.7     N 9.77  S 5.6                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-3.0 (10 H), 4.4 (1 H), 4.5 (2 H), 5.0 (2 H), 5.8
      (1 H), 7.8 (3 H) and 8.5 (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 88
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      9.9 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 91%.
PAR  .beta.-Lactam content: 67%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 49.6   H 4.9    Cl 6.6 N 10.5 S 6.0                            
     Found:   C 49.8   H 6.1    Cl 6.1 N 10.3 S 6.5                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.9 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H),
      6.4 (2 H), 6.75 (3 H), 7.3 (2 H), 7.9 (2 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 89
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      13.4 parts by weight of N-.gamma.-trichlorobutyryl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 77%.
PAR  .beta.-Lactam content: 66.5%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 43.9   H 4.0    Cl 17.7                                        
                                       N 9.3  S 5.3                            
     Found:   C 44.5   H 5.6    Cl 15.4                                        
                                       N 8.2  S 5.3                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7
      (4 H), 6.9 (3 H) and 8.45 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 90
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      11.2 parts by weight of N-benzoyl-N-allylcarbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 75%.
PAR  .beta.-Lactam content: 90%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 56.0    H 4.8     N 10.9  S 5.7                                
     Found:   C 56.1    H 5.6     N  9.7  S 5.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.5 (5 H), 2.6 (5 H), 4.3-5.0 (6 H), 5.65 (2 H), 5.8
      (1 H), 8.5 (6 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Proteus 1017: 12.5 units/ml.
PAR  Effectiveness against Klebsiella 63: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 91
PAC  Sodium D(-)-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 35 parts by weight of ampicillin and 15
      parts by weight of N-2-furoyl-N-methylcarbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 83%.
PAR  .beta.-Lactam content: 85%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 52.7    H 4.4     N 10.7  S 6.1                                
     Found:   C 52.8    H 5.4     N  9.8  S 6.1                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3 (1 H), 2.3-2.9 (6 H), 3.4 (1 H), 4.3 (1 H), 4.5
      (2 H), 5.7 (1 H), 6.6 (3 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 92
PAC  (A) N-2-Furoyl-N-n-propyl-carbamic acid chloride:
PAR  This substance can be prepared according to the data in the literature, but
      especially according to the following process:
PAR  A solution of 7.6 parts by weight of 2-furanecarboxylic
      acid-N-n-propylamide in a 2:1 mixture of ether and tetrahydrofurane (150
      parts by volume), which had shortly before been distilled from
      LiAlH.sub.4, was saturated with dry nitrogen and cooled to -30.degree.C.
      28.3 parts by volume of a 1.765 M solution of CH.sub.3 Li in ether was
      added dropwise thereto under a nitrogen atmosphere over the course of 30
      minutes, while excluding moisture and stirring vigorously. The mixture was
      stirred for a further 15 minutes at -30.degree.C. The resulting suspension
      was added from a cooled dropping funnel, so that it did not rise above
      -10.degree.C, to a mixture, at -10.degree.C, of 50 parts by volume of
      phosgene and 50 parts by volume of absolute tetrahydrofurane, over the
      course of 1 hour. The mixture was allowed to come to room temperature
      after 15 minutes and stirred for a further 30 minutes, and the excess
      phosgene and the solvents were then stripped off in vacuo. The LiCl, which
      very largely remained undissolved, could substantially be separated off by
      suspending in benzene. The residue which remained after distilling off the
      benzene could be employed directly for the preparation of the penicillin.
      It could however also be distilled at 105.degree.-112.degree.C and 0.7 mm
      Hg. Yield 64%. In addition to the desired N-furoyl-N-propyl-carbamic acid
      chloride, the product also contained a further component, which however
      provided not to interfere in the subsequent preparation of the penicillin.
PAC  (B) Sodium D(-)-.alpha.-(3-[2-furoyl]-3-n-propyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 10.5 parts by weight of ampicillin and
      6.5 parts by weight of distilled N-2-furoyl-N-n-propylcarbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 30%.
PAR  .beta.-Lactam content: 90%.
PAR  NMR signals at .tau. = 2.35 (1 H), 2.6 (5 H), 2.8 (1 H), 3.4 (1 H), 4.4 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.2 (2 H), 8.1-8.9 (1 H), 8.5 (6 H) and 9.1 ppm
      (3 H).
PAC  EXAMPLE 93
PAC  (A) N-2-Furoyl-N-ethyl-carbamic acid chloride:
PAR  This substance was prepared from 7.0 parts by weight of 2-furanecarboxylic
      acid-N-ethylamide, CH.sub.3 Li and phosgene, in the manner described in
      Example 92-A.
PAR  Boiling point.sub.1.5 = 90.degree. - 95.degree.C. Yield: 80% (crude
      product).
PAR  The substance contains a second component, which however proved not to
      interfere in the preparation of the penicillin.
PAC  (B) Sodium D(-)-.alpha.-(3-[2-furoyl]-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 12 parts by weight of ampicillin and 7
      parts by weight of N-2-furoyl-N-ethyl-carbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 29%.  .beta.-Lactam content: 89%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 52.8      H 4.6       N 10.7                                   
     Found:   C 52.6      H(6.2)      N  9.7                                   
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3 (1 H), 2.6 (5H), 2.75 (1 H), 3.4 (1 H), 4.35 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.05 (2 H), 8.45 (6 H) and 8.7 ppm (3 H).
PAC  EXAMPLE 94
PAC  Sodium
      D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      7.8 parts by weight of N-dimethylaminocarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 74%.  .beta.-Lactam content: 82%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 49.6    H 5.4     N 13.8  S 6.3                                
     Found:   C 49.9    H 6.4     N 13.1  S 6.0                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.95 (3 H), 7.05 (6
      H) and 8.45 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 95
PAR  If the N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride used in
      Example 94 is replaced by:
PA1  3-dimethylaminocarbonyl-3-ethyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-propyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-i-propyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-n-butyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-allyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-cyclohexyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-phenyl-carbamic acid chloride,
PA1  N-(1-pyrrolidylcarbonyl)-N-methyl-carbamic acid chloride,
PA1  N-(1-piperidylcarbonyl)-N-methyl-carbamic acid chloride,
PA1  N-diethylaminocarbonyl-N-methyl-carbamic acid chloride,
PA1  N-ethylaminocarbonyl-N-methyl-carbamic acid chloride,
PA1  N-methylaminocarbonyl-N-methyl-carbamic acid chloride,
PA1  N-phenylaminocarbonyl-N-methyl-carbamic acid chloride,
PA1  N-(4-morpholinyl-carbonyl)-N-methyl-carbamic acid chloride,
PA1  N-(1-pyrrolidyl-carbonyl)-N-ethyl-carbamic acid chloride,
PA1  N-(1-piperidylcarbonyl)-N-ethyl-carbamic acid chloride,
PA1  N-diethylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA1  N-ethylaminocarbonyl-N-ethyl-carbamic acid chloride
PA1  N-methylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA1  N-phenylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA1  N-(4-morpholinylcarbonyl)-N-ethyl-carbamic acid chloride,
PA1  N-(1-pyrrolidylcarbonyl)-N-n-propyl-carbamic acid chloride,
PA1  N-(1-piperidylcarbonyl)-N-i-propyl-carbamic acid chloride,
PA1  N-diethylaminocarbonyl-N-n-butyl-carbamic acid chloride or
PA1  N-dimethylaminocarbonyl-N-cyclohexyl-carbamic acid chloride,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-benzylpencillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-propyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-benzylpencillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PAC  EXAMPLE 96
PAC  Sodium D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 24.5 parts by weight of ampicillin and
      10.2 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid chloride,
      in the manner described in Example 83.
PAR  Yield: 84%.  .beta.-Lactam content: 84%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 47.6    H 5.0     N 11.1  S 6.4                                
     Found:   C 48.4    H 5.5     N 10.6  S 5.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.9 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2
      (3 H), 6.8 (3 H) and 8.45 ppm (6 H).
PA1  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 97
PAC  Sodium D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 24.4 parts by weight of ampicillin and
      12.2 parts by weight of N-i-propoxycarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 72%.  .beta.-Lactam content: 88%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.3    H 5.3     N 10.9  S 6.2                                
     Found:   C 51.6    H 5.5     N 10.6  S 6.1                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.0 (1 H), 5.8
      (1 H), 6.85 (3 H), 8.5 (6 H) and 8.7 ppm (6 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Proteus 3400: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 98
PAC  Sodium D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 24.5 parts by weight of ampicillin and
      13.6 parts by weight of N-n-butoxycarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 63%.  .beta.-Lactam content: 78%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 52.2    H 5.5     N 10.6  S 6.0                                
     Found:   C 52.2    H 5.5     N 10.7  S 6.0                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (3 H),
      6.85 (3 H) and 8.1-9.3 ppm (13 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 1017: 12.5 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PAR  Effective in animal experiments: A and B.
PAC  EXAMPLE 99
PAC  (A) N-Benzoyl-N-phenyl-carbamic acid chloride:
PAR  This substance was obtained from 19.7 parts by weight of benzoylanilide by
      reaction with CH.sub.3 Li and phosgene, in the manner described in Example
      92-A. Instead of distilling, the product was recrystallized from
      benzene-petroleum ether.
PAR  Yield: 90%. Melting point 64.degree. - 66.degree.C.
PAC  (B) Sodium D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-benzylpenicillin:
PAR  The triethylamine salt was prepared from 11.5 parts by weight of ampicillin
      in methylene chloride, as described in Example 81. Instead of anhydrous
      sodium sulphate, 4 parts by weight of powdered Zeolite VS 10 - 2 molecular
      sieve, added from the start, were used. Reaction with 7.8 parts by weight
      of N-benzoyl-N-phenylcarbamic acid chloride, as described in Example 81,
      though with the addition of a further 2.0 parts by weight of triethylamine
      to the reaction solution, yielded this penicillin.
PAR  Yield: 72%  .beta.-Lactam content: 88%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 57.9    H 4.8     N 9.0   S 5.4                                
     Found:   C 57.7    H 5.4     N 9.0   S 6.3                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.9 (15 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      8.4 and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 100
PAC  D(-)-.alpha.-(3-[3-Nitro-4-methoxy-benzoyl]-3-methyl-ureido)-benzylpenicill
     in:
PAR  This penicillin was prepared from 7.0 parts by weight ampicillin and 5.5
      parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-methylcarbamic acid
      chloride, in the manner described in Examples 81 and 99-B.
PAR  Yield: 77%.  .beta.-Lactam content: 89%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 48.5    H 4.7     N 10.9  S 5.0                                
     Found:   C 48.4    H 5.4     N 10.8  S 5.4                                
     ______________________________________                                    
PAR  The substance agrees with that of Example 83 as regards its IR and NMR
      spectrum.
PAC  EXAMPLE 101
PAC  (A) 1-Chlorocarbonyl-hexahydroazepin-2-one:
PAR  The substance was prepared from 6.8 parts by weight of
      .epsilon.-caprolactam and CH.sub.3 Li and phosgene, in the manner
      described in Example 92-A.
PAR  Boiling point.sub.0.2 = 80.degree. - 85.degree.C. Yield: 37% of pure
      material.
PAC  (B) Sodium
      D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonyl-amino)benzylpenicillin:
PAR  This penicillin was prepared from 8.1 parts by weight of ampicillin and 4
      parts by weight of 1 -chlorocarbonylhexahydroazepin-2-one, in the manner
      described in Examples 81 and 99-B.
PAR  Yield: 40%  .beta.-Lactam content: 90%  NMR signals at .tau. = 2.6 (5 H),
      4.3-4.6 (3 H), 5.8 (1 H), 6.2-6.6 (2 H), 7.5-8.0 (2 H) and 8.0-8.9 ppm (12
      H).
PAC  EXAMPLE 102
PAC  Sodium D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-benzylpenicillin:
PAR  This substance was prepared from 35 parts by weight of ampicillin and 15
      parts by weight of 1-chlorocarbonylpyrrolidone, in the manner described in
      Example 83.
PAR  Yield: 83%  .beta.-Lactam content: 70%  NMR signals at .tau. = 2.6 (5 H),
      4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.25 (2 H), 7.4 (2 H), 8.0 (2 H) and 8.5
      ppm (6 H).
PAC  EXAMPLE 103
PAC  Sodium D(-)-.alpha.-(3-formyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 35 parts by weight of ampicillin and 12.2
      parts by weight of N-formyl-N-methylcarbamic acid chloride, in the manner
      described in Examples 81 and 99-B.
PAR  Yield: 25%  .beta.-Lactam content: 83%
PAC  EXAMPLE 104
PAR  If the N-formyl-N-methylcarbamic acid chloride used in Example 103 is
      replaced by:
PA1  N-formyl-N-ethylcarbamic acid chloride,
PA1  N-formyl-N-propylcarbamic acid chloride,
PA1  N-formyl-N-i-propylcarbamic acid chloride,
PA1  N-formyl-N-n-butylcarbamic acid chloride,
PA1  N-formyl-N-allylcarbamic acid chloride,
PA1  N-formyl-N-benzylcarbamic acid chloride,
PA1  N-formyl-N-phenylcarbamic acid chloride,
PA1  N-formyl-N-cyclopropylcarbamic acid chloride,
PA1  N-formyl-N-cyclobutylcarbamic acid chloride
PA1  N-formyl-N-cyclopentylcarbamic acid chloride or
PA1  N-formyl-cyclohexylcarbamic acid chloride;
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  sodium D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-formyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-allyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-benzylpenicillin and
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 105
PAC  (A) N-2-Furoyl-N-phenylcarbamic acid chloride:
PAR  The substance was prepared from 9.4 parts by weight of 2-furoylanilide by
      reaction with CH.sub.3 Li and phosgene, in the manner described in Example
      101-A.
PAR  Crude yield: 95%.
PAR  The product was reacted, without further purification, to give the
      penicillin of Example 104-B.
PAC  (B) Sodium D(-)-.alpha.-(3-[2-furoyl]-3-phenyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 16.2 parts by weight of ampicillin and
      11.5 parts by weight of N-2-furoyl-N-phenylcarbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 50%.  .beta.-Lactam content: 91%.  NMR signals at .tau. = 2.4 (1 H),
      2.5 (11 H), 3.7 (1 H), 4.3-4.7 (3 H), 5.8 (1 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 106
PAR  If, instead of the N-2-furoyl-N-phenylcarbamic acid chloride used in
      Example 105, 0.03 mol of:
PA1  N-(2,5-dimethyl-fur-3-oyl)-N-methylcarbamic acid chloride,
PA1  N-(5-bromo-fur-3-oyl)-N-methylcarbamic acid chloride,
PA1  N-(5-methoxymethylfur-2-oyl)-N-methylcarbamic acid chloride or
PA1  N-3,5-(dimethylisothiazol-3-yl-carbonyl)-N-methylcarbamic acid chloride
PAR  are reacted with ampicillin, the sodium salts of the following penicillins
      are obtained:
PA1  D(-)-.alpha.-(3-[2,5-dimethyl-furoyl-(3)]-3-methyl-ureido-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[5-bromo-furoyl-(3)]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[5-methoxymethyl-furoyl-(2)]-3-methyl-ureido)-benzylpenicil
     lin or
PA1  D(-)-.alpha.-(3-[3,5-dimethylisothiazole-3-yl-carbonyl]-3-methyl-ureido)-be
     nzylpenicillin.
PAC  EXAMPLE 107
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-methyl-ureido-benzylpenicillin:
PAR  16.2 parts by weight of N-o-chlorobenzoyl-N-methylcarbamic acid chloride
      and 5 parts by weight of triethylamine were added at -10.degree.C to a
      solution of the triethylamine salt of 28 parts by weight of ampicillin in
      300 parts by volume of methylene chloride, the mixture was stirred, with
      exclusion of moisture, for 30 minutes at this temperature, and
      subsequently for a further 2 hours at 0.degree.C, and was then poured into
      ice water, and the pH was adjusted to 6.5. Thereafter, the organic phase
      was separated off, and the aqueous phase was covered with ether/ethyl
      acetate mixture and adjusted to pH = 1.5-2.0 with dilute hydrochloric
      acid, while cooling with ice. After having separated off the organic phase
      and again having extracted the water with ether/ethyl acetate mixture, the
      combined organic solutions were dried over MgSO.sub.4 and filtered, and
      about 70 parts by volume of a 1 molar solution of sodium 2-ethylhexanoate
      in ether containing methanol were added to the filtrate. The mixture was
      evaporated almost to dryness in vacuo, the residue was dissolved in
      methanol, and the product was precipitated as a non-crystalline, white
      solid substance by adding ether.
PAR  Yield: 26 %. .beta.-Lactam content: 81%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.3    H 4.5     Cl 6.1  N 9.6                                
     Found:   C 51.4    H 5.9     Cl 5.6  N 9.0                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (9 H), 4.3 (1 H), 4.5 (2 H), 5.8 (1 H), 6.95
      (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B
PAR  Effectiveness in animal experiments against Pseudomonas aerug. Walter:
      better than carbenicillin.
PAC  EXAMPLE 108
PAC  Sodium
      D(-)-.alpha.-(3-[3-nitro-4-methoxy-benzoyl]-3-ethyl-ureido)-benzylpenicill
     in:
PAR  This penicillin was prepared from 14.8 parts by weight of ampicillin and
      12.2 parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-ethyl-carbamic acid
      chloride, as described in Example 107.
PAR  Yield: 24%  .beta.-Lactam content: 86%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 49.2    H 4.9     N 10.6  S 4.9                                
     Found:   C 49.2    H 5.3     N 10.1  S 5.5                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.0 (1 H), 2.3 (1 H), 2.4-2.9 (6 H), 4.5 (3 H), 5.9
      (1 H), 6.1 (3 H), 6.2 (2 H), 8.3-9.0 ppm (9 H).
PAR  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 109
PAC  Sodium
      D(-)-.alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-n-propylureido)-benzylpenicil
     lin:
PAR  This penicillin was prepared from 21 parts by weight of ampicillin and 18
      parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-n-propyl-carbamic acid
      chloride, in the manner described in Example 107.
PAR  Yield: 16%.  .beta.-Lactam content: 90%.  NMR signals at .tau. = 2.0 (1 H),
      2.3 (1 H), 2.5-3.0 (6 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H), 6.05 (3 H),
      6.1-6.6 (2 H) and 8.45-9.1 ppm (11 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 110
PAC  Sodium
      D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 10.5
      parts by weight of N-methylaminocarbonyl-N-methyl-carbamic acid chloride,
      in the manner described in Example 107.
PAR  Yield: 92%.  .beta.-Lactam content: 93%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 48.6    H 5.1     N 14.1  S 6.5                                
     Found:   C 49.0    H 6.3     N 12.6  S 6.9                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.45 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8 (3
      H), 7.2 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 111
PAC  Sodium
      D(-)-.alpha.-(3-[2,5-dichlorobenzoyl]-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 18.7
      parts by weight of N-(2,5-dichlorobenzoyl)-N-methylcarbamic acid chloride,
      in the manner described in Example 107.
PAR  Yield: 32%.  .beta.-Lactam content: 85%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 47.6    H 4.2     Cl 11.1 N 8.8                                
     Found:   C 48.0    H(6.0)    Cl  9.7 N 8.6                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (8 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.9
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAC  EXAMPLE 112
PAC  Sodium D(-)-.alpha.-(3-p-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 16
      parts by weight of N-p-chlorobenzoyl-N-methylcarbamic acid chloride, in
      the manner described in Example 107.
PAR  Yield: 16%
PAR  .beta.-Lactam content: 82%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.3   H 4.5    Cl 6.1 N 9.5  S 5.5                            
     Found:   C 51.9   H 5.6    Cl 5.4 N 9.1  S 5.5                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.95 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 113.
PAC  Sodium D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin:
PAR  6.0 parts by weight of N-propionyl-N-methyl-carbamic acid chloride in 25
      parts by volume of absolute tetrahydrofurane were added dropwise, at
      0.degree.C, to a solution of 18 parts by weight of ampicillin in 180 parts
      by volume of 80% strength aqueous tetrahydrofurane (pH = 8.2 adjusted with
      triethylamine), while keeping the pH at 7-8 by adding triethylamine.
      Thereafter the mixture was further stirred at 0.degree.C until no more
      triethylamine had to be added to maintain the pH at 7 (about 15 minutes).
      Water was now added, the tetrahydrofurane was stripped off in vacuo, the
      residue was extracted once with ether/ethyl acetate mixture, and the
      aqueous phase was covered with fresh ether/ethyl acetate mixture.
      Thereafter a pH of 1.5-2.0 was established by adding dilute hydrochloric
      acid at 0.degree.C, whereupon the mixture was worked up as in Example 107,
      and the penicillin was precipitated as the sodium salt.
PAR  Yield: 85%.
PAR  .beta.-Lactam content: 91%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.1    H 5.3     N 11.3  S 6.5                                
     Found:   C 51.2    H 6.4     N 11.1  S 7.5                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3 -2.8 (5H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (1 H), 7.4 (2 H), 8.4 (3 H), 8.5 (3 H) and 8.8 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 114
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 18 parts by weight of ampicillin and 6
      parts by weight of N-acetyl-N-ethyl-carbamic acid chloride in the manner
      described in Example 113.
PAR  Yield: 62% .beta.-Lactam content: 89%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.6    H 5.4     N 11.2  S 6.5                                
     Found:   C 50.7    H 6.3     N 10.8  S 6.9                                
     ______________________________________                                    
PAR  NMR signals at 96  = 2.4-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.25
      (2 H), 7.7 (3 H), 8.45 (6 H) and 8.8 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 115
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 10
      parts by weight of N-acetyl-N-n-propylcarbamic acid chloride, in the
      manner described in Example 113.
PAR  Yield: 67% .beta.-Lactam content: 89.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 53.0    H 5.4     N 11.2  S 6.4                                
     Found:   C 52.5    H(6.6)    N 10.5  S 6.4                                
     ______________________________________                                    
PAR  NMR signals at .tau. =2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.3
      (2 H), 7.65 (3 H), 8.2-8.7 (8 H), and 9.1 ppm (3 H).
PAC  EXAMPLE 116
PAC  Sodium D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 10
      parts by weight of N-i-butyryl-N-methylcarbamic acid chloride, in the
      manner described in Example 113.
PAR  Yield: 33%. .beta.-Lactam content: 91%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.1      H 5.6       N 10.8                                   
     Found:   C 50.8      H 6.4       N 10.9                                   
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.85 (1 H),
      6.7 (3 H), 7.1 (1 H), 8.5 (6 H) and 8.9 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 117
PAC  Sodium D(-)-.alpha.-(3-m-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 19.7 parts by weight of ampicillin and 10
      parts by weight of N-m-chlorobenzoyl-N-methyl-carbamic acid chloride, in
      the manner described in Example 113.
PAR  Yield: 62%. .beta.-Lactam content: 86%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.5   H 4.4    Cl 6.1 N 9.6  S 5.6                            
     Found:   C 52.1   H(6.0)   Cl 5.6 N 9.4  S 5.5                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.85 (3 H), and 8.45 ppm (6 H).
PAC  EXAMPLE 118
PAC  Sodium .alpha.-(3-acetyl-3-methyl-ureido)-4-methylbenzylpenicillin:
PAR  This penicillin was prepared from 2.1 parts by weight of
      .alpha.-amino-4-methyl-benzylpenicillin and 1.2 parts by weight of
      N-acetyl-N-methyl-carbamic acid chloride, in the manner described in
      Example 113.
PAR  Yield: 45%. .beta.-Lactam content: (determined by IR spectroscopy): 75%.
      NMR signals at .tau. = 2.65 (2 H), 2.8 (2 H), 4.4-4.6 (3 H), 5.8 (1H),
      6.75 (3 H), 7.7 (6 H) and 8.25 to 8.55 ppm (6 H).
PAC  EXAMPLe 119
PAC  Sodium
      R,S-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-methylbenzylpenici
     llin:
PAR  This penicillin was prepared from 1.8 parts by weight of
      R,S-.alpha.-amino-4-methyl-benzylpenicillin and 1.6 parts by weight of
      N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride, as described in
      Example 83.
PAR  Yield: 39%. .beta.-Lactam content: (determined by IR spectroscopy): 65% NMR
      signals at .tau. = 2.5-2.9 (4 H), 4.4-4.7 (3 H), 5.8 (1 H), 6.9 (3 H),
      7.05 (6 H), 7.7 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 120
PAC  Sodium
      R,S-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-chlorobenzylpenici
     llin:
PAR  This penicillin was prepared from 2.7 parts by weight of
      R,S-.alpha.-amino-4-chloro-benzylpenicillin and 2.0 parts by weight of
      N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride, as described in
      Example 113.
PAR  Yield: 43%. .beta.-Lactam content: (determined by IR spectroscopy): 55-60%.
      NMR signals at .tau. = 2.6 (4 H), 4.5 (3 H), 5.7 (1 H), 6.95 (3 H), 7.05
      (6 H) and 8.3 to 8.5 ppm (6 H).
PAC  EXAMPLe 121
PAC  Sodium R,S-.alpha.-(3-acetyl-3-methyl-ureido)-4-chlorobenzylpenicillin:
PAR  This penicillin was prepared from 1.8 parts by weight of
      D,L-.alpha.-amino-4-chloro-benzylpenicillin and 1.0 part by weight of
      N-acetyl-N-methyl-carbamic acid chloride, as described in Example 113.
PAR  Yield: 80%. .beta.-Lactam content: (determined by IR spectroscopy): 55-60%.
      NMR signals at .tau. = 2.4-2.8 (4 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.7 (3 H),
      7.65 (3 H) and 8.3-8.5 ppm (6 H).
PAC  EXAMPLE 122
PAC  Sodium
      D,L-.alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-thienyl(2)-methylpenicillin
PAR  This penicillin was prepared from 3.5 parts by weight of
      D,L-.alpha.-amino-.alpha.-thienyl(2)-methyl-penicillin and 1.7 parts by
      weight of N-acetyl-N-methyl-carbamic acid chloride, as described in
      Example 113.
PAR  Yield: 42%. .beta.-Lactam content: (determined by IR spectroscopy): 80%.
      NMR signals at .tau. = 2.5-3.2 (3 H), 4.1-4.6 (3 H), 5.8 (1 H), 6.8 (3 H),
      7.7 (3 H) and 8.3-8.6 ppm (6 H).
PAC  EXAMPLE 123
PAC  Sodium
      D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 13.5
      parts by weight of N-(1-piperidylcarbonyl)N-methyl-carbamic acid chloride,
      in the manner described in EXAMPLE 59.
PAR  Yield (crude product): 66%. .beta.-Lactam content: 97%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 53.4    H 5.6     N 12.9  S 5.9                                
     Found:   C 53.1    H 6.5     N 12.3  S 6.3                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.6 (4 H), 6.9 (3
      H) and 8.4 ppm (12 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Klebsiella K 10: 50 units/ml.
PAC  EXAMPLE 124
PAC  Sodium
      D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 12.6
      parts by weight of N-(1-pyrrolidylcarbonyl)-M-methylcarbamic acid
      chloride, in the manner described in Example 59.
PAR  Yield (crude product): 72%. .beta.-Lactam content: 96%.
TBL  ______________________________________                                    
     Calculated:                                                               
              N 13.3          S 6.1                                            
     Found:   N 13.2          S 6.1                                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.5-6.8 (4 H), 6.9
      (3 H), 8.0-8.3 (4 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 3400: 50 units/ml.
PAR  Effectiveness in animal experiments: A.
PAC  EXAMPLE 125
PAC  Sodium D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)
      benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 13.6
      parts by weight of N-(4-morpholinylcarbonyl)-N-methyl-carbamic acid
      chloride, in the manner described in Example 59.
PAR  Yield (crude product): 80%. .beta.-Lactam content: 93%.
TBL  ______________________________________                                    
     Calculated:                                                               
              N 12.9          S 5.9                                            
     Found:   N 11.8          S 5.9                                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.9 (1 H), 6.3-6.8 (8 H), 6.9
      (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against Proteus 1017: 50 units/ml.
PAR  Effectiveness in animal experiments: A.
PAC  EXAMPLE 126
PAC  Sodium
      D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 12.7
      parts by weight of N-diethylaminocarbonyl-N-methyl-carbamic acid chloride,
      in the manner described in Example 59.
PAR  Yield (crude product): 46%. .beta.-Lactam content: 97%.
TBL  ______________________________________                                    
     Calculated:                                                               
              N 13.3          S 6.1                                            
     Found:   N 12.9          S 6.0                                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.5-7.0 (7 H), 8.4
      (6 H) and 8.7-9.0 ppm (6 H).
PAR  Effectiveness against E. coli 14: 12.5 units/ml.
PAC  EXAMPLE 127
PAC  Sodium
      D(-)-.alpha.-(3-[2-nitro-4-chlorobenzoyl]-3-methyl-ureido)benzylpenicillin
PAR  This penicillin was prepared from 21 parts by weight of ampicillin and 12.8
      parts by weight of N-(2-nitro-4-chloro-benzoyl)-N-methyl-carbamic acid
      chloride, in the manner described in Example 59.
PAR  Yield (crude product): 81%. .beta.-Lactam content: 95%.
TBL  ______________________________________                                    
     Calculated:                                                               
              N 11.4          S 5.2                                            
     Found:   N 10.6          S 5.1                                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 1.7 (1 H), 2.1-2.5 (2 H), 2.6 (5 H), 4.3-4.6 (3 H),
      5.8 (1 H), 6.9 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness against Proteus 1017: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness against Klebsiella K 10: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 128
PAC  Sodium D(-)-.alpha.-(3-[2-bromobenzoyl]-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 18.3
      parts by weight of N-(2-bromobenzoyl)-N-methyl-carbamic acid chloride, in
      the manner described in Example 59.
PAR  Yield (crude product): 64%. .beta.-Lactam content: 95%. NMR signals at
      .tau. = 2.2-2.7 (9 H), 4.3-4.6 (3 H), 5.8 (1 H), 7.0 (3 H) and 8.4 ppm (6
      H).
PAR  Effectiveness against Proteus 1017: 1.56 units/ml.
PAR  Effectiveness against Pseudomonas aerug Bonn: 6.25 units/ml
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 129
PAC  Sodium D(-)-.alpha.-(3-[2-methylbenzoyl]-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 14.4
      parts by weight of N-(2-methylbenzoyl)-N-methyl-carbamic acid chloride, in
      the manner described in Example 59.
PAR  Yield (crude product): 66%. .beta.-Lactam content: 93%. NMR at .tau. =
      2.4-2.8 (9 H), 4.3-4.6 (3 H), 5.8 (1 H), 7.0 (3 H), 7.7 (3 H) and 8.5 ppm
      (6 H).
PAR  Effectiveness against Proteus 1017: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 6.25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  Example 130
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 10 parts by weight of
      N-acetyl-N-phenylcarbamic acid chloride and 19 parts by weight of
      ampicillin, in the manner described in Example 113.
PAR  Yield: 86%. .beta.-Lactam content: 85%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 53.1    H 5.0     N 9.9   S 5.7                                
     Found:   C 53.6    H 5.5     N 9.8   S 5.7                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.8 (10 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H),
      8.1 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 131
PAC  Sodium D(-)-.alpha.-(3-m-nitrocinnamoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 18.9 parts by weight of
      N-(m-nitrocinnamoyl)-N-methyl-carbamic acid chloride and 28 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 78%. .beta.-Lactam content: 88%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 47.9    H 5.4     N 10.2  S 4.8                                
     Found:   C 47.5    H 5.0     N 10.4  S 5.4                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 1.6 (1H), 1.7-2.9 (8 H), 4.4 (1 H), 4.5 (2 H), 5.8
      (1 H), 6.6 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 132
PAC  Sodium
      D(-)-.alpha.-(3-[4-nitrophenacetyl]-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 16.3 parts by weight of
      N-p-nitrophenacetyl-N-methyl-carbamic acid chloride and 28 parts by weight
      of ampicillin, in the manner described in Example 113.
PAR  Yield: 92%. .beta.-Lactam content: 84%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.1    H 4.6     N 11.5  S 5.3                                
     Found:   C 51.3    H 5.4     N 11.2  S 5.7                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 1.8 (2 H), 2.5 (2 H), 2.6 (5 H), 4.4 (1 H), 4.55 (2
      H), 5.8 (1 H), 5.85 (2 H), 6.7 (3 H), 8.4 (3 H), and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 133
PAC  D(-)-.alpha.-(1-Imidazolidin-2-on-1-yl carbonylamino)-benzylpenicillin:
PAR  This penicillin was prepared from 5.4 parts by weight of
      N-chlorocarbonyl-imidazolidin-2-one and 12.7 parts by weight of ampicillin
      in the manner described in Example 59. After acidification, the product
      was obtained as the free penicillin acid, which is sparingly soluble in
      ethyl acetate, and which was filtered off, washed with water and dried
      over P.sub.2 O.sub.5 in vacuo.
PAR  Yield: 72%. .beta.-Lactam content: 93%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.1    H 5.0     N 14.6  S 6.7                                
     Found:   C 50.1    H 5.6     N 13.8  S 6.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 0.9 (2 H), 2.35 (1 H), 2.6 (5 H), 4.25 (1 H), 4.55
      (2 H), 5.7 (1 H), 6.0-7.0 (4 H), 8.4 (3 H) and 8.55 ppm (3 H)
PAR  Solvent: DMSO-D.sub.6.
PAC  EXAMPLE 134
PAR  Sodium D(-)-.alpha.-(1-piperidin-2-on-1-yl-carbonylamino)-benzylpenicillin:
PAR  This penicillin was prepared from 9 parts by weight of
      1-chlorocarbonyl-2-chloro-1,4,5,6-tetrahydropyridine and 21 parts by
      weight of ampicillin in the manner described in Example 113.
PAR  Yield: 85%. .beta.-Lactam content: 89%.
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 4.4 (1 H), 4.45 (1 H), 4.55 (1 H),
      5.8 (1 H), 6.15-6.5 (2 H), 7.6-8.0 (2 H) and 8.0-8.6 ppm (10 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 135
PAC  Sodium
      .alpha.-(3-o-chlorobenzoyl-3-methyl-ureido)-.alpha.-thienyl(2)methylpenici
     llin:
PAR  This penicillin was prepared from 1.9 parts by weight of
      N-o-chlorobenzoyl-N-methylcarbamic acid chloride and 1.5 parts by weight
      of .alpha.-amino-.alpha.-thienyl(2)-methylpenicillin in the manner
      described in Example 113.
PAR  Yield: 35%. .beta.-Lactam content: 55-60% (estimated from the IR spectrum).
PAR  NMR signals at .tau. = 2.4-3.1 (7 H), 4.3-4.5 (3 H), 5.8 (1 H), 6.9 (3 H)
      and 8.2-8.6 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 136
PAC  Sodium
      D(-)-.alpha.-(3-methyl-1,3-diazacyclohexan-2-on-1-yl-carbonyl-amino)-benzy
     lpenicillin:
PAR  This penicillin was prepared from 12.4 parts by weight of
      1-chloro-carbonyl-2-oxo-3-methyl-1,3-diazacyclohexane and 17.5 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 46%. .beta.-Lactam content: 90%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.1    H 5.3     N 13.3  S 6.1                                
     Found:   C 50.4    H 6.2     N 13.1  S 6.4                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.25 (2 H),
      6.4-6.8 (2 H), 7.0 (3 H), 8.0 (2 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAC  EXAMPLE 137
PAC  Sodium D(-)-.alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 9.05 parts by weight of
      N-o-fluorobenzoyl-N-methyl-carbamic acid chloride and 17.5 parts by weight
      of ampicillin, in the manner described in Example 113.
PAR  Yield: 88%. .beta.-Lactam content: 92%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 54.6    H 4.4     N 10.2  S 5.8                                
     Found:   C 54.2    H(5.6)    N 10.1  S 5.8                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4-2.9 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (3 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 138
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 10.7 parts by weight of
      N-o-chlorobenzoyl-N-ethyl-carbamic acid chloride and 17.5 parts by weight
      of ampicillin, in the manner described in Example 113
PAR  Yield: 90% .beta.-Lactam content: 93%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 52.5   H 4.6    Cl 6.0 N 9.4  S 5.4                            
     Found:   C 52.3   H 5.4    Cl 5.6 N 9.2  S 5.4                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.4
      (2 H), 8.4 (3 H), 8.5 (3 H) and 9.0 ppm (3 H).
PAC  EXAMPLE 139
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-n-propyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 11.0 parts by weight of
      N-o-chlorobenzoyl-N-n-propyl-carbamic acid chloride and 17.5 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 82% .beta.-Lactam content: 92%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 53.3   Cl 5.8   N 9.2  H 4.8  S 5.3                            
     Found:   C 53.7   Cl 5.4   N 9.2  H(6.2) S 5.6                            
     ______________________________________                                    
PAR  NMR signals .tau. = 2.3-2.8 (9 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.3-6.7
      (2 H), 8.2-8.7 (2 H), 8.4 (3 H), 8.5 (3 H) and 9.3 ppm (3 H).
PAC  EXAMPLE 140
PAC  Sodium D(-)-.alpha.-(3-o-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 12.1 parts by weight of
      N-o-nitrobenzoyl-N-methyl-carbamic acid chloride and 21 parts by weight of
      ampicillin, in the manner described in Example 113.
PAR  Yield: 94% .beta.-Lactam content: 92%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 51.1    H 4.3     N 11.9  S 5.5                                
     Found:   C 50.9    H 5.3     N 11.1  S 5.6                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 1.75 (1 H), 2.05-2.8 (8 H), 4.35 (1 H), 4.5 (2 H),
      5.8 (1 H), 6.95 (3 H), 8.4 (3 H) and 8.5 (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 141
PAC  Sodium
      D(-)-.alpha.-(3,o,o'-dichlorobenzoyl-3-methyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 13.3 parts by weight of
      N-o,o'-dichlorobenzoyl-N-methyl-carbamic acid chloride and 21 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 91% .beta.-Lactam content: 91%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 48.6   H 4.0    Cl 11.5                                        
                                       N 9.1  S 5.2                            
     Found:   C 48.9   H 4.5    Cl 11.1                                        
                                       N 8.9  S 5.3                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.3-2.8 (8 H), 4.3 (1 H), 4.5 (2 H), 5.75 (1 H), 6.9
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 142
PAC  Sodium
      D(-)-.alpha.-(3-[2,4-dichlorobenzoyl]-3-methyl-ureido)benzylpenicillin:
PAR  This penicillin was prepared from 13.3 parts by weight of
      N-(2,4-dichlorobenzoyl)-N-methyl-carbamic acid chloride and 21 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 84%. .beta.-Lactam content: 92%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 48.6   H 4.0    Cl 11.5                                        
                                       N 9.1  S 5.2                            
     Found:   C 48.7   H 4.6    Cl 10.9                                        
                                       N 9.0  S 5.8                            
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.4 (1 H), 2.4-2.8 (7 H), 4.35 (1 H), 4.5 (2 H), 5.8
      (1 H), 6.9 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 143
PAC  Sodium D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin:
PAR  This penicillin was prepared from 15.5 parts by weight of
      N-propionyl-N-phenyl-carbamic acid chloride and 27.5 parts by weight of
      ampicillin, in the manner described in Example 113.
PAR  Yield: 78% .beta.-Lactam content: 87%
TBL  ______________________________________                                    
     Calculated:                                                               
              C 55.3    H 5.1     N 9.9   S 5.7                                
     Found:   C 55.1    H 5.1     N 9.8   S 6.0                                
     ______________________________________                                    
PAR  NMR signals at .tau. = 2.2-3.0 (10 H), 4.4 (1 H), 4.5 (2 H), 5.75 (1 H),
      7.9 (2 H), 8.4 (3 H), 8.5  (3 H) and 9.0 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 144
PAC  A. D(-)-.alpha.-(Imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin:
PAR  14 parts by weight of D-.alpha.-aminobenzylpenicillin (ampicillin) were
      suspended in 80% strength aqueous tetrahydrofurane (130 parts by volume)
      and sufficient triethylamine (approx. 6.5 parts by volume) was added
      dropwise, while stirring, at 20.degree.C, that a clear solution was just
      produced and the pH value was between 7.5 and 8.2 (glass electrode). The
      mixture was now cooled to 0.degree.C and a solution of 5.4 parts by weight
      of N-chlorocarbonyl-imidazolidin-2-one in 25 parts by volume of absolute
      tetrahydrofurane was added dropwise over the course of 30 minutes, while
      cooling with ice and stirring vigorously, the pH value being kept between
      7.5 and 8.0 by simultaneous addition of triethylamine. The mixture was
      further stirred for 30 minutes at 0.degree.C and subsequently at room
      temperature until no further addition of triethylamine was necessary to
      maintain the pH value of 7.5. 130 parts by volume of water were now added
      and the tetrahydrofurane was largely removed in a rotary evaporator at
      room temperature. The aqueous solution which remained was once extracted
      by shaking with ether, covered with 300 parts by volume of ethyl acetate,
      cooled to 0.degree.C and treated with sufficient dilute hydrochloric acid,
      while stirring and cooling with ice, to establish a pH value of 1.5 to
      2.0. The organic phase was separated off, the aqueous suspension was again
      extracted with about 300 parts by volume of ethyl acetate, and the organic
      extracts were combined.
PAR  The penicillin, which is rather sparingly soluble in ethyl acetate and
      which was suspended in the aqueous phase, was filtered off, carefully
      washed with ice water until free of acid, and dried in vacuo at about 1 mm
      Hg over P.sub.2 O.sub.5. The substance is crystalline; long needles are
      visible under the microscope.
PAR  Yield: 71%. .beta.-Lactam content: 93%.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 50.1    H 5.0     N 14.6  S 6.7                                
     Found:   C 50.1    H 5.6     N 13.8  S 6.8                                
     ______________________________________                                    
PAR  NMR signals (dimethylsulphoxide-d.sub.6 as the solvent) at .tau. = 0.9 (2
      H), 2.35 (1 H), 2.6 (5 H), 4.25 (1 H), 4.55 (2 H), 5.7 (1 H), 6.0-7.0 (4
      H), 8.4 (3 H) and 8.55 ppm (3 H). IR bands at 3380, 3230, 1784, 1728,
      1687, 1639, 1520, 1375, 1219 and 735 cm.sup..sup.-1 .
PAR  According to separation in a paper chromatogram and subsequent development
      with B. subtilis, the product only contains one antibiotically active
      component.
PAR  A further 0.45 part by weight (2.6% of theory) of the penicillin, in the
      form of its sodium salt, could be isolated from the ethyl acetate extract
      after addition of about 2 parts by volume of a 1 molar solution of sodium
      2-ethyl-hexanoate in ether containing methanol.
PAR  The free acid of the penicillin can be easily converted into the
      chemotherapeutically usable salts by conventional processes. (See Example
      150A).
PAR  B. 1-Chlorocarbonyl-imidazolidione(2).
PAR  4 parts by weight of phosgene in 10 parts by volume of absolute
      tetrahydrofurane were added dropwise, over the course of 15 minutes, to a
      vigorously stirred solution of 3.5 parts by weight of imidazolidone(2 )
      [manufactured according to Fischer and Koch, Ann, 232, page 224 (1886)] in
      50 parts by volume of absolute tetrahydrofurane. Thereafter the reaction
      mixture was stirred from 3 hours at 10.degree.C and a stream of dry air
      was then passed through it, in order to blow out the hydrochloric acid
      formed, and remnants of phosgene. The mixture was now evaporated to
      dryness on a rotary evaporator in vacuo, and the solid residue was dried
      over concentrated sulphuric acid and at about 12 mm Hg.
PAR  Yield: 93%. Melting point = 150.degree.C after recrystallisation from
      acetone-pentane.
TBL  ______________________________________                                    
     Calculated:                                                               
              C 32.3    H 3.4     N 18.8  Cl 23.9                              
     Found:   C 32.3    H(4.5)    N 18.7  Cl 23.9                              
     ______________________________________                                    
PAR  NMR signals at .tau. = 5.7 to 6.1 (2 H) and 6.3 to 6.7 (2 H),
      (acetone-d.sub.6 as the solvent), symmetrical A.sub.2 B.sub.2 -system. IR
      bands at 3230, 1790, 1700, 1270 and 1150 cm.sup..sup.-1.
PAC  EXAMPLE 145
PAR  If, in the procedure of Example 144, the D-.alpha.-aminobenzylpenicillin
      used therein is replaced by:
PA1  0.04 mol of .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amino-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methylthiobenzylpenicillin,
PA1  .alpha.-amino-.alpha.-(2)thienylmethylpenicillin or
PA1  .alpha.-amino-.alpha.-(3)thienylmethylpenicillin,
PAR  the following penicillins are obtained:
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-methylbenzylpenicillin,
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-chlorobenzylpenicillin,
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-methylthiobenzylpenicillin
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-.alpha.-(2)-thienylmethylpen
     icillin or
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-.alpha.-(3)thienylmethylpeni
     cillin.
PAC  EXAMPLE 146
PAR  If, in the procedure of Example 144, the 1-chlorocarbonylimidazolidone used
      therein is replaced by 0.035 mol of:
PA1  1-chlorocarbonyl-1,3-diazacyclohexan-2-one,
PA1  1-chlorocarbonyl-1,3-diazacycloheptan-2-one,
PA1  1-chlorocarbonyl-5-methyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4-methyl-imidazolidone(2),
PA1  1-chlorocarbonyl-5,5-dimethyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4,4-dimethyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4,5-cis-dimethyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4,5-trans-dimethyl-imidazolidone,
PA1  1-chlorocarbonyl-benzimidazolone,
PA1  1-chlorocarbonyl-6-methyl-benzimidazolone,
PA1  1-chlorocarbonyl-5-methyl-benzimidazolone,
PA1  1-chlorocarbonyl-4-methyl-benzimidazolone,
PA1  1-chlorocarbonyl-7-methylbenzimidazolone,
PA1  1-chlorocarbonyl-5-nitrobenzimidazolone,
PA1  1-chlorocarbonyl-6-nitrobenzimidazolone,
PA1  1-chlorocarbonyl-hexahydrobenzimidazolone(2),
PA1  1-chlorocarbonyl-6-aza-benzimidazolone,
PA1  1-chlorocarbonyl-5-aza-benzimidazolone,
PA1  1-chlorocarbonyl-5-carbethoxy-benzimidazolone,
PA1  1-chlorocarbonyl-6-carbethoxy-benzimidazolone or
      2-chlorocarbonyl-2,4-diazabicyclo[3,2,2]-nonan-3-one,
PAR  the following penicillins are obtained:
PA1  D(-)-.alpha.-(1,3-diazacyclohexan-2-on-1-yl-carbonylamino)-benzylpenicillin
PA1  D(-)-.alpha.-(1,3-diazacycloheptan-2-on-1-yl-carbonylamino)-benzylpenicilli
     n,
PA1  D(-)-.alpha.-(5-methyl-imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(4-methylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenicilli
     n,
PA1  D(-)-.alpha.-(5,5-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(4,4-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(4,5-cis-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylp
     enicillin,
PA1  D(-)-.alpha.-(4,5-trans-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzy
     lpenicillin,
PA1  D(-)-.alpha.-(benzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin,
PA1  D(-)-.alpha.-(6-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(5-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(4-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(7-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(5-nitrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(6-nitrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(hexahydrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenici
     llin,
PA1  D(-)-.alpha.-(6-azabenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin
PA1  D(-)-.alpha.-(5-azabenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin
PA1  D(-)-.alpha.-(5-carbethoxybenzimidazolin-2-on-1-yl-carbonylamino)-benzylpen
     icillin,
PA1  D(-)-.alpha.-(6-carbethoxybenzimidazolin-2-on-1-yl-carbonylamino)-benzylpen
     icillin,
PA1  D(-)-.alpha.-(2,4-diazabicyclo[3,2,2]nonan-3-on-2-yl-carbonylamino)-benzylp
     enicillin.
PAC  EXAMPLE 147
PAC  A. Sodium
      D(-)-.alpha.-(imidazolidine-2-thion-1-yl-carbonylaminobenzylpenicillin:
PAR  8.5 parts by weight of 1-chlorocarbonyl-imidazolidine 2-thione were reacted
      with 17.5 parts by weight of D(-)-.alpha.-aminobenzylpenicillin in 170
      parts by volume of 80% strength aqueous tetrahydrofurane, at 0.degree.C
      and pH 7.5 to 8.0 (glass electrode), whilst stirring. Triethylamine were
      added gradually to maintain the pH value. The mixture was further stirred
      at room temperature until no further addition of triethylamine was
      necessary to maintain the pH at 7.5. Thereafter, 150 parts by volume of
      water were added, a pH of 6.5 was established by means of a little dilute
      hydrochloric acid, and the tetrahydrofurane was stripped off in a rotary
      evaporator at room temperature. The mixture was now extracted once with
      ether, the aqueous phase was covered with 300 parts by volume of ethyl
      acetate, the whole was cooled at 0.degree.C, and dilute hydrochloric acid
      was introduced, while stirring and cooling with ice, until a pH value of
      1.5 to 2.0 was reached. The organic phase was separated off, the aqueous
      solution was again extracted with 300 parts by volume of ethyl acetate,
      and the organic solutions were combined and subsequently dried with
      MgSO.sub.4. On adding about 40 parts by volume of a 1 molar solution of
      sodium 2-ethylhexanoate in ether containing methanol, the sodium salt of
      the penicillin precipitated. The bulk of the ethyl acetate was stripped
      from the suspension in vacuo, and the residue was dissolved in methanol
      and added dropwise to a mixture of 300 parts by volume of ether and 30
      parts by volume of methanol. The ether/methanol mixture was decanted from
      the precipitated product after it had stood for a short time, and the
      product was again repeatedly worked with ether, filtered off and dried
      over P.sub.2 O.sub.5 in a vacuum desiccator.
PAR  Effectiveness against Psdm. aerug. Bonn: 25 units/ml.
PAR  Effectiveness against Proteus 3400: 50 units/ml.
PAR  Yield: 40% .beta.-Lactam content: 90% (estimated on the basis of the
      .beta.-lactam band of the IR spectrum). NMR signals (methanol-d.sub.4 as
      the solvent) at .tau. = 2.3 to 2.8 (5 H), 4.4 (1 H), 4.55 (2 H), 5.85 (1
      H), 6.0 to 6.5 (4 H), 8.4 (3 H) and 8.5 ppm (3 H). IR bands at 3320, 1760,
      1720, 1665, 1602, 1520, 1365, and 1255 cm.sup..sup.-1.
PAC  B. 1-Trimethylsilyl-imidazolidine-2-thione:
PAR  30.6 parts by weight of imidazolidine-2-thione were boiled overnight with
      54.4 parts by weight of trimethylchlorosilane and 51.5 parts by weight of
      triethylamine in absolute tetrahydrofurane. The warm suspension was freed
      of the precipitated triethylamine hydrochloride by filtration, and the
      filtrate was evaporated and dried in a vacuum desiccator.
PAR  Melting point: approx. 130.degree.C. Yield: 97%.
TBL  ______________________________________                                    
     Calculated:                                                               
              N 14.4          S 16.5                                           
     Found:   N 13.8          S 16.9                                           
     ______________________________________                                    
PAR  Strong Si-C stretching vibration in the IR spectrum at 850 cm.sup..sup.-1.
PAC  C. 1-Chlorocarbonyl-imidazolidine-2-thione:
PAR  50 parts by weight of 1-trimethylsilyl-imidazolidine-2-thione in 150 parts
      by volume of methylene chloride were treated with 35 parts by weight of
      phosgene in 50 parts by volume of methylene chloride over the course of 2
      hours at 0.degree.C. The mixture was stirred for 24 hours at 0.degree.C,
      the methylene chloride was subsequently stripped off, and the residue was
      dried in a high vacuum. Semi-solid mass, incompletely soluble in acetone.
PAR  Crude yield: 97%. IR bands at 1830, 1590 and 1240 cm.sup..sup.-1.
PAC  EXAMPLE 148
PAR  If, following the procedures desired in Example 147A 17.5 parts by weight
      of ampicillin are reacted with 0.05 mol of:
PA1  1-chlorocarbonyl-1,3-diazacyclohexane-2-thione,
PA1  1-chlorocarbonyl-4-methylimidazolidine-2-thione,
PA1  1-chlorocarbonyl-5-methylimidazolidine-2-thione,
PA1  1-chlorocarbonyl-4,4-dimethylimidazolidine-2-thione,
PA1  1-chlorocarbonyl-5,5-dimethylimidazolidine-2-thione or
PA1  1-chlorocarbonyl-4,5-dimethylimidazolidine-2-thione,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-.alpha.-(1,3-diazacyclohexane-2-thion-1-yl-carbonylamino)-benzylpenici
     llin,
PA1  D(-)-.alpha.-(4-methylimidazolidine-2-thion-1-yl-carbonylamino)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(5-methylimidazolidine-2-thion-1-yl-carbonylamino)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(4,4-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin,
PA1  D(-)-.alpha.-(5,5-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin or
PA1  D(-)-.alpha.-(4,5-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin.
PAC  EXAMPLE 149
PAR  If, in the procedure of Example 147-A the D-.alpha.-aminobenzylpenicillin
      used there is replaced by 0.05 mol of
PA1  .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amono-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methylthiobenzylpenicillin,
PA1  .alpha.-amino-.alpha.-(2)-thienylmethylpenicillin or
PA1  .alpha.-amino-.alpha.-(3)-thienylmethylpenicillin,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-methylbenzylpenicillin
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-chlorobenzylpenicillin
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-methylthiobenzylpenici
     llin,
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-.alpha.-(2)thienylmethyl
     penicillin or
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-.alpha.-(3)thienylmethyl
     penicillin.
PAC  EXAMPLE 150
PAC  A. Sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)benzylpenicillin:
PAR  5.5 parts by weight of
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin,
      which was obtained, moist with water, according to the instructions of
      Example 144, were dissolved in 13 parts by volume of dimethylacetamide
      while cooling with ice, and subsequently treated with 10 parts by volume
      of a 1 molar solution of sodium 2-ethylhexanoate in ether containing
      methanol. The resulting clear solution was added dropwise over the course
      of a few minutes to a mixture, cooled to -20.degree.C, of 200 parts by
      volume of ether and 20 parts by volume of methanol, whereupon the sodium
      salt of the penicillin separated out as a finely granular precipitate,
      which was filtered off and thoroughly washed with anhydrous ether.
PAR  Yield: 81% relative to 1-chlorocarbonyl-imidazolidin-2-one employed.
      .beta.-Lactam content: 90% (determined on the basis of the intensity of
      the .beta.-lactam carbonyl band of the IR spectrum). IR bands at 3290,
      1770, 1715, 1647, 1538 and 1276 cm.sup..sup.-1. (IR spectrum in Nujol).
PAC  B. Crystalline sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonyl-amino)-benzylpenicillin:
PAR  0.4 part by weight of the product from Example 92A was dissolved in 0.5
      part by volume of water to give a clear solution. 1.3 parts by volume of
      ethanol were added and the mixture slowly diluted with 3.0 parts by volume
      of ethyl acetate, while shaking. 0.2 part by weight of sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin
      crystallised overnight from the initially clear solution, in the form of
      bundles of fine needles.
PAR  Decomposition range: 200.degree. - 220.degree.C. IR bands at 3370, 3325,
      1775, 1728, 1688, 1640 and 1275 cm.sup..sup.-1.
PAR  FIGS. 3, 4 and 5 show, for comparison purposes, the IR spectra of
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)benzylpenicillin as the
      free acid and as the amorphous and crystalline sodium salt.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of a penicillin of the
      formula:
      ##EQU21##
      and the pharmaceutically acceptable nontoxic salts thereof wherein
PA1  the carbon atom designated by * constitutes a center of chirality,
      ##EQU22##
      in which m is 3, and B is
      ##SPC4##
PAL  wherein
PA2  R.sub.4, r.sub.5 and R.sub.6 are the same or different, and are each
      hydrogen, halo, lower alkyl, lower alkoxy, lower alkylthio, lower
      alkylthionyl, lower alkylsulphonyl, nitro, di(lower alkyl)amino, lower
      alkanoylamino, hydroxy, or lower alkanoyloxy.
NUM  2.
PAR  2. A compound according to claim 1 wherein B is phenyl.
NUM  3.
PAR  3. A penicillin according to claim 1 in the form of the sodium salt.
NUM  4.
PAR  4. The compound according to claim 2 which is
      .alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-.alpha.-p-tolyl-methylpenicilli
     n or the sodium salt thereof.
NUM  5.
PAR  5. The compound according to claim 2 which is
      D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-benzylpenicillin or the
      sodium salt thereof.
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ABST
PAL  The penicillin derivatives represented by the formula
      ##SPC1##
PAL  Wherein ring A represents a 5- or 6-membered single or fused ring which may
      contain one or more nitrogen atoms, an oxygen atom, or a sulfur atom;
      R.sup.1, R.sup.2, and R.sup.3, which may be the same or different, each
      represents a hydrogen atom, a hydroxy group, a lower alkyl group, a nitro
      group, a halogen atom, or an oxo group; and B represents a p-hydroxyphenyl
      group or a 1,4-cyclohexadien -1-yl group, and their nontoxic
      pharmaceutically acceptable salts.
PAL  The compounds are antibiotics having excellent antibacterial activity in
      particular with respect to the Pseudomonas genus.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to novel penicillin derivatives and more
      particularly, the invention relates to the acylated derivatives on the
      amino group of .alpha.-amino-p-hydroxybenzylpenicillin (general name:
      amoxicillin) shown by the formula
      ##SPC2##
PAL  And 6-[D-2-amino-2-(1,4-cyclohexadien- 1-yl)acetamido]penicillanic acid
      (general name: epcillin) shown by the formula
      ##SPC3##
PAR  Furthermore, the invention relates, more specifically, to the penicillin
      derivatives shown by formula III
      ##SPC4##
PAL  wherein ring A represents a 5- or 6-membered single or fused ring which may
      contain one or more nitrogen atoms, an oxygen atom, or a sulfur atom;
      R.sup.1, R.sup.2, and R.sup.3, which may be the same or different, each
      represents a hydrogen atom, a hydroxy group, a lower alkyl group, a nitro
      group, a halogen atom, or an oxo group; and B represents a p-hydroxyphenyl
      group or a 1,4-cyclohexadien- 1-yl group and their nontoxic
      pharmaceutically acceptable salts.
PAR  As the compounds of this invention have excellent antibacterial activity,
      particularly with respect to the Pseudomonas genus, they are used as
      antibiotics for the prophylaxis and treatment of diseases of animals
      including man.
PAR  In the compounds of this invention, ring A is a 5- or 6-membered single or
      fused ring which may contain one or more nitrogen atoms, an oxygen atom,
      or a sulfur atom and specific examples of the ring are pyrrole, thiophene,
      furan, 2H-pyrrole, imidazole, pyrazole, pyrrolidine, isothiazole,
      thiazole, oxazole, isoxazole, imidazolidine, 1,3,4-thiadiazole, tetrazole,
      cyclopentane, 2H-pyran, 4H-pyran, 2H-thiopyran, 4H-thiopyran, pyridine,
      pyrazine, pyrimidine, pyridazine, piperidine, piperazine, morpholine,
      1,4-dihydropyridine, benzene, 1,4-cyclohexadiene, cyclohexane, benzofuran,
      chromene, chroman, benzothiophene, naphthothiophene, indole, quinoline,
      1,4-dihydroquinoline, isoquinoline, phthalazine, quinoxaline, quinazoline,
      cinnoline, naphthyridine, naphthalene, etc.
PAR  Also, groups R.sup.1, R.sup.2, and R.sup.3, which may be the same or
      different and are suitably a hydrogen atom; a hydroxyl group; a lower
      alkyl group such as a methyl group, an ethyl group, a propyl group, an
      isopropyl group, and a butyl group; a nitro group, a halogen atom, or an
      oxo group.
PAR  In the group of the preferable homologs of the compounds of this invention,
      ring A is a 5- or 6-membered sisngle or fused ring which may contain one
      or more nitrogen atoms, an oxygen atom, or sulfur atom; R.sup.1 is a
      hydroxy group or an oxo group; R.sup.2 and R.sup.3 are hydrogen atoms; and
      B is a p-hydroxyphenyl group or a 1,4-cyclohexadien- 1-yl group. That is,
      they are the pencillin derivatives represented by the formula
      ##SPC5##
PAL  wherein ring A and B have the same significance as described above and
      R.sup.4 represents a hydroxyl group or an oxo group, and their nontoxic
      pharmaceutically acceptable salts.
PAR  In the group of the more preferable compounds of this invention, ring A is
      a 5- or 6-membered single heterocyclic ring containing one or more
      nitrogen atom, oxygen atom or sulfur atom, or a fused ring formed by said
      single heterocyclic ring and a benzene ring; R.sup.1 is a hydroxy group or
      an oxo group; R.sup.2 and R.sup.3 are hydrogen atoms; and B is a
      p-hydroxyphenyl group or a 1,4-cyclohexandien -1-yl group. That is, they
      are the penicillin derivativess represented by the formula
      ##SPC6##
PAL  wherein B and R.sup.4 have the same significance as described above and
      ring A' represents a 5- or 6-membered single heterocyclic ring containing
      one or more nitrogen atoms, an oxygen atom, or a sulfur atom or a fused
      ring formed by said single heterocyclic ring and a benzene ring and their
      nontoxic pharmaceutically acceptable salts.
PAR  Moreover, in the group of preferable compounds of this invention, ring A is
      a 6-membered single heterocyclic ring containing a nitrogen atom or a
      sulfur atom; R.sup.1 is a hydroxy group or an oxo group; R.sup.2 and
      R.sup.3 are hydrogen atoms; and B is a p-hydroxyphenyl group or a
      1,4-cyclohexadien-1-yl group. That is, they are the penicillin derivatives
      represented by the formula
      ##SPC7##
PAL  wherein B and R.sup.4 have the same significance as described above and
      ring A" is a 6-membered single heterocyclic ring containing a nitrogen
      atom or a sulfur atom and their nontoxic pharmaceuticlly acceptable salts.
PAR  The most preferable compounds of this invention among the aforesaid
      compounds, ring A is a 4H-thiopyran ring, R.sup.1 is a 4-oxo group,
      R.sup.2 and R.sup.3 are hydrogen atoms, and B is a p-hydroxyphenyl group
      of a 1,4-cyclohexadien- 1-yl group. Typical examples of these compounds
      are .alpha.-(4-oxo-4H-thiopyran-3-carboxamido)-p-hydroxybenzylpenicillin
      and
      6-[D-2-(4-oxo-4H-thiopyran-3-carboxamido)-2-(1,4-cyclohexadien-1-yl)acetam
     ido]penicillanic acid.
PAR  As the nontoxic pharmaceutically acceptable salts of the compounds of this
      invention, there are nontoxic metallic salts such as sodium, potassium,
      calcium, aluminum and magnesium, the ammonium salt and substituted
      ammonium salts, e.g. salts of such nontoxic amines as trialkylamines,
      including triethylamine, procaine, dibenzylamine,
      N-benzyl-.beta.-phenethylamine, l-ephenamine, N-ethylpiperidine, N,N'
      -bis(dehydroabiethyl)ethylenediamine, N,N'-dibenzylethylenediamine and
      other amines which have been used to form salts with benzylpenicillin
      including basic amino acid salts such as arginine and lysine.
PAR  Various semi-synthetic penicillins have hitherto been known and among them
      ampicillin is the most popular and widely sold commercially. However, this
      antibiotic is practically inactive against the Pseudomonas genus. It is
      known that amoxicillin which is a semi-synthetic penicillin gives a high
      concentration in blood by oral administration and also epicillin has
      selective antibacterial activity to, in particular, gram negative
      bacteria. However, these antibiotics scarecely show anti-bacterial
      activity against the Pseudomonas genus.
PAR  Now, it is known that when patients with serious disease, as the aged and
      children, the treatment of the diseases becomes quite difficult, and such
      patients die frequently. Thus, the discovery of medicaments effective for
      the treatment of the diseases infected with the Pseudomonas genus has been
      urgently needed.
PAR  In addition, it is known that .alpha.-carboxybenzylpenicillin (generic
      name: carbenicillin) shows activity against the Pseudomonas genus by
      parenteral administration but its effect is insufficient and it shows weak
      antibacterial activity against the Klebsiella genus.
PAR  Also, as a semi-synthetic penicillin having an activity against Pseudomonas
      genus, there are known .alpha.-(3-guanyl-1-ureido)benzyl-penicillins
      having the formula
      ##SPC8##
PAL  wherein R.sup.1, R.sup.2, and R.sup.3 each represents a hydrogen atom, a
      nitro group, an alkylamino group, a dialkylamino group, an alkanoylamino
      group, an amino group, a hydroxy group, an alkanoylcoxy group, an alkyl
      group, an alkoxy group, a sulfamyl grou, a chlorine atom, an iodine atom,
      a bromine atom, a fluorine atom, or a trifluoromethyl group (see, U.S.
      Pat. No. 3,579,501). However, as these compounds have a strong-basic
      guanylureido group in the structure, they are scarcely soluble in water at
      the physiological pH and even if they are solubilized in water, the pH is
      9.8-9.9 (250 mg/ml), which makes the practical use of these compounds
      difficult (see, "Antimicrobial agents and Chemotherapy", 12-16(1970) and
      U.S. Pat. No. 3,711,471).
PAR  Now, as the result of various investigations, the inventors have discovered
      that the acylated derivatives at the amino group of amoxicillin and
      epicillin have, unexpectedly, low toxicities, excellent antibacterial
      activities against gram positive bacteria and, more effectively, against
      gram negative bacteria, and, in particular, excellent antibacterial
      activities against the Pseudomonas genus and hence these derivatives are
      useful as antibiotics for the prophylaxis and treatment of diseases of man
      and animal and are particularly useful for the prophylaxis and treatment
      of diseases caused by infection with the Pseudomonas genus.
PAR  In addition, the acylated derivatives at the amino group of ampicillin as
      shown by the formula
      ##SPC9##
PAL  wherein Q represents a heterocyclic ring which may have substituents and n
      is 0 or 1, are known as semi-synthetic penicillins having chemical
      structures similar to those of the compounds of this invention (see, U.S.
      Pat. No. 3,433,784). However, in the specification of the U.S. patent, it
      is disclosed that these penicillins show antibacterial activity against
      gram positive and gram negative bacteria but there is shown no practical
      value about the activity. Furthermore, in the specification of Japanese
      Pat. Publication No. 20,986/1969 corresponding to the above U.S. patent,
      the values of M. I. C. to the two varieties of Pseudomonas genus are
      shown. However since the most excellent value is at most 125 .gamma./ml.,
      they are almost inactive against the Pseudomonas genus.
PAR  Now, the result of the pharmacological tests for the excellent
      antibacterial activity of the compounds of this invention are shown below.
PAC  Experiment 1 (Minimum inhibitory concentration)
PAR  a. The minimum inhibitory concentrations for various bacteria (standard
      strains) are shown in Tables I and II.
TBL                                    Table 1                                 
     __________________________________________________________________________
     M I C (.mu./ml)                                                           
               Control    Compounds of this invention (Example No.)            
               Amoxi-                                                          
                     Carbeni-                                                  
                          1    2    3    5    6    9                           
               cillin                                                          
                     cillin                                                    
     __________________________________________________________________________
     Proteus vulgaris                                                          
               0.39  1.56 0.19 0.19 0.19 0.19 0.39 0.09                        
     OXK US                                                                    
     Proteus vulgaris                                                          
               6.25  0.78 3.13 0.78 0.19 1.56 0.78 0.19                        
     OX 19 US                                                                  
     Proteus mirabilis                                                         
               0.39  0.78 0.19 0.19 0.19 0.78 1.56 0.09                        
     IFMOM-9                                                                   
     Pseudomonas                                                               
               &gt;100   100 6.25 3.13 3.13 6.25 12.5 3.13                        
     aeruginosa                                                                
     ATCC 8689                                                                 
     "         &gt;100  50   12.5 3.13 6.25 6.25 12.5 3.13                        
     99                                                                        
     (GM-Resistance)                                                           
     Pseudomonas                                                               
               25    &gt;100 6.25 6.25 6.25 3.13 6.25 1.56                        
     ovalis                                                                    
     IAM 1002                                                                  
     Klebsiella                                                                
               50    &gt;100  100  100 25   6.25 3.13 50                          
     pneumoniae                                                                
     ATCC 10031                                                                
     Bacillus  0.09  3.13 .gtoreq.0.78                                         
                               0.78 0.19 0.19 .gtoreq.0.19                     
                                                   .gtoreq.0.19                
     megatherium                                                               
     10778                                                                     
     Bacillus subtlis                                                          
               0.09  0.78 0.19 0.39 0.19 .gtoreq.0.19                          
                                              .gtoreq.0.19                     
                                                   0.19                        
     ATCC 6633                                                                 
     Micrococcus                                                               
               .gtoreq.0.09                                                    
                     3.13 1.56 .gtoreq.0.78                                    
                                    .gtoreq.0.39                               
                                         1.56 1.56 .gtoreq.0.78                
     flavus                                                                    
     ATCC 10240                                                                
     Staphylococcus                                                            
               0.09  0.78 0.78 .gtoreq.0.39                                    
                                    .gtoreq.0.19                               
                                         0.39 0.78 .gtoreq.0.39                
     aureus                                                                    
     FDA 209 P                                                                 
     "         .gtoreq.0.39                                                    
                     1.56 .gtoreq.3.13                                         
                               .gtoreq.0.78                                    
                                    .gtoreq.0.78                               
                                         1.56 .gtoreq.1.56                     
                                                   .gtoreq.1.56                
     (shimanishi)                                                              
     "         3.13  12.5 25   .gtoreq.12.5                                    
                                    .gtoreq.6.25                               
                                         .gtoreq.12.5                          
                                              12.5 1.25                        
     (onuma)                                                                   
     __________________________________________________________________________
     (medium: By heart infusion agar (ph 7.4) plate method)                    
TBL                                    Table II                                
     __________________________________________________________________________
     M I C (.mu./ml)                                                           
                Control   Compounds of this invention (Example No.)            
                Epici-                                                         
                     Carbeni-                                                  
                          11   12   13   14   16   19                          
                llin cillin                                                    
     __________________________________________________________________________
     Proteus vulgaris                                                          
                6.25 1.56 1.56 3.13 1.56 1.56 0.78 3.13                        
     OX 19 US                                                                  
     Pseudomonas                                                               
                100  100  6.25 6.25 12.5 12.5 12.5 50                          
     aeruginosa                                                                
     ATCC 8689                                                                 
     "          100  50   6.25 6.25 12.5 12.5 12.5 50                          
     99                                                                        
     (GM-Resistance)                                                           
     Pseudomonas ovalis                                                        
                50   &gt;100 12.5 25   12.5 6.25 6.25 25                          
     IAM 1002                                                                  
     Klebsiella 50   &gt;100 50   .gtoreq.100                                     
                                    12.5 3.13 100  6.25                        
     pneumoniae                                                                
     ATCC 10031                                                                
     Bacillus megatherium                                                      
                .gtoreq.0.09                                                   
                     3.13 0.39 .gtoreq.0.39                                    
                                    0.39 .gtoreq.0.19                          
                                              0.39 .gtoreq.0.78                
     10778                                                                     
     Bacillus subtlis                                                          
                0.09 0.78 0.19 .gtoreq.0.39                                    
                                    0.19 .gtoreq.0.19                          
                                              0.39 1.56                        
     ATCC 6633                                                                 
     Micrococcus flavus                                                        
                .gtoreq.0.09                                                   
                     3.13 .gtoreq.1.56                                         
                               .gtoreq.1.56                                    
                                    .gtoreq.0.78                               
                                         1.56 .gtoreq.1.56                     
                                                   6.25                        
     ATCC 10240                                                                
     Staphylococcus                                                            
                0.09 0.78 .gtoreq.0.19                                         
                               .gtoreq.0.78                                    
                                    .gtoreq.0.09                               
                                         .gtoreq.0.09                          
                                              .gtoreq.0.39                     
                                                   .gtoreq.0.78                
     aureus                                                                    
     FDA 209 P                                                                 
     "          .gtoreq.0.09                                                   
                     1.56 .gtoreq. 0.78                                        
                               .gtoreq.1.56                                    
                                    .gtoreq.0.39                               
                                         .gtoreq.0.39                          
                                              .gtoreq.0.78                     
                                                   3.13                        
     (shimanishi)                                                              
     "          .gtoreq.3.13                                                   
                     12.5 .gtoreq.12.5                                         
                               .gtoreq.25                                      
                                    .gtoreq.12.5                               
                                         .gtoreq.6.25                          
                                              12.5 29                          
     (onuma)                                                                   
     __________________________________________________________________________
PAR  It is clear from the above tables, as regards to the antibacterial
      activities against the standard strains, the compounds of this invention
      show excellent antibacterial activities against gram positive bacteria
      and, in particular, against gram negative bacteria, and especially against
      Pseudomonas aeruginosa and the compounds of this invention are more active
      than amoxicillin, epicillin, and carbenicillin.
TBL                                    Table III                               
     __________________________________________________________________________
     (Pseudomonas aeruginosa 35 strain)                                        
             M I C (.mu./ml)                                                   
             1.56                                                              
                 3.13                                                          
                     6.25                                                      
                         12.5                                                  
                             25 50 100 &gt;100                                    
     __________________________________________________________________________
     Carbenicillin                                                             
             0   0   0   0   3  4  8   20                                      
     Present comp.                                                             
             2   5   6   6   2  5  2    7                                      
     (Example 3)                                                               
     Table IV                                                                  
     __________________________________________________________________________
     (Escherichia coli 31 strain)                                              
             M I C (.mu./ml)                                                   
             1.56                                                              
                 3.13                                                          
                     6.25                                                      
                         12.5                                                  
                             25 50 100 &gt;100                                    
     __________________________________________________________________________
     Carbenicillin                                                             
             1   7   8   6   0  0  0   9                                       
     Present comp.                                                             
             2   1   8   9   2  0  0   9                                       
     (Example 3)                                                               
     Table V                                                                   
     __________________________________________________________________________
     (Klebsiella 78 strain)                                                    
             M I C (.mu./ml)                                                   
             1.56                                                              
                 3.13                                                          
                     6.25                                                      
                         12.5                                                  
                             25 50 100 100 400 &gt;400                            
     __________________________________________________________________________
     Carbenicillin                                                             
             1   1   1   0   0  8  8   16  16  27                              
     Present comp.                                                             
             0   0   2   17  30 1  1   7   4   16                              
     (Example 3)                                                               
     __________________________________________________________________________
PAR  It is clear from the results shown in the above tables, as regards the
      antibacterial activities against clinical isolated strains, the compounds
      of this invention show quite high activity against not only Pseudomonas
      aeruginosa but also against Klebsiella as compared with carbenicillin
PAC  Experiment II (protective effect against experimentally infected mice)
PAR  a. Mice (one group included five mice) were infected with pseudomonas
      aeruginosa NC-5 strain the intraperitoneal route and a solution prepared
      by dissolving the test antibiotics in sterilized distilled water was once
      administered by subcutaneous injection immediately after challenge of the
      test organism and then the numbers of living mice were inspected. The
      results are shown in Table VI, in which the numerator of the figures show
      the number of living mice and the denominator shows the number of mice
      inspected. (The figures shown in Tables VII-IX have the same meaning).
TBL                Table VI                                                    
     ______________________________________                                    
     (One adminstration)                                                       
     Test antibiotics                                                          
                             Present                                           
     Amount of admini-                                                         
                 Control            compound                                   
     stration (mg)                                                             
                 no antibiotics                                                
                            Carbenicillin                                      
                                       (Example 3)                             
     ______________________________________                                    
      0          0/5        --         --                                      
     15          --         1/5        2/5                                     
     30          --         2/5        3/5                                     
     60          --         4/5        5/5                                     
     ______________________________________                                    
PAR  b. Mice (one group included five mice) were infected with pseudomonas
      aeruginosa NC-5 strain via intraperitoneal route and a solution prepared
      by dissolving the test substance in sterilized distilled water was
      administered by subcutaneous injection three times, i. e., immediately
      after challenge of the test organism, after 2 hours, and after 4 hours.
      Then, the number of living mice was inspected, the results of which are
      shown in Table VII.
TBL                Table VI                                                    
     ______________________________________                                    
     (three times administration)                                              
               Test antibiotics                                                
               Control                                                         
     Amount of admini-                                                         
                 no antibiotics                                                
                            Carbeni- Present compound                          
     stration (mg)          cillin   (Example 3)                               
     ______________________________________                                    
     0           0/5        --       --                                        
     2.5 .times. 3                                                             
                 --         2/5      5/5                                       
     5 .times. 3 --         0/5      5/5                                       
     10 .times. 3                                                              
                 --         5/5      5/5                                       
     ______________________________________                                    
PAR  c. Mice (one group included five mice) were infected with Pseudomonas
      aeruginosa NC-5 strain via the intraperitoneal route and the test
      substance was orally administered twice, i. e., immediately after
      challenge of the test organism and after 2 hours. Then, the number of
      living mice was inspected, the results of which are shown in Table VIII.
TBL                Table VIII                                                  
     ______________________________________                                    
               Test antibiotics                                                
               Control                                                         
     Amount of admini-                                                         
                 no                  Present compound                          
     stration (mg)                                                             
                 antibiotics                                                   
                           amoxicillin                                         
                                     (Example 3)                               
     ______________________________________                                    
     0           0/10      --        --                                        
      25 .times. 2                                                             
                 --        0/5       2/5                                       
      50 .times. 2                                                             
                 --        0/5       3/5                                       
     100 .times. 2                                                             
                 --        0/5       5/5                                       
     ______________________________________                                    
PAR  d. Mice (one group included five mice) were infected with Proteus mirabilis
      1287 strain via the intraperitoneal route and a solution prepared by
      dissolving the test antiobiotics in sterilized distilled water was once
      administered by subcutaneous injection 2 hours after of challenge of the
      test organism. Then, the number of living mice was inspected, the results
      of which are shown in Table IX.
TBL                Table IX                                                    
     ______________________________________                                    
     Amount of admini-                                                         
                 Test antibiotics                                              
     stration (mg)                 Present                                     
                 Control           compound                                    
               no antibiotics                                                  
                        Carbenicillin                                          
                                   (Example 3)                                 
     ______________________________________                                    
     0           0/5        --         --                                      
     1.25        --         0/5        1/5                                     
     2.5         --         1/5        2/5                                     
     5           --         2/5        4/5                                     
     10          --         4/5        3/5                                     
     ______________________________________                                    
PAR  It is clear from the results shown in Tables VI, VII, VIII, and IX, that
      the protective effect of the compounds of this invention against mice
      infection is remarkable, in particular, against Pseudomonas aeruginosa.
PAC  Experiment III (Toxicity)
PAR  a. The minimum lethal doses (MLD) when the compound of this invention was
      intravenously and subcutaneously administered to male dd-N mice are shown
      in Table X.
TBL                Table X                                                     
     ______________________________________                                    
     (Acute toxicity)                                                          
     Antibiotics  Administration route                                         
                                   M L D (g/Kg)                                
     ______________________________________                                    
     Present comp.                                                             
                  i.v.             3.5                                         
     (Example 3)  s.c.             7.0                                         
     Carbenicillin                                                             
                  i.v.             7.0                                         
                  s.c.             &gt;10.0                                       
     ______________________________________                                    
PAR  The values were slightly lower than that of carbecillin and it seems to us
      that the compounds of this invention are clinically useful for large dose
      administration.
PAR  b. Test antibiotics were administered to male Sprague-Dawley rats by
      subcutaneous injection daily for 7 days. After seven days, animals were
      sacrificed and estimated for organ weight and serum urea-nitrogen
      including visual studies of kidney. The results are shown in Table XI.
TBL                Table XI                                                    
     ______________________________________                                    
     (Nephrotoxicity after 1 week subcutaneous injection of                    
     1000 mg/Kg per day into rats.)                                            
     Body weights, urine volumes were examined once two days                   
     during an experimental period. Tissue weights and serum                   
     urea nitrogen of animals sacrificed were measured.                        
     Antibiotics                                                               
                Treatments    n     Kidney Serum                               
                                    weights                                    
                                           urea-N                              
                                     (g)   (mg/dl)                             
     ______________________________________                                    
     Present compound                                                          
                1000mg/Kg/day sc                                               
                              6     2.30   20.3                                
     (Example 3)                                                               
                7 days              .+-.0.07                                   
                                           .+-.0.74                            
     Carbenicillin                                                             
                1000mg/Kg/day sc                                               
                              4     2.53   24.0                                
                7 days              .+-.0.07                                   
                                           .+-.0.90                            
     Kanamycin  500mg/kg/day sc                                                
                              4     3.52   70.7                                
                7 days              .+-.0.40                                   
                                           .+-.23.4                            
     Saline     5ml/Kg/day sc 6     2.48   21.7                                
                7 days              .+-.0.09                                   
                                           .+-.0.54                            
     ______________________________________                                    
      The Kanamycin group showed renal hypertropy, ischemia of renal cortex, an
      abnormal increase of serum urea-nitrogen values. These findings indicated
      severe renal impairement in the Kanamycin group. On the other hand, there
      were no abnormal findings in the compounds of this invention and the     
      Carbenicillin group.                                                     
PAR  c. Glycerol (50%, 4 ml/kg), furocemide (50 mg/kg) and test actibiotics were
      injected subcutaneously in male Sprague-Dawley rats. It is known that
      small dose of glycerol given subcutaneously produces mild and reversible
      renal impairment. Animals of each group were sacrificed 48 hours later to
      estimate serum urea-nitrogen values. The results are shown in Table XII.
TBL                Table XII                                                   
     ______________________________________                                    
     (Acute nephrotoxicity in combination with glycerol and                    
     furocemide in rats.) glycerol : 4 ml/Kg s.c. of 50%,                      
     furocemide : 50 mg/Kg s.c.                                                
     Sprague-Dawley rats                                                       
      male                                                                     
     Antibiotics  Dose       n     Serum urea nitrogen                         
                  (mg/Kg s.c.)     (mg/dl)                                     
     ______________________________________                                    
     Present compound                                                          
     (Example 3)  1000       4     23.3.+-.2.5                                 
     Carbenicillin                                                             
                  1000       4     29.7.+-.7.2                                 
     Cephaloridine                                                             
                   500       4     50.7.+-.13.6                                
     CONTROL      --         5     23.5.+-.1.9                                 
     ______________________________________                                    
PAR  The results set forth in the table show that there was no remarkable
      difference between the groups of the compounds of this invention and
      carbenicillin and the control group but the remarkable increase of serum
      urea nitrogen was observed relative to the Cephaloridine group. That is,
      no nephrotoxicity resulted when the test antibiotics of this invention
      were injected as in the case of injecting carbenicillin.
PAR  From the experimental results indicated above, it will be clearly
      understood that as the compounds of this invention have excellent
      antibacterial activity against gram positive bacteria and, in particular,
      gram negative bacterial and further excellent antibacterial activities, in
      particular, against the Pseudomonas genus among these bacteria, show weak
      toxicity, and produce no nephrotoxicity; they are useful as antibiotics
      for the prophylaxis and treatment of diseases of man and animal and are
      particularly useful for the prophylaxis and treatment of the diseases
      infected with the Pseudomonas genus.
PAR  Now, the compounds of this invention shown by formula III can be prepared
      by reacting the penicillin shown by formula I
      ##SPC10##
PAL  wherein B has the same significance as in formula III with the carboxylic
      acid shown by formula II
      ##SPC11##
PAL  wherein ring A, R.sup.1, R.sup.2, and R.sup.3 have the same signficance as
      in formula III,
PAL  or a reactive derivative thereof.
PAR  Furthermore, the compounds of this invention shown by formula III can be
      also prepared by reacting a benzylpenicillin shown by formula IV
      ##SPC12##
PAL  wherein R represents a hydrogen atom, an alkali metal, or an organic ester
      residue which can be removed under mild conditions, or an ester thereof
      with a phosphorus halide in an inert solvent to form an iminohalide
      compound, reacting the product and a lower alcohol to form an iminoether
      product, reacting the compound with the 2-acylamino-2-substituted acetic
      acid shown by formula V
      ##SPC13##
PAL  wherein ring A, B, R.sup.1, R.sup.2, and R.sup.3 have the same significance
      as in formula III, or a reactive derivative thereof, and, if group R is an
      organic ester residue which can be removed under a mild condition,
      removing the group.
PAR  Still further, the compounds of this invention shown by formula III can be
      prepared by reacting the 6-aminopenicillanic acid shown by formula VI
      ##SPC14##
PAL  wherein R has the same significance as in formula IV, or an ester thereof
      with the 2-acylamino-2-substituted acetic acid shown by formula V
      described above or a reactive derivative thereof and then, if group R is
      an organic ester residue which can be removed under a mild condition,
      removing the group.
PAR  As the reactive derivatives of the carboxylic acids shown by formula II and
      the 2-acylamino-2-substituted acetic acids shown by formula V, there are
      an acid halide such as acid chloride, acid bromide, etc.; an acid azide;
      an acid anhydride; a mixed acid anhydride prepared by the reaction of an
      acid shown by formula II or V and an acid or reaction derivative of an
      acid, for example, alkylhalocarbonate such as ethylchlorocarbonate,
      ethylbromocarbonate, alkylphosphoric aicd, sulfuric acid, alkylphosphorus
      acid; an active ester prepared by the reaction of an acid shown by formula
      II or V and p-nitrophenol; and the like.
PAR  Examples of group R of the benzylpenicillin shown by formula IV or the
      ester thereof and the 6-aminopenicillanic acid shown by formula VI or the
      ester thereof are a hydrogen atom; an alkalimetal such as sodium,
      potassium; an organic ester residue which can be removed under a mild
      condition such as a phenacyl group, a benzyl group which may be
      substituted by a halogen atom or a nitro group, a
      3,5-di-tert-butyl-4-hydroxybenzyl group, and a bis(p-methoxyphenyl)methyl
      group.
PAR  In producing the compounds of this invention shown by formula III from the
      compounds shown by formula I, the compounds of formula I may be reacted
      with, preferably an equimolar amount of a slightly excessive amount of a
      compound of formula II or the reactive derivative thereof. For example,
      when an alkyl carbonate mixed acid anhydride is used as the reactive
      derivative of a compound shown by formula II, the reaction is usually
      carried out in an organic solvent such as acetone, tetrahydrofuran,
      dioxane, dimethylformamide, chloroform, dichloromethane,
      hexamethylphosphoramide, etc., or a mixture thereof, in the presence of a
      base such as triethylamine, N,N-dimethylaniline, etc., under cooling or at
      room temeperature. Also, when an acid halide is used as the reactive
      derivative of a compound shown by formula II, the reaction is usually
      carried out in an organic solvent such as acetone, tetrahydrofuran,
      dioxane, dimethylformamide, chloroform, dichloromethane,
      hexamethylphosphoramide, etc., in the presence of a base such as
      triethylamine, N,N-dimethylaniline, etc., under cooling or at room
      temperature or carried out in water in the presence of an alkali suc as
      sodium hydroxide, potassium hydroxide, etc., under cooling or at room
      temperature. Furthermore, when an acid azide is used as the reactive
      derivative of a compound shown by formula II, the reaction is usually
      carried out in water in the presence of an alkali such as sodium
      hydroxide, potassium hydroxide, etc., under cooling or at room
      temperature.
PAR  The compounds of this invention thus prepared can be isolated and purified
      by an ordinary chemical operation such as extraction, recrystallization,
      etc.
PAR  The production of the compounds of this invention shown by formula III from
      a compound of formula IV is conducted as follows: That is, a compound of
      formula IV is reacted with a phosphorus halide such as phosphorus
      pentachloride, phosphorus pentabromide, phosphorus oxychloride, etc., in
      an inert solvent such as toluene, chloroform, dichloromethane,
      dichloroethane, trichloroethylene, etc., in the presence of a tertiary
      amine such as pyridine, N,N-dimethylaniline, triethylamine, etc. When, for
      example, phosphorus pentachloride is used, the reaction is carried out
      under cooling to, preferably, 0.degree.C. to -30.degree.C. The tertiary
      amine added contributes to prevent the cleavage of the lactam ring as the
      amine combining with the by-produced hydrohalogenic acid. The amount of
      the tertiary amine is preferably 3-5 mols per mol of a phosphorus halide
      such as phosphorus pentachloride.
PAR  It is preferable to use the phosphorus halide in a slightly excessive
      amount to the raw material. Then the iminohalide compound obtained is
      reacted with a lower alcohol wothout isolating from the reaction mixture
      to form an iminoether compound. As the lower alcohol, a lower aliphatic
      alcohol such as methanol, ethanol, n-propanol, etc., is usually used.
PAR  It is preferable to use an excessive molar amount of the lower alcohol to
      the raw material. Also, it is preferable to conduct the reaction at almost
      the same temperature as that in the reaction of forming the iminohalide.
      Thereafter, the iminoether compound obtained is reacted with a compound of
      formula V or a reactive derivative thereof.
PAR  The compounds of formula V can be prepared by various methods but can be
      usually obtained by reacting a 2-amino-2-substituted acetic acid shown by
      formula
      ##EQU1##
      wherein B has the same significance as described above, with a reactive
      derivative of a compound shown by formula II, such as, for example, the
      acid chloride or acid anhydride thereof. Also, when group B in the formula
      of formula V is a p-hydroxybenzyl group, it is unnecessary to protect the
      hydroxy group at the p- position but the hydroxyl group may be protected
      by a lower alkanoyl group such as an acetyl group, which can be removed
      simultaneously with the removal of group R.
PAR  The reaction is usually carried out in water or an organic solvent such as
      an alcohol, acetone, tetrahydrofuran, dimethylformamide, chloroform,
      dichloromethane, hexamethylphosporamide, etc., in the presence of a base
      such as triethylamine and dimethylaniline under cooling or at room
      temperatures.
PAR  Then, if group R is an organic ester residue, the group R may be removed
      under the condition that the lactam bond of lactam ring is not cleaved.
      The reaction is carried out by treating with an inorganic or organic base
      such as sodium carbonate, sodium hydrogen-carbonate, sodiumamide, sodium
      ethoxide, sodium thiophenolate, cyclohexylamine, potassium
      2-ethylhexanoate, etc., in water or an organic solvent such as acetone,
      tetrahydrofuran, dimethylformaide, etc., or a mixture thereof and in this
      case the compounds of this invention shown by formula III are obtained as
      the alkali metal salt or amine salt. The product may be converted to the
      free acid by treating it with an acid in a conventional manner.
PAR  In order to produce the compounds of this invention shown by formula III
      from a compound of formula VI, a compound of formula VI reacted with an
      equivalent or excessive molar amount of a compound of formula V or the
      reactive derivative thereof.
PAR  The reaction is carried out in a solvent inactive to the reaction, such as,
      water, an alcohol, acetone, tetrahydrofuran, dimethylformamide, dioxane,
      chloroform, methylene chloride, hexamethylphosphoramide, etc., or a
      mixture thereof under cooling or at room temperatures. Then, if group R is
      an organic ester residue, the group R may be removed under the condition
      the lactam bond of the lactam ring is not cleaved.
PAR  The reaction is carried out by treating with an inorganic or organic base
      such as sodium carbonate, sodium hydrogencarbonate, sodiumamide, sodium
      ethoxide, sodium thiophenolate, cyclohexylamine, potassium
      2-ethylhexanoate, etc., in water or an organic solvent such as acetone,
      tetrahydrofuran, dimethylformamide, etc., or a mixture thereof. In this
      case, a compound of this invention shown by formula III is obtained as an
      alkali metal salt or an amine salt. The product may be converted into the
      free acid by treating it with an acid by a conventional procedure.
PAR  In addition, a compound of formula V has an asymmetric carbon and in this
      invention both the optical active substance and the racemic mixture may be
      used.
PAR  As the compounds of this invention are easily soluble in water, the
      compound can be clinically used as an agent for parenteral administration
      such as an agent for intravenous injection and an agent for intramuscular
      injection. For example, when sodium
      D(-)-6-[.alpha.-(p-hydroxyphenyl)-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxa
     nido acetamido]penicillanate is dissolved in water, the pH of the solution
      is about 5.8 (250 mg/ml).
PAR  Now, a compound of this invention, for example,
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxanido
      acetamido]penicillanic acid can be obtained as a pure and stable
      di-hydrate thereof by adding water to the water-containing organic solvent
      solution thereof. As the di-hydrate is pure and stable, the compound is
      suitable for formulation. There is no particular limitation about the
      water-containing organic solvent but a mixture of water and an organic
      solvent miscible with water, such as acetone, methanol, tetrahydrofuran,
      ethanol, isopropanol, etc., is usually used. The mixing ratio of the
      organic solvent and water is not limiting but can be found by checking the
      point that the compound is dissolved completely in the aforesaid organic
      solvent by adding gradually water with stirring to the suspension of the
      compound in the organic solvent. In addition, if the water-containing
      organic solvent solution keeps up its homogeneity, an organic solvent
      immiscible with water such as methylene chloride, chloroform, etc., may be
      added to the solution.
PAR  The di-hydrate may be obtained in the form of crystals by adding water to
      the water-containing organic solvent solution of the a compound of this
      invention until the solution becomes slightly turbid and, as the case may
      be, allowing to cool the solution. The di-hydrate may be isolated by a
      conventional procedure such as filtration and centrifugal separation
      followed by drying.
DETD
PAR  Then, the invention will further be described practically by the following
      examples.
PAC  EXAMPLE 1
PAR  In 20 ml. of ice water was suspended 420 mg. of amoxicillin tri-hydrate and
      then the pH thereof was adjusted to 9.2 with 1 N aqueous solution of
      sodium hydroxide. While stirring the aqueous solution thus formed, 180 mg.
      of 4,6-dihydroxynicotinic acid azide was added thereto, at
      0.degree.-5.degree.C. and then the pH of the solution was maintained at
      8-8.5 with 1 N aqueous solution of sodium hydroxide. After stirring the
      solution further for one hour at the same temperature, the pH of the
      solution was adjusted to 3 with diluted hydrochloric acid and the
      precipitates formed were recovered by filtration, washed with water, and
      dried. The product was dissolved in n-butanol and then a 30% n-butanol
      solution of sodium 2-ethyl-hexanoate was added to the solution until no
      further precipitates formed. The precipitates thus formed were recovered
      by filtration, washed with n-butanol, and dried to provide 300 mg. of
      .alpha.-(4,6-dihydroxynicotimoylamido)-p-hydroxybenzylpenicillin disodium
      salt having a melting point of higher than 250.degree.C.
PAR  Infrared absorption spectra: .nu.KBr.sub.max cm.sup.-.sup.1 : 1765
      (.beta.-lactam), 1650 (amide), 1605 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.6 -DMSO + D.sub.2 O): .delta.:
      1.48, 1.60 (6H), 4.13 (1H), 6.78 (d), 7.27 (d) (4H), 7.97 (1H).
PAC  EXAMPLE 2
PAR  In 20 ml. of ice water was suspended 420 mg. of amoxicillin tri-hydrate and
      then the pH of the suspension was adjusted to 9.2 by adding 1N aqueous
      solution of sodium hydroxide. While stirring the solution thus obtained,
      170 mg. of 4-hydroxynicotinic acid azide was added thereto at
      0-5.degree.C. and the mixture was maintained at pH 8-8.5 with 1 N aqueous
      solution of sodium hydroxide. After further stirring the solution at the
      same temperature for one hour, the pH of the solution was adjusted to 3
      with diluted hydrochloric acid and then 2 g of sodium chloride was added
      thereto. Then, the precipitates formed were extracted with 10 ml. of a
      mixture of n-butanol and ethyl acetate of 1 : 2 by volume ratio. The
      extract was washed with 20% aqueous solution of sodium chloride, dried
      over anhydrous magnesium sulfate, and then a 30% n-butanol solution of
      sodium 2-ethylhexanoate was added thereto until no further precipitates
      formed. The precipitates formed were recovered by filtration, washed with
      ethyl acetate and dried to provide 300 mg. of
      .alpha.-(4-hydroxynicotinoylamido)-p-hydroxybenzylpenicillin sodium salt
      having a melting point of 217.degree.-250.degree.C. (decomp.).
PAR  Infrared absorption spectra: .nu.KBr.sub.max cm.sup.-.sup.1 : 1770
      (.beta.-lactam), 1665 (amide), 1610 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O): .delta.: 1.16 (6H), 5.40
      (2H), 6.75 (d), 7.25 (d) (4H), 6.55, 7.55, 8.24 (3H).
PAC  EXAMPLE 3
PAR  In 20 ml. of ice water was suspended 420 mg. of amoxicillin tri-hydrate and
      then 1 N aqueous solution of sodium hydroxide was added thereto to
      dissolve the compound. While stirring the solution under cooling to
      0.degree.-5.degree.C., 180 mg. of 4-oxo-4H-thiopyran-3-carbonyl chloride
      and 1 N aqueous solution of sodium hydroxide were slowly added alternately
      thereto and the mixture was maintained at a pH of 8-8.5. After stirring
      the solution for one hour at the same temperature, the solution was
      adjusted to pH 3 with hydrochloric acid and the precipitates formed were
      recovered by filtration and washed with water.
PAR  The solid product was dissolved in 20 ml of a mixture of n-butanol and
      ethyl acetate of 1 : 2 by volume ratio and the solution was washed with 20
      ml. of water and dried over anhydrous magnesium sulfate. Then, a 30%
      n-butanol solution of sodium 2-ethylhexanoate was added to the solution
      until no further precipitates formed. The precipitates formed were
      recovered by filtration, washed with ethyl acetate, and dried to provide
      350 mg. of
      .alpha.-(4-oxo-4H-thiopyran-3-carboxamido)-p-hydroxybenzylpenicillin
      sodium salt having a melting point of 226.degree.-230.degree.C. (decomp.).
PAR  Infrared adsorption spectra: .nu.KBr.sub.max cm.sup.-.sup.1 : 1765
      (lactam), 1650 (amide), 1595 (carboxylate).
PAR  Nuclear magnetic resoance spectra (D.sub.2 O):
      ##EQU2##
      ##SPC15##
      ##SPC16##
PAR  Preparation of the starting material:
PAR  In 30 ml. of methylene chloride was dispersed 3.12 g. of
      4-oxo-4H-thiopyran-3-carboxylic acid and after adding 1.5 ml. of thionyl
      chloride and 2 drops of dimethylformamide, the mixture was refluxed with
      stirring. After about 4 hours, the generation of hydrogen chloride gas
      ceased.
PAR  By concentrating the reaction mixture under a reduced pressure, 3.4 g. of
      4-oxo-4H-thiopyran-3-carbonyl chloride was obtained.
PAR  Infrared absorption spectra: .nu.CH.sbsp.2.sub.max Cl.sbsp.2.sub.cm
      .sup.-.sup.1 : 1780 (--COCl), 1730 (&gt;CO).
PAC  EXAMPLE 4
PAR  A mixture of 420 mg. of amoxicillin tri-hydrate, 300 mg. of anhydrous
      magnesium sulfate, 0.28 ml. of triethylamine, 10 ml. of dichloromethane,
      and 2 ml. of hexamethyl-phosphoramide was stirred for 1 hour at room
      temperature and then magnesium sulfate was filtered off to provide a
      solution of amoxicillin triethylamine salt. After cooling the solution to
      temperatures of from -10.degree.C. to -20.degree.C., 160 mg. of salicyloyl
      acid chloride was added and the mixture was stirred for 2 hours. The
      reaction mixture formed was concentrated under a reduced pressure at
      temperatures lower than 20.degree.C., and the residue was dissolved in 20
      ml. of water and the pH thereof was adjusted to 3 with diluted
      hydrochloric acid, whereby precipitates formed. The precipitates were
      recovered by filtration, washed with water, and then dissolved in ethyl
      acetate followed by washing with water. The ethyl acetate solution was
      dried over anhydrous magnesium sulfate, 0.6 ml. of a 30% n-butanol
      solution of sodium 2-ethylhexanoate was added thereto, and then ether was
      added until no further precipitate formed. The precipitates formed were
      recovered by filtration, washed with ether, and dried to provide 200 mg.
      of .alpha.-(2-hydroxy-benzamido)-p-hydroxybenzylpenicillin sodium salt
      having a melting point of 202.degree.-204.degree.C. (decomp.).
PAL  Infrared absorption spectra: .nu.KBr.sub.max cm.sup.-.sup.1 : 1765
      (.beta.-lactam), 1635 (amide), 1600 (carboxylate).
PAR  Nuclear magnetic resonance spectra (CD.sub.3 OD): .delta.: 1.54 (d) (6H),
      9.19 (1H), 5.49 (q) (2H), 5.72 (1H), 6.75-8.0 (aromatic 8H).
PAC  EXAMPLE 5
PAR  A mixture of 420 mg. of amoxicillin tri-hydrate, 300 mg. of anhydrous
      magnesium sulfate, 0.28 ml. of triethylamine, 10 ml. of dichloromethane,
      and 2 ml. of hexamethylphosphoramide was stirred for one hour at room
      temperature and then magnesium sulfate was filtered off to provide a
      solution of amoxicillin triethylamine salt.
PAR  A mixture of 190 mg. of 4-hydroxyquinoline-3-carboxylic acid, 10 ml. of
      dichloromethane, 2 ml. of hexamethylphosphoramide, and 0.14 ml. of
      triethylamine was cooled to from -10.degree.C. to -5.degree.C. and a
      mixture of 0.1 ml. of ethyl chlorocarbonate and 2 ml. of dichloromethane
      was added thereto dropwise over a period of 10 minutes. After further
      stirring the mixture for 15 minutes, the reaction mixture was added
      dropwise to the solution of amoxicillin triethylamine salt prepared above
      over a period of 10 minutes and the mixture was further stirred for 30
      minutes at temperatures of from -10.degree.C. to -5.degree.C. The reaction
      mixture obtained was concentrated under reduced pressure at temperatures
      of lower than 20.degree.C. and the residue was dissolved in 20 ml. of
      water. When the solution thus obtained was adjusted to pH 3 with diluted
      hydrochloric acid, precipitates formed. The precipitates were recovered by
      filtration, washed with water, and dissolved in 10 ml. of ethyl acetate.
      The solution was washed with water and dried over anhydrous magnesium
      sulfate. Thereafter, a 30% n-butanol solution of sodium 2-ethylhexanoate
      was added to the solution until no further precipitate formed. The
      precipitates formed were recovered by filtration, washed with ethyl
      acetate, and dried to provide 250.degree.mg. of
      .alpha.-(4-hydroxyquinolin-3-carboxamido)-p-hydroxybenzylpenicillin sodium
      salt having a melting point of 234.degree.-238.degree.C. (decomp.).
PAR  Infrared absorption spectra: .nu.KBr.sub.max cm.sup.-.sup.1 : 1770
      (.beta.-lactam), 1660 (amide), 1610 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O): .delta.: 1.52 (6H), 4.31
      (1H), 5.66 (2H), 5.59 (1H), 6.9-8.4 (aromatic 9H).
PAC  EXAMPLE 6
PAR  A mixture of 420 mg. of amoxicillin tri-hydrate, 300 mg. of anhydrous
      magnesium sulfate, 0.28 ml. of triethylamine, 10 ml. of dichloromethane,
      and 2 ml. of haxamethylphosphoramide was stirred for 1 hour at room
      temperature and then magnesium sulfate was filtered off to provide a
      solution of amoxicillin triethylamine salt.
PAR  A mixture of 260 mg. of
      1-ethyl-6-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid, 10 ml. of
      dichloromethane, 2 ml. of hexamethylphosphoramide, and 0.14 ml. of
      triethylamine was cooled to temperatures of from -10.degree.C. to
      -5.degree.C. and then a mixture of 0.1 ml. of ethyl chlorocarbonate and 2
      ml. of dichloromethane was added dropwise to the above mixture over a
      period of 10 minutes. After further stirring the mixture for 15 minutes,
      the reaction mixture was added dropwise to the solution of amoxicillin
      triethylamine salt prepared above over a period of 10 minutes and the
      mixture was further stirred for 30 minutes at temperatures of from
      -10.degree.C to -5.degree.C. The reaction mixture was concentrated under
      reduced pressure at temperatures lower than 20.degree.C and the residue
      was dissolved in 10 ml. of water. When the solution was adjusted to pH 3
      with diluted hydrochloric acid, the resulting precipitates were recovered
      by filtration and washed with water. The solid obtained was dissolved in
      10 ml. of a mixture of n-butanol and ethyl acetate of 1 : 2 by volume
      ratio and the solution was washed with water and dried over anhydrous
      magnesium sulfate. Then, a 30% n-butanol solution of sodium
      2-ethylhexanoate was added to the solution until no further precipitates
      formed. The precipitates formed were recovered by filtration, washed with
      ethyl acetate and dried to provide 250 mg. of
      .alpha.-(1-ethyl-6-nitro-4-oxo-1,4-dihydroquinoline-3-carboxamido)-p-hydro
     xybenzylpenicillin sodium salt having a melting point of
      244.degree.-256.degree.C. (decomp.).
PAL  Infrared absorption spectra:
PAR  .nu.KBr.sub.max cm.sup.-.sup.1 : 1770 (.beta.-lactam), 1660 (amide), 1610
      (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O): .delta.: 1.34 (6H), 4.07
      (1H), 5.34 (3H), 6.6-8.2 (aromatic 8H).
PAC  EXAMPLE 7
PAR  A mixture of 420 mg. of amoxicillin tri-hydrate, 300 mg. of anhydrous
      magnesium sulfate, 0.28 ml. of triethylamine, 10 ml. of dichloromethane,
      and 2 ml. of hexamethylphosphoramide was stirred for 1 hour at room
      temperature and magnesium sulfate was filtered off to provide a solution
      of amoxicillin triethylamine salt.
PAR  A mixture of 130 mg. of picolinic acid, 10 ml. of dichloromethane, and 0.14
      ml. of triethylamine was cooled to temperatures of from -10.degree.C. to
      -5.degree.C. and then a mixture of 0.1 ml. of ethyl chlorocarbonate and 2
      ml. of dichloromethane was added dropwise to the mixture over a period of
      10 minutes. The resultannt mixture was stirred for 15 minutes and added
      dropwise to the solution of amoxicillin triethylamine salt prepared above
      while cooling to -10.degree.C over a period of 10 minutes followed by
      stirring further for 30 minutes at temperatures of from - 10.degree.C. to
      -5.degree.C.
PAR  The reaction mixture thus obtained was concentrated under a reduced
      pressure at temperatures of lower than 20.degree.C. and the residue was
      dissolved in 20 ml. of water. When the solution thus prepared was adjusted
      to pH 3, with diluted hydrochloric acid, precipitates formed, which were
      recovered by filtration and washed with water. The solid obtained was
      dissolved in 10 ml. of a mixture of n-butanol and ethyl acetate at a
      volume ratio of 1:2 and the solution was washed with water and dried over
      anhydrous magnesium sulfate.
PAR  Thereafter, a 30% n-butanol solution of sodium 2-ethylhexanoate was added
      to the solution prepared above until no further precipitates formed. The
      precipitates formed were recovered by filtration, washed with ethyl
      acetate and dried to provide 250 mg. of
      .alpha.-(2-pyridylcarboxamido)-p-hydroxybenzylpenicillin sodium salt
      having a melting point of 211.degree.-215.degree.C. (decomp.).
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1765
      (.beta.-lactam), 1660 (amide), 1600 (carboxylate).
PAR  Nuclear magnetic resonance spectra (CD.sub.3 OD): .delta.: 1.58 (6H), 4.23
      (1H), 5.54 (2H), 5.83 (1H), 6.88 (d), 7.14 (d) (4H).
PAC  EXAMPLE 8
PAR  A mixture of 420 mg. of amoxicillin tri-hydrate, 300 mg. of anhydrous
      magnesium sulfate, 0.28 ml. of triethylamine, 10 ml. of dichloromethane,
      and 2 ml. of hexamethylphosphoramide amide was stirred for 1 hour at room
      temperature and then magnesium sulfate was filtered off to provide a
      solution of amoxicillin triethylamine salt.
PAR  A mixture of 130 mg. of 2-thiophenecarboxylic acid, 10 ml. of
      dichloromethane, and 0.14 ml. of triethylamine was cooled to temperatures
      of from -10.degree.C. to -5.degree.C. and then a mixture of 0.1 ml. of
      ethyl chlorocarbonate and 2 ml. of dichloromethane was added dropwise to
      the mixture over a period of 10 minutes. After stirring the mixture for 15
      minutes, the reaction mixture was added dropwise to the solution of
      amoxicillin triethylamine salt prepared above while cooling to
      -10.degree.C. over a period of 10 minutes and the mixture was further
      stirred for 30 minutes at temperatures of from -10.degree.C. to
      -5.degree.C.
PAR  The reaction mixture thus obtained was concentrated under reduced pressure
      at temperatures lower than 20.degree.C. and the residue was dissolved in
      20 ml. of water. The solution thus prepared was adjusted to pH 3 with
      diluted hydrochloric acid, whereby precipitates formed. The precipitates
      were recovered by filtration and washed with water. The solid obtained was
      dissolved in 10 ml. of a mixture of n-butanol and ethyl acetate of 1 : 2
      by volume ratio and the solution formed was washed with water and dried
      over anhydrous magnesium sulfate. Thereafter, a 30% n-butanol solution of
      sodium 2-ethylhexanoate was added to the aforesaid solution until no
      further precipitates formed. The precipitates formed were recovered by
      filtration and then ether was further added to the filtrate until no
      further precipitates formed. The precipitates formed were also recovered
      by filtration and combined with the precipitates recovered previously.
      They were washed with ether and dried to provide 300 mg. of
      .alpha.-(2-thienylcarboxamido)-p-hydroxybenzylpenicillin sodium salt
      having a melting point of 218.degree.-224.degree.C. (decomp.).
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1775
      (.beta.-lactam), 1665 (amide), 1610 (carboxylate).
PAC  EXAMPLE 9
PAR  A mixture of 420 mg. of amoxicillin tri-hydrate, 300 mg. of anhydrous
      magnesium sulfate, 0.28 ml. of triethylamine, 10 ml. of dichloromethane,
      and 2 ml. of hexamethylphosphoramide was stirred for 1 hour at room
      temperature and then magnesium sulfate was filtered off to provide a
      solution of amoxicillin triethylamine salt.
PAR  A mixture of 160 mg. of 2,4-dihydroxypyrimidine-5-carboxylic acid, 10 ml.
      of dichloromethane, 2 ml. of hexamethylphosphoramide, and 0.14 ml. of
      triethylamine was cooled from -10.degree.C. to -5.degree.C. and a mixture
      of 0.1 ml. of ethyl chlorocarbonate and 2 ml. of dichloromethane was added
      dropwise to the above mixture over a period of 10 minutes. After stirring
      the mixture for 15 minutes, the reaction mixture was added dropwise to the
      solution of amoxicillin triethylamine salt prepared above while cooling to
      -10.degree.C. over a period of 10 minutes. The mixture was further stirred
      for 30 minutes at temperatures of from -10.degree.C. to -5.degree.C.
PAR  The reaction mixture was concentrated under reduced pressure at
      temperatures lower than 20.degree.C. and the residue was dissolved in 20
      ml. of water. When the solution was adjusted to pH 3 with diluted
      hydrochloric acid, precipitates formed, which were recovered by filtration
      and washed with water. The solid obtained was dissolved in 10 ml. of a
      mixture of n-butanol and ethyl acetate of 1 : 2 by volume ratio and the
      solution was washed with water and dried over anhydrous magnesium sulfate.
      Thereafter, a 30% h-butanol solution of sodium 2-ethylhexanoate was added
      to the solution until no further precipitate formed. The precipitates
      formed were recovered by filtration, washed with ethyl acetate, and dried
      to provide 400 mg. of
      .alpha.-(2,4-dihydroxyprimidine-5-carboxamido)-p-hydroxybenzylpenicillin
      disodium salt having a melting point higher than 250.degree.C.
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1770
      (.beta.-lactam), 1680 (amide), 1605 (carboxylate).
PAR  Nuclear magnetic resonance spectra (CD.sub.3 OD + D.sub.6 -DMSO) .delta.:
      1.55 (6H), 4.14 (1H), 5.35-5.66 (3H), 6.78, 7.30 (4H), 8.37 (1H).
PAC  EXAMPLE 10
PAR  A mixture of 420 mg. of amoxicillin tri-hydrate, 300 mg. of anhydrous
      magnesium sulfate, 0.28 ml. of triethylamine, 10 ml. of dichloromethane,
      and 2 ml. of hexamethylphosphoramide amide was stirred for 30 minutes at
      room temperature and then magnesium sulfate was filtered off to provide a
      solution of amoxicillin triethylamine salt.
PAR  A mixture of 0.14 g. of 2-oxo-2H-pyran-5-carboxylic acid, 20 ml. of
      dichloromethane, and 0.14 ml. of triethylamine was cooled from
      -10.degree.C to -15.degree.C. and then a mixture of 0.1 ml. of ethyl
      chlorocarbonate and 2 ml. of dichloromethane was added dropwise to the
      mixture over a period of 10 minutes. After stirring the mixture further
      for 45 minutes, the reaction mixture was added dropwise to the solution of
      amoxicillin triethylamine salt prepared above at temperatures of from
      -20.degree.C. to -30.degree.C. and the mixture was stirred for 10 minutes
      at the same temperature.
PAR  The reaction mixture was concentrated under reduced pressure at low
      temperature and the residue was dissolved in 20 ml. of ice water. When the
      solution was adjusted to pH 2 with diluted hydrochloric acid, precipitates
      formed, which were recovered by filtration and washed with water. The
      precipitates were dissolved in 20 ml. of ethyl acetate and after filtering
      off insoluble materials, the filtrate was dried over anhydrous magnesium
      sulfate and then a 30% n-butanol solution of sodium 2-ethylhexanoate was
      added thereto until no further precipitates formed. The precipitates were
      recovered by filtration, washed with ethyl acetate and ether, and dried to
      provide 275 mg. of a yellow powder of
      .alpha.-(2-oxo-2H-pyran-5-carboxamido)-p-hydroxybenzylpenicillin sodium
      salt having a melting point of 214.degree.-220.degree.C. (decomp.):
PAR  Infrared resonance spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1770
      (.beta.-lactam), 1625 (ketone), 1665 (amide), 1610 (carboxylate).
PAC  EXAMPLE 11
PAR  A mixture of 1 g. of epicillin, 0.5 g. of anhydrous magnesium sulfate, 0.7
      ml. of triethylamine, 5 ml. of hexamethylphosphoramide, and 25 ml. of
      dichloromethane was stirred for 30 minutes at room temperature and then
      magnesium sulfate was filtered off to provide a dichloromethane solution
      of epicillin triethylamine salt.
PAR  The solution thus obtained was cooled to -20.degree.C. and after adding
      thereto 0.5 g. of 4-hydroxynicotinoyl chloride and 0.4 ml. of
      triethylamine, the mixture was stirred for 2 hours at the same
      temperature. Thereafter, dichloromethane was distilled off under reduced
      pressure from the reaction mixture. The residue was dissolved in 25 ml. of
      cold water, 25 ml. of a mixture of n-butanol and ethyl acetate of 1 : 5 by
      volume ratio was added to the solution in layer and after adjusting to pH
      2 with 10% hydrochloric acid and stirring the mixture, a small amount of
      insoluble materials was filtered off. The organic layer was separated,
      washed with a 5% aqueous solution of sodium chloride, and dried over
      anhydrous magnesium sulfate.
PAR  Then, a 30% n-butanol solution of sodium 2-ethylhexanoate was added to the
      organic layer until no further precipitates formed. The precipitates
      formed were recovered by filtration and reprecipitated from methanol and
      ether to provide 0.25 g. of a yellow powdery crystal sodium
      6-[D-2(4-hydroxynicotinoyl-amino)-2-(1,4-cyclohexadien-1-yl)acetamido]peni
     cillamate having a melting point of 229.degree.-232.degree.C. (decomp.).
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 3420,
      3250 (OH, NH), 1770 (.beta.-lactam), 1660 (amide), 1610 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
           1,33, 1, 41                                                         
           2.59                                                                
           4.10                                                                
           4.95                                                                
           5.40                                                                
           5.60                                                                
           5.87                                                                
           6.52                                                                
           7.77                                                                
           8.47                                                                
PAR  Preparation of the staring material:
PAR  In 4000 ml. of dichloromethane was suspended 200 g. of 4-hydroxynicotinic
      acid and then 250 ml. of triethylamine was added to the suspension at room
      temperature followed by stirring to dissolve 4-hydroxynicotinic acid. The
      solution thus obtained was cooled to -10.degree.C. and 132 ml. of thionyl
      chloride was added dropwise to the solution with stirring. After stirring
      the mixture for 2 hours at 0.degree.-5.degree.C., the crystals which had
      formed were recovered by filtration, washed with dichloromethane, and
      dried over phosphorus pentoxide under reduced pressure to provide 206 g.
      (yield 91%) of 4-hydroxynicotinoyl chloride.
PAR  Melting point 156.degree.-160.degree.C. (decomp.)
PAR  Infrared absorption spectra: .nu..sub.max.sub.KBr cm.sup.-.sup.1 : 3400
      (OH), 1770 (C=O).
PAR  Elemental analysis for C.sub.6 H.sub.4 NO.sub.2 Cl: Calculated: Cl, 22.50%.
      Found: Cl, 21.64%
PAC  EXAMPLE 12
PAR  In 20 ml. of ice water was suspended 1 g. of epicillin and while stirring
      the suspension, 2.5 ml. of 1 N-sodium hydroxide solution was added thereto
      to dissolve epicillin. While stirring the solution and cooling to
      0.degree.-5.degree.C., 0.5 g. of 4,6-dihydroxynicotinoyl acid chloride was
      added and then about 2.5 ml. of 1N-sodium hydroxide solution was added
      slowly dropwise to the mixture and the mixture was maintained at a pH of
      8-8.5 for 30 minutes. A small amount of perlite (made by Toko Perlite K.
      K.) was added to the reaction mixture and then the reaction mixture was
      filtered. The filtrate was adjusted to pH 2 with 10% hydrochloric acid and
      the crystals thus formed were recovered by filtration and washed with
      water. After drying, the crystals were dissolved in 20 ml. of isopropanol
      and then a small amount of insoluble materials were filtered off. A 30%
      n-butanol solution of sodium 2-ethylhexanoate was added to the filtrate
      until no further precipitates formed and after adding an equal amount of
      acetone and stirring the mixture, the precipitates which formed were
      recovered by filtration and washed with acetone to provide 0.65 g. of a
      white powdery crystal of disodium
      6-[D-2-(4,6-dihydroxynicotinoylamino)-2-(1,4-cyclohexadiene-1-yl)acetamido
     ]penicillanate having a melting point of 248.degree.-253.degree.C.
      (decomp.).
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.2 : 3400,
      3270 (OH, NH), 1770 (.beta.-lactam), 1660 (amide), 1610 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
           1,34, 1.43                                                          
           2.58                                                                
           4.11                                                                
           4.90                                                                
           5.39                                                                
           5.62                                                                
           5.87                                                                
           7.93                                                                
PAC  EXAMPLE 13
PAR  In 20 ml. of ice water was suspended 1g. of epicillin and while stirring
      the suspension, 2.5 ml. of 1N-sodium hydroxide solution was added thereto
      to dissolve epicillin. While stirring the solution under cooling to
      0.degree.-5.degree.C., 0.44 g. of 4-thiopyrone-3-carbonyl chloride was
      added to the solution and then 1N-sodium hydroxide solution was added
      slowly dropwise to the mixture and the mixture was maintained at a pH of
      8-8.5  for 30 minutes. Then, 20 ml. of a mixture of n-butanol and ethyl
      acetate of 1 : 2 by volume ratio was added to the reaction mixture in
      layer and while stirring the mixture, the pH was adjusted to 2 with 10%
      hydrochloric acid. The organic layer was separated, washed with water, and
      dried over anhydrous magnesium sulfate.
PAR  A 30% n-butanol solution of sodium 2-ethylhexanoate was added to the
      solution until no further precipitate formed and the precipitates were
      recovered by filtration and washed with ethyl acetate. By re-precipitating
      the precipitates from methanol and ether, 0.45 g. of light-brown powdery
      crystals of sodium
      6-[D-2-(4-thiopyrone-3-carbonylamino)-2-(1,4-cyclohexadien-1-yl)acetamido]
     penicillanate having a melting point of 215.degree.-220.degree.C. (decomp.)
      was obtained.
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 3400,
      3250 (OH, NH), 1765 (.beta.-lactam), 1660 (amide), 1600 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
           1.37, 1,43                                                          
           2.57                                                                
           4.17                                                                
           4.93                                                                
           5.44                                                                
           5.60                                                                
           5.87                                                                
           7.02                                                                
           8.02                                                                
           9.01                                                                
PAC  EXAMPLE 14
PAR  A mixture of 1 g. of epicillin, 0.5 g. of anhydrous magnesium sulfate, 0.7
      ml. of triethylamine, 5 ml. of hexamethylphosphoramide, 25 ml. of
      dichloromethane was stirred for 30 minutes at room temperature and then
      magnesium sulfate was filtered off to provide a dichloromethane solution
      of epicillin triethylamine salt.
PAR  In 10 ml. of hexamethylphosphoramide was suspended 0.48 g. of
      4-quinolone-3-carboxylic acid and then 0.4 ml. of triethylamine was added
      to the suspension to dissolve the carboxylic acid. Then, 2 ml. of a
      dichloromethane solution of 0.25 ml. of ethyl chlorocarbonate was added
      dropwise to the solution at 0.degree.-5.degree.C. and the mixture was
      stirred for one hour at the same temperature.
PAR  To the resulting solution was added dropwise the dichloromethane solution
      of epicillin triethylamine salt prepared above at temperatures of from
      -20.degree.C. to -30.degree.C. over a period of 1 hour.
PAR  The reaction mixture obtained was concentrated under reduced pressure at
      low temperature and the residue was dissolved in 50 ml. of cold water.
      When the solution was adjusted to pH 2 with 10% hydrochloric acid, the
      precipitates which had formed, which were recovered by filtration and
      extracted twice each time with 10 ml. of ethyl acetate.
PAR  The ethyl acetate extracts were combined, washed with a 5% aqueous solution
      of sodium chloride, and dried over anhydrous magnesium sulfate. Then, 1.5
      ml. of a 30% n-butanol solution of sodium ethylhexanoate was added to the
      ethyl acetate solution and after adding thereto 50 ml. of ether, the
      precipitates formed were recovered by filtration. By re-precipitating the
      precipitates from a mixture of methanol and ether, 0.55 g. of yellowish
      white powdery crystals of sodium
      6-[D-2-(4-quinolone-3-carbonylamino)-2-(1,4-cyclohexadien-1-yl)acetamido]p
     enicillanate was obtained.
PAR  Melting point 226.degree.-229.degree.C. (decomp.)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 3400,
      3250 (OH, NH), 1765 (.beta.-lactam), 1660 (amide), 1600 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
           1.37, 1.43                                                          
           2.57                                                                
           4.17                                                                
           4.93                                                                
           5.44                                                                
           5.60                                                                
           5.87                                                                
           7.1-7.5    (4H, m, aromatic ring)                                   
           8.13                                                                
PAC  EXAMPLE 15
PAR  A mixture of 1 g. of epicillin, 0.5 g. of anhydrous magnesium sulfate, 0.7
      ml. of triethylamine, 5 ml. of hexamethylphosphoruamide, and 25 ml. of
      dichloromethane was stirred for 30 minutes at room temperature, magnesium
      sulfate was filtered off to provide a dichloromethane solution of
      epicillin triethylamine salt.
PAR  A mixture of 0.31 g. of picolinic acid, 0.4 ml. of triethylamine and 30 ml.
      of dichloromethane was cooled to 0.degree.-5.degree.C. and after adding
      dropwise thereto a solution of 0.25 ml. of ethyl chlorocarbonate in 2 ml.
      of dichloromethane at the same temperature, the mixture was stirred for 1
      hour. To this solution was added dropwise a dichloromethane solution of
      epicillin triethylamine salt prepared above at temperatures of from
      -20.degree.C. to -30.degree.C. and the mixture was then stirred for 1
      hour. The reaction mixture was concentrated under reduced pressure at low
      temperature and the residue was dissolved in 50 ml. of cold water. The
      solution was adjusted to pH 2 with 10% hydrochloric acid and the
      precipitates were recovered by filtration and washed with water. The
      precipitates were dissolved in 50 ml. of a mixture of n-butanol and ethyl
      acetate of 1:4 by volume ratio and a small amount of insoluble materials
      was filtered off.
PAR  The filtrate was washed with a 5% aqueous solution of sodium chloride and
      then dried over anhydrous magnesium sulfate. Then, 1.5 ml. of a 30%
      n-butanol solution of sodium 2-ethylhexanoate was added to the filtrate
      and after adding thereto 50 ml. of ether, the precipitates which had
      formed were recovered by filtration.
PAR  By re-precipitating the precipitates from a mixture of methanol and ethyl
      acetate, 0.6 g. of white powdery crystals of sodium
      6-[D-2-(pyridine-2-carbonylamino)-2-(1,4-cyclohexadien-1-yl)acetamido]peni
     cillamate was obtained.
PAR  Melting point 199.degree.-203.degree.C. (decomp.)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 :
      3360-3400 (OH, NH), 1765 (.beta.-lactam), 1660 (amide), 1605
      (carboxylate).
PAR  Nuclear magnetic resonance spectra (CD.sub.3 OD):
TBL  .delta.:                                                                  
           1.59, 1.67                                                          
           2.77                                                                
           4.26                                                                
           5.31                                                                
           5.59                                                                
           5.67                                                                
           5.99                                                                
           7.57                                                                
           8.02                                                                
           8.14                                                                
           8.67                                                                
PAC  EXAMPLE 16
PAR  A mixture of 1 g. of epicillin, 0.5 g. of anhydrous magnesium sulfate, 0.7
      ml. of triethylamine, and 5 ml. of hexamethylphosphoramide amide, and 25
      ml. of dichloromethane was stirred for 30 minutes at room temperature and
      then magnesium sulfate was filtered off to provide a dichloromethane
      solution of epicillin triethylamine salt.
PAR  Then, a solution consisting of 0.4 g. of
      2,4-dihydroxy-pyrimidine-5-carboxylic acid, 30 ml. of dichloromethane, 10
      ml. of hexamethylphosphoramide, and 0.36 ml. of triethylamine was cooled
      to temperatures of from -10.degree.C. to -15.degree.C. and then 5 ml. of a
      dichloromethane solution of 0.24 ml. of ethyl chlorocarbonate was added
      dropwise to the solution followed by stirring for one hour at the same
      temperature. To the resulting solution was added dropwise the solution of
      the dichloromethane solution of epicillin triethylamine salt prepared
      above at temperatures of from -20.degree.C. to -30.degree.C. and the
      mixture was stirred for 1 hour.
PAR  The reaction mixture was concentrated under a reduced pressure at low
      temperature and the residue was dissolved in 50 ml. of cold water. The
      solution was adjusted to pH 2 with 10% hydrochloric acid, and the
      precipitates which had formed were extracted twice each time with 10 ml.
      of ethyl acetate. The ethylacetates extracts were combined, washed with an
      5% aqueous solution of sodium chloride, and dried over anhydrous magnesium
      sulfate. To the ethyl acetate solution was added a 30% n-butanol solution
      of sodium 2-ethylhexanoate until no further precipitate which had formed,
      and the precipitates formed were recovered by filtration. By
      re-precipitating the precipitates from a mixture of ether and methanol,
      0.36 g. of light yellow powdery crystals of sodium
      6-[D-2-(2,4-dihydroxy-pyrimidine-5-carbonylamino)-2-(1,4-cyclohexadien-1-y
     l)acetamido]penicillanate was obtained.
PAR  Melting point 230.degree.-237.degree.C. (decomp.)
PAR  Infrared absorption spectra: .nu..sub.max KBr cm.sup.-.sup.1 : 3400, 3250
      (OH, NH), 1770 (.beta.-lactam), 1660 (amide), 1605 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
           1.34, 1.43                                                          
           2.57                                                                
           4.15                                                                
           4.90                                                                
           5.40                                                                
           5.62                                                                
           5.87                                                                
           8.51                                                                
PAC  EXAMPLE 17
PAR  In 10 ml. of ice water was suspended 1 g. of epicillin and then 2N-sodium
      hydroxide solution was added to the suspension until the pH become 9,
      accompanied by stirrng to dissolve epicillin. While cooling the solution
      in a ice bath, 380 mg. of thiophene-2-carbonyl chloride was added to the
      solution and then 2 N-sodium hydroxide solution was added dropwise slowly
      to the mixture and the mixture was maintained at a pH of 8.5-9.5 for 30
      minutes.
PAR  To the reaction mixture was added 20 ml. of methyl isobutyl ketone and the
      mixture was adjusted to pH 2 with 2N-hydrochloric acid with stirring. The
      organic layer which had formed was separated and dried over anhydrous
      magnesium sulfate. To the solution was added a 30% n-butanol solution of
      sodium 2-ethylhexanoate until no further precipitates which had formed and
      the precipitates formed were recovered by filtration, washed with ether,
      and dried under reduced pressure.
PAR  Thus, 0.75 g. of light brown powdery cyrstals of sodium
      6-[D-2-(thiophene-2-carbonylamino)-2-(1,4-cyclohexadien-1-yl)-acetamido]pe
     nicillanate was obtained.
PAR  Melting point 215.degree.-220.degree.C. (decomp.)
PAL  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 3350
      (NH), 1770 (.beta.-lactam), 1660 (amide), 1620 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
       1.34, 1.39                                                              
       2.50                                                                    
       4.10                                                                    
       5.20-5.75                                                               
       6.88                                                                    
       7.37                                                                    
       7.57                                                                    
PAC  EXAMPLE 18
PAR  A mixture of 1 g. of epicillin, 0.5 g. of anhydrous magnesium sulfate, 0.7
      ml. of triethylamine, 5 ml. of hexamethylphosphoramide, and 25 ml. of
      dichloromethane was stirred for 30 minutes at room temperature and then
      magnesium sulfate was filtered off to provide a dichloromethane solution
      of epicillin triethylamine salt.
PAR  The solution was cooled to -20.degree.C, 0.4 g. of coumalyl chloride and
      0.4 ml. of triethylamine were added to the solution, and after stirring
      the mixture for 2 hours at the same temperature, dichloromethane was
      distilled off from the reaction mixture under reduced pressure.
PAR  The residue was dissolved in 25 ml. of cold water, 25 ml. of ethyl acetate
      was added to the solution in layer, and after adjusting the pH to 2 with
      10% hydrochloric acid, the ethyl acetate layer which had formed was
      separated. The ethyl acetate solution was washed with a 5% aqueous
      solution of sodium chloride and dried over anhydrous magnesium sulfate. To
      the solution was added a 30% n-butanol solution of sodium 2-ethylhexanoate
      until no further precipitates which had formed. The precipitates formed
      were recovered by filtration and re-precipitated from a mixture of
      methanol and ether to provide 0.4 g. of the light brown powdery crystal of
      sodium
      6-[D-2-(coumalylamino)-2-(1,4-cyclohexadien-1-yl)acetamido]-penicillanate.
PAR  Melting point above 300.degree.C. (decomp.).
PAR  Infrared abosprion spectra:
PAR  .nu..sub.max.sup./KBr cm.sup.-.sup.1 : 3420, 3300 (OH, NH), 1765
      (.beta.-lactam), 1660-1640 (amide), 1600 (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
           1.37, 1.43                                                          
           2.58                                                                
           4.09                                                                
           5.02                                                                
           5.41                                                                
           5.61                                                                
           5.81                                                                
           6.30                                                                
           7.82                                                                
           8.12                                                                
PAC  EXAMPLE 19
PAR  A mixture of 1 g. of epicillin, 0.5 g. of anhydrous magnesium sulfate, 0.7
      ml. of triethylamine, and 25 ml. of dichloromethane was stirred for 30
      minutes at room temperature and then magnesium sulfate was filtered off to
      provide a dichloromethane solution of epicillin triethylamine salt.
PAR  In 10 ml. of hexamethylphosphoramide amide was suspended 0.65 g. of
      1-ethyl-6-nitro-4-quinolone-3-carboxylic acid and then 0.4 ml. of
      triethylamine was added to the suspension. To the mixture was added
      dropwise 2 ml. of a dichloromethane solution of 0.25 ml. of ethyl
      chlorocarbonate at 0.degree.-5.degree.C. and the mixture was stirred for
      one hour at the same temperature. To the resulting solution was added
      dropwise the dichloromethane solution of epicillin triethylamine salt
      prepared above at temperatures of from -20.degree.C. to -30.degree.C. and
      the mixture was stirred for 1 hour. The reaction mixture was concentrated
      under reduced pressure at low temperature and the residue was dissolved in
      50 ml. of cold water. The solution was then adjusted to pH 2 with 10 %
      hydrochloric acid and the precipitates which had formed were recovered by
      filtration and washed with water. The precipitates were dissolved in 50
      ml. of a mixture of n-butanol and ethyl acetate of 1:4 by volume ratio and
      a small amount of insoluble materials were filtered off. The filtrate was
      washed with an 5% aqueous solution of sodium chloride and dried over
      anhydrous magnesium sulfate. Then, a 30% n-butanol solution of sodium
      2-ethylhexanoate was added to the filtrate until no further precipitates
      formed and after adding thereto 50 ml. of ether followed by stirring, the
      precipitates were recovered by filtration.
PAR  By re-precipitating the precipitates from a mixture of methanol and ether,
      0.45 g. of the light yellow-brown powdery crystals of sodium
      6-[D-2-(1-ethyl-6-nitro-4-quinolone-3-carbonylamino)-2-(1,4-cyclohexadien-
     1-yl)acetamido]penicillanate was obtained.
PAR  Melting point 217.degree.-220.degree.C. (decomp.)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 3400,
      3200 (OH, NH), 1770 (.beta.-lactam), 1660-1640 (amide), 1610
      (carboxylate).
PAR  Nuclear magnetic resonance spectra (D.sub.2 0):
TBL  .delta.:                                                                  
           1.22      (3H, t, CH.sub.3 --CH.sub.2 --N&lt;)                         
           1.32, 1.41                                                          
           2.57                                                                
           4.00                                                                
           4.08                                                                
           4.83                                                                
           5.38                                                                
           5.60                                                                
           5.90                                                                
           7.39                                                                
           7.94                                                                
           8.20                                                                
           8.40                                                                
PAC  EXAMPLE 20
PAR  In 20 ml. of ice water was suspended 1 g. of epicillin and then 25 ml. of 1
      -N-sodium hydroxide solution was added to the suspension with stirring to
      dissolve epicillin. After adding to the solution 0.55 g. of
      4-chloro-3-nitrobenzoyl chloride with stirring while cooling to
      0.degree.-5.degree.C., I N-sodium hydroxide solution was added dropwise
      little by little to the mixture and the mixture was maintained at a pH of
      8-8.5 for 30 minutes.
PAR  To the reaction mixture was added 30 ml. of ethyl acetate in layer and the
      pH was adjusted to 2 with 10% hydrochloric acid with stirring. The ethyl
      acetate layer was separated, washed with an 5% aqueous solution of sodium
      chloride, and dried over anhydrous magnesium sulfate.
PAR  Then, 1.5 ml. of a 30% n-butanol solution of sodium 2-ethylhexanoate was
      added to the solution and then 30 ml. of ether was added thereto. The
      white precipitates which had formed. were recovered by filtration, washed
      with ether, and dried to provide 0.95 g. of white powdery cyrstals of
      sodium
      6-[D-2-(4-chloro-3-nitro-benzoylamino)-2-(1,4-cyclohexadien-1-yl)acetamido
     ]-penicillanate.
PAR  Melting point 204.degree.-206.degree.C. (decomp.)
PAR  Infrared absorption spectra:  .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 3350
      (broad) (OH, NH), 1765 (.beta.-lactam), 1660 (amide), 1605 (carboxylate).
PAR  Nuclear magnetic resoance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
           1.35, 1.39                                                          
           2.50                                                                
           4.07                                                                
           5.12                                                                
           5.39                                                                
           5.45                                                                
           5.73                                                                
           7.30                                                                
           7.77                                                                
           8.07                                                                
PAC  EXAMPLE 21
PAR  In 10 ml. of ice water was suspended 1 g. of
      6-[D-2-amino-2-(1,4-cyclohexadien-1-yl)acetamido]penicillanic acid and
      then 2N-sodium hydroxide solution was added to the suspension until the pH
      reached 9 to dissolve the penicillanic acid. After adding to the solution
      350 mg. of furan-2-carbonyl chloride while ice-cooling, 2N-sodium
      hydroxide solution was added slowly dropwise to the solution and the
      mixture was maintained at a pH of 8.5-9.5 for 30 minutes.
PAR  To the reaction mixture was added 20 ml. of methyl isobutyl ketone and the
      mixture was adjusted to pH 2 with 2 N-hydrochloric acid with stirring. The
      organic layer was separated and dried over anhydrous magnesium sulfate. To
      the solution was added dropwise a 30% n-butanol solution of sodium
      2-ethylhexanate until no further precipitate formed. The precipitates were
      recovered by filtration, washed with ether, and dried under reduced
      pressure to provide 0.4 g. of light yellow powdery crystals of sodium
      6-[D-2-(furan-2-carbonylamino)-2-(1,4-cyclohexadien-1-yl)acetamido]penicil
     lanate.
PAR  Melting point 215.degree.-225.degree.C. (decomp.)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 3400
      (--NH), 1765 (.beta.-lactam), 1640 (amide), 1600 (carboxylate)
PAR  Nuclear magnetic resonance spectra (D.sub.2 O):
TBL  .delta.:                                                                  
         1.55, 1.62                                                            
         2.70                                                                  
         4.27                                                                  
         5.20                                                                  
         5.58-5.66                                                             
         5.95                                                                  
         6.60                                                                  
         7.23                                                                  
         7.65                                                                  
PAC  EXAMPLE 22
PAR  (a) In 30 ml. of methylene chloride were dissolved 2.26 g. of
      benzylpenicillin phenacyl ester and 2.06 ml. of N,N-dimethylaniline and
      then after adding to the solution 1.15 g. of phosphorus pentachloride at
      -25.degree.C, the mixture was stirred for 1.5 hours at the same
      temperature. Then, 20 ml. of methanol was added to the solution at the
      same temperature followed by stirring for 2.5 hours to form a solution of
      iminoether.
PAR  Separately, 1.88 g. of
      DL-p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxyamido)acetic
      acid and 0.80 ml. of N,N-dimethylaniline were dissolved in a mixture of 4
      ml. of dimethylformamide and 8 ml. of methylene chloride. After cooling
      the solutin to temperatures of from -50.degree.C. to -10.degree.C., 0.58
      ml. of ethyl chlorocarbonate was added to the solution and the mixture was
      stirred for 30 minutes to provide a solutin of a mixed acid anhydride. The
      solution was cooled to -25.degree.C. and was then added to a mixture of
      the solution of the iminoether prepared above, and 3.43 ml. of
      N,N-dimethylaniline.
PAR  After maintaining the mixture at -25.degree.C. for 2 hours, 50 ml. of water
      and 100 ml. of methylene chloride were added to the mixture and after
      shaking sufficiently the mixture, the organic layer was separated. The
      organic layer solution thus recovered was washed with an aqueous solution
      of sodium chloride, acidified with hydrochloric acid and a 5% aqueous
      solution of of sodium bicarbonate and then dried over anhydrous magnesium
      sulfate. Then, the organic solvent was distilled off under a reduced
      pressure from the reaction mixture, the oily residue obtained was
      dispersed in 100 ml. of ether to form a powder. The powder was recovered
      by filtration, washed with ether, and dried to provide 2.4 g. of
      DL-6-{p-hydroxyphenyl-.alpha.-(4-oxo-4H-thipyran-3-yl-carboxamido)acetamid
     o}-penicillanic acid phenacyl ester.
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1780
      (.beta.-lactam), 1760 (--COO--),
      ##SPC17##
PAL  1655 (amide).
PAR  Nuclear magnetic resonance spectra (D.sub.6 -DMSO):
TBL  .delta.:                                                                  
       1.54, 1.59, 1.65, 1.70                                                  
       4.44, 4.47                                                              
       5.64       (--CH.sub.2 --)                                              
       5.44-5.81                                                               
       6.74, 7.18                                                              
       7.20                                                                    
       near 7.60                                                               
       near 7.96                                                               
       8.36                                                                    
       9.22                                                                    
       9.30                                                                    
       10.61      (1H, --CONH--)                                               
PAR  Preparation of the starting material:
PAR  In a mixture of 50 ml. of water and 10 ml. of dioxane was suspended 3.0 g.
      of DL-.alpha.-amino-p-hydroxyphenylacetic acid and then 4 N-sodium
      hydroxide solution was added to the suspension to provide a solution of pH
      10-11. After cooling the solution to 0.degree.-5.degree.C. with stirring,
      3.5 g. of 4-oxo-4H-thiopyran-3-carbonyl chloride was added to the solution
      and then 4 N-sodium hydroxide solution was added to maintain the pH at
      9-10 for 3 hours. The solution was adjusted to pH 2 with 6N-hydrochloric
      acid and the brown viscous material thus liberated was successively
      extracted with 50 ml., 20 ml, and then 15 ml. of n-butanol. The extracts
      were combined, washed with an aqueous solution of sodium chloride
      acidified with hydrochloric acid, and dried over anhydrous magnesium
      sulfate. The solvent was distilled off under reduced pressure from the
      reaction mixture and a small amount of ether was added to the residue
      which was obtained to form crystals, were recovered by filtration to
      provide 4.9 g. of
      DL-p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxamido)acetic
      acid.
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1710
      (--COOH), 1640 (--CONH--).
PAR  Nuclear magnetic resonance spectra (100 MHZ, D.sub.6 -DMSO)
TBL               .vertline.                                                   
     .delta.:                                                                  
         5.38     (d, --CH--, J = 7 HZ)                                        
         6.77 7.20                                                             
         7.22                                                                  
         8.40                                                                  
         9.34                                                                  
         9.50     (1H, --COOH)                                                 
         10.59    (d, --CONH--, J = 7 HZ).                                     
PAR  b. In 30 ml. of methylene chloride were dissolved 2.26 g. of
      benzylpenicillin phenacyl ester and 2.06 ml. of N,N-dimethylaniline and
      after cooling the solution to -25.degree.C. and adding thereto 1.15 g. of
      phosphorus pentachloride, the mixture was stirred for 1.5 hours at the
      asme temperature. Then, 20 ml. of methanol was added to the mixture and
      the resultant mixture was further stirred for 2.5 hours to form an
      iminoether solution.
PAR  Separately, in a mixture of 4 ml. of dimethylformamide and 8 ml. of
      methylene chloride were dissolved 1.88 g. of
      D(-)-p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxamido)acetic
      acid and 0.08 ml. of N,N-dimethylaniline and then after further adding
      0.58 ml. of ethyl chlorocarbonate to the solution at -10.degree.C. .+-.
      3.degree.C., the mixture was stirred for 35 minutes to form a solution of
      a mixed acid anhydride. The resultant solution was cooled to -25.degree.C.
      there was added thereto 3.43 ml of N,N-dimethylaniline. The iminoether
      solution prepared above was added at once. After maintaining the mixture
      at temperature of from -20.degree.C. to -25.degree.C. for 2 hours, 30 ml.
      of water and 20 ml. of methylene chloride were added thereto. the
      resultant mixture was shaken sufficiently, and the precipitates, which
      formed were recovered by filtration.
PAR  The precipitate was identified a the starting material,
      D(-)-p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxamido)acetic
      acid, from the infrared absorption spectra and the nuclear magnetic
      resonance spectra of the authentic sample. The organic layer was
      separated, washed with an aqueous solution of sodium chloride acidified
      with hydrochloric acid and then a 5% aqueous solution of sodium
      bicarbonate followed by drying over anhydrous magnesium sulfate. The
      organic solvent was distilled off under reduced pressure and the oily
      residue was dispersed in 50 ml. of ether to form a powder. The powder was
      recovered by filtration to provide 1.6 g. of
      D(-)-6-{p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxamido)aceta
     mido}penicillanic acid phenacyl ester.
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1780
      (.beta.-lactam), 1760 (--COO--),
      ##SPC18##
PAL  1665 (amide).
PAR  Nuclear magnetic resonance spectra (D.sub.6 -DMSO ppm):
TBL  .delta.:                                                                  
         1.54, 1.65                                                            
         4.45                                                                  
         5.45-5.70                                                             
         5.65      ( --COOCH.sub.2 -- ),                                       
                   .vertline.                                                  
         5.77      (d, --CH--, J = 7HZ),                                       
         6.56, 7.25                                                            
         7.23                                                                  
         near 7.6                                                              
         near 8.0                                                              
         8.39                                                                  
         9.24      (1H, --CONH-- ),                                            
         9.34                                                                  
         10.66     (d, --CONH--, J = 7HZ).                                     
PAR  Preparation of the starting material:
PAR  In 72 ml. of a cooled aqueous solution of 2N-sodium hydroxide was dissolved
      8.0 g. of D(-)-.alpha.-amino-p-hydroxyphenylacetic acid and then 9.3 g. of
      4-oxo-4H-thiopyran-3-carbonyl chloride was slowly added to the solution at
      0.degree.-5.degree.C. over a period of about 2 hours. The mixture was
      further stirred for 30 minutes at the same temperature. The brown reaction
      mixture obtained was adjusted to pH 2 with 6N-hydrochloric acid followed
      by stirring for one hour. The resulting crystalline powder thus obtained
      was recovered by filtration, washed with water, and dried over phosphorous
      pentoxide under reduced pressure. By recrystallizing the product from
      water-containing dimethylformamide, 11.7 g. of
      D(-)-p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl carboxamido)acetic
      acid was obtained.
EQU  [.alpha.].sub.D.sup.25 = -130.5 (C = 1, dimethylsulfoxide)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1730
      (--COOH), 1630 (--CONH--).
PAR  Nuclear magnetic resonance spectra (D.sub.6 -DMSO, ppm.):
TBL                .vertline.                                                  
     .delta.:                                                                  
         5.36      (d, --CH--, J = 7HZ),                                       
         6.78, 7.20                                                            
         7.20                                                                  
         8.38                                                                  
         9.34                                                                  
         9.50      (1H, --COOH),                                               
         10.58     (d, --CONH--, J = 7HZ)                                      
PAR  c. In 2 D(-)-of dimethylformamide was dissolved 1.0 g. of
      D(-0-6-{p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl
      carboxamido)acetamido}penicillanic acid phenacyl ester and then after
      adding to the solution 425 mg. of sodium thiophenlate, the mixture was
      stirred for 2 hours at room temperature. After adding 10 ml. of ice water
      to the reaction mixture and then adjusting the pH thereof to 7 with
      6N-hydrochloric acid, the aqueous layer was extracted with 10 ml. of ethyl
      acetate. The aqueous layer was further adjusted to pH 2 with
      6N-hydrochloric acid and then extracted three times each with 10 ml. of a
      mixture of ethyl acetate and sec-butanol of 7 : 1 by volume ratio. The
      extracts were combined, washed with 20% aqueous solution of sodium
      chloride, and dried over anhydrous magnesium sulfate. The organic solvent
      solution was concentrated under reduced pressure and the oily residue was
      crystallized by adding a small amount of ethyl acetate. Then, ethylacetate
      and ether were further added thereto and the crystals which had formed
      were recovered by filtration to provide 0.6 g. of
      D(-)-6-{p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxamido)-acet
     amido}penicillanic acid.
PAR  Nuclear magnetic resonance spectra (D.sub.6 -DMSO, ppm.):
TBL  .delta.:                                                                  
         1.44, 1.58                                                            
         4.21                                                                  
         5.38-5.67                                                             
         5.78                                                                  
         6.78, 7.26                                                            
         7.22                                                                  
         8.37                                                                  
         9.18      1(H, d, NH),                                                
         9.36                                                                  
         10.65     (1H, d, J = 8HZ).                                           
PAR  The product coincided with the authentic sample obtained by the reaction of
      D(-)-.alpha.-amino-p-hydroxyphenylacetamidopenicillanic acid and
      4-oxo-4H-thiopyran-3-carbonyl chloride in thin layer chromatography,
      infrared absorption spectra, and nuclear magnetic resonance spectra.
PAC  EXAMPLE 23
PAR  In 30 ml. of methylene chloride were suspended 1.86 g. of benzylpenicillin
      potassium and 2.06 ml. of N,N-dimethylaniline and after further adding to
      the suspension 0.4 ml. of phosphorus trichloride at 0.degree.-5.degree.C.
      and stirring the mixture for 30 minutes, a clear solution was obtained.
      The solution was cooled to -25.degree.C. and after adding thereto 1.2 g.
      of phosphorus pentachloride, the mixture was stirred for 1.5 hours at the
      same temperature. Then, 20 ml. of methanol and 1.05 ml. of triethylamine
      were added dropwise to the mixture at the same temperature and the
      resultant mixture was stirred for 2.5 hours to provide an iminoether
      solution.
PAR  Separately, in a mixture of 4 ml. of dimethylformamide and 8 ml. of
      methylene chloride were dissolved 1.83 g. of
      D(-)-p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-carboxamido)acetic acid
      and 0.78 ml. of N,N-dimethylaniline and after cooling the solution to
      -5.degree.C. .+-. 5.degree.C. and adding thereto 0.58 ml. of ethyl
      chlorocarbonate, the resultant mixture was stirred for 35 minutes to
      provide a solution of a mixed acid anhydride. The solution was cooled to
      -25.degree.C. and to the solution was added the iminoether solution
      prepared above after these had been added thereto 3.43 ml. of
      dimethylaniline. After stirring the mixture for 2 hours, 30 ml. of water
      was added thereto, the mixture was sufficiently shaken, and the organic
      layer was separated. The aqueous layer was further extracted with 30 ml.
      of methylene chloride. The organic solution was combined with the extract
      and the mixture was concentrated under reduced pressure. The oily residue
      was added to a mixture of 50 ml. of a saturated solution of sodium
      bicarbonate and 30 ml. of ethyl acetate and the aqueous layer was
      separated. To the aqueous solution was added 40 ml. of a mixture of ethyl
      acetate and sec.-butanol of 7 : 1 by volume ratio in layer, the pH thereof
      was adjusted to 2 with 6N-hydrochloric acid, and then the organic layer
      was separated. The organic solution was washed with a 20% aqueous solution
      of sodium chloride, and dried over anhydrous magnesium sulfate. The
      organic solvent was distilled off under reduced pressure at temperatures
      lower than 40.degree.C. and the residue was crystallized by adding thereto
      a small amount of ethyl acetate. A mixture of ethyl acetate and ether was
      further added to the crystalline residue and then the crystals were
      recovered by filtration to provide 0.8 g. of
      D(-)-6-{p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxamido)aceta
     mido}penicillanic acid.
PAC  EXAMPLE 24
PAR  a. In 30 ml. of methylene chloride was dissolved 2.0 g. of benzylpenicillin
      phenacyl ester and after adding to the solution 1.84 ml. of
      dimethylaniline and then 1.11 g. of phosphorus pentachloride at
      -25.degree.C., the mixture was stirred for 2 hours at the same
      temperature. To the reaction mixture was added 15 ml. of methanol at
      -25.degree.C. followed by stirring for further 2 hours and then 1.51 ml.
      of dimethylaniline was added to the mixture.
PAR  Separately, 1.75 g. of D(-)-p-hydroxyphenyl-.alpha.-(4oxo-
      4H-thiopyran-3-ylcarboxamido)acetic acid was dissolved in 15 ml. of a
      mixture of dimethylformamide and methylene chloride of 1 : 1 by volume
      ratio, then 550 mg. of N-methylmorpholine was added to the solution, and
      after cooling the mixture to -5.degree.C. and adding thereto 622 mg. of
      ethyl chlorocarbonate, the mixture was stirred for 30 minutes at the same
      temperature. To the resultant mixture was added dropwise the reaction
      mixture prepared above at -25.degree.C. and the mixture was stirred for 3
      hours at the same temperature.
PAR  The reaction mixture was washed successively with 60 ml. and 40 ml of ice
      water and, washed further with a diluted aqueous solution of sodium
      bicarbonate and then water, and then an organic layer which had formed was
      separated. The organic solution was dried over anhydrous magnesium sulfate
      and the solvent was distilled off under reduced pressure. The residue was
      washed with petroleum ether and crystallized from a mixture of methylene
      chloride and ether. The crystals were recovered by filtration, washed with
      ether and dried to provide 2.15 g. of
      D(-)-6-{p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acetam
     ido}penicillanic acid phenacyl ester (hereinafter, the ester is called
      ester (A)). Furthermore, the filtrate was applied to a silica gel column
      chromatography and 166 mg. of ester (A) was obtained. The structure of the
      product determined by the infrared absorption spectra and the nuclear
      magnetic resonance spectra coincided with the structure described above.
EQU  [.alpha.].sub.D.sup.25 = +  149 (C = 1, dimethylsulfoxide)
PAR  b. In 4.8 ml. of dimethylformamide was dissolved 1.5 g. of ester (A) and
      after adding to the solution 657 mg. of sodium thiophenolate, the mixture
      was stirred for 15 minutes at room temperature. To the reaction mixture
      was added 120 ml. of acetone followed by stirring for about 10 minutes and
      white precipitates which had formed were recovered by filtration. The
      precipitates were dissolved in 50 ml. of water, the solution was adjusted
      to pH 2 with 10 % hydrochloric acid, and the white precipitates which had
      formed were recovered by filtration. The precipitates were dissolved in a
      mixture of ethyl acetate and sec-butanol of 8 : 1 by volume ratio and the
      solution was washed with water and dried over anhydrous magnesium sulfate.
      The solvent was distilled off under reduced pressure and to the residue
      thus formed there was added ether, whereby 870 mg. of white precipitates
      of D(-)-6-{p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)ace
     tamido}penicillanic acid were obtained.
PAR  The structure of the product determined by the infrared absorption spectra
      and the nuclear magnetic resonance spectra coincided with the structure
      described above.
PAC  EXAMPLE 25
PAR  In 8 ml. of a mixture of dimethylformamide and methylene chloride of 1 : 1
      by volume ratio was dissolved 1 g. of
      .alpha.-(p-hydroxyphenyl)-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acet
     ic acid and then 0.342 ml. of N-methylmorpholine was added to the solution.
      The mixture was cooled to -5.degree.C., and 0.311 ml. of ethyl
      chlorocarbonate was further added to the mixture followed by stirring for
      30 minutes.
PAR  To the reaction mixture was added 20 ml. of a methylene chloride solution
      containing 1.1 g. of 6-aminopenicillanic acid phenacyl ester at
      -30.degree.C. and the mixture was stirred for 2 hours. The reaction
      mixture was washed twice each time with an aqueous solution of sodium
      bicarbonate, water, diluted hydrochloric acid, and then water, and dried
      over anhydrous magnesium sulfate. The solvent was removed under reduced
      pressure and the residue which had formed was crystallized from a mixture
      of methylene chloride and ether to provide 1.01 g. of
      6-{.alpha.-(p-hydroxyphenyl)-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)a
     cetoamido}penicillanic acid phenacyl ester (hereinafter, the ester is
      called ester (A')).
PAR  Furthermore, by subjecting the mother liquor to a silica gel column
      chromatography, 554 mg. of ester (A') was obtained.
PAR  The structure of the product determined by the infrared absorption spectra
      and the nuclear magnetic resonance spectra coincided with the structure
      described above.
PAC  EXAMPLE 26
PAR  In a mixture of 10 ml. of water and 5 ml. of dioxane was suspended 1 g. of
      6-aminopenicillanic acid and after adjusting the pH thereof to 8.6-8.8
      with 1 N aqueous sodium hydroxide solution, the mixed acid anhydride
      prepared from 1.55 g. of
      .alpha.-(p-hydroxyphenyl)-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acet
     ic acid, 0.530 ml. of N-methylmorpholine, and 0.483 ml. of ethyl
      chlorocarbonate was added thereto at temperatures of 0.degree.-2.degree.C.
      followed by stirring for 1 hour at the same temperature.
PAR  The reaction mixture was filtered, the filtrate was adjusted to pH 2 and
      the product was extracted with 50 ml. and then 40 ml. of a mixture of
      ethyl acetate and sec-butyl alcohol of 8 : 1 by volume ratio. The extract
      thus obtained was washed twice each time with 30 ml. of water, dried over
      anhydrous magnesium sulfate, and concentrated under reduced pressure. By
      adding ether to the residue which had formed, 820 mg. of a yellowish
      powder of
      6-{.alpha.-(p-hydroxyphenyl)-.alpha.-(5-oxo-4H-thiopyran-3-ylcarboxamido)a
     cetamido}penicillanic acid (hereinafter, it is called ester (B)) was
      obtained.
PAR  By crystallizing the product from a mixture of iso-propyl alcohol and
      methylene chloride, ester (B) was obtained. The structure of the product
      determined by the infrared absorption spectra and the nuclear magnetic
      resonance spectra coincided with the aforesaid structure of ester (B).
PAC  EXAMPLE 27
PAR  In 50 ml. of isopropanol was suspended 4.7 g. of
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acetam
     ido]-penicillanic acid and then 25 ml. of water was added to the suspension
      to dissolve the penicillanic acid. To the solution was further added
      gradually 85 ml. of water with stirring at room temperature and the
      mixture was stirred, whereby a crystals were formed. Then, after further
      adding 90 ml. of water slowly to the system, the mixture was allowed to
      stand still under ice cooling to form sufficiently the crystals.
PAR  The crystals were recovered by filtration, washed with a mixture of
      isopropanol and water of 1 : 4 by volume ratio, and dried by passing air
      to provide 4.2 g. of white crystals of
      D(-)-6-[p-hydroxy-phenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)aceta
     mido]penicillanic acid di-hydrate at a yield of 83%.
PAR  Melting point about 175.degree.C. (decomp.).
EQU  [.alpha.].sub.D.sup.20 = + 148.degree. (C = 1, dimethylformamide)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1790,
      1780 (shouldler), 1745, and 1640.
PAR  Elemental analysis for C.sub.22 H.sub.21 N.sub.3 O.sub.7 S.sub.2.2H.sub.2
      O:
TBL           C         H         N       S                                    
     Calculated:                                                               
              48.97%    4.67%     7.79%   11.88%                               
     Found:   49.04%    4.43%     7.64%   11.67%                               
PAC  EXAMPLE 28
PAR  In 8 ml. of acetone containing 20% water was dissolved 2.0 g. of
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)-aceta
     mido]penicillanic acid and after adding to the solution 20 ml. of water,
      the mixture was stirred at room temperature, whereby crystals formed.
      Then, 20 ml. of water was further added to the system, the mixture was
      stirred under ice cooling to form sufficiently crystals, and the crystals
      were recovered by filtration, washed with water, and dried by passing air
      at 80.degree.C. for 5 hours to provide 1.78 g. of crystalline
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acetam
     ido]penicillanic acid di-hydrate at a yield of 83%.
PAR  Melting point about 175.degree.C. (decomp.)
EQU  [.alpha.].sub.D.sup.20 = + 149.degree. (C = 1, dimethylformamide)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1790,
      1780 (shoulder), 1745, and 1640.
PAC  EXAMPLE 29
PAR  In 6 ml of a mixture of methanol, acetone, and water of 4 : 4 : 2 by volume
      ratio was dissolved 2.0 g. of
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acetam
     ido]penicillanic acid and after adding to the solution 20 ml. of water, the
      mixture was stirred at room temperature whereby crystals formed.
PAR  Then, 20 ml. of water was further added to the system followed by stirring
      under ice cooling to form sufficiently the cyrstals. The crystals were
      recovered by filtration, washed with water, and dried by passing air for 5
      hours at 80.degree.C. to provide 1.77 g. of crystalline
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)-aceta
     mido]penicillanic acid di-hydrate at a yield of 82.6%.
PAR  Melting point about 175.degree.C. (decomp.)
EQU  [.alpha.].sub.D.sup.20 = + 147.degree.                     (C = 1,
      dimethylformamide)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBr cm.sup.-.sup.1 : 1790,
      1780 (shoulder), 1745, 1640.
PAC  EXAMPLE 30
PAR  In 5 ml. of a mixture of methanol, methylene chloride, and water of 9 : 9 :
      2 by volume ratio was dissolved 2.0 g. of
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acetam
     ido]penicillanic acid and after adding to the solution 10 ml. of water, the
      mixture was stirred at room temperature to form crystals. Then, 5 ml. of
      water was further added thereto and the mixture was stirred under ice
      cooling to form sufficiently the crystals. The crystals were recovered by
      filtration, washed with water, and dried by passing air for 5 hours at
      80.degree.C. to provide 1.96 g. of crystalline
      D(-)-6-[p-hydroxyphenyl-.alpha.-(4-oxo-4H-thiopyran-3-ylcarboxamido)acetam
     ido]penicillanic acid di-hydrate at a yield of 91%.
PAR  Melting point about 175.degree.C. (decomp.)
EQU  [.alpha.].sub.D.sup.20 = + 148.degree. (C = 1, dimethylformamide)
PAR  Infrared absorption spectra: .nu..sub.max.sup.KBR cm.sup.-.sup.1 : 1790,
      1780 (shoulder), 1745, 1640.
PAC  EXAMPLE 31
PAR  After dissolving 16.7 g. of sodium bicarbonate in 350 ml. of distilled
      water for injection, 100 g. of
      D(-)-6-{.alpha.-(p-hydroxyphenyl)-.alpha.-(4-oxo-4H-thiopyran-3-yl-carboxa
     mido)acetamido}penicillanic acid was dissolved in the solution with
      sufficient stirring. Thereafter, a small amount of distilled water for
      injection was added to make the whole volume 500 ml. The solution was
      filtered by means of a membrane filter for sterilizing. The solution was
      filled into vials 5 ml. per vial and subjected to lyophilization. Then,
      each vial was sealed tightly with a rubber stopper and then closed with an
      aluminum cap.
PAR  The product in the form of an injectable solution is prepared by dissolving
      the product in a proper amount of distilled water for injection.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. .alpha.-(4-Oxo-4H-thiopyran-3-carboxamido)-p-hydroxybenzylpenicillin and
      its pharmaceutically acceptable acid addition salts.
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ABST
PAL  This invention relates to a new, biologically active material conforming to
      the formula
      ##SPC1##
PAL  The material is formed by a process comprising displacement of the
      thiazolidine ring in Pencillin V and formation of the cephem system.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to the formation of a new biologically active
      material formed from Penicillin V.
DETD
PAC  DETAILED DESCRIPTION
PAR  The first step in the formation of the biologically active material of this
      invention is the oxidation of Penicillin V to the sulfone using a
      procedure as follows:
PAC  EXAMPLE 1
PAC  Penicillin V sulfone
PAR  A stirred, cold solution of 38.8g (.01 m) Pen VK+ in 600 ml water was
      treated by dropwise addition of a solution of 24.0g (0.14 m) of potassium
      permaganate and 16.4g (0.14 m) phosphoric acid in 600 ml cold water. The
      reaction mixture was kept cold and at pH 6.0-6.5 by addition of 6N
      potassium hydroxide. The solution was filtered and excess permanganate
      destroyed with sodium bisulfite. Cold ethyl acetate (1 l.) was added and
      the water solution acidified to pH 2 with 2N hydrochloric acid. The
      organic layer was dried and evaporated. The acid can be recrystallized
      from ethyl acetate/petroleum ether. Yield 94%; mp
      149.degree.-151.degree.C: ir (KBr) 3450, 1800, 1735, 1675, 1600, 1530,
      1325, 1240 cm.sup.-.sup.1 ; nmr (acetone-d.sub.6) .delta. 8.0 (d, 1, NH),
      7.1 (m, 5, phenyl), 6.1 (dd 1, J.sub.1 = 5, J.sub.2 = 11  Hz, H-6), 5.1
      (d, 1, J = 5Hz, H-5), 4.55 (s, 2, CH.sub.2), 4.4 (s, 1, CH), 1.5, 1.3 (s,
      6, CH.sub.3).
PAR  The next step in the procedure involves converting the sulfone to the
      isocyanate and hydrolysis of same after ozide rearrangement according to
      the following procedure.
PAC  EXAMPLE 2
PAC  3-Phenoxyacetamide-4-(1' formyl-1'-methylethylsulfonyl)-2-azetidinone.
PAR  Penicillin V sulfone (19.1g, .05 m) in 150 ml dry tetrahydrofuran was
      cooled to -5.degree.C. Pyridine (4.0 ml, .051 m) and ethyl chloroformate
      (5.0 ml, .05 m) were added and stirring continued at -5.degree.C for 1 hr.
      Sodium azide (3.28g, .05m) in 25 ml water was added dropwise. The mixture
      was stirred for 15 minutes and poured into 1500 ml ice water and 25 ml
      benzene. The water layer was extracted with benzene; the organic layer
      dried (mgSO.sub.4) and evaporated to 50 ml. The solution was heated to
      reflux with a Dean-Stark trap for 30 minutes and evaporated to give 10.8g
      of an oil.
PAR  This oil in 400 ml tetrahydrofuran was added dropwise to a mixture of 300
      ml tetrahydrofuran, 300 ml water and 2.8 concentrated hydrochloric acid at
      toom temperature. The solution was extracted with methylene chloride, the
      organic layer extracted with water, dried (MgSO.sub.4) and evaporated. The
      oil crystallized in benzene to give white crystals, 47%; mp
      118.degree.-119.degree.; [.alpha.].sup.25 D 72.7.degree. (c 0.5,
      CHCl.sub.3); ir (KBr) 3400, 1805, 1675, 1600, 1530, 1315, 1245
      cm.sup.-.sup.1 ; nmr (CDCl.sub.3) .delta. 8.6 (d, 1, NH), m at 7.1
      (aromatic and benzene solvate), 6.05 (dd, 1, J.sub.1 = 5, J.sub.2 = 11 Hz,
      H-6), 5.3 (s, 1, H-3), 4.85 (d, 1, J = 5 Hz, H-5), 4.5 (s, 2, CH.sub.2),
      1.4, 1.45 (s, 6, CH.sub.3). This compound seems to exist entirely in the
      ring-closed form since no aldehyde absorption is detectable by nmr.
PAR  The aldehyde formed above is then reduced to the corresponding alcohol as
      follows:
PAC  EXAMPLE 3
PAC  3-Phenoxyacetamide-4-(2'-hydroxy-1',1'-dimethylethylsulfonyl)-2-azetidinone
PAR  The product of example 2 (5.5g, 0.016 m) in 300 ml methanol was cooled to
      0.degree.C. A cold solution of potassium borohydride (0.43g, 0.0080 m) in
      40 ml methanol and 40 ml water was added in one portion. The solution was
      stirred for 3 minutes, 6N hydrochloric acid added to pH 2, 200 ml water
      added and extracted three times with methylene chloride and twice with
      ethyl acetate. The organic layer was washed with water, dried (Mg
      SO.sub.4) and evaporated. The oil obtained was crystallized from methylene
      chloride/benzene; 56% mp 142-144; [.alpha.].sup.25 D 28.6 (c 1,
      CHCl.sub.3); mass spectrum (70 eV) m/e 219 [M+ - SO.sub.2
      C-(CH.sub.3).sub.2 CH.sub.2 OH]; ir (KBr) 3300-3500, 1780, 1660, 1600,
      1530, 1300, 1250 cm.sup.-.sup.1, nmr (CDCl.sub.3) .delta. 8.2 (d, 1, NH),
      7.8 (s, 1, NH), m at 7.2 (5, phenyl), 5.95 (dd, 1, J.sub. 1 = 5, J.sub.2 =
      10 Hz, H-6), 5.25 (d, 1, J = 5 Hz, H-5), 4.55 (s, 2, CH.sub.2), 3.75, 3.95
      (overlapping s, 3, CH.sub.2 OH), 1.4, 1.3 (s, 6, CH.sub.3).
PAR  The next step in the process comprises formation of an a modified azetidone
      in accordance with the following procedure.
PAC  EXAMPLE 4
PAC  cis and trans (1:1)
      3-(phenoxyacetamido)-4-(2'-hydroxymethylphenylthio)-2-azetidinone
PAR  The product of example 3 (368 mg, 1.04 mm) in methylene chloride was added
      dropwise to a solution of O-mercaptobenzylalcohol (163 mg, 1.2 mm) and
      triethylamine (101 mg, 1 mm) in 40 ml methylene dichloride. The solution
      was stirred for 10 minutes, washed with KHCO.sub.3 (5% aq.), dried
      (MgSO.sub.4), and evaporated. The oil was crystallized from
      benzene/chloroform. 78%; ir (CH.sub.2 Cl.sub.2) 3300, 1755, 1690, 1540,
      1500 cm.sup.-.sup.1 ; nmr (acetone-d.sub.6) .delta. 8.7-6.9 (m, NH and
      aromatic 11), 5.75 (dd, 1/2, J.sub.1 = 5, J.sub.2 = 8 Hz, H-3 cis), 5.4 d,
      1/2  J= 5, H-4 cis), 5.2 (d, 1/2, J= 2, H.sub.4 trans). 4.9 (2s. 2,
      CH.sub.2), 4.7 (2s, 2, CH.sub.2), 4.4 (dd, 1/2, J.sub.1 =2, J.sub.2 =7 Hz,
      H.sub.3 trans), 3.7 (s, 1, OH); mp 140.degree.-142.degree.; mass spectrum
      (70 eV) m/e 358(M+).
PAR  The desired product is then formed by oxidation with dimethyl sulfoxide and
      dicyclohexylcarbodiimide as follows:
PAC  EXAMPLE 5
PAR  The product of example 4, (107 mg, 0.3 mm), dicyclohexylcarbodiimide (186
      mg, 0.9 mm), pyridine (23.7 mg, 0.3 mm), trifluoroacetic acid (17.1 mg,
      0.15 mm) and 30 ml dimethylsulfoxide (distilled from calcium hydride) were
      stirred at room temperature for 16 hrs. The solution was filtered, diluted
      with methylene chloride and washed with water to remove DMSO, dried
      (MgSO.sub.4) and evaporated. The residue was crystallized from acetone.
      20%; mp 148.degree.-150.degree.; ir (CHCl.sub.3) 3400, 1775, 1690, 1600,
      1485 cm.sup.-.sup.1 ; nmr (CDCl.sub.3, cephem numbering) .delta. 8.0-6.9
      (m, aromatic and NH), 6.0 (s, 1, H-4), 5.7 (dd, 1, J.sub.1 =5. J.sub.2 =
      8.5 Hz, H-7), 5.25 (d, 1, J = 5 Hz, H-6), 5.05 (s, 1, OH), 4.5 (s, 2,
      CH.sub.2 ).
PAR  The product of example 5 was tested for biological activity and was shown
      to be active against Diplococcus pneumoniae, 0.4; Streptococcus pyogenes,
      1.6; and Staphylococcus aureus, 6.3 (minimum inhibitory concentration in
      .mu.g/ml).
CLMS
STM  I claim:
NUM  1.
PAR  1. A biologically active material of the formula
      ##SPC2##
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ABST
PAL  5-Phenyl-2,4-benzodiazepines useful as psychotropic agents and their
      pharmaceutically acceptable salts and N-oxides, procedure for their
      production and oral dosage unit pharmaceutical compositions containing
      said agents.
BSUM
PAR  This invention relates to novel 5-phenyl -2, 4- benzodiazepines which have
      pharmacologically useful properties as psychotropic agents, to a process
      for their preparation and to compositions containing them.
PAR  Accordingly, the present invention provides compounds of formula (I):
      ##SPC1##
PAL  and salts and N-oxides thereof wherein R.sub.1 is a hydrogen or halogen
      atom or a nitro, methyl, cyano or trifluoromethyl group; R.sub.2 is a
      hydrogen or halogen atom or a nitro, methyl, cyano or trifluoromethyl
      group; R.sub.3 is a hydrogen atom or methyl group; R.sub.4 is a hydrogen
      atom or a methyl or ethyl group; and salts and N-oxides thereof.
PAR  Most suitable compounds of formula (I) include those wherein R.sub.1 and
      R.sub.2 are each a hydrogen or halogen atom or a nitro or trifluoromethyl
      group; R.sub.3 is hydrogen or methyl and R.sub.4 is hydrogen or methyl.
      Most suitably R.sub.1 is in the 7- position.
PAR  Preferred compounds of formula (I) include those wherein R.sub.3 and
      R.sub.4 are both hydrogen atoms; R.sub.1 is a fluorine, chlorine, nitro or
      trifluoromethyl group; and R.sub.2 is a hydrogen atom. Compounds of
      formula (I) include:
PA1  5-Phenyl-2,3-dihydro-1H-2,4-benzodiazepine-1-one
PA1  5-Phenyl-2,3-dihydro-1H-2,4-(7-chlorobenzodiazepine)-1-one
PA1  5-Phenyl-2,3-dihydro-1H-2,4-(7-nitrobenzodiazepine)-1-one
PA1  5-Phenyl-2,3-dihydro-1H-2-methyl-2,4-benzodiazepine-1-one
PA1  5-(3-Chlorophenyl)-2,3-dihydro-1H-2,4-benzodiazepine-1-one
PA1  5-Phenyl-2,3 -dihydro-1H-2,4-benzodiazepine-1-one-4-oxide
PA1  5-Phenyl-2,3-dihydro-1H-2,4-(7-nitrobenzodiazepine)-1-one-4-oxide
PAR  This invention also provides pharmaceutical compositions comprising a
      compound of formula (I) together with a pharmaceutically acceptable
      carrier. Such compositions may be in unit dosage forms such as tablets,
      capsules, sachets or premeasured doses to make up into injectable forms in
      standard manner.
PAR  Generally, unit dosage forms will contain from 2-100 mgs. of a compound of
      formula (I) and will normally contain from 10-50 mgs. of such a compound.
PAR  The compounds of formula (I) may be prepared by the cyclisation of a
      compound of formula (IIa)
      ##SPC2##
PA1  (IIa, X = NH.sub.2);
PA1  (iib, X = Cl, Br, etc).
PAL  And thereafter if desired, oxidizing the benzodiazepine so formed in order
      to produce the N-oxide in conventional manner.
PAR  As compounds of the formula (IIa) tend to be unstable because of their
      ability to cyclise they are preferably formed in situ from the
      corresponding compound of formula (IIb) in which X is a halogen, pseudo
      halogen or other common readily displaceable group (preferably a chlorine
      or bromine group) by reaction with ammonia. This reaction normally takes
      place in a hydroxylic solvent and the benzodiazepine may be obtained by
      treating a compound of formula (IIb) with an excess of aqueous ammonia.
PAR  The oxidation of the benzodiazepines to their N-oxides is preferably
      brought about by the action of a per-acid in conventional manner. This
      reaction may be preformed with advantage in an organic solvent such as
      chloroform.
PAR  A side product of the oxidation reaction frequently results and has been
      shown to be of the structure (III):
      ##SPC3##
PAL  Such compounds are isolatable from the reaction mixture by chromatography.
PAR  The compounds of formula (III) also form an aspect of this invention as
      they have some CNS activity.
PAR  The intermediates (IIb) may be prepared according to the following scheme:
      ##SPC4##
PAL  The reaction between the benzamide of formula (IV) and the aldehyde R.sub.3
      CHO may take place in an aqueous basic solution. The reaction is generally
      fairly slow and often requires heating to reflux for a long period for
      example, 15-36 hours. Reactions with acetaldehyde are less easy than those
      with formaldehyde.
PAR  The production of a compound of formula (IIb) from the alcohol occurs in
      (V) under conventional conditions.
PAR  It is believed that the valuable intermediates of formula (II) are novel
      compounds and as such, they form an aspect of the present invention.
PAR  The following Examples serve to illustrate the invention:
DETD
PAC  EXAMPLE 1 5-Phenyl-2,3-dihydro-1H-2,4-benzodiazepine-1-one
PAR  a. N-Hydroxymethyl-(2-benzoyl)benzamide
PAR  A mixture of 2.25g. (0.01 mole) of o-benzoylbenzamide, 4 ml. of aqueous
      formaldehyde solution (38%), 4 ml. of ethanol and 4 ml. of a solution of
      1g. K.sub.2 CO.sub.3 in 35 ml. water was refluxed for 20 hours. It was
      then allowed to cool and the crystalline product was filtered off and
      washed with water to yield 2.2g. (85%) of analytically pure material, m.p.
      166/8.degree.C.
PAR  b. N-Chloromethyl-(2-benzoyl)benzamide
PAR  To 1g. (0.004 mole) of the benzamide 0.5 ml. of thionyl chloride was added
      drop-wise while external cooling and stirring were applied. The
      crystalline starting material turned into a yellowish oil, which
      resolidified when stirring was continued. 10 ml. of methylcyclohexane were
      added and the mixture was left overnight under stirring. The crystals were
      filtered off and washed with methylcyclohexane to yield 1.05g. (95%) of
      the desired product, m.p. 136/8.degree.C.
PAR  c. 5-Phenyl-2,3-dihydro-1H-2,4-benzodiazepine-1-one
PAR  To a cooled and stirred solution 20g. (0.073 mole) of the chloromethyl
      derivative in 300 ml. of dioxan was added 400 ml. of 25% aqueous ammonia.
      The mixture was stirred at room temperature for 2 days and the solvents
      evaporated off under low pressure. The resulting oily residue was
      dissolved in ethyl acetate and washed with water. The organic layer was
      dried (MgSO.sub.4) and the solvent then removed under reduced pressure.
      The resulting oil was taken up in a little chloroform and chromatographed
      on a silical gel column (200g. HF 254) using chloroform as eluant. The
      major quantities of product were in fractions 9, 10 and 11 (150 ml. per
      fraction). Evaporation of the solvent under reduced pressure yielded a
      solid which on recrystallization from ethylacetate, yielded 2.05g. (12%)
      of 5-phenyl-2,3-dihydro-1H-2,4-benzodiazepine-1-one. m.p. 215.degree.C.
PAC  EXAMPLE 2 5-Phenyl-2,3-Dihydro-1H-2,4-Benzodiazepine-1-one-4-Oxide
PAR  To a stirred solution of 0.83g. (0.004 mole) of 5-phenyl-2,
      3-dihydro-1H-2,4-benzodiazepine-1-one in 50 ml. of dry chloroform was
      added 0.85g. of m-chloroperbenzoic acid. After 20 hours of additional
      stirring at room temperature, the reaction mixture was successively washed
      with 20 ml. of a 5% potassium carbonate solution and water, dried over
      magnesium sulphate and evaporated to dryness at reduced pressure to leave
      a residue consisting of a yellowish oil. Chromatography over a silica gel
      (HF 254) column (30g.) yielded 0.1g. (10%) of the oxaziridine derivative
      (V; R.sub.1 -R.sub.6 = H) using a mixture of equal parts of chloroform and
      benzene as eluant. This compound was isolated from fractions 8-9-10 (75
      ml. per fraction), m.p. 180.degree.C (ex. benzene). Further elution with
      chloroform was of no avail. On elution with ethyl acetate, the 0.4g. of
      the corresponding N-oxide was obtained (40%), m.p. 216/7.degree.C.
      Recrystallization of the N-oxide from benzene yielded colourless crystals
      (which also contained 2 moles of benzene) of 5-phenyl-2,3-dihydro-1H-2,4
      -benzodiazepine-1-one-4-oxide, m.p. 102/3.degree.C.
PAC  EXAMPLE 3. 5-Phenyl-2,3-dihydro-1H-2,4-(7-chlorobenzodiazepine)-1-one
PAR  a. N-Hydroxymethyl-[2-(4.chloro)benzoyl]benzamide
PAR  This compound was prepared in a manner exactly analogous to that described
      in Example 1a. The melting point of the compound was 214.degree.C.
PAR  b. N-chloromethyl-[2-(4-chloro)benzoyl]benzamide
PAR  This compound was prepared in a manner exactly analogous to that described
      in Example 1b. but was not isolated instead used in situ.
PAR  c. 5-Phenyl-2,3-dihydro-1H-2,4-(7-chlorobenzodiazepine)-1-one
PAR  This compound was prepared in a manner exactly analogous to that described
      in Example 1c. The melting point of the compound was 139.degree.C.
PAR  d. Pharmacology
PAR  The title compound was active on standard tests as follows:
PA1  Anti-metrazol Convulsions:  ED.sub.50 = 1.5mg/kg
PA1  Maximal Electro Shock:  40% effect at 25mg/kg
PA1  Irwin Profile:  Depression at 25mg/kg
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula (I):
      ##SPC5##
PAL  or a pharmaceutically acceptable salt or N-oxide thereof wherein R.sub.1 is
      a hydrogen or halogen atom or a nitro, methyl, cyano or trifluoromethyl
      group; R.sub.2 is a hydrogen or halogen atom or a nitro, methyl, cyano or
      trifluoromethyl group; R.sub.3 is a hydrogen atom or a methyl group;
      R.sub.4 is a hydrogen atom or a methyl or ethyl group.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 is a hydrogen or halogen
      atom or a nitro or trifluoromethyl group; R.sub.2 is a hydrogen or halogen
      atom or a nitro or trifluoromethyl group; and R.sub.4 is a hydrogen atom
      or methyl group.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sub.1 is in the 7-position.
NUM  4.
PAR  4. A compound of the formula
      ##SPC6##
PAL  wherein R.sub.1 is a fluorine, chlorine, nitro or trifluoromethyl group, or
      a pharmaceutically acceptable acid addition salt or N-oxide thereof.
NUM  5.
PAR  5. 5-Phenyl-2,3-dihydro-1H-2,4-benzodiazepine-1-one or a pharmaceutically
      acceptable acid addition salt.
NUM  6.
PAR  6. 5-Phenyl-2,3-dihydro-1H-2,4-benzodiazepine-1-one-4-oxide.
NUM  7.
PAR  7. 5-Phenyl-2,3-dihydro-1H-2,4-(7-chlorobenzodiazepine)-1-one or a
      pharmaceutically acceptable acid addition salt.
NUM  8.
PAR  8. 5-Phenyl-2,3-dihydro-1H-2,4-(7-chlorobenzodiazepine)-1-one-4-oxide.
NUM  9.
PAR  9. 5-Phenyl-2,3-dihydro-1H-2,4-(7-nitrobenzodiazepine)-1-one or a
      pharmaceutically acceptable acid addition salt.
NUM  10.
PAR  10. 5-Phenyl-2,3-dihydro-1H-2,4-(7-nitrobenzodiazepine)-1-one.
PATN
WKU  039391531
SRC  5
APN  4962583
APT  1
ART  121
APD  19740809
TTL  Process for producing caprolactam
ISD  19760217
NCL  8
ECL  1
EXA  Bond; Robert T.
EXP  Jiles; Henry R.
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NFG  1
INVT
NAM  Fowler; Frank C.
CTY  Kansas City
STA  MO
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PAL  A non-catalytic method is provided for depolymerizing nylon-6 to produce
      e-caprolactam. The nylon, as a melt is continuously fed to a reaction zone
      together with superheated steam and undecomposed polymer melt is
      continuously withdrawn from the reaction zone together with steam and
      polymer decomposition products. Caprolactam is recovered from the polymer
      decomposition products.
BSUM
PAR  This invention relates to the production of e-caprolactam by the
      non-catalytic depolymerization of nylon-6.
PAR  Nylon-6, a linear polyamide made by the polymerization of e-caprolactam, is
      used extensively in the manufacture of molded articles, films and fibers.
      During the fabrication of useful products from nylon-6, waste or scrap
      polymer is produced as an unavoidable by-product of the manufacturing
      process.
PAR  To minimize the cost of waste or scrap polymer, depolymerization processes
      have been developed for conversion of the nylon-6 to its constituent
      monomer by depolymerization with steam in the presence of phosphoric acid.
      The phosphoric acid is generally termed a "catalyst" in the system but it
      is known that it is consumed during the reaction and produces
      phosphorus-containing by-products which must be removed before the
      caprolactam product is suitable for polymerization.
PAR  In addition, the presence of phosphoric acid in the system creates
      corrosion problems unless expensive corrosion-proof equipment is used.
PAR  Bonfield et al. U.S. Pat. No. 3,182,055, issued May 4, 1965, relates to a
      method of depolymerizing nylon-6 with steam in the presence of a lesser
      amount of phosphoric acid than the amount which had previously been used.
      In order to operate with less phosphoric acid than had previously been
      considered essential, the Bonfield et al. process utilizes a preformed
      pool of polymer melt which is maintained in the reactor while polymer melt
      and steam are continuously supplied and steam and e-caprolactam are
      continuously withdrawn.
PAR  Reduction of the amount of phosphoric acid, in the Bonfield et al. process,
      reduces but does not eliminate the adverse effects of phosphoric acid on
      the products of the process. In addition, the process is continuous only
      for a limited period and must be discontinued as unreactable residual
      products accumulate in the pool of polymer melt and fill the vessel.
PAR  In accordance with the present invention there is provided a process for
      producing e-caprolactam from a polymer thereof which comprises
      continuously introducing into a reaction zone a melt of said polymer,
      continuously introducing high temperature steam into said reaction zone as
      the sole deploymerizing agent therein, continuously withdrawing from said
      reaction zone, steam, polymer degradation products and undecomposed
      polymer melt, maintaining said reaction zone at a temperature of at least
      about 600.degree.F. and recovering e-caprolactam from said polymer
      degradation products as a product of said process.
PAR  Preferably, the temperature of the polymer melt introduced into the
      reaction zone is in the range from about 450.degree. to about
      600.degree.F.; and the steam is introduced at a temperature in the range
      from about 750.degree. to about 1350.degree.F. The steam is preferably
      introduced into the reaction in amounts from about 2 to 10 times the
      weight of the polymer melt introduced.
PAR  In the preferred system the polymer melt is injected into a stream of
      superheated steam and a combined stream of polymer melt and steam is
      introduced into one end of an elongated reaction zone while a combined
      stream of undecomposed polymer melt, steam, and polymer degradation
      products is withdrawn at the opposite end of the zone. The
      depolymerization reaction is endothermic and the entrance end of the
      reaction is generally at a higher temperature than the exit end unless
      heat is added to the reaction zone from an external source. The average
      temperature in the reaction zone is generally in the range from about
      650.degree. to about 1250.degree.F.
PAR  The elongated reaction zone is generally tubular and the combined stream of
      polymer melt and steam generally passes through the reaction zone with the
      melt flowing as a film along the inner tubular walls. The average
      residence time for the polymer melt in the reaction zone is from about 1/2
      minute to about 10 minutes.
PAR  From the reaction zone the products, including undecomposed polymer melt,
      polymer degradation products and steam, are passed into a first
      fractionation column in which a bottoms fraction comprising undecomposed
      polymer melt and high boiling decomposition products is withdrawn for
      recycling to the reacton zone; and an overhead fraction comprising
      e-caprolactam and steam is withdrawn for the recovery of e-caprolactam
      therefrom.
PAR  The invention may be more readily understood from the drawing which is a
      semi-schematic flow diagram of the process of the invention.
PAR  As shown in the drawing, steam from an external source is passed through
      line 11 into and through superheater which raises its temperature to about
      776.degree.F. at a pressure of about 115 psia. Scrap nylon 6 in hopper 13
      is passed through comminutor 14 which breaks or cuts the scrap polymer
      into pieces small enough to be melted easily. The comminuted scrap is then
      passed into melt tank 16 in which the scrap is melted and heated to a
      temperature of about 600.degree.F. at which temperature it is sufficiently
      fluent to flow without difficulty.
PAR  The superheated steam in line 11 is passed through ejector 17 as a high
      velocity stream and melted nylon is drawn into the ejector through line
      18, the steam and nylon melt leaving the ejector as a combined stream in
      line 19 at a temperature of about 700.degree.F. and passing into one end
      of tubular, elongated reactor 21.
PAR  In the reactor, the nylon-6 is partially decomposed and the endothermic
      decomposition reaction reduces the temperature of the material therein to
      about 650.degree.F. at the point of emergence from the reactor. Typically,
      the average residence time for the nylon melt in the reactor is from about
      one to about 40 minutes and the average residence time for steam in the
      reactor is from about 0.01 to about ten seconds.
PAR  Steam and a nylon melt decomposition product pass out of reactor 21 as a
      combined stream in line 22; and the stream is introduced into nylon column
      23 at a midpoint thereof for distillation therein. In the nylon column,
      low boiling constituents, including steam and nylon decomposition
      products, pass overhead in vapor phase through line 24 and condenser 25,
      with a portion of the decomposition products being reliquefied in the
      latter and recycled to the nylon column through line 26. The remainder of
      the vaporized product is passed through line 27 into monomer column 28 at
      an upper portion thereof for distillation therein.
PAR  In the monomer column distillation is carried out at subatmospheric
      pressure with steam passing overhead through line 29 to condenser 31 in
      which it is condensed. The condensate is passed to collection vessel 32
      from which water is withdrawn from the system through line 33. A portion
      of the condensed water is recycled to the monomer column through line 34
      for refluxing. Ejector 36, into which steam is introduced through line 37
      serves as a means for maintaining a subatmospheric pressure in the monomer
      column.
PAR  Higher boiling materials, consisting primarily of unconverted polymer and
      byproduct oligomers, are withdrawn from the nylon column through line 38
      at a temperature of about 600.degree.F. and introduced into melt tank 16
      to be blended therein with fresh polymer and then fed back into the system
      through line 18, as discused above. A small amount of melt from tank 16 is
      withdrawn, continuously or periodically, through line 39 to prevent
      excessive buildup of intractable materials.
PAR  The higher builing material in the monomer column, consisting substantially
      entirely of e-caprolactam in liquid phase is withdrawn through line 41,
      partially cooled in heat exchanger 42 and passed to flaker 43 in which the
      monomer is solidified on the surface of cooled, rotating, horizontally
      disposed cylinder 44 and is scraped off in flake form by doctor blade 46
      for removal from the system as the product thereof.
PAR  In a typical system having a capacity of about one million pounds per year
      based on operations 250 days per year and seven hours per day, steam is
      fed to the superheater at 2884 pounds per hour and fresh nylon-6 polymer
      at 600 pounds per hour. In this typical system about 20% of the nylon-6
      passing through the reactor is depolymerized to e-caprolactam and the
      remainder, about 2284 pounds per hour is recycled to the melt tank from
      the bottom of the nylon column, as described above, About 200 pounds per
      day of material is discharged from the melt tank to prevent buildup of
      intractably byproducts.
PAR  In the typical system described, the monomer column is operated at an
      absolute pressure of about 50 millimeters of mercury and at an average
      temperature of about 320.degree.F. The water discharged from the
      collection vessel is about 2884 pounds per hour; and the caprolactam
      recovered as the product of the process is about 571 pounds per hour.
PAR  The process described above provides the production of e-caprolactam from
      nylon-6 without the use of phosphoric acid or other catalysts. As a
      result, corrosion problems in the reactor and accessory equipment are
      substantially eliminated and the necessity for purifying the monomer
      product of phosphorus-containing byproducts is completely eliminated. The
      monomer recovered from the process is equivalent in quality to virgin
      e-caprolactam.
PAR  The invention has been described with respect to a specific embodiment but
      it will be understood by those skilled in the art that modifications may
      be without departing from the essence of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing e-caprolactam from a polymer thereof which
      comprises continuously introducing into a reaction zone a melt of said
      polymer, continuously introducing high temperature steam into said
      reaction zone as the sole depolymerizing agent therein, continuously
      withdrawing from said reaction zone, steam, polymer degradation products
      and undecomposed polymer melt, maintaining said reaction zone at a
      temperature of at least about 600.degree.F. and recovering e-caprolactam
      from said polymer degradation products as a product of said process.
NUM  2.
PAR  2. The process of claim 1 wherein said polymer melt is introduced into said
      reaction zone at a temperature between about 450.degree. and about
      600.degree.F. and steam is introduced into said reaction zone at a
      temperature between about 750.degree. and about 1300.degree.F. and said
      reaction zone is at an average temperature between about 650.degree. and
      about 1250.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein said steam is supplied to said reaction
      zone in an amount between about 2 and about 10 times the weight of the
      polymer melt supplied thereto.
NUM  4.
PAR  4. The process of claim 3 wherein said polymer melt is injected into a
      stream of said steam and wherein said steam and polymer melt are
      introduced into said reaction zone as a combined stream.
NUM  5.
PAR  5. The process of claim 1 wherein the average residence time of said
      polymer melt in said reaction zone is from about 1/2 minute to about 10
      minutes.
NUM  6.
PAR  6. The process of claim 1 wherein at least a portion of said undecomposed
      polymer melt is recycled to said reaction zone.
NUM  7.
PAR  7. The process of claim 6 wherein at least a portion of said polymer
      degradation products is recycled to said reaction zone after removal of at
      least a portion of the 3-caprolactam therein.
NUM  8.
PAR  8. A process for producing e-caprolactam from a polymer thereof which
      comprises maintaining a melt of said polymer at a temperature between
      about 400.degree. and about 600.degree.F., continuously injecting a
      portion of said melt into a stream of steam heated to between about
      750.degree. and about 1000.degree.F. in a weight ratio between about 1/10
      to about 1/2 pounds of melt to one pound of steam to produce a combined
      stream of polymer melt and steam, continuously introducing said combined
      stream into an elongated reaction zone, said steam being the sole
      depolymerizing agent in said zone, maintaining said reaction zone at an
      average temperature between about 650.degree. and about 1250.degree.F.,
      maintaining said polymer melt in said reaction zone for an average
      residence time between about 1/2 minute and about 10 minutes, continuously
      withdrawing from said reaction zone, steam, polymer degradation products
      and undecomposed polymer melt, recovering e-caprolactam from said polymer
      degradation products and recycling to said reaction zone at least a
      portion of said undecomposed polymer melt and at least a portion of said
      polymer degradation products from which said e-caprolactam has been
      removed.
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ABST
PAL  The invention relates to optical brightening agents.
BSUM
PAR  According to the invention, there are provided compounds of formula I,
      ##SPC1##
PAL  in which either
PA1  R.sub.2 and R.sub.3, which may be the same or different, each signifies a
      hydrogen atom, a halogen atom, an alkyl radical of 1 to 4 carbon atoms, an
      alkoxy radical of 1 to 4 carbon atoms, a cyano radical or a sulphonic acid
      group, and
PA1  R.sub.1 signifies a halogen atom, an alkyl radical of 1 to 4 carbon atoms,
      an alkoxy radical of 1 to 4 carbon atoms, a cyano radical, a sulphonic
      acid group or a phenyl radical, or
PA1  R.sub.1 and R.sub.2, together, form a methylenedioxy group, R.sub.3 being
      as defined above,
PA1  R.sub.4 signifies a hydrogen atom, or an alkyl radical of 1 to 4 carbon
      atoms.
PA1  R.sub.5 signifies a hydrogen atom, a halogen atom, an alkyl radical of 1 to
      4 carbon atoms or an alkoxy radical of 1 to 4 carbon atoms,
PA1  R.sub.6 signifies a hydrogen atom, an alkyl radical of 1 to 4 carbon atoms,
      an unsubstituted phenyl radical or a phenyl radical substituted by a
      chlorine atom, an alkyl radical of 1 to 4 carbon atoms or a sulphonic acid
      group, and
PA1  A signifies a phenylene radical or an alkylene chain of 1 to 4 carbon
      atoms, unsubstituted or substituted by an alkyl radical of 1 to 4 carbon
      atoms,
PAL  Which compounds may be in free acid or salt form, and the use thereof in
      dyeing fibrous substrates, particularly of natural or synthetic polyamide
      fibres.
PA1  R.sub.4 signifies a hydrogen atom, or an alkyl radical of 1 to 4 carbon
      atoms.
PA1  R.sub.5 signifies a hydrogen atom, a halogen atom, an alkyl radical or 1 to
      4 carbon atoms or an alkoxy radical of 1 to 4 carbon atoms,
PA1  R.sub.6 signifies a hydrogen atom, an alkyl radical of 1 to 4 carbon atoms,
      an unsubstituted phenyl radical or a phenyl radical substituted by a
      chlorine atom, an alkyl radical of 1 to 4 carbon atoms or a sulphonic acid
      group, and
PA1  A signifies a phenylene radical or an alkylene chain of 1 to 4 carbon
      atoms, unsubstituted or substituted by an alkyl radical of 1 to 4 carbon
      atoms,
PAL  Which compounds may be in free acid or salt form.
PAR  The invention also provides a process for the production of compounds of
      formula I, characterised by
PAR  (A) REACTING A COMPOUND OF FORMULA II,
      ##SPC2##
PA1  in which R.sub.1, R.sub.2, R.sub.3 and R.sub.6 are as defined above, with a
      compound of formula III,
      ##SPC3##
PA1  in which R.sub.4 R.sub.5 and A are as defined above,
PAR  (B) REACTING A COMPOUND OF FORMULA IV,
      ##SPC4##
PA1  in which R.sub.1, R.sub.2, R.sub.3, R.sub.5 and R.sub.6 are as defined
      above,
PAL  With a compound of formula V,
EQU  R.sub.4 NHASO.sub.3 H
PA1  in which R.sub.4 and A are as defined sbove,
PAR  (C) REACTING A COMPOUND OF FORMULA VI,
      ##SPC5##
PA1  in which R.sub.1, R.sub.2, R.sub.3 and R.sub.6 are as defined above, with a
      compound of formula III, stated above,
PAR  (D) OBTAINING A COMPOUND OF FORMULA Ia,
      ##SPC6##
PA1  In which R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are as
      defined above, and
PA1  A' signifies
      ##EQU1##
        in which R.sub.7 signifies a hydrogen atom, or an alkyl radical of 1 to
      4 carbon atoms.
PAL  by reacting a compound of formula VII,
      ##SPC7##
PA1  in which R.sub.1, R.sub.2, R.sub.3  R.sub.4 are as defined above, with a
      compound of formula VIII,
EQU  MX'SO.sub.3                                                VIII
PA1  in which M signifies an alkali metal, and a compound of formula IX,
EQU  R.sub.7 CHO                                                IX
PA1  in which R.sub.7 is as defined above, and
PA1  one of X and X' signifies a hydrogen atom, the other signifies an alkali
      metal,
PAR  (e) obtaining a compound of formula Ib,
      ##SPC8##
PA1  in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are as
      defined above, and
PA1  A" signifies an alkylene chain of 3 chain carbon atoms, which is
      unsubstituted or substituted by an alkyl radical of 1 to 4 carbon atoms,
PAL  by reacting a compound of formula X,
      ##SPC9##
PA1  in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6 and M are as
      defined above,
PAL  with a compound of formula XI,
      ##EQU2##
      in which A" is as defined above, or
PAR  (f) obtaining a compound of formula Ic,
      ##SPC10##
PA1  in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and A are as defined
      above,
PAL  by reacting a compound of formula XII
      ##SPC11##
PAL  in which
PA1  R.sub.1, r.sub.2 and R.sub.3 are as defined above, and either R.sub.9 and
      R.sub.10, which may be the same or different, each signifies a hydrogen
      atom or an alkyl radical of 1 to 6 carbon atoms, or
PA1  R.sub.9 and R.sub.10 are joined to form, together with the nitrogen atom to
      which they are attached, a heterocyclic ring which optionally contains a
      further hetero atom to the nitrogen atom,
PAL  with a compound of formula III, stated above.
PAR  In the above process, the reagents involved, which are shown to be in free
      acid form, e.g. compounds of formulae III and V may, of course, be in salt
      form.
PAR  Process (a) is conveniently carried out by reacting the compounds of
      formula II with the compound of formula III in water, a water-miscible
      solvent or a mixture thereof. A suitable reaction temperature is from
      20.degree. to 200.degree.C, preferably at 70.degree. to 110.degree.C. A
      suitable reaction time is from 1 to 12 hours. Suitable solvents include
      methanol, ethanol, isopropanol, cellosolve, acetic acid, dimethyl
      formamide, dioxan or pyridine.
PAR  Process (b) is conveniently carried out by adding the compound of formula
      IV, in a water-miscible solvent, to the compound of formula V and carrying
      out the reaction in the solvent or in a mixture of the solvent and water.
      The solvent may, for example, be dimethylformamide, dioxan or pyridine. A
      suitable reaction time is from 1 to 12 hours. The reaction is preferably
      carried out at a temperature of from 0.degree. to 50.degree.C, preferably
      20.degree. to 30.degree.C and preferably at a pH of from 5 to 9.
PAR  Process (c) is conveniently carried out by reacting the compounds of
      formula VI with the compound of formula III in a water-miscible organic
      solvent. A suitable reaction temperature is from 20.degree. to
      150.degree.C, preferably from 60.degree. to 110.degree.C. As Examples of
      solvents may be given methanol, ethanol, isopropanol, cellosolve and
      dioxan. The reaction time is conveniently from 1 to 12 hours. The reaction
      is preferably carried out at a pH of from 1 to 3.
PAR  Process (d) is conveniently carried out by reacting the compounds of
      formulae VII, VIII and IX in water, a water-miscible solvent or a mixture
      thereof. A suitable reaction temperature is from 20.degree. to
      150.degree.C, preferably from 80.degree. to 110.degree.C. As examples of
      solvents may be given methanol, ethanol, isopropanol, cellosolve,
      dimethylformamide and dioxan. A suitable reaction time is from 1/2 to 5
      hours.
PAR  Process (e) is conveniently carried out by reacting the compounds of
      formulae X and XI, either alone or in a solvent. A suitable reaction
      temperature is from 60.degree. to 150.degree.C, preferably from 80.degree.
      to 110.degree.C. As examples of solvents may be given acetone, dioxan and
      toluene. A suitable reaction time is from 1 to 16 hours.
PAR  Process (f) is conveniently carried out by reacting the compounds of
      formulae XII and III in a water-miscible solvent, with or without addition
      of water, at a temperature of from 20.degree. to 200.degree.C, preferably
      from 60.degree. to 110.degree.C. As examples of solvents may be given
      methanol, ethanol, isopropanol, cellosolve and dioxan. A suitable reaction
      time is from 1 to 12 hours. The reaction is preferably carried out at a pH
      of from 7 to 9.
PAR  The resulting compounds of formula I may be isolated and purified using
      conventional techniques.
PAR  The preferred salt forms of the compounds of formula I are the alkali metal
      and ammonium salt forms, the sodium salt form being most preferred.
PAR  As examples of other salt forms may be given the salts formed with cations
      of formula R.sub.11 R.sub.12 R.sub.13 N.sup.+H, in which R.sub.11,
      R.sub.12 and R.sub.13, independently, signify hydrogen or an alkyl radical
      of 1 to 4 carbon atoms, unsubstituted or substituted by 1 to 2, preferably
      1, hydroxy group, at least one of R.sub.11, R.sub.12 and R.sub.13
      signifying other than hydrogen. As examples may be given the mono-, di-
      and tri-ethanolamine and mono-, di- and tri-isopropanolamine salt forms.
      The salt forms are obtained in conventional manner from the free acid
      forms and vice versa and, as will be appreciated, the salt forms are
      interconvertible in known manner.
PAR  In the compounds of formula I, any alkyl or alkoxy radical may, for
      example, be a methyl, ethyl, isopropyl, tert-butyl or methoxy, ethoxy,
      isopropoxy or tert-butoxy radical, the preferred such radicals being
      methyl, ethyl, methoxy or ethoxy. Any halogen atom may be chlorine,
      bromine, or fluorine, chlorine and fluorine being preferred, chlorine most
      preferred.
PAR  The preferred compounds of formula I are those of formula I',
      ##SPC12##
PAL  in which
PA1  R.sub.2' and R.sub.3', which may be the same or different, each signify a
      hydrogen atom, a chlorine atom or a methyl radical,
PA1  R'.sub.1 signifies a chlorine atom or a methyl radical,
PA1  R'.sub.4 signifies a hydrogen atom or a methyl radical, and
PA1  n signifies 1, 2 or 3,
PAL  which compounds are in free acid or salt form.
PAR  In the preferred compounds of formula I', the 4-position of the 3-phenyl
      radical is unsubstituted or substituted by chlorine.
PAR  Still more preferred compounds of formula I are those of formula I",
      ##SPC13##
PAL  in which either R".sub.2 and R".sub.3 both signify hydrogen atoms, or
PA1  R".sub.2 signifies a chlorine atom, and
PA1  R.sub.3 " signifies a methyl radical, and
PA1  R.sub.4' is as defined above,
PAL  which compounds are in free acid or salt form.
PAR  The compounds of formula I are useful as optical brightening agents, giving
      good results on natural or synthetic polyamide fibres, particularly on
      nylon 6 or nylon 6,6 fibres. Thus the invention also provides a process
      for optically brightening a fibrous substrate, preferably of natural or
      synthetic polyamide fibres, particularly nylon 6 or nylon 6,6 fibres,
      comprising applying thereto, as brightening agent, a compound of formula
      I.
PAR  The compounds of formula I may be applied to the polyamide fibres, which
      may be, for example, in yarn, non-woven, woven or knitted form, in
      conventional manner, for example by the so-called "thermosol" application
      method, (Gunn and Nightingale "Cotton and Man-Made Fibres Year Book"
      1966-67, p. 410).
PAR  In such process the compounds are applied in amount of from 0.01% to 0.7%,
      preferably 0.05% to 0.3% based on the weight of substrate. The substrate
      is padded with liquor at a temperature of from 0.degree. to 60.degree.C,
      preferably 10.degree. to 50.degree.C at a pick-up of from 20 to 120%,
      preferably 40 to 90%, the liquor containing such additives as surfactants
      and formic acid etc. as desired. The subsequent heat treatment applied for
      5 to 120 secs, preferably 15 to 60 secs, the temperature being 140.degree.
      to 190.degree.C, preferably 160.degree. to 185.degree.C, for nylon 6 and
      140.degree. to 220.degree.C, preferably 170.degree. to 200.degree.C for
      nylon 6,6.
PAR  The compounds give notably bright effects when applied by this method.
      Other methods include the so-called "acid flash" procedure and exhaust,
      acid or neutral bath, methods.
PAR  The following Examples, in which all parts and percentages are by weight
      and all temperatures are in degrees centigrade, illustrate the invention.
DETD
PAC  EXAMPLE I
PAR  28.0 g of p-(.beta.-sulphoethylsulphonamido) aniline was slurried in a
      mixture of 30 ml of water and 30 ml concentrated hydrochloric acid (d =
      1.18) at 5.degree.. A solution of 7.6 g sodium nitrite in 20 ml water was
      added to the well stirred solution over 5 minutes at 5.degree.-10.degree.
      and the resulting suspension stirred for a further half hour. The
      diazonium slurry was added in poritions at 0.degree.-5.degree. to a well
      stirred solution of 31.5 g of sodium sulphite and 20.0 g of sodium
      carbonate in 60 ml of water. The resulting solution was stirred at
      5.degree. for 1 hour, warmed to 70.degree. over 1 hour, and then treated
      with 120 ml of concentrated hydrochloric acid. The solution was heated for
      a further 2 hours at 70.degree. and was then evaporated to dryness to give
      a crude solid containing 15.0 g p-(.beta.-sulphoethylsulphonamido)phenyl
      hydrazine.
PAR  The crude hyrazine 15.0 g, 10.3 g .beta.-chloroethyl - p-chlorophenyl
      ketone and 20.0 g sodium acetate were slurried in 50 ml of water and 200
      ml glacial acetic acid. The mixture was heated to reflux for one hour, and
      150 ml water then added. 20.0 g of sodium chloride was added to the hot
      solution, which was then cooled to give the pyrazoline
      ##SPC14##
PAL  as a pale yellow solid.
PAR  A further compound of formula I, prepared in a similar manner and in which
      R.sub.4 is hydrogen and the aminosulphonyl group is in p position, is
      shown in the following table.
TBL  ______________________________________                                    
     Ex.  A           R.sub.5                                                  
                             R.sub.6                                           
                                  R.sub.1                                      
                                       R.sub.2                                 
                                            R.sub.3                            
                                                  Ap-                          
                                  and  and  and   pear-                        
                                  posn.                                        
                                       posn.                                   
                                            posn. ance                         
     ______________________________________                                    
                                                  Pale                         
     2    --CH.sub.2 --CH.sub.2 --                                             
                      H      H    3'-Cl                                        
                                       4'-Cl                                   
                                            6'-CH.sub.3                        
                                                  yellow                       
                                                  solid                        
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  33.55 g of 1-(p-Sulphonamido phenyl)-3-(p-chlorophenyl)-.DELTA..sup.2
      -pyrazoline in 200 ml cellosolve was stirred and refluxed while a solution
      of 4.8 g sodium hydroxide in 10 ml of water was added dropwise. The
      resulting slurry was cooled to 10.degree., filtered, and washed with 50 ml
      of ethanol. The wet cake was dissolved in a mixture of 200 ml of water and
      400 ml dimethylformamide, and treated at 25.degree. with a solution of
      sodium metabisulphite (55.5 g) and formaldehyde (40 ml of 40% aqueous
      solution) in 250 ml of water. The mixture was heated to reflux over 1/2
      hour, refluxed for one hour, then allowed to cool slowly to give the
      pyrazoline
      ##SPC15##
PAL  as a pale yellow solid.
PAL  By repeating the procedure of Example 3, but using appropriate starting
      materials, the compounds shown in the following Table may be obtained.
TBL  __________________________________________________________________________
     Example                                                                   
          Compound                          Appearance                         
     __________________________________________________________________________
                                            Pale yellow                        
     3a   --SO.sub.2 NHCH.sub.2 SO.sub.3 Na solid                              
          CH.sub.3                          Pale                               
          .vertline.                                                           
     3b   --SO.sub.2 NCH.sub.2 SO.sub.3 Na  yellow                             
                                            solid                              
          CH.sub.3                          Pale                               
          .vertline.                        yellow                             
     3c   --SO.sub.2 NH--CH--SO.sub.3 Na    solid                              
     __________________________________________________________________________
PAC  EXAMPLE 4:
PAR  A slurry of 46.7 g p-acetamidobenzene sulphonyl chloride and 35.4 g
      N-methyl taurine sodium salt in 400 ml water was stirred at
      20.degree.-25.degree.C. The pH of the slurry was maintained at 7-8 by the
      addition of 16.8 g sodium bicarbonate in portions over 1 hour. The
      resulting solution was treated with 100 ml concentrated hydrochloric acid
      (d = 1.18) and was then heated to reflux for 10  minutes. The solution was
      cooled to 5.degree.C and a solution of 14.0 g sodium nitrite in 40 ml
      water was added at 5.degree.-10.degree.C over 10 minutes. The resulting
      solution was stirred for a further 20 minutes, and was then added in
      portions at 0.degree.-5.degree.C to a well stirred solution of 63.0 g
      sodium sulphite and 40.0 g sodium carbonate in 120 ml water. The solution
      was stirred at 5.degree.C for 1 hour, warmed to 70.degree.C over 1 hour,
      and then treated with 300 ml concentrated hydrochloric acid. The solution
      was heated for a further 2 hours at 70.degree.C and was then cooled to
      0.degree.C and filtered to give a crude solid containing 46.4 g
      p-[N-methyl-N-(.beta.-sulphoethyl) sulphonamido] phenyl hydrazine.
PAR  The crude hydrazine (46.4 g), 37.7 g
      .beta.-chloroethyl(2-methyl-4,5-dichloro)phenyl ketone, and 50.0 g sodium
      acetate were slurried in 100 ml water and 300 ml glacial acetic acid. The
      mixture was heated to reflux for 11/2 hours, and 150 ml water was then
      added to give a clear solution, which was cooled to 0.degree.C to give the
      pyrazoline as a pale yellow solid.
      ##SPC16##
PAR  By repeating the procedure of Example 4, but using appropriate starting
      materials, the following compounds may be obtained.
TBL  __________________________________________________________________________
     Example          Compound          Appearance                             
     __________________________________________________________________________
          CH.sub.3                      Pale yellow                            
          .vertline.                                                           
     5    --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Pale yellow                            
          .vertline.                                                           
     6    --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      White                                  
          .vertline.                                                           
     7    --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Pale yellow                            
          .vertline.                                                           
     8    --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Pale yellow                            
          .vertline.                                                           
     9    --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Yellow                                 
          .vertline.                                                           
     10   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Pale yellow                            
          .vertline.                                                           
     11   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Yellow                                 
          .vertline.                                                           
     12   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Yellow                                 
          .vertline.                                                           
     13   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      White                                  
          .vertline.                                                           
     14   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
          CH.sub.3                      Pale                                   
     15   .vertline.                    yellow                                 
          SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                              
                                        solid                                  
          CH.sub.3                      Pale                                   
          .vertline.                    yellow                                 
     15a  --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                        solid                                  
     __________________________________________________________________________
PAC  EXAMPLE 16
PAR  35.5 g of 1-(p-chlorosulphonyl phenyl)-3-(p-chlorophenyl)-.DELTA..sup.2
      -pyrazoline was dissolved in 350 ml dimethyl-formamide and the resulting
      solution was added dropwise at 25.degree.C to a stirred mixture of 32.2 g
      of N-methyltaurine sodium salt, 35 ml water and 70 ml dimethylformamide.
      The pH of the mixture was maintained at 7-8 by adding sodium bicarbonate
      in portions during the addition and whilst the resultant mixture was
      stirred for a further two hours at 25.degree.C, 350 ml water was added to
      the mixture, which was then heated to the boil, treated with 70 g of
      sodium chloride, and cooled slowly with stirring to 10.degree.C to give 36
      g of the pyrazoline
      ##SPC17##
PAL  described in Example 5 above.
PAR  By repeating the procedure of Example 16, but using appropriate starting
      materials, the compounds shown in the following Table can be obtained.
TBL  __________________________________________________________________________
     Example           Compound           Appearance                           
     __________________________________________________________________________
          CH.sub.3                        Pale yellow                          
          .vertline.                                                           
     17   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                          solid                                
          CH.sub.3                        Pale yellow                          
          .vertline.                                                           
     18   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                          solid                                
          CH.sub.3                        Pale yellow                          
          .vertline.                                                           
     19   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                          solid                                
     __________________________________________________________________________
PAC  EXAMPLE 20
PAR  24.3 g of 4'-chlorochalcone and 30.9 g of
      p-[N-methyl-N-(.beta.-sulphoethyl) sulphonamido] phenyl hydrazine sodium
      salt were slurried together in 200 ml ethanol and the pH was adjusted to
      1-2 with concentrated hydrochloric acid. A further 10 ml concentrated
      hydrochloric acid was added and the mixture was heated to the boil and
      stirred under reflux for four hours. 100 ml Water was added to the hot
      mixture, the pH was adjusted to 4-5 with sodium hydroxide solution, and
      the solution was cooled slowly with stirring to 10.degree.C to give 49.5 g
      of the pyrazoline
      ##SPC18##
PAL  as a pale yellow solid.
PAR  By repeating the procedure of Example 20, but using appropriate starting
      materials, the compounds in the following table may be obtained.
TBL  Example         Compound        Appearance                                
     __________________________________________________________________________
          CH.sub.3                                                             
          .vertline.                 yellow                                    
     20a  --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                     solid                                     
          CH.sub.3                                                             
          .vertline.                 pale yellow                               
     20b  --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                     solid                                     
          CH.sub.3                                                             
          .vertline.                 pale yellow                               
     20c  --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                     solid                                     
     __________________________________________________________________________
PAC  EXAMPLE 21
PAR  33.5 g of 1-(p-sulphonamido phenyl)-3-(p-chlorophenyl)-.DELTA..sup.2
      -pyrazoline in 200 ml cellosolve was stirred and heated under reflux while
      a solution of 4.8 g sodium hydroxide in 10 ml water was added dropwise.
      The resulting slurry was cooled to 10.degree.C, filtered, and washed with
      50 ml acetone. The wet cake was slurried in 450 ml acetone, 13.4 g of
      propane sultone was added, and the mixture was heated to the boil and
      stirred under reflux for 16 hours. 50 ml of water was added and the
      mixture was cooled to 10.degree.C and filtered to give the pyrazoline
      ##SPC19##
PAL  as an off white solid.
PAR  The filtrates were evaporated to dryness and the resultant residue was
      slurried with 200 ml acetone and filtered to give the pyrazoline
      ##SPC20##
PAL  as a pale yellow solid.
PAC  EXAMPLE 22
PAR  27.1 g of 2-methyl-4,5-dichloroacetophenone, 18.1 g of morpholine
      hydrochloride and 4.4 g of paraformaldehyde were slurried in 60 ml
      cellosolve. The mixture was heated to the boil, stirred under reflux for 1
      hour, cooled to 0.degree.C, and filtered. The resultant wet cake was
      slurried in 200 ml cellosolve with 30.9 g of
      p-[N-methyl-N-(.beta.-sulphoethyl) sulphonamido] phenyl hydrazine and 20 g
      of sodium carbonate. The mixture was heated to the boil and stirred under
      reflux for 16 hours. 200 ml Water was added, the pH was adjusted to 4-5
      with hydrochloric acid, and the solution was cooled to 10.degree.C and
      filtered to give 39 g of the pyrazoline
      ##SPC21##
PAL  described in Example 4 above.
PAR  By repeating the procedure of Example 22, but using appropriate starting
      materials, the compounds shown in the following Table can be obtained.
TBL  __________________________________________________________________________
     Example            Compound            Appearance                         
     __________________________________________________________________________
          CH.sub.3                          Yellow                             
          .vertline.                                                           
     23   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                            solid                              
          CH.sub.3                          Yellow                             
          .vertline.                                                           
     24   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                            solid                              
          CH.sub.3                          Pale yellow                        
          .vertline.                                                           
     25   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                            solid                              
          C.sub.2 H.sub.5                   Pale yellow                        
          .vertline.                                                           
     26   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                            solid                              
                                            Pale yellow                        
     27                                     solid                              
          C.sub.2 H.sub.5                   Pale yellow                        
          .vertline.                                                           
     28   --SO.sub.2 NCH.sub.2 CH.sub.2 SO.sub.3 Na                            
                                            solid                              
                                            Pale yellow                        
     29                                     solid                              
     __________________________________________________________________________
PAC  APPLICATION EXAMPLE A
PAR  A strip of white nylon 6.6, 15 cms wide and weighing 8 gms, was padded at
      100% expression through a solution containing 0.2% of the pyrazoline
      produced in Example 1, 2% of a non-ionic alkylene oxide adduct of an
      alkylated phenol and 0.2% formic acid. The nylon piece was dried at
      80.degree.C and then passed through an oven at 180.degree. for 30 seconds.
      The treated piece showed a brilliant whiteness compared with the untreated
      piece.
PAC  APPLICATION EXAMPLE B
PAR  A strip of white nylon 6.6 was treated by the method described in Example A
      except that the pyrazoline produced in Example 2 was used as the
      brightening agent. The treated piece showed a brilliant whiteness compared
      with the untreated piece.
PAC  APPLICATION EXAMPLE C
PAR  A 5 gm piece of bleached wool was treated with 200 mls of a solution
      containing 10 milligrams of the pyrazoline produced in Example 1 and 1
      gram of a bleaching agent based on sodium hydrosulphite. The piece was
      entered at 40.degree., the temperature of the bath raised to 70.degree.
      over 15 minutes and maintained at 70.degree. for a further 30 minutes. 1.5
      ml of a 10% solution of acetic acid was then added to the bath and the
      treatment containued at 70.degree. for a further 15 minutes. The piece was
      then removed from the bath, rinsed in cold demineralized water and dried
      in an oven at 80.degree.. The treated piece showed a distinct whiteness
      compared to the untreated material.
PAC  APPLICATION EXAMPLE D
PAR  A 5 gm piece of white nylon 6.6 was treated with 200 ml of a solution
      containing 10 milligrams of the pyrazoline produced in Example 1 and 150
      mg of acetic acid. The piece was entered at 40.degree., the temperature of
      the bath increased to 90.degree.-100.degree. over 30 minutes and then
      maintained at 90.degree.-100.degree. for a further 30 minutes. The piece
      was removed from the bath, rinsed in cold demineralized water and dried in
      an oven at 80.degree.. The treated piece showed a brilliant whiteness
      compared to the untreated material.
PAC  APPLICATION EXAMPLE E
PAR  A strip of nylon 6,6, 15 cm wide and weighing 8 gm, was padded at 100%
      expression through a solution containing 0.2% of the pyrazoline produced
      in Example 4. The nylon piece was boiled for 1 minute in 240 ml of water
      containing 0.2% acetic acid, and was then washed off in boiling water for
      1 minute. The piece was then rinsed in cold demineralised water and dried
      in an oven at 80.degree.C. The treated piece showed a brilliant whiteness
      compared to the untreated piece.
PAC  APPLICATION EXAMPLE F
PAR  A strip of white nylon 6 was treated by the method described in Example A
      except that the pyrazoline produced in Example 4 was used as the
      brightening agent. The treated piece showed a brilliant whiteness compared
      with the untreated piece.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of formula I,
      ##SPC22##
PAL  in which R.sub.1 is halogen or alkyl of 1 to 4 carbon atoms,
PA1  R.sub.2 and R.sub.3, which may be the same or different, are hydrogen,
      halogen or alkyl of 1 to 4 carbon atoms,
PA1  R.sub.4 is hydrogen or alkyl of 1 to 4 carbon atoms,
PA1  R.sub.5 signifies a hydrogen atom, a halogen atom, an alkyl radical of 1 to
      4 carbon atoms or an alkoxy radical of 1 to 4 carbon atoms,
PA1  R.sub.6 is hydrogen or alkyl of 1 to 4 carbon atoms, and
PA1  A is an alkylene chain of 1 to 3 carbon atoms,
PAL  which compound is in free acid or salt form.
NUM  2.
PAR  2. A compound of claim 1, wherein R.sub.1 signifies a halogen atom.
NUM  3.
PAR  3. A compound of claim 2, wherein either R.sub.2 and R.sub.3 both signify
      hydrogen or one signifies a halogen atom, the other an alkyl radical of 1
      to 4 carbon atoms.
NUM  4.
PAR  4. A compound of claim 3, wherein R.sub.2 and R.sub.3 both signify
      hydrogen.
NUM  5.
PAR  5. A compound of claim 4, wherein R.sub.1 is located on the 4-position of
      the ring to which it is attached.
NUM  6.
PAR  6. A compound of claim 3, wherein R.sub.2 signifies a halogen atom and
      R.sub.3 signifies an alkyl radical of 1 to 4 carbon atoms.
NUM  7.
PAR  7. A compound of claim 6, wherein R.sub.3 is located at the 2 position of
      the ring to which it is attached and R.sub.2 to the 5 position.
NUM  8.
PAR  8. A compound of claim 7, wherein R.sub.1 is located at the 4-position of
      the ring to which it is attached.
NUM  9.
PAR  9. A compound of claim 5, wherein the halogen is chlorine.
NUM  10.
PAR  10. A compound of claim 8, wherein the halogen is chlorine and the alkyl
      radical of 1 to 4 carbon atoms is methyl.
NUM  11.
PAR  11. A compound of claim 2, wherein A signifies an alkylene chain of 1 to 3
      carbon atoms.
NUM  12.
PAR  12. A compound of claim 3, wherein A signifies an alkylene chain of 1 to 3
      carbon atoms.
NUM  13.
PAR  13. A compound of claim 5, wherein A signifies an alkylene chain of 1 to 3
      carbon atoms.
NUM  14.
PAR  14. A compound of claim 9, wherein A signifies an alkylene chain of 1 to 3
      carbon atoms.
NUM  15.
PAR  15. A compound of claim 10, wherein A signifies an alkylene chain of 1 to 3
      carbon atoms.
NUM  16.
PAR  16. A compound of claim 1, wherein A signifies an alkylene chain of 1 or 3
      carbon atoms.
NUM  17.
PAR  17. A compound of claim 1, wherein A signifies an alkylene chain of 2
      carbon atoms.
NUM  18.
PAR  18. A compound of claim 11, wherein A signifies an alkylene chain of 1 or 3
      carbon atoms.
NUM  19.
PAR  19. A compound of claim 11, wherein A signifies an alkylene chain of 2
      carbon atoms.
NUM  20.
PAR  20. A compound of claim 12, wherein A signifies an alkylene chain of 1 or 3
      carbon atoms.
NUM  21.
PAR  21. A compound of claim 12, wherein A signifies an alkylene chain of 2
      carbon atoms.
NUM  22.
PAR  22. A compound of claim 13, wherein A signifies an alkylene chain of 1 or 3
      carbon atoms.
NUM  23.
PAR  23. A compound of claim 13, wherein A signifies an alkylene chain of 2
      carbon atoms.
NUM  24.
PAR  24. A compound of claim 14, wherein A signifies an alkylene chain of 1 or 3
      carbon atoms.
NUM  25.
PAR  25. A compound of claim 14, wherein A signifies an alkylene chain of 2
      carbon atoms.
NUM  26.
PAR  26. A compound of claim 15, wherein A signifies an alkylene chain of 1 or 3
      carbon atoms.
NUM  27.
PAR  27. A compound of claim 15, wherein A signifies an alkylene chain of 2
      carbon atoms.
NUM  28.
PAR  28. A compound of claim 1, wherein R.sub.4 signifies a hydrogen atom.
NUM  29.
PAR  29. A compound of claim 1, wherein R.sub.4 signifies an alkyl radical of 1
      to 4 carbon atoms.
NUM  30.
PAR  30. A compound of claim 4, wherein R.sub.4 signifies a hydrogen atom.
NUM  31.
PAR  31. A compound of claim 4, wherein R.sub.4 signifies an alkyl radical of 1
      to 4 carbon atoms.
NUM  32.
PAR  32. A compound of claim 16, wherein R.sub.4 signifies a hydrogen atom.
NUM  33.
PAR  33. A compound of claim 16, wherein R.sub.4 signifies a C.sub.1-4 alkyl
      group.
NUM  34.
PAR  34. A compound of claim 17, wherein R.sub.4 signifies a hydrogen atom.
NUM  35.
PAR  35. A compound of claim 17, wherein R.sub.4 signifies a C.sub.1-4 alkyl
      group.
NUM  36.
PAR  36. A compound of claim 1, wherein R.sub.6 signifies a hydrogen atom.
NUM  37.
PAR  37. A compound of claim 1, wherein R.sub.6 signifies a C.sub.1-4 alkyl
      radical.
NUM  38.
PAR  38. A compound of claim 1, of formula I'
      ##SPC23##
PAL  in which
PA1  R.sub.2 ' and R.sub.3 ', which may be the same or different, each signify a
      hydrogen atom, a chlorine atom or a methyl radical,
PA1  R.sub.1 ' signifies a chlorine atom or a methyl radical,
PA1  R.sub.4 ' signifies a hydrogen atom or a methyl radical, and
PA1  n signifies 1, 2 or 3,
PAL  which compound is in free acid or salt form.
NUM  39.
PAR  39. A compound of claim 38, wherein R.sub.2 ' and R.sub.3 ' both signify
      hydrogen and R.sub.1 ' signifies chlorine.
NUM  40.
PAR  40. A compound of claim 38, wherein two of R.sub.1 ', R.sub.2 ' and R.sub.3
      ' signify chlorine, the other signifying methyl.
NUM  41.
PAR  41. A compound of claim 39, wherein R.sub.4 ' signifies hydrogen.
NUM  42.
PAR  42. A compound of claim 39, wherein R.sub.4 ' signifies methyl.
NUM  43.
PAR  43. A compound of claim 40, wherein R.sub.4 ' signifies hydrogen.
NUM  44.
PAR  44. A compound of claim 40, wherein R.sub.4 ' signifies methyl.
NUM  45.
PAR  45. A compound of claim 41, wherein n signifies 1 or 3.
NUM  46.
PAR  46. A compound of claim 41, wherein n signifies 2.
NUM  47.
PAR  47. A compound of claim 42, wherein n signifies 1 or 3.
NUM  48.
PAR  48. A compound of claim 42, wherein n signifies 2.
NUM  49.
PAR  49. A compound of claim 43, wherein n signifies 1 or 3.
NUM  50.
PAR  50. A compound of claim 43, wherein n signifies 2.
NUM  51.
PAR  51. A compound of claim 44, wherein n signifies 1 or 3.
NUM  52.
PAR  52. A compound of claim 44, wherein n signifies 2.
NUM  53.
PAR  53. A compound of claim 38, and of formula I",
      ##SPC24##
PAL  in which either
PA1  R.sub.2 " and R.sub.3 " both signify hydrogen atoms, or
PA1  R.sub.2 " signifies a chlorine atom, and
PA1  R.sub.3 " signifies a methyl radical, and
PA1  R.sub.4 ' signifies a hydrogen atom or a methyl radical,
PAL  which compound is in free acid or salt form.
NUM  54.
PAR  54. A compound of claim 53, wherein R.sub.4 ' signifies a methyl radical.
NUM  55.
PAR  55. A compound of claim 54 of the formula
      ##SPC25##
NUM  56.
PAR  56. A compound of claim 53, wherein R.sub.4' signifies a hydrogen atom.
NUM  57.
PAR  57. A compound of claim 54, and of formula
      ##SPC26##
PAL  in free acid or salt form.
NUM  58.
PAR  58. A compound of claim 54, and of formula
      ##SPC27##
PAL  in free acid or salt form.
NUM  59.
PAR  59. A compound of claim 53, and of formula
      ##SPC28##
PAL  in free acid or salt form.
NUM  60.
PAR  60. A compound of claim 56, and of formula
      ##SPC29##
PAL  in free acid or salt form.
NUM  61.
PAR  61. A compound of claim 38, and of formula
      ##SPC30##
     155/5
PAL  in free acid or salt form.
NUM  62.
PAR  62. A compound of claim 38, and of formula
      ##SPC31##
PAL  in free acid or salt form.
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ABST
PAL  4',5'-Dihydrospiro[androst/estr-4-ene-17,2'(3'H)-furan]-3,4'-dione and
      congeners; the antiviral, antiandro genic, diuretic, and/or antiestrogenic
      activity inherent therein; and means of preparing them via novel
      intermediates are disclosed.
BSUM
PAR  This invention relates to 4',5'-dihydrospiro[androst/estr-4-ene-17,2'
      (3'H)-furan]-3,4'-dione and congeners, intermediates thereto, and
      processes for their preparation. More particularly, this invention
      provides steroids of the formula
      ##SPC1##
PAL  Wherein R represents hydrogen or methyl and the dotted lines in ring A
      indicate .DELTA..sup.4 unsaturation when R represents hydrogen and
      .DELTA..sup.1, .DELTA..sup.4, or .DELTA..sup.1,4 unsaturation when R
      represents methyl.
PAR  The enformulated compounds are useful by reason of their valuable
      biological properties. Thus, the compound contemplated when R in the
      foregoing formula represents hydrogen is an especially potent
      antiestrogen. It is also antiandrogenic and diuretic. On the other hand,
      the compounds contemplated when R in the formula represents methyl are
      antiviral -- as, for example, vis-a-vis Influenza A (Strain 575). Other
      steroids disclosed herein are valuable as intermediates to the
      enformulated compounds.
PAR  Antiestrogenic utility is demonstrated by the procedure described in U.S.
      Pat. No. 3,475,420. The subcutaneous antiestrogenic potency of the product
      of Example 3F hereinafter was found to be 170 times that of progesterone
      in the aforesaid test.
PAR  Diuretic utility can be demonstrated by a standardized test for the
      capacity of a compound to reverse the renal electrolyte effects of
      desoxycorticosterone acetate (DCA) in rats. Such a test, substantially as
      described by C. M. Kagawa in chapter 34 of volume III of "Evaluation of
      Drug Activities: Pharmacometrics", by D. R. Laurence and A. L. Bacharach,
      can be carried out as follows. A group (Group I) of eight male Charles
      River rats, each weighing between 150 and 200 gm, is adrenalectomized and
      maintained thereafter on sugar cubes and tap water ad libitum overnight.
      Each animal is thereupon subjected to these successive treatments: (a)
      0.012 mg of DCA dissolved in 0.1 ml of corn oil is injected
      subcutaneously; (b) 2.4 mg of test compound dissolved or suspended in 0.5
      ml. of corn oil or other physiologically inert solvent (e.g., aqueous 0.9%
      sodium chloride), is administered subcutaneously or intragastrically; (c)
      2.5 ml of aqueous 0.9 % sodium chloride is injected subcutaneously.
      Urinary sodium and potassium are measured by customary techniques on
      samples of urine collected during the 4 hr. immediately following
      treatment. Controls are provided by second and third groups of 8 each
      150-200 gm rats concurrently and identically treated excepting that in
      Group II, 0.33 mg of spironolactone is substituted for the test compound
      and the solution thereof is injected subcutaneously, while in Group III
      neither test compound nor spironolactone is administered. DCA produces
      sodium (Na) retention, loss of potassium (K), and a corresponding
      reduction in the mean log Na .times. 10/K. Spironolactone serves as an
      index of the validity of the test, the dose of 0.33 mg having been shown
      [Hofmann et al., Arch. intern. pharmacodynamie, 165, 476 (1967)]to induce
      a 50% reversal of the effects of DCA. Kagawa [Endocrinology, 74, 724
      (1964)]reported a standard error of .+-. 0.084 per 4-rat response,
      determined from a large number of tests and based on 60.degree.  of
      freedom, for the mean log Na .times. 10/K measurement. From this it can be
      calculated that the least significant difference (P &lt; 0.05) in mean log Na
      .times. 10/K between 2 groups of 8 rats each is .+-. 0.168. It follows
      that when mean log Na .times. 10/K for Group I is equal to or greater than
      that for Group II, and the latter in turn exceeds the value for Group III
      by at least 0.168 log units, the reversals of the renal electrolyte
      effects of DCA represented thereby are significant. A compound active at
      the 2.4 mg dose level is retested at lower doses until the median
      effective dose (MED), a dose in mg sufficient to produce a 50% inhibition
      of the renal electrolyte effects of the DCA administered, can be
      calculated. The subcutaneous MED of the product of Example 3F in the
      foregoing test for diuretic activity was found to be 0.87 mg.
PAR  Antiandrogenic utility can be demonstrated by a standardized test for the
      capacity of a compound to inhibit the response of the seminal vesicle
      glands to intramuscular testosterone propionate in castrated immature
      rats. Male Sprague-Dawley rats, castrated at 22-24 days of age, are used.
      To each of a group of 5 or more such animals beginning 19-21 days after
      castration, a solution of 0.5 mg of testosterone propionate in 0.7 ml of
      corn oil and the compound to be tested are concurrently administered in
      equally divided doses on each of 7 successive days. Administration of the
      compound is either intramuscular or intragastric. If intramuscular, it is
      dissolved or suspended in the testosterone propionate solution; if
      intragastric, it is dissolved or suspended in corn oil or other
      physiologically inert vehicle. Commonly, the initial total dose of
      compound is 5 mg in 0.7 ml of corn oil administered intramuscularly or 15
      mg in 1.4 ml of corn oil administered intragastrically. A second group of
      5 or more animals, to which only the corn oil solution of testosterone
      propionate is administered, serves as controls. On the day after treatment
      is concluded, the animals are sacrificed; and the seminal vesicle glands
      are excised and dissected free of extraneous tissue. Fluid is expressed
      from the vesicles, whereupon the glands are blotted and weighed. A
      compound is considered antiandrogenic if the mean weight of the vesicles
      in the group of animals treated therewith is significantly (P .ltoreq.
      0.01 ) lower than the corresponding weight in the control group. The
      product of Example 3F was found to be antiandrogenic at 10 mg
      subcutaneously in this test.
PAR  Antiviral utility vis-a-vis Influenza A (Strain 575) is demonstrable by the
      standardized test procedure described in U.S. Pat. No. 3,691,207. The
      products of Example 1D hereinafter were found to be active subcutaneously
      at concentrations ranging from 25 to 125 mcgm per ml when so tested.
PAR  Those skilled in the art will recognize that observations of activity in
      standardized tests for particular biological effects are fundamental to
      the development of valuable new drugs, both veterinary and human.
PAR  The compounds of this invention defined by the introductory formula when R
      therein represents methyl can be prepared as follows:
      21-(Hydroxymethyl)-5.alpha.,17.alpha.-pregn-20-ene-3.beta.,17-diol, upon
      prolonged contact with p-toluenesulfonyl chloride in pyridine, affords
      spiro[5.alpha.-androstane-17,2' (5'H)-furan]-3.beta.-ol, from which, upon
      consecutive contact in cold tetrahydrofuran under nitrogen with borane and
      sodium peroxide (formed in situ),
      4',5'-dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan] -3.beta.,4'-diol
      is obtained. The hydroxyls therein are oxidized to oxos with Jones'
      reagent (prepared by dissolving 10 parts of chromium trioxide in 20 parts
      of water and consecutively adding to the resultant solution 15 parts of
      concentrated sulfuric acid and 20 parts of water) in acetone. The
      4',5'-dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan]-3,4'-dione thus
      obtained, upon heating in dioxane under nitrogen with
      dichlorodicyanobenzoquinone, affords a mixture of
      4',5'-dihydrospiro[5.alpha.-androst-1-ene-17,2'(3'H)-furan]-3,4'-dione and
      4',5'-dihydrospiro[androsta-1,4-diene-17,2'(3'H)-furan]-3,4'-dione,
      separable by chromatography. The .DELTA..sup.1,4 product, consecutively
      contacted in tetrahydrofuran with liquid ammonia and lithium, affords
      4',5'-dihydrospiro[androst-4-ene-17,2'(3'H)-furan]-3,4'-dione.
PAR  The compound of this invention defined by the introductory formula when R
      therein represents hydrogen can be prepared as follows:
      21-(Hydroxymethyl)-3-methoxy-17.alpha.-pregna-1,3,5(10), 20-tetraen-17-ol,
      upon prolonged contact with p-toluenesulfonyl chloride in pyridine,
      affords 3-methoxyspiro[estra-1,3,5(10)-triene-17,2'(5'H)-furan].
      Consecutively contacting the latter intermediate in cold tetrahydrofuran
      under nitrogen with borane and sodium peroxide (formed in situ) affords
      4',5'-dihydro-3-methoxyspiro[estra-1,3,5(10)-triene-17,2'(3'H)-furan]-4'-o
     l, from which, upon consecutively contacting in tetrahydrofuran and
      1,1-dimethylethanol with liquid ammonia and lithium,
      4',5'-dihydro-3-methoxyspiro[estra-2,5(10)-diene-17,2'(3'H)-furan[-4'-ol
      is obtained. Conversion of this enol ether to the corresponding
      5(10)-en-3-one occurs upon contact with 90% acetic acid, and from the
      4',5'-dihydro-4'-hydroxyspiro[estr-5(10)-ene-17,2'(3'H)-furan]-3-one thus
      obtained, 4',5'-dihydro-4'-hydroxyspiro[estr-
      4-ene-17,2'(3'H)-furan]-3-one eventuates on contact with hydrochloric acid
      in methanol. Finally, the hydroxyl therein is oxidized with Jones' reagent
      in acetone, affording 4',5'-dihydrospiro[estr-4-ene-
      17,2'(3'H)-furan]-3,4'-dione.
PAR  The following examples describe in detail compounds illustrative of the
      present invention and methods which have been devised for theier
      preparation. It will be apparent to those skilled in the art that many
      modifications, both of materials and of methods, may be practiced without
      departing from the purpose and intent of this disclosure. Throughout the
      examples hereinafter set forth, temperatures are given in degrees
      centigrade and relative amounts of materials in parts by weight, except as
      otherwise noted.
DETD
PAC  EXAMPLE 1
PAR  A. A solution of 36 parts of
      21-(Hydroxymethyl)-5.alpha.,17.alpha.-pregn-20-ene-3.beta.,17-diol [Helv.
      Chim. Acta, 27, 24 (1944)] and 36 parts of p-toluenesulfonyl chloride in
      350 parts of pyridine is allowed to stand at room temperatures for 24
      hours, then poured into 2000 parts of ice-water. The precipitate which
      forms is isolated by filtration, washed with water, and dried in air,
      whereupon it is taken up in benzene. The benzene solution is
      chromatographed on silica gel, using benzene and mixtures thereof with
      increasing amounts of ethyl acetate as developing solvent. From an eluate
      comprising 10% ethyl acetate in benzene, on evaporation of solvent and
      recrystallization of the residue from ethyl acetate,
      spiro[5.alpha.-androstane-17,2'(5'H)-furan]-3.beta.-ol melting at
      165.degree.-170.degree. is obtained.
PAR  B. To a solution of 196 parts of
      spiro[5.alpha.-androstane-17,2'(5'H)-furan]-3.beta.-ol in 6300 parts of
      tetrahydrofuran at 5.degree.-10.degree. is added, with stirring, a
      solution of approximately 10 parts of borane in 630 parts of
      tetrahydrofuran. Stirring at 5.degree.-10.degree. is continued for 2
      hours, whereupon a solution of 50 parts of sodium hydroxide in 420 parts
      of water, followed by 264 parts of 30% hydrogen peroxide, is added. The
      resultant mixture is acidified with 20% hydrochloric acid, then poured
      into 60,000 parts of ice water. The precipitate which forms is isolated by
      filtration, washed with water, dried in air, and recrystallized from a
      mixture of methanol and acetone to give
      4',5'-dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan]-3.beta.,4'-diol,
      melting at 202.degree.-213.degree..
PAR  C. To a solution of 18 parts of
      4',5'-dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan]-3.beta.,4'-diol
      in 1600 parts of acetone is cautiously added, with stirring, 64 parts of
      Jones' reagent. After the addition is complete, stirring is continued for
      10 minutes, and thereafter while 15 parts of 2-propanol followed by 10,000
      parts of water are introduced. The precipitate which forms is isolated by
      filtration, washed with water, dried in air, and recrystallized from ethyl
      acetate to give
      4',5'-dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan]-3,4'-dione
      melting at 141.degree.-144.degree..
PAR  D. A mixture of 1 part of
      4',5'-dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan]-3,4'-dione and 1
      part of dichlorodicyanobenzoquinone in 16 parts of dioxane is heated at
      the boiling point under reflux in a nitrogen atmosphere with stirring,
      then cooled to room temperature and filtered. The filtrate is diluted with
      55 parts of ether. The resultant solution is consecutively washed with
      water, aqueous 2% sodium sulfite, and water, then dried over anhydrous
      sodium sulfate and finally stripped of solvent by vacuum distillation. The
      residue is taken up in benzene; and the benzene solution is
      chromatographed on silica gel, using benzene and mixtures thereof with
      increasing amounts of ethyl acetate as developing solvents. From an eluate
      comprising 5% ethyl acetate in benzene, on evaporation of solvent and
      recrystallization of the residue from ethyl acetate,
      4',5'-dihydrospiro[5.alpha.-androst-1-ene-17,2'(3'H)-furan] -3,4'-dione,
      having the formula
      ##SPC2##
PAL  is obtained.
PAR  From an eluate comprising 10% ethyl acetate in benzene, on evaporation of
      solvent and recrystallization of the residue from ethyl acetate, 4'
      ,5'-dihydrospiro[androsta-1,4-diene-17,2'(3'H)-furan]-3,4'-dione melting
      at 147.degree.-153.degree. is obtained.
PAC  EXAMPLE 2
PAR  To 1700 parts of liquid ammonia under reflux is added, portionwise with
      stirring, 10 parts of lithium. When solution occurs, a solution of 34
      parts of 4',5'-dihydrospiro[androst-1,4-diene-17,2'(3'H)-furan]-3,4'-dione
      in 2250 parts of tetrahydrofuran is rapidly introduced. Shortly
      thereafter, 10 parts of ammonium chloride is added. The ammonia is
      thereupon allowed to evaporate, and the residue is diluted with 10,000
      parts of water. Insoluble solids are isolated by filtration, washed with
      water, dried in air, and recrystallized from ethyl acetate. The product
      thus isolated is
      4',5'-dihydrospiro[androst-4-ene-17,2'(3'H)-furan]-3,4'-dione.
PAC  EXAMPLE 3
PAR  A. A solution of 2 parts of
      3-methoxy-17.alpha.-pregna-1,3,5(10),20-tetraen-21-ol [U.S. Pat. No.
      3,265,718] and 2 parts of p-toluenesulfonyl chloride in 20 parts of
      pyridine is allowed to stand at room temperatures for 70 hours, then
      poured into 150 parts of ice-water. The precipitate which forms is
      isolated by filtration, washed with water, dried in air, and
      recrystallized from ethyl acetate to give
      3-methoxyspiro[estra-1,3,5(10)-triene-17,2'(5'H)-furan] melting at
      159.degree.-161.degree..
PAR  B. To a solution of 116 parts of
      3-methoxyspiro[estra-1,3,5(10)-triene-17,2'(5'H)-furan] in 1100 parts of
      tetrahydrofuran at 5.degree.-10.degree. under nitrogen is added, with
      stirring, a solution of approximately 5 parts of borane in 325 parts of
      tetrahydrofuran. Stirring at 5.degree.-10.degree. is continued for 21/4
      hours, whereupon a solution of 26 parts of sodium hydroxide in 213 parts
      of water followed -- cautiously -- by 131 parts of 30% hydrogen peroxide
      is mixed in. The resultant mixture is acidified with 20% hydrochloric acid
      and then poured into 7000 parts of ice water. The precipitate which forms
      is isolated by filtration, washed with water, dried in air, and taken up
      in benzene. The benzene solution is chromatographed on silica gel, using
      benzene and mixtures thereof with increasing amounts of ethyl acetate as
      developing solvents. From an eluate comprising 10% ethyl acetate in
      benzene, on evaporation of solvent and recrystallization of the residue
      from ethyl acetate, 4'
      ,5'-dihydro-3-methoxyspiro[estra-1,3,5(10)-triene-17,2'(3'H)-furan]-4'-ol
      melting at 95.degree.-97.degree. is obtained.
PAR  C. To 122 parts of liquid ammonia under reflux is added, with vigorous
      agitation, a solution of 3 parts of
      4',5'-dihydro-3-methoxyspiro[estra-1,3,5(10)-triene
      17,2'(3'H)-furan]-4'-ol in a mixture of 81 parts of tetrahydrofuran and 72
      parts of 1,1-dimethylethanol, followed -- portionwise -- by 2 parts of
      lithium wire cut into small pieces. Approximately 2 hours later, 5 parts
      of methanol is slowly introduced. After an additional 45 minutes, the blue
      color originally characteristic of the reaction mixture has disappeared,
      at which point the ammonia is allowed to evaporate and 500 parts of water
      is added to the residue. The precipitate which forms is filtered off,
      washed with water, dried in air, and recrystallized from ethyl acetate to
      give
      4',5'-dihydro-3-methoxyspiro[estra-2,5(10)-diene-17,2'(3'H)-furan]-4'-ol
      melting at 152.degree.-155.degree..
PAR  D. A suspension of 1 part of
      4',5'-dihydro-3-methoxyspiro[estra-2,5(10)-diene-17,2'(3'H)-furan]-4'-ol
      in 20 parts of aqueous 90% acetic acid is stirred for 13/4 hours, during
      which solution occurs. Approximately 100 parts of cold water is thereupon
      introduced, whereupon the precipitate which forms is filtered off, washed
      with water, dried in air, and recrystallized from ethyl acetate to give
      4',5'-dihydro-4'-hydroxyspiro[estr-5(10)-ene-17,2'(3'H)-furan] -3-one
      melting at 118.degree.- 123.degree..
PAR  E. A mixture of 15 parts of
      4',5'-dihydro-4'-hydroxyspiro[estr-5(10)-ene-17,2'(3'H)-furan]-3-one, 79
      parts of methanol, 8 parts of concentrated hydrochloric acid, and 5 parts
      of water is allowed to stand at room temperatures for 2 hours. To the
      resultant solution is added 600 parts of cold water. The precipitate which
      forms is filtered off, washed with water, dried in air, and recrystallized
      from ethyl acetate to give
      4',5'-dihydro-4'-hydroxyspiro[estr-4-ene-17,2'(3'H)-furan]-3-one melting
      at 149.degree.-154.degree..
PAR  F. To a solution of 33 parts of
      4',5'-dihydro-4'-hydroxyspiro[estr-4-ene-17,2'(3'H)-furan]-3-one in 790
      parts of acetone is slowly added, with stirring, 42 parts of Jones'
      reagent. Approximately 10 minutes later, 15 parts of 2-propanol followed
      by 10,000 parts of water is introduced, stirring being continuous
      throughout. The gummy precipitate which forms is taken up in
      dichloromethane. The dichloromethane solution is washed with water, dried
      over anhydrous sodium sulfate, and stripped of solvent by vacuum
      distillation. The residue solidifies on contacting with hexane. Insoluble
      solids are filtered out and recrystallized from 3% ethyl acetate in hexane
      to give 4', 5'-dihydrospiroestr-4-ene-17,2'(3'H)-furan]-3,4'-dione.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein the dotted lines in ring A indicate that the compound is
      .DELTA..sup.1, .DELTA..sup.4, or .DELTA..sup.1,4.
NUM  2.
PAR  2. A compound according to claim 1 which is
      4',5'-dihydrospiro[5.alpha.-androst-1-ene-17,2'(3'H)-furan]-3,4'-dione.
NUM  3.
PAR  3. A compound according to claim 1 which is
      4',5'-dihydrospiro[androsta-1,4-diene-17,2'(3'H)-furan]-3,4'-dione.
NUM  4.
PAR  4. 4',5'-Dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan]-3,4'-dione.
NUM  5.
PAR  5. 4',5'-Dihydrospiro[5.alpha.-androstane-17,2'(3'H)-furan]-3.beta.,4'-
     diol.
NUM  6.
PAR  6. 4',5'-Dihydrospiro[estr-4-ene-17,2'(3'H)-furan]-3,4'-dione.
NUM  7.
PAR  7. A compound of the formula
      ##SPC4##
NUM  8.
PAR  8. 4',5'-Dihydro-3-methoxyspiro[estra-2,5(10)-diene-17,2'(3'H)-furan]-4'-ol
     .
NUM  9.
PAR  9. 4',5'-Dihydro-3-methoxyspiro[estra-1,3,5(10)-triene-17,2'(3'H)-furan]-4'
     -ol.
NUM  10.
PAR  10. 3-Methoxyspiro[estra-1,3,5(10)-triene-17,2'(5'H)-furan].
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ABST
PAL  Novel cardenolides having desirable cardiac activity and which are readily
      reabsorbed internally, a process for their preparation and therapeutic
      compositions containing said cardenolides are disclosed.
BSUM
PAR  The present invention relates to new cardio-active steroids and to a
      process for preparing such compounds.
PAR  Known cardio-active steroids are mainly glycosides. The aglycones of these
      compounds, as well as structurally similar steroids have hitherto been of
      little importance in the therapy of cardiac diseases, because they have
      only a short effective period.
PAR  It has now been found that certain 3-hydroxycardenolides may nevertheless
      be used to good effect because of their favorable action spectrum.
PAR  The compounds of the invention have the formula:
      ##SPC1##
PAL  In which R.sub.1 is alkyl of 1 to 4 carbon atoms, vicinal epoxy-or
      dihydroxyalkyl of 2 to 4 carbon atoms, alkenyl or alkinyl of 2 to 4 carbon
      atoms, or phenyl and R.sub.2 is H or OH.
PAR  Compounds in which R.sub.1 is methyl, ethyl, oxiranyl, 2',3'-epoxypropyl,
      1',2'-dihydroxyethyl, 2',3'-dihydroxypropyl, vinyl, allyl, ethinyl or
      phenyl are preferred.
PAR  Furthermore, the present invention also relates to therapeutic compositions
      comprising such compounds in association with a therapeutically acceptable
      carrier. The invention also relates to a process for producing the
      compounds defined above by reacting the corresponding 3-oxocardenolide of
      the formula:
      ##SPC2##
PAL  In which R.sub.2 is H or OH with an organo-metallic compound of the formula
EQU  R.sub.3 -- Me or R.sub.3 -- MgX,
PAL  in which R.sub.3 represents a saturated or unsaturated hydrocarbon residue
      of from 1 to 4 carbon atoms, or phenyl, Me represents lithium, sodium or
      potassium and X represents chlorine, bromine or iodine. If R.sub.3
      represents an unsaturated alkenyl group, the double bond can then be, and
      preferably is, hydroxylated or epoxylated.
PAR  The reaction of the 3-oxocardenolide with the organometallic compound is
      carried out in an inert solvent, such as, for example, tetrahydrofuran. It
      is advantageous to use an excess of the organo-metallic compound because
      the free hydroxy groups on the steroid react with the organo-metallic
      compound to form salts. The organo-metallic compound is preferably used in
      a 2 to 6-fold excess. When using compounds of the formula R.sub.3 -- Me,
      the reaction is carried out in the absence of atmospheric oxygen. When
      Grignard reagents are used, it is preferable to exclude atmospheric
      oxygen. The 3-oxocardenolides are generally reacted with the
      organo-metallic compound at a temperature of between -70.degree. C and
      +20.degree.C for a reaction period of between about 4 and 24 hours.
PAR  Although the preparation of tertiary alcohols by the addition of
      alkyl-metal or aryl-metal compounds to ketones and esters is generally
      known, see, for example L. F. Fieser and M. Fieser, Organ. Chemie, page
      318 et seq., Verlag Chemie Weinheim 1968, it is surprising that this
      reaction is successful in selectively effecting this addition reaction on
      3-oxocardenolides so that only the 3-ketocarbonyl group reacts; the
      carbonyl group on the unsaturated lactone ring, which in fact is an ester
      carbonyl group, is not attacked.
PAR  Double bonds in the substituents on the 3-position of the cardenolide may
      be hydroxylated or epoxylated if the reaction conditions are maintained
      substantially neutral, i.e. at a pH between about 6 and 8. If the reaction
      conditions are strongly acid or alkaline, secondary reactions occur. For
      hydroxylation, the method of Plaha et al. (Coll. Czech. Chem. Comm. 25,
      237 (1960)) has proved particularly useful. This method is carried out
      using osmium tetroxide, barium chlorate in aqueous tetrahydrofuran. The
      epoxylation is particularly successful with the use of hydrogen
      peroxide/acetonitrile in methanol in the presence of potassium hydrogen
      carbonate (see G. B. Payne et al., J. Org. Chem. 26, 651, 659 (1961)).
PAR  As can be seen from tests performed on guinea-pigs and cats the new
      compounds, more particularly the 3.beta.-hydroxy compounds, have a good
      cardiac action in mammals and are easily reabsorbed internally. The onset
      of the effect of these compounds is more rapid than that of known steroids
      at present being used. Moreover, the compounds of the present invention
      have a wider range of therapeutic use and act more strongly. For these
      reasons the new compounds are very suitable for the treatment of
      decompensated and compensated cardiac insufficiency and of senile heart
      conditions. The new compounds shall be administered orally as tablets or
      solutions in a dosage range between 0.01 and 0.2 mg/kg body weight.
      Tablets shall contain between 0.1 and 0.5 mg of active compound.
PAR  The invention will be further described, by way of example only, with
      reference to following examples. All of the Rf values quoted in these
      examples have been ascertained using kieselgel plates (kieselgel F)
      manufactured by E. Merck of Darmstadt, and all thin layer chromatograms
      were carried out using these plates.
DETD
PAC  EXAMPLE 1
PAR  A solution of methyl lithium (34 ml; 68 mMol) in ether is added to a
      solution of digitoxigenone (5.0 g; 13.4 mMol) in absolute tetrahydrofuran
      (250 ml) at a temperature of between -60.degree. and -70.degree.C. while
      stirring slowly under an inert gas atmosphere. The reaction mixture is
      stirred for four hours at -60.degree.C., the temperature then being
      allowed to rise to room temperature during the course of thirty minutes.
      The reaction is then terminated by the addition of a saturated aqueous
      ammonium chloride solution (70 ml). After the addition of chloroform (1000
      ml) thereto, the organic phase is washed with saturated aqueous sodium
      bicarbonate solution and with water, dried over sodium sulfate and
      evaporated.
PAR  The crude product (5.45 g) is separated by chromatography on a kieselgel
      column using methylene chloride/acetone (10/1) as eluant. The separation
      is followed by thin layer chromatographic analysis of the individual
      fractions, the chromatographically identical fractions being combined and
      evaporated. There are obtained, in order of rising polarity, firstly 0.2 g
      of unconverted digitoxigenone. Further elution followed by crystallization
      of the corresponding fractions then yields 2.88 g (55% of the theoretical
      yield) of 3.beta.,14-dihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide,
      which has the following physical characteristics:
PAR  m.p. = 254.degree. - 262.degree.C. (recrystallized from a methylene
      chloride/diethyl ether mixture),
PAR  [.alpha.].sub.D.sup.20 = + 25.9.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (16 800)
PAR  Rf-value: 0.31 [ethyl acetate/methylene chloride (3/2)], and an empirical
      formula of C.sub.24 H.sub.36 O.sub.4 (Mol. Wt. 388.5):
PAR  Calculated: C, 74.19%; H 9.34%.
PAR  Found : C, 74.3%; H, 9.4%.
PAL  and 0.95g (18% of the theoretical yield) of
      3.alpha.,14-dihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide having the
      following physical characteristics:-
PAR  m.p. = 212.degree. - 222.degree.C. (recrystallized from a methylene
      chloride/diethyl ether mixture),
PAR  [.alpha.].sub.D.sup.20 = + 24.6.degree. (c = 0.46, chloroform)
PAR  UV peak (methanol); 217 nm (17 000)
PAR  Rf-value: 0.17 [ethyl acetate/methylene chloride (3/2)] and an empirical
      formula of C.sub.24 H.sub.36 O.sub.4 (Mol. Wt. 388.5): Calculated: C,
      74.19 %; H, 9.34 %. Found: C, 74.1 %; H, 9.3 %.
PAC  EXAMPLE 2
PAR  53.6 ml (53.6 mMol) of a solution of methylmagnesium iodide in iso-amyl
      ether are added to a stirred solution of digitoxigenone (5.0 g, 13.4 mMol)
      in absolute tetrahydrofuran (250 ml) at -60.degree.C in an inert gas
      atmosphere. The reaction mixture is stirred for six hours at -60.degree.C
      and subsequently worked up in a manner analogous to that described in
      Example 1 and purified. There are thus obtained 2.2 g (42 % of the
      theoretical yield) of
      3.beta.,14-dihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide and 0.9 g
      (17 % of the theoretical yield) of
      3.beta.,14-dihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide. The
      physical characteristics of these compounds are given in Example 1.
PAC  EXAMPLE 3
PAR  Digitoxigenone (1.86 g, 5 mMol) is reacted in a manner analogous to that
      described in Example 1 with 25 ml (25 mMol) of a suspension of ethyl
      lithium in benzene. The crude product (2.3 g) is subjected to
      chromatography on kieselgel. By using a 40:1 mixture of methylene chloride
      and methanol as eluant, there is obtained 0.3 g of unreacted
      digitoxigenone and 1.1 g of a mixture of the two isomers of
      3-ethyl-3,14-dihydroxy-5.beta.,14.beta.-card-20-enolide. These are
      separated by further chromatography on kieselgel with a mixture of
      methylene chloride and ethyl acetate (5:4) as eluant. 550 mg, representing
      27 % of the theoretical yield, of
      3-ethyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide having the
      following physical characteristics were obtained:
PAR  m.p. = 184.degree. - 187.degree.C (recrystallized from a methylene
      chloride/diethyl ether mixture),
PAR  [.alpha.].sub.D.sup.20 = + 25.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (17 000),
PAR  Rf-value: 0.38 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.25 H.sub.38 O.sub.4 (Mol. Wt.402.6): Calculated:
      C,74.59%; H,9.52%. Found: C,74.6%; H,9.5%.
PAL  together with 240 mg, representing 12% of the theoretical yield, of
      3-ethyl-3.alpha.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide having the
      following physical characteristics:
PAR  m.p. = 240.degree. - 244.degree.C (recrystallized from a methylene
      chloride/diethyl ether mixture),
PAR  [.alpha.].sub.D.sup.20 = + 25.degree. (c = 0.5, chloroform),
PAR  UV (methanol): 217 nm (16 900),
PAR  Rf-value: 0.23 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula C.sub.25 H.sub.38 O.sub.4 (Mol. Wt. 402.6):
PAR  Calculated: C, 74.59%; H, 9.52%. Found: C, 74.2 %; H, 9.7 %.
PAC  EXAMPLE 4
PAR  Digitoxigenone (14.9 g, 40 mMol) is reacted, in a manner analogous to that
      described in Example 1, with 60 ml (120 mMol) of a solution of vinyl
      lithium in tetrahydrofuran. The crude product (18.5 g) is subjected to
      chromatography on kieselgel. By using a 5:4 mixture of methylene chloride
      and ethyl acetate as eluant and subsequently re-crystallizing the pure
      fractions, there are obtained 3.1 g (representing 19 % of the theoretical
      yield) of 3.beta.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide
      having the following physical characteristics:
PAR  m.p. = 200.degree. - 203.degree.C (recrystallized from a methylene
      chloride/diethyl ether mixture),
PAR  [.alpha.].sub.D.sup.20 = + 37.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (16 400),
PAR  Rf-value: 0.41 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.25 H.sub.36 O.sub.4 (Mol. Wt. 400.5):  Calculated:
      C, 74.96%; H 9.06%.  Found: C, 75.0 %; H 9.0 %.
PAL  1.5 g of unreacted digitoxigenone and 4.4 g (representing 22% of the
      theoretical yield) of pure
      3.beta.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide having the
      following physical characteristics:
PAR  m.p. = 210.degree. - 214.degree.C (recrystallized from a methylene
      chloride/diethyl ether mixture),
PAR  [.alpha.].sub.D.sup.20 = + 34.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (16,800 ),
PAR  Rf-value: 0.23 (ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.25 H.sub.36 O.sub.4 (Mol. Wt. 400.5):  Calculated:
      C, 74.96 %, H, 9.06 %.  Found: C, 74.8 %; H, 9.0 %.
PAC  EXAMPLE 5
PAR  7 ml of a 0.1 molar solution of osmium tetroxide in diethyl ether and 0.47
      g (1.5 mMol) of finely powdered barium chlorate monohydrate are added to a
      solution of 3.beta.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide
      (1.1 g, 2.75 mMol, prepared as in Example 4) in 40 ml of a
      tetrahydrofuran/water/pyridine mixture in the ratio of 30/10/1,
      respectively. The reaction mixture is stirred at room temperature.
PAR  After 48 hours, a further 3.5 ml (0.35 mMol) osmium tetroxide in diethyl
      ether are added to the mixture. The reaction is terminated after a total
      of 64 hours by the addition of 1 g sodium sulfite in 10 ml pyridine/water
      in a 1:1 ratio and is stirred for six hours at room temperature until the
      cyclic osmates formed as intermediate compounds are completely
      disintegrated. The reaction mixture is taken up in chloroform (800 ml) and
      water (100 ml). The organic phase is washed with a 10 % aqueous potassium
      hydrogen sulfate solution (100 ml), water (100 ml) saturated aqueous
      sodium bicarbonate solution (100 ml) and water (2 .times. 100 ml), dried
      over sodium sulfate and evaporated.
PAR  The residue is purified by chromatography on kieselgel using a methylene
      chloride/acetone (5/1) mixture as eluant. The separation is continued by
      thin layer chromatography of the individual fractions, the identical
      fractions obtained by this thin layer chromatography being combined and
      evaporated. After recrystallization of the corresponding fractions from a
      methanol/diethyl ether mixture, there are obtained 430 mg, representing 36
      % of the theoretical yield, of 3.beta.,14-dihydroxy-3-(1',2'-dihydroxy
      ethyl)-5.beta.,14.beta.-card-20-enolide having the following physical
      characteristics:
PAR  m.p. = 242.degree. - 255.degree.C
PAR  [.alpha.].sub.D.sup.20 = + 19.2.degree. (c = 0.25, methanol),
PAR  UV peak (methanol): 217 nm (16 000),
PAR  Empirical formula: C.sub.25 H.sub.38 O.sub.6 (Molecular weight 434.5):
      Calculated: C, 69.09 %; H, 8.81 %.  Found: C, 68.9 %; H, 8.8 %.
PAC  EXAMPLE 6
PAR  In a manner analogous to that described in Example 5, using
      3.alpha.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide (2.1 g,
      5.25 mMol, obtained as described in Example 4), there are obtained 620 mg
      (27 % of the theoretical yield) of
      3.alpha.,14-dihydroxy-3-(1',2'-dihydroxyethyl)-5.beta.,14.beta.-card-20-en
     olide.
PAR  This compound has the following physical characteristics: m.p. =
      197.degree. - 214.degree.C (recrystallized from a methanol/diethyl ether
      mixture),
PAR  [.alpha.].sub.D.sup.20 = + 17.4.degree. (c = 0.5, methanol),
PAR  UV peak (methanol): 217 nm (16 500),
PAR  Rf-value: 0.35 [chloroform/methanol (5/1)],
PAR  Empirical formula: C.sub.25 H.sub.38 O.sub.6 (Mol. Wt. 434.5).  Calculated:
      C, 69.09 %; H, 8.81 %.  Found: C, 69.1 %; H, 8.7 %.
PAC  EXAMPLE 7
PAR  2.0 g potassium hydrogen carbonate, 3 ml acetonitrile and 4.5 ml hydrogen
      peroxide (30 %) in 20 ml methanol are added to a solution of
      3.beta.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide (0.8 g, 2
      mMol, described in Example 4). The reaction mixture is stirred at room
      temperature and the progress of the reaction is followed by thin layer
      chromatography using a methylene chloride/ethyl acetate (2/3) mixture as
      eluant. After 24 hours, a further 3 ml acetonitrile and 4.5 ml hydrogen
      peroxide (30 %) are added to the reaction mixture and the reaction is
      continued for an additional 24 hours.
PAR  The reaction mixture is then taken up in chloroform (500 ml) and water (50
      ml), the organic phase is washed in water (2 .times. 50 ml), dried over
      sodium sulfate and evaporated.
PAR  The residue is subjected to chromatography on a kieselgel column using a
      methylene chloride/acetone (5/1) mixture as eluant. The fractions which
      contain the required product are combined, evaporated, and the residue is
      recrystallized from a methylene chloride/diethyl ether mixture. 420 mg (50
      % of the theoretical yield) of
      3.beta.,14-dihydroxy-3-(oxiranyl)-5.beta.,14.beta.-card-20-enolide are
      obtained, having the following physical characteristics:
PAR  m.p. = 204.degree. - 206.degree.C
PAR  [.alpha.].sub.D.sup.20 = + 27.5.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (15,000 ),
PAR  Rf-value: 0.29 [methylene chloride/ethyl acetate (1/3)],
PAR  Empirical formula: C.sub.25 H.sub.36 O.sub.5 (Mol. Wt. 416.5):  Calculated:
      C, 72.08 %, H, 8.71 %.  Found: C, 71.7 %; H, 8.7 %.
PAC  EXAMPLE 8
PAR  3.alpha.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide (0.9 g, 2.25
      mMol, prepared as in Example 4) is dissolved in 40 ml of a 3:1
      methanol/tetrahydrofuran mixture and reacted as described in Example 7.
      370 mg (40 % of the theoretical yield) of
      3.alpha.,14-dihydroxy-3-(oxiranyl)-5.beta.,14.beta.-card-20-enolide are
      obtained, which has the following physical characteristics:
PAR  m.p. = 221.degree. - 228.degree.C (recrystallized from a methylene
      chloride/diethyl ether mixture),
PAR  [.alpha.].sub.D.sup.20 = + 18.5.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (16,250 ),
PAR  Rf-value: 0.25 [methylene chloride/ethyl acetate (1/3)],
PAR  Empirical formula: C.sub.25 H.sub.36 O.sub.5 (Mol. Wt. 416.5):  Calculated:
      C, 72.08 %; H, 8.71 %.  Found: C, 72.8 %; H, 8.8 %.
PAC  EXAMPLE 9
PAR  450 ml of an approximately 0.4 molar solution of allyl lithium in a 2:1
      mixture of tetrahydrofuran/diethyl ether, prepared according to the method
      of J. J. Eisch et al., J. Org. Chem. 28, 2145 (1963) are added to a
      stirred solution of digitoxigenone (11.2 g, 30 mMol) in absolute
      tetrahydrofuran (200 ml) at a temperature of between -60.degree. and
      -70.degree.C. in an inert gas atmosphere. Working up is effected after
      four hours as described in Example 1. The raw product is subjected to
      chromatography on kieselgel. Elution with methylene chloride/acetone (7/1)
      produces two fractions. The first fraction contains a mixture of
      3-allyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide and
      unreacted digitoxigenone. Re-chromatography of this fraction using an
      ethyl acetate/acetone (8/1) eluant and subsequent recrystallization of the
      pure fractions yields: Fraction A - 3.2 g (26 % of the theoretical yield)
      of pure 3-allyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide
      having the following physical characteristics:-
PAR  m.p. = 164.degree. - 165.degree.C. (recrystallized from a mixture of
      methylethylketone/heptane)
PAR  [.alpha.].sub.D.sup.20 = + 27.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 127 nm (16 000),
PAR  Rf-value: 0.42 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.26 H.sub.38 O.sub.4 (Mol. Wt. 414.6):  Calculated:
      C, 75.32 %; H, 9.24 %.  Found: C, 75.5 %; H, 9.3 %.
PAR  1.2 g unreacted digitoxigenone, and Fraction B, after recrystallization
      from a methylene chloride/diethyl ether mixture, 4.0 g (32 % of the
      theoretical yield) of
      3-allyl-3.alpha.,14-dihydroxy-5.beta.,14.beta.-card-20 -enolide having the
      following physical characteristics:
PAR  m.p. = 226.degree. - 232.degree.C
PAR  [.alpha.].sub.D.sup.20 = + 32.degree. (C = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (17 000),
PAR  Rf-value: 0.25 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.26 H.sub.38 O.sub.4 (Mol. Wt. 414.6):  Calculated:
      C, 75.32 %; H, 9.24 %.  Found: C, 75.2 %; H, 9.2 %.
PAC  EXAMPLE 10
PAR  10 ml of a molar solution of osmium tetroxide in diethyl ether and 0.81 g
      (2.5 mMol) of finely powdered barium chlorate monohydrate are added to a
      solution of 3-allyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide
      (1.7 g, 4.1 mMol, prepared as in Example 9) in 40 ml of a mixture of
      tetrahydrofuran, water and pyridine (30/10/1). The reaction mixture is
      stirred at room temperature.
PAR  After 24 hours, a further 10 ml of a 0.1 molar osmium tetroxide solution
      are added to the reaction mixture. After a total reaction time of 70
      hours, the reaction is terminated by the addition of 2.0 g sodium sulfate
      and 25 ml of a 1:1 mixture of pyridine and water. The products are then
      further worked up as described in Example 5.
PAR  Chromatography on kieselgel with a mixture of methylene chloride and ethyl
      acetate as eluant followed by crystallization of the pure fractions yields
      650 mg (35% of the theoretical yield) of
      3.beta.,14-dihydroxy-3-(2',3'-dihydroxypropyl)-5.beta.,14.beta.card-20-eno
     lide having the following physical characteristics:
PAR  m.p. = 238.degree. - 242.degree.C
PAR  [.alpha.].sub.D.sup.20 = + 19.5.degree. (c = 0.4, methanol),
PAR  UV peak (methanol): 217 nm (16,800 ),
PAR  Rf-value: 0.39 [chloroform/methanol (5/1)],
PAR  Empirical formula: C.sub.26 H.sub.40 O.sub.6 (Mol. Wt. 448.6):  Calculated:
      C, 69.61 %; H, 8.99 %.  Found: C, 69.4 %; H, 8.9 %.
PAC  EXAMPLE 11
PAR  In a manner analogous to that described in Example 10,
      3-allyl-3.alpha.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide (1.04 g,
      2.5 mMol, prepared as in Example 9) is used as a starting material. After
      chromatography of the crude product on kieselgel using a methylene
      chloride/methanol mixture (20/1) as eluant and crystallization of the pure
      fractions from a methylene chloride/diethyl ether/hexane mixture, 481 mg
      (48 % of the theoretical yield) of 3.alpha.,
      14-dihydroxy-3-(2',3'-dihydroxypropyl)-5.beta.,14.beta.-card-20-enolide is
      obtained, having the following physical characteristic:
PAR  m.p. = 210.degree. - 225.degree.C,
PAR  [.alpha.].sub.D.sup.20 = + 17.8.degree. (c = 0.5, methanol),
PAR  UV peak (methanol): 217 nm (16 400),
PAR  Rf-value: 0.39 [chloroform/methanol (5/1)],
PAR  Empirical formula: C.sub.26 H.sub.40 O.sub.6 (Mol. Wt. 448.6):  Calculated:
      C, 69.61 %; H, 8.99 %.  Found: C, 68.6 %; H 9.1 %.
PAC  EXAMPLE 12
PAR  3.0 g potassium bicarbonate, 5 ml acetonitrile and 8 ml hydrogen peroxide
      (30 %) are added to a solution of
      3-allyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide (1.4 g, 3.35
      mMol, prepared as in Example 9) in 20 ml methanol. The reaction mixture is
      stirred at room temperature, the progress of the reaction being followed
      by thin layer chromatography using a 2:3 mixture of methylene chloride and
      ethyl acetate.
PAR  After four hours, a further 5 ml acetonitrile and 8 ml hydrogen peroxide
      (30 %) are added. The reaction is virtually complete after 16 hours. The
      reaction mixture is taken up in chloroform (500 ml) and water (50 ml). The
      organic phase is washed with water (2 .times. 50 ml), dried over sodium
      sulfate and evaporated.
PAR  Chromatography of the residue on kieselgel using a methylene
      chloride/acetone (8/1) mixture as eluant followed by recrystallization
      from a methylene chloride/diethyl ether mixture yields 490 mg (34 % of the
      theoretical yield) of
      3.beta.,14-dihydroxy-3-(2',3'-epoxypropyl)-5.beta.,14.beta.-card-20-enolid
     e, having the following physical characteristics:
PAR  m.p. = 153.degree. - 155.degree. C,
PAR  [.alpha.].sub.D.sup.20 = + 16.degree. (c = 0.5, chloroform)
PAR  UV peak (methanol): 218 nm (16 000),
PAR  Rf-value: 0.24 [methylene chloride/ethyl acetate (1/3)],
PAR  Empirical formula: C.sub.26 H.sub.38 O.sub.5 (Mol. Wt. 430.6):  Calculated:
      C, 72.53 %; H, 8.98 %.  Found: C, 72.0 %; H, 8.9 %.
PAC  EXAMPLE 13
PAR  3-allyl-3.alpha.,14-dihydroxy-5.beta.,14.beta.-card-20 -enolide (1.8 g,
      4.35 mMol, prepared as in Example 9 ) is dissolved in 80 ml of a 5:2
      methanol/tetrahydrofuran mixture and reacted as described in Example 12.
      There are obtained 820 mg (44 % of the theoretical yield) of
      3.alpha.,14-dihydroxy-3-(2',3'-epoxypropyl)-5.beta.,14.beta.-card-20-enoli
     de having the following physical characteristics:
PAR  m.p. = 193.degree. - 198.degree.C (recrystallized from a mixture of
      methylene chloride and diethyl ether),
PAR  [.alpha.].sub.D.sup.20 = + 24.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 218 nm (16 000),
PAR  Rf-value: 0.17 [methylene chloride/ethyl acetate (1/3)],
PAR  Empirical formula: C.sub.26 H.sub.38 O.sub.5 (Mol. Wt. 430.6):  Calculated:
      C, 72.55 %; H, 8.98 %.  Found: C, 72.7 %; H, 9.0 %.
PAC  EXAMPLE 14
PAR  A suspension of 2.4 g (100 mMol) sodium hydride in 100 ml absolute dimethyl
      sulfoxide is stirred, under nitrogen, for 45 minutes at a temperature of
      between 60.degree. and 65.degree.C. The mixture is cooled to 0.degree.C.
      and mixed with 250 ml dimethylsulfoxide, which has previously been
      saturated at 0.degree.C with acetylene. After 30 minutes at 0.degree.C, a
      solution of digitoxigenone (7.4 g, 20 mMol) is added to the solution of
      sodium acetylide thus produced. The temperature of the reaction mixture is
      allowed to rise to room temperature and the reaction is continued by
      introducing acetylene into the reaction mixture in an atmosphere of
      nitrogen and acetylene atmosphere. This is continued for 24 hours.
PAR  The reaction is terminated by the addition of 200 ml of a saturated aqueous
      solution of ammonium chloride. After the addition of chloroform (2,000
      ml), the organic phase is washed with a saturated aqueous sodium
      bicarbonate solution and then repeatedly with water. The organic phase is
      then dried over sodium sulfate and evaporated. The crude product (11 g) is
      separated by chromatography on kieselgel. By using a 40:1
      chloroform/methanol mixture as eluant, the first fraction obtained
      consists of 0.5 digitoxigenone. Further chromatography of the
      digitoxigenone-free fractions with a 5:4 mixture of methylene chloride and
      ethyl acetate as eluant followed by recrystallization of the pure
      fractions yields 450 mg. (5.7 % of the theoretical yield) of
      3-ethinyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide having the
      following physical characteristics:
PAR  m.p. = 223 - 228.degree.C. (recrystallized from a methylene chloride/hexane
      mixture),
PAR  [.alpha.].sub.D.sup.20 = + 27.9.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (16 000),
PAR  Rf-value: 0.42 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.25 H.sub.34 O.sub.4 (Mol. Wt. 398.5)  Calculated:
      C, 75.34 %; H, 8.60 %.  Found: C, 75.2 %; H, 8.7 %.
PAR  There are also obtained 5.1 g (64 % of the theoretical yield)
      3-ethinyl-3.alpha.,14-dihydroxy-3.beta., 14.beta.-card-20-enolide having
      the following physical characteristics:
PAR  m.p. = 215.degree. - 221.degree.C (recrystallized from methylene
      chloride/hexane),
PAR  [.alpha.].sub.D.sup.20 = + 26.5.degree.C (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (15 900),
PAR  Rf-value: 0.31 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.25 H.sub.34 O.sub.4 (Mol. Wt. 398.5):  Calculated:
      C, 75.34 %; H, 8.60 %.  Found: C, 75.5 %; H, 8.5 %.
PAC  EXAMPLE 15
PAR  Digitoxigenone (5.8 g, 15 mMol) is dissolved in 150 ml absolute
      tetrahydrofuran and, in a manner analogous to that described in Example 1,
      is reacted with 40 ml of a 2 molar solution of phenyl lithium in a 7:3
      mixture of benzene and diethyl ether.
PAR  The reaction product is subjected to chromatography on kieselgel, using an
      8:1 mixture of methylene chloride and acetone as eluant. After
      recrystallization of the pure fractions, there are obtained 1.3 g (19 % of
      the theoretical yield) of
      3.beta.,14-dihydroxy-3-phenyl-5.beta.,14.beta.-card-20-enolide, having the
      following physical characteristics:
PAR  m.p. = 178.degree. - 184.degree.C (recrystallized from a mixture of
      methylethylketone and heptane)
PAR  [.alpha.].sub.D.sup.20 = + 41.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 213 nm (24 800),
PAR  Rf-value: 0.44 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.29 H.sub.38 O.sub.4 (Mol. Wt. 450.59)  Calculated:
      C, 77.30 %; H, 8.50 %.  Found: C, 77.0 %; H, 8.8 %.
PAL  and 1.7 g (25 % of the theoretical yield) of
      3.alpha.,14-dihydroxy-3-phenyl-5.beta.,14.beta.-card-20-enolide having the
      following physical characteristics:
PAR  m.p. = 215.degree. - 224.degree.C (recrystallized from acetone/diethyl
      ether),
PAR  [.alpha.].sub.D.sup.20 = + 41.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 212 nm (24 700),
PAR  Rf-value: 0.30 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.29 H.sub.38 O.sub.4 (Mol. Wt. 450.6):  Calculated:
      C, 75.30 %; H, 8.50 %.  Found: C, 75.2 %; H, 8.6 %.
PAC  EXAMPLE 16
PAR  A solution of 2.7 g (7 mMol) 12.beta.,14-dihydroxy-3-oxo-5.beta.,
      14.beta.-card-20-enolide (3-dehydrodigoxigenine) in 160 ml absolute
      tetrahydrofuran is reacted, in a manner analogous to that described in
      Example 1, with 21 ml (42 mMol) of a solution of methyl lithium in diethyl
      ether. Chromatography of the crude product on kieselgel using an 8:1
      mixture of ethyl acetate and acetone (8/1) as eluant followed by
      recrystallization of the pure fractions produces 1.6 g (57 % of the
      theoretical yield) of
      3.beta.,12.beta.,14-trihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide:
PAR  m.p. = 195.degree. - 204.degree.C (recrystallized from methylene
      chloride/diethyl ether),
PAR  [.alpha.].sub.D.sup.20 = + 25.1.degree. (c = 0.5, chloroform),
PAR  UV peak (methanol): 217 nm (17 400),
PAR  Rf-value: 0.13 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.24 H.sub.36 O.sub.5 (Mol. Wt. 404.5):  Calculated:
      C, 71.23 %; H, 8.97 %.  Found: C, 70.9 %; H, 9.0 %.
PAL  and 311 mg (11 % of the theoretical yield) of
      3.alpha.,12.beta.,14-trihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide
      having the following physical characteristics:
PAR  m.p. = 248.degree. - 260.degree.C (recrystallized from acetone/diethyl
      ether),
PAR  [.alpha.].sub.D.sup.20 = + 25.4.degree. [c = 0.5, chloroform/ethanol
      (10/1)],
PAR  UV peak (methanol): 217 nm (15 800),
PAR  Rf-value: 0.05 [ethyl acetate/methylene chloride (3/2)],
PAR  Empirical formula: C.sub.24 H.sub.36 O.sub.5 (Mol. Wt. 404.5):  Calculated:
      C, 71.25 %; H, 8.97 %.  Found: C, 71.3 %; H, 9.21 %.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compound of the formula
      ##SPC3##
PAL  in which R.sub.1 is alkyl of 1 to 4 carbon atoms, vicinal epoxy- or
      dihydroxyalkyl of 2 to 4 carbon atoms, alkenyl or alkinyl of 2 to 4 carbon
      atoms, or phenyl and R.sub.2 is H or OH.
NUM  2.
PAR  2. A compound as defined in claim 1 in which R.sub.1 is methyl, ethyl,
      oxiranyl, 2',3'-epoxypropyl, 1',2'-dihydroxyethyl, 2',3'-dihydroxypropyl,
      vinyl, allyl, ethinyl or phenyl.
NUM  3.
PAR  3. The compound defined in claim 1 which is
      3.alpha.,14-dihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide.
NUM  4.
PAR  4. The compound defined in claim 1 which is
      3.beta.,14-dihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide.
NUM  5.
PAR  5. The compound defined in claim 1 which is
      3-ethyl-3.alpha.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide.
NUM  6.
PAR  6. The compound defined in claim 1 which is
      3-ethyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide.
NUM  7.
PAR  7. The compound defined in claim 1 which is
      3.alpha.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide.
NUM  8.
PAR  8. The compound defined in claim 1 which is
      3.beta.,14-dihydroxy-3-vinyl-5.beta.,14.beta.-card-20-enolide.
NUM  9.
PAR  9. The compound defined in claim 1 which is
      3-allyl-3.alpha.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide.
NUM  10.
PAR  10. The compound defined in claim 1 which is
      3-allyl-3.beta.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide.
NUM  11.
PAR  11. The compound defined in claim 1 which is
      3-ethinyl-3.alpha.,14-dihydroxy-5.beta.,14.beta.-card-20-enolide.
NUM  12.
PAR  12. The compound defined in claim 1 which is 3-ethinyl-3.beta.,
      14-dihydroxy-5.beta.,14.beta.-card-20-enolide.
NUM  13.
PAR  13. The compound defined in claim 1 which is
      3.alpha.,14-dihydroxy-3-phenyl-5.beta.,14.beta.-card-20-enolide.
NUM  14.
PAR  14. The compound defined in claim 1 which is
      3.beta.,14-dihydroxy-3-phenyl-5.beta.,14.beta.-card-20-enolide.
NUM  15.
PAR  15. The compound defined in claim 1 which is 3.alpha.,12.beta.
      ,14-trihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide.
NUM  16.
PAR  16. The compound defined in claim 1 which is 3.beta.,12.beta.,
      14-trihydroxy-3-methyl-5.beta.,14.beta.-card-20-enolide.
NUM  17.
PAR  17. The compound defined in claim 1 which is
      3.beta.,14-dihydroxy-3-(1',2'-dihydroxyethyl)-5.beta.,14.beta.-card-20-eno
     lide.
NUM  18.
PAR  18. The compound defined in claim 1 which is
      3.alpha.,14-dihydroxy-3-(1',2'-dihydroxyethyl)-5.beta.,14.beta.-card-20-en
     olide.
NUM  19.
PAR  19. The compound defined in claim 1 which is
      3.beta.,14-dihydroxy-3-(2',3'-dihydroxypropyl)-5.beta.,14.beta.-card-20-en
     olide.
NUM  20.
PAR  20. The compound defined in claim 1 which is
      3.alpha.,14-dihydroxy-3-(2',3'-dihydroxypropyl)-5.beta.,14.beta.-card-20-e
     nolide.
NUM  21.
PAR  21. The compound defined in claim 1 which is
      3.beta.,14-dihydroxy-3-(oxiranyl)-5.beta.,14.beta.-card-20-enolide.
NUM  22.
PAR  22. The compound defined in claim 1 which is
      3.alpha.,14-dihydroxy-3-(oxiranyl)-5.beta.,14.beta.-card-20-enolide.
NUM  23.
PAR  23. The compound defined in claim 1 which is
      3.beta.,14-dihydroxy-3-(2',3'-epoxypropyl)-5.beta.,14.beta.-card-20-enolid
     e.
NUM  24.
PAR  24. The compound defined in claim 1 which is
      3.alpha.,14-dihydroxy-3-(2',3'-epoxypropyl)-5.beta.,14.beta.-card-20-enoli
     de.
NUM  25.
PAR  25. A process for making a compound of the formula
      ##SPC4##
PAL  wherein R.sub.2 is H or OH and R.sub.3 is alkyl of 1 to 4 carbon atoms,
      alkenyl or alkinyl of 2 to 4 carbon atoms, or phenyl, which comprises
      reacting a compound of the formula
      ##SPC5##
PAL  with an organo-metallic compound of the formula R.sub.3 -- Me or R.sub.3
      MgX, wherein Me is lithium, sodium, or potassium and X is chlorine,
      bromine, or iodine.
NUM  26.
PAR  26. A process as defined in claim 25 wherein R.sub.3 is alkenyl and wherein
      the 3-alkenyl compound prepared is subsequently hydroxylated with osmium
      tetroxide and barium chlorate or is subsequently epoxylated with hydrogen
      peroxide and acetonitrile in the presence of potassium hydrogen carbonate.
NUM  27.
PAR  27. A process as defined in claim 26 wherein the reaction conditions for
      the hydroxylation or epoxylation step are substantially neutral.
NUM  28.
PAR  28. A process as defined in claim 25 wherein the reaction is carried out in
      the presence of an inert solvent.
NUM  29.
PAR  29. A process as defined in claim 28 wherein the solvent is absolute
      tetrahydrofuran.
NUM  30.
PAR  30. A process as defined in claim 25 wherein the organo-metallic compound
      is used in excess.
NUM  31.
PAR  31. A process as defined in claim 30 wherein the organo-metallic compound
      is present in a 2 to 6-fold excess.
NUM  32.
PAR  32. A process as defined in claim 25 wherein the reaction is carried out in
      the absence of atmospheric oxygen.
NUM  33.
PAR  33. A process as defined in claim 25 wherein the reaction temperature is
      between -70.degree. and +20.degree.C.
NUM  34.
PAR  34. A process as defined in claim 25 wherein the reaction time is between 4
      and 24 hours.
NUM  35.
PAR  35. A process as defined in claim 25 wherein the crude product obtained is
      purified by chromatography and re-crystallization.
NUM  36.
PAR  36. A method of treatment which comprises orally administering to a cardiac
      patient from 0.01 to 0.2 mg/kg of body weight of a compound as defined in
      claim 1.
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ABST
PAL  Antimicrobially active ceph-3-ems having in the 3-position a benzyl or
      mono-halobenzyl group, preferably with the mono-halo group in the
      para-position of the phenyl part of the benzyl group.
PARN
PAR  This is a continuation of application Ser. No. 303,959 filed Nov. 6, 1972,
      now abandoned.
BSUM
PAR  This invention relates to novel substituted ceph-3-ems some of which are of
      value as intermediates in the synthesis of antimicrobially active
      cephalosporin analogues whilst others are useful as antimicrobial agents
      in their own right. The invention is described in Part D of this
      specification. Parts A,B,C and E relate to starting materials and
      processes necessary for the preparation of the novel cephems.
PAC  PART A
PAR  Elsewhere we have already described a process for the preparation of
      substituted azetidin-2-ones of formula (L)
      ##EQU1##
      wherein n represents 0 or 1, X represents an amino group or a substituted
      amino group R represents hydrogen or an organic radical; A represents a
      carbonyl group &gt; C = O or a ketal group
      ##EQU2##
      wherein R.sup.1 represents C.sub.1 -C.sub.3 alkyl group; and B represents
      (i) hydrogen, (ii) a group of formula (II)
      ##EQU3##
      wherein R.sup.2 represents an esterified carboxylic acid group, (iii) a
      group of formula (III) or (IIIA)   wherein R.sup.3 is an esterified
      carboxylic acid group and R.sub.a, R.sub.b and R.sub.c are each lower
      alkyl, aryl or aralkyl groups, any of which may be substituted, or (iv) a
      group of formula (IIIB):
      ##EQU4##
      WHEREIN R.sup.3 is an esterified carboxylic acid group and R.sub.a.sup.1
      and R.sub.b.sup.1 are substituted or unsubstituted alkoxy or aralkoxy
      groups; which process comprises (i) (when a compound of formula (I)
      wherein A is a carbonyl group is to be prepared) reacting a compound of
      formula (IV):
      ##EQU5##
      wherein n, X B and R are as defined with respect to formula (I) with a
      primary or secondary amine and, if the resultant enamine intermediate dose
      not hydrolyse spontaneously, subsequently subjecting the resultant enamine
      intermediate to acid hydrolysis to form the desired compound of formula
      (I) or (ii) (again when a compound of formula (I) wherein A is a carbonyl
      group is to be prepared) reacting a compound of formula (IV) above with
      water in the presence of a source of mercuric ions as catalyst or (iii)
      (when a compound of formula (I) wherein A is a ketal group is to be
      prepared), reacting a compound of formula (IV) above with a lower alkanol
      in the presence of a source of mercuric ions as catalyst.
PAR  The reaction of the acetylenic compound (IV) with the primary or secondary
      amine under step (i) above may produce one of two possible enamine
      intermediates or a mixture of both i.e.
      ##EQU6##
      In addition, it is believed that the formation of the enamines from
      acetylenic compounds (IV) may (at least in some cases) proceed through an
      intermediate allene.
      ##SPC1##
PAR  The process described in the preceding paragraph produces substituted
      azetidin-2-ones of formula (I).
PAR  In formula (I) the group X has been defined as an amino or substituted
      amino group. The term "substituted amino group" includes both mono- and
      di- substituted amino groups.
PAR  Compounds of formula (I) are made from compounds of formula (IV) as
      starting materials. The group X in compounds (IV) should survive the
      reaction conditions to end up as the group X in compounds (I). Since free
      amino groups or protonated amino groups tend to be somewhat reactive, it
      is not always desirable to carry out the reaction using compounds (IV)
      wherein X is either of these groups. Preferably the starting material (IV)
      is one wherein the group X is a substituted amino group. The identity of
      the substituents is not critical, but they should naturally be such that
      the entire substituted amino group X is stable under the particular
      reaction conditions chosen. If the particular substituted amino group
      chosen is one which can be converted to a free amino group without
      disruption of the .beta.-lactam ring of compounds (I), then it may be
      preferable to prepare compounds (I) wherein X is a free amino group by
      starting from compound (IV) wherein X is a substituted amino group, and
      subsequently removing the substituents. Examples of substituted amino
      group X which can be present in the starting materials (IV) and which,
      after the reaction to produce compounds (I) can be converted to free amino
      groups include triphenylmethylamino (the triphenylmethyl group being
      removable by acid hydrolysis or catalytic hydrogenation);
      t-butoxy-carbonylamino (removable by treatment with anhydrous acid);
      trichlorethoxycarbonylamino (removable by reduction with zinc and acetic
      acid) acylamino groups, e.g. phenylacetylamino or phenoxyacetylamino
      (removable, if desired, either enzymically or by known chemical
      procedures.).
PAR  Referring again to the products of the process described above, i.e. the
      substituted azetidin-2-ones (I), it will be noted that the group B is
      hydrogen or one of the groups (II), (III), (IIIA), or (IIIB). When B is a
      group of formula (II), (III), (IIIA), or (IIIB), the groups R.sup.2 and
      R.sup.3 have been defined as esterified carboxylic acid groups. Again,
      this esterified carboxylic acid group takes no part in the reaction
      described above, and its identity is in this respect not critical.
      However, the most versatile compounds (I) are obtained when R.sup.2 and
      R.sup.3 are esterified carboxylic acid groups which can be readily
      converted to free carboxylic acid groups without damage to the remainder
      of the molecule. Examples of such esters include the t-butyl and
      p-methoxybenzyl esters (both removable with a strong anhydrous acid such
      as trifluoroacetic acid). However, on occasions other, perhaps less
      readily removable esters may be employed e.g.; lower alkyl esters or
      thioesters (e.g. methyl, ethyl or propyl esters or thioesters); aralkyl
      esters or thioesters (e.g. benzyl, substituted benzyl or benzhydryl esters
      or thioesters); aryl esters or thioesters (e.g. phenyl or substituted
      phenyl esters or thioesters); acyloxyalkyl esters (e.g. acetoxymethyl or
      pivaloyloxymethyl esters).
PAR  The group R in the starting materials of formula (IV) (and thus also in the
      end products of formula (I)) has been widely defined as hydrogen or an
      organic group. We find that by choosing the reaction conditions and
      starting materials carefully, the reaction described above can be carried
      out with a wide range of organic groups R present in the starting
      materials. More will be said about the relationship between the group R
      and the reaction conditions later, but for the present it will be
      sufficient to state that, in general, R may be hydrogen, substituted or
      unsubstituted alkyl, substituted or unsubstituted aralkyl; substituted or
      unsubstituted aryl or a heterocyclic group which may carry ring
      substituents. In particular, R may be an unsubstituted C.sub.1 to C.sub.6
      alkyl or cycloalkyl group; a phenyl group; a phenylalkyl group wherein the
      alkyl portion contains from 1 to 4 carbon atoms, an alkoxy group having
      from 1 to 4 carbon atoms or a monocyclic heterocyclic group.
PAR  In the preceding paragraphs, reference has been made to the relationship
      between the reaction conditions and the identity of various groups on the
      starting material (IV). Before discussing this relationship in some depth
      it should be noted that suitable "sources of mercuric ions" useful in
      steps (ii) and (iii) of the process described above include mercuric
      sulphate in dilute sulphuric acid; mercuric chloride in piperidine,
      morpholine or pyrrolidine, mercuric acetate, mercury acetamide, mercury
      p-toluene sulphonamide and a mercury-impregnated polystyrene resin in
      aqueous acetic acid. With water as the reactant ie, in step (ii) of the
      process described above, it is convenient to include in the reaction
      mixture an organic solvent for the starting material (IV) such as a lower
      alkanol, acetic acid, acetone, dioxan, ethyl acetate, dimethyl formamide,
      dimethyl sulphoxide or tetrahydrofuran. In general, addition of water to
      the triple bond occurs more readily than that of an alkanol. Hence when
      both water and alkanol are present the ketone (I:A = &gt;C=O) is usually the
      main product although some ketal
      ##EQU7##
      may also be formed, particularly if the quantity of alkanol present
      greatly exceeds that of water.
PAR  When it is desired to obtain the ketal as the major product the quantity of
      water present should be kept to a minimum, and it is convenient to employ
      the alkanol as solvent as well as reactant. Addition of the alkanol to the
      triple bond of compound (IV) may be catalysed by the previously mentioned
      mercury compounds. Alternatively, a specific catalyst which minimizes the
      risk of hydrolysis may be formed by heating together momentarily red
      mercuric oxide, ether-boron trifluoride complex, trichloroacetic acid, and
      the appropriate lower alkanol.
PAR  Addition of either water or lower alkanol to the triple bond may be
      accomplished at temperatures between 0.degree.C and 100.degree.C but
      proceeds faster at the higher temperatures.
PAR  It will be seen that the process described above defines two methods for
      the preparation of compounds of formula (I) wherein A is the carbonyl
      group. In the first, the acetylenic sulphide or sulphoxide (IV) is reacted
      with a primary or secondary amine to form an enamine compound which then
      hydrolyses spontaneously to form the desired product or is subjected to
      acid hydrolysis to form the desired product. Sometimes hydrolysis is
      effected merely by subjecting the enamine compound to silica gel
      chromatography. In the second, the acetylenic sulphide or sulphoxide (IV)
      is hydrated with water in the presence of mercuric ions.
PAR  When the sulphide or sulphoxide (IV) is reacted with a primary or secondary
      amine, we find that the reaction proceeds much faster with sulphoxide (IV
      n=1) than with sulphide (IV n=0). Preferred amines include cyclic
      secondary amines such as piperidine, morpholine and pyrrolidine, but other
      secondary amines as dimethylamine, diethylamine, dibenzylamine and primary
      amines such as ethylamine, n-butylamine, benzylamine, cyclohexylamine and
      t-butylamine may be used on occasions, especially with sulphoxides.
PAR  When the sulphides or sulphoxide (IV) is reacted with water in the presence
      of the mercuric catalyst it has already been stated that the identity of
      the groups X, B and R in the starting materials influences the choice of
      catalyst.
PAR  When the catalyst is mercuric sulphate/acid (in methanol, for example) the
      presence of acid makes it essential that the groups X and R in compounds
      (IV) should be acid stable. The mercury impregnated polystyrene resin
      aqueous acid appears to be useful in much the same circumstances as
      HgSO.sub.4 /H.sup.+, although it is less active.
PAR  When mercuric acetate, mercury acetamide, or mercury p-toluene sulphonamide
      is the catalyst, the groups X and R on starting material (IV) need not be
      acid stable, but these catalysts appear to be; effective only where R = H.
PAR  The catalyst formed by heating together momentarily red mercuric oxide,
      ether-boron trifluoride complex, trichloroacetic acid and the appropriate
      lower alkanol appears to be effective only with compounds (IV) where X is
      acid stable and R = H.
PAR  If desired mercuric salts may also be included in the procedure which
      comprises treating the acetylene derivative (IV) with a primary or
      secondary amine to give an enamine, which in turn undergoes hydrolysis to
      the ketone (I A=CO). Such a procedure is typified by the use of mercuric
      chloride in piperidine. In certain cases, particularly when R = H and n
      =O, reactions which only occur on heating when piperidine is used alone
      takes place at room temperature when mercuric chloride is included. In
      other cases, particularly when R is an organic radical, use of a mercury
      salt in combination with a primary or secondary amine appears to offer
      little or no advantage over the use of the amine alone.
PAR  To summarise, the most generally useful procedure for converting the
      acetylene derivative (IV) into the corresponding ketone (I, A=CO) is
      reaction with a primary or secondary amine, either alone or in the
      presence of a mercury salt, followed by very mild acid hydrolysis of the
      intermediate enamine. This procedure is particularly advantageous when X
      is an acid-labile group such as tritylamine. Addition to the triple bond
      occurs faster when n = 1 than when n = 0 and in certain instances, as when
      R is methyl, ethyl or benzyl, only occurs at an appreciable rate when n =
      1.
PAR  Direct addition of water to the triple bond in the presence of a mercury
      compound as catalyst is chiefly useful when R = H and, if acidic
      conditions are employed, when X is acid-stable.
PAR  In addition, HgCl.sub.2 /piperidine is not effective with compounds (IV)
      where B = H. If in any case it is desired to prepare compounds (I) where
      n= 0 (i.e. the sulphide), and the process described above only allows the
      preparation of the corresponding compounds where n=1 (i.e. the sulphoxide)
      then the sulphoxide can be converted to the sulphide by methods known for
      reducing penicillin or cephalosporin sulphoxides to the present
      penicillins and cephalosporins. Such methods are described for example in
      Belgian Patent No. 737121.
PAR  The starting materials of formula (IV) are obtained in various ways as will
      become clear from the ensuing discussion:
PAR  Compounds of formula (IV) wherein n=0, B= a group of formula (II), X is a
      substituted amino group and R is defined with reference to formula (I) may
      be prepared by a process which comprises reacting a penicillanic acid
      derivative of formula (V):
      ##EQU8##
      where X is a substituted amino group and R.sup.2 is defined with respect
      to formula (I) in a substantially anhydrous liquid medium with a strong
      base which does not cleave the .beta.-lactam ring of the penicillanic acid
      derivative (V) and a reagent of formula (VI):
EQU  Z-- CH.sub.2 --C.tbd.C--R                                  (VI)
PAL  wherein R is as defined with reference to formula (I) and Z is a reactive
      atom or group of effecting the introduction of the group --CH.sub.2
      --C.tbd. C--R] onto the sulphur atom. This reaction generally produces a
      starting material of formula (IV) wherein n=0, B= group of formula (II)
      and X and R are as defined with reference to formula (I). However, with
      some bases and with some of the compounds (VI) rearrangement of the
      multiple bond may occur, so that the resultant product is actually a
      mixture of starting materials (IV) and (IVA):
      ##EQU9##
      wherein n=0, b= groups of formula (II) and X and R are as defined with
      reference to formula (I). These two products may be identified
      spectroscopically and, if desired, can be separated by conventional means
      such as chromatography. However, it may not be necessary to isolate the
      isomers, since the mixture may sometimes be employed in the process of
      this invention.
PAR  Suitable strong bases which can be used to cleave the thiazolidine ring of
      compounds (V) include the alkali metal hydrides, particularly sodium
      hydride, the alkali metal tertiary alkoxides e.g. potassium t-butoxide and
      the organo-derivatives of alkali metals such as sodium dimethylsulphoxide.
      In general, mixtures of compounds (IV) and (IVA) are more commonly
      obtained with alkali metal tertiary alkoxides than with other bases, but
      it is as yet impossible to generalize.
PAR  The reactive atom or group Z present in the compound (VI) may be a halogen
      atom, particularly bromine or iodine. The anhydrous medium in which the
      reaction is carried out may be tetrahydrofuran, dimethylformamide,
      dimethylsulphoxide or a mixture of t-butanol and tetrahydrofuran.
PAR  Starting materials of formula (IV) wherein n=1, B= a group of formula (II)
      and X and R are as defined with reference to formula (I) may be obtained
      by oxidation of the corresponding sulphide compound (n=0). Such oxidation
      may be carried out using the techniques known for converting penicillins
      into penicillin sulphoxides, e.g. by treatment of the sulphide with
      H.sub.2 O.sub.2 or a peracid (particularly m-chloroperbenzoic acid).
PAR  Starting materials of formula (IV) wherein n=0, B= hydrogen and X and R are
      as defined in formula (I) can be prepared by treating the corresponding
      compound where B= a group of formula (II) with a reagent capable of adding
      oxidatively to a double bond e.g. osmium tetroxide or, preferably,
      potassium permanganate. This reaction removes the group (II) from the
      nitrogen atom of the azetidin-2-one ring and gives the desired compound
      (IV) wherein B= H. [A side reaction which may take place is oxidation at
      the sulphur atom to form a sulphone. This side reaction can be minimised
      by using mild reaction conditions]. When potassium permanganate is the
      reagent, the reaction can be carried out in various solvents such as
      acetone, aqueous acetone, pyridine and aqueous pyridine, at a temperature
      of from -20.degree.C to + 10.degree.C.
PAR  Starting materials of formula (IV) wherein n=1, B= hydrogen and X and R are
      as defined with respect to formula (I) may be obtained by oxidation of the
      corresponding sulphide compound using H.sub.2 O.sub.2 or a peracid such as
      m-chloroperbenzoic acid.
PAR  Starting materials of formula (IV) wherein n=0 B= a group of formula (III),
      or (IIIA) or (IIIB) and X and R are as defined may be prepared by a
      process which comprises reacting the corresponding compounds (IV) wherein
      n=0, B= hydrogen and X and R are as defined with reference to formula (I)
      with an ester of glyoxylic acid, thereby producing a compound of formula
      (VII):
      ##EQU10##
      wherein X and R are as defined with reference to formula (I) and R.sup.3
      is an esterified carboxylic acid group reacting the compound (VII) with
      thionyl chloride to produce a compound of formula (VIIA):
      ##EQU11##
      wherein X, R and R.sup.3 are as already defined, and then reacting the
      compound of formula (VIIA) with a phosphine of formula (IIIC):
      ##EQU12##
      wherein R.sub.a, R.sub.b and R.sub.c are as defined with reference to
      formula (III) or (IIIA) or a phosphine of formula (IIID):
      ##EQU13##
      wherein R.sub.a.sup.1, R.sub.b.sup.1 and R.sub.c.sup.1 are substituted or
      unsubstituted alkoxy or aralkoxy groups.
PAR  The first step in the above process, i.e. the reaction with the ester of
      glyoxylic acid can be effected by refluxing the reaction components in dry
      benzene with provision for continuously removing water. The second step,
      i.e. the reaction with thionyl chloride should be carried out in an inert
      solvent, e.g. dry tetrahydrofuran and/or dioxan in the presence of an acid
      acceptor such as pyridine, under an inert atmosphere. Thionyl chloride
      should be added to the reaction mixture in a dropwise fashion. The third
      step, i.e. the reaction with the phosphine (IIIC) or (IIID) should also be
      carried out in an inert solvent such as tetrahydrofuran and/or dioxan in
      the presence of an acid acceptor. Further details of these steps may be
      found in British Patent Specification No. 1,248,130.
PAR  Starting materials of formula (IV) wherein n=1, B= a group of formula
      (III), (IIIA) or (IIIB) and X and R are as defined may be prepared by
      oxidation of the appropriate compound of formula (VIIA) using, for example
      H.sub.2 O.sub.2 or a peracid such as m-chloroperbenzoic acid, and then
      treating the resultant sulphoxide with the appropriate phosphine compound
      in the usual way.
PAC  PART B
PAR  The process described in Part A of this Specification permits the
      preparation of a class of substituted azetidin-2-ones of formula (I):
      ##EQU14##
      wherein n represents 0 or 1; X represents an amino or substituted amino
      group; R represents hydrogen or an organic radical; A represents a
      carbonyl group &gt;C = O or a ketal group
      ##EQU15##
      wherein R.sup.1 represents a lower alkyl, group; and B represents (i)
      hydrogen, (ii) a group of formula (II):
      ##EQU16##
      wherein R.sup.2 represents an esterified carboxylic acid group; (iii) a
      group of formula (III) or (IIIa):
      ##EQU17##
      wherein R.sup.3 is an esterified carboxylic acid group and R.sub.a,
      R.sub.b and R.sub.c are each lower alkyl, aryl or aralkyl groups, any of
      which may be substituted, or (IV) a group of formula (IIIB):
      ##EQU18##
      wherein R.sub.a.sup.1 and R.sub.b.sup.1 are substituted or unsubstituted
      alkoxy or aralkoxy groups.
PAR  The definitions of the symbols occurring in the above formulae (I), (II),
      (III), (IIIA) and (IIIB) have been dealt with in some depth in Part A of
      this specification, and the method for preparing the compounds (I) has
      also been discussed.
PAR  However, although all of the compounds of formula (I) above are useful as
      intermediates in the synthesis of substituted ceph-3-ems, some are useful
      at different stages in the synthesis than others. Thus, only compounds of
      formula (I) wherein X is amino or substituted amino, n=0 or 1,
      ##EQU19##
      R=  an organic group and B=  a group of formula (III), (IIIA) or (IIIB)
      are useful as direct precursors of substituted ceph-3-ems. The remaining
      compounds of formula (I) are useful for conversion to these direct
      precursors and are therefore intermediates at an earlier stage in the
      synthesis as will be apparent from the following typical reaction schemes.
      Schemes I, II and III below are illustrative only, and it should be
      understood that the order in which the various steps are carried out may
      be varied, depending on the identity of the various intermediates.
      ##SPC2##
PAR  In each of the above schemes, the individual steps have been described
      generally in Part A of this specification. Each scheme contains a step
      which has been represented as the reaction of the chloro- intermediate
      (formed after the addition of thionyl chloride) with the phosphine
      compound
      ##EQU20##
      (here R.sub.a, R.sub.b and R.sub.c have the same meaning as in formula
      (III), (IIIA) and (IIIB)) followed by the addition of a base (the base
      being necessary to convert any of phosphonium compound to the desired
      neutral phosphorane). If, instead of the phosphine compound
      ##EQU21##
      an alternative phosphine compound
      ##EQU22##
      had been used (R.sub.a.sup.1, R.sub.b.sup.1 and R.sub.c.sup.1 being alkoxy
      or aralkoxy groups) the final product would have been one of formula:
      ##SPC3##
PAL  In addition to the steps shown in Schemes I, II and III it would be
      possible, should one wish to do so, to change the identity of the group X.
      For example if X was originally a suitable substituted amino group such as
      trityl it would be possible to remove the trityl group at almost any
      stage, to produce a free amino group, which could then, if desired, be
      acylated (e.g. to produce the phenoxyacetylamino group) or converted to a
      different substituted amino group in some other manner. In general
      however, we prefer to retain the same group X throughout the reaction
      scheme.
PAR  Both reaction Schemes I, II and III above include a step which corresponds
      to the process of this invention described in Part A of this
      specification, namely hydration of the triple bond of the S-substituent.
      The ketal compound sometimes gives better yields after the oxidative
      removal of the isopropylidene group, than does the corresponding ketone.
      Ketals can, of course, be prepared in high yields from the corresponding
      ketone and can be converted back to the ketone compound by treatment with
      acid. Thus in such cases, the group X should be acid stable.
PAR  Since they are the immediate precursors of the desired ceph-3-ems
      structures, a preferred class of compounds of this invention have formula
      (IA) or (IB):
      ##EQU23##
      wherein n=0 or 1; X is an amino group, a protonated amino group or a
      substituted amino group; R is hydrogen an organic radical; R.sup.3 is an
      esterified carboxylic acid group; R.sub.a, R.sub.b and R.sub.c are each
      lower alkyl, aryl or aralkyl groups, any of which may be substituted; and
      R.sub.a.sup.1 and R.sub.b.sup.1 are each substituted or unsubstituted
      lower alkoxy or aralkoxy groups. The compounds (IA) and (IB) can exist in
      several stereoisomeric forms. The preferred configurations is that
      depicted in formulae (IA.sup.1) and (IB.sup.1) below (N.B.: the stereo-
      configuration of the sulphoxides (IA.sup.1) and (IB.sup.1) has not been
      specified since neither isomer is especially preferred).
      ##EQU24##
PAR  The utility and a further description of the compounds of formula (IA) or
      (IB) will become apparent from the following Part C of this specification.
PAC  PART C
PAR  In part B above, it was said that the specific class of substituted
      azetidin-2-ones having formula (IA) or (IB) above were the immediate
      precursors of substituted ceph-3-ems. Such precursors are of value in a
      process for the preparation of substituted ceph-3-ems and ceph-3-em
      sulphoxides of formula (VIII):
      ##EQU25##
      wherein n=0 or 1, X is a substituted amino group R.sup.3 is an esterified
      carboxylic acid group and R is hydrogen or an organic radical which
      process comprises first preparing a compound of formula (IA) or (IB).
      ##EQU26##
      wherein n, X, R and R.sup.3 are as defined with respect to formula (VIII)
      above, R.sub.a, R.sub.b and R.sub.c are substituted or unsubstituted lower
      alkyl, aryl or aralkyl groups, R.sub.a.sup.1 and R.sub.b.sup.1 are
      substituted or unsubstituted alkoxy or aralkoxy groups; and then heating
      said compound of formula (IA) or (IB) at a temperature of from 30.degree.C
      to 150.degree.C in an inert organic solvent thereby producing the desired
      compound of formula (VIII). Preferably the temperature is from 75.degree.C
      to 125.degree.C.
PAR  Suitable solvents are those which are inert under the reaction conditions
      and which boil between 30.degree.C and 150.degree.C e.g. dioxan, toluene
      and benzene. High boiling solvents are difficult to remove after the
      reaction and are therefore not preferred. For a clean reaction, we prefer
      to carry the cyclisation out under an inert atmosphere, e.g. N.sub.2,
      although this is not essential. In addition it is preferable to dry the
      solvent thoroughly to avoid any decomposition of the starting material.
PAR  Compounds of formula (IA) or (IB) may be prepared in two ways. In the first
      method a compound of formula (IX):
      ##EQU27##
      wherein n, X, R and R.sup.3 are as defined with respect to formula (VIII)
      and Z is a halogen atom, or an organic sulphonyloxy group is reacted (i)
      with a phosphine compound of the formula (IIIC) if a compound of formula
      (IA) is to be produced:
      ##EQU28##
      wherein R.sub.a, R.sub.b and R.sub.c are as defined with respect to
      formula (IA), and, if necessary, a phosphonium salt compound resulting as
      an intermediate product is converted to the desired compound of formula
      (IA) by elimination of the elements of the acid NZ, or (ii) with a
      compound of formula (IIID) if the compound of formula (IB) is to be
      produced:
      ##EQU29##
      wherein R.sub.a.sup.1, R.sub.b.sup.1 and R.sub.c.sup.1 are substituted or
      unsubstituted alkoxy or aralkoxy groups.
PAR  The reactive group Z in formula (IX) may be a halogen atom, preferably
      chlorine or bromine, or an organic sulphonyloxy group, e.g. p-toluene
      sulphonyloxy.
PAR  The radicals R.sub.a, R.sub.b and R.sub.c in the phosphine compound of
      formula (IIIC) may be optionally substituted lower alkyl or aryl
      (preferably phenyl) radicals, and the radicals R.sub.a.sup.1,
      R.sub.b.sup.1 and R.sub.c.sup.1 in the phosphine compound (IIID) may be
      optionally substituted lower alkoxy radicals e.g. methoxy or ethoxy,
      radicals.
PAR  If a phosphonium compound is obtained as an intermediate during the
      preparation of compounds (IA) the elements of the acid HX may be
      eliminated by treatment with a weak base e.g. pyridine.
PAR  In a second method for the preparation of compounds of formula (IA) or
      (IB), a compound of formula (X):
      ##EQU30##
      wherein X, R and R.sup.3 are as defined with respect to formula (VIII) and
      Z is as defined with respect to formula (IX), is reacted with a phosphine
      compound of formula (IIIC) or (IIID), and, if necessary a phosphonium salt
      compound resulting as an intermediate product is converted by the
      elimination of the elements of the acid HZ to a compound of formula (XI)
      or (XIA) as the case may be:
      ##EQU31##
      X, R, R.sup.3, R.sub.a, R.sub.b, R.sub.c, R.sub.a.sup.1 and R.sub.b.sup.1
      being as defined above and the compound of formula (XI) or (XIA) is then
      (i) treated with a primary or secondary amine, and, if the resultant
      enamine intermediate does not hydrolyse spontaneously, the resultant
      enamine intermediate is subsequently subjected to acid hydrolysis or (ii)
      treated with water in the presence of a source of mercuric ions, or (iii)
      treated with a C.sub.1 -C.sub.3 alkanol in the presence of a source of
      mercuric ions and an acid. Methods (ii) and (iii) are chiefly useful when
      R=H.
PAR  It will, of course, be recognized that the process described in the
      preceding paragraph is simply the process described in Part A herein,
      applied to a compound (XI) or (XIA), and the discussion of the reaction in
      Part A applies also in the present instance.
PAR  In compounds (IA) and (IB) above, the group X is a substituted amino group.
      The term "substituted amino group" includes both mono- and di-substituted
      amino groups. After the cyclisation of (IA) or (IB), on heating in inert
      solvent the group X survives unchanged to end up in the 7-position of the
      substituted ceph-3-em or ceph-3-em sulphoxide (VIII). Since the known
      antibacterially active cephalosporins have acylamino groups in the
      7-position it may sometimes be desirable that the groups X in compounds
      (VIII) should be an acylamino group. This can be achieved for example by
      cyclisation of compounds (IA) or (IB) wherein X is the desired acylamino
      group, or (where the desired acylamino group either will not survive the
      cyclisation step or interferes with the efficiency of the cyclisation
      step) by cyclisation of compound (IA) or (IB) wherein X is a protected
      amino group thereby forming a compound (VIII) where X is a protected amino
      group, and thereafter removing the protecting group and acylating the free
      amino group by any of the methods known for acylating
      7-aminocephalosporanic acid.
PAR  Examples of non-acylamino substituted amino groups X which may be present
      in compounds (IA) or (IB) and which usually survive the cyclisation step
      include triphenylmethylamino, t-butoxycarbonylamino and
      trichloroethoxycarbonylamino. Acylamino groups which appear to survive the
      cyclisation step include phenoxyacetylamino,
      .alpha.-(t-butoxycarbonylamino) phenylacetylamino and 2-thienylacetylamino
      groups, although theoretically there is no reason why almost any acylamino
      group known in the antibacterially active penicillins and cephalosporins
      should not be present in compounds (IA) or (IB). If the desired acylamio
      group contains a reactive group such as NH.sub.2, this group may be
      protected during the course of the reaction.
PAR  The group R.sup.3 in compounds (IA) and (IB) is an esterified carboxylic
      acid group. Whilst almost any esterified carboxylic acid group may be
      employed, we have noticed a tendency for strongly electron-withdrawing
      esters to reduce the yield of the cyclised product (VIII). Thus, in
      general, strongly-electron withdrawing esters such as the trichloroethyl
      ester should preferably be avoided. By analogy with the known
      antibacterially active penicillins and cephalosporins, it is to be
      expected that compounds of formula (VIII) wherein R.sup.3 is an esterified
      carboxylic acid group are likely to be less active than the corresponding
      compounds where R.sup.3 is free acid group or a salt of a free acid group.
      Thus it is preferred that the group R.sup.3 in compounds (IA) or (IB)
      (which of course survives the cyclisation stage unchanged) should be one
      which is easily converted later to a free carboxylic acid group. Examples
      of such esters include the t-butyl and p-methoxybenzyl esters (both
      removable with a strong anhydrous acid such as trifluoroacetic acid).
      However, on occasions other, perhaps less readily removable esters may be
      employed e.g.; lower alkyl esters or thioesters (e g methyl, ethyl or
      propyl esters or thioesters); aralkyl esters or thioesters (e.g. benzyl,
      substituted benzyl or benzhydryl esters or thioesters); aryl esters or
      thioesters (e.g. phenyl or substituted phenyl esters or thioesters);
      acyloxyalkyl esters (e.g. acetoxymethyl or pivaloyloxymethyl esters).
PAR  The group R in compounds (IA) and (IB) above is hydrogen or an organic
      group. Since the group CH.sub.2 R ends up in the 3-position of compounds
      (VIII), and since the identity of groups in the 3-position of the known
      cephalosporins are known to have an effect on the antibacterial activity
      of the cephalosporins clearly the process of this invention is of great
      importance and versatility. It enables CH.sub.2 R wherein R is hydrogen or
      almost any organic group to be introduced at the 3-position of the
      ceph-3-em ring where most of the previously available methods for
      modifying the groups at this position only allowed the substitution of the
      3-acetoxy group of natural cephalosporins by hydrogen or nucleophilic
      groups. Among the organic groups R which may be present in compounds (IA)
      or (IB) (and therefore in compound (VIII)) are alkyl groups and
      substituted alkyl, e.g. methyl, ethyl, n and iso-propyl, n-, sec- and
      tert- butyl, cyclopentyl, cyclohexyl; alkoxyalkyl groups, e.g.
      methoxyethyl, ethoxyethyl; acyloxy groups, e.g. acetoxy, aryl groups e.g.
      phenyl, naphthyl; substituted phenyl and naphthyl groups, e.g. those when
      the substituents are hydroxy, alkoxy, aralkoxy, carboxylic acid, salt,
      ester or amide derivatives of carboxylic acid groups, nitro, amino
      substituted amino, halogen or lower alkyl groups; aralkyl groups, e.g.
      benzyl, substituted benzyl, phenylethyl, substituted phenylethyl;
      heterocyclic groups such as tetrahydropyranyl, tetrahydropyranyloxy and
      2-, 3- or 4- pyridyl.
PAR  Since the cyclisation process outlined above is one step in a synthetic
      sequence designed to produce antibacterially active ceph-3-ems, the
      preferred configuration of the starting materials (IA) and (IB) above, is
      that found in the naturally occurring active cephalosporins, namely that
      shown in formulae (IA.sup.1) and (IB.sup.1) above.
PAR  Cephem sulphoxides of formula (VIII) may be reduced to cephems themselves
      by any of the conventional known methods e.g. those described in British
      Patent 1280693. One such method which we have found particularly useful is
      treatment with triphenylphoxphine and acetylchloride.
PAR  It will be clear from the above discussion that the cyclisation process
      outlined allows the formation of a large number of substituted ceph-3-ems.
      Many of the compounds which can be formed by this process are esters of
      known cephalosporins and cephalosporin sulphoxides but some of the
      compounds (VIII) are new compounds in j their own right, not previously
      accessible by the known routes. The ensuing Part D of this specification
      deals with some of these new structures.
PAC  PART D
PAR  In Part C of this specification we described a process for the preparation
      of some substituted ceph-3-ems and ceph-3-em sulphoxides which can be
      reduced to ceph-3-ems. Certain of these ceph-3-ems are new compounds in
      their own right, some of them having antimicrobial activity and the
      remainder being useful as intermediates for conversion to antimicrobially
      active compounds.
PAR  Thus, according to the present invention there is provided a class of
      substituted ceph-3-ems of formula (VIIIA)
      ##EQU32##
      wherein X is a substituted amino group R.sup.3 is a carboxylic acid group
      or a salt or ester of a carboxylic acid group and R is a C.sub.2 to
      C.sub.10 alkyl or substituted alkyl group, a phenyl or halo- substituted
      phenyl group, a phenylalkyl or (halo- substituted phenyl) alkyl group
      having from 1 to 6 carbon atoms in the alkyl portion, or a monocyclic
      heterocyclic group containing from 5 to 7 ring atoms.
PAR  In formula (VIIIA) above X is a substituted amino group. Preferred
      substituents are those which are readily removed to leave an unsubstituted
      amino group, without affecting the remainder of the molecule. Examples of
      suitable substituted amino groups of this type include
      triphenylmethylamino (the triphenylmethyl group being removable by
      catalytic hydrogenation or by treatment with acid); t-butoxycarbonylamino
      (removable by treatment with anhydrous acid) and
      trichloroethoxycarbonylamino (removable by reduction with zinc and acetic
      acid).
PAR  Another preferred group of substituted amino groups include mono acylamino
      groups particularly those, such as phenoxyacetamido,
      .alpha.-amino-phenylacetamido, 2- or 3- thienylacetamido,
      .alpha.-azidophenylacetamido etc., which are found in the antibacterially
      active penicillins or cephalosporins.
PAR  In formula (VIIIA) the group R may for example be ethyl, n- or iso- propyl,
      n-, sec, or tert-butyl, cyclopropyl, cyclobutyl, cyclohexyl,
      tetrahydropyranyloxymethyl, phenyl, p- fluoro-, bromo- or chloro- phenyl,
      benzyl, phenylethyl or tetrahydropyranyl.
PAR  Compounds of formula (VIIIA) above wherein the sterochemistry of the
      azetidin ring is that shown in formula (IA.sup.1) and wherein R.sup.3 is a
      carboxylic acid group or a salt thereof or an ester which is readily
      hydrolysable in the body e.g. acetoxymethyl or pivaloyloxymethyl, and
      wherein X is an acylamino group, are usually antibacterially active. A few
      of the remaining compounds of formula (IA.sup.1) have some degree of
      antibacterial activity, but their principal use is as intermediates for
      conversion to antibacterially active cephalosporin analogues (substituted
      ceph-3-ems).
PAR  The principal novelty of the compounds of formula (I) above lies in the
      identity of the group R..; Until now, the range of reactions which
      permitted modification of the nucleus of the naturally occurring
      cephalosporins at the 3-position of the sulphur-containing ring was
      somewhat limited. Compounds of formula (VIIIA) can be prepared by the
      process described in Part C of this specification, followed, where
      necessary by conversion of the carboxylic ester group in the 4-position of
      the cephem ring system to the desired, carboxylic acid, or salt or ester
      of a carboxylic acid group R.sup.3. Some of the compounds (VIIIA) may be
      prepared by removing the amino-substituent(s) from the group X of another
      member of the class (VIIIA) and acylating the resultant free amino group.
      This latter process is described in the ensuing Part E.
PAC  PART E
PAR  In Part D of this specification we described a class of novel substituted
      ceph-3-em derivatives which has a substituted amino group in the
      7-position of the ceph-3-em ring system. The corresponding compounds which
      have a free amino group in the 7-position of the ceph-3-em ring are
      useful; intermediates for the preparation of antimicrobially active
      cephalosporin analogues.
PAR  These useful intermediates are compounds of formula (VIIIB) and acid
      addition salts thereof:
      ##EQU33##
      wherein R.sup.3 is a carboxylic acid group or a salt or ester of a
      carboxylic acid group; and R is a C.sub.2 to C.sub.10 alkyl or substituted
      alkyl group, a phenyl or halo- substituted phenyl group, a phenylalkyl or
      (halo- substituted phenyl) alkyl group having from 1 to 6 carbon atoms in
      the alkyl portion, or a monocyclic heterocyclic group containing from 5 to
      7 ring atoms.
PAR  In formula (VIIIA) the group R may for example be ethyl, n- or iso- propyl,
      n-, sec-, or tert-butyl, cyclopropyl, cyclobutyl, cyclohexyl,
      tetrahydropyranyloxymethyl, phenyl, p- fluoro-, bromo- or chloro- phenyl,
      benzyl, phenylethyl or tetrahydropyranyl.
PAR  Compounds of formula (VIIIB) may be prepared from compounds of formula
      (VIIIA) (described in Part D herein) by removal of the substituent from
      the substituted amino group X and, if desired, further modification of the
      group R.sup.3. The modifications which are permissible on the group
      R.sup.3 of compounds of formulae (VIIIA) and (VIIIB) will be readily
      apparent to those familar with penicillin and cephalosporin chemistry,
      e.g. removal of the ester group to give a free acid, conversion of the
      free acid group to a salt or new ester derivative.
PAR  The intermediates (VIIIB) are useful in a process for the preparation of
      cephalosporin analogues of formula (VIIIC):
      ##EQU34##
      wherein R.sup.1 is an organic acyl group; R is a lower alkyl or
      substituted alkyl phenyl or substituted phenyl, benzyl or substituted
      benzyl group; R.sup.3 is a carboxylic acid group or a salt, ester or
      thioester derivative of a carboxylic acid group; which process comprises
      reacting a compound of formula (VIIIB) above or an acid addition salt or
      silyl derivative thereof with a reactive acylating derivative of the
      appropriate acid (XII):
EQU  R.sup.1 OH                                                 (XII)
PAL  and, if silylated derivative of a compound of formula (VIIIB) was employed,
      removing the silyl group by alcoholysis or hydrolysis to form the desired
      compound of formula (VIIIB).
PAR  By the term "silyl derivative" of compound (VIIIB) we mean the product of
      the reaction between compound (VIIIB) and a silylating agent such as a
      halotrialkyl silane, a dihalodialkylsilane, a halotrialkoxysilane, a
      dihalodialkoxysilane or a corresponding aryl or aralkyl silane and
      compounds such as hexamethyldisilazane. In general halotrialkylsilanes are
      preferred, especially trimethylchlorosilane. The silyl derivatives of
      compound (VIIIB) are extremely sensitive to moisture and hydroxylic
      compounds, and after reaction with the reactive acylating derivative of
      compound (XII), the silyl group of the intermediate acylated compound can
      be removed by hydrolysis or alcoholysis.
PAR  In formulae (VIIIB)(VIIIC) and (XII) above, the group R.sup.1 is an organic
      acyl group. Suitable acyl groups include those which are found on the
      antibacterially active penicillins and cephalosporins (including the
      semi-synthetic penicillins and cephalosporins) These include phenylacetyl
      and 3-thienylacetyl and phenoxyacetyl.
PAR  The reaction conditions for carrying out the process of this invention are
      all analogous to the conditions used in the preparation of the
      semi-synthetic penicillins and cephalosporins. Thus, suitable reactive
      derivatives of the acid (IV) include acid halides, e.g. the chloride or
      bromide, anhydride, mixed anhydrides and the reactive intermediates formed
      from the acid and a carbodiimide or a carbonyldiimidazole. Clearly, if a
      reactive group such as an amino group is present in the radical R.sup.1,
      (as in the case of the .alpha.-aminophenylacetyl group) this will have to
      be protected during the course of the reaction. In such a case, any of the
      protecting groups known from the literature on the synthesis of
      .alpha.-aminobenzylpenicillin or .alpha.-aminobenzyl cephalosporins may be
      employed.
PAR  The following Examples illustrate the present invention. In each of these
      Examples where an azetidin-2-one ring is shown the stereochemical
      configuration of the ring is the same as that found in the naturally
      occurring antibacterially active penicillins (namely the configuration
      shown in formula (IA.sup.1) above).
DETD
PAC  EXAMPLE 1
PAR  i. Preparation of t-butyl
      3-.beta.-phenylethyl-7-triphenylmethylamino-3-cephem-4-carboxylate (XX111)
      ##SPC4##
PAL  4-(4-phenyl-2-oxobutylsulphinyl)-1-(1-t-butoxycarbonyl-1-triphenylphosphora
     nylidenemethyl)-3-(triphenylmethylamino) azetidin-2-one (200 mg) was
      refluxed in dry dioxan (5 ml) under nitrogen for 8 hours. The mixture was
      evaporated to give a foam. The crude foam was chromatographed on silica
      gel eluting with ethyl acetate/petroleum ether mixtures to give t-butyl
      3-.beta.-phenylethyl-7-triphenylmethylamino-3-cephem-4-carboxylate-1-oxide
      as a yellow solid (87 kg.) .mu..sub.max (CHCl.sub.3) 1785, 1720
      cm.sup..sup.-1 This sulphoxide (87 mg) was dissolved in dimethylformamide
      (1 ml) and cooled to 0.degree.C. Triphenylphosphine (74 mg) and acetyl
      chloride (33 mg) were added and the mixture stood at 0.degree.-5.degree.C
      for 4 hours. The mixture was diluted with ethyl acetate (25 ml) and washed
      successively with dilute sodium bicarbonate solution and brine. The dried
      (MgSO.sub.4) organic layer was evaporated to give a gum. The gum was
      chromatographed on silica gel to give the desired cephem (XX111) as a
      solid foam (77 mg) .nu..sub.max (CHCl.sub.3) 1775 cm.sup..sup.-1
      (.epsilon.-lactam); 1715 cm.sup..sup.-1 (ester) .delta.ppm (CDCl.sub.3)
      1.51 (5.9H); 2.4-3.2 (m.7H.1 H exchanges with D.sub.2 O); 4.19 (d.1H.
      J=5Hz); 4.5-4.9 (m.1H); 7.0-7.9 (Aromatics).
PAR  ii. Preparation of t-butyl
      3-.beta.-phenylethyl-7-(2-thienylacetamido)-3-cephem-4-carboxylate (XXIV)
      ##SPC5##
PAR  The cephem (XX111) (77 mg) was dissolved in acetone (1 ml) and cooled to
      0.degree.C. p-Toluene sulphonic acid monohydrate (24 mg) was added and the
      mixture was stood at 0.degree.C for 1 hour. The mixture was then allowed
      to attain room temperature and was stood at room temperature for 6 hours.
      The mixture was evaporated. The residue was suspended in ethyl acetate (20
      ml) and shaken with saturated sodium bicarbonate solution (5 ml). The
      organic layer was separated and washed with brine. The dried (MgSO.sub.4)
      organic layer was evaporated to give t-butyl
      3-.beta.-phenylethyl-7-amino-3-cephem-4-carboxylate (XXV) contaminated
      with triphenylmethanol as a solid (61 mg).
      ##SPC6##
PAR  The crude free base (XXV) (61 mg) was dissolved in dry methylene chloride
      (2 ml) and cooled to -10.degree.C. To the stirred, cooled solution was
      added triethylamine (50 mg) and 2-thienylacetyl chloride (freshly
      distilled, 30 mg). The mixture was stirred at -10.degree.C for 15 minutes.
      The mixture was diluted with methylene chloride (10 ml) and washed with
      brine. The dried (MgSO.sub.4) organic layer was evaporated to give a gum.
PAR  The gum was chromatographed on silica gel eluting with ethyl
      acetate/petroleum ether mixtures to give the desired cephem (XXIV) as a
      solid foam (30 mg, 49%). .nu..sub.max (CHCl.sub.3) 1785 cm.sup..sup.-1
      (.epsilon.-lactam); 1720 cm.sup..sup.-1 (ester); 1690 cm.sup..sup.-1
      (amide).  Molecular Ion measured at 484.1512 (C.sub.25 H.sub.28 N.sub.2
      O.sub.4 S.sub.2 requires 484.1490, Error = 4.5 ppm). Fragmentation was
      consistent with structure.
PAR  iii. Preparation of 3-.beta.-phenylethyl-7-(2-thienylacetamido)
      -3-cephem-4-carboxylic acid (XXVI)
      ##SPC7##
PAR  The cephem (XXIV) (29 mg) was dissolved in trifluoroacetic acid (0.5 ml)
      and the solution was stood at room temperature for 30 minutes. The
      solution was evaporated and the residual gum re-evaporated from dry
      benzene (4 .times. 1 ml). The residual gum was dissolved in dry ether and
      evaporated to give the desired cephem carboxylic acid (XXVI) as a dark
      yellow solid foam (24 mg, 94%). .nu..sub.max (CHCl.sub.3) 1775
      cm.sup..sup.-1 (.beta.-lactam); 1675 cm.sup..sup.-1 (amide).
PAR  The minimum inhibitory concentrations (MIC) of this compound against five
      typical Gram-positive bacterial are tabulated below:
TBL  Organism           MIC (.mu.g/ml in agar)                                 
     ______________________________________                                    
     B.subtilis         0.05                                                   
     Staph.aureus Oxford                                                       
                        0.05                                                   
     Staph.aureus Russell                                                      
                        1.5                                                    
     .beta.-haemolytic Strep.CN10                                              
                        0.02                                                   
     Strep.pneumoniae CN33                                                     
                        0.15                                                   
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  i. Preparation of Methyl 3-benzyl-7-tritylamino-3-cephem-4-carboxylate. (I)
      ##SPC8##
PAR  1-(Methoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethylam
     ino)-4-(3-phenyl-2-oxopropylthic)azetidin-2-one (135 mg) was gently
      refluxed in dry dioxan (20 ml) for 60 hours under nitrogen. Evaporation of
      the solvent and chromatography of the residue on silica gave (I) as a
      white solid (66 mg). Crystallisation from methanol yielded white plates
      m.p. 163.degree., .nu..sub.max (CHCl.sub.3) 3480.(NH), 1775
      (.beta.-lactam), 1720 (ester), 1630 (double bond) cm.sup..sup.-1
      .delta.ppm (CDCl.sub.3) 2.98 (d.1H, J=10Hz, D.sub.2 O exchanged), 3.07
      (s.2H), 3.77 (centre of AB quartet, J=15Hz), 3.83 (s,3H), 4.3 (d, 1H, J=5
      Hz), 4.71 (q, 1H, J=5Hz, 10Hz, collapsing to a doublet, J=5Hz, on D.sub.2
      O exchange), 7.1 - 7.7 (m, 20H).
PAR  ii. Preparation of Methyl
      3-benzyl-7-phenoxyacetamido-3-cephem-4-carboxylate (II)
      ##SPC9##
PAR  Methyl 3-benzyl-7-tritylamino-3-cephem-4-carboxylate (111 mg) was dissolved
      in acetone (1.5 ml.) and the solution cooled to -20.degree.. p-Toluene
      sulphonic acid (40 mg) in acetone (0.5 ml) was added dropwise over a few
      minutes and the solution left at 0.degree. for 16 hours. This layer
      chromatography (TLC) still showed some unchanged starting material was
      present. A further quantity of p-toluene sulphonic acid (10 mg) was added
      and the solution left at room temperature for 4 hours. Ethyl acetate was
      added and the solution washed with dilute aqueous sodium bicarbonate and
      brine. Evaporation of the dried organic layer afforded methyl
      3-benzyl-7-amino-3-cephem-4-carboxylate contaminated with trityl alcohol.
PAR  The crude methyl 3-benzyl-7-amino-3-cephem-4-carboxylate was dissolved in
      dry dichloromethane (3 ml.) and the solution cooled to -20.degree.. Dry
      triethylamine (22 mg) in dichloromethane (0.5 ml) was added followed by
      phenoxyacetyl chloride (36 mg) in dichloromethane (0.5 ml). After 15
      minutes the solution was washed with water (x 2), dried and evaporated.
      Chromatography on silica afforded methyl
      3-benzyl-7-phenoxyacetamido-3-cephem-4-carboxylate (II) as a white solid
      (61 mg). A sample recrystallised from ethyl acetate/60.degree.-80.degree.
      petroleum ether had m.p. 161.degree.-162.degree.. .nu..sub.max (Nujol)
      3215, 1775, 1718, 1670, 1625 cm.sup..sup.-1. .delta. ppm (CDCl.sub.3) 3.27
      (AB quartet, J= 19Hz), 3.83 (AB quartet, J= 15 Hz), 3.9 (s, 3H), 4.57 (s,
      2H), 5.03 (d, 1H, J= 5Hz), 5.88 (q, 1H, J= 5Hz, 10Hz), 6.8-7-5 (m, 11H).
PAR  The minimum concentrations of this compound required to inhibit growth of
      five typical Gram-positive bacteria are tabulated below.
TBL  Organism           M.I.C. (.mu.g/ml)AGAR                                  
     ______________________________________                                    
     B.subtilis         1.95                                                   
     Staph. aureus Oxford                                                      
                        0.98                                                   
     Staph. aureus Russell                                                     
                        15.6                                                   
     .beta.-haemolytic Strep.CN10                                              
                        1.95                                                   
     Strep. pneumoniae CN33                                                    
                        0.98                                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  i. Preparation of t-Butyl
      3-benzyl-7-triphenylmethylamino-3-cephem-4-carboxylate (III)
      ##SPC10##
PAR  1-(1-t-Butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(3-phenyl-2-oxopropylthio)azetidin- 2-one (331 mg) was refluxed
      in dry dioxan (15 ml) under nitrogen for 25 hours. Evaporation of the
      solvent and chromatography of the residue on silica gave (III) (141 mg).
      .nu..sub.max (CHCl.sub.3) 3480, 1775, 1710, 1630 cm.sup..sup.-1 .delta.
      ppm (CDCl.sub.3) 1.5 (s.9H), 2.95 (d.1H. J= 10Hz, D.sub.2 O exchange),
      3.00 (centre of AB quartet), 3.68 (centre of AB quartet, J= 15Hz), 4.25
      (d. 1H. J= 5Hz), 4.70 (q. 1H, J= 5Hz, 10Hz, collapsing to a doublet, J=
      5Hz, on D.sub.2 O exchange), 7.1-7.7 (m, 20H).
PAR  ii. Preparation of t-Butyl 3-Benzyl-7-[2-(thienyl)acetamido]
      -3-cephem-4-carboxylate (IV)
      ##SPC11##
PAL  t-Butyl 3-benzyl-7-triphenylmethylamino-3-cephem-4-carboxylate (929 mg) was
      dissolved in acetone (2 ml) and the solution cooled to -20.degree..
      p-Toluene sulphonic acid (330 mg) in acetone (2 ml) was added dropwise
      over 2 - 3 minutes and the solution left at 0.degree. for 18 hours. The
      crystalline product was filtered, washed with a little cold acetone and
      dried (493 mg) m.p. 175.degree.-177.degree.. The mother liquors were taken
      up in ethyl acetate, washed with dilute aqueous sodium bicarbonate and
      brine, dried and evaporated. Chromatography on silica gave crystalline
      t-butyl 3-benzyl-7-amino-3-cephem-4-carboxylate (V).
      ##SPC12##
PAL  .nu..sub.max (Nujol) (p-toluene sulphonate of (VI) 1778, 1720, 1640
      cm.sup..sup.-1 .nu..sub.max (Nujol) (V as free base) 3400, 3325, 1764,
      1710, 1640 cm.sup..sup.-1 .delta. ppm (CDCl.sub.3) (V as free base) 1.58
      (s, 9H), 1.73 (broad singlet, 2H, D.sub.2 O exchanged), 3.25 (centre of AB
      quartet, J= 19Hz), 3.77 (centre of AB quartet, J= 15Hz), 4.7 (d, 1H, J=
      5Hz), 4.95 (d, 1H, J= 5Hz), 7.3 (s, 5H).
PAR  The p-toluene sulphonic acid salt of V (76 mg) was suspended in dry
      methylene chloride (5 ml) at -20.degree.. Dry triethylamine (60 mg) was
      added followed by 2-thienylacetyl chloride (25 mg). The reaction mixture
      was washed with water, dried and evaporated. Chromatography on silica gave
      IV which crystallised on trituration with ether (44 mg). .nu..sub.max
      (CHCl.sub.3) 3330, 1778, 1710, 1680, 1630 cm.sup..sup.-1
PAR  iii. Preparation of 3-Benzyl-7-[2-thienyl)acetamido]-3-cephem-4 carboxylic
      acid VI
      ##SPC13##
PAL  t-Butyl 3-benzyl-7-[2-(thienyl)acetamido]-3-cephem-4-carboxylate (IV) (44
      mg) was dissolved in anhydrous trifluoroacetic acid (0.5 ml). After 1 hour
      at room temperature, the solvent was removed under reduced pressure,
      toluene was added and the mixture repeated. This was repeated twice more
      to give (VI) as a pale yellow foam.
PAR  The minimum inhibitory concentrations (MIC) of this compound required to
      inhibit growth of five typical Gram-positive bacteria are tabulated below.
TBL  ______________________________________                                    
     Organism           MIC (.mu.g/ml) Agar                                    
     ______________________________________                                    
     B.subtilis         0.2                                                    
     Staph. aureus Oxford                                                      
                        0.05                                                   
     Staph. aureus Russell                                                     
                        10                                                     
     .beta.-haemolytic Strep.CN10                                              
                        0.2                                                    
     Strep.pneumoniae CN33                                                     
                        0.2                                                    
     ______________________________________                                    
PAR  iv. Preparation of
      3-Benzyl-7-[D-.alpha.-aminophenylacetamido]-3-cephem-4-carboxylic acid
      (VII; R=H)
      ##SPC14##
PAC  METHOD A
PAR  N-methylmorpholine (1 microdrop) was added to sodium
      N-(1-methoxycarbonylpropen-2-yl)-D-.alpha.-aminophenylacetate (182 mg) in
      dry acetone (3 ml) and the suspension cooled to -15.degree.. Ethyl
      chloroformate (73 mg) in dry acetone (1.5 ml) was added and the mixture
      stirred for 30 minutes. The mixture was then added to t-butyl
      3-benzyl-7-amino-3-cephem-4-carboxylate (212 mg) in dry acetone (4 ml) at
      -15.degree.. After stirring for 1 hour with no further external cooling,
      the solvent was removed under reduced pressure and the residue taken up in
      ethyl acetate. The solution was washed with aqueous sodium bicarbonate and
      brine, dried and evaporated. Chromatography on silica afforded unchanged
      starting material (124 mg) and the N-protected derivative (VII; R =
      CH.sub.3 Cl = CHCO.sub.2 CH.sub.3) (115 mg). .nu..sub.max 3390, 3250,
      1782, 1718, 1650, 1610 cm.sup..sup.-1.
PAR  The latter was dissolved in anhydrous trifluoroacetic acid (2 ml) and the
      solution was left at room temperature for 35 minutes. The solvent was
      removed under reduced pressure and toluene was added and the mixture
      re-evaporated. This was repeated twice more and the residue triturated
      with ether to give the trifluoroacetic acid salt of (VII; R = H) as a pale
      yellow solid (60 mg). This was taken up in 10% aqueous methanol (5 ml) at
      .about.0.degree. and the pH adjusted to 4.5 with 10%
      triethylamine/methanol. The solvent was removed under reduced pressure and
      the residue triturated with ether/methanol. The solid was filtered off to
      give (VII; R = H) (18 mg), after drying in vacuo. .nu..sub.max (Nujol)
      3200, 1780 sh, 1768, 1690 1600 cm.sup..sup.-1.
PAC  METHOD B
PAR  (a). Preparation of t-Butyl
      7.beta.[N-(t-butoxycarbonyl)D-.alpha.-phenylglycylamido]3-benzyl-3-cephem-
     4-carboxylate VIII
      ##SPC15##
PAR  To a solution of re-distilled methyl chloroformate (100mg) in dry
      tetrahydrofuran (15 ml) cooled at -10.degree. in a carbon
      tetrachloridecardice bath, were added, dropwise and with stirring
      N-(t-butoxycarbonyl)-D-.alpha.-phenylglycine (261 mg), triethylamine (105
      mg : 0.14 ml) and dimethylbenzylamine (1 drop) in dry tetrahydrofuran (10
      ml) over 5 minutes. Twenty-five minutes following addition, t-butyl
      3-benzyl-7-amino-3-cephem-4-carboxylate (330 mg; regenerated from the
      p-toluene sulphonate salt) in dry tetrahydrofuran (5 ml) was added
      dropwise over 5 minutes. The mixture was stirred at -10.degree. for a
      further 2 hours. The precipitated triethylamine hydrochloride was filtered
      off and the filtrate evaporated in vacuo. The residual oil was dissolved
      in ethyl acetate for successive cold washes with water, 5% hydrochloric
      acid, 5% aqueous sodium bicarbonate solution, and water. The dried
      (MgSO.sub.4) ethyl acetate solution was evaporated and the residue
      chromatographed on silica to give (VIII) as a white crystalline solid (461
      mg) m.p. 152.degree.-153.degree. (ether/petroleum ether). .nu..sub.max
      (Nujol) 3290, 1772, 1708, 1685, 1664 cm.sup.-.sup.1. .epsilon. ppm
      (CDCl.sub.3) 1.42 (s, 9H), 1.55 (s,9H), 3.17 (centre of AB quartet, J =
      18Hz), 3.78 (centre of AB quartet, J = 14.5 Hz), 4.94 (d, J = 5Hz, C.sub.6
      -- H), 5.22 (d, .alpha.-- CH), 5.72 (q and d, 2H, C.sub.7 -- H and amide
      NH), 6.66 (d, J = 9Hz, amide NH), 7.17-7.45 (d, 10H).
PAR  C.sub.31 H.sub.37 O.sub.6 N.sub.3 S requires C, 64.21; H, 6.43; N, 7.25; S,
      5.53. Found C, 64.47; H, 6.41; N, 7.13; S, 5.63.
PAR  b. Preparation of
      7.beta.-[(D-.alpha.-aminophenylacetamido]-3-benzyl-3-cephem-4-carboxylic
      acid (VII; R = H)
PAR  t-Butyl 7 N-(tert-butoxycarbonyl)D-.alpha.-phenylglycylamido
      -3-benzyl-3-cephem-4-carboxylate (VIII) (220 mg) was dissolved in
      anhydrous trifluoroacetic acid (7 ml). After 30 minutes at room
      temperature the solvent was evaporated in vacuo. Dry toluene (5 ml) was
      added and the solvent re-evaporated. This was repeated twice more. The
      residue was triturated with ether and the solid filtered to give the
      trifluoroacetic acid salt of (VII; R = H) (201 mg). Some of the latter (98
      mg) was dissolved in water at 5.degree.-10.degree.. After 15 minutes the
      solid that had separated was filtered, washed with methylene chloride and
      ether and dried in vacuo to give (VII; R = H) (57 mg). .nu..sub.max (KBr)
      3415, 3180, 3020, 1758, 1682, 1580 (broad) cm.sup..sup.-1. .nu..sub.max
      (Nujol) 3230, 1780, 1760 (shoulder), 1692, 1642 (sh), 1590, 1570 (sh.)
      cm.sup..sup.-1.
PAR  The minimum inhibitory concentrations (MIC) of this compound required to
      inhibit the growth of five typical Gram-positive bacteria are tabulated
      below:
TBL  Organism           MIC (.mu.g/ml in agar)                                 
     ______________________________________                                    
     B.subtilis         0.25                                                   
     Staph. aureus Oxford                                                      
                        0.1                                                    
     Staph. aureus Russell                                                     
                        2.5                                                    
     .beta.-haemolytic Strep. CN10                                             
                        0.1                                                    
     Strep.pneumoniae CN 33                                                    
                        1.0                                                    
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  i. Preparation of t-Butyl
      3-p-fluorobenzyl-7-triphenylmethylamino-3-cephem-4-carboxylate (IX)
      ##SPC16##
PAR  1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(3-p-fluorophenyl-2-oxopropylthio)azetidin-2-one (253 mg) was
      refluxed in dry dioxan (25 ml) under nitrogen for 24 hours. Evaporation of
      the solvent and chromatography of the residue on silica gave (IX) as a
      white solid (131 mg). .nu..sub.max (CHCl.sub.3) 1775, 1715 cm.sup..sup.-1
      .delta. ppm (CDCl.sub.3) 1.52 (s, 3H), 3.01 (q, J = 17 Hz, 2H), 2.66- 3.12
      (1H, exchange, D.sub.2 O, 3.63 (q, J = 15Hz, 2H). 4.28 (d, J = 4.5Hz, 1H),
      4.71 (multiplet collapsing to d, J = 4.5Hz on D.sub.2 O exchange, 1H),
      6.77-7.58 (m, aromatic).
PAR  ii. Preparation of t-Butyl
      3-p-fluorobenzyl-7-(2-thienylacetamido)-3-cephem-4-carboxylate (X)
      ##SPC17##
PAR  t-Butyl 3-p-fluorobenzyl-7-triphenylmethylamino-3-cephem-4-carboxylate (IX)
      (72 mg) was dissolved in acetone and the solution cooled to 0.degree..
      p-Toluene sulphonic acid (25 mg) in acetone (0.5 ml) was added dropwise
      over a few minutes and the solution left to warm to room temperature with
      stirring. After 2.5 hours a solid had formed but t.l.c. still showed some
      unchanged (IX) to be present. The mixture was again cooled to 0.degree.
      and a further quantity of p-toluene sulphonic acid (5 mg) in acetone
      added. After leaving at room temperature for a further 1.5 hours, the
      white solid was filtered off. This solid was suspended in ethyl acetate
      and treated with saturated sodium bicarbonate solution. The organic layer
      was washed with brine, dried and evaporated to give t-butyl
      7-amino-3-p-fluorobenzyl-3-cephem-4-carboxylate (XI) (28 mg) shown to be
      pure by t.l.c.
      ##SPC18##
PAR  The free base (XI) (80 mg) was treated with 2-thienylacetyl chloride (40
      mg) and triethylamine (0.05 ml) in dry methylene chloride (5 ml) at
      -20.degree.. After 15 minutes the solution was washed with brine, dried
      and evaporated. Chromatography on silica gave the cephem (X) (50 mg) which
      crystallised on trituration with dry ether. .nu..sub.max (CHCl.sub.3)
      3380, 1780, 1710, 1685 cm.sup..sup.-1
PAR  iii. Preparation of 3-p-fluorobenzyl-7-(2-thienylacetamido)-
      3-cephem-4-carboxylic acid (XII)
      ##SPC19##
PAR  t-Butyl 3-p-fluorobenzyl-7-(2-thienylacetamido)-3-cephem-4-carboxylate (X)
      (36 mg) was treated with trifluoroacetic acid (5 ml) at room temperature
      for 40 minutes. The excess trifluoroacetic acid was distilled off
      azeotropically with dry benzene to give the free acid (XII) as a foam
      .nu..sub.max (CHCl.sub.3) 1770, 1705, 1680 cm.sup..sup.-1
PAR  The minimum inhibitory concentrations (MIC) of this compound required to
      inhibit the growth of five typical Gram-positive bacteria are tabulated
      below:
TBL  Organism           MIC (.mu.g/ml in agar)                                 
     ______________________________________                                    
     B.subtilis         0.5                                                    
     Staph. aureus Oxford                                                      
                        0.25                                                   
     Staph. aureus Russell                                                     
                        10                                                     
     .beta.-haemolytic Strep.CN10                                              
                        0.25                                                   
     Strep.pneumoniae.CN33                                                     
                        0.25                                                   
     ______________________________________                                    
PAR  iv. Preparation of t-butyl
      3-p-fluorobenzyl-7-carboxymethylthioacetamido-3-cephem-4-carboxylate
      (XIII)
      ##SPC20##
PAR  To the free base (XI)
PAR  To t-butyl 7-amino-3-p-fluorobenzyl-3-cephem-4-carboxylate (28 mg) in dry
      methylene chloride at 0.degree. was added dropwise thiodiacetic anhydride
      (9 mg) in methylene chloride. After 20 minutes evaporation of the solvent
      gave (XIII), which was obtained as an amorphous solid on re-evaporation
      from dry ether. .nu..sub.max (CHCl.sub.3) 1770, 1715, 1680 cm.sup..sup.-1
PAR  v. Preparation of
      3-p-fluorobenzyl-7-carboxymethylthioacetamido-3-cephem-4-carboxylate (XIV)
      ##SPC21##
PAR  The total crude cephem (XIII) from (iv) above was treated with
      trifluoroacetic acid (3 ml) at room temperature for 1 hour. The excess
      trifluoroacetic acid was distilled off azeotropically with dry benzene to
      give the acid (XIV) characterised as the triethylamine salt. .nu..sub.max
      (CHCl.sub.3) 3280, 1770, 1670 cm.sup..sup.-1
PAR  The minimum inhibitory concentrations (MIC) of the free acid (XIV) required
      to inhibit the growth of five typical Gram-positive bacteria are tabulated
      below:
TBL  Organism           MIC (.mu.g/ml in agar)                                 
     ______________________________________                                    
     B.subtilis         100                                                    
     Staph.aureus Oxford                                                       
                        5.0                                                    
     Staph.aureus Russell                                                      
                        50                                                     
     .beta.-haemolytic Strep.CN.10                                             
                        25                                                     
     Strep.pneumoniae.CN33                                                     
                        25                                                     
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  i. Preparation of t-Butyl 3-ethyl-7-triphenylmethylamino-3-cephem
      4-carboxylate (XV)
      ##SPC22##
PAR  1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(2-oxolutylthio)azetidin -2-one sulphoxide (0.31 g) was refluxed
      in dry dioxan (20 ml) under nitrogen for 18 hours. Evaporation of the
      solvent and chromatography of the residue on silica gave t-butyl
      3-ethyl-7-triphenylmethylamino-3-cephem-4-carboxylate-1-oxide (0.10 g) as
      a gum .nu..sub.max (CHCl.sub.3) 1780, 1712, 1620 cm.sup..sup.-1 This
      sulphoxide (98 mg) in dimethylformamide (5 ml) at 0.degree. was treated
      with triphenylphosphine (95 mg) and acetyl chloride (45 mg). The mixture
      was left overnight at 5.degree.. After dilution with ethyl acetate the
      organic phase was washed with saturated aqueous sodium bicarbonate then
      brine, dried and evaporated. Chromatography on silica gave the sulphide
      (XV) as a white amorphous solid (53 mg). .nu..sub.max (CHCl.sub.3) 1770,
      1710, 1630 cm.sup..sup.-1 .delta. ppm (CDCl.sub.3) 1.07 (t, J = 7.5Hz,
      3H), 1.54 (s, 9H), 2.27 (q, J = 7.5Hz, 2H) 2.9 (broad, 1H exchange D.sub.2
      O), 3.15 (s, 2H), 4.23 (d, J = 4.5Hz, 1H), 4.67 (broad, giving d, J =
      4.5Hz on D.sub.2 O exchange, 1H), 7.13-7.6 (ar.).
PAR  ii. Preparation of t-butyl 3-ethyl-7-(2-thienylacetamido)-
      3-cephem-4-carboxylate (XVI)
      ##SPC23##
PAR  t-Butyl 3-ethyl-7-triphenylmethylamino-3-cephem-4-carboxylate (53 mg) was
      dissolved in acetone and the solution cooled to -.degree..degree..
      p-Toluene sulphonic acid (21 mg) in acetone was added and the mixture
      warmed to room temperature. After 1 hour crystals had formed but t.l.c.
      showed some unchanged starting material to be present. The mixture was
      re-cooled to -10.degree. and a further quantity of p-toluene sulphonic
      acid added (5 mg). After a further 2 hours at room temperature the solvent
      was removed leaving a residue containing trityl alcohol and the p-toluene
      sulphonate of t-butyl 3-ethyl-7-amino-3-cephem-4-carboxylate.
PAR  this residue was suspended in dry methylene chloride and triethylamine (40
      mg) added. The solution obtained was cooled, -20.degree., and freshly
      distilled 2-thienylacetyl chloride (26 mg) in methylene chloride added
      dropwise with stirring, over about 5 minutes. After 15 minutes the
      solution was washed with brine, dried and evaporated. Chromatography on
      silica gave the cephem (XVI) (23 mg).
PAR  .nu..sub.max (CHCl.sub.3) 3380, 1780, 1710, 1685, 1630 cm.sup..sup.-1
PAR  iii. Preparation of 3-ethyl-7-(2-thienylacetamido)-3-cephem-4-carboxylic
      acid (XVII)
      ##SPC24##
PAR  t-Butyl 3-ethyl-7-(2-thienylacetamido)-3-cephem-4-carboxylate (23 mg) was
      treated with trifluoracetic acid at room temperature for 1 hour. The
      excess trifluoroacetic acid was distilled off azeotropically with dry
      benzene to give the free acid (XVII) as a gum (17 mg) .nu..sub.max
      (CHCl.sub.3) 1770, 1705, 1680 cm.sup..sup.-1 The minimum inhibitory
      concentrations of this compound required to inhibit the growth of five
      typical Gram-positive bacteria are tabulated below:
TBL  Organism           MIC (.mu.g/ml in agar)                                 
     ______________________________________                                    
     B.subtilis         2.5                                                    
     Staph.aureus Oxford                                                       
                        2.5                                                    
     Staph.aureus Russell                                                      
                        2.5                                                    
     .beta.-haemolytic Strep.CN10                                              
                        2.5                                                    
     Strep.pneumoniae.CN33                                                     
                        2.5                                                    
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Preparation of t-Butyl
      3-2'-tetrahydropyranyloxyethyl)-7-triphenylmethylamino-3-cephem-4-carboxyl
     ate (XVIII)
      ##SPC25##
PAR  1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(4-tetrahydropyranyloxy-2-oxobutylthio)azetidin-2-one (220 mg)
      was refluxed under nitrogen in dry dioxan (10 ml) for 47 hours.
      Evaporation of the solvent and chromatography of the residue on silica
      gave (XVIII) (102 mg) .nu..sub.max (CHCl.sub.3) 1770, 1708, 1625
      cm.sup..sup.-1
PAC  EXAMPLE 7
PAR  i. Preparation of tert-butyl
      3-(2-tetrahydropyranylmethyl)-7-triphenylmethylamino-3-cephem-4-carboxylat
     e (XIX)
      ##SPC26##
PAR  1(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-triphenylmethyla
     mino)-4-[3-(2-tetrahydropyranyl)-prop-2-onethio]azetidin-2-one (700 mg) was
      taken up in dioxan (20 ml) and refluxed under nitrogen for 26 hours. The
      dioxan was then removed and the crude product was chromatographed on
      silica gel, eluting with 60 petroleum (b.p. 60.degree.-80.degree.)/ethyl
      acetate in 8:2, 7:3 and 6:4 mixtures. Early fractions contained the cephem
      (XIX) (180 mg) .nu..sub.max (CHCl.sub.3) 1770, 1710, 1625 cm.sup..sup.-1
      Later fractions contained recovered starting material. This was again
      dissolved in dioxan and refluxed for three days and yielded the cephem
      (XIX) (70 mg).
PAR  ii. Preparation of t-butyl
      3-(2-tetrahydropyranylmethyl)-7-(2-thienylacetamido)-3-cephem-4-carboxylat
     e (XX)
      ##SPC27##
PAL  The triphenylmethylaminocephem XIX (260 mg) was dissolved in a small
      quantity of acetone (ca. 3 ml) and cooled to ca. -50.degree.. p-Toluene
      sulphonic acid monohydrate (91 mg) in the minimum quantity of acetone (ca.
      0.75 ml) was then added, and the mixture was left to stand at -10.degree.
      for 18 hr, and then at room temperature for 3 hr. The acetone was
      evaporated off and the residue was taken up in ethyl acetate and washed
      with aqueous sodium bicarbonate, followed by brine. After drying
      (MgSO.sub.4) the ethyl acetate was removed and the residue was
      chromatographed on silica gel, eluting with chloroform, followed by 7:3
      and 3:7 mixtures of petroleum (b.p. 60.degree.-80.degree.) and ethyl
      acetate. This led to the isolation of t-butyl
      3-(2-tetrahydropyranylmethyl)-7-amino-3-cephem-4 carboxylate (XXI) (120
      mg) .nu..sub.max (CHCl.sub.3) 3,300 cm.sup..sup.-1 (--NH.sub.2), 1775
      cm.sup..sup.-1 (.beta.-lactam C=O), 1710 cm.sup..sup.-1
      (.alpha.,.beta.-unsaturated ester C=O), 1620 cm.sup..sup.-1 (C=C).
      ##SPC28##
PAL  The free base (XXI) (120 mg) was taken up in methylene chloride (5 ml),
      cooled to -13.degree. and triethylamine (0.13 ml), followed by freshly
      distilled 2-thienyl-acetyl chloride (100 mg) in methylene chloride (1 ml),
      was added to the solution. The cooled mixture was stirred for 15 minutes,
      brine was then added, the layers were separated, and the organic layer was
      dried (MgSO.sub.4) and evaporated to leave an oil. Chromatography on
      silica gel, eluting with petroleum (b.p. 60.degree.-80.degree.)/ethyl
      acetate (8:2 then 7:3, led to (.beta.isolation of the
      thienylacetamidocephen (XX) as an oil. .nu..sub.max (CHCl.sub.3) 3325
      cm.sup..sup.-1 (NH), 1775 cm.sup..sup.-1 .beta.-lactam C=O), 1710
      cm.sup..sup.-1 (.alpha.,.beta.-unsaturated ester C=O), 1680 cm.sup..sup.-1
      (amido C=O). Trituration of the oil with ether gave the cephem (X) as a
      white solid (29 mg), m.p. 175.degree.-185.degree. decomp. M.sup.+ m/e 478
      (parent peak) and the fragmentations expected for the cephem (X).
PAR  iii. Preparation of
      3-(2-tetrahydropyranylmethyl)-7-(2-thienylacetamido)-3-cephem-4-carboxylic
      acid (XXII)
      ##SPC29##
PAR  The cephem ester (XX) (28 mg) was dissolved in trifluoroacetic acid (0.8
      ml) and allowed to stand at room temperature for 30 min. The reaction
      mixture was evaporated azeotropically from dry benzene to give the acid
      (XXII) as a glass (25 mg) .nu..sub.max (CHCl.sub.3) 1775, 1730-1750, 1675
      cm.sup..sup.-1 The minimum inhibitory concentrations (MIC) of this
      compound against five typical Gram-positive bacteria are tabulated below:
TBL  Organism           MIC (.mu.g/ml in agar)                                 
     ______________________________________                                    
     B.subtilis         0.5                                                    
     Staph.aureus Oxford                                                       
                        0.25                                                   
     Staph.aureus Russell                                                      
                        10                                                     
     .beta.-haemolytic Strep.CN10                                              
                        0.25                                                   
     Strep.pneumoniae.CN33                                                     
                        0.25                                                   
     ______________________________________                                    
PAC  Preparation of starting material for Example 1
PAR  i. Benzyl 6-.beta.-(triphenylmethylamino)penicillanate (1.64g) was stirred
      in dry tetrahydrofuran (60ml) containing 1-bromo-4-phenylbut-2yne (0.69g,
      1.1 eq., obtained by treating the corresponding hydroxy compound with
      PBr.sub.3) under N.sub.2. A 0.778M solution of potassium t-butoxide in
      t-butanol (4.3 ml. diluted with 15ml tetrahydrofuran) was added over 45
      minutes and stirring was continued for 1.5 hours. The work-up was carried
      out as before and gave a chromatographical purified
      1-(1-benzyloxycarbonyl-3-methyl-1-propenyl)-3-triphenylmethylamino-4-(4-ph
     enylbut-2-ynylthio)azetidin-2-one 639mg (32%). .nu..sub.max (CHCl.sub.3)
      1755 cm.sup..sup.-1 (.beta.-lactam), 1718 cm.sup..sup.-1 (ester). .delta.
      ppm (CDCl.sub.3) 1.99 (s, 3H), 2.19 (s, 3H), 2.75 (m, 3H, one H exchange),
      3.50 (t, 2H, J=2Hz), 4.50 (m, 1H, collapsing to doublet J=5Hz with D.sub.
      2 O), 4.81 (d, 1H, J=5Hz), 5.01 (q, 2H) 7.0-7.8 (aromatic)
PAR  ii.
      1-(1-Benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-(4-
     phenylbut-2ynylthio)azetidin-2-one (5.40g) was dissolved in a mixture of
      pyridine (60ml) and water (6ml). The stirred mixture was cooled in an
      ice-salt bath and finely powdered potassium permanganate (2.30g) was
      added. The cooled mixture was stirred for a further 1.5 hours. The mixture
      was diluted with ethyl acetate (100ml) and water (10ml) and sulphur
      dioxide was passed until the manganese dioxide had dissolved. The organic
      layer was separated and washed successively with sodium bicarbonate
      solution, brine, N.hydrochloric acid, and brine The dried (MgSO.sub.4)
      organic layer was evaporated to give a crude gum (4.8g).
PAR  The crude gum was chromatographed on silica gel eluting with ethyl
      acetate/petroleum ether mixtures to give
      4-(4-phenylbut-2-ynylthio)-3-triphenylmethylaminoazetidin-2-one as a
      crystalline solid (O 852g, 22%). Recrystallisation of the product gave a
      colourless crystalline solid, MP=145-6.degree.C.  .nu..sub.17C3928910en
      max (CHCl.sub.3) 3400 cm.sup..sup.-1 (N--H), 1765 cm.sup..sup.-1
      (.beta.-lactam) .delta. ppm (CDCl.sub.3) 3.05 (centre of multiplet, 3H
      collapsing to triplet, 2H, J=2Hz with D.sub.2 O); 3.57 (t, 2H, J=2Hz);
      4.55 (centre of multiplet, 2H, collapsing to broad singlet with D.sub.2
      O); 6.15 (broad S, 1H, exchanges with D.sub.2 O); 7.0-7.7 (aromatics).
PAR  iii. Tert-butyl glyoxalate mono hydrate (2.1g) and dry benzene (25ml) were
      refluxed under nitrogen with provision for removal of water until all the
      water had been removed.
      4-(4-phenylbut-2-ynylthio)-3-(triphenylmethylamino)azetidin-2-one (0.700g)
      was added and the mixture refluxed under nitrogen for a further 2 hours.
      The reaction mixture was cooled and washed with water (5 .times. 15ml).
      The dried (MgSO.sub.4) organic layer was evaporated to give a gum. The gum
      was chromatographed on silica gel eluting with ethyl acetate petroleum
      ether mixtures to give
      1-(1-hydroxy-1-tert-butoxycarbonylmethyl)-4-(4-phenylbut-2-ynylthio)-3-tri
     phenylmethylamino-azetidin-2-one as a solid foam (0.490g, 55%).
      .nu..sub.max (CHCl.sub.3) 1765 cm.sup.-.sup.1 (.beta.-lactam); 1730
      (ester).
PAR  iv.
      1-(1-Hydroxy-1-t-butoxycarbonylmethyl)-4-(4-phenylbut-2-ynylthio)-3-(triph
     enylmethylamino)azetidin-2-one (0.100 g) was dissolved in a mixture of dry
      tetrahydrofuran (1ml) and dry dioxan (1ml) and the resulting solution was
      cooled to -5.degree. C to -10.degree.C. Dry pyridine (0.038g) in dry
      dioxan (0.5ml) was added followed by purified thionyl chloride (0.058g) in
      dry dioxan (0.5ml) dropwise in 3 minutes. The resulting mixture was
      stirred at -5.degree.C for 1 hour. The mixture was filtered and the
      residue washed with dry toluene (2ml). The combined filtrates were
      evaporated and the residual gum extracted with dry toluene (4 .times.
      5ml). The combined extracts were filtered and evaporated to give a gum.
      Re-evaporation of the gum from dry ether gave
      1-(1-chloro-1-tert-butoxycarbonylmethyl)-4-(4-phenylbut-2-ynylthio)-3-trip
     henylmethylamino-azetidin-2-one as a solid foam (99mg, 96%). .nu..sub.max
      (CHCl.sub.3) 1775 cm.sup.-.sup.1 (.beta.-lactam); 1745 (ester.)
PAR  v. m-Chloroperbenzoic acid (30mg) in ethanol-free chloroform (3ml) was
      added in 10 minutes to a stirred solution of
      1-(1-chloro-1-t-butoxycarbonylmethyl)-4-(4-phenylbut-2-ynylthio)-3-(triphe
     nylmethylamino)azetidin-2-one (99mg) in ethanol-free chloroform (3ml) at
      0.degree.C. The mixture was stirred for a further 30 minutes at
      0.degree.C. The reaction mixture was diluted with ethanol-free chloroform
      (10ml) and washed successively with saturated sodium bicarbonate solution
      (5ml) and brine (2 .times. 5ml). The dried(MgSO.sub.4) organic layer was
      evaporated to give a gum which upon re-evaporation from dry ether gave
      1-(1-chloro-1-tert-butoxycarbonylmethyl)-4-(4-phenylbut-2-ynylsulphinyl)-3
     -triphenylmethylamino-azetidin-2-one as a solid foam (92mg, 91%)
      .nu..sub.max (CHCl.sub.3) 1785 cm.sup.-.sup.1 (.beta.-lactam); 1740
      (ester).
PAR  vi. Method A
PAR  The chloro-sulphoxide from (v) above, (46mg), triphenylphosphine (37mg) and
      2,6-dimethylpyridine (9mg) were stirred and heated at 50.degree.C in a dry
      dioxan (1ml) under nitrogen for 12 hours. The mixture was diluted with
      ethyl acetate (20ml) and washed successively with N-hydrochloric acid
      (5ml), and brine (2 .times. 5ml). The dried (MgSO.sub.4) organic layer was
      evaporated to give a gum. The gum was chromatographed on silica gel
      eluting with ethyl acetate/petroleum ether mixtures to give
      4-(4-phenylbut-2-ynylsulphinyl)-1-(1-tert-butoxy
      carbonyl-1-triphenylphosphoranylidenemethyl)-3-triphenylmethylamino-azetid
     in-2-one as a solid (9mg, 15%)  .nu..sub.max (CHCl.sub.3) 1765
      cm.sup.-.sup.1 (.beta.-lactam); 1635 cm.sup.-.sup.1.
PAC  Method B
PAR  The chloro-sulphoxide from (v) above (50mg), triphenylphosphine (40mg) and
      1,8-bis(dimethylamino)naphthalene (16mg) were stirred and heated at
      50.degree.C in dry dioxan (1ml) under nitrogen for 36 hours. The mixture
      was evaporated to give a gum which gave, after chromatography as in Method
      A, the desired phosphorane as a solid (7mg, 10%).
PAC  Method C
PAR  The chloro-sulphoxide from (v) above, (54mg), anhydrous lithium bromide
      (36mg) and triphenylphosphine (44mg) were stirred in dry tetrahydrofuran
      (2ml) at room temperature for 60 hours. Pyridine (2 drops) was added and
      the mixture was stirred for a further 10 minutes. The mixture was
      evaporated to give a gum which gave, after chromatography, as in Method A,
      the desired phosphorane as a solid (13mg, 18%).
PAC  Method D
PAR  The chloro-sulphoxide from (v) above, (1.14g), anhydrous lithium bromide
      (0.76g) and triphenylphosphine (0.92g) were stirred and heated at
      60.degree.C in dry tetrahydrofuran (30ml) under nitrogen for 2 hours. The
      mixture was cooled to room temperature and pyridine (0.14g) was added. The
      mixture was stirred at room temperature for 10 minutes. The work-up as in
      method A, gave the desired phosphorane as a solid (0.244g, 17%).
PAR  vii.
      4-(4-phenylbut-2-ynylsulphinyl)-1-(1-t-butoxycarbonyl-1-triphenylphosphora
     nylidenemethyl)-3-(triphenylmethylamino)azetidin-2-one (244mg) was stood in
      piperidine (5ml) at room temperature for 24 hours. The mixture was diluted
      with ethyl acetate (100ml) and washed with N-hydrochloric acid (3 .times.
      20ml) followed by brine. The dried (MgSO.sub.4) organic layer was
      evaporated to give a gum (240mg). The gum was chromatographed on silica
      gel eluting with ethyl acetate/petroleum ether mixtures to give
      4-(4-phenyl-2-oxobutylsulphinyl)-1-(1-tert-butoxycarbonyl-1-triphenylphosp
     horanylidenemethyl)-3-triphenylmethylamino-azetidin-2-one as a solid foam
      (204mg, 82%). .nu..sub.max (CHCl.sub.3) 1770 cm.sup.-.sup.1
      (.beta.-lactam); 1715 cm.sup.-.sup.1 (ester + ketone); 1635
      cm.sup.-.sup.1.
PAC  Preparation of starting materials for Example 2
PAR  i. Benzyl 6-.beta.-(triphenylmethylamino)penicillanate (2.74g) was stirred
      in dry tetrahydrofuran (50ml) containing 1-bromo-3-phenylprop-2-yne (1g)
      under nitrogen. Sodium hydride (0.48g of 60% oil dispersion) was added and
      the mixture was stirred at room temperature for 48 hours. The reaction
      mixture was then diluted with ethyl acetate and the organic layer washed
      with brine and water. The dried ethyl acetate extract was evaporated to
      dryness and the residue triturated with ethyl acetate. Filtration gave
      unchanged starting material (1.05g). Chromatography of the mother liquors
      on silica, eluting with ethyl acetate/petroleum ether (1:9), afforded
      further unchanged starting ester (230mg) and
      1-(1-benzyloxycarbonyl-2-methyl-1-propanyl)-3-(triphenyl-methylamino)-4-(3
     -phenylprop-2-ynylthio)azetidin-2-one, as a foam (905mg). .nu..sub.max
      (CHCl.sub.3) 1760 (.beta.-lactam, 1715 (ester), 1625 (double bond. .delta.
      ppm (CDCl.sub.3) 2.07 (s, 3H), 2.17 (s, 3H), 2.95 (AB quartet, J=17Hz),
      2.95  (b, 1H, exchanged by D.sub.2 O), 4.55 (broadened signal collapsing
      to a doublet, 1H, J=5Hz, after D.sub.2 O exchange), 4.93 (d, J=5Hz), 4.98
      (s, 2H), 7-7.7 (m, 25H).
PAR  ii.
      1-(1-Benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-(3-
     phenylprop-2-ynylthio) azetidin-2-one (I) (3.24g) was dissolved in pyridine
      (30ml) and water (2ml) and the mixture was cooled in an ice-bath. Solid
      potassium permanganate (1.19g) was added, and the mixture stirred for one
      hour. Ethyl acetate and brine were added and the mixture vigorously shaken
      to coagulate the manganese dioxide. The latter was removed by filtering
      through kieselguhr, the filter cake being washed well with ethyl acetate.
      The organic layer was separated, washed with N-hydrochloric acid and
      water, dried, and evaporated to a foam (2.67g). Chromatography on silica
      gave unchanged starting material (826mg) and
      3-(triphenylmethylamino)-4-(3-phenylprop-2-ynylthio) azetidin-2-one, as a
      foam (674mg). Trituration of the latter with 10% ethyl acetate
      /60.degree.-80.degree. petroleum ether gave a white solid (576mg). A
      sample recrystallised from ethyl acetate/60.degree.-80.degree. petroleum
      ether had m.p. 109.degree.-110.degree.. .nu..sub.max (CHCl.sub.3) 3300,
      3230, 1765 cm.sup.-.sup.1.
PAR  iii. 3-(Triphenylmethylamino)-4-(3-phenylprop-2-ynylthio) azetidin-2-one
      (526mg) and methyl glyoxylate (1.17g) were refluxed in dry benzene (25ml)
      with provision for the removal of water. After 11/2  hours the solvent was
      evaporated and the residue was chromatographed on silica to give
      1-(1-hydroxy-1-methoxycarbonylmethyl)-3-(triphenyl
      methylamino)-4-(3-phenylprop-2-ynylthio)azetidin-2-one as an amorphous
      solid (399 mg). .nu..sub.max (CHCl.sub.3) 3475 (--OH), 1770
      (.beta.-lactam), 1750 (ester) cm.sup.-.sup.1.
PAR  iv.
      1-(1-Hydroxy-1-methoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(3-phenyl
     prop-2-ynylthio)azetidin-2-one (395mg) was dissolved in a 1:1 mixture of
      dry tetrahydrofuran and dioxan (14ml) and the solution, under nitrogen,
      was cooled to -10.degree.. Pyridine (176mg) in dry dioxan (1ml) was then
      added, followed by the dropwise addition of thionyl chloride (0.153ml) in
      dry dioxan (4ml) over 2-3 minutes. After a further 15 minutes the
      precipitated solid was filtered off and the filtrate evaporated to
      dryness. Dry toluene was added and was decanted from any solid. The
      organic solution was evaporated to give
      1-(1-Chloro-1-methoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(3-phenylp
     rop-2-ynylthio)azetidin-2-one as an amorphous solid (419mg), after drying
      overnight in vacuo. .nu..sub.max (CHCl.sub.3) 1770 (broad, .beta.-lactam
      and ester) cm.sup.-.sup.1.
PAR  v.
      1-(1-Chloro-1-methoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(3-phenylp
     rop-2-ynylthio)azetidin-2-one (419mg) was dissolved in a 1:1 mixture of dry
      tetrahydrofuran and dioxan (12ml) under nitrogen. Triphenylphosphine
      (370mg) and dry pyridine (111mg) were added and the mixture heated at
      55.degree. for 13 hours. The reaction mixture was filtered and the
      filtrate evaporated. The residue was taken up in dry toluene and
      re-evaporated. Chromatography on silica afforded 1-(-1
      1-(1-methoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(3-phenylprop-2-ynylthio)azetidin-2-one as a white solid (419mg).
      .nu..sub.max (CHCl.sub.3) 1750 (broad), 1615 (broad) cm.sup.-.sup.1.
PAR  vi.
      1-(1-Methoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(3-phenylprop-2-ynylthio)azetidin-2-one (346mg) was refluxed in
      piperidine (8ml) containing mercuric chloride (242mg) for 8.5 hours. The
      mixture was stirred at room temperature for 16 hours and then filtered
      through celite, the filter cake being washed well with ethyl acetate and
      water. The organic layer was washed with dilute hydrochloric acid and
      brine, dried and evaporated to an amorphous solid.
PAR  Chromatography on silica afforded
      1-(1-methoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(3-phenyl-prop-2-onethio)azetidin-2-one as a white solid (245
      mg). .nu..sub.max (CHCl.sub.3) 1775 (broad), 1720 (broad), 1615 (broad)
      cm.sup.-.sup.1.
PAC  Prepartion of starting materials for Example 3
PAR  The procedure used for the preparation of starting materials for Example 2
      was followed, except that t-butyl glyoxalate was used in stage (iii)
      instead of methyl glyoxalate. Eventually
      1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmeth
     ylamino)-4-(3-phenyl-2-oxopropylthio)azetidin-2-one was prepared.
      .nu..sub.max (CHCl.sub.3) 1755, 1720, 1635 cm.sup.-.sup.1.
PAC  Preparation of starting materials for Example 4
PAR  i. Benzyl 6-.beta.-(triphenylmethylamino)penicillanate (6.1g) was stirred
      in dry tetrahydrofuran (100ml) under nitrogen and
      1-bromo-3-p-fluorophenylprop-2-yne (3.04g) was added. Potassium t-butoxide
      (11.1ml of a 1.1M solution in tertiary butanol, diluted with 10ml dry
      tetrahydroduran) was added dropwise over 2.5 hrs. After stirring for a
      further 2.5 hours the mixture was diluted with ethyl acetate and the
      organic layer washed with brine, dried and evaporated. On trituration with
      ethyl acetate unchanged starting material (0.81g) was obtained as white
      crystals. Chromatography of the mother liquors on silica, eluting with
      ethyl acetate/petroleum ether (1:9) afforded further unchanged starting
      ester (0.525g) and
      1-(1-benzyloxycarbonyl-2-methyl-1-propanyl)-3-(triphenylmethylamino)-4-(3-
     p-fluorophenylprop-2-ynylthio)azetidin-2-one (3.78g) which was
      recrystallised from ethyl acetate/petroleum ether to give white crystals
      m.p. 123.degree.-4.degree.. .nu..sub.max (CHCl.sub.3). 1758
      (.beta.-lactam), 1718 (ester), 1625 (double bond) cm.sup.-.sup.1. .delta.
      ppm (CDCl.sub.3).  2.02 (s, 3H); 2.17 (s, 3H); 2.94 (q, 2H, J= 16Hz,
      covering 1H exch. D.sub.2 O); 4.54 (m, 1H, collapsing to d, J=5Hz on
      D.sub.2 O exchange); 4.9 (d, 1H, J=5Hz); 4.97 (q, 2H,J=12Hz); 6.8-7.6 (24
      ar).
PAR  ii.
      1-(1-Benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-(3-
     p-fluorophenylprop-2-ynylthio) azetidin-2-one (2.68g) was dissolved in
      pyridine (30ml) and water (2ml). The mixture was cooled in an ice bath and
      potassium permanganate (0.93g) added with stirring. After one hour ethyl
      acetate (50ml) and water (5ml) were added and sulphur dioxide was passed
      into the cooled mixture until it became colourless. The organic layer was
      separated, washed with saturated sodium bicarbonate solution, brine,
      N-hydrochloric acid and finally brine, dried and evaporated to a foam.
      Chromatography on silica --H gave unchanged starting material (0.77g) and
      3-(triphenylmethylamino)-4-(3-p-fluorophenylprop-2-ynylthio)azetidin-2-one
      as a foam (0.71g). .nu..sub.max (CHCl.sub.3) 3350, 1765 cm.sup.-.sup.1.
      .delta. ppm (CDCl.sub.3) 2.94-3.2 (1H, exchange D.sub.2 O), 3.25 (s, 2H),
      4.58 (2H broad peak sharpening on D.sub.2 O exchange), 6.22 (s, 1H
      exchange D.sub.2 O),  6.81-7.58 (Aromatic).
PAR  iii.
      3-(Triphenylmethylamino)-4-(3-p-fluorophenylprop-2-ynylthio)azetidin-2-one
      (1.02g) and t-butyl glyoxalate (2.76g) were refluxed in dry benzene (50ml)
      with provision for the removal of water. After 1 hour the benzene solution
      was washed 5 times with water, dried and evaporated. The residue was
      chromatographed on silica to give
      1-(1-Hydroxy-1-t-butyoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(3-p-fl
     uorophenylprop-2-ynylthio)azetidin-2-one as an amorphous solid (0.969g).
      .nu..sub.max (CHCl.sub.3) 1770, 1735 cm.sup.-.sup.1.
PAR  iv.
      1(1-Hydroxy-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(3-p-fluo
     rophenylprop-2-ynylthio)azetidin-2-one (570mg) was dissolved in a 1:1
      mixture of dry tetrahydrofuran and dioxan (20ml) and the solution, under
      nitrogen, was cooled to -10.degree.. Pyridine (224mg) in dry dioxan (5ml)
      was then added, followed by the dropwise addition of thionyl chloride
      (0.206ml) in dry dioxan (5ml) over 2-3 minutes. After a further 15 minutes
      the precipitated solid was filtered off and the filtrate evaporated to
      dryness. Dry toluene was added and was decanted from any solid. The
      organic solution was evaporated to dryness and re-evaporation from dry
      ether gave
      1-(1-Chloro-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(3-p-fluo
     rophenylprop-2-ynylthio)azetidin-2-one as an amorphous solid.
PAR  v.
      1-(1-Chloro-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(3-p-fluo
     rophenylprop-2-ynylthio)azetidin-2-one (570mg) was dissolved in a 1:1
      mixture of dry tetrahydrofuran and dioxan (20ml) under nitrogen.
      Triphenylphosphine (495mg) and dry pyridine (150mg) were added and the
      mixture heated at 49.degree. for 16 hours. The reaction mixture was
      filtered the filtrate evaporated. The residue was triturated with toluene
      and the soluble portion re-evaporated. Chromatography on silica afforded
      1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmeth
     ylamino)-4-(3-p-fluorophenylprop-2-ynylthio) azetidin-2-one, as a white
      solid (418mg). .nu..sub.max (CHCl.sub.3) 1745, 1630 (broad)
      cm.sup.-.sup.1.
PAR  vi.
      1-(1-t-Butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmeth
     ylamino)-4-(3-p-fluorophenylprop-2-ynylthio)azetidin-2-one (370mg) was
      refluxed is piperidine (25ml) under nitrogen for 6 hours. The mixture was
      cooled, diluted with ethyl acetate and the organic layer washed with
      N-hydrochloric acid and brine, dried and evaporated to an amorphous solid.
      Chromatography on silica gave
      1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmeth
     ylamino)-4-(3-p-fluorophenyl-2-oxopropylthio)azetidin-2-one as an amorphous
      solid (330mg). .nu..sub.max (CHCl.sub.3) 1750, 1718, 1625 (broad)
      cm.sup..sup.-1.
PAC  Preparation of starting materials for Example 5
PAR  i. Benzyl 6-.beta.-(triphenylmethylamino)penicillanate (1.1g) in dry
      tetrahydrofuran (40ml) containing 1-bromobut-2-yne (0.3g) (under N.sub.2)
      was treated with sodium hydride (0.2g of 50% dispersion) and refluxed for
      7 hours and then left stirring overnight at room temperature. The reaction
      mixture was diluted with ethyl acetate (150ml) and washed with brine and
      water. The dried ethyl acetate extract was evaporated to dryness and the
      residue triturated with ethyl acetate. Filtration gave unchanged (I)
      (0.5g). Chromatography of the mother liquors on silica, eluting with ethyl
      acetate light petroleum (3:7) gave more unchanged starting material
      (0.11g) and then
      1-(1-benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-(bu
     t-2-ynylthio)azetidin-2-one as a foam (0.25g). .nu..sub.max (CHCl.sub.3)
      1760 cm.sup..sup.-1 (.beta.-lactam carbonyl), 1720 cm.sup..sup.-1 (ester),
      1625 cm.sup..sup.-1 (C = C) .delta. ppm, (CDCl.sub.3) 1.67 (t, 3H,
      J=2.5Hz); 2.00  (s, 3H); 2.22 (s, 3H); 2.63 (q, 2H, J=2.5Hz); 2.92 (d, 1H,
      exch. NH); 4.50 (dd, 1H, collapsing to singlet J=5H D.sub.2 O exchange
      4.75 (d, 1H, J=5Hz); 5.08 (q, 2H, J=12Hz); 7.1-7.6 (Ar, 2OH).
PAR  ii.
      1(1-Benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-(but
     -2-ynylthio)azetidin-2-one (4.4g) was dissolved in dimethylformamide
      (40ml), water (4ml) and pyridine (1.6ml) and the mixture cooled to
      -20.degree.. Solid potassium permanganate (1.74g) was added, and the
      mixture stirred between -20.degree. and -5.degree. for two hours Ether and
      water were then added and the mixture shaken. After filtering through
      Keiselguhr, the organic layer was washed with N hydrochloric acid and
      brine, dried and evaporated to give an amorphous solid (2.73g).
      Chromatography on silica -H gave unchanged starting material (0.7g) and
      3-(triphenylmethylamino)-4-(but-2-ynylthio) azetidin-2-one (1.2g) as a
      foam. .nu..sub.max (CHCl.sub.3) 3370, 1770 cm.sup..sup.-1. .delta. ppm
      (CDCl.sub.3) 1.73 (t, 3H, J=3Hz), 2.97 (q, 2H, J=3Hz), 4.50 (broadened
      signal 2H, collapsing to sharp singlet on D.sub.2 O exchange),  6.54
      (b.s., 1H, exchange), 7.1-7.7 (Ar, 15H).
PAR  iii. 3-(Triphenylmethylamino)-4-(but-2-ynylthio)azetidin-2-one (1.03g) and
      t-butyl glyoxalate (3.3g) were refluxed in dry benzene (50ml) with
      provision for the removal of water. After one hour the benzene solution
      was washed 5 times with water, dried and evaporated. Chromatography of the
      residue on silica -H gave
      1-(1-hydroxy-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(but-2-y
     nylthio)azetidin-2-one as an amorphous white solid (0.978 g) .nu..sub.max
      (CHCl.sub.3) 3400, 1765, 1730 cm.sup..sup.-1.
PAR  iv.
      1-(1-Hydroxy-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(but-2-y
     nylthio)azetidin-2-one (0.44g) was dissolved in a 1:1 mixture of dry
      tetrahydrofuran and dioxan (10ml) and the solution, under nitrogen, was
      cooled to -10.degree.. Pyridine (0.2g) in dry dioxan (2.5ml) was added,
      followed by the dropwise addition of thionyl chloride (0.19ml) in dioxan
      (2.5ml) over 2-3 minutes. After a further 15 minutes the precipitated
      solid was filtered off and the filtrate evaporated to dryness. Dry toluene
      was added to the residue and decanted off from any solid. The organic
      solution was evaporated to dryness and re-evaporation from dry ether gave
      1-(1-chloro-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(but-2-yn
     ylthio)azetidin-2-one as an amorphous solid (0.45g). .nu..sub.max
      (CHCl.sub.3) 1775, 1740 cm.sup..sup.-1. This chloride, without further
      purification was dissolved in ethanol-free chloroform and the solution,
      under nitrogen, was cooled in an ice-bath. m-chloroperbenzoic acid (0.16g)
      in chloroform was added dropwise over a few minutes. After a further 30
      minutes the organic solution was washed with saturated aqueous sodium
      bicarbonate, then with brine, and finally dried and evaporated.
      Re-evaporation of the residue from dry ether gave
      1-(1-chloro-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(but-2-yn
     ylthio)azetidin-2-one sulphoxide (as an amorphous solid .nu..sub.max
      (CHCl.sub.3) 1785, 1740 cm.sup..sup.-1. This sulphoxide, without further
      purification, was treated under nitrogen with triphenylphosphine (0.52g)
      and 2,6-dimethyl pyridine (0.125g) in dry dioxan (10ml) at 50.degree. for
      17 hours. The mixture was filtered and the filtrate evaporated to dryness.
      Chromatography on silica --H gave
      1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmeth
     ylamino)-4-(but-2-ynylthio)azetidin-2-one sulphoxide (0.2g) as a white
      solid. .nu..sub.max (CHCl.sub.3) 1760 (b), 1730 (b) cm.sup..sup.-1.
PAR  v. 1-(1-t-Butoxycarbonyl-1-triphenylphosphoranylidene
      methyl)-3-(triphenylmethylamino)-4-(but-2-ynylthio) azetidin-2-one
      sulphoxide (0.39g) was treated with piperidine (40ml) at room temperature
      for 24 hours. Ethyl acetate was added and the organic phase washed with
      N-hydrochloric acid (.times. 3) and brine, dried and evaporated.
      Chromatography on silica --H gave
      1-(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmeth
     ylamino)-4-(2-oxobutylthio)azetidin-2-one sulphoxide (0.27g), obtained as a
      white solid. .nu..sub.max (CHCl.sub.3) 1765, 1710, 1635 (b)
      cm.sup..sup.-1.
PAC  Preparation of starting materials for Example 6
PAR  i. Benzyl 6-.beta.-(triphenylmethylamino)penicillanate (7.17g) was stirred
      in dry tetrahydrofuran (90ml) containing
      1-bromo-4-tetrahydropyranyloxy-but-2-yne (3.1g) under nitrogen, and a
      solution of potassium t-butoxide (1.4g) in t-butanol (12.5ml) in dry
      tetrahydrofuran (10ml) was added dropwise over 30 minutes. After stirring
      for a further 1 hour the reaction mixture was worked-up as before. The
      crude product was chromatographed on silica (100g) eluting with ethyl
      acetate/petroleum ether (1:9) to give
      1-(1-benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-(4-
     tetrahydropyranyloxybut-2-ynylthio)azetidin-2-one as an amorphous solid
      (4.05g). .nu..sub.max (CHCl.sub.3) 1755 (.beta.-lactam), 1715 (ester) 1620
      (double bond) cm.sup..sup.-1. .delta. ppm (CDCl.sub.3) 1.6 (m, 6H), 1.98
      (s, 3H), 2.21 (s,3H), 2.72 (2H, AB quartet J=15Hz each signal being
      further split with J=1.5Hz), 2.9 (m, 1H, D.sub.2 O exchanged),  3.55 (m,
      1H), 4.98 (t, 2H, J=1.5Hz), 4.5 (m, 1H, collapsing to doublet J=5Hz on
      D.sub.2 O exchange), 4.75 (d, 1H, J=5Hz), 5.07 (q, 2H, J=12Hz), 7.1-7.6
      (m, 20H).
PAR  ii.
      1-(1-Benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-(4-
     tetrahydropyranyloxybut-2-ynylthio)azetidin-2-one (7g) in dimethylformamide
      (50ml) containing water (5ml) and pyridine (2ml) was cooled to -10.degree.
      and powdered potassium permanganate (2.4 g) was added all at once. After 1
      hour at -10.degree. the mixture was poured into ether, shaken with brine
      and filtered through kieselguhr. The ether layer was separated, washed
      with a little dilute hydrochloric acid followed by brine, dried, and
      evaporated. Chromatography on silica afforded unchanged starting material
      (2.03 g) and the required product
      3(triphenylmethylamino)-4-(4-tetrahydropyranyloxybut-2-ynylthio)azetidin-2
     -one (1.36 g) as an amorphous solid. .nu..sub.max (CHCl.sub.3) 3400, 3300,
      1768 cm.sup..sup.-1. .delta. ppm (CDCl.sub.3) 1.63 (broad singlet, 6H),
      3.17 (t, 2H, J=2Hz), 3.00 (m, 1H, D.sub.2 O exchanged), 3.7 (m, 3H), 4.23
      (t, 2 H, J=2Hz), 4.63 (m, 2H), 6.7 (broad singlet, 1H, D.sub.2 O
      exchanged), 7.0-7.6 (m, 15H).
PAR  ii.
      3-(Triphenylmethylamino)-4-(4-tetrahydropyranyloxybut-2-ynylthio)azetidin-
     2-one (934 mg) and t-butylglyoxylate (2.5 g) were refluxed in benzene (20
      ml) with provision for the removal of water. After 1 hour the cooled
      solution was washed with water (6 .times. 5 ml), dried and evaporated.
      Chromatography on silica gave
      1-(1-hydroxy-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(4-tetra
     hydropyranyloxybut-2-ynylthio)azetidine-2-one which still contained some
      t-butylglyoxylate. Re-chromatography on silica affored the pure material
      as an amorphous solid (519 mg) .nu..sub.max (CHCl.sub.3) 3500, 3350, 1770,
      1738 cm.sup..sup.-1.
PAR  iv.
      1-(1-Hydroxy-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(4-tetra
     hydropyranyloxybut-2-ynylthio) azetidin-2-one (646 mg) was dissolved in dry
      THF/dioxan (1:1, 12ml) and the solution, under nitrogen, was cooled to
      -15.degree.. Dry pyridine (227mg) in dioxan (1ml) was then added followed
      by the dropwise addition of thionyl chloride (357mg) in 1:1
      tetrahydrofuran/dioxan (5ml) over 1-2 minutes. After a further 15 minutes
      the precipitated solid was filtered off and the filtrate evaporated to
      dryness. Dry toluene was added and the solution decanted from any solid,
      and evaporated to give
      1-(1-chloro-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(4-tetrah
     ydropyranyloxybut-2-ynylthio)azetidine-2-one as an amorphous solid (650mg)
      after drying overnight in vacuo. .nu..sub.max (CHCl.sub.3) 1780, 1745
      cm.sup..sup.-1.
PAR  v.
      1(1-chloro-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)-4-(4-tetrahy
     dropyanyloxybut-2-ynylthio) azetidin-2-one (650mg) was dissolved in 1:1
      THF/dioxan (12ml) under nitrogen. Triphenylphosphine (525mg) and pyridine
      (158 mg) were added and the mixture heated at 55.degree. for 15.5 hours.
      The reaction mixture was filtered and the filtrate evaporated. Dry toluene
      was added to the residue and the solution decanted from any solid and
      evaporated. Chromatography on silica afforded
      1(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4 (4-tetrahydropyranyloxybut-2-ynylthio)azetidin-2-one as an
      amorphous solid (470mg). .nu..sub.max (CHCl.sub.3) 1755, 1638
      cm.sup..sup.-1.
PAR  vi.
      1(1-t-Butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylmethy
     lamino)-4-(4-tetrahydropyranyloxybut-2-ynylthio)azetidin-2-one (462mg) in
      piperidine (7ml) was refluxed under nitrogen for 171/2  hours. The solvent
      was removed under reduced pressure and the residue taken up in ethyl
      acetate. The solution was washed with a little dilute hydrochloric acid
      followed by brine, dried and evaporated. Chromatography on silica afforded
      unchanged starting material (47mg)
      1(1-t-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenyl-meth
     ylamino)-4-(4-tetrahydropyranyloxy-2-oxobutylthio)azetidin-2-one as an
      amorphous solid (224 mg). .nu..sub.max (CHCl.sub.3) 1778, 1720, 1638
      cm.sup..sup.-1.
PAC  Preparation of starting material for Example 7
PAR  i. Benzyl 6-triphenylmethylamino-penicillanate (30g) was suspended in dry
      tetrahydrofuran (500ml) under nitrogen and
      1-bromo-3-(2-tetrahydropyranyl)prop-2-yne (11.7g) was added. A 0.78M
      solution of potassium t-butoxide in t-butanol (78ml) was then added
      dropwise under nitrogen to the stirred mixture over three hours. The
      mixture was stirred under nitrogen for one hour after the complete
      addition of the butoxide, then ethyl acetate was added and the solution
      was washed with brine followed by water. The organic layer was dried
      (MgSO.sub.4) and evaporated to leave an oil which was chromatographed on
      silica, eluting with petroleum (b.p. 60.degree.-80.degree.)/ethyl acetate
      in 9:1, 17:3 and 8:2 mixtures. The product
      1-(1-benzyloxycarbonyl-2-methyl-1-propenyl)-3-triphenylmethylamino-1-[3-(2
     -tetrahydropyranyl)propynylthio]azetidin-2-one was obtained as a foam
      (19g). .nu..sub.max (CHCl.sub.3), 1755 cm.sup..sup.-1 (.beta.-lactam
      carbonyl), 1718 cm.sup..sup.-1 (ester), 1625 cm.sup..sup.-1 (C=C).
      .delta.ppm (CDCl.sub.3) 1.1- 1.9 (broad s, 6H); 1.99 (s, 3H); 3.3-5.0
      (complex, 5H); AB q. centred at 5.1 (2H), 7.1-7.2 (m, 20H).
PAR  ii.
      1(1-Benzyloxycarbonyl-2-methyl-1-propenyl)-3-(triphenylmethylamino)-4-[3-(
     2-tetrahydropyranyl)-prop-2-ynylthio)]azetidin-2-one (2.2g) was dissolved
      in pyridine (20ml) and water (2ml) was added. The mixture was stirred and
      cooled in an ice-salt bath and finely ground potassium permanganate
      (780mg) was added. The mixture was stirred with cooling for 1 hour and
      then ethyl acetate/brine was added. Sulphur dioxide was passed into the
      mixture until all the manganese dioxide had dissolved, and then the layers
      were separated and the organic layer was washed successively with aqueous
      sodium bicarbonate, N.HCl, and brine. The dried (MgSO.sub.4) organic layer
      was evaporated to an oil and chromatographed on silica gel, eluting with
      ethyl acetate/petroleum (b.p. 60.degree.-80.degree.) in 2:8 and 3:7
      mixtures, to give
      4[3-(2-tetrahydropyranyl)prop-2-ynylthio]-3-triphenylmethylamino-azetidin-
     2-one (340mg) in later fractions. .nu..sub.max (CHCl.sub.3) 1765
      cm.sup..sup.-1.
PAR  iii. Tert-butyglyoxylate hydrate (370 mg) was refluxed in dry benzene (8ml)
      with provision for the removal of water present and then
      4[3-(2-tetrahydropyranyl)prop-2-ynylthio]-3-(triphenylmethylamino)azetidin
     -2-one (120mg) was added in benzene (4ml) and the mixture refluxed. After
      23/4  hours the mixture was cooled and benzene was added. The benzene
      solution was washed five times with water and once with brine, dried
      (MgSO.sub.4) and evaporated to an oil which was chromatographed on silica
      gel, eluting with ethyl acetate/petroleum (b.p. 60.degree.-80.degree.) in
      2:8 and 7:3 mixtures. This led to the isolation of
      1(1-hydroxy-1-tert-butoxycarbonylmethyl)-3-(triphenyl-methylamino)-4-3-(2-
     tetrahydropyranyl)prop-2-ynylthio]-azetidin-2-one (90mg) .nu..sub.max
      (CHCl.sub.3) 1775 cm.sup..sup.-1 (b-lactam C=O) and 1740 cm.sup..sup.-1
      (ester C=O).
PAR  iv.
      1-(1-Hydroxy-1-t-butoxycarbonylmethyl)-3-(triphenylmethylamino)14-[3-(2-te
     trahydropyranyl)prop-2-ynylthio] azetidin-2-one (2.7g) was taken up in
      tetrahydrofuran (50 ml) and the solution was cooled to -15.degree. and
      then pyridine (0.5ml) in tetrahydrofuran (15ml) were added to the cooled
      solution. The mixture was stirred at -15.degree. for 45 minutes and then
      at room temperature for 15 minutes. Toluene was then added and the
      precipitated pyridinium hydrochloride was filtered off. The solvent in the
      filtrate was removed to leave crude
      1-(1-t-butoxycarbonyl-1-chloromethyl)-3-(triphenylmethylamino)-4-[3-(2-tet
     rahydropyranyl)prop-2-ynylthio]azetidin-2-one as an oil. .nu..sub.max
      (CHCl.sub.3) 1775 cm.sup..sup.-1 (.beta.-lactam C=O) and 1745
      cm.sup..sup.-1 (ester C=O). Tetrahydrofuran (30ml) and dioxan (25ml) were
      added to the crude chloride, the solution was warmed to 50.degree., and
      then triphenylphosphine (1.45 g) and pyridine (0.5ml) were added. After
      stirring at 55.degree. for 21 hours, the solvents were removed and the
      crude product was chromatographed on silica gel, eluting with petroleum
      (b.p. 60.degree.-80.degree.)/ethyl acetate (7:3). This gave
      1(1-tert-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylme
     thylamino)-1-[3-(2-tetrahydropranyl)-prop-2-ynylthio]azetidin-2-one as a
      glass (1.96g), .nu..sub.max (CHCl.sub.3) 1750 cm.sup..sup.-1, 1635
      cm.sup..sup.-1.
PAR  v.
      1-(1-t-Butoxycarbonyl-1-triphenylphosphoranyledenemethyl)-3-(triphenylmeth
     ylamino)-4-[3-(2-tetrahydropyranyl)-prop-2-ynylthio]azetidin-2-one, (1.86
      g) was taken up in pyrrolidine (15ml) and the mixture was refluxed under
      nitrogen for 19 hours. The pyrrolidine was then removed and the residue
      taken up in chloroform (150ml) and washed with 0.5N HCl (1 .times. 100ml,
      2 .times. 50ml), followed by brine. The chloroform solution was then dried
      (MgSO.sub.4) and evaporated to an oil, which was chromatographed on silica
      gel (20g), using a gradient elution of petroleum (b.p.
      60.degree.-80.degree.)/ethyl acetate (from 7:3 to 1:1). This led to the
      isolation of
      1(1-tert-butoxycarbonyl-1-triphenylphosphoranylidenemethyl)-3-(triphenylme
     thylamino)-4-[3-(2-tetrahydropyranyl)prop-2-onethio]azetidin-2-one (700mg)
      .nu..sub.max (CHCl.sub.3) 1755; 1710, and 1635 cm.sup..sup.-1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC30##
PAL  wherein R is phenyl or mono-halophenyl; X is phenylacetamido,
      phenoxyacetamido, 2-thienylacetamido, .alpha.-aminophenylacetamido or
      .alpha.-azidophenylacetamido; and R.sup.3 is a carboxylic acid group, a
      pharmaceutically acceptable salt of the carboxylic acid group or t-butyl
      ester of the carboxylic acid group.
NUM  2.
PAR  2. A compound of claim 1 wherein R is phenyl or p-fluorophenyl.
NUM  3.
PAR  3. The compound of claim 1 which is
      3-benzyl-7-(2-thienylacetamido)-3-cephem-4-carboxylic acid or a
      pharmaceutically acceptable salt thereof.
NUM  4.
PAR  4. The compound of claim 1 which is
      3-benzyl-7-(D-.alpha.-aminophenylacetamido)-3-cephem-4-carboxylic acid or
      a pharmaceutically acceptable salt thereof.
NUM  5.
PAR  5. The compound of claim 1 which is
      3-p-fluorobenzyl-7-(2-thienylacetamido)-3-cephem-4-carboxylic acid or a
      pharmaceutically acceptable salt thereof.
NUM  6.
PAR  6. The compound of claim 1 which is
      3-p-fluorobenzyl-7-carboxymethylthio-acetamido-cephem-4-carboxylic acid or
      a pharmaceutically acceptable salt thereof.
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ABST
PAL  A process for the manufacture of N-(2,4-dihalo-s-triazin-6-yl)-ureas of the
      formula
      ##SPC1##
PAL  Wherein X represents halogen, R represents alkyl, aryl or hydrogen and Y
      represents hydrogen or the sulphonic acid group, which comprises reacting
      a dihalo-amino-s-triazine of the formula
      ##SPC2##
PAL  Wherein X and R have the meanings assigned to them hereinbefore, with
      chloro-sulphonylisocyanate and hydrolysing the resulting reaction product.
      The compounds of the formula (1) are suitable as starting products for the
      manufacture of reactive dyes, fluorescent whiteners or agro - chemicals.
BSUM
PAR  The present invention provides a process for the manufacture of
      N-(2,4-dihalo-s-triazin-6-yl)-ureas of the formula
      ##SPC3##
PAL  Wherein X represents halogen, R represents alkyl, aryl or hydrogen and Y
      represents hydrogen or the sulphonic acid group.
PAR  According to the process of German Offenlegungsschrift 2 230 070, it is
      possible to react s-triazinylisocyanates with water-soluble primary or
      secondary amines or preferably with ammonia to yield
      N-(2,4-dihalo-s-triazin-6-yl)-ureas. The s-triazinylisocyanates used as
      starting materials are obtained by reaction of dihalo-amino-s-triazines
      with oxalic dichloride.
PAR  It has now been discovered that N-(2,4-dihalo-s-triazin-6-yl)-ureas of the
      formula (1) can be obtained by reacting a dihalo-amino-s-triazine of the
      formula
      ##SPC4##
      wherein X and R have the meanings assigned to them in respect of the
      formula (1,) with chlorosulphonylisocyanate, ClSO.sub.2 NCO [Angew. Chem.
      80, 179-189, 1968)], and hydrolysing the resulting reaction product. The
      hydrolysis can be performed in acid or alkaline solution.
PAR  The acid hydrolysis yields a N-(2,4-dihalo-s-triazin-6-yl)-urea of the
      formula
      ##SPC5##
PAL  And acid is split off. Alkaline hydrolysis yields a
      N-(2,4-dihalo-s-triazin-6-yl)-N'-sulpho-urea of the formula
      ##SPC6##
PAL  Or a sulphonic acid of this compound.
PAR  Preferred starting compounds are dihalo-amino-s-triazines of the formula
      (2), wherein X represents chlorine and R represents alkyl with 1 to 4
      carbon atoms, phenyl or hydrogen. The most important starting compound is
      2,4-dichloro-6-amino-s-triazine.
PAR  The reaction of the dihalo-amino-s-triazine with the
      chlorosulphonylisocyanate is desirably performed in such a manner that the
      chlorosulphonylisocyanate is added dropwise to the solution of the
      dihalo-amino-s-triazine in an organic solvent and the addition is so
      controlled that the reaction temperature does not appreciably exceed room
      temperature. It is advantageous to use an organic solvent that is miscible
      with water, e.g. acetronitrile or dioxan, so that the hydrolysis can be
      carried out in the same solution without prior separation of the product
      formed by the reaction of the dihalo-amino-s-triazine with
      chlorosulphonylisocyanate. The acid hydrolysis is then effected by
      addition of water to the reaction solution. Alkaline hydrolysis takes
      place following the reaction of the chlorosulphonylisocyanate with the
      dihalo-amino-s-triazine in a water-miscible organic solvent by adding the
      reaction solution to water that contains a buffer substance. Instead of
      adding a buffer substance to the water it is also possible to keep the pH
      of the solution in a weak alkaline range by addition of a base, e.g.
      sodium hydroxide solution.
PAR  The above mentioned reaction product which is forming during the reaction
      of the dihalo-amino-s-triazine with chlorosulphonylisocyanate results from
      addition of chlorosulphonylisocyanate to the dihalo-amino-s-triazine and
      probably has the structure of a
      N-(2,4-dihalo-s-triazin-6-yl)-N'-(chlorosulphonyl)-urea.
PAR  Examples of dihalo-amino-s-triazines of the formula (2) are:
PA1  2,4-dichloro- 6-amino-s-triazine,
PA1  2,4-dibromo-6-amino-s-triazine,
PA1  2,4-difluoro-6-amino-s-triazine,
PA1  2,4-dichloro-6-N-methylamino-s-triazine,
PA1  2,4-dibromo-6-N-ethylamino-s-triazine,
PA1  2,4-dichloro-6-N-propylamino-s-triazine,
PA1  2,4-dichloro-6-N-isopropylamino-s-triazine,
PA1  2,4-dichloro-6-N-butylamino-s-triazine,
PA1  2,4-dichloro-6-N-pentylamino-s-triazine,
PA1  2,4-dichloro-6-cyclohexylamino-s-triazine,
PA1  2,4-dichloro-6-N-phenylamino-s-triazine,
PA1  2,4-dibromo-6-N-phenylamino-s-triazine,
PA1  2,4-dichloro-6-N-(4'-methylphenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(4'-chlorophenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(2',5'-dichlorophenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(4'-methoxyphenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(3'-sulphophenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(2',5'-dichloro-4'-sulphophenyl)amino-s-triazine
PA1  2,4-dichloro-6-N-(2',5'-disulphophenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(2'-methylphenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(2',4'-dimethylphenyl)amino-s-triazine,
PA1  2,4-dibromo-6-N-(3'-chloro-4'-methylphenyl)amino-s-triazine,
PA1  2,4-dibromo-6-N-(4'-ethoxyphenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(2'-nitro-4'-methylphenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(4'-nitrophenyl)amino-s-triazine,
PA1  2,4-dichloro-6-N-naphth-1'-yl-amino-s-triazine,
PA1  2,4-dichloro-6-N-naphth-2'-yl-amino-s-triazine,
PA1  2,4-dichloro-6-N-(1'-sulphonaphth-2'-yl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(1'-sulphonaphth-4'-yl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(2'-sulphonaphth-5'-yl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(1',3'-disulphonaphth-6'-yl)amino-s-triazine,
PA1  2,4-dichloro-6-N-(1',3'-disulphonaphth-7'-yl)amino-s-triazine,
PAR  Compounds of the formula (2) are known. They can be manufactured by
      condensation of 2,4,6-trihalo-s-triazines with amines, e.g. methylamine,
      ethylamine, propylamine, aniline, ammonia etc., in aqueous solution and in
      the presence of an acid acceptor.
PAR  The novel process is surprising, since it has so far not proved possible to
      react the dichloro-amino-s-triazine with one of the conventionally used
      alkyl- or arylisocyanates. It is also surprising that the
      N-(2,4-dihalo-s-triazin-6-yl)-ureas of the formula (3), which are highly
      reactive compounds, can be obtained by hydrolysis and processing in
      aqueous solution without thereby -- as would have been expected --
      reacting further with the water accompanied by the splitting off of
      hydrogen chloride. The feasibility and the reaction course of the novel
      process were therefore not be expected.
PAR  Compared with the known process, the novel process affords practical
      advantages on account of the easier accessibility of the starting
      materials and because it is easier to carry out. Furthermore, it can also
      be applied to orther heterocyclic compounds.
PAR  The compounds of the formula (3) are characterised by an unexpectedly high
      reactivity. They can therefore easily by hydrolysed further with one
      halogen atom of the s-triazine being replaced by a hydroxy group. In
      particular, they are suitable as starting products for the manufacture of
      reactive dyes, fluorescent whiteners, or agrochemicals.
DETD
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight unless otherwise stated.
PAC  EXAMPLE 1
PAC  N-(2,4-dichloro-s-triazin-6-yl)-urea
PAR  With stirring, a solution of 75 parts of chlorosulphonylisocyanate in 200
      parts by volume of acetonitrile is added dropwise to a solution of 82.5
      parts of 2,4-dichloro-6-amino-s-triazine in 200 parts by volume of
      acetronitrile in such a manner that the temperature of the reaction
      mixture does not rise above 45.degree.C. Stirring is then continued for 2
      hours at this temperature and for 2 hours at room temperature. Then 800
      parts by volume of water are added in such manner that the temperature
      rises initially to 70.degree.-75.degree.C, but is then immediately lowered
      to about 40.degree.C through the surplus of water. The precipitate that
      has fallen out is immediately suctioned off, washed twice water, once with
      phosphate buffer (pH = 7.0) and acetone respectively and dried in vacuo
      over phosphorus pentoxide, to yield 87.4 parts of a fine, white powder
      that contains at least 95% of N-(2,4-dichloro-s-triazin-6-yl)-urea as can
      be shown by comparison with material manufactured in another manner
      (analysis, IR spectrum, mass spectrum).
PAR  Analysis: calculated: C.sub.4 H.sub.3 Cl.sub.2 N.sub.5 O): 23,10% C; 1,45%
      H; 33,67% N; 34,09% Cl; found: 22.9% C; 1,7% H; 33,5% N; 33,9% Cl.
PAC  EXAMPLE 2
PAC  N-(2,4-dichloro-s-triazin-6-yl)-N-methyl-urea
PAR  By using 89 parts of 2,4-dichloro-6-methyl-amino-s-triazine instead of 82.5
      parts of 2,4-dichloro-6-amino-s-triazine and otherwise carrying out the
      procedure as described in Example 1 for the manufacture of
      N-(2,4-dichloro-s-triazin-6-yl)-urea, there are obtained 79.5 parts of
      N-(2,4-dichloro-s-triazin-6-yl)-N-methyl-urea with a melting point of
      172.degree.-174.degree.C.
PAR  Analysis: calculated: (C.sub.5 H.sub.5 Cl.sub.2 N.sub.5 O: 27,05% C; 2,27%
      H; 31,54%N; 31,93% Cl; found: 27,3% C; 2,4% H; 31,5% N; 31,5% Cl.
PAC  EXAMPLE 3
PAC  N-(2,4-dichloro-s-triazin-6-yl)-N'-sulpho-urea
PAR  A solution of 60 parts of chlorosulphonylisocyanate in 200 parts by volume
      of dioxan is added dropwise to a solution of 66 parts of
      2,4-dichloro-6-amino-s-triazine in 200 parts by volume of dioxan. The
      mixture is heated for 2 hours to 70.degree.C to 80.degree.C and then
      cooled to room temperature. The reaction solution is added dropwise to a
      solution of 2 parts of secondary sodium phosphate in 800 parts by volume
      of water in such a manner that the temperature does not rise above
      20.degree.C. During this addition the pH is kept constant at 8.0 with 200
      parts by volume of sodium hydroxide solution which contains 16 parts of
      NaOH in 100 parts by volume. The resulting solution of the sodium salt of
      N-(2,4-dichloro-s-triazin-6-yl)-N'-sulpho-urea can be used direct for the
      acylation of suitable amines.
PAR  By reacting one equivalent of the above solution with 2.5 equivalents of
      metanilic acid, it is still possible to detect 0.55 equivalent of
      metalinic acid by means of titration after the reaction, which indicates
      that the reactive portion contains two active chlorine atoms.
PAR  Alternatively, by reacting the above solution with 1 equivalent of aniline,
      a solid of the following composition can be isolated after the reaction by
      salting out and purifying:
      ##SPC7##
PAR  Analysis: calculated:(C.sub.10 H.sub.8 ClN.sub.6 NaO.sub.4 S): 32,75% C;
      9.67% Cl; 22,92% N; 8,74% S; found: 32,0% C; 10,1% Cl; 22,1% N; 8,2% S.
PAC  EXAMPLE 4
PAC  N-(2,4-dichloro-s-triazin-6-yl)-N-methyl-N'-sulpho-urea
PAR  A solution of the sodium salt of
      N-(2,4-dichloro-s-triazin-6-yl)-N-methyl-N'-sulpho-urea, which can also be
      used direct for the acylation of suitable amines, is obtained by using
      89.5 parts of 2,4-dichloro-6-methyl-amino-s-triazine instead of 82.5 parts
      of 2,4-dichloro-6-amino-s-triazine and otherwise carrying out exactly the
      same procedure as in the manufacture of the sodium salt of
      N-(2,4-dichloro-s-triazin-6-yl)-N'-sulpho-urea.
PAC  EXAMPLE 5
PAC  N-(2,4-dichloro-s-triazin-6-yl)-N-phenyl-urea
PAR  A solution of 30 parts of dichlorosulphonylisocyanate in 100 parts of dry
      acetronitrile is slowly added dropwise to a suspension of 48.22 parts of
      2,4-dichloro-6-phenylamino-s-triazine in 100 parts by volume of dry
      acetonitrile. The mixture is warmed gently and soon a clear, slightly
      yellowish solution forms. The reaction is brought to completion by
      subsequently stirring the solution for about 2 hours at
      45.degree.-50.degree.C and then for 2 hours at room temperature. Then 320
      parts by volume of water are added in such a manner that the temperature
      rises initially to 70.degree.-75.degree.C but is then immediately lowered.
      The precipitate which has formed is filtered off with suction, washed
      neutral with water and dried in vacuo to yield 52 parts of
      N-(2,4-dichloro-s-triazin-6-yl)-N-phenyl-urea which melts at
      151.degree.-154.degree.C and is pure enough for most reactions.
      Recrystallisation from perchloroethylene yields a white, crystalline
      product which melts at 155.degree.-157.degree.C and has the following
      analytical values:
PAR  Calculated: (C.sub.10 H.sub.7 Cl.sub.2 N.sub.5 O): 42,48%C; 2,48%H;
      24,65%N; 24,96%Cl; found: 42,8%C; 2,6%H; 24,5%N; 24,5%Cl.
PAR  The 2,4-dichloro-6-phenylamino-s-triazine used as starting material can be
      manufactured from cyanuric chloride and aniline hydrochloride according to
      the directions of German Auslegeschrift 1 670 675
PAC  EXAMPLE 6
PAC  N-(2,4-dichloro-s-triazin-6-yl)-N-phenyl-N'-sulpho-urea
PAR  120 parts of 2,4-dichloro-6-phenylamino-s-triazine in 200 parts by volume
      of dioxan are treated slowly with a solution of 75 parts of
      chlorosulphonylisocyanate in 200 parts by volume of dioxan. After the
      reaction has been brought to completion by stirring for about 2 hours at
      40.degree.-50.degree.C, the resulting solution is poured on 500 parts by
      volume of water while the pH is kept at 8.0 by simultaneous addition of
      about 125 parts by volume of 8 normal sodium hydroxide solution, to give a
      solution of the sodium salt of
      N-(2,4-dichloro-s-triazin-6-yl)-N-phenyl-N'-sulpho-urea which can be used
      direct for the acylation of suitable compounds.
PAR  In analogous fashion to the preceding Examples, by reacting the
      2,4-dichloro-6-amino-s-triazines of column 1 of the Table with
      chlorosulphonylisocyanate and subsequent acid processing it is possible to
      obtain the N-(2,4-dichloro-s-triazin-6-yl)-ureas of column 2 and by
      alkaline processing the salts of the
      N-(2,4-dichloro-s-triazin-6-yl)-N'-sulpho-ureas of column 3.
      ##SPC8##
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the manufacture of a N-(2,4-dihalo-s-triazin-6-yl)-urea of
      the formula
      ##SPC9##
PAL  wherein X is halogen, R is lower alkyl, lower alkoxy-lower alkyl, phenyl,
      halophenyl, nitrophenyl, lower alkyl-phenyl, lower alkoxy-phenyl or
      hydrogen and Y is hydrogen or the sulphonic acid group, which comprises
      reacting a dihalo-amino-s-triazine of the formula
      ##SPC10##
PAL  wherein X and R have the meanings assigned to them herein before, with
      chloro-sulphonylisocyanate and hydrolysing the resulting reaction product.
NUM  2.
PAR  2. A process according to claim 1 for the manufacture of
      N-(2,4-dihalo-s-triazin-6-yl)-urea of the formula
      ##SPC11##
PAL  wherein X is chlorine and R is alkyl with 1 to 4 carbon atoms, phenyl or
      hydrogen, which comprises reacting a compound of the formula (2), wherein
      X and R have the meanings assigned to them hereinbefore, with
      chlorosulphonylisocyanate and hydrolysing the resulting reaction product
      in acid solution.
NUM  3.
PAR  3. A process according to claim 2 for the manufacture of
      N-(2,4-dichloro-s-triazin-6-yl)-urea, which comprises reacting
      2,4-dichloro-6-amino-s-triazine with chlorosulphonylisocyanate and
      hydrolysing the resulting reaction product in acid solution.
NUM  4.
PAR  4. A process according to claim 1 for the manufacture of
      N-(2,4-dichloro-s-triazin-6-yl)-N'sulpho-urea of the formula
      ##SPC12##
PAL  wherein X is chlorine and R is alkyl with 1 to 4 carbon atoms, phenyl or
      hydrogen, which comprises reacting a dihalo-amino-s-triazine of the
      formula (2), wherein X and R have the meanings assigned to them
      hereinbefore, with chlorosulphonylisocyanate and hydrolysing the resulting
      reaction product in weakly alkaline solution.
NUM  5.
PAR  5. A process according to claim 4 for the manufacture of
      N-(2,4-dichloro-s-triazin-6-yl)-N'-sulpho-urea, which comprises reacting
      2,4-dichloro-6-amino-s-triazine with chlorosulphonylisocyanate and
      hydrolysing the reaction product in weakly alkaline solution.
NUM  6.
PAR  6. A process according to claim 1, which comprises reacting a
      dihalo-amino-s-triazine of the formula (2), wherein X and R have the
      meanings assigned to them in claim 1, with chlorosulphonylisocyanate in a
      water-miscible organic solvent and, by addition of water, hydrolysing the
      reaction product in the same solution.
NUM  7.
PAR  7. A N-(2,4-dihalo-s-triazin-6-yl)-urea of the formula
      ##SPC13##
PAL  wherein X is halogen, R is lower alkyl, lower alkoxy-lower alkyl, phenyl,
      halophenyl, nitrophenyl, lower alkyl-phenyl, lower alkoxy-phenyl or
      hydrogen and Y is the sulphonic acid group.
NUM  8.
PAR  8. A N-(2,4-dichloro-s-triazin-6-yl)-N'-sulpho-urea according to claim 7,
      of the formula
      ##SPC14##
PAL  wherein X is chlorine and R is alkyl with 1 to 4 carbon atoms, phenyl or
      hydrogen.
NUM  9.
PAR  9. A N-(2,4-dichloro-s-triazin-6-yl)-N'-sulpho-urea according to claim 8.
PATN
WKU  039391590
SRC  5
APN  4744470
APT  1
ART  122
APD  19740529
TTL  Spiro(pyrrolo (1,2-A)quinoxalines)
ISD  19760217
NCL  8
ECL  1
EXP  Rollins; Alton D.
INVT
NAM  Dornauer; Horst
CTY  Kelkheim
CNT  DT
INVT
NAM  Anderson; Vernon Brian
CTY  High Bridge
STA  NJ
ASSG
NAM  American Hoechst Corporation
CTY  Bridgewater
STA  NJ
COD  02
CLAS
OCL  260250Q
XCL  2603265R
XCL  2603265L
XCL  2603269
XCL  424250
EDF  2
ICL  C07D20732
ICL  C07D48720
FSC  260
FSS  250 Q;250 QN
OREF
PAL  cheeseman et al., Chem. Abstracts, Vol. 75, Abstract No. 98537 b, (1971).
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ABST
PAL  Spiro[pyrrolo(1,2-a)quinoxalines] and their physiologically tolerable acid
      addition salts possessing anticonvulsant and central nervous system
      depressant properties, and a process for their preparation are described.
BSUM
PAR  This invention relates to spiro[pyrrolo(1,2-a)-quinoxalines] and their
      physiologically tolerable acid addition salts possessing anticonvulsant
      and central nervous system depressant properties, and to a process for
      their preparation.
PAR  To the best of our knowledge, the compounds of this invention have not
      heretofore been described. Pyrrolo-[1,2-a]quinoxaline derivatives are
      mentioned in Indian Journal of Chemistry, Vol. 10, 1972, pp. 344-350 and
      pyrrolo-[1,2-a]quinoxalines and pyrrolo[1,2-a]benzodiazepines are
      mentioned in an article by G. W. H. Cheeseman and M. Rafiq [J. Chem. Soc.
      (c), 1971, pp. 2732-2734].
PAR  The compounds of the invention have the formula:
      ##SPC1##
PAL  In which R is alkyl of from 1 to 4 carbon atoms, alkoxy of from 1 to 4
      carbon atoms or halogen; m, n and p are integers from 0 to 2; R.sub.1 and
      R.sub.2 are hydrogen or methyl; R.sub.3 is hydrogen, alkyl of from 1 to 4
      carbon atoms, alkanoyl of 2 to 6 carbon atoms, cycloalkylcarbonyl of from
      4 to 6 carbon atoms or phenalkyl of from 7 to 9 carbon atoms; and R.sub.4
      is hydrogen atom or alkanoyl of from 2 to 3 carbon atoms; and the
      physiologically tolerable acid addition salts thereof.
PAR  The compounds of the invention can be prepared by a multi-step sequence of
      reactions. In the first step, a 2-nitroaniline is reacted with
      2,5-dimethoxytetrahydrofuran in the presence or absence of a suitable
      solvent and with an acid catalyst to provide the corresponding
      1-(2-nitrophenyl)pyrrole in accordance with the reaction:
      ##SPC2##
PAL  In which R and p are as defined above. A preferred method is to reflux the
      reagents in glacial acetic acid for a few minutes to 1 hour.
PAR  The 1-(2-nitrophenyl)pyrrole is reduced by methods known to the art to
      produce the corresponding 1-(2-aminophenyl)pyrrole. One preferred method
      is to add sodium dithionite to a solution of the 1-(2-nitrophenyl)pyrrole
      in water and tetrahydrofuran. Another preferred method is to hydrogenate
      the 1-(2-nitrophenyl)pyrrole in 95% ethanol with a palladium on charcoal
      catalyst. The resulting 1-(2-aminophenyl)pyrrole is then reacted with a
      cycloazalkanone in the presence or absence of a suitable solvent with an
      acid catalyst to produce the corresponding compound of the invention in
      accordance with the following equation:
      ##SPC3##
PAL  In which n, m, p, R, R.sub.1, R.sub.2 and R.sub.3 are as defined earlier.
PAR  When R.sub.3 represents benzyl, the resulting compounds can be hydrogenated
      by methods known to the art, such as by reacting the compound with
      concentrated hydrochloric acid in 95% ethanol and in the presence of a
      palladium catalyst, thereby to replace the benzyl with hydrogen.
PAR  When R.sub.3 is hydrogen the compounds can be acylated by reacting with a
      alkanoyl halide or cycloalkylcarbonyl halide in a suitable solvent, at a
      temperature of about 5.degree. C., in the presence of triethylamine to
      replace the R.sub.3 hydrogen with an alkanoyl or cycloalkylcarbonyl group.
PAR  The compounds can also be acylated with a suitable alkyl acid derivative in
      a suitable solvent to give compounds of the formula:
      ##SPC4##
PAL  in which R.sub.4 is an alkanoyl of from 2 to 3 carbon atoms. In a preferred
      procedure the acid derivative is an anhydride and the reaction medium is
      refluxing toluene.
PAR  The compounds of the invention are useful as anti-convulsant agents as
      illustrated by the methods of Bastian et al. (J. W. Bastian, W. E. Drause,
      S. A. Ridlon, and N. Ercoli, J. Pharmacol. Exptl. Therap., 127, 75 (1959),
      and Swinyard et al. (H. A. Swinyard, W. C. Brown, and L. S. Goodman,
      ibid., 106, 319 (1952). Male COBS mice are challenged with metrazol and
      electroshock and the minimum effective intraperitoneal dose (MED) in the
      metrazol test, and the intraperitoneal dose protecting 50% of the mice
      (PD.sub.50) against the extensor tonic phase induced by electroshock are
      shown in Table I for some of the compounds of the invention.
TBL                Table I                                                     
     ______________________________________                                    
                        Metrazol   Electroshock                                
     Compound           MED., mg/kg                                            
                                   PD.sub.50, mg/kg                            
     ______________________________________                                    
     4,5-Dihydro-1'-methylspiro-                                               
     [pyrrolo(1,2-a)quinoxaline-                                               
     4,4'-piperidine]    5         24                                          
     4,5-Dihydro-7-chloro-1'-                                                  
     methylspiro[pyrrolo(1,2-a)-                                               
     quinoxaline-4,4'-piperidine]-                                             
     hydrochloride      25         20                                          
     7,8-Dichloro-4,5-dihydro-1'-                                              
     methylspiro[pyrrolo(1,2-a)-                                               
     quinoxaline-4,4'-piperidine]                                              
                        25         64                                          
     4,5-Dihydro-2',2',6',6'-                                                  
     tetramethylspiro[pyrrolo-                                                 
     (1,2-a)quinoxaline-4,4'-                                                  
     piperidine]hydroiodide                                                    
                        25         17                                          
     4,5-Dihydro-1',7-dimethyl-                                                
     spiro[pyrrolo(1,2-a)quinoxaline-                                          
     4,4'-piperidine]hydrochloride                                             
                        --         16                                          
     4,5-Dihydro-7-methoxy-1'-methyl-                                          
     spiro[pyrrolo(1,2-a)quinoxaline-                                          
     4,4'-piperidine]   --         55                                          
     4,5-Dihydro-7-methyl-1'-benzyl                                            
     spiro[pyrrolo(1,2-a)quinoxaline-                                          
     4,4'-piperidine]hydrochloride                                             
                        --         84                                          
     ______________________________________                                    
PAR  The compounds of the invention are also useful as depressant agents on the
      central nervous system. These tranquilizing effects are measured according
      to the mouse observation procedure of S. Irwin, Psychopharmacologia, 9,
      259 (1966). In this test, male COBS mice are dosed intraperitoneally with
      the drug and its effects on behavior and reflex depression together with
      muscle relaxation are determined by the degree of deviation from control
      scores. The overall result for 3 animals in each category for some
      compounds of this invention is expressed in terms of the minimum effective
      dose (MED) and is illustrated in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Compound                 MED. mg/kg.                                      
     ______________________________________                                    
     4,5-Dihydro-1'-(2-phenethyl)-                                             
     spiro[pyrrolo(1,2-a)quinoxaline-                                          
     4-4'-piperidine]         40                                               
     4,5-Dihydro-1'-methylspiro[pyrrolo-                                       
     (1,2-a)quinoxaline-4,4-piperidine]                                        
                              50                                               
     4,5-Dihydro-2',2',6',6'-tetramethyl-                                      
     spiro[pyrrolo(1,2-a)quinoxaline-4,4'-                                     
     piperidine]hydroiodide   50                                               
     4,5-Dihydro-5-acetyl-1'-(2-phenethyl)-                                    
     spiro[pyrrolo(1,2-a)quinoxaline-4,4'-                                     
     piperidine]hydrochloride 50                                               
     4,5-Dihydrospiro[pyrrolo(1,2-a)quinoxa-                                   
     line-4,4'-piperidine]hydrochloride                                        
                              50                                               
     4,5-Dihydro-7-chloro-1'-methylspiro-                                      
     [pyrrolo(1,2-a)quinoxaline-4,4'-                                          
     piperidine]hydrochloride 50                                               
     ______________________________________                                    
PAR  The compounds of the present invention may be administered to a patient by
      any convenient route such as orally, intramuscularly, intravenously,
      subcutaneously or intraperitoneally. The preferred route of administration
      is oral, for example, with an inert diluent or with an edible carrier or
      in gelatin capsules or tablets.
PAR  For the purpose of oral therapeutic administration, the active compounds of
      the invention may be incorporated with excipients and used in the form of
      tablets, troches, capsules, elixirs, suspensions, syrups, wafers, chewing
      gum and the like. These preparations should contain at least 0.5% of the
      active compound, but may be varied depending upon the particular form and
      may conveniently be between 7% to about 70% of the unit by weight. The
      amount of active compound in such compositions is such that a suitable
      dosage will be obtained. Preferred compositions and preparations according
      to the present invention are prepared so that an oral dosage unit form
      contains between 1-200 milligrams of active compound.
PAR  The tablets, pills, capsules, troches, and the like may also contain the
      following ingredients: a binder such as gum tragacanth or gelatin; an
      excipient such as starch or lactose, a disintegrating agent such as
      alginic acid, potato starch and the like; a lubricant such as magnesium
      stearate; and a sweetening agent such as sucrose or saccharin may be added
      or a flavoring agent such as peppermint, methyl salicylate, or orange
      flavoring. When the dosage unit form is a capsule, it may contain, in
      addition to materials of the above type, a liquid carrier such as fatty
      oil. Other dosage unit forms may contain other various materials which
      modify the physical form of the dosage unit, for example, as coatings.
      Thus, tablets or pills may be coated with sugar, shellac, or both. A syrup
      may contain, in addition to the active compounds sucrose as a sweetening
      agent, and certain preservatives, dyes and colorings, and flavors.
      Materials used in preparing these various compositions may be
      pharmaceutically pure and nontoxic in the amounts utilized.
PAR  The compounds of this invention may also be intraveneously administered as
      sterile aqueous solutions. The pH of these solutions may be adjusted with
      phosphate or citrate buffers, and the solutions may contain perservatives.
      The solution should contain at least 0.5% of active compound and may
      conveniently contain from 1-10% of active compound. The concentration will
      be such that a suitable dosage will be obtained.
PAR  Acids useful for preparing the physiologically tolerable acid addition
      salts of the invention include inorganic acids such as hydrochloric,
      hydrobromic, sulfuric, nitric, phosphoric and perchloric acids, as well as
      organic acids such as tartaric, citric, acetic, succinic, maleic and
      ethane disulfonic acids.
DETD
PAC  EXAMPLE 1
PAR  a. 136.0 g (1.0 mole) of 2,5-dimethoxytetrahydrofuran are added dropwise to
      a stirred solution of 140.8 g of o-nitroaniline in 700 ml. of glacial
      acetic acid. The reaction mixture is heated under reflux for 11/2 hours.
      The glacial acetic acid is evaporated to leave a brown oil. The oil is
      distilled and dissolved in benzene. The benzene solution is extracted with
      5% hydrochloric acid and saturated sodium chloride solution. The benzene
      solution is dried with anhydrous sodium sulfate, filtered and
      concentrated, giving (2-nitrophenyl)pyrrole as an orange oil.
PAR  b. A solution of 50.7 g (0.27 mole) of 1-(2-nitrophenyl)pyrrole in 200 ml.
      of 95% ethanol is placed into a Parr hydrogenation bottle, 2.0 g of (5%)
      Pd/C is added, hydrogen is introduced, and the bottle is shaken. The
      ethanol solution is filtered and the solvent is removed to give crystals,
      m.p. 95.degree.-97.degree.C., of 1-(2-aminophenyl)-pyrrole.
PAR  c. 7.47 g (0.066 mole) of 1-methyl-4-piperidone and 4 ml. of glacial acetic
      acid are added to a solution of 9.50 g (0.06 mole) of
      1-(2-aminophenyl)pyrrole in 150 ml. of absolute ethanol. The mixture is
      refluxed for 6 hours and concentrated to dryness, and the residue is
      treated with slightly alkaline water. The resulting precipitate is
      filtered, dried, and recrystallized from ethanol to give crystals, m.p.
      138.degree.-140.degree.C., of
      4,5-dihydro-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine].
PAR  Analysis: Calculated for C.sub.16 H.sub.19 N.sub.3 : 75.85% C; 7.56% H;
      16.59% N. Found: 76.06% C; 7.68% H; 16.87% N.
PAC  EXAMPLE 2
PAR  6.62 g (0.035 mole) of 1-benzyl-4-piperidone and 2 ml. of glacial acetic
      acid under nitrogen are added to a solution of 5.0 g (0.032 mole) of
      1-(2-aminophenyl) pyrrole [Example 1(b)] in 80 ml. of absolute ethanol. By
      the manipulative procedure described in Example 1(c), a solid is obtained.
      The solid is recrystallized from isopropanol to give light orange
      crystals, m.p. 132.degree.-133.degree. C., of 1'-benzyl
      -4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine].
PAR  Analysis: Calculated for C.sub.22 H.sub.23 N.sub.3 : 80.24% C; 6.99% H.
      Found: 80.02% C; 7.17% H.
PAC  EXAMPLE 3
PAR  12.46 g (0.044 mole) of 2,2,6,6-tetramethyl-4-piperidone hydroiodide and 3
      ml. of glacial acetic acid are added to a solution of 6.33 g (0.04 mole)
      of 1-(2-aminophenyl)pyrrole [Example 1(b)] in 150 ml. of absolute ethanol.
      The solution is refluxed for 6 hours and the precipitate is filtered,
      dried, and recrystallized from methanol to give crystals, m.p.
      261.degree.-262.degree. C., of
      4,5-dihydro-2',2',6',6'-tetramethylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-pi
     peridine]hydroiodide.
PAR  Analysis: Calculated for C.sub.19 H.sub.26 IN.sub.3 : 53.90% C; 6.19% H;
      9.92% N. Found: 53.60% C; 6.19% H; 9.81% N.
PAC  EXAMPLE 4
PAR  A solution of 6.33 g (0.04 mole) of 1-(2-aminophenyl)pyrrole [Example
      1(b)], 6.21 g (0.04 mole) of N-acetyl-4-piperidone and 3 ml. of glacial
      acetic acid in 150 ml. of absolute ethanol is treated by the manipulative
      procedure described above in Example 3 to give crystals, m.p.
      177.degree.-178.degree. C., of
      1'-acetyl-4,5-dihydrospiro[pyrrolo(1,2-a)-quinoxaline-4,4'-piperidine].
PAR  Analysis: Calculated for C.sub.17 H.sub.19 N.sub.3 O: 72.57% C; 6.81% H;
      14.94% N. Found: 72.81% C; 6.93% H; 15.22% N.
PAC  EXAMPLE 5
PAR  6.83 g (0.044 mole) of 1-butyl-4-piperidone and 3 ml. of glacial acetic
      acid are added to a solution of 6.33 g (0.04 mole) of
      1-(2-aminophenyl)pyrrole in 100 ml. of absolute ethanol. The solution is
      refluxed for 6 hours. The solvent is removed leaving a yellow residue. The
      residue is covered with a solution of Na.sub.2 CO.sub.3 in water and kept
      overnight in a refrigerator. The compound solidifies, is filtered, dried,
      and recrystallized from ethanol to give crystals, m.p.
      59.degree.-60.degree. C., of
      1'-n-butyl-4,5-dihydrospiro-[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine].
PAR  Analysis: Calculated for C.sub.19 H.sub.25 N.sub.3 : 77.25% C; 8.53% H;
      14.22% N. Found: 76.83% C; 8.67% H; 14.07% N.
PAC  EXAMPLE 6
PAR  Following the manipulative procedure described in Example 5, substituting
      1-(2-phenylethyl)-4-piperidone for 1-butyl-4-piperidone, produces
      crystals, m.p. 121.degree.-123.degree.C., of
      4,5-dihydro-1'-(2-phenylethyl)spiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperid
     ine].
PAR  Analysis: Calculated for C.sub.23 H.sub.25 N.sub.3 : 80.43% C; 7.34% H;
      12.23% N. Found: 80.42% C; 7.46% H; 12.29% N.
PAC  EXAMPLE 7
PAR  9.02 g (0.04 mole) of 1-benzyl-3-piperidone hydrochloride and 5 ml. of
      glacial acetic acid are added to a solution of 6.32 g (0.04 mole) of
      1-(2-aminophenyl) pyrrole in 150 ml. of absolute ethanol. The solution is
      refluxed for 12 hours. The reaction mixture is cooled to ambient
      temperature, the precipitate is filtered off, dried, and recrystallized
      from ethanol to give crystals, m.p. 255.degree.-256.degree.C., of
      4,5-dihydro-1'-benzylspiro[pyrrolo(1,2-a)quinoxaline-4,3'-piperidine]hydro
     chloride.
PAR  Analysis: Calculated for C.sub.22 H.sub.24 ClN.sub.3 : 72.21% C; 6.61% H;
      11.48% N. Found: 71.84% C; 6.67% H; 11.57% N.
PAC  EXAMPLE 8
PAR  0.7 g of 10% Pd/C are added to a suspension of 5.49g (0.015 mole) of
      1'-benzyl-4,5-dihydrospiro(1,2-a)-[quinoxaline-4,3'-piperidine]hydrochlori
     de in 150 ml. of 95% ethanol. The mixture is shaken in a hydrogen
      atmosphere until the calculated amount of hydrogen is consumed. The
      reaction mixture is filtered while hot, the filtrate evaporated to
      dryness, and the residue is recrystallized from ethanol to give crystals,
      m.p. 300.degree.-302.degree.C., of
      4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,3'-piperidine] hydrochloride.
PAR  Analysis: Calculated for C.sub.15 H.sub.18 ClN.sub.3 : 65.33% C; 6.58% H;
      15.24% N. Found: 65.25% C; 6.61% H; 15.41% N.
PAC  EXAMPLE 9
PAR  A suspension of 14.81 g (0.045 mole) of
      1'-benzyl-4,5-dihydrospiro[pyrrole(1,2-a)quinoxaline-4,4'-piperidine]
      (Example 2), 3.72 ml. of concentrated hydrochloric acid and 150 ml. of 95%
      ethanol is placed into a Parr hydrogenation bottle. 2.04 g of 10% Pd/C are
      added to the suspension. The mixture is hydrogenated at 50.degree. C. for
      48 hours. The reaction solution is filtered and the solvent is removed to
      leave an oil. The oil is chromatographed on silica gel with methanol in
      benzene to provide a pink solid. The solid is recrystallized twice from
      absolute ethanol giving crystals, m.p. 292.degree.-294.degree.C., of
      4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine]hydrochloride.
PAR  Analysis: Calculated for C.sub.15 H.sub.18 ClN.sub.3 : 65.36% C; 6.53% H;
      15.23% N. Found: 65.15% C; 6.75% H; 14.94% N.
PAC  EXAMPLE 10
PAR  3.7 g (0.037 mole) of triethylamine are added to a stirred cold solution of
      7.0 g (0.03 mole) of
      4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine] free base of
      Example 9 in 75 ml. of chloroform. A solution of 3.03 g (0.03 mole) of
      cyclopropylcarbonyl chloride in 76 ml. of chloroform is added dropwise
      into the solution, the ice bath removed, and the solution is stirred for 3
       hours. The solution is washed with water, dried, and filtered; and the
      solvent is removed, leaving a brown oil. The oil is chromatographed on
      silica gel with chloroform and methanol mixtures to give a solid which is
      recrystallized from isopropanol to give white crystals, m.p.
      199.degree.-200.degree. C., of
      1'-cyclopropylcarbonyl-4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-pip
     eridine].
PAR  Analysis: Calculated for C.sub.19 H.sub.21 N.sub.3 O: 74.27% C; 6.84% H;
      13.68% N. Found: 73.65% C; 6.93% H; 13.59% N.
PAC  EXAMPLE 11
PAR  A solution of 3.0 g (0.0087 mole) of
      4,5-dihydro-1'-(2-phenethyl)spiro[pyrrolo(1,2-a)quinoxaline
      -4,4'-piperidine] (Example 6) and 1.02 g (0.01 mole) of acetic anhydride
      in toluene is refluxed for 14 hours. The mixture is concentrated and the
      resulting oil is dissolved in ether and treated with ethereal-hydrogen
      chloride. A white solid precipitates, and is filtered, dried, and
      recrystallized from ethylacetate to give crystals, m.p.
      191.degree.-194.degree. C. of 5-acetyl-4,
      5-dihydro-1'-(2-phenethyl)spiro[pyrrolo)1,2-a)quinoxaline-4,4'-piperidine]
     hydrochloride.
PAR  Analysis: Calculated for C.sub.25 H.sub.28 ClN.sub.3 O: 71.16% C; 6.69% H;
      9.96% N. Found: 70.85% C; 6.69% H; 10.05% N.
PAC  EXAMPLE 12
PAR  Following the manipulative procedure of Example 11, 5.07 g (0.02 mole) of
      4,5-dihydro-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine]
      (Example 1) and 2.05 g (0.02 mole) of acetic anhydride are reacted to give
      a white precipitate. The precipitate is recrystallized from ethanol to
      give 4,5-dihydro-5-acetyl-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-pi
     peridine] hydrochloride, m.p. 239.degree.-240.degree. C. dec.
PAR  Analysis: Calculated for C.sub.18 H.sub.22 ClN.sub.3 O: 65.15% C; 6.68% H;
      12.66% N. Found: 65.41% C; 6.77% H; 12.76% N.
PAC  EXAMPLE 13
PAR  a. 100 g (0.75 mole) of 2,5-dimethoxytetrahydrofuran are added dropwise to
      a stirred solution of 86.3 g (0.5 mole) of 4-chloro-2-nitroaniline in 500
      ml. of glacial acetic acid. The solution is refluxed under a nitrogen
      atmosphere for 30 minutes, filtered, and poured into 2500 ml. of water.
      The aqueous solution is extracted with chloroform. The chloroform solution
      is dried with anhydrous sodium sulfate and concentrated to a brown oil.
      The brown oil is dissolved in an ether-petroleum ether-mixture and placed
      in a refrigerator overnight. An orange solid precipitates and is
      recrystallized from an ether petroleum ether mixture to give
      1-(4-chloro-2-nitrophenyl) pyrrole, m.p. 55.degree.-56.degree. C.
PAR  b. 10 g of sodium hydrosulfite are added portionwise to a stirred solution
      of 10.0 g (0.045 mole) of 1-(4-chloro-2-nitrophenyl)pyrrole, 200 ml. of
      tetrahydrofuran and 100 ml. of water, and the solution is heated on a
      steam bath for 5 minutes. An additional 10 g of sodium hydrosulfite are
      added and the solution is again heated on a steam bath for 5 minutes. Then
      23 g more of sodium hydrosulfite and a solution of 200 ml. of ethanol in
      250 ml. of water are added and heated for 5 minutes on a steam bath. The
      organic solvents are distilled, leaving a suspension of a tan solid. The
      solid is filtered, washed with water, dried, and recrystallized from
      hexane to give yellow needles, m.p. 89.degree.-90.degree.C. of
      1-(2-amino-4-chlorophenyl)pyrrole.
PAR  c. A solution of 5.0 g (0.026 mole) of 1-(2-amino-4-chlorophenyl)pyrrole,
      80 ml. of absolute ethanol, 3.95 g (0.028 mole) of 1-acetyl-4-piperidone
      and 2 ml. of glacial acetic acid is refluxed for 29 hours. The solvent is
      removed, leaving a yellow oil. The oil is crystallized from absolute
      ethanol producing white crystals, m.p. 219.degree.-220.degree. C. of
      1'-acetyl-7-chloro-4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperid
     ine].
PAR  Analysis: Calculated for C.sub.17 H.sub.18 ClN.sub.3 O: 64.66% C; 5.71% H;
      11.25% Cl; 13.31% N. Found: 64.42% C; 5.65% H; 11.17% Cl; 13.35% N.
PAC  EXAMPLE 14
PAR  1.7 g (0.016 mole) of 1-methyl-4-piperidone and 3 ml. of glacial acetic
      acid are added to a solution of 2.7 g (0.014 mole) of
      1-(2-amino-4-chloro-phenyl) pyrrole, Example 13(b), in 50 ml. of absolute
      ethanol. The solution is refluxed for 36 hours and concentrated, and the
      residue dissolved in water. The aqueous solution is filtered, and the
      filtrate is basified. A solid precipitates, is filtered, and dried. The
      solid is dissolved in ether and ethereal-hydrogen chloride is added. The
      resulting precipitate is filtered, dried, and recrystallized from methanol
      to give 7-chloro-4,5-dihydro-1'-methylspiro-[pyrrolo
      (1,2-a)quinoxaline-4,4'-piperidine] hydrochloride, m.p.
      297.degree.-298.degree. C.
PAR  Analysis: Calculated for C.sub.16 H.sub.19 Cl.sub.2 N.sub.3 : 59.26% C;
      5.90% H; 12.96% N. Found: 58.85% C; 5.94% H; 12.80% N.
PAC  EXAMPLE 15
PAR  5.29 g (0.028 mole) of 1-benzyl-4-piperidone and 2 ml. of glacial acetic
      acid are added to a solution of 5.0 g (0.026 mole) of
      1-(2-amino-4-chlorophenyl)pyrrole [Example 13(b)] in 80 ml. of absolute
      ethanol. The solution is refluxed, leaving a yellow oil. The oil is washed
      with a potassium hydroxide solution, then water, and placed in a
      refrigerator overnight. The tan solid which forms is dissolved in ether,
      and ethereal hydrogen chloride is added. The resulting precipitate is
      washed with water and dried to give
      1'-benzyl-7-chloro-4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperid
     ine]hydrochloride, m.p. 282.degree.-283.degree. C.
PAR  Analysis: Calculated for C.sub.22 H.sub.23 Cl.sub.2 N.sub.3 : 66.00% C;
      5.75% H; 10.50% N. Found: 65.85% C; 5.93% H; 10.43% N.
PAC  EXAMPLE 16
PAR  a. Following the manipulative procedure described in Example 13(a), the
      reaction of 76.0 g (0.5 mole) of 4-methyl-2-nitroaniline, and 100.0 g
      (0.75 mole) of 2,5-dimethoxytetrahydrofuran produces yellow-red crystals,
      m.p. 57.degree.-58.degree. C., of 1-(4-methyl-2-nitrophenyl)pyrrole.
PAR  b. 20 g of sodium hydrosulfite are added portionwise to a solution of 18.18
      g (0.09 mole) of 1-(4-methyl-2-nitrophenyl)pyrrole in 400 ml. of
      tetrahydrofuran and 200 ml. of water. The resulting solution is heated on
      a steam bath for 5 minutes and an additional 20 g. of sodium hydrosulfite
      are added and the solution is heated for 5 minutes on a steam bath. Then
      38.3 g. of sodium hydrosulfite and a solution of 400 ml. of ethanol and
      500 ml. of water are added, and again the solution is heated on a steam
      bath for 5 minutes. The solvent is removed to give a tan solid which is
      recrystallized from hexane to give white crystals, m.p.
      89.degree.-90.degree. C. of 1-(2-amino-4-methylphenyl)pyrrole.
PAR  c. 1.70 g (0.015 mole) of 1-methyl-4-piperidone and 3 ml. of glacial acetic
      acid are added to a solution of 2.58 g (0.015 mole) of
      1-(2-amino-4-methyl-phenyl)pyrrole in 50 ml. of absolute ethanol. The
      solution is refluxed for 10 hours and concentrated, and the residue is
      dissolved in water and basified. A white solid precipitates and is
      filtered and dried. The precipitate is dissolved in ether, ethereal
      hydrogen chloride is added, and the resulting precipitate is filtered and
      dried. The hydrochloride salt is recrystallized from ethanol to give
      4,5-dihydro-1',7-dimethylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine]h
     ydrochloride, m.p. 302.degree.-304.degree. C.
PAR  Analysis: Calculated for C.sub.17 H.sub.22 ClN.sub.3 : 67.20% C; 7.30% H;
      13.83% N. Found: 67.13% C; 7.42% H; 14.01% N.
PAC  EXAMPLE 17
PAR  4.73 g (0.025 mole) of 1-benzyl-4-piperidone and 2 ml. of glacial acetic
      acid are added to a solution of 50 g (0.025 mole) of
      1-(2-amino-4-methylphenyl) pyrrole [Example 16(b)] in 80 ml. of absolute
      ethanol. The solution is refluxed under nitrogen with stirring for 24
      hours. The solvent is removed, leaving a tan oil. The oil is placed under
      water and cooled for 24 hours to produce a semi-solid. The semi-solid is
      dissolved in ether and ethereal-hydrogen chloride is added to produce the
      hydrochloride salt. The salt is recrystallized from absolute ethanol to
      give
      1'-benzyl-4,5-dihydro-7-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperid
     ine]hydrochloride, m.p. 276.degree.-277.degree.C.
PAR  Analysis: Calculated for C.sub.23 H.sub.26 ClN.sub.3 : 72.73% C; 6.85% H;
      9.35% N. Found: 72.76% C; 7.01% H; 9.33% N.
PAC  EXAMPLE 18
PAR  8.46 g (0.06 mole) of 1-acetyl-4-piperidone and 3 ml. of glacial acetic
      acid are added to a solution of 12.0 g (0.06 mole) of
      1-(2-amino-4-methyl-phenyl)pyrrole [Example 16(b)] in 160 ml. of absolute
      ethanol. The solution is refluxed under nitrogen with stirring for 24
      hours and cooled. A solid precipitates and is filtered. The solid is
      recrystallized from absolute ethanol to give white crystals, m.p.
      212.degree.-213.degree. C. of
      1'-acetyl-4,5-dihydro-7-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperid
     ine].
PAR  Analysis: Calculated for C.sub.18 H.sub.21 N.sub.3 O: 73.22% C; 7.12% H;
      14.24% N. Found: 72.96% C; 7.12% H; 14.42% N.
PAC  EXAMPLE 19
PAR  a. 100 g (0.75 mole) of 2,5-dimethoxytetrahydrofuran are added to a
      solution of 84.1 g (0.5 mole) of 4-methoxy-2-nitroaniline in 500 ml. of
      glacial acetic acid. The solution is refluxed for 30 minutes, poured into
      2500 ml. of water, and neutralized with potassium hydroxide. A solid
      precipitates and is filtered, dried, and recrystallized from ether to give
      1-(4-methoxy-2-nitrophenyl)pyrrole, m.p. 75.5.degree.-76.5.degree. C.
PAR  b. A stirred solution of 33.5 g (0.154 mole) of
      1-(4-methoxy-2-nitrophenyl)pyrrole in 684 ml. of tetrahydrofuran and 340
      ml. of water is treated according to the manipulative procedure described
      in Example 13(b) to give 1-(2-amino-4-methoxyphenyl)pyrrole, m.p.
      42.degree.-43.degree. C.
PAR  c. 3.48 g (0.03 mole) of 1-methyl-4-piperidone and 3 ml. of glacial acetic
      acid are added to a solution of 5.65 g (0.03 mole) of
      1-(2-amino-4-methoxy-phenyl) pyrrole in 100 ml. of absolute ethanol. The
      solution is refluxed for 15 hours and concentrated, and the residue is
      dissolved in water. The solution is filtered and basified. A solid
      precipitates and is filtered, dried and recrystallized from ethanol to
      give 4,5-dihydro-7-methoxy-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-p
     iperidine], m.p. 124.degree.-125.degree. C.
PAR  Analysis: Calculated for C.sub.17 H.sub.21 N.sub.3 O; 72.05% C; 7.47% H;
      14.83% N. Found: 72.19% C; 7.43% H; 14.90% N.
PAC  EXAMPLE 20
PAR  7.06 g (0.05 mole) of 1-acetyl-4-piperidone and 5 ml. of glacial acetic
      acid are added to a solution of 9.41 g (0.05 mole) of
      1-(2-amino-4-methoxy-phenyl)pyrrole [Example 19(b)] in 150 ml. of absolute
      ethanol. The solution is refluxed for 12 hours. The volume of the solvent
      is reduced to about one fifth and the solution is cooled. A solid
      precipitates and is filtered, dried, and recrystallized from ethanol to
      give 1'-acetyl-4,5-dihydro-7-methoxyspiro[pyrrolo(1,2-a)
      quinoxaline-4,4'-piperidine], m.p. 211.degree.-213.degree. C.
PAR  Analysis: Calculated for C.sub.18 H.sub.21 N.sub.3 O.sub.2 : 69.43% C;
      6.80% H; 13.50% N. Found: 69.20% C; 6.80% H; 13.67% N.
PAC  EXAMPLE 21
PAR  510 g (0.027 mole) of 1-benzyl-4-piperidone and 2 ml. of glacial acetic
      acid are added to a solution of 50 g (0.027 mole) of
      1-(2-amino-4-methoxy-phenyl)pyrrole [Example 19(b)] in 80 ml. of absolute
      ethanol. The solution is refluxed for 43 hours and concentrated to an oil
      which is washed with water. The oil is recrystallized from isopropanol to
      give
      1'-benzyl-7-methoxy-4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperi
     dine], m.p. 123.degree.-124.degree. C.
PAR  Analysis: Calculated for C.sub.23 H.sub.25 N.sub.3 O: 76.88% C; 6.96% H;
      11.70% N. Found: 76.81% C; 7.03% H; 11.73% N.
PAC  EXAMPLE 22
PAR  a. Following the manipulative procedure described in Example 19(a), 100.0 g
      (0.48 mole) of 4,5-dichloro-2-nitroanline and 100 g (0.75 mole) of
      2,5-dimethoxytetrahydrofuran produces 1-(4,5-dichloro-2-nitrophenyl)
      pyrrole. This is recrystallized from petroleum ether to give crystals,
      m.p. 69.5.degree.-70.5.degree. C.
PAR  b. A stirred solution of 42.4 g (0.165 mole) of
      1-(4,5-dichloro-2-nitrophenyl)pyrrole in 730 ml. of tetrahydrofuran and
      365 ml. of water is treated according to the manipulative procedure
      described above in Example 13(b) to give
      1-(2-amino-4,5-dichlorophenyl)pyrrole, m.p. 57.degree.-58.degree. C.
PAR  c. 3.39 g (0.03 mole) of 1-methyl-4-piperidone and 5 ml. of glacial acetic
      acid are added to a solution of 6.81 g (0.03 mole) of
      1-(2-amino-4,5-dichlorophenyl)pyrrole in 100 ml. of absolute ethanol. The
      solution is refluxed for 50 hours and concentrated, and the residue is
      dissolved in water. The solution is filtered and basified. A solid
      precipitates and is filtered, dried, and recrystallized from ethanol to
      give
      7,8-dichloro-4,5-dihydro-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-pip
     eridine], m.p. 214.degree.-215.degree. C.
PAR  Analysis: Calculated for C.sub.16 H.sub.17 Cl.sub.2 N.sub.3 : 59.63% C;
      5.32% H; 13.04% N. Found: 59.40% C; 5.28% H; 12.93% N.
PAC  EXAMPLE 23
PAR  7.06 g (0.05 mole) of 1-acetyl-4-piperidone and 5 ml. of glacial acetic
      acid are added to a solution of 11.36 g (0.05 mole) of
      1-(2-amino-4,5-dichlorophenyl) pyrrole [Example 22(b)] in 150 ml. of
      absolute ethanol. The solution is refluxed for 45 hours. The volume of the
      solution is reduced by one fifth and cooled. A solid precipitates and is
      filtered, dried, and recrystallized from methanol to give
      1'-acetyl-7,8-dichloro-4,5-dihydrospiro
      [pyrrolo(1,2-a)quinoxaline)4,4'-piperidine], m.p. 171.degree.-173.degree.
      C. dec.
PAR  Analysis: Calculated for C.sub.17 H.sub.17 Cl.sub.2 N.sub.3 O: 58.29% C;
      4.89% H; 11.99; % N. Found: 57.57% C; 5.04% H; 11.76% N.
PAC  EXAMPLE 24
PAR  3.78 g (0.02 mole) of 1-benzyl-4-piperidone and 2 ml. of glacial acetic
      acid are added to a solution of 5.0 g (0.02 mole) of
      1-(2-amino-4,5-dichlorophenyl)pyrrole in 80 ml. of absolute ethanol. The
      solution is refluxed for 67 hours. The solvent is removed and the
      resulting oil is triturated with isopropanol to give a solid. The solid is
      recrystallized from 75 ml. of isopropanol to give
      1'-benzyl-7,8-dichloro-4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-pip
     eriddidne] m.p. 151.degree.-152.degree. C.
PAR  Analysis: Calculated for C.sub.22 H.sub.21 Cl.sub.2 N.sub.3 : 66.36% C;
      5.28% H; 10.55 % N. 17.84% Cl Found: 66.28% C; 5.36% H; 10.53% N. 18.07%
      Cl
PAR  Other compounds of the invention prepared in a similar manner include
      1'-butyl-4,5-dihydrospiro[pyrrolo(1,2-a)quinoxaline-4,4'-hexamethyleneimin
     e] and
      5-acetyl-4,5-dihydro-1'-(phenethyl)spiro[pyrrolo(1,2-a)quinoxaline-4,5'-he
     ptamethyleneimine].
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  in which R is alkyl or from 1 to 3 carbon atoms, alkoxy of from 1 to 2
      carbon atoms or halogen; m, n and p are integers from 0 to 2, the sum of m
      and n being from 2 to 4; R.sub.1 and R.sub.2 are hydrogen or methyl;
      R.sub.3 is hydrogen, alkyl of from 1 to 4 carbon atoms, alkanoyl of from 2
      to 6 carbon atoms, cycloalkylcarbonyl of from 4 to 6 carbon atoms or
      aralkyl of from 7 to 9 carbon atoms; and R.sub.4 is hydrogen or alkanoyl
      of from 2 to 3 carbon atoms; and the physiologically tolerable acid
      addition salts thereof.
NUM  2.
PAR  2. The compound defined in claim 1 which is
      4,5-dihydro-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine] and
      the physiologically tolerable acid addition salts thereof.
NUM  3.
PAR  3. The compound defined in claim 1 which is
      7-chloro-4,5-dihydro-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperid
     ine], and the physiologically tolerable acid addition salts thereof.
NUM  4.
PAR  4. The compound defined in claim 1 which is 7,
      8-dichloro-4,5-dihydro-1'-methylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piper
     idine] and the physiologically tolerable acid addition salts thereof.
NUM  5.
PAR  5. The compound defined in claim 1 which is
      4,5-dihydro-2',2',6',6'-tetramethylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-pi
     peridine] and the physiologically tolerable acid addition salts thereof.
NUM  6.
PAR  6. The compound defined in claim 1 which is
      4,5-dihydro-1',7-dimethylspiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidine]
      and the physiologically tolerable acid addition salts thereof.
NUM  7.
PAR  7. The compound defined in claim 1 which is
      4,5-dihydro-1'-(2-phenethyl)spiro[pyrrolo(1,2-a)quinoxaline-4,4'-piperidin
     e] and the physiologically tolerable acid addition salts thereof.
NUM  8.
PAR  8. The compound defined in claim 1 which is
      5-acetyl-4,5-dihydro-1'-(2-phenethyl)spiro[pyrrolo(1,2-a)quinoxaline-4,4'-
     piperidine] and the physiologically tolerable acid addition salts thereof.
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ABST
PAL  Novel pteridines of formula (I),
      ##SPC1##
PAL  wherein R is a lower alkyl group, substituted with one or more halogen
      atoms, and R.sup.1 and R.sup.2 are the same or different and each is a
      lower alkyl group or R.sup.1 and R.sup.2, together with the carbon atom in
      the pteridine ring structure, form a spirocycloalkyl ring system having 4
      to 6 carbon atoms outside the pteridine ring structure; and their method
      of preparation.
PAL  The above compounds have bacteriostatic activity.
BSUM
PAR  The present invention relates to derivatives of pteridine, their chemical
      synthesis and pharmaceutical formulations containing them. The
      specification also describes compositions and pharmaceutical formulations
      comprising these pteridines in combinations which are useful in the
      treatment of microbial infections.
PAR  It is already established that the compounds
      2-amino-4-hydroxy-6-hydroxymethyl-7,7-dimethyl-7,8-dihydropteridine and
      2-amino-4-hydroxy-6-methyl-7,7-dimethyl-7,8-dihydropteridine or their
      tautomers or pharmaceutically acceptable salts thereof, have
      bacteriostatic activity, being particularly effective against Cl.
      perfringens and Derm. dermatonomous, as disclosed in the specifications of
      British Pat. No. 1,303,171 and application Ser. No. 36289/70 (Belgian Pat.
      No. 770,577).
PAR  It has now been found that the novel pteridines represented by the
      following formula (I) or their tautomers or pharmaceutically acceptable
      salts thereof,
      ##SPC2##
PAL  Wherein R is a lower alkyl group, substituted with one or more halogen
      atoms, and R.sup.1 and R.sup.2 are the same or different and each is a
      lower alkyl group or R.sup.1 and R.sup.2, together with the carbon atom in
      the pteridine ring structure, form a spirocycloalkyl ring system having 4
      to 6 carbon atoms outside the pteridine ring structure, are also useful as
      antagonists of microbial metabolism.
PAR  As used herein and throughout the specification, the term "lower alkyl
      group" refers to a straight or branched chain alkyl group having 1 to 4
      carbon atoms.
PAR  Those compounds wherein R is a lower alkyl group, desirably a methyl group,
      substituted on the carbon atom adjacent the pteridine ring structure are
      preferred. Most preferably this alkyl group is mono- or di- substituted,
      conveniently with bromine atoms. Furthermore R.sup.1 and R.sup.2 are
      preferably lower alkyl groups and in particular they are the same and both
      methyl groups. The compounds
      2-amino-4-hydroxy-6-bromomethyl-7,7-dimethyl-7,8-dihydropteridine and the
      6-dibromomethyl analogue are especially preferred.
PAR  According to the present invention, therefore, there are provided in one
      aspect the novel compounds of formula (I).
PAR  The above compounds and their salts inhibit one of the enzymes involved in
      the biosynthesis of dihydrofolic acid, namely
      hydroxymethyldihydropteridine pyrophosphokinase, which is essential to the
      growth of microorganisms, for instance bacteria. They can thus be used in
      in vitro pharmacological investigations in clinical and diagnostic tests
      establishing, for instance, the properties of bacteria. When used as
      bacteriostats they may be present in a concentration of 50 to 500, in
      particular 110 to 180mg of base/ml of the solution in which the organism
      grows in the absence of a compound. A further use of the compounds, when
      in solution, is in the treatment of wounds, for example after surgery, to
      prevent the growth of bacteria. Moreover the compounds of formula (I) and
      their salts manifest unexpectedly low toxicity in mammals or birds e.g.
      poultry, which makes them particularly suitable for application against
      microbial infections in such hosts under circumstances hereinbelow
      described.
PAR  Tetrahydrofolate co-factors are essential metabolites in all cells for the
      biosynthesis of purines, thymidylic acid, serine and several other
      biologically important compounds. Most of these co-factors are one-carbon
      adducts of tetrahydrofolic acid. The ultimate source of these for higher
      animals and man is food, containing preformed folates usually in the form
      of vitamins.
PAR  In microorganisms, the co-factors are synthesised from simpler chemicals.
      Generally the bio-synthetic process first provides `dihydropteridine`
      (Pt), i.e. 2-amino-4-hydroxy-6-hydroxymethyl-7,8-dihydropteridine (HMPt)
      pyrophosphate ester, from its immediate precursor HMPt in the presence of
      the enzyme hydroxymethyldihydropteridine pyrophosphokinase (HMPPS). Pt
      then condenses with p-aminobenzoic acid (pAB) in the presence of the
      enzyme dihydropteroate synthetase to form dihydropteroic acid (DPtA). This
      intermediate further condenses with a glutamate to form dihydrofolic acid
      (DFA or `folate`) which is then enzymatically reduced to provide the
      essential tetrahydrofolate in, for instance, bacteria and other
      micro-organisms.
PAR  The provision of the `folate` from the basic building blocks, i.e.
      pteridine, pAB, and glutamate, and the further conversion of this into the
      tetrahydrofolate is known to be inhibited in two different ways. For
      instance sulphonamides displace pAB in the above reaction scheme. Because
      of their close structural resemblance to pAB, sulphonamides or similar
      other `competitors` enter the biosynthesis and prevent the formation of
      DPtA, and of DFA, and are therefore antimetabolites for the metabolite
      pAB. It is also known that compounds which are `inhibitors` of the enzyme
      dihydrofolic acid reductase block the synthetic step leading to
      tetrahydrofolate. A considerable number of pyrimidine derivatives show
      substantial anti-microbial properties on the basis of such blockage.
PAR  It was established later that such inhibitors may act synergistically with
      sulphonamides, i.e. there can be a sequential double blockade and a strong
      mutual potentiation of the anti-bacterial effects of the two materials.
      The range of anti-microbial action exerted by such combinations is
      considerably wider than that expected from the activity of either drug,
      and organisms which are only marginally sensitive to the individual agents
      become very sensitive to the combinations.
PAR  It was also suggested hypothetically that antimetabolites to Pt could
      inhibit the biosynthesis of DPtA (and DFA) (cf. Hitchings and Burchall
      Advances in Enzymology, 27, 417-468 (1965)) but compounds so far tested
      for the purpose have been disappointing, being either inactive or too
      toxic or sometimes both (cf. the compounds described in British Pat. Nos.
      981,506 and 987,916).
PAR  It has been established that, for antimicrobial purposes, it is a
      prerequisite for the effective antagonism of Pt that the compound should
      be an inhibitor of HMPPS without also acting as an antimetabolite to the
      dihydropteridine that serves as a cofactor for the hydroxylation of
      phenylalanine and tyrosine, precursors of the catecholamines, such as
      norepinephrine, that have important actions as regulators of
      cardiovascular systems. Such an antimetabolic effect could lead to
      prohibitive toxicity to avian or mammalian species, which are normally the
      hosts infected with the microbes.
PAR  It has now been found that the compounds of formula (I) and their salts
      fulfil the above requirements i.e. inhibition of HMPPS combined with low
      toxicity to host species, as demonstrated for instance in chicks and rats.
      These compounds not only inhibit the growth of microorganisms on their
      own, albeit to a limited extent with certain bacteria, such as
      Staphylococcus aureus, Streptococcus pyogenes, Streptococcus faecalis,
      Escherichia coli, Salmonella typhi, Proteus vulgaris, Pseudomonas
      aerugenosa, Pasteurella multocida among others, but have been found to act
      with a most remarkable synergistic effect when combined with a competitor
      of p-aminobenzoic acid, i.e. sulphonamides and similar compounds, or with
      selective inhibitors of dihydrofolic reductase, i.e. pyrimidines and
      related compounds, or with a combination of both of these types of
      anti-microbial agents. This potentiating effect of the compounds of
      formula (I) is the subject of co-pending cognate British patent
      application Ser. No. 36774/71.
PAR  In that application there is described and claimed a composition for
      testing or treating microbial systems or infections, comprising an
      effective potentiating amount of a compound of formula (I) in combination
      with an effective amount of a competitor or inhibitor, or both, as herein
      defined.
PAR  The microbial infections against which these combinations are effective are
      protozoal or bacteria infections caused by those microorganisms which
      synthesise at least a substantial part of their tetrahydrofolate cofactor
      requirements. More specifically these infecting microorganisms are those
      which adequately absorb the pharmaceutical combinations disclosed herein
      and further are those in which these combinations have a synergistic
      effect in interfering with the de novo synthesis of the required
      tetrahydrofolate co-factors. For example, the compositions described have
      been found to be useful in the treatment of infections caused by
      Staphylococcus aureus, Pseudomonas aerugenosa and Pasteurella multocida.
PAR  It has been found specifically that, when compounds of formula (I) are
      combined with an amount of the competitor and/or the inhibitor which is
      not ordinarily sufficient to be effective as an antimicrobial agent in its
      own right, the combination of a compound of formula (I) with this normally
      ineffective amount of the competitor and/or the inhibitor provides a
      composition which in totality acts as an effective antimicrobial agent.
      This is especially notable when the amount of the compound of formula (I)
      is so low that it has substantially no microbial effect at the particular
      level, yet in the combination the potentiation is marked, in some
      instances very marked. Thus by using an effective potentiating amount of a
      compound of formula (I) together with the competitor and/or the inhibitor,
      it is now possible to reduce significantly the amount of the competitor
      and/or the inhibitor required to inhibit the growth of these bacteria.
PAR  In accordance with the above therefore, the term "an effective amount" used
      in conjunction with the terms a dihydrofolic reductase `inhibitor` and a
      para-aminobenzoic acid `competitor` means either (a) an amount of the
      `inhibitor` or `competitor` which is effective to a degree as an
      antimicrobial agent in its own right but which is potentiated by the use
      of a compound of formula (I) or (b) an amount of the `inhibitor` or
      `competitor` which is ineffective as an antimicrobial agent but which when
      combined with a compound of formula (I) provides a composition which is an
      effective anti-microbial agent. An "effective potentiating amount" means
      an amount of the compound of formula (I) which increases the activity of
      an inhibitor and/or a competitor so as to provide an improved or adequate
      effectiveness for the whole combination.
PAR  It should be emphasised that the inhibition of the biosynthetic processes
      by such means could be termed as competitive antagonism in all three
      instances, and there might be potentiation between all three types of
      agents. The terms `inhibitor`, `competitor`, and `potentiation` by a
      compound of formula (I) are arbitrary and should only serve as convenient
      names for the appropriate type of components in combination products
      described and claimed in the specification of the afore-mentioned cognate
      application.
PAR  The inhibiting activity against HMPPS of a selected compound of formula (I)
      can, for instance, be tested by monitoring the transfer of the terminal
      phosphate of adenosine triphosphate ATP-.gamma.-P.sup.32 to
      `dihydropteridine`. It was found that the concentrations required for 50%
      inhibition of the formulation of Pt (IC.sub.50) in such tests are well
      correlated and within the margin of error obtained by other relevant tests
      in this respect, which measure the inhibition of either of the two enzymes
      involved in the formation of HMPt and DPtA. Such inhibition may, for
      instance, be easily and simply carried out by incubating an extract of E.
      coli with pAB-7-C.sup.14, ATP, Mg and `dihydropteridine`. The formation of
      the dihydropteroate-C.sup.14 can be quantitatively assayed after
      separating the unreated pAB substrate, for instance by chromatography. It
      has been found that compounds possessing in such tests an IC.sub.50 value
      of about 100.mu.M or less, usually below 50.mu.M represent compounds
      exerting a useful potentiating effect, provided their toxicity in the
      appropriate vertebrates is acceptable. Preferably the value is 25.mu.M or
      less, such as in the range between 2 to 12.mu.M. Generally a value below
      7.mu.M is desirable.
PAR  As explained above, for the purpose disclosed it is essential that the
      compound of formula (I) should not have a prohibitive toxicity to the
      mammalian or avian hosts' cardiovascular systems. While low toxicity is
      therefore an essential requirement, a therapeutic index incorporates both
      the activity and toxicity values pertinent to the present disclosure and
      could be used with advantage for the selection of potentiating compounds
      of formula (I).
PAR  The therapeutic index is defined as the ratio of the maximum tolerated dose
      to the minimum effective dose and in most cases is preferably greater than
      10, suitably at least 5 and in exceptional circumstances at least about 3
      for humans, but possibly as low as 2 for animals.
PAR  Although the art is aware of many compounds which are known competitors of
      para-aminobenzoic acid and are antimicrobials, the sulphur compounds which
      are disclosed as antimicrobial agents from the top of page 994 to page
      1007 of the Merck Index, 8th Edition, 1968 are presented by way of example
      only.
PAR  Of the known compounds which are competitors, the following sulphonamide
      compounds (or pharmaceutically acceptable salts thereof) are preferred for
      the purpose described.
PAR  Sulphanilamide, sulphadiazine, sulphamethisazole, sulphamethizole,
      sulphapyridine, sulphathiazole, sulphamerazine, sulphamethazine,
      sulphisoxazole, sulphadoxine sulphasomidine, sulphachlorpyridazine,
      2-(p-aminobenzene)-sulphonamido-3-methoxypyrazine(Kelfizina),
      .alpha.-amino-p-toluenesulphonamide, 5-sulphanilamido-2,4-dimethyl
      pyrimidine. 4-(N'-acetyl sulphanilamido)-5,6-dimethoxy pyrimidine,
      3-sulphanilamido-4,5-dimethyl isoxazole,
      4-sulphanilamido-5-methoxy-6-decyloxy pyrimidine, sulphamonomethoxine,
      4-p-(8-hydroxy-quinilinyl-4-azo)-phenyl sulphanilamido-5,6-dimethoxy
      pyrimidine, sulphadimethoxine, sulphamethoxazole, sulphaquinoxaline, and
      p-(2 methyl-8-hydroxy-quinolinyl-(5)-azo)phenyl
      sulphanilamido-5,6-dimethoxy pyrimidine. Examples of a non-sulphonamide
      type of competitor are p-amino salicylic acid (PAS) and
      p,p'-diaminodiphenylsulphone.
PAR  Similarly, although many compounds are known which inhibit dihydrofolic
      reductase and act as antimicrobial agents, the compounds disclosed in the
      following patents are presented by way of example of compounds suitable
      for use for the purpose disclosed.
PAR  U.S. Pat. Nos. 2,658,897; 2,767,183; 3,021,332; 2,937,284; 3,322,765;
      2,909,522; 2,624,732; 2,579,259; 2,945,859; 2,576,939; 2,926,166;
      2,697,710; 2,749,345; and 2,749,344.
PAR  The following inhibitors (or pharmaceutically acceptable salts thereof) are
      preferred for the combinations described, however:
PAR  2,4-diamino-6-ethyl-5-p-chlorophenylpyrimidine (pyrimethamine),
      2,4-diamino-5-(3'4',5'-trimethoxybenzyl)-pyrimidine (trimethoprim),
      2,4-diamino-5-(3'4'-dimethoxybenzyl pyrimidine (diaveridine),
      2,4-diamino-5-(2'-isopropyl-4'-chlorophenoxy) pyrimidine,
      2,4-diamino-5-methyl-6-sec-butylpyrido (2,3-d) pyrimidine,
      2,4-diamino-5-methyl-6-benzylpyrido(2,3-d) pyrimidine,
      2,4-diamino-6-benzylpyrido(2,3-d) pyrimidine,
      2,4-diamino-5-6-trimethylenequinazoline,
      2,4-diamino-5,6-tetramethylenequinazoline,
      2,4-diamino-5-(2',4'5'-trimethoxybenzyl) pyrimidine,
      2,4-diamino-5-(2'-ethyl-4',5-dimethoxybenzyl) pyrimidine,
      2,4-diamino-5-(2'-methyl-4',5'-dimethoxybenzyl) pyrimidine.
PAR  However, the most preferred combinations include those combining a compound
      of formula (I), especially those wherein R is a bromomethyl or
      dibromomethyl group and R.sup.1 and R.sup.2 are both methyl groups, with
      sulphadiazine, sulphamethoxazole, sulphadoxine or sulphaquinoxaline as
      competitors, or with trimethoprim, diaveridine or pyrimethamine as
      inhibitors. In view of possible synergistic advantages of using certain
      competitors and inhibitors in combination against particular diseases, and
      the potentiating effect of compounds of formula (I) on both of these types
      of antibacterial compounds, it has been preferred to formulate triple
      combinations, comprising a compound of formula (I) with one of the
      above-mentioned preferred competitors, and one of such inhibitors. For
      example, combinations of sulphadiazine/trimethoprim,
      sulphamethoxazole/trimethoprim, sulphadoxine/trimethoprim or
      sulphaquinoxaline/diaveridine, each together with a compound of formula
      (I), give improved effectiveness when compared with the components alone
      or with pairs of them.
PAR  The compounds of formula (I) either alone or together with the competitor
      and/or the inhibitor, may be presented in association with a carrier in
      pharmaceutical formulations suitable for parenteral, topical, rectal or
      oral administration. The formulations for oral or rectal administration
      are advantageously presented in discrete units, such as tablets, capsules,
      cachets, ampoules or suppositories, each containing a predetermined amount
      of each compound, but may also be presented as a powder, as granules, as a
      solution or suspension in an aqueous or non-aqueous liquid, or as an
      ointment or paste for topical administration. For parenteral use, the
      formulations incorporating an aqueous or non-aqueous liquid carrier must
      be sterile and be presented in sealed containers. The formulations may be
      made by any of the known methods and may include one or more of the
      following accessory ingredients:
PAR  diluents, solutes to render the solution isotonic with the blood, buffers,
      flavouring, binding, dispersing, surface-active, thickening, lubricating
      and coating materials, preservatives, bacteriostats, antioxidants,
      suppository and ointment bases, and any other acceptable excipients.
PAR  In another aspect of the present invention, therefore, there is provided a
      pharmaceutical formulation comprising a compound of formula (I) in
      combination with a pharmaceutically acceptable carrier. In yet another
      aspect the present invention provides a method of making a pharmaceutical
      formulation by admixing the compound of formula (I) with a carrier by
      known techniques. The specification of the afore-mentioned cognate
      application further discloses and claims a pharmaceutical formulation
      comprising a composition, as hereinbefore defined, together with a
      carrier, and its method of preparation, by admixing the composition with
      the carrier by known, techniques.
PAR  Formulations containing the compound of formula (I) in association with a
      competitor or an inhibitor may also be presented in the form of a kit,
      which comprises separately packaged units or dosages of these components
      with instructions for use in a combined form. The instructions may also
      specify the manner of administration and indications for which the formula
      is suitable.
PAR  The compounds of formula (I), either for use alone or in association with a
      competitor and/or inhibitor, and also the competitors and inhibitors, may
      be presented in the form of their pharmaceutically acceptable salts of a
      mineral or organic acid, for example hydrochloric acid, hydrobromic acid,
      sulphuric acid, acetic acid, citric acid, tartaric acid, lactic acid,
      maleic acid or salicylic acid, or, especially for the sulphonamide
      competitor, of a base, such as sodium hydroxide, potassium hydroxide,
      tetramethyl ammonium hydroxide or ammonia.
PAR  The ratios in which the therapeutically active compounds of formula (I) are
      utilized in the compositions described in this specification can be varied
      between wide limits. Depending on the nature and circumstance of use, the
      compositions may contain the compound of formula (I) with the competitor
      and/or the inhibitor in appropriate proportions and dosages. For instance,
      in cases of uses in vivo it is often desirable to maintain a certain
      proportion of components in the blood serum or tissue fluids, preferably
      for a prolonged period. Depending on the various absorption, discharge or
      decomposition rates of the components, the initial quantities and
      proportions of the ingredients of the formulation can be different from
      that aimed at in the tissues in vivo. The formulations and dosages
      recommended for the general treatment of a particular human or animal
      disease must be adjusted according to the particular requirements of the
      recipients of the disease, the known activities of the competitor or
      inhibitor component against the causative organism, the half life and the
      toxicity of the components in vivo, and other practical requirements.
PAR  For example the composition or pharmaceutical formulation may contain from
      about 1 to 30 parts by weight, preferably 5 to 15 parts, of the compound
      of formula (I), or an equivalent amount of a salt thereof, and 1 to 30
      parts, preferably 5 to 15 parts, of a competitor, or an equivalent amount
      of a salt thereof, and/or one part of an inhibitor, or an equivalent
      amount of a salt thereof.
PAR  Dosage will vary depending upon the infecting organism but under ordinary
      circumstances up to about 60 mg/kg each of a compound of formula (I) and
      competitor, and up to about 7.5 mg/kg of inhibitor, in combination, can be
      administered daily in several doses. The composition or pharmaceutical
      formulation can be administered to human patients in unit dosage forms
      which contain up to 750 mg of the compound of formula (I), and up to 750
      mg of the competitor and/or up to 25 mg of the inhibitor. Preferably for
      adult dosages the amount of the compound of formula (I) would be about 200
      mg, that of the competitor about 200 mg and/or that of the inhibitor about
      25 mg.
PAR  The pharmaceutical formulation comprising the compound of formula (I) in
      combination with the competitor and/or the inhibitor is also usable in
      solution for irrigating wounds, for example after surgery, so as to
      prevent the growth of bacteria. For example, an anti-bacterial solution
      having the following preferred concentration of components may be used:
PAR  1-30 mg/ml of the compound of formula (I), 1-30 mg/ml of the competitor
      and/or 0.03-1 mg/ml of the inhibitor, in a pharmaceutically acceptable
      solvent, suitable for external use.
PAR  The potentiating effect of compounds of formula (I) can be demonstrated and
      utilized in vitro relatively easily for research and practical purposes.
      Such possibilities include diagnosis and the identification of the
      bacterial flora of individuals and the consequential selection of clinical
      treatment schedules.
PAR  The various combinations can be incorporated in porous discs (such as
      filter paper discs) or in Agar Nutrient or other media for bacterial
      growth for determining susceptibility. Those articles incorporating the
      compound of formula (I) with a competitor and/or an inhibitor compound may
      be distributed or sold to doctors, hospitals and clinics for the above
      purpose. A typical testing disc may be impregnated with a solution
      containing 5 to 50 .mu.g/ml of a para-aminobenzoic acid competitor, 0.5 to
      5 .mu.g/ml of a dihydrofolic reductase inhibitor, and about 10 to 100
      .mu.g/ml of a compound of formula (I) in a medium comprising a mixture of
      an aqueous infusion and papain digest of horse muscle.
PAR  Furthermore, such pharmacological tests involving potentiated competitors
      or inhibitors may also be useful for the characterisation of bacteria
      according to their sensitivity and to their particular resistance for
      instance to a competitor when used alone, and such investigations
      involving a variety of formulations as described herein also form the
      basis of determining the compositions of selected formulations for general
      treatment purposes. The toxicity of compounds of formula (I) is generally
      considerably lower than that of the competitors or inhibitors commonly
      used, which may enable the clinician to maintain or increase the
      effectiveness of the antibacterial activity of the formulation with a
      concurrent increase of the therapeutic ratio or decrease in the toxic or
      side-effects of the medicament.
PAR  In addition to the above, compounds of formula (I) have been found to
      potentiate the activity of the aforementioned competitors and/or
      inhibitors against infections with microorganisms in domestic animals,
      including poultry, for example against Pasteurella multocida but
      especially against the protozoal disease coccidiosis. Such triple
      formulations comprising a compound of formula (I) together with a compound
      such as sulphaquinoxaline and an inhibitor such as diaveridine are
      effective in lower concentrations than the competitor or inhibitor
      components alone and possess an enhanced activity, being effective against
      all relevant Eimeria species causing this disease in poultry.
PAR  The compounds of formula (I) can, according to a further aspect of the
      present invention, be prepared by a method comprising the steps of
      reacting a compound of formula (II),
      ##SPC3##
PAL  wherein R.sup.1 and R.sup.2 are as defined above and X is an alkyl,
      hydroxyalkyl or alkenyl group, with a halogenating agent, and isolating
      the compound so formed.
PAR  Conveniently halogenating agents in these respects include molecular
      halogens, hydrogen halides, phosphorus pentachloride, thionyl chloride
      and, for the preparation of bromo-substituted compounds,
      N-bromosuccinimide. The conversion of alkyl, hydroxyl or olefinic groups
      into halogeno substituted groups is well known in the literature and
      readily available to those skilled in the art. The selection of reaction
      conditions is governed by the nature of the reactants, but glacial acetic
      acid has been found to be a suitable solvent for the preparation of the
      preferred bromo-substituted compounds.
PAR  The compounds of formula (II) wherein X is an alkyl group or a hydroxyalkyl
      group may be prepared according to the procedure disclosed in the
      specification of copending British patent application Ser. No. 36289/70
      (Belgian Pat. No. 770,577).
PAR  In this method a compound R.sup.1 R.sup.2 C = CHX (VII), wherein R.sup.1,
      R.sup.2 and X are as defined above, undergoes an addition reaction with a
      nitrosyl halide, prepared in situ, and the resulting nitrosohalide (VI) is
      converted to the oxime (V) by reaction with ammonia solution. Reacting the
      oxime (V) with a 2-amino-4-halogeno-6-hydroxy-5-nitropyrimidine (IV)
      provides the pyrimidine ketoxime (III) which is then reductively cyclised
      to give the pteridine (II), as shown in the following sequence:
      ##SPC4##
PAR  Those compounds of formula (II) wherein X contains a double bond may be
      prepared from the alkyl or hydroxyalkyl derivatives by standard reactions
      in the art. For example mild oxidation of a 6-hydroxyalkyl group to the
      corresponding aldehydic group followed by condensation with Wittig
      reagent, such as triethylphosphonoacetate or methylenetriphenylphosphorane
      produces an unsaturated linkage. Alternatively the 6-alkyl derivative may
      be condensed with an aldehyde under acid conditions to achieve the same
      result.
PAR  According to the present invention in further aspects there are also
      provided:
PA0  1. A compound of formula (I), whenever prepared from a compound of formula
      (II) by the method herein described.
PA0  2. A pharmaceutical formulation comprising a compound of formula (I) or a
      salt thereof in combination with a pharmaceutically acceptable carrier,
      whenever prepared by the method herein described.
DETD
PAR  The following Examples illustrate the invention but are in no way intended
      to limit the scope of the invention.
PAC  EXAMPLE 1
PAC  2-Amino-4-hydroxy-6-bromomethyl-7,7-dimethyl-7,8-dihydropteridine
      hydrobromide (I, R=CH.sub.2 Br, R.sup.1 =R.sup.2 =Me)
PAR  2-Amino-4-hydroxy-6-methyl-7,7-dimethyl-7,8-dihydropteridine (0.5 g) (II,
      X=Me, R.sup.1 =R.sup.2 =Me) was dissolved with gentle heating in glacial
      acetic acid (15 ml) and treated dropwise whilst stirring with bromine
      (0.125 ml) in glacial acetic acid (6 ml). The resulting solution turned a
      dark red colour and after 10 minutes a grey-green solid separated. After a
      further 10 minutes at room temperature this solid was filtered off and
      washed with ethanol and ether to give 0.7 g of product. The title compound
      (70% yield) was separated from small amounts of the starting material and
      the dibromomethyl derivative by thin layer chromatography.
PAC  EXAMPLE 2
PAC  2-Amino-4-hydroxy-6-dibromomethyl-7,7-dimethyl-7,8-dihydropteridine
      hydrobromide (I, R=CHBr.sub.2, R.sup.1 =R.sup.2 =Me)
PAR  2-Amino-4-hydroxy-6-methyl-7,7-dimethyl-7,8-dihydropteridine (1 g) (II,
      X=Me, R.sup.1 =R.sup.2 =Me) was dissolved with gentle heating in glacial
      acetic acid (17 ml) and treated dropwise whilst stirring with bromine (0.5
      ml) in glacial acetic acid (7 ml). The reaction mixture was stirred for a
      further 2 hours, during which time the colour had darkened considerably
      and a black-green tar had formed. The supernatant solvent was decanted and
      the tar treated with acetone (20 ml). Trituration followed by filtration
      gave a dark-green solid (1.5 g). The title compound (86% yield) was
      separated from small amounts of the starting material and the
      monobromomethyl derivative by thin layer chromatography.
PAC  EXAMPLE 3
PAC  2-Amino-4-hydroxy-6-1'-bromoethyl-7,7-di-n-propyl-7,8-dihydropteridine (R =
      CHBrCH.sub.3, R.sup.1 = R.sup.2 = n-Pr)
PAR  To 2-amino-4-hydroxy-6-ethyl-7,7-di-n-propyl-7,8-dihydropteridine (0.277 g)
      (II, X=Et, R.sup.1 =R.sup.2 =n-Pr) in glacial acetic acid (3 ml) was added
      with stirring bromine (in slight excess) in acetic acid (2 ml) dropwise
      over 10 minutes. After a further 10 minutes orange crystals precipitated.
      After 30 minutes the precipitate was filtered off and washed well with dry
      ether. (Yield 170 mg; m.p. &gt;300.degree.). The title compound was separated
      from small amounts of the starting material and the dibromoethyl
      derivative by thin layer chromatography.
PAC  EXAMPLE 4
PAC  2-Amino-4-hydroxy-6-chloromethyl-7,7-dimethyl-7,8-dihydropteridine (R =
      CH.sub.2 Cl; R.sup.1 = R.sup.2 = Me)
PAR  A slight exvess of chlorine was added with stirring to
      2-amino-4-hydroxy-6-methyl-7,7-dimethyl-7,8-dihydropteridine, (II, X = Me,
      R.sup.1 =R.sup.2 =n-Pr) in glacial acetic acid, and the resulting
      precipitate was filtered off and washed with dry ether, and isolated
      analogously to the procedure described in Example 3.
PAC  EXAMPLE 5
PAR  Potential pteridine antagonists of formula (I) may be tested by
      investigating the inhibitory effect they impose on the enzymes responsible
      for the biosynthesis of dihydropteroic acid (DPtA), namely
      hydroxymethyldihydropteridine pyrophosphokinase (HMPPS), and
      dihydropteroate synthetase, hereinafter referred to as `synthetase`. In
      the following reaction equations the compounds are referred to by their
      abbreviated forms defined on page 5 of the specification.
PAC  1. HMPPS
EQU  hmpt + ATP Mg.sup.2.sup.+  Pt + AMP
PAC  2. synthetase
EQU  Pt + pAB Mg.sup.2.sup.+  DPtA + pyrophosphate
PAL  a. An assay for HMPPS was developed in which the transfer of the terminal
      phosphate of ATP-.gamma.-P.sup.32 to Pt could be monitored and correlated
      with the amount of inhibition of HMPPS by the compound under test.
PAR  The compound of formula (I) which was under test was incorporated into
      various formulations comprising metabolites and enzymes contained in test
      tubes, as indicated in TABLE 1.
PAR  The components of the mixture were as follows:
PAL  I-2-amino-4-hydroxy-6-hydroxymethyl-7,8-dihydropteridine (HMPt) in a
      concentration of 800 .mu.M i.e. micromolar; II-a source of HMPPS, obtained
      from an extract of E. coli and separated from `synthetase` on Sephadex
      G-100, (Registered Trade Mark) according to the method of Richey and Brown
      in J.Biol.Chem.244, 1582-1592 (1969)
PAL  Iii - 3mM ATP -.gamma.-P.sup.32.
PAL  Iv - 0.10 m atp neutralised (unlabelled).
PAL  V - 0.02m mgCl.sub.2.6H.sub.2 O.
PAL  Vi - 0.1 m mgCl.sub.2.6H.sub.2 O.
PAL  Vii - source of HMPPS and `synthetase`
PAL  Viii - the test compound in a concentration of 0.93.times.10.sup.-.sup.3 M
PAL  Ix - 0.4mM pAB-C.sup.14
PAR  As shown in TABLE 1, tubes 1 to 9 all contain a source of HMPPS, labelled
      ATP and 0.02 M MgCl.sub.2.6H.sub.2 O, tubes 2 to 9 containing in addition
      HMPt and tubes 4 to 9 further containing the test compound. Control tubes
      10 to 12 include a source of both HMPPS and synthetase, unlabelled ATP,
      0.1M MgCl.sub.2.6H.sub.2 O and labelled pAB.
PAR  Tubes 1 to 9 containing the amounts of components shown in the Table, were
      filled up to 200.mu.l with distilled water, incubated for 60 minutes at
      37.degree.C and then chilled on ice. Dextrose (20.mu.l containing 72.1
      mg/ml) and hexokinase (5.mu.l containing 2000 units/ml) were added to the
      solution, which was then allowed to stand at room temperature for 15
      minutes. `Darco-G-60` (Registered Trade Mark) (10 mg) was added to each
      tube and the contents mixed periodically for 10 AP minutes. The charcoal
      was removed through a `Millipore AP 250 2200` (Registered Trade Mark)
      filter and the filter was washed with three 10 ml portions of cold water.
      The charcoal and the filter were then radioactively counted.
PAR  The radioactive count from the contents of tubes 2 and 3 was taken as the
      maximum count, since these tubes contained no test compound and thus gave
      0% enzyme inhibition. The percentage inhibition produced by the contents
      of the remaining tubes could then be calculated by relating their
      radioactive count to the maximum, as determined above.
PAR  The contents of tubes 10 to 12 were chromatographically analysed as
      described under part (b), and used as controls, tubes 10 and 11 containing
      no test compound (and hence giving 0% inhibition) being accorded the value
      of 100%. The percentage inhibition exhibited by the contents of the tubes
      in part (b) of the experiment could then be calculated in relation to
      this, by comparing the respective chromatograms.
PAL  b. The activity of the test compound of formula (I) against `synthetase`
      was determined as follows, by monitoring the formation of dihydropteroate
      C.sup.14.
PAR  A pool of Pt was prepared from ATP neutralised (50.mu.l, 0.1M),
      MgCl.sub.2.6H.sub.2 O(50.mu.l, 0.1M), dithiothreitol (100.mu.l, 0.1M),
      tris buffer (100.mu.l, 0.4M, pH 8.3), HMPt (25.mu.l, 876.mu.M) and
      170.mu.l of a solution containing HMPPS. The mixture was incubated for 60
      minutes at 37.degree.C, chilled briefly on ice and then dextrose (100.mu.l
      containing 72.1mg/ml) and hexokinase (20.mu.l containing 2000 units/ml)
      were added at room temperature to the solution, which was allowed to stand
      at this temperature for 15 minutes.
PAR  A solution of MgCl.sub.2.6H.sub.2 O (10.mu.l, 0.1M), pAB-C.sup.14 (10.mu.l,
      0.4mM), dithiothreitol (20.mu.l, 0.1M) and tris buffer (20.mu.l, 0.4M, pH
      8.3) was made in each of five test tubes and then 80.mu.l of the contents
      of the pool added to each, together with synthetase and/or test compound
      of formula (I) as indicated in Table 2. The solution was then made up to
      200.mu.l with distilled water.
PAR  Two control test tubes were prepared, each containing ATP (10.mu.l, 0.1M),
      MgCl.sub.2.6H.sub.2 O (10.mu.l, 0.1M), dithiothreitol (20.mu.l, 0.1M) tris
      buffer (20.mu.l, 0.4M, pH 8.3), pAB-C.sup.14 (10.mu.l, 0.4mM), and 20.mu.l
      of a solution containing HMPPS and `synthetase` of known activity. The
      test compound was added to the second of these two tubes up to a final
      concentration of 10.sup.-.sup.5 M, and both tubes were made up with
      distilled water to 200.mu.l.
PAR  All seven tubes were then incubated for 30 minutes at 37.degree.C, chilled
      on ice and then these, together with control tubes 10 to 12 from part (a),
      were chromatographically analysed as follows.
PAR  100.mu.l of the contents of each of the tubes was spotted onto Whatman no.
      3MM chromatography paper (2.times.20 cm) at the `origin`, the run
      descending in a Sorenson buffer of potassium and sodium phosphates (0.1M,
      pH 7.0) for 10 to 15 cm. From the relative positions of the spots obtained
      from the contents of the different tubes, the various percentage
      inhibitions of synthetase could be evaluated by reference to control tubes
      10 and 11, which gave 0% inhibition.
PAR  Those compounds which, as result of these tests, were found to give 50%
      inhibition at a concentration of 100.mu.M or less, are those which exert a
      useful potentiating effect, and subject to their toxicity being
      favourable, may be included in the compositions described in this
      specification.
PAR  2-Amino-4-hydroxy-6-bromomethyl, 7,7-dimethyl-7,8-dihydropteridine and the
      6-dibromomethyl analogue were found to give 50% inhibition at
      concentrations of 5.mu.M and 25.mu.M respectively.
PAC  EXAMPLE 6
TBL  Tablet Formulation                                                        
     Compound of formula (I)(R=CH.sub.2 Br;R.sup.1 =R.sup.2 =Me)               
                                 100 mg                                        
     Trimethoprim (pure)          25 mg                                        
     Sulfaguanidine (B.P.C.)     100 mg                                        
     + cornstarch, lactose, gelatin, talcum and                                
     magnesium stearate                                                        
PAL  Preparation -- the above constituents were mixed together using known
      methods of pharmacy to form a granulation which was then compressed into
      tablets.
PAC  EXAMPLE 7
TBL  Tablet Formulation                                                        
     "Pyremathimine" (Pyrimethamine) B.P.                                      
                                  15 mg                                        
     Compound of formula (I)(R=CH.sub.2 Br;R.sup.1 =R.sup.2 =Me)               
                                 150 mg                                        
PA1  which was then prepared to form a tablet as in Example E.
PAC  EXAMPLE 8
TBL  Tablet Formulation                                                        
     Sulfanilamide B.P.C.        150 mg                                        
     Compound of formula (I)(R=CHBr.sub.2 ;R.sup.1 =R.sup.2 =Me)               
                                 175 mg                                        
PA1  which was then prepared to form a tablet as in Example E.
PAC  EXAMPLE 9
TBL  Capsule Formulation                                                       
     Trimethoprim (pure)          20 mg                                        
     Compound of formula (I)(R=CH.sub.2 Br;R.sup.1 =R.sup.2 =Me)               
                                 100 mg                                        
PAC  Preparation
PAR  The compounds in granular form were blended together with lactose,
      cornstarch and magnesium stearate. The powder was filled into a two-piece,
      hard shell gelatin capsule using a capsulating machine.
PAC  EXAMPLE 10
TBL  Irrigant Solution                                                         
     Compound of formula (I)(R=CH.sub.2 Br;R.sup.1 =R.sup.2 =Me)               
     (pure)                   1 mg/ml                                          
     Trimethoprim (pure)      0.2 mg/ml                                        
     Solvent                  water                                            
PAC  EXAMPLE 11
TBL  Irrigant Solution                                                         
     Compound of formula (I)(R=CHBr.sub.2 ;R.sup.1 =R.sup.2 =Me)               
     (pure)                   2 mg/ml                                          
     .alpha.-amino-p-toluenesulphonamide (pure)                                
                              2 mg/ml                                          
PAC  EXAMPLE 12
TBL  Solution                                                                  
     Compound of formula (I)(R= CH.sub.2 Br;R.sup.1 =R.sup.2 =Me)              
     (pure)                   1.5 mg/ml                                        
     Diaveridine B. Vet C     0.5 mg/ml                                        
     Kelfizina                1.0 mg/ml                                        
     Solvent                  water                                            
PAC  EXAMPLE 13
TBL  Tablet Formulation                                                        
     Compound of formula (I)(R= CH.sub.2 Br;R.sup. 1 =R.sup.2 =Me)             
     (pure)                   500 mg                                           
     Microcrystalline cellulose                                                
                              100 mg                                           
     Starch                   40 mg                                            
     Magnesium stearate       10 mg                                            
     Methylhydroxyethylcellulose                                               
                              3 mg                                             
                              653 mg                                           
PAR  The pteridine (I), microcrystalline cellulose and starch were granulated
      with a solution of the methylhydroxyethylcellulose in 50% aqueous ethyl
      alcohol. The magnesium stearate was added to the dried granules, and the
      whole then compressed.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Tube No.                                                                  
           I   II   III IV  V   VI  VII VIII   IX                              
                                        Final                                  
                                        Concn.                                 
     __________________________________________________________________________
     1     --  100.mu.l                                                        
                    15.mu.l                                                    
                        --  10.mu.l                                            
                                --  --  --     --                              
     2     5.mu.l                                                              
               "    "   --  "   --  --  --     --                              
     3     "   "    "   --  "   --  --  --     --                              
     4     "   "    "   --  "   --  --  2.5.times.10.sup.-.sup.6 M             
                                               --                              
     5     "   "    "   --  "   --  --  "      --                              
     6     "   "    "   --  "   --  --  1.0.times.10.sup.-.sup.5 M             
                                               --                              
     7     "   "    "   --  "   --  --  "      --                              
     8     "   "    "   --  "   --  --  9.3.times.10.sup.-.sup.5 M             
                                               --                              
     9     "   "    "   --  "   --  --  "      --                              
     Controls                                                                  
     10    --  --   --  10.mu.l                                                
                            --  10.mu.l                                        
                                    20.mu.l    10.mu.l                         
     11    5.mu.l                                                              
               --   --  "   --  "   "          "                               
     12    "   --   --  "   --  "   "   1.0.times.10.sup.-.sup.5 M             
                                               "                               
     __________________________________________________________________________
TBL                table 2                                                     
     ______________________________________                                    
     tube No.    Excess       Test compound                                    
                 Synthetase   Final Concen-                                    
                              tration.                                         
     ______________________________________                                    
     1           -            --                                               
     2           +            --                                               
     3           +            8.7 .times. 10.sup.-.sup.5 M                     
     4           +            1.0 .times. 10.sup.-.sup.5 M                     
     5           +            2.5 .times. 10.sup.-.sup.6 M                     
     Controls                                                                  
     6           -            --                                               
     7           -            1.0 .times. 10.sup.-.sup.5 M                     
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of formula (I), or a tautomeric form thereof,
      ##SPC5##
PAL  wherein R is a lower alkyl group substituted with one or more halogen
      atoms, and R.sup.1 and R.sup.2 are the same or different and each is a
      lower alkyl group or R.sup.1 and R.sup.2, together with the carbon atom in
      the pteridine ring structure, form a spirocycloalkyl ring system having 4
      to 6 carbon atoms outside the pteridine ring structure.
NUM  2.
PAR  2. A compound as claimed in claim 1, wherein R is lower alkyl group
      substituted on the carbon atom adjacent the pteridine ring structure.
NUM  3.
PAR  3. A compound as claimed in claim 1, wherein R is a lower alkyl group
      substituted with one or two halogen atoms.
NUM  4.
PAR  4. A compound as claimed in claim 3, wherein the halogen atoms are bromine
      atoms.
NUM  5.
PAR  5. A compound as claimed in claim 1, wherein R is a substituted methyl
      group.
NUM  6.
PAR  6. A compound as claimed in claim 1, wherein R.sup.1 and R.sup.2 are lower
      alkyl groups.
NUM  7.
PAR  7. A compound as claimed in claim 6, wherein the alkyl groups are the same
      and are methyl groups.
NUM  8.
PAR  8. The compound according to claim 1 in which R.sup.1 and R.sup.2, together
      with the carbon atom in the pteridine ring structure, form a
      spirocycloalkyl ring system having 4 to 6 carbon atoms outside the
      pteridine ring structure.
NUM  9.
PAR  9. A pharmaceutically acceptable salt of a compound of formula (I), as
      defined in claim 1, or a tautomeric form thereof.
NUM  10.
PAR  10. A pharmaceutically acceptable salt as claimed in claim 9 which is a
      salt of an acid or a base selected from the group consisting of
      hydrobromic acid, sulphuric acid, acetic acid, citric acid, tartaric acid,
      lactic acid, maleic acid, salicylic acid, sodium hydroxide, potassium
      hydroxide, tetramethyl ammonium hydroxide and ammonia.
NUM  11.
PAR  11. A salt as claimed in claim 9 wherein the salt is the hydrochloric acid
      addition salt.
NUM  12.
PAR  12. The compound according to claim 1 which is selected from the group
      consisting of
      2-amino-4-hydroxy-6-bromomethyl-7,7-dimethyl-7,8-dihydropteridine and
      2-amino-4-hydroxy-6-dibromomethyl-7,7-dimethyl-7,8-dihydropteridine.
NUM  13.
PAR  13. 2-Amino-4-hydroxy-6-bromomethyl-7,7-dimethyl-7,8-dihydropteridine or a
      tautomer thereof.
NUM  14.
PAR  14. 2-Amino-4-hydroxy-6-dibromomethyl-7,7-dimethyl-7,8-dihydropteridine or
      a tautomer thereof.
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ABST
PAL  Novel 1,3-dimethyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-ones. The compounds
      exhibit central nervous system activity, particularly anti-convulsant and
      sedative activity, and also exhibit anti-inflammatory activity and gastric
      antisecretory activity.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel
      1,3-dimethyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-ones which are useful as
      anti-convulsants, sedatives, and anti-inflammatory and gastric
      antisecretory agents.
PAR  The novel compounds of this invention are represented by the formula
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen, C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4
      haloalkyl, morpholinomethyl, piperidinomethyl, methoxymethyl,
      N-methylpiperazinomethyl, benzylthiomethyl, carbethoxy or
      p-chlorophenoxymethyl; and R.sub.2 is hydrogen, C.sub.1 -C.sub.4 alkyl,
      phenyl or substituted phenyl.
PAR  The preferred compounds of this invention are those wherein R.sub.1 is
      methyl and R.sub.2 is phenyl, substituted phenyl, or hydrogen.
PAR  The term "C.sub.1 -C.sub.4 alkyl" includes methyl, ethyl, propyl,
      iso-propyl, n-butyl, sec-butyl and t-butyl.
PAR  The term "halo" includes bromo, chloro, fluoro, and iodo.
PAR  The term "substituted phenyl" as used herein, includes phenyl substituted
      in the ortho, meta or para position by a halo, trifluoromethyl or
      di(C.sub.1 -C.sub.4)alkylamino (C.sub.1 -C.sub.4)alkyloxy atom, or a
      disubstituted phenyl moiety wherein the substituents are halo or methyl,
      for example, 2-methyl-4-chlorophenyl, 2,3-dimethylphenyl,
      3,4-dichlorophenyl and the like.
PAR  "C.sub.1 -C.sub.4 alkoxy" includes methoxy, ethoxy, propoxy and butoxy.
PAR  It will be understood that compounds wherein R.sub.2 is H may exist in
      tautomeric equilibrium represented by the structural formulae I and II
      ##SPC2##
PAR  The compounds of this invention exhibit CNS activity, particularly
      anti-convulsant and sedative activity. The compounds are generally
      administered to mammalian patients in dosages of from 10 to 200 mg./kg. of
      body weight daily, either in single or divided doses over a 24 hour
      period.
PAR  In addition to the CNS activity, some of the compounds of this invention
      exhibit anti-inflammatory activity at dosages of from 100 to 200 mg./kg.
      daily, and gastric antisecretory activity at dosages of 25 to 50 mg./kg.
      daily. Particularly preferred anti-inflammatory agents are those wherein
      R.sub.1 is alkyl and R.sub.2 is dialkylaminoalkoxy.
PAR  The preferred gastric antisecretory agents are those wherein R.sub.1 is a
      C.sub.1 -C.sub.4 alkyl and R.sub.2 is hydrogen. A particularly preferred
      gastric antisecretory agent is
      1,3,5-trimethyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one. In a Four-Hour
      Pylorus-Ligated Rat Test, the gastric anti-secretory agent of the present
      invention provided a significant inhibition on the acid output. For
      example, with dosages of between 25 and 50 mg./kg., the acid output was
      inhibited between about 75 and 90 percent.
PAR  The compounds of this invention are prepared by methods well known in the
      art. The starting material, 1,3-dimethyl-4-cyano-5-nitropyrazole, can be
      prepared according to U.S. Pat. No. 3,121,092 or Papesch and Dodson, J.
      Org. Chem. 3-, 199-203 (1965). The nitrile is hydrolyzed with an
      appropriate base to the carboxylic acid which is reacted with thionyl
      chloride to the corresponding acid chloride. The acid chloride is then
      reacted with an appropriate aniline or amine, followed by catalytic
      reduction to give the amino acid. Cyclization of the amino amides with
      either formic or acetic acid gives the desired product.
DETD
PAR  The preferred method of preparation is represented by the following
      reaction scheme:
      ##SPC3##
PAR  Representative compounds which can be prepared by the above reaction scheme
      include:
PA1  1,3-Dimethyl-5-(4-morpholinomethyl)-6-phenyl-1H-pyrazolo[4,3-d]pyrimidine-7
     (6H)-one.
PA1  1,3,6-Trimethyl-5-chloromethyl-1H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-chloromethyl-1H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-(1-piperidinomethyl)-6-phenyl-1
      H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-methoxymethyl-6-phenyl-1H-pyrazolo-[4,3-d]pyrimidine-7(6H)-o
     ne.
PA1  1,3-Dimethyl-6-(4-bromophenyl)-1H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-(1 -methyl-4-piperazinomethyl)-6
      -phenyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-carbethoxy-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-6-(4-chlorophenyl)-1H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-chloromethyl-6-(3-trifluoromethyl-phenyl)-1H-pyrazolo[4,3-d]
     pyrimidine-7(6H)-one.
PA1  1,3,5-Trimethyl-6-(4-chlorophenyl)-1H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one.
PA1  1,3,5-Trimethyl-6-(2-(2-diethylaminoethoxy)phenyl)-1H-pyrazolo[4,3-d]pyrimi
     dine-7(6H)-one.
PA1  1,3,5-Trimethyl-6-(4 -bromophenyl)-1
      H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one.
PA1  1,3,5-Trimethyl-6-(2,3-dimethlphenyl)-1H-pyrazolo-[4,3-d]pyrimidine-7(6H)-o
     ne.
PA1  1,3-Dimethyl-5-(4
      -chlorophenoxymethyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-6-(2,3-dimethylphenyl)-1H-pyrazolo-[4,3-d]pyrimidine-7(6
      H)-one.
PA1  1,3,5-Trimethyl-6-(4-chloro-2-methylphenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(
     6H)-one.
PA1  1,3-Dimethyl-6-(3,4-dichlorophenyl)-
      1H-pyrazolo-[4,3-d]pyrimidine-7(6H)-one.
PA1  1,3,5-Trimethyl-6-(3,4-dichlorophenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-o
     ne.
PA1  1,3,5-Trimethyl-6-(2-methylphenyl)-1H-pyrazolo-[4,3-d]pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-chloromethyl-6-(4-fluorophenyl)-
      1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
PA1  1,3-Dimethyl-5-chloromethyl-6-phenyl-1H-pyrazolo-[4,3-d]pyrimidine-7(6H)-on
     e.
PAR  The following examples further illustrate the present invention.
PAC  EXAMPLE 1
PAC  Preparation of 1,3-Dimethyl-1 H-pyrazolo[4,3-d]pyrimidine-7(6H)-one
PAR  1.5 g. of 4-amino-1,3-dimethylpyrazole- 5-carboxamide and 20 ml. of formic
      acid were refluxed for 5 hours. The reaction was concentrated in vacuo to
      a pink solid and triturated with ethanol to yield 1.5 g. of
      1,3-dimethyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one, m.p.
      303.degree.-305.degree..
PAR  Analysis Calcd. for C.sub.7 H.sub.8 N.sub.4 O: C, 51.21; H, 4.90; N, 34.12
      Found: C, 51.02; H, 5.37; N, 33.64.
PAC  EXAMPLE 2
PAC  Preparation of 1,3,5-Trimethyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one
PAR  5.6 g. of 4-amino-1,3-dimethylpyrazole-5-carboxamide and 50 ml. of glacial
      acetic acid were combined and heated at 185.degree.C. for 4 hours in an
      autoclave. The acetic acid was removed in vacuo and water was added to the
      6The crude product was filtered, washed with water and crystallized from
      ethanol to yield 1.6 g. of
      1,3,5-trimethyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one; m.p.
      262.degree.-263.degree..
PAR  Analysis Calcd. for C.sub.8 H.sub.10 N.sub.4 O: C, 53.92; H, 5.66; N,
      31.44. Found C, 54.24; H, 5.85; N, 31.49.
PAC  EXAMPLES 3-5
PAR  The following compounds were prepared according to the method of Example 2,
      using appropriate starting materials.
PAR  1,3,5-Trimethyl-6-(4-chlorophenyl)-1H-pyrazolo-[4,3-d]pyrimidine-7(6H)-one,
      m.p. 225.degree.-227.degree., from 4-amino-1,3-dimethyl-
      5-N-(4-chlorophenyl)pyrazolecarboxamide and acetic acid.
PAR  Analysis Calcd. for C.sub.14 H.sub.13 CIN.sub.4 O: C, 58.23; H, 4.54; N,
      19.41. Found: C, 57.94; H, 4.79; N, 19.51.
PAR  1,3,5-Trimethyl-6-(2-methylphenyl)-1H-pyrazolo-[4,3-d]pyrimidine-7(6
      H)-one, m.p. 155.degree.-158.degree., from
      4-amino-1,3-dimethyl-5-N-(2-methylphenyl)pyrazolecarboxamide and acetic
      acid.
PAR  Analysis Calcd. for C.sub.15 H.sub.16 N.sub.4 O: C, 67.15; H, 6.01; N,
      20.88. Found: C, 66.98; H, 6.11; N, 20.99.
PAR  1,3,5-Trimethyl-6-(3-trifluoromethylphenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(
     6H)-one, m.p. 184.degree.-185.degree., from
      4-amino-1,3-dimethyl-5-N-(3-trifluoromethylphenyl)pyrazole-carboxamide and
      acetic acid.
PAR  Analysis Calcd. for C.sub.15 H.sub.13 F.sub.3 N.sub.4 O: C, 55.90; H, 4.06;
      N, 17.38 Found C, 55.79; H, 4.20; N, 17.41.
PAC  EXAMPLE 6
PAC  Preparation of 1,3,5,6-tetramethyl-1H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one
PAR  7.5 g. of 1,3,5-trimethyl-1H-pyrazolo[4,3-d]-pyrimidine-7c6H)-one were
      dissolved in a solution of 1.7 g. of sodium hydroxide in 50 ml. of water.
      The resulting solution was filtered and treated with 5.3 g. of dimethyl
      sulfate. The reaction mixture was allowed to stand at room temperature
      with occasional shaking. Within an hour, a solid separated. Water was
      added to the reaction, and the solid filtered, washed with water, and
      dried in vacuo at 85.degree.C. to yield 5.6 g. of crude product, m.p.
      194.degree.-199.degree.. The product was crystallized from 115 ml. of hot
      ethanol to yield 3.5 g. of
      1,3,5,6-tetramethyl-1H-pyrazolo[4,3-d]-pyrimidine-7(6H)-one, m.p.
      190.degree.-192.degree..
PAR  Analysis Calcd. for C.sub.9 H.sub.12 NO.sub.4 : C, 56.24; H, 6.29; N,
      29.15. Found: C, 56.44; H, 6.23; N, 29.29.
PAC  EXAMPLE 7
PAC  Preparation of
      1,3-dimethyl-5-(4-chlorophenoxymethyl)-1H-pyrazolo[4,3-d]pyridmidine-7(6H)
     -one
PAR  15.4 g. of 4-amino-1,3-dimethylpyrazole-5-carboxamide was dissolved in 125
      ml. of glacial acetic acid. 20.5 g. of p-chlorophenoxyacetyl chloride were
      added dropwise. The reaction mixture was brought to reflux temperature and
      stirred for 4 hours whereupon a crystalline precipitate formed. The
      reaction was allowed to stand overnight, filtered, washed with acetic acid
      and then with water. Recrystallization from ethanol yielded 8.2 g. of
      1,3-dimethyl-5-(4-chlorophenoxymethyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-
     one; m.p. 216.degree.-217.degree..
PAR  Analysis Calcd. for C.sub.14 H.sub.13 ClN.sub.4 O.sub.2 : C, 55.18; H,
      4.30; N, 18.39. Found: C, 55.31; H, 4.22; N, 18.37.
PAC  EXAMPLE 8
PAC  Preparation of
      1,3-dimethyl-6-(3,4-dichlorophenyl)-1H-pyrazolo-[4,3-d]pyrimidine-7(6H)-on
     e
PAC  A. 4-Amino-1,3-dimethyl-5-N-(3,4-dichlorophenyl)-pyrazolecarboxamide.
PAR  213 g. of the acid chloride of 4-nitro-1,3-dimethylpyrazole-5-carboxylic
      acid in 500 ml. of dry benzene was added dropwise to a mixture of 83 g. of
      pyridine and 170 g. of 3,4-dichloroaniline in 1 liter of benzene. The
      reaction mixture was allowed to stand at room temperature overnight and
      then filtered. The filter cake was added to 2 liters of water and the
      crude product collected and crystallized from 4 liters of hot ethanol to
      yield 232 g. of
      4-nitro-1,3-dimethyl-5-N-(3,4-dichlorophenyl)pyrazole-carboxamide, m.p.
      206.degree.-208.degree..
PAR  Analysis Calcd. for C.sub.12 H.sub.10 Cl.sub.2 N.sub.4 O.sub.3 : C, 43.79;
      H, 3.06; N, 17.02. Found: C, 44.08; H, 3.31; N, 17.22.
PAR  The above prepared nitro amide was then catalytically hydrogenated to yield
      4-amino-1,3-dimethyl-5-N-(3,4-dichlorophenyl)pyrazolecarboxamide, m.p.
      223.degree.-224.degree..
PAR  Analysis Calcd. for C.sub.12 H.sub.12 Cl.sub.2 N.sub.4 O: C, 48.18; H,
      4.04; N, 18.73 Cl, 23.70. Found: C, 48.20; H, 4.36; N, 18.80 Cl, 23.53.
PAC  B.
      1,3-Dimethyl-6-(3,4-dichlorophenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one
PAR  8.5 g. of the above prepared intermediate in 50 ml. of formic acid was
      heated under reflux overnight and cooled. A white solid was obtained. The
      reaction mixture was diluted with water and the solid collected and dried
      in vacuo at 80.degree.. The crude product was crystallized from 200 ml. of
      hot methyl cellosolve and dried in vacuo to yield 7.3 g. of
      1,3-dimethyl-6-(3,4-dichlorophenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one
     , m.p. 250.degree.-251.degree. .
PAR  Analysis Calcd. for C.sub.13 H.sub.10 Cl.sub.2 N.sub.4 O: C, 50.51; H,
      3.26; N, 18.12. Found: C, 50.32; H, 3.45; N, 18.08.
PAC  EXAMPLES 9-11
PAR  The following compounds were prepared according to the method of Example 1
      using the appropriate starting materials:
PAR  1,3-Dimethyl-5-carbethoxy-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one, m.p.
      245.degree.- 247.degree., from 4-amino-1,3-dimethyl-5-pyrazolecarboxamide
      and diethyl oxalate.
PAR  Analysis Calcd. for C.sub.10 H.sub.12 N.sub.4 O: C, 50.84; H, 5.12; N,
      23.72 O, 20.32. Found: C, 50.62; H, 5.02; N, 23.59 O, 20.75.
PAR  1,3-Dimethyl-6-(3-trifluoromethylphenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)
     -one, m.p. 197.degree.-198.5.degree., from
      4-amino-1,3-dimethyl-5-N-(3-trifluoromethylphenyl)pyrazole-carboxamide and
      formic acid.
PAR  Analysis Calcd. for C.sub.14 H.sub.11 F.sub.3 N.sub.4 O: C, 54.55; H, 3.60;
      N, 18.17. Found: C, 54.37; H, 3.84; N, 18.37.
PAR  1,3-Dimethyl-6-(4-chloro-2-methylphenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)
     -one, m.p. 202.degree.-203.degree., from
      4-amino-1,3-dimethyl-5-N-(4-chloro-2-methylphenyl)pyrazole-carboxamide and
      formic acid.
PAR  Analysis Calcd. for C.sub.14 H.sub.13 ClN.sub.4 O: C, 58.24; H, 4.54; N,
      19.40. Found: C, 58.33; H, 4.83; N, 19.28.
PAC  EXAMPLES 12-29
PAR  Following the above procedures, other compounds of this invention were
      prepared from the appropriate starting materials. Table I below lists
      representative series of such compounds and their accompanying physical
      characteristics.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Compound                   Empirical                                      
                                        Analysis                               
     Ex.                                                                       
        R.sub.1    R.sub.2      Formula Calc. %    Found %    M.P. in          
                                                              .degree.C.       
     __________________________________________________________________________
                                        C   H  N   C   H  N                    
     12 --CH.sub.3              C.sub.15 H.sub.15 ClN.sub.4 O                  
                                        59.51                                  
                                            4.99                               
                                               18.50                           
                                                   59.78                       
                                                       4.82                    
                                                          18.62                
                                                              197-201.degree.  
     13 --CH.sub.2 Cl           C.sub.14 H.sub.12 ClFN.sub.4 O                 
                                        54.82                                  
                                            3.94                               
                                               18.26                           
                                                   55.06                       
                                                       4.15                    
                                                          18.41                
                                                              224-226.degree.  
     14 --CH.sub.2 Cl           C.sub.14 H.sub.13 ClN.sub.4 O                  
                                        58.23                                  
                                            4.53                               
                                               19.40                           
                                                   58.04                       
                                                       4.42                    
                                                          19.45                
                                                              237-238.degree.  
     15                         C.sub.18 H.sub.21 N.sub.5 O.sub.2              
                                        63.70                                  
                                            6.24                               
                                               20.64                           
                                                   63.58                       
                                                       6.12                    
                                                          20.84                
                                                              213.5-214.degree.
                                                              2                
     16            --H          C.sub.19 H.sub.23 N.sub.5 O                    
                                        67.63                                  
                                            6.87                               
                                               20.76                           
                                                   67.79                       
                                                       6.80                    
                                                          20.87                
                                                              203.degree.      
     17 --CH.sub.2 Cl                                                          
                   --H          C.sub.8 H.sub.9 ClN.sub.4 O                    
                                        45.18                                  
                                            4.26                               
                                               26.34                           
                                                   45.44                       
                                                       4.29                    
                                                          26.38                
                                                              247-249.degree.  
     18 -- CH.sub.2 Cl                                                         
                   --CH.sub.3   C.sub.9 H.sub.11 ClN.sub.4 O                   
                                        47.68                                  
                                            4.89                               
                                               24.72                           
                                                   47.49                       
                                                       4.98                    
                                                          24.64                
                                                              150-151.degree.  
     19                         C.sub.19 H.sub.24 N.sub.6 O                    
                                        64.75                                  
                                            6.86                               
                                               23.85                           
                                                   64.45                       
                                                       6.74                    
                                                          23.93                
                                                              204-205.degree.  
     20                         C.sub.21 H.sub.20 N.sub.4 OS                   
                                        67.00                                  
                                            5.35                               
                                               14.88                           
                                                   66.97                       
                                                       5.22                    
                                                          14.91                
                                                              180-182.degree.  
     21 --CH.sub.3              C.sub.14 H.sub.12 Cl.sub.2 N.sub.4 O           
                                        52.03                                  
                                            3.74                               
                                               17.34                           
                                                   52.20                       
                                                       3.55                    
                                                          17.39                
                                                              267.5-268.5.degre
                                                              e.               
     22 --CH.sub.2 Cl           C.sub.15 N.sub.12 ClF.sub.3 N.sub.4 O          
                                        50.42                                  
                                            3.60                               
                                               15.67                           
                                                   50.24                       
                                                       3.92                    
                                                          15.41                
                                                              198-205.degree.  
     23 H                       C.sub.13 H.sub.11 ClN.sub.4 O                  
                                        56.84                                  
                                            4.04                               
                                               20.39                           
                                                   56.81                       
                                                       3.98                    
                                                          20.58                
                                                              222-223.degree.  
     24 --CH.sub.3              C.sub.14 H.sub.13 BrN.sub.4 O                  
                                        50.46                                  
                                            3.93                               
                                               16.82                           
                                                   51.24                       
                                                       4.43                    
                                                          16.74                
                                                              240-242.degree.  
     25 --CH.sub.3              C.sub.16 H.sub.18 N.sub.4 O                    
                                        68.06                                  
                                            6.43                               
                                               19.85                           
                                                   68.01                       
                                                       6.19                    
                                                          20.05                
                                                              208-209.5.degree.
                                                              4                
     26 H          --CH.sub.2 CH--                                             
                                C.sub.16 H.sub.16 N.sub.4 O.sub.3              
                                        61.53                                  
                                            5.16                               
                                               17.94                           
                                                   61.74                       
                                                       5.48                    
                                                          18.04                
                                                              144-             
                                                              146.degree.      
                   .vertline.                                                  
                   OCH                                                         
                   .parallel.                                                  
                   O                                                           
     27 H                       C.sub.15 H.sub.16 N.sub.4 O                    
                                        67.14                                  
                                            6.01                               
                                               20.88                           
                                                   67.96                       
                                                       6.11                    
                                                          20.96                
                                                              203-205.degree.  
     28 --CH.sub.2 OCH.sub.3    C.sub.15 H.sub.16 N.sub.4 O.sub.2              
                                        63.36                                  
                                            5.67                               
                                               19.71                           
                                                   63.48                       
                                                       5.70                    
                                                          19.75                
                                                              164-165.degree.  
     29 H                       C H BrN O                                      
                                        48.92                                  
                                            3.47                               
                                               17.55                           
                                                   49.16                       
                                                       3.53                    
                                                          17.66                
                                                              217-220.degree.  
     __________________________________________________________________________
PAC  EXAMPLE 30
PAC  1,3,5-Trimethyl-6-(2-(2-diethylaminoethoxy)phenyl)-1H-pyrazolo[4,3-d]pyrimi
     dine-7(6H)-one
PAR  1,3-Dimethyl-4-nitro-5-pyrazolecarboxylic acid chloride is reacted with an
      equimolar quantity of o-aminophenol and the resulting nitroamide is
      catalytically reduced to the amino amide. Following the method of Example
      2, the amino amide is cyclized with acetic acid in an autoclave and the
      resulting pyrazolopyrimidone is treated with an equimolar amount of
      diethylaminoethylchloride hydrochloride in absolute ethanol containing two
      equivalents of sodium ethoxide.
      1,3,5-Trimethyl-6-(2-(2-diethylaminoethoxy)phenyl)-1H-pyrazolo[4,3-d]pyrim
     idine-7(6H)-one is obtained from the reaction mixture.
PAR  The compounds of the present invention can be incorporated into various
      pharmaceutically acceptable dosage forms such as tablets, capsules, pills,
      suspensions and the like, for immediate or sustained release, by combining
      them with suitable carriers or diluents according to methods well known in
      the art. In addition to active agent and the carrier or diluent, the
      dosage forms may include various excipients, binders, fillers, flavoring
      and sweetening agents, and the like, necessary in the formulation of the
      desired pharmaceutical preparation. However, in the case of filled
      capsules, for example, the compound can be the sole ingredient.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound represented by the structural formula
      ##SPC4##
PAL  wherein R.sub.1 is hydrogen, C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4
      haloalkyl, piperidinomethyl, methoxymethyl, N-methyl-piperazinomethyl,
      carbethoxy, or p-chlorophenoxymethyl; and R.sub.2 is hydrogen, C.sub.1
      -C.sub.4 alkyl, phenyl or
      ##SPC5##
PAL  wherein R is a substituent of the class consisting of halo, methyl, tri
      fluoromethyl and di(C.sub.1 -C.sub.4)alkylamino (C.sub.1
      -C.sub.4)alkyloxy.
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein R.sub.1 is methyl and
      R.sub.2 is phenyl or
      ##SPC6##
PAL  wherein R is a substituent of the class consisting of hal, methyl,
      trifluoromethyl and di(C.sub.1 -C.sub.4)alkylamino (C.sub.1
      -C.sub.4)alkyloxy.
NUM  3.
PAR  3. A compound in accordance with claim 1,
      1,3,5-trimethyl-6-(3-trifluoromethylphenyl)-1H-pyrazolo[4,3-d]-pyrimidine-
     7(6H)-one.
NUM  4.
PAR  4. A compound in accordance with claim 1,
      1,3,5-trimethyl-6-(4-bromophenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
NUM  5.
PAR  5. A compound in accordance with claim 1,
      1,3,5-trimethyl-6-(2,3-dimethylphenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-
     one.
NUM  6.
PAR  6. A compound in accordance with claim 1,
      1,3,5-trimethyl-6-(4-chlorophenyl)-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
NUM  7.
PAR  7. A compound in accordance with claim 1,
      1,3,5-trimethyl-6-(2-methyl-4-chlorophenyl)-1H-pyrazolo[4,3-d]-pyridmidine
     -7(6H)-one.
NUM  8.
PAR  8. A compound in accordance with claim 1,
      1,3,5-trimethyl-1H-pyrazolo[4,3-d]pyrimidine-7(6H)-one.
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ABST
PAL  Anthrapyrimidine dyes of the formula:
      ##SPC1##
PAL  In which
PA1  A is saturated alkylene of two to eight carbon atoms or cycloalkylene of
      six to eight carbon atoms; and
      ##EQU1##
      B is hydrogen, or IN WHICH X is saturated alkyl of one to nine carbon
      atoms which may bear other substituents, phenalkyl, a five-membered or
      six-membered heterocyclic ring, --NHR or --OR in which R is alkyl of one
      to six carbon atoms, cycloalkyl of six to eight carbon atoms or
      unsubstituted or substituted phenyl. On synthetic fibers or in
      thermoplastics the dyes give yellow to orange colorations which have very
      good fastness properties.
BSUM
PAR  The invention relates to new anthrapyrimidine dyes of the formula (I):
      ##SPC2##
PAL  in which
PAR  A is linear or branched saturated alkylene of two to eight carbon atoms
      which may contain the bridging atom --O--, or cycloalkylene of six to
      eight carbon atoms; and
PAR  B is hydrogen or
      ##EQU2##
      where X is linear or branched saturated alkyl of one to nine carbon atoms
      in which one or two hydrogen atoms may be replaced by chlorine, bromine or
      phenoxy; cycloalkyl of five to eight carbon atoms; phenyl in which one to
      three hydrogen atoms may be replaced by chlorine, bromine, fluorine, alkyl
      of one to three carbon atoms, trifluoromethyl, ethoxy, methoxy and/or
      cyano; naphthyl; phenalkyl of seven to ten carbon atoms; a five-membered
      or six-membered heterocyclic ring containing oxygen or nitrogen or both
      nitrogen and oxygen as heteroatoms; -NH-R or -O-R in which R is alkyl of
      one to six carbon atoms, cycloalkyl of six to eight carbon atoms or phenyl
      in which one to three hydrogen atoms may be replaced by chlorine, bromine,
      methyl, methoxy and/or phenoxy.
PAR  The new dyes are suitable, alone or mixed together or with other dyes, for
      dyeing and printing fibers of cellulose acetate, polyamides, polyurethanes
      and particularly for dyeing linear polyesters. The new dyes are also
      suitable for the mass coloration of thermoplastics such as polystyrene,
      polymethacrylates, polyethylene and polypropylene. The new dyes give
      bright yellow to golden yellow colorations on synthetic fibers and
      thermoplastics.
PAR  Alkylenes which may contain oxygen as a bridging atom and cycloalkylenes
      for A include the following specific examples: --CH.sub.2 --CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --, --CH(CH.sub.3)--CH.sub.2 --CH.sub.2
      --, --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --(CH(CH.sub.3)--,
      --C(CH.sub.3).sub.2 --CH.sub.2 --, --C(CH.sub.3).sub.2 --CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --,
      ##SPC3##
PAR  Of the said groups, alkylenes of the formulae --CH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH.sub.2 CH.sub.2 --, --C(CH.sub.3).sub.2 --CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 -- and
      --CH(CH.sub.3)--CH.sub.2 CH.sub.2 are preferred for A.
PAR  Examples of linear or branched alkyls of one to nine carbon atoms which may
      bear chloro, bromo or phenoxy as substituents or cycloalkyls of five to
      eight carbon atoms for X are methyl, ethyl, propyl, isopropyl, n-butyl,
      sec.-butyl, chloromethyl, bromomethyl, dichloromethyl, .beta.-chloroethyl,
      .alpha.-chloroethyl, vinyl (--CH=CH.sub.2), heptyl-3,
      .beta.-carbomethoxyethyl, .beta.-carboethoxyethyl,
      .beta.-carbobutoxyethyl, phenoxymethyl, cyclohexyl, methylcyclohexyl,
      cyclopentyl and cyclohexenyl.
PAR  Examples of phenyl in which one to three hydrogen atoms are replaced by
      chlorine, bromine, fluorine, alkyl of one to three carbon atoms,
      trifluoromethyl, methoxy, ethoxy and/or cyano (in addition to
      unsubstituted phenyl) for X are:
PAR  2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-methylphenyl,
      3-methylphenyl, 4-methylphenyl, 3-trifluoromethylphenyl, 2-bromophenyl,
      4-bromophenyl, 2,4-dichlorophenyl, 2,5-dichlorophenyl, 2-methoxyphenyl,
      3-methoxyphenyl, 4-methoxyphenyl, 2-ethoxyphenyl, 4-ethoxyphenyl,
      4-ethylphenyl, 4-isopropylphenyl, 4-n-propylphenyl, 4-cyanophenyl and
      3-cyanophenyl.
PAR  Examples of phenylalkyl of seven to ten carbon atoms for X are: benzyl,
      phenylethyl and .beta.-styryl; and examples of five-membered or
      six-membered heterocyclic rings are furyl-(2), pyridyl-3 and pyridyl-4.
PAR  For reasons of economy the following are preferred for X: 2-chlorophenyl,
      3-chlorophenyl, 4-chlorophenyl, 2,4-dichlorophenyl,
      3-trifluoromethylphenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
      3-methoxyphenyl, 4-methoxyphenyl, cyclohexyl, phenoxymethyl, styryl, ethyl
      and n-propyl.
PAR  Phenyl, 2-chlorophenyl, 2,4-dichlorophenyl, 2,5-dichlorophenyl and
      cyclohexyl are particularly preferred substituents X for economical and
      tinctorial reasons.
PAR  Examples of alkyls of one to six carbon atoms and cycloalkyls of five to
      eight carbon atoms for R are: methyl, ethyl, n-propyl, isopropyl,
      sec.-butyl, n-butyl, n-hexyl, cyclohexyl, methylcyclohexyl, cyclopentyl
      and cyclooctyl.
PAR  Apart from phenyl itself, the following radicals are examples of phenyl in
      which one to three hydrogen atoms have been replaced by chlorine, bromine,
      methyl, methoxy or phenoxy for R: 2-chlorophenyl, 3-chlorophenyl,
      4-chlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-bromophenyl,
      2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-methoxyphenyl,
      3-methoxyphenyl, 4-methoxyphenyl, 2,4-dichlorophenyl,
      2,4,6-trichlorophenyl and 4-phenoxyphenyl.
PAR  4-chlorophenyl, phenyl, methyl and 2-propyl are preferred as radicals R in
      --NHR and --OR for the sake of economy.
PAR  The new dyes may be prepared by reaction of 1-(N),
      9-(N-pyrimidino)-2-hydroxyanthraquinone with an aliphatic or
      cycloaliphatic aminoalcohol of the formula H.sub.2 N-A-OH followed if
      desired by treatment of the reaction product (formula (I) with B as
      hydrogen) with an acylating compound such as a carboxylic acid chloride,
      carboxylic acid anhydride or isocyanate.
PAR  Reaction of 1-(N), 9-(N-pyrimidino)-2-hydroxyanthraquinone (hereinafter
      referred to as 2-hydroxyanthraquinone derivative) is conveniently carried
      out in an excess of the amino alcohol and if desired in the presence of
      boric acid, the amino alcohol serving at the same time as a solvent. The
      reaction may also be carried out in a solvent which is inert under the
      reaction conditions such as glycol monomethyl ether, glycol monoethyl
      ether, glycol monobutyl ether, diglycol or propanediol-1,2 in the presence
      of at least the stoichiometric amount of the amino alcohol. It is
      advantageous however to use from 2 to 15 moles of the amino alcohol for
      each mole of 2-hydroxyanthraquinone derivative. The reaction temperature
      is generally from 90.degree. to 170.degree.C, if desired at the boiling
      temperature of the amino alcohol or the alcohol serving as solvent. The
      duration of the reaction depends on the amino alcohol and the reaction
      temperature. The reaction is generally ended after from two to eight hours
      under the said conditions.
PAR  Examples of amino alcohols of the formula H.sub.2 N-A-OH are ethanolamine,
      propanolamine-1,3, 1-aminopropanol-2, 3-aminobutanol-1, 2-aminobutanol-1,
      3-amino-3-methylbutanol-1,2-amino-2-methylpropanol-1,
      2-(2'-hydroxyethoxy)-ethylamine-1, 4-aminocyclohexanol and
      hydroxynorbornylamine, preferably ethanolamine, 3-aminopropanol-1,
      2-amino-2-methylpropanol-1 and 2-(2'-hydroxyethoxy)-ethylamine-1.
PAR  Dyes of formula (I) in which B is the radical --CO--X are obtained by
      reaction of 1-(N), 9-(N-pyrimidino)-2-hydroxyalkyl-(or
      cycloalkyl)-anthraquinones (II) with carboxylic acid chlorides, carboxylic
      anhydrides or isocyanates.
PAR  Depending on the acylating agent the reaction takes place at a temperature
      of from 0.degree. to 100.degree.C, in the presence or absence of an
      acid-binding agent and conveniently in an organic solvent which is inert
      under reaction conditions.
PAR  Examples of carboxylic acid chlorides which are suitable for the acylation
      are the chlorides of aliphatic fatty acids of one to nine carbon atoms
      which bear halogen such as chlorine or bromine in the alkyl, haloformic
      esters, cycloaliphatic carboxylic acid chlorides, aromatic carboxylic acid
      chlorides, araliphatic carboxylic acid chlorides and heterocyclic
      carboxylic acid chlorides. Specific examples are: acetyl chloride,
      propionyl chloride, butyryl chloride, 2-ethylhexanoic acid chloride,
      chloroacetyl chloride, dichloroacetyl chloride, acryloyl chloride,
      .beta.-chloropropionyl chloride, methyl chloroformate, ethyl
      chloroformate, isopropyl chloroformate, cyclohexyl chloroformate, phenyl
      chloroformate, cyclohexanoic acid chloride, benzoyl chloride,
      2-chlorobenzoyl chloride, 3-chlorobenzoyl chloride, 4-chlorobenzoyl
      chloride, 2-bromobenzoyl chloride, 3-bromobenzoyl chloride, 4-bromobenzoyl
      chloride, 2,4-dichlorobenzoyl chloride, 2,5-dichlorobenzoyl chloride,
      2,4-dibromobenzoyl chloride, 2,4,5-trichlorobenzoyl chloride,
      2-methylbenzoyl chloride, 3-methylbenzoyl chloride, 4-methylbenzoyl
      chloride, 2-ethylbenzoyl chloride, 3-ethylbenzoyl chloride, 4-ethylbenzoyl
      chloride, propylbenzoyl chloride, 3-trifluoromethylbenzoyl chloride,
      2-methoxybenzoyl chloride, 3-methoxybenzoyl chloride, 4-methoxybenzoyl
      chloride, 2-ethoxybenzoyl chloride, 3-ethoxybenzoyl chloride,
      4-ethoxybenzoyl chloride, 4-cyanobenzoyl chloride, 3-cyanobenzoyl
      chloride, cinnamyl chloride, phenylacetyl chloride, .alpha. -naphthoyl
      chloride, furyl-(2)-carboxylic acid chloride, nicotinyl chloride and
      pyridine-4-carboxylic acid chloride.
PAR  Cyclohexanoic acid chloride, benzoyl chloride, 2-chlorobenzoyl chloride,
      2,5-dichlorobenzoyl chloride and 2,4-dichlorobenzoyl chloride are
      preferred from among the said acid chlorides.
PAR  Anhydrides of lower aliphatic carboxylic acids such as acetic anhydride and
      propionic anhydride are particularly suitable as anhydrides for the
      acylation.
PAR  Examples of suitable isocyanates are: methyl, ethyl, propyl, isopropyl,
      butyl, hexyl, allyl, phenyl, 4-chlorophenyl, .alpha.-naphthyl,
      methoxymethyl and .gamma.-methoxypropyl isocyanates.
PAR  Reaction with the carboxylic acid halides or carboxylic anhydrides
      conveniently takes place in the presence of acid-binding agents,
      especially tertiary nitrogen bases such as pyridine, the picolines, the
      lepidines and aliphatic tertiary amines and also aliphatic-aromatic
      tertiary amines. Examples of tertiary amines apart from the pyridine bases
      already mentioned above are: trimethylamine, triethylamine,
      tripropylamine, tributylamine, N,N-dimethylaniline and N,N-diethylaniline.
      Acid-binding agents also include N,N-disubstituted carboxamides such as
      N,N-dimethylformamide, N,N-diethylformamide and N,N-diethylacetamide.
      Carbonates, hydrocarbonates or hydroxides of the alkali metals or of the
      alkaline earth metals and the alcoholates of the alkali metals are also
      suitable as acid-binding agents. Examples of such acid-binding agents are
      sodium carbonate, potassium carbonate, sodium hydrogen carbonate,
      potassium hydrogen carbonate, potassium hydroxide, sodium hydroxide and
      sodium methylate.
PAR  The said tertiary bases and amines or the N,N-disubstituted carboxylic acid
      amides such as pyridine, tripropylamine, N,N-diethylaniline or
      N,N-dimethylformamide may be used in excess as solvents.
PAR  The acylation is carred out as a rule in an organic solvent which is inert
      under the reaction conditions in the presence of at least a stoichiometric
      amount of a tertiary base or amine. Examples of suitable inert solvents
      are: aromatic hydrocarbons such as toluene, xylene, chlorobenzene,
      dichlorobenzene, trichlorobenzene or nitrobenzene or aliphatic
      chlorohydrocarbons such as chloroform, carbon tetrachloride or
      tetrachloroethane, and also lower aliphatic ketones such as acetone or
      cyclic ethers such as dioxane or tetrahydrofuran.
PAR  The new anthrapyrimidine dyes of the formula (I) are yellow to orange
      crystalline compounds which are sparingly soluble in water and which have
      melting points within the range from 100.degree. to 250.degree.C. Being
      disperse dyes, the new dyes are particularly suitable for dyeing
      polyethylene glycol terephthalate fibers by known and conventionally used
      methods from an aqueous liquor and give very bright yellow to orange
      shades. The dyeings have very good fastness to light, laundering,
      crocking, perspiration, sublimation and decatizing. When the new dyes are
      used for the mass coloration of thermoplastics such as polystyrene and
      copolymers of styrene, colorations having very good fastness to light are
      also obtained.
DETD
PAR  The following Examples will further illustrate the invention. The parts and
      percentages specified are by weight. The melting points are determined in
      a copper block. The temperature is uncorrected.
PAC  EXAMPLE 1
PAR  248 parts of 1-(N),9-(N-pyrimidino)-2-hydroxyanthraquinone is stirred in
      700 parts of ethanolamine for 3 hours at 100.degree. to 110.degree.C under
      nitrogen. After cooling the yellow crystalline precipitate is filtered
      off, washed with methanol and dried. The yield is 239 parts of
      1-(N),9-(N-pyrimidino)-2-.beta.-hydroxyethylaminoanthraquinone having a
      melting point of 246.degree. to 248.degree.C.
PAR  Polyethylene glycol terephthalate fibrous material is dyed bright yellow
      hues from an aqueous dispersion.
PAC  EXAMPLE 2
PAR  An equal amount of propanolamine-1,3 is used instead of ethanolamine in
      Example 1 and the whole is heated for 1 hour at 150.degree.C. 214 parts of
      1-(N),9-(N-pyrimidino)-2-.gamma.-hydroxypropylaminoanthraquinone is
      obtained with a melting point of 209.degree. to 210.degree.C. Bright
      golden yellow colorations having good daylight fastness are obtained from
      an aqueous liquor on polyethylene glycol terephthalate. fibrous material.
PAC  EXAMPLE 3
PAR  74.4 parts of 1-(N),9-(N-pyrimidino)-2-hydroxyanthraquinone is stirred with
      105 parts of 2-(2-hydroxyethoxy)-ethylamine-1 in 105 parts of ethylene
      glycol monoethyl ether for 5 hours at 134.degree.C. After cooling the
      crystalline precipitate is filtered off, washed with methanol and water
      and dried. 70 parts of
      1-(N),9-(N-pyrimidino)-2-hydroxyethoxyethylaminoanthraquinone is obtained
      with a melting point of 173.degree. to 175.degree.C. The dye is equivalent
      in its tinctorial properties to the dye of Example 2.
PAC  EXAMPLE 4
PAR  24.8 parts of 1-(N),9-(N-pyrimidino)-2-hydroxyanthraquinone, 6 parts of
      boric acid and 70 parts of 2-amino-2-methylpropanol-1 are stirred for 8
      hours at 142.degree.C. The reaction mixture is cooled to 70.degree.C,
      methanol is added and after cooling to room temperature the product is
      filtered off. The crystals of
      1-(N),9-pyrimidino)-2-(2'-hydroxy-1',1'-dimethylethylamino)-anthraquinone
      obtained in a good yield have a melting point of 218.degree. to
      220.degree.C and give very deep and bright yellow colorations on
      polyethylene glycol terephthalate fibers.
PAC  EXAMPLE 5
PAR  Example 4 is repeated using 70 parts of 1-aminopropanol-2 instead of
      2-amino-2-methylpropanol-1 and the whole being stirred for 7 hours at
      125.degree. to 130.degree.C. After cooling and filtration 22 parts of
      1-(N),9-(N-pyrimidino)-2-(2'-hydroxypropionylamino)-anthraquinone is
      obtained with a melting point of 260.degree. to 262.degree.C.
PAC  EXAMPLE 6
PAR  The procedure of Example 4 is repeated but 50 parts of
      hydroxynorbornylamine is used instead of 2-amino-2-methylpropanol-1. After
      isolation a dye is obtained which dyes polyester fibers bright yellow
      hues.
PAC  EXAMPLE 7
PAR  42 parts of 1-(N),9-(N-pyrimidino)-2-.beta.-hydroxyethylaminoanthraquinone
      (prepared according to Example 1) is stirred in 400 parts of chlorobenzene
      and 41 parts of tripropylamine with 75.3 parts of 2-chlorobenzoyl chloride
      at 60.degree. to 80.degree.C for 12 hours. After cooling the precipitate
      is filtered off and the residue is washed with chlorobenzene, methanol and
      water and dried. The yield is 53 parts of the dye of the formula:
      ##SPC4##
PAL  having a melting point of 210.degree. to 211.degree.C.
PAR  The finely dispersed dye dyes polyethylene glycol terephthalate fibers
      bright yellow hues having very good fastness to daylight, sublimation,
      laundering and crocking.
PAC  EXAMPLES 8 TO 17
PAR  1-(N),9-(N-pyrimidino)-2-.beta.-hydroxyalkylamino anthraquinones which bear
      the alkylene radical indicated under A in Table 1 are reacted as described
      in Example 6 with acid chlorides
      ##EQU3##
      in which B has the meanings given in Table 1.
PAR  Dyes of formula (I) in which A and B have the meanings indicated are
      obtained. The dyes give bright colorations having good fastness properties
      on polyethylene glycol terephthalate fibers.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                                                                   
          A          B              Hue on  Melting point .degree.C            
                                    polyester                                  
     __________________________________________________________________________
      8   --CH.sub.2 --CH.sub.2 --  golden yellow                              
                                            172 to 173                         
      9   --CH.sub.2 --CH.sub.2 --  yellow  230 to 232                         
     10   --CH.sub.2 --CH.sub.2 --  yellow  199 to 200                         
     11   --CH.sub.2 --CH.sub.2 --  yellow  266 to 227                         
     12   --CH.sub.2 --CH.sub.2 --  yellow  201 to 202                         
     13   --CH.sub.2 --CH.sub.2 --  yellow  159 to 160                         
     14   --CH.sub.2 --CH.sub.2 --  golden yellow                              
                                            184 to 185                         
     15   --CH.sub.2 --CH.sub.2 --  yellow  240 to 241                         
     16   --CH.sub.2 --CH.sub.2 --  yellow  224 to 225                         
     17   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                    golden yellow                              
                                            114 to 118                         
     __________________________________________________________________________
PAC  EXAMPLE 18
PAR  15.3 parts of
      1-(N),9-(N-pyrimidino)-2-.gamma.-hydroxypropylaminoanthraquinone (prepared
      according to Example 2) is stirred in 50 parts of anhydrous nitrobenzene,
      5.5 parts of dimethylformamide and 11.3 parts of o-toluyl chloride for 4
      hours at 50.degree. to 60.degree.C. The reaction product is precipitated
      with methanol, and the precipitate is filtered off when cold and washed
      with methanol and water. The yield is 15 parts of the dye of the formula:
      ##SPC5##
PAL  having a melting point of 178.degree. to 180.degree.C. Colorations on
      polyethylene glycol terephthalate fibers are bright yellow.
PAC  EXAMPLES 19 TO 28
PAR  As described in Example 18 anthraquinone derivatives of the formula (I) in
      which A has the meanings given in Table 2 and B is hydrogen are reacted
      with acid chlorides
      ##EQU4##
      in which B has the meanings given in table 2. Dyes of the formula (I) are
      obtained in which A and B have the meanings given in Table 2. The dyes dye
      polyesters in the hues indicated.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Example                                                                   
          A              B            Hue on                                   
                                            Melting                            
                                      polyester                                
                                            point .degree.C                    
     __________________________________________________________________________
     19   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                                      all golden                               
                                            197 to 199                         
                                      yellow                                   
     20   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                                            199 to 201                         
     21   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                                            196 to 198                         
     22   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                            169 to 172                         
     23   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                            177 to 179                         
     24   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                            178 to 180                         
     25   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                            136 to 138                         
     26   --CH.sub.2 --CH.sub.2 --CH.sub.2  172 to 174                         
     27   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                                            107 to 109                         
     28   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                                            189 to 190                         
     __________________________________________________________________________
PAC  EXAMPLE 29
PAR  21.7 parts of 1-(N),9-(N
      -pyrimidino)-2-.beta.-hydroxyethylaminoanthraquinone is stirred in 100
      parts of o-dichlorobenzene and 7 parts of dimethylformamide, 10 parts of
      tripropylamine and 24.5 parts of cinnamyl chloride for 5 hours at
      60.degree.C. The reaction product is precipitated in yellow crystals.
      After cooling it is filtered off and the residue is washed with methanol
      and water. The yield is 22 parts of the dye of the formula:
      ##SPC6##
PAL  It has a melting point of 175.degree. to 177.degree.C. The dye dyes
      polyethylene glycol terephthalate golden yellow hues having good fastness
      properties.
PAC  EXAMPLES 30 TO 35
PAR  As described in Example 29 dyes of the formula (I) are prepared in which A
      and B have the meanings given in Table 3. All the dyes give yellow hues on
      polyesters.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Example                                                                   
          A              B              Melting point .degree.C                
     __________________________________________________________________________
     30   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                        168 to 170                             
     31   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                        132 to 134                             
     32   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                        158 to 160                             
     33   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                        168 to 170                             
     34   --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                  
                                        172 to 174                             
     35   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                                        194 to 196                             
     __________________________________________________________________________
PAC  EXAMPLE 36
PAR  15.3 parts of
      1-(N),9-(N-pyrimidino)-2-.gamma.-hydroxypropylaminoanthraquinone (prepared
      according to Example 2) in 95 parts of o-dichlorobenzene and 28.6 parts of
      tripropylamine at 50.degree. to 60.degree.C has 17.8 parts of nicotinyl
      chloride added to it and the whole is stirred for 4 hours at 55.degree. to
      60.degree.C and for one hour at 80.degree.C. After cooling the mixture is
      suction filtered and the residue is washed with methanol. The yield is
      18.5 parts of the dye of the formula:
      ##SPC7##
PAL  and having the melting point 203.degree. to 205.degree.C. Bright yellow
      colorations are obtained on polyethylene glycol terephthalate.
PAC  EXAMPLES 37 TO 38
PAR  Dyes of the formula (I) in which A and B have the meanings give in Table 4
      are obtained as described in Example 36; both give yellow hues on
      polyesters.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Example                                                                   
          A       B             Melting point .degree.C                        
     __________________________________________________________________________
     37   --CH.sub.2 --CH.sub.2 --                                             
                                183 to 185                                     
     38   --CH.sub.2 --CH.sub.2 --                                             
                                214 to 216                                     
     __________________________________________________________________________
PAC  EXAMPLE 39
PAR  14.6 parts of
      1-(N),9-(N-pyrimidino)-2-.gamma.-hydroxypropylaminoanthraquinone (prepared
      according to Example 2), 14.8 parts of tripropylamine, 70 parts of
      o-dichlorobenzene and 11.9 parts of phenyl isocyanate are stirred for 3 to
      4 hours at 90.degree.C. After the reaction mixture has been cooled the
      yellow crystals are filtered off and washed with methanol and water. The
      yield is 19 parts of the dye of the formula:
      ##SPC8##
PAL  of the melting point 224.degree.C to 226.degree.C. Dyeings on polyethylene
      glycol terephthalate fibers have good fastness to daylight and
      sublimation.
PAC  EXAMPLES 40 TO 43
PAR  Dyes of the formula (I) in which A and B have the meanings give in Table 5
      are obtained as described in Example 39.
     __________________________________________________________________________
     Example A                  Hue on  Melting                                
                                polyester                                      
                                        point .degree.C                        
     __________________________________________________________________________
     40   --CH.sub.2 --CH.sub.2 --                                             
                  --C--NH--CH.sub.3                                            
                                golden yellow                                  
                                        204 to 205                             
                  .parallel.                                                   
                  O                                                            
     41   --CH.sub.2 --CH.sub.2 --                                             
                                yellow  233 to 215                             
     42   --CH.sub.2 --CH.sub.2 golden yellow                                  
                                        195 to 197                             
          .vertline.                                                           
          O                                                                    
          .vertline.                                                           
          --CH.sub.2 --CH.sub.2                                                
                  CH.sub.3                                                     
                  .vertline.                                                   
     43   --CH.sub.2 --CH.sub.2                                                
                  --C--N--CH    yellow  201 to 203                             
          .vertline.                                                           
                  .parallel..vertline..vertline.                               
          O       OHCH.sub.3                                                   
          .vertline.                                                           
          --CH.sub.2 --CH.sub.2                                                
     __________________________________________________________________________
PAC  EXAMPLE 44
PAR  a. 9.6 parts of 1-(N),9-(N-pyrimidino)-2-(1',
      1'-dimethyl-2'-hydroxyethylamino)-anthraquinone (prepared according to
      Example 4) in 50 parts of pyridine has 8.4 parts of cyclohexanoic acid
      chloride added to it and the whole is stirred for four hours at
      40.degree.C. The reaction mixture is diluted with methanol and the
      precipitate is filtered off and washed with water. The yield is 11.5 parts
      of the dye of the formula:
      ##SPC9##
PAL  which has a melting point of 125.degree. to 126.degree.C. The dye dyes
      polyethylene glycol terephthalate fibers bright yellow hues having very
      good light fastness.
PAR  b. 5 parts of the dye obtained is incorporated in 10,000 parts of
      polystyrene in an extruder at about 190.degree.C to 200.degree.C. Colored
      granules are obtained which give bright transparent yellow moldings having
      good fastness to light in an injection molding machine at a temperature of
      from 190.degree. to 220.degree.C.
PAC  EXAMPLES 45 to 47
PAR  Dyes of the formula (I) in which A and B have the meanings give in Table 6
      are obtained as described in Example 44(a).
TBL                                    Table 6                                 
     __________________________________________________________________________
     Example                                                                   
           A               B        Hue on                                     
                                          Melting point                        
                                    polyester                                  
                                          .degree.C                            
     __________________________________________________________________________
     45   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                         --C--CH.sub.3                                         
                                    yellow                                     
                                          139 to 141                           
                         .parallel.                                            
                         O                                                     
     46   --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    
                         --C--CH.sub.2 --CH.sub.2 --CH.sub.3                   
                                    yellow                                     
                                          108 to 109                           
                         .parallel.                                            
                         O                                                     
     47   --CH--CH.sub.2 --CH.sub.2 --                                         
                                    golden                                     
                                          138 to 140                           
          .vertline.                yellow                                     
          CH.sub.3                                                             
     __________________________________________________________________________
PAC  EXAMPLE 48
PAR  15 parts of ethyl chloroformate is added at 0.degree. to 5.degree.C to 14.5
      parts of 1-(N),9-(N-pyrimidino)-2.beta.-hydroxyethylaminoanthraquinone in
      150 parts of pyridine and the whole is stirred for 14 hours at 0.degree.
      to 5.degree.C. The reaction mixture is filtered and the residue is washed
      with methanol. 13.7 parts of a yellow powder of the formula:
      ##SPC10##
PAL  is obtained having a melting point of 162.degree. to 164.degree.C.
      Colorations on polyethylene glycol terephthalate fibers are bright yellow.
PAC  EXAMPLE 49
PAR  14.5 parts of 1-(N),9-(N-pyrimidino)-2-.beta.-hydroxyethylamioanthraquinone
      is stirred in 70 parts of o-dichlorobenzene 14.8 parts of tripropylamine
      and 13 parts of propionic anhydride for 3 hours at 90.degree.C. After
      cooling the residue is filtered off and washed with methanol and water.
      The yield is 15.6 parts of a yellow dye of the formula
      ##SPC11##
PAL  having a melting point of 159.degree. to 161.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. An anthrapyrimidine dye of the formula
      ##SPC12##
PAL  in which
PA1  A is linear or branched saturated unsubstituted alkylene of two to eight
      carbon atoms, or --CH.sub.2 --CH.sub.2 --O--CH.sub.2 --CH.sub.2 --;
PA1  B is hydrogen or
      ##EQU5##
      where X is linear or branched saturated alkyl of one to nine carbon atoms,
      a linear or branched saturated alkyl of one to nine carbon atoms in which
      one or two hydrogen atoms are substituted by chloro, bromo or phenoxy,
      cycloalkyl of five to eight carbon atoms, phenyl; phenyl in which one to
      three hydrogen atoms are substituted by chloro, bromo, fluoro, alkyl of
      one to three carbon atoms, trifluoromethyl, ethoxy and cyano, said phenyl
      substituents being identical or different, naphthyl, phenylalkyl of seven
      to ten carbon atoms, styryl, a pyridine ring, or --NH--R or --O--R where R
      is alkyl of one to six carbon atoms, cycloalkyl of six to eight carbon
      atoms, phenyl, or phenyl in which one to three hydrogen atoms are
      substituted by chloro, bromo, methyl, methoxy and phenoxy, said phenyl
      substituents being identical or different.
NUM  2.
PAR  2. A dye of the formula according to claim 1 in which A is --CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --, --C(CH.sub.3).sub.2
      --CH.sub.2 --, --CH(CH.sub.3)--(CH.sub.2).sub.2 or --CH.sub.2 --CH.sub.2
      --O--CH.sub.2 --CH.sub.2 -- and B has the meanings specified in claim 1.
NUM  3.
PAR  3. An anthrapyrimidine dye of the formula
      ##SPC13##
PAL  in which
PA1  A' is --CH.sub.2 --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --,
      --C(CH.sub.3).sub.2 --CH.sub.2 --, or --CH.sub.2 --CH.sub.2 --O--CH.sub.2
      -- CH.sub.2 -- and
PA1  B' is
      ##EQU6##
      where X.sup.1 denotes cyclohexyl, phenyl, 2-chlorophenyl, 3-chlorophenyl,
      4-chlorophenyl, 2,4-dichlorophenyl, 3-trifluoromethyl-phenyl,
      2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 3-methoxyphenyl,
      4-methoxyphenyl, phenoxymethyl, styryl, ethyl or propyl.
NUM  4.
PAR  4. An anthrapyrimidine dye of the formula
      ##SPC14##
PAL  wherein A is --CH.sub.2 --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --,
      --C(CH.sub.3).sub.2 --CH.sub.2 -- or --CH.sub.2 --CH.sub.2 --O--CH.sub.2
      --CH.sub.2 --, and
PA1  X.sup.2 denotes cyclohexyl, phenyl, 2-chlorophenyl, 2,4-dichlorophenyl or
      2,5-dichlorophenyl.
NUM  5.
PAR  5. An anthrapyrimidine dye of the formula
      ##SPC15##
PAL  wherein A denotes --CH.sub.2 --CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH.sub.2 --, --C(CH.sub.3).sub.2 --CH.sub.2 --, --CH.sub.2 --CH.sub.2
      O--CH.sub.2 --CH.sub.2 --, --CH.sub.2 --CH(CH.sub.3)-- or
      ##SPC16##
NUM  6.
PAR  6. An anthrapyrimidine dye of the formula
      ##SPC17##
PAL  wherein A denotes --CH.sub.2 --CH.sub.2 -- or --CH.sub.2 --CH.sub.2
      --O--CH.sub.2 --CH.sub.2 --.
NUM  7.
PAR  7. An anthrapyrimidine dye of the formula
      ##SPC18##
PAL  wherein A denotes --CH.sub.2 --CH.sub.2 -- or --CH.sub.2 --CH.sub.2
      --O--CH.sub.2 --CH.sub.2 and R denotes phenyl, 4-chlorophenyl, methyl or
      2-propyl.
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ABST
PAL  Compounds having the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are lower alkyl or cycloalkyl,
PA1  R.sub.3 is hydrogen, alkyl, methoxyethyl, alkenyl, propargyl, benzyl or
      alkyl substituted benzyl,
PA1  R.sub.4 is lower alkylene,
PA1  M is a metal, and
PA1  z has a value of from 1 to 4,
PAL  And good light stabilizers. The carboxylic acids are prepared, for example,
      from 2,2,6,6-tetramethyl-piperidin-4-ol and succinic acid to give
      o-mono(2,2,6,6-tetramethyl-piperidin-4-ol)succinate. The metal salts of
      the acids are readily prepared by reacting the acids or their salts with a
      reactive form of the metal or metal complex.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the stabilization of organic material normally
      tending to deteriorate. In particular, the invention relates to the
      protection of snythetic polymers against the harmful degradative effects,
      such as discoloration and embrittlement caused by exposure to light,
      especially ultraviolet light.
PAR  It is known that actinic radiation, particularly in the near ultraviolet
      region, has a deleterious effect on both the appearance and properties of
      organic polymers. For example, normally colorless or light colored
      polyesters yellow on exposure to sunlight as do such cellulosics as
      cellulose acetate. Polystyrene discolors and cracks, with accompanying
      loss of its desirable physical properties when exposed to actinic light,
      while vinyl resins, such as polyvinyl chloride and polyvinyl acetate spot
      and degrade. The rate of air oxidation of polyolefins such as polyethylene
      and polypropylene is materially accelerated by ultraviolet light.
PAR  It has been proposed to stabilize polymeric materials against ultraviolet
      light deterioration by the use of various types of ultraviolet absorbers.
      Thus, U.S. Pat. No. 3,004,896 discloses for this purpose
      2(2-hydroxyphenyl)benzotriazole derivatives, while U.S. Pat. No. 3,189,630
      discloses certain metal salts of hydroxybenzoic acids which are useful as
      actinic stabilizers in synthetic polymers.
PAR  Additionally, in U.S. Pat. No. 3,120,540 there is discussed the reaction of
      substituted 4-piperidinol compounds with acid anhydrides having the
      formula
      ##EQU2##
      where n is 1 to 4, to yield bis(polymethyl)-4-piperidinol alkanoates. In
      the example of this patent the probable formation of
      ##EQU3##
      is mentioned as an intermediate in the synthesis of the bis(hydrogen
      sulfate)salt of bis(1,2,2,6,6-pentamethyl-4-piperidyl)succinate. The
      compounds of U.S. Pat. No. 3,120,540 are taught to possess significant
      pharmacological activity in lowering blood pressure. We have now found
      that certain metal salts of hindered piperidine carboxylic acids stabilize
      organic substrates against the degradative effect of ultraviolet light.
PAC  DETAILED DISCLOSURE
PAR  The present invention is accordingly directed to a new class of ultraviolet
      light stabilizers which consist of a compound of the formula
      ##EQU4##
      wherein
PAR  R.sub.1 and R.sub.2 independently of each other are straight- or
      branched-chain alkyl having from 1 to 6 carbon atoms, or together with the
      carbon to which they are bound form a cyclopentyl or cyclohexyl ring,
      which is unsubstituted or substituted with a methyl group,
PAR  R.sub.3 is hydrogen, alkyl having 1 to 12 carbon atoms,
      .beta.-methoxyethyl, alkenyl having 3 or 4 carbon atoms, propargyl, benzyl
      or alkyl substituted benzyl,
PAR  R.sub.4 is straight or branched-chain alkylene having 1 to 4 carbon atoms,
PAR  M is a metal selected from the group consisting of barium, nickel,
      manganese, calcium, zinc, iron, sodium, cobalt, tin, and dialkyl tin, and
PA1  z has a value of from 1 to 4, the value of z being the same as the
      available valence of M.
PAR  Examples of R.sub.1 and R.sub.2 are methyl, ethyl, isopropyl, n-butyl and
      n-hexyl. Preferably, R.sub.1 and R.sub.2 are each a methyl group.
      Representative of R.sub.1 and R.sub.2 as cycloalkyl groups are cyclohexyl,
      cyclopentyl, 2-methyl, 3-methyl and 4-methylcyclohexyl, and 2-methyl and
      3-methylcyclopentyl. The preferred cycloalkyl groups are cyclohexyl and
      2-methylcyclohexyl. Most preferably, R.sub.1 and R.sub.2 are each a methyl
      group.
PAR  Substituent R.sub.3 can be hydrogen, alkyl having 1 to 12 carbon atoms,
      preferably alkyl having 1 to 4 carbon atoms, methyl being particularly
      preferred, .beta.-methoxyethyl, alkenyl having 3 to 4 carbon atoms,
      preferably allyl, propargyl, benzyl or alkyl substituted beyzyl. Hydrogen
      and methyl are particularly preferred.
PAR  Examples of R.sub.3 are hydrogen, methyl, ethyl, n-propyl, isopropyl,
      n-butyl, isobutyl, n-hexyl, n-octyl, n-dodecyl, alkyl, .alpha.-methallyl,
      propargyl, benzyl, .alpha.-methylbenzyl, p-methylbenzyl and .alpha.,
      .rho.-dimethylbenzyl.
PAR  The preferred alkylene residue R.sub.4 is straightchain alkylene having 1
      to 4 carbon atoms.
PAR  Among the substituents represented by M, nickel and manganese are
      preferred. Particularly preferred is nickel.
PAR  This invention also relates to compositions of matter which are stabilized
      against ultraviolet light deterioration which comprises a synthetic
      organic polymer normally subject to ultraviolet deterioration containing
      from about 0.005 to 5% by weight of the polymer of the compounds of
      formula I and preferably from 0.01 to 2% by weight.
PAR  The compounds as represented by formula I, can be used in combination with
      other light stabilizers such as 2(2-hydroxyphenyl)benzotriazoles,
      2-hydroxybenzophenones, nickel complexes and benzoates.
PAR  The compounds of this invention are stabilizers of organic material
      normally subject to thermal, oxidative or actinic light deterioration.
      Materials which are thus stabilized include synthetic organic polymeric
      substances including homopolymers, copolymers, and mixtures thereof, such
      as vinyl resins formed from the polymerization of vinyl halides or from
      the copolymerization of vinyl halides with unsaturated polymerizable
      compounds, e.g., vinyl esters, .alpha.,.beta.-unsaturated acids,
      .alpha.,.beta.-unsaturated esters, .alpha.,.beta.-unsaturated ketones,
      .alpha.,.beta.-unsaturated aldehydes and unsaturated hydrocarbons such as
      butadienes and styrene; poly-.alpha.-olefins such as high and low density
      polyethylene, cross-linked polyethylene, polypropylene,
      poly(4-methylpentane-1 and the like, including copolymers of
      .alpha.-olefins; such as ethylene-propylene copolymers, and the like;
      dienes such as polybutadiene, polyisoprene, and the like, including
      copolymers with other monomers; polyurethanes such as are prepared from
      polyols and organic polyisocyanates, and polyamides such as
      polyhexamethylene adipamide and polycaprolactam; polyesters such as
      polyethylene terephthalates; polycarbonates such as those prepared from
      bisphenol-A and phosgene; polyacetals such as polyethylene terephthalate
      polyacetal; polystyrene, polyethyleneoxide; polyacrylics such as
      polyacrylonitrile; polyphenyleneoxides such as those prepared from
      2,6-dimethylphenol and the like; and copolymers such as those of
      polystyrene containing copolymers of butadiene and styrene and those
      formed by the copolymerization of acrylonitrile, butadiene and/or styrene.
PAR  Other materials which can be stabilized by the compounds of the present
      invention include libricating oil of the aliphatic ester type, i.e.,
      di(1,2-ethylene)-azelate, pentaerythritol tetracaproate, and the like;
      animal and vegetable derived oils, e.g., linseed oil, fat, tallow, lard,
      peanut oil, cod liver oil, castor oil, palm oil, corn oil, cottonseed oil,
      and the like; hydrocarbon materials such as gasoline, mineral oil, fuel
      oil, drying oil, cutting fluids, waxes, resins, and the like, salts of
      fatty acids such as soaps and the like; and alkylene glycols, e.g.,
      .beta.-methoxyethyleneglycol, methoxytriethyleneglycol, triethylene
      glycol, octaethyleneglycol, dibutyleneglycol, dipropyleneglycol and the
      like.
PAR  The compounds of this invention are particularly useful as UV light
      stabilizers, especially for the protection of polyolefins, for instance,
      polyethylene, polypropylene, poly(butene-1), poly(pentene-1), poly
      (3-methylbutene-1), poly(4-methylpentene-1), various ethylene-propylene
      copolymers and the like.
PAR  In general, the stabilizers of this invention are employed from about 0.01
      to about 5% by weight of the stabilized composition, although this will
      vary with the particular substrate and application. An advantageous range
      is from about 0.05 to about 2% especially 0.1 to about 1%.
PAR  For addition to polymeric substrates, the stabilizers can be blended before
      polymerization or after polymerization, during the usual processing
      operations, for example, by hot-milling, the composition then being
      extruded, pressed, blow molded or the like into films, fibers, filaments,
      hollow spheres and the like. The heat stabilizing properties of these
      compounds may advantageously stabilize the polymer against degradation
      during such processing at the high temperature generally encountered. The
      stabilizers can also be dissolved in suitable solvents and sprayed on the
      surface of films, fabrics, filaments or the like to provide effective
      stabilization. Where the polymer is prepared from a liquid monomer as in
      the case of styrene, the stabilizer may be dispersed or dissolved in the
      monomer prior to polymerization or curing.
PAR  These compounds can also be used in combination with other additives such
      as antioxidants, sulfurcontaining esters such as
      distearyl-.beta.-thiodipropionate (DSTDP),
      dilauryl-.beta.-thiodipropionate (DLTDP) in an amount of from 0.01 to 2%
      by weight of the organic material, and the like, pourpoint depressants,
      corrosion and rust inhibitors, dispersing agents, demulsifiers,
      antifoaming agents, fillers such as glass or other fibers, carbon black,
      accelerators and the other chemicals used in rubber compounding,
      plasticizers, color stabilizers, di- and tri-alkyl- and
      -alkylphenylphosphites, heat stabilizers, ultraviolet light stabilizers,
      antiozonants, dyes, pigments, metal chelating agents, dyesites and the
      like. Often combinations such as these, particularly the sulfur containing
      esters, the phosphites and/or the ultraviolet light stabilizers will
      produce superior results in certain applications to those expected by the
      properties of the individual components.
PAR  The following represents co-stabilizers which are in certain instances very
      useful in combination with the stabilizers of this invention:
      ##EQU5##
      wherein R is an alkyl group having from 6 to 24 carbon atoms; and n is an
      integer from 1 to 6. Especially useful compounds of this type are
      dilauryl-.beta.-thiodipropionate and distearyl-.beta.-thiodipropionate.
      The above co-stabilizers are used in the amount of from 0.01 to 2% by
      weight of the organic material, and preferably from 0.1 to 1%.
PAR  Although the compounds of this invention may to some degree also be
      effective as thermal stabilizers, if the processing of the polymer is
      carried out at high temperatures it is advantageous to incorporate
      additional antioxidants.
PAR  In most applications, it is desirable to incorporate into the resin
      composition, sufficient thermal antioxidants to protect the plastic
      against thermal and oxidative degradation. The amount of antioxidant
      required will be comparable to that of the actinic stabilizer. Namely,
      from about 0.005% to 5% and preferably from 0.01 to 2% by weight
      Representative of such antioxidants are phosphite esters, such as
      triphenylphosphite and dibutylphosphite and alkyl arylphosphites such as
      dibutylphenylphosphite, and the like.
PAR  The best results have been obtained with the preferred class of thermal
      antioxidants, the hindered phenols. These compounds have been found to
      provide the best thermal stabilization with the least discoloration in the
      compositions of the invention. Amoung these phenolic antioxidants are
      included the following:
PA1  di-n-octadecyl(3-5-butyl-4-hydroxy-5-methylbenzyl)malonate
PA1  2,6-di-t-butylphenol
PA1  2,2'-methylene-bis(6-t-butyl-4-methylphenol)
PA1  2,6-di-t-butylhydroquinone
PA1  octadecyl-(3,5-di-t-butyl-4-hydroxybenzylthio)acetate
PA1  1,1,3-tris(3-t-butyl-6-methyl-4-hydroxyphenyl)-butane
PA1  1,4-bis(3,5-di-t-butyl-4-hydroxybenzyl)-2,3-5,6-tetramethylbenzene
PA1  2,4-bis-(3,5-di-t-butyl-4-hydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA1  2,4-bis-(n-octylthio)-6-(3,5-di-t-butyl-4-hydroxyanilino)-1,3,5-triazine
PA1  2,4,6-tris-(4-hydroxy-3,5-di-t-butylphenoxy)-1,3,5-triazine
PA1  n-octadecyl-.beta.-(3,5-di-t-butyl-4-hydroxyphenyl) propionate
PA1  n-octadecyl-3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(n-octylthio)ethyl-3,5-di-t-butyl-4-hydroxybenzoate
PA1  stearamido N,N-bis-{ethylene 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  1,2-propylene glycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  pentaerythritol tetrakis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  dioctadecyl-3,5-di-t-butyl-4-hydroxybenzyl-phosphonate
PA1  di-n-octadecyl-1-(3,5-di-t-butyl-4-hydroxyphenyl)-ethanephosphonate
PAR  The above phenolic hydrocarbon stabilizers are known and many are
      commercially available.
PAR  The above antioxidants have been listed only for the purpose of
      illustration and it is important to note that any other antioxidant can be
      employed with similar improved results. The above exemplified antioxidants
      and other related antioxidants which are incorporated herein by reference,
      are disclosed in greater detail in the following patents: Netherlands
      Patent Specification 67/1119, issued February 19, 1968; Netherlands Patent
      Specification 68/03498 issued Sept. 18, 1968; U.S. Pat. Nos. 3,255,191;
      3,330,859, 3,644,482, 3,281,505; 3,531,483, 3,285,855; 3,364,250;
      3,368,997; 3,357,944 and 3,758,549.
PAR  The hindered piperidine carboxylic acids of this invention may be prepared
      by reacting a piperidinol of the formula
      ##SPC1##
PAL  wherein R.sub.1, R.sub.2, and R.sub.3 are as defined above via a usual
      esterification procedure with a diacid of the formula
      ##EQU6##
      wherein R.sub.4 is as defined above, or conveniently with an acid
      anhydride thereof such as succinic anhydride and glutaric anhydride. In
      the process of reacting an acid of formula III with a compound of formula
      II the esterification catalyst is preferably a neutral catalyst, for
      instance a tetraalkyl titanate.
PAR  The acids and acid anhydrides which are reacted with the compounds for
      formula II may all be prepared by methods well known in the art.
PAR  The metal salts of the present invention can be prepared by treating the
      above described hindered piperidine carboxylic acids with a reactive form
      of the metal or metal complex, e.g., sodium hydroxide or the like.
      Alternatively, and preferably in the case of metal complexes and metals
      other than the alkali metals, a double decomposition is employed. Thus,
      for example, a sodium salt of the present invention is treated with nickel
      chloride. In a similar fashion use of other halides such as manganese
      chloride, barium chloride and the like results in formation of the
      corresponding metal derivative.
PAR  The compounds of formula II may be prepared according to procedures
      presented in Patent Application Ser. No. 408,123 filed Oct. 19, 1973.
      Preparation of the hindered piperidine carboxylic acids of this invention
      is described in more detail in copending application, Ser. No. 429,231,
      filed on Dec. 28, 1973.
PAR  The following examples, presented for illustration and not limitation, will
      further serve to typify the nature of the present invention.
DETD
PAC  EXAMPLE 1
PAC  Nickel bis-(o-mono-1,2,2,6,6-pentamethyl piperidin-4-ol succinate)
PAR  A. In a 1-liter 3-necked flask equipped with a stirrer, thermometer,
      condenser, dropping funnel and nitrogen inlet were placed 5.4 g (10.02
      moles) of o-mono (1,2,2,6,6-pentamethylpiperidin-4-ol)succinate and 200 ml
      of absolute methanol. To the stirred mixture was added via a volumetric
      pipette 20.0 ml of 1.0 N KOH in methanol. To the stirred solution was
      added dropwise over a 10-minute period a solution of 2.37 g (0.01 moles)
      of NiCl.sub.2 6H.sub.2 O in 50 ml of absolute methanol. The dropping
      funnel was rinsed with an additional 50 ml of absolute methanol and the
      reaction mixture was heated at 50.degree. for a 2-hour period. The green
      reaction mixture was then cooled and evaporated to dryness under reduced
      pressure. The residue was treated with 20 ml of isopropanol and the
      mixture heated 2 hours at 50.degree.C. The reaction mixture, after cooling
      to room temperature was filtered with suction, the solids washed with
      isopropanol, and the filtrate evaporated to dryness under reduced
      pressure. The residue was taken up in benzene, the solution filtered with
      suction, and the benzene filtrate evaporated under reduced pressure. The
      residue was dried at 70.degree. under vacuum, and the desired material
      obtained as a green glass.
PAR  B. By following the above procedure (A) and substituting for the
      o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate an equivalent amount
      of:
PA1  a. o-mono(1-n-dodecyl-2,2,6,6-tetramethylpiperidin-4-ol)succinate
PA1  b. o-mono(1-benzyl-2,2,6,6-tetramethylpiperidin-4-ol)succinate
PA1  c. o-mono(1-allyl-2,2,6,6-tetramethylpiperidin-4-ol)succinate
PAL  there is respectively obtained the following compounds:
PA1  a. nickel II bis(o-mono
      {1-n-dodecyl-2,2,6,6-tetramethylpiperidin-4-ol}succinate)
PA1  b. nickel II bis(o-mono
      {1-benzyl-2,2,6,6-tetramethylpiperidin-4-ol}succinate)
PA1  c. nickel II bis(o-mono
      {1-allyl-2,2,6,6-tetramethylpiperidin-4-ol}succinate)
PAC  EXAMPLE 2
PAC  Nickel II bis(o-mono {2,2,6,6-tetramethylpiperidin-4-ol}succinate)
PAR  A. In a 500 ml 1-necked flask equipped with a magnetic stirrer, thermometer
      and dropping funnel were placed 2.85 g (0.01 moles) of
      o-mono(2,2,6,6-tetramethylpiperidin-4-ol)succinate and 100 ml of absolute
      methanol. To the stirred mixture was added via volumetric pipette 100 ml
      of 0.1N KOH in methanol. To the stirred solution was then added dropwise
      over a 10-minute period a solution of 1.188 g (0.005 moles) of NiCl.sub.2
      6H.sub.2 O in 20 ml of absolute methanol. An additional 20 ml of methanol
      was used to rinse the dropping funnel. The reaction mixture was heated at
      50.degree. for two hours, cooled to room temperature and evaporated to
      approximately 100 ml under reduced pressure. To the methanolic solution
      was added 100 ml of absolute ethanol. The solution was allowed to stand
      overnight whereupon a white precipitate formed, the precipitate was
      collected by suction, rinsed with ethanol, and the filtrate reduced to
      one-half volume under reduced pressure. The above operations (addition of
      ethanol, standing, filtration and evaporation) were repeated once more.
      Then isopropanol was substituted for ethanol and the operations repeated
      twice more. The filtrate was evaporated to dryness and the green glassy
      residue was dissolved in benzene, the benzene solution filtered with
      suction and the filtrate evaporated under reduced pressure. The residue
      was dried under vacuum at 70.degree.C, yielding the desired nickel salt as
      a green glassy solid.
PAR  B. By following the above procedure (A) and substituting for the
      o-mono(2,2,6,6-tetramethylpiperidin-4-ol)succinate an equivalent amount of
      o-mono(2,2,6,6-tetramethylpiperidin-4-ol)adipate there was produced nickel
      II bis(o-mono {2,2,6,6-tetramethylpiperidin-4-ol}adipate).
PAC  EXAMPLE 3
PAR  By essentially following the procedure of Example 1 (A) and substituting
      the following metal complexes for nickel chloride:
PA1  a. manganese chloride
PA1  b. zinc chloride
PA1  c. ferric chloride
PA1  d. cobalt(ous) chloride there are respectively obtained:
PA1  a. manganese complex of
      o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate
PA1  b. zinc complex of o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate
PA1  c. iron complex of o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate
PA1  d. cobalt complex of o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate
PAC  EXAMPLE 4
PAC  Artificial Light Exposure Test
PAR  Deterioration of most polymers caused by ultraviolet light is so slow at
      ambient temperatures, even in the absence of stabilizers, that testing of
      the effects of stabilizers generally must be conducted either at higher
      temperatures or in an accelerated artificial light exposure device in
      order to yield results in a convenient period of time. The tests conducted
      on polymers using an artificial light exposure device is described below:
PAR  a. Sample Preparation
PAR  5 mil Film - Unstabilized polypropylene powder (Hercules Profax 6501) is
      thoroughly blended with the indicated amounts of additives. The blended
      material is then milled on a two roll mill for 5 minutes at 182.degree.C.
      The milled sheet is then compression molded at 220.degree.C into 5 mil
      thick film under a pressure of 175 psi and water cooled in the press.
PAR  b. Testing Method
PAR  This test is conducted in a FS/BL unit, basically of the American Cyanamid
      design, which consists of 40 tubes of alternating fluorescent sunlamps and
      black lights (20 of each). The 5  mil sample film which are mounted on 3
      inch .times. 2 inch IR card holders with 1/4 inch .times. 1 inch windows
      and are placed on a rotating drum 2 inches from the bulbs in the FS/BL
      unit. The time in hours is noted for the development of 0.5 carbonyl
      absorbance units as determined on an Infrared Spectophotometer. The
      development of carbonyl functional groups in the polymer is proportional
      to the amount of degradation caused by the ultraviolet light exposure.
PAR  The test results reported below were obtained according to the procedures
      described above. The amounts of the additives are expressed in weight
      percent based on the weight of the polymer.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Light Stabilization Data in                                               
     Polypropylene                                                             
                    Time in Hours to                                           
                    0.5 Carbonyl Ab-                                           
     Additive       sorbance Units                                             
                    Formulation A*                                             
                             Formulation B**                                   
     __________________________________________________________________________
     Nickel bis{o-mono                                                         
     (1,2,2,6,6-pentamethyl-                                                   
     piperidin-4-ol)suc-                                                       
     cinate}        3390     2860                                              
     Nickel bis{o-mono(2,2,                                                    
     6,6-tetramethylpiperidin                                                  
     4-ol)succinate}                                                           
                    1760     2304                                              
     Nickel bis{o-mono(2,2,                                                    
     6,6-tetramethylpiperidin-                                                 
     4-ol)adipate}  4000     3130                                              
     Blank           215                                                       
     __________________________________________________________________________
      *Formulation A contains 0.5% additive and 0.2% antioxidant dioctadecyl   
      3,5-di-t-butyl-4-hydroxybenzylphosphonate.                               
      **Formulation B contains 0.25% additive, 0.25% UV absorber               
      2(2'-hydroxy-3',5'-di-t-butyl-phenyl)-5-chlorobenzotriazole, and 0.2%    
      antioxidant dioctadecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate.       
PAL  Proportionately good stabilization is obtained when in the compositions of
      Table I the compounds of this invention are present in the concentrations
      of 0.1 and 1%.
PAR  Other hindered phenolic antioxidants may be used in place of
      di-octadecyl(3,5-di-t-butyl-4-hydroxybenzyl)phosphonate in the above
      mentioned compositions for example, di-n-octadecyl
      .alpha.-(3-t-butyl-4-hydroxy-4-methylbenzyl)malonate, 2,4-bis
      (n-octylthio)-6-(3,4-di-t-butyl-4-hydroxyaniline)-1,3,5-triazine,
      octadecyl 3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate,
      pentaerythritol-tetrakis{3-(3,5-di-t-butyl-4-hydroxyphenyl)}propionate,
      tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate,
      2,6-di-tert-butyl-4-methylphenol,
      N,N,N-tris-(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate, and
      2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-1,3,5-trimethylbenzyl.
PAR  The compositions of Table I are also stabilized with
      2(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole is replaced
      with the following UV absorbers:
PA1  a. 2-hydroxy-4-methoxy-5-sulfobenzophenone trihydrate
PA1  b. 2-hydroxy-4-n-octoxybenzophenone
PA1  c. {2,2'-thiobis(4-t-octylphenolate)}-n-butylamine nickel II
PA1  d. p-octylphenyl salicylate
PA1  e. 2,2'-dihydroxy-4,4'-dimethoxybenzophenone
PA1  f. 2(2'-hydroxy-5'-methylphenyl)-benzotriazole.
PAC  EXAMPLE 5
PAR  High impact polystyrene resin containing elastomer (i.e.,
      butadiene-styrene) is stabilized against loss of elongation properties due
      to exposure to ultraviolet light by incorporation of 0.3% by weight of the
      nickel complex of o-mono(1,2,2,6,6-pentamethyl piperidin-4-ol)succinate.
PAR  The unstabilized resin is dissolved in chloroform and the stabilizer then
      added, after which the mixture is cast on a glass plate and the solvent
      evaporated to yield a uniform film which, upon drying, is removed and cut
      up, and then pressed for 7 minutes at a temperature of 163.degree.C and a
      pressure of 2,000 pounds per square inch into a sheet of uniform thickness
      (25 mil). The sheets are then cut into strips approximately 4 .times. 0.5
      inches. A portion of these strips is then measured for percent of
      elongation in the Instron Tensile Testing Apparatus (Instron Engineering
      Corporation, Quincy, Massachusetts). The remaining portions of the strips
      are placed in an FS/BL chamber according to Example 4(b) except that the
      samples are mounted and white cardboard stock and the time to 50%
      reduction in elongation is measured. The stabilized polystyrene resin
      retains its elongation property longer than the unstabilized resin.
PAC  EXAMPLE 6
PAR  Unstabilized linear polyethylene is solvent blended in methylene chloride
      with 0.5% by weight of the substrate of the nickel complex of
      o-mono-(2,2,6,6-tetramethyl piperidin-4-ol)succinate and then vacuum
      dried. The resin is then extrusion compounded on a 1 inch 24/1=L/D
      extruder, melt temperature 450.degree.F (232.degree.C) and pressed for 7
      minutes at a temperature of 163.degree.C and a pressure of 2000 psi into a
      sheet of uniform thickness of 100 mil. The sheets are then cut into
      plaques of 2 inch .times. 2 inch. The plaques are then exposed in a FS/BL
      exposure device and color measurements made periodically using a Hunter
      Color Difference Meter Model D25. Polyethylene stabilized with the above
      compound is found to be much more stable than the unstabilized
      polyethylene or the polyethylene stabilized only with an antioxidant.
PAC  EXAMPLE 7
PAR  A quantity of SBR emulsion containing 100 g of rubber (500 ml of 20% SBR
      obtained from Texas U.S., Synpol 1500) previously stored under nitrogen,
      is placed in a beaker and stirred vigorously. The pH of the emulsion is
      adjusted to 10.5 with a 0.5N NaOH solution.
PAR  To the emulsion is added 50 ml of 25% NaCl solution. A 6% NaCl solution
      adjusted with hydrochloric acid to a pH 1.5 is added in a thin stream with
      vigorous stirring. When pH 6.5 is reached, the rubber begins to coagulate
      and the addition is slowed down in order to maintain uniform agitation.
      The addition of the acidic 6% NaCl solution is terminated when a pH 3.5 is
      reached. The coagulated crumb-rubber slurry at pH 3.5 is stirred for 1/2
      hour.
PAR  The coagulated rubber is isolated by filtration through cheese cloth, and
      rinsed with distilled water. After three subsequent washings with fresh
      distilled water, the coagulated rubber is dried, first at 25 mm Hg and
      finally to constant weight under high vacuum (&gt;1 mm) at
      40.degree.-45.degree.C.
PAR  The dried rubber (25 g) is heated under nitrogen at 125.degree.C in a
      Brabender mixer and to this is added with mixing 0.25 g (0.5%) of the
      nickel complex of O-mono(2,2,6,6-tetramethyl piperidin-4-ol)adipate. The
      composition is mixed for 5 minutes after which it is cooled and
      compression molded at 125.degree.C into 5 inch .times. 0.025 inch plaques.
PAR  The plaques are exposed to a xenon arc weatherometer and the color
      measurement (L-b) is made after 45, 125 and 290 hours. The samples
      stabilized with the above compound are found to be much more light stable
      than the unstabilized samples.
PAC  EXAMPLE 8
PAR  To 50 g of polyacetal resin containing 0.1% of an acid scavenger,
      dicyandiamide, is added 0.2% by weight of the nickel complex of
      o-mono(1,2,2,6,6-pentamethyl piperidin-4-ol)succinate and milled for 7
      minutes at 200.degree.C in a Brabender Plasti-recorder. The milled
      formulation is subsequently pressed into a 40 mil sheet at 215.degree.C at
      350 psi for 90 seconds then cooled quickly in a cold press at 350 psi. The
      stabilized sheets are then remolded for 2 minutes at contact pressure and
      for 3 minutes at 300 psi at 215.degree.C to give plaques 11/2  inch
      .times. 21/4  inch .times. 125 mil. Thereafter, the testing procedure of
      Example 9 is followed to determine the light stability of the samples. The
      stabilized samples are found to be much more stable than the unstabilized
      samples.
PAC  EXAMPLE 9
PAR  Unstabilized thoroughly dried polyethylene terephthalate chips are dry
      blended with 1.0% of the nickel complex o-mono(2,2,6,6-tetramethyl
      piperidin-4-ol)adipate. 60/10 denier multifilament is melt spun at a melt
      temperature of 290.degree.C. The oriented fiber is wound on white cards
      and exposed in a Xenon Arc Fadeometer. Color measurements are made
      periodically with a Hunter Color Difference Meter Model D25. The
      stabilized samples are found to be much more light stable than the
      unstabilized samples.
PAC  EXAMPLE 10
PAR  a. A composition comprising acrylonitrilebutadiene-styrene terpolymer and
      1% by weight of the nickel complex of
      o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate resists embrittlement
      due to exposure to ultraviolet light longer than one which does not
      contain the stabilizer.
PAR  b. A composition comprising polyurethane prepared from toluene diisocyanate
      and alkylene polyols and 1.0% by weight of the nickel complex of
      o-mono(2,2,6,6-tetramethylpiperidin-4-ol)succinate is more stable to
      sunlight, fluorescent sunlamps, black lights and fluorescent light than
      the unformulated polyurethane.
PAR  c. A composition comprising a polycarbonate prepared from bisphenol-A and
      phosgene and 1% by weight of the nickel complex of
      o-mono(2,2,6,6-tetramethylpiperidin-4-ol)adipate resists discoloration due
      to exposure to ultraviolet light longer than one which does not contain
      the stabilizer.
PAR  d. A composition comprising polymethylmethacrylate and 0.25% by weight of
      the nickel complex of o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate
      resists discoloration due to exposure to ultraviolet light longer than one
      which does not contain the stabilizer.
PAC  EXAMPLE 11
PAR  a. A stabilized polyamide (nylon 6,6) is prepared by incorporating therein
      0.1% of the cobalt complex of o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)
      succinate. The light stability of the stabilized composition is superior
      to that of an unstabilized polyamide.
PAR  b. A stabilized polyphenylene oxide polymer (prepared by polymerizing
      2,6-dimethylphenol is prepared by incorporating therein 0.5% by weight of
      the manganese complex of
      o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate. The stabilized
      compositions resist embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
PAR  c. A stabilized crystalline polystyrene is prepared by incorporating
      therein 0.1% by weight of the zinc complex of
      o-mono(1,2,2,6,6-pentamethylpiperidin-4-ol)succinate. The stabilized
      composition resists embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
PAR  Antioxidants may also be incorporated into each of the above mentioned
      compositions, for example,
      di-n-octadecyl-.alpha.,.alpha.'-bis(3-butyl-4-hydroxy-5-methylbenzyl)
      malonate
      2,4-bis(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine,
      2,4-bis(3,5-di-t-butyl-hydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine
      di-n-octadecyl 3(3',5'-di-t-butyl-4-hydroxyphenyl)propionate, respectively
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU7##
      wherein R.sub.1 and R.sub.2 independently of each other are straight or
      singly branched-chain alkyl of formula
EQU  --CH.sub.2 (C.sub.n H.sub.2n.sub.+1)
PAL  where n is 0 to 5, or together with the carbon to which they are bound form
      a cyclopentyl or cyclohexyl ring, which is unsubstituted or substituted
      with a methyl group,
PA1  R.sub.3 is hydrogen, a straight-or singly branched-chain alkyl of formula
EQU  --CH.sub.2 (C.sub.n H.sub.2n.sub.+1)
PAL  where n is 0 to 11, .beta.-methoxyethyl, alkenyl having 3 or 4 carbon
      atoms, propargyl, benzyl or methyl substituted benzyl,
PA1  R.sub.4 is straight- or branched-chain alkylene having 1 to 4 carbon atoms,
PA1  M is a metal selected from the group consisting of nickel, manganese, zinc,
      iron, cobalt, tin and di-n-alkyl tin of up to 8 carbon atoms, and
PA1  z has a value of from 1 to 4, the value of z being the same as the
      available valence of M.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 and R.sub.2 are each
      methyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sub.4 is straight-chain
      alkylene having 1 to 4 carbon atoms, and
PA1  M is nickel or manganese.
NUM  4.
PAR  4. A compound according to claim 3 wherein M is nickel.
NUM  5.
PAR  5. A compound according to claim 3 wherein R.sub.3 is hydrogen.
NUM  6.
PAR  6. A compound according to claim 3 wherein R.sub.3 is methyl.
NUM  7.
PAR  7. A compound according to claim 3 wherein R.sub.4 is straight-chain
      alkylene having 4 carbon atoms.
NUM  8.
PAR  8. A compound according to claim 3 which is nickel
      bis{o-mono(1,2,2,6,6-pentamethyl piperidin-4-ol)succinate}.
NUM  9.
PAR  9. A compound according to claim 3 which is nickel
      bis{o-mono(2,2,6,6-tetramethyl-piperidin-4-ol) succinate}.
NUM  10.
PAR  10. A compound according to claim 3 which is nickel
      bis{o-mono(2,2,6,6-tetramethyl-piperidin-4-ol) adipate}.
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ABST
PAL  1,2,3,4-Tetrahydroisoquinoline compounds having 7 and 8 halo substituents
      are inhibitors of phenylethanolamine N-methyltransferase.
BSUM
PAR  This invention relates to new 1,2,3,4-tetrahydroisoquinoline compounds
      having 7 and 8 halo substituents. These compounds have pharmacological
      activity, in particular they inhibit the enzyme phenylethanolamine
      N-methyltransferase.
PAR  Epinephrine is a hormone, synthesized in the adrenal medulla, which is
      released into the blood stream in response to stress and produces profound
      physiological changes which serve to prepare the animal to cope with the
      stressor situation. For example, epinephrine produces anxiety, an increase
      in blood pressure, acceleration of heart rate and increase in cardiac
      output. These changes are detrimental in individuals with certain disease
      conditions such as angina pectoris, myocardial infarction and anxiety
      neuroses.
PAR  Phenylethanolamine N-methyltransferase catalyzes the final step in the
      biosynthesis of epinephrine, that is the transfer of a methyl group from
      S-adenosylmethionine to norepinephrine to produce epinephrine.
PAR  The compounds of this invention inhibit phenylethanolamine
      N-methyltransferase and thus reduce the formation of epinephrine. They are
      therefore useful in situations where there is overproduction of
      epinephrine or where epinephrine production is detrimental.
PAR  Also, the compounds of this invention produce a reduction in food
      consumption and are therefore useful in the treatment of obesity.
PAR  The compounds of this invention are represented by the following formula:
      ##SPC1##
PAL  In which:
PAR  R.sub.1 and R.sub.2 are chloro, bromo, fluoro or iodo, R.sub.1 and R.sub.2
      being the same or different and
PAR  R.sub.3 is hydrogen, methyl or ethyl and pharamaceutically acceptable, acid
      addition salts thereof.
PAR  Preferred compounds of this invention are represented by Formula I in which
      R.sub.1 and R.sub.2 are chloro. Advantageous compounds are represented by
      Formula I in which R.sub.1 and R.sub.2 are chloro and R.sub.3 is hydrogen
      or methyl.
PAR  A particularly preferred compound of this invention is
      7,8-dichloro-1,2,3,4-tetrahydroisoquinoline hydrochloride.
PAR  The compounds of this invention are prepared by the following procedure:
      ##SPC2##
PAR  The terms R.sub.1, R.sub.2 and R.sub.3 are as defined above and R.sub.4  is
      methyl or ethyl.
PAR  According to the above procedure, the 7,8-substituted isoquinolines are
      prepared by the Pomeranz-Fritsch reaction, that is by the reaction of a
      2,3-substituted benzaldehyde with a 2,2-di-lower alkoxyethylamine and acid
      catalyzed cyclization of the resulting
      2,2-di-lower-alkoxy-N-(2,3-substituted-benzylidene)ethylamine. The
      benzaldehyde and the 2,2-di-lower-alkoxyethylamine are preferably reacted
      in an organic solvent such as toluene at elevated temperature, for example
      at reflux temperature. The cyclization is carried out with an acid
      catalyst such as sulfuric acid and phosphorus pentoxide.
PAR  The 7,8-substituted isoquinolines are hydrogenated using a hydrogenation
      catalyst such as platinum oxide to give the
      7,8-substituted-1,2,3,4-tetrahydroisoquinolines of this invention.
PAR  The pharmaceutically acceptable, acid addition salts of the compounds of
      Formula I are formed with organic and inorganic acids by methods known to
      the art. The base is reacted with an organic or inorganic acid in aqueous
      miscible solvent, such as acetone or ethanol, with isolation of the salt
      by concentration and cooling or in aqueous immiscible solvent, such as
      ethyl ether or chloroform, with the desired salt separating directly.
      Exemplary of the salts which are included in this invention are maleate,
      fumarate, benzoate, ascorbate, pamoate, succinate, bismethylenesalicylate,
      methanesulfonate, ethanedisulfonate, benzenesulfonate, acetate,
      propionate, tartrate, salicylate, citrate, gluconate, lactate, malate,
      mandelate, cinnamate, citraconate, aspartate, stearate, palmitate,
      itaconate,  glycolate, p-aminobenzoate, glutamate, theophylline acetates,
      hydrochloride, hydrobromide, sulfate, cyclohexylsulfamate, phosphate and
      nitrate salts.
PAR  The activity of the compounds of this invention is demonstrated by
      inhibition of phenylethanolamine N-methyltransferase in vitro, by the
      assay procedure described by Pendleton and Snow, Molecular Pharmacology
      9:718-725 (1973), at concentrations of about 1.2 .times. 10.sup..sup.-7 M.
      For example, at a concentration of 1.2 .times. 10.sup..sup.-7 M, a
      preferred compound of this invention
      7,8-dichloro-1,2,3,4-tetrahydroisoquinoline inhibits phenylethanolamine
      N-methyltransferase by 50%.
PAR  In addition, the activity of the compounds of this invention is
      demonstrated by administration to rats and squirrel monkeys at doses of
      about 10-100 mg./kg. orally to produce reduction of levels of epinephrine
      in the adrenal glands.
PAR  The compounds of this invention are administered internally either
      parenterally or, preferably, orally in an amount to produce the desired
      biological activity.
PAR  Preferably, the compounds are administered in conventional dosage forms
      prepared by combining an appropriate dose of the compound with standard
      pharmaceutical carriers.
PAR  The pharmaceutical carrier may be for example a solid or a liquid.
      Exemplary of solid carriers are lactose, magnesium stearate, terra alba,
      sucrose, talc, stearic acid, gelatin, agar, pectin or acacia. The amount
      of solid carrier will vary widely but preferably will be from about 25 mg.
      to about 1 gm. Exemplary of liquid carriers are syrup, peanut oil, olive
      oil, sesame oil, propylene glycol, polyethylene glycol (mol. wt. 200-400)
      and water. The carrier or diluent may include a time delay material well
      known to the art such as, for example, glyceryl monostearate or glyceryl
      distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed, for example the
      preparation may take the form of tablets, capsules, powders, troches,
      lozenges, syrups, emulsions, sterile injectable liquids or liquid
      suspensions or solutions.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
DETD
PAR  The following examples are not limiting but are illustrative of the
      compounds of this invention and processes for their preparation.
PAC  EXAMPLE 1
PAR  A mixture of 65.7 g. (0.375 m.) of 2,3-dichlorobenzaldehyde and 39.4 g.
      (0.375 m.) of 2,2-dimethoxyethylamine was refluxed azeotropically in 150
      cc. of toluene. When all the water was removed (1-2 hours), the solution
      was concentrated and distilled to give
      2,2-dimethoxy-N-(2,3-dichlorobenzylidene)ethylamine, b.p. 140.degree.C.
      (0.7 mm.).
PAR  Ten grams (0.0382 m.) of
      2,2-dimethoxy-N-(2,3-dichlorobenzylidene)ethylamine was added dropwise to
      100 cc. of concentrated sulfuric acid with stirring at
      0.degree.-5.degree.C. The solution was added to a mixture of 5 g. of
      phosphorus pentoxide and 5 cc. of concentrated sulfuric acid. The mixture
      was stirred and heated at 160.degree.C. for 20 minutes, then cooled to
      140.degree.C., maintained there for 20 minutes, then cooled to
      100.degree.C. and quenched on ice. The mixture was filtered and the
      filtrate, with cooling, was made basic with 40% aqueous sodium hydroxide
      solution, then cooled and extracted with ether. The ether was removed from
      the extract to give 7,8-dichloroisoquinoline as the residue. The
      7,8-dichloroisoquinoline was dissolved in acetone. Ethereal hydrogen
      chloride in slight excess was added to give, after filtering,
      7,8-dichloroisoquinoline hydrochloride which after recrystallizing from
      ethanol melted at 225.degree.-6.degree.C.
PAR  The above prepared 7,8-dichloroisoquinoline hydrochloride was reduced in
      two portions, using 0.7 g. of platinum oxide in 100 cc. of methanol, for 1
      hour at ambient temperature. The mixture was filtered and concentrated.
      The residue was converted to the base using ammonium hydroxide and was
      extracted into ether. The extract was dried with magnesium sulfate,
      filtered and concentrated to give, as the residue,
      7,8-dichloro-1,2,3,4-tetrahydroisoquinoline.
PAR  The above prepared base was dissolved in about 50 cc. of ethanol. Ethereal
      hydrogen chloride in slight excess was added, then excess ether was added
      and the solid filtered to give 7,8-dichloro-1,2,3,4-tetrahydroisoquinoline
      hydrochloride, m.p. 221.degree.-222.degree.C.
PAC  EXAMPLE 2
PAR  Bromine (168 g., 1.05 m.) is added over about one hour, with vigorous
      stirring, to 117.5 g. (0.47 m.) of 2,3-dibromotoluene at 190.degree.C.
      After the addition is complete, the mixture is cooled to 100.degree.C.,
      then 120 cc. of concentrated sulfuric acid is added and the mixture is
      stirred for one hour at 100.degree.C. Temperature is raised to
      140.degree.C. for 5 minutes, then the mixture is cooled and the reaction
      is quenched in ice water. The solid is extracted into ether, and the ether
      extract is washed with water, then dilute aqueous sodium bicarbonate until
      the acid is completely removed, and filtered. Removing the ether by
      evaporation gives 2,3-dibromobenzaldehyde as the residue.
PAR  Using 2,3-dibromobenzaldehyde in place of 2,3-dichlorobenzaldehyde in the
      procedure of Example 1 gives 7,8-dibromo-1,2,3,4-tetrahydroisoquinoline.
PAC  EXAMPLE 3
PAR  In the procedure of Example 1, using 2,3-difluorobenzaldehyde in place of
      2,3-dichlorobenzaldehyde gives, as the product,
      7,8-difluoro-1,2,3,4-tetrahydroisoquinoline.
PAC  EXAMPLE 4
PAR  By the procedure of Example 2, the following halo substituted toluene
      compounds:
PA1  2-bromo-3-chlorotoluene
PA1  3-bromo-2-chlorotoluene
PA1  2-chloro-3-iodotoluene
PA1  3-chloro-2-iodotoluene
PAL  are converted to the corresponding halo substituted benzaldehydes and these
      benzaldehydes are used as starting materials in the procedure of Example 1
      to give the following products, respectively:
PA1  8-bromo-7-chloro-1,2,3,4-tetrahydroisoquinoline
PA1  7-bromo-8-chloro-1,2,3,4-tetrahydroisoquinoline
PA1  8-chloro-7-iodo-1,2,3,4-tetrahydroisoquinoline
PA1  7-chloro-8-iodo-1,2,3,4-tetrahydroisoquinoline.
PAC  EXAMPLE 5
PAR  2,3-Diiodobenzoic acid is treated with diborane in tetrahydrofuran to give
      2,3-diiodobenzyl alcohol which is oxidized to 2,3-diiodobenzaldehyde with
      activated manganese dioxide in methylene chloride.
PAR  Using 2,3-diiodobenzaldehyde in place of 2,3-dichlorobenzaldehyde as the
      starting material in the procedure of Example 1 gives
      7,8-diiodo-1,2,3,4-tetrahydroisoquinoline.
PAC  EXAMPLE 6
PAR  Using 2-bromo-3-iodobenzoic acid as the starting material in the procedure
      of Example 5 gives 8-bromo-7-iodo-1,2,3,4-tetrahydroisoquinoline.
PAR  By the same procedure, using 3-bromo-2-iodobenzoic acid as the starting
      material, 7-bromo-8-iodo-1,2,3,4-tetrahydroisoquinoline is prepared.
PAC  EXAMPLE 7
PAR  Using 2,2-diethoxy-1-methylethylamine in place of 2,2-dimethoxyethylamine
      in the procedure of Example 1, the product is
      7,8-dichloro-3-methyl-1,2,3,4-tetrahydroisoquinoline.
PAR  Also, using 1-ethyl-2,2-dimethoxyethylamine, the product is
      7,8-dichloro-3-ethyl-1,2,3,4-tetrahydroisoquinoline.
PAC  EXAMPLE 8
PAR  One gram of 7,8-dichloro-1,2,3,4-tetrahydroisoquinoline is dissolved in
      ethanol. A molar equivalent amount of maleic acid in ethanol is added.
      Ether is added and the precipitate is filtered off to give the maleate
      salt of 7,8-dichloro-1,2,3,4-tetrahydroisoquinoline.
PAR  By the same procedure, using citric acid, the citrate salt is prepared.
PAR  Reacting one gram of 7,8-dichloro-1,2,3,4-tetrahydroisoquinoline in ethanol
      with a molar equivalent amount of stearic acid, then adding water and
      filtering gives the stearate salt.
PAC  EXAMPLE 9
TBL  Ingredients                 Amounts                                       
     ______________________________________                                    
     7,8-Dichloro-1,2,3,4-tetrahydroisoquinoline                               
      hydrochloride              150 mg.                                       
     Lactose                     350 mg.                                       
     ______________________________________                                    
PAR  The ingredients are mixed and filled into a hard gelatin capsule.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC3##
PAL  in which:
PA1  R.sub.1 and R.sub.2 are chloro, bromo or iodo, R.sub.1 and R.sub.2 being
      the same or different, or R.sub.1 and R.sub.2 are both fluoro and
PA1  R.sub.3 is hydrogen, methyl or ethyl or a pharmaceutically acceptable, acid
      addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 in which R.sub.1 and R.sub.2 are chloro.
NUM  3.
PAR  3. A compound of claim 1 in which R.sub.1 and R.sub.2 are chloro and
      R.sub.3 is hydrogen or methyl.
NUM  4.
PAR  4. The compound of claim 1, said compound being
      7,8-dichloro-1,2,3,4-tetrahydroisoquinoline hydrochloride.
PATN
WKU  039391655
SRC  5
APN  5235898
APT  1
ART  122
APD  19741114
TTL  5,6,6A,6B,7,8-Hexahydrobenz[a]phenanthridine hydrochloride
ISD  19760217
NCL  1
ECL  1
EXA  Wheeler; David E.
EXP  Gallagher; Richard J.
INVT
NAM  Schwan; Thomas J.
CTY  Norwich
STA  NY
ASSG
NAM  Morton-Norwich Products, Inc.
CTY  Norwich
STA  NY
COD  02
CLAS
OCL  260286R
XCL  260283R
XCL  260286A
XCL  424258
EDF  2
ICL  C07D21558
FSC  260
FSS  286 R;286 A;283 R;283 SY
UREF
PNO  3435038
ISD  19690300
NAM  Hardtmann et al.
OCL  260286R
UREF
PNO  3549644
ISD  19701200
NAM  Shavel
OCL  260286R
UREF
PNO  3639411
ISD  19720200
NAM  Albertson et al.
OCL  260283SY
UREF
PNO  3790576
ISD  19740200
NAM  DeWald
OCL  260283SY
OREF
PAL  Walker, "J.A.C.S." 76, 3999-4003, 1954.
LREP
FR2  Franze; Anthony J.
ABST
PAL  A compound 5,6,6a,6b,7,8-hexahydrobenz[a]phenanthridine hydrochloride of
      the formula possesses pharmacological activity as an antidepressant.
BSUM
PAR  This invention relates to a chemical compound. In particular it is
      concerned with a compound of the formula:
      ##SPC1##
PAR  This compound possesses pharmacological activity affecting the central
      nervous system. When administered perorally to animals, it exhibits
      antidepressant action. Its antidepressant property is evidenced in the
      control of tetrabenazine induced ptosis in mice. An oral dose of 50 mg/kg
      of this compound to mice intraperitoneally receiving 35 mg/kg of
      tetrabenazine counteracts the ptosis producing property of tetrabenzaine.
PAR  In order that this invention be readily available to and understood by
      those skilled in the art, the following example is supplied.
PAC  5,6,6a, 6b, 7,8-Hexahydrobenz[ a] phenanthridine hydrochloride
PAR  To 587 g of polyphosphoric acid stirred at 60.degree.-70.degree. was added
      quickly 34.5 g (0.119 mole) of 2-benzylamine-1,2,3,4-tetrahydro-1-naphthol
      hydrochloride. The mixture was stirred at 95.degree.-100.degree. on a
      steam bath for 20 hours and poured into 2000 g stirred ice water. The
      mixture was stirred for 2.0 hours and filtered through paper. The solid
      isolated, wt. 18.8 g., was discarded.
PAR  The yellow filtrate was maintained at 20.degree.-55.degree. while 737 g
      solid KCH was added to pH&gt;10. The mixture was extracted with 3 .times. 400
      ml CHCl.sub.3. The combined extracts were dried over MgSO.sub.4 and
      concentrated to dryness in vacuo to give 16.5 g of an oil.
PAR  The oil was dissolved in 85 ml absolute ethanol and 30 ml ethanolic
      hydrogen chloride was added to give after cooling 8.30 g of crude product.
      Recrystallization from methanol gave 3.80 g (12%) of the product, m.p.
      304.degree.-315.degree.. Further recrystallization from methanol gave the
      analytical sample, m.p. 305.degree.-310.degree. .
PAR  Anal. Calcd. for C.sub.17 H.sub.17 N.HCl: C, 75.12; H, 6.67; N, 5.15.
      Found: C, 74.84; H, 6.73; N, 5.01.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PATN
WKU  039391663
SRC  5
APN  4162986
APT  1
ART  121
APD  19731115
TTL  4-Substituted-5-cyano-7-nitro-2-(.alpha.,.alpha.-difluoroalkyl)benzimidaz
     oles
ISD  19760217
NCL  9
ECL  1
EXP  Todd; G. Thomas
INVT
NAM  Miesel; John L.
CTY  Indianapolis
STA  IN
INVT
NAM  Wickiser; David I.
CTY  Indianapolis
STA  IN
ASSG
NAM  Eli Lilly and Company
CTY  Indianapolis
STA  IN
COD  02
RLAP
COD  74
APN  232289
APD  19720306
PSC  03
CLAS
OCL  2602936
XCL  2603092
XCL  424267
XCL  424273
EDF  2
ICL  C07D23516
FSC  511
FSS  232;289
FSC  260
FSS  309.2;293.6
UREF
PNO  3418318
ISD  19681200
NAM  Lambie et al.
OCL  260247.5
UREF
PNO  3528798
ISD  19700900
NAM  Pfeiffer
OCL   71 92
LREP
FR2  Page; Kathleen S.
FR2  Smith; Everet F.
ABST
PAL  4,5-Disubstituted-7-nitro-2-(.alpha.,.alpha.-difluoroalkyl)benzimidazole
      compounds and their alkali metal and alkaline earth metal salts, useful as
      insecticides.
PARN
PAR  This is a division of application Ser. No. 232,289, filed Mar. 6, 1972, now
      abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to compounds of the formula
      ##SPC1##
PAL  Wherein X represents cyano or trifluoromethyl; wherein Y represents
PA1  A. hydrogen,
PA1  B. chlorine,
PA1  C. fluorine,
PA1  D. trifluoromethyl, or
PA1  E. pentafluoroethyl;
PAL  And wherein Z represents
PAR  A
      ##EQU1##
      wherein, when each of R.sup.o and R.sup.1 is taken separately, each
      independently represents, subject to the limitation that at least one of
      R.sup.o and R.sup.1 contains more than 1 carbon atom and that R.sup.o and
      R.sup.1 together contain less than 9 carbon atoms;
PA1  1. hydrogen,
PA1  2. alkyl,
PA1  3. alkenyl containing more than 2 carbon atoms,
PA1  4. alkynyl containing more than 2 carbon atoms,
PA1  5. (fluoroalkyl)methyl wherein alkyl is C.sub.1 -C.sub.7, both inclusive,
      and bears at least one fluorine atom,
PA1  6. cycloalkyl of C.sub.3 -C.sub.8, both inclusive,
PA1  7. cycloalkylloweralkyl, wherein cycloalkyl is of C.sub.3 -C.sub.6, both
      inclusive, and loweralkyl is of C.sub.1 -C.sub.4, both inclusive, or
PA1  8. loweralkylcycloalkyl, wherein cycloalkyl and loweralkyl are as defined
      in the preceding candidate moiety;
PAL  Or when R.sup.o and R.sup.1 are taken together, they jointly constitute,
      with the nitrogen atom to which they are attached, piperidino; or
PAR  B. --R.sup.2 --R.sup.3 wherein R.sup.2 represents oxygen or sulfur, and
      R.sup.3 represents
PA1  1. alkyl of C.sub.1 -C.sub.8, both inclusive,
PA1  2. alkenyl of C.sub.3 -C.sub.8, both inclusive,
PA1  3. alkynyl of C.sub.3 -C.sub.8, both inclusive,
PA1  4. (fluoroalkyl)methyl wherein alkyl is C.sub.1 -C.sub.7, both inclusive,
      and bears at least one fluorine atom,
PA1  5. cycloalkyl of C.sub.3 -C.sub.6, both inclusive,
PA1  6. cycloalkylloweralkyl, wherein cycloalkyl is of C.sub.3 -C.sub.6, both
      inclusive, and loweralkyl is of C.sub.1 -C.sub.4, both inclusive, or
PA1  7. loweralkylcycloalkyl, wherein cycloalkyl and loweralkyl is as defined in
      the preceding candidate moiety, or
PAR  C. PRIMARY LOWERALKYL OF C.sub.1 -C.sub.4 ;
PAL  and the alkali metal and alkaline earth metal salts thereof.
PAR  The above-described compounds exhibit insecticidal activity; hence, the
      present invention is also directed to insecticidal methods employing, and
      compositions comprising, the above-described compounds. In addition,
      certain of the compounds exhibit herbicidal activity.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Formulae employed throughout the present specification are predicated on
      the assumption that the proton on the imidazole portion of the
      benzimidazole ring is affixed at a ring position arbitrarily designated as
      1:
      ##SPC2##
PAR  However, this proton may not be attached to a specific ring nitrogen atom.
      Rather, it is believed that the compounds typically exist as tautomers,
      e.g.:
      ##SPC3##
PAR  Therefore, the formulae herein, while showing the proton fixably positioned
      for the sake of uniform representation, are employed to designate either
      of the tautomeric forms or the more typical tautomeric mixture.
PAR  The compounds of the present invention are typically crystalline solids.
      Except for the compounds wherein Z represents primary loweralkyl, they are
      prepared by reacting a
      4-halo-5-substituted-7-nitro-2-(.alpha.,.alpha.-difluoroalkyl)benzimidazol
     e of the formula
      ##SPC4##
PAL  wherein halide is bromide or chloride, with a reactant, the identity of
      which varies with the identity of the desired product. For the compounds
      wherein Z represents an amino group, the reactant is a compound of the
      formula
      ##EQU2##
      and the reaction is carried out in the presence of a hydrogen halide
      acceptor, which can be any tertiary amine or an additional portion of the
      amine reactant. For the compounds wherein Z represents an alkoxy or
      alkylthio group, the reactant is an alkali metal derivative of the
      corresponding alcohol or mercaptan. Regardless of the identity of the
      particular reactants, the reaction is conveniently conducted in an inert
      liquid reaction medium, and goes forward over a wide range of
      temperatures, such as from room temperature to reflux temperatures.
PAR  In carrying out the reaction, the reactants, or reactants and hydrogen
      halide acceptor, are contacted with one another in the reaction medium.
      The reaction goes forward readily, yielding some of the desired
      4,5-disubstituted-7-nitro-2-(.alpha.,.alpha.-difluoroalkyl)benzimidazole
      product and amine hydrogen halide by-product or alkali metal halide
      by-product at once; however, it is generally preferred to hold the
      reaction mixture for a period of time to insure maximum yields.
      Temperatures higher than room temperatures, such as reflux temperatures,
      are often preferred. In the case of compounds which present steric
      hindrance, higher temperatures, pressures in excess of atmospheric
      pressure, and specialty solvents, such as hexamethylphosphoramide, may be
      useful in obtaining good yields.
PAR  The product of the reaction can be separated from the reaction mixture by
      conventional methods. Typically, the by-product salt precipitates in the
      reaction mixture and is removed by filtration and solvent thereafter
      removed by evaporation to separate the desired product as a residue. Such
      product residue can be purified, if desired, in conventional procedures,
      typically recrystallization.
PAR  In the instance of compounds wherein Z represents primary loweralkyl
      another reaction route is necessary. This route is schematically described
      as follows, wherein R.sup.4 represents hydrogen or alkyl of no more than 3
      carbon atoms:
      ##SPC5##
PAR  Each individual reaction is conducted in accordance with conventional
      procedures.
PAR  More particularly, the initial reaction of
      4-halo-5-substituted-7-nitro-2-(.alpha.,.alpha.-difluoroalkyl)benzimidazol
     e with the potassium diethyl malonate is conveniently conducted in an inert
      liquid, such as tert-butanol, and goes forward over a wide range of
      temperatures. Since elevated temperatures offer no advantage, room
      temperatures are preferred. The resulting product, the
      4-(bis(carboethoxy)methyl)-5-substituted-7-nitro-2-(.alpha.,.alpha.-difluo
     roalkyl)benzimidazole, as such or as its potassium salt, is separated in
      conventional procedures and thereafter deesterified and decarboxylated.
      This is conveniently achieved by reacting the product of the preceding
      reaction with sulfuric acid, preferably at a temperature of about
      100.degree.C. The resulting product,
      4-(carboxymethyl)-5-substituted-7-nitro-2-(.alpha.,.alpha.-difluoroalkyl)b
     enzimidazole, is then reacted with base, conveniently sodium bicarbonate in
      dimethylformamide. The reaction is preferably carried out at temperatures
      of about 50.degree.-100.degree.C., most preferably at temperatures of
      about 70.degree.-80.degree.C. Separation and, if desired, purification,
      are carried out in conventional procedures.
PAR  Those compounds of the present invention which are alkali metal and
      alkaline earth metal salts are prepared by reacting the compounds of the
      present invention whose preparation is described above
      ##SPC6##
PAL  with an alkali metal alkoxide or an alkaline earth oxide. The reaction goes
      forward under temperatures of a wide range, such as from 20.degree. to
      120.degree.C. An inert liquid reaction medium is necessary for good
      results; the loweralkanols are especially suitable for this purpose.
PAR  In carrying out the reaction, the reactants and solvent are contacted with
      one another in any way, and the resulting reaction mixture maintained in
      the reaction temperature range for a period of time. Solvents and
      by-product loweralkanol are then removed, conveniently by evaporation
      under subatmospheric pressure, to obtain the desired product as a residue.
      Purification can be carried out in conventional procedures if desired,
      typically by recrystallization.
PAR  The following examples illustrate the synthesis of the compounds of the
      present invention and will enable those skilled in the art to practice the
      present invention.
DETD
PAC  EXAMPLE 1:
PAC  4-PROPYLAMINO-7-NITRO-2,5-BIS(TRIFLUOROMETHYL)BENZIMIDAZOLE
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole (2.2 grams),
      propylamine (0.39 gram), and excess triethylamine were mixed in about 50
      milliliters of ethanol. The reaction mixture was heated to reflux and
      refluxed over a weekend (about 60 hours). The reaction mixture was then
      poured into water and acidified. The desired
      4-propylamino-7-nitro-2,5-bis(trifluoromethyl)benzimidazole product
      precipitated and was separated by filtration. After recrystallization from
      a mixture of ethanol and water, the compound melted at
      129.degree.-31.degree.C. Analysis, Calc.: C, 40.4; H, 2.81; N, 15.73
      Found: C, 40.5; H, 2.78; N, 15.51
PAC  EXAMPLE 2:
PAC  4-ETHOXY-7-NITRO-2,5-BIS(TRIFLUOROMETHYL)BENZIMIDAZOLE
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole (3.0 grams; 0.09
      mole) was added to about 100 milliliters of ethanol, and the mixture was
      then refluxed overnight (3.0 grams) and the starting material was
      recovered. Sodium (.42 gram; 0.018 mole) was added to 100 milliliters of
      ethanol, and the recovered
      4-chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole was added at room
      temperature and the resulting reaction mixture was stirred at room
      temperature over a weekend. TLC showed only the starting material, so the
      reaction mixture was heated to reflux and refluxed overnight. The reaction
      mixture was then poured into water, acidified, and extracted with ethyl
      acetate. The extract was dried over magnesium sulfate and solvent removed
      by evaporation to obtain the desired
      4-ethoxy-7-nitro-2,5-bis(trifluoromethyl)benzimidazole. After
      recrystallization from a mixture of ethanol and water, it melted at
      144.degree.-46.degree.C. Analysis, Calc.: C, 38.50; H, 2.06; N, 12.24
      Found: C, 38.65; H, 2.26; N, 12.36
PAC  EXAMPLES 3-13:
PAR  Ohter representative products of the present invention, prepared according
      to the foregoing teachings and examples, are set forth in the following
      table.
TBL                TABLE I                                                     
     ______________________________________                                    
                                 Characterizing                                
     X     Y       Z             Property                                      
     ______________________________________                                    
     CF.sub.3                                                                  
           CF.sub.3                                                            
                   ethoxy        m.p., 123-25.degree.C.                        
     CF.sub.3                                                                  
           CF.sub.3                                                            
                   propoxy       m.p.,  90-92.degree.C.                        
     CN    F       ethoxy        m.p., 193-97.degree.C.                        
     CF.sub.3                                                                  
           F       methoxy       m.p., 143-45.degree.C.                        
     CF.sub.3                                                                  
           F       ethylthio     m.p., 134-36.degree.C.                        
     CF.sub.3                                                                  
           F       piperidino    m.p., 157-58.degree.C.                        
     CF.sub.3                                                                  
           F       butylamino    m.p., 135-36.degree.C.                        
     CF.sub.3                                                                  
           F       cyclohexylamino                                             
                                 m.p., 134-35.degree.C.                        
     CF.sub.3                                                                  
           F       sec-butylamino                                              
                                 m.p., 109-11.degree.C.                        
     CN    F       propylamino   m.p., 228-30.degree.C.                        
     CN    CF.sub.3                                                            
                   piperidino    m.p., 216-19.degree.C.                        
     ______________________________________                                    
PAC  EXAMPLES 14-46:
PAR  Yet other representative compounds of the present invention, prepared in
      accordance with the foregoing teaching and examples, include the
      following:
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with the
      sodium salt of 3-hexene-1-thiol to obtain
      4-(3-hexenylthio)-7-nitro-2,5-bis(trifluoromethyl)-benzimidazole, m.w.,
      413.4.
PAR  4-Chloro-7-nitro-5-trifluoromethyl-2-difluoromethylbenzimidazole is reacted
      with sec-butylamine to obtain
      4-secbutylamino-7-nitro-5-trifluoromethyl-2-difluoromethylbenzimidazole,
      m.w., 352.3.
PAR  4-Chloro-7-nitro-5-cyano-2-difluorochloromethylbenzimidazole is reacted
      with diallylamine, to obtain
      4-(diallylamino)-7-nitro-5-cyano-2-difluorochloromethylbenzimidazole,
      which when reacted with sodium methoxide yields the corresponding sodium
      salt, m.w., 389.7.
PAR  4-Chloro-7-nitro-5-trifluoromethyl-2-pentafluoroethylbenzimidazole is
      reacted with 3-hexenylamine to obtain
      4-(3-hexenylamino)17-nitro-5-trifluoromethyl-2-pentafluoroethylbenzimidazo
     le, m.w., 446.3.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with
      2-propynylamine to obtain
      4-(2-propynylamino)-7-nitro-2,5-bis(trifluoromethyl)benzimidazole, m.w.,
      352.2.
PAR  4-Chloro-7-nitro-5-trifluoromethyl-2-difluorochloromethylbenzimidazole is
      reacted with 2,2,2-trifluoroethylamine to obtain
      4-(2,2,2-trifluoroethylamino)-7-nitro-5-trifluoromethyl-2-difluorochlorome
     thylbenzimidazole, m.w., 412.7.
PAR  4-Chloro-7-nitro-5-cyano-2-pentafluoroethylbenzimidazole is reacted with
      2-cyclohexylethylamine to obtain
      4-(2-cyclohexylethylamino)-7-nitro-5-cyano-2-pentafluoroethylbenzimidazole
     , m.w., 329.3.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with
      2-methylcyclohexylamine to obtain
      4-(2-methylcyclohexylamino)-7-nitro-2,5-bis(trifluoromethyl)-benzimidazole
     , which is reacted with potassium ethoxide to yield the corresponding
      potassium salt, m.w., 448.4.
PAR  4-Chloro-7-nitro-5-cyano-2-difluoromethylbenzimidazole is reacted with the
      sodium salt of allyl alcohol to obtain
      4-allyloxy-7-nitro-5-cyano-2-difluoromethylbenzimidazole, m.w., 294.2.
PAR  4-Chloro-7-nitro-5-cyano-2-difluorochloromethylbenzimidazole is reacted
      with the potassium salt of 2-propynel-thiol to obtain
      4-(2-propynylthio)-7-nitro-5-cyano-2-difluorochloromethylbenzimidazole,
      m.w., 342.7.
PAR  4-Chloro-7-nitro-5-trifluoromethyl-2-heptafluoropropylbenzimidazole is
      reacted with sec-butylamine to obtain
      4-sec-butylamino-7-nitro-5-trifluoromethyl-2-heptafluoropropylbenzimidazol
     e, m.w., 470.3.
PAR  4-Chloro-7-nitro-5-cyano-2-pentafluoroethylbenzimidazole is reacted with
      the sodium salt of 2,2,2,-trifluoroethanol to obtain
      4-(2,2,2-trifluoroethoxy)-7-nitro-5-cyano-2-pentafluoroethylbenzimidazole,
      m.w., 404.2.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with the
      sodium sale of cyclohexanol to obtain
      4-cyclohexyloxy-7-nitro-2,5-bis(trifluoromethyl)benzimidazole, m.w.,
      397.3.
PAR  4-Chloro-7-nitro-5-cyano-2-difluoromethylbenzimidazole is reacted with the
      sodium salt of cyclopentanethiol to obtain
      4-cyclopentylthio-7-nitro-5-cyano-2-difluoromethylbenzimidazole, m.w.,
      338.3.
PAR  4-Chloro-7-nitro-5-trifluoromethyl-2-difluorochloromethylbenzimidazole is
      reacted with the sodium salt of 2-methyl-1-cyclopentanol to obtain
      4-(2-methylcyclopentyloxy)-7-nitro-5-trifluoromethyl-2-difluorochloromethy
     lbenzimidazole, m.w., 385.7.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with the
      sodium salt of 2-cyclopentylethanol to obtain 4-(2-cyclopentylethoxy)
      -7-nitro-2,5-bis(trifluoromethyl)benzimidazole, m.w., 397.3.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with
      potassium diethyl malonate to obtain
      4-(bis(carboethoxy)methyl)-7-nitro-2,5-bis(trifluoromethyl)-benzimidazole;
      this intermediate is deesterified and decarboxylated to yield
      4-methyl-7-nitro-2,5-bis(trifluoromethyl)-benzimidazole, m.w., 313.2. In
      like procedures, the following are prepared:
PA1  4-ethyl-7-nitro-5-cyano-2-difluorochloromethylbenzimidazole, which is
      reacted with sodium methoxide to obtain the corresponding sodium salt,
      m.w., 322.6;
PA1  4-propyl-7-nitro-5-trifluoromethyl-2-difluoromethylbenzimidazole, m.w.,
      323.2;
PA1  4-isobutyl-7-nitro-5-trifluoromethyl-2-pentafluoroethylbenzimidazole, which
      is reacted with potassium methoxide to obtain the corresponding potassium
      salt, m.w., 443.4; and
PA1  4-butyl-7-nitro-5-cyano-2-heptafluoropropylbenzimidazole, m.w., 412.3.
PAR  4-Chloro-7-nitro-5-cyano-2-trifluoromethylbenzimidazole is reacted with
      piperidine to obtain
      4-piperidino-7-nitro-5-cyano-2-trifluoromethylbenzimidazole, m.w., 339.3.
      This compound is reacted with calcium oxide to obtain the corresponding
      calcium salt, m.w., 716.6.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with the
      sodium salt of 3,3,3-trifluoropropanel-thiol to obtain
      4-(3,3,3-trifluoropropylthio)-7-nitro-2,5-bis(trifluoromethyl)benzimidazol
     e, m.w., 427.3.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with
      cyclopropylamine to obtain the corresponding
      4-(cyclopropylamino)-7-nitro-2,5-bis(trifluoromethyl)-benzimidazole, m.w.,
      354.2.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with
      dibutylamine to obtain
      4-(dibutylamino)-7-nitro-2,5-bis(trifluoromethyl)benzimidazole, m.w.,
      426.4.
PAR  4-Chloro-7-nitro-5-cyano-2-trifluoromethylbenzimidazole is reacted with
      N-methylcyclopentylamine to obtain
      4-(N-methylcyclopentylamino)-7-nitro-5-cyano-2-trifluoromethylbenzimidazol
     e, m.w., 353.3.
PAR  4-Chloro-7-nitro-5-cyano-2-trifluoromethylbenzimidazole is reacted with the
      sodium derivative of 1-octanol to obtain
      4-octyloxy-7-nitro--cyano-2-trifluoromethylbenzimidazole, m.w., 384.4.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with the
      potassium derivative of tertbutanethiol to obtain
      4-(tert-butylthio)-7-nitro-2,5-bis-(trifluoromethyl)benzimidazole, m.w.,
      387.3.
PAR  4-Chloro-7-nitro-5-cyano-2-trifluoromethylbenzimidazole is reacted with
      cyclopentanemethylamine to obtain
      4-cyclopentanemethylamino-7-nitro-5-cyano-2-trifluoromethylbenzimidazole,
      m.w., 353.3.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with
      cyclopropanepropylamine to obtain
      4-cyclopropanepropylamino-7-nitro-2,5-bis(trifluoromethyl)-benzimidazole,
      m.w., 396.3.
PAR  4-Chloro-7-nitro-5-cyano-2-trifluoromethylbenzimidazole is reacted with
      2-ethylcyclobutylamine to obtain
      4-((2-ethylcyclobutyl)amino)-7-nitro-5-cyano-2-trifluoromethylbenzimidazol
     e, m.w., 353.3.
PAR  4-Chloro-7-nitro-2,5-bis(trifluoromethyl)benzimidazole is reacted with
      2-octyn-1-ylamine to obtain
      4-(2-octyn-1ylamino)-7-nitro-2,5-bis(trifluoromethyl)benzimidazole, m.w.,
      422.3.
PAR  4-Chloro-7-nitro-5-cyano-2-pentafluoroethylbenzimidazole is reacted with
      the sodium derivative of 4-hexyn-2-ol to obtain
      4-(1-methyl-3-pentyn-1-yloxy)-7-nitro-5-cyano-2-pentafluoroethylbenzimidaz
     ole, m.w., 402.3.
PAR  The compounds of the present invention are useful for the control of insect
      and arachnid pests and can be used for the control of those insect and
      arachnid pests found on the roots or aerial portion of plants. These
      compounds are active, for example, against such arachnids as red spider
      mite, citrus mite, two-spotted spider mite, Pacific mite, clover mite,
      fowl mite, various species of ticks, and various species of spiders. The
      compounds are also active against insects of the various orders including
      Mexican bean beetle, bollweevil, corn rootworm, cereal leaf beetle, flea
      beetles, borers, Colorado potato beetle, grain beetles, alfalfa weevil,
      carpet beetle, confused flour beetle, powder post beetle, wireworms, rice
      weevil, rose beetle, plum curculio, white grubs, melon aphid, rose aphid,
      white fly, grain aphid, corn leaf aphid, pea aphid, mealybugs, scales,
      leafhoppers, citrus aphid, spotted alfalfa aphid, green peach aphid, bean
      aphid, milkweed bug, tarnished plant bug, box elder bug, and bed bug,
      squash bug, chinch bug, house fly, yellow fever mosquito, stable fly, horn
      fly, cabbage maggot, carrot rust fly, Southern armyworm, codling moth,
      cutworm, clothes moth, Indianmeal moth, leaf-rollers, corn earworm,
      European corn borer, cabbage looper, cotton bollworm, bagworm, sod
      webworm, fall armyworm, German cockroach, and American cockroach.
PAR  In addition to utilization for the control of pests on plants, the
      compounds of this sub-genus of the present invention can also be included
      in inks, adhesives, soaps, polymeric materials, cutting oils or in oil or
      latex paints. Also, the products can be distributed in textiles, cellulose
      materials, or in grains, or can be employed in the impregnation of wood
      and lumber. Additionally, they can be applied to seeds. In yet other
      procedures, the products can be vaporized or sprayed or distributed as
      aerosols into the air, or onto surfaces in contact with the air. In such
      applications, the compounds manifest the useful properties hereinbefore
      described.
PAR  The methods of the present invention comprise contacting an insect or
      arachnid with an inactivating amount of one of the compounds of the
      present invention. Contacting can be affected by application of one or
      more of the products to a habitat of the insect or arachnid.
      Representative habitats include soil, air, water, food, vegetation, inert
      objects, stored matter such as grains, other animal organism, and the
      like. The inactivation can be lethal, immediately, or with delay, or can
      be a sub-lethal one in which the inactivated insect or arachnid is
      rendered incapable of carrying out one or more of its normal life
      processes. Among known insecticides, this latter situation typically
      prevails when one of the systems of the organism, often the nervous
      system, is seriously distrubed; however, the precise mechanism by which
      the compounds constituting the present active agent work is not yet known,
      and the insecticidal and arachnicidal method of the present invention is
      not limited by any mode of operation.
PAR  The utilization of an inactivating amount of one of the compounds of the
      present invention is critical to the insecticidal and arachnicidal method
      of the present invention. The inactivating amount can sometimes be
      administered by employing the compound in unmodified form. However, for
      good results, it is generally necessary that the compound or compounds be
      employed in modified form, that is, as one component of a composition
      formulated to implement the arachnicidal and insecticidal effects. Thus,
      for example, the active agent can be mixed with water or othe liquid or
      liquids, preferably aided by the usage of a surface active agent. The
      active agent can also be incorporated on a finely divided solid, which can
      be a surface active substance, to yield a wettable powder, which can
      subsequently be dispersed in water or other liquid, or incorporated as
      part of a dust which can be applied directly. Other methods of formulation
      are known in the art and can be employed in implementing the present
      invention.
PAR  The exact concentration of one or more of the compounds of the present
      invention in a composition thereof with one or a plurality of adjuvants
      can vary; it is necessary only that one or more of the products be present
      in such amount as to make possible the application of an inactivating
      dosage to an insect or arachnid. In many situations, a composition
      comprising 0.001 percent of the present active agent is effective for the
      administration of an inactivating amount thereof to insect and arachnid
      pest organisms. Compositions having a higher concentration of active
      agent, such as a concentration of from 0.001 to 0.5 percent, can of course
      be employed. In still other operations, compositions containing from 0.5
      to 98 percent by weight of one compound or from 0.5 to 98 percent of a
      total of more than one compound, are conveniently employed. Such
      compositions are adapted to be employed as treating compositions and
      applied to insects and arachnids and to their habitats, or to be employed
      as concentrates and subsequently diluted with additional adjuvant to
      produce ultimate treating compositions.
PAR  Liquid compositions containing the desired amount of active agent are
      prepared by dissolving the substance in an organic liquid or by dispersing
      the substance in water with or without the aid of a suitable surface
      active dispersing agent such as an ionic or non-ionic emulsifying agent.
      Such compositions can also contain modifying substances which serve as a
      "spreader" and "sticker" on plant foliage. Suitable organic liquid
      carriers include the agricultural spray oils and the petroleum distillates
      such as diesel fuel, kerosene, fuel oil napthas and Stoddard solvent.
      Among such liquids the petroleum distillates are generally preferred. The
      aqueous compositions can contain one or more water immiscible solvents for
      the toxicant compound. In such compositions, the carrier comprises an
      aqueous emulsion, e.g., a mixture of water, emulsifying agent and water
      immiscible solvent. The choice of dispersing and emulsifying agent and the
      amount thereof employed is dictated by the nature of the composition and
      by the ability of the agent to facilitate the dispersion of the active
      agent in the carrier to produce the desired composition. Dispersing and
      emulsifying agents which can be employed in the compositions include the
      condensation products of alkylene oxides with phenols and organic acids,
      alkyl aryl sulfonates, polyoxyalkylene derivatives or sorbitan esters,
      complex ether alcohols, and the like. For a review of known surface-active
      agents which are suitably employed in implementing the present invention,
      attention is directed to U.S. Pat. No. 3,095,299, second column, lines
      25-36, and references there cited.
PAR  In the preparation of dust compositions, the active ingredient is
      intimately dispersed in and on a finely divided solid such as clay, talc,
      chalk, gypsum, limestone, vermiculite fines, perlite, and the like. In one
      method of achieving such dispersion, the finely divided carrier is
      mechanically mixed or ground with the active agent.
PAR  Similarly, dust compositions containing the toxicant compounds can be
      prepared with various of the solid surface active dispersing agents such
      as bentonite, fuller's earth, attapulgite and other clays. Depending upon
      the proportions of ingredients, these dust compositions can be employed as
      concentrates and subsequently diluted with additional solid surface active
      dispersing agents or with chalk, talc, or gypsum and the like to obtain
      the desired amount of active ingredient in a composition adapted to be
      employed for the practices of the present invention. Also, such dust
      compositions can be dispersed in water, with or without the aid of a
      dispersing agent, to form spray mixtures.
PAR  Also, the compounds of the present invention can be employed in granular
      formulations. These formulations are prepared in conventional manner,
      typically by dissolving the compound in a solvent with or without a
      surface-active agent and spraying or otherwise distributing the resulting
      solution onto pre-formed granules. Such granular formulations are capable
      of providing longer-lasting activity and may be preferred for crops such
      as corn where repeated application is not practical.
PAR  When operating in accordance with the present invention, one or more of the
      compounds or a composition containing one or more of the compounds is
      applied to the pests to be controlled directly, or by means of application
      to a portion or portions of their habitat in any convenient manner, for
      example, by means of hand dusters or sprayers or by simple mixing with the
      food to be ingested by the organisms. Application to the foliage of plants
      is conveniently carried out with power dusters, boom sprayers, and fog
      sprayers. In such foliar applications, the employed compositions should
      not contain any appreciable amounts of any phytotoxic diluents. In
      large-scale operations, dusts, or low-volume sprays can be applied from an
      airplane. The present invention also comprehends the employment of
      compositions comprising one or more of the compounds of the present
      invention, an adjuvant, and one or more biologically active materials,
      such as other insecticides, fungicides, miticides, bactericides,
      nematocides, and the like.
PAC  EXAMPLE 47
PAR  Compounds evaluated for the control of insects and arachnids, as reported
      in the following examples, were formulated in accordance with the
      following procedure. Initially, 55 grams of a mixture of two nonionic
      sulfonate emulsifiers were mixed with 1 liter of cyclohexanone. Of the
      resulting mixture, 0.9 milliliter was subsequently further mixed with 90
      milligrams of the subject compound and diluted with distilled water to 90
      milliliters, containing the subject compound at a concentration of 1000
      parts per million. For evaluation at lower concentrations, the mixture was
      further diluted with a dilution composition consisting of 4 liters of
      distilled water and a total of 1.8 milliliter of the same two nonionic
      sulfonate emulsifiers.
PAR  The insecticidal and arachnicidal activity of the compounds of this
      invention is illustrated by the following tests against representative
      insects and arachnids.
PAC  TEST METHODS
PAC  Mexican Bean Beetle
PAL  Epilachna varivestis (Coleoptera)
PAR  Cuttings of four-to-six-day-old Bountiful snap bean plants containing two
      leaves with approximately 5 square inches of leaf surface each were placed
      in water. The leaves were sprayed to wetting with about 5-10 ml. of a
      formulation containing a predetermined level of the test compound. Half of
      the formulation was sprayed on the top surface and half on the bottom
      surface of the leaf using a DeVilbiss atomizer at 10 psi held at a
      distance of about 18 inches from the leaf. After the leaves had dried,
      they were cut from the stem and placed separately in petri dishes. Ten
      third instar, non-molting Mexican bean beetle larvae grown on Bountiful
      snap beans were placed on each leaf. Controls consisted of two leaves
      sprayed with 5 ml. of 500 ppm. formulation of S-(1,2-dicarbethoxyethyl)
      0,0-dimethyl phosphorodithioate (reference standard), two leaves sprayed
      with the formulation without the active ingredient and two leaves held as
      untreated controls. After 48 hours, a mortality count was made and the
      amount of feeding noted. Moribund larvae were counted as dead. The
      following toxicity rating scale was used;
TBL  Percent Dead       Rating                                                 
     ______________________________________                                    
      0-10              0                                                      
     11-20              1                                                      
     21-30              2                                                      
     31-40              3                                                      
     41-50              4                                                      
     51-60              5                                                      
     61-70              6                                                      
     71-80              7                                                      
     81-90              8                                                      
      91-100            9                                                      
     ______________________________________                                    
PAC  SOUTHERN ARMYWORM
PAC  Prodenia eridania (Lepidoptera)
PAR  Ten uniform Southern armyworm larvae about 1-1.5 cm. in length, grown on
      Henderson lima beans, were placed on excized bean leaves in petri dishes.
      The bean leaves were obtained and sprayed with the insecticide in the same
      way as were the snap bean leaves in the Mexican bean beetle test. The
      reference standards in this instance were leaves sprayed with 5 ml. of 100
      ppm. DDT solution. Mortality counts were made 48 hours after spraying and
      again moribund larvae were counted as dead. Missing larvae which had
      probably been eaten were considered alive. The same rating scale was used
      as in the Mexican bean beetle test.
PAC  TWO-SPOTTED SPIDER MITE
PAC  Tetranychus urticae (Acarina)
PAR  Two-spotted spider mites were raised on green bean plants, then transferred
      to squash plants. The squash plants were maintained for two days so that
      the infestation was well established. The infected squash plants were then
      sprayed with a test formulation containing the subject compound as in the
      preceding test methods. Mortality was determined by estimation 48 hours
      after spraying. The same rating scale was used as in other test
      procedures.
PAC  MILKWEED BUG
PAC  Oncopelitis fasciatus (Hemiptera)
PAR  Ten adult milkweed bugs were chilled and placed in a test cage. The cages
      containing the bugs were sprayed with 5 ml. of a test formulation
      containing a pre-determined amount of the insecticide, using a DeVilbiss
      atomizer at 10 psi held 33 inches from the top of the cage. After the cage
      had been allowed to dry, the bugs were fed and watered for 48 hours. A
      formulation containing 500 ppm. of S-(1,2-dicarbethoxyethyl) 0,0-dimethyl
      phosphorodithioate was used as a reference standard and two unsprayed
      cages were kept as controls. Mortality counts were made 48 hours after
      spraying. Moribund adults were considered dead. The same rating scale was
      employed as before.
PAC  HOUSE FLY
PAC  Musca domestica (Diptera)
PAR  Rearing cages containing four-day-old adult house flies were chilled at
      35.degree.-40.degree.F. for about 1 hour. One hundred flies were
      transferred from the rearing cage to each test cage using a small scoop.
      The caged flies were kept for 1-2 hours at 70.degree.-80.degree.F. The
      cages were sprayed in the same manner as described for the milkweed bug
      with 5 ml. of the test formulation. Two unsprayed cages were held as
      controls and two cages were sprayed with a 50 ppm. DDT formulation as a
      reference standard. Mortality counts were made 24 hours after spraying.
      All flies that did not fly or did not walk up from the bottom of the cage
      were considered moribund. The same rating scale was employed as
      heretofore.
PAC  BOLL WEEVIL
PAC  Anthonomus grandis (Coleoptera)
PAR  The procedure was identical to that employed for the Mexican bean beetle
      and the Southern armyworm, except that 10 adult boll weevils were placed
      on cotton leaves that had been dipped into formulations of the test
      compounds. The same rating scale was used.
PAC  Test Results
PAC  Example 48
PAL  Evaluation of compounds against mexican bean beetle
PAR  various compounds of the present invention were evaluated in accordance
      with the test method described above against Mexican Bean Beetle. The
      compounds so evaluated, the rates employed, and the results of the
      evaluations are as set forth in the following table. When more than one
      evaluation was carried out at a given rate, the result reported for that
      rate is an average of the several results.
TBL                TABLE II                                                    
     ______________________________________                                    
                    Rate in  Toxicity                                          
                    Parts Per                                                  
                             Rating Against                                    
     Compound       Million  Mexican Bean Beetle                               
     ______________________________________                                    
     4-ethoxy-7-nitro-2,5-bis-                                                 
                    1000     9.0                                               
     (trifluoromethyl)benzi-                                                   
                    500      9.0                                               
     midazole       250      9.0                                               
                    100      9.0                                               
                    50       9.0                                               
                    25       8.5                                               
                    10       8.0                                               
     4-ethoxy-7-nitro-5-tri-                                                   
                    1000     9.0                                               
     fluoromethyl-2-penta-                                                     
                    500      9.0                                               
     fluoroethylbenzimidazole                                                  
                    250      9.0                                               
                    100      9.0                                               
                    50       9.0                                               
                    25       9.0                                               
     4-propoxy-7-nitro-5-tri-                                                  
                    1000     9.0                                               
     fluoromethyl-2-penta-                                                     
                    500      9.0                                               
     fluoroethylbenzimidazole                                                  
                    250      5.0                                               
                    100      8.5                                               
                    50       9.0                                               
     4-methoxy-7-nitro-2,5-bis-                                                
                    1000     9.0                                               
     (trifluoromethyl)benzimida-                                               
                    500      4.5                                               
     zole           250      9.0                                               
                    100      9.0                                               
                    50       8.5                                               
     4-propylamino-7-nitro-2,5-                                                
                    1000     9.0                                               
     bis(trifluoromethyl)benzi-                                                
                    500      9.0                                               
     midazole       250      9.0                                               
                    100      9.0                                               
                    50       9.0                                               
     4-piperidino-7-nitro-2,5-                                                 
                    1000     9.0                                               
     bis(trifluoromethyl)benzi-                                                
                    500      8.5                                               
     midazole       250      8.5                                               
                    100      9.0                                               
                    50       9.0                                               
                    25       9.0                                               
     4-butylamino-7-nitro-2,5-                                                 
                    1000     9.0                                               
     bis(trifluoromethyl)benzi-                                                
                    500      9.0                                               
     midazole       250      8.5                                               
                    100      7.5                                               
     4-cyclohexylamino-7-nitro-                                                
                    1000     9.0                                               
     2,5-bis(trifluoromethyl)-                                                 
                    500      9.0                                               
     benzimidazole  250      9.0                                               
                    100      8.5                                               
     4-sec-butylamino-7-nitro-                                                 
                    1000     9.0                                               
     2,5-bis(trifluoromethyl)-                                                 
                    500      9.0                                               
     benzimidazole  250      9.0                                               
     4-propylamino-7-nitro-5-                                                  
                    1000     7.5                                               
     cyano-2-trifluoromethyl-                                                  
                    500      9.0                                               
     benzimidazole  250      9.0                                               
     4-piperidino-7-nitro-5-                                                   
                    1000     8.5                                               
     cyano-2-pentafluoroethyl-                                                 
                    500      9.0                                               
     benzimidazole  250      9.0                                               
                    100      7.5                                               
     ______________________________________                                    
PAC  EXAMPLE 49:
PAC  EVALUATION OF COMPOUNDS AGAINST SOUTHERN ARMYWORM
PAR  Various compounds of the present invention were evaluated in accordance
      with the test method described above against Southern Armyworm. The
      compounds so evaluated, the rates employed, and the results of the
      evaluation are as set forth in the following table. Where more than one
      evaluation was carried out at a given rate, the result reported for that
      rate is an average of the several results.
TBL                TABLE III                                                   
     ______________________________________                                    
                     Rate in   Toxicity Rating                                 
                     Parts Per Against Southern                                
     Compound        Million   Armyworm                                        
     ______________________________________                                    
     4-ethoxy-7-nitro-2,5-bis-                                                 
                     1000      9.0                                             
     (trifluoromethyl)benzimida-                                               
                     500       9.0                                             
     zole            250       9.0                                             
                     100       9.0                                             
                     50        8.5                                             
     4-ethoxy-7-nitro-5-tri-                                                   
                     1000      9.0                                             
     fluoromethyl-2-penta-                                                     
                     500       9.0                                             
     fluoroethylbenzimidazole                                                  
                     250       9.0                                             
                     100       9.0                                             
                     50        9.0                                             
     4-propoxy-7-nitro-5-tri-                                                  
                     1000      9.0                                             
     fluoromethyl-2-pentafluoro-                                               
                     500       9.0                                             
     ethylbenzimidazole                                                        
                     250       9.0                                             
                     100       9.0                                             
                     50        8.5                                             
     4-methoxy-7-nitro-2,5-bis-                                                
                     1000      9.0                                             
     (trifluoromethyl)benzimida-                                               
                     500       9.0                                             
     zole            250       8.0                                             
                     100       9.0                                             
     4-propylamino-7-nitro-2,5-                                                
                     1000      9.0                                             
     bis(trifluoromethyl)benzi-                                                
                     500       9.0                                             
     midazole        250       9.0                                             
                     100       8.5                                             
     4-butylamino-7-nitro-2,5-                                                 
                     1000      9.0                                             
     bis(trifluoromethyl)benzi-                                                
                     500       9.0                                             
     midazole        250       9.0                                             
     4-cyclohexylamino-7-nitro-                                                
                     1000      9.0                                             
     2,5-bis(trifluoromethyl)-                                                 
                     500       9.0                                             
     benzimidazole                                                             
     4-sec-butylamino-7-nitro-                                                 
                     1000      9.0                                             
     2,5-bis(trifluoromethyl)-                                                 
                     500       9.0                                             
     benzimidazole   250       9.0                                             
                     100       9.0                                             
     4-propylamino-7-nitro-5-                                                  
                     1000      9.0                                             
     cyano-2-trifluoromethyl-                                                  
                     500       9.0                                             
     benzimidazole   250       8.5                                             
     4-piperidino-7-nitro-5-                                                   
                     1000      9.0                                             
     cyano-2-pentafluoroethyl-                                                 
                     500       9.0                                             
     benzimidazole   250       9.0                                             
                     100       7.5                                             
     ______________________________________                                    
PAC  EXAMPLE 50:
PAC  EVALUATION OF COMPOUNDS AGAINST TWO-SPOTTED SPIDER MITE
PAR  Various compounds of the present invention were evaluated in accordance
      with the test method described above against Two-spotted Spider Mite. The
      compounds so evaluated, the rates employed, and the results of the
      evaluation are as set forth in the following table.
TBL                TABLE IV                                                    
     ______________________________________                                    
                      Rate in   Toxicity Rating                                
                      Parts per Against Two-Spotted                            
     Compound         Million   Spider Mite                                    
     ______________________________________                                    
     4-ethoxy-7-nitro-2,5-                                                     
                      1000      9.0                                            
     bis(trifluoromethyl)-                                                     
                      500       9.0                                            
     benzimidazole    250       9.0                                            
                      100       9.0                                            
                      50        9.0                                            
                      25        9.0                                            
                      10        9.0                                            
     4-ethoxy-7-nitro-5-tri-                                                   
                      1000      9.0                                            
     fluoromethyl-2-penta-                                                     
                      500       9.0                                            
     fluoroethylbenzimidazole                                                  
                      250       9.0                                            
                      100       9.0                                            
                      50        9.0                                            
                      25        9.0                                            
                      10        8.0                                            
     4-propoxy-7-nitro-5-tri-                                                  
                      1000      9.0                                            
     fluoromethyl-2-penta-                                                     
                      500       9.0                                            
     fluoroethylbenzimidazole                                                  
                      250       9.0                                            
                      100       9.0                                            
                      50        9.0                                            
                      25        8.5                                            
                      10        9.0                                            
     4-methoxy-7-nitro-2,5-bis-                                                
                      1000      9.0                                            
     (trifluoromethyl)benzimida-                                               
                      500       9.0                                            
     zole             250       9.0                                            
                      100       9.0                                            
                      50        9.0                                            
                      25        9.0                                            
                      10        9.0                                            
     4-ethylthio-7-nitro-2,5-bis-                                              
                      500       9.0                                            
     (trifluoromethyl)benzimida-                                               
                      250       9.0                                            
     zole             100       8.5                                            
     4-propylamino-7-nitro-2,5-                                                
                      1000      9.0                                            
     bis(trifluoromethyl)benzi-                                                
                      500       9.0                                            
     midazole         250       9.0                                            
                      100       9.0                                            
                      50        9.0                                            
                      25        9.0                                            
     4-sec-butylamino-7-nitro-                                                 
                      1000      9.0                                            
     2,5-bis(trifluoromethyl)-                                                 
                      500       9.0                                            
     benzimidazole    250       9.0                                            
                      100       9.0                                            
     ______________________________________                                    
PAC  EXAMPLE 51:
PAC  EVALUATION OF COMPOUNDS AGAINST MILKWEED BUG
PAR  Various compounds of the present invention were evaluated in accordance
      with the test method described above against Milkweed Bug. The compounds
      so evaluated, the rates employed and the results of the evaluation are as
      set forth in the following table.
TBL                TABLE V                                                     
     ______________________________________                                    
                      Rate in     Toxicity Rating                              
                      Parts per   Against                                      
     Compound         Million     Milkweed Bug                                 
     ______________________________________                                    
     4-ethoxy-7-nitro-2,5-bis-                                                 
                       1000       9.0                                          
     (trifluoromethyl)benzimida-                                               
                       500        9.0                                          
     zole              250        9.0                                          
                       100        9.0                                          
                       50         9.0                                          
                       25         9.0                                          
                       10         8.5                                          
     4-ethoxy-7-nitro-5-trifluoro-                                             
                       1000       9.0                                          
     methyl-2-pentafluoroethyl-                                                
                       500        9.0                                          
     benzimidazole     250        9.0                                          
     4-propoxy-7-nitro-5-trifluoro-                                            
                       1000       9.0                                          
     methyl-2-pentafluoroethyl-                                                
                       500        9.0                                          
     benzimidazole                                                             
     4-methoxy-7-nitro-2,5-bis-                                                
                       1000       9.0                                          
     (trifluoromethyl)benzimida-                                               
                       500        9.0                                          
     zole              250        9.0                                          
                       100        9.0                                          
     4-ethylthio-7-nitro-2,5-bis-                                              
                       500        9.0                                          
     (trifluoromethyl)benzimida-                                               
                       250        9.0                                          
     zole              100        9.0                                          
     4-sec-butylamino-7-nitro-2,5-                                             
                       1000       9.0                                          
     bis(trifluoromethyl)benzimida-                                            
                       500        9.0                                          
     zole              250        9.0                                          
                       100        8.0                                          
     ______________________________________                                    
PAC  EXAMPLE 52:
PAC  EVALUATION OF COMPOUNDS AGAINST HOUSE FLY
PAR  Various compounds of the present invention were evaluated in accordance
      with the test method described above against House Fly. The compounds so
      evaluated, the rates employed, and the results of the evaluations are as
      set forth in the following table. Where more than one evaluation was
      carried out, the result reported for that rate is an average of the
      several results.
TBL                TABLE VI                                                    
     ______________________________________                                    
                      Rate in  Toxicity Rating                                 
                      Parts per                                                
                               Against                                         
     Compound         Per Million                                              
                               House Fly                                       
     ______________________________________                                    
     4-ethoxy-7-nitro-2,5-bis-                                                 
                       1000    9.0                                             
     (trifluoromethyl)benzimi-                                                 
                       500     9.0                                             
     dazole            250     9.0                                             
     4-ethoxy-7-nitro-5-tri-                                                   
                       1000    8.0                                             
     fluoromethyl-2-penta-                                                     
                       500     8.5                                             
     fluoroethylbenzimidazole                                                  
                       250     9.0                                             
                       100     9.0                                             
                       50      9.0                                             
                       25      9.0                                             
     4-propoxy-7-nitro-5-tri-                                                  
                       1000    9.0                                             
     fluoromethyl-2-pentafluoro-                                               
                       500     9.0                                             
     ethylbenzimidazole                                                        
                       250     9.0                                             
                       100     8.5                                             
                       50      7.5                                             
     4-ethoxy-7-nitro-5-cyano-                                                 
                       1000    9.0                                             
     2-trifluoromethylbenzimida-                                               
                       500     9.0                                             
     zole              250     8.5                                             
                       100     8.0                                             
     4-methoxy-7-nitro-2,5-bis-                                                
                       1000    9.0                                             
     (trifluoromethyl)benzimida-                                               
                       500     9.0                                             
     zole              250     9.0                                             
                       100     9.0                                             
                       50      9.0                                             
     4-propylamino-7-nitro-2,5-                                                
                       1000    9.0                                             
     bis(trifluoromethyl)benzi-                                                
                       500     9.0                                             
     midazole          250     9.0                                             
                       100     9.0                                             
     4-sec-butylamino-7-nitro-                                                 
                       1000    9.0                                             
     2,5-bis(trifluoromethyl)-                                                 
                       500     9.0                                             
     benzimidazole     250     9.0                                             
                       100     7.5                                             
     ______________________________________                                    
PAC  EXAMPLE 53:
PAC  EVALUATION OF COMPOUNDS AGAINST BOLL WEEVIL
PAR  Various compounds of the present invention were evaluated in accordance
      with the test method described above against Boll Weevil. The compounds so
      evaluated, the rates employed, and the results of the evaluations are as
      set forth in the following table. Where more than one evaluation was
      carried out, the result reported for that rate is an average of the
      several results.
TBL                TABLE VII                                                   
     ______________________________________                                    
                      Rate in  Toxicity Rating                                 
                      Parts per                                                
                               Against                                         
     Compound         Million  Boll Weevil                                     
     ______________________________________                                    
     4-ethoxy-7-nitro-5-tri-                                                   
                      1000     9.0                                             
     fluoromethyl-2-penta-                                                     
                      500      9.0                                             
     fluoroethylbenzimidazole                                                  
                      250      9.0                                             
                      100      8.5                                             
                      50       9.0                                             
     4-propoxy-7-nitro-5-tri-                                                  
                      1000     9.0                                             
     fluoromethyl-2-penta-                                                     
                      500      9.0                                             
     fluoroethylbenzimidazole                                                  
                      250      9.0                                             
     4-ethoxy-7-nitro-5-cyano-2-                                               
                      1000     8.5                                             
     trifluoromethylbenzimidazole                                              
                      500      8.5                                             
                      250      8.5                                             
                      100      9.0                                             
                      50       8.0                                             
     4-methoxy-7-nitro-2,5-bis-                                                
                      1000     8.5                                             
     (trifluoromethyl)benzi-                                                   
                      500      9.0                                             
     midazole         250      9.0                                             
     4-propylamino-7-nitro-2,5-                                                
                      1000     9.0                                             
     bis(trifluoromethy)benzi-                                                 
                      500      9.0                                             
     midazole         250      9.0                                             
                      100      9.0                                             
                      50       9.0                                             
     4-propylamino-7-nitro-5-                                                  
                      1000     8.0                                             
     cyano-2-trifluoromethyl-                                                  
                      500      9.0                                             
     benzimidazole    250      9.0                                             
                      100      7.5                                             
     4-piperidino-7-nitro-5-                                                   
                      1000     8.0                                             
     cyano-2-pentafluoroethyl-                                                 
                      500      8.5                                             
     benzimidazole    250      8.5                                             
     ______________________________________                                    
PAR  Certain of the compounds of the present invention exhibit herbicidal
      activity. This activity is most pronounced in the compounds wherein X
      represents trifluoromethyl and Z represents an alkoxy group, such as
      loweralkoxy of C.sub.1 -C.sub.4. In employing these compounds as
      insecticides for the control of insects which attack plants, due regard
      should be paid to the selection of rates, the growth stage of plants, the
      susceptibility of the plants to the compounds, and the like, in order that
      the insecticidal effect be achieved with little or no undesired herbicidal
      effect. When it is desired to utilize the herbicidal activity of the
      compounds, the compounds can be employed to control plant growth
      generally, or selectively to control weeds growing in crop plants. The
      compounds exhibit herbicidal activity at rates of from 1/2 lb. or less to
      10 lbs. or more, per acre.
PAR  When employed as herbicides, the compounds are conveniently formulated with
      adjuvants. Reference is made to the discussion hereinabove regarding the
      formulation of the compounds incident to utilization as insecticides. The
      compounds can be applied pre-emergent or post-emergent, in accordance with
      conventional modes of application.
PAR  Representative compounds were evaluated for herbicidal activity. Uniformly
      the evaluation was conducted by dispersing the respective compound with
      suitable surfaceactive agents in an aqueous solution and spraying the
      solution onto plots seeded with various species. A control plot was
      sprayed with an aqueous solution containing only the surfaceactive agents,
      in the same concentration. The plots were held under good growing
      conditions for twelve to thirteen days and then examined.
PAR  When evaluated by this method at a rate of 2 pounds/acre,
      4-methoxy-7-nitro-2,5-bis(trifluoromethyl)benzimidazole gave essentially
      complete control of crabgrass, pigweed, and foxtail, without any
      phytotoxic effect on corn, cotton, or soybeans. Essentially, the same
      results were obtained with
      4-ethoxy-7-nitro-2,5-bis(trifluoromethyl)benzimidazole and with
      4-propoxy-7-nitro-5-trifluoromethyl-2-pentafluoroethylbenzimidazole, each
      at 4 pounds per acre.
PAR  Preferred compounds of the present invention are those of the formula
      ##SPC7##
PAL  wherein X and Y have the same meanings as set forth above, and Z'
      represents loweralkoxy of C.sub.1-4, cycloalkoxy of C.sub.5 -C.sub.6,
      cycloalkylamino of C.sub.5 14 C.sub.6, loweralkylamino of C.sub.1
      -C.sub.4, or diloweralkylamino wherein each loweralkyl is of C.sub.1
      -C.sub.4 but both loweralkyl groups together do not contain more than a
      total of 6 carbon atoms. Preferred X and Y groups are CF.sub.3 and F,
      respectively.
PAR  The compounds to be employed as starting materials in accordance with the
      present invention:
      ##SPC8##
PAL  are readily prepared by either of two synthetic routes. In one synthetic
      route, a compound of the formula
      ##SPC9##
PAL  is treated with a halide-containing nucleophilic reagent, such as HCl, HBr,
      phosphorus oxychloride, phosphorus oxybromide, phosphorus thiochloride,
      phosphorus tribromide, phosphorus trichloride, thionyl chloride, thionyl
      bromide, or the like.
PAR  The reaction conditions are not critical. In general, the reaction is more
      conveniently carried out in an inert liquid as reaction medium. Suitable
      such liquids include ethers, such as diethyl ether and tetrahydrofuran;
      hydrocarbons; and acetone. Where any of the phosphorus halides or thionyl
      halides is employed as nucleophile, use of a small amount of
      dimethylformamide, to constitute a Vilsmeier-Haack reagent, is preferred.
      The reaction goes forward under a wide range of temperatures, such as from
      0.degree. to 150.degree.. Generally, however, there is no advantage to the
      use of temperatures other than room temperatures. The reaction consumes
      the 1-hydroxy compound and the nucleophilic reagent in amounts
      representing equimolecular proportions. Separation, and if desired,
      purification, are carried out in conventional procedures.
PAR  In representative procedures,
      1-hydroxy-4-nitro-2,6-bis(trifluoromethyl)benzimidazole (3.3 grams) was
      mixed at room temperature with 50 milliliters of thionyl chloride, and 0.5
      milliliter of dimethylformamide was added. The reaction mixture was
      stirred for 1 hour, then poured slowly into cold water, the desired
      product precipitated and was separated by filtration. TLC in ether showed
      a spot running faster than the starting material, NMR showed one aromatic
      peak, and a Beilstein test gave a green flame, indicating the presence of
      halogen. After recrystallization from a mixture of benzene and an
      aliphatic hydrocarbon fraction (Skellysolve B), the product melted at
      180.degree.-83.degree.C. Analysis, Calc.: C, 32.4; H, .60; N, 12.6; Cl,
      10.63 Found: C, 32.6; H, .89; N, 12.45; Cl, 10.75
PAR  In addition to the foregoing method, the starting bromides can also be
      prepared in accordance with the following reaction sequence:
      ##SPC10##
PAL  Each of the reactions is carried out in known procedures.
CLMS
STM  We claim:
NUM  1.
PAR  1. Compound of the formula
      ##SPC11##
PAL  wherein Y represents
PA1  a. hydrogen,
PA1  b. chlorine,
PA1  c. fluorine,
PA1  d. trifluoromethyl, or
PA1  e. pentafluoroethyl;
PAL  and wherein R.sup.o and R.sub.1 are either taken separately, in which case
      each independently represents one of the following, subject to the
      limitation that at least one of R.sup.o and R.sup.1 contains more than 1
      carbon atom and that R.sup.o and R.sup.1 together contain less than 9
      carbon atoms:
PAR  1. hydrogen
PA1  2. alkyl
PA1  3. alkenyl containing more than 2 carbon atoms,
PA1  4. alkynyl containing more than 2 carbon atoms,
PA1  5. (fluoroalkyl)methyl wherein alkyl is C.sub.1 -C.sub.7, both inclusive,
      and bears at least one fluorine atom,
PA1  6. cycloalkyl of C.sub.3 -C.sub.8, both inclusive
PA1  7. cycloalkylloweralkyl, wherein cycloalkyl is of C.sub.3 -C.sub.6, both
      inclusive, and loweralkyl is of C.sub.1 -C.sub.4, both inclusive, or
PA1  8. loweralkylcycloalkyl, wherein cycloalkyl and loweralkyl are as defined
      in the preceding candidate moiety;
PAL  or R.sup.o and R.sup.1 are taken together, in which case they jointly
      constitute, with the nitrogen atom to which they are attached, piperidino;
      and the alkali metal and alkaline earth metal salts thereof.
NUM  2.
PAR  2. The compound of claim 1 which is
      4-propylamino-7-nitro-5-cyano-2-trifluoromethylbenzimidazole.
NUM  3.
PAR  3. The compound of claim 1 which is
      4-piperidino-7-nitro-5-cyano-2-pentafluoroethylbenzimidazole.
NUM  4.
PAR  4. The compound of claim 1 which is
      4-(diallylamino)-7-nitro-5-cyano-2-difluorochloromethylbenzimidazole.
NUM  5.
PAR  5. The compound of claim 1 which is
      4-(2-cyclohexylethylamino)-7-nitro-5-cyano-2-pentafluoroethylbenzimidazole
NUM  6.
PAR  6. The compound of claim 1 which is
      4-piperidino-7-nitro-5-cyano-2-trifluoromethylbenzimidazole.
NUM  7.
PAR  7. The compound of claim 1 which is
      4-(N-methyl-cyclopentylamino)-7-nitro-5-cyano-2-trifluoromethylbenzimidazo
     le.
NUM  8.
PAR  8. The compound of claim 1 which is
      4-cydopentanemethylamino-7-nitro-5-cyano-2-trifluoromethylbenzimidazole.
NUM  9.
PAR  9. The compound of claim 1 which is
      4-((2-ethylcyclobutyl)amino)-7-nitro-5-cyano-2-trifluoromethylbenzimidazol
     e.
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ABST
PAL  A phenylisoxazole of the formula:
      ##SPC1##
PAL  Wherein, Y represents a hydrogen atom, a halogen atom, an alkali metal atom
      or a tertiary amino group and Z represents a sulfur atom or a sulfoxide
      group. They are prepared by subjecting 3-alkoxycarbonyl-5-phenylisoxazole
      to a treatment with at least one agent selected from the group consisting
      where required and as necessary of dimethyl sulfoxide, a neutralizing
      agent, an agent capable of releasing a halogen ion and a secondary amine
      at a temperature ranging from about -5.degree.C to about 70.degree.C for a
      time period from several minutes up to about 4 hours.
PAL  The phenylisoxazoles are useful as intermediates for preparing a
      3-(2-tertiary amino-1-hydroxyethyl)-5-phenylisoxazole, any of which is
      known as useful medicaments having a remarkable analgesic, antispasmodic,
      antiphretic, antiallergic, antiinflammatory, antitussive activity or the
      like, each reflecting the species of the substituent tertiary amino groups
      and generally having a very low toxicity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to phenylisoxazole derivatives.
      More specifically, it is concerned with 5-phenylisoxazole derivatives
      which are useful as intermediates for the production of 3-(2-tertiary
      amino-1-hydroxyethyl)-5-phenylisoxazoles known as useful medicaments
      having a remarkable analgesic activity, antispasmodic activity,
      antipyretic activity, antiallergic activity, antiinflammatory activity,
      antitussive activity or the like, each reflecting the species of the
      substituent tertiary amino group and generally having a very low toxicity.
      The present invention also relates to processes for preparing such
      5-phenylisoxazole derivatives as well as a process composed of consecutive
      stages yielding as its final product, 3-(2-tertiary
      amino-1-hydroxyethyl)-5-phenylisoxazoles, which process includes a
      preparing method for precursors each of which sequentially leads to these
      final products.
PAR  2. Description of the Prior Art
PAR  It has hitherto been believed that a Grignard reaction is indispensable for
      the preparation of the compounds of this kind. Although the actual
      production of these compounds is performed by employing the Grignard
      reaction, this has been hindered because of the expensive material cost
      and the reaction period required for the overall process. Therefore, an
      advent of any scheme which can eliminate the Grignard reaction has long
      been awaited because it would facilitate the production and eventually
      curtail the manufacturing cost drastically.
PAC  Summary of the Invention
PAR  It is therefore the primary object of the present invention to provide
      novel phenylisoxazole derivatives, each of which sequentially leads to the
      final product, a 3-(2-tertiary amino-1-hydroxyethyl)-5-phenylisoxazole.
PAR  It is another object of the present invention to provide a novel process
      composed of consecutive stages yielding, as its final product, a
      3-(2-tertiary amino-1-hydroxyethyl)-phenylisoxazole.
PAR  It is a further object of the present invention to provide novel processes
      for preparing each of said novel phenylisoxazole derivatives.
PAR  It is still another object of the present invention to provide the best
      possible measure for eliminating the Grignard reaction which has been
      believed to be indispensable for the production of the compounds of this
      kind but which has been imposing many problems not feasibly solved on the
      production of the final product.
PAR  According to the present invention, there is provided a phenylisoxazole of
      the formula:
      ##SPC2##
PAL  wherein, Y represents a hydrogen atom, a halogen atom, an alkali metal atom
      or a tertiary amino group and Z represents a sulfur atom or a sulfoxide
      group, and a method for preparing said phenylisoxazole which comprises;
      subjecting 3-alkoxycarbonyl-5-phenylisoxazole to a treatment with at least
      one agent selected from the group consisting where required and as
      necessary of dimethyl sulfoxide, a neutralizing agent, an agent capable of
      releasing a halogen ion and a secondary amine.
PAR  More detailedly, the method of the present invention comprises a reaction
      of the starting material, 3-alkoxycarbonyl-5-phenylisoxazole [I] with
      dimethylsulfoxide in the presence of a base to yield
      3-methylsulfinyl(alkali metal)acetyl-5-phenylisoxazole [II] which is
      subsequently halogenated to
      3-(2-methylthio-2-halogenoacetyl)-5-phenylisoxazole [III], and a reaction
      of the compound [III] with a secondary amine to give
      3-(2-methylthio-2-tertiary aminoacetyl)-5-phenylisoxazole [IV] which is
      subsequently reduced to 3-(2-tertiary
      amino-1-hydroxyethyl)-5-phenylisoxazole [V] with a hydrogenated metal
      complex compound. Prior to the halogenation, the compound [II] may
      optionally be neutralized with an acid to yield
      3-methylsulfinylacetyl-5-phenylisoxazole [II']. The process can be
      illustrated in the following schemes.
      ##SPC3##
PAL  [wherein, R, R' and R" each represents a lower alkyl group, the
      ##EQU1##
      group may be a cyclic amino group wherein R' and R" are combined together
      directly or through a hetero atom to form a closed ring, M represents an
      alkali metal atom, and X represents a halogen atom ].
PAR  The starting material of the process of the present invention,
      3-alkoxycarbonyl-5-phenylisoxazole [I] can be obtainable through ring
      closure of a corresponding pyruvate ester with hydroxylamine. The lower
      alkyl group indicated by R in the compound [I] is, in general, a methyl or
      ethyl group, though it may be another group and the difference in the
      number of the carbon atoms included in the alkyl group is not significant.
PAR  The first step of the present invention is the reaction of the compound [I]
      with dimethylsulfoxide under a basic condition, i.e., in the presence of
      sodium hydride, sodium amides, alkoxides of alkali metals, for instance,
      sodium methoxide, potassium tert-butoxide and the like, and may be
      performed without any solvent, i.e. through utilization of
      dimethylsulfoxide itself as a solvent or with an inert solvent such as
      benzene, toluene, tetrahydrafran, dioxane, diethyl ether or the like at a
      temperature ranging from about -5.degree.C to about 40.degree.C. A time
      period ranging from several minutes to about 2 hours is sufficient to
      obtain the compound [II] in a good yield. The compound [II] may
      tautomerically take an enol form of the formula:
      ##SPC4##
PAL  beside the illustrated keto form and may be used as the starting material
      of the next step as it is, though it may, if required, further be
      neutralized to the compound [II'] in a known conventional manner. The
      neutralization can be performed with any acid to yield the free compound
      [II'] immediately.
PAR  The next, the second, step of the process is a halogenation of the compound
      [II] or [II'] with an agent capable of releasing a halogen ion, for
      example, hydrogen halides, acetyl halides or thionyl halides, and may be
      performed in a solvent such as dichloromethane, chloroform or esters of
      acetic acid at a room temperature (about -5.degree..about.+30.degree.C) to
      obtain the compound [III]. A short time period (shorter than about 1 hour)
      is required for the reaction. When the hydrogen halide is used,
      utilization of a solvent, especially, ethyl acetate saturated with gaseous
      hydrogen halide is particularly convenient.
PAR  The obtained halide [III] is however substantially unstable and easily
      decomposed in the presence of water or an alcohol to such an extent that
      its precise identification is considerably difficult, and therefore is
      presumed to have a structure indicated by formula [III] in view of the
      precursor [II] and the product [IV] of the subsequent step of the process.
PAR  The third step is a process wherein, the halide [III] thus obtained is
      combined with a secondary amine which includes dimethylamine,
      diethylamine, dipropylamine, methylethylamine or methylisopropylamine, or
      a heterocyclic amine of pyrrolidine, piperidine, N-acetylpiperazine,
      morpholine or thiomorpholine. This step may normally be performed by
      dropwise addition of said secondary amine into a solution or a suspension
      of the halide [III] in an inert solvent which includes benzene, toluene,
      dichloromethane, tetrahydrofuran, dioxane or diethyl ether, at a
      temperature ranging from about -5.degree.C to about 50.degree.C.
PAR  Said secondary amine may optionally be dissolved or suspended in an inert
      solvent of the described class prior to the addition which may be effected
      while being stirred and then this stirring is continued for a time period
      of about 0.5 hour up to about 4 hours to give the compound [VI] having the
      corresponding tertiary amino group.
PAR  The final step is the process of reducing the compound [IV] with a
      hydrogenated metal complex compound, for instance, alkali metal
      borohydrides (NaBH.sub.4, LiBH.sub.4 and KBH.sub.4), alkali metal aluminum
      hydrides (NaAlH.sub.4 and LiAlH.sub.4), sodium borohydride cyanide
      (NaBH.sub.3 CN), aluminum sodium bis (2-methoxyethoxy)hydride
      (NaAl(OC.sub.2 H.sub.5 OCH.sub.3).sub.2 H.sub.2) or aluminum sodium
      diethyl dihydride (NaAl(C.sub.2 H.sub.5).sub.2 H.sub.2), and the reaction
      proceeds successfully by adding said hydrogenated metal complex compound
      to the compound [IV] dissolved or suspended in a solvent of preferably
      alcohols at a temperature ranging from 0.degree.C to about 70.degree.C. A
      time period of several minutes up to about 2 hours is sufficient for
      giving the compound [V] in a high yield.
PAR  It is to be noted that when a compound with a weakly basic secondary amine
      such as morpholine is used in the reduction step as the compound [IV],
      more vigorous reaction conditions will be required to effect smooth
      elimination of the methylthio group. Moreover, the yield of the obtained
      compound [V] is still considerably low even when such vigorous conditions
      are employed.
PAR  In actual operation, the whole of the above described steps may be
      performed continuously in a single batch, i.e., each product of the
      consecutive steps may be passed into the subsequent step as its starting
      material without being isolated from the reaction mixture or being
      subjected to any purifying treatments.
PAR  The 3-tertiary aminoethyl-5-phenylisoxazole derivatives thus obtained, are
      excellent medicaments as have been described in the beginning of the
      specification. They may however include oily substances which themselves
      are not suitable for administration in some instaces and their basic
      nature may sometimes be not advantageous for medicaments from the
      preparative point of view. For such reason, they may be converted into any
      pharmaceutically acceptable salts, i.e., acid addition salts, with or
      without any previous isolation or purification.
PAR  Selection of the intended salts depends on the object as to whether it is
      performed for the facility in purification or for the feasibility in
      preparation. Normally, such salts include inorganic salts such as the
      hydrochloride, sulfate, nitrate, hydrobromide, hydroiodide, phosphate,
      thiocyanide, carbonate and perchlorate, and organic salts such as the
      propionate, oxalate, tartrate, citrate, succinate, salicylate, benzoate,
      picrate and palmitate.
PAR  These salts can be obtainable by placing the above
      aminoalkylphenylisoxazoles in a reaction with the corresponding acids or
      in an anion exchanging reaction, and its actual operation proceeds in
      accordance with any conventional method of preparing organic salts.
PAR  As has been briefly described, the processes of the present invention and
      the key intermediary products of the process, are of great commercial
      importance because they are very excellent novel means for preparing
      3-(2-tertiary amino-1-hydroxyethyl)-5-phenylisoxazoles, being useful as
      precursors successively leading to said final product.
PAR  Especially, the intermediate product of the second step,
      3-methylsulfinyl(alkali metal)acetyl-5-phenylisoxazole (alkali metal
      1-(5-phenylisoxazole-3-yl)-2-methylsulfinylethenoxide) or
      3-methylsulfinylacetyl-5-phenylisoxazole, may be derived into
      3-acetyl-5-phenylisoxazole directly or through an intermediate,
      3-(2-methylsulfinyl-1-hydroxyethyl)-5-phenylisoxazole. This will provide
      another possibility of reaching the final product, i.e., alternate paths
      leading to the final product.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the following description, the processes of the present invention will
      be described in more detail by way of examples.
PAC  EXAMPLE 1 (the first step, 1)
PAR  Oily (50%) sodium hydride (1.2 g, 0.025 mole) and dimethylsulfoxide (12 ml)
      are intimately mixed under nitrogen atmosphere and the mixture is heated
      to 70.degree.C while being stirred. After the evolution of hydrogen gas
      from the reaction mixture has ceased (in about 20 min.), it is cooled to
      room temperature and then thereto is added 4 ml of tetrahydrofran.
PAR  To the mixture, there is added 2 g (0.01 mole) of
      3-methoxycarbonyl-5-phenylisoxazole dissolved in 8 ml of tetrahydrofran
      dropwise in about 7 minutes while being ice-cooled and stirred.
PAR  The mixture is then allowed to react with stirring at room temperature for
      about 30 minutes until it becomes highly viscous, and is poured into 75 ml
      of ice water and neutralized with 6 ml of 6N hydrochloric acid until it
      becomes weakly acidic (pH .apprxeq. 3) to precipitate white crystals.
PAR  The obtained mixture is extracted four times with 100 ml of chloroform each
      time and the respective chloroform layers are combined together and washed
      three times with 50 ml of water each time.
PAR  The washed chloroform layer is dried over sodium sulfate and the solvent is
      expelled by evaporation under reduced pressure leaving 2.92 g of white
      crystals which are then washed with diethylether and recrystallized from
      ethyl acetate to give needles of 3-methylsulphinylacetyl-5-phenylisoxazole
      (2.00 g, 80.5%). mp. 164.degree.-166.degree.C.
PAR  Anal. Calcd. for: C.sub.12 H.sub.11 O.sub.3 NS (Mw: 249.2). C,57.83;
      H,4.45; N,5.62; S,12.84. Found: C,57.37; H,4.47; N,5.74; S,12.57.
PAR  IR: .nu..sub.Max.sup. CHCl.sub..sbsp.3 (cm.sup.-.sup.1) 1700, 1615, 1575,
      1498, 1433, 1060, 1040, 945.
PAC  EXAMPLE 2 (the first step, 2)
PAR  Sodium amide (90 %, 43.5 g, 1.0 mole) and dimethylsulfoxide (300 ml) are
      intimately mixed under a nitrogen atmosphere and the mixture is stirred at
      70.degree.-75.degree.C for about 30 minutes until the evolution of gaseous
      ammonia ceases, which mixture is subsequently ice-cooled for about 30
      minutes.
PAR  To this ice-cooled reaction mixture there is added 101.5 g (0.5 mole) of
      3-methoxycarbonyl-5-phenylisoxazole dissolved in 300 ml of tetrahydrofran
      dropwise in about 30 minutes.
PAR  After the dropwise addition, the reaction mixture is stirred at room
      temperature for about one hour during which period it begins to solidify
      within about 10 minutes after the initiation of the stirring.
PAR  Ice water of about 2.5  is poured into this mixture to dissolve the
      precipitates. The mixture is then neutralized with about 220 ml of 6N
      hydrochloric acid until its pH value reaches about 2 to precipitate white
      crystals.
PAR  The crystals are dissolved in 1.5  of chloroform and the chloroform
      solution is washed with 500 ml of water and dried over sodium sulfate. The
      solvent in the solution is removed by evaporation under reduced pressure
      to give 105.6 g of crystalline residue.
PAR  Recrystallization of the residue from diethylether affords needles of
      3-methylsulfinylacetylisoxazole (98.2 g, 78.7 %). mp
      164.degree.-166.degree.C.
PAC  EXAMPLE 3 (The second step, 1)
PAR  To a suspension of 1.25 g (5.016 milimoles) of 3-methylsulfinylisoxazole in
      20 ml of dichloromethane, there is added 1.6 g (10.05 milimoles) of a
      solution (23 %) of hydrogen chloride in ethyl acetate at room temperature,
      and the mixture is stirred at the same temperature for about 25 minutes.
PAR  This pale red solution is concentrated to dryness under reduced pressure at
      a bath temperature of 28.5.degree.C to thoroughly expel the solvent out
      and to obtain crude 3- (2-methylthio-2-chloroacetyl)-5-phenylisoxazole
      (1.3258 g, 99.3 %) as a crystalline residue.
PAR  IR: .nu..sub.Max.sup.CHCl.sbsp.3  (cm.sup.-.sup.1) 1712, 1610, 1570, 1495,
      1442, 1430, 1045, 945.
PAC  EXAMPLE 4 (the third step, 1)
PAR  The crude crystals of 3-(2-methylthio-2-chloroacetyl)-5-phenylisoxazole
      (1.32 g, 5.0 milimoles) obtained in the above Example 3 are suspended in
      20 ml of benzene without being further purified, and the suspension is
      combined with 984 mg (11.5 millimoles) of piperidine while being stirred
      and ice-cooled.
PAR  After the combination, the mixture is lifted from the ice and stirred at
      room temperature for about 2 hours. The precipitant in the reaction
      mixture is removed by filtration with a No. 3 glass filter and the
      obtained filtrate (50 ml as a whole) is combined with 30 ml of water to be
      washed once. After being dried over sodium sulfate, the benzene in the
      filtrate is removed by evaporation under reduced pressure to give 1.63 g
      of crystalline residue. Recrystallization of this residue from methanol
      affords needles of 3-(2-methylthio-2-piperidinoacetyl)-5-phenylisoxazole
      (0.861 g, 54.3 %, calculated based on the starting material of the
      preceding step). mp. 113.degree.-115.degree.C.
PAR  Anal. Calcd. for: C.sub.17 H.sub.20 O.sub.2 N.sub.2 S (Mw: 316.35). C,
      64.54; H, 6.37; N, 8.86; S, 10.13. Found: C, 64.32; H, 6.14; N, 8.90; S,
      10.11.
PAR  IR: .nu..sub.Max.sup.CHCl .sbsp.3  (cm.sup.-.sup.1) 2940, 1705, 1615, 1575,
      1495, 1445, 1175, 1118, 1100, 950, 918, 1055.
PAC  EXAMPLE 5 (the fourth (final) step, 1)
PAR  The crude crystals of 3-(2-methylthio-2-piperidinoacetyl)-5-phenylisoxazole
      (1.631 g) obtained in Example 4 above, are suspended in 20 ml of methanol
      without being further purified and the suspension is stirred after a
      portionwise addition (in about 10 minutes) of 143 mg (3.78 millimoles) of
      sodium borohydride at room temperature for about 30 minutes.
PAR  The methanol in the reaction mixture (pale yellow solution) is then removed
      by evaporation under reduced pressure to leave a residue which is
      subsequently dissolved in 30 ml of benzene. The benzene solution is shaken
      four times with 20 ml of 4N hydrochloric acid each time to extract the
      basic substance. Each of the hydrochloric acid layers is washed once with
      20 ml of benzene and combined together to be neutralized with potassium
      carbonate while being ice-cooled until it becomes basic (pH .apprxeq. 10).
      The liberated crystalline substance is extracted twice with 50 ml of
      dichloromethane each time. After being separated, the dichloromethane
      layers are combined and washed once with 30 ml of water and dried over
      sodium sulfate, and the solvent of the layer is removed by evaporation
      under reduced pressure to leave a crystalline residue (72.56 mg, 53 %,
      crude yield, calculated based on the starting material of Example 3 (the
      second step)).
PAR  Recrystallization of this product from dichloromethane-ether (1:4) affords
      needles of 3-(2-piperidino-1-hydroxyethyl)-5-phenylisoxazole (701 mg, 51.3
      % as an overall yield calculated based on the starting material of Example
      3 (the second step)). mp. 104.degree.-106.degree.C.
PAR  Identification of this product with an authentic sample was carried out by
      mixed melting and by comparing their infrared absorption spectra.
PAC  EXAMPLE 6 (the second step, 2)
PAR  A reaction identical with that of Example 3 is performed on the
      3-methylsulfinylacetyl-5-phenylisoxazole (1.25 g) prepared in a manner
      similar to that described in Example 1 or 2 with the exception that the
      ethyl acetate solution of hydrogen chloride is replaced by a solution of
      acetyl bromide (741 mg, 6.025 milimoles) in dichloromethane (10 ml) to
      give 3-(2-methylthio-2-bromoacetyl)-5-phenylisoxazole (1.62 g, 103.5 %) as
      a crude crystalline residue.
PAR  IR: .nu..sub.Max.sup.CHCl .sbsp.3  (cm.sup.-.sup.1) 1710, 1610, 1588, 1568,
      1440, 1425, 1042, 945.
PAC  EXAMPLE 7 (the third step, 2)
PAR  The crude crystals (residue) of
      3-(2-methylthio-2bromoacetyl)-5-phenylisoxazole (1.62 g, 5.03 millimoles)
      obtained in Example 6 above, are dissolved in 10 ml of benzene without
      being further purified. To this solution, there is added portionwise a
      solution of 990 mg (11.6 millimoles) of piperidine in 10 ml of benzene in
      about 2 minutes while being ice-cooled and stirred. After the portionwise
      addition, the mixture is brought to the environment at room temperature
      and further stirred for about 80 minutes.
PAR  A filtrate obtained by removing the precipitant from the reaction mixture
      is shaken four times with 20 ml of 4N hydrochloric acid each time in a
      conventional manner to thoroughly extract the basic substance, and each of
      the hydrochloric acid layers is washed once with 20 ml of benzene.
PAR  The washed hydrochloric acid layers are combined together and neutralized
      with potassium carbonate until it becomes basic (pH .apprxeq. 10) to
      liberate crystals which are then extracted twice with 50 ml of
      dichloromethane each time.
PAR  After being washed with 30 ml of water, the combined dichloromethane layer
      is dried over sodium sulfate and the solvent is removed by evaporation
      under reduced pressure from the layer to give a crystalline residue (1.253
      g, 79 %). Recrystallization of the crude crystals from methanol affords
      needles of 3-(2-methylthio-2-piperidinoacetyl)-5-phenylisoxazole (1.1249
      g, 70.8 % calculated based on the starting material of the precedent
      step). mp. 113.degree.-115.degree.C.
PAR  This was identified with an authentic sample by mixed melting and in terms
      of the infrared absorption spectra.
PAC  EXAMPLE 8 (the third step, 3)
PAR  The crystalline residue of 3-(2-methylthio-2-bromoacetyl)-5-phenylisoxazole
      (1.63 g) obtained by a manner similar to that described in Example 6 is
      combined with 10 ml of benzene. To this mixture is added portionwise (in
      about 1 minute) a solution (43 %) of dimethylamine (1.1 g, equivalent to
      523 mg) in benzene diluted further with another 10 ml of benzene while
      being ice-cooled and stirred.
PAR  After the addition, the reaction mixture is lifted from the ice bath and
      further stirred at room temperature for about 1.5 hours.
PAR  Treatment of the mixture similarly to that described in the latter half of
      Example 7 gives a crystalline residue (1.11 g). Recrystallization of this
      residue from dichloromethane-ether (1:4) affords needles of
      3-(2-methylthio-2-dimethylaminoacetyl)-5-phenylisoxazole (1.005 g, 72.5 %
      calculated based on the starting material of the precedent step). mp.
      98.degree.-99.5.degree.C.
PAR  Anal. Calcd. for: C.sub.14 H.sub.16 O.sub.2 N.sub.2 S (Mw: 276.28) C,60.86;
      H, 5.84; N,10.14; S, 11.58. Found: C,60.18; H, 5.87; N, 9.70; S, 10.87.
PAR  IR: .nu..sub.Max.sup.CHCl .sbsp.3  (cm.sup.-.sup.1) 2830, 2780, 1700, 1610,
      1570, 1440, 1170, 1035, 945.
PAC  EXAMPLE 9 (the fourth (final) step, 3)
PAR  To a suspension of 3-(2-methylthio-2-dimethylaminoacetyl)-5-phenylisoxazole
      (461 mg, 1.67 millimoles) obtained in Example 8 in 5 ml of methanol, there
      is added 47.4 mg (1.25 millimoles) of sodium borohydride in about 3
      minutes while being stirred at room temperature and the stirring is still
      continued for about 30 minutes.
PAR  A crystalline residue obtained by concentration under reduced pressure of
      the reaction mixture is dissolved in 30 ml of benzene and shaken with 30
      ml of water to effect solubilization of the remaining residue and
      extraction. The extract is treated in a manner similar to that described
      in Example 5 to give a crystalline residue of 370.2 mg which is
      subsequently recrystallized from dichloromethane-ether (1:4) to afford
      needles of 3-(2-dimethylamino-1-hydroxyethyl)-5-phenylisoxazole (340.4 mg,
      90.1 %). mp. 117.degree.-119.degree.C.
PAR  Anal. Calcd. for: C.sub.13 H.sub.16 O.sub.2 N.sub.2 (Mw: 232.2) C, 67.22;
      H, 6.94; N, 12.06. Found: C, 67.41; H, 7.04; N, 11.80.
PAR  IR: .nu..sub.Max.sup.CHCl .sbsp.3  (cm.sup.-.sup.1) 3400(broad), 2830,
      2780, 1610, 1575, 1440, 1085, 1020, 945, 885, 855.
PAC  EXAMPLE 10 (the third step, 4)
PAR  The crude crystals of 3-(2-methylthio-2-chloroacetyl)-5-phenylisoxazole
      (1.369 g) obtained in a manner similar to that as described in Example 3
      wherein the ethyl acetate solution of hydrogen chloride is replaced by 473
      mg (0.43 ml) of acetyl chloride, are dissolved in 10 ml of benzene.
PAR  To this mixture still containing some insoluble substance, there is added
      dropwise a solution of piperidine (990 mg) in benzene (10 ml) in about 3
      minutes while being stirred and ice-cooled. After the dropwise addition,
      the mixture is lifted from the ice bath to be stirred at room temperature
      for about 2 hours.
PAR  The reaction mixture (suspension) is aspirated with a No. 3 glass filter
      and washed with 15 ml of benzene to remove the piperidine hydrochloride.
      The benzene layer is shaken four times with 20 ml of 4N hydrochloric acid
      each time. The hydrochloric acid layers are combined together and
      neutralized to make the mixture basic (pH .apprxeq. 10) and to liberate
      crystals which are subsequently extracted twice with 50 ml of benzene each
      time.
PAR  The benzene layers are combined, washed twice with 30 ml of water each time
      and dried over sodium sulfate. The solvent in the layer is removed by
      evaporation under reduced pressure to give a crystalline residue (938.1
      mg, 59 % calculated based on the starting material of the precedent step).
PAR  Recrystallization of the crude crystals from dichloromethane-ether (1:4)
      affords needles of 3-(2-methylthio-2piperidinoacetyl)-5-phenylisoxazole
      (839.2 mg, 52.7 % calculated based on the starting material of the
      precedent step). mp. 111.degree.-115.degree.C.
PAR  This product was identified with an authentic sample by mixed melting and
      by comparing their infrared absorption spectra.
PAC  EXAMPLE 11 (the third step, 5)
PAR  The crude crystals of 3-(2-methylthio-2-chloroacetyl)-5-phenylisoxazole
      (1.457 g) obtained in a manner similar to that as described in Example 3,
      are allowed to react with dimethylamine (benzene solution (48%) 1.09 g,
      equivalent to 520 mg) in a manner similar to Example 8 to give a
      crystalline residue (931 mg).
PAR  Recrystallization of this product from dichloromethane-ether (1:4) affords
      needles of 3-(2-methylthio-2dimethylaminoacetyl)-5-phenylisoxazole (845
      mg, 61 % calculated based on the starting material of the precedent step).
      mp. 98.degree.-99.5.degree.C.
PAR  Identification of this product with the authentic sample (Example 10) was
      carried out by mixed melting and by comparing their infrared absorption
      spectra.
PAC  EXAMPLE 12 (the third step, 6)
PAR  The crude crystals of 3-(2-methylthio-2-bromoacetyl)-5-phenylisoxazole
      (1.573 g) obtained by a manner similar to that as described in Example 6,
      are suspended in 10 ml of benzene. To this suspension, there is added
      dropwise a solution of morpholine (1.007 g) in benzene (10 ml) while being
      stirred and ice-cooled. After the dropwise addition, the mixture is lifted
      from the ice bath to be stirred at room temperature for about 1 hour.
PAR  The reaction mixture (suspension) is aspirated with a No. 3 glass filter
      and washed with 30 ml of benzene to remove the resultant morpholine
      hydrobromide salt (642.5 mg). The benzene layer of the filtrate is washed
      twice with 50 ml of water each time and the water layers are extracted
      with 50 ml of benzene. The combined benzene layer is then dried over
      sodium sulfate and the solvent in the mixture is removed by evaporation
      under reduced pressure to give a crystalline residue (1.504 g).
PAR  The crude crystals are fractionated by chromatography with a column of
      silica gel (Wakogel C-200 (trade name), 25 g) to obtain a crystalline
      substance (1.261 g) from both fractions with the eluants petroleum
      ether-benzene (1:2) and benzene-chloroform (1:1).
PAR  Recrystallization of this product from methanol affords pillars of
      3-(2-methylthio-2-morpholinoacetyl)-5phenylisoxazole (1.177 g, 73.7 %).
      mp. 124.degree.-126.degree.C.
PAR  Anal. Calcd. for: C.sub.16 H.sub.18 O.sub.3 N.sub.2 S. C, 60.37; H, 5.70;
      N, 8.80; S, 10.05. Found: C, 60.12; H, 5.65; N, 8.62; S, 9.89.
PAR  IR: .nu..sub.Max.sup.CHCl .sbsp.3 (cm.sup.-.sup.1) 2965, 2875, 1705, 1615,
      1575, 1495, 1445, 1260, 1140, 1115, 1055, 1010, 950, 925.
PAC  EXAMPLE 13 (the third step, 7)
PAR  The crude crystals of 3-(2-methylthio-2-chloroacetyl)-5-phenylisoxazole
      (1.38 g) obtained in a manner similar to that as described in Example 3
      are treated in the same manner as Example 12 to give
      3-(2-methylthio-2-morpholinoacetyl)-5-phenylisoxazole (1.071 g, 67.0 %
      calculated based on the starting material of the precedent step).
PAC  EXAMPLE 14 (the fourth (final) step, 4)
PAR  3-(2-Methylthio-2-morpholinoacetyl)-5-phenylisoxazole (700 mg, 2.2
      millimoles) obtained in a manner similar to that as described in either of
      Example 12 or 13, is suspended in 16 ml of methanol. To this suspension,
      there is added portionwise sodium borohydride (152.7 mg, 4.04 millimoles)
      at 50.degree.C in about 10 minutes. After the addition, the suspension is
      stirred at 60.degree.C for about 30 minutes.
PAR  The solvent in the reaction mixture is removed by evaporation under reduced
      pressure to leave a residue which is subsequently extracted twice with 30
      ml of benzene each time after addition of 30 ml of water. The extract is
      washed twice with 30 ml of water each time and dried over sodium sulfate.
      Removal of the solvent by evaporation under reduced pressure from the
      mixture gives a crystalline residue (0.25 g).
PAR  Recrystallization of the residue from ether affords needles of
      3-(2-morpholino-hydroxyethyl)-5-phenylisoxazole (0.133 g, 22.2 %). mp.
      133.5.degree.-135.5.degree.C.
PAR  Identification of this product with an authentic sample was carried out by
      mixed melting and by comparing the infrared absorption spectra.
PAC  EXAMPLE 15 (A connected operation, 1st step through 4th step)
PAR  To dimethylsulfoxide (23 g, 0.295 mole), there is added sodium amide (3.5
      g, 0.09 mole) under nitrogen atmosphere to dissolve the latter while being
      heated at an oil bath temperature of 70.degree..+-.5.degree.C and stirred.
      The solution obtained is diluted with 10 ml of toluene and dripped into a
      solution of 3-methoxycarbonyl-5-phenylisoxazole (10 g, 0.049 mole) is 100
      ml of toluene in about 4 minutes while being ice-cooled.
PAR  Simultaneously with the addition, an exothermic reaction takes place and a
      sodium salt precipitates to increase the viscosity of the solution which
      is subsequently stirred for about 30 minutes while being ice-cooled. The
      precipitated sodium salt (3-methylsulfinylsodioacetyl-5-phenylisoxazole or
      sodium 1-(5-phenylisoxazole-3-yl)-2-methylsulfinylethenoxide) is recovered
      by an aspiration with a No. 3 glass filter and washed with an additional
      100 ml of toluene. The filtrate may be returned to a regeneration process
      for recovering toluene and dimethylsulfoxide.
PAR  The sodium salt thus obtained has a tautomeric structure of the formula:
      ##SPC5##
PAL  infrared absorption spectra of:
PAR  .nu..sub.max.sup.Nujol (cm.sup.-.sup.1): 1615, 1595, 1575, 1530, 1440,
      1355, 990, 975, 840, 750 and 580,
PAL  and a melting point ranging from 198.degree.C to 202.degree.C, but is
      suspended in the wet (with toluene) condition in 100 ml of toluene and
      thereto their is added dropwise 11.9 g (0.1 mole) of thionyl chloride in
      about 10 minutes while being stirred and ice-cooled to smoothly effect an
      exothermic reaction wherein sodium chloride precipitates in place of the
      sodium salt which disappears with the progress of the reaction.
PAR  After the addition of thionyl chloride and the subsequent stirring at the
      same temperature for 30 minutes, the insoluble substance in the solution,
      for instance, sodium chloride is removed by filtration with a No. 3 glass
      filter and washed with 100 ml of toluene.
PAR  The toluene layers are combined together and concentrated to dryness under
      reduced pressure by means of an aspirator at a bath temperature of
      45.degree.C to give a crude chloride
      (3-(2-methylthio-2-chloroacetyl)-5-phenylisoxazole) (16.4 g) as a
      crystalline residue.
PAR  This crude chloride, without further purification, is combined with 50 ml
      of toluene and the mixture is heated to 45.degree.C to dissolve the
      chloride completely. To this solution of at the above temperature, there
      is added 9.5 g (0.11 mole) of piperidine all at once while being stirred.
PAR  The incorporation of the piperidine causes a precipitation of piperidine
      hydrochloride salt to make the solution viscous but the stirring still
      continues for an additional 40 minutes.
PAR  The hydrochloride salt is then removed from the solution by aspiration with
      a No. 3 glass filter and is washed with 100 ml of toluene.
PAR  The toluene layers (filtrate and washings) are then combined together and
      concentrated to dryness under reduced pressure at a bath temperature of
      45.degree.C to give crude
      3-(2-methylthio-2-piperidinoacetyl)-5-phenylisoxazole (22.7 g) as a
      crystalline residue which is subsequently suspended in 100 ml of methanol
      without further purification.
PAR  To this suspension, there is added portionwise 1.4 g (0.037 mole) of sodium
      borohydride in about 10 minutes to effect an exothermic (+37.degree.C)
      reaction with an evolution of gaseous mercaptan, a dissolution of the
      crystals and an accompanying precipitation of an insoluble substance.
PAR  After 20 minutes, the insoluble substance (0.4 g) is removed by aspiration
      with a No. 3 glass filter to recover a filtrate which is then concentrated
      to dryness at a bath temperature of 45.degree.C to give a residue.
PAR  This residue is extracted twice with 100 ml of benzene each time and washed
      four times with 100 ml of water each time.
PAR  The extracts are combined together, dried over sodium sulfate and
      concentrated to dryness under reduced pressure to give crude
      3-(2-piperidinyl-1-hydroxyethyl)-5-phenylisoxazole (12.1 g) as a
      crystalline residue which is then dissolved in 20 ml of methanol with
      heating (to 45.degree.C) and allowed to stand in a refrigerator overnight
      with an addition of seed crystals.
PAR  The precipitated crystals are collected by aspiration with a No. 3 glass
      filter, washed with 15 ml of cooled (-10.degree.C) methanol and dried in
      vacuo at room temperature for 6 hours to yield the intended product (5.15
      g) as the first crop. mp. 104.degree.-105.5.degree.C.
PAR  The recovered and collected filtrate and washing are concentrated to
      dryness under reduced pressure by means of an aspirator at a bath
      temperature of about 45.degree.C to give a residue which is then dissolved
      in 50 ml of benzene.
PAR  The benzene solution is shaken once with 50 ml of 4N hydrochloric acid and
      twice with each 50 ml of 1N hydrochloric acid each time to extract the
      basic portion thereof. The respective hydrochloric acid layers are each
      washed with 50 ml of benzene and combined together.
PAR  Neutralization of the combined hydrochloric acid layer with 45 ml of
      aqueous ammonia (28 %) under ice-cooling to make the solution basic (pH =
      10) leads to a precipitation of the intended product as crystals.
PAR  The crystals are recovered by aspiration with a No. 3 glass filter, with
      100 ml of water and dried over phosphoric oxide at room temperature in
      vacuo for 6 hours to yield the second crop (1.53 g). mp.
      96.degree.-99.degree.C.
PAR  Total crop of the 3-(2-piperidinyl-1-hydroxyethyl)-5-phenylisoxazole is
      6.68 g which amounts to an overall yield of 49.9 % calculated on the basis
      of the starting material, 3-methoxycarbonyl-5-phenylisoxazole.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phenylisoxazole of the formula:
      ##SPC6##
PAL  wherein R' and R" each represent a lower alkyl group of 1 to 3 carbon atoms
      or R.sup.1 and R.sup.11 may be combined with the nitrogen atom to which
      they are attached to form a pyrrolidino or piperidino group.
NUM  2.
PAR  2. 3-(2-Methylthio-2-piperidinoacetyl)-5-phenylisoxazole.
NUM  3.
PAR  3. 3-(2-Methylthio-2-dimethylaminoacetyl)-5-phenylisoxazole.
NUM  4.
PAR  4. 3-(2-Methylthio-2-diethylaminoacetyl)-5-phenylisoxazole.
NUM  5.
PAR  5. 3-(2-Methylthio-2-dipropylaminoacetyl)-5-phenylisoxazole.
NUM  6.
PAR  6. 3-(2-Methylthio-2-methylethylaminoacetyl)-5-phenylisoxazole.
NUM  7.
PAR  7. 3-(2-Methylthio-2-methylisopropylaminoacetyl)-5-phenylisoxazole.
NUM  8.
PAR  8. 3-(2-Methylthio-2-pyrrolidinoacetyl)-5-phenylisoxazole.
PATN
WKU  039391680
SRC  5
APN  3800407
APT  1
ART  121
APD  19730717
TTL  4-Piperidine acetamides
ISD  19760217
NCL  18
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Cook; Barry
CTY  Manchester
CNT  EN
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
COD  02
PRIR
CNT  UK
APD  19720728
APN  35487/72
CLAS
OCL  26029377
XCL  260 458N
XCL  260 458NZ
XCL  260240R
XCL  260240K
XCL  2602475G
XCL  260270R
XCL  26029356
XCL  26029362
XCL  26029363
XCL  26029364
XCL  26029365
XCL  26029366
XCL  26029371
XCL  26029373
EDF  2
ICL  C07D21132
FSC  260
FSS  293.86;293.66;293.65;293.63;293.64;293.73;293.76;293.85;293.56;293.62;293.7
     7
UREF
PNO  3498992
ISD  19700300
NAM  Kuhnis et al.
OCL  260293.86
OREF
PAL  C.A. 76:14299K (1972) Levkoeva et al.
LREP
FR2  Shust; Nestor W.
ABST
PAL  New piperidine derivatives and in particular esters and amides of
      substituted (piperidinyl-4) acetic acid are used as stabilisers for
      polymers, especially for polyolefines.
BSUM
PAR  The present invention provides a compound having the formula:
      ##SPC1##
PAL  Wherein Y is a straight- or branched alkyl residue having from 1 to 12
      carbon atoms, an alkenyl residue having from 3 to 12 carbon atoms, an
      aralkyl residue having from 7 to 12 carbon atoms or a group
      ##EQU1##
      wherein R.sub.7 is hydrogen, an alkyl residue having from 1 to 4 carbon
      atoms or a phenyl residue, R.sub.1 or R.sub.2 are the same or different
      and each is a straight- or branched alkyl residue having from 1 to 12
      carbon atoms, or R.sub.1 and R.sub.2, together with the carbon atom to
      which they are attached form a cycloalkyl group having from 5 to 12 carbon
      atoms; R.sub.3 is hydrogen, a straight- or branched alkyl residue having
      from 1 to 4 carbon atoms, an aralkyl residue having from 7 to 9 carbon
      atoms or a cycloalkyl group having from 5 to 6 carbon atoms, R.sub.4 is
      hydrogen, a metal ion a hydrocarbyl residue having from 1 to 20 carbon
      atoms and being either unsubstituted or substituted by halogen or
      interrupted by one or more oxygen or sulphur atoms, or, when n is 1,
      R.sub.4 can also have the structure:-
      ##SPC2##
PAL  Wherein R.sub.1 and R.sub.2 have their previous significance, Y' is
      hydrogen or has the same meaning as Y, X is -O-, -S- or &gt;NR.sub.5 wherein
      R.sub.5 has the same significance as R.sub.3 or when n is 1, in addition
      R.sub.4 and R.sub.5 together with nitrogen atom to which they are bound
      form a heterocyclic residue having from 4 to 10 carbon atoms and n is 1,
      2, 3 or 4; as well as the salts of the amine function of the compounds of
      formula I.
PAR  When n is 1, R.sub.4 can be for instance, hydrogen, a monovalent, straight-
      or branched aliphatic (either saturated or unsaturated) residue having
      from 1 to 20 carbon atoms, an alicyclic residue having from 5 to 20 carbon
      atoms, an aralkyl residue having from 7 to 12 carbon atoms, an aryl
      residue having from 6 to 15 carbon atoms, or R.sub.4 and R.sub.5 together
      with nitrogen atom to which they are bound form a heterocyclic residue
      having from 4 to 10 carbon atoms and optionally having one other
      heteroatom.
PAR  Examples of the group R.sub.4 when n is 1 apart from hydrogen, are: methyl,
      ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl, n-pentyl,
      neopentyl, 2-ethylpropyl, 2-methylbutyl, n-hexyl, n-octyl, t-octyl,
      n-dodecyl, n-octadecyl, eicosyl, 2-methoxyethyl, 3-chloropropyl, 2-methyl
      thioethyl, allyl, .alpha.-methallyl, dec-9-enyl, heptadec-8-enyl, crotyl,
      cinnamyl, propargyl, 2,4-hexadienyl, benzyl, .alpha.-methylbenzyl,
      .alpha.,p-dimethylbenzyl, diphenylmethyl, 2-chlorobenzyl, cyclopentyl,
      cyclohexyl, cyclooctyl, 4-methylcyclohexyl, cyclododecyl,
      4-chlorocyclohexyl, 9-fluorenyl, 1-adamantyl, phenyl, 4-methylphenyl,
      4-t-octylphenyl, 2-chlorophenyl, 4-methoxyphenyl, .alpha.-naphthyl,
      4-biphenyl, 2-fluorenyl and the group:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2 and Y' have their previous significance.
PAR  Examples of structures where R.sub.4 and R.sub.5 form a ring system,
      together with the nitrogen to which they are bound are 1-pyrrolidinyl,
      1-piperidinyl and 1-morpholinyl.
PAR  When n is 2, R.sub.4 may be a divalent, straight- or branched aliphatic
      residue (either saturated or unsaturated) having from 2 to 20 carbon
      atoms, a divalent alicyclic residue having from 5 to 20 carbon atoms, a
      divalent aralkyl residue having 8 to 20 carbon atoms, or a divalent aryl
      residue having 6 to 20 carbon atoms.
PAR  Examples of the group R.sub.4 where n is 2 are 1,2-ethylene, 1,2-propylene,
      1,4-n-butylene, 1,3-n-butylene 1,6-n-hexylene, 1,7-n-heptylene,
      1,10-n-decylene, 1,12-n-dodecylene, 2,2-dimethyl-1,3-propylene,
      1,2,3,-trimethyl-1,4-butylene, 3-thia-1,5-pentylene, 3-oxa-1,5-pentylene,
      1,4-but-2-ynylene, 1,4-but-2-ynylene, 2,5-hex-3-enylene,
      1,2-cyclohexylene, 1,3-cyclohexylene, 1,4-cyclohexylene,
      hexahydro-p-xylylene, p-xylylene, m-xylylene, 1,2-phenylene,
      1,4-phenylene, 2,2'-biphenylene, 4,4'-biphenylene, 2,6-naphthylene and
      2,7-fluoroenylene.
PAR  When n is 3, R.sub.4 may be a trivalent straight-or branched chain
      aliphatic (either saturated or unsaturated) residue having 3 to 15 carbon
      atoms, a trivalent alicyclic residue having 5 to 15 carbon atoms, a
      trivalent aralkyl residue having from 9 to 15 carbon atoms, or a trivalent
      aryl residue having 6 to 15 carbon atoms.
PAR  Examples of the group R.sub.4 when n is 3 are 1,2,3-tris substituted
      propane, 1,2,4-tri-substituted butane, 2,5-dimethyl-1,2,6-tri-substituted
      hexane, 1,1,1-trismethylenepropane, 1,2,3-tri-substituted cyclohexane,
      1,3,5-tri-substituted cyclohexane, 1,3,5-trimethylenebenzene and
      1,2,7-trisubstituted anthracene.
PAR  When n is 4, R.sub.4 may be a straight- or branched chain tetravelent
      aliphatic residue (either saturated or unsaturated) having 4 to 12 carbon
      atoms or a tetravalent alicyclic residue having from 5 to 12 carbon atoms,
      such as tetramethylene methane and 1,1,4,4-tetramethylenecyclohexane.
PAR  When R.sub.4 is an aliphatic, alicyclic, aryl or aralkyl residue, each of
      these residues may be unsubstituted or substituted by halogen or
      interrupted by one or more oxygen or sulphur atoms.
PAR  When R.sub.4 is a metal ion, it is preferably a transition metal ion, more
      preferably an ion of a metal of Group VIII of the Periodic System of
      Elements, and especially as ion of nickel.
PAR  Examples of Y, in the compound of formula I, are methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec-butyl, n-hexyl, n-octyl, n-dodecyl, allyl,
      .alpha.-methallyl, 10-undecenyl, benzyl, .alpha.-methylbenzyl,
      p-methylbenzyl, .alpha.,p-dimethylbenzyl .alpha.-naphthylmethyl,
      2-hydroxyethyl, 2-phenyl-2-hydroxyethyl and 2-hydroxypropyl residues.
PAR  Particularly preferred substituents Y are straight- or branched alkyl
      groups having from 1 to 4 carbon atoms and the most preferred value for Y
      is methyl.
PAR  Examples of the groups R.sub.1 and R.sub.2 are methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec-butyl, n-hexyl, n-dodecyl, or together with the
      carbon to which they are bound R.sub.1 and R.sub.2 can form a group such
      as
      ##SPC4##
PAL  Particularly preferred substituents R.sub.1 and R.sub.2 are straight or
      branched alkyl groups having 1 to 4 carbon atoms and the most preferred
      value for each of R.sub.1 and R.sub.2 is methyl.
PAR  Examples of the groups R.sub.3 and R.sub.5 are hydrogen, methyl ethyl,
      n-propyl, isopropyl, n-butyl, sec-butyl, benzyl, .alpha.-methylbenzyl,
      .alpha.,p-dimethylbenzyl, cyclohexyl, cyclopentyl. Particularly preferred
      substituents R.sub.3 and R.sub.5 are hydrogen and an alkyl residue having
      from 1 to 4 carbon atoms and the most preferred substituent R.sub.3 and
      R.sub.5 is hydrogen.
PAR  Examples of salts of the compounds of formula I that can be used according
      to the invention include salts of an inorganic acid, such as phosphates,
      carbonates, sulphates, chlorides and the like, as well as organic acid
      salts such as acetates, stearates, maloates, citrates, tartrates,
      oxalates, benzoates and substituted carbamic acids.
PAR  Examples of the esters and amides of formula I envisaged are given in the
      following list:
PAR  (1,2,2,6,6-pentamethylpiperidinyl-4) acetic acid
PAR  ethyl (1,2,2,6,6-pentamethylpiperidimyl-4) acetate
PAR  n-butyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  n-octyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  2-octyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  n-dodecyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  n-octadecyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  2'-methoxyethyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  2'-methylthioethyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  ethyl (1-ethyl-2,2,6,6-tetramethylpiperidinyl-4)acetate
PAR  n-ethyl (1-isobutyl-2,2-diethyl-6,6-dimethylpiperidinyl4)acetate
PAR  ethyl (1-methyl-2,2-diethyl-6,6-dimethylpiperidinyl-4) acetate
PAR  cyclohexyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  4'-chlorocyclohexyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  cyclododecyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  benzyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  4'-methoxybenzyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  phenyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  4-t-butylphenyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  2'-chlorophenyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  .alpha.-(n-butyl) ethyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  allyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  cinnamyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate
PAR  1' ,2'-ethylene di [(1,2,2,6,6-pentamethylpiperidinyl-4) acetate]
PAR  1,4-butylene di [(1,2,2,6,6-pentamethylpiperidinyl-4) acetate]
PAR  3'-oxa-,5' 5'-pentylene di [(1,2,2,6,6-pentamethylpiperidinyl-4) acetate]
PAR  3'-thia-1' ,5'-pentylene di [(1,2,2,6,6-pentamethylpiperidinyl-4) acetate]
PAR  1' ,1' ,1'-tri [(1,2,2,6,6-pentamethylpiperidinyl-4) acetoxymethyl] propane
PAR  tetrakis [(1,2,2,6,6-pentamethylpiperidinyl-4) acetoxymethyl] methane
PAR  (2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')[(1,2,2,6,6-pentamethylpiperidinyl-4)
      acetate]
PAR  ethyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  n-butyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  n-octyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  n-octadecyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  n-octyl(1(n-butyl)-2,2,6,6-tetramethylpiperidinyl-4) thioacetate
PAR  1', 4'-butylene di (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  1,10-decyclylene( 1,2,2,6,6,-pentamethylpiperidinyl-4) thioacetate
PAR  cyclohexyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  cyclohexyl (1-ethyl-2,2-di-isopropyl-6,6dimethylpiperidinyl-4) thioacetate
PAR  allyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  cinnamyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  crotyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  benzyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  phenyl (1,2,2,6,6-pentamethylpiperidinyl-4) thioacetate
PAR  (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-n-butyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-(n-hexyl)(1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-(n-octyl)(1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-(n-dodecyl)(1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-(n-octadecyl)1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-cyclohexyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-cyclohexyl(1-ethyl-2,2,6,6-pentamethylpiperidinyl-4)acetamide
PAR  N-benzyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-phenyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-(4'-chlorobutyl)( 1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-(2'-methoxyphenyl)(1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  .alpha.-(n-butyl)-N-cyclohexyl (1,2,2,6,6-pentamethylpiperidinyl-4)
      acetamide
PAR  N-allyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide
PAR  N-(2', 2', 6', 6'-tetramethylpiperidinyl-4)[
      (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide]
PAR  N,N'-di[(1,2,2,6,6-pentamethylpiperidinyl-4) acetyl] ethane-1', 2'-diamine
PAR  N,N'-di [(1,2,2,6,6-pentamethylpiperidinyl-4) acetyl] hexane-1',6' -diamine
PAR  1[(1' ,2' ,6' ,6'-pentamethylpiperidinyl-4') acetyl] morpholine
PAR  Oleyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate
PAR  (.alpha.-isopropyl)-ethyl(1,2,6,6-pentamethylpiperidinyl-4)acetate
PAR  (1,2,2,6,6-Pentamethylpiperidinyl-4)acetic acid hydrochloride
PAR  N,N-Di(n-butyl)(1,2,2,6,6-pentamethylpiperidinyl-4)acetamide
PAR  Ethyl(1-(n-dodecyl)-2,2,6,6-tetramethylpiperidinyl-4)acetate
PAR  Ethyl(1-benzyl-2,2,6,6-tetramethylpiperidinyl-4)acetate
PAR  Ethyl(1-allyl-2,2,6,6-tetramethylpiperidinyl-4)acetate
PAR  Ethyl(1-propargyl-2,2,6,6-tetramethylpiperidinyl-4)acetate
PAR  Ethyl[1-(2'-phenyl-2'-hydroxyethyl)2,2,6,6-tetramethylpiperidinyl-4]acetate
PAR  Ethyl[1-(2'-hydroxyethyl)(2,2,6,6-tetramethylpiperidinyl-4] acetate
PAR  Bis[(1,2,2,6,6-pentamethylpiperidinyl-4)acetato]Nickel.sup.II
PAR  3,5,5-Trimethyl-1-[-(1' ,2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')acetamido]-3[(1" ,2" ,2"
      ,6",-pentamethylpiperidinyl-4") acetamido methyl]cyclohexane
PAR  1,12-dodecylene-di[(1' ,2' ,6' ,6'-pentamethylpiperidinyl-4')-acetate].
PAR  The present invention also provides a first preferred process in which a
      compound of formula I is produced comprising reacting a compound having
      the formula:
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and Y have their previous significance
      and R.sub.6 is hydrogen or an alkyl group having from 1 to 4 carbon atoms,
      with a compound having the formula:
EQU  R.sub.4 (XH).sub.n                                         III
PAL  wherein R.sub.4, X and n have their previous significance.
PAR  The reaction may be conveniently effected with or without the use of a
      catalyst and a solvent. If a catalyst is used however, it may be a lithium
      amide, an alkali metal alkoxide, p-toluene sulphonic acid, calcium
      hydroxide, tetra-n-butyl titanate or di-butyl tin oxide. If a solvent is
      used, the solvent is one which is inert to the reactants and the reaction
      product. Suitable solvents include benzene, xylene, cyclohexane and
      dioxan.
PAR  The reaction is preferably carried out at an elevated temperature, for
      instance at a temperature within the range of from 100.degree. to
      200.degree.C. Advantageously, the alcohol R.sub.6 OH, which is produced
      during the reaction, is allowed to distil out of the reactor as it is
      formed.
PAR  If desired, the crude reaction product may be purified, for instance by
      solvent extraction and by subsequent recrystallisation from a suitable
      solvent, or by re-distillation.
PAR  The starting-material of formula II may be produced for example by
      hydrogenation of a compound having the formula:-
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.6 and Y have their previous
      significance.
PAR  All starting-materials of formula II may be obtained by this route except
      those in which Y is alkenyl or aralkyl. In the case in which Y is alkenyl
      or aralkyl, the compound of formula II is obtained from the corresponding
      compound of formula IV in which Y is H, by hydrogenating this compound and
      then reacting the hydrogenated compound with the appropriate alkenyl or
      aralkyl halide.
PAR  In a second process, a compound of formula I is produced by hydrogenating a
      compound having the formula:-
      ##SPC7##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, X and n have their previous
      significance and Y is hydrogen, alkyl or aralkyl.
PAR  The hydrogenation of compounds IV and V may be conveniently effected using
      molecular hydrogen or using chemical means such as lithium aluminium
      hydride. If molecular hydrogen is used, the hydrogenation may be conducted
      in known manner using a hydrogenation catalyst such as palladium,
      platinum, rhodium or nickel, preferably supported on a carrier such as
      silica, calcium carbonate or carbon. Advantageously the reaction is
      conducted at elevated temperature and pressure, and in a suitable solvent
      such as ethanol or cyclohexane.
PAR  In a third, less preferred embodiment, a compound of formula I is produced
      by reacting a compound having the formula.
      ##SPC8##
      wherein R.sub.1, R.sub.2, R.sub.3 and Y have their previous significance
      and Z is halogen, with a compound having the formula III as hereinbefore
      defined.
PAR  The reaction is conveniently effected in a solvent inert to the reactants
      and the reaction products. Suitable solvents include benzene, toluene,
      cyclohexane and dioxan. Advantageously the reaction is effected at an
      elevated temperature, preferably at the reflux temperature of the reaction
      mixture.
PAR  The starting-material of formula VI may be produced from the compound of
      formula II by method well-known per se.
PAR  In all processes of the present invention, instead of using
      starting-materials containing the group &gt;N-Y, the corresponding &gt;N-H
      compound may be used as starting-material, the group Y being introduced
      into the molecule during a subsequent reaction stage. Clearly, however, if
      the Y substituent to be introduced in this way is alkenyl or aralkyl, the
      introduction of this group must be made after any hydrogenation stage.
PAR  Alkyl, aralkyl or alkenyl groups may be introduced at the nitrogen atom of
      the piperidine ring by reacting the &gt;N-H compound with the corresponding
      alkyl, aralkyl or alkenyl halide or by a Leuckart or Wallach reaction
      using the appropriate aldehyde or ketone.2-Hydroxyalkyl or
      2-hydroxyaralkyl substituents may be introduced by reacting the &gt;N-H
      compound with the appropriate epoxide.
PAR  Salts of the compounds of formula I may be prepared by the reaction of the
      appropriate acid with a solution of a compound of formula I in an inert
      solvent.
PAR  Metal salts of formula I may be prepared by the reaction of a compound
      having the formula:-
      ##SPC9##
PAL  where R.sub.1, R.sub.2, R.sub.3 and Y have their previous significance and
      A is an alkali metal ion, preferably sodium, with a compound of formula:
EQU  M(Z).sub.n                                                 VIII
PAL  where M is a metal ion, preferably a transition metal ion, especially
      nickel, Z is halogen, and n is 1,2,3, or 4.
PAR  The reaction is conveniently carried out in a solvent for instance, ethyl
      alcohol or water.
PAR  The present invention further provides a composition comprising an organic
      material and, as stabiliser, a minor proportion of a compound of formula I
      as hereinbefore defined.
PAR  Compounds of formula I have been found to impart to polyolefines an
      exceptionally high degree of stability towards deterioration normally
      induced by the effects of ultra-violet radiation or exposure to heat.
      Moreover, this improved stability is achieved without affecting the colour
      properties of the treated polyolefine. The stabiliser of the invention
      provide effective light and/or heat stabilisation especially for low- and
      high-density polethylene and polypropylene and polystyrene as well as
      polymers of butene-1, pentene-1, 3-methylbutene-1,  hexene-1,
      4-methylpentene-1, 4-methylhexene-1 and 4,4-dimethylpentene-1, and also
      co- and ter-polymers of olefines, particularly of ethylene or propylene.
PAR  Other organic materials susceptible to degradation by the effects of light
      and the properties of which are improved by the incorporation therein of a
      compound of formula I include natural and synthetic polymeric materials,
      for instance natural and synthetic rubbers, the latter including, for
      example, homo-, co- and terpolymers or acrylonitrile, butadiene and
      styrene.
PAR  Specific synthetic polymers include polyvinyl chloride and vinyl chloride
      co-polymers, polyvinyl acetate as well as condensation polymers derived
      from ether, ester (derived from carboxylic, sulphonic or carbonic acids)
      amide or urethane compounds; polyvinyl acetals; polyacrylates such as
      polymers and copolymers of methyl acrylate, ethyl acrylate, methyl
      methacrylate and ethyl methacrylate; polyamides; urea-formaldehyde and
      melamine -formaldehyde resins; cellulose plastics such as cellulose
      acetate, cellulose butyrate and cellulose nitrate. Certain of these
      polymers can, for instance, form the basis of surface coating media such
      as paints and lacquers having an oil or resin base, such as an alkyd or
      polyamide resin.
PAR  The amount of the compound of formula I which is incorporated into the
      organic material in order to achieve maximal protection against
      degradation by light varies according to properties of the organic
      material treated and according to the severity of the light radiation and
      to the length of exposure. However, for most purposes it is sufficient to
      use an amount of the compound of formula I within the range of from 0.01%
      to 5% by weight, more preferably within the range of from 0.1% to 2% by
      weight based on the weight of untreated organic material.
PAR  The compounds of formula I may be incorporated into the polymeric material
      by any of the known techniques for compounding additives with a polymer.
      For example, the compound of formula I and the polymer may be compounded
      in an internal mixer. Alternatively, the compound of formula I may be
      added as a solution or slurry in a suitable solvent or dispersant, for
      instance an inert organic solvent such as methanol ethanol or acetone to
      powdered polymer and the whole mixed intimately in a mixer; and the
      solvent subsequently removed. As a further alternative the compound of
      formula I may be added to the polymer during the preparation of the
      latter, for instance at the latex stage of polymer production, to provide
      pre-stabilised polymer material.
PAR  Optionally, the composition of the invention may contain one or more
      further additives, especially those used in polymer formulations, such as
      antioxidants of the phenol or amine type, U.V. absorbers and light
      protectants, phosphite stabilisers, peroxide decomposers, polyamide
      stabilisers, basic co-stabilisers, polyvinyl chloride stabilisers,
      nucleation agents, plasticizers, lubricants, emulsifiers, anti-static
      agents, flame-protectants, pigments, carbon black, asbestos, glass-fibres,
      kaolin and talc.
PAR  The present invention therefore includes binary, tertiary and
      multi-component compositions containing, as stabiliser, a compound of
      formula I together with one or more functional additives for polymers.
PAR  Examples of suitable antioxidants are those of the hindered phenol type
      such as those selected from the following groups:
PAR  1 Phenolic compounds having the general formula
PAC  Q-(CH.sub.2).sub.w --A.sub.1
PAL  wherein
PA1  Q is
      ##SPC10##
PA1  A.sub.1 is -CR(COOR").sub.2
      ##EQU2##
      R is hydrogen or lower alkyl R' is lower alkyl
PA1  R" is alkyl group having from 6 - 24 carbon atoms
PA1  w is an integer from 0 to 4.
PAR  Illustrative examples of the compounds shown above are:
PA1  di-n-octadecyl-.alpha.-(3,5-di-t-butyl-4-hydroxy-benzyl) malonate
PA1  di-n-octadecyl-.alpha.-(3-t-butyl-4-hydroxy-5-methylbenzyl)malonate
      di-n-octadecyl-.alpha.,.alpha.'bis-(3-t-butyl-4-hydroxy-5-methyl-benzyl)ma
     lonate
PAR  2 Phenolic compounds having the general formula
PAC  Q-R'"
PAL  Illustrative examples of the compounds shown above are:
PA1  2,6-di-t-butyl-p-cresol
PA1  2-methyl-4,6-di-t-butylphenol and the like
PA1  2,6-di-Octadecyl-p-cresol
PAR  (3) Phenolic compounds having the formula
PAC  Q-C.sub.w H.sub.2w -Q
PAR  Illustrative examples of the compounds shown are:
PA1  2,2'-methylene-bis(6-t-butyl-4-methylphenol)
PA1  2,2'-methylene-bis(6-t-butyl-4-ethylphenol)
PA1  4,4'-butylidene-bis(2,6-di-t-butylphenol)
PA1  4,4'-(2-butylidene)-bis(2-t-butyl-5-methylphenol)
PA1  2,2'-methylene-bis[6-(2-t-methylcyclohexyl)-4-methylphenol
PA1  2,2'-methylene-bis(3-t-butyl-5-ethylphenol)
PA1  4,4'-methylene-bis(3,5-di-t-butylphenol)
PA1  4,4'-methylene-bis(3-t-butyl-5-methylphenol)
PA1  2,2'-methylene-bis(3-t-butyl-5-methylphenol) and the like.
PAR  (4) Phenolic compounds having the formula:
PAC  R'"-O-Q
PAL  Illustrative examples of such compounds are:
PA1  2,5-di-t-butylhydroquinone
PA1  2,6-di-t-butylhydroquinone
PA1  2,5-di-t-butyl-4-hydroxyanisole
PAR  (5) Phenolic compounds having the formula:
PAC  Q-S-Q.
PAL  Illustrative examples of such compounds are:
PA1  4,4'-thiobis-(2-t-butyl-5-methylphenol)
PA1  4,4'-thiobis-(2-t-butyl-6-methylphenol)
PA1  2,2'-thiobis-(6-t-butyl-4-methylphenol)
PA1  4,4'-thiobis-(2-methyl-5-t-butylphenol)
PAR  (6) Phenolic compounds having the formula
      ##EQU3##
      Illustrative examples of such compounds are:
PAR  octadecyl-(3,5-dimethyl-4-hydroxybenzylthio)-acetate
      dodecyl-(3,5-di-t-butyl-4-hydroxybenzylthio)-propionate
PAR  (7) Phenolic compounds having the formula
      ##EQU4##
      wherein T is hydrogen R or Q as defined above.
PAR  Illustrative examples of such compounds are:
PA1  1,1,3-tris(3,5-dimethyl-4-hydroxyphenyl)-propane
PA1  1,1,3-tris(5-t-butyl-4-hydroxy-2-methylphenyl)-butane
PA1  1,1,5,5-tetrakis-(3'-t-butyl-4'-hydroxy-6'-methylphenyl)-n-pentane
PAR  (8) Phenolic compounds having the formula:
      ##SPC11##
PAL  wherein B.sup.1, B.sup.2 and B.sup.3 are hydrogen, methyl or Q, provided
      that when B.sup.1 and B.sup.3 are Q then B.sup.2 is hydrogen or methyl and
      when B.sup.2 is Q then B.sup.1 and B.sup.3 are hydrogen or methyl.
PAR  Illustrative examples of such compounds are:
PA1  1,4-di(3,5-di-t-butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene
PA1  1,3,5-tri(3,5-di-t-butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene
PAR  (9) Phenolic compounds having the formula
      ##SPC12##
PAL  wherein Z is NHQ, -S-D- or -O-Q
PAR  D is alkyl group having from 6 - 12 carbon atoms or -(C.sub.w
      H.sub.2w)-S-R"
PAR  Illustrative examples of such compounds are:
PA1  2,4bis-(n-octylthio)-6-(3,5-di-t-butyl-4-hydroxyaniline)-1,3,5-triazine
PA1  6-(4-hydroxy-3-methyl-5-t-butylanilino)-2,4-bis-(n-octylthio)-1,3,5-triazin
     e
PA1  6-(4-hydroxy-3,5-dimethylanilino)-2,4-bis-(n-octylthio)-1,3,5-triazine
PA1  6-(4-hydroxy-3,5 -di-t-butylanilino)-2,4-bis-(n-octylthio)-1,3,5-triazine
PA1  6-(4-hydroxy-3,5-di-t-butylanilino)-4-(4-hydroxy-3,5-di-t-butylphenoxy)-2-n
     -octylthio)1,3,5-triazine
PA1  2,4-bis(4-hydroxy-3,5-di-t-butylanilino)-6-(n-octylthio)-1,3,5-triazine
PAR  (10) Phenolic compounds having the formula:
      ##SPC13##
PAL  wherein Z' is -O-Q, -S-D or -S-(C.sub.w H.sub.2w)-SD.
PAR  Illustrative examples of such compounds are:
PA1  2,3-bis-(3,5-di-t-butyl-4-hydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine
PA1  2,4,6-tris-(4-hydroxy-3,5-di-t-butylphenoxy)-1,3,5-triazine
PA1  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA1  6-(4-hydroxy-3-methylphenoxy)-2,4-bis-(n-octylthio)-1,3,5-triazine
PA1  6-(4-hydroxy-3-t-butylphenoxy)-2,4-bis-(n-octylthioethylthio)-1,3,5-triazin
     e
PA1  6-(4-hydroxy-3-methyl-5-t-butylphenoxy)-2,4-bis-(n-octylthio)-1,3,5-triazin
     e
PA1  2,4-bis-(4-hydroxy-3-methyl-5-t-butylphenoxy)-6-(n-octylthio)-1,3,5-triazin
     e
PA1  2,4,6-tris-(4-hydroxy-3-methyl-5-t-butylphenoxy)-1,3,5-triazine
PA1  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-octylthiopropylthio)-1,3,5-t
     riazine
PA1  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-dodecylthioethylthio)-1,3,5-
     triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-butylthio-1,3,5-triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octadecylthio)-1,3,5-triazin
     e
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-dodecylthio)-1,3,5-triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthiopropylthio)-1,3,5-t
     riazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-dodecylthioethylthio)-1,3,5-
     triazine.
PAR  (11) Phenolic compounds having the formula
PAC  [Q-C.sub.z H.sub.2z -COO-C.sub.z H.sub.2z ].sub.p --r'"-(R).sub.4-p
PAL  wherein p is an integer from 2 to 4 and R'" is a tetravalent radical
      selected from aliphatic hydrocarbons having from 1 to 30 carbon atoms,
      aliphatic mono- and dithioethers having from 1 to 30 carbon atoms,
      aliphatic mono- and diethers having from 1 to 30 carbon atoms and z is an
      integer from 0 to 6.
PAR  Illustrative examples of such compounds are
PAC  Sub-class I
PA1  n-Octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  n-Octadecyl-2-(3,5-di-t-butyl-4-hydroxyphenyl)-acetate
PA1  n-Octadecyl-3,5-di-t-butyl-4-hydroxybenzoate
PA1  n-Hexyl-3,5-di-t-butyl-4-hydroxyphenylbenzoate
PA1  n-Dodecyl-3,5-di-t-butyl-4-hydroxyphenylbenzoate
PA1  Neo-dodecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  Dodecyl-.beta.-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  Ethyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  Octadecyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  Octadecyl-.alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-propionate
PAC  Sub-class II
PA1  2-(n-octylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(n-octylthio)ethyl 3,5-di-t-butyl-4-hydroxyphenylacetate
PA1  2-(n-octadecylthio)ethyl 3,5-di-t-butyl-4-hydoxyphenylacetate
PA1  2-(n-octadecylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(2-hydroxyethylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2,2'-Thiodiethanol bis(3,5-di-t-butyl-4-hydroxyphenyl) acetate
PA1  Diethyl glycol bis-[3,5-di-t-butyl-4-hydroxyphenyl) propionate]
PA1  2-(n-octadecylthio)ethyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  2,2'-Thiodiethanol-bis-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  Stearamido N,N-bis-[ethylene 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  n-Butylimino N,N-bis-[ethylene
      3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  2-(2-stearoyloxyethylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(2-hydroxyethylthio)ethyl
      7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  2-(2-stearoyloxyethylthio)ethyl
      7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PAC  Sub-class III
PA1  1,2-propylene glycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  Ethylene glycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  Neopentylglycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  Ethylene glycol bis-(3,5-di-t-butyl-4-hydroxyphenylacetate)
PA1  Glycerine-1-n-octadecanoate-2,3-bis-(3,5-di-t-butyl-4-hydroxyphenylacetate
PA1  Pentaethylthritol-tetrakis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  1,1,1-trimethylol ethane-tris-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  Sorbitol hexa-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  1,2,3-butanetriol tris-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  2-hydroxyethyl 7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  2-stearoyloxyethyl 7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  1,6-n-hexanediol-bis[(3',5'-di-t-butyl-4-hydroxyphenyl)propionate]
PAR  (12) Phenolic compounds having the formula
      ##EQU5##
      where x is an integer of 1 or 2.
PAR  Illustrative examples of such compounds are
PA1  Di-n-octadecyl 3,5-di-t-butyl-4-hydroxybenzyl-phosphonate
PA1  Di-n-octadecyl 3-t-butyl-4-hydroxy-5-methylbenzylphosphonate
PA1  Di-n-octadecyl 1-(3,5-di-t-butyl-4-hydroxyphenyl)-ethanephosphonate
PA1  Di-n-tetradecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  Di-n-hexydecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  Di-n-docosyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  Di-n-octadecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate.
PAR  (13) Phenolic compounds having the formula
      ##SPC14##
PAR  wherein W and Q are defined above.
PAR  Illustrative examples of such compounds are:
PAR  tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate
PAR  tris-(3-t-butyl-4-hydroxy-5-methylbenzyl)isocyanurate.
PAR  While any of the above mentioned antioxidants can be useful in combination
      with the ultraviolet light stabilizers of this invention, the preferred
      antioxidants consist of the hindered phenols in groups 1, 8, 9, 10, 11, 12
      and 13 as mentioned above. The most preferred hindered phenols are those
      of groups 1, 9, 11, 12 and 13.
PAR  Further examples of antioxidants are those of the aminoaryl series for
      instance aniline and naphthylamine derivatives as well as their
      heterocyclic derivatives such as:-
PA1  phenyl-1-naphthylamine
PA1  phenyl-2-naphthylamine
PA1  N,n'-diphenyl-p-phenyldiamine
PA1  N,n'-di-sec.butyl-p-phenylenediamine
PA1  6-Ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline
PA1  6-Dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline
PA1  Mono- and di-octyliminodibenzyl and
PA1  polymerised 2,2,4-trimethyl-1,2-dihydroquinoline.
PAR  Ultraviolet absorbers and light protectants include
PAR  (a) 2-(2'-hydroxyphenyl)benzotriazoles, for instance
PA1  5'-methyl; 3',5'-di-t-butyl; 5'-t-butyl; 5-chloro-3',
PA1  5'-di-t-butyl; 5-chloro-3'-t-butyl-5'-methyl; 3'-sec.
PA1  butyl-5'-tert.butyl; 3'-[.alpha.-methylbenzyl]-5'-methyl-;
PA1  3'-[.alpha.-methylbenzyl)-5'-methyl-5-chloro-; 4'-octoxy-;
PA1  3',5'-di-t-amyl; 3'-methyl-5'-carbamethoxyethyl;
PA1  5-chloro-3',5'-di-t-amyl derivatives.
PAR  (b) 2,4-bis-(2'-hydroxyphenyl)-6-alkyl-S-triazines, for instance the
      6-ethyl or 6-undecyl derivatives.
PAR  (c) 2-hydroxybenzophenones, for instance the 4-hydroxy, 4-methoxy,
      4-octoxy-, 4-decyloxy-, 4-dodecyloxy-, 4,2',4'-trihydroxy or
      2'-hydroxy-4,4'-dimethoxy derivatives.
PAR  (d) 1,3-Bis(2'-hydroxybenzoyl)-benzenes for instance,
PA1  1,3-bis-(2'-hydroxy-4'-hexyloxybenzoyl)benzene
PA1  1,3-bis-(2'-hydroxy-4'-octoxybenzoyl)benzene
PA1  1,3-bis-(2'-hydroxy-4'-dodecyloxybenzoyl)benzene
PAR  (e) Aryl esters from optionally substituted benzoic acids such as
      phenylsalicylate, octylphenylsalicylate, dibenzoyl resorcinol,
      bis-(4-tert.butylbenzoyl) reesorcinol, benzoylresorcinol and
      3,5-di-tert.butyl-4-hydroxy-benzoic acid-2,4-di-tert.butyl phenyl ester
      and -octadecyl ester and -2-methyl-4,6-di-tert.butyl phenyl ester.
PAR  (f) Acrylates, for instance
PA1  .alpha.-Cyano-.beta., .beta.-diphenylacrylic acid ethyl- or iso-octyl
      ester, .alpha.-carbomethoxy-cinnamic acid, methyl- or butyl ester and
      N-(.beta.-carbomethoxyvinyl)-2-methyl indoline.
PAR  (g) Nickel compounds such as nickel complexes of
      2,2'-thiobis-(4-tert.octylphenol), for instance the 1:1 and 1:2 complexes,
      optionally having other ligands such as n-butylamine, triethanolamine or
      N-cyclohexyl-diethanolamine; nickel complexes of bis-(4-tert.octylphenyl)
      sulphone such as the 2:1 complex, optionally having other ligands such as
      2-ethylcaproic acid; nickel dibutyl dithiocarbamates; nickel salts of
      4-hydroxy-3,5-di-tert.butylbenzyl-phosphonic acid mono-alkyl esters such
      as the methyl-, ethyl- or butyl esters; the nickel complex of
      2-hydroxy-4-methyl-phenyl-undecylketonoxime; and
      nickel-3,5-di-tert.butyl-4-hydroxy benzoate, and
PAR  (h) Oxalic acid diamides, for instance
PA1  4,4'-dioctyloxyoxanilide
PA1  2,2'-dioctyloxy-5,5'-di-tert.butyl-oxanilide
PA1  2,2'-di-dodecyloxy-5,5'-di-tert.butyl oxanilide
PA1  2-ethoxy-5-tertiarybutyl-2'-ethyl-oxanilide
PA1  2-ethoxy-2'-ethyl-oxanilide
PA1  mixtures of o- and p-methoxy and ethoxy-di-substituted
PA1  oxanilides and the compound of formula:
      ##EQU6##
PAR  Phosphite stabilisers include triphenyl phosphite, diphenylalkyl
      phosphites, phenyl dialkyl phosphites, trinonylphenyl phosphite, trilauryl
      phosphite, trioctadecyl phosphite,
      3,9-di-isodecyloxy-2,4,8,10-tetraoxa-3,9-diphosphaspiro-(5,5)-undecane and
      tri-(4-hydroxy-3,5-di-tert.butylphenyl)phosphite.
PAR  Peroxide-decomposing compounds for polyolefins include esters of
      .beta.-thiodipropionic acids, for instance the lauryl-, stearyl-,
      myristyl- or tridecyl esters, salts of mercaptobenzimidazoles such as the
      zinc salt and diphenylthiourea.
PAR  Suitable polyamide stabilisers include copper salts in combination with
      iodides and/or further phosphorus compounds and salts of bivalent
      manganese.
PAR  Basic co-stabilisers are, for example, polyvinylpyrrolidone, melamine,
      benzoguanamine, triallyl cyanurate, dicyandiamide, urea derivatives,
      hydrazine derivatives, amines, polyamides, polyurethanes, alkali and
      alkaline earth salts of higher saturated or unsaturated fatty acids such
      as calcium stearate.
PAR  Polyvinyl chloride stabilisers include organotin compounds, organo lead
      compounds and Ba/Cd salts of fatty acids.
PAR  Examples of nucleation agents are 4-tert.butyl benzoic acid, adipic acid
      and diphenylacetic acid.
PAR  As with the compound of formula I, any further additive is advantageously
      employed in a proportion within the range of from 0.01% to 5% by weight,
      based on the weight of untreated organic materials.
PAR  In combination with an antioxidant suitable for use in inhibiting oxidative
      deterioration of polyolefines, for instance those of the hindered phenol
      type, the compounds of formula I provide extremely effective all round
      stabilising packages for polyolefines.
PAR  Some Examples will now be given. Parts and percentages shown therein are by
      weight unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  15.9 Parts by weight of ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate, 9.8
      parts by weight of 98% formic acid, and 6.5 parts by weight of
      formaldehyde were heated with stirring at 100.degree.C for 15 hours. The
      solution was then cooled and 50 parts by volume of water added followed by
      10 parts by volume of 46% aqueous sodium hydroxide. The resulting
      suspension was extracted with 6 .times. 50 parts by volume of ether, the
      combined ether extracts were then dried over magnesium sulphate and the
      ether removed by distillation to give crude
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, which upon distillation
      gave 6.5 parts by weight (39% of theory yield) or pure material boiling at
      150.degree.-2.degree.C/12 mmHg and having the following elemental analysis
      by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       69.42      11.24      5.71%                                   
     Calculated for                                                            
                 69.67      11.27      5.80%                                   
     C.sub.14 H.sub.27 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  7.5 parts by weight of ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate,
      8.4 parts by weight of n-octadecanol and 1 part by weight of lithium amide
      were heated with stirring at 160.degree.C/760 mmHg for 30 minutes, then at
      160.degree.C/12 mmHg for 10 minutes, the resulting mass was cooled and
      poured into 100 parts by volume of water, which was then extracted with 4
      .times. 50 parts by volume of ether. The combined ether extracts were
      dried over magnesium sulphate and the crude product was dissolved in 20
      parts by volume of petroleum ether (boiling range 60.degree.-80.degree.C)
      and the insoluble material removed by filtration. A white solid was
      obtained on evaporation of the petroleum ether solution at a bath
      temperature of 100.degree.C and 12 mmHg. On drying this material at
      100.degree.C/0.1 mmHg for 8 hours, was obtained 6.8 parts by weight(47% of
      theory yield) of pure
      n-octadecyl(1,2,2,6,6-pentamethylpiperidinyl-4)-acetate, melting at
      35.degree.-6.degree.C and having the following elemental analysis by
      weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       77.48      12.73      2.77%                                   
     Calculated for                                                            
                 77.36      12.77      3.01%                                   
     C.sub.30 H.sub.59 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  8.5 Parts by weight of ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate,
      3.5 parts by weight of cyclohexylamine, and 0.35 parts by weight of sodium
      methoxide were heated with stirring at 100.degree.C/760 mmHg for 30
      minutes, then at 160.degree.C/760 mmHg for 20 minutes, and finally at
      160.degree.C/12 mmHg for 5 minutes. The resulting mass was cooled and
      triturated with water (100 parts by volume), the resulting white solid was
      collected by filtration, dried at 60.degree.C and recrystallised from 50
      parts by volume of petroleum ether (boiling range 60.degree.-80.degree.C)
      to give 5.5 parts by weight (54% of theory yield) of pure
      N-cyclohexyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetamide, melting at
      142.degree.-3.degree.C and having the following elemental analysis by
      weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       73.50      11.64      9.12%                                   
     Calculated for                                                            
                 73.42      11.64      9.51%                                   
     C.sub.18 H.sub.34 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  12 parts by weight of ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 7.8
      parts by weight of n-octanol, and 0.5 parts by weight of sodium methoxide
      were heated at 160.degree.C. for 45 minutes, during which ethanol was
      removed by distillation from the flask. The resulting oil was poured into
      water and extracted with ether (4 .times. 50 parts by volume). The
      combined ether extracts, after drying over magnesium sulphate, were
      evaporated off under reduced pressure and the residual oil purified by
      distillation to give 7.8 parts by weight (48% of theory yield of
      n-octyl(1,2,2,6,6-penta-methylpiperidinyl-4)acetate b.
      138.degree.-40.degree.C./0.4 mm. having the following elemental analysis
      by weight:
PAR  Found: C, 74.04; H, 11.92; N, 4.34% Required for C.sub.20 H.sub.39 NO.sub.2
      : C, 73.79; H, 12.08; N, 4.30%
PAC  EXAMPLE 5
PAR  2.7 parts by weight of butane-1,4-diol, 13.6 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, and 0.5 parts by weight
      of lithium amide were heated at 160.degree. for 1 hour. The resulting oil
      was worked up as in Example 4 to give 5.8 parts by weight (50% of theory
      yield) of
      1,4-Butylene-di[(1',2',2',6',6'-pentamethylpiperidinyl-4')acetate] , b.p.
      240.degree.C/0.2 mm., having the following elemental analysis by weight:
PAR  Found: C, 69.75; H, 10.91; N, 5.89% Required for C.sub.28 H.sub.52 N.sub.2
      O.sub.4 : C, 69.96; H, 10.90; N, 5.83%.
PAC  EXAMPLE 6
PAR  19.3 parts by weight of ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate,
      1.7 parts by weight of pentacrythritol, and 1 part by weight of lithium
      amide were reacted as in Example 5 to give 7.4 parts by weight (80% of
      theory yield) of tetrakis
      [(1,2,2,6,6-pentamethylpiperidinyl-4)acetoxymethyl]methane having the
      following elemental analysis by weight:
PAR  Found: C, 69.24; H, 10.21; N, 5.88% Required for C.sub.53 H.sub.96 N.sub.4
      O.sub.8 : C, 69.4; H, 10.47; N, 6.11%.
PAC  EXAMPLE 7
PAR  14.5 parts by weight of ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate,
      10 parts by weight of cyclohexanol and 0.5 parts by weight of lithium
      amide were reacted as in Example 2 and worked up to give 9.3 parts by
      weight (31% of theory yield) of
      cyclohexyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate boiling at
      155.degree.C./0.7 mm. and having the following elemental analysis by
      weight:
PAR  Found: C, 73.45; H, 11.09; N, 4.60% Required for: C, 73.17; H, 11.26; N,
      4.75% C.sub.18 H.sub.33 NO.sub.2.
PAC  EXAMPLE 8
PAR  3.1 parts by weight of 1,2-ethane diol, 24.1 parts by weight of ethyl
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetate, and 1.0 part by weight of
      lithium amide were reacted as in Example 5, to give 7.5 parts by weight
      (33% of theory yield) of 1,2-ethylene
      di[(1',2',2',6',6'-pentamethylpiperidinyl-4') acetate], boiling at
      221.degree.C./0.4 mm.Hg. and having the following elemental analysis by
      weight:
PAR  Found: C, 69.13; H, 10.46; N, 6.08% Required for C.sub.26 H.sub.48 N.sub.2
      O.sub.4 : C, 68.99; H, 10.69; N, 6.19%.
PAC  EXAMPLE 9
PAR  30 parts by weight of ethyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetate,
      3.0 parts by weight of 1,2-diamino ethane and 5.4 parts by weight of
      sodium methoxide were heated with stirring initially at 100.degree.C.; the
      temperature of the reaction mixture was raised to 160.degree.C. over 15
      minutes at which temperature ethyl alcohol was distilled from the reaction
      flask. Reaction conditions were maintained at 160.degree.C/760 mm. for 1
      hour then at 100.degree.C/12 mm. for 10 minutes. The residual mass was
      cooled, triturated with water and filtered. Recrystallisation from 300
      parts by volume of ethyl acetate gave 27.3 parts by weight (77% of theory
      yield) of pure N,N'-di [(1',2',2',6',6'-pentamethylpiperidinyl-4-) acetyl]
      ethane-1,2-diamine, melting at 210.degree.C. and having the following
      elemental analysis by weight:
PAR  Found: C, 69.22; H, 11.19; N, 12.38% Reqiured for C.sub.26 H.sub.50 N.sub.4
      O.sub.2 : C, 69.29; H, 11.18; N, 12.43%.
PAC  EXAMPLE 10
PAR  14.5 Parts by weight of ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate,
      11.2 parts by weight of n-dodecylamine, and 1.62 parts by weight of sodium
      methoxide were heated together, with stirring at 100.degree.C for 20
      minutes, the temperature was then raised to 160.degree.C for a further 1
      hour. Ethyl alcohol was allowed to distil from the reaction. The mixture
      was then cooled and poured into water. The product was extracted with
      ether and isolated as in Example 1 and purified by distillation to give
      10.5 parts by weight (46% theory yield), of N-dodecyl
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetamide boiling at
      228.degree.-30.degree.C/0.7mm. and having the following elemental analysis
      by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found:      76.08      12.44      7.63%                                   
     Required for                                                              
                 75.73      12.71      7.36%                                   
     C.sub.24 H.sub.48 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  A mixture of 12.1 parts by weight of ethyl
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 6.5 parts by weight of benzyl
      alcohol and 1 part by weight of lithium amide were treated as in Example 5
      to give 1.9 parts by weight of
      benzyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, boiling at
      150.degree.-2.degree.C./0.5 mm and having the following elemental analysis
      by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       75.50      9.91       4.75%                                   
     Required for                                                              
                 75.21      9.63       4.62%                                   
     C.sub.19 H.sub.29 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  A mixture of 12.1 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 10.1 parts by weight of
      n-hexylamine and 2.7 parts by weight of sodium methoxide were treated as
      in Example 10 to give 4.7 parts by weight of
      N-(n-hexyl)(1,2,2,6,6-pentamethylpiperidinyl-4)acetamide, boiling at
      182.degree.-4.degree.C./0.8 mm, and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       72.73      11.94      9.55%                                   
     Required for                                                              
                 72.92      12.24      9.45%                                   
     C.sub.18 H.sub.36 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  A mixture of 18.5 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 3.5 parts by weight of
      hexane-1,6-diamine, and 3.6 parts by weight of sodium methoxide were
      treated as in Example 10 to give a white solid, which by recrystallisation
      from cyclohexane gave 12.3 parts by weight (81% of theory yield) of pure
      N,N'-di[(1',2',2',6',6'-pentamethylpiperidinyl-4')acetyl]hexane-1,6-diamin
     e, melting at 150.degree.-2.degree.C. and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       70.90      11.30      10.97%                                  
     Required for                                                              
                 71.10      11.54      11.05%                                  
     C.sub.30 H.sub.58 N.sub.4 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLES 14 TO 21
PAR  38 parts of polypropylene were homogenised with 0.076 parts of
      n-octadecyl-.beta.-(4'-hydroxy-3',5'-t-butylphenyl) propionate in a
      kneading machine over a period of 3 minutes at 200.degree.C. 0.19 parts of
      the product of Example 1 was then added and homogenisation continued for
      another 7 minutes.
PAR  The homogenised mixture was removed from the kneader and pressed to a
      thickness of from 2 to 3 mm. in a press.
PAR  9 parts of the polypropylene mixture were then charged into a second press
      in which the press-plates were protected by aluminium foil having a
      thickness of 0.1 mm. The press was closed and, for 2 minutes, no pressure
      was applied. The pressure was then increased up to a maximum of 12 tons
      and this pressure held for 6 minutes, the temperature of the press being
      260.degree.C. The pressure was released and the material (0.3 mm thick)
      was cooled and running water.
PAR  This material was cut into from 3 to 5 pieces of 35 .times. 35 mm section
      and re-charged to the press. The press was closed and no pressure was
      applied for 2 minutes. Over another 2 minutes the pressure was increased
      to 8 tons, the press temperature being 260.degree.C. This pressure was
      maintained for 2 minutes and then the pressure released. The polypropylene
      foil of 0.1 mm thickness was removed and tempered immediately in a
      circulating air oven maintained at 150.degree.C over a period of 60
      minutes.
PAR  A section measuring 44 .times. 100 mm was separated from the 0.1 mm
      tempered polypropylene foil and exposed to light irradiation in a
      fademeter device consisting of a circular bank of 28 alternating sunlight
      and blacklight lamps. The sunlight lamps were 2 feet long, 20-watt
      fluorescent lamps characterised by a peak emission of 3100 Angstrom units;
      the blacklight lamps were 2 feet long, 20 watt ultraviolet lamps
      characterised by a peak emission of 3500 Angstrom units. The sample was
      rotated concentrically about the bank of lamps so that the radiation
      therefrom was uniformly distributed over the section under test.
PAR  The exposed sample was examined periodically, when portions of it were
      removed for tensile testing and the time (T) was determined after which
      the elongation of the sample had decreased to 50% of the initial
      elongation.
PAR  The results obtained, including the use of other compounds of the invention
      as stabiliser are set out in the following table.
TBL  __________________________________________________________________________
                                           FACTOR                              
                                           Time (T) for additive               
     Example  Additive                     Time (T) for control                
     __________________________________________________________________________
     --   None (control)                   1                                   
     14   Ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate                     
                                           7.6                                 
     15   n-Octadecyl (1,2,2,6,6-pentamethylpiperidinyl-4)acetate              
                                           5.1                                 
     16   N-Cyclohexyl (1,2,2,6,6-pentamethyl-4)acetamide                      
                                           4.7                                 
     17   Ethane-1,2-di[(1',2',6',6'-pentamethylpiperidinyl-4')                
                                           7.1tate]                            
     18   Benzyl(1,2,2,6,6-pentamethylpiperidinyl-4')acetate                   
                                           6.3                                 
     19   Di[(1',2',2',6',6-pentamethylpiperidinyl-4')acetyl]ethane-1,         
          2-diamine                        6.3                                 
     20   Di[(1',2',2',6',6'-pentamethylpiperidinyl-4')acetyl]hexane-1,        
          6-diamine                        5.7                                 
     21   N-(n-Dodecyl)(1,2,2,6,6-pentamethylpiperidinyl-4)acetamide           
                                           5.4                                 
PAC  EXAMPLE 22
PAR  A solution of 4.5 parts by weight of
      ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate and 30 parts by volume of
      styrene oxide in 30 parts by volume of n-hexanol was heated at reflux for
      24 hours. The resulting solution was distilled to give
      ethyl[1-(2'-hydroxy-2'-phenylethyl)
      2,2,6,6-tetramethylpiperidinyl-4]acetate, boiling at 190.degree.C/0.9 mm
      mercury, and having the following elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       72.52      9.27       3.90%                                   
     Required for                                                              
                 72.58      9.57       4.03%                                   
     C.sub.21 H.sub.33 NO.sub.3                                                
     ______________________________________                                    
PAC  EXAMPLE 23
PAR  A solution of 22.7 parts by weight of
      ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate and 8.55 parts by weight of
      benzyl bromide in 100 parts by volume of dry toluene was heated at reflux
      for 42 hours.
PAR  The resulting suspension was cooled and the white crystals which formed
      were removed by filtration. The liquid was distilled to give 11.5 parts by
      weight (72% of theory yield) of
      ethyl(1-benzyl-2,2,6,6-tetramethylpiperidinyl-4 acetate, boiling at
      142.degree.-6.degree.C./0.25 mm mercury and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       75.74      10.12      4.44%                                   
     Required for                                                              
                 75.67       9.84      4.41%                                   
     C.sub.20 H.sub.31 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 24
PAR  A solution of 22.7 parts by weight of
      ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate and 6.05 parts by weight of
      allylbromide in 100 parts by volume of toluene was treated as in Example
      23 to give ethyl(1-allyl-2,2,6,6-tetramethylpiperidinyl-4)acetate boiling
      at 92.degree.-6.degree.C./0.3 mm mercury and having the following
      elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       71.61      10.50      5.40%                                   
     Required for                                                              
                 71.83      10.93      5.24%                                   
     C.sub.16 H.sub.29 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 25
PAR  22.7 Parts by weight of ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate and
      12.45 parts by weight of n-dodecyl bromide were heated together at
      100.degree.C. for 80 hours. The suspension was cooled and diluted with 100
      parts by volume of petroleum ether (boiling range 40.degree.-60.degree.C),
      the resulting solid was filtered and the liquid distilled to give
      ethyl[1-(n-dodecyl)-2,2,6,6-tetramethylpiperidinyl-4] acetate boiling at
      178.degree.-80.degree.C./0.3  mm mercury and having the following
      elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       76.15      12.66      3.58%                                   
     Required for                                                              
                 75.89      12.48      3.54%                                   
     C.sub.25 H.sub.49 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 26
PAR  A solution of 22.7 parts by weight of
      ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate and 5.95 parts by weight of
      propargylbromide in 100 parts by volume of ethyl alcohol was heated at
      reflux for 20 hours.
PAR  The ethyl alcohol solvent was then distilled off under reduced pressure and
      the resulting solid was extracted with petroleum ether (boiling range
      40.degree.-60.degree.C). The ether was stripped off under reduced pressure
      and the residual oil was distilled to give
      ethyl(1-propargyl-2,2,6,6-tetramethylpiperidinyl-4)acetate boiling at
      97.degree.-102.degree.C./0.3 mm mercury and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       72.28      10.02      5.34%                                   
     Required for                                                              
                 72.19      10.25      5.28%                                   
     C.sub.16 H.sub.27 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 27
PAR  A solution of 30 parts by weight
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate in 200 parts by volume of
      18% hydrochloric acid was heated at reflux for 4 hours. The volume of the
      solution was then reduced to 50 parts, by distillation under reduced
      pressure, and the solid so formed was collected by filtration, and washed
      with dry acetone. There were thus obtained 26 parts by weight (84% of
      theory yield) of (1,2,2,6,6-pentamethylpiperidinyl-4)acetic acid
      hydrochloride, decomp. &lt;200.degree.C., and having the following elemental
      analysis by weight:
TBL            C      H        N        Cl                                     
     ______________________________________                                    
     Found       57.87    9.39     5.50   14.12%                               
     Required for                                                              
                 57.70    9.62     5.61   14.19%                               
     C.sub.12 H.sub.24 ClNO.sub.2                                              
     ______________________________________                                    
PAC  EXAMPLE 28
PAR  2.5 Parts by weight of (1,2,2,6,6-pentamethylpiperidinyl-4)acetic acid
      hydrochloride and 50 parts by volume of thionyl chloride were heated
      together at reflux for 3 hours. The solution was evaporated to dryness by
      distillation under reduced pressure and the resulting solid dissolved in
      60 parts by volume of dry 1,4-dioxan. 10 Parts by volume of
      di-n-butylamine were added and the solution heated to reflux for 4 hours.
      The solid precipitate (di-n-butylamine hydrochloride) was removed by
      filtration and the liquid remaining was distilled to give N,N-di(n-butyl)
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetamide boiling at
      170.degree.-2.degree.C./0.8 mm which was identified by p.m.r. spectra and
      had the following elemental analysis by weight:
TBL                 N                                                          
     ______________________________________                                    
     Found            8.41%                                                    
     Required for     8.63%                                                    
     C.sub.20 H.sub.40 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 29
PAR  A mixture of 12.5 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 7.85 parts by weight of
      2,2,6,6-tetramethylpiperidinyl-4-01 and 0.5 parts by weight of lithium
      amide was heated at 160.degree.C. for 2 hours, during which time ethyl
      alcohol was removed by distillation.
PAR  The suspension was worked up as in Example 4 to give
      (2',2',6',6'-tetramethylpiperidinyl-4'-)
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetate, boiling at
      165.degree.-9.degree.C./0.8 mm mercury and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       71.80      11.70      8.02%                                   
     Required for                                                              
                 71.54      11.44      7.95%                                   
     C.sub.21 H.sub.40 N.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 30
PAR  A solution of 10 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate in 150 parts by volume of
      methyl alcohol saturated with ammonia was allowed to stand at room
      temperature for 4 weeks. The solution was evaporated to dryness and the
      residue recrystallised from ethyl acetate to give
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetamide, melting at
      121.degree.-2.degree.C. and having the following elemental analysis by
      weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       68.01      11.93      13.14%                                  
     Required for                                                              
                 67.88      11.39      13.19%                                  
     C.sub.12 H.sub.24 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 31
PAR  A mixture of 12.1 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 13.4 parts by weight of
      oleyl alcohol and 0.5 part by weight of lithium amide was treated as in
      Example 4 to give oleyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate boiling
      at 224.degree.-8.degree.C./0.4 mm and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       77.99      12.22      3.13%                                   
     Required by 77.69      12.39      3.02%                                   
     C.sub.30 H.sub.57 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 32
PAR  A solution of 2.5 parts by weight of
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetic acid hydrochloride in 50 parts
      by volume of thionyl chloride was heated at reflux for 4 hours, the
      thionyl chloride was then removed by distillation under reduced pressure
      and the residual gum was dissolved in 50 parts by volume of dioxan. A
      solution of 10 parts by volume of aniline in 10 parts by volume of dioxan
      was then added and the resulting suspension heated at reflux for 18 hours.
PAR  The solid precipitate was removed by filtration and the dioxan and excess
      aniline were removed by distillation under reduced pressure. The residue
      was dissolved in 100 parts by volume of water and treated with 40% sodium
      hydroxide solution to pH 14, to give an oil which was extracted with 3
      .times. 50 parts by volume of ether, the combined ether extracts were
      dried over magnesium sulphate and the ether removed by distillation. The
      resulting solid was recrystallised from cyclohexane to give
      N-phenyl-(1,2,2,6,6-pentamethylpiperidinyl-4)acetamide, melting at
      146.degree.C. and having the following elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       75.14      9.66       9.53%                                   
     Required for                                                              
                 75.96      9.78       9.71%                                   
     C.sub.18 H.sub.28 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 33
PAR  A mixture of 19.3 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 3.2 parts by weight of
      diethylene glycol and 0.5 parts by weight of lithium amide were treated as
      in Example 8 to give
      3'-oxa-1',5'-pentylenedi[(1,2,2,6,6-pentamethylpiperidinyl-4)acetate],
      boiling at 240.degree.-2.degree.C./0.4 mm, and having the following
      elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       67.58      10.13      5.48%                                   
     Required for                                                              
                 67.70      10.50      5.64%                                   
     C.sub.28 H.sub.52 N.sub.2 O.sub.5                                         
     ______________________________________                                    
PAC  EXAMPLE 34
PAR  A mixture of 12.1 parts by weight ethyl
      (1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 4.5 parts by weight of
      2-ethoxyethanol and 0.5 parts by weight of lithium amide was reacted as in
      Example 4 to give
      2'-ethoxyethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate boiling at
      182.degree.-4.degree.C./12 mm and having the following elemental analysis
      by weight:
TBL                 N                                                          
     ______________________________________                                    
     Found            5.16%                                                    
     Required for     4.91%                                                    
     C.sub.16 H.sub.31 NO.sub.3                                                
     ______________________________________                                    
PAC  EXAMPLE 35
PAR  A mixture of 19.3 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 6.1 parts by weight of
      dodecane-1,12-diol and 0.5 parts by weight of lithium amide was reacted as
      in Example 8 to give
      1,12-dodecenyl-di[(1',2',2',6',6'-pentamethylpiperidinyl-4') acetate],
      boiling at 260.degree.-5.degree.C./0.3 mm and having the following
      elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       72.62      11.31      4.91%                                   
     Required for                                                              
                 72.92      11.56      4.72%                                   
     C.sub.36 H.sub.68 N.sub.2 O.sub.4                                         
     ______________________________________                                    
PAC  EXAMPLE 36
PAR  A mixture of 14.5 parts by weight of
      ethyl(1,2,2,6,6-pentamethylpiperidinyl-4)acetate, 2.2 parts by weight of
      2-butene-1,4-diol and 0.5 parts by weight of lithium amide was reacted as
      in Example 8 to give
      2-butene-1,4-di[(1',2',2',6',6'-pentamethylpiperidinyl-4')acetate],
      boiling at 220.degree.C./0.3 mm and having the following elemental
      analysis
TBL            C        H          N                                           
     ______________________________________                                    
     Found       70.47      10.24      5.77%                                   
     Required by 70.75      10.53      5.85%                                   
     C.sub.28 H.sub.50 N.sub.2 O.sub.4                                         
     ______________________________________                                    
PAC  EXAMPLE 37
PAR  A solution of 2.4 parts by weight of nickel chloride hexahydrate in 40
      parts by volume of ethyl alcohol was added to a stirred solution of 4.7
      parts by weight of sodium
      [(1,2,2,6,6-pentamethylpiperidinyl-4)acetate](prepared by the hydrolysis
      of ethyl (1,2,2,6,6-pentamethylpiperidinyl-4)acetate in dilute sodium
      hydroxide) in 60 parts by volume of ethyl alcohol at reflux temperature.
      The resulting solution was heated at reflux for a further 4 hours then
      cooled and the insoluble material removed by filtration. Ethyl alcohol was
      removed by distillation under reduced pressure and the residual solid
      extracted with chloroform. A small amount of insoluble material was
      removed by filtration and the solution was then evaporated to dryness
      under reduced pressure to give a green solid nickel salt having the
      following elemental analysis by weight:
PA1  Carbon: 54.66%
PA1  Hydrogen: 8.95%
PA1  Nitrogen: 4.96%
PA1  Nickel: 8.1%
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula I
      ##SPC15##
PAL  wherein
PA1  Y is straight- or branched alkyl having from 1 to 12 carbon atoms, alkenyl
      having from 3 to 12 carbon atoms, benzyl, .alpha.-methyl-benzyl, p-methyl
      benzyl, .alpha., p-dimethylbenzyl, .alpha.-napthylmethyl, 2-phenyl-
      2-hydroxyethyl or a group R.sub.7 -CH OH-CH.sub.2 - wherein R.sub.7 is
      hydrogen, alkyl having from 12 to 4 carbon atoms or phenyl.
PA1  R.sub.1 and R.sub.2 are the same or different and each is straight- or
      branched alkyl having from 1 to 12 carbon atoms or R.sub.1 and R.sub.2,
      together with the carbon atom to which they are attached, form a
      cycloalkyl group having from 5 to 12 carbon atoms.
PA1  R.sub.3 and R.sub.5 are independently hydrogen, straight-or branched alkyl
      having from 1 to 4 carbon atoms, benzyl, .alpha.-methyl benzyl, .alpha.,
      p- dimethylbenzyl or a cycloalkyl group having 5 or 6 carbon atoms.
PA1  R.sub.4 is hydrogen, a hydrocarbyl group having from 1 to 20 carbon atoms
      and being either unsubstituted or substituted by halogen or interrupted by
      one or more oxygen or sulphur atoms or a salt of the amine function of a
      compound of formula I said salt being selected from the phosphate,
      carbonate, sulphate, chloride, acetate, stearate, malonate, citrate,
      tartrate or oxalate salt.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.4 is an alkyl group having
      from 1 to 20 carbon atoms, an alicyclic group having from 5 to 20 carbon
      atoms, benzyl, .alpha.-methyl benzyl, .alpha.,p-di- methyl benzyl,
      diphenylmethyl, 2-chlorobenzyl, 2- or 9-fluorenyl, 1- adamantyl, phenyl,
      4- methyl phenyl, 4-t-octylphenyl, 2-chloro-phenyl, 4-methoxyphenyl,
      .alpha.-naphthyl or 4-biphenyl.
NUM  3.
PAR  3. A compound according to claim 1 wherein Y is methyl.
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sub.1 and R.sub.2 are each
      methyl.
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sub.3 and R.sub.5 are each
      hydrogen.
NUM  6.
PAR  6. A compound according to claim 1 which is
      N-dodecyl-(1,2,2,6,6-pentamethyl-piperidinyl-4)-acetamide.
NUM  7.
PAR  7. The compound of claim 1 which is
      N-n-butyl(1,2,2,6,6-pentamethylpiperidinyl-4) acetamide.
NUM  8.
PAR  8. The compound of claim 1 which is
      N-(n-hexyl)(1,2,2,6,6-pentamethylpiperidinyl-4)acetamide.
NUM  9.
PAR  9. The compound of claim 1 which is
      N-(n-octyl)(1,2,2,6,6-pentamethylpiperidinyl-4) acetamide.
NUM  10.
PAR  10. The compound of claim 1 which is
      N-(n-octadecyl)(1,2,2,6,6-pentamethylpiperidinyl-4) acetamide.
NUM  11.
PAR  11. The compound of claim 1 which is N-cyclohexyl
      (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide.
NUM  12.
PAR  12. The compound of claim 1 which is
      N-cyclohexyl(1-ethyl-2,2,6,6-tetramethylpiperidinyl-4)acetamide.
NUM  13.
PAR  13. The compound of claim 1 which is N-benzyl
      (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide.
NUM  14.
PAR  14. The compound of claim 1 which is N-phenyl
      (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide.
NUM  15.
PAR  15. The compound of claim 1 which is
      N-(4'-chlorobutyl)(1,2,2,6,6-pentamethylpiperidinyl-4)acetamide.
NUM  16.
PAR  16. (N-(2'-methoxyphenyl)(1,2,2,6-pentamethylpiperidinyl-4) acetamide.
NUM  17.
PAR  17. .alpha.-(n-butyl)-N-cyclohexyl (1,2,2,6,6-pentamethyl-piperidinyl-4)
      acetamide.
NUM  18.
PAR  18. N-allyl (1,2,2,6,6-pentamethylpiperidinyl-4) acetamide.
PATN
WKU  039391698
SRC  5
APN  4286928
APT  1
ART  121
APD  19731227
TTL  Alkylene bis(pyridiniumareylene quaternary salts)
ISD  19760217
NCL  6
ECL  1
EXA  Ramsuer; Robert W.
EXP  Jiles; Henry R.
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ABST
PAL  Bis(pyridinium quaternary salts), typically those of the formula:
      ##SPC1##
     wherein R.sup.1 and R.sup.2, which may be the same or different, are each
      an alkyl having 8 to 14 carbon atoms, n-undec-10-yl, 2-n-hexyloxyethyl,
      2-(2-butoxyethoxy)ethyl, 3,4-dichlorophenyl, 4-chlorobenzyl,
      2,4-dichlorobenzyl or 2-naphthylmethyl; A.sup.1 and A.sup.2 are each a
      direct linkage or a linking group of the formula:
EQU  --CH.sub.2 CO.NH--
PAL  wherein the methylene is joined to the pyridine nitrogen;
      (X.sup.1.X.sup.2).sup.2.sup.- represents two mono-anions or a dianion
      selected from the group consisting of two halide, methanesulphonate,
      toluene-p-sulphonate or acetate anions or the sulphate dianion; and
      A.sup.3 is a linking group of the formula:
EQU  --(CH.sub.2).sub.n H.CO.NH(CH.sub.2).sub.y NH.CO.NH(CH.sub.2).sub.n --
PAL  Wherein n is 0, 1 or 2; and y is 0 or 2 to 6. A process for making these
      salts, compositions containing them and methods of preventing the growth
      of, or killing, bacteria by applying one of these salts to a bacterially
      infected environment, are also disclosed.
PARN
PAR  This is a division of application Ser. No. 234,648 filed Mar. 14, 1972, now
      U.S. Pat. No. 3,786,058.
BSUM
PAR  This invention relates to novel pyridine derivatives which possess valuable
      antibacterial properties and some of which are useful in dental hygiene
      for inhibiting the formation of dental plaque.
PAR  According to the invention there is provided a pyridine derivative of the
      formula:
      ##SPC2##
PAL  Wherein R.sup.1 and R.sup.2, which may be the same or different, are each
      an alkyl, alkenyl, alkoxyalkyl, alkoxyalkoxyalkyl, alkanoyloxyalkyl or
      aryloxyalkyl radical of at least 6 and not more than 14 carbon atoms, a
      phenyl or naphthyl radical containing 0 to 3 halogen atoms, or an alkyl
      radical of 1 to 3 carbon atoms which is substituted by a phenyl or
      naphthyl radical which is itself substituted by 0 to 3 halogen atoms or
      alkyl or alkoxy radicals of 1 to 6 carbon atoms; A.sup.1 and A.sup.2,
      which may be the same or different, are each a direct linkage or a linking
      group of the formula --CH.sub.2 CO.NH-- wherein the methylene radical is
      joined to the pyridine nitrogen atom; (X.sup.1.X.sup.2).sup.2.sup.-
      represents two monoanions or a dianion; and A.sup.3 is a linking group
      selected from
PA0  1. --(CH.sub.2).sub.z --
PA0  2. --CH:CH--
PA0  3. --(ch.sub.2).sub.n O(CH.sub.2).sub.n --, provided that both n's are not
      O,
PA0  4. --(ch.sub.2).sub.n.N(COR.sup.3)(CH.sub.2).sub.n --, wherein R.sup.3 is
      an alkyl or aryl radical of up to 10 carbon atoms, and provided that both
      n's are not 0,
PA0  5. --CH:CH.Y.CH:CH--
PA0  6. --co.nhnh.co(ch.sub.2).sub.m (CO).sub.x.NHNH.CO--
PA0  7. --co.nhnh.co.y.co.nhnh.co--
PA0  8. --co.n n.co--
PA0  9. --co.nh(ch.sub.2).sub.y NH.CO--
PA0  10. --co.nhch.sub.2 ch.sub.2 och.sub.2 ch.sub.2 nh.co--
PA0  11. --co.nh.y.nh.co--
PA0  12. --(ch.sub.2).sub.n NH.CO.Y.CO.NH(CH.sub.2).sub.n --
PA0  13. --(CH.sub.2).sub.n NH.CO.NH.Y.NH.CO.NH(CH.sub.2).sub.n --
PA0  14. --(CH.sub.2).sub.n NH.CO.NH(CH.sub.2).sub.y NH.CO.NH(CH.sub.2).sub.n --
PA0  15. --(CH.sub.2).sub.n NH.CO(CH.sub.2).sub.m (CO).sub.x.NH(CH.sub.2).sub.n
      --
PA0  16. --(CH.sub.2).sub.n NH.COCH.sub.2 OCH.sub.2 CO.NH(CH.sub.2).sub.n --
PA0  17. --(CH.sub.2).sub.n NH.COO.Z.OCO.NH(CH.sub.2).sub.n --
PA0  18. --(CH.sub.2).sub.n NH.COOCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2
      OCO.NH(CH.sub.2).sub.n --
PA0  19. --(CH.sub.2).sub.n.sub.+1 OCO.NH(CH.sub.2).sub.y
      NH.COO(CH.sub.2).sub.n.sub.+1 --
PA0  20. --(CH.sub.2).sub.n.sub.+1 OCO.NH.Y.NH.COO(CH.sub.2).sub.n.sub.+1 --
PA0  21. --(CH.sub.2).sub.n.sub.+1 OCO(CH.sub.2).sub.y
      COO(CH.sub.2).sub.n.sub.+1 --
PA0  22. --(CH.sub.2).sub.n.sub.+1 OCO.Y.COO(CH.sub.2).sub.n.sub.+1 --
PA0  23. --(CH.sub.2).sub.n NH.CO--
PA0  24. --nh.coch=chco.nh--
PA0  25. --nh.co(ch.sub.2 och.sub.2).sub.2 co.nh--
PA0  26. --nh.co[o(ch.sub.2).sub.2 ].sub.3 oco.nh--
PA0  27. --nh.coo(ch.sub.2).sub.z NH.CO.NH--
PA0  28. --nh(ch.sub.2).sub.m NH--
PA0  29. --o(ch.sub.2).sub.m O--
PAL  wherein n is 0, 1 or 2; m is 0 to 12; x is 0 or 1; y is 0 or 2 to 6; z is 2
      or 3; Y is a phenylene or naphthylene radical; and Z is a straight- or
      branched-chain alkylene radical of 2 to 8 carbon atoms.
PAR  When R.sup.1 and R.sup.2 are alkyl, alkenyl, alkoxyalkyl,
      alkoxyalkoxyalkyl, alkanoyloxyalkyl or aryloxyalakyl radicals, they are
      preferably straight-chain such radicals, for example n-octyl, n-nonyl,
      n-decyl, n-undecyl, n-dodecyl, n-tetradecyl, n-undec-10-enyl,
      2-n-hexyloxyethyl or 2-(2-butoxyethoxy)ethyl radicals. When R.sup.1 and
      R.sup.2 are phenyl or naphthyl radicals containing 0 to 3 halogen atoms,
      or are alkyl radicals of 1 to 3 carbon atoms substituted by a phenyl or
      naphthyl radical which is itself substituted by 0 to 3 halogen atoms or
      alkyl or alkoxy radicals of 1 to 6 carbon atoms, such halogen atoms may
      be, for example, chlorine or bromine atoms, and the alkyl radical of 1 to
      3 carbon atoms may be, for example, the methyl radical, so that R.sup.1
      and R.sup.2 may be, for example, 3,4-dichlorophenyl, 4-chlorobenzyl,
      2,4-dichlorobenzyl or 2-naphthylmethyl radicals.
PAR  When (X.sup.1.X.sup.2).sup.2.sup.-  represents two monoanions, suitable
      anions are, for example, halide anions, for example chloride or bromide
      anions, anions derived from a carboxylic acid, for example the acetate
      anion, or anions derived from a sulphonic acid, for example the
      methanesulphonate or toluene-p-sulphonate anions; and when
      (X.sup.1.X.sup.2).sup.2.sup.-  represents a dianion, a suitable anion is,
      for example, the sulphate or phosphate anion.
PAR  It is to be understood that although (X.sup.1.X.sup.2).sup.2.sup.-
      represents two monoanions or a dianion, the corresponding monovalent
      radicals or atoms are X.sup.1 and X.sup.2, and the corresponding divalent
      radical is (X.sup.1.X.sup.2). Thus, for example, X.sup.1 and X.sup.2 may
      each be chlorine or bromine atoms, or methanesulphonyl, toluenesulphonyl
      or acetoxy radicals, and (X.sup.1.X.sup.2) may be, for example, the
      sulphate divalent radical.
PAR  A suitable phenylene or naphthylene radical is, for example, the
      o-phenylene, m-phenylene, p-phenylene, 1,4-naphthylene, 1,5-naphthylene,
      4-methyl-1,2-phenylene, 2,5-dimethyl-1,4-phenylene,
      2,5-dimethoxy-1,4-phenylene or 2,4,5,6-tetrachloro-1,3-phenylene radical.
PAR  A suitable value for Z is, for example, the ethylene, trimethylene,
      hexamethylene or 2,2-diethyltrimethylene radical.
PAR  Preferred linking groups A.sup.3 are those numbered 1, 2, 6, 8, 9, 11, 12,
      14, 15, 17, 18, 23, 24, 25, 26, 27, 28 and 29 in the list above, and of
      these, particular linking groups A.sup.3 are:
TBL  --(CH.sub.2).sub.2.sub.-3 --                                              
                               (1, z=2-3)                                      
     --CH:CH--                 (2)                                             
     --CO.NHNH.CO(CH.sub.2).sub.4 CO.NHNH.CO--                                 
                               (6, m=4, x=1)                                   
     --CO.NN.CO--              (8)                                             
     --CO.NHNH.CO--            (9, y=0)                                        
     --CO.NH(CH.sub.2).sub.2.sub.-6 NH.CO--                                    
                               (9, y=2-6)                                      
                               (11, Y=1,2-phenylene)                           
                               (11, Y=1,4-phenylene)                           
                               (12, n=0, Y=1,4-phenylene)                      
     --NH.CO.NH(CH.sub.2).sub.3.sub.-6 NH.CO.NH--                              
                               (14, n=0, y=3-6)                                
     --CH.sub.2 NH.CO.NH(CH.sub.2).sub.6 NH.CO.NHCH.sub.2 --                   
                               (14, n=1, y=6)                                  
     --NH.CO.NH--              (15, n=0, m=0, x=0)                             
     --NH.COCO.NH--            (15, n=0, m=0, x=1)                             
     --NH.CO.NHCH.sub.2 --     (15, first n=0,                                 
                               second n=1, m=0,                                
                               x=0)                                            
     --CH.sub.2 NH.CO.NHCH.sub.2 --                                            
                               (15, n=1, m=0, x=0)                             
     --NH.CO(CH.sub.2).sub.1.sub.-8 CO.NH--                                    
                               (15, n=0, m=1-8, x=1)                           
     --CH.sub.2 NH.CO(CH.sub.2).sub.2.sub.-4 CO.NHCH.sub.2 --                  
                               (15, n= 1, m=2-5, x=1)                          
     --NH.COO(C.sub.2.sub.- 7 alkylene)OCO.NH--                                
                               (17, n=0, Z=C.sub.2.sub.-7 alkylene)            
     --NH.CO[O(CH.sub.2).sub.2 ].sub.2 OCO.NH--                                
                               (18, n=0)                                       
     --NH.CO--                 (23, n=0)                                       
     --CH.sub.2 NH.CO--        (23, n=1)                                       
     --NH.COCH=tCHCO.NH--      (24, trans double bond)                         
     --NH.CO(CH.sub.2 OCH.sub.2).sub.2 CO.NH--                                 
                               (25)                                            
     --NH.CO[O(CH.sub.2).sub.2 ].sub.3 OCO.NH--                                
                               (26)                                            
     --NH.COO(CH.sub.2).sub.z NH.CO.NH--                                       
                               (27, z=2)                                       
     --NH(CH.sub.2).sub.2.sub.-10 NH--                                         
                               (28, m=2-10)                                    
     --O(CH.sub.2).sub.4.sub.-10 O--                                           
                               (29, m=4-10)                                    
PAR  Preferred compounds of the invention are those wherein the radicals
      --A.sup.1 R.sup.1 and --A.sup.2 R.sup.2 are the same, and a preferred
      group of pyridine derivatives of the invention comprises those compounds
      of the formula I above wherein A.sup.1 and A.sup.2 are each a direct
      linkage, R.sup.1 and R.sup.2 are each the same alkyl or alkenyl radical of
      8 to 11 carbon atoms, (X.sup.1.X.sup.2).sup.2.sup.-  represents two
      bromide, chloride, methanesulphonate, toluene-p-sulphonate or acetate
      anions, or the sulphate dianion, and A.sup.3 is:
PA1  --(CH.sub.2).sub.3 --
PA1  --ch:ch--
PA1  --co.nh(ch.sub.2).sub.4.sub.-6 nh.co--
PA1  --nh.co.nh(ch.sub.2).sub.3.sub.-6 nh.co.nh--
PA1  --ch.sub.2 nh.co.nh(ch.sub.2).sub.6 nh.co.nhch.sub.2 --
PA1  --nh.co.nh--
PA1  --nh.co.nhch.sub.2 --
PA1  --ch.sub.2 nh.sub.2.co.nhch.sub.2 --
PA1  --nh.co(ch.sub.2).sub.1.sub.-8 co.nh--
PA1  --nh.coo(ch.sub.2).sub.2.sub.-7 oco.nh--
PA1  --nh.co[o(ch.sub.2).sub.2].sub.2.sub.-3 oco.nh--
PA1  --ch.sub.2 nh.co--
PA1  --nh.coch=chco.nh--
PA1  --nh.co(ch.sub.2 och.sub.2).sub.2 co.nh--
PA1  --nh.coo(ch.sub.2).sub.2 nh.co.nh-- or
PA1  --O(CH.sub.2).sub.4.sub.- 10 O--.
PAR  A particularly preferred sub-group within the above group comprises those
      compounds wherein A.sup.1 and A.sup.2 are each a direct linkage, R.sup.1
      and R.sup.2 are each an unbranched alkyl radical of 8 to 11 carbon atoms,
      optionally containing a terminal double bond,
      (X.sup.1.X.sup.2).sup.2.sup.- represents two bromide, chloride,
      methanesulphonate, toluene-p-sulphonate or acetate anions, or the sulphate
      dianion, and A.sup.3 is the trimethylene or ureylene radical or a radical
      of the formula --NH.CO(CH.sub.2).sub.3.sub.-8 CO.NH--, and especially
      those compounds wherein A.sup.3 is linked to the same numbered carbon atom
      of each pyridine ring.
PAR  Particular new pyridine derivatives of the invention are described in
      Examples 1 to 4, and of these, individual, specially preferred derivatives
      are 4,4'-trimethylenebis(1-n-decylpyridinium methanesulphonate), (compound
      5); 3,3'-ureylenebis(1-n-decylpyridinium methanesulphonate), (compound
      25); 3,3'-ureylenebis(1-n-decylpyridinium chloride), (compound 26);
      3,3'-glutaramidobis(1-n-decylpyridinium chloride), (compound 78);
      3,3'-glutaramidobis(1-n-decylpyridinium methanesulphonate), (compound 79);
      3,3'-adipamidobis(1-n-decylpyridinium methanesulphonate), (compound 30);
      4,4'-adipamidobis(1-n-decylpyridinium methanesulphonate), (compound 82);
      3,3'-pimelamidobis(1-n-decylpyridinium chloride), (compound 86);
      3,3'-suberamidobis(1-n-decylpyridinium chloride), (compound 87);
      3,3'-subereamidobis(1-n-decylpyridinium methanesulphonate), (compound 88);
      3,3'-azelamidobis(1-n-decylpyridinium methanesulphonate), (compound 90);
      3,3'-sebacamidobis(1-n-octylpyridinium methanesulphonate), (compound 31);
      and 3,3'-sebacamidobis(1-n-decylpyridinium methanesulphonate), (compound
      32).
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of the novel pyridine derivatives of the invention
      which comprises:
PAR  a. The quaternisation of a pyridine derivative of the formula:
      ##SPC3##
PAL  with a quaternising agent or quaternising agents (R.sup.1 A.sup.1).X.sup.3,
      (R.sup.2 A.sup.2).X.sup.4 or (R.sup.1 A.sup.1)(R.sup.2
      A.sup.2).(X.sup.3.X.sup.4) wherein A.sup.1, A.sup.2, A.sup.3, R.sup.1 and
      R.sup.2 have the meanings stated above and X.sup.3, X.sup.4 and
      (X.sup.3.X.sup.4) are radicals derived from the acids HX.sup.3, HX.sup.4
      and H.sub.2 (X.sup.3.X.sup.4) respectively, which are strong acids; or
PAR  b. the quaternisation of a pyridine derivative of the formula:
      ##SPC4##
PAL  with a quaternising agent (R.sup.2 A.sup.2).X.sup.4, wherein A.sup.1,
      A.sup.2, A.sup.3, R.sup.1, R.sup.2, X.sup.1 and X.sup.4 have the meanings
      stated above; or
PAR  c. for those compounds wherein the linking group A.sup.3 contains one or
      two amide linkages, the reaction of a mono-carboxylic acid of the formula:
      ##SPC5##
PAL  or a reactive derivative thereof, with a suitable monobasic or dibasic
      compound, or the reaction of an amine of the formula:
      ##SPC6##
PAL  with a suitable mono- or di-carboxylic acid, or a reactive derivative
      thereof wherein A.sup.1, R.sup.1, X.sup.1 and n have the meanings states
      above; or
PAR  d. for those compounds wherein the linking group A.sup.3 contains one or
      two urea linkages, the reaction of an amine of the formula V with a mono-
      or di-isocyanate, or the reaction of an isocyanate of the formula:
      ##SPC7##
PAL  wherein A.sup.1, R.sup.1, X.sup.1 and n have the meanings stated above,
      with a suitable monobasic or dibasic compound; or
PAR  e. for those compounds wherein the linking group A.sup.3 contains one urea
      linkage and which are symmetrical, the reaction of an amino compound of
      the formula V wherein A.sup.1, R.sup.1, X.sup.1 and n have the meanings
      stated above, with a carbonyl compound of the formula (R.sup.4).sub.2.CO,
      wherein R.sup.4 is a chlorine atom, a lower alkoxy radical or a phenoxy
      radical; or
PAR  f. for those compounds wherein the linking group A.sup.3 contains two
      urethane linkages, the reaction of an amino compound of the formula V with
      a suitable bis-chloroformate ester, or the reaction of a chloroformate
      ester of the formula:
      ##SPC8##
      wherein A.sup.1, R.sup.1, X.sup.1 and n have the meanings stated above,
      with a suitable dibasic compound; or
PAR  g. for those compounds wherein the linking group A.sup.3 contains two
      urethane linkages, the reaction of a hydroxy compound of the formula:
      ##SPC9##
PAL  with a suitable di-isocyanate, or the reaction of an isocyanate of the
      formula:
      ##SPC10##
PAL  with a suitable dihydroxy compound wherein A.sup.1, R.sup.1, X.sup.1 and n
      have the meanings stated above; or
PAR  h. for those compounds wherein the linking group A.sup.3 contains one or
      two olefinic linkages, the reaction of an activated methylpyridinium salt
      of the formula:
      ##SPC11##
PAL  wherein A.sup.1, R.sup.1 and X.sup.1 have the meanings stated above, with a
      suitable mono- or di-aldehyde;
PAR  whereafter if desired a product thus obtained containing an anion
      (X.sup.3).sup.- , (X.sup.4).sup.- or (X.sup.3.X.sup.4).sup.2.sup.- is
      converted to a corresponding compound containing a different anion
      (X.sup.1).sup.- , (X.sup.2).sup.-  or (X.sup.1.X.sup.2).sup.2.sup.- by
      basification thereof followed by reaction of the basified product with an
      acid HX.sup.1, HX.sup.2 or H.sub.2 (X.sup.1.X.sup.2) wherein X.sup.1,
      X.sup.2, X.sup.3 and X.sup.4 have the meanings stated above, or by an
      ion-exchange resin.
PAR  The quaternisation process is preferably carried out by heating together
      the pyridine derivative and quaternising agent, and the inclusion of a
      solvent, for example nitrobenzene, sulpholane or toluene, is often
      advantageous in improving the mutual solubilities of the reactants, or to
      moderate the reaction. The addition of a tertiary amine, for example a
      hindered tertiary amine such as di-isopropylethylamine is also useful, for
      removing any acid generated during the reaction.
PAR  The processes (c) to (h) for the formation of amide, urea, urethane or
      olefin linkages may be carried out in generally known manner described in
      the literature for analogous compounds.
PAR  A suitable strong acid HX.sup.3, HX.sup.4 or H.sub.2 (X.sup.3.X.sup.4) has
      a pK.sub.a value of less than 2, and is, for example, hydrochloric,
      hydrobromic, methanesulphonic, toluene-p-sulphonic or sulphuric acid.
PAR  As stated above, the new compounds of the invention possess valuable
      antibacterial properties, in that they are effective against a wide range
      of both Gram-positive and Gramnegative organisms, including strains of,
      for example, Pseudomonads which are resistant to other widely-used
      antibacterial agents. Further advantages of the preferred compounds of the
      invention may include, for example, rapid speed of kill, being
      bactericidal rather than bacteristatic, not being deactivated by hard
      water, or having more surface activity. Further, textile materials which
      have been in contact with the compounds of the invention are not stained
      by treatment with hypochlorite bleach.
PAR  Thus, according to a further feature of the invention, there is provided a
      composition comprising at least one pyridine derivative of the invention
      together with an inert diluent or carrier.
PAR  The composition of the invention may be a pharmaceutical composition, for
      example in the form of a lozenge suitable for oral administration, or an
      ointment, cream, or sterile aqueous or oily solution or suspension for
      topical use; or it may be a non-pharmaceutical composition, in the form
      of, for example, a non-sterilised aqueous or oily solution or suspension,
      or an aerosol, for use as a general, enviromental antiseptic or
      disinfectant, or a mouthwash, paste, gel or fluid suspension suitable for
      use in dental hygiene for the inhibition of dental plaque formation.
PAR  The composition may contain conventional excipients and carriers, and may
      be manufactured by the application of conventional techniques.
PAR  Preferred pharmaceutical compositions of the invention are lozenges, each
      containing from 0.1 to 1.0% w/w of a new compound of the invention, and
      preferred non-pharmaceutical compositions are an aqueous solution suitable
      for use as an antiseptic and containing from 0.02 to 1.0% w/v of a
      compound of the invention, an aqueous solution in the form of a
      concentrate containing from 1% w/w to that percentage which gives a
      saturated solution of a compound of the invention, or powder or tablets
      for dissolution in water to give an aqueous solution suitable for use as
      an antiseptic. Preferred compositions for use in dental hygiene are
      mouthwashes containing between 0.05% and 0.5% w/v (at user dilution) of a
      compound of the invention; and toothpastes and dental gels containing
      between 0.05% and 1.0% w/w, preferably between 0.1% and 0.5% w/w, of a
      compound of the invention.
PAR  The invention is illustrated but not limited by the following Examples:
DETD
PAC  EXAMPLE 1
PAR  General procedure for quaternisation
PAR  The pyridine derivative (0.01 mole) and the alkylating agent (0.02-0.1
      mole) are heated together, optionally with inclusion of a solvent, e.g.
      nitrobenzene to improve the mutual solubilities, or to moderate the
      reaction, and/or a hindered amine, for example di-isopropylethylamine to
      remove any acid generated during the reaction. The temperature and time of
      heating are shown for each compound in the Tables, but these are not
      necessarily optimal conditions and they can usually be varied over wide
      ranges. The product is crystallised from a suitable solvent and, if
      required, the anion can be changed by conventional procedures, for example
      by the use of ion-exchange resins.
      ##SPC12##
TBL  No.  A.sup.1 =A.sup.2                                                     
               R.sup.1 =R.sup.2                                                
                     First  A.sup.3(b)                                         
                                      Second                                   
                                           X.sup.1 =X.sup.2                    
                     linkage.sup.(a)  linkage.sup.(c)                          
     __________________________________________________________________________
     1    --   n-octyl                                                         
                     4     --CH.sub.2 CH.sub.2 --                              
                                      4    Ms.sup.(d)                          
     2    --   n-decyl                                                         
                     4     --CH.sub.2 CH.sub.2 --                              
                                      4    Ms                                  
     3    --   n-dodecyl                                                       
                     4     --CH.sub.2 CH.sub.2 --                              
                                      4    Ms                                  
     4    --   n-octyl                                                         
                     4     --(CH.sub.2).sub.3 --                               
                                      4    Ms                                  
     5    --   n-decyl                                                         
                     4     --(CH.sub.2).sub.3 --                               
                                      4    Ms                                  
     6    --   n-dodecyl                                                       
                     4     --(CH.sub.2).sub.3 --                               
                                      4    Ms                                  
     7    --   n-tetra-                                                        
                     4     --(CH.sub.2).sub.3 --                               
                                      4    Br                                  
                decyl                                                          
     8    --   n-decyl                                                         
                     4     --CH:CH--  4    Ms                                  
     9    --   n-undecyl                                                       
                     4     --CH:CH--  4    Br                                  
     10   --   n-dodecyl                                                       
                     4     --CH:CH--  4    Ms                                  
     11   --CH.sub.2 CO                                                        
               3,4-di-                                                         
                     4     --CH:CH--  4    Cl                                  
          NH--.sup.(e)                                                         
                chloro-                                                        
                phenyl                                                         
     12   --   n-octyl                                                         
                     2     --CH:CH--  2    Ms                                  
     13   --   n-decyl                                                         
                     2     --CH:CH--  2    Ms                                  
     14   --   n-octyl                                                         
                     3     --CH:CH--  3    Ms                                  
     15   --   n-decyl                                                         
                     3     --CH:CH--  3    Ms                                  
     16   --   n-dodecyl                                                       
                     3     --CH:CH--  3    Ms                                  
     17   --   n-octyl                                                         
                     3     --CH:CH--  4    Ms                                  
     18   --   n-decyl                                                         
                     3     --CH:CH--  4    Ms                                  
     19   --   2-n-hexyl-                                                      
                     3     --CH:CH--  4    Ms                                  
                oxyethyl                                                       
     20   --   4-chloro-                                                       
                     3     --CH:CH--  4    Cl                                  
                benzyl                                                         
     21   --   2,4-di-                                                         
                     3     --CH:CH--  4    Cl                                  
                chloro-                                                        
                benzyl                                                         
     22   --   2-naphthyl-                                                     
                     3     --CH:CH--  4    Br                                  
                methyl                                                         
     23   --   n-decyl                                                         
                     2     --CH:CH--  3    Ms                                  
     24   --   n-octyl                                                         
                     3     --NH.CO.NH--                                        
                                      3    Ms                                  
     25   --   n-decyl                                                         
                     3     --NH.CO.NH--                                        
                                      3    Ms                                  
     26   --   n-decyl                                                         
                     3     --NH.CO.NH--                                        
                                      3    Cl                                  
     27   --   n-decyl                                                         
                     3     --NH.CO.CO.NH--                                     
                                      3    Ms                                  
     28   --   n-decyl                                                         
                     3     --NH.CO(CH.sub.2).sub.2                             
                                      3    Ms                                  
                            CO.NH--                                            
     29   --   n-octyl                                                         
                     3     --NH.CO(CH.sub.2).sub.4                             
                                      3    Ms                                  
                            CO.NH--                                            
     30   --   n-decyl                                                         
                     3     --NH.CO(CH.sub.2).sub.4                             
                                      3    Ms                                  
                            CO.NH--                                            
     31   --   n-octyl                                                         
                     3     --NH.CO(CH.sub.2).sub.8                             
                                      3    Ms                                  
                            CO.NH--                                            
     32   --   n-decyl                                                         
                     3     --NH.CO(CH.sub.2).sub.8                             
                                      3    Ms                                  
                            CO.NH--                                            
     33   --   n-decyl                                                         
                     3     --CH.sub.2 NH.CO.NH.                                
                                      3    Br                                  
                            CH.sub.2 --                                        
     34   --   n-decyl                                                         
                     3     --CH.sub.2.NH.CO(CH.sub.2).sub.2                    
                                      3    Ms                                  
                            CO.sup.2.NH.CH.sub.2 --                            
     35   --   n-decyl                                                         
                     3     --CH.sub.2.NH.CO(CH.sub.2).sub.4                    
                                      3    Ms                                  
                            CO.NH.CH.sub.2 --                                  
     36   --   n-octyl                                                         
                     3     --NH.CO--  3    Ms                                  
     37   --   n-decyl                                                         
                     3     --NH.CO--  3    Ms                                  
     38   --   n-octyl                                                         
                     3     --NH.CO--  4    Ms                                  
     39   --   n-decyl                                                         
                     3     --NH.CO--  4    Ms                                  
     40   --   n-octyl                                                         
                     3     --CH.sub.2.NH.CO--                                  
                                      3    Ms                                  
     41   --   n-decyl                                                         
                     3     -- CH.sub.2.NH.CO--                                 
                                      3    Ms                                  
     42   --   n-octyl                                                         
                     2     --CH.sub.2.NH.CO--                                  
                                      3    Ms                                  
     43   --   n-decyl                                                         
                     2     --CH.sub.2.NH.CO--                                  
                                      3    Ms                                  
     44   --   n-octyl                                                         
                     3     --CH.sub.2.NH.CO--                                  
                                      4    Ms                                  
     45   --   n-decyl                                                         
                     3     --CH.sub.2.NH.CO--                                  
                                      4    Ms                                  
     46   --   n-octyl                                                         
                     2     --CH.sub.2.NH.CO--                                  
                                      4    Ms                                  
     47   --   n-decyl                                                         
                     2     --CH.sub.2.NH.CO--                                  
                                      4    Ms                                  
     48   --   n-octyl                                                         
                     4     --CO.NH(CH.sub.2).sub.2                             
                                      4    Ms                                  
                            NH.CO--                                            
     49   --   n-decyl                                                         
                     4     --CO.NH(CH.sub.2).sub.2                             
                                      4    Ms                                  
                            NH.CO--                                            
     50   --   n-decyl                                                         
                     4     --CO.NH(CH.sub.2).sub.6                             
                                      4    Ms                                  
                            NH.CO--                                            
     __________________________________________________________________________
      .sup.(a) linkage of left hand pyridine ring to A.sup.3 in the formula as 
      written at the head of the table.                                        
      .sup.(b) where A.sup.3 is not symmetrical, it should be read as from left
      to right in the formula at the head of the table.                        
      .sup.(c) linkage of A.sup.3 to right hand pyridine ring in the formula as
      written at the head of the table.                                        
      .sup.(d) Ms=methanesulphonate.                                           
      .sup.(e) the methylene group is attached to the pyridine nitrogen atom,  
      and the NH group is attached to R.                                       
TBL  Reaction conditions                                                       
     No.  Temperature                                                          
                     Time       Additive                                       
                                       M.p.(.degree.C.)                        
          (.degree.C.)                                                         
                     (minutes)                                                 
     ______________________________________                                    
     1    120         5         --     162-165                                 
     2    120         5         --     190-192                                 
     3    155        10         --     265-267                                 
                                       (decomposition)                         
     4    120        10         --     61-63                                   
     5    120        10         --     78-81                                   
     6    120        15         --     87-89                                   
     7    130        15         --     83-86                                   
     8    130        30         --     201-205                                 
     9    130        10         --     315-317                                 
     10   130        10         --     236-238                                 
     11   140         1         --     255                                     
                                       (decomposition)                         
     12   140        60         --     210-211                                 
     13   135        60         --     189-192                                 
     14   125        20         --     173-176                                 
     15   125        20         --     196-198                                 
     16   135        30         --     204-208                                 
     17   130         7         --     97-99                                   
     18   130        10         --     109-112                                 
     19   130        10         --     120.sup.(a)                             
     20    95         5         --     248-250                                 
     21   130         5         --     224-229                                 
     22   130         4         --     273-276                                 
     23   130        60         --     228-231                                 
     24   140         5         --      193-198.5                              
     25   130         5         --     233-234                                 
     26   195        10         DIE.sup.(b)                                    
                                       239.5-244                               
     27   180         5         nitro- 239-243                                 
                                benzene                                        
     28   170         5         --      202-204.5                              
     29   160         5         --     186-190                                 
     30   150         5         --      203-206.5                              
     31   160         5         --     101-103                                 
     32   160         5         --     109.5-110.5                             
     33   140        20         nitro- Not crystalline                         
                                benzene                                        
     34   150         1         --      98-100                                 
     35   160        15         --     131-134                                 
     36   130        15         DIE    157-160                                 
     37   140        30         DIE    168-171                                 
     38   130        30         DIE    150-152                                 
     39   130        30         DIE    166-168                                 
     40   140        30         DIE    68-69                                   
     41   140        30         DIE    167-169                                 
     42   130        30         DIE    158-160                                 
     43   130        30         DIE    123-125                                 
     44   130        30         DIE    167-170                                 
     45   130        60         DIE    62-64                                   
     46   140        30         DIE    171-174                                 
     47   130        30         DIE    89-92                                   
     48   160        30         DIE    167-168                                 
     49   165        30         DIE    174-176                                 
     50   160        60         DIE    59-61                                   
     ______________________________________                                    
      .sup.(a) approximate m.p., compound very hygroscopic.                    
      .sup.(b) DIE= di-isopropylethylamine.                                    
PAR  Certain of the un-quaternised pyridines, wherein A.sup.3 is an amide
      containing linkage, used as starting materials for the above compounds are
      novel, and may be obtained by the following process which exemplifies the
      preparation of the un-quaternised pyridine starting material for compounds
      40 and 41:
PAR  Nicotinoyl chloride (14.15g.) was added over ten minutes, with stirring and
      cooling in an ice bath, to a solution of 3-amino-methylpyridine (10.8g.)
      and triethylamine (10.1g.) in methylene chloride (50ml.). After the
      addition was complete, the mixture was stirred at room temperature for an
      hour, diluted with water (100ml.), and the product was isolated from the
      organic phase by evaporation of the solvent. The crude product was
      recrystallised from ethyl acetate, m.p. 104.degree.-106.degree.C.
PAR  The following starting materials were prepared similarly, using the
      appropriate acid chlorides and amino compounds:
TBL          Starting                                                          
             material                                                          
             for      M.p.(.degree.C.)                                         
             compounds                                                         
             nos.                                                              
     ______________________________________                                    
             27       290-292                                                  
             28       236-238                                                  
             29, 30   232-235                                                  
             31, 32   161-164                                                  
             34       196-200.5                                                
             35       184-185.5                                                
             38, 39   163-166                                                  
             40, 41   104-106                                                  
             42, 43   75-78                                                    
             44, 45   78-80                                                    
             46, 47   83-85                                                    
     ______________________________________                                    
PAR  The unquaternised pyridine starting material for compound 32 is also a
      novel compound and may be prepared as follows:
PAR  3-Aminomethylpyridine (10.8g.) and diphenyl carbonate (10.7g.) were mixed,
      heated together at 140.degree.C. for 5 minutes, and the mixture was cooled
      and stirred with ether. The product was filtered off, washed with fresh
      ether, and recrystallised from ethyl acetate, m.p.
      130.5.degree.-133.5.degree.C.
PAC  EXAMPLE 2
PAR  The process described in Example 1 is repeated, using the appropriate
      bis-pyridine derivatives and quaternising agents, to give the following
      compounds:
      ##SPC13##
TBL  No.                                                                       
        A.sup.1 =A.sup.2                                                       
                R.sup.1 =R.sup.2                                               
                      First A.sup. 3(b)         Second                         
                                                      X.sup.1 =X.sup.2         
                      linkage.sup.(a)           linkage.sup.(c)                
     __________________________________________________________________________
     51 --CH.sub.2 CO.--                                                       
               n-octyl                                                         
                      4     --CH.sub.2.CH.sub.2 --                             
                                                4     Cl                       
        NH--.sup.(d)                                                           
     52 --CH.sub.2 CO.--                                                       
               n-decyl                                                         
                      4     --CH.sub.2.CH.sub.2 --                             
                                                4     Cl                       
        NH--                                                                   
     53 --     n-nonyl                                                         
                      4     --CH:CH--           4     Ms.sup.(e)               
     54 --     3,5,5- 4     --CH:CH--           4     Ms                       
               trimethyl-                                                      
               hexyl                                                           
     55 --     n-decyl                                                         
                      4     --CO.NHNH.CO(CH.sub.2).sub.4 --                    
                                                4     Ms                       
                            CO.NHNH.CO--                                       
     56 --     n-decyl                                                         
                      3     --CO.NN.CO--        3     Ms                       
     57 --CH.sub.2 CO.--                                                       
               n-octyl                                                         
                      3     --CO.NN.CO--        3     Cl                       
        NH--                                                                   
     58 --CH.sub.2 CO.--                                                       
               n-decyl                                                         
                      3     --CO.NN.CO--        3     Cl                       
        NH--                                                                   
     59 --CH.sub.2 CO.--                                                       
               n-dodecyl                                                       
                      3     --CO.NN.CO--        3     Cl                       
        NH--                                                                   
     60 --     n-decyl                                                         
                      3     --CO.NHNH.CO--      3     Ms                       
     61 --     n-decyl                                                         
                      3     --CO.NH(CH.sub.2).sub.4 NH.CO--                    
                                                3     Ms                       
     62 --     n-decyl                                                         
                      3                         3     Ms                       
     63 --     n-decyl                                                         
                      3                         3     Ms                       
     64 --     n-decyl                                                         
                      3                         3     Ms                       
     65 --     n-decyl                                                         
                      3     --NH.CO.NH(CH.sub.2).sub.3 NH.--                   
                                                3     Ms                       
                            CO.NH--                                            
     66 --     n-decyl                                                         
                      3     --NH.CO.NH(CH.sub.2).sub.4 NH.--                   
                                                3     Ms                       
                            CO.NH--                                            
     67 --     n-decyl                                                         
                      3     --NH.CO.NH(CH.sub.2).sub.6 NH.--                   
                                                3     Br                       
                            CO.NH--                                            
     68 --     n-decyl                                                         
                      3     --CH.sub.2 NH.CO.NH(CH.sub.2).sub.6 --             
                                                3     Br                       
                            NH.CO.NHCH.sub.2 --                                
     69 --     n-nonyl                                                         
                      3     --NH.CO.NH--        3     Ms                       
     70 --     n-decyl                                                         
                      4     --NH.CO.NH--        4     Ms                       
     71 --     undec- 3     --NH.CO.NH--        3     Ms                       
               10-enyl                                                         
     72 --CH.sub.2 CO.--                                                       
               n-octyl                                                         
                      3     --NH.CO.NH--        3     Cl                       
        NH--                                                                   
     73 --CH.sub.2 CO.--                                                       
               n-decyl                                                         
                      3     --NH.CO.NH--        3     Cl                       
        NH--                                                                   
     74 --CH.sub.2 CO.--                                                       
               n-dodecyl                                                       
                      3     --NH.CO.NH--        3     Cl                       
        NH--                                                                   
     75 --     n-decyl                                                         
                      3     --NH.CO.NHCH.sub.2 --                              
                                                3     Ms                       
     76 --     n-decyl                                                         
                      3     --NH.CO.NHCH.sub.2 --                              
                                                4     Ms                       
     77 --     n-decyl                                                         
                      3     --NH.COCH.sub.2 CO.NH--                            
                                                3     Ms                       
     78 --     n-decyl                                                         
                      3     --NH.CO(CH.sub.2).sub.3 CO.NH--                    
                                                3     Cl                       
     79 --     n-decyl                                                         
                      3     --NH.CO(CH.sub.2).sub.3 CO.NH--                    
                                                3     Ms                       
     80 --     n-nonyl                                                         
                      3     --NH.CO(CH.sub.2).sub.4 CO.NH--                    
                                                3     Ms                       
     81 --     2-hexyloxy-                                                     
                      3     --NH.CO(CH.sub.2).sub.4 CO.NH--                    
                                                3     Ms                       
               ethyl                                                           
     82 --     n-decyl                                                         
                      4     --NH.CO(CH.sub.2).sub.4 CO.NH--                    
                                                4     Ms                       
     83 --CH.sub.2 CO.--                                                       
               n-octyl                                                         
                      3     --NH.CO(CH.sub.2).sub.4 CO.NH--                    
                                                3     Cl                       
        NH--                                                                   
     84 --     undec- 3     --NH.CO(CH.sub.2).sub.4 CO.NH--                    
                                                3     Ms                       
               10-enyl                                                         
     85 --CH.sub.2 CO.--                                                       
               n-decyl                                                         
                      3     --NH.CO(CH.sub.2).sub.4 CO.NH--                    
                                                3     Cl                       
        NH--                                                                   
     86 --     n-decyl                                                         
                      3     --NH.CO(CH.sub.2).sub.5 CO.NH--                    
                                                3     Cl                       
     87 --     n-decyl                                                         
                      3     --NH.CO(CH.sub.2).sub.6 CO.NH--                    
                                                3     Cl                       
     88 --     n-decyl                                                         
                      3     --NH.CO(CH.sub.2).sub.6 CO.NH--                    
                                                3     Ms                       
     89 --     n-decyl                                                         
                      4     --NH.CO(CH.sub.2).sub.6 CO.NH--                    
                                                4     Ms                       
     90 --     n-decyl                                                         
                      3     --NH.CO(CH.sub.2).sub.7 CO.NH--                    
                                                3     Ms                       
     91 --     n-decyl                                                         
                      2     --NH.CO(CH.sub.2).sub.8 CO.NH--                    
                                                2     Ms                       
     92 --     2-(2-  3     --NH.CO(CH.sub.2).sub.8 CO.NH--                    
                                                3     Ms                       
               butoxy-                                                         
               ethoxy)-                                                        
               ethyl                                                           
     93 --     n-decyl                                                         
                      4     --CH.sub.2 NH.CO(CH.sub.2).sub.2 CO.--             
                                                4     Ms                       
                            NHCH.sub.2 --                                      
     94 --     n-decyl                                                         
                      3     --NH.COO(CH.sub.2).sub.2 OCO.NH--                  
                                                3     Ms                       
     95 --     n-decyl                                                         
                      3     --NH.COO(CH.sub.2).sub.3 OCO.NH--                  
                                                3     Ms                       
     96 --     n-decyl                                                         
                      3     --NH.COO(CH.sub.2).sub.6 OCO.NH--                  
                                                3     Ms                       
     97 --     n-decyl                                                         
                      3     --NH.COOCH.sub.2 C(C.sub.2 H.sub.5).sub.2 CH.sub.2 
                            --                  3     Ms                       
                            OCO.NH--                                           
     98 --     n-decyl                                                         
                      3     --NH.CO[O(CH.sub.2).sub.2 ].sub.2                  
                                                3CO.--                         
                                                      Ms                       
                            NH--                                               
     99 --     3,5,5- 3     --NH.CO--           4     Ms                       
               trimethyl-                                                      
               hexyl                                                           
     __________________________________________________________________________
      .sup.(a) linkage of left hand pyridine ring to A.sup.3 in the formula as 
      written at the head of the table.                                        
      .sup.(b) where A.sup.3 is not symmetrical, it should be read as from left
      to right in the formula at the head of the table.                        
      .sup.(c) linkage of A.sup.3 to the right hand pyridine ring in the formul
      as written at the head of the table.                                     
      .sup.(d) the methylene group is attached to the pyridine nitrogen atom,  
      and the NH group is attached to R.                                       
      .sup.(e) Ms=methanesulphonate.                                           
TBL  ______________________________________                                    
     Reaction conditions                                                       
     No.  Temperature Time      Additive                                       
                                        M.p. (.degree.C.)                      
          (.degree.C.)                                                         
                      (minutes)                                                
     ______________________________________                                    
     51   110         15        --      237-239                                
     52   110         15        --      261-266                                
     53   140         10        --      255                                    
     54   125         20        --      200-250                                
     55   160         30        --      165-168                                
     56   130         10        --      212-214                                
     57   120         20        --      238-239.5                              
     58   110         30        toluene 229-231                                
     59   110         30        toluene 224-228                                
     60   175          5        --      168-171                                
     61   150         15        --      122-125                                
     62   160         10        --      112-114.5                              
     63   160         15        --      128-130                                
     64   195         10        --      210.5-212.5                            
     65   180         15        --      95-98                                  
     66   200          2        --      114-116                                
     67   140         30        --      193-194                                
     68   140         150       --      91-95                                  
     69   145          5        --      202-206                                
     70   140          5        --      100-104                                
     71   150          2        --      200-203.5                              
     72   100         15        --      250-252                                
     73   105         15        --      250-253                                
     74   100         15        --      258-260                                
     75   180         30        --      95-98                                  
     76   180         20        --      110-113                                
     77   160         10        --      142-144.5                              
     78   150         60        sulpholane                                     
                                        214.5-216.5                            
     79   140         10        --      154-155                                
     80   130         10        --      197-199                                
     81   140          5        --      156-159                                
     82   140          5        --      120-123                                
     83   160          5        --      225-228                                
     84   160          2        --      196.5-197.5                            
     85   130         15        --      228-230                                
     86   165         120       sulpholane                                     
                                        116-120                                
                                + DIE.sup.(a)                                  
     87   150         60        sulpholane                                     
                                        213-214.5                              
     88   140          5        --      93.5-94.5                              
     89   140         10        --      83-85                                  
     90   140         10        --      90                                     
     91   190         15        --      134-136                                
     92   150         15        --      72-74                                  
     93   155          5        --      197-199                                
     94   180         10        --      162-166                                
     95   180         30        --      97-99                                  
     96   140         10        --      137-139                                
     97   155         10        --      134-137                                
     98   145         15        --      110-112                                
     99   140         30        DIE     90-93                                  
     ______________________________________                                    
PAR  A. Certain of the unquaternised pyridines, wherein A.sup.3 is an
      amide-containing linkage, used as starting materials for the above
      compounds are novel, and may be obtained from the reaction of an
      appropriate amine and an appropriate acid chloride by the process
      described in the latter part of Example 1.
TBL  ______________________________________                                    
     Starting material    M.p. (.degree.C.)                                    
     for compounds nos.                                                        
     ______________________________________                                    
     55                   275-278                                              
     58                    198-199.5                                           
     62                   160-163                                              
     63                   301-303                                              
     64                   304.5-308                                            
     70                   189-191                                              
     77                    221-224.5                                           
       78/79               190-192.5                                           
     82                   280-281                                              
     86                    206-208.5                                           
       87/88              171.5-173.5                                          
     89                   199.5-201.5                                          
     90                   158-160                                              
     91                   133.5-135                                            
     93                   139-141                                              
     ______________________________________                                    
PAR  B. Certain other of the unquaternised pyridines, wherein A.sup.3 is a
      ureido-containing linkage, used as starting materials for the preparation
      of the above compounds of the invention, are novel and may be obtained as
      follows:
PAR  A solution of hexamethylene di-isocyanate (1.68g.) in toluene (10ml.) was
      added to a solution of 3-aminopyridine (1.88g.) in toluene (18ml.) and the
      mixture was heated on a steam-bath for 10 minutes. The mixture was cooled,
      and the product was filtered off, washed with toluene and dried, to give
      1,6-bis[3-(pyrid-3-yl)ureido]hexane, m.p. 197.degree.-199.degree.C., the
      starting material for compound 67.
PAR  In a similar manner, using 3-aminomethylpyridine in place of
      3-aminopyridine, there was obtained the starting material for compound 68,
      1,6-bis[3-(pyrid-3-ylmethyl)ureido]hexane, m.p. 223.degree.-225.degree.C.
PAR  C. Certain other of the unquaternised pyridines, wherein A.sup.3 is a
      ureido- or urethane-containing linkage, used as starting materials for the
      preparation of the above compounds of the invention, are novel and may be
      obtained as follows:
PAR  A solution of tetramethylene diamine (0.535g.) in toluene (10ml.) was added
      with stirring and cooling to a solution of 3-pyridyl isocyanate (1.46g.)
      in toluene (15ml.). The mixture was stirred until the reaction was
      complete, and the product was filtered off, washed with toluene and
      crystallised from ethanol to give 1,4-bis[3-(pyrid-3-yl)ureido] hexane,
      m.p. 218.degree.-219.degree.C., the starting material for compound 66.
PAR  In a similar manner, using the appropriate isocyanate and the appropriate
      amine, diamine or diol, the following starting materials were prepared:
TBL  Starting material    M.p. (.degree.C.)                                    
     for compounds nos.                                                        
     ______________________________________                                    
     65                   198.5-199.5                                          
     75                   160-161                                              
     76                    183-184.5                                           
     94                   191-192                                              
     95                   189-190                                              
     96                   167-169                                              
     97                   183-185                                              
     98                   142-144                                              
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The process described in Example 1 is repeated using the appropriate
      bis-pyridine derivates and quaternising agents, to give the following
      compounds:
      ##SPC14##
TBL  No. A.sup.1 =A.sup.2                                                      
             R.sup.1 =R.sup.2                                                  
                 First A.sup.3(b)     Second                                   
                                            X.sup.1 =X.sup.2                   
                 linkage.sup.(a)      linkage.sup.(c)                          
     __________________________________________________________________________
     100 --  n-decyl                                                           
                 3     --NH.COCH=.sup.t CHCO.NH--.sup.(d)                      
                                      3     Ms.sup.(e)                         
     101 --  n-octyl                                                           
                 3     --NH.CO(CH.sub.2 OCH.sub.2).sub.2 --                    
                                      3     Br                                 
                       CO.NH--                                                 
     102 --  n-decyl                                                           
                 3     --NH.COCH.sub.2 OCH.sub.2 CH.sub.2 --                   
                                      3     Br                                 
                       OCH.sub.2 CO.NH--                                       
     103 --  n-decyl                                                           
                 3     --NH.CO[O(CH.sub.2).sub.2 ].sub.3 --                    
                                      3     Ms                                 
                       OCO.NH--                                                
     104 --  n-decyl                                                           
                 3     --NH.COO(CH.sub.2).sub.2 NH.CO.--                       
                                      3     Ms                                 
                       NH--                                                    
     105 --  n-decyl                                                           
                 2     --NH(CH.sub.2).sub.2 NH--                               
                                      2     Ms                                 
     106 --  n-decyl                                                           
                 4     --NH(CH.sub.2).sub.6 NH--                               
                                      4     Br                                 
     107 --  n-decyl                                                           
                 2     --NH(CH.sub.2).sub.10 NH--                              
                                      2     Ms                                 
     108 --  n-decyl                                                           
                 3     --O(CH.sub.2 ).sub.4 O--                                
                                      3     Br                                 
     109 --  n-decyl                                                           
                 3     --O(CH.sub.2).sub.6 O--                                 
                                      3     Br                                 
     110 --  n-decyl                                                           
                 3     --O(CH.sub.2).sub.10 O--                                
                                      3     Br                                 
     __________________________________________________________________________
      .sup.(a) linkage of left hand pyridine ring to A.sup.3 in the formula as 
      written at the head of the table.                                        
      .sup.(b) where A.sup.3 is not symmetrical, it should be read as from left
      to right in the formula at the head of the table.                        
      .sup.(c) linkage of A.sup.3 to the right hand pyridine ring in the formul
      as written at the head of the table.                                     
      .sup.(d) t indicates a trans double bond.                                
      .sup.(e) Ms=methanesulphonate.                                           
PAR  The unquaternised pyridine derivatives used as starting materials in the
      preparation of compounds 100 and 101 are novel, may be prepared by the
      process described in the latter part of Example 1, and have melting points
      of 321.5.degree.-322.5.degree.C. and 117.degree.-119.degree.C.
      respectively.
PAR  The unquaternised pyridine derivatives used as starting materials in the
      preparation of compounds 103 and 104 are novel, may be prepared by the
      process described at (C) in Example 2, and have melting points of
      121.degree.-123.degree.C. and 194.degree.-195.5.degree.C. respectively.
PAR  The unquaternised pyridine derivative used as starting material in the
      preparation of compound 109 may be obtained as follows:
PAR  Sodium hydride (1.32g.) was added portionwise under an atmosphere of
      nitrogen during 30 minutes, to a stirred solution of 3-hydroxypyridine
      (2.85g.) in dry dimethylsulphoxide (28ml.) cooled to below 25.degree.C.
      When reaction ceased, 1,6-dibromohexane (3.66g.) was added dropwise with
      stirring and cooling, and the resulting mixture was stirred a further 31/2
      hours. The mixture was poured into ice-water, and the precipitated product
      was filtered off and crystallised from petroleum ether (b.p.60.degree.-
      80.degree.C.), to give 1,6-bis-pyrid-3-yloxyhexane, m.p. 85.degree.C.
PAR  In a similar manner, using the appropriate dibromides, there were obtained
      the butane (m.p. 95.degree.C.) and decane (m.p. 64.degree.C.) analogues,
      the starting materials for compounds 108 and 110 respectively.
PAC  EXAMPLE 4
PAR  The methanesulphonate salt, compound 32 (3g.) was dissolved in water and
      excess 2N sodium hydroxide was added. A yellow viscous oil separated which
      was extracted into chloroform. The chloroform layer was washed with water,
      and then shaken with excess aqueous toluene-p-sulphonic acid. Ether was
      added to precipitate the toluene-p-sulphonate salt, which was crystallised
      from a mixture of acetone and acetonitrile, m.p. 127.degree.-129.degree.C.
PAR  The sulphate was prepared in similar manner, m.p. 146.degree.-147.degree.C.
PAR  The acetate (m.p. 87.degree.-89.degree.C.) was prepared in similar manner,
      except that the new salt remained in the aqueous phase and was recovered
      by evaporation of the solvent and crystallisation of the residue from
      acetone.
PAC  EXAMPLE 5
PAR  Compositions containing a pyridine derivative of the invention may be
      prepared from any pyridine derivative of the invention described in the
      foregoing Examples by conventional procedures as illustrated below, where,
      it is to be understood, the particular pyridine derivative named may be
      replaced by an equipotent amount of any other pyridine derivative of the
      invention.
PAR  Lozenge
PAR  A mixture of sucrose (92.5g.), magnesium stearate (1g.), gum acacia (3g.),
      water (3ml.) and 3,3'-suberamidobis(1-n-decylpyridinium chloride) (0.5g.)
      is blended and compressed into hard lozenges such that each weighs 1g.,
      and contains 5mg. of the antibacterial pyridine derivative.
PAR  Antiseptic
PAR  3,3'-Suberamidobis(1-n-decylpyridinium methanesulphonate) (0.5g.) is
      dissolved in sterile distilled water (99.5ml.) to give a liquid
      composition suitable for use as an antiseptic.
PAR  Toothpaste
PAR  A solution is prepared by stirring saccharin sodium (0.2g.) in purified
      water (38.8ml.) to which is then added isopropanol (4.0g.) and glycerin
      (20g.) (Solution I).
PAR  A mixture of oil of peppermint (0.6g.) and oil of spearmint (0.3g.) is
      added to Pluronic P75 (0.6g. -- Pluronic is a trade mark) followed by
      4,4'-glutaramidobis(1-n-decylpyridinium methanesulphonate) (0.5g.) and
      stirring is continued until a homogeneous solution is formed (Solution
      II).
PAR  Solution I is slowly added to Solution II, with stirring, and natrosol
      250HH (1g. -- Natrosol is a trade mark) is then added, stirring being
      continued until hydration is complete. A mixture of dicalcium phosphate
      (20g.), Neosyl E.T. (10g.), titanium dioxide (1g.) and dried aluminium
      hydroxide gel (1g.) is then added and mixing is continued until a smooth
      and uniform paste is formed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pyridine derivative of the formula:
      ##SPC15##
PAL  wherein R.sup.1 and R.sup.2 which may be the same or different are each
      alkyl having 8 to 14 carbon atoms, n-undec-10-yl, 2-n-hexyloxyethyl,
      2-(2-butoxyethoxy)ethyl, 3,4-dichlorophenyl, 4-chlorobenzyl,
      2,4-dichlorobenzyl or 2-naphthylmethyl; A.sup.1 and A.sup.2 are each a
      direct linkage or a linking group of the formula --CH.sub.2 CO.NH--
      wherein the methylene is joined to the pyridine nitrogen;
      (X.sup.1.X.sup.2).sup.2.sup.- represents two monoanions or a dianion
      selected from the group consisting of two halide, methanesulphonate,
      toluene-p-sulphonate or acetate ions or the sulphate dianion; and A.sup.3
      is a linking group of the formula:
EQU  --(CH.sub.2).sub.n NH.CO.NH(CH.sub.2).sub.y NH.CO.NH(CH.sub.2).sub.n --
PAL  wherein n is 0, 1 or 2; and y is 0 or 2 to 6.
NUM  2.
PAR  2. The pyridine derivative of claim 1 wherein R.sup.1 and R.sup.2 are the
      same and are each n-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl,
      n-tetradecyl, n-undec-10-enyl, 2-n-hexyloxyethyl, 2-(2-butoxyethoxy)ethyl,
      3,4-dichloro-phenyl, 4-chlorobenzyl, 2,4-dichlorobenzyl or
      2-naphthylmethyl.
NUM  3.
PAR  3. The pyridine derivative of claim 1 wherein A.sup.1 and A.sup.2 are each
      a direct linkage, R.sup.1 and R.sup.2 are each the same unbranched alkyl
      of 8 to 11 carbon atoms, (X.sup.1.X.sup.2).sup.2.sup.- represents two
      bromide, chloride, methanesulphonate, toluene-p-sulphonate or acetate
      anions or the sulphate dianion, and A.sup.3 is a linking group of the
      formula:
EQU  --NH.CO.NH(CH.sub.2).sub.3.sub.-6 NH.CO.NH--.
NUM  4.
PAR  4. The pyridine derivative of claim 1 in which R.sup.1 and R.sup.2 are both
      n-decyl; A.sup.1 and A.sup.2 are each a direct linkage;
      (X.sup.1.X.sup.2).sup.2.sup.- represents two methanesulphonate anions and
      A.sup.3 is a linking group of the formula:
EQU  --NH.CO.NH(CH.sub.2).sub.3 NH.CO.NH--
PAL  connected between the 3- positions of the pyridine rings.
NUM  5.
PAR  5. The pyridine derivative of claim 1 in which R.sup.1 and R.sup.2 are both
      n-decyl; A.sup.1 and A.sup.2 are each a direct linkage;
      (X.sup.1.X.sup.2).sup.2.sup.- represents two methanesulphonate anions and
      A.sup.3 is a linking group of the formula:
EQU  --NH.CO.NH(CH.sub.2).sub.4 NH.CO.NH--
PAL  connected between the 3- positions of the pyridine rings.
NUM  6.
PAR  6. The pyridine derivative of claim 1 in which R.sup.1 and R.sup.2 are both
      n-decyl; A.sup.1 and A.sup.2 are each a direct linkage;
      (X.sup.1.X.sup.2).sup.2.sup.- represents two bromide anions and A.sup.3 is
      a linking group of the formula: --NH.CO.NH(CH.sub.2).sub.6 NH.CO.NH--
PAL  connected between the 3- positions of the pyridine rings.
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ABST
PAL  Compounds having the formula
      ##SPC1##
PAL  Where X is S, SO or SO.sub.2 and Y and Y.sup.1 are the same or different
      and each is H, OH, O.sup.. or a straight- or branched alkyl residue having
      from 1 to 4 carbon atoms, and salts thereof when Y and Y.sup.1 are other
      than O.sup.. are useful as stabilisers for organic materials such as diene
      rubbers.
BSUM
PAR  The present invention relates to new piperidine derivatives and in
      particular to new di -4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      sulphides, sulphoxides and sulphones useful as stabilisers for organic
      materials.
PAR  According to the present invention, there are provided compounds having the
      formula:-
      ##SPC2##
PAL  Wherein X is S, SO or SO.sub.2 and Y and Y.sup.1 are the same or different
      and each is H, OH, O  or a straight- or branched alkyl residue having from
      1 to 4 carbon atoms, and salts thereof when Y and Y.sup.1 are other than O
      .
PAR  Preferably X is S.
PAR  Examples of alkyl substituents Y and Y.sup.1 include methyl, ethyl,
      n-propyl, isopropyl, n-butyl and secbutyl residues. Particularly preferred
      substituents Y and Y.sup.1 are hydrogen and methyl residues.
PAR  Salts of compounds of formula I where Y and Y.sup.1 are other than O
      include those formed from the amine functions with inorganic or organic
      acids, for instance hydrogen chloride, sulphuric acid, phosphoric acid,
      carbonic acid, acetic acid, maleic acid, malic acid, oxalic acid and
      tartaric acid.
PAR  Specific examples of compounds of formula I are:
PAL  Where X is S:
PA1  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide
PA1  Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphide
PA1  Di-4-(3,4-dehydro-1-ethyl-2,2,6,6-tetramethylpiperidinyl) sulphide
PA1  Di-4-(3,4-dehydro-1-isopropyl-2,2,6,6-tetramethylpiperidinyl) sulphide
PA1  Di-4-(3,4-dehydro-1-n-butyl-2,2,6,6-tetramethylpiperidinyl) sulphide
PA1  4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1',2',2',6',6'-pentamethylpiperidinyl) sulphide
PA1  4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl)
      4'-(1'-butyl-3',4'-dehydro-2',2',6',6'-tetramethylpiperidinyl) sulphide
PA1  4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-hydroxy-2',2',6',6'-tetramethyl piperidinyl) sulphide
PA1  Di-4-(3,4-dehydro-1-oxy-2,2,6,6-tetramethylpiperidinyl) sulphide
PA1  4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-oxy-2',2',6',6'-tetramethylpiperidinyl) sulphide
PA1  4-(1-butyl-3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-oxy-2',2',6',6'-tetramethylpiperidinyl) sulphide
PA1  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide dihydrochloride
PAL  Where X is SO:
PA1  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphoxide
PA1  Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphoxide
PA1  Di4-(3,4-dehydro-1-ethyl-2,2,6,6-tetramethylpiperidinyl) sulphoxide
PA1  Di-4-(3,4-dehydro-1isopropyl-2,2,6,6-tetramethylpiperidinyl) sulphoxide
PA1  Di-4-(3,4-dehydro-1-n-butyl-2,2,6,6-tetramethylpiperidinyl) sulphoxide
PA1  4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl)
      4'-(1'-ethyl-3',4'-dehydro-2',2',6',6'-tetramethylpiperidinyl) sulphoxide
PA1  4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl)
      4'-(1'-butyl-3',4'-dehydro-2',2', 6', 6'-tetramethylpiperidinyl)
      sulphoxide
PA1  4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-hydroxy-2',2',6',6'-tetramethylpiperidinyl)
      sulphoxide
PA1  Di-4-(3,4-dehydro-1-oxy-2,2,6,6-tetramethylpiperidinyl) sulphoxide
PA1  4-(3,4-dehydro-1-n-propyl-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-oxy-2',2',6',6'-tetramethylpiperidinyl sulphoxide
PA1  4-(1-butyl-3,4 -dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-oxy-2',2',6',6'-tetramethylpiperidinyl) sulphoxide
PA1  Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphoxide
      dihydrobromide
PAL  Where X is SO.sub.2 :
PA1  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphone
PA1  Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphone
PA1  Di-4-(3,4-dehydro-1ethyl-2,2,6,6-tetramethylpiperidinyl) sulphone
PA1  Di-4-(3,4-dehydro-1-isopropyl-2,2,6,6-tetramethylpiperidinyl) sulphone
PA1  Di-4-(3,4-dehydro-1-n-butyl-2,2,6,6-tetramethylpiperidinyl) sulphone
PA1  4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl)
      4'-(1'-ethyl-3',4'-dehydro-2',2',6',6'-tetramethylpiperidinyl) sulphone
PA1  4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl)
      4'-(1'-butyl-3',4'-dehydro-2', 2',6',6'-tetramethylpiperidinyl) sulphone
PA1  4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl)
      4'-(3',4'-dehydro-1'-hydroxy-2',2',6',6'-tetramethylpiperidinyl) sulphone
PA1  Di-4-(3,4-dehydro-1-oxy-2,2,6,6-tetramethylpiperidinyl) sulphone
PA1  4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-oxy-2',2',6',6'-tetramethylpiperidinyl) sulphone
PA1  4-(1-butyl-3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'oxy-2',2',6',6'-tetramethylpiperidinyl) sulphone
PA1  4-(3,4-dehydro-1,2,2,6,6(pentamethylpiperidinyl)
      4'-(3',4'-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphone
      dihydrochloride.
PAR  The present invention also provides a process of producing a compound of
      formula I wherein X is S and Y and Y.sup.1 are the same or different and
      each is H, OH or a straight- or branched alkyl residue having from 1 to 4
      carbon atoms, comprising reacting a compound having the formula
      ##SPC3##
PAL  or an inorganic salt thereof, with a compound of formula
      ##SPC4##
PAL  or an inorganic salt thereof and with a gaseous mixture of hydrogen
      sulphide and hydrogen chloride.
PAR  To produce a symmetrical compound of formula I, compounds of formula II and
      III in which Y and Y.sup.1 are identical are used; whereas to produce an
      unsymmetrical compound of formula I, compounds of formula II and III are
      used on which Y and Y' are different from one another. This provides a
      mixture containing the three possible compounds. The pure compounds may be
      isolated from the mixture by conventional techniques for instance
      chromatography.
PAR  The reaction may be conveniently carried out in a solvent inert under the
      reaction conditions, suitable solvents being, for instance, aliphatic
      alcohols. The reaction temperature employed is preferably within the range
      of from 0.degree.C. to the reflux temperature of the reaction mixture.
PAR  The starting materials of formulas II and III are compounds which are known
      per se.
PAR  The present invention also provides a process of producing a compound of
      formula I wherein X has its previous significance and Y, Y.sup.1 are each
      an alkyl residue, comprising reacting a compound of formula I wherein X
      has its previous significance and Y and Y.sup.1 are each hydrogen, with an
      alkylating agent.
PAR  Preferably, the alkylating agent is an alkyl halide R-hal wherein R is a
      straight- or branched alkyl residue having from 1 to 4 carbon atoms and
      hal, denotes a halogen atom, preferably a chlorine atom.
PAR  A compound of formula I wherein X has its previous significance; and Y and
      y.sup.1 are each an alkyl residue, may also be produced by a Leuchart,
      Wallach or Eschweiler Clarke reaction by reacting a compound of formula I
      wherein X has its previous significance and Y and Y.sup.1 are each H with
      formic acid and the appropriate aldehyde or ketone. In this way, for
      instance the N,N'-dimethyl derivative of formula I may be obtained by
      reacting the compound of formula I, wherein Y and Y.sup.1 are each H with
      formic acid and formaldehyde.
PAR  The compound of formula I wherein X has its previous significance and
      Y,Y.sup.1 are each other than O  may be conveniently isolated from the
      respective reaction mixtures as their acid salts. The free amines of
      formula I may then be obtained by treating the salts with the
      stoichiometric proportion of a base such as sodium carbonate or sodium
      hydroxide. If desired, the compounds of formula I may be further purified
      by conventional techniques such as crystallisation from a suitable
      solvent.
PAR  The present invention also provides a process of producing a compound of
      formula I in which X is SO and Y and Y.sup.1 are the same or different and
      each is H, alkyl or O , comprising reacting a compound of formula I in
      which X is S and Y and Y.sup.1 have their previous significance, with an
      oxidising agent such as hydrogen peroxide or a per-acid. Preferably the
      oxdation is conducted in an organic acid solvent such as acetic acid. The
      oxidation is conveniently effected at a temperature within the range of
      from 0.degree.C. to the reflux temperature of the reaction mixture.
PAR  The present invention further provides a process of producing a compound of
      formula I wherein X is SO.sub.2 and Y and Y.sup.1 are the same or
      different and each is H, alkyl or O , comprising reacting a compound of
      formula I in which X is S or SO and Y and Y.sup.1 have their previous
      significance with an oxidising agent such as hydrogen peroxide. Preferably
      the oxidation is conducted in aqueous or alcoholic solution and in the
      presence of oxidation catalysts such as tungstic acid, sodium tungstate or
      benzyl trimethyl ammonium chloride. The oxidation is conveniently effected
      at a temperature within the range of from 0.degree.C. to the reflux
      temperature of the reaction mixture.
PAR  The present invention further provides a process of producing the compounds
      of formula I in which X is SO.sub.2 and Y and Y.sup.1 are each H or alkyl
      and at least one of Y and Y.sup.1 is H, comprising reducing a compound of
      formula I in which X is SO.sub.2 and Y and Y.sup.1 are H, O  or alkyl and
      at least one of Y and Y.sup.1 is O . The reduction process may be effected
      using a hydrogenation technique in a solvent inert under the reaction
      conditions, for instance an aliphatic alcohol having from 1 to 4 carbon
      atoms, and in the presence of a hydrogenation catalyst, for instance Raney
      nickel.
PAR  The present invention also provides a process of producing the compounds of
      formula I in which X is SO.sub.2 and Y and Y.sup.1 are H, OH or alkyl, at
      least one of Y and Y.sup.1 being OH, comprising reducing a compound of
      formula I in which X is SO.sub.2, and Y and Y.sup.1 are H, O  or alkyl, at
      least one of Y, and Y.sup.1 being O . The reduction process may be
      effected using a hydrogenation technique in a solvent inert under the
      reaction conditions, for instance an aliphatic alcohol having from 1 to 4
      carbon atoms or an aliphatic or cycloaliphatic ether, for instance
      dioxane, and in the presence of a hydrogenation catalyst, for instance
      palladium. The catalyst may be used in a pure form or supported upon an
      inert carrier such as alumina, calcium carbonate or carbon.
PAR  The present invention still further provides a a process of producing the
      compounds of formula I in which X is S and Y and Y.sup.1  are H, OH or
      alkyl comprising reducing a compound of formula I in which X is SO and Y
      and Y.sup.1 have their previous significance. The reduction process may be
      effected by any suitable reducing agent, for instance lithium aluminium
      hydride or a mixture of zinc and acetic acid.
PAR  The compounds of formula I have been found to be useful as stabilisers for
      organic materials and are especially effective as stabilisers against the
      actions of oxygen and ozone in hydrocarbon polymers, and are particularly
      useful as antiozonants for natural and synthetic rubbers, such as
      crosslinked, cured or vulcanized rubbers.
PAR  The compounds of formula I, especially those compounds in which Y and
      Y.sup.1 are other than O , have the added advantage that they do not
      dicolour rubber into which they are incorporated as stabilisers.
PAR  Accordingly, the present invention also provides a composition comprising
      an organic material and, as stabiliser, a minor proportion of a compound
      of formula I as hereinbefore defined.
PAR  The amount of the compound of formula I which is incorporated into the
      organic material in order to achieve maximal protection against oxidative
      degradation varies according to the properties of the organic material
      treated. However, for most purposes it is sufficient to use an amount of
      the compound of formula I within the range of from 0.01 to 5% by weight
      based on the weight of untreated organic material.
PAR  The compounds of formula I may be incorporated into the polymeric material
      by any of the known techniques for compounding additives with a polymer.
      For example, the compound of formula I, the other polymer additives and
      the polymer may be compounded in an internal mixer or on a two roll mill.
PAR  Organic materials susceptible to oxidative degradation and the properties
      of which are improved by the incorporation therein of a compound of
      formula I include natural and synthetic polymeric materials, for instance
      natural and synthetic rubbers, the latter including: styrene butadiene
      rubber, polyisoprene rubber, polybutadiene rubber, isobutene-isoprene
      rubber, epichlorhydrin rubbers, ethylene-propylene rubber,
      ethylene-propylene diene rubber, propylene oxide rubber, chloroprene
      rubber, nitrile chloroprene rubber, acrylonitrile butadiene rubber,
      polyacrylic rubber, silicone rubber, fluorocarbon rubber, fluorosilicone
      rubber, thiokol rubber, polyurethane rubber, chlorosulphonated
      polyethylene rubber, reclaimed rubber of any type or any blends in any
      proportion.
PAR  Those may optionally be combined with a filler consisting of, for instance,
PAR  a. a carbon black, a furnace or channel black or any carbon black of other
      type or,
PAR  b. a filler other than carbon black of an inorganic nature such as:
      aluminum hydroxide, aluminium silicate, ammonium carbonate, antimony
      sulphide, antimony trioxide, asbestos, barium ferrite, barium sulphate
      (barytes), barium sulphate (blanc-fixe), barium sulphate/zinc sulphide
      mixtures, calcium carbonate, calcium oxide (hydrated), calcium silicate,
      calcium sulphate, china clays, french chalk or talc, graphite, ground
      glass, hydrated silicas, kieselguhr, litharge, magnesium carbonate,
      magnesium oxide, metal powders, mica, pumice, silica, titanium dioxide
      (anatase or rutile), whiting (ground or precipitated), zinc carbonate,
      zinc oxide, zinc sulphide or any other filler of this type, or
PAR  c. a filler other than described in (a) and (b) above of an organic nature
      such as: flocks or organic fibres, such as cotton, rayon, wool, nylon
      etc., woodflour, coal dust, cork, animal glue, reclaimed rubber,
      chemically modified natural rubber, synthetic resins of polymeric
      materials other than rubber or any other filler of this type, or
PAR  d. a filler other than described in (a), (b) and (c) above of an inorganic
      or organic nature used mainly for imparting a desired colour to the rubber
      mixture such as: cadmium sulphide, cadmium sulphoselenide, chromium oxide,
      iron oxide, lead chromate, mercuric sulphide, nickel titanate,
      phthalocyanine pigments, quinacridone pigments, ultramarine blue, or any
      other pigmenting or colouring material.
PAR  Any of the fillers described may be mixed with each other in any
      combinations and in any proportions.
PAR  These fillers may also be combined with the rubber materials which
      plasticise, soften, extend rubber formulations or aid processing of such
      formulations. Among those are: petroleum oils (paraffinic, naphthenic,
      aromatic), petroleum jelly, chlorinated paraffinic hydrocarbons, ester
      platicisers such as dibutyl sebacate, di-isooctyl phthalate, trixylyl
      phosphate, fatty acids or salts thereof, pine tars, waxes, bitumens,
      synthetic resins such as coumarone resins, petroleum resins, high
      styrene/butadiene resins, phenol-formaldehyde resins, thiophenates,
      thiobenzoic acid salts, organic disulphides, polyester glycols.
PAR  Other antidegradants may also be combined with the rubbers for additional
      protection against the effects of oxygen, heat, flexing, metallic
      contamination and ozone. These include phenyl .alpha.- or .beta.-
      naphthylamines, ketone-amine condensates, such as acetone-anilines or
      acetone diphenylamine product mixtures, substituted diphenylamines,
      substituted phenols, bis phenols, di- p-hydroxyphenylsulphides,
      mercaptobenzimadazoles, dihydroquinoline derivatives and p-phenylene
      diamine derivatives such as N, N'-bis(1-ethyl-3-methylpentyl)
      -p-phenylenediamine, N,N'-bis(1,4-dimethylpentyl)-p-phenylenediamine,
      N,N'-bis(1-methylheptyl)-p-phenylenediamine,
      N-isopropyl-N'-phenyl-p-phenylenediamine,
      N-1,3(dimethylbutyl)-N'-phenyl-p-phenylenediamine,
      N,N'-diphenyl-p-phenylenediamine and dicyclohexyl-p-phenylenediamine.
PAR  Any materials which will cross-link or vulcanise the rubbers may also be
      added. These may include:
PAR  i. sulphur, and/or one or more of the following compounds:
PAL  Thiazoles
PAR  Mercaptobenzthiazole (MBT), dibenzthiazyl
PAR  disulphide, sodium salt of MBT.
PAL  Sulphenamides
PAR  N-cyclohexylbenzthiazylsulphenamide,
PAR  N-Oxydiethylbenzthiazylsulphenamide.
PAL  Dithiocarbamates
PAR  Piperidine pentamethylene dithiocarbamate,
PAR  zinc diethyl dithiocarbamate, sodium
PAR  diethyl dithiocarbamate, zinc ethyl
PAR  phenyl dithiocarbamate.
PAL  Thiuram sulphides
PAR  Tetramethyl thiuram disulphide,
PAR  tetraethylthiuram disulphide,
PAR  tetramethylthiuram monosulphide,
PAR  dipentamethylene thiuram tetrasulphide.
PAL  Xanthates
PAR  Zinc isopropyl xanthate, sodium isopropyl xanthate, zinc butyl xanthate.
PAL  Morpholino disulphides
PAR  Bis-morpholinedisulphide or any materials related to them, and optionally,
      zinc oxide or stearic acid in any amount for each additive.
PAR  ii. sulphur and oxides of zinc, calcium, magnesium and lead or any other
      metal oxide.
PAR  iii. metal oxides or mixtures thereof with or without the addition of an
      organic accelerator.
PAR  iv. quinone dioxime or derivatives thereof.
PAR  v. phenol-formaldehyde resins.
PAR  vi. organic peroxides such as: benzoyl peroxide, 2,4-dichlorobenzoyl
      peroxide, or dicumyl peroxide.
PAR  vii. polyfunctional amines such as thiourea, 2-mercaptoimidazoline,
      triethylene tetramine, hexamethylene diamine carbamate, ethylene diamine
      carbamate, bis-cinnamylidenehexanediamine and bis-p-aminocyclohexylmethane
      carbamate.
PAR  The cross-linking may be carried out at any convenient and effective
      temperature or pressure.
PAR  Any of the rubbers may also be cross-linked, as desired, and where
      feasible, by high energy radiation with or without the addition of the
      above-mentioned cross-linking agents.
DETD
PAR  Some Examples will now be given. Parts and percentages are by weight unless
      otherwise stated.
PAC  EXAMPLE 1
PAR  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide. 70 Parts by
      weight of 2,2,6,6-tetramethylpiperidin-4-one hydrochloride were dissolved
      in the minimum amount of warm ethanol (about 700 parts by volume) and the
      solution was treated whilst being stirred with hydrogen sulphide and
      hydrogen chloride gases simultaneously. The rate of addition of the gases
      was controlled so that the temperature of the reaction did not exceed
      70.degree.C. After 5 hours the ethanol was evaporated under reduced
      pressure and the residue dissolved in water. The solution was basified by
      the addition of sodium carbonate and then extracted into ether. The ether
      solution was washed with water, dried over magnesium sulphate (anhydrous)
      and evaporated under reduced pressure. The solid residue was crystallised
      from petroleum ether (b.p. 60.degree.-80.degree.C) to yield 28 parts of
      the product melting at 61.degree.-63.degree.C. and having the following
      elemental analysis.
PAR  C.sub.18 H.sub.32 N.sub.2 S requires: C, 70.05%; H,10.45%; N, 9.08%; S,
      10.40%. found: C, 69,90%; H, 10.13%; N, 8.71%; S, 10.03%.
PAC  EXAMPLE 2
PAR  Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphide. 5 Parts by
      weight of di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide was
      dissolved in 10 parts by weight of formic acid and treated with 3 parts by
      weight of 37 % formaldehyde solution. The solution was heated on a steam
      bath for 48 hours, poured into water and basified with sodium carbonate,
      The mixture was extracted into ether, the organic phase dried over
      magnesium sulphate (anhydrous) and exporated under reduced pressure. The
      white solid was crystallised from a methanol-water mixture to yield 3.7
      parts of the desired product melting at 79.degree.- 82.degree.C. and
      having the following elemental analysis.
PAR  C.sub.20 H.sub.36 N.sub.2 S requires: C, 71.38%; H, 17 10.78%; N, 8.32%; S,
      9.52%. found: C, 71.65%; H, 10.68%; N, 8.36%; S, 9.38%.
PAC  EXAMPLE 3
PAR  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide dihydrochloride.
      1 Part by weight of di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      sulphide was dissolved in methanol and treated with a 5 % solution of
      hydrogen chloride in methanol until the resulting solution was acid. The
      mixture was evaporated under reduced pressure and the residue crystallised
      from a chloroform-methanol petroleum (b.p. 60.degree.-80.degree.C) mixture
      to yield the desired product melting at &gt;350.degree.C and having the
      following elemental analysis.
PAR  C.sub.18 H.sub.34 N.sub.2 SCl.sub.2 requires: C, 56.69%; H, 8.98%; N,
      7.33%; S, 8.40%; Cl, 18.60%. found: C, 56.35%; H, 8.90%; N, 7.00%; S,
      8.34%; Cl, 19.04 %.
PAC  EXAMPLE 4
PAR  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphoxide. 3 Parts of
      di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide was dissolved
      in 20 parts of 50% aqueous acetic acid and the solution treated with 1.1
      parts of 30% hydrogen peroxide solution. This solution was stirred
      overnight at room temperature and then evaporated. The residue was
      dissolved in water and basified with excess sodium carbonate. After being
      washed by shaking with ether the aqueous layer was saturated with sodium
      chloride and extracted 3 times with chloroform. The chloroform extracts
      were combined, dried with anhydrous magnesium sulphate and evaporated
      under reduced pressure. Crystallisation of the residue from petroleum
      ether (b.p. 80.degree.-100.degree.C.) yielded the desired product melting
      at 185.degree.-186.degree.C and having the following elemental analysis:
PAR  C.sub.18 H.sub.32 N.sub.2 SO requires: C, 66.63%; H, 9,94%; N, 8.63%; S,
      9.86%. found: C, 66.82%; H, 9.90%; N, 8.43%; S, 9.67 %.
PAC  EXAMPLE 5
PAR  Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphoxide. 3 Parts of
      di-4-(3,4-dehydro-1,2,2,6,6 pentamethylpiperidinyl) sulphide were treated
      as in Example 4. The residue obtained from the evaporation of the
      chloroform extracts was crystallised from petroleum ether (b.p.
      60.degree.-80.degree.C.) to yield the desired product melting at
      128.degree.-131.degree.C. and having the following elemental analysis.
PAR  C.sub.20 H.sub.36 N.sub.2 SO requires: C, 68.14%; H, 10.29%; N, 7.95%; S,
      9.08%. found: C, 68.44%; H, 10.22%; N, 7.81%; S, 8.89 %.
PAC  EXAMPLE 6
PAR  4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)
      4'-(3',4'-dehydro-1'-oxy-2',2',6',6'-tetramethylpiperidinyl) sulphone.
PAR  1 Part of di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide was
      dissolved in 20 parts of methanol and 25 parts of water and this treated
      with 0.1 parts of sodium tungstate and 0.1 part of benzyl trimethyl
      ammonium chloride. This solution was treated with 4 parts of 30% hydrogen
      peroxide and stirred for 3 hours. The crystalline precipitate was
      separated, washed with water and crystallised from a methanol-water
      mixture to yield the desired product melting at 222.degree.-223.degree.C.
      and having the following elemental analysis:
PAR  C.sub.18 H.sub.31 N.sub.2 O.sub.3 S requires: C, 60.80%; H, 8.79%; N,
      7.88%; S, 9.02%. found: C, 60.86%; H, 8.78%; N, 7.84%; S, 9.34 %.
PAC  EXAMPLE 7
PAR  Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphone. 1 Part of
      di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphide was treated
      as in Example 6. The crude product was crystallised from petroleum ether
      (b.p. 60.degree.- 80.degree.C.) to yield the desired product melting at
      152.degree.-154.degree.C. and having the following elemental analysis:
PAR  C.sub.20 H.sub.36 N.sub.2 SO.sub.2 requires: C, 65.19%; H, 9.84%; N, 7.60%;
      S, 8.70%. found: C, 65.06%; H, 9.58%; N, 7.39%; S, 8.79 %.
PAC  EXAMPLE 8
PAR  Di-4-(3,4-dehydro-1-oxy-2,2,6,6-tetramethylpiperidinyl) sulphone.
PAR  4 Parts of
      4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)-4'-(3',4'-dehydro-1'-oxy-2'
     ,2',6',6'-tetramethylpiperidinyl) sulphone was dissolved in 120 parts of
      methanol and 30 parts of water. 0.4 Parts of sodium tungstate and 0.4
      parts of benzyl trimethyl ammonium chloride were added and the mixture
      heated at reflux whilst 8 parts of 30% hydrogen peroxide dissolved in
      methanol were added dropwise. Two further additions of the same quantity
      of hydrogen peroxide were made, refluxing for 1 hour after each addition.
      The solution was chilled, the precipitate separated and washed with water.
      The solid was crystallised from a methanolwater mixture to yield the
      desired product melting at 233.degree.-234.degree.C. and having the
      following elemental analysis:
PAR  C.sub.18 H.sub.30 N.sub.2 O.sub.4 S requires: C, 58.36%; H, 8.16%; N,7.56%;
      S, 8.66%. found: C, 58.19%; H, 8.06%; N,7.34%; S, 8.84%.
PAC  EXAMPLE 9
PAR  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphone. 1 Part of
      4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)-4'-dehydro-1'-oxy-2',2',6',
     6'-tetramethylpiperidiny) sulphone was dissolved in 200 parts of methanol
      and hydrogenated at ambient temperature and pressure using 0.5 part of
      Raney nickel catalyst. After separation of the catalyst and evaporation of
      the solvent the residue was crystallised from ethyl acetate to yield the
      desired product melting at 210.degree.-212.degree.C, and having the
      following elemental analysis:
PAR  C.sub.18 H.sub.32 N.sub.2 O.sub.2 S requires C, 63.50%; H, 9.47%; N, 8.23%;
      S, 9.41%. found: C, 63.56%; H, 9.61%; N, 7.97%; S, 9.66%.
PAC  EXAMPLE 10
PAR  Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphone. 1 Part of
      di-4-(3,4-dehydro-1-oxy-2,2,6,6-tetramethylpiperidinyl) sulphone was
      treated as described in Example 9. Crystallisation of the crude material
      so obtained from ethyl acetate yielded the desired product melting at
      209.degree.-212.degree.C.
PAC  EXAMPLE 11
PAR  4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl), 4'-(3',
      4'-dehydro-1'-hydroxy-2',2',6',6'-tetramethylpiperidinyl sulphone.
PAR  1 Part of 4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl),
      4'-(3',4'-dehydro-1'-oxy-2',2',6',6'-tetramethylpiperidinyl) sulphone was
      hydrogenated at ambient temperature and pressure using dioxane solvent and
      1 part of 5 % palladium on carbon. After separation of the catalyst and
      evaporation of the solvent the residue was crystallised from a
      methanol-water mixture to yield the desired product melting at
      195.degree.-198.degree.C. and haaving the following elemental analysis:
PAR  C.sub.18 H.sub.32 N.sub.2 O.sub.3 S requires: C, 60.62%; H, 9.05%; N,
      7.86%; S, 8.99%. found: C, 60.86%; H, 9.13%; N, 7.71%; S, 9.11%.
PAC  EXAMPLES 12 TO 14
PAR  100 Parts of styrene butadiene rubber, 2.0 parts of stearic acid, 5.0 parts
      of zinc oxide, 20.0 parts of hydrated silica, 25.0 parts of talc 5.0 parts
      of rutile, 4.0 parts of polyethylene glycol 600, 1.5 parts of wax (m.p.
      54.degree.-57.degree.C), 1.0 part of 2,2'-methylene
      bis(-4-methyl-6-t-butyl phenol), 1.0 part of dibenzylthiazyl disulphide,
      0.2 part of tetramethyl thiuran disulphide, 2.0 parts of sulphur and 0.2
      parts of the product of Example 1 were milled together on a two-roll mill
      and the resulting compounds was press cured in a mould for 20 minutes at
      153.degree.C., to give sheets 0.050 inch thick. From this sheet,
      square-ended dumb-bells were cut of 2 inch overall length with 1/4 inch
      square ends, the middle of the dumb-bell being uniformly 3/32 inch wide.
PAC  Dynamic Ozone Test
PAR  The dumb-bells were stretched to 20 % extension on a "Hampden" Dynamic
      Ozone Testing Machine and the ends and edges were painted with
      ozone-resistant rubber paint. The equipment was placed in a Hampden-RAPRA
      Ozone Tester in which air with an ozone content of 50 parts per hundred
      million was circulated at 30.degree.C.
PAR  The samples were stretched sinusoidally to 20 % elongation and relaxed to
      zero elongation 10 times per minute over a period of 2 hours. The samples
      were then left in contact with ozone for a further 4 hours at zero
      elongation. At the end of this 6 hour period the samples were examined to
      assess the amount of degradation by noting the number and severity of
      cracks. The number of 6 hour exposure cycles required to cause the break
      of the sample was noted.
PAC  Static Ozone Test
PAR  The dumb-bells were stretched to 30 % extension over a testing frame and
      the ends and edges were painted with ozone-resistant rubber paint. The
      test frames were immersed in an air chamber having an ozone content of
      fifty parts per hundred million and a temperature of 30.degree.C. The test
      samples were circulated in the ozone atmosphere in accordance with British
      Standard Number 903, part A23, section 3:7. The time taken for the samples
      to break was noted.
PAR  The results obtained from these tests and from tests carried out on the
      products of Examples 2 and 6 are summarized below:
TBL  Dynamic Test                                                              
              Test Additive       Cycles to Break                              
     ______________________________________                                    
              None                7                                            
     Example 12                                                                
              Di-4-(3,4-dehydro-2,2,                                           
              6,6-tetramethylpiperi-                                           
              dinyl)sulphide      11                                           
     Example 13                                                                
              Di-4-(3,4-dehydro-1,2,                                           
              2,6,6-pentamethyl                                                
              piperidinyl)sulphide                                             
                                  9                                            
     Example 14                                                                
              4-(3,4-dehydro-2,2,6,6-                                          
              tetramethyl piperidinyl)-                                        
              4'-(3',4'-dehydro-1'-oxyl-                                       
              2',2',6',6'-tetramethyl-                                         
              piperidinyl)sulphone                                             
                                  9                                            
     Static Test                                                               
              Test Additive       Hours to Break                               
     ______________________________________                                    
              None                17                                           
              Di-4-(3,4-dehydro-2,2,                                           
              6,6-tetramethylpiperidinyl)                                      
              sulphide            143                                          
     ______________________________________                                    
PAL  These results demonstrate the effectiveness of typical compounds of the
      invention as an antiozonant for rubber.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC5##
PAL  wherein X is S, SO or SO.sub.2 and Y and Y.sup.1 are the same or different
      and each is H, OH, O or a straight- or branched alkyl having from 1 to 4
      carbon atoms, and salts thereof when Y and Y.sup.1 are other than O, said
      salts being formed with the acids selected from hydrogen chloride,
      sulfuric acid, phosphoric acid, carbonic acid, acetic acid, maleic acid,
      oxalic acid and tartaric acid.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein Y and Y' are hydrogen or
      methyl.
NUM  3.
PAR  3. A compound as claimed in claim 2 wherein X is S.
NUM  4.
PAR  4. The compound of claim 1 which is
      Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphide.
NUM  5.
PAR  5. The compound of claim 1 which is
      Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphide.
NUM  6.
PAR  6. The compound of claim 1 which is
      Di-4-(3,4-dehydro-1,2,2,6,6-pentamethylpiperidinyl) sulphone.
NUM  7.
PAR  7. The compound of claim 1 which is
      Di-4-(3,4-dehydro-1-oxy-2,2,6,6-tetramethylpiperidinyl) sulphone.
NUM  8.
PAR  8. The compound of claim 1 which is
      Di-4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl) sulphone.
NUM  9.
PAR  9. The compound of claim 1 which is
      4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl),
      4'-(3',4'-dehydro-1'-hydroxy-2',2',6',6'-tetramethylpiperidinyl) sulphone.
NUM  10.
PAR  10. The compound of claim 1 which is
      4-(3,4-dehydro-2,2,6,6-tetramethylpiperidinyl)4'-(3',4'-dehydro-1'-oxy-2',
     2',6',6'-tetramethylpiperidinyl) sulphone.
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ABST
PAL  2-Amino-1,4-dihydropyridines bearing a carbonyl function in the 5-position
      and being optionally substituted by lower alkyl or phenyl in the
      6-position, and the corresponding
      2-amino-1,4,5,6,7,8-hexahydro-5-oxoquinolines, which derivatives are
      further substituted by a carbonyl group in the 3-position and optionally
      substituted in the 4-position by lower alkyl, phenyl, substituted phenyl
      or a heterocyclic group are antihypertensive agents and coronary vessel
      dilators. The compounds, of which
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3,5-diethyl ester is a representative embodiment, are prepared
      through condensation of an ylideneacetoacetic acid ester and an amidine.
PARN
PAR  This is a division of application Ser. No. 455,304 filed Mar. 27, 1974, now
      U.S. Pat. No. 3,857,849, which is a divisional of Ser. No. 336,639, filed
      Feb. 28, 1973, now U.S. Pat. No. 3,867,393.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention pertains to 2-amino-1,4-dihydropyridine derivatives,
      to processes for their production and use and to pharmaceutical
      compositions containing such compounds and useful as antihypertensive
      agents and coronary vessel dilators.
PAR  In particular, the present invention pertains to compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R is hydrogen; lower alkyl; lower alkenyl; lower alkynyl; phenyl;
      substituted phenyl in which the substituents are one to three members
      selected from the group consisting of lower alkyl, lower alkoxy, halogeno,
      nitro, cyano, trifluoromethyl, azido, carbo(lower alkoxy), lower
      alkylsulfonyl, lower alkylsulfinyl, lower alkylthio or phenyl; naphthyl;
      or a heterocyclic ring selected from the group consisting of quinolyl,
      isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl and pyrryl, said
      heterocyclic ring being unsubstituted or substituted by one or two members
      selected from the group consisting of lower alkyl, lower alkoxy and
      halogeno;
PA1  R.sup.1, when taken independently, is hydrogen, lower alkyl, phenyl or
      pyridyl;
PA1  R.sup.2, when taken independently, is lower alkyl, lower alkoxy lower
      alkoxy(lower alkoxy), lower alkenyloxy, lower alkynyloxy, amino, lower
      alkylamino or di(lower alkyl)amino,
PA1  R.sup.1 and R.sup.2 when taken together are alkylene of 2 to 4 carbon
      atoms; and
PA1  R.sup.3 is lower alkyl, lower alkoxy, lower alkoxy(lower alkoxy), lower
      alkenyloxy, lower alkynyloxy, amino, lower alkylamino or di(lower
      alkyl)amino.
PAR  The term lower alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 6 carbon atoms. Representative of
      such lower alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, and the like.
PAR  The term lower alkenyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal ethylenic
      unsaturation as, for example, vinyl, allyl, isopropenyl, 2-butenyl,
      3-methyl-2-butenyl, 2-pentenyl, 3-pentenyl, 2-hexenyl, 4-hexenyl, and the
      like, preferably having 2 to 4 carbon atoms.
PAR  The term lower alkynyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal acetylenic
      unsaturation as, for example, ethynyl, 2-propynyl, 4-pentynyl, and the
      like, preferably having 2 to 4 carbon atoms.
PAR  The term lower alkoxy denotes a straight or branched hydrocarbon chain
      bound to the remainder of the molecule through an ethereal oxygen atom as,
      for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
      pentoxy and hexoxy.
PAR  The term lower alkylthio denotes a branched or straight hydrocarbon chain
      bound to the remainder of the molecule through a divalent sulfur as, for
      example, methylthio, ethylthio, propylthio, isopropylthio, butylthio, and
      the like.
PAR  The term halogen denotes the substituents fluoro, chloro, bromo and iodo.
PAR  As indicated, the present invention also pertains to the physiologically
      acceptable non-toxic acid addition salts of these basic compounds. Such
      salts include those derived from organic and inorganic acids such as,
      without limitation, hydrochloric acid, hydrobromic acid, phosphoric acid,
      sulfuric acid, methane sulphonic acid, acetic acid, tartaric acid, lactic
      acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid,
      aconitic acid, salicylic acid, phthalic acid, embonic acid, enanthic acid,
      and the like.
PAR  According to the present invention, the foregoing compounds are prepared by
      reacting a dicarbonyl compound of the formula:
      ##EQU1##
      wherein R, R.sup.1 and R.sup.2 are as herein defined, with an amidine of
      the formula:
      ##EQU2##
      in which R.sup.3 is as herein defined. The condensation proceeds smoothly
      in good yields simply by heating the two components, generally in the
      presence of an inert organic solvent such as methanol, ethanol, propanol
      and similar alkanols, ethers such as dioxane and diethyl ether, glacial
      acetic acid, pyridine, dimethylformamide, dimethylsulfoxide, acetonitrile
      and the like. The reaction is conducted at temperatures of from 20.degree.
      to 250.degree.C, conveniently at the boiling point of the solvent, and
      while elevated pressure may be utilized, normal atmospheric pressure is
      generally satisfactory. The reactants are employed in substantially
      equimolar amounts. The amidine reactant can be employed as the free base
      or in the form of a salt such as the hydrohalide salts with the amidine
      being liberated from the salt through treatment with a basic agent such as
      an alkali metal alkoxide. The dicarbonyl reagent can be utilized as such
      or generated in situ by the reaction of an aldehyde of the formula RCHO
      and a .beta.-dicarbonyl compound of the formula R.sup.1 COCH.sub.2
      COR.sup.2.
PAR  It is rather surprising that the above described condensation produces the
      desired compounds in such good yields and with such high purity for while
      it is known that a benzylideneacetoacetic acid ester can be condensed with
      an amino crotonic acid ester to yield a 1,4-dihydropyridine (Knoevenagel,
      Ber. 31, 743, 1898), it would be expected from, for example, Silversmith,
      J. Org. Chem. 27, 4090 (1952) that the addition of an amidine to an
      .alpha.,.beta.-unsaturated keto compound would yield the dihydropyrimidine
      derivative rather than the dihydropyridine derivative.
PAR  Many of the dicarbonyl compounds utilized as one of the reactants are known
      to the art and the others can either be generated in situ as herein
      described or prepared according to methods well known to the art, see for
      example Org. Reaction XV, 204 et seq. (1967). Typical of this reactant are
      the following compounds:
PA1  benzylideneacetoacetic acid methyl ester,
PA1  ethylideneacetoacetic acid methyl ester,
PA1  isopropylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetylacetone,
PA1  benzylideneacetylacetone,
PA1  3-nitrobenzylideneacetoacetic acid methyl ester,
PA1  3-nitrobenzylideneacetoacetic acid propargyl ester,
PA1  3-nitrobenzylideneacetoacetic acid allyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-ethoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid isopropyl ester,
PA1  3-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  4-nitrobenzylideneacetoacetic acid n-propyl ester,
PA1  3-nitro-6-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid ethyl ester,
PA1  2-cyanobenzylidenepropionylacetic acid ethyl ester,
PA1  3-cyanobenzylideneacetoacetic acid methyl ester,
PA1  3-nitro-4-chlorobenzylideneacetylacetone,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid t-butyl ester,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-nitro-4-methoxybenzylideneacetoacetic acid methyl ester,
PA1  2-cyano-4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-azidobenzylideneacetoacetic acid ethyl ester,
PA1  3-azidobenzylideneacetylacetone,
PA1  2-methylmercaptobenzylideneacetoacetic acid isopropyl ester,
PA1  2-sulphinylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  2-sulphonylbenzylidenemethylacetoacetic acid allyl ester,
PA1  4-sulphonylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  naphth-1-ylideneacetoacetic acid methyl ester,
PA1  naphth-1-ylideneacetoacetic acid ethyl ester,
PA1  naphth-2-ylideneacetoacetic acid ethyl ester,
PA1  2-ethoxynaphth-1-ylideneacetoacetic acid methyl ester,
PA1  2-methoxynaphth-1-ylideneacetoacetic acid ethyl ester,
PA1  5-bromonaphth-1-ylideneacetoacetic acid methyl ester,
PA1  quinol-2-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-4-ylmethylideneacetoacetic acid ethyl ester,
PA1  quinol-8-ylmethylideneacetoacetic acid ethyl ester,
PA1  isoquinol-1-ylmethylideneacetoacetic acid methyl ester,
PA1  isoquinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA1  .beta.-pyridylmethylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  6-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  4,6-dimethoxypyrimid-5-ylmethylideneacetoacetic acid ethyl ester,
PA1  then-2-ylmethylideneacetoacetic acid ethyl ester,
PA1  fur-2-ylmethylideneacetoacetic acid allyl ester,
PA1  pyrr-2-ylthylideneacetoacetic acid methyl ester,
PA1  nitrobenzylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylidenepropionylacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetylacetone,
PA1  2-, 3- or 4-methoxybenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-methoxybenzylideneacetylacetone,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid propargyl ester,
PA1  2-methoxybenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-isopropoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-butoxybenzylideneacetoacetic acid methyl ester,
PA1  3,4,5-trimethoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methylbenzylidenepropionylacetic acid methyl ester,
PA1  2-, 3- or 4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  2-methylbenzylideneacetylacetone,
PA1  3,4-dimethoxy-5-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-fluorobenzylideneacetoacetic acid ethyl ester,
PA1  2-fluorobenzylideneacetoacetic acid methyl ester,
PA1  3-chlorobenzylideneacetylacetone,
PA1  3-chlorobenzylidenepropionylacetic acid ethyl ester,
PA1  3-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2-chlorobenzylideneacetoacetic acid allyl ester,
PA1  2-, 3- or 4-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PA1  3-trifluoromethylbenzylideneacetoacetic acid methyl ester,
PA1  2-carbethoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-carbomethoxybenzylideneacetoacetic acid methyl ester,
PA1  4-carboisopropoxybenzylideneacetoacetic acid isopropyl ester,
PA1  4-carbomethoxybenzylideneacetoacetic acid allyl ester,
PA1  3-nitrobenzylidenecyclohexane-1,3-dione, and
PA1  3-nitrobenzylidenecycloheptane-1,3-dione.
PAR  The amidine reactants are similarly known or can be readily produced
      according to known methods, see for example McElvain et al., J.A.C.S., 73,
      2760 (1951). Typical of these reactants are the following:
PA1  amidinoacetic acid methyl ester,
PA1  amidinoacetic acid ethyl ester,
PA1  amidinoacetic acid n-propyl ester,
PA1  amidinoacetic acid isopropyl ester,
PA1  amidinoacetic acid cyclohexyl ester,
PA1  amidinoacetic acid .beta.-methoxyethyl ester,
PA1  amidinoacetic acid .alpha.-ethoxyethyl ester,
PA1  amidinoacetic acid .beta.-ethoxyethyl ester,
PA1  amidinoacetic acid propargyl ester, and
PA1  amidinoacetamide.
PAR  As noted above, the compounds of the present invention demonstrate the
      ability to reduce blood pressure and to effect a dilation of the coronary
      vessels. They can accordingly be used where either or both of these
      effects are desired. Thus upon parenteral, oral or sublingual
      administration, the compounds produce a distinct and long lasting dilation
      of the coronary vessels which is intensified by a simultaneous
      nitrite-like effect of reducing the load on the heart. The effect on heart
      metabolism is thus one of energy saving. In addition, the compounds lower
      the blood pressure of normotonic and hypertonic animals and can thus be
      used as antihypertensive agents. These properties can be conveniently
      observed in well known laboratory models. Thus for example the coronary
      vessel dilation effect can be observed by measuring the increase in oxygen
      saturation in the coronary sinus in the narcotized, heart catheterized
      dog, as shown in the following table:
TBL             I.V. Dose                                                      
                       .DELTA.O.sub.2 %                                        
                             Return to normal                                  
     Compound   (mg/kg)                                                        
                       saturation                                              
                             O.sub.2 values (hours)                            
     __________________________________________________________________________
     2-amino-6-methyl-                                                         
                0.02   33     2.5                                              
     4-(2-nitrophenyl)-                                                        
     1,4-dihydropyri-                                                          
     dine-3,5-dicarboxy-                                                       
     lic acid 3-ethyl-5-                                                       
     methyl ester                                                              
     2-amino-6-methyl-                                                         
                0.03   32    3                                                 
     4-(2-cyanophenyl)-                                                        
     1,4-dihydropyri-                                                          
     dine-3,5-dicarbox-                                                        
     ylic acid diethyl                                                         
     ester                                                                     
     2-amino-6-methyl-                                                         
                0.01   23    2                                                 
     4-(3-nitrophenyl)-                                                        
     1,4-dihydropyri-                                                          
     dine-3,5-dicarbox-                                                        
     ylic acid diethyl                                                         
     ester                                                                     
     __________________________________________________________________________
PAR  The hypotensive activity of the present compounds can be observed by
      measuring the blood pressure of hypertensive rats following administration
      of the compounds. The following table demonstrates the dose which results
      in at least a 15 mm Hg reduction in blood pressure of such animals:
TBL  Compound                Dose (mg/kg                                       
     ______________________________________                                    
     2-amino-6-methyl-4-phenyl-1,4-                                            
                             1.0                                               
     dihydropyridine-3,5-dicarboxylic                                          
     acid diethyl ester                                                        
     2-amino-6-methyl-4-(2-nitrophenyl)-                                       
                             0.1                                               
     1,4-dihydropyridine-3,5-dicarboxylic                                      
     acid 3-ethyl ester 5-methyl ester                                         
     2-amino-6-methyl-4-(2-methoxyphenyl)-                                     
                             1.0                                               
     1,4-dihydropyridine-3,5-dicarboxylic                                      
     acid diethyl ester                                                        
     2-amino-6-methyl-4-(2-cyanophenyl)-1,4-                                   
                             1.0                                               
     dihydropyridine-3,5-dicarboxylic acid                                     
     diethyl ester                                                             
     2-amino-6-methyl-4-(2-trifluoromethyl-                                    
                             1.0                                               
     phenyl)-1,4-dihydropyridine-3,5-dicar-                                    
     boxylic acid diethyl ester                                                
     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   
                             1.0                                               
     dihydropyridine-3,5-dicarboxylic acid                                     
     diethyl ester                                                             
     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   
                             1.0                                               
     dihydropyridine-3,5-dicarboxylic acid                                     
     3-ethyl ester 5-methyl ester                                              
     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   
                             1.0                                               
     dihydropyridine-3,5-dicarboxylic acid                                     
     3-ethyl ester 5-.beta.-methoxyethyl ester                                 
     2-amino-5-acetyl-6-methyl-4-(3-nitro-                                     
                             3.1                                               
     phenyl)-1,4-dihydropyridine-3-carbox-                                     
     ylic acid ethyl ester                                                     
     2-amino-6-methyl-4-(3-nitro-6-chloro-                                     
                             1.0                                               
     phenyl)-1,4-dihydropyridine-3,5-dicarb-                                   
     oxylic acid 3-ethyl ester 5-methyl ester                                  
     ______________________________________                                    
PAR  The toxicity of the compounds is remarkably low. Thus for example the toxic
      dose of
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid diethyl ester in mice upon oral administration is greater than
      1000 mg/kg.
PAR  In addition to the effect on blood pressure and coronary vessels, the
      compounds also lower the excitability of the stimulus formation and
      excitation conduction system within the heart so that antifibrillation
      action is observed at therapeutic doses. The tone of the smooth muscle of
      the vessels is also greatly reduced. This vascular-spasmolytic action can
      be observed in the entire vascular system as well as in more or less
      isolated and circumscribed vascular regions such as the central nervous
      system. In addition, a strong muscular-spasmolytic action is manifested in
      the smooth muscle of the stomach, the intestinal tract, the urogenital
      tract and the respiratory system. Finally, there is some evidence that the
      compounds influence the cholesterol level and lipid level of the blood.
      These effects complement one another and the compounds are thus highly
      desirable as pharmaceutical agents to be used in the treatment of
      hypertension and conditions characterized by a constriction of the
      coronary blood vessels.
PAR  Pharmaceutical compositions for effecting such treatment will contain a
      major or minor amount, e.g. from 95 to 0.5%, of at least one
      2-amino-1,4-dihydropyridine as herein defined in combination with a
      pharmaceutical carrier, the carrier comprising one or more solid,
      semi-solid or liquid diluent, filler and formulation adjuvant which is
      nontoxic, inert and pharmaceutically acceptable. Such pharmaceutical
      compositions are preferably in dosage unit form; i.e. physically discrete
      units containing a predetermined amount of the drug corresponding to a
      fraction or multiple of the dose which is calculated to produce the
      desired therapeutic response. The dosage units can contain one, two, three
      four or more single doses or, alternatively, one-half, third or fourth of
      a single dose. A single dose preferably contains an amount sufficient to
      produce the desired therapeutic effect upon administration at one
      application of one or more dosage units according to a predetermined
      dosage regimen, usually a whole, half, third or quarter of the daily
      dosage administered once, twice, three of four times a day. Other
      therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgement and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the daily dose will be from
      about 0.001 to about 2 mg/kg, preferably 0.005 to 1.0 mg/kg, when
      administered parenterally and from about 0.1 to about 20 mg/kg, preferably
      0.5 to 10 mg/kg, when administered orally. In some instances a sufficient
      therapeutic effect can be obtained at lower doses while in others, larger
      doses will be required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The midicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a nontoxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a nontoxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a nontoxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solution. Alternatively a measured amount of
      the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Nontoxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
DETD
PAR  The following examples will serve to further typify the nature of the
      present invention through the presentation of specific embodiments. These
      examples should not be construed as a limitation on the scope of
      Applicants'  invention since the subject matter regarded as the invention
      is set forth in the appended claims.
PAC  EXAMPLE 1
PAR  Upon boiling a solution of 21.8 g of benzylideneacetoacetic acid ethyl
      ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of ethanol
      for 2 hours,
      2-amino-6-methyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 164.degree.C (alcohol) is obtained.
PAR  Yield: 67% of theory.
PAC  EXAMPLE 2
PAR  Upon boiling a solution of 24.9 g of 2-nitrobenzylideneacetoacetic acid
      methyl ester and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 168.degree.C (alcohol)
      is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 3
PAR  Upon boiling a solution of 24.8 g of 2-methoxybenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 170.degree.C (ethanol) is obtained.
PAR  Yield: 65% of theory.
PAC  EXAMPLE 4
PAR  Upon boiling a solution of 23.2 g of 2-methylbenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(2-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 130.degree.C (ethanol) is obtained.
PAR  Yield: 71% of theory.
PAC  EXAMPLE 5
PAR  Upon boiling a solution of 24.3 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 208.degree.C (ethanol) is obtained.
PAR  Yield: 54% of theory.
PAC  EXAMPLE 6
PAR  Upon boiling a solution of 14.2 g of
      2-trifluoromethylbenzylideneacetoacetic acid ethyl ester and 6.5 g of
      amidinoacetic acid ethyl ester in 100 ml of ethanol for 1 hour,
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid diethyl ester of melting point 156.degree.C (ethanol) is
      obtained.
PAR  Yield: 76% of theory.
PAC  EXAMPLE 7
PAR  Upon boiling a solution of 12.6 g of 3-chlorobenzylideneacetoacetic acid
      ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 157.degree.- 159.degree.C (ethanol) is
      obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 8
PAR  Upon boiling a solution of 13.2 g of 4-methylmercaptobenzylideneacetoacetic
      acid ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(4-methylmercaptophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid diethyl ester of melting point 165.degree.C (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 9
PAR  Upon boiling a solution of 26.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 200 ml of
      ethanol for 1 hour, 2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine
      3,5-dicarboxylic acid diethyl ester of melting point 169.degree.C
      (ethanol) is obtained.
PAR  Yield: 58% of theory.
PAC  EXAMPLE 10
PAR  Upon boiling a solution of 24.9 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 13.0 g of amidinoacetic acid ethyl ester in 180 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 124.degree.C is
      obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 11
PAR  Upon heating a solution of 13.8 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 6.5 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl 5-isopropyl ester of melting point 206.degree. - 207.degree.C
      (alcohol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 12
PAR  Boiling a solution of 10.9 g of 3-nitrobenzylideneacetoacetic acid
      propargyl ester and 5.2 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-propargyl ester of melting point 181.degree.C
      (ethanol).
PAR  Yield: 59% of theory.
PAC  EXAMPLE 13
PAR  Heating a solution of 14.6 g of 3-nitrobenzylideneacetoacetic acid
      .beta.-methoxyethyl ester and 6.5 g of amidinoacetic acid ethyl ester in
      150 ml of ethanol for 1 hour yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-.beta.-methoxyethyl ester of melting point
      179.degree.C (ethyl acetate/petroleum ether).
PAR  Yield: 58% of theory.
PAC  EXAMPLE 14
PAR  Upon boiling a solution of 7.6 g of 3-nitrobenzaldehyde, 5.0 g of
      acetylacetone and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-5-acetyl-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxyl
     ic acid ethyl ester of melting point 217.degree.C (ethanol) is obtained.
PAR  Yield: 48% of theory.
PAC  EXAMPLE 15
PAR  Upon boiling a solution of 14.2 g of 3-nitro-6-chlorobenzylideneacetoacetic
      acid methyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitro-6-chlorophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid 3-ethyl ester 5-methyl ester of melting point 124.degree.C
      (ethanol) is obtained.
PAR  Yield: 73% of theory.
PAC  EXAMPLE 16
PAR  Upon boiling a solution of 10.4 g of 2-furfurylideneacetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      2 hours,
      2-amino-6-methyl-4-(fur-2-yl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 183.degree.C (isopropanol) is obtained.
PAR  Yield: 78% of theory.
PAC  EXAMPLE 17
PAR  Upon boiling a solution of 14.0 g of benzylidenebenzoylacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 150 ml of ethanol for
      2 hours, 2-amino-4,6-diphenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      ethyl ester of melting point 183.degree.C (ethanol) is obtained.
PAR  Yield: 48% of theory.
PAC  EXAMPLE 18
PAR  Upon heating a solution of 15.6 g of ethylideneacetoacetic acid ethyl ester
      and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for 2
      hours, 2-amino-4,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 140.degree.C (isopropanol) is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 19
PAR  Upon boiling a solution of 2.8 g of acetaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-methyl-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxylic acid
      ethyl ester of melting point 236.degree.C (ethanol) is obtained.
PAR  Yield: 53% of theory.
PAC  EXAMPLE 20
PAR  Upon boiling a solution of 7.6 g of 3-nitrobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester for 1
      hour,
      2-amino-4-(3-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point &gt;260.degree.C is obtained
      (alcohol/DMF).
PAR  Yield: 61% of theory.
PAC  EXAMPLE 21
PAR  Upon boiling a solution of 7.1 g of 3-chlorobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 2 hours,
      2-amino-4-(3-chlorophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyl
     ic acid ethyl ester of melting point 266.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 66% of theory.
PAC  EXAMPLE 22
PAR  Upon boiling a solution of 5.3 g of pyridin-2-aldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of alcohol for 3 hours,
      2-amino-4-(.alpha.-pyridyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxy
     lic acid ethyl ester of melting point 260.degree.C is obtained (alcohol).
PAR  Yield: 46% of theory.
PAC  EXAMPLE 23
PAR  Upon heating a solution of 7.6 g of 2-nitrobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-(2-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 212.degree.C (alcohol) is obtained.
PAR  Yield: 69% of theory.
PAC  EXAMPLE 24
PAR  Upon heating a solution of 7.9 g of quinolin-4-aldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 3 hours,
      2-amino-4-(quinol-4-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-carboxylic
      acid 3-ethyl ester of melting point &gt;260.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 81% of theory.
PAC  EXAMPLE 25
PAR  Upon boiling a solution of 5.7 g of 4,6-dimethoxypyrimidin-5-aldehyde, 3.8
      g of cyclohexane-1,3-dione and 4.4 g of amidinoacetic acid ethyl ester in
      80 ml of ethanol for 8 hours,
      2-amino-4-(4,6-dimethoxypyrimid-5-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline
     -3-carboxylic acid ethyl ester of melting point 273.degree.C (alcohol) is
      obtained.
PAR  Yield: 65% of theory.
PAC  EXAMPLE 26
PAR  Upon boiling a solution of 6.3 g of 1-naphthaldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 2 hours,
      2-amino-4-(naphth-1-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxylic
      acid ethyl ester of melting point 279.degree.C (ethanol/DMF) is obtained.
PAR  Yield: 64% of theory.
PAC  EXAMPLE 27
PAR  Upon heating a solution of 6.3 g of isoquinolin-1-aldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-(isoquinol-1-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyl
     ic acid ethyl ester of melting point 272.degree.C (ethanol) is obtained.
PAC  EXAMPLE 28
PAR  Upon heating a solution of 4.8 g of 6-methylpyridin-2-aldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 120
      ml of ethanol for 8 hours,
      2-amino-4-(6-methylpyrid-2-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carb
     oxylic acid ethyl ester of melting point &gt;260.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 46% of theory.
PAC  EXAMPLE 29
PAR  Upon boiling a solution of 13.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 5.1 g of amidinoacetamide in 150 ml of ethanol for 2
      hours, 2-amino-6-methyl-5-carbethoxy-4-(3-nitrophenyl)-1,4-dihydropyridine
     -3-carboxylic acid amide of melting point &gt;260.degree.C (alcohol) is
      obtained.
PAR  Yield: 52% of theory.
PAC  EXAMPLE 30
PAR  Upon heating a solution of 6.5 g of 2-cyanobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 5 hours,
      2-amino-4-(2-cyanophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 165.degree.C (ethanol) is obtained.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 31
PAR  Upon heating a solution of 26.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 14.4 g of amidinoacetic acid isopropyl ester in 250 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting point
      175.degree.-6.degree.C (ethanol) is obtained.
PAR  Yield: 77% of theory.
PAC  EXAMPLE 32
PAR  Heating a solution of 14.3 g of 2-trifluoromethylbenzylideneacetoacetic
      acid ethyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 150 ml
      of ethanol for 1 hour yields
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-isopropyl ester 5-ethyl ester of melting point 106.degree.C.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 33
PAR  Upon heating a solution of 13.9 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 180 ml
      of ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diisopropyl ester of melting point 122.degree.C (ether) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 34
PAR  Upon boiling a solution of 12.2 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 200 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting point 200.degree.C
      (isopropanol) is obtained.
PAR  Yield: 58% of theory.
PAC  EXAMPLE 35
PAR  Upon heating a solution of 12.5 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 167.degree.C
      (ethanol) is obtained.
PAR  Yield: 82% of theory.
PAC  EXAMPLE 36
PAR  Upon heating a solution of 11.0 g of 2-trifluoromethyl-4-nitrobenzaldehyde,
      5.6 g of cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester
      in 250 ml of ethanol of 2 hours,
      2-amino-4-(2-trifluoromethyl-4-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoqui
     noline-3-carboxylic acid ethyl ester of melting point 264.degree.C
      (ethanol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 37
PAR  Heating a solution of 13.2 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of amidinoacetic acid n-propyl ester in 200 ml of ethanol
      for 2 hours yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-ethyl ester of melting point 168.degree.C
      (ethanol).
PAR  Yield: 79% of theory.
PAC  EXAMPLE 38
PAR  Boiling a solution of 8.5 g of 6-nitroveratraldehyde, 4.0 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 1 hour yields
      2-amino-4-(2-nitro-4,5-dimethoxyphenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoli
     ne-3-carboxylic acid ethyl ester of melting point 261.degree.C (ethanol).
PAR  Yield: 52% of theory.
PAC  EXAMPLE 39
PAR  Boiling a solution of 13.2 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 8.0 g of amidinoacetic acid .beta.-methoxyethyl ester in 200 ml
      of ethanol for 2 hours yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-(.beta.-methoxyethyl) ester 5-ethyl ester of melting point
      174.degree.C.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 40
PAR  Upon heating a solution of 6.1 g of biphenyl-2-aldehyde, 3.8 g of
      cyclohexane-1,3-dione and 5.1 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 1 hour,
      2-amino-4-(biphenyl-2-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 248.degree.C (ethanol) is obtained.
PAR  Yield: 45% of theory.
PAC  EXAMPLE 41
PAR  Boiling a solution of 13.4 g of (1-naphthylidene)-acetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      8 hours yields
      2-amino-6-methyl-4-(1-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 174.degree.C (ethanol).
PAR  Yield: 62% of theory.
PAC  EXAMPLE 42
PAR  Upon heating a solution of 11.5 g of 2-cyanobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of
      ethanol for 6 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 211.degree.C
      (ethanol) is obtained.
PAR  Yield: 72% of theory.
PAC  EXAMPLE 43
PAR  Upon boiling a solution of 11.5 g of 2-cyanobenzylideneacetoacetic acid
      methyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 224.degree.C (ethanol)
      is obtained.
PAR  Yield: 66% of theory.
PAC  EXAMPLE 44
PAR  Upon boiling a solution of 14.8 g of 2-phenylbenzylideneacetoacetic acid
      ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(biphenyl-2-yl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid ethyl ester of melting point 182.degree.C (ethanol) is obtained.
PAR  Yield: 41% of theory.
PAC  EXAMPLE 45
PAR  Upon heating a solution of 12.5 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml of
      ethanol for 6 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-methyl ester of melting point 155.degree.C
      (ethanol) is obtained.
PAR  Yield: 69% of theory.
PAC  EXAMPLE 46
PAR  Upon heating a solution of 12.2 g of (2-thenylidene)-acetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      4 hours,
      2-amino-6-methyl-4-(2-thenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 170.degree.C (ethanol) is obtained.
PAR  Yield: 73% of theory.
PAC  EXAMPLE 47
PAR  Upon heating a solution of 10.9 g of benzylideneacetoacetic acid
      dimethylamide and 5.0 g of amidinoacetamide in 100 ml of ethanol for 8
      hours,
      2-amino-6-methyl-4-phenyl-5-(N,N-dimethylaminocarbonyl)-1,4-dihydropyridin
     e-3-carboxylic acid amide of melting point 236.degree.C (ethanol) is
      obtained.
PAR  Yield: 50% of theory.
PAC  EXAMPLE 48
PAR  Heating a solution of 10.9 g of benzylideneacetoacetic acid dimethylamide
      and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of methanol for 6
      hours yields
      2-amino-6-methyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester 5-(N,N-dimethylamide) of melting point 230.degree.C
      (alcohol).
PAR  Yield: 61% of theory.
PAC  EXAMPLE 49
PAR  Boiling a solution of 13.2 g of 2-nitrobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of ethanol
      for 6 hours yields
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting point 139.degree.C
      (isopropanol).
PAR  Yield: 39% of theory.
PAC  EXAMPLE 50
PAR  Boiling a solution of 13.2 g of 2-nitrobenzylideneacetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      6 hours yields
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 159.degree.C (ethanol).
PAR  Yield: 52% of theory.
PAC  EXAMPLE 51
PAR  Upon heating a solution of 12.5 g of 2-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 203.degree.C
      (isopropanol) is obtained.
PAR  Yield: 50% of theory.
PAC  EXAMPLE 52
PAR  Upon heating a solution of 12.2 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-ethyl ester of melting point 182.degree.C
      (ethanol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 53
PAR  Upon heating a solution of 13.9 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml
      of ethanol for 6 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-isopropyl ester of melting point 199.degree.C
      (isopropanol) is obtained.
PAR  Yield: 75% of theory.
PAC  EXAMPLE 54
PAR  Heating a solution of 6.5 g of 3-cyanobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 6 hours yields
      2-amino-4-(3-cyanophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 262.degree.C
      (ethanol/dimethylformamide).
PAR  Yield: 56% of theory.
PAC  EXAMPLE 55
PAR  Upon heating a solution of 9.3 g of 3-bromobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 8 hours,
      2-amino-4-(3-bromophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 255.degree.C (ethanol) is obtained.
PAR  Yield: 44% of theory.
PAC  EXAMPLE 56
PAR  Upon boiling a solution of 9.3 g of 2-bromobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 6 hours,
      2-amino-4-(2-bromophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 245.degree.C (ethanol) is obtained.
PAR  Yield: 46% of theory.
PAC  EXAMPLE 57
PAR  Upon heating a solution of 8.9 g of 3-carbethoxybenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 4 hours,
      2-amino-4-(3-carbethoxyphenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carb
     oxylic acid ethyl ester of melting point 234.degree.C (ethanol) is
      obtained.
PAR  Yield: 54% of theory.
PAC  EXAMPLE 58
PAR  Upon heating a solution of 7.4 g of 2-azidobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 4 hours,
      2-amino-4-(2-azidophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 209.degree.C (ethanol) is obtained.
PAR  Yield: 58% of theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PAL  wherein
PA1  R is a heterocyclic ring selected from the group consisting of pyridyl,
      thienyl, furyl and pyrryl, said heterocyclic ring being unsubstituted or
      substituted by one or two members selected from the group consisting of
      lower alkyl, lower alkoxy and halogeno;
PA1  R.sup.1 is phenyl or pyridyl;
PA1  R.sup.2 is lower alkoxy, lower alkoxy(lower alkoxy), alkenyloxy of 2 to 4
      carbon atoms, alkynyloxy of 2 to 4 carbon atoms, amino, lower alkylamino
      or di(lower alkyl)amino; and
PA1  R.sup.3 is lower alkoxy, lower alkoxy(lower alkoxy), alkenyloxy of 2 to 4
      carbon atoms, alkynyloxy of 2 to 4 carbon atoms, amino, lower alkylamino
      or di(lower alkyl)amino.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is phenyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein said heterocyclic ring is
      unsubstituted.
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PAL  4-Aminothiazole is prepared in stable useful form by alkaline hydrolysis of
      4-trifluoroacetamidothiazole. Also prepared are 4-sulfathiazole and
      2-(4-thaizolyl)-indazole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  4-Aminothiazole is an intermediate long sought in medicinal chemistry but
      hitherto unavailable because of the lack of operant procedures and because
      of the lability of 4-aminothiazole itself as well as possible
      intermediates for preparing it. 2-Aminothiazole is a well known and widely
      used intermediate. It is relatively stable as well as easy to use and
      prepare. The 2-isomer of the art is stable because of resonant forms
      possible with the 2-amino form. At the 4-position these resonant forms do
      not stabilize the ring making the 4-aminothiazole nucleus more susceptible
      to hydrolysis with the formation of unknown water soluble products.
PAR  4-Aminothiazole was mentioned in a physiochemical study of the thiazole
      ring but this publication refers to no method of preparation (Bull. Soc.
      Chim. Fr. 1967 3283-3293 C.A. 68 44384 m). In fact, examination of this
      paper reveals that the only data published on the compound are those
      theoretically observed but not actually measured using the compound
      itself. Therefore there is a strong inference that the compound was not in
      hand for this study.
PAR  In 1973, 4-aminothiazole was erroneously indexed by Chemical Abstracts (79,
      32088g). The parent reference does not mention the compound. Various
      derivatives of 4-aminothiazole having stabilizing nuclear substitution
      have been reported especially the 2-bromo derivatives (U.S. Pat. No.
      3,244,723) but to the best of our knowledge, 4 -aminothiazole itself has
      not been reported to be isolated in a form useful for synthetic purposes.
PAC  THIS INVENTION
PAR  The invention comprises a series of related components, first the essential
      N-trifluoroacetyl derivative of 4-aminothiazole, the unique method of
      hydrolyzing the N-trifuoroacetyl derivative, 4-aminothiazole itself, and
      4-sulfanilamidothiazole or 2-(4-thiazolyl)indazole prepared therefrom.
PAC  DETAILS OF THE INVENTION
PAR  4-Trifluoroacetamidothiazole is prepared in high yield by catalytic
      hydrogenation of 2-bromo-4-trifluoroacetamidothiazole using a noble metal
      calalyst such as palladium, platinum, raney nickel, etc. under standard
      dehalogenation conditions, that is a low pressure hydrogen atmosphere at
      about room temperature or slightly higher in a Parr shaker.
PAR  The protective trifluoroacetyl group of the unique starting material of
      this invention is then removed by alkaline hydrolysis. The hydrolysis is
      most advantageously carried out in aqueous media, in solution or
      suspension, using a base which is strong enough to generate an amido anion
      in the acetamido moiety, most conveniently at about pH 11 or greater. Such
      bases are most usually ammonium or alkali metal hydroxides preferably
      calcium, sodium or potassium hydroxide. The amount of base has been
      defined above but should be present in the amount of at least one mole
      equivalent and preferably in large excess to maintain the necessary basic
      pH of the reaction medium.
PAR  The solvent system is ordinarily water but inert organic solvents miscible
      with water also may be used such as methanol, ethanol, acetone, etc.
      Aqueous media as known generally to the art are therefore used in the
      reaction. The reaction temperature is critical with the most advantageous
      temperature range from the viewpoint of yield and time of reaction being
      from about 30.degree.-35.degree.C. Below 30.degree.C., for example at room
      temperature, the reaction takes place more slowly. Above 40.degree.C. side
      reactions occur which make isolation of the desired product most
      difficult. The time of reaction may vary up to about 18 hours but periods
      of about 4-8 hours are preferred.
PAR  The reaction mixture is worked up by standard methods such as neutralizing
      the mixture, removal of the water and distillation of the residue to give
      a distillate at about 40.degree.C./0.1 mm. Hg. which crystallizes to the
      desired 4-aminothiazole as white needle like crystals melting at
      26.degree.-28.degree.C. in a sealed tube but at 91.degree.-94.degree.C.
      after initial melting. This indicates that polymorphic forms of the
      compound are possible. The material is stable when refrigerated under an
      inert atmosphere but it decomposes rapidly in the open atmosphere and is
      highly hygroscopic.
PAR  The trifluoroacetyl group is considered the key to the successful
      production of this long missing compound. Attempts to use acetyl or
      nitrobenzoyl protective groups both of which are specifically mentioned in
      U.S. Pat. No. 3,244,723 do not give practically isolable quantities of the
      desired product. This is unexpected since the nitrobenzoyl moiety is known
      to the art for its stabilizing effect on unstable amines.
PAC  UTILITY OF 4-Aminothiazole
PAR  As mentioned above the compound which is the object of this invention is a
      valuable intermediate for preparing any number of end products having
      various medicinal activities usually chemotherapeutic such as
      antibacterials or antiparasitics. For example, Burger's "Medicinal
      Chemistry", 3rd Ed. 1970, page 722, expressly mentions 2 and
      5-sulfathiazoles but conspicuously omits reference to the only remaining
      C-isomer namely the 4-sulfathiazole which can only be prepared using
      4-aminothiazole.
PAR  In fact, we have now made 4-sulfanilamidothiazole using 4-aminothiazole as
      an intermediate and found it a very active antibacterial agent against
      sulfasensitive Bordetella bronchiseptica.
TBL  ______________________________________                                    
                    Strain B     Strain VMRT                                   
     Concentration (.mu.g/ml.)                                                 
                    Zone size (mm.)                                            
                                 Zone size (mm.)                               
     ______________________________________                                    
     1000           35           30                                            
     500            31           27                                            
     250            29           25                                            
     125            26           22                                            
     62.5           24           20                                            
     31.3           20           16                                            
     15.6           16           12                                            
     7.8            12           none                                          
     3.9            none         none                                          
     ______________________________________                                    
PAR  Alternatively 4-thiazolylindazoles may be prepared by reacting
      4-aminothiazole with an appropriate o-nitrobenzaldehyde to give the Schiff
      base which is then cyclized to the corresponding 2-(4-thiazolyl)indazole.
      The indazoles are anthelmintic agents especially active against
      gastrointestinal helminths such as the nematodes. The spectrum of activity
      resembles that of thiabendazole. The corresponding
      1-(2-thiazolyl)indazoles have been patented (U.S. Pat. No. 3,759,903).
      Other nuclear substituents or salts as well as general utility of the
      claimed 2-(4-thiazolyl)indazoles are similar.
DETD
PAC  EXAMPLE 1
PAC  2-Bromo-4-Aminothiazole, hydrobromide
PAR  A solution of 70 g. (0.71 mole) of cyanomethylthiocyanate (U.S. Pat. No.
      3,244,723) in 2 1 of dry ethyl ether is treated with dry HBr gas for 75
      minutes at 15.degree.-20.degree.C. Stirring at room temperature is
      continued for one-half hour. The white precipitate is filtered, washed
      quickly with ethyl ether followed by n-pentane and dried in vacuo to yield
      176.9 g. (96%) of white powder.
PAC  2-Bromo-4-trifluoroacetamidothiazole, trifluoroacetic acid salt
PAR  To 270 g. (1.3 moles) of trifluoroacetic anhydride is added 100 g. (0.385
      mole) of the hydrobromide in four portions as each portion dissolves. The
      clear pale yellow solution is allowed to cool over 1 hour. The excess
      anhydride is removed by atmospheric distillation and the residual
      trifluoroacetic acid is stripped off in vacuo at 40.degree.C. The light
      tan solid is dried one hour under pump vacuum to give 125.2 g.
PAC  2-Bromo-4-trifluoroacetamidothiazole
PAR  A solution of 125 g. of the above compound in 500 ml. of ethanol is passed
      through a column of 400 cc of the sodium salt of an acid ion-exchange
      resin (Amberlite IRC-50). The free base is eluted with two volumes of
      ethanol and the total effluent is concentrated in vacuo. The residue is
      extracted with 600 ml. of hot hexane. The hot extract is treated with 2 g.
      of activated charcoal and allowed to cool. The white crystals are filtered
      and air-dried to give 65 g. The mother liquor is evaporated to dryness and
      the residue crystallized from hexane to give an additional 8.7 g. of white
      needles m.p. 67.degree.-9.degree.C.
PAC  4-Trifluoroacetamidothiazole
PAR  A mixture of 50 g. (0.182 mole) of 2-bromo-4-trifluoroacetamidothiazole
      36.5 g. (0.268 mole) of sodium acetate, trihydrate and 16.6 g. of 10%
      palladium on carbon in 1.5 l. of absolute ethanol is hydrogenated at one
      atmosphere over 18 hours at room temperature. The catalyst is filtered off
      and washed well with ethanol. The filtrate is evaporated to dryness and
      the residue extracted several times with warm methylene chloride. The
      combined extracts are evaporated to dryness and the residue crystallized
      from carbon tetrachloride (activated carbon treatment) to give 25 g (70%)
      of heavy white crystals m.p. 138.degree.-9.degree.C. Recrystallization of
      the second crop obtained from the mother liquor raises the yield to 28.5
      g. (80%). The product can also be satisfactorily recrystallized from
      ethanol/water mixtures.
PAR  Acid addition salts of the base are prepared as disclosed for
      4-aminothiazole hereafter but if only one basic center is present of
      course mono salts are formed. The trifluoroacetic acid salt is of
      particular interest.
PAC  4-Aminothiazole
PAR  To a suspension of 5.90 g. (0.03 mole) of finely ground
      4-trifluoromethylacetamidothiazole in 45 ml. of water is added 50% aqueous
      sodium hydroxide drop-wise until a complete solution is obtained.
      Efficient stirring will cause this to occur after about 3 ml. of base has
      been added. The solution is then stirred at 30.degree.-35.degree.C. for 6
      hours under an inert atmosphere. The reaction solution is cooled in an
      ice-bath and the pH adjusted to about 8.5 with glacial acetic acid. The
      water is then removed in vacuo at &lt;40.degree.C. and the residue
      immediately subjected to vacuum-distillation using a short path
      distillation apparatus with an ice-cooled receiver. When the heating bath
      temperature reaches about 160.degree.C. the distillation is terminated and
      the system vented with dry nitrogen gas. The distillate boils at about
      40.degree.C./0.1 mm. Hg. and quickly crystallizes in the cold receiver to
      give 1.60 g. (54%) of hygroscopic white crystals which are kept cold under
      a nitrogen atmosphere. m.p. (sealed tube) 26.degree.-28.degree.C. (remelt
      at 91.degree.-94.degree.C.).
PAC  EXAMPLE 2
PAC  4-(N.sup.4 -acetylsulfanilamido)thiazole
PAR  A cold solution of 1.60 g. (0.016 mole) of 4-aminothiazole in 20 ml. of dry
      pyridine is treated with 4.0 g. (0.017 mole) of acetylsulfanilyl chloride
      in small portions over 15 minutes. The reaction is allowed to warm slowly
      to room temperature and stirring continued for about 2 days. The red
      solution is diluted slowly with 120 ml. of water and then cooled in an
      ice-bath for 11/2 hours. The crystalline precipitate is collected and
      washed with a small amount of cold dilute hydrochloric acid followed by
      several portions of water. The yield of the air-dried cream-colored
      product is 4.10 g. (86%) m.p. 231.degree.-2.degree.C.
PAC  4-Sulfanilamidothiazole (4-sulfathiazole)
PAR  A solution of 4.0 g. (0.0135 mole) of the N-acetyl compound in 120 ml. of
      ethanol and 12 ml. of concentrated hydrochloric acid is heated for 21/2
      hours on a steam bath. The reaction is cooled with an ice-bath and
      neutralized with about 120 ml. of 5% sodium hydroxide. The precipitate is
      collected, washed with water and air-dried to give 2.70 g.
      Recrystallization from 100 ml. of ethanol and 40 ml. of water gives 2.00
      g. (58%) of white needles m.p. 221.degree.-2.degree.C. Note: The
      hydrolysis may also be effected in alkaline media.
PAC  EXAMPLE 3
PAC  2-(4-thiazolyl)-indazole
PAR  A solution of 7.70 g. of o-nitrobenzaldehyde in 150 ml. of absolute ethanol
      is reacted with .051 moles of 4-aminothiazole in 90 ml. of water at room
      temperature at pH 4.5 for one-half hour. The Schiff base is separated and
      reacted (7 g.) in 11.4 g. of triethyl phosphite by heating slowly under
      nitrogen then at reflux for 5 hours. Distilling of excess phosphite and
      phosphate under reduced pressure gives a residue which is taken up in 35
      ml. of chloroform. Chromatography in 4:1 ether-chloroform over silica gel
      gives the product as white crystals, m.p. 146.degree.-147.degree.C.
PAR  Also useful are the acid addition salts of 4-aminothiazole (or its
      predecessor 4-trifluoroacetamidothiazole) with various acids especially
      nontoxic, pharmaceutically acceptable acids known to the art. Since the
      compounds are used solely as intermediates, the acids do not necessarily
      have to be nontoxic. One skilled in the art will recognize that there are
      two potential basic centers in 4-aminothiazole. The acid addition salts
      are easily prepared by standard reactions for example by dissolving the
      base in dry ethyl ether and adding the appropriate acid in at least
      stoichiometric quantities. The hydrochloride salt is prepared by
      dissolving 500 mg. of 4-aminothiazole in dry ethyl ether, then passing dry
      hydrogen chloride gas into the mixture to separate the salt which is
      hygroscopic but which can be purified by recrystallization from
      acetonitrile.
PAR  Salts can be optimally prepared with other acids such as inorganic or
      organic acids as hydrogen bromide, sulfuric acid, acetic acid, malic acid,
      maleic acid, methyl sulfonic acid, toluene sulfonic acid, phosphoric acid,
      sulfamic acid, oxalic acid, etc.
PAR  In general 4-aminothiazole is a stronger base than is its 2-isomer which is
      widely known in the art so that any salt known for the 2-isomer can be
      prepared from the 4-isomer of this invention. The nontoxic acid addition
      salts of the two classes of end products described herein are also
      prepared by methods well known to the art and are similar to those
      described except of course for other simple derivatives of the
      4-sulfathiazole which are common to the well known sulfa prior art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 4-Aminothiazole and its acid addition salts.
NUM  2.
PAR  2. The compound of claim 1 being the base of the structure:
      ##SPC1##
NUM  3.
PAR  3. The compound of claim 1 being the hydrochloride salt of 4-aminothiazole.
NUM  4.
PAR  4. 4-Trifluoroacetamidothiazole and its acid addition salts.
NUM  5.
PAR  5. The compound of claim 4 being the base of the structure:
      ##SPC2##
NUM  6.
PAR  6. The compound of claim 4 being the trifluoroacetic acid salt of
      4-trifluoroacetamidothiazole.
NUM  7.
PAR  7. The method of preparing 4-aminothiazole comprising reacting
      4-trifluoroacetamidothiazole with an ammonium or alkali metal hydroxide in
      an aqueous medium at from about room temperature up to about 40.degree.C.
      until the hydrolysis reaction is substantially complete.
NUM  8.
PAR  8. The method of claim 7 in which the hydroxide is sodium or potassium
      hydroxide and the temperature range is from about 30.degree.-35.degree.C.
NUM  9.
PAR  9. The method of claim 8 in which the reaction time is from about 4-8
      hours.
NUM  10.
PAR  10. The method of preparing 4-aminothiazole comprising reacting
      2-bromo-4-trifluoroacetamidothiazole under low pressure catalytic
      hydrogenation conditions in the presence of a noble metal catalyst to give
      4-trifluoroacetamidothiazole then reacting said
      4-trifluoroacetamidothiazole with sodium or potassium hydroxide in an
      aqueous medium at from about 30.degree.-35.degree.C. for about 4-8 hours.
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ABST
PAL  Fluorenone and anthraquinone compounds substituted by at at least one
      tetrazolyl group in one ring, and further substituted in the other ring,
      optionally for the fluorenones, have antiallergic activity.
BSUM
PAR  The invention relates to tricyclic compounds having medicinal properties,
      the synthesis of the compounds and their adaptation for medicinal use.
PAR  It has been found that tricyclic compounds of formula I defined hereinbelow
      are active in mammals and in in vitro mammalian preparations as inhibitros
      of allergic reactions associated with reaginic antibodies of the kind
      responsible for asthma in man, and that this effect is attributable to the
      suppression of the release of anaphylactic mediators.
PAR  In formula I
      ##SPC1##
PAL  at least one of Z.sup.1 and Z.sup.2 is a 5-(1-R)tetrazolyl or a
      5-(2-R)tetrazolyl group wherein R is hydrogen oralkyl having 1 to 6 carbon
      atoms, and the other is selected from carboxy, 5-(1-R)tetrazolyl and
      5-(2-R)tetrazolyl as defined;
PAR  Z.sup.3 represents a bond or is carbonyl; and
PAR  WHEN Z.sup.3 represents a bond,
PAL  Z.sup.2 is also selected from hydrogen, nitro, cyano, halogen preferably
      chlorine or bromine, alkylsulphinyl, alkylsulphonyl, acyl, alkyl or alkoxy
      wherein the "alkyl" moiety of each of the acyl, alkyl, alkoxy,
      alkylsulphinyl, and alkylsulphonyl groups has 1 to 6 carbon atoms;
PAR  TOGETHER WITH SALTS, AND WHERE ONE OF Z.sup.1 or Z.sup.2 is carboxyl,
      amides and esters of said compounds.
PAR  Compounds of formula I include 2-Z.sup.1, 7 -Z.sup.2 -fluorenones, and
      2-Z.sup.1,6-Z.sup.2 -anthraquinones in which compounds at least one of
      Z.sup.1 and Z.sup.2 is 5-tetrazolyl and the other is selected from
      5-tetrazolyl and carboxy, together with salts of said compounds.
PAR  Esters of compounds of formula I include alkyl esters having 1 to 6 carbon
      atoms, and amides include N-alkyl- and N,N-dialkylamides wherein the alkyl
      groups have 1 to 6 carbon atoms.
PAR  The inhibition activity of the compounds of formula I has been demonstrated
      (a) in tests using the response of passive cutaneous anaphylaxis (PCA
      test) in which is measured the skin reaction produced as the result of
      interaction between specific antigen injected intravenously and cell-fixed
      reaginic antibody previously injected into the skin of a mammal (see for
      example Z. Ovary: Fedn. Proc. Am. Soc. exp. Biol. 24, 94 (1965)), (b) by
      measurement of the amount of histamine released after antigen challenge of
      peritoneal mast cells from actively sensitised rats (see for example, 1.
      Acta Pharmacol. et Toxicol. 30, supp. 1 (1971), 2. Thorax, 27/1, 38
      (1972), and (c), by measurement of the histamine released from human
      chopped lung tissue passively sensitised in vitro with reaginic antibody
      when challenged with the homologous antigen (Br. Med. J. 3,272 (1968)).
      The activity of acids of formula I has been demostrated as described
      hereinabove using solutions of the carboxylate anion.
PAR  For the sake of convenience, compounds of formula I wherein either of
      Z.sup.1 and Z.sup.2 is an alkyl carboxylate group, shall hereinafter be
      referred to as `esters` of formula I. Similarly references to `amides` of
      formula I shall be construed as references to compounds of formula I
      wherein one of Z.sup.1 and Z.sup.2 is an optionally substituted
      carboxamide, and references to `salts` of formula I shall mean compounds
      of formula I wherein one or both of Z.sup.1 and Z.sup.2 is a carboxylate
      or tetrazolyl salt group.
PAR  Pharmaceutically acceptable salts of formula I include ammonium salts,
      alkali metal salts such as sodium and potassium salts, alkaline earth
      salts such as magnesium and calcium salts, and salts of organic bases, for
      example, amine salts such as triethanolamine and diethylaminoethylamine
      salts, and piperazine and morpholine salts. Especially valuable are water
      soluble salts of formula I most preferably those having a solubility in
      water at lest 1 mg/ml.
PAR  The anti-allergic activity of the salts of formula I lies in the anion and
      the nature of the cation does not contribute to the activity, but for
      medicinal purposes the cation must of course be pharmaceutically
      acceptable.
PAR  Pharmeceutically acceptable cations in compounds of formula I include
      hydrogen, ammonium, alkali metal cations such as sodium and potassium,
      alkaline earth metal cations such as calcium and magnesium and organic
      base cations, for example, alkylammonium cations of such alkylamines as
      triethanolamine and diethylaminoethylamine, piperazinium and morpholinium
      cations.
PAR  Suitable substituted carboxamide groups include N-alkyl and N,N-dialkyl
      substituted carboximide groups wherein the alkyl moiety is an alkyl group
      having 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms.
PAR  Preparation of compounds of formula I may be effected by any method known
      in the art of preparing them and compounds of analogous chemical
      structure. In general the compounds of formula I wherein one of Z.sup.1
      and Z.sup.2 is a carboxylate derivative (for example an amide, ester or
      salt), are prepared by suitable treatment of the corresponding acid.
      However, in certain circumstances it is possible to prepare such
      derivatives without prior isolation of the carboxylic acid, either by the
      choice of suitable reactants or by forming the desired derivative in a
      reaction mixture of the acid, without first isolating the acid.
PAR  Methods for the preparation of compounds and salts of formula I are
      described hereinbelow, but it will be understood that in some instances
      the methods may be adopted to yield the corresponding esters or amides of
      formula I 1. Hydrolysis of a compound of formula II
      ##SPC2##
PAL  wherein one of Y.sup.1 and Y.sup.2 is a carboxyl group precursor, such as a
      nitrile group, trichloromethyl group or a group COL.sup.1 wherein L.sup.1
      is a leaving group, such as a nucleophilic atom or group, for example, a
      trichloromethyl group, an optionally substituted amino group, a halogen
      atom or an alkoxy group; and the other of Y.sup.1 and Y.sup.2 is the group
      Z.sup.1 or Z.sup.2, as appropriate, as defined in formula I; and Z.sup.3
      has the meaning defined in formula I. Hydrolysis is conveniently effected
      by heating a compound of formula II with a dilute aqueous alkali, or with
      a dilute aqueous mineral acid optionally with an organic acid. For
      example, one may use dilute sulphuric acid, dilute hydrochloric acid with
      acetic acid, or dilute aqueous sodium hydroxide solution. Hydrolysis with
      aqueous alkali will yield inter alia an aqueous solution of a
      dicarboxylate salt but if it is desired to collect the maximum amount of
      carboxylic acid, then the reaction mixture should be acidified when
      hydrolysis is completed to precipitate the acid. On the other hand if the
      desired end-product is the carboxylate salt, then following hydrolysis,
      the cation of the desired salt may be added to precipitate the desired
      salt by the common ion effect without prior isolation of the corresponding
      acid.
PAR  By means of nucleophilic substitution reactions analogous to hydrolysis,
      for example, alcoholysis and ammonolysis, compounds of formula I other
      than the carboxylic acid may be prepared directly from compounds of
      formula II. Thus reaction of a compound of formula II with an appropriate
      alcohol yields an ester of formula I, and reaction with ammonia or an
      appropriate primary or secondary amine yields an amide of formula I.
PAR  2. Cyclisation of a compound of formula III
      ##SPC3##
PAL  wherein Z.sup.1, Z.sup.2 and Z.sup.3 have the meaning defined in formula I
      and Q is a hydroxyl, alkoxy or an optionally substituted amino group, a
      halogen atom, or a RCO.sub.2 group, a ROCO.sub.2 group or a RSO.sub.3
      group wherein R is alkyl or aryl. Cyclisation may be effected by heating a
      compound of formula III at an elevated temperature, for example up to
      about 300.degree.C. Preferably heating is carried out in the presence of a
      Lewis acid under anhydrous conditions or a protonic acid, optionally in
      the presence of a non-polar solvent. Preferred Lewis acids include boron
      trifluoride and aluminium trichloride and preferred protonic acids include
      sulphuric, hydrochloric and polyphosphoric acids, If, however, Z.sup.2 is
      a carboxylate substituted in the 5-position of the nascent compound of
      formula I, reaction conditions and/or the group Q must be chosen so as to
      avoid reaction of the group Z.sup.2.
PAR  In the case of anthraquinone compounds of formula I cyclisation to form the
      carbonyl linkage in the tricyclic nucleus may be effected to form either
      of the two carbonyl linkages of the tricyclic anthraquinone nucleus.
PAR  3. Oxidation of a compound of formula VIII
      ##SPC4##
PAL  wherein one of W.sup.1 and W.sup.2 is a lower alkyl group or a group C(:O)R
      wherein R is an optionally substituted lower alkyl group having 1 to 4
      carbon atoms, or is OH, and the other of W.sup.1 and W.sup.2 is Z.sup.1 or
      Z.sup.2, as appropriate, as defined in formula I; and Z.sup.3 is as
      defined in formula I. Oxidation of compounds wherein W.sup.1 and/or
      W.sup.2 are lower alkyl groups may be effected with such conventional
      oxidising agents as acid or alkaline aqueous potassium permanganate
      solution; chromium trioxide, for example, with acetic acid or sulphuric
      acid; oxygen in the presence of a conventional catalyst such as lead,
      cobalt and manganese salts, for example, lead acetate; or aqueous
      solutions of sodium dichromate.
PAR  Oxidation of compounds wherein W.sup.1 or W.sup.2 are the groups C(:O)R may
      be effected with such conventional oxidising agents as chromium trioxide,
      for example, with acetic acid or sulphuric acid; aqueous solutions of
      salts of hypochlorous and hypobromous acids in the presence of a base;
      sodium or potassium dichromate with acetic acid; or nitric acid. These
      oxidation procedures are advantageously effected with heating in the
      liquid phase.
PAR  4. Oxidation of a compound of formula IX
      ##SPC5##
PAL  wherein Z.sup.1 and Z.sup.2 have the meaning defined hereinbefore in
      formula I, Y.sup.3 is a group Z.sup.3 as defined hereinbefore in formula I
      and Y.sup.4 is a methylene group; or Y.sup.4 and Y.sup.3 are the same or
      different and are each selected from CH and CR wherein R is lower alkyl.
      Oxidation of compounds of formula IX may be effected with such
      conventional oxidising agents as nitric acid; aqueous solutions of
      hypochlorous and hypobromous acids in the presence of base; chromium
      trioxide, for example with acetic acid or with sulphuric acid; or aqueous
      solutions of sodium dichromate.
PAR  Oxidation of compounds of formula IX wherein Y.sup.4 is a methylene group
      and Y.sup.3 is a bond, or Y.sup.4 and Y.sup.3 are each CH, may also be
      effected with such conventional oxidising agents as oxygen in the presence
      of triton B in pyridine solution; or oxygen in the presence of potassium
      t-butoxide in the presence of t-butanol and dimethylsulphoxide.
PAR  Compounds analogous to the compounds of formula IX wherein either of
      Z.sup.1 and Z.sup.2 is replaced by a group W.sup.1 or W.sup.2, as
      appropriate, as defined in formula VIII, may also be oxidised so as to
      produce carboxylic acids or salts of formula I. Oxidation in the case of
      such compounds may be effected with such conventional oxidising agents as
      chromium trioxide for example, with acetic acid or with sulphuric acid; or
      aqeuous solutions of sodium dichromate. In the case of such compounds
      wherein neither of W.sup.1 and W.sup.2 is alkyl, oxidation may also be
      effected with such conventional oxidising agents as aqueous solutions of
      salts of hypobromous or hypochlorous acids in the presence of a base; or
      nitric acid. Advantageously any of the hereinbefore described oxidation
      procedures wherein aqueous solutions of sodium dichromate are employed,
      are carried out at an elevated temperature in a sealed container.
      Oxidation of the groups W.sup.1 and W.sup.2 in such a case is preferably
      effected at a temperature of from 200.degree. to 210.degree.C. Oxidation
      of the tricyclic anthracene; 9,10-dialkyl anthracene or anthrone nucleus
      in such a case is desirably effected at at temperature of from 250.degree.
      to 260.degree.C.
PAR  The compounds of formula I may also be prepared by formation of a
      5-tetrazolyl group as the final step. Thus in formula I wherein one or
      both of Z.sup.1 and Z.sup.2 are tetrazolyl or (1-alkyl)tetrazolyl groups,
      these compounds may be prepared by reaction of hydrazoic acid or a salt
      thereof or nitrous acid with an appropriate compound of formula XIV
      wherein
      ##SPC6##
PAL  Y.sup.7 is a group Z.sup.1 as defined in formula I or a tetrazolyl group
      precursor and Y.sup.8 is a group Z.sup.2 as defined in formula (I) or a
      tetrazolyl group precursor, provided that at least one of Y.sup.7 and
      Y.sup.8 is a tetrazolyl group precursor.
PAR  When hydrazoic acid or a salt thereof is used, a suitable tetrazolyl group
      precursor is a group
      ##EQU1##
      wherein R.sup.3 and R.sup.4 together form a bond (nitrile), R.sup.3 is
      hydrogen or alkyl and R.sup.4 is alkoxy having 1 to 6 carbon atoms
      (imidoester), thioalkyl having 1 to 6 carbon atoms (imidothioester),
      --NH--NH.sub.2 (amidrazone), or amino (amidine) or R.sup.3 is hydroxy and
      R.sup.4 is amino (amidoxime), or R.sup.3 is alkyl and R.sup.4 is halogen
      (imidohalide). In the case of amidoximes and nitriles, only tetrazolyl
      compounds may be produced and in the case of imidohalides only
      alkyltetrazolyl compounds may be produced. The reaction is preferably
      carried out in a polar aprotic liquid medium using a salt of hydrazoic
      acid.
PAR  When nitrous acid is used, a suitable tetrazolyl precursor group is a group
      ##EQU2##
      wherein R.sup.3 is hydrogen or alkyl and R.sup.4 is --NH--NH (amidrazone)
      or R.sup.3 is hydrogen and R.sup.4 is amino (amidine). In the latter case,
      reduction of the intermediate nitrosation product, with or without prior
      isolation, using for example sodium amalgam, is required to give the
      corresponding tetrazolyl compound.
PAR  The tetrazolyl compounds of formula I thus prepared may isolated as the
      free acid or as a tetrazolyl salt, and the one converted to the other in
      known manner and as specifically described below in relation to the
      carboxylic acids of formula I and their salts.
PAR  The 5-(1- and 2- alkyl)tetrazolyl compounds of formula I may be made from
      the corresponding tetrazolyl conpounds of formula I or their salts by
      alkylation.
PAR  Salts of formula I may be isolated from a reaction medium by any
      conventional process for the isolation of salts from a solution thereof in
      a polar medium.
PAR  Desirably the salts of formula I are purified prior to incorporation in a
      pharmaceutical composition by any conventional method.
PAR  Esters and amides of acids of formula I may be prepared by any conventional
      method including esterification of the acid or acid chloride with an alkyl
      or aryl alcohol to yield the corresponding alkyl or aryl ester
      respectively and reaction of the acid or acid chloride with ammonia or an
      amine to yield the corresponding amide or substituted amide respectively.
      Compounds of formula I where Z.sup.1 and Z.sup.2 are different and are
      chosen from acid, ester, amide and salt functions, may be prepared by the
      above methods, and by partial hydrolysis, where appropriate.
PAR  The compounds of formula I are useful in the treatment or prophylaxis of
      mammalian allergic conditions such as asthma and other allergic chest
      conditions, hay fever (allergic rhinitis), conjunctivitis, urticaria and
      eczema. In particular they are of value in reaginic mediated Type I
      hypersensitivity asthma (`extrinsic asthma`) and the so-called `intrinsic
      asthma` in which no sensitivity to extrinsic antigen can be shown.
PAR  The magnitude of a prophylactic or therapeutic dose of compound of formula
      I will of course vary with the nature of the severity of the allergic
      conditions to be treated and with the particular compound of formula I and
      its route of administration. In general the dose range lies within the
      range of 2 .mu.g. to 100 mg. per Kg. body weight of a mammal.
PAR  In the case of an allergic condition as defined hereinbefore, for example,
      allergic asthma, a suitable dosage is from 20 .mu.g. to 0.5 mg., for
      example about 0.1 to 0.5 mg., of a compound of formula I, per Kg. of
      bodyweight of the patient undergoing treatment, when pulmonary
      administration as described hereinafter is employed. In the case where a
      composition for intravenous administration is employed a suitable dosage
      range is from 0.2 to 10 mg. (preferably 1 to 5 mg.) of a compound of
      formula I per Kg. of bodyweight of patient, and in the case where an oral
      composition is employed a suitable dosage range is from 1 to 50 mg. of a
      compound of formula I per Kg. of bodyweight of a patient, preferably from
      10 to 40 mg/Kg.
PAR  In the case where a composition for nasal and ocular administration is
      employed, for example, in the treatment of allergic rhinitis, a suitable
      dose is from 0.5 to 25 mg. of a compound of formula I per patient.
PAR  The pharmaceutical compositions of the present invention comprise a
      compound of formula I as an active ingredient, and may also contain
      pharmaceutically acceptable carrier and optionally other therapeutic
      ingredients. The compositions include compositions suitable for oral,
      rectal, opthalmic, pulmonary, nasal, dermal, topical, or parenteral
      (including subcutaneous, intramuscular and intravenous) administration,
      although the most suitable route in any given case will depend on the
      nature and severity of the condition being treated, and on the nature of
      the active ingredient. They may be conveniently presented in unit dosage
      form and prepared by any of the methods well known in the art of pharmacy.
PAR  Pharmaceutical compositions of the present invention suitable for oral
      administration may be presented as discrete units such as capsules,
      cachets or tablets each containing a predetermined amount of the active
      ingredient; as a solution or a suspension in an aqueous liquid, a
      non-aqueous liquid, an oil-in-water emulsion or a water-in-oil liquid
      emulsion. Such compositions may be prepared by any of the methods of
      pharmacy but all methods include the step of bringing into association the
      active ingredient with the carrier which constitutes one or more accessory
      ingredients.
PAR  Desirably, each discrete unit contains from 50 mg. to 500 mg. of the active
      ingredient.
PAR  A valuable form of a pharmaceutical composition of the present invention,
      for use in the treatment of allergic asthma, is one suitable for pulmonary
      administration via the buccal cavity. Preferably the composition is such
      that particles having a diameter of 0.5 to 7.mu., most preferably 1 to
      6.mu., containing active ingredient, are delivered into lungs of a
      patient. Such compositions are conveniently in the form of dry powders for
      administration from a powder inhalation device or self-propelling
      powder-dispensing containers; preferably the powders comprise particles
      containing active ingredient of which particles at least 98% by weight
      have a diameter greater than 0.5.mu. and at least 95% by number have a
      diameter less than 7.mu.. Most desirably at least 95% by weight of the
      particles have a diameter greater than 1.mu. and at least 90% by number of
      the particles have a diameter less than 6.mu..
PAR  The compositions in the form of dry powders preferably include a solid fine
      powder diluent and are conveniently presented in a pierceable capsule, for
      example of gelatin.
PAR  Self-propelling compositions of the invention may be either
      powder-dispensing compositions or compositions dispensing the active
      ingredient in the form of droplets of a solution or suspension.
      Self-propelling powder-dispensing compositions include a liquid propellant
      having a boiling point of below 65.degree.F at atmospheric pressure.
      Generally the propellant may constitute 50 to 99.9% w/w of the composition
      whilst the active ingredient may constitute 0.1 to 20% w/w, for example,
      about 2% w/w, of the composition. The carrier in such compositions may
      include other constituents, in particular a liquid non-ionic or solid
      anionic surfactant, or a solid diluent (preferably having a particle size
      of the same order as of the particles of active ingredient) or both. The
      surfactant may constitute up to 20% w/w, though preferably it constitutes
      below 1% w/w of the composition.
PAR  Self-propelling composition wherein the active ingredient is present in
      solution comprise an active ingredient, propellant and co-solvent, and
      advantageously an antioxidant stabiliser. The co-solvents may constitute 5
      to 40% w/w of the composition, though preferably less than 20% w/w of the
      composition.
PAR  Compositions of the present invention may also be in the form of aqueous or
      dilute alcoholic solution, optionally a sterile solution, of the active
      ingredient for use in a nebuliser or atomiser.
PAR  Compositions of the present invention suitable for parenteral
      administration conveniently comprise sterile aqueous solutions of the
      active ingredient, which solutions are preferably isotonic with blood of a
      patient under treatment.
PAR  Pharmaceutical composition of the present invention suitable for topical
      use include compositions suitable for administration to the skin, eyes,
      nose and mouth. Compositions for use on the skin include lotions and
      creams comprising liquid or semi-solid emulsions, either oil-in-water or
      water-in-oil, and ointment, preferably containing from 0.2 to 5% w/v of
      the active ingredient. Desirably the creams and ointments should contain a
      preservative such as methyl hydroxybenzoate.
PAR  Compositions for administration to the eye include eye drops comprising the
      active ingredient in aqueous or oily solution and ointments, preferably
      containing 0.2 to 5% w/v of the active ingredients. The dye drops are
      desirably fungistatic and bacteriostatic and are preferably prepared
      sterile.
PAR  Compositions suitable for administration to the nose include powder,
      self-propelling and spray compositions similar to those already described
      under compositions suitable for pulmonary administration but having when
      dispersed, a somewhat larger particle size of the order of 10 to 200
      microns. Other compositions suitable for nasal administration include a
      coarse powder having a particle size of 20 to 500 microns which is
      administered in the manner in which snuff is taken i.e. by rapid
      inhalation through the nasal passage from a container of the powder held
      close up to the nose. Another composition suitable for nasal
      administration is nasal drops comprising 0.2 to 5% w/v of the active
      ingredient in aqueous or oily solution.
PAR  Compositions suitable for topical administration in the mouth include
      lozenges comprising 10 to 100 mg. of the active ingredient in a flavoured
      base, usually sucrose and acacia or tragacanth; and pastilles comprising
      10 to 100 mg. of the active ingredient in an inert base such as gelatin
      and glycerin; or sucrose and acacia.
PAR  Other therapeutic ingredients suitable for inclusion in the hereinbefore
      described compositions, especially in the case of those compositions
      intended for use in the treatment of allergic asthma, include
      bronchodilators such as isoprenaline, adrenaline, orciprenaline,
      isoethanine and physiologically acceptable acid addition salts thereof,
      especially isoprenaline sulphate. Conventionally the bronchodilator is
      present in an amount of 0.1 to 50% w/w of the weight of active ingredient
      present.
PAR  Included within the scope of the present invention, but in no way limited
      thereto, are the following specific features:
PA0  1. A compound of formula I as defined hereinabove, where novel.
PA0  2. The synthesis of compounds of formula I as defined hereinabove, by any
      method known in the art for preparing them and compounds of analogous
      chemical structure.
PA0  3. Pharmaceutical compositions comprising a compound of formula I as
      defined hereinabove in association with a pharmaceutically acceptable
      carrier therefor.
PA0  4. The preparation of pharmaceutical compositions comprising a compound of
      formula I as defined hereinabove as an active ingredient, by any
      conventional method, including admixture of the ingredients.
PA0  5. A method of treatment or prophylaxis of mammalian allergic conditions
      comprising administration of a therapeutic or prophylactic dose
      respectively, of a compound of formula I as defined hereinabove.
DETD
PAR  Set forth below are examples of this invention.
PAC  EXAMPLE 1
PAC  2,6-Di-(5-tetrazolyl)anthraquinone
PAC  a. Anthraquinone-2,6-dicarboxamide
PAR  Anthraquinone-2,6-dicarboxylic acid (5.0 g.) was boiled with thionyl
      chloride (50 ml.) and dimethylformamide (0.25 ml.) for 45 min. The
      resulting clear solution was evaporated to dryness and the residual acid
      chloride treated wtih 0.880 ammonia. After standing for 30 min, the crude
      amide was filtered off, washed with water and dried, m.pt. 420.degree.
      (decomp.).
PAC  b. 2,6-Dicyanoanthraquinone
PAR  Thionyl chloride (10.0 ml) was added to dimethylformamide (100 ml.) at
      -30.degree.C. with stirring in 1 ml. portions. To the resulting solution,
      anthraquinone-2,6-dicarboxamide (4.74 g.) was added in one portion and the
      temperature of the mixture was allowed to rise slowly to 5.degree.C. by
      placing in an ice-bath. After 30 min. at this temperature, the mixture was
      heated over 30 min. to 65.degree.C. The heterogeneous mixture was then
      poured into iced water and the solid filtered off, dried, and
      recrystallised from dimethylsulphoxide, 2.60g. m.p. 392.degree.C.
      (decomp.) in a sealed, evacuated tube.
PAC  2,6-di-(5-tetrazolyl)anthraquinone
PAR  2,6-Dicyanoanthraquinone (2.06g.), sodium azide (1.30g.), ammonium chloride
      (1.07g.) and dimethylformamide (100 ml.) were stirred together at
      105.degree.-110.degree.C. for 24 hr. The mixture was poured into an excess
      of dilute hydrochloric acid, and the solid product filtered off and washed
      with water. The solid was treated with 21/2% potassium bicarbonate
      solution (100 ml.) and some ininsoluble material was filtered off. The
      filtrate was acidified with dilute hydrochloric acid, heated to boiling to
      coagulate the gelatinous precipitate, and the crude product filtered off,
      dried, and recrystallised from dimethylformamide, decomposes at about
      300.degree.C.
PAC  EXAMPLE 2
PAC  5-(7-Propoxycarbonyl-2-fluorenone)tetrazole
PAR  a. Dipropyl fluoroene-2,7-dicarboxylate (m.p. 146.5.degree. to
      148.degree.C.) was prepared from fluoroenone-2,7-dicarboxylic acid by
      esterification with propanol in the presence of sulphuric acid. This
      diester was hydrolysed to the 7-propoxycarbonylfluorenone-2-carboxylic
      acid (m.p. 250.degree. - 252.degree.C.) using sodium hydroxide in the
      presence of propanol. This half-ester was treated with thionyl chloride to
      provide the corresponding acid chloride, and the latter converted to the
      corresponding amide (m.p. 278.degree. - 279.degree.C) by treatment with
      aqueous ammonia.
PAR  b. 7-Propoxycarbonylfluorenone-2-carboxamide (3.8g.) was dissolved in
      dimethylformamide (50 ml.) with warming and the solution was then stirred
      and cooled to -25.degree.C. Thionyl chloride (7.55 ml) was added dropwise
      over 10 minutes and the mixtures was allowed to warm to 0.degree.C., left
      at this temperature for 60 hours, and then treated with an ice water
      mixture. The pale yellow solid was filtered, washed with water and dried
      in vacuo to give 7-propoxycarbonylfluorenone-2-carbonitrile, m. pt.
      198.degree.-199.degree.C.
PAR  c. A portion (2g.) of this nitrile, sodium azide (450 mg.) and ammonium
      chloride (400 mg.) in dimethylformamide (20 ml.) were heated to
      100.degree.C., with stirring, for 18 hours. The mixture was cooled, poured
      into water (200 ml.) and made just acid with 2N hydrochloric acid. The
      gelatinous precipitate was filtered, washed with water, and redissolved in
      aqueous sodium bicarbonate; the solution was filtered and then acidified
      with 2N hydrochloric acid. The resulting solid was filtered, dissolved in
      2N aqueous ammonia, reprecipitated with hydrochloric acid and then
      filtered, washed with water and dried in vacuo to give
      5-(7-propoxycarbonyl-2-fluorenone)tetrazole, m.pt.
      227.degree.-228.degree.C. (decomp.)
PAC  EXAMPLE 3
PAC  Preparation of 2,7-Di(5-tetrazotyl)fluorenone
PAC  A. Preparation of 2,7-Dicyanofluorenone
PAR  A mixture of 2,7-dibromofluorenone (14.92 g) and cuprous cyanide (9.35 g)
      in dimethylformamide (40 ml) was heated to reflux for 5 hours. The hot
      mixture was added to a solution of ferric chloride (38 g) in water (57 ml)
      and concentrated hydrochloric acid (9.5 ml). The mixture was heated on a
      steam bath for 2 hours, filtered, treated again with a similar aqueous
      acidic solution of ferric chloride and then filtered, washed well with
      water and dried in vacuo to give 2,7-dicyanofluorenone as a yellow solid
      m.p. above 300.degree.C.
PAC  B. Preparation of 2,7-Di(5-tetrazolyl)fluorenone
PAR  A mixture of 2,7-dicyanofluorenone (4.6 g) sodium azide (2.62 g) and
      ammonium chloride (2.6 g) in dimethylformamide (25 ml) was stirred and
      heated to 100.degree.C for 10 hours. The mixture was cooled, treated with
      an excess of 2N hydrochloric acid and the solid was filtered, washed with
      water, dried in vacuo and recrystallised from a mixture of
      dimethylformamide and water. This product was dissolved in an excess of
      0.1N aqueous sodium hydroxide, the solution was filtered and acidified
      with hydrochloric acid. The resulting precipitate was filtered, washed
      with water and dried in vacuo to give 2,7-di-(5-tetrazolyl)fluorenone,
      m.p. above 300.degree.C.
PAC  EXAMPLE 4
PAC  5-(7-Butylfluorenone-2)-tetrazole
PAR  A mixture of 7-butylfluorenone-2-carboxylic acid (800 mg), thionyl chloride
      (5 ml) and dimethylformamide (2 drops) was heated to reflux for 2 hours
      and then evaporated under reduced pressure. The residue was cooled to
      0.degree.C. and treated with 0.880 aqueous ammonia; the resulting mixture
      was stirred at room temperature for one hour, then at 100.degree.C. for 15
      minutes, and was then cooled and filtered to give
      7-butylfluorenone-2-carboxamide, m.p. 185.degree.-190.degree.C.
PAR  The above amide (650 mg) was dissolved in dimethylformamide (11 ml) and the
      solution was cooled to -20.degree.C, stirred, and treated dropwise with
      thionyl chloride (1.5 ml). After stirring for a further 30 minutes at
      -20.degree.C. the solution was allowed to attain room temperature over 1
      hour and was then poured into ice-water (50 ml). The resulting amorphous
      product was extracted into chloroform and the chloroform solution was
      washed well with water, dried over anhydrous sodium sulphate and
      evaporated. The residual amorphous nitrile was dissolved in
      dimethylformamide (10 ml), treated with sodium azide (200 mg) and ammonium
      chloride (180 mg) and heated to 110.degree.C, with stirring, for 20 hours.
      The mixture was poured into water (50 ml), acidified with hydrochloric
      acid, and the solid was filtered, washed with water and dried.
      Recrystallisation from ethanol gave pure
      5-(7-butylfluorenone-2)-tetrazole, m.p. 233.degree.-234.degree.C,
      (decomp.).
PAC  EXAMPLE 5
PAC  5-(7-Bromofluorenone-2)-tetrazole
PAR  A mixture of 7-bromofluorenone-2-carboxylic acid (850 mg), thionyl chloride
      (5 ml) and dimethylformamide (2 drops) was heated to reflux for 4 hours
      and then evaporated under reduced pressure. The residue was cooled to
      0.degree.C. and treated with aqueous ammonia; the mixture was stirred at
      room temperature for 16 hours and at 100.degree.C for 30 minutes and was
      then cooled and filtered to give 7-bromofluorenone-2-carboxamide, m.p.
      270.degree.-274.degree.C.
PAR  This amide (700 mg) was dissolved in hot dimethylformamide (11 ml) and the
      solution was cooled to -20.degree.C, stirred, and treated dropwise with
      thionyl chloride (1.5 ml); a yellow solid began to separate during the
      addition. The mixture was stirred for a further hour at -20.degree.C, then
      for 3 hours at room temperature, and then poured onto ice-water (50 ml).
      The yellow solid was filtered, washed well with water and dried to give
      7-bromofluorenone-2-carbonitrile, m.p. 205.degree.-210.degree.C. This
      nitrile (500 mg) in dimethylformamide (10 ml) was treated with sodium
      azide (200 mg) and ammonium chloride (180 mg) and the mixture was stirred
      and heated to 110.degree.C. for 20 hours. The mixture was then poured into
      water (50 ml), acidified with hydrochloric acid, and the yellow solid was
      filtered, washed with water and dried to give
      5-(7-bromofluorenone-2)-tetrazole, m.p. 290.degree.-295.degree.C.
      (decomp.).
PAC  EXAMPLE A -- POWDER CAPSULES FOR INHALATION
TBL  2,7-Di-(5-tetrazolyl)fluorenone                                           
      (0.5-7.0 .mu.m powder)                                                   
                          4mg                                                  
     Lactose (30-90 .mu.m powder)                                              
                          46.0mg                                               
PAL  The powders were mixed until homogeneous and filled into suitably hard
      gelatin capsules, 50 mg of mixture per capsule.
PAC  EXAMPLE B-- INHALATION AEROSOL
TBL  2,7-Di-(5-tetrazolyl)fluorenone                                           
      (0.5-7.0 .mu.m powder)                                                   
                          200mg                                                
     Sorbitan Trioleate   100mg                                                
     Saccharin Sodium                                                          
      (0.5-7.0 .mu.m powder)                                                   
                          5mg                                                  
     Menthol              2mg                                                  
     Trichlorofluoromethane                                                    
                          4.5 g                                                
     Dichlorodifluoromethane  to                                               
                          10.0ml                                               
PAL  The Sorbitan Trioleate and Menthol were dissolved in the
      Trichlorofluoromethane. The Saccharin Sodium and diacid were dispersed in
      the mixture which was then transferred to a suitable aerosol canister and
      the Dichlorofluoromethane injected through the valve system. This
      composition provides 2mg of Acid in each 100.mu.l. dose.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. 2,7-Di-(5-tetrazolyl) fluorenone or a pharmaceutically acceptable salt
      thereof.
NUM  2.
PAR  2. 2,7-Di-(5-tetrazolyl)fluorenone.
NUM  3.
PAR  3. A compound of the formula
      ##SPC7##
PAL  wherein Z.sup.1 and Z.sup.2 are each a 5(1-R) tetrazolyl or a
      5-(2-R)tetrazolyl in which R is hydrogen or alkyl having 1 to 6 carbon
      atoms or a pharmaceutically acceptable salt of said compound.
NUM  4.
PAR  4. The compound of claim 1 wherein the salt is selected from the group
      consisting of the ammonium, sodium, potassium, calcium and magnesium salts
      of 2,7-Di-(5-tetrazolyl) fluorenone.
NUM  5.
PAR  5. The compound of claim 1 wherein the salt is the 2,7-Di-(5-tetrazolyl)
      fluorenone disodium salt.
NUM  6.
PAR  6. The compound of claim 3 wherein R is hydrogen.
NUM  7.
PAR  7. The compound of claim 3 wherein R is alkyl having 1 to 6 carbon atoms.
NUM  8.
PAR  8. The compound of claim 3 wherein Z.sup.2 is in the 7- position.
NUM  9.
PAR  9. The compound of claim 3 wherein Z.sup.2 is in the 6- position.
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ABST
PAL  A process for inhibiting plant growth comprising contacting a plant or its
      growth area with an effective amount of certain para-halophenyl
      substituted triazolines. A series of novel mesoionic para-halophenyl
      substituted triazolines. A novel process for preparing
      3-phenyl-4-oxo-1,2,3-triazoline by contacting benzenediazoniumchloride and
      an .alpha.-amino carboxylic acid and cyclodehydrating the triazene
      produced using acetic anhydride and pyridine.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 395,713 filed Sept.
      10, 1973 which is a continuation in part of application Ser. No. 170,996
      filed Aug. 11, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of control of plant growth. In
      particular it relates to methods and compounds for killing weeds and a
      novel process for preparing such compounds.
PAR  The term weed is used in the present disclosure in its broadest sense, that
      is, a plant which persists in growing where it is not wanted. This use of
      the term is broad enough to include plants such as poison ivy or other
      plants plainly harmful to man and also otherwise desirable plants such as
      honeysuckle or lawn grasses growing in such places as driveways.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are threefold. One object is to provide a
      process for inhibiting plant growth which comprises contacting a plant or
      its growth area with an effective amount of:
PA1  4-oxo-1-substituted-3-(4-halophenyl)-1,2,3-triazole wherein such
      substituent is alkyl of from 2 to 5 carbon atoms or cycloalkyl of 5 to 6
      carbon atoms;
PA1  3-oxo-2-(4-halophenyl)-4,5,6,7-tetrahydro-v-triazolo[1,5a]-pyridine;
PA1  3-oxo-2-(4-halophenyl)-5,6-dihydro-4(H)-pyrrolo-[1,2-c]-v-triazole;
PA1  Or 3-oxo-2-(4-halophenyl)-4,6-dihydrothiazolo[3,4-c]-v-triazole.
PAR  The second object of this invention is to provide novel 4-halophenyl
      herbicides of the formulae:
      ##SPC1##
PAL  Wherein: R is hydrogen, halogen, methyl or nitro; R.sub.1 is halogen;
      R.sub.2 is hydrogen, halogen, or nitro; R.sub.3 and R.sub.4 are each
      hydrogen or halogen; and R.sub.5 is alkyl of from 2 to 5 carbon atoms or
      cycloalkyl of 5 to 6 carbon atoms. By halogen is meant chlorine, fluorine,
      bromine, or iodine.
PAR  The preferred novel compounds of this invention are:
PA1  3-oxo-2-(2,4-dichlorophenyl)-4,5,6,7-tetrahydro-v-triazole (1,5-a)
      pyridine;
PA1  3-oxo-2-(2,4-dibromophenyl)-4,5,6,7-tetrahydro-v-triazolo (1,5-a) pyridine;
PA1  3-oxo-2-(2,4,5-trichlorophenyl)-4,5,6,7-tetrahydro-v-triazolo(1,5-a)pyridin
     e;
PA1  3-oxo-2-(2,4,5-trichlorophenyl)-4,5,6,7-tetrahydro-v-triazolo(1,5-a)pyridin
     e;
PA1  3-oxo-2-(2-chloro-4-bromophenyl)-4,5,6,7-tetrahydro-v-triazolo(1,5-a)pyridi
     ne.
PAR  The third object of the present invention is to provide a novel process for
      preparing 3-phenyl-4-oxo-1,2,3-triazoles comprising contacting a
      benzenediazonium chloride with an .alpha.-amino carboxylic acid in at
      least equimolar proportions and in an aqueous solution and subsequently
      cyclodehydrating the resulting 1-carboxymethyl- 3-phenyl-triazene so
      produced by treatment with acetic anhydride and pyridine in an inert
      solvent.
PAR  The compounds thus defined and thus prepared are effective as herbicides in
      both pre- and post-emergence applications. They are suitable for selective
      killing or specific groups of unwanted plants, and also for the total
      destruction of all plants in an area.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of this invention are prepared by a novel process.
      Previously, similar mesoionic triazole compounds were prepared by
      cyclodehydration procedures involving the condensation of benzenediazonium
      chloride with an amino acid ester (Potts and Husain, J. Org. Chem.
      35:3451, 1970).
PAR  We have now found that greater yields of the desired compounds are obtained
      if this condensation is carried out using the amino acid rather than the
      amino acid ester.
PAL  An example of such a reaction is shown in the scheme below:
      ##SPC2##
PAR  All substituents are as previously defined.
PAR  In this case a para-halogen substituted aniline (V) is reacted with nitrous
      acid in at least equimolar proportions to form the
      benzenediazoniumchloride (VI). Compound VI is then reacted with an
      .alpha.-amino carboxylic acid in at least equimolar proportions and in an
      aqueous medium to form VII. The reaction up to this point is preferably
      carried out in the cold, at about 0.degree.C.
PAR  Compound VII is then dehydrated to form the desired compound I by
      suspending VII in ether or other inert solvents and then adding acetic
      anhydride followed by pyridine. This mixture is allowed to stand overnight
      or for a few days at room temperature. The crystalline product I may then
      be filtered and washed with ether, if desired.
PAR  The choice of anilines for the use in the above reaction is governed by the
      product desired so long as the para-halogen atom is preserved and the
      other substituents follow the definitions previously set forth.
PAR  The choice of amino acids useful in the above reaction is also very broad.
      If compounds of type I are desired, the amino acid used will be of the
      formula
      ##EQU1##
      wherein R.sub.5 is alkyl of 2-5 carbon atoms or cycloalkyl of 5 to 6
      carbon atoms as previously stated.
PAR  If compounds of formula II are desired, pipecolinic acid is used, for
      compounds of type III proline is used, and for type IV compounds
      4-thiazolidinecarboxylic acid is used.
PAR  This novel process is generally applicable to the preparation of any
      3-phenyl-4-oxo-1,2,3-triazoline and is effected by treating the
      corresponding benzenediazoniumchloride with the appropriate .alpha.-amino
      carboxylic acid in at least equimolar proportions and in an aqueous
      solution, and cyclodehydrating the resulting
      1-carboxymethyl-3-phenyl-triazene by treatment with acetic anhydride and
      pyridine in an inert solvent, preferably ether.
PAR  The 4-halophenyl herbicides of the present invention may include a variety
      of substituents on the halophenyl ring. This includes 4-chloro, -bromo,
      -fluoro or -iodophenyl groups having, for example, nitro, methyl, halogen,
      methoxy, trifluoromethyl, cyano, methylthio, and the like in the 2-,
      5-and/or 6-positions. Ordinarily we prefer phenyl having no more than 3
      substituents in the interest of ease of preparation and cost. Preferred
      4-halophenyl substituents are those defined above in formulae I, II, III
      and IV.
PAR  The compounds of this invention may be used as suspensions, solutions, or
      dusts. The form of application depends upon the purpose for which the
      product is designed, but, in any case it should ensure a fine distribution
      of the active ingredient.
PAR  For the preparation of solutions to be sprayed directly on the plants,
      mineral oils such as diesel oil or kerosene, coal-tar oils, and other oils
      of animal or plant origin are suitable.
PAR  Aqueous formulations are preferred and may be prepared from emulsion
      concentrates, pastes, or wettable powders by adding water.
PAR  Dusts may be prepared by mixing or grinding the active compound with a
      suitable solid carrier.
PAR  The compounds of this invention may also be combined with known herbicidal
      agents if desired.
PAR  In the greenhouse and field testing of the compounds of this invention
      which is reported in the examples to follow, the compounds were prepared
      as aqueous suspensions and then applied both to soil in which seeds of
      crop plants and weeds had been planted and also to young plants. Results
      are given numerical values of from "0" for no effect to "10" for all
      plants killed. The dosages used varying from 0.5 to 10 lbs. per acre are
      reported in the following examples for each compound tested.
PAR  The compounds of this invention are preferably to be used in such a way
      that a dose of from about 1-10 lbs. per acre of the active ingredient will
      be applied. Larger or smaller doses may of course be employed, but no
      especial benefit will be gained by such use.
PAR  The following examples are illustrative and in no way limit the scope of
      the appended claims.
DETD
PAC  EXAMPLE I
PAR  In a 12 l., 3 necked round bottom flask are added 162 g. (1 mole) of
      2,4-dichloroaniline, 500 ml. concentrated HCl, and 2000 ml. H.sub.2 O. The
      aniline was dissolved by the aid of heating on a steam bath. The solution
      was cooled to about 0.degree.C., and 76 g. (1.1 mole) of sodium nitrite
      dissolved in 200 ml. of H.sub.2 O, were added to it. The solution was
      stirred for 1/2 hour and then a saturated solution of urea was added until
      a negative test with starch paper was obtained. This solution was then
      slowly added (over a period of about 2 hours) to a cooled solution of
      pipecolinic acid (129 g. - 1.0 mole) and triethylamine (416 ml. - 3 mole)
      in 15 l. of water. The resulting mixture was stirred for 1/2  hour, after
      which the precipitated solid was filtered and washed with water. The case
      was taken up in methylene chloride (1.5 l.) and the filtrate was extracted
      twice the methylene chloride (1 l.). The combined methylene chloride
      solutions were dried over anhydrous sodium sulfate and then evaporated in
      vacuo to afford 159 g. of an oil.
PAR  The oil was dissolved in 2 l. of ether. To this was added 200 ml. of acetic
      anhydride followed by 100 ml. of pyridine. The reaction mixture was
      allowed to stand at room temperature for 24 hours. The crystalline product
      was then filtered and washed with ether to yield 85 g. of a product with a
      melting point of 138.degree.-139.degree.C. The mother liquor was
      evaporated in vacuo to dryness. Upon addition of ether, 21 g. of the above
      product were obtained. A third crop of 15.5 g. of this product was also
      obtained upon concentration of the mother liquor. A total of 121.5 g. of
      anhydro-3-oxo-2-(2,4-dichlorophenyl)-4,5,6,7-tetrahydropyrido-[1,2-C]-v-tr
     iazolinium hydroxide with a melting point of 138.degree.-139.degree.C. was
      produced.
PAR  The above compound in an aqueous suspension was tested in the field in a
      standard pre-emergence test against Jimson weed at 10 lb./acre as
      previously described, and was found to have a rating of "9".sup.1 in this
      test.
PAC  EXAMPLES II-LXIV
PAR  In the Examples to follow, the compounds were prepared and tested as in
      Example I using the appropriately substituted aniline and the appropriate
      .alpha.-amino carboxylic acid.
      ##SPC3##
TBL                                  Effect on                                 
                    Melting Point    Jimson Weed.sup.1                         
     Example No.                                                               
             Substitution                                                      
                    .degree.C.                                                 
                             Pounds/Acre                                       
                                     Pre.sup.2                                 
                                         Post.sup.3                            
     __________________________________________________________________________
     2       R = F  125-126   5       9  10                                    
             R.sub.1 = F                                                       
             R.sub.2 = H                                                       
     3       R = Cl 183-184   2      10  10                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = 5-Cl                                                    
     4       R = Cl 240-242   2       9  10                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = 6-Cl                                                    
     5       R = NO.sub.2                                                      
                    210-211   5       3   9                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = H                                                       
      .sup.1 Standard greenhouse herbicide tests were performed. Values of from
      0 (no injury) to 10 (all plants killed).                                 
      .sup.2 Soil treated before emergence of seedling.                        
      .sup.3 Plants treated after emergence from soil.                         
TBL                                  Effect on                                 
                    Melting Point    Jimson Weed                               
     Example No.                                                               
             Substitution                                                      
                    .degree.C.                                                 
                             Pounds/Acre                                       
                                     Pre Post                                  
     __________________________________________________________________________
      6      R = Br 95-97     5       9  10                                    
             R.sub.1 = Br                                                      
             R.sub.2 = H                                                       
      7      R = H  174-176  10      10   9                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = H                                                       
      8      R = CH.sub.3                                                      
                    151-152   5       9   7                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = H                                                       
      9      R = Cl 166-168   2       9   3                                    
             R.sub.1 = Br                                                      
             R.sub.2 = H                                                       
     10      R = CH.sub.3                                                      
                    155-157  10      10  10                                    
             R.sub.1 = Br                                                      
             R.sub.2 = H                                                       
     11      R = Cl 213-214  10      10  10                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = 6-NO.sub.2                                              
     12      R = CH.sub.3                                                      
                    166-167  10      10   7                                    
             R.sub.1 = I                                                       
             R.sub.2 =  H                                                      
     13      R = CH.sub.3                                                      
                    171-172   5       3  10                                    
             R.sub.1 = F                                                       
             R.sub.2 = H                                                       
     __________________________________________________________________________
      ##SPC4##
TBL                                  Effect on                                 
                    Melting Point    Jimson Weed                               
     Example No.                                                               
             Substitution                                                      
                    .degree.C.                                                 
                             Pounds/Acre                                       
                                     Pre Post                                  
     __________________________________________________________________________
     14      R = Br 172-176  10      10                                        
             R.sub.1 = Br                                                      
             R.sub.2 = H                                                       
     15      R = F  125       5       8                                        
             R.sub.1 = F                                                       
             R.sub.2 = H                                                       
     16      R = NO.sub.2                                                      
                    204-205   5       3   9                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = H                                                       
     17      R = Cl 135-136   5       7                                        
             R.sub.1 = Cl                                                      
             R.sub.2 = 5-Cl                                                    
     18      R = Cl 240-241  10      10                                        
             R.sub.1 = Cl                                                      
             R.sub.2 = 6-Cl                                                    
     19      R = Cl 188-190  10      10  10                                    
             R.sub.1 = Br                                                      
             R.sub.2 = H                                                       
     20      R = CH.sub.3                                                      
                    178-180  10        5  7                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = H                                                       
     21      R = CH.sub.3                                                      
                    198-201  10       9  10                                    
             R.sub.1 = Br                                                      
             R.sub.2 = H                                                       
     22      R = Cl 166-167   5          10                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = H                                                       
     23      R = Cl 189-193  10      10  10                                    
             R.sub.1 = Cl                                                      
             R.sub.2 = 6-NO.sub.2                                              
     24      R = CH.sub.3                                                      
                    200-201  10       2  10                                    
             R.sub.1 = I                                                       
             R.sub.2 = H                                                       
     25      R = CH.sub.3                                                      
                    199-201   5       5  10                                    
             R.sub.1 = Br                                                      
             R.sub.2 = 6-CH.sub.3                                              
     __________________________________________________________________________
      ##SPC5##
TBL                                  Effect On                                 
                    Melting Point    Jimson Weed                               
     Example No.                                                               
            Substitution                                                       
                    .degree.C.                                                 
                             Pounds/Acre                                       
                                     Pre Post                                  
     __________________________________________________________________________
     26     R.sub.1 = Cl                                                       
                    113-116  5       9   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = n-propyl                                                 
     27     R.sub.1 = Cl                                                       
                    113-114  5       10                                        
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = CH.sub.2 CH.sub.3                                        
     28     R.sub.1 = Br                                                       
                    120-125                                                    
            R.sub.3 = Br                                                       
            R.sub.4 = H                                                        
            R.sub.5 = CH.sub.2 CH.sub.3                                        
     29     R.sub.1 = Br                                                       
                    195-197  5       10  10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = t-butyl                                                  
     30     R.sub.1 = Cl                                                       
                    151-154  5       9   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 =  5-Cl                                                    
            R.sub.5 = i-propyl                                                 
     31     R.sub.1 = Cl                                                       
                    171-172  5       10  10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = 5-Cl                                                     
            R.sub.5 = t-butyl                                                  
     32     R.sub.1 = Cl                                                       
                    210-211  5       10   8                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = 6-Cl                                                     
            R.sub.5 = i-propyl                                                 
     33     R.sub.1 = Br                                                       
                    138-139  5       5   10                                    
            R.sub.3 = CH.sub.3                                                 
            R.sub.4 = H                                                        
            R.sub.5 = i-propyl                                                 
     34     R.sub.1 = Cl                                                       
                    174-175  5       0   10                                    
            R.sub.3 = NO.sub.2                                                 
            R.sub.4 = H                                                        
            R.sub.5 = i-propyl                                                 
     35     R.sub.1 = Cl                                                       
                    155-156  5       2   10                                    
            R.sub.3 = NO.sub.2                                                 
            R.sub.4 = H                                                        
            R.sub.5 = t-butyl                                                  
     36     R.sub.1 = Cl                                                       
                    148-150  5       8   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = s-butyl                                                  
     37     R.sub.1 = Br                                                       
                    149-151  5       8    9                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = s-butyl                                                  
     38     R.sub.1 = Cl                                                       
                    194-196  5       6   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-butyl                                                  
     39     R.sub.1 = Br                                                       
                    190-192  5       5   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-butyl                                                  
     40     R.sub.1 = Br                                                       
                    113-115  5       0   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = n-pentyl                                                 
     41     R.sub.1 = Br                                                       
                    172-174  5       0    8                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-butyl                                                  
     42     R.sub.1 = Br                                                       
                    163-165  5       2    9                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-pentyl                                                 
     43     R.sub.1 = Cl                                                       
                    205-206  5       4   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = cyclohexyl                                               
     44     R.sub.1 = Cl                                                       
                    160-162  5       4   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = 5-Cl                                                     
            R.sub.5 = s-butyl                                                  
     45     R.sub.1 = Cl                                                       
                    151-152  5       2   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = 5-Cl                                                     
            R.sub.5 = i-butyl                                                  
     46     R.sub.1 = Br                                                       
                    142-143  5       5    9                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-pentyl                                                 
     47     R.sub.1 = Br                                                       
                    296-297  5       6   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = cyclohexyl                                               
     48     R.sub.1 = Cl                                                       
                    142-144  5       5   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-pentyl                                                 
     49     R.sub.1 = Cl                                                       
                    185-186  5       8   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = cyclopentyl                                              
     50     R.sub.1 = Cl                                                       
                    163-165  5       5   10                                    
            R.sub.3 = CH.sub.3                                                 
            R.sub.4 = H                                                        
            R.sub.5 = cyclopentyl                                              
     51     R.sub.1 = Cl                                                       
                    113-116  5       9   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = n-propyl                                                 
     52     R.sub.1 = Br                                                       
                    120-125  10      9                                         
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = CH.sub.2 CH.sub.3                                        
     53     R.sub.1 = Cl                                                       
                    126-128  10      10                                        
            R.sub.3 = Cl                                                       
            R.sub.4 = 5-Cl                                                     
            R.sub.5 = CH.sub.2 CH.sub.3                                        
     54     R.sub.1 = Cl                                                       
                    173-174  10      9    9                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = n-butyl                                                  
     55     R.sub.1 = Cl                                                       
                    93-94    5       1    7                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = 5-Cl                                                     
            R.sub.5 = n-butyl                                                  
     56     R.sub.1 = Cl                                                       
                    144-147  5       5    5                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = 6-Cl                                                     
            R.sub.5 = n-butyl                                                  
     57     R.sub.1 = Br                                                       
                    175-177  5       3    8                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = n-butyl                                                  
     58     R.sub.1 = Cl                                                       
                    156-158  2       8   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-propyl                                                 
     59     R.sub.1 = Br                                                       
                    160-162  5       9   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = i-propyl                                                 
     60     R.sub.1 = Cl                                                       
                    180-182   0.5    1   10                                    
            R.sub.3 = Cl                                                       
            R.sub.4 = H                                                        
            R.sub.5 = t-butyl                                                  
     __________________________________________________________________________
      ##SPC6##
TBL                                  Effect on                                 
     Example No.                                                               
             Substitution                                                      
                    Melting Point                                              
                             Pounds/Acre                                       
                                     Jimson Weed                               
                    .degree.C.       Pre Post                                  
     __________________________________________________________________________
     61      R.sub.1 = Cl                                                      
                    160.5-162                                                  
                             10      10  10                                    
             R.sub.3 = Cl                                                      
             R.sub.4 = H                                                       
     62      R.sub.1 = Cl                                                      
                    203-204  10      10  10                                    
             R.sub.3 = Cl                                                      
             R.sub.4 = 6-Cl                                                    
     63      R.sub.1 = F                                                       
                    168-170  10      10  10                                    
             R.sub.3 = F                                                       
             R.sub.4 = H                                                       
     64      R.sub.1 = Cl                                                      
                    182-184  10      10  10                                    
             R.sub.3 = Cl                                                      
             R.sub.4 = 5-Cl                                                    
     __________________________________________________________________________
PAC  EXAMPLES 65-69
PAR  Standard herbicide field tests were performed as before using some of the
      foregoing compounds but with different plants. In the examples to follow
      the "compound number" refers to earlier example numbers. The following
      abbreviations are used: SOYB = soybean, MNGY = wild morningglory, PIGW =
      pigweed, BNGS = barnyardgrass, and YNSG = yellow nutsedge. The pre- and
      post-emergence tests were performed as previously described and the rating
      system is the same as that used in the greenhouse tests.
TBL  __________________________________________________________________________
     Example                                                                   
          Compound                                                             
               lbs/                                                            
                   SOYB    CORN   MNGY   PIGW   BNGS    YNSG                   
     No.  No.  acre                                                            
                   Pre Post                                                    
                           Pre                                                 
                              Post                                             
                                  Pre Post                                     
                                         Pre Post                              
                                                Pre Post                       
                                                        Pre                    
                                                           Post                
     __________________________________________________________________________
     65   22   8   2   6   2  2   3    7 0   10 5   4   0  1                   
     66   1    8   4   9   3  4   6    9 9   10 10  8   5  3                   
     67   3    8   2    ND 2   ND 3   ND 10  ND 3    ND 3   ND                 
     68   2    5   0   0   0  0   0   10 0    9 0   0   0  0                   
     69   4    10   ND  ND 5  0   10  10 10   9 9   8   5  3                   
     __________________________________________________________________________
      *not done                                                                
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein
PA1  R is hydrogen, halogen, methyl, or nitro;
PA1  R.sub.1 is halogen; and
PA1  R.sub.2 is hydrogen, halogen, or nitro.
NUM  2.
PAR  2. 3-oxo-2-(2,4-dichlorophenyl)-5,6-dih
     ydro-4(H)-pyrrolo-[1,2-C]-v-triazole.
PATN
WKU  039391752
SRC  5
APN  4697170
APT  1
ART  124
APD  19740514
TTL  Hydroxyphenylated hydantoins
ISD  19760217
NCL  8
ECL  1
EXP  Love; Ethel G.
INVT
NAM  Schmidt; Andreas
CTY  Reinach
CNT  CH
INVT
NAM  Peterson; Janet B.
CTY  Yonkers
STA  NY
INVT
NAM  Dexter; Martin
CTY  Briarcliff Manor
STA  NY
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
COD  02
RLAP
COD  72
APN  357744
APD  19730503
PSC  03
CLAS
OCL  2603095
XCL  260 458N
XCL  2602475R
XCL  260248NS
XCL  260465E
EDF  2
ICL  C07D 4932
FSC  260
FSS  309.5
UREF
PNO  3544623
ISD  19701200
NAM  Hansen et al.
XCL  260309.5
UREF
PNO  3553258
ISD  19710100
NAM  Kaiser et al.
XCL  260309.5
OREF
PAL  chem. Abstracts 75:141140f.
LREP
FR2  Hall; Luther A. R.
ABST
PAL  New hydroxyphenylated hydantoins are useful as stabilizers for synthetic
      organic polymeric materials. The new hydroxyphenylated hydantoins may be
      additionally substituted in the 1,3 and/or 5 positions of the hydantoin
      ring.
PAL  The hydroxyphenylated and 5-substituted hydroxyphenylated hydantoins are
      generally prepared by reacting hydroxyphenylated ketones or aldehydes with
      alkali cyanide and ammonium carbonate. Hydroxyphenylated hydantoins
      substituted in the 1 and/or 3 positions are generally prepared by reacting
      the 1 and/or 3-unsubstituted hydroxyphenylated hydantoins with the
      corresponding halogen or dialkylaminomethyl derivatives.
PARN
PAR  This application is a continuation-in-part of copending application, Serial
      No. 357,744, filed May 7, 1973, now abandoned.
BSUM
PAR  The present invention relates to new compounds, the method for their
      manufacture, their use for stabilising organic material and the organic
      material stabilised with their aid.
PAR  The new compounds correspond to the general formula I
      ##SPC1##
PAL  wherein R.sub.1 denotes alkyl with 1 to 8 carbon atoms, cycloalkyl with 6
      to 8 carbon atoms or aralkyl with 7 to 9 carbon atoms; R.sub.2 denotes
      hydrogen, alkyl with 1 to 8 carbon atoms, cycloalkyl with 6 to 8 carbon
      atoms or aralkyl with 7 to 9 carbon atoms; R.sub.3 denotes hydrogen or
      methyl; X denotes a direct bond, alkylene with 1 to 18 carbon atoms, which
      can be interrupted by oxygen or sulphur atoms, or the radical
      --O--CH.sub.2 --, wherein the oxygen atom is bonded to the phenol radical;
      R.sub.4 denotes hydrogen, alkyl with 1 to 17 carbon atoms, alkenyl with 2
      to 17 carbon atoms, thiaalkyl with 3 to 21 carbon atoms, oxaalkyl with 3
      to 21 carbon atoms, cyclohexyl, benzyl, phenyl, alkylphenyl with 7 to 14
      carbon atoms, alkoxyphenyl with 7 to  24 carbon atoms, chlorophenyl,
      dichlorophenyl, naphthyl or a group
      ##SPC2##
PAL  Or X and R.sub.4 conjointly with the carbon atom in the 5-position of the
      hydantoin ring denote one of the radicals
      ##SPC3##
PAL  R.sub.5 denotes hydrogen, alkyl with 1 to 18 carbon atoms, alkenyl with 3
      to 18 carbon atoms, cyclohexyl, benzyl or hydroxybenzyl which is
      unsubstituted or substituted by 1 to 3 alkyl groups each with 1 to 4
      carbon atoms;
PAL  m denotes 1 to 3, R.sub.6 -- if m is 1 -- denotes hydrogen, alkyl with 1 to
      18 carbon atoms, alkenyl with 3 to 18 carbon atoms, cyclohexyl, benzyl,
      hydroxybenzyl which is unsubstituted or substituted by 1 to 3 alkyl groups
      each with 1 to 4 carbon atoms, or one of the groups --CH.sub.2 CH.sub.2 CN
      or --(CH.sub.2).sub.q --COOR.sub.7, wherein R.sub.7 is alkyl with 1 to 18
      carbon atoms and q is 1 or 2, or a group
      ##SPC4##
PAL  Or -- if m is 2 -- denotes alkylene with 1 to 18 carbon atoms, oxaalkylene
      with 4 to 21 carbon atoms, wherein the carbon atom bonded to the nitrogen
      does not carry any further hetero-atoms, thiaalkylene with 4 to 21 carbon
      atoms, wherein the carbon atom bonded to nitrogen carries no further
      hetero-atoms, or one of the groups
      ##EQU1##
      wherein q is 1 or 2 and n is 2 to 18,
      ##SPC5##
      ##EQU2##
      ##SPC6##
      or -- if m is 3 -- denotes alkanetriyl with 1 to 18 carbon atoms or the
      group
      ##EQU3##
PAR  It has been found that the compounds of the formula I are very suitable for
      stabilising organic material against thermooxidative degradation. Herein,
      the new hydantoins of the formula I show, surprisingly, better activity
      than the ketones on which they are based.
PAR  Preferred compounds of the formula I are those wherein R.sub.1 denotes
      alkyl with 1 to 4 carbon atoms or cycloalkyl with 6 to 8 carbon atoms;
      R.sub.2 denotes hydrogen, alkyl with 1 to 5 carbon atoms or cycloalkyl
      with 6 to 8 carbon atoms; R.sub.3 denotes hydrogen, X denotes one of the
      radicals --CH.sub.2 CH.sub.2 -- or
      ##EQU4##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms, cyclohexyl, benzyl,
      phenyl or a group
      ##SPC7##
PAL  R.sub.5 denotes hydrogen, alkyl with 1 to 18 carbon atoms or hydroxybenzyl
      substituted by 1 to 3 alkyl groups each having 1 to 4 carbon atoms;
      R.sub.6 -- if m is 1 -- denotes hydrogen, alkyl with 1 to 18 carbon atoms,
      hydroxybenzyl substituted by 1 to 3 alkyl groups each having 1 to 4 carbon
      atoms, or a group --(CH.sub.2).sub.q --COOR.sub.7, wherein R.sub.7 is
      alkyl with 1 to 18 carbon atoms and q is 1 or 2, or -- if m is 2 --
      denotes alkylene with 1 to 18 carbon atoms or the group --CH.sub.2
      CH.sub.2 --O--CH.sub.2 CH.sub.2 --.
PAR  Amongst the preferred compounds the following classes should above all be
      mentioned:
      ##SPC8##
PAL  wherein R.sub.1 and R.sub.2 independently of one another denote alkyl with
      1 to 4 carbon atoms, R.sub.3 denotes hydrogen, X denotes a direct bond,
      --CH.sub.2 --CH.sub.2 -- or
      ##EQU5##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms, cyclohexyl, benzyl,
      phenyl or a group
      ##SPC9##
      and R.sub.5 denotes hydrogen or alkyl with 1 to 18 carbon atoms.
      ##SPC10##
PAL  wherein R.sub.1, R.sub.2, R.sub.1 ' and R.sub.2 ' independently of one
      another denote alkyl with 1 to 4 carbon atoms, R.sub.3 and R.sub.3 '
      independently of one another denote hydrogen or methyl, X denotes a direct
      bond, --CH.sub.2 --CH.sub.2 -- or
      ##EQU6##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms, cyclohexyl, benzyl,
      phenyl or a group
      ##SPC11##
PAL  and R.sub.5 denotes hydrogen, alkyl with 1 to 18 carbon atoms or
      hydroxybenzyl substituted by 1 to 3 alkyl groups each having 1 to 4 carbon
      atoms.
      ##SPC12##
PAL  wherein R.sub.1 and R.sub.2 independently of one another denote alkyl with
      1 to 4 carbon atoms, R.sub.3 denotes hydrogen, X denotes a direct bond,
      --CH.sub.2 --CH.sub.2 -- or
      ##EQU7##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms or a group
      ##SPC13##
PAL  R.sub.5 denotes hydrogen or alkyl with 1 to 18 carbon atoms and R.sub.6
      denotes alkyl with 1 to 18 carbon atoms.
      ##SPC14##
PAL  wherein R.sub.1 and R.sub.2 independently of one another denote alkyl with
      1 to 4 carbon atoms, R.sub.3 denotes hydrogen, X denotes a direct bond,
      --CH.sub.2 --CH.sub.2 -- or
      ##EQU8##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms or a group
      ##SPC15##
PAL  R.sub.5 denotes hydrogen or alkyl with 1 to 18 carbon atoms and R.sub.7
      denotes alkyl with 1 to 18 carbon atoms.
      ##SPC16##
PAL  wherein R.sub.1 and R.sub.2 independently of one another denote alkyl with
      1 to 4 carbon atoms, R.sub.3 denotes hydrogen, X denotes a direct bond,
      --CH.sub.2 --CH.sub.2 -- or
      ##EQU9##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms or the group
      ##SPC17##
PAL  R.sub.5 denotes hydrogen or alkyl with 1 to 18 carbon atoms an p denotes 1
      to 18.
PAR  In the definition of the compounds of the formula I, R.sub.1, R.sub.2,
      R.sub.3, R.sub.5, R.sub.6, and R.sub.7 can represent alkyl groups. Within
      the indicated limits, theese groups can be methyl, ethyl, isopropyl,
      butyl, sec.-butyl, tert.-butyl, amyl, sec.-amyl, tert.-amyl, hexyl,
      heptyl, octyl, tert.-octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl,
      hexadecyl or octadecyl.
PAR  R.sub.1 and R.sub.2 can also be cyclic alkyl groups with 6 to 8 carbon
      atoms. These are, for example, cyclohexyl, cycloheptyl or cyclooctyl. The
      preferred cyclic alkyl group is the 1-methylcyclohexyl-(1) group.
PAR  As aralkyl groups, R.sub.1 and R.sub.2 can denote, for example, benzyl or
      .alpha.-phenylethyl. R.sub.4, R.sub.5 and R.sub.6 can denote alkenyl
      groups, for example, the allyl group. When R.sub.4 denotes oxaalkyl it can
      be, for example, 3-oxabutyl, 2-oxapentyl, 2-oxaheptyl, or oxapentadecyl,
      whilst if it denotes thiaalkyl it can be, for example, 3-thiabutyl,
      3-thiapentyl, 3-thiaheptyl, 3-thiaundecyl, 3-thiapentadecyl,
      3-thianonadecyl or 3-thiaheneicosyl.
PAR  When R.sub.4 denotes alkylphenyl, it can be, for example, o-tolyl,
      p-tert.-butylphenyl or p-tert.-octylphenyl.
PAR  When R.sub.4 denotes alkoxyphenyl it can be, for example, o-methoxyphenyl,
      p-methoxyphenyl, p-octoxyphenyl, or p-octadecoxyphenyl.
PAR  If the radicals X and R.sub.6 in the definition of the formula I are
      alkylene, it can be, for example, methylene, ethylene, 1,2-propylene,
      1,3-propylene, tetramethylene, hexamethylene or octamethylene.
PAR  When R.sub.6 is oxaalkylene it can denote, for example, the divalent
      radical of 2-oxapropane, 2-oxabutane, 3-oxapentane, 3-oxaheptane,
      3-oxaundecane, 3-oxapentadecane or 3-oxaheneicosane, whilst as
      thiaalkylene it can denote the divalent radical of 3-thiapropane,
      3-thiabutane, 3-thiapentane, 3-thiaheptane, 3-thiaundecane,
      3-thiapentadecane, 3-thianonadecane, 3-thiaheneicosane or 4-thiadecane.
PAR  When R.sub.6 denotes alkanetriyl it can be, for example, neopentanetriyl.
PAR  Examples of compounds of the formula I are:
      5-(3',5'-diisopropyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin,
      5-(3',5'-di-tert.-butyl-4'-hydroxybenzyl)-5-heptadecylhydantoin,
      5-[(3',5'-di-tert.-butyl-4'-hydroxybenzylmercapto)-methyl]-5-heptadecyl-hy
     dantoin,
      5-[(3',5'-di-tert.-butyl-4'-hydroxyphenoxy)-methyl]-5-dodecyl-hydantoin,
      5-(3'-tert.-butyl-4'-hydroxy-5',6'-dimethyl-phenylethyl)-5-methylhydantoin
     , 5-(3'-tert.-butyl-4'-hydroxy-5'-methyl-phenylethyl)-5-vinyl-hydantoin,
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-(3-thiaheptyl)-hydantoin
     , 5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-cyclohexyl-hydantoin,
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-(p-tert.-butylphenyl)-hy
     dantoin,
      3-allyl-5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin
     , 3-cyclohexyl-5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hyda
     ntoin,
      3-benzyl-5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hydantoin
      and
      3,3'-tetramethylene-bis-[5-(3",5"-di-tert.-butyl-4"-hydroxy-phenylethyl)-5
     -methyl-hydantoin].
PAR  The compounds of the formula I in which R.sub.6 has a different meaning
      from hydrogen may be prepared from compounds of the formula I in which m
      denotes 1 and R.sub.6 denotes hydrogen (here described as compounds of the
      formula II).
      ##SPC18##
PAR  Such compounds may be prepared, in turn, by reaction of 1 mol of a compound
      of the formula III
      ##SPC19##
PAL  with one mol of sodium cyanide or potassium cyanide and an excess of
      ammonium carbonate in a polar solvent at 40.degree.-50.degree.C.
PAR  A typical example of a compound of formula III is
      3,5-di-tert-butyl-4-hydroxyphenylethyl methyl ketone made by the teachings
      of U.S. Pat. No. 3,266,443.
PAR  Methanol, ethanol, isopropanol, dimethylformamide or dioxane can be used as
      solvents, their mixtures with water being employed preferentially.
PAR  Compounds of the formula I in which R.sub.6 denotes a hydroxybenzyl group
      substituted by 1-3 alkyl groups each with 1 to 4 carbon atoms may be
      prepared by reaction of the compounds of the formula II with compounds of
      the formula IV
      ##SPC20##
PAL  wherein Y denotes a halogen atom, the group
      ##EQU10##
PAR  The intermediate (3,5-di-tert-butyl-4-hydroxybenzyl)-dimethylamine is
      commercially available and useful in the synthesis of many compounds of
      this invention.
PAR  The reaction is preferably carried out in the presence of a basic catalyst
      such as sodium methylate, sodium hydride, calcium hydride, lithium amide
      or sodium amide. Hydrocarbons, ethers, alcohols and, preferably,
      dimethylformamide or dimethylacetamide can be used as solvents.
PAR  Compounds of the formula I in which R.sub.6 denotes alkyl, alkenyl,
      cyclohexyl, benzyl or --CH.sub.2 --COOR.sub.7 may be preferably prepared
      by reaction of the compounds of the formula II with compounds of the
      formula V
EQU  Z--R.sub.6                                                 (V)
PAL  wherein Z denotes a halogen atom.
PAR  The reaction is carried out in the presence of a basic catalyst such as
      potassium carbonate, sodium hydroxide, sodium methylate or lithium amide.
      As solvents, it is possible to use alcohols such as methanol, ethanol,
      isopropanol or butanol, ethers such as tetrahydrofurane or dioxane,
      ketones such as acetone, methyl ethyl ketone or cyclohexanone, as well as
      dimethylformamide or dimethylacetamide.
PAR  The compounds of the formula I, in which R.sub.6 denotes one of the groups
      --CH.sub.2 CH.sub.2 CN or --CH.sub.2 CH.sub.2 --COOR.sub.7, may be
      prepared by reaction of the compounds of the formula II with acrylonitrile
      or compounds of the formula VI, respectively
EQU  CH.sub.2 =CH--COOR.sub.7                                   (VI)
PAR  The reaction takes place in the presence of a basic catalyst such as sodium
      methylate, sodium hydride, calcium hydride, lithium amide or sodium amide.
      Alcohols, ethers, ketones or dimethylformamide or dimethylacetamide can be
      used as solvents.
PAR  The compounds of the formula I in which R.sub.6 denotes the group
      ##SPC21##
PAL  may be prepared by reaction of the compounds of the formula II with
      compounds of the formula VII
      ##SPC22##
PAR  The reaction takes place in the presence of a basic catalyst, preferably a
      tertiary amine such as triethylamine, tripropylamine or pyridine, in a
      polar solvent, for example dioxane, tetrahydrofurane, isopropanol or
      dimethylformamide.
PAR  Compounds of the formula I in which m is 2 and R.sub.6 denotes alkylene,
      oxaalkylene, thiaalkylene or one of the groups
      ##SPC23##
      ##SPC24##
PAR  may be prepared by reaction of the compounds of the formula II with
      dihalides of the formula VIII
EQU  Z--R.sub.6 --Z                                             (VIII)
PAL  wherein Z denotes a halogen atom. The reaction takes place in the presence
      of a basic catalyst such as potassium carbonate, sodium hydroxide, sodium
      methylate or lithium amide. As solvents it is possible to use alcohols
      such as methanol, ethanol, isopropanol or butanol, ethers such as
      tetrahydrofurane or dioxane, ketones such as acetone, methyl ethyl ketone
      or cyclohexanone, as well as dimethylformamide or dimethylacetamide.
PAR  Compounds of the formula I in which m is 2 and R.sub.6 denotes the group
      ##EQU11##
      may be obtained by reaction of a compound of the formula IX
      ##SPC25##
PAL  with a diol of the formula X
EQU  HO--(C.sub.n H.sub.2n)--OH                                 (X)
PAR  The reaction takes place according to a method customary for
      trans-esterification reactions, in the presence of an acid catalyst such
      as hydrochloric acid, sulphuric acid or p-toluenesulphonic acid or of a
      basic catalyst such as lithium hydroxide, sodium hydride or potassium
      amide.
PAR  Compounds of the formula I in which m is 3 and R.sub.6 denotes alkanetriyl
      may be prepared by reaction of the compounds of the formula II with
      compounds of the formula XI
      ##EQU12##
      wherein Z denotes a halogen atom. The reaction take place under the
      conditions described for the reaction with the compounds V and VIII.
PAR  Compounds of formula I in which both R.sub.6 and R.sub.5 have a different
      meaning from hydrogen may be prepared by the reaction of compounds of
      formula XII
      ##SPC26##
PAL  with compounds of formula IV or V under the conditions described for the
      reaction of compounds II with IV or V.
PAR  Compounds of formula I in which R.sub.6 is hydrogen and R.sub.5 has a
      different meaning from hydrogen may be prepared by the reaction of
      compounds of formula II in a three step synthesis first with a secondary
      amine and formaldehyde to give compounds of formula XIII
      ##SPC27##
PAL  The preferred secondary amines are morpholine and piperidine where R' and
      R" together are --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 -- and
      --(CH.sub.2).sub.5 --.
PAR  Compounds of formula XIII may then be reacted with compounds of formula XIV
EQU  R.sub.5 --Z                                                (XIV)
PAL  wherein R.sub.5 has a meaning other than hydrogen and Z denotes a halogen
      atom under the conditions described for the reaction of compounds II with
      V to yield compounds of formula XV.
      ##SPC28##
PAR  Finally compounds of formula XV may be hydrolyzed under either acid or
      alkaline conditions to remove the 3-aminomethyl group to give the desired
      1-R.sub.5 -5-hydroxyphenylated hydantoin of formula Ia
      ##SPC29##
PAL  Hydrolysis of XV to Ia is done under mild conditions using alkali such as
      aqueous sodium hydroxide or aqueous potassium hydroxide or with aqueous
      acid such as hydrochloric acid or sulfuric acid.
PAR  Compounds of formula I in which R.sub.6 is hydrogen and R.sub.5 has a
      different meaning from hydrogen may also be prepared by the reaction of a
      hydroxyphenylated ketone of formula III with a primary amine of the
      formula XVI
EQU  R.sub.5 NH.sub.2                                           (XVI)
PAR  and potassium cyanide in glacial acetic acid to give an aminonitrile of
      formula XVII
      ##SPC30##
PAL  The compounds of formula XVII may be reacted with potassium cyanate in acid
      solution to prepare compounds of formula Ia.
PAR  Compounds of general formula I in which both R.sub.5 and R.sub.6 have a
      different meaning from hydrogen may be prepared by the reaction of
      compounds of formula Ia with compounds of formula IV, V, VI or VIII under
      conditions described for the reaction of compounds of formula II with
      compounds of formula IV, V, VI or VIII.
PAR  The compounds of the formula I are used as stabilisers for organic
      substrates. Examples of such substrates are:
PAR  1. Polymers which are derived from singly or doubly unsaturated
      hydrocarbons, such as polyolefins, such as, for example, polyethylene,
      which can optionally be crosslinked, polypropylene, polyisobutylene,
      polymethylbutene-1, polymethylpentene-1, polybutene-1, polyisoprene,
      polybutadiene, polystyrene, copolymers of the monomers on which the
      homopolymers mentioned are based, such as ethylenepropylene copolymers,
      propylene-butene-1 copolymers, propylene-isobutylene copolymers, and
      styrene-butadiene copolymers, as well as terpolymers of ethylene and
      propylene with a diene, such as, for example, hexadiene, dicyclopentadiene
      or ethylidenenorbornene; mixtures of the above mentioned homopolymers such
      as, for example, mixtures of polypropylene and polyethylene, polypropylene
      and polybutene-1, polypropylene and polyisobutylene.
PAR  2. Vinyl polymers containing halogen, such as polyvinyl chloride,
      polyvinylidene chloride, and polyvinyl fluoride, but also polychloroprene
      and chlorinated rubbers.
PAR  3. Polymers which are derived from .alpha.,.beta.-unsaturated acids and
      their derivatives, such as polyacrylates and polymethacrylates,
      polyacrylamides and polyacrylonitrile as well as their copolymers with
      other vinyl compounds, such as acrylonitrile/butadiene/styrene,
      acrylonitrile/styrene and acrylonitrile/styrene/acrylic ester copolymers.
PAR  4. Polymers which are derived from unsaturated alcohols and amines or their
      acyl derivatives or acetals, such as polyvinyl alcohol, polyvinyl acetate,
      polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl
      butyral, polyallyl phthalate, polyallyl melamine and their copolymers with
      other vinyl compounds, such as ethylene/vinyl acetate copolymers.
PAR  5. Homopolymers and copolymers which are derived from epoxides, such as
      polyethylene oxide or the polymers which are derived from bis-glycidyl
      ethers.
PAR  6. Polyacetals such as polyoxymethylene and polyoxyethylene, as well as
      those polyoxymethylenes which contain ethylene oxide as the comonomer.
PAR  7. Polyphenylene oxides.
PAR  8. Polyurethanes and polyureas.
PAR  9. Polycarbonates.
PAR  10. Polysulphones.
PAR  11. Polyamides and copolyamides which are derived from diamines and
      dicarboxylic acids and/or from aminocarboxylic acids or the corresponding
      lactams, such as polyamide 6, polyamide 6/6, polyamide 6/10, polyamide 11
      and polyamide 12.
PAR  12. Polyesters which are derived from dicarboxylic acids and dialcohols
      and/or from hydroxycarboxylic acids or the corresponding lactones, such as
      polyethylene glycol terephthalate and poly-1,4-dimethylol-cyclohexane
      terephthalate.
PAR  13. Crosslinked polymers which are derived from aldehydes on the one hand
      and phenols, ureas and melamines on the other, such as
      phenol-formaldehyde, urea-formaldehyde and melamine-formaldehyde resins.
PAR  14. Alkyd resins, such as glycerine-phthalic acid resins and their mixtures
      with melamine-formaldehyde resins.
PAR  15. Unsaturated polyester resins which are derived from copolyesters of
      saturated and unsaturated dicarboxylic acids with polyhydric alcohols, as
      well as vinyl compounds as crosslinking agents, and also their
      halogen-containing modifications of low inflammability.
PAR  16. Natural polymers, such as cellulose, rubber, proteins, and their
      polymer-homologously chemically modified derivatives, such as cellulose
      acetates, cellulose propionates and cellulose butyrates, or the cellulose
      ethers, such as methylcellulose.
PAR  17. High molecular monomeric substances, for example mineral oils, animal
      and vegetable fats, oils and waxes, or oils, waxes and fats based on
      synthetic esters.
PAR  The compounds of the formula I are incorporated into the substrates in a
      concentration of 0.01 to 5% by weight calculated relative to the material
      to be stabilised.
PAR  Preferably, 0.05 to 2.0, especially preferentially 0.1 to 1.0% by weight of
      the compounds, calculated relative to the material to be stabilised, are
      incorporated into the latter. The incorporation can, for example, be
      effected by admixing at least one of the compounds of the formula I and
      optionally further additives according to the methods customary in the
      art, before or during shaping, or by application of the dissolved or
      dispersed compounds onto the polymer, if appropriate with subsequent
      evaporation of the solvent.
PAR  In the case of crosslinked polyethylene, the compounds are added before the
      crosslinking.
PAR  As further additives, together with which the stabilisers can be employed,
      there should be mentioned:
PA0  A. simple 2,6-dialkylphenols, such as, for example,
      2,6-di-tert.-butyl-4-methylphenol, 2-tert.-butyl-4,6-dimethylphenol,
      2,6-di-tert.-butyl-4-methoxymethylphenol and
      2,6-dioctadecyl-4-methylphenol.
PA0  B. derivatives of alkylated hydroquinones, such as, for example,
      2,5-di-tert.-butyl-hydroquinone, 2,5-di-tert.-amylhydroquinone,
      2,6-di-tert.-butyl-hydroquinone, 2,5-di-tert.-butyl-4-hydroxy-anisole,
      3,5-di-tert.-butyl-4-hydroxyanisole and
      tris(3,5-di-tert.-butyl-4-hydroxyphenyl)-phosphite.
PA0  C. hydroxylated thiodiphenyl ethers, such as, for example,
      2,2'-thiobis-(6-tert.-butyl-4-methylphenol), 2,2'-thiobis-(4-octylphenol),
      4,4'-thiobis-(6-tert.-butyl-3-methylphenol),
      4,4'-thiobis-(3,6-di-sec.-amylphenol) and
      4,4'-thiobis-(6-tert.-butyl-2-methylphenol).
PA0  D. alkylidene-bis-phenols, such as, for example,
      2,2'-methylene-bis-(6-tert.-butyl-4-methylphenol),
      2,2'-methylene-bis-(6-tert.-butyl-4-ethylphenol),
      4,4'-methylene-bis-(6-tert.-butyl-2-methylphenol,
      4,4'-methylene-bis-(2,6-di-tert.-butylphenol),
      2,6-di-(3-tert.-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol,
      2,2'-methylene-bis-[4-methyl-6-(.alpha.-methyl-cyclohexyl)-phenyl],
      1,1-bis-(3,5-dimethyl-2-hydroxyphenylbutane),
      1,1-bis-(5-tert.-butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(5-tert.-butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(3,5-di-tert.-butyl-4-hydroxyphenyl)-propane,
      1,1,3-tris-(5-tert.-butyl-4-hydroxy-2-methylphenyl)-butane,
      2,2-bis-(5-tert.-butyl-4-hydroxy-2-methylphenyl)-4-n-dodecyl-mercapto-buta
     ne, 1,1,5,5-tetra-(5-tert.-butyl-4-hydroxy-2-methylphenyl)-pentane and
      ethylene glycol-bis-[3,3-bis-(3'-tert.-butyl-4'-hydroxyphenyl)-butyrate].
PA0  E. o-, n- and S-benzyl compounds, such as, for example,
      3,5,3',5'-tetra-tert.-butyl-4,4'-dihydroxydibenzyl-ether,
      4-hydroxy-3,5-dimethylbenzyl-mercaptoacetatic acid octadecyl ester,
      tri-(3,5-di-tert.-butyl-4-hydroxybenzyl)-amine, and the
      bis-(4-tert.-butyl-3-hydroxy-2,6-dimethylbenzyl)-dithiolterephthalate.
PA0  F. hydroxybenzylated malonic esters, such as, for example,
      2,2-bis-(3,5-di-tert.-butyl-2-hydroxybenzyl)-malonic acid dioctadecyl
      ester, 2-(3-tert.-butyl-4-hydroxy-5-methylbenzyl)-malonic acid dioctydecyl
      ester, 2,2-bis-(3,5-di-tert.-butyl-4-hydroxybenzyl)-malonic acid
      didodecylmercapto-ethyl ester, and
      2,2-bis-(3,5-di-tert.-butyl-4-hydroxybenzyl)-malonic acid
      di-(4-tert.-octylphenyl) ester.
PA0  G. hydroxybenzyl-aromatics, such as, for example,
      1,3,5-tri(3,5-di-tert.-butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,
      1,4-di-(3,5-di-tert.-butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene and
      2,4,6-tri-(3,5-di-tert.-butyl-4-hydroxybenzyl)-phenol.
PA0  H. s-Triazine compounds, such as, for example,
      2,4-bis-octylmercapto-6-(3,5-di-tert.-butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.-butyl-4-hydroxyanilino)-s-triazine,
      2-octylmercapto-4,6-bis-(3,5-di-tert.-butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.-butyl-4-hydroxyphenoxy)-s-triazine,
      2,4,6-tris-(3,5-di-tert.-butyl-4-hydroxyphenylethyl)-s-triazine and
      1,3,5-tris-(3,5-di-tert.-butyl-4-hydroxybenzyl)-isocyanurate.
PA0  I. amides of 3,5-di-tert.-butyl-4-hydroxyphenyl-propionic acid, such as,
      for example
      1,3,3-tri-(3,5-di-tert.-butyl-4-hydroxyphenyl-propionyl)-hexahydro-s-triaz
     ine and
      N,N'-di-(3,5-di-tert.-butyl-4-hydroxyphenyl-propionyl)-hexamethylenediamin
     e.
PA0  K. esters of 3,5-di-tert.-butyl-4-hydroxyphenyl-propionic acid with
      monohydric or polyhydric alcohols, such as, for example, methanol, ethanol
      octadecanol; 1,6-hexanediol; 1,9-nonanediol, ethylene glycol;
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, 3-thiaundecanol, 3-thia-pentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, tris-hydroxyethyl-isocyanurate,
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo [2,2,2]-octane and
      pentaerythritol.
PA0  L. esters of 5-tert.-butyl-4-hydroxy-3-methylphenyl-propionic acid with
      monohydric or polyhydric alcohols, such as, for example methanol, ethanol,
      octadecanol; 1,6-hexanediol; 1,9-nonanediol, ethylene glycol;
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, 3-thiaundecanol, 3-thia-pentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]-octane.
PA0  M. esters of 3,5-di-tert.-butyl-4-hydroxyphenylacetic acid with monohydric
      or polyhydric alcohols, such as, for example methanol, ethanol,
      octadecanol, 1,6-hexanediol; 1,9-nonanediol, ethylene glycol,
      1,2-propanediol, diethylene glycol, thiodiethylene glycol, neopentyl
      glycol, 3-thia-undecanol, 3-thia-pentadecanol, trimethylhexanediol,
      trimethylolethane, trimethylolpropane, tris-hydroxyethyl-isocyanurate and
      4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]-octane.
PA0  N. acylaminophenols, such as, for example,
      N-(3,5-di-tert.-butyl-4-hydroxyphenyl)-stearic acid amide and
      N,N'-di-(3,5-di-tert.-butyl-4-hydroxyphenyl)-thio-bis-acetamide.
PA0  0. Benzylphosphonates, such as, for example,
      3,5-di-tert.-butyl-4-hydroxybenzyl-phosphonic acid dimethyl ester,
      3,5-di-tert.-butyl-4-hydroxybenzyl-phosphonic acid diethyl ester,
      3,5-di-tert.-butyl-4-hydroxybenzyl-phosphonic acid dioctadecyl ester and
      5-tert.-butyl-4-hydroxy-3-methylbenzylphosphonic acid dioctadecyl ester.
PAR  Amongst the aminoaryl derivatives there should be mentioned aniline and
      naphthylamine derivatives as well as their heterocyclic derivatives, for
      example: phenyl-1-naphthylamine, phenyl-2-naphthylamine,
      N,N'-diphenyl-p-phenylenediamine, N,N'-di-2-naphthyl-p-phenylenediamine,
      N,N'-di-sec.-butyl-p-phenylenediamine,
      6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline,
      6-dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline, mono- and
      di-octyliminodibenzyl and polymerised
      2,2,4-trimethyl-1,2-dihydroquinoline.
PAR  2. UV-absorbers and light protection agents such as:
PA0  a. 2-(2'-Hydroxyphenyl)-benztriazoles, for example the 5'-methyl-,
      3',5'-di-tert.-butyl-, 5'-tert.-butyl-, 5-chloro-3'-, 5'-tert.-butyl-,
      5-chloro-3'-tert.-butyl-5'-methyl, 3'-sec.-butyl-5'-tert.-butyl-,
      3'-[.alpha.-methyl-benzyl]-5'-methyl-,
      3'-[.alpha.-methylbenzyl]-5'-methyl-5-chloro, 4'-octoxy-,
      3',5'-di-tert.-amyl-, 3'-methyl-5'-carbomethoxyethyl-, and
      5-chloro-3',5'-di-tert.-amyl-derivative.
PA0  b. 2,4-bis-(2'-Hydroxyphenyl)-6-alkyl-s-triazines, for example the 6-ethyl-
      or 6-undecyl-derivative.
PA0  c. 2-Hydroxy-benzophenones, for example the 4-hydroxy-, 4-methoxy-,
      4-octoxy-, 4-decyloxy-, 4-dodecyloxy-, 4,2',4'-trihydroxy- or
      2'-hydroxy-4,4'-dimethoxy-derivative.
PA0  d. 1,3-bis-(2'-Hydroxy-benzoyl)-benzenes, for example
      1,3-bis-(2'-hydroxy-4'-hexyloxy-benzoyl)-benzene,
      1,3-bis-(2'-hydroxy-4'-octoxy-benzoyl)-benzene, and
      1,3-bis-(2'-hydroxy-4'-dodecyloxy-benzoyl)-benzene.
PA0  e. Aryl esters of optionally substituted benzoic acids such as, for
      example, phenyl salicylate, octylphenyl salicylate, di-benzoylresorcinol,
      bis-(4-tert.-butylbenzoyl)-resorcinol, benzoxyl-resorcinol,
      3,5-di-tert.-butyl-4-hydroxybenzoic acid 2,4-di-tert.-butyl-phenyl ester,
      octadecyl ester or 2-methyl-4,6-di-tert.-butylphenyl ester.
PA0  f. Acrylates, for example, .alpha.-cyano-.beta.,.beta.-diphenylacrylic acid
      ethyl ester or isooctyl ester, .alpha.-carbomethoxy-cinnamic acid methyl
      ester, .alpha.-cyano-.beta.-methyl-p-methoxy-cinnamic acid methyl ester or
      butyl ester and N-(.beta.-carbomethoxy-vinyl)-2-methyl-indoline.
PA0  g. Nickel compounds, for example nickel complexes of
      2,2'-thio-bis-(4-tert.-octylphenol), such as the 1:1 and 1:2 complex,
      optionally with other ligands such as n-butylamine, nickel complexes of
      bis-(4-tert.-octylphenyl)-sulphone, such as the 2:1 complex, optionally
      with other ligands such as 2-ethyl-caproic acid, nickel
      dibutyldithiocarbamate, nickel salts of
      4-hydroxy-3,5-di-tert.-butylbenzyl-phosphonic acid monoalkyl esters, such
      as the methyl, ethyl or butyl ester, the nickel complex of
      2-hydroxy-4-methyl-phenyl-undecylketonoxime and nickel
      3,5-di-tert.-butyl-4-hydroxy-benzoate.
PA0  h. Oxalic acid diamides, for example 4,4'-di-octyloxyanilide,
      2,2'-di-octyloxy-5,5'-di-tert.-butyl-oxanilide, and
      2,2'-di-dodecyloxy-5,5'-di-tert.-butyl-oxanilide.
PA0  i. Sterically hindered amines, for example
      4-benzoyloxy-2,2,6,6-tetramethylpiperidine,
      4-stearoyloxy-2,2,6,6-tetramethylpiperidine,
      bis-(2,2,6,6-tetramethylpiperidyl)-sebacate,
      3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triaza-spiro [4,5]-decan-2,4-dione.
PAR  3. Metal deactivators, such as oxanilide, isophthalic acid dihydrazide,
      sebacic acid bis-phenylhydrazide, bis-benzylideneoxalic acid dihydrazide,
      N,N'-diacetyl-adipic acid dihydrazide, N,N'-bis-salicyloyl-oxalic acid
      dihydrazide and N,N'-bis-salicyloyl-hydrazine.
PAR  4. Phosphites, such as triphenylphosphite, diphenyl-alkyl-phosphites,
      phenyldialkylphosphites, trinonylphenylphosphite, trilaurylphosphite,
      trioctadecylphosphite,
      3,9-di-isodecyloxy-2,4,8,10-tetraoxa-3,9-diphospha-spiro-(5,5)undecane and
      tri-(4-hydroxy-3,5-di-tert.-butylphenyl)-phosphite.
PAR  5. Compounds which destroy peroxide, such as esters of
      .beta.-thiodipropionic acid, for example the lauryl, stearyl, myrystyl or
      tridecyl ester, salts of 2-mercaptobenzimidazole, for example the zinc
      salt, and diphenylthiourea for polyolefines.
PAR  6. Polyamide stabilisers such as copper salts in combination with iodides
      and/or further phosphorus compounds and salts of divalent manganese.
PAR  7. Basic co-stabilisers, such as polyvinylpyrrolidone, melamine,
      benzoguanamine, triallyl cyanurate, dicyandiamide, urea derivatives,
      hydrazine derivatives, amines, polyamides, polyurethanes, and alkali metal
      salts and alkaline earth metal salts of higher saturated or unsaturated
      fatty acids such as, for example, Ca stearate.
PAR  8. PVC stabilisers, such as organic tin compounds, organic lead compounds
      and Ba/Cd salts of fatty acids.
PAR  9. Nucleating agents, such as 4-tert.-butylbenzoic acid, adipic acid and
      diphenylacetic acid.
PAR  10. Other additives such as plasticisers, lubricants, for example glycerine
      monostearate, emulsifiers, antistatic agents, flameproofing agents,
      pigments, carbon black, asbestos, glass fibres, kaolin and talc.
PAR  The invention is explained in more detail in the examples which follow.
      Herein, per cent (%) denotes per cent by weight and parts denote parts by
      weight.
DETD
PAC  EXAMPLE 1
      ##SPC31##
PAR  27.6 g (0.1 mol) of 3,5-di-tert.-butyl-4-hydroxyphenylethyl methyl ketone,
      4.9 g (0.1 mol) of sodium cyanide and 28.8 g (0.3 mol) of ammonium
      carbonate are initially introduced into 180 ml of 80% strength aqueous
      ethanol and the mixture is heated to 45.degree.C for 6 hours whilst
      stirring. Thereafter it is diluted with 60 ml of water and cooled to room
      temperature over the course of 2 hours. The precipitate formed is filtered
      off, thoroughly washed first with water and then with hexane and
      recrystallised from acetonitrile. 31.5 g of
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin
      (stabiliser No. 1) of melting point 207.degree.-209.degree.C are thus
      obtained.
PAC  EXAMPLE 2
PAR  If, in Example 1, 3,5-di-tert.-butyl-4-hydroxyphenylethyl methyl ketone is
      replaced by an equivalent amount of
      (3-tert.-butyl-4-hydroxy-5-methyl-phenylethyl methyl ketone and otherwise
      the same procedure is followed,
      5-(3'-tert.-butyl-4'-hydroxy-5'-methyl-phenylethyl)-5-methylhydantoin of
      melting point 210.degree.-211.degree.C is obtained (stabiliser No. 2).
PAC  EXAMPLE 3
PAR  If, in Example 1, 3,5-di-tert.-butyl-4-hydroxyphenylethyl methyl ketone is
      replaced by an equivalent amount of
      2-(3,5-di-tert.-butyl-4'-hydroxy-phenyl)-isopropyl methyl ketone, and
      otherwise the same procedure is followed,
      5-[2'(3",5"-di-tert.-butyl-4"-hydroxy-phenyl)-isopropyl]-5-methyl-hydantoi
     n of melting point 240.degree.C is obtained (stabiliser No. 3).
PAC  EXAMPLE 4
PAR  If, in Example 1, 3,5-di-tert.-butyl-4-hydroxyphenylethyl methyl ketone is
      replaced by an equivalent amount of
      3,5-di-tert.-butyl-4-hydroxy-acetophenone, and otherwise the same
      procedure is followed,
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenyl)-5-methyl-hydantoin of melting
      point 260.degree.C is obtained (stabiliser No. 4).
PAC  EXAMPLE 5
PAR  If, in Example 1, 3,5-di-tert.-butyl-4-hydroxyphenylethyl methyl ketone is
      replaced by an equivalent amount of
      3-(3',5'-di-tert.-butyl-4'-hydroxyphenyl)-propionaldehyde, and otherwise
      the same procedure is followed,
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-hydantoin of melting point
      207.degree.-208.degree.C is obtained (stabiliser No. 5).
PAC  EXAMPLE 6
PAR  If, in Example 1, 3,5-di-tert.-butyl-4-hydroxyphenylethyl -methyl  ketone
      is replaced by an equivalent amount of 3-tert.-butyl-4-hydroxy-phenylethyl
      methyl ketone, and otherwise the same procedure is followed,
      5-(3'-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin of melting
      point 246.degree.C is obtained (stabiliser No. 6).
PAC  EXAMPLE 7
      ##SPC32##
PAR  19.3 g (0.039 mol) of 3,5-di-tert.-butyl-4-hydroxyphenylethyl heptadecyl
      ketone, 1.9 g (0.039 mol) of sodium cyanide and 11.1 g (0.116 mol) of
      ammonium carbonate are initially introduced into 150 ml of 90% strength
      ethanol and the mixture is kept for 36 hours at 40.degree.-45.degree.C,
      whilst stirring. Thereafter, 150 ml of water are added to the pasty
      reaction mixture, which is stirred for a further hour at room temperature.
      After filtration, washing with water and then with hexane, and subsequent
      recrystallisation from hexane,
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-heptadecyl-hydantoin
      (stabiliser No. 7) melts at 89.degree.C.
PAC  EXAMPLE 8
PAR  If, in Example 7, 3,5-di-tert.-butyl-4-hydroxyphenylethyl heptadecyl ketone
      is replaced by an equivalent amount of
      di-(3,5-di-tert.-butyl-4-hydroxy-phenylethyl) ketone of German
      Offenlegungsschrift No. 2,009,504 and otherwise the same procedure is
      followed, 5,5-bis-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-hydantoin
      (stabiliser No. 8) is obtained. Melting point 218.degree.-220.degree.C.
PAC  EXAMPLE 9
      ##SPC33##
PAR  30 g (0.087 mol) of
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hydantoin and 13.1
      g (0.131 mol) of acrylic acid ethyl ester are dissolved in 100 ml of
      ethanol, 2 ml of a 40% strength solution of benzyl-trimethyl-ammonium
      hydroxide in methanol are added and the mixture is heated under reflux for
      12 hours, whilst stirring. Thereafter it is neutralised with glacial
      acetic acid, diluted with 50 ml of water and cooled whilst stirring. The
      precipitate formed is filtered off, washed with 50% strength ethanol and
      recrystallised from 70% strength alcohol. 29 g of
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-3-ethoxycarbonyle
     thyl-hydantoin of melting point 100.degree.C are thus obtained. (Stabiliser
      No. 9).
PAC  EXAMPLE 10
PAR  If, in Example 9, the acrylic acid ethyl ester is replaced by an equivalent
      amount of acrylonitrile and otherwise the same procedure is followed,
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-3-cyanoethyl-hyda
     ntoin is obtained in the form of a light-colored resin (stabiliser No. 10).
PAC  EXAMPLE 11
      ##SPC34##
PAR  21 g (0.06 mol) of
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hydantoin and 5 g
      (0.02 mol) of 1,3,5-tris-acryloyl-hexahydro-s-triazine are dissolved in
      100 ml of dimethylformamide, a few drops of a concentrated sodium ethylate
      solution are added and the mixture is heated to 100.degree.C over the
      course of 90 minutes, whilst stirring. The mixture is stirred for a
      further 5 hours at this temperature, the brownish solution is subsequently
      decolorised with a little glacial acetic acid, cooled and mixed first with
      toluene and then with 200 ml of water, and the organic phase which
      separates out is separated off. After thorough washing with water, the
      toluene phase is completely concentrated under reduced pressure.
      1,3,5-tris-[5'-(3",5"-Di-tert.-butyl-4"-hydroxy-phenylethyl)-5'-methyl-hyd
     antoin-3'-yl] -propionylhexahydro-s-triazine, a light-colored brittle resin
      of softening point &gt; 100.degree.C is thus obtained. (Stabiliser No. 11)
PAC  EXAMPLE 12
      ##SPC35##
PAR  17.3 g (0.05 mol) of
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin and 11
      g (0.05 mol) of (3-tert.-butyl-4-hydroxy-5-methyl-benzyl)dimethylamine are
      dissolved in 100 ml of dimethylformamide, a pinch of lithium amide is
      added and the mixture is heated to 90.degree.C for 16 hours whilst
      stirring and passing nitrogen through it. The brown solution is brightened
      with a little glacial acetic acid and the solvent is distilled off under
      reduced pressure. On recrystallisation from acetonitrile, 20 g of
      3-(3'-tert.-butyl-4'-hydroxy-5'-methyl-benzyl)-5-(3",5"-di-tert.-butyl-4"-
     hydroxy-phenylethyl)-5-methyl-hydantoin of melting point 218.degree.C
      (stabiliser No. 12) are obtained.
PAC  EXAMPLE 13
PAR  If, in Example 12,
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hydantoin is
      replaced by an equivalent amount of
      5-(3'-tert.-butyl-4'-hydroxy-5'-methyl-phenylethyl)-5-methyl-hydantoin and
      otherwise the same procedure is followed,
      3-(3'-tert.-butyl-4'-hydroxy-5'-methyl-benzyl)-5-(3"-tert.-butyl-4"-hydrox
     y-5"-methyl-phenylethyl)-5-methyl-hydantoin of melting point
      110.degree.-120.degree.C (stabiliser No. 13) is obtained.
PAC  EXAMPLE 14
PAR  If, in Example 12,
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hydantoin is
      replaced by an equivalent amount of
      5,5-bis-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-hydantoin and
      otherwise the same procedure is followed,
      5,5-bis-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-3-(3"-tert.-butyl-4"
     -hydroxy-5"-methylbenzyl)-hydantoin of melting point
      125.degree.-130.degree.C is obtained (stabiliser No. 14).
PAC  EXAMPLE 15
PAR  If, in Example 12,
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hydantoin is
      replaced by an equivalent amount of
      5-[2'-(3",5"-di-tert.-butyl-4"-hydroxyphenyl)-isopropyl]-5-methyl-hydantoi
     n and otherwise the same procedure is followed,
      3-(3'-tert.-butyl-4'-hydroxy-5'-methylbenzyl)-5-[2-(3",5"-di-tert.-butyl-4
     "-hydroxyphenyl)-isopropyl]-5-methyl-hydantoin of melting point
      193.degree.C is obtained (stabiliser No. 15).
PAC  EXAMPLE 16
      ##SPC36##
PAR  5.7 g (0.01 mol) of
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-heptadecyl-hydantoin and
      2.6 g (0.01 mol) of (3,5-di-tert.-butyl-4-hydroxybenzyl)dimethylamine are
      dissolved in 50 ml of dimethylformamide and the mixture is stirred for 16
      hours at 100.degree.C whilst passing nitrogen through it. The brown
      solution is brightened with a little glacial acetic acid and the solvent
      is distilled off under reduced pressure. On recrystallisation from
      acetonitrile,
      3-(3',5'-di-tert.-butyl-4'-hydroxybenzyl)-5-(3",5"-di-tert.-butyl-4"-hydro
     xy-phenylethyl)-5-heptadecyl-hydantoin melts at 48.degree.-50.degree.C
      (stabiliser No. 16).
PAC  EXAMPLE 17
PAR  If, in Example 16,
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-heptadecyl-hydantoin is
      replaced by an equivalent amount of
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin and
      otherwise the same procedure is followed,
      3-(3',5'-di-tert.-butyl-4'-hydroxybenzyl)-5-(3",5"-di-tert.-butyl-4"-hydro
     xyphenylethyl) -5-methyl-hydantoin of melting point 217.degree.C
      (stabiliser No. 17) is obtained.
PAC  EXAMPLE 18
      ##SPC37##
PAR  12.1 g (0.035 mol) of
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin, 11.65
      g (0.035 mol) of 1-bromooctadecane and 1.9 g (0.035 mol) of sodium
      methylate (dissolved in 10 ml of methanol) are initially introduced into
      100 ml of dimethylformamide and the mixture is stirred for 14 hours at
      80.degree.C. Thereafter it is cooled, first mixed with 100 ml of toluene
      and then with 100 ml of water, and the organic phase is separated off.
      After thorough washing with water, the toluene phase is completely
      concentrated under reduced pressure and taken up in acetonitrile. After
      prolonged standing, 15 g of
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-3-octadecyl-hydant
     oin of melting point 62.degree.C (stabiliser No. 18) crystallise.
PAC  EXAMPLE 19
PAR  If, in Example 18, the 1-bromooctadecane is replaced by an equivalent
      amount of 1-bromohexadecane and otherwise the same procedure is followed,
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-3-hexadecyl-hydan
     toin of melting point 64.degree.C (stabiliser No. 19) is obtained.
PAC  EXAMPLE 20
      ##SPC38##
PAR  34.6 g (0.1 mol) of
      5-(3',5'-di-tert.-butyl-4'-hydroxyphenylethyl)-5-methyl-hydantoin, 8.7 g
      (0.05 mol) of methylene bromide and 38 g (0.1 mol) of potassium hydroxide
      are initially introduced into 100 ml of dimethylformamide and the mixture
      is kept at 80.degree.C for 16 hours, whilst stirring. After cooling,
      insoluble matter is filtered off, first 100 ml of toluene and then 100 ml
      of water are added and the toluene phase is separated off and repeatedly
      washed with water. Thereafter, 50 ml of toluene are distilled off under
      reduced pressure and the residual brown solution is left to stand for 24
      hours at room temperature. The resulting precipitate is filtered off and
      recrystallised from acetonitrile.
      3,3'-methylene-bis[5-(3",5"-di-tert.-butyl-4"-hydroxy-phenylethyl)-5-methy
     l-hydantoin] of melting point 222.degree.C (stabiliser No. 20) are thus
      obtained.
PAC  EXAMPLE 21
      ##SPC39##
PAR  17.3 g (0.05 mol) of
      5-(3',5'-di-tert.-butyl-4'-hydroxy-phenylethyl)-5-methyl-hydantoin, 13 g
      (0.05 mol) of (3,5-di-tert.-butyl-4-hydroxybenzyl)-oxirane and 1 g of
      tripropylamine in 100 ml of dimethylformamide are heated for 5 hours under
      reflux, whilst stirring. After cooling, 5 ml of glacial acetic acid, 100
      ml of toluene and 100 ml of water are added. The toluene phase is washed
      with water, completely concentrated under reduced pressure and dissolved
      in acetonitrile to give a concentrated solution. After prolonged standing,
      a precipitate forms and is filtered off.
      3-[3'-(3",5"-di-tert.-butyl-4"-hydroxyphenyl)-2-hydroxy]-propyl-5-(3"',5"'
     -di-tert.-butyl-4"'-hydroxy-phenylethyl)-5-methylhydantoin of melting point
      193.degree.C (stabiliser No. 21) is thus obtained.
PAC  EXAMPLE 22
PAR  6.95 g (0.02 mol) of
      5-(3'5'-di-tert-butyl-4'-hydroxyphenylethyl)-5-methylhydantoin, 1.4 g
      (0.01 mol) of potassium carbonate and 1.55 g (0.01 mol) of
      1,6-dichlorohexane in 30 ml of dimethylformamide are stirred for 20 hours
      at 100.degree.C under nitrogen. After cooling, the mixture is added slowly
      to 120 ml of water with stirring. The precipitated solid is removed by
      filtration, dried and dissolved in 40 ml of ethanol and decolorized with
      charcoal. The ethanol solution is filtered and the filtrate added to 400
      ml of water with stirring to yield a thick, white suspension which is then
      filtered. 3,3'-Hexamethylene-bis [5(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methylhydantoin] is thus obtained
      as a white solid of melting point 100.degree.-112.degree.C. (stabiliser
      No. 22).
PAC  EXAMPLE 23
PAR  If, in Example 22, the 1,6-dichlorohexane is replaced by an equivalent
      amount of bis(2-chloroethyl)ether and otherwise the same procedure is
      followed, 3,3'-oxydiethylene-bis [ 5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methylhydantoin] of melting point
      105.degree.-106.degree.C is obtained (stabiliser No. 23).
PAC  EXAMPLE 24
PAR  5.65 g (0.01 mol) of 3-(3',5' -di-tert-butyl-4'-hydroxybenzyl)-5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methylhydantoin and 4.35 g (0.02
      mol) of (3,5-di-tert-butyl-4-hydroxybenzyl)dimethylamine are dissolved in
      20 ml of dimethylformamide and stirred under nitrogen for 44 hours at
      120.degree.C. The reaction mixture is cooled and poured slowly into 120 ml
      of water with stirring. The product is isolated from this mixture by
      successive extractions with 100 ml and then two 75 ml portions of benzene.
      The combined benzene extracts are dried and completely concentrated under
      reduced pressure. The residue is taken up in 100 ml of hot heptane and
      after cooling, the insoluble crystals are removed by filtration. The
      filtrate is evaporated to dryness under reduced pressure, and the residue
      again dissolved in 100 ml of benzene. The benzene solution is washed
      successively with two 40 ml portions of 3N hydrochloric acid and one 40 ml
      portion of water. The dried benzene solution is again completely
      concentrated under reduced pressure. The residue is taken up in boiling
      hexane, and an insoluble fraction is separated by filtration. The filtrate
      is evaporated to dryness under reduced pressure. After recrystallization
      from petroleum ether, 1,3-di(3',5' ,-di-tert-butyl-
      4'-hydroxybenzyl)-5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methylhydantoin of melting point
      112.degree.-114.degree.C is obtained. (stabiliser No. 24).
PAC  EXAMPLE 25
PAR  7.75 g (0.01 mol) of 3,3'-hexamethylene-bis-[5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methylhydantoin] is added
      portionwise with stirring to a slurry of 1.92 g (0.04 mol) of a 50%
      dispersion of sodium hydride in mineral oil in 100 g of dry
      dimethylformamide. The temperature of the reaction mixture is maintained
      at 50.degree.-55.degree.C until gas evolution ceases. 3.3 g (0.02 mol) of
      1-bromohexane is then added dropwise over a period of 15-30 minutes. The
      temperature of the mixture is maintained between 60.degree.-80.degree.C
      until the reaction is complete. The reaction mixture is then poured into
      water and neutralized with dilute hydrochloric acid. The mixture is then
      extracted with chloroform. The chloroform phase is dried and completely
      concentrated under reduced pressure to yield as the residue the desired
      3,3'-hexamethylene-bis[5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methyl-1-n-hexylhydantoin].
PAC  EXAMPLE 26
PAR  5-(3',5' -di-tert-butyl-4'-hydroxyphenylethyl)hydantoin is treated with
      morpholine and formaldehyde according to the procedure of O. O Orazi and
      R. A. Corral, Tetrahedron, 15, 93 (1961) to prepare the corresponding
      3-N-morpholinomethyl-5-(3',5'
      -di-tert-butyl-4'-hydroxyphenylethyl)hydantoin. This material is then
      alkylated in the 1-position with 1-bromohexane as described in Example 25.
      The morpholinomethyl group is removed by subsequent hydrolysis according
      to the procedure of O. O. Orazi and R. A. Corral, Experientia, 21, 508
      (1965) to give 5-(3',5'
      -di-tert-butyl-4'-hydroxyphenylethyl)-1-n-hexylhydantoin.
PAC  EXAMPLE 27
PAR  7.8 g (0.12 mole) of potassium cyanide in 40 ml of water is slowly added to
      a stirred solution of 27.6 g (0.1 mole) of
      3,5-di-tert-butyl-4-hydroxyphenylethyl methyl ketone and 27.0 g (0.1 mole)
      of n-octadecylamine in 200 ml of glacial acetic acid at
      15.degree.-25.degree.C. The mixture is stirred at 20.degree.-25.degree.C
      for 3.5 hours after addition is complete and then allowed to stand
      overnight at room temperature. The reaction mixture is then diluted with
      water and extracted with ether. The ether extract is dried and evaporated
      to dryness. The crude aminonitrile thus obtained is dissolved in 200 ml of
      glacial acetic acid containing 10 ml of concentrated hydrochloric acid and
      reacted with 16.2 g (0.2 mole) of potassium cyanate in 50 ml of water. The
      reaction mixture is warmed at 35.degree.-50.degree.C for 3 hours, then
      cooled and poured into water. The solid obtained is removed by filtration
      and then refluxed with 300 ml of 20% aqueous hydrochloric acid for 30
      minutes. The solution is cooled and the desired product, 5-(3',5'
      -di-tert-butyl-4'-hydroxyphenylethyl)-5-methyl-1-n-octadecylhydantoin, is
      isolated by filtration, washed, dried and recrystallized.
PAC  EXAMPLE 28
PAR  If, in Example 16, 5-(3',5'
      -di-tert-butyl-4'-hydroxyphenylethyl)-5-heptadecylhydantoin is replaced by
      an equivalent amount of 5-(3',5' ,
      -di-tert-butyl-4'-hydroxyphenylethyl)-5-methyl-1-n-octadecylhydantoin and
      otherwise the same procedure is followed, 3-(3',5'
      -di-tert-butyl-4'-hydroxybenzyl)-5-(3",5"
      -di-tertbutyl-4"-hydroxyphenylethyl)-5-methyl-1-n-octadecylhydantoin is
      obtained.
PAC  EXAMPLE 29
PAR  100 parts of polypropylene (melt index 3.2 g/10 minutes, 230.degree.C/2,160
      g) are thoroughly mixed for 10 minutes in a shaking apparatus, with 0.2
      part of an additive listed in Table 1 below.
PAR  The resulting mixture is kneaded for 10 minutes in a Brabender plastograph
      at 200.degree.C and the mass thus obtained is subsequently pressed in a
      sheet press at 260.degree.C platen temperature to give 1 mm thick sheets,
      from which strips 1 cm wide and 17 cm long are punched.
PAR  The activity of the additives introduced into the test strips is tested by
      heat aging in a circulating air oven at 149.degree.C, using, for
      comparison, an additive-free test strip. 3 test strips of each formulation
      are employed. The incipient, easily visible decomposition of the test
      strip is defined as the end point. The results are quoted in days.
TBL                Table 1                                                     
     ______________________________________                                    
     Stabiliser   Days to incipient decomposition                              
     No.          149.degree.C                                                 
     ______________________________________                                    
     No additive  1/2                                                          
      7           10                                                           
     12            7                                                           
     13           15                                                           
     16           17                                                           
     17            6                                                           
     18           10                                                           
     21           19                                                           
     ______________________________________                                    
PAC  EXAMPLE 30
PAR  The test specimens described in Example 29 were additionally tested for
      their color stability, namely:
PA0  a. after incorporation (Table 2, column 2).
PA0  b. after 500 hours' exposure in a Xenotest instrument of Messrs. Hanau
      (Table 2, column 3)
PA0  c. after 1 week's treatment with boiling water (Table 2, column 4).
PAR  An empirical color scale was used for Table 2, in which 5 denotes
      colorless, 4 denotes a just perceptible slight discoloration and 3, 2, 1
      and &gt; 1 denote progressively stronger discoloration.
TBL                Table 2                                                     
     ______________________________________                                    
     Stabiliser                                                                
             Colour assessment according to scale 1 to 5                       
     No.                                                                       
     After           After exposure                                            
                                 Boiling water,                                
     incorporation   to light    1 week                                        
     ______________________________________                                    
      2      4           4           5                                         
      7      4-5         5           4                                         
     12      4-5         5           4-5                                       
     13      4-5         4-5         4-5                                       
     16      4-5         5           4-5                                       
     17      4-5         5           4-5                                       
     18      4-5         5           5                                         
     21      4-5         5           4-5                                       
     ______________________________________                                    
PAC  EXAMPLE 31
PAR  100 parts of polypropylene (melt index 3.2 g/10 minutes, 230.degree.C/2,160
      g) are thoroughly mixed for 10 minutes in a shaking apparatus with 0.1
      part of an additive listed in Table 3 below and 0.3 part of dilauryl
      thiodipropionate.
PAR  The resulting mixture is kneaded for 10 minutes in a Brabender plastograph
      at 200.degree.C and the mass thus obtained is subsequently pressed in a
      sheet press at 260.degree.C platen temperature to give 1 mm thick sheets
      from which strips 1 cm wide and 17 cm long are punched.
PAR  The activity of the additives introduced into the pressed strips is tested
      by heat aging in a circulating air oven at 149.degree.C. using for
      comparison a test strip which only contains 0.3 part of dilauryl
      thiodipropionate. Three test strips of each formulation are employed. The
      incipient, easily visible decomposition of the test strip is defined as
      the end point and the results are quoted in days.
TBL                Table 3                                                     
     ______________________________________                                    
     Stabiliser   Days up to incipient decomposition                           
     No.          149.degree.C                                                 
     ______________________________________                                    
     No additive   5                                                           
      7           24                                                           
     12           19                                                           
     13           17                                                           
     16           40                                                           
     17           14                                                           
     18           21                                                           
     21           32                                                           
     ______________________________________                                    
PAC  EXAMPLE 32
PAR  The test specimens described in Example 31 were additionally tested for
      their color stability, namely:
PA0  a. after incorporation (Table 4, column 2).
PA0  b. after 500 hours' exposure in a Xenotest instrument of Messrs. Hanau
      (Table 4, column 3)
PA0  c. after 1 week's treatment with boiling water (Table 4, column 4).
PAR  An empirical color scale was used for Table 4, in which 5 denotes
      colorless, 4 denotes a just perceptible slight discoloration and 3, 2, 1
      and &lt;1 denote progressively stronger discoloration.
TBL                Table 4                                                     
     ______________________________________                                    
     Stabiliser                                                                
             Colour assessment according to scale 1 to 5                       
     No.                                                                       
     After           After exposure                                            
                                 Boiling water,                                
     incorporation   to light    1 week                                        
     ______________________________________                                    
      2      4           4           5                                         
      7      4-5         5           4                                         
     12      5           5           5                                         
     13      5           5           5                                         
     16      4-5         5           5                                         
     17      4-5         5           4-5                                       
     18      5           5           5                                         
     21      4-5         5           4-5                                       
     ______________________________________                                    
PAC  EXAMPLE 33
PAR  Shavings (chips) of 25.mu. thickness are cut by means of a microtome from
      the 1 mm thick test sheets described in Example 29. These chips are
      sandwiched between stainless steel grids and the sample carriers thus
      obtained are suspended in a circulating air oven and the samples are aged
      at 135.degree.C and 147.degree.C, respectively.
PAR  The time after which, on gentle tapping on the grid, degraded polypropylene
      falls out in the form of a powder is defined as the end point (a check is
      made 1 - 2x daily). The results are quoted in hours. (Table 5).
TBL                Table 5                                                     
     ______________________________________                                    
     Stabiliser    Hours to incipient decomposition                            
     No.            147.degree.C   135.degree.C                                
     ______________________________________                                    
     No additive   10              20                                          
      7            40             140                                          
     16            70             220                                          
     21            140            380                                          
     ______________________________________                                    
PAC  EXAMPLE 34
PAR  Shavings (chips) of 25.mu. thickness are cut by means of a microtome from
      the 1 mm thick test sheets described in Example 31. These chips are
      clamped between stainless steel grids and the sample carriers thus
      obtained are suspended in a circulating air oven and the samples are aged
      at 135.degree.C or 147.degree.C. The time after which, on gentle tapping
      on the grid, degraded polypropylene falls out in the form of a powder is
      defined as the end point (a check is made 1 - 2x daily). The results are
      quoted in hours. (Table 6).
TBL                Table 6                                                     
     ______________________________________                                    
     Stabiliser     Hours to incipient decomposition                           
     No.             147.degree.C                                              
                                  135.degree. C                                
     ______________________________________                                    
     No additive     10           20                                           
      7              70          220                                           
     16             210          550                                           
     21             140          380                                           
     ______________________________________                                    
PAC  EXAMPLE 35
PAR  A batch of unstabilized polypropylene powder (Hercules Profax 6501) is
      thoroughly blended with 0.2% by weight of various compounds of this
      invention. The blended materials are then milled on a two-roll mill at
      182.degree.C for 5 minutes after which time the stabilized polypropylene
      is sheeted from the mill and allowed to cool.
PAR  The milled polypropylene sheets are then cut into pieces and pressed for 5
      minutes on a hydraulic press at 218.degree.C and 275 pounds per square
      inch pressure. The resulting sheet of 25 mil thickness is tested for
      resistance to accelerated aging in a forced draft oven at 150.degree.C.
      The results are set out in Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
     Stabilizer        Oven Aging at 150.degree.C                              
     No.               Hours to Failure                                        
     ______________________________________                                    
     17                 90                                                     
     22                330                                                     
     23                260                                                     
     24                250                                                     
     Unstabilized                                                              
     Polypropylene      3                                                      
     ______________________________________                                    
PAC  EXAMPLE 36
PAR  Test specimens are prepared exactly as described in Example 35 except that
      the stabilized polypropylene contains 0.2% by weight of various compounds
      of this invention and 0.5% by weight of 5-chloro-2-(2'-hydroxy-3',5'
      -di-tert-butylphenyl) benzotriazole as a co-stabilizer. Results of
      accelerated aging tests in a forced draft oven at 150.degree.C are shown
      in Table 8.
TBL                Table 8                                                     
     ______________________________________                                    
     Stabiliser No.     Oven Aging at 150.degree.C                             
     (Plus Co-Stabiliser)                                                      
                        Hours to Failure                                       
     ______________________________________                                    
     17                  80                                                    
     22                 105                                                    
     23                 165                                                    
     24                 250                                                    
     Unstabilized                                                              
     Polypropylene       3                                                     
     ______________________________________                                    
PAC  EXAMPLE 37
PAR  Test specimens are prepared exactly as described in Example 35 except that
      the stabilized polypropylene contains 0.1% by weight of various compounds
      of this invention and 0.3% by weight of distearyl thiodipropionate as a
      co-stabiliser. Results of accelerated aging tests in a forced draft oven
      at 150.degree.C are shown in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     Stabiliser                                                                
     No. (Plus           Oven Aging at 150.degree.C                            
     Co-Stabiliser)      Hours to Failure                                      
     ______________________________________                                    
     17                  430                                                   
     22                  870                                                   
     23                  690                                                   
     24                  1645                                                  
     Unstabilised                                                              
     Polypropylene        3                                                    
     With Co-Stabiliser Only                                                   
                         100                                                   
     ______________________________________                                    
PAC  EXAMPLE 38
PAR  Test specimens are prepared exactly as those described in Example 36 except
      that the milled polypropylene sheets are cut into pieces and pressed for 3
      minutes on a hydraulic press at 218.degree.C and 275 pounds per square
      inch pressure. The resulting sheet of 5 mil thickness is tested in
      fluorescent sunlight black light environment with the development of
      carbonyl absorption in the infrared spectrum at the 585 millimicron
      wavelength being the measure of stabilsation protection afforded by the
      stabilisers present in the polypropylene. Failure is taken as the hours
      required to cause the carbonyl absorption to reach a value of 0.5. Such a
      value correlates with the reduction of physical properties of the
      polypropylene pellicle to unacceptable levels. The results are set out in
      Table 10.
TBL                Table 10                                                    
     ______________________________________                                    
                     Fluorescent Sunlight                                      
     Stabiliser      Black Light Test                                          
     No. (Plus       Hours to Failure                                          
     Co-Stabiliser)  (0.5 Carbonyl Absorption)                                 
     ______________________________________                                    
     17              820                                                       
     22              765                                                       
     23              590                                                       
     24              980                                                       
     Unstabilised                                                              
     Polypropylene   225                                                       
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC40##
PAL  wherein R.sub.1 denotes alkyl with 1 to 8 carbon atoms, cycloalkyl with 6
      to 8 carbon atoms or aralkyl with 7 to 9 carbon atoms; R.sub.2 denotes
      hydrogen, alkyl with 1 to 8 carbon atoms, cycloalkyl with 6 to 8 carbon
      atoms or aralkyl with 7 to 9 carbon atoms; R.sub.3 denotes hydrogen or
      methyl; X denotes a direct bond, alkylene with 1 to 18 carbon atoms, which
      can be interrupted by oxygen or sulphur atoms, or the radical --OCH.sub.2
      -- wherein the oxygen atom is bonded to the phenol radical; R.sub.4
      denotes hydrogen, alkyl with 1 to 17 carbon atoms, alkenyl with 2 to 17
      carbon atoms, thiaalkyl with 3 to 21 carbon atoms, oxaalkyl with 3 to 21
      carbon atoms, cyclohexyl, benzyl, phenyl, alkylphenyl with 7 to 14 carbon
      atoms, alkoxyphenyl with 7 to 24 carbon atoms, chlorophenyl,
      dichlorophenyl, naphthyl or a group
      ##SPC41##
PAL  or X and R.sub.4 conjointly with the carbon atom in the 5-position of the
      hydantoin ring denote one of the radicals
      ##SPC42##
PAL  R.sub.5 denotes hydrogen, alkyl with 1 to 18 carbon atoms, alkenyl with 3
      to 18 carbon atoms, cyclohexyl, benzyl or hydroxybenzyl which is
      unsubstituted or substituted by 1 to 3 alkyl groups each with 1 to 4
      carbon atoms; R.sub.6 denotes alkenyl with 3 to 18 carbon atoms,
      cyclohexyl, benzyl or hydroxybenzyl which is unsubstituted or substituted
      by 1 to 3 alkyl groups each with 1 to 4 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 denotes alkyl with 1 to
      4 carbon atoms or cycloalkyl with 6 to 8 carbon atoms; R.sub.2 denotes
      hydrogen, alkyl with 1 to 4 carbon atoms or cycloalkyl with 6 to 8 carbon
      atoms; R.sub.3 denotes hydrogen; X denotes one of the radicals --CH.sub.2
      CH.sub.2 -- or
      ##EQU13##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms, cyclohexyl, benzyl,
      phenyl or a group
      ##SPC43##
PAL  R.sub.5 denotes hydrogen, alkyl with 1 to 18 carbon atoms or hydroxybenzyl
      substituted by 1 to 3 alkyl groups each having 1 to 4 carbon atoms;
      R.sub.6 denotes hydroxybenzyl substituted by 1 to 3 alkyl groups each
      having 1 to 4 carbon atoms.
NUM  3.
PAR  3. A compound according to claim 1, of the formula
      ##SPC44##
PAL  wherein R.sub.1, R.sub.2, R.sub.1 '  and R.sub.2   independently of one
      another denote alkyl with 1 to 4 carbon atoms; R.sub.3 and R.sub.3 '
      independently of one another denote hydrogen or methyl, X denotes a direct
      bond, --CH.sub.2 --CH.sub.2 -- or
      ##EQU14##
      R.sub.4 denotes alkyl with 1 to 17 carbon atoms, cyclohexyl, benzyl,
      phenyl or a group
      ##SPC45##
PAL  and R.sub.5 denotes hydrogen or hydroxybenzyl substituted by 1 to 3 alkyl
      groups each having 1 to 4 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 1 which is
      3-(3'-tert-butyl-4'-hydroxy-5'-methylbenzyl)-5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methylhydantoin.
NUM  5.
PAR  5. A compound according to claim 1 which is
      3-(3'-tert-butyl-4'-hydroxy-5'-methylbenzyl)-5-(3"-tert-butyl-4"-hydroxy-5
     "-methylphenylethyl)-5-methylhydantoin.
NUM  6.
PAR  6. A compound according to claim 1 which is 3-(3',5'
      -di-tert-butyl-4'-hydroxybenzyl)-5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-heptadecylhydantoin.
NUM  7.
PAR  7. A compound according to claim 1 which is 3-(3',5'
      -di-tert-butyl-4'-hydroxybenzyl)-5-(3",5" -di-tert
      butyl-4"-hydroxyphenylethyl)-5-methylhydantoin.
NUM  8.
PAR  8. A compound according to claim 1 which is 1,3-di(3',5'
      -di-tert-butyl-4'-hydroxybenzyl)-5-(3",5"
      -di-tert-butyl-4"-hydroxyphenylethyl)-5-methylhydantoin.
PATN
WKU  039391760
SRC  5
APN  4907337
APT  1
ART  125
APD  19740722
TTL  Magenta couplers
ISD  19760217
NCL  4
ECL  1
EXP  Moyer; Donald B.
NDR  2
NFG  4
INVT
NAM  Gandino; Mario
CTY  Ferrania
CNT  IT
INVT
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CNT  IT
ASSG
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STA  MN
COD  02
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APD  19720703
PSC  01
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RLAP
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CLAS
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NAM  Porter et al.
OCL  260310A
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NAM  Weissberger et al.
OCL  260310A
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PNO  3558319
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NAM  Hamaoka et al.
OCL  260310A
UREF
PNO  3823156
ISD  19740700
NAM  Oku et al.
OCL  260310A
LREP
FRM  Alexander, Sell, Steldt & Delahunt
ABST
PAL  Magenta couplers of the 5-pyrazolone type which have a phenylcarbamylamino
      substituent in the 3-position of the pyrazolone nucleus and which have, as
      a substituent in the 1-position of the pyrazolone nucleus, a 2',
      4'-dihalo-6'-alkoxyphenyl group or a 2', 6'-dihalo-4'-alkoxyphenyl group.
PARN
PAR  This is a division of application Ser. No. 268,449, filed July 3, 1972, now
      U.S. Pat. No. 3,844,794, which is a continuation of Ser. No. 43,031, filed
      June 3, 1970, now abandoned.
BSUM
PAR  The present invention relates to photographic couplers and more
      specifically to couplers which react with an oxidation product of
      developers of the paraphenylene diamine type to provide magenta dyes.
PAR  The formation of colored photographic images by the reaction between
      photographic color couplers and oxidation products of developers of the
      paraphenylene diamine type, is well known in silver halide color
      photographic technology. In the subtractive color process, such images are
      colored, respectively, yellow, magenta and cyan, which colors are
      complementary of the three primary colors blue, green and red. Good color
      reproduction requires the three images to appear as a "balanced" whole. To
      achieve such a color "balance", couplers must often be employed which
      provide magenta dyes having absorption maxima which are shifted sometimes
      towards higher and sometimes towards lower wavelengths and which exhibit
      absorption curves which contain little if any undesired secondary
      absorption. Magenta dyes have been produced from couplers of the
      1-phenyl-3-acylamino-5-pyrazolone type, as shown by U.S. Pat. Nos.
      2,348,463; 2,369,489; 2,511,231; 2,600,788; 3,062,653; and British Pat.
      No. 904,852. Certain of these patents describe efforts to vary coupler
      properties by varying substituent groups of the couplers.
PAR  Good color reproduction also requires dyes which yield good image contrast
      and high image color density. In addition, it is essential from
      preservation of the colored images that the dyes which are derived from
      couplers have good stability characteristics. Briefly, the present
      invention provides a 5-pyrazolone coupler having a 5-pyrazolone nucleus
      which contains in the 3-position thereof a phenylcarbamylamino group and
      which contains in the 1-position thereof a 2',4'-dihalo-6'-alkoxyphenyl
      group or a 2',6'-dihalo-4'-alkoxyphenyl group.
PAR  The preferred couplers of the present invention may be represented by the
      general formula
      ##SPC1##
PAL  Wherein two of the A groups are halogen, the remaining A group is alkoxy,
      and wherein R is alkyl, alkoxy, or
      ##SPC2##
PAL  Wherein R' is alkyl or alkoxy.
PAR  The alkoxy group representing one of the A groups may have from 1-18 carbon
      atoms, but preferably is a lower alkoxy group. The alkoxy or alkyl group
      represented by R or R' preferably has at least 5 carbon atoms (so as to
      provide ballasting characteristics) and may have as many as about 20
      carbon atoms.
PAR  The present invention also provides silver halide emulsions containing at
      least one of the above-identified couplers.
PAR  The couplers of the present invention and the magenta dyes derived
      therefrom exhibit improved stability characteristics in comparison to
      couplers and magenta dyes of the prior art. The magenta dyes prepared by
      reacting couplers of the invention with any of a number of paraphenylene
      diamine-type developers exhibit unusually satisfactory light-absorption
      characteristics. These highly desirable characteristics of the
      5-pyrazolone couplers of the present invention are dependent upon the fact
      that the pyrazolone nucleus bears in the 1-position a
      2',6'-dihalo-4'-alkoxyphenyl or a 2',4'-dihalo-6'-alkoxyphenyl
      substituent, and bears in the 3-position a phenylcarbamylamino
      substituent.
PAR  The particular absorption properties of the magenta dyes prepared from
      couplers of the invention depend primarily upon the nature of the
      substituent in the 3-position of the pyrazolone nucleus. If this
      substituent is a phenylcarbamylamino group having substituted on the
      phenyl group thereof an alkyl group or an alkoxy group (which groups
      impart to the molecule non-bleeding characteristics), the resulting dyes
      have absorption maxima shifted towards lower wavelengths. If this
      substituent is a phenylcarbamylamino group having substituted on the
      phenyl group thereof a substituent of the sulfoanilide type substituted
      with an alkyl or an alkoxy (which groups also impart non-bleeding
      characteristics to the molecule), the resulting dyes have absorption
      maxima shifted towards higher wavelengths.
PAR  Silver halide photographic emulsions containing couplers of the present
      invention may readily be prepared by known techniques, such as the solvent
      dispersion technique described in U.S. Pat. Nos. 2,322,027; 2,801,170;
      2,801,171 and others. In addition to hydrophilic colloidal binders such as
      gelatin, etc., the emulsions may contain such common photographic
      adjuvants as chemical sensitizers, optical sensitizers, stabilizers,
      plasticizers, antioxidants, u. v. absorbers, and the like. Silver halide
      (chloride, bromide, iodide or mixtures thereof) emulsions may have the
      couplers of the invention added thereto either before or after optical
      sensitization thereof. The emulsions may be spread on known photographic
      bases (e.g., polyester film, glass, paper, etc.) to form photographic
      elements.
PAR  The emulsions can be developed with primary aromatic amine developers,
      e.g., of the paraphenylene diamine type. Developers of this type are
      exemplified as follows:
TBL  Developer 1                                                               
     ______________________________________                                    
     Part A                                                                    
           H.sub.2 O                500     ml                                 
           hydroxylamine hydrochloride                                         
                                    1       g                                  
           N,N-diethylparaphenylene diamine sulfate                            
                                    2.8     g                                  
     Part B                                                                    
           H.sub.2 O                500     ml                                 
           Sodium tripolyphosphate  2       g                                  
           Anhydrous sodium carbonate                                          
                                    65      g                                  
           Anhydrous sodium sulfite 2.5     g                                  
           Potassium bromide        1.2     g                                  
           Sodium hydroxide         2       g                                  
     ______________________________________                                    
PAL  Solution A is poured into solution B to yield the developer bath.
TBL                Developer 2                                                 
     ______________________________________                                    
     Sodium hexametaphosphate      2       g                                   
     Anhydrous sodium sulfite      4       g                                   
     2-amino-5-diethylaminotoluene                                             
     hydrochloride                 3       g                                   
     Sodium carbonate, monohydrate 20      g                                   
     Potassium bromide             2       g                                   
     Water                to make  1000    ml.                                 
     ______________________________________                                    
TBL                Developer 3                                                 
     ______________________________________                                    
     2-amino-5-N,N-ethyl,.beta.-methanesulfonamido-                            
      ethyl-toluene sulfonate   4       g                                      
     Anhydrous sodium sulfite   2.2     g                                      
     Sodium hydroxide           8.5     g                                      
     Sodium metaborate          19      g                                      
     Sodium sulfate             2       g                                      
     ______________________________________                                    
DETD
PAR  The following examples are illustrative of couplers of the invention:
PAC  Coupler 1
      ##SPC3##
PAL  1-(2',6'-dichloro-4'-methoxy)-phenyl-3-p-dodecylphenylureido-5-pyrazolone
PAC  Coupler 2
      ##SPC4##
PAL  1-(2',6'-dichloro-4'-methoxy)-phenyl-3-[4"-sulfo-p-dodecylanilido]-phenyl-u
     reido-5-pyrazolone
PAC  Coupler 3
      ##SPC5##
PAL  1-(2'-methoxy-4',6'-dichloro)-phenyl-3-p-dodecylphenyl-ureido-5-pyrazolone
PAC  Coupler 4
      ##SPC6##
PAL  1-(2'-methoxy-4',6'-dichloro)-phenyl-3-m-hexadecyloxyphenylureido-5-pyrazol
     one
PAC  Coupler 5
      ##SPC7##
PAL  1-(2'-methoxy-4',6'-dichloro)-phenyl-3-(4"-sulfo-p-dodecyl-anilido)-phenyl-
     ureido-5-pyrazolone
PAR  Couplers of the prior art with which the couplers of the invention may be
      compared include:
PAC  Coupler 6
      ##SPC8##
PAC  Coupler 7
      ##SPC9##
PAC  Coupler 8
      ##SPC10##
PAC  Coupler 9
      ##SPC11##
PAC  Coupler 10
      ##SPC12##
PAR  The above couplers 6, 7 and 8 are of the type described in English Patent
      No. 904,852. Couplers 9 and 10 are of the type described in U.S. Pat. No.
      2,600,788.
PAC  EXAMPLE I (COUPLER 1)
PAC  A. 2,6-dichloro-4-methoxy-aniline
PAR  A saturated solution of gaseous HCl in methanol was prepared by bubbling
      dry gaseous HCl in 2.4 liters of anhydrous methanol with ice-bath cooling.
      After saturation was complete, 290 g. of p-nitroso phenol (m.p.
      133.degree.-136.degree.C, purified by the procedure reported in Journal of
      Organic Chemistry, 32, 1967, p. 156) were added with continuous stirring
      and bubbling of gaseous HCl through the reaction mass, the temperature of
      the mass being maintained in the range of 15.degree.-20.degree.C. After
      stirring for an additional half an hour with bubbling gaseous HCl, the
      material was filtered, washed with ether and dried. The product was
      dissolved in 1.5 liters of methanol and 120 ml of water; the solution was
      refluxed, decolorizing charcoal was added and the filtrate was poured,
      with stirring, into 10 liters of cold water. The solid was filtered out
      and the product was crystallized from 800 ml of toluenated methanol to
      yield 203 g. of 2,6-dichloro-4-methoxy-aniline in the form of fine small
      white needles melting at 72.degree.-74.degree.C.
PAC  B. 2,6-dichloro-4-methoxy-phenyl-hydrazine
PAR  A mixture of 140 g. of 2,6-dichloro-4-methomy-aniline, 420 ml of
      concentrate HCl, and 210 ml of distilled water were vigorously stirred for
      one hour at room temperature. The mass was then cooled to between
      +2.degree.C and -2.degree.C, and a solution of 55 g. of sodium nitrite in
      160 ml of demineralized water was added dropwise thereto. At the end of
      the reaction, the mass was stirred for an additional half an hour and the
      excess of nitrous acid present was destroyed with urea. The resulting
      solution was rapidly filtered and slowly poured into a solution of 700 g.
      of SnCl.sub.2 .2H.sub.2 O, 3.5 l. of concentrated HCl and 1.7 l. of
      demineralized water, maintained at 0.degree.C with stirring. After
      continued stirring for an additional 4 hours, the mass was permitted to
      stand undisturbed overnight in a refrigerator. The solid formed was
      filtered off, washed thoroughly with cold water, and was suspended in 3.0
      liters of demineralized water. The mass was cooled to 10.degree.C and made
      basic under stirring with a 30% NaOH solution, taking care that the
      temperature did not exceed 12.degree.C. The solid was filtered and
      extracted with ether, and the extract dried overnight over sodium sulfate.
      The ether was evaporated to dryness and the residue was crystallized from
      heptane. 77 g. of the hydrazine having a m.p. of 124.degree.-125.degree.C
      were obtained. (Analysis: N% Calculated: 13.59; Found 13.53).
PAC  C. 1-(2',6'-dichloro-4'-methoxy)-phenyl-3-amino-5-pyrazolone
PAR  The so-prepared hydrazine was condensed with
      .beta.-ethoxy-.beta.-imino-ethyl-propionate to give the
      3-amino-pyrazolones by the method of U.S. Pat. No. 2,600,788. The product,
      crystallized by toluenated methanol, melted at 231.degree.-232.degree.C.
PAR  Analysis: N% Calculated: 15.32; Found 15.20. Cl% Calculated: 25.54; Found
      25.53.
PAC  D. Coupler
PAR  To 720 ml of pure nitrobenzene were added 232 g. of anhydrous aluminum
      trichloride in small portions. During this addition the temperature rose
      to 45.degree.C. Then 240 g. of
      1-(2',6'-dichloro-4'-methoxy)-phenyl-3-amino-5-pyrazolone were added in
      small portions, the temperature rising to 55.degree.C. Thereafter, 252 g.
      of p-dodecyl-phenyl isocyanate (obtained by phosgenation in toluene of
      p-dodecyl-aniline) were added dropwise over a one-half hour period. The
      reaction mixture was maintained at 55.degree.C for 4 hours, and was then
      poured into 5.0 l. of water and the nitrobenzene was removed by steam
      distillation, leaving a solid residue. The material was cooled and the
      solid was recovered by filtration and was dried at 50.degree.C. The dried
      product melted at 97.degree.-99.degree.C. Crystallization fron anhydrous
      acetonitrile after treatment with decolorizing charcoal yielded an
      off-white powder melting at 136.degree.-140.degree.C.
PAR  Analysis: C% Calculated: 62.00; Found: 62.2. H% Calculated: 6.89; Found:
      6.99. N% Calculated: 9.98; Found: 9.99.
PAC  EXAMPLE II (COUPLER 2)
PAR  To 112 ml of a 59% by weight solution of
      4-sulfo-p-dodecylanilido-phenyl-isocyanate in toluene at 95.degree.C were
      added 40 g. of the 3-amino pyrazolone of Example I. The resulting solution
      was refluxed at 110.degree.C for two hours. A 250 ml portion of toluenated
      methanol was added with great care, when the distillation stabilized an
      additional 500 ml of methanol were added dropwise and the distillation was
      continued until 750 ml of distillate had been removed. The material was
      cooled, poured into a mixture of 3 l. of ice water and 200 ml of
      concentrated HCl, stirred, filtered, thoroughly washed with water, and
      dried at 50.degree.C to yield a product melting at
      125.degree.-130.degree.C. The product was boiled in petroleum ether,
      dissolved in benzene and precipitated with ligroin. After filtration the
      product was triturated in ligroin-petroleum ether (1:1), filtered, and
      dried at 50.degree.C. A white, fine powder melting at
      135.degree.-138.degree.C was obtained.
PAR  Analysis: N% Calculated: 9.7; Found: 9.5. S% Calculated: 4.4; Found: 4.2.
PAC  EXAMPLE III (COUPLER 3)
PAR  The hydrochloride of 4,6-dichloro-2-methomy-aniline was prepared by
      chlorination in dioxane of orthoanisidine hydrochloride was sulfonyl
      chloride at a temperature of from room temperature to 40.degree.C for a
      period of 2-3 hours. The raw product was purified by dissolution in hot
      methanol, the solution poured in water separated out the
      4,6-dichloro-2-methoxy-aniline separating out as a dark oil upon pouring
      of the solution into water. The oil was extracted with ether and from the
      extracts (dried on sodium sulfate) the hydrochloride was precipitated out
      with anhydrous, gaseous hydrochloric acid. The amine which was obtained
      was diazotized and reduced as described in the preceding preparation to
      give the corresponding phenylhydrazine which was converted to pyrazolone
      as described in paragraph C of Example I above. The
      1-(2'-methoxy-4',6'-dichloro)-phenyl-3-aminopyrazolone which was obtained
      melted at 198.degree.-199.degree.C.
PAR  Analysis: N% Calculated: 15.32; Found: 15.45. Cl% Calculated: 25.90; Found:
      25.90.
PAR  The so-prepared product was reacted with p-dodecyl-phenyl-isocyanate using
      the procedure of Example I to provide a fine white powder melting at
      172.degree.-174.degree.C.
PAR  Analysis: C% Calculated: 62.00; Found: 61.84. H% Calculated: 6.82; Found:
      6,77. N% Calculated: 9.98; Found; 9.96.
PAC  EXAMPLE IV (COUPLER 4)
PAR  Utilizing the procedure of Example I, 1-(2'
      ,4'-dichloro-6'-methoxy)-phenyl-3-amino-pyrazolone was reacted with
      m-hexadecyl-oxy-phenyl isocyanate (prepared by phosgenation in toluene of
      the m-hexadecyl-oxy-aniline produced in accordance with French Pat. No.
      1,419,647). Crystallization from anhydrous acetonitrile and ethanol
      yielded the coupler, m.p. 152.degree.-155.degree.C.
PAR  Analysis: C% Calculated: 62.50; Found: 62.70. H% Calculated: 7.26; Found:
      7.49. N% Calculated: 8.80; Found: 8.70.
PAC  EXAMPLE V (COUPLER 5)
PAR  Example II was repeated utilizing the 3-amino pyrazolone of Example III. A
      white powder melting at 128.degree.-132.degree.C was obtained.
PAC  EXAMPLE VI
PAR  Two grams of each of couplers 1 to 10 were individually dissolved in a
      solution of 6 ml of butyl phthalate and 12 ml of ethyl acetate, and each
      solution was then emulsified with 40 ml of a 4% gelatine solution. The
      resulting emulsions were then diluted with water to 100 ml and a fraction
      of each emulsion thereof, containing 2 mM of coupler, was mixed with 200
      ml of a non-optically sensitized, 7% gelatin-silver bromide-chloride
      emulsion. The resulting emulsions were each spread on a cellulose acetate
      base, dried, exposed in a wedge exposimeter, developed with the
      above-mentioned developers 1 and 2, bleached and fixed.
PAR  In Table 1 the absorption maxima of the dyes obtained, expressed in m.mu.,
      are shown.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Coupler     Developer 1    Developer 2                                    
     ______________________________________                                    
     1           534            537                                            
     2           540            550                                            
     3           528            534                                            
     4           529            539                                            
     5           536            550                                            
     6           528            536                                            
     7           534            542                                            
     8           536            546                                            
     9           544            550                                            
     10          540            546                                            
     ______________________________________                                    
PAR  FIGS. 1, 2, 3 and 4 are dye absorption curves wherein Log D (Density) is
      plotted against wavelength.
PAR  FIGS. 1 and 2 compare the absorption curves of dyes prepared from couplers
      5, 6 and 10 and 3, 6 and 10 respectively, each of the dyes being derived
      from the previously described developer 1. These curves indicate that the
      dyes resulting from couplers of the invention tend to avoid the unwanted
      absorption in that area of the spectrum (denoted by the arrows) which is
      characteristic of the prior art dyes.
PAR  FIGS. 3 and 4 compare the absorption characteristics of dyes prepared from
      couplers 3, 6 and 10 and 5, 6 and 10 respectively, each dye being derived
      from the previously described developer 2. These curves indicate that the
      absorption of the dyes derived from couplers of the invention may
      conveniently be shifted toward longer or shorter wavelengths to meet the
      color balance requirements of the materials in which they may be
      incorporated.
PAC  EXAMPLE VII
PAR  Six grams of each of couplers 1, 3, 8 and 9 were dissolved in a mixture of
      1.8 ml of dibutyl phthalate, 1.8 ml of tricresyl phosphate, and 16 ml of
      ethyl acetate. Each solution was then emulsified with 60 ml of a 4%
      gelatin solution and diluted to 100 ml with water. A portion of each
      dispersion (containing an antioxidizing agent and a U. V. absorber) was
      added to a non-optically sensitized silver chloride-bromide emulsion to
      provide a coupler concentration of 35 mM per Kg of emulsion.
PAR  Each emulsion was spread on a paper base, dried, exposed in a "shaded
      wedge" exposimeter, developed with the afore-mentioned developer 3,
      bleached and fixed. The sensitometric data of Table 2 were derived from
      fresh images and from images subjected to storage under the indicated
      conditions.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Non-stored image         Stored image                                     
                              Exposure in fadometer                            
                                                  Stored 24 hours              
                              (xenon lamp)        at 90.degree.C and           
                                                  70% R. H.                    
     Coupler      Do          D         .DELTA.DoB                             
     Sr       .gamma.                                                          
                  B   G   D max                                                
                              20 h 40 h 20 h 40 h .DELTA.D                     
     __________________________________________________________________________
     1    1.13                                                                 
              2.70                                                             
                  0.10                                                         
                      0.06                                                     
                          2.70                                                 
                              -0.06                                            
                                   -0.41                                       
                                        +0.03                                  
                                             +0.07                             
                                                  -0.03                        
     3    1.08                                                                 
              2.60                                                             
                  0.10                                                         
                      0.07                                                     
                          2.60                                                 
                              -0.05                                            
                                   -0.38                                       
                                        +0.03                                  
                                             +0.10                             
                                                  -0.08                        
     8    1.34                                                                 
              2.40                                                             
                  0.07                                                         
                      0.04                                                     
                          2.40                                                 
                              -0.04                                            
                                   -0.45                                       
                                        +0.05                                  
                                             +0.11                             
                                                  -0.14                        
     9    1.37                                                                 
              2.45                                                             
                  0.10                                                         
                      0.05                                                     
                          2.50                                                 
                              -0.09                                            
                                   -0.59                                       
                                        +0.08                                  
                                             +0.20                             
                                                  -0.14                        
     __________________________________________________________________________
     Sr   = relative sensitivity expressed in log It required to provide a     
          density of 1.0;                                                      
     .gamma.                                                                   
          = contrast;                                                          
     Do   = minimum density (fog) measured under blue light (B) and green      
          light (G)                                                            
     Dmax = maximum density                                                    
     .DELTA.D                                                                  
          =  maximum density differential                                      
     .DELTA.DoB                                                                
          = fog differential measured under blue light (indicating stability   
          of residual coupler)                                                 
     __________________________________________________________________________
PAR  In comparison to the prior art couplers, the couplers of the invention are
      thus shown to impart to the emulsion greater sensitivity, contrast and
      maximum density. Moreover, the couplers of the invention and the dyes
      prepared therefrom exhibit greater stability than do the compared prior
      art couplers and dyes.
PAC  EXAMPLE VIII
PAR  Six grams of each of couplers 1, 8 and 9 were dissolved in a mixture of 3.6
      ml of dibutyl phthalate, 3.6 ml of tricresyl phosphate and 16 ml of ethyl
      acetate. Each solution was emulsified with 60 ml of a 4% gelatin solution
      and diluted to 100 ml with water, and a portion of each of the resulting
      dispersions was added to a silver chloride-bromide emulsion (sensitized to
      green light by addition of an optical sensitizer) to provide a
      concentration of coupler equal to 35 mM per Kg of emulsion. Each emulsion
      was spread on a paper base and dried. Some specimens were stored for 7
      days at 38.degree.C and 70% R. H. and others were stored for this period
      at 22.degree..+-.2.degree.C and 40-45% R. H. Each specimen was then
      developed with the above-described developer 3, bleached and fixed, and
      the differences between the two sets of specimens were evaluated. The
      pertinent data are set out in Table 3.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A color coupler of the formula:
      ##SPC13##
PAL  wherein two of the A groups are halogen, the remaining A group is alkoxy of
      1-18 carbon atoms, and R and R.sup.1 are alkoxy or alkyl groups of 5-20
      carbon atoms.
NUM  2.
PAR  2. A coupler according to claim 1 of the formula
      ##SPC14##
NUM  3.
PAR  3. A coupler according to claim 1 of the formula
      ##SPC15##
NUM  4.
PAR  4. A coupler according to claim 1 of the formula
      ##SPC16##
PATN
WKU  039391779
SRC  5
APN  3086747
APT  1
ART  121
APD  19721122
TTL  4-Aminomethyl-9-benzyl-1,2,3,4-tetrahydrocarbazoles
ISD  19760217
NCL  8
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Alexander; Ernest John
CTY  East Greenbush
STA  NY
INVT
NAM  Mooradian; Aram
CTY  Schodack
STA  NY
ASSG
NAM  Sterling Drug Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  260315
XCL  260268TR
XCL  26029361
XCL  424250
XCL  424267
XCL  424274
EDF  2
ICL  C07D20986
FSC  260
FSS  315
UREF
PNO  3752823
ISD  19730800
NAM  McManus
OCL  260315
OREF
PAL  JACS 79: 3561-3564, (1957), Shaw et al.
LREP
FR2  Stonner; Frederik W.
FR2  Wyatt; B. Woodrow
ABST
PAL  Novel 4-R.sub.1 R.sub.2 NCH.sub.2 -9-benzyl-6-R.sub.3 -7-R.sub.4
      -1,2,3,4-tetrahydrocarbazoles having antibacterial activity are disclosed.
      The compounds are prepared by the chemical reduction of the corresponding
      4-R.sub.1 R.sub.2 NCO-9-benzyl-6-R.sub.3 -7-R.sub.4
      -1,2,3,4-tetrahydrocarbazoles.
BSUM
PAR  This invention relates to compositions of matter classified in the art of
      chemistry as 1,2,3,4-tetrahydrocarbazoles.
PAR  In one aspect the invention sought to be patented resides in the chemical
      compounds designated as 4-R.sub.1 R.sub.2 NCH.sub.2 -9-benzyl-6-R.sub.3
      -7-R.sub.4 -1,2,3,4-tetrahydrocarbazoles having the formula:
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen, lower-alkyl, or benzyl, or
PA1   NR.sub.1 R.sub.2 is 1-pyrrolidyl, 1-piperidyl, or 4-phenyl-1-piperazinyl;
      and
PA1   R.sub.3 and R.sub.4 are each hydrogen, lower-alkyl, or lower-alkoxy.
PAR  In a second aspect the invention sought to be patented resides in the novel
      chemical compounds designated as 4-R.sub.1 R.sub.2 NCO-9-benzyl-6-R.sub.3
      -7-R.sub.4 -1,2,3,4-tetrahydrocarbazoles having the formula:
      ##SPC2##
PAL  Wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen, lower-alkyl, or benzyl, or
PA1   NR.sub.1 R.sub.2 is 1-pyrrolidyl, 1-piperidyl, or 4-phenyl-1-piperazinyl;
      and
PA1   R.sub.3 and R.sub.4 are each hydrogen, lower-alkyl, or loweralkoxy.
PAR  The compounds of the invention having formula I exhibit antibacterial
      activity as more fully described hereinbelow.
PAR  The compounds of the invention having formula II are useful as
      intermediates in the preparation of compounds of this invention having
      formula I.
PAR  The compounds having formula I are prepared by chemical reduction of the
      corresponding 4-R.sub.1 R.sub.2 NCO-9-benzyl-6-R.sub.3 -7-R.sub.4
      -1,2,3,4-tetrahydrocarbazoles (II). The reduction is carried out by
      treating the amide II with a suitable chemical reducing agent in a
      suitable solvent, e.g., lithium aluminum hydride in ether,
      tetrahydrofuran, di-n-butyl ether, or dioxane; or diborane in
      tetrahydrofuran or diglyme. The reduction is carried out preferably at a
      temperature of about 20.degree.C. to 100.degree.C. for about 1 to 24
      hours. The reaction is conveniently carried out by treating the amide II
      in tetrahydrofuran under reflux with a slight molar excess of lithium
      aluminum hydride for about 4 to about 6 hours.
PAR  Alternatively, the compounds of formula I where R.sub.1 and R.sub.2 are
      hydrogen are prepared by chemical reduction of the corresponding
      4-cyano-9-benzyl-6-R.sub.3 -7-R.sub.4 -1,2,3,4-tetrahydrocarbazoles (III)
      using the procedures described hereinbefore for the reduction of the amide
      II.
PAR  The intermediate 4-R.sub.1 R.sub.2 NCO-9-benzyl-6-R.sub.3 -7-R.sub.4
      -1,2,3,4-tetrahydrocarbazole (II) is prepared from the corresponding
      9-benzyl-6-R.sub.3 -7-R.sub.4 -1,2,3,4-tetrahydrocarbazole-4-carboxylic
      acid halide (IV), where halide is chloride or bromide, by reaction with an
      amine of the formula R.sub.1 R.sub.2 NH (V). The reaction is carried out
      by treating the acid halide in a suitable solvent, e.g., benzene,
      methylene dichloride or pyridine, with at least one equivalent of amine V,
      at temperatures from about 0.degree.C. to ambient temperatures.
      Preferably, the reaction is carried out in the presence of at least one
      equivalent of a suitable acid-acceptor, e.g., triethylamine, pyridine or
      potassium bicarbonate; if desired, excess amine V may be used as the
      acid-acceptor. The reaction is conveniently carried out by reacting the
      acid halide IV with at least two equivalents of amine V, in aqueous
      solution if desired, in benzene with ice-bath cooling.
PAR  The intermediate cyano compound III is prepared by dehydration of the
      corresponding 4-carbamyl-9-benzyl-6-R.sub.3 -7-R.sub.4
      -1,2,3,4-tetrahydrocarbazole (II, R.sub.1 = R.sub.2 = H). The reaction is
      carried out in a suitable solvent, e.g., benzene or pyridine, in the
      presence of a suitable dehydrating agent, e.g., phosphorus oxychloride,
      thionyl chloride, or benzenesulphonyl chloride, preferably at temperatures
      of about 20.degree.C. to 100.degree.C. The reaction can be conveniently
      carried out by treating the 4-carbamyl compound in pyridine with
      benzenesulphonyl chloride on a steam bath for about one to two hours.
PAR  The intermediate acid halide IV is prepared from the corresponding
      9-benzyl-6-R.sub.3 -7-R.sub.4 -1,2,3,4-tetrahydrocarbazole-4-carboxylic
      acid (VI) using standard procedures, e.g., by reaction in a suitable
      solvent, e.g., ethylene dichloride, chloroform, or benzene, with an
      appropriate halogenating agent, such as thionyl chloride or oxalyl
      chloride. The reaction is conveniently carried out by reacting an alkali
      metal salt, e.g., sodium salt, of the carboxylic acid VI in benzene with a
      slight excess of thionyl chloride.
PAR  The 9-benzyl-6-R.sub.3 -7-R.sub.4 -1,2,3,4-tetrahydrocarbazole-4-carboxylic
      acid (VI) and intermediates therefor belong to classes of compounds which
      together with detailed methods for the preparation thereof are disclosed
      in U.S. Pat. No. 3,687,969. Thus, they are prepared for example by
      reaction of N-(4-R.sub.3 -3-R.sub.4 -phenyl)-N-benzylamine (VII) with
      6-bromocyclohexanone-2-carboxylic acid ester (VIII), e.g., methyl or ethyl
      ester, and subsequent hydrolysis; the intermediate N-phenyl-N-benzylamines
      (VII) are known compounds that are readily prepared by standard
      procedures, e.g., from the corresponding known anilines and benzaldehydes.
PAR  As used throughout this specification, the terms loweralkyl and
      lower-alkoxy mean such groups containing from one to six carbon atoms
      which can be arranged as straight or branched chains, and, without
      limiting the generality of the foregoing, are illustrated by methyl,
      ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, amyl, hexyl, and
      the like for lower-alkyl; and methoxy, ethoxy, propoxy, isobutoxy,
      tert-butoxy, hexyloxy, and the like for lower-alkoxy.
PAR  The compounds of the invention having formula I are useful both in the free
      base form and in the form of acid-addition salts, and both forms are
      within the purview of the invention. The acid-addition salts are simply a
      more convenient form for use, and in practice, use of the salt form
      inherently amounts to use of the base form. When the compounds of the
      invention having formula I are to be utilized for pharmaceutical purposes,
      the acids which can be used to prepare the acid-addition salts include
      preferably those which produce, when combined with the free base,
      medicinally acceptable salts, that is, salts whose anions are relatively
      innocuous to the animal organism in medicinal doses of the salts, so that
      the beneficial properties inherent in the free base are not vitiated by
      side effects ascribable to the anions. Appropriate medicinally acceptable
      salts within the scope of the invention are those derived from mineral
      acids such as hydrochloric acid, hydrobromic acid, hydriodic acid, nitric
      acid, phosphoric acid, sulfamic acid, and sulfuric acid; and organic acids
      such as acetic acid, citric acid, tartaric acid, lactic acid,
      cyclohexanesulfamic acid, methanesulfonic acid, ethanesulfonic acid,
      benzenesulfonic acid, p-toluenesulfonic acid, quinic acid, and the like,
      giving the hydrochloride, hydrobromide, hydriodide, nitrate, phosphate,
      sulfamate, acetate, citrate, tartrate, lactate, cyclohexanesulfamate,
      methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate
      and quinate respectively.
PAR  The acid-addition salts of said basic compounds are prepared either by
      dissolving the free base in aqueous or aqueous-alcohol solution containing
      the appropriate acid and isolating the salt by evaporating the solution,
      or by reacting the free base and acid in an organic solvent, in which case
      the salt separates directly or can be obtained by concentration of the
      solution or dilution of the solution with a solvent in which the salt is
      insoluble or only slightly soluble.
PAR  Although medicinally acceptable salts of said basic compounds are preferred
      for pharmaceutical purposes, all acid-addition salts are within the scope
      of the invention. All acid-addition salts are useful as sources of the
      free base form even if the particular salt per se is desired only as an
      intermediate product as for example when the salt is formed only for
      purposes of purification or identification, or when it is used as an
      intermediate in preparing a medicinally acceptable salt by ion exchange
      procedures.
PAR  The compounds of formula I possess useful antibacterial activity, thus
      indicating the utility of the compounds of formula I as antibacterial
      agents.
PAR  The antibacterial activities were determined using a modification of the
      Autotiter method described by Goss et al., Applied Microbiology 16 (No.
      9), 1414-1416 (1968) in which a 1,000 mcg./ml. solution of the test
      compound is prepared. To the first cup of the Autotray is added 0.1 ml. of
      the test solution. Activation of the Autotiter initiates a sequence of
      operations by which 0.05 ml. of the test compound solution is withdrawn
      from this cup by a Microtiter transfer loop and diluted in 0.05 ml. of
      sterile semi-synthetic medium (glucose). After this operation, 0.05 ml. of
      inoculated semi-synthetic medium is added automatically to each cup. The
      overall operation results in final drug concentrations ranging from 500 to
      0.06 mcg./ml. in twofold decrements. The Autotray is incubated for 18-20
      hours at 37.degree.C., at which time the trays are examined visually for
      growth as evidenced by turbidity, and the concentration of the last sample
      in the series showing no growth (or no turbidity) is recorded as the
      minimal inhibitory concentration (MIC).
PAR  By way of illustration, the compounds of Examples 1B to 8B inclusive and 9C
      were found to be antibacterially effective against Staphylococcus aureus
      at concentrations from 7.8 mcg./ml. to 500 mcg./ml.; and the compound of
      Example 10C was found to be antibacterially effective against Pseudomonas
      aeruginosa at a concentration of 125 mcg./ml.; additionally, certain of
      these compounds were found also to be antibacterially effective, as
      disclosed specifically in the examples hereinbelow, against one or more of
      the following microorganisms: Pseudomonas aeruginosa, Escherichia coli,
      and Proteus vulgaris.
PAR  The actual determination of the numerical biological data definitive for a
      particular compound is readily determined by standard test procedures by
      technicians having ordinary skill in pharmacological test procedures,
      without the need for any extensive experimentation.
PAR  The compounds of the invention having formula I can be formulated for use
      by preparing a dilute solution in an aqueous medium or in a solution
      containing a surfactant, or alternatively in an organic medium in which
      the compounds are soluble, for example ethyl alcohol, and are applied to a
      surface to be disinfected by conventional means such as spraying,
      swabbing, immersion, and the like. Alternatively, the compounds can be
      formulated as ointments or creams by incorporating them in conventional
      ointment or cream bases, for example alkylpolyether alcohols, cetyl
      alcohol, stearyl alcohol, and the like, or as jellies by incorporating
      them in conventional jelly bases as glycerol and tragacanth. They can also
      be formulated for use as aerosol sprays or foams.
PAR  The molecular structures of the compounds of the invention were assigned on
      the basis of the method of their synthesis and study of their infrared
      spectra, and confirmed by the correspondence between calculated and found
      values for the elementary analysis for representative examples.
DETD
PAR  The invention is illustrated by the following examples without, however,
      being limited thereto.
PAC  EXAMPLE 1
PAR  A. To 0.88 g. of sodium hydride in 200 ml. dry benzene was added
      portionwise 12.3 g. of
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid and the
      mixture was stirred for one hour. To this mixture was added dropwise 2.7
      ml. of thionyl chloride, stirring was continued for one-half hour and the
      mixture containing the resulting
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid chloride
      was poured into 32 ml. of 25% aqueous dimethylamine with ice-bath cooling.
      The mixture was stirred for 1 hour, washed with water, sodium bicarbonate
      and saturated salt solution, dried, diluted with n-pentane, cooled and
      filtered to give 7.9 g. of
      4-dimethylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole,
      m.p. 153.degree.-155.degree.C.
PAR  B. To 1.2 g. of lithium aluminum hydride in 200 ml. of dry tetrahydrofuran
      was added portionwise 11.4 g. of
      4-dimethylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole and
      the mixture was heated under reflux for 5 hours and allowed to stand at
      room temperature for 15 hours. Water (2.4 ml.) was added to the mixture
      which was then heated under reflux for 1 hour, filtered hot, and the
      filtrate was treated with darco, filtered and evaporated under reduced
      pressure to give 12 g. of crude residue consisting largely of
      4-dimethylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, 4 g.
      of which was dissolved in ether and treated with ethereal hydrogen
      chloride. The resulting solid was filtered to give 2.6 g. of
      4-dimethylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      hydrochloride, m.p. 238.degree.-240.degree.C. (absolute alcohol/ether).
PAR  4-Dimethylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      hydrochloride was found to be antibacterially effective against
      Staphylococcus aureus at 62.5 mcg./ml.
PAC  EXAMPLE 2
PAR  A. Following a procedure similar to that described in Example 1A but using
      2.13 g. of sodium hydride in 510 ml. of benzene, 2.74 g. of
      9-benzyl-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 6.6 ml. of thionyl
      chloride, and 7.8 ml. of 25% aqueous dimethylamine, there was obtained 2.6
      g. of 4-dimethylaminocarbonyl-9-benzyl-1,2,3,4-tetrahydrocarbazole, m.p.
      180.degree.-183.degree.C. (tetrahydrofuran/n-pentane).
PAR  B. Following a procedure similar to that described in Example 1B but using
      2.1 g. of lithium aluminum hydride in 200 ml. of tetrahydrofuran, and 17.3
      g. of 4-dimethylaminocarbonyl-9-benzyl-1,2,3,4-tetrahydrocarbazole, there
      was obtained 18.4 g. of crude residue consisting largely of
      4-dimethylaminomethyl-9-benzyl-1,2,3,4-tetrahydrocarbazole, 3 g. of which
      yielded 2.3 g. of
      4-dimethylaminomethyl-9-benzyl-1,2,3,4-tetrahydrocarbazole hydrochloride,
      m.p. 208.degree.-210.degree.C.
PAR  4-Dimethylaminomethyl-9-benzyl-1,2,3,4-tetrahydrocarbazole hydrochloride
      was found to be antibacterially effective against Staphylococcus aureus
      and Escherichia coli at 125 mcg./ml.
PAC  EXAMPLE 3
PAR  A. Following a procedure similar to that described in Example 1A but using
      1.97 g. of sodium hydride in 470 ml. of benzene, 25 g. of
      9-benzyl-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 6.1 ml. of thionyl
      chloride, and 14 g. of piperidine in a small amount of water, there was
      obtained 3.5 g. of 4-[(1-piperidyl)carbonyl]
      -9-benzyl-1,2,3,4-tetrahydrocarbazole, m.p. 140.degree.-143.degree.C.
      (tetrahydrofuran/n-pentane).
PAR  B. Following a procedure similar to that described in Example 1B but using
      2.6 g. of lithium aluminum hydride in 250 ml. of tetrahydrofuran, and 23.7
      g. of 4-[(1-piperidyl)carbonyl] -9-benzyl-1,2,3,4-tetrahydrocarbazole,
      there was obtained 22.3 g. of crude residue consisting largely of
      4-[(1-piperidyl)methyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole, 10 g. of
      which yielded 5.4 g. of 4-[(1-piperidyl)methyl]
      -9-benzyl-1,2,3,4-tetrahydrocarbazole hydrochloride, m.p.
      249.degree.-252.degree.C.
PAR  4-[(1-Piperidyl)methyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole hydrochloride
      was found to be antibacterially effective against Staphylococcus aureus at
      31.2 mcg./ml.
PAC  EXAMPLE 4
PAR  A. Following a procedure similar to that described in Example 1A but using
      2.66 g. of sodium hydride in 240 ml. of benzene, 34 g. of
      9-benzyl-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 8.3 ml. of thionyl
      chloride, and 19 g. of pyrrolidine (neat), there was obtained 8 g. of
      4-[(1-pyrrolidyl)-carbonyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole, m.p.
      161.degree.-163.degree.C. (tetrahydrofuran/n-pentane).
PAR  B. Following a procedure similar to that described in Example 1B but using
      2.6 g. of lithium aluminum hydride in 250 ml. of tetrahydrofuran, and 23.1
      g. of 4-[(1-pyrrolidyl)carbonyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole,
      there was obtained 20.1 g. of crude residue consisting largely of
      4-[(1-pyrrolidyl)methyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole, 8 g. of
      which yielded 2.6 g. of 4-[(1-pyrrolidyl)methyl]
      -9-benzyl-1,2,3,4-tetrahydrocarbazole hydrochloride, m.p.
      232.degree.-234.degree.C.
PAR  4-[(1-Pyrrolidyl)methyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole hydrochloride
      was found to be antibacterially effective against Staphylococcus aureus,
      Pseudomonas aeruginosa, Escherichia coli and Proteus vulgaris at 62.5
      mcg./ml., 500 mcg./ml., 125 mcg./ml. and 500 mcg./ml. respectively.
PAC  EXAMPLE 5
PAR  A. Following a procedure similar to that described in Example 1A but using
      0.72 g. of sodium hydride in 175 ml. of benzene, 10 g. of
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 2.2 ml.
      of thionyl chloride, and 1.9 g. of methylamine in a small amount of
      benzene, there was obtained 7.6 g. of
      4-methylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, m.p.
      163.degree.-166.degree.C. (ether).
PAR  B. Following a procedure similar to that described in Example 1B but using
      0.9 g. of lithium aluminum hydride in 150 ml. of tetrahydrofuran, and 7.6
      g. of 4
      -methylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, there
      was obtained 8.2 g. of crude residue consisting largely of
      4-methylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, which
      yielded 4.8 g. of
      4-methylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      hydrochloride, m.p. 259.degree.-261.degree.C.
PAR  4-Methylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      hydrochloride was found to be antibacterially effective against
      Staphylococcus aureus at 62.5 mcg./ml.
PAC  EXAMPLE 6
PAR  A. Following a procedure similar to that described in Example 1A but using
      1.3 g. of sodium hydride in 310 ml. of benzene, 17.2 g. of
      9-benzyl-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 4.1 ml. of thionyl
      chloride, 9.1 g. of N-phenylpiperazine, and 30 ml. of triethylamine (as
      acid-acceptor), there was obtained 8.6 g. of
      4-[(4-phenyl-1-piperazinyl)carbonyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole,
      m.p. 135.degree.-137.degree.C. (ethyl acetate/n-pentane).
PAR  B. Following a procedure similar to that described in Example 1B but using
      1.1 g. of lithium aluminum hydride in 75 ml. of tetrahydrofuran, and 12.6
      g. of
      4-[(4-phenyl-1-piperazinyl)-carbonyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole
     , there was obtained 12.3 g. of crude residue consisting largely of
      4-[(4-phenyl-1-piperazinyl)methyl]-9-benzyl-1,2,3,4tetrahydrocarbazole,
      which yielded 5 g. of
      4-[(4-phenyl-1-piperazinyl)methyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole
      hydrochloride, m.p. 273.degree.-274.degree.C. (dimethylformamide/ether).
PAR  4-[(4-Phenyl-1-piperazinyl)methyl]-9-benzyl-1,2,3,4-tetrahydrocarbazole
      hydrochloride was found to be antibacterially effective against
      Staphylococcus aureus at 250 mcg./ml.
PAC  EXAMPLE 7
PAR  A. Following a procedure similar to that described in Example 1A but using
      0.24 g. of sodium hydride in 100 ml. of benzene, 5.8 g. of
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 1.28 ml.
      of thionyl chloride, 3 g. of N-phenylpiperazine, and 10 ml. of
      triethylamine (as acid-acceptor) in a small amount of water, there was
      obtained 3.1 g. of
      4-[(4-phenyl-1-piperazinyl)carbonyl]-9-benzyl-6-methoxy-1,2,3,4-tetrahydro
     carbazole, m.p. 170.degree.-172.degree.C. (benzene/n-hexane).
PAR  B. Following a procedure similar to that described in Example 1B but uisng
      0.38 g. of lithium aluminum hydride in 100 ml. of tetrahydrofuran, and 5
      g. of 4-[(4-phenyl-1-piperazinyl)carbonyl]-9
      -benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, there was obtained crude
      residue consisting largely of product in free base form which on
      recrystallization from tetrahydrofuran/n-hexane/ether yielded 3.5 g. of
      4-[(4-phenyl-1-piperazinyl)methyl]-9-benzyl-6-methoxy-1,2,3,4-tetrahydroca
     rbazole, m.p. 142.degree.-143.degree.C.
PAR  4-[(4-Phenyl-1-piperazinyl)methyl]-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocar
     bazole was found to be antibacterially effective against Staphylococcus
      aureus, Pseudomonas aeruginosa and Escherichia coli at 500 mcg./ml.
PAC  EXAMPLE 8
PAR  A. Following a procedure similar to that described in Example 1A but using
      0.72 g. of sodium hydride in 170 ml. of benzene, 10 g. of
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 2.2 g.
      of thionyl chloride, and 6.4 g. of benzylamine, there was obtained 2.9 g.
      of 4-benzylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole,
      m.p. 176.degree.-179.degree.C. (tetrahydrofuran).
PAR  B. A mixture of 24.8 g. of
      4-benzylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole in
      460 ml. of tetrahydrofuran was added dropwise to 240 ml. of a one molar
      solution of diborane in tetrahydrofuran at 0.degree.C. in a nitrogen
      atmosphere, and the solution was allowed to stand at room temperature for
      64 hours. Chilled 6-N-hydrochloric acid (37 ml.) was added, and the
      solution was concentrated on a steam bath. The resulting solid was
      filtered and recrystallized from methanol-ether to give 7.3 g. of
      4-benzylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      hydrochloride, m.p. 274.degree.-278.degree.C.
PAR  4-Benzylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      hydrochloride was found to be antibacterially effective against
      Staphylococcus aureus at 7.8 mcg./ml.
PAC  EXAMPLE 9
PAR  A. Following a procedure similar to that described in Example 1A but using
      2.4 g. of sodium hydride in 580 ml. of benzene, 33.6 g. of
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 7.4 ml.
      of thionyl chloride, and 47 ml. of concentrated ammonium hydroxide, there
      was obtained 12.5 g. of
      4-carbamyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, m.p.
      156.degree.-158.degree.C. (ethyl alcohol/tetrahydrofuran/water).
PAR  B. To 47.9 g. of 4-carbamyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      in 140 ml. of pyridine was added 17.9 ml. of benzenesulphonyl chloride,
      and the mixture was warmed on a steam bath until solution was complete,
      allowed to stand for 15 hours at room temperature and poured into water.
      The mixture was chilled, and the resulting precipitate was filtered,
      washed with dilute hydrochloric acid and water, and dried to give 24.5 g.
      of 4-cyano-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, m.p.
      130.degree.-137.degree.C.
PAR  C. To 1.3 g. of lithium aluminum hydride in 200 ml. of tetrahydrofuran was
      added portionwise 10 g. of
      4-cyano-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, and the mixture
      was heated under reflux for 5 hours. Water (2.6 ml.) was added and heating
      under reflux was continued 1 hour and the mixture was then filtered. The
      filtrate was evaporated to dryness under reduced pressure and an ethyl
      acetate solution of the resulting crude residue, consisting largely of
      4-aminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, was treated
      with 1.8 ml. of glacial acetic acid and chilled. The resulting solid was
      filtered, washed with ethyl acetate and ether, and dried to give 3.7 g. of
      4-aminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole acetate, m.p.
      171.degree.-175.degree.C.
PAR  4-Aminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole acetate was
      found to be antibacterially effective against Staphylococcus aureus and
      Escherichia coli at 62.5 mcg./ml. and 125 mcg./ml. respectively.
PAC  EXAMPLE 10
PAR  A. A mixture of 36 g. of N-(3,4-dimethoxyphenyl)-N-benzylamine and 15.3 g.
      of ethyl 6-bromocyclohexanone-2-carboxylate was maintained at about
      35.degree.C. for several days. Powdered zinc chloride (25 g.) was added
      and the mixture was heated at 125.degree.C. for 11/2  hours. The cooled
      mixture was slurried in water and extracted with ether. The ether extract
      was washed with 5% hydrochloric acid and water, dried and evaporated to
      dryness. The residual crude ethyl ester was treated with a solution of 24
      g. of potassium hydroxide in 100 ml. of water and 100 ml. of ethyl alcohol
      at reflux temperature for 3 hours. The solution was evaporated to dryness
      under reduced pressure, the resulting residue was dissolved in water and
      the aqueous solution was extracted with 58% ether/n-hexane and acidified
      with 10% hydrochloric acid. The resulting solids were collected and
      recrystallized from tetrahydrofuran/n-pentane to give 7.1 g. of
      9-benzyl-6,7 -dimethoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid,
      m.p. 177.degree.-179.degree.C.
PAR  B. Following a procedure similar to that described in Example 1A but using
      0.47 g. of sodium hydride in 110 ml. of benzene, 7.1 g. of
      9-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 1.46
      ml. of thionyl chloride, 3.14 g. of N-phenylpiperazine, and 11 ml. of
      triethylamine (as acid-acceptor) in a small amount of benzene, there was
      obtained 2.8 g. of
      4-[(4-phenyl-1-piperazinyl)carbonyl]-9-benzyl-6,7-dimethoxy-1,2,3,4-tetrah
     ydrocarbazole, m.p. 133.degree.-136.degree.C. (ethyl
      acetate/ether/n-pentane).
PAR  C. Following a procedure similar to that described in Example 1B but using
      2 g. of lithium aluminum hydride in 250 ml. of tetrahydrofuran and 26 g.
      of 4-[(4-phenyl-1-piperazinyl)-carbonyl]-9-benzyl-6,7-dimethoxy-1,2,3,4-te
     trahydrocarbazole, there was obtained 10 g. of crude residue consisting
      largely of
      4-[(4-pheny-1-piperazinyl)methyl]-9-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydr
     ocarbazole, -phenyl-yielded 4.9 g. of
      4-[(4-phenyl-1-piperazinyl)methyl]-9-benzyl-6,7-dimethoxy-1,2,3,4-tetrahyd
     rocarbazole dihydrochloride, m.p. 245.degree.-247.degree.C.
PAR  4-[(4-Phenyl-1-piperazinyl)methyl]-9-benzyl-6,7-dimethoxy-1,2,3,4-tetrahydr
     ocarbazole dihydrochloride was found to be antibacterially effective
      against Pseudomonas aeruginosa at 125 mcg./ml.
PAC  EXAMPLE 11
PAR  A. Following a procedure similar to that described in Example 1A but using
      0.72 g. of sodium hydride in 170 ml. of benzene, 10 g. of
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 2.2 ml.
      of thionyl chloride, and 2.7 g. of ethylamine, there was obtained 6.5 g.
      of 4-ethylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole,
      m.p. 168.degree.-169.degree.C. (tetrahydrofuran/n-hexane).
PAR  B. Following a procedure similar to that described in Example 1B but using
      1 g. of lithium aluminum hydride in one liter of tetrahydrofuran, and 3.6
      g. of 4-ethylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole,
      and increasing the reflux time to 10 hours, there was obtained 4 g. of
      crude residue consisting largely of
      4-ethylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, which
      yielded 1 g. of
      4-ethylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      hydrochloride, m.p. 233.degree.-235.degree.C.
PAC  EXAMPLE 12
PAR  A. Following a procedure similar to that described in Example 1A but using
      0.72 g. of sodium hydride in 170 ml. of benzene, 10 g. of
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid, 2.2 ml.
      of thionyl chloride, and 3.6 g. of propylamine, there was obtained 7 g. of
      4-propylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole, m.p.
      180.degree.-181.degree.C. (ethyl acetate).
PAR  B. Following a procedure similar to that described in Example 11A but
      substituting for the amide used therein an equivalent amount of
      4-propylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole there
      is obtained
      4-propylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole and the
      hydrochloride salt thereof.
PAR  By following a procedure similar to that described in Example 10A but
      substituting for N-(3,4-dimethoxyphenyl)-N-benzylamine an equivalent
      amount of the following amines:
PA1  N-(4-methylphenyl)-N-benzylamine;
PA1  N-(4-n-hexylphenyl)-N-benzylamine;
PA1  N-(4-tert-butylphenyl)-N-benzylamine;
PA1  N-(4-isopentyloxphenyl)-N-benzylamine; and
PA1  N-(4-methyl-3-methoxyphenyl)-N-benzylamine;
PAL  there are obtained respectively:
PA1  13. 9-benzyl-6-methyl-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid;
PA1  14. 9-benzyl-6-n-hexyl-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid;
PA1  15. 9-benzyl-6-tert-butyl-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid;
PA1  16. 9-benzyl-6-isopentyloxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid;
      and
PA1  17. 9-benzyl-6-methyl-7-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic
      acid.
PAR  The phenylbenzylamines used in the preparation of the carboxylic acids
      13-17 above are obtained by reacting benzaldehyde with 4-methylaniline,
      4-n-hexylaniline, 4-tert-butylaniline, 4-isopentyloxyaniline, and
      4-methyl-3-methoxyaniline respectively, using the procedures described in
      U.S. Pat. No. 3,687,969.
PAR  By following a procedure similar to that described in Example 1A but
      substituting for
      9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole-4-carboxylic acid an
      equivalent amount of the carboxylic acids 13-17 above, and for
      dimethylamine an equivalent amount of the following amines:
PA1  N-(n-hexyl)-N-methylamine;
PA1  dibenzylamine;
PA1  N-(benzyl)-N-methylamine;
PA1  di-n-hexylamine; and
PA1  diethylamine;
PAL  there are obtained respectively:
PA1  18.
      4-(N-n-hexyl-N-methylaminocarbonyl)-9-benzyl-6-methyl-1,2,3,4-tetrahydroca
     rbazole;
PA1  19. 4-dibenzylaminocarbonyl-9-benzyl-6-n-hexyl-1,2,3,4-tetrahydrocarbazole;
PA1  20.
      4-(N-benzyl-N-methylaminocarbonyl)-9-benzyl-6-tert-butyl-1,2,3,4-tetrahydr
     ocarbazole;
PA1  21.
      4-di-n-hexylaminocarbonyl-9-benzyl-6-isopentyloxy-1,2,3,4-tetrahydrocarbaz
     ole; and
PA1  22.
      4-diethylaminocarbonyl-9-benzyl-6-methyl-7-methoxy-1,2,3,4-tetrahydrocarba
     zole.
PAR  By following a procedure similar to that described in Example 1B but
      substituting for
      4-dimethylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole an
      equivalent amount of the amides 18-22 above there are obtained
      respectively:
PA1  23.
      4-(N-n-hexyl-N-methylaminomethyl)-9-benzyl-6-methyl-1,2,3,4-tetrahydrocarb
     azole;
PA1  24. 4-dibenzylaminomethyl-9-benzyl-6-n-hexyl-1,2,3,4-tetrahydrocarbazole;
PA1  25.
      4-(N-benzyl-N-methylaminomethyl)-9-benzyl-6-tert-butyl-1,2,3,4-tetrahydroc
     arbazole;
PA1  26.
      4-di-n-hexylaminomethyl-9-benzyl-6-isopentyloxy-1,2,3,4-tetrahydrocarbazol
     e; and
PA1  27.
      4-diethylaminomethyl-9-benzyl-6-methyl-7-methoxy-1,2,3,4-tetrahydrocarbazo
     le.
CLMS
STM  We claim:
NUM  1.
PAR  1. 4-R.sub.1 R.sub.2 NCH.sub.2 -9-benzyl-6-R.sub.3 -7-R.sub.4
      -1,2,3,4-tetrahydrocarbazole having the formula:
      ##SPC3##
PAL  wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen, lower-alkyl or benzyl, and
PA1  R.sub.3 and R.sub.4 are each hydrogen, lower-alkyl, or lower-alkoxy.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.4 is hydrogen.
NUM  3.
PAR  3. 4-Dimethylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      according to claim 2.
NUM  4.
PAR  4. 4-Benzylaminomethyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      according to claim 2.
NUM  5.
PAR  5. 4-R.sub.1 R.sub.2 NCO-9-benzyl-6-R.sub.3 -7-R.sub.4
      -1,2,3,4-tetrahydrocarbazole having the formula:
      ##SPC4##
PAL  wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen, lower-alkyl, or benzyl, and
PA1  R.sub.3 and R.sub.4 are each hydrogen, lower-alkyl, or lower-alkoxy.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sub.4 is hydrogen.
NUM  7.
PAR  7. 4-Dimethylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4-tetrahydrocarbazole
      according to claim 6.
NUM  8.
PAR  8. 4-Benzylaminocarbonyl-9-benzyl-6-methoxy-1,2,3,4,-tetrahydrocarbazole
      according to claim 6.
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ABST
PAL  Indole derivatives characterized by having a
      1,3,4,9-tetrahydropyrano[3,4-b]indole or
      1,3,4,9-tetrahydrothiopyrano[3,4-b]indole nucleus bearing a substituent in
      position 1, said substituent incorporating an acid, ester or amide
      function therein, are disclosed. The nucleus is further substituted at
      position 1 and may be optionally substituted at positions 3, 4, 5, 6, 7,
      8, and 9. The derivatives are useful antiinflammatory, analgesic,
      antibacterial and antifungal agents and methods for their preparation and
      use are also disclosed.
PARN
PAR  This application is a Continuation-in-Part of our earlier-filed application
      Ser. No. 148,895 filed June 1, 1971, now U.S. Pat. No. 3,843,681, issued
      Oct. 22, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel indole derivatives, to processes for their
      preparation and to intermediates used in these processes.
PAR  Notwithstanding the advances made during the last four decades in the
      development of agents for the treatment of inflammatory conditions, there
      still remains a need for effective agents without the side effects
      associated with the therapeutic agents presently used for this purpose.
PAR  The indole derivatives of this invention have been found to exhibit
      interesting and useful pharmacodynamic properties without eliciting
      undesirable side effects. Notable attributes of this effect are
      antinflammatory and analgesic activities. In addition the compounds of
      this invention exhibit antibacterial and antifungal properties.
PAC  SUMMARY OF THE INVENTION
PAR  The indole derivatives of this invention are characterized by having a
      pyrano[3,4-b]indole or thiopyrano[3,4-b]indole nucleus bearing a
      substituent at position 1, said substituent incorporating an acid, ester
      or amide function therein. These derivatives may be represented by formula
      I
      ##SPC1##
PAL  in which R.sup.1 is selected from the group consisting of lower alkyl,
      lower alkenyl, lower alkynyl, lower cycloalkyl, phenyl, benzyl and
      2-thienyl, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are the same or different
      and are each selected from the group consisting of hydrogen and lower
      alkyl, R.sup.6 is selected from the group consisting of hydrogen, lower
      alkyl, hydroxy, lower alkoxy, benzyloxy, lower alkanoyloxy, nitro and
      halo, R.sup.7 is selected from the group consisting of hydrogen, lower
      alkyl and lower alkenyl, X is selected from the group consisting of oxy
      and thio, Y is selected from the group consisting of carbonyl,
      ##EQU1##
      which each of R.sup.8, R.sup.9, R.sup.10, R.sup.11, R.sup.12 and R.sup.13
      is hydrogen or lower alkyl, and Z is selected from the group consisting of
      hydroxy, lower alkoxy, amino, lower alkylamino, di(lower)alkylamino and
      phenylamino.
PAR  Also included within the scope of this invention are pyrano[3,4-b]indole
      and thiopyrano[3,4-b]indole derivatives of formula I in which R.sup.6
      represents from one to four substituents, which may be present
      simultaneously, at positions 5,6,7 and 8 thereof. The exact nature of such
      substituents does not have to be limited necessarily by the above
      definitions of R.sup.6, and R.sup.6 may also include additional
      definitions, for example, mercapto, lower alkylthio, trifluoromethyl and
      other halo(lower)alkyls, amino and sulfamoyl, provided that any two such
      substituents do not interfere with each others presence. Accordingly the
      indole derivatives of this invention are represented also by general
      formula Ia
      ##SPC2##
PAL  in which R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.7, X, Y and Z
      are as defined in the first instance and R.sup.6a, R.sup.6b, R.sup.6c and
      R.sup.6d are the same or different and each is selected from the group
      consisting of hydrogen, lower alkyl, hydroxy, lower alkoxy, benzyloxy,
      lower alkanoyloxy, nitro, halo, mercapto, lower alkylthio,
      trifluoromethyl, amino and sulfamoyl.
PAR  The indole derivatives of this invention of formula I are prepared by
      reacting a compound of the formula
      ##EQU2##
      in which R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and R.sup.7 are as
      defined in the first instance and X' is hydroxy or mercapto with a
      compound of formula
      ##EQU3##
      in which R.sup.1, Y and Z are as defined in the first instance, in the
      presence of an acid catalyst.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "lower alkyl" as used contemplates both straight and branched
      chain alkyl radicals containing from one to six carbon atoms and includes
      methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 2-methylpentyl and the
      like.
PAR  The term "lower alkenyl" as used herein contemplates both straight and
      branched chain alkenyl radicals containing from two to six carbon atoms
      and includes vinyl, allyl, 1-propenyl, methallyl, 2-ethyl-3-butenyl and
      the like.
PAR  The term "lower alkynyl" as used herein contemplates both straight and
      branched chain alkynyl radicals containing from two to six carbon atoms
      and includes ethynyl, propargyl, 1,1-dimethylpropargyl and the like.
PAR  The term "lower cycloalkyl" as used herein contemplates saturated cyclic
      hydrocarbon radicals containing from three to six carbon atoms and
      includes cyclopropyl, cyclobutyl, cyclopentyl and the like.
PAR  The term "lower alkoxy" as used herein contemplates both straight and
      branched chain alkoxy radicals containing from one to four carbon atoms
      and includes methoxy, ethoxy, isopropoxy and the like.
PAR  The term "lower alkanoyloxy" as used herein contemplates both straight and
      branched chain alkanoyloxy radicals containing from two to six carbon
      atoms and includes acetoxy, propionyloxy, hexanoyloxy and the like.
PAR  The term "halo" as used herein contemplates halogens and includes fluorine,
      chlorine, bromine and iodine.
PAR  Where the term "lower" is used herein as part of the description of
      alkylamino and dialkylamino, it contemplates one to six carbon atoms for
      each alkyl group of such a radical and includes methylamino, n-hexylamino,
      dimethylamino, diethylamino and the like.
PAR  The indole derivatives of formula I in which Z is hydroxy, the acid
      compounds of this invention, form addition salts with suitable inorganic
      and organic bases. These salts possess the same activities as the parent
      acid compound when administered to animals and may be utilized in the same
      manner. Suitable bases to form these salts include, for example, the
      hydroxides, lower alkoxides, carbonates and bicarbonates of sodium,
      potassium, calcium and magnesium, as well as the bases, ammonia,
      triethylamine, benzylamine and the like. The addition salts thus obtained
      are the functional equivalents of the parent acid compound in respect to
      their therapeutic use. Hence, these addition salts are included within the
      scope of this invention and are limited only by the requirement that the
      bases employed in forming the salts be pharmaceutically acceptable.
PAR  Also included within the scope of this invention are the isomers of the
      compounds of formula I resulting from the asymmetric centers contained
      therein.
PAC  ANTIINFLAMMATORY AND ANALGESIC ACTIVITY
PAR  The useful antiinflammatory and analgesic activities of the indole
      derivatives of this invention may be domonstrated in standard
      pharmacologic tests, for example, the tests described by R.A. Turner in
      "Screening Methods in Pharmacology", Academic Press, New York and London,
      1965, pp. 152-163 and pp. 100-117,  respectively.
PAR  More particularly, the antiinflammatory activity of the compounds of this
      invention may be readily demonstrated in a modification of the Freund's
      adjuvant test, the adjuvant induced actue edema test as described by J. R.
      Boissier et al., Therapie, 25, 43 (1970). This test is known to correlate
      well with data derived from clinical results with humans. Boissier et al.
      have demonstrated this correlation with such clinically active compounds
      as phenylbutazone, mefenamic acid, indomethacin, aspirin, hydrocortisone
      and prednisolone.
PAR  More particularly exemplified, a substantial antinnflammatory effect for
      the compounds listed below in domonstrable at oral doses of 100 mg/kg or
      less in this actue edema test. In this test male rats are treated with the
      test compound one hour before the injection of Freund's adjuvant into the
      paw (day O). The rats are then treated with the same dose of the test
      compound for the next three days. The antiinflammatory effect of the test
      compound is measured by the reduction of pedal inflammation, see Turner
      cited above, and expressed as a percent inhibition from adjuvant injected
      control rats on day 3.
TBL  __________________________________________________________________________
                             DAILY                                             
                             DOSE  PERCENT                                     
                COMPOUND     (MG/KG)                                           
                                   INHIBITION                                  
     __________________________________________________________________________
     1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]-                                 
     indole-1-acetic acid, Example No. 1                                       
                             100   30                                          
     1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]-                                  
     indole-1-acetic acid, Example No. 15                                      
                             100   47                                          
     1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]-                                 
     indole-1-acetic acid, Example No. 16                                      
                             100   40                                          
     8-methyl-1-propyl-1,3,4,9-tetrahydropyrano-                               
     [3,4-b]indole-1-acetic acid, Example No. 26                               
                             100   44                                          
     1-butyl-1,3,4,9-tetrahydropyrano[3,4-b]-                                  
     indole-1-acetic acid, Example No. 25                                      
                             100   40                                          
     1-t-butyl-1,3,4,9-tetrahydropyrano[3,4-b]-                                
     indole-1-acetic acid, Example No. 24                                      
                             100   30                                          
     5-methyl-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]-                        
     indole-1-acetic acid, Example 32                                          
                             100   44                                          
     1-ethyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-                        
     1-acetic acid, Example No. 98                                             
                              25   32                                          
     __________________________________________________________________________
PAR  The lack of side effects for the compounds of this invention may be
      demonstrated by standard acute toxicity tests (see Turner cited above) and
      by prolonged administration of the compound to warm-blooded animals.
PAR  When the present indole derivatives of this invention are employed as
      antiinflammatory and analgetic agents in warm-blooded animals, e.g., rats,
      they may be administered orally, alone or in dosage forms, i.e., capsules
      or tablets, combined with pharmacologically acceptable excipients, such as
      starch, milk sugar and so forth. They may also be administered orally in
      the form of solutions in suitable vehicles such as vegetable oils.
PAR  The dosage of the indole derivatives of this invention will vary with the
      particular compound chosen and form of administration. Furthermore, it
      will vary with the particular host under treatment. Generally, the
      compounds of this invention are administered at a concentration level that
      affords protective effects without any deleterious side effects. These
      antiinflammatorilyanalgesically effective concentration levels are usually
      obtained within a therapeutic range of 1.0 mg to 500 mg/kg per day, with a
      preferred range of 10 to 100 mg/kg per day.
PAC  Antibacterial and Antifungal Activity
PAR  The indole derivatives of this invention also exhibit utility as
      antibacterial agents against a number of gram-positive and gram-negative
      microorganisms, such as, Staphylococcus pyogenes, both penicillin
      sensitive and penicillin resistant, Streptococcus faecalis, Escherichia
      coli, Aerobacter aerogenes, Salmonella pullorum, Pseudomonas aerugenosa,
      Proteus mirabilis, Protues vulgaris, Klebsiella pneumoniae and Seratia
      marcescens and as antifungal agents against a number of pathogenic fungi
      such as, Candida albicans, Microsporum gypseum and Trichophyton
      granulosum, in standard tests for antibacterial and antifungal activity,
      such as those described in 37 Antiseptics, Disinfectants, Fungicides and
      Sterilization", G.F. Reddish, Ed., 2nd ed., Lea and Febiger, Philadelphia,
      1957 or by D. C. Grove and W.A. Randall in "Assay Methods of Antibiotics",
      Med. Encycl. Inc., New York 1955.
PAR  For example, by employing a test like the serial broth dilution, see Grove
      and Randall, cited above, in which dilutions of the compounds of this
      invention in nutrient broth are inoculated with the microorganisms or
      fungi, described above, incubated at 37.degree.C. for 2 days,
      respectively, and examined for the presence of growth, it may be shown
      that 1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-propionic acid is
      able to inhibit growth totally in this system of Proteus vulgaris,
      Klebsiella pneumoniae and Serratia marcescens at a concentration of 100
      mcg/ml. or less.
PAR  When the compounds of this invention are employed as antibiotic or
      antifungal agents in warm-blooded animals, e.g. rats, they may be
      administered alone or in combination with pharmacologically acceptable
      carriers. The proportion of the compound is determined by the solubility
      and chemical nature of the compound, chosen route of administration and
      standard biological practice. For example, they may be administered orally
      in solid form containing such excipients as starch, milk sugar, certain
      types of clay and so forth. They may also be administered orally in the
      form of solutions or they may be injected parenterally. For parenteral
      administration they may be used in the form of a sterile solution
      containing other solutes, for example, enough saline or glucose to make
      the solution isotonic.
PAR  The dosage of the present therapeutic agents as antibiotic or antifungal
      agents will vary with the form of administration and the particular
      compound chosen. Furthermore, it will vary with the particular host under
      treatment. Generally, treatment is initiated with small dosages
      substantially less than the optimum dose of the compound. Thereafter, the
      dosage is increased by small increments until the optimum effect under the
      circumstances is reached. In general, the compounds of this invention are
      most desirably administered at a concentration level that will generally
      afford antibacterially or antifungally effective results without causing
      any harmful or deleterious side effects and preferably at a level that is
      in a range of from about 1.0 mg. to about 1000 mg. per kilo per day,
      although as aforementioned variations will occur. However, a dosage level
      that is in the range of from about 10 mg. to about 500 mg. per kilo per
      day is most desirably employed in order to achieve effective results.
PAR  In addition, the agent may be employed topically. For topical application
      they may be formulated in the form of solutions, creams, or lotions in
      pharmaceutically acceptable vehicles containing 0.1-5 per cent, preferably
      2 per cent, of the agent and may be administered topically to the infected
      area of the skin.
PAR  Also the antibacterial properties of the compounds of this invention may be
      utilized for washing equipment in hospitals, homes and farms, instruments
      used in medicine and bacteriology, clothing used in bacteriological
      laboratories, and floors, walls and ceiling in rooms in which a background
      free of gram-positive and gram-negative microorganisms, such as those
      listed above, is desired. When employed in this manner the compounds of
      this invention may be formulated in a number of compositions comprising
      the active compound and an inert material. In such compositions, while the
      compounds of formula I of this invention may be employed in concentrations
      as low as 500 p.p.m., from a practical point of view, it is desirable to
      use from about 0.10% by weight, to about 5% by weight or more.
PAR  The formulations that may be used to prepare antiseptic wash solutions of
      the compounds of this invention are varied and may readily be accomplished
      by standard techniques, see for example, "Remington's Practice of
      Pharmacy", E.W. Martin et al., Eds., 12th ed., Mack Publishing Company,
      Easton, Penn., 1961, pp. 1121 - 1150. In general, the compounds may be
      made up in stock solutions. They can also be formulated as suspensions in
      an aqueous vehicle. These make useful mixtures for decontaminating
      premises. Also, aqueous vehicles containing emulsifying agents, such as
      sodium lauryl sulfate, and relatively high concentrations, e.g., up to
      about 5% by weight, of the compounds may be formulated by conventional
      techniques.
PAR  A typical antiseptic preparation useful for disinfecting floors, walls,
      ceiling, and articles in a contaminated room may be prepared by adding 5
      to 25 g. of
      N,N,1-trimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetamide to a
      mixture of 150 to 300 g. of polyethylene glycol 1540 and 150 to 300 g. of
      polyethylene glyol 300. The resulting mixture is stirred while a solution
      of 1 to 10 g. of sodium lauryl sulfate in 300 to 400 ml. of water is added
      portionwise. The article to be disinfected is coated or immersed in the
      preparation for a prolonged time, for example, one hour, and then rinsed
      with sterile water.
PAC  Preparation of Indole Derivatives
PAR  For the preparation of the indole derivatives of this invention we prefer
      to use as starting materials the compounds of the general formula II.
PAL  in which R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and R.sup.7 are as
      defined in the first instance and X' is hydroxy or mercapto.
PAR  The starting materials of formula II in which X' is hydroxy are either
      known, for example, tryptophol, described by H. R. Synder and F. J.
      Pilgrim, J. Am. Chem. Soc. 70, 3770 (1948), or they may be obtained by the
      following process:
      ##EQU4##
PAR  With reference to this process phenylhydrazines of formula III and the
      hydroxyaldehyde of formula IV are reacted together according to the
      conditions of the "Fischer Indole Synthesis", for example, see P.L.
      Julian, E. N. Myer and H.C. Printy, "Heterocyclic Compounds", R.C.
      Elderfield, Ed., Vol. 3, John Wiley and Sons, Inc., New York, 1952, pp. 8
      - 11, to form the desired starting material (II, X' = OH).
PAR  The phenylhydrazines of formula III are either known or may be prepared
      according to known methods. A convenient method involves the diazotization
      of the appropriately substituted aniline to give the corresponding diazo
      derivative. The latter compound is then reduced with stannous chloride or
      sodium sulfite to give the corresponding phenylhydrazine, see L. F. Fieser
      and M. Fieser, "Advanced Organic Chemistry", Reinhold Publishing
      Corporation, New York, 1961, p. 734.
PAR  The hydroxyaldehydes of formula IV are either known, see for example,
      "Rodd's Chemistry of Carbon Compounds," S. Coffey, Ed., Vol. I d, 2nd ed.,
      Elsevier Publishing Co., Amsterdam, 1965, pp. 44 - 49, or they may be
      prepared according to known methods. A convenient method involves
      reduction of an appropriate lactone of formula O=C-CH.sub.2
      C(R.sup.4)(R.sup.5)C(R.sup.2)(R.sup.3)-O with
      bis-(3-methyl-2-butyl)borane, H. C. Brown and D. B. Bigley, J. Am. Chem.
      Soc., 83, 486 (1961), diisobutyl aluminum hydride, L. I. Zakharkkin and I.
      M. Khorlina, Tetrahedron Letters, 619 (1962) or sodium aluminum hydride,
      L. I. Zakharkin et al., Tetrahedron Letters, 2087 (1963). The appropriate
      lactones utilized in this condensation are either commercially available,
      for example, .delta.-valerolactone, .alpha.-methyl-butyrolactone, or they
      are described with a variety of methods for their preparation in organic
      chemistry textbooks; such as the textbooks, "Methoden der Organischen
      Chemie", Houben-Weyl, E. Muller, Ed., Vol. VI/2, Georg Thieme Verlag,
      Stuttgart, 1963, pp. 561 - 852 or L. F. Fieser and M. Fieser, "Advanced
      Organic Chemistry", cited above.
PAR  Alternatively, the starting materials of formula II in which R.sup.2,
      R.sup.3, R.sup.4 and R.sup.7 are hydrogen and X' is hydroxy may be
      prepared by lithium aluminum hydride reduction, N. G. Gaylord, "Reduction
      with Complex Metal Hydrides", Interscience Publishers, Inc., New York,
      1956, pp. 322 - 370, of compounds of formula V described by T. Y. Shen,
      U.S. Pat. No. 3,161,654, Dec. 15, 1964:
      ##SPC3##
PAL  wherein R.sup.15 is lower alkyl and R.sup.5  and R.sup.6 are as defined in
      the first instance.
PAR  The starting materials of formula II in which X' is mercapto and R.sup.2,
      R.sup.3, R.sup.4, R.sup.5, R.sup.6, and R.sup.7 are as defined in the
      first instance may be obtained by the following process: The appropriate
      compound of formula II (X' = OH), described above, is treated with
      phosphorus tribromide in an inert solvent, for example, ether or carbon
      tetrachloride, to afford the corresponding 3-(2-bromoethyl)indole
      derivative. The latter compound is then converted to the desired starting
      material of formula II (X' = SH) by a procedure similar to that described
      by N.N. Suvorov and V. N. Buyanov, Khim.-Farm. Zh., 1, 4 (1967), [Chem.
      Abstr. 67, 73474.sub.a (1967)], for converting 3-(2-bromethyl)indole to
      indole-3-ethanethiol (II; R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and
      R.sup.7 = H and X' = SH). Accordingly, the appropriate
      3-(2-bromethyl)indole derivative is treated with sodium or potassium
      thiosulfate to afford the corresponding sodium or potassium
      .beta.-(3-indolyl)ethyl thiosulfate derivative, respectively, which on
      treatment with strong alkali for example, sodium or potassium hydroxide,
      is transformed into the corresponding
      bis-[.omega.-(3-indolyl)ethyl]disulfide derivative. Reduction of the
      latter compound with lithium aluminum hydride gives the desired compounds
      of formula II.
PAR  It should be noted that the preceding process is not entirely practical for
      the preparation of the compounds of formula II in which X' is mercapto and
      R.sup.6 is hydroxy or lower alkanoyloxy. For this reason, the preferred
      starting materials of formula II for the ultimate preparation of the
      compounds of formula I in which R.sup.6 is hydroxy or lower alkanoyloxy
      and X is thio are the corresponding compounds of formula II in which
      R.sup.6 is benzyloxy, readily prepared by this process. When the latter
      compounds are used as starting materials in this manner, they are first
      subjected to the process (II + VI .fwdarw.VII), described below.
      Subsequently, the benzyloxy group is removed by hydrogenation, in the
      presence of a catalyst, for example, 10% palladium on carbon, to afford
      the corresponding compound of formula I in which R.sup.6 is hydroxy. The
      latter may be converted if desired to the corresponding compound of
      formula I in which R.sup.6 is lower alkanoyloxy by conventional means, for
      example, by treatment with the appropriate lower alkanoic anhydride
      preferably in the presence of pyridine. Likewise, it should be noted that
      similar use of the starting materials of formula II in which X' is hydroxy
      and R.sup.6 is benzyloxy to obtain the corresponding compound of formula I
      in which R.sup.6 is hydroxy or lower alkanoyloxy is preferred.
PAR  For the preparation of the acid and ester compounds of this invention of
      formula I in which Z is hydroxy or lower alkoxy and R.sup.1, R.sup.2,
      R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7, X and Y are as defined in the
      first instance, we have found that the following, hitherto undisclosed
      process is both practical and convenient:
      ##EQU5##
      in which R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7, X,
      Y, and Z are as defined in this instance, X' is hydroxy or mercapto and
      R.sup.16 is hydrogen or lower alkyl. (For convenience and clarity these
      particular acid and ester compounds of formula I are represented above as
      formula VII).
PAR  With reference to the above scheme the starting material of formula II is
      condensed with a ketoacid (VI, R.sup.16 = H) or a ketoester (VI, R.sup.16
      = lower alkyl) in the presence of a suitable acid catalyst to yield the
      compounds of formula VII.
PAR  Generally comparable yields of product are obtained in this process when
      either the ketoacid or the corresponding ketoester is used. However, in
      the case where it is desired to prepare acid compounds of formula VII in
      which  Y is
      ##EQU6##
      and R.sup.16 is hydrogen, it is preferable with respect to yield to first
      condense the appropriate .beta.-ketoester of formula VI rather than the
      corresponding .beta.-ketoacid and then hydrolyze the resulting ester
      product to give the desired acid compound.
PAR  Moreover, in the general practise of this invention it is often more
      convenient to prepare the acid compounds of formula VII by using the
      ketoester instead of the ketoacid in this process and then hydrolyze the
      resulting ester product to the desired acid, the reason being simply that
      the ketoesters are generally more readily available either commercially or
      by synthesis.
PAR  The hydrolysis of compounds of formula VII in which R.sup.16 is lower alkyl
      to their corresponding acids of formula VII is readily effected by
      treatment with a suitable alkali, for example, potassium hydroxide or
      sodium carbonate, in aqueous methanol or aqueous ethanol.
PAR  In practising the condensation (II + VI .fwdarw. VII) we have found it
      preferable to use a solvent as a reaction medium. Any solvent inert to the
      reaction conditions may be used. Suitable solvents include benzene,
      toluene, diethyl ether, dioxan, tetrahydrofuran, methylene dichloride,
      carbon tetrachloride and the like. Benzene and tetrahydrofuran are
      especially convenient and practical for this use. A variety of suitable
      acid catalysts may be used for this condensation, for example, the type of
      catalyst used in a Fischer Indole Synthesis, i.e. p-toluenesulfonic acid,
      phosphorus pentoxide, boron trifluoride, zinc chloride, hydrochloric acid
      and sulfuric acid and the like. p-Toluenesulfonic acid, boron trifluoride
      and phosphorus pentoxide are included among the preferred acid catalysts.
      The amount of acid catalyst used is not especially critical and may range
      from 0.01 molar equivalents to 100 molar equivalents; however, a range of
      from 0.1 to 10 molar equivalents is generally preferred. The time of the
      reaction may range from 10 minutes to 60 hours, with the preferred range
      being from one-half to 24 hours. The temperature of the reaction may range
      from -20.degree. C. to the boiling point of the reaction mixture.
      Preferred temperature ranges include 20.degree. to 120.degree.C.
PAR  The .alpha.-, .beta.-, .gamma.- and .delta.- ketoacids and -ketoesters of
      formula VI are either known, for example, ethyl pyruvate, levulinic acid,
      ethyl .alpha., .alpha.-dimethylacetoacetate, .beta.,
      .beta.-dimethyllevulic acid and benzoylacetic acid or they may be prepared
      by known methods described in general organic chemistry textbooks. For
      example, a comprehensive review on the properties and preparation of such
      .alpha.-, .beta.-, .gamma.- and .delta.- ketoacids and -ketoesters may be
      found in "Rodd's Chemistry of the Carbon Compounds", cited above, Vol, 1d,
      pp. 226 - 274.
PAR  Alternatively, the acid compounds of formula I in which Z is hydroxy and
      R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7, X and y are
      as defined in the first instance may be prepared by the following process:
      ##SPC4##
      in which Y' is CH.sub.2, C(R.sup.8)(R.sup.9)CH.sub.2,
      C(R.sup.8)(R.sup.9)C(R.sup.10) (R.sup.11)CH.sub.2 or
      C(R.sup.8)R.sup.9)C(R.sup.10)(R.sup.11)C(R.sup.12)(R.sup.13)CH.sub.2,
      R.sup.17 is hydrogen or lower alkyl, Z is hydroxy and R.sup.1, R.sup.2,
      R.sup.3, R.sup.4 , R.sup.5 , R.sup.6, R.sup.7, X and Y are as defined in
      the first instance.
PAR  With reference to this alternative process a starting material of formula
      II is condensed with a ketoalcohol lower alkyl ester (VIII) in the
      presence of a suitable acid catalyst according to the conditions described
      above for the condensation (II + VI.fwdarw.VII). The ketoalcohol lower
      alkyl esters are either known, for example, acetonyl acetate or
      5-acetoxypentan-2-one, or may be prepared by known methods, for instance,
      see "Rodd's Chemistry of the Carbon Compounds", cited above, Vol. ld, pp.
      49 - 54. In this manner the condensation product of general formula IX is
      obtained. Hydrolysis of this product with an aqueous alcoholic solution of
      a suitable alkali, for example, sodium hydroxide in aqueous methanol,
      affords the corresponding primary alcohol X. The primary alcohol is then
      oxidized to the corresponding aldehyde of formula XI. Although a variety
      of methods are known for the oxidation of a primary alcohol to its
      corresponding aldehyde, see for example, "Rodd's Chemistry of the Carbon
      Compounds", cited above, Vol.. 1c, pp. 4 - 10, we have found that the
      method of K. E. Pfitzner and J. G. Moffat, J. Am. Chem. Soc., 87, 5670
      (1965) using N,N-dicyclohexylcarbodiimide and dimethyl sulfoxide in the
      presence of a suitable acid, for example, trifluoroacetic acid, to be both
      efficacious and convenient in this case, Subsequently the aldehyde XI may
      be converted to the desired acid compounds of formula I by a variety of
      oxidizing agents, including silver oxide, alkaline permanganate, hydrogen
      peroxide, peracids and the like. In this case we prefer to use silver
      oxide according to the method of M. Delepine and P. Bonnet. Compt. rend.,
      149,39 (1909).
PAR  The amide compound of this invention of formula I in which Z is amino,
      lower alkylamino, di(lower)alkylamino and phenylamino and R.sup.1,
      R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7, X and Y are as
      defined in the first instance, may be prepared from their corresponding
      acid compounds of formula I (compounds of formula VII in which R.sup.16 is
      hydrogen, described above) by treatment of the latter compounds with a
      lower alkyl chloroformate, preferably ethyl chloroformate, in the presence
      of triethylamine, affording the corresponding mixed anhydride, which is
      converted by treatment with the appropriate amine, such as ammonia,
      aniline or a suitable alkylamine or dialkylamine, to the desired amide
      compound of formula I.
PAR  Alternatively, these amides of formula I may be prepared from the
      corresponding esters of formula I (compounds of formulae VII, in which
      R.sup.16 is lower alkyl, described above) by treatment of the latter
      compounds with the appropriate amine according to known methods, for
      example, see A. L. J. Beckwith in "The Chemistry of Amides", J. Zalicky,
      Ed., Interscience Publishers, New York, 1970, pp. 96 - 105.
PAR  Again alternatively, the amide compounds of formula I in which Z is amino,
      lower alkylamino, di(lower)alkylamino, and phenylamino and R.sup.1,
      R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7, X and Y are as
      defined in the first instance, may be prepared by the condensation of an
      apapropriate starting material of formula II with an appropriate .alpha.-,
      .beta.-, .gamma.- or .delta.-ketoamide in the presence of a suitable acid
      catalyst according to the conditions described above for the condensation
      (II + VI .fwdarw. VII). The ketoamides required for this condensation are
      either known, for example, pyruvamide or
      .alpha.,.alpha.-dimethylacetoacetamide, or they may be prepared by known
      methods, for instance, see "Rodd's Chemistry of the Carbon Compounds",
      cited above, Vol. 1d, pp. 226 - 274.
PAR  The alkylated acid and ester compounds of this invention of formula I in
      which R.sup.7 is lower alkyl or lower alkenyl and Z is hydroxy or lower
      alkoxy, are prepared readily from the above described, corresponding acid
      or ester compounds of formula I in which R.sup.7 is hydrogen. This
      conversion involving the N-alkylation of the indolic nitrogen is effected
      by treatment of the latter compounds with an appropriate lower alkyl or
      lower alkenyl halide in an inert solvent in the presence of an acid
      acceptor. Preferred conditions for effecting this conversion include the
      use of sodium hydride as an acid acceptor and tetrahydrofuran as the inert
      solvent.
PAR  The N-alkylated amide compounds of formula I in which R.sup.7 is lower
      alkyl or lower alkenyl and Z is amino, lower alkylamino,
      di(lower)alkylamino or phenylamino are preferably prepared by either
      treatment of the N-alkylated acid compounds of formula I, described above,
      with a lower alkyl chloroformate followed by treatment with the
      appropriate amine, or treatment of the N-alkylated ester compounds of
      formula I, described above, with an appropriate amine, in the manner
      described previously for the preparation of the amide compounds of formula
      I in which R.sup.7 is hydrogen.
PAR  Finally, it is the intention to cover all changes and modifications of the
      embodiment of the invention herein chosen for the purpose of disclosure
      which are within the scope and spirit of this invention. Such changes and
      modification include those variations which depend on well known
      interconversions of acids and esters or alternation of the order of
      N-alkylation in the processes disclosed herein.
PAR  For example, in preparing the N-alkylated acid, ester or amide compounds of
      formula I in which R.sup.7 is lower alkyl or lower alkenyl, the changing
      of the order of the N-alkylation step, as depicted in the embodiment of
      this invention, by the act of N-alkylation of the starting materials of
      formula II and subjecting the products thereof to treatment with an
      appropriate ketoacid or ketoester of formula VI or a ketoamide, according
      to the teaching of the present disclosure, would not depart from the
      spirit or scope of this invention.
PAR  Likewise, the preparation of the N-alkylated amide compounds of formula I
      in which R.sup.7 is lower alkyl or lower alkenyl and Z is
      di(lower)alkylamino by N-alkylation of the corresponding compounds of
      formula I in which R.sup.7 is hydrogen, is considered to be a process
      which would be functionally equivalent to the process embodied herein for
      the preparation of these compounds.
PAR  It will also be apparent to those skilled in the art that the processes
      taught herein for the preparation of the indole derivatives of formula I
      are applicable likewise to the preparation of the indole derivatives of
      formula Ia, described above. In the latter case, the appropriate starting
      material of formula IIa, see below, prepared analogously to the starting
      material of formula II, is utilized.
PAR  More specifically, the acid and ester compounds of formula Ia in which
      R.sup.6a, R.sup.6b, R.sup.6c, R.sup.6d and R.sup.7 are as defined in the
      first instance, Z is hydroxy or lower alkoxy, and R.sup.1,R.sup.2,
      R.sup.3, R.sup.4, R.sup.5 , X and Y are as defined in the first instance,
      are readily prepared by the condensation (IIa+VI.fwdarw. VIIa),
      illustrated below, according to the conditions described previously for
      the condensation (II+VI.fwdarw.VII).
      ##SPC5##
PAL  in which R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6a, R.sup.6b,
      R.sup.6c, R.sup.6d, R.sup.7, X, Y and R.sup.16 are as defined in the first
      instance.
PAR  Likewise, the acid compounds of formula Ia in which R.sup.6a, R.sup.6b,
      R.sup.6c , R.sup.6d are as defined in the first instance, Z is hydroxy and
      R.sup.1, R.sup.2, R.sup.3, R.sup.4 , R.sup.5, R.sup.7 , X and Y are as
      defined in the first instance may be prepared by the following process:
      ##SPC6##
PAL  in which R.sup.1, R.sup.2, R.sup.3,R.sup.4 , R.sup.5 , X, Y, Y', R.sup.6a,
      R.sup.6b, R.sup.6c, R.sup.6d, R.sup.7, and R.sup.17 are as defined in the
      first instance according to the process disclosed above for the conversion
      [II+VIII .fwdarw.IX .fwdarw.X.fwdarw.XI.fwdarw.I (Z= OH)]. Subsequent
      transformation of the above acid and ester compounds of formula Ia to
      their corresponding N-alkylated and amide derivatives of formula Ia is
      effected in the same manner for the similar conversions of the acid ester
      compounds of formula I, described herein.
PAR  Alternatively, the amide derivatives of formula Ia are prepared by the
      condensation of an appropriate starting material of formula IIa with an
      appropriate .alpha.-, .beta.-, .gamma.- or .delta.-ketoamide in the
      presence of a suitable acid catalyst according to the conditions described
      previously for the condensation (II + VI .fwdarw. VII).
DETD
PAR  The following examples will illustrate further this invention.
PAC  EXAMPLE 1
PAC  1METHYL-1,3,4,9-TETRAHYDROPYRANO[3,4-b]INDOLE-1-ACETIC ACID (I; R.sup.1 =
      CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and R.sup.7 = H, X,
      = O, Y, = CH.sub.2 CO AND Z = OH)
PAR  Ethyl acetoacetate (23.4 g., 0.18 moles) is added to a solution of the
      starting material of formula II, tryptophol (10.0 g., 0.06 moles), in 200
      ml. of benzene. After standing for 10 minutes, p-toluenesulfonic acid (1.3
      g.) and about 5 g. of hydrated alkali-aluminum silicate (Molecular Sieves
      No. 4) are added. The mixture is subjected to reflux for 30 minutes, 600
      mg. more of p-toluenesulfonic acid is added and refluxing continued for
      21/2hours. The molecular sieves are collected and the benzene solution
      washed successively with 5% sodium bicarbonate and water, dried over
      sodium sulfate, and evaporated under reduced pressure to dryness affording
      an oil. The oil is subjected to chromatography on silica gel. Elution with
      5% ether in benzene yields the ester,
      1-methyl-1,3,4,9-tetrahydropyrano-[3,4-b]indole-1-acetic acid ethyl ester,
      as an oil,.sbsp.3.sub.max .sup.CHCl 3 1715 cm.sup..sup.-1 .
PAR  Hydrolysis of this ester to the title compound is effected as follows: The
      ester is dissolved in 230 ml. of methanol. To this is added 10 g. of KOH
      in 30 ml. of H.sub.2 O and the solution is allowed to stand at room
      temperature overnight. The methanol is evaporated, water added and the
      solution washed with benzene. The aqueous phase is acidified with 6N HCl,
      and extracted with benzene. This organic phase is washed with water, dried
      over sodium sulfate and evaporated to dryness to give an oil, which is
      crystallized from benzene containing a trace of petroleum ether to afford
      the title compound, m.p. 150.degree.- 152.degree.C.,
      .sbsp.3.sub.max.sup.CHCl 3 3325 and 1705 cm.sup..sup.-1 .
PAR  An equivalent amount of methyl acetoacetate may replace ethyl acetoacetate
      in the procedure of this Example. In this case,
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-acetic acid methyl ester,
      m.p. 87.degree. -90.degree.C. after recrystallization from benzenehexane,
      is obtained as the ester.
PAR  An equivalent amount of propyl acetoacetate may replace ethyl acetoacetate
      in the procedure of this Example. In this case,
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid propyl ester
      is obtained as the ester.
PAC  EXAMPLE 2
PAC  1-METHYL-1,3,4,9-TETRAHYDROPYRANO[3,4-b]INDOLE-1-PROPIONIC ACID (I; R.sup.1
      = CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 AND R.sup.7 = H, X
      = O, Y = CH.sub.2 CH.sub.2 CO AND Z = OH)
PAR  A mixture of the starting material of formula II, tryptophol (500 mg.),
      levulinic acid (580 mg.), 75 ml. of benzene, 1.7 g. of phosphorus
      pentoxide and about 0.5 g. of diatomaceous earth (Celite) is stirred
      magnetically at room temperature for 15 minutes and then at 70.degree.C.
      for 11/2  hr. The reaction mixture is filtered. The filtrate is washed
      three times with 5N NaOH; the combined aqueous phase is washed twice with
      ether and then rendered acidic with cold 50% HCl. The aqueous phase is
      extracted with chloroform. The chloroform extract is dried (Na.sub.2
      SO.sub.4) and evaporated to dryness. The residue is crystallized from
      ethyl acetate-petroleum ether to afford the title compound, m.p.
      104.degree. -110.degree.C., nmr (CDCl.sub.3) .delta. 1.47 (3H), 2.18 (4H),
      2.74 (2H), 3.96 (2H), 7.18 (4H), 7.85 (1H), 9.60 (1.H).
PAR  The above title compound is also obtained by following the procedure of
      Example 1 but replacing ethyl acetoacetate with an equivalent amount of
      ethyl levulinate. In this case
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-propionic acid ethyl
      ester, m.p. 116.degree.-118.degree.C., .nu..sub.max.sup.CHCl .sbsp.3 1716
      cm.sup..sup.-1, after crystallization from benzene-petroleum ether, is
      obtained as the ester prior to hydrolysis.
PAC  EXAMPLE 3
PAC  1-METHYL-1,3,4,9-TETRAHYDROTHIOPYRANO[3,4-b]INDOLE-1-ACETIC ACID (I;
      R.sup.1 = CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 AND
      R.sup.7 = H, X = S, Y = CH.sub.2 CO AND Z = OH)
PAR  Indole-3-ethanethiol (1.5 g.) and methyl acetoacetate are mixed with 50 ml.
      of benzene and the solution heated for 30 min. (bath temperature
      70.degree. - 80.degree.C.). p-Toluenesulfonic acid (0.15 g.) is added and
      the reaction mixture is subjected to reflux and stirring for 12 hours.
      Water formed in the reaction mixture during this period is collected by a
      water separator. After cooling the benzene solution is washed with a 10%
      solution of sodium bicarbonate, water, saturated brine and dried over
      sodium sulfate. Evaporation of the benzene solution yields the ester,
      1-methyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid methyl
      ester as a semi-solid, .nu..nu..sub.CHCl .sbsp.3 1715 cm.sup..sup.-1.
PAR  This ester is then treated with aqueous alcoholic KOH in the manner
      described for the esters in Example 1 and 2 to afford the title compound,
      m.p. 147.degree. - 149.degree.C., nmr (CDCl.sub.3) .delta.1.86 (S, 3H),
      3.06 and 8.12 (6H), 7.35 (multiplet, 4H), 8.71 (1H), 10.31 (1H), after
      recrystallization from benzene-hexane.
PAR  The procedures of Examples 1, or 3 may be followed to prepare other
      compounds of formula I in which R.sup.1, R.sup.2, R.sup.3, Rhu 4, R.sup.5,
      R.sup.6, X and Y are as defined in the first instance, R.sup.7 is hydrogen
      and Z is hydroxy. Examples of such compounds of formula I are listed
      Tables I and II. In each of these examples an equivalent amount of the
      starting material of formula II listed therein is used instead of the
      starting material of formula II described in the procedures of Examples 1
      and 3. Note that in each of these examples the ester obtained prior to
      hydrolysis is the corresponding ester compound of formula I in which Z is
      a lower alkoxy of the product listed therein, the alkyl portion of said
      lower alkoxy being derived from the R.sup.16 portion of the ketoester of
      formula VI employed therein.
PAR  Similarly, the procedure of Example 2 may be used to prepare the products
      listed in Tables I and II. In this case an equivalent amount of the
      starting material of formula II, listed therein is used instead of the
      starting material of formula II described in Example 2 and an equivalent
      amount of the corresponding ketoacid of formula VI of the ketoester of
      formula VI listed therein is used instead of the said ketoester.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                                 KETOESTER OF                  
                                                 FORMULA VI                    
          STARTING MATERIAL OF                   O                             
                                                 .parallel.                    
     EXAMPLE                                                                   
          FORMULA II                             (R.sup.1 --C--Y--OR.sup.16)   
     R.sup.2   R.sup.3                                                         
                  R.sup.4                                                      
                       R.sup.5                                                 
                            R.sup.6  X R.sup.1  Y                R.sup.16      
     __________________________________________________________________________
      4   H    H  H    H    H        O CH.sub.3 CO               C.sub.2       
                                                                 H.sub.5       
      5   CH.sub.3                                                             
               H  H    H    H        O C.sub.2 H.sub.5                         
                                                CO               C.sub.2       
                                                                 H.sub.5       
      6   n--C.sub.3 H.sub.7                                                   
               H  H    H    5--CH.sub.3                                        
                                     O n--C.sub.3 H.sub.7                      
                                                CO               CH.sub.3      
      7   CH.sub.3                                                             
               CH.sub.3                                                        
                  H    H    5--OH    O CH.sub.3 CH=CH                          
                                                CO               CH.sub.3      
      8   H    H  H    H    7--C.sub.2 H.sub.5                                 
                                     O HC.tbd.C CO               CH.sub.3      
      9   H    H  2--C.sub.3 H.sub.7                                           
                       H    H        O          CO               CH.sub.3      
     10   CH.sub.3                                                             
               CH.sub.3                                                        
                  C.sub.2 H.sub.5                                              
                       C.sub.2 H.sub.5                                         
                            H        O          CO               CH.sub.3      
     11   H    H  H    H    H        O          CO               CH.sub.3      
     12   CH.sub.3                                                             
               C.sub.2 H.sub.5                                                 
                  H    H    H        O --CH.sub.2                              
                                                CO               CH.sub.3      
     13   H    H  H    H    6--Cl    O          CO                             
     14   H    H  CH.sub.3                                                     
                       H    H        O CH.sub.3 CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     15   H    H  H    H    H        O C.sub.2 H.sub.5                         
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     16   H    H  H    H    H        O n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     __________________________________________________________________________
                                                 KETOESTER OF                  
          STARTING MATERIAL OF                   FORMULA VI                    
     EXAMPLE                                                                   
          FORMULA II                             (R.sup.1 --CO--Y--OR.sup.16)  
          R.sup.2                                                              
               R.sup.3                                                         
                  R.sup.4                                                      
                       R.sup.5                                                 
                            R.sup.6  X R.sup.1  Y                R.sup.16      
     __________________________________________________________________________
     17   H    H  H    H    H        O i--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     18   CH.sub.3                                                             
               H  H    H    H        O CH.sub.2 =CHCH.sub.2                    
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     19   CH.sub.3                                                             
               H  H    H    H        O n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     20   CH.sub.3                                                             
               H  C.sub.2 H.sub.5                                              
                       CH.sub.3                                                
                            H        O HC.tbd.C CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     21   H    H  H    H    H        O CH.sub.3 CH(CH).sub.3 CO  C.sub.2       
                                                                 H.sub.5       
     22   H    H  H    H    H        O          C(CH.sub.3).sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
     23   H    H  H    H    H        O          CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     24   H    H  H    H    H        O t--C.sub.4 H.sub.9                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     25   H    H  H    H    H        O n--C.sub.4 H.sub.9                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     26   H    H  H    H    7--CH.sub.3                                        
                                     O n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     27   H    H  H    H    H        O          CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     28   H    H  H    H    5--Br    O C.sub.2 H.sub.5                         
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     29   H    H  H    H    5--OCH.sub.3                                       
                                     O CH.sub.3 CH.sub.2 CO      CH.sub.3      
     30   H    H  H    H    5--OCOCH.sub.3                                     
                                     O CH.sub.3 CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     31   H    H  H    H    5--benzyl-                                         
                                     O CH.sub.3 CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
                            oxy                                                
     32   H    H  H    H    4--CH.sub.3                                        
                                     O n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     33   H    H  H    H    6--CH.sub.3                                        
                                     O n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     34   H    H  H    H    5--NO.sub.2                                        
                                     O n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     35   i--C.sub.3 H.sub.7                                                   
               H  i--C.sub.3 H.sub.7                                           
                       H    5--NO.sub.2                                        
                                     O CH.sub.2 =CH                            
                                                CH(CH.sub.3)OC   C.sub.2       
                                                                 H.sub.5       
     36   H    H  CH.sub.3                                                     
                       CH.sub.3                                                
                            H        O n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO      C.sub.2       
                                                                 H.sub.5       
     37   H    H  C.sub.2 H.sub.5                                              
                       H    7--CH.sub.3                                        
                                     O HC.tbd.C C(i--C.sub.3 H.sub.7).sub.2    
                                                                 C.sub.2       
                                                                 H.sub.5       
     38   CH.sub.3                                                             
               CH.sub.3                                                        
                  H    H    5--OC.sub.2 H.sub.5                                
                                     O          CH(C.sub.2 H.sub.5)CO          
                                                                 C.sub. 2      
                                                                 H.sub.5       
     39   CH.sub.3                                                             
               CH.sub.3                                                        
                  C.sub.2 H.sub.5                                              
                       C.sub.2 H.sub.5                                         
                            6--C.sub.2 H.sub.5                                 
                                     O          C(CH.sub.3).sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
     40   CH.sub.3                                                             
               H  n--C.sub.3 H.sub.7                                           
                       n--C.sub.3 H.sub.7                                      
                            4--n--C.sub.3 H.sub.7                              
                                     O          CH(CH.sub.3)CO   C.sub.2       
                                                                 H.sub.5       
     41   H    H  H    H    H        O          C(CH.sub.3).sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
     42   C.sub.2 H.sub.5                                                      
               C.sub.2 H.sub.5                                                 
                  C.sub.2 H.sub.5                                              
                       C.sub.2 H.sub.5                                         
                            4--C.sub.2 H.sub.5                                 
                                     O --CH.sub.2 --                           
                                                C(i--C.sub.3 H.sub.7).sub.2    
                                                                 C.sub.2       
                                                                 H.sub.5       
                            O                                                  
                            .parallel.                                         
     43   CH.sub.3                                                             
               H  H    H    7--OCC.sub.2 H.sub.5                               
                                     O --CH.sub.2 --                           
                                                C(CH.sub.3).sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
     44   H    H  CH.sub.3                                                     
                       H    H        O          CH(CH.sub.3)CO   C.sub.2       
                                                                 H.sub.5       
     45   H    H  H    H    H        O          C(CH.sub.3).sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
     46   H    H  H    H    4--I     O i--C.sub.3 H.sub.7                      
                                                CH.sub.2 CH.sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
                            O                                                  
                            .parallel.                                         
     47   CH.sub.3                                                             
               CH.sub.3                                                        
                  CH.sub.3                                                     
                       CH.sub.3                                                
                            7--OCCH.sub.3                                      
                                     O CH.sub.2 =CH                            
                                                CH.sub.2 CH(CH.sub.3)CO        
                                                                 C.sub.2       
                                                                 H.sub.5       
     48   H    H  H    H    6--OH    O HC.tbd.C--CH.sub.2                      
                                                CH.sub.2 C(C.sub.2 H.sub.5).sub
                                                .2 CO            C.sub.2       
                                                                 H.sub.5       
     49   CH.sub.3                                                             
               H  H    H    7--NO.sub.2                                        
                                     O          CH(n--C.sub.3 H.sub.7)CH.sub.2 
                                                CO               C.sub.2       
                                                                 H.sub.5       
     50   H    H  CH.sub.3                                                     
                       H    5--CH.sub.3                                        
                                     O          C(CH.sub.3).sub.2 C(CH.sub.2)CO
                                                .                C.sub.2       
                                                                 H.sub.5       
     51   i--C.sub.3 H.sub.7                                                   
               H  H    H    7--Br    O --CH.sub.2                              
                                                CH(CH.sub.3)CH(C.sub.2         
                                                H.sub.5)CO       C.sub.2       
                                                                 H.sub.5       
     52   C.sub.2 H.sub.5                                                      
               H  C.sub.2 H.sub.5                                              
                       H    7--Cl    O          CH.sub.2 CH.sub.2              
                                                                 C.sub.2       
                                                                 H.sub.5       
     53   CH.sub.3                                                             
               H  H    H    H        O CH.sub.3 CH.sub.2 C(n--C.sub.3 H.sub.7).
                                                sub.2 CO         C.sub.2       
                                                                 H.sub.5       
     54   CH.sub.3                                                             
               H  C.sub.2 H.sub.5                                              
                       C.sub.2 H.sub.5                                         
                            H        O CH.sub.2 =C--CH.sub.2                   
                                                CH(CH.sub.3)C(CH.sub.3).sub.2  
                                                CO               CH.sub.3      
                                       .vertline.                              
                                       CH.sub.3                                
     55   H    H  CH.sub.3                                                     
                       CH.sub.3                                                
                            H        O HC.tbd.C C(CH.sub.3).sub.2 CH.sub.2     
                                                                 CH.sub.3      
                            O                                                  
                            .parallel.                                         
     56   H    H  n--C.sub.3 H.sub.7                                           
                       H    4--OCC.sub.2 H.sub.5                               
                                     O          C(C.sub.2 H.sub.5).sub.2       
                                                C(C.sub.2 H.sub.5)CO           
                                                                 CH.sub.3      
     57   n--C.sub.3 H.sub.7                                                   
               H  H    H    4--OCH.sub.3                                       
                                     O          CH.sub.2 CH(CH.sub.3)CO        
                                                                 C.sub.2       
                                                                 H.sub.5       
     58   H    H  i--C.sub.3 H.sub.7                                           
                       H    6--benzyl-                                         
                                     O --CH.sub.2                              
                                                CH.sub.2 CH(C.sub.2 H.sub.5)CO 
                                                                 C.sub.2       
                                                                 H.sub.5       
                            oxy                                                
     59   CH.sub.3                                                             
               CH.sub.3                                                        
                  CH.sub.3                                                     
                       CH.sub.3                                                
                            7--Cl    O          CH(CH.sub.3)CH.sub.2 CO        
                                                                 C.sub.2       
                                                                 H.sub.5       
     60   C.sub.2 H.sub.5                                                      
               H  H    H    5--NO.sub.2                                        
                                     O CH.sub.3 CH(C.sub.2 H.sub.5).sub.2      
                                                C(C.sub.2 H.sub.5).sub.2       
                                                                 C.sub.2       
                                                                 H.sub.5       
     61   C.sub.2 H.sub.5                                                      
               C.sub.2 H.sub.5                                                 
                  H    H    5--F     O CH.sub.2 =CHCH.sub.2                    
                                                CH(C.sub.2 H.sub.5)CH(CH.sub.3)
                                                CO               C.sub.2       
                                                                 H.sub.5       
     62   C.sub.2 H.sub.5                                                      
               C.sub.2 H.sub.5                                                 
                  H    H    4--C.sub.2 H.sub.5                                 
                                     O CH.sub.3 C.tbd.CH                       
                                                C(n--C.sub.3 H.sub.7)CH.sub.2  
                                                CO               CH.sub.3      
     63   H    H  H    H    6--OC.sub.2 H.sub.5                                
                                     O          CH(C.sub.2 H.sub.5)CH(C.sub.2  
                                                H.sub.5)CO       C.sub.2       
                                                                 H.sub.5       
     64   CH.sub.3                                                             
               CH.sub.3                                                        
                  CH.sub.3                                                     
                       CH.sub.3                                                
                            6--O--n--C.sub.3 H.sub.7                           
                                     O          C(CH.sub.3).sub.2 CH(CH.sub.3)C
                                                O                C.sub.2       
                                                                 H.sub.5       
     65   C.sub.2 H.sub.5                                                      
               C.sub.2 H.sub.5                                                 
                  H    H    5--CH.sub.3                                        
                                     O  --CH.sub.2                             
                                                C(CH.sub.3).sub.2 C(CH.sub.3).s
                                                ub.2 CO          C.sub.2       
                                                                 H.sub.5       
     66   n--C.sub.3 H.sub.7                                                   
               H  H    H    4--OH    O          C(CH.sub.3).sub.2 C(CH.sub.3).s
                                                ub.2 CO          C.sub.2       
                                                                 H.sub.5       
     67   H    H  H    H    H        O CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2     
                                                                 C.sub.2       
                                                                 H.sub.5       
     68   CH.sub.3                                                             
               H  H    H    H        O C.sub.2 H.sub.5                         
                                                CH(CH.sub.3)CH.sub.2 CH.sub.2  
                                                CO               C.sub.2       
                                                                 H.sub.5       
     69   CH.sub.3                                                             
               CH.sub.3                                                        
                  H    H    H        O n--C.sub.3 H.sub.7                      
                                                C(C.sub.2 H.sub.5).sub.2       
                                                CH.sub.2 CH.sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
     70   CH.sub.3                                                             
               CH.sub.3                                                        
                  n--C.sub.3 H.sub.7                                           
                       H    H        O CH.sub.2 =CH                            
                                                O(n--C.sub.3 H.sub.7).sub.2    
                                                CH(n--C.sub.3 H.sub.7)CH.sub.2 
                                                CO               C.sub.2       
                                                                 H.sub.5       
     71   H    H  H    H    H        O CH.sub.2 =CHCH.sub.2                    
                                       [C(CH.sub.3).sub.2 ].sub.2 CH.sub.2     
                                                C.sub.2 H.sub.5                
     72   H    H  C.sub.2 H.sub.5                                              
                       C.sub.2 H.sub.5                                         
                            6--Cl    O CH.sub.2 =CH--                          
                                                [C(C.sub.2 H.sub.5).sub.2      
                                                ].sub.2 CH(C.sub.2 H.sub.5)CO  
                                                                 C.sub.2       
                                                                 H.sub.5       
     73   H    H  CH.sub.3                                                     
                       H    4--CH.sub.3                                        
                                     O HC.tbd.CH                               
                                                [C(CH.sub.3).sub.2 ].sub.3     
                                                                 C.sub.2       
                                                                 H.sub.5       
                            O                                                  
                            .parallel.                                         
     74   C.sub.2 H.sub.5                                                      
               C.sub.2 H.sub.5                                                 
                  C.sub.2 H.sub.5                                              
                       H    5--OCCH.sub.3                                      
                                     O CH.sub.3 C.tbd.CH                       
                                                CH(C.sub.2 H.sub.5)[C(C.sub.2  
                                                H.sub.5)].sub.2 CO             
                                                                 C.sub.2       
                                                                 H.sub.5       
     75   H    H  CH.sub.3                                                     
                       CH.sub.3                                                
                            7--OCH.sub.3                                       
                                     O          CH.sub.2 [C(CH.sub.3).sub.2    
                                                ].sub.2 CO       C.sub.2       
                                                                 H.sub.5       
     76   H    H  H    H    4--Br    O          CH.sub.2 CH(CH.sub.3)C(CH.sub.3
                                                ).sub.2 CO       C.sub.2       
                                                                 H.sub.5       
     77   CH.sub.3                                                             
               CH.sub.3                                                        
                  H    H    4--n--C.sub.3 H.sub.7                              
                                     O          CH.sub.2 CH.sub.2 C(C.sub.2    
                                                H.sub.5).sub.2 CO              
                                                                 C.sub.2       
                                                                 H.sub.5       
     78   H    H  H    H    7--C.sub.2 H.sub.5                                 
                                     O          CH.sub.2 CH.sub.2 CH(CH.sub.3)C
                                                O                C.sub.2       
                                                                 H.sub.5       
     79   CH.sub.3                                                             
               CH.sub.3                                                        
                  CH.sub.3                                                     
                       H    5--F     O          [CH(CH.sub.3)].sub.3 CO        
                                                                 C.sub.2       
                                                                 H.sub.5       
     80   CH.sub.3                                                             
               CH.sub.3                                                        
                  H    H    4--CH.sub.3                                        
                                     O          CH(C.sub.2 H.sub.5)CH.sub.2    
                                                CH(C.sub.2 H.sub.5)CO          
                                                                 C.sub.2       
                                                                 H.sub.5       
     81   C.sub.2 H.sub.5                                                      
               H  H    H    6--NO.sub.2                                        
                                     O --CH.sub.2                              
                                                [CH(CH.sub.3)].sub.3 CO        
                                                                 C.sub.2       
                                                                 H.sub.5       
     82   CH.sub.3                                                             
               CH.sub.3                                                        
                  H    H    4--n--C.sub..sub.3 CO                              
                                     C.sub.2 H.sub.5                           
     82   CH.sub.3                                                             
               CH.sub.3                                                        
                  H    H    4--n--C.sub.3 H.sub.7                              
                                     O --CH.sub.2                              
                                                CH.sub.2 [CH(C.sub.2 H.sub.5)].
                                                sub.2 CO         C.sub.2       
                                                                 H.sub.5       
     83   H    H  H    H    7--OH    O --CH.sub.2                              
                                                C(CH.sub.3).sub.2 CH.sub.2     
                                                C(CH.sub.3).sub.2 CO           
                                                                 C.sub.2       
                                                                 H.sub.5       
     84   CH.sub.3                                                             
               H  CH.sub.3                                                     
                       H    4--OC.sub.2 H.sub.5                                
                                     O          [C(CH.sub.3).sub.2 ].sub.3     
                                                                 C.sub.2       
                                                                 H.sub.5       
     85   C.sub.2 H.sub. 5                                                     
               H  C.sub.2 H.sub.5                                              
                       C.sub.2 H.sub.5                                         
                            6--Cl    O          CH.sub.2 CH.sub.2 C(C.sub.2    
                                                H.sub.5).sub.2 CO              
                                                                 C.sub.2       
                                                                 H.sub.5       
     86   CH.sub.3                                                             
               CH.sub.3                                                        
                  CH.sub.3                                                     
                       CH.sub.3                                                
                            4--Br    O          CH.sub.2 CH.sub.2 CH(CH.sub.3)C
                                                O                C.sub.2       
                                                                 H.sub.5       
     EXAMPLE                                                                   
           PRODUCT: [(PREFIX LISTED BELOW)-1,3,4,9-TETRAHYDROPYRANO-[3,4-b]INDO
           LE-1-(SUFFIX LISTED BELOW)]PREFIX//SUFFIX                           
     __________________________________________________________________________
      4    1-methyl//carboxylic acid                                           
      5    1-ethyl-3-methyl//carboxylic acid                                   
      6    1,3-diisopropyl-6-methyl//carboxylic acid                           
      7    3,3-dimethyl-6-hydroxy 1-(1-propenyl)//carboxylic acid              
      8    8-ethyl-1-ethynyl//carboxylic acid                                  
      9    1-cyclopropyl-4-isopropyl//carboxylic acid                          
     10    1-cyclopentyl-4,4-diethyl-3,3-dimethyl//carboxylic acid             
     11    1-phenyl//carboxylic acid                                           
     12    1-benzyl-3-ethyl-3-methyl//carboxylic acid                          
     13    7-chloro-1-(2-thienyl)//carboxylic acid                             
     14    1,4-dimethyl//acetic acid m.p. 163-164.degree.C                     
     15    1-ethyl//acetic acid, m.p. 137-140.degree.C.                        
     16    1-propyl//acetic acid m.p. 148-151.degree.C.                        
     17    1-isopropyl//acetic acid, m.p. 150-152.degree.C.                    
     18    1-allyl-3-methyl//acetic acid                                       
     19    3-methyl-1-propyl//acetic acid; m.p. 75-80.degree.C. (Isomer A),    
           m.p. 146-148.degree.C (Isomer B).                                   
     20    4-ethyl-1-ethynyl-3-methyl//acetic acid .nu..sub.max.sup.CHCl.spsb.3
            3300, 2135, 1710cm                                                 
     21    .alpha.,1-dimethyl//acetic acid; m.p. 154-156.degree.C. (Isomer A), 
           m.p. 163-165.degree.C. (Isomer B).                                  
     22    1-cyclohexyl-.alpha.,.alpha. -dimethyl//acetic acid                 
     23    1-phenyl//acetic acid, m.p. 148-150.degree.C.                       
     24    1-t-butyl//acetic acid, m.p. 210-212.degree.C.                      
     25    1-butyl//acetic acid m.p. 124-127.degree.C                          
     26    8-methyl-1-propyl//acetic acid m.p. 127-128.degree.C                
     27    1-(2-thienyl)//acetic acid m.p. 127-130.degree.C.                   
     28    6-bromo-1-ethyl//acetic acid m.p. 182-184.degree.C.                 
     29    6-methoxy-1-methyl//acetic acid, m.p. 142-143.degree.C.             
     30    6-acetoxy-1-methyl//acetic acid, m.p. 142-143.degree.C.             
     31    6-benzyloxy-1-methyl//acetic acid, m.p. 163.5.degree.C.             
     32    5-methyl-1-propyl//acetic acid, m.p. 177-178.degree.C.              
     33    7-methyl-1-propyl//acetic acid, m.p. 157-158.degree.C.              
     34    6-nitro-1-propyl//acetic acid, m.p. 119-120.degree.C.               
     35    3,4-diisopropyl-.alpha.-methyl-6-nitro-1-vinyl//acetic acid         
     36    4,4-dimethyl-1-propyl//acetic acid, m.p. 184-185.degree.C.          
     37    .alpha.,.alpha.-diisopropyl-4-ethyl-1-ethyhyl-8-methyl//acetic      
           acid                                                                
     38    1-cyclopropyl-.alpha.,.alpha.-diethyl-3,3-dimethyl-6-ethoxy//acetic 
           acid                                                                
     39    1-cyclohexyl-.alpha.,.alpha.,3,3-tetramethyl-4,4-7-triethyl//acetic 
           acid                                                                
     40    .alpha.,3-dimethyl-1-phenyl-4,4,5-tripropyl//acetic acid            
     41    .alpha.,.alpha.-dimethyl-1-phenyl//acetic acid                      
     42    1-benzyl-.alpha.,.alpha.-diisopropyl-3,3,4,4,5-pentaethyl//acetic   
           acid                                                                
     43    1-benzyl-8-propionoxy-.alpha.,.alpha.,3-trimethyl//acetic acid      
     44    .alpha.,4-dimethyl-1-(2-thienyl)//acetic acid                       
     45    .alpha.,.alpha.-dimethyl-1-(2-thienyl)//acetic acid                 
     46    5-iodo-1-isopropyl//propionic acid                                  
     47    8-acetoxy-.alpha.,3,3,4,4-pentamethyl-1-vinyl//propionic acid       
     48    .beta.,.beta.-diethyl-7-hydroxy-1-(2-propynyl)//propionic acid      
     49    1-cyclobutyl-3-methyl-8-nitro-.alpha.-propyl//propionic acid        
     50    .alpha.,.alpha.,.beta.,.beta.,4,6-hexamethyl-1-phenyl//propionic    
           acid                                                                
     51    1-benzyl-8-bromo-.alpha.-ethyl-3-isopropyl-.beta.-methyl//propionic 
           acid                                                                
     52    8-chloro-3,4-diethyl-1-(2-thienyl)//propionic acid                  
     53    1,3-dimethyl-.alpha.,.alpha.-dipropyl//propionic acid               
     54    4,4-diethyl-1-methallyl-.alpha.,.alpha.,.beta.,5-tetramethyl//propio
           nic acid                                                            
     55    1-ethynyl-.beta.,.beta.,4,4-tetramethyl//propionic acid             
     56    1-cyclopentyl-5-propionoxy-4-propyl-.alpha.,.beta.,.beta.-triethyl//
           propionic acid                                                      
     57    5-methoxy-.alpha.-methyl-1-phenyl-3-propyl//propionic acid          
     58    1-benzyl-7-benzyloxy-.alpha.-ethyl-4-isopropyl//propionic acid      
     59    8-chloro-.beta.,3,3,4,4-pentamethyl-1-(2-thienyl)//propionic acid   
     60    1-methyl-6-nitro-.alpha.,.alpha.-.beta.,.beta.,3-pentaethyl//propion
           ic acid                                                             
     61    1-allyl-6-fluoro-.alpha.-methyl-.beta.,3,3-triethyl//propionic      
           acid                                                                
     62    .beta.-propyl-1-(1-propynyl)-3,3,5-triethyl//propionic acid         
     63    1-cyclopropyl-.alpha.,.beta.-diethyl-6-ethoxy//propionic acid       
     64    .alpha.,.beta.,.beta.,3,3,4,4-heptamethyl-1-phenyl-7-propoxy//propio
           nic acid                                                            
     65    1-benzyl-3,3-diethyl-.alpha.,.alpha.,.beta.,.beta.,6-pentamethyl//pr
           opionic acid                                                        
     66    5-hydroxy-3-propyl-.alpha.,.alpha.,.beta.,.beta.-tetramethyl-1-(2-th
           ienyl)//propionic acid                                              
     67    1-methyl//butyric acid, m.p. 132-135.degree.C.                      
     68    .gamma.,3-dimethyl-1-ethyl//butyric acid                            
     69    .gamma.,.gamma.-diethyl-3,3-dimethyl-1-propyl//butyric acid         
     70    3,3-dimethyl-.beta.,.gamma.,.gamma.,4-tetrapropyl-1-vinyl//butyric  
           acid                                                                
     71    1-allyl-.beta.,.beta.,.gamma.,.gamma.-tetramethyl//butyric acid     
     72    7-chloro-.alpha.,.beta.,.beta.,.gamma.,.gamma.-4-heptaethyl-1-vinyl/
           /butyric acid                                                       
     73    1-ethynyl-.alpha.,.alpha.,.beta.,.beta.,.gamma.,.gamma.,-4,5-octamet
           hyl//butyric acid                                                   
     74    6-acetoxy-.alpha.,.alpha.,.beta.,.beta.,.gamma.,3,-3,4-octaethyl-1-(
           1-propynyl)//butyric acid                                           
     75    1-cyclobutyl-.alpha.,.alpha.,.beta.,.beta.-4,4-hexamethyl-8-methoxy/
           /butyric acid                                                       
     76    5-bromo-1-cyclopentyl-.alpha.,.alpha.,.beta.-trimethyl//butyric     
           acid                                                                
     77    1-cyclopropyl-.alpha.,.alpha.-diethyl-3,3-dimethyl-5-propyl//butyric
            acid                                                               
     78    8-ethyl-.alpha.-methyl-1-phenyl//butyric acid                       
     79    6-fluoro-.alpha.,.beta.,.gamma.,3,3,4-hexamethyl-1-phenyl//butyric  
           acid                                                                
     .lambda.                                                                  
           .alpha.,.gamma.-diethyl-1-phenyl-3,3,5-trimethyl//butyric acid      
     81    1-benzyl-3-ethyl-7-nitro-.alpha.,.beta.,.gamma.-trimethyl//butyric  
           acid                                                                
     82    1-benzyl-.alpha.,.beta.-diethyl-3,3-dimethyl-5-propyl//butyric      
           acid                                                                
     83    1-benzyl-8-hydroxy-.alpha.,.alpha.,.gamma.,.gamma.-tetramethyl//buty
           ric acid                                                            
     84    5-ethoxy-.alpha.,.alpha.,.beta.,.beta.,.gamma.,.gamma.-3,4-octomethy
           l-1-(2-thienyl)//butyric acid                                       
     85    7-chloro-.alpha.,.alpha.,3,4,4-pentaethyl-1-2-thienyl)//butyric     
           acid                                                                
     86    5-bromo-.alpha.,3,3,4,4-pentamethyl-1-(2-thienyl)//butyric          
     __________________________________________________________________________
           acid                                                                
TBL                                    TABLE II                                
     __________________________________________________________________________
           STARTING MATERIAL OF        KETOESTER OF                            
     EXAMPLE                                                                   
           FORMULA II                   FORMULA VI                             
                                       O                                       
                                       .parallel.                              
                                       (R.sup.1 --C--Y--OR.sup.16)             
     R.sup.2    R.sup.3                                                        
                   R.sup.4                                                     
                        R.sup.5                                                
                             R.sup.6 X R.sup.1  Y               R.sup.16       
     __________________________________________________________________________
     87    H    H  H    H    H       S CH.sub.3 CO              C.sub.2        
                                                                H.sub.5        
     88    CH.sub.3                                                            
                H  H    H    H       S C.sub.2 H.sub.5                         
                                                CO              C.sub.2        
                                                                H.sub.5        
     89    i--C.sub.3 H.sub.7                                                  
                H  H    H    5--CH.sub.3                                       
                                     S i--C.sub.3 H.sub.7                      
                                                CO              CH.sub.3       
     90    CH.sub.3                                                            
                CH.sub.3                                                       
                   H    H    5--OH   S CH.sub.3 CH=CH                          
                                                CO              CH.sub.3       
     91    H    H  H    H    7--C.sub.2 H.sub.5                                
                                     S HC=C     CO              CH.sub.3       
     92    H    H  i--C.sub.5 H.sub.7                                          
                        H    H       S          CO              CH.sub.3       
     93    CH.sub.3                                                            
                CH.sub.3                                                       
                   C.sub.2 H.sub.5                                             
                        C.sub.2 H.sub.5                                        
                             H       S          CO              CH.sub.3       
     94    H    H  H    H    H       S          CO              CH.sub.3       
     95    CH.sub.3                                                            
                C.sub.2 H.sub.5                                                
                   H    H    H       S --CH.sub.2                              
                                                CO              CH.sub.3       
     96    H    H  H    H    6--Cl   S          CO                             
     97    H    H  CH.sub.3                                                    
                        H    H       S CH.sub.3 CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     98    H    H  H    H    H       S C.sub.2 H.sub.5                         
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     99    H    H  H    H    H       S n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     100   H    H  H    H    H       S i--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     101   CH.sub.3                                                            
                H  H    H    H       S CH.sub.2 =CHCH.sub.2                    
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     102   CH.sub.3                                                            
                H  H    H    H       S n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     103   CH.sub.3                                                            
                H  C.sub.2 H.sub.5                                             
                        CH.sub.3                                               
                             H       S HC.tbd.C CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     104   H    H  H    H    H       S CH.sub.3 CH(CH.sub.3)CO C.sub.2 H.sub.5 
     105   H    H  H    H    H       S          C(CH.sub.3).sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
     106   H    H  H    H    H       S          CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     107   H    H  H    H    H       S t--C.sub.4 H.sub.9                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     108   H    H  H    H    H       S n--C.sub.4 H.sub.9                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     109   H    H  H    H    7--CH.sub.3                                       
                                     S n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     110   H    H  H    H    H       S          CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     111   H    H  H    H    5--Br   S n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     112   H    H  H    H    5--OCH.sub.3                                      
                                     S CH.sub.3 CH.sub.2 CO     CH.sub.3       
     113   H    H  H    H    5--OCOCH.sub.3                                    
                                     S CH.sub.3 CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     114   H    H  H    H    5--benzyl-                                        
                                     S CH.sub.3 CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
                              oxy                                              
     115   H    H  H    H    4--CH.sub.3                                       
                                     S n--C.sub.3 H.sub. 7                     
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     116   H    H  H    H    6--CH.sub.3                                       
                                     S n--C.sub.3 H.sub.7                      
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     117   H    H  H    H    7--F    S CH.sub.2 =CH                            
                                                C(C.sub.2 H.sub.5).sub.2       
                                                                C.sub.2        
                                                                H.sub.5        
     118   i-- C.sub.3 H.sub.7                                                 
                H  i-- C.sub.3 H.sub.7                                         
                        H    5--NO.sub.2                                       
                                     S CH.sub.2 =CH                            
                                                CH(CH.sub.3)CO  C.sub.2        
                                                                H.sub.5        
     119   CH.sub.3                                                            
                CH.sub.3                                                       
                   H    H    5--Cl   S CH.sub.3 C.tbd.C                        
                                                CH(i--C.sub.3 H.sub.7)CO       
                                                                C.sub.2        
                                                                H.sub.5        
     120   H    H  C.sub.2 H.sub.5                                             
                        H    7--CH.sub.3                                       
                                     S HC.tbd.C C(i-- C.sub.3 H.sub.7).sub.2   
                                                CO              C.sub.2        
                                                                H.sub.5        
     121   CH.sub.3                                                            
                CH.sub.3                                                       
                   H    H    5--OC.sub.2 H.sub.5                               
                                     S          CH(C.sub.2 H.sub.5)CO          
                                                                C.sub.2        
                                                                H.sub.5        
     122   CH.sub.3                                                            
                CH.sub.3                                                       
                   C.sub.2 H.sub.5                                             
                        C.sub.2 H.sub.5                                        
                             6--C.sub.2 H.sub.5                                
                                     S          C(CH.sub.3).sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
     123   CH.sub.3                                                            
                H  n--C.sub.3 H.sub.7                                          
                        n-- C.sub.3 H.sub.7                                    
                             4--n--C.sub.3 H.sub.7                             
                                     S          CH(CH.sub.3)CO  C.sub.2        
                                                                H.sub.5        
     124   H    H  H    H    H       S          C(CH.sub.3).sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
     125   C.sub.2 H.sub.5                                                     
                C.sub.2 H.sub.5                                                
                   C.sub.2 H.sub.5                                             
                        C.sub.2 H.sub.5                                        
                             4--C.sub.2 H.sub.5                                
                                     S --CH.sub.2--                            
                                                C(i--C.sub.3 H.sub.7).sub.2    
                                                                C.sub.2        
                                                                H.sub.5        
                             O                                                 
                             .parallel.                                        
     126   CH.sub.3                                                            
                H  H    H    7--OCC.sub.2 H.sub.5                              
                                     S --CH.sub.2 --                           
                                                C(CH.sub.3).sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
     127   H    H  CH.sub.3                                                    
                        H    H       S          CH(CH.sub.3)CO  C.sub.2        
                                                                H.sub.5        
     128   H    H  H    H    H       S          C(CH.sub.3).sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
     129   H    H  H    H    H       S CH.sub.3 CH.sub.2 CH.sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
                             O                                                 
                             .parallel.                                        
     130   CH.sub.3                                                            
                CH.sub.3                                                       
                   CH.sub. 3                                                   
                        CH.sub.3                                               
                             7--OCCH.sub.3                                     
                                     S CH.sub.2 =CH                            
                                                CH.sub.2 CH(CH.sub.3)CO        
                                                                C.sub.2        
                                                                H.sub.5        
     131   H    H  H    H    6--OH   S HC.tbd.C--CH.sub.2                      
                                                CH.sub.2 C(C.sub.2 H.sub.5).sub
                                                .2 CO           C.sub.2        
                                                                H.sub.5        
     132   CH.sub.3                                                            
                H  H    H    7--NO.sub.2                                       
                                     S          CH(n--C.sub.3 H.sub.7)CH.sub.2 
                                                CO              C.sub.2        
                                                                H.sub.5        
     133   H    H  CH.sub.3                                                    
                        H    5--CH.sub.3                                       
                                     S          C(CH.sub.3).sub.2 C(CH.sub.3).s
                                                ub.2 CO         C.sub.2        
                                                                H.sub.5        
     134   i--C.sub.3 H.sub.7                                                  
                H  H    H    7--Br   S --CH.sub.2                              
                                                CH(CH.sub.3)CH(C.sub.2         
                                                H.sub.5)CO      C.sub.2        
                                                                H.sub.5        
     135   C.sub.2 H.sub.5                                                     
                H  C.sub.2 H.sub.5                                             
                        H    7--Cl   S          CH.sub.2 CH.sub.2 CH.sub.2     
                                                                C.sub.2        
                                                                H.sub.5        
     136   CH.sub.3                                                            
                H  H    H    H       S CH.sub.3 CH.sub.2 C(n--C.sub.3 H.sub.7).
                                                sub.2 CO        C.sub.2        
                                                                H.sub.5        
     137   CH.sub.3                                                            
                H  C.sub.2 H.sub.5                                             
                        C.sub.2 H.sub.5                                        
                             H       S CH.sub.2 =C(CH.sub.3)CH.sub.2           
                                                CH(CH.sub.3)C(CH.sub.3 ).sub.2 
                                                CO              CH.sub.3       
     138   H    H  CH.sub.3                                                    
                        CH.sub.3                                               
                             H       S HC.tbd.C C(CH.sub.3).sub.2 CH.sub.2     
                                                                CH.sub.3       
                             0                                                 
                             .parallel.                                        
     139   H    H  n--C.sub.3 H.sub.7                                          
                        H    4--OCC.sub.2 H.sub.5                              
                                     S          C(C.sub.2 H.sub.5).sub.2       
                                                C(C.sub.2 H.sub.5)CO           
                                                                CH.sub.3       
     140   n--C.sub.3 H.sub.7                                                  
                H  H    H    4--OCH.sub.3                                      
                                     S          CH.sub.2 CH(CH.sub.3)CO        
                                                                C.sub.2        
                                                                H.sub.5        
     141   H    H  i--C.sub.3 H.sub.7                                          
                        H    6--benzyl                                         
                                     S --CH.sub.2                              
                                                CH.sub.2 CH)C.sub.2 H.sub.5)CO 
                                                                C.sub.2        
                                                                H.sub.5        
                              oxy                                              
     142   CH.sub.3                                                            
                CH.sub.3                                                       
                   CH.sub.3                                                    
                        CH.sub.3                                               
                             7--Cl   S          CH(CH.sub.3)CH.sub.2 CO        
                                                                C.sub.2        
                                                                H.sub.5        
     143   C.sub.2 H.sub.5                                                     
                H  H    H    5--NO.sub.2                                       
                                     S CH.sub.3 CH(C.sub.2 H.sub.5).sub.2      
                                                C(C.sub.2 H.sub.5).sub.2       
                                                                C.sub.2        
                                                                H.sub.5        
     144   C.sub.2 H.sub.5                                                     
                C.sub.2 H.sub.5                                                
                   H    H    5--F    S CH.sub.2 =CHCH.sub.2                    
                                                CH(C.sub.2 H.sub.5)CH(CH.sub.3)
                                                CO              C.sub.2        
                                                                H.sub.5        
     145   C.sub.2 H.sub.5                                                     
                C.sub.2 H.sub.5                                                
                   H    H    4--C.sub.2 H.sub.5                                
                                     S CH.sub.3 C=CH                           
                                                C(n--C.sub.3 H.sub.7)CH.sub.2  
                                                CO              CH.sub.3       
     146   H    H  H    H    6--OC.sub.2 H.sub.5                               
                                     S          CH(C.sub.2 H.sub.5)CH(C.sub.2  
                                                H.sub.5)CO      C.sub.2        
                                                                H.sub.5        
     147   CH.sub.3                                                            
                CH.sub.3                                                       
                   CH.sub.3                                                    
                        CH.sub.3                                               
                             6--O--n--C.sub.3 H.sub.7                          
                                     S          C(CH.sub.3).sub.2 CH(CH.sub.3)C
                                                O               C.sub.2        
                                                                H.sub.5        
     148   C.sub.2 H.sub.5                                                     
                C.sub.2 H.sub.5                                                
                   H    H    5--CH.sub.3                                       
                                     S --CH.sub.2                              
                                                C(CH.sub.3).sub.2 C(CH.sub.3).s
                                                ub.2 CO         C.sub.2        
                                                                H.sub.5        
     149   n--C.sub.3 H.sub.7                                                  
                H  H    H    4--OH   S          C(CH.sub.3).sub.2 C(CH.sub.3).s
                                                ub.2 CO         C.sub.2        
                                                                H.sub.5        
     150   H    H  H    H    H       S CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.2     
                                                                C.sub.2        
                                                                H.sub.5        
     151   CH.sub.3                                                            
                H  H    H    H       S C.sub.2 H.sub.5                         
                                                CH(CH.sub.3)CH.sub.2 CH.sub.2  
                                                CO              C.sub.2        
                                                                H.sub.5        
     152   CH.sub.3                                                            
                CH.sub.3                                                       
                   H    H    H       S n--C.sub.3 H.sub.7                      
                                                C(C.sub.2 H.sub.5).sub.2       
                                                CH.sub.2 CH.sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
     153   CH.sub.3                                                            
                CH.sub.3                                                       
                   n--C.sub.3 H.sub.7                                          
                        H    H       S CH.sub.2 =CH                            
                                                O(n--C.sub.3 H.sub.7).sub.2    
                                                CH(n--C.sub.3 H.sub.7)CH.sub.2 
                                                CO              C.sub.2        
                                                                H.sub.5        
     154   H    H  H    H    H         CH.sub.2 =CHCH.sub.2                    
                                                [C(CH.sub.3).sub.2 ].sub.2     
                                                CH.sub.2 CO     C.sub.2        
                                                                H.sub.5        
     155   H    H  C.sub.2 H.sub.5                                             
                        C.sub.2 H.sub.5                                        
                             6--Cl   S CH.sub.2 =CH                            
                                                [C(C.sub.2 H.sub.5).sub.2      
                                                ].sub.2 CH(C.sub.2 H.sub.5)CO  
                                                                C.sub.2        
                                                                H.sub.5        
     156   H    H  CH.sub.3                                                    
                        H    4--CH.sub.3                                       
                                     S HC.tbd.CH                               
                                                [C(CH.sub.3).sub.2 ].sub.3     
                                                                C.sub.2        
                                                                H.sub.5        
                             O                                                 
                             .parallel.                                        
     157   C.sub.2 H.sub.5                                                     
                C.sub.2 H.sub.5                                                
                   C.sub.2 H.sub.5                                             
                        H    5--OCCH.sub.3                                     
                                     S CH.sub.3 C.tbd.CH                       
                                                CH(C.sub.2 H.sub.5)[C(C.sub. 2 
                                                H.sub.5)].sub.2 CO             
                                                                C.sub.2        
                                                                H.sub.5        
     158   H    H  CH.sub.3                                                    
                        CH.sub.3                                               
                             7--OCH.sub.3                                      
                                     S          CH.sub.2 [C(CH.sub.3).sub.3    
                                                ].sub.2 CO      C.sub.2        
                                                                H.sub.5        
     159   H    H  H    H    4--Br   S          CH.sub.2 CH(CH.sub.3)C(CH.sub.3
                                                ).sub.2 CO      C.sub.2        
                                                                H.sub.5        
     160   CH.sub.3                                                            
                CH.sub.3                                                       
                   H    H    4--n--C.sub.3 H.sub.7                             
                                     S          CH.sub.2 CH.sub.2 C(C.sub.2    
                                                H.sub.5).sub.2 CO              
                                                                C.sub.2        
                                                                H.sub.5        
     161   H    H  H    H    7--C.sub.2 H.sub.5                                
                                     S          CH.sub.2 CH.sub.2 CH(CH.sub.3)C
                                                O               C.sub.2        
                                                                H.sub.5        
     162   CH.sub.3                                                            
                CH.sub.3                                                       
                   CH.sub.3                                                    
                        H    5--F    S          [CH(CH.sub.3)].sub.3 CO        
                                                                C.sub.2        
                                                                H.sub.5        
     163   CH.sub.3                                                            
                CH.sub.3                                                       
                   H    H    4--CH.sub.3                                       
                                     S          CH(C.sub.2 H.sub.5)CH.sub.2    
                                                CH(C.sub.2 H.sub.5)CO          
                                                                C.sub.2        
                                                                H.sub.5        
     164   C.sub.2 H.sub.5                                                     
                H  H    H    6--NO.sub.2                                       
                                     S  CH.sub.2                               
                                                [CH(CH.sub.3)].sub.3 CO        
                                                                C.sub.2        
                                                                H.sub.5        
     165   CH.sub.3                                                            
                CH.sub.3                                                       
                   H    H    4--n--C.sub.3 H.sub.7                             
                                     S --CH.sub.2                              
                                                CH.sub.2 [CH(C.sub.2 H.sub.5)].
                                                sub.2 CO        C.sub.2        
                                                                H.sub.5        
     166   H    H  H    H    7--OH   S --CH.sub.2                              
                                                C(CH.sub.3).sub.2 CH.sub.2     
                                                C(CH.sub.3).sub.2 CO           
                                                                C.sub.2        
                                                                H.sub.5        
     167   CH.sub.3                                                            
                H  CH.sub.3                                                    
                        H    4--OC.sub.2 H.sub.5                               
                                     S          [C(CH.sub.3).sub.2 ].sub.3     
                                                                C.sub.2        
                                                                H.sub.5        
     168   C.sub.2 H.sub.5                                                     
                H  C.sub.2 H.sub.5                                             
                        C.sub.2 H.sub.5                                        
                             6--Cl   S          CH.sub.2 CH.sub.2 C(C.sub.2    
                                                H.sub.5).sub.2 CO              
                                                                C.sub.2        
                                                                H.sub.5        
     __________________________________________________________________________
     EXAMPLE                                                                   
           PRODUCT: [(PREFIX LISTED BELOW)-1,3,4,9-TETRAHYDROTHIOPYRANO-[3,4-b]
           INDOLE-1-(SUFFIX LISTED BELOW)]                                     
           PREFIX//SUFFIX                                                      
     __________________________________________________________________________
     87    1-methyl//carboxylic acid                                           
     88    1-ethyl-3-methyl//carboxylic acid                                   
     89    1,3-diisopropyl-6-methyl//carboxylic acid                           
     90    3,3-dimethyl-6-hydroxy-1-(1-propenyl)carboxylic acid                
     91    8-ethyl-1-ethynyl//carboxylic acid                                  
     92    1-cyclopropyl-4-iso-propyl//carboxylic acid                         
     93    1-cyclopentyl-4,4-diethyl-3,3-dimethyl//carboxylic acid             
     94    1-phenyl//carboxylic acid                                           
     95    1-benzyl-3-ethyl-methyl//carboxylic acid                            
     96    7-chloro-1-(2-thienyl)carboxylic acid                               
     97    1,4-dimethyl//acetic acid                                           
     98    1-ethyl//acetic acid, m.p. 138.degree.C.                            
     99    1-propyl//acetic acid m.p. 127-129.degree.C.                        
     100   1-isopropyl//acetic acid                                            
     101   1-allyl-3-methyl//acetic acid                                       
     102   3-methyl-1-propyl//acetic acid                                      
     103   4-ethyl-1-ethynyl-3-methyl//acetic acid                             
     104   .alpha.,1-dimethyl//acetic acid                                     
     105   1-cyclohexyl-.alpha.,.alpha.-dimethyl//acetic acid                  
     106   1-phenyl//acetic acid                                               
     107   1-t-butyl//acetic acid                                              
     108   1-butyl//acetic acid                                                
     109   8-methyl-1-propyl//acetic acid                                      
     110   1-(2-thienyl)//acetic acid                                          
     111   6-bromo-1-propyl//acetic acid                                       
     112   6-methoxy-1-methyl//acetic acid                                     
     113   6-acetoxy-1-methyl//acetic acid                                     
     114   6-benzyloxy-1-methyl//acetic acid                                   
     115   5-methyl-1-propyl//acetic acid                                      
     116   7-methyl-1-propyl//acetic acid                                      
     117   .alpha.,.alpha.-diethyl-8-fluoro-1-vinyl//acetic acid               
     118   3,4-diisopropyl-.alpha.-methyl-6-nitro-1-vinyl//acetic acid         
     119   6-chloro-3,3-dimethyl .alpha.-isopropyl-1-(1-propynyl)//acetic      
           acid                                                                
     120   .alpha.,.alpha.-diisopropyl-4-ethyl-1-ethynyl-8-methyl//acetic      
           acid                                                                
     121   1-cyclopropyl-.alpha.,.alpha.-diethyl-3,3-dimethyl-6-ethoxy//acetic 
           acid                                                                
     122   1-cyclohexyl-.alpha.,.alpha.,3,3-tetramethyl-4,4,7-triethyl//acetic 
           acid                                                                
     123   .alpha.,3-dimethyl-1-phenyl-4,4,5-tripropyl//acetic acid            
     124   .alpha.,.alpha.dimethyl-1-phenyl//acetic acid                       
     125   1-benzyl-.alpha.,.alpha.-diisopropyl-3,3,4,4,5-pentaethyl//acetic   
           acid                                                                
     126   1-benzyl-8-propionoxy-.alpha.,.alpha.,3-trimethyl//acetic acid      
     127   .alpha.,4-dimethyl-1-(2-thienyl)//acetic acid                       
     128   .alpha.,.alpha.-dimethyl-1-(2-thienyl)//acetic acid                 
     129   1-methyl//propionic acid                                            
     130   8-acetoxy-.alpha.,3,3,4,4-pentamethyl-1-vinyl//propionic            
     131   .beta.,.beta.-diethyl-7-hydroxy-1-(2-propynyl)//propionic acid      
     132   1-cyclobutyl-3-methyl-8-nitro-.alpha.-propyl//propionic acid        
     133   .alpha.,.alpha.,.beta.,.beta.4,6-hexamethyl-1-phenyl//propionic     
           acid                                                                
     134   1-benzyl-8-bromo-.alpha. ethyl-3-isopropyl-.beta.methyl//propionic  
           acid                                                                
     135   8-chloro-3,4-diethyl-1-(2-thienyl)//propionic acid                  
     136   1,3-dimethyl-.alpha.,.alpha.-dipropyl//propionic acid               
     137   4,4-diethyl-1-methallyl-.alpha.,.alpha.,.beta.,3-tetramethyl//propio
           nic acid                                                            
     138   1-ethynyl-.beta.  ,.beta.,4,4-tetramethyl//propionic acid           
     139   1-cyclopentyl-5-propionoxy-4-propyl-.alpha.,.beta..beta.-triethyl//p
           ropionic acid                                                       
     140   5-methoxy-.alpha.-methyl-1-phenyl-3-propyl//propionic acid          
     141   1-benzyl-6-benzyloxy-.alpha.-ethyl-4-isopropyl//propionic acid      
     142   8-chloro-.beta.,3,3,4,4-pentamethyl-1-(2-thienyl)//propionic acid   
     143   1-methyl-6-nitro-.alpha.,.alpha.-.beta.,.beta.,3-pentaethyl//propion
           ic acid                                                             
     144   1-allyl-6-fluoro-.alpha.-methyl-.beta.,3,3-triethyl//propionic      
           acid                                                                
     145   .beta.-propyl-1-(1-propynyl)-3,3,5-triethyl//propionic acid         
     146   1-cyclopropyl-.alpha.,.beta.-diethyl-6-ethoxy//propionic acid       
     147   .alpha.,.beta.,.beta.3,3,4,4-heptamethyl-1-phenyl-7-propoxy//propion
           ic acid                                                             
     148   1-benzyl-3,3-diethyl-.alpha.,.alpha.,.beta.,.beta.,6-pentamethyl//pr
           opionic acid                                                        
     149   5-hydroxy-3-propyl-.alpha.,.alpha.,.beta.,.beta.-tetramethyl-1-(2-th
           ienyl)//propionic acid                                              
     150   1-methyl//butyric acid                                              
     151   .gamma.,3-dimethyl-1-ethyl//butyric acid                            
     152   .gamma.,.gamma.-diethyl-3,3-dimethyl-1-propyl//butyric acid         
     153   3,3-dimethyl-.beta.,.gamma.,.gamma.,4-tetrapropyl-1-vinyl//butyric  
           acid                                                                
     154   1-allyl-.beta.,.beta.,.gamma.,.gamma.-tetramethyl//butyric acid     
     155   7-chloro-.alpha.,.beta.,.beta.,.gamma.,.gamma.,4-4-heptaethyl-1-viny
           l//butyric acid                                                     
     156   1-ethynyl-.alpha.,.alpha.,.beta.,.beta.,.gamma.,.gamma.,4,5-octameth
           yl//butyric acid                                                    
     157   6-acetoxy-.alpha.,.alpha.,.beta.,.beta.,.gamma.,3-3,4-octaethyl-1-(1
           -propynyl)//butyric acid                                            
     158   1-cyclobutyl-.alpha.,.alpha.,.beta.,.beta.,-4,4-hexamethyl-8-methoxy
           ///butyric acid                                                     
     159   5-bromo-1-cyclopentyl-1-.alpha.,.alpha.,.beta.-trimethyl//butyric   
           acid                                                                
     160   1-cyclopropyl-.alpha.,.alpha.-diethyl-3,3-dimethyl-5-propyl//butyric
            acid                                                               
     161   8-ethyl-.alpha.-methyl-1-phenyl//butyric acid                       
     162   6-fluoro-.alpha.,.beta.,.gamma.,3,3,4-hexamethyl-1-phenyl//butyric  
           acid                                                                
     163   .alpha..gamma.-diethyl-1-phenyl-3,3,5-trimethyl//butyric acid       
     164   1-benzyl-3-ethyl-7-nitro-.alpha.,.beta.,.gamma.-trimethyl//butyric  
           acid                                                                
     165   1-benzyl-.alpha.,.beta.-diethyl-3,3-dimethyl-5-propyl//butyric      
           acid                                                                
     166   1-benzyl-8-hydroxy-.alpha.,.alpha.,.gamma.,.gamma.-tetramethyl//buty
           ric acid                                                            
     167   5-ethoxy-.alpha.,.alpha..beta.,.beta.  ,.gamma.,.gamma.,-3,4-octomet
           hyl-1-(2-thienyl)//butyric acid                                     
     168   7-chloro-.alpha.,.alpha.,3,4,4-pentaethyl-1-(2-thienyl)//butyric    
           acid                                                                
     __________________________________________________________________________
PAC  EXAMPLE 169
PAC  1-METHYL-1,3,4,9-TETRAHYDROPYRANO[3,4-b]INDOLE-1-CARBOXALDEHYDE (XI:
      R.sup.1 = CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5 AND R.sup.6 = H,
      AND Y = CO)
PAR  A mixture of the starting material, tryptophol (32.2 g, 0.2 mole), acetonyl
      acetate (23.2 g, 0.2 mole) and 3.2 g of p-toluenesulfonic acid in 500 ml
      of benzene is refluxed for 11/2  hr. in the presence of a Dean-Stark water
      trap. The benzene solution is washed with 5% sodium bicarbonate, water,
      dried and evaporated to afford an oil. The oil is subjected to
      chromatography on a silica gel column using 10% ethyl acetate in benzene
      as eluent. The acetate,
      1-methyl-1,3,4,9-tetrahydropryano[3,4-b]indole-1-methanol, acetate is
      obtained as an oil, nmr(CDCl.sub.3) .delta. 1.52(S,3H), 2.08(S,3H),
      4.35(2H).
PAR  This acetate is dissolved in 250 ml of methanol and stirred at room
      temperature. To this solution is added dropwise 20 ml of 10N NaOH.
      Hydrolysis is immediate. Most of the methanol is removed under reduced
      pressure, and water is added. The mixture is rendered neutral and
      extracted with chloroform. The chloroform extract is dried and evaporated
      to afford the primary alcohol,
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole -1-methanol (X; R.sup.1 =
      CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 = H, Y = CH.sub.2
      and R.sup.17 = H), m.p. 145.degree.-147.degree.C., nmr(CDCl.sub.3) .delta.
      1.43(s,3H), 2.68(t, J = 5.5 cps,2H), 3.65 (d, J = 6 cps, 2H), 3.86 (t, J =
      5.5 cps, 2H), after crystallization from benzene-petroleum ether.
PAR  N,N-dicyclohexylcarbodiimide (17.36 g. 0.084 mole) is added to a cooled,
      stirred solution of the above primary alcohol (6.09 g, 0.028 mole) in 63
      ml of dimethyl sulfoxidebenzene (2:1) containing trifluoroacetic acid
      (1.12 ml, 0.014 mole) and pyridine (2.24 ml, 0.028 mole). The reaction is
      stirred at room temperature under nitrogen for 5 hr. The reaction mixture
      is now diluted with 600 ml of ether followed by the dropwise addition of a
      solution of oxalic acid (7.56 g) in 21 ml of methanol. After thirty
      minutes, water (600 ml) is added and the insoluble material is collected.
      The organic phase is washed with water (2X), 5% aqueous sodium bicarbonate
      (2X) and water (2X). After drying (MgSO.sub.4) the organic phase is
      evaporated to yield an oil. The oil is purified by chromatography on
      silica gel. Elution with 10% ether in benzene affords the title compound
      as eluate, nmr (CDCl.sub.3) .delta. 1.59(s,3H), 2.84(t,J = 5.5 cps, 2H),
      4.15(t, J = 5.5 cps, 2H).
PAR  Oxidation of the latter compound with silver oxide according to the method
      of Delepine and Bonnet, cited above, affords
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-carboxylic acid, nmr
      (CDCl.sub.3) .delta. 1.79(s,3H), 2.83(t,2H), 4.17(t,2H), 9.20(1H),
      identical to the product obtained in Example 4.
PAR  By following the procedure of Example 169 but using as starting material an
      equivalent amount of the appropriate starting material of formula II, for
      example, those described in Examples 1 to 168, inclusive, instead of
      tryptophol, and using an equivalent amount of the appropriate ketoalcohol
      lower alkyl ester of formula VIII, then the acid compounds of formula I in
      which R.sup.7 is hydrogen and Z is hydroxy, for example, the respective
      products of Examples 1 to 168, inclusive, are obtained.
PAR  More specifically exemplified, according to the procedure of Example 169
      the use of indole-3-ethanethiol and acetonyl acetate affords
      1-methyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid,
      identical to the product of Example 3. Similarly, the use of tryptophol
      and 5-acetoxypentan-2-one affords
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-propionic acid, identical
      to the product of Example 2.
PAC  EXAMPLE 170
PAC  N,N,1-TRIMETHYL-1,3,4,9-TETRAHYDROPYRANO[3,4-b]-INDOLE-1-ACETAMIDE (I;
      R.sup.1 = CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and
      R.sup.7 = H, X = O, Y = CH.sub.2 CO AND Z = N(CH.sub.3).sub.2)
PAR  To a stirred solution of
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid (15 g, 0.061
      mole), prepared as described in Example 1, in dry tetrahydrofuran (300
      ml), cooled to -5.degree.C, is added triethylamine (18.5 g,0.183 mole),
      followed by ethyl chloroformate (16.6 g, 0.153 mole). The mixture is
      stirred at -5.degree.C for 2 hr. This mixture, which now contains the
      mixed anhydride of the above starting material, is added dropwise to a
      cooled 40% aqueous solution of the amine, dimethylamine (225 ml). The
      resulting mixture is stirred at room temperature for one-half hour. Most
      of the tetrahydrofuran is evaporated, and the residue partitioned between
      chloroform and water. The organic phase is washed with water, dried over
      sodium sulfate, and evaporated under reduced pressure. The residue is
      subjected to chromatography on silica gel. Elution with 20% ethyl acetate
      in benzene, followed by crystallization of the eluate from ethyl acetate
      affords the title compound, m.p. 149.degree.-151.degree.C.,
      .nu..sub.max.sup.CHCl.sbsp.3  3375, 1634 cm.sup.-.sup.1.
PAR  In the same manner but replacing dimethylamine with an equivalent amount of
      ammonium hydroxide (concentrated), methylamine (30% aqueous solution),
      n-hexylamine (20% aqueous solution), diethylamine (30% aqueous solution),
      or aniline (20% aqueous solution),
PAL  1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetamide, m.p.
      158.degree.-160.degree.C,
PAL  N,1-dimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetamide, m.p.
      138.degree.-140.degree.C,
PAL  N-(hexyl)-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetamide,
PAL  N,n-diethyl-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetamide,
      m.p. 99.degree.C, and
PAL  N-phenyl-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetamide, m.p.
      205.degree.-208.degree.C,
PAL  are obtained respectively.
PAR  by following the procedure of Example 170 but using as a starting material
      an equivalent amount of one of the acid compounds of formula I, described
      in Examples 2 to 168, inclusive, instead of
      1-methyl-1,3,4,9-tetrahydropyrano[ 3,4-b]indole-1-acetic acid, and using
      an equivalent amount of an appropriate amine such as ammonia or a primary
      or secondary amine described in Example 170, then the corresponding amide
      compound of formula I [Z = NH.sub.2,
      ##EQU7##
      NHCH.sub.3, N(CH.sub.3).sub.2, NH(n-C.sub.6 H.sub.13) or N(C.sub.2
      H.sub.5).sub.2 ] is obtained. Examples of such amides are listed as
      products in Tables III and IV together with the appropriate starting
      material and amine used for the preparation of the amide. In each case the
      starting material is noted by the example in which it is prepared.
TBL                                    TABLE III                               
     __________________________________________________________________________
         NO. OF THE EXAMPLE   PRODUCT: [(PREFIX LISTED BELOW-                  
         IN WHICH STARTING    1,3,4,9-TETRAHYDROPYRANO[3,4-b]-                 
         MATERIAL IS          INDOLE-1-(SUFFIX LISTED BELOW)]                  
     EXAMPLE                                                                   
         PREPARED   AMINE          PREFIX//SUFFIX                              
     __________________________________________________________________________
     171 2          CH.sub.3 NH.sub.2                                          
                              N,1-dimethyl//propionamide,                      
                              m.p. 149-150.degree.C.                           
     172 2          NH.sub.3  1-methyl//propionamide                           
     173 2          (CH.sub.3).sub.2 NH                                        
                              N,N,1-trimethyl//propionamide                    
     174 2          n--C.sub.6 H.sub.13 NH.sub.2                               
                              N-hexyl-1-methyl//propionamide                   
     175 2          (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-1-methyl//propionamide               
     176 4          CH.sub.3 NH.sub.2                                          
                              N,1-dimethyl//carboxamide                        
     177 4          NH.sub.3  1-methyl//carboxamide, m.p. 188-                 
                              189.degree.C.                                    
     178 4          (CH.sub.3).sub.2 NH                                        
                              N,N,1-trimethyl//carboxamide                     
     179 4          n--C.sub.6 H.sub.13 NH.sub.2                               
                              N-hexyl-1-methyl//carboxamide                    
     180 4          (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-1-methyl//carboxamide                
     181 5          CH.sub.3 NH.sub.2                                          
                              N,3-dimethyl-1-ethyl//carboxamide                
     182 8                    8-ethyl-1-ethynyl-N-phenyl//                     
                    --NH.sub.2                                                 
                              carboxamide                                      
     183 9          (CH.sub.3).sub.2 NH                                        
                              1-cyclopropyl-N,N-dimethyl-4-iso-                
                              propyl//carboxamide                              
     184 11         n--C.sub.16 H.sub.13 NH.sub.2                              
                              N-hexyl-1-phenyl//carboxamide                    
     185 12         (C.sub.2 H.sub.5).sub.2 NH                                 
                              1-benzyl-3-methyl-N,N,3-tri-                     
                              ethyl//carboxamide                               
     186 14         (CH.sub. 3).sub.2 NH                                       
                              N,N,1,4-tetramethyl//acetamide                   
     187 15         CH.sub.3 NH.sub.2                                          
                              1-ethyl-N-methyl//acetamide                      
     188 15         NH.sub.3  1-ethyl//acetamide                               
     189 15         (CH.sub.3).sub.2 NH                                        
                              N,N-dimethyl-1-ethyl//acetamide                  
     190 15         n--C.sub.16 H.sub.13 NH.sub.2                              
                              1-ethyl-N-hexyl//acetamide                       
     191 15         (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N,1-triethyl//acetamide                        
     192 16         CH.sub.3 NH.sub.2                                          
                              N-methyl-1-propyl//acetamide                     
     193 16         NH.sub.3  1-propyl//acetamide                              
     194 16         (CH.sub.3).sub.2 NH                                        
                              N,N-dimethyl-1-propyl//acetamide                 
     195 16         n--C.sub.6 H.sub.13 NH.sub.2                               
                              N-hexyl-1-propyl//acetamide                      
     196 16         (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-1-propyl//acetamide                  
     197 17         CH.sub.3 NH.sub.2                                          
                              1-isopropyl-N-methyl//acetamide                  
     198 17         NH.sub.3  1-isopropyl//acetamide                           
     199 17         (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-1-isopropyl//acetamide               
     200 19         CH.sub.3 NH.sub.2                                          
                              N,3-dimethyl-1-propyl//acetamide                 
                              3-methyl-N-phenyl-1-propyl//                     
     201 19         --NH.sub.2                                                 
                              acetamide                                        
     202 19         (CH.sub.3).sub.2 NH                                        
                              1-propyl-N,N,3-trimethyl//acetamide              
     203 19         n--C.sub.6 H.sub.13 NH.sub.2                               
                              N-hexyl-3-methyl-1-propyl//                      
                              acetamide                                        
     204 19         (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-3-methyl-1-propyl//                  
                              acetamide                                        
     205 21         CH.sub.3 NH.sub.2                                          
                              N,.alpha.,1-trimethyl//acetamide                 
     206 21         NH.sub.3  .alpha.,1-dimethyl//acetamide                    
     207 21         (CH.sub.3).sub.2 NH                                        
                              N,N,.alpha.,1-tetramethyl//acetamide             
     208 21         n--C.sub.6 H.sub.13 NH.sub.2                               
                              .alpha.,1-dimethyl-N-hexyl//acetamide            
     209 21         (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-.alpha.,1-dimethyl//                 
                              acetamide                                        
     210 22         CH.sub.3 NH.sub.2                                          
                              1-cyclohexyl-N,.alpha.,.alpha.-trimethyl//       
                              acetamide                                        
     211 23         (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-1-phenyl//acetamide                  
     212 26         CH.sub.3 NH.sub.2                                          
                              N,8-dimethyl-1-propyl//acetamide                 
     213 31         NH.sub.2  6-benzyloxy-1-methyl//acetamide                  
     214 32         (CH.sub.3).sub.2 NH                                        
                              1-propyl-N,N,5-trimethyl//                       
                              acetamide                                        
     215 38         n--C.sub.6 H.sub.13 NH.sub.2                               
                              1-cyclopropyl-.alpha.,.alpha.-diethyl-3,3-       
                              dimethyl-6-ethoxy-N-hexyl//                      
                              acetamide                                        
     216 43         (CH.sub.3).sub.2 NH                                        
                              1-benzyl-N,N,.alpha.,.alpha.,3-pentamethyl-      
                              8-propionoxy//acetamide                          
     217 46         CH.sub.3 NH.sub.2                                          
                              5-iodo-1-isopropyl-N-methyl//                    
                              propionamide                                     
     218 49         NH.sub.2  1-cyclobutyl-3-methyl-8-nitro-                   
                              .alpha.-propyl//propionamide                     
     219 54         (CH.sub.3).sub.2 NH                                        
                              4,4-diethyl-N,N,.alpha.,.alpha.,.beta.,3-hexa-   
                              methyl-1-methallyl//propionamide                 
     220 57         (C.sub.2 H.sub.5).sub.2 NH                                 
                              N,N-diethyl-5-methoxy-60 -methyl-                
                              1-phenyl-3-propyl//propionamide                  
     221 62         CH.sub.3 NH.sub.2                                          
                              N-methyl-.beta.-propyl-1-(1-propynyl)-           
                              3,3,5-triethyl//propionamide                     
                              1-cyclopropyl-.alpha.,.beta.-diethyl-6-          
     222 63         --NH.sub.2                                                 
                              ethoxy-N-phenyl//propionamide                    
     223 67         (CH.sub.3).sub.2 NH                                        
                              N,N,1-trimethyl//butyramide                      
     224 67         CH.sub.3 NH.sub.2                                          
                              N,1-dimethyl//butyramide                         
     225 67         NH.sub.2  1-methyl//butyramide                             
     226 67         n--C.sub.6 H.sub.13 NH.sub.2                               
                              N-hexyl-1-methyl//butyramide                     
     227 70         CH.sub.3 NH.sub.2                                          
                              .beta.,.gamma.,.gamma.,4-tetrapropyl-N,3,3-      
                              trimethyl-1-vinyl//butyramide                    
     228 71         (C.sub.2 H.sub.5).sub.2 NH                                 
                              1-allyl-N,N-diethyl-.beta.,.beta.,               
                              .gamma.,.gamma.-                                 
                              tetramethyl//butyramide                          
     229 73         (CH.sub.3).sub.2 NH                                        
                              N,N,.alpha.,.alpha.,.beta.,.beta.,.gamma.,.gamma.
                              ,4,5-decamethyl-                                 
                              1-ethynyl//butyramide                            
     230 76         NH.sub.2  5-bromo-1-cyclopentyl-.alpha.,.alpha.,.beta.-    
                              trimethyl//butyramide                            
     231 78         CH.sub.3 NH.sub.2                                          
                              8-ethyl-N,.alpha.-dimethyl-1-phenyl//            
                              butyramide                                       
     232 80         (C.sub.2 H.sub.5).sub.2 NH                                 
                              1-phenyl-N,N,.alpha.,.gamma.-tetraethyl-         
                              3,3,5-trimethyl//butyramide                      
     233 82         n--C.sub.6 H.sub.13 NH.sub.2                               
                              1-benzyl-.alpha.,.beta.-diethyl-3,3,-            
                              dimethyl-N-hexyl-5-propyl//                      
                              butyramide                                       
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
           NO. OF THE EXAMPLE    PRODUCT: [(PREFIX LISTED BELOW-               
           IN WHICH STARTING     1,3,4,9-TETRAHYDROTHIOPYRANO-                 
           MATERIAL IS           [3,4-b]INDOLE-1-(SUFFIX LISTED                
     EXAMPLE                                                                   
           PREPARED    AMINE     BELOW)] PREFIX//SUFFIX                        
     __________________________________________________________________________
     234   3           CH.sub.3 NH.sub.2                                       
                                 N,1-dimethyl//acetamide                       
     235   3           NH.sub.2  1-methyl//acetamide                           
     236   3           n--C.sub.6 H.sub.13 NH.sub.2                            
                                 N-hexyl-1-methyl//acetamide                   
     237   3           (CH.sub.3).sub.2 NH                                     
                                 N,N,1-trimethyl//acetamide                    
     238   3           (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-1-methyl//acetamide               
     239   129         CH.sub.3 NH.sub.2                                       
                                 N,1-dimethyl//propionamide                    
     240   129         NH.sub.3  1-methyl//propionamide                        
     241   129         (CH.sub.3).sub.2 NH                                     
                                 N,N,1-trimethyl//propionamide                 
     242   129         n--C.sub.6 H.sub.13 NH.sub.2                            
                                 N-hexyl-1-methyl//propionamide                
     243   129         (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-1-methyl//propion-                
                                 amide                                         
     244   87          CH.sub.3 NH.sub.2                                       
                                 N,1-dimethyl//carboxamide                     
     245   87          NH.sub.3  1-methyl//carboxamide,                        
     246   87          (CH.sub.3).sub.2 NH                                     
                                 N,N,1-trimethyl//carboxamide                  
     247   87          n--C.sub.6 H.sub.13 NH.sub.2                            
                                 N-hexyl-1-methyl//carboxamide                 
     248   87          (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-1-methyl//carboxamide             
     249   88          CH.sub.3 NH.sub.2                                       
                                 N,3-dimethyl-1-ethyl//carboxamide             
     250   91          NH.sub.3  8-ethyl-1-ethynyl//carboxamide                
     251   92          (CH.sub.3).sub.2 NH                                     
                                 1-cyclopropyl-N,N-dimethyl-4-iso-             
                                 propyl//carboxamide                           
     252   94          n--C.sub.16 H.sub.13 NH.sub.2                           
                                 N-hexyl-1-phenyl//carboxamide                 
     253   95          (C.sub.2 H.sub.5).sub.2 NH                              
                                 1-benzyl-3-methyl-N,N,3-tri-                  
                                 ethyl//carboxamide                            
     254   97          (CH.sub.3).sub.2 NH                                     
                                 N,N,1,4-tetramethyl//acetamide                
     255   98          CH.sub.3 NH.sub.2                                       
                                 1-ethyl-N-methyl//acetamide                   
     256   98          NH.sub.3  1-ethyl//acetamide                            
     257   98          (CH.sub.3).sub.2 NH                                     
                                 N,N-dimethyl-1-ethyl//acetamide               
     258   98          n--C.sub.16 H.sub.13 NH.sub.2                           
                                 1-ethyl-N-hexyl//acetamide                    
     259   98          (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N,1-triethyl//acetamide                     
     260   99          CH.sub.3 NH.sub.2                                       
                                 N-methyl-1-propyl//acetamide                  
     261   99          NH.sub.3  1-propyl//acetamide                           
     262   99          (CH.sub.3).sub.2 NH                                     
                                 N,N-dimethyl-1-propyl//acetamide              
     263   99          n--C.sub.6 H.sub.13 NH.sub.2                            
                                 N-hexyl-1-propyl//acetamide                   
     264   99          (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-1-propyl//acetamide               
     265   100         CH.sub.3 NH.sub.2                                       
                                 1-isopropyl-N-methyl//acetamide               
     266   100         NH.sub.3  1-isopropyl//acetamide                        
     267   100         (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-1-isopropyl//acetamide            
     268   102         CH.sub.3 NH.sub.2                                       
                                 N,3-dimethyl-1-propyl//acetamide              
     269   102         NH.sub.3  3-methyl-1-propyl//acetamide                  
     270   102         (CH.sub.3).sub.2 NH                                     
                                 1-propyl-N,N,3-trimethyl//                    
                                 acetamide                                     
     271   102         n--C.sub.6 H.sub.13 NH.sub.2                            
                                 N-hexyl-3-methyl-1-propyl//                   
                                 acetamide                                     
     272   102         (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-3-methyl-1-propyl//               
                                 acetamide                                     
     273   104         CH.sub.3 NH.sub.2                                       
                                 N,.alpha.,1-trimethyl//acetamide              
     274   104         NH.sub.3  .alpha.,1-dimethyl//acetamide                 
     275   104         (CH.sub.3).sub.2 NH                                     
                                 N,N,.alpha.,1-tetramethyl//acetamide          
     276   104         n--C.sub.6 H.sub.13 NH.sub.2                            
                                 .alpha.,1-dimethyl-N-hexyl//acetamide         
     277   104         (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-.alpha.,1-dimethyl//              
                                 acetamide                                     
     278   105         CH.sub.3 NH.sub.2                                       
                                 1-cyclohexyl-N,.alpha.,.alpha.-trimethyl//    
                                 acetamide                                     
     279   106         (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-1-phenyl//acetamide               
     280   109         CH.sub.3 NH.sub.2                                       
                                 N,8-dimethyl-1-propyl//acetamide              
     281   111         NH.sub.2  6-bromo-1-propyl//acetamide                   
     282   117         (CH.sub.3).sub.2 NH                                     
                                 .alpha.,.alpha.-diethyl-N,N-dimethyl-8-fluoro-
                                 1-vinyl//acetamide                            
     283   121         n--C.sub.6 H.sub.13 NH.sub.2                            
                                 1-cyclopropyl-.alpha.,.alpha.-diethyl-3,3-    
                                 dimethyl-6-ethoxy-N-hexyl//                   
                                 acetamide                                     
     284   126         (CH.sub.3).sub.2 NH                                     
                                 1-benzyl-N,N.alpha.,.alpha.,3-pentamethyl-    
                                 8-propionoxy//acetamide                       
     285   128         CH.sub.3 NH.sub.2                                       
                                 1-(2-thienyl)-N,.alpha.,.alpha.-trimethyl//   
                                 acetamide                                     
     286   132         NH.sub.2  1-cyclobutyl-3-methyl-8-nitro-                
                                 .alpha.-propyl//propionamide                  
     287   137         (CH.sub.3).sub.2 NH                                     
                                 4,4-diethyl-N,N,.alpha.,.alpha.,.beta.,3-     
                                 hexamethyl-1-methallyl//                      
                                 propionamide                                  
     288   140         (C.sub.2 H.sub.5).sub.2 NH                              
                                 N,N-diethyl-5-methoxy-.alpha.-methyl-1-       
                                 phenyl-3-propyl//propionamide                 
     289   145         CH.sub.3 NH.sub.2                                       
                                 N-methyl-.beta.-propyl-1-(1-propynyl)-        
                                 3,3,5-triethyl//propionamide                  
     290   146         --NH.sub.2                                              
                                 1-cyclopropyl-.alpha.,.beta.-diethyl-6-       
                                 ethoxy-N-phenyl//propionamide                 
     291   150         (CH.sub.3).sub. 2 NH                                    
                                 N,N,1-trimethyl//butyramide                   
     292   150         CH.sub.3 NH.sub.2                                       
                                 N,1-dimethyl//butyramide                      
     293   150         --NH.sub.2                                              
                                 1-methyl-N-phenyl//butyramide                 
     294   150         n--C.sub.6 H.sub.13 NH.sub.2                            
                                 N-hexyl-1-methyl//butyramide                  
     295   153         CH.sub.3 NH.sub.2                                       
                                 .beta.,.gamma.,.gamma.,4-tetrapropyl-N,3,3-   
                                 trimethyl-1-vinyl//butyramide                 
     296   154         (C.sub.2 H.sub.5).sub.2 NH                              
                                 1-allyl-N,N-diethyl-.beta.,.beta.,.gamma.,.gam
                                 ma.-                                          
                                 tetramethyl//butyramide                       
     297   155         (CH.sub.3).sub.2 NH                                     
                                 7-chloro-N,N-dimethyl-.alpha.,.beta.,.beta.,.g
                                 amma.,.gamma.-                                
                                 4,4-heptaethyl-1-ethynyl//butyramide          
     298   159         NH.sub.2  5-bromo-1-cyclopentyl-.alpha.,.alpha.,.beta.- 
                                 trimethyl//butyramide                         
     299   161         CH.sub.3 NH.sub.2                                       
                                 N,.alpha.-dimethyl-8-ethyl-1-phenyl//         
                                 butyramide                                    
     300   163         (C.sub.2 H.sub.5).sub.2 NH                              
                                 1-phenyl-N,N,.alpha.,.gamma.-tetraethyl-      
                                 3,3,5-trimethyl//butyramide                   
     301   165         n--C.sub.6 H.sub.13 NH.sub.2                            
                                 1-benzyl-.alpha.,.beta.-diethyl-3,3-dimethyl- 
                                 N-hexyl-5-propyl//butyramide                  
     302   168         CH.sub.3 NH.sub.2                                       
                                 7-chloro-N-methyl-.alpha.,.alpha.,3,4,4-      
                                 pentaethyl-1-(2-thienyl)//                    
                                 butyramide                                    
     __________________________________________________________________________
PAC  EXAMPLE 303
PAC  1-METHYL-1,3,4,9-TETRAHYDROPYRANO[3,4-b]INDOLE-1-CARBOXAMIDE (I; R.sup.1 =
      CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 AND R.sup.7 = H, X =
      O, Y = CO AND Z = NH.sub.2)
PAR  By following the procedure of Example 1 but using an equivalent amount of
      pyruvamide instead of ethyl acetoacetate,
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-carboxamide, m.p.
      188.degree.-189.degree.C. after recrystallization from benzene-hexane,
      identical with the product of Example 177, is obtained.
PAR  In the same manner but using an equivalent amount of the appropriate
      starting material of formula II in place of tryptophol together with the
      appropriate .alpha.-, .beta.-, .gamma.- or .delta.-ketoamide, the products
      listed in Tables III and IV may be obtained. For example, by using
      tryptophol (II; R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 = H and X' =
      OH) and the .beta.-ketoamide, N,N-dimethyl-acetoacetamide, in the
      procedure of this Example,
      N,N,1-trimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetamide,
      identical with the product of Example 170, is obtained.
PAC  EXAMPLE 304
PAC  1,9-DIMETHYL-1,3,4,9-TETRAHYDROPYRANO[3,4-b]INDOLE-1-ACETIC ACID (I;
      R.sup.1 and R.sup.7 = CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5 AND
      R.sup.6 = H, X = O, Y = CH.sub.2 CO AND Z = OH
PAR  1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid (10 g., 0.04
      mole), prepared as described in Example 1, in 150 ml. of tetrahydrofuran
      is added dropwise to a stirred suspension of sodium hydride (4.4 g. of 55%
      dispresion in 200 ml. of tetrahydrofuran. This mixture is heated at
      50.degree.C. with stirring for 2 hr. Methyl iodide (14.2 g. 0.1 mole) is
      added dropwise and heating and stirring is continued for a further 2 hr.
PAR  After cooling, water is added until the solution is clear. The
      tetrahydrofuran is evaporated off under reduced pressure, the residue is
      partition between water and benzene. The aqueous phase is washed once with
      benzene, made acidic with HCl, and extracted with benzene (3.times.). The
      organic phase is washed with water, dried over sodium sulfate and treated
      with charcoal. The organic layer is evaporated. The residue is
      crystallized from benzene and then ether-petroleum ether to afford the
      title compound, m.p. 105.degree.- 108.degree.C., nmr (CDCl.sub. 3) .delta.
      1.73 (S,3H), 2.83 (t, J = 5.5, 2H), 3.0 (2H), 3.68 (3H), 4.08 (t, J = 5.5,
      2H), 7.34 (4H), 9.47 (1H).
PAR  In the same manner but replacing methyl iodide with an equivalent amount of
      ethyl iodide, or propyl iodide
      9-ethyl-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, m.p.
      134.degree.-136.degree.C., and
      1-methyl-9-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      m.p. 120.degree.-122.degree.C., are obtained, respectively.
PAR  By following the procedure of Example 304 but using the starting material
      an equivalent amount of the acid compounds of formula I, compounds of
      formula I in which R.sup.7 is hydrogen and Z is hydroxy, described in
      Examples 1 to 168, inclusive, instead of
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, and using an
      equivalent amount of an appropriate lower alkyl or lower alkenyl halide,
      then the corresponding N-alkylated acid compounds of formula I in which
      R.sup.7 is lower alkyl or lower alkenyl are obtained. Examples of these
      latter compounds are listed as products in Tables V and VI together with
      the appropriate starting material and alkyl or alkynl halide used for
      their preparation. In each case the starting material is noted by the
      Example in which it is prepared.
TBL                                    TABLE V                                 
     __________________________________________________________________________
            NO. OF THE EXAMPLE        PRODUCT: [(PREFIX LISTED BELOW-          
            IN WHICH STARTING         1,3,4,9-TETRAHYDROPYRANO[3,4-b]-         
            MATERIAL IS  ALKYL OR ALKENYL                                      
                                      INDOLE-1-(SUFFIX LISTED BELOW)]          
     EXAMPLE                                                                   
            PREPARED       HALIDE       PREFIX//SUFFIX                         
     __________________________________________________________________________
     305     1           CH.sub.2 =CHCH.sub.2 Br                               
                                      9-allyl-1-methyl//acetic acid,           
                                      m.p.103 - 105.degree.C.                  
     306     1           CH.sub.2 =CHBr                                        
                                      1-methyl-9-vinyl//acetic acid            
     307     1           CH.sub.2 =C(CH.sub.3)CH.sub.2 Br                      
                                      1-methyl-9-methallyl//acetic acid        
     308     2           n--C.sub.3 H.sub.7 I                                  
                                      1-methyl-9-propyl//propionic acid        
     309     2           CH.sub.3 I   1,9-dimethyl//propionic acid             
     310     2           CH.sub.2 =CHBr                                        
                                      1-methyl-9-vinyl//propionic acid         
     311     2           CH.sub.2 =CHCH.sub.2 Cl                               
                                      9-allyl-1-methyl//propionic acid         
     312     4           CH.sub.3 I   1,9-dimethyl//carboxylic acid            
     313     4           CH.sub.2 =CHBr                                        
                                      1-methyl-9-vinyl//carboxylic acid        
     314     7           CH.sub.3 I   6-hydroxy-1-(1-propenyl)-3,3,9-          
                                      trimethyl//carboxylic acid               
     315     9           CH.sub.3 CH=CHBr                                      
                                      1-cyclopropyl-4-isopropyl-9-             
                                      (1-propenyl)//carboxylic acid            
     316    11           i--C.sub.3 H.sub.7 I                                  
                                      9-isopropyl-1-phenyl//carboxylic         
                                      acid                                     
     317    15           CH.sub.3 I   1-ethyl-9-methyl//acetic acid            
     318    15           C.sub.2 H.sub.5 Cl                                    
                                      1,9-diethyl//acetic acid                 
     319    15           CH.sub.2 =CHCH.sub.2 Br                               
                                      9-allyl-1-ethyl//acetic acid             
     320    15           CH.sub.2 =CHBr                                        
                                      1-ethyl-9-vinyl//acetic acid             
     321    16           CH.sub.3 I   9-methyl-1-propyl//acetic acid           
     322    16           n--C.sub.3 H.sub.7 Cl                                 
                                      1,9-dipropyl//acetic acid                
     323    16           CH.sub.2 =CHCH.sub.2 Br                               
                                      9-allyl-1-propyl//acetic acid            
     324    16           CH.sub.2 =C(CH.sub.3)CH.sub.2 Br                      
                                      9-methallyl-1-propyl//acetic acid        
     325    17           CH.sub.3 I   9-methyl-1-isopropyl//acetic acid        
     326    17           CH.sub.2 =CHBr                                        
                                      1-isopropyl-9-vinyl//acetic acid         
     327    19           n--C.sub.3 H.sub.7 Cl                                 
                                      1,9-dipropyl-3-methyl//acetic acid       
     328    19           CH.sub.2 =CHCH.sub.2 Br                               
                                      9-allyl-3-methyl-1-propyl//acetic        
                                      acid                                     
     329    21           CH.sub.3 I   .alpha.,1,9-trimethyl//acetic acid       
     330    21           CH.sub.2 =CHBr                                        
                                      .alpha.,1-dimethyl-1-vinyl//acetic acid  
     331    22           n--C.sub.3 H.sub.7 Cl                                 
                                      1-cyclohexyl-.alpha.,.alpha.-dimethyl-9- 
                                      propyl//acetic acid                      
     332    27           CH.sub.2 =CHCH.sub.2 I                                
                                      9-allyl-1-(2-thienyl)//acetic acid       
     333    29           CH.sub.3 Cl  1,9-dimethyl-61methoxy//acetic acid      
     334    34           CH.sub.2 =CHBr                                        
                                      6-nitro-1-propyl-9-vinyl//               
                                      acetic acid                              
     335    40           C.sub.2 H.sub.5 Cl                                    
                                      .alpha.,3-dimethyl-9-ethyl-1-phenyl-     
                                      4,4,5-tripropyl//acetic acid             
     336    42           CH.sub.2 =CHCH.sub.2 Br                               
                                      9-allyl-1-benzyl-.alpha.,.alpha.-diisopro
                                      pyl-                                     
                                      3,3,4,4,5-pentaethyl//acetic acid        
     337    48           C.sub.2 H.sub.5 I                                     
                                      7-hydroxy-1-(2-propynyl)-.beta.,.beta.,9-
                                      triethyl//propionic acid                 
     338    49           CH.sub.3 I   1-cyclobutyl-3,9-dimethyl-8-nitro-       
                                      .alpha.-propyl//propionic acid           
     339    54           CH.sub.2 =C(CH.sub.3)CH.sub.2 Cl                      
                                      4,4-diethyl-1,9-dimethallyl-.alpha.,.alph
                                      a.,.beta.,-                              
                                      3-tetramethyl//propionic acid            
     340    59           CH.sub.2 =CHCH.sub.2 Br                               
                                      9-allyl-8-chloro-.beta.,3,3,4,4-         
                                      pentamethyl-1-(2-thienyl)//              
                                      propionic acid                           
     341    60           CH.sub.2 =CHCl                                        
                                      1-methyl-6-nitro-.alpha.,.alpha.,.beta.,.
                                      beta.,3-penta-                           
                                      ethyl-9-vinyl//propionic acid            
     342    63           C.sub.2 H.sub.5 Cl                                    
                                      1-cyclopropyl-6-ethoxy-.alpha.,.beta.,9- 
                                      triethyl//propionic acid                 
     343    67           CH.sub.3 I   1,9-dimethyl//butyric acid               
     344    67           CH.sub.2 =CHCH.sub.2 Cl                               
                                      9-allyl-1-methyl//butyric acid           
     345    68           C.sub.2 H.sub.5 Cl                                    
                                      1,9-diethyl-.gamma.,3-dimethyl//butyric  
                                      acid                                     
     346    70           CH.sub.2 =CHBr                                        
                                      3,3-dimethyl-1,9-divinyl-.beta.,.gamma.,.
                                      gamma.,-                                 
                                      4-tetrapropyl//butyric acid              
     347    72           CH.sub.2 =CHBr                                        
                                      7-chloro-1,9-divinyl-.alpha.,.beta.,.beta
                                      .,.gamma.,.gamma.,-                      
                                      4-heptaethyl//butyric acid               
     348    78           C.sub.2 H.sub.5 I                                     
                                      8,9-diethyl-.alpha.-methyl-1-phenyl//    
                                      butyric acid                             
     349    82           CH.sub.3 I   1-benzyl-.alpha.,.beta.-diethyl-5-propyl-
                                      3,3,9-trimethyl//butyric acid            
     350    85           C.sub.2 H.sub.5 Br                                    
                                      7-chloro-.alpha.,.alpha.,3,4,4,9-hexaethy
                                      l-                                       
                                      1-(2-thienyl)//butyric                   
     __________________________________________________________________________
                                      acid                                     
TBL                                    TABLE VI                                
     __________________________________________________________________________
           NO. OF THE EXAMPLE       PRODUCT:[(PREFIX LISTED BELOW-1,3,-        
           IN WHICH STARTING        4,9-TETRAHYDROTHIOPYRANO[3,4-b]-           
           MATERIAL IS  ALKYL OR ALKENYL                                       
                                    INDOLE-1-(SUFFIX LISTED BELOW)]            
     EXAMPLE                                                                   
           PREPARED       HALIDE      PREFIX//SUFFIX                           
     __________________________________________________________________________
     351   3            CH.sub.2 =CHCH.sub.2 Br                                
                                    9-allyl-1-methyl//acetic acid              
     352   3            CH.sub.3 I  1,9-dimethyl//acetic acid                  
     353   3            CH.sub.2 =C(CH.sub.3)CH.sub.2 Br                       
                                    1-methyl-9-methallyl//acetic               
                                    acetic acid                                
     354   129          n--C.sub.3 H.sub.7 I                                   
                                    1-methyl-9-propyl//propionic               
                                    acid                                       
     355   129          CH.sub.3 I  1,9-dimethyl//propionic acid               
     356   129          CH.sub.2 =CHBr                                         
                                    1-methyl-9-vinyl//propionic acid           
     357   129          CH.sub.2 =CHCH.sub.2 Cl                                
                                    9-allyl-1-methyl//propionic acid           
     358   87           CH.sub.3 I  1,9-dimethyl//carboxylic acid              
     359   87           CH.sub.2 =CHBr                                         
                                    1-methyl-9-vinyl//carboxylic               
                                    acid                                       
     360   90           CH.sub.3 I  6-hydroxy-1-(1-propenyl)-3,3,9-            
                                    trimethyl//carboxylic acid                 
     361   92           CH.sub.3 CH=CHBr                                       
                                    1-cyclopropyl-4-isopropyl-9-               
                                    (1-propenyl)//carboxylic acid              
     362   94           2--C.sub.3 H.sub.7 I                                   
                                    9-isopropyl-1-phenyl//carboxylic           
                                    acid                                       
     363   98           CH.sub.3 I  1-ethyl-9-methyl//acetic acid              
     364   98           C.sub.2 H.sub.5 Cl                                     
                                    1,9-diethyl//acetic acid                   
     365   98           CH.sub.2 =CHCH.sub.2 Br                                
                                    9-allyl-1-ethyl//acetic acid               
     366   98           CH.sub.2 =CHBr                                         
                                    1-ethyl-9-vinyl//acetic acid               
     367   99           CH.sub.3 I  9-methyl-1-propyl//acetic acid             
     368   99           n--C.sub.3 H.sub.7 Cl                                  
                                    1,9-dipropyl//acetic acid                  
     369   99           CH.sub.2 CHCH.sub.2 Br                                 
                                    9-allyl-1-propyl//acetic acid              
     370   99           CH.sub.2 =C(CH.sub.3)CH.sub.2 Br                       
                                    9-methallyl-1-propyl//acetic               
                                    acid                                       
     371   100          CH.sub.3 I  9-methyl-1-isopropyl//acetic               
                                    acid                                       
     372   100          CH.sub.2 =CHBr                                         
                                    1-isopropyl-9-vinyl//acetic                
                                    acid                                       
     373   102          n--C.sub.3 H.sub.7 Cl                                  
                                    1,9-dipropyl-3-methyl//acetic              
                                    acid                                       
     374   102          CH.sub.2 =CHCH.sub.2 Br                                
                                    9-allyl-3-methyl-1-propyl//                
                                    acetic acid                                
     375   104          CH.sub.3 I  .alpha.,1,9-trimethyl//acetic acid         
     376   104          CH.sub.2 =CHBr                                         
                                    .alpha.,1-dimethyl-1-vinyl//acetic         
                                    acid                                       
     377   105          n--C.sub.3 H.sub.7 Cl                                  
                                    1-cyclohexyl-.alpha.,.alpha.-dimethyl-9-   
                                    propyl//acetic acid                        
     378   110          CH.sub.2 =CHCH.sub.2 I                                 
                                    9-allyl-1-(2-thienyl)//acetic              
                                    acid                                       
     379   112          CH.sub.3 Cl 1,9-dimethyl-6-methoxy//                   
                                    acetic acid                                
     380   117          CH.sub.2 CHBr                                          
                                    .alpha.,.alpha.-diethyl-1,9-divinyl-8-     
                                    fluoro//acetic acid                        
     381   123          C.sub.2 H.sub.5 Cl                                     
                                    .alpha.,3-dimethyl-9-ethyl-1-phenyl-       
                                    4,4,5-tripropyl//acetic                    
                                    acid                                       
     382   125          CH.sub.2 CHCH.sub.2 Br                                 
                                    9-allyl-1-benzyl-.alpha.,.alpha.-          
                                    diisopropyl-3,3,4,4,5-                     
                                    pentaethyl//acetic acid                    
     383   131          C.sub.2 H.sub.5 I                                      
                                    7-hydroxy-1-(2-propynyl)-                  
                                    .beta.,.beta.,9-triethyl//propionic acid   
     384   132          CH.sub.3 I  1-cyclobutyl-3,9-dimethyl-8-               
                                    nitro-.alpha.-propyl//propionic acid       
     385   137          CH.sub.2 =C(CH.sub.3)CH.sub.2 Cl                       
                                    4,4-diethyl-1,9-dimethallyl-               
                                    .alpha.,.alpha.,.beta.,3-tetramethyl//propi
                                    onic                                       
                                    acid                                       
     386   142          CH.sub.2 =CHCH.sub.2 Br                                
                                    9-allyl-8-chloro-.beta.,3,3,4,4-           
                                    pentamethyl-1-(2-thienyl)//                
                                    propionic acid                             
     387   143          CH.sub.2 =CHCl                                         
                                    1-methyl-6-nitro-.alpha.,.alpha.,.beta.,.be
                                    ta.,3-penta-                               
                                    ethyl-9-vinyl//propionic acid              
     388   146          C.sub.2 H.sub.5 Cl                                     
                                    1-cyclopropyl-6-ethoxy-.alpha.,.beta.,9-   
                                    triethyl//propionic acid                   
     389   150          CH.sub.3 I  1,9-dimethyl//butyric acid                 
     390   150          CH.sub.2 =CHCH.sub.2 Cl                                
                                    9-allyl-1-methyl//butyric acid             
     391   151          C.sub.2 H.sub.5 Cl                                     
                                    1,9-diethyl-.gamma.,3-dimethyl//           
                                    butyric acid                               
     392   153          CH.sub.2 =CHBr                                         
                                    3,3-dimethyl-1,9-divinyl-.beta.,.gamma.,.ga
                                    mma.,-                                     
                                    4-tetrapropyl//butyric acid                
     393   155          CH.sub.2 =CHBr                                         
                                    7-chloro-1,9-divinyl-.alpha.,.beta.,.beta.,
                                    .gamma.,.gamma.,-                          
                                    4,4-heptaethyl//butyric acid               
     394   161          C.sub.2 H.sub.5 I                                      
                                    8,9-diethyl-.alpha.-methyl-1-phenyl//      
                                    butyric acid                               
     395   165          CH.sub.3 I  1-benzyl-.alpha.,.beta.-diethyl-5-propyl-  
                                    3,3,9-trimethyl//butyric acid              
     396   168          C.sub. 2 H.sub.5 Br                                    
                                    7-chloro-.alpha.,.alpha.,3,4,4,9-hexaethyl-
                                    1-(2-thienyl)//butyric acid                
     __________________________________________________________________________
PAC  EXAMPLE 397
PAR  By following the procedure of Example 304 but using as the starting
      material an equivalent amount of the ester compounds of formula I in which
      R.sup.7 is hydrogen and Z is lower alkoxy, obtained prior to hydrolysis in
      Example 1 and 3 to 168, inclusive, instead of
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b] indole-1-acetic acid, and using
      an equivalent amount of an appropriate lower alkyl or lower alkenyl
      halide, then the corresponding N-alkylated ester compounds of formula I in
      which R.sup.7 is lower alkyl or lower alkenyl, are obtained.
PAR  For example, when following the procedure of Example 304, the replacement
      of 1-methyl-1,3,4,9-tetrahydropyrano-[3,4-b]indole-1-acetic acid by an
      equivalent amount of its corresponding ethyl ester, described in Example
      1, and then use the same alkyl halide, methyl iodide, affords
      1,9-dimethyl-1,3, 4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid ethyl
      ester.
PAR  Similarly, the replacement of
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid by an
      equivalent amount of
      1-methyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid methyl
      ester, described in Example 3, affords
      1,9-dimethyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid
      methyl ester.
PAR  By following the procedure of Example 170 but using as the starting
      material an equivalent amount of one of the N-alkylated acid compounds of
      formula I, described in Examples 304 to 396, inclusive, instead of
      1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, and using an
      equivalent amount of an appropriate amine such as ammonia or a primary or
      secondary amine, described in Example 170, then the corresponding amide
      compound of formula I in which R.sup.7 is lower alkyl or lower alkenyl and
      Z is amino, lower alkyl amino, di(lower)alkylamino or phenylamino, is
      obtained. Examples of such amides are listed as products in Tables VII and
      VIII together with the appropriate starting material, noted by the example
      in which it is prepared, and the amine used for the preparation of the
      amide.
TBL                                    TABLE VII                               
     __________________________________________________________________________
           NO. OF THE EXAMPLE    PRODUCT: [(PREFIX LISTED BELOW-               
           IN WHICH STARTING     1,3,4,9-TETRAHYDROPYRANO[3,4-b]-              
           MATERIAL IS           INDOLE-1-(SUFFIX LISTED BELOW)]               
     EXAMPLE                                                                   
           PREPARED       AMINE    PREFIX//SUFFIX                              
     __________________________________________________________________________
     398   304          (CH.sub.3).sub.2 NH                                    
                                 N,N,1,9-tetramethyl//acetamide                
     399   304          CH.sub.3 NH.sub.2                                      
                                 N,1,9-trimethyl//acetamide, m.p.              
                                 136 - 138.degree.C.                           
     400   304          NH.sub.3 1,9-dimethyl//acetamide, m.p.                 
                                 105 - 106.degree.C.                           
     401   304          n--C.sub.6 H.sub.13 NH.sub.2                           
                                 1,9-dimethyl-N-hexyl//acetamide               
     402   304          (C.sub.2 H.sub.5).sub.2 NH                             
                                 N,N-diethyl-1,9-dimethyl//                    
                                 acetamide                                     
     403   305          CH.sub.3 NH.sub.2                                      
                                 9-allyl-N,1-dimethyl//acetamide               
     404   305          (CH.sub.3).sub.2 NH                                    
                                 9-allyl-N,N,1-trimethyl//                     
                                 acetamide                                     
     405   309          CH.sub.3 NH.sub.2                                      
                                 N,1,9-trimethyl//propionamide                 
     406   309          (C.sub.2 H.sub.5).sub.2 NH                             
                                 1,9-dimethyl-N,N-diethyl//                    
                                 propionamide                                  
     407   311          NH.sub.3 9-allyl-1-methyl//propionamide                
     408   311          (CH.sub.3).sub.2 NH                                    
                                 9-allyl-N,N,1-trimethyl//                     
                                 propionamide                                  
     409   313          CH.sub.3 NH.sub.2                                      
                                 N,1-dimethyl-9-vinyl//                        
                                 carboxamide                                   
     410   314          (C.sub.2 H.sub.5).sub.2 NH                             
                                 N,N-diethyl-6-hydroxy-1-                      
                                 (1-propenyl)-3,3,9-trimethyl//                
                                 carboxamide                                   
     411   316          n--C.sub.6 H.sub.3 NH.sub.2                            
                                 N-hexyl-9-isopropyl-1-phenyl//                
                                 carboxamide                                   
     412   317          CH.sub.3 NH.sub.2                                      
                                 N,9-dimethyl-1-ethyl//acetamide               
     413   319          (C.sub.2 H.sub.5).sub.2 NH                             
                                 9-allyl-N,N,1-triethyl//                      
                                 acetamide                                     
     414   320          (CH.sub.3).sub.2 NH                                    
                                 N,N-dimethyl-1-ethyl-9-vinyl//                
                                 acetamide                                     
     415   321          CH.sub.3 NH.sub. 2                                     
                                 N,9-dimethyl-1-propyl//                       
                                 acetamide                                     
     416   323          (C.sub.2 H.sub.5).sub.2 NH                             
                                 9-allyl-N,N-diethyl-1-propyl//                
                                 acetamide                                     
     417   331          CH.sub.3 NH.sub.2                                      
                                 1-cyclohexyl-9-propyl-N,.alpha.,.alpha.-      
                                 trimethyl//acetamide                          
     418   332          n--C.sub.6 H.sub.13 NH.sub.2                           
                                 9-allyl-N-hexyl-1-(2-thienyl)//               
                                 acetamide                                     
     419   333          (CH.sub.3).sub.2 NH                                    
                                 6-methoxy-N,N,1,9-tetramethyl//               
                                 acetamide                                     
     420   335          CH.sub.3 NH.sub.2                                      
                                 9-ethyl-1-phenyl-4,4,5-                       
                                 tripropyl-N,.alpha.,3-trimethyl//             
                                 acetamide                                     
     421   341          (C.sub.2 H.sub.5).sub.2 NH                             
                                 N,N,.alpha.,.alpha.,.beta.,.beta.,3-heptaethyl
                                 -1-                                           
                                 methyl-6-nitro-9-vinyl//                      
                                 propionamide                                  
     422   342          (C.sub.2 H.sub.5).sub.2 NH                             
                                 1-cyclopropyl-6-methoxy-N,N,-                 
                                 .alpha.,.beta.,9-pentaethyl-9-vinyl//         
                                 propionamide                                  
     423   343          CH.sub.3 NH.sub.2                                      
                                 N,1,9-trimethyl//butyramide                   
     424   344          (CH.sub.3).sub.2 NH                                    
                                 9-allyl-N,N,1-trimethyl//                     
                                 butyramide                                    
     425   345          NH.sub.2 1,9-diethyl-.gamma.,3-dimethyl//              
                                 butyramide                                    
     426   349          CH.sub.3 NH.sub.2                                      
                                 1-benzyl-.alpha.,.beta.-diethyl-5-propyl-     
                                 N,3,3,9-tetramethyl//                         
                                 butyramide                                    
     __________________________________________________________________________
TBL                                    TABLE VIII                              
     __________________________________________________________________________
           NO. OF THE EXAMPLE    PRODUCT: [(PREFIX LISTED BELOW-1,3,-          
           IN WHICH STARTING     4,9-TETRAHYDROTHIOPYRANO[3,4-b]-              
           MATERIAL IS           INDOLE-1-(SUFFIX LISTED BELOW)]               
     EXAMPLE                                                                   
           PREPARED     AMINE      PREFIX//SUFFIX                              
     __________________________________________________________________________
     427   352          (CH.sub.3).sub.2 NH                                    
                                 N,N,1,9-tetramethyl//acetamide                
     428   352          CH.sub.3 NH.sub.2                                      
                                 N,1,9-trimethyl//acetamide                    
     429   352          NH.sub.3 1,9-dimethyl//acetamide                       
     430   352          n--C.sub.6 H.sub.13 NH.sub.2                           
                                 1,9-dimethyl-N-hexyl//acetamide               
     431   352          (C.sub.2 H.sub.5).sub.2 NH                             
                                 N,N-diethyl-1,9-dimethyl//                    
                                 acetamide                                     
     432   351          CH.sub.3 NH.sub.2                                      
                                 9-allyl-N,1-dimethyl//acetamide               
     433   351          (CH.sub.3).sub.2 NH                                    
                                 9-allyl-N,N,1-trimethyl//                     
                                 acetamide                                     
     434   355          CH.sub.3 NH.sub.2                                      
                                 N,1,9-trimethyl//propionamide                 
     435   355          (C.sub.2 H.sub.5).sub.2 NH                             
                                 1,9-dimethyl-N,N-diethyl//                    
                                 propionamide                                  
     436   357          NH.sub.3 9-allyl-1-methyl//propionamide                
     437   357          (CH.sub.3).sub.2 NH                                    
                                 9-allyl-N,N,1-trimethyl//                     
                                 propionamide                                  
     438   359          CH.sub.3 NH.sub.2                                      
                                 N,1-dimethyl-9-vinyl//                        
                                 carboxamide                                   
     439   360          (C.sub.2 H.sub.5).sub.2 NH                             
                                 N,N-diethyl-6-hydroxy-1-                      
                                 (1-propenyl)-3,3,9-trimethyl//                
                                 carboxamide                                   
     440   362          n--C.sub.6 H.sub.3 NH.sub.2                            
                                 N-hexyl-9-isopropyl-1-phenyl//                
                                 carboxamide                                   
     441   363          CH.sub.3 NH.sub.2                                      
                                 N,9-dimethyl-1-ethyl//                        
                                 acetamide                                     
     442   365          (C.sub.2 H.sub.5).sub.2 NH                             
                                 9-allyl-N,N,1-triethyl//                      
                                 acetamide                                     
     443   366          (CH.sub.3).sub.2 NH                                    
                                 N,N-dimethyl-1-ethyl-9-vinyl//                
                                 acetamide                                     
     444   367          CH.sub.3 NH.sub.2                                      
                                 N,9-dimethyl-1-propyl//acetamide              
     445   369          (C.sub.2 H.sub.5).sub.2 NH                             
                                 9-allyl-N,N-diethyl-1-propyl//                
                                 acetamide                                     
     446   377          CH.sub.3 NH.sub.2                                      
                                 1-cyclohexyl-9-propyl-N,.alpha.,.alpha.-      
                                 trimethyl//acetamide                          
     447   378          n--C.sub.6 H.sub.13 NH.sub.2                           
                                 9-allyl-N-hexyl-1-(2-thienyl)//               
                                 acetamide                                     
     448   379          (CH.sub.3).sub.2 NH                                    
                                 6-methoxy-N,N,1,9-tetramethyl//               
                                 acetamide                                     
     449   381          CH.sub.3 NH.sub.2                                      
                                 9-ethyl-1-phenyl-4,4,5-                       
                                 tripropyl-N,.alpha.,3-trimethyl//             
                                 acetamide                                     
     450   387          (C.sub.2 H.sub.5).sub.2 NH                             
                                 N,N,.alpha.,.alpha.,.beta.,.beta.,3-heptaethyl
                                 -1-                                           
                                 methyl-6-nitro-9-vinyl//                      
                                 propionamide                                  
     451   388          (C.sub.2 H.sub.5).sub.2 NH                             
                                 1-cyclopropyl-6-ethoxy-N,N,-                  
                                 .alpha.,.beta.,9-pentaethyl//propionamide     
     452   389          CH.sub.3 NH.sub.2                                      
                                 N,1,9-trimethyl//butyramide                   
     453   390          (CH.sub.3).sub.2 NH                                    
                                 9-allyl-N,N,1-trimethyl//                     
                                 butyramide                                    
     454   391          NH.sub.2 1,9-diethyl-.gamma.,3-dimethyl//              
                                 butyramide                                    
     455   395          CH.sub.3 NH.sub.2                                      
                                 1-benzyl-.alpha.,.beta.-diethyl-5-propyl-     
                                 N,3,3,9-tetramethyl//butyramide               
     __________________________________________________________________________
PAC  EXAMPLE 456
PAC  6-HYDROXY-1-METHYL-1,3,4,9-TETRAHYDROPYRANO[3,4-b]INDOLE-1-ACETIC ACID (I;
      R.sup.1 = CH.sub.3, R.sup.2, R.sup.3, R.sup.4, R.sup.5 AND R.sup.7 = H,
      R.sup.6 = 6-OH, X = O, Y = CH.sub.2 CO and Z = OH)
PAR  A mixture of
      6-benzyloxy-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid
      (5.3 g., 0.015 mole), prepared as described in Example 31, in 250 ml. of
      anhydrous ethanol, and 1.1 g. of 10% palladium on carbon is stirred at
      room temperature under a hydrogen atmosphere until no more hydrogen is
      being taken up by the reaction mixture. The catalyst is removed by
      filtration through diatomaceous earth (Celite) and the filtrate
      concentrated. The residue is recrystallized from ethanol-benzene to afford
      the title compound, m.p. 170.degree.-171.degree.C.
PAR  The corresponding benzylamine salt is prepared by the mixing of equimolar
      ethereal solutions of benzylamine and the above product. The resulting
      solid is recrystallized from acetonitrile to afford
      6-hydroxy-1-methyl-1,3,4,9-tetrahydropyrano-[3,4-b]indole-1-acetic acid
      benzylamine salt, m.p. 191.degree.-193.degree.C. The corresponding acetate
      is prepared by allowing a mixture of the title compound and a five molar
      excess of acetic anhydride in pyridine solution to stand for 24 hr.
      Dilution of the mixture with water extraction with ether and
      recrystallization of the extract residue from benzene-petroleum ether,
      affords 6-acetoxy-1-methyl-1,3,4,9-tetrahydro[3,4-b]indole-1-acetic acid,
      identical with the product of Example 30.
PAR  Table IX provides further examples of the compounds of this invention. The
      remarks relating to procedure, starting material and product applied to
      Table I are applicable also to Table IX. Note also that starting materials
      of both formulae II and IIa are utilized.
TBL                                    TABLE IX                                
     __________________________________________________________________________
                                     KETOESTER OF   PRODUCT: [(PREFIX          
                                     FORMULA VI     LISTED BELOW)-1,5,4,9-     
                                     O              TETRAHYDROPYRANO-          
           STARTING MATERIAL OF      .parallel.     [3,4-d]INDOLE-1-           
     EXAMPLE                                                                   
           FORMULA II                (R.sup.1 --C--Y--OR.sup.16)               
                                                    (SUFFIX LISTED BELOW)]     
     R.sup.2    R.sup.3                                                        
                    R.sup.4                                                    
                        R.sup.5                                                
                           R.sup.6                                             
                                  X  R.sup.1                                   
                                           Y    R.sup.16                       
                                                    PREFIX//SUFFIX             
     __________________________________________________________________________
     457   H    H   CH.sub.3                                                   
                        H  H      0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    4-methyl-1-propyl//        
                                                    acetic acid, m.p.          
                                                    191 - 195.degree.C.        
     458   H    H   H   H  5-CH.sub.3                                          
                                  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    6-methyl-1-propyl//        
                                                    acetic acid, m.p.          
                                                    126 - 129.degree.C.        
     459   H    H   H   H  4--i--C.sub.3 H.sub.7                               
                                  0  n-- C.sub.3 H.sub.7                       
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5-isopropyl-1-propyl//     
                                                    acetic acid, m.p.          
                                                    164.5 - 165.degree.C.      
     460   H    H   H   H  4--Cl  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5-chloro-1-propyl//        
                                                    acetic acid, m.p.          
                                                    166 - 169.degree.C.        
     461   H    H   H   H  6--OCH.sub.3                                        
                                  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7-methoxy-1-propyl//       
                                                    acetic acid, m.p.          
                                                    164 - 166.degree.C.        
     462   H    H   CH.sub.3                                                   
                        H  H      0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-4-methyl//         
                                                    acetic acid, m.p.          
                                                    153 - 156.degree.C.,       
                                                    (Isomer A), m.p.           
                                                    132 - 133.degree.C (Isomer 
                                                    B)                         
     463   H    H   H   H  4--Cl  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5-chloro-1-methyl//        
                                                    acetic acid, m.p.          
                                                    183 - 184.degree.C.        
     464   H    H   H   H  4--C.sub.2 H.sub.5                                  
                                  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5-ethyl-1-propyl//         
                                                    acetic acid, m.p.          
                                                    130 - 131.degree.C.        
     465   H    CH.sub.3                                                       
                    H   H  H      0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-3-methyl//         
                                                    acetic acid, m.p.          
                                                    147 - 148.degree.C.,       
                                                    (Isomer A), m.p.           
                                                    145 - 146.degree.C.,       
                                                    (Isomer B)                 
     466   H    H   H   H  4--CH.sub.3                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-5-methyl//         
                                                    acetic acid, m.p.          
                                                    170 - 172.degree.C.        
     467   H    H   H   H  4--CH.sub.3                                         
                                  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1,5-dimethyl//acetic       
                                                    acid, m.p. 150             
                                                    - 151.degree.C.            
     468   H    H   H   H  4--Cl  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5-chloro-1-ethyl//         
                                                    acetic acid, m.p.          
                                                    154 - 157.degree.C.        
     469   H    H   CH.sub.3                                                   
                        H  H      0  t--C.sub.4 H.sub.9                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-t-butyl-4-methyl//       
                                                    acetic acid, m.p.          
                                                    179 - 181.degree.C.        
     470   H    H   H   H  4--OCH.sub.3                                        
                                  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub. 2 H.sub.5               
                                                    5-methoxy-1-propyl//       
                                                    acetic acid, m.p.          
                                                    148 - 151.degree.C.        
     471   H    H   H   H  7--CH.sub.3                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-8-methyl//         
                                                    acetic acid, m.p.          
                                                    160 - 161.degree.C.        
     472   H    H   CH.sub.3                                                   
                        H  7--CH.sub.3                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    4,8-dimethyl-1-ethyl//     
                                                    acetic acid, m.p.          
                                                    129 - 131.degree.C.        
     473   H    H   CH.sub.3                                                   
                        H  7--CH.sub.3                                         
                                  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1,4,8-trimethyl//          
                                                    acetic acid, m.p.          
                                                    157 - 159.degree.C.        
     474   H    H   H   H  7--Cl  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    8-chloro-1-ethyl//         
                                                    acetic acid, m.p.          
                                                    168 - 171.degree.C.        
     475   H    H   H   H  6--Cl  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7-chloro-1-ethyl//         
                                                    acetic acid, m.p.          
                                                    182 - 183.degree.C.        
     476   H    H   H   H  6--Cl  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7-chloro-1-propyl//        
                                                    acetic acid, m.p.          
                                                    182 - 183.degree.C.        
     477   H    H   H   H  7--C.sub.2 H.sub.5                                  
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1,8-diethyl//acetic        
                                                    acid, m.p. 145             
                                                    - 148.degree.C.            
     478   H    H   H   H  7--OCH.sub.3                                        
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-8-methoxy//        
                                                    acetic acid, m.p.          
                                                    132.degree.C.              
     479   H    H   H   H  4--CH.sub.3                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5,8-dimethyl-1-ethyl//     
                           7--CH.sub.3              acetic acid                
     480   H    H   H   H  4--Cl  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5,8-dichloro-1-ethyl//     
                           7--Cl                    acetic acid                
     481   H    H   H   H  6--Cl  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7,8-dichloro-1-propyl//    
                           7--Cl                    acetic acid                
     482   H    H   H   H  4--Cl  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5,7-dichloro-1-methyl//    
                           6--Cl                    acetic acid                
     483   H    H   H   H  4--CH.sub.3                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    8-chloro-1-ethyl-          
                           7--Cl                    5-methyl//acetic           
                                                    acid                       
     484   H    H   H   H  4--Cl  0  C.sub.2 H.sub.5                           
                                           CH.sub. 2 CO                        
                                                C.sub.2 H.sub.5                
                                                    5-chloro-1-ethyl-8-        
                           7--CH.sub.3              methyl//acetic acid        
     485   H    H   CH.sub.3                                                   
                        H  4--C.sub.2 H.sub.5                                  
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7-bromo-1,5-diethyl-       
                           6--Br                    4-methyl//acetic           
                                                    acid                       
     486   H    H   H   H  6--Cl  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7-chloro-1,8-dimethyl//    
                           7--CH.sub.3              acetic acid                
     487   H    H   CH.sub.3                                                   
                        H  4--Cl  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1,4-dimethyl-5,7,8-        
                           6--Cl                    trichloro//acetic          
                           7--Cl                    acid                       
     488   H    H   H   H  4--OCH.sub.3                                        
                                  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-propyl-5,6,7,8-          
                           5--OCH.sub.3             tetramethoxy//             
                           6--OCH.sub.3             acetic acid                
                           7--OCH.sub.3                                        
     489   H    H   H   H  4--OCH.sub.3                                        
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    8-chloro-1-ethyl-5-        
                           7--Cl                    methoxy//acetic            
                                                    acid                       
     490   H    H   CH.sub.3                                                   
                        H  4--OCH.sub.3                                        
                                  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7,8-dichloro-1-            
                           6--Cl                    methyl-5-methoxy//         
                           7--Cl                    acetic acid                
     491   H    H   H   H  4--OCH.sub.3                                        
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-5,8-di-            
                           7--OCH.sub.3             methoxy//acetic acid,      
                                                    m.p. 167 - 169.degree.C.   
     492   CH.sub.3                                                            
                H   H   H  4--F   0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    8-chloro-5-fluoro-3-       
                           7--Cl                    methyl-1-propyl//          
                                                    acetic acid                
     493   H    H   H   H  4--F   0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7,8-dichloro-5-            
                           6--Cl                    fluoro-1-ethyl//           
                           7--Cl                    acetic acid                
     494   C.sub.2 H.sub.5                                                     
                H   CH.sub.3                                                   
                        H  4--CF.sub.3                                         
                                  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    3-ethyl-5-trifluoro-       
                           7--CH.sub.3              methyl-1,4,8-              
                                                    trimethyl//acetic          
                                                    acid                       
     495   H    H   H   H  6--CF.sub.3                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-7-trifluoro-       
                                                    methyl//acetic acid        
     496   H    H   CH.sub.3                                                   
                        H  7--CF.sub.3                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-4-methyl-8-        
                                                    trifluoromethyl//          
                                                    acetic acid                
     497   H    H   C.sub.2 H.sub.5                                            
                        H  5--CH.sub.3                                         
                                  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1,6-dimethyl-4-ethyl-      
                           7--NO.sub.2              8-nitro//acetic acid       
     498   CH.sub.3                                                            
                H   H   H  4--NO.sub. 2                                        
                                  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    8-chloro-3-methyl-5-       
                           7--Cl                    nitro-1-propyl//           
                                                    acetic acid                
     499   H    H   H   H  5--SH  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    6-mercapto-1-methyl//      
                                                    acetic acid                
     500   H    H   CH.sub.3                                                   
                        H  7--SCH.sub.3                                        
                                  0  CH.sub.3                                  
                                           CH.sub.2 --                         
                                                C.sub.2 H.sub.5                
                                                    1,4-dimethyl-8-methyl-     
                                           CH.sub.2 CO                         
                                                    thio//propionic acid       
     501   H    H   H   H  6--SC.sub.2 H.sub.5                                 
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-ethyl-7-ethylthio//      
                                                    acetic acid                
     502   H    H   H   H  4--NH.sub.2                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    5-amino-1-ethyl//          
                                                    acetic acid                
     503   H    H   H   H  6--NH.sub.2                                         
                                  0  C.sub.2 H.sub.5                           
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    7-amino-1-ethyl//          
                                                    acetic acid                
     504   H    H   H   H  4--SO.sub.2 NH.sub.2                                
                                  0  n--C.sub.3 H.sub.7                        
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-propyl-5-sulfamoyl//     
                                                    acetic acid                
     505   H    H   H   H  6--SO.sub.2 NH.sub.2                                
                                  0  CH.sub.3                                  
                                           CH.sub.2 CO                         
                                                C.sub.2 H.sub.5                
                                                    1-methyl-7-sulfamoyl//     
                                                    acetic acid                
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula Ia
      ##SPC7##
PAL  in which R.sup.1 is selected from the group consisting of lower alkyl,
      lower alkenyl, lower alkynyl, lower cycloalkyl, phenyl, benzyl and
      2-thienyl, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are the same or different
      and are each selected from the group consisting of hydrogen and lower
      alkyl, R.sup.6a, R.sup.6b, R.sup.6c, and R.sup.6d are the same or
      different and selected from the group consisting of hydrogen, lower alkyl,
      hydroxy, lower alkoxy, benzyloxy, lower alkanoyloxy, nitro, halo,
      mercapto, lower alkylthio, trifluoromethyl, amino and sulfamoyl, R.sup.7
      is selected from the group consisting of hydrogen, lower alkyl and lower
      alkenyl, X is selected from the group consisting of oxy and thio, Y is
      selected from the group consisting of carbonyl,
      ##EQU8##
      which each of R.sup.8, R.sup.9, R.sup.10, R.sup.11, R.sup.12 and R.sup.13
      is hydrogen or lower alkyl, and Z is selected from the group consisting of
      hydroxy and lower alkoxy, or a pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. 1-Ethyl-5,8-dimethoxy-1,3,4,9-tetrahydropyrano[3,4-b]indole1-acetic
      acid, as claimed in claim 1.
NUM  3.
PAR  3. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid ethyl
      ester, as claimed in claim 1.
NUM  4.
PAR  4. 1,9-Dimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  5.
PAR  5. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as claimed
      in claim 1.
NUM  6.
PAR  6. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid methyl
      ester, as claimed in claim 1.
NUM  7.
PAR  7. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-propionic acid, as
      claimed in claim 1.
NUM  8.
PAR  8. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-propionic acid ethyl
      ester, as claimed in claim 1.
NUM  9.
PAR  9. 1-Methyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid methyl
      ester, as claimed in claim 1.
NUM  10.
PAR  10. 1-Methyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  11.
PAR  11. 1-Ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as claimed
      in claim 1.
NUM  12.
PAR  12. 1-Propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  13.
PAR  13. 1-Isopropyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  14.
PAR  14. 3-Methyl-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  15.
PAR  15. 4-Ethyl-1-ethynyl-3
     -methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as claimed in
      claim 1.
NUM  16.
PAR  16. .alpha., 1-Dimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic
      acid, as claimed in claim 1.
NUM  17.
PAR  17. 1-Phenyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  18.
PAR  18. 1-t-Butyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  19.
PAR  19. 1-Butyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as claimed
      in claim 1.
NUM  20.
PAR  20. 8-Methyl-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  21.
PAR  21. 1-(2-Thienyl)-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  22.
PAR  22. 6-Bromo-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  23.
PAR  23. 6-Methoxy-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  24.
PAR  24. 6-Acetoxy-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  25.
PAR  25. 6-Benzyloxy-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic
      acid, as claimed in claim 1.
NUM  26.
PAR  26. 5-Methyl-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  27.
PAR  27. 7-Methyl-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  28.
PAR  28. 6-Nitro-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  29.
PAR  29. 4,4-Dimethyl-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic
      acid, as claimed in claim 1.
NUM  30.
PAR  30. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]-indole-1-acetic acid, as
      claimed in claim 1.
NUM  31.
PAR  31. 1-Ethyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  32.
PAR  32. 1-Propyl-1,3,4,9-tetrahydrothiopyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  33.
PAR  33. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-carboxylic acid, as
      claimed in claim 1.
NUM  34.
PAR  34. 1,9-Dimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  35.
PAR  35. 9-Allyl-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  36.
PAR  36. 6-Hydroxy-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  37.
PAR  37. 6-Hydroxy-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid
      benzylamine salt, as claimed in claim 1.
NUM  38.
PAR  38. 1,9-Dimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-propionic acid, as
      claimed in claim 1.
NUM  39.
PAR  39. 1,4,-Dimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  40.
PAR  40. 9-Ethyl-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1acetic acid, as
      claimed in claim 1.
NUM  41.
PAR  41. 1-Methyl-9-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  42.
PAR  42. 1-Methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-butyric acid, as
      claimed in claim 1.
NUM  43.
PAR  43. 5-Chloro-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  44.
PAR  44. 1-t-Butyl-4-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  45.
PAR  45. 5-Methoxy-1-propyl-1,3,4,9-tetrahydropyrano[3,4b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  46.
PAR  46. 1-Ethyl-8-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  47.
PAR  47. 4,8-Dimethyl-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic
      acid, as claimed in claim 1.
NUM  48.
PAR  48. 1,4,8-Trimethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  49.
PAR  49. 8-Chloro-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  50.
PAR  50. 7-Chloro-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  51.
PAR  51. 7-Chloro-1-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  52.
PAR  52. 1,8-Diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid, as
      claimed in claim 1.
NUM  53.
PAR  53. 1-Ethyl-8-methoxy-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic acid,
      as claimed in claim 1.
NUM  54.
PAR  54. 5,8-Dimethyl-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic
      acid, as claimed in claim 1.
NUM  55.
PAR  55. 5,8-Dichloro-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic
      acid, as claimed in claim 1.
NUM  56.
PAR  56. 1-Ethyl-5,8-dimethoxy-1,3,4,9-tetrahydropyrano[3,4-b]indole-1-acetic
      acid, as claimed in claim 1.
NUM  57.
PAR  57. 1-Ethyl-7-trifluoromethyl
     -1,3,4,9-tetrahydropyrano[3,4-b]-indole-1-acetic acid, as claimed in claim
      1.
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ABST
PAL  Thiophene is continuously produced by reacting normal butane or a normal
      butene and hydrogen sulfide at elevated temperatures over a
      dehydrogenation catalyst, said reaction being conducted in the presence of
      sulfur vapor introduced in an amount to maintain the elevated reaction
      temperature and to overcome the heat loss caused by the endothermic
      reaction between the C.sub.4 hydrocarbon and hydrogen sulfide.
PAL  The mole ratio of hydrogen sulfide to C.sub.4 hydrocarbon must be
      maintained within the range of 15 to 20 moles of hydrogen sulfide per mole
      of n-butane or n-butene. Conversions may vary from 60 to 20% per pass
      depending on catalyst activity. This requires that unreacted C.sub.4
      hydrocarbon and hydrogen sulfide be recirculated. Carbon disulfide is a
      by-product of the reaction along with nominal amounts of other materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The production of thiophene from by-product refinery gases by reacting
      hydrogen sulfide or sulfur with n-butane, n-butylene and butadiene has
      been studied for many years. One of the early refinery processes as
      disclosed in U.S. Pat. No. 2,450,658 reacted butane or butylene with
      sulfur at temperatures within the range of 1100.degree. to 1300.degree.F.
      in a stainless steel reactor tube to produce thiophene and tar residues.
      In this non-catalytic process almost as much by-product tar was produced
      as the desired thiophene.
PAR  In U.S. Pat. No. 2,450,659 the inventors in describing the reaction of
      butane and sulfur in the vapor phase noted that the reaction proceeds with
      extreme speed, the only limitation apparently being the rapidity with
      which heat can be supplied to the reaction mixture.
PAR  In U.S. Pat. No. 2,558,507 the patentees reacted butylene with hydrogen
      sulfide over alumina catalyst to produce thiophene. In U.S. Pat. No.
      2,570,722 the patentees reacted butylene with a mixture of sulfur dioxide
      and hydrogen sulfide over dehydrogenation catalysts to produce thiophene.
PAR  In U.S. Pat. No. 2,694,074 the patentees reacted butylene with a mixture of
      hydrogen sulfide and a thermally labile sulfur compound over a
      dehydrogenation catalyst to produce thiophene. In a similar reaction
      described in U.S. Pat. No. 2,694,075 butane was reacted with hydrogen
      sulfide over a dehydrogenation catalyst to produce thiophene. In this
      reaction catalyst contact time was in the range of 0.2 to 2 seconds and at
      a mole ratio of 0.5 to 6 moles of hydrogen sulfide per mole of butane.
      Catalyst life was in the order of about 75 minutes.
PAR  The production of thiophene from butane or butene and hydrogen sulfide is
      also made difficult by the extremely corrosive conditions encountered at
      reaction temperatures which cause excessive reactor metal loss. This is
      particularly true where large amounts of heat must be transferred through
      reactor walls to overcome the heat loss due to endothermic reactions.
      These problems were observed in U.S. Pat. No. 2,562,238 where butane was
      reacted with sulfur to produce thiophene and tars.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  N-butane, n-butene, or a mixture thereof, hereinafter referred to as
      C.sub.4 hydrocarbon, is preheated to 500.degree.-900.degree.F. and then
      passed into a reactor containing a bed of dehydrogenation catalyst.
      Hydrogen sulfide and sulfur vapor are preheated to
      900.degree.-1100.degree.F. and then passed into the reactor where they mix
      with the C.sub.4 hydrocarbon gas and then the mixed gases pass through the
      dehydrogenation catalyst. Both the C.sub.4 hydrocarbon and hydrogen
      sulfide feed streams will contain recycled portions since complete
      reaction is not obtained, and in addition, hydrogen sulfide is used at a
      large molar excess.
PAR  The reactor may conveniently be a cylinder packed with catalyst. The
      exterior reactor wall is insulated to prevent heat loss to the atmosphere.
      The reactor may be constructed of ceramic materials such as Varnon and
      Duro brick in order to avoid metal failure due to excessive corrosion
      encountered at the high reaction temperature.
PAR  The mole ratio of hydrogen sulfide to C.sub.4 hydrocarbon is maintained
      within the range of 20 to 1 to 15 to 1. The sulfur rate is regulated so
      that the temperature in the catalyst bed is maintained within the range of
      900.degree.F. to 1100.degree.F., with higher sulfur rates raising the
      catalyst bed temperature and lower sulfur rates lowering the catalyst bed
      temperature. The catalyst space velocity defined as volume of reactants
      per volume of packed catalyst space per hour is not important in the
      operation to the process except as it bears on the sizing of the catalytic
      reactor. The catalyst may be any dehydrogenation catalyst inert to the
      reaction.
PAR  The reactor gas effluent will contain thiophene, hydrogen sulfide,
      unreacted butane, carbon disulfide and smaller amounts of materials such
      as hydrogen, methane, butylene, butadiene, mercaptans, sulfur, and tars.
      The various materials are separated, for example, by distillation with the
      C.sub.4 hydrocarbon and hydrogen sulfide recycled to the reactor. The
      thiophene product and carbon disulfide by-product may be purified by
      distillation and sold as commercial grade products.
PAR  The reaction is continued until the conversion of C.sub.4 hydrocarbon to
      thiophene drops below about twenty percent per pass. Catalyst on-stream
      life averages about 150 hours of operation after which the catalyst is
      regenerated.
PAR  The catalyst is regenerated by passing flue gas through the catalyst bed
      for a sufficient time to burn off the carbon and to restore catalyst
      activity. The flue gas is composed principally of air, nitrogen and a
      small amount of carbon dioxide. The flue gas can be preheated as necessary
      to maintain a catalyst bed temperature of about 1400.degree. to
      1600.degree.F. during regeneration. About 25 hours of regeneration
      treatment are required to restore the catalyst activity.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention is directed to the reaction of hydrogen sulfide with one or
      more members of the class consisting of normal butane, 1-butene and
      2-butene, which are the normal butenes, in the presence of a
      dehydrogenation catalyst to produce thiophene, carbon disulfide and
      hydrogen. The n-butane, 1-butene and 2-butene as well as mixtures thereof
      will be referred to hereafter as C.sub.4 hydrocarbon. Butadiene can be
      used in the same reaction, either by itself or in admixture with one or
      more of the other C.sub.4 hydrocarbons but its high cost generally
      precludes its use for this reaction. The reaction is carried out in the
      range of 900.degree. to 1100.degree.F., preferably in the range
      950.degree.to 975.degree.F. Since the reaction is quite endothermic heat
      transfer through reactor walls or heat exchanger tubes must take place in
      order to maintain the high reaction temperature. Our first two cylindrical
      reactors, one made of type 304 stainless steel and the second made of type
      446 stainless steel failed after 24 hours and 50  hours respectively.
PAR  In accordance with this invention, we then discovered that if we introduced
      sufficient sulfur into the reaction zone along with the C.sub.4
      hydrocarbon and hydrogen slufide, we were able to operate the reaction
      adiabatically, that is without external heat. This adiabatic reaction
      simplified our reactor construction problems permitting use of ceramic
      reactors instead of metal since we no longer needed to replace the heat
      lost due to the endothermic hydrogen sulfide reaction. We believe the
      reaction temperature is maintained by a preferential exothermic reaction
      of sulfur with the generated hydrogen rather than sulfur with the C.sub.4
      hydrocarbon. This preferential reaction is believed to be determined by
      the high mole ratio of hydrogen sulfide to C.sub.4 hydrocarbon required in
      our process. This mole ratio of hydrogen sulfide to C.sub.4 hydrocarbon
      should be in the range of 15 to 20 and preferably is in the range of 18 to
      20. Low conversion of C.sub.4 hydrocarbon to thiophene is observed at mole
      ratios under 15.
PAR  Both the C.sub.4 hydrocarbon feed and the hydrogen sulfide feed to the
      reactor will contain substantial quantities of recycle gases since
      conversion of the C.sub.4 hydrocarbon to thiophene seldom exceeds sixty
      percent per pass. The sulfur vapor is conveniently introduced to the
      reactor by mixing it with the hydrogen sulfide stream. The mixed
      sulfur-hydrogen sulfide stream passes through a preheater to bring it near
      reaction temperature, i.e., within the range of 900.degree. to
      1100.degree.F. Preferably, the reaction temperature is maintained within
      the range of 950.degree. to 975.degree.F. for optimum production of
      thiophene and minimum production of carbon disulfide which is produced
      simultaneously with thiophene. If it is desired to increase the proportion
      of carbon disulfide and decrease the thiophene we operate the catalyst bed
      at the higher end of the 900.degree. to 1100.degree.F. temperature range,
      that is from 1000.degree.F. to 1100.degree.F.
PAR  The sulfur feed rate is adjusted to the minimum amount necessary to
      maintain the reaction temperature within the range of 900.degree. to
      1100.degree.F. under adiabatic conditions. The sulfur is kept to the
      minimum amount since excess sulfur tends to cause blockages in reactor
      product lines. Generally, the sulfur to C.sub.4 hydrocarbon weight ratio
      is about 0.95 to 1.8 pounds of sulfur per pound of n-butane while a
      preferred ratio is about 1.22 to 1. For a normal butene the ratio is about
      0.57 to 1.1 pounds of sulfur per pound of n-butene. The reactant gas
      streams can be mixed inside the reactor before contact with the catalyst
      or the reactants can be individually directed into the catalyst zone.
PAR  We have operated our process for producing thiophene in a vertical
      cylindrical reactor having a fixed bed of solid contact catalyst with
      down-through reactant streams and product flow. However, the catalytic
      reaction zone may be in a horizontal reactor and it can also be of the
      fluid bed type in which type of operation the catalyst is maintained in
      powder form in a turbulent state.
PAR  We have found that Varnon and Duro brick manufactured by Harbison-Walker
      are satisfactory construction materials for our adiabatic thiophene
      reactor.
PAR  We have found that any inert solid contact catalyst of the dehydrogenation
      type is satisfactory to practice our invention. The catalytic
      dehydrogenation of C.sub.4 hydrocarbon supplies the hydrogen for reaction
      with sulfur. The catalyst must also promote cyclicization to thiophene. A
      preferred group of catalysts includes compounds of the metals nickel,
      cobalt, platinum, vanadium, chromium, molybdenum, palladium, manganese,
      magnesium, tungsten, zinc, tantalum, aluminum and the like. Suitable
      compounds of these metals are the oxides, sulfides, carbonates, chromates
      chromites, molybdates, tungstates, sulfo-molybdates, sulfo-tungstates and
      the like. Nonmetallic solid catalysts such as charcoal and silica gel may
      be impregnated with the metal compounds noted above. The catalytic agent
      may be in the form of a powder, granules, pellets etc. or deposited on a
      carrier which may be inert or another dehydrogenation catalyst. The
      catalysts may be used severally, or in admixture with each other or with
      inert materials.
PAR  Another preferred group of dehydrogenation catalysts is the amphoteric
      metal oxides and sulfides which are stable under reaction conditions.
      Examples are the oxides of aluminum, chromium, vanadium, molybdenum,
      titanium, magnesium, boron, and silicon and sulfides of nickel, tungsten,
      cobalt, tin, etc. as well as mixtures thereof. Specific catalysts which
      have been successful in our process include 19 percent manganese dioxide
      on alumina, 14 percent nickel oxide on alumina, 20 percent molybdenum
      sulfide on alumina, 10 percent molybdenum trioxide on alumina, 2 percent
      potassium oxide-19 percent chromium oxide on alumina, 19 percent chromium
      oxide on alumina, 2 percent nickel oxide-19 percent chromium oxide on
      alumina, 1 percent iron oxide-19 percent chromium oxide on alumina, 50
      percent cobalt molybdate on alumina, 0.3 percent palladium on alumina,
      17.5 percent chromium oxide on alumina, and 18.2 percent chromium oxide on
      alumina.
PAR  The space velocity of the reactants in the catalyst does not affect the
      chemistry of the process and may be operated within the range of about 200
      to about 1800 volumes of reactants at operating conditions per volume of
      packed catalyst space per hour. Most of the time, we operated at a space
      velocity of about 790 and this is preferred. This provided a contact time
      of the reactants with the catalyst of about 2.3 seconds.
PAR  The dehydrogenation catalysts have a period of optimum activity after which
      the conversion of butane to thiophene per pass gradually decreases. We
      have used a 19 percent chromium oxide on alumina catalyst for periods
      lasting over 400 hours. As the catalyst decreases in activity the volume
      of the recycle streams become progressively larger and more difficult to
      handle. In general, we found that if we shut down when the conversion to
      thiophene dropped below about 50 percent per pass based on new butane
      charged to the reaction we obtained an average of about 150 hours of
      on-stream time before reactivating the catalyst.
PAR  The catalyst is reactivated or regenerated by contacting the catalyst with
      oxygen in the presence of an inert gas at elevated temperatures. The
      oxygen can be supplied as an air-nitrogen mixture or as flue gas
      comprising air, carbon dioxide and nitrogen or an air-stream mixture. The
      preferred regeneration gas is flue gas which is inexpensive and which
      normally contains nitrogen, oxygen and carbon dioxide.
PAR  Regeneration temperatures are held within the range of about 1400.degree.
      to 1600.degree.F. The time required for catalyst regeneration will be
      determined empirically and will depend on the length of catalyst on stream
      time, the volume of regenerating gas per cubic foot of catalyst and the
      temperature of the air going into the catalyst bed. A 19 percent chromium
      oxide catalyst which had been on stream for 402 hours was regenerated with
      flue gas in 50.5 hours. At a later cycle of the same catalyst, 25 hours
      were required for regeneration after the catalyst was on stream for 158.5
      hours. Regeneration temperatures averaged between 1450.degree. and
      1550.degree.F.
PAR  The conversion of C.sub.4 hydrocarbon to thiophene will vary from a high of
      60 percent per pass with a freshly regenerated catalyst and will gradually
      decrease with continued on stream time until it reaches a point where it
      is more economical to regenerate the catalyst. The process of our
      invention is not affected by pressure and any convenient pressure may be
      used.
PAR  The reactor product stream contains about 90 percent hydrogen sulfide, 4
      percent C.sub.4 hydrocarbons-principally butane, 4 percent thiophene, 1
      percent carbon disulfide and 1 percent miscellaneous materials consisting
      of hydrogen, methane, ethylene, ethane, mercaptans and high boiling
      liquids and gases. The hydrogen, methane, ethane, and ethylene are vented
      from the system in a gas stream. The hydrogen sulfide and C.sub.4
      hydrocarbons are recycled to the reactor. The carbon disulfide and
      thiophene are separated by distillation or by other procedures and
      purified as desired.
PAR  The process of the invention may be further illustrated by the following
      examples. These examples are different periods of continuous operation in
      which the following procedure and equipment were utilized.
DETD
PAC  EXAMPLE 1
PAR  Twenty five pounds of 19 percent chromium oxide on alumina catalyst,
      Harshaw Chemical Co. catalyst no. Cr 0205T, size 5/32 inch tablets having
      an apparent bulk density of 60 pounds per cubic foot were placed in a
      ceramic lined cylindrical vessel having a diameter of 6 inches. The
      packing occupied 23 inches of the reactor equivalent to 0.376 cu. ft. The
      reactor was carefully insulated to assure adiabatic reaction conditions.
PAR  Separate feed lines were piped to the top of the reactor to introduce
      sulfur vapor and hydrogen sulfide in one line and C.sub.4 hydrocarbon in
      the second line. The reactor product gas left the bottom of the reactor
      and passed through a ceramic packed tower where the gas stream was
      scrubbed with a liquid stream of organic sulfur compounds to remove any
      excess sulfur and high boiling sulfur compounds and then it was passed
      through silica gel drying towers. The scrubbed gas was then cooled and
      routed to a cyclonic separator where additional high boiling liquids were
      removed.
PAR  The reactor gas was then compressed to about 275 p.s.i.g. and partially
      liquefied. The hydrogen, methane, ethylene, ethane, and propylene were
      removed as overhead and burned. The liquid bottoms were fed to a
      distillation column for complete removal of hydrogen sulfide as the
      overhead stream at 250 p.s.i.g. and 80.degree.F. overhead temperature.
PAR  The liquid bottoms from this column were then fed into a second
      distillation column where C.sub.4 hydrocarbons were taken as the overhead
      stream at 100.degree.F. and 30 p.s.i.g. The liquid bottoms contained the
      thiophene and carbon disulfide. These two products were separated by
      distillation.
PAR  The C.sub.4 hydrocarbon recycle stream from the distillation column was
      returned to the reactor by way of a preheater. Fresh C.sub.4 hydrocarbon
      was added as required. The overhead hydrogen sulfide stream was
      recirculated to the reactor through a preheater.
PAR  Sulfur powder was charged to a melting pot and the liquid sulfur was pumped
      into the recirculating hydrogen sulfide. This stream then entered a
      preheater where the sulfur vaporized before entering the reactor.
PAR  Operating in the manner described above 42,179 grams of crude thiophene
      were produced over a period of 168 hours without regeneration of catalyst.
      Production and operating figures at 8 hour intervals as well as total
      production figures are given in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Continuous Production of Thiophene                                        
     __________________________________________________________________________
     Time (Hours)    16   24   32   40   48   56   64   72  80  88             
     Reactants                                                                 
     1)                                                                        
       Sulfur (grams)                                                          
                     3760 3760 3760 3760 3760 3760 3760 3760                   
                                                            3760               
                                                                3760           
     2)                                                                        
       Butane (grams)                                                          
        Fresh        1784 1801 1784 1801 1801 1801 1784 1847                   
                                                            1756               
                                                                1671           
        Recycled     773  193  657  1256 1043 1495 1005 1043                   
                                                            676 1642           
        In H.sub.2 S 36        226       145  145  291  363 363 400            
        Total        2593 1994 2667 3057 2989 3441 3080 3253                   
                                                            2795               
                                                                3713           
     3)                                                                        
       Hydrogen Sulfide (grams)                                                
        Recycled     35,885                                                    
                          35,957                                               
                               32,002                                          
                                    36,006                                     
                                         35,957                                
                                              36,175                           
                                                   35,594                      
                                                        35,957                 
                                                            35,884             
                                                                35,775         
            H.sub.2 S                                                          
     Mole Ratio -    23.6 30.7 20.5 20.1 20.5 17.9 19.7 18.9                   
                                                            21.9               
                                                                10.4           
            C.sub.4 H.sub.10                                                   
     Catalyst Bed Temp. .degree.F.                                             
      Maximum        942  945  --   940  940  940  938  940 938 930            
      Minimum        915  920  --   920  925  925  925  930 925 915            
     Products                                                                  
     1)                                                                        
       Light Gases Vented                                                      
        (cu. ft.)    63   49   49   71   57.6 33   57.8 23.7                   
                                                            19.4               
                                                                87.4           
     2)                                                                        
       High Boiling Sulfur                                                     
        Compounds (grams)                                                      
                     --   --   --   --   --   --   --   --  --  --             
     3)                                                                        
       Crude Thiophene (grams)                                                 
                     2744 2484 2193 2110 2487 2485 2410 3390                   
                                                            2734               
                                                                2168           
        % Thiophene  74.8 61.2 63.5 62.3 64.0 66.3 69.7 69.2                   
                                                            71.0               
                                                                71.7           
        Thiophene (grams)                                                      
                     2052 1520 1392 1314 1591 1647 1679 1653                   
                                                            1976               
                                                                1554           
        % Carbon Disulfide                                                     
                     24.4 37.5 45.6 38.5 34.1 33.0 28.8 28.6    27.7           
        Carbon Disulfide                                                       
        (grams)      669  931  780  801  848  820  696  685 779 600            
     Conversion of Butane to                                                   
      Thiophene (%)  54.6 52.6 36.0 29.7 36.7 33.0 37.6 35.1                   
                                                            48.8               
                                                                28.9           
     __________________________________________________________________________
     Time (Hours)  96  104 112 120 128 136 144 152 160 168 Av./                
                                                               Totals          
                                                           8                   
                                                               (grams)         
     Reactants                                                                 
     1)                                                                        
       Sulfur (grams)                                                          
                   3760                                                        
                       3760                                                    
                           3760                                                
                               3760                                            
                                   3760                                        
                                       3760                                    
                                           3760                                
                                               3760                            
                                                   3760                        
                                                       3760                    
                                                           3760                
                                                               75,200          
     2)                                                                        
       Butane (grams)                                                          
        Fresh      1422                                                        
                       1722                                                    
                           1490                                                
                               1371                                            
                                   1654                                        
                                       1325                                    
                                           1257                                
                                               1631                            
                                                   1773                        
                                                       1756                    
                                                           1662                
                                                               33,242          
        Recycled   1855                                                        
                       1391                                                    
                           2029                                                
                               1120                                            
                                   1352                                        
                                       1043                                    
                                           1314                                
                                               618 695 927 1106                
                                                               22,132          
        In H.sub.2 S                                                           
                   363 719 863 621 647 315 289 610 1048                        
                                                       1084                    
                                                           426 8,526           
        Total      3640                                                        
                       3832                                                    
                           4382                                                
                               3112                                            
                                   3653                                        
                                       2683                                    
                                           2860                                
                                               2859                            
                                                   3516                        
                                                       3767                    
                                                           3195                
                                                               63,902          
     3)                                                                        
       Hydrogen Sul-                                                           
       fide (grams)                                                            
       Recycled    35,884                                                      
                       35,238                                                  
                           35,094                                              
                               35,845                                          
                                   35,238                                      
                                       30,896                                  
                                           35,704                              
                                               34,987                          
                                                   34,620                      
                                                       34,693                  
                                                           35,172              
                                                               703,451         
            H.sub.2 S                                                          
     Mole Ratio -  16.8                                                        
                       15.7                                                    
                           13.7                                                
                               19.6                                            
                                   16.5                                        
                                       19.6                                    
                                           21.3                                
                                               20.9                            
                                                   16.8                        
                                                       15.7                    
                                                           19.3                
            C.sub.4 H.sub.10                                                   
     Catalyst Bed Temp. .degree.F.                                             
      Maximum      932 930 950 960 940 955 950 970 --  950                     
      Minimum      915 925 940 950 940 960 940 950 --  940                     
     Products                                                                  
     1)                                                                        
       Light Gases Vented                                                      
        (cu. ft.)  58.3                                                        
                       86  63  63  116 81.2                                    
                                           78.4                                
                                               12.2                            
                                                   11.2                        
                                                       50  56.5                
                                                               1130.2          
     2)                                                                        
       High Boiling Sulfur                                                     
        Compounds (grams)                                                      
                   --  --  1904                                                
                               --  2621                                        
                                       --  --  1257                            
                                                   --  4211                    
                                                           --  9993            
     3)                                                                        
       Crude Thiophene                                                         
        (grams)                                                                
        % Thiophene                                                            
                   75.7                                                        
                       77.3                                                    
                           80.4                                                
                               80.0                                            
                                   77.5                                        
                                       78.7                                    
                                           73.8                                
                                               74.3                            
                                                   77.0                        
                                                       81.2                    
                                                           72.5                
        Thiophene  1783                                                        
                       1646                                                    
                           1595                                                
                               1412                                            
                                   1443                                        
                                       1114                                    
                                           1031                                
                                               1168                            
                                                   1356                        
                                                       1364                    
                                                           1514                
                                                               30,295          
        (grams)                                                                
        % Carbon Di-                                                           
                   21.5                                                        
                       20.3                                                    
                           17.6                                                
                               16.2                                            
                                   20.4                                        
                                       18.8                                    
                                           20.9                                
                                               24.1                            
                                                   18.9                        
                                                       16.3                    
                                                           25.6                
        sulfide                                                                
        Carbon Di- 506 432 349 286 380 266 292 379 332 275 555 11,108          
        sulfide(grams)                                                         
     Conversion of Butane to                                                   
     Thiophene (%) 33.8                                                        
                       29.7                                                    
                           25.1                                                
                               31.3                                            
                                   27.3                                        
                                       28.7                                    
                                           24.9                                
                                               28.2                            
                                                   26.6                        
                                                       25.0                    
                                                           33.7                
     __________________________________________________________________________
PAR  Average yields from the above period calculated as weight percent of total
      normal butane feed were thiophene-49 percent, carbon disulfide-16.3
      percent, hydrogen sulfide-90.5 percent, light gases-2.7 percent and high
      boiling sulfur compounds-7.0 percent.
PAR  The gaseous mixture entering the catalytic reactor bed had the following
      average composition expressed as weight percent: sulfur-8.78 percent,
      hydrogen sulfide-84 percent, C.sub.4 hydrocarbons-7.16 percent, carbon
      disulfide-0.05 percent and mercapto compounds-0.001 percent.
PAR  The gaseous mixture leaving the catalytic reactor bed and entering the
      scrubber system had the following average composition expressed as percent
      by weight: light gases-0.1 percent, hydrogen sulfide-91.0 percent, C.sub.4
      hydrocarbons-3.6 percent, carbon disulfide-1.23 percent, mercapto
      compounds-0.001 percent, thiophene-3.53 percent and high boiling sulfur
      compounds-0.50 percent.
PAC  EXAMPLE 2
PAR  Following the procedures of Example 1, continuous production of thiophene
      took place for 136 hours without regeneration of catalyst. Mole ratios of
      hydrogen sulfide to butane ranged from 20 to 12. Poor conversion of butane
      to thiophene was observed at mole ratios lower than 15. Operating data for
      the 80 through 136 hour period are presented in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Continuous Production of Thiophene                                        
     __________________________________________________________________________
     Time (Hours)    88   94   102  110  118  126  136                         
     Reactants                                                                 
     1)                                                                        
       Sulfur (grams)                                                          
                     3816 3816 3816 3816 3816 3816 3816                        
     2)                                                                        
       Butane (grams)                                                          
        Fresh        1730 1646 1476 1702 1475 1702 1589                        
        Recycled     614  522  682  808  1161 1896 1761                        
        In H.sub.2 S 588  605  974  579  209  931  967                         
        Total        2932 2773 3132 3089 2845 4529 4317                        
     3)                                                                        
       Hydrogen Sulfide (grams)                                                
        Recycled     30,880                                                    
                          32,067                                               
                               31,707                                          
                                    31,975                                     
                                         32,436                                
                                              31,753                           
                                                   31,720                      
            H.sub.2 S                                                          
     Mole Ratio -    18.2 19.7 17.3 17.6 19.5 12.0 12.5                        
            C.sub.4 H.sub.10                                                   
     Catalyst Bed Temp. .degree.F.                                             
      Maximum        950  955  950  965  --   952  938                         
      Minimum        958  970  960  945  --   970  950                         
     Products                                                                  
     1)                                                                        
       Light Gases Vented                                                      
        (cu. ft.)    14.34                                                     
                          12.63                                                
                               7.93 7.56 7.90 8.62 8.43                        
     2)                                                                        
       High Boiling Sulfur                                                     
        Compounds (grams)                                                      
                     --   858  901  630  1343 694  --                          
     3)                                                                        
       Crude Thiophene (grams)                                                 
        % Thiophene  71.8 70.6 68.4 73.2 75.6 73.0 75.6                        
        Thiophene (grams)                                                      
                     1636 2038 1380 1363 1241 1211 1340                        
        % Carbon Disulfide                                                     
                     27.2 28.5 28.9 25.9 24.2 23.8 22.3                        
        Carbon Disulfide                                                       
                     619  580  583  482  397  395  395                         
         (grams)                                                               
     Conversion of Butane to                                                   
      Thiophene (%)  38.5 35.8 30.4 30.5 30.1 18.5 21.5                        
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  The chromium oxide on alumina catalyst was replaced with 3/8 inch ceramic
      ring packing to observe conversion of normal butane to thiophene without a
      dehydrogenation catalyst. The observed conversions to thiophene were 40
      percent lower than with the catalyst. High boiling sulfur compounds formed
      initially and steadily increased in proportion when operating at
      950.degree. to 1000.degree. F. When the reactor bed temperature was
      increased to 1050.degree.F we observed a further increase in the
      proportion of high boiling sulfur compounds with no increase in the yield
      of thiophene. The entire run conducted over a period of seven days
      encountered numerous shutdowns because of blockages from unreacted sulfur.
PAC  EXAMPLE 4
PAR  Using 19 percent chromium oxide catalyst on alumina base, Harshaw
      Chemical's Cr 1404T, size 1/8 inch pellets and following the procedure of
      Example 1, we were able to operate for 402 hours without regeneration. The
      run was discontinued when the weight percent conversion of fresh butane
      dropped below 50 percent.
PAC  EXAMPLE 5
PAR  Following the procedure set forth in Example 1, but using Harshaw
      Chemical's Cr 1404T catalyst (chromium oxide on alumina) we operated for
      236 hours before shutting down for reactivation of catalyst. The catalyst
      was reactivated by passing 60 cu. ft/hour of nitrogen mixed with 8 cu.
      ft./hour of air through the catalyst bed. The maximum catalyst bed
      temperature was 1400.degree. to 1450.degree.F. Temperatures were
      maintained by increasing the air flow to raise the temperature and
      lowering the air flow to lower the temperature. When the temperature
      dropped off the reactivation was completed.
PAC  EXAMPLE 6
PAR  Following the procedure described in Example 1 we produced thiophene over a
      chromium oxide-alumina catalyst for 402 hours before the conversion of
      fresh n-butane dropped below 50 percent on a weight basis. The catalyst
      was reactivated by passing flue gas containing 7 percent carbon dioxide,
      53.5 percent nitrogen and 39.5 percent air on a volume basis. This gas was
      introduced at 46.8 cu. ft./hour and it maintained a catalyst bed
      temperature of 1500.degree.F. in the reactor, averaging about 1480.degree.
      to 1550.degree.F. When the temperature dropped to 1450.degree.F. the air
      flow was increased. Regeneration required 50.5 hours. After using the same
      catalyst for 158.5 hours, the catalyst was regenerated with flue gas in
      the manner described above in 25 hours.
PAC  EXAMPLE 7
PAR  Using a laboratory scale reactor the following catalysts were tried in the
      conversion of C.sub.4 hydrocarbon to thiophene:
PAR  19 percent manganese dioxide on alumina. At a 20 to 1 mole ratio of
      hydrogen sulfide to butene-1, and at a temperature of 878.degree.F. a 59
      weight percent conversion to thiophene was observed. Gas contact time with
      the catalyst was 1.5 seconds.
PAR  14 percent nickel oxide on alumina. At a catalyst temperature of
      807.degree.F. and a 20 to 1 mole ratio of hydrogen sulfide to butene-1, a
      product was obtained comprising 43 percent by weight thiophene and 28
      percent by weight carbon disulfide. Catalyst contact time was 3.5 seconds.
PAR  20 percent molybdenum sulfide on alumina. At a temperature of 932.degree.F.
      hydrogen sulfide at a 18 to 1 mole ratio to butane was passed over the
      catalyst at a contact time of 3.3 seconds with 45 weight percent
      conversion to thiophene.
PAR  10 percent molybdenum trioxide on alumina. At 18 to 1 mole ratio of
      hydrogen sulfide to n-butane a 35 percent conversion to thiophene was
      observed. Catalytic activity decreased after 20 hours of reaction.
PAR  2 percent potassium oxide/19 percent chromium oxide on alumina. At a
      catalyst bed temperature of 1075.degree.F. and 20 to 1 mole ratio of
      hydrogen sulfide to butene-1 conversions to thiophene were excellent and
      excelled those obtained with chromium oxide on alumina catalyst. After 56
      hours of operation, the catalyst was regenerated with air. Upon resuming
      operations, catalyst activity was 10 percent less than previously
      observed.
PAR  2 percent nickel sulphate/19 percent chromium oxide/aluminum oxide.
      Conversion of butene-1 to thiophene was 10 percent less than that obtained
      with the same catalyst without the nickel.
PAR  1 percent iron oxide/19 percent chromium oxide/alumina. At a temperature of
      932.degree.F. this catalyst was considerably less active than the same
      catalyst without the iron. 35 percent conversion to thiophene from
      butene-1 was obtained.
PAR  0.3 percent palladium on aluminum oxide. The highest conversion to
      thiophene with this catalyst was 14.5 percent at a temperature of
      752.degree.F.
PAR  18.2 percent chromium oxide on alumina. This catalyst showed about a 60
      percent conversion to thiophene from butene-1 after 20 hours of operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a continuous catalytic gas-phase process of reacting hydrogen sulfide
      with one or more C.sub.4 hydrocarbons selected from the group consisting
      of normal butane, normal butenes and mixtures thereof to produce
      thiophene, by-product carbon disulfide and by-product hydrogen comprising
PA1  continuously preheating the said C.sub.4 hydrocarbon reactant within the
      range 500.degree. to 900.degree.F. and separately preheating the hydrogen
      sulfide reactant within the range of 900.degree. to 1100.degree.F. and
PA1  thereafter introducing the said reactant gases to a dehydrogenation
      catalytic reactor maintained at a temperature within the range of
      900.degree. to 1100.degree.F.
PA1  continuously withdrawing a product stream from the said reactor containing
      thiophene, carbon disulfide, hydrogen, excess hydrogen sulfide and
      unreacted C.sub.4 hydrocarbons, separating thiophene and carbon disulfide
      from the reactor product stream while recycling excess hydrogen sulfide
      and unreacted C.sub.4 hydrocarbons to the said reactor and regenerating
      the dehydrogenation catalyst when the conversion to thiophene falls off,
PA1  the improvement consisting of introducing the said reactant gases at a mole
      ratio of hydrogen sulfide to C.sub.4 hydrocarbon ranging from about 15 to
      1 to about 20 to 1 to an adiabatic reactor containinng a dehydrogenation
      catalyst while
PA1  simultaneously introducing sulfur vapor to the catalyst to react with
      by-product hydrogen and thereby to generate heat in an amount sufficient
      to maintain the catalyst temperature within the range of 900.degree. to
      1100.degree.F.
NUM  2.
PAR  2. The process of claim 1 in which the catalyst bed temperature is
      maintained within the range of 950.degree. to 975.degree.F.
NUM  3.
PAR  3. The process of claim 1 in which the C.sub.4 hydrocarbon is normal butane
      and the amount of sulfur vapor introduced to the catalyst bed ranges from
      0.95 to 1.8 pounds of sulfur per pound of normal butane introduced.
NUM  4.
PAR  4. The process of claim 1 in which the C.sub.4 hydrocarbon is a normal
      butene and the amount of sulfur vapor introduced to the catalyst bed
      ranges from 0.57 to 1.1 pounds of sulfur per pound of normal butene
      introduced.
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ABST
PAL  3-CROTONOLACTONE 3-BISCROTONO-LACTANE PENICILLINS WHICH POSSESS
      ANTIBACTERIAL ACTIVITY ARE DISCLOSED.
PARN
PAR  This is a division of Ser. No. 524,776 filed 11-18-74 which is a
      continuation of Ser. No. 259,941 filed June 5, 1972, now abandoned.
BSUM
PAR  This invention relates to a novel class of esters of penicillins and
      cephalosporins which, upon oral administration are absorbed into the
      bloodstream where they are split by enzymic action to release the
      antibacterially active parent penicillin or cephalosporin.
PAR  According to the present invention there is provided a class of compounds
      of formula I:
      ##EQU1##
      wherein X and Y are the same or different and each represents oxygen or
      sulphur;
PAR  Z represents the residue of a lactone, thiolactone or dithiolactone ring
      system;
PAR  R represents hydrogen or an alkyl, alkenyl, alkynyl, aryl or aralkyl group,
      or a functional substituent;
PAR  A represents a group of formula II or (III):
      ##EQU2##
      wherein B represents hydrogen, an acetoxy group or a pyridinium group and
      R.sup.1 is an organic acylamino group, a group of formula IV:
      ##EQU3##
      or a group of formula (V):
      ##EQU4##
      wherein R.sup.2 and R.sup.3 each represent a lower alkyl group, or R.sup.2
      and R.sup.3 taken together with the nitrogen atom to which they are
      attached form a monocyclic ring.
PAR  By way of example, in formula (I) above Z may be a straight or branched,
      saturated or unsaturated divalent hydrocarbon radical carbon atoms, and
      two or more carbon atoms in the radical may be joined in a carbocyclic or
      heterocyclic ring system. The radical Z may also carry on or more
      functional substituents such as hydroxy, alkoxy, halogen, nitro, amino or
      carboxyl groups. Specifically, Z may be a 1,2-phenylene group which may
      carry one or more substituents such as alkoxy, nitro or halogen
      substituents.
PAR  Also by way of example, the group R in formula (I) above may be lower
      alkyl, e.g. methyl or ethyl; lower alkenyl, e.g. vinyl or allyl; lower
      alkynyl e.g. ethynyl; aryl e.g. phenyl: or aralkyl e.g. benzyl. R may also
      be a functional group such as a hydroxy, alkoxy, halogen, amino or
      carboxyl group.
PAR  The radical A in formula (I) is a 6-substituted penam or cephem radical.
      When R.sup.1 is an organic acylamino group, any of the acylamino side
      chains found in known antibacterially active penicillins and
      cephalosporins are suitable. For example, R.sup.1 in formulae II or III
      may be phenylacetamido; 2- or 2- thienylacetamido; phenoxyacetamido,
      .alpha.-amino-phenylacetamido; .alpha.-amino-2(or 3-) thienylacetamido,
      .alpha.-carboxyphenylacetamido; .alpha.-sulphophenylacetamido;
      .alpha.-azidophenylacetamido or .alpha.-guanidinophenylacetamido, but
      other examples of suitable acylamino groups will be found later in this
      specification in the specific examples.
PAR  It will be clear that when the acylamino group R.sup.1 contains an
      asymmetric carbon atom, the compounds of this invention can exist in two
      optically active forms. This invention includes the pure epimers as well
      as mixtures of epimers.
PAR  In formulae (II) and (III) R.sup.1 may also be a group of formula (V).
      Preferably R.sup.2 and R.sup.3 in formula (V) are both methyl or together
      represent the divalent radical -- CH.sub.2 (CH.sub.2).sub.4 CH.sub.2 --.
PAR  In the presence of human and animal serum, the esters of this invention are
      split to release the parent penicillanic or cephalosporanic acid. Although
      this invention is not limited by any theory of machanism, we believe that
      nonspecific esterases in the serum split the molecule to give an unstable
      intermediate (VI):
      ##EQU5##
      The intermediate (IV) then undergoes spontaneous decomposition as follows:
      ##EQU6##
PAR  The esters of this invention may be prepared by esterification of the
      carboxyl group of the corresponding penicillanic acid or cephalosporanic
      acid.
PAR  Thus, the invention also provides a process for the preparation of
      compounds (I) which process comprises reacting a compound of formula (IX)
      ##EQU7##
      or a reactive esterifying derivative thereof, in which formula A is as
      defined with respect to formula (I) with a compound of formula (X).
      ##EQU8##
      or a reactive esterifying derivative thereof, in which formula X, Y, Z and
      R are as defined in formula (I).
PAR  By the term "reactive esterifying derivative" in relation to compounds (IX)
      and (X) above, we mean derivatives of (IX) and (X) which when reacted
      together take part in a condensation reaction with the consequent
      formation of an ester linkage:
      ##EQU9##
PAR  Many methods of esterification using several different combinations of
      reactive esterifying derivative are known from the literature. For
      example, the esterification reaction defined above may be achieved by
      reacting a compound of formula (1 .times. A)
EQU  A - CO - O - U                                             (1 .times. A)
PAL  wherein A is as defined with reference to formula (I) above, with a
      compound of formula (XA)
      ##EQU10##
      wherein R, X, Y and Z are as defined in relation to formula (I), under
      conditions which cause the elimination of the elements of compound UV with
      the consequent formation of the ester of formula (I); the symbols U and V
      in formulae (1 .times. A) and (XA) being such that U represents hydrogen
      or a saltforming ion and V represents a hydroxy group, an
      alkylsulphonyloxy group, an arylsulphonyloxy group or a halogen atom; or
      represents an organic acyl group and V represents a hydroxy group, an
      alkylsulphonyloxy group or an arylsulphonyloxy group.
PAR  When the group R.sup.1 in radical A of compound (IX) contains a free amino
      group, it is preferable that the amino group should be protected prior to
      the esterification reaction. More will be said about specific protecting
      groups which can be employed later.
PAR  The esterification procedures outlined above are all specific applications
      of esterification methods known in the literature. Usually it will be
      found satisfactory to react compound (IXA) wherein U is a sodium or
      potassium ion; with compound (XA) wherein V is a halogen atom, especially
      bromine or chlorine.
PAR  When U in compound (IXA) is hydrogen or a salt-forming ion and V in
      compound (XA) is a hydroxy group, the reaction is generally slow and
      inconvenient. Preferably, in such cases the hydroxy group V in compound
      (XA) is best converted to an alkylsulphonyl or arylsulphonyl ester
      (especially the p-toluene sulphonate), since this gives a smoother
      reaction. In this case, the presence of a base is usually necessary to
      achieve high yields.
PAR  In the case where the group U in reagent (IXA) is an organic acyl group, it
      will be clear that (IXA) is simply a mixed anhydride, the acyl group may
      be one of a wide variety of aliphatic or aromatic acyl groups but
      generally the alkoxy carbonyl groups (e.g. C.sub.2 H.sub.5 OCO-group) are
      satisfactory. Again, when a mixed anhydride reagent (IXA) is used, the
      group V in reagent (XA) may be hydroxy, or an alkylsulphonyloxy or
      arylsulphonyloxy group.
PAR  Another reactive esterifying derivative of compound (IX) above is the acid
      halide, particularly the acid chloride. This compound may be reacted with
      the hydroxy compound (X) or an alkylsulphonyl ester thereof (e.g. the
      p-toluene sulphonate) in the presence of an acid binding agent to prepare
      the desired ester of this invention.
PAR  When the group R.sup.1 in radical A of compound (IX) or (IXA) contains a
      free amino group, this group should be protected before the esterification
      reaction.
PAR  Examples of protected amino groups include the protonated amino group
      (NH.sub.3 .sup.+) which after the acylation reaction can be converted to a
      free amino group by simple neutralisation; the benzyloxycarbonylamino
      group (X = NH.CO.sub.2 CH.sub.2 Ph) or substituted benzyloxycarbonylamino
      groups which are subsequently converted to NH.sub.2 by catalytic
      hydrogenation; and various groups which after the acylation reaction
      regenerate the amino group on mild acid hydrolysis. (Alkaline hydrolysis
      is not generally useful since hydrolysis of the ester group takes place
      under alkaline conditions).
PAR  Examples of the group X which may subsequently be converted to NH.sub.2 by
      mild acid hydrolysis include enamine groups of general formula (XI) or
      tautomeric modifications thereof, and .alpha.-hydroxyarylidene groups of
      general formula (XII) or tautomeric modifications thereof:
      ##EQU11##
PAR  In structures (XI) and (XII) the dotted lines represent hydrogen bonds. In
      structure (XI) R.sup.3 is a lower alkyl group, R.sup.4 is either a
      hydrogen atom or together with R.sup.3 completes a carbocyclic ring, and
      R.sup.5 is a lower alkyl, aryl, or lower alkoxy group. In structure (XII)
      X represents the residue of a substituted or unsubstituted benzene or
      naphthalene ring.
PAR  An example of a "protected amino" which can be converted to NH.sub.2 after
      the esterification reaction is the azido group. In this case, the final
      conversion into NH.sub.2 may be brought about by either catalytic
      hydrogenation or electrolytic reduction.
PAR  An alternative method of making compounds of this invention of formula (I)
      wherein the R.sup.1 group in radical A is an acylamino group, is by
      N-acylation of the corresponding 6-aminopenam or 7-aminocephem.
PAR  Thus, in another of its embodiments, this invention provides a method for
      the preparation of compounds of formula (I) wherein the group R.sup.1 is
      radical A is an acylamino group, which method comprises reacting a
      compound of formula (XII)
      ##EQU12##
      or a silyl derivative thereof with a reactive N-acylating derivative of a
      compound of formula (XIII)
EQU  R.sub.a.sup.1 OH                                           (XIII)
PAL  wherein R.sub.a.sup.1 is an organic acyl group which may carry a protected
      amino group, removing the silyl group, if present, by hydrolysis or
      alcoholysis, and, if a protected amino group is present, optionally
      converting it to a free amino group under acid or neutral conditions.
PAR  By the term "silyl derivative" of the compound (XII) we mean the product of
      the reaction between compound (XII) and a silylating agent such as a
      halotrialkylsilane, a dihalodialkylsilane, a halotrialkylsilane, a
      dihalodialkylsilane, a halotrialkylsilane, a dihalodialkoxysilane or a
      corresponding aryl or aralkyl silane and compounds such as
      hexamethyldisilazane. In general halotrialkylsilanes are preferred,
      especially trimethylchlorosilane. The silylated derivatives of the ester
      (XII) are extremely sensitive to moisture and hydroxylic compounds, and
      after reaction with the reactive derivative of compound (XIII), the silyl
      group of the intermediate acylated compound can be removed by hydrolysis
      or alcoholysis.
PAR  A reactive N-acylating derivative of the acid (XIII) is employed in the
      above process. The choice of reactive derivative will of course be
      influenced by the chemical nature of the acyl group R.sup.1. Thus, when
      R.sup.1 is acid stable or carries an acid stable group, such as the
      protonated amino group NH.sub.3 .sup.+ or the azido group, it is often
      convenient to convert the acid (XIII) into an acid halide for example by
      treating it with thionyl chloride or phosphorus pentachloride to give the
      acid chloride.
PAR  Such reagents would however be avoided when R.sup.1 is an acid labile group
      or carries an acid labile group, e.g. of type (XI) or (XII). In such cases
      it is often convenient to make use of a mixed anhydride. For this purpose
      particularly convenient mixed anhydrides are the alkoxyformic anhydrides,
      which are conveniently prepared by treating an alkali metal or tertiary
      amine salt of the acid (XIII) with the appropriate alkyl chloroformate in
      an anhydrous medium at or below room temperature.
PAR  Other reactive N-acylating derivatives of the acid (XIII) include the
      reactive intermediate formed on reaction in situ with a carbodiimide or
      carbonyldiimidazole.
PAR  The ester (XIII) used in the above process can be prepared, though in poor
      yield by direct coupling of 6-aminopenicillanic acid or 7-amino
      cephalosporanic acid with 3-bromophthalide in the presence of base. With
      this process some epimerisation at C.sub.6 or C.sub.7 occurs and the
      process is therefore not entirely satisfactory.
PAR  The esters of formula (XIII) are also new compounds and, since they are
      valuable intermediates in the process of this invention, they also form
      part of the invention. Much better yields of compounds (XIII) acid
      phthalide ester can be achieved by coupling an N-protected derivative of
      6-aminopenicillanic acid or 7-amino cephalosporanic acid (e.g. the
      triphenylmethyl derivative) with 3-bromophthalide and thereafter removing
      the protecting group (e.g. by mild acid hydrolysis in the case of the
      triphenylmethyl derivative).
PAR  Alternative types of N-protected 6-amino penicillanic acid are the
      6-acylaminopenicillanic acids. Techniques for the removal of the 6-acyl
      side chain from benzylpenicillin and phenoxymethyl penicillin, for
      example, are well documented (cf. British Pat. No. 1,189,022) and
      generally involve treating an ester of the 6-acylaminopenicillanic acid
      with PCl.sub.5 to form an imino chloride bond on the 6-amido nitrogen
      atom, then treating the imino chloride with an alcohol to form an imino
      ether and then hydrolysing the imino bond to form the 6-aminopenicillanic
      acid ester. In the present case, it is possible to start from the
      phthalide ester of penicillin G or penicillin V (prepared for example by
      reaction of the sodium or potassium salt of the penicillin with 3-bromo
      phthalide) and cleave the acyl side chain to prepare the phthalide ester
      of 6-aminopenicillanic acid.
PAR  Similarly, alternative types of N-protected 7-amino cephalosporanic acid
      are the 7-acylaminocephalosporanic acids. Techniques for the removal of
      the 7-acyl side chain from cephalosporins are well known, and in the
      present case, it is possible to start with the appropriate ester of a
      7-acylamino cephem, e.g. Cephalosporin C and remove the acyl side chain to
      form the ester of 7-aminocephalosporanic acid.
PAR  The following Examples illustrate methods for the preparation of some of
      the compounds of this invention.
DETD
PAC  EXAMPLE 1.
PAR  a. PREPARATION OF 5,6-DIMETHOXY-PHTHALIDE.
PAR  METHOD 1.
PAR  3,4-Dimethoxybenzoic acid (12.5 g.; 0.0687 mole.) was heated on a water
      bath for 12 hours with formaldehyde solution (37 - 41%; 13.75 ml.) and
      conc. hydrochloric acid (50 ml.).
PAR  The black mixture was diluted with its own volume of water, cooled and
      shaken and the suspension decanted from the black oil deposited on the
      sides of the flask. The decanted liquid was left overnight to crystallise.
      The solid was filtered, washed with water and recrystallised from ethanol
      (Yield 4.5 g.).
PAR  The black oily residue in the reaction vessel was extracted with hot sodium
      hydroxide solution, treated with charcoal and acidified with hydrochloric
      acid, cooled and left to crystallise. The solid was filtered, washed with
      water and recrystallised from ethanol (Yield 1.6 g.).
PAR  Total Yield 6.1 g. 45.8%
PAR  M.P. 155.degree.-6.degree. C (Lit. 155 - 7.degree. C)
PAR  METHOD 2.
PAR  3, 4-Dimethoxybenzoic acid (100 g; 0.55 mole.) was heated with formaldehyde
      solution (37 - 41%; 256 ml.) and conc. hydrochloric acid (836 ml.) on a
      water bath with efficient stirring for 2 hours.
PAR  The black liquid was allowed to cool and was decanted from a small amount
      of black solid, into water (5 lits.). The solid was filtered off, washed
      with sodium carbonate solution and then with water, dried and
      recrystallised from ethanol.
EQU  Yield 41.2 g. 38.6%
PAR  This method has the advantage of being quicker and of producing less tarry
      material than method 1, although yields are somewhat lower. I.R. Spectrum
      (Nujol) shows following strong bands:
PAR  1750 cm.sup.-.sup.1 (wide) 1600 cm.sup.-.sup.1 1500 cm.sup.-.sup.1 1335
      cm.sup.-.sup.1
PAR  1295 cm.sup.-.sup.1 1125 cm.sup.-.sup.1 1045 cm.sup.-.sup.1 768
      cm.sup.-.sup.1
PAL  N.m.r. spectrum (CD.sub.3).sub.2 SO) shows following peaks:
PA1  .delta. = 7.26 (2H.d) Aromatic protons
PA1  .delta. = 5.30 (2H.s) Phthalide - CH.sub.2
PA1  .delta. = 3.90 (6h.d) Methoxy - protons
PAR  b. PREPARATION OF 3-BROMO-5,6-DIMETHOXY-PHTHALIDE
PAR  5,6-Dimethoxyphthalide (5.82 g; 0.03 mole.), N-bromosuccinimide (5.34 g;
      0.03 mole.) and .alpha.-azo-isobutyronitrile (0.1 g.) were gently refluxed
      in dry carbon tetrachloride (150 ml.) for 2 hours.
PAR  The solution was cooled, the succinimide filtered off and the solvent
      removed in vacuo leaving a yellow solid, which was washed with
      40.degree.-60.degree. petrol, and dried.
PAR  This solid was used immediately and not stored as it is unstable in moist
      air.
PAR  Yield 7.6 g. 93%
PAR  c. 6[D(-) .alpha.-aminophenylacetamido] penicillanic acid
      5,6-dimethoxy-phthalide ester, hydrochloride.
PAR  Potassium salt of
      6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenyl-acetamido]
      penicillanic acid (10.7 g; 0.0212 mole.) and
      3-bromo-5,6-dimethoxyphthalide (5.8 g; 0.021 mole.) were stirred overnight
      in any acetone (200 ml). The mixture was filtered through Celite and
      evaporated in vacuo to a foam.
PAR  The foam was dissolved in ethyl acetate (210 ml.) and washed with N/2
      sodium bicarbonate solution (70 ml.), water (70 ml.) and saturated brine
      (2 .times. 70 ml.). The solution was again evaporated in vacuo to a foam.
PAR  The foam was dissolved in acetone (105 ml.) and water (70 ml.) added and
      the pH maintained at 1.9 on the pH-meter by dropwise addition of 5N
      hydrochloric acid (3.9 ml.). The acetone was removed from the clear
      solution by evaporation in vacuo and the resultant agueous liquid
      extracted with ethyl acetate (105 ml.). The organic layer, on separation,
      was diluted with 40.degree.-60.degree. petrol (75 ml.) and extracted with
      water at pH 3.0 (30 ml.).
PAR  The combined aqueous extracts were treated with solid sodium chloride (35
      g.) and stirred for 1 hour. The resulting oil was separated, dissolved in
      acetone (120 ml.), dried over anhydrous magnesium sulphate and filtered
      into stirring, dry, ether (3 lits.)
PAR  The precipitated solid was filtered, washed with dry ether and sucked dry
      to yield the ester as a fine, white, electrostatic powder.
TBL  ______________________________________                                    
     YIELD: 3.5g. (28.6%).                                                     
     ANALYSIS:                                                                 
              C       H       N     O     S     Cl.                            
     required:                                                                 
              54.03   4.85    7.27  22.16 5.54  6.15                           
     found:   51.19   4.77    6.97  --    5.37  6.06                           
     ______________________________________                                    
PAL  I.r. spectrum: strong bands at 1790cm.sup.-.sup.1 1695cm.sup.-.sup.1
      1602cm.sup.-.sup.1 1500cm.sup.-.sup.1 1340cm.sup.-.sup.1
      1288cm.sup.-.sup.1 1128cm.sup.-.sup.1 978cm.sup.-.sup.1.
PAL  N.m.r. spectrum (cd.sub.3).sub.2 so: .delta. =1.43(6h.d. gem dimethyls)
      3.92(6H.s. CH.sub.3 O-protons) 4.49(1H.s. C.sub.3 proton) 5.15(1H.m.
      .alpha.-proton) 5.54(2H.m. .beta.-lactams) 7.42(8H.m. phenyl aromatics,
      phthalide aromatics, phthalide 3-proton) 9.6-8.5(4H. two diffuse peaks,
      removable on addition of D.sub.2 O. --CONH--;--NH.sub.3 .sup.+).
PAR  a. 6-Methoxyphthalide
PAR  6-Methoxyphthalide was prepared by the reaction of m-anisic acid with
      formaldehyde solution and conc. hydrochloric acid by the method of
      Chakravarti and Perkin, J. Chem. Soc., 1929, 199, except that heating was
      only continued till all solid had dissolved, not for as long as 1 hour.
      Further reaction time was found to result in substitution in the phthalide
      5-position.
PA1  Yield 13%
PA1  M.p. 120.degree.c (lit. 120.degree.C)
PA1  I.r. (nujol) Strong bands at:
PA1  1755cm.sup.-.sup.1 1490cm.sup.-.sup.1 1378cm.sup.-.sup.1 1328cm.sup.-.sup.1
      1280cm.sup.-.sup.1
PA1  1059cm.sup.-.sup.1 998cm.sup.-.sup.1 778cm.sup.-.sup.1
PA1  N.m.r. [(cd.sub.3).sub.2 so]
PA1  .delta. = 3.88 (3 h. s. --och.sub.3)
PA1  .delta. = 5.37 (2 h. s. phthalide --CH.sub.2 --)
PA1  .delta. = 7.48 (3 h. m. phthalide crometics)
PAR  b. 3-Bromo-6-methoxyphthalide
PAR  3-Bromo-6-methoxyphthalide was prepared using the same procedure as
      described in Example 1 (b).
PAR  c. 6[D(-).alpha.-aminophenylacetamido]penicillanic acid 6-methoxyphthalide
      ester, hydrochloride
PAR  The potassium salt of
      6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]penici
     llanic acid (15.5 gm, 0.0308 mole) and 3-bromo-6-methoxyphthalide (7.5 gm;
      0.0308 mole) were stirred overnight in dry acetone (200 ml.). The mixture
      was filtered through Celite and evaporated in vacuo to a foam, which was
      dissolved in ethyl acetate (210 ml.) and washed with n/2 sodium
      bicarbonate solution (70 ml.), water (70 ml.) and saturated brine (2
      .times. 70 ml.). The solution was again evaporated to a foam in vacuo and
      then dissolved in acetone (105 ml.) and water (70 ml.) added. The pH was
      then maintained at ca.1.9 on the pH meter by dropwise addition of 5N
      hydrochloric acid (4.9 ml.). The acetone was removed from the clear
      solution in vacuo and the aqueous layer extracted with ethyl acetate (105
      ml.).
PAR  The aqueous layer was treated with solid sodium chloride (25.9 gm) and
      stirred for one half hour. The resultant oil was separated and dissolved
      in isopropanol (38 ml.) dried over anhydrous magnesium sulphate, filtered
      and poured slowly with stirring into dry ether (3 liters). The
      precipitated solid was filtered, washed with ether and dried.
PAR  Yield 9.9 gms. 58.5%
PAR  Hydroxylamine Assay 119.1%
TBL  __________________________________________________________________________
     Analysis     C   H   N   O   S   Cl                                       
     C.sub.25 H.sub.26 N.sub.3 O.sub.2 Scl                                     
            Requires %                                                         
                  54.79                                                        
                      4.75                                                     
                          7.67                                                 
                              20.46                                            
                                  5.85                                         
                                      6.48                                     
            Found %                                                            
                  51.97                                                        
                      4.61                                                     
                          7.11                                                 
                              --  4.88                                         
                                      6.29                                     
                  --  --  --  --  4.99                                         
                                      6.60                                     
     __________________________________________________________________________
PAR  I.R. Spectrum (KBr disc) shows the following inter alia
PAR  strong bands:
PAR  1780cm.sup.-.sup.1 1670cm.sup.-.sup.1 1497cm.sup.-.sup.1 1321cm.sup.-.sup.1
PAR  1284cm.sup.-.sup.1 1246cm.sup.-.sup.1 1149cm.sup.-.sup.1 976cm.sup.-.sup.1
PAR  N.M.R. Spectrum [(CD.sub.3).sub.2 SO]
PA1  .delta.= 1.41 (6h. d. Gem-dimethyls)
PA1  .delta.= 3.90 (3H. s.Methoxy-protons)
PA1  .delta.= 4.49 (1H. s.C.sub.3 proton)
PA1  .delta.= 5.18 (1H. broad s. .alpha.-proton)
PA1  .delta.= 5.52 (2H. m. .beta.-lactams)
PA1  .delta.= 7.49 (9H. m. phenyl aromatics phthalide aromatics phthalide
      C.sub.3 proton)
PA1  .delta.= 8.7 - 9.1 (3H. m. removable on D.sub.2 O exchange -NH.sub.3
      .sup.+)
PA1  .delta.= 9.2 - 9.4 (1h. m. removable on D.sub.2 O exchange CONH-)
PAC  EXAMPLE 3
PAR  a. 6-Chloro-Phthalide
PAR  Prepared by the action of sulphuryl chloride on phthalide in a melt of
      aluminium chloride (anhydrous) and sodium formate as in the German Pat.
      No. 1,266,310.
PAR  b. 3-Bromo-6-Chloro-Phthalide
PAR  6-Chlorophthalide (7.66 gms; 0.0452 mole), N-bromosuccinimide (8.1 gms;
      0.0452 mole) and azobisbutyronitrile (0.1 gm) were gently refluxed in dry
      carbon tetrachloride (150 ml.) for 11/2 hours. On cooling, the succinimide
      was filtered off and the solvent removed in vacuo to leave a yellow solid,
      which was used immediately. Yield 9.57 gms. 86.2%
PAR  c. 6[D(-).alpha.-aminophenylacetamido]penicillanic acid 6-chloro-phthalide
      ester, hydrochloride
PAR  6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]
      penicillanic acid, potassium salt (22.9 gms; 0.0455 mole) and
      3-bromo-6-chlorophthalide (11.24 gms; 0.0455 mole) in dry acetone (350
      ml.) were stirred overnight.
PAR  The mixture was filtered through Celite and the solution evaporated in
      vacuo to a foam. The foam was dissolved in ethyl acetate (250 ml.) and
      washed with .sup.N /2 sodium bicarbonate (100 ml.), water (100 ml.) and
      saturated brine (100 ml.), and dried over anhydrous magnesium sulphate.
PAR  The solution was concentrated to ca. 50 ml. in vacuo and poured into
      vigorously stirring 40.degree.-60.degree. petrol(3 lit.). The solid was
      filtered, washed with petrol and dried, giving the 6-chloro-phthalide
      ester of 6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenyl
      acetamido] penicillanic acid as a light yellow solid.
PA1  Yield 15.3 gms. 55.8%
PA1  I.r. spectrum (KBr disc) shows the following inter alia strong
PA1  bands:
PAR  1782 cm.sup.-.sup.1 1685cm.sup.-.sup.1 1657cm.sup.-.sup.1
      1599cm.sup.-.sup.1
PA1  1292 cm.sup.-.sup.1 1265cm.sup.-.sup.1 1170cm.sup.-.sup.1
      1080cm.sup.-.sup.1
PAR  N.M.R. Spectrum ((CD.sub.3).sub.2 SO) shows the following peaks:
PA1  .delta.= 1.49 (6H. m. Gem-dimethyls)
PA1  .delta.= 1.78 (3H. s. CH.sub.3 in the enamine ring.)
PA1  .delta.= 3.56 (3H. s. --OCH.sub.3)
PA1  .delta.= 4.51 (1h. s. C.sub.3 proton)
PA1  .delta.= 4.55 (1H. s. H )
PA1  .delta.= 5.55 (3h. m. .beta.-lactams and .alpha.-proton).
PA1  .delta.= 7.38 (5H. s. phenyl aromatics)
PA1  .delta.= 7.58 (1H. s. phthalide C.sub.3 proton)
PA1  .delta.= 7.92 (3H. m. phthalide aromatics)
      ##EQU13##
TBL  Analysis for C.sub.29 H.sub.28 N.sub.3 O.sub.8 SCl                        
               C       H       N     S     Cl                                  
     Required %                                                                
               56.73   4.56    6.85  5.22  5.79                                
     Found %   55.55   4.45    6.72  4.47  6.71                                
               55.94   4.51    6.83  4.28  6.47                                
PAR  This ester was dissolved in acetone (175 ml.) and water (150 ml.) added.
      The pH was maintained at 1.8 on the pH meter by dropwise addition of 5N
      hydrochloric acid. The acetone was removed in vacuo and the aqueous
      solution extracted with ethyl acetate (30 ml.). The aqueous solution was
      then salted with solid sodium chloride and the resulting oil separated,
      dissolved in acetone (50 ml.) and dried over anhydrous magnesium sulphate.
      The solution was poured into vigorously stirring dry ether (3 lit.) and
      the solid filtered, washed with ether and dried to give the
      6-chlorophthalide ester of
      6-(D(-).alpha.-aminophenylacetamido)penicillanic acid, hydrochloride.
PAR  Yield 6.4 gms, 56.5%
PAR  Hydroxylamine Assay 109.8%
PAR  I.R. Spectrum (KBr disc) shows the following inter alia strong bands:
PAR  1780cm.sup.-.sup.1 1684cm.sup.-.sup.1 1294cm.sup.-.sup.1 1209cm.sup.-.sup.1
PAR  1050cm.sup.-.sup.1 982cm.sup.-.sup.1 700cm.sup.-.sup.1
PAR  N.M.R. Spectrum ((CD.sub.3).sub.2 SO) shows the following peaks:
PA1  .delta. = 1.43 (6H. d. Gem-dimethyls)
PA1  .delta. = 4.53 (1H. s. C.sub.3 -proton)
PA1  .delta. = 5.19 (1H. broad s, sharpening with D.sub.2 O, .alpha.-proton)
PA1  .delta. = 5.52 (2H. m. .beta.-lactams)
PA1  .delta. = 7.52 (6H. m. phenyl aromatics, phthalide C.sub.3 proton)
PA1  .delta. = 7.94 (3H. m. phthalide aromatics)
PA1  .delta. = 9.05 (3H. broad band removable with D.sub.2 O -- NH.sub.3 .sup.+
PA1  .delta. = 9.45 (1h. broad .alpha., removable with D.sub.2 O -- CONH-- )
TBL  Analysis for C.sub.24 H.sub.23 N.sub.3 O.sub.6 SCl.sub. 2                 
              C       H       N     S     Cl    Cl.sup.-                       
     Required %                                                                
              52.18   4.17    7.61  5.80  6.43  6.43                           
     Found %  49.31   4.05    7.05  5.78        6.85                           
              49.16   4.07    7.08  5.61        7.10                           
                            11.98                                              
                            11.85                                              
PAC  EXAMPLE 4
PAR  a. 4,5,6-Trimethoxy-Phthalide
PAR  Prepared by the action of formalin and concentrated hydrochloric acid on
      trimethyl gallic acid (3,4,5-trimethoxy-benzoic acid) by the method of
      King and King (J.Chem.Soc. 1942, 726-7).
PAR  b. 3-Bromo-4,5,6-Trimethoxy-Phthalide
PAR  4,5,6-Trimethoxyphthalide (11.4 gms; 0.05 mole), N-bromosuccinimide (8.9
      gms; 0.05 mole) and azobisbutyronitrile (0.1 gms) were refluxed gently in
      dry carbon tetrachloride (200 mls) for 2 hours. The solution was cooled,
      the succinimide filtered off and the solvent removed in vacuo, leaving a
      yellowish solid which fumed in the air.
PAR  Yield 14.7 gms; 97.1%
PAR  The solid was used immediately.
PAR  c. 4,5,6-Trimethoxyphthalide ester of 6[D(-).alpha.-aminophenylacetamido]
      penicillanic acid, hydrochloride
PAR  6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]
      penicillanic acid, potassium salt (24.6 gms; 0.0486 mole) and
      3-bromo-4,5,6-trimethoxyphthalide (14.7 gms; 0.0486 mole) were stirred in
      acetone (250 ml.) for 5 hours.
PAR  The mixture was filtered through Celite and evaporated to a foam in vacuo.
      The foam was dissolved in ethyl acetate (300 ml.) and washed with N/2
      sodium bicarbonate solution (100 mls), water (100 mls.) and saturated
      brine (2 .times. 100 ml.). The solution was evaporated to a foam again and
      dissolved in acetone (100 ml.) with water (70 ml.). The pH at 1.9 on the
      pH meter by dropwise addition of 5N hydrochloric acid. The acetone was
      removed in vacuo and solid sodium chloride added to the residual aqueous
      layer and stirred for one-half hour.
PAR  The liquid was decanted from the precipitated solid and the latter
      dissolved in acetone, the solution dried over anhydrous magnesium sulphate
      and poured into dry stirring ether (4 lit.). The solid was filtered,
      washed with ether and dried to give the 4,5,6-trimethoxyphthalide ester of
      6[D(-).alpha.-aminophenylacetamido]penicillanic acid, hydrochloride.
PAR  Yield 20.6 gms. 69.5%.
PAR  Hydroxylamine Assay 115.9%.
PAR  I.R. Spectrum (KBr disc) shows the following inter alia
PAR  strong bands:
PAR  1782cm.sup.-.sup.1 1685cm.sup.-.sup.1 1479cm.sup.-.sup.1 1344cm.sup.-.sup.1
PAR  1333cm.sup.-.sup.1 1309cm.sup.-.sup.1 980cm.sup.-.sup.1
PAR  N.M.R. Spectrum ((CD.sub. 3).sub.2 SO) shows the following peaks:
PA1  .delta. = 1.47 (6H. m. Gem-dimethyls)
PA1  .delta. = 3.91 (3H. s. 4-methoxy-)
PA1  .delta. = 3.98 (6H. s. 5- and 6-methoxy)
PA1  .delta. = 4.51 (1H. d. J = 2 Hz. C.sub.3 proton)
      ##EQU14##
      .delta. = 5.54 (2H. m. .beta.-lactams) .delta. = 7.45 (7H. m. phenyl
      aromatics phthalide 7-proton phthalide 3-proton)
PA1  .delta. = 9.05 (3H. broad s. removable with D.sub.2 O. --NH.sub.3.sup.+
PA1  .delta. = 9.47 (1h. broad d. removable with D.sub.2 O. --CONH-- ).
TBL  Analysis for C.sub.27 H.sub.30 N.sub.3 O.sub.9 SCl                        
               C       H       N     S     Cl                                  
     Required %                                                                
               53.33   4.94    6.91  5.27  5.84                                
     Found %   51.35   4.91    6.45  4.97  5.95                                
               51.41   4.90    6.54  4.52  5.14                                
PAC  EXAMPLE 5
PAR  a. 6-Bromo-Phthalide
PAR  Prepared by the action of bromine on phthalide in a melt of anhydrous
      aluminium chloride and urea as in the German Pat. No. 1,266,310.
PAR  b. 3,6-Dibromo-Phthalide
PAR  6-Bromophthalide (5.85 gms; 0.0275 mole), N-bromosuccinimide (4.89 gm;
      0.0275 mole) and azobisbutyronitrile (0.1 gm) were gently refluxed in dry
      carbon tetrachloride (200 ml.) for 2 hours. On cooling, the succinimide
      was filtered off and the solvent removed in vacuo to give an oil, which
      was used immediately.
PAR  c. 6-Bromophthalide ester of
      6[D(-).alpha.-aminophenylacetamido]penicillanic acid, hydrochloride
PAR  6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]
      penicillanic acid potassium salt (13.9 gms; 0.0275 mole) and
      3,6-Dibromophthalide (8 gm; 0.0275 mole) were stirred in dry acetone (200
      ml.) overnight. The solution was filtered through Celite and evaporated in
      vacuo to a foam, which was dissolved in ethyl acetate (200 ml.). The
      solution was washed with N/2 sodium bicarbonate (100 ml.), water (100 ml.)
      and saturated brine (2 .times. 100 ml.). The solution was again evaporated
      to a foam in vacuo and dissolved in ethyl acetate (30 ml.) and poured into
      stirring 40.degree.-60.degree. petrol giving the 6-bromo phthalide ester
      of 6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]pen
     icillanic acid as a cream-coloured solid which was filtered, washed with
      petrol and dried.
PAR  Yield 10.6 gm. 58.3%
PAR  N.M.R. Spectrum ((CD.sub. 3).sub.2 SO) shows the following peaks:
PA1  .delta. = 1.50 (6H. m. Gem-dimethyls)
PA1  .delta. = 1.79 (3H. s. --OCH.sub.3)
      ##EQU15##
      .delta. = 4.52 (1H. s. C.sub.3 proton) .delta. = 4.55 (1H. s. H )
PA1  .delta. = 5.49 (2h. m. .beta.-lactams)
PA1  .delta. = 5.65 (1H. broad s. .alpha.-proton)
      ##EQU16##
      .delta. = 7.84 (5H. m. phthalide aromatics phthalide 3 proton)
      ##EQU17##
PAR  This ester was dissolved in acetone (120 ml.) and water (105 ml.) added.
      The pH was maintained at 1.8 by dropwise addition of 5N hydrochloric acid
      on the pH meter. The acetone was removed in vacuo and the aqueous solution
      extracted with ethyl acetate (20 ml.). The residual aqueous solution was
      salted with solid sodium chloride and the resulting oil separated,
      dissolved in acetone (50 ml.) and dried over anhydrous magnesium sulphate.
      The solution was poured into vigorously stirring dry ether (2.5 lit.) and
      the solid filtered, washed with ether, and dried to give the
      6-bromophthalide ester of 6[D(-).alpha.-aminophenylacetamido]penicillanic
      acid, hydrochloride,
PAR  Yield 4.2 gms; 43.7%
PAR  Hydroxylamine Assay 111.9%.
PAR  I.R. Spectrum (KBr disc) shows the following inter alia strong bands:
PA1  1780cm.sup.-.sup.1 1683cm.sup.-.sup.1 1291cm.sup.-.sup.1 1079cm.sup.-.sup.1
      698cm.sup.-.sup.1
PAR  N.M.R. Spectrum ((CD.sub. 3).sub.2 CO) shows the following peaks:
PA1  .delta. = 1.44 (6H. m. Gem-dimethyls)
PA1  .delta. = 4.52 (1H. s. C.sub.3 -proton)
PA1  .delta. = 5.18 (1H. broad s, shapening with D.sub.2 O. .alpha.-proton)
PA1  .delta. = 5.53 (2H. m. .beta.-lactams)
PA1  .delta. = 7.75 (9H. m. phenyl- and phthalide aromatics and
PA1  phthalide 3-proton).
PA1  .delta. = 9.7 - 9.5 (4H. removable with D.sub.2 O. --CONH--, --NH.sub.3
      .sup.+
TBL  Analysis:                                                                 
     Required % for C.sub.24 H.sub.23 N.sub.3 O.sub.6 S Cl Br                  
     C           H       N       S     Cl.sup.-                                
                                             Br                                
     48.28       3.86    7.04    5.36  5.95  13.41                             
     47.22       3.82    6.85    4.40  7.64  11.98                             
     47.02       3.79    6.70    4.75  7.18  12.23                             
PAC  EXAMPLE 6
PAR  a. Preparation of 6-nitrophthalide
PAR  6-Nitrophthalide was prepared in 67.3% yield by the method of J. Tirouflet
      Bull. Soc. Sci. Bretagne. Spec. No. 26, 7-122 (1951) m.p.
      142.degree.-3.degree. (from literature m.p. = 143.degree.).
PAR  b. Preparation of 2-hydroxymethyl-5-nitro-N,N-dimethylbenzamide
PAR  To a stirred solution of 6-nitrophthalide (2 g.) in ethanol (120 ml.) at
      room temperature was added dimethylamine (in ethanol 33.3% solution: 50
      ml.). After stirring for 5 hours the solvent was evaporated off. The
      resulting gum was dissolved in ethyl acetate. On addition of petrol
      60.degree.-80.degree. a white solid crystallised out.
PAR  Yield = 1.77g = 70.8% m.p. = 106.degree.-7.degree.
PAR  I.R. Spectrum showed inter alia strong bands at: (nujol MuH)
PAR  745cm.sup.-.sup.1, 915cm.sup.-.sup.1, 1065cm.sup.-.sup.1,
      1115cm.sup.-.sup.1, 1350cm.sup.-.sup.1, 1515cm.sup.-.sup.1,
      1610cm.sup.-.sup.1 and 3300cm.sup.-.sup..
PAR  N.M.R. spectrum in CDCl.sub.3 showed bands at:
PA1  .delta. = 2.92 and 3.17 (doublet = 6H = N,N-dimethyls)
PA1  .delta. = 4.03 (singlet = 1H = Ph--CH.sub.2 OH)
PA1  .delta. = 4.62 (singlet = 2H = Ph--CH.sub.2 OH)
PA1  .delta. = 7.58 - 8.28 (multiple bands = 3H = aromatic protons)
TBL  ANALYSIS                                                                  
     Required   C 53.60   H 5.36    N 12.48                                    
     Found      C 53.50   H.5.37    N. 12.50                                   
                53.52     5.42      12.56                                      
PAR  c. Preparation of 2-carboxy-4-nitrobenzaldehyde
PAR  To a solution of 2-hydroxymethyl-5-nitro-N,N-dimethylbenzamide (17 g.) in
      glacial acetic acid (340 ml.) was added chromium trioxide (17 g.) in water
      (17 ml.) and glacial acetic acid (340-1). The reaction mixture was stirred
      at room temperature for 5 minutes, and then poured into ice-water (2
      liters). The aqueous was extracted with chloroform (3 .times. 500 ml.).
      The chloroform extracts were combined and neutralised by washing with 10%
      sodium bicarbonate solution. The chloroform extracts were then washed
      thoroughly with water and dried over magnesium sulphate. The solution was
      then filtered and the solvent evaporated off to yield a gum.
PAR  Crude yield = 15.0 g.
PAR  The gum was then refluxed in 3N hydrochloric acid (150 ml.) for 21/2 hours.
      On cooling a white solid crystallised out. This was filtered off and
      dried.
PAR  Yield = 5.6 g. = 37.8% m.p. = 153.degree.-4.degree.
PAR  I.R. spectrum showed inter alia strong bands at: (nujol mull)
      720cm.sup.-.sup.1, 900cm.sup.-.sup.1, 920cm.sup.-.sup.1,
      1095cm.sup.-.sup.1, 1354cm.sup.-.sup.1, 1760cm.sup.-.sup.1 and
      3325cm.sup.-.sup.1.
PAR  N.M.R. spectrum was consistent with the structures of the compound.
TBL  ______________________________________                                    
     Analysis                                                                  
     ______________________________________                                    
     Required   C 49.22    H 2.56     N 7.18                                   
                C 50.04    H 2.78     N 7.12                                   
                49.78      2.73       7.20                                     
     ______________________________________                                    
PAR  d. Preparation of 6-nitrophthalide ester of benzylpenicillin
PAR  To a suspension of benzylpenicillin sodium salt (7.12g: 0.02M) in dry
      methylene dichloride (50 ml.) at -5.degree.C was added six drops of
      pyridine and ethyl chloroformate (2.17g; 1.91ml; 0.02M). The reaction
      mixture was stirred at -5.degree.C for one-half hour by which time the
      solution was almost clear.
PAR  A suspension of 2-carboxy-4-nitrobenzaldehyde (3.90g: 0.02M) in dry
      methylene dichloride (20 ml.) was added at 5.degree.C. After one-half hour
      the reaction mixture was allowed to warm to room temperature, and then
      stirred for a further 4 hours.
PAR  The solution was then washed with 2% sodium bicarbonate solution (50 ml.)
      and water (3 .times. 50 ml.). The organic layer was dried over magnesium
      sulphate, filtered and the solvent evaporated off in vacuo.
PAR  The gum was dissolved in a small amount of ethyl acetate, filtered and
      dripped into excess petrol 40.degree.-60.degree..
PAR  The resulting solid was filtered off and dried.
PAR  Yield = 1.6g = 15.7%
PAR  The bio-chromatogram showed two zones:
PA1  R.sub.f = 0.95 = 6-nitrophthalide ester of benzylpenicillin.
PA1  R.sub.f = 0.59 = benzylpenicillin.
PAR  The I.R. and N.M.R. spectra were consistent with a mixture of
      benzylpenicillin and the 6-nitrophthalide ester of benzylpenicillin.
      EXAMPLE 7.
PAR  a. Peri - NAPHTHALDEHYDIC ACID.
PAR  Prepared by the action of 30% potassium hydroxide solution on
      acenaphthenequinone by the method of Fuson et. al. (J. Amer. Chem. Sec.
      71, 1870.)
PAR  b. Peri - NAPHTHALIDE
PAR  Prepared by the action of formalin and potassium hydroxide on
      peri-naphthaldehydic acid by the method of Fuson et. al. (J. Amer. Chem.
      Soc. 71, 1870).
PAR  c. 3-Bromo- Peri- NAPHTHALIDE
PAR  Peri-naphthalide (1.7 gms, 9.23 m.mole), N-bromo-succinimide (1.64 gms ;
      9.23 m-mole) and azobis-butyronitrile (0.1 gm) were gently refluxed in dry
      carbon tetrachloride for 2 hours. The solution was cooled, the succinimide
      filtered off and the solvent removed in vacuo to leave the bromide which
      was used immediately.
PAR  Yield 1.3 gms 53.5 %.
PAR  Peri-NAPHTHALIDE ESTER OF 6[D(-).alpha.-aminophenylacetamido] penicillanic
      acid hydrochloride.
PAR  6 [D(-)N- (1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]
      penicillanic acid potassium salt (6.36 gms ; 13.9 m.mole) and 3
      bromo-peri-naphthalide (3.6 gms, 13.9 m.mole) were stirred in dry acetone
      overnight.
PAR  The mixture was filtered through Celite, evaporated in vacuo to a foam
      which was dissolved in ethyl acetate (100 ml) and washed with 1N sodium
      bicarbonate solution (50 ml), water (2 .times. 50 ml) and saturated brine
      solution (50 ml.). The solution was again evaporated in vacuo and
      dissolved in acetone (50 ml) with water (40 ml) and the pH maintained at
      1.8 by addition of 5N hydrochloric acid dropwise.
PAR  The acetone was removed under reduced pressure and the resulting aqueous
      solution salted with solid sodium chloride, precipitating a gummy solid.
      The liquid was decanted off and the residue dissolved in a little acetone,
      dried over anhydrous magnesium sulphate and poured into an excess dry,
      stirring ether. The precipitated solid was filtered, washed with dry ether
      and dried, to give an impure sample of the
      6[D(-).alpha.-aminophenylacetamido]  penicillanic acid peri-naphthalide
      ester, hydrochloride.
PAR  Yield 1.2 gms ca. 12 %.
PAR  I.R. Spectrum (Nujol) shows the following inter alia strong bands :
PAR  1780 cm.sup..sup.-1 1740 cm.sup..sup.-1 1245 cm.sup..sup.-1 1040
      cm.sup..sup.-1 792 cm.sup..sup.-1
PAR  N.M.R. spectrum ((CD.sub.3).sub.2 SO) shows the following peaks:
PA1  = 1.29 (6H.m. Gem-dimethyl)
PA1  = 4.40 (1H.d - J = 2.5 Hz . C.sub.3 proton)
      ##EQU18##
      = 5.45 (2H. m. .beta.-lactams)
      ##EQU19##
      = 7.3 - 8.8 (7H . m. naphthalide aromatics and naphthalide C.sub.3 proton
      ).
PA1  = 8.8 - 10 (3H. diffuse peak removable on D.sub.2 O exchange --
      NH.sub.3.sup.+)
TBL  Analysis for C.sub.28 H.sub.26 N.sub.3 O.sub.6 SCl                        
                  C       H      N    S    Cl                                  
     Required %   59.21   4.58   7.40 5.64 6.26                                
     Found        59.02   5.30   6.11 4.34 5.09                                
                  59.70   5.45   6.09 4.46 5.36                                
PAC  EXAMPLE 8.
PAR  a. CROTONOLACTONE.
PAR  Prepared by the method of C.C. Price et al.
PAR  (Org. Syn. 45 22 1965 ) in 33% yield.
PAR  b. 3-BROMO CROTONOLACTONE
PAR  Crotonolactone (0.84 g. 0.01 m ) was added to a stirred suspension of
      N-bromo succinimide (,78 g, 0.01 m ) in dry carbon tetrachloride (50 mls)
      The mixture was heated to reflux and a catalytic amount of aza -
      isobutyronitrile was added. The reaction was continued for 1 hour during
      which time the mixture turned red/brown. The reaction mixture was cooled,
      filtered and washed successively with sodium bicarbonate solution (2%
      w/v,) and water and then dried (Mq SO.sub.4 ). The solvent was evaporated
      in vacuo and the product isolated as a syrup. Yield 0.8 g (49%) n.m.r. (CD
      Cl.sub.3 )
PA1  6.23 (1. H. q. .alpha. proton)
PA1  6.96 (1.H. d. .gamma. proton)
PA1  7.62 (1.H. q. .beta. proton ) + impurity peaks at higher yield.
PAR  3-CROTONOLACTONYL ESTER OF 6 [D(-).alpha.-aminophenylacetamido]penicillanic
      acid, hydrochloride.
PAR  To a stirred dispersion of the potassium salt of
      6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]penici
     llanic acid (10.1g, 0.02 m) in dry acetone, a freshly prepared crude
      preparation of .gamma. --bromo-- crotonolactone was added in one portion.
      The mixture was then stirred at ambient temperature for a total of 12
      hours.
PAR  The reaction mixture was filtered and the solvent evaporated in vacuo to
      give a brown oil. The oily residue was dissolved in ethyl acetate (250 ml)
      and a brown precipitate was obtained on standing; this was removed by
      filtration and discarded. The filtrate was then washed with water (3
      .times. 100 mls) and dried (Mg SO.sub.4 ).
PAR  The solvent was evaporated in vacuo and the resultant oil was dissolved in
      acetone (200 mls). Water (150 mls) was added to the solution and the whole
      mixture was stirred vigorously whilst the pH was adjusted to 2.5 with
      dilute hydrochloric acid over a period of 20 minutes. The acetone was then
      removed by evaporation in vacuo and the aqueous phase was extracted with
      ethyl acetate (150 mls) and separated. Petroleum ether (40.degree.-60
      .degree.C; 70 mls) was added to the ethyl acetate phase and the solution
      was again extracted with water pH 3. The aqueous phase were then combined,
      saturated with sodium chloride and stirred vigorously. A brown oil
      separated which was collected, dissolved in isopropanol (50 mls) and
      filtered. The filtrate was then dripped slowly into an excess of anhydrous
      ether (750 mls) and yielded a white flocculent solid. The precipitate was
      filtered, washed extensively with petroleum ether (40.degree.-60.degree.
      C) and ether and then dried in vacuo.
PAR  Yield 2.8g (30% based on penicillin).
PAR  C.sub.20 H.sub.22 O.sub.6 N.sub.3 S Cl required: C51.34; H 4.71; N 8.98 S
      6.84; Cl 7.59 found: C49.09; H 4.77; N.8.49;S 6.20; Cl 7.28 n.m.r. (
     (CD.sub.3).sub.2 SO/D.sub.2 O ).
PA1  .delta. 7.7 (1.h.m .beta. proton crotonolactone )
PA1  .delta. 7.5 (5.H.m aromatics )
PA1  .delta. 7.11 (1.H.d. .gamma.-proton crotonolactone )
PA1  .delta. 6.57 (1.H.q. .alpha.-proton crotonolactone )
PA1  .delta. 5.52 (2.H.q. .beta.-lactam )
PA1  .delta. 5.14 (1.H.s. .alpha.-proton )
PA1  .delta. 4.50 (1.H.s. C-3 proton )
PA1  .delta. 1.42 (6.H.d. Gem-dimethyls. )
PAR  i.r. (K Br) strong bands at 1775 cm.sup..sup.-1 (broad), 1680
      cm.sup..sup.-1, 1085 cm.sup..sup.-1, 1000cm.sup..sup.-1. Biochromatogram :
      R.sub.f 0.80 (ester) together with the parent ampicillin R.sub.f 0.35
      resulting from hydrolysis or the chromatographic treatment; streaking
      between the two zones was also apparent.
PAC  EXAMPLE 9.
PAR  a. Preparation of 3-thiophthalide.
PAR  o-cyanobenzylbromide was converted to o-cyanobenzylthiocyanate using
      potassium thiocyanate in ethanol. This went in 96% yield by the method of
      A.W. Day and S. Gabriel, Berichte 1890 23 2478-89.
      o-cyanobenzylthiocyanate was converted to o-cyanobenzylmercaptan using
      concentrated sulphuric acid in 93% yield, using the method of M. Renson
      and R. Collienne. Bull. Soc. Chim. Belges 73. (5-6) 491-506 (1964).
      O-Cyanobenzylmercaptan was converted into 2-thiophthalide by the action of
      boiling water by the method of M. Renson etc. in 45% yield.
PAR  b. Preparation of 3-brom-2-thiophthalide.
PAR  To a solution of 2-thiophthalide (5.0 g : 0.033M) in dry carbon
      tetrachloride (100 ml) was added N-bromosuccinimide (5.72 g. 0.033M) and a
      catalytic amount of .alpha..alpha.'-azoisobutyronitrile. The reaction
      mixture was refluxed gently for 1 hour, and then cooled. The solution was
      refluxed gently for 1 hour, and then cooled. The solution was filtered and
      the solvent evaporated off. The product was recrystallised from
      cyclohexane.
PAR  Yield = 4.5 g. 9 (70.11%).
PAR  I.R. spectrum showed inter alia strong bands at:-(nujol mull) 690
      cm.sup..sup.-1, 770 cm.sup..sup.-1, 905 cm.sup..sup.-1, 1240
      cm.sup..sup.-1, and 1700 cm.sup..sup.-1
PAR  N.M.R. spectrum showed bands at:
PA1  .delta. = 6.75 (singlet = 1H = phthalide CH )
PA1  .delta. = 7.42 - 7.90 (multiplet = 4H = phthalide aromatics )
PAR  c. Preparation of 2-thiophthalide ester of
      6[D(-).alpha.-aminophenylacetamido] penicillanic acid, hydrochloride.
PAR  A suspension of potassium salt of
      6[D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]penici
     llanic acid (10.07g. 0.02M) was stirred at 0.degree.C in dry acetone
      (100ml.). To this was added 3-bromo-2-thiophthalide (4.58g. 0.02M) in dry
      acetone (20ml.). The reaction mixture was allowed to warm to room
      temperature and stirred for a further 5 hours. The reaction mixture was
      then filtered and the solvent allowed to evaporate off in vaccuo. The
      resulting gum was dissolved in ethyl acetate (100ml.) and vigorously
      stirred. Water (100ml) was added and the pH adjusted to 2.0 with 5N
      hydrochloric acid. The organic layer was retained and washed with water
      (50ml) and brine. The ethyl acetate solution was dried over magnesium
      sulphate, filtered and evaporated in vaccuo. The resulting gum was
      triturated with petroleum ether 40.degree.-60.degree. and the solid
      obtained filtered off and dried.
PAR  Yield: 3.4g. (32.1%).
PAR  i.r. spectrum showed strong bands at 780cm.sup..sup.-1 915cm.sup..sup.-1
      1175cm.sup..sup.-1 1590cm.sup..sup.-1 1750cm.sup..sup.-1
      1780cm.sup..sup.-1. n.m.r. (CD.sub.3).sub.2 SO/D20: .delta.=1.50(m. gem
      dimethyls) 4.55(d. C.sub.3 protin) 5.50(m. .beta.-lactam proton) 7.36 (s.
      phenyls) 7.48 (d. phthalide CH) 7.80 (broad band. phthalide aromatics.).
PAC  EXAMPLE 10
PAC  PREPARATION OF 5,6-DIMETHOXYPHTHALIDE BENZYLPENICILLIN
PAR  Potassium-benzylpenicillin (2.73 g., 0.00734 mole) was stirred in dry
      D.M.F. (100 ml.) with 3-bromo-5,6-dimethoxyphthalide (2.0 g., 0.00734
      mole) for 12 hours. The mixture was poured into iced water (2 lits) with
      vigorous stirring and the solid filtered, dried and crystallised from
      isopropanol.
TBL  ______________________________________                                    
     Yield:       1.6 g. 41.5%                                                 
     M.P.:        98-100.degree.C                                              
     NH.sub.2 OH: 127.7%                                                       
     Analysis:                                                                 
                  C       H      N    O     S                                  
     Required:    59.32   4.94   5.32 24.33 6.08                               
     Found:       58.25   4.94   5.04 --    5.99                               
                  58.37   4.98   5.03 --    5.97                               
     ______________________________________                                    
PAR  I.R. spectrum (Nujol) contains the following inter alia strong bands:
PAR  1770 cm.sup..sup.-1 1338 cm.sup..sup.-1 1283 cm.sup..sup.-1 985
      cm.sup..sup.-1 970 cm.sup..sup.-1
PAR  N.M.R. spectrum (CD.sub.3).sub.2 SO shows the following peaks:
PA1  .delta. = 1.52 (6H.m.) Gem-dimethyls
PA1  .delta. = 3.54 (2H.s) Benzyl -- CH.sub.2 --
PA1  .delta. = 3.90 (6h.s.) Methoxy-groups
PA1  .delta. = 4.50 (1H.s.) C.sub.3 proton
PA1  .delta. = 5.50 (2H.m.) -- lactams
PA1  .delta. = 7.25 (5H.s.) Benzyl aromatics
PA1  .delta. = 7.37 (2H.m.) Phthalide aromatics
PA1  .delta. = 7.43 (1H.s.) Phthalide 3-proton
PA1  .delta. = 8.6.-8.8 (1H.m.) --CONH--
PAC  EXAMPLE 11
PAC  3- CROTONO LACTONYL ESTER OF BENZYLPENICILLIN
PAR  The sodium salt of benzylpenicillin (1.6g., 0.0044 m) was dispersed in dry
      dimethylformamide (40 mls.) and the mixture was chilled to 0.degree.C. To
      the stirred solution, a crude preparation of 3-bromo-crotonolactone
      (0.7g., 0.0043m assuming absolute purity) was added in one portion and the
      reaction was continued for 30 minutes at 0.degree.C and a further 2 hours
      at room temperature.
PAR  The reaction mixture was poured into ice water (400 mls) and the resulting
      brown coloured emulsion obtained was then extracted with ethyl acetate.
      The organic phase was then washed with diluted sodium bicarbonate solution
      (2% w/v) and water and finally dried (MgSO.sub. 4). The solution was
      filtered and the solvent evaporated in vacuo to yield a darkly coloured
      oil. The oil was triturated with petroleum ether (40.degree.-60.degree.C)
      and then treated with a mixture of isopropanol, isopropyl ether to yield a
      brown amorphous solid (Yield 240mg, 13%)
PAR  C.sub.20 H.sub.20 O.sub.6 N.sub.2 S requires C57.75; H 4.8; N 6.73 found
      C57.69; H 5.20; N 6.14
PAR  N:M:R: (CDCl.sub.3):
PA1  7.53-7.18 (6H.m, aromatic protons + .beta.-proton crotonolactone)
PA1  .delta. 7.04 (1 H. d, .gamma.-proton crotonolactone)
PA1  .delta. 6.36 (1H. m..alpha.-proton crotonolactone)
PA1  .delta. 6.20 (1H d NHCO)
PA1  .delta.5.83-5.38 (2h. m. .beta.- lactans)
PA1  .delta. 4.40 (1H s C-3 proton)
PA1  .delta. 3.63 (2H s Ph CH.sub.2)
PA1  .delta. 1.48 (6h d gem-dimethyls)
PAR  I.R. (K Br.) strong bands at 1775 .sup.-.sup.1 16.65 .sup.-.sup.1 1083
      .sup.-.sup.1 1000 .sup.-.sup.1
PAC  EXAMPLE 12
PAC  6-METHOXY-PHTHALIDE BENZYLPENICILLIN
PAR  Benzylpenicillin, potassium salt (3.59gms; 0.00966 N) and
      3-bromo-6-methoxyphthalide (2.35gm; 0.00966 M) were stirred over-night in
      dry dimethylformamide.
PAR  The mixture was poured into water (1 lit.) and stirred for one-half hour.
      Solid sodium chloride was then added to the resulting emulsion and the
      solid filtered, washed well with water and dried.
TBL  ______________________________________                                    
     Yield   4.5 gms       33.8%                                               
     Hydroxylamine Assay  110.5%                                               
     ______________________________________                                    
PAR  I.R. (KBr disc) showed the following inter alia strong bands:
PAR  1780 cm.sup.-.sup.1 1670 cm.sup.-.sup.1 1496 cm.sup.-.sup.1 1321
      cm.sup.-.sup.1
PAR  1284 cm.sup.-.sup.1 1246 cm.sup.-.sup.1 1049 cm.sup.-.sup.1 976
      cm.sup.-.sup.1
PAR  N.M.R. (CD.sub.3).sub.2 SO
PA1  .delta. = 1.59 (6h - m gem-dimethyls)
PA1  .delta. = 3.54 (2H - s benzyl -- CH.sub.2 --)
PA1  .delta. = 3.90 (3h - s methoxy-protons)
PA1  .delta. = 4.51 (1H - s C.sub.3 - proton)
PA1  .delta. = 5.50 (2H - m .beta.- lactams)
PA1  .delta. = 7.27 (5H - s benzyl aromatics)
PA1  .delta. = 7.47 (3H m phthalide aromatics)
PA1  .delta. = 7.52 (1H - s phthalide C.sub.3 proton)
PA1  .delta. = 8.4 - 9.1 (1H m. - CONH -)
PAC  EXAMPLE 13.
PAR  3-Phenylphthalide Phenylacetamidopenicillanate.
PAR  Ethyl chloroformate (4.8ml. 0.05M) and pyridine (10 drops) was added to a
      stirred solution of sodium phenylacetamidopenicillanate (18.5g. 0.05M) in
      methylene dichloride (250ml) at -10.degree.C. After stirring for one-half
      hr an almost clear solution was obtained to which a solution of
      2-benzoylbenzoic acid (11.3g. 0.05M) in methylene dichloride (100ml) was
      added and the mixture stirred at ambient temperature for 3-4 hours. A fine
      white solid which precipitated during the course of the reaction was
      filtered off and the chloroform removed in vacuo to leave a pale yellow
      foam which was dissolved in ethyl acetate (500ml). Insoluble material was
      filtered off and the clear yellow filtrate was washed twice with 200ml
      portions of 1N sodium bicarbonate and twice with 200ml portions of a
      saturated brine solution.
PAR  After drying over anhydrous magnesium sulphate, the ethyl acetate layer was
      filtered and concentrated in vacuo to give a yellow foam, which was
      dissolved in diethyl ether (100ml) and added dropwise with stirring to a
      solution of petroleum ether 40.degree.-60.degree. (about 500ml). The ester
      precipitated immediately as a pale yellow amorphous powder (6.8g. 25.3%)
PAR  I.R. (KBr disc): Strong bands at 1780cm.sup.-.sup.1 1650cm.sup.-.sup.1
      1510cm.sup.-.sup.1 1290cm.sup.-.sup.1 1210cm.sup.-.sup.1
      1005cm.sup.-.sup.1 942cm.sup.-.sup.1 700cm.sup.-.sup.1.
PAR  N.M.R. (CD.sub.3).sub.2 SO: =7.9-7.2 (14H.m. 2 broad bands and 1 sharp
      singlet) 5.5 (2H.m. .beta.-lactam protons) 3.58  (2H.s. Ph.CH.sub.2.CO--)
      1.55 (6H.d. gem dimethyls).
PAR  Hydroxylamine assay=112.7%.
PAC  EXAMPLE 14.
PAR  3,3 Methyl Valerolactonyl ester of phenoxymethylpenicillin.
PAR  The potassium salt of phenoxymethylpenicillin (5.8g, 0.015m) was dispersed
      in dry dimethylformamide (50 mls) and the mixture was chilled to
      0.degree.C. A constant stream of nitrogen was bubbled through the mixture
      and freshly prepared crude 3-chloro-3-methyl-butyrolactone (2.1 gms,
      0.015m) was added to one portion together with a catalytic quantity of
      sodium iodide. The reaction was maintained at 0.degree.C for 15 minutes,
      allowed to warm to room temperature and then continued for a further 30
      minutes. The whole mixture was then poured into ice water and the white
      precipitate obtained was filtered, washed with water and dried in vacuo to
      yield a brown solid (3.2gms. 48%) Biochromatographic evidence showed the
      product was composed of the required ester (Rf 0.95) together with a small
      quantity of the parent penicillin (Rf 0.65).
PAR  The product was further purified by washing with sodium bicarbonate
      solution (1N) and finally recrystallising from warm isopropanol
PAR  C.sub.21 H.sub.24 O.sub.7 N.sub.2 S requires C 56.25; H 5.58; N 6.25; S
      7.14. found C 56.17; H 5.45; N 6.00; S 7.39.
PAR  n.m.r. (CDCl.sub.3)
PAR  6.7-7.6 (6H.m. NHCO + phenyl aromatics)
PAR  5.5-5.9 (2H.m. .beta.-lactams)
PAR  4.58 (2H.s. PhO.CH.sub.2)
PAR  4.43 (1H.s. C-3 proton)
PAR  2.0-2.95 (4H.m. butyrolactone methylene protons)
PAR  1.85 (3H.d. CH.sub.3 -C-O
PAR  1.58 (6H.s. gem-dimethyls)
PAR  i.r. (Kbr) Strong bands at 1780 cm.sup.-.sup.1, 1750 cm.sup.-.sup.1, 1685
      cm.sup.-.sup.1, 1078 cm.sup.-.sup.1.
PAC  EXAMPLE 15.
PAR  3,3-Methyl phthalide ester of benzylpenicillin. Method.
PAR  As in Example 14. Crude yield (containing benzylpenicillin as indicated by
      biochromatogram Rf 0.60) 65%.
PAR  Following further purification by chromatography on silica gel using ethyl
      acetate petroleum ether (60.degree.-80.degree.) (4:1) as elutant and
      treatment with sodium bicarbonate solution, a product was obtained as an
      amorphous white solid from ether/petroleum ether (40.degree.-60.degree.C).
PAR  C.sub.25 H.sub.24 O.sub.6 N.sub.2 S requires C 62.50; H 5.00; N 5.83 found
      C 61.89; H 5.23; N 6.05
PAR  n.m.r. (CDCl.sub.3)
PAR  8.1-7.5 (4H.m. phthalide aromatics)
PAR  7.3 (5H.s. phenyl aromatics)
PAR  6.35-5.9 (I.H.m. broad NH CO)
PAR  5.80-5.30 (2.H.m. .beta.lactams)
PAR  4.3 (I.H.m. C-3)
PAR  3.63 (2H.s. PhCH.sub.2)
PAR  2.00 (3H.d. O.C-CH.sub.3)
PAR  1.45 (6H.s. gem dimethyls).
PAR  i.r. (KBr) strong bands at 1780 cm.sup.-.sup.1, 1665 cm.sup.-.sup.1 1285
      cm.sup.-.sup.1, 925 cm.sup.-.sup.1.
PAC  EXAMPLE 16.
PAR  3-Methyl phalide ester of 6-[D(-).alpha.-aminophenylacetamido]penicillanic
      acid hydrochloride.
PAR  Method.
PAR  The 3,3 methyl phthalide ester of phenoxymethylpenicillin (Example 14) was
      cleaved by known methods using PCl.sub.5 followed by treatment with
      methanol and hydrolysis to give the corresponding 6APA ester. The product
      was isolated as the para-toluene sulphonate salt.
PAR  the 6APA ester was then acylated using
      D(-)N-(1-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetate via the
      ethoxy formic mixed anhydride and isolated as the
      6[D(-).alpha.-aminophenylacetamide]penicillanic acid hydrochloride salt
      following treatment with dilute hydrochloric acid.
PAR  i.r. (KBr) strong bands at 1780 cm.sup.-.sup.1, 1675 cm.sup.-.sup.1, 1495
      cm.sup.-.sup.1.
PAC  EXAMPLE 17.
PAR  3-Methyl Phthalide Ester of Phenoxymethylpenicillin via the mixed anhydride
      route.
PAR  Method.
PAR  The potassium salt of phenoxymethylpenicillin (11.64g, 0.03m) was dispersed
      in dry methylene dichloride (200 mls) and the mixture chilled to
      -5.degree.C. To the stirred suspension, ethyl chloroformate (3.24g, 0.03m)
      was added dropwise together with a catalytic quantity of pyridene. The
      mixture was stirred at -5.degree.C for 30 minutes.
PAR  o-Acetyl benzoic acid (4.92gm 0.03m) was dissolved in dry ethyl acetate
      (150 mls) and the solution was then added to the reaction mixture. The
      reaction was continued at ambient temperature for 18 hours.
PAR  The solvent was evaporated in vacuo to yield a mobile straw coloured syrup.
      The syrup was dissolved in ethyl acetate (250 mls) and washed successively
      with dilute bicarbonate solution (100 mls, 0.25N) and water (100 mls) and
      then dried over anhydrous magnesium sulphate. The drying agent was
      filtered off and the solvent removed in vacuo to yield a foam.
PAR  T.l.c. and n.m.r. evidence showed the product to be the required ester
      contaminated with some small degree with unknown materials. The ester was
      therefore further purified by column chromatography using silica gel and
      ethyl acetate, petroleum ether (60.degree.-80.degree.C) (4:1 ratio) as
      elutant. The appropriate eluted fractions were combined and the solvent
      evaporated in vacuo to yield a gum. An amorphous solid was obtained by
      firstly triturating the gum with anhydrous ether and then with an acetone,
      ether mixture and pouring the respective solutions into petroleum ether
      (40-60). Yield 4.7g (31%).
PAR  C.sub.25 H.sub.24 O.sub.7 N.sub.2 S requires C 60.48; H 4.84; N 5.64 found
      C 60.06; H, 4.90; N 5.70.
PAR  n.m.r. (CDCl.sub.3)
PA1  .delta. 8.0-7.5 (4H.m. phthalide aromatics)
PA1  .delta. 7.5-6.75 (6H.m. NHCO + phenyl aromatics)
PA1  .delta. 5.85-5.4 (2H.m. .beta.-lactams).
PA1  .delta. 4.55 (2H.s. OCH.sub.2)
PA1  .delta. 4.39 (ih.d. C-3 proton)
PA1  .delta. 2.00 (3.H.d. CO.OC-CH.sub.3)
PA1  .delta. 1.65-1.35 (6.h.m. gem dimethyls).
PA1   i.r. (KBr) strong bands at 1780 cm.sup.-.sup.1, 1685 cm.sup.-.sup.1, 1285
      cm.sup.-.sup.1 and 925 cm.sup.-.sup.1.
PAR  Biochromatogram: Rf 0.95.
PAC  EXAMPLE 18.
PAR  3-Methyl phthalide ester of phenoxymethylpenicillin via the corresponding
      ester of benzene sulphonic acid.
PAR  Method.
PAR  o-Acetyl benzoic acid (4.92g, 0.03m) was dispersed in dry ethyl acetate
      (100 mls) and chilled to 0.degree.C. Dry pyridene (2.37g. 0.03m) was then
      added to the stirred suspension followed by the dropwise addition of
      benzene sulphonyl chloride (5.31g., 0.03m). The mixture was allowed to
      stand for a protracted period at 4.degree.C.
PAR  The reaction contents were warmed to ambient temperature and the potassium
      salt of phenoxymethylpenicillin (11.64g 0.03m) was added with stirring.
      The reaction was then allowed to continue for a further 18 hours.
PAR  The mixture was filtered to yield a yellow filtrate and a solid residue;
      the latter was discarded. The filtrate was washed with dilute sodium
      bicarbonate solution (3 .times. 100 mls, 2% w/v), water (2 .times. 100
      mls) and brine and finally dried over anhydrous sodium sulphate. The
      solution was then filtered and the solvent evaporated in vacuo to yield a
      yellow syrup. The syrup was dissolved in the minimal quantity of acetone,
      diluted with ether and the solution was then poured into excess petroleum
      ether (40.degree.-60.degree.C) affording an amorphous yellow solid. The
      product was filtered, washed with petroleum ether and dried in vacuo
      (Yield: 2.5g, 17%). The ester was characterised by n.m.r. and i.r. and
      displayed spectra identical to that of an authentic sample.
PAC  EXAMPLE 19.
PAR  a. Preparation of o-acetyl phenyl acetic acid.
PAR  Method.
PAR  3-Methyl indene was prepared by dehydrating the carbinol, with acid, formed
      from the Grignard reaction of 1-indanone with methyl magnesium iodide.
      o-acetylphenyl acetic acid was prepared from 3-methyl indene by a
      dichromate oxidation in 58% yield.
PAR  b. Preparation of the 1-methyl-isochroman-3-one ester of
      phenoxymethylpenicillin.
PAR  Method.
PAR  To a stirred suspension of phenoxymethylpenicillin potassium salt (7.76g.
      0.02M) in methylene dichloride (100-1) at -5.degree.C was added pyridine
      (6 drops) and ethyl chloroformate (1.91 ml: 0.02M). The mixture was
      stirred at -5.degree. for one-half hour. A suspension of o-acetyl phenyl
      acetic acid (3.56g: 0.02M) in dry methylene dichloride (50 ml) was added.
      The reaction mixture was stirred at -5.degree. for one-half hour and then
      allowed to warm to room temperature and stirred for a further 4 hours. The
      now almost clear solution was water washed, dried over magnesium sulphate,
      filtered and the solvent evaporated in vacuo to give a solid foam.
PAR  Yield: 2.0g = 15.6%
PAR  The biochromatogram showed a zone R.sub.f = 0.94 which was the ester, it
      also showed signs of hydrolysis in the form of streaking to a zone or
      R.sub.f = 0.63 which was the parent penicillin.
PAR  I.R. spectrum (nujol mull) showed inter alia strong bands at: 705
      cm.sup..sup.-1, 765 cm.sup..sup.-1, 1215 cm.sup..sup.-1, 1495
      cm.sup..sup.-1, 1735 cm.sup..sup.-1, and 1780 cm.sup..sup.-1.
PAR  NMR spectrum (CD.sub.3).sub.2 SO+D.sub.2 O showed bands at:
PA1  .delta. = 1.52 (doublet = gem di methyls)
PA1  .delta. = 2.10 (singlet = 1-methyl group)
PA1  .delta. = 3.85 (singlet = Ph-OCH.sub.2 CONH--)
PA1  .delta. = 4.67 (broad singlet = CH.sub.2 of lactose ring)
PA1  .delta. = 5.00 (broad singlet - C.sub.3 proton)
PA1  .delta. = 5.58 (multiple = .beta.-lactam protons)
PA1  .delta. = 6.80-7.50 (broad multiplet = aromatic protons.)
PAC  EXAMPLE 20.
PAR  Peri-naphthalide Ester of Phenoxy-methyl penicillin.
PAR  Phenoxymethyl penicillin, potassium salt (15.52 gms; 0.04 mole) in dry
      methylene dichloride (200 mls) was cooled to -5.degree.C and treated with
      ethyl chloroformate (4.34 gm; 3.82 ml; 0.04 mole) and pyridine (0.4 ml)
      and stirring continued for 1 hour at -5.degree.C.
PAR  Peri-naphthalaldehydic acid (200 ml) was added to the mixed anhydride
      solution and the mixture stirred for 4 hours at room temperature.
PAR  The mixture was filtered through Celite washed with N/2 sodium bicarbonate
      solution (100 ml), water (100 ml) and saturated brine (100 ml), and dried
      over anhydrous magnesium sulphate. The solution was evaporated in vacuo to
      low volume and poured into 40.degree.-60.degree. petrol (3 lit.) with
      vigorous stirring. The solid was filtered, washed with petrol and dried.
PAR  Yield 3.1 gms 14.6%
PAR  I.R. Spectrum (KBr disc) shows the following inter alia strong bands:
PAR  1780 cm.sup..sup.-1, 1740 cm.sup..sup.-1, 1513 cm.sup..sup.-1, 1256
      cm.sup..sup.-1, 1241 cm.sup..sup.-1, 1074 cm.sup..sup.-1, 782
      cm.sup..sup.-1, 757 cm.sup..sup.-1.
PAR  N.M.R. Spectrum ((CD.sub.3).sub.2 SO) shows the following peaks:
PA1  .delta. = 1.50 (6H.m. Gem-dimethyls)
PA1  .delta. = 4.55 (IH.d J=2,5Hz, C.sub.2 proton)
PA1  .delta. = 4.68 (2H.s. PhOCH.sub.2 --)
PA1  .delta. = 5.59 (2h.m. .beta.-lactams)
PA1  .delta. = 5.8-8.7 (13H.m. Naphthalide aromatics, Phenoxy-aromatics
      Naphthalide C.sub.3 protons. --CO-NH--(removable with D.sub.20)
TBL  Analysis for C.sub.28 H.sub.24 N.sub.2 O.sub.7 S                          
                      C       H     N     S                                    
     Required  %      63.16   4.51  5.26  6.0.                                 
     Found     %      62.57   4.57  4.30  4.36                                 
                      61.76   5.02  4.57  4.24                                 
PAC  EXAMPLE 21.
PAR  3-Phenyl phthalide ester of Phenoxymethylpenicillin.
PAR  The potassium salt of phenoxymethylpenicillin (7.76g, 0.02m) was dispersed
      in dry dimethyl formamide (75 mls) at ambient temperature. The acid
      chloride of o-benzoyl benzoic acid (4.9g, 0.02 m) was added to the stirred
      suspension and the reaction was continued at room temperature for 4 hours.
PAR  The reaction mixture was then poured into ice water (600 mls) and the brown
      precipitate which was obtained was extracted into chloroform (4 .times.
      400 mls). The chloroform solution was washed successively with water (3
      .times. 200 mls), dilute sodium bicarbonate solution (2 .times. 200 mls,
      2% w/v), water (2 .times. 200 mls) and finally brine. The solution was
      then dried (Na.sub.2 SO.sub.4), filtered and diluted with petroleum ether
      (40.degree.-60.degree.C). A small quantity of a flocculent precipitate was
      obtained which was filtered and discarded. The filtrate was dripped slowly
      into an excess of petroleum ether (40.degree.-60.degree.C) to yield a
      brown amorphous solid. Yield 2.4g (21%).
PAR  Biochromatographic evidence showed the product to be the required ester (Rf
      0.95). T.l.c. data showed the product to contain a small quantity of the
      parent acid chloride intermediate; this latter result was also reflected
      in the n.m.r. data.
PAR  n.m.r. ((CD.sub.3).sub.2 SO).
PA1  .delta. 8.15 - 6.75 (14h m. phthalide aromatics 10 phenyl aromatics + 3H
      due to impurity - presumably acid chloride intermediate).
PA1  .delta. 5.85 - 5.4 (2.H. m. .beta. lactams)
PA1  .delta. 4.8 - 4.55 (3.H. m. C-3 proton plus -OCH.sub.2)
PA1  .delta. 1.53 (6h. d. gem. dimethyls).
PAC  EXAMPLE 22.
PAR  Phthalide Ester of Azidocillin.
PAR  To a suspension of the medium salt of azidocillin (6.64g) in 30 mls of
      dimethylformamide was added at room temperature. 3.10g. of
      3-bromonaphthalide as a solution in 10 ml. of dimethylformamide. The
      suspension was stirred over night at room temperature at the end of which
      a clear solution remained. This was poured into iced water, acidified and
      extracted with ethyl acetate. The organic layer was washed with sodium
      bicarbonate, brine, dried over Mg SO.sub.4 and stripped to leave a yellow
      gum. 7.3 gm, 96% yield. an analytically pure sample could be obtained as a
      white sticky gum by chromatography as silica gel, and identified as the
      phthalide ester of [D].alpha.-azidobenzyl pencillin penicillin the basis
      of the following properties.
TBL  ______________________________________                                    
     Hydroxylamino assay 105.1%                                                
     I.R. (neat) .nu. max                                                      
                     = 3280  (NH)      cm.sup.-.sup.1                          
                     = 2120  (N.sub.3)  "                                      
                     = 1775  (.beta.-CO)                                       
                                        "                                      
                     = 1725  (ester)    "                                      
                     = 1680  (amide)    "                                      
                     = 1595  (aromatic)                                        
                                        "                                      
     NMR (CDCl.sub.3) .delta.                                                  
                  = 1.61   (6H, gem dimethyl)                                  
                  = 4.52   (2 singlets, C.sub.3 --H)                           
                  = 5.11   (singlet, C.sub.2 --H)                              
                  = 5.56   (split quartet, C.sub.6, C.sub.5 protons)           
                           J = 4 cps.                                          
                  = 2.1-2.6                                                    
                           (9 aromatic protons,                                
                           phthalide C.sub.3 --H)                              
     ______________________________________                                    
      ##EQU20##
PAC  EXAMPLE 23.
PAR  Phthalide ester of hetacillin (I).
PAR  Method.
PAR  Hetacillin (2g, 0.0051 m) together with triethylamine (0.72 mls, 0.0051 m)
      were dispersed in dry dimethylformamide (25 mls) and the suspension was
      chilled to 0.degree.C. To the stirred mixture, 3-bromophthalide (1.09g,
      0.0051 m) was added in one portion. The cooling bath was then removed and
      the reaction allowed to warm to ambient temperature. The reaction was
      continued for 90 minutes.
PAR  The resulting mixture was then poured in ice water; the white precipitate
      obtained was filtered, washed extensively with water and finally freeze
      dried to yield a white amorphous solid.
PAR  Yield 1.33g 51%.
PAR  n.m.r. ((CD.sub.3).sub.2 SO)
PA1  .delta. 7.88 (4.h.m. phthalide aromatics)
PA1  .delta. 7.62 (I.H.d. CO.O CH O)
PA1  .delta. 7.6-7.15 (5.h.m. phenyl aromatics)
PA1  .delta. 5.50 (IH d. J 4Hz C-6 proton)
PA1  .delta. 5.19 (IH d J 4Hz C-5 proton)
PA1  .delta. 4.65 (IH.s. PhCH NH)
PA1  .delta. 4.58 (ih.s. C-3 proton)
      ##EQU21##
PAR  i.r. (Nujol) strong bands at 1785 cm.sup..sup.-1, 1700 cm.sup..sup.-1 and
      980 cm.sup..sup.-1.
PAR  Biochromatogram: Rf 0.85 (ester) together with trace amount of the parent
      penicillin Rf 0.33.
PAC  EXAMPLE 24.
PAR  Phthalide ester of D,L .beta.-amino-.beta.-cyclohex-3-enyl ethyl
      penicillin.
PAR  A solution of cyclohex enecarboxaldehyde (55g., 0.5m), malonic acid (52g.,
      0.5m) and ammonium acetate (77g., 1.0m) in 95% ethanol in water (150 ml.)
      was refluxed between 70.degree.-80.degree.C for 24 hours. On cooling, a
      white solid precipitated out of the reaction mixture. This was collected,
      washed with acetone and desiccated over phosphorous pentoxide for 24
      hours. The filtrate was reduced in volume and diluted with acetone
      resulting in a further batch of product being isolated.
PAR  Both crops were identified as D,L .beta.-amino .beta.-cyclohex-3 enyl
      propionic acid (m.p. 208.degree.-210.degree.C, 60g., 70% yield); Found: C
      63.66 H 9.05 N 8.15% C.sub.9 H.sub.15 N O.sub.2 requires C 63.9 H 8.77 N
      8.27 %; .nu.(mull) 1630 C=C, 1550 cm.sup..sup.-1 CO.sub.2.sup.-  ;
      .delta.(D.sub.2 O+DCl) 5.8 (2H,S (3,4 vinyl protons) 3.6 (H,M,.beta.
      proton) 2.8 (2H,S and q, .alpha. protons) 2.0 (7H,m, cyclohexyl protons);
      zero optical rotation.
PAR  The sodium salt of D,L .beta.-amino .beta.-cyclohexzenyl propionate was
      prepared in situ by addition of the .beta.-amino acid (16.9g., 0.1m) to a
      solution of sodium (2.3g 0.1m) in absolute ethanol (150 ml). Methyl
      acetoacetate (11.6g., 0.1m) was added and the reaction mixture heated
      under reflux for 3 hours. The reaction mixture was filtered while still
      hot and, in cooling, white needles of the enamine derivative were
      obtained. These were collected, washed with ether and desiccated for at
      least 48 hours over anhydrous calcium chloride in a vacuum oven at
      70.degree.C. This gave sodium D,L .beta.-amino
      (N-methoxy-carbonylpropen-2-yl).beta.-cyclohex-3-enyl propionate in
      quantitative yield (m.p. 186.degree.-1.degree.C) Found: C 58.1 H 6.91 N
      4.85% C.sub.14 H.sub.20 N O.sub.4 No requires C 57.85 H 7.0 N 4.77;
      .nu.(KBr) CO.sub.2 Ml 1640, CO.sub.2 --1580 cm.sup.-.sup.1 ; .delta.
      (CD.sub.3).sub.2 SO 9.0 (H,d,NH), 5.78 (2H, S, C.sub.3,4 vinyl protons),
      4.25 (H,S, enamine vinyl protons), 3.6 (H,m,.beta. protons) 3.5 (3 H,S,
      methoxy protons), 2.0-1.7 (10H,m, enamine methyl and cyclohexyl protons);
      zero optical rotation. Ethyl chloroformate (0.74g 5 mM) and N-methyl
      morpholine (1 drop) were added to a suspension of sodium .beta.-amino
      (N-methoxycarbonylpropen-2yl) .beta.-cyclohex-3-enyl propionate (1.48g, 5
      mM) in anhydrous acetone (40 ml) at -20.degree.C. The reaction mixture was
      stirred for 20 minutes at -5.degree. to -10.degree.C. yielding the mixed
      anhydride derivative.
PAR  p-Toluenesulphonate salt of phthalide 6-amino penicillinate (2.6g, 5 mM) in
      anhydrous acetone (20 ml) was neutralised with triethylamine (0.7 ml) and
      cooled to -20.degree.C. The mixed anhydride solution at -30.degree.C was
      added and the resultant cloudy mixture stirred for an hour, its
      temperature being allowed to reach 20.degree.C.
PAR  The acetone was removed in vacuo and the residue yellow gum was dissolved
      in 50% mixture of ethyl acetate and water (100 ml). This was adjusted to
      pH 1.5 with 5N hydrochloric acid and maintained at this pH for 30 minutes.
      The phases were separated and the yellow ethyl acetate layer washed with
      water (3 .times. 25 ml), saturated brine (50 ml) and filtered through a
      silicone treated filter paper. A light yellow gum was obtained on
      evaporation of the solvent in vacuo. This on trituration with anhydrous
      ether gave a light yellow solid - the phthalide ester of D,L .beta.-amino
      .beta.-cyclohex-3-enyl ethyl penicillin in 70% yield m.p. 120 dec .nu.
      (KBr) .beta. lactam, ester C=O 1780, 2.degree. amido 1650, CO.sub.2 .sup.-
      1600 cm.sup.-.sup.1 .delta. (CD.sub.3).sub.2 CO 8.0-7.3 (m, phenylprotons)
      5.65 (m .beta.-lactam, vinyl protons) 2.0 - 1.0 (m , cyclohexyl and gem
      dimethyl protons). Biochromatogram (n Butanol/ethanol) of the penicillin
      showed a single zone Rf. 0.95 and its purity by hydroxylamine assay 74.2%.
PAC  EXAMPLE 25
PAR  Phthalide Ester of D(-).alpha.-guanidino-p-hydroxybenzyl penicillin
      hydrochloride.
PAR  A solution of D(-).alpha.-guanidino-p-hydroxyphenyl acetic acid
      hydrochloride (2.45 g., 0.01 M) in dimethylformamide (12 ml.) was added to
      a stirred solution of phthallyl-6-aminopenicillanate (3.48g., 0.01M) and
      dicyclohexylcarbodiimide (2.06 g., 0.01M) in dry methylene chloride (30
      ml.) over a period of 5 minutes. The reaction mixture was stirred in a
      cold water bath for 11/2 hours, then in an ice-bath for 1 hour. The
      precipitate of dicyclohexylurea was filtered off, and the filtrate washed
      with N hydrochloric acid (2 .times. 30 ml.) and brine (30 ml.). The
      organic layer was separated, dried (MgSO.sub.4) and added dropwise to
      stirred dry ether (500 ml.). The product (3.80 g., 66%) was filtered off
      washed with ether and dried in vacuo.
PAR  N.m.r. (CD.sub.3).sub.2 SO = .delta. 1.50 (6H.m. gemdimethyls); 4.53 (1
      H.s. C.sub.3 proton); 5.47 (2H.s. .beta.-lactams); 5.63 (1H.d.
      .alpha.-proton); 6.76 (2H.d. p-OH aromatic protons); 7.24 (2H.d. p-OH
      aromatic protons); 7.44 (broad singlet NH protons)*; 7.60 (1H.s. HX of
      phthalide group); 7.90 (4H.m. phthalide aromatic protons); 9.00 (1H. NH
      proton)* p.p.m.
FNT  *Exchange with D.sub.2 O
PAC  EXAMPLE 26
PAR  Phthalide Ester of DL .alpha.-guanidino-4-hydroxy-3-methylbenzyl penicillin
      hydrochloride.
PAR  The penicillin was prepared by dicyclohexylcarbodi-imide coupling of
      DL-.alpha.-guanidino-4-hydroxy-3-methylphenylacetic acid hydrochloride
      (1.30g., 0.005 mol.) and phthallyl-6-aminopenicillinate (1.74g., 0.005
      mol.) in the manner described in Example 25. The yield of product was 1.40
      g. (48%) N.m.r. (CD.sub.3).sub.2.SO. .delta. = 1.57 (6H.m. gemdimethyls);
      2.14 (3H.s. 3-methyl); 4.61 (1H.d. C.sub.3 proton); 5.54 (2H.d.
      .beta.-lactam); 5.65 (1H.d. .alpha.-proton); 6.99 (3H.m. aromatic
      protons); 7.49 (4H.s. NH protons)*; 7.66 (1.H.s. --COOCH=); 7.90 (4H.m.
      phthalide aromatic protons) 9.07 (1H. broad singlet. NH proton)*; 9.56
      (1H.s. NH proton)* p.p.m.
FNT  * Exchange with D.sub.2 O
PAC  EXAMPLE 27
PAR  Phthalide Ester of DL .alpha.-guanidino-4-hydroxy-2-methylbenzylpenicillin
      hydrochloride.
PAR  Following the procedure described in Example 25,
      DL-.alpha.-guanidino-4-hydroxy-2-methylphenylacetic acid hydrochloride
      (1.30g., 0.005 mol.) was coupled to the phthalide ester of
      6-aminopenicillinic acid (1.74g., 0.005 mol.) in the presence of
      dicyclohexylcarbodiimide. The yield of product was 1.20g. (41%). N.m.r.
      (CD.sub.3).sub.2 SO .delta. = 1.52 (6H.d. gemdimethyls); 2.28 (3H.s.
      2-methyl); 4.55 (1 H.d. C.sub.3 proton); 5.66 (3H.m. .beta.-lactam and
      .alpha.-proton); 6.61 (2H.m. aromatic protons); 7.19 (1H.m. aromatic
      proton); 7.47 (4H.m. NH protons)*; 7.60 (1H.s. --COOCH=), 7.88 (4H.m.
      phthalide aromatic protons); 8.78 (1H. broad singlet. NH proton) p.p.m.
FNT  *Exchange with D.sub.2 O
PAC  EXAMPLE 28
PAR  Phthalide ester of .alpha.-sulphobenzylpenicillin sodium salt.
PAR  Phthalide 6-aminopenicillanate (6.96g. 0.02 mol.) was dissolved in acetone
      (100 ml), cooled in an ice bath and treated with a 0.6M solution of
      .alpha.-sulphphenylacetylchloride in ether (33.3 ml., 0.02 mol.). The
      solution was adjusted to pH6.5 by the addition of N aqueous sodium
      hydroxide solution and stirred for 30 minutes. Phenylacetylchloride (2 ml)
      was added, the solution readjusted to pH6.5 then stirred for a further
      hour. The solvents were removed in vacuo and the residue diluted with
      water (100 ml.). This aqueous solution was washed with ether (2 .times.
      200 ml.) and saturated with sodium chloride whereon an oil separated. The
      oil was collected and the aqueous phase extracted with ethyl acetate (2
      .times. 100 ml.). The oil and ethyl acetate extracts were combined, washed
      with saturated brine (100 ml) and evaporated to dryness to give a yellow
      solid (6.28g.). This solid was dissolved in water (200 ml.), washed with
      ether (2 .times. 200 ml.), filtered through celite and the solution
      saturated with sodium chloride. The precipitated oil was extracted with
      n-butanol (200 ml.) and washed with water (2 .times. 50 ml.). Evaporation
      of the n-butanol solution yielded the phthalide ester of
      .alpha.-sulphobenzylpenicillin sodium salt (1.32g., 11.5%). EXAMPLE 29.
PAR  a. Phthalide ester of .alpha.-(benzyloxycarbonyl)benxyl penicillin
PAR  Phthalide ester of 6-aminopenicillanic acid from the p-toluene sulphonate
      salt (5g.) was dissolved in acetone (50ml.) cooled to 0.degree. and
      treated with triethylamine (1.4ml). Monobenzylphenylmalonate (2.7g) was
      converted to the acid chloride by refluxing with thionyl chloride. excess
      thionyl chloride was removed by evaporation under reduced pressure and the
      residue dissolved in dry acetone (20ml.). This solution was added to the
      6-aminopenicillanic acid ester and stired for 1 hour at 0.degree..
      Filtration of the reaction mixture followed by evaporation under reduced
      pressure gave a residue which was dissolved in ethyl acetate (100ml.). The
      solution was washed with N hydrochloric acid (10ml.) and filtered to
      clarify. The filtrate was washed with N sodium bicarbonate (10ml.)
      followed by water (30ml.), dried over anhydrous magnesium sulphate and
      evaporated to give an oil. Trituration of this oil with di-isopropyl ether
      followed by petroleum ether gave a yellow solid in 50% yield.
PAR  N.m.r. (CD.sub.3).sub.2 SO: = 1.54 (6H.d. gem dimethyls) 4.53 (1H.m.
      C.sub.3 proton) 5.15 (3H.m. benzylmethylene and .alpha.-proton) 5.50
      (2H.m. .beta.-lactam) 7.36 (10H.m. phenyls) 7.60 (1H.s. --COOCH= ) 7.85
      (4H.m. phthalide aromatic.)ppm.
PAR  b. Phthalide ester of .alpha.-carboxybenzylpenicillin
PAR  Phthalide ester of .alpha.-carboxybenzylpenicillin (2.9) in methanol
      (100ml.) was added to a prehydrogenated mixture of 5% palladium on calcium
      carbonate (9g.) in ethanol (50ml.) and hydrogenation continued until no
      more hydrogen was absorbed. The mixture was filtered through Celiteand
      evaporated to dryness. The residue was mixed with water (25ml.) and ethyl
      acetate (15ml.) and N sodium bicarbonate added to bring the pH to 7.0. The
      layers were separated and the aqueous phase was washed with ethyl acetate,
      acidified to pH 1.5 with N hydrochloric acid and extracted with ethyl
      acetate. Evaporation of the dried organic layer gave a yellow foam which
      after trituration with petroleum ether gave a yellow solid 0.7g (27%).
PAC  EXAMPLE 30.
PAR  Phthalide D(-)-.alpha.-amino-3-thienylacetamidopenicillanate.
PAR  A mixture of anhydrous D(-)-.alpha.-amino-3-thienylacetamidopenicillanic
      acid (11.83g. 0.033m.)and triethylamine (4.73ml. 0.033M.) was stirred in
      acetone containing 1% of water (300ml.) at ambient temperature for
      one-half hour. Potassium bicarbonate (3.5g) and 3-bromophthalide (7.10g.
      0.033M.) were added at this stage to the penicillin salt and the mixture
      stirred at ambient temperature overnight. The triethylamine hydrobromide
      which precipitated during the course of the reaction was filtered off and
      the orange brown filtrate concentrated in vacuo to 50-75 ml. and added to
      ethyl acetate (250ml.). The ethyl acetate layer was washed twice with
      150ml. portions of 2% aqueous sodium bicarbonate and twice with 100ml.
      portions of water. The organic layer was mixed with water (200ml.) and the
      mixture vigorously stirred at pH 2.0-2.5 for 0.75 hour. The ester was
      salted out into the ethyl acetate layer by the addition of sodium chloride
      and the organic layer was separated and dried over anhydrous magnesium
      sulphate. After filtration the ethyl acetate was diluted with an equal
      volume of diethyl ether which precipitated the ester as a white amorphous
      hydrochloride salt in 42% yield, which was washed well with diethyl ether.
PAR  Hydroxylamine assay .noteq. 90.7%
PAR  C.sub.22 H.sub.22 N.sub.3 S.sub.2 O.sub.6 Cl requires
      C,50.40;H,4.21;N8.03;S,12.3;Cl,6.78. Found C,49.79;H4.16; N,7.57;
      S12.41;Cl,6.71.
PAR  i.r. (KBr disc0 strong bands at 1775 cm.sup.-.sup.1 i685 cm.sup.-.sup.1
      1284 cm.sup.-.sup.1 1212 cm.sup.-.sup.1 1150 cm.sup.-.sup.1 975
      cm.sup.-.sup.1
PAR  n.m.r. (CD.sub.3).sub.2 SO/D.sub.2 O = 8.0-7.10 (8H.m. aromatics and
      COOCH--O-- ) 5.15 (2H.m. .beta.-lactam protons) 5.28 (1H. broad singlet.
      .alpha.-proton) 4.55 (1H.s. C.sub.3 proton 1.50 (6H. d. gem dimethyls.)
PAC  EXAMPLE 31.
PAR  PHTHALIDE ESTER OF CLOXACILLIN(6-[3-O-chlorophenyl-5-methyl
      isoxazole-4-carbamido] penicillanic acid)
PAR  Sodium cloxacillin (14.3 g. 0.03M) was dispersed in dry dimethylformamide
      (400 mls). To the stirred mixture, 3-bromophthalide (6.39 g 0.03 M) was
      added in one portion and the reaction was continued for 2 hours at ambient
      temperature.
PAR  The resulting mixture was then poured into ice water; the white precipitate
      obtained was filtered and washed extensively with water, and finally
      freeze dried to yield a white amorphous solid. (15.2 g 89%).
      Biochromatographic evidence showed the product to be the desired ester
      (R.sub.f 0.95)
PAR  A small sample of the product was further purified by dissolving in ethanol
      and pouring the solution into excess petroleum ether
      (40.degree.-60.degree.C)
PAR  C.sub.27 H.sub.22 O.sub.7 N.sub.3 SCl required: C 57.20; H 3.86; N 7.41 S
      5.59; Cl 6.26 found C 56.40; H 3.99; N 7.13 Cl 6.53
PAR  n.m.r. [(CD.sub.3).sub.2 SO]
PA1  .delta. 8.41 (1 h. d NH CO Exchangeable D.sub.2 O)
PA1  .delta. 7.84 (4. h. m. phthalide aromatics)
PA1  .delta. 7.60 (1.H. s. CO.O CH)
PA1  .delta. 7.54 (5.h. s. phenyl aromatics)
PA1  .delta. 5.44-5.80(2.H. m. .beta. lactams)
PA1  .delta. 4.55 (1.H.s. C-3 proton)
PA1  .delta. 2.68 (3.H.s. CH.sub.3 on isoxazole ring)
PA1  .delta. 1.49 (6.H.s. gem dimethyls)
PA1  i.r. (Nujol) strong bands at 1780 cm.sup..sup.-1, 1670 cm.sup..sup.-1, 980
      cm.sup..sup.-1.
PAC  EXAMPLE 32.
PAR  Preparation of phthalide ester of 6
      [D-).alpha.-amino(p-hydroxyphenylacetamido]penicillanic acid
PAR  METHOD.
PAR  A solution of phthalide 6-aminopenicillanic acid p-toluenesulphonate (10.4
      g : 0.02 M) in ethyl acetate (500 ml) was thoroughly shaken with 2% sodium
      bicarbonate solution (314 ml), and then with water (225 ml containing 7 ml
      of 2% sodium bicarbonate solution). The organic layer was dried over
      magnesium sulphate, filtered and the solvent evaporated off in vaccuo to
      give a foam.
PAR  A suspension of enamine protected .alpha.-amino-p-hydroxy- phenyl acetic
      acid sodium salt (5.74 g : 0.04 M) in dry ethyl acetate (100 ml) was
      cooled to -15.degree. C with stirring. N-methylmorpholine (2.07 ml) and
      ethylchloroformate (3.81 ml : 0.04 M) were added, stirring was continued
      at 15.degree. C for 6 minutes.
PAR  An ice-cold solution of the 6-aminopenicillanic acid ester in dry ethyl
      acetate (100 ml) was then added, and the reaction mixture stirred at
      -12.degree.C to -14.degree.C for 10 minutes, and then at room temperature
      for one-half hour.
PAR  The reaction mixture was washed with N/2 sodium bicarbonate solution (40
      ml), water (2 .times. 20 ml) and then the organic layer was dried over
      magnesium sulphate. The magnesium sulphate was filtered off and the solent
      removed in vacuo to give a yellow foam.
PAR  The foam was dissolved in acetone (80 ml) and water (80 ml). The solution
      was vigorously stirred and the pH adjusted to 2.5 with 5 N hydrochloric
      acid. The acetone was evaporated off in vacuo and the aqueous extracted
      with ethyl acetate(80 ml). The organic layer was then diluted with petrol
      40.degree.-60.degree. (70 ml) and extracted with water at pH 3 (100 ml).
PAR  The combined aqueous extracts were saturated with solid sodium chloride and
      the oily upper layer removed. The oil was dissolved in iso-propanol (50
      ml) and filtered. The solution was then dripped into excess ether, and the
      resulting solid was then filtered off and dried.
PAR  Yield = 1.5 g = 14.0 % hydroxylamine assay = 94.9% I.R. spectrum showed
      inter alia strong bands at: (nujol mull) 985 cm.sup..sup.-1, 1220
      cm.sup..sup.-1, 1315 cm.sup..sup.+1, 1685 cm.sup..sup.+1, 1760
      cm.sup..sup.-1 and 1780 cm.sup..sup.-1
PAR  N.M.R. spectrum in (CD.sub.3).sub.2 SO + D.sub.2 O showed:
PA1  .delta. = 1.46 (singlet = 6H = gem di methyls)
PA1  .delta. = 4.55 (singlet = 1H = C.sub.3 proton)
      ##EQU22##
      .delta. = 7.20 to 8.00 (multiple bands = 9H = HO--Ph--CH-- + phthalide
      aromatics)
PAC  EXAMPLE 33.
PAR  a. 3-chloro-3-methylvalerolactone.
PAR  Prepared by the method of Wolffe, Annalen 229 271 in 78% yield.
PAR  b. Preparation of 3,3,methylvalerolactone ester of
      6[D(-)(N-methoxycarbonylpropene-2-yl)-2-aminophenylacetamido]penicillanic
      acid.
PAR  The potassium salt of
      6[D(-)(N-methoxycarbonylpropen-2-yl)-.alpha.-aminophenylacetamido]penicill
     anic acid (10.1 g 0.02m) was dispersed in dry acetone (250ml) and chilled
      to 0.degree.C. Nitrogen was bubbled slowly through the mixture and freshly
      prepared 3-chloro-3-methylvalerolactone (2.7g. 0.02m.) together with a
      catalytic amount of sodium iodide were added in one portion. The reaction
      was continued under nitrogen at 0.degree.C for 2 hours and then allowed to
      warm to room temperature and maintained for a further 5 hours.
PAR  The solvent was evaporated in vacuo and the residue dissolved in ethyl
      acetate and washed successively with water, sodium bicarbonate solution
      (2%w/v) and water. The solution was then dried over anhydrous magnesium
      sulphate, filtered and the solvent evaporated in vacuo to yield a yellow
      syrup. A white amorphous solid was obtained after trituration with
      petroleum ether (40.degree.-60.degree.). Yield 2.3 g (21%).
PAR  c. Preparation of 3,3 methylvalerolactone ester of
      6[D(-).alpha.-aminophenylacetamido]penicillanic acid, hydrochloride.
PAR  The ester prepared in (b) above (3.2g. 0.0057m) was dissolved in acetone
      (200ml) and the solution was diluted with water (150ml). The pH of the
      solution was reduced to 2.5 with dilute hydrochloric acid (5N) and
      maintained at this value for 20 mins.
PAR  The acetone was then evaporated in vacuo leaving a white precipitate in the
      aqueous phase. The residual aqueous mixture was extracted with ethyl
      acetate (160ml) and the phases were separated. The organic phase was
      diluted with petroleum ether (40.degree.-60.degree.) (40ml) and
      re-extracted with water at pH 3.0. The aqueous extract was separated and
      combined with the aqueous phase first obtained. The combined phses were
      then treated with solid sodium chloride (80g) and the saturated solution
      wqs stirred vigorously. An oily layer separated which was dissolved in
      isopropanol (75ml). A small amount of white solid was filtered off and
      discarded. The filtrate was then poured into excess anhydrous ether
      (1500ml) yielding a white flocculant precipitate. The precipitate was
      filtered, washed with anhydrous ether and petroleum ether
      (40.degree.-60.degree.) and dried.
PAR  Yield 22mg. (9%).
PAC  EXAMPLE 34.
PAR  5,6-Dimethoxyphthalide D,L-.alpha.-Amino-3-thienylmethyl Penicillanate,HCl.
PAR  D,L-.alpha.-Amino-3-thienylmethylpenicillin (7.1g. 0.02m.) and
      triethylamine (2.02g.2.8ml. 0.02m) were mixed with acetone (140ml.)
      containing 1% water. After stirring the suspension for 1/2hr. potassium
      bicarbonate (2g. 0.02m.) and 3-bromo-5,6-dimethoxyphthalide (5.46g 0.02m)
      were added and the mixture stirred vigorously at room temperature for 4
      hours.
PAR  The mixture was filtered through Celite and evaporated at room temperature
      to about 30mls. Ethyl acetate (200ml) was added and th the solution washed
      with 2% sodium bicarbonate solution (2 times with 40mls.), water (40ml)
      and then water (60ML) was added to the ethyl acetate layer and, with
      vigorous stirring, the pH was maintained at 1.8 by dropwise addition of 5N
      hydrochloric acid. The organic layer was separated, dried over anhydrous
      magnesium sulphate and poured into stirring dry ether. The solid was
      filtered, washed and dried.
PAR  A further quantity of solid was obtained by salting the acidic aqueous
      phase and pouring a propanolic solution of the resultant oil into ether.
PAR  Yield 2.5g. (21.4%)
PAR  hydroxylamine assay: 106.3%
PAR  i.r. spectrum: (KBr disc) Strong bands at 1750cm.sup..sup.-1
      1600cm.sup..sup.-1 1502cm.sup..sup.-1 1341cm.sup..sup.-1
      1288cm.sup..sup.-1 976cm.sup..sup.-1
PAR  n.m.r. spectrum (CD.sub.3).sub.2 SO: .delta. =1.51 (6H.m. gem dimethyls)
      3.93 (6H.s.--OCH.sub.3) 4.53 (1H.s.C.sub.3 proton) 5.27 (1H.broad
      s.)sharpening on D.sub.2 O exchange- .alpha. proton of thienylmethyl
      group) 5.57 (2H.m..beta.-lactams) 7.48 (6H.m.thienyl and phthalide
      aromatics and phthalide proton) 9.3-8.7 (4H.diffuse bands removed on
      D.sub.2 O exchange --CONH-- and --NH.sub.3 .sup.+)
PAC  EXAMPLE 35
PAR  Phthalide 6-[(hexahydro-1H-azepin-1-yl)-methyleneamino]-penicillanate,
      hydrochloride.
PAR  N-formylhexamethyleneimine (6.35 g) was dissolved in dry diethyl ether (200
      ml.). Oxalyl chloride (4.25 ml.) in dry diethyl ether (30 ml.) was added
      dropwise to the ethereal solution of the imine and the mixture stirred at
      0.degree.-5.degree. for one-half hour and at ambient temperatures for 6
      hr. The precipitated amide chloride was collected and washed well with dry
      ether and placed immediately in a dessicator containing P.sub.2 O.sub.5.
PAR  Phthalide 6-aminopenicillanate tosylate (11.44 g; 0.025 M - prepared via
      Delft cleavage of phthalide ester of penicillin G as described previously)
      was suspended in ethyl acetate (650 ml.) under continuous stirring and
      cooling in an ice-bath. A solution of ice-cold 2% sodium bicarbonate (450
      ml.) was added and the organic layer separated and shaken with ice-water
      (500 ml.) containing 2% sodium bicarbonate (10 ml.) and then dried over
      anhydrous magnesium sulphate. After filtration the solvent was evaporated
      in vacuo to yield the phthalide 6-aminopenicillanate as a foam. The foam
      was dissolved in chloroform (75 ml.) and triethylamine (7.0 ml) was added
      at -30.degree. to -40.degree.C. The chlorohexamethyleneiminium chloride
      (4.8g; 0.025M) in chloroform (35 ml.) was added dropwise at a temperature
      of ca. - 20.degree.C. After standing at -20.degree.C for one-half hour the
      temperature was raised to 0.degree. within one-half hour. The solution was
      evaporated to dryness in vacuo and the residue stirred with diethyl ether
      (300 ml.). undissolved triethylamine hydrochloride was filtered off and
      the solvent again evaporated in vacuo and the residue dissolved in isop
      (25 ml.). The solution was cooled to 0.degree.C with stirring and a
      solution of 8.5 N hydrogen chloride in isopropanol (2.5 ml.) was added.
      The product precipitated in 46% yield and was washed well with dry diethyl
      ether. The product was re-precipitated from methanol - diisopropyl ether
      with an 85% recovery.
PAR  Biochromatography:
PAR  1. single spot (with B.Sub) at R.sub.f = 0.88 (only after spraying with
      phenyl acetyl chloride).
PAR  2. single spot (with E.coli) at R.sub.f = 0.90. (which disappears on
      spraying with phenyl acetyl chloride). i.r. (KBr) strong bands at:
PAR  2940 cm.sup..sup.-1 1780 cm.sup..sup.-1 1680 cm.sup..sup.-1 1460
      cm.sup..sup.-1 1355 cm.sup..sup.-1 1282 cm.sup..sup.-1 1195 cm.sup..sup.-1
      1145 cm.sup..sup.-1 985 cm.sup..sup.-1 75 cm.sup..sup.-1
PAR  n.m.r. [(CD.sub.3).sub.2 SO/D.sub.20 ] : .delta. =7.85(4H. s. phthalide
      aromatics);
PA1  .delta. =7.62(1H. s. --COO CH -- OCO); .delta. =5.63(1H.s. C-5 proton);
PA1  .delta. =5.10 (1H.m. C-6 proton); .delta. =4.78(1H.s. C-3 proton);
      ##EQU23##
      =1.64 (14H.m.gem dimethyls and protons of azepin ring.) Hydroxylamine
      assay = 74.9 %.
PAC  EXAMPLE 36
PAR  a. Preparation of chlorodimethyforminimium chloride
PAR  Method
PAR  Oxalyl chloride (6.35g; 0.05 M) dissolved in dry ether (50+) was slowly
      added to a solution of dimethylformamide (3.65g : 0.05M) at 0.degree.C.
      The precipiate formed was filtered almost immediately and washed with dry
      ether. The solid was used immediately for the reaction below.
PAR  b. Preparation of phthalide 6-(N,N-dimethylformamidine-N'-)-penicillinate
      hydrochloride
PAR  Method
PAR  A solution of phthalide 6-aminopenicillanic acid p-toluenesulphonate salt
      (10.40g.: 0.02M) in ethyl acetate (500 ml.) was thoroughly washed with 2%
      sodium bicarbonate solution (314 ml.) and water (250 ml. containing 7ml.
      of 2% sodium bicarbonate solution). Dried over magnesium sulphate,
      filtered and the solvent removed in vacuo to give a foam.
PAR  The foam was dissolved in chloroform (75 ml.) and to it was added
      triethylamine (6.1 ml.) at -30.degree. to -40.degree.C. To the stirred
      solution was added chlorodimethylformiminium chloride (2.56g.: 0.02M) in
      chloroform (40 ml.). The tempeature was allowed to rise to 0.degree.C
      within 1 hour. The solution was then evaporated to dryness in vacuo and
      the residue treated with ether (300 ml.), and filtered. The ether was
      evaporated off in vacuo and the gum dissolved in isopropyl alcohol (20
      ml.). The solution was cooled to 0.degree.C. with stirring and 8.5N
      hydrogen chloride in isopropyl alcohol (2 ml.) was added. A solid was
      precipitated out with ether.
      ##EQU24##
PAR  I.R. spectrum (nujol mull) showed inter alia strong bands at:
PAR  760cm.sup..sup.-1, 980cm.sup..sup.-1, 1215cm.sup..sup.-1,
      1700cm.sup..sup.-1, 1740cm.sup..sup.-1 and 1780cm.sup..sup.-1  N.M.R.
      spectrum in (CD.sub.3).sub.2 50 D.sub.2 O showed:
PA1  .delta. = 1.50 (doublet = gem dimethyls)
PA1  .delta. = 3.20 (doublet = N,N-dimethyls)
PA1  .delta. = 5.21 (doublet = C.sub.3 proton)
PA1  .delta. = 5.62 (multiplet = .beta.-lactam protons)
PA1  .delta. = 7.61 (singlet = phthalide CH)
      ##EQU25##
PAC  EXAMPLE 37
PAR  .alpha.,.beta.-Bis Phthalide ester Carbenicillin (
     (d).alpha.-Carboxyphenylacetamido penicillanic acid)
PAR  The disodium salt of carbenicillin (6.33g.; 0.015M) was dispersed in
      dimethylformamide (100 ml.) at 0.degree.C. 3-Bromophthalide (6.39g; 0.03M)
      was added in one portion to the stirred suspension and allowed to react
      for a further one-half hour at 0.degree. and then for a period of 2 hours
      at ambient temperature.
PAR  The reaction mixture was poured into ice-cold water (1000 ml.) and the
      diester which precipitated out of the aqueous solution extracted into
      ethyl acetate (250 ml.) and washed with 2% sodium bicarbonate (2 .times.
      250 ml.) and water (2 .times. 250 ml.) and then dried over anhydrous
      magnesium sulphate. After filtration the ethyl acetate was concentrated in
      vacuo to ca 75ml. and diethyl ether (100 ml.) was slowly added to the
      stirred ethyl acetate solution to precipitate the diphthalide ester as a
      white amorphous solid in 85% yield.
PAR  Recrystallisation from ethanol gave the product as a white crystalline
      solid in 69% yield.
PAR  I.R. (KBr disc) strong bands at:
PA1  1780cm.sup.-.sup.1 1685cm.sup.-.sup.1 1510cm.sup.-.sup.1 1358cm.sup.-.sup.1
      1282cm.sup.-.sup.1 1215cm.sup.-.sup.1
PA1  1148cm.sup.-.sup.1 1050cm.sup.-.sup.1 975cm.sup.-.sup.1 750cm.sup.-.sup.1
PAR  N.M.V. [(CD.sub.3).sub.2 SO/D.sub.2 O] .delta. = 7.83 (8H. s. both
      phthalide aromatics); .delta. = 7.58 (1H. s. COO CH --) ; .delta. = 7.50
      (1H. s. COOCH--) .delta. = 7.37 (5H.s. phenyl aromatics); .delta. = 5.50
      (2H. s. .beta.-lactams aromatics) .delta. = 5.17 (1H. s. benzyl proton);
      .delta. = 4.52 (1H. s. C-3 proton); .delta. = 1.44 (6H. d. gem-dimethyls).
      Single spot on biochromatogram at R.sub.f = 0.90.
PAR  C.sub.32 H.sub.26 N.sub.2 O.sub.10 S requires C, 60.95; H, 4.03; N, 4.44;
      S, 5.08. found: C, 60.87; H, 4.06; N, 4.37 S, 5.04.
PAR  Hydroxylamine assay = 209.1%.
PAC  EXAMPLE 38
PAR  .alpha.,.beta.-Bisphthalide ester of
      6[D-.alpha.-carboxy-3-thienylacetamido]Penicillanic acid
PAR  The disodium salt of D-.alpha.-carboxy-3-thienylacetamido penicillanic acid
      (8.3g ; 0.02M) was dispersed in dry dimethylformamide (100 ml.) at
      0.degree.C. 3-Bromophthalide (8.52g; 0.04M) was added in one portion to
      the stirred suspension and allowed to react for a further one-half hour at
      0.degree. and then for a period of 2 hours at ambient temperatures.
PAR  The reaction mixture was poured into ice-cold water (1000 ml.) and the
      solid which precipitated immediately out of the aqueous solution was
      extracted into ethyl acetate (250 ml.) and washed with 2% sodium
      bicarbonate (2 .times. 250 ml.) and water (2 .times. 250 ml.) and then
      dried over anhydrous magnesium sulphate. After filtration the ethyl
      acetate was concentrated in vacuo to ca 70 ml. and diethyl ether (100 ml.)
      was slowly added to the stirred ethyl acetate solution to precipitate the
      diphthalide ester as a white amorphous solid in 90% yield.
      Recrystallisation from ethanol gave the product as a white crystalline
      solid in 70% yield.
PAR  i.v. (KBr disc) strong bands at:
PAR  1780cm.sup.-.sup.1 1685cm.sup.-.sup.1 1510cm.sup.-.sup.1 1358cm.sup.-.sup.1
      1282cm.sup.-.sup.1 1215cm.sup.-.sup.1 1148cm.sup.-.sup.1
      1050cm.sup.-.sup.1 975cm.sup.-.sup.1 750cm.sup.-.sup.1.
PAR  N.M.R. [(CD.sub.3).sub.2 SO/D.sub.20 ] .delta. = 7.85 (8H. broad singlet:
      both phthalide aromatics); .delta. = 7.58 - 7.15 (5H. m. thienyl aromatics
      and 2 proton in a COO CH-O-CO environment); .delta. = 5.50
      (2H.m..beta.-lactam protons); .delta. = 5.28 (1H. s. benzyl proton); 4.54
      (1H.s. C-3 proton); .delta. = 1.45 (6H. d. gem-dimethyls).
PAR  Single spot on biochromatogram at R.sub.f = 0.90.
PAR  C.sub.30 E.sub.24 N.sub.2 O.sub.10 S.sub.2 requires: C, 56.57; H,3.77; N,4.
      40; S, 10.06 found: C, 56.44; H,3.83; N,4.09 S, 9.73.
PAR  Hydroxylamine assay = 200.0%.
PAC  EXAMPLE 39
PAR  Bis Crotono Lactonyl Ester of 6[D-.alpha.-carboxy-3-thienyl acetamido]
      penicillanic acid
PAR  Method
PAR  The disodium salt of 6[D-.alpha.-carboxy-3-thienylacetamido]penicillanic
      acid (8.3g. 0.019 m.) was dispersed in dry dimethylformamide (100 ml.) and
      the suspension was chilled to 0.degree.C. Crude 3-bromo crotonolactone
      (8.0 g. 0.04m assuming 80% purity) was then slowly added to the stirred
      mixture over a period of some 5 minutes. The cooling bath was then removed
      and the reaction was continued at ambient temperature for 2 hours.
PAR  The reaction mixture was poured into ice-water (600 mls.) and the brown
      solid obtained was filtered and washed with water (pH 3.0). The residue
      was then treated with chloroform (400 ml.) and the insoluble materials
      filtered. The resulting brown coloured filtrate was washed with water (3
      .times. 150 mls), dried (MgSO.sub.4), filtered and the solvent evaporated
      in vacuo to yield a brown foam. A brown amorphous solid was obtained
      following trituration with petroleum ether (40.degree.-60.degree.C). Yield
      5.8 g. (56% based on penicillin).
PAR  The product was further purified by redissolving the compound in chloroform
      (50 mls.) and pouring the solution into excess cyclohexane (1000 mls.)
      n.m.r. (CDCl.sub.3 / D.sub.20).
PA1  .delta. = 7.38 (4h. m. 2 .times. 0.CH 0. plus 2 .times. CH=CH--CO)
PA1  .delta. = 7.18 (1h. m. CH=CH--5)
PA1  .delta. = 6.34 (2h. m. CH=CH--CO)
PA1  .delta. = 5.55 (2h. m. .beta.-lactams)
      ##EQU26##
      .delta. = 4.47 (1H. m. C-3 proton) .delta. = 1.52 (6H. s. gem dimethyls)
PAR  I.R. (KBr disc) strong bands at 1785cm.sup.-.sup.1 (shoulder
      1760cm.sup.-.sup.1), 1675cm.sup.-.sup.1, 1085cm.sup.-.sup.1,
      1005cm.sup.-.sup.1.
PAR  Biochromatogram: R.sub.f 9.95 and R.sub.f 0.6
PAC  EXAMPLE 40
PAR  Combination salt of
      6-[3-(2-chloro-6-fluorophenyl)-5-methyl-isoxazole-4-carbamido]penicillanic
      acid (Flucloxacillin) and phthalide
      D(-).alpha.-amino-phenylacetamidopenicillanate.
PAR  A solution of the sodium salt of flucloxacillin (4.76g ; 0.01M) in water
      (100 ml.) was mixed with a solution of phthalide
      D(-)-.alpha.-amino-phenylacetamidopenicillanate, hydrochloride in water
      (150 ml.) at ambient temperatures. Immediately a white amorphous solid
      precipitated which was collected, washed well with cold water and dried
      over P.sub.2 O.sub.5 in vacuo ti give an 85% yield of the combination
      salt.
PAR  Hydroxylamine assay = 182.5%
PAR  C.sub.43 H.sub.40 N.sub.6 S.sub.2 O.sub.11 Cl F requires C,55.22; H4.29;
      N,9.00; S,6.86 C,53.56; H,4.45; N,8.42; S,6.18.
PAR  I.R. (KBr disc) strong bands at 1780cm.sup.-.sup.1 1670cm.sup.-.sup.1
      1600cm.sup.-.sup.1 1500cm.sup.-.sup.1 1285cm.sup.-.sup.1 978cm.sup.-.sup.1
      895cm.sup.-.sup.1.
PAR  N.M.R. [(CD.sub.3).sub.2 SO/D.sub.20 ]: .delta. = 7.85 (4H.m. phthalide
      aromatics);
PA1  .delta. = 7.60 (1H. s. --CO.O CH--); .delta. = 7.52 (3H. s. Fluclox.
      aromatics);
PA1  .DELTA. = 7.46 (5H. m. phenylaromatics); .delta. = 5.47 (4H. m.
      .beta.-lactam protons);
PA1  .delta. = 5.00 (1H. s. .alpha.-proton from ampicillin moiety); .delta. =
      4.53 (1H. s. C-3 proton from ampicillin moiety); .delta. = 4.12 (1H. s.
      C-3 proton from flucloxacillin moiety); .delta. = 2.71 (3H. s. isoxazole
      5-methyl); .delta. = 1.48 (12H. m. gem dimethyls).
PAC  EXAMPLE 41
PAR  Salt of Flucloxacillin and Phthalide 6-[(hexahydro-1H-azepin-1-yl)
      methyleneamino]-penicillanate
PAR  A 10% aqueous solution of the sodium salt of flucloxacillin (4.76 g; 0.01
      M) and a 10% aqueous solution of phthalide
      6-[(hexahydro-1H-azepin-1-yl)methyleneamino]penicillanate, hydrochloride
      (4.93g; 0.01M) were mixed at ambient temperatures. Immediately a white
      amorphous solid precipitated which was collected, washed well with cold
      water and dried over P.sub.2 O.sub.5 in vacuo to give a 67% yield of the
      combination salt. Biochromatogram contained one spot at R.sub.f = 0.70
      (Flucloxacillin) (before spraying with phenylacetyl chloride) and 2 spots
      after spraying one at R.sub.f = 0.89 (amidino ester) and the other at
      R.sub.f = 0.70 (Flucloxacillin).
PAR  I.R. (Nujol) strong bands at : 1775cm.sup.-.sup.1 1675cm.sup.-.sup.1
      1460cm.sup.-.sup.1 1378cm.sup.-.sup.1 980cm.sup.-.sup.1 910cm.sup.-.sup.1
PAC  EXAMPLE 42
PAR  Phthalide 7-(2-thienylacetamido)cephalosporanate (cephalothin ester)
PAR  3-Bromophthalide (5.37 g; 0.025 M) was added to a stirred suspension of
      7-(2-thienylacetamido)cephalosporanate (10.45 g; 0.025M) in
      dimethylformamide (75 ml.) at 0.degree. and the mixture reacted for
      one-half hour at 0.degree.C and then for a further 1 hour at ambient
      temperatures, by which time a clear brown solution had formed. The
      reaction solution was added to ice cold water (ca. 1500 ml.) and stirred
      for 20 minutes and the creamy/white solid which precipitated collected and
      washed well with cold water and then freeze dried to give 10.5 g. of an
      amorphous powder. Biochromatogram indicated two spots one major at R.sub.f
      = 0.90 (ester) and a minor zone at R.sub.f = 0.39 (unreacted cephalothin).
PAR  Hydroxylamine assay = 73.6%.
PAR  The unreacted cephalothin was removed from the solid by dissolving it in
      the minimum amount of ethyl acetate and washing twice with 2% sodium
      bicarbonate and water. The organic layer was dried over magnesium sulphate
      (anhydrous) and the solvent evaporated in vacuo to yield a sticky solid
      which solidified upon trituration with a mixture of diethyl ether and
      petroleum ether, b.p. 40.degree.-60.degree.. Yield 65%. The n.m.r.
      spectrum indicated that the major component was the .DELTA.3 isomer with
      approximately 10-20% of the .DELTA.2 isomer. A purer sample was obtained
      by recrystallisation from isopropanol, although the recovery was only 50%.
PAR  Hydroxylamine assay = 74.1%
PAR  Single spot on biochromatogram at R.sub.f = 0.90.
PAR  C.sub.24 H.sub.20 N.sub.2 S.sub.2 O.sub.8 requires : C, 54.49; H, 3.79;
      N,5.29; S,12.10 found: C,54.11; H, 3.98; N, 5.02; S,12.30.
PAR  N.M.V. [(CD.sub.3).sub.2 SO/D.sub.20 ]: .delta. = 9.14 (1H. d. CONH);
      .delta. = 7.85 (4H.m. phthalide aromatics); .delta. = 7.65 (1H. m. COO
      CH--OCO--); .delta. = 7.37
      ##EQU27##
      .delta. = 6.96
      ##EQU28##
      .delta. = 5.78 (1H. m. .beta.-lactam protons); .delta. = 5.08 (3H. m.
      .beta.-lactam proton and  CH.sub.2 --O);
      ##SPC1##
PAL  .delta. = 3.68
      ##EQU29##
      .delta. = 2.03 (3H. m. --O--CO CH.sub.3).
PAR  I.R. (KBr): strong bands at: 3280cm.sup.-.sup.1 1740cm.sup.-.sup.1
      1655cm.sup.-.sup.1 1620cm.sup.-.sup.1 1425cm.sup.-.sup.1
      1405cm.sup.-.sup.1 1370cm.sup.-.sup.1 1350cm.sup.-.sup.1
      1240cm.sup.-.sup.1 1030cm.sup.-.sup.1 1020cm.sup.-.sup.1
      708cm.sup.-.sup.1.
PAC  EXAMPLE 43
PAR  1,3,Dioxalan-2-one-4-yl ester of Benzylpenicillin.
PAR  Method.
PAR  The sodium salt of benzylpenicillin (14.9g, 0.04m) was dispersed in dry
      dimethylformamide (150 mls) and the solution chilled to 0.degree.C.
      Freshly distilled 4-chloro-1,3,Dioxalan-2-one(4.92g. 0.04m) was added to
      the stirred solution, together with a catalytic amount of sodium iodide,
      and the mixture was maintained at 0.degree.C for 30 minutes. The reaction
      mixture was then allowed to warm to room temperature and stirring was
      continued for 16 hours.
PAR  The reaction medium was then poured into ice water and yielded a brown
      coloured emulsion. A small quantity of solid sodium chloride was added and
      the aqueous phase was extracted with ethyl acetate (2 .times. 250 mls).
      The ethyl acetate phase was then washed with dilute sodium bicarbonate
      solution (2% w/v), and water, and finally dried (NgSO.sub.4). The mixture
      was filtered and the solvent evaporated in vacuo to yield a yellow syrup.
      The syrup was dissolved in isopropanol and a solid was precipitated with
      excess petroleum ether (40.degree.-60.degree.C). A white flocculent
      precipitate was initially apparent which turned brown on prolonged
      exposure to air. Biochromotographic evidence showed the product to be the
      desired ester (Rf 0.95) containing a trace impurity of penicillin G (Rf
      0.60).
PAR  C.sub.19 H.sub.20 O.sub.7 N.sub.2 S Requires C54.20; H 4.74; N 6.66. found:
      C52.00; H 4.56; N 6.32
PAR  n.m.r. (CDCl.sub.3)
PA1  .delta. 7.33 (5H.s. aromatic protons + 1.H. equivalent due to impurity).
PA1  .delta. 6.70 (1H.m. CO.O.CH O)
PA1  .delta. 6.15 (1h.d. NHCO - exchangeable D.sub.2 O).
PA1  .delta. 5.75-5.4 (2h.m. .beta.-lactams).
PA1  .delta. 4.80-4.20 (3.H.m. C-3 proton + CH.sub.2 --O).
PA1  .delta. 3.64 (2h.s. Ph CH.sub.2)
PA1  .delta. 1.5 (6h.s. gem dimethyls).
PAC  EXAMPLE 44.
PAR  Phthalide ester of phenoxymethylpenicillin thio acid.
PAR  Method.
PAR  The potassium salt of phenoxymethylpenicillin (2.1g, 0.005m) was dispersed
      in dry dimethylformamide (25 mls) at ambient temperature. To the stirred
      suspension, 3-bromo phthalide (1.06g 0.005m) was added and the reaction
      was continued for 60 minutes.
PAR  The reaction mixture was then poured into ice water (100 mls) and the white
      precipitate obtained was washed extensively with water, filtered and dried
      using a freeze-drier. Yield 2.25g (90%)
PAR  C.sub.24 H.sub.22 O.sub.6 N.sub.2 S.sub.2 requires C 57.83; H 4.42; N 5.62
      S 12.85 found: C 57.73; H 4.93; N 5.51 S 12.57
PAR  n.m.r.
PA1  .delta. 8.83  1.H.d. NHCO exchangeable D.sub.2 O)
PA1  .delta. 8.1-7.65 (4.h.m. phthalide aromatic protons).
PA1  .delta. 7.5-6.75 (6.H.m. 5 phenyl protons + S CH O)
PA1  .delta. 5.85-5.55 (2.h.m. .beta.-lactams)
PA1  .delta. 4.65 (2.H.s. O CH.sub.2)
PA1  .delta. 4.55  (1.h.d. C-3 proton)
PA1  .delta. 1.80-1.30 (6.H.m. gem dimethyls).
PAR  i.r. (KBr) strong bands at 1778 cm.sup.-.sup.1, 1690 cm.sup.-.sup.1 1285
      cm.sup.-.sup.1 and 970 cm.sup.-.sup.1.
PAC  EXAMPLE 45
PAR  PREPARATION OF 2-THIOPHALIDE ESTER OF BENZYLPENICILLIN
PAR  Method
PAR  A suspension of sodium salt of benzylpenicillin (7.12g : 0.02m) was stirred
      in dry D.M.F. (50 ml.) at 0.degree.C. To this was added, in one portion,
      3-bromo-2-thiophthalide (4.58g. : 0.02m) in dry D.M.F. (20 ml.). The
      reaction mixture was allowed to warm to room temperature and stirred for a
      further 2 hours. After this time it was poured into 2 liters of ice-water.
      The aqueous was then extracted with chloroform (3 .times. 200 ml). The
      chloroform extracts were combined, dried over magnesium sulphate, filtered
      and the solvent removed in vacuo. The gum was taken up in methanol (100
      ml) and treated with charcoal. The solution was filtered and the solvent
      evaporated off in vacuo. The pale yellow gum was triturated with petrol
      40.degree.-60.degree. and a solid obtained, which was filtered off and
      dried.
PAR  Yield = 1.3g = 13.3% Bio-chromatogram Rf = 0.95
PAR  I.R. Spectrum (nujol mull) showed inter alia strong bands at:
      908cm.sup.-.sup.1, 1240cm.sup.-.sup.1, 1650cm.sup.-.sup.1,
      1690cm.sup.-.sup.1 and 1778cm.sup.-.sup.1
PAR  N.M.R. Spectrum in (CD.sub.3).sub.2 50+D.sub.2 O
PA1  = 1.55 (multiplet = 6H = gem di-methyls)
PA1  = 3.62 (singlet = 2H = Ph--CH.sub.2 CONH--)
PA1  = 4.68 (doublet = 1H = C.sub.3 proton)
PA1  = 5.55 (singlet = 2H = .beta.- lactam protons)
PA1  = 7.33 (broad band = 5H = PhCH.sub.2 CONH--)
PA1  = 7.52 (doublet = 1H = phthalide CH)
PA1  = 7.88 (broad band = 4H = phthalide aromatic protons)
TBL  Analytical Data                                                           
     ______________________________________                                    
     Required:                                                                 
              C 59.70;  H 4.57;  N 5.52; S 13.25                               
     Found:   C 57.54   H 4.69   N 5.60  S 12.96                               
               57.44     4.58     5.59    12.80                                
     ______________________________________                                    
PAC  EXAMPLE 46.
PAR  a. 3-Bromophthalide [3-Bromo-1-(3H)-Isobenzofuranone]
PAR  Phthalide (10.0 g; 0.075 moles) and N-bromosuccinimide were refluxed in dry
      carbon tetrachloride (200 ml.) in the presence of a catalytic amount of
      .alpha.-azo-iso-butyronitrile for 3-4 hours. The end of the reaction was
      indicated by the disappearance of N-bromosuccinimide from the bottom of
      the reaction vessel and the accumulation of succinimide at the top. The
      succinimide was removed by filtration and the filtrate concentrated in
      vacuo to 15-20 ml. Cooling of this concentrate followed by filtration gave
      13.0 g. (81% yield) of crude 3-bromophthalide, m.p. 75.degree.-80.degree.,
      as a white crystalline solid. The product was recrystallised from
      cyclohexane as colourless plates, m.p. 78.degree.-80.degree. with a 95%
      recovery.
PAR  N.m.r. (CCl.sub.4).sub.BR.sub.- .delta. = 7.67 (4H.m. aromatic), .delta. =
      7.38 (1H.s. CH--)
PAR  b. D(-).alpha.-aminobenzylpenicillinphthalide ester, hydrochloride
PAR  Anhydrous D(').alpha.-aminobenzylpenicillin (17.5; 0.05 mole) and
      triethylamine (7.10 ml; 1 equiv.) were mixed with acetone containing 1% of
      water (350 ml). After 1/2 hour potassium bicarbonate (5 g) and
      3-bromophthalide (10.65 g; 0.05 mole) were added and the mixture stirred
      at room temperature for 4 hours. After filtration, the filtrate was
      concentrated in vacuo to about 75 ml, ethyl acetate (500 ml) was added and
      the resulting solution washed with a 2% aqueous solution of sodium
      bicarbonate (2 .times. 100 ml) followed by water (2 .times. 100 ml). Water
      (150 ml) was added to the ethyl acetate solution, and, with vigorous
      stirring, 1N hydrochloric acid was added drop by drop until the pH of the
      aqueous phase was 2.5. The ethyl acetate layer was separated and dried
      over anhydrous magnesium sulphate. Ether was then added to the clear
      yellow ethyl acetate filtrate until no further precipitation of a white
      amorphous solid occurred. The product was collected (7.8 g; 28.8%).
      Further material (0.8 g; 3.0%), was obtained from the aqueous layer as
      follows. To the aqueous layer, n-butanol (750 ml) was added and the
      resulting mixture was evaporated in vacuo until all the water was removed.
      The resulting butanolic solution was poured into ether (2000 ml) whereby
      an amorphous precipitate separated. Combined yields were 31.8%.
PAR  The I.R. spectrum (KBr) contains inter alia strong bonds at: 1778
      cm.sup.-.sup.1 1682 cm.sup.-.sup.1 1500 cm.sup.-.sup.1 1285 cm.sup.-.sup.1
      1149 cm.sup.-.sup.1 978 cm.sup.-.sup.1 752 cm.sup.-.sup.1 697
      cm.sup.-.sup.1
PAR  n.m.r. ((CD.sub.3).sub.2 SO/D.sub.2 O):,.delta. = 7.88 (4H.m. phthalide
      aromatics); .delta. = 7.60 (1H.s. --CO.OCH--); .delta. = 7.48 (5/6H.m.
      aromatic); .delta. = 5.50 (2H.m. .beta.-lactams); .delta. = 5.16 (1H.s.
      .alpha.-proton); .delta. = 4.54 (1H.s. C.sub.3 proton); .delta. = 1.45
      (6H.d. gem-dimethyls). The purity as assessed by hydroxylamine and
      cysteine assays was 92.4% and 86.5% respectively.
PAR  C.sub.24 H.sub.24 O.sub.6 N.sub.3 SCl requires: C, 55.65; N, 4.67; N, 8.11;
      S, 6.19, Cl, 6.84. Found: C, 54.49; H, 4.67; N, 7.83; S, 6.20 Cl, 5.18.
PAC  EXAMPLE 47
PAR  Phthalide 6-[D(-).alpha.-aminophenylacetamido] penicillanate, Hydrochloride
      ##SPC2##
PAR  A fine suspension of potassium salt of enamine protected ampicillin I
      (25.18 g; 0.05 M) and 3-bromophthalide (10.65 g 0.05 M) were reacted in a
      1:2 mixture of acetone/ethyl acetate. (1500 ml) for 24 hours. After
      filtration the organic layer was washed twice with 250 ml. portions of IN
      sodium bicarbonate and brine, dried over anhydrous magnesium sulphate and
      concentrated Br.sub.-
PA1  Addition of ether crystallised the phthalide enamine protected
      .alpha.-aminophenylacetamido pencillanate
PA1  .delta.in 85% yield. n.m.r. [(CD.sub.3).sub.2 SO]. .delta. = 7.86 (4H.m.
      phthalide aromatics); .delta. = 7.60 (1H.s. CO.O.CH); .delta. 7.35 (5H.s.
      aromatics) .delta. = 5.30 - 5.65 (3H.m. .beta.-lactams and
      .alpha.-proton); .delta. = 4.53 (1H.s. C-3 proton) .delta. = 4.50 (1H.s.
      H) .delta. = 3.56 (3H.s. O CH.sub.3) .delta. = 1.78 (3H.s. CH.sub.3   )
      .delta. = 1.50 (6H.m. gemkdi CH.sub.3). C.sub.28 H.sub.29 N.sub.3 O.sub.8
      S requires; C, 59.26; H, 5.11; N, 7.40 S, 5.68. Found: C, 58.83; H,
      5.00:1N, 6.89 S, 5.34. Single spot on biochrematogram at R.sub.f = 0.95.
PAR  The enamine protecting group was removed from the product (II) by
      dissolving 10 g. in aqueous acetone (250 ml water to 250 ml acetone) and
      vigorously stirring this solution at pH 2.5 for 1 hour. The acetone was
      removed in vacuo and the ester (III), which was salted out of the aqueous
      phase as a sticky yellow gum, was dissolved in ethyl acetate (200 ml) and
      washed twice with 200 ml portion, of 1N sodium bicarbonate and brine and
      dried over anhydrous magnesium sulphate. Careful addition of dry ester
      (ca. 50 ml) to the dry ethyl acetate layer yielded the ampicillin
      phthalide ester as hydrochloride salt as a fine white amorphous solid in
      80% yield. n.m.r. ((CD.sub.3).sub.2 SO/D.sub.2 O); .delta. = 7.88 (4H.m.
      phthalide aromatics); .delta. = 7.60 (1H.s. CO.O CH--) .delta. = 7.48
      (5/6H.m. aromatic) .delta.m= 5.50 (2H.m. .beta.-lactams); .delta. = 5.16
      (1H.s. .alpha.-proton) .delta. = 4.54 (1H.s. C.sub.3 --proton) .delta. =
      1.45 (6H.d. gem-dimethyls). Purity as assessed by hydroxylamine assay =
      110.3%. Single spot on biochromatogram at R.sub.f = 0.85 C.sub.24 H.sub.24
      N.sub.3 O.sub.6 SCl requires: C, 55.65;1H, 4.67; N, 8.11; S, 6.19. Found
      C, 54.60 H, 4.70; N, 7.92; S, 6.40.
PAR  METHOD 2
PAR  A mixture of acetone (250)ml, sodium
      D(-)N-methoxycarbonylpropen-2-yl-.alpha.-aminophenylacetate (30.5 g),
      ethyl chloroformate (10.9 ml) and N-methyl morpholine (4-6 drops) were
      stirred together for 10-15 minutes at -20.degree. to -30.degree.C.
PAR  To this solution was added, all at once, a solution of 6-APA (25.4 g)
      dissolved in water (50ml) with the aid of triethylamine (11.9 g) and then
      diluted with acetone (150 ml) and cooled to -20.degree.C.
PAR  The reaction mixture was stirred for 45 mins. without further cooling and a
      solution of 3-bromophthalide (25 g) in acetone (100 ml) added all at once,
      after which stirring was continued for a further 5 hours, the temperature
      rising meanwhile to ambient (23.degree.C.).
PAR  Acetone was next removed in vacuo, after first clarifying the mixture by
      filtration and to the residue was added ethyl acetate (375 ml.) and 2%
      sodium bicarbonate solution (200ml.). After stirring for a short while the
      phases were separated and the organic layer washed again with 2% sodium
      bicarbonate solution (200 ml).
PAR  To the ethyl acetate solution thus obtained was added water (375 ml) and
      2N/HCl (60 ml) and this mixture stirred at ambient temperature
      (23.degree.C) for 45 mins. Petrol (600 ml) was then added and after a
      short period of stirring the phases were allowed to separate. The organic
      layer was discarded and the aqueous layer was filtered with a little
      decolourising charcoal.
PAR  Sufficient sodium chloride to saturate the filtrate was next added and
      after a few minutes stirring the precipitated oil was extracted with
      methylene dichloride (1 .times. 400 ml. 1 .times. 100 ml). These extracts
      were combined, dried with anhydrous magnesium sulphate, filtered and
      evaporated under reduced pressure to approximately 100 ml. Ether (500ml)
      was then added quickly, with stirring to the residue and the resulting
      precipitate stirred for about 30 mins. at ambient temperature. The product
      was filtered at the pump, washed with ether (2 .times. 50 ml) and dried
      for 3 hours in a forced-air oven at 35.degree.- 40.degree.C. The product
      was identical with an authenic sample of phthalide
      6-[D(-).alpha.-aminophenylacetamido] penicillanate.
PAC  EXAMPLE 48
PAR  Representative compounds made by the preceding Example were subjected to an
      experiment to determine their hydrolysis characteristics under various
      conditions. The results are tabulated below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Esters of 6[D(-).alpha.-aminophenylacetamido]penicillanic acid            
     Product                                                                   
          Percentage Hydrolysis to 6[D(-).alpha.-aminophenylacetamido]penicilla
          nic acid                                                             
     of                                                                        
     Example                                                                   
          Acid (pH 2.0) After (mins)                                           
                         Aqueous Buffer (pH 7.0) After (mins)                  
                                             Human Blood (pH 7.0) After        
     __________________________________________________________________________
                                             (mins)                            
          3  8   15  25  3     8   15   25    3   8  15  25                    
     7    0  0   0   0   10   15   20   25   48  62  80  82                    
     1    0  0   0   0   0    12   20   34   44  46  62  66                    
     2    0  0   0   0   0     0   18   36   82  88  90  100                   
     4    0  0   0   0   0     0   0    12   36  58  66  72                    
     3    0  0   0   0   26   28   4.8  50   66  70  76  80                    
     5    0  0   10  14  0    10   12   18   28  30  48  52                    
     8    0  0   0   0   0    10   30   30   80  76  74  80                    
     __________________________________________________________________________
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Esters of Benzylpenicillin                                                
     Product                                                                   
          Percentage Hydrolysis to Benzylpenicillin at 37.degree.C in          
     of                                                                        
     Example                                                                   
          Aqueous Buffer (pH 7.0)After(mins)                                   
                              Human Blood (pH 7.0)after (mins)                 
     __________________________________________________________________________
          3    8    15   25   3    8    15   25                                
     46   0    12   16   34   87   92   100  100                               
     15   0    0    0    0    0    0    16   40                                
     10   0    0    0    0    74   68   66   62                                
     11   28   36   42   52   66   72   78   80                                
     45   0    0    0    0    22   32   38   38                                
     12   0    0    12   22   60   68   78   84                                
     13   0    10   16   28   18   46   52   60                                
     __________________________________________________________________________
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Esters of Phenoxymethylpenicillin                                         
     Product                                                                   
           Percentage Hydrolysis to Phenoxymethylpenicillin at 37.degree.C in  
     of                                                                        
     Example                                                                   
           Acid(pH 2.0)after (mins)                                            
                            Aqueous Buffer(pH 7.0) After (mins)                
                                                Human Blood (pH 7.0)After      
                                                (mins)                         
     __________________________________________________________________________
           3     8  15  25  3    8    15   25   3     8   15   25              
     44    0     0   0   0  0    0    24   26   68   76   78   80              
     14    24   40  48  56  0    0    24   26   66   80   88   92              
     17    0     0   0   0  0    0     0    0   0     0    0   40              
     21    --   10  10  10  0    0    10   12   0     0    0    0              
     20    34   50  56  52  30   56   60   64   --   58   58   58              
     __________________________________________________________________________
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Miscellaneous Esters                                                      
     Product                                                                   
           Percentage Hydrolysis to parent free acid at 37.degree.C in         
     of                                                                        
     Example                                                                   
           Acid (pH 2.0) After (mins)                                          
                            Aqueous Buffer(pH 7.0) After (Mins)                
                                                Human Blood(pH 7.0)            
     __________________________________________________________________________
                                                After(mins)                    
           3    8   15  25  3    8    15   25   3     8   15   25              
     31    --   --  --  --  0    0     0    0   0    36   60   62              
     34    0    0   0   0   0    0    14   20   92   90   84   80              
     42    0    0   0   0   0    0     0    0   39   40   45   48              
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of formula (I) or a pharmaceutically acceptable acid addition
      salt thereof:
      ##SPC3##
PAL  wherein R is hydrogen, methyl or phenyl; Ra and Rb are hydrogen or lower
      alkyl; and R.sup.1 is an acylamino group selected from phenylacetamido;
      p-hydroxyphenylacetamido; p-heptylphenylacetamido; phenoxyacetamido;
      .alpha.-phenoxypropionamido; .alpha.-phenoxybutyamido;
      2,6-dimethoxyphenylacetamido; 3-phenyl-5-methyl-isoxazole-4-carbamido;
      3-(2-chlorophenyl)-5-methyl-isoxazole-4-carbamido;
      3-(2,6-dichlorophenyl)-5-methyl-isoxazole-4-carbamido;
      3-(2-chloro-6-fluorophenyl)-5-methyl-isoxazole-4-carbamido;
      2-ethoxynapthyl-1-carbamido; o, m or p-aminophenylacetamido;
      3-carboxyquinoxalin-2-carbamido; 2-furylacetamido; 2-thienylacetamido;
      3-thienylacetamido; 3-pyridylacetamido; isothiazolylacetamido;
      3-hexenamido; 2-biphenylamido; n-hexanamido; n-octanamido; propionamido;
      .alpha.-aminophenylacetamido; .alpha.-amino-2-thienylacetamido;
      .alpha.-amino-3-thienylacetamido; .alpha.-methylaminoacetamido;
      .alpha.-amino-2- or -3- or -4-chlorophenylacetamido;
      .alpha.-amino-2-methoxyphenylacetamido;
      .alpha.-amino-2,4-dichlorophenylacetamido;
      .alpha.-amino-3,4-dichlorophenylacetamido;
      .alpha.-amino-.alpha.-methylphenylacetamido;
      .alpha.-amino-4-hydroxyphenylacetamido;
      .alpha.-amino-3-chloro-4-hydroxyphenylacetamido;
      .alpha.-methylphenylacetamido; .alpha.-hydroxyphenylacetamido;
      .alpha.-carboxyphenylacetamido; .alpha.-(5-tetrazolyl)phenylacetamido;
      .alpha.-guanidino-2-thienylacetamido;
      .alpha.-guanidino-4-hydroxyphenylacetamido; .alpha.-guanidino-4-hydroxy-2-
      or -3-methylphenylacetamido; .alpha.-carboxy-3-thienylacetamido;
      .alpha.-sulphaminophenylacetamido; .alpha.-sulphamino-3-thienylacetamido;
      .alpha.-(N-methylsulphamino)-phenylacetamido; .alpha.
      -azidophenylacetamido; 1-aminocyclohexylcarbamido;
      1-aminocyclopentylcarbamido; 5-amino-5-carboxypentanamido;
      .alpha.-phenoxyphenylacetamido;
      .alpha.-phenyl-.beta.-sulphaminopropionamido;
      .alpha.-sulphophenylacetamido; .alpha.-guanidinophenylacetamido;
      .beta.-amino-.beta.-cyclohexylpropionamido and
      .alpha.-(benzyloxycarbonyl)phenylacetamido.
NUM  2.
PAR  2. The compound of claim 1 which is crotonolacton-3-yl 6-[phenylacetamido]
      penicillanate.
NUM  3.
PAR  3. The compound of claim 1 which is crotonolacton-3-yl
      6[D-(-).alpha.-aminophenylacetamido] penicillanate or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  4.
PAR  4. The compound of claim 1 which is .alpha.,.beta.-bis-crotonolacton-3-yl
      6[.alpha.-carboxy-3-thienyl-acetamido] penicillanate.
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ABST
PAL  There is disclosed a method of making compounds represented by the formula
      ##SPC1##
PAL  And which are useful as antimalarial agents. The method includes reacting a
      keto nitrile with a polyhydroxy compound and then reacting the product
      with guanidine base. In the above X is a halogen atom or a nitro group, Y
      is a halogen atom or hydrogen and R is hydrogen or alkyl containing 1 to
      10 and preferably is lower alkyl containing 1 to 4 carbon atoms.
PARN
PAR  This is a division of application Ser. No. 256,339 filed on May 24, 1972,
      now U.S. Pat. No. 3,849,416 which is a continuation-in-part of application
      Ser. No. 177,502 filed Sept. 2, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This disclosure is directed to a new and improved method of making
      2,4-diamino-5-phenyl-6-alkyl pyrimidines and new intermediates useful in
      the preparation thereof.
PAR  Reference may be had to U.S. Pat. No. 2,576,939 as well as British Journal
      of Pharmacology and Chemotheraphy, June, 1951, Vol. 6, No. 2, p. 185 for
      the article entitled 2, 4-Diamino Pyrimidines - A New Series of
      AntiMalarials by E. A. Palco et al., for a discussion and disclosure of
      antimalarial compounds of the type which may be synthesized by the methods
      disclosed herein.
PAR  In particular, this invention is directed to a new and improved method for
      making antimalarial compounds of formula I
      ##SPC2##
PAL  where X is a halogen atom (chlorine, iodine, fluorine, or bromine) or a
      nitro group, Y is a halogen group (chlorine, iodine, fluorine, or bromine)
      or hydrogen and R is hydrogen or alkyl containing 1 to 10 carbon atoms and
      more preferably lower alkyl containing 1 to 4 carbon atoms (methyl, ethyl,
      propyl, or butyl) and more preferably for making the antimalarial
      compounds of formula IA
      ##SPC3##
PAL  where X is halogen (chlorine, iodine, fluorine, or bromine) or nitro and R
      is hydrogen or lower alkyl containing 1 to 4 carbon atoms (methyl, ethyl,
      propyl or butyl).
PAR  The compounds of formula I or IA are useful as antimalarial agents and may
      be administered orally in a conventional manner, e.g., tablets to humans
      (adults or children) at a dosage of 25 mg. weekly and at a dosage of 12.5
      mg. weekly for children.
PAR  Of the compounds of formula I or IA, the compound
      2,4-diamino-5-p-chlorophenyl-6-ethyl pyrimidine (pyrimethamine) has proved
      most successful in treating malaria infections in man and has been widely
      used for this purpose.
PAR  In the past, the compounds of formula I or IA have been primarily prepared
      by the methods disclosed in U.S. Pat. Nos. 2,602,794 and 2,576,939.
      Although the process of U.S. Pat. No. 2,602,794 have proven to be quite
      useful in practice, particularly in small scale operations, it has been
      difficult to date to maintain high yields in making the required
      intermediates as the process disclosed therein is scaled up for large
      scale manufacturing operations.
PAR  Unexpectedly, it has now been found that with the process of the present
      invention it is possible to scale up manufacture without experiencing
      large reductions in yield of the new intermediates compared with the
      yields obtainable under laboratory conditions.
PAR  Accordingly, this invention provides a new and improved process for
      preparing the compounds of formula I or IA much more economically than
      heretofore possible. The above has been accomplished by providing new and
      improved methods for preparing new and unobvious intermediates which are
      then further reacted with guanidine base to provide the compounds of
      formula I or IA.
PAC  BRIEF DESCRIPTION OF THE DISCLOSURE
PAR  The process of the present invention comprises the reaction of a keto
      nitrile according to the formula II or formula IIA
      ##EQU1##
      where X is halogen atom (chlorine, iodine, fluorine or bromine) or a nitro
      group, Y is a halogen atom (chlorine, iodine, fluorine or bromine) or
      hydrogen and R is alkyl of 1 to 10 carbon atoms and is preferably lower
      alkyl of 1 to 4 carbon atoms, or hydrogen (where X is chlorine and R is
      methyl when pyrimethamine is being prepared) with a polyhydroxy compound H
      (OH).sub.s where s is an integer 2, 3 or greater and M is a hydrocarbon
      portion of the compound which acts as a carrier for the OH groups and as
      long as the hydroxyl groups are positioned in the polyhydroxy compound
      structure so that the compound of formula IV or IV.sup.1 is obtained.
PAR  Suitable polyhydroxy compounds include polyhydroxy alcohols such as glycol,
      glycerols including alkyl alcohols and cyclic alkyl alcohols of this type
      having at least two hydroxyl groups positioned at the 1 and 2 ring
      position, and is preferably a compound of formula III
      ##EQU2##
      wherein N=0, 1 or 2 and is most preferably 0 or 1 and R.sub.1 or R.sub.2
      are the same or different and each is a hydrogen or lower alkyl of 1 to 4
      carbon atoms (methyl, ethyl, propyl or butyl) optionally substituted by
      acid insensitive groups such as hydroxy, halogen (chlorine, bromine,
      iodine, fluorine), or lower alkoxy of 1 to 4 carbon atoms (methoxyl,
      ethoxyl, propoxyl, butoxyl) or when n=0,R.sub.1 and R.sub.2 can complete a
      5 to 7 member saturated ring, capable of reacting with a compound of the
      formula II or IIA to prepare the corresponding cyclic ketal intermediates
      having the general formula IV or IV.sup.1
      ##EQU3##
      where M is defined as above and can represent the portion of a molecule
      such as a polyhydroxy alcohol molecule used in the reaction as the
      starting material and which is essentially inert and acts as a carrier for
      the polyhydroxy groups attached thereto, and X, Y and R are defined as
      above, and when the preferred compound of formula III is reacted the
      compounds of formula IVA and IVA.sup.1 are obtained.
      ##EQU4##
PAR  In formulas IVA and IVA.sup.1, X, Y, R, R.sub.1, R.sub.2 and n are as
      defined above and where pyrimethamine is prepared X is Cl and R is methyl
      in formula IVA.sup.1.
PAR  Most preferably the alcohols used are 1, 2-ethanediol, 1,2-propanediol, and
      1, 3-propanediol to achieve outstanding yields. The reaction preferably
      takes place in a solvent, most preferably one that will allow the
      azeotropic removal of water [since water is produced in the reaction] at a
      resonable high reaction temperature. Suitable solvents include benzene,
      toluene, xylene, butyronitrile and dibutyl ether all of which are
      immiscible with water. It should be understood obviously that the exact
      nature of the solvent is not critical and that many other solvents not
      named could be used, although the aforementioned are preferred.
PAR  The foregoing reaction is most conveniently carried out at reflux, i.e.,
      the boiling point of the solvent. If azeotropic distillation is used to
      remove water formed during the reaction reflux is the most preferred
      temperature. Although reflux temperatures are the most convenient a
      temperature between 50.degree. to 180.degree.C may be used, with a
      temperature of 80.degree. to 150.degree.C being preferred and a
      temperature of 110.degree. to 150.degree.C being most preferred depending
      necessarily upon the boiling point of the solvent being employed.
PAR  The above reaction is one that is catalyzed by the use of an acid catalyst,
      preferably a strong non-oxidizing acid such as a strong Bronsted Acid
      (i.e. a proton donor) e.g., hydrocarbyl sulfonic acid or sulfuric acid.
      Suitable examples of acids useable in the reaction include p-toluene
      sulfonic acid, ethansulfonic acid, and sulfuric acid. It is preferable
      that the amount of acid used in the reaction be between 0.1 to 30% based
      on the weight of the keto nitrile compound of formula II, and is more
      preferably betwen 6 to 25% and is most preferably between 10 to 25%. More
      acid than 30% may be used if desired, but no advantage is achieved and
      causes additional costs in isolating the produce.
PAR  The polyhydroxy alcohol starting materials may be purchased and their
      methods of preparation are quite conventional. The preferred polyhydroxy
      alcohols include ethylene glycol, 1,3-propenediol, glycerol although other
      glycols as for example, 1, 4-butanediol, 2,3-dimethyl-2,3-butanediol,
      cis-1,2-cyclopentanediol, trans-1,2-cyclohexandiol as well as others may
      be used.
PAR  The keto nitrile starting materials are conveniently prepared as shown in
      U.S. Pat. Nos. 2,602,794 and 2,576,939 by the reaction of the appropriate
      benzylhalides with alkali cyanides and then the reaction of the product
      thereof with the appropriate ester of the formula R CH.sub.2 CO.sub.2
      R.sub.3 in the presence of an alkali alkoxide where R is as defined above,
      and R.sub.3 is lower alkyl of 1 to 4 carbon atoms. See in particular
      Example 3 of U.S. Pat. No. 2,602,794.
PAR  In order to prepare the compounds of formula I, the compounds of formula
      IV, IVA, IV.sup.1 or IVA.sup.1 are condensed with guanidine base in the
      manner as shown in U.S. Pat. No. 2,602,194.
PAR  The guanidine base may be conveniently prepared as an alcoholic solution by
      mixing guanidine hydrochloride in ethanol with sodium methylate in
      methanol and filtering. The alcoholic solution of guanidine base is then
      mixed with the compound of formula IV, IVA, IV.sup.1 or IVA.sup.1 and the
      methanol is removed as by distillation. Thereafter the reaction mixture is
      heated, e.g., to reflux and then allowed to cool to give the compound of
      formula 1 or IA.
PAR  Accordingly, in its broadest aspect the invention provides a new and
      improved method of preparing compounds of formula I or IA.
PAR  Yet in another aspect the invention provides a new and improved method for
      preparing compounds of formulas IV, IVA, IV.sup.1 and IVA.sup.1.
PAR  In a further aspect the invention provides new and unobvious intermediate
      compounds of formulas IV, IV.sup.1, IVA and IVA.sup.1 useful in the
      preparation of the compounds of formula I or IA.
PAR  The following examples illustrate the teachings of the present invention
      but in no way limit its scope as defined in the claims.
PAC  EXAMPLE 1
PAC  Ketal from Ethylene Glycol
PAR  A solution of .delta.-propionyl-p-chlorophenylacetonitrile(131 g.) more
      acturately defined as
      .delta.-propionyl-.delta.-(p-chlorphenyl)acetonitrile, ethylene glycol (70
      g.), and p-toluenesulfonic acid (25 g.) in toluene (200 ml.) was heated at
      reflux in an apparatus fitted with a water separator. Vapor phase
      chromatographic (VPC) analysis indicated that the reaction was 96%
      complete after 2 hours. The reaction mixture was cooled and additional
      toluene (100 ml.) added. It was then washed with water (2.times.100 ml.),
      with 2% sodium hydroxide (1.times.100 ml.), and finally with water
      (3.times.100 ml.). The toluene was evaporated to give a thick oil (179 g.)
      which crystallized on standing. Recrystallization from methanol gave pure
      .alpha.-(p-chlorophenyl)-.beta.-ethyl-.beta.-ethylene-dioxypropionitrile,
      m.p. 58.degree.-60.degree.C. Elemental analysis: calculated for C.sub.13
      H.sub.14 NO.sub.2 Cl: C, 62.03; H, 5.61; N, 5.57. Found: C, 62.60; H,
      5.67; N, 5.88. Infrared and NMR analyses confirmed the structure.
PAC  EXAMPLES 2-7
PAR  Example 1 was repeated with the changes indicated. VPC analyses indicated
      the extent of reactions at the time shown
TBL  Example                                                                   
          p-toluenesulfonic                                                    
                    ethylene                                                   
                           Solvent   yield                                     
                                         reaction                              
          acid (g.) glycol (g.)      (%) time (hr.)                            
     __________________________________________________________________________
     2     8         (1)*  (1)       62  2                                     
     3    33        (1)    (1)       97   11/4                                 
     4    (1)       83     (1)       98   11/2                                 
     5    (1)       (1)    benzene (200 ml)                                    
                                     93  4                                     
     6    (1)       (1)    toluene (130 ml)                                    
                                     90  1                                     
     7    (1)       (1)    toluene (300 ml)                                    
                                     85  1                                     
     __________________________________________________________________________
      *(1) indicates the conditions of Example 1.                              
PAC  EXAMPLE 8
PAR  Example 1 was repeated except that concentrated sulfuric acid was used
      instead of p-toluenesulfonic acid. VPC analysis indicated that the
      reaction was 25% complete after 1 hr.
PAC  EXAMPLE 9
PAR  An alcoholic solution of guanidine base, prepared by mixing guanidine
      hydrochloride (15 g.) in ethanol (50 ml.) with 25% sodium methylate in
      methanol (40 ml.) and filtering, was combined with
      .alpha.-(p-chlorophenyl)-.beta.-ethyl-.beta.-ethylenedioxypropionitril (28
      g.). Methanol was removed by distillation until the pot temperature had
      reached 84.degree.-86.degree.C. The reaction mixture was then heated at
      reflux for 1 hr. and allowed to cool. The crystalline product was filtered
      and washed with ethanol, water, and acetone and then dried to give 22 g.
      (82%) of pyrimethamine, m.p. 238.degree.-240.degree.C. UV. and I.R.
      spectra were identical to those of an authentic sample.
PAC  EXAMPLE 10
PAC  Ketal from 1,2 Propylene Glycol
PAR  A solution of .alpha.-propionyl-p-chlorophenylacetonitrile (131 g.),
      1,2-propanediol (85 g.), and p-toluenesulfonic acid (25 g.) in toluene
      (200 ml.) was heated at reflux in an apparatus fitted with a water
      separator. After 11/2 hr. reflux the reaction was 97% complete by VPC
      analysis. The reaction mixture was cooled and washed (3.times.100 ml.)
      with 15% sodium chloride solution. The toluene was evaporated to give 189
      g. of a thick oil.
PAR  Infrared analysis of the oil (A) as well as the starting
      .alpha.-propionyl-p-chlorophenylacetonitrile (B) showed the following:
TBL  Wave members, cm.sup.-.sup.1                                              
     --OH        --CN      .angle.C=O    --C=C--                               
     ______________________________________                                    
     A     absent    2240      1740 (trace)                                    
                                           absent                              
     B     3240      2250      1735        1635                                
                     2210                                                      
     ______________________________________                                    
PAC  Example 11
PAC  Conversion of the Propylene Glycol Ketal to Pyrimethamine
PAR  An alcoholic solution of guanidine base, prepared by mixing guanidine
      hydrochloride (35.5 g.) in ethanol (100 ml.) with 25% sodium methylate in
      methanol (100 ml.) and filtering, was combined with the ketal (75 g.) from
      Example 10. Methanol was removed by distillation until the pot temperature
      had reached 85.degree.-86.degree.C. The reaction mixture was heated at
      reflux for 4 hr. and cooled overnight. The crystal product was filtered,
      washed with ethanol (30 ml.), water (30 ml.), 2% sodium hydroxide (40 ml),
      water (65 ml.), and finally ethanol (30 ml.). It was allowed to dry,
      giving pyrimethamine (36 g.), m.p. 238.degree.-240.degree..
PAC  EXAMPLES 12-13
PAR  Examples 10 and 11 were repeated except that the propylene glycol was
      replaced by the indicated reactant on an equimolar basis and the ketal
      converted to pyrimethamine in the indicated yield based on starting
      ketonitrile.
TBL  ______________________________________                                    
     Example  Reactant        Yield                                            
                              (of Pyrimethamine)                               
     ______________________________________                                    
     12       1,3-Propanediol 78%                                              
     13       Glycerol        37%                                              
     ______________________________________                                    
     Dioxy (ketal) intermediate  Analysis Examples 12 & 13                     
     ______________________________________                                    
          mp          IR Analysis (wave members, cm.sup.-.sup.1)               
     12   102-103.degree. C.                                                   
                      CN, 2242; OH, CO, C=C absent                             
     13   oil         OH, 3480; CN, 2242; CO, 1740 (trace);                    
                      C=C absent                                               
     ______________________________________                                    
PAC  EXAMPLE 14
PAC  Effect of Scale-Up
PAR  Example 1 was repeated at various degrees of scale-up and the conversion to
      ketal determined by VPC.
TBL  ______________________________________                                    
     Scale (moles of keto nitrile)                                             
                           Conversion (%)                                      
     ______________________________________                                    
     0.6                    95-100                                             
     5.0                   95-98                                               
     200.                  94-96                                               
     ______________________________________                                    
PAC  EXAMPLE 15
PAC  Comparison with Enol Ether
PAR  Example 1 was repeated with two exceptions, (1) n-amyl alcohol was used in
      place of ethylene glycol to give the enol ether,
      .alpha.-(p-chlorophenyl)-.beta.-ethyl-.beta.-(n-amyloxy) acrylonitrile and
      (2) the reaction was carried out at various degrees of scale-up.
TBL  ______________________________________                                    
     Scale (moles of keto nitrile)                                             
                           Conversion (%)                                      
     ______________________________________                                    
     0.5                    95-100                                             
     200.                   85                                                 
     2000.                  70                                                 
     ______________________________________                                    
PAR  In Examples 16-20 a reaction mixture comprising a diol,
      .alpha.-propionyl-p-chlorophenylacetonitrile (A), p-toluenesulfonic acid
      (B) and toluene (C) was heated at reflux for the time indicated in an
      apparatus fitted with a water separator. The reaction mixture was then
      cooled to room temperature and additional toluene (100 ml) added. It was
      then thoroughly washed with water and the toluene evaporated. The
      resulting ketal, an oil in each case, was analyzed by infrared
      spectroscopy. The oil was then converted to
      2,4-diamino-6-ethyl-5-(p-chloropheyl)pyrimidine (pyrimethamine) according
      to the general procedure of Example 9. The yield given is for the two
      steps from diol to pyrimethamine. Diols used were
      3-methoxy-1,2-propanediol (D), 1,4-butanediol (E), 2,3-butanediol (F),
      3-chloro-1,2-propanediol (G), and 1,2-cyclohexanediol (mixture of cis and
      trans) (H). .alpha.-Propionyl-p-chlorophenylacetonitrile exhibits the
      following peaks in the infrared: OH at 3240 cm.sup.-.sup.1, CN at 2210 and
      2250 cm.sup.-.sup.1, C=0 at 1735 cm.sup.-.sup.1 and C=C at 1635
      cm.sup.-.sup. 1.
TBL  __________________________________________________________________________
     Example                                                                   
          Amount of Reactant   Reflux                                          
                                    Ketal                                      
                                         IR Analysis        Pyrimethamine      
     A         B    C    Diol (wt.)                                            
                               Time (g)  (wave members, cm.sup.-.sup.1)        
                                                            (% yield)          
     (g)       (g)  (ml)       (hr)      OH   CN   CO   C=C                    
     __________________________________________________________________________
     16   21   4     50  D (20)                                                
                               2    32   absent                                
                                              2240 1735 absent                 
                                                            72                 
                                                   (trace)                     
     17   41.5 8    100  E (36)                                                
                               1.5  57   *                  20                 
     18   66   12.5 100  F (51)                                                
                               3    100  absent                                
                                              2245 1735 absent                 
                                                            68                 
                                                   (trace)                     
     19   30.5 6     50  G (31)                                                
                               2    35   absent                                
                                              2240 1735 absent                 
                                                            79                 
                                                   (trace)                     
     20   66   12   100  H (66)                                                
                               2    80   trace                                 
                                              2200 1735 trace                  
                                                            59                 
                                              2240 (trace)                     
     __________________________________________________________________________
      *The intermediate of Example No. 17 was not examined by infrared.        
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU5##
      where n = 0, 1 or 2, R is alkyl of 1 to 10 carbon atoms or a hydrogen
      atom, R.sub.1 and R.sub.2 are the same or different and each is a hydrogen
      atom or lower alkyl of 1 to 4 carbon atoms optionally substituted with
      hydroxy, lower alkoxy or a halogen atom,
PA1  X is a halogen atom or nitro, Y is a halogen atom or a hydrogen atom, or
      R.sub.1 and R.sub.2 taken together can complete a 5 to 7 member saturated
      ring when n = 0.
NUM  2.
PAR  2. The compound of claim 1 which is
      ##EQU6##
      where X, R, R.sub.1 and R.sub.2 and n are as defined in claim 1.
NUM  3.
PAR  3. The compound of claim 2 in which X is a chlorine atom and R is methyl.
NUM  4.
PAR  4. The compound of claim 3 in which n = 0 and R.sub.1 and R.sub.2 are
      hydrogen.
NUM  5.
PAR  5. The compound of claim 3 in which n = 1 and R.sub.1 and R.sub.2 are
      hydrogen.
NUM  6.
PAR  6. The compound of claim 3 in which n = 0 and R.sub.1 is methyl and R.sub.2
      is hydrogen.
NUM  7.
PAR  7. The compound of claim 1 in which R is lower alkyl of 1 to 4 carbon
      atoms.
NUM  8.
PAR  8. The compound of claim 2 in which R is lower alkyl of 1 to 4 carbon
      atoms.
NUM  9.
PAR  9. The compound of claim 2 in which X is a chlorine atom and R is lower
      alkyl of 1 to 4 carbon atoms or a hydrogen atom.
NUM  10.
PAR  10. The compound of claim 9 in which R.sub.1 and R.sub.2 are the same or
      different and each is lower alkyl of 1 to 4 carbon atoms or a hydrogen
      atom.
NUM  11.
PAR  11. The compound of claim 1 in which n = 0, R.sub.2 is hydrogen and R.sub.1
      is CH.sub.2 Z where Z is a chlorine atom or methoxyl.
NUM  12.
PAR  12. The compound of claim 3 in which R.sub.1 and R.sub.2 are the same or
      different and each is lower alkyl of 1 to 4 carbon atoms or a hydrogen
      atom.
NUM  13.
PAR  13. The compound of claim 12 where n is 0 or 1.
NUM  14.
PAR  14. The compound of claim 1 wherein n is 0 or 1.
NUM  15.
PAR  15. The compound of claim 2 where n is 0 or 1.
NUM  16.
PAR  16. The compound of claim 3 wherein n is 0 or 1.
NUM  17.
PAR  17. The compound of claim 14 where R is lower alkyl of 1 to 4 carbon atoms.
NUM  18.
PAR  18. The compound of claim 15 where R is lower alkyl of 1 to 4 carbon atoms.
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PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This is a division of U.S. application Ser. No. 406,752 filed Oct. 15,
      1973; which in turn is a division of U.S. application Ser. No. 290,590
      filed Sept. 20, 1972, now U.S. Pat. No. 3,850,952 patented Nov. 26, 1974.
BSUM
PAR  This invention relates to a new and novel synthesis of Prostaglandin
      E.sub.1 and more particularly to a synthesis which has a high degree of
      stereoselectivity at the points of generating the asymmetric centers of
      the molecule. It relates further to a synthesis in which the yields are
      high in the several reaction steps. The invention relates still further to
      the novel compounds obtained as intermediates in the Prostaglandin E.sub.1
      synthesis and the process of making such intermediates.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Prostaglandin E.sub.1, which may be depicted structurally as
      ##SPC1##
PAL  Is one of a group of naturally occurring compounds known generally as
      prostaglandins. These prostaglandins have interesting and important
      biological activity, the precise biological properties varying with the
      individual members of the prostaglandin family, as described in the
      article Prostaglandins, by P. W. Ramwell et al., Progress in the Chemistry
      of Fats and Other Lipids, Vol. IX, Polyunsaturated Acids, Part 2, pp.
      231-273, Pergamon Press (1968).
PAR  One of the more important prostaglandins is prostaglandin E.sub.1, also
      known as PGE.sub.1. It has an effect on the contractility of smooth muscle
      and is useful in the induction of labor in pregnant females and for the
      termination of pregnancies by therapeutic abortion, M. P. Embrey, British
      Medical Journal, 1970, 2, 256-258; 258-260. Other uses, besides
      stimulation of smooth muscle, are described in the literature and include
      the lowering of blood pressure, effect on the mobilization of free fatty
      acids from adipose tissue, inhibition of lipolysis, and bronchodilating
      effects.
PAR  Heretofore, the supply of prostaglandin E.sub.1, as well as of other
      prostaglandins, has been severely limited because only minute amounts of
      naturally occurring material are available, and partial biosynthesis by
      enzymes present in mammalian seminal vesicles has only afforded limited
      amounts of the products.
PAR  An object of this invention is to provide a facile and economic synthesis
      of racemic prostaglandin E.sub.1 which compound has one-half the
      biological activity of the naturally occurring PGE.sub.1.
PAR  A further object of the invention is to provide novel intermediate
      compounds some of which in addition to being useful in the synthesis of
      racemic (.+-.) PGE.sub.1, may themselves exhibit prostaglandin-like
      activity. An additional object is to provide a stereoselective total
      synthesis of the other members of the prostaglandin group which may be
      prepared by known methods from (.+-.) prostaglandin E.sub.1. Thus, for
      instance, (.+-.) prostaglandin F.sub.1.sub..alpha. may be obtained by
      reduction of (.+-.) PGE.sub.1. Other objects will become evident from the
      following description of the invention. The novel process and
      intermediates of our invention are shown structurally in the following
      flow diagram, and immediately following this diagram the chemical names of
      the compounds are set forth.
      ##SPC2##
PAR  In the foregoing formulae R.sub.1 is loweralkyl or aralkyl; and R.sub.2 is
      a halogen, 1-imidazolyl, carbazolyl, aziridinyl, or 3,5-dimethylpyrazolyl.
      The loweralkyl groups of this invention are those containing from 1 to 6
      carbon atoms such as methyl, ethyl, propyl, and hexyl. The aralkyl groups
      are defined as loweralkyl groups substituted with an aromatic group of
      from 6 to 10 carbon atoms. Preferred are benzyl, xylyl and the like. The
      term "halogen" includes the atoms fluorine, chlorine, bromine, and iodine.
PAR  As a matter of convenience for understanding the foregoing flowsheet and
      the following description of the invention, there follows a list of names
      of the chemical compounds A, B, and I-XVI inclusive.
PA1  A - r.sub.1 - 8, 10 - undecadienoate
PA1  B - .beta. - angelicalactone
PA1  I - 6.alpha.-carboxy-5.alpha.(1-hydroxyethyl)-2-cyclohexene-1-heptanoic
      acid loweralkyl or aralkyl ester, .gamma.-lactone.
PA1  Ii - 3-carboxymethyl-4-methyl-2-[1-carboxy-7-(loweralkoxy or aralkoxy
      carbonyl)heptyl]-4-hydroxybutyric acid .gamma.-lactone.
PA1  Iii - 2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic
      acid loweralkyl or aralkyl ester, .gamma.-lactone.
PA1  Iv - 2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic
      acid loweralkyl or aralkyl ester, .gamma.-lactone 5-cyclic ethylene
      acetal.
PA1  V - 2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic
      acid 5-cyclic ethylene acetal, .gamma.-lactone.
PA1  Vi - 2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-(6-R.sub.2
      -carbonylhexyl)-5-cyclopentanone, 5-cyclic ethylene acetal,
      .gamma.-lactone.
PA1  Vii -
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-(6-formylhexyl)-5-cyclopentan
     one, 5-cyclic ethylene acetal, .gamma.-lactone.
PA1  Viii -
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-[6-(1,3-dioxolan-2-yl)hexyl]-
     5-cyclopentanone 5-cyclic ethylene acetal, .gamma.-lactone.
PA1  Ix -
      2.alpha.-carboxy-3.alpha.-(1,1,dihydroxyethyl)-5-oxocyclopentaneheptanoic
      acid, carboxymethyl ester, .gamma.-lactone 5-cyclic ethylene acetal.
PA1  X - 3.beta.-acetyl-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic
      acid, loweralkyl or aralkyl ester 5-cyclic ethylene acetal.
PA1  Xi - 3.beta.-acetoxy-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic
      acid, loweralkyl or aralkyl ester 5-cyclic ethylene acetal.
PA1  Xii - 3.beta.-acetoxy-2.alpha.-R.sub.2
      -carbonyl-5-oxo-1.beta.-cyclopentaneheptanoic acid loweralkyl or aralkyl
      ester 5-cyclic ethylene acetal.
PA1  Xiii - 3.beta.-acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic
      acid loweralkyl or aralkyl ester 5-cyclic ethylene acetal.
PA1  Xiv -
      3.beta.-acetoxy-5-oxo-2.alpha.-(3-oxo-1-octenyl)-1.beta.-cyclopentanehepta
     noic acid, loweralkyl or aralkyl ester 5-cyclic ethylene acetal.
PA1  Xv -
      3.beta.-acetoxy-5-oxo-2.alpha.-(3-hydroxy-1-octenyl)-1.beta.-cyclopentaneh
     eptanoic acid, loweralkyl or aralkyl ester 5-cyclic ethylene acetal.
PA1  Xvi - prostaglandin E.sub.1.
PAR  The synthesis of (.+-.) prostaglandin E.sub.1 starts with the condensation
      of R.sub.1 - 8, 10 - undecadienoate (A) and .beta.-angelicalactone (B) in
      a Diels-Alder reaction. The reaction is generally run in a closed reaction
      vessel with the preferred temperature in the 150.degree.-250.degree.C.
      range. A solvent is optional as the reaction is readily performed without
      one, however, if one is employed a non-reactive aprotic solvent is
      preferred. In general, however, the only need for a solvent is to
      facilitate the transfer of the reactants into the reaction vessel. The
      reaction is generally complete in from 5 to 50 hours in the above
      temperature range. Preferably the reaction is run at from 20 to 30 hours
      at 175.degree.-225.degree.C. The substrates react in equimolar quantities
      but it is preferred, in order to improve the yield based on R.sub.1 - 8,
      10 - undecadienoate, to maintain an excess of .beta.-angelicalactone over
      the R.sub.1 - 8, 10 - undecadienoate. Generally up to a five molar excess
      of the lactone is sufficient. The excess lactone is recovered from the
      reaction mixture and is reusable.
PAR  The Diels-Alder adduct,
      6.alpha.-carboxy-5.alpha.(1-hydroxyethyl)-2-cyclohexene-1-heptanoic acid
      loweralkyl or aralkyl ester .gamma.-lactone (I) is treated with an
      oxidizing agent capable of selectively cleaving an olefinic bond in order
      to oxidatively cleave the cyclohexene double bond and form the
      dicarboxylic acid, viz
      3-carboxymethyl-4-methyl-2-[1-carboxy-7-(loweralkoxy or aralkoxy
      carbonyl)heptyl]-4-hydroxybutyric acid .gamma.-lactone (II). The oxidizing
      agents of choice are ozone, potassium permanganate, sodium
      periodate-potassium permanganate and the like. Ozonolysis is the preferred
      procedure. Owing to the reactivity of ozone the reaction is run at a
      depressed temperature of from -20.degree. to -80.degree.C. The ozonide
      intermediate is decomposed by treatment with hydrogen peroxide in acetic
      acid at from 25.degree.-75.degree.C. The product (II) is isolated by
      techniques known to those skilled in this art.
PAR  The oxidation product, 3-carboxymethyl-4-methyl-2-[1-carboxy-7-(loweralkoxy
      or aralkoxy carbonyl)heptyl]-4-hydroxybutyric acid .gamma.-lactone (II) is
      decarboxylated and ring closed affording
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      loweralkyl or aralkyl ester, .gamma.-lactone (III). The dicarboxylic acid
      is treated with an acid anhydride such as acetic anhydride and a base
      which is the alkali metal salt of the carboxylic acid corresponding to the
      acid anhydride such as sodium acetate. When acetic anhydride is the
      reactant along with the ketone (III) is formed the enol acetate derivative
      thereof:
      ##SPC3##
PAL  The enol acetate may be hydrolyzed to the desired ketone (III) by acid
      catalyzed hydrolysis with, for example, hydrochloric acid in a
      loweralkanol. This will afford pure ketone (III). However, the mixture of
      (III) and (III-A) may be reacted together in the preparation of the cyclic
      ethylene acetal derivative,
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      loweralkyl or aralkyl ester, 5-cyclic ethylene acetal, .gamma.-lactone
      (IV) by treatment with ethylene glycol and preferably also with an acid
      catalyst such as p-toluenesulfonic acid monohydrate. Both the ketone group
      of (III) and the enol acetate of (III-A) are simultaneously converted to
      the cyclic ethylene acetal function. The reaction is preferably run in a
      solvent which is not miscible with water such as benzene or toluene which
      forms an azeotrope therewith which is separable therefrom in a suitable
      apparatus. In this way the progress of the reaction may be followed by
      observing the molar quantities of water produced during the reaction. When
      the calculated amount of water is removed, the reaction is complete. The
      cyclic acetal is isolated by procedures known to one skilled in this art.
PAR  The carboxylic ester function of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      loweralkyl or aralkyl ester 5-cyclic ethylene acetal, .gamma.-lactone (IV)
      is hydrolyzed to the carboxylic acid by base catalyzed hydrolysis in a
      solvent such as an alkali metal hydroxide in a lower-alkanol. Acid
      catalyzed hydrolysis cannot be employed in as much as this will cause the
      hydrolysis of the cyclic acetal also. The reaction is run generally at
      room temperature although slight cooling or heating will not adversely
      affect the reaction. A temperature range of 15.degree.-35.degree.C. is
      permitted with the reaction being complete in from 15 minutes to 3 hours.
      2.alpha.-Carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      ethylene acetal, .gamma.-lactone (V) is isolated by the usual techniques.
PAR  The next step in the synthesis is the reduction of the carboxylic acid
      group to the aldehyde group. This is accomplished by first replacing the
      hydroxyl function of the carboxylic acid group of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      5-cyclicethylene acetal, .gamma.-lactone (V) with a suitable leaving group
      such as an imidazole, carbazole, aziridine, or 3,5-dimethyl pyrazole
      groups, a halide or the like. It is preferred to form the imidazolyl and
      the like derivatives with reagents as N,N'-carbonyldiimidazole. The
      reaction is run in a non-hydroxylic solvent such as tetrahydrofuran,
      ether, benzene, and the like at from 10.degree.-35.degree.C. for a
      duration of from 1 to 4 hours. The halides are formed from the alkali
      metal salt of compound V with the use of an acid halide under moderate
      conditions such that the cyclicethylene acetal is not destroyed. The
      reaction is run at from -10.degree. to 10.degree.C. for from 5 minutes to
      1 hour. The preferred halide is chlorine and the preferred reagent is
      oxalyl chloride.
PAR  The protected intermediate
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-(6-R.sub.2
      -carbonylhexyl)-5-cyclopentanone, 5-cyclic ethylene acetal,
      .gamma.-lactone (VI) is reduced by treatment with a moderate reducing
      agent such as lithium tri-t-butoxy aluminum hydride, lithium borohydride
      and the like, although the former reducing agent is preferred. The
      reduction is run in an inert non-reducible solvent such as
      tetrahydrofuran, ether, ethylene glycol dimethyl ether, and the like. The
      reaction is generally complete in from 1 to 6 hours at from -80.degree. to
      40.degree.C. although the reaction is preferred to be run substantially at
      from -25.degree. to 25.degree.C. The product is isolated and purified by
      techniques known to one skilled in this art.
PAR  The side-chain aldehyde group of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-(6-formylhexyl)-5-cyclopentan
     one, 5-cyclic ethylene acetal, .gamma.-lactone (VII) is protected by
      forming the cyclic ethylene acetal derivative thereof, viz
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-[6-(1,3-dioxolan-2-yl)hexyl]-
     5-cyclopentanone 5-cyclic ethylene acetal, .gamma.-lactone (VIII). The
      procedure is substantially the same as that employed in preparing
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      5-cyclic ethylene acetal, .gamma.-lactone, loweralkyl or aralkyl ester
      (IV) discussed above, and the discussion need not be repeated.
PAR  The next step consists of saponification of the lactone to the alkali metal
      salt of the corresponding hydroxy acid followed by oxidation of the
      hydroxy group thereof as well as the simultaneous oxidation of the
      terminal side chain function forming
      2.alpha.-carboxy-3.alpha.-(1,1-dihydroxyethyl)-5-oxocyclopentaneheptanoic
      acid, carboxymethyl ester (.gamma.-lactone) 5-cyclic ethylene acetal,
      (IX). The .gamma.-lactone is opened with base catalysis using an alkali
      metal hydroxide or carbonate such as sodium hydroxide, potassium
      hydroxide, sodium carbonate and the like. A solvent is generally employed
      and a loweralkanol is preferred. Sodium hydroxide in methanol is most
      preferred. The hydrolysis is generally complete in from 1 to 10 hours at
      from 0.degree.-40.degree.C. The progress of the hydrolysis is followed by
      taking a thin layer chromatogram of the reaction mixture. When the
      starting material has disappeared the reaction is complete. The product
      from the hydrolysis is not isolated but rather the loweralkanol solvent is
      exchanged for water and the resultant aqueous solution at a pH of from 7-9
      treated with an oxidizing agent such as ruthenium tetroxide prepared from
      ruthenium dioxide and sodium periodate. The progress of the reaction is
      followed by the formation of the yellow solution of ruthenium tetroxide
      and, as the oxidation procedes, the reformation of the black precipitate
      of ruthenium dioxide. The reaction is complete when there is no further
      production of ruthenium dioxide. Any excess ruthenium tetroxide can be
      destroyed by the dropwise addition of a loweralkanol or other readily
      oxidizable substance which, however, must not interfere with or react with
      the product:
      2.alpha.-carboxy-3.alpha.-(1,1-dihydroxyethyl)-5-oxocyclopentaneheptanoic
      acid methyl ester (.gamma.-lactone) 5-cyclic ethylene acetal (IX). The
      product is isolated by techniques known in this art.
PAR  The lactone ring of
      2.alpha.-carboxy-3.alpha.-(1,1-dihydroxyethyl)-5-oxocyclopentaneheptanoic
      acid carboxy methyl ester (.gamma.-lactone)-5-cyclic ethylene acetal is
      opened by treatment with an alkali metal loweralkoxide or aralkoxide in
      the presence of the corresponding alkanol, sodium methoxide in methanol
      being preferred. There results initially the preparation of the
      3.alpha.-acetyl-2.alpha.-carboxylate (IX-A) viz:
      ##SPC4##
PAL  The 3.alpha.-acetyl group of IX-A is then epimerized and ester interchange
      of the terminal glycolic acid residue with the alkoxide function present
      in the reaction mixture takes place, affording
      3.beta.-acetyl-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid,
      loweralkyl or aralkyl ester, 5-cyclic ethylene acetal (X). The above steps
      all occur in situ and the intermediate IX-A is not isolated. The reaction
      is run substantially at room temperature (15.degree.-35.degree.C.) for
      from 5 to 25 hours, and the product purified by known techniques.
PAR  3.beta.-Acetyl-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid,
      loweralkyl or aralkyl ester 5-cyclic ethylene acetal (X) is oxidized in a
      Bayer-Villiger reaction using an organic peracid such as
      trifluoroperacetic acid, m-chloroperbenzoic acid and the like affording
      3.beta.-acetoxy-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid,
      loweralkyl or aralkyl ester (XI) 5-cyclic ethylene acetal. The reaction
      mixture is generally buffered with alkaline buffering agents such as
      sodium monohydrogenphosphate. The reaction is initially maintained at from
      -10.degree. to 10.degree.C., and when all of the reagents are combined the
      temperature of the reaction mixture is raised to from
      20.degree.-40.degree.C. for from 1-6 hours. The progress of the reaction
      is followed with the aid of thin layer chromatography. Additional peracid
      may be added if the reaction is observed to have stopped before reaching
      completion.
PAR  The carboxylic acid group of
      3.beta.-acetoxy-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid,
      loweralkyl or aralkyl ester 5-cyclic ethylene acetal (X) is reduced to the
      aldehyde group though the imidazolyl, halo, carbazolyl, aziridinyl, or
      3,5-dimethylpyrazolyl intermediates (XII) affording
      3.beta.-acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic acid,
      loweralkyl or aralkyl ester 5-cyclic ethylene acetal, (XIII). The
      procedure is generally the same as the preparation of the intermediate
      (VI) and aldehyde (VII) and the discussion need not be repeated.
PAR  The aldehyde
      3.beta.-acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic acid,
      loweralkyl or aralkyl ester 5-cyclic ethylene acetal (XIII) is reacted
      with diloweralkyl-2-oxoheptylphosphonate under the conditions of a Wittig
      reaction to form
      3.beta.-acetoxy-5-oxo-2.alpha.-(3-oxo-1-octenyl)-1.beta.-cyclopentanehepta
     noic acid loweralkyl or aralkyl ester 5-cyclic ethylene acetal, (XIV).
PAR  3.beta.-Acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic acid,
      loweralkyl or aralkyl ester 5-cyclic ethylene acetal, (XIII) and
      3.beta.-loweralkanoyloxy-5-oxo-2.alpha.-(3-oxo-1-octenyl)-1.beta.-cyclopen
     taneheptanoic acid, loweralkyl or aralkyl ester 5-cyclic ethylene acetal,
      (XIV) are known precursors of prostaglandin E.sub.1 and are described in
      copending U.S. patent application Ser. No. 48,548 filed June 22, 1970
      along with the procedures for converting said compounds to PGE.sub.1 (XVI)
     .
DETD
PAR  In order that this invention may be more fully understood the following
      examples are presented, which examples are given for purposes of
      illustration and not of limitation.
PAC  PREPARATION A
PAC  Methyl-8,10-undecadienoate
PAR  To a solution of allyl triphenylphosphonium bromide (38.4 g.) in 500 ml. of
      ether stirred under N.sub.2 is added 58 ml. of 1.7 M n-butyl lithium in
      hexane over 5 minutes. After 20 minutes the stirred mixture is cooled to
      0.degree.C. and 17.0 g. of methyl 8-oxo-octanoate in 100 ml. of ether is
      added over 30 minutes, resulting in discharge of the red ylid color. The
      mixture is stirred 90 minutes at room temperature, filtered, and the
      precipitate washed with ether. The combined filtrate and washings are
      washed with water, saturated aqueous sodium chloride, dried over
      MgSO.sub.4 and concentrated to dryness under vacuum. Distillation of the
      residue (14.3 g.) at 0.05 mm. gives methyl undeca -8,10 dienoate (7.0 g.)
      b.p. 65.degree.-70.degree./0.05 mm. .lambda..sub.max.sup.CH.sbsp.3OH 226
      mm. (26,700).
PAC  EXAMPLE 1
PAC  6.alpha.-Carboxy-5.alpha.-(1-Hydroxyethyl)-2-Cyclohexene-1-Heptanoic Acid
      Methyl Ester, .gamma.-lactone
PAR  A solution of methyl 8.10-undecadienoate (8.34 g.) and
      .beta.-angelicalactone (20.8 g.) is heated in a glass-lined autoclave at
      200.degree. for 24 hours. The resulting yellow oil is dissolved in
      dichloromethane and washed with 5% aqueous sodium bicarbonate, saturated
      salt solution, dried over MgSO.sub.4 and concentrated under vacuum to
      remove excess .beta.-angelicalactone and cis-diene. The residue (10.92 g.)
      is chromatographed on 300 g. of silica gel, eluting with 2% acetone in
      chloroform affording 6.94 g. (70%) of
      6.alpha.-carboxy-5.alpha.-(1-hydroxyethyl)-2-cyclohexene-1-heptanoic acid
      methyl ester, .gamma.-lactone. .lambda..sub.Max.sup.CHf 5.68, 5.78 .
      .delta..sub.TMs.sup.CDCl.sbsp.3 1.37 (d, J=7), 2.77 (m, 1H), 3.66 (s, 3H),
      4.20 (m, 1H), 5.6-6.0 (m, 2H).
PAC  EXAMPLE 2
PAC  3-Carboxymethyl-4-Methyl-2-[1-Carboxy-7-(Methoxycarbonyl)Heptyl]-.gamma.-Bu
     tyrolactone
PAR  A stream of 3% ozone in oxygen is passed through a solution of the
      Diels-Alder adduct:
      6.alpha.-carboxy-5.alpha.-(1-hydroxyethyl)-2-cyclohexene-1-heptanoic acid
      methyl ester, .gamma.-lactone (5.0 g. 0.0169 moles) in 150 ml. of
      dichloromethane at about -60.degree.C. until the reaction mixture is
      saturated with ozone.
PAR  The excess ozone is removed in a stream of nitrogen and dichloromethane is
      removed under reduced pressure to yield the ozonide as a colorless foam
      after flushing with benzene and ether. The ozonide is dissolved in 150 ml.
      of acetic acid and 40 ml. of 30% hydrogen peroxide and the mixture is
      heated at 55.degree.C. under nitrogen for 24 hours. The mixture is
      evaporated in vacuo at a bath temperature of less than 50.degree.C.,
      flushed with a n-heptane-toluene mixture and the residue extracted into
      ethyl acetate. The organic extract is washed with cold NaHSO.sub.3
      solution, 5% NaHCO.sub.3, salt solution, dried over MgSO.sub.4 and
      concentrated to give 588 mg. of neutral material. The bicarbonate solution
      is acidified with saturated NaH.sub.2 PO.sub.4 solution and extracted with
      ethyl acetate. The latter extract is washed with salt solution, dried over
      MgSO.sub.4 and evaporated to give 3.8 g. (72%) of the crystalline
      dicarboxylic acid
      3-carboxymethyl-4-methyl-2-[1-carboxy-7-(methoxycarbonyl)heptyl]-.gamma.-b
     utyrolactone, m.p. 141.degree.-143.degree. .lambda..sub.Max.sup.CHf
      2.7-3.0, 5.65, 5.75, 5.80.mu.. .sub.TMs.sup.CDCl.sbsp.3 1.43 (d, J=7),
      3.67 (s, 3H), 4.47 (m, 1H), 10.17 (s, 2H).
PAC  EXAMPLE 3
PAC  2.alpha.-Carboxy-3.alpha.-(1-Hydroxyethyl)-5-Oxocyclopentaneheptanoic Acid
      Methyl Ester, .gamma.-Lactone
PAR  A solution of
      3-carboxymethyl-4-methyl-2-[1-carboxy-7-(methoxycarbonyl)heptyl]-.gamma.-b
     utyrolactone (1.33 g., 3.71 m moles) in 33 ml. of acetic anhydride is
      refluxed under nitrogen for 1.5 hours. Anhydrous sodium acetate (2.0 g.)
      is added and the reaction mixture refluxed for an additional 1.5 hours.
      After cooling to room temperature, sodium acetate is removed by filtration
      and the mixture is evaporated in vacuo to near dryness after flushing
      several times with a n-heptane toluene mixture. The last trace of acetic
      anhydride is removed by cautious addition of a small amount of methanol
      and again pumping to dryness. The residue is dissolved in dichloromethane
      and washed with 5% aqueous NaHCO.sub.3, saturated salt solution, dried
      over MgSO.sub.4 and evaporated to 1.18 g. of a residue consisting of the
      ketone III and its corresponding enol acetate III-A with the former
      predominating as evidenced by tlc (5% acetone in chloroform) with (III-A)
      being more mobile. The conversion of the enol acetate to the ketone is
      achieved via acid hydrolysis by dissolving the above mixture in 30 ml. of
      1.8% methanolic hydrogen chloride. After 16 hours at 25.degree., the
      reaction mixture is concentrated in vacuo to provide 1.086 g. of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      methyl ester, .gamma.-lactone; .lambda..sub.Max.sup.CHf 5.66, 5.72, 5.78,
      .delta..sub.TMs.sup.CDCl.sbsp.3 1.43 (d, J=7) 3.66 (s.3 H,) 4.40 (m, 1H).
PAC  EXAMPLE 4
PAC  2.alpha.-Carboxy-3.alpha.-(1-Hydroxyethyl)-5-Oxocyclopentaneheptanoic Acid
      Methyl Ester, .gamma.-Lactone, 5-Cyclic Ethylene Acetal
PAR  A mixture of 1.184 g. of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      methyl ester, .gamma.-lactone, 3.94 ml. of ethylene glycol, 43 mg. of
      p-toluenesulfonic acid monohydrate in 100 ml. of benzene is azeotropically
      distilled with a Dean-Stark water separater for 16 hours. The reaction
      mixture is cooled and quenched into excess aqueous NaHCO.sub.3 solution.
      The layers are separated and the organic phase is washed with water,
      saturated salt solution, dried over Na.sub.2 SO.sub.4 and evaporated to
      dryness affording 1.308 g. of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      methyl ester, .gamma.-lactone, 5-cyclic ethylene acetal.
      .lambda..sub.Max.sup.CHf 5.68, 5.77, 10.52.mu.;
      .delta..sub.TMs.sup.CDCl.sbsp.3 1.33 (d, J=7), 3.68 (S, 3H), 3.92 (S,4H),
      4.42 (m, 1H).
PAC  EXAMPLE 5
PAC  2.alpha.-Carboxy-3.alpha.-(1-Hydroxyethyl)-5-Oxocyclopentaneheptanoic Acid
      5-Cyclic Ethylene Acetal, .gamma.-Lactone
PAR  To a stirred solution of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      methyl ester, .gamma.-lactone, 5-cyclic ethylene acetal (1.0 g., 2.94 m
      moles) in 5 ml. methanol is added 5.88 ml. of 1N NaOH. The mixture is
      stirred at 25.degree.C. for 1.5 hours. Methanol is removed at reduced
      pressure. The aqueous alkaline solution is poured into saturated aqueous
      NaH.sub.2 PO.sub.4 solution and extracted with ethyl acetate. The latter
      is extracted with 5% aqueous NaHCO.sub.3. The bicarbonate solution is
      chilled, acidified with solid NaH.sub.2 PO.sub.4 and extracted with ethyl
      acetate. The organic extract is washed with salt solution, dried over
      Na.sub.2 SO.sub.4 and evaporated to provide 948 mg. (99%) of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      5-cyclic ethylene acetal, .gamma.-lactone. .lambda..sub.Max.sup.CHf
      2.8-3.1, 5.69, 5.78 (sh), 5.83, 10.55.mu.; nmr
      .delta..sub.TMs.sup.CDCl.sbsp.3 1.38 (d, J=7), 3.93 (s, 4H), 4.45 (m, 1H),
      8.40 (s, 1H).
PAC  EXAMPLE 6
PAC  2.alpha.-Carboxy-3.alpha.-(1-Hydroxyethyl)-1-(6-Imidazolylcarbonylhexyl)-5-
     Cyclopentanone, 5-Cyclic Ethylene Acetal, .gamma.-Lactone
PAR  N,N'-Carbonyldiimidazole (1.24 g., 7.6 m moles) is added to a stirred
      solution of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-5-oxocyclopentaneheptanoic acid
      5-cyclic ethylene acetal, .gamma.-lactone (2.36 G., 7.26 m moles) in 25
      ml. of dry THF at 25.degree.C. under nitrogen. The reaction mixture is
      stirred at 25.degree.C. for 2 hours. The solvent is removed in vacuo and
      the oily residue is dissolved in benzene, washed with water, saturated
      salt solution, and dried over Na.sub.2 SO.sub.4 and evaporated to afford
      2.60 g. (98.5%) of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-(6-imidazolylcarbonylhexyl)-5
     -cyclopentanone, 5-cyclic ethylene acetal, .gamma.-lactone.
      .lambda..sub.Max.sup.CHf 3.38, 5.68-5.72, 6.55, 6.79, 7.05, 7.25,
      10.55.mu.. .delta..sub.TMs.sup.CDCl.sbsp.3 1.36 (d, J=7), 3.92 (s, 4H),
      4.46 (m, 1H), 7.07, 7.48, 8.18 (3H).
PAC  EXAMPLE 7
PAC  2.alpha.-Carboxy-3.alpha.-(
     1-Hydroxyethyl)-1-(6-Formylhexyl)-5-Cyclopentanone, 5-Cyclic Ethylene
      Acetal, .gamma.-Lactone
PAR  A solution of lithium tri-t-butoxy aluminum hydride (1.834 g., 7.2 m moles)
      in 45 ml. dry tetrahydrofuran is added dropwise to a stirred solution of
      (VI) (R.sub.2 =imidizalolyl) (2.59 g., 6.87 m moles) in 30 ml. of THF at
      25.degree. under nitrogen and the reaction mixture is stirred at
      25.degree. for 3 hours. At the end of this period, the solvent is removed
      under vacuum and to the residue is added benzene and cold saturated
      aqueous Na.sub.2 SO.sub.4 solution. Inorganic salts are removed by
      filtration and the organic phase of the filtrate is washed with water,
      saturated NaCl solution, dried over Na.sub.2 SO.sub.4 and evaporated to
      yield 1.91 g. (90%) of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-(6-formylhexyl)-5-cyclopentan
     one, 5-cyclic ethylene acetal, .gamma.-lactone as an oil;
      .lambda..sub.Max.sup.CHf 3.70, 5.70, 5.81, 10.55.mu.;
      .delta..sub.TMs.sup.CDCl.sbsp.3 1.36 (d, J=7), 3.90 (s, 4H), 4.40 (m, 1H),
      9.73 (t, 1H).
PAC  EXAMPLE 8
PAC  2.alpha.-Carboxy-3.alpha.-(1-Hydroxyethyl)-1-[6-(1,3-Dioxolan-2-yl(hexyl]-5
     -Cyclopentanone 5-Cyclic Ethylene Acetal, .gamma.-Lactone
PAR  A mixture of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-(6-formylhexyl)-5-cyclopentan
     one, 5-cyclic ethylene acetal, .gamma.-lactone (1.7 g.), p-toluenesulfonic
      acid monohydrate (250 mg.) in ethylene glycol (25 ml.) and benzene (175
      ml.) is azeotropically distilled with a Dean-Stark water separater for 16
      hours. The mixture is cooled and added to excess chilled sodium
      bicarbonate solution. The layers are separated and the aqueous phase is
      extracted with benzene. The combined organic extracts are washed with
      water, saturated salt solution dried over Na.sub.2 SO.sub.4 and
      concentrated to dryness under vacuum to give 1.91 g. of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-[6-(1,3-dioxolan-2-yl)hexyl]-
     5-cyclopentanone 5-cyclic ethylene acetal, .gamma.-lactone as thin needles,
      m.p. 43.degree.-46.degree.C. .lambda..sub.Max.sup.CHf 5.68, 10.55.mu.;
      .delta..sub.TMs.sup.CDCl.sbsp.3 1.33 (d, J=7), 3.92 (m, 8H), 4.52 (m, 1H),
      4.87 (t, J=4, 1H).
PAC  EXAMPLE 9
PAC  2.alpha.-Carboxy-3.alpha.-(1,1-Dihydroxyethyl)-5-Oxocyclopentaneheptanoic
      Acid Carboxymethyl Ester, .gamma.-Lactone 5-Cyclic Ethylene Acetal
PAR  A solution of
      2.alpha.-carboxy-3.alpha.-(1-hydroxyethyl)-1-[6-(1,3-dioxolan-2-yl)hexyl]-
     5-cyclopentanone 5-cyclic ethylene acetal, .gamma.-lactone (1.0 g., 2.8 m
      moles), 20% aqueous NaOH (2.0 ml.) in 1.5 ml. of methanol is stirred at
      25.degree.C. under a nitrogen atmosphere for 5 hours at which time tlc
      indicated complete opening of the lactone ring. The mixture is
      concentrated in vacuo to remove the methanol and 1.5 ml. of water is
      added. The pH of the solution is adjusted to about 8 with a stream of
      CO.sub.2 gas. Ruthenium dioxide (15 mg.) is then added to the stirred
      solution followed by dropwise addition of a solution of NaIO.sub.4 (2.772
      g., 13.0 m moles) in 5-10 ml. of water. The progress of the redox reaction
      is indicated by the formation of yellow homogeneous ruthenium tetroxide
      solution followed by reappearance of the black ruthenium dioxide
      precipitate. When the yellow color persists indicating completion of the
      reaction, the excess oxidizing agent (RuO.sub.4) is destroyed by the
      addition of a few drops of isopropyl alcohol. The resulting reaction
      mixture is added to excess cold aqueous NaH.sub.2 PO.sub.4 solution and
      extracted with ethyl acetate. The organic phase is washed with water,
      saturated aqueous NaCl solution, dried over MgSO.sub.4 and evaporated to
      provide 1.067 g. of
      2.alpha.-carboxy-3.alpha.-(1,1-dihydroxyethyl-oxocyclopentaneheptanoic
      acid carboxymethyl ester, .gamma.-lactone 5-cyclic ethylene acetal;
      .lambda..sub.Max.sup.CHf 2.9, 5.69-5.80, 10.55.mu.;
      .delta..sub.TMs.sup.CDCl.sbsp.3 3.93 (s, 4H), 4.63 (s,  2H), 7.93 (broad
      S).
PAC  EXAMPLE 10
PAC  3.beta.-Acetyl-2.alpha.-Carboxy-5-Oxo-1.beta.-Cyclopentaneheptanoic Acid
      Methyl Ester, 5-Cyclic Ethylene Acetal
PAR  To a solution of 1 g. of
      2.alpha.-carboxy-3.alpha.-(1,1-dihydroxyethyl)-5-oxo-cyclopentaneheptanoic
      acid carboxymethyl ester, .gamma.-lactone 5-cyclic ethylene acetal in 5
      ml. of methanol is added 30 ml. of 0.88N sodium methoxide in methanol
      under an atmosphere of nitrogen and the reaction mixture is stirred at
      25.degree.C. for 16 hours. The reaction mixture is quenched into excess,
      chilled, saturated NaH.sub.2 PO.sub.4 and concentrated in vacuo to remove
      the methanol. The aqueous phase is saturated with salt and extracted with
      ethyl acetate. The latter extract is washed with salt solution, dried
      (MgSO.sub.4) and evaporated to give 945.4 mg. (96.5%) of
      3.beta.-acetyl-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester, 5-cyclic ethylene acetal; .lambda..sub.Max.sup.CHf 2.8-3.3,
      5.73 sh., 5.80 sh., 5.83, 10.52.mu.; .delta..sub.TMs.sup.CDCl.sbsp.3 2.20
      (s, 3H), 3.67 (s, 3H), 3.93 (s, 4H), 9.37 (broad s, 1H).
PAC  EXAMPLE 11
PAC  3.beta.-Acetoxy-2.alpha.-Carboxy-5-Oxo-1.beta.-Cyclopentaneheptanoic Acid
      Methyl Ester 5-Cyclic Ethylene Acetal
PAR  Peroxytrifluoroacetic acid is prepared by the dropwise addition of 28 ml.
      of trifluoroacetic anhydride to 4.4 ml. of 90% H.sub.2 O.sub.2 in 40 ml.
      of dichloromethane at 0.degree.C.. The mixture is stirred at 25.degree.
      for 30 minutes and stored at 0.degree.C. The titer is 1.4 M. Just before
      use 10 g. of powdered Na.sub.2 HPO.sub.4 is added portionwise with
      stirring at 0.degree.C.
PAR  To a stirred solution of (883 mg.) of
      3.beta.-acetyl-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester, 5-cyclic ethylene acetal in 17 ml. of dichloromethane at
      0.degree.C. is added 10 g. of powdered Na.sub.2 HPO.sub.4 portionwise.
      Through a dropping funnel, 24.3 ml. the above CF.sub.3 CO.sub.3 H solution
      in CH.sub.2 Cl.sub.2 is added dropwise during 5 minutes. After the
      addition is complete, the reaction mixture is allowed to warm to room
      temperature and stirring is continued for 6 hours. This treatment is then
      repeated after chilling the reaction mixture to 0.degree.C. and the final
      reaction mixture is stirred at 25.degree.C. under nitrogen for 16 hours.
PAR  After removal of the inorganics by filtration, the filtrate is washed with
      cold aqueous KI solution followed by cold aqueous Na.sub.2 S.sub.2
      O.sub.3) to discharge the iodine color, water, and saturated salt
      solution. The organic extracts are dried (MgSO.sub.4) and evaporated to
      give 712 mg. of
      3.beta.-acetoxy-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester, 5-cyclic ethylene acetal as an oil. .lambda..sub.Max.sup.CHf
      2.8-33, 5.75 sh., 5.80, 5.83 sh., 10.55.mu.;
      .delta..sub.TMs.sup.CDCl.sbsp.3 2.05 (s, 3H), 3.67 (s, 3H), 3.97 (s, 4H),
      5.24 (m, 1H), 8.37 (broad s, 1H).
PAC  EXAMPLE 12
PAC  3.beta.-Acetoxy-2.alpha.-Imidazolylcarbonyl-5-Oxo-1.beta.-Cyclopentanehepta
     noic Acid Methyl Ester, 5-Cyclic Ethylene Acetal
PAR  N,N'-Carbonyldiimidazole (164 mg., 1.01 m moles) is added to a stirred
      solution of
      3.beta.-acetoxy-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester 5-cyclic ethylene acetal (358 mg., 0.96 m moles) in 4 ml. of
      dry THF at room temperature under nitrogen. The reaction mixture is
      stirred at 25.degree.C. under nitrogen for 2 hours. The solvent is removed
      under vacuum and the oily residue is dissolved in benzene, washed with
      water, saturated salt solution, dried over Na.sub.2 SO.sub.4 and
      evaporated to dryness affording 370 mg. of
      3.beta.-acetoxy-2.alpha.-imidazolylcarbonyl-5-oxo-1.beta.-cyclopentanehept
     anoic acid methyl ester, 5-cyclic ethylene acetal.
      .delta..sub.TMs.sup.CDCl.sbsp.3 2.00 (s, 3H), 3.67 (s, 3H), 4.00 (broad s,
      4H), 4.44 (m, 1H), 5.20 (m, 1H), 7.17, 7.37, 8.20 (3H).
PAC  EXAMPLE 13
PAC  3.beta.-Acetoxy-2.alpha.-Formyl-5-Oxo-1.beta. -Cyclopentaneheptanoic Acid
      Methyl Ester, 5-Cyclic Ethylene Acetal
PAR  A solution of lithium tritertiarybutoxy aluminum hydride (120 mg., 0.47 m
      moles) in 3 ml. dry THF is added dropwise to a stirred solution of
      3.beta.-acetoxy-2.alpha.-imidazolylcarbonyl-5-oxo-1.beta.-cyclopentanehept
     anoic acid methyl ester, 5-cyclic ethylene acetal (105 mg., 0.235 m moles)
      in 2 ml. of THF at 25.degree.C. under nitrogen. After 3.5 hours, a thin
      layer chromatogram (5% acetone in chloroform) of an aliquot indicates the
      complete absence of the starting amide. The reaction is worked-up after an
      additional one-half hour by adding it to a chilled mixture of saturated
      aqueous NaH.sub.2 PO.sub.4 and ethyl acetate, the THF present is removed
      under vacuum, and the mixture is extracted with ethyl acetate. The organic
      extract is washed with water, aqueous salt solution, dried over Na.sub.2
      SO.sub.4 and concentrated in vacuo to give 75 mg. of
      3.beta.-acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester, 5-cyclic ethylene acetal; .lambda..sub.Max.sup.CHf 3.68,
      5.78, 10.52.mu.; .delta..sub.TMs.sup.CDCl.sbsp.3 2.07 (s, 3H), 3.70 (s,
      3H), 3.97 (s, 4H), 4.2 (m, 1H), 5.2 (m, 1H), 9.75 (d, J=2, 1H).
PAC  EXAMPLE 14
PAC  3.beta.-Acetoxy-2.alpha.-Formyl-5-Oxo-1.beta.-Cyclopentaneheptanoic Acid
      Methyl Ester, 5-Cyclic Ethylene Acetal
PAR  To a solution of 372 mg. (1 m mole) of
      3.beta.-acetoxy-2.alpha.-carboxy-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester 5-cyclic ethylene acetal in 5 ml. methanol at 0.degree. is
      added 2 ml. of 0.5N NaOH dropwise. The mixture is concentrated to dryness
      under vacuum at 0.degree.C. Benzene (10 ml.) is added and concentrated
      under vacuum twice to remove traces of water. Benzene (5 ml.) and pyridine
      (0.1 ml.) are added followed by 1 ml. of oxalyl chloride in 2 ml. of
      benzene, with the temperature maintained throughout at 0.degree.C. After
      15 minutes the mixture is concentrated to dryness, benzene added and the
      mixture again concentrated to dryness. The residue is dissolved in 5 ml.
      of diethylene glycol dimethyl ether (diglyme) and cooled to -78.degree.C.
      To the stirred solution is added dropwise 255 mg. (1 m mole) of
      lithium-t-butoxy aluminum hydride in 5 ml. of diglyme maintaining the
      temperature at -78.degree.C. After 20 minutes the mixture is allowed to
      warm to 20.degree.C., poured onto crushed ice and extracted with ether.
      The ether extract is washed with water, saturated aqueous sodium chloride,
      dried over sodium sulfate and concentrated to dryness under vacuum. The
      residue consists of
      3.beta.-acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester, 5-cyclic ethylene acetal with physical properties identical
      with those of the material obtained from Example 13.
PAC  EXAMPLE 15
PAC  3.beta.-Acetoxy-5-Oxo-2.alpha.-(3-Oxo-1-Octenyl)-1.beta.-Cyclopentaneheptan
     oic Acid Methyl Ester, 5-Cyclic Ethylene Acetal
PAR  A solution of dimethyl 2-oxoheptylphosphonate (138 mg., 0.62 m moles) in 3
      ml. of dry THF is added over 3 minutes to a stirred suspension of sodium
      hydride as a 50% oil dispersion (24.3 mg., 0.507 m moles) in 6 ml. of THF
      at 0.degree.C. under nitrogen atmosphere. A gelatinous precipitate of the
      ylid sodium salt forms within 30 minutes. After an additional 30 minutes
      at 0.degree.C., a solution of
      3.beta.-acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester, 5-cyclic ethylene acetal (185 mg., 0.507 m moles) in 5 ml.
      of THF is added dropwise and the reaction mixture is allowed to warm to
      room temperature with stirring continued at 25.degree.C. for 3.5 hours. A
      thin-layer chromatogram (10% acetone in chloroform) indicates the complete
      disappearance of the starting material. The reaction mixture is cooled to
      0.degree.C. and added to chilled saturated NaH.sub.2 PO.sub.4 solution.
      The mixture is concentrated in vacuo to remove THF and is extracted with
      ethyl acetate. The latter extract is washed with aqueous sodium chloride,
      dried over MgSO.sub.4 and evaporated in vacuo to provide 285 mg. of
      residue which is chromatographed on 20 g. of silica gel eluting with 5%
      acetone in chloroform to provide 161 mg.
      3.beta.-acetoxy-2.alpha.-formyl-5-oxo-1.beta.-cyclopentaneheptanoic acid
      methyl ester, 5-cyclic ethylene acetal which is spectroscopically
      identical with an authentic sample.
PAC  EXAMPLE 16
PAC  3-Acetoxy-2-(3-Hydroxy-1-Octenyl)-5-Oxocyclopentaneheptanoic Acid Methyl
      Ester, 5-Cyclicethylene Acetal
PAR  To a solution of 40 mg. of
      3-acetoxy-2-(3-oxo-1-octenyl)-5-oxocyclopentaneheptanoic acid methyl
      ester, 5-cyclicethylene acetal in 1.5 ml. of methanol stirred under
      nitrogen at 0.degree.C. is added 0.4 ml. of a solution of 17 mg. of sodium
      borohydride in 2 ml. of methanol (3.4 mg. NaBH.sub.4). After 30 minutes at
      0.degree.C. the mixture is added to 20 ml. of cold saturated aqueous
      NaH.sub.2 PO.sub.4 and extracted with ethyl acetate. The latter extract is
      dried over Na.sub.2 SO.sub.4 and concentrated to dryness to give 40 mg. of
      3-acetoxy-2-(3-hydroxy-1-octenyl)-5-oxocyclopentaneheptanoic acid methyl
      ester, 5-cyclicethylene acetal as a mixture of hydroxy epimers on the
      octenyl side chain. If desired the epimers may be separated at this stage
      by thin layer chromatography on silica gel (system 10% acetone in
      chloroform).
PAC  EXAMPLE 17
PAC  3-Hydroxy-2-(3-Hydroxy-1-Octenyl)-5-Oxocyclopentaneheptanoic Acid,
      5-Cyclicethylene Acetal
PAR  To a stirred solution of 30 mg. of the mixture of epimers of
      3-acetoxy-2-(3-hydroxy-1-octenyl)-5-oxocyclopentaneheptanoic acid methyl
      ester, 5-cyclicethylene acetal obtained in the preceding example in 1 ml.
      of methanol at 0.degree.C. under nitrogen is added 0.4 ml. of a solution
      of 88 mg. of potassium hydroxide in 1 ml. of water. The yellow solution is
      kept at 20.degree.-25.degree.C. for 3 hours. It is then added to cold
      saturated aqueous NaH.sub.2 PO.sub.4 (10 ml.) and extracted with ethyl
      acetate. The latter extract is dried over Na.sub.2 SO.sub.4 and
      concentrated to dryness to give 28 mg. of
      3-hydroxy-2-(3-hydroxy-1-octenyl)-5-oxocyclopentaneheptanoic acid,
      5-cyclicethylene acetal as a mixture of hydroxy epimers on the side chain.
      The substances are separable on silica gel plates (system-benzene:
      dioxane: acetic acid: 20:20:1), the most polar component (R.sub.F 0.5)
      being the desired one.
PAC  EXAMPLE 18
PAC  3-Hydroxy-2-(3-Hydroxy-1-Octenyl)-5-Oxocyclopentaneheptanoic Acid
      (+)-Prostaglandin E.sub.1)
PAR  A solution of 30 mg. of the epimeric mixture of
      3-hydroxy-2-(3-hydroxy-1-octenyl)-5-oxocyclopentaneheptanoic acid,
      5-cyclicethylene acetal in 2 ml. of 50% aqueous acetic acid is kept at
      20.degree.-25.degree.C. for 3 hours. It is then concentrated to dryness to
      give 28 mg. of crude
      3-hydroxy-2-(3-hydroxy-1-octenyl)-5-oxocyclopentaneheptanoic acid,
      (prostaglandin E.sub.1). The product is purified by preparative thin layer
      chromatography on silica gel (system-benzene: dioxane: acetic acid --
      40:40:1) visualizing the components by water spray. The band, which
      corresponds to prostaglandin E.sub.1 is eluted with methanol, the eluate
      filtered, the filtrate concentrated to dryness and the residue taken up in
      chloroform. The latter solution is washed with aqueous NaH.sub.2 PO.sub.4,
      dried over Na.sub.2 SO.sub.4 and concentrated to dryness. Crystallization
      of the residue from ether-hexane gives (.+-.)-prostaglandin E.sub.1 m.p.
      110.degree.C. The synthetic material has identical tlc mobility as
      naturally derived prostaglandin E.sub.1.
PAR  Various changes and modifications may be made in carrying out the present
      invention without departing from the spirit and scope thereof. Insofar as
      these changes and modifications are within the purview of the annexed
      claims, they are to be considered as part of our invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 6.alpha.-Carboxy-5.alpha.(1-hydroxyethyl)-2-cyclohexene-1-heptanoic
      acid, .gamma.-lactone, 1-6 carbon loweralkyl, or 6-10 carbon aromatic
      hydrocarbon substituted lower alkyl ester.
NUM  2.
PAR  2. The compound of claim 1 in which the ester is the methyl ester.
PATN
WKU  039391833
SRC  5
APN  4040767
APT  1
ART  121
APD  19731005
TTL  Purification of maleic anhydride
ISD  19760217
NCL  9
ECL  1
EXA  Dentz; Bernard I.
EXP  Trousof; Natalie
NDR  1
NFG  1
INVT
NAM  Gardner; John D.
CTY  Richmond
STA  CA
INVT
NAM  Manning; John F.
CTY  Albany
STA  CA
ASSG
NAM  Chevron Research Company
CTY  San Francisco
STA  CA
COD  02
CLAS
OCL  2603468M
XCL  2603467
EDF  2
ICL  C07D30760
FSC  260
FSS  346.8 M;346.7
UREF
PNO  2296218
ISD  19420900
NAM  Middleton, Jr.
OCL  260346.8
UREF
PNO  3586703
ISD  19710600
NAM  Martinez et al.
OCL  260346.8
LREP
FR2  Magdeburger; G. F.
FR2  Stoner, Jr.; John
FR2  De Jonghe; T. G.
ABST
PAL  A method for obtaining purified polycarboxylic anhydrides of good color
      stability which comprises combining and contacting a metal halide and
      P.sub.2 O.sub.5 or a perborate with the crude anhydride before final
      distillation of the crude anhydride. Preferred metal halides are alkaline
      earth and transition metal halides, with magnesium, calcium and iron
      chlorides being particularly preferred. The method is especially
      advantageously applied to maleic anhydride purification, especially maleic
      anhydride produced by butane oxidation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to purification of polycarboxylic anhydrides
      such as phthalic anhydride and maleic anhydride, and especially maleic
      anhydride. More particularly, the present invention relates to obtaining
      anhydride products, especially a maleic anhydride product, of good color
      stability.
PAR  Polycarboxylic anhydrides such as phthalic anhydride and maleic anhydride
      are commercially produced by oxidation of a hydrocarbon feedstock using a
      catalyst to obtain specificity for the reaction. Typical feedstocks for
      phthalic anhydride production include naphthalene and orthoxylene. Maleic
      anhydride can be produced from a number of different hydrocarbon
      feedstocks, including benzene, butane, butene, furfural, and
      crotonaldehyde. Catalysts for both processes usually contain the oxides of
      vanadium, along with the oxides of other elements as modifiers.
PAR  Production of phthalic anhydride or maleic anhydride includes means to
      recover the anhydride from the oxidation reactor effluent, for example by
      absorption of the anhydride followed by stripping the anhydride from the
      absorbent to obtain a crude anhydride stream, and means to purify the
      recovered crude anhydride, for example by distillation to obtain product
      anhydride. One of the important specifications for the purified product
      anhydride is color stability. The color of phthalic anhydride or maleic
      anhydride is commonly measured by so-called APHA color standards using
      standard platinum-cobalt solutions prepared in accordance with ASTM
      D-2280-66 procedure. This color scale was developed by the American Public
      Health Association and is also known as the Hazen Platinum Cobalt Scale. A
      description may be found at page 2048 of the 5th edition of "Standard
      Methods of Chemical Analysis", by Wilford W. Scott.
PAR  Typical specifications on product maleic anhydride call for an APHA or
      Hazen color of 20 or lower for molten anhydride and a color of 40 or less
      after 2 hours heating at 140.degree.C. Good commercial maleic anhydride
      has a Hazen color below 125 after 24 hours at 140.degree.C. Because the
      color of maleic anhydride is particularly prone to degrade (become darker)
      upon heating and because color tests frequently call for measurement after
      a prolonged period of heating, the color stability of maleic anhydride is
      also frequently referred to as color thermal stability.
PAR  Various methods have been employed to obtain colorstable carboxylic acid
      anhydrides. For example, U.S. Pat. No. 2,129,166 discloses color-stability
      improvement by heating crude maleic anhydride for a considerable length of
      time and then distilling to obtain a product anhydride; U.S. Pat. No.
      2,134,531 discloses the use of sulfuric acid to treat crude maleic
      anhydride followed by distillation to obtain a product maleic anhydride;
      U.S. Pat. No. 2,150,331 discloses the formation of a maleic anhydride
      compound with anthracene followed by separation of the anthracenemaleic
      anhydride compound and then decomposing the compound to obtain pure maleic
      anhydride vapor; U.S. Pat. No. 2,296,218 discloses heating crude maleic
      anhydride with a metal compound selected from the oxides and hydroxides of
      sodium, potassium, lithium, calcium, zinc and magnesium and the halides of
      zinc, iron and aluminum and then distilling the treated maleic anhydride
      to recover a product maleic anhydride; U.S. Pat. No. 2,308,588 discloses
      heating crude maleic anhydride with an oxide of boron and then distilling
      to obtain purified maleic anhydride; U.S. Pat. No. 2,831,896 teaches that
      alkali metal cations cause undesirable decarboxylation of maleic
      anhydride, especially above 150.degree.C, and that therefore if an alkali
      metal cation is inadvertently present a boron compound should be added
      before the crude maleic anhydride is distilled; U.S. Pat. No. 2,959,600
      discloses adding paraldehyde to crude maleic anhydride, heating and then
      distilling to obtain purified maleic anhydride. British Pat. No. 1,204,846
      and U.S. Pat. No. 3,564,022 disclose a process comprising
PA1  "treating crude maleic anhydride at a temperature of from about
      130.degree.C. up to but not exceeding the boiling point of the maleic
      anhydride with a small amount of a heat stable acidic compound or mixture
      thereof, such as, the inorganic acids such as ortho phosphoric, meta
      phosphoric, pyrophosphoric, phosphorus, the oxides of phosphorus and
      sulfur such as P.sub.2 O.sub.3, P.sub.2 O.sub.4, P.sub.2 O.sub.5 and
      SO.sub.3 ; the strong organic acids such as the alkane, aromatic, xylene
      and naphthalene sulfonic acids and the trichloro-, dichloro-acetic acids,
      oxalic acid, fumaric acid, the Lewis acids such as aluminum chloride, zinc
      chloride, stannic chloride and ferric chloride. The molten mass is
      thereafter distilled at a pressure of from about 100 to about 760 mm. Hg
      and a small amount of the stabilizer [organic sulfide compound] is added
      to the treated and distilled product yielding a maleic anhydride
      composition displaying the aforesaid storage color stability."
PAL  Note that in this disclosed process the maleic anhydride is first treated
      with a Lewis acid, and after this treatment and distillation an organic
      sulfide stabilizer is required for stability.
PAR  U.S. Pat. No. 3,586,703 discloses the addition of alkali and alkaline earth
      sulfates and halides to product commercial maleic anhydride in order to
      stabilize the color of maleic anhydride; U.S. Pat. No. 3,041,251 discloses
      heating crude maleic anhydride with sodium perborate (NaBO.sub.3) and
      distilling off the purified maleic anhydride; U.S. Pat. No. 3,115,477
      discloses improving the color stability of maleic anhydride by: (1)
      treating crude maleic anhydride with from 0.1 to 10% of phosphorus
      pentoxide at a temperature of about 140.degree. to 200.degree.C.; (2)
      distilling maleic anhydride therefrom; and (3) adding color-stabilizing
      amounts of thiodipropionic acid or esters thereof to the distilled maleic
      anhydride. U.S. Pat. No. 3,622,600 discloses preparation of color-stable
      maleic anhydride by passing molten maleic anhydride through a bed of
      alkali sulfates or halides; and U.S. Pat. No. 3,636,057 discloses
      improving the color stability of maleic anhydride by adding trace amounts
      -- that is, 50 to 2,000 ppm -- of a hydrocarbyl thiophosphate to maleic
      anhydride.
PAR  From the above it can be seen that a very wide range of methods have been
      disclosed for improving the color stability of carboxylic acid anhydrides
      such as maleic anhydride. The use of metal halides for purification and
      enhancement of color stability has been disclosed, and it can also be seen
      by reviewing the long list that P.sub.2 O.sub.5 has been disclosed for
      enhancing the color stability. The use of these two specific agents
      together has not been disclosed nor has the use of sodium perborate with
      metal halides been disclosed for color stability enhancement, and U.S.
      Pat. No. 2,296,218 teaches that nothing is needed in addition to the use
      of a metal halide to obtain an essentially unchanging color -- that is,
      very high color stability for a product maleic anhydride.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention an improvement is made in a process for
      obtaining purified phthalic anhydride or maleic anhydride from crude
      anhydride by steps comprising heating the crude anhydride in the presence
      of a treating agent, distilling the crude anhydride, and withdrawing a
      purified anhydride overhead as a distilled product. The improvement
      comprises combining, contacting, and heating a metal halide and P.sub.2
      O.sub.5 or an alkali or alkaline earth perborate with the crude anhydride
      before distilling the crude anhydride to obtain rerun product anhydride.
PAR  The above improvement results in obtaining purified anhydrides, especially
      maleic anhydride, of high color stability. The reference to color
      stability herein is with respect to color stability upon standing
      (storage) and stability upon heating at an elevated temperature for a
      period of time.
PAR  Preferably the metal halide is an alkaline earth or transition metal
      halide. Of the halides, chloride is most preferred, and of the metals,
      magnesium, calcium, strontium, barium, manganese, vanadium and iron are
      especially preferred.
PAR  Among other factors, the present invention is based on our finding that the
      use of P.sub.2 O.sub.5 or a perborate and metal halides such as magnesium
      chloride results in markedly improving the color stability of a carboxylic
      acid anhydride, especially maleic anhydride, and also is based on a large
      number of experimental runs which indicate that this marked or very large
      improvement in color stability is quite superior to the improvement
      achieved from any of a large number of other methods which we tried. We
      have found that particularly preferred halides for use in the process of
      the present invention are magnesium, calcium, manganese and iron halides.
      Of the above metal halides magnesium, calcium, and iron (especially
      Fe.sup..sup.+ 3) are the most preferred.
PAR  Usual amounts of the metal halides and P.sub.2 O.sub.5 or perborate range
      from 0.01 to 2 weight percent each based on the crude anhydride. Preferred
      amounts of the metal halides and P.sub.2 O.sub.5 or perborate are from
      about 0.1 to 1.0 weight percent each based on the crude maleic anhydride
      or other carboxylic acid anhydride treated in accordance with the present
      invention. Preferred perborates are alkali, especially Na, K or Rb, and
      alkaline earth, especially Mg, Ca and Ba, perborates. Sodium perborate is
      particularly preferred for use in the process of the present invention.
PAR  Treating times with the metal halide and P.sub.2 O.sub.5 or perborate
      preferably range from 0.1 to 12 hours, more preferably 0.5 to 2 hours, in
      duration. Treating temperatures range from 130.degree. to 500.degree.F.,
      preferably 250.degree. to 350.degree.F.
PAR  The terminology "crude anhydride" or "crude maleic anhydride" is used
      herein to mean the anhydride before final distillation to obtain the
      product or finished anhydride. The crude anhydride is usually more than
      95% pure anhydride.
PAR  We have found that the present invention is especially advantageously
      applied to crude maleic anhydride produced by oxidation of normal butane
      using a catalyst comprising vanadium and phosphorus oxides such as the
      catalyst described in commonly assigned application Ser. No. 263,883,
      filed June 19, 1972 and now abandoned, particularly when the crude maleic
      anhydride is separated from the effluent from the n-butane oxidation step
      using an organic absorbent. Typical absorbents include dibutylphthalate,
      dihexylphthalate, dodecenyl succinic anhydride, etc. Thus, in accordance
      with a preferred embodiment of the present envention, a process is
      provided for obtaining purified maleic anhydride from crude maleic
      anhydride produced by steps comprising oxidizing butane over a particulate
      solid catalyst comprising vanadium and phosphorus oxides to obtain a
      gaseous effluent containing maleic anhydride, contacting the gaseous
      effluent with an organic absorbent, thereby absorbing maleic anhydride and
      obtaining a maleic-anhydride-rich absorbent, stripping maleic anhydride
      from the rich absorbent to obtain crude maleic anhydride, which process
      comprises
PA1  a. combining and contacting 0.05 to 2 weight percent Mg, Ca, Mn, or Fe
      chloride and 0.05 to 1 weight percent P.sub.2 O.sub.5 with the crude
      maleic anhydride to obtain a mixture,
PA1  b. holding the mixture at a temperature between about 250.degree.  and
      350.degree.F. for between 0.1 and 12 hours, and
PA1  c. distilling the mixture to obtain a purified overhead maleic anhydride
      fraction.
PAR  In an even more preferred process, the crude maleic anhydride is topped
      prior to adding the treating agents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic process flow diagram illustrating a preferred
      embodiment of the present invention wherein a maleic anhydride product is
      produced.
DETD
PAC  FURTHER DESCRIPTION OF THE DRAWING
PAR  Referring now in more detail to the drawing, normal butane feed via line 1
      and air via line 2 are introduced via line 3 to reactor 4. In reactor 4
      the butane is oxidized to obtain maleic anhydride. The effluent is
      withdrawn from the reactor via line 5 and fed to absorber 6. In absorber 6
      the effluent gaseous stream containing maleic anhydride is contacted with
      a liquid organic absorbent flowing downwardly countercurrent to the
      gaseous reactor effluent. Maleic anhydride is absorbed into the absorbent
      and the unabsorbed gases such as nitrogen, etc., are removed via line 24
      from the top of the absorber. The maleic-anhydride-rich absorbent is
      removed from the bottom of the absorber via line 7 and fed to stripper 8
      wherein maleic anhydride is distilled out of the absorbent. The stripped
      absorbent is removed via line 9 at the bottom of the stripper and recycled
      to the top of the absorber for reuse. The crude maleic anhydride, usually
      of about 99% purity or greater, is removed from the stripper via line 10.
      The crude maleic anhydride is stored in storage tank 11 so that it can be
      processed batchwise in quantities as desired.
PAR  Treatment of the crude maleic anhydride may be accomplished by mixing the
      treating agents in a small portion of crude maleic anhydride, and then
      charging this portion along with the remainder of the batch to a
      batch-treating kettle.
PAR  Thus, as described, a portion of a batch is withdrawn from storage tank 11
      via line 12 and is mixed with a metal halide added via lines 13 and 15 and
      P.sub.2 O.sub.5 or perborate added via lines 14 and 15 to mix tank 16 in
      accordance with the present invention. The size batch as desired is passed
      from mix tank 16 into batch kettle 18 via line 17, along with additional
      crude maleic anhydride from tank 11 via lines 12 and 17. The batch
      contains P.sub.2 O.sub.5 or perborate and a metal halide such as magnesium
      chloride mixed into at least a portion of the total batch in mix tank 16
      before the total batch is introduced to batch kettle 18. Various other
      means can be employed to introduce the metal halide and the P.sub.2
      O.sub.5  or perborate into the maleic anhydride before the maleic
      anhydride is distilled. For example, the total batch of crude maleic
      anhydride and the treating agents can be added directly to tank 18. Also,
      the process can be made continuous. In any case, in the process of the
      present invention the metal halide plus P.sub.2 O.sub.5 or perborate is
      introduced to the crude anhydride prior to the final distillation step.
      Treatment may be accomplished in a sequential manner, i.e., the crude
      maleic anhydride may be mixed and heated with P.sub.2 O.sub.5 prior to
      adding the metal halide, or in a simultaneous manner, i.e., the two agents
      may be added together.
PAR  The mixture, as indicated in the preferred embodiment of the drawing, is
      heated in batch kettle 18 at a temperature preferably between 150.degree.
      and 350.degree.F. Preferred heating temperatures in batch kettle 18 are
      between about 250.degree. and 325.degree.F., and preferred cooling time in
      the kettle is 10 minutes to 24 hours, more preferably 1/2 to 12 hours.
PAR  Heat input to batch kettle 18 is indicated schematically by heat input
      means 25. It is to be understood that the drawing is only schematic and
      many common features are omitted such as heating means for stripper 8 and
      cooling means for distillation column 20, and various ancillary expected
      processing steps.
PAR  After the treating step is completed, batch kettle 18 becomes a
      distillation pot for column 20. Vaporous crude maleic anhydride is
      withdrawn from batch kettle 18 via line 19 and fed to distillation column
      20. During distillation, the condensed maleic anhydride and any heavy ends
      are returned to the batch kettle via line 21. At the completion of one or
      more batch distillations, the bottoms material is withdrawn via line 22
      from the batch kettle. Steam or hot water may be used to aid in bottoms
      removal from the batch kettle. The overhead from distillation column 20
      usually is taken in at least two fractions, including a top cut or
      forecut, which is recycled to the over-all process, and after the forecut
      a product cut, which is the purified maleic anhydride of enhanced color
      stability.
PAC  EXAMPLES
PAR  In all of the following examples, maleic anhydride was produced by
      oxidizing n-butane using a catalyst and process as described in the
      aforesaid Ser. No. 263,883 which is now abandoned, and maleic anhydride
      was recovered from the effluent using an organic absorbent.
PAC  EXAMPLE 1
PAR  In this example, crude maleic anhydride was continuously recovered from a
      dihexylphthalate organic absorbent solution by distilling through a
      10-sieve-tray column at a reboiler temperature of 217.degree.C. under an
      average pressure of 50 torr. Under these conditions, maleic anhydride came
      overhead at a temperature in the range of 235.degree. to 239.degree.F.
      This crude anhydride (27.5 kg) was then charged to a 20-sieve-tray
      distillation column, and 1376 g of maleic anhydride was taken overhead at
      a 9:1 reflux ratio.
PAR  To the bottoms from the above distillation, P.sub.2 O.sub.5 was added in
      the amount of 510 g (0.2%) (unless otherwise indicated, percentages are by
      weight). The resulting mixture was heated at 300.degree.F. for 6 hours and
      was then filtered. A portion of the filtrate (5125 g) was mixed with 10 g
      (0.2%) of magnesium chloride and heated for 1 hour at 243.degree.F.
      Following this, the treated maleic anhydride was distilled through a 2.5
      inch .times. 3 foot Penn State packed column at a pressure of 57 torr.
      Under these conditions, 94% of the charge was taken overhead in 10
      fractions at a boiling point of 394.4.degree.-395.5.degree.F.
PAR  Each fraction was tested as to color thermal stability by charging 50 ml of
      molten maleic anhydride to a large test tube and comparing the color of
      this stock to an equal depth of Hazen color standard. The tubes containing
      each fraction were covered and placed in an oven at 140.degree.F. Colors
      after 3 hours were from 5 to 10 Hazen and after 24 hours from 15 to 35
      Hazen. Samples of commercial maleic anhydride from various manufacturers
      tested under the same conditions had 24-hour colors of 30 to 175 Hazen.
PAR  This example illustrates the excellent maleic-anhydride color thermal
      stability obtained by the process of the present invention.
PAC  Example 2
PAR  Crude maleic anhydride recovered by distilling from an organic absorbent
      (1724 g) was charged to a 20-sieve-tray column. A total of 84 g was
      distilled overhead at 238.degree.F. under a pressure of 51 torr.
PAR  A fraction of the bottoms (1604 g) was mixed with 3.2 g (0.2%) P.sub.2
      O.sub.5 and heated with stirring for 5 hours at 310.degree.F. At the end
      of this time, 1.6 g (0.1%) of magnesium chloride was added, and the
      resulting mixture was distilled in a 20-sieve-tray column under a pressure
      of 50 torr. A forerun fraction -- 100 g (6% of charge) -- and a product
      fraction -- 1206 g (75% of charge) -- were taken overhead. These two
      fractions after 24 hours at 140.degree.C. had colors of 60 and 15 Hazen,
      respectively.
PAR  This example illustrates the process of the present invention utilizing a
      smaller magnesium chloride dosage and indicates flexibility in the time at
      which the metal halide is added in the treating step.
PAC  Example 3
PAR  Crude maleic anhydride recovered by distillation from an organic absorbent
      (1609 g) was mixed with 6.46 g (0.4%) of P.sub.2 O.sub.5 and 3.22 g (0.2%)
      of magnesium chloride. This mixture was charged to a 20-sieve-tray column
      and heated at total reflux under a pressure of 51 torr for 1 hour. After
      this time, distillation was carried out to give five fractions, which were
      each tested in the 24-hour color thermal stability test. The results were
      as follows:
TBL                            Color (Hazen)                                   
     Cut No.     Weight, grams after test                                      
     ______________________________________                                    
     1           99.5          200                                             
     2           98.5          40                                              
     3           98.5          35                                              
     4           970.0         25                                              
     5           98.9          40                                              
     ______________________________________                                    
PAR  This example shows that satisfactory product was obtained from simultaneous
      treatment during distillation; thus, the present invention contemplates
      that the treatment "before" distillation to obtain product distilled
      anhydride includes treatment during distillation but before the product is
      withdrawn as an overhead stream.
PAC  Example 4
PAR  Crude maleic anhydride obtained as before (1862 G) was charged to a
      20-sieve-tray column. One fraction (67 g) was taken overhead at a pressure
      of 100 torr and a 9:1 reflux ratio. Then 1777 g of the bottoms from this
      distillation was mixed with 27 g (1.5%) P.sub.2 O.sub.5, heated and
      stirred under a nitrogen blanket at 310.degree.F. for 6 hours. At the end
      of this treatment, the mixture was filtered. The filtrate, 1536 g, was
      distilled in a 20-sieve-tray column as before. The various fractions were
      tested for thermal color stability at 140.degree.C. for 24 hours. The
      results were as follows:
TBL                            Color (Hazen)                                   
     Cut No.     Weight, grams after test                                      
     ______________________________________                                    
     1            106.5        100                                             
     2-6         1285.6        &gt;500*                                           
     7            80.1         &gt;500                                            
     ______________________________________                                    
      *each of cuts 2 through 6 was over 500 Hazen                             
PAR  This experiment illustrates that even a massive dosage of P.sub.2 O.sub.5
      alone was not sufficient to give a thermally color stable product.
PAC  Example 5
PAR  a. Crude maleic anhydride was obtained by distillation from an organic
      absorbent. A portion of this material (5079 g) was mixed with 10.2 g
      (0.2%) P.sub.2 O.sub.5 and 5.1 g (0.1%) magnesium chloride and heated for
      1 hour at 265.degree.F. It was then distilled dto give a 2.5 weight
      percent forecut, an 85% product cut, and the remainder was left as
      bottoms.
PAR  b. A portion of crude maleic anhydride was distilled without treatment to
      give a 2.5% forecut and an 85% product cut.
PAR  c. A portion of crude maleic anhydride was treated with 0.2% P.sub.2
      O.sub.5 only, and then distilled as before.
PAR  d. A portion of crude maleic anhydride was treated with 0.1% magnesium
      chloride only, and then distilled as before.
PAR  All forecuts and product cuts of the above four distillations were tested
      for long-term color thermal stability by the test previously described.
      The results were as follows:
TBL            Color (Hazen) after test                                        
     Treatment   Forecut     Product cut                                       
     ______________________________________                                    
     a)  P.sub.2 O.sub.5 & MgCl.sub.2                                          
                     275        45                                             
     b)  None        &gt;&gt;500      &gt;&gt;500                                          
     c)  P.sub.2 O.sub.5 only                                                  
                     &gt;500       360                                            
     d)  MgCl.sub.2 only                                                       
                     &gt;500       400                                            
     ______________________________________                                    
PAR  All of the above product cut fractions were of high purity maleic
      anhydride, having melting points in excess of 52.5.degree.C. This example
      illustrates that although either P.sub.2 O.sub.5 or MgCl.sub.2 alone
      effect some improvement in color thermal stability, a high-quality product
      is only obtained by treating with both agents.
PAC  Example 6
PAR  Crude maleic anhydride obtained by distilling from an organic absorbent was
      charged to a distilling column, and a fraction (5%) of the charge was
      taken overhead. Then 1585 g of the bottoms was mixed with 3.4 g (0.2%)
      P.sub.2 O.sub.5 and 1.7 g (0.1%) vanadium trichloride. The resulting
      mixture was stirred and heated at 300.degree.F. for 1 hour. It was then
      distilled at a pressure of 50 torr. The product fraction, 64.5 weight
      percent of the charge, had a Hazen color of 55 after heating at
      140.degree.C. for 24 hours.
PAC  Example 7
PAR  This example was carried out essentially the same as Example 6, except that
      1607 g of topped crude maleic anhydride was treated with 3.2 g (0.2%)
      P.sub.2 O.sub.5 and 2.6 g (0.1%) ferric chloride hexahydrate. Distillation
      gave a 21% forecut, a 52% product cut and a 15% aftercut. The 24-hour
      color thermal stability values were 25, 15 and 45 respectively, i.e., all
      of the distilled maleic anhydride was of satisfactory quality.
PAC  Example 8
PAR  Crude maleic anhydride recovered from an organic absorbent was redistilled
      and a center-cut portion (1200 g) was mixed with 6.0 g (0.5%) P.sub.2
      O.sub.5 and 6.0 g (0.5%) manganous chloride tetrahydrate. This mixture was
      charged to a distillation pot and distilled through a 20-sieve-tray column
      under a pressure of 57 torr. A forecut (70.0 g) and five product cuts
      totaling 1071 g (89.5%) were obtained. The product cuts had Hazen colors
      ranging from 20 to 60 (weight average 35) after the thermal stability test
      (24 hours at 140.degree.C.). The untreated stock had a Hazen color greatly
      in excess of 500 after the same test.
PAC  Example 9
PAR  a. Crude maleic anhydride obtained from an organic absorbent (1200 g) was
      mixed with 6.0 g (0.5%) calcium chloride and 2.4 g(0.2%) sodium perborate
      tetrahydrate. This mixture was then distilled in a 20-sieve-tray column at
      a pressure of 57 torr. A forecut (56 g) and five product cuts (1091 g),
      91% of charge, were obtained. The product cuts had colors ranging from 90
      to 175 Hazen (weight average 100) after heating for 24 hours at
      140.degree.C. The untreated starting material had a final color greater
      than 500 Hazen after the same test.
PAR  b. The same crude maleic anhydride (1400 g) was mixed with 2.8 g (0.2%) of
      sodium perborate tetrahydrate and distilled as in Example 9(a). The
      product cuts (1257 g, 90% of charge) all had color thermal stability
      values in excess of 500 Hazen.
PAR  c. The same crude maleic anhydride (1400 g) was mixed with 7.0 g (0.5%)
      calcium chloride and distilled as before. The product cuts (1271 g, 86% of
      charge) had color thermal stability values ranging from 140 to 250 Hazen
      (weight average 185).
PAR  d. Example 9(a) was repeated using a different stock of crude maleic
      anhydride, but this stock was produced in the same general way as with the
      stock used in Example 9(a). In this case, the product cuts had color
      thermal stability values of 15 to 90 (average 20).
PAR  This example shows that sodium perborate plus calcium chloride treatment
      gives a considerably improved product over that obtained by using either
      of the two agents alone.
PAC  Example 10
PAR  Another sample of crude maleic anhydride (1400 g) obtained from an organic
      absorbent was mixed with 2.8 g (0.2%) P.sub.2 O.sub.5 and 2.8 g (0.2%)
      calcium chloride and distilled as in Example 9. The product cuts (1258 g,
      90% of charge) had color thermal stability values ranging from 20 to 100
      Hazen (weight average 25).
PAC  Example 11
PAR  Crude maleic anhydride obtained as in Example 1 was used for a series of
      treating tests with various treating agents. In these tests, 40 g of crude
      maleic anhydride was mixed with the indicated amount of agent. Each
      mixture was then sealed under vacuum in 80 ml Carius tubes. After about 1
      to 3 hours at the indicated temperature, each sample tube was distilled at
      150 torr. The treated and distilled samples were then heated at
      140.degree.C. for 24 hours. The treating conditions and results are as
      follows:
TBL                TABLE I                                                     
     ______________________________________                                    
                                   Temperature                                 
                       Quantity    of Treating                                 
     Agent             (grams)     .degree.F.                                  
     ______________________________________                                    
     Activated carbon  1.2         150                                         
     Clay              2.0         150                                         
     Alumina           2.0         150                                         
     Chromium oxide    0.4         300                                         
     Ferric oxide      0.4         300                                         
     Calcium oxide     0.4         300                                         
     Lead oxide        0.4         300                                         
     Palladium oxide on carbon                                                 
                       0.4         300                                         
     Boric acid        0.4         300                                         
     Boric anhydride   0.4         300                                         
     Ammonium sulfate  0.2         300                                         
     Sodium sulfate    0.2         300                                         
     Ammonium hydrogen phosphate                                               
                       0.8         250                                         
     t-Butyl peroxide  0.2         100 to 300                                  
     Benzoyl peroxide  0.4         100 to 300                                  
     ______________________________________                                    
PAR  In all cases, the distilled product had a color thermal stability value in
      excess of 500 Hazen. The numerous examples indicated in Table I are from a
      part of our research work prior to the examples, such as Example 1,
      illustrating the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for obtaining purified maleic anhydride from crude maleic
      anhydride wherein the maleic anhydride is produced by steps comprising
      oxidizing a hydrocarbon feedstock over a catalyst comprising vanadium and
      phosphorus oxides to obtain an effluent gas containing maleic anhydride,
      and recovering the crude maleic anhydride from the effluent gas by
      contacting the effluent gas with an organic absorbent followed by
      stripping the crude maleic anhydride out of the absorbent, and wherein the
      crude maleic anhydride is treated by steps comprising heating the crude
      maleic anhydride, distilling the crude maleic anhydride, and withdrawing a
      purified maleic anhydride overhead product, the improvement which
      comprises combining, contacting and heating an alkaline earth or
      transition metal chloride and P.sub.2 O.sub.5 or alkali or alkaline earth
      metal perborate with the crude anhydride before distilling the crude
      anhydride to obtain overhead produce maleic anhydride.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the metal chloride is Mg,
      Ca, Sr, Ba, Mn, or Fe chloride.
NUM  3.
PAR  3. A process in accordance with claim 1 wherein the perborate is sodium
      perborate.
NUM  4.
PAR  4. A process in accordance with claim 2 wherein the metal chloride is Mg,
      Ca, Mn, or Fe chloride and the amount of the metal chloride combined with
      the crude maleic anhydride is between 0.01 and 2 weight percent of the
      maleic anhydride.
NUM  5.
PAR  5. A process in accordance with claim 4 wherein the metal chloride is Mg
      chloride.
NUM  6.
PAR  6. A process in accordance with claim 4 wherein the metal chloride is Fe
      chloride.
NUM  7.
PAR  7. A process in accordance with claim 4 wherein the metal chloride is Ca
      chloride.
NUM  8.
PAR  8. A process for obtaining purified maleic anhydride from crude maleic
      anhydride produced by steps comprising oxidizing butane over a solid
      catalyst comprising vanadium and phosphorus oxides to obtain a gaseous
      effluent containing maleic anhydride, contacting the gaseous effluent with
      an organic absorbent thereby absorbing maleic anhydride and obtaining a
      maleic-anhydride-rich absorbent, stripping maleic anhydride from the rich
      absorbent to obtain crude maleic anhydride, which process comprises
PA1  a. combining and contacting 0.05 to 2 weight percent Mg, Ca, Mn, or Fe
      chloride and 0.05 to 2 weight percent P.sub.2 O.sub.5 or NaBO.sub.3 with
      the crude maleic anhydride to obtain a mixture,
PA1  b. holding the mixture at a temperature between about 150.degree. and
      350.degree.F. for between 0.1 and 12 hours, and
PA1  c. distilling the mixture to obtain a purified overhead maleic anhydride
      fraction.
NUM  9.
PAR  9. A process in accordance with claim 8 wherein the treating agents of step
      (a) are 0.05 to 2 weight percent Mg, Ca, Mn, or Fe chloride and 0.05 to 2
      weight percent P.sub.2 O.sub.5.
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ABST
PAL  Production of carbonyl compounds substituted in the .alpha.-position and
      having the formula:
      ##EQU1##
      wherein R.sup.1 is alkyl, aralkyl, phenyl, toluyl, naphthyl, alkoxy or
      amino; R.sup.2 is hydrogen
      ##EQU2##
      A is hydrogen, alkyl, halo or
      ##EQU3##
      R.sup.6 is hydrogen or methyl, and R.sup.11 is alkyl; wherein said
      compounds are formed by reacting a sulfur ylide having the formula:
      ##EQU4##
      wherein Y is the radical
      ##EQU5##
      and R.sup.9 and R.sup.10 are alkyl or phenyl, with a solution containing
      both an electrophilic agent A' that is converted into the radical A and a
      nucleophilic agent B' that is converted into the radical B. The resulting
      carbonyl compounds are useful as starting materials for the production of
      paper, textile, and leather auxiliaries, plant protection agents, alkyd
      resins, polyesters and polyamides.
PARN
PAR  This is a division of application Ser. No. 863,770, filed Oct. 2, 1969,
      Pat. No. 3,821,277, which is a continuation of application Ser. No.
      505,229, filed Oct. 26, 1965, abandoned.
BSUM
PAR  This invention relates to a process for the production of carbonyl
      compounds substituted in .alpha.-position, in which sulfur ylides are
      reacted with electrophilic and nucleophilic substances.
PAR  It is an object of the present invention to provide a new process for the
      manufacture of compounds which are substituted in .alpha.-position to a
      carbonyl group. It is another object of the invention to provide a new
      process for the manufacture of compounds which contain two carbonyl groups
      in 1,3-position and bear one or two substituents in 2-position. Another
      object of the invention is the new compounds obtainable by the new
      process. Further objects and advantages of the invention will be apparent
      from the following detailed description.
PAR  We have found that these objects are achieved by reacting a sulfur ylide
      which contains the grouping
      ##EQU6##
      where Y is the radical
      ##EQU7##
      R being alkyl or aryl, with an electrophilic reagent A' and a nucleophilic
      reagent B' or with a compound AB which formally may be taken to be
      composed of an electrophilic radical A and a nucleophilic radical B.
      Electrophilic and nucleophilic reagents, also called electrophiles and
      nucleophiles, have been described for example in C. K. Ingold, "Structure
      and Mechanism in Organic Chemistry", 211, Cornell University Press,
      Ithaka, 1953, and I. D. Roberts and M. Caserio, "Basic Principles of
      Organic Chemistry", 288, W. A. Benjamin, Inc., New York, 1964.
PAR  The process can be represented by the following equation:
      ##EQU8##
PAR  It is assumed that the sulfur ylide first reacts with the electrophile and
      the resultant intermediate
      ##EQU9##
      then reacts with the nucleophile to form the desired compound, the sulfur
      function Y being eliminated.
PAR  In the above general formulae, R.sup.1 is an aliphatic, araliphatic,
      aromatic or heterocyclic radical or the group
      ##EQU10##
      or --O--R.sup.5 where R.sup.3 and R.sup.4 are hydrogen and R.sup.3,
      R.sup.4 and R.sup.5 are alkyl, aralkyl, cycloalkyl or aryl radicals;
PAL  R.sup.2 is hydrogen, an alkyl or aralkyl group, the radical
      ##EQU11##
      where R.sup.1 has the meaning given above, the radical
      ##EQU12##
      where R.sup.6 is hydrogen or the methyl group and R.sup.11 is an alkyl
      radical with 1 to 4 carbon atoms;
PAL  A is hydrogen, a linear alkyl radical, an aralkyl radical, chlorine,
      bromine, iodine, a nitrile group, the radical
      ##EQU13##
      or the radical
      ##EQU14##
      where R.sup.6 and R.sup.11 have the meanings given above; B is chlorine,
      bromine, iodine, hydroxy, sulfhydryl, thiocyano (--SCN), cyanato, nitro,
      azido, the radical --XR.sup.7 where X is oxygen, sulfur or the radical
      --SO.sub.2 -- and R.sup.7 is alkyl, aryl, aralkyl and, if X is oxygen or
      sulfur, may also be the acyl radical
      ##EQU15##
      where R.sup.8 is linear alkyl, cycloalkyl, aralkyl, phenyl or toluyl, or
      the group
      ##EQU16##
      where R.sup.3 and R.sup.4 have the meanings given above; and Y is the
      radical
      ##EQU17##
      or the radical
      ##EQU18##
      where R.sup.9 and R.sup.10 are linear alkyl groups or phenyl radicals.
PAR  The sulfur ylides I which are used as starting materials where Y is the
      radical
      ##EQU19##
      can be prepared for example by the action of isocyanates, ketenes, acid
      chlorides or acid anhydrides on dimethyl-oxo-sulfonium ylides. The sulfur
      ylides I which are used as starting materials where Y stands for
      ##EQU20##
      can be prepared in an analogous manner or by the action of, for example,
      tertiary amines or sodium hydride on the corresponding sulfonium salts
      already containing the carbonyl function. The sulfur ylides I in which
      R.sup.2 is the radical
      ##EQU21##
      or
      ##EQU22##
      and Y, R.sup.6 and R.sup.11 have the meanings given above, which may also
      be used as starting materials are obtained by reacting, in a molar ratio
      of 1:approx. 1, a sulfur ylide of the formula
      ##EQU23##
      with an .alpha.,.beta.-olefinically unsaturated carboxylic nitrile having
      the formula
      ##EQU24##
      or an .alpha.,.beta.-olefinically unsaturated carboxylic ester having the
      formula
      ##EQU25##
      where R.sup.6 and R.sup.11 have the meanings given above. It is not
      necessary for the purposes of the process to separate the said ylides from
      the mixtures in which they are obtained in the manufacture. The mixture in
      which they are obtained may rather be used direct.
PAR  In the sulfur ylides which are preferred as starting materials the radical
      R.sup.1 is alkyl having 1 to 12, preferably 1 to 4 carbon atoms, aralkyl
      having 7 to 10, preferably 7 or 8 carbon atoms, phenyl, o-, m- or p-toluyl
      or .alpha.- or .beta.-naphthyl. The said aromatic substituents may further
      bear 1 or 2 chlorine or bromine atoms or 1 or 2 alkoxy groups with 1 to 4
      carbon atoms. In the preferred ylides I, R.sup.1 may further represent a
      5- or 6-membered ring having 1 or 2 nitrogen atoms, 1 oxygen or sulfur
      atom or 1 nitrogen and 1 oxygen or sulfur atom as ring members and if
      desired bearing an alkyl group with 1 to 4 carbon atoms or a phenyl
      radical, the radical
      ##EQU26##
      where R.sup.3 and R.sup.4 are hydrogen, alkyl having 1 to 10, preferably 1
      to 4 carbon atoms, cycloalkyl having 5 to 12, preferably 6 to 8 carbon
      atoms, aralkyl having 7 to 10, preferably 7 or 8 carbon atoms, or phenyl,
      toluyl or naphthyl. In the preferred ylides I, R.sup.1 may finally
      represent the radical --OR.sup.5 where R.sup.5 is alkyl having 1 to 12,
      preferably 1 to 6 carbon atoms, cycloalkyl having 5 to 12, preferably 6 to
      8 carbon atoms, aralkyl having 7 to 10, preferably 7 or 8 carbon atoms, or
      the phenyl, o-, m- or p-chlorophenyl, toluyl or naphthyl radical.
PAR  In the sulfur ylides I which are preferred as starting materials the
      radical R.sup.2 is hydrogen, alkyl having 1 to 10, preferably 1 to 4
      carbon atoms, aralkyl having 7 to 10, preferably 7 or 8 carbon atoms, the
      radical
      ##EQU27##
      where R.sup.1 has the meanings just mentioned, the radical
      ##EQU28##
      or
      ##EQU29##
      where each of R.sup.6 may be hydrogen or methyl and R.sup.11 is alkyl with
      1 to 4 carbon atoms.
PAR  In the sulfur ylides I which are preferred as starting materials Y is the
      radical
      ##EQU30##
      or
      ##EQU31##
      where R.sup.9 and R.sup.10 are linear alkyl having 1 to 10, preferably 1
      to 4 carbon atoms or phenyl radicals.
PAR  The following sulfur ylides are examples of suitable starting materials:
PA0  benzoyl-dimethyl-oxo-sulfonium methylide,
PA0  p-chloro-benzoyl-dimethyl-oxo-sulfonium methylide,
PA0  m-toluyl-dimethyl-oxo-sulfonium methylide,
PA0  .alpha.-naphthoyl-dimethyl-oxo-sulfonium methylide,
PA0  4-methoxy-1-naphthoyl-dimethyl-oxo-sulfonium methylide,
PA0  phenyl-acetyl-dimethyl-oxo-sulfonium methylide,
PA0  .beta.-phenyl-propionyl-dimethyl-oxo-sulfonium methylide,
PA0  4-methyl-oxazoloyl-5-dimethyl-oxo-sulfonium methylide,
PA0  3-pyridoyl-dimethyl-oxo-sulfonium methylide,
PA0  4-pyridoyl-dimethyl-oxo-sulfonium methylide,
PA0  3-pyridazoyl-dimethyl-oxo-sulfonium methylide,
PA0  ethyl-carboxyl-dimethyl-oxo-sulfonium methylide,
PA0  methyl-carboxyl-dimethyl-oxo-sulfonium methylide,
PA0  phenyl-carboxyl-dimethyl-oxo-sulfonium methylide,
PA0  benzyl-carboxyl-dimethyl-oxo-sulfonium methylide,
PA0  .beta.-naphthyl-carboxyl-dimethyl-oxo-sulfonium methylide,
PA0  cyclohexyl-carboxyl-dimethyl-oxo-sulfonium methylide or
PA0  n-deyl-carboxyl-dimethyl-oxo-sulfonium methylide.
PA0  Other sulfur ylides suitable as starting materials include:
PA0  N-phenyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  N-cyclohexyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  N-t-butyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  N-isopropyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  n-phenyl-ethyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  n-benzyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  N,n-dimethyl-carbamoyl-dimethyl-sulfonium methylide or
PA0  N-p-chloro-phenyl-carbamoyl-dimethyl-sulfonium methylide, and also
PA0  bis-benzoyl-dimethyl-sulfonium methylide,
PA0  bis-acetyl-dimethyl-sulfonium methylide,
PA0  acetyl-benzoyl-dimethyl-sulfonium methylide,
PA0  benzoyl-N-cyclohexyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  bis-(N-n-octyl-carbamoyl)-dimethyl-sulfonium methylide,
PA0  bis-(N-phenyl-carbamoyl)-dimethyl-sulfonium methylide,
PA0  bis-(N-cyclohexyl-carbamoyl)-dimethyl-sulfonium methylide,
PA0  ethyl-carboxyl-dimethyl-sulfonium methylide,
PA0  N-phenyl-carbamoyl-dimethyl-sulfonium methylide,
PA0  methyl-(N-propyl-carbamoyl)-dimethyl-sulfonium methylide,
PA0  phenyl-ethyl-acetyl-dimethyl-sulfonium methylide,
PA0  .beta.-cyanoethyl-N-phenyl-carbamoyl-dimethyl-sulfonium methylide and
PA0  .beta.-carbethoxy-ethyl-acetyl-dimethyl-sulfonium methylide.
PAR  The following sulfonium ylides are also suitable as starting materials:
PA0  S-phenyl-S-methyl-benzoyl-sulfonium methylide,
PA0  S,s-di-n-butyl-N-phenyl-carbamoyl-sulfonium methylide,
PA0  S,s-diphenyl-acetyl-sulfonium methylide,
PA0  S,s-dimethyl-N,N-dimethyl-carbamoyl methylide,
PA0  S,s-dimethyl-carboethoxy-sulfonium methylide,
PA0  S,s-dimethyl-acetyl-carbobutoxy methylide,
PA0  S-phenyl-S-ethyl-N-phenyl-carbamoyl methylide and
PA0  S,s-diethyl-bis-(N-cyclohexyl-carbamoyl)-sulfonium methylide.
PAR  Preferred electrophiles A' are: elementary chlorine, bromine and iodine,
      the interhalogen compounds iodine chloride, iodine bromide and bromine
      chloride, the pseudohalogens cyanogen, cyanogen chloride and cyanogen
      bromide, acids of boron, phosphorus, sulfur and the halogens which contain
      protons and have a pK-value of up to 6, e.g. halogen hydracids such as
      hydrofluoride, hydrochloride, hydrobromide or hydriodide, perchloric acid,
      sulfuric acid, phosphoric acid or fluoboric acid, sulfonic acids such as
      benzenesulfonic acid or toluenesulfonic acids, methanesulfonic acid,
      carboxylic acids, e.g. lower fatty acids, such as formic acid, acetic
      acid, propionic acid or butyric acid, halogen fatty acids such as mono-,
      di- and trifluoroacetic acid, mono-, di- and trichloroacetic acid and
      mono-, di- and tribromoacetic acid, unsubstituted benzoic acid or benzoic
      acid bearing 1 to 3 chlorine atoms or a nitro group as substituents, and
      oxalic acid. Other preferred electrophiles A' are alkylating and
      aralkylating agents such as alkyl and aralkyl chlorides, alkyl and aralkyl
      bromides, alkyl and aralkyl iodides and alkyl sulfates, and also benzene
      alkyl sulfonates and toluene alkyl sulfonates, the said alkylating agents
      having linear alkyl groups with 1 to 10 carbon atoms and the said
      aralkylating agents having aralkyl radicals with 7 to 12, preferably 7 to
      10 carbon atoms. Examples of suitable alkylating and aralkylating agents
      are methyl chloride, ethyl bromide, butyl iodide, decyl iodide, dimethyl
      sulfate, diethyl sulfate, butyl benzene sulfonate, octyl p-toluene
      sulfonate, benzyl chloride or .gamma.-phenylpropyl bromide. Other
      preferred electrophiles are .alpha.,.beta.-olefinically unsaturated
      carboxylic nitriles and esters having the formula
      ##EQU32##
      where R.sup.6 is hydrogen or the methyl radical, Z is the nitrile group or
      the group
      ##EQU33##
      R.sup.11 being alkyl with 1 to 4 carbon atoms. Suitable starting materials
      of this type include for example acrylonitrile, methacrylonitrile,
      crotononitrile, ethyl acrylate, tert.-butyl methacrylate and methyl
      crotonate.
PAR  Examples of preferred nucleophiles B'  are halogen ions such as chloride,
      bromide or iodide ions, pseudohalogen ions such as cyanide, thiocyanate
      (--SCN), cyanate or azide ions and nitrite hydroxyl or sulfhydryl ions.
      These nucleophiles are preferably introduced into the reaction vessel in
      the form of alkali metal, alkaline earth metal or ammonium compounds.
      Other preferred nucleophiles may be represented by the formula
EQU  H -- X -- R.sup.7
PAL  where X is oxygen, sulfur or the --SO.sub.2 radical and R.sup.7 is alkyl
      having 1 to 12, preferably 1 to 4 carbon atoms, aryl, preferably phenyl,
      or aralkyl having 7 to 12, preferably 7 to 10 carbon atoms. If X is oxygen
      or sulfur, then R.sup.7 may also be an acyl radical
      ##EQU34##
      where R.sup.8 is linear alkyl having 1 to 10, preferably 1 to 4 carbon
      atoms, cycloalkyl having 5 to 8 carbon atoms, aralkyl having 7 to 12,
      preferably 7 to 10 carbon atoms or the phenyl or toluyl radical.
PAR  Instead of the nucleophiles of the formula
EQU  H -- X -- R.sup.7
PAL  the corresponding alkali metal, alkaline earth metal or ammonium compounds
      may be used. Furthermore, hydrogen sulfide, ammonia or amines of the
      formula
      ##EQU35##
      where R.sup.3 is hydrogen, phenyl or naphthyl and R.sup.3 and R.sup.4 are
      alkyl having 1 to 10, preferably 1 to 4 carbon atoms, cycloalkyl having 5
      to 12, preferably 6 to 8 carbon atoms, or aralkyl having 7 to 10,
      preferably 7 or 8 carbon atoms, are suitable nucleophiles. Thus for
      example the following nucleophiles may be used: lithium chloride, sodium
      bromide, potassium iodide, calcium hydroxide, calcium cyanate, potassium
      cyanide, magnesium thiocyanate, sodium azide, barium nitrite, ammonium
      chloride, tetramethylammonium iodide, potassium sulfide, sodium hydrogen
      sulfide, methanol, butanol, octanol, benzyl alcohol, phenol, thiophenol,
      ethyl mercaptan, benzyl sulfide, benzenesulfinic acid, amylsulfinic acid,
      thioacetic acid, formic acid, propionic acid, benzoic acid,
      cyclohexanecarboxylic acids, phenylacetic acid, p-toluic acid, sodium
      acetate, lithium thio phenolate, tetramethylammonium benzoate, sodium
      butylate, ammonium formate, ammonia, dimethylamine, diethylamine, aniline,
      methylaniline, benzylamine, cyclopentylamine, cyclooctylamine and
      p-toluidine.
PAR  It is also possible to use compounds of the type AB which are capable of
      reacting both as electrophiles and as nucleophiles. Such substances are
      the hydracids of chlorine, bromine and iodine, elementary chlorine,
      bromine and iodine, the said alkyl halides, interhalogen compounds and
      pseudohalogens. It will be understood that some compounds may react both
      as electrophiles and as compounds of the type AB. For example, hydrogen
      chloride is capable of acting as a compound of the AB type, its proton
      being present in the reaction product as hydrogen atom A and its chloride
      ion as chlorine atom B. On the other hand, hydrogen chloride may act
      merely as an electrophile, namely when a nucleophile is present which
      reacts more readily or more quickly with the ylide I than the chloride ion
      of hydrogen chloride. This is the case for example when reacting an ylide
      I with hydrogen chloride and aniline (cf. Example 4). Other examples are
      elementary halogens which either supply the substituents A and B in the
      reaction products or merely participate with a halogen cation as
      electrophile which yields a halogen atom A in the reaction product,
      whereas substituent B is supplied by a different nucleophile.
PAR  The process according to this invention is preferably carried out in the
      presence of solvents which are inert under the reaction conditions.
      Suitable solvents include hydrocarbons such as benzene, toluene, the
      xylenes, cyclohexane or heptane, chlorinated hydrocarbons such as carbon
      tetrachloride, dichloroethylene, chloroform or chlorobenzene, ethers such
      as tetrahydrofuran, dioxane, dibutyl ether or anisol, N,N-disubstituted
      carboxylic amides such as N,N-dimethylformamide, N,N-diethylformamide,
      N-methylpyrrolidone or N-butylpyrrolidone, water, dimethyl sulfoxide,
      tetramethylene sulfone of acetonitrile. If reactants are used which are
      liquid under the reaction conditions, these may act as solvents. For
      example the said alcohols may be used both as solvents and as reactants.
PAR  To carry out the process according to the present invention it is possible
      to first add the electrophile and then the nucleophile to a solution or
      suspension of the sulfur ylide. It is also possible however to add the
      ylide to the electrophile and then to introduce the nucleophile, either as
      such or in solution or to mix the ylide with a compound of the type AB.
      Another possibility is to produce the ylide in the presence of the other
      reactants, so that the ylide formed reacts in situ. The process may be
      carried out within a broad range of temperatures, as a rule between
      0.degree. and 150.degree.C, preferably between 25.degree. and
      120.degree.C. It is expedient to stir the reaction mixture. If relatively
      volatile substances are to be reacted at temperatures above their boiling
      points it is expedient to use superatmospheric pressure, for example
      pressures between 1 and 50 atmospheres. The process may be carried out
      either continuously or batchwise. Isolation of the compounds obtainable by
      the process may be effected, for example, by fractionation, by extraction
      with a suitable solvent or, if the reactants crystallize out from the
      reaction mixture or are separated by the addition of a precipitant, by
      filtration or centrifuging.
PAR  By reacting a sulfur ylide I where the radical R.sup.2 is
      ##EQU36##
      or
      ##EQU37##
      with an .alpha.,.beta.-olefinically unsaturated carboxylic nitrile or
      carboxylic ester having the formula
      ##EQU38##
      where R.sup.6 and R.sup.11 have the meanings given above at temperatures
      which are preferably between 0.degree. and 70.degree.C in the presence of
      an alcohol having the formula
EQU  R.sup.11 -- OH where R.sup.11 has the meanings given above, a compound
      having the general formula
      ##EQU39##
      is obtained where R.sup.1, R.sup.6 and R.sup.11 have the meanings given
      above and Z is the nitrile group or the group
      ##EQU40##
PAR  The compounds obtainable by the process according to the present invention
      are valuable starting materials for the manufacture of paper, textile and
      leather auxiliaries. They may also be used for the manufacture of plant
      protection agents. Those compounds which are covered by the formula
      ##EQU41##
      where the radicals R.sup.1, R.sup.6, R.sup.11 and Z have the preferred
      meanings mentioned above are new. By alkaline or acid hydrolysis of the
      nitrile or carboxylic ester groups referred to as Z at temperatures
      between for example 20.degree. and 100.degree.C dicarboxylic acids are
      obtained, and tricarboxylic acids are obtained if R.sup.1 is the radical
      ##EQU42##
      or
EQU  -- OR.sup.5.
PAL  The dicarboxylic acids may be condensed analogously to the reaction of
      adipic acid to polyamides. By reaction with glycols at temperatures of
      about 200.degree. to 250.degree.C valuable linear polyesters are obtained.
      The tricarboxylic acids are valuable starting materials for the
      manufacture of alkyd resins (branched polyesters).
DETD
PAR  The invention is further illustrated by the following Examples. The parts
      specified are by weight.
PAC  EXAMPLE 1
PAR  3.30 parts of dimethyl-oxo-sulfurylene malonic dianilide is dissolved in 40
      parts of chloroform and slowly mixed with a solution of 1.60 parts of
      bromine in 40 parts of chloroform. After 20 minutes the colorless solution
      is evaporated to dryness and the residue is dissolved in and
      reprecipitated from hexane. 3.36 parts of .alpha.,.alpha.-dibromomalonic
      dianilide of the melting point 148.degree. to 150.degree.C, i.e. 80% of
      the theory, based on dimethyl-oxo-sulfurylene malonic dianilide used, is
      obtained.
PAC  EXAMPLE 2
PAR  3.08 parts of dimethyl-oxo-sulfurylene malonic acid-N,N'-cyclohexyl diamide
      and 3.2 parts of bromine are heated under reflux in chloroform. After 10
      minutes the solution is evaporated to dryness and the residue is dissovled
      in and reprecipitated from cyclohexane. 3.80 parts (90% of the theory) of
      .alpha.,.alpha.-dibromo-N,N'-cyclohexylmalonic diamide of the melting
      point 138.degree.C is obtained. The yield is 90% of the theory, based on
      dimethyl-oxo-sulfurylene malonic acid-N,N'-cyclohexyl diamide used.
PAC  EXAMPLE 3
PAR  3.30 parts of dimethyl-oxo-sulfurylene malonic dianilide and 60 parts of
      concentrated hydrochloric acid are heated under reflux for 10 minutes. The
      precipitate ist filtered off by suction and dissolved in and
      reprecipitated from cyclohexane. 2.83 parts of .alpha.-chloromalonic
      dianilide of the melting point 173.degree. to 174.degree.C is obtained.
      This is a yield of 90% of the theory, based on dimethyl-oxo-sulfurylene
      malonic dianilide used.
PAC  EXAMPLE 4
PAR  1.06 parts of dimethyl-oxo-sulfurylene acetanilide, 20 parts of aniline and
      15 parts of aniline hydrochloride are heated at the boil for 3 minutes in
      an atmosphere of nitrogen. The excess aniline is distilled off at 10 mm Hg
      and the residue recrystallized from dilute hydrochloric acid. 8.5 parts of
      .alpha.-anilino-acetanilide hydrochloride of the melting point
      216.degree.C is obtained. The yield is 65% of the theory, based on
      dimethyl-oxo-sulfurylene acetanilide used.
PAC  EXAMPLE 5
PAR  4.00 parts of dimethyl-oxo-sulfurylene acetanilide, 2.10 parts of
      thiophenol and 10 parts of dimethylformamide are mixed with 0.1 part of
      p-toluenesulfonic acid to give a clear solution. The solution is allowed
      to stand for 10 hours at 25.degree.C and then stirred into ice water and
      filtered off by suction. The residue is washed and dried. 3.73 parts of
      phenylthio acetanilide (i.e. 81% of the theory) of the melting point
      79.degree.C is obtained. After dissolution in and reprecipitation from
      cyclohexane the melting point is 81.degree.C.
PAC  EXAMPLE 6
PAR  4.22 parts of dimethyl-oxo-sulfurylene acetanilide, 40 parts of freshly
      distilled acrylonitrile and 40 parts of methanol are heated under reflux
      for 45 minutes. The readily volatile constituents are distilled off. The
      residue is taken up in 200 parts of benzene, washed with 300 parts of
      water in three portions, and the benzene extract is concentrated and
      dissolved in and reprecipitated from cyclohexane and ethyl acetate. 2.02
      parts of crystalline
      .gamma.-methoxy-.gamma.-carbanilido-.alpha.,.omega.-dicyclopentane of the
      melting point 82.degree.C is obtained. The yield is 40% of the theory,
      based on dimethyl-oxo-sulfurylene acetanilide.
PAR  Analysis: C.sub.15 H.sub.17 N.sub.3 O.sub.2 (271.3)  Calculated: C 66.5%; H
      6.5%; N 15.5%; O 11.8%;  Found: C 66.5%; H 6.3%; N 15.2%; O 12.3%
PAC  EXAMPLE 7
PAR  4.22 parts of dimethyl-oxo-sulfurylene acetanilide, 5 parts of methyl
      iodide and 500 parts of methanol are kept at 20.degree.C for 100 hours.
      The methanol is then distilled off at subatmospheric pressure
      (20.degree.C/10 mm Hg) and the residue is recrystallized from methanol
      diluted with water. 2.15 parts of .alpha.-iodopropionic anilide of the
      boiling point 131.degree.C is obtained. The yield is 39% of the theory,
      based on dimethyl-oxo-sulfurylene acetanilide used.
PAC  EXAMPLE 8
PAR  44 parts of trimethyl-oxo-sulfonium iodide and 5.34 parts of 90% sodium
      hydride are dissolved in 400 parts of dimethyl sulfoxide. A solution of
      dimethyl-oxo-sulfonium methylide is thus obtained to which 29.2 parts of
      methyl benzoate is quickly added. The mixture ist stirred for 80 hours at
      25.degree.C. The reaction mixture, which is then neutral, is freed from
      sodium benzoate by filtration. 14.5 parts of trimethyl-oxo-sulfonium
      iodide is precipitated from the filtrate with acetone and ethyl acetate
      and filtered off by suction. The solvent are removed from the filtrate by
      distillation under reduced pressure and 5.05 of
      .alpha.-benzoxy-ethyl-phenyl ketone of the melting point 106.degree.C is
      obtained by extraction of the residue with ethanol. The yield is 40% of
      the theory, based on trimethyl-oxo-sulfonium iodide.
PAC  EXAMPLE 9
PAR  242 parts of .delta.,.delta.-diphenyl-acetyl-sulfonium methylide, 142 parts
      of benzenesulfinic acid, 10 parts of p-toluenesulfonic acid and 1000 parts
      of methanol are stirred for 20 hours at 50.degree.C. The solution is
      concentrated and cooled and the crude reaction product is filtered off by
      suction. By dissolution in and reprecipitation from ethanol 140 parts of
      phenylsulfonyl acetone of the melting point 57.degree. to 58.degree.C is
      obtained.
PAC  EXAMPLE 10
PAR  118 parts of .delta.,.delta.-dimethyl-acetyl-sulfonium methylide, 192 parts
      of .alpha.-naphthylsulfinic acid, 10 parts of oxalic and 2000 parts of
      tetrahydrofuran are stirred for 100 hours under reflux. The solvent is
      then removed and the residue consisting of 270 parts is dissolved in and
      reprecipitated from ethyl acetate. Acetonyl.alpha.-naphthyl sulfone of the
      melting point 65.degree.C is obtained.
PAR  In an analogous manner benzyl phenacyl sulfone of the melting point
      89.degree.C (sample recrystallized from ethanol) is obtained in a 60%
      yield from .delta.,.delta.-dimethyl-benzoyl-oxo-sulfonium methylide and
      benzylsulfinic acid in the presence of fluoboric acid and using benzene as
      solvent.
PAR  By using .delta.,.delta.-diphenyl-carboethoxy-sulfonium methylide, and
      equivalent amounts of hydrogen chloride and benzenesulfinic acid, the
      ethyl ester of phenyl sulfonyl acetate of the melting point 45.degree.C is
      obtained (recrystallized from benzene).
PAR  Ethyl sulfonyl acetamide, melting point 99.degree.C (recrystallized from
      alkanol), is obtained from
      .delta.-ethyl-.delta.-phenyl-carbamoyl-sulfonium methylide, ethylsulfinic
      acid and phosphoric acid when using tetramethylene sulfone as solvent.
PAC  EXAMPLE 11
PAR  148 parts of .delta.,.delta.-dimethyl-carboethoxy-sulfonium methylide, 154
      parts of diethyl sulfate and 1000 parts of acetonitrile are stirred for 2
      hours. 164 parts of sodium benzene sulfinate is then added and the whole
      heated for 10 hours at 80.degree.C. The solvent is removed and the residue
      recrystallized from petroleum ether. 203 parts of the ethyl ester of
      .alpha.-phenyl sulfonyl butyric acid of the melting point 63.degree. to
      64.degree.C is obtained.
PAC  EXAMPLE 12
PAR  119 parts of .delta.,.delta.-diethyl-N-phenyl-carbamoyl-sulfonium methylide
      is heated to 60.degree.C in 1000 parts of dimethylsulfoxide together with
      84 parts of trifluoroacetic acid and hydrogen sulfide at a pressure of 5
      atmospheres gauge. The reaction mixture is poured on to ice and the crude
      product, which is slightly smeary, is filtered off with suction and
      recrystallized from methanol. 60 parts of thioglycolic acid anilide of the
      melting point 111.degree.C is obtained.
PAR  The N-methylthioglycolic acid anilide of the melting point 143.degree.C is
      obtained in an analogous manner.
PAC  EXAMPLE 13
PAR  By using n-propyl mercaptan instead of hydrogen sulfide and otherwise
      proceeding as described in Example 12, 72 parts of n-propylmercaptoacetic
      anilide of the melting point 57.degree.C is obtained. The reaction mixture
      is poured on to ice and the product preferably extracted with ether.
PAC  EXAMPLE 14
PAR  180 parts of .delta.,.delta.-dimethyl-benzoyl-sulfonium methylide, 10 parts
      of p-toluenesulfonic acid and 124 parts of benzyl mercaptan are stirred
      for 100 hours in 1500 parts of chlorobenzene at 20.degree.C. The solvent
      ist distilled off and the residue recrystallized from ethanol. The
      .alpha.-benzylmercaptoacetophenone thus obtained melts at 87.degree.C.
PAC  EXAMPLE 15
PAR  A suspension of 209 parts of
      .delta.,.delta.-dimethyl-N-methyl-N-phenyl-carbamoyl-sulfonium methylide
      in 500 parts of water which contains 46 parts of formic acid is stirred
      with 100 parts of ammonium thiocyanate for 36 hours. By extracting with
      methylene chloride, drying the solution, removing the solvent and
      recrystallizing from ethanol 170 parts of .alpha.-thiocyanoacetic
      acid-N-methyl anilide is obtained which melts at 79.degree.C.
PAR  .alpha.-thiocyanoacetic acid-p-toluidide melting at 126.degree.C is
      obtained in an analogous manner.
PAC  EXAMPLE 16
PAR  58 parts of acetic acid and then 70 parts of sodium azide and 10 parts of
      lithium chloride are added while stirring to a suspension of 223 parts of
      .delta.,.delta.-dethyl-N-phenyl-carbamoyl-sulfonium methylide in 2000
      parts of tetrahydrofuran. The whole is stirred for 50 hours under reflux
      and then diluted with water. The .delta.-azidoazetanilide is extracted
      with benzene and the extract is concentrated and dissolved in and
      reprecipitated from benzene. 103 parts of .alpha.-azidoacetanilide melting
      at 83.degree.C is obtained.
PAC  EXAMPLE 17
PAR  118 parts of .delta.,.delta.-dimethyl-acetyl-sulfonium methylide and 200
      parts of formic acid are heated for 10 hours under reflux. The liquid
      reaction mixture is then fractionally distilled. 60 parts of acetonyl
      formate melting at 169.degree.C is obtained.
PAC  EXAMPLE 18
PAR  220 parts of .delta.,.delta.-dimethyl-N-phenyl-carbamoyl-oxo-sulfonium
      methylide and 84 parts of trifluoroacetic acid are stirred at 60.degree.C
      with 80 parts of sodium nitrite in 500 parts of dimethyl sulfoxide. After
      12 hours the reaction mixture is stirred into ice water and the
      precipitate is filtered off by suction. 139 parts of nitroacetanilide,
      melting point 139.degree.C, is obtained.
PAC  EXAMPLE 19
PAR  242 parts of .delta.,.delta.-diphenyl-acetyl-sulfonium methylide and 172
      parts of methyl benzene sulfonate are mixed intensely for one hour with
      200 parts of acetonitrile. Then 65 parts of potassium cyanide is added and
      the reaction mixture is heated to 80.degree.C with intense agitation.
      After 10 hours the mixture is filtered with suction, washed with ether and
      the filtrate distilled. The fraction boiling at 145.degree. to
      148.degree.C is 2-cyanobutanone-3.
PAC  EXAMPLE 20
PAR  148 parts of .delta.,.delta.-dimethyl-carboethoxy-sulfonium methylide and
      106 parts of cyanogen bromide are stirred for 8 hours in 2000 parts of
      ether. The ether is distilled off and 150 parts of the ethyl ester of
      .delta.-bromocyanoacetic acid is obtained.
PAC  EXAMPLE 21
PAR  196 parts of .delta.,.delta.-dimethyl-dicarboethoxy-sulfonium methylide,
      172 parts of p-toluenesulfonic acid and 213 parts of barium nitrite are
      stirred at 25.degree.C for 100 hours in 1800 parts of methanol. The
      mixture is concentrated, the residue washed with ether and the dimethyl
      nitro malonate is extracted and subsequently fractionated at 10 mm Hg at
      122.degree.C.
PAC  EXAMPLE 22
PAR  118 parts of .delta.,.delta.-dimethyl-acetyl-oxo-sulfonium methylide is
      heated under reflux together with 800 parts of methacrylonitrile and 800
      parts of ethanol until evolution of dimethyl sulfide ceases. The
      low-boiling constituents are distilled off under subatmospheric pressure
      and an oily residue is obtained which by infrared spectroscopy can be
      shown to contain a keto group, a nitrile group and an ether goup. Pure
      2,6-dicyano-4-ethoxy-4-acetylheptane is obtained chromatographically on
      aluminum oxide as a colorless oil.
PAR  Analysis: C.sub.13 H.sub.20 N.sub.2 O.sub.2 (236):  Calculated: C 65.2%; H
      8.5%; N 11.9%; O 13.6%; Found: C 64.8%; H 8.2%; N 12.4%; O 14.0%
PAR  2,4-dimethyl-3-benzoyl-3 3-butoxypentane-1,5-dicarboxylic acid-di-n-butyl
      ester is obtained as a pale yellow oil in an analogous manner from
      .delta.,.delta.-dimethyl-benzoyl-sulfonium methylide, n-butyl crotonate
      and n-butanol.
PAR  Analysis: C.sub.28 H.sub.44 O.sub.6 (476) Calculated: C 70.7%; H 9.3%; O
      20.2%; Found: C 70.5%; H 9.5%; O 20.8%
PAC  EXAMPLE 23
PAR  284 parts of .delta.,.delta.-dimethyl-dibenzoyl-sulfonium methylide is
      heated to 80.degree.C while adding first an an equivalent amount of
      dimethyl sulfate and then an equivalent amount of sodium phenolate in 1000
      parts of methylene sulfone. The solvent is removed at subatmospheric
      pressure. Phenoxydibenzoylethane is obtained as a viscous pale yellow oil.
PAR  Analysis: C.sub.22 H.sub.18 O.sub.3 (330):  Calculated: C 80.1%; H 5.5%; O
      16.6%; Found: C 79.7%; H 5.8%; O 17.0%.
PAR  The following compounds are also obtained by the process according to the
      present invention:
PA0  .alpha.-iododibenzoylmethane, m. p. 107.degree.C.
PA0  Thioglycolic acid-.alpha.-naphthylamide, m.p. 128.degree.C.
PA0  Benzylmercapt acetone, b. p. 155.degree.C.
PA0  Methylmercapto acetanilide, m. p. 74.degree.C.
PA0  Nitro acetone, m. p. 49.degree.C.
PA0  Ethyl cyano acetate, b. p. 98.degree.C (18 mm).
PA0  n-butylmercapto propionamide, m. p. 65.degree.C.
PA0  Thiocyano acetanilido, m. p. 86.degree.C.
PA0  Methyl n-butyloxy acetate, b. p. 180.degree.C.
PA0  Ethyl .alpha.-[4-pyridoyl]-.alpha.-iodo propionate, m. p. 63.degree.C.
PA0  Lactic anilide, m. p. 58.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of carbonyl compounds substituted in
      .alpha.-position and having the formula:
      ##EQU43##
      where R.sup.1 is an alkyl radical having 1 to 12 carbon atoms, an aralkyl
      radical having 7 to 8 carbon atoms, a phenyl, o-toluyl, m-toluyl,
      p-toluyl, .alpha.-naphthyl or .beta.-naphthyl radical which may bear 1
      chlorine atom or 1 methoxy group as substituents, the group
      ##EQU44##
      where R.sup.3 and R.sup.4 are selected from the group consisting of
      hydrogen, alkyl of 1 to 10 carbon atoms, cyclohexyl, benzyl, phenyl,
      toluyl, p-chlorophenyl, and naphthyl or the radical --OR.sup.5 where
      R.sup.5 is alkyl of 1 to 4 carbon atoms, R.sup.2 is hydrogen, the radical
      ##EQU45##
      where R.sup.1 has the meaning given above, the radical
      ##EQU46##
      or the radical
      ##EQU47##
      where R.sup.6 is hydrogen or methyl and R.sup.11 is alkyl of 1 to 4 carbon
      atoms, A is hydrogen, linear alkyl of 1 to 10 carbon atoms, chlorine,
      bromine, iodine, the radical
      ##EQU48##
      or the radical
      ##EQU49##
      where R.sup.6 and R.sup.11 have the meanings given above, B is chlorine,
      bromine, iodine, hydroxy, sulfhydryl, thiocyano, cyanato, nitro, azido,
      the radical --XR.sup.7 where X is oxygen, sulfur or the radical --SO.sub.2
      -- and R.sup.7 is alkyl having 1 to 4 carbon atoms, phenyl, naphthyl,
      benzyl, or if X is oxygen or sulfur, the acyl radical
      ##EQU50##
      where R.sup.8 is hydrogen, phenyl or toluyl, or the group
      ##EQU51##
      where R.sup.3 and R.sup.4 have the meanings given above, which comprises
      reacting a sulfur ylide having the formula:
      ##EQU52##
      where R.sup.1 and R.sup.2 have the meanings given above and Y is the
      radical
      ##EQU53##
      or the radical
      ##EQU54##
      where R.sup.9 and R.sup.10 are linear alkyl groups having 1 to 4 carbon
      atoms or phenyl radicals, with a solution which contains both an
      electrophilic agent A' that is converted into said radical A and a
      nucleophilic agent B' that is converted into said radical B or contains a
      compound of the type AB capable of reacting both as A' and as B', or first
      with a solution which contains said electrophilic agent A' and then with a
      solution which contains said nucleophilic agent B', at temperatures
      between 0.degree. and 150.degree.C, A' being chlorine, bromine, iodine,
      cyanogen, cyanogen chloride, cyanogen bromide, an alkyl bromide, iodide,
      sulfate or sulfonate of 1 to 10 carbon atoms, an aralkyl bromide, iodide,
      sulfate or sulfonate of from 6 to 15 carbon atoms, or an
      .alpha.,.beta.-olefinically unsaturated carboxylic nitrile or ester having
      the formula
      ##EQU55##
      where R.sup.6 and R.sup.11 have the meanings given above, the solution of
      said electrophilic agent A' containing an amount of protons at least
      equivalent to the amount of nitrile or ester to be reacted if A' is one of
      the said carboxylic acid derivatives, and B' in said solution being a
      chloride, bromide, iodide, hydroxide, alkanolate having 1 to 4 carbon
      atoms, phenolate, sulfide, phenyl sulfide, ethyl sulfinate,
      naphthylsulfinate, phenyl sulfinate, benzyl sulfinate, cyanide,
      thiocyanide, azide or nitrite of an alkali metal, an alkaline earth metal
      or ammonium or being an amine having the formula
      ##EQU56##
      where R.sup.3 and R.sup.4 have the meanings given above, water, hydrogen
      sulfide or a compound having the formula H -- X -- R.sup.7 where R.sup.7
      and X have the meanings given above.
PATN
WKU  039391850
SRC  5
APN  4203704
APT  1
ART  127
APD  19731130
TTL  Process for the preparation of 1-nitro-anthraquinone which is
      practically free of 1,5-dinitro-anthraquinone
ISD  19760217
NCL  11
ECL  1
EXA  Myers; Jane S.
EXP  Weinberger; Lorraine A.
INVT
NAM  Vogel; Axel
CTY  Cologne
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721202
APN  2259074
CLAS
OCL  260369
EDF  2
ICL  C07C 7937
FSC  260
FSS  369
UREF
PNO  2302729
ISD  19421100
NAM  Whelen
OCL  260369
UREF
PNO  2435314
ISD  19480200
NAM  Kokatnur
OCL  260645
UREF
PNO  2435544
ISD  19480200
NAM  Kokatnur
OCL  260645
UREF
PNO  3766222
ISD  19731000
NAM  Hartwig et al.
OCL  260369
UREF
PNO  3786073
ISD  19740100
NAM  Frey et al.
OCL  260369
UREF
PNO  3798244
ISD  19740300
NAM  Mueller et al.
OCL  260369
FREF
PNO  52,206
ISD  19670100
CNT  PO
OCL  260369
OREF
PAL  Reichel et al., as cited in Chemical Abstract 70, 38877z (1969).
LREP
FRM  Plumley and Tyner
ABST
PAL  Process for the preparation of 1-nitroanthraquinone which is practically
      free of 1,5-dinitroanthraquinone from 1-nitroanthraquinone containing
      1,5-dinitroanthraquinone, characterised in that 1-nitroanthraquinone
      containing 1,5-dinitroanthraquinone is treated with a mixture of
      concentrated nitric acid and an inert organic solvent, the undissolved
      constituent is separated off and the 1-nitroanthraquinone is isolated from
      the solution.
BSUM
PAR  In the preparation of 1-nitroanthraquinone by nitration of anthraquinone,
      undesired by-products, especially 2-nitroanthraquinone and 1,5-, 1,6-,
      1,7- and 1,8-dinitroanthraquinone, are formed to a considerable extent. At
      the same time, the nitration product in most cases still contains
      unchanged anthraquinone.
PAR  The known purification processes, for example according to U.S. Pat. No.
      2,302,729 or German Offenlegungsschrift (German Published Specification)
      No. 2,206,960, by heating with aqueous sodium sulphite solution, or
      according to German Offenlegungsschrift (German Published Specification)
      No. 2,039,822, by digestion with carboxylic acid amides, relate above all
      to the removal of the by-products which contain .beta.-nitro groups.
      However, this process does not permit satisfactory removal of
      1,5-dinitroanthraquinone, especially of major amounts of
      1,5-dinitroanthraquinone.
PAR  The subject of the present invention is now a process for the preparation
      of 1-nitroanthraquinone which is practically free of
      1,5-dinitroanthraquinone, from 1-nitroanthraquinone containing
      1,5-dinitroanthraquinone, which is characterised in that crude
      1-nitroanthraquinone, containing 1,5-dinitroanthraquinone, such as is
      obtained, for example, by nitration of anthraquinone, is treated with a
      mixture of an inert organic solvent and concentrated nitric acid, the
      insoluble constituent -- essentially 1,5-dinitroanthraquinone -- is
      separated off and the 1-nitroanthraquinone, which is practically free of
      1,5-dinitroanthraquinone, is again precipitated from the solution -- for
      example by cooling or preferably by eluting the nitric acid -- and is
      isolated.
PAR  In the present context, inert organic solvents are to be understood as
      organic solvents which are miscible with concentrated nitric acid and
      which under the conditions of the process are largely inert towards the
      reactants, especially towards concentrated nitric acid.
PAR  Examples of solvents which can be used for the process according to the
      invention are aliphatic and alicyclic hydrocarbons with up to 12,
      preferably with up to 6, C atoms, which are monosubstituted or
      polysubstituted by halogen (fluorine, chlorine, bromine or iodine). As
      examples of such solvents there may be mentioned: methane, ethane,
      propane, butane, pentane, hexane, cyclopentane and cyclohexane; this list
      of examples of course includes not only the straight-chain but also the
      branched isomers, and alkyl-substituted cycloaliphatics.
PAR  The chlorine-substituted hydrocarbons should be mentioned as being
      preferred, for example methylene chloride, chloroform, carbon
      tetrachloride, 1,1-dichloroethane, 1,2-dichloroethane,,
      1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane, pentachloroethane,
      1,2dichloropropane and 1,3-dichloropropane, 1,2,3-trichloropropane,
      1,1,2,3- and 1,1,3,3-tetrachloropropane, 1,1,1,3,3-pentachloropropane,
      1,1,1,2,3,3- and 1,1,1,2,2,3-hexachloropropane, 1,1,1,2,2,3,3- and
      1,1,1,2,3,3,3-heptachloropropane and 1,2- and 1,4-dichlorobutane.
PAR  Examples of bromine-substituted hydrocarbons which may be mentioned are
      methylene bromide, bromoform, tetrabromomethane, 1,2-dibromoethane and
      1,2-dibromopropane.
PAR  Equally, it is possible to use, in the process according to the invention,
      hydrocarbons which, for example, are substituted by fluorine or are
      simultaneously substituted by different halogens, for example
      fluorotrichloromethane, difluorodichloromethane, difluorodibromomethane,
      1,1,2-trifluoro-1,2,2-trichloroethane and
      perfluoro-1,3-dimethylcyclohexane. Of course, mixtures of different
      organic solvents can also be used.
PAR  In the present context, concentrated nitric acid is to be understood as
      nitric acid containing at least 75% by weight of HNO.sub.3, preferably at
      least 90% by weight of HNO.sub.3 and in particular about 98% by weight of
      HNO.sub.3.
PAR  The water content of the mixture of solutions is generally so chosen that
      the ratio of nitric acid to water, expressed in parts by weight, is at
      least 75 : 25, preferably at least 90 : 10 and in particular about 98 : 2.
PAR  The amount and the composition of the solvent mixture can be varied within
      very wide limits. To avoid losses of 1-nitroanthraquinone, care must be
      taken, when choosing the solvent mixture, that the HNO.sub.3 content in
      the mixture should be so low, or the water content so high, that nitration
      of 1-nitroanthraquinone cannot take place at all or can only take place to
      a limited extent. Whether this is the case can be established by
      appropriate test experiments in each individual case. For example, in the
      process according to the invention mixtures containing up to about 30% by
      volume, preferably up to about 20% by volume, of 98% strength by weight
      nitric acid can be employed if methylene chloride is used as the organic
      solvent component. If 1,2-dichloroethane or 1,2-dichloropropane is used as
      the organic solvent component it is possible to employ, for example,
      mixtures with up to about 35% by volume, preferably up to about 25% by
      volume, of 98% strength by weight nitric acid. If the ratio of nitric acid
      : water is chosen to be less than 98 : 2, larger proportions by volume of
      the more dilute nitric acids can be used, as compared to the mixtures with
      98% strength by weight nitric acid which have been indicated by way of
      examples.
PAR  The amount of the solvent mixture which is used according to the invention
      is above all determined by the composition of the solvent mixture and
      generally follows from the solubility of 1-nitroanthraquinone in the
      particular solvent mixture. As regards the solubility of 1
      -nitroanthraquinone in the solvent mixture according to the invention it
      was found, surprisingly, that (1) the solubility of 1-nitroanthraquinone
      and anthraquinone in the mixture of nitric acid and organic solvent is
      greater than the sum of the partial solubilities in the individual
      components of the solvent mixture and (2) the solubility of
      1-nitroanthraquinone and anthraquinone, but not that of
      1,5-dinitroanthraquinone, increases directly proportionately to the
      proportion by volume of nitric acid in the solvent mixture, over a certain
      mixing range of nitric acid and organic solvent. In this mixing range, the
      molar ratio of the amount of dissolved 1-nitroanthraquinone to the amount
      of nitric acid required for solution remains constant and is merely
      dependent on the temperature, the water content and the nature of the
      organic solvent. For example, at a ratio of nitric acid : water = 98 : 2,
      the molar ratios nitric acid : dissolved 1-nitroanthraquinone or
      anthraquinone listed in Table 1 were found. The figures shown in brackets
      indicate the applicable mixing range, expressed in per cent by volume of
      98% strength by weight nitric acid mixed with the organic solvent.
TBL                Table 1                                                     
     ______________________________________                                    
     Organic  Molar ratio of      Molar ratio of                               
     solvent  HNO.sub.3 :1-nitroanthra-                                        
                                  HNO.sub.3 :anthra-                           
              quinone             quinone                                      
            at 20.degree.C                                                     
                      at 40.degree.C                                           
                                  at 20.degree.C                               
     ______________________________________                                    
     Methylene                                                                 
              4.2 (0-40)  3.8 (0-40)  2.9 (0-15)                               
     chloride                                                                  
     1,2-Di-                                                                   
     chloro-  5.6 (0-40)  5.0 (0-40)  4.8 (0-15)                               
     ethane                                                                    
     1,1,2,2-                                                                  
     Tetra-   3.6 (0-40)  3.3 (0-20)  3.7 (0-15)                               
     chloro-                                                                   
     ethane                                                                    
     ______________________________________                                    
PAR  In addition to nitric acid, the solution mixture can also contain other
      mineral acids, which are practically immiscible with the organic solvent,
      preferably the mineral acids used in the nitration of anthraquinone, for
      example, sulphuric acid, phosphoric acid or hydrofluoric acid, or strong
      organic acids such as, for example, alkanesulphonic acids, as well as
      their acid or neutral salts. The amount in which these additional acids
      can be present is generally determined by the reaction conditions during
      the nitration of anthraquinone to crude 1-nitroanthraquinone. The water
      content of the mineral acid phase should be so chosen that it causes
      neither undesirable extensive extraction of the nitric acid from the
      organic solvent nor significant nitration of 1-nitroanthraquinone.
PAR  After removing the 1,5-dinitroanthraquinone, the dissolved
      1-nitroanthraquinone can be precipitated by cooling the solution, by using
      up the nitric acid, for example by adding aromatic compounds which can
      easily be nitrated, for example phenols, naphthols, thiophenols,
      thionaphthols or their homologues or, particularly advantageously, by
      eluting the nitric acid from the solvent mixture. Water is preferably used
      for eluting the nitric acid. However, it is also possible to use compounds
      having a basic reaction, either in bulk or as a solution, for example in
      water. Examples of suitable compounds are the alkali metal hydroxides and
      alkaline earth metal hydroxides such as sodium hydroxide, potassium
      hydroxide or calcium hydroxide, or their anhydrides, such as calcium
      oxide, the acid and neutral salts of carbonic acid, especially sodium
      bicarbonate, sodium carbonate, potassium carbonate, calcium carbonate and
      barium carbonate, or aliphatic or aromatic amines such as triethylamine,
      triethanolamine or pyridine. The nitric acid can be eluted completely from
      the solvent mixture; in order to achieve a special purification effect,
      especially to remove major amounts of anthraquinone and
      2-nitroanthraquinone, it can under certain circumstances be advantageous
      only partially to elute the nitric acid or consume it by nitration of
      aromatic compounds which can be nitrated easily, and thereby to keep a
      major amount of anthraquinone and 2-nitroanthraquinone in solution in the
      organic mother liquor. Preferably, the nitric acid is eluted completely.
      In general, the process according to the invention is carried out at
      temperatures below +70.degree.C, preferably below +50.degree.C and
      especially approximately at room temperature. The pressure can be varied
      within wide limits; preferably, the reaction is carried out under normal
      pressure or under superatmospheric pressure.
PAR  The process according to the invention is generally carried out by mixing
      crude 1-nitroanthraquinone, such as is obtained, for example, by nitration
      of anthraquinone -- preferably without intermediate isolation in the
      presence of the nitration medium -- with the organic solvent, if required
      adjusting the concentration of the mineral acid to the optimum value and
      dissolving practically all the 1-nitroanthraquinone by adding concentrated
      nitric acid. The undissolved 1,5-dinitroanthraquinone and the mineral acid
      which may originate from the nitration of the anthraquinone are then
      removed, for example by filtration, decanting and/or centrifuging. If
      desired, the 1-nitroanthraquinone is precipitated from the solution
      mixture by cooling or, preferably by eluting the nitric acid with water
      and/or compounds having a basic reaction. The 1-nitroanthraquinone can
      then be isolated according to the customary methods, for example by
      filtration or centrifuging, if appropriate after removing the organic
      solvent by, for example, distillation or decanting, and can be washed with
      the organic solvent and/or water and be dried if required.
PAR  In a preferred embodiment, anthraquinone is first nitrated in the presence
      of about 0.2 to about 25, preferably about 0.4 to about 10, and especially
      about 1, part by volume of an inert organic solvent per part by weight of
      anthraquinone. Inert organic solvents which are used for this are
      practically the same solvents as according to the process of the
      invention, for example halogenated, especially chlorinated, aliphatic and
      alicyclic hydrocarbons, such as methylene chloride, chloroform,
      1,2-dichloroethane, 1,1,2,2-tetrachloroethane or 1,2-dichloropropane.
      Preferably, the same solvent is employed for the nitration as for the
      removal of the 1,5-dinitroanthraquinone. The nitrating agent used is
      generally nitric acid, preferably in combination with other strong mineral
      acids or Lewis acids such as sulphuric acid, oleum, sulphur trioxide,
      phosphoric acid, hydrogen fluoride or alkanesulphonic acids, such as
      methanesulphonic acid, perfluoromethanesulphonic acid,
      perfluorobutanesulphonic acid or perfluorooctanesulphonic acid. The nitric
      acid is employed in amounts of up to about 15, preferably about 1-2, mols
      per mol of anthraquinone and the mineral acid or Lewis acid is employed in
      amounts of up to about 5, preferably up to about 3 and especially about 1
      to 1.5, mols calculated relative to the molar amount of nitric acid.
PAR  If required, the concentration of the mineral acid is adjusted to the
      optimum value after completion of the nitration, and further organic
      solvent is added. Practically all the 1-nitroanthraquinone is then
      dissolved by adding concentrated nitric acid, the undissolved
      1,5-dinitroanthraquinone and, if relevant, the mineral acid are separated
      off and the 1-nitroanthraquinone is isolated in the manner described.
PAR  The isolated 1-nitroanthraquinone is practically free of
      1,5-dinitroanthraquinone, anthraquinone and 2-nitroanthraquinone and can
      be purified further according to known processes, for example by washing
      with carboxylic acid amides [compare German Offenlegungsschrift (German
      Published Specification) No. 2,039,822] or heating with aqueous sodium
      sulphite solution [compare U.S. Pat. No. 2,302,729 and German
      Offenlegungsschrift (German Published Specification) No. 2,206,960] or,
      particularly advantageously, by heating with aqueous sodium sulphite
      solution in the presence of organic solvents.
PAR  According to the latter method, 1-nitroanthraquinone which is practically
      free of 1,5-dinitroanthraquinone is heated, together with 0.01 - 40,
      preferably 0.1 - 10, parts by volume of an inert organic solvent, such as,
      for example, benzene, toluene, xylene, chlorobenzene or chlorotoluene, and
      an aqueous solution of a salt of sulphurous acid, to temperatures of
      75.degree. - 150.degree.C, preferably 80.degree. - 130.degree.C, for
      several hours. Thereafter the 1-nitroanthraquinone is isolated in the
      usual manner, if appropriate after removal of the organic solvent, by
      filtration, decantation or centrifuging and is washed with solvent and/or
      water. The 1-nitroanthraquinone is then practically free of all
      by-products and its degree of purity is about 98%.
PAR  The process according to the invention can be carried out discontinuously,
      for example in a stirred kettle, or continuously, for example in a column,
      circulatory installation, kettle cascade or similar apparatuses.
PAR  The process according to the invention offers a series of important
      advantages over the processes according to the state of the art. Thus
      1-nitroanthraquinone which is practically free of 1,5-dinitroanthraquinone
      and at the same time also free of anthraquinone and 2-nitroanthraquinone
      can be prepared simply and economically from crude 1-nitroanthraquinone
      containing 1,5-dinitroanthraquinone. A further particular advantage of the
      process according to the invention is that the removal of the
      1,5-dinitroanthraquinone, anthraquinone and 2-nitroanthraquinone can be
      carried out in the presence of the nitration medium and hence without
      intermediate isolation of the crude 1-nitroanthraquinone. Finally, the
      process according to the invention yields the 1-nitroanthraquinone in a
      form such that further purification, for example by heating with aqueous
      sodium sulphite solution, can be carried out particularly simply and
      effectively.
PAR  1-Nitroanthraquinone is an industrial intermediate product which serves,
      for example, for the manufacture of 1-aminoanthraquinone, an important
      intermediate product for numerous anthraquinone dyestuffs.
PAR  The percentages given in the examples which follow are by weight, unless
      otherwise stated. Where the strengths of mineral acids are stated in per
      cent, the remainder is water.
DETD
PAC  EXAMPLE 1
PAR  52 g. of crude 1-nitroanthraquinone containing 86% of 1-nitroanthraquinone,
      2% of anthraquinone, 1% of 2-nitroanthraquinone and 5% of
      1,5-dinitroanthraquinone (the remainder being 1,6-, 1,7- and
      1,8-dinitroanthraquinone) are suspended in 234 ml. of methylene chloride
      at room temperature, 29.8 ml. of 98% strength nitric acid are added and
      the mixture is stirred for 15 minutes at room temperature. The undissolved
      constituent is filtered off and rinsed with 20 ml. of methylene chloride.
      250 ml. of water are then stirred into the clear filtrate, the batch is
      thoroughly mixed for about 1 hour and the precipitate which has separated
      out is filtered off. It is washed first with about 50 ml. of methylene
      chloride and then with water until neutral, and is dried. The yield is
      40.1 g. The product contains 96% of 1-nitroanthraquinone and less than
      0.25% of anthraquinone and 2-nitroanthraquinone and 0.8% of
      1,5-dinitroanthraquinone.
PAC  EXAMPLE 2
PAR  200 g. of crude 1-nitroanthraquinone containing 68% of
      1-nitroanthraquinone, 4.5% of anthraquinone, 4.7% of 2-nitroanthraquinone
      and 6.3% of 1,5-dinitroanthraquinone (the remainder being 1,6-, 1,7- and
      1,8-dinitroanthraquinone) are stirred, as in Example 1, with a mixture of
      750 ml. of methylene chloride and 95 ml. of 98% strength nitric acid and
      the mixture is filtered. 900 ml. of methylene chloride are next added to
      the clear filtrate and 800 ml. of water are then stirred in. The mixture
      is stirred for a further hour and the precipitate is then filtered off.
      After washing and drying, 112 g. of 90% pure 1-nitroanthraquinone are
      obtained, containing 0.5% of anthraquinone, &lt;0.25% of 2-nitroanthraquinone
      and 1.0% of 1,5-dinitroanthraquinone.
PAC  EXAMPLE 3
PAR  200 g. of crude 1-nitroanthraquinone containing 82% of
      1-nitroanthraquinone, 0.5% of anthraquinone, 0.7% of 2-nitroanthraquinone
      and 1.9% of 1,5-dinitroanthraquinone are stirred, as in Example 1, with
      820 ml. of methylene chloride and 106 ml. of 98% strength nitric acid and
      the mixture is filtered. 900 ml. of methylene chloride are next added to
      the clear filtrate, followed by 80 ml. of water, and the mixture is
      stirred for a further hour. The precipitate is filtered off, washed with
      about 100 ml. of methylene chloride, then rinsed with water and dried. The
      yield is 131 g. of 93% strength 1-nitroanthraquinone. The content of
      anthraquinone and 2-nitroanthraquinone is less than 0.25% and the content
      of 1,5-dinitroanthraquinone is less than 0.5%. The remainder consists of
      1,6-, 1,7- and 1,8-dinitroanthraquinone and can be removed practically
      completely by heating with aqueous sodium sulphite solution.
PAC  EXAMPLE 4
PAR  A suspension of 250 g. of anthraquinone in 200 ml. of methylene chloride is
      treated under reflux conditions, over the course of about 3 hours, with a
      nitration acid of 68.4 ml. of 98% strength nitric acid and 85.2 ml. of
      100% strength sulphuric acid. The mixture is stirred for a further 4 hours
      at this temperature and cooled to 20.degree.C. After 700 ml. of methylene
      chloride have been added, 190 ml. of 98% strength nitric acid are allowed
      to run in at 20.degree.C. After stirring for about 30 minutes longer, the
      upper, organic phase is withdrawn and clarified by passing it through a
      frit, and the filter residue is rinsed with a mixture of 95 ml. of
      methylene chloride and 5 ml. of 98% strength nitric acid. The clear
      filtrate is decomposed with 500 ml. of water and the mixture is stirred
      for a further hour at about 20.degree.C. The lemon-yellow precipitate is
      then filtered off and is washed successively with 2 .times. 100 ml. of
      methylene chloride and 2 .times. 100 ml. of 1% strength aqueous
      di-sec.-butylnaphthalene-sulphonate solution and finally with water until
      neutral. After drying at about 100.degree.C, the yield is 229 g. The
      product contains 89% of 1-nitroanthraquinone and inter alia contains 0.25%
      of anthraquinone, &lt;0.25% of 2-nitroanthraquinone and 1.4% of
      1,5-dinitroanthraquinone. To remove the remaining subsidiary components,
      the 1-nitroanthraquinone obtained is stirred with 1,850 ml. of 2.5%
      strength sodium sulphite solution for 4 hours under reflux conditions,
      then filtered off hot, washed and dried. 204 g. of 1-nitroanthraquinone
      are obtained, containing 95% of 1-nitroanthraquinone, 0.25% of
      anthraquinone, &lt;0.25% of 2-nitroanthraquinone and 0.9% of
      1,5-dinitroanthraquinone. A further fraction of 12 g. of
      1-nitroanthraquinone and 2 g. of anthraquinone remains in the methylene
      chloride mother liquor and can, after evaporation of the solvent, be
      reintroduced into the next nitration batch.
PAC  EXAMPLE 5
PAR  75.9 ml. of 98% strength nitric acid are run into a mixture of 250 g. of
      anthraquinone and 200 ml. of 1,2-dichloroethane and 94.6 ml. of 100%
      strength sulphuric acid are then added dropwise at 40.degree.C over the
      course of about 2.5 hours. The mixture is stirred for a further 4 hours at
      this temperature and cooled to 20.degree.C. 1,800 ml. of
      1,2-dichloroethane and 300 ml. of 98% strength nitric acid are added in
      succession and the batch is then stirred for 30 minutes at 20.degree.C.
      After a short settling time, the upper organic phase is withdrawn and
      clarified by passing it through a frit. The filtrate is decomposed by
      adding 500 ml. of water whilst cooling, the mixture is thoroughly stirred
      for a further hour and the precipitate is filtered off at 20.degree.C. The
      filter residue is washed first with 200 ml. of 1,2-dichloroethane and then
      with water until neutral, and is dried. The yield is 224 g. Analysis shows
      that the material contains 86% of 1-nitroanthraquinone, 0.25% of
      anthraquinone, 0.25% of 2-nitroanthraquinone and 1.8% of
      1,5-dinitroanthraquinone. The product is stirred with 66.8 g. of sodium
      sulphite, 1 g. of di-sec.-butylnaphthalenesulphonate and 1,800 ml. of
      water for 6 hours at 100.degree.C. 400 ml. of chlorobenzene are then added
      at about 90.degree.C and the mixture is stirred for a further 4 hours
      under reflux conditions. It is cooled to 20.degree.C and the precipitate
      is filtered off and washed first with about 150 ml. of chlorobenzene and
      then with water. After drying, the yield is 180 g. Determination of the
      contents of the product shows 98% of 1-nitroanthraquinone, &lt;0.25% of
      anthraquinone, &lt;0.25% of 2-nitroanthraquinone, 0.6% of 1,5-, 0.3% of 1,6-,
      0.3% of 1,7- and 0.3% of 1,8-dinitroanthraquinone. A further fraction of
      20 g. of 1-nitroanthraquinone and 2 g. of anthraquinone remains in the
      1,2-dichloroethane mother liquor whilst 4 g. of 1-nitroanthraquinone and
      0.5 g. of anthraquinone remain in the chlorobenzene mother liquor and can,
      after evaporation of the solvent, be reintroduced into the next nitration
      batch. The total yield is then 67% of theory.
PAC  EXAMPLE 6
PAR  200 g. of crude 1-nitroanthraquinone containing 82% of
      1-nitroanthraquinone, 0.5% of anthraquinone, 0.7% of 2-nitroanthraquinone
      and 1.9% of 1,5-dinitroanthraquinone are stirred, as in Example 1, with
      850 ml. of methylene chloride and 110 ml. of 98% strength nitric acid, and
      filtered. 2 l. of water are added to the clear filtrate, with vigorous
      stirring, and the methylene chloride is distilled off. The aqueous
      suspension is filtered hot and the precipitate is washed with water, until
      neutral, and dried. The yield is 179 g. of 85% strength
      1-nitroanthraquinone containing 0.5% of anthraquinone, 0.7% of
      2-nitroanthraquinone and &lt;0.5% of 1,5-dinitroanthraquinone.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a known process for the purification of 1-nitro-anthraquinone by
      isolating 1-nitro-anthraquinone from an impure composition containing
      anthraquinone nitration products and reactants primarily containing
      1-nitro-anthraquinone and containing as an impurity
      1,5-dinitro-anthraquinone, the improvement comprising removing
      1,5-dinitro-anthraquinone by adding to said composition a mixture of
      concentrated nitric acid, containing at least 75% by weight HNO.sub.3 and
      not more than 25% by weight H.sub.2 O and an inert organic solvent which
      is miscible with the concentrated nitric acid and is selected from the
      group consisting of aliphatic and alicyclic hydrocarbons with up to 12
      carbon atoms, and halogen derivatives thereof, wherein the relative
      quantities of nitric acid and inert organic solvent in said mixture as
      well as the total quantities in said composition, are such that the
      solubility of 1-nitroanthraquinone and anthraquinone in the mixture of
      nitric acid and organic solvent is greater that the sum of the partial
      solubilities in the individual components of the solvent mixture and
      subsequently, the undissolved 1,5-dinitro-anthraquinone containing
      constitutent is separated from the solution thus formed.
NUM  2.
PAR  2. Process according to claim 1, characterised in that the ratio of nitric
      acid:water in the mixture is at least 90:10.
NUM  3.
PAR  3. Process according to claim 2 wherein the ratio of nitric acid:water in
      the mixture is at least about 98:2.
NUM  4.
PAR  4. Process according to claim 1, characterised in that at nitric acid:water
      ratios of about 98:2 the maximum volume ratio of nitric acid:inert organic
      solvent is 35:65.
NUM  5.
PAR  5. Process according to claim 1, characterised in that nitration mixtures
      obtained on nitrating anthraquinone are employed as said composition
      without intermediate isolation of the crude 1-nitroanthraquinone.
NUM  6.
PAR  6. Process according to claim 5, characterised in that the anthraquinone
      has been nitrated in the presence of organic solvents.
NUM  7.
PAR  7. Process according to claim 1, characterised in that the
      1-nitroanthraquinone is isolated by precipitation from the remaining
      solution by adding water.
NUM  8.
PAR  8. Process according to claim 1, characterised in that halogenated,
      aliphatic or alicyclic hydrocarbons are used as inert organic solvents.
NUM  9.
PAR  9. Process according to claim 8 wherein said halogen is chlorine.
NUM  10.
PAR  10. Process according to claim 1, characterised in that methylene chloride
      and/or 1,2-dichloroethane and/or 1,2-dichloropropane are used as the
      organic solvent.
NUM  11.
PAR  11. Process according to claim 1, in that the isolated 1-nitroanthraquinone
      in the presence of organic solvents, is heated with aqueous sodium
      sulphite solution.
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ABST
PAL  A process for producing a steroid ether which comprises admixing an alkali,
      a reactant steroid having a hydroxyl group attached directly to an
      aromatic ring in the steroid nucleus, and a dialkyl sulfate in the
      presence of at least one hydrophilic solvent in which said reactant and
      product steroid is readily soluble, selected from the group consisting of
      cyclic ether and ketone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved process for etherifying
      steroids which have a hydroxyl group attached directly to an aromatic
      ring.
PAR  2. Description of the Prior Art
PAR  Among conventional processes, the currently most widely used process for
      etherifying a phenolic hydroxyl group of steroids which have a hydroxyl
      group attached directly to an aromatic ring is by suspending or dissolving
      the phenolic hydroxyl group containing steroid into an alkaline aqueous
      solution, an alcoholic alkaline solution or a mixture thereof, and then
      adding dialkyl sulfate thereto. However, that process has the disadvantage
      that when the dialkyl sulfate is added into the high concentration
      alkaline solution, a reaction of dialkyl sulfate with alkali occurs in
      preference to the reaction of the dialkyl sulfate with the phenolic
      hydroxyl group of the steroid. A large amount of an inorganic sulfate is
      thus formed as a by-product to the reaction, and the desired steroid ether
      can be obtained in yields of only 50-70% of the theoretical. Even if the
      alkali and dialkyl sulfate are used in large excess amounts, the yields
      are still quite low. It has thus been very difficult to industrialize the
      conventional reaction technique.
PAR  After an elaborate study to overcome the above problems, the present
      inventors have found that steroids which have a hydroxyl group attached
      directly to an aromatic ring, and dialkyl sulfate are first admixed into a
      water-alcohol solvent. An alkali is then added thereto to obtain the
      desired product. This reaction results in improved yields of 70-97%.
      However, this process still has the following disadvantages:
PAR  1. At least 20 equivalents of dialkyl sulfate and alkali for the starting
      material steroids are necessary to obtain the desired product in such a
      high yield.
PAR  2. The homogeneous reaction is difficult because of the low solubilities of
      the reactant steroids having a phenolic hydroxyl group. Also, the obtained
      alkyl ethers in water-alcohol solvent result in a high slurry
      concentration of the reaction mixture.
PAR  3. The maximum purity of the obtained alkyl ethers is 95-97% and a further
      purification is required.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to provide a process of
      etherifying the phenolic hydroxyl groups of a steroid which has a hydroxyl
      group attached directly to an aromatic ring, in high yields, without the
      use of large excess amounts of dialkyl sulfate.
PAR  It is another object of this invention to provide such a high yield process
      wherein the reaction is conducted in a homogeneous reaction medium.
PAR  A still further object of this invention is to accomplish such an
      etherification process wherein further purification of the obtained alkyl
      ethers can be substantially eliminated.
PAR  These and other objects of this invention, as will hereinafter become more
      readily apparent from the following description, have been obtained by (i)
      adding an alkali or an alkaline solution thereof into the reactant
      steroids and dialkyl sulfate or (ii) adding an alkaline salt of the
      reactant steroids or an alkaline solution thereof into dialkyl sulfate in
      the presence of at least one hydrophilic solvent selected from the group
      consisting of cyclic ethers and ketones, which readily dissolve the
      obtained reactant ethers.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It has been found that according to the process described above, ethers of
      steroids can be obtained in high purity and almost a quantitative yield,
      while employing a far smaller amount of dialkyl sulfate.
PAR  In one embodiment of the present invention, the alkali is admixed with the
      reactant steroid and the dialkyl sulfate, both of which are dissolved in a
      hydrophilic solvent. Alternately, the alkali and the reactant steroid are
      dissolved into the hydrophilic solvent, and this solution is admixed with
      the dialkyl sulfate, which is also dissolved in the hydrophilic solvent.
      Suitable hydrophilic solvents which may be used herein include, among
      others, the cyclic ethers such as dioxane, tetrahydrofuran,
      methyltetrahydrofuran, tetrahydropyrane or the like; the ketones such as
      acetone, methyl ethyl ketone, or the like. Particularly preferred solvents
      are tetrahydrofuran, dioxane, acetone, methyl ethyl ketone or the like.
      The amount of said solvent to be used is at least 0.5 parts by weight per
      part by weight of the reactant steroid, and preferably about 0.5 - 30
      parts by weight. In addition, these solvents may contain any organic
      solvents other than these solvents described above, favorably hydrophilic
      solvents, such as alcohols.
PAR  According to the present invention, about 60% of the etherification is
      effectuated even if one equivalent (0.5 mol) of dialkyl sulfate per one
      equivalent of steroid is used. The reaction is almost quantitatively
      completed if at least 1-5 equivalents of dialkyl sulfate is used. Suitable
      dialkyl sulfates which may be used in the present invention include those
      wherein each alkyl group contains 1-5 carbon atoms, such as dimethyl
      sulfate, diethyl sulfate, dibutyl sulfate, diamyl sulfate or the like.
PAR  Suitable alkalis which may be used in the present invention include the
      alkaline metal or alkaline earth metal hydroxides and more preferably, the
      hydroxides of alkaline metals, such as sodium hydroxide, potassium
      hydroxide, lithium hydroxide or the like. These alkalis can be used either
      in solid form or in solution, generally in the form of an aqueous solution
      of 1 - 50 wt%, preferably 5-30 wt% concentration. The amount of alkali
      which should be used, is at least one equivalent per one equivalent of
      dialkyl sulfate, and generally not more than about two equivalents. The
      actual amount to be used usually will be that quantity necessary to
      decompose the undesirable dialkyl sulfate, when the alkali is admixed into
      the pre-mixed reactant steroids and reactant dialkyl sulfate, as process
      (i) above.
PAR  However, when an alkaline salt of the reaction steroids or an alkaline
      solution thereof is added into dialkyl sulfate as in the above process
      (ii), it is preferred that the amount of alkali used be initially an
      amount of one equivalent or a slight excess, per one equivalent of
      phenolic hydroxyl group in the reactant steroids. Any remaining unreacted
      dialkyl sulfate will be hydrolyzed by further addition of alkali. Thus, an
      excess amount of alkali may be initially added along with the reactant
      steroids. Then additional amounts of alkali, in amounts of more than one
      equivalent per equivalent of phenolic hydroxyl group on the reactant
      steroid, and less than one equivalent per equivalent of dialkyl sulfate
      may be used.
PAR  The reaction temperature ranges from about -5.degree.C to about
      70.degree.C. The preferred range is from -5.degree.C to 50.degree.C since
      the rate of hydrolysis will increase at temperatures above 50.degree.C.
      Although the rate of addition of the alkali is not critical, normally, the
      alkali is added over a period of from about 5 minutes to about 5 hours.
      The reactant steroids which are used as a starting material for the
      process of the present invention include those wherein the A ring or both
      the A and B rings of the steroid are aromatic rings having a hydroxyl
      group. Representative or such steroids are estrone, estradiol or the like.
      The B, C and D rings, except an aromatic ring, of said steroids may have
      carbon-carbon double bonds and/or other etherification-inert substituents,
      for example, groups such as alkyl, alkenyl, alkynyl or alkoxy, namely
      those having up to 10 carbon atoms, acyl, nitro, oxo, halogen, amino or
      the like. Exemplary of the above steroids are estriol, equilin, equilenin,
      16-oxoestradiol, 16-epiestriol, 17 .alpha.-estradiol, 17
      .alpha.-methylestradiol, 17 .alpha.-ethynulestradiol,
      19-nor-pregna-1,3,5(10)-triene-3-ol-20-one, 17-epiestriol,
      6-dehydroestrone, 9(11)-dehydrostrone,
      4-methylestra-13,5,-(10)-triene-1,17 .beta.-diol,
      estra-1,3,5(10)-triene-1,4,17 .beta.-triol, 4-chrolestradiol,
      4-nitroestrone, 14-dehydroequilenin, 11 .beta.-hydroxyestradiol,
      11.beta.-hydroxyestrone, estra-1,3,5(10),6,8-pentaene-6-ol-17-one,
      estra-1,3,5(10),6,8-pentaene-6,17.beta.-diol or the like.
PAR  The present invention makes it possible to produce ether derivatives of
      steroids more easily in higher purity and higher yields as compared to
      other known processes. Particularly, starting with estrone, estradiol or
      the like, the corresponding ethers of said steroids can be obtained in
      approximately 100% purity, thereby requiring no further purification. In
      addition, it is one advantage of the process of this invention that when a
      reaction solvent whose boiling point at atmospheric pressure is less than
      100.degree.C, such as tetrahydrofuran, acetone, methyl ethyl ketone or the
      like is used, the desired crystals of the steroid-alkyl ethers suspended
      in water are obtained only by removing the solvent after completion of
      etherification. The obtained crystals are then collected by filtration and
      washed with water to easily form the desired steroid ethers in high purity
      and high yield. As has been previously described in detail, the present
      invention is a process which makes it possible to obtain ethers in high
      yields and approximately 100% purity, which requires no further
      purification. The process of the present invention thus has many
      advantages, particularly in reducing production costs and in saving the
      very expensive reaction steroids used as starting materials.
PAR  Having generally described the invention, a more complete understanding can
      be obtained by reference to certain specific examples, which are included
      for purposes of illustration only and are not intended to be limiting
      unless otherwise specified.
PAR  The purity of the product shown in the Examples and the Comparative
      Examples were determined by gas chromatography, and the yields are shown
      as those for the theoretical yields based upon the reactant steroids.
DETD
PAC  EXAMPLE 1
PAR  Into a mixture of 1 g of estrone, 0.5 ml of dimethyl sulfate and 5 ml of
      tetrahydrofuran, 6 ml of 10% aqueous solution of potassium hydroxide was
      added over a period of one hour. The reaction temperature was maintained
      at 15.degree. - 20.degree.C during the addition. The resulting mixture was
      stirred for one hour to complete the etherification. Then, 6 ml of water
      was added, and tetrahydrofuran was distilled under atmospheric pressure.
      The crystals which formed during the distillation were filtered from the
      cooled reaction mixture, washed with water and dried to obtain 1.048 g of
      the 100% purity methyl ether of estrone in a 99.7% yield.
PAC  COMPARATIVE EXAMPLE 1
PAR  Into a mixture of 20 ml of methanol and 16 ml of 30% aqueous solution of
      potassium hydroxide, 1.0 g of estrone was dissolved and the mixture was
      cooled in an ice bath and stirred while 4 ml of dimethyl sulfate was
      added. Stirring was continued for 2 hours. Water was added to the reaction
      mixture and the crystals which precipitated during the addition of water
      were filtered, washed with water and dried to obtain 0.341 g of the 96.3%
      purity methyl ether of estrone in a 34.2% yield.
PAC  COMPARATIVE EXAMPLE 2
PAR  Into a mixture of 20 ml of methanol and 4 ml of dimethyl sulfate, 1.0 g of
      estrone was suspended and the mixture was cooled in an ice bath and
      stirred while 16 ml of 30% aqueous solution of potassium hydroxide was
      added over a period of 1 hour. Stirring was continued for 2 hours. Water
      was added to the reaction mixture, and the precipitated crystals were
      filtered, washed with water and dried to obtain 1.017 g of the 96.0%
      purity methyl ether of estrone in a 96.7% yield.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that 5 ml of acetone was used instead of
      tetrahydrofuran. 1.042 g of the 100% purity methyl ether of estrone was
      obtained in a 99.3% yield.
PAC  EXAMPLE 3
PAR  Into a mixture of 1 g of estrone, 0.5 ml of dimethyl sulfate and 5 ml of
      tetrahydrofuran, 6 ml of 10% methanolpotassium hydroxide solution was
      added over a period of 1 hour. The reaction temperature was maintained at
      10.degree. - 15.degree.C. The resulting mixture was stirred for one hour
      to complete the etherification. Then, 15 ml of water was added to the
      reaction mixture, tetrahydrofuran and methanol were distilled off under
      atmospheric pressure. The residue was extracted with chloroform, washed
      with water, and dried. Evaporation of chloroform yielded 1.032 g of the
      100% purity methyl ether of estrone in a 98.4% yield.
PAC  EXAMPLE 4
PAR  Into a mixture of 0.39 ml of dimethyl sulfate and 5 ml of tetrahydrofuran,
      1 g of estrone and 0.76 ml of 30% KOH aqueous solution dissolved in 5 ml
      of tetrahydrofuran were added over a period of one hour. The reaction
      temperature was maintained at 15.degree. - 20.degree.C. The resulting
      mixture was stirred for one hour. Then, after the addition of 10 ml of 1%
      KOH aqueous solution, Example 1 was repeated to obtain 1.049 g of the 100%
      purity methyl ether of estrone in a 99.8% yield.
PAC  EXAMPLE 5
PAR  Example 4 was repeated except that 1 ml of 20% NaOH aqueous solution was
      used instead of 30% KOH aqueous solution. 1.046 g of the 100% purity
      methyl ether of estrone was obtained for a 99.5% yield.
PAC  EXAMPLE 6
PAR  Example 1 was repeated except that diethyl sulfate was used instead of
      dimethyl sulfate. 1.082 g of the 100% purity ethyl ether of estrone was
      obtained in a 98.2% yield.
PAC  EXAMPLE 7
PAR  Into a mixture of 1 g of estrone, 0.5 ml of dimethyl sulfate and 5 ml of
      dioxane, 5 ml of 10% NaOH aqueous solution was added over a period of one
      hour. The reaction temperature was maintained at 15.degree. - 20.degree.C.
      The resulting mixture was stirred for one hour. Then, 30 ml of water was
      added and the resulting cyrstals were filtered, washed with water and
      dried to obtain 1.040 g of the 100% purity methyl ether of estrone in a
      98.9% yield.
PAC  EXAMPLE 8
PAR  Into a mixture of 1 g of estrone, 0.5 ml of dimethyl sulfate and 10 ml of
      methyl ethyl ketone, 5 ml of the 10% NaOH aqueous solution was added over
      a period of one hour. The reaction temperature was maintained at
      15.degree. - 20.degree.C. The resulting mixture was stirred for 1 hour. 10
      ml of water was added to the reaction mixture and methyl ethyl ketone was
      distilled off. The crystals which formed during the distillation were
      filtered from the cooled reaction mixture, washed with water and dried to
      obtain 1.037 g of the 100% purity methyl ether of estrone in a 98.6%
      yield.
PAC  EXAMPLES 9-13
PAR  Except that estrone in Example 1 was replaced respectively by estradiol,
      ethynylestradiol, estriol, 1-methylestrone, and equilenin, Example 1 was
      substantially repeated. The reaction conditions and the results are shown
      in Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
         Starting                                                              
         Materials                                                             
     Ex- and the       Dimethyl                                                
                            30% Reac-                                          
     ample                                                                     
         amount to THF sulfate                                                 
                            KOH tion Yield Purity                              
     No. be used   (ml)                                                        
                       (ml) (ml)                                               
                                temp.                                          
                                     (g)   (%)                                 
         Steroids                                                              
               (g)              (.degree.C)                                    
                                     (%)                                       
     __________________________________________________________________________
      9  Estradiol                                                             
               1.0 10  0.5  2.0 15-20                                          
                                     (1.032g)                                  
                                           100                                 
                                     98.1                                      
     10  Ethynyl                                                               
         estradiol                                                             
               "   10  "    "   "    (1.040g)                                  
                                           100                                 
                                     99.2                                      
     11  Estriol                                                               
               "   20  "    "   "    (0.948g)                                  
                                            99                                 
                                     90.3                                      
     12  1-methyl-                                                             
         estrone                                                               
               "   10  "    "   "    (1.045g)                                  
                                           100                                 
                                     99.6                                      
     13  Equilenin                                                             
               "   10  "    "   "    (1.008g)                                  
                                           100                                 
                                     95.8                                      
     __________________________________________________________________________
      THF: tetrahydrofuran                                                     
PAC  EXAMPLES 14-16
PAR  Except that the reaction temperature in Example 1 was replaced respectively
      by 30.degree.C, 40.degree.C and 60.degree.C, Example 1 was repeated. The
      reaction condition and the results are shown in Table 2 below.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Ex- Starting                                                              
     ample                                                                     
         Materials and                                                         
                  THF Dimethyl                                                 
                           10% Reac-                                           
                                   Yield Purity                                
     No. the amount                                                            
                  (ml)                                                         
                      sulfate                                                  
                           KOH tion                                            
                                   (g)   (%)                                   
         to be used   (ml) (ml)                                                
                               temp.                                           
                                   (%)                                         
     Steroids (g)              (.degree.C)                                     
     __________________________________________________________________________
     14  Estrone                                                               
              1.0 5   0.5  6.0 30  (1.052g)                                    
                                         99.7                                  
                                   100                                         
     15  "    "   "   "    "   40  (1.056g)                                    
                                         99.6                                  
                                   100                                         
     16  "    "   "   "    "   60  (1.044g)                                    
                                         97.2                                  
                                   96.7                                        
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLES 3-7
PAR  Except that estrone in Comparative Example 1 was replaced by respectively
      estradiol, ethynylestradiol, estriol, 1-methylestrone, and equilenin,
      Comparative Example 1 was substantially repeated. The reaction conditions
      and the results are shown in Table 3 below.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Compara-                                                                  
          Starting                                                             
     tive Materials and                                                        
                    Metha-                                                     
                        Dimethyl                                               
                             30% Reac-                                         
                                     Yield Purity                              
     Example                                                                   
          the amounts                                                          
                    nol sulfate                                                
                             KOH tion                                          
                                     (g)   (%)                                 
     No.  to be used                                                           
                    (ml)                                                       
                        (ml) (ml)                                              
                                 temp.                                         
                                     (%)                                       
     Steroids   (g)                                                            
     __________________________________________________________________________
     3    Estradiol                                                            
                1.0 20  4    16  in ice                                        
                                     (0.302g)                                  
                                           95.8                                
                                 bath                                          
                                     30.4                                      
     4    Ethynyl-                                                             
          estradiol                                                            
                "   "   "    "   "   (0.138g)                                  
                                           96.9                                
                                     13.2                                      
     5    Estriol                                                              
                "   "   "    "   "   0     --                                  
     6    1-methyl-                                                            
          estrone                                                              
                "   "   "    "   "   (0.341g)                                  
                                           97.0                                
                                     32.5                                      
     7    Equilenin                                                            
                "   "   "    "   "   (0.331g)                                  
                                           96.8                                
                                     31.4                                      
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLES 8-12
PAR  Except that estrone in Comparative Example 2 was replaced similarly to the
      above Examples 3-7 respectively, Comparative Example 2 was substantially
      repeated. The reaction conditions and the results are shown in Table 4
      below.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     No.                                                                       
        Starting  Metha-                                                       
                      Dimethyl                                                 
                           30% Reac-                                           
                                   Yield Purity                                
        Materials nol sulfate                                                  
                           KOH tion                                            
                                   (g)   (%)                                   
        and amount                                                             
                  (ml)                                                         
                      (ml) (ml)                                                
                               temp.                                           
                                   (%)                                         
     Steroids (g)                                                              
     __________________________________________________________________________
      8 Estradiol                                                              
              1.0 20  4    16  in ice                                          
                                   (0.952g)                                    
                                         97.0                                  
                               bath                                            
                                   90.4                                        
      9 Ethynyl-                                                               
              "   "   "    "   "   (1.019g)                                    
                                         97.1                                  
        estradiol                  97.2                                        
     10 Estriol                                                                
              "   "   "    "   "   (0.791g)                                    
                                         96.0                                  
                                   75.3                                        
     11 1-methyl-                                                              
              "   "   "    "   "   (1.012g)                                    
                                         96.9                                  
        estrone                    96.5                                        
     12 Equilenin                                                              
              "   "   "    "   "   (0.930g)                                    
                                         97.1                                  
                                   88.4                                        
     __________________________________________________________________________
PAR  When the results of the Examples of the present invention are compared with
      those of the Comparative Examples of the conventional processes, it will
      be apparent that the process of the present invention produces quite
      outstanding results making it possible to produce steroid ethers of very
      high purity (approaching 100%) and high yield.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by letters Patent is:
NUM  1.
PAR  1. A process for producing estrogenic steroid ethers which comprises
      admixing an alkali, a reactant estrogenic steroid having a hydroxyl group
      attached directly to an aromatic ring of the estrogenic steroid nucleus
      and a dialkyl sulfate in the presence of a hydrophilic solvent selected
      from the group consisting essentially of dioxane, tetrahydrofuran,
      methyltetrahydrofuran, tetrahydropyrane, acetone, and methyl ethyl ketone,
      in which said reactant and product estrogenic steroid are readily soluble.
NUM  2.
PAR  2. The process of claim 1, wherein said alkali is added to a solution of
      reactant estrogenic steroid and said dialkyl sulfate dissolved in said
      hydrophilic solvent.
NUM  3.
PAR  3. The process of claim 1, wherein a solution of said alkali and said
      reactant estrogenic steroid, dissolved in said hydrophilic solvent, is
      added to a solution of said dialkyl sulfate dissolved in said hydrophilic
      solvent.
NUM  4.
PAR  4. The process of claim 1, wherein said reactant estrogenic steroid is
      selected from the group consisting of estrone, estradiol,
      ethynylestradiol, estriol, 1-methylestrone and equilenin.
NUM  5.
PAR  5. The process of claim 1, wherein said dialkyl sulfate is selected from
      the group consisting of dimethyl sulfate, diethyl sulfate, dibutyl sulfate
      and diamyl sulfate.
NUM  6.
PAR  6. The process of claim 1, wherein said alkali is selected from the group
      consisting of sodium hydroxide, potassium hydroxide and lithium hydroxide.
NUM  7.
PAR  7. The process of claim 1, wherein said hydrophilic solvent is dioxane.
NUM  8.
PAR  8. The process of claim 1, wherein at least 1.5 equivalents of dialkyl
      sulfate per one equivalent of said reactant steroid is used.
NUM  9.
PAR  9. The process of claim 1, wherein said alkali is present in amounts of
      from 1-2 equivalents per one equivalent of dialkyl sulfate.
NUM  10.
PAR  10. The process of claim 1, wherein said hydrophilic solvent is used in
      amounts of from 1 - 30 parts by weight per one part by weight of the
      starting material.
NUM  11.
PAR  11. The process of claim 1, wherein said etherification is carried out at a
      temperature of from -5.degree.C to 50.degree.C.
NUM  12.
PAR  12. The process of claim 2, wherein said alkali is added as a 5-30% aqueous
      solution.
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ABST
PAL  15.alpha.-Sulfonyl-12.beta.-hydroxypregnanes of the formula
      ##SPC1##
PAL  Wherein Ac is lower-acyl and R is alkyl, cycloalkyl, aralkyl or aryl, which
      are useful as intermediates for the production of digoxigenin, are
      produced by the selective sulfonic acid esterification of the
      corresponding 12.beta., 15.alpha.-dihydroxy steroid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel
      15.alpha.-sulfonyloxy-12.beta.-hydroxypregnanes and to a process for their
      production.
PAR  Only the 12.beta.,15.alpha.-diesters of
      12.beta.,15.alpha.-dihydroxy-20-ketopregnanes are known in the literature,
      such as, for example, the
      12.beta.,15.alpha.-diacetoxy-4-pregnene-3,20-dione (Helv. 41 [1958] 301;
      same 46 [1963] 889; or same 48 [1965] 1935), the
      3.beta.,12.beta.,15.alpha.-triacetoxy-5.alpha.-pregnan-20-one, or the
      7.beta.,12.beta., 15.alpha.-triacetoxy-5.alpha.-pregnane-3,20-dione (J.
      Chem. Soc. [1972] 2759). Partially esterified
      12.beta.,15.alpha.-dihydroxy-20-ketopregnanes are not described.
PAR  The present invention is directed to the problem of providing intermediates
      useful in the digoxigenin synthesis by a partial esterification of
      12.beta.,15.alpha.-dihydroxypregnanes wherein the 15.alpha.-hydroxy group
      is selectively esterified with an ester group which can be split off again
      under appropriate conditions with the formation of a .DELTA..sup.14
      -double bond.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a
      3.beta.-acyloxy-12.beta.,15.alpha.-dihydroxy-20-ketopregnane is
      selectively esterified with an alkyl-, optionally substituted cycloalkyl-,
      aralkyl- or aryl-sulfonic acid chloride to produce novel
      15.alpha.-sulfonyloxy-12.beta.-hydroxypregnanes of the general formula
      ##SPC2##
PAL  Wherein Ac is lower acyl and R is alkyl or optionally substituted
      cycloalkyl, aralkyl or aryl.
PAC  DETAILED DISCUSSION
PAR  It was surprising that the esterification with organic sulfonic acid
      chlorides occurs selectively on the 15.alpha.-hydroxy group. In accordance
      with the di- and triesters known from the literature, it would be expected
      that the 12.beta.- as well as the 15.alpha.-hydroxy group would be
      esterified.
PAR  The term "lower acyl" means the acyl radical of an alkyl, cycloalkyl,
      lcycloalkylalkyl, carbocyclic aryl or carbocyclic arylalkyl carboxylic
      acid of up to 8 carbon atoms. Examples are lower-alkanoic, e.g., acetic
      acid, propionic acid, butyric acid, trimethylacetic acid, valeric acid,
      cycloalkanoic, e.g., cyclohexylcarboxylic, aryl carboxylic, e.g., benzoic
      acid, p-toluic acid and arylalkanoic, e.g., phenylacetic.
PAR  R of the sulfonic acid ester group can be the organic radical of any
      organic sulfonic acid, e.g., alkyl of 1-8 carbon atoms, e.g., methyl and
      ethyl, cycloalkyl of 3-8 carbon atoms, e.g., cyclohexyl and carbocyclic
      aryl of 6-18 carbon atoms, e.g., phenyl, tolyl, .alpha.-naphthyl,
      .beta.-naphthyl, 2',4',6'-trimethylphenyl, and
      2',4',6'-triisopropylphenyl. It will be obvious to those skilled in the
      art that because the sulfonyloxy group is later split off, R can be the
      organic radical of any other sulfonic acid.
PAR  The process of this invention is conducted by reacting the
      12.beta.,15.alpha.-dihydroxy steroid in the presence of a tertiary amine
      with the selected organic sulfonic acid chloride, optionally in a solvent.
PAR  Examples of tertiary amines are aliphatic amines, e.g., trimethylamine and
      tributylamine, and other di-lower-alkylamines, aromatic heterocyclic
      amines, e.g., pyridine, picolines, lutidine and mixed aromatic-aliphatic
      amines, e.g., dimethylaniline and other N,N-di-lower-alkyl-amines.
PAR  Although in the process of this invention, the chlorides of organic
      sulfonic acids are ordinarily employed, the corresponding bromides can
      also be employed.
PAR  The reaction of the invention is ordinarily effected at about room
      temperature without other solvent. However, it is advantageous, especially
      in case of lower aliphatic R groups or in case of aromatic R groups
      substituted only to a minor extent, to conduct the reaction at a lower
      temperature or at a higher dilution. The reaction temperature limits are
      about -50.degree. C. to about 50.degree. C. If a further solvent for
      diluting the reaction mixture is desired, any solvent inert with respect
      to the reactants can be employed, e.g., the halogenated hydrocarbons,
      including chloroform and methylene chloride, aromatic hydrocarbons, e.g.,
      benzene and toluene, ethers, e.g., diethyl ether and tetrahydrofuran,
      esters, e.g., ethyl acetate and methyl propionate, and aliphatic
      hydrocarbons, e.g., hexane and "Decalin" (decahydronaphthalene).
PAR  The compounds of this invention are useful as intermediates for the
      preparation of, for example, digoxigenin. Digoxigenin can be produced, for
      example, as follows:
PAR  12.beta.-Hydroxy-15.alpha.-(2',4',6'-trimethylphenylsulfonyloxy)-3.beta.-ac
     etoxy-5.beta.-pregnan-20-one (or other 15.alpha.-sulfonyloxy compound of
      this invention) is acetylated in the 12-position (m.p.
      156.degree.-157.degree. C. under decomposition) and, by means of the lead
      tetraacetate method, an oxygen function is introduced into the 21-position
      to produce
      15.alpha.-(2',4',6'-trimethylphenylsulfonyloxy)-3.beta.,12.beta.,21-triace
     toxy-5.beta.-pregnan-20-one, m.p. 159.degree.-159.5.degree. C. By splitting
      off the 15.alpha.-sulfonyl ester group with lithium carbonate in
      dimethylformamide, the corresponding .DELTA..sup.14 -unsaturated
      21-acetoxypregnane is obtained (m.p. 123.degree.-125.degree. C.). After
      saponification of the 21-acetoxy group, the 21-hydroxy compound, viz.,
      21-hydroxy-3.beta.,12.beta.-diacetoxy-5.beta.-pregn-14-en-20-one, m.p.
      138.degree.-139.degree. C., is reacted with bromoacetyl bromide. The
      thus-obtained
      3.beta.,12.beta.-diacetoxy-21-bromoacetoxy-5.beta.-pregn-14-en-20-one is
      immediately further processed with trimethyl phosphite to the dimethyl
      ester of 3.beta.,12.beta.
      -diacetoxy-20-oxo-5.beta.-pregn-14-en-21-yloxycarbonylmethanephosphoric
      acid (m.p. 154.degree.-157.degree. C.), which is cyclized by heating in
      the presence of dimethyl sulfoxide and potassium carbonate to the
      3.beta.,12.beta.-diacetoxy-5.beta.-carda-14,20(22)-dienolide (m.p.
      170.degree.-171.degree. C.). By treatment with N-chlorosuccinimide in an
      acidic dioxane/water solution, the 15.alpha.-chloro-14.beta.-hydroxy
      compound is obtained, yielding with tributyltin hydride in the presence of
      azobisisobutyronitrile, the 14.beta.-hydroxy compound (digoxigenin
      3,12-diacetate, m.p. 211.5.degree. - 212.5.degree. C.). After
      saponification with methanolic ammonia, free digoxigenin (m.p.
      217.degree.-219.degree. C.) is obtained.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAC  PREPARATION
PAR  The novel starting material for the process of this invention can be
      produced as follows:
PAR  500 ml. of a sterile nutrient solution containing
TBL  5.0%  glucose                                                             
     0.5%  corn steep liquor                                                   
                          0.05%    potassium chloride                          
     0.2%  sodium nitrate 0.05%    magnesium sulfate                           
     0.1%  potassium dihydrogen                                                
                          0.002%   iron(II) sulfate                            
           phospate                                                            
PAL  is inoculated with a two-week old agar slant of Calonectria decora (ATCC 14
      767) and shaken for five days at 30.degree. C.
PAR  The thus-obtained subculture serves for inoculating a preliminary fermenter
      having a capacity of 20 liters, filled with 15 liters of a sterile medium
      containing
TBL  5.0%   glucose        0.025%   potassium chloride                         
     0.25%  corn steep liquor                                                  
                           0.025%   magnesium sulfate                          
     0.1%   sodium nitrate 0.001%   iron sulfate                               
     0.05%  potassium dihydrogen                                               
            phosphate                                                          
PAR  The subculture is allowed to grow for 72 hours under agitation (220 r.p.m.)
      and aeration (15 l. of air per minute) at 29.degree. C.
PAR  900 ml. of the thus-obtained subculture is transferred into a 20-liter main
      fermenter containing 14.1 liters of the same medium as the preliminary
      fermenter. The culture is grown under agitation and aeration for 24 hours
      at 29.degree. C., combined with a solution of 3.0 g. of
      3.beta.-acetoxy-5.beta.-pregnan-20-one in 150 ml. of dimethylformamide,
      which was filtered under sterile conditions, and the fermentation is
      continued for another 40 hours.
PAR  The fermentation batch is thereafter filtered, the filtrate and the
      mycelium are extracted with methyl isobutyl ketone. The extracts are
      combined and concentrated under vacuum. The thus-obtained residue is
      washed twice with respectively 100 ml. of hexane, and recrystallized from
      acetone/hexane, thus obtaining 1.73 g. of
      12.beta.,15.alpha.-dihydroxy-3.beta.-acetoxy-5.beta.-pregnan-20-one, m.p.
      228.degree.-230.degree. C.
PAC  EXAMPLE 1
PAR  2.17 g. of
      12.beta.,15.alpha.-dihydroxy-3.beta.-acetoxy-5.beta.-pregnan-20-one is
      dissolved in 22 ml. of absolute pyridine, 2.49 g. of
      mesitylene-1-sulfochloride is added thereto, and the solution is allowed
      to stand for 60 hours at room temperature. The mixture is then stirred
      into ice water, the precipitate is filtered off, washed with water, the
      residue taken up in methylene chloride, and the solution is dried with
      sodium sulfate. After concentration, the mixture is purified by
      chromatography on silica gel. By elution with acetone/hexane, 2.48 g. =
      77% of 12.beta.-hydroxy-15.alpha.-(
     2',4',6'-trimethylphenylsulfonyloxy)-3.beta.-acetoxy-5.beta.-pregnan-20-one
      is obtained which, after recrystallization from diisopropyl ether/hexane,
      melts at 154.degree.-155.degree. C. (decomposition).
PAC  EXAMPLE 2
PAR  500 mg. of
      12.beta.,15.alpha.-dihydroxy-3.beta.-acetoxy-5.beta.-pregnan-20-one is
      dissolved in 5 ml. of absolute pyridine; 500 mg. of p-toluenesulfochloride
      is added at 0.degree. C., and the mixture is allowed to stand for 30 hours
      at room temperature. Then, the mixture is poured into ice water, the
      precipitate is filtered off, washed with water, and, after drying,
      purified by chromatography on silica gel, thus obtaining 370 mg. = 53% of
      12.beta.-hydroxy-15.alpha.-tosyloxy-3.beta.-acetoxy-5.beta.-pregnan-20-one
     , m.p. 138.5.degree. - 139.degree. C.
PAC  EXAMPLE 3
PAR  50 mg. of
      12.beta.,15.alpha.-dihydroxy-3.beta.-acetoxy-5.beta.-pregnan-20-one is
      dissolved in 0.5 ml. of absolute pyridine, cooled to -30.degree. C., and
      0.017 ml. of mesyl chloride is added thereto. The reaction mixture is left
      for 10 hours at -30.degree. C. and for one hour at room temperature,
      diluted with ether, washed with dilute hydrochloric acid and water, and
      the solvent is evaporated; the product is purified by chromatography in
      silica gel, thus producing oily
      12.beta.-hydroxy-3.beta.-acetoxy-15.alpha.-mesyloxy-5.beta.-pregnan-20-one
     .
PAR  NMR spectrum: 0.71 p.p.m. 18-CH.sub.3 ; 0.96 p.p.m. 19-CH.sub.3 ; 2.04
      p.p.m. 3-OAc; 2.17 p.p.m. 21-CH.sub.3 ; and 3.50 p.p.m. 15-OSO.sub.2
      CH.sub.3.
PAC  EXAMPLE 4
PAR  50 mg. of
      12.beta.,15.alpha.-dihydroxy-3.beta.-acetoxy-5.beta.-pregnan-20-one is
      dissolved in 20 ml. of absolute ether, and then 0.5 ml. of absolute
      pyridine is added and the mixture is combined with 100 mg. of
      naphthalene-2-sulfochloride. After 10 hours at room temperature, the
      mixture is washed with water, the ether phase is dried, and the solvent is
      evaporated under vacuum. Purification by chromatography on silica gel
      yields
      12.beta.-hydroxy-3.beta.-acetoxy-15.alpha.-(naphthalene-2-sulfonyloxy)-5.b
     eta.-pregnan-20-one.
PAR  NMR spectrum: 0.73 p.p.m. 18-CH.sub.3 ; 0.96 p.p.m. 19-CH.sub.3 ; 2.04
      p.p.m. 3-OAc; 2.18 p.p.m. 21-CH.sub.3.
PAC  EXAMPLE 5
PAR  The procedure analogously to Example 1 is followed, but using
      2,4,6-triisopropylbenzene sulfochloride instead of mesitylene
      sulfochloride, thus obtaining
      12.beta.-hydroxy-3.beta.-acetoxy-15.alpha.-(2,4,6-triisopropylbenzenesulfo
     nyloxy)-5.beta.-pregnan-20-one.
PAR  NMR spectrum: 0.75 p.p.m. 18-CH.sub.3 ; 0.96 p.p.m. 19-CH.sub.3 ; 2.09
      p.p.m. 3-OAc; 1.25 p.p.m. iso-prop-CH.sub.3.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 15.alpha.-sulfonyloxy-12.beta.-hydroxypregnane of the formula
      ##SPC3##
PAL  wherein Ac is the acyl radical of an alkyl, cycloalkyl, cycloalkylalkyl,
      carbocyclic aryl or carbocyclic aralkyl hydrocarbon carboxylic acid of up
      to 8 carbon atoms and R is alkyl of 1-8 carbon atoms, cycloalkyl of 3-8
      carbon atoms or carbocyclic aryl of 6-18 carbon atoms.
NUM  2.
PAR  2. A compound of claim 1 wherein Ac is acetyl.
NUM  3.
PAR  3. A compound of claim 1,
      12.beta.-hydroxy-15.alpha.-(2',4',6'-trimethylphenylsulfonyloxy)-3.beta.-a
     cetoxy-5.beta.-pregnan-20-one.
NUM  4.
PAR  4. A compound of claim 1,
      12.beta.-hydroxy-15.alpha.-tosyloxy-3.beta.-acetoxy-5.beta.-pregnan-20-one
     .
NUM  5.
PAR  5. A compound of claim 1,
      12.beta.-hydroxy-3.beta.-acetoxy-15.alpha.-mesyloxy-5.beta.-pregnan-20-one
     .
NUM  6.
PAR  6. A compound of claim 1,
      12.beta.-hydroxy-3.beta.-acetoxy-15.alpha.-(naphthalene-2-sulfonyloxy)-5.b
     eta.-pregnan-20-one.
NUM  7.
PAR  7. A compound of claim 1,
      12.beta.-hydroxy-3.beta.-acetoxy-15.alpha.-(2,4,6-triisopropylbenzenesulfo
     nyloxy)-5.beta.-pregnan-20-one.
NUM  8.
PAR  8. A process for the production of a 15.alpha.-monosulfonyloxy ester of a
      12.beta.,15.alpha.-dihydroxypregnane of the formula
      ##SPC4##
PAL  wherein Ac is the acyl radical of a hydrocarbon carboxylic acid of up to 8
      carbon atoms, which comprises reacting the
      3.beta.-acyloxy-12.beta.,15.alpha.-dihydroxy-20-ketopregnane with an
      organic sulfonic acid chloride, in the presence of the tertiary amine.
NUM  9.
PAR  9. A process according to claim 8 wherein Ac is acetyl.
NUM  10.
PAR  10. A process according to claim 1 wherein the reaction is conducted at
      about room temperature in the presence of pyridine.
PATN
WKU  039391884
SRC  5
APN  2378914
APT  1
ART  117
APD  19720324
TTL  Preparation of zerovalent phosphine substituted rhodium compounds and
      their use in the selective carbonylation of olefins
ISD  19760217
NCL  7
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  McVicker; Gary B.
CTY  Westfield
STA  NJ
ASSG
NAM  Exxon Research and Engineering Company
CTY  Linden
STA  NJ
COD  02
CLAS
OCL  260429R
XCL  252431R
XCL  252431P
XCL  260604H
XCL  423299
XCL  423300
XCL  423301
XCL  423463
XCL  423472
XCL  423644
EDF  2
ICL  C07F 1500
FSC  260
FSS  429 R
FSC  252
FSS  431 P
UREF
PNO  3489786
ISD  19700100
NAM  Dewhirst
OCL  260429R
UREF
PNO  3652614
ISD  19720300
NAM  Dewhirst
OCL  260429R
LREP
FR2  Corcoran; John P.
ABST
PAL  A process for preparing oxygenated products comprising aldehydes, which
      have high normal to branched-chain isomer ratios. The process involves
      using particularly characterized rhodium-containing complex catalysts
      under a specific combination of carefully controlled reaction conditions.
      The product aldehydes as made above may be condensed and hydrogenated to
      form saturated aldehyde dimers thereof.
BSUM
PAR  This invention relates to an improved process for the preparation of
      organic oxygenated compounds containing a high ratio of normal aldehydes
      to branched-chain aldehydes. In one aspect, this invention relates to
      reacting certain olefinic compounds with carbon monoxide and hydrogen
      under a specific combination of carefully controlled reaction conditions
      and in the presence of certain rhodium-containing compositions complexed
      with tertiary organo-containing phosphorus ligands described hereinafter.
PAR  Another aspect of this invention relates to a method for making a
      hydrocarbon soluble rhodium complex wherein the valence of the rhodium is
      in the zero state.
PAR  Yet another aspect of this invention relates to use of the complex in the
      condensation and subsequent hydrogenation of the initially formed
      aldehydes to form the corresponding saturated aldehyde dimers.
PAR  Probably the best known catalytic carbonylation reaction is the "oxo"
      reaction for producing aldehydes and alcohols from carbon monoxide,
      hydrogen and olefins. Historically, cobalt and rhodium metals and/or
      complexes incorporating these metals have proven to be superior to other
      transition metals in catalyzing the hydroformylation of olefins. The
      ability of rhodium-based catalysts, when compared to cobalt based
      catalysts, to promote the "oxo" reaction at lower operating pressures and
      temperatures and catalyst concentrations has been recognized for some
      time. The oxygenated "oxo" products produced in the presence of rhodium
      based catalysts are primarily aldehydes.
PAR  U.S. Pat. No. 2,880,241 by V. L. Hughes, disclosed that rhodium-containing
      catalysts are effective for oxygenating olefins thereby permitting "a more
      selective and different kink of carbonylation."
PAR  U.S. Pat. No. 3,329,566 by L. H. Slaugh et al. discloses that rhodium
      carbonyl complexes in the presence of excess phosphine catalyze the "oxo"
      reaction to give oxygenated products predominating in aldehydes and/or
      alcohols. Slaugh et al preferred to complex a
      trialkylphosphine-rhodium-carbonyl complx catalyst at a temperature from
      about 150.degree.C. to about 210.degree.C. The patentee's examples
      disclose that their rhodium-catalyzed process results in oxygenated
      products having an isomer distribution of normal aldehydes to
      branched-chain aldehydes which are comparable to the cobalt-containing
      catalyst "oxo" processes.
PAR  U.S. Pat. No. 3,527,809 by Roy L. Pruett et al discloses that a hydrido
      carbonyl tris(triphenylphosphine) rhodium complex
      [RhH(CO)(P.phi..sub.3).sub.3 ] maintained in solution in the presence of
      carbon monoxide and hydrogen functions as a catalyst for the
      hydroformylation reaction. It is the position of this patentee that an
      excess of triorganophosphorus ligand has to be present in order to get the
      most preferred results in employing this catalyst system.
PAR  Evans, Osborn and Wilkinson disclose in an article entitled
      "Hydroformylation of Alkenes by Use of Rhodium Complex Catalysts"
      published in the Journal of the American Chemical Society (1968) pp.
      3133-3142, that complexes of rhodium of the type
      trans-RhX(CO)(PR.sub.3).sub.2 (X = halogen, R = aryl) are used as
      hydroformylation catalysts for alkenes.
PAR  K. L. Oliver amd F. B. Booth in an article entitled "Make Aldehydes by New
      Oxo Process," published by Hydrocarbon Processing, April 1970, pp.
      112-114, describe an "oxo" process in which a
      hydridocarbonyltris(triphenylphosphine) rhodium (I) RhH(CO)(.phi..sub.3
      P).sub.3 catalyst is employed. An excess of triphenylphospine is required
      by this system to realize catalyst stability maximum reaction rate, as
      well as to improve n/iso ratio of aldehyde products.
PAR  The problem with these prior art rhodium (I) systems is that for the most
      part under the hydroformylation conditions of the "oxo" process, these
      complexes are transformed into sparingly soluble carbon monoxide
      containing complexes and the catalytic activity is known to decrease with
      time. The resulting partially heterogeneous reaction mixture thus makes
      catalyst recovery and product handling somewhat more difficult than would
      a completely homogeneous system.
PAR  The rhodium (1) complexes can be stabilized to some extent, however, by the
      addition of excess ligand (5-10 fold excess based on rhodium) but this
      procedure adds greatly to the cost of the process. Another problem
      associated with rhodium (I) catalysts systems and especially those
      containing halide ion, is that a several hour induction period is required
      to transform the complexes into active catalysts.
PAR  Briefly, the subject "oxo" process is carried out in the presence of a
      zerovalent rhodium compound which may be characterized by one of the
      following formulas
EQU  [(L)(L')Rh.degree.].sub.2, [L.sub.3 Rh.degree.].sub.2, [L'.sub.2
      Rh.degree.].sub.2 , [L"Rh.degree.].sub.2
PAL  where L is a monodentate ligand, L' is a bidentate ligand and L" is a tri
      or quadra-dentate ligand, wherein L, L' and L" can be the same or
      different and each is one selected from the group consisting of:
EQU  (1) R.sub.3 Q, R.sub.2 R'Q, (RR'R")Q
EQU  (2) R.sub.2 Q(CR.sub.2 ').sub.x Q'R.sub.2
      ##EQU1##
EQU  (5) RQ'[(CR.sub.2 ').sub.x QR.sub.2 ].sub.2
EQU  (6) Q'[(CR'.sub.2).sub.x QR.sub.2 ].sub.3 wherein R, R' and R" can be the
      same or different and each is selected from the group consisting of
      hydrogen, F, Cl, Br and I, C.sub.1 to C.sub.20 alkyl, C.sub.1 to C.sub.20
      alkoxy, C.sub.3 to C.sub.8 cycloalkyl, C.sub.3 to C.sub.8 cycloalkoxy,
      phenyl, phenyl substituted with F, Cl, Br and I, phenyl substituted with
      C.sub.1 to C.sub.20 alkyl, phenyl substituted with C.sub.3 to C.sub.8
      cycloalkyl, phenyl substituted with C.sub.1 to C.sub.20 alkoxy, oxyphenyl,
      oxyphenyl substituted with C.sub.1 to C.sub.20 alkyl, oxyphenyl
      substituted with C.sub.3 to C.sub.8 cycloalkyl, oxyphenyl substituted with
      F, Cl, Br and I, oxyphenyl substituted with C.sub.1 to C.sub.8
      cycloalkoxy; Q and Q' can be the same or different and each is selected
      from the group consisting of P, As and Sb; and x is an integer ranging
      from 1 to 5.
PAR  The catalyst is prepared according to the following equations:
EQU  2(L.sub.3).sub.3 Rh.sup.I X + excess Mg(Hg) .fwdarw. [(L).sub.3
      Rh.degree.].sub.2 + MgX.sub.2
EQU  2 (L)(L')Rh.sup.I X + excess Mg(Hg) .fwdarw. [(L)(L')Rh.degree.].sub.2 +
      MgX.sub.2
EQU  2 (L').sub.2 RhX + excess Mg(Hg).fwdarw. [(L').sub.2 Rh.degree.].sub.2 +
      MgX.sub.2
EQU  2 (L")RhX + excess Mg(Hg) .fwdarw. [L"Rh.degree.].sub.2 + MgX.sub.2
EQU  X = Cl, Br, I, F, prefereably Cl, Br and I.
PAR  The reduction of a rhodium (I) complex is carried out with an excess of
      magnesium amalgam in the presence of an inert solvent which can be one
      selected from the group comprising hydrocarbons such as benzene, toluene,
      n-pentane, ethers such as tetrahydrofuran, diethylether, dioxane, diglyme
      and triglyme. Magnesium is a unique reducing agent as other more common
      reducing agents such as sodium and lithium lead to destructive reduction
      to rhodium metal.
PAR  The preferred reaction tempratures range from 0.degree. to 150.degree.C.,
      preferably from 25.degree. to 50.degree.C. and the reaction is carried out
      in an inert atmosphere wherein a gas such as nitrogen, argon, or neon can
      be employed. Nitrogen is preferred.
PAR  Starting L.sub.3 RhX, LL'RhX, L'.sub.2 RhX complexes are well-known in the
      art and are easily prepared by reacting either olefinic rhodium halogen
      dimers or rhodium carbonyl halogen dimers with the appropriate Group VA
      organo ligand in a hydrocarbon solvent such as benzene or hexane. See for
      example: (1) R. Cramer, Inorg. Chem. 1, 722 (1962); (2) M. A. Bennett and
      G. Wilkinson, J. Chem. Soc., 1418 (1961); (3) S. H. H. Chaston and F. G.
      A. Stone, J. Chem. Soc., (A) 500 (1969).
EQU  [(CH.sub.2 =CH.sub.2)RhX].sub.2 + excess QR.sub.3 .fwdarw. 2CH.sub.CH.sub.2
      =CH.sub.2 + 2(QR.sub.3).sub.3 RhX
EQU  [(CO).sub.2 RhX].sub.2 + excess R.sub.2 Q(CR'.sub.2).sub.x Q'R.sub.2
      .fwdarw. 4CO+[R.sub.2 Q(CR'.sub.2).sub.x Q'R.sub.2 ].sub.2 RhX
PAR  The novel process contemplates employing alpha olefinic compounds as
      reactants. Such alpha olefinic compounds are characterized by a terminal
      ethylenic carbon-to-carbon bond which may be a vinylidene group, i.e.,
      CH.sub.2 =C--; or a vinyl group, i.e., CH.sub.2 =CH--. They may be
      straight-chain or branched-chain and may contain groups or substituents
      which do not essentially interfere with the course of the novel process.
      Such groups or substituents can be illustrated by carbonyl
      ##EQU2##
      oxy (--O--), hydroxy (--OH), carboxy (--COOH), halo, alkoxy, phenyl,
      haloalkyl. The alpha olefinic compound can contain one ethylenic bond or
      it can contain more than one ethylenic bond. The olefinic linkages may or
      may not be in conjugation.
PAR  Illustrative alpha olefinic compounds which can be employed as reactants
      include ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene,
      1-octene, 1-decene, 1-dodecene, 1-octadecene, 2-ethyl-1-hexene, styrene,
      3-phenyl-1-propene, allyl chloride, 1,4-hexadiene, 1,7-octadiene,
      cyclohexene, 3-cyclohexyl-1-butene, allyl alcohol, hex-1-en-4-ol,
      oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-butenyl acetate, vinyl
      propionate, allyl propionate, allyl butyrate, methyl methacrylate,
      3-butenyl acetate, vinyl ethyl ether, vinyl methyl ether, allyl ethyl
      ether, n-propyl 7-octenoate, 3-butenoic acid, 7-ocetenoic acid,
      3-butenenitrile, 5-hexenamide, and the like. Preferred alpha olefinic
      compounds include alkenes, alkyl alkenoates, alkenyl alkanoates, alkenyl
      alkyl ethers, and alkenols, especially those which contain up to 20 carbon
      atoms. Especially preferred are C.sub.2 -C.sub.10 terminal alkenes.
PAR  The catalyst is present in the amount ranging from 10.sup.-.sup.6 to
      10.sup.-.sup.1, preferably from 10.sup.-.sup.4 to 10.sup.-.sup.2 moles,
      based on the moles of rhodium, per mole of alpha olefinic feed.
PAR  It is to be noted that it is preferable to use a small amount of catalyst
      as possible so as to control the economics in view of the high cost of
      rhodium metal and rhodium compounds.
PAR  The catalyst can be introduced into the process dissolved in a solvent,
      said solvents are the same as described hereinabove with reference to the
      preparation of the catalyst.
PAR  The required pressures for the hydrogen and carbon monoxide affect very low
      in order to afect a commercial process. The total pressures range from 50
      psi to 1000 psi and preferably from 50 psi to 800 psi. A 50/50 volume
      percent of CO/H.sub.2 is preferred but volume percent ranging from 10/90
      to 90/10 CO/H.sub.2 can be employed. As the relative amount of H.sub.2 is
      increased the carbonylation rate is decreased but hydrogenation of the
      aldol dimer products is increased. The process can be carried out at
      temperatures ranging from 50.degree. to 200.degree.C., preferably from
      80.degree. to 175.degree.C.
PAR  The residence period of the subject process is very critical for if the
      aldehyde product of the "oxo" reaction is permitted to remain in the
      autoclave with the reactants for a period of time, say at least 15
      minutes, a measurable aldol condensation product results according to the
      following schematic equation.
      ##EQU3##
      assuming that ethylene was the olefin feed. It is to be noted that this
      aldol condensation sequence will predominate if the reaction temperature
      is increased from that under which the initial hydroformylation reaction
      was carried out. The temperature can be increased ranging from 100.degree.
      to 200.degree.C., preferably from 150.degree. to 175.degree.C.
PAR  The following examples are illustrative. In said examples the procedure
      generally employed was as follows:
PAR  To a pressure vessel there was charged the alpha olefinic compound, if
      liquid, solvent and rhodium-containing complex. After flushing with argon,
      the pressure vessel was sealed and then pressurized with carbon monoxide
      and hydrogen. If a gaseous olefin such as propylene is employed, it is
      pressured into the autoclave along with hydrogen and carbon monoxide. The
      reaction temperature was then slowly increased to the desired level. When
      reaction commenced, a noticeable pressure drop occurred. The pressure was
      maintained at a predetermined level by the periodic addition of hydrogen
      and carbon monoxide to the vessel. When the pressure remained essentially
      constant, the reaction was considered to be complete. Thereafter the
      vessel and contents were cooled to room temperature, i.e., about
      23.degree.C. The excess gases were vented and the vessel was flushed three
      times with argon. The crude reaction mixture was analyzed by a combination
      of nmr spectroscopy and glc measurements. Samples were also periodically
      analyzed as the reaction proceeded.
DETD
PAC  EXAMPLE 1
PAC  Preparation of Zerovalent Rhodium Catalyst
PAR  The reduction is carried out in an inert solvent such as benzene or
      tetrahydrofuran at R.T. An excess of 1% Mg(Hg) (2-10 fold) is employed to
      insure a rapid rate of reduction. The reaction is conveniently followed by
      noting the solution of the generally insoluble L.sub.3 RhX, (L)(L')RhX,
      RhX, L'.sub.2 RhX, L"RhX starting material. The reduction products are
      isolated by standard techniques and are generally yellow or yellow green
      solids. The Rh.degree. complexes are air sensitive and must be handled in
      an inert atmosphere (Ar, N.sub.2, Ne). These new Rh.degree. complexes have
      been well characterized by IR and nmr measurements and elemental analysis.
PAR  The procedures hereinbelow were carried out under an N.sub.2 atmosphere.
PAR  As a typical example 10.0 gms of (C.sub.6 H.sub.5).sub.3 P).sub.2 RhCl was
      placed in 150 ml of dry THF. The resulting dark red slurry was added to a
      500 ml r.b. flask containing a Mg(Hg) composed of 1.0 gm Mg dissolved in
      100 gm Hg. The reduction was carried out for 24 hours. THF was removed
      with reduced pressure yielding a yellow brown residue. The residue was
      extracted with dry benzene yielding a yellow brown solution. A white
      residue of MgCl.sub.2 remained insoluble in benzene. The yellow brown
      extract was reduced to dryness yielding a yellow-brown residue.
      Recrystallization of the residue from a 50/50 n-pentene-benzene mixture
      resulted in the production of a yellow solid consistent with the formula
      [((C.sub.6 H.sub.5).sub.3 P).sub. 3 Rh.degree.].sub.2. The yield of the
      desired Rh.degree. complex are generally in the range of 80-95%. For
      [(C.sub.6 H.sub.5)P.sub.3 RH.degree.].sub.2 : % Calc; C, 73.01; H, 5.10; O
      nil; Rh, 11.57; P, 10.47; % Found: C, 72.75; H, 5.13;  O nil; Cl, nil; Rh,
      11.52; P, 10.37.
PAR  The dimeric nature of the rhodium (O) complex was proven by chemically
      cleaving [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2 with the
      stoichiometric amount of I.sub.2 yielding two [(C.sub.6 H.sub.5).sub.3
      P].sub.3 RhI molecules. Also, the [((C.sub.6 H.sub.5).sub.3
      Rh.degree.].sub.2 complex is diamagnetic and can only result by forming a
      dimer via a rhodium-rhodium metal-metal bond.
PAC  EXAMPLE 2
PAC  Hydroformylations
PAR  All sample preparations were carried out in a dry box employing a nitrogen
      atmosphere. All solvents were carefully dried and degassed by standard
      techniques. The hydroformylations were carried out in a Autoclave
      Engineer's, 300 ml, Magnedrive-Packless, stainless steel autoclave. A
      valving system was devised that allowed sampling under operating
      conditions. Reaction mixtures were pressured into the autoclave with
      argon. A total pressure of 1000 psi (partial pressures of CO and H.sub.2
      ca. 400 psi) was generally maintained by repressuring the autoclave as the
      hydroformylation reaction preceeded at a present reaction temperature.
PAR  Reaction products were analyzed by glc using a Perkin-Elmer 226 Gas
      Chromatograph employing a 300 ft. .times. 0.01 inch stainless steel column
      internally coated with carbowax K-1540 and equipped with a flame
      ionization detector and nmr measurements using a Varian-A-60 instrument.
PAR  The results of various runs are given in the following Table: In each case
      the catalyst was pressured into the autoclave either as a solution or a
      slurry in 70 ml of benzene. Propylene was then added and the mixture
      brought to reaction temperature. CO and H.sub.2 were then added to the
      desired reaction pressure at a preset reaction temperature. Pseudo first
      order reaction rates were calculated from the gas consumption versus time
      data.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Hydroformylation of Propylene.sup.(a)                                     
                       Catalyst     Cocatalyst C.sub.4 H.sub.8 O               
                                                          K.times.10.sup.3     
                                                               t 1/2           
     Catalyst          (conc)mmole                                             
                              Cocatalyst                                       
                                    (conc)mmole                                
                                           T.degree.C                          
                                               (conc)mole                      
                                                      n/iso                    
                                                          sec  (min)           
     __________________________________________________________________________
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                       1.1    --    --      85 0.40   65/35                    
                                                          1.26 9.2             
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                       1.1    (C.sub.6 H.sub.5).sub.3 P                        
                                    2.0     85 0.66   65/35                    
                                                          0.646                
                                                               17.8            
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                       1.0    --    --     131 0.75   65/35                    
                                                          2.41 4.79            
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                       1.0    (C.sub.6 H.sub.5 O).sub.3 P                      
                                    4.0    123 0.48   68/32                    
                                                          6.02 1.92            
     [((C.sub.6 H.sub.5 O).sub.3 P).sub.3 Rh.degree.].sub.2                    
                       1.0    --    --     117 0.46   62/38                    
                                                          0.908                
                                                               12.7            
     [((C.sub.4 H.sub.9).sub.3 P).sub.3 Rh.degree.].sub.2                      
                       3.0    --    --      92 0.66   65/35                    
                                                          0.428                
                                                               27.0            
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl.sup.(b)                     
                       2.2    --    --     132 0.59   63/37                    
                                                          0.636                
                                                               18.2            
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl.sup.(b)                     
                       2.2    --    --     114 0.63   65/35                    
                                                          0.244                
                                                               47.3            
     HRh.sup.I (CO)(P(C.sub.6 H.sub.5).sub.3).sub.3.sup.(b)                    
                       1.0    (C.sub.6 H.sub.5 O).sub.3 P                      
                                    4.0    145 0.79   58/42                    
                                                          2.65 4.36            
     HRh.sup.I (CO)(P(C.sub.6 H.sub.5).sub.3).sub.3.sup.(b)                    
                       1.0    --    --     144 0.42   53/47                    
                                                          8.34 1.38            
     trans[(C.sub.6 H.sub.5).sub.3 P].sub.2 Rh.sup.I (CO)Cl.sup.(b)            
                       1.0    --    --     137 0.31   56/44                    
                                                          1.70 6.79            
     [(C.sub.6 H.sub.5).sub.3 P].sub.3 Rh.sup.I (C.sub.6 H.sub.5)              
                       1.1    --    --      92 0.37   65/35                    
                                                          0.713                
                                                               16.2            
     [(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P(C.sub.6 H.sub.5).sub.2      
     ].sub.2 Rh.sup.I Cl.sup.(b)                                               
                       1.0    --    --     122 0.46   46/54                    
                                                          0.198                
                                                               58.3            
     [(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P(C.sub.6 H.sub.5).sub.2      
     ].sub. 2 Rh.degree.].sub.2                                                
                       1.0    --    --     122 0.41       3.31 3.49            
     __________________________________________________________________________
      .sup.(a) Total reaction pressure 1000 psi maintained by addition of 50/50
      CO/H.sub.2.                                                              
      .sup.(b) Heterogeneous reaction mixture.                                 
PAR  Table I clearly indicates that rhodium zero phosphine complexes exhibit
      essentially equivalent to and up to 25 times faster than those exhibited
      by conventional Rh.sup.I complexes. When compared with the commercial
      "oxo" catalyst [(C.sub.6 H.sub.5).sub.3 P].sub.3 Rh(CO)H, however, the
      rhodium zero complexes of this invention demonstrate a much better n/iso
      ratio for the product butyraldehydes. These rhodium zero complexes exhibit
      good hydrocarbon solubility and the "oxo" reaction mixture remains
      homogeneous throughout the course of the reaction, even at high aldehyde
      concentrations. The homogeneity of the rhodium zero systems is in marked
      contrast to the Rh.sup.I catalyst systems. The rhodium zero complexes can
      be recovered unchanged by a simple vacuum distillation and reused without
      any activity loss. The catalytic activity of the Rh.sup.I systems under
      comparable reaction conditions with the Rh.degree. systems all decrease in
      activity with time because of irreversible degradation to inactive
      reaction products. No excess ligand is required by these Rh.degree.
      catalysts thus a large savings in catalyst cost is achieved. These
      Rh.degree. catalysts selectively produce butyraldehydes at the conditions
      given, no alcohols or saturated alkane (propane) were detected in the
      reaction mixture.
PAC  EXAMPLE 3
PAC  Condensation of Propanal
PAR  In addition to being good hydroformylatin catalysts, the Rh.degree.
      complexes of this invention have been found to promote the aldol
      condensation and subsequent hydrogenation of the initially formed
      aldehydes to their corresponding saturated aldehyde dimers. The effective
      use of Rh.degree. complexes as condensation catalysts is illustrated in
      the following Table.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Condensation of Propanal                                                  
     Feed: 1.0 mole propanal, 28 ml benzene                                    
     Conditions: 175.degree.C., pCO=300 psi, pH.sub.2 =520 psi                 
                      Catalyst     Pro-          %                             
                      conc.    t   panal                                       
                                       Enal.sup.b                              
                                            Anal.sup.c                         
                                                 Product.sup.d                 
     Catalyst         (mmole)  hr  mole                                        
                                       mole mole Balance                       
     __________________________________________________________________________
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                           1.1 2.5 0.44                                        
                                       0.18 0.07 94                            
                               4.5 0.32                                        
                                       0.15 0.18 98                            
                               8.5 0.24                                        
                                       --   0.35 94                            
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl                             
                           2.2 0.5 0.98                                        
                                       --    --  98                            
                               2.0 0.67                                        
                                       --   0.055                              
                                                 78                            
                               6.0 0.32                                        
                                       --   0.125                              
                                                 57.sup.a                      
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.III Cl.sub.3                     
                           0.5 5.0 0.61                                        
                                       0.035                                   
                                            0.055                              
                                                 79.sup.a                      
     HRh.sup.I (CO)[P(C.sub.6 H.sub.5).sub.3 ].sub.3                           
                      1.1  1.5 0.43                                            
                                   0.14                                        
                                       0.045                                   
                                            80.sup.a                           
                               4.5 0.22                                        
                                       --   0.31 84                            
     HRh.sup.I (CO)[P(C.sub.6 H.sub. 5).sub.3 ].sub.3 + .sup.e                 
                           1.0 1.0 0.50                                        
                                       0.16 0.01 90                            
     (C.sub.6 H.sub.5).sub.3 P                                                 
                           2.0 2.0 0.31                                        
                                       0.29 0.015                              
                                                 92                            
                               5.0 0.15                                        
                                       0.35 0.045                              
                                                 94                            
     Co.sub.2 (CO).sub.8   1.1 2.5 0.74                                        
                                       0.048                                   
                                            0.014                              
                                                 86.sup.a                      
                               4.5 0.64                                        
                                       0.085                                   
                                            0.014                              
                                                 84                            
                               8.5 0.50                                        
                                       0.10 0.024                              
                                                 75                            
     [[(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P(C.sub.6 H.sub.5).sub.2     
     ].sub.2 Rh.degree.].sub.2.sup.f                                           
                      1.0  0.25                                                
                               0.43                                            
                                   0.125                                       
                                       0.140                                   
                                            96                                 
                               1.25                                            
                                   0.25                                        
                                       --   0.325                              
                                                 90                            
                               1.75                                            
                                   0.22                                        
                                       --   0.340                              
                                                 90                            
     __________________________________________________________________________
     Feed: 1.0 mole propanal, 70 ml benzene                                    
     Conditions: 175.degree.C., pCO 350 psi; pH.sub.2 850 psi                  
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                             0.55                                              
                                 18  0.13                                      
                                         trace                                 
                                             0.42                              
                                                 97                            
     (C.sub.6 H.sub.5).sub.3 P                                                 
                             1.8 18  0.99+                                     
                                         trace                                 
                                             --  99+                           
     __________________________________________________________________________
     Feed: 1.0 mole propanal, 70 ml benzene                                    
     Conditions: 125.degree.C., pCO=350 psi; pH.sub.2 =850 psi                 
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                             0.55                                              
                                 17  0.28                                      
                                         trace                                 
                                             0.35                              
                                                 98                            
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl                             
                             1.3 18  0.99+                                     
                                         trace                                 
                                             trace                             
                                                 99+                           
     Rh.sup.III Cl.sub.3 3H.sub.2 O                                            
                             1.2 19  0.80                                      
                                         trace                                 
                                             trace                             
                                                 80.sup.a                      
     __________________________________________________________________________
      .sup.a The relatively poor product balance is due to the hydrogenation of
      the aldehyde to propanol and/or the production of higher molecular weight
      condensates.                                                             
      .sup.b enal = 2-methyl pent-2-enal                                       
      .sup.c anal = 2-methyl pentanal                                          
      .sup.d % product balance based upon unreacted C.sub.3 H.sub.6 O and the  
      enal and anal products.                                                  
      .sup.e Commercial catalyst composition - poor yield of desired anal      
      .sup.f Condensation carried out at 150.degree.C.                         
PAL  The desired reaction is described by the following equations:
      ##EQU4##
PAR  By combining steps Ke and K.sub.H with the initial hydroformylation of Cn
      olefin in a single reaction vessel, a Cn olefin in the presence of
      CO/H.sub.2 and the Rh.degree. complexes can be selectively transformed
      into a C(2.sub.n.sub.+2) saturated aldehyde.
PAR  The percent product balance is based upon the summation of the
      concentration of unreacted propanal and the desired enal and anal
      products. The anal product is a desired precursor to plasticizer alcohols.
PAR  From the above product distribution as a function of time, the rate of
      condensation of propanol (expressed as t 1/2) and the subsequent
      hydrogenation of the enal dimer were found to fall in the ranges Ke = 0.5
      to 2.5 hours and K.sub.H = 0.5 to 1.2 hours. Comparable rates were shown
      by higher normal aldehydes. It was also found that normal aldehydes are
      condensed at a much faster rate than their branched isomers. For example,
      in the hydroformylation of propylene where n and iso-butyraldehydes are
      intermediates, if short reaction times are employed to reduce to the
      formation of mixed dimers and isodimers, then the condensation product is
      almost exclusively 2-ethylhexanal. Thus, the uncondensed isobutyraldehyde
      could be cracked to H.sub.2 O and propylene and the propylene recycled.
PAR  Trimers and higher condensates become appreciable only after extended
      reaction times at elevated temperatures. This represents the first
      disclosure whereby an aldehyde is selectively condensed to its
      corresponding dimer and then hydrogenated solely by the action of a
      soluble rhodium zero complex. Hydroaldolization is a well known reaction
      but a strong base such as KOH has always before been needed in conjunction
      with a transition metal hydrogenation catalyst to effect the desired
      condensation - hydrogenation reaction sequence. Although one Rh.sup.I
      complex, namely, HRh(CO)(P(C.sub.6 H.sub.5).sub.3).sub.3, was found to
      condense propanal the product balance demonstrated by this catalyst is
      relatively poor. More importantly, the commercial hydroformylation of
      olefins with HRh(CO)(P(C.sub.6 H.sub.5).sub.3).sub.3 is carried out in the
      presence of excess phosphine so as to stabilize the Rh.sup.I catalyst.
      This system forms only very small amounts of the desired anal product and
      thus it would be economically unwise to use this catalyst mixture for the
      production of anol. Other Rh.sup.I and Rh.sup.III complexes treated do not
      selectively dimerize aldehydes but instead produce alcohols (propanol)
      and/or mixtures of higher condensates.
PAR  In effect then, by combining the initial hydroformylation step with steps
      Ke and K.sub.H described above in a single reaction vessel, Cn terminal
      olefin in the presence of CO/H.sub.2 and the Rh.degree. complexes can be
      selectively transformed in C(2.sub.n.sub.+2) saturated aldehydes. This
      represents a very substantial improvement over present day technology
      which uses a multistep process which is characterized by (1) initial
      hydroformylation using Co or Rh catalysts, (2) fractional distillation of
      hydroformylation products to separate n and iso aldehydes, (3) base (KOH)
      condensation of the n-isomer to form the enal, (4) fractional distillation
      of enal product, and (5) hydrogenation of enal to anol over a precious
      metal catalyst such as Ni or Pt.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter, said composition being characterized by one of
      the following formulae:
EQU  [(L)(L')Rh.degree.].sub.2,[L.sub.3 Rh.degree.].sub.2, [L'.sub.2
      Rh.degree.].sub.2 , [L"Rh.degree.].sub.2
PAL  where L is a monodentate ligand, L' is a bidentate ligand and L" is a tri
      or quadra-dentate ligand, wherein L, L' and L" can be the same or
      different and each is one selected from the group consisting of:
EQU  1. R.sub.3 Q, R.sub.2 R'Q, (RR'R")Q
EQU  2. R.sub.2 Q(CR.sub.2 ').sub.x Q'R.sub.2
      ##EQU5##
EQU  5. RQ'[(CR.sub.2 ').sub.x QR.sub.2 ].sub.2
EQU  6. Q'[(CR.sub.2 ').sub.x QR.sub.2 ].sub.3
PAL  wherein R, R' and R" can be the same or different and each is selected from
      the group consisting of C.sub.1 to C.sub.20 alkoxy, C.sub.3 to C.sub.8
      cycloalkyl, C.sub.3 to C.sub.8 cycloalkoxy, phenyl, phenyl substituted
      with F, Cl, Br and I, phenyl substituted with C.sub.1 to C.sub.20 alkyl,
      phenyl substituted with C.sub.3 to C.sub.8 cycloalkyl, phenyl substituted
      with C.sub.1 to C.sub.20 alkoxy, oxyphenyl, oxyphenyl substituted with
      C.sub.1 to C.sub.20 alkyl, oxyphenyl substituted with C.sub.3 to C.sub.8
      cycloalkyl, oxyphenyl substituted with F, Cl, Br and I, oxyphenyl
      substituted with C.sub.1 to C.sub.8 cycloalkoxy; Q and Q' can be the same
      or different and each is selected from the group consisting of P, As and
      Sb; and x is an integer ranging from 1 to 5.
NUM  2.
PAR  2. A composition of matter according to clam 1 characterized by the
      following formula:
EQU  [[(C.sub.6 H.sub.5).sub.3 Pl.sub.3 Rh.degree.].sub.2.
NUM  3.
PAR  3. A composition of matter according to claim 1 characterized by the
      following formula:
EQU  [[(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P (C.sub.6 H.sub.5).sub.2
      ].sub.2 Rh.degree.].sub.2.
NUM  4.
PAR  4. A composition of matter according to claim 1 characterized by the
      following formula:
EQU  [((C.sub.4 H.sub.9).sub.3 P).sub.3 Rh.degree.].sub.2.
NUM  5.
PAR  5. A composition of matter according to claim 1 characterized by the
      following formula:
EQU  [((C.sub.6 H.sub.5 O).sub.3 P).sub.3 Rh.degree.9 .sub.2.
NUM  6.
PAR  6. A process for preparing a composition of matter characterized as
      follows:
EQU  [(L)(L')Rh.degree.].sub.2 , [L.sub.3 Rh.degree.].sub.2 , [L'.sub.2
      Rh.degree.].sub.2 , [L"Rh.degree.].sub.2
PAL  where L is a monodentate ligand, L' is a bidentate ligand and L"is a tri or
      quadra-dentate ligand, wherein L, L' and L" are the same or different and
      each is one selected from the group consisting of:
EQU  1. R.sub.3 Q, R.sub.2 R'Q, (RR'R")Q
EQU  2. R.sub.2 Q(CR.sub.2 ').sub.x Q'R.sub.2
      ##EQU6##
EQU  5. RQ'[(CR.sub.2 ').sub.x QR.sub.2 ].sub.2
EQU  6. Q'[(CR.sub.2 ').sub.x QR.sub.2 ].sub.3
PAL  wherein R, R' and R" can be the same or different and each is selected from
      the group consisting of C.sub.1 to C.sub.20 alkyl, C.sub.1 to C.sub.20
      alkoxy, C.sub.3 to C.sub.8 cycloalkyl, C.sub.3 to C.sub.8 cycloalkoxy,
      phenyl, phenyl substituted with F, Cl, Br and I, phenyl substituted with
      C.sub.1 to C.sub.20 alkyl, phenyl substituted with C.sub.3 to C.sub.8
      cycloalkyl, phenyl substituted with C.sub.1 to C.sub.20 alkoxy, oxyphenyl,
      oxyphenyl substituted with C.sub.1 to C.sub.20 alkyl, oxyphenyl
      substituted with C.sub.3 to C.sub.8 cycloalkyl, oxyphenyl substituted with
      F, Cl, Br and I, oxyphenyl substituted with C.sub.1 C.sub.8 cycloalkoxy; Q
      and Q' can be the same or different and each is selected from the group
      consisting of P,As and Sb; and x is an integer ranging from 1 to 5; said
      process comprising the step of reacting a compound characterized as
      follows:
EQU  L.sub.3 Rh.sup.I X, (L)(L')Rh.sup.I X, L'.sub.2 Rh.sup.I X, L"Rh.sup.I X
PAL  wherein X is a halogen with either magnesium metal or excess magnesium
      amalgam in an inert atmosphere.
NUM  7.
PAR  7. A process according to claim 6 wherein the temperature ranges from
      0.degree. to 150.degree.C.
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ABST
PAL  N-(fluorodichloromethylthio0-N-(trifluoromethyl)-aminobenzhydroxamic acids
      and their salts of the formula 0v,2/9
PAL  In which
PA1  R is halogen, nitro, alkyl or alkoxy with in either case up to 3 carbon
      atoms, or trifluoromethyl,
PA1  n is 0, 1 or 2, and
PA1  M is hydrogen or one equivalent of an alkali metal, alkaline earth metal or
      heavy metal,
PAL  Which possess fungicidal and microbicidal properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new
      N-(fluorodichloromethylthio)-N-(trifluoromethyl)-aminobenzhydroxamic acids
      and their salts, which possess fungicidal or microbicidal properties,
      active compositions in the form of mixtures of such compounds with solid
      and liquid dispersible carrier vehicles, and methods for producing such
      compounds and for using such compounds in a new way especially for
      combating pests, e.g. fungi, bacteria and yeasts, with other and further
      objects becoming apparent from a study of the within specification and
      accompanying examples.
PAR  It has already been disclosed in German Published Specification DOS No.
      1,543,614 that
      N-(trihalogenomethylthio)-N-(trifluoromethyl)-aminobenzamides can be used
      as fungicides in plant protection. In general, these compounds have a good
      action; however, the action against some phytopathogenic fungi is not
      entirely satisfactory if low amounts are used. It is also known from
      German Published Specification DOS Nos. 1,210,620 and 1,667,975 that
      aromatic hydroxamic acids and their salts can be employed as seed
      dressings.
PAR  The present invention provides, as new compounds, the
      N-(fluorodichloromethylthio)-N-(trifluoromethyl)-aminobenzhydroxamic acids
      and their salts of the general formula
      ##SPC1##
PAL  In which
PA1  R is halogen, nitro, alkyl or alkoxy with in either case up to 3 carbon
      atoms, or trifluoromethyl,
PA1  n is 0, 1 or 2, and
PA1  M is hydrogen or one equivalent of an alkali metal, alkaline earth metal or
      heavy metal.
PAR  The compounds of the formula (I) have been found to possess microbicidal
      and strong fungicidal properties.
PAR  Preferably, R is chlorine, fluorine, nitro, methyl, methoxy or
      trifluoromethyl, n is 0 or 1, and M is hydrogen or an equivalent of
      sodium, potassium, magnesium, calcium, zinc, copper, iron, manganese or
      nickel.
PAR  Surprisingly, the compounds according to the invention, of the formula (I),
      display a very good fungicidal action and surpass known compounds in
      respect of their activity and toleration by plants. They thus represent an
      enrichment of the art.
PAR  The present invention also provides a process for the preparation of a
      compound of the general formula (I), in which an
      N-(fluorodichloromethylthio)-N-(trifluoromethyl)amino-benzoyl chloride of
      the general formula
      ##SPC2##
PAL  In which
PA1  R and n have the above-mentioned meanings,
PAL  Is reacted with hydroxylamine in the presence of an acidbinding agent, and
      the hydroxamic acid thereby produced is optionally converted into a salt
      thereof with an alkali metal hydroxide or alkaline earth metal hydroxide
      or heavy metal salt.
PAR  If 3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)]aminobenzoyl
      chloride is used as the starting material, the course of the reaction can
      be represented by the following equation:
      ##SPC3##
PAR  The N-(fluorodichloromethylthio)-N-(trifluoromethyl)-aminobenzoyl chlorides
      of the formula (II), to be used as starting materials, have not hitherto
      been described in the literature and can be obtained by reaction of the
      corresponding benzoic acids with thionyl chloride, preferably in excess,
      at temperatures in the range of from 20.degree. to 100.degree.C,
      preferably of from 60.degree. to 80.degree.C. This reaction, and the
      compounds obtained therefrom, form the subject of Published German Patent
      Application ("Deutsche Offenlegungsschrift") No. 2,223,452, the disclosure
      of which is incorporated herein by reference.
PAR  Diluents which can be used for the reaction according to the invention are
      not only water but also lower aliphatic alcohols, such as, for example,
      methanol and ethanol.
PAR  All customary acid-binding agents can be used to bind the acid. These
      include alkali metal hydroxides, alkaline earth metal hydroxides, alkali
      metal carbonates and tertiary amines such as, for example, triethylamine.
      An excess of hydroxylamine can also be used with advantage.
PAR  The reaction temperatures can be varied within a fairly wide range. In
      general, the reaction is carried out at between 0.degree. and 60.degree.C,
      preferably between 20.degree. and 50.degree.C.
PAR  In carrying out the process according to the invention, 1.5 to 5 moles of
      hydroxylamine are preferably employed per mole of aminobenzoyl chloride
      derivative. The hydroxylamine may be obtained in the usual manner, for
      example by reacting a salt thereof such as the hydrochloride, in methanol
      or ethanol with an alkali metal hydroxide to give the free hydroxylamine.
      The reaction of the benzoyl chloride with the hydroxylamine is exothermic;
      after the reaction has subsided, the product is taken up in water and
      ether and worked up in the usual manner. The crude product is purified by
      recrystallization, for example from benzene, toluene or xylene.
PAR  The salts (I) may be obtained by treating the hydroxamic acid derivatives,
      in aqueous or aqueous-alcoholic dilution, with an alkali metal hydroxide
      or alkaline earth metal hydroxide or with a soluble heavy metal salt; an
      alkali metal carbonate or alkali metal bicarbonate can be used to
      neutralize the acid which may be liberated.
PAR  The active compounds according to the invention display a strong fungitoxic
      action and are distinguished by a broad spectrum of activity. Their low
      toxicity towards warmblooded animals and their good toleration by higher
      plants allows them to be used as plant-protection agents against fungal
      diseases. They do not harm crop plants in the concentrations necessary for
      combating the fungi. Fungitoxic agents are employed in plant protection
      for combating fungi from the most diverse categories of fungi, such as
      Archimycetes, Phycomycetes, Ascomycetes, Basidiomycetes and Fungi
      Imperfecti.
PAR  The active compounds according to the invention can be used against
      parasitary fungi on above-ground parts of plants, fungi which cause
      tracheomycosis and which attack the plant through the soil, seed-borne
      fungi and fungi which inhabit the soil. They are particularly active
      against fungi of the class of Phycomycetes, for example against
      Phytophthora infestans.
PAR  The compounds can also be used as cereal fungicides and as seed dressings.
      They also possess a good bactericidal activity.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alumina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides and microbicides, or
      insecticides, acaricides, rodenticides, nematocides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-2%, preferably 0.0005-0.05%, by weight of the
      mixture. Thus, the present invention contemplates over-all compositions
      which comprises mixtures of a conventional dispersible carrier vehicle
      such as (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.0005-2%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 80 or
      95% by weight of the active compound or even the 100% active substance
      alone, e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi and microbes, and more
      particularly methods of combating at least one of fungi, bacteria and
      yeast, which comprises applying to at least one of correspondingly (a)
      such fungi, (b) such bacteria, (c) such yeast, and (d) the corresponding
      habitat thereof, i.e. the locus to be protected, a correspondingly
      combative or toxic amount, i.e. a fungicidally, bactericidally or
      yeasticidally effective amount, of the particular active compound of the
      invention alone or together with a carrier vehicle as noted above. The
      instant formulations or compositions are applied in the usual manner, for
      instance by spraying, atomizing, vaporizing, scattering, dusting,
      watering, squirting, sprinkling, pouring, fumigating, dressing,
      encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
PAC  EXAMPLE 1
PAC  Mycelium growth test
TBL  Nutrient medium used:                                                     
     20       parts by weight of agar-agar                                     
     200      parts by weight of potato decoction                              
     5        parts by weight of malt                                          
     15       parts by weight of dextrose                                      
     5        parts by weight of peptone                                       
     2        parts by weight of disodium hydrogen phosphate                   
     0.3      part by weight of calcium nitrate                                
     Proportion of solvent to nutrient medium:                                 
     2        parts by weight of solvent mixture                               
     100      parts by weight of agar nutrient medium                          
     Composition of solvent mixture:                                           
     0.19     part by weight of acetone                                        
     0.01     part by weight of emulsifier                                     
     1.80     parts by weight of water                                         
     2        parts by weight of solvent mixture                               
PAR  The amount of active compound required for the desired concentration of
      active compound in the nutrient medium was mixed with the stated amount of
      solvent. The concentrate was thoroughly mixed, in the stated proportion,
      with the liquid nutrient medium (which had been cooled to 42.degree.C) and
      was then poured into Petri dishes of 9 cm diameter. Control dishes to
      which the preparation had not been added were also set up.
PAR  When the nutrient medium had cooled and solidified, the dishes were
      inoculated with the species of fungi stated in the table and incubated at
      about 21.degree.C.
PAR  Evaluation was carried out after 4-10 days, dependent upon the speed of
      growth of the fungi. When evaluation was carried out, the radial growth of
      the mycelium on the treated nutrient medium was compared with the growth
      on the control nutrient medium. In the evaluation of the fungus growth,
      the following characteristic values were used:
TBL  1        no fungus growth                                                 
     up to 3  very strong inhibition of growth                                 
     up to 5  medium inhibition of growth                                      
     up to 7  slight inhibition of growth                                      
     9        growth equal to that of untreated control.                       
PAR  The active compounds, the concentrations of active compound and the results
      can be seen from the table which follows:
TBL                                    Table I                                 
     __________________________________________________________________________
     Mycelium growth test                                                      
     Active compounds:         A B C D E F G H I J K L M N O P Q R             
     __________________________________________________________________________
                               10                                              
                                 9 5 9 9 9 5 5 5 5 5 9 3 1 5 5 9 9             
                                5                                              
                                 9 9 9 9 9 9 9 9 5 9 9 3 2 5 5 9 9             
                               10                                              
                                 1 1 2 1 1 1 2 1 5 1 3 1 1 1 --                
                                                               1 --            
                                5                                              
                                 2 1 3 1 1 1 2 1 9 3 5 1 1 1 --                
                                                               1 --            
                               10                                              
                                 1 1 2 3 1 1 1 1 3 1 1 1 1 1 1 1 1             
                                5                                              
                                 2 2 3 5 1 1 1 1 3 1 1 1 1 1 1 1 9             
                               10                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                                5                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2             
                               10                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                                5                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                               10                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2             
                                5                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2             
                               10                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                                5                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                               10                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                                5                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5             
                               10                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                                5                                              
                                 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1             
                               10                                              
                                 1 1 3 1 1 1 1 1 3 1 1 1 1 1 1 1 1             
                                5                                              
                                 1 1 3 1 1 1 2 1 5 1 1 1 1 1 1 1 1             
                               10                                              
                                 1 1 3 1 1 1 1 1 3 1 1 1 1 1 1 1 1             
                                5                                              
                                 3 3 3 9 3 1 3 1 3 1 1 1 1 1 1 1 3             
     __________________________________________________________________________
      A Active compound concentration, ppm                                     
      B Fusarium colmorum                                                      
      CSclerotinia sclerotiorum                                                
      D Fusarium nivale                                                        
      E Collectotrichum coffeanum                                              
      F Rhizoctonia solani                                                     
      G Pythium ultimum                                                        
      H Cochliobolus miyabeanus                                                
      I Botrytis cinerea                                                       
      J Verticillium alboatrum                                                 
      K Piricularia oryzae                                                     
      L Phialophora cinerescens                                                
      M Helminthosporium gramineum                                             
      N Cercospora musae                                                       
      O Phytophthora cactorum                                                  
      P Venturia inaequalis                                                    
      Q Pellicularia sasakii                                                   
      R Xanthomonas oryzae                                                     
PAC  EXAMPLE 2
PAC  Phytophthora test
TBL  Solvent:     4.7 parts by weight acetone                                  
     Dispersing agent:                                                         
                  0.3 parts by weight alkylaryl polyglycol                     
                   ether                                                       
     Water:       95 parts by weight                                           
PAR  The amount of the active compound required for the desired concentration of
      the active compound in the spray liquid was mixed with the stated amount
      of solvent and the concentrate was diluted with the stated amount of water
      which contained the stated additions.
PAR  Young tomato plants (Bonny best) with 2-6 foliage leaves were sprayed with
      the spray liquid until dripping wet. The plants remained in a greenhouse
      for 24 hours at 20.degree.C and at a relative atmospheric humidity of 70%.
      The tomato plants were then inoculated with an aqueous spore suspension of
      Phytophthora infestans. The plants were brought into a moist chamber with
      an atmospheric humidity of 100% and a temperature of
      18.degree.-20.degree.C.
PAR  After 5 days the infection of the tomato plants was determined as a
      percentage of the untreated but likewise inoculated control plants: 0%
      means no infection; 100% means that the infection was exactly as great as
      in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following table:
TBL                                    Table 2                                 
     __________________________________________________________________________
     Phytophthora test                                                         
                Active compound       Infection in % of the                    
                                      infection of the un-                     
                                      treated control at an                    
                                      active compound con-                     
                                      centration of 0.0062%                    
     __________________________________________________________________________
                                          100                                  
                                          59                                   
                                          5                                    
                                          11                                   
                                          10                                   
                                          16                                   
                                          22                                   
                                          10                                   
                                          27                                   
                                          29                                   
                                          25                                   
     __________________________________________________________________________
PAC  EXAMPLE 3
PAC  Botrytis text
TBL  Solvent:     4.7 parts by weight of acetone                               
     Dispersing agent:                                                         
                  0.3 part by weight of alkylaryl polyglycol                   
                   ether                                                       
     Water:       95 parts by weight                                           
PAR  The amount of active compound required for the desired concentration of
      active compound in the spray liquid was mixed with the stated amount of
      the solvent and the concentrate was diluted with the stated amount of
      water which contained the stated additives.
PAR  Young Vicia faba bean plants of the "Zwijndrechter" variety, having 3 to 4
      pairs of leaves, were sprayed with the spray liquid until dripping wet.
PAR  After 24 hours, the pairs of leaves were removed and the individual leaves
      were placed in Petri dishes, the lids and bottoms of which were lined with
      moist filter-paper discs.
PAR  Filter-paper discs of 1 cm diameter were dipped into an aqueous spore
      suspension of Botrytis cinerea and placed on the treated leaves lying in
      Petri dishes. After 48 hours incubation at +20.degree.C the necroses
      visible under the discs were assessed. 0% denotes no infection and 100%
      denotes that the infection was exactly as great as in the case of the
      control plants.
PAR  The active compound, active compound concentrations and results can be seen
      from the table which follows:
TBL                                    Table 3                                 
     __________________________________________________________________________
     Botrytis test                                                             
     Active compound                       Infection in % of the infection of  
                                           the un-                             
                                           treated control at an active        
                                           compound                            
                                           concentration of                    
                                           0.0025%    0.00062%                 
     __________________________________________________________________________
                                           16         72                       
                                           0          1                        
                                           0                                   
                                           6                                   
                                           1          7                        
                                           0                                   
                                           7                                   
                                           0                                   
                                           0          0                        
                                           12                                  
                                           1                                   
     __________________________________________________________________________
                                           4          9                        
     __________________________________________________________________________
PAC  EXAMPLE 4
PAC  Fusicladium test (apple scab) (Protective)
TBL  Solvent:  4.7 parts by weight of acetone                                  
     Emulsifier:                                                               
               0.3 part by weight of alkylaryl polyglycol ether                
     Water:    95 parts by weight                                              
PAR  The amount of active compound required for the desired concentration of the
      active compound in the spray liquid was mixed with the stated amount of
      solvent, and the concentrate was diluted with the stated amount of water
      which contained the stated additions.
PAR  Young apple seedlings in the 4 - 6 leaf stage were sprayed with the spray
      liquid until dripping wet. The plants remained in a greenhouse for 24
      hours at 20.degree.c and at a relative atmospheric humidity of 70%. They
      were then inoculated with an aqueous conidium suspension of the apple scab
      causative organism (Fusicladium dendriticum Fuckel) and incubated for 18
      hours in a humidity chamber at 18.degree. - 20.degree.C and at a relative
      atmospheric humidity of 100%.
PAR  The plants were then put back into a greenhouse for 14 days.
PAR  15 days after inoculation, the infection of the seedlings was determined as
      a percentage of the untreated but also inoculated control plants. 0% means
      no infection; 100% means that the infection was exactly as great as in the
      case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following table:
TBL                                    Table 4                                 
     __________________________________________________________________________
     Fusicladium test/protective                                               
     Active compound                Infection in % of the in-                  
                                    fection of the untreated                   
                                    control at an active com-                  
                                    pound concentration of                     
                                    0.0025%                                    
     __________________________________________________________________________
                                    71                                         
                                     4                                         
                                    15                                         
                                     6                                         
                                    10                                         
                                     9                                         
     __________________________________________________________________________
PAC  EXAMPLE 5
PAC  Microbicidal action/reciprocal minimum inhibition values
PAR  The table shows the reciprocal minimum inhibition values for some selected
      species from the three groups of bacteria, fungi and yeasts. These figures
      express at what dilutions of the stated compounds the growth of the
      selected micro-organisms is completely inhibited if these compounds are
      added to an optimum nutrient for the organisms. The microorganisms
      employed for this inhibition test are widely encountered and are known to
      be resistant to conventional chemical preservatives and disinfectants.
PAR  The minimum inhibition values listed were determined by the customary
      dilution method, as follows:
PAR  The preparations to be tested were made up at various concentrations in the
      stated diluent. Certain quantities of the previously dissolved
      preparations were added to the prepared test tubes filled with
      standardized nutrient substrates.
PAR  All work was carried out under sterile conditions. The various
      micro-organisms indicated in the table were incubated at 30.degree.C.
PAR  The minimum inhibition values shown in the table indicate the
      concentrations which still suffice to prevent growth.
PAR  The diluent was ethylene glycol.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Microbicidal action / reciprocal minimum inhibition values                
     Active            Esche-                                                  
                           Bact.                                               
                              Bact.                                            
                                   Saccha-                                     
                                        Pseudo-                                
                                             Can-                              
                                                 Tricho-                       
                                                       Asper-                  
                                                           Asper-              
                                                               Penicil-        
     compound          richia                                                  
                           pro-                                                
                              mesen-                                           
                                   romyces                                     
                                        monas                                  
                                             dida                              
                                                 phyton                        
                                                       gillus                  
                                                           gillus              
                                                               lium            
                       coli                                                    
                           teus                                                
                              teri-                                            
                                   spec.                                       
                                        aerugi-                                
                                             albi-                             
                                                 mentagro-                     
                                                       terreus                 
                                                           niger               
                                                               cameru-         
                              cus       nosa cans                              
                                                 phytes        nense           
     __________________________________________________________________________
                       3000                                                    
                           4000         3000 17000     17000                   
                       13500                                                   
                           13500                                               
                               132000                                          
                                   132000                                      
                                        17000                                  
                                             54000                             
                                                 135000                        
                                                       66000                   
                                                           665000              
                                                               27000           
                       12800                                                   
                           12800                                               
                               128000                                          
                                   128000                                      
                                        32000                                  
                                             64000                             
                                                 128000                        
                                                       64000                   
                                                           14500               
                                                               14500           
                       6900                                                    
                           6900                                                
                               138000                                          
                                   64000                                       
                                        34500                                  
                                             69000                             
                                                 64000 69000                   
                                                           32000               
                                                               64000           
                       16000                                                   
                           16000                                               
                               69000                                           
                                   69000                                       
                                        34500                                  
                                             69000                             
                                                 138000                        
                                                       138000                  
                                                           138000              
                                                               138000          
                       14400                                                   
                           14400                                               
                               72000                                           
                                   72000                                       
                                        15000                                  
                                             30000                             
                                                 144000                        
                                                       72000                   
                                                           72000               
                                                               72000           
     __________________________________________________________________________
PAR  The process of the present invention is illustrated by the following
      preparative Examples.
PAC  EXAMPLE 6
      ##SPC4##
PAR  37 g (0.1 mole) of
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-4-methyl-benzoy
     l chloride were added dropwise at room temperature, while stirring, to a
      hydroxylamine solution (about 0.25 mole) prepared from 18 g of
      hydroxylamine hydrochloride and 15 g of potassium hydroxide in 100 ml of
      methanol, and the temperature was allowed to rise to about 30.degree.C.
      After the reaction had subsided, the solution was taken up in ether and
      extracted by shaking with water, and the ether solution was concentrated
      in vacuo. 34 g of a solid residue were obtained. Crystallization from
      xylene with the addition of a little petroleum ether gave 25 g of
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-4-methylbenzhyd
     roxamic acid of melting point 157.degree. - 158.degree.C (with
      decomposition). The yield was 72% of theory.
PAR  The benzoyl chloride derivative required as an intermediate was obtained by
      reaction of 0.5 mole of
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-4-methylbenzoic
      acid with 400 ml of thionyl chloride at 45.degree. - 50.degree.C. As soon
      as the evolution of hydrogen chloride subsided, the reaction temperature
      was raised to the boil, the solution was then concentrated and the residue
      was distilled. The boiling point of the product was 95.degree.C/0.05 mm
      Hg.
PAR  The aminobenzoic acid derivatives to be used as starting materials are
      known (see British Patent Specification No. 1,229,083); they are obtained
      by the action of formic acid on N-sulfenylated
      N-trifluoromethyl-aminobenzoic acid fluorides at, preferably 80.degree. -
      110.degree.C, it being possible to use excess formic acid as the solvent.
PAR  The following compounds could be prepared by methods similar to that
      described in Example 6.
PAC  EXAMPLE 7
      ##SPC5##
PAL  Melting point 148.degree. - 149.degree.C (with decomposition).
PAC  EXAMPLE 8
      ##SPC6##
PAL  Melting point 107.degree. - 109.degree.C.
PAC  EXAMPLE 9
      ##SPC7##
PAR  7 g of
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-benzhydroxamic
      acid were dissolved in 125 ml of methanol and a solution of 2 g of sodium
      bicarbonate in 30 ml of water, followed by a solution of 3 g of zinc
      sulfate (ZnSO.sub.4 . 7 H.sub.2 O) in 20 ml of water, were added. On
      adding further water, the above zinc salt precipitated.
PAR  Melting point 170.degree. - 180.degree.C (with decomposition). The yield
      was 7 g.
PAR  The following salts were obtained similarly:
PAC  EXAMPLE 10
      ##SPC8##
PAL  Melting point 175.degree.C (with decomposition).
PAC  EXAMPLE 11
      ##SPC9##
PAL  Melting point 140.degree. - 145.degree.C (with decomposition)
PAR  The following salts of the general formula
      ##SPC10##
PAL  could also be obtained by methods analogous to that of
PAC  Example 9
TBL  Compound                                                                  
     No.       M         Melting point, .degree.C                              
     ______________________________________                                    
      7       Mn(II)     160 (with decomposition)                              
      8       Mg         170 (with decomposition)                              
      9       Fe(II)     170-175 (with decomposition)                          
     10       Cu(II)     180-185 (with decomposition)                          
     11       Ca         110-120 (with decomposition)                          
     ______________________________________                                    
PAR  Other compounds which can be similarly prepared include:
PA1  sodium
      4-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-2-trifluorometh
     ylbenzhydroxamate,
PA1  potassium
      2-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-4-isopropyl-6-m
     ethoxy-benzhydroxamate,
PA1  nickel
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-4-fluoro-5-chlo
     ro-benzhydroxamate,
PA1  barium
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-4-nitro-benzhyd
     roxamate,
PAL  and the like.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino-benzhydroxamic
      acid or salt of the formula
      ##SPC11##
PAL  in which
PA1  R is halogen, nitro, alkyl or alkoxy with in either case up to 3 carbon
      atoms, or trifluoromethyl,
PA1  n is 0, 1 or 2, and
PA1  M is (hydrogen or one) an equivalent of (an alkali metal, alkaline earth
      metal or heavy metal) zinc, copper, iron, manganese or nickel.
NUM  2.
PAR  2. The compound according to claim 1 wherein such compound is zinc
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-benzhydroxamate
      of the formula
      ##SPC12##
NUM  3.
PAR  3. The compound according to claim 1 wherein such compound is zinc
      2-[N-fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-benzhydroxamate
      of the formula
      ##SPC13##
NUM  4.
PAR  4. The compound according to claim 1 wherein such compound is manganese
      3-[N-(fluorodichloromethylthio)-N-(trifluoromethyl)-amino]-benzhydroxamate
      of the formula
      ##SPC14##
PATN
WKU  039391906
SRC  5
APN  2294990
APT  1
ART  117
APD  19720225
TTL  Group V pentavalent atom-containing compositions
ISD  19760217
NCL  11
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Musher; Jeremy
CTY  New York
STA  NY
INVT
NAM  Su; Kai
CTY  Rutherford
STA  NJ
ASSG
NAM  Musher; Evelyn
CTY  New York
STA  NY
COD  04
CLAS
OCL  260446
XCL  260 21M
XCL  260  2P
XCL  260 75R
XCL  260 775AR
XCL  260  7PR
XCL  260440
XCL  260447
XCL  2606065P
XCL  2606065N
EDF  2
ICL  C07F  990
ICL  C07F  992
FSC  260
FSS  446
UREF
PNO  2913428
ISD  19591100
NAM  Schoepfle et al.
OCL  260446
UREF
PNO  3287210
ISD  19661100
NAM  Leebrick
OCL  260446
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  A compound having the molecular formula:
      ##EQU1##
      wherein, M is selected from the group consisting of pentavalent atoms of
      Group V of the Periodic Table; R.sub.1, R.sub.2 and R.sub.3 are selected
      from the group consisting of substituent groups bondable to M; X is an
      electron withdrawing group; A is a connecting group capable of undergoing
      either condensation or addition reactions with compatible function groups
      of other compounds; R.sub.4 is an optional connecting group between the X
      and A groups; B is selected from the group consisting of R.sub.1, R.sub.2,
      R.sub.3, O--X--R.sub.4).sub.n A and O--X--R.sub.5, and wherein R.sub.5 is
      selected from the group consisting of R.sub.1, R.sub.2 and R.sub.3 ; and n
      is the integer 0 or 1. These pentavalent atom-containing compositions may
      be reacted into polymers with monomers, prepolymers or polymers. The
      compositions and polymers have flame-retardant properties.
BSUM
PAC  Disclosure of the Invention
PAR  This invention relates to new compositions of matter containing a
      pentavalent atom of Group V of the Periodic Table. More particularly, the
      invention relates to such a composition of matter wherein the pentavalent
      atom of Group V is covalently bonded in at least 1 and preferably 2 of its
      valence bonds to atoms selected from the group consisting of oxygen,
      sulphur and nitrogen which are in turn covalently bonded to an
      electro-negative group. The electro-negative group is chemically connected
      to a group capable of undergoing a condensation or addition reaction with
      compatible functional groups of organic compounds. The invention also
      relates to polymers containing units derived from the described
      compositions of matter resulting from said condensation or addition
      reaction. The remaining valence bonds of the pentavalent atom are taken up
      by organic substituent groups known to be bondable to that atom.
PAR  It has been found that the new compositions of matter of this invention
      possess flame-retardant characteristics. When they are physically admixed
      with other materials they retard the overall flammable characteristics of
      the admixture. Furthermore, polymers containing units therein as herein
      described, and which units contain said pentavalent atom, which is
      preferably antimony, have been found to retard burning and will not
      sustain a flame. Polymers have been prepared which are stable in air at
      temperatures up to 400.degree.C.
PAR  The pentavalent atom may be of any of the elements of phosphorus, arsenic,
      antimony or bismuth. Antimony is preferred because of its superior
      non-flammable characteristics and the invention herein will be described
      primarily in terms of pentavalent antimony.
PAR  It is well known that Group V oxides, generally of valence 3 (i.e.,
      As.sub.2 O.sub.3, Sb.sub.2 O.sub.3, Bi.sub.2 O.sub.3 and oxy-compounds of
      phosphorus of valences 3 and 5 such as triphenyl phosphite and tritoly
      phosphate) are useful as polymer additives in order to reduce the
      flammability thereof, often in combination with chlorine or bromine. These
      addition materials are usually toxic to humans. Since they generally are
      of a low molecular weight, their availability for causing a toxic reaction
      is greatly enhanced due to their consequently relatively high mobility in
      the matrix to which they are added, and in the surrounding environment
      thereof. Furthermore, the addition materials are not chemically combined
      into the polymeric structure, thus making it difficult to control their
      action and activity in the sense of preserving the desired physical
      properties since they may be readily removed from the admixture by
      vaporization, abrasion, or solvation.
PAR  The compounds of the present invention have been found to be extremely
      stable under atmospheric conditions in both the monomeric and polymeric
      forms. This is particularly surprising in view of the recognized
      characteristics of Group V atom-containing compounds, such as
      pentaethoxyphosphorane, that they are generally not stable under
      atmospheric conditions. Among the most stable of the known components of
      such pentavalent atoms are the organic esters of triphenyl antimony oxide
      having the formula:
      ##SPC1##
PAL  wherein R is CH.sub.3 or C.sub.6 H.sub.5. However, these compounds have not
      been found to have any significant utility.
PAR  The prior art has described preparations of some polymers of pentavalent
      atoms of Group V. However, in all cases of which we are aware, the atom,
      and specifically antimony, was bonded to the organic system through an
      ether linkage (i.e., M--O--C) with the carbon of the ether being fully
      saturated, or by means of a direct carbon linkage to the Group V atom
      (M--C).
PAR  The present invention is concerned with the preparation of stable
      pentavalent atom-containing monomeric molecules with, at least one and
      preferably two sites which are reactive in the sense that they can react
      with organic monomers or prepolymers of polyethers, polyesters,
      polyamides, polyurethanes, polyolefines, and the like, to form copolymers
      therewith. Also, the pentavalent atom-containing monomeric molecules can
      react with active sites on polymers as either pendant groups graft
      polymers or cross-linking groups, or via weakly bonded interactions as
      through hydrogen bonds. The present invention is also concerned with the
      methods of reacting these monomers with the organic monomers, prepolymers
      or polymers in various proportions to form the copolymers, cross-linked
      polymers or graft polymers. Furthermore, the present invention includes
      the copolymers, cross-linked polymers or graft polymers so formed. These
      copolymers or interpolymers are useful particularly for their
      flame-retardant properties, which are believed to be attributable to the
      presence of the Group V atom in the polymer.
PAR  The advantage of using the hypervalent Group V atoms lies in the fact that
      the neutral atom valence can expand no further than five, and hence these
      molecules are less reactive than their lower valence counterparts.
PAR  In accordance with the present invention there is prepared a new compound
      having the molecular formula*:
      ##EQU2##
      wherein, M is selected from the group consisting of pentavalent atoms of
      Group V of the Periodic Table; R.sub.1, R.sub.2 and R.sub.3 are selected
      from the group consisting of substituent groups bondable to M; X is an
      electron withdrawing group; A is a connecting group capable of undergoing
      either condensation or addition reactions with compatible function groups
      of other compounds; R.sub.4 is an optional connecting group between the X
      and A groups; B is selected from the group consisting of R.sub.1, R.sub.2,
      R.sub.3, O-X (R.sub.4).sub.n A and O-X-R.sub.5, and wherein R.sub.5 is
      selected from the group consisting of R.sub.1, R.sub.2 and R.sub.3 ; and n
      is the integer 0 or 1.
FNT  *Throughout this specification, the same symbols are intended to mean the
      same thing.
PAR  Throughout this specification "O" in a formula means oxygen.
PAR  More particularly, M is selected from phosphorus, arsenic, antimony and
      bismuth.
PAR  R.sub.1, R.sub.2, R.sub.3 may be the same or different and are selected
      from an aromatic or aliphatic group. More specifically, these groups may
      be aryl and substituted aryl including halogenated and oxyaryl groups, and
      alkyl and substituted alkyl including halogenated and oxyalkyl groups.
      Generally speaking, the preferred aryl and substituted aryl groups are
      phenyl or naphthyl, and the preferred alkyl groups are lower alkyl such as
      C.sub.1 - C.sub.6. The halogens described above include fluorine,
      chlorine, bromine and iodine.
PAR  The electron withdrawing X group may be any of the following:
      ##EQU3##
PAR  The carbonyl group is preferred since it is believed to be easiest to work
      with and is useful in retaining the organic character of the compound
      and/or polymer. An electron withdrawing group is a group of atoms whose
      affinity for electrons or electronegativity, is greater than that for the
      average group, generally taken to be a hydrocarbon. While oxygen, which is
      bonded directly to M, is itself electron withdrawing, and hence apparently
      able to stabilize hypervalent bonds, it can do so only weakly and the
      products are usually sensitive to the moisture in the air. The added
      stability imparted by the electron withdrawing group X is of critical
      importance for the utility of these materials.
PAR  The connecting group A may be any of: --COOH, --COCl, --SO.sub.3 H, --NCO,
      --NH.sub.2, --OH, --CH=CH.sub.2, and --COOR.sub.6
PAL  wherein R.sub.6 is a lower alkyl, from C.sub.1 through C.sub.5.
PAR  R.sub.4 is an optional group which when present in the compound described
      above, is used to chemically connect the electron withdrawing X group with
      the connecting A group. It may be any of R.sub.1, R.sub.2 and R.sub.3 ,
      but in the divalent form thereof. In other words, the arylene and alkylene
      form of the group.
PAR  "n" is the integer 0 or 1.
PAR  The electro-negative group is of importance in that it strengthens the
      hypervalent bonds so that for example the organic ester of antimony of the
      formula:
      ##EQU4##
      is far more stable than the organic ether of antimony with linkage:
      ##EQU5##
PAR  The latter, ether, is generally unstable in atmospheric moisture at room
      temperature, whereas the former, ester, is stable in hot water. The
      polymers formed using the ester structure as described are stable in air
      even when heated up to 400.degree.C.
PAR  The monomeric compounds do not burn until they have been exposed to a flame
      over a long period of time. The flame-retardant properties are gradually
      affected by prolonged exposure to heat, which may possibly be due to
      vaporization of the metal atom. An advantage of incorporating the metal
      atom into the organic system rather than using simply the oxide is that
      such vaporization will only occur at greatly increased temperatures and
      only after longer exposure to such temperatures. A further advantage is
      that the flame-retardant properties cannot be washed out or rubbed out in
      normal use of the polymer.
PAR  The properties of the polymeric materials are such that they are
      self-extinguishing in the atmosphere and will only sustain a flame in
      heavily oxygen-rich atmospheres as attainable generally only in the
      laboratory. The critical concentration of metal atoms varies from polymer
      to polymer and it appears that even with concentrations as small as one
      metal atom per 200 carbon atoms the materials will not sustain a flame.
PAR  We have prepared the monomeric compounds of this invention according to the
      reactions:
      ##EQU6##
      wherein Z is a halogen, and W is silver, sodium or a silyl group such as
      (CH.sub.3).sub.3 Si.
PAR  These reactions may be carried out either in an inert solvent or in the
      melt. The desired tri-substituted antimony oxide. e.g., (C.sub.6
      H.sub.3).sub.3 SbO, is reacted with an excess of a bifunctional reagent,
      such as terephthalic acid by refluxing in a suitable solvent for several
      hours. This insoluble product is collected after cooling and purified
      using standard techniques. The reaction can also be carried out directly
      in a melt, e.g., by adding (C.sub.6 H.sub.5).sub.3 SbO to a melt of excess
      adipic acid at 150.degree.C. The cooled solid is washed until unreacted
      starting materials are eliminated and the product is purified using
      standard techniques. The new compounds can be characterized completely by
      infra-red, nuclear-magnetic resonance, mass-spectroscopy and elemental
      analysis, as desired.
PAR  Examples of the pentavalent atom-containing monomeric compounds of this
      invention are set forth herein.
      ##SPC2##
PAR  Other compounds which are included within the scope of this invention
      include those pentavalent atom-containing monomeric compounds which are
      described in terms of the generic molecular formula shown above. At the
      present time, compounds (a), above, namely, triphenyl antimony
      diterephthalic acid and (f) triphenyl antimony di-p-hydroxybenzoate,
      specifically, are the preferred compounds. These compounds have been found
      to be useful as flame-retardant agents in their own right and as suitable
      monomers for polymerization reactions with other monomers or prepolymers
      or polymers which have functional groups compatible with the terminal
      carboxylic acid (or equivalent acetyl halide and hydroxyl groups of these
      compounds. For example, hydroxy terminated compounds such as ethylene
      glycol, or hydroxy terminated esters such as the ethylene
      glycol-terephthalic acid adduct, or isocyanate terminated adducts may be
      reacted with the pentavalent atom-containing monomeric compound in order
      to yield polyesters or polyurethanes having the pentavalent atom in the
      polymer chain.
PAR  Also preferred are the pentavalent atom-containing monomeric compounds
      which have terminal ester groups which readily undergo an ester
      interchange reaction, such as the reaction of triphenyl antimony methyl
      terephthalate with a hydroxy terminated ester prepolymer to yield a
      polyester.
PAR  In addition to preparing the polyesters described above, pentavalent
      atom-containing monomeric compounds may be prepared which contain terminal
      hydroxy groups either directly as part of the A connecting group, or by
      means of a pre-reaction of the acid- or ester- terminated pentavalent
      atom-containing monomeric compound with a difunctional compound of which
      at least one functional group is hydroxy, and the other is reactable with
      said terminal acid or ester group. These hydroxy terminated pentavalent
      atom-containing monomeric compounds may then be reacted with diisocyanate
      compounds to form urethane prepolymers, which in turn may be further
      reacted with polyfunctional hydroxy- and/or amine-containing compounds to
      produce polyurethanes. Also polyether and polyester urethanes may be made
      in this manner. They may also be made in the form of a foam by
      conventional techniques.
PAR  The carboxylic acid terminated pentavalent atom-containing monomeric
      compound may also be reacted with a polyfunctional amine terminated
      compound, such as the diethylene amine-adipic and adduct in order to
      produce polyamides, such as nylons.
PAR  The pentavalent atom-containing monomeric compounds may also be terminated
      with olefinic or vinyl groups which may be reacted with other vinyl groups
      of other monomers or polymers.
PAR  The desired vinyl compound containing the pentavalent atom can be made by
      condensation of the antimony oxide, e.g., (C.sub.6 H.sub.5).sub.3 SbO,
      with the corresponding vinyl acid, e.g., acrylic acid in a hot solvent for
      about one hour. The excess acid is removed by vacuum and the product is
      purified by recrystallization. This bifunctional vinyl compound is used in
      making cross-linked polymers and it is also used after partial reduction
      or partial halogenation to the mono-vinyl derivative in making
      noncross-linked polymers.
PAR  The following examples are illustrative of the invention. All of the
      monomeric products are analyzed by the various modern spectroscopic
      methods of infra-red, nuclear magnetic resonance and mass-spectrometry in
      addition to chemical analysis. The washed and extracted polymer materials
      are analyzed by intra-red spectroscopy and elemental analysis.
DETD
PAC  EXAMPLE 1
PAC  Preparation of Monomer - Triphenyl Antimony Dimethylterephthalate
PAR  Triphenyl antimony oxide and dimethylterephthalate were reacted to yield
      triphenyl antimony dimethylterephthalate.
      ##SPC3##
PAC  EXAMPLE 2
PAC  Preparation of Monomer - Triphenyl Antimony DiTerephthalic Acid
PAR  Triphenyl antimony oxide was reacted with terephthalic acid to yield
      triphenyl diterephthalic acid.
      ##SPC4##
PAC  EXAMPLE 3
PAC  Preparation of Monomer - Triphenyl Antimony Disalicylate
PAR  Triphenyl antimony oxide was reacted with o-hydroxy benzoic acid (salicylic
      acid) to yield triphenyl antimony di(hydroxy benzoic acid) (or triphenyl
      antimony disalicylate).
      ##SPC5##
PAR  Triphenyl antimony oxide (3.7 g.; 0.001 mole) and salicylic acid 3.0.;
      0.0021 mole) were suspended in benzene (100 ml.) and the reaction was
      permitted to proceed. The reaction was carried out at
      60.degree.-70.degree.C. until a clear solution was obtained. The benzene
      was removed by vacuum distillation. The oily residue was dissolved in
      ethyl acetate (50 ml.). The ethyl acetate solution was extracted with an
      aqueous 10% sodium bicarbonate solution (50 ml.) followed by washing with
      (50 ml.) water. The ethyl acetate solution was dried over anhydrous
      magnesium sulfate. A white powder was collected after removing ethyl
      acetate by vacuum distillation. The white powder was recrystallized from
      hot benzene and yielded 5.4 g. The material was self-extinguishing as
      observed by performing qualitative burning tests in Bunsen burner flames
      in the laboratory.
PAC  EXAMPLE 4
PAC  Preparation of Monomer - Triphenyl Antimony Di(p-hydroxybenzoate
PAR  Triphenyl antimony oxide was reacted with p-hydroxybenzoic acid to yield
      triphenyl antimony di(p-hydroxybenzoate).
      ##SPC6##
PAR  Triphenyl antimony oxide (3.7 g.; 0.001 mole) was added to a solution of
      p-hydroxybenzoic acid (3.0 g.; 0.0021 mole) in acetophenone (100 ml.). The
      mixture was heated to 100.degree.-110.degree.C. until a clear solution was
      obtained. The solution was then cooled to room temperature and a white
      powder material was obtained. It was recrystallized from hot acetophenone
      to give a white crystalline material. The material was self-extinguishing
      as observed by performing qualitative burning tests in Bunsen burner
      flames in the laboratory.
PAC  EXAMPLE 5
PAC  Preparation of Monomer - Triphenyl Antimony Diacrylate
PAR  Triphenyl antimony oxide was reacted with acrylic acid to yield triphenyl
      antimony diacrylate.
      ##SPC7##
PAR  Triphenyl antimony oxide (3.7 g.; 0.001 mole) was added to acrylic acid (15
      ml.). The reaction mixture was kept at 95.degree.C. for an hour with good
      stirring. The excess acrylic acid was removed by vacuum. The viscous
      residue was soon crystallized upon adding hexane. It was recrystallized
      from hot benzenehexane to give white crystals. Yield 5 g. (91%). The
      material was self-extinguishing as observed by performing qualitative
      burning tests in Bunsen burner flames in the laboratory.
PAC  EXAMPLE 6
PAC  Preparation of Monofunctional Monomer - Triphenyl Methyl Antimony Iodide
PAR  Triphenyl antimony was reacted with methyliodide to yield triphenyl methyl
      antimony iodide. This was in turn reacted with the silver salt of acrylic
      acid to yield triphenyl methyl antimony acrylate. The material was
      self-extinguishing as observed by performing qualitative burning tests in
      Bunsen burner flames in the laboratory.
      ##SPC8##
PAC  EXAMPLE 7
PAC  Polymerization of Monomers of Example 1
PAR  The dimethyl ester was reacted with excess ethylene glycol and
      dimethylterephthalate to yield a polyester, namely, polyethylene
      terephthalate-triphenyl antimony di(methyl terephthlate) copolymer.
      ##SPC9##
PAR  Polymerization was carried out by adding the triphenylantimony oxide to the
      melted dimethyl terephthalate at 197.degree.C. Ethylene glycol was then
      added by following the conventional polymerization procedure. (See i.e.,
      Sorenson and Campbell "Preparative Methods of Polymer Chemistry" ppg.
      131-132 (1968 Interscience New York).
PAR  The material was thoroughly washed and purified to remove all monomeric
      materials. The resultant polymer was identified as that shown in equation
      (J), by IR and elemental analysis. The proportion of a groups was at least
      200 times the number b groups.
PAR  The polymer exhibited fire-retardant properties. The material was
      self-extinguishing as observed by performing qualitative burning tests in
      Bunsen burner flames in the laboratory.
PAC  EXAMPLE 8
PAC  Polymerization of Monomers of Example 2
PAR  The diacid monomer of Example 2 was reacted with excess ethylene glycol to
      form an hydroxyl terminated polyester prepolymer. This in turn was reacted
      with methylene bis-(phenyl isocyanate) to form a coprepolymer of the
      hydroxyl terminated polyester and the diisocyanate. The prepolymer was
      then reacted with ethylene glycol to yield a urethane polymer. The
      material was self-extinguishing as observed by performing qualitative
      burning tests in Bunsen burner flames in the laboratory.
      ##SPC10##
PAR  In another example of this type, ethylene glycol was replaced by ethylene
      diamine and reacted with the last mentioned prepolymer to form a urea
      polymer.
PAR  All of the conventional reactions known in the art which can be carried out
      with urethane-type polymers may be carried out with the above-referred to
      urethane polymers. For example, cross-linking may be accomplished by
      reaction of the antimony prepolymer with a trifunctional hydroxyl compound
      such as glycerol or trihydroxytoluene and then proceeding as shown. Also,
      the active hydrogen on the chain nitrogen may be used as a cross-linking
      or pendant group site. For example as in the reaction of the -NH- group
      with formaldehyde.
PAC  EXAMPLE 9
PAC  Copolymerization Methyl Methacrylate-Triphenyl Antimony Diacrylate
PAR  Triphenyl antimony diacrylate was reacted with methyl methacrylate to yield
      a partially cross-linked polymer.
      ##SPC11##
PAR  Freshly recrystallized triphenyl antimony diacrylate (2 g.) was dissolved
      in freshly distilled methyl methacrylate (15 g.). The mixture was poured
      into a polymerization tube and .alpha.,.alpha.' azodiisobutyronitrile
      catalyst (0.01 g.) was added. The mixture was purged with nitrogen and
      sealed under vacuum. The mixture was maintained in a constant temperature
      bath at about 55.degree.C. for 12 hours. A clear solid polymer was formed.
      Preliminary results show this polymer to be self-extinguishing. The
      material was self-extinguishing as observed by performing qualitative
      burning tests in Bunsen burner flames in the laboratory.
PAC  EXAMPLE 10
PAC  Copolymerization of Methyl Methacrylate - Triphenyl Ethyldichloro- Antimony
      Acrylate
PAR  The triphenyl antimony diacrylate of Example 5 was partially chlorinated
      with chlorine gas to saturate one of the olefinic groups of the acrylate
      moiety. This compound was then reacted, as in Example 9, with methyl
      methacrylate to yield a copolymer. The material was self-extinguishing as
      observed by performing qualitative burning tests in Bunsen burner flames
      in the laboratory.
      ##SPC12##
PAC  EXAMPLE 11
PAR  The partially chlorinated triphenyl antimony diacrylate of Example 10 was
      oxidized with peracetic acid and the resultant epoxide was copolymerized
      with propylene oxide in the presence of an initiator to give the resultant
      antimony-containing polyether. The resultant material was washed and shows
      the self-extinguishing properties. The material was self-extinguishing as
      observed by performing qualitative burning tests in Bunsen burner flames
      in the laboratory.
      ##SPC13##
PAC  EXAMPLE 12
PAC  Preparation of a Polyurethane Polymer
PAR  Triphenyl antimony disalicylate of Example 3 was reacted with methylene bis
      (4-phenyl isocyanate) to yield poly [ethylene methylene bis (4-phenyl
      carbonate)].
      ##SPC14##
PAR  4-Methyl pentanone-2 solvent (5 ml.) and (2.502 g.) is placed in a
      three-necked round bottom flask equipped with stirrer and condenser and
      protected from moisture. To this rapidly stirred suspension is added
      triphenyl antimony disalicylate (0.63 g.) and ethylent glycol (0.558 g.)
      in dimethylsulfoxide (5 ml.). The reaction is heated at 115.degree.C. for
      11/2 hours. The clear, viscous solution is then poured into water to
      precipitate the polyurethane. The tough, white polymer is chopped up in a
      blender, washed with water, then dried in a vacuum oven at 90.degree.C.
      The material is self-extinguishing. The material was self-extinguishing as
      observed by performing qualitative burning tests in Bunsen burner flames
      in the laboratory.
PAC  EXAMPLE 13
PAR  Example 12 is repeated, except that the triphenyl antimony disalicylate is
      replaced with equal mole proportions of triphenyl antimony
      di-p-hydroxybenzoate. The corresponding polyurethane is produced and it is
      self-extinguishing.
PAC  EXAMPLE 14
PAC  Preparation of Poly (Triphenyl Antimony Sebacate)
PAR  A low molecular weight antimony polyester was prepared by reacting
      triphenyl antimony oxide with sebacic acid. It may be used as a
      plasticizer for other polymers such as vinyl polymers, such as polyvinyl
      chloride, polyvinylidene chloride, copolymers thereof, and the like.
      ##SPC15##
PAR  A mixture of sebacic acid (2.02 g.) and triphenyl antimony oxide (3.69 g.)
      was mixed into benzene (100 ml.) and refluxed for 3 hours in a 250 ml.
      round bottom flask equipped with a Dean-Stark trap for azeotropic removal
      of water. To the clear viscous solution was added hexane and a white
      powder was precipitated. This polymer is soluble in hot benzene, can be
      drawn into a fiber and poured into a film in the melted state, and will
      not sustain a flame. The relatively low glass-transition point of the
      polyester polymer makes it suitable for use as a fire-retardant polymer
      plasticizer. The material was self-extinguishing as observed by performing
      qualitative burning tests in Bunsen burner flames in the laboratory.
PAR  It will be understood that it is intended to cover all changes and
      modifications of the examples of the invention herein chosen for the
      purpose of illustration which do not constitute departures from the spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polymerisable compound having the molecular formula
      ##EQU7##
      wherein: a. A is a phenyl moiety or a lower alkyl moiety up to C.sub.5,
PA1  b. D is selected from the group consisting of
      ##SPC16##
PA2  wherein Y is selected from the group consisting of H, --CH.sub.3 and
      --CH.sub.2 CH.sub.2 OH,
      ##SPC17##
PA2   --ch=ch.sub.2
PA2  and --CHCl--CH.sub.2 Cl; and
NUM  2.
PAR  2. The compounds of claim 1 being selected from the group consisting of
NUM  3.
PAR  3. The compounds of claim 1 being selected from the group consisting of
NUM  4.
PAR  4. The compounds of claim 1 being selected from the group consisting of
NUM  5.
PAR  5. The compounds of claim 2 being triphenylantimony di-terephthalic acid.
NUM  6.
PAR  6. The compounds of claim 1 being triphenylantimony dichloroacrylate
NUM  7.
PAR  7. The compounds of claim 4 being triphenylantimony di-parahydroxybenzoate.
NUM  8.
PAR  8. The compounds of claim 1 being triphenylantimony diterephthalate
NUM  9.
PAR  9. The compounds of claim 1 being triphenylantimony dimethylterephthalate.
NUM  10.
PAR  10. The compounds of claim 4 being triphenylantimony di(orthohydroxy
NUM  11.
PAR  11. The compounds of claim 1 being triphenyl methyl antimony acrylate.
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ABST
PAL  Catalyst comprising oxides of copper, zinc and boron in an atomic ratio of
      copper: zinc: boron of 20 to 70: 15 to 50: 0.3 to 5.3 is used for methanol
      synthesis from hydrogen and carbon oxides at a reaction pressure of 20 to
      500 kg/cm.sup.2, reaction temperature of 150.degree. to 350.degree.C and
      space velocity of 2,000 to 5 .times. 10.sup.4 hr.sup..sup.-1.
PAL  The catalyst has a higher catalytic efficiency, and improved heat
      resistance and durability.
BSUM
PAR  This invention relates to a novel catalyst for synthesizing methanol, and
      more particularly to a novel catalyst having a high catalytic activity and
      good heat resistance and durability, suitable for the methanol synthesis
      at a relatively low pressure.
PAR  Heretofore, catalysts consisting of copper and zinc, or copper, zinc and
      chromium have been widely used as the catalysts for synthesizing methanol
      from carbon monoxide and hydrogen. However, the three-component catalysts
      consisting of copper, zinc and chromium have a better durability and heat
      resistance than the two-component catalysts consisting of copper and zinc,
      but these three-component and two-component catalysts are generally poor
      in the heat resistance and durability, and cannot serve in a prolonged
      use. Furthermore, these catalysts have a high activity initially, but
      their catalytic activities are considerably reduced during the service,
      and it is very difficult to maintain the initial high activity
      continuously. That is, the low catalytic activity is generally their
      disadvantage.
PAR  A low pressure methanol synthesis is disclosed in Japanese Patent
      Publication No. 16682/70 that three-component catalysts consisting of
      copper, zinc and aluminum are suitable for the low pressure methanol
      synthesis.
PAR  The present inventors have made studies on the two-component catalysts
      consisting of copper and zinc, and, as a result, have found that the
      addition of boron as the third component to the two-component system of
      copper and zinc can increase the catalytic activity considerably and
      improve the heat resistance and durability very highly at the same time,
      and have estabilished the present invention.
PAR  That is to say, the present invention provides a novel three-component
      catalyst comprising oxides of copper, zinc and boron for methanol
      synthesis.
PAR  The boron, one of the components constituting the catalyst of the present
      invention, has been so far utilized as a component of the catalyst for
      oxidation reaction, but there has been no example of using the boron as a
      component of the catalyst for hydrogenation reaction. When the boron is
      used as a component of the methanol synthesis catalyst, the catalyst has a
      better catalytic activity than those of the conventional catalysts of
      copper-zinc system or copper-zinc-chromium system, and also has a higher
      heat resistance and durability.
PAR  The catalyst of the present invention comprises oxides of copper, zinc and
      boron in an atomic ratio of copper: zinc: boron of 20 to 70: 15 to 50: 0.3
      to 5.3. It is particularly preferable that the boron is contained in the
      atomic ratio of 0.5 to 3.5. If the boron content exceeds said upper limit,
      the catalytic activity will be considerably lowered.
PAR  As the copper and zinc sources for the present catalyst, the same
      water-soluble salts as used in the preparation of the conventional
      catalysts of the copper-zinc catalyst, for example, copper nitrate, zinc
      nitrate, etc. can be used.
PAR  As the boron source, water-soluble boron compounds such as borax, ammonium
      borate, boric acid, etc. can be used.
PAR  The present catalyst can be prepared according to the kneading method,
      coprecipitation method, etc, but it is particularly preferable to prepare
      the present catalyst according to the coprecipitation method. That is,
      water soluble salts of metal components constituting the present catalyst
      are dissolved in water, and mixed. Then, carbonates, bicarbonates or
      hydroxides of alkali metal are added to the mixture and mixed together.
      The resulting precipitates are filtered and washed, and then calcined,
      molded into tablets, crushed, and reduced according to the conventional
      method, whereby the present catalyst is prepared. The coprecipitation is
      carried out at a temperature from room temperature to 130.degree.C, but
      heating to 50.degree.- 95.degree.C is preferable to the room temperature.
PAR  The thus prepared catalyst of the present invention has a considerably
      improved heat resistance and durability and a higher catalytic activity,
      as compared with the conventional catalysts of copper-zinc system, and are
      very suitable for the methanol synthesis. The methanol synthesis can be
      carried out with the present catalyst at a lower pressure than with the
      conventional catalysts, and has a sufficient catalytic activity even at
      such a lower temperature and can suppress production of by-products.
PAR  Feed gas having the composition as so far used can be also fed, as such, to
      the present catalyst, and there is no special restriction to the
      composition of the feed gas. Methanol can be synthesized from hydrogen and
      carbon oxides in the presence of the present catalyst at a reaction
      pressure of 20 to 500 kg/cm.sup.2, preferably 30 to 150 kg/cm.sup.2, a
      reaction temperature of 150.degree. to 350.degree.C. preferably
      200.degree. to 280.degree.C, and a space velocity of 2000 to 5 .times.
      10.sup.4 hr.sup..sup.-1.
PAR  The present catalyst has a good activity as methanol synthesis catalyst,
      but can be also used as catalysts for carbon monoxide conversion,
      hydrogenation, and methanol decomposition. These reactions can be
      effectively carried out by properly selecting their specific reaction
      conditions.
PAR  Now, the present invention will be explained in detail by way of examples.
DETD
PAC  EXAMPLE 1
PAR  80 g (0.331 mole) of cupric nitrate trihydrate, and 74 g (0.249 moles) of
      zinc nitrate hexahydrate were dissolved in 2000 ml of deionized water to
      prepare a solution No. 1. 23.6 g (0.0619 moles) of borax was dissolved in
      150 ml of deionized water, neutralized with nitric acid, and adjusted to
      pH 6 to prepare a solution No. 2. 67.6 g (0.638 moles) of sodium carbonate
      was dissolved in 2000 ml of deionized water to prepare a solution No. 3.
PAR  Said solutions Nos. 1 and 2 were mixed together, and then the resulting
      mixture was mixed with the solution No. 3 while sufficiently stirring the
      mixture. The mixture was continuously stirred for 3 hours, and the
      resulting precipitates were filtered and washed. Then, the precipitates
      were dried overnight at 80.degree.C, calcined at 380.degree.C for 2 hours
      while passing air over the precipitates, and then molded into tablets,
      using graphite. The resulting catalyst tablets had an atomic ratio of Cu:
      Zn: B = 59.9 : 38.7 : 1.4. The tablets were then crushed to sizes of 20 to
      42 meshes (Tyler) and reduced with a methanol synthesis gas at an
      atmospheric pressure. The reduction temperature were slowly elevated to
      suppress an abrupt heat release due to the reduction reaction, and the
      reduction was carried out finally at 240.degree.C for 2 hours to prepare a
      catalyst A.
PAR  The thus obtained catalyst A was subjected to a methanol synthesis test
      under the following conditions. That is, a feed gas having the following
      inlet gas composition of 67 % of hydrogen, 25 % of carbon monoxide, 5 % of
      carbon dioxide, 1 % of methane and 2 % of nitrogen (by volume) was passed
      over the catalyst at a reaction pressure of 150 kg/cm.sup.2, reaction
      temperature of 240.degree.C and space velocity of 10,000 hr.sup.-1, and
      its catalytic activity was represented by the methanol concentration in
      outlet gas. The result is shown in Table 1. For comparison, the results of
      activities of catalysts of copper-zinc system (Catalyst B),
      copper-zinc-chromium system (Catalyst C), and copper-zinc-aluminum system
      (Catalyst D) prepared in the following manners, respectively, are shown
      together in Table 1.
PAR  a. Preparation of Comparative Catalyst B:
PAR  32.6 g (0.135 moles) of cupric nitrate trihydrate, and 40.1 g (0.135 moles)
      of zinc nitrate hexahydrate, were dissolved in 1600 ml of deionized water
      to prepare a solution No. 1. 31.5 g of sodium carbonate was dissolved in
      800 ml of deionized water to prepare a solution No. 2.
PAR  The resulting solutions Nos. 1 and 2 were mixed with stirring, and then the
      mixture was further stirred for 3 hours. The resulting precipitates were
      filtered and washed, and then subjected to the same operations as used in
      the case of the Catalyst A preparation, to prepare Catalyst B.
PAR  b. Preparation of Comparative Catalyst C:
PAR  23.3 g (0.0964 moles) of cupric nitrate trihydrate, 23.3 g (0.0783 moles)
      of zinc nitrate hexahydrate, and 23.3 g (0.0582 moles) of chromic nitrate
      were dissolved in 900 ml of water to prepare a solution No. 1. 36.5 g
      (0.3447 moles) of sodium carbonate was dissolved in 1,200 ml of water to
      prepare a solution No. 2. Then, the solution No. 2 was added to the
      solution No. 1, while sufficiently stirring the solution No. 1. After the
      completion of addition, the mixture was stirred for 2 hours, and the
      resulting precipitates were filtered and washed, and then subjected to the
      same operations as used in the case of the catalyst A preparation, to
      prepare Catalyst C.
PAR  c. Preparation of Comparative Catalyst D:
PAR  5.7 g (0.069 moles) of sodium aluminate was dissolved in 100 ml of water,
      and then admixed with 18 ml (0.2415 moles) of concentrated nitric acid
      (specific gravity: 1.38). The resulting solution was further mixed with a
      solution containing 100 g (0.414 moles) of cupric nitrate trihydrate and
      61.6 g (0.207 moles) of zinc nitrate hexahydrate dissolved in 2,500 ml of
      water to prepare a solution No. 1. 109.4 g (1.032 moles) of sodium
      carbonate was dissolved in 4,200 ml of water to prepare a solution No. 2.
PAR  The solutions Nos. 1 and 2 were heated separately to 75.degree.-
      80.degree.C, and mixed together while sufficiently stirring these
      solutions. After the mixing, the resulting mixture was stirred for about 2
      hours, and then filtered and washed, and subjected to the same operations
      as used in the case of the Catalyst A preparation, to prepare Catalyst D.
PAR  To determine the durability of the catalyst, the results of activity test
      after the synthesis at 360.degree.C are shown together in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
                Methanol concentration in                                      
                outlet gas (% by mole)                                         
                Initial  After       After                                     
                activity 2 hours     20 hours                                  
                         at 360.degree.C                                       
                                     at 360.degree.C                           
     ______________________________________                                    
     Catalyst A   42.0       38.0        32.0                                  
     Catalyst B   30.0       15.0         5.0                                  
     Catalyst C   21.0       24.0        14.0                                  
     Catalyst D   35.0       32.0        25.0                                  
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  80 g (0.331 mole) of cupric nitrate trihydrate and 49.2 g (0.165 moles) of
      zinc nitrate hexahydrate were dissolved in about 800 ml of water to
      prepare a solution No. 1. 31.1 g (0.0829 moles) of borax was dissolved in
      300 ml of water to prepare a solution No. 2. 60.6 g (0.573 moles) of
      sodium carbonate was dissolved in 1,300 ml of water to prepare a solution
      No. 3.
PAR  First of all, nitric acid was added to the solution No. 2 to adjust pH to
      about 5, and then mixed with the solution No. 1 to prepare a solution No.
      4. The solution No. 4 was added to the solution No. 3, while sufficiently
      stirring the solution No. 3, and the resulting mixture was further stirred
      for about 3 hours. The resulting precipitates were filtered and washed,
      and then subjected to drying, calcination, molding into tablets, crushing
      and reduction in the same manner as in the case of the Catalyst A
      preparation of Example 1.
PAR  The resulting catalyst had an atomic ratio of Cu : Zn: B = 65.9 : 31.8 :
      2.3. (which will be hereinafter referred to as Catalyst E) was subjected
      to activity test for methanol synthesis, using a feed gas having the same
      composition as used in Example 1, at a reaction pressure of 140
      kg/cm.sup.2, reaction temperature of 280.degree.C and space velocity of 5
      .times. 10.sup.4 hr.sup..sup.-1. The methanol concentration in outlet gas
      at that time is shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                Methanol concentration in                                      
                outlet gas (% by mole)                                         
                Initial  After       After                                     
                activity 2 hours     20 hours                                  
                         at 360.degree.C                                       
                                     at 360.degree.C                           
     ______________________________________                                    
     Catalyst E   23.0       19.0        17.0                                  
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  30 g (0.1242 moles) of cupric nitrate trihydrate, 27.7 g (0.0932 moles) of
      zinc nitrate hexahydrate and 5.8 g (0.0938 moles) of boric acid were
      dissolved in about 1,000 ml of deionized water to prepare a solution No.
      1. 27.7 g (0.213 moles) of sodium carbonate was dissolved in about 1,000
      ml of deionized water to prepare a solution No. 2. The solutions Nos. 1
      and 2 were mixed together, and then subjected to the same operations as
      used in the case of the Catalyst A preparation of Example 1, to prepare
      Catalyst F. The Catalyst thus prepared had an atomic ratio of Cu : Zn : B
      = 57.0 : 42.0 : 1.0. The catalyst was subjected to activity test at a
      space velocity of about 13,000 hr.sup..sup.-1, pressure of 60 kg/cm.sup.2
      or 100 kg/cm.sup.2 and the temperature given in Table 3, using a feed gas
      having the following inlet gas composition: 4.83 % of carbon monoxide,
      2.45 % of carbon dioxide, 68.07 % of hydrogen, 0.32 % of methane and 24.33
      % of nitrogen (by volume). The result is shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
                  Methanol concentration in                                    
                  outlet gas (% by mole)                                       
                  Reaction temperature                                         
     Reaction pressure                                                         
                    220.degree.C                                               
                              235.degree.C                                     
                                        250.degree.C                           
     ______________________________________                                    
     100 kg/cm.sup.2                                                           
                    3.5       4.5       6.0                                    
      60 kg/cm.sup.2                                                           
                    1.0       2.0       4.0                                    
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Catalyst having an atomic ratio of Cu : Zn : B = 57.6 : 41.9 : 0.5
      (Catalyst G) and catalyst having an atomic ratio of Cu : Zn : B = 75.3 :
      23.9 : 0.8 (Catalyst H) were prepared in the manner similar to that of
      Example 1, using the reagents similar to those of Example 1, and subjected
      to activity test under the same reaction conditions as in Example 1, using
      the same feed gas as used in Example 1. The results are given in Table 4
TBL                Table 4                                                     
     ______________________________________                                    
                Methanol concentration in                                      
                outlet gas (% by mole)                                         
                Initial  After       After                                     
                activity 2 hours     20 hours                                  
                         at 360.degree.C                                       
                                     at 360.degree.C                           
     ______________________________________                                    
     Catalyst G   38.0       30.0        25.0                                  
     Catalyst H   40.0       31.0        27.0                                  
     ______________________________________                                    
PAR  As is apparent from the foregoing examples, the present catalyst has a very
      high catalytic activity, and is useful for low pressure methanol synthesis
     .
CLMS
NUM  1.
PAR  1. In a process for synthesizing methanol by the reaction of hydrogen and
      an oxide of carbon, the improvement which comprises carrying out the
      reaction in the presence of a catalyst comprising oxides of copper, zinc
      and boron in an atomic ratio of copper: zinc: boron of 20 to 70: 15 to 50:
      0.3 to 5.3 at a reaction pressure of 20 to 500 kg/cm.sup.2, a reaction
      temperature of 150.degree. to 350.degree.C and a space velocity of 2,000
NUM  2.
PAR  2. A process according to claim 1, wherein the reaction pressure is 30 to
      150 kg/cm.sup.2 and the reaction temperature is 200.degree. to
      280.degree.C.
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ABST
PAL  N-sulfenylated-N-methyl-carbamic acid esters of 2-oximino-alkanecarboxylic
      acid nitriles of the formula
      ##EQU1##
      in which R.sub.1 is alkyl, cycloalkyl, or alkyl-substituted cycloalkyl,
      and
PA1  R.sub.2 is a C.sub.1-8 aliphatic radical substituted by halogen; aryl; aryl
      substituted by halogen, methyl, trifluoromethyl or nitro; or the radical
      of the formula
      ##EQU2##
      wherein R.sub.3 is alkyl, and
PA1  R.sub.4 is alkyl, haloalkyl, aryl, or aryl substituted by halogen, methyl
      or nitro,
PAL  Which possess insecticidal, acaricidal, fungicidal and bactericidal
      properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new N-sulfenylated-N-methyl-carbamic acid esters of
      2-oximino-alkanecarboxylic acid nitriles, which possess insecticidal,
      acaricidal, fungicidal or bactericidal properties, active compositions in
      the form of mixtures of such compounds with solid and liquid dispersible
      carrier vehicles, and methods for producing such compounds and for using
      such compounds in a new way especially for combating pests, e.g. insects,
      acarids, fungi and bacteria, with other and further objects becoming
      apparent from a study of the within specification and accompanying
      examples.
PAR  It has been disclosed in German Offenlegungsschrift DOS 2,016,623 that
      N-trihalomethyl-sulfenylated N-methylcarbamidoximes, for example
      1-methylthio-(Compound A) and
      1-ethylthio-acetaldehyde-O-(N-trichloromethylthio-N-methylcarbamoyl)-oxime
      (Compound B) and 1-methylthio- (Compound C) and
      1-ethylthio-acetaldehyde-O-(N-fluorodichloromethylthio-N-methyl-carbamoyl)
     -oxime (Compound D), display insecticidal, acaricidal and fungicidal
      properties.
PAR  The present invention provides N-sulfenylated-N-methyl-carbamic acid esters
      of 2-oximino-alkanecarboxylic acid nitriles of the formula
      ##EQU3##
      in which R.sub.1 is alkyl, cycloalkyl, or alkyl-substituted cycloalkyl,
      and
PA1  R.sub.2 is a C.sub.1-8 aliphatic radical substituted by halogen; aryl; aryl
      substituted by halogen, methyl, trifluoromethyl or nitro; or the radical
      of the formula
      ##EQU4##
      wherein R.sub.3 is alkyl, and
PA1  R.sub.4 is alkyl, haloalkyl, aryl, or aryl substituted by halogen, methyl
      or nitro.
PAR  Preferably, R.sub.1 is alkyl of one to six carbon atoms, cyclohexyl or
      cycloheptyl optionally substituted by alkyl of one to four carbon atoms
      such as methyl, and R.sub.2 is chlorine-and/or fluorine-substituted
      methyl, phenyl, methyl, chlorine-and/or trifluoromethyl-substituted
      phenyl, or the radical of the formula
      ##SPC1##
PAL  In which
PA1  X is chlorine or methyl.
PAR  It is distinctly surprising that the compounds according to the invention
      display a greater insecticidal and acaricidal action than the previously
      known N-trihalomethylsulfenylated N-methyl-carbamidoximes. In addition to
      their insecticidal and acaricidal action, the compounds according to the
      invention are also fungicidally active. The compounds according to the
      invention thus represent an enrichment of the art.
PAR  The invention also provides a process for the production of a
      N-sulfenylated N-methylcarbamidoxime of the formula (I) in which a
      N-sulfenylated N-methylcarbamic acid fluoride of the general formula
      ##EQU5##
      in which R.sub.2 has the abovementioned meaning
PAL  is reacted with a 2-oximinonitrile of the general formula
      ##EQU6##
      in which R.sub.1 has the abovementioned meaning
PAL  in the form of a salt or in the presence of an acid-binding agent, and in
      the presence of a diluent.
PAR  The course of the reaction can be represented by the following equation
      when using N-(fluorodichloromethylthio)-N-methylcarbamic acid fluoride and
      2-oximino-3,3-dimethyl-butyronitrile as starting compounds:
      ##EQU7##
PAR  The formula (II) provides a general definition of the N-sulfenylated
      N-methylcarbamic acid fluorides used as starting products. Some of these
      compounds are described in German Auslegeschrift DAS 1,297,095, and some
      may be prepared according to processes described in application Ser. No.
      408,253, filed Oct. 19, 1973, now pending, the disclosure of which is
      incorporated herein by reference. Thus, carbamic acid fluorides, for
      example N-methyl-(p-toluenesulfonic acid methylamide-N'-sulfenyl)-carbamic
      acid fluoride, may be obtained by reacting the sodium salt of the
      corresponding arylsulfonic acid methylamides with disulfur dichloride. The
      disulfide thus obtained is then split by means of chlorine to give the
      sulfenic acid chloride and the latter is reacted with N-methyl-carbamic
      acid fluoride. This method of synthesis is illustrated by the following
      formula scheme:
      ##SPC2##
PAR  The 2-oximinonitriles required for the reaction, defined by formula (III),
      are known compounds and are obtained by oxidation of
      2-hydroxylaminonitriles as shown in Journal of Organic Chemistry 25, 1471
      (1960). They can also be obtained by a process which has not been
      published, by reacting 2-iminonitriles with salts of hydroxylamine.
PAR  The following 2-oximinonitriles are preferred: 2-oximino-propionitrile,
      -butyronitrile, -valeronitrile, -3,3-dimethylvaleronitrile and
      -3,3-dimethylbutyronitrile, and 2-oximino-3-methylhexahydrobenzonitrile.
PAR  All inert organic solvents can be used as diluents. These include ethers,
      such as diethyl ether, tetrahydrofuran and dioxane, hydrocarbons, such as
      benzene, and chlorinated hydrocarbons, such as chloroform and
      chlorobenzene.
PAR  To bind the hydrogen fluoride produced in the reaction, a tertiary base,
      such as triethylamine, or inorganic bases, such as alkali metal hydroxides
      or carbonates, are added to the reaction mixture. Alternatively, it is
      possible to react salts of the oximes in water, especially alkali metal
      salts.
PAR  The reaction temperatures can be varied within a wide range and are in
      general about 0.degree. to 100.degree.C, preferably
      20.degree.-40.degree.C.
PAR  In general, equimolar quantities may be used when carrying out the process.
      In many cases it has proved advantageous to employ the oxime component in
      a slight excess, e.g. up to about 20 per cent by weight.
PAR  The reaction mixture is worked up in the usual manner.
PAR  The compounds according to the invention are either obtained in the form of
      oils of yellow color or are colorless crystalline substances.
PAR  The new compounds display excellent insecticidal, acaricidal, fungicidal
      and bactericidal properties. They are therefore particularly suitable for
      combating sucking and biting insects, diptera, mites and plant-pathogenic
      fungi. For this reason they are employed in plant protection and against
      hygiene pests and pests of stored products. They can also be used as seed
      dressings.
PAR  To the sucking insects there belong, in the main, aphids (Aphidae) such as
      the green peach aphid (Myzus persicae), the bean aphid (Doralis fabae),
      the bird cherry aphid (Rhopalosiphum padi), the pea aphid (Macrosiphum
      pisi) and the potato aphid (Macrosiphum solanifolii), the currant gall
      aphid (Cryptomyzus korschelti), the rosy apple aphid (Sappaphis mali), the
      mealy plum aphid (Hyalopterus arundinis) and the cherry black-fly (Myzus
      cerasi); in addition, scales and mealybugs (Coccina), for example the
      oleander scale (Aspidiotus hederae) and the soft scale (Lecanium
      hesperidum) as well as the grape mealybug (Pseudococcus maritimus); thrips
      (Thysanoptera), such as Hercinothrips femoralis, and bugs, for example the
      beet bug (Piesma quadrata), the red cotton bug (Dysdercus intermedius),
      the bed bug (Cimex lectularius), the assassin bug (Rhodnius prolixus) and
      Chagas' bug (Triatoma infestans) and, further, cicadas, such as Euscelis
      bilobatus and Nephotettix bipunctatus.
PAR  In the case of the biting insects, above all there should be mentioned
      butterfly and moth caterpillars (Lepidoptera) such as the diamond-back
      moth (Plutella maculipennis), the gypsy moth (Lymantria dispar), the
      brown-tail moth (Euproctis chrysorrhoea) and tent caterpillar (Malacosoma
      neustria); further, the cabbage moth (Mamestra brassicae) and the cutworm
      (Agrotis segetum), the large white butterfly (Pieris brassicae), the small
      winter moth (Cheimatobia brumata), the green oak tortrix moth (Tortrix
      viridana), the fall armyworm (Laphygma frugiperda) and cotton worm
      (Prodenia litura), the ermine moth (Hyponomeuta padella), the
      Mediterranean flour moth (Ephestia kuhniella) and greater wax moth
      (Galleria mellonella).
PAR  Also to be classed with the biting insects are beetles (Coleoptera), for
      example the granary weevil (Sitophilus granarius = Calandra granaria), the
      Colorado beetle (Leptinotarsa decemlineata), the dock beetle (Gastrophysa
      viridula), the mustard beetle (Phaedon cochleariae), the blossom beetle
      (Meligethes aeneus), the raspberry beetle (Byturus tomentosus), the bean
      weevil (Bruchidius = Acanthoscelides obtectus), the leather beetle
      (Dermestes frischi), the khapra beetle (Trogoderma granarium), the flour
      beetle (Tribolium castaneum), the northern corn billbug (Calandra or
      Sitophilus zeamais), the drugstore beetle (Stegobium paniceum), the yellow
      mealworm (Tenebrio molitor) and the saw-toothed grain beetle (Oryzaephilus
      surinamensis), and also species living in the soil, for example wireworms
      (Agriotes spec.) and larvae of the cockchafer (Melolontha melolontha);
      cockroaches, such as the German cockroach (Blattella germanica), American
      cockroach (Periplaneta americana), Madeira cockroach (Leucophaea or
      Rhyparobia maderae), oriental cockroach (Blatta orientalis), the giant
      cockroach (Blaberus giganteus) and the black giant cockroach (Blaberus
      fuscus) as well as Henschoutedenia flexivitta; further, Orthoptera, for
      example the house cricket (Gryllus domesticus); termites such as the
      eastern subterranean termite (Reticulitermes flavipes) and Hymenoptera
      such as ants, for example the garden ant (Lasius niger).
PAR  The Diptera comprise essentially the flies, such as the vinegar fly
      (Drosophila melanogaster), the Mediterranean fruit fly (Ceratitis
      capitata), the house fly (Musca domestica), the little house fly (Fannia
      canicularis), the black blow fly (Phormia regina) and bluebottle fly
      (Calliphora erythrocephala) as well as the stable fly (Stomoxys
      calcitrans); further, gnats, for example mosquitoes such as the yellow
      fever mosquito (Aedes aegypti), the northern house mosquito (Culex
      pipiens) and the malaria mosquito (Anopheles stephensi).
PAR  With the mites (Acari) there are classed, in particular, the spider mites
      (Tetranychidae) such as the two-spotted spider mite (Tetranychus urticae)
      and the European red mite (Paratetranychus pilosus = Panonychus ulmi),
      gall mites, for example the blackcurrent gall mite (Eriophyes ribis) and
      tarsonemids, for example the broad mite (Hemitarsonemus latus) and the
      cyclamen mite (Tarsonemus pallidus); finally, ticks, such as the relapsing
      fever tick (Ornithodorus moubata).
PAR  When applied against hygiene pests and pests of stored products,
      particularly flies and mosquitoes, the novel products are also
      distinguished by an outstanding residual activity on wood and clay, as
      well as a good stability to alkali on limed substrates.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alumina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl celulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other insecticides, acaricides,
      fungicides and bactericides, or rodenticides, nematocides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e., mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1,000 gg/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. insects, acarids, fungi and
      bacteria, and more particularly methods of combating at least one of
      insects, acarids and fungi, which comprises applying to at least one of
      correspondingly (a) such insects, (b) such acarids, (c) such fungi, (d)
      such bacteria, and (e) the corresponding habitat thereof, i.e., the locus
      to be protected, a correspondingly combative or toxic amount, i.e., an
      insecticidally, acaricidally, fungicidally or bactericidally effective
      amount, of the particular active compound of the invention alone or
      together with a carrier vehicle as noted above. The instant formulations
      or compositions are applied in the usual manner, for instance by spraying,
      atomizing, vaporizing, scattering, dusting, watering, squirting,
      sprinkling, pouring, fumigating, dressing, encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
PAC  EXAMPLE 1
PAC  Dorsophila test
PA0  Solvent: 3 parts by weight of dimethylformamide
PA0  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound was mixed with the stated amount of solvent containing
      the stated amount of emulsifier, and the concentrate was diluted with
      water to the desired concentration.
PAR  1 ml of the preparation of the active compound was applied with a pipette
      to a filter paper disc of 7 cm diameter. The wet disc was placed in glass
      vessel containing 50 vinegar flies (Drosophila melanogaster) and covered
      with a glass plate.
PAR  After the specified periods of time, the destruction was determined as a
      percentage: 100% means that all of the flies were killed; 0% means that
      none of the flies were killed.
PAR  The active compounds, their concentrations, the evaluation times and the
      degree of destruction can be seen from the following table:
      ##SPC3##
PAC  EXAMPLE 2
PAC  Plutella test
PA0  Solvent: 3 parts by weight of dimethylformamide
PA0  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound was mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate was diluted with water
      to the desired concentration.
PAR  Cabbage leaves (Brassica oleracea) were sprayed with the preparation of the
      active compound until dew moist and were then infested with caterpillars
      of the diamond-back moth (Plutella maculipennis).
PAR  After the specified periods of time, the degree of destruction was
      determined as a percentage: 100% means that all the caterpillars were
      killed whereas 0% means that none of the capterpillars were killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation times and the results can be seen from the following Table:
      ##SPC4##
PAC  EXAMPLE 3
PAC  Rhopalosiphum test (systemic action)
PA0  Solvent: 3 parts by weight of dimethylformamide
PA0  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound 1 part by weight of
      the active compound was mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate was diluted with water
      to the desired concentration.
PAR  Oat plants (Avena sativa) which had been strongly infested with the bird
      cherry aphid (Rhopalosiphum padi) were watered with the preparation of the
      active compound so that the preparation penetrated into the soil without
      wetting the leaves of the oat plants. The active compound was taken up by
      the oat plants from the soil and thus reached the infested leaves.
PAR  After the specified periods of time, the degree of destruction was
      determined as a percentage: 100% means that all the aphids were killed
      whereas 0% means that none of the aphids were killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation times and the results can be seen from the following Table:
      ##SPC5##
PAC  EXAMPLE 4
PAC  Tetranychus test (resistant)
PA0  Solvent: 3 parts by weight of dimethylformamide
PA0  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound was mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate was diluted with water
      to the desired concentration.
PAR  Bean plants (Phaseolus vulgaris), which had a height of approximately 10-30
      cm, were sprayed with the preparation of the active compound until
      dripping wet. These bean plants were heavily infested with the two-spotted
      spider mite (Tetranychus urticae) in all stages of development.
PAR  After the specified periods of time, the effectiveness of the preparation
      of active compound was determined by counting the dead mites. The degree
      of destruction thus obtained is expressed as a percentage: 100% means that
      all the spider mites were killed whereas 0% means that none of the spider
      mites were killed.
PAR  The active compounds, the concentrations of the active compounds, the
      valuation times and the results can be seen from the following Table:
      ##SPC6##
PAC  EXAMPLE 5
PAC  LT.sub.100 test for Diptera
PA0  Test insects: Musca domestica and Aedes aegypti
PA0  Solvent: Acetone
PAR  2 parts by weight of active compound were dissolved in 1000 parts by volume
      of solvent. The solution so obtained was diluted with further solvent to
      the desired lower concentrations.
PAR  2.5 ml of the solution of active compound were pipetted into a Petri dish.
      On the bottom of the Petri dish there was a filter paper with a diameter
      of about 9.5 cm. The Petri dish remained uncovered until the solvent had
      completely evaporated. The amount of active compound per square meter of
      filter paper varied with the concentration of the solution of active
      compound used. About 25 test insects were then placed in the Petri dish
      and it was covered with a glass lid.
PAR  The condition of the test insects was continuously observed. The time which
      was necessary for a 100% knock down effect was determined.
PAR  The test insects, the active compounds, the concentrations of the active
      compounds and the periods of time at which there was a 100% knock down
      effect can be seen from the following Table:
      ##SPC7##
PAC  EXAMPLE 6
PAC  Mycelium growth test
PA0  Nutrient medium used:
PA1  20 parts by weight of agar-agar
PA1  200 parts by weight of potato decoction
PA1  5 parts by weight of malt
PA1  15 parts by weight of dextrose
PA1  5 parts by weight of peptone
PA1  2 parts by weight of Na.sub.2 HPO.sub.4
PA1  0.3 part by weight of Ca(NO.sub.3).sub.2
PA0  Proportion of solvent to nutrient medium:
PA1  2 parts by weight of solvent mixture
PA1  100 parts by weight of agar nutrient medium
PA0  Composition of solvent mixture
PA1  0.19 part by weight of DMF or acetone
PA1  0.01 part by weight of emulsifier Emulvin W
PA1  1.80 parts by weight of water
PA1  2 parts by weight of solvent mixture
PAR  The amount of active compound required for the desired concentration of
      active compound in the nutrient medium was mixed with the stated amount of
      solvent. The concentrate was thoroughly mixed, in the stated proportion,
      with the liquid nutrient medium (which had been cooled to 42.degree.C) and
      was then poured into Petri dishes of 9 cm diameter. Control dishes to
      which the preparation had not been added were also set up.
PAR  When the nutrient medium had cooled and solidified, the dishes were
      inoculated with the species of fungi stated in Table 6 and incubated at
      about 21.degree.C.
PAR  Evaluation was carried out after 4-10 days, dependent upon the speed of
      growth of the fungi. When evaluation was carried out the radial growth of
      the mycelium on the treated nutrient media was compared with the growth on
      the control nutrient media. In the evaluation of the fungus growth, the
      following characteristic values are used:
TBL          1 no fungus growth                                                
     up to   3 very strong inhibition of growth                                
     up to   5 medium inhibition of growth                                     
     up to   7 slight inhibition of growth                                     
             9 growth equal to that of untreated control                       
PAR  The active compounds, their concentrations and the results obtained can be
      seen from the following Table:
      ##SPC8##
PAC  EXAMPLE 7
      ##EQU8##
PAR  11.4 g (0.1 mole) of 2-oximino-3,3-dimethylbutyronitrile and 21 g (0.1
      mole) of N-(fluorodichloromethylmercapto)-methylcarbamic acid fluoride
      were dissolved in 100 ml of dioxane and 11 g of triethylamine were added
      dropwise at room temperature. In the course thereof, the temperature rose
      to about 40.degree.C. After completion of the reaction, water was added in
      the cold and the oil which thereupon separated out was taken up in ether.
      After drying, the ether solution was concentrated. The residue which
      crystallized slowly was recrystallized from aqueous methanol. Yield 22 g.
      Melting point 40.degree. - 41.degree.C.
PAR  The following compounds were obtained analogously
      ##SPC9##
PAR  Other compounds which may be similarly prepared include the:
PA1  N-(2-nitrophenylmercapto)-N-methyl-carbamic acid ester of
      2-oximino-propionitrile,
PA1  N-(n'-isopropyl-N'-t-butyl-sulfonamidomercapto)-N-methyl-carbamic acid
      ester of 2-oximino-octanoic acid nitrile,
PA1  N-(n'-ethyl-N'-2-bromoethylsulfonamidomercapto)-N-methyl-carbamic acid
      ester of 2-cycloheptyl-2-oximinoacetonitrile,
PAL  and the like.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An N-sulfenylated-N-methylcarbamic acid ester of a
      2-oximino-alkanecarboxylic acid nitrile of the formula
      ##EQU9##
      in which R.sub.1 is alkyl of one to six carbon atoms, or cyclohexyl or
      cycloheptyl optionally substituted by alkyl of one to four carbon atoms,
      and
PA1  R.sub.2 is methyl substituted by at least one of fluoro of chloro, phenyl,
      methylphenyl, fluorophenyl, trifluoromethylphenyl, or the radical of the
      formula
      ##SPC10##
PAL  in which
PA1  X is chlorine or methyl.
NUM  2.
PAR  2. A compound according to claim 1 in which R.sub.1 is alkyl of one to six
      carbon atoms, or cyclohexyl or cycloheptyl optionally substituted by alkyl
      of one to four carbon atoms, and R.sub.2 is chloromethyl, fluoromethyl,
      phenyl, methylphenyl, fluorophenyl, trifluoromethylphenyl, or the radical
      of the formula
      ##SPC11##
PAL  in which
PA1  X is chlorine or methyl.
NUM  3.
PAR  3. The compound according to claim 1 wherein such compound is
      N-(fluorodichloro-methylmercapto)-N-methyl-carbamic acid ester of
      2-oximino-3-methyl-butyronitrile of the formula
      ##EQU10##
NUM  4.
PAR  4. The compound according to claim 1 wherein such compound is
      N-(3-trifluoromethylphenylmercapto)-N-methyl-carbamic acid ester of
      2-oximino-3,3-dimethylbutyronitrile of the formula
      ##SPC12##
NUM  5.
PAR  5. The compound according to claim 1 wherein such compound is
      N-(4-chlorophenylmercapto)-N-methylcarbamic acid ester of
      2-oximino-3,3-di-methyl-butyronitrile of the formula
      ##SPC13##
NUM  6.
PAR  6. The compound according to claim 1 wherein such compound is
      N-phenylmercapto-N-methyl-carbamic acid ester of 2-oximino-valeronitrile
      of the formula
      ##SPC14##
NUM  7.
PAR  7. The compound according to claim 1 wherein such compound is
      N-(4-chlorophenylmercapto)-N-methyl-carbamic acid ester of
      3-methyl-butyronitrile of the formula
      ##SPC15##
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ABST
PAL  A novel class of D-homosteroids is disclosed. These compounds have potent
      endocrinal activity, particularly as anti-inflammatory agents.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The D-homosteroids provided by the present invention have the following
      general formula
      ##SPC1##
PAL  Wherein
PA1  R.sup.6 represents a hydrogen, fluorine, chlorine or bromine atom or a
      methyl group;
PA1  R.sup.11 represents a fluorine or chlorine atom or a hydroxy group;
PA1  R.sup.9 represents a hydrogen, fluorine, chlorine or bromine atom when
      R.sup.11 represents a hydroxy group and R.sup.9 represents a chlorine or
      bromine atom when R.sup.11 represents a fluorine or chlorine atom;
PA1  R.sup.21 represents a halogen atom or R when R.sup.11 represents a hydroxy
      group and R.sup.21 represents a halogen atom or a hydroxy or acyloxy group
      or R when R.sup.11 represents a fluorine or chlorine atom;
PA1  R represents a sulphate or phosphate residue or the residue of a
      dicarboxylic acid or tricarboxylic acid in the form of a water-soluble
      salt;
PA1  R.sup.17a represents a hydroxy or acyloxy group; and
PA2  The broken line in the 1,2-position denotes an optional bond.
PAR  As used in this description and in the accompanying claims, the term
      "halogen" means fluorine, chlorine, bromine and iodine. An acyloxy group
      can be derived from a saturated or unsaturated aliphatic monocarboxylic
      acid, a cycloaliphatic, araliphatic or an aromatic monocarboxylic acid
      preferably containing up to 15 carbon atoms. Example of such acids are
      formic acid, acetic acid, pivalic acid, propionic acid, butyric acid,
      caproic acid, oenanthic acid, undecylenic acid, oleic acid,
      cyclopentylpropionic acid, cyclohexylpropionic acid, phenylacetic acid and
      benzoic acid. Especially preferred acyloxy groups are alkanoyloxy groups
      containing from 1 to 7 carbon atoms. A residue of a dicarboxylic acid or
      tricarboxylic acid can be derived, for example, from oxalic acid, malonic
      acid, succinic acid, fumaric acid, malic acid, tartatic acid or citric
      acid, preferably from succinic acid. The preferred water-soluble salts of
      such acid residues are the alkali metal salts such as the sodium and
      potassium salts and the ammonium salts.
PAR  It will be appreciated that formula I hereinbefore embraces D-homosteroids
      of the general formulae
      ##SPC2##
PAL  Wherein
PA1  R.sup.6 represents a hydrogen, fluorine, chlorine or bromine atom or the
      methyl group;
PA1  R.sup.91 represents a hydrogen, fluorine, chlorine or bromine atom;
PA1  R.sup.92 represents a chlorine or bromine atom;
PA1  R.sup.110 represents a fluorine or chlorine atom;
PA1  R.sup.211 represents a halogen atom or R;
PA1  R.sup.213 represents a halogen atom or a hydroxy or acyloxy group or R;
PA1  R represents a sulphate or phosphate residue or the residue of a
      dicarboxylic or tricarboxylic acid in the form of a water-soluble salt;
PA1  R.sup.17a represents a hydroxy or acyloxy group; and
PA2  The broken line in the 1,2-position denotes an optional bond.
PAR  Of the D-homosteroids of the foregoing formulae which are substituted in
      the 6-position, the 6.alpha.-isomers are preferred.
PAR  According to the process provided by the present invention, the
      D-homosteroids of formula I hereinbefore are manufactured by
PA1  a. hydroxylating a D-homosteroid of the general formula
      ##SPC3##
PAL  , wherein
PA1  R.sup.210 represents a halogen atom and
PA1  R.sup.6, r.sup.17a and the broken line in the 1,2-position have the
      significance given earlier,
PAL  in the 11-position by means of microorganisms or enzymes obtained
      therefrom, or
PA1  b. adding a halogen, hypochlorous or hypobromous acid to the 9,11-double
      bond of a D-homosteroid of the general formula
      ##SPC4##
PAL  , wherein
PA1  R.sup.212 represents a hydrogen or halogen atom or R and
PA1  R, r.sup.6, r.sup.17a and the broken line in the 1,2-position have the
      significance given earlier, or
PA1  c. treating a D-homosteroid of the general formula
      ##SPC5##
PAL  , wherein
PA1  R.sup.211 represents a halogen atom or R and
PA1  R, r.sup.17a and the broken line in the 1,2-position have the significance
      given earlier,
PAL  with hydrogen fluoride, hydrogen chloride or hydrogen bromide, or
PA1  d. dehydrogenating a D-homosteroid of the general formula
      ##SPC6##
PAL  , wherein
PA1  R.sup.6, r.sup.9, r.sup.11, r.sup.17a and R.sup.21 have the significance
      given earlier,
PAL  in the 1,2-position, or
PA1  e. halogenating a D-homosteroid of the general formula
      ##SPC7##
PAL  , wherein
PA1  R.sup.6, r.sup.9, r.sup.11, r.sup.17a and the broken line in the
      1,2-position have the significance given earlier and
PA1  R.sup.20 represents a methyl or hydroxymethyl group,
PAL  in the 21-position, or
PA1  f. treating a D-homosteroid of the general formula
      ##SPC8##
PAL  , wherein
PA1  R.sup.6, r.sup.9, r.sup.11, r.sup.17a and the broken line in the
      1,2-position have the significance given earlier and
PA1  R.sup.201 represents a hydroxymethyl, halomethyl or diiodomethyl group,
PAL  with an acylating agent, or
PA1  g. converting the group R.sup.201 in a D-homosteroid of the general formula
      ##SPC9##
PAL  , wherein
PA1  R.sup.6, r.sup.9, r.sup.11, r.sup.17a and the broken line in the
      1,2-position have the significance given earlier and
PA1  R.sup.201 represents a hydroxymethyl, halomethyl or diiodomethyl group,
PAL  into the group --CH.sub.2 --R' in which R' represents a sulphate or
      phosphate residue, or
PA1  h. saponifying an acyloxy group in a D-homosteroid of formula I in which at
      least one of R.sup.17a and R.sup.21 represents an acyloxy group, or
PA1  i. fluorinating, chlorinating or brominating a D-homosteroid of the general
      formula
      ##SPC10##
PAL  , wherein
PA1  R.sup.9, r.sup.11, r.sup.17a and R.sup.21 have the significance given
      earlier and
PA1  R.sup.3 represents an esterified or etherified hydroxy group,
PAL  in the 6-position and, if desired, isomerising a 6.beta.-isomer obtained to
      a 6.alpha.-isomer, or
PA1  k. subjecting a D-homosteroid of the general formula
      ##SPC11##
PAL  , wherein
PA1  R.sup.6, r.sup.9, r.sup.11, r.sup.17a and R.sup.21 have the significance
      given earlier and
PA1  R.sup.5 represents a fluorine, chlorine or bromine atom or a hydroxy group,
PAL  to a HR.sup.5 cleavage, or
PA1   L. methylating a D-homosteroid of the general formula
      ##SPC12##
PAL  , wherein
PA1  R.sup.9, r.sup.11, r.sup.17a, R.sup.21 and the broken line in the
      1,2-position have the significance given earlier,
PAL  in the 6-position and, if desired, isomerising a 6.beta.-isomer to a
      6.alpha.-isomer, or
PA1  m. oxidising the 17a(20)-double bond of a D-homosteroid of the general
      formula
      ##SPC13##
PAL  , wherein
PA1  R.sup.6, r.sup.9, r.sup.11, r.sup.21 and the broken line in the
      1,2-position have the significance given earlier,
PAL  to the hydroxyketone grouping, or
PA1  n. oxidising the 3-hydroxy-.DELTA..sup.5 grouping in a D-homosteroid of the
      general formula
      ##SPC14##
PAL  , wherein
PA1  R.sup.61 represents a hydrogen atom or a methyl group and
PA1  R.sup.9, r.sup.11, r.sup.17a and R.sup.21 have the significance given
      earlier,
PAL  to the 3-keto-.DELTA..sup.4 grouping.
PAR  The hydroxylation of a D-homosteroid of formula II in accordance with
      embodiment (a) of the process can be carried out according to methods
      known per se for the microbiological introduction of an 11-hydroxy group
      into steroids. For the 11-hydroxylation there can be used microorganisms
      of the taxonomic groups fungi and Schizomycetes, especially of the
      sub-groups Ascomycetes, Phycomycetes, Basidiomycetes and Actinomycetales.
      There can also be used mutants produced in a chemical manner (e.g. by
      treatment with nitrite) or in a physical manner (e.g. by irradiation) as
      well as cell-free enzyme preparations obtained from the microorganisms.
      Especially suitable microorganisms for the 11.beta.-hydroxylation are
      those of the genera Curvularia (e.g. C. lunata), Absidia (e.g. A. orchidis
      and coerula), Colletotrichum (e.g. C. pisi), Pellicolaria (e.g. P.
      filamentosa), Streptomyces (e.g. S. fradiae), Cunninghamella (e.g. C.
      bainieri, C. verticellata, C. elegans and C. echinulata) and Pycnosporium.
PAR  In embodiment (b) of the present process, a D-homosteroid of formula III is
      expediently dissolved in a suitable solvent (e.g. an ether such as
      tetrahydrofuran or dioxane, a chlorinated hydrocarbon such as methylene
      chloride or chloroform or a ketone such as acetone) and a halogen or
      hypochlorous or hypobromous acid is allowed to react with the solution.
      The hypochlorous or hypobromous acid is expediently produced in situ in
      the reaction mixture; for example, from N-bromo- or N-chloroamides or
      imides such as N-chlorosuccinimide or N-bromoacetamide and a strong acid,
      preferably perchloric acid. Cl.sub.2, Br.sub.2, BrF, ClF or ClBr can be
      used as the halogen.
PAR  Embodiment (c) of the present process is carried out in a manner known per
      se. Suitably, a D-homosteroid of formula IV is dissolved in an inert
      solvent and the solution treated with an appropriate hydrogen halide. This
      embodiment of the process is preferred for the manufacture of
      9-fluoro-D-homosteroids of formula I.
PAR  The 1,2-dehydrogenation of a D-homosteroid of formula V in accordance with
      embodiment (d) of the present process can be carried out in a manner known
      per se; for example, in a microbiological manner or using a
      dehydrogenating agent such as iodine pentoxide, periodic acid, selenium
      dioxide, 2,3-dichloro-5,6-dicyanobenzoquinone, chloranil or lead
      tetraacetate. Suitable microorganisms for the 1,2-dehydrogenation are, for
      example, Schizomycetes, especially those of the genera Arthrobacter (e.g.
      A. simplex), Bacillus (e.g. B. lentua and B. sphaericus), Pseudomonas
      (e.g. P. aeruginosa), Flavobacterium (e.g. F. flavescens), Lactobacillus
      (e.g. L. brevis) and Nocardia, (e.g. N. opaca).
PAR  The halogenation of a D-homosteroid of formula VI in the 21-position in
      accordance with embodiment (e) of the present process can be carried out
      by reacting a D-homosteroid of formula VI in which R.sup.20 represents a
      methyl group and in which a 3-keto-.DELTA..sup.4 or 3-keto-.DELTA..sup.1,4
      system may be protected (e.g. in the form of a 3-enaminium salt such as a
      3-pyrrolidinium-enamine) in acidic solution with elementary chlorine,
      bromine or iodine. The halogenation can, however, also be carried out
      starting from a D-homosteroid carrying a hydroxy group in the 21-position,
      suitably via the mesylate or tosylate, by reaction with an alkali metal
      halide such as sodium fluoride, sodium chloride or lithium chloride or
      with carbon tetrachloride in triphenylphosphine/dimethylformamide.
PAR  The acylation of a free hydroxy group in the 17a- and/or 21-position of a
      D-homosteroid of formula VII in accordance with embodiment (f) of the
      present process can be carried out in a manner known per se by treatment
      with an acylating agent such as an acyl chloride (e.g. acetyl chloride) or
      an acid anhydride (e.g. succinic acid anhydride), preferably in the
      presence of an acid-binding agent such as pyridine. The acylation of a
      17a-hydroxy group is expediently carried out in the presence of an acid
      catalyst such as p-toluenesulphonic acid, HClO.sub.4 or HCl.
PAR  The selective introduction of an acyl group at the 21-position can be
      carried out by replacing a 21-halogen atom in a D-homosteroid of formula
      VII by an acyloxy group; for example, by warming a D-homosteroid of
      formula VII in which R.sup.201 represents a halomethyl group with an
      appropriate alkali metal acylate or ammonium acylate in the presence of
      the acid corresponding to the acylate (e.g. potassium acetate in glacial
      acetic acid).
PAR  In a particular aspect, a methyl group in the 20-position can first be
      converted into a diiodomethyl group by reaction with iodine in a manner
      known per se and the reaction product reacted with an acylating agent
      (e.g. glacial acetic acid in the presence of a base such as diethylamine).
PAR  The introduction of a phosphate or sulphate residue into the 21-position of
      a D-homosteroid of formula VIII in accordance with embodiment (g) of the
      present process can be carried out in a manner analogous to that described
      earlier in connection with embodiment (f) by reacting a D-homosteroid of
      formula VIII with a phosphate or sulphate (e.g. an alkali metal hydrogen
      phosphate or hydrogen sulphate or sulphur trioxide in pyridine).
PAR  The saponification of an acyloxy group in a D-homosteroid of formula I in
      accordance with embodiment (h) of the present process can be carried out
      in a manner known per se; for example, using aqueous-methanolic potassium
      carbonate solution.
PAR  The halogenation of a D-homosteroid of formula IX or X in the 6-position in
      accordance with embodiment (i) of the present process can be carried out
      in a manner known per se. A D-homosteroid of formula IX can be halogenated
      by treatment with a halogenating agent such as a N-haloamide (e.g.
      N-bromoacetamide) or a N-haloimide (e.g. N-bromosuccinimide or
      N-chlorosuccinimide) or with elementary bromine or chlorine [see J. Am.
      Chem. Soc. 72, 4534 (1950)]. The halogenation of embodiment (i)) is
      preferably carried out by converting a D-homosteroid of formula IX into a
      3-enol ester or 3-enol ether of formula X (e.g. the 3-enol acetate)
      followed by treatment with chlorine or bromine [see J. Am. Chem. Soc. 82,
      1230 (1960)], with a N-haloimide [see J. Am. Chem. Soc. 82, 1230 (1960);
      77, 3827 (1955)] or with perchloryl fluoride [see J. Am. Chem. Soc. 81,
      5259 (1959); Chem. and Ind. 1959, 1317]. In addition, trifluoromethyl
      hypofluorite can also be used as a fluorinating agent.
PAR  The halogenation in accordance with embodiment (i) of the present process
      can also be carried out by converting a corresponding
      4,6-bis-dehydro-D-homosteroid into a 6.alpha.,7.alpha.-epoxide (e.g. by
      treatment with a peracid such as perphthalic acid, m-chloroperbenzoic acid
      or p-nitroperbenzoic acid), treating the 6.alpha.,7.alpha.-epoxide with a
      hydrogen halide and cleaving off water from the resulting
      7-hydroxy-6-halo-D-homosteroid with the elimination of the 7-hydroxy group
      and the introduction of a 6,7-double bond. The chlorination can also be
      carried out using chromyl chloride in methylene chloride or an ether.
PAR  Insofar as the halogenation aforesaid yields mixtures of isomers (i.e.
      mixtures of 6.alpha.- and 6.beta.-halo-D-homosteroids), these mixtures can
      be separated into the individual isomers in accordance with known methods
      such as chromatography.
PAR  The isomerisation of a resulting 6.beta.-halo-D-homosteroid, especially a
      6.beta.-(fluoro or chloro)-D-homosteroid, can be carried out by treatment
      with an acid, especially a mineral acid such as hydrochloric acid or
      hydrobromic acid in a solvent (e.g. dioxane or glacial acetic acid).
PAR  The cleavage HR.sup.5 from a D-homosteriod of formula XI in accordance with
      the embodiment (k) of the present process, namely a dehydration or a
      dehydrohalogenation, can be carried out in a manner known per se. The
      dehydration can be carried out by treatment with an acid (e.g. a mineral
      acid such as hydrochloric acid) or with a base. The dehydrohalogenation
      can be carried out using a base (e.g. an organic base such as pyridine).
PAR  The methylation of a D-homosteroid of formula XII in accordance with
      embodiment (l) of the present process can be carried out, for example, by
      converting a D-homosteroid of formula XII into a 3-enol ether (e.g. by
      treatment with an orthoformic acid ester such as ethyl orthoformate in the
      presence of an acid such as p-toluenesulphonic acid, if desired with the
      addition of the corresponding alcohol, or by treatment with a
      dialkoxypropane such as 2,2-dimethoxypropane in methanol/dimethylformamide
      in the presence of p-toluenesulphonic acid) and reacting the 3-enol ether
      with a tetrahalomethane (e.g. CBr.sub.4, CCl.sub.2 Br.sub.2 or CCl.sub.3
      Br to give the trihalomethyl-.DELTA..sup.4 -3-ketone. The
      trihalomethyl-.DELTA..sup.4 -3-ketone can be dehydrohalogenated with a
      base such as collidine to give the dihalomethylene-.DELTA..sup.4 -3-ketone
      which can, in turn, be converted into the 6.alpha.-methyl-.DELTA..sup.4
      -3-ketone by catalytic hydrogenation under mild conditions (e.g. using a
      palladium/strontium carbonate catalyst) and acid isomerization.
PAR  A further advantageous procedure for the methylation of 1,2-saturated
      D-homosteroids of formula XII consists in converting such a D-homosteroid
      into a 3-enol ether in the manner described earlier, reacting the 3-enol
      ether in a manner known per se to give a corresponding 6-formyl
      derivative, reducing the formyl group with sodium borohydride to the
      hydroxymethyl group and finally dehydrating the product with cleavage of
      the enol ether to give a D-homosteroid of the general formula
      ##SPC15##
PAL  wherein
PA1  R.sup.9, r.sup.11, r.sup.17a and R.sup.21 have the significance given
      earlier.
PAR  6-Methylene-D-homosteroids of formula XV can also be prepared by conversion
      of D-homosteroids of formula XII into a 3-enaminium salt (e.g. the
      3-pyrrolidinium-enamine), hydroxymethylation using formaldehyde and
      water-cleavage by means of acids such as p-toluenesulphonic acid. The
      6-methylene-D-homosteroids of formula XV can then be hydrogenated in the
      usual manner using known hydrogenation catalysts to give the corresponding
      6-methyl-D-homosteroids.
PAR  The isomerisation of a 6.beta.-methyl-D-homosteroid obtained to a
      6.alpha.-methyl-D-homosteroid can be carried out in the manner described
      earlier in connection with the isomerisation of a
      6.beta.-halo-D-homosteroid.
PAR  The oxidation of the 17a(20)-double bond of a D-homosteroid of formula XIII
      in accordance with embodiment m) of the present process can be carried
      out, for example, using an oxidising agent such as a tertiary amine
      N-oxide peroxide in tertbutanol/pyridine in the presence of catalytic
      amounts of osmium tetroxide. Examples of tertiary amine N-oxide peroxides
      are N-methylmorpholine N-oxide peroxide and triethylamine oxide peroxide.
      Alternatively, the oxidation can be carried out using an oxidising agent
      such as osmium tetroxide or permanganate to give a 17a,20-glycol, further
      oxidation of the latter using an oxidising agent such as chromium trioxide
      giving the desired hydroxyketone.
PAR  The oxidation of a D-homosteroid of formula XIV in accordance with
      embodiment n) of the present process can be carried out in a manner known
      per se; for example, according to the Oppenauer procedure (e.g. using
      aluminium isopropylate), or using an oxidising agent such as chromium
      trioxide (e.g. Jones' reagent), or according to the Pfitzner-Moffatt
      procedure using dimethylsulphoxide/dicyclohexylcarbodiimide (the initially
      obtained .DELTA..sup.5 -3-ketone requiring subsequent isomerisation to the
      .DELTA..sup.4 -3-ketone) or using pyridine/sulphur trioxide.
PAR  The starting materials required for the foregoing process, insofar as they
      are not known or described hereinafter, can be prepared in accordance with
      known methods or in a manner analogous to the methods described in the
      Examples hereinafter.
PAR  The D-homosteroids of formula I hereinbefore possess endocrinal, especially
      antiinflammatory, activity. They are characterised by having a selective
      activity, 9,11-dihalo-D-homosteroids of formula I, for example have
      especially strong topical activity with a weaker systemic activity.
PAR  The D-homosteroids of formula I can be used as medicaments; for example, in
      the form of pharmaceutical preparations which contain them in association
      with a compatible pharmaceutical carrier. This carrier can be an organic
      or inorganic inert carrier material suitable for enteral, percutaneous or
      parenteral administration such as, for example, water, gelatine, gum
      arabic, lactose, starch, magnesium stearate, talc, vegetable oils,
      polyalkylene glycols, petroleum jelly and the like. The pharmaceutical
      preparations can be made up in solid form (e.g. as tablets, dragees,
      suppositories or capsules), in semi-solid form (e.g. as salves) or in
      liquid form (e.g. as solution, suspension or emulsions). The
      pharmaceutical preparations may be sterilised and/or may contain adjuvants
      such as preservatives, stabilisers, wetting agents, emulsifiers, salts for
      varying the osmotic pressure or buffers. The pharmaceutical preparations
      can also contain therapeutically valuable substances other than the
      D-homosteroids provided by the present invention.
PAR  In general, the dosage range in the case of pharmaceutical preparations for
      topical administration can be about 0.01-1% and the dosage range in the
      case of preparations for systemic administration can be about 0.1-10 mg
      per unit of administration.
PAR  The pharmaceutical preparations can be prepared in a manner known per se by
      mixing a D-homosteroid of formula I with non-toxic, solid and/or liquid
      carrier materials which are customary in pharmaceutical preparations and
      which are suitable for therapeutic administration (e.g. those carrier
      materials mentioned hereinbefore) and, if desired, transforming the
      mixture into the desired pharmaceutical dosage form.
PAR  the following Examples illustrate the process provided by the present
      invention:
DETD
PAC  EXAMPLE 1
PAR  400 mg of 21-acetoxy-17a-hydroxy-D-homopregna-4,9(11)-diene-3,20-dione in 5
      ml of chloroform are treated dropwise with 1.2 ml of carbon tetrachloride
      saturated with chlorine. After 1 hour, the chloroform solution is washed
      with water, dried and evaporated. After chromatography on silica gel,
      there are obtained 180 mg of
      21-acetoxy-9.alpha.,11.beta.-dichloro-17a-hydroxy-D-homopregn-4-ene-3,20-d
     ione of melting point 225.degree.-228.degree.C: UV: .epsilon..sub.240 =
      15800; [.alpha.].sub.D = +150.degree. (c = 0.103% in dioxane).
PAR  The starting material can be prepared as follows:
PAR  D-Homohydrocortisone acetate is dehydrated with methanesulphonyl chloride
      in dimethylformamide in the presence of pyridine at an elevated
      temperature. There is obtained
      21-acetoxy-17a-hydroxy-D-homopregna-4,9(11)-diene-3,20-dione of melting
      point 238.degree.-240.degree.C; [.alpha.].sub.D = +71.degree. (c = 0.104%
      in dioxane); UV: .epsilon..sub.239 = 16750.
PAC  EXAMPLE 2
PAR  In a manner analogous to that described in Example 1, from 400 mg of
      21-acetoxy-17a-hydroxy-D-homopregna-1,4,9(11)-triene-3,20-dione there are
      obtained 50 mg of
      21-acetoxy-9.alpha.,11.beta.-dichloro-17a-hydroxy-D-homopregna-1,4-diene-3
     ,20-dione of melting point 222.degree.-224.degree.C; UV: .epsilon..sub.237
      = 15300; [.alpha.].sub.D = +142.degree. (c = 0.100% in dioxane).
PAR  The starting material can be prepared by dehydrogenating
      21-acetoxy-17a-hydroxy-D-homopregna-4,9(11)-diene-3,20-dione in the
      1,2-position using 2,3-dichloro-5,6-dicyano-benzoquinone, and melts at
      188.degree.-190.degree.C.
PAC  EXAMPLE 3
PAR  400 mg of 21-acetoxy-17a-hydroxy-D-homopregna-4,9(11)-diene-3,20-dione and
      200 mg of N-chlorosuccinimide are stirred for 1 hour at room temperature
      in 4 ml of a solution of hydrogen fluoride and urea in the ratio of
      1:1.25. The mixture is poured on to an aqueous solution of sodium
      bicarbonate and sodium sulphite and extracted with methylene chloride. The
      methylene chloride solutions are washed with water, dried and evaporated.
      After chromatography, there are obtained from methylene chloride/acetone
      130 mg of
      21-acetoxy-17a-hydroxy-9.alpha.-chloro-11.beta.-fluoro-D-homopregn-4-ene-3
     ,20-dione of melting point 238.degree.-239.degree.C; UV: .epsilon..sub.238
      = 16350; [.alpha.].sub.D = +131.degree. (c = 0.102% in dioxane).
PAC  EXAMPLE 4
PAR  In a manner analogous to that described in Example 3, from 400 mg of
      21-acetoxy-17a-hydroxy-D-homopregna-1,4,9(11)-triene-3,20-dione there are
      obtained 270 mg of
      21-acetoxy-9.alpha.-chloro-11.beta.-fluoro-17a-hydroxy-D-homo-pregna-1,4-d
     iene-3,20-dione of melting point 266.degree.-268.degree.C; UV:
      .epsilon..sub.237 = 15250; [.alpha.].sub.D = +120.degree. (c = 0.104% in
      dioxane).
PAC  EXAMPLE 5
PAR  5 g of 11.beta.,17a-dihydroxy-21,21-diiodo-D-homopregn-4-ene-3,20-dione in
      50 ml of acetone are treated with 0.5 ml of water, 5 g of dipotassium
      hydrogen phosphate and 0.3 ml of 85% orthophosphoric acid. The mixture is
      boiled at reflux in the dark for 4 hours under the atmosphere of a
      protective gas. 1.8 g of sodium bicarbonate in 25 ml of water are then
      added and the acetone is evaporated. After acidification with dilute
      hydrochloric acid, there are obtained 3.1 g of crystalline
      D-homohydrocortisone 21-phosphate; UV: .epsilon..sub.242 = 14800.
PAR  The starting material can be prepared by iodinating
      11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione in the 21-position in
      a manner known per se.
PAC  EXAMPLE 6
PAR  In a manner analogous to that described in Example 5, but using potassium
      bisulphate in place of dipotassium hydrogen phosphate and 80% sulphuric
      acid in place of orthophosphoric acid there is obtained
      D-homohydrocortisone 21-sulphate; UV: .epsilon..sub.242 = 14200.
PAC  EXAMPLE 7
PAR  800 mg of
      9-fluoro-11.beta.,17a,21-trihydroxy-D-homopregna-1,4-diene-3,20-dione are
      dissolved in 10 ml of pyridine and the solution is stirred at room
      temperature for 16 hours with 390 mg of pyridine/sulphur trioxide complex.
      The product is then treated with 0.02 ml of water, stirred for 2 hours and
      added dropwise to 100 ml of ether. The precipitate which separates is
      filtered off under suction, washed with ether and dissolved in 15 ml of
      absolute methanol. The solution is adjusted to pH 9.85 with 1-N sodium
      methylate solution, left to stand overnight and again adjusted to pH 9.85.
      The separated sodium sulphate is filtered off under suction, the filtrate
      concentrated and treated with ether, the precipitate which separates is
      filtered off under suction and dried in vacuo. There are obtained 608 mg
      of sodium
      (9-fluoro-11.beta.,17a-dihydroxy-D-homopregna-1,4-diene-3,20-dione-21-yl)
      sulphate; UV: .epsilon..sub.238 = 14500.
PAR  The starting material can be prepared by the reaction of
      21-acetoxy-17a-hydroxy-D-homopregna-1,4,9(11)-triene-3,20-dione with
      hypobromous acid, 9(11)-epoxide formation, opening of the epoxide group
      with hydrogen fluoride and saponification of the 21-acetoxy group.
      9-Fluoro-11.beta.,17a-21-trihydroxy-D-homopregna-1,4-diene-3,20-dione has
      a melting point of 241.degree.-246.degree.C.
PAC  EXAMPLE 8
PAR  590 mg of
      9-fluoro-11.beta.,17a,21-trihydroxy-D-homopregna-1,4-diene-3,20-dione and
      590 mg of triphenylphosphine are dissolved in 6 ml of dimethylformamide
      and treated with 0.5 ml of carbon tetrachloride. After stirring at room
      temperature for 1 hour, the mixture is poured on to water and extracted
      with methylene chloride. The oil obtained after evaporation is taken up in
      toluene and again evaporated. The residue which remains is chromatographed
      on silica gel. There are obtained 405 mg of
      21-chloro-9-fluoro-11.beta.,17a-dihydroxy-D-homopregna-1,4diene-3,20-dione
      of melting point 259.degree.-260.degree.C (decomposition); [.alpha.].sub.D
      = +110.degree. (c = 0.1% in dioxane); UV: .epsilon..sub.240 = 15050.
PAC  EXAMPLE 9
PAR  500 ml of a sterile nutrient solution containing 5.0% glucose, 0.5% corn
      steep liquor, 0.2% sodium nitrate, 0.1% potassium dihydrogen phosphate,
      0.05% potassium chloride, 0.05% magnesium sulphate and 0.002% iron (II)
      sulphate are inoculated with a two week old sloping agar culture of
      Curvularia lunata (NRRL 2380) and shaken for 5 days at 30.degree.C. The
      thus-obtained pre-culture is used for the inoculation of a 20 liter
      pre-fermenter charged witn 15 liters of a sterile medium containing 5.0%
      glucose, 0.25% corn steep liquor, 0.1% sodium nitrate, 0.05% potassium
      hydrogen phosphate, 0.025% potassium chloride, 0.025% magnesium sulphate
      and 0.001% iron sulphate. The pre-culture is left to grow at 29.degree.C
      for 72 hours while stirring (220 revolutions per minute) and with aeration
      (15 liters of air per minute). 900 ml of the thus-obtained per-culture are
      transferred to a 20 liter main fermenter containing 14.1 liters of the
      same medium as the pre-fermenter. The culture is left to grow at
      29.degree.C for 24 hours while stirring and with aeration, treated with a
      sterile-filtered solution of 3.0 g of
      17a-hydroxy-21-chloro-D-homo-4-pregnene-3,20-dione in 150 ml of
      dimethylformamide and fermented for a further 40 hours. The fermentation
      batch is then filtered and the filtrate and the mycelia are extracted with
      methyl isobutyl ketone. The extracts are combined and concentrated in
      vacuo. The residue obtained is chromatographed over a silica gel column
      and the resulting crude product recrystallised from acetone/hexane to give
      21-chloro-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione; UV:
      .epsilon..sub.241 = 15900.
PAR  The starting material can be prepared in a manner analogous to that
      described in Example 8 from 17a,21-dihydroxy-D-homo-pregn-4-ene-3,20-dione
      (melting point 241.degree.-242.degree.C).
PAC  EXAMPLE 10
PAR  450 mg of 17a,21-dihydroxy-D-homopregna-4,9(11)-diene-3,20-dione
      21-hemisuccinate in 20 ml of dioxane and 5 ml of water are treated with
      270 mg of N-bromoacetamide and 1.85 ml of 10% perchloric acid and the
      mixture is stirred at room temperature for 15 minutes. 1.5 g of sodium
      sulphite and 30 ml of water are then added. After stirring for a short
      time, the mixture is extracted with methylene chloride, washed with water,
      dried and evaporated. There are obtained 540 mg of
      11.beta.,17a,21-trihydroxy-9-bromo-D-homopregn-4-ene-3,20-dione
      21-hemisuccinate which is uniform according to thin-layer chromatography;
      UV: .epsilon..sub.239 = 14850.
PAR  The starting material can be prepared as follows:
PAR  21-Acetoxy-17a-hydroxy-D-homopregna-4,9(11)-diene-3,20-dione in methanolic
      solution is saponified with potassium carbonate, there being obtained
      17a,21-dihydroxy-D-homopregna-4,9(11)-diene-3,20-dione; UV:
      .epsilon..sub.239 = 15800. This is converted in carbon tetrachloride with
      succinic acid anhydride in the presence of pyridine at an elevated
      temperature into 17a,21-dihydroxy-D-homopregna-4,9(11)-diene-3,20-dione
      21-hemisuccinate; UV: .epsilon..sub.239 = 16200.
PAC  EXAMPLE 11
PAR  400 mg of
      21-chloro-9,11.beta.-epoxy-17a-hydroxy-D-homopregn-4-ene-3,20-dione are
      stirred at room temperature for 30 minutes in 10 ml of a solution of 1.25
      parts of hydrogen fluoride and 1 part of urea. The mixture is poured on to
      ice-cold aqueous ammonia and extracted with methylene chloride. The
      extracts are washed with sodium chloride solution, dried and evaporated.
      Chromatography of the resiude on silica gel yeilds
      21-chloro-9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-D-homopregn-4-ene-3
     ,20-dione; UV: .epsilon..sub.239 = 16100.
PAR  The starting material can be prepared as follows:
PAR  21-Acetoxy-9.alpha.-bromo-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dio
     ne is boiled at reflux for 24 hours in absolute ethanol in the presence of
      anhydrous potassium acetate. There is obtained
      21-acetoxy-9.11.beta.-epoxy-17a-hydroxy-D-homopregn-4-ene-3,20-dione of
      melting point 226.degree.-228.degree.C; [.alpha.].sub.D = +51.degree. (c =
      0.103% in dioxane); .epsilon..sub.241 = 14100.
PAR  21-Acetoxy-9,11.beta.-epoxy-17a-hydroxy-D-homopregn-4-ene-3,20-dione is
      saponified in methanol in the presence of potassium carbonate at room
      temperature to give
      9,11.beta.-epoxy-17a,21-dihydroxy-D-homopregn-4-ene-3,20-dione; UV:
      .epsilon..sub.241 = 14100. This is treated in dimethylformamide with
      triphenylphosphine and carbon tetrachloride. There is obtained
      21-chloro-9,11.beta.-epoxy-17a-hydroxy-D-homopregn-4-ene-3,20-dione; UV:
      .epsilon..sub.241 = 14200.
PAC  EXAMPLE 12
PAR  470 mg of
      21-acetoxy-9.alpha.,11.beta.-dichloro-17a-hydroxy-D-homopregn-4-ene-3,20-d
     ione and 250 mg of selenium dioxide are stirred at reflux for 24 hours
      under argon in 20 ml of tertbutanol and 0.2 ml of glacial acetic acid. The
      mixture is filtered and evaporated. THe oil obtained is dissolved in ethyl
      acetate and washed successively with sodium bicarbonate solution, water,
      ice-cold ammonium sulphide solution, dilute ammonia, water, dilute
      hydrochloric acid and water. The solution is then dried over sodium
      sulphate and evaporated. After chromatography of the residue on silica
      gel, there is obtained
      21-acetoxy-9.alpha.,11.beta.-dichloro-17a-hydroxy-D-homopregna-1,4-diene-3
     ,20-dione of melting point 222.degree.--224.degree.C; UV: .epsilon..sub.237
      = 15300; [.alpha.].sub.D = +142.degree. (c = 0.1% in dioxane).
PAR  The starting material can be prepared by chlorinating
      21-acetoxy-17a-hydroxy-D-homopregna-4,9(11)-diene-3,20-dione in a manner
      known per se.
PAC  EXAMPLE 13
PAR  0.4 ml of pyrrolidine are added at 60.degree.C under argon to a solution of
      1.1 g of 11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione in 10 ml of
      methanol. The solution is then left to cool. The enamine which separates
      is filtered off under suction and dried. To 1.0 g of a solution of this
      enamine in 50 ml of absolute alcohol containing 0.8 g of hydrogen bromide
      is added dropwise over a period of 30 minutes a solution of 0.18 ml of
      bromine in 10 ml of alcohol. The mixture is evaporated. There are obtained
      1.3 g of
      21-bromo-11.beta.,17a-dihydroxy-3-(N-pyrrolidinium)-pren-4-en-20-one
      bromide. The foregoing bromide is dissolved in 100 ml of ehtanol and the
      solution treated with 1 g of potassium carbonate in 20 ml of water and
      stirred for 1.5 hours at room temperature. The mixture is then poured on
      to water and extracted with methylene chloride. The methylene chloride
      solution is washed with water, dried over sodium sulphate and evaporated.
      Crystallisation from acetone/hexane yields
      21-bromo-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione; UV:
      .epsilon..sub.242 = 16100.
PAR  The starting material can be prepared as follows:
PAR  3.beta.,11.beta.-dihydroxy-D-homoandrost-5-en-17a-one is reacted in
      dimethyl sulphoxide with sodium hydride and triphenylethylphosphonium
      bromide to give 3.beta.,11.beta.-dihydroxy-D-homopregna-5,17a(20)-diene of
      melting point 172.degree.-173.degree.C; [.alpha.].sub.D = -137.degree. (c
      = l.04% in dioxane).
PAR  Oxidation of the foregoing diene according to the Oppenauer procedure gives
      11.beta.-hydroxy-D-homopregna-4,17a(20)-dien-3-one [melting point
      160.degree.-161.degree.C; [.alpha.].sub.D = +96.degree. (c = 0.102% in
      dioxane); .epsilon..sub.243 = 15000] which is converted by oxidation with
      osmium tetroxide and N-methyl-morpholine oxide/hydrogen peroxide into
      11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione of melting point
      213.degree.-215.degree.C; [.alpha.].sub.D = +104.degree. (c = 0.102% in
      dioxane); .epsilon..sub.242 = 16250.
PAC  EXAMPLE 14
PAR  880 mg of 21-bromo-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione, 600
      mg of succinic acid and 1.4 ml of triethylamine are boiled at reflux for
      24 hours under argon in 16 ml of acetone. The mixture is poured on to
      dilute hydrochloric acid and extracted with methylene chloride. The
      methylene chloride extract is washed with water, dried over sodium
      sulphate and the solvent removed in vacuo. After crystallisation of the
      residue from acetone/hexane, there is obtained
      11.beta.,17a,21-trihydroxy-D-homopregn-4-ene-3,20-dione 21-hemisuccinate;
      UV: .epsilon..sub.242 = 15900.
PAC  EXAMPLE 15
PAR  470 mg of
      21-acetoxy-9.alpha.-chloro-11.beta.-fluoro-17a-hydroxy-D-homopregna-1,4-di
     ene-3,20-dione in 10 ml of methanol are treated with a solution of 130 mg
      of potassium carbonate in 2 ml of water while passing argon through the
      mixture. The mixture is then stirred at room temperature for 1 hour, then
      poured on to sodium chloride solution and extracted with methylene
      chloride. The extracts are washed, dried and evaporated. There is obtained
      pure
      9.alpha.-chloro-11.beta.-fluoro-17a,21-dihydroxy-D-homopregna-1,4-diene-3,
     20-dione; UV: .epsilon..sub.237 = 15150.
PAC  EXAMPLE 16
PAR  2.4 g of
      21-acetoxy-11.beta.-fluoro-9.alpha.-chloro-17a-hydroxy-D-homopregn-4-ene-3
     ,20-dione in 24 ml of orthoethyl formate and 24 ml of absolute alcohol are
      treated with 24 mg of p-toluene-sulphonic acid and the mixture is stirred
      at room temperature for 15 minutes. 0.2 ml of pyridine is then added. The
      mixture is poured on to water and extracted with methylene chloride. The
      extracts are washed, dried and evaporated. The crude
      21-acetoxy-3-ethoxy-9.alpha.-chloro-11.beta.-fluoro-17a-hydroxy-D-homopreg
     na-3,5-dien-20-one is treated under argon in 50 ml of ether with a solution
      of 4 g of potassium acetate and 4 g of water in 36 ml of acetic acid. 500
      mg of chlorine gas are passed into the mixture through a sintered glass
      filter. The mixture is stirred for a further ca 15 minutes at room
      temperature, poured on to ice-water, extracted with methylene chloride,
      washed with water, dried and evaporated. There is obtained a mixture of
      21-acetoxy-6.beta.,9.alpha.-dichloro-11.beta.-fluoro-17a-hydroxy-D-homopre
     gn-4-ene-3,20-dione as the major product and the corresponding
      6.alpha.-chloro derivative in a smaller amount. The two isomers are
      obtained in a pure form by chromatography on silica gel.
PAC  EXAMPLE 17
PAR  15 g of
      21-acetoxy-6.beta.,9.alpha.-dichloro-11.beta.-fluoro-17a-hydroxy-D-homopre
     gn-4-ene-3,20-dione in 70 ml of acetic acid are treated with 1 ml of 30%
      hydrogen bromide in glacial acetic acid and the mixture is stirred at room
      temperature for 1 hour. After the addition of 2 ml of pyridine, the
      mixture is evaporated. The residue is worked-up with methylene chloride
      and sodium bicarbonate solution in the usual manner. After filtration over
      silica gel, there are obtained 1.3 g of
      21-acetoxy-6.alpha.,9.alpha.-dichloro-11.beta.-fluoro-17a-hydroxy-D-homopr
     egn-4-ene-3,20-dione; UV: .epsilon..sub.236 = 14500. EXAMPLE 18
PAR  500 mg of
      21-acetoxy-5.alpha.,6.beta.,9.alpha.-trichloro-11.beta.-fluoro-17a-hydorxy
     -D-homopregnane-3,20-dione and 500 mg of dry potassium acetate are stirred
      in 5 ml of acetone at room temperature for 2 hours. The mixture is poured
      on to water and extracted with methylene chloride. The extract is washed
      with water, dried and evaporated. Crystallisation of the residue from
      acetone/hexane yields pure
      21-acetoxy-6.beta.,9.alpha.-dichloro-11.beta.-fluoro-17a-hydroxy-D-homopre
     gn-4-ene-3,20-dione; UV: .epsilon..sub.239 = 14800.
PAR  The starting material can be prepared as follows:
PAR  21-Acetoxy-9.alpha.-chloro-11.beta.-fluoro-17a-hydroxy-D-homopregn-4-ene-3,
     20-dione in methylethyldioxolane is reacted in the presence of a catalytic
      amount of a strong acid to give
      21-acetoxy-3,3-ethylenedioxy-9.alpha.-chloro-11.beta.-fluoro-17a-hydroxy-D
     -homopregn-5-en-20-one. This reacted in chloroform with one equivalent of
      chlorine in carbon tetrachloride to give
      21-acetoxy-3,3-ethylenedioxy-5.alpha.,6.beta.,9.alpha.-trichloro-11.beta.-
     fluoro-17a-hydroxy-D-homopregnan-20-one. Subsequent acidic hydrolysis in
      aqueous acetone gives
      21-acetoxy-5.alpha.,6.beta.,9.alpha.-trichloro-11.beta.-fluoro-17.alpha.-h
     ydroxy-D-homopregnane-3,20-dione.
PAC  EXAMPLE 19
PAR  2 g of 21-chloro-11.beta.-hydroxy-D-homopregna-4,17a-dien-3-one in 20 ml of
      methylene chloride and 50 ml of tertbutanol are treated with 10 mg of
      osmium tetroxide, 4 ml of pyridine and 10 ml of a 1.3-N
      N-methyl-morpholine oxide/hydrogen peroxide solution and the mixture is
      stirred at room temperature for 24 hours. A further 10 mg of osmium
      tetroxide and 10 ml of reagent solution are then added and the mixture is
      stirred at room temperature for 24 hours. The mixture is then poured on to
      water and extracted with methylene chloride. The extract is washed with
      water, dried and evaporated. Chromatography of the crude product gives
      21-chloro-11.beta.,17a-dihydroxy-D-homopregna-4-ene-3,20-dione; UV:
      .epsilon..sub.241 = 15900.
PAR  The starting material can be prepared as follows:
PAR  3,11.beta.-Diacetoxy-ndrosta-3,5-dien-17-one in methylene chloride is
      reacted with ethyleneglycol in the presence of formic acid orthoester and
      p-toluenesulphonic acid at room temperature to give
      3,11.beta.-acetoxy-17,17-ethylenedioxy-androsta-3,5-diene of melting point
      183.degree.-186.degree.C; [.alpha.].sub.D = 112.degree. (c = 0.104% in
      dioxane); .epsilon..sub.235 = 19700.
PAR  The foregoing 17-ketal is reduced in tetrahydrofuran/methanol with sodium
      borohydride to give
      11.beta.-acetoxy-17,17-ethylenedioxy-3.beta.-hydroxy-androst-5-ene of
      melting point 125.degree.-126.degree.C; [.alpha.].sub.D = 66.degree. (c =
      0.102% in dioxane).
PAR  The ketal obtained according to the preceding paragraph is cleaved in
      aqueous acetone with p-toluenesulphonic acid to give
      11.beta.-acetoxy-3.beta.-hydorxy-androst-5-en-17-one of melting point
      193.degree.-195.degree.C; [.alpha.].sub.D = -4.degree. (c = 0.102% in
      dioxane).
PAR  The foregoing 17-ketosteroid is reacted with diemthylsulphoxonium methylide
      in dimethylformamide to give
      21-nor-11.beta.-acetoxy-17,20-epoxy-3.beta.-hydroxy-pregn-5-ene of melting
      point 155.degree.-156.degree.C; [.alpha.].sub.D = -52.degree. (c = 0.103%
      in dioxane).
PAR  The foregoing epoxide is reacted in alcohol and concentrated ammonia in an
      autoclave to give
      11.beta.-acetoxy-17.xi.-aminomethyl-3.beta.,17.xi.-dihydroxy-androst-5-ene
      which is treated with sodium nitrite in glacial acetic acid and water to
      give 11.beta.-acetoxy-3.beta.-hydroxy-D-homoandrost-5-en-17a-one of
      melting point 230.degree.-232.degree.C; [.alpha.].sub.D = -121.degree. (c
      = 0.103% in dioxane).
PAR  Saponification of the foregoing 11.beta.-acetate in boiling methanolic
      potassium hydroxide gives
      3.beta.,11.beta.-dihydroxy-D-homoandrost-5-en-17a-one of melting point
      234.degree.-236.degree.C; [.alpha.].sub.D = -143.degree. (c = 0.107% in
      dioxane).
PAR  3.beta.,11.beta.-dihydroxy-D-homoandrost-5-en-17a-one in dimethoxyethane is
      subjected to a Wittig-Horner reaction to give
      3.beta.,11.beta.-dihydroxy-D-homopregna-5,17a-dien-21-oic acid ethyl ester
      which is then reduced using lithium aluminium hydride to give
      3.beta.,11.beta.,21-trihydroxy-D-homopregna-5,17a-diene. This diene is
      reacted with triphenylchloromethane to give
      3.beta.,11.beta.-dihydroxy-21-triphenylmethoxy-D-homopregna-5,17a-diene.
PAR  The foregoing diene is subjected to an Oppenauer oxidation and subsequent
      cleavage of the triphenylmethyl ether to give
      11.beta.,21-dihydroxy-D-homopregna-4,17a-dien- 3-one.
PAR  The foregoing 3-one is reacted with triphenylphosphine and carbon
      tetrachloride in dimethylformamide to give
      21-chloro-11.beta.-hydroxy-D-homopregna-4,17a-dien-3-one; UV:
      .epsilon..sub.241 = 15500.
PAC  EXAMPLE 20 1 g of
      21-chloro-3.beta.,11.beta.,17a-trihydroxy-D-homopregn-5-en-20-one is
      heated to boiling in 12 ml of cyclohexanone and 30 ml of toluene. 1 ml of
      the solvent is distilled off, 1 g of aluminium tritertbutylate is added
      and the mixture boiled under reflux for 0.75 hour. The mixture is then
      poured on to dilute hydrochloric acid and extracted with methylene
      chloride. The extract is washed with sodium chloride solution and water,
      dried and evaporated. After chromatography of the residue on silica gel,
      there is obtained
      21-chloro-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione; UV:
      .epsilon..sub.241 = 15900.
PAR  The starting material can be prepared as follows:
PAR  3.beta.,11.beta.-dihydroxy-D-homopregn-5,17a-diene is oxidised with osmium
      tetroxide and N-methyl-morpholine oxide/hydrogen peroxide to give
      3.beta.,11.beta.,17a-trihydroxy-D-homopregen-5-en-20-one of melting point
      244.degree.-247.degree.C.
PAR  The foregoing 20-one is reacted in methanol with iodine in the presence of
      calcium chloride and calcium oxide to give the 21-diiodide which is
      converted by boiling with potassium acetate in acetone into
      21-acetoxy-3.beta.,11.beta.,17a-trihydroxy-D-homopregn-5-en-20-one.
PAR  The foregoing 21-acetate is saponified with potassium carbonate in methanol
      to give 3.beta.,11.beta.,17a,21-tetrahydroxy-D-homopregn-5-en-20-one which
      is reacted in dimethylformamide with triphenylphosphine and carbon
      tetrachloride to give
      21-chloro-3.beta.,11.beta.,17a-trihydroxy-D-homopregn-5-en-20-one.
PAC  EXAMPLE 21
PAR  In a manner analogous to that described in Example 8, from
      11.beta.,17a,21-trihydroxy-D-homopregna-1,4-diene-3,20-dione there is
      obtained
      21-chloro-11.beta.,17a-dihydroxy-D-homopregna-1,4-diene-3,20-dione of
      melting point 248.degree.-249.degree.C; [.alpha.].sub.D.sup.25 =
      +125.degree. (c = 0.1% in dioxane); UV: .epsilon..sub.243 = 14650.
CLMS
STM  We claim:
NUM  1.
PAR  1. A D-homosteroid of the formula
      ##SPC16##
PAL  wherein R.sup.6 is hydrogen, fluorine, chlorine, bromine or methyl;
      R.sup.11 is hydroxy; R.sup.9 is hydrogen, fluorine, chlorine or bromine
      when R.sup.11 is hydroxy and R.sup.9 is chlorine or bromine when R.sup.11
      is fluorine or chlorine; R.sup.21 is halogen or R when R.sup.11 is hydroxy
      and R.sup.21 is halogen, hydroxy or hydrocarbon C.sub.1.sub.-15 acyloxy or
      R when R.sup.11 is fluorine or chlorine; R is a sulfate or phosphate
      radical or the radical of a dicarboxylic acid or tricarboxylic acid in the
      form of a water-soluble salt; R.sup.17a is hydroxy or hydrocarbon
      C.sub.1.sub.-15 acyloxy; and the broken line in the 1,2-position denotes
      an optional bond.
NUM  2.
PAR  2. A D-homosteroid of claim 1 of the formula
      ##SPC17##
PAL  wherein R.sup.6 is hydrogen, fluorine, chlorine, bromine or methyl;
      R.sup.91 is hydrogen, fluorine, chlorine or bromine; R.sup.211 is halogen
      or R; R is a sulfate or phosphate radical or the radical of a dicarboxylic
      or tricarboxylic acid in the form of a water-soluble salt; R.sup.17a is
      hydroxy or hydrocarbon C.sub.1.sub.-15 acyloxy and the broken line in the
      1,2-position denotes an optional bond.
NUM  3.
PAR  3. The compound of claim 2 which is D-homohydrocortisone 21-phosphate.
NUM  4.
PAR  4. The compound of claim 2 which is D-homohydrocortisone 21-sulfate.
NUM  5.
PAR  5. The compound of claim 2 which is sodium
      (9.alpha.-fluoro-11.beta.,17a-dihydroxy-D-homopregna-1,4-diene-3,20-dione-
     21-yl) sulfate.
NUM  6.
PAR  6. The compound of claim 2 which is
      21-chloro-9.alpha.-fluoro-11.beta.,17a-dihydroxy-D-homopregna-1,4-diene-3,
     20-dione.
NUM  7.
PAR  7. The compound of claim 2 which is
      21-chloro-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione.
NUM  8.
PAR  8. The compound of claim 2 which is
      9.alpha.-bromo-11.beta.,17a,21-trihydroxy-D-homopregn-4-ene-3,20-dione
      21-hemisuccinate.
NUM  9.
PAR  9. The compound of claim 2 which is
      21-chloro-9.alpha.-fluoro-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-di
     one.
NUM  10.
PAR  10. The compound of claim 2 which is
      21-bromo-11.beta.,17a-dihydroxy-D-homopregn-4-ene-3,20-dione.
NUM  11.
PAR  11. The compound of claim 2 which is
      11.beta.,17a,21-trihydroxy-D-homopregn-4-ene-3,20-dione 21-hemisuccinate.
NUM  12.
PAR  12. The compound of claim 2 which is
      21-chloro-11.beta.,17a-dihydroxy-D-homopregna-1,4-diene-3,20-dione.
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ABST
PAL  Bis-azomethine pigments of the formula
      ##SPC1##
PAL  Wherein X denotes an aromatic radical on which the imino groups are in the
      o-position, Y denotes a hydroxyl, alkoxy, cycloalkoxy, aralkoxy or
      aryloxy, amino, alkylamino or arylamino group and Z denotes a H or halogen
      atom or an alkoxy, nitro or nitrile group, the radical X having to be free
      of nitro groups if Y denotes an arylamino group and Z denotes a H atom, as
      well as metal complexes of these bis-azomethines are useful for coloring
      plastics and lacquers in yellow to red shades of good fastness properties.
PARN
PAR  This is a Divisional of application Ser. No. 369,671 filed on June 13,
      1973, now Pat. No. 3,875,200.
BSUM
PAR  It has been found that new, valuable bis-azomethine pigments of the formula
      ##SPC2##
PAL  Wherein x denotes an aromatic radical on which the imino groups are in the
      o-position, Y denotes a hydroxyl, alkoxy, cycloalkoxy, aralkoxy or
      aryloxy, amino, alkylamino or arylamino group and Z denotes a H or halogen
      atom or an alkoxy, nitro or nitrile group, the radical X having to be free
      of nitro groups if Y denotes an arylamino group and Z denotes a H atom, as
      well as metal complexes of these azomethines are obtained if an aldehyde
      of the formula
      ##SPC3##
PAL  Is condensed in the molar ratio of 2:1 with an appropriate diamine of the
      formula
EQU  H.sub.2 N--X--NH.sub.2
PAL  and the resulting bis-azomethine is metallised if desired.
PAR  Dyestuffs of particular interest are those of the formula
      ##SPC4##
PAL  Wherein R.sub.1 and R.sub.2 denote H or halogen atoms, lower alkyl, alkoxy,
      acyl, alkylsulphonyl, alkoxycarbonyl or alkanoylamino groups, carboxyl,
      carbamoyl or nitrile groups or phenyl, phenoxy or phenylmercapto groups
      which are optionally substituted by halogen atoms or lower alkyl or alkoxy
      groups, and wherein the radicals R.sub.1 and R.sub.2 together form a fused
      benzene ring or hetero-ring and Y and Z have the indicated meaning, with Y
      preferably denoting a hydroxyl group or, if R.sub.1 and R.sub.2 do not
      denote nitro groups, a radical of the formula
      ##SPC5##
PAL  Wherein R.sub.3 and R.sub.4 denote H or halogen atoms, lower alkyl, alkoxy,
      alkoxycarbonyl, alkylsulphonyl or alkanoylamino groups, trifluoromethyl or
      nitro groups or phenoxy or phenylmercapto groups which are optionally
      substituted by halogen atoms or lower alkyl or alkoxy groups, or wherein
      the radicals R.sub.3 and R.sub.4 together form a fused benzene ring and
      R.sub.5 is a H or halogen atom or a lower alkyl group.
PAR  Possible starting substances are the
      1-formyl-2-hydroxynaphthalene-3-carboxylic acids, their esters, especially
      with lower aliphatic, araliphatic or alicyclic alcohols or with phenols,
      their amides, alkylamides or arylamides, especially those of the formula
      ##SPC6##
PAL  Wherein Z has the indicated meaning, R.sub.3 and R.sub.4 denote H or
      halogen atoms, lower alkyl, alkoxy, alkoxycarbonyl, alkylsulphonyl or
      alkanoylamino groups, trifluoromethyl or nitro groups or phenoxy or
      phenylmercapto groups which are optionally substituted by halogen atoms or
      lower alkyl or alkoxy groups, or the radicals R.sub.3 and R.sub.4 together
      form a fused benzene ring, and R.sub.5 is a H or halogen atom or a lower
      alkyl group.
PAR  The aldehydes which serve as starting substances are in most cases unknown
      compounds.
PAR  As examples there may be mentioned:
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid,
      1-formyl-6-bromo-2-hydroxynaphthalene-3-carboxylic acid,
      1-formyl-6-methoxy-2-hydroxynaphthalene-3-carboxylic acid,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid methyl ester,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid ethyl ester,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid propyl ester,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid butyl ester,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid .beta.-ethoxyethyl ester,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid phenyl ester,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid benzyl ester,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid amide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid methylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid ethylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid dimethylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid phenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 2'-chlorophenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 4'-chloro-phenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 2',5'-dichlorophenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 2'-methylphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 3'-methylphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 4'-methylphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 2',4'dimethylphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 2',5'-dimethylphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid
      2'-methyl-4'-chlorophenylamide, 1-formyl-2-hydroxynaphthalene-3-carboxylic
      acid 2'-methyl-3'-chlorophenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 2'-methoxyphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 4'-methoxyphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 2'-ethoxyphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid 4'-ethoxyphenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid
      2',5'-dimethoxyphenylamide, 1-formyl-2-hydroxynaphthalene-3-carboxylic
      acid 2'-methoxy-5'-chlorophenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid
      2',4'-dimethoxy-5'-chlorophenylamide,
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid
      2',5'-dimethoxy-4'-chlorophenylamide,
      1-formyl-6-bromo-2-hydroxynaphthalene-3-carboxylic acid phenylamide and
      1-formyl-2-hydroxynaphthalene-3-carboxylic acid .alpha.-naphthylamide.
PAR  1-Formyl-2-hydroxynaphthalene-3-carboxylic acid is a known compound which
      is obtained by formylation of 2,3-hydroxynaphthalene carboxylic acid.
PAR  The 1-formyl-2-hydroxynaphthalene-3-carboxylic acid esters are new and can
      be obtained by reaction of 1-formyl-2-hydroxynaphthalene-3-carboxylic acid
      with thionyl chloride to give 1-formyl-2-hydroxynaphthalene-3-carboxylic
      acid chloride and reaction of the latter with an alcohol or phenol.
PAR  The 1-formyl-2-hydroxynaphthalene-3-carboxylic acid anilides are partly
      known and can be obtained by reaction of 1-formyl-2,3-hydroxynaphthalic
      acid with thionyl chloride to give the acid chloride, condensation of the
      latter with an aminobenzene to give the anil of the
      1-formyl-2,3-hydroxynaphthalene carboxylic acid anilide and hydrolysis of
      the latter to give the 1-formyl-2,3-hydroxynaphthalene carboxylic acid
      anilide.
PAR  The new 1-formyl-2,3-hydroxynaphthalene carboxylic acid alkylamides can be
      obtained analogously.
PAR  Possible aromatic diamines are both carbocyclic and heterocyclic aromatic
      1,2-diamines, preferably o-phenylenediamines and especially those of the
      formula
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 have the abovementioned meaning.
PAR  As examples of aromatic diamines there may be mentioned:
      1,2-phenylenediamine, 4-chloro-1,2-phenylenediamine,
      4,5-dichloro-1,2-phenylenediamine, 4-methyl-1,2-phenylenediamine,
      4,5-dimethyl-1,2-phenylenediamine, 3,5-dimethyl-1,2-phenylenediamine,
      4-methoxy-1,2-phenylenediamine, 4-phenoxy-1,2-phenylenediamine,
      4-methylsulphonyl-1,2-phenylenediamine,
      4-ethylsulphonyl-1,2-phenylenediamine, 4-carboxy-1,2-phenylenediamine,
      4-methoxycarbonyl-1,2-phenylenediamine,
      4-ethoxycarbonyl-1,2-phenylenediamine,
      4-butoxycarbonyl-1,2-phenylenediamine,
      4-hexyloxycarbonyl-1,2-phenylenediamine,
      4-octyloxycarbonyl-1,2-phenylenediamine, 4-cyano-1,2-phenylenediamine,
      4-acetylamino-1,2-phenylenediamine, 4-benzoylamino-1,2-phenylenediamine,
      3,4-diaminodiphenyl, 1,2-diaminonaphthalene, 2,3-diaminonaphthalene,
      1,2-diamino-5,6,7,8-tetrahydronaphthalene,
      2,3-diamino-5,6,7,8-tetrahydronaphthalene, 1,2-diaminoanthraquinone,
      2,3-diaminoanthraquinone, 9,10-diaminophenanthrene,
      5,6-diaminoacenaphthene, 3,4-diaminopyridine, 2,3-diaminodiphenylene
      oxide, 2,3-diaminoquinoxaline and 2-methyl-5,6-diaminobenzimidazole.
PAR  The condensation of the aldehyde with the diamine is appropriately carried
      out in water or an organic solvent at elevated temperature, preferably
      between 50.degree.C and the boiling point of the solvent used. As examples
      of solvents there may be mentioned: water, alcohol, glacial acetic acid,
      dioxane, dimethylformamide, N-methylpyrrolidone, butyrolactone, glycol
      monomethyl ether, xylene, chlorobenzene, o-dichlorobenzene, nitrobenzene
      or mixtures thereof.
PAR  Since the bis-azomethines obtained are sparingly soluble in the solvents
      mentioned, they can easily be isolated by filtration. Any impurities can
      be removed by elution.
PAR  For conversion into the metal complexes, the resulting bis-azomethines are
      treated with agents which release divalent metals, for example with salts
      of zinc or cadmium, but especially of copper and above all of nickel.
      Preferably, the formates, acetates or stearates of these metals are used.
      The metallisation is appropriately carried out in one of, or in a mixture
      of, the abovementioned solvents.
PAR  The metallisation cann also be carried out simultaneously with the
      condensation by condensing the aldehyde together with the diamine in one
      of the abovementioned solvents in the presence of metal salts.
PAR  The metal complexes obtained preferably correspond to the formula
      ##SPC8##
PAL  wherein X, Y and Z have the abovementioned meaning and M denotes a divalent
      metal atom.
PAR  Metal complexes of particular interest are those of the formula
      ##SPC9##
PAL  wherein M.sub.1 denotes a nickel or copper atom and R.sub.1, R.sub.2, Y and
      Z have the abovementioned meaning.
PAR  The new dyestuffs represent valuable pigments which can be used in a finely
      divided form for pigmenting high molecular organic material, for example
      cellulose ethers and cellulose esters, such as ethylcellulose, cellulose
      acetate, cellulose butyrate, natural resins or synthetic resins, such as
      polymerisation resins or polycondensation resins, for example aminoplasts,
      especially urea-formaldehyde and melamine-formaldehyde resins, alkyd
      resins, phenoplasts, polycarbonates, polyesters, polyamides or
      polyurethanes, polyolefines, such as polyethylene or polypropylene,
      polyvinyl chloride, polystyrene, polyacrylonitrile, polyacrylic acid
      esters, rubber, casein, silicones and silicone resins, individually or as
      mixtures.
PAR  It is immaterial whether the high molecular compounds mentioned are in the
      form of plastic masses or melts or in the form of spinning solutions,
      lacquers, paints or printing inks. It proves advantageous to use the new
      pigments as toners or in the form of preparations, depending on the
      application.
PAR  In addition to the pure pigment the preparations can, for example,
      additionally contain natural resins, such as abietic acid or its esters,
      ethylcellulose, cellulose acetobutyrate, alkaline earth metal salts of
      higher fatty acids, fatty amines, such as stearylamine or rosin amine,
      vinyl chloride vinyl acetate copolymers, polyacrylonitrile or polyterpene
      resins or water-soluble dyestuffs, for example dyestuff-sulphonic acids or
      their alkaline earth metal salts.
DETD
PAR  In the examples which follow the parts denote parts by weight, unless
      otherwise stated.
PAC  EXAMPLE 1
PAR  3.50 g (0.012 mol) of 1-formyl-2-hydroxy-3-naphthoic acid anilide are
      suspended in 60 ml of alcohol or glacial acetic acid and a solution of
      0.64 g (0.006 mol) of o-phenylenediamine in 20 ml of alcohol or glacial
      acetic acid is added. After refluxing for 3 hours, the orange suspension
      is filtered hot. The filter residue is boiled in 50 ml of methylcellosolve
      for one hour at 100.degree.C. After cooling to 20.degree.C, the mixture is
      filtered and the residue is washed with water, alcohol and acetone. 3.45 g
      (88% of theory) of an orange pigment of the formula
      ##SPC10##
PAL  wherein X.sub.1 and X.sub.2 = H, are obtained.
PAR  1-Formyl-2-hydroxy-3-naphthoic acid anilide used in Example 1 can be
      obtained as follows:
PAR  32.4 g (0.150 mol) of 1-formyl-2-hydroxy-3-naphthoic acid in 375 ml of
      chloroform are carefully treated with 150 ml of thionyl chloride and the
      mixture is warmed to the boil. After one hour, the reaction mixture is
      evaporated on a rotary evaporator, the residue is taken up in 300 ml of
      petroleum ether, the mixture is stirred for 5 minutes and the product is
      filtered off. The acid chloride thus obtained is well washed with
      petroleum ether and redissolved in 350 ml of chloroform. After adding 41.0
      ml (0.450 mol) of aniline dissolved in 50 ml of chloroform, the reaction
      mixture is stirred for 15 minutes and evaporated in vacuo, and the residue
      is stirred in water. It is then filtered off and the filter residue is
      well washed with water and dissolved in 1.5 litres of ethylcellosolve. 50
      ml of concentrated hydrochloric acid are added dropwise to this solution
      and the mixture is then heated for 10 minutes under reflux. After cooling,
      the amide which has crystallised out is filtered off, washed with alcohol
      and dried. 24.5 g (56.2% of theory) of a yellowish analytically pure
      substance are obtained (melting point 217.degree.C).
PAR  The aldehydes used in Examples 2, 3, 4 and 5 (Table I) can be obtained
      analogously.
PAC  Examples 2-6
PAR  If the procedure indicated in Example 1 is followed but using, instead of
      0.012 mol of 1-formyl-2-hydroxy-3-naphthoic acid anilide, the amounts of
      aldehyde indicated in the table which follows, similar pigments are
      obtained, with the colour and yield indicated in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
     Example                                                                   
           Aldehyde                   Mols of                                  
                                           X.sub.1                             
                                              X.sub.2                          
                                                 Yield                         
                                                     Shade in PVC              
     No.                              aldehyde                                 
     __________________________________________________________________________
     2                                0.014                                    
                                           --H                                 
                                              --H                              
                                                 95% Yellow                    
     3                                0.020                                    
                                           --H                                 
                                              --H                              
                                                 88% Yellow                    
     4                                0.020                                    
                                           --Cl                                
                                              --Cl                             
                                                 91% Yellow                    
     5                                0.020                                    
                                           --Cl                                
                                              --Cl                             
                                                 86% Yellow                    
     6                                0.040                                    
                                           --H                                 
                                              --H                              
                                                 83% Yellow                    
     __________________________________________________________________________
PAR  1-Formyl-2-hydroxy-3-naphthoic acid methyl ester, used in Example 6, is
      obtainable as follows: 64.8 g (0.30 mol) of 1-formyl-2-hydroxy-3-naphthoic
      acid are suspended in 200 ml of methylene chloride and 29 ml of thionyl
      chloride are added. After refluxing for two hours the reaction mixture is
      evaporated on a rotary evaporator. The acid chloride thus obtained is well
      washed with petroleum ether and taken up in 300 ml of methylene chloride.
      After addition of 100 ml (2.48 mols) of methanol and 24 ml of pyridine
      (0.30 mol), the reaction mixture is stirred for 1 hour under reflux and
      then evaporated in a rotary evaporator. The residue is well washed with
      water and recrystallised from n-butanol. 42.6 g (61.8% of theory) of a
      yellow analytically pure substance are obtained (melting point
      140.degree.-141.degree.C).
PAC  EXAMPLE 7
PAR  1.50 g (0.002 mol) of the azomethine from Example 2 are dissolved in 50 ml
      of dimethylformamide and the solution is warmed with 0.50 g (0.002 mol) of
      nickel-II acetate tetrahydrate for 2 hours to 70.degree.C. After cooling,
      the red-brown precipitate is filtered off and washed with
      dimethylformamide, alcohol, water and acetone. 1.15 g (72% of theory) of a
      red-brown pigment of the formula
      ##SPC11##
PAL  are obtained.
PAC  EXAMPLES 8 - 44
PAR  Further azomethine metal complexes are obtained when bis-azomethines of the
      formula
      ##SPC12##
PAL  wherein X.sub.1, Y and Z have the meaning indicated in Columns 2 to 4 of
      Table II which follows, are metallised, in the molar amount indicated in
      Column 6, with the metal indicated in Column 5, in accordance with the
      instructions of Example 4. Column 7 indicates the yield and Column 8 the
      shade of the resulting colouration in polyvinyl chloride.
TBL                                    Table II                                
     __________________________________________________________________________
     1    2           3                4   5  6    7   8                       
     Example                                                                   
          X.sub.1     Y                Z   M.sup.+.sup.2                       
                                              Mol  Yield                       
                                                       Shade in PVC            
     No.                                                                       
     __________________________________________________________________________
     8                --OH             H   Ni 0.005                            
                                                   88% Red-brown               
     9                OH               H   Cu 0.005                            
                                                   88% Yellow-brown            
     10               OH               H   Zn 0.005                            
                                                   85% Yellow                  
     11               OH               H   Ni 0.003                            
                                                   69% Orange                  
     12               OH               H   Cu 0.003                            
                                                   92% Yellow-brown            
     13               OH               H   Ni 0.003                            
                                                   80% Orange                  
     14               OH               H   Cu 0.003                            
                                                   90% Brown                   
     15               OH               H   Ni 0.003                            
                                                   85% Red-brown               
     16               OH               H   Cu 0.003                            
                                                   65% Brown                   
     17               OH               H   Zn 0.003                            
                                                   87% Yellow                  
     18               OH               H   Ni 0.003                            
                                                   91% Orange                  
     19               OH               H   Cu 0.003                            
                                                   94% Orange                  
     20               OH               H   Ni 0.003                            
                                                   89% Brown                   
     21               OH               H   Cu 0.003                            
                                                   88% Yellow                  
     22               OH               --NO.sub.2                              
                                           Ni 0.004                            
                                                   95% Yellow                  
     23               OH               Br  Ni  0.0025                          
                                                   87% Orange                  
     24               OH               Br  Zn  0.0025                          
                                                   86% Yellow                  
     25               OH               H   Ni 0.005                            
                                                   91% Red                     
     26               OH               H   Cu 0.005                            
                                                   95% Yellow-brown            
     26               OH               H   Cu 0.005                            
                                                   95% Yellow-brown            
     27               OH               H   Zn 0.003                            
                                                   89% Yellow                  
     28                                H   Ni 0.002                            
                                                   99% Red                     
     29                                H   Cu  0.0035                          
                                                   76% Brown                   
     30                                H   Zn  0.0035                          
                                                   71% Orange                  
     31                                H   Cu  0.0025                          
                                                   92% Orange                  
     32                                H   Ni 0.004                            
                                                   71% Orange                  
     33                                H   Ni 0.004                            
                                                   83% Orange                  
     34                                H   Ni 0.002                            
                                                   93% Red                     
     35                                H   Ni 0.002                            
                                                   94% Orange                  
     36                                H   Cu  0.0025                          
                                                   79% Brown                   
     37                                H   Zn 0.002                            
                                                   96% Yellow                  
     38                                H   Cd  0.0013                          
                                                   100%                        
                                                       Yellow                  
     39                                H   Ni 0.002                            
                                                   68% Yellow                  
     40                                H   Cu 0.002                            
                                                   67% Brown                   
     41                                H   Zn 0.002                            
                                                   76% Yellow                  
     42               --OCH.sub.3      H   Ni 0.003                            
                                                   95% Orange                  
     43               --OCH.sub.3      H   Cu 0.003                            
                                                   95% Yellow-brown            
     44               --OCH.sub.3      H   Ni 0.004                            
                                                   76% Brown                   
     __________________________________________________________________________
PAR  The metal complexes which are mentioned in Examples 7 to 44 can be
      manufactured in one step by reacting the 1-formyl-2-hydroxy-3-naphthoic
      acid or 1-formyl-2-hydroxy-3-naphthoic acid arylides and
      1-formyl-2-hydroxynaphthoic acid methyl ester with the diamine in the
      presence of the metal ion and in a solvent such as alcohol,
      methylcellosolve, dioxane, glacial acetic acid or dimethylformamide.
PAC  EXAMPLE 45
      ##SPC13##
PAR  4.32 g (0.02 mol) of 1-formyl-2-hydroxy-3-naphthoic acid, 1.08 g (0.01 mol)
      of o-phenylenediamine and 2.50 g (0.01 mol) of nickel (II) acetate
      tetrahydrate are suspended in 100 ml of glacial acetic acid and the
      mixture is boiled for 30 minutes under reflux. A thick orange precipitate
      forms. After cooling, the product is filtered off and washed with glacial
      acetic acid, alcohol, water and acetone. 4.20 g (75% of theory) of a
      red-brown pigment, which is identical with the product of Example 8, are
      obtained.
PAC  EXAMPLE 46
PAR  65 parts of stabilised polyvinyl chloride, 35 parts of dioctyl phthalate
      and 0.2 part of the dyestuff obtained according to Example 1 are stirred
      together and then milled for 7 minutes at 140.degree.C on a two-roll
      calender. An orange-coloured sheet of good fastness to light and to
      migration is obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bis-azomethine pigment of the formula
      ##SPC14##
PAL  wherein N.sub.1 is nickel, copper, zinc or cadmium, R.sub.1 and R.sub.2 are
      hydrogen, chloro, lower alkyl, lower alkoxy, phenyl, phenoxy, or wherein
      R.sub.1 and R.sub.2 together form a benzene ring, and Z is hydrogen,
      chloro, or lower alkoxy.
NUM  2.
PAR  2. The compound according to claim 1 of the formula
      ##SPC15##
NUM  3.
PAR  3. The compound according to claim 1 of the formula
      ##SPC16##
NUM  4.
PAR  4. The compound according to claim 1 of the formula
      ##SPC17##
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ABST
PAL  A process for the preparation of an organopolysiloxanol comprising
      contacting at least one organochlorosilane of the formula
EQU  (CH.sub.3).sub.a (C.sub.2 H.sub.5).sub.b (CH.sub.2 = CH --).sub.c
      SiCl.sub.4-a-b-c
PAL  Wherein
EQU  a, b and c is 0, 1, 2 or 3
PAL  And wherein
EQU  2 .ltoreq. a+b+c .ltoreq. 3
PAL  At a temperature of about -10.degree. to 90.degree.C with water containing
      NH.sub.4 Cl in an amount from 1 to 100 percent of its saturation
      concentration, the pH value of the aqueous solution being adjusted to
      between about 7.5 and 11.6 by introduction of NH.sub.3, separating the
      hydrolyzate from the aqueous solution immediately after hydrolysis, and
      flushing the hydrolyzate with an inert gas, to remove NH.sub.3 therefrom.
BSUM
PAR  The present invention relates to an improved process for the preparation of
      organopolysiloxanes which are distinguished by a high content of silanol
      groups. Such compounds can be used, for example, as structure-improving
      additives to silicone rubber mixtures. They are also used for treating
      pulverulent materials to give them particular properties, for example to
      achieve better wettability of pigments by binders. They can also be used
      for the controlled synthesis of copolymeric siloxanes.
PAR  The fact that SiOH groups condense in the presence of acids or alkalis is
      generally known and is extensively utilized in the preparation and
      processing of polysiloxanes.
PAR  This fact is also utilized in the processes which are customary, according
      to the state of the art, for the preparation of silanols which condense
      readily, several approaches being open:
PAR  A. Silanes which split off only weak acids on hydrolysis, are hydrolyzed.
      Acyloxysilanes, especially acetoxysilanes, are generally more suitable for
      the preparation of silanols and of polysiloxanes rich in silanol groups
      than are halogenosilanes.
PAR  B. Silanes which do not produce any acids or bases on hydrolysis, such as
      dimethyldimethoxysilane or dimethyldiethoxysilane, are hydrolyzed.
PA1  C. the hydrolysis is carried out under such conditions that acids or bases
      formed are neutralized immediately; this method is used extensively. If,
      for example, metered addition of a base during the hydrolysis is used to
      ensure that the resulting hydrogen halide is neutralized immediately, it
      is possible to prepare even condensation-sensitive silanols or
      polysiloxane-polyols from diorganodichlorosilanes. In order not to affect
      the silanol groups, it is also possible to neutralize the mixture during
      the hydrolysis, for example with MgCO.sub.3, CaCO.sub.3 or MgO, or to
      react the organohalogenosilanes with alkali metal bicarbonate; conversely,
      an excess of alkali used during the hydrolysis accelerates the
      condensation so that the addition of an organohalogenosilane to an excess
      of an alkaline solution leads substantially to high-molecular siloxanes as
      taught by W. Noll, Chemie und Technologie der Silicone (Chemistry and
      Technology of the Silicones), 1968, page 83 et seq., 166/167.
PAR  It is also for this reason that alkaline hydrolysis processes are in
      general only employed when it is intended to achieve the hydrolysis of
      relatively hydrolysis-resistant organohalogenosilanes such as, for
      example, trifluoropropylmethyldichlorosilane or other
      fluoro-organohalogenosilanes.
PAR  All these processes suffer from considerable disadvantages: if procedure
      (A) is used, special silanes, which must be prepared particularly for the
      purpose from the organochlorosilanes in a separate process, are required
      as starting materials. This adds substantially to the cost of process (A).
      The same is true for the procedure according to process (B), for which
      special silanes must also be prepared. If process (C) is followed, it is
      found that it is technically very difficult to neutralize the acids formed
      during the hydrolysis uniformly by addition of bases in such a way that
      the hydrolysis product does not come into contact with acids or bases;
      local excess concentrations of acids or bases cannot be avoided and hence
      the control of the reaction is so uncertain that this process only gives
      silanol-containing polysiloxanes with greatly fluctuating silanol
      contents. Furthermore, polysiloxane-polyols rich in methyl groups and
      having an SiOH content of 18-20 percent by weight and above cannot be
      prepared in accordance with this process, or can only be prepared in low
      yields. If, on the other hand, suspensions of CaCO.sub.3, MgCO.sub.3 or
      MgO are used to neutralize the acid, large amounts of liquid are required
      to be able to prepare the suspensions. In addition, the suspensions of the
      carbonates foam greatly, so that the silanes can only be metered in
      slowly. Furthermore, the difficulties which can frequently be observed in
      reactions between solid and liquid materials, such as inadequate
      homogeneity of the reaction medium, crust formation on the surface of the
      solid and blockages, and caking on the walls, of the reactor occur.
PAR  It is accordingly an object of the present invention to avoid these
      disadvantages. This object is realized in accordance with the present
      invention which relates to a process for the preparation of an
      organopolysiloxanol comprising contacting at least one organochlorosilane
      of the formula
EQU  (CH.sub.3).sub.a (C.sub.2 H.sub.5).sub.b CH.sub.2 = CH --).sub.c
      SiCl.sub.4.sub.-a.sub.-b.sub.-c
PAL  wherein
EQU  a, b and c is 0, 1, 2 or 3
PAL  and wherein
EQU  2 &lt; a+b+c .ltoreq. 3
PAL  or mixtures of such silanes, optionally mixed further with up to 30 mol
      percent of diphenyldichlorosilane or up to 40 mol percent of
      methyltrichlorosilane, ethyltrichlorosilane or vinyltrichlorosilane, by
      contact with an alkaline aqueous solution, which is characterised in that
      the hydrolysis is carried out in a circulatory device at temperatures
      between -10.degree. and 90.degree.C by means of an aqueous solution of
      ammonia and ammonium chloride, the NH.sub.4 Cl content of the aqueous
      solution being between 1 and 100 percent of the saturation concentration
      and the pH value of the aqueous solution being adjusted to values between
      7.5 and 11.6 by introduction of NH.sub.3, and that the continuously
      obtained hydrolysate is separated off from the aqueous solution
      immediately after the hydrolysis of the silanes and freed from NH.sub.3
      which is still present by flushing with air or some other inert gas.
PAR  In a preferred embodiment of the process according to the invention the
      NH.sub.4 Cl content of the aqueous solution should be approximately 10 to
      70 percent of the saturation concentration and the pH value should be
      approximately between 10 and 10.5. The temperature during the hydrolysis
      is best kept between about 20.degree. and 60.degree.C.
PAR  It is quite necessary that the process is effected continuously and the
      hydrolyzate is promptly and approximately separated into an aqueous
      NH.sub.4 Cl-containing solution, which is at least partially recycled for
      further reaction after addition of fresh organochlorosilane and NH.sub.3,
      and a silanol-containing phase admixed with water, which is treated to
      remove the water and any NH.sub.3 contained therein.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a plot of SiOH content of the product against the pH of the
      hydrolysis solution; and
PAR  FIG. 2 is a flow sheet of a process for carrying out the present invention.
DETD
PAR  Surprisingly, it has been found that the SiOH content of the polysiloxanes,
      for example of the abovementioned composition, prepared according to the
      invention increases directly with the pH value of the NH.sub.4 Cl solution
      described above during hydrolysis, i.e. the condensing action of the
      solution on the resulting polysiloxanes is overcome if the polyols,
      immediately after isolation from the hydrolysis medium, are rapidly freed
      from adhering NH.sub.3 as by flushing the polyols with air or some other
      inert gas. FIG. 1 is a curve of the SiOH content of various polyols,
      prepared under otherwise identical experimental conditions, plotted
      against the pH value of the NH.sub.4 Cl solution used.
PAR  The curve shows that the SiOH content of the polysiloxane-polyols can be
      adjusted very simply and with good reproducibility to the desired value by
      varying the pH value of the ammonium chloride solution. This is not
      possible in such a simple and reliable manner in any of the abovementioned
      processes according to the state of the art.
PAR  The process according to the invention is preferably carried out in a
      re-circulating apparatus which is shown schematically in FIG. 2 and is
      described in more detail below:
PAR  In FIG. 2, 1, 7 and 8 represent pumps, 2 represents a condenser, 3
      represents a mixing chamber, 4 represents a pH meter, 5 and 6 represent
      separators, 9 represents a flow meter, 10 a discharge line, 11, 12, 13 and
      14 represent flushing columns, 17 represents a filter and 18 represents a
      container.
PAR  The circulation of an aqueous solution of NH.sub.4 Cl and NH.sub.3 takes
      place via the pump 1, the condenser 2, the mixing chamber 3, the pH meter
      4 and the preliminary separator 5. NH.sub.3 is fed in, according to the
      desired SiOH content and the pH value indicated at 4, via the flow meter
      9. The silanes are introduced into the mixing chamber 3 via the metering
      pump 8. Water is fed in via the metering pump 7.
PAR  The NH.sub.4 Cl content of the solution can easily be adjusted to the
      desired value, at constant supply of silane and at a given flow of
      NH.sub.3, by varying the amount of water fed in. The hydrolysate formed,
      and the excess NH.sub.4 Cl, which is removed in the form of its aqueous
      solution, are discharged into vessel 5 where there is a preliminary
      separation, aqueous NH.sub.4 Cl possibly containing some product being
      recirculated to pump 1 with removal of any solid NH.sub.4 Cl which might
      come out. The organic material admixed with much aqueous solution passes
      to vessel 6 where the complete separation of the hydrolyzate from the
      aqueous phase is carried out in a special separator. The aqueous phase
      leaves the separator at 10 and the hydrolyzate passes into the bubble cap
      columns 11 to 14 in which air or some other inert gas is introduced from
      below. The waste air leaves the columns at 16 and the flushed
      polysiloxane-polyol passes via the filter 17 into the production collector
      18.
PAR  The process according to the invention will be explained in more detail
      still with the aid of the examples which follow (percentages quoted relate
      to percent by weight, unless stated otherwise):
PAC  EXAMPLE 1
PAR  An aqueous solution of ammonium chloride in water was circulated as the
      hydrolysis medium in the circulatory apparatus according to FIG. 2. The
      solution was adjusted to pH 10.0 by metering in gaseous NH.sub.3. 1.4 l of
      dimethyldichlorosilane and 5 l of water were metered hourly into this
      solution via the metering pumps 7 and 8. The pH value was kept between 10
      and 10.5 by introducing further gaseous NH.sub.3. After a steady state had
      been reached, an average of 600 g of polysiloxane-polyol per hour was
      removed downstream of the filter. The oil had an SiOH content of 22.4
      percent by weight and an NH.sub.3 content of 14 ppm. The temperature of
      the hydrolysis medium was 36.degree.C and the NH.sub.4 Cl content of the
      aqueous phase was 20.0 percent by weight.
PAC  EXAMPLE 2
PAR  8 l of dimethyldichlorosilane per hour were fed via the metering pump 8
      into the loop in the installation according to Example 1; the amount of
      water introduced was about 29 l per hour. The pH value was kept at 9.7
      .+-. 0.2; the hydrolysis took place at about 40.degree.C. In the steady
      state, an average of 4,600 g of oil per hour was removed downstream of the
      filter. The SiOH content was 19.8 percent and the NH.sub.4 Cl content of
      the aqueous phase was about 19.5 percent by weight.
PAC  EXAMPLE 3
PAR  The conditions of Example 2 were retained except that the amount of water
      introduced per hour was doubled. This lowered the hydrolysis temperature
      to 38.degree.C; in the steady state, the NH.sub.4 Cl content of the
      aqueous phase was about 10.0 percent by weight. Thereafter, the amount of
      water was reduced until solid NH.sub.4 Cl precipitated from the solution
      in the installation. The oil then obtained had an SiOH content of 19.4
      percent.
PAC  EXAMPLE 4
PAR  The conditions of Example 2 were retained except that the pH value was
      lowered by 0.2 unit at a time over the course of a prolonged period. Table
      1 below shows the relationship between the pH value and the SiOH content:
TBL                Table 1                                                     
     ______________________________________                                    
     Selected pH value  Resulting SiOH content                                 
     ______________________________________                                    
     10.2               24.8/24.1%                                             
     10.0               22.4%                                                  
     9.8                21.3%                                                  
     9.6                19.0%                                                  
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  The conditions of Example 1 were retained except that the pH value was
      lowered progressively throughout the process. After the steady state had
      become established in each trial, the SiOH content of the oil obtained was
      examined. The pH value and the corresponding SiOH content are listed in
      Table 2:
TBL                Table 2                                                     
     ______________________________________                                    
     Selected pH value  Resulting SiOH content                                 
     ______________________________________                                    
     9.0                17.2%                                                  
     8.0                13.9%                                                  
     7.5                12.8%                                                  
     6.5                10.0%                                                  
     5.5                 7.1%                                                  
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  A silane mixture which consisted of 95 percent by weight of
      dimethyldichlorosilane and 5 percent by weight of
      vinylmethyldichlorosilane was fed into the hydrolysis apparatus in place
      of dimethyldichlorosilane, under the conditions of Example 2. The
      resulting oil had an SiOH content of 19.0 percent.
PAC  EXAMPLE 7
PAR  A silane mixture of 90 percent by weight of dimethyldichlorosilane and 10
      percent by weight of vinylmethyldichlorosilane was fed in under the
      conditions of Example 2. The SiOH content of the resulting oil was about
      18.8 percent.
PAC  EXAMPLE 8
PAR  A silane mixture of 60 percent by weight of dimethyldichlorosilane and 40
      percent by weight of vinylmethyldichlorosilane was hydrolyzed at pH
      10-10.5 under the conditions of Example 2. The SiOH content of the
      resulting oil was about 21.9 percent.
PAC  EXAMPLE 9
PAR  A silane mixture of 95 percent by weight of dimethyldichlorosilane and 5
      percent by weight of diphenyldichlorosilane was hydrolyzed at pH 10-10.5
      under the conditions of Example 2. The SiOH content of the resulting oil
      was 24.5 percent.
PAC  EXAMPLE 10
PAR  A silane mixture of 90 percent by weight of dimethyldichlorosilane and 10
      percent by weight of diphenyldichlorosilane was hydrolyzed under the
      conditions of Example 2. The resulting oil analyzed 16.7 percent by weight
      of SiOH. A silane mixture containing 20 percent of diphenyldichlorosilane
      gave, under the same conditions, an oil with 13.5 percent of SiOH.
PAC  EXAMPLE 11
PAR  A mixture of 85 percent by weight of dimethyldichlorosilane and 15 percent
      by weight of methyltrichlorosilane was hydrolyzed in the installation
      according to FIG. 2, under the conditions of Example 2, at a pH value of
      10-10.5. The resulting oil had an SiOH content of 19.5 percent.
PAC  EXAMPLE 12
PAR  A silane mixture of 70 percent by weight of dimethyldichlorosilane and 30
      percent by weight of methyltrichlorosilane was hydrolyzed under the
      conditions of Example 11. The resulting oil had an SiOH content of 18.2
      percent.
PAR  Under the same conditions, a silane mixture with 40% of
      methyltrichlorosilane gave an oil with 17 percent of SiOH, but already
      contained substantial amounts of gel-like by-products.
PAC  EXAMPLE 13
PAR  A mixture of 90 percent by weight of dimethyldichlorosilane, 5 percent by
      weight of vinylmethyldichlorosilane and 5 percent by weight of
      diphenyldichlorosilane was hydrolyzed under the conditions of Example 2,
      at pH 10-10.5. The resulting oil had an SiOH content of 20.0 percent.
PAC  EXAMPLE 14
PAR  By adding vinylmethyldichlorosilane, its content in the mixture of Example
      13 was raised to 10 percent by weight; an oil with an SiOH content of 16.4
      percent was obtained under the conditions of Example 2.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for the preparation of an organopolysiloxanol comprising
      contacting at least one organochlorosilane of the formula
EQU  (CH.sub.3).sub.a (C.sub.2 H.sub.5).sub.b (CH.sub.2 = CH --).sub.c
      SiCl.sub.4.sub.-a.sub.-b.sub.-c
PAL  wherein
EQU  a, b and c is 0, 1, 2, or 3
PAL  and wherein
EQU  2 .ltoreq. a+b+c .ltoreq. 3
PAL  at a temperature of about -10.degree. to 90.degree. C with water containing
      NH.sub.4 Cl in an amount from 1 to 100% of its saturation concentration,
      the pH value of the aqueous solution being adjusted to between about 7.5
      and 11.6 by introduction of NH.sub.3, separating the hydrolyzate from the
      aqueous solution immediately after hydrolysis, and flushing the
      hydrolyzate with an inert gas, to remove NH.sub.3 therefrom.
NUM  2.
PAR  2. The process of claim 1, wherein the organochlorosilane is mixed with
      diphenyldichlorosilane in an amount such that the organochlorosilane
      constitutes at least about 70 mole percent of the mixture, or with
      methyltrichlorosilane, ethyltrichlorosilane or vinyltrichlorosilane in an
      amount such that the organotrichlorosilane constitutes at least about 60
      mole percent of the mixture.
NUM  3.
PAR  3. The process of claim 1, wherein the NH.sub.4 Cl is present in about
      10.degree. to 70 percent of its saturation concentration, the pH is about
      10 to 10.5 and the temperature is about 20.degree. to 60.degree.C.
NUM  4.
PAR  4. The process of claim 1, wherein the reaction is effected continuously
      and the NH.sub.4 Cl-containing aqueous separated from the hydrolyzate is
      recycled at least in part.
NUM  5.
PAR  5. The process of claim 2, wherein the reaction is effected continuously
      and the NH.sub.4 Cl is present in about 10 to 70 percent of its saturation
      concentration, the pH is about 10 to 10.5 and the temperature is about
      20.degree. to 60.degree.C.
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PAL  1,3-bis(p-Hydroxyphenyl)cyclobutane and its monomethyl ether are estrogenic
      agents having antifertility action.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The compounds of this invention are carbocyclic phenols of the cyclobutane
      series. They are prepared from starting materials of the styrene series.
      They are novel compounds and possess biological activity.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The compounds of the present invention are substituted diphenylcyclobutane
      derivatives which possess a formal structural relationship to
      diethylstilbestrol. The latter is a well-known non-steroidal synthetic
      estrogen. 3-(p-Methoxyphenyl)cyclobutanone serves as starting material,
      and is obtained by a process analogous to a process previously reported by
      Silversmith, et al., J. Amer. Chem. Soc., 80, 5840 (1958) for the
      preparation of 3-phenylcyclobutanone from styrene.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides for the first time compounds of Formulas I and II.
      The compounds of Formula I in which R.sup.1 is hydrogen or methyl are
      estrogenic agents and have utility as such and as anti-fertility agents.
      They are prepared from 3-(p-methoxyphenyl)cyclobutanone via the
      intermediates of Formula II. In Formula II, R.sup.2 is methyl,
      tetrahydropyranyl, benzyl, trityl or tert.-butyl. R.sup.3 is hydrogen or
      hydroxyl. The compounds of Formula II are low potency depressants of the
      mammalian central nervous system and psychotropic agents for mammals at
      doses of 250-1000 mg./kg.
      ##SPC1##
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  p-Methoxystyrene may be converted to 3-(p-methoxyphenyl)-cyclobutanone
      according to the method of Silversmith, et al. (loc. cit.) when several
      modifications of the published procedure are made. These are described
      below in Procedures 1-4. 3-(p-Methoxyphenyl)cyclobutanone is then
      converted by the Grignard reaction to the intermediates of Formula II.
      ##SPC2##
PAR  In the reaction scheme, the symbol X is in the reactant employed with
      3-(p-methoxyphenyl)cyclobutanone represents chlorine, bromine, or iodine
      and R.sup.2 has the same meaning as above. The Grignard reaction shown in
      the foregoing reaction scheme is carried out under the ordinary conditions
      known to those skilled in the art for the preparation of Grignard reagents
      and reaction thereof with ketones. Suffice to say that anhydrous
      conditions are employed and a liquid, reaction inert, ether such as
      diethyl ether, tetrahydrofuran, or di-n-butyl ether is employed as
      reaction medium. The product is recovered after conclusion of the reaction
      by hydrolysis with water or an aqueous solution of a weak acid such as
      ammonium chloride.
PAR  The intermediates of Formula II are considered part of the present
      invention and are converted to the products of Formula I by hydrogenolysis
      of the hydroxyl group when R.sup.3 is hydroxyl, and cleavage of the
      R.sup.2 substituent under ordinary conditions for those transformations
      which are known to those skilled in the art. Convenient hydrogenolysis
      conditions are disclosed in Procedure 6 and involve the use of a palladium
      on charcoal catalyst suspended in 95% ethanol containing 1% by volume of
      70% perchloric acid as reaction medium and employing an atmosphere of
      hydrogen at pressures of from about 15 to 50 pounds per square inch.
PAR  The R.sup.2 substituents of Formula II are groups which are labile to
      replacement by hydrogen by hydrolysis or hydrogenolysis thereof from the
      oxygen atom at temperatures of from about room temperature up to
      temperatures in excess of the melting point of the reactants but below
      temperatures at which substantial decomposition occurs. A maximum
      temperature of about 250.degree.C. for cleavage of R.sup.2 is employed.
      When acidic conditions are employed and R.sup.3 is OH, dehydration of the
      cyclobutanol to a cyclobutene derivative occurs. Accordingly, acidic
      R.sup.2 cleavage is either done under hydrogenating conditions, or
      confined to those instances wherein R.sup.3 is hydrogen.
PAR  When R.sup.2 is the methyl group and R.sup.3 is hydrogen, a convenient
      method involves simply mixing the reactant of Formula II with pyridine
      hydrochloride and heating the dry mixture at about 210.degree.C. The
      product is recovered by dilution of the reaction mixture with water and
      extraction with a water immisible organic solvent. This is illustrated in
      Procedure 7. The benzyl and trityl groups are readily removed under the
      aqueous acidic hydrolysis and hydrogenolysis conditions of Procedure 6.
      Similarly, aqueous acid at room temperature will cleave the
      tetrahydropyranyl and the tert.-butyl R.sup.2 substituents. Again the
      hydrogenolysis conditions of Procedure 6 are sufficiently acidic to result
      in cleavage of such R.sup.2 substituents.
PAR  To summarize, 3-(p-methoxyphenyl)cyclobutanone is reacted with a Grignard
      reagent prepared from a p-(chloro, bromo or iodo)phenyl R.sup.2 ether,
      hydrolyzing the resulting reaction complex and recovering intermediates of
      Formula II wherein R.sup.3 is hydroxyl. The latter is then converted to
      the cyclobutane derivative by hydrogenolysis of the R.sup.3 OH group and
      cleavage of the R.sup.2 ether substituent.
PAR  Estrogenic action is shown for the compounds of Formula I in the
      uterotrophic assay of Rubin, et al. (Endocrinology, 49, 429 (1950))
      employing immature female rats. Doses of 20-80 mg./kg. subcutaneously of
      1,3-bis(p-hydroxyphenyl)cyclobutane (Procedure 7) and its monomethyl ether
      (Procedure 9) daily for 3 days result in statistically significant
      increases in uterine weight. In the vaginal cornification test in rats
      (Dorfman's "Methods in Hormone Research", Vol. 2, pages 65-80, Academic
      Press, 1962) 90% of the ovariectomized animals give a response when
      challenged with 30 mg./kg. of 1,3-bis(p-hydroxyphenyl)cyclobutane
      subcutaneously.
PAR  The postcoital antifertility action of the compounds of Formula I can be
      demonstrated in the rat in a test involving daily dosing on the first 6
      days of pregnancy and sacrificing on the 8th day. The uterine horns are
      examined and the total number of normal and abnormal implantation sites
      for groups of 10 animals are counted. A 50% reduction in normal
      implantation sites was determined for 1,3-bis(p-hydroxyphenyl)cyclobutane
      at a dose of 9.7 mg./kg. of body weight subcutaneously. Pregnancy was
      prevented in all animals of a group of 10 receiving 15 mg./kg.
      subcutaneously. With 3-(p-hydroxyphenyl)-1-(p-methoxyphenyl)cyclobutane,
      pregnancy was prevented in all animals in a group of 10 receiving a dose
      of 40 mg./kg. subcutaneously.
PAR  The compounds of Formula I may be employed for estrogenic purposes in much
      the same way as estrone, but in doses of from about 2 mg./kg. of body
      weight up to about 500 mg./kg. of body weight orally or parenterally. For
      antifertility purposes, daily parenteral injection of doses of about 0.1
      to 100 mg./kg. of body weight on the first 6 days following coitus is
      preferred.
PAR  The compounds of Formulas I and II have oral lethal toxic doses
      (ALD.sub.50) for mice of greater than 1000 mg./kg.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAC  Procedure 1. 2,2-Dichloro-1,1-difluoro-3-(p-methoxyphenyl)-cyclobutane
PAR  p-Methoxystyrene (40.8 g., 0.30 mole), 1,1-dichloro-2,2-difluoroethylene
      (55.8 g., 0.42 mole), and triethylamine (3.0 ml., 0.02 mole) are heated in
      a sealed tube (25 .times. 615 mm) at 125.degree.-130.degree.C. for 16 hrs.
      The cooled mixture is then poured into water, the reaction product
      extracted with ether, and the extracts washed with water, dried
      (MgSO.sub.4), and evaporated to an oil. Distillation of the oil yields
      69.0 g. (86%), b.p. 80.degree.-85.degree.C. (0.1 mm), of the desired
      intermediate suitable for use in the next step. Part of the oil was
      chromatographed (alumina, cyclohexane), and redistilled, b.p. 81.degree.C.
      (0.02 mm), n.sub.D.sup.27 1.5207.
PAR  Anal. C, 49.37; H, 3.86.
PAC  Procedure 2. 2-Chloro-1,1-difluoro-3-(p-methoxyphenyl)-2-cyclobutene
PAR  To a solution of 3.2 g. (0.049 mole) of 85% potassium hydroxide in 60 ml.
      of absolute ethanol there is added 10.7 g. (0.04 mole) of
      2,2-dichloro-1,1-difluoro-3-(p-methoxyphenyl)cyclobutane. The mixture is
      heated at reflux for 1 hr. and then cooled to room temperature.
      Precipitated potassium chloride is removed by filtration and the filtrate
      concentrated to about 20 ml. About 70 ml. of water is added and the
      mixture is extracted with three 50 ml. portions of ether. The extract is
      washed (water 70 ml.), dried and the solvent distilled. The residual
      material constitutes a 96% yield of desired intermediate suitable for use
      in the next step. A small sample was distilled for analysis, b.p.
      67.degree.C. (0.02 mm) N.sub.D.sup.27 1.5597.
PAR  Anal. C, 57.55; H, 3.90.
PAC  Procedure 3. 2-Chloro- 3-p-methoxyphenyl)-2-cyclobuten-1-one.
PAR  2-Chloro-1,1-difluoro-3-(p-methoxyphenyl)-2-cyclobutene (215 g., 0.93 mole)
      is poured gradually into 272 ml. of concentrated H.sub.2 SO.sub.4 with
      stirring. The rate of addition is adjusted to maintain the reaction
      temperature below 40.degree.C. When the reaction subsides, the cooling
      bath is removed, but stirring is continued for 20 min. The mixture is
      poured into 3.1. of water. A precipitate forms, and is collected on a
      filter, washed with water, and air-dried. Recrystallization of this
      material twice from i-PrOH yields 128.8 g. (66%) of the desired
      intermediate, m.p. 96.degree.-98.degree.C. An analytical sample was
      prepared by chromatography on alumina (benzene) and recrystallized from
      heptane, m.p. 98.degree.-100.degree.C.
PAR  Anal. C, 63.24; H, 4.36; Cl, 16.87.
PAC  Procedure 4. 3-(p-Methoxyphenyl)cyclobutanone
PAR  2-Chloro-3-(p-methoxyphenyl)-2-cyclobuten-1-one (17.4 g., 0.084 mole),
      triethylamine (11.7 ml., 0.084 mole), and 2.1 g. of 10% Pd/C in 300 ml. of
      10% aqueous methanol is shaken under H.sub.2 (50 psi) until reduction is
      complete (30 min). The mixture is filtered and the filtrate evaporated. An
      ether solution of the residue is washed (water), dried (MgSO.sub.4), and
      evaporated to give 15.4 g. of an oil which is chromatographed on alumina
      using benzene.
PAR  The second component eluted (4.8 g.) is distilled to give 4.3 g. of (29%)
      of the desired intermediate, b.p. 93.degree.-95.degree.C. (0.05 mm),
      n.sub.D.sup.27 1.5449.
PAR  Anal. C, 75.03; H, 6.89.
PAC  Procedure 5. 1,3-bis(p-Methoxyphenyl)cyclobutanol
PAR  p-Methoxyphenylmagnesium bromide is prepared in 30 ml. of tetrahydrofuran
      from Mg shavings (0.89 g., 0.037 gram atom) and 6.3 g. (0.034 mole) of
      p-bromoanisole. 3-(p-Methoxyphenyl)cyclobutanone (6.0 g., 0.034 mole) in
      20 ml. of tetrahydrofuran is added dropwise at room temperature. The
      mixture is heated at reflux for 2 hrs., cooled and hydrolyzed with 5 ml.
      of saturated aqueous NH.sub.4 Cl. The solution is filtered and evaporated
      to give a residue which is dissolved in ether. The ether solution is
      washed (water), dried (MgSO.sub.4), and evaporated to yield 9.9 g. of an
      oil. The latter is chromatographed on alumina. Impurities are first eluted
      with benzene, and the desired intermediate is eluted with chloroform (4.5
      g.) and recrystallized from cyclohexane to yield 3.5 g. (36%), m.p.
      71.degree.-75.degree.C.
PAR  Anal. C, 76.25; H, 6.91.
PAC  Procedure 6. 1,3-bis(p-Methoxyphenyl)cyclobutane
PAR  1,3-bis(p-methoxyphenyl)cyclobutanol (13.2 g., 0.046 mole), 3.0 g. of 10%
      Pd/C, 1 ml. of 70% HClO.sub.4, and 100 ml. of 95% EtOH is shaken under 50
      psi of H.sub.2 until hydrogen absorption is complete. The catalyst is
      removed by filtration and the filtrate is evaporated. A solution of the
      residue in ether is washed (5% NaHCO.sub.3, water) and dried (MgSO.sub.4).
      Evaporation of the ether yields a residue (11.4 g.) which is
      recrystallized (EtOH), affording 6.8 g (55%) of the desired intermediate.
PAR  Anal. C, 80.46; H, 7.52.
PAC  Procedure 7. 1,3-bis-(p-Hydroxyphenyl)cyclobutane
PAR  A mixture of 1,3-bis-(p-methoxyphenyl)cyclobutane (13.57 g., 0.051 mole)
      and pyridine hydrochloride (46.8 g., 0.41 mole) is heated at 210.degree.C.
      under a nitrogen atmosphere for 30 minutes and then poured into 500 ml. of
      water. Several ethyl acetate extracts are taken, combined, washed (dilute
      HCl, water), dried (MgSO.sub.4), and evaporated. The desired product after
      recrystallization from benzene weighs 8.1 g. (67%), m.p.
      148.degree.-163.5.degree.C.
PAR  Anal. C, 79.68; H, 6.93.
PAR  Nuclear magnetic resonance, dimethylsulfoxide-D.sub.6, .delta. (ppm)
      (multiplicity, relative area): 2.37 (m,4); 3.37 (m, 2); 6.78 (m, 4); 7.18
      (m, 4); 9.05 (s, 2).
PAC  Procedure 8.
      3-(p-Methoxyphenyl)-1-[p-(2-tetrahydropyranyloxy)-phenyl]cyclobutanol
PAR  The method of Procedure 5 is repeated with substitution of 8.9 g. (0.034
      mole) of p-bromophenyl-2-tetrahydropyranyl ether for the p-bromoanisole
      specified in that example. The resulting product is obtained in 62% yield
      and is recrystallized from heptane, m.p. 72.degree.-75.degree.C.
PAR  Anal. C, 74.68; H, 7.42.
PAR  Nuclear magnetic resonance, CDCl.sub.3 with tetramethylsilane as reference,
      .delta. (ppm)(multiplicity, relative area): 1.8 (m, 6); 2.18 (s, 1); 2.8
      (m, 5); 3.73 (m, 2); 3.78 (s, 3); 5.45 (m, 1); 7.1 (m, 8).
PAC  Procedure 9. 1-(p-Hydroxyphenyl)-3-(p-methoxyphenyl)cyclobutane
PAR  A method of Procedure 6 is repeated substituting a product of Procedure 8
      as starting material. The product is obtained in 67% yield and is
      recrystallized from aqueous ethanol, m.p. 96.degree.-110.degree.C.
PAR  Anal. C, 80.32; H, 7.08.
PAR  Nuclear magnetic resonance, CDCl.sub.3 with tetramethylsilane as reference,
      .delta. (ppm)(multiplicity, relative area): 2.5 (m, 4); 3.5 (m, 2); 3.80
      and 3.82 (s, 3); 4.96 (s, 1); 7.0 (m, 8).
PAR  The nmr spectral data for the products of Procedures 7 and 9 indicates that
      about a 60:40 ratio of geometric isomers was produced, but it was not
      determined whether the cis or the trans isomer was produced in larger
      amount.
PAC  Procedure 10. 1-(p-Benzyloxyphenyl)-3-(p-methoxyphenyl)-cyclobutanol and
      1-(p-hydroxyphenyl)-3-(p-methoxyphenyl)cyclobutane
PAR  The method of Procedure 5 is repeated with substitution of 8.9 g. (0.034
      mole) of p-bromophenylbenzyl ether for the p-bromoanisole specified in
      that example. The resulting product is then hydrogenated under acidic
      conditions according to the method of Procedure 6 to yield the desired
      product.
PAC  Procedure 11. 3-(p-Methoxyphenyl)-1-(p-trityloxyphenyl)-cyclobutanol and
      1-(p-hydroxyphenyl)-3-(p-methoxyphenyl)cyclobutane
PAR  The method of Procedure 5 is repeated with substitution of 14.1 g. (0.034
      mole) of p-bromophenyltrityl ether for the p-bromoanisole specified in
      that example. The resulting product is hydrogenated under acidic
      conditions according to the method of Procedure 6 to yield the desired
      product.
PAC  Procedure 12. 1[-p-(tert.-Butyloxy)phenyl]-3-(p-methoxyphenyl)-cyclobutanol
      and 1-(p-hydroxyphenyl)-3-(p-methoxyphenyl)cyclobutane
PAR  The method of Procedure 5 is repeated with substitution of 7.8 g. of
      p-bromophenyl tert.-butyl ether for the p-bromoanisole specified in that
      example. The resulting product is hydrogenated under acidic conditions
      according to the method of Procedure 6 to yield the desired product.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      1,3-bis(p-hydroxyphenyl)cyclobutane and the monomethyl ether thereof.
NUM  2.
PAR  2. The compound of claim 1, 1,3-bis(p-hydroxyphenyl)-cyclobutane.
NUM  3.
PAR  3. The compound of Claim 1,
      1-(p-hydroxyphenyl)-3-(p-methoxyphenyl)cyclobutane.
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ABST
PAL  Anionic biodegradable detergents as exemplified by alkaline sulfate esters
      of n-alkyl-substituted hydroxypolyalkoxymethylcyclohexenes may be prepared
      by condensing butadiene with allyl alcohol, ring alkylating the resultant
      hydroxymethylcyclohexene with an olefin in the presence of a free-radical
      generating compound to form an alkyl-substituted hydroxymethylcyclohexene,
      alkoxylating this compound to form an alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene, sulfating the latter compound and
      neutralizing the sulfate ester with an alkaline material to form the
      desired product.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 277,835 which was filed on Aug. 3, 1972, now Pat. No. 3,859,324, Jan.
      7, 1975, all teachings of which are incorporated herein by reference
      thereto.
BSUM
PAR  This invention relates to a process for preparing anionic biodegradable
      detergents. More specifically, the invention is concerned with a novel
      method comprising a series of steps hereinafter set forth in greater
      detail whereby alkaline sulfate esters of alkyl-substituted
      hydroxypolyalkoxymethylcyclohexenes are formed.
PAR  One of the major problems which is prevalent in population centers
      throughout the world is the disposal of sewage containing detergents
      dissolved therein. Such disposal problems are especially trying in the
      case of branch-chained alkylaryl detergents. These detergents produce
      stable foams in hard or soft waters in such large quantities that the foam
      clogs sewage treatment facilities, and destroys the bacteria which are
      necessary for proper sewage treatment. In many rivers, streams, lakes,
      etc., which act as a water supply for the aforesaid population centers,
      there are found these unwanted foams and suds. As hereinbefore set forth,
      the presence of these unwanted foams or suds is due in many instances to
      the use of detergents which are non-biodegradable in nature and which will
      not break down by bacterial action thereon. The non-biodegradable nature
      of these detergents is due to the fact that the alkyl side chain of the
      molecule is in many instances highly branched and therefore not readily
      attacked by the organisms which would ordinarily destroy the molecule. In
      contradistinction to this, the use of straight chain alkyl substituents on
      the ring will permit the detergents to be destroyed and therefore foams or
      suds will not build up on the surface of the water.
PAR  It is therefore an object of this invention to provide a process for the
      production of detergents which show biodegradability in both urban and
      rural sewage disposal systems.
PAR  In one aspect an embodiment of this invention resides in a process for the
      preparation of a biodegradable detergent which comprises the steps of: (a)
      condensing butadiene with allyl alcohol in a Diels-Alder reaction at a
      temperature in the range of from about 50.degree. to 190.degree. C. and a
      pressure in the range of from atmospheric to about 100 atmospheres to form
      hydroxymethylcyclohexene; (b) ring alkylating said
      hydroxymethylcyclohexene with a 1-alkene in the presence of an organic
      peroxy free-radical generating compound and hydrogen chloride at a
      temperature at least as high as the decomposition temperature of said
      free-radical generating compound; (c) alkoxylating the resultant
      n-alkyl-substituted hydroxymethylcyclohexene with an alkoxylating agent
      selected from the group consisting of ethylene oxide and propylene oxide
      at a temperature in the range of from about 20.degree. to 125.degree. C.
      and at a pressure of from about 50 to about 1000 pounds per square inch to
      form an n-alkyl-substituted hydroxypolyalkoxymethylcyclohexene; (d)
      sulfating said n-alkyl-substituted hydroxypolyalkoxymethylcyclohexene with
      a sulfating agent at a temperature of from about 0.degree. to about
      60.degree. C. to form the sulfate ester thereof; (e) neutralizing said
      sulfate ester with a neutralizing agent to form the alkaline sulfate ester
      of said n-alkyl-substituted hydroxypolyalkoxymethylcyclohexene; and (f)
      recovering said alkaline sulfate ester.
PAR  A specific embodiment of this invention is found in a process for the
      preparation of a biodegradable detergent which comprises the steps of
      condensing butadiene with allyl alcohol at a temperature in the range of
      from about 50.degree. to about 190.degree. C and a pressure in the range
      of from atmospheric to about 100 atmospheres, ring alkylating the
      resultant hydroxymethylcyclohexene with 1-tetradecene in the presence of
      di-t-butyl peroxide and hydrogen chloride at a temperature at least as
      high as the decomposition temperature of said di-t-butyl peroxide,
      alkoxylating the resultant n-tetradecyl hydroxymethylcyclohexene with
      ethylene oxide at a temperature in the range of from about 20.degree. to
      about 125.degree. C. and a pressure in the range of from about 25 to about
      1000 pounds per square inch in the presence of an acidic or basic
      catalyst, sulfating the resultant n-tetradecyl
      hydroxypolyethoxymethylcyclohexene with sulfuric acid to form the sulfate
      ester thereof at a temperature in the range of from 0.degree. to about
      60.degree. C., neutralizing said sulfate ester with sodium hydroxide at a
      temperature in the range of from about ambient to about 40.degree. C. and
      recovering the resultant sodium sulfate ester of an n-tetradecyl
      hydroxypolyethoxymethylcyclohexene.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth, the present invention is concerned with a
      process for the preparation of detergents which are biodegradable in
      nature, said detergents being anionic in nature. The process by which
      these compounds are formed is effected in a series of steps. In the first
      step of the reaction, butadiene is condensed with allyl alcohol in a
      Diels-Alder type condensation to give 4-hydroxymethylcyclohexene. The
      Diels-Alder condensation is effected at elevated temperatures, usually in
      the range of from about 50.degree. to about 190.degree. C. and at a
      pressure ranging from atmospheric to about 100 atmospheres. The reaction
      pressure may be afforded by the autogenous pressure of butadiene or by a
      combination of butadiene and a substantially inert gas such as nitrogen or
      argon, the amount of pressure which is utilized being that which is
      sufficient to maintain at least a portion of the reactants in the liquid
      phase.
PAR  The 4-hydroxymethylcyclohexene which has been prepared according to the
      above paragraph is recovered and selectively alkylated utilizing an
      olefinic hydrocarbon as the alkylating agent. The selective alkylation in
      which the alkyl substituent is positioned on the ring rather than on the
      side chain is effected by treating the reactants in the presence of a
      free-radical generating compound and hydrogen chloride. In the preferred
      embodiment of the invention, the olefinic hydrocarbon which is utilized as
      the alkylating agent will comprise a 1-alkene containing from 3 to about
      20 carbon atoms in length and preferably from about 6 to about 14 carbon
      atoms. By utilizing the 1-alkene and an alkylation catalyst comprising a
      free-radical generating compound and a promoter comprising hydrogen
      chloride, it is possible to obtain a normal alkyl side chain on the
      cyclohexene ring rather than a secondary alkyl side chain which would
      result if the alkylation were effected in the presence of an acidic
      catalyst of the Friedel-Crafts type or sulfuric acid, etc. Specific
      examples of the alpha-olefinic hydrocarbons which are utilized as
      alkylating agents include propene, 1-butene, 1-pentene, 1-hexene,
      1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene,
      1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene, 1-heptadecene,
      1-octadecene, 1-nonadecene, 1-eicosene, etc.
PAR  The catalysts which are used in this step of the invention will include
      peroxy compounds, containing the bivalent radical --O--O--, which
      decomposes to form free radicals which initiate the general reaction and
      are capable of inducing the condensation of the hydroxymethylcyclohexene
      with the 1-alkene. Examples of these catalysts include the persulfates,
      perborates, percarbonates of ammonium and of the alkali metals, or organic
      peroxy compounds. The organic peroxy compounds constitute a preferred
      class of catalysts for use in the invention and include peracetic acid,
      persuccinic acid, methyl ethyl ketone peroxide, methyl isobutyl ketone
      peroxide, acetyl peroxide, dipropionyl peroxide, di-t-butyl peroxide,
      butyryl peroxide, lauroyl peroxide, benzoyl peroxide, tetralin peroxide,
      urea peroxide, t-butyl perbenzoate, t-butyl hydroperoxide,
      methylcyclohexyl hydroperoxide, cumene hydroperoxide, diisopropylbenzene
      hydroperoxide, etc. Mixtures of peroxy compound catalysts may be employed
      or the peroxy compound catalyst may be utilized in admixture with various
      diluents. Thus, organic peroxy compounds which are compounded commercially
      with various diluents which may be used include benzoyl peroxide
      compounded with calcium sulfate, benzoyl peroxide compounded with camphor,
      phthalate esters, etc. Only catalytic amounts (less than stoichiometric
      amounts) need be used in the process.
PAR  The alkylation of the hydroxymethylcyclohexene with the 1-alkene is
      effected at elevated reaction temperatures which should be at least as
      high as the initial decomposition temperature of the free-radical
      generating catalyst, such as the peroxide compound, in order to liberate
      and form free radicals which promote the reaction. In selecting a
      particular reaction temperature for use in the process of the present
      invention, two considerations must be taken into account. First sufficient
      energy by means of heat must be supplied to the reaction so that the
      reactants, namely, the hydroxymethylcyclohexene and the 1-alkenes, will be
      activated sufficiently for condensation to take place when free radicals
      are generated by the catalyst. Second, free-radical generating catalysts
      such as peroxy compounds, particularly organic peroxides, decompose at a
      measurable rate with time in a logarithmic function dependent upon
      temperature. This rate of decomposition can be and ordinarily is expressed
      as the half life of a peroxide at a particular temperature. For example,
      the half life in hours for di-t-butyl peroxide is 11 hours at 125.degree.
      C., 4 hours at 135.degree. C., and 1.5 hours at 145.degree.  C. A reaction
      system temperature must then be selected so that the free-radical
      generating catalyst decomposes smoothly with the generation of free
      radicals at a half life which is not too long. In other words, sufficient
      free radicals must be present to induce the present chain reaction to take
      place, and these radicals must be formed at a temperature at which the
      reactants are in a suitably activated state for condensation. When the
      half life of the free-radical generating catalyst is greater than 10
      hours, radicals are not generated at a sufficient rate to cause the
      reaction of the process of the present invention to go forward at a
      practically useful rate. Thus the reaction temperature may be within the
      range of from about 50.degree. to about 300.degree. C. and at least as
      high as the decomposition temperature of the catalyst, by which is meant a
      temperature such that the half life of the free-radical generating
      catalyst is not greater than 10 hours. Since the half life for each
      free-radical generating catalyst is different at different temperatures,
      the exact temperature to be utilized in a particular reaction will vary.
      However, persons skilled in the art are well acquainted with the half life
      vs. temperature data for different free-radical generating catalysts. Thus
      it is within the skill of one familiar with the art to select the
      particular temperature needed for any particular catalyst. However, the
      operating temperatures generally do not exceed the decomposition
      temperature of the catalyst by more than about 100.degree. C. since
      free-radical generating catalysts decompose rapidly under such conditions.
      For example, when a free-radical generating catalyst such as t-butyl
      perbenzoate is used, having a 10 hour, 50% decomposition temperature of
      approximately 105.degree. C., the operating temperature of the process is
      from about 105.degree. to about 205.degree. C. When di-t-butyl peroxide
      having a decomposition temperature of about 125.degree. C. is used, the
      process is run at a temperature ranging from about 125.degree. to about
      225.degree. C. Higher reaction temperatures may be employed, but little
      advantage is gained if the temperature is more than the hereinbefore
      mentioned 100.degree. C. higher than the 10 hour, 50% decomposition
      temperature of the catalyst. The general effect of increasing the
      operating temperature is to accelerate the rate of condensation reaction
      of the hydroxymethylcyclohexene with the 1-alkenes. However, the increased
      rate of reaction is accompanied by certain amounts of decomposition. In
      addition to the elevated temperatures which are utilized, the reaction may
      also be effected at elevated pressures ranging from 1 to about 100
      atmospheres or more, the preferred operating pressure of the process being
      that which is required to maintain a substantial portion of the reactants
      in liquid phase. Pressure is not an important variable in the process of
      this invention. However, because of the low boiling points of some of the
      reactants, it is necessary to utilize pressure-withstanding equipment to
      insure liquid phase conditions. In batch type operations, it is often
      desirable to utilize pressure-withstanding equipment to charge the
      reactants and the catalyst to the vessel and to pressure the vessel with
      10 or 30 or 50 or more atmospheres of an inert gas such as nitrogen. This
      helps to insure the presence of liquid phase conditions. However, when the
      mole quantity of reactants is sufficient, the pressure which they
      themselves generate at the temperature utilized is sufficient to maintain
      the desired phase conditions.
PAR  Furthermore, the concentration of the catalyst employed in this process may
      vary over a rather wide range but it is desirable to utilize low
      concentrations of catalysts such as from about 0.1 to about 10% of the
      total weight of the combined starting materials charged to the process.
      The reaction time may be within the range of from less than 1 minute to
      several hours, depending upon temperature and the half life of the
      catalyst. Generally speaking, contact times of at least 10 minutes are
      preferred.
PAR  In addition to the free-radical generating catalyst, the alkylation is also
      effected in the presence of a hydrogen chloride compound. The hydrogen
      chloride compound is used as a promoter for the reaction and also is used
      to prevent or inhibit telomerization, said telomerization being a
      polymerization reaction in which unwanted side reaction products may be
      formed. The hydrogen chloride may be present as anhydrous hydrogen
      chloride, as concentrated hydrochloric acid or as a more dilute aqueous
      solution of hydrochloric acid, the hydrochloric acid being present in an
      amount of from 5 to about 38% in said aqueous solution.
PAR  The n-alkyl-substituted hydroxymethylcyclohexene is then subjected to an
      alkoxylation step to prepare a compound having the general structure:
      ##SPC1##
PAL  in which R is a normal alkyl radical containing from 3 up to about 20
      carbon atoms, n is 2 or 3 and m is an integer ranging from about 1 to
      about 50 and preferably in a range of from about 3 to about 20. The
      alkoxylation of the n-alkyl-substituted hydroxymethylcyclohexene is
      effected by treating the compound with an alkoxylating agent selected from
      the group consisting of ethylene oxide and propylene oxide in an amount
      sufficient to produce the desired number of alkoxy units in order that the
      values hereinbefore set forth for m may be satisfied. In any event, a
      sufficient amount of alkylene oxide must be used to solubilize the product
      and maximize its surface active properties either without or with
      subsequent sulfation. Generally speaking, the value of m will be in the
      lower range inasmuch as this product is subjected to a subsequent
      sulfation step to prepare compounds which may be used as an anionic
      detergent.
PAR  The alkoxylation is effected by treating the aforementioned compounds with
      ethylene oxide or propylene oxide at a temperature in the range of from
      about 20.degree. (ambient) up to about 125.degree. C. and at a pressure in
      the range of from about 50 to about 1000 pounds per square inch, the
      pressure being afforded by the alkoxylating agent. In addition, the
      alkoxylating reaction is effected in the presence of an acidic or basic
      catalyst. Examples of acids which may be employed will include mineral
      acids such as hydrochloric acid, sulfuric acid, phosphoric acid, etc.,
      organic acids such as methanesulfonic acid, ethanesulfonic acid,
      benzenesulfonic acid, toluenesulfonic acid, acidic salts such as stannic
      chloride, ferric chloride, zinc chloride, etc. Examples of basic catalysts
      which may be employed will include sodium carbonate, potassium carbonate,
      lithium carbonate, sodium acetate, potassium acetate, lithium acetate,
      sodium propionate, potassium propionate, lithium propionate, sodium
      hydroxide, potassium hydroxide, lithium hydroxide, the corresponding basic
      calcium compounds, magnesium compounds, etc. As hereinbefore set forth, a
      sufficient amount of alkoxylating agent will be used in order that the
      predetermined value for m in the above formula is satisfied. Therefore,
      the alkoxylating agent will usually be present in the reaction mixture in
      a molar excess over that of the n-alkyl-substituted
      hydroxymethylcyclohexene, said molar excess usually being in a range of
      from about 2:1 to about 50:1 moles of alkylene oxide per mole of
      substituted cyclohexene. It is contemplated within the scope of this
      invention that a fewer number of moles of alkylene oxide may also be used,
      that is, from about 1 to about 5 moles of alkylene oxide per mole of
      substituted cyclohexene following which the resulting alkoxylated compound
      is sulfated and neutralized to form anionic biodegradable detergents of
      the type
      ##SPC2##
PAL  in which R is an n-alkyl radical containing from 3 to about 20 carbon
      atoms, M is an alkali metal, alkaline earth metal or basic
      nitrogen-containing ion, n is an integer of 2 or 3 and m is an integer
      ranging from 1 to about 10. The sulfation of the n-alkyl-substituted
      hydroxypolyalkoxymethyclcylohexene is accomplished by treating these
      compounds with a conventional sulfating agent such as sulfuric acid,
      oleum, sulfur trioxide, chlorosulfonic acid, etc., the temperatures
      ranging from about 0.degree. to about 60.degree. C. depending upon the
      type of sulfating agent which is used. For example, when the sulfating
      agent comprises sulfur trioxide or oleum, the reaction may be effected at
      a temperature in the subambient range, that is, from 0.degree. to about
      25.degree. C. or if the sulfur trioxide is in gaseous form, the reaction
      may be effected at a temperature up to about 40.degree. C. When utilizing
      sulfur trioxide in gaseous form, it is usually admixed with a sufficient
      amount of air so that the sulfur trioxide is present in an amount in the
      range of from 3 to about 10%. When employing other sulfating agents such
      as sulfuric acid, the reaction may be effected over the entire temperature
      range hereinbefore set forth, that is, from about 0.degree. up to about
      60.degree. C. Likewise the use of chlorosulfonic acid as a sulfating agent
      will permit the reaction to be effected at ambient (20.degree. to
      25.degree. C.) temperatures.
PAR  The sulfate ester of the n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene is then neutralized by utilizing
      conventional neutralizing agents such as an alkali metal base, an alkaline
      earth metal base, ammonia or an amine. Specific examples of these
      neutralizing agents will include sodium hydroxide, potassium hydroxide,
      lithium hydroxide, rubidium hydroxide, cesium hydroxide, magnesium
      hydroxide, calcium hydroxide, strontium hydroxide, ammonia, ammonium
      hydroxide, amines such as ethanol amine, propanol amine, benzyl amine,
      N,N-dimethylbenzyl amine, N,N-diethylbenzyl amine, methyl amine, ethyl
      amine, propyl amine, dimethyl amine, diethyl amine, dipropyl amine, etc.
      Of the aforementioned neutralizing agents, the preferred compounds
      comprise ammonium hydroxide, sodium hydroxide, or potassium hydroxide, due
      to the greater availability and relatively lower cost of these compounds.
PAR  The neutralization reaction, being exothermic in nature, is usually
      effected under a controlled temperature system, the preferred temperature
      for the reaction being from about ambient up to about 40.degree. C.
      whereby the formation of undesired side products may be minimized. The
      control of the temperature of the neutralization reaction is usually
      effected by utilizing cooling means including ice baths, dry ice, cooling
      coils, etc., whereby the desired product is obtained.
PAR  The process of this invention in which biodegradable detergents of the type
      hereinbefore set forth in greater detail are prepared may be effected in
      either a batch or continuous operation. When a batch type operation is
      used, a quantity of the allyl alcohol is placed in an appropriate
      apparatus such as an autoclave of the rotating or mixing type. The
      autoclave is sealed and the butadiene is charged thereto or, in an
      alternate method, a mixture of butadiene and an inert gas such as nitrogen
      is charged thereto until the desired operating pressure is reached. The
      autoclave is thereafter heated to the desired operating temperature within
      the range hereinbefore set forth and maintained thereat for a
      predetermined residence time which may range from 0.5 up to about 10 hours
      or more in duration. Upon completion of the desired residence time,
      heating is discontinued, the autoclave is allowed to return to room
      temperature, the excess pressure is vented and the reaction mixture is
      recovered therefrom. The hydroxymethylcyclohexene is separated from any
      unreacted allyl alcohol by conventional means such as distillation or by
      any other separation means known in the art and placed in a second
      reaction vessel along with a free-radical generating compound and the
      1-alkene which is to be utilized as the alkylating agent. This second
      reaction vessel may be a flask provided with condensing means or an
      autoclave of the rotating or mixing type. In addition, a promoter
      comprising hydrogen chloride, either in gaseous form as hydrogen chloride
      or in aqueous form as hydrochloric acid is added to the reactor which is
      thereafter heated to the desired operating temperature which, as
      hereinbefore set forth, is at least as high as the decomposition
      temperature of said free-radical generating compound. After maintaining
      the alkylation reaction at this temperature for a predetermined period of
      time which may range from about 0.5 up to about 10 hours, heating is
      discontinued, the reaction mixture is allowed to return to room
      temperature and the n-alkyl-substituted hydroxymethylcyclohexene is
      separated and recovered by conventional means.
PAR  The n-alkyl-substituted hydroxymethylcyclohexene is then treated with an
      alkoxylating agent to form the desired product. This treatment is
      accomplished by placing the substituted cyclohexene in an appropriate
      apparatus such as a rotating autoclave and the alkoxylating agent is added
      thereto in a predetermined molar excess so that the finished product will
      contain the requisite number of alkoxy units in the side chain. In
      addition, an acidic or basic catalyst of the type hereinbefore set forth
      in greater detail is also added to the apparatus which is thereafter
      heated to a predetermined operating temperature. After maintaining the
      apparatus and contents thereof at this temperature for a period of time
      which may range from about 0.5 up to about 10 hours or more, the apparatus
      and contents thereof are allowed to return to room temperature and the
      product is recovered and sent to storage.
PAR  Following this, the preparation of the desired anionic detergent of the
      type hereinbefore set forth in greater detail is effected by treating the
      n-alkyl-substituted hydroxypolyalkoxymethylcyclohexene with a sulfating
      agent to form the sulfate ester thereof. This treatment is accomplished by
      placing the alkene in an appropriate apparatus and adding thereto the
      sulfating agent. This apparatus may comprise a reaction flask if the
      sulfating agent, such as sulfuric acid or oleum, is in liquid form, or a
      pressure vessel if sulfur trioxide in gaseous form is utilized as a
      sulfating agent. The sulfating reaction is effected at a temperature
      ranging from 0.degree. to about 60.degree. C., the reactor being cooled or
      heated according to the particular sulfating agent which is employed, said
      cooling or heating means which will be employed being of the conventional
      type such as cooling coils, ice baths, dry ice, or heating coils, etc., if
      elevated temperatures are employed. The sulfating agent is usually present
      in a molar excess over the alkene in order to insure complete sulfonation,
      said molar excess being in a range of from about 0.01:1 to about 1.5:1
      moles of sulfating agent per mole of alkene.
PAR  The resultant sulfate ester is then neutralized by treatment with a
      compound of the type hereinbefore set forth. To accomplish this, the
      sulfate ester is introduced into an appropriate apparatus also provided
      with cooling means in order to control the temperature of the reaction
      which, as hereinbefore set forth, is exothermic in nature. The
      neutralizing agent such as the alkali metal base, alkaline earth metal
      base, ammonia compound or amine is usually placed in the reactor in a very
      slight molar excess over the sulfate ester, said slight excess being to
      insure the complete neutralization of the sulfate ester and the latter is
      gradually added, with vigorous stirring or agitation. The reaction is
      allowed to proceed while controlling the temperature thereof, said
      residence time also being in a range of from about 0.5 up to about 10
      hours or more in duration. Upon completion of the desired residence time,
      the reaction mixture is recovered, and the water removed, whereby the
      desired alkaline sulfate ester of an n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene is recovered. It is to be understood
      that for the purposes of this invention the term "alkaline" as used in the
      present specification and appended claims will include alkali metals,
      alkaline earth metals, ammonium or amine compounds.
PAR  It is also contemplated within the scope of this invention that the desired
      product may be prepared while employing a continuous manner of operation.
      When the continuous manner of operation is to be used, the starting
      materials comprising the allyl alcohol and butadiene are continuously
      charged to a reactor which is maintained at the proper operating
      conditions of temperature and pressure. After passage through this reactor
      for a predetermined period of time, the effluent is continuously
      withdrawn, subjected to a separation step whereby the unreacted allyl
      alcohol and butadiene are separated from the hydroxymethylcyclohexene and
      recycled to form a portion of the feed stock while the latter is
      continuously charged to an alkylation apparatus which is also maintained
      at the proper operating conditions of temperature and pressure. In
      addition, the 1-alkene, the free-radical generating compound and the
      hydrogen chloride promoter are also continuously charged to the apparatus
      through separate lines or, if so desired, one or more of the reactants may
      be admixed with another prior to entry into said reactor and the resulting
      mixture charged thereto in a single stream. After completion of the
      desired residence time in the alkylation apparatus, the reactor effluent
      is continuously withdrawn, again subjected to separation steps whereby
      unreacted starting materials, promoter and by-products are separated from
      the alkyl-substituted hydroxymethylcyclohexene. The unreacted starting
      materials are recycled to the apparatus to form a portion of the feed
      stock while the n-alkyl-substituted hydroxymethylcyclohexene is
      continuously charged to the alkoxylation reactor. In this reactor, the
      aforementioned cyclohexene is subjected to the action of an alkoxylating
      agent, said agent, either ethylene oxide or propylene oxide, being
      continuously charged to the reactor in a molar excess over the charge of
      the cyclohexene. In addition, the catalyst, either acidic or basic in
      nature, is also charged to the reactor through a separate line or, if so
      desired, it may be admixed with the carbinol feed and the resulting
      mixture charged thereto in a single stream. Upon completion of the desired
      residence time the reactor effluent is withdrawn and, if desired, charged
      to a sulfating reactor. In this reactor the n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene is subjected to the action of a
      sulfating agent which is also continuously charged to this reactor, said
      reactor being maintained at the proper operating conditions, especially
      temperature. After passage through this reactor for a predetermined period
      of time, the effluent is continuously withdrawn, again subjected to
      separation steps whereby undesired impurities are separated from the
      sulfate ester, and the sulfate ester is continuously charged to the
      neutralization zone. In this zone, the sulfate ester is subjected to the
      action of the neutralizing agent which is also continuously charged
      thereto. Inasmuch as, as hereinbefore set forth, the reaction is
      exothermic in nature, the temperature of the last named reactor is
      carefully maintained in a range of from about ambient up to about
      40.degree. C. in order that any unwanted side reactions are minimized and
      a higher yield of the desired product is obtained thereby. As in the prior
      steps in this continuous type of operation, the reactor effluent is
      continuously withdrawn and subjected to separation steps whereby the final
      product may be separated and recovered while any unreacted starting
      materials are recycled to the neutralization zone to form a portion of the
      feed stock thereto.
DETD
PAR  The following examples are given to illustrate the process of the present
      invention which, however, are not intended to limit the generally broad
      scope of the present invention in strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example 58 grams (1.0 mole) of allyl alcohol is placed in the glass
      liner of a rotating autoclave. The liner is sealed into the autoclave and
      54 grams (1.0 mole) of butadiene is charged thereto. The autoclave is then
      heated to a temperature of 125.degree. C. and maintained thereat for a
      period of 4 hours, at the end of which time heating is discontinued, and
      the autoclave is allowed to return to room temperature. The autoclave is
      opened, the reaction mixture is recovered therefrom and subjected to
      fractional distillation whereby the desired product comprising
      4-hydroxymethylcyclohexene is separated from any unreacted allyl alcohol
      and recovered.
PAR  The 4-hydroxymethylcyclohexene which is prepared according to the above
      paragraph is then placed in the glass liner of a rotating autoclave along
      with the alkylating agent comprising 1-octene, the charge stock consisting
      of a molar excess of the hydroxymethylcyclohexene over the 1-octene in a
      range of from about 1.5:1 to about 2:1 moles of hydroxymethylcyclohexene
      per mole of 1-octene. In addition 7 grams of di-t-butyl peroxide and 20
      grams of concentrated hydrochloric acid which acts as a promoter are also
      placed in the autoclave. The liner is sealed into the autoclave and
      nitrogen is pressed in until an initial operating pressure of 30
      atmospheres is reached. Thereafter the autoclave and contents thereof are
      heated to a temperature of 130.degree. C. and maintained in a range of
      from 130.degree. to 140.degree. C. for a period of 8 hours. At the end of
      the 8-hour period, heating is discontinued, the autoclave is allowed to
      return to room temperature and the excess pressure is discharged
      therefrom. The autoclave is then opened, the reaction mixture is recovered
      and subjected to fractional distillation, usually under reduced pressure,
      whereby the desired product comprising the n-octyl-substituted
      4-hydroxymethylcyclohexene is separated from unreacted starting materials,
      acid, etc., and recovered.
PAR  The n-octyl hydroxymethylcyclohexene which has been prepared according to
      the above paragraphs is then alkoxylated by reaction with ethylene oxide,
      the mole ratio of ethylene oxide to substituted cyclohexene being 3 moles
      of ethylene oxide per mole of substituted cyclohexene. The resultant
      n-octyl hydroxypolyethoxymethylcyclohexene is then placed in a reaction
      flask and treated with a molar excess of concentrated sulfuric acid, the
      addition of the acid being carried out at a slow rate during a period of 1
      hour. Upon completion of the addition of the sulfuric acid, the mixture is
      stirred for an additional period of 1 hour, the temperature of the
      reaction being maintained at room temperature by means of cooling coils.
      The thus formed sulfate ester of the n-octyl
      hydroxypolyethoxymethylcyclohexene is then neutralized by treatment with a
      slight molar excess of sodium hydroxide, said sodium hydroxide being
      slowly added to the sulfate ester during a period of about 1 hour with
      continuous stirring and control of the exothermic nature of the reaction
      by cooling coils. Upon completion of the addition of the sodium hydroxide,
      the mixture is stirred for an additional 1-hour period and the desired
      product comprising the sodium sulfate ester of an n-octyl
      hydroxypolyethoxymethylcyclohexene is recovered.
PAC  EXAMPLE II
PAR  In a manner similar to that set forth in Example I above,
      4-hydroxymethylcyclohexene is prepared by condensing allyl alcohol and
      butadiene in a Diels-Alder reaction. The thus prepared
      hydroxymethylcyclohexene is thereafter alkylated by treating a molar
      excess of the hydroxymethylcyclohexene with 1-tetradecene in the presence
      of di-t-butyl peroxide and concentrated hydrochloric acid at a temperature
      in the range of from 130.degree. to 140.degree. C. and a nitrogen pressure
      of 30 atmospheres for a period of 8 hours. The resulting n-tetradecyl
      hydroxymethylcyclohexene is then alkylated by reaction with propylene
      oxide, the mole ratio of propylene oxide to substituted cyclohexene being
      3 moles of propylene oxide per mole of cyclohexene. As in Example I above,
      the resultant n-tetradecyl hydroxypolypropoxymethylcyclohexene is placed
      in a reaction flask and treated with a molar excess of concentrated
      sulfuric acid. Upon completion of the addition, which is accomplished
      during a period of 1 hour, the mixture is stirred for an additional 1 hour
      while maintaining the temperature of the reaction at room temperature by
      means of cooling coils. Following this, the sulfate ester of the
      n-tetradecyl hydroxypolypropoxymethylcyclohexene is neutralized in a
      treatment step using a slight molar excess of sodium hydroxide, the sodium
      hydroxide being slowly added to the ester during a period of 1 hour
      accompanied by cntinuous stirring and a control of the exothermic nature
      of the reaction by means of cooling coils. The mixture, after completion
      of the addition of the sodium hydroxide, is stirred for an additional
      period of 1 hour and the desired product comprising the sodium sulfate
      ester of an n-tetradecyl hydroxypolypropoxymethylcyclohexene is separated
      and recovered.
PAC  EXAMPLE III
PAR  To a reactor containing 6 grams of benzoyl peroxide and 20 grams of
      concentrated hydrochloric acid is added a mixture of
      4-hydroxymethylcyclohexene and 1-decene, the substituted cyclohexene being
      in a molar excess over the 1-decene. The reactor is sealed and heated to a
      temperature of 80.degree. C., being maintained in a range of from
      80.degree. to 90.degree. C. for a period of 8 hours. At the end of this
      time, heating is discontinued and the reactor is allowed to return to room
      temperature. The n-decyl hydroxymethylcyclohexene is separated and
      recovered from any unreacted starting materials and thereafter is
      alkoxylated by reaction with ethylene oxide in a manner similar to that
      set forth in Example I above, the mole ratio of ethylene oxide to
      substituted cyclohexene being 3moles of ethylene oxide per mole of
      substituted cyclohexene.
PAR  To form the desired anionic biodegradable detergent, the n-decyl
      hydroxypolyethoxymethylcyclohexene is placed in a reaction flask and
      treated with a molar excess of oleum, the acid being slowly added during a
      period of 1 hour to the hexene while maintaining the temperature of the
      reaction in a subambient range by means of cooling coils. Upon completion
      of the addition of the oleum, the mixture is stirred for an additional
      period of 1 hour and the thus formed sulfate ester is neutralized by
      treatment with a slight molar excess of potassium hydroxide. The potassium
      hydroxide solution is slowly added to the sulfate ester during a period of
      1 hour while continuously stirring the mixture and controlling the
      exothermic nature of the reaction by external cooling coils. Upon
      completion of the addition of the potassium hydroxide solution, the
      mixture is stirred for an additional period of 1 hour following which the
      desired product comprising the potassium hydroxide sulfate ester of an
      n-decyl hydroxypolyethoxymethylcyclohexene is separated and recovered.
PAC  EXAMPLE IV
PAR  To prepare a desired anionic biodegradable detergent,
      4-hydroxymethylcyclohexene which is prepared according to the method set
      forth in Example I above is treated in a similar manner by alkylating said
      substituted cyclohexene with 1-tridecene utilizing a catalyst comprising
      di-t-butyl peroxide and a promoter comprising concentrated hydrochloric
      acid in an autoclave under 30 atmospheres of nitrogen and a reaction
      temperature in the range of from 130.degree. to 140.degree. C. for a
      period of 1 hour. The n-tridecyl hydroxymethylcyclohexene which is
      prepared according to this method, after recovery from the reaction
      mixture, is alkoxylated by treatment with 3 moles of propylene oxide per
      mole of substituted cyclohexene, the alkoxylation step being effected in
      an autoclave in the presence of a catalytic amount of sodium carbonate,
      the autoclave being heated to a temperature of 50.degree. C. and being
      maintained thereat for a period of 4 hours. Upon completion of the 4-hour
      period, the autoclave is allowed to return to room temperature, the excess
      pressure is discharged and the n-tridecyl
      hydroxypolypropoxymethylcyclohexene is recovered. This product is then
      placed in an autoclave provided with cooling means and a molar excess of
      sulfur trioxide is charged thereto. Upon completion of the addition of the
      sulfur trioxide, the mixture is again stirred for an additional period of
      1 hour and neutralized by the addition of a sodium hydroxide solution, the
      addition of the sodium hydroxide accompanied by stirring and cooling of
      the reaction mixture during a 1 hour period. Upon completion of the
      addition of the sodium hydroxide and after an additional period of 1 hour
      during which the reaction mixture is continuously stirred, the desired
      product comprising the sodium sulfate ester of n-tridecyl
      hydroxypolypropoxymethylcyclohexene is separated and recovered.
PAC  EXAMPLE V
PAR  In this example 4-hydroxymethylcyclohexene which is prepared in a manner
      similar to that set forth in the above examples is ring alkylated by
      treating said cyclohexene with 1-dodecene in a rotating autoclave in the
      presence of a di-t-butyl peroxide catalyst and a promoter comprising
      hydrogen chloride under an applied pressure of 30 atmospheres of nitrogen
      at a temperature ranging from 130.degree. to 140.degree. C. for a period
      of 8 hours. At the end of the 8-hour period, heating of the autoclave is
      discontinued, the autoclave is allowed to return to room temperature and
      the excess pressure is discharged therefrom. The autoclave is opened, the
      reaction mixture is recovered and subjected to fractional distillation
      under reduced pressure whereby the product comprising n-dodecyl
      hydroxymethylcyclohexene is recovered.
PAR  The alkyl-substituted cyclohexene is then placed in the glass liner of a
      rotating autoclave and a catalytic amount of sodium carbonate is added
      thereto. The autoclave is sealed and 3 moles of ethylene oxide per mole of
      cyclohexene is charged thereto, following which the autoclave is heated to
      a temperature of 50.degree. C. and maintained thereat for a period of 4
      hours. At the end of this time, heating is discontinued, the excess
      pressure is discharged and the autoclave is opened. After subjecting the
      mixture to fractional distillation under reduced pressure, the resultant
      n-dodecyl hydroxypolyethoxymethylcyclohexene is recovered.
PAR  The substituted cyclohexene prepared according to the above paragraph is
      then placed in a reaction flask which is provided with external cooling
      means. A molar excess of chlorosulfonic acid is slowly added thereto
      during a period of 1 hour accompanied by continuous stirring of the
      reaction mixture and maintenance of the temperature in a range of from
      25.degree. to 25.degree. C. Upon completion of the addition of the
      chlorosulfonic acid, the mixture is stirred for an additional period of 1
      hour and thereafter neutralized by the addition of a potassium hydroxide
      solution. The addition of the potassium hydroxide solution is accompanied
      by continuous stirring and maintenance of the exothermic nature of the
      reaction at subambient temperatures ranging from about 15.degree. to
      20.degree. C. by the external cooling means. After completion of the
      addition of the potassium hydroxide solution, the mixture is stirred for
      an additional period of 1 hour and the desired anionic biodegradable
      detergent comprising the potassium sulfate ester of an n-dodecyl
      hydroxypolyethoxymethylcyclohexene is separated and recovered.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for the preparation of a biodegradable detergent which
      comprises the steps of:
PA1  a. condensing butadiene with allyl alcohol in a Diels-Alder reaction at a
      temperature in the range of from about 50.degree. to 190.degree. C. and a
      pressure in the range of from atmospheric to about 100 atmospheres to form
      hydroxymethylcyclohexene;
PA1  b. ring alkylating said hydroxymethylcyclohexene with a 3 to 20 carbon atom
      1-alkene in the presence of an organic peroxy free-radical generating
      compound and hydrogen chloride at a temperature at least as high as the
      decomposition temperature of said free-radical generating compound;
PA1  c. alkoxylating the resultant n-alkyl-substituted hydroxymethylcyclohexene
      with an alkoxylating agent selected from the group consisting of ethylene
      oxide and propylene oxide at a temperature in the range of from about
      20.degree. to 125.degree. C. and at a pressure of from about 50 to about
      1000 pounds per square inch to form an n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene;
PA1  d. sulfating said n-alkyl-substituted hydroxypolyalkoxymethylcyclohexene
      with a sulfating agent at a temperature of from about 0.degree. to about
      60.degree. C. to form the sulfate ester thereof;
PA1  e. neutralizing said sulfate ester with a neutralizing agent to form the
      alkaline sulfate ester of said n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene; and
PA1  f. recovering said alkaline sulfate ester.
NUM  2.
PAR  2. The process as set forth in claim 1 in which said peroxy compound is
      di-t-butyl peroxide or benzoyl peroxide, said sulfating agent is selected
      from the group consisting of sulfuric acid, sulfur trioxide and
      chlorosulfonic acid, and said neutralizing agent is an alkali.
NUM  3.
PAR  3. The process as set forth in claim 1 in which said 1-alkene is 1-octene,
      said alkoxylating agent is ethylene oxide, said sulfating agent is
      sulfuric acid, said neutralizing agent is sodium hydroxide and said
      alkaline sulfate ester of an n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene is the sodium sulfate ester of an
      n-octyl hydroxypolyethoxymethylcyclohexene.
NUM  4.
PAR  4. The process as set forth in claim 1 in which said 1-alkene is
      1-tetradecene, said alkoxylating agent is propylene oxide, said sulfating
      agent is sulfuric acid, said neutralizing agent is sodium hydroxide and
      said alkaline sulfate ester of an n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene is the sodium sulfate ester of an
      n-tetradecyl hydroxypolypropoxymethylcyclohexene.
NUM  5.
PAR  5. The process as set forth in claim 1 in which said 1-alkene is 1-decene,
      said alkoxylating agent is ethylene oxide, said sulfating agent is oleum,
      said neutralizing agent is potassium hydroxide and said alkaline sulfate
      ester of an n-alkyl-substituted hydroxypolyalkoxymethylcyclohexene is the
      potassium sulfate ester of an n-decyl hydroxypolyethoxymethylcyclohexene.
NUM  6.
PAR  6. The process as set forth in claim 1 in which said 1-alkene is
      1-tridecene, said alkoxylating agent is propylene oxide, said sulfating
      agent is sulfur trioxide, said neutralizing agent is sodium hydroxide and
      said alkaline sulfate ester of an n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene is the sodium sulfate ester of an
      n-tridecyl hydroxypolypropoxymethylcyclohexene.
NUM  7.
PAR  7. The process as set forth in claim 1 in which said 1-alkene is
      1-dodecene, said alkoxylating agent is ethylene oxide, said sulfating
      agent is chlorosulfonic acid, said neutralizing agent is potassium
      hydroxide, and said alkaline sulfate ester of an n-alkyl-substituted
      hydroxypolyalkoxymethylcyclohexene is the potassium sulfate ester of an
      n-dodecyl hydroxypolyethoxymethylcyclohexene.
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ABST
PAL  A direct, essentially one-step method of preparing nuclearly chlorinated
      naphthalene esters which comprises forming a reaction mixture consisting
      essentially of a mono- or dicarboalkoxy substituted naphthalene, a
      chlorinated organic solvent having from 1 to 4 carbon atoms and a
      chlorination catalyst, heating the reaction mixture, and passing molecular
      chlorine into the mixture. The extent of the chlorination of the
      naphthalene mono- or diester can be controlled by varying the solvent
      employed, the amount of chlorine added and the reaction time. A number of
      unreported polychlorinated naphthalene esters and an acid chloride are
      obtained directly by the method. The esters can be used in the production
      of coloring materials, plastics and insecticides.
PARN
PAR  This application is a continuation-in-part application of application Ser.
      No. 529,221, filed February 23, 1966, now abandoned.
BSUM
PAR  The present invention relates to a method of preparing chlorinated
      naphthalenes, particularly nuclearly chlorinated mono- and dicarboalkoxy
      substituted naphthalenes, and to products obtained thereby.
PAR  The direct nuclear halogenation of substituted naphthalenes has been
      recognized as being difficult or impossible due, in the main, to the
      blocking action of the substituents on the aromatic nucleus. British Pat.
      No. 917,571 mentions the problem, and proposes a method of halogenating
      substituted naphthalenes which involves reacting an aromatic compound with
      nitric acid of at least 40% concentration, and hydrochloric or hydrobromic
      acid and/or a metal halide. The aromatic compound used as a starting
      material in the method of the patent is characterized in that it is
      substituted in the aromatic nucleus by at least one carboxyl group or a
      group convertible to a carboxyl group by reaction of the compound with
      nitric acid, and, in cases where the nucleus is benzene the nucleus is
      further substituted by at least one alkyl or cyclohexyl group. The
      products obtained by the method are acid chlorides. In British Pat. No.
      839,302, a method of preparing nuclear chloro-substituted aromatic
      carboxylic acid chlorides, also is disclosed. The method of that patent
      includes a first stage wherein an ester of an aromatic mono- or
      polycarboxylic acid is chlorinated with chlorine while exposed to light at
      a temperature above 100.degree.C to produce the corresponding mono- or
      polycarboxylic acid chloride. A chlorination catalyst is then added to the
      reaction mixture, and the chlorination is continued in a second stage to
      produce the nuclear chloro-substituted aromatic carboxylic acid chloride.
      There is no teaching in British Pat. No. 893,302 with respect to the use
      of naphthalene esters as starting materials, nor, as in the case of
      British Pat. No. 917,571, is there any suggestion in the patent with
      respect to a method of directly chlorinating the aromatic nucleus of such
      esters to obtain, as an end product, the corresponding nuclearly
      chlorinated naphthalene ester. So far as is known, no method heretofore
      has been proposed for achieving such a result.
PAR  In accordance with the present invention there is provided an essentially
      one-step, efficient, inexpensive and direct method of preparing nuclearly
      chlorinated naphthalene esters in quantitative yields. The method not only
      is unique with respect to the ease with which it enables chlorination of
      such naphthalenes to be achieved, but also with respect to the facility
      with which it enables selective chlorination of the naphthalene esters to
      be attained. The method further has provided a route to a number of
      heretofore unreported nuclearly polychlorinated naphthalene esters, and an
      acid chloride.
PAR  Briefly, the method of the present invention includes the steps of forming
      a reaction mixture comprising a naphthalene mono- or diester, a C.sub.1 to
      C.sub.4 chlorinated organic solvent and an effective chlorination
      catalyst, heating the reaction mixture, and passing molecular chlorine
      into the mixture. The extent of the chlorination of the naphthalene ester
      effectively can be controlled by varying, among other things, the solvent
      employed, the amount of chlorine added to the reaction mixture and the
      reaction time. Generally speaking, the longer the reaction time, the more
      complete will be the chlorine substitution, even to the extent, in certain
      instances, of leading to chlorination of the ester substituent. The
      position of the ester substituent, or substituents, on the naphthalene
      nucleus does not appear to impede direct chlorine substitution at the
      unoccupied positions of the nucleus, and thus, quantitative yields of
      nuclearly chlorinated naphthalene esters can be obtained by the method of
      this invention whether there is an ester substituent on one or the other,
      or both, of the rings of the naphthalene ester.
PAR  The chlorinated organic solvents having utility for the purposes of this
      invention can be selected from a wide group. Exemplary thereof are
      chloroform, carbon tetrachloride, dichloroethylene, tetrachloroethylene,
      dichloroethane, 1,1,1-trichloroethane, n-propyl chloride,
      1,1-dichloropropane, 2,2-dichloropropane, 1,1,2-trichloropropane,
      1,2,3-trichloropropane, 1,1,3-trichloropropane,
      1,1,1,2-tetrachloropropane, 1,1,2,2-tetrachloropropane,
      1,2,2,3-tetrachloropropane, 1,1,2,3,3-pentachloropropane,
      1,2,3-trichloropropene-1, n-butyl chloride, isobutyl chloride, t-butyl
      chloride, 2-chlorobutene-1, 1,2,3-trichlorobutane, 2,2,3-trichlorobutane,
      and compatible mixtures of any two or more thereof. As indicated, the
      chlorinated solvent utilized in the practice of the method of this
      invention is a factor in controlling the extent to which direct chlorine
      substitution on the naphthalene nucleus occurs. Thus, by way of
      illustration, when using tetrachloroethylene as the solvent, a
      tetrachloro-, pentachloro-, or a hexachloro-naphthalene mono- or diester
      can be prepared depending upon the reaction time. Using carbon
      tetrachloride as the solvent, on the other hand, nuclearly substituted
      mono- and dichloro- products can be obtained.
PAR  The nature of the products produced with the chlorinated solvent is related
      to the temperature of the reaction mixture and to the solubility of the
      reactants and products in the solvent. In those instances, for example,
      where it is desired to effect direct chlorine substitution at four, or
      more positions on the naphthalene nucleus, a solvent having a boiling
      point which will result in a reaction mixture having a reflux temperature
      greater than about 110.degree.C should be used. Thus, in the foregoing
      specific illustrations, tetrachloroethylene, which has a boiling point of
      about 121.degree.C, provides a reaction mixture having a reflux
      temperature of the desired magnitude and good solubility properties for
      the reactants and products and, therefore, enables the preparation of
      tetra- or higher chlorine substituted products. In contrast thereto,
      carbon tetrachloride, which has a boiling point of only about
      76.8.degree.C and poor solubility properties with respect to the reactants
      and products, provides a reaction mixture with a reflux temperature below
      the stated level and, therefore, results in the production of mono- and
      dichloro- products, other conditions being equal.
PAR  Reaction temperatures are not narrowly critical and will depend, in the
      main, on the considerations just mentioned. Generally speaking,
      temperatures employed in the method will range from about 50.degree.C to
      about 150.degree.C, usually about 75.degree.C to about 130.degree.C, with
      a temperature range of about 110.degree.C to about 120.degree.C being
      preferred.
PAR  The quantity of chlorinated organic solvent utilized in forming the
      reaction mixture in accordance with the practice of the present invention
      can be varied within appreciable limits. The generally optimum objectives
      of the invention can be attained with proportions, basis parts by weight,
      of solvent to naphthalene ester of the order of about 20:1 to about 40:1,
      usually about 25 to 30 parts of the solvent to about 1 part of the ester.
PAR  The chlorination reaction, as indicated, advantageously is carried out in
      the presence of a chlorination catalyst. Exemplary of catalysts having
      utility for this purpose are Lewis acids such as ferric chloride, aluminum
      chloride, boron fluoride, and the like, or metallic iron in particulate
      form. Of this group, ferric chloride is preferred.
PAR  The amount of catalyst employed is variable. Generally speaking, the
      proportions, basis parts by weight, of catalyst to naphthalene ester will
      range from about 1 part of the catalyst to about 5 to about 80, usually
      about 10 to about 25, parts of the naphthalene ester.
PAR  As stated, the method of the present invention has provided a route to a
      number of heretofore unreported nuclearly polychlorinated naphthalene
      mono- and diesters, in addition to an acid chloride. The mono- and
      diesters can be used as pesticides, or they can be converted, as by
      saponification, to the corresponding chlorinated naphthalene acids to be
      used as coloring materials in the same manner as suggested for the
      products produced by the method of British Pat. No. 917,571. In addition,
      they can be used as polymer intermediates to produce, in combination with
      ethylene glycol, for example, solid, plastic-like materials of relatively
      high melting point having excellent flame retardant and electrical
      insulative properties. Illustrative of one group of new compounds produced
      in accordance with the practice of this invention are 1,4-dichloro-,
      1,4,7,8-tetrachloro-, 1,3,4,7,8-pentachloro- and
      1,3,4,5,7,8-hexachloro-2,6-dicarbomethoxynaphthalene from the chlorination
      of 2,6-dicarbomethoxynaphthalene. A similar group of polychlorinated
      compounds results from the chlorination of 2,7-dicarbomethoxynaphthalene,
      1,5-dicarbomethoxynaphthalene and 1,8-dicarbomethoxynaphthalene.
PAR  Other new compounds prepared by the method of the present invention are
      those obtained by the chlorination of alpha- and beta-methyl naphthoates.
      By way of example, chlorination of alpha-methyl naphthoate has led to
      3,4,5,7-tetrachloro-alpha-methyl naphthoate and, unexpectedly, to
      heptachloro-alpha-naphthalene carbonyl chloride. The latter compound is
      interesting in that it demonstrates the strong propensity of the method of
      this invention to favor chlorine substitution on the naphthalene nucleus
      in preference to chlorine attack on the ester substituent. It is also
      interesting that only substitution on the ring and no addition of chlorine
      to the ring is observed.
DETD
PAR  In order that the full details of the present invention may be better
      understood, the following examples are provided. These examples are merely
      illustrative of the practice of the method of the invention and it should
      be understood that they are not in any way to be construed as limitative
      of the full scope of the invention.
PAC  EXAMPLE 1
PAR  To a 1-liter stirred reactor are added 24.4 parts of
      2,6-dicarbomethoxynaphthalene, 489 parts of tetrachloroethylene and 1 part
      each of metallic iron and anhydrous ferric chloride. The reaction mixture
      thus formed is brought to reflux and chlorine is bubbled through the
      mixture for 7 hours. The reaction mixture is then quenched with an
      acetone-chloroform mixture, washed with water and filtered to remove
      catalyst. The solvent is stripped on a flash evaporator. The residue is
      crystallized by treatment with methanol to give 28.3 parts of
      1,4,7,8-tetrachloro-2,6-dicarbomethoxynaphthalene in the form of a white
      crystalline solid. The product, after recrystallization from a
      chloroform-methanol mixture, melts at 140.degree.-141.5.degree.C.
PAC  EXAMPLE 2
PAR  The procedure outlined in Example 1 is followed except that the reaction is
      carried out for an additional 3 hours. The product is
      1,3,4,7,8-pentachloro-2,6-dicarbomethoxynaphthalene.
PAC  EXAMPLE 3
PAR  The procedure outlined in Example 1 is followed except that the reaction is
      carried out for 22 hours. The product is
      1,3,4,5,7,8-hexachloro-2,6-dicarbomethoxynaphthalene.
PAC  EXAMPLE 4
PAR  To a 3-liter stirred reactor are added 146.4 parts of
      2,6-dicarbomethoxynaphthalene, 2900 parts of tetrachloroethylene, and 2
      parts each of metallic iron and anhydrous ferric chloride. The reaction
      mixture is brought to reflux and chlorine is bubbled through the mixture
      for 41 hours. Thereafter, the mixture is steam distilled to remove solvent
      and the solid residue (288.9 parts) is collected by filtration. The solid
      is crystallized from a chloroform-methanol solution to give
      hexachloro-2,6-naphthalene dicarbonyl chloride.
PAC  EXAMPLE 5
PAR  To a 1-liter stirred reactor are added 24.4 parts of
      2,6-dicarbomethoxynaphthalene, 475 parts of carbon tetrachloride, and 1
      part each of metallic iron and ferric chloride. The reaction mixture is
      brought to reflux and treated with chlorine for 5 hours. The solvent is
      stripped and the residue crystallized from benzene to give a mixture of
      4-chloro- and 1,4-dichloro-2,dicarbomethoxy-naphthalene.
PAC  EXAMPLE 6
PAR  The procedure outlined in Example 5 is followed except that
      1,2,3-trichloropropane is used as the solvent and aluminum chloride is
      used as the catalyst. The products are a mixture of 4-chloro- and
      1,4-dichloro-2,6-dicarbomethoxynaphthalene.
PAC  EXAMPLE 7
PAR  To a 500 milliliter stirred reactor are added 10 parts of alpha-methyl
      naphthoate, 325 parts of tetrachloroethylene, 1 part of metallic iron and
      1.5 parts of ferric chloride. The reaction is brought to reflux and
      chlorinated for 4 hours by bubbling molecular chlorine through the
      reaction mixture. After steam distillation, the oily product is saponified
      to give 11 parts of 3,4,5,7-tetrachloro-alpha-naphthoic acid.
PAC  EXAMPLE 8
PAR  The procedure of Example 7 is followed except that chlorine is bubbled
      through the reaction mixture for 8 hours. The product is
      2,3,4,6,7,8-hexachloro-alpha-methyl naphthoate.
PAC  EXAMPLE 9
PAR  To a 500 milliliter stirred reactor are added 10 parts of alpha-methyl
      naphthoate, 325 parts tetrachloroethylene, and 1 part each of metallic
      iron and ferric chloride. The reaction mixture is brought to reflux and
      chlorinated for 18 hours. After steam distillation, the crude solid
      product (23.4 parts) is separated by filtration. Yellow needles (M.P.
      163.degree.-165.degree.C) of heptachloro-alpha-naphthoyl chloride are
      obtained on recrystallization from tetrachloroethylene. The acyl halide is
      hydrolyzed to give heptachloro-alpha-naphthoic acid.
PAC  EXAMPLE 10
PAR  The procedure outlined in Example 1 is followed except that
      2,7-dicarbomethoxynaphthalene is used instead of
      2,6-dicarbomethoxynaphthalene. The product is
      3,4,6,8-tetrachloro-2,7-dicarbomethoxynaphthalene.
PAC  EXAMPLE 11
PAR  The procedure outlined in Example 1 is followed except that
      1,8-dicarbomethoxynaphthalene is used instead of the 2,6-isomer. The
      product is 3,4,6,7-tetrachloro-1,8-dicarbomethoxynaphthalene.
PAC  EXAMPLE 12
PAR  The procedure outlined in Example 1 is followed except that
      2,3-dicarbomethoxynaphthalene is used instead of
      2,6-dicarbomethoxynaphthalene. The product is
      4,5,6,8-tetrachloro-2,3-dicarbomethoxynaphthalene.
PAC  EXAMPLE 13
PAR  To a 500 milliliter stirred reactor are added 25 parts of alpha-methyl
      naphthoate, 400 parts of tetrachloroethylene, 1 part metallic iron and 1
      part ferric chloride. The reaction mixture is brought to reflux and
      chlorinated for 6.5 hours by bubbling molecular chlorine through the
      reaction mixture. The solvent is removed by steam distillation and the
      residue distilled at 2 mm pressure. The product,
      2,3,4,7,8-pentachloro-alpha-methyl naphthoate, boils at
      190.degree.-210.degree.C/2 mm.
PAC  EXAMPLE 14
PAR  To a 500 milliliter stirred reactor are added 25 parts beta-methyl
      naphthoate, 400 parts tetrachloroethylene, 1 part metallic iron and 1 part
      ferric chloride. The reaction mixture is brought to reflux and chlorinated
      for 6 hours by bubbling molecular chlorine through the reaction mixture.
      The solvent is removed by steam distillation. The residue is crystallized
      from chloroform-hexane mixture to give 1,4,5,6,7-pentachloro-beta-methyl
      naphthoate.
PAC  EXAMPLE 15
PAR  In order to demonstrate the pesticidal properties of the heretofore
      unreported nuclearly polychlorinated compounds of the present invention,
      separate, sprayable solutions are made up, each solution comprising, by
      weight, 67.5% xylene, 7.5% Triton X-155 (an alkylaryl polyether alcohol as
      disclosed in U.S. Pat. No. 2,504,064), and 25% of one of the following:
      1,4-dichloro-2,6-dicarbomethoxynaphthalene,
      1,4,7,8-tetrachloro-2,6-dicarbomethoxynaphthalene,
      1,3,4,7,8-pentachloro-2,6-dicarbomethoxynaphthalene,
      hexachloro-2,6-dicarbomethoxynaphthalene, 3,4,5,7-tetrachloro-alpha-methyl
      naphthoate, 2,4,5,6,8-pentachloro-alpha-methyl naphthoate,
      2,3,4,6,7,8-hexachloro-alpha-methyl naphthoate,
      1,3,4,7,8-pentachloro-beta-methyl naphthoate, and
      heptachloro-alpha-naphthalene carbonyl chloride. The solutions are applied
      to the seed leaves of bean plants to determine their effectiveness against
      the Mexican bean beetle. Insect mortality is observed to range from 65% to
      75% after exposure for three days. Similar results are obtained when the
      solutions are tested for their effectiveness against the boll weevil,
      codling moth and red spider. Pesticidally effective dusting compositions
      can be made with the nuclearly polychlorinated compounds of this invention
      utilizing such materials as Attaclay, diatomaceous earth, soil, and the
      like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 1,4-dichloro-2,6-dicarbomethoxynaphthalene.
NUM  2.
PAR  2. 1,4,7,8-tetrachloro-2,6-dicarbomethoxy-naphthalene.
NUM  3.
PAR  3. 1,3,4,7,8-pentachloro-2,6-dicarbomethoxy-naphthalene.
NUM  4.
PAR  4. Hexachloro-2,6-dicarbomethoxynaphthalene.
NUM  5.
PAR  5. 3,4,5,7-tetrachloro-alpha-methyl naphthoate.
NUM  6.
PAR  6. 2,4,5,6,8-pentachloro-alpha-methyl naphthoate.
NUM  7.
PAR  7. 2,3,4,6,7,8-hexachloro-alpha-methyl naphthoate.
NUM  8.
PAR  8. 1,3,4,7,8-pentachloro-beta-methyl naphthoate.
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ABST
PAL  An improved process for oxacylating olefins in the gaseous phase which
      comprises using a supported catalyst comprising palladium and a carrier
      having a total pore volume of from 0.4 to 1.2 ml/g, less than 10% of the
      total pore volume being attributable to micropores having a diameter of
      less than 30 A. Catalysts of this type are much more efficient than
      conventional catalysts.
PARN
PAR  The present application is a continuation-in-part application of
      application Ser. No. 215,901 filed 6th Jan., 1971, now abandoned.
BSUM
PAR  The present invention relates to a process for oxacylating olefins in the
      gaseous phase in the presence of catalysts containing palladium.
PAR  It has been proposed to react olefins in the gaseous phase with organic
      carboxylic acids and oxygen or gases containing oxygen to yield
      oxacylation products, such as vinyl acetate, allyl acetate, or methally
      acetate. The reaction is preferably carried out in the presence of
      supported catalysts containing palladium or palladium salts and additives
      such as gold, gold salts, cadmium, cadmium salts, bismuth, bismuth salts,
      alkaline earth metal salts and alkali metal salts. In general, the active
      components are applied to a porous carrier such as silicic acid, aluminum
      oxide, aluminum silicates, titanium oxide, zirconium oxide, silicates,
      silicium carbide, or carbon.
PAR  The present invention provides a process for oxacylating olefins in the
      gaseous phase wherein an olefin selected from the group consisting of
      ethylene, propylene and isobutylene is reacted with oxygen and an organic
      carboxylic acid in the presence of a catalyst consisting essentially of
      palladium or palladium salts and an additive selected from the group
      consisting of gold, gold salts, cadmium, cadmium salts, bismuth, bismuth
      salts, alkaline earth metal salts and alkali metal salts, supported on a
      porous carrier selected from the group consisting of silicic acid,
      aluminum silicate, titanium oxide, zirconium oxide, silicates and glasses,
      and having a total pore volume of from 0.4 to 1.2 ml/g, and wherein the
      total pore volume attributable to pores having a diameter less than 30 A
      is less than 10% of the total pore volume.
PAR  By using a carrier of this type the efficiency of the catalyst can be
      substantially improved with an identical content of active components and
      under identical reaction conditions. Hence, the advantages of the process
      of the invention reside in the fact that when new plants are constructed
      smaller catalyst amounts and reactor volumes are sufficient so that the
      construction costs can be considerably reduced, or, in the case of
      existing plants, the capacity can be greatly improved without any
      reconstruction whereby investment costs for an enlargement of the plants
      can be saved.
PAR  Suitable carrier materials are the usual inert substances such as silicic
      acid, silicates, aluminum silicates, titanium oxide, zirconium oxide, and
      various glasses.
PAR  To avoid the formation of micropores it is recommended to use molten
      particles without inner pores and having a mean particle diameter which is
      generally not below 80 A. Vitreous molten small particles have almost
      always the shape of a sphere, and, therefore, the smallest pore diameter
      results from the closest sphere packing. An upper limit for the average
      particle diameter depends on the necessary lower limit for the total
      surface of the carrier. As the lower limit is approximately the sum of the
      individual particle surfaces and should not fall below 40 m.sup.2 /g, the
      average particle size will not be substantially above 600 A to 1,000 A.
PAR  These particles without pores can be obtained, for example, by hydrolysis
      of silicium, zirconium and titanium tetrachloride in a hydrogen-air or
      oxyhydrogen flame. The particles can also be produced by melting
      micronized substances, such as aluminum silicate, silica gel, or glass
      under conditions avoiding the formation of larger droplets and hence a
      reduction of the total surface of the carrier below a value of 40 m.sup.2
      /g, for example by blowing the particles with a current of air or inert
      gas through a sufficiently hot flame and allowing them to cool below their
      melting point prior to collection.
PAR  From these small particles larger balls, tablets or granules suitable for
      the manufacture of catalysts can be produced in various ways, for example
      by making a paste of the powdery mass with a dilute solution of a mineral
      glue, extruding or molding the paste into pellets, granules, or tablets
      having the desired shape and transforming the glue into a difficultly
      soluble form by burning. Suitable inorganic glues are, for example, water
      glass, silicic acid sol, aluminum oxide sol, kaolin, or bentonite.
      Alternatively, the particles made into a paste with an aqueous sol can be
      suspended in a solvent or diluent immiscible with water and the sol can be
      allowed to gel, whereby especially porous products are obtained. Another
      method consists in spraying a thin paste of the particles in a sol through
      a nozzle and allowing the sol to gel in the free fall. In order to avoid
      damage of the gelled and still soft particles, they can be sprayed in
      upward inclined direction and collected in a liquid bath (for example
      water) or they can be conducted in countercurrent flow with a current of
      air or gas which reduces their impact velocity and simultaneously improves
      their resistance by drying. In this manner particles of almost any desired
      size can be produced.
PAR  The carriers thus obtained are impregnated with the active components in
      usual manner. In a process for oxacetylizing ethylene to vinyl acetate
      they are impregnated, for example, with a solution of palladium acetate,
      cadmium acetate and potassium acetate in acetic acid with subsequent
      drying and when propylene is oxacetylized to yield allyl acetate or
      isobutylene to yield methallyl acetate they are impregnated, for example,
      with a solution of palladium acetate, gold acetate, bismuth acetate, and
      potassium acetate in acetic acid, and subsequently dried.
PAR  The oxacylation in the presence of the palladium containing catalyst is
      effected by passing carboxylic acid, olefin and oxygen or gases containing
      oxygen over the catalyst at a temperature in the range of from 100.degree.
      to 250.degree.C under a pressure of from 1 to 10 atmospheres, unreacted
      reaction components possibly being conducted in a cycle.
PAR  The concentrations of the reaction components should be chosen in such a
      manner that the reaction mixture is outside the known explosion limits.
      This can be achieved most simply by keeping low the oxygen concentration,
      for example, in the range of from 3 to 8% of the gases used. Under these
      conditions a dilution with inert gases, for example nitrogen or carbon
      dioxide, may, however, also be advantageous.
PAR  The olefins to be used in the process of the invention are ethylene,
      propylene, and isobutylene.
PAR  In the process of the invention saturated aliphatic, cycloaliphatic,
      araliphatic or aromatic carboxylic acids having one or several carboxyl
      groups can be reacted. It is essential, however, that the carboxylic acids
      used are vaporizable under the reaction conditions, therefore, their
      number of carbon atoms will generally not exceed 10. There are preferably
      reacted unsubstituted, saturated aliphatic monocarboxylic acids having 2
      to 4 carbon atoms, for example propionic acid, n-butyric acid, and
      isobutyric acid, acetic acid being preferred. The carboxylic acids may
      also be used in the form of aqueous solutions. The reaction is preferably
      carried out in the presence of one or several alkali metal salts of the
      carboxylic acid to be reacted, advantageously sodium salts and potassium
      salts and more advantageously potassium salts. The alkali metal
      carboxylates are preferably used in an amount of from 0.1 to 10% by
      weight, calculated on the weight of the catalyst consisting of carrier
      material and catalytically active substances.
PAR  According to an especially favorable mode of execution of the process of
      the invention the alkali metal salts of the carboxylic acids are
      continuously or discontinuously added to the catalyst during the course of
      reaction, in an amount of from 0.1 to 400 ppm, preferably 1 to 100 ppm,
      calculated on the carboxylic acid used.
PAR  The process of the invention can be carried out in fixed bed or fluidized
      bed reactors, in general the fixed bed being preferred.
PAR  In the following table are indicated the results of reactions carried out
      with two types of conventional carriers and a carrier without micropores
      according to the invention, which clearly show the advantage of the
      latter.
TBL                                    Table                                   
     __________________________________________________________________________
                              conventional SiO.sub.4                           
               conventional silica gel                                         
                              stratified lattice                               
               carrier with 1.0 ml/g                                           
                              carrier with 0.73 ml/g                           
                                           carrier of in-                      
               pore volume, 50% of total                                       
                              pore volume, 45% of                              
                                           vention with                        
               pore volume attributable to                                     
                              total pore volume attri-                         
                                           0.35 ml/g pore                      
               micropores with a diameter                                      
                              butable to micropores                            
                                           volume, no                          
     reaction product                                                          
               .ltoreq.30A    with a diameter .ltoreq.30 A                     
                                           micropores                          
     __________________________________________________________________________
     vinyl acetate 215 g/.sub.1.h                                              
                                 220 g/.sub.1.h                                
                                            305 g/.sub.1.h                     
     allyl acetate 180 g/.sub.1.h                                              
                                 190 g/.sub.1.h                                
                                            280 g/.sub.1.h                     
     methallyl acetate                                                         
                   185 g/.sub.1.h                                              
                                 170 g/.sub.1.h                                
                                            270 g/.sub.1.h                     
     allyl propionate                                                          
                   173 g/.sub.1.h                                              
                                 180 g/.sub.1.h                                
                                            265 g/.sub.1.h                     
     __________________________________________________________________________
PAR  The considerable increase in efficiency obtained with the use of carriers
      which are almost free from micropores having a diameter below 30 A is
      surprising and could not have been foreseen as the effective molecule
      diameters are much lower, i.e. in the range of from 4 A to 6 A for
      example:
TBL  effective diameter of oxygen                                              
                               2.8 A                                           
     effective diameter of carbon dioxide                                      
                               2.8 A                                           
     effective diameter of ethylene                                            
                               4.2 A                                           
     effective diameter of propylene                                           
                               5.0 A                                           
     effective diameter of isobutylene                                         
                               5.6 A                                           
PAR  Hence, the lower efficiency of the conventional carriers cannot be
      explained by the fact that part of the specific surface is not accessible
      to the reactants. Moreover, it is known that molecular sieves having a
      pore width of 10 A are especially good catalysts, even for the manufacture
      of bulky molecules, such as di-isopropylbenzene from benzene and propylene
      so that a steric hindrance of the reaction in the small pores is unlikely.
PAR  The total pore volume of a porous carrier material can be measured
      according to a standard method by the amount of liquid argon or nitrogen
      absorbed by a determined amount of carrier material.
PAR  The so-called "integral pore volume" is a measurement of the percentage of
      the total pore volume which is attributable to pores of a certain
      dimension. The total pore volume is the limiting value the integral pore
      volume approaches for growing pore radii.
PAR  The integral pore volume for pores of a definite minimum size can be
      determined with the aid of the mercury porosimetry which is based on the
      capillary depression of mercury. The pressure exerted on mercury with this
      method is inversely proportional to the radius of the smallest pores into
      which mercury can be forced under the given pressure. The amount of
      mercury taken up by pores of a determined radius with a small increase in
      pressure corresponds to the percentage of the total pore volume
      attributable to the said pores.
PAR  In order to measure the percentage of the total pore volume which is
      attributable to micropores a similar method is used which is based on the
      capillary condensation of argon or nitrogen in the micropores.
DETD
PAR  The following examples illustrate the invention. They were carried out in
      an apparatus with reactors in parallel connection to permit comparison of
      different catalysts under identical reaction conditions. The reactors
      allowed of a straight passage of the reaction components. The results
      obtained are only comparative results under the same reaction conditions.
      They do not represent maximum results obtainable under different
      conditions, for example in a process operating with cycle gas or in a
      fluidized bed. The gaseous components were measured under normal
      conditions of pressure and temperature.
PAR  The drawing shows the proportion of pores of different diameters with
      respect to the total pore volume of the carriers used in the Examples. The
      function I relates to the carrier according to the invention and shows
      that in this carrier no micropores with a diameter of less than 30 A are
      present. This carrier is used in Examples 1c, 2c, and 3c.
PAR  The functions II and III relate to the conventional carriers used in
      Examples 1b, 2b, 3b, and Examples 1a, 2a, 3a, respectively. As regards the
      carrier used in Examples 1a, 2a, 3a (III), the pore volume function
      attains 50% (i.e. 0.35 ml/g) of its final value (i.e. 0.7 ml/g) at a pore
      diameter of 30 A, i.e. 50% of the total pore volume of this carrier is
      attributable to micropores. The corresponding value for the carrier used
      in Examples 1b, 2b, 3b, (II) is 45%.
PAC  EXAMPLE 1
PAC  Vinyl acetate from ethylene, acetic acid and oxygen
PAR  1a. Comparative example using a conventional carrier on the basis of silica
      gel.
PAR  1 Liter, corresponding to 400 grams, of a granular silica gel catalyst
      having a specific surface of 350 m.sup.2 /g, a pore volume of 1.0 ml/g and
      a grain size of 2.5 to 7 mm was used. 50% of the total pore volume of the
      carrier is attributable to micropores with a diameter .ltoreq.30 A. The
      carrier was impregnated with a solution of
PA1  10.7 grams of palladium acetate
PA1  19 grams of cadmium acetate
PA1  20 grams of potassium acetate in
PA1  370 milliliters of acetic acid
PAL  and dried.
PAR  1 Liter of the catalyst obtained was filled into a reaction tube having an
      inner diameter of 32 millimeters. Under a pressure of 5 atmospheres gage
      and at an inside temperature of 180.degree.C a mixture consisting of 850
      liters of ethylene, 75 liters of oxygen and 870 grams of acetic acid was
      passed per hour over the catalyst. Under these conditions a catalyst yield
      of 215 grams of vinyl acetate was obtained per hour.
PAR  1b. Comparative example using a conventional carrier on the basis of a
      silicic acid layer lattice.
PAR  1 Liter, corresponding to 564 grams, of a silicic acid carrier having a
      specific surface of 160 m.sup.2 /g, a pore volume of 0.73 ml/g, and a
      sphere size of 6 mm was used. 45% of the total pore volume of the carrier
      is attributable to micropores with a diameter .ltoreq.30 A. The carrier
      was impregnated with a solution of
PA1  10.7 grams of palladium acetate
PA1  19 grams of cadmium acetate
PA1  20 grams of potassium acetate in
PA1  395 milliliters of acetic acid
PAL  and dried.
PAR  Under the conditions specified in Example 1a ethylene, oxygen and acetic
      acid were reacted using 1 liter of the catalyst so obtained. The catalyst
      yield amounted to 220 grams of vinyl acetate per hour.
PAR  1c. Example according to the invention using a silicic acid carrier which
      was practically free from micropores having a diameter below 30 A.
PAR  1 Liter of a silicic acid carrier, corresponding to 450 grams, which was
      free from micropores, had a specific surface of 205 m.sup.2 /g and a pore
      volume of 0.85 ml/g. The carrier was impregnated with a solution of
PA1  10.7 grams of palladium acetate
PA1  19 grams of cadmium acetate and
PA1  20 grams of potassium acetate in
PA1  350 milliliters of acetic acid
PAL  and dried.
PAR  Under the conditions specified in Examples 1a and 1b the same amounts of
      ethylene, oxygen and acetic acid were passed over 1 liter of the catalyst
      thus obtained. A catalyst yield of 305 grams of vinyl acetate was obtained
      per hour.
PAC  EXAMPLE 2
PAC  Allyl acetate from propylene, acetic acid and oxygen
PAR  2a. Comparative example using the same conventional silica gel carrier as
      in Example 1a.
PAR  1 Liter, corresponding to 400 grams, of the carrier was impregnated with a
      solution of
PA1  10.7 grams of palladium acetate
PA1  6.5 grams of barium acetoaurate (III)
PA1  5.9 grams of bismuth acetate and
PA1  46 grams of potassium acetate in
PA1  360 milliliters of acetic acid
PAL  and dried.
PAR  1 Liter of the catalyst obtained was filled into the reactor described in
      Example 1a and under a pressure of 5 atmospheres gage and at 180.degree.C
      a mixture of 850 liters of propylene, 75 liters of oxygen and 870 grams of
      acetic acid was passed per hour over the catalyst. Under the specified
      conditions a catalyst yield of 180 grams of allyl acetate was obtained per
      hour.
PAR  2b. Comparative example using the same conventional carrier on the basis of
      a silicic acid layer lattice as in Example 1b.
PAR  1 Liter of the carrier, corresponding to 564 grams was impregnated with a
      solution of
PA1  10.7 grams of palladium acetate
PA1  6.5 grams of barium acetoaurate (III)
PA1  5.9 grams of bismuth acetate and
PA1  46 grams of potassium acetate in
PA1  365 milliliters of acetic acid
PAL  and dried.
PAR  Propylene, oxygen and acetic acid in the amounts specified in Example 2a
      were passed under the conditions specified in said example over 1 liter of
      the catalyst obtained. A catalyst yield of 190 grams of allyl acetate was
      obtained per hour.
PAR  2c. Example according to the invention using the same silicic acid carrier
      as in Example 1c practically free from micropores having a diameter below
      30 A.
PAR  1 Liter of the carrier, corresponding to 450 grams, was impregnated with a
      solution of
PA1  10.7 grams of palladium acetate
PA1  6.5 grams of barium acetoaurate (III)
PA1  5.9 grams of bismuth acetate and
PA1  46 grams of potassium acetate in
PA1  340 milliliters of acetic acid
PAL  and dried.
PAR  Under the conditions specified in Examples 2a and 2b propylene, oxygen and
      acetic acid were passed in the same amounts as in said examples over 1
      liter of the catalyst obtained. The catalyst yield in this example was 280
      grams of allyl acetate per hour.
PAC  EXAMPLE 3
PAC  Methallyl acetate from isobutylene, acetic acid and oxygen
PAR  3a. Comparative example using the same conventional silica gel carrier as
      in Examples 1a and 2a.
PAR  1 Liter of the catalyst specified in Example 2a was filled into the reactor
      described in Example 1a) and under a pressure of 5 atmospheres gage and at
      180.degree.C a mixture of 850 liters of isobutylene, 75 liters of oxygen
      and 870 grams of acetic acid was passed per hour over the catalyst. Under
      the specified conditions a catalyst yield of 185 grams of methallyl
      acetate was obtained per hour.
PAR  3b. Comparative example using the same conventional carrier on the basis of
      a silicic acid layer lattice as in Examples 1b and 2b.
PAR  Isobutylene, oxygen and acetic acid were passed over 1 liter of the
      catalyst specified in Example 2b under the conditions and in the amounts
      indicated in Example 3a. A catalyst yield of 170 grams of methallyl
      acetate was obtained per hour.
PAR  3c. Example according to the invention using the same silicic acid carrier
      as in Examples 1c and 2c practically without micropores having a diameter
      below 30 A.
PAR  Under the conditions and in the amounts specified in Examples 3a and 3b
      isobutylene, oxygen and acetic acid were passed over 1 liter of the
      catalyst defined in Example 2c. A catalyst yield of 270 grams of methallyl
      acetate was obtained per hour.
PAC  EXAMPLE 4
PAC  Allyl propionate from propylene, propionic acid and oxygen
PAR  4a. Comparative example using the same conventional silica gel carrier as
      in Examples 1a, 2a, and 3a.
PAR  Under a pressure of 5 atmospheres gage and at 180.degree.C a mixture of 850
      liters of propylene, 75 liters of oxygen and 1075 grams of propionic acid
      was passed per hour over 1 liter of the catalyst specified in Example 2a.
      173 grams of allyl propionate were obtained per hour.
PAR  4b. Comparative example using the same conventional carrier on the basis of
      a silicic acid layer lattice as in Examples 1b, 2b and 3b.
PAR  Under the conditions and in the amounts specified in Example 4a propylene,
      oxygen and propionic acid were passed over 1 liter of the catalyst
      described in Example 2b. 180 Grams of allyl propionate were obtained per
      hour.
PAR  4c. Example according to the invention using the same silicic acid carrier
      as in Examples 1c, 2c, 3c practically free from micropores below 30 A.
PAR  Propylene, oxygen and propionic acid were passed under the conditions and
      in the amounts specified in Examples 4a and 4b over 1 liter of the
      catalyst defined in Example 2c. The catalyst yield amounted to 265 grams
      of allyl propionate per hour.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for oxacylating olefins in the gaseous phase wherein an
      olefin selected from the group consisting of ethylene, propylene and
      isobutylene is reacted with oxygen and a saturated aliphatic,
      cycloaliphatic, araliphatic or aromatic carboxylic acid having not more
      than 10 carbon atoms in the presence of a catalyst consisting essentially
      of palladium or palladium salts and an additive selected from the group
      consisting of gold, gold salts, cadmium, cadmium salts, bismuth, bismuth
      salts, alkaline earth metal salts and alkali metal salts, supported on a
      porous silicic acid carrier, the improvement which comprises: using a
      silicic acid support for said catalyst having a total pore volume of from
      0.4 to 1.2 ml/g wherein the total pore volume attributable to pores having
      a diameter less than 30 A is less than 10% of the total pore volume.
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PAL  Novel acyl-containing amine hydrochlorides are produced by first converting
      the amino group or groups of an amino acid to an acid salt by reaction
      with hydrochloric acid and the resulting product is reacted with an
      alkanolamine or diol in an inert liquid medium while passing a stream of
      hydrogen chloride gas therethrough. The amine hydrochlorides produced in
      this manner may be converted to the corresponding isocyanates by reaction
      with phosgene or other carbonyl dihalide.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending U.S. Serial No.
      518,977, filed on January 6, 1966 now U.S. Pat. No. 3,567,763.
BSUM
PAR  This invention relates to a novel group of acylcontaining amines and to the
      salts of these amines with strong acids.
PAR  It has long been known that aliphatic isocyanates impart premium properties
      to urethanes derived therefrom in terms of light stability and similar
      properties. However, conventional aliphatic isocyanates such as
      hexamethylene diisocyanate are characterized by extreme toxicity which
      renders their handling and use extremely hazardous. Accordingly, they have
      been produced only in limited amounts at a corresponding high unit cost.
      Aliphatic isocyanates derived from the phosgenation of the amine
      hydrochlorides produced from ester amines are also known. However, the
      ester amines themselves have heretofore been produced by the reaction of
      an alkanolamine hydrochloride with either an acid chloride or acid
      anhydride. The necessity of using the acid chloride or acid anhydride in
      the production of the ester amine has rendered these intermediates
      expensive to produce and thus has limited, if not prevented, the
      commercial use of the isocyanates produced therefrom.
PAR  We have now discovered an entirely new class of aliphatic, alicyclic, and
      aromatic amines and their salts and the isocyanates corresponding thereto
      which may be produced from readily available raw materials in good yield
      under simple process conditions. The novel amines and amine salts are
      useful not only as intermediates in producing the described novel
      isocyanates, but are further useful in themselves for curing epoxy resins,
      as intermediates in the production of other compounds and for condensation
      with formaldehyde and formaldehyde-containing materials such as
      urea-formaldehyde resins.
PAR  The novel amines of the invention can be represented by the following
      Formulas I, II, and III:
      ##EQU1##
      wherein m and n are either one or two, R.sub.1 is the diester residue of
      an alkane or cycloalkane diol having two primary hydroxyl groups,
      preferably from 2 to 18 carbon atoms, and up to one hetero oxygen or
      sulfur atom,
PA1  R.sub.2 and R.sub.3 are divalent alkylene or cycloalkylene radicals having,
      preferably 3 to 18 carbon atoms,
PA1  R.sub.4 is an alkylene or cycloalkylene radical having, preferably 1 to 7
      carbon atoms and up to one hetero oxygen or sulfur atom,
PA1  R.sub.5 is a divalent organic arylene or aralkylene radical having,
      preferably 6 to 12 carbon atoms,
PA1  R.sub.6 is an alkylene or cycloalkylene radical having, preferably 2 to 8
      carbon atoms and up to one hetero oxygen of sulfur atom, and
PA1  R.sub.7 is a divalent organic alkylene or cycloalkylene radical having,
      preferably 3 to 18 carbon atoms.
PAL  The aliphatic amines of formulas I and III are preferred. A particularly
      useful class of amines includes those amines of formula III in which
      R.sub.7 is n-pentylene.
PAR  The amine salts of the invention can be represented by the following
      Formulas IV, V, and VI:
      ##EQU2##
      wherein m, n, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6,
      R.sub.7, are as defined above and
PAR  HX is a strong mineral acid, such as hydrochloric acid, hydrobromic acid,
      hydrofluoric acid, hydroiodic acid, sulfuric acid, phosphoric acid, and
      the like. The hydrochloride salts are preferred.
PAR  In the instant invention, the amino groups of the novel amines and amine
      salts are provided in whole or in part by an amino acid. The amino acids
      which are useful in the invention are the monoamino-monocarboxylic acids,
      the monoaminodicarboxylic acids, the diamino-monocarboxylic acids, and
      diamino-dicarboxylic acids, preferably having 3 to 18 carbon atoms, and
      lactams, preferably having 3 to 12 carbon atoms in the ring. The novel
      amines and their salts in which the amino groups are provided in part by
      an amino acid are produced by reacting one or more of the designated class
      of amino acids as its acid salt with an alkanolamine salt, such as the
      hydrochloride. The novel amines and their salts wherein the amino groups
      are provided wholly by an amino acid are produced by reacting a
      monoamino-monocarboxylic acid or a lactam with a dihydroxy alcohol
      (hereinafter referred to as "diols"), the amino groups being converted to
      an acid salt before the esterification reaction. In addition, novel
      compounds containing four amine groups are produced by reacting a
      diamino-monocarboxylic acid with a diol. Preferably, these esterification
      reactions are carried out while passing a stream of hydrogen chloride gas
      through the reaction mixture while the esterification proceeds.
PAR  To produce the acyl-containing amines of the invention and their salts, the
      amino group or groups of the amino acid are first converted to an acid
      salt by reaction with a strong acid, preferably hydrochloric acid, and the
      resulting product is then reacted with an alkanolamine (also converted to
      a strong acid salt, such as the hydrochloride) or a diol in an inert
      liquid reaction medium. The amino acid and the diol or alkanolamine must
      have a significant solubility in each other under the reaction conditions
      or else the inert liquid used as the reaction medium must be a mutual
      solvent for these materials. The reaction temperature may be from about
      40.degree.C. to the temperature at which the amine acid salts present in
      the reaction mixture dissociate into the free amine. Preferably the
      reaction is carried out at from about 50.degree.C to 180.degree.C.
      Desirably an esterification catalyst is used to promote the reaction.
      Suitable catalysts include, for example, p-toluenesulfonic acid,
      hydrochloric acid, chlorosulfonic acid, etc. In a preferred embodiment of
      the invention, a stream of hydrogen chloride gas is passed through the
      reaction mixture while the reaction proceeds, in which case no separate
      catalyst for the esterification is needed. Means should be provided to
      distill off or otherwise remove the water formed during the
      esterification. The reaction may be carried out at sub-atmospheric or
      superatmospheric pressures but preferably is carried out at atmospheric
      pressure. Liquid reaction media which may be used for the esterification
      include aromatic hydrocarbons, chlorinated aromatic hydrocarbons,
      chlorinated aliphatic hydrocarbons, chlorinated alicyclic hydrocarbons,
      tetramethylenesulfone, etc. Where one of the reactants is a liquid or is
      molten under the reaction conditions, an excess of such reactant may be
      used as the reaction medium so long as such excess does not cause
      polymerization or promote other undesirable side-reactions, i.e., such
      excess must act as an inert liquid. In certain instances where the
      reaction product itself is a liquid under the reaction conditions, it
      apparently acts as the inert liquid, the initial esterification forming
      the first quantities of such product occurring in the presence of water
      (which is later distilled off as esterification proceeds) which is a
      solvent for the amine salts.
PAR  When a lactam is used as the amino acid, desirably water (preferably about
      one mole per mole of lactam) is added along with a strong acid (preferably
      hydrochloric acid) to facilitate opening the ring. An undue excess of
      water is to be avoided since it must be removed during the esterification
      and such removal is a significant item of cost. The lactam may be first
      heated in contact with the water-acid mixture to open the ring, and then
      the alcohol, diol or alkanolamine added along with an inert organic liquid
      and an azeotropic agent and the ester prepared as described above
      preferably using a stream of hydrogen chloride gas. Alternatively, all the
      reagents may be charged initially, the mixture heated without removal of
      water for a sufficient time to open the ring, and then the water removed
      causing esterification to proceed. In this latter case, it is sometimes
      desirable to conduct the ring opening in a sealed pressure vessel under
      autogenous pressure. Other variations may also be used, as initially
      charging all the materials except the azeotropic agent which is added
      after ring opening. The use of water in this manner is not essential and
      good results have been obtained without its use.
PAR  The amine salts which are produced according to the process of the
      invention can be converted to the free amines by any of the processes
      known in the art, such as neutralization of the strong acid, heating to
      the salt dissociation temperature, extraction, and the like.
PAR  The amines and amine salts which are produced in this manner may be
      converted to the corresponding isocyanates by reaction with phosgene or
      other carbonyl dihalide. Phosgene may be employed in either liquid or
      gaseous form. The amine or amine salt is dispersed in an inert liquid
      reaction medium, phosgene added, preferably in excess of that needed to
      react quantitatively with the amino groups present, and the temperature of
      the reaction medium maintained at from about 100.degree.C. to
      225.degree.C. The molar ratio of phosgene to amine hydrochloride group may
      be from about 1.1:1 to 10:1 and preferably is at least 2:1. Suitable
      liquid reaction media include aromatic hydrocarbons, chlorinated aromatic
      hydrocarbons, chlorinated aliphatic hydrocarbons, chlorinated alicyclic
      hydrocarbons, etc. The phosgenation can also be carried out in steps. A
      purified amine or amine salt can be used for the phosgenation or, if
      desired, the crude reaction product of the reaction between the amino acid
      and the alkanolamine salt or diol may be used.
PAR  The alkanolamines which may be used in the instant invention preferably
      contain from 2 to 8 carbon atoms, have one primary or secondary hydroxyl
      group and one primary amino group and may include one hetero oxygen or
      sulfur atom in the alkyl chain. The alkyl gruop of the alkanolamine may be
      substituted with inert substituent groups as alkyl, alkoxy, nitro,
      halogen, and the like. Particularly preferred alkanolamines are
      ethanolamine, 2-(2-aminoethoxy)-ethanol, 1-amino-2-propanol,
      2-amino-1-propanol, 2-methyl-2-amino-1-propanol, 3-amino-1-propanol and
      2-amino-1-butanol. Mixtures of alkanolamines may be used.
PAR  The diols which may be used are those having two primary hydroxyl groups,
      preferably from 2-18 carbon atoms, including aromatic and aliphatic diols.
      The alkylene and cycloalkylene diols may have a hetero oxygen or sulfur
      atom and may be substituted with inert substituent groups as alkyl, nitro,
      halogen, etc. Among the diols which can be used are the
      .alpha.,.omega.-aliphatic diols, p-bis(hydroxymethyl) cyclohexane,
      p-phenylenedimethylene diol, diethylene glycol, etc. Mixtures of diols may
      be used.
PAR  The amino acids which may be used in the instant invention may be either
      optically active or inactive and includes monoamino-monocarboxylic acids
      such as alanine, glycine, isoleucine, 3-aminobutyric acid,
      3-aminopropionic acid, 3-amino-2-methyl propionic acid,
      3-amino-3-methylbutyric acid, 12-aminolauric acid, phenyl alanine,
      p-aminobenzoic acid, methionine, .omega.-amino acids generally, etc.;
      monoamino-dicarboxylic acids such as aspartic acid and glutamic acid;
      diamino-monocarboxylic acids such as lysine and ornithine;
      diamino-dicarboxylic acids such as lanthionine; and lactams such as
      .beta.-methyl-.beta.-butyrolactam, .alpha.,.beta.-dimethylbutyrolactam,
      .alpha.,.alpha.,.beta.-trimethylbutyrolactam,
      .beta.-carbomethoxybutyrolactam, .beta.-phenyl-.beta.-propiolactam,
      .beta.-methyl-.beta.caprolactam, .beta.-methyl-.beta.-valerolactam,
      2-piperidone, 2-pyrrolidone, 6-methyl-2-piperidone, .epsilon.-caprolactam,
      3-methyl-.epsilon.-caprolactam and 7-methyl-.epsilon.-caprolactam, and the
      like. The amino acids may be substituted with inert substituent groups as
      alkyl, nitro, halogens, etc. and may contain one or more hetero atoms
      which do not interfere with the esterification reaction, and, where
      applicable, the subsequent phosgenation. Mixtures of amino acids may be
      used. The diaminomonocarboxylic acids disclosed in French Pat. No.
      1,351,368 may be used. Amino acids occur widely in nature and a number of
      synthesis methods are available for their production from inexpensive raw
      materials. Thus the addition of ammonia to an unsaturated acid may be used
      to produce inexpensive amino acids for use in the instant invention.
PAR  The isocyanates produced by the phosgenation of the acyl-containing amines
      and amine salts have several unusual properties. With respect to the
      aliphatic isocyanates, these isocyanates possess the advantages of the
      aliphatic isocyanates of the prior art in respect to light stability.
      However, they differ significantly from the aliphatic isocyanates of the
      prior art such as hexamethylene diisocyanate in possessing substantially
      reduced toxicity.
PAR  The novel isocyanates prepared from the amines and amine salts of the
      invention may be used as crosslinking agents for polymers containing
      active hydrogen groups, may be reacted with low molecular weight polymers
      containing active hydrogen groups such as hydroxyl-terminated polyesters
      or polyethers to produce polyurethanes, and may be added to polymeric
      compositions to improve the adhesion thereof to a variety of substrates,
      particularly metallic substrates. They are also useful as intermediates in
      producing other novel compounds useful as insecticides, herbicides, etc.
PAR  The following examples will further illustrate this invention but are not
      intended to limit it in any way.
DETD
PAC  EXAMPLE 1
PAR  A four-necked, round-bottomed flask fitted with a mechanical stirrer, a
      thermometer, a gas inlet tube, and a Dean-Stark water separator trap was
      charged with 91.5 g. (1.50 moles) of ethanolamine, 540 ml. of
      o-dichlorobenzene and 240 ml. of benzene. Hydrogen chloride was passed in
      through the gas inlet tube to convert all of the ethanolamine to its
      hydrochloride salt, following which 188.3 g. (1.50 mole) of
      3-aminopropionic acid hydrochloride was added. With hydrogen chloride
      being passed in at the rate of 150 ml./min., the reaction mixture was
      heated to reflux (112.degree.-120.degree.) and kept at that temperature
      until the theoretical amount of water had azeotroped over and no more
      water was being evolved. This required a total of approximately 20 hours.
      The solvent was then decanted and the solid product was dried in a vacuum
      oven to give 292.0 g. (95% of theoretical) of .beta.-aminoethyl
      3-aminopropionate dihydrochloride, m.p. 186.degree.-192.degree.C.
      Recrystallization from ethanol raised the melting point to
      196-198.degree.C.
PAR  Anal. calc'd for C.sub.5 H.sub.14 Cl.sub.2 N.sub.2 O.sub.2 : C, 29.28%; H,
      6.88%; Cl, 34.58%; N, 13.66%. Found: C,29.28%; H, 6.82%; Cl, 34.61%; N,
      13.64%.
PAC  EXAMPLE 2
PAR  Using the process described in Example 1, .beta.-aminoethyl 2-aminoacetate
      dihydrochloride was produced. After recrystallization from ethanol, the
      product had a melting point of 166.degree.-168.degree.C.
PAC  EXAMPLE 3
PAR  Using the process described in Example 1, .beta.-aminoethyl 6-aminocaproate
      dihydrochloride was produced from ethanolamine and 6-aminocaproic acid.
      After recrystallization from isopropanol, the product had a melting point
      of 198.degree.-199.degree.C.
PAC  EXAMPLE 4
PAR  The apparatus of Example 1 was charged with 61 g. (1.00 mole) of
      ethanolamine and 500 ml. of tetramethylene sulfone. Hydrogen chloride (1.0
      mole) was passed in, following which 173.5 g. (1.00 mole) of
      p-aminobenzoic acid hydrochloride was added. With hydrogen chloride being
      passed in at the rate of 1.5 moles/hr., the temperature was raised to
      150.degree.C. and sufficient benzene was added to obtain good refluxing at
      that temperature. After a total of 10 hours of refluxing, 24.5 ml. of 10 N
      hydrochloric acid had been collected in the azeotrope trap. The reaction
      mixture was cooled, diluted with 750 ml. of benzene and filtered. The
      solid was triturated with a warm mixture of approximately equal parts of
      acetone and isopropanol, cooled and filtered; yield of crude
      .beta.-aminoethyl p-aminobenzoate dihydrochloride 141 g., m.p.
      225.degree.-230.degree.C. Recrystallization from isopropanol raised the
      m.p. to 235.degree.C.
PAR  Anal. calc'd for C.sub.9 H.sub.14 Cl.sub.2 N.sub.2 O.sub.2 : N, 11.07%.
      Found: N, 10.85%.
PAC  EXAMPLE 5 The apparatus of Example 1 was charged with 15.0 g. (0.15 mole)
      of 4,4-dimethyl azetidinone-2, 14.7 g. (0.15 mole) of ethanolamine
      hydrochloride and 50 ml. of 1,2,3-tichloropropane. The mixture was cooled
      to 0.degree.C. and 0.25 mole of hydrogen chloride was passed in. Cooling
      was stopped, and after about 10 minutes an exotherm carried the
      temperature to 50.degree.C. The mixture was heated to 110.degree.C. to
      insure completion of the reaction. The solvent was decanted and the crude
      .beta.-aminoethyl 3-amino-3-methylbutyrate dihydrochloride, a viscous oil,
      was digested with 100 ml. of isopropanol, cooled and filtered to give 22.8
      g. of material melting 203.degree.-205.degree.C; and after
      recrystallization from ethanol, m.p. 206.degree.-206.5.degree.C.
PAR  Anal. calc'd for C.sub.7 H.sub.18 Cl.sub.2 N.sub.2 O.sub.4 : C, 36.06%; H,
      7.78%; Cl, 30.41%; N, 12.02%. Found: C, 35.88%; H, 7.75%; Cl, 30.27%; N,
      11.83%.
PAC  EXAMPLE 6
PAR  The apparatus of Example 1 was charged with 30.6 g. (0.500 mole) of
      ethanolamine and 360 ml. of o-cresol. Hydrogen chloride (1 mole) was
      passed in following which 56.6 g. (0.500 mole) of .epsilon.-caprolactam
      was added. The reaction mixture was heated at 150.degree. for a total of
      14 hours while still passing in hydrogen chloride. Then most of the
      solvent was distilled off under reduced pressure, heating with a steam
      bath. The residue was treated with approx. 0.5 l. of acetone and the crude
      .beta.-aminoethyl 6-aminocaproate dihydrochloride, 65 g., was removed by
      filtration. Recrystallization from isopropanol gave pure material melting
      185.degree.-189.degree.C., mixed m.p. with authentic material undepressed.
PAC  EXAMPLE 7
PAR  The apparatus of Example 1 was charged with 19.7 g. (0.10 mole) of
      2-azacyclotridecanone, 6.2 g. (0.10 mole) of ethanolamine and 100 ml. of
      o-cresol. Hydrogen chloride (0.20 mole) was passed in while the mixture
      was held at 80.degree.C. then, adjusting the hydrogen chloride flow to 0.5
      mole/hr., the temperature was raised to 140.degree.-150.degree.C. and
      maintained there for 25 hours. The reaction mixture was then cooled to
      cause precipitation of the crude .beta.-aminoethyl 12-aminolaurate
      dihydrochloride, 7.5 g. Recrystallization from isopropanol gave an
      analytical sample, m.p. 240.degree.C.
PAR  Anal. calc'd for C.sub.14 H.sub.32 Cl.sub.2 N.sub.2 O.sub.2 : Cl, 21.40%;
      N, 8.46%. Found: Cl, 20.97%; N, 8.46%.
PAC  EXAMPLE 8
PAR  The apparatus of Example 1 was charged with 51.3 g. (0.25 mole) of
      .beta.-aminoethyl 3-aminopropionate dihydrochloride and 360 ml. of
      chlorobenzene. The reaction mixture was heated at reflux while gaseous
      phosgene was passed in through the gas inlet tube at the rate of 90
      ml./min. for a total of 6.3 hours. Then 270 ml. of o-dichlorobenzene was
      added and the reaction mixture was phosgenated at reflux
      (137-142.degree.C) for an additional 6.8 hours. Unreacted
      .beta.-aminoethyl 3-aminopropionate dihydrochloride, 23 g., m.p.
      190.degree.-196.degree. was removed by filtration. Solvent was distilled
      from the filtrate under reduced pressure and the product was distilled,
      b.p. 110.degree.-115.degree.C. under 1.0 mm. Hg. pressure, weight 13.0 g.,
      corresponding to 51% of the theoretical yield of .beta.-isocyanatoethyl
      3isocyanatopropionate when corrected for the recovered starting material.
PAR  Anal. calc'd for C.sub.7 H.sub.8 N.sub.2 O.sub.4 : C, 45.65%; H, 4.38%; Cl,
      0.00%; N, 15.21%. Found: C, 45.49%; H, 4.25%; Cl, 0.00%; N, 15.42%.
PAC  EXAMPLE 9
PAR  The apparatus of Example 1 was charged with 1.00 mole of .beta.-aminoethyl
      6-aminocaproate dihydrochloride and 575 ml. of o-dichlorobenzene. The
      mixture was phosgenated for 5.3 hours at 130.degree.-147.degree.C. using a
      phosgene flow of approximately 0.75 mole/hr. The solvent was distilled off
      under reduced pressure and the product was distilled through a molecular
      still at 160.degree. at 1-2 mm. pressure to give a 77% yield of
      .beta.-isocyanatoethyl 6-isocyanatocaproate. Analysis for isocyanate
      functionality indicated a purity of 94%. An analytical sample was prepared
      by ordinary distillation, b.p. 128.degree.C. (0.25 mm.).
PAR  Anal. calc'd for C.sub.10 H.sub.14 N.sub.2 O.sub.4 : C, 53.09%; H, 6.24%;
      N, 12.38%; eq. wt. 113.1 g/eq. Found: C, 53.11%: H, 6.17%; N, 12.50%; eq.
      wt. 113.5 g/eq.
PAC  EXAMPLE 10
PAR  Using the process described in Example 9, the crude .beta.-aminoethyl
      p-aminobenzoate dihydrochloride produced in Example 4 was phosgenated at
      150.degree.C. for 15 hours and at 180.degree.C. for 4 hours. The product
      boiled at 140.degree.-150.degree.C. (0.4 mm. Hg). Analysis showed that the
      product contained 86% .beta.-isocyanatoethyl p-isocyanatobenzoate and 12%
      tetramethylene sulfone.
PAC  EXAMPLE 11
PAR  The apparatus of Example 1 was charged with 59 g. (0.50 mole) of
      1,6-hexanediol, 75.1 g. (1.00 mole) of glycine and 250 ml. of
      1,2,3-trichloropropane. The reaction mixture was heated to 145.degree.C.
      and sufficient benzene was added to maintain a good reflux rate at that
      temperature, then kept at 145.degree.C. for a total of 3.5 hours while
      hydrogen chloride was being passed in/at the rate of 1.3 moles/hr. At the
      end of the heating period, a total of 21.4 ml. of ca. 10 N hydrochloric
      acid had collected in the azeotrope trap. On cooling the reaction mixture,
      the 1,6-di-(2-aminoacetoxy)-hexane dihydrochloride separated as a thick
      oil which on digestion with 450 ml. of isopropanol crystallized to give 81
      g. of crude product, melting 167.degree.-200.degree.C, after beginning to
      soften at 152.degree.C.
PAR  Anal. calc'd for C.sub.10 H.sub.22 Cl.sub.2 N.sub.2 O.sub.4 : Cl, 23.23%.
      Found: Cl, 22.73%.
PAC  EXAMPLE 12
PAR  The apparatus of Example 1 was charged with 15.5 g. (0.25 mole) of ethylene
      glycol, 83.7 g. (0.50 mole) of 6-aminocaproic acid hydrochloride and 150
      ml. of toluene. The mixture was heated at reflux for 7 hours with hydrogen
      chloride being passed in at the rate of ca. 80 ml. per minute. At the end
      of this period the aqueous phase in the trap amounted to 11.4 g. and, as
      approximately 10 N hydrochloric acid, contained 0.43 mole of water. The
      crude 1,2-di(6-aminocaproyloxy)ethane dihydrochloride was removed by
      filtration and recrystallized first from a mixture of isopropanol and
      toluene and then from a mixture of isopropanol and hexane to give a crude
      product, m.p. ca. 100.degree.C., in 80% yield. Several more
      crystallizations gave an analytical sample.
PAR  Anal. calc'd for C.sub.14 H.sub.30 Cl.sub.2 N.sub.2 O.sub.4 : Cl, 19.63%;
      N, 7.75%. Found: Cl (ionizable), 19.5%; N, 8.02%.
PAC  EXAMPLE 13
PAR  The apparatus of Example 1 was charged with 56.6 g. (0.50 mole) of
      .epsilon.-caprolactam and 400 ml. of 1,2,3-trichloropropane. Hydrogen
      chloride (0.9 mole) was passed in, then 22.5 g. (0.25 mole) of
      1,4-butanediol was added and the mixture was heated for about 5 hours at
      145.degree.-148.degree.C., adding a little benzene to get a good reflux
      rate. A total of 6 ml. of water had azeotroped over. The reaction mixture
      was cooled, diluted with 400 ml. of acetone and filtered. The solid was
      heated with an additional 200 ml. of acetone, cooled and filtered to give
      18.8 g. of crude 1,4-di-(6-aminocaproyloxy)-butane dihydrochloride, m.p.
      180.degree.-185.degree.C. An analytical sample was prepared by
      recrystallization from a mixture of isopropanol and acetone, m.p.
      192.degree.-197.degree.C.
PAR  Anal. calc'd for C.sub.16 H.sub.34 Cl.sub.2 N.sub.2 O.sub.4 : C, 49.35%; H,
      8.80%; Cl, 18.21%; N, 7.20%. Found: C, 49.26%; H, 8.99%; Cl, 18.24%; N,
      7.27%.
PAC  EXAMPLE 14
PAR  The apparatus of Example 1 was charged with 8.9 g. (0.070 mole) of
      1,6-hexanediol, 14.9 g. (0.150 mole) of 4,4-dimethyl azetidinone-2 and 50
      ml. of 1,2,3-trichloropropane. This was cooled to -5.degree.C. and over a
      period of one hour, hydrogen chloride (0.25 mole) was passed in, keeping
      the temperature between -10.degree. and +5.degree.C. Then, with the
      hydrogen chloride flow still at 0.25 mole/hr., the mixture was heated to
      135.degree.C. which took 1/3 hour. The reaction was complete at this
      point. The 1,6-di-(3-amino-3-methylbutyryloxy)hexane dihydrochloride was
      removed by filtration, washed well with benzene and dried in a vacuum oven
      at 75.degree.C. overnight; yield 27.2 g. (100% of the theoretical amount),
      m.p. 210.degree.-213.degree.C.
PAR  Anal. calc'd for C.sub.16 H.sub.34 Cl.sub.2 N.sub.2 O.sub.4 : Cl, 18.21%.
      Found: Cl(ionizable) 18.21%.
PAR  Recrystallization from a mixture of isopropanol and ethanol raised the
      melting point to 219-220.degree.C.
PAR  Anal. calc'd for C.sub.16 H.sub.34 Cl.sub.2 N.sub.2 O.sub.4 : C, 49.35%; H,
      8.80%; Cl, 18.21%; N, 7.20%. Found: C, 49.47%; H, 8.80%; Cl, 18.22%; N,
      7.23%.
PAC  EXAMPLE 15
PAR  Using the method described in Example 12, 1,4-di(6-aminocaproyloxy)-butane
      dihydrochloride was produced by reacting 1,4-butanediol with
      6-aminocaproic acid hydrochloride. The reaction took about 2.5 hours at
      110-120.degree.C.
PAC  EXAMPLE 16
PAR  The apparatus of Example 1 was charged with 81.0 g. (0.268 mole) of
      1,6-di-(2-aminoacetoxy)-hexane dihydrochloride, m.p.
      162.degree.-167.degree.C., and 240 ml. of o-dichlorobenzene. This mixture
      was phosgenated for 2 hours at 125.degree.-133.degree.C. using a phosgene
      flow rate of 0.75 mole/hr. The solvent was distilled under reduced
      pressure to leave the crude 1,6-di-(2-isocyanatoacetoxy)-hexane as a dark
      oil. The crude 1,6-di-(2-isocyanatoacetoxy)-hexane is reacted with aniline
      to form 1,6-bis-[2-(N-phenylureido)-acetoxy]-hexane, m.p.
      131.degree.-140.degree.C.
PAR  Anal. Calc'd for C.sub.24 H.sub.30 N.sub.4 O.sub.6 : (the aniline
      derivative): N, 11.91%. Found: 11.23%.
PAC  EXAMPLE 17
PAR  Using the method of Example 16, 45 g. of di(6-aminocaproyloxy)-hexane
      dihydrochloride was phosgenated in 1,2,3-trichloropropane to yield 29.1 g.
      of crude 1,6-di-(6-isocyanatocaproyloxy)-hexane.
PAC  EXAMPLE 18
PAR  The apparatus of Example 1 (with a condenser in place of the separator
      trap) was charged with 56.5 g. (1.0 mole) of .epsilon.-caprolactam and 42
      ml. of 37% aqueous hydrochloric acid (1.0 mole). This was heated under
      reflux for two hours to hydrolyze the lactam, then cooled to
      50.degree.-60.degree.C. 3-Aminopropanol (37.5 g., 0.5 mole) was added
      slowly, following which 0.5 mole of hydrogen chloride was passed in,
      keeping the temperature below 85.degree.C. Then 200 ml. of
      o-dichlorobenzene and 100 ml. of benzene were added. The condenser was
      replaced by a Dean-Stark trap and the mixture was heated under reflux at
      115.degree.C. while a slow stream of hydrogen chloride was passed in.
      Benzene had to be added from time to time to maintain a good reflux rate
      at 115.degree.C. When no more water was being collected in the azeotrope
      trap and the esterification was thus complete, the benzene was distilled
      off under reduced pressure and replaced with another 100  ml. of
      o-dichlorobenzene.
PAR  This mixture was then phosgenated for 4 hours at 150.degree.C. using a
      phosgene flow rate of 1.5 moles/hr. After cooling, the liquid portion of
      the reaction mixture was decanted from some solid which formed in the
      flask and was then stripped of solvent and distilled on a wiping film
      still (100.degree.-150.degree.C. at 1 mm. pressure). Analysis for
      isocyanate content by reaction with butylamine indicated a purity of 95%.
      A derivative was obtained by reaction of the isocyanate with two
      equivalents of aniline, m.p. 138.degree.-144.degree.C.
PAR  Anal. calc'd for C.sub.23 H.sub.30 N.sub.4 O.sub.4 : C, 64.77%; H, 7.09%;
      N, 13.14%; O, 15.00%. Found: C, 64.04%; H, 7.09%; N, 12.71%; O, 15.19%.
PAC  EXAMPLE 19
PAR  The apparatus of Example 18 was charged with 113.2 g. (1.0 mole) of
      .epsilon.-caprolactam and 1.0 mole of concentrated aqueous hydrochloric
      acid. This solution was refluxed for one hour with hydrogen chloride gas
      being passed in at the rate of 0.5 mole/hr. Then 89.0 g. (1.0 mole) of
      2-aminobutanol dissolved in 100 ml. of benzene and 300 ml. of
      o-dichlorobenzene was added over a half-hour period, raising the flow of
      gaseous hydrogen chloride to 1 mole/hr. during this addition. The mixture
      was then heated under reflux while a slow stream of hydrogen chloride was
      passed in. The reflux temperature was kept at 115.degree.C. by
      periodically adding benzene to the mixture as needed. After a total of
      16.5 hours of reflux, no more water was being collected and the
      esterification was complete.
PAR  The mixture was phosgenated at 140.degree.C. for 4 hours then at
      150.degree.C. for 2 more hours, using a phosgene flow of 2 moles/hr.
      Benzene, which distilled into the Dean-Stark trap, had to be drawn off in
      order to heat to the desired temperature. The reaction mixture was
      decanted from a small amount of a tarry material and stripped of solvent.
      The product was distilled on a wiping film still at 250.degree.C. (0.5
      mm), then redistilled conventionally, b.p. 138.degree.C. (0.15 mm).
      Analysis for isocyanate content by reaction with butylamine indicated a
      purity of 99%.
PAR  The diisocyanate was tested for differential reactivity by adding one mole
      of 2-ethoxyethanol (1 equivalent) to 1 mole of the diisocyanate dissolved
      in o-xylene (2 equivalents), heating the mixture to 75.degree.C. and
      following the reaction using vapor phase chromatography. If both
      isocyanate groups have the same reactivity, the product will contain 25%
      of the molecules wherein neither isocyanato group has reacted (there would
      also be 25% with both groups reacted and 50% with only one group reacted).
      With 92.+-.2% of the alcohol reacted, the product contained only 11.+-.2%
      of the diisocyanate indicating a high degree of differential reactivity.
PAC  EXAMPLE 20
PAR  The apparatus of Example 18 (set for total reflux) was charged with 113 g.
      (1.0 mole) of .gamma.-caprolactam and 89 g. (1.0 mole) of
      2-amino-2-methylpropanol followed by the gradual addition of 2.2 moles of
      concentrated hydrochloric acid. After refluxing for 3 hours, most of the
      water was stripped off under reduced pressure, keeping the temperature of
      the reaction mixture below 85.degree.C. during the stripping. Then the
      still-head was replaced by a Dean-Stark trap, 450 ml. of o-dichlorobenzene
      was added and the mixture was heated to 115.degree.C. while a slow stream
      of hydrogen chloride was passed into the mixture. Enough benzene was added
      at this point, and as required later to maintain a good rate of reflux at
      115.degree.C. Refluxing was continued in this way until no more water was
      being collected, then the benzene was distilled off under reduced pressure
      and replaced by 100 ml. of o-dichlorobenzene.
PAR  The mixture was phosgenated for 4 hours at 130.degree.C, then for 2 hours
      at 140.degree.C, using a phosgene flow of approximately 2-2.5 moles/hr.
      After cooling and decanting the solution, the solvent was distilled off
      under reduced pressure and the isocyanate was distilled on a wiping film
      still to give a sample of the isocyanate contaminated with a chlorine
      containing by-product. The analytical sample was obtained by preparative
      vapor phase chromatography.
PAR  Anal. calc'd for C.sub.12 H.sub.18 N.sub.2 O.sub.4 : C, 56.68%; H, 7.14%;
      N, 13.14%; O, 25.17%. Found: C, 57.24%; H, 7.24%; N, 12.71%; O, 24.49%.
PAR  A derivative prepared by reacting the diisocyanate with two equivalents of
      cyclohexylamine melted 135.degree.-150.degree.C after several
      recrystallizations from isopropanol-water.
PAR  Anal. calc'd for C.sub.24 H.sub.44 N.sub.4 O.sub.4 : C, 63.68%; H, 9.80%;
      N, 12.38%; O, 14.14%. Found: C, 63.73%; H, 10.16%; N, 12.20%; O, 14.30%.
PAR  The diisocyanate was tested for differentail reactivity using dry ethanol
      with dibutyltin-dilaurate catalyst. A strong exotherm occurred upon
      addition of the ethanol-catalyst solution and subsided in about 15 minutes
      indicating substantially complete reaction of the primary isocyanate
      group. About 2.3 hours later, approximately 49% of the isocyanate groups
      had reacted. The half-life of the remaining isocyanate groups was found to
      be about 8 hours.
PAR  By comparison, the isocyanate groups in
      .beta.-isocyanatoethyl-6-isocyanatocaproate were found to have about equal
      reactivity.
PAC  EXAMPLE 21
PAR  A four-necked, round-bottomed flask fitted with a mechanical stirrer, a
      distillation head, a thermometer and a dropping funnel was charged with
      147 g. (1.00 mole) of L-(+) glutamic acid and 336 g. (5.51 moles) of
      ethanolamine. Then 730 g. (ca. 7.2 moles) of 36-38% aqueous hydrochloric
      acid was added slowly, cooling the reaction mixture to keep the
      temperature below 60.degree.C. Most of the water was distilled off under
      reduced pressure not heating above 90.degree.C. at 30 mm. Hg pressure.
      Following the stripping, the distillation head and the dropping funnel
      were replaced by a Dean-Stark trap and a gas inlet tube. Toluene (100 ml.)
      was added and the mixture was heated under reflux (115.degree.C) for 30
      hours while hydrogen chloride was being passed in at the rate of 0.4
      mole/hr. The ethanolamine hydrochloride being molten at the reaction
      temperature, the excess of this material together with the toluene acts as
      the solvent. At the end of this period, no more water was being azeotroped
      over, the molten reaction mixture was poured into 1000 ml. of ethanol,
      cooled to room temperature and filtered. This crude product was
      recrystallized once from a smaller volume of ethanol to give 127 g. of
      di-.beta.-aminoethyl glutamate dihydrochloride, m.p.
      168.degree.-172.degree. C.
PAR  One hundred twenty-three grams of the above salt was suspended in 700 ml.
      of o-dichlorobenzene and, with phosgene being passed in at the rate of
      0.75 mole/hr., the mixture was heated at 135.degree.C. for 6 hours, then
      the temperature was raised to 178.degree. gradually over another 6-hour
      period. The reaction mixture was cooled, filtered and the solvent was
      distilled off under reduced pressure. The product was distilled on a
      wiping film still using a wall temperature of 250.degree.C. (0.4 mm. Hg.),
      yield 70.3 g.
PAR  Anal. calc'd for C.sub.12 H.sub.13 N.sub.3 O.sub.7 : C, 46.31%; H, 4.21%;
      N, 13.50%. Found: C, 46.41%; H, 4.37%; N, 13.67%.
PAC  EXAMPLE 22
PAR  Using the method of Example 13, 1,6-di-(6-aminocaproyloxy)-hexane
      dihydrochloride was produced from .epsilon.-caprolactam and
      1,6-hexanediol. After recrystallization from a mixture of isopropanol and
      acetone, the product had a melting point of 180.degree.-185.degree.C.
PAR  Among the other amines which are conveniently prepared by the processes of
      the above examples are 3-aminopropyl 6-aminocaproate, 5-aminopentyl
      6-aminocaproate, 3-chloro-4-aminobutyl 5-aminopentanoate, 12-aminododecyl
      8-aminooctanoate, 3-aminocyclopentyl 4-aminobutyrate,
      3-ethyl-5-aminopentyl 6-aminocaproate, 4-aminocyclohexyl
      3-aminopropionate, 4-aminohexyl 6-aminocaproate, and the like.
PAR  In both the specification and claims, reference is made to passing the
      hydrogen chloride gas "through the reaction mixture". As is obvious to
      those skilled in the art, this result may be achieved either by bubbling a
      stream of hydrogen chloride through the reaction mixture or by initially
      treating the reaction mixture with hydrogen chloride and then maintaining
      a flow of hydrogen chloride gas over the surface of the reaction mixture
      so that the gas passes from the atmosphere within the reaction vessel into
      the reaction mass itself. By this means, removal of hydrogen chloride by
      the azeotroping of the water is compensated for and the reaction medium is
      kept relatively saturated with hydrogen chloride throughout the
      esterification reaction.
PAR  It is to be understood that changes and variations may be made without
      departing from the spirit and scope of the invention as defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An amine having the formula
      ##EQU3##
      wherein m and n are either 1 or 2, R.sub.6 is an alkylene or cycloalkylene
      radical having 2 to 8 carbon atoms and up to one hetero oxygen or sulfur
      atom in the alkylene chain, and
PA1  R.sub.7 is a divalent organic alkylene or cycloalkylene radical having 3 to
      18 carbon atoms.
NUM  2.
PAR  2. An amine according to claim 1 wherein m and n are both 1.
NUM  3.
PAR  3. An amine according to claim 1 wherein m is 2 and n is 1.
NUM  4.
PAR  4. An amine according to claim 2 wherein R.sub.7 is a n-pentylene radical.
NUM  5.
PAR  5. An amine according to claim 4 wherein R.sub.6 is an ethylene radical.
NUM  6.
PAR  6. An amine salt having the formula
      ##EQU4##
      wherein m and n are either 1 or 2, R.sub.6 is an alkylene or cycloalkylene
      radical having 2 to 8 carbon atoms and up to 1 hetero oxygen or sulfur
      atom in the alkylene chain,
PA1  R.sub.7 is a divalent organic alkylene or cycloalkylene radical having 3 to
      18 carbon atoms, and
PA1  Hx is a strong mineral acid.
NUM  7.
PAR  7. An amine salt according to claim 6 wherein m and n are both one, and
      R.sub.7 is a n-pentylene radical.
NUM  8.
PAR  8. An amine salt according to claim 7 wherein R.sub.6 is an ethylene
      radical and HX is hydrochloric acid.
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ABST
PAL  Triesters of triethanolmethane and a monocarboxylic acid, wherein said acid
      has from 3 to 15 carbon atoms. The triesters are particularly useful as
      plasticizers in polyvinyl chloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to esters, particularly esters useful as
      plasticizers in polymers such as polyvinyl chloride (PVC).
PAR  Plasticizers for use in PVC are described in chapter 5 of H. A.
      Sarvetnick's book "Polyvinyl Chloride," V. Nostrand Publishing Co., 1969.
      U.S. Pat. No. 1,929,453 to W. L. Semon is an early patent disclosing the
      production of rubbery gels by combining an organic solvent, such as an
      ester, with PVC. Although plasticizers are used in polymers other than
      PVC, it has been said that PVC applications consume approximately 80% of
      the total plasticizer production.
PAR  In accordance with 1966 statistics as reported in the aforementioned
      Sarvetnick reference, dioctylphthalates are the most widely used
      plasticizers for PVC.
PAR  Triethanolmethane has been disclosed as a reactant to prepare
      1-methylquinuclidinium hydroxide, Chem. Listy, Vol. 50, p. 1624-9 (1956)
      by R. Luker et al, Univ. of Prague. However, triesters of
      triethanolmethane do not appear to have been disclosed, nor the use of
      such triesters in PVC as a plasticizer.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a new compound is provided, namely a
      triester of triethanolmethane and a monocarboxylic acid, wherein said acid
      has from 3 to 15 carbon atoms.
PAR  Generally, the triester can be described by the following formula:
      ##EQU1##
      wherein R.sup.1, and R.sup.2 and R.sup.3 are hydrocarbyl groups having
      from 2 to 14 carbon atoms.
PAR  The term "hydrocarbyl" is used herein to mean a hydrocarbon radical with
      one free bond; that is, a radical composed of hydrogen and carbon as, for
      example, a butyl radical.
PAR  Preferably R.sup.1, R.sup.2 and R.sup.3 are aryl or alkyl groups having
      from 6 to 8 carbon atoms. I have found that alkyl groups give especially
      advantageous results as plasticizers, particularly alkyl groups containing
      from 6 to 8 carbon atoms.
PAR  Among other factors, the present invention is based on my finding that
      triesters of triethanolmethane (TEM) when used as a plasticizer give very
      good properties to PVC, and furthermore that the triesters of TEM are
      unexpectedly better as plasticizers in PVC than the corresponding esters
      of trimethylolpropane (TMP). Still further, I have found that certain
      triesters of TEM such as triethanolmethanetri-2-ethylhexanoate and
      triethanolmethanetrihexanoate are unexpectedly superior to
      dioctylphthalate in resultant flexibility-temperature properties in PVC
      containing the ester as a plasticizer.
PAR  The use of esters in PVC as plasticizers is known in the art. The manner,
      including the amounts, in which the esters of the present invention are
      used in PVC is in accordance with conditions so as to effectively use the
      esters as a plasticizer. Thus, the amount of the ester used in the
      plasticizer is in general in accordance with typical prior art amounts,
      and other conditions such as the use of a stabilizer and the like are in
      accordance with techniques so as to achieve effective plasticizing of the
      PVC.
PAR  The term "plasticizer" is used herein to mean a material incorporated in a
      plastic to increase its workability and its flexibility. In order for the
      plasticizer to function, it must be intimately incorporated into the resin
      (plastic). This is most commonly accomplished by the hot-compounding
      method of plasticization. In this method the resin and the plasticizer are
      heated and mixed until a single homogenous phase is obtained. For example,
      PVC particles and the desired plasticizer are mixed and fluxed together in
      a Banbury mixer or on a two-roll rubber mill at about 150.degree. to
      170.degree.C. Other ingredients such as stabilizers, pigments, fillers,
      lubricants, etc., may also be included. The mixture first becomes
      homogenous and then forms a sheet around one roll. This sheet is the
      plasticized PVC, useful for innumerable applications. The esters of this
      invention are high-boiling liquids which are readily mixed with PVC powder
      and then hot-rolled to a final plasticized-PVC product.
PAR  Other satisfactory methods of incorporating plasticizers into resins are
      known. These include: (1) the dry-blending method, wherein the two
      substances are stirred together for a short time at 50.degree. to
      60.degree.C., and then by heating briefly to about 160.degree.C. during
      further processing the resin becomes plasticized; or (2) the solvent
      method wherein the resin and the plasticizer are dissolved in a suitable
      solvent and the plasticized product is recovered by evaporation. Methods
      of incorporation of plasticizers into resins or plastics are disclosed in
      "The Encyclopedia of Polymer Science and Technology," Vol. 10 (1969),
      particularly at p. 228.
PAR  Preferred amounts of the triesters of the present invention for use in PVC
      are between about 3 and 70 weight percent, more preferably between about
      20 and 50 weight percent.
PAR  Thus, in accordance with the present invention, a new PVC composition is
      provided, namely PVC containing the triesters of the following formula:
      ##EQU2##
      wherein R.sup.1, R.sup.2 and R.sup.3 are hydrocarbyl groups having from 2
      to 14 carbon atoms. It is, of course, to be understood that the triester
      is used in PVC in sufficient amount to be an effective plasticizer.
PAR  I have found that especially good plasticizing results are obtained with
      triethanolmethanetri-2-ethylhexanoate and triethanolmethanetrihexanoate.
PAR  Satisfactory acids used to produce the esters of the present invention are
      monocarboxylic acids having from 3 to 15 carbon atoms. Preferably the
      acids used to form the triesters of the present invention are hydrocarbon
      in structure except for the carboxylic group, that is, the acids
      preferably are composed of hydrogen and carbon except for the oxygen of
      the carboxylic group. Aliphatic and aromatic monocarboxylic acids are
      preferred, and saturated aliphatic acids are especially preferred.
      Preferred acids include propionic, pentanoic, octanoic, decanoic,
      dodecanoic, 3-methyloctanoic, 4-methylpentanoic, o-ethylbenzoic,
      p-isopropylbenzoic, m-toluic, mixed amylbenzoic, etc. Mixtures of acids
      are also satisfactory, thereby giving triesters having more than one kind
      of acid in the molecule. I have found that particularly preferred acids
      are those having from 6 to 8 carbon atoms, most preferably the C.sub.6 -
      C.sub.8 aliphatic monocarboxylic acids.
PAR  The triesters of the present invention are readily prepared by
      esterification procedures known in the art. For example, a mixture of 1
      mol of TEM and 3 mols of a monocarboxylic acid is heated to temperatures
      in excess of 50.degree.C., preferably 90.degree.C., in the presence of a
      catalytic amount of a mineral acid, e.g., hydrochloric or sulfuric, until
      about 3 mols of water are evolved and removed through an appropriate
      condenser. Azeotroping agents, such as benzene, can be added to aid in
      removing the water of reaction. When esterification is complete, the
      excess acidic substances are removed by a basic extraction or washing. In
      general, the triesters are then ready for use. For extreme-purity product,
      the triester may be distilled, preferably under reduced pressure.
PAR  Alternatively, triesters may be prepared by mixing TEM and the desired acid
      in a molar ratio of about 1:3, and then heating at temperatures in excess
      of 100.degree.C. to drive off the by-product water. In this case, the
      crude ester product is generally pure enough for many plasticizing
      applications.
DETD
PAC  EXAMPLES
PAR  Preparation of triethanolmethanetri-2-ethylhexanoate: A 100-ml,
      round-bottom flask, equipped with a thermometer and condenser with a
      Dean-Stark trap, was charged with 15.6 g (0.105 mol) of triethanolmethane,
      43.2 g (0.300 mol) of 2-ethylhexanoic acid and 10 g of dibutyl ether. The
      resulting mixture was heated to the reflux under a nitrogen atmosphere.
      After 25.5 hours of heating, 0.74 g (0.005 mol of triethanolmethane was
      added and heating was continued for an additional 41 hours. During this
      time, 5.35 g (0.298 mol) of water was recovered in the trap. Then the
      solution was evaporated on a rotary vacuum evaporator at 200.degree.C
      under about 10 mm pressure. In this way, there was obtained 46.1 g of
      triethanolmethanetri-2-ethylhexanoate. Analysis, calculated for C.sub.31
      O.sub.6 H.sub.58 : C, 70.68%; H, 11.11%. The analysis found experimentally
      was: C, 69.58%; H, 10.79%. Infrared analysis showed strong adsorption
      bands at 2940, 1720, 1460, 1380, 1170 and 980 cm..sup..sup.-1.
PAR  Other triesters were prepared in essentially the same way. These are listed
      in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Triesters of Triethanolmethane                                            
     Triester Product                                                          
                                   Di-2-ethylhexano-                           
     Analysis                                                                  
             Hexanoate  Benzoate   ate monobenzoate                            
     ______________________________________                                    
     %C, calc.                                                                 
             67.48      73.03      71.39                                       
     found   67.59      72.80      69.86                                       
     %H, calc.                                                                 
             10.48      6.31       9.59                                        
     found   10.32      6.22       9.49                                        
     Infrared,                                                                 
     cm.sup..sup.-1                                                            
             2950       2960       2950                                        
             1740       1710       1720                                        
             1460       1600       1455                                        
             1170       1450       1270                                        
             1100       1275       1180                                        
                        1110       1110                                        
                         710        715                                        
     ______________________________________                                    
PAR  The above triesters and comparative prior art esters were then incorporated
      into PVC by mixing 39 grams of PVC, 26 grams of triester and 0.65 gram of
      a commercial barium/cadmium laurate stabilizer. Mixing was accomplished by
      working the mixture on a rubber mill for 10 minutes at 310.degree. to
      320.degree.F. The resulting sheets were then molded (using a conventional
      PVC mold) into film sheets 4 inches .times. 4 inches, in either 10-mil or
      70-mil thicknesses. Molding temperature was 330.degree.F. These films were
      then tested by the methods described in "Plasticizers: Paraplex and
      Monoplex", Rohm and Haas Co., 1960, pp. 84-89. The following tests were
      carried out:
PAR  1. Volatility -- The details of the test are given in the above reference
      at page 84. In general, the weight loss of a PVC film containing a
      plasticizer at 90.degree.C. for 24 hours is measured and reported as
      percent weight loss.
PAR  2. Soapy Water Extraction -- The details of this test are in the above
      publication, pp. 85-86. In general, the weight loss of a plasticized PVC
      sample immersed in a 1% aqueous soap solution at 90.degree.C. for 24 hours
      is measured and reported as percent weight loss.
PAR  3. Hexane Extraction -- The details of the test method are given in the
      above-cited reference, page 86. In general, the loss in weight of a PVC
      film containing a plasticizer is determined after 2 hours' immersion in
      n-hexane at 25.degree.C.
PAR  4. Hardness: A slightly modified Shore Durometer Hardness Test, as
      described on page 87 of the reference, was utilized. In this test, the
      initial value (0 sec.) of the hardness of a 70-mil sheet is determined
      using the Shore Durometer with a 2-pound (A) loading.
PAR  5. Flex (T.sub.F) Temperature: This test was carried out by the well-known
      method of Clash and Berg (Ind. & Eng. Chem. 34, 1218 (1942). In this test,
      the angular twist of a rectangular test specimen is determined by applying
      a controlled torque of 5.68 .times. 10.sup.3 dyne-cm to the sample 5
      seconds after exposure to various low test temperatures. The temperature
      at which the angular twist is 200.degree. of arc is then taken as the
      "flex" (T.sub.F) temperature. Flex temperature is defined as "the lower
      temperature limit of the compound's usefulness as an elastomer".
PAR  The results of the above tests on PVC containing representative examples of
      the triesters of the present invention are given in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     PLASTICIZER TEST RESULTS*                                                 
                               Test Results                                    
     Test                      Volatility                                      
                                     Soapy H.sub.2 O                           
                                             Hexane                            
                                                  Hardness                     
                                                        Flex Temp.             
     No.  Plasticizer Incorporated                                             
                               Loss, %                                         
                                     Loss, % Loss, %                           
                                                  Shore A                      
                                                        .degree.C.             
     __________________________________________________________________________
     1    Triethanolmethanetri-2-ethylhexanoate                                
                               2.0   7.5     37.5 82    -49                    
     2    Triethanolmethanetrihexanoate                                        
                               5.3   26.6    27.3 75    -53                    
     3    Triethanolmethanetribenzoate                                         
                               1.7   15.5    0.6  88     0                     
     4    Triethanolmethanedi-2-ethylhexanoate-                                
          benzoate             3.1   15.7    16.2 81    -28                    
     5    Dioctylphthalate**   14.4  13.1    33.0 75    -33                    
     6    Tri-2--ethylhexyltrimellitate**                                      
                               0.7   (0.4)***                                  
                                             36.0 81    -27                    
     7    Trimethylolpropanetri-2-ethylhexanoate                               
                               9.1   14.4    37.7 90    -27                    
     8    Trimethylolpropanetrihexanoate                                       
                               19.0  24.1    38.5 76    -43                    
     9    Trimethylolpropanetribenzoate                                        
                               2.5   13.8    0.2  95    +12                    
     10   Trimethylolpropanedi-2-ethylhexanoate-                               
     monobenzoate              Incompatible                                    
     __________________________________________________________________________
       *All values are the averages of duplicate tests                         
       **Commercial plasticizers                                               
      ***Weight increase                                                       
PAR  The results given in Table II show that the triesters of the present
      invention have excellent plasticizing properties. Especially important are
      the "flex" temperatures, which are surprisingly low when compared with the
      "flex" temperatures of the corresponding trimethylolpropane triesters
      (runs 1, 2, 3 and 4 compared to runs 7, 8, 9 and 10, respectively).
PAR  The structure of trimethanolpropane is very close to that of
      triethanolmethane, as shown below:
      ##EQU3##
PAR  Plasticizers No. 1 or No. 2 in accordance with the present invention, that
      is, triester No. 1 (triethanolmethanetri-2-ethylhexanoate) or No. 2
      (triethanolmethanetrihexanoate) given in Table II compared to the widely
      used prior art ester (dioctylphthalate), No. 5 in Table II, shows that
      triesters Nos. 1 and 2, in accordance with the present invention, afford a
      marked advantage as plasticizers over the commercially used
      dioctylphthalate. Also, the No. 3 triester (triethanolmethanetribenzoate)
      compared to No. 9 (trimethylolpropanetribenzoate) shows that the triester
      in accordance with the present invention, prepared using TEM, has an
      especially low flex temperature compared to the homolog compound which was
      made from trimethylolpropane instead of TEM. Thus, even though the No. 3
      item of Table II did not have an especially low flex temperature, it did
      have an unexpectedly better flex temperature than did the corresponding
      homolog, No. 9, the latter being outside the scope of the present
      invention.
PAR  The triesters of triethanolmethane are also useful as synthetic lubricants.
      In conventional viscosity tests, the triesters of this invention have
      superior viscosity index (V.I.) values as compared to the corresponding
      trieters of trimethylolpropane. These results are presented in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     TRIESTER VISCOSITY AND V.I.                                               
     Run                    Viscosity (cstks)                                  
     No.  Triester Tested   100.degree.F.                                      
                                     210.degree.F.                             
                                            V.I.                               
     ______________________________________                                    
     1    Triethanolmethanetri-2-                                              
           ethylhexanoate   24.35    4.29    84                                
     2    Triethanolmethane-                                                   
           trihexanoate     12.10    3.178  143                                
     3    Trimethylolpropanetri-                                               
           2-ethylhexanoate 33.62    4.648   28                                
     4    Trimethylolpropanetri-                                               
           hexanoate        13.68    3.139  100                                
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A triester of the following formula:
      ##EQU4##
      wherein R.sup.1, R.sup.2 and R.sup.3 are alkyl or hydrocarbyl aryl groups
      having from 2 to 14 carbon atoms.
NUM  2.
PAR  2. A composition in accordance with claim 1, wherein R.sup.1, R.sup.2 and
      R.sup.3 are aryl or alkyl groups of 6 to 8 carbon atoms.
NUM  3.
PAR  3. A composition in accordance with claim 1 wherein R.sup.1, R.sup.2 and
      R.sup.3 are alkyl groups of 6 to 8 carbon atoms.
NUM  4.
PAR  4. Triethanolmethanetri-2-ethylhexanoate.
NUM  5.
PAR  5. Triethanolmethanetrihexanoate.
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ABST
PAL  Polyene compounds of the formula:
      ##EQU1##
      wherein R' is protected or unprotected hydroxyl or a group of the formula:
      ##EQU2##
      (in which R" and R"' are each carboxyl or a group convertible into
      carboxyl on hydrolysis), m is a positive integer and n is 0 or a positive
      integer, which are useful as intermediates in the synthesis of coenzyme Q,
      can be produced advantageously through a step for the dehydration of a
      compound of the formula:
      ##EQU3##
      wherein R', m and n are each as defined above.
BSUM
PAR  The present invention relates to a process for preparing polyene compounds.
      More particularly, it relates to an industrially advantageous process for
      production of polyene compounds which form the side chains in a variety of
      natural products having a great number of carbon atoms as coenzyme Q.
PAR  Coenzyme Q is well known to have pharamacological activities on the nervous
      system of mammals including human beings. Particularly, the one having a
      side chain of 40 to 50 carbon atoms exhibits a remarkable pharamological
      effect. Such coenzyme Q (e.g. coenzyme Q.sub.8, coenzyme Q.sub.10) has
      heretofore been obtained by extraction from natural sources or by some
      synthetic or semi-synthetic methods [cf. Crane et al.: Biohim. Biophys.
      Acta, 25, 200 (1957); Lester et al.: J. Am. Chem. Soc., 80, 4751 (1958);
      Shunk et al.: J. Am. Chem. Soc., 81, 5000 (1959); Obolnikova et al.: Zhur.
      Obshch. Khim., 34, 1499 (1964), etc.]. However, none of them is
      satisfactory for the industrial production of coenzyme Q. In case of
      extraction from natural sources, the contents of coenzyme Q in the known
      sources are entirely small so that an enormous amount of the sources is
      needed. On the other hand, the bottleneck in any semi-synthetic or
      synthetic method is the difficult production of the polyene side chains.
      When the polyene side chains are attempted to obtain from plant sources,
      the separation of the compounds having a certain length of polyene side
      chain requires a tedious operation. In addition, their contents in the
      plant sources are extremely small. When the polyene side chains are tried
      to obtain by totally synthetic methods, the yields are generally low.
      Moreover, the produced polyene compounds are a mixture of cis- and
      trans-isomers, and the elimination of the ineffective cis-isomers and the
      recovery of the effective trans-isomers from such mixture are very
      difficult.
PAR  As the result of the extensive study, there has now been established a
      process for preparing polyene compounds which are useful as intermediates
      in the synthesis of coenzyme Q. It is notable that the process can
      predominantly afford polyene compounds in the trans form. It is also
      notable that the process can give the polyene compounds having an optional
      number of carbon atoms.
PAR  The process of this invention is representable by the following scheme:
      ##EQU4##
      wherein R is a group convertible into carboxyl on hydrolysis, R' is
      protected or unprotected hydroxyl or a group of the formula:
      ##EQU5##
      (in which R" and R'" are each carboxyl or a group convertible into
      carboxyl on hydrolysis), X is the residue of an acid, m is a positive
      integer and n is 0 or a positive integer.
PAR  In the above definitions, the residue of an acid represented by the symbol
      X may be halogen (e.g. chlorine, bromine), lower alkanesulfonyloxy (e.g.
      methanesulfonyloxy), arenesulfonyloxy (e.g. benzenesulfonyloxy,
      toluenesulfonyloxy) or the like. As the group convertible into carboxyl,
      there may be exemplified alkoxycarbonyl (e.g. methoxycarbonyl,
      ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,
      pentoxycarbonyl, hexyloxycarbonyl), aryloxycarbonyl (e.g. phenoxycarbonyl,
      tolyloxycarbonyl, naphthyloxycarbonyl), cyano, carbamoyl,
      alkanoyloxycarbonyl (e.g. acetoxycarbony, butyryloxycarbonyl),
      aroyloxycarbonyl (e.g. benzoyloxycarbonyl), etc. The protected hydroxyl
      group may be, for instance, alkoxy (e.g. methoxy, ethoxy, propoxy),
      alkanoyloxy (e.g. acetyloxy, butryloxy), aroyloxy (e.g. benzoyloxy,
      p-methylbenzoyloxy) or the like. As to m and n, no upper limit is present,
      but they may be usually not more than 10.
PAR  Making reference to the above scheme, the process of this invention will be
      hereinafter illustrated in details step by step.
PAR  In the first step, the compound (I) is reacted with a carboxylic acid
      derivative of the formula: RCH.sub.2 X in which R and X are each as
      defined above, followed by hydrolysis and decarboxylation. The conversions
      in this step are representable by the following formulae:
      ##EQU6##
      wherein R and n are each as defined above.
PAR  The reaction with the carboxylic acid derivative is usually carried out in
      the presence of a basic catalyst such as an alkali metal alkoxide (e.g.
      sodium methoxide, sodium ethoxide), an alkali metal hydride (e.g. sodium
      hydride, lithium hydride) or an alkali metal amide (e.g. sodium amide,
      potassium amide), preferably under an inert gas atmosphere (e.g. nitrogen,
      helium) at a temperature of from -30.degree. to 15.degree.C. The product
      (A) may be subjected to hydrolysis with or without its previous separation
      from the reaction mixture. Hydrolysis may be effected in a per se
      conventional manner, e.g. by treatment with an acid or a base. The use of
      a base is generally preferred. Thus, the hydrolysis is normally performed
      by treatment with an alkali metal hydroxide or an alkaline earth metal
      hydroxide in a lower alkanol (e.g. methanol, ethanol) at a wide range of
      temperature, for instance, while cooling with ice, at room temperature or
      under refluxing. The resultant carboxylic acid (B) is then subjected to
      decarboxylation by a per se conventional manner, e.g. heating at a
      temperature of from 100.degree. to 200.degree.C preferably under reduced
      pressure. Prior to the decarboxylation, the separation of the carboxylic
      acid from the reaction mixture, for instance, by extracting with an
      organic solvent (e.g. ether, xylene, toluene) under an acidic condition is
      favorable.
PAR  In the second step, the thus prepared compound (II) is reacted with a
      carboxlic acid derivative of the formula: RCH.sub.2 X in which R and X are
      each as defined above to give the compound (III). The reaction is usually
      carried out in an inert solvent (e.g. ether, tetrahydrofuran, dioxane,
      benzene, toluene, xylene) in the presence of a metal catalyst (e.g.
      metallic zinc, metallic magnesium) at a wide range of temperature from
      cooling with ice to reflux. The intermediate present in the reaction
      mixture at this stage is presumed to have the following formula:
      ##EQU7##
      wherein R, X and n are each as defined above. Treatment of the reaction
      mixture with water or, preferably, an acid solution (e.g. 5 to 10%
      hydrochloric acid, 5 to 10% sulfuric acid) affords the compound (III).
PAR  In the third step, the compound (III) is subjected to oxidation to give the
      compound (V). The oxidation may be carried out in a per se conventional
      manner as empolyed for the oxidation of a secondary hydroxyl group. For
      instance, the treatment with an oxidizing agent such as manganese oxide,
      potassium permanganate, chromic acid, chromic acid-sulfuric acid, chromic
      acid-pyridine or phosphorous pentoxide can be advantageously adopted. In
      the said treatment, there may be used any inert solvent such as water,
      methylene chloride, chloroform or pyridine depending on the kind of the
      oxidizing agent. The reaction temperature may be any temperature from
      cooling with ice to room temperature.
PAR  Alternatively, the compound (V: R = alkoxycarbonyl) may be produced by
      reacting the compound (IV) with dialkyl carbonate in the presence of a
      basic catalyst such as an alkali metal alkoxide (e.g. sodium methoxide,
      sodium ethoxide) or an alkali metal hydride (e.g. sodium hydride, lithium
      hydride) at a temperature from room temperature to refluxing temperature.
      The said compound (IV) is obtainable by reacting the compound (I) with an
      .alpha.-halopropionic acid derivative of the formula:
      ##EQU8##
      in which R and X are each as defined above, followed by hydrolysis and
      decarboxylation, of which the conversions are representable by the
      following formulae:
      ##EQU9##
      The reaction conditions for the above conversions may be the substantially
      same as those in the conversions from the compound (I) into the compound
      (II) through the compounds (A) and (B).
PAR  In the fourth step, the thus obtained compound (V) is reacted with the
      compound (VI), followed by hydrolysis and decarboxylation to give the
      compound (VIII). The reaction of the compound (V) with the compound (VI)
      and the subsequent hydrolysis and decarboxylation may be carried out in
      the same manner as applied in the conversion of the compound (I) to the
      compound (II). For instance, the reaction of the compound (V) with the
      compound (VI) in the presence of a basic catalyst in an inert solvent such
      as a lower alkanol (e.g. methanol, ethanol), followed by hydrolyzing the
      resultant product with a base in a lower alkanol and decarboxylating the
      resulting product under an acidic condition, can afford the compound
      (VIII). When the symbol R' in the compound (VI) is protected hydroxyl, it
      may be frequently converted into hydroxyl in the course of the above
      hydrolysis.
PAR  In the fifth step, the compound (VIII) is reduced to the compound (IX). The
      reduction may be carried out in a per se conventional procedure as adopted
      for the reduction of a carbonyl group. Examples of such procedure are
      reduction with a metal hydride compound such as lithium aluminum hydride
      or sodium borohyride, reduction in the presence of an aluminum alkoxide
      such as aluminum isopropoxide, etc. The reaction is usually carried out in
      an inert solvent (e.g. methanol, ethanol, ethyl acetate, dioxane) at a
      wide range of temperature from cooling with ice to refluxing depending on
      the kind of the reducing agent. When the symbol R' in the compound (VIII)
      is hydroxyl, it may be protected by reacting previously with an acylating
      agent (e.g. acetyl chloride, acetic anhydride, benzoyl chloride, mixed
      anhydride of benzoic acid and sulfuric acid) or an alkylating agent (e.g.
      diazomethane, methyl bromide, ethyl bromide).
PAR  Finally, the thus prepared compound (IX) is subjected to dehydration to
      give the compound (X). The dehydration may be carried out in the presence
      of a dehydrating agent (e.g. phosphorous pentoxide, phosphorous
      oxychloride, sodium hydrogen sulfite, p-toluenesulfonic acid, sulfuric
      acid, oxalic acid) in an inert solvent (e.g. ether, benzene, toluene,
      xylene, tetrahydrofuran) at a wide range of temperature from cooling with
      ice to refluxing.
PAR  In each of the steps as above illustrated, the concrete reaction conditions
      such as reaction time, reaction temperature, reaction pressure, reaction
      medium and the like may be appropriately decided.
PAR  As stated above, the compound (X) obtained by the process of this invention
      is utilizable as an intermediate in the synthesis of various per se useful
      polyene compounds such as coezyme Q, vitamin K.sub.2 and plastoquinone.
      For instance, the condensation of the compound (X: R' = OH) with
      2,3-dimethoxy-5-methylhydroquinone in the presence of a Lewis acid (e.g.
      BF.sub.3, AlCl.sub.3) according to a conventional procedure affords
      coenzyme Q.
PAR  Still, the starting compounds in the process of this invention, i.e. the
      compound (I) and the compound (VI), are generally known. In particular,
      the compounds (I) and (VI) are specifically known when m or n is 1 or 2.
PAR  Practical and presently preferred embodiments of the present invention are
      illustratively shown in the following Examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of farnesylgeranyl acetate
PAR  1. Preparation of 2,6,10-trimethyl-5,9-undecadienal:
PAR  To a mixture of geranylacetone (171 g) and ethyl monochloroacetate (141 g)
      at -10.degree.C in the nitrogen stream, sodium ethoxide (71 g) is
      portionwise added, and the resultant mixture is stirred for 6 hours. A
      solution of potassium hydroxide (99 g) in methanol (560 ml) is added
      thereto, and stirring is continued for 2 hours. The reaction mixture is
      poured into water and skaken with petroleum ether. The water layer is
      neutralized with acetic acid and extracted with ether. The ether extract
      is washed with water and dried. After evaporation of the ether, the
      residual material is distilled under reduced pressure to give
      2,6,10-trimethyl-5,9-undecadienal (135 g) as a pale yellow oil. B.P.
      100.degree. to 103.degree.C/0.4 mm Hg. Yield, 73.6%. IR: 2680, 1720
      cm.sup.-.sup.1 (CHO).
PAR  2. Preparation of ethyl
      3,7,11-trimethyl-6,10-dodecadien-2-ol-1-carboxylate:
PAR  A suspension of zinc (59 g) in benzene (400 ml) is heated up to the reflux
      temperature, and a mixture of ethyl bromoacetate (120 g) and
      2,6,10-trimethyl-5,9-undecadienal (135 g) is added thereto. The resulting
      mixture is refluxed for 2 hours, cooled and poured into 5% aqueous
      solution of sulfuric acid. The benzene layer is washed with water, dried
      and evaporated. The residual material is distilled under reduced pressure
      to give ethyl 3,7,11-trimethyl-6,10-dodecadien-2-ol-1-carboxylate (100 g)
      as a pale yellow oil. B.P. 139.degree. to 142.degree.C/0.08 mm Hg. IR:
      3480, 1030 cm.sup.-.sup.1 (OH); 1720, 1180cm.sup.-.sup.1 (COO). NMR
      (carbon tetrachloride): .delta. 1.25 (t), 1.58 (s), 1.65 (s), 1.95 (m),
      2.38 (m), 4.10 (m), 5.05 (m).
PAR  3. Preparation of ethyl
      3,7,11-trimethyl-6,10-dodecadien-2-one-1-carboxylate:
PAR  To a mixture of pyridine (132 ml) and ethyl
      3,7,11-trimethyl-6,10-dodecadien-2-ol-1-carboxylate (132 g), the Cornforth
      reagent (prepared by adding dropwise a solution of chromium trioxide (223
      g) in water (150 ml) to pyridine (2230 ml) while cooling with ice water)
      is added, and the resultant mixture is allowed to stand at room
      temperature. After removal of the precipitate by filtration, the reaction
      mixture is admixed with water and extracted with ether. The ether extract
      is washed with water, dried and evaporated. The residual material is
      distilled under reduced pressure to give ethyl
      3,7,11-trimethyl-6,10-dodecadien-2-one-1-carboxylate (75 g) as a pale
      yellow oil. B.P. 125.degree. to 129.degree.C/0.06 mmHg. IR: 1740, 1225
      cm.sup.-.sup.1 (COO); 1710 cm.sup.-.sup.1 (C=O). NMR (carbon
      tetrachloride): .delta. 1.25 (m), 1.61 (s), 1.69 (s), 1.98 (s), 2.0-2.8
      (m), 3.33 (s), 4.15 (m), 4.8-5.25 (m).
PAR  4. Preparation of
      3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-10-on-1-ol:
PAR  To a suspension of sodium hydride (2.64 g) in ether (70 ml), a solution of
      ethyl 3,7,11-trimethyl-6,10-dodecadien-2-one-1-carboxylate (14.7 g) in
      ether (15 ml) is dropwise added, and then a solution of
      1-bromo-8-acetoxy-2,6-dimethyl-2,6-octadiene (15 g) in ether (15 ml) is
      dropwise added thereto while cooling with ice. The reaction mixture is
      poured into ice water. The ether layer is washed with water, dried and
      evaporated. The residue (24.8 g) is added to a solution of potassium
      hydroxide (8.4 g) in ethanol (150 ml), and the resultant mixture is poured
      into water, followed by washing with petroleum ether, acidifying with 5%
      aqueous solution of sulfuric acid and extracting with ether. The ether
      layer is washed with water, dried and evaporated. The resulting product
      (23.5 g) is purified by chromatography on silica gel (235 g) using benzene
      to give 3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-10-on-1-ol (18
      g). IR: 3400, 1000 cm.sup.-.sup.1 (OH): 1705 cm.sup.-.sup.1 (C=O); 1668
      cm.sup.-.sup.1 (C=C). NMR (carbon tetrachloride): .delta. 1.04 (d), 1.59
      (s), 1.66 (s), 2.01 (m), 2.7 (m), 4.1 (m), 5.05 (m).
PAR  5. Preparation of farnesylgeranyl acetate:
PAR  a. Preparation of
      1-acetoxy-3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-10-ol:
PAR  To a mixture of acetic anhydride (8.1 g) and pyridine (3.2 g),
      3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-10-on-1-ol (15 g) is
      added, and stirring is continued while cooling with ice for 3 hours. The
      reaction mixture is poured into ice water and extracted with ether. The
      ether extract is washed with water, dired and evaporated to give
      1-acetoxy-3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-10-one (15 g).
      IR: 1740, 1710, 1675 cm.sup.-.sup.1. NMR (carbon tetrachloride): .delta.
      1.01 (d), 1.56 (s), 1.65 (s), 1.90 (s), 1.97 (s), 2.05-2.71 (m), 4.43 (d),
      4.70-5.39 (m).
PAR  The above product is dissolved in ethanol (15 ml), and the resultant
      solution is dropwise added to a solution of sodium borohydride (0.41 g) in
      ethanol (100 ml) and ethyl acetate (50 ml) while cooling with ice. After
      stirring for 3 hours, the reaction mixture is poured into ice water and
      extracted with ether. The ether extract is washed with water, dried and
      evaporated. The residual product (11 g) is chromatographed on silica gel
      (110 g) using a mixture of benzene and ethyl acetate (9.5:0.5 by weight).
      As the fraction (1),
      1-acetoxy-3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-10-ol (5.0 g)
      is obtained. As the fractions (2),
      3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraene-1,10-diol (3.0 g) is
      obtained.
PAR  To a mixture of 3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraene-1,10-diol
      (3.75 g) in pyridine (1 ml) while cooling with ice, acetic anhydride (1.53
      g) is dropwise added in 15 minutes, and then stirring is continued for 40
      minutes. The reaction mixture is poured into ice water and extracted with
      ether. The ether extract is washed with water, dried and evaporated. The
      residue (3.9 g) is purified by chromatography on silica gel (40 g) using
      benzene to give
      1-acetoxy-3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-10-ol (3.1 g).
PAR  b. Preparation of farnesylgeranyl acetate:
PAR  1-Acetoxy-3,7,11,15,19-pentamethyl-2,6,14,18-eicosatetraen-1Q-ol (0.7 g) is
      dissolved in pyridine (1 ml), and phosphorus oxychloride (0.36 g) is added
      thereto dropwise while cooling with water. After stirring for 3 hours,
      stirring is continued at 80.degree.C for 30 minutes, and the reaction
      mixture is poured into ice water and extracted with ether. The ether
      extract is washed with water, dried and evaporated. The residual material
      (0.5 g) is purified by chromatography on silica gel (5 g) using benzene to
      give farnesylgeranyl acetate (250 mg). IR: 1740, 1230 cm.sup.-.sup.1
      (COO); 1668, 951 cm.sup.-.sup.1 (C=C). NMR (carbon tetrachloride): .delta.
      1.59 (s), 1.67 (s), 1.96 (s), 2.03 (m), 2.4 (m), 2.75 (m), 4.45 (d), 5.03
      (m).
PAC  EXAMPLE 2
PAR  Preparation of 3,7,11-trimethyl-2,6-dodecadien-10-on-1-ol:
PAR  To a suspension of sodium hydride (1.9 g) in ether (40 ml) while cooling
      with ice, ethyl isobutyroylacetate (5.2 g) is added, and
      1-bromo-8-acetoxy-2,6-dimethyl-2,6-octadiene (8 g) is dropwise added
      thereto. The reaction is carried out with reflux for 8 hours. The ether
      layer is separated from the reaction mixture, washed with water, dried and
      evaporated. The oily product (9.9 g) is added to a solution of potassium
      hydroxide (6.3 g) ethanol (120 g), and refluxing is continued for about 1
      hour. The resultant mixture is added to the ice water, made acidic with
      10% sulfuric acid and extracted with ether. The ether extract is washed
      with saturated aqueous solution of sodium chloride, aqueous solution of
      sodium hydrogen carbonate and water in order, and then the ether is
      evaporated therefrom. The residue (7.2 g) is dissolved in benzene and
      purified by chromatography on silica gel to give
      3,7,11,-trimethyl-2,6-dodecadien-10-on-1-ol (6.2 g). NMR (carbon
      tetrachloride): .delta. 1.05 (d), 1.59 (s), 2.0 (s), 21.-2.7 (m), 3.52
      (s), 3.95 (d), 4.8-5.4 (m).
PAC  EXAMPLE 3
PAC  Preparation of farnesyl acetate
PAR  To a solution of 3,7,11-trimethyl-2,6-dodecadien-10-on-1-ol (47.6 g) in
      acetic anhydride (61 g), pryidine (16 g) is added, and the resultant
      mixture is allowed to stand while cooling with ice for 3 hours. The
      reaction mixture is poured on ice and extracted with ether. The ether
      extract is washed with aqueous saturated solution of sodium chloride,
      aqueous solution of sodium hydrogen carbonate and water in order, dried
      over magnesium sulfate and evaporated to give
      1-acetoxy-3,7,11-trimethyl-2,6-dodecadien-10-one (53 g) as an oil.
PAR  The above product is dropwise added to a solution of sodium borohydride
      (2.4 g) in ethanol (24 ml) and ethyl acetate (12 ml), and stirring is
      continued at 15.degree.C for 5 hours. The reaction mixture is poured on
      ice and extracted with ether. The ether extract is washed as above, dried
      and evaporated. The residue (48 g) is dissolved in a mixture of benzene
      (240 ml) and pyridine (40 ml), phosphorus oxychloride (31 g) is dropwise
      added thereto while cooling with ice and stirring is continued for 3
      hours. Then, stirring is further continued at 80.degree.C for 30 minutes.
      The reaction mixture is poured into ice water and extracted with petroleum
      ether. The petroleum ether extract is washed as above, dried and
      evaporated to give farnesyl acetate (40 g). Yield, 71%. IR: 1735
      cm.sup.-.sup.1 (COOR); 1675 cm.sup.-.sup.1 (C=C); 1230 cm.sup.-.sup.1
      (COC).
PAC  EXAMPLE 4
PAR  The reactions are carried out as in Example 3 but alternating the order of
      the acylation and the reduction to give farnesyl acetate. Yield, 81%.
PAC  EXAMPLE 5
PAC  Preparation of 4,8,12-trimethyl-3,7-tridecadien-11-one-1,1-dicarboxylic
      acid
PAR  To a solution of sodium alkoxide in ethanol (prepared from metallic sodium
      (51 g) and ethanol (760 ml)), ethyl isobutyroylacetate (48 g) is dropwise
      added while cooling with ice. After stirring for 30 minutes, diethyl
      4,8-dimethyl-3,7-nonadien-9-bromo-1,1-dicarboxylate (75 g) is dropwise
      added to the resulting mixture, and stirring is continued for 2 hours.
      Then, refluxing is carried out for 8 hours. The reaction mixture is poured
      into ice water and extracted with ether. The ether extract is washed with
      water and evaporated. The resulting liquid is distilled under reduced
      pressure to eliminate a fraction (90 g) boiling at 80.degree.C/4 mmHg. A
      solution of potassium hydroxide (46 g) in ethanol (874 ml) is added to the
      residue, and the resultant mixture is refluxed for 3 hours. The reaction
      mixture is admixed with ice water and shaken with petroleum ether. The
      water layer is made acidic with 10% sulfuric acid and extracted with
      ether. The ether extract is washed with water, dried and evaporated to
      give 4,8,12-trimethyl-3,7-tridecadien-11-one-1,1-dicarboxylic acid (51 g).
      IR: 1710 cm.sup.-.sup.1 (C=O); 2780 - 2500 cm.sup.-.sup.1 (COOH); 1670
      cm.sup.-.sup.1 (C=C).
PAC  EXAMPLE 6
PAC  Preparation of ethyl 3,7,11-trimethyl-6,10-dodecadien-2-one-1-carboxylate
PAR  Into ether (800 ml), 52% paraffin solution of sodium hydride (22.8 g) is
      suspended, and diethyl carbonate (89.4 g) is portionwise added thereto
      while cooling with ice in nitrogen stream. Then,
      3,7,11-trimethyl-6,10-dodecadien-2-one (88 g) is dropwise added thereto.
      After refluxing for 15 hours, the reaction mixture is poured into ice
      water. The ether layer is separated, washed with water, dried and
      evaporated. The residue is distilled under reduced pressure to give ethyl
      3,7,11-trimethyl-6,10-dodecadien-2-one-1-carboxylate (81 g). B.P.
      130.degree. to 135.degree.C/0.05 mmHg. IR: 1640, 1675, 1710, 1740
      cm.sup.-.sup.1. NMR (carbon tetrachloride): 1.10 (d), 1.29 (t), 1.60 (s),
      1.68 (s), 1.98 (s), 2.00-2.80 (broad), 3.33 (s), 4.15 (q), 4.8-5.3
      (broad).
PAC  EXAMPLE 7
PAC  Preparation of solanesyl acetate
PAR  1. Preparation of 2,6,10,14,18-pentamethyl-5,9,13,17-nonadecatetraenal
PAR  To a mixture of geranylgeranylacetone (32.2 g) and ethyl monochloroacetate
      (17.2 g), sodium ethoxide (8.85 g) is portionwise added at -10.degree.C in
      nitrogen stream. The resultant mixture is stirred for 7 hours, a solution
      of potassium hydroxide (99 g) in methanol (560 ml) is added thereto,
      stirring is continued for 3 hours and then the resulting mixture is
      allowed to stand overnight. Then, the reaction mixture is poured into
      water, washed with petroleum ether, neutralized with acetic acid and
      extracted with ether. The ether extract is washed with water, dried and
      evaporated. The residue is heated at 150.degree.C for 30 minutes for
      decarboxylation. The resulting crude produce (31 g) is purified by
      chromatography on silica gel (300 g) using benzene to give
      2,6,10,14,18-pentamethyl-5,9,13,17-nonadecatetraenal (23.8 g). IR: 2680,
      1720 cm.sup.-.sup.1 (CHO).
PAR  2. Preparation of ethyl
      3,7,11,15,19-pentamethyl-6,10,14,18-eicosatetraen-2-ol-1-carboxylate:
PAR  To a mixture of ether (344 ml) and
      2,6,10,14,18-pentamethyl-5,9,13,17-nonadecatetraenal (34.4 g), Grignard
      reagent (prepared by adding portionwise isopropyl bromide (18.5 g) to a
      mixture of ether (100 ml) and metallic magnesium (3.7 g), adding further
      t-butyl acetate (17.4 g) thereto while cooling with ice and then stirring
      the resultant mixture for 1 hour) is dropwise added while cooling with
      ice. The resultant mixture is stirred at room temperature for 3 hours, and
      the reaction mixture is poured into an aqueous saturated solution of
      ammonium chloride. The ether layer is separated, washed with water, dried
      and evaporated. The residual material is chromatographed on silica gel
      (500 g) using a mixture of benzene and ethyl acetate (9.5:0.5 by weight)
      to give ethyl
      3,7,11,15,19-pentamethyl-6,10,14,18-eicosatetraen-2-ol-1-carboxylate (28.5
      g) as a pale yellow oil. IR: 3480, 1030 cm.sup.-.sup.1 (OH); 1720, 1180
      cm.sup.-.sup.1 (COO).
PAR  3. Preparation of ethyl
      3,7,11,15,19-pentamethyl-6,10,14,18-eicosatetraen-2-one-1-carboxylate:
PAR  To a mixture of ethyl
      3,7,11,15,19-pentamethyl-6,10,14,18-eicosatetraen-2-ol-1-carboxylate (217
      g) and pyridine (215 ml), chromic acid-pyridine (prepared by adding
      portionwise chromium trioxide (300 g) to a mixture of pyridine (480 ml)
      and methylene chloride (3000 ml) while cooling with ice) is added thereto,
      and the resultant mixture is stirred for 4 hours. The reaction mixture is
      added to water, and the methylene chloride layer is separated, washed with
      water, dried and evaporated. The residual material (203 g) is
      chromatographed on silica gel (1kg) using benzene to give ethyl
      3,7,11,15,19-pentamethyl-6,10,14,18-eicosatetraen-2-one-1-carboxylate (172
      g). IR: 1740, 1225 cm.sup.-.sup.1 (COO); 1710 cm.sup.-.sup.1 (C=O).
PAR  4. Preparation of
      3,7,11,15,19,23,27,31,35-nonamethyl-2,6,10,14,18,26,30,34-hexatriacontaoct
     aen-22-on-1-ol:
PAR  To a suspension of sodium hydride (2.64 g) in ether (100 ml), a solution of
      ethyl 3,7,11,15-tetramethyl-6,10,14-hexadecatrien-2-one-1-carboxylate
      (18.1 g) in ether (18 ml) is dropwise added, and the resulting mixture is
      dropwise added, and the resulting mixture is stirred for 30 minutes. Then,
      a solution of
      1-bromo-2,6,10,14,18-pentamethyl-20-acetoxy-2,6,10,14,18-eicosapentaene
      (26 g) in ether (26 ml) is dropwise added thereto. The reaction mixture is
      poured into ice water. The ether layer is washed with water, dried and
      evaporated. The residual material is treated as in Example 1 (4) to give
      3,7,11,15,19,23,27,31,
      35-nonamethyl-2,6,10,14,18,26,30,34-hexatriacontaoctaen-22-on-1-ol (29 g).
      IR: 3400, 1000 cm.sup.-.sup.1 (OH); 1705 cm.sup.-.sup.1 (C=O); 1668
      cm.sup.-.sup.1 (C=C). NMR (carbon tetrachloride): .delta. 1.59 (s), 1.66
      (s), 2.01 (m), 2.7 (m), 4.1 (m),  5.05 (m).
PAR  5. Preparation of solanesyl acetate:
PAR  a. Preparation of 1-acetoxy-3,7,11,15,19,23,27,31,
      35-nonamethyl-2,6,10,14,18,26,30,34-hexatriacontaoctaen-22-ol:
PAR  To a solution of
      3,7,11,15,19,23,27,31,35-nonamethyl-2,6,10,14,18,26,30,34-hexatriacontaoct
     aen-22-on-1-ol 6.5 g) in pyridine (1 g), acetic anhdyride (3.0 g) is added,
      and the resulting mixture is allowed to stand at room temperature for 5
      hours. The reaction mixture is poured into ice water and shaken with
      ether. The ether layer is washed with water, dried and evaporated. The
      residual material (6.5 g) is chromatographed on silica gel (70 g) using
      benzene to give
      1-acetoxy-3,7,11,15,19,23,27,31,35-nonamethyl-2,6,10,14,18,26,30,34-hexatr
     iacontaoctaen-22-one (6.1 g). A solution of this compound in ethanol (6 ml)
      is dropwise added to a solution of sodium borohydride (0.1 g) in ethanol
      (10 ml) while cooling with ice, and stirring is continued for 3 hours. The
      reaction mixture is poured into an aqueous saturated solution of ammonium
      chloride and extracted with ether. The ether extract is washed with water,
      dried and concentrated. The residual material (4.8 g) is treated as in
      Example 1 (5) a) to give 1-acetoxy-3,7,11,15,19,23,27,31,
      35-nonamethyl-2,6,10,14,18,26,30,34-hexatriacontaoctaen- 22-ol (2.1 g) as
      a fraction (1) and
      3,7,11,15,19,23,27,31,35-nonamethyl-2,6,10,14,18,26,30,34-hexatriacontaoct
     aene-1,22-diol (0.9 g) as a fraction (2). The latter is treated with acetic
      anhydride as above to give
      1-acetoxy-3,7,11,15,19,23,27,31,35-nonamethyl-2,6,10,14,18,26,30,34-hexatr
     iacontaoctaen-22-ol (0.82 g).
PAR  b. Preparation of solanesyl acetate:
PAR  As in Example 1 (5)(b), 1-acetoxy-3,7,11,15,19,23,
      27,31,35-nonamethyl-2,6,10,14,18,26,30,34-hexatriacontaoctaen-22-ol (2.9
      g) is treated with phosphorus oxychloride in pyridine to give soranesyl
      acetate (1.2 g). IR: 1740, 1230 cm.sup.-.sup.1 (C=O); 1668, 951
      cm.sup.-.sup.1 (c=C). NMR (carbon tetrachloride): .delta. 1.58 (s), 1.68
      (s), 1.96 (s), 2.03 (m), 2.4 (m), 2.75 (m), 4.45 (d), 5.03 (m).
PAC  EXAMPLE 8
PAC  Preparation of decaprenyl acetate:
PAR  1. Preparation of
      3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-tetraconta
     nonaen-22-on-1ol:
PAR  As in Example 7 (4), ethyl
      3,7,11,15,19-pentamethyl-6,10,14,18-eicosatetraen-2-one-1-carboxylate (4.3
      g) and
      1-bromo-2,6,10,14,18-pentamethyl-20-acetoxy-2,6,10,14,18-eicosapentaene
      (4.8 g) are reacted in ether (59 ml) in the presence of sodium hydride
      (0.26 g). The product is added to a solution of potassium hydroxide (1.68
      g) in ethanol (32 ml), and the resultant mixture is treated as in Example
      1 (4) to give
      3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-tetraconta
     nonaen-22-on-1-ol (6.8 g). IR: 3400, 1000 cm.sup.-.sup.1 (OH); 1705
      cm.sup.-.sup.1 (C=O); 1668 cm.sup.-.sup.1 (C=C). NMR (carbon
      tetrachloride): .delta. 1.59 (s), 1.66 (s), 2.01 (m), 2.7 (m), 4.1 (m),
      5.05 (m).
PAR  2. Preparation of decaprenyl acetate:
PAR  a. Preparation of
      1-acetoxy-3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-
     tetracontanonaen-22-ol:
PAR  To a solution of
      3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-tetraconta
     nonaen-22-on-1-ol (6.8 g) in pyridine (1 g), acetic anhydride (3.5 g) is
      added, and the resultant mixture is allowed to stand at room temperature
      for 6 hours. The reaction mixture is treated as in Example 7 (5) (a) to
      give
      1-acetoxy-3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-
     tetracontanonaen-22-one (6.2 g), which is then similarly reduced. The
      resultant product (4.7 g) is treated as in Example 1 (5) (a) to give
      1-acetoxy-3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-
     tetracontanonaen-22ol (1.9 g) as a fraction (1) and
      3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-tetraconta
     nonaene-1,22-diol (0.8 g) as a fraction (2). The latter is treated with
      acetic anhydride as above to give
      1-acetoxy-3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-
     tetracontanonaen-22-ol (0.73 g).
PAR  b. Preparation of decaprenyl acetate:
PAR  As in Example 1 (5) (b),
      1-acetoxy-3,7,11,15,19,23,27,31,35,39-decamethyl-2,6,10,14,18,26,30,34,38-
     tetracontanonaen-22-ol (2.5 g) is treated with phosphorus oxychloride in
      pyridine to give decaprenyl acetate (0.98 g). IR: 1740, 1230
      cm.sup.-.sup.1 (C=O); 1668, 951 cm.sup.-.sup.1 (C=C). NMR (carbon
      tetrachloride): .delta. 1.58 (s), 1.68 (s), 1.96 (s), 2.03 (m), 2.4 (m),
      2.75 (m), 4.45 (d), 5.03 (m).
PAR  Some of adventageous features of the process of this invention are
      illustrated below.
PAR  1. In the dehydration step for conversion of the compound (IX) into the
      compound (X), there is formed a double bond. Concerning to such double
      bond, the production of a cis-isomer and a trans-isomer may be expected.
      Actually, however, the product in the dehydration step of the process of
      this invention is all or almost all in a trans form on the said double
      bond. This is of entirely unexpected nature. Any conventional method could
      not provide a trans-isomer in a highly predominant proportion, and the
      process of this invention may be said the first method which can yield a
      trans-isomer in a satisfactorily predominant proportion in the related art
      field.
PAR  2. When the compound (X) produced in the final step is reacted with an
      oxidizing agent, for instance, by heating with selenium oxide in a lower
      alkanol (e.g. ethanol) while refluxing and the resulting product of the
      formula:
      ##EQU10##
      in which R', m and n are each as defined above is reacted with a
      halogenating agent, for instance, by treating with phosphorus tribromide
      or phosphorus trichloride in an inert solvent (e.g. benzene, hexane),
      preferably in the presence of a basic catalyst (e.g. pyridine) while
      cooling with ice, there is produced a compound of the formula:
      ##EQU11##
      in which X is halogen and R', m and n are each as defined above. The
      compound (G) apparently corresponds to the compound (VI) except in the
      increase of the number of isoprenyl units. Thus, the performance of the
      process of this invention starting from the compound (VI) to the compound
      (X) with the said two additional steps can extend the isoprenyl units by
      the number of n + 1. In other words, the compound (X) having an optional
      number of isoprenyl units is obtainable by the repetition of a series of
      the steps as above.
PAR  3. When the starting compounds, i.e. the compound (I) and the compound
      (VI), are all in a trans configuration on the double bonds in the
      isoprenyl units, the repetition of a series of the steps as above can
      afford the compound (X) having an optional number of isoprenyl units and
      taking a trans configuration on all the double bonds therein. Since only
      the polyene compounds having a trans configuration are physiologically and
      pharmacologically active, the process of this invention is quite useful
      and valuable.
PAR  4. In conventional methods, the isoprenyl unit could be extended only one
      by one, and the polyene compounds having a long chain have been
      manufactured only by tendious operations in very low yields. In the
      process of this invention, the compound (V) wherein n may be any small or
      large number is reacted with the compound (VI) wherein m may be any small
      or large number, and thus the polyene compounds having a great number of
      isoprenyl units can be manufactured in very fewer steps.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a polyene compound which comprises:
PA1  A. reacting a compound of the formula
      ##EQU12##
      with a compound of the formula
      ##EQU13##
      to form a compound of the formula
      ##EQU14##
      B. subjecting the product of (A) to hydrolysis and decarboxylation to form
      a compound of the formula
      ##EQU15##
      C. reducing the product of (B) to form a compound of the formula
      ##EQU16##
      D. reacting the product of (C) with a dehydrating agent to form a compound
      of the formula
      ##EQU17##
      where in each occurence above R is a group convertible into carboxyl on
      hydrolysis, R' is protected or unprotected hydroxyl or a group of the
      formula
      ##EQU18##
      where R" and R'" are each carboxyl or a group convertible into carboxyl on
      hydrolysis, X is the residue of an acid, m is a positive integer and n is
      O or a positive integer.
NUM  2.
PAR  2. A process, as in claim 1, where the reaction (D) is carried out in an
      inert solvent.
NUM  3.
PAR  3. A process, as in claim 1, where by dehydrating agent employed in the
      reaction (D) is a member selected from the group consisting of phosphorus
      pentoxide, phosphorus oxychloride, sodium hydrogen sulfite,
      p-toluenesulfonic acid, sulfuric acid and oxalic acid.
NUM  4.
PAR  4. A process, as in claim 1, where the reduction reaction (C) is carried
      out by treatment with a metal hydride compound or an aluminum alkoxide in
      an inert solvent.
NUM  5.
PAR  5. A process, as in claim 1, where the reaction (A) is carried out in the
      presence of a basic catalyst in an inert solvent.
NUM  6.
PAR  6. A process as in claim 1, where the hydrolysis in (B) is carried out by
      treatment with a base in an inert solvent.
NUM  7.
PAR  7. A process, as in claim 1, where the decarboxylation in (B) is carried
      out under acidic conditions.
NUM  8.
PAR  8. A process, as in claim 1, where the compound reacted in (A) has been
      formed by:
PA1  E. reacting a compound of the formula
      ##EQU19##
      with a carboxylic acid derivative of the formula RCH.sub.2 X and
      subjecting the resultant compound to hydrolysis and decarboxylation to
      form a compound of the formula
      ##EQU20##
      F. reacting the product of (E) with a carboxylic acid derivative of the
      formula RCH.sub.2 X to form a compound of the formula
      ##EQU21##
      G. reacting the product of (F) with an oxidizing agent, R, X, and n being
      defined as in claim 1.
NUM  9.
PAR  9. A process as in claim 1, where the compound reacted in (A) has been
      formed by
PA1  E. reacting a compound of the formula
      ##EQU22##
      where n is defined in claim 1, with a dialkyl carbonate.
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PAL  Certain 2-hydroxy benzophenoximes containing an electron withdrawing
      substituent(s). Compositions comprised of such benzophenoximes and certain
      .alpha.-hydroxy aliphatic oximes. Compounds and compositions are useful
      for the extraction of metal values.
BSUM
PAR  The present invention relates to certain substituted
      2-hydroxybenzophenoximes and the process of extracting copper values from
      aqueous solutions thereof using such new benzophenoximes.
PAR  It has recently been discovered that copper values can be recovered
      economically from certain aqueous leach liquors using a liquid ion
      exchange process employing particular phenolic oximes as the extractants.
      In this regard, percolation of water, with or without acid present,
      through waste dumps of low-grade copper containing rock yields dilute
      copper containing solutions, normally of copper sulfate. Such dilute
      copper sulfate liquors are usually close to pH 1.9-2.5 and contain
      relatively large amounts of ferric and ferrous iron relative to the
      copper. The phenolic oximes dissolved in an essentially water-immiscible
      organic solvent preferentially extract the copper values into the organic
      phase. Such values can then be stripped from the organic phase and
      recovered from the resulting concentrated strip solutions such as by
      electrolysis.
PAR  The phenolic oximes used prior to the present invention were those having
      the basic structure:
      ##SPC1##
PAL  Where R and R' are saturated aliphatic, ethylenically unsaturated aliphatic
      or saturated or ethylenically unsaturated aliphatic ether groups (i.e.
      --OR") and m and n are 0, 1, 2, 3 or 4. The said phenolic oximes contain 3
      to 25 carbon atoms in the R and R' groups, the latter being of 1 to 25
      carbon atoms when saturated and 3 to 25 carbon atoms when ethylenically
      unsaturated.
PAR  While the above phenolic oximes were found to be effective as copper
      extractants over a wide pH range, their extraction efficiency drops off
      considerably when the aqueous copper containing solutions have pH's below
      about 1.5 and especially below about 1.0. Since certain leach liquors have
      very low pH's or develop low pH's on being subjected to liquid ion
      exchange extraction, it was considered to be a very desirable object to
      provide an extractant or extractants which would function with increased
      efficiency on such solutions. Certain concentrated copper solutions of
      very low pH are obtained by treatment of copper oxide ores with relatively
      strong acid leaching solutions. Further, in the ordinary extraction
      processes, hydrogen ions are exchanged for copper ions with the result
      that as extraction proceeds, the aqueous phase becomes more and more
      acidic. Consequently, for concentrated copper solutions, an extractant
      which is effective at very low pH ranges is needed.
PAR  We have now discovered a new group of compounds which are unexpectedly
      effective extractants for copper values from aqueous solutions thereof of
      low pH. These compounds generally have the formula as described above for
      the recently discovered phenolic oximes but in addition, have one or more
      electron withdrawing substituents on the ring containing the phenolic
      hydroxyl group, such electron withdrawing substituents substantially
      increasing the efficiency of the oxime compound as a copper extractant
      from low pH aqueous solutions-- i.e. leach liquors. Our new compounds have
      the following structural formula:
      ##SPC2##
PAL  where R and R' are as defined above, E is an electron withdrawing
      substituent, p is 1, 2, 3 or 4, m is 0 or a whole integer up to 4-p and n
      is 0, 1, 2, 3 or 4. The electron withdrawing capacity of any particular
      substituent is proportional to the acid ionization constant of the
      corresponding phenol containing only such substituent. Phenol, itself, has
      an acid ionization constant, Ka, of about 1.1 .times. 10.sup.-.sup.10 as
      variously reported in the literature (See "Organic Chemistry," 1959, by
      Robert Thornton Morrison and Robert Neilson Boyd, page 586). As such the
      substituents useful in our new compounds, provide substituted phenols with
      acid ionization constants of about 50 .times. 10.sup.-.sup.10 and higher.
      In this regard, chloro in the para position yields a phenol having an acid
      ionization constant of only 6.3 .times. 10.sup.-.sup.10 whereas
      orthochloro phenol has a Ka value of 77 .times. 10.sup.-.sup.10.
      Accordingly, benzophenoximes substituted with a single chlorine in the
      para position to the hydroxyl group have essentially the same extraction
      efficiency as the corresponding unsubstituted compounds, and thus such
      chloro substituent can be considered as inert. The di and higher halogen
      substituted phenols have Ka values considerably above 50 .times.
      10.sup.-.sup.10. A preferred substituent is the nitro group, and
      especially good results are obtained when the said group is in the ortho
      or para position. Polynitro substituted phenols have high Ka values. Other
      representative useful electron withdrawing substituents are --CN,
      --SF.sub.5, --SO.sub.2 R and the like where R is an organic radical such
      as an alkyl radical of 1 to 8 carbon atoms. The electron withdrawing group
      should not adversely affect the solubility or stability of the
      benzophenoxime and should not sterically hinder the OH group or cause
      interfering side reactions. Thus the reasonably bulky --SF.sub.5 group
      would not be in the ortho position since it would sterically hinder the OH
      group. Likewise, the --NH.sub.2 group in the meta position yields a
      substituted phenol having a Ka value of 69 .times. 10.sup.-.sup.10.
      However, such group would interfere in the extraction process by
      complexing or reacting with the acid of the low pH copper containing
      solution.
PAR  The compounds of the present invention can be prepared by a number of
      methods. These routes involve the formation of the benzophenone followed
      by conversion of the benzophenone to the benzophenoxime, with the electron
      withdrawing substituents being introduced via starting materials or after
      formation of the benzophenone. Two illustrative methods of making the
      benzophenones include the following. The first such method is that
      reported by Newman (J. Org. Chem., 19, 985-1002, 1954). This method
      involves the reaction of a phenol with a benzotrichloride in accordance
      with the following equation:
      ##SPC3##
PAL  A second method involves the rearrangement where a phenolic ester is
      rearranged to a benzophenone in accordance with the following equation:
      ##SPC4##
PAR  A third preferred method of producing the benzophenones is illustrated in
      the following sequence:
      ##SPC5##
PAR  The starting phenol, benzotrichloride and the like in the above procedures
      may contain various radicals as R and R'. Representative of saturated
      radicals are methyl, ethyl, dimethylethyl, sec-butyl, tert-butyl, octyl,
      nonyl, decyl, dodecyl and the like. Branched chain alkyl groups are
      preferred over the straight chain groups. Various ethylenically
      unsaturated groups can also be used as R and R' and the same may be
      branched or straight chain. Representative of such groups are pentenyl,
      hexenyl, octenyl, dodecenyl, octadecenyl and the like. It is preferred
      that such groups contain less than about 2 double bonds and more
      preferably a single double bond. The R" portion of the ether groups can be
      the saturated and ethylenically unsaturated aliphatic groups as described
      above. The R" portion of the said ether groups is preferably an alkyl
      group. In addition, the saturated, ethylenically unsaturated and ether
      groups may contain inert substituents such as halogen, ester, amide and
      the like. The non-hydroxyl substituted aromatic nucleus of the
      benzophenoximes may also contain inert substituents. By inert is meant
      that the said substituents do not affect the solubility, stability or
      extraction efficiency of the compounds to any significant extent.
      Representative of aliphatic radicals containing inert substituents are
      ##EQU1##
      and the like where R'" and R"" are alkyl groups of 1 to about 8 carbons
      for example.
PAR  In the above procedures, the electron withdrawing substituent may be
      introduced into the compound from the starting phenol. And as indicated
      the same can advantageously be introduced after the benzophenone is
      prepared. This latter method is preferred in preparing our compounds
      wherein the electron withdrawing group is the nitro group. Thus the
      corresponding benzophenone can be dissolved in a suitable solvent such as
      a mixture of acetic acid and acetic anhydride and fuming nitric acid added
      to cause nitration of the benzophenone.
PAR  The benzophenoximes of the present invention are prepared from the
      described benzophenones by reaction of the latter with a hydroxyl amine
      salt under reflux conditions. Such reaction can be carried out by
      refluxing the reactants in an alcohol such as methanol or ethanol and
      adding pyridine or sodium acetate to combine with the acid associated with
      the hydroxylamine.
PAR  As indicated, our new compounds are efficacious extractants for copper
      values having unexpected extraction efficiency under low pH conditions. In
      the process which also forms part of the present invention, the
      substituted benzophenoximes are dissolved in an essentially
      water-immiscible organic solvent which is contacted with the aqueous
      copper containing solution. A complex is formed between the copper values
      and the substituted benzophenoxime. Such complex is soluble in the organic
      solvent and thus the copper values are preferentially extracted into the
      said solvent. The organic phase is then separated from the aqueous phase
      and the copper values are stripped from the organic phase, usually be
      means of an acid. The organic phase containing the regenerated substituted
      benzophenoxime can be reused, such as by recycling, to contact further
      quantities of copper containing aqueous solutions. The copper values can
      be recovered as copper metal from the strip solution by electrolysis, for
      example.
PAR  The water-immiscible organic solvents preferably employed in our process
      are the aliphatic hydrocarbon solvents such as the petroleum-derived
      liquid hydrocarbons, either straight or branched chain, such as kerosene,
      fuel oil etc. Various aromatic solvents may also be used, such as benzene,
      toluene, xylene and others, for example, those derived from petroleum
      processing which may contain alkyl substituted aromatic materials. Typical
      of the latter solvents are those sold under the Panasol trademark by Amoco
      Chemicals Corporation, both in the "RX" and the "AN" series. These
      solvents are liquid and essentially insoluble in water. Generally, all
      these hydrocarbon solvents have specific gravities in the range of
      0.65-0.95 and have a mid-boiling point in the approximate range of
      120.degree.-615.degree.F. (ASTM Distillation). In addition to the simple
      hydrocarbon solvents, the chlorinated hydrocarbons may also be used and in
      some instances may improve solubility. Accordingly, both the unsubstituted
      and the chlorinated solvents are contemplated by the term "liquid
      hydrocarbon."
PAR  The substituted benzophenoximes of the present invention are further
      characterized as having sufficient solubility in one or more of the above
      solvents or mixtures thereof to make about a 2% by weight solution and as
      being essentially insoluble or immiscible with water. At the same time,
      the benzophenoxime should form a complex with the copper, which complex,
      likewise, is soluble in the essentially water-immiscible organic solvent
      to at least the extent of about 2% by weight. These characteristics are
      achieved by having alkyl, ethylenically unsaturated aliphatic or ether
      substituents as described on either ring. It is necessary to have
      substituents which total at least 3 carbon atoms. Usually, it is preferred
      not to have more than 25 carbon atoms total in the substituents since
      these substituents contribute to the molecular weight of the oxime without
      improving operability. Large substituents, therefore, increase the amount
      of oxime for a given copper loading capacity. In general, the branched
      chain alkyl substituents effect a greater degree of solubility of the
      reagent and of the copper complex and, accordingly, these are preferred.
      The compounds of the present invention are preferably used in an amount of
      about 2 to 50% by weight and more preferably about 5 to 15% by weight
      based on the weight of the organic phase.
DETD
PAR  The following examples illustrate preferred embodiments of the present
      invention without being limited thereto. Unless otherwise indicated, all
      parts and percentages are by weight.
PAC  EXAMPLE I
PAC  1. Preparation of 2-Hydroxy-3-nitro-5-dodecylbenzophenoxime
PAR  To a 5 liter round bottom flask equipped with a stirrer, thermometer and
      addition funnel were added 346.7 grams (2.6 mol) of aluminum chloride and
      1900 ml. of carbon disulfide. The resulting mixture was cooled to
      0.degree.C. and then 524.8 grams (2 mol) of dodecylphenol (available from
      General Analine and Film--the dodecylphenol comprised a mixture of
      monoalkyl phenols, predominantly para substituted, the chains being
      random-branched alkyl radicals) mixed with 100 ml. of carbon disulfide
      were added at 0.degree.C. to the flask. The flask was cooled to
      -15.degree. to -20.degree.C. Then 391 grams (2 mol) of benzotrichloride
      were added at temperatures of -15.degree. to -20.degree.C. over a period
      of 13 minutes. The flask was warmed to 0.degree. to 5.degree.C. and held
      for 1 hour at which time 1 liter of methanol was added at 0.degree. to
      5.degree.C. followed by 500 ml. of water at the same temperatures. The
      mixture was heated and at 25.degree.C. steam was passed through until a
      temperature of 100.degree.C. was reached. The mixture was then cooled and
      poured into dilute hydrochloric acid and extracted with diethyl ether and
      dried over sodium sulfate. The solvent was stripped off and the residue
      was stripped and a fraction of 288.7 grams of
      2-hydroxy-5-dodecylbenzophenone was recovered.
PAR  A solution of 70 grams of the 2-hydroxy-5-dodecylbenzophenone as prepared
      above in 60 ml. glacial acetic acid and 40 ml. acetic anhydride was
      charged to a 500 ml. round bottom flask equipped with a stirrer,
      thermometer and dropping funnel, and cooled by means of an ice bath to
      15.degree.C. Ten milliliters of fuming nitric acid was added dropwise with
      stirring over a 20 minute period at 20.degree.-22.degree.C. Stirring was
      continued at 15.degree.-20.degree.C. for an additional 20 minutes. The
      reaction mixture was poured into 200 ml. H.sub.2 O and the mixture
      extracted three times with diethyl ether. The ether solution was washed
      with water, 5% aqueous NaHCO.sub.3 and again with water. It was then dried
      over sodium sulfate and stripped of solvent to yield 76.1 grams of
      residue. Molecular distillation of 57.9 grams of this residue at 0.8 mm.
      Hg. and 210.degree.C. gave 55.3 gm. of product which was 2-hydroxy-3
      -nitro-5-dodecylbenzophenone.
PAR  A mixture of 54.6 grams of 2-hydroxy-3-nitro-5-dodecylbenzophenone as
      prepared above, 18.5 grams hydroxylamine hydrochloride, 23.2 grams
      anhydrous sodium acetate and 100 ml. absolute methanol was charged to a
      250 ml. round bottom flask equipped with a stirrer and reflux condenser.
      The reaction mixture was refluxed for 16 hours and then poured into 300
      ml. water and extracted three times with Skellysolve B (a normal hexane
      solvent). The organic solution was washed with water, 5% aqueous
      NaHCO.sub.3 and again with water. The hexane solvent was stripped from the
      product. There was thus obtained 55.4 grams of
      2-hydroxy-3-nitro-5-dodecylbenzophenoxime.
PAC  2. Extraction of Copper
PAR  Mixtures of 10 ml. portions of a 5% wt./vol. solution of
      2-hydroxy-3-nitro-5-dodecylbenzophenoxime in kerosene (50 grams of reagent
      diluted to 1 liter with kerosene), 5 ml. portions of a 6 gram/liter
      Cu.sup.+.sup.+ (as CuSO.sub.4.5H.sub.2 O) aqueous solution and 25 ml. of
      various aqueous acid or base solutions were shaken at ambient room
      temperature in 60 ml. separatory funnels for 10 minutes each. The layers
      were then separated and the organic phase was analyzed for copper and the
      pH of the aqueous phase was determined. The results are set forth in the
      following Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Extrac-                                                                   
           Ml.    Ml.     Ml. pH      Final                                    
                                           ppm. Cu.sup.+.sup.+                 
     tion  Org.   Cu.sup.+.sup.+                                               
                          Adjuster    pH   in org.                             
     ______________________________________                                    
     A     10     5       25-1.2M H.sub.2 SO.sub.4                             
                                      0.08  573                                
     B     10     5       25-0.8M H.sub.2 SO.sub.4                             
                                      0.22  715                                
     C     10     5       25-0.4M H.sub.2 SO.sub.4                             
                                      0.49  970                                
     D     10     5       25-0.04M H.sub.2 SO.sub.4                            
                                      1.62 1320                                
     E     10     5       25-H.sub.2 O                                         
                                      2.15 1425                                
     F     10     5       25-0.008M NaHCO.sub.3                                
                                      2.52 1435                                
     G     10     5       25-0.012M NaHCO.sub.3                                
                                      2.95 1490                                
     ______________________________________                                    
PAR  The above data show that the compounds of the present invention are highly
      effective copper extractants at very low pH's. In comparison, the
      corresponding 2-hydroxy-5-dodecylbenzophenoxime under equivalent
      conditions extracted 18 ppm copper at 0.02 pH, 180 ppm copper at 0.50 pH,
      and 1010 ppm copper at 0.96 pH. Thus compounds of the present invention
      are surprisingly effective at very low pH's as compared to the compounds
      heretofore discovered. At higher pH's the
      2-hydroxy-5-dodecylbenzophenoxime is more effective.
PAC  3. Extraction of Copper From An Aqueous
      Cu.sup.+.sup.+--Fe.sup.+.sup.+.sup.+ Solution
PAR  Part 1 was essentially repeated except that 10 ml. portions of the
      Cu.sup.+.sup.+ solution were used along with 10 ml. portions of a 6
      gram/liter Fe.sup.+.sup.+.sup.+ (as Fe.sub.2 (SO.sub.4).sub.3) aqueous
      solution and 10 ml. portions of various pH adjusters. The results are set
      forth in the following Table II.
TBL                                    Table II                                
     __________________________________________________________________________
                                    ppm ppm                                    
     Extrac-                                                                   
          Ml.                                                                  
             Ml. Ml.            Final                                          
                                    Cu.sup.+.sup.+                             
                                        Fe.sup.+.sup.+.sup.+                   
     tion Org.                                                                 
             Cu.sup.+.sup.+                                                    
                 Fe.sup.+.sup.+.sup.+                                          
                      Ml. pH Adjuster                                          
                                pH  Org.                                       
                                        Org.                                   
     __________________________________________________________________________
     A    10 10  10   10-1M H.sub.2 SO.sub.4                                   
                                0.50                                           
                                    1210                                       
                                         8                                     
     B    10 10  10   10-0.6M H.sub.2 SO.sub.4                                 
                                0.70                                           
                                    1300                                       
                                        10                                     
     C    10 10  10   10-O.1M H.sub.2 SO.sub.4                                 
                                1.50                                           
                                    1560                                       
                                        45                                     
     D    10 10  10   10-0.05M H.sub.2 SO.sub.4                                
                                1.68                                           
                                    1580                                       
                                        46                                     
     E    10 10  10   10-H.sub.2 O                                             
                                1.85                                           
                                    1620                                       
                                        48                                     
     F    10 10  10   10-0.05M NaHCO.sub.3                                     
                                2.12                                           
                                    1585                                       
                                        59                                     
     __________________________________________________________________________
PAR  The above data show that the compounds of the present invention are not
      only excellent extractants for copper at very low pH's but in addition
      very selective. Thus the ratio of Cu.sup.+.sup.+ extracted to
      Fe.sup.+.sup.+.sup.+ at pH 0.50 is 151 and such ratio is still 27 at pH
      2.12.
PAC  4. Stripping of Cu.sup.+.sup.+ From Loaded Organic Phase
PAR  Fifteen milliliter portions of a 5% wt./vol. solution of
      2-hydroxy-3-nitro-5-dodecylbenzophenoxime in kerosene as used in part 2
      loaded with 1540 ppm Cu.sup.+.sup.+ were shaken for varying times with 5
      ml. portions of 10 and 30% by weight H.sub.2 SO.sub.4 solutions. The
      phases were then separated, the organic analyzed for Cu.sup.+.sup.+ and
      the % Cu.sup.+.sup.+ stripped calculated. Results are set forth in the
      following Table III.
TBL                Table III                                                   
     ______________________________________                                    
     Strip Strip Solution                                                      
                        Time (min.)                                            
                                   % Cu.sup.+.sup.+ Stripped                   
     ______________________________________                                    
     A     10% H.sub.2 SO.sub.4                                                
                        1/2        10                                          
     B     "            1          14                                          
     C     "            2          18                                          
     D     "            5          24                                          
     E     30% H.sub.2 SO.sub.4                                                
                        1/2        18                                          
     F     "            1          20                                          
     G     "            2          24                                          
     H     "            5          36                                          
     ______________________________________                                    
PAR  The above data indicate that even at an organic:aqueous phase ratio of 3:1
      and short contact times, a substantial proportion of the Cu.sup.+.sup.+ is
      stripped from the loaded organic phase.
PAC  EXAMPLE II
PAC  1. Preparation of a Mixture of 2-Hydroxy-3-nitro-4'-isopropylbenzophenoxime
      and 2-Hydroxy-5-nitro-4'-isopropylbenzophenoxime
PAR  To a 500 ml. round bottom flask equipped with a stirrer, thermometer and
      condenser were charged 138 grams (1 mol) salicylic acid and 1/2 gram
      aluminum chloride. To this mixture was added 143 grams (1.2 mol) thionyl
      chloride and then the reactants were heated to 50.degree.C. for 21/2 hours
      with stirring. The excess thionyl chloride was removed at aspirator
      vacuum, the product cooled, and 180 grams (1.5 mol) cumene added thereto.
PAR  Three hundred seventy five ml. nitrobenzene and 159.5 grams aluminum
      chloride were added with mixing to a 2 liter round bottom flask equipped
      with a stirrer, thermometer and dropping funnel. The said mixture was
      cooled to 5.degree.C. and then the above prepared acid chloride-cumene
      mixture was added slowly with stirring at 4.degree.-8.degree.C. over a 50
      minute period. The resulting reaction mixture was slowly heated to
      40.degree.C. over a 1 hour period, the stirring was continued at
      40.degree. for 2 hours and then overnight (about 15 hours) at ambient room
      temperature. The mixture was poured onto about 750 grams ice and 150 ml.
      conc. HCl, and chloroform was added. It was boiled 15 minutes on a steam
      bath, cooled, the organic layer separated and the aqueous layer extracted
      with CHCl.sub.3. The combined organic layer and CHCl.sub.3 extraction
      solution was washed with water, 5% aqueous Na.sub.2 CO.sub.3, water, and
      then saturated aqueous NaCl. It was dried and stripped on a rotary
      evaporator. Distillation of the residue up to 105.degree. at 26 mm. Hg.
      gave 472.5 grams of a nitrobenzene-cumene mixture. The residue weighed
      186.5 grams. The residue consisting of from 70-90% of the desired
      2-hydroxy-4'-isopropylbenzophenone was distilled through a 15 in. Vigreaux
      column. The main collected fraction at 165.degree.-167.degree.C. and 2.25
      mm. Hg was the desired product at substantially 100% purity.
PAR  A solution of 24 grams (0.1 mol) 2-hydroxy-4'-isopropylbenzophenone as
      prepared above in 16 ml. glacial acetic acid and 12 ml. acetic anhydride
      was added to a 100 ml. round bottom flask equipped with a thermometer,
      dropping funnel and stirrer. The solution was cooled to 5.degree.C. by
      means of an ice bath and 6 ml. fuming nitric acid was added very slowly
      over a 50 minute period such that the temperature never rose past
      10.degree.C. After the addition was complete, the ice bath was removed,
      and in 10 minutes, the reaction had exothermed to 57.degree.C. The cooling
      bath was returned and stirring at 20.degree.C. was continued for 40
      minutes after which the reaction mixture was poured onto ice. The mixture
      was extracted three times with ether and the combined ether solutions were
      washed with water, 5% aqueous NaHCO.sub.3, water and saturated aqueous
      NaCl. The solution was then dried and stripped of ether giving 24.4 grams
      of a dark oil. This oil was molecularly distilled using pseudocumene as a
      heating liquid (168.degree.C.). A tarry residue of 6.0 grams and a dark
      orange distillate (3.5 mm. Hg.) of 15.8 grams were obtained. Analysis of
      the distillate showed that it consisted mainly of a mixture of about 2
      parts 2-hydroxy-3-nitro-4'-isopropylbenzophenone and 1 part
      2-hydroxy-5-nitro-4'-isopropylbenzophenone.
PAR  Fourteen and one half grams (0.051 mol) of the above mixture were combined
      with 22 grams (0.316 mol) hydroxylamine hydrochloride, 28 grams (0.342
      mol) anhydrous sodium acetate and 130 ml. absolute methanol in a 500 ml.
      round bottom flask equipped with a condenser, thermometer and stirrer. The
      reaction mixture was stirred at 63.degree.C. overnight (about 16 hours)
      after which it was poured into 200 ml. water, cooled and extracted three
      times with ether. The ether extracts were washed with water to pH 5 and
      then with saturated aqueous NaCl. This was followed by drying and
      stripping off of the ether to yield 15.1 grams of a sticky yellow solid
      which was a mixture of the desired 3 and 5 nitro oximes.
PAC  2. Extraction of Copper
PAR  Twenty milliliter portions of an approximately 5% wt./vol. solution of the
      mixture of nitro oximes as above prepared in 1,1,2-trichloroethane (15
      grams oxime and 285 ml. solvent), 10 ml. portions of a 6.35 gram/liter
      Cu.sup.+.sup.+ (as CuSO.sub.4.5H.sub.2 O) aqueous solution having a pH of
      1.90 (obtained by adding conc. H.sub.2 SO.sub.4) and 10 ml. of various
      aqueous acid or base solutions were shaken at ambient room temperature in
      60 ml. separatory funnels for two minutes each. The layers were then
      separated, the pH of the aqueous phase was determined and the aqueous
      phase was analyzed for copper content. The results are set forth in the
      following Table IV.
TBL                                    Table IV                                
     __________________________________________________________________________
     Extrac-                                                                   
          Ml.                                                                  
             Ml.           Final                                               
                               Cu.sup.+.sup.+ Aq.                              
                                     % Cu.sup.+.sup.+ Ex-*                     
     tion Org.                                                                 
             Cu.sup.+.sup.+                                                    
                 Ml. pH Adjuster                                               
                           pH  g./l. traction                                  
     __________________________________________________________________________
     A    20 10  10-1M H.sub.2 SO.sub.4                                        
                           0.30                                                
                               2.52  20                                        
     B    20 10  5-H.sub.2 O,5-1M H.sub.2 SO.sub.4                             
                           0.55                                                
                               2.14  32                                        
     C    20 10  8-H.sub.2 O,2-1M H.sub.2 SO.sub.4                             
                           0.87                                                
                               1.70   46.4                                     
     D    20 10  10-.1M H.sub.2 SO.sub.4                                       
                           1.05                                                
                               1.39  56                                        
     E    20 10  10-.1 NaHSO.sub.4                                             
                           1.23                                                
                               1.26  60                                        
     F    20 10  10-H.sub.2 O                                                  
                           1.33                                                
                               1.06   66.4                                     
     __________________________________________________________________________
      *analysis of an extracted aqueous phase made up as F above showed 3.15   
      g./l. Cu.sup.+                                                           
PAR  The above data shows that very good extraction is obtained at low pH
      values. In comparison, 2-hydroxy-4'-isopropylbenzophenoxime under the same
      conditions gave 3.5%, 27% and 40.6% extraction at 0.62 pH, 1.19 pH and
      1.32 pH, respectively.
PAC  EXAMPLE III
PAC  1. Preparation of a Mixture of 2-Hydroxy-3-nitro-4'-dodecylbenzophenoxime
      and 2-Hydroxy-5-nitro-4'-dodecylbenzophenoxime
PAR  One hundred thirty eight grams (1 mol) salicylic acid, 143 (1.2 mol) grams
      thionyl chloride and 0.25 gram aluminum chloride were combined in a 500
      ml. round bottom flask equipped with a stirrer, condenser and thermometer.
      This reaction mixture was heated to 50.degree.C. for 4.5 hours and then
      aspirator vacuum was applied to remove excess SOCl.sub.2. After cooling,
      356 grams (1.5 mol) dodecyl benzene (Neolene 400--the dodecyl groups are
      straight chain alkyl) were added and the mixture allowed to stand
      overnight. With cooling, 160 grams (1.2 mol) aluminum chloride were added
      to 375 ml. nitrobenzene in a 2 liter round bottom flask equipped with a
      thermometer, stirrer and dropping funnel. Such mixture was cooled to
      5.degree.C. and the above acid chloride-dodecylbenzene mixture added at
      5.degree.-8.degree.C. over a 45 minute period. The resulting reaction
      mixture was slowly heated to 40.degree.C. over a 2 hour period, stirred an
      additional 4 hours at such temperature and then overnight (about 16 hours)
      at ambient room temperature. It was then poured onto 500 grams ice, 150
      ml. conc. HCl was added with stirring and the mixture was heated 20
      minutes on a steam bath. The cooled mixture was extracted three times with
      ether, the combined ether extracts were washed with water to pH 3.5, then
      with 5% aqueous NAHCO.sub.3, water and finally with saturated aqueous NaCl
      (three times). It was dried and stripped of ether giving 854 grams of a
      dark oil. Distillation at 24 mm. Hg. up to 116.degree.C gave 446 grams red
      distillate and 389 grams residue. The residue was distilled through a 10
      in. Vigreaux column to yield an 84 gram fraction at
      175.degree.-195.degree.C. and 0.1 mm. Hg. which analyzed nearly 70%
      2-hydroxy-4'-dodecylbenzophenone.
PAR  The above fraction along with 40 ml. glacial acetic acid and 30 ml. acetic
      anhydride were added to a 500 ml. round bottom flask equipped with a
      stirrer, thermometer, condenser and dropping funnel. The mixture was
      cooled to 5.degree.C. and 11 ml. of fuming nitric acid was added with
      rapid stirring over a 45 minute period while maintaining the temperature
      at 5.degree.-7.degree.C. After an additional 15 minutes at 7.degree.C.,
      the reaction mixture was poured onto 100 grams ice and extracted three
      times with ether. The combined ether extracts were washed with water to pH
      4 and then with 5% aqueous NaHCO.sub.3. An emulsion formed so 10% aqueous
      HCl was added and the ether solution again washed with water to pH 4. This
      was followed by three washings with saturated aqueous NaCl after which the
      extract solution was dried. The ether was vacuum stripped yielding 108.2
      grams of a dark oil. The product consisted of about 50% of a mixture of
      2-hydroxy-5-nitro-4'-dodecylbenzophenone and
      2-hydroxy-3-nitro-4'-dodecylbenzophenone in a ratio of approximately 2:1.
PAR  Thirty eight grams of a mixture of the compounds as prepared above, 12.9
      grams hydroxylamine hydrochloride, 16.1 grams anhydrous sodium acetate and
      85 ml. absolute methanol were combined in a 250 ml. round bottom flask
      equipped with a stirrer, thermometer and condenser. The mixture was
      refluxed overnight, poured into water and extracted with Skellysolve B.
      The Skellysolve B layer, upon standing over a weekend, had a layer of
      insolubles in it. Water washing removed the insolubles, the same being
      suspended in the aqueous layer. The Skellysolve B phase was again washed
      with water, 5% aqueous NaHCO.sub.3 and saturated aqueous NaCl. It was
      dried and stripped of solvent to yield 32.8 grams of the mixed 3 and 5
      nitro oxime product.
PAC  2. Copper Extraction
PAR  A 5% wt./vol. solution of the mixed oxime prepared in part 1 in kerosene
      was used to extract copper from various aqueous solutions also containing
      Fe.sup.+.sup.+.sup.+. The extractions were carried out for 10 minutes at
      ambient room temperature in 60 ml. separatory funnels. The final or
      equilibrium pH was determined and the loaded organic phases were analyzed
      for Cu.sup.+.sup.+ and Fe.sup.+.sup.+.sup.+. The results are set forth in
      the following Table V.
TBL                                    Table V                                 
     __________________________________________________________________________
             Aqueous* (Ml.)       Cu.sup.+.sup.+                               
                                      Fe.sup.+.sup.+.sup.+                     
     Extrac-                                                                   
          Org.                                                                 
             Cu.sup.+.sup.+                                                    
                 Fe.sup.+.sup.+.sup.+                                          
                              Final                                            
                                  ppm ppm                                      
     tion Ml.                                                                  
             Sol.                                                              
                 Sol. Additive                                                 
                              pH  Org.                                         
                                      Org.                                     
     __________________________________________________________________________
     A    10 5   5    20-H.sub.2 O                                             
                              1.82                                             
                                  2100                                         
                                      143                                      
     B    10 5   5    5-.1M NaHCO.sub.3                                        
                              2.22                                             
                                  2115                                         
                                      165                                      
                      15-H.sub.2 O                                             
     C    10 5   5    20-.1M H.sub.2 SO.sub.4                                  
                              1.30                                             
                                  1790                                         
                                      90                                       
     D    10 5   5    5-2M H.sub.2 SO.sub.4                                    
                              0.40                                             
                                   888                                         
                                      40                                       
                      15-H.sub.2 O                                             
     E    10 5   5    10-2M H.sub.2 SO.sub.4                                   
                              0.08                                             
                                   615                                         
                                      30                                       
                      10-water                                                 
     __________________________________________________________________________
      *The copper solution contained 5.95 g./l. Cu.sup.+.sup.+ (prepared by    
      diluting 23.58 grams CuSO.sub.4.5H.sub. 2 O with water). The             
      Fe.sup.+.sup.+.sup.+ solution contained 6.64 g./l. Fe.sup.+.sup.+.sup.+  
      (prepared by diluting 29.28 grams Fe.sub.2 (SO.sub.4).sub.3.XH.sub.2 O   
      with water). The aqueous phases were made up to 30 ml. by the various    
      additive solutions.                                                      
PAC  EXAMPLE IV
PAC  1. Preparation of 2-Hydroxy-3-methyl-5-nitro-4'-dodecylbenzophenoxime
PAR  Three hundred four grams (2 mol) of 3-methyl salicylic acid, 225 ml. (3.1
      mol) thionyl chloride and 1/2 gram AlCl.sub.3 were combined in a 2 liter
      round bottom flask and stirred while heating from 25.degree. to
      50.degree.C. over a 21/2 hour period. Stirring at 50.degree.C. was
      continued for 2 more hours and then aspirator vacuum was applied to remove
      the excess SOCl.sub.2. To the residue was added 845 ml. (729 grams, 3 mol)
      of dodecyl benzene (AB 515 available from Conoco--the dodecyl groups are
      random-branched alkyl groups).
PAR  Seven hundred fifty ml. nitrobenzene was charged to a 5 liter round bottom
      flask and then 333 grams (2.5 mol) aluminum chloride were added thereto
      with cooling and stirring. When this mixture reached 10.degree.C., the
      above dodecyl benzene-acid chloride combination was added over 20 minutes
      by a dropping funnel. Then the reaction mixture was slowly heated over 2
      hours to 40.degree.C., maintained at 40.degree.C. for 4 hours and stirred
      at room temperature overnight. The reaction mixture was then poured onto
      about 600 gm. of ice and 300 ml. conc. HCl and stirred in a steam bath for
      one-half hour. It was then extracted 3 times with Skellysolve B and the
      organic layer washed with water to pH 3, 3 times with 5% aqueous
      NaHCO.sub.3, water and saturated aqueous NaCl. It was dried and stripped
      of solvent and predistilled to yield a residue weighing 514.0 grams. This
      residue was distilled through a 30 in. Vigreaux column to yield several
      fractions including an  86.5 gram fraction at 0.45-0.7 mm. Hg., pot
      temperature of 274.degree.-288.degree.C. and vapor temperature of
      210.degree.-217.degree.C. Analysis showed that this fraction consisted of
      68% of 2-hydroxy-3-methyl-4'-dodecylbenzophenone.
PAR  To a 500 ml. round bottom flask were added 75 grams of the benzophenone as
      prepared above, 150 ml. glacial acetic acid and 75 ml. acetic anhydride.
      This mixture was cooled to about 15.degree.C. and then 9.5 ml. of fuming
      nitric acid was added over a 10 minute period at 13.degree.-17.degree.C.
      The cooling bath was removed and the reaction slowly exothermed to
      32.degree.C. over 10 minutes. The mixture was then poured onto ice and
      extracted with Skellysolve B. The organic layer was washed with water, 5%
      aqueous NaHCO.sub.3, water, saturated aqueous NaCl, dried and stripped of
      solvent giving 81.3 grams of a dark oil. Molecular distillation at 0.2 mm.
      Hg. using aniline as the heating medium, gave a residue (tarry) of 10.7
      grams, and a distillate in two fractions: 42.5 grams and 12.0 grams. Both
      fractions consisted essentially of
      2-hydroxy-3-methyl-5-nitro-4'-dodecylbenzophenone.
PAR  Fifty-two grams of the above-prepared benzophenone were combined with 18.0
      grams hydroxylamine hydrochloride, 22.4 grams anhydrous sodium acetate and
      110 ml. absolute methanol in a 250 ml. round bottom flask and stirred
      under reflux overnight. The reaction mixture was poured into 200 ml. water
      and extracted three times with Skellysolve B. After standing a few
      minutes, a bulky precipitate formed in the organic extractant. It
      dissolved upon the addition of a small amount of ether. The organic phase
      was then washed with water, 5% aqueous NaHCO.sub.3, water, saturated
      aqueous NaCl, dried and stripped of solvent giving 53.3 grams semi-solid
      product consisting of about 90% of
      2-hydroxy-3-methyl-5-nitro-4'-dodecylbenzophenoxime and about 10% of the
      starting benzophenone.
PAC  2. Copper Extraction
PAR  Part 2 of Example III was essentially repeated except that
      2-hydroxy-3-methyl-5-nitro-4'-dodecylbenzophenoxime was used as the
      extractant. The results are set forth in the following Table VI.
TBL                                    Table VI                                
     __________________________________________________________________________
             Aqueous (Ml.)        Cu.sup.+.sup.+                               
                                      Fe.sup.+.sup.+.sup.+                     
     Extrac-                                                                   
          Org.                                                                 
             Cu.sup.+.sup.+                                                    
                 Fe.sup.+.sup.+.sup.+                                          
                              Final                                            
                                  ppm ppm                                      
     tion Ml.                                                                  
             Sol.                                                              
                 Sol. Additive                                                 
                              pH  Org.                                         
                                      Org.                                     
     __________________________________________________________________________
     A    10 5   5    20-water                                                 
                              1.70                                             
                                  500 104                                      
     B    10 5   5     5-.1M NaHCO.sub.3                                       
                              2.02                                             
                      15-water                                                 
     C    10 5   5    20-1M H.sub.2 SO.sub.4                                   
                              1.10                                             
                                  305 66                                       
     D    10 5   5     5-2M H.sub.2 SO.sub.4                                   
                              0.49                                             
                                  250 50                                       
                      15-water                                                 
     E    10 5   5    10-2M H.sub.2 SO.sub.4                                   
                              0.22                                             
                                  345 36                                       
                      10-water                                                 
     __________________________________________________________________________
PAR  The compounds of the present invention can also be used in combination with
      other extractants where desired and, in particular, with certain
      .alpha.-hydroxy aliphatic oximes. The latter compounds can further improve
      the kinetics of the extraction at low pH's without any serious effect on
      the selectivity of the extraction with respect to iron.
PAR  The .alpha.-hydroxy oxime extractants which may be used for this purpose
      have the following general formula:
      ##EQU2##
      where R.sup.1, R.sup.2 and R.sup.3 may be any of a variety of organic
      radicals such as aliphatic and alkylaryl radicals. R.sup.3 may also be
      hydrogen. Preferably, R.sup.1 and R.sup.2 are unsaturated hydrocarbon or
      branched chain alkyl groups containing from about 6 to 20 carbon atoms.
      R.sup.1 and R.sup.2 are also preferably the same and when alkyl are
      preferably attached to the carbons substituted with the --OH and =NOH
      groups through a secondary carbon atom. It is also preferred that R.sup.3
      is hydrogen or unsaturated hydrocarbon or branched chain alkyl groups
      containing from about 6 to 20 carbon atoms. The .alpha.-hydroxy oximes
      also preferably contain a total of about 14 to 40 carbon atoms.
      Representative compounds are 19-hydroxyhexatriaconta-9,27-dien-18-oxime,
      5,10-diethyl-8-hydroxytetradecan-7-oxime, and
      5,8-diethyl-7-hydroxydodecane-6-oxime. The latter compound has the
      following structural formula:
      ##EQU3##
PAR  Representative of other mono- and polyunsaturated radicals are heptenyl,
      octenyl, decenyl, octadecenyl, octadecynyl, and alkyl substituted radicals
      such as ethyloctadecenyl. Representative of other mono- and polyalkyl
      substituted saturated radicals are ethylhexyl, diethylheptyl, butyldecyl,
      butylhexadecyl, ethylbutyldodecyl, butylcyclohexyl and the like. The R',
      R" and R'"groups may contain inert substituents.
PAR  The .alpha.-hydroxy oxime extractants are also characterized as having a
      solubility of at least 2% by weight in the water-immiscible organic
      solvent used to make up the organic phase and substantially complete
      insolubility in water. In addition, it is believed that the copper values
      and the .alpha.-hydroxy oxime extractant form a complex during the initial
      extraction step and such complex, when formed, should also have a
      solubility of at least 2% by weight in the hydrocarbon solvent.
PAR  The relative amounts of the compounds of the present invention and the said
      .alpha.-hydroxy aliphatic oximes can be varied widely. Even minute
      quantities of the .alpha.-hydroxy aliphatic oxime can be beneficial.
      However, a preferred range is 1 to 100% by weight of the .alpha.-hydroxy
      aliphatic oxime based on the weight of the compounds of the present
      invention, with an especially preferred range being 15-50% by weight. In
      general, the concentration of total oxime is in the range of about 2-25%,
      based on the weight of the organic extracting solution.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PAL  in which R and R' may be individually alike or different and are saturated
      aliphatic hydrocarbon groups of 1-25 carbon atoms, E is an electron
      withdrawing substituent, p is 1, 2, 3 or 4, m is 0 or a whole integer up
      to 4-p and n is 0, 1, 2, 3 or 4, said compound having a total of 3-25
      carbon atoms in R.sub.m and R'.sub.n  and said electron withdrawing
      substituent E.sub.p (1) having an electron withdrawing capacity such that
      a phenol containing only said substituent has an acid ionization constant
      Ka of at least about 50 .times. 10.sup.-.sup.10 and (2) being so selected
      and positioned on the aromatic ring to substantially increase the
      efficiency of the compound as a copper extractant from aqueous solutions
      having a pH of less than about 1.0.
NUM  2.
PAR  2. A compound according to claim 1 in which R' is a branched chain
      aliphatic hydrocarbon group.
NUM  3.
PAR  3. A compound according to claim 1 in which R is a branched chain aliphatic
      hydrocarbon group.
NUM  4.
PAR  4. A compound according to claim 1 in which the electron withdrawing
      substituent is a nitro group.
NUM  5.
PAR  5. 2-Hydroxy-3-nitro-5-dodecylbenzophenoxime.
NUM  6.
PAR  6. 2-Hydroxy-3-nitro-4'-isopropylbenzophenoxime.
NUM  7.
PAR  7. 2-Hydroxy-5-nitro-4'-isopropylbenzophenoxime.
NUM  8.
PAR  8. 2-Hydroxy-3-methyl-5-nitro-4'-dodecylbenzophenoxime.
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ABST
PAL  This invention relates to triiodized dicarboxylic acid anilides containing
      radioactive iodine of the formula
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is hydrogen, carboxyl, N-acylamino, N-acylaminomethyl,
      N-alkyl-N-acylamino, N-butyrolactamyl, or an
      ##EQU1##
      group, wherein R.sub.3 and R.sub.4 are each hydrogen, lower alkyl or
      hydroxyalkyl, or R.sub.3 and R.sub.4 together with the nitrogen atom form
      a 5 to 7 member heterocyclic ring which can contain a further oxygen,
      nitrogen or sulfur hetero atom;
PA1  R.sub.2 is hydrogen, lower alkyl or hydroxyalkyl; and
PA1  X is straight-chain or branched alkylene of 1-14 carbon atoms, which can be
      interrupted by one or more oxygen or sulfur atoms,
PA1  As well as the physiologically acceptable salts thereof with suitable
      bases. These compounds are especially useful in the preparation of
      radioactive functional diagnostic agents.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Triiodized N-methyldicarboxylic acid anilides useful as radiopaque agents
      are described in copending, commonly assigned U.S. patent application Ser.
      No. 281,379, filed Aug. 17, 1972, the contents of which are incorporated
      by reference herein.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to triiodized carboxylic acid anilides and to
      processes for their preparation and use.
PAR  Compounds suitable for use as radiodiagnostic agents, especially for
      intravenous uro-, angio- and cholegraphy, must meet very high requirements
      with respect to vascular system compatibility and pharmacological
      inertness.
PAR  The use of radioactively labeled compounds as auxilliary agents for the
      observation and explanation of biochemical processes has been known for a
      long time: For example, for the development of medicines and for
      diagnostic purposes; i.e., for the liver function test,
      tetrachlorotetraiodofluorescein-I.sup.131, bromthalein-I.sup.131, and gold
      colloid Au.sup.198 have been employed. However, these compounds all
      exhibit various disadvantages.
PAR  In the case of tetrachlorotetraiodofluorescein-I.sup.131, it is difficult
      to produce a uniform unlabeled substance; moreover, during the labeling,
      radioactive by-products are formed having varying activity contents.
PAR  In the case of bromthalein-I.sup.131, as with
      tetrachlorotetraiodofluorescein-I.sup.131, the maximum accumulation in the
      liver and the elimination from the liver take place after a longer period
      of time, requiring longer examination times and a higher exposure to
      radiation.
PAR  Gold colloid Au.sup.198 is only suitable for representing the liver by
      scintigraphy and does not provide a direct functional diagnosis.
PAR  In contrast thereto, it has now been found that dicarboxylic acid anilides,
      containing radioactive iodine, of this invention, as well as the salts
      thereof with physiologically compatible bases, do not exhibit these
      disadvantages. After being labeled with a radioactive iodine isotope, they
      represent excellent agents for the functional conductance of diagnostics
      on the hepatic cells themselves.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide novel radioactive
      triiodized dicarboxylic acid anilides.
PAR  Another object of this invention is to provide a process for preparing
      radioactive triiodized dicarboxylic acid anilides in good yields.
PAR  A further object of this invention is to provide useful radioactive
      diagnostic compositions and methods for their use.
PAR  Upon further study of the specification and appended claims, further
      objects and advantages of this invention will become apparent to those
      skilled in the art.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the above and other objects of this invention are attained in one
      aspect by providing a compound of Formula I
      ##SPC2##
PAL  wherein
PA1  R.sub.1 is hydrogen, carboxyl, N-acylamino, N-acylaminomethyl,
      N-alkyl-N-acylamino, N-butyrolactamyl, or an
      ##EQU2##
      group, wherein R.sub.3 and R.sub.4 are each hydrogen, lower alkyl of
      hydroxyalkyl, or R.sub.3 and R.sub.4 together with the nitrogen atom form
      a 5 to 7 member heterocyclic ring which can contain a further oxygen,
      nitrogen or sulfur hetero atom;
PA1  R.sub.2 is hydrogen, lower alkyl or hydroxyalkyl; and
PA1  X is straight-chain or branched alkylene of 1-14 carbon atoms, which can be
      interrupted by one or more oxygen or sulfur atoms,
PA1  as well as the physiologically acceptable salts thereof with suitable
      bases.
PAC  DETAILED DISCUSSION
PAR  The compounds of this invention according to Formula I include both the
      free compounds and their metal, ammonium and amine salts, preferably the
      water-soluble and non-toxic physiologically acceptable salts. These
      compounds, individually or in admixture, are valuable radioactive agents.
PAR  The term "dicarboxylic acid anilides containing radioactive iodine" as used
      herein refers to compounds wherein 1-6 inclusive iodine.sup.127 atoms are
      replaced by a radioactive iodine isotope, e.g., iodine.sup.131,
      iodine.sup.123, iodine.sup.125 or iodine.sup.132.
PAR  The alkyl, alkoxy and acyl residues when present are preferably lower
      residues, e.g., lower alkyl of 1-6 carbon atoms, preferably 1-4 carbon
      atoms, such as methyl, ethyl, propyl, isopropyl or butyl; lower alkoxy of
      1-4 carbon atoms, preperably 1-2 carbon atoms, such as methoxy or ethoxy;
      lower acyl, preferably lower alkanoyl of 1-6 carbon atoms, such as acetyl,
      propionyl, butyryl, isobutyryl, valeryl and hexanoyl. Preferred lower
      hydroxyalkyl groups are 2-hydroxyethyl or 3-hydroxypropyl.
PAR  Suitable salts of physiologically compatible bases include but are not
      limited to the alkali metal salts, e.g., sodium and lithium; the alkaline
      earth metal salts, e.g., calcium and magnesium; amine salts, e.g.,
      ammonium, heterocyclic amines, e.g., morpholine and N-alkyl amines,
      hydroxyalkylamines, alkyl (hydroxyalkyl)-amines and
      di(hydroxyalkyl)-amines, wherein alkyl in each instance preferably
      contains 1-6, more preferably 1-4, carbon atoms, e.g., methyl, ethyl,
      n-propyl, 2-propyl, n-butyl, isobutyl, tert.-butyl, including
      trimethylamine, diethylamine, ethanolamine, diethanolamine and
      polyhydroxyalkylamines, e.g., trihydroxy-tert.-butylamine, saccharidyl
      amines, including glucamine, N-monoalkylglucamines and
      N,N-dialkylglucamines. Preferred mono- and dialkyl glucamines are those
      compounds which contain, in one or both alkyl groups respectively, a total
      of 1-4 carbon atoms; a hydroxy group can also be present when the alkyl
      group of these salts contains more than one carbon atom. Especially
      preferred alkylglucamine salts are the N-methyl and N,N-dimethyl salts.
PAR  Generally, compounds of Formula I are those in which R.sub.1 is hydrogen,
      carboxyl, N-monoalkanoylamino, N-monoalkoxyalkanoylamino,
      N-alkyl-N-alkanoylamino, N-alkyl-N-alkoxyalkanoylamino,
      N,N-dialkanoylamino, N-alkanoylaminomethyl,
      ##EQU3##
      wherein A is alkylene of 2 or 3 carbon atoms and R.sub.3 and R.sub.4 are
      each hydrogen, lower alkyl or hydroxyalkyl, or R.sub.3 and R.sub.4
      together with the nitrogen atom form a 5 to 7 member heterocyclic ring.
PAR  Preferred compounds of this invention are those of Formula I meeting one or
      more of the following definitions:
PA1  a. Compounds wherein R.sub.1 is hydrogen, carboxyl, N-lower alkanoylamino,
      N-lower alkyl-N-lower alkanoylamino, N-butyrolactamyl;
      N-lower-alkanoylaminomethyl;
PA1  b. Compounds wherein R.sub.2 is hydrogen, lower alkyl of 1-4 carbon atoms,
      2-hydroxyethyl or 3-hydroxypropyl;
PA1  c. Compounds wherein R.sub.3 and R.sub.4 are each hydrogen, alkyl, of 1-4
      carbon atoms, 2-hydroxyethyl or 3-hydroxypropyl;
PA1  d. Compounds wherein R.sub.3 and R.sub.4 together with the nitrogen atom
      form a 5 to 7 member heterocyclic ring containing 0-1 further oxygen
      atoms, e.g., a morpholine, piperidine or pyrrolidine ring;
PA1  e. Compounds wherein X is alkylene of 2-6 carbon atoms interrupted by a
      single oxygen or sulfur atom, the sulfur atom when present being
      preferably but not necessarily present in the reduced bivalent state;
PA1  f. Compounds wherein X is alkylene of 2-14 carbon atoms interrupted at
      every second or third carbon atom by an oxygen or sulfur atom;
PA1  g. Compounds wherein X is alkylene of 1-14 carbon atoms.
PAR  Specific compounds of Formula I, in addition to those shown in the
      Examples, include
PA1  4,7,10,13-tetraoxahexadecane1,16-dioyl
      bis(3-carboxy-2,4,6-triiodo-N-methylanilide)
PA1  nonane-1,9-dioyl
      bis(3-carboxy-5-acetamidomethyl-2,4,6-triiodo-N-methylanilide)
PA1  diglycolic acid
      bis(3-carboxy-5-acetamidomethyl-2,4,6-triiodo-N-methylanilide)
PA1  diglycolic acid bis(3-carboxy-5-acetamidomethyl-2,4,6-triiodoanilide)
PA1  thiodiglycolic acid bis(3-carboxy-2,4,6-triiodo-N-methylanilide).
PAR  Preferred dicarboxylic acid anilides are:
PA1  diglycolic acid bis(3-carboxy-2,4,6-triiodoanilide)
PA1  adipic acid bis(3-carboxy-2,4,6-triiodoanilide)
PA1  3,6,9-trioxaundecane-1,11-dioyl bis(3-carboxy-2,4,6-triiodoanilide)
PA1  4,7,10,13-tetraoxahexadecane-1,16-dioyl bis(3-carboxy-2,4,6-triiodoanilide)
PA1  4,7,10-trioxatridecane-1,13-dioyl bis(3-carboxy-2,4,6-triiodoanilide)
PA1  nonane-1,9-dioyl bis(3-carboxy-5-acetamidomethyl-2,4,6-triiodoanilide)
PA1  diglycolic acid bis(3-carboxy-2,4,6-triiodo-N-methylanilide)
PA1  3,6,9-trioxaundecane-1,11-dioyl
      bis(3-carboxy-2,4,6-triiodo-N-methylanilide).
PAR  Equivalents of the compounds of this invention bearing a lower-alkanoyl
      group are compounds otherwise corresponding structurally thereto and
      possessing the same activity where instead of a lower-alkanoyl group there
      is present the acyl group of another organic acid, e.g., a carboxylic-acid
      containing up to 15 carbon atoms, especially aliphatic carboxylic,
      preferably an alkanoic acid, which can be unsaturated, branched,
      polybasic, or substituted in the usual manner, e.g., by hydroxy or halogen
      atoms; a cycloaliphatic, aromatic or mixed aromatic-aliphatic (alkaryl or
      aralkyl) acid, which can likewise be substituted in the usual manner,
      examples of preferred acids being formic acid, acetic acid, hydroxyacetic
      acid, propionic acid, butyric, isobutyric, .alpha.-ethylbutyric, valeric,
      isovaleric, .alpha.-ethylvaleric, 2-methylbutyric, 3-ethylbutyric,
      hexanoic, diethylacetic, triethylacetic, octanoic and palmitic acid;
      caproic acid, enanthic acid, undecyclic acid, oleic acid, trimethylacetic
      acid, dichloroacetic acid, cyclopentylpropionic acid, phenylpropionic
      acid, phenylacetic acid, phenoxyacetic acid, succinic acid and benzoic
      acid; a cyclic acid, preferably a cycloaliphatic acid containing 5-18
      carbon atoms, e.g., cyclopropylideneacetic, cyclobutylcarboxylic,
      cyclopentylcarboxylic, cyclopentylacetic, cyclohexyl carboxylic,
      cyclohexylacetic and .beta.-cyclohexylpropionic acid; a carbocyclic aryl
      or alkaryl acid containing 6-18 carbon atoms and 1 or 2 rings, e.g.,
      benzoic, 2-, 3- or 4-methylbenzoic, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and
      3,5-dimethylbenzoic, ethylbenzoic, 2,3,6-trimethylbenzoic and
      3-methyl-.alpha.-naphthoic acid; an aralkyl acid containing 7 to 18 carbon
      atoms, e.g., .beta.-phenylpropionic; a polybasic acid containing 2-18
      carbon atoms and 1 to 5 hydroxy groups, e.g, glycolic, lactic, citric,
      tataric, d-maleic, d-glyceric and salicyclic acid; the corresponding acids
      containing one, two or more of simple substituents, e.g., halo, alkoxy,
      acyloxy, etc., in the molecule, e.g., chloroacetic, fluoroacetic,
      trichloroacetic, trifluoroacetic, 2,3,4-trimethoxybenzoic, phenoxyacetic,
      .alpha.-naphthoxyacetic acid, etc.
PAR  The acyl group of such equivalent compounds can also be that of a sulfonic
      acid, e.g., an arylsulfonic, including benzenesulfonic,
      p-toluene-sulfonic, m,m'-dimethylbenzenesulfonic,
      o,o'-dimethylbenzenesulfonic, sym.-trimethylbenzenesulfonic,
      sym.-triethylbenzenesulfonic, m-ethylbenzenesulfonic,
      para-isopropylbenzenesulfonic, m-n-butylbenzenesulfonic acid, or an
      alkylsulfonic, e.g., methanesulfonic, ethanesulfonic, propanesulfonic,
      isopropanesulfonic, butanesulfonic, tert.-butanesulfonic, pentanesulfonic,
      isopentanesulfonic, hexanesulfonic, heptanesulfonic, octylsulfonic or
      heterocyclic sulfonic, e.g., .alpha.-pyridinesulfonic,
      .alpha.-pyranesulfonic, .alpha.-thiophensulfonic, .alpha.-furansulfonic,
      .alpha.-tetrahydrofuransulfonic, or other alkyl-, carboxyclic and
      heterocyclic aryl-, alkaryl-and aralkyl-sulfonic acid, preferably one
      containing 1-8 carbon atoms and 0-2, preferably 0-1 N, S or O heteroatoms,
      which are preferably ring carbon atoms in a heterocyclic ring.
PAR  The radioactive compounds of Formula I can be prepared either by
      radioactively labeling corresponding nonradioactive compounds or by
      synthesis from radioactive starting materials. While the radioactive
      iodines are greatly preferred for diagnostic agents, it will be apparent
      that other radioactive atoms can likewise be used depending on the type of
      radiation and radioactive half life suitable for a given purpose e.g.,
      bromine-82, etc.
PAR  Compounds of Formula I can be prepared by reacting a compound of Formula II
      ##SPC3##
PAL  wherein R.sub.1 and R.sub.2 have the above-indicated values, with a
      dicarboxylic acid dihalide derivative of Formula III
EQU  Hal -- CO -- X -- CO -- Hal                                III
PAL  wherein X has the above-indicated values and Hal is chlorine or bromine.
PAR  The reaction of an acid of Formula II with a dicarboxylic acid derivative
      of Formula II is preferably effected in an inert solvent at elevated
      temperatures, e.g., at temperatures of 60.degree. -140.degree. C. Suitable
      inert solvents include but are not limited to dioxane, toluene,
      dimethylformamide and dimethylacetamide.
PAR  For the formation of the physiologically acceptable salt, the conventional
      pharmaceutical bases can be employed, especially sodium hydroxide,
      glucamine, N-methylglucamine, N,N-dimethylglucamine, ethanolamine,
      diethanolamine, morpholine, etc.
PAR  The radioactive compounds of this invention are conveniently produced by
      heating one or more compounds of Formula I to be radioactively labeled in
      an aqueous solution or in a melt of one or more low-melting compounds with
      a maximally carrier-free alkali or alkaline earth radioiodide. Suitable
      low-melting compounds include but are not limited to
      N,N-dimethyl-p-toluenesulfonamide, N,N'-bis(dimethylamino)-sulfone,
      dimethylsulfone, or mixtures thereof. Suitable alkali or alkaline earth
      radioiodides include but are not limited to sodium, calcium etc.
PAR  The reaction is generally effected in the case of aqueous solutions at
      boiling temperature for a period of time sufficient to effect labelling,
      generally of 15 minutes to 12 hours, and using a molar ratio of
      radioiodide to the compound of Formula I which varies according to the
      desired degree of labelling. As far as a melt is used, the reaction is
      generally effected at a temperature of 50.degree. to 300.degree.C. for a
      period of time sufficient to effect labelling, generally of 15 minutes to
      12 hours.
PAR  The compounds of this invention can be employed in mixture with
      conventional excipients, i.e., pharmaceutically acceptable organic or
      inorganic carrier substances suitable for intravenous administration, the
      soluble salts of this invention are preferably used in aqueous solution
      whereby the concentration of the salts is preferably about 0.1-50% by
      weight and wherein the radioactivity per ml. is 0.025- 25 mc, preferably
      1-10 mc.
PAR  The acids, in the form of their water-soluble, physiologically compatible
      salts, are extraordinarily good radioactive diagnostic agents for
      evaluating liver functions. The salt solutions are characterized by a
      extremly low viscosity and accordingly can be administered by intravenous
      injection. The salt solutions are furthermore distinguished by a good
      circulatory compatibility and a low toxicity.
PAR  For a functional test, depending on the half-life period of the particular
      iodine isotope employed, it is generally desirable to intravenously inject
      into humans solutions containing a total radioactivity of 0.1- 5 mc.,
      preferably 0.1- 1.5 mc.
PAR  Consequently, the present invention also relates to a radioactive
      functional diagnostic agent, comprising an iodine-labeled dicarboxylic
      acid anilide of the general Formula I in the form of the water-soluble
      salts thereof with physiologically compatible bases, characterized in that
      it is present in the form of aqueous solutions containing per 10 ml. of
      water, 1 mg. to 5 g. of iodine-labeled dicarboxylic acid anilide, wherein
      the radioactivity per 1 ml. ranges between 0.025 mc. and 25 mc.
PAR  Compounds of Formula I are particularly useful in the preparation of a
      radioactive functional diagnostic agent comprising an iodine-labeled
      dicarboxylic acid anilide of Formula I, preferably in the form of the
      water-soluble salts thereof with physiologically compatible bases.
      Generally, 1 mg. to 5 g., preferably 10- 100 mg., of iodine-labeled
      dicarboxylic acid anilide and an equivalent amount of one or more
      physiologically compatible bases are dissolved, per 10 ml. of water, the
      solution is filled into ampoules or multivials and sterilized to provide a
      diagnostic agent wherein the radioactivity per 1 ml. ranges between 0.025
      mc. and 25 mc., preferably 1- 10 mc.
PAR  It will be appreciated that the radioactive compounds of this invention are
      normally present in combination with a major amount of the corresponding
      unlabeled compounds, since the labelling process is largely random and
      only a small percentage of the molecules need be labeled.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever. In the following
      examples, the temperatures are set forth in degrees Celsius. Unless
      otherwise indicated, all parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  The following table lists the characteristic properties of the compound A
      of this invention and those of the conventional compounds B and C.
PA1  A: diglycolic acid bis(3-carboxy-2,4,6-triiodoanilide)-131-iodine
      N-methylglucamine salt.
PA1  B: tetrachlorotetraiodofluorescein-131-iodine sodium salt.
PA1  C: bromthalein-131-iodine sodium salt.
PAR  These compounds were tested intravenously on humans. The total quantity of
      radioactivity per injection of the respectively injected aqueous test
      solution was approximately 0.25 millicurie in each instance.
PAR  The distribution in the body as function of time after administration was
      measured by scinticamera in the usual manner.
TBL                TABLE                                                       
     ______________________________________                                    
     Com-  Maximum Liver                                                       
                       Time of Appearance                                      
                                      Blood Liver                              
     pound Accumulation                                                        
                       in       in      T 1/2 T 1/2                            
           (min.)      Intestine                                               
                                Gallbladder                                    
                       (min.)   (min.)  (min.)                                 
                                              (min.)                           
     ______________________________________                                    
     A     16.5        14.6     25.5    3.22  3.19                             
     B     30          45       45      8.14  10.24                            
     C     30          15       45      4.5                                    
     ______________________________________                                    
PAR  The table clearly shows the superiority of compound A of this invention as
      compared to the conventional compounds B and C. The maximum accumulation
      of compound A in the liver occurs after only 16.5 minutes, and times of
      appearance in the intestine and gallbladder are also markedly shorter than
      in the comparison substances B and C. The rapid elimination from the blood
      into the liver cells and from the liver cells into the bile ducts and
      gallbladder is demonstrated by the brief half-life periods T 1/2.
PAR  The values T 1/2 indicate a markedly faster liver passage for compound A,
      resulting in a better differentiated uptake curve and images of greater
      contrast. Because of this, the duration of the examination is shortened by
      one-third. Moreover, the rapid course of the liver passage function,
      together with the faster elimination, further reduces a patient's exposure
      to the radiation. Additionally, in the case of patients having a healthy
      liver, a concomitant gallbladder representation is obtained, in contrast
      to substances B and C; and it is thus possible to simultaneously obtain a
      gallbladder kinetics representation in a single diagnostic test. The
      absence of an enterohepatic cycle in compound A, i.e., the lack of
      reabsorption of the radioactive functional diagnostic agent passed into
      the intestine with the bile and into the bloodstream, is of special
      advantage, as this feature results in a reduction of the radiation load
      exposure and simultaneously substantially facilitates the calculation of
      the data set forth in the table.
PAR  Accordingly, compounds of Formula I are highly suitable as agents for
      evaluating the liver function, as well as for the representation and
      functional diagnosis of the bile ducts and the gallbladder.
PAC  EXAMPLE 2
PAR  100 mg. of diglycolic acid bis(3-carboxy-2,4,6-triiodoanilide)
      methylglucamine salt is dissolved in 10 ml. of water at a pH of about 6.5,
       mixed with 1 ml. of sodium acetate buffer, and the desired activity
      quantity is added as an aqueous sodium iodide.sup.131 solution --
      maximally carrier-free, e.g., 10 mc. The solution is heated under reflux
      for 15 minutes. After cooling, the solution is acidified with 2N
      hydrochloric acid, and the thus-precipitated product is vacuum-filtered.
      The precipitated 131iodine-labeled diglycolic acid
      bis(3-carboxy-2,4,6-triiodoanilide) is again suspended in 10 ml. of water,
      dissolved with sodium hydroxide solution, and reprecipitated with
      hydrochloric acid. The product, in a more than 90% yield, chemically as
      well as radiochemically, is diglycolic acid
      bis(3-carboxy-2,4,6-triiodoanilide)-131-iodine. In place of the iodine
      isotope I.sup.131, it is also possible to employ any other radioactive
      iodine isotope, such as I.sup.123, I.sup.125 and I.sup.132.
PAR  Analogously to Example 1, the following compounds can be labeled with 131-,
      123-, 125- and 132 iodine:
PA1  adipic acid bis(3-carboxy-2,4,6-triiodoanilide),
PA1  4,7,10,13-tetraoxahexadecane-1,16-dioyl
      bis(3-carboxy-2,4,6-triiodoanilide),
PA1  4,7,10-trioxatridecane-1,13-dioyl bis(3-carboxy-2,4,6-triiodoanilide),
PA1  nonane-1,9-dioyl bis(3-carboxy-5-acetamidomethyl-2,4,6-triiodoanilide),
PA1  3,6,9-trioxaundecane-1,11-dioyl bis(3-carboxy-2,4,6-triiodoanilide).
PAC  EXAMPLE 3
PAR  An aqueous solution of sodium iodide 131, maximally carrier-free,
      containing 10 mc. is dried in a small flask under a nitrogen atmosphere.
      Thereafter, 100 mg. of N,N-dimethyl-p-toluenesulfonamide is added thereto
      and the mixture is heated to 120.degree.C., until it melts. 25 mg. of
      diglycolic acid bis(3-carboxy-2,4,6-triiodoanilide) is added to the melt,
      and a clear melt is thus formed. After 1 hour, the melt is allowed to
      cool, the solidified mass is dissolved in 3 ml. of acetone, and stirred
      into ice-cooled aqueous ammonia solution. After the insoluble matter has
      been filtered off, the solution is acidified. The thus-precipitated
      diglycolic acid bis(3-carboxy-2,4,6-triiodoanilide)-131-iodine is
      vacuum-filtered and once reprecipitated as described in Example 2. In a
      chemical and radiochemical yield of more than 90%, one obtains diglycolic
      acid bis(3-carboxy-2,4,6-triiodoanilide)-131-iodine. Analogously to
      Example 3, diglycolic acid bis(3-carboxy-2,4,6-triiodo-N-methylanilide)
      and 3,6,9-trioxaundecane-1,11-dioyl
      bis(3-carboxy-2,4,6-triiodo-N-methylanilide) can be labeled with 131-,
      123-, 125- and  132-iodine.
PAC  EXAMPLE 4
PAR  Production of a ready-for-use solution for intravenous injection of
      diglycolic acid bis(3-carboxy-2,4,6-triiodoanilide)methylglucamine
      salt-131-iodine:
TBL  131-iodine, radioactivity 10 mc.                                          
                                 0.100     g.                                  
     N-methylglucamine           0.034     g.                                  
     disodium edetate            0.1       mg.                                 
     twice distilled water                                                     
                         ad      10        ml.                                 
PAR  This solution is filled into a multivial and sterilized at 120.degree. C.
      The solution thus contains, at the time of preparation, 1 mc./ml.
PAR  For a functional test, there is withdrawn from this solution, for example,
      0.25 ml. -- containing 0.25 mc. I.sup.131 as [diglycolic acid
      bis(3-carboxy-2,4,6-triiodoanilide) methylglucamine salt]-131-iodine, and
      injected intravenously.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radioactive compound selected from the group consisting of
      dicarboxylic acid anilides of the formula
      ##SPC4##
PAL  wherein
PA1  1-6 of said iodine atoms are in the form of a radioactive iodine isotope;
PA1  R.sub.1 is hydrogen, carboxyl, N-alkanoyl, N-alkanoylaminomethyl,
      N-alkyl-N-alkanoylamino or
      ##EQU4##
      wherein R.sub.3 and R.sub.4 are each hydrogen, lower alkyl or
      hydroxyalkyl;
PA1  R.sub.2 is hydrogen, lower alkyl or hydroxyalkyl;
PA1  X is alkylene of 1-14 carbon atoms which can be interrupted by one or more
      oxygen or sulfur atoms; and
PA1  the physiologically acceptable salts thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 is hydrogen, carboxyl,
      N-lower alkanoylamino, N-lower alkyl-N-lower alkanoylamino or
      N-lower-alkanoylaminomethyl.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sub.2 is hydrogen, alkyl of
      1-4 carbon atoms, 2-hydroxyethyl or 3-hydroxypropyl.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sub.3 and R.sub.4 are each
      hydrogen, alkyl of 1-4 carbon atoms, 2-hydroxyethyl or 3-hydroxypropyl.
NUM  5.
PAR  5. A compound according to claim 1 wherein X is alkylene of 2-6 carbon
      atoms interrupted by a single oxygen or sulfur atom.
NUM  6.
PAR  6. A compound according to claim 1 wherein X is alkylene of 2-14 carbon
      atoms interrupted at every second or third carbon atom by an oxygen or
      sulfur atom.
NUM  7.
PAR  7. A compound according to claim 1 selected from the group consisting of
      diglycolic acid bis(3-carboxy-2,4,6-triiodoanilide)-131-, -123-, -125- and
      -132-iodine and the physiologically acceptable salts thereof.
NUM  8.
PAR  8. A compound according to claim 1 selected from the group consisting of
      adipic acid bis(3-carboxy-2,4,6-triiodoanilide)-131-, -123-, -125- and
      -132-iodine and the physiologically acceptable salts thereof.
NUM  9.
PAR  9. A compound according to claim 1 selected from the group consisting of
      4,7,10,13-tetraoxahexadecane-1,16-dioyl
      bis(3-carboxy-2,4,6-triiodoanilide)-131-, -123-, -125- and -132-iodine and
      the physiologically acceptable salts thereof.
NUM  10.
PAR  10. A compound according to claim 1 selected from the group consisting of
      4,7,10-trioxatridecane-1,13-dioyl
      bis(3-carboxy-5-acetamidomethyl-2,4,6-triiodoanilide)-131-, -123-, -125-
      and -132- iodine and the physiologically acceptable salts thereof.
NUM  11.
PAR  11. A compound according to claim 1 selected from the group consisting of
      nonane-1,9-dioyl
      bis(3-carboxy-5-acetamidomethyl-2,4,6-triiodoanilide)-131-, -123-,
      -125-and -132-iodine and the physiologically acceptable salts thereof.
NUM  12.
PAR  12. A compound according to claim 1 selected from the group consisting of
      3,6,9-trioxaundecane-1,11-dioyl
      bis(3-carboxy-2,4,6-triiodo-N-methylanilide)-131-, -123-, -125- and
      -132-iodine and the physiologically acceptable salts thereof.
NUM  13.
PAR  13. A compound according to claim 1 selected from the group consisting of
      diglycolic acid bis(3-carboxy-2,4,6-triiodo-N-methylanilide)-131-, -123-,
      -125- and -132-iodine and the physiologically acceptable salts thereof.
NUM  14.
PAR  14. A compound according to claim 1 selected from the group consisting of
      3,6,9-trioxaundecane-1,11-dioyl bis(3-carboxy-2,4,6-triiodoanilide)-131-,
      -123-, -125- and -132-iodine and the physiologically acceptable salts
      thereof.
NUM  15.
PAR  15. A compound according to claim 1 wherein X is alkylene of 1-14 carbon
      atoms.
NUM  16.
PAR  16. A compound according to claim 1 wherein R.sub.1 is hydrogen or
      carboxyl.
NUM  17.
PAR  17. A compound according to claim 16, wherein R.sub.1 is hydrogen.
NUM  18.
PAR  18. A compound according to claim 17, wherein R.sub.2 is hydrogen, lower
      alkyl of 1-4 carbon atoms, 2-hydroxyethyl or 3-hydroxypropyl.
NUM  19.
PAR  19. A compound according to claim 17, wherein X is alkylene of 1-14 carbon
      atoms.
NUM  20.
PAR  20. A compound according to claim 18, wherein X is alkylene of 1-4 carbon
      atoms.
NUM  21.
PAR  21. A process for the preparation of radioactive dicarboxylic acid anilides
      containing radioactive iodine, according to claim 1, which comprises
      heating the dicarboxylic acid anilide to be labeled in an aqueous solution
      or in a melt of one or more low-melting substances, with a carrier-free
      alkali or alkaline earth radioiodide to form said anilide.
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ABST
PAL  A copper catalyst obtained by reducing a copper compound with formaldehyde
      in the presence of an alkali in an aqueous medium is an excellent catalyst
      for the hydrolysis of an unsaturated nitrile to an amide. Furthermore,
      when a copper compound is combined with another element, which is selected
      from a specific group of elements, during the preparation of the copper
      catalyst, a catalyst is formed which has an increased hydrolysis activity
      and an increased catalyst lifetime.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to a process for hydrolyzing an unsaturated
      nitrile. More particularly, it relates to a process for catalytically
      hydrolyzing acrylonitrile or methacrylonitrile to the corresponding
      unsaturated amide.
PAR  2. Description Of The Prior Art
PAR  Methods for preparing substituted amides by the hydrolysis of acrylonitrile
      or methacrylonitrile have been known for some time. For example,
      acrylamide is prepared industrially by reacting acrylonitrile with water
      and sulfuric acid to yield acrylamide sulfate which is neutralized with an
      alkali. However, this method consumes a large amount of acid and alkali
      and is complicated.
PAR  Various materials have been known which catalyze the hydrolysis of nitriles
      to amides. These catalysts include copper catalysts such as copper metal,
      Raney copper, Ulmann copper, copper oxide, a copper catalyst obtained by
      reducing copper oxide or a mixture of copper oxide and other metal oxides
      with hydrogen, and the like. However, these catalysts are unsatisfactory
      from the standpoint of catalyst preparation, catalyst activity, catalyst
      life, and the like. A need exists, therefore, for a catalyst useful in the
      hydrolysis of unsaturated nitriles which is relatively easy to prepare and
      possesses an acceptable activity over a sufficient lifetime.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a copper
      catalyst useful for the hydrolysis of unsaturated nitriles which has a
      high activity and a sufficient lifetime and which has a high selectivity
      for the production of amides.
PAR  Another object of the present invention is to provide a novel method for
      the preparation of copper catalysts possessing high activity.
PAR  These objects and other objects of the invention, which will hereinafter
      become apparent, are achieved in a process for the hydrolysis of nitriles
      to the corresponding amides in the presence of a copper catalyst obtained
      by reducing a copper compound with formaldehyde in an aqueous medium
      containing an alkali. The addition of a certain element selected from a
      specific group of elements increases the catalytic activity of the
      catalyst as well as its lifetime.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows the relationship between the degree of conversion of a
      nitrile as a function of the ratio of Cr to Cu in the catalyst for the
      hydrolysis of 6.5% acrylonitrile in an aqueous solution at 100.degree.C.
      for 0.5 hour.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The copper catalyst used in the present invention is prepared by reducing a
      copper compound with formaldehyde. If necessary, the reduction can be
      performed in the presence of a specific element derived from a compound
      selected from a group of compounds. Suitable copper compounds include
      cuprous and cupric salts, copper oxide and copper hydroxide. For example,
      a copper salt of an inorganic acid such as copper chloride, copper
      nitrate, copper sulfate, and the like, a copper salt of an aliphatic acid
      such as copper formate, copper acetate, copper oxalate, and the like, and
      a copper salt of an aromatic acid such as copper benzoate, copper
      naphthoate, copper phenyl acetate, and the like may be used. Among these
      compounds, water soluble copper salts are preferable. The catalyst can be
      easily prepared by dissolving or suspending a copper compound in an
      aqueous medium and adding an alkali and formaldehyde thereto. Suitable
      alkalis include alkali metal hydroxides such as caustic soda, caustic
      potash, and the like, and alkali metal carbonates such as sodium
      carbonate, potassium carbonate, and the like. Caustic soda is preferably
      used. The source of formaldehyde used in the reduction may be a
      commercially available aqueous solution thereof and usually is a 37% by
      weight formalin solution. However, the formalin solution may be diluted or
      it may be diluted or it may be used in higher concentrations, if
      necessary.
PAR  The reduction of a cupric compound and a cuprous compound with formaldehyde
      is considered to proceed as indicated in the first and second equations,
      respectively:
EQU  CuCl.sub.2 + HCHO + 3NaOH .fwdarw. Cu + HCOONa + 2NaCl + 2H.sub.2 O
EQU  2CuCl + HCHO + 3NaOH .fwdarw. 2Cu + HCOONa + 2NaCl + 2H.sub.2 O
PAR  In the preparation of the catalyst, the alkali and formaldehyde are
      preferably used in excess of the stoichiometric amount required to
      completely reduce the copper in order that the reduction may proceed to
      completion and that no unreduced copper remains in the catalyst. The
      quantity of alkali generally used ranges from 4 to 10 moles per one mole
      of copper compound. Formaldehyde is usually used in amounts ranging from 2
      to 40 times, preferably 4 to 20 times, the stoichiometric amount required.
      No particular order is required for the addition of alkali and
      formaldehyde. Either formaldehyde may be added to a mixture of the copper
      compound and the alkali in an aqueous medium to reduce the copper
      compound, or the alkali may be added to a mixture of the copper compound
      and formaldehyde. Preferably, the reduction is accomplished by the gradual
      addition of formaldehyde to a mixture of the copper compound and the
      alkali. The reduction reaction is performed at temperatures ranging from
      10.degree. to 200.degree.C.
PAR  A catalyst of extremely high activity can be obtained by mixing the copper
      compound and alkali in an aqueous medium, while raising the temperature in
      order to induce precipitation of a copper compound, and gradually adding
      formaldehyde thereto. When an aqueous solution of the copper compound is
      initially treated with alkali and then reduced with formaldehyde, the
      temperature of the solution is maintained in different ranges when treated
      with both reagents. Thus, when the copper containing solution is mixed
      with alkali, the temperature is usually maintained from 70.degree. to
      200.degree.C., preferably 70.degree. to 100.degree.C. Catalysts obtained
      from a preparation in which the temperature is lower than the indicated
      range do not have sufficient activity. When the alkali-copper compound
      containing solution is treated with formaldehyde which results in a black
      precipitate, the temperature of the solution is maintained in a range from
      10.degree. to 70.degree.C., preferably 20.degree. to 70.degree.C. If the
      temperature is lower than this range, the rate of reduction is too low for
      practical use. On the other hand, if the temperature is too high, the
      activity of the resulting catalyst is not satisfactory.
PAR  The copper catalyst of this invention is preferably modified by the
      presence of another metallic compound, which improves the activity and
      increases the lifetime of the catalyst. Various types of metal compounds
      are suitable for use. Suitable compounds include those which contain
      elements selected from the group consisting of Group Ib elements having an
      atomic number of 47 to 79, Group IIa and Group IIb elements having an
      atomic number of 4 to 80, Group IIIa and Group IIIb elements having an
      atomic number of 13 to 92, Group IVa and Group IVb elements having an
      atomic number of 14 to 82, Group Va and Group Vb elements having an atomic
      number of 15 to 83, Group VIa elements having an atomic number of 24 to
      74, Group VIIa elements having an atomic number of 25 to 75, and Group
      VIII elements having an atomic number of 26  to 78. Representative
      examples of these compounds include compounds containing the elements Ag,
      Au, Be, Mg, Ca, Sr, Ba, Zn, Cd, Hg, Al, Sc, Y, La, U, Ga, In, Tl, Si, Ti,
      Zr, Hf, Ge, Sn, Pb, P, V, Nb, Ta, As, Sb, Bi, Cr, Mo, W, Mn, Re, Fe, Co,
      Ni, Ru, Rh, Pd, Os, Ir, and Pt. Among the compounds which are preferred
      are those which contain Cr, Mo, Ti, V, Zr, Fe, Ru, Pd, W and Si,
      particularly since they heighten the hydrolysis activity of the catalyst
      and the selectivity for the amide product.
PAR  The types of compounds used are not limited, and include halides such as
      chlorides and bromides; hydroxides, oxides, inorganic acid salts such as
      sulfate, nitrate, oxyacid salts, phosphate, and the like; and organic acid
      salts such as formates, acetates, oxalates, and the like. In addition,
      organometallic compounds and other coordinate metal complexes may also be
      used. The amount of the metal compound used is usually within a range such
      that the element is present in amounts which yield an atomic ratio of
      0.0005 to 0.05 of element to copper in the catalyst. The optimum
      application range cannot be precisely defined since the amount used varies
      depending upon the type of compound and the kind of element. For example,
      a Cr-compound may be used such that the atomic ratio of Cr to Cu is 0.0005
      to 0.008, preferably 0.001 to 0.007. It is apparent from the FIGURE, that
      optimum conversion of acrylonitrile occurs within the preferred atomic
      ratio range indicated for the chromium-copper catalyst.
PAR  The FIGURE shows the relationship between the degree of conversion of
      nitrile as a function of the variation in the Cr: Cu atomic ratio in the
      situations where aqueous solutions of 6.5% acrylonitrile were reacted at
      100.degree.C. for 0.5 hour with 0.5 g. of a copper catalyst containing
      various amounts of chromium prepared from chromium nitrate. As the ratio
      of Cr/Cu exceeds its optimum value, i.e., as the amount of Cr increases,
      the degree of conversion of acrylonitrile sharply decreases. This
      illustrates the effectiveness by which small amounts of chromium within
      the specified range greatly improve the activity of the catalyst. The
      reason for the enhanced activity imparted to the copper catalyst by the
      presence of chromium has not been fully established. However, it is
      supposed that chromium modifies the surface of the copper catalyst in some
      manner during the preparation of the catalyst by the reduction of a copper
      compound with formalin.
PAR  The desirable application ranges of some other elements in the copper
      catalyst are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     No.    M          Content, (M-atom/Cu-atom) .times. 100                   
     (elements)    General range                                               
                                Preferable range                               
     ______________________________________                                    
     1      Cr         0.05 - 0.8   0.1 - 0.7                                  
     2      Mo         0.05 - 2     0.1 - 1.5                                  
     3      Ti         0.05 - 3     0.1 - 2                                    
     4      V          0.03 - 3     0.05 - 2.1                                 
     5      Zr         0.05 - 3     0.1 - 2                                    
     6      Fe         0.05 - 3     0.1 - 2                                    
     7      Ru         0.01 - 5     0.02 - 3                                   
     8      Pd         0.05 - 3     0.1 - 3                                    
     9      W          0.05 - 2     0.1 - 1.5                                  
     10     Si         0.01 - 10.0  0.01 - 5.0                                 
     ______________________________________                                    
PAR  These compounds should be incorporated in the catalyst during its synthesis
      when the copper compound is reduced with formalin in the presence of an
      alkali in an aqueous medium. The mode of addition of these compounds is
      not particularly limited. As an example, an additive compound and a copper
      compound may be added, separately or as a mixture, to an aqueous alkali
      solution, and subsequently reduced with formalin, or the additive compound
      dissolved in formalin may be added to the aqueous alkali solution
      containing the copper compound. The additive compounds may be used alone
      or in combination with one another. A particularly desirable combination
      is the combination of a chromium compound with a silicon compound.
PAR  The catalyst of this invention may also be used on a carrier. Suitable
      carriers include alumina, silica, diatomaceous earth, active carbon, and
      the like. The catalyst may be supported on a carrier by suspending the
      carrier in an aqueous solution containing a copper compound and an
      additive compound and then reducing the copper compound with formalin.
PAR  The hydrolysis of nitriles according to the process of this invention is
      usually conducted at a temperature between room temperature and
      300.degree.C. with the catalyst of this invention. No advantage is gained
      by elevating the reaction temperature too much since the acrylamide or
      methacrylamide produced is very reactive and apt to undergo side
      reactions. However, as expected, higher reaction temperatures lead to
      greater reaction velocities. The reaction is preferably conducted at a
      temperature of 50.degree. to 150.degree.C. to ensure a high selectivity
      for amide and an adequate reaction velocity.
PAR  The reaction may be conducted in the presence of an amount of water which
      is less than the stoichiometric amount required. However, the quantity of
      water used ranges from several times to several orders of magnitude times
      the theoretical amount required. An inert medium may also be used as an
      adjunct to the water. The reaction is usually conducted in the liquid
      phase, although it may also be run in the gaseous phase. When the reaction
      is conducted in the liquid phase, the aqueous solution of the nitrile is
      concentrated as much as possible in order to leave a concentrated aqueous
      solution of the product amide. However, too high a concentration of the
      nitrile in the aqueous solution results in an inhomogeneous solution
      because the nitriles used have a limited solubility in water. A high
      concentration of the product amide in an aqueous solution can be obtained
      by using a solvent adjunct powerful enough to dissolve the amide, such as
      dimethylformamide, and the like. This permits a lesser amount of water in
      the reaction medium and results in a homogeneous liquid phase from which
      the solvent may be removed to yield the reaction product.
PAR  The reaction may be conducted by any conventional type of catalytic
      reaction using a fixed bed, a suspension bed, or the like. Also, the
      reaction system may desirably contain a polymerization inhibitor, such as
      hydroquinone, tertiary butylcatechol, a metallic salt, and the like. By
      the process of this invention, acrylamide and methacrylamide can be
      manufactured from the corresponding nitriles.
PAR  Having generally described the invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting unless otherwise specified.
PAC  EXAMPLE 1
PAR  A solution containing 0.1 mole of cupric chloride dissolved in 100 ml. of
      water was placed in a 500 ml. three-necked flask provided with a
      thermometer, a stirrer and a dropping funnel. A 50 g. quantity of
      commercially available 37% formalin solution was gradually added dropwise
      to the solution. This was followed by the dropwise addition of a solution
      of 75 g. of caustic soda dissolved in 200 ml. of water. The initial
      temperature of the cupric chloride solution was room temperature but,
      after the addition of the reagents, the temperature of the solution
      increased to 45.degree.C. The temperature of the solution was raised to
      60.degree.C. and stirring was continued for 30 minutes. Next, the
      supernatant fluid was removed by decantation and the precipitated copper
      metal was washed several times with a degassed and demineralized water and
      thereafter was dried to yield the catalyst. A 1 g. quantity of this
      catalyst and 10 ml. of a 6.5% aqueous acrylonitrile solution were placed
      into a 20 ml. glass reactor previously purged with nitrogen and were
      reacted in a thermo-regulated bath of the shaking type at 100.degree.C.
      for 1 hour. Analysis of the reaction showed an 80.5% conversion of
      acrylonitrile and a 92.7% selectivity to acrylamide.
PAC  EXAMPLE 2
PAR  A 17 g. quantity of a commercially available 37% formalin solution and a
      solution of 0.6 mole of caustic soda dissolved in 100 ml. of water were
      added in this order to an aqueous solution containing 0.1 mole of cupric
      chloride dissolved in 100 ml. of water at room temperature, and
      thereafter, the temperature of the liquid was raised to 70.degree.C. A 33
      g. quantity of formalin was then added to the solution and it was stirred
      at 80.degree.C. for 30 minutes. The precipitated copper metal was treated
      in the same manner as described in Example 1 to prepare a catalyst. Next,
      the hydrolysis reaction of acrylonitrile was run using the catalyst
      obtained in the same manner as described in Example 1. Analysis of the
      reaction showed a 100% conversion of acrylonitrile and a 91.9% selectivity
      to acrylamide. In the case where the reaction time was decreased to 0.5
      hour, the conversion of acrylonitrile was 86.7% and the selectivity to
      acrylamide was 96.3%.
PAC  EXAMPLE 3
PAR  An aqueous solution of 24 g. of caustic soda dissolved in 200 ml. of water
      was placed in a three-necked flask similar to that of Example 1, and was
      maintained at 70.degree.C. A liquid containing 17 g. of CuCl.sub.2.sup.. 2
      H.sub.2 O dissolved in 100 ml. of water was added thereto. Thereafter, the
      temperature of the contents of the vessel was adjusted to 60.degree.C.
      and, while maintaining this temperature, 32 g. of a 37% formalin solution
      were added dropwise over a period of 30 minutes. The solution was stirred
      at the same temperature for an additional 30 minutes. Next, the
      supernatant liquid was removed and the precipitated copper metal was
      washed several times with a degassed and demineralized water and
      thereafter was dried to yield the catalyst. Using the catalyst obtained, a
      hydrolysis reaction of acrylonitrile was conducted in the same manner
      outlined in Example 1, except that the reaction time was 0.5 hour.
      Analysis of the reaction indicated an 85.1% conversion of acrylonitrile to
      acrylamide and a 99.8% selectivity to acrylamide.
PAC  EXAMPLE 4
PAR  A 0.6 mole quantity of caustic soda dissolved in 100 ml. of water was added
      to a solution containing 0.1 mole of cupric chloride dissolved in 100 ml.
      of water, and the mixture was stirred at 90.degree.C. for 30 minutes.
      Thereafter, 32 g. of a commercially available 37% formalin solution was
      added and the resulting mixture was stirred at 90.degree.C. for 30
      minutes. The precipitated copper metal was treated in the same manner as
      described in Example 1 to prepare a catalyst. Next, the hydrolysis
      reaction of acrylonitrile was run using the catalyst obtained in the same
      manner as described in Example 1, except that the reaction time was 0.5
      hour. Analysis of the reaction indicated a 93.9% conversion of
      acrylonitrile to acrylamide and a 97.5% selectivity to acrylamide.
PAC  EXAMPLES 5 to 9
PAR  A solution containing 24 g. of caustic soda dissolved in 200 ml. of water
      was placed in the same flask used in Example 1 and was maintained at a
      temperature of 90.degree.C. Next, a solution containing Cu-Cr prepared by
      dissolving 17 g. of CuCl.sub.2.sup.. 2H.sub.2 O and a specific amount of
      the chromium compounds shown in Table II in 100 ml. of water was added to
      the solution in the flask with stirring at 90.degree.C. for 30 minutes.
      Thereafter, 32 g. (0.4 mole) of a commercially available 37% formalin
      solution was gradually added dropwise over a period of 30 minutes. After
      addition of the reagents, stirring was continued at the same temperature
      for an additional 30 minutes. Next, the supernatant liquid was removed by
      decantation, and the precipitated copper metal composition was washed
      several times with a degassed and demineralized water and thereafter was
      dried to yield the catalyst. Using the catalyst obtained, the hydrolysis
      reaction of acrylonitrile was conducted in the same manner as described in
      Example 3. The results are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Catalyst              Reaction result                                     
     No.  Chromium     Cr/Cu*  Conversion                                      
                                         Selectivity                           
          compound     .times. 100                                             
                               of        of                                    
                               acrylonitrile,                                  
                                         acrylamide,                           
                               (%)       (%)                                   
     ______________________________________                                    
     5    Cr(NO.sub.3).sub.3.9H.sub.2 O                                        
                       0.1     86.5      99.8                                  
     6    Cr(NO.sub.3).sub.3.9H.sub.2 O                                        
                       0.3     90.2      99.8                                  
     7    Cr(NO.sub.3).sub.3.9H.sub.2 O                                        
                       0.5     91.7      99.8                                  
     8    Cr.sub.2 (SO.sub.4).sub.3.15H.sub.2 O                                
                       0.5     88.3      99.8                                  
     9    CrCl.sub.3.6H.sub.2 O                                                
                       0.5     88.6      99.8                                  
     ______________________________________                                    
      *Cr/Cu means the atomic ratio of the additive chromium compound to the   
      copper compound.                                                         
PAC  EXAMPLE 10
PAR  A solution containing 24 g. of caustic soda dissolved in 100 ml. of water
      was placed in the same flask used in Example 1 and, while maintaining the
      temperature shown in the column labeled as "neutralization temperature" in
      Table III, an aqueous solution prepared by dissolving 17 g. of
      CuCl.sub.2.sup.. 2H.sub.2 O and 0.2 g. of Cr(NO.sub.3).sub.3.sup.. 9
      H.sub.2 O in 100 ml. of water was added thereto. The temperature was then
      adjusted to the corresponding temperature shown in the column labeled as
      "reduction temperature" in Table III, and, while maintaining this
      temperature, 32 g. of a 37% formalin solution were added dropwise over a
      period of 30 minutes. After addition of the reagents, stirring was
      continued at the same temperature for an additional 30 minutes. Next, the
      supernatant liquid was removed and the precipitated copper metal
      composition was washed several times with a degased and demineralized
      water and was dried to yield the catalyst. Using the catalyst obtained,
      the hydrolysis reaction of acrylonitrile was conducted in the same manner
      described in Example 3. The results obtained are shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
            Neutral-           Conversion                                      
                                         Selectivity                           
     Catalyst                                                                  
            ization  Reduction of        of                                    
     No.    temp.,   temp.,    acrylonitrile,                                  
                                         acrylamide,                           
            (.degree.C.)                                                       
                     (.degree.C.)                                              
                               (%)       (%)                                   
     ______________________________________                                    
     1      90       40        98.9      99.8                                  
     2      70       60        97.1      99.8                                  
     3      70       30        97.3      99.8                                  
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  Different catalysts were prepared by adding the various compounds shown in
      Table IV to solutions of CuCl.sub.2.sup.. 2H.sub.2 O in the same manner as
      described in Example 9, except that the temperatures of neutralization and
      reduction were 90.degree.C. In these preparations, solutions containing
      the additive compounds were dissolved in either an alkali solution, an
      aqueous solution of a copper salt or a formalin solution. The methods of
      addition are shown in Table IV as "in alkali", "in copper salt solution",
      and "in formalin", respectively. The hydrolysis reactions of acrylonitrile
      were conducted using the catalysts obtained in the same manner as
      described in Example 3. The results are shown in Table IV. In all of the
      hydrolysis reactions, only small amounts of ethylenecyanohydrin, acrylic
      acid, and the like were produced, indicating a high selectivity in the
      conversion of acrylonitrile to acrylamide.
TBL                                    TABLE IV                                
     __________________________________________________________________________
             Additive                  Reaction result                         
     No. Ele-                                                                  
             Amount                                                            
                 Kind of compound                                              
                          Method of addition                                   
                                       Conversion,                             
                                              Selectivity,                     
         ment                                                                  
             added                     %      %                                
     __________________________________________________________________________
      1  Cr  0.5 CrO.sub.3                                                     
                          in copper salt solution                              
                                       88.0   99.7                             
      2  "   "   Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2 O                          
                          in alkali    91.5   99.5                             
      3  "   "   Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2 O                          
                          in formalin  96.5   99.5                             
      4  Mo  "   Na.sub.2 MoO.sub.4.2H.sub.2 O                                 
                          in alkali    84.0   97.8                             
      5  Ti  0.5 TiCl.sub.4                                                    
                          in copper salt solution                              
                                       91.1   97.5                             
      6  "   1.0 Ti(SO.sub.4).sub.2                                            
                          "            93.7   99.3                             
      7  V   1.0 V.sub.2 O.sub.5                                               
                          in alkali    86.0   99.5                             
      8  "   "   NH.sub.4 VO.sub.3                                             
                          in alkali    93.6   99.4                             
      9  V   1.0 NaVO.sub.3                                                    
                          in alkali    89.4   99.6                             
     10  "   "   VCl.sub.3                                                     
                          in copper salt solution                              
                                       92.4   99.5                             
     11  "   "   V.sub.2 O.sub.5                                               
                          "            88.0   99.4                             
     12  Zr  0.5 ZrO(NO.sub.3).sub.2.2H.sub.2 O                                
                          "            84.0   97.8                             
     13  "   1.0 "        "            82.0   98.7                             
     14  Fe  0.5 FeCl.sub.3                                                    
                          "            86.7   99.5                             
     15  "   "   Fe.sub.2 (SO.sub.4).sub.3.6H.sub.2 O                          
                          "            90.6   99.4                             
     16  "   "   Fe(NO.sub.3).sub.3.9H.sub.2 O                                 
                          "            89.4   99.2                             
     17  Ru  0.5 RuCl.sub.3.H.sub.2 O                                          
                          "            94.1   99.5                             
     18  Pd  0.5 PdCl.sub.2                                                    
                          "            90.0   97.5                             
     19  W   0.5 Na.sub.2 WO.sub.4                                             
                          in alkali    83.0   99.6                             
     20  Si  0.5 Na.sub.2 SiO.sub.3.9H.sub.2 O                                 
                          "            83.0   99.3                             
     21  "   5.0 "        "            88.9   99.5                             
     22* "   3.0 "        "            85.0   99.4                             
     23  Cr  0.5 Cr(NO.sub.3).sub.3.9H.sub.2 O                                 
                          in copper salt solution                              
                                       96.4   99.7                             
         Si  0.5 Na.sub.2 SiO.sub.3.9H.sub.2 O                                 
                          in alkali                                            
     24  Cr  0.5 Cr(NO.sub.3).sub.3.9H.sub.2 O                                 
                          in copper salt solution                              
                                       97.8   99.5                             
         Si  2.0 Na.sub.2 SiO.sub.3.9H.sub.2 O                                 
                          in alkali                                            
     25  Cr  0.5 Cr(NO.sub.3).sub.3.9H.sub. 2 O                                
                          in copper salt solution                              
                                       98.2   99.6                             
         Si  5.0 Na.sub.2 SiO.sub.3.9H.sub.2 O                                 
                          in alkali                                            
     __________________________________________________________________________
       (1) The asterisk indicates that the amount of formalin used was double  
      the amount normally used in the preparation of catalyst.                 
       (2) In the Table, the "amount added" is expressed as element added/Cu   
      (atomic ratio) .times. 100.                                              
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein. Accordingly,
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A process for preparing an amide, which comprises hydrolyzing
      acrylonitrile or methacrylonitrile to the corresponding amide in the
      presence of a copper catalyst obtained by reducing copper oxide, copper
      hydroxide, a copper salt of an inorganic acid, a copper salt of an
      aliphatic acid or a copper salt of an aromatic acid with formaldehyde in
      the presence of an alkali in an aqueous medium.
NUM  2.
PAR  2. The process of claim 1, wherein said copper catalyst is obtained by
      reducing said copper oxide, copper hydroxide or copper salt with
      formaldehyde in the presence of caustic soda at a temperature of
      10.degree. to 200.degree.C.
NUM  3.
PAR  3. The process of claim 1, wherein said copper catalyst is obtained by
      mixing said coper oxide, copper hydroxide or copper salt with an alkali in
      an aqueous medium at a temperature of 70.degree. to 200.degree.C. to
      produce a precipitate, and subsequently reducing said precipitate with
      formaldehyde at a temperature of 10.degree. to 70.degree.C.
NUM  4.
PAR  4. The process of claim 1, wherein said copper salt of an inorganic acid is
      copper chloride, copper nitrate or copper sulfate.
NUM  5.
PAR  5. The process of claim 1, wherein said copper salt of an aliphatic acid is
      copper formate, copper acetate or copper oxalate.
NUM  6.
PAR  6. The process of claim 1, wherein said copper salt of an aromatic acid is
      copper benzoate, copper naphthoate or copper phenylacetate.
NUM  7.
PAR  7. A process for preparing an amide which comprises hydrolyzing
      acrylonitrile or methacrylonitrile to the corresponding amide over a
      catalyst obtained by reducing copper oxide, copper hydroxide, or a copper
      salt of an inorganic acid, a copper salt of an aliphatic acid or a copper
      salt of an organic acid with formaldehyde in an aqueous medium containing
      an alkali in the presence of a compound containing an element selected
      from the group consisting of Group IVa and Group IVb elements having an
      atomic number of 14 to 82, Group Vb elements having an atomic number of 23
      to 73, Group VIa elements having an atomic number of 24 to 74, Group VIIa
      elements having an atomic number of 25 to 75 and Group VIII elements
      having an atomic number of 26 to 78.
NUM  8.
PAR  8. The process of claim 7, wherein said element is selected from the group
      consisting of Cr, Mo, Ti, V, Zr, Fe, Ru, Pd, W and Si.
NUM  9.
PAR  9. The process of claim 7, wherein said catalyst contains an element to
      copper atomic ratio in the range of 0.0005 to 0.05.
NUM  10.
PAR  10. The process of claim 7, wherein said catalyst is obtained by reducing
      said copper oxide, copper hydroxide or copper salt with formaldehyde in
      the presence of caustic soda and a compound containing said element at a
      temperature of 10.degree. to 200.degree.C.
NUM  11.
PAR  11. The process of claim 8, wherein said catalyst contains an element to
      copper atomic ratio in the range of 0.0005 to 0.05.
NUM  12.
PAR  12. The process of claim 8, wherein said catalyst prepared by reacting a
      copper oxide, copper hydroxide or copper salt with an alkali in an aqueous
      medium at a temperature of 70.degree. to 200.degree.C. in the presence of
      a compound containing said element produces a precipitate which
      precipitate is subsequently reduced with formaldehyde at a temperature of
      10.degree. to 70.degree.C.
NUM  13.
PAR  13. The process of claim 7, wherein said compound containing said element
      is a chromium compound which is combined with said copper oxide, copper
      hydroxide or copper salt to produce said catalyst containing a chromium to
      copper atomic ratio ranging from 0.0005 to 0.008.
NUM  14.
PAR  14. The process of claim 7, wherein said compound containing said element
      is a mixture of a chromium compound and a silicon compound.
NUM  15.
PAR  15. The process of claim 12, wherein said catalyst has a chromium to copper
      atomic ratio ranging from 0.0005 to 0.008 and a silicon to copper atomic
      ratio ranging from 0.01 to 5.0.
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PAL  A process for preparing compounds of the type of sinensal, which is
      suitable as a flavor-imparting agent of orange aroma, and novel
      intermediates including those having the general formula:
      ##SPC1##
PAL  Wherein R signifies a CH.sub.2 OH, CHO or COOH group and the broken lines
      present a double bond emanating from C-atom 4, are disclosed.
PARN
PAR  This is a division of application Ser. No. 742,178 filed July 3, 1968 now
      U.S. Pat. No. 3,872,172.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a commercially-feasible process for making
      unlimited quantities of compounds of the type of the previously-rare
      sinensal, thereby permitting the widespread use of this product as a
      flavorant to impart an orange flavor and aroma to food products such as
      orange drinks.
PAR  Novel intermediates, some of which also possess flavorant properties, are
      also the subject of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process in accordance with this invention for the manufacture of
      compounds of formula I is characterized in that a compound of the formula
      ##SPC2##
PAL  Is ozonized and the ozonization product which is obtained is decomposed to
      give a compound of general formula I.
PAR  Cis or trans ocimene or, preferably, myrcene can be used as the starting
      material of formula II.
PAR  If in formulae I and II the double bond which is conjugated with the
      terminal double bond lies within the chain (as is the case in ocimene),
      formulae I and II are meant to represent not only the cis but also the
      trans isomers.
PAR  The ozonization of the trienes II surprisingly proceeds with high
      selectivity, since the ozonide linkage is practically exclusively effected
      at the isolated double bond, and so the conjugated double bonds
      practically do not enter into reaction with the ozone.
PAR  The ozonization can be undertaken according to methods known per se, by
      bringing ozone-containing gas into contact with the triene which is to be
      ozonized, conveniently by introduction of the gas into a preferably dilute
      solution of the triene. Presently preferred solvents are those which are
      inert to ozone, or at least display greater stability than the substance
      which is to be ozonized; for example, alkanes such as hexane, petroleum
      ether, cyclohexane; benzene and its derivatives; halogenated hydrocarbons
      such as carbon tetrachloride, chloroform, methylene chloride, methyl
      chloride, ethyl chloride, ethyl bromide; esters such as formic acid or
      acetic acid esters (ethyl acetate); ketones such as acetone or methyl
      ethyl ketone; ethers such as dimethyl ether, diethyl ether,
      tetrahydrofuran; acid anhydrides such as acetic anhydride; acid amides
      such as formamide, dimethylformamide; nitromethane etc. Among other
      solvents which may be used are those which enter into reaction with the
      ozonide which is primarily formed: for example, carboxylic acids (for
      example, formic acid, acetic acid, propionic acid); alcohols such as
      methanol, ethanol, propanol; water in admixture with acetone. Best suited
      are solvents which are able to hold the ozonization products in solution.
      Furthermore, low-boiling solvents are to be preferred, since these are
      usually readily separable from the reaction products. For the ozonization
      of myrcene and ocimene, particularly suitable solvents are, for example:
      methyl chloride, chloroform, carbon tetrachloride, benzene, acetone, ethyl
      acetate, methanol.
PAR  The concentration of the solution which is to be ozonized can vary within
      wide limits. In general, dilute solutions give better yields. On practical
      grounds, 5-20% solutions will usually be used.
PAR  Conveniently, not more than about 1 mol equivalent of ozone is allowed to
      act on the triene II, in order to avoid an oxidation of the reaction
      products. Normally, an oxygen stream with an ozone content of about 2-10%
      is used. However, more dilute and more concentrated ozone mixtures also
      may be employed. If desired, oxygen-free ozone (as the gas or as a
      solution) may also be used.
PAR  The ozonization is advantageously carried out at temperatures below room
      temperature, conveniently at temperatures below 0.degree.C. Particularly
      good yields are obtained at temperatures within the range of about
      -50.degree. to -90.degree.C.
PAR  The cleavage of the ozonization products which are primarily obtained to
      the compounds of general formula I can be undertaken according to methods
      which are known per se.
PAR  The alcohols of the formula
      ##SPC3##
PAL  may be obtained by treating the ozonization product which is formed with a
      powerful reducing agent, of the type known to be suitable to reduce
      ozonides to alcohols, such as a complex metal hydride (e.g. lithium
      aluminum hydride or sodium borohydride), hydrogen, catalytically activated
      by noble-or transition metals (e.g. palladium, platinum) of complexes of
      such metals (as for example tris-triphenylphosphine-rhodiumchloride).
PAR  The aldehydes of the formula
      ##SPC4##
PAL  can be obtained from the ozonization products by treatment with a mild
      reducing agent (of the type known to be suitable to reduce ozonides to
      aldehydes); for example, an iodide (e.g. sodium or potassium iodide),
      sulphite, bisulphite (e.g. sodium bisulphite), with formaldehyde, sulphur
      dioxide, pyridine, hydrazine hydrate, a sulphide (e.g. dimethyl sulphide),
      hydroquinone, zinc or magnesium in acidic solution, Raney-nickel,
      phosphorus (III)-compounds (e.g. phosphines such as triphenylphosphine,
      tri-loweralkyl-phosphites such as trimethylphosphite), hydrogen
      [catalytically activated by noble-or transitionmetals or complexes thereof
      (examples of such systems are Pt/H.sub.2, Pd/C/H.sub.2.)]
PAR  The carboxylic acids of the formula
      ##SPC5##
PAL  (i.e. 4-methylene-5-hexenoic acid or 4-methyl-3,5-hexadienoic acid) may be
      obtained from the primary products of the ozonization by treatment with an
      oxidizing agent, for example, potassium permanganate, hydrogen peroxide,
      peracids, chromic acid, oxygen (catalyzed by manganese or silver salts),
      silver oxide, peracids (e.g. perbenzoic acid, peracetic acid), etc. Using
      aluminum hydrides (such as, for example, lithium aluminum hydride), the
      acids Ic can be reduced directly or, if desired, in the form of their
      esters, to the corresponding alcohols in a known manner. Likewise, the
      acids Ic may be converted via the acid chlorides into the amides (e.g. the
      corresponding N-methyl anilides or N,N-dimethyl amides) which, as is
      known, can be transformed into the corresponding aldehydes of formula Ib
      under the influence of aluminum hydrides (such as, for example, of
      diisobutyl aluminum hydride or lithium diethoxy aluminum hydride). The
      esters derived from the acids Ic may also be directly converted into the
      aldehydes of formula Ib at lower temperatures.
PAR  The alcohols, aldehydes or carboxylic acids of formulae Ia, Ib or Ic which
      are obtained by ozonization of the trienes II and by subsequent reductive
      or oxidative cleavage of the ozonization products, as well as the triene
      acetals (IV-1 and IV-2) and triene aldehydes (V-1 and V-2) are new
      compounds which may be used as intermediate products for the manufacture
      of compounds with orange aroma, especially for the manufacture of the
      .beta.-sinensal occurring in orange oil (Citrus sinensis) (trans
      .beta.-sinensal: 2,6-dimethyl-10-methylene-2t,6t,11-dodecatrienal), of
      isomers thereof (cis .beta.-sinensal, cis and trans .alpha.-sinensal), as
      well as of analogues such as, for example, the corresponding alcohols or
      acid esters which are likewise distinguished by particular aromas (citrus
      fruit flavors), on the basis of which the compounds can be used for the
      aromatization, for example, of drinks.
PAR  .beta.-Sinensal and its isomers (VII), as well as the corresponding alcohol
      and acid ester analogues, XII and XI, respectively, may be used to impart
      orange flavor in drinks by incorporation therein in very small amounts,
      e.g. from 1/2 to 5 parts per million. These flavorants may be used in
      conventional manner, for example, in the manner in which the known
      flavorant, aldehyde C-10, is used.
PAR  The aldehyde Ib-1 obtainable from myrcene, or the corresponding alcohol
      Ia-1, may be converted into cis and trans .beta.-sinensal in accordance
      with the following schemes:
      ##SPC6##
      ##EQU1##
      Scheme A: Myrcene (II-1) is converted into the aldehyde Ib-1
      (4-methylene-5-hexen-1-al) by ozonisation and subsequent mild reductive
      cleavage of the ozonisation product. The aldehyde thus obtained is reacted
      with a phosphorane of general formula III [wherein Ph represents a phenyl
      group and each R.sup.1 signifies a lower alkyl group which can also be
      linked with each other to form a lower alkylene group (e.g. ethylene)] in
      a Wittig reaction to give a triene acetal of general formula IV-1. Formula
      IV-1 includes the trans isomer IVa-1 and the cis isomer IVb-1.
PAR  The manufacture of the phosphorane III (as also of the phosphoranes
      additionally mentioned hereinafter) and the reaction with the carbonyl
      compenent Ib-1 can be effected according to the methods of the Wittig
      reaction which are known per se (see, for example, Angewandte Chemie 71
      (1959), 260). In doing so, one conveniently proceeds in such a way that
      the carbonyl component is added to a freshly prepared solution or
      suspension of the phosphorane.
PAR  Thereupon, [if desired after separation of the mixture of the cis and trans
      isomers (e.g. by means of preparative gas chromatography)] the triene
      acetal IV-1 or the isomer triene acetal IV-2 obtained from ocimene
      ##EQU2##
      wherein R.sup.1 has the same meaning as above, is hydrolysed to the
      corresponding triene aldehyde of the formula
      ##EQU3##
      (including the trans isomer Va-1 and the cis isomer Vb-1) or to the triene
      aldehyde of formula
      ##EQU4##
      The hydrolysis of the acetals IV-1 and IV-2 to the aldehydes V-1 and V-2
      can be brought about according to the usual methods of acetal
      saponification.
PAR  Finally, the triene aldehyde V-1 or V-2 is reacted, again according to
      Wittig, to give the tetraene aldehyde of the general formula VII-1 or
      VII-2:
      ##EQU5##
      by reaction with a phosphorane VI. Formula VII-1 includes the trans isomer
      VIIIa-1 (natural .beta.-sinensal) and the cis isomer VIIb-1.
PA1  Scheme B: Myrcene (II-1) is converted by ozonisation and subsequent
      energetic reductive cleavage of the ozonisation product into the alcohol
      Ia-1 (4-methylene-5-hexen-1-ol). After transformation into the phosphorane
      VIII-1, this is reacted with the ketone acetal IX in a Wittig reaction to
      give the triene acetal IV-1 which, as shown in scheme A, can then be
      worked up to give .beta.-sinensal. By using ocimene as starting material
      the isomeric triene acetal IV-2 can be obtained similarly.
PAR  The transformation of the alcohol Ia-1 into the phosphorane VIII-1 can, for
      example, be undertaken in such a way that the alcoholic hydroxyl group is
      exchanged for an iodine atom and the 6-iodo-3-methylene-1-hexene obtained
      is reacted with triphenyl-phosphine to give the corresponding phosphonium
      iodide which, after treatment with a strong base such as butyl-lithium,
      can then proceed to the reaction with the ketone acetal IX.
PA1  Scheme C: The phosphorane VIII-1 which is obtainable in accordance with
      scheme 3 is reacted according to Wittig with the ketone ester of general
      formula X (wherein R.sup.2 signifies a lower alkyl group) to give the
      tetraene ester XI-1, this ester is reduced to the corresponding tetraene
      alcohol XII-1 according to methods known per se (e.g. with lithium
      aluminium hydride), and the alcohol obtained is oxidised to the
      corresponding tetraene aldehyde VII-1 (.beta.-sinensal) according to
      methods known per se (e.g. with manganese dioxide).
PA1  Scheme D: The triene aldehyde V-1 obtained according to Scheme A and B is
      reacted according to Wittig with the phosphorane XIII (wherein R.sup.2 is
      a lower alkyl group) to give the tetraene ester XI-1 and this is worked up
      according to Scheme C to give the tetraene aldehyde VIII-1.
PAR  In an analogous manner the isomeric triene aldehyde V-2 can be converted to
      the tetraene ester XI-2
      ##EQU6##
      and this worked up via the tetraene alcohol XII-2
      ##EQU7##
      to the tetraene aldehyde VII-2.
PAR  The following Examples illustrate the invention, all temperatures being
      given in degrees centigrade.
PAC  EXAMPLE 1
PAR  73.5 mmol of ozone are introduced within approximately 3 hours into a
      solution, cooled to -80.degree., of 10 g (73.5 mmol) of myrcene in 50 ml
      of methanol. The still cold solution is then briefly flushed with nitrogen
      and treated with 6.8 g (110 mmol) of dimethyl sulphide. The cooling-bath
      is thereupon removed and the reaction mixture allowed to warm up. After
      approximately 1.5 hours, the mixture is concentrated to approximately 1/3
      of the volume by means of a rotary evaporator (bath-temperature maximum
      30.degree.). The residue is taken up in ether and the solution thoroughly
      shaken twice with water. The solution is dried over sodium sulphate, freed
      from ether and the residue is distilled at water-jet vacuum. There are
      obtained 6 g (74% theoretical) of 4-methylene-5-hexen-1-al, boiling point
      50.degree.-55.degree./11 mm, IR-bands at 2700, 1750, 1600, 905
      cm.sup..sup.-1.
PAC  EXAMPLE 2
PAR  1.51 g (3.0 mmol) of finely powdered
      (4-ethylenedioxybutyl)-triphenyl-phosphonium iodide are suspended in 10 ml
      of tetrahydrofuran and treated dropwise with a solution of 4.5 mmol of
      butyl-lithium in hexane. The solution turns red as the phosphonium iodide
      goes into solution as (4-ethylenedioxy-butylidene)-triphenyl-phosphorane.
      After approximately 10 minutes, 0.25 ml (4.5 mmol) of methyl iodide are
      added to this solution, which thereby becomes lighter, and the
      (4-ethylenedioxy-1-methylbutyl)-triphenyl-phosphonium iodide which is
      formed partially precipitates as an oil. After 10 minutes, 3.0 mmol of
      butyl-lithium in hexane are added dropwise and the solution thereby again
      becomes dark red.
PAR  After 10 minutes there are added 330 mg (3.0 mmol) of 4-methylene-5-hexenal
      (Ib-1) dissolved in 1 ml of tetrahydrofuran to the solution containing the
      phosphorane III (R.sup.1 +R.sup.1 =ethylene). The solution subsequently
      partially decolourises and after 30 minutes, 100 mg of sublimed potassium
      tertbutylate are added. The mixture is stirred for a further 1.5 hours,
      then taken up in pentane and the insoluble portion which separates out is
      decanted off. The pentane extract is subsequently washed with water until
      neutral and dried over sodium sulphate. After removal of the solvent, the
      residue is distilled. There are thus obtained 421 mg (63%) of a cis-trans
      isomer mixture of the triene acetal IV-1 (R.sup.1 +R.sup.1 =ethylene) in
      the form of an oil with a boiling point 160.degree./0.1 mm; n.sub.D.sup.20
      = 1.4930. IR-bands at 1600 m, 1145 s, 900 s cm.sup..sup.-1.
PAR  The ratio of the trans isomer IVa-1 (4-methyl-8-methylene-4t,9-decadienal
      ethylene acetal) to the cis isomer IVb-1
      (4-methyl-8-methylene-4c,9-decadienal ethylene acetal) amounts to ca 1:1.
      The isomer mixture may be separated by means of gas-chromatography.
PAR  The (4-ethylenedioxy-butyl)-triphenyl-phosphonium iodide (melting point
      172.degree.-177.degree.) used in this example can be obtained as follows:
      4-chlorobutyric acid chloride is reduced to 4-chlorobutanal according to
      Rosenmund, the aldehyde is acetalised with ethyleneglycol, the product
      obtained thereby is converted with sodium iodide into the ethylene acetal
      of 4-iodobutanal and the latter is reacted with triphenyl-phosphine.
PAC  EXAMPLE 3
PAR  146 mg (0.65 mmol) of the triene ethylene acetal of formula IV-1 (cis-trans
      isomer mixture) are dissolved in 3.7 ml of dioxan and 1.2 ml of 0.1-N
      sulphuric acid. The solution is boiled at reflux for 2 hours, the reaction
      product is taken up in ether, this solution washed until neutral with
      sodium bicarbonate solution and dried over sodium sulphate. After removal
      of the solvent, the oily residue is distilled. There are thus obtained 97
      mg (83%) of a cis-trans isomer mixture of the triene aldehyde
      V-1,4-methyl-8-methylene-4,9-decadienal, of boiling point 100.degree./0.1
      mm.
PAR  In an analogous manner, the pure cis and trans isomers IVb-1 and IVa-1
      (obtained from the isomer mixture IV-1 by means of preparative gas
      chromatography) are saponified to the cis isomer Vb-1
      (4-methyl-8-methylene-4c,9-decadienal) and to the trans isomer Va-1
      (4-methyl-8-methylene-4t,9-decadienal) respectively. n.sub.D.sup.20 value
      and IR spectrum of the two isomers obtained are identical: n.sub.D.sup.20
      = 1.4909; IR-bands at 2700 m, 1725 s, 1600 m, 900 s cm.sup..sup.-1.
PAC  EXAMPLE 4
PAR  175 Mg (0.98 mmol) of the trans triene aldehyde Va-1
      (4-methyl-8-methylene-4t,9-decadienal) and 318 mg (1.0 mmol) of the
      phosphorane VI, (.alpha.-formyl-ethylidene)-triphenyl-phosphorane, are
      dissolved in 5 ml of benzene. The solution is boiled at reflux for 40
      hours, the benzene is thereupon removed by vacuum, the residue is treated
      with pentane, the phosphine oxide precipitates this way and is filtered
      off and the pentane is again evaporated from the filtrate. The residual
      oil is distilled. There are thus obtained 161 mg (75%) of
      gas-chromatographically pure trans .beta.-sinensal VIIa-1
      (2,6-dimethyl-10-methylene-2t,6t,11-dodecatrienal) of the approximate
      boiling point 100.degree./0.1 mm; n.sub.D.sup.20 = 1.0577; IR-bands at
      1700 s, 1600 w, 900 s cm.sup..sup.-1.
PAR  In a corresponding manner, there are obtained by reaction of 158 mg (0.89
      mmol) of the cis triene aldehyde Vb-1 with 290 mg (0.91 mmol) of the
      phosphorane VI 157 mg (81%) of cis .beta.-sinensal VIIb-1 of the
      approximate boiling point 100.degree./0.1 mm; n.sub.D.sup.20 = 1.5078;
      IR-bands at 1700 s, 1600 w, 900 s cm.sup..sup.-1.
PAR  The phosphorane VI (melting point 220.degree.-222.degree.) can be obtained
      as follows: Ethyl iodide is reacted in benzene with triphenyl-phosphine to
      give ethyl-triphenyl-phosphonium iodide, and this is brought to reaction
      with butyl-lithium and formic acid methyl ester.
PAC  EXAMPLE 5
PAR  110 ml of ozone are led into a solution of 15 g (110 mmol) of myrcene in
      150 ml of ethanol (or methanol) cooled to -80.degree. in the course of
      about 4 hours. The solution is then briefly flushed with nitrogen, in
      order to expel excess ozone. A solution of 2.1 g (55.5 mol) of sodium
      borohydride in 100 ml of methanol/water (1:1) is thereupon rapidly added
      dropwise at 0.degree. and the mixture is then allowed to react at room
      temperature for 1-2 hours. The solution is thereupon concentrated to 1/3
      of the volume at the rotary evaporator (bath-temperature
      40.degree.-50.degree.), the residue taken up in ether, the ether solution
      thoroughly shaken twice with 1-molar acetic acid, washed neutral, dried
      over sodium sulphate and the ether evaporated off. After fractional
      distillation, there are obtained 5.8 g (48%) of gas-chromatographically
      pure 4-methylene-5-hexen-1-ol of boiling point 73.degree.-75.degree./11
      mm; n.sub.D.sup.20 = 1.4790; IR-bands at 3350 s, 1605 m, 900 s
      cm.sup..sup.-1.
PAC  EXAMPLE 6
PAR  10 G (89 mmol) of 4-methylene-5-hexen-1-ol and 22 g (116 mmol) of tosyl
      chloride are dissolved in 50 ml of pyridine. The mixture is allowed to
      react at 50.degree. for 1 hour. The reaction product is poured onto a
      mixture of ice and 80 ml of concentrated hydrochloric acid and the
      resulting mixture extracted with ether. The ether extracts are again
      thoroughly shaken once each with 1-N hydrochloric acid and with 1-N soda
      solution. After having been washed neutral with water, the ether solution
      is dried over sodium sulphate. After evaporation of the ether
      (bath-temperature 40.degree.-50.degree., ca. 300 mg Hg), there remain
      approximately 12 g of a crude mixture of the corresponding diene tosylate
      and diene chloride (6-chloro-3-methylene-1-hexene). The chloride may be
      purified by distillation (boiling point 46.degree./1 mm; n.sub.D.sup.20 =
      1.4771), but the tosylate is thereby decomposed. For this reason, the
      tosylate-chloride mixture is converted as such into the iodide.
PAR  The tosylate-chloride mixture is dissolved in a suspension of 250 ml of
      acetone and 80 g (534 mmol) of sodium iodide and boiled at reflux
      temperature with stirring for 16 hours. Ca 200 ml of acetone are
      thereafter distilled off. The residue is taken up in water/ether. The
      ether extracts are thoroughly shaken, once with sodium thiosulphate
      solution and once with water. After having been dried over sodium
      sulphate, the ether is evaporated off. Fractional distillation yields 2
      fractions:
PA1  1. Boiling point 50.degree.-68.degree./11 mm; 4.1 g; n.sub.D.sup.20 =
      1.4786 (mainly chloride)
PA1  2. Boiling point 68.degree.-76.degree./11 mm; 4.0 g; n.sub.D.sup.20 =
      1.5321 (iodide with trace of chloride)
PAR  6 G (27 mmol) of 6-iodo-3-methylene-1-hexene and 14 g (53 mmol) of
      triphenyl-phosphine are dissolved in 10 ml of benzene. The mixture is
      allowed to react at 60.degree. for 24 hours. The
      (4-methylene-5-hexenyl)-triphenyl-phosphonium iodide which crystallizes
      out after this time is filtered off by suction, washed with benzene and
      dried. Yield 10.9 g (84%); melting point 146.degree..
PAR  The 6-Iodo-3-methylene-1-hexene can also be obtained from
      4-methylene-5-hexen-1-ol as follows:
PAR  2.02 G (4.5 mmol) of methyl-triphenyloxyphosphonium iodide are dissolved in
      3 ml of absolute methylene chloride and treated at 0.degree. with 0.5 g
      (4.5 mmol) 4-methylene-5-hexen-1-ol (dissolved in 0.6 ml of methylene
      chloride). After 10 minutes, the mixture is heated and then boiled at
      reflux temperature for 3 hours. There are thus obtained 333 mg of
      gas-chromatographically pure 6-iodo-3-methylene-1-hexene with
      n.sub.D.sup.20 = 1.5478; IR-bands at 1600 m, 900 s cm.sup..sup.-1.
PAC  EXAMPLE 7
PAR  11.4 g (2.3 mmol) of (4-methylene-5-hexenyl)-triphenylphosphonium iodide
      are suspended in 80 ml of absolute tetrahydrofuran and 20 ml of absolute
      ether. 19.4 ml of 1.2-N butyl-lithium solution (= 2.5 mmol of
      butyl-lithium) in hexane are added to the suspension at -20.degree.. The
      solution thereby turns red. After 30 minutes the solution is cooled to
      -60.degree. and treated with 4.5 g (2.6 mmol) of 4-oxo-pentanal diethyl
      acetal (IX: R.sup.1 = C.sub.2 H.sub.5), whereby the red solution
      decolourises. The mixture is subsequently stirred at room temperature for
      a further 3.5 hours, then poured onto ice-water and extracted with hexane.
      After drying over sodium sulphate, the hexane is evaporated off. The
      residual oil is chromatographed on the 10-fold amount of aluminium oxide.
      Through elution with benzene, there are obtained 2.6 g of thin layer
      chromatographically uniform material and therefrom, after distillation,
      2.4 g (40%) of an oil of boiling point  90.degree./0.1 mm. On the basis of
      a gas-chromatographic analysis, this product is a cis/trans isomer mixture
      (2:1) of the triene acetal IV-1 (R.sup.1 = C.sub.2 H.sub.5). IR-bands at
      1600 m, 900 s cm.sup..sup.-1.
PAC  EXAMPLE 8
PAR  2.0 G (8.0 mmol) of cis/trans trieneacetal IV-1 (R.sup.1 =C.sub.2 H.sub.5)
      are dissolved in 25 ml of dioxan and 8 ml of 0.1-N sulphuric acid. The
      solution is allowed to stand at room temperature for 3 hours. It is
      neutralised by addition of solid sodium bicarbonate and the product is
      extracted with ether. After drying the ether extract over sodium sulphate,
      evaporation of the solvent and distillation of the residue, there are
      obtained 1.1 g (77%) of cis/trans triene aldehyde V-1 of boiling point
      100.degree./0.1 mm; n.sub.D.sup.20 = 1.4831; IR-bands at 1730 s, 1600 m,
      900 s cm.sup..sup.-1.
PAC  EXAMPLE 9
PAR  4 G (8.3 mmol) of finely powdered and well dried
      (4-methylene-5-hexenyl)-triphenyl-phosphonium iodide are suspended in 24
      ml of absolute tetrahydrofuran and 8 ml of absolute ether and treated at
      -20.degree. with 6.8 ml of 1.2-M (8.2 mmol) butyl-lithium solution in
      hexane, whereby the characteristic red colouration rapidly appears. After
      having reacted for 30 minutes at -20.degree., the solution is cooled to
      -70.degree. and then treated with 1.52 g (8.3 mmol) of 6-oxo-2-heptenoic
      acid ethyl ester X-1 (R.sup.2 =C.sub.2 H.sub.5). Very rapid
      decolourisation of the solution is thereby effected. The mixture is
      allowed to reach room temperature and stirred for a further 2.5 hours,
      then poured onto ice/water and extracted with ether. After drying over
      sodium sulphate, the solvent is evaporated off. There remain 3.7 g of a
      crude oil which, for the purpose of purification, is subjected to
      chromatography on the four-fold amount of silica gel (Merck  0.2-0.5). 1.3
      g of the ester XI (thin layer-chromatographically pure)(R.sup.2 =C.sub.2
      H.sub.5), namely 2,6-dimethyl-10-methylene-2,6,11-dodecatrienoic acid
      ethyl ester, are eluted with benzene. By a distillation of this product
      there are obtained 895 mg (41%) of this ester with n.sub.D.sup.20 =
      1.4938. On the basis of gas-chromatographic analysis, this is an
      approximately 1:1 mixture of the 6-cis and the 6-trans isomers
      (2,6-dimethyl-10-methylene-2t,6c,11-dodecatrienoic acid ethyl ester and
      2,6-dimethyl-10-methylene-2t,6t,11-dodecatrienoic acid ethyl ester).
PAR  IR-bands at 1705 s, 1650 w, 1600 w, 900 s cm.sup..sup.-1.
PAR  The cis/trans isomer mixture can be separated gas-chromatographically. Cis
      isomer: n.sub.D.sup.20 = 1.4942; trans isomer: n.sub.D.sup.20 = 1.4946.
PAC  EXAMPLE 10
PAR  33 Mg (0.25 mmol) anhydrous aluminium chloride and 31 mg (0.78 mmol) of
      lithium aluminium hydride are suspended in 1 ml of absolute ether. To this
      suspension there are added at -80.degree., with the exclusion of moisture,
      90 mg (0.34 mmol) of the cis/trans ester XI-1 obtained in accordance with
      Example 9 in a little ether. The reaction mixture is stirred at
      -30.degree. for 15 minutes, subsequently again cooled to -80.degree. and
      then treated with about 0.5 ml of methanol. The mixture is poured onto
      ice/0.1-N hydrochloric acid and extracted with ether. The ether solution
      is washed neutral with water and dried over sodium sulphate. The oil
      remaining after evaporation of the ether is distilled. There are thus
      obtained 58 mg (76%) of the colourless, gas-chromatographically pure
      cis/trans alcohol XII-1
      (2,6-dimethyl-10-methylene-2t,6c/t,11-dodecatrienol). IR-bands at 3300 s,
      1600 m, 900 s cm.sup..sup.-1. Boiling point approximately 100.degree./0.1
      mm.
PAC  EXAMPLE 11
PAR  40 Mg (0.18 mmol) of the cis/trans alcohol XII-1 obtained in accordance
      with Example 10 are added to a suspension of 140 mg of manganese dioxide
      in 1 ml of hexane. The mixture is stirred in a nitrogen atmosphere at room
      temperature for 21 hours, subsequently filtered and the filtrate freed
      from hexane. By distillation of the residue, there are obtained 19 mg
      (48%) of colourless, gas-chromatographically pure cis/trans aldehyde VII-1
      (2,6-dimethyl-10-methylene-2t,6c/t,11-dodecatrienal) of boiling point
      approximately 100.degree./0.1 mm; IR-bands at 1695 s, 1650 m, 1600 m, 900
      s cm.sup..sup.-1.
PAC  EXAMPLE 12
PAR  1 G (5.6 mmol) of trans triene aldehyde Va-1
      (4-methyl-8-methylene-4t,9-decadienal) are added to a suspension,
      previously cooled to -20.degree., of 3.3 g (9.1 mmol) of
      (.alpha.-carbethoxyethylidene)-triphenyl phosphorane in 12 ml of absolute
      methylene chloride, whereupon the reaction mixture is allowed to stand for
      30 hours at -20.degree.. After removal of the solvent through vacuum,
      hexane is added, the precipitated phosphine oxide is filtered off and the
      filtrate is concentrated. The residue is distilled in a bulb tube. There
      are thus obtained 1.25 g (77%) of tetraene ester XI-1
      (2,6-dimethyl-10-methylen-2t,6t,11-dodecatrienoic acid ethyl ester) in the
      form of a colourles oil of b.p. 100.degree./0,1 mm; IR-bands at 1720 s,
      1650 w, 1600 w, 900 s cm.sup..sup.-1.
PAC  EXAMPLE 13
PAR  37 Mmol of ozone are passed in the course of 80 minutes through a solution,
      previously cooled to 31 80.degree., of 5 g (37 mmol) of ocimene in 50 ml
      of methanol. The reaction mixture is thereafter briefly flushed with
      nitrogen. A solution of 700 mg (19 mmol) of sodium borohydride in 20 ml of
      methanol/water is then added dropwise at 0.degree.. The mixture is allowed
      to react at room temperature for 2 hours. The mixture is then concentrated
      to ca 1/3 of the volume at the rotary evaporator (bath
      35.degree.-40.degree./20 mm Hg). The residue is taken up in ether,
      thoroughly shaken with 1-N acetic acid and then again washed neutral with
      sodium bicarbonate solution. After drying the organic phase over sodium
      sulphate and evaporation of the ether, there remain 3.7 g of crude
      material which, after fractional distillation, yield 1.4 g (34%) of
      4-methyl-3,5-hexadien-1-ol of boiling point 80.degree.-81.degree./11 mm,
      n.sub.D.sup.20 = 1.4931. IR-bands at 3300 s, 1650 w, 1610 w, 900 s
      cm.sup..sup.-1.
PAR  The cis/trans isomer mixture of 4-methyl-3,5-hexadiene-1-ol may be
      resolved, e.g. by means of gas chromatography, into the pure cis and the
      pure trans isomer.
PAC  EXAMPLE 14
PAR  2.4 G (5.36 mmol) of triphenyl-phosphite-metho-iodide are dissolved in 4.5
      ml of methylene chloride and treated with 300 mg (2.68 mmol) of
      4-methyl-3,5-hexadien-1-ol (cis/trans) isomers mixture). The reaction
      mixture is refluxed for 15 minutes in a nitrogen atmosphere. It is
      subsequently diluted with ether, the ether layer washed three times with
      ice-cold 0.1N soda lye then twice with water and then dried over sodium
      sulfate. After removal of the solvent by vacuum an oil remains, which is
      purified by chromatography on 10 g of Silicagel (Merck 0.5-0.02). After
      elution of the column with hexane, there are obtained 480 mg (60%) of pure
      6-iodo-3-methyl-1,3-hexadiene of b.p. 90.degree./11 mm; n.sub.D.sup.20 =
      1.5656; IR-bands at 1650 m, 1610 m, 900 s cm.sup..sup.-1.
PAR  In an analogous manner, the pure cis and trans iodide can be obtained
      starting from the corresponding pure cis or trans isomer respectively.
PAR  The 6-iodo-3-methyl-1,3-hexadiene obtained is converted in analogy to the
      method described in Example 6 with triphenyl phosphine to the
      (4-methyl-3,5-hexadienyl)-triphenyl phosphonium iodide. Thereby the
      phosphonium salt of a) the cis/trans isomer mixture of m.p.
      113-120.degree.; b) the trans isomer of m.p. 126.degree.-135.degree.; c)
      the cis isomer of m.p. 102.degree.-110.degree., are obtained with a yield
      of about 90%.
PAC  EXAMPLE 15
PAR  The phosphonium iodide obtained
      (4-methyl-3,5-hexadienyl)-triphenyl-phosphonium iodide) is condensed in a
      Wittig reaction with 4-oxo-pentanal diethyl acetal (IX:R.sup.1 =C.sub.2
      H.sub.5) to the corresponding triene acetal
      (4,8-dimethyl-4,7,9-decatrienal diethylacetal). The reaction is carried
      out in an analogous manner to the Wittig reaction described in Example 7.
      Starting from pure cis and from pure trans phosphonium iodide, there is
      obtained, respectively, an approximately 7:3 mixture of .DELTA..sup.4
      -cis/trans, .DELTA..sup.7 -cis and of .DELTA..sup.4 -cis/trans,
      .DELTA..sup.7 -trans triene acetal. B.p. in the bulb tube about
      100.degree./0.1 mm; IR-bands at 1650 m, 1600 m, 895 s cm.sup..sup.-1. The
      isomers may be resolved by gas chromatography.
PAC  EXAMPLE 16
PAR  The obtained triene acetal is saponified to the corresponding triene
      aldehyde (4,8-dimethyl-4,7,9-decatrienal) in analogy to the process of
      Example 8. B.p. in the bulb tube about 90.degree./0.1 mm; IR-bands at 270
      m, 1740 s, 1650 m, 1600 m, 900 m cm.sup..sup.-1.
PAC  EXAMPLE 17
PAR  In analogy to the process described in Example 12, by a Wittig condensation
      of trans/trans triene aldehyde (4,8-dimethyl-4t,7t,9-decatrienal) with
      (.alpha.-carbethoxyethylidene)-triphenyl phosphoran (XIII: R.sup.2 =
      C.sub.2 H.sub.5) the corresponding all-trans tetraene ester
      (2,6,10-trimethyl-2t,6t,9t,11-dodecatetraenoic acid ethyl ester) is
      obtained. B.p. in the bulb tube about 100.degree./0.1 mm; IR-bands at 1715
      s, 1650 w, 1610 w, 896 m cm.sup..sup.-1.
PAC  EXAMPLE 18
PAR  By reduction of the obtained all-trans tetraene ester (2,6,10-trimethyl-2t,
      6t, 9t, 11-dodecatetraenoic acid ethyl ester) in analogy to the process
      described in Example 10, there is obtained the corresponding all-trans
      tetraene alcohol (2,6,10-trimethyl-2t, 6t, 9t, 11-dodecatetraenol). B.p.
      in the bulb tube about 100.degree.-110.degree./0,1 mm; IR-bands at 3350 s,
      1650 m, 1610 m, 995 m, 895 m cm.sup..sup.-1.
PAC  EXAMPLE 19
PAR  By oxidation of the obtained all-trans tetraene alcohol
      (2,6,10-trimethyl-2t, 6t, 9t, 11-dodecatrienol) in analogy to the process
      described in Example 11, there is obtained the corresponding all-trans
      tetraene aldehyde, .alpha.-sinensal (2,6,10-trimethyl-2t, 6t, 9t,
      11-dodecatrienal). B.p. in the bulb tube about 100.degree./0.1 mm;
      IR-bands at 1725 w, 1650 m, 1610 m, 995 m, 895 m cm.sup..sup.-1.
PAC  EXAMPLE 20
PAR  1,6 G of 4-methylene-5-hexen-1-al (see Example 1) are dissolved, together
      with 5,5 g of silver nitrate, in 14 ml of ethyl alcohol and 7 ml of water.
      49 Ml of 1 n sodium hydroxide are added to the solution and the mixture is
      shaken for 20 hours at room temperature. The silver and the silver oxide
      are filtered off and the filtrate is extracted with pentane. 240 Mg of the
      starting aldehyde are recovered. The aqueous phase is acidified with
      hydrochloric acid and extracted thrice with ether. The ether-extract is
      washed until neutral, dried and the solvent evaporated. Through a
      subsequent distillation in a bulb tube there are obtained 900 mg of a
      colorless oil; (50% of the theory); b.p. (bulb tube) of the
      4-methylene-5-hexaenoic acid 90.degree./0,1 mm, n.sub.D.sup.24,5 1,4752.
      IR-bands at 1715 s, 1600 m, 910 m.
PAR  Esterification of this product with diazomethane yields the corresponding
      methylester; b.p. (bulb tube) 85.degree./11 mm,
      n.sub.D.sup.24.sup..degree. 1,4605. IR-bands at 3000 s, 1740 s, 1640 w,
      1600 m, 1440 s, 900 s.
PAR  The foregoing illustrates the practice of this invention, which, however,
      is not to be limited thereby but is to be construed as broadly as
      permissible in view of the prior art and limited solely by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC7##
NUM  2.
PAR  2. A compound in accordance with claim 1, having the formula
      4-methylene-5-hexen-1-al.
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ABST
PAL  A process for the manufacture of aldehydes of the general formula
      ##EQU1##
      in which the symbols R.sub.1, R.sub.2 and R.sub.3 stand for hydrogen or
      organic radicals and in which at least two of these radicals are linked
      together by fragmenting a corresponding aziridine compound of the general
      formula
      ##EQU2##
      in which R.sub.1, R.sub.2 and R.sub.3 are as above and R.sub.4 to R.sub.7
      each represents hydrogen, an alkoxycarbonyl, cyano, nitro or sulphonyl
      group or an alkyl, alkenyl, cycloalkenyl or alkyl residue and two or more
      of these residues may be linked together with simultaneous evolution of
      nitrogen.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 856,478, filed Sept.
      9, 1969 (now abandoned). Application Ser. No. 679,200, filed Oct. 30, 1967
      discloses a process for the manufacture of .alpha.-oxo-.alpha.,.beta.
      -seco-.beta.(.gamma.)-acetylene compounds of the general formula
      ##EQU3##
      in which R.sub.1-3 and R.sub.0 each represents hydrogen or an organic
      residue and at least two of these residues are linked together,
      characterized in that  a compound of the general formula
      ##EQU4##
      in which R.sub.1-3 and R.sub.0 have the above meanings, X represents a
      diazonium residue or a residue which can be converted into a diazonium
      residue under the decomposition conditions, and Y  represents a residue
      convertible into an oxo group under the reaction conditions and by a
      possibly following hydrolysis, is decomposed with fragmentation and
      elimination of molecular nitrogen, and the resulting product, if desired,
      is hydrolyzed. The said specification describes more especially the
      fragmentation, accompanied by development of nitrogen of
      .alpha.,.beta.-oxido-.gamma.-carbonyl compounds of the formula
      ##EQU5##
      in which X' represents a nitrogenous derivative of an oxo group, such as
      the oximido group or a derivative thereof esterified or etherified on the
      oxygen, or a hydrazino group or  a derivative thereof substituted by a
      nucleofuge group, or an iminoaziridine group. This process is specially
      concerned with the manufacture of cycloaliphatic
      .alpha.-oxo-.alpha.,.beta.-seco-.beta.(.gamma.)-acetylene compounds and of
      .alpha.-oxo-.alpha.,.beta. -seco-steroid-.beta.(.gamma.)-ines.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based on the observation that the fragmentation of
      compounds of the formula II, in which R.sub.0 represents a hydrogen atom,
      can be achieved especially easily and with particularly good yields via
      the iminoaziridine derivatives.
PAR  Accordingly, the present invention provides a process for the manufacture
      of aldehydes of the general formula
      ##EQU6##
      in which R.sub.1-3 have the above meanings, which is characterized in that
      an iminoaziridine compound of the general formula
      ##EQU7##
      in which R.sub.1-3 have the above meanings and R.sub.4-7 each represents
      hydrogen, an alkoxycarbonyl, cyano, nitro or sulphonyl group or an alkyl,
      alkenyl, cycloalkyl or aryl residue, and two or more of these residues may
      be linked together,  is fragmented with development of nitrogen.
PAR  This fragmentation of the epoxy-iminoaziridine is accompanied by
      elimination of molecular nitrogen, splitting of the bond between carbon
      atoms .alpha. and .beta. and formation of a triple bond between carbon
      atoms .beta. and .gamma. and of an oxo group on carbon atom .alpha.,
      according to the general scheme
      ##EQU8##
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The starting materials to be used in the present process are derived from
      .alpha.,.beta.-epoxy-carbonyl compounds of the general formula
      ##EQU9##
      in which R.sub.1-3 each represents a hydrogen atom or an organic residue,
      preferably at least one of these symbols representing one of the following
      residues:
PA1  a. a saturated or unsaturated acyclic hydrocarbon residue, being a linear
      or branched carbon chain, possibly interrupted by hetero atoms, which may
      contain at least one functional group, or
PA1  b. a saturated or unsaturated mono- or polynuclear alicyclic hydrocarbon
      residue which may be nucleus-substituted, or
PA1  c. a mono- or polynuclear aromatic hydrocarbon residue which may be
      substituted on the nucleus, or
PA1  d. a mono- or polynuclear aralkyl or aralkenyl residue which may be
      nucleus-substituted, or
PA1  e. a saturated or unsaturated, mono- or polynuclear heterocyclic residue
      which may be nucleus-substituted
PAL  and at least two of the symbols R.sub.1-3 together may represent atomic
      groups which together with carbon atoms .alpha. and/or .beta. and/or
      .gamma. form saturated or unsaturated, mono- or polynuclear carbocycles or
      heterocycles which may be substituted on the nucleus.
PAR  The organic residues mentioned above may contain additional functional
      groups.
PAR  Preferred starting materials are, for example, compounds derived from the
      following .alpha.,.beta.-epoxyketones:
PA1  a. .alpha.,.beta.-Epoxycarbonly compounds containing a carbocycle or
      heterocycle which preferably contains 5 or more cyclic members, in which
      the epoxide group is attached to vicinal carbon atoms of the ring, of
      which one carries a hydrogen atom and the carbonyl group is in a
      side-chain in .alpha.-position to the epoxide group. The ring may be
      condensed on carbon atoms that do not belong to the epoxide group, with a
      further mono- or polycyclic carbocyclic and/or heterocyclic system. The
      ring or rings may contain substituents, for example hydrocarbon residues
      which may carry functional groups or be substituted by functional groups.
      The side-chain carrying the carbonyl group may be especially a hydrocarbon
      residue with one or several carbon atoms which may be interrupted by
      hetero atoms, for example oxygen, sulphur or nitrogen, it may contain one
      or several unsaturated carbon-to-carbon bonds and may carry in addition to
      the carbonyl group further functional groups. The starting materials
      derived from the said carbonyl compounds furnish on fragmentation
      according to the present process either open-chain compounds containing a
      carbonyl group and a triple bond, or cyclic compounds in which the newly
      formed carbonyl group and the triple bond are separately located in two
      side-chains. As examples of carbonyl compounds of this kind there may be
      mentioned the following:
PAR  1-(1-oxo-5-ethyl-hept-4-en-1-yl)-1,2-epoxy-cyclopentane,
PAR  1-propionyl-1,2-epoxy-cyclohex-4-ene,
PAR  1-formyl-1,2-epoxy-cyclooctane and epoxy-cedrenal.
PA1  b.  .alpha.,.beta.-Epoxyketones containing a carbocycle or heterocycle
      which preferably contains 8 or more cyclic members, in which the keto
      group is situated in the ring and the epoxide group exocyclically in a
      side-chain in .alpha.-position to the keto group. The ring may be
      condensed with a further mono- or polycyclic carbocycle and/or
      heterocycle. The ring or rings may contain substituents, for example
      functional groups or hydrocarbon residues which may carry functional
      groups. The side-chain containing the epoxide group may be primarily a
      hydrocarbon residue with 1 or more carbon atoms, which may be interrupted
      by hetero atoms, for example oxygen, sulphur or nitrogen, may contain one
      or several further unsaturated carbon-to-carbon bonds and functional
      groups. The starting materials derived from these carbonyl compounds
      furnish on fragmentation by the present process two scission products,
      namely a cyclic compound containing a triple bond, and an open-chain
      carbonyl compound. As an example of a cyclic ketone of this group
      2-benzyl-2,1'-epoxy-cyclopenta-decan-1-one may be mentioned.
PA1  c. .alpha.,.beta.-Epoxyketones with a carbocycle or heterocycle which
      preferably contains 5 or more cyclic members, in which the keto group as
      well as the epoxide group are located in the ring. The ring may be
      condensed on carbon atoms that belong neither to the epoxide group nor to
      the keto group with a further mono- or polycyclic carbocycle and/or
      heterocycle. The ring or rings may contain substituents, for example
      functional groups or hydrocarbon residues which may carry functional
      groups. The starting materials derived from carbonyl compounds of this
      group furnish on fragmentation according to the present process either
      open-chain compounds with an aldehyde group and a triple bond, or cyclic
      compounds in which the aldehyde group and the triple bond are located in
      two different side-chains. As examples of carbonyl compounds of this group
      the following compounds may be mentioned:
PAR  2-ethyl-2,3-epoxy-cyclopentan-1-one,
PAR  2-buytl-2,3-epoxy-cyclopentan-1-one,
PAR  2-pentyl-2,3-epoxy-cyclopentan-1-one,
PAR  2-hexyl-2,3-epoxy-cyclopentan-1-one,
PAR  2-heptyl-2,3-epoxy-cyclopentan-1-one,
PAR  2-(4-methyl-pent-3-en-yl-[1])-2,3-epoxy-cyclopentan-1-one,
PAR  2-decyl-2,3-epoxy-cyclopentan-1-one,
PAR  2-methyl-2,3-epoxy-cyclohexan-1-one and
PAR  2-(dec-4-en-yl[1])-2,3-epoxy-cyclohexan-1-one.
PAR  Starting materials derived from the carbonyl compounds of groups (a), (b)
      and (c) furnish by the present process acetylene compounds which may be
      used in a variety of ways as intermediates in the manufacture of
      technically valuable known and new compounds. Those acetylene compounds
      which simultaneously contain a carbonyl group may be converted into known
      or new aromas or flavours, for example by catalytic partial or total
      hydrogenation.
PAR  As preferred starting materials there may be further enumerated those which
      are derived from .alpha.,.beta. -epoxy-.gamma.-oxosteroids whose epoxide
      group is attached to vicinal carbon atoms of the steroid ring skeleton and
      whose .alpha.-carbon atom does not at the same time belong to two rings.
PAR  They belong especially to the androstane, pregnane, cholane, cholestane,
      spirostane, furostane or cardanolide series or their A-nor, A-homo, B-nor
      and/or B-homo derivatives or their 19-nor derivatives, for example to the
      oestranes and they contain the oxo group in one of the positions 1,2,3,4,
      15, 17 or 20. In the first place starting materials are used that are
      derived from 3-oxo-1,2-epoxy-steroids, 4-oxo-2,3-epoxy-steroids or from
      20-oxo-16,17-epoxy-steroids of the series referred to above.
PAR  Preferred starting materials are more especially those in which the
      residues R.sub.1 and R.sub.2 (formula V) are linked together. It goes
      without saying that with starting materials that give rise to extremely
      highly tensioned cyclic systems, for example to a cyclobutine or
      cyclohexine ring, the fragmentation of this invention cannot or can only
      restrictedly be carried out.
PAR  The iminoaziridine derivatives to be used as starting materials are derived
      from aminoaziridines of the general formula
      ##EQU10##
      in which at least one of the residues R.sub.4-7 represents a cycloalkyl
      residue, preferably the cyclopentyl, cyclohexyl or tetrahydronaphthalene
      residue, an aryl residue, such as a phenyl residues which may be
      substituted  20 by halogen atoms, such as chlorine or bromine atoms, or by
      lower alkyl such as methyl or ethyl or phenyl residues, for example the
      phenyl, p-chlorophenyl or biphenyl residue, or in which R.sub.4 or R.sub.5
      is linked with R.sub.6 or R.sub.7, for example through an alkylene residue
      with 3 to 5 carbon atoms, which may also carry a fused-on phenylene
      residue, and the others represent hydrogen atoms. Particularly suitable
      aminoaziridines are the 2-phenyl-aziridine, 2,3-diphenylaziridine or their
      p-chloro or p-bromo derivatives, the 2-tetrahydronaphthalene-,
      2,3-butylene(1',4')- or
      2,3-[2',3'-benzo-butylene(1',4')]-1-amino-aziridine.
PAR  The fragmentation according to this invention can be achieved thermally or
      photochemically, in certain cases even at room temperature. The reaction
      may be conducted in an organic solvent such as a hydrocarbon, mineral oil,
      ether, phenol, dimethylformamide or other dialkylformamide, or in
      dimethylsulphoxide.
PAR  In certain cases the decomposition and the fragmentation are extremely easy
      to achieve. Thus, it is possible for the starting materials often to
      decompose in the desired manner even under the conditions of their
      formation. Therefore, the present invention includes also those variants
      of the present process in which the starting materials are formed in situ.
PAR  Most of the compounds obtained by the process of this invention are known
      and have as such valuable industrial or physiological properties and may
      be used as they are for a variety of purposes or they may be used as
      starting materials or intermediates in the manufacture of known or new
      industrially valuable organic compounds.
PAR  The process of this invention may be applied in the most varied spheres of
      organo-chemical industry. For example, with the aid of this process it is
      possible to manufacture aldehyde-acetylene compounds which were in the
      past only accessible with difficulty.
PAR  Most of the starting materials used in the present process are new; they
      may be prepared by known methods. Thus, the aminoaziridines may be reacted
      with the epoxyketones in the usual manner to form the imino compounds. The
      aminoaziridines in turn are likewise accessible by known methods.
PAR  The following Examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  152 mg of 1,2-epoxy-1-propionyl-cyclohex-4-ene, 5 ml of ether, 162 mg of
      1-amino-2-phenylaziridine and 30 ml of glacial acetic acid are mixed at
      0.degree.C and stirred for 3 hours at 0.degree.C. The reaction solution is
      poured into a solution of sodium bicarbonate, taken up in ether, the
      ethereal solution is washed neutral with water, dried over sodium sulphate
      and the ether is evaporated, to yield 290 mg of a crude product whose
      infrared spectrum contains no C=O-band.
PAR  100 mg of this product are slowly heated in a ball tube under 11 mm Hg
      pressure. At about 118.degree.C decomposition sets in, becomes much
      stronger between 130.degree. and 140.degree.C and furnishes 45 mg of a
      distillate consisting of a 1:1-mixture of styrene and an aldehyde mixture.
      The latter consists mainly of non-2-en-6-in-1-al and little
      non-3-en-6-in-1-al, which are separated by gas chromatography.
PAR  The 1-amino-phenylaziridine usd as starting material may be prepared thus:
PAR  A solution of 45.6 g of phenylethyleneglycol in 110 ml of pyridine is
      slowly mixed at 0.degree.C with 56.4 ml of methanesulphonylchloride and
      then stirred overnight at 0.degree. to 5.degree.C. For working up the
      reaction mixture it is poured over a mixture of 500 g of ice and 150 ml of
      concentrated hydrochloric acid, then taken up in methylenechloride,
      agitated with sodium bicarbonate solution and repeatedly with sodium
      chloride solution; the methylenechloride solution is dried over sodium
      sulphate and the methylenechloride is evaporated, to yield 75.3 g of pure
      crude product which solidifies rapidly and is recrystallized from
      methylenechloride+hexane to furnish 63.3 g of phenyleneglycol dimesylate
      melting at 89.degree. - .SIGMA..degree.C. After repeated recrystallization
      from methylenechloride+hexane the melting point rises to 94.degree. -
      96.degree.C.
PAR  While cooling with ice under nitrogen 4.41 g of the resulting dimesylate
      are slowly added to 2.82 ml of anhydrous hydrazine; the batch is kept for
      2 days at room temperature, then the excess hydrazine and the styrene
      formed as a by-product are suctioned off under a high vacuum, and the
      residue is extracted with 5 portions of ether. Distillation in a ball tube
      furnishes 776 mg of 1-amino-2-phenylaziridine melting at 60.degree.C under
      0.01 mm Hg pressure.
PAR  Alternatively, 50 ml of hydrazine hydrate, 10 g of the dimesylate described
      above and 450 ml of pentane may be stirred for 20 hours at about
      20.degree.C under nitrogen, whereupon the pentane solution is separated
      and the hydrazine hydrate twice extracted with pentane. 2.2 ml of glacial
      acetic acid are then stirred into the combined pentane extracts, whereupon
      1-amino-2-phenylaziridine acetate settles out. It is kept for 2 hours at
      -18.degree.C, filtered and the residue is recrystallized from
      methylenechloride+ether+pentane. Yield: 67.6% of theory. The acetate thus
      obtained melts at 73.degree. - 74.degree.C.
PAC  EXAMPLE 2
PAR  115 mg of 1-formyl-1,2-epoxy-cyclopentane and 125 mg of
      7-amino-7-aza-bicyclo[4.1.0]heptane in 5 ml of ether and 1 drop of glacial
      acetic acid are stirred for 30 minutes at room temperature. The reaction
      solution is poured into a sodium bicarbonate solution, extracted with
      ether and the ethereal extract is twice agitated with sodium chloride
      solution, dried over sodium sulphate and evaporated, to yield 180 mg of a
      crude hydrazone which was not purified. The fragmentation is performed in
      the preparative gas chromatograph. Apiezone-L T.sup.col = 170.degree.
      injector temperature 245.degree.C. Fragmentation takes place immediately.
      20 mg of the hydrazone furnish about 3 mg of hex-5-in-1-al which is
      characterized by means of its infrared spectrum [bands at 3310, 2730,
      2115, 1723 cm.sup..sup.-1 ].
PAR  The 1-formyl-1,2-epoxy-cyclopentane used as starting material may be
      prepared thus:
PAR  972 mg of 1-formyl-cyclopent-2-ene in 6 ml of methanol are mixed with 1.56
      ml of perhydrol of 30% strength. The reaction mixture is kept for 21/4
      hours at a constant pH value of 8 by means of N-sodium hyroxide solution,
      during which the temperature rises to 47.degree.C. The reaction mixture is
      extracted with chloroform, the chloroform solution is agitated three times
      with ammonium sulphate solution, dried over magnesium sulphate and the
      chloroform is distilled through a Vigreux column. The simultaneous
      distillation of two exactly equal batches furnishes a total of 900 mg of
      1-formyl-1,2-epoxy-cyclopentane boiling at 36.degree.C under 11 mm Hg
      pressure.
PAR  7-Amino-7-aza-bicyclo[4.1.0]heptane may be prepared thus:
PAR  A solution of 17.4 g of hydroxyurethane in 300 ml of absolute ether is
      mixed at 0.degree.C within 30 minutes with 36.6 g of
      2-nitrobenzenesulphonylchloride; then a solution of 15.2 g of
      triethylamine in 250 ml of ether is added within 1 hour, the mixture is
      allowed to warm up to room temperature and stirred for 30 minutes at this
      temperature. The resulting suspension is agitated with 2 .times. 350 ml of
      N-hydrochloric acid and once with 350 ml of water, dried over sodium
      sulphate and concentrated in a rotary evaporator. The resulting crude
      product is recrystallized from methylenechloride+pentane. The resulting
      urethane melts at 87.degree. - 89.degree.C.
PAR  A solution of 12.8 g of 7 -aza-bicyclo[4.1.0]heptane in 20 ml of anhydrous
      methylenechloride is cooled to 0.degree.C and a solution of 18.4 g of the
      resulting urethane in 45 ml of anhydrous methylenechloride is dropped in
      within 3 hours; the reaction mixture is stirred for 1 hour at room
      temperature, diluted with methylenechloride and washed with 3 .times. 30
      ml of ice water. The methylenechloride solution is dried over sodium
      sulphate, substantially concentrated in a rotary evaporator and diluted
      with ether. The precipitate is filtered off, the filtrate concentrated and
      the resulting oil is twice chromatographed on silica gel (Merck, 0.05 -
      0.2 mm). A 1:1-mixture of benzene+ether elutes the urethane which distils
      at 80.degree. - 90.degree.C under 0.01 mm Hg pressure and melts at
      48.5.degree. - 52.5.degree.C.
PAR  925 mg of this urethane in 35 ml of 20% potassium hydroxide solution are
      heated for 1 hour at 100.degree.C, then cooled, and the reaction solution
      is saturated with sodium caustic potash and extracted 3 times with ether.
      The extracts are dried and concentrated in the cold. The residue is
      sublimed at room temperature under 0.04 mm Hg pressure, to yield
      colourless crystalline 7-amino-7-aza-bicyclo[4.1.0]heptane melting at
      48.degree. - 49.degree.C.
PAC  EXAMPLE 3
PAR  A mixture of 378 mg of 2-methyl-2,3-epoxycyclohexan-1-one, 442 mg of
      1-amino-2-phenylaziridine, 90 ml of glacial acetic acid and 10 ml of ether
      is stirred for 21/2 hours at 0.degree.C under nitrogen. The reaction
      solution is poured into an ice-cooled sodium bicarbonate solution, taken
      up in ether and the ethereal solution is repeatedly agitated with water,
      dried over sodium sulphate and evaporated, to yield 744 mg of a crude
      product which is chromatographed on 60times its own weight of silica gel.
PAR  303 mg of the resulting mixture are heated in a ball tube for 1 hour at
      150.degree.C under 60 mm Hg pressure, whereupon 217 mg of a colourless oil
      pass over, which is identified as a 1:1-mixutre of styrene and
      hept-5-in-1-al and is separated by preparative gas chromatography on
      Carbowax 20 M and Apiezone L. The 2,4-dinitrophenylhydrazone of the
      resulting aldehyde melts at 107.degree. - 108.degree.C. According to its
      IR, MS, NMR, melting point and mixed melting point the resulting aldehyde
      is identical with the hept-5-in-1-al prepared by a different method.
PAC  EXAMPLE 4
PAR  630 mg of 1-acetyl-1,2-epoxy-cyclopentane and 1.12 g of
      1-amino-2-phenylaziridine in 20 ml of ether are stirred for 3 hours at
      0.degree.C, then diluted with ether, agitated with sodium bicarbonate
      solution and sodium chloride solution, the ethereal solution is dried over
      sodium sulphate and evaporated.
PAR  303 mg of the resulting product are heated for 1 hour at 150.degree.C under
      60 mm Hg pressure, during which 227.5 mg of a colourless oil pass over
      which is separated by preparative gas chromatography into styrene and
      hept-5-in-1-al. This aldehyde is identical with the hept-5-in-1-al
      obtained in Example 3.
PAR  The 1-acetyl-1,2-epoxy-cyclopentane used in this Example may be prepared
      thus:
PAR  A solution of 11.02 g of 1-acetyl-cyclopent-1-ene in 50 ml of methanol is
      cooled to -10.degree.C and mixed with 28.8 ml of perhydrol within 5
      minutes. In the course of 1 hour, while stirring and cooling, 8.25 ml of
      6N-sodium hydroxide solution are added, the whole is stirred for 1/2 hour
      at room temperature, diluted with 125 ml of water and extracted with
      pentane. The pentane solution is washed neutral with sodium chloride
      solution and the pentane is distilled off through a Vigreux column. The
      residue is distilled under 10 mm Hg pressure, to yield
      1-acetyl-1,2-epoxy-cyclopentane passing over at 62.degree. - 63.degree.C.
PAC  EXAMPLE 5
PAR  A mixture of 560 mg of 2,3-epoxy-cyclohexanone, 1.067 g of
      1-amino-2-phenylaziridine and 20 ml of methylenechloride is stirred for
      21/2 hours at 0.degree.C, then poured out over ice, taken up in ether and
      the ethereal solution is agitated with sodium bicarbonate solution and
      with water, dried over sodium sulphate, evaporated and chromatographed on
      60times its own weight of silica gel. Elution furnishes a mixture of
      synand anti-iminoaziridine. 286 mg thereof are heated for 11/2 hours at
      140.degree.C under 60 mm Hg pressure, during which 182.2 mg of pyrolyzate
      pass over and, by preparative gas chromatography on Apiezone L furnishes
      in addition to styrene pure hex-5-in-1-al. Yield: 61.7% of theory.
PAC  EXAMPLE 6
PAR  Starting from the under-mentioned parent ketones and working as described
      in the preceding Examples there are obtained via the corresponding
      iminoaziridine the following aldehydes:
TBL  Starting ketone     Final product                                         
     ______________________________________                                    
     3.beta.-acetoxy-16.alpha. ,17-oxido-                                      
                     3.beta.-acetoxy-16-oxo-16,17-seco-.DELTA. .sup.5 -        
      20-oxo-.DELTA..sup.5 -pregnene                                           
                     pregnen-17(20)-ine; m.p.121-124.degree.C,                 
                     whose dimethylacetal melts at                             
                     132-133.degree.C                                          
     3-methoxy-16.alpha.,17.alpha.-oxido-20-                                   
                     3-methoxy-16-oxo-16,17-seco-                              
      oxo-.DELTA..sup.1,3,5(10) -19-nor-                                       
                     .DELTA..sup.1,3,5(10) -19-nor-pregnatriene-               
      pregnatriene   17(20)-ine [foam; IR bands at                             
                     3.42, 3.70, 5.81, 6.20, 6.30,                             
                     6.68, 8.10 and 9.67 .mu.)                                 
     1-oxo-2.alpha.,3-oxido-17.beta.-acet-                                     
                     3-oxo-17.beta.-acetoxy-2,3-seco-5.alpha.-                 
      oxy-5.alpha.-androstane                                                  
                     androst-1-ine; m.p. 110.degree.C                          
     cedrenal        1-(formylmethyl)-3-ethinyl-4,4,8-                         
                     trimethyl-bicyclo[3.3.0]-octane                           
     2-n-pentyl-cyclopent-2-en-                                                
                     dec-4-in-1-al, b.p 40-42.degree./0.001                    
      1-one          mm Hg                                                     
     2-hexyl-cyclopent-2-en-1-one                                              
                     undec-4-in-1-al, b.p. 105.degree./10 mm                   
     2-butyl-cyclopent-2-en-1-one                                              
                     non-4-in-1-al, b.p. 81-82.degree.C/10mm                   
     2-heptyl-cyclopent-2-en-1-one                                             
                     dodec-4-in-1-al, b.p. 56.degree.C/0.1 mm                  
     2-decyl-cyclopent-2-en-1-one                                              
                     pentadec-4-in-1-al, b.p. 88.degree.C/                     
                     0.001 mm Hg                                               
     2-ethyl-cyclopent-2-en-1-one                                              
                     hept-4-in-1-al, b.p. 88.degree.C/45 mm                    
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for the manufacture of an aldehyde of the formula
      ##EQU11##
      in which either R.sub.1 and R.sub.3 together represent alkylene with 2 or
      3 chain carbon atoms, or R.sub.2 and R.sub.3 together represent alkylene
      with 3 or 4 chain carbon atoms and the remaining R.sub.2 or R.sub.1 is
      hydrogen or lower alkyl, which comprises condensing a compound of the
      formula
      ##EQU12##
      wherein R.sub.1, R.sub.2 and R.sub.3 have the above meanings, with the
      aminoaziridine of the formula
      ##EQU13##
      in which R.sub.4, R.sub.5, R.sub.6 and R.sub.7 each represents a member
      selected from hydrogen, lower alkyl, lower alkenyl, lower cycloalkyl,
      phenyl, tetrahydronaphthyl or phenyl substituted by at least one halogen,
      lower alkyl or phenyl, or R.sub.5 and R.sub.6 together are alkylene with 3
      to 5 carbon atoms and R.sub.4 and R.sub.7 are hydrogen, at about room
      temperature and heating the condensation product to about 170.degree.
      until the evolution of molecular nitrogen ceases.
NUM  2.
PAR  2. Process as claimed in claim 1, wherein at least one of the radicals
      R.sub.4, R.sub.5 R.sub.6 and R.sub.7 stands for said cycloalkyl or phenyl
      radical and the other for hydrogen.
NUM  3.
PAR  3. Process as claimed in claim 1, wherein R.sub.4 stands for phenyl or
      phenyl substituted by at least one halogen, lower alkyl or phenyl and
      R.sub.5, R.sub.6 and R.sub.7 represent hydrogen.
NUM  4.
PAR  4. Process as claimed in claim 1, wherein R.sub.4 represents phenyl,
      P-chlorophenyl, p-bromophenyl or biphenyl and R.sub.5, R.sub.6 and R.sub.7
      represent hydrogen.
NUM  5.
PAR  5. Process according to claim 1, wherein R.sub.4 stands for phenyl and
      R.sub.5, R.sub.6 and R.sub.7 stand for hydrogen.
NUM  6.
PAR  6. Process according to claim 1, wherein R.sub.4 represents
      tetrahydronaphthyl and R.sub.5, R.sub.6 and R.sub.7 represent hydrogen.
NUM  7.
PAR  7. Process according to claim 1, wherein R.sub.5 and R.sub.6 represent
      phenyl, p-chloro-phenyl or p-bromo-phenyl and R.sub.4 and R.sub.7 stand
      for hydrogen.
NUM  8.
PAR  8. Process according to claim 1, wherein R.sub.5 together with R.sub.6 is
      alkylene having 3 to 5 carbon atoms and R.sub.4 and R.sub.7 represent
      hydrogen.
NUM  9.
PAR  9. Process according to claim 1, wherein R.sub.5 together with R.sub.6 is
      1,4-butylene and R.sub.4 and R.sub.7 represent hydrogen.
NUM  10.
PAR  10. Process as claimed in claim 1, wherein 1,2-epoxy-1-formyl-cyclopentane
      is used as starting material.
NUM  11.
PAR  11. Process as claimed in claim 1, wherein 1,2-epoxy-1-acetyl-cyclopentane
      is used as starting material.
NUM  12.
PAR  12. Process as claimed in claim 1, wherein
      2-methyl-2,3-epoxy-cyclohexan-1-one is used as starting material.
NUM  13.
PAR  13. Process as claimed in claim 1, wherein 2,3-epoxy-cyclohexanone is used
      as starting material.
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ABST
PAL  Methacrolein is prepared by the gaseous phase reaction of isobutene and
      oxygen, in the presence of new solid catalysts consisting of the elements
      tellurium, cerium, molybdenum, of one or more of the elements lithium,
      sodium potassium, rubidium, cesium and, in addition, of oxygen.
BSUM
PAC  THE PRIOR ART
PAR  It is known in the art to prepare unsaturated alpha-beta aldehydes from
      olefins and oxygen in the presence of different catalytic systems. In
      particular various catalytic systems have been disclosed for use in
      preparing methacrolein from isobutene and oxygen.
PAR  Among the catalytic systems previously proposed for use in preparing
      methacrolein from isobutene and oxygen are those disclosed in Italian Pat.
      No. 693,086, consisting of tellurium, molybdenum, cerium and oxygen having
      the structure of a polyether compound and comprising, optionally, besides
      the elements mentioned, vanadium.
PAR  A review of the relevant patent literature shows that the yields of
      methacrolein obtained with the prior art catalytic systems is, in general,
      lower than the yields obtainable in the preparation of acrolein.
PAR  Specific processes are known for obtaining methacrolein by the reaction of
      isobutene and oxygen in the presence of catalysts particularly selected
      for the purpose. However, even those processes are not entirely
      satisfactory in practice for the reason that the conversion of isobutene
      to methacrolein does not exceed, on the average, 60%, and the reaction
      product is accompanied by considerable quantities of by-products such as:
      acetaldehyde, acrolein, acetone, acetic acid, acrylic acid, and in
      consequence the purification of the reaction product for recovery of the
      methacrolein therefrom is burdensome and costly.
PAR  There is a need in the art for a process for obtaining high yields of
      methacrolein from isobutene and oxygen, not only to insure a low
      consumption of raw materials but, also, to reduce the amount of difficulty
      separable by-products formed.
PAC  THE PRESENT INVENTION
PAR  An object of this invention is to provide a process for obtaining high
      yields of methacrolein by reacting isobutene and oxygen in the presence of
      specifically new catalytic systems which are optimum for achieving that
      object.
PAR  That and other objects are accomplished by the process of this invention,
      in accordance with which excellent yields of methacrolein are obtained and
      the formation of difficultly separable by-products is inhibited, by
      reacting isobutene and oxygen in the gaseous phase in the presence of a
      catalyst consisting of the elements tellurium, and cerium, molybdenum, of
      at least one of the elements lithium, sodium, potassium, rubidium, and
      cesium and, in addition, oxygen, in relative amounts such that the atomic
      ratios of the elements correspond to the formula:
EQU  Me.sub.v Te.sub.x Ce.sub.y Mo.sub.12 O.sub.z
PAL  In which:
PA1  Me is one or more of the elements Li, Na, K, Rb, Cs;
PA1  v is a value from 0.3 to 18;
PA1  x is a value from 0.3 to 24;
PA1  y is a value from 0.3 to 21;
PAL  And z varies widely, corresponding to the quantity of oxygen bound to the
      other elements (expressed as oxides) in the oxidation states in which they
      exist in the catalyst defined by the empirical formula given.
PAR  For instance, if all of the elements are considered as oxides in their
      state of maximum valency, z will be comprised between 37.65 and 159.
      However, while it is conventional in this art to consider the elements
      specified in the formula as present in the form of oxides in their maximum
      state of valency, in calculating the value of z, that does not mean that
      all, or even any, of the elements making up the catalyst exist therein as
      oxides or as oxides in their maximum valency state, in practice.
PAR  The present catalysts do consist of the elements tellurium, cerium and
      molybdenum, and of at least one of the elements Li, Na, K, Rb, and Cs, and
      in addition, of oxygen, v, x, and y have the values stated, and the value
      of z can vary within wide limits depending on the amount of oxygen which
      is bound to the other elements in the actual oxidation states in which the
      other elements exist.
PAR  The reaction of isobutene and oxygen, which may be mixed with inert
      diluents such as nitrogen, steam, or the like, in contact with the present
      catalysts, is usually carried out at a temperature of from 350.degree.C to
      500.degree.C, for a contact time of from 0.1 to 10 seconds.
PAR  The catalysts used in the process of this invention are highly active even
      when used without a carrier. In practice, it is preferable to use the
      catalysts in combination with a carrier or support which may be any
      suitable material such as, for example, silica, alumina, silicon carbide
      (carborundum), silica-alumina, phosphates, silicates, borates, and
      carbonates, provided the carrier is stable under the reaction conditions
      to which the catalyst will be exposed.
PAR  The quantity of the active catalytic composition with respect to the weight
      of the carrier can vary over a wide range, depending on the
      characteristics of the carrier and the method of preparing the carried or
      supported catalyst.
PAR  The catalyst can be used in the form of a fixed or fluidized bed. In the
      latter case, which, as is known in general, has advantages as far as
      concerns thermal control of the reaction, the nature or character of the
      carrier and the method used for obtaining a microspheroidal catalyst
      having a suitable granulometric distribution are of particular importance.
PAR  Various techniques may be used for obtaining a microspheroidal catalyst.
      For example, such a catalyst can be obtained by spray-drying a solution or
      suspension of the carrier and components of the catalytically active
      composition, or by impregnating a preformed microspheroidal carrier with a
      solution of the catalytically active composition.
PAR  The catalyst can be prepared by methods which are known in general. More
      particularly, suitable procedures for preparing a supported catalyst
      according to the invention for use in the form of microspheroidal
      particles in a reactor comprising a catalytic fluidized bed are described
      in Italian Pat. Nos. 751,285 and 789,588.
PAR  As starting compounds for the preparation of the catalytic compositions of
      this invention there can be used the following compounds of alkaline
      metals: nitrates, oxides, hydroxides, carbonates, bicarbonates, nitrites,
      molybdates, and salts of oxyacids or of mono- or poly- carboxylic organic
      acids such as formates, oxalates, citrates and tartrates.
PAR  Depending on the method used for preparing the catalyst, the starting
      molybdenum compounds can be selected from among the ammonium molybdates,
      alkaline metal molybdates and molybidic anhydride.
PAR  The starting cerium compounds can be the nitrate or molybdoceric acid.
PAR  Tellurium can be introduced in the form of the oxide, telluric acid, or
      tellurium powder.
PAR  The catalysts can be prepared by known procedures, for instance those
      disclosed in the Italian Pat. Nos. 693,086 and 789,588.
PAR  Whatever method is used to prepare the catalytic composition, it is
      subjected to a final activation which consists in heating it in the
      presence of air at a temperature of from 350.degree.C to 750.degree.C,
      preferably from 450.degree.C to 650.degree.C.
PAR  Illustrative methods for preparing the catalytic composition are as
      follows:
PA1  1. An aqueous solution of the ammonium salt of cerimolybdic acid is mixed
      with a nitric solution of TeO.sub. 2 and the nitrate of the selected
      alkaline metal and with a commercial silica aerogel, and after evaporation
      of the solvent, the catalyst is extruded, dried and activated by heating,
      preferably at a temperature comprised between 450.degree.C and
      650.degree.C.
PA1  2. a nitric solution of telluric acid and cerium and alkaline metal
      nitrates is mixed with a silica gel and an aqueous solution of ammonium
      paramolybdate is added to the mixture, which is spray-dried to obtain the
      catalyst in the form of particles which are activated by heating thereof,
      preferably at a temperature comprised between 450.degree.C and
      650.degree.C.
PA1  3. an aqueous solution of ammonium paramolybdate is added to a nitric
      solution of telluric acid and cerium and alkaline metal nitrates, a silica
      carrier which may be microspheroidal is impregnated with the resulting
      solution which has a volume equal to the volume of the carrier, the
      product thus obtained in dried for 12 hours at 110.degree.C -
      120.degree.C, and is thereafter activated by heating, preferably at a
      temperature comprised between 450.degree.C and 650.degree.C.
PA1  4. metallic tellurium powder is added to an aqueous solution of ammonium
      paramolybdate under vigorous stirring, and then slowly, while hot, H.sub.2
      O.sub.2. Further H.sub.2 O.sub.2 is then added in the cold state and then
      HNO.sub.3 and the cerium nitrates and alkaline metal nitrates. The
      resulting solution, suitably diluted with water, is then used for
      impregnating a commercial silica according to the procedures previously
      indicated. The product is then dried and activated.
PA1  5. Ammonium paramolybdate is dissolved in an aqueous solution of H.sub.2
      O.sub.2 to thereby obtain an aqueous solution of ammonium permolybdate.
      Separately another solution, acidified by HNO.sub.3, is prepared by
      dissolving telluric acid, H.sub.2 TeO.sub.4. 2H.sub.2 O, alkaline metal
      nitrate and cerium nitrate. The solution of permolybdate is then slowly
      poured into the solution containing the tellurium, cerium and alkaline
      metal nitrates. The resulting solution, suitably diluted, is used for
      impregnating a commercial silica. The product is then dried and activated.
PAR  Using the catalysts of this invention, high yields of methacrolein are
      obtained with a very high conversion of the isobutene, up to 100%. These
      results must be ascribed to the fact that these new catalysts promote an
      oxidation process with a regular course and easily controllable as regards
      the reaction temperature and the contact times.
PAR  In the oxidation process of the isobutene to methacrolein according to this
      invention, air is preferably used, as an oxygen source.
PAR  As a diluent may also be used water vapour (steam), but this, from the
      point of view of the results of the reaction, does not offer the
      advantages claimed for some of the known processes of the prior art.
PAR  The reactants may be fed on the catalyst, already pre-heated at a
      temperature close to the reaction temperature or to room temperature, in
      which latter case said reactants will heat up rapidly in contact with the
      catalytic bed, whether it is a fixed or fluidized catalytic bed.
PAR  The reactants may be fed to the catalyst already either completely or
      partially pre-mixed or separately; the feeding of the separate reactants
      or partially pre-mixed reactants may in general be more conveniently
      applied to a fluidized bed reactor.
PAR  It is also possible to feed all the air and part of the olefin into the
      lower part of the reactor and to then feed the remaining quantity of
      olefin in at one or more higher points inside the catalytic bed.
PAR  When the reaction is conducted with the technique of the fixed catalytic
      bed, this latter may be prepared, as known, by placing the catalyst inside
      the pipes of a tube bundle reactor and by removing the reaction heat by
      means of suitable cooling fluids circulating externally of the pipes, and
      for instance, more commonly, by means of mixtures of molten salts. It is
      also possible to operate in a reactor consisting of several adiabatic
      reaction stages alternated with cooling zones for the reacting mixture.
PAR  The reaction can be conducted at a temperature comprised between
      350.degree. and 500.degree.C, but which is preferably comprised between
      380.degree. and 480.degree.C.
PAR  The contact time, expressed in seconds as the ratio between the volume of
      the catalytic bed and the volumes per second of the fed gaseous reactant
      mixture, measured under the average temperature and pressure conditions
      existing in the catalytic bed, may vary in relation to the temperature and
      to the nature of the catalyst, the nature of the catalytic bed, either
      fixed or fluidized, and in relation to the granulometric size of the
      catalyst; in general said contact time may be comprised between 0.1 and 10
      seconds. However, a preferred time range, corresponding to the most common
      practical conditions of use, is comprised between 0.2 and 6 seconds.
PAR  The total pressure under which the reaction is conducted is not
      particularly significant and thus may vary within wide limits, although it
      is partly suggested by economical considerations. In general, pressures
      near to atmospheric pressure and more particularly slightly above
      atmospheric pressure are used.
PAR  In the process of this invention there are used gaseous mixtures of
      reactants wherein the molar ratio 0.sub.2 /isobutene is comprised between
      1.0 and 10, preferably between 1.5 and 5.
DETD
PAR  The following examples are given to illustrate the invention and are not
      intended to be limiting.
PAC  EXAMPLE 1
PAC  A. Preparation of the catalyst
PAR  In 20 ml of distilled H.sub.2 O and 14 ml of a 30% H.sub.2 O.sub.2 (120
      vol.) were dissolved 38.40 g of (NH.sub.4).sub.6 Mo.sub.7 O.sub.24.
      4H.sub.2 O(ammonium paramolybdate.)
PAR  Separately, another solution was prepared by dissolving 16.50 g of H.sub.2
      TeO.sub.4. 2H.sub.2 O; 3.03 g of KNO.sub.3 and 39.10 g of Ce(NO.sub.
      3).sub.3. 6H.sub.2 O in 80 ml of H.sub.2 O and 20.00 g HNO.sub.3 at a 65%
      by weight concentration. The solution containing the molybdenum was then
      slowly poured into the solution containing the tellurium, the potassium
      and the cerium.
PAR  The resulting solution was then diluted with H.sub.2 O until a volume equal
      to the volume of the pores of the silica carrier was attained, and
      thereafter a quantity of commercial granular silica corresponding to 175 g
      of dry silica was impregnated with the diluted solution.
PAR  The product thus obtained was thereupon dried for 12 hours at 110.degree. -
      120.degree.C and then activated in air at 500.degree.C. The catalyst thus
      obtained contained about 75% by weight of SiO.sub.2. In the chemical
      combination of the catalyst the elements: Te, K, Ce and Mo are present in
      atomic ratios represented by the formula:
EQU  Te.sub.4 K.sub.1.65 Ce.sub.5 Mo.sub.12.
PAC  B. Process of oxidation
PAR  The oxidation reaction was carried out in a reactor loaded with the above
      mentioned catalyst in the form of a fixed bed. The reaction conditions and
      the results are reported in Table I (Ex. 1). Therein, for selectivity is
      meant the ratio:
      ##EQU1##
PAC  EXAMPLES 2 - 5
PAR  These examples were carried out with the same equipment as used in Example
      1.
PAR  The different catalysts used were characterized by different quantities of
      K as indicated in Table I (Exs. 2 - 5).
PAR  The reaction conditions and results are also reported in Table I.
PAC  EXAMPLES 6 - 10
PAR  These examples were carried out with the same equipment as used in Example
      1.
PAR  The different catalysts were characterized by the different quantities and
      quality of alkaline metals, as indicated in Table I (Exs. 6 - 10), which
      Table also shows the reaction conditions and the results.
PAC  EXAMPLES 11 - 18
PAR  The same equipment as was used in Example 1 was used.
PAR  The different catalysts, all of the empirical formula K.sub.1.65 Te.sub.4
      Ce.sub.5 Mo.sub.12, are characterized by different activation temperatures
      which are indicated in Table I (Exs. 11 - 18), as are the reaction
      conditions and the results.
PAC  EXAMPLES 19 - 20
PAR  These examples were carried out with the same equipment as that described
      in Example 1. The different catalysts were characterized by different
      ratios of the elements tellurium and cerium with respect to the
      molybdenum, as indicated in Table I.
PAR  Table I also shows the reaction conditions and the results.
PAC  EXAMPLE 21
PAR  The same catalyst as that of Example 1, tested for a prolonged period of
      time under the conditions indicated in Example 1, and, at the limit of 85
      hours, gave the following results:
TBL  Conversion of isobutene                                                   
                           92.2%                                               
     Selectivity: methacrolein                                                 
                           77.5%                                               
     Selectivity: CO + CO.sub.2                                                
                           22.5%                                               
     Yield in methacrolein 71.5%                                               
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Atomic ratios                                                             
             Activation                                                        
                     Reaction                                                  
                            Air/iC.sub.4 --                                    
                                  Contact                                      
                                       Conversion                              
                                             Selectivity  Yield                
     Active elements                                                           
             temperature of                                                    
                     Temperature  time in                                      
     of Catalyst                                                               
             Catalyst .degree.C                                                
                     .degree.C                                                 
                            v/v   seconds                                      
                                       iC.sub.4 --                             
                                             MAH CO   CO.sub.2                 
                                                          MAH                  
     __________________________________________________________________________
     K.sub.1.65 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     430    22    0.5  98.7  76.2                              
                                                 8.0  15.8                     
                                                          75.2                 
                                                              iC.sub.4 =       
                                                              isobutene        
      --Te.sub.4 Ce.sub.5 Mo.sub.12                                            
             500     430    22    0.5  100.0 59.4                              
                                                 14.4 26.2                     
                                                          59.4                 
                                                              MAH =            
     K.sub.1.65 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     430    22    0.5  98.7  76.2                              
                                                 8.0  15.8                     
                                                          75.2                 
                                                              methacro-        
                                                              lein             
     K.sub.3.30 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     430    22    0.5  93.6  78.5                              
                                                 6.0  15.5                     
                                                          73.5                 
     K.sub.4.95 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     425    22    1.0  94.5  75.5                              
                                                 7.0  16.5                     
                                                          71.5                 
     K.sub.1.65 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     430    22    0.5  98.7  76.2                              
                                                 8.0  15.8                     
                                                          75.2                 
     Li.sub.9.88 Te.sub.4 Ce.sub.5 Mo.sub.12                                   
             500     425    22    1.0  91.9  72.9                              
                                                 6.6  20.5                     
                                                          67.1                 
     Na.sub.7 Te.sub.4 Ce.sub.5 Mo.sub.12                                      
             500     455    23    0.5  90.8  73.9                              
                                                 5.2  20.9                     
                                                          67.0                 
     Rb.sub.3.5 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     470    24    0.5  93.5  67.4                              
                                                 11.3 21.3                     
                                                          63.0                 
     Cs.sub.2.5 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     450    22    0.5  97.6  73.8                              
                                                 9.1  17.1                     
                                                          72.0                 
     K.sub.1.65 Te.sub.4 Ce.sub.5 Mo.sub.12                                    
             500     430    22    0.5  98.7  76.2                              
                                                 8.0  15.8                     
                                                          75.2                 
     "       520     420    23    0.5  97.7  81.6                              
                                                 7.0  11.4                     
                                                          79.2                 
     "       540     430    23    0.5  96.8  78.3                              
                                                 6.5  15.2                     
                                                          75.8                 
     "       560     430    24    0.5  98.8  80.6                              
                                                 7.1  12.3                     
                                                          79.6                 
     "       580     430    22    0.5  94.1  80.7                              
                                                 7.5  11.8                     
                                                          75.8                 
     "       600     440    22    0.5  93.9  79.5                              
                                                 8.3  12.2                     
                                                          74.7                 
     "       650     435    22    2.5  99.1  67.2                              
                                                 13.8 18.4                     
                                                          65.9                 
     "       700     430    23    2.4  98.4  73.2                              
                                                 11.5 15.3                     
                                                          72.0                 
     K.sub.5 Te.sub.2 Ce.sub.5 Mo12                                            
             500     446    22    0.6  88.2  79.0                              
                                                 6.0  15.0                     
                                                          69.6                 
             500     433    21    0.5  89.0  77.4                              
                                                 4.7  18.0                     
                                                          69.0                 
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for obtaining methacrolein from isobutene by reaction thereof
      in a gaseous phase with oxygen or oxygen containing gaseous mixtures, at a
      temperature comprised between 350.degree. and 500.degree.C, characterized
      in that in said process there is used a catalytic system consisting of a
      chemical combination of the elements: tellurium, cerium, molybdenum, at
      least one element selected from the group consisting of Na, K, Li, Rb and
      Cs, and, in addition, of oxygen, the different elements being present in
      the catalytic system in atomic ratios represented by the following
      formula: Me.sub.v Te.sub.x Ce.sub.y Mo.sub.12 O.sub.z, wherein Me is Na,
      K, Li, Rb, Cs or mixtures thereof, v = 0.3 - 18, x = 0.3 - 24, y = 0.3 -
      21 and z corresponds to the quantity of oxygen bound to the other elements
      and corresponding to their state of oxidation in the catalyst.
NUM  2.
PAR  2. The process according to claim 1, in which the catalytic combination is
      supported on a silica carrier.
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ABST
PAL  Acetaldehyde is produced from ethane by contacting ethane in the absence of
      added chlorine or hydrogen chloride with a molten mixture of the higher
      and lower valent form of a multivalent metal chloride and the oxychloride
      of the metal, such as a mixture of cuprous chloride, cupric chloride and
      copper oxychloride, in the presence of ethylene and ethyl chloride and
      optionally also vinyl chloride. Acetaldehyde is produced with no net
      production of ethyl chloride and ethylene, and if vinyl chloride is
      present, no net production of vinyl chloride.
PARN
PAR  This is a division of application Ser. No. 183,788, filed Sept. 27, 1971
      now U.S. Pat. No. 3,869,518.
BSUM
PAR  This invention relates to the production of acetaldehyde. This invention
      further relates to the production of both acetaldehyde and vinyl chloride.
PAR  Acetaldehyde is generally produced by the oxidation of ethylene in the
      presence of a noble metal catalyst. Ethylene is a relatively expensive
      material, and it would be desirable to provide a process which is capable
      of producing acetaldehyde from ethane and/or ethylene.
PAR  An object of this invention is to provide a new and improved process for
      producing acetaldehyde.
PAR  Another object of this invention is to provide a process for producing
      acetaldehyde from ethane and/or ethylene.
DRWD
PAR  These and other objects of the invention should be more readily apparent
      from reading the following detailed description thereof with reference to
      the accompanying drawings wherein:
PAR  FIG. 1 is a simplified schematic flow diagram of a portion of an embodiment
      of the present invention; and
PAR  FIG. 2 is a simplified schematic flow diagram completing the embodiment of
      FIG. 1.
DETD
PAR  The objects of this invention are broadly accomplished by contacting a
      molten mixture of a multivalent metal chloride, in both its higher and
      lower valence state, and the oxychloride of the metal, with a gaseous feed
      of ethane and/or ethylene and either ethyl chloride or a mixture of ethyl
      chloride and vinyl chloride, the contacting being effected in the
      substantial absence of added chlorine or hydrogen chloride, to produce a
      reaction effluent which includes acetaldehyde. It has been found that the
      inclusion of ethyl chloride in the feed results in no net production of
      ethyl chloride from the ethane and/or ethylene. Similarly, the inclusion
      of vinyl chloride results in no net production of vinyl chloride from the
      ethane and/or ethylene. Accordingly, in accordance with the invention,
      acetaldehyde can be produced with essentially no net production of ethyl
      chloride and also, if desired, with essentially no net production of vinyl
      chloride.
PAR  The melt contains a chloride of a multivalent metal; i.e., a metal having
      more than one positive valence state, such as manganese, iron, copper,
      cobalt, and chromium, preferably copper. In the case of higher melting
      multivalent metal chlorides, such as copper chlorides, a metal salt
      melting point depressant which is non-volatile and resistant to the action
      of oxygen at the process conditions, such as a chloride of a univalent
      metal i.e., a metal having only one positive valence state, is added to
      the multivalent metal chloride to form a molten salt mixture having a
      reduced melting point. The univalent metal chlorides, are preferably
      alkali metal chlorides, such as potassium and lithium chloride in
      particular, but it is to be understood that other metal chlorides and
      mixtures thereof, such as the heavy metal chlorides i.e., heavier than
      copper, of Groups I, II, III and IV of the Periodic Table; e.g., zinc,
      silver, and thallium chloride, may also be employed. The metal chloride
      melting point depressant is added in any amount sufficient to maintain the
      salt mixture as a melt at the reaction temperatures, and is generally
      added in an amount sufficient to adjust the melting point of the molten
      salt mixture to a temperature of below about 500.degree.F. In the case of
      a salt mixture of copper chlorides and potassium chloride, the composition
      of the melt ranges from about 20% to about 40%, preferably about 30%, by
      weight, potassium chloride, with the remainder being copper chlorides. It
      is to be understood, however, that in some cases the catalyst melt may
      have a melting point higher than 500.degree.F., provided the catalyst
      remains in the form of the melt throughout the processing steps. It is
      further to be understood that the melt may contain a mixture of
      multivalent metal chlorides or other reaction promoters. It is also to be
      understood that in some cases, metal chloride may be maintained as a melt
      without the addition of a metal halide melting point depressant.
PAR  In accordance with one embodiment of the present invention, acetaldehyde is
      produced with no net production of vinyl chloride or ethyl chloride by
      including both vinyl chloride and ethyl chloride in the feed to the
      acetaldehyde production reactor. The overall reaction may be represented
      by the following equations:
EQU  1. C.sub.2 H.sub.6 + O.sub.2 .fwdarw. C.sub.2 H.sub.4 O + H.sub.2 O
EQU  2. C.sub.2 H.sub.4 + 1/2O.sub.2 .fwdarw. C.sub.2 H.sub.4 O
PAL  The oxygen requirements of the process are provided by the oxychloride of
      the molten mixture.
PAR  The oxychloride which is used in the acetaldehyde production reactor may be
      generated, in situ, by including, as feed to the reactor, a molecular
      oxygen-containing gas, but in general, such a procedure is not preferred.
      In accordance with the preferred procedure, the molten salt is contacted
      in a separate reaction zone with a molecular oxygen-containing gas to
      produce copper oxychloride, as represented by the following equation,
      using copper chlorides as a representative salt:
EQU  3. 2CuCl + 1/2O.sub.2 .fwdarw. CuO.CuCl.sub.2
PAL  The molten salt, containing the copper oxychloride is then employed in the
      acetaldehyde production reactor. In this manner, there is no direct
      contact between the molecular oxygen-containing gas and the hydrocarbon
      feed.
PAR  In accordance with another embodiment of the invention, vinyl chloride is
      produced as a co-product with the acetaldehyde. The overall reaction for
      the production of vinyl chloride may be represented by one or more of the
      following equations:
EQU  4. C.sub.2 H.sub.6 + 1/2Cl.sub.2 + 3/4O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl +
      3/2H.sub.2 O
EQU  5. C.sub.2 H.sub.6 + HCl + O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + 2H.sub.2 O
EQU  6. C.sub.2 H.sub.4 + 1/2Cl.sub.2 + 1/4O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl +
      1/2H.sub.2 O
EQU  7. C.sub.2 H.sub.4 + HCl + 1/2O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + H.sub.2
      O
PAL  As hereinabove noted, no hydrogen chloride and chlorine are added to the
      acetaldehyde production reactor in that the presence of such components
      adversely effects the production of the desired acetaldehyde product and,
      accordingly, the chlorine requirements for the vinyl chloride production
      are provided by the molten salt mixture; in particular, the higher valent
      metal chloride, as represented by the following equation, using cupric
      chloride as a representative example:
EQU  8. 2CuCl.sub.2 .fwdarw. 2CuCl + Cl.sub.2
PAL  It should be readily apparent that this would result in a continuous
      depletion of the higher valent metal chloride; i.e., cupric chloride and,
      consequently, the molten mixture must be enriched with the higher valent
      metal chloride.
PAR  In accordance with the embodiment of the invention in which vinyl chloride
      is desired as a co-product, the molten salt is contacted in a first
      reaction zone with molecular oxygen and hydrogen chloride and/or chlorine
      in an amount sufficient to provide both the chlorine requirements and the
      oxygen requirements for the production of vinyl chloride and acetaldehyde,
      as represented by the following equations:
EQU  9. 2CuCl + Cl.sub.2 .fwdarw. 2CuCl.sub.2
EQU  10. 2CuCl + 2HCl + 1/2O.sub.2 .fwdarw. 2CuCl.sub.2 + H.sub.2 O
EQU  11. 2CuCl + 1/2O.sub.2 .fwdarw. CuO.CuCl.sub.2
PAL  Thus, the molten salt mixture is enriched in cupric chloride to provide the
      chlorine requirements for the production of vinyl chloride, and is also
      enriched in copper oxychloride to provide the oxygen requirements for the
      production of acetaldehyde.
PAR  The production of acetaldehyde is effected by contacting the molten salt
      and hydrocarbon feed at temperatures from about 700.degree.F. to about
      1000.degree.F., preferably from about 800.degree.F. to about 875.degree.F.
      and at pressures from about 1 atm. to about 15 atm., preferably from about
      2 atm. to about 10 atm. The contacting of the feed and melt is generally
      effected in a countercurrent fashion, preferably with the feed as a
      continuous vapor phase, at residence times from about 1 to about 60
      seconds. In the preferred embodiment of the invention, wherein the molten
      salt mixture is previously contacted with a molecular oxygen-containing
      gas, in a separate reactor, such contacting is generally effected at
      temperatures from about 700.degree.F. to about 1000.degree.F., preferably
      from about 750.degree.F. to about 950.degree.F.
PAR  It should be apparent from the hereinabove noted reaction sequences, that
      the melt containing the multivalent metal chloride, in some cases,
      participates in the reaction sequence and accordingly does not behave only
      as a catalyst. Thus, for example, the melt functions to transfer oxygen,
      and as should be apparent from the hereinabove noted equations, sufficient
      oxychloride must be produced to provide the oxygen requirements for the
      reactions, such requirements being greater for ethane as compared to
      ethylene. In general, the oxychloride content of the molten mixture
      introduced into the acetaldehyde production reactor ranges from about 1%
      to about 5.5%, and preferably from about 1.5% to about 4%, all by weight,
      of the melt. It should be apparent that lower amounts of oxychloride can
      be employed, but such lower amounts reduce conversion or necessitate the
      use of high salt to feed circulation rates to maintain conversion.
PAR  The melt, in addition to functioning as a reactant and/or catalyst is a
      temperature regulator. Thus, the circulating melt has a high heat
      absorption capacity, thereby preventing runaway reaction during the
      exothermic oxidation. The absorbed heat of reaction may be employed to
      heat the various reactants to reaction temperature. It should be apparent,
      however, that if additional heating or cooling is required, such heating
      or cooling may be supplied from an external source. It should also be
      apparent that the heat absorption capacity of the melt functions to limit
      temperature variations, i.e., temperature gradients, during the reactions.
PAR  Thus, as should be apparent from the hereinabove description of the present
      invention, acetaldehyde may be produced from ethane and/or ethylene by
      contacting thereof with a molten mixture containing the higher and lower
      valent forms of a multivalent metal chloride and the oxychloride of the
      metal, in the absence of added chlorine and hydrogen chloride, and in the
      presence of ethyl chloride and optionally also in the presence of vinyl
      chloride if no net production of vinyl chloride is desired.
PAR  In accordance with a preferred embodiment of the invention, acetaldehyde is
      produced from ethane using copper chlorides as the molten salt mixture.
      The acetaldehyde may be produced, if desired, with a net production of
      vinyl chloride, as a co-reaction product, or with no net production of
      vinyl chloride. In accordance with this preferred embodiment, ethyl
      chloride is introduced into the production reactor and there is no net
      production of ethyl chloride. In addition, ethylene is introduced into the
      acetaldehyde production reactor and there is no net production of
      ethylene.
PAR  The molten salt mixture, preferably containing from about 20% to about 40%
      potassium chloride, as a melting point depressant, and from about 15% to
      about 30% cupric chloride with the remainder being cuprous chloride, all
      by weight, based on the three components, is contacted in a first reactor
      with molecular oxygen to produce copper oxychloride. The molecular oxygen
      is preferably introduced in an amount, and at a rate, to provide a molten
      salt mixture containing from about 1.5% to about 4%, all by weight, of
      copper oxychloride. It is to be understood that chlorine and/or hydrogen
      chloride could also be introduced into the first reactor as hereinabove
      described to enrich the salt in cupric chloride for producing vinyl
      chloride as a co-reaction product.
PAR  The molten salt mixture, containing copper oxychloride, in the amounts
      hereinabove specified, is circulated to a second reactor (acetaldehyde
      production reactor) wherein the molten salt is contacted with ethane, as
      fresh feed, ethyl chloride, ethylene and recycle unconverted ethane. In
      addition, if no net production of vinyl chloride is desired, the feed to
      the second reactor includes vinyl chloride. The feed to the second reactor
      does not include hydrogen chloride and/or chlorine in that such components
      reduce and/or eliminate the production of acetaldehyde. The ethyl chloride
      is generally introduced in an amount to provide an ethyl chloride to fresh
      feed ethane ratio from about 1:1 to about 10:1, preferably from about 3:1
      to about 7:1. The vinyl chloride, if present, is introduced in an amount
      to provide a vinyl chloride to fresh feed ethane weight ratio from about
      1:1 to about 10:1, preferably from about 2:1 to about 7:1. The ethylene is
      generally introduced into the second reactor in an amount to provide an
      ethylene to fresh feed ethane weight ratio from about 0.5:1 to about 5:1,
      preferably from about 1:1 to about 2.5:1. The molten salt to fresh feed
      ethane weight ratio generally ranges from about 2500:1 to about 350:1,
      with the molten salt functioning as a heat sink to prevent runaway
      exothermic reaction.
PAR  The effluent from the second reactor includes acetaldehyde, acetic acid,
      unconverted ethane, ethylene, vinyl chloride and ethyl chloride. In
      addition, the effluent includes carbon oxides, i.e., carbon dioxide and/or
      carbon monoxide, and some methane. The effluent may also include minor
      quantities of other chlorinated hydrocarbons, such as dichloroethylenes
      and dichloroethanes. The effluent is passed to a separation and recovery
      zone to recover acetaldehyde and acetic acid as reaction products, and
      recovered ethyl chloride and ethylene are returned to the second reactor
      to prevent net production of such components. If vinyl chloride is not
      desired as a reaction product, the recovered vinyl chloride is also
      recycled to the second reactor to prevent net production of vinyl
      chloride. The unconverted ethane is recovered and recycled to the second
      reactor for ultimate conversion to acetaldehyde.
PAR  It should be readily apparent that in accordance with the preferred
      embodiment, acetaldehyde is effectively produced from ethane and oxygen,
      or acetaldehyde and vinyl chloride are produced from ethane, oxygen and
      chlorine and/or hydrogen chloride, with no net production of ethyl
      chloride or ethylene.
PAR  It is to be understood that the preferred ethane feed could also contain
      some ethylene, as for example, in the case where a C.sub.2 stream is
      recovered from a refinery.
PAR  The invention will be further described with respect to an embodiment
      thereof illustrated in the drawings. It is to be understood, however, that
      the scope of the invention is not to be limited thereby. It is further to
      be undnderstood that the molten chloride salts are highly corrosive and,
      accordingly, the processing equipment must be suitably protected; e.g.,
      the reactors may be lined with ceramic. Similarly, if pumps are used for
      transporting the molten salts they must also be protected. The molten
      salts, however, are preferably transferred between the reactors by the use
      of gas lifts, as known in the art.
PAR  Referring now to FIG. 1, a molten chloride salt such as a mixture of
      potassium chloride, cupric and cuprous chloride in line 10 at a
      temperature of from 600.degree.F. to 900.degree.F. is introduced into the
      top of an oxidation vessel 11 maintained at a pressure of from about 1 to
      about 15 atms. A compressed oxygen-containing gas, such as air, in line 12
      is introduced into the bottom of vessel 11 and is passed in countercurrent
      contact to the descending molten salt. The vessel 11 may be provided with
      one or more sections of packing, generally indicated as 12a, to promote
      intimate and effective contact between the compressed gas and molten salt.
      The molten salt is oxidized to produce oxychlorides, with the concurrent
      evolution of heat. The residence time of the molten salt within the vessel
      11 is from about 1 to about 60 seconds.
PAR  The effluent gas leaving the packing near the top of vessel 11 is at a
      temperature of from about 600.degree.F. to 900.degree.F., and is contacted
      with a spray of a suitable quench liquid in line 16 to cool the effluent
      to a temperature of about 200.degree.F. to 400.degree.F. A suitable quench
      liquid would be aqueous hydrogen chloride. The gas is cooled by such
      contact with the result that vaporized and entrained salts are condensed
      and eliminated from the gas stream. The quench liquid spray is
      concurrently vaporized, and, together with the effluent gas, is withdrawn
      from the top of vessel 11. The total gaseous effluent is passed through
      line 17 to a cyclone separator 18 for the elimination of any solid
      material which is returned to the vessel 11. The gaseous effluent is
      thereafter combined with another gaseous effluent in line 19 as more fully
      hereinafter described. The combined gaseous effluent is cooled to about
      100.degree.F. to 150.degree.F. in heat exchanger 21 to condense out the
      vaporized quench liquid. The condensed quench liquid is separated from the
      remaining gaseous effluent in vapor/liquid separator 22. The quench liquid
      is passed through line 23 by pump 24 with a portion being returned to the
      upper portion of vessel 11 through line 16. The gaseous effluent in
      separator 22 is divided with a portion being vented through line 28.
PAR  The molten salt, now containing the copper oxychloride, at a temperature of
      from about 700.degree.F. to 1000.degree.F. is withdrawn from the bottom of
      vessel 11 through line 13 and passed by a suitable lift gas such as
      nitrogen, in line 31 to a gas/liquid separator 32, adjacent the top of
      acetaldehyde production reactor 33 wherein the molten salt is separated
      from the lift gas. The molten salt in line 34 is introduced into the top
      of reactor 33. The reactor 33 is operated at a temperature of from about
      700.degree.F. to about 1000.degree.F., at a pressure of from 1 to 15
      atms., and a residence time of 1 to 60 seconds. The reactor 33 is provided
      with sections of packing, generally indicated as 35, designed to effect
      intimate and effective contact between the gaseous feed components and the
      molten salt as more fully hereinafter described.
PAR  Fresh ethane feed in line 36 is combined with a recycle gas, containing
      ethylene, unconverted ethane, vinyl chloride, ethyl chloride, some carbon
      oxides, water vapor and some methane, in line 38, and ethyl chloride in
      line 37, and the combined stream introduced into the bottom of reactor 33,
      wherein the combined stream countercurrently contacts the descending
      molten salt, resulting in the production of acetaldehyde, some acetic
      acid, carbon oxides (carbon dioxide and/or carbon monoxide) and some
      methane.
PAR  A gaseous effluent, containing acetaldehyde, acetic acid, carbon oxides,
      methane, unconverted ethane, ethylene, ethyl chloride, vinyl chloride and
      water vapor is contacted at the top of reactor 33 by a spray of suitable
      quench liquid from line 41 to effect cooling thereof to about
      200.degree.F. to about 400.degree.F. to thereby separate entrained molten
      salt and resulting in vaporization of the quench liquid. A suitable quench
      liquid is aqueous acetic acid. The total gaseous effluent, including
      quench liquid is passed into cyclone separator 42 to remove molten salt
      and then is passed through line 43 and heat exchanger 44 wherein the
      effluent is cooled to ambient temperature. The cooled effluent in line 45
      is introduced into a gas/liquid separator 46 to separate condensed quench
      liquid therefrom. The gas withdrawn from separator 46 in line 47 is passed
      to a separation and recovery section, as hereinafter described. The liquid
      aqueous acetic acid withdrawn from gas/liquid separator 46 in line 48 is
      passed to a separation and recovery section as hereinafter described.
PAR  The molten salt withdrawn from the bottom of reactor 33 is at a temperature
      of from about 700.degree.F. to about 1000.degree.F., and is passed through
      line 51 by the lift gas in line 31a, obtained as hereinafter described, to
      a separator 53 adjacent the top of direct heat exchange vessel 54. The
      lift gas separated in separator 53 is combined with the lift gas separated
      in separator 32 and compressed in compressor 56 and circulated through
      lines 31 and 31a for lifting the molten salt to the top of reactors 11 and
      33, respectively. The molten salt from separator 53 in line 57 is
      introduced into heat exchange vessel 54 which comprises one or more packed
      sections, generally indicated as 60. A portion of the gas withdrawn from
      separator 22 is passed through line 61 compressed by gas blower 62, and
      introduced into the top of heat exchange vessel 54 wherein the compressed
      gas is passed in direct heat exchange contact with the molten salt
      inntroduced through line 57. The gas and the molten salt are concurrently
      passed over the packed sections 60 and are disengaged in the bottom of the
      heat exchange vessel 54. The gas is cooled by a spray of quench liquid
      introduced through line 71 to eliminate any vaporized or entrained halide
      salt. A gaseous effluent comprised of the gas introduced through line 61
      and now vaporized quench liquid is withdrawn from vessel 54 and passed
      into cyclone separator 72. In separator 72 any solids are removed from the
      gaseous effluent. The gaseous effluent withdrawn from separator 72 is
      passed through line 19 and combined with the gaseous effluent from
      oxidation vessel 11. The combined gaseous effluent is passed through
      condenser 21 to condense the quench liquid. The principal purpose of the
      heat exchange vessel 54 is to bring the molten salt in line 10 to a
      constant and desired temperature prior to introducing the molten salt into
      the top of oxidation vessel 11. In general, the overall reaction provides
      a net exotherm and, therefore, cooling of the melt in vessel 54 is
      required.
PAR  The gas in line 47 is introduced into the bottom of an acetaldehyde
      scrubbing column 101, containing suitable gas/liquid contacting devices,
      to separate essentially all of the acetaldehyde and acetic acid from the
      gas. Fresh scrubbing liquid, such as demineralized water, is introduced
      into the top of scrubbing column 101 through line 102 and a lean aqueous
      acetic acid absorption solution is introduced into columun 101 through
      line 103. The column 101 is operated as known in the art to produce a
      gaseous overhead, essentially free of acetic acid and acetaldehyde.
PAR  A gaseous overhead, now essentially free of acetic acid and acetaldehyde
      from column 101 in line 104 is introduced into a carbon oxide separation
      zone, (FIG. 2) of a type known in the art, to separate carbon oxides, in
      praticular, carbon dioxide therefrom. A complete removal of carbon dioxide
      is not required; it only being necessary to remove the net carbon dioxide
      produced in reactor 33. As shown the carbon dioxide separation zone is
      comprised of an absorption tower 110 and a desorption tower 111 employing
      a suitable carbon dioxide absorption solution, such as a potassium
      carbonate solution. As known in the art, the gaseous stream in line 104 is
      countercurrently contacted in tower 110 with lean absorption solution
      introduced through line 112. An overhead, comprised of ethylene,
      unconverted ethane, vinyl chloride, ethyl chloride, any unabsorbed carbon
      oxides, water vapor and some methane is withdrawn from tower 111 through
      line 38 for recycle to reactor 33.
PAR  A rich absorption solution is withdrawn from tower 110 through line 113,
      heat exchanged against lean absorption solution from tower 111 and
      introduced into the top of tower 111 operated at conditions to desorb
      carbon dioxide from the absorption solution. A lean absorption solution is
      withdrawn from the bottom of tower 111 and introduced through line 112
      into tower 110.
PAR  The desorbed carbon dioxide, which contains some ethyl chloride and water
      vapor, withdrawn from tower 111 through line 114, is cooled in condenser
      115 to condense water therefrom. The condensed water is recovered in drum
      116 and recycled to the top of tower 111 with make-up water.
PAR  The carbon dioxide from separator 116 in line 117, contains some ethyl
      chloride which is separated from the carbon dioxide stream in suitable
      adsorbers 118, containing an adsorbent such as activated charcoal, and the
      carbon dioxide vented to the atmosphere through line 119.
PAR  The adsorbers 118 are periodically reactivated by desorbing the ethyl
      chloride therefrom with steam and the steam-ethyl chloride mixture
      therefrom in line 121 is passed through a separation and recovery zone
      122, containing a plurality of condensers and separators to recover the
      ethyl chloride therefrom. The recovered ethyl chloride is recycled to
      reactor 33 through line 37.
PAR  The rich absorption solution from tower 101 in line 131 is combined with
      the condensed aqueous acetic acid liquid in line 49 from separator 46, and
      the combined stream introduced into a fractional distillation column 132,
      operated at temperatures and pressures to recover specification grade
      acetaldehyde as overhead, which is withdrawn as product through line 133.
PAR  A dilute aqueous acetic acid bottoms is withdrawn from column 132 through
      line 134, and a primary portion thereof passed through line 136 for use in
      line 103 as lean absorption solution for tower 101 and as quench liquid in
      line 41 for reactor 33. A minor portion is passed through line 135 to
      recover acetic acid as product.
PAR  If vinyl chloride is desired as co-reaction product, the gas overhead from
      column 110 would be treated to separate vinyl chloride therefrom. Thus,
      for example, the gas overhead from column 110 is passed through line 137
      to a vinyl chloride recovery zone 138, of a type known in the art, to
      recover vinyl chloride therefrom. For example, the gas could be contacted
      with an absorption solution for vinyl chloride, such as dichloroethanes,
      and the vinyl chloride enriched absorption solution heated at a low
      pressure to desorb vinyl chloride therefrom. The gas, now free of vinyl
      chloride, is returned to line 38 through line 139 for recycle to reactor
      33. It is of course understood, as hereinabove described, that chlorine
      and/or hydrogen chloride would be introduced into reactor 11 to contact
      the molten salt and enrich the molten salt in cupric chloride to thereby
      maintain the chlorine balance.
PAR  Numerous modifications and variations of the described embodiment are
      possible in light of the above teachings. Thus, for example, the
      separation and recovery may be effected in a manner other than as
      particularly described.
PAR  Similarly, if ethyl chloride or ethylene is desired as a co-reaction
      product, such components may be recovered instead of recycled.
PAR  As a further alternative the direct heat exchange vessel could be
      eliminated and the temperature of the salt controlled by controlling the
      temperature of the lift gas.
PAR  These modifications and others should be apparent to those skilled in the
      art from the teachings herein.
PAR  The invention will be further described with respect to the following
      examples which further illustrate the invention but the scope of the
      invention is not to be limited thereby. Unless otherwise specified, all
      parts and proportions are by weight.
PAC  EXAMPLE I
PAR  A molten salt comprised of 30 wt% potassium chloride and 70 wt% of cuprous
      and cupric chloride is contacted in a first zone at a temperature of
      850.degree.F. and a pressure of 1 atm. with oxygen-enriched air containing
      30-50 vol% oxygen to produce copper oxychloride.
PAR  The salt containing copper oxychloride is contacted in a second zone with
      the following feed and at the following conditions:
TBL  Reaction Temperature:  850.degree.F.                                      
     Reaction Pressure:     1.0 atmosphere                                     
     Reaction Time:         5.0 sec.                                           
     Duration of Test:      2.5 hours                                          
     GHSV:                  143 1/hr.                                          
     Process Feed:                                                             
     Ethane                 300 cc/min.                                        
     Ethylene               20.8  "                                            
     Vinyl Chloride         16.7  "                                            
     Ethyl Chloride         22.4  "                                            
PAR  The per pass conversion of ethane is 4% and the selectivity is:
TBL  Acetaldehyde         70.9%                                                
     Acetic Acid          1.2%                                                 
     Carbon Dioxide       23.5%                                                
     Carbon Monoxide      3.0%                                                 
     Methane              1.4%                                                 
     Total                100.0%                                               
PAR  There is no net production of ethyl chloride, ethylene or vinyl chloride.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated with the conditions and feed in the
      second zone being as follows:
TBL  Reaction Temperature:  350.degree.F.                                      
     Reaction Pressure:     1.0 atmosphere                                     
     Reaction Time:         4.8 sec.                                           
     Duration of Test:      3.0 hours                                          
     GHSV:                  178 1/hr.                                          
     Process Feed:                                                             
     Ethane                 300 cc/min.                                        
     Ethylene               15  "                                              
     Ethyl Chloride         25  "                                              
PAR  The per pass conversion of ethane is 1.6%, and the selectivity is:
TBL  Acetaldehyde         28.2%                                                
     Acetic Acid          7.2%                                                 
     Vinyl Chloride       23.7%                                                
     Carbon Dioxide       36.9%                                                
     Methane              4.0%                                                 
                          100.0%                                               
PAR  There is no net production of ethyl chloride or ethylene, but there is a
      net production of vinyl chloride in that there is no vinyl chloride
      present in the feed.
PAC  EXAMPLE III
PAR  The procedure of Example I is repeated except the temperature changed to
      825.degree.F., with the conditions and feed in the second zone being as
      follows:
TBL  Reaction Temperature:  825.degree.F.                                      
     Reaction Pressure:     1.0 atmosphere                                     
     Reaction Time:         16.7 sec.                                          
     Duration of Test:      3.0 hours                                          
     GHSV:                  43 1/hr.                                           
TBL  Process Feed:                                                             
     Ethane                 100 cc/min.                                        
     Ethylene               11.7  "                                            
     Vinyl Chloride         13.8  "                                            
     Ethyl Chloride         14.5  "                                            
PAR  The per pass conversion of ethane is 8% and the selectivity is:
TBL  Acetaldehyde         75.16%                                               
     Acetic Acid          2.14%                                                
     Carbon Dioxide       10.08%                                               
     Carbon Monoxide      2.47%                                                
     Methane              1.15%                                                
     Total                100.0%                                               
PAR  There is no net production of ethyl chloride, ethylene or vinyl chloride.
PAR  The process of the present invention is particularly advantageous in that
      acetaldehyde can be produced from ethane. In the case where there is no
      net production of vinyl chloride, the selectivity to acetaldehyde should
      range from about 50% to about 80%, and the per pass conversion should
      range from 1.5% to about 12%. Although the process operates at low
      conversion and results in production of carbon oxides, which represents
      lost yield, the process is economically feasible as the result of the
      lower cost of ethane feed as compared to the cost of the ethylene feed
      required in prior art processes.
PAR  These advantages and others should be apparent to those skilled in the art
      from the teachings herein.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims the invention may be practised in a manner other than as
      particularly described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing acetaldehyde and vinyl chloride, comprising:
PA1  contacting a molten mixture comprising a multivalent metal chloride in both
      its higher and lower valence state and the corresponding oxychloride in an
      amount sufficient to provide oxygen requirements for acetaldehyde
      production, said multivalent metal being selected from the group
      consisting of copper, chromium, cobalt, maganese and iron with a gaseous
      feed comprising a hydrocarbon selected from the group consisting of
      ethane, ethylene and mixtures thereof and further comprising ethyl
      chloride in an amount sufficient to prevent net production thereof, said
      contacting being effected at a temperature from about 700.degree.F to
      about 1000.degree.F, in the essential absence of added chlorine and
      hydrogen chloride to produce a gaseous effluent comprising acetaldehyde
      and vinyl chloride.
NUM  2.
PAR  2. A process for producing acetaldehyde and vinyl chloride, comprising:
PA1  contacting a molten mixture of a multivalent metal chloride in both its
      higher and lower valence state and the corresponding oxychloride, in an
      amount sufficient to provide oxygen requirements for acetaldehyde
      production, the multivalent metal being selected from the group consisting
      of copper, chromium, cobalt, maganese and iron with ethane and in
      addition, ethylene and ethyl chloride in an amount sufficient to prevent
      net production thereof in the essential absence of added chlorine and
      hydrogen chloride, said contacting being effected at a temperature from
      about 700.degree.F to about 1000.degree.F to produce a gaseous effluent
      comprising acetaldehyde.
NUM  3.
PAR  3. A process for producing acetaldehyde and vinyl chloride, comprising:
PA1  a. contacting a molten mixture of cuprous chloride and cupric chloride with
      molecular oxygen to produce copper oxychloride and also with a member
      selected from the group consisting of chlorine, hydrogen chloride and
      mixtures thereof to enrich the cupric chloride content of the melt;
PA1  b. contacting the molten mixture from step (a) withe ethane as fresh feed
      and ethane, ethylene and ethyl chloride as recycle feed in an amount
      sufficient to prevent net production thereof said contacting being
      effected at a temperature from about 700.degree.F to about 100.degree.F in
      the essential absence of added chlorine and hydrogen chloride;
PA1  c. recovering from step (b) a gaseous effluent comprising acetaldehyde,
      vinyl chloride, ethane, ethylene and ethyl chloride;
PA1  d. recovering acetaldehyde and vinyl chloride from the gaseous effluent as
      reaction product;
PA1  e. recovering ethane, ethylene and ethyl chloride from the gaseous effluent
      as recycle feed to step (b); and
PA1  f. passing the molten mixture from step (b) to step (a).
NUM  4.
PAR  4. The process of claim 1 wherein the multivalent metal chloride is copper
      chloride.
NUM  5.
PAR  5. The process of claim 1 wherein the hydrocarbon is ethane.
NUM  6.
PAR  6. The process of claim 5 wherein the molten mixture further comprises as a
      melting point depressant a metal chloride which is non-volatile and
      resistant to the action of oxygen to maintain the molten state at the
      reaction temperature.
NUM  7.
PAR  7. The process of claim 6 wherein the melting point depressant is an alkali
      metal chloride.
NUM  8.
PAR  8. The process of claim 5 wherein said gaseous effluent further comprises
      ethylene, ethyl chloride and unreacted ethane which are recovered and
      recycled to said contacting.
NUM  9.
PAR  9. The process of claim 8 wherein the multivalent metal chloride is copper
      chloride.
NUM  10.
PAR  10. The process of claim 8 wherein the molten mixture further comprises as
      a melting point depressant a metal chloride which is non-volatile and
      resistant to the action of oxygen to maintain the molten state at the
      reaction temperature.
NUM  11.
PAR  11. The process of claim 5 wherein the ethyl chloride to ethane fresh feed
      weight ratio is from about 1:1 to about 10:1.
NUM  12.
PAR  12. The process of claim 2 wherein the ethyl chloride to ethane fresh feed
      weight ratio is from about 1:1 to about 10:1 and the ethylene to ethane
      fresh feed weight ratio is from about 0.5:1 to about 5:1.
NUM  13.
PAR  13. The process of claim 3 wherein the molten mixture further comprises as
      a melting point depressant a metal chloride which is non-volatile and
      resistant to the action of oxygen to maintain the molten state at the
      reaction temperature.
NUM  14.
PAR  14. The process of claim 13 wherein the melting point depressant is
      potassium chloride.
NUM  15.
PAR  15. The process of claim 14 wherein said cupric chloride comprises from
      about 15% to about 30%, by weight, of the molten mixture.
NUM  16.
PAR  16. The process of claim 15 wherein the recycle ethyl chloride to feesh
      feed ethane weight ratio in step (b) ranges from about 1:1 to about 10:1;
      and the ethylene to fresh feed ethane weight ratio in step (b) ranges from
      about 0.5:1 to about 5:1.
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ABST
PAL  Mercaptophenols are selectively oxyalkylated at the mercapto function by a
      two-step process comprising reacting the mercaptophenol with a silylating
      agent to form novel silylated mercaptophenol derivatives and thereafter
      oxyalkylating the phenolic mercapto function to the degree of
      oxyalkylation desired. Simple hydrolyzing of the resulting product breaks
      the silylation block forming a hydrolyzed oxyalkylated mercaptophenol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Organic polymer compositions have numerous valuable properties which permit
      them to be used in the manufacture of a myriad of products. It has been
      observed however, that such polymers, under conditions of elevated
      temperatures and/or mechanical working, particularly in the presence of
      oxygen, undergo molecular degradation resulting in the deterioration of
      physical properties. Hydrolyzed oxyalkylated mercaptophenols have become
      very important as additives to polymer systems acting to retard and in
      some cases significantly arrest this degradation. U.S. Pat. No. 3,218,291
      discloses examples to the uses of such mercaptophenols in retarding the
      degradation of synthetic rubber compositions, attesting to the growing
      importance of new and simpler methods of the preparation of high yield and
      high purity hydrolyzed oxyalkylated mercaptophenols.
PAR  Heretofore, the selective oxyalkylation of mercaptophenols in high yields
      and high purity has not been attainable. In a standard oxyalkylation of
      mercaptophenols, reaction at the mercapto function is always accompanied
      by some reacting of the hydroxy function because of the closeness in
      reactivity rates of the active hydrogen in the OH and SH functions.
PAR  It is an object of this invention to provide a process for the selective
      oxyalkylation of the mercapto function of a mercaptophenol. It is another
      object of this invention to provide a process wherein the mercapto
      function of a mercaptophenol may be oxyalkylated in high yields and to a
      high degree of purity. Another object is to prepare new silylated
      derivatives of mercaptophenol compounds which are useful as intermediates
      for the preparation of oxyalkylated mercaptophenols. It is still another
      object of this invention to provide a simple process for the selective
      oxyalkylation of the mercapto function of a mercaptophenol. It is a
      further object to provide a new process for the preparation of hydroxy
      oxyalkylated mercaptophenols. These and other objects will become more
      apparent from the following discussion.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the mercapto function of a
      mercaptophenol is oxyalkylated by a two step process comprising reacting
      the mercaptophenol with silylating agent and thereafter oxyalkylating the
      product thereof. The silylation of the mercaptophenol compound can be
      accomplished by directly reacting any of the myriad of commonly available
      silylating agents with a mercaptophenol at varying conditions. The
      reaction is exemplified in its simpliest form by the sequence
      ##SPC1##
PAL  the mechanism of reaction is such that the acidic hydrogen proton of the
      hydroxy function preferentially reacts with the silyl group and is
      substituted therewith. The term "silyl group" is intended to mean the
      grouping R.sub.n Si.sup.- where R is a monovalent hydrocarbon radical and
      n is from 0 to 3. Typical organo silicon compounds containing the silyl
      group and within the scope of this invention include the halo silanes of
      the generic formula
EQU  R.sub.n Si(Hal).sub.4.sub.-n
PAL  wherein R is an organic radical such as an alkyl group, alkenyl group, aryl
      group and the like; Hal is halogen; and n is a integer from 1-3. A
      preferred halogen is chlorine. Further, organo silicon compounds of the
      generic formula
      ##EQU1##
      where R, R' and R" are monovalent hydrocarbon radicals, R' is in addition
      hydrogen and the SiR.sub.3 radical and R" is in addition hydrogen and the
      ##EQU2##
      radical where Q is selected from the group consisting of hydrogen
      monovalent hydrocarbon radicals and the .sup.-SiR.sub.3 group, are also
      effective silylating agents in the instant invention. Still further,
      silicon nitrogen compounds (hexaorgano disilazanes) of the formula
      (R.sub.3 Si).sub.2 NH wherein R is a monovalent hydrocarbon radical are
      effective in the instant invention. U.S. Pat. Nos. 2,746,956; 3,043,798
      and 3,397,220 disclose these and additional silylating agents which are
      operable in the instant invention. These and other silyl group containing
      compounds which selectively substitute the acidic hydrogen of the hydroxy
      function in the mercaptophenol are meant to be included within the scope
      of the instant invention.
PAR  The mercaptophenols which may be selectively oxyalkylated by this invention
      include any of the arylhydroxides such as phenol, anethrol, plenatrol and
      their derivatives wherein a mercapto function is present. They may be
      saturated or unsaturated as monoatomic such as mercaptophenols, cresols,
      mesitols, durenols and thymols; diatomic such as mercaptodiphenols,
      -resorcinols, -orcinols, -dihydroxyxylols, -mesorcinols and -thymoquinols;
      triatomic such as mercapto-triphenols, -pyrogallols and -methyl
      pyrogallols; and poly atomic such as mercaptopolyphenols, -tetrahydroxy
      benzenes and -pentahydroxy benzenes. Accordingly, by mercaptophenol is
      meant compounds of the generic formula
      ##EQU3##
      wherein Ar is a mono, di, tri or poly atomic phenol as hereinbefore
      described, each Z is independently hydrocarbon, halogen or hydrogen and
      the sum of X and Y is the total remaining substitutable positions of Ar.
PAR  The silylated derivatives formed by the method of the instant invention can
      be generically described as
      ##EQU4##
      wherein Ar is a mono, di, tri or poly atomic phenol as hereinbefore
      described, each Z is independently hydrocarbon, halogen or hydrogen, R is
      a monovalent hydrocarbon radical and the sum of X and Y is the total
      remaining substitutable positions of Ar. The silylated derivatives
      preferred in the instant invention can be generically described as
      ##SPC2##
PAL  wherein R is a monovalent hydrocarbon radical, each Z is independently
      hydrocarbon, halogen or hydrogen and the sum of X and Y is 5.
PAR  The temperature of reaction of this invention may be widely varied, with
      reaction frequently occurring spontaneously upon mixing the reactants.
      Generally the temperatures may be varied from about ambient temperature to
      a temperature wherein the reactants or products are unstable (i.e., from
      about 0.degree. centrigrade to about 300.degree. centigrade). Preferably
      the reaction temperature is within the range of about room temperature to
      about 120.degree. centrigrade and especially within the range of about
      30.degree. centigrade to about 100.degree. centigrade.
PAR  The method of this invention is useful for modifying the mercapto function
      of mercaptophenols without effecting the hydroxy function. After
      silylation of the hydroxy function the mercapto function may be
      oxyalkylated by standard methods to the desired degree. The oxylaylated
      silylated material may then be readily hydrolyzed by subjecting to
      moisture under conditions so as to regenerate the hydroxy function as
      shown by the following schematic:
      ##SPC3##
PAL  The by-product of the hydrolysis is an organic silicone compound which is
      readily separable from the phenol by standard separation techniques. The
      primary advantage of the present method lies in the fact that the
      condition for regeneration of the hydroxy function can be so mild that no
      problem occurs in concurrent hydrolysis of the mercapto function.
PAR  The following examples are illustrative only and should not be construed as
      limiting the invention which is properly delineated in the appended
      claims.
DETD
PAC  EXAMPLE 1
PAR  24.65 grams (0.154 mole) of hexamethyldisilazane was gradually added to
      38.85 grams (0.308 moles) of orthomercaptophenol and a white solid was
      immediately formed. The solid mixture was then heated in an oil bath to a
      temperature of about 129.degree.C. and maintained at that temperature
      until the evolution of gaseous NH.sub.3 had ceased (approximately 2
      hours). A 95% (by weight) yield of a light colored, clear, liquid product
      resulted, having a boiling point of 59.degree.-60.degree. centigrade at
      0.5 millimeters of mercury, which, after cooling and vacuum distillation
      analyzed as follows:
TBL               Theory     Found                                             
     ______________________________________                                    
     % Carbon       54.55        54.5                                          
     % Hydrogen     7.07         7.0                                           
     % Sulfur       16.15        15.92                                         
     Mol. Wt.       198          199 (in THF)                                  
     Refractive Index                                                          
                    --           n.sub.D.sup.25 1.5238                         
     ______________________________________                                    
PAL  Nmr and IR analysis confirm the structure as consistent with silylated
      mercaptophenol of the formula:
      ##SPC4##
PAC  EXAMPLE 2
PAR  9.3 grams (0.10) of epichlorohydrin was rapidly added to a mixture
      containing 39.6 grams (0.20 mole) of ortho mercaptophenol-O-trimethyl
      silyl ether in 10 grams of triethylamine. A violent exotherm reaction
      ensued and the temperature rose to about 182.degree.C. On cooling to room
      temperature a liquid solid slurry resulted. The slurry was extracted with
      ether yielding an 84% by weight yield of (CH.sub.3 CH.sub.2).sub.3 N.HCl.
      The ether filtrate was then stripped yielding 42 grams of a yellow colored
      liquid which on vacuum distillation analyzed as follows:
TBL             Theory       Found                                             
     ______________________________________                                    
     % Carbon     55.60          55.30                                         
     % Hydrogen   7.13           6.85                                          
     % Sulfur     14.15          14.20                                         
     Mol. Wt.     453            436 (in MEK)                                  
     ______________________________________                                    
PAL  Nmr and IR analysis confirmed the structure:
      ##SPC5##
PAL  The above compound was mixed with aqueous ethanol in a 1:3 ratio and was
      heated to about 100.degree.  centrigrade over a steam bath, resulting in
      the regeneration of the free phenolic function to yield a compound of the
      formula:
      ##SPC6##
PAC  EXAMPLE 3
PAR  5.62 grams (0.0396 mole) of methyl iodide was gradually added to a mixture
      containing 7.85 grams (0.0396 moles) of
      orthomercaptophenol-O-trimethylsilylether dissolved in 4.0 grams (0.0396
      moles) of triethylamine. Solids precipitated rapidly and temperature rose
      quickly to about 98.degree.C. On cooling, 40 milliliters of ether was
      added and the solution filtered to remove the (CH.sub.3 CH.sub.2).sub.3 N-
      salt. The filtrate was stripped of ether and vacuum distilled to yield a
      compound having the following analysis:
TBL              Theory        Found                                           
     ______________________________________                                    
     % Carbon      56.60           56.48                                       
     % Hydrogen    7.60            7.45                                        
     % Sulfur      15.12           15.00                                       
     Mol. Wt.      212             218 (MEK)                                   
     ______________________________________                                    
PAL  Nmr and IR analysis identified the structure as
      ##SPC7##
PAL  The above compound was mixed with aqueous ethanol in a 1:3 ratio and was
      heated to about 100.degree.C. over a steam bath, resulting in the
      regeneration of the free phenolic function to yield a compound of the
      formula:
      ##SPC8##
PAC  EXAMPLE 4
PAR  Ethylene oxide gas was slowly added by a sparger to a mixture containing
      100 grams (0.51 moles) of ortho-mercaptophenol-O-trimethyl silyl ether and
      0.5 grams of anhydrous K.sub.2 CO.sub.3. A Nujol bubbling tower was used
      to monitor gas flow and provide a slight positive pressure of ethylene
      oxide equivalent to about 25 millimeters of mercury. The mixture was
      heated to a temperature of about 123.degree.C. wherein a rapid uptake of
      ethylene oxide was observed together with a marked increase in exothermic
      reaction. Ethylene oxide additions continued for about two hours at a
      temperature of about 190.degree.C. On cooling, the mixture was placed
      under a blanket of N.sub.2. A portion of the reaction product was vacuum
      distilled yielding a clear white liquid having a boiling point of between
      about 96.degree.C. to 98.degree.C. at 0.3 millimeters of mercury. Analysis
      of the product gave the following:
TBL              Theory        Found                                           
     ______________________________________                                    
     % Carbon      54.50           54.38                                       
     % Hydrogen    7.49            7.26                                        
     % Sulfur      13.23           13.20                                       
     Mol. Wt.      242             242(Avg.)                                   
     ______________________________________                                    
PAL  Nmr and IR analysis affirmed the structure as:
      ##SPC9##
PAL  The above compound was mixed with aqueous ethanol in a 1:3 ratio and was
      heated to about 100.degree.C. over a steam bath resulting in the
      regeneration of the free phenolic function to yield a compound of the
      formula:
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the selective oxyalkylation of a mercaptophenol of the
      formula:
      ##EQU5##
      wherein Ar is mono, di, tri or poly atomic phenol; each Z is independently
      selected from the group consisting of hydrocarbon, halogen or hydrogen and
      the sum of X and Y is the total remaining substitutable positions of Ar,
      comprising reacting said mercaptophenol with a silylating agent containing
      the silyl grouping
EQU  R.sub.n Si.sup.-
PAL  wherein R is a monovalent hydrocarbon radical and n is from 0 to 3,
      oxyalkylating the mercapto function of the resulting silylated
      mercaptophenol to the degree of oxyalkylation desired and therefrom
      hydrolyzing the product.
NUM  2.
PAR  2. The process of claim 1 wherein said silylating agent is a halosilane of
      the formula
EQU  R.sub.n Si(Hal).sub.4.sub.-n
PAL  wherein R is an organic radical selected from the group consisting of
      alkyl, alkenyl and aryl, Hal is halogen and n is an integer from 1-3.
NUM  3.
PAR  3. The process of claim 2 wherein Hal is chlorine.
NUM  4.
PAR  4. The process of claim 1 wherein the silylating agent is a silicon
      nitrogen compound of the formula
EQU  (R.sub.3 Si).sub.2 NH
PAL  wherein R is a monovalent hydrocarbon radical.
NUM  5.
PAR  5. The process of claim 4 wherein said silicon nitrogen compound is
      hexamethyl disilazane.
NUM  6.
PAR  6. The process of claim 1 wherein the silylating agent is an organo silicon
      compound of the formula
      ##EQU6##
      wherein R, R' and R" are monovalent hydrocarbon radicals, R' is in
      addition hydrogen and the SiR.sub.3 radical and R" is in addition hydrogen
      and the
      ##EQU7##
      radical where Q is selected from the group consisting of hydrogen
      monovalent hydrocarbon radicals and the .sup.-SiR.sub.3 group.
NUM  7.
PAR  7. The process of claim 1 wherein the reaction is maintained at a
      temperature from about 0.degree.C. to about 300.degree.C.
NUM  8.
PAR  8. The process of claim 7 wherein said temperature is from about room
      temperature to about 120.degree. C.
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ABST
PAL  The present invention relates to the manufacture of
      beta-isopropylnaphthalene hydroperoxide, an intermediate product in the
      manufacture of beta-naphthol.
BSUM
PAR  Generally stated, the subject matter of the present invention relates to a
      process for preparing beta-isopropylnaphthalene hydroperoxide. More
      particularly, the invention relates to a process for preparing
      beta-isopropylnaphthalene hydroperoxide by oxidizing
      beta-isopropylnapthalene, in an alkaline aqueous medium with molecular
      oxygen in the presence of a heavy metal catalyst.
PAC  BACKGROUND OF THE INVENTION
PAR  Beta-isopropylnaphthalene hydroperoxide has been prepared in the past by
      reacting beta-isopropylnaphthalene with molecular oxygen at elevated
      temperatures. The reaction is usually carried out at temperatures between
      90.degree. to 150.degree.C. in the presence of an alkaline material
      employing beta-isopropylnaphthalene hydroperoxide as an initiator to
      facilitate and accelerate the oxidation reaction. The process has
      traditionally avoided the use of catalysts; in particular, heavy metal
      catalysts. See U.S. Pat. No. 2,776,322, Webster et al.
PAR  This process has many inherent disadvantages relative to yield and the time
      involved in carrying the reaction to completion.
PAR  It is a primary object of this invention to provide a new and improved
      process for preparing beta-isopropylnaphthalene hydroperoxide.
PAR  It is another object of the invention to provide a method for preparing
      beta-isopropylnaphthalene hydroperoxide which results in materially higher
      yields.
PAR  Additional objects and advantages will be set forth in part in the
      description which follows and in part will be obvious from the
      description, or may be learned by practice of the invention, the objects
      and advantages being realized and attained by means of the process and
      improvements particularly pointed out in the appended claims.
PAC  THE INVENTION
PAR  To achieve the foregoing objects and in accordance with its purpose, as
      embodied and broadly described, the present invention relates to a process
      for preparing beta-isopropylnaphthalene hydroperoxide which comprises
      intimately contacting with agitation beta-isopropylnaphthalene dispersed
      in an alkaline, aqueous medium, with molecular oxygen at a temperature of
      from about 75.degree. to 100.degree.C. in the presence of 25 to 1000 parts
      per million parts of beta-isopropylnaphthalene of a heavy metal catalyst
      selected from the group consisting of the nickel.sup.II complex of
      .alpha.,.alpha.'-(ethylenedinitrilo)di-o-cresol,
      tris(triphenylphosphine)rhodium (I) chloride and
      bis(triphenylphosphine)iridium carbonylchloride, separating the aqueous
      and oil phase that is formed and recovering the beta-isopropylnaphthalene
      hydroperoxide from the oil phase.
PAR  It is to be understood that both the foregoing general description and the
      following detailed description are exemplary and explanatory and are not
      restrictive of the invention.
PAR  The process of the present invention differs from the prior art in that an
      initiator is not used with the heavy metal catalyst, and it produces a
      high conversion of beta-isopropylnaphthalene to beta-isopropylnaphthalene
      hydroperoxide in a short time. In accordance with this invention,
      beta-isopropylnaphthalene is oxidized to beta-isopropylnaphthalene
      hydroperoxide by agitating the beta-isopropylnaphthalene dispersed in an
      alkaline, aqueous solution in the presence of a heavy metal catalyst while
      a stream of air or oxygen is simultaneously blown through the reaction
      mixture at a moderately elevated temperature.
PAR  The reaction is carried out until analytical techniques indicate sufficient
      conversion of the beta-isopropylnaphthalene and yield of the
      hydroperoxide. The reaction mixture may be worked up to recover the
      hydroperoxide using standard procedures. The oxidation of
      alpha-isopropylnaphthalene may similarly be carried out to produce
      alpha-isopropylnaphthalene hydroperoxide.
PAR  The temperature at which the oxidation in the heterogeneous liquid phase is
      conveniently carried out ranges between 75.degree.C. and the boiling
      temperature of the water at the operating pressure, preferably the
      reaction is carried out between 80.degree. and 90.degree.C. at atmospheric
      pressure. A convenient ratio between the liquid hydrocarbon and the
      aqueous phase may be 2 volumes of beta-isopropylnaphthalene to 1 to 8
      volumes of water. Good results may be obtained by using a ratio of 1
      volume of beta-isopropylnaphthalene to 1 to 2 volumes of water.
PAR  The bulk of the beta-isopropylnaphthalene hydroperoxide produced dissolves
      in the oily layer of unreacted beta-isopropylnaphthalene which separates
      from the aqueous phase on standing and can be removed by decantation. The
      oily layer may be subjected to subsequent decomposition treatment with
      acidic substances in order to convert the hydroperoxide into beta-naphthol
      and acetone in accordance with processes known in the art. The free
      hydroperoxide may be converted to its alkali metal salt by treatment with
      a strong aqueous solution of the corresponding alkali metal hydroxide. The
      free hydroperoxide may be obtained from its alkali metal salts by
      acidifying a solution or suspension thereof in water with a suitable acid
      such as carbon dioxide.
PAR  A small amount of the hydroperoxide may be recovered from the aqueous layer
      by acidifying the aqueous layer. However, it is preferable to utilize the
      aqueous layer for the preparation of further dispersion charges or, when
      carrying out the process in a continuous manner, recycling it to the
      oxidation process with fresh beta-isopropylnaphthalene.
PAR  The product, beta-isopropylnaphthalene hydroperoxide, is a white solid
      which has a melting point of 59.degree. to 61.degree.C. when
      recrystallized from petroleum ether. The starting material,
      beta-isopropylnaphthalene, is a well-known chemical intermediate. Among
      the references in the literature to this material are Haworth et al,
      Journal of the Chemical Society, 32, p 1790, and Price et al, Journal of
      the American Chemical Society, 60, p 2499. The pure
      beta-isopropylnaphthalene has been found to possess a boiling point of
      147.4.degree.C/24.5 mm and a refractive index N.sub.D.sup.20 =1.5867.
      Generally, it is preferred to utilize beta-isopropylnaphthalene with a
      purity of at least 95 percent.
PAR  The alkaline materials which can be employed in preparing the alkaline,
      aqueous dispersion of beta-isopropylnaphthalene are, for instance, alkali
      metal carbonates such as sodium carbonate and potassium carbonate, alkali
      metal hydroxides, for instance sodium hydroxide or potassium hydroxide, or
      tertiary alkali metal phosphates. Sodium bicarbonate may also be used. If
      desired, additional amounts of alkali may be added during the course of
      the oxidation reaction. The preferred alkaline medium is a 1 percent w/w
      aqueous solution of sodium carbonate, although the concentration may range
      from about 0.1 to about 10 percent w/w sodium carbonate.
PAR  The molecular oxygen may be in the form of air or mixtures of oxygen with
      other inert gases or vapors, wherein the oxygen content is richer than in
      air, or of pure oxygen. As inert diluents, nitrogen, carbon dioxide, steam
      or the like may be used.
PAR  Oxidation of the beta-isopropylnaphthalene may be carried out batchwise or
      in a continuous manner. The reaction may be carried out at atmospheric
      pressure or under pressures higher than atmospheric in the magnitude of
      about 40 to 100 psi. Since the reaction mixture is a heterogeneous system,
      suitable agitation is necessary. It is particularly important to bring the
      air, oxygen or other oxygen-containing gas into intimate contact with the
      liquid phase and this may be effected by using high speed stirrers,
      suitable nozzles, spargers or their combinations. A convenient way of
      combining good agitation with the avoidance of a continuous gas phase is
      achieved by the use of a long, narrow tube wherein by turbulent flow of
      the liquid in conjunction with the gas a good distribution of the latter
      in the liquid is achieved.
PAR  The oxidation is carried out in a substantially heterogeneous liquid phase
      as an oil-in-water or water-in-oil dispersion under conditions using low
      concentrations of a catalytically active heavy metal compound. The
      catalysts useful in the present invention are selected from the group
      consisting of the nickel.sup.II complex of
      .alpha.,.alpha.'-(ethylenedinitrilo)di-o-cresol,
      tris(triphenylphosphine)rhodium (I) chloride and
      bis-(triphenylphosphine)iridium carbonylchloride.
PAR  In general, high hydroperoxide yields and conversions may be rapidly
      obtained if the concentration of the catalyst in solution in the oxidation
      reaction mixture is at any particular instant from about 25 parts to 1000
      parts, preferably about 50 parts to 250 parts, per million parts of
      beta-isopropylnaphthalene being oxidized.
PAR  The composition of the reaction product is determined by vapor phase
      chromatography of the organic material obtained by extracting the reaction
      mixture with a suitable water-insoluble organic solvent, such as benzene,
      washing the extract with water, and concentrating the solvent to remove
      volatile components. The vapor phase chromatography is conducted using a
      silicone support (SE-30) and standard analytical techniques.
PAR  The hydroperoxide product in the reaction mixture may be determined by
      either vapor phase chromatography or by titration. The hydroperoxide
      reacts with potassium iodide on boiling in an acidified solution of
      isopropyl alcohol to liberate iodine. The iodine liberation step must be
      carried out in essentially anhydrous medium in the presence of glacial
      acetic acid. After the liberation of the iodine, titration with sodium
      thiosulfate is carried out in the presence of some water. The percentage
      of beta-isopropylnaphthalene hydroperoxide thus obtained is confirmed by
      the percentage obtained by the vapor phase chromatography procedure. The
      hydroperoxide product may be recovered from the organic phase by slowly
      adding the latter to a concentrated aqueous solution, 25 to 40 percent, of
      sodium hydroxide to precipitate the sodium salt of the hydroperoxide.
      However, the isolation of the hydroperoxide is usually not desirable.
PAR  The product obtained according to this invention finds various commercial
      applications. It is particularly useful for the production of
      beta-naphthol and is also used for the polymerization of vinyl,
      vinylidene, and vinylene compounds, being highly useful in the
      copolymerization of butadiene with styrene or acrylonitrile to form
      synthetic rubber.
DETD
PAR  The following examples are provided for illustrative purposes and may
      include particular features of the invention. However, the examples should
      not be construed as limiting the invention, many variations of which are
      possible without departing from the spirit or scope thereof. Unless
      otherwise indicated all of the amounts set forth in the examples are based
      on parts by weight.
PAC  EXAMPLES 1 - VIII
PAC  GENERAL PROCEDURE
PAR  To a resin pot equipped with a reflux condenser, gas inlet tube,
      thermometer, and an efficient stirrer is added 20 ml of a 1 percent
      aqueous solution of sodium carbonate and 19.6 g (0.117 mole) of
      beta-isopropylnaphthalene. Oxygen is bubbled into the mixture at the
      temperature and for the length of time as indicated in Table 1. At the end
      of this time the heating and oxygen stream are turned off and the reaction
      mixture is allowed to cool to room temperature and settle. The reaction
      product is then extracted with benzene and the benzene extract is washed
      with water and concentrated in vacuo to obtain an oily residue. The
      composition of the residue is determined by passing it through a vapor
      phase chromatography column containing a silicone carrier (SE-30) using
      standard analytical procedures. The temperature of the column is about
      100.degree.C initially and it is programmed to rise 8.degree.C/minute. The
      temperature of the injection port is 275.degree.C.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                                Product Composition (Percent by Weight)        
                                                                 %             
                                                                 Yield         
                Parts                                            of            
                Cata-                                        %   IPN.sup.6     
                lyst/           IPN                          Mater-            
                                                                 Hy-           
                Million    Bubbles                                             
                                Hydro-               Naph-                     
                                                         %   ial dro-          
     R-     Cata-                                                              
                Parts      of O.sub.2 /                                        
                                per-                 thal-                     
                                                         Impur-                
                                                             Bal-              
                                                                 per-          
     7568-                                                                     
         Ex.                                                                   
            lyst.sup.1                                                         
                IPN.sup.2                                                      
                    .degree.C.                                                 
                        Hr.                                                    
                           Minute                                              
                                oxide                                          
                                    IPN IPEN.sup.3                             
                                            ACN.sup.4                          
                                                DMNC.sup.5                     
                                                     ene ities                 
                                                             ance              
                                                                 oxide         
     __________________________________________________________________________
     90  I  (a) 25  90  24 55-60                                               
                                7.41                                           
                                    83.55                                      
                                        --  0.05                               
                                                0.17 --  0.33                  
                                                             91.3              
                                                                 95.7          
     77  II (a) 51  90  24 50   43.00                                          
                                    44.39                                      
                                        0.02                                   
                                            0.70                               
                                                3.51 0.43                      
                                                         9.60                  
                                                             97.5              
                                                                 81.4          
     78  III                                                                   
            (a) 51  70-75                                                      
                        24 55-60                                               
                                15.70                                          
                                    78.67                                      
                                        trace                                  
                                            0.12                               
                                                0.78 0.45                      
                                                         1.00                  
                                                             95.8              
                                                                 93.7          
     72,75                                                                     
         IV (a) 5105                                                           
                    90  16 100  22.4                                           
                                     6.80                                      
                                        1.9 15.60                              
                                                16.60                          
                                                     0.80                      
                                                         34.20                 
                                                             65.8              
                                                                 30.1          
     116 V  (b) 255 80-85                                                      
                        16 75-80                                               
                                37.48                                          
                                    45.79                                      
                                        0.11                                   
                                            1.27                               
                                                8.65 --  10.08                 
                                                             93.4              
                                                                 77.6          
     118 VI (b) 51  80-85                                                      
                        16 120-140                                             
                                24.23                                          
                                    70.30                                      
                                        0.36                                   
                                            0.30                               
                                                1.96 --  2.60                  
                                                             97.1              
                                                                 90.0          
     124 VII                                                                   
            (c) 255 80-85                                                      
                        16 120-140                                             
                                28.07                                          
                                    68.32                                      
                                        0.02                                   
                                            0.33                               
                                                2.88 0.22                      
                                                         --  100.0             
                                                                 90.0          
     64  VIII                                                                  
            None                                                               
                --  90  24 48   0.58                                           
                                    --  --  --  --   --  --  --  --            
     __________________________________________________________________________
     .sup.1 Catalyst (a) is tris(triphenylphosphine)rhodium                    
      (I) Chloride, RhCl P-- -- .sub.3 3                                       
     Catalyst (b) is the nickel.sup.II complex of .alpha.,.alpha.'-(ethylene-  
      dinitrilo)di-o-cresol,                                                   
     Catalyst (c) is bis(triphenylphosphine)iridium carbonyl                   
      chloride, IrCl(CO) P--  .sub.3 2.                                        
     .sup.2 IPN = 2-isopropylnaphthalene                                       
     .sup.3 IPEN = 2-isopropenylnaphthalene                                    
     .sup.4 ACN = acetonaphthone                                               
     .sup.5 DMNC = dimethyl naphthyl carbinol                                  
     .sup.6 Percent yield of IPN Hydroperoxide                                 
        % IPN Hydroperoxide                                                    
        % IPN Hydroperoxide + % Normalized Impurities                          
                      % Impurities                                             
     .times. 100 % Normalized Impurities =                                     
                                .times. 100                                    
                      % Material Balance                                       
PAC  EXAMPLE IX
PAR  To a 2,000-ml baffled glass resin kettle equipped with two turbine blade
      agitators mounted on a common shaft, a thermometer, condenser, a rotometer
      and an oxygen sparger is charged 390 ml of beta-isopropylnaphthalene,
      which had been previously washed twice with 50 percent sodium hydroxide,
      390 ml of 1 percent aqueous sodium carbonate, and 19.5 mg of
      tris-(triphenylphosphine)rhodium (I) chloride. The mixture is stirred
      slowly initially and the stirring is then increased to 2,200 rpm and the
      temperature increased to 95.degree.C. over a period of one hour and
      seventeen minutes. At this point an analysis of the organic layer shows
      0.04 percent IPN hydroxide. The temperature is then reduced to
      90.degree.C. and the percentage hydroperoxide is determined approximately
      every hour. The results are shown in Table 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Time                                                                      
     Elapsed            Percent IPN                                            
     (Hr:Min)           Hydroperoxide                                          
     ______________________________________                                    
     0                  0.04                                                   
     1.00               0.17                                                   
     2.43               9.04                                                   
     3.58               12.80                                                  
     4.58               16.61                                                  
     5.58               20.33                                                  
     6.58               23.09                                                  
     7.53               25.71                                                  
     9.03               29.29                                                  
     ______________________________________                                    
PAR  The data in Table 2 show an average increase in IPN hydroperoxide content
      of 3.25 percent per hour.
PAC  EXAMPLE X
PAR  The procedure of Example IX is repeated except that no catalyst is added.
      The average increase in IPN hydroperoxide content is 1.5 percent per hour.
PAC  EXAMPLES XI-XV
PAR  The procedure of Examples I-VIII is employed wherein 20 ml of a 1 percent
      aqueous solution of sodium carbonate and 19.6 g (0.117 mole) of
      beta-isopropylnaphthalene is stirred and heated at 90.degree.C. for 16
      hours in the presence of nickel and cobalt catalysts while bubbling oxygen
      into the mixture at the rates indicated in Table 3. The reaction mixture
      is then cooled to room temperature and the hydroperoxide content of the
      organic layer is determined by titration. The results obtained are shown
      in Table 3.
PAR  The results show that the rates of conversion of beta-isopropylnaphthalene
      hydroperoxide with these catalysts are significantly lower than the rate
      obtained with the nickel catalyst of this invention, exemplified by
      Example XIII.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                       Parts/                                                  
                       Catalyst                                                
           Exam-       Million                                                 
                              Bubbles of                                       
                                     Percent IPN-                              
     R 7568-                                                                   
           ple Catalyst.sup.1                                                  
                       Parts IPN                                               
                              O.sub.2 /Minute                                  
                                     Hydroperoxide                             
     __________________________________________________________________________
     172   XI  (a)     510    90-100 0.4                                       
     192   XII (b)     51     90-100 8.4                                       
     180   XIII                                                                
               (c)     51     120-130                                          
                                     36.8                                      
     171   XIV (d)     51     90-100 3.2                                       
     185   XV  (e)     51     120-130                                          
                                     13.4                                      
     __________________________________________________________________________
     .sup.1 (a)                                                                
            Nickel acetate                                                     
     (b)    Nickel stearate                                                    
     (c)    Ni.sup.II complex of .alpha.,.alpha.'-(ethylenedinitrilo)          
              di-o-cresol                                                      
     (d)    Cobalt acetate                                                     
     (e)    Cobalt stearate                                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing beta-isopropylnaphthalene hydroperoxide which
      comprises intimately contracting, with agitation beta-isopropylnaphthalene
      dispersed in an alkaline, aqueous medium with molecular oxygen at a
      temperature of from about 75.degree. to 100.degree.C. in the presence of
      25 to 1000 parts per million parts of beta-isoproplynaphthalene of a heavy
      metal catalyst selected from the group consisting of the nickel.sup.II
      complex of .alpha.,.alpha.'-(ethylenedinitrilo)di-o-cresol,
      tris(triphenylphosphine)rhodium (I) chloride and bis(triphenylphosphine)
      iridium carbonylchloride.
NUM  2.
PAR  2. The process according to claim 1 wherein the temperature is from about
      80.degree. to 90.degree.C.
NUM  3.
PAR  3. The process according to claim 1 wherein the reaction is carried out
      under pressure of from about 40 to 100 psi.
NUM  4.
PAR  4. The process according to claim 1 wherein the catalyst is the
      nickel.sup.II complex of .alpha.,.alpha.'-(ethylenedinitrilo)di-o-cresol.
NUM  5.
PAR  5. The process according to claim 1 wherein the catalyst is
      tris(triphenylphosphine)rhodium (I) chloride.
NUM  6.
PAR  6. The process according to claim 1 wherein the catalyst is
      bis(triphenylphosphine)iridium carbonylchloride.
NUM  7.
PAR  7. The process according to claim 1 wherein the concentration of heavy
      metal catalyst is from about 50 to 250 parts per million of
      beta-isopropylnaphthalene.
NUM  8.
PAR  8. The process according to claim 1 wherein the alkaline, aqueous medium is
      an aqueous solution of sodium carbonate.
NUM  9.
PAR  9. The process according to claim 8 wherein the concentration of sodium
      carbonate is from about 0.1 to 10 percent w/w.
NUM  10.
PAR  10. The process according to Claim 9 wherein the concentration is 1 percent
      w/w.
PATN
WKU  039392120
SRC  5
APN  3114562
APT  1
ART  122
APD  19721204
TTL  Chlorinated and brominated carbocyclic diethers
ISD  19760217
NCL  11
ECL  1
EXA  Springer; D. B.
EXP  Daus; Donald G.
INVT
NAM  Bredeweg; Corwin J.
CTY  Midland
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
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CLAS
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ABST
PAL  The invention consists of the compounds of the formula
      ##EQU1##
      (hereinafter DE), wherein X is chlorine or bromine, A is a vicinal
      alkylene of from 2 to about 8 carbon atoms which may bear a phenyl,
      hydroxy, chlorine or bromine substituent and R.sub.1 is an alkylene of
      from 4 to about 7 carbon atoms, two terminal carbon atoms of which are
      joined to C' to form a carbocyclic group upon which X- and XAO- are
      vicinally substituted and m and n are independently 0 or 1.
PAL  These compounds are prepared by reacting the halogen XX with a mixture of
      the appropriate vinyl R.sub.1 cycloalkene (hereinafter VCR.sub.1), and the
      epoxide AO. Such compounds are useful as solvents and as reactants in the
      production of cycloaliphatic polythiols which are useful in curing
      polyepoxide resins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The novel and useful compounds disclosed belong to the subclass of
      chlorinated and brominated diethers where one ether linkage is directly
      attached to a carbon atom in a lower carbocyclic ring and the other is
      attached to a chlorethyl substituent on the ring. The process for making
      these compounds may be generally described as the addition of a chlorine
      or a bromine atom and an ether linkage on each of two points of
      unsaturation in a vinyl cyclomonoalkene.
PAR  2. Description of the Prior Art:
PAR  Several compounds of this invention are disclosed in the application of
      Hickner and Goss, Ser. No. 245,185, filed Apr. 18, 1972. Related
      chlorinated and brominated acyclic ethers are disclosed in my U.S.
      Application, Serial No. 306,916, filed November 15, 1972. Prior art cited
      therein teaches the preparation of ethers by the reaction of chlorine,
      ethylene oxide and cyclohexene: Dinulescu et al., Chemistry & Industry,
      (London 1964): 840- 841.
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of compounds having the formula
      ##EQU2##
      (hereinafter DE), wherein each X is independently chlorine or bromine, A
      is a vicinal alkylene of from 2 to about 8 carbon atoms which may bear a
      phenyl, hydroxy, chlorine or bromine substituent and R.sub.1 is an
      alkylene of from 4 to about 7 atoms, two terminal carbon atoms of which
      are joined to C' to form a carbocyclic group upon which X- and XAO- are
      vicinally substituted and m and n are independently 0 or 1. The compounds
      are useful as solvents and as reactants in the production of
      cycloaliphatic polythiols useful in curing polyepoxide resins.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The DE compounds are prepared by mixing an excess amount of an AO,
      preferably ethylene oxide, propylene oxide, butylene oxide, styrene oxide,
      epichlorohydrin or glycidol, with a vinylcycloalkene, VCR.sub.1, of from 7
      to about 10 carbon atoms, preferably 4-vinylcyclohexene, suitably in the
      molar ratio of AO to VCR.sub.1 of about 4 to 1 and reacting the mixture by
      contacting with a sufficient amount of bromine chloride, chlorine or
      bromine, suitably with the halogen XX and VCR.sub.1 in ratios of about 2
      to 1.
PAR  The VCR.sub.1 employed may be substantially any vinylcycloalkene of from 7
      to about 10 carbon atoms wherein the cycloalkene ring contains only one
      olefinic linkage. Carbon atoms of the VCR.sub.1 may bear methyl or ethyl
      substituents. Preferably, the VCR.sub.1 has about 7 or 8 carbon atoms and
      C' is found at the 4 position in a cyclohexene or cyclopentene ring.
PAR  The preparation of the DE compounds is conveniently carried out at
      atmospheric pressure and at a temperature of about 0.degree. to
      100.degree.C. The temperature may be lowered as long as the reactants do
      not solidify. The temperature may be increased to at least about
      200.degree.C. if the operation is carried out in an enclosed pressurized
      vessel at a sufficient pressure to keep the nonhalogen reactants from
      boiling. The reaction with chlorine or bromine is instantaneous. (Caution:
      The halogens should preferably be added to a mixture of the other two
      reactants since a reaction of the halogen with the epoxide alone may be
      quite violent.)
PAR  The reaction mixture is subsequently distilled, suitably at reduced
      pressures, to remove excess epoxide and other low-boiling volatiles. The
      invention compounds may be used as solvents and as reactants in the
      production of cycloaliphatic polythiols which are useful in curing
      polyepoxide resins.
PAR  The reaction product is composed of a cogeneric mixture of various isomeric
      compounds, depending on the mode of addition of the reactants to the
      olefinic double bond in the VCR.sub.1 ring and on the position of the
      breaking of one of the C-O bonds in the AO material for AO's other than
      ethylene oxide. Since the mixture of isomers has similar properties and
      may be put to the same uses as the single compounds, the mixed product may
      be employed in the solvent and reactant uses described above and its
      separation is consequently unnecessary.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  Each of the following examples of the invention is prepared by carrying out
      the above-described process at about 0.degree. to 50.degree.C., under
      atmospheric pressure employing the corresponding AO, VCR.sub.1, and
      halogen reactants. The halogen is added to the AO-VCR.sub.1 mixture until
      the mixture begins to turn slightly yellow in color.
PAR  The preferred molar ratio of 4:1, AO:VCR.sub.1, is employed to avoid large
      amounts of undesired excessively chlorinated or brominated by-products.
      Distillation at reduced pressure is used to remove excess AO and
      lower-boiling by-products. The reaction product usually contains small
      amounts of telomers of the basic DE invention wherein the AO groups are
      repeated one or more times. The crude products are useful in the same
      solvent and polythiol production reactant applications as the pure
      compounds, thereby obviating the need for separation, which could suitably
      be performed by fractional distillation of the telomers.
PAC  EXAMPLE 1
PAR  Chlorine gas, in the amount of 240 g. (3.4 m.), was added to a stirred
      solution of 162 g. (1.5 m.) of 4-vinylcyclohexene and 264 g. (6 m.) of
      ethylene oxide through a sparger tube at a rate of about 1 mole of
      chlorine per hour. A reaction temperature of from 5.degree.-20.degree.C.
      was maintained by cooling the mixture in an ice bath while the addition of
      chlorine proceeded. The mixture was subsequently distilled at 0.2 mm.
      pressure to remove excess ethylene oxide and other low-boiling volatiles.
      About 490 g. of product was recovered as residue when the pot temperature
      reached 100.degree.C. at 0.2 mm. pressure. Gravimetric analysis indicated
      the presence of chlorine at 43.6% of the product by weight. Theoretical
      calculations of the chlorine content of isomers of the compound
      ##EQU3##
      indicated that chlorine would be 42.0% by weight. The difference is
      believed due to the presence of chlorinated by-products.
PAC  EXAMPLE 2
PAR  To a stirred solution of 162 g. (1.5 m.) of 4-vinylcyclohexene and 348 g.
      (6 m.) of propylene oxide 247 g. (3.5 m.) of chlorine gas was added by
      bubbling the chlorine through the solution. The chlorine was added at the
      rate of about 1 mole per hour and the reaction mixture was cooled in an
      ice bath to maintain a reaction temperature of from about
      3.degree.-20.degree.C. The mixture was subsequently distilled at reduced
      pressures to remove excess propylene oxide and low-boiling volatiles.
      After those materials were removed, about 520 g. of residual product was
      recovered. Gravimetric analysis of the product indicated 39.7% chlorine
      content by weight while theoretical calculations predicted 38.8% chlorine
      content by weight, based upon the compound
      ##EQU4##
      and its isomers.
PAC  EXAMPLE 3
PAR  To a stirred solution of 324 g. (3 m.) of 4-vinylcyclohexene and 1106 g.
      (12m.) of epichlorohydrin, 481 g. (6.8 m.) of chlorine gas was added by
      bubbling the chlorine through the solution. Chlorine was added at the rate
      of about 1 mole per hour while a reaction temperature of from about
      5.degree.-25.degree.C. was maintained by cooling the reaction mixture in
      an ice bath. Fractional distillation removed epichlorohydrin and
      low-boiling volatiles and about 1370 g. of product-residue was recovered.
PAR  In addition to the above-described specific embodiments of the invention,
      other VCR.sub.1 and epoxides may be combined and reacted with the XX
      halogen as described above. Some examples of other suitable reactant
      combinations which may be used to produce compounds of the invention are
      listed in the following table.
TBL  TABLE OF EXAMPLES OF THE INVENTION-PRODUCTS                               
     OF THE FOLLOWING REACTANTS                                                
     ______________________________________                                    
     Vinylcyclo-olefin Epoxide      Halogen                                    
        (VCR.sub.1)     (AO)         (XX)                                      
     ______________________________________                                    
     3-Vinylcyclohexene                                                        
                       Ethylene oxide                                          
                                    Cl.sub.2                                   
     4-Vinylcyclopentene                                                       
                       1,2-Butylene oxide                                      
                                    BrCl                                       
     3-Vinylcyclopentene                                                       
                       2,3-Butylene oxide                                      
                                    Br.sub.2                                   
     5-Vinylcycloheptene                                                       
                       Epichlorohydrin                                         
                                    Br.sub.2                                   
     4-Vinylcycloheptene                                                       
                       Epibromohydrin                                          
                                    BrCl                                       
     3-Vinylcycloheptene                                                       
                       Glycidol     Cl.sub.2                                   
     6-Methyl-4-vinylcyclohexene                                               
                       Propylene oxide                                         
                                    Br.sub.2                                   
     4-Methyl-4-vinylcyclohexene                                               
                       Styrene oxide                                           
                                    Cl.sub.2                                   
     1,4-Dimethyl-4-vinylcyclohexene                                           
                       1,2-Butylene oxide                                      
                                    BrCl                                       
     3,3-Dimethyl-4-vinylcyclohexene                                           
                       Propylene oxide                                         
                                    BrCl                                       
     5-Ethyl-4-vinylcyclopentene                                               
                       Epibromohydrin                                          
                                    Br.sub.2                                   
     1-Methyl-4-vinylcyclopentene                                              
                       Ethylene oxide                                          
                                    Cl.sub.2                                   
     3-Methyl-4-vinylcyclopentene                                              
                       Styrene oxide                                           
                                    BrCl                                       
     4-Isopropenylcyclohexene                                                  
                       Epichlorohydrin                                         
                                    Cl.sub.2                                   
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound represented by the formula
      ##EQU5##
      wherein each X is independently chlorine or bromine, A is a vicinal
      alkylene of from 2 to about 8 carbon atoms, R.sub.1 is an alkylene of from
      4 to 7 carbon atoms, two terminal carbon atoms of which are joined to C'
      to form a carbocyclic ring upon which X- and XAO- are vicinally
      substituted and m and n are independently zero or 1, provided that when A
      has the formula
      ##EQU6##
      one of R.sub.2 and R.sub.3 is hydrogen and the other is hydrogen or an
      alkyl, monohydroxyalkyl, monochloroalkyl or monobromoalkyl group of from 1
      to 6 carbon atoms.
NUM  2.
PAR  2. A compound of claim 1 wherein each A has the formula
      ##EQU7##
      where one of R.sub.2 and R.sub.3 is hydrogen and the other is hydrogen,
      phenyl or an alkyl group of from 1 to 6 carbon atoms, which alkyl may bear
      a hydroxy, chlorine or bromine substituent.
NUM  3.
PAR  3. A compound of claim 2 wherein each X is bromine.
NUM  4.
PAR  4. A compound of claim 2 wherein each X is chlorine.
NUM  5.
PAR  5. A compound of claim 4 wherein one of R.sub.2 and R.sub.3 is hydrogen and
      the other is hydrogen, methyl or ethyl.
NUM  6.
PAR  6. A compound of claim 2 wherein R.sub.1 consists of a 5-carbon unbranched
      chain and the vicinally substituted members of R.sub.1 are the second and
      third carbon atoms from C' in the carbocyclic ring.
NUM  7.
PAR  7. A compound of claim 6 wherein one of R.sub.2 and R.sub.3 is hydrogen and
      the other is hydrogen or an alkyl group of from 1 to 6 carbon atoms and m
      and n are both zero.
NUM  8.
PAR  8. A compound of claim 6 wherein X is chlorine.
NUM  9.
PAR  9. A compound of claim 8 wherein one of R.sub.2 and R.sub.3 is hydrogen and
      the other is hydrogen, methyl or ethyl and m and n are both zero.
NUM  10.
PAR  10. A compound of Claim 9 represented by one of the formulas:
      ##EQU8##
NUM  11.
PAR  11. A compound of claim 9 represented by one of the formulas:
      ##EQU9##
      wherein -ACl is independently, each occurrence,
      ##EQU10##
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ABST
PAL  Polyalkoxyalkyl compounds are prepared from the treatment of an olefinic
      compound with an epoxide in an atmosphere of hydrogen in the presence of a
      catalyst comprising a transition metal-containing compound.
BSUM
PAR  This invention relates to a process for the preparation of polyalkoxyalkyl
      compounds. More specifically, this invention relates to a process for the
      preparation of polyalkoxyalkyl compounds which comprises the treatment of
      an olefinic compound with an epoxide in an atmosphere of hydrogen in the
      presence of a catalyst comprising a transition metal-containing compound
      at reaction conditions, and recovering the resultant polyalkoxyalkyl
      compound.
PAR  Processes directed to the preparation of surface-active agents or
      surfactants are well known in the art. For example, it is known that
      glycols or glycol ethers may be prepared by the epoxidation of a mixture
      of normal alpha olefins with an organic hydroperoxide in the presence of
      specific catalysts. The resulting 1,2-epoxides are reacted with water or
      ethylene glycol to form any desired corresponding glycols or glycol
      ethers. It is also well known in the art that an adduct of about 5 to
      about 75 weight percent of ethylene oxide and an aminoester may possess
      surface-active qualities.
PAR  In contradistinction to the prior art, it has now been shown that
      surface-active agents or nonionic surfactants may be prepared by the
      treatment of an olefinic compound with an epoxide in an atmosphere of
      hydrogen in the presence of a catalyst comprising a transition
      metal-containing compound and recovering the resultant nonionic
      surfactant, namely, the polyalkoxyalkyl compound.
PAR  The utilization of the above set forth invention will allow a one-step
      process for the production of the nonionic surfactants from olefinic raw
      materials, thus, eliminating any hydroformylation or oxidation processes
      of olefinic compounds to form alcohols and thereafter treating the
      resultant alcohols to form any polyalkoxyalkyl compound. The elimination
      of the hydroformylation or oxidation step of the olefin compounds will
      reduce the cost of manufacturing the polyalkoxyalkyl compounds and create
      a greater diversity within the nonionic surfactants as a result of the
      opportunity to utilize a greater complexity of starting material. For
      example, a manufacturer may now start with olefins possessing a range of
      carbon numbers, such as C.sub.11 to C.sub.14 olefins or C.sub.15 to
      C.sub.18 olefins without concern as to the carbon number of any requisite
      alcohol which results from any hydroformylation or oxidation intermediate
      step before the final production of the desired polyalkoxyalkyl compound.
PAR  The desired products of the process of this invention, namely,
      polyalkoxyalkyl compounds are utilized in the chemical industry in many
      ways. For example, polyalkoxyalkyl compounds are nomenclated as
      surface-active agents, (sometimes called nonionic surfactants) which are
      used in the chemical industry in synthetic detergents; in the textile
      industry in scouring, kier boiling, and other various steps to stabilize
      and prevent channeling of oil; as alkylarenesulfonate agents; lubricating
      oils; natural waxes and similar materials; in dye baths to aid penetration
      and act as leveling agents; in the metal cleaning industry; in ore
      filtration to modify the surface of the mineral selectivity as frothing
      agents; as insecticidal sprays, etc. A specific use of the polyalkoxyalkyl
      compounds is the use of polyalkoxylated tetradecane which may be used in
      detergents, as a wetting agent or to treat synthetic fibers.
PAR  It is therefore an object of this invention to provide a process for the
      preparation of polyalkoxyalkyl compounds.
PAR  A further object of this invention is to provide a process for the
      preparation of the polyalkoxyalkyl compounds using a specific catalytic
      composition of matter in order to produce a greater percentage of the
      polyalkoxyalkyl compounds in a more expedient manner.
PAR  In one aspect an embodiment of this invention resides in a process for the
      preparation of a polyalkoxyalkyl compound which comprises the treatment of
      an olefinic compound with an epoxide in an atmosphere of hydrogen in the
      presence of a catalyst comprising a transition metal-containing compound
      at reaction conditions, and recovering the resultant polyalkoxyalkyl
      compound.
PAR  A specific embodiment of this invention resides in a process for the
      treatment of decene-5 with ethylene oxide in an atmosphere of hydrogen
      comprising a pressure of 80 atmospheres and a catalyst comprising
      .pi.-cyclopentyldienyltitanium trichloride at a temperature of about
      100.degree.C. to about 300.degree.C., and recovering the resultant
      polyalkoxyalkyl compound, namely, polyalkoxylated decane.
PAR  A second specific embodiment of this invention resides in a process for the
      treatment of tetradecene-7 with ethylene oxide in an atmosphere of
      hydrogen comprising 80 atmospheres in the presence of a catalyst
      comprising bis(.pi.-cyclopentyldienyl)titanium oxide at a temperature of
      150.degree.C. and recovering the resultant polyalkoxyalkyl compound,
      namely, polyalkoxylated tetradecane.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention is concerned with a process
      for the preparation of polyalkoxyalkyl compounds which comprises the
      treatment of an olefinic compound with an epoxide in an atmosphere of
      hydrogen in the presence of a catalyst comprising a transition
      metal-containing compound. The polyalkoxylation is effected under reaction
      conditions which include a temperature in the range of from about
      100.degree.C to about 500.degree.C. In addition, another reaction
      condition involves pressure, said pressure ranging from atmospheric up to
      100 atmospheres or more. When superatmospheric pressure is employed said
      pressure is afforded by the introduction of the hydrogen gas which is
      present during the reaction or if so desired the pressure is partially
      afforded by the hydrogen gas while the remaining partial pressure is
      afforded by a substantially inert gas such as nitrogen, helium, argon,
      etc. Another variable which is employed is the amount of reactants, the
      olefin being present in a mol ratio in the range of from about 1 mol of
      olefin per 1 mol of epoxide to about 1 mol of olefin per 100 mols of the
      ethylene oxide.
PAR  Examples of suitable ethylene oxide compounds which are utilized as one of
      the starting materials in the ethoxylation process of this invention would
      include, in particular all those epoxides which would be in accordance
      with Formula 1
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3, or R.sub.4 is selected from the group
      consisting of hydrogen, lower alkyl possessing between about 1 to about 6
      carbon atoms, lower cycloalkyl, aryl, cycloalkylaryl, alkaryl, aralkyl,
      such as ethylene oxide, propylene oxide, 1,4-butylene oxide,
      2,3-dimethyl-1,4-butylene oxide, cyclohexylethylene oxide,
      1,1-dicyclohexylethylene oxide, 1,2-dicyclohexylethylene oxide,
      phenylethylene oxide, 1,1-diphenylethylene oxide, 1,2-diphenylethylene
      oxide, (2-cyclohexylphenyl)ethylene oxide, (2-cyclopentylphenyl)ethylene
      oxide, (2-methylphenyl)ethylene oxide, (also known as 2-tolylethylene
      oxide), 1-phenyl-1,4-butylene oxide, 1,4-(di-2-tolyl)-2,3-butylene oxide,
      2,3-(1-benzyl)propylene oxide, etc.
PAR  Examples of suitable olefinic compounds which may be used to treat the
      ethylene oxide in the process of this invention would include, in
      particular, butene-1, butene-2, isobutene, pentene-1, pentene-2,
      2-methylbutene-1, 2-methylbutene-2, hexene-1, 3-methylpentene-1,
      2-methylpentene-2, heptene-2, 2-methylhexene-2, 3-methylhexene-2,
      octene-1, octene-2, heptene-1, nonene-1, decene-1, 3-methylheptene-1,
      2-methylheptene-2, nonene-3, 3-methyloctene-2, decene-2, decene-5,
      decene-4, decene-3, 3,4-dimethyloctene-2, 4-ethyloctene-2, undecene-3,
      undecene-4, undecene-2, undecene-1, undecene-5, 4-methyldecene-2,
      4,5-dimethylnonene-2, dodecene-1, dodecene-2, dodecene-3, dodecene-4,
      dodecene-5, tridecene-1, tridecene-2, tridecene-3, tetradecene-2,
      tetradecene-3, tetradecene-1, tetradecene-4, tetradecene-5, tetradecene-6,
      tetradecene-7, pentadecene-4, pentadecene-5, pentadecene-6, pentadecene-1,
      hexadecene-1, heptadecene-1, heptadecene-2, heptadecene-3,
      2-methoxybutene-2, 2 -methoxypentene-1, 2-methoxyhexene-1,
      1-propoxyheptene-1,2-diethoxyoctene-1, 2,3-diethoxyundecene-3,
      1-chlorobutene-2, 2-chloropentene-1, 2-bromohexene-2,
      2,3-dichlorooctene-1, 3-iodooctene-2, 2-methoxy-3-chlorodecene-2,
      3,4-dimethyl-2-chlorooctene-2, or mixtures of linear internal and terminal
      olefins such as internal olefins possessing carbon numbers between 11 and
      14 or 15 and 18. It is understood that the aforementioned epoxides and
      olefins are only representative of the class of ocmpounds which may be
      employed and that the present invention is not necessarily limited
      thereto.
PAR  The catalytic composition of matter which is used in the process of this
      invention includes a transition metal-containing compound. The term
      "transition metal" used in the specification and appended claims being
      defined as a metal selected from the group consisting of Group IB, IIB,
      IIIB, IVB, VB, VIB, VIIB, and Group VIII of the Periodic Table. Suitable
      examples of compounds containing transition metals which may be utilized
      as catalysts in the process of this invention would include copper
      chloride, silver chloride, gold acetate, zinc chloride, cadmium acetate,
      mercuric chloride, scandmium chloride, yttrium hydroxide,
      .pi.-cyclopentadienyltitanium trichloride,
      bis(.pi.-cyclopentyldienyltitanium)oxide,
      bis(.pi.-cyclopentadienyltitanium)dichloride,
      .pi.-cyclopentadienylzirconium trichloride, .pi.-cyclopentadienylhafnium
      oxide, vanadium trichloride, neobium trichloride, tantallium trichloride,
      chromium trichloride, molybdenum trichloride,
      .pi.-cyclopentadienyltungsten trichloride, manganese acetate, technetium
      decacarbonyl, dirhenium decacarbonyl, ferric chloride, cobalt acetate,
      palladium acetate, nickel acetate, rhodium acetate, ruthenium hydroxide,
      diosmium decacarbonyl, iridium acetate, platinum acetate, etc. It is also
      contemplated within the scope of this invention that any combination of
      the transition metals may be used in conjunction with each other as
      catalysts fr the polyalkoxylation process although not necessarily with
      equivalent results. It is understood that the aforementioned catalysts
      comprising a transition metal-containing compound are only representative
      of the class of compounds which may be employed as catalysts and that the
      present invention is not necessarily limited to those catalysts herein set
      forth.
PAR  The process of this invention may be effected in any suitable manner and
      may comprise either a batch or continuous type operation. For example,
      when a batch type operation is employed, the reactant comprising the
      olefinic compound is placed in an appropriate apparatus along with a
      transition metal-containing compound catalyst. If atmospheric pressure is
      to be employed, the reaction vessel is equipped with a hydrogen source at
      the bottom of the vessel so as to create a flow of hydrogen gas through
      any reactants which may be involved. The epoxide may also be entered
      through the hydrogen entry device in conjunction with the hydrogen or it
      may be entered separately through a separate epoxide charge stream.
      Alternatively, if superatmospheric pressures are employed in the reaction
      the reactant comprising the olefinic compound and the catalyst comprising
      a transition metal-containing compound are charged to a pressure vessel
      such as a rotating autoclave. The rotating autoclave is sealed and
      hydrogen gas is pressed in until the desired operating pressure is
      attained. Epoxide is then charged to the reactant olefin whereby the
      polyalkoxylation will result. It should be noted that the epoxide may be
      charged through a separate reservoir to the autoclave or it may enter
      through the hydrogen stream to the treatment with the olefinic compound.
      The autoclave is then heated to the desired operating temperature and
      maintained thereat for a predetermined residence time and at the end of
      this time, the heating is discontinued, the autoclave is allowed to return
      to room temperature and excess pressure is discharged. The autoclave is
      opened and the reaction mixture is then treated to recover and separate
      the catalyst and any reactants from the desired polyalkoxyalkyl compound,
      said means of separation and recovery including washing, drying,
      extraction, evaporation, fractional distillation, etc.
PAR  It is also contemplated within the scope of this invention that the
      reaction process for obtaining the polyalkoxyalkyl compounds may be
      effected in a continuous manner of operation. When such a type of
      operation is employed, the reactants are continuously charged to a
      reaction vessel containing a transition metal-containing compound
      catalyst, said reaction vessel being maintained at proper operating
      conditions of temperature and hydrogen pressure. After completion of the
      desired residence time, the reactor effluent is continuously withdrawn and
      subjected to conventional means of separation whereby the desired
      polyalkoxyalkyl compound is recovered, while any unreacted starting
      materials comprising the olefinic compound or the ethylene oxide are
      recycled to the reaction zone to form a portion of the feedstock. Insofar
      as the catalytic composition of matter is solid in nature, various types
      of continuous operations may be used. One such type of operation comprises
      the fixed bed method in which the catalyst is disposed as a fixed bed in
      the reaction zone and the reactants are passed over said fixed bed in
      either an upward or downward flow. Another type of operation which may be
      employed comprises the moving bed type operation in which the catalyst and
      the reactants are passed through the reaction zone either concurrently or
      countercurrently to each or the slurry type operation in which the
      catalyst is carried into the reaction zone as a slurry in either or both
      of the reactants.
PAR  Examples of polyalkoxyalkyl compounds which may be prepared according to
      the process of this invention would include ethoxylated ethane,
      ethoxylated propane, ethoxylated butane, ethoxylated pentane, ethoxylated
      heptane, ethoxylated heptane, ethoxylated octane, ethoxylated nonane,
      ethoxylated decane, ethoxylated undecane, ethoxylated dodecane,
      ethoxylated tridecane, ethoxylated tetradecane, ethoxylated heptadecane,
      ethoxylated pentadecane, ethoxylated hexadecane, ethoxylated nonadecane,
      ethoxylated eicosane, propoxylated pentane, propoxylated decane,
      butoxylated heptadecane, pentoxylated octadecane, etc. It should be noted
      that the polyalkoxylation may take place at any carbon atom upon the
      olefin chain and it is contemplated within this invention that
      polyalkoxylation may take place in longer chained olefinic compounds. It
      is to be further understood that the aforementioned polyalkoxyalkyl
      compounds are only representative of the class of compounds which may be
      prepared and that the present invention is not necessarily limited thereto
     .
DETD
PAR  The following examples are given to illustrate the process of the present
      invention which, however, are not intended to limit the generally broad
      scope of the present invention in strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example 143.0 mmoles of decene-5 was changed to an 850 milliliter
      glass-lined rotating autoclave along with 4.5 mmoles of
      .pi.-cyclopentadienyltitanium trichloride. The autoclave was flushed to
      assure avoidance of any impurities by pressurizing with nitrogen and
      releasing the pressure, said procedure was repeated three separate times.
      A reservoir containing ethylene oxide gas was attached to the
      aforementioned rotating autoclave so as to afford a direct flow of
      ethylene oxide gas from the reservoir to the autoclave. A stream of
      hydrogen was charged between the reservoir of ethylene oxide and the
      autoclave, which contained decene-5 and .pi.-cyclopentadienyltitanium
      trichloride, so as to provide a source of hydrogen and a carrier for the
      ethylene oxide gas to the rotating autoclave. Hydrogen and ethylene oxide
      were charged to the rotating autoclave until a pressure of 80 atmospheres
      had been effected within the autoclave. The quantity of ethylene oxide
      charged was measured by weighing the reservoir before and after charge,
      said quantity being determined as 364.0 mmoles of ethylene oxide. The
      autoclave was subsequently sealed and heated to a temperature of
      150.degree.C and maintained thereat for a period of time comprising 18
      hours. After the passage of the 18 hour period of time the heating was
      terminated, the pressure released and the organic products were removed
      from the autoclave for analysis.
PAR  The organic products were analyzed by means of nuclear magnetic resonance
      spectroscopy, said spectrum of a (CD.sub.3).sub.2 SO solution of the crude
      product disclosing the presence of the alkyl-moieties with pendant
      ethylene oxide groups thereby indicating an ethoxyalkyl compound and
      polyethylene oxide.
PAR  Polyethylene glycol and ethoxyalkyl components were separated by thin layer
      chromatography. The products were dissolved in benzene and eluted on a
      Carmagy Combination HVE and High Speed Chromatography Paper for a period
      of time comprising 17 hours. The elutant comprised the organic phase which
      was obtained by mixing one volume of glacial acetic acid, five volumes
      water and four volumes 1-butanol. The eluant was shaken and then aged for
      24 hours before further analysis. A modified Draggendorf reagent was
      concocted as directed by Kirchner ed. in Weissenberg's, Technique of
      Organic Chemistry-Volume XII, Thin Layer Chromatography, Interscience,
      N.Y., 1967 at page 161. The characteristic colors obtained by spraying the
      chromatogram with the reagent and the R.sub.f values of the components
      were compared with those obtained with mixtures which were compounded from
      available samples of polyethylene oxide and polyethoxyalkyl compounds.
      This procedure definitely confirms the presence of the desired ethoxylated
      decane.
PAC  EXAMPLE II
PAR  In this example 102.0 mmoles of tetradecene-7 was charged to an 850
      milliliter glass-lined rotating autoclave along with 10.3 mmoles of
      .pi.-cyclopentadienyltitanium oxide. The autoclave was flushed to assure
      avoidance of impurities by pressurizing with nitrogen and releasing the
      pressure, said procedure was repeated three separate times. A reservoir
      containing ethylene oxide gas was attached to the aforementioned rotating
      autoclave so as to afford a direct flow of ethylene oxide gas from the
      reservoir to the autoclave. A stream of hydrogen was charged between the
      reservoir of ethylene oxide and the autoclave, which contained
      tetradecene-7 and .pi.-cyclopentadienyltitanium oxide so as to provide a
      source of hydrogen and a carrier for the ethylene oxide gas to the
      rotating autoclave. Hydrogen and ethylene oxide were charged to the
      rotating autoclave until a pressure of 80 atmospheres had been effected
      within the autoclave. The quantity of ethylene oxide charged was measured
      by weighing the reservoir before and after entry, said quantity being
      determined as 455.0 mmoles of ethylene oxide. The autoclave was
      subsequently sealed and heated to a temperature of 150.degree.C and
      maintained thereat for a period of time comprising 18 hours. After the
      passage of the 18 hour period of time, the heating was terminated, the
      pressure released and the organic products were removed from the autoclave
      for analysis.
PAR  The product recovered was analyzed as set forth in Example I above wherein
      it was determined that the desried product was a polyethoxylated
      tetradecane.
PAC  EXAMPLE III
PAR  In this example 157.0 mmoles of decene-5 was charged to an 850 milliliter
      glass-lined rotating autocalve along with 6.4 mmoles of vanadium
      trichloride. The autoclave was flushed to assure avoidance of impurities
      by pressurizing with nitrogen and releasing the pressure, said procedure
      was repeated three separate times. A reservoir containing ethylene oxide
      gas was attached to the aforementioned rotating autoclave so as to afford
      a direct flow of ethylene oxide gas from the reservoir to the autoclave. A
      separate stream of hydrogen was charged between the reservoir of the
      ethylene oxide and the autoclave, which contained decene-5 and vanadium
      trichloride, so as to provide a source of hydrogen and a carrier for the
      ethylene oxide gas to the rotating autoclave. Hydrogen and ethylene oxide
      were charged to the rotating autoclave until a pressure of 80 atmospheres
      had been effected within the autoclave. The quantity of ethylene oxide
      charged was measured by weighing the reservoir before and after entry,
      said quantity being determined as 455.0 mmoles of ethylene oxide. The
      autoclave was subsequently sealed and heated to a temperature of
      150.degree.C and maintained thereat for a period of time comprising 18
      hours. After the passage of the 18 hour period of time, the heating was
      terminated, the pressure released and the organic products were removed
      from the autoclave for analysis.
PAR  The analysis of the recovered product was the same as that set forth in
      Example I above whereby it was disclosed that the product was shown to be
      polyethoxylated decane.
PAC  EXAMPLE IV
PAR  In this example 256.0 mmoles of decene-5 was charged to an 850 milliliter
      glass-lined rotating autoclave along with .01 mmoles of dirhenium
      decacarbonyl. The autoclave was flushed to assure avoidance of impurities
      by pressurizing with nitrogen and releasing the pressure, said procedure
      was repeated three separate times. A reservoir containing ethylene oxide
      gas was attached to the aforementioned rotating autoclave so as to afford
      a direct flow of ethylene oxide gas from the reservoir to the autoclave. A
      stream of hydrogen was charged between the reservoir of ethylene oxide and
      the autoclave, which contained decene-5 and dirhenium decacarbonyl so as
      to provide a source of hydrogen and a carrier for the ethylene oxide gas
      to the rotating autoclave. Hydrogen and ethylene oxide were charged to the
      rotating autoclave until a pressure of 80 atmospheres had been effected
      within the autoclave. The quantity of ethylene oxide charged was measured
      by weighing the reservoir before and after entry, said quantity being
      determined as 1700 mmoles of ethylene oxide. The autoclave was
      subsequently heated to a temperature of 150.degree.C and maintained for a
      period of time comprising 18 hours. After passage of the 18 hour period of
      time, the heating was terminated, the pressure released and the organic
      products were removed from the autoclave for analysis.
PAR  The analysis of the products recovered was completed as set forth in
      Example I above, said analysis disclosed the presence of polyethoxylated
      decane.
PAC  EXAMPLE V
PAR  In this example 249.0 mmoles of decene-5 was charged to a 850 milliliter
      glass-lined rotating autoclave along with 4.5 mmoles of
      bis(.pi.-cyclopentadienyl)titanium dichloride, said contents of the
      autoclave being pretreated with 80 atmospheres of hydrogen pressure at
      150.degree.C for a period of time comprising 3 hours. A reservoir
      containing ethylene oxide gas was attached to the aforementioned rotating
      autoclave so as to afford a direct flow of ethylene oxide gas from the
      reservoir to the autoclave. A stream of ethylene oxide was charged to the
      autoclave, which contained decene-5, the hydrogen pressure and
      bis(.pi.-cyclopentadienyl)titanium dichloride. The quantity of ethylene
      oxide charged was measured by the weighing of the reservoir before and
      after entry, said quantity being determined as 2280.0 mmoles of ethylene
      oxide. The autoclave was subsequently sealed and heated to a temperature
      of 150.degree.C and maintained thereat for a period of time comprising 16
      hours. After the passage of the 16 hour period of time, the heating was
      terminated, the pressure released and the organic products were removed
      from the autoclave for analysis.
PAR  The products were analyzed as set forth in Example I above, said analysis
      disclosed the presence of polyethoxylated decane.
PAC  EXAMPLE VI
PAR  In this example heptene-3, chromium trichloride and propylene oxide are
      allowed to mix in a reaction vessel, said vessel being maintained at
      450.degree.C and a pressure of one atmosphere. Hydrogen gas is allowed to
      bubble-up through the reaction vessel but regulated so as to maintain a
      pressure of one atmosphere. The reactor effluent is recovered after a
      residence of two hours and the organic products are separated from any
      unreacted reactants which are recycled to form a portion of the charge
      stock.
PAR  The product is analyzed as set forth in Example I above, said analysis will
      disclose the product to be polypropoxylated heptane. This procedure is
      again repeated substituting butylene oxide for the propylene oxide, the
      final analysis disclosing the resultant product to be a butoxylated
      heptane.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A process for the preparation of a polyalkoxylated alkane which
      comprises treating, at a temperature of about 100.degree.C. to about
      500.degree.C. and a pressure of from 1 to about 100 atmospheres, an alkene
      having from 4 to 18 carbon atoms with ethylene oxide or propylene oxide in
      a hydrogen atmosphere in the presence of a catalyst selected from the
      group consisting of transition metal chlorides, hydroxides, acetates, and
      decacarbonyls and .pi.-cyclopentadienyl derivatives of transition metal
      chlorides or oxides.
NUM  2.
PAR  2. The process of claim 1 further characterized in that decene-5 is treated
      with ethylene oxide and the resultant polyalkoxyalkyl compound is a
      polyethoxylated decane.
NUM  3.
PAR  3. The process of claim 1 further characterized in that heptene-3 is
      treated with propylene oxide and the resultant polyalkoxyalkyl compound is
      a polypropoxylated heptane.
NUM  4.
PAR  4. The process of claim 1 further characterized in that tetradecene-7 is
      treated with ethylene oxide and the resultant polyalkoxyalkyl compound is
      a polyethoxylated tetradecane.
NUM  5.
PAR  5. The process of claim 1 further characterized in that the catalyst
      comprising a transition metal-containing compound is
      .pi.-cyclopentadienyltitanium trichloride.
NUM  6.
PAR  6. The process of claim 1 further characterized in that the catalyst
      comprising a transition metal-containing compound is
      bis(.pi.-cyclopentadienyl)titanium oxide.
NUM  7.
PAR  7. The process of claim 1 further characterized in that the catalyst
      comprising a transition metal-containing compound is vanadium trichloride.
NUM  8.
PAR  8. The process of claim 1 further characterized in that the catalyst
      comprising a transition metal-containing compound is dirhenium
      decacarbonyl.
NUM  9.
PAR  9. The process of claim 1 further characterized in that the catalyst
      comprising a transition metal-containing compound is chromium trichloride.
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ABST
PAL  The liquid phase oxidation of an aromatic compound comprising a benzene
      ring having at least one unsubstituted carbon atom to an aromatic compound
      comprising a hydroxy-substituted benzene ring is effected using as oxidant
      a solution of a tetravalent lead compound in the presence of a strong
      acid.
BSUM
PAR  This invention relates to the oxidation of aromatic compounds, and
      particularly to the liquid phase oxidation of aromatic compounds using a
      tetravalent lead compound as the oxidising agent.
PAR  J. Am. Chem. Soc. 89, 3662 (1967) describes the oxidation of toluene to
      benzyl alcohol using lead tetrakis (trifluoroacetate) as oxidant.
      According to the procedure of this article, solid lead tetrakis
      (trifluoroacetate) is stirred with toluene for 30 minutes, or toluene is
      added to a mixture of acetic acid, trifluoroacetic anhydride, and red lead
      oxide (Pb.sub.3 O.sub.4), and stirred. After alkaline hydrolysis of the
      product ester, benzyl alcohol was obtained in yields of about 45%,
      calculated on the basis of initial lead (IV).
PAR  We have now discovered that, by working in the absence of solid oxidant,
      lead (IV) can be used to oxidise the aromatic ring of substituted
      benzenes, with comparatively little oxidation of the side chain.
PAR  According to the present invention, we provide a process for the liquid
      phase oxidation of aromatic compounds including a benzene ring having at
      least one unsubtituted carbon atom to aromatic compounds containing a
      hydroxy-substituted benzene ring, or to the corresponding esters, which
      process comprises treatment of the aromatic compound with a solution of a
      tetravalent lead compound in the presence of a strong acid.
PAR  By "strong acid," we mean an acid having a pKa value in 0.1 to 0.01 N
      aqueous solution at ambient temperature numerically less than 1.5 or
      thereabouts.
PAR  Preferred starting materials are alkyl benzenes, such toluene and the
      xylenes, but the benzene ring may bear other substituents, provided that
      these are stable to oxidation, and do not interfere, sterically or
      otherwise, with oxidation of at least one of the carbon atoms of the
      benzene ring, as may readily be determined by simple experiment. The
      number and arrangement of substituent groups is immaterial, provided that
      at least one carbon atom of the benzene ring remains available for
      oxidation.
PAR  In addition to the alkyl benzenes, suitable starting materials include
      alkoxybenzenes, halobenzenes, diphenyl, or acyl-substituted benzenes.
      Other convenient substituents of the benzene ring are aryl groups which
      themselves bear electron-withdrawing substituents, for example
      carboxyphenyl or cyanophenyl groups. The process of our invention is also
      applicable to polynuclear aromatic compounds including a benzene ring, for
      example, naphthalene, anthracene, phenanthrene, quinoline or isoquinoline.
PAR  As the initial products of oxidation are esters of substituted
      hydroxybenzenes, it is desirable that the reaction mixture contains
      sufficient strong acid, as defined above, to react with all of the initial
      substrate. Preferably, the sole solvent for the tetravalent lead compound
      is the strong acid itself or a functional derivative such as the
      anhydride, but the solution may be diluted with an inert solvent, for
      example acetic acid or a paraffin or haloparaffin, if required.
PAR  The strong acid must be such that tetravalent lead will not precipitate out
      of the reaction mixture, since it is important to avoid the presence of
      solid oxidant. Suitable acids thus include perchloric acid and fluoboric
      acid as well as the several chlorofluoroacetic acids, e.g.,
      dichlorofluoroacetic acid and chlorodifluoroacetic acid but, because of
      the high solubility of lead tetrakis (trifluoroacetate), trifluoroacetic
      acid is particularly preferred.
PAR  The choice of anion associated with the tetravalent lead compound is not
      critical, provided that the lead compound can form a homogenous solution
      in the acid reaction medium. A convenient source of tetravalent lead,
      because of its ready availability and solubility in strong acids, is lead
      tetraacetate. As the lead is essential to the reaction, being reduced to
      the divalent state, it is necessary that a sufficient amount of
      tetravalent lead be available in the reaction mixture if reaction is to
      proceed to completion.
PAR  The ionic strength of the reaction mixture may advantageously be increased
      by inclusion of soluble alkali metal salts, e.g., the trifluoroacetates.
      Lithium and potassium salts have been found to be convenient, in
      concentrations of about 1 mole per mole of tetravalent lead, though
      greater or lesser concentrations may be used, up to approximately 5 moles
      per mole of tetravalent lead.
PAR  The reaction temperature is not critical, provided that the reaction
      mixture remains liquid. Ambient temperature is particularly convenient and
      is therefore preferred.
PAR  The progress of the reaction may be followed by an convenient method, for
      example, by monitoring the concentration of lead (IV) potentiometrically.
      Alternatively, samples of the reaction mixture may be withdrawn at
      intervals and analysed.
PAR  After completion of reaction, excess acid, together with cosolvent, if any,
      may be removed by distillation. Metallic salts present can be dissolved in
      an aqueous solvent, for example, water or brine, and the product, with or
      without hydrolysis to the corresponding hydroxy compound, may be recovered
      by such means as solvent extraction or distillation.
PAR  Instead of being hydrolysed, the product esters may be subjected to an
      ester interchange reaction with another acid, or may be isolated as such.
PAR  The lead can be reoxidised to the tetravalent state by conventional means,
      and re-used for further production of trifluoroacetate esters according to
      the invention.
PAR  For example we have effected re-oxidation of the lead by electrolytic
      oxidation in acetic acid solution using Pt/Ni electrodes (e.g., at
      50.degree.-60.degree.C), separation of the Pb(IV) acetate from the solvent
      being brought about merely by lowering the temperature of the solution.
      The solid Pb(IV) acetate deposited is then dissolved in trifluoroacetic
      acid for use according to the invention.
PAR  The oxidation and Pb(IV) regeneration processes may proceed continuously
      for example by effecting oxidation in a reaction vessel using, say, a lead
      tetraacetate/trifluoroacetic acid (TFA) oxidising system. After oxidation
      the mixture is subjected, conveniently in a different vessel, to
      separation treatment, product being removed, TFA being recycled back to
      the reaction vessel and the residue containing Pb(II) dissolved, e.g., in
      acetic acid at 50.degree.C and transferred to the anode compartment of an
      electrolytic cell where the Pb(II) is converted electrolytically to
      Pb(IV). After oxidation of the lead to the extent preferably of 10-20% the
      solution may be transferred to a cooling vessel where the lead
      tetraacetate crystallises out, to be recycled back to the reaction vessel.
      The Pb(II) in the supernatant is heat to 50.degree.C again and recycled to
      the electrolytic cell for further conversion.
PAR  It is also possible to carry out electrolytic reoxidation of the lead (II)
      compound in mixtures of trifluoroacetic acid with either water or acetic
      acid, such mixtures also being suitable reaction media for oxidation of
      aromatic substrates by Pb(IV) compounds. Mixtures of trifluoroacetic acid
      and water containing up to 5% by volume of water, or even up to 10% by
      volume of water may be suitable as solvents in both the oxidation reaction
      and the electrolytic regeneration, although 1-2% by volume of water is
      preferred.
PAR  When mixtures of trifluoroacetic acid and acetic acid are used as solvents
      for both the oxidation reaction and the electrolytic regeneration, it is
      found that the rate of the oxidation reaction decreases with increasing
      concentration of acetic acid in the mixture, but that the current
      efficiency of the electrolytic regeneration tends to increase with
      increasing concentration of acetic acid in the mixture. The optimum
      concentration of acetic acid in trifluoroacetic acid will depend upon the
      reactivity of the substrate to be oxidised, and may be determined by
      simple experiment. Normally the optimum concentration of acetic acid will
      not exceed 50% by volume of the mixture of acetic acid and trifluoroacetic
      acids.
PAR  In a system in which the same acid solvent mixture is used for both the
      oxidation and the electrolytic regeneration steps, both steps may be
      carried out simultaneously in the same vessel, using only catalytic
      amounts of lead compound. Thus if the substrate is added to the anode
      compartment of an electrolytic cell with a porous partition, in which the
      anode compartment contains a solution of a Pb(II) compound in a suitable
      solvent mixture optionally including a soluble alkali metal salt and the
      cathode compartment contains the same mixture without the lead compound,
      then on electrolysis, the Pb(II) will become oxidised to Pb(IV) which will
      in turn oxidise the substrate and regenerate Pb(II), thus providing a
      cyclic process which can be made continuous by the removal of product,
      recovery of solvent and addition of recycled solvent and new substrate.
DETD
PAR  The invention is illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  A reaction vessel was purged with nitrogen and then kept under a nitrogen
      atmosphere during subsequent operations.
PAR  A solution was made up in trifluoroacetic acid of lithium trifluoroacetate
      (0.286 M) and lead tetraacetate (0.286 M). 0.572 moles of toluene were
      added per liter of solution, and the mixture was stirred at ambient
      temperature. The mixture developed a transient intense green colour and
      then turned brown. Reaction was allowed to continue for 5 minutes, when
      titration of a sample with potassium iodide and sodium thiosulphate showed
      complete consumption of lead(IV).
PAR  The bulk of the trifluoroacetic acid was removed on a rotary evaporator.
      The residual syrupy liquid was treated with excess 30% (by weight) sodium
      hydroxide solution and filtered to remove insoluble salts. The insoluble
      portion was thoroughly washed with diethyl ether, and the aqueous filtrate
      was acidified and extracted with diethyl ether. The ethereal extracts were
      combined and dried over magnesium sulphate, and the ether was removed by
      evaporation.
PAR  Thin-layer chromatography of the residue showed the presence of cresols,
      and a sample was dissolved in ethyl acetate and analysed by gas-liquid
      chromatography at 145.degree.C using a 2.4 m column packed with
      dimethyldioctadecylammonium bentonite ("Bentone 34") and tritolyl
      phosphate on "Embacel" in a weight ratio of 1:1:10, with 2-phenylethanol
      as internal standard. ("Bentone" and "Embacel" are Registered Trade
      Marks).
PAR  The yield of cresols, calculated on the basis of initial lead(IV) was 30%.
      The ratio of p-cresol to o-cresol was 3:5:1, with no detectable amounts of
      m-cresol and only trace amounts of benzyl alcohol.
PAR  The presence of cresols in the product was also confirmed by the mass
      spectrometry fragmentation pattern of a sample.
PAC  EXAMPLE 2
PAR  Example 1 was repeated using m-xylene as the starting material (0.572 moles
      per liter of solution).
PAR  The product comprised a mixture of 2,4-xylenol and 2,6-xylenol in a ratio
      of 4:1, together with some material which is thought to be 3-methylbenzyl
      alcohol. No 3,5-xylenol could be detected.
PAC  EXAMPLE 3
PAR  Example 1 was repeated using naphthalene as the starting material. The
      product comprised a mixture of 1- and 2-naphthols, confirmed by thin layer
      chromatography with authentic samples, the spots being identified by
      spraying with diazotised sulphomilic acid.
PAC  EXAMPLE 4
PAR  Example 1 was repeated using diphenyl as the starting material. The product
      comprised a mixture of 2- and 4-hydroxydiphenyl, identified by thin layer
      chromatography.
PAC  EXAMPLE 5
PAR  Example 1 was repeated using diphenyl ether as starting material. Oxidation
      occurred, as shown by the formation of Pb(II) compounds.
PAC  EXAMPLE 6
PAR  Example 1 was repeated, but instead of trifluoroacetic acid, a mixture of
      chlorofluoroacetic acids obtained by fluorination of trichloroacetic acid,
      and containing 28% wt. Cl (Cf. 65% Cl in CCl.sub.3.COOH) was used. The
      results were substantially identical to those from Example 1.
PAC  EXAMPLE 7
PAR  A 0.6 M solution of lithium acetate in anhydrous acetic acid was made by
      dissolving 6.12g LiOAc.2H.sub.2 O and 11.3 ml. of acetic anhydride in
      glacial acetic acid to make up to 100 cm.sup.3. Lead(II) diacetate (24.4g)
      was dissolved in 75 ml. of the above solution and placed in the anode
      compartment of an electrolytic cell divided by a porous ceramic separator.
      The cathode compartment contained 75 ml. of the 0.6 M LiOAc/HOAc solution,
      the anode was of platinum and the cathode of nickel. The temperature of
      the cell was maintained at 50.degree.C, and electrolysis carried out at an
      applied potential of 10v for 270 minutes, giving a current efficiency of
      80% and 15% conversion of Pb(II) to Pb(IV). On cooling to 20.degree.C, a
      solid precipitate (2.7g) was obtained, which on analysis was found to be
      97.8% pure Pb(OAc).sub.4.
PAC  EXAMPLE 8
PAR  Example 7 was repeated, using 100% trifluoroacetic acid in place of acetic
      acid, 2.0 cm.sup.3 of water being added to the solution in the anode
      compartment.
PAR  A current efficiency of 50% was obtained at 15% conversion to Pb(IV). No
      Pb(IV) compound was precipitated on cooling to 20.degree.C.
PAC  EXAMPLE 9
PAR  Example 7 was repeated using a mixture of 90% vol. acetic acid and 10%
      trifluoroacetic acid in place of acetic acid. A current efficiency of 75%
      was obtained at 15% conversion.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the liquid phase oxidation of an aromatic compound
      containing a benzene ring with at least one unsubstituted carbon atom to
      give an aromatic compound containing a hydroxy substituted benzene ring or
      the corresponding ester, which process comprises treating an aromatic
      compound selected from the group consisting of alkyl benzenes, diphenyl
      ether, diphenyl, naphthalene, anthracene, phenanthrene, quinoline and
      isoquinoline, with a homogeneous solution of a soluble salt of an alkali
      metal and a tetravalent lead compound dissolved in a strong liquid acid
      having a pKa less than about 1.5 at a concentration of 0.1 to 0.01 N at
      ambient temperature whereby said aromatic compound is oxidized to the
      corresponding hydroxy substituted compound or ester thereof, said strong
      acid comprising between 50 and 100% by volume of the solution and being
      selected from the group consisting of perchloric acid, fluoboric acid,
      trifluoroacetic acid, dichlorofluoroacetic acid and chlorodifluoroacetic
      acid.
NUM  2.
PAR  2. A process according to claim 1 wherein the strong acid is
      trifluoroacetic acid the aromatic compound is toluene or a xylene and the
      lead compound is lead tetraacetate.
NUM  3.
PAR  3. A process according to claim 1 wherein the strong acid is a mixture of
      trifluoroacetic acid and up to 50% by volume of acetic acid.
NUM  4.
PAR  4. A process according to claim 1 wherein the tetravalent lead compound is
      initially present in the form of lead tetraacetate.
NUM  5.
PAR  5. A process according to claim 1 wherein the solution contains from 1 to 5
      moles of a soluble salt of an alkali metal for each mole of lead compound.
NUM  6.
PAR  6. A process according to claim 5 wherein the salt is lithium
      trifluoroacetate or potassium trifluoroacetate.
NUM  7.
PAR  7. A process according to claim 1 wherein the aromatic compound is an alkyl
      benzene containing at least one unsubstituted carbon atom on the benzene
      ring.
NUM  8.
PAR  8. A process according to claim 7 wherein the alkyl benzene is toluene.
NUM  9.
PAR  9. A process according to claim 1 wherein divalent lead compound produced
      in the reaction is re-oxidized to a tetravalent lead compound.
NUM  10.
PAR  10. A process according to claim 9 wherein divalent lead compound is
      oxidized to a tetravalent lead compound by anodic oxidation in an
      electrolytic cell.
NUM  11.
PAR  11. A continuous process for the oxidation of an aromatic compound
      containing a benzene ring with at least one unsubstituted carbon atom
      which comprises the steps of:
PA1  1. contacting an aromatic compound selected from the group consisting of
      alkyl benzenes, diphenyl ether, diphenyl naphthalene, anthracene,
      phenanthrene, quinoline and isoquinoline, with a homogeneous solution of a
      soluble salt of an alkali metal and a tetravalent lead compound dissolved
      in a strong liquid acid having a pKa less than about 1.5 at a
      concentration of 0.1 to 0.01 N at ambient temperature whereby said
      aromatic compound is oxidized to the corresponding hydroxy substituted
      compound or ester thereof, said strong acid comprising between 50 and 100%
      by volume of the solution and being selected from the group consisting of
      perchloric acid, fluoboric acid, trifluoroacetic acid,
      dichlorofluoroacetic acid and chlorodifluoroacetic acid,
PA1  2. removing excess acid by evaporation,
PA1  3. isolating the aromatic oxidation product from the residue including
      divalent lead compound formed in the oxidation,
PA1  4. re-cycling the removed acid with fresh aromatic compound to step (1),
PA1  5. transferring the divalent lead compound to an electrolytic cell in which
      the tetravalent compound is regenerated, and,
PA1  6. re-cycling the regenerated tetravalent compound to step (1).
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ABST
PAL  Aluminum is removed from sec-alkyl phenolic compositions containing
      aluminum in the form of a phenate by first adding aqueous alkali metal
      hydroxide in stoichiometric excess over said aluminum and then acidifying
      the mixture with a mineral acid and removing the acidic aqueous phase to
      leave a substantially aluminum-free sec-alkyl phenolic composition. The
      method is especially adapted to remove aluminum from the distillation
      bottoms remaining after distilling product from a sec-alkylation mixture
      formed by alkylating a phenol with a sec-alkyl precursor olefin using an
      aluminum phenate catalyst.
BSUM
PAC  BACKGROUND
PAR  Phenols are readily alkylated by reaction with olefins using an aluminum
      phenate catalyst (Ecke et al, U.S. Pat. No. 2,831,898). When this process
      is used to introduce sec-alkyl groups, higher temperatures are required
      compared to the introduction of tert-alkyl groups. Aluminum remaining in
      the reaction following the alkylation is particularly difficult to remove
      from such sec-alkylphenol compositions. For example, residual aluminum can
      be removed from tert-alkylphenol compositions by washing with aqueous acid
      under moderate conditions, but when this is applied to sec-alkylphenol
      compositions the aluminum is not removed without resorting to refluxing
      the sec-alkylphenol with the mineral acid.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, it has now been discovered that
      aluminum can be readily removed from sec-alkyl phenolic compositions
      formed by reacting a phenol with a sec-alkyl precursor olefin in the
      presence of an aluminum phenoxide catalyst by first adding aqueous alkali
      metal hydroxide to the composition and then acidifying the mixture with
      mineral acid. By this method almost complete extraction of the aluminum is
      accomplished under moderate temperature conditions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of this invention is a method of removing aluminum
      from a sec-alkylphenol composition, said composition resulting from the
      alkylation of phenol with a sec-alkyl precursor olefin in the presence of
      an aluminum phenoxide catalyst, said composition containing aluminum, said
      method comprising (a) adding to said sec-alkylphenol composition an
      aqueous solution of an alkali metal hydroxide in an amount such that said
      alkali metal hydroxide is in stoichiometric excess of said aluminum to
      form a caustic mixture, (b) adding to said caustic mixture a mineral acid
      in an amount in stoichiometric excess of said alkali metal hydroxide to
      form an acidic mixture, and (c) removing the acidic aqueous phase leaving
      a substantially aluminum-free sec-alkylphenol composition.
PAR  The alkylation of phenols by olefins using an aluminum phenoxide catalyst
      to form sec-alkylphenol compositions is known, as shown in Ecke et al,
      U.S. Pat. No. 2,831,898, incorporated herein by reference. Thus, the
      present invention can be defined as an improvement in a process of
      alkylating a phenol with a sec-alkyl precursor olefin using an aluminum
      phenoxide catalyst to obtain a sec-alkylphenol composition, according to
      which improvement the aluminum content of the resultant sec-alkylphenol
      composition is substantially removed by adding an alkali metal hydroxide
      to the sec-alkylphenol in an amount in stoichiometric excess of the
      aluminum content and then adding mineral acid to the mixture in an amount
      sufficient to acidify the mixture.
PAR  The method of conducting the phenol alkylation to obtain a sec-alkylphenol
      composition is fully disclosed in Ecke et al, U.S. Pat. No. 2,831,898. The
      useful starting phenols are described therein. The olefins which are
      precursors of sec-alkylphenols are those that have at least one hydrogen
      atom bonded to each of the two carbon atoms forming the olefinic double
      bond. These are illustrated by the following structure:
      ##EQU1##
      wherein R.sub.1 is hydrogen or a hydrocarbon radical and R.sub.2 is a
      hydrocarbon radical. The hydrocarbon radicals may be alkyl, cycloalkyl,
      aralkyl, aryl, and the like. Examples of such olefins include propylene,
      butene-1, 3-methyl butene-1, butene-2, 1-hexene, 1-dodecene,
      1-tetradecene, 1-hexadecene, 1-eicosene, cyclohexene, cyclooctene,
      styrene, p-tert-butyl styrene, 3-phenyl-propene-1, stilbene,
      2,3-benzosytrene, and the like.
PAR  As described in U.S. Pat. No. 2,831,898, useful phenols include any hydroxy
      aromatic which has an unsubstituted position on a benzene ring ortho to a
      phenolic hydroxyl. These can be mono- or poly-nuclear and also mono- or
      poly-hydroxy phenols, as, for example, hydroxy benzenes, hydroxy
      anthracenes, hydroxy naphthalenes, hydroxy phenanthrenes, and the like.
      The phenol can also have other substituents on the aromatic ring, such as
      halogen or hydrocarbon substituents, for example, alkyl, alkaryl, aryl,
      and the like. Examples of phenols useful in the reaction include phenol,
      o-methylphenol, p-tert-butylphenol, o-ethylphenol, p-sec-butylphenol,
      .alpha.-naphthol, .beta.-naphthol, 4,4-bisphenol, and the like, as
      disclosed by Ecke et al. Phenol itself is preferred.
PAR  The aluminum phenoxide is best made by adding aluminum metal granules or
      turnings to the phenol and heating to a temperature at which the aluminum
      reacts with the phenol to form aluminum phenoxide. This should be
      conducted under an inert atmosphere because hydrogen is evolved. With
      phenol and lower boiling phenolic reactants a closed system should be used
      to avoid loss of phenol. Reaction with aluminum will generally occur at
      about 150.degree.-200.degree.C.
PAR  A good reaction rate is obtained with the sec-alkyl precursor olefin when
      the amount of aluminum added to form phenoxide is sufficient to provide a
      phenol:aluminum mole ratio of about 30-100:1.
PAR  Sec-alkyl precursor olefin is added to the phenol reactant at a temperature
      of about 200.degree.-300.degree.C. A preferred temperature range is from
      about 220.degree.-260.degree.C.
PAR  The alkylation is carried out in a closed system and pressure depends on
      the vapor pressure of the phenol and olefin reactants at the reaction
      temperature. Generally, pressures of about 200 to 800 psig are observed.
PAR  It is generally desired to remove the aluminum from the reaction mixture
      either following the alkylation or after the o-sec-alkylphenol product has
      been distilled from the reaction mixture. Apparently because of the higher
      temperature employed in the alkylation to produce sec-alkylphenols
      compared to tert-alkylphenols, the aluminum is most difficult to remove.
      If it is not removed, the final residue after removal of the desired
      sec-alkylphenol product presents a difficult disposal problem. Such
      residues are usually disposed of by burning. If the aluminum is not
      substantially removed from the product an alumina ash is discharged into
      the atmosphere on burning. By subjecting the aluminum-containing
      sec-alkylphenol composition to the present process the alumina ash level
      is reduced generally to a level below 0.1 weight per cent. Thus, the
      present invention constitutes a method of decreasing air pollution upon
      burning distillation residues from an aluminum phenoxide catalyzed
      sec-alkylation process.
PAR  Another use for the sec-alkylphenol distillation bottoms is as a source for
      recovering phenol and olefin values by dealkylation of the residue. It is
      preferred to remove the aluminum content of the residue before subjecting
      it to a dealkylation process to avoid fouling of the dealkylation
      catalyst. Thus, the present process is useful for converting an
      aluminum-containing distillation residue to a valuable feed stock for a
      phenol dealkylation process.
PAR  The improvement of this invention is conducted by adding aqueous alkali
      metal hydroxide to the aluminum-containing reaction mixture either
      following the alkylation before distillation or following the distillation
      to remove product. Since the aluminum phenoxide catalyst generally does
      not interfere with the distillation of o-sec-alkyl phenolic products, it
      is preferred to defer the wash procedure until after the distillation
      since less volume will need to be processed.
PAR  The alkali metal hydroxide may be any that are reasonably available. The
      preferred materials are sodium hydroxide and potassium hydroxide.
PAR  The amount of alkali metal hydroxide should be at least stoichiometrically
      equivalent to the amount of aluminum in the phenolic composition. One mole
      of aluminum represents three equivalents and, hence, three moles of alkali
      metal hydroxide are stoichiometrically equivalent to one mole of aluminum.
      There is no real upper limit to the amount of alkali metal hydroxide used
      but, for practical considerations, an amount up to about 10 moles of
      alkali metal hydroxide per mole of aluminum is considered adequate.
PAR  The concentration of alkali metal hydroxide in the aqueous solution can
      vary over a wide range. For example, the concentration can vary from about
      5 weight per cent up to a saturated solution. A preferred range is from
      about 25 weight per cent up to a saturated solution.
PAR  After adding the aqueous alkali metal hydroxide the mixture is stirred and
      warmed to accelerate the conversion of aluminum to an extractable form.
      Heating to about 30.degree.-150.degree.C, and preferably about
      50.degree.-100.degree.C, for a period of about 5-60 minutes is generally
      adequate.
PAR  Following the caustic treatment, the mixture is acidified by adding a
      strong mineral acid such as HCl, H.sub.2 SO.sub.4, H.sub.3 PO.sub.4, and
      the like. Sulfuric acid is preferred. The amount added should be in
      stoichiometric excess of the amount of alkali metal hydroxide added such
      that the final mixture is acidic. It is preferably brought to a pH of 3.5
      or lower, and more preferably a pH of about 3. The mixture is stirred for
      a period of about 5-60 minutes at about the same temperature as used in
      the alkali metal hydroxide treatment, and preferably below 100.degree.C so
      that corrosion due to acid is minimized. Operation at a temperature of
      about 50.degree.-100.degree.C allows the use of stainless steel equipment
      whereas previous attempts to extract aluminum from sec-alkylphenol
      compositions which did not use a caustic pretreat required refluxing
      mineral acid and glass-lined equipment.
PAR  The method by which the improved aluminum extraction process is carried out
      is illustrated in the following example.
DETD
PAC  EXAMPLE 1
PAC  Phenol Alkylation with Butene-1
PAR  In a pressure reaction vessel place 940 grams of phenol and 5.4 grams of
      granular aluminum. Flush the vessel with nitrogen, seal and, while
      stirring, heat to 175.degree.C and stir for 15 minutes. Cool to
      50.degree.C and vent evolved hydrogen. Pressurize with butene-1 to 400
      psig and heat to 240.degree.C. Maintain at 400 psig by continually feeding
      butene-1. Continue operation until 336 grams of butene-1 have been added
      (about 1 hour). Cool and vent. Transfer the reaction mixture to a
      distillation vessel and distill out unreacted phenol and o-sec-butylphenol
      as the desired product. The distillation is conducted such that
      o-sec-butylphenol distills at 127.degree.-129.degree.C at 30 mm Hg.
      Transfer the distillation residues to storage.
PAC  Aluminum Extraction
PAR  A 197.8 gram portion of accumulated distillation residue obtained as above
      was placed in a stirred reaction vessel. To this was added 20 ml of 50
      weight per cent aqueous sodium hydroxide. This mixture was stirred at
      80.degree.C for 15 minutes and then 400 ml of 13 weight per cent aqueous
      H.sub.2 SO.sub.4 was added over a 20 minute period. This was stirred 5
      minutes and then the stirrer was turned off. The mixture rapidly separated
      into two sharp phases. The aqueous phase was removed, leaving an organic
      phase consisting mainly of di- and tri-sec-butylphenols having an ash
      content of 0.014 per cent.
PAC  EXAMPLE 2
PAR  In a stainless steel wash vessel was placed 538.5 grams of distillation
      residue as described in Example 1. While stirring, this was heated to
      60.degree.C and 87.8 grams of 50 per cent aqueous sodium hydroxide was
      added. Heat was applied to raise the temperature to 80.degree.C and
      stirring continued for 30 minutes at this temperature. Then, 640 ml of
      water was added, followed by the slow addition of 300 grams of 40.7 weight
      per cent H.sub.2 SO.sub.4. The pH of the mixture was 1.8. Stirring was
      continued 15 minutes at 80.degree.C, at which time the stirrer was turned
      off and the mixture rapidly separated into two distinct phases. The lower
      aqueous phase was drained off and the remaining organic phase washed with
      dilute sodium carbonate to neutralize any remaining acid. This aqueous
      phase was drained off, leaving a low-ash phenolic composition consisting
      mainly of di- and tri-sec-butylphenols.
PAR  Application of the improved aluminum extraction procedure to other
      sec-alkylphenol compositions obtained from the aluminum phenoxide
      catalyzed alkylation of phenolic reactants with sec-alkyl precursor
      olefins will be apparent from the above in view of the fact that such
      alkylations are well known and only the fully-described aluminum
      extraction procedure is new. The procedure can readily be carried out by
      substituting an equivalent amount of other alkali metal hydroxides such as
      potassium hydroxide or other strong mineral acids such as hydrochloric or
      phosphoric.
PAR  The o-sec-butylphenol obtained according to the above examples is a useful
      product. It can be readily nitrated according to the method described in
      U.S. Pat. No. 2,810,767 to form 2,4-dinitro-6-sec-butylphenol, a selective
      herbicide.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of removing aluminum from a sec-alkylphenol composition, said
      composition resulting from the alkylation of phenol with a sec-alkyl
      precursor olefin in the presence of an aluminum phenoxide catalyst, said
      composition containing aluminum, said method comprising (a) adding to said
      sec-alkylphenol composition an aqueous solution of an alkali metal
      hydroxide in an amount such that said alkali metal hydroxide is in
      stoichiometric excess of said aluminum to form a caustic mixture, (b)
      heating said caustic mixture at about 30.degree.-150.degree.C, (c) adding
      to said caustic mixture a mineral acid in an amount in stoichiometric
      excess of said alkali metal hydroxide to form an acidic mixture, (d)
      heating said acidic mixture at 30.degree.-150.degree.C and (e) removing
      the acidic aqueous phase leaving a substantially aluminum-free
      sec-alkylphenol composition.
NUM  2.
PAR  2. A method of claim 1 wherein said sec-alkylphenol composition is a
      mixture of sec-butyl phenols.
NUM  3.
PAR  3. A method of claim 2 wherein said mineral acid is sulfuric acid.
NUM  4.
PAR  4. A method of claim 3 wherein said alkali metal hydroxide is sodium
      hydroxide.
NUM  5.
PAR  5. A method of claim 4 wherein said sulfuric acid is added in sufficient
      stoichiometric excess over said sodium hydroxide such that the acidic
      mixture has a pH below 3.5.
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ABST
PAL  A process for recovery of neopentyl glycol from a waste stream comprising
      neopentyl glycol and water, wherein said waste stream is contacted with
      isobutyraldehyde and subsequently separated into an organic stream
      comprising neopentyl glycol and isobutyraldehyde and an aqueous stream
      essentially free of neopentyl glycol.
BSUM
PAR  This invention relates to an improved process for recovering neopentyl
      glycol. More specifically, this invention relates to an improved process
      for recovering small quantities of neopentyl glycol from waste streams
      produced in the manufacturing process.
PAR  Neopentyl glycol (2,2-dimethylpropane-1,3-diol) is a white, crystalline
      solid with a melting point of 130.degree.-131.degree.C. It is produced by
      the condensation of isobutyraldehyde with formaldehyde is an aldol type
      reaction, and the subsequent reduction of the intermediate condensation
      product to neopentyl glycol. Hydroxypivaldehyde which is formed as the
      intermediate condensation product in the process, is a highly reactive
      compound. It has a tendency to form an ester by a Tischenko reaction. When
      catalyzed hydrogenation is employed to reduce the hydroxypivaldehyde to
      the desired diol, the crude neopentyl glycol is contaminated with as much
      as 10-15 percent of the neopentyl glycol ester of hydroxypivalic acid.
      This ester is not stable when the crude reaction mixture is distilled. For
      maximum recovery of neopentyl glycol the crude reaction product is
      saponified with caustic. Distillation of the saponified mixture in the
      presence of sodium salts of hydroxypivalic acid and other organic acids
      present in the impure reaction mixture results in considerable
      decomposition of the neopentyl glycol and a very impure product. Various
      means have been suggested for purification of the crude neopentyl glycol,
      for example, extraction with a solvent medium containing a low boiling
      point ketone such as acetone, direct separation of the neopentyl glycol
      from the crude reaction product by vacuum distillation, fractional
      crystallization, etc., have all been proposed. Each of these proposed
      methods, however, suffered from one or more infirmities which made them
      commercially undesirable.
PAR  Hagemeyer and Wright U.S. Pat. No. 2,895,996, disclose a process wherein a
      substantially pure solution of neopentyl glycol in water is obtained by
      steam sublimation of the crude reaction product at reduced pressures. A
      subsequent distillation of the neopentyl glycol/water mixture removes the
      water and yields substantially pure neopentyl glycol. An important
      variable in operation of the steam sublimator is the sublimator base
      temperature. At temperatures below about 70.degree.C., the percent
      neopentyl glycol in the overhead from the sublimator is so low that the
      process is uneconomical, whereas at temperatures above 140.degree.C.,
      appreciable decomposition of the neopentyl glycol occurs. The base
      temperature of the sublimator can be controlled to a limited extent by
      controlling the vacuum in the sublimator, however, when the maximum
      sublimator vacuum is reached, the sublimator base temperature will
      gradually increase as sodium salts accumulate in the sublimator base. When
      the base temperature reaches 140.degree.C., the operation must be stopped
      and the sublimator base sludged and washed out. This periodic shut-down
      and wash-out is necessary for an economical operation. Continuous purge of
      the sublimator base to maintain the base temperature below 140.degree.C.
      has heretofore resulted in so much lost neopentyl glycol that the process
      has been considered uneconomical.
PAR  It is, therefore, an object of my invention to provide a process wherein
      the sublimator purification can be operated continuously without an
      unacceptable loss of product neopentyl glycol.
PAR  Another object of my invention is to provide a process wherein the organic
      components of certain waste streams are recovered and reused, rather than
      discharged to pollution control facilities.
PAR  Yet another object of my invention is to provide an improvement in the
      process which permits more complete recovery of product neopentyl glycol.
PAR  These and other objects and advantages of this invention will become
      apparent from the following description and appended claims.
PAR  The process of my invention consists of an improvement to the
      aforementioned neopentyl glycol manufacturing process (Hagemeyer and
      Wright) whereby two waste streams are combined to form a fluid mass
      capable of being extracted, extracting this mixture with isobutyraldehyde,
      and utilizing the isobutyraldehyde extract as feed for the aldol reactor.
      This process innovation results in the recovery of sufficient neopentyl
      glycol to increase the effective process yields by 3 percent to 5 percent.
      In addition, it yields an aqueous waste stream which is substantially free
      of organic matter. This waste stream requires much less treatment than was
      required for the waste streams resulting from the process as previously
      practiced.
PAR  The two major effluent streams upon which my invention depends contain
      unreacted product and large amounts of sodium salts. These streams are the
      aqueous catalyst-containing stream from the reactor decanter, and the base
      from the sublimator. Not only does the process of my invention result in
      recovery of materials previously lost in the waste streams, it further
      allows continuous sublimator operation. This eliminates the need for
      periodic shut-down, and allows the efficiency of steadystate operation. By
      eliminating the periodic shut-down, the productive capacity of the
      facility may be increased by from about 10 percent to about 15 percent.
DETD
PAR  The following description of the process according to my invention has
      reference to FIG. 1, which is a schematic flow diagram of one embodiment
      of the overall process. Isobutyraldehyde is continuously fed via line 1,
      and formaldehyde, e.g., an aqueous solution of formaldehyde, is
      continuously fed via line 2. An aqueous sodium carbonate catalyst solution
      is continuously fed via line 3. The feed streams are combined in line 4,
      and fed into the aldol condensation reactor 5. A portion of the reacted
      mixture is withdrawn from reactor 5 via line 6, and introduced into
      decanter 7, wherein the aqueous and organic phases are separated. The
      aqueous phase is withdrawn via line 9. The organic phase containing
      hydroxypivaldehyde, isobutyraldehyde, and other byproducts, is withdrawn
      via line 8 and introduced into distillation tower 10. Volatile materials
      are taken off overhead and recycled to the condensation reactor via line
      12. Base take-off from the distillation tower is introduced into
      hydrogenation reactor 14 via line 11. Hydrogen is introduced via line 13.
      The reduced mixture is withdrawn via line 15, passed through partial
      condenser 16, and into vapor-liquid separator 17. The vapor phase is
      reintroduced into the hydrogenation reactor via line 18, whereas the
      liquid phase is withdrawn via line 19 and introduced into saponification
      tower 20. Sodium hydroxide is introduced into the saponification tower via
      line 21 and the saponified mixture is withdrawn via line 22 and introduced
      into distillation tower 23. Low boiling components are withdrawn overhead
      via line 24 and the product mixture is withdrawn via line 25 and
      introduced into steam sublimator 26. An essentially pure neopentyl
      glycol-water mixture is withdrawn overhead from sublimator 26 via line 27,
      and introduced into purification distillation towers 28 an 29, wherein
      water is removed overhead via line 30 and high-boiling impurities are
      removed via line 33. Substantially pure neopentyl glycol is withdrawn via
      line 34 and introduced into flaker 35 to yield commercial neopentyl glycol
      36.
PAR  In the improvement according to my invention, the aqueous,
      catalyst-containing stream, line 9, and the sublimator base-stream, line
      37, are mixed 38 and introduced via line 39 into an extracter 40.
      Isobutyraldehyde 41 introduced into extracter 40, extracts essentially all
      of the organic material introduced in aqueous stream 39. The
      isobutyraldehyde/organic extract removed from the extracter via line 43 is
      introduced into line 1 and utilized as feed for the condensation reactor.
      The substantially organic free water-containing stream from the base of
      the extracter is removed via line 42.
PAR  In a preferred continuous embodiment of my invention, a constant fraction
      of the base in the stream sublimator is drawn off so as to maintain the
      base sublimator temperature at from about 130.degree.C. to about
      140.degree.C. when the sublimator is under a vacuum of 20 inches of water.
      In normal operation, this base take-off will amount to from about 5
      percent to about 10 percent of the total sublimator feed. Typical analysis
      of this base stream is 50 percent to 60 percent neopentyl glycol, 40
      percent to 30 percent sodium salts, and 10 percent water. This sublimator
      base stream is then mixed with the spent catalyst stream from the reactor
      decanter, which is typically about five times as great in volume. Typical
      analysis of the aqueous stream from the decanter is 87 percent water, 8
      percent to 12 percent sodium salts, 1.5 percent to 2.0 percent
      isobutyraldehyde, 0.75 percent to 1.25 percent neopentyl glycol, and 0.3
      percent to 0.8  percent hydroxypivaldehyde. When mixed, the two streams
      will produce a mixture with a typical analysis of 72 percent water, 16
      percent sodium salts, 1.5 percent isobutyraldehyde, 10 percent neopentyl
      glycol, 0.5 percent hydroxypivaldehyde. The composition of this stream is
      not critical. Normally it is desirable that enough water be present so
      that all ingredients are liquid at ambient temperatures, although this is
      not essential as any temperature may be utilized so long as it is above
      the freezing point and below the boiling point of all components of the
      mixture. This mixed stream is then extracted in a continuous extracter
      with isobutyraldehyde, and the extract is fed to the condensation reactor.
      The extraction efficiency is greater than 99.9 percent with regard to
      recovery of neopentyl glycol and hydroxypivaldehyde. The water-containing
      stream leaving the extractor contains less than about 0.05 percent
      hydroxypivaldehyde, less than about 0.05 percent neopentyl glycol, about
      1.3 percent isobutyraldehyde, about 18 percent sodium salts, about 80.7
      percent water. Because of the extremely low organic content of this
      stream, subsequent pollution-control processing is greatly facilitated.
PAR  Inasmuch as the isobutyraldehyde used as the extractant is one of the feed
      materials, no separate solvent recovery is required. The isobutyraldehyde
      extract is fed directly to the aldol reactor. The presence of neopentyl
      glycol and hydroxypivaldehyde in this stream has been found to have no
      adverse effect on the reaction rate.
PAR  It was quite surprising that isobutyraldehyde could be used to extract
      organic materials with such high efficiency, and that the recycle of the
      extracted materials into the aldol reactor would have no adverse effects
      on the reaction. Neopentyl glycol has a solubility of 90 percent in water.
      It was therefore quite unexpected that it could be removed from a water
      stream by isobutyraldehyde with an efficiency of greater than 99.9
      percent. The extraction coefficient for neopentyl glycol in water and
      isobutyraldehyde was determined to be approximately 5.5. The extraction
      coefficient is defined as the pounds of neopentyl glycol in
      isobutyraldehyde per pound of neopentyl glycol in water. This would result
      in a minimum isobutyraldehyde to water feed ratio for this system of about
      0.18 to 1.0. The maximum ratio is limited only by the capacity of the
      aldol reactor as it would be inconvenient to use more isobutyraldehyde
      than could be fed to the reactor. Normal isobutyraldehyde feed to the
      process is about 1.5 times the water flow, which is approximately 8 times
      the minimum required.
PAR  The unexpected discovery that recycled neopentyl glycol in the
      isobutyraldehyde stream would have no effect on the aldol condensation
      reaction is confirmed by a comparison of otherwise identical runs in an
      aldol reactor. In one run, 10 percent neopentyl glycol, based on the
      isobutyraldehyde content, is added. Both runs are made at atmospheric
      pressure and 65.degree.C. The reaction rate constant is 0.56 liters per
      gram mole per hour with neopentyl glycol present, and 0.59 liters per gram
      mole per hour without neopentyl glycol. This difference in reaction rate
      is considered to be insignificant and within ordinary experimental error.
      No increase in impurities due to the presence of neopentyl glycol is
      observed. The neopentyl glycol appears to be inert in the aldol reactor,
      the only effect being a lowering of effective reactor volume similar to
      that experienced if an inert diluent is used.
PAR  The surprising efficiency of isobutyraldehyde as an extractant for the
      organic materials is further illustrated by reference to the following
      example.
PAC  EXAMPLE 1
PAR  Using a countercurrent flow bench-scale extactor consisting of a 11/2 inch
      diameter by 10 foot long glass column filled with Penn State packing, a
      stream representing the mixed sublimator-decanter effluent waste streams
      is fed 8 inches below the top of the extracter. This stream has the
      following analysis: 71.5 g. neopentyl glycol, 6.5 g. hydroxypivaldehyde,
      1.3 g. trimethylpentanediol, 3.9 g. isobutyraldehyde, 3.9 g. methanol,
      52.0 g. sodium carbonate, 19.5 g. sodium butyrate, and 491.4 g. water. An
      isobutyraldehyde stream having the following analysis; 568.4 g.
      isobutyraldehyde, and 11.6 g. water, is introduced 8 inches above the base
      of the extractor. From the top of the extracter is withdrawn a stream
      having the following analysis: 71.5 g. neopentyl glycol, 6.5 g.
      hydroxypivaldehyde, 1.3 g. trimethylpentanediol, 567.6 g.
      isobutyraldehyde, 3.3 g. methanol, 10 ppm. sodium butyrate, and 19.8 g.
      water. This stream is suitable for feed to the aldol condensation reactor.
      From the base of the extracter is drawn a water stream having the
      following analysis: less than 0.3 g. neopentyl glycol, less than 0.3 g.
      hydroxypivaldehyde, less than 0.3 g. trimethylpentanediol, 4.7 g.
      isobutyraldehyde, 0.6 g. methanol, 52.0 g. sodium carbonate, 19.5 g.
      sodium butyrate, and 483.2 g. water. Examination of these streams serves
      to illustrate the surprising efficiency of the isobutyraldehyde as an
      extractant for the organic materials contained in the mixed sodium
      salt-containing effluent stream.
PAC  EXAMPLE 2
PAR  This example demonstrates the fact that neopentyl glycol introduced into
      the aldol reaction has minimal effect on the reaction. A typical aldol
      reactor is set up using a 2-liter, three-necked flask fitted with a
      stirrer, thermowell, condenser and steam heater. using such a set-up, two
      runs are made at 65.degree.C. plus or minus 3.degree.C. utilizing sodium
      carbonate as a catalyst. Feed compositions for the two runs are shown in
      Table I. The product is sampled at specific time intervals and analyzed
      for hydroxypivaldehyde, neopentyl glycol and neopentyl glycol
      monoisobutyrate, low-boilers and high-boilers. The results of these
      analyses are shown in Table II. It will be noted that the
      hydroxypivaldehyde content is approximately the same; the neopentyl glycol
      content in Run 1 is different by the approximate amount of neopentyl
      glycol added to the feed; the low-boilers are only very slightly
      increased; and the high-biolers are of the same order of magnitude. These
      comparative runs demonstrate that neopentyl glycol passes through the
      aldol reaction essentially unchanged and without effecting the reaction.
TBL                TABLE I                                                     
     ______________________________________                                    
     Feed Composition                                                          
                 Run 1       Run 2                                             
     ______________________________________                                    
     Isobutyraldehyde                                                          
                  7.5 moles     7.5 moles                                      
     Formaldehyde 1.5 moles     1.5 moles                                      
     Neopentyl Glycol                                                          
                   .49 moles*   --                                             
     Sodium Carbonate                                                          
                  3.23% of total                                               
                                3.23% of total                                 
     (Catalyst)   feed          feed                                           
     ______________________________________                                    
      *9.2% based on total weight of organic feed                              
TBL                                    TABLE II                                
     __________________________________________________________________________
     Product Composition                                                       
     (Weight Percent)                                                          
               Run 1           Run 2                                           
     __________________________________________________________________________
     Time (mins.)                                                              
               15   60   120   15   60   120                                   
     Hydroxypivaldehyde                                                        
               14.31                                                           
                    20   20.5  14.04                                           
                                    19.81                                      
                                         19.29                                 
     Neopentyl glycol                                                          
               10.1 11.4 13.3  2.2  3.44 3.15                                  
     & neopentyl glycol                                                        
     monoisobutyrate                                                           
     Low Boilers                                                               
               .55  .55  .55   Trace                                           
                                    Trace                                      
                                         Trace                                 
     High Boilers                                                              
               .17  .93  1.48  .13  .58  1.33                                  
     __________________________________________________________________________
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove and as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for producing neopentyl glycol of high purity wherein
      isobutyraldehyde and formaldehyde are reacted in a condensation reactor in
      the presence of a condensation catalyst to form a reaction mixture
      containing hydroxypivaldehyde; said reaction mixture is separated into an
      organic component containing hydroxypivaldehyde and an aqueous component
      containing the spent catalyst; which hydroxypivaldehyde-containing
      component is then reduced to produce neopentyl glycol; saponified with
      caustic to cleave hydroxypivaldehyde esters present in the crude neopentyl
      glycol-containing reaction mixture; and the resulting mixture sublimated
      by passing steam through the saponified reaction mixture in a sublimator,
      the sublimator being at a temperature of about 70.degree.C. to about
      140.degree.C.; the improvement which comprises mixing residue from the
      sublimator base with the aqueous spent catalyst-containing component from
      the condensation reactor to provide a liquid mixture, extracting the
      organic materials from the mixture with sufficient isobutyraldehyde to
      provide a minimum isobutyraldehyde to water ratio in the extractor of
      about 0.18 to 1.0, and utilizing the resultant isobutyraldehyde extract as
      a feed to the condensation reactor.
NUM  2.
PAR  2. In a continuous process for producing neopentyl glycol of high purity
      wherein isobutyraldehyde is reacted with formaldehyde in a condensation
      reactor to form an aqueous stream containing spent catalyst and an organic
      stream containing hydroxypivaldehyde, which organic stream is then reduced
      to produce neopentyl glycol, saponified with caustic to cleave
      hydroxypivaldehyde esters present in the crude neopentyl glycol-containing
      reaction mixture, and the resulting saponified reaction mixture sublimated
      by passing steam through said saponified reaction mixture in a sublimator,
      the said sublimator being at a temperature of from about 70.degree.C. to
      about 140.degree.C.; the improvement which comprises continuously
      withdrawing a base stream from the sublimator, which stream comprises
      neopentyl glycol, sodium salts and water, in a quantity sufficient to
      permit continuous operation of the sublimator combining said base steam
      with the aqueous spent catalyst-containing stream from the condensation
      reactor to provide a liquid mixed stream, extracting the neopentyl glycol
      from said mixed streams with sufficient isobutyraldehyde to provide a
      minimum isobutyraldehyde to water ratio of 0.18 to 1.0, and utilizing the
      neopentyl gylcol/isobutyraldehyde extract as a feed to the said
      condensation reactor.
NUM  3.
PAR  3. A process according to claim 2 wherein the base temperature of the
      sublimator is held below about 140.degree.C.
NUM  4.
PAR  4. A process according to claim 3 wherein the base temperature of the
      sublimator is held at about 130.degree.C. to about 140.degree.C.
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ABST
PAL  In the clean-up and recovery of isopropanol used to deash polypropylene
      prepared by the polymerization of propylene in the presence of a
      TiCl.sub.3.AlCl.sub.3 catalyst, the neutralized bottoms from the first
      stage of a two stage evaporization of isopropanol are deashed by adding a
      small quantity of water, which causes flocculation of a substantial
      portion of the ash in the bottoms which are separated from liquids in the
      system by centrifuging, with the centrate going to the second stage
      evaporization in which substantially only amorphous polypropylene is left
      as bottoms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the removal of catalyst components
      from a process stream used in the finishing of alpha-olefin polymers.
PAR  The polymerization of alpha-olefins, such as propylene alone or with other
      copolymerizable alpha-olefins, is well known and described in numerous
      patents, such as U.S. Pat. Nos. 2,112,300, 3,113,115, 3,197,452, Belgian
      Pat. No. 538,782 and British Pat. No. 994,416.
PAR  The catalyst is normally prepared from a transitional metal compound,
      preferably a halide, and a reducing component consisting normally of
      metallic aluminum or a metal alkyl compound. Representative of the
      transitional metal compounds used is a metal selected from Groups 4B, 5B,
      and 6B of the Periodic System.* Included in the preferred species are the
      titanium halides, for example, titanium tetrachloride, titanium
      trichloride, and titanium dichloride and mixtures thereof. Other metal
      compounds, such as zirconium tetrahalide and hafnium tetrachloride,
      vanadium chloride, chromium chloride, tungsten chloride, and the like, are
      especially useful. Still other transitional metal halides containing
      halogens selected from the group consisting of bromine, iodine, chlorine,
      and in certain instances, flourine, can also be used.
FNT  * Handbook of Chemistry and Physics, The Chemical Rubber Co., Cleveland,
      Ohio, 45th Edition, 1964, p.B-2
PAR  The reducing component of the catalyst composition may be any of a variety
      of reducing agents. Most common among the reducing agents are the
      organometallic compounds such as triethyl aluminum, aluminum diethyl
      chloride, aluminum ethyl dichloride, aluminum diethyl hydride, aluminum
      triisobutyl, aluminum triisopropyl, and related compounds. Many other
      reducing agents such as lithium aluminum hydride, zinc ethyl hydride, and
      the like are described in the literature as useful reducing agents and can
      also be used. These catalysts are all of the now well known "Ziegler"
      variety.
PAR  Certain Ziegler catalysts, or more particularly, certain modified Ziegler
      catalysts, have been found to be especially useful for polymerizing
      alpha-olefins. For example, a titanium trichloride catalyst modified with
      aluminum chloride having the formula, 3TiCl.sub.3 .AlCl.sub.3. Normally,
      this modified Ziegler catalyst is activated with a metal alkyl such as an
      aluminum alkyl, and preferably with an aluminum alkyl halide having the
      structural formula, R.sub.2 AlX or R.sub.3 Al.sub.2 X.sub.3, wherein R is
      selected from the group consisting of alkyl radicals containing 1 to 12
      carbon atoms or phenyl or benzyl radicals, and X is a halogen atom
      selected from the group consisting of chlorine bromine or iodine.
PAR  For purposes of this invention, the transitional metal halide and the
      reducing component are present in molar ratios of about 1 to 1. However,
      molar ratios of the transitional metal halide and the reducing component
      can be present in mol ratios from as low as 0.1 to 1 to as high as 6 to 1.
      If TiCl.sub.3 is the transitional metal halide and diethyl aluminum
      chloride is the reducing agent, an aluminum to titanium ratio of about
      0.33 atom of aluminum per atom of titanium is preferably used.
PAR  In a typical polymerization, liquid alpha-olefin is contacted with a
      catalyst such as TiC.sub.3.1/3AlCl.sub.3 plus diethyl aluminum chloride in
      about a 1 to 2 weight ratio. Productivity typically ranges from about 500
      to 3000 pounds of polymer per pound of TiCl.sub.3.1/3AlCl.sub.3 catalyst.
PAR  The catalyst is simply prepared by mixing the various components whereupon
      an active catalyst is formed. If desired, the activated catalyst can be
      aged or otherwise further treated prior to use. For example, alkali metal
      halides, such as sodium chloride potassium iodide, lithium bromide, or
      sodium fluoride, can be used as additives for improving catalyst
      efficiency and for controlling the length of the polymer chain.
PAR  The preferred catalyst composition for the polymerization of propylene
      comprises a modified titanium trichloride having the structural formula,
      3TiCl.sub.3.AlCl.sub.3, activated with diethyl aluminum chloride. Ratios
      of diethyl aluminum chloride and titanium trichloride of between 0.3: 1
      and 6: 1 may be advantageously used. The pressure of an alkali metal
      halide in an amount of between 0.5 to 10 mols of an alkali metal halide
      per mol of reduced titanium tetrahalide, and preferably a mol ratio of
      from 0.8 to 5 mols of an alkali metal halide, such as sodium chloride, per
      mol of reduced titanium tetrahalide can be used for improving catalyst
      activity.
PAR  A variety of monomers may be polymerized with the Ziegler type catalysts.
      Any unsaturated hydrocarbon corresponding to the general formula,
      R-CH=CH.sub.2, wherein R is selected from the group consisting of an alkyl
      radical having from one to six carbon atoms, a phenyl radcal, and an alkyl
      substituted phenyl radical can be used. Examples of specific unsaturated
      hydrocarbons which can be polymerized include alpha-olefins containing 3
      to 8 carbon atoms, such as propylene, butene, isobutylene, pentene,
      isoamylene, hexene, isohexenes, heptene, isoheptenes, octene, isooctenes,
      and the like. Unsaturated hydrocarbons containing 3 to 5 carbon atoms are
      especially suitable. Diolefins, such as butadiene and isoprene, and alkyl
      substituted ehtylenic compounds having 6 to 8 carbon atoms, such as
      styrene, methylstyrene, and the like, may also be polymerized by these
      processes. Mixtures of any of the above monomers can also be used.
PAR  The monomers may be polymerized at moderate temperatures and pressures with
      the Ziegler type catalysts described above, generally at temperatures of
      0.degree. C to 150.degree. C, with temperatures on the order of 25.degree.
      C to 80.degree. C being particularly useful. A solvent may be employed for
      the polymerizations; however, the olefin monomer is frequently used for
      this purpose. The polymerizations are preferably conducted under
      conditions that exclude atmospheric impurities such as moisture, oxygen
      and the like.
PAR  The pressure ranges from about atmospheric pressure to about several
      atmospheres with pressures in excess of about 500 p.s.i. rarely being
      employed.
PAR  After the polymer has been produced, the catalyst is deactivated by
      contacting the polymeric reaction mixture with a material which reacts
      with the deactivates the catalyst. Such materials include, for example,
      lower alcohols, acetone and water. Thereafter, the polymer may be
      separated from the diluent, washed with water and dried. The removal of
      residual amounts of catalyst is most important since even the small
      amounts remaining after water washing can be detrimental to the polymer.
      Residual ash can be detrimental, for example, during extrusion of the
      polymer, wherein filter screens may become plugged by the ash or if not
      filtered out of the polymer the ash may cause inherent weaknesses in the
      product, particularly filaments. Residual ash also may adversely effect
      antioxidant stability in the polymer and cause poor color qualities.
      Furthermore, proper neutralization is not normally practical without
      deashing. An acid polymer is undesirable, for example because of excessive
      equipment corrosion and poor polymer color properties. As used herein the
      phrase "neutralize the polymer" is understood to refer to neutralizing the
      acid components present in admixture with the polymer such as the
      chloride.
PAR  The polymerization is usually directed to the preparation of a crystalline,
      stereoregular structure "isotactic" polymer. In addition to the so called
      "isotactic" polymer, there is also produced a substantially
      noncrystalline, amorphous polymer, which is also desirably removed from
      the polymer product.
PAR  The removal of the catalyst components from the polymer usually means that
      these materials have been transferred to a treating or contacting
      material. Thus the ecological problem of the final disposal or recycle
      thereof has not been resolved. Frequently, substantial portions of the
      residual catalyst components are removed by contacting the polymer in a
      slurry with an alcohol having one to six carbon atoms, preferably
      aliphatic alcohols having one to four carbon atoms; wherein the catalyst
      components and amorphous polymer are soluble in the alcohol and are
      removed from the isotactic polymer.
PAR  The alcohol is an expensive solvent and it is recovered and reused. Because
      of the acidic nature of the materials extracted from the polymer, the
      alcohol is generally neutralized, usually with an alkali metal hydroxide,
      e.g., NaOH. Since there are impurities dissolved in the alcohol, the
      recovery is best carried out by evaporating, i.e., distilling the alcohol
      and leaving the residual catalyst components, other metals and amorphous
      polymer as bottoms which are removed and disposed of. This is normally
      achieved by slurring the bottoms, which are essentially free of alcohol
      with a hydrocarbon oil thereby dissolving the amorphous polymer, and
      incinerating the mixture.
PAR  The presence of the catalyst components, however, may present ecologically
      undesirable combustion products and are preferably removed. The
      hydrocarbon oil, freed of the catalyst components and containing the
      dissolved amorphous polymer, can be safely incinerated or employed in
      higher utilization, such as a specialty oil or a cracking feed for the
      production of motor fuel.
PAR  It is an advantage of the present invention that the residual catalyst
      components are separated from the amorphous polymer prior to dissolving
      the amorphous polymer in the hydrocarbon oil. This and other advantages
      and features will become apparent from the following description.
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PAC  DRAWINGS
PAR  FIG. 1 is a schematic flow sheet of the process steps of the present
      invention in relation to a polymerization process.
PAR  FIG. 2 is a graph showing the effect of water on flocculation.
PAR  FIG. 3 is a graph showing the effect of standing time on flocculation.
PAR  FIG. 4 is a graph showing the effect of added electrolyte on flocculation.
PAR  FIG. 5 is a graph comparing batch and continuous operation of the present
      invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated the present invention is a process for removing contaminates
      comprising metals and particularly neutralized Ziegler type catalyst
      components from admixture with C.sub.1 to C.sub.6 alcohol and amorphous
      alpha-olefin polymer, comprising adding a minor amount of water to said
      mixture, forming floc containing a substantial portion of said
      contaminates, centrifuging said mixture to remove the floc therefrom and
      recovering a liquid portion having substantially reduced contaminates
      therein. The alcohol contains a substantial portion of the amorphous
      polymer, although polymer fines are preferably removed along with the
      metal contaminates by the centrifuging. The flocculation may be carried
      out at a temperature in the range of 90.degree. to 250.degree.F.
PAC  DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS
PAR  The metal contaminates removed frequently comprise Ti, Al, Na, and Cl. The
      sodium contaminates arise from the use of NaOH to neutralize the
      polymerization product. The other contaminates are Ziegler type catalyst
      components. The metal components are principally dissolved or suspended in
      the alcohol. Also a substantial portion of the amorphous polymer is
      dissolved in the alcohol, which may contain a minor amount, such as, up to
      40 volume percent of lower hydrocarbons of 5 to 8 carbon atoms, e.g.,
      n-heptane. The lower hydrocarbons may aid in solublizing the amorphous
      polymer. The alcohol feed in the present process may be lower alkanols,
      for example, methanol, ethanol, isopropanol, isohexanol or the like.
      Preferably the feed has been subjected to further neutralization and to a
      distillation wherein a substantial portion of the alcohol and any
      hydrocarbon have been removed, leaving a relatively concentrated solution
      of metal contaminates, preferable about 5 to 30 weight percent
      contaminates based on the alcohol.
PAR  Only a small amount of water, i.e., about 0.1 to 5 volume percent based on
      the alcohol is needed to achieve the high degree of contaminate removal
      observed. It has been found that preferably only about 0.1 to 1.0 volume
      percent water is required in a continuous operation. Since some standing
      time is desirable after the addition of the water in order to maximize the
      floc formation, it may be that the continuous process allows relatively
      less standing time for maximum floc formation. This view is supported by
      the observation that increased ash removal occurs with reduced feed rates
      in the continuous process. Likewise increasing the water addition rate
      increased ash removal. Thus in carrying out the present process, the
      relation between retention time of the water in admixture with alcohol
      prior to centrifuging and amount of water should be determined for
      maximizing ash removal for given types of processes. The present examples
      and the figures teach the operator of the process the perimeters and the
      manner of maximizing ash removal for particular alcohol compositions.
PAR  It has been determined that the presence of small amounts of polyvalent
      metal electrolytes, i.e., about 1 to 15 weight percent based on water in
      the system, added with the water enhances the floc formation. Suitable
      electrolytes include AlCl.sub.3, iron (III) chloride and the like. It has
      also been observed that the pH of the flocculation system should be
      adjusted in the range of about 4 to 12, preferably about 6 to 11. The pH
      of the flocculation system may be adjusted by the neutralization of the
      alcohol prior to distillation and by the addition an excess of alkali
      solution of from 10 to 500 ppm weight calculated as NaOH beyond that
      needed for neutralization.
PAR  Generally amorphous polymer, e.g., atactic polypropylene will be present in
      the alcohol in from about 10 to 50 weight percent based on the alcohol
      (depending on the manner of the polymerization and on the selectivity of
      the solvents used to remove the soluble polymer from the polymer reaction
      product).
PAR  In a preferred embodiment the present invention is used to remove catalyst
      components (i.e., ash) from a process stream related to the finishing of
      polypropylene polymer prepared by the polymerization of propylene in the
      presence of TiCl.sub.3.1/3 AlCl.sub.3 catalyst as known in the art. More
      specifically the present invention is employed to substantially remove all
      of the catalyst components from admixture with alcohol and dissolved
      amorphous polyropylene, before the residual bottoms from the alcohol
      distillation are contacted with a scavenger oil.
PAR  The relationship of the present invention to the propylene polymerization
      and the scavenger oil can be seen more clearly by reference to FIG. 1,
      wherein a simplified schematic of the process steps is presented.
PAR  In the first step the alpha-olefin, propylene is polymerized A with
      TiCl.sub.3.1/3 AlCl.sub.3 diethyl aluminum chloride catalyst, followed by
      solid polymer recovery B and removal of unreacted propylene and deashing C
      of the polypropylene porduct, with a C.sub.1 to C.sub.6 alcohol, in this
      case isopropyl alcohol, which dissolves (or suspends) the catalyst
      components (ash) and amorphous polypropylene leaving a deashed highly
      stereoregular polymer.
PAR  The deashing alcohol may also contain a minor amount of a lower hydrocarbon
      as described above. The deashed alcohol is neutralized D with an excess of
      alkali, e.g., 100 ppm NaOH necessary to neutralize the alcohol containing
      the ash. Very good separations have been achieved near neutrality or the
      isoelectric point, i.e., pH 6.5-7.5.
PAR  The alcohol is recovered by evaporization, i.e., distillation in two
      stages. In the first stage about 30 to 70 volume percent of the alcohol is
      evaporated E leaving the bottoms, containing the balance of the alcohol,
      the dissolved catalyst components, alkali neutralizers and amorphous
      polymer. The bottoms are flocculated E by the addition of a small quantity
      of water. The floc may contain 90 percent or more of the ash. To separate
      the floc from the liquid portion of the system all of the materials are
      centrifuged G and the centrate liquids are subjected to a second
      evaporation I which removes residual alcohol and any cosolvents producing
      a residue (evaporization I bottoms) which is substantially free of ash and
      which is comprised principally of amorphous polypropylene. A hydrocarbon
      oil, e.g., a gas oil is added to the second stage evaporization, Contact
      J, to reduce the viscosity in evaporation I.
PAR  The hydrocarbon oil has a initial boiling point not substantially lower
      than 400.degree.F and a final boiling point not substantially above
      900.degree.F. This fraction can be derived from any source of crude
      petroleum and its specific composition can vary considerably, and may
      include such fractions as cracked gas oil boiling in the range of
      400.degree.-650.degree.F. The hydrocarbon oil may be a hydrocarbon mixture
      boiling over the entire range of about 400.degree. to 900.degree.F or a
      fraction boiling at or over any portion that range.
PAR  The gas oil containing the amorphous polypropylene therein may be
      effectively used as catalystic cracking feed or as a specialty oil.
PAR  The solid residue from the centrifuging G contains 36 percent solids which
      are dried at 170.degree. to 275.degree.F and produce a powdery, friable
      easily flowable powder, from which the metals may be recovered, or which
      is safely disposed of by other means. The alcohol from the drying is
      recovered. The recovered alcohol as noted above may contain lower
      hydrocarbons. The recovered alcohol from the ash drying H may be dried
      (not shown) and recycled to the deashing step C as may the alcohol from
      the evaporations E and I.
PAC  EXAMPLE 1
PAR  This example demonstrates operation of the present invention in a batch
      operation. The effect of the addition of various levels of water to the
      bottoms from the first stage evaporization are set out in FIG. 2.
      Flocculation times, i.e., standing time prior to centrifuging were about 5
      minutes for each run in FIG. 2, and the centrifuging was about 5 minutes
      for each run. Prior to centrifuging the samples were heated to
      160.degree.F.
PAC  EXAMPLE 2
PAR  This example, also batch demonstrates the effect of short flocculation
      times on ash removal. Each sample was heated to 160.degree.F prior to
      centrifuging which was carried out for 5 minutes. The results are shown in
      the graph of FIG. 3.
PAC  EXAMPLE 3
PAR  This example, carried out in batch, demonstrates the improvement which can
      be obtained with an added polyvalent cation. A five and 10 percent
      solution of AlCl.sub.3 were used. The pH was 6.9 to 7.0, flocculation time
      1 minute and samples were heated to 160.degree.F prior to centrifuging for
      5 minutes. The results are shown in FIG. 4.
PAC  EXAMPLE 4
PAR  This example demonstrates a continuous run of a bottoms stream from the
      first stage evaporization, which is similar to that used in examples 1-4,
      however, it should be appreciated that actual plant streams were used for
      all examples and that some variation of the type routine experienced in
      the utilization of the present invention does occcur. The centrifuges for
      both the batch and continuous process were operating at about the same
      settling severity. The continuous centrifuge was a Sharples P-850. The
      feed rate was about 1000 pounds/hour of bottoms for the determinations
      with the pH being basic. The temperature of the flocculating and
      centrifuging was about 170.degree.F. The results of the continuous
      operation under these conditions are compared to batch data in FIG. 5. The
      difference in the amounts of water required in batch and continuous
      process is thought to be due to the quiescent settling in the batch
      centrifuge.
CLMS
STM  The Invention claimed is:
NUM  1.
PAR  1. A process for the recovery of lower alkanol used to deash alpha-olefin
      polymer wherein the alkanol after deashing comprises a mixture of said
      alkanol, contaminates and amorphous alpha-olefin polymer which comprises
      adding a minor amount of water to said mixture to form a floc containing a
      substantial portion of said contaminates, centrifuging said mixture to
      remove the floc therefrom, and thereafter evaporating to recover alkanol.
NUM  2.
PAR  2. The process according to claim 1 wherein the temperature is in the range
      of 90.degree. to 250.degree.F.
NUM  3.
PAR  3. The process according to claim 2 wherein about 0.1 to 5 volume percent
      water based on the volume of alkanol present is added.
NUM  4.
PAR  4. The process according to claim 3 wherein said process is batch and the
      volume percent of water added is about 0.1 to 1.0.
NUM  5.
PAR  5. The process according to claim 3 wherein said process is continuous and
      the volume percent of water added is about 0.3 to 2.0.
NUM  6.
PAR  6. The process according to claim 1 wherein said contaminates are present
      in about 5 to 30 weight percent based on the alkanol
NUM  7.
PAR  7. The process according to claim 6 wherein contaminates comprise Ti, Al,
      Na, and Cl.
NUM  8.
PAR  8. The process according to claim 1 wherein the pH of the flocculation
      system is in the range of 4 to 12.
NUM  9.
PAR  9. The process according to claim 8 wherein the pH is in the range of 6 to
      10.
NUM  10.
PAR  10. The proess according to claim 1 wherein from 1 to 15 weight percent
      based on water of a trivalent metal electrolyte is present.
NUM  11.
PAR  11. The process according to claim 1 wherein up to 40 volume percent of a
      C.sub.5 to C.sub.8 hydrocarbon is present as a cosolvent in the lower
      alkanol used to deash said polymer.
NUM  12.
PAR  12. The process according to claim 9 wherein the pH is in the range of 6.5
      to 7.5.
NUM  13.
PAR  13. The process according to claim 1 wherein said alkanol is a C.sub.1 to
      C.sub.6 alkanol.
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ABST
PAL  1,1-Diphenylalkanes having a p-tert-butyl and a p'-alkyl group substituted
      thereon are a new class of compounds possessing a broad range of
      insecticidal activity.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Mobil Docket No. 8616 filed on the same date herewith and entitled
      P-Tert-Butyl-Diphenylalkane Insecticides relates to such compounds having
      p'-alkoxy (C.sub.1 -C.sub.4) substitution as opposed to the p'-alkyl
      substitution of this application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a new class of compounds, 1,1-diphenylalkanes
      having p-tert-butyl and p'-alkyl (C.sub.1 -C.sub.3) groups, useful as
      insecticides. This invention is further directed to compositions
      comprising such compounds and an inert solid or liquid carrier and a
      method of using said compounds and compositions in controlling insects.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Metcalf, et al. in U.S. Pat. No. 3,787,505 (Reference 1) reported compounds
      having the following structure wherein R and R' are different and R is
      selected from the group consisting of CH.sub.3, OCH.sub.3, OC.sub.2
      H.sub.5 and OC.sub.3 H.sub.7, and R' is selected from SCH.sub.3 and
      CH.sub.3 :
      ##SPC1##
PAR  Additionally, the following compounds were reported by M. Fahmy, T. Fukuto,
      R. Metcalf, and R. Holmstead in J. Agr. Food Chem., 21 585 (1973)
      (Reference 2):
      ##SPC2##
PAL  Where R is OCH.sub.3 and Cl.
PAR  Most of these compounds were also described by R. L. Metcalf and T. R.
      Fukuto, Bull, Wld. Hlth. Org., 38 633 (1968) (Reference 3); compounds
      therein not described above include:
      ##SPC3##
PAL  Wherein R and R' are the same and are selected from Cl, CH.sub.3, C.sub.2
      H.sub.5, CH(CH.sub.3).sub.2, C(CH.sub.3).sub.3, OCH.sub.3 and OC.sub.2
      H.sub.5. The compound wherein R and R' are Cl is the insecticide DDT. The
      compound where R and R' and Cl and wherein CCl.sub.3 is replaced by
      CHCl.sub.2 is the insecticide DDD.
PAR  The structure-activity relationships and theories derived from such prior
      art (e.g. References 1, 2 and 3) strongly suggest that the compounds of
      the present invention should be insecticidally inactive. For example, it
      is stated in Reference 3, page 637 with regard to alterations of the ring
      substituents of DDT, "substitution of a single p-CH.sub.3 for p-Cl
      produced a substance considerably more effective-(insecticidally)-than the
      isosteric DDT. However, compounds with larger alkyl groups in the p,p'
      positions-isopropyl, butyl, pentyl and dodecyl were completely inactive".
      This observation is reinforced later in the reference's summary wherein it
      is stated that the insecticidal activity of DDT analogs is optimal when
      p,p'-Cl are substituted by small relatively non-polar groups such as F,
      Cl, Br, CH.sub.3, OCH.sub.3, C.sub.2 H.sub.5 and OC.sub.2 H.sub.5.
PAR  A more detailed analysis of structure-activity relationships in DDT analogs
      presented in Reference 2 concludes that for maximum activity the overall
      size of the molecule is critical and deviation from the size of the DDT
      molecule results in reduced activity.
PAR  Accordingly, one would conclude from this that any DDT analogs bearing the
      large p-tert-butyl group such as the compounds of the present invention,
      all of which are thus much larger than DDT, would be insecticidally
      inactive.
PAR  The insecticide screening data presented below clearly shows that this is
      not the case. Thus, the activity of the new compounds is surprising and
      could not be predicted by currently held theories of insecticidal
      structure and activity relationships.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides new 1,1-diphenylalkanes wherein the phenyl groups
      are substituted at the para position, one by tert-butyl and the other by
      alkyl substituents. These new compounds are highly effective in combating
      various insect classes including lepidoptera, e.g. southern armyworm, and
      coleoptera, e.g. Mexican bean beetle. These two classes of insects
      represent the largest group of insect pests in terms of the annual damage
      they inflict on crops.
PAR  The compounds embodied in this invention have the following general
      structure:
      ##SPC4##
PAL  wherein R is alkyl (C.sub.1 to C.sub.3) i.e. selected from the group
      consisting of CH.sub.3, C.sub.2 H.sub.5 and C.sub.3 H.sub.7, and a, b and
      c are selected from the group consisting of hydrogen, chloro and alkyl
      (C.sub.1 -C.sub.2), i.e. CH.sub.3 and C.sub.2 H.sub.5.
PAR  The compounds of the present invention, unlike DDT and DDD, are expected to
      be biodegradable and non-persistent in the environment. R. L. Metcalf, et
      al. report in the Bull. Wld. Hlth. Org., 44, 363 (1971) that DDT analogs
      having substituent groups (e.g. alkoxy and alkyl) readily attached by
      multifunction oxidase enzymes present in the environment undergo
      substantial biological degradation and do not appear to be readily stored
      or concentrated in animal tissues or food chains. Furthermore, as pointed
      out by I. P. Kapoor, et al. J. Agr. Food Chem., 21, 310 (1973), a single
      biodegradable substituent is sufficient to impart a substantial degree of
      biodegradability to the compound.
DETD
PAC  NON-LIMITING EXAMPLES
PA1  1-(p-tert-Butylphenyl)-1-(p'-ethylphenyl)ethane;
PA1  1-(p-tert-Butylphenyl-1-(p'-ethylphenyl)propane;
PA1  1-(p-tert-Butylphenyl)-1-(p'-methylphenyl)-2-chloropropane;
PA1  1-(p-tert-Butylphenyl)-1-(p'-methylphenyl)-2,2-dichloroethane;
PA1  1-(p-tert-Butylphenyl)-1-(p'-methylphenyl-2,2,2-trichloroethane;
PA1  1-(p-tert-Butylphenyl)-1-(p'-ethylphenyl)-2,2,2-trichloroethane;
PA1  1-(p-tert-Butylphenyl)-1-(p'-ethylphenyl)-2-methylpropane;
PA1  1-(p-tert-Butylphenyl)-1-(p'-methylphenyl)-2-methylpropane;
PA1  1-(p-tert-Butylphenyl)-1-(p'-ethylphenyl)-2-2, -dimethylpropane, etc.
PAR  In general, the compounds of this invention are prepared by condensing
      tert-butylbenzene with an appropriate substituted carboxylic acid chloride
      and/or chloral in the presence of a suitable catalyst, e.g. aluminum
      chloride.
PAR  The resulting ketones are reduced to the corresponding alcohols using the
      convenient RED-AL.sup.TM reducing reagent available from Aldrich Chemical
      Company.
PAR  The purified alcohols are then condensed with an appropriate alkylbenzene
      in the presence of sulfuric acid. A solvent such as dichloromethane,
      ethylene chloride or acetic acid may be employed or excess alkylbenzene
      may serve as solvent.
PAR  The starting materials - - - tert-butylbenzene, carboxylic acid chlorides,
      and alkylbenzenes are articles of commerce.
PAC  EXAMPLE 1
PAC  4'-tert-Butyl-2,2-dichloroacetophenone
PAR  A solution of 74g (0.5 mole) of dichloroacetyl chloride and 67g (0.5 mole)
      of tert-butylbenzene was added over 0.5 hr. at 0-5.degree.C to a
      vigorously stirred mixture of 68g (0.5 mole) of aluminum chloride and 75
      ml of carbon disulfide. The reaction mixture was stirred for 4 hrs. while
      the temperature rose to ambient and then poured onto a mixture of 500 ml
      of ice and 100 ml of 12M HCl. The organic products were extracted into
      ethyl ether (2 .times. 400 ml) and the ethereal solution was washed with
      dil HCl, water, aqueous bicarbonate with brine, dried over magnesium
      sulfate and concentrated. Obtained was 120g of dark liquid which
      crystallized from cold (-40.degree.C) 30-60 pet ether to provide 70g of a
      white solid after several washings with cold pet ether; mp
      47.degree.-49.degree.C: ir (KBr) 3.4 (m), 5.9 (s), 6.3 (s), 11.7 (s),
      12.6 (s); nmr (CDCl.sub.3) 6.7 (1H, s) ppm.
PAC  EXAMPLE 2
PAC  1-p-tert-Butylphenyl-2,2-dichloroethanol
PAR  A 50 ml portion (0.2 mole) of a 70% RED-AL solution (Aldrich Chemical
      Company) was added over 0.5 hr. to a solution of 49g (0.2 mole) of Example
      1 in 300 ml of benzene. Dry nitrogen blanketed the reaction surface and
      the temperature was controlled at 20.degree.-30.degree.C. After stirring
      for 2 hrs. at ambient, the solution was cooled to 10.degree.C. and the
      excess reducing agent was neutralized by the drop-wise addition of 30 ml
      of 20% sulfuric acid. The white solid which separated was filtered and
      washed with benzene and the benzene filtrates were concentrated to afford
      50g of a clear liquid. A 38g portion was distilled via short path to
      provides 35g of a clear, colorless liquid; Bp 112.degree.-118.degree.C
      (0.5 mm); ir (film) 2.9 (s), 3.4 (s), 11.8 (s), 12.7 (s) microns; nmr
      (CDCl.sub.3) 7.23 (4H, m), 5.65 (1H, d) 4.78 (1H, d) 3.40 (1H, s), 1.25
      (9H, s) ppm.
PAC  EXAMPLE 3
PAC  1-p-tert-Butylpenyl-1-p'-ethylphenyl-2,2-dichloroethane
PAR  A mixture of 16.2g (0.15 mole) of ethylbenzene and 17 ml of 96% sulfuric
      acid was prepared at 0.degree.-5.degree.C and to this was added over 15
      min. at 0.degree.-5.degree.C a solution of 6.3 g (0.026 mole) of Example 2
      in 9 ml of dichloromethane. The mixture was vigorously stirred for 2 hrs.
      while the temperature rose to ambient and then poured onto 100 ml of
      crushed ice. The organic products were extracted into ethyl ether and the
      ethereal solution was washed with water, aqueous bicarbonate and with
      brine, dried over magnesium sulfate and concentrated on the steam bath at
      1.0 mm. Obtained following recrystallization of the concentrate from
      hexane was 5.1g of white solid: mp 110.5-112; ir (KBr) 3.5 (s), 6.7 (m),
      9.8 (m), 13.3 (s) microns; nmr (CDCl.sub.3) 7.3-7.1 (8H, m), 6.31 (1H, d)
      4.48 (1H, d) 2.60 (2H, q), 1.22 (9H, s), 1.18 (3H, t) ppm. A VPC analysis
      indicated 100% p,p'-isomer.
PAC  EXAMPLE 4
PAC  4'-tert-Butylbutyrophenone
PAR  The procedure of Example 1 was followed for the reaction of 53g (0.5 mole)
      of bytyryl chloride with 67g (0.5 mole) of tert-butylbenzene. Obtained
      after high vacuum concentration was 94g of a clear liquid. VPC indicated a
      pure product. Ir (film) 3.5 (s), 5.9 (s) microns; nmr (CDCl.sub.3) 7.65
      (4H, center of doublet of doublets, 2.9 (2H, t), 1.75 (2H, sextet), 1.3
      (9H, s), 0.95 (3H, t) ppm.
PAC  EXAMPLE 5
PAC  4'-tert-Butyl-2-chlorobutyrophenone
PAR  To a solution of 51g (0.25 mole) of Example 4 in 200 ml of
      carbontetrachloride was added portionwise 38g (0.28 mole) of sulfuryl
      chloride and the reaction solution was heated to 70.degree.C for 1.5 hr.
      The solution was then washed with water, aqueous bicarbonate and with
      brine, dried over magnesium sulfate and concentrated. Obtained was 56g of
      a liquid which was distilled to afford 33g of a center fraction of clear,
      colorless product: Bp 113.degree.-118.degree. (0.4 mm); ir (film) 3.4 (m),
      5.9 (s), 6.3 (m), 7.8 (m), 11.7 (m), microns; nmr (CDCl.sub.3) 7.67 (4H, d
      of d), 5.03 (1H, t), 2.04 (2H, quintet), 1.28 (9H, s), 1.11 (3H, t) ppm.
PAC  EXAMPLE 6
PAC  1-(p-tert-Butylphenyl)-2-chlorobutanol
PAR  The procedure of Example 2 was followed for the reaction of 35.7g (0.15
      mole) of Example 5 with 37.5 ml (0.15 mole) of RED-AL. Obtained was 32.5g
      of a liquid product which was distilled to afford 26.7g of a colorless
      liquid: Bp 112.degree.-118.degree.C (0.5 mm); ir (film) 2.9 (m), 3.4 (s),
      6.9 (m), 11.9 (m), microns; nmr (CDCl.sub.3) 7.28 (4H, d of d), 4.70 (1H,
      d of d), 4.02 (1H, m), 2.70 (1H, broad), 1.65 (2H, m), 1.25 (9H, s), 0.95
      (3H, t) ppm.
PAC  EXAMPLE 7
PAC  1-p-tert-Butylphenyl-1-p-ethylphenyl-2-chlorobutane
PAR  The procedure of Example 3 was followed for the reaction of 19.1g (0.18
      mole) of ethylbenzene with 7.2g (0.03 mole) of Example 6 in 10 ml of
      dichloromethane and 20 ml of 96% sulfuric acid. Obtained was 8.5g of a
      clear, amber liquid product: ir (film) 3.4 (s), 6.7 (m), 6.8 (m), 12.3
      (m), 12.7 (m) microns; nmr (CDCl.sub.3) 7.50-6.90 (8H, m), 4.56 (1H, m)
      4.05 (1H, d), 2.52 (2H, q), 1.60 (2H, m), 1.27 (3H, t), 1.18 (9H, s), 10.5
      (3H, t) ppm. A VPC analysis indicated 90% p,p'-isomer, 5% o,p'-isomer, 5%
      other products.
PAC  EXAMPLE 8
PAC  1-p-tert-Butylphenyl-1-p'-methylphenyl-2-chlorobutane
PAR  The procedure of Example 3 was followed for the reaction of 12.6g (0.14
      mole) of toluene with 5.5g (0.02 mole) of Example 6 in 8 ml of
      dichloromethane and 15 ml of sulfuric acid. Obtained was 4.4g of a clear,
      yellow liquid product: ir (film) 3.4 (s), 6.7 (s), 6.8 (m), 7.3 (m), 12.6
      (m), 12.8 (s) microns; nmr (CDCl.sub.3) 7.35-6.95 (8H, m), 4.55 (1H, m),
      4.03 (1H, d), 2.20 (3H, s), 1.18 (9H, s), 1.00 (3H, t) ppm. A VPC analysis
      indicated a product mixture of 90% p,p' -isomer, 5% o,p'-isomer and 5%
      other products.
PAC  EXAMPLE 9
PAC  4'-tert-Butyl-2-chloropropiophenone
PAR  The procedure of Example 1 was followed for the reaction of 63.5g (0.5
      mole) of 2-chloropropionyl chloride with 67g (0.5 mole) of
      tert-butylbenzene. Obtained after high vacuum concentration was 100g of a
      clear, yellow liquid product: ir (film) 3.4 (s), 5.9 (s), 6.3 (s), 8.0
      (s), 10.5 (s), 11.8 (s) microns: nmr (CDCl.sub.3) 7.67 (4H, d of d), 5.21
      (1H, q), 1.67 (3H, d), 1.28 (9H, s) ppm. A VPC analysis indicated one pure
      product.
PAC  EXAMPLE 10
PAC  1-p-tert-Butylphenyl-2-chloropropanol
PAR  The procedure of Example 2 was followed for the reaction of 67.4g (0.3
      mole) of Example 9 with 75 ml of RED-AL in 400 ml of benzene. Obtained
      following vacuum concentration was 69g of a clear liquid which was
      distilled to afford 53g of clear, colorless liquid product: Bp
      100.degree.-102.degree. (0.2 mm); ir (film) 2.9 (s), 3.4 (s) 6.9 (m), 7.3
      (m), 9.1 (m), 9.7 (m), 10.0 (m), 11.9 (m) microns. A VPC analysis
      indicated one pure product.
PAC  EXAMPLE 11
PAC  1-p-tert-Butylphenyl-1-p'-ethylphenyl-2-chloropropane
PAR  The procedure of Example 3 was followed for the reaction of 6.8g (0.03
      mole) of Example 10 with 19g (0.18 mole) of ethylbenzene in 10 ml of
      dichloromethane and 20 ml of sulfuric acid. Obtained following
      recrystallization of the work-up residue from 20-40 pet ether was 4.7g of
      a white, crystalline product: mp 71.degree.-75.degree.C; ir (CCl.sub.4),
      3.4 (s), 7.9 (m), 9.9 (m), 15.1 (s), 15.3 (m) microns; nmr (CDCl.sub.3)
      7.4-7.0 (8H, m), 4.72 (1H, m), 3.97 (1H, d), 2.58 (2H, q), 1.43 (3H, d),
      1.30 (3H, t), 1.21 (9H, s) ppm. A VPC analysis indicated a product purity
      of 95%.
PAC  EXAMPLE 12
PAR  The new p-tert-butyl-1,1-diphenylalkanes of this invention were evaluated
      in standard greenhouse insecticide tests using housefly (HF, bait test),
      Mexican bean beetle (MB), southern armyworm (SA) and yellow fever mosquito
      larvae (YF). The rates of application were 500, 100, 10 and 1 ppm of
      active ingredient (p,p'-isomer). The known compounds methyl methoxychlor,
      methyl ethoxychlor, methoxychlor and DDT were included for comparisons in
      these tests. According to references 1, 2 and 3, these are the most
      broadly effective of the known insecticidal DDT analogs. The results as
      set forth below indicate the percent control of each insect species.
TBL  ______________________________________                                    
     COMPOUND   RATE (PPM) HF      MB    SA    YF                              
     ______________________________________                                    
     Example 3  500        90      90    20    --                              
                100        20      10    --    --                              
                 10        --      --    --    100                             
                 1         --      --    --     80                             
     Example 7  500        10      70    30    --                              
                100        --      10    --    --                              
                 10        --      --    --     80                             
                 1         --      --    --     20                             
     Example 8  500        70      50    20    --                              
                100        10      20    --    --                              
                 10        --      --    --     60                             
                 1         --      --    --     10                             
     Example 11 500        80      100   10    --                              
                100        30      10    10    --                              
                 10        --      --    --     80                             
                 1         --      --    --     40                             
     Methyl     500        100     100   10    --                              
     Methoxychlor                                                              
                100        90      80    --    --                              
                 10        --      --    --    100                             
                 1         --      --    --    100                             
     Methyl Ethoxy-                                                            
                500        90      100   20    --                              
     chlor                                                                     
                100        20      100   --    --                              
                 10        --      30    --    100                             
                 1         --      --    --    100                             
     Methoxychlor                                                              
                500        100     100   10    --                              
                100        90      100   --    --                              
                 10        --      --    --    100                             
                 1         --      --    --    100                             
     DDT        500        100     40    100   --                              
                100        100     10    60    --                              
                 10        --      --    --    100                             
                 1         --      --    --    100                             
     ______________________________________                                    
PAC  Test Methods
PAR  House Fly; 1 milliliter of an aqueous solution or suspension of the test
      compound was pipeted into a 9 cm. petri dish containing filter paper and
      0.1 gram of granular sugar. Ten adult house flies were admitted and the
      dish closed. Observations were made periodically for knockdown and at 24
      hours for mortality.
PAR  Southern armyworm and Mexican Bean Beetle; lima bean leaves of uniform size
      were momentarily dipped in a water-acetone solution of the test compound
      and the treated leaves were then placed on moistened filter paper in 9 cm.
      petri dishes and allowed to air dry. When dry, five, third, or fourth
      instar larvae were introduced and encouraged to feed on the treated
      foliage by means of confinement. The dishes were closed and held for
      observation of mortality and feeding during a 48 to 72 hour period.
PAR  Early fourth stage mosquito larvae are exposed to solutions, emulsions or
      suspensions of the materials in water. The compounds are dissolved in
      acetone and added to the water; water-soluble compounds remain in solution
      and the others become finely divided suspensions. Compounds are screened
      initially at 10 ppm using approximately 5 larvae per 100 ml of treated
      water. Each treatment is replicated twice.
PAR  From the data presented in Example 12, it is noted that contrary to
      currently held theories of structure-activity relationships in DDT
      analogs, the compounds of the present invention are effective insecticides
      on a broad range of insect species.
PAR  Although the present invention has been described with the preferred
      embodiments, it is to be understood that modifications and variations may
      be resorted to without departing from the spirit and scope of the
      invention as one skilled in the art will readily understand.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the following general structure:
      ##SPC5##
PAL  wherein R is selected from the group consisting of CH.sub.3 and C.sub.2
      H.sub.5, a is chloro, b is selected from the group consisting of CH.sub.3
      and C.sub.2 H.sub.5 and c is hydrogen.
NUM  2.
PAR  2. The compound of claim 1 wherein R is C.sub.2 H.sub.5, a is chloro, b is
      C.sub.2 H.sub.5 and c is hydrogen.
NUM  3.
PAR  3. The compound of claim 1 wherein R is CH.sub.3, a is chloro, b is C.sub.2
      H.sub.5 and c is hydrogen.
NUM  4.
PAR  4. The compound of claim 1 wherein R is C.sub.2 H.sub.5, a is chloro, b is
      CH.sub.3 and c is hydrogen.
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PAL  The invention described in the specification concerns a process for the
      homogeneous liquid phase hydrogenation of an olefinically or
      acetylenically unsaturated organic compound to produce a compound having a
      lower degree of unsaturation by contact of the said organic compound with
      molecular hydrogen in the presence of a catalyst solution containing a
      catalytically effective amount of a cation selected from the group
      consisting of:
EQU  M.sup.n.sup.+.sub.2 ; M.sub.2 (OCOR).sup.n.sup.+.sub.4.sup.-n ; M.sub.2
      (OCSR).sup.n.sup.+.sub.4.sup.-n and M.sub.2
      (SCSR).sup.n.sup.+.sub.4.sup.-n
PAL  The said solution being prepared by the addition of strong acid to a
      solution of a compound selected from the group consisting of:
EQU  M.sub.2 (OCOR).sub.4 ; M.sub.2 (OCOR).sub.4 L; M.sub.2 (OCOR).sub.4 L.sub.2
      ; M.sub.2 (OCSR).sub.4 ; M.sub.2 (OCSR).sub.4 L;
EQU  M.sub.2 (OCSR).sub.4 L.sub.2 ; M.sub.2 (SCSR).sub.4 ; M.sub.2 (SCSR).sub.4
      L
PAL  and
EQU  M.sub.2 (SCSR).sub.4 L.sub.2
PAL  where M is a metal selected from the group consisting of Mo, Cr, Cu, Re and
      metals of the platinum group;
PA1  R is selected from the group consisting of alkyl and aryl;
PA1  L is ligand selected from the group consisting of H.sub.2 O, CH.sub.3 OH,
      C.sub.2 H.sub.5 OH, CO, pyridine, Cl.sup.-and Br.sup.-;
PA1  n is a positive integer from 1 to 4;
PA1  (OCOR) represents a carboxylate radical;
PA1  (OCSR) represents a thiocarboxylate radical, and
PA1  (SCSR) represents a dithiocarboxylate radical, and the said solution
      including a stabilising amount of a donor ligand selected from the group
      consisting of pyridine, quinoline, dimethylaniline, dibutyl sulphide,
      dimethyl sulphide, triphenyl phosphine oxide, phenyl isocyanide,
      acetonitrile, phosphorus tri-isocyanate, phosphorus tri-isothiocyanate,
      stannous halide, germanium (II) halide and a ligand having the formula
      MR'.sub.3 where M is selected from the group consisting of phosphorus,
      arsenic and antimony and R' is selected from the group consisting of
      alkyl, aryl and aryloxy radicals.
PARN
PAR  This application is a continuation-in-part of Ser. No. 53031 filed July 7,
      1970, now issued as U.S. Pat. No. 3,725,305. Said patent describes and
      claims catalyst compositions containing a catalytically effective amount
      of a cation selected from the group consisting of:
PA1  M.sub.2.sup.n.sup.+
PA1  M.sub.2 (ocor).sub.4.sub.-n.sup.n.sup.+
PA1  M.sub.2 (ocsr).sub.4.sub.-n.sup.n.sup.+
PAL  And
PA1  M.sub.2 (scsr).sub.4.sub.-n.sup.n.sup.+
PAL  Where M is a metal selected from the group consisting of Mo, Cr, Cu, Re and
      metals of the platinum group;
PA1  R is selected from the group consisting of alkyl and aryl;
PA1  N is a positive integer from 1 to 4
PA1  (OCOR) represents a carboxylate radical;
PA1  (OCSR) represents a thiocarboxylate radical, and
PA1  (SCSR) represents a dithiocarboxylate radical.
PAR  According to one aspect of the present invention there is provided a
      process for the homogeneous liquid phase hydrogenation of an olefinically
      or acetylenically unsaturated organic compound to produce a compound
      having a lower degree of unsaturation by contact of the said organic
      compound with molecular hydrogen in the presence of a catalyst solution
      containing a catalytically effective amount of a cation selected from the
      group consisting of:
PA1  M.sub.2.sup.n.sup.+
PA1  M.sub.2 (ocor).sub.4.sub.-n.sup.n.sup.+
PA1  M.sub.2 (ocsr).sub.4.sub.-n.sup.n.sup.+
PAL  and
PA1  M.sub.2 (scsr).sub.4.sub.-n.sup.n.sup.+
PAL  the said solution being prepared by the addition of strong acid to a
      solution of a compound selected from the group consisting of
PA1  M.sub.2 (ocor).sub.4
PA1  m.sub.2 (ocor).sub.4 l
PA1  m.sub.2 (ocor).sub.4 l.sub.2
PA1  m.sub.2 (ocsr).sub.4
PA1  m.sub.2 (ocsr).sub.4 l
PA1  m.sub.2 (ocsr).sub.4 l.sub.2
PA1  m.sub.2 (scsr).sub.4
PA1  m.sub.2 (scsr).sub.4 l
PAL  and
PA1  M.sub.2 (scsr).sub.4 l.sub.2
PAL  where M is a metal selected from the group consisting of Mo, Cr, Cu, Re and
      metals of the platinum group;
PA1  R is selected from the group consisting of alkyl and aryl;
PA1  L is a ligand selected from the group consisting of
PAL  H.sub.2 o, ch.sub.3 oh, c.sub.2 h.sub.5 oh, co, pyridine, Cl.sup.- and
      Br.sup.-;
PA1  n is a positive integer from 1 to 4;
PA1  (OCOR) represents a carboxylate radical;
PA1  (OCSR) represents a thiocarboxylate radical, and
PA1  (SCSR) represents a dithiocarboxylate radical, and the said solution
      including a stabilising amount of a donor ligand selected from the group
      consisting of pyridine, quinoline, dimethylaniline, dibutyl sulphide,
      dimethyl sulphoxide, triphenyl phosphine oxide, phenyl isocyanide,
      acetonitrile, phosphorus tri-isocyanate, phosphorus tri-isothiocyanate,
      stannous halide, germanium (II) halide and a ligand having the formula
      MR.sub.3 ' where M is selected from the group consisting of phosphorus,
      arsenic and antimony and R' is selected from the group consisting of
      alkyl, aryl and aryloxy radicals.
PAR  The cationic species produced are generally, but not necessarily binuclear.
      When the oxidation state of the metal is formally II a binuclear metallic
      cation may have a charge of +4. In one example, the reaction proceeds as
      follows:
EQU  Rh.sub.2 (OCOCH.sub.3).sub.4 + 4H.sup.+ .fwdarw. Rh.sub.2.sup.4.sup.+  +
      4CH.sub.3 COOH
PAR  Partial displacement of the carboxylate or substituted carboxylate, instead
      of full displacement may take place; for example:
EQU  Rh.sub.2 (OCOCH.sub.3).sub.4 + H.sup.+ .fwdarw. Rh.sub.2
      (OCOOH.sub.3).sub.3.sup.+  + CH.sub.3 COOH
PAR  In this case the cationic species with one positive charge also shows good
      catalytic activity.
PAR  Some examples of the catalyst precursor compounds which produce active
      species according to this invention on protonation are:
TBL  Rh.sub.2 (OCOR).sub.4                                                     
                  Rh.sub.2 (OCSR).sub.4                                        
                                Rh.sub.2 (SCSR).sub.4                          
     Mo.sub.2 (OCOR).sub.4                                                     
                  Mo.sub.2 (OCSR).sub.4                                        
                                Mo.sub.2 (SCSR).sub.4 -Cr.sub.2 (OCOR).sub.4   
                                Cr.sub.2 (OCSR).sub.4  Cr.sub.2 (SCSR).sub.4   
     Ru.sub.2 (OCOR).sub.4 Cl                                                  
                  Ru.sub.2 (OCSR).sub.4 Cl                                     
                                Ru.sub.2 (SCSR).sub.4 Cl                       
     Ru.sub.2 (OCOR).sub.4                                                     
                  Ru.sub.2 (OCSR).sub.4                                        
                                Ru.sub.2 (SCSR).sub.4                          
     Cu.sub.2 (OCOR).sub.4                                                     
                  Cu.sub.2 (OCSR).sub.4                                        
                                Cu.sub.2 (SCSR).sub.4                          
     Re.sub.2 (OCOR).sub.4 Cl.sub.2                                            
                  Re.sub.2 (OCSR).sub.4 Cl.sub.2                               
                                Re.sub.2 (SCSR).sub.4 Cl.sub.2                 
     Re.sub.2 (OCOR).sub.4 (CO).sub.2                                          
                  Re.sub.2 (OCSR).sub.4 (CO).sub.2                             
                                Re.sub.2 (SCSR).sub.4 (CO).sub.2               
     Re.sub.2 (OCOR).sub.4                                                     
                  Re.sub.2 (OCSR).sub.4                                        
                                Re.sub.2 (SCSR).sub.4                          
     Ir.sub.2 (OCOR).sub.4                                                     
                  Ir.sub.2 (OCSR).sub.4                                        
                                Ir.sub.2 (SCSR).sub.4                          
PAL  Especially effective are the tetracetate compounds, i.e. those of the first
      column, when R = CH.sub.3.
PAR  Oxidation states other than 2 can be involved. For example the ruthenium
      complex Ru.sub.2 (OCOR).sub.4 Cl contains formally Ru(II) and Ru(III) (see
      example 3 below). The rhenium complex Re.sub.2 (OCOR).sub.4 Cl.sub.2
      contains formally, Re(III).
PAR  The strong acid referred to above may, for example, be fluoroboric acid,
      perchloric acid, fluorosulphuric acid, trifluoromethane sulphuric acid,
      sulphuric acid or hydrofluoric acid; hydrofluoric acid may be used alone
      or in combination with a Lewis acid such as SbF.sub.5, SiF.sub.4 or
      BF.sub.3.
PAR  As mentioned in the parent application the catalyst composition contains
      the species:
PA1  M.sub.2.sup.n.sup.+ ;
PA1  M.sub.2 (ocor).sub.4.sub.-n.sup.n.sup.+ ;
PA1  M.sub.2 (ocsr).sub.4.sub.-n.sup.n.sup.+,
PAL  or
PA1  M.sub.2 (scsr).sub.4.sub.-n.sup.n.sup.+,
PAL  and
PAL  for the purpose of brevity and clarity, additional neutral or negative
      ligands indicated above, such as H.sub.2 O, are not always indicated as
      being present in cationic species in this specification. This would not,
      of course, be taken to mean that such species are definitely excluded.
PAR  The cationic species may be exchanged on to cation exchange resins or
      similar exchange solids such as zeolites, phosphates such as sodium
      hexametaphosphate, i.e. "Calgon" etc. They may also be adsorbed on to
      activated charcoal and other similar solids.
PAR  The solid material is preferably a cation exchange resin such as
      sulphonated polystyrene in the form of porous resin beads.
PAR  If, when carrying out the invention, the cationic species liberated by
      protonation is adsorbed on to a cation exchange resin (or a similar
      exchange material as described above), the resulting material is useful,
      for example, as a heterogeneous catalyst for hydrogenation, carbonylation,
      hydroformylation and the related reactions of olefine or other organic
      materials either in the gas or liquid phase, or in suspension solution
      (with beads of ion-exchange resin, for example). Ambient or elevated
      temperatures may be used.
PAR  Such solid state catalysts will also promote for example:
PA1  a. the carbonylation of methanol to acetic acid,
PA1  b. the carbonylation of amines to amides,
PA1  c. the isomerisation and disproportionation of alkenes, alkapolyenes and
      related compounds,
PAL  and
PA1  d. the hydrosilation of alkenes.
PAR  Solutions of the metal carboxylate, thio or dithiocarboxylate in methanol
      (or a similarly polar solvent) in the presence of excess protonating acid
      (e.g. HBF.sub.4) and subsequent addition of additional donor ligand for
      stabilisation purposes are active catalysts for example for the
      hydrogenation of alkenes of all types including conjugated polyenes,
      acetylenes generally (R'C .tbd. CR where R and R' may also be H) and other
      unsaturated substrates containing carbon -- carbon double and triple bonds
      such as carboxylic acids, ketones, ethers, steroids, esters and alcohols,
      for example at 25.degree.C and atmospheric pressure.
PAR  Some suitable donor ligands for stabilisation purposes are:
PA1  R.sub.1 r.sub.2 r.sub.3 p
PA1  r.sub.1 r.sub.2 r.sub.3 as
PA1  R.sub.1 r.sub.2 r.sub.3 sb
PA1  R.sub.1 r.sub.2 s
PA1  r.sub.1 r.sub.2 r.sub.3 n
PAL  in which R.sub.1, R.sub.2 and R.sub.3 may be the same or different and may
      be hydrogen, aryl or alkyl substituents. Heterocyclic N-bases such as
      pyridine, dipyridyl, etc. are also suitable donor ligands.
PAR  Suitable organo-phosphorus, organo-arsenic and organo-antimony ligands
      which may comprise part of this invention are those consisting of tertiary
      organo-phosphorus, organo-arsenic, and organo-antimony compounds in which
      the phosphorus, arsenic, and antimony atoms are trivalent and are referred
      to in this specification as phosphines, arsines and stibines,
      respectively. In the group of suitable ligands containing the trivalent
      phosphorus, arsenic, and antimony atoms employed in the catalyst of this
      invention, the individual phosphorus, arsenic, and antimony atom has one
      available or unshared pair of electrons. An aryl or aryloxy derivative of
      trivalent phosphorus, arsenic, and antimony with the foregoing electronic
      configuration is, therefore, a suitable ligand for the catalyst of this
      invention. Such radicals, therefore, are bonded to the phosphorus,
      arsenic, and antimony atoms, and the radicals are selected from the group
      consisting of aryl and aryloxy groups. However, the preferred phosphine,
      arsine, and stibine ligands are those consisting of at least one, but
      preferably three aryl-and/or aryloxy-groups as the organic moieties. For
      example, preferred ligands are illustrated by the following structural
      formula and examples:
PAL  Mr.sub.3 ' where M is P, As, Sb, and R' = phenyl(C.sub.6 H.sub.5 --),
      phenoxy (C.sub.6 H.sub.5 O--) toly [CH.sub.3 (C.sub.6 H.sub.4) --], xylyl
      (CH.sub.3 C.sub.6 H.sub.3 CH.sub.3) e.g. P(C.sub.6 H.sub.5).sub.3
      P(C.sub.6 H.sub.5 O).sub. 3, As(C.sub.6 H.sub.5).sub.3, Sb(C.sub.6
      H.sub.5).sub.3, P[CH.sub.3 (C.sub.6 H.sub.4)].sub.3. However, a more
      preferred group of ligands includes the triphenylphosphines,
      triphenylphosphites, triphenylarsines and triphenylarsenites. The
      important component is the aryl or aryloxy group, e.g. the phenyl or
      phenoxy radical. However, the molecule may also contain some aryl groups
      in addition to the aryloxy radical.
PAR  A preferred group of ligands associated with the organic phosphorus,
      arsenic, and antimony derivatives has aryl and aryloxy radicals having
      from 6 to 18 carbon atoms.
PAR  Generally speaking, suitable donor ligands for stabilisation purposes are:
PA1  a. an organic isocyanide;
PA1  b. an organic compound having in the molecule an atom of an element
      selected from groups 5B or 6B of the Periodic Table, that is, usually a N,
      P, As, Sb, O, S or Se atom, such atom being in such a valency state that
      it possesses a lone pair of electrons, or
PA1  c. a stannous or germanium (II) halide.
PAR  Preferred ligands within the definition of categories (a) and (b) include:
      tertiary amines, phosphines, arsines and stibines; organic nitriles and
      isocyanides; sulphoxides, phosphine oxides, dialkyl sulphides and
      mercaptans.
PAR  For example, there may be employed pyridine, quinoline or dimethylaniline;
      though less basic compounds are preferred, for example, tributyl or
      triphenyl phosphine, trimethyl phosphite, ethyl diphenyl phosphine,
      dimethylphenyl arsine, triphenyl arsine or stibine, dibutyl sulphide,
      dimethyl sulphoxide, triphenyl phosphine oxide, phenyl isocyanide or
      acetonitrile. Also to be treated as organic compounds for present purposes
      are ligands within category (b) such as phosphorus tri-isocyanate and
      phosphorus tri-isothio cyanate.
PAR  Such donor ligands for stabilisation purposes are often described as
      biphyllic ligands. By "biphyllic ligand" is meant a compound having an
      element with a pair of electrons capable of forming a co-ordinate bond
      with a metal atom and simultaneously having the ability to accept
      electrons from the metal, thereby providing additional stability to the
      resulting complex. The term biphyllic ligand has been defined by R. G.
      Pearson -- see J.A.C.S. 82 787 (1960). The carbon monoxide molecule is an
      example of a suitable biphyllic ligand. The biphyllic ligand may also be a
      polydentate compound, co-ordinating at more than one position to the
      central metal atom or ion.
PAR  Catalysts according to this invention have an advantage over other
      homogeneous catalysts such as RhCl(PPh.sub.3).sub.3, RhH(CO)(P
      Ph.sub.3).sub.3 or RuH(Cl) (P Ph.sub.3).sub.3 in that they are completely
      and readily soluble in polar solvents such as methanol, olefinic
      substrates to be hydrogenated which are insoluble or sparingly soluble or
      benzene-alcohol mixtures can now be hydrogenated in a wholly polar medium.
PAR  Catalyst solutions according to this invention will also catalyse the
      hydroformylation reactions of alkenes, alkynes and other unsaturated
      materials with C=C and C.tbd.C bonds. These reactions may be carried out
      using carbon monoxide and hydrogen mixtures (which can be 1:1 or other
      ratios) at temperatures from 15.degree. - 200.degree.C or above, and at
      pressures from 1 atm upwards.
PAR  Catalyst solutions according to this invention will also isomerise alkenes
      and other unsaturated substances by causing double bond migration as well
      as cis .revreaction. trans isomerisation.
PAR  Solutions according to this invention will catalyse the formation of acetic
      acid from methanol and carbon monoxide under mild conditions (e.g.
      100.degree.C and under 50 atm. pressure). In this case the presence of a
      halogen promoter is desirable and methyl iodide has been found to be a
      satisfactory one in this case.
PAR  The foregoing are only some of the chemical reactions for which the
      compositions according to the invention can act as catalysts.
PAR  The invention will now be described in more detail with reference to the
      following examples.
DETD
PAC  EXAMPLE 1
PAR  Commercial rhodium trichloride trihydrate (5.0 g) and sodium acetate
      trihydrate (10.0 g) in glacial acetic acid (100 ml) and absolute ethanol
      (100 ml) were gently refluxed under nitrogen for an hour.
PAR  The initial red solution rapidly became green and a green solid was
      deposited. After cooling to room temperature the green solid was collected
      by filtration through a Buchner or sintered filter funnel.
PAR  The crude product was dissolved in boiling methanol (ca. 600 ml) and
      filtered; after concentration to about 400 ml the solution was kept in a
      refrigerator overnight. After collection of the crystals, the solution was
      concentrated and cooled to yield a further small amount of the methanol
      adduct [Rh(OCOCH.sub.3).sub.2 ].sub.2.2CH.sub.3 OH.
PAR  The blue green adduct was heated in vacuum at 45.degree. for 20 hours to
      yield emerald green crystals of [Rh(OCOCH.sub.3).sub.2 ].sub.2. A check on
      the removal of methanol was made periodically by taking an infrared
      spectrum.
PAL  Properties
PAR  The copper acetate type structure has been shown by X-ray diffraction. The
      complex is diamagnetic; it is only slightly soluble in water, methanol,
      acetone, etc., giving green solutions. Adducts with a variety of ligands
      have been characterised.
PAR  The infrared spectrum has bands at 1580s, 1425s, 1355m in nujol mulls (in
      hexachlorobutadiene 1445s, 1415s, 1350m) due to carboxylate frequencies,
      as well as CH.sub.3 absorption.
PAR  The addition of a stoichiometric amount of aqueous concentrated fluoroboric
      acid to a methanol or water suspension of the acetate of 60.degree. gives
      a clear green solution after about 12 hours which contains the ion
      Rh.sub.2.sup.4.sup.+.
PAR  The green solution of Rh.sub.2.sup.4.sup.+ in methanol normally requires
      the presence of other stabilising donor ligands, as described above in
      order to exhibit any substantial catalytic activity.
PAR  On the addition of a stabilising donor ligand such as triphenyl phosphine,
      for example, to the green solution an active catalyst for the homogeneous
      hydrogenation of alkenes and alkynes is obtained. Comparative rates of
      reaction under standard conditions are given in Example 2.
PAR  The catalyst solution in the following examples was made up as required
      from a stock solution of Rh.sub.2.sup.4.sup.+ in methanol and the
      phosphine was added, via a syringe, to the reaction flask. The apparatus
      and general techniques used have been described previously in J. Chem.
      Soc. (A) 1966 p.1711.
PAR  Catalytic activity of the protonated solution is highest with a Rh : P
      Ph.sub.3 ratio of 1:2. The activity appears to be poisoned by oxygen and
      carbon monoxide, and this effect cannot be reversed by sweeping with
      hydrogen.
PAR  The solutions with Rh:P Ph.sub.3 of 1:2 are normally red, but on addition
      of certain unsaturated substances, notably unsaturated carboxylic acids
      and alcohols, a change in colour to yellow-green occurs, presumably due to
      the formation of complexes, possibly of Rh (II).
PAR  The methanolic solutions of Rh.sub.2.sup.4.sup.+ react with many donor
      ligands, e.g. R.sub.2 NCS.sub.2.sup.-, amines, etc., to give a wide
      variety of complexes. With oxygen donors such as dimethyl sulphoxide,
      hexamethyl phosphoramide, alcohols, ketones and esters, the solutions stay
      green and presumably these substances are merely solvating the ion.
PAR  Where the preparation of a carboxylate compound complex or ionic species is
      described in this specification, the corresponding thio- and
      dithio-analogues may be assumed to be prepared similarly, with appropriate
      modifications.
PAC  EXAMPLE 2
PAL  Rhodium system
PAR  The activity of protonated Rh solution prepared as in Example 1 for the
      hydrogenation of various substrates is given below:
PAR  ( [Rh] = 2.50 mM, [acetylene or olefin] = 1.0 M, P'.sub.H.sbsb.2 = 45 cm,
      solvent : methanol,
PAR  Reaction temperature 25.degree., [PPh.sub.3 ] = 5.0 mM)
TBL  Substrate  Rate ml/min                                                    
                           Substrate   Rate ml/min                             
     ______________________________________                                    
     Hex-1-ene  10.9       n-Hex-1-yne 34.2                                    
     cis and trans                                                             
                3.3        3 methyl butyn                                      
     HeX-2-ene             1-ol-3      44.8                                    
     cis Hept-2-ene                                                            
                2.2        Propargyl                                           
                           alcohol     17.6.sup.a                              
     Cyclohexene                                                               
                1.1        Acetylene                                           
                           dicarboxylic                                        
                           acid        &lt;0.1.sup.a                              
     1,5 Hexadiene                                                             
                36.6                                                           
     Allyphenyl ether                                                          
                14.1       Cyclo octa-                                         
                           1,5 diene   0.6.sup.b                               
     Diethyl maleate                                                           
                4.8                                                            
     Maleic acid                                                               
                0.2                                                            
     ______________________________________                                    
      .sup.a [PPh.sub.3 ] = 20.0 mM                                            
      .sup.b P.sub.H .sbsb.2  = 30 mm                                          
PAC  EXAMPLE 3
PAL  Ruthenium system
PAR  The activity of protonated Ru.sub.2 (OCOCH.sub.3).sub.4 Cl for the
      hydrogenation of various substrates is given below:
PAR  ( [Ru] = 2.50 mM, [acetylene or olefin] = 1.0.M, P'.sub.H.sbsb.2 = 45 cm,
      solvent or methanol
PAR  Reaction temperature 25.degree., [PPh.sub.3 ] = 5.0 mM)
TBL  Substrate   Rate ml/min                                                   
                            Substrate  Rate ml/min                             
     ______________________________________                                    
     Hex-1-ene   30.5       3 methyl but-                                      
                            1-yne-3-ol 14.1                                    
     cis,trans Hex-                                                            
                 0.5                                                           
     2-ene                                                                     
     1,5 Hexadiene                                                             
                 46.2                                                          
     Allyl phenyl ether                                                        
                 1.3 *                                                         
     ______________________________________                                    
      * P'.sub.H .sbsb.2  = 50 cm.                                             
PAC  EXAMPLE 3A
PAR  The activity of a ruthenium catalyst made by the protonation of Ru.sub.2
      (OCOMe).sub.4.2PPH.sub.3 under hydrogen is given below:
PAR  ( [Ru] = 2.50 mM, [acetylene or olefin] = 1.0M, P.sub.H.sbsb.2 = 45 cm,
      reaction temperature = 30.degree.C, PPh.sub.3 = 5.0 mM, solvent = methanol
TBL  Substrate     Rate ml/min                                                 
     ______________________________________                                    
     Hex-1-yne     0.4.sup.a                                                   
     Hex-1-ene     41.8                                                        
     Cyclo octa -                                                              
     1,5 - diene   48.7                                                        
     ______________________________________                                    
      .sup.a P.sub.H .sbsb.2  = 50 mm                                          
PAR  Ruthenium acetate and its adducts with triphenyl phosphine and pyridine may
      be prepared as described in Example 10.
PAC  EXAMPLE 4
PAL  Molybdenum system
PAR  Activity of protonated Mo.sub.2 (COOCH.sub.3).sub.4 in the hydrogenation of
      hex-1-ene was as follows:
EQU  [Mo] = 0.015 M
EQU  [Hex-1-ene] = 1 M P'.sub.H.sbsb.2 = 40 cm Reaction temperature 35.degree.
EQU  Rate = 0.32 ml/min.
PAC  EXAMPLE 5
PAL  Hydroformylation
PAR  Solutions with Rh:PPH.sub.3 of 1:2 were found to be active for
      hydroformylation reactions.
PAR  Rh.sub.2 (OCOCH.sub.3).sub.4 + 4HBF.sub.4 + 4PPh.sub.3 in methanol
      (corresponding to 5 mM metal concentration) containing substrate hex-1-ene
      (1M) was treated with CO + H.sub.2 (1:1) at 35.degree.C and either 45 cm
      or 1 atm pressure. After 15 hours the formation of heptaldehydes was
      confirmed by g.l.c. The rate was increased at higher pressures and
      temperatures.
PAC  EXAMPLE 6
PAL  Acetic Acid synthesis
PAR  A 1:2 ratio of Rh:PPh.sub.3 is also effective for the carbonylation of
      methanol to acetic acid and methyl acetate,
PAR  Rh.sub.2 (OCOCH.sub.3).sub.4 + 4HBF.sub.4 + 4PPh.sub.3 in methanol (ca. 2.5
      mM metal concentration was treated with CO at 100.degree./50 atm. pressure
      in presence of a trace of methyl iodine. The formation of acetic acid was
      detected by g.l.c. Using 5 ml. of a 0.02 M Rh.sub.2.sup.4.sup.+ solution
      and 45 mls methanol the reaction occurred at 100.degree.C and 25 atm. CO.
PAC  EXAMPLE 7
PAL  Heterogeneous Catalysis
PAR  a. A 2 g sample of "Dowex" (a registered trade mark of the Dow Chemical
      Company) 50W-X8 cation exchange resin (20-50 MS mesh H form) was allowed
      to absorb the protonated aqueous fluoroboric acid (2M) solution of rhodium
      (II) acetate (0.1 g). The now green resin was washed with methanol and
      then treated with a methanol solution saturated with triphenyl-phosphine
      which turned the resin red. The resin catalyst thus prepared was suspended
      in methanol (50 ml) and hex-1-ene (6 ml, 1M) was added. At 50 cm hydrogen
      pressure the rate of uptake at 20.degree.C was found to be 10 ml.
      min..sup.-.sup.1.
PAR  b. 15 ml of resin, prepared as in (a), holding Rh equivalent to a 10 mM
      solution at P.sub.H.sbsb.2 = 45 cm, [PPh.sub.3 ] = 5 mM, reaction
      temperature = 25.degree.C, gave a rate for 1 M hex-1-ene of 1
      ml.min..sup.-.sup.1.
PAC  EXAMPLE 8
PAR  The stoichiometric protonation by HBF.sub.4 in methanol of the benzoate
      complex Rh.sub.2 (OCOPh).sub.4.2PPh.sub.3 gives a brown-green solution
      which is also comparable in activity to the protonated acetate.
PAR  Thus, for hex-1-ene under the standard conditions of Example 2 but with
      [Rh] = 1.25 mM and with no added phosphine the rate of hydrogen uptake was
      4.4 ml. min.sup.-.sup.1.
PAR  The benzoate complex itself may be obtained in a manner similar to that of
      the acetate, i.e. with benzoic acid and sodium benzoate instead of acetic
      acid and sodium acetate.
PAR  Bis (triphenyl phosphine) and bis (pyridine) adducts may also be obtained
      with the benzoate complex.
PAC  EXAMPLE 9
PAR  The table below gives data for the hydrogenation of hex-1-ene obtained at
      30.degree.C using the Rh.sub.2.sup.4.sup.+ /PPh.sub.3 catalyst under a
      range of catalytic conditions. These results indicate the dependence of
      the rate of hydrogenation as a function of [Rh,] [hex-1-ene], and H.sub.2
      pressure (P.sub.H.sbsb.2).
PAR  Although at the lower concentration of rhodium, hexene and H.sub.2, the
      observed rates show approximately first order dependence on each of these
      concentration variables, the rate dependencies deviate markedly from
      linearity at the higher concentrations. This would seem to suggest that a
      number of complex equilibria may be involved. As noted earlier, the ratio
      of Rh:PPh.sub.3 of 1:2 is the most favourable and was used throughout.
      Rates of hydrogenation of hex-1-ene at 30.degree.C using the
      Rh.sub.2.sup.4.sup.+ /PPh.sub.3 catalyst under a range of conditions.
TBL  [Rh]  P.sub.H .sbsb.2                                                     
                     [Hex-1-ene] [PPh.sub.3 ]                                  
                                          Rate .times. 10.sup.4                
     mM    mm        M           mM       M.sec..sup.-.sup.1                   
     ______________________________________                                    
     1.0   400       1.0         2.0      1.10                                 
     2.0                         4.0      2.19                                 
     3.0                         6.0      2.96                                 
     4.0                         8.0      3.48                                 
     2.0   400       0.5         4.0      1.23                                 
                     1.5                  2.98                                 
                     2.0                  3.38                                 
                     3.0                  3.58                                 
     2.0   150       1.0         4.0      1.62                                 
           200                            1.66                                 
           300                            1.80                                 
           350                            1.88                                 
     ______________________________________                                    
PAC  EXAMPLE 10
PAL  Protonation of Ru.sub.2 (OCOMe).sub.4 Cl and Ru.sub.2 (OCOMe).sub.4.
PAR  The chloroacetate is readily protonated by fluoroboric acid in methanol at
      60.degree.C under conditions similar to those used for rhodium (II)
      acetate. The final solution is deep blue and extremely air sensitive,
      turning first green on exposure to air and finally yellow-brown. The blue
      solution is readily absorbed on to a cation exchange resin (H form) and
      the eluate can be shown to contain acetic acid, as in the rhodium case.
      The electronic absorption spectrum of the aqueous protonated solution.
      .lambda. max (E) 437 (460), 537 sh (180), is different from that of the
      aqueous solution of Ru.sub.2 (OCOMe).sub.4 Cl, 423 (750). The exact nature
      of the cationic species is not certain at present.
PAR  Although the blue solutions are not catalytically active under mild
      conditions, again like the rhodium system, the addition of a stabilising
      donor or biphyllic ligand such as triphenyl phosphine immediately gives a
      very active catalyst for the hydrogenation of alkenes and alkynes (see
      Example 3) without causing any initial colour change. Under hydrogen the
      blue solution becomes a more greenish blue and, as the hydrogenation of
      alkene proceeds, the solution becomes mauve.
PAR  The protonated adduct Ru.sub.2 (OCOMe).sub.4.2PPh.sub.3 in the presence of
      excess triphenyl phosphine produced a catalytic species that catalysed the
      hydrogenation of hex-1-ene. (See example 3A).
PAR  Green ruthenium (II) acetate. Ru.sub.2 (OCOMe).sub.4 is obtained by the
      interaction of commercial ruthenium trichloride with acetic acid, sodium
      acetate and ethanol under reflux. It is difficult to obtain the acetate
      entirely free of sodium acetate and solvent, but it can be readily
      isolated as its green triphenyl phosphine adduct Ru.sub.2
      (OCOMe).sub.4.2PPh.sub.2. The acetate and its adduct are both diamagnetic
      (n.m.r.) The bis(pyridine) adducts is similarly isolatable as dark blue
      crystals.
PAR  A very low rate of hydrogenation was observed when using the protonated
      adduct in excess triphenyl phosphine for cis-pent-2-ene and other internal
      alkenes such as cyclohexene. From this point of view the ruthenium
      catalyst appeared to be much more selective than the corresponding rhodium
      phosphine catalyst.
PAR  Selectivity was also observed between cyclic nonconjugated dienes, cyclo
      octa - 1,5 diene being hydrogenated very rapidly in contrast to a much
      slower rate for bicycle (2.2.1) hepta-2,5 diene.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the homogeneous liquid phase hydrogenation of an
      olefinically or acetylenically unsaturated hydrocarbon to produce a
      hydrocarbon having a lower degree of unsaturation by contact of the said
      starting hydrocarbon with molecular hydrogen in the presence of a catalyst
      solution containing a catalytically effective amount of a cation selected
      from the group consisting of:
PA1  M.sub.2.sup.n.sup.+
PA1  M.sub.2 (ocor).sub.4.sub.-n.sup.n.sup.+
PA1  M.sub.2 (ocsr).sub.4.sub.-n.sup.n.sup.+
PAL  and
PA1  M2(scsr).sub.4.sub.-n.sup.n.sup.+
PAL  the said solution being prepared by the addition of strong acid to a
      solution of a compound selected from the group consisting of
PA1  M.sub.2 (ocor).sub.4
PA1  m.sub.2 (ocor).sub.4 l
PA1  m.sub.2 (ocor).sub.4 l.sub.2
PA1  m.sub.2 (ocsr).sub.4
PA1  m.sub.2 (ocsr).sub.4 l
PA1  m.sub.2 (ocsr).sub.4 l.sub.2
PA1  m.sub.2 (scsr).sub.4
PA1  m.sub.2 (scsr).sub.4 l
PAL  and
PA1  M.sub.2 (scsr).sub.4 l.sub.2
PAL  where M is a metal selected from the group consisting of Mo, Cr, Cu, Re and
      metals of the platinum group;
PA1  R is selected from the group consisting of methyl and phenyl;
PA1  L is a ligand selected from the group consisting of H.sub.2 O, CH.sub.3 OH,
      C.sub.2 H.sub.5 OH, pyridine, Cl.sup.- and Br.sup.-;
PA1  n is a positive integer from 1 to 4;
PA1  (OCOR) represents a carboxylate radical;
PA1  (OCSR) represents a thiocarboxylate radical, and
PA1  (SCSR) represents a diethiocarboxylate radical,
PAL  and the said solution including a stabilising amount of a donor ligand
      selected from the group consisting of pyridine, quinoline,
      dimethylaniline, dibutyl sulphide, dimethyl sulphoxide, triphenyl
      phosphine oxide, phenyl isocyanide, acetonitrile, phosphorus
      tri-isocyanate, phosphorus triisothiocyanate, stannous halide, germanium
      (II) halide and a ligand having the formula MR'.sub.3 where M is selected
      from the group consisting of phosphorus, arsenic and antimony and the R'
      substituents, which may be the same or different, are selected from the
      group consisting of alkyl and aryl radicals.
NUM  2.
PAR  2. A process according to claim 1 in which R' is selected from the group
      consisting of methyl, ethyl, butyl and phenyl radicals.
NUM  3.
PAR  3. A process according to claim 1 in which MR.sub.3 ' is selected from the
      group consisting of tributyl phosphine, triphenyl phosphine, ethyl
      diphenyl phosphine, dimethyl phenyl arsine, triphenyl-arsine and triphenyl
      stibine.
NUM  4.
PAR  4. A process according to claim 1 in which the metal of the platinum group
      is selected from the group consisting of rhodium and ruthenium.
NUM  5.
PAR  5. A process according to claim 4 in which a platinum group metal and
      triphenylphosphine are present in the approximate ratio of 1:2.
NUM  6.
PAR  6. A process according to claim 1 in which the strong acid is selected from
      the group consisting of fluoroboric acid, perchloric acid, fluorosulphuric
      acid, trifluoromethane sulphuric acid, sulphuric acid, hydrofluoric acid
      and hyrdofluoric acid in combination with a Lewis acid.
NUM  7.
PAR  7. A process according to claim 6 in which the Lewis acid is selected from
      the group consisting of a SbF.sub.5, SiF.sub.4 and BF.sub.3.
NUM  8.
PAR  8. A process according to claim 1 in which M.sub.2 (OCOR).sub.4 is selected
      from the group consisting of:
PA1  Rh.sub.2 (OCOCH.sub.3).sub.4
PA1  Mo.sub.2 (OCOCH.sub.3).sub.4
PA1  Cr.sub.2 (OCOCH.sub.3).sub.4
PA1  Ru.sub.2 (OCOCH.sub.3).sub.4
PA1  Cu.sub.2 (OCOCH.sub.3).sub.4
PA1  Re.sub.2 (OCOCH.sub.3).sub.4
PAL  and
PA1  Ir.sub.2 (OCOCH.sub.3).sub.4.
NUM  9.
PAR  9. A process according to claim 1 in which M.sub.2 (OCOR).sub.4 L is
      Ru.sub.2 (OCOCH.sub.3).sub.4 Cl.
NUM  10.
PAR  10. A process according to claim 1 in which M.sub.2 (OCOR)L.sub.2 is
      selected from the group consisting of
PA1  Re.sub.2 (OCOCH.sub.3).sub.4 Cl.sub.2
PAL  and
PA1  Re.sub.2 (OCOCH.sub.3).sub.4 (CO).sub.2.
NUM  11.
PAR  11. A process according to claim 1 in which M.sub.2 (OCSR).sub.4 is
      selected from the group consisting of
PA1  Rh.sub.2 (OCSCH.sub.3).sub.4
PA1  Mo.sub.2 (OCSCH.sub.3).sub.4
PA1  Cr.sub.2 (OCSCH.sub.3).sub.4
PA1  Ru.sub.2 (OCSCH.sub.3).sub.4
PA1  Cu.sub.2 (OCSCH.sub.3).sub.4
PA1  Re.sub.2 (OCSCH.sub.3).sub.4
PAL  and
PA1  Ir.sub.2 (OCSCH.sub.3).sub.4.
NUM  12.
PAR  12. A process according to claim 1 in which M.sub.2 (OCSR).sub.4 L is
      Ru.sub.2 (OCSCH.sub.3).sub.4 Cl.
NUM  13.
PAR  13. A process according to claim 1 in which M.sub.2 (OCSR)L.sub. 2 is
      selected from the group consisting of
PA1  Re.sub.2 (OCSCH.sub.3).sub.4 Cl.sub.2
PAL  and
PA1  Re.sub.2 (OCSCH.sub.3).sub.4 (CO).sub.2.
NUM  14.
PAR  14. A process according to claim 1 in which M.sub.2 (SCSR).sub.4 is
      selected from the group consisting of
PA1  Rh.sub.2 (SCSCH.sub.3).sub.4
PA1  Mo.sub.2 (SCSCH.sub.3).sub.4
PA1  Cr.sub.2 (SCSCH.sub.3).sub.4
PA1  Ru.sub.2 (SCSCH.sub.3).sub.4
PA1  Cu.sub.2 (SCSCH.sub.3).sub.4
PA1  Re.sub.2 (SCSCH.sub.3).sub.4
PAL  and
PA1  Ir.sub.2 (SCSCH.sub.3).sub.4.
NUM  15.
PAR  15. A process according to claim 1 in which M.sub.2 (SCSR).sub.4 L is
      Ru.sub.2 (SCSCH.sub.3).sub.4 Cl.
NUM  16.
PAR  16. A process according to claim 1 in which M.sub.2 (SCSR).sub.4 L.sub.2 is
      selected from the group consisting of
PA1  Re.sub.2 (SCSR).sub.4 Cl.sub.2
PAL  and
PA1  Re.sub.2 (SCSR).sub.4 (CO).sub.2.
NUM  17.
PAR  17. A process for the hydrogenation of an olefinically or acetylinically
      unsaturated hydrocarbon to produce a hydrocarbon having a lower degree of
      unsaturation by contact of the said starting hydrocarbon with molecular
      hydrogen in the presence of a heterogeneous catalyst composition
      consisting essentially of a cation exchange solid having exchanged on to
      it a cation selected from the group consisting of
PA1  M.sub.2.sup.n.sup.+
PA1  M.sub.2 (ocor).sub.4.sub.-n.sup.n.sup.+
PA1  M.sub.2 (ocsr).sub.4.sub.-n.sup.n.sup.+
PAL  and
PA1  M.sub.2 (scsr).sub.4.sub.-n.sup.n.sup.+
PAL  by passage through it of a solution according to claim 1.
NUM  18.
PAR  18. A process according to claim 17 in which the cation exchange solid is
      selected from the group consisting of cation exchange resins, zeolites and
      phosphates.
NUM  19.
PAR  19. A process according to claim 18 in which the cation exchange resin is
      in the form of porous sulphonated polystyrene resin beads.
NUM  20.
PAR  20. A process according to claim 18 in which the phosphate is sodium
      hexametaphosphate.
NUM  21.
PAR  21. A process according to claim 1 in which the catalyst solution is
      adsorbed on to activated charcoal.
NUM  22.
PAR  22. A process for the homogeneous liquid phase hydrogenation of an
      olefinically or acetylenically unsaturated hydrocarbon to produce a
      hydrocarbon having a lower degree of unsaturation by contact of the said
      starting hydrocarbon with molecular hydrogen in the presence of a catalyst
      solution containing a catalytically effective amount of a cation selected
      from the group consisting of:
PA1  M.sub.2.sup.n.sup.+
PA1  M.sub.2 (ocor).sub.4.sub.-n.sup.n.sup.+
PA1  M.sub.2 (ocsr).sub.4.sub.-n.sup.n.sup.+
PAL  and
PA1  M.sub.2 (scsr).sub.4.sub.-n.sup.n.sup.+
PAL  the said solution being prepared by the addition of strong acid to a
      solution of a compound selected from the group consisting of
PA1  M.sub.2 (ocor).sub.4
PA1  m.sub.2 (ocor).sub.4 l
PA1  m.sub.2 (ocor).sub.4 l.sub.2
PA1  m.sub.2 (ocsr).sub.4
PA1  m.sub.2 (ocsr).sub.4 l
PA1  m.sub.2 (ocsr).sub.4 l.sub.2
PA1  m.sub.2 (scsr).sub.4
PA1  m.sub.2 (scsr).sub.4 l
PAL  and
PA1  M.sub.2 (scsr).sub.4 l.sub.2
PAL  where M is a metal selected from the group consisting of Mo, Cr, Cu, Re and
      metals of the platinum group;
PA1  R is selected from the group consisting of alkyl and aryl;
PA1  L is a ligand selected from the group consisting of
PAL  H.sub.2 o, ch.sub.3 oh, c.sub.2 h.sub.5 oh, co, pyridine, Cl.sup.- and
      Br.sup.-;
PA1  n is a positive integer from 1 to 4;
PA1  (OCOR) represents a carboxylate radical;
PA1  (OCSR) represents a thiocarboxylate radical, and
PA1  (SCSR) represents a dithiocarboxylate radical, and
PAL  the said solution including a stabilising amount of a donor ligand selected
      from the group consisting of pyridine, quinoline, dimethylaniline,
      tributylphosphine, triphenylphosphine, dimethylphenylarsine,
      triphenylarsine, triphenylstibine, dibutyl sulphide, dimethyl sulphoxide,
      triphenyl phosphine oxide, phenyl isocyanide, acetonitrile, phosphorus
      tri-isocyanate, phosphorus tri-isethiocyanate, stannous halide and
      germanium (II) halide.
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PAL  Dehydrogenatable hydrocarbons are dehydrogenated by contacting them at
      dehydrogenation conditions with a catalytic composite, comprising a
      combination of catalytically effective amounts of a platinum or palladium
      component, an iridium component, a rhenium component, and a tin component
      with a porous carrier material. A specific example of the catalytic
      composite disclosed herein is a combination of a platinum or palladium
      component, an iridium component, a rhenium component, a tin component and
      an alkali or alkaline earth component with a porous carrier material
      wherein substantially all of the platinum or palladium component, the
      iridium component and the rhenium component are present as the
      corresponding elemental metals and substantially all of the tin component
      is present in an oxidation state above the elemental metal, and wherein
      the composite contains about 0.01 to about 2 wt. % platinum or palladium,
      about 0.01 to about 2 wt. % iridium, about 0.01 to about 2 wt. % rhenium,
      about 0.01 to about 5 wt. % tin and about 0.01 to about 5 wt. % alkali or
      alkaline earth metal.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior copending
      application Ser. No. 304,177 filed Nov. 6, 1972 now U.S. Pat. No.
      3,790,473 which in turn is a continuation-in-part of my prior application
      Ser. No. 142,079 filed May 10, 1971 and now U.S. Pat. No. 3,702,294 which
      in turn is a continuation-in-part of my prior, now abandoned application
      Ser. No. 819,114 filed Apr. 24, 1969 and of my prior application Ser. No.
      807,910 filed Mar. 17, 1969 and now U.S. Pat. No. 3,740,328. All of the
      teachings of these prior applications are specifically incorporated herein
      by reference.
BSUM
PAR  The subject of the present invention is, broadly, an improved method for
      dehydrogenating a dehydrogenatable hydrocarbon to produce a hydrocarbon
      product containing the same number of carbon atoms but fewer hydrogen
      atoms. In another aspect, the present invention involves a method of
      dehydrogenating normal paraffin hydrocarbons containing 4 to 30 carbon
      atoms per molecule to the corresponding normal mono-olefin with minimum
      production of side products. In yet another aspect, the present relates to
      a novel multimetallic catalytic composite comprising a combination of
      catalytically effective amounts of a platinum or palladium component, an
      iridium component, a rhenium component, a tin component, and an alkali or
      alkaline earth component with a porous carrier material, which composite
      has highly beneficial characteristics of activity, selectivity and
      stability when it is employed in the dehydrogenation of dehydrogenatable
      hydrocarbons such as aliphatic hydrocarbons, naphthene hydrocarbons and
      alkylaromatic hydrocarbons.
PAR  The conception of the present information followed from my search for a
      novel catalytic composite possessing a hydrogenation-dehydrogenation
      function, a controllable cracking function, and superior conversion,
      selectivity and stability characteristics when employed in hydrocarbon
      conversion processes that have traditionally utilized dualfunction
      catalytic composites. In my prior applications, I disclosed a significant
      finding with respect to a tetrametallic catalytic composite meeting these
      requirements. More specifically, I determined that a combination of
      iridium, rhenium and tin can be utilized, under certain conditions, to
      beneficially interact with the platinum or palladium component of a
      dual-function catalyst with a resulting marked improvement in the
      performance of such a catalyst. Now I have ascertained that a catalytic
      composite, comprising a combination of catalytically effective amounts of
      a platinum or palladium component, an iridium component, a rhenium
      component and a tin component with a porous carrier material can have
      superior activity, selectivity and stability characteristics when it is
      employed in a dehydrogenation process if the oxidation state of the
      metallic ingredients are carefully controlled so that substantially all of
      the platinum or palladium, the iridium and the rhenium components are
      present as the corresponding elemental metals and substantially all of the
      tin component is present in an oxidation state above that of the elemental
      metal. Moreover, I have discerned that a particularly preferred
      multimetallic catalytic composite of this type contains not only a
      platinum or palladium component, an iridium component, a rhenium
      component, and a tin component, but also an alkali or alkaline earth
      component.
PAR  The dehydrogenation of dehydrogenatable hydrocarbons is an important
      commercial process because of the great and expanding demand for
      dehydrogenated hydrocarbons for use in the manufacture of various chemical
      products such as detergents, plastics, synthetic rubbers, pharmaceutical
      products, high octane gasoline, perfumes, drying oils, ion-exchange
      resins, and various other products well known to those skilled in the art.
      One example of this demand is in the manufacture of high octane gasoline
      by using C.sub.3 and C.sub.4 mono-olefins to alkylate isobutane. Another
      example of this demand is in the area of dehydrogenation of normal
      paraffin hydrocarbons to produce normal mono-olefins having 4  to 30
      carbon atoms per molecule. These normal mono-olefins can, in turn, be
      utilized in the synthesis of a vast number of other chemical products. For
      example, derivatives of normal mono-olefins have become of substantial
      importance to the detergent industry where they are utilized to alkylate
      an aromatic, such as benzene, with subsequent transformation of the
      product arylalkane into a wide variety of biodegradable detergents such as
      the alkylaryl sulfonate type of detergent which is most widely used today
      for household, industrial, and commercial purposes. Still another large
      class of detergents produced from these normal mono-olefins are the
      oxyalkylated phenol derivatives in which the alkyl phenol base is prepared
      by the alkylation of phenol with these normal mono-olefins. Still another
      type of detergents produced from these normal mono-olefins are the
      biodegradable alkyl-sulfates formed by the direct sulfation of the normal
      mono-olefins. Likewise, the olefin can be subjected to direct sulfonation
      with sodium bisulfite to make biodegradable alkylsulfonates. As a further
      example, these mono-olefins can be hydrated to produce alcohols which
      then, in turn, can be used to produce plasticizers and/or synthetic lube
      oils.
PAR  Regarding the use of products made by the dehydrogenation of alkylaromatic
      hydrocarbons, they find wide application in industries including the
      petroleum, petrochemical, pharmaceutical, detergent, plastic industries,
      and the like. For example, ethylbenzene is dehydrogenated to produce
      styrene which is utilized in the manufacture of polystyrene plastics,
      styrene-butadiene rubber, and the like products. Isopropylbenzene is
      dehydrogenated to form alpha-methylstyrene which, in turn, is extensively
      used in polymer formation and in the manufacture of drying oils, ion
      exchange resins, and the like materials.
PAR  Responsive to this demand for these dehydrogenation products, the art has
      developed a number of alternative methods to produce them in commercial
      quantities. One method that is widely utilized involves the selective
      dehydrogenation of a dehydrogenatable hydrocarbon by contacting the
      hydrocarbon with a suitable catalyst at dehydrogenation conditions. As is
      the case with most catalytic procedures, the principal measure of
      effectiveness for this dehydrogenation method involves the ability to
      perform its intended function with minimum interference of side reactions
      for extended periods of time. The analytical terms used in the art to
      broadly measure how well a particular catalyst performs its intended
      functions in a particular hydrocarbon conversion reaction are activity,
      selectivity and stability, and for purposes of discussion here these terms
      are generally defined for a given reactant as follows: (1) activity is a
      measure of the catalyst's ability to convert the hydrocarbon reactant into
      products at a specified severity level where severity level means the
      specific reaction conditions used -- that is, the temperature, pressure,
      contact time, and presence of diluents such as H.sub.2 ; (2) selectivity
      usually refers to the amount of desired product or products obtained
      relative to the amount of the reactant charged or converted; (3) stability
      refers to the rate of change with time of the activity and selectivity
      parameters--obviously the smaller rate implying the more stable catalyst.
      More specifically, in a dehydrogenation process, activity commonly refers
      to the amount of conversion that takes place for a given dehydrogenatable
      hydrocarbon at a specified severity level and is typically measured on the
      basis of disappearance of the dehydrogenatable hydrocarbon; selectivity is
      typically measured by the amount, calculated on a mole percent of
      converted dehydrogenatable hydrocarbon basis, of the desired
      dehydrogenated hydrocarbon obtained at the particular severity level; and
      stability is typically equated to the rate of change with time of activity
      as measured by disappearance of the dehydrogenatable hydrocarbon and of
      selectivity as measured by the amount of desired hydrocarbon produced.
      Accordingly, the major problem facing workers in the hydrocarbon
      dehydrogenation art is the development of a more active and selective
      catalytic composite that has good stability characteristics.
PAR  I have now found a catalytic composite which possesses improved activity,
      selectivity, and stability when it is employed in a process for the
      dehydrogenation of dehydrogenatable hydrocarbons. In particular, I have
      determined that a combination of catalytically effective amounts of a
      platinum or palladium component, an iridium component, a rhenium component
      and a tin component with a porous, refractory carrier material can enable
      the performance of a dehydrogenation process to be substantially improved.
      Moreover, particularly good results are obtained with this composite is
      combined with an alkali or alkaline earth component and utilized to
      produce dehydrogenated hydrocarbons containing the same carbon structure
      as the reactant hydrocarbon but fewer hydrogen atoms. This last composite
      is particularly useful in the dehydrogenation of long chain normal
      paraffins to produce the corresponding normal mono-olefin with
      minimization of side reactions such as skeletal isomerization,
      aromatization, and cracking.
PAR  It is, accordingly, one object of the present invention to provide a novel
      method for the dehydrogenation of dehydrogenatable hydrocarbons utilizing
      a multimetallic catalytic composite comprising a platinum or palladium
      component, an iridium component, a rhenium component and a tin component
      combined with a porous carrier material. A second object is to provide a
      novel nonacidic catalytic composite having superior performance
      characteristics when utilized in a dehydrogenation process. Another object
      is to provide an improved method for the dehydrogenation of normal
      paraffin hydrocarbons to produce normal mono-olefins which method
      minimizes undesirable side reactions such as cracking, skeletal
      isomerization and aromatization.
PAR  In brief summary, one embodiment of the present invention involves a method
      for dehydrogenating a dehydrogenatable hydrocarbon which comprises
      contacting the hydrocarbon with a multimetallic catalytic composite,
      containing a platinum or palladium component, an iridium component, a
      rhenium component and a tin component combined with a porous carrier
      material, at dehydrogenation conditions. Moreover, substantially all of
      the platinum or palladium, iridium and rhenium are present in the
      composite as the corresponding elemental metals and substantially all of
      the tin component is present in an oxidation state above that of the
      elmental metal. Further, these components are present in this composite in
      amounts, calculated on an elemental basis, sufficient to result in the
      composite containing about 0.01 to about 2 wt. % platinum or palladium,
      about 0.01 to about 2 wt. % iridium, about 0.01 to about 2 wt. % rhenium
      and about 0.01 to about 5 wt. % tin.
PAR  A second embodiment relates to the dehydrogenation method described in the
      first embodiment wherein the dehydrogenatable hydrocarbon is an aliphatic
      compound containing 2 to 30 carbon atoms per molecule.
PAR  A third embodiment comprehends a catalytic composite comprising a
      combination of a platinum or palladium component, an iridium component, a
      rhenium component, a tin component, and an alkali or alkaline earth
      component with a porous carrier material. These components are furthermore
      present in amounts sufficient to result in the catalytic composite
      containing, on an elemental basis, about 0.01 to about 2 wt. % platinum or
      palladium, about 0.01 to about 5 wt. % of the alkali metal or alkaline
      earth metal, about 0.01 to about 2 wt. % iridium, about 0.01 to about 2
      wt. % rhenium and about 0.01 to about 5 wt. % tin. In addition,
      substantially all of the platinum or palladium, iridium, and rhenium
      components are present as the corresponding elemental metals and
      substantially all of the tin component is present in an oxidation state
      above that of the elemental metal.
PAR  Another embodiment pertains to a method for dehydrogenating a
      dehydrogenatable hydrocarbon which comprises contacting the hydrocarbon
      with the catalytic composite described in the third embodiment at
      dehydrogenation conditions.
PAR  Other objects and embodiments of the present invention involve specific
      details regarding essential and preferred catalytic ingredients, preferred
      amounts of ingredients, suitable methods of multimetallic composite
      preparation, suitable dehydrogenatable hydrocarbons, operating conditions
      for use in the dehydrogenation process, and the like particulars. These
      are hereinafter given in the following detailed discussion of each of
      these facets of the present invention.
PAR  Regarding the dehydrogenatable hydrocarbon that is subjected to the method
      of the present invention, it can, in general, be an organic compound
      having 2 to 30 carbon atoms per molecule and containing at least 1 pair of
      adjacent carbon atoms having hydrogen attached thereto. That is, it is
      intended to include within the scope of the present invention, the
      dehydrogenation of any organic compound capable of being dehydrogenated to
      produce products containing the same number of carbon atoms but fewer
      hydrogen atoms, and capable of being vaporized at the dehydrogenation
      temperatures used herein. More particularly, suitable dehydrogenatable
      hydrocarbons are: aliphatic compounds containing 2 to 30 carbon atoms per
      molecule, alkylaromatic hydrocarbons where the alkyl group contains 2 to 6
      carbon atoms, and naphthenes or alkyl-substituted naphthenes. Specific
      examples of suitable dehydrogenatable hydrocarbons are: (1) alkanes such
      as ethanes, propane, n-butane, isobutane, n-pentane, isopentane, n-hexane,
      2-methylhexane, 2-methylpentane, 2,2-dimethylbutane, n-heptane,
      2-methylhexane, 2,2,3-trimethylbutane, and the like compounds; (2)
      naphthenes such as cyclopentane, cyclohexane, methylcyclopentane,
      ethylcyclopentane, n-propylcyclopentane, 1,3-dimethylcyclohexane, and the
      like compounds; and (3) alkylaromatics such as ethylbenzene,
      n-butylbenzene, 1,3,5-triethylbenzene, isopropylbenzene, isobutylbenzene,
      ethylnaphthalene, and the like compounds.
PAR  In a preferred embodiment, the dehydrogenatable hydrocarbon is a normal
      paraffin hydrocarbon having about 4 to about 30 carbon atoms per molecule.
      For example, normal paraffin hydrocarbons containing about 10 to 18 carbon
      atoms per molecule are dehydrogenated by the subject method to produce the
      corresponding normal mono-olefin which can, in turn, be alkylated with
      benzene and sulfonated to make alkylbenzene sulfonate detergents having
      superior biodegradibility. Likewise, n-alkanes having 10 to 18 carbon
      atoms per molecule can be dehydrogenated to the corresponding normal
      mono-olefin which, in turn, can be sulfonated or sulfated to make
      excellent detergents. Similarly, n-alkanes having 6 to 10 carbon atoms can
      be dehydrogenated to form the corresponding mono-olefin which can, in
      turn, be hydrated to produce valuable alcohols. Preferred feed streams for
      the manufacture of detergent intermediates contain a mixture of 4 or 5
      adjacent normal paraffin homologues such as C.sub.10 to C.sub.13, C.sub.11
      to C.sub.14, C.sub.11 to C.sub.15, and the like mixtures.
PAR  The multimetallic catalyst of the present invention comprises a porous
      carrier material or support having combined therewith catalytically
      effective amounts of a platinum or palladium component, an iridium
      component, a rhenium component, a tin component and in the preferred case,
      an alkali or alkaline earth component. considering first the porous
      carrier material utilized in the present invention, it is preferred that
      the material be a porous, adsorptive, high-surface area support having a
      surface area of about 25 to about 500 m.sup.2 /g. The porous carrier
      material should be relatively refractory to the conditions utilized in the
      hydrocarbon conversion process, and it is intended to include within the
      scope of the present invention carrier materials which have traditionally
      been utilized in dualfunction hydrocarbon conversion catalysts such as:
      (1) activated carbon, coke, or charcoal; (2) silica or silica gel, silicon
      carbide, clays, and silicates including those synthetically prepared and
      naturally-occurring, which may or may not be acid treated, for example,
      attapulgus clay, china clay, diatomaceous earth, fuller's earth, kaoline,
      kieselguhr, etc.; (3) ceramics, porcelain, crushed firebrick, bauxite; (4)
      refractory inorganic oxides such as alumina, titanium dioxide, zirconium
      dioxide, chromium oxide, zinc oxide, magnesia, thoria, boria,
      silica-alumina, silica-magnesia, chromiaalumina, alumina-boria,
      silica-zirconia, etc.; (5) crystalline zeolitic aluminosilicates such as
      naturally-occurring or synthetically-prepared mordenite and/or faujasite,
      either in the hydrogen form or in a form which has been treated with
      multi-valent cations; (6) spinels such as MgAl.sub.2 O.sub.4, FeAl.sub.2
      O.sub.4, ZnAl.sub.2 O.sub.4, MnAl.sub.2 O.sub.4, CaAl.sub.2 O.sub.4 and
      other like compounds having the formula MO. Al.sub.2 O.sub.3 where M is a
      metal having a valence of 2; and (7) combinations of elements from one or
      more of these groups. The preferred porous carrier material for use in the
      present invention are refracory inorganic oxides, with best results
      obtained with an alumina carrier material. Suitable alumina materials are
      the crystalline aluminas known as the gamma-, eta-, and theta-alumina,
      with gamma- or eta-alumina giving best results. In addition, in some
      embodiments the alumina carrier material may contain minor proportions of
      other well-known refractory inorganic oxides such as silica, zirconia,
      magnesia, etc.; however, the preferred support is substantially pure
      gamma- or eta-alumina. Preferred carrier materials have an apparent bulk
      density of about 0.3 to about 0.7 g/cc and surface area characteristics
      such that the average pore diameter is about 20 to 300 Angstroms, the pore
      volume is about 0.1 to about 1 cc/g and the surface area is about 100 to
      about 500 m.sup.2 /g. In general, best results are typically obtained with
      a gamma-alumina carrier material which is used in the form of spherical
      particles having: a relatively small diameter (i.e. typically about
      one-sixteenth inch), an apparent bulk density of about 0.5 to about 0.6
      g/cc, a pore volume of about 0.4 cc/g, and a surface area of about 175
      m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically prepared or natural occurring. Whatever
      type of alumina is employed it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent, such as ammonium hydroxide
      to a salt of aluminum such as aluminum chloride, aluminum nitrate, etc.,
      in an amount to form an aluminum hydroxide gel which upon drying and
      calcining is converted to alumina. The alumina carrier may be formed in
      any desired shape such as spheres, pills, cakes, extrudates, powders,
      granules, etc. and utilized in any desired size. For the purpose of the
      present invention a particularly preferred form of alumina is the sphere;
      and alumina spheres may be continuously manufactured by the well-known oil
      drop method which comprises; forming an alumina hydrosol by any of the
      techiques taught in the art and preferably by reacting aluminum metal with
      hydrochloric acid, combining the resulting hydrosol with a suitable
      gelling agent and dropping the resultant mixture into an oil bath
      maintained at elevated temperatures. The droplets of the mixture remain in
      the oil bath until they set and form hydrogel spheres. The spheres are
      then continuously withdrawn from the oil bath and typically subjected to
      specific aging treatments in oil and an ammoniacal solution to further
      improve their physical characteristics. The resulting aged and gelled
      particles are then washed and dried at a relatively low temperature of
      about 300.degree. F. to about 400.degree. F. and subjected to a
      calcination procedure at a temperature of about 850.degree. F. to about
      1300.degree. F. for a period of about 1 to about 20 hours. This treatment
      effects conversion of the alumina hydrogel to the corresponding
      crystalline gamma-alumina. See the teachings of U.S. Pat. No. 2,620,314
      for additional details.
PAR  One essential constituent of the multimetallic catalyst of the present
      invention is a tin component. It is an essential feature of the present
      invention that the tin component is present in the multimetallic composite
      in an oxidation state above that of the elemental metal. That is, the tin
      component will exist in the present catalytic composite in either the +2
      or +4 oxidation state with the latter being the most likely state.
      Accordingly, the tin component will be present in the composite as a
      chemical compound, such as the oxide, sulfide, halide, etc., wherein the
      tin moiety is in the required oxidation state, or as a chemical
      combination with the carrier material in which combination the tin moiety
      exists in this higher oxidation state. On the basis of the evidence
      currently available, it is believed that the tin component in the subject
      composite exists in the form of tin oxide -- that is, as stannic or
      stannous oxide. It is important to note that this limitation on the state
      of the tin component requires extreme care in the preparation and use of
      the subject composite in order to insure that it is subjected to oxidation
      conditions effective to produce tin oxide and that it is not thereafter
      subjected to high temperature reduction conditions effective to produce
      the tin metal. Preferably, the tin component is used in an amount
      sufficient to result in the final catalytic composite containing, on an
      elemental basis, about 0.01 to about 5 wt. % tin, with best results
      typically obtained with about 0.1 to about 2 wt. % tin.
PAR  This tin component may be incorporated in the multimetallic catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of the tin moiety in the carrier material, such as by
      coprecipitation or cogellation with the porous carrier material, ion
      exchange with the carrier material or impregnation of the carrier material
      at any stage in the preparation. It is to be noted that it is intended to
      include within the scope of the present invention all conventional methods
      for incorporating a uniform distribution of the metallic component in a
      catalytic composite, and the particular method of incorporation used is
      not deemed to be an essential feature of the present invention. One
      preferred method of incorporating the tin component into the catalytic
      composite involves coprecipitating the tin component during the
      preparation of the preferred refractory oxide carrier material. In the
      preferred case, this involves the addition of suitable soluble tin
      compounds such as stannous or stannic halide to the alumina hydrosol, and
      then combining the hydrosol with a suitable gelling agent, and dropping
      the resulting mixture into an oil bath, etc., as explained in detail
      hereinbefore. Following the calcination step, there is obtained a carrier
      material comprising an intimate combination of alumina and stannic oxide.
      Another preferred method of incorporating the tin component into the
      catalytic composite involves the utilization of a soluble, decomposable
      compound of tin to impregnate the porous carrier material. Thus, the tin
      component may be added to the carrier material by commingling the latter
      with an aqueous solution of a suitable tin salt or water-soluble compound
      of tin such as stannous bromide, stannous chloride, stannic chloride,
      stannic chloride pentahydrate, stannic chloride tetrahydrate, stannic
      chloride trihydrate, stannic chloride diamine, stannic trichloride
      bromide, stannic chromate, stannous fluoride, stannic fluoride, stannic
      iodide, stannic sulfate, stannic tartrate, and the like compounds. The
      utilization of a tin chloride compound, such as stannous or stannic
      chloride is particularly preferred. In general, the tin component can be
      impregnated either prior to, simultaneously with, or after the other
      metallic components are added to the carrier material. However, I have
      found that excellent results are obtained when the tin component is
      impregnated simultaneously with the other metallic components. In fact, a
      preferred impregnation solution contains chloroplatinic acid, perrhenic
      acid, chloroiridic acid, stannous or stannic chloride and a strong acid
      such as hydrochloric acid, nitric acid and the like.
PAR  Regardless of which tin compound is used in the preferred impregnation
      step, it is extremely important that the tin component be uniformly
      distributed throughout the carrier material during this step. In order to
      achieve this objective it is necessary to maintain the pH of the
      impregnation solution in at a relatively low level, a range of about 1 to
      about 7, preferably 1 to about 3, and to dilute the impregnation solution
      to a volume which is approximately equivalent to or greater than the
      volume of the carrier material which is impregnated. It is preferred to
      use a volume ratio of impregnation solution to carrier material of at
      least 0.5:1 and preferably about 0.75:1 to about 2:1 or more. Similarly,
      it is preferred to use a relatively long contact time during the
      impregnation step ranging from about one-fourth hour up to about one-half
      hour or more before drying to remove excess solvent in order to insure a
      high dispersion of the tin component into the carrier material. The
      carrier material, is, likewise, preferably constantly agitated during this
      preferred impregnation step.
PAR  A second essential ingredient of the subject multimetallic catalyst is the
      platinum or palladium component. That is, it is intended to cover the use
      of platinum or palladium or mixtures thereof as a second component of the
      present composite. It is an essential feature of the present invention
      that substantially all of this platinum or palladium component exists
      within the final catalytic composite in the elemental metallic state.
      Generally, the amount of this component present in the final catalyst
      composite is small compared to the quantities of the other components
      combined therewith. In fact, the platinum or palladium component generally
      will comprise about 0.01 to about 2 wt. % of the final catalytic
      composite, calculated on an elemental basis. Excellent results are
      obtained when the catalyst contains about 0.05 to about 1 wt. % of the
      platinum or palladium metal.
PAR  This platinum or palladium component may be incorporated in the catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of this component in the carrier material such as
      coprecipitation or cogellation, ion-exchange, or impregnation. The
      preferred method of preparing the catalyst involves the utilization of a
      soluble, decomposable compound of platinum or palladium to impregnate the
      carrier material in a relatively uniform manner. For example, this
      component may be added to the support by commingling the latter with an
      aqueous solution of chloroplatinic or chloropalladic acid. Other
      water-soluble compounds of platinum or palladium may be employed in
      impregnation solutions and include ammonium chloroplatinate, bromoplatinic
      acid, platinum dichloride, platinum tetrachloride hydrate, platinum
      dichlorocarbonyl dichloride, dinitrodiaminoplatinum, palladium chloride,
      palladium nitrate, palladium sulfate, etc. The utilization of a platinum
      or palladium chloride compound, such as chloroplatinic or chloropalladic
      acid, is generally preferred. Hydrogen chloride, nitric acid or the like
      acid is also generally added to the impregnation solution in order to
      further facilitate the uniform distribution of the metallic component
      throughout the carrier material. In addition, it is generally preferred to
      impregnate the carrier material after it has been calcined in order to
      minimize the risk of washing away the valuable platinum or palladium
      compounds; however, in some cases it may be advantageous to impregnate the
      carrier material when it is in a gelled state.
PAR  Yet another essential ingredient of the present multimetallic catalytic
      composite is an iridium component. It is of fundamental importance that
      substantially all of the iridium component exists within the catalytic
      composite of the present invention in the elemental metallic state and the
      subsequently described reduction procedure is designed to accomplish this
      objective. The iridium component may be utilized in the composite in any
      amount which is catalytically effective, with the preferred amount being
      about 0.01 to about 2 wt. % thereof, calculated on an elemental iridium
      basis. Typically best results are obtained with about 0.05 to about 1 wt.
      % iridium. It is, additionally, preferred to select the specific amount of
      iridium from within this broad weight range as a function of the amount of
      the platinum or palladium component, on an atomic basis, as is explained
      hereinafter.
PAR  This iridium component may be incorporated into the catalytic composite in
      any suitable manner known to those skilled in the catalyst formulation art
      which results in a relatively uniform dispersion of iridium in the carrier
      material. In addition, it may be added at any stage of the preparation of
      the composite -- either during preparation of the carrier material or
      thereafter -- and the precise method of incorporation used is not deemed
      to be critical. However, best results are thought to be obtained when the
      iridium component is relatively uniformly distributed throughout the
      carrier material, and the preferred procedures are the ones known to
      result in a composite having this relatively uniform distribution. One
      acceptable procedure for incorporating this component into the composite
      involves cogelling or coprecipitating the iridium component during the
      preparation of the preferred carrier material, alumina. This procedure
      usually comprehends the addition of a soluble, decomposable compound of
      iridium such as iridium tetrachloride to the alumina hydrosol before it is
      gelled. The resulting mixture is then finished by conventional gelling,
      aging, drying and calcination steps as explained hereinbefore. A preferred
      way of incorporating this component is an impregnation step wherein the
      porous carrier material is impregnated with a suitable iridium-containing
      solution either before, during or after the carrier material is calcined.
      Preferred impregnation solutions are aqueous solutions of water soluble,
      decomposable iridium compounds such as iridium tribromide, iridium
      dichloride, iridium tetrachloride, iridium oxalic acid, iridium sulfate,
      potassium iridochloride, chloroiridic acid, hexamine iridium chloride, and
      the like compounds. Best results are ordinarily obtained when the
      impregnation solution is an aqueous solution of chloroiridic acid or
      sodium chloroiridate. This component can be added to the carrier material,
      either prior to, simultaneously with or after the other metallic
      components are combined therewith. Best results are usually achieved when
      this component is added simultaneously with the other metallic components.
      In fact, excellent results are obtained with a one step impregnation
      procedure using an aqueous solution comprising chloroplatinic or
      chloropalladic acid, chloroiridic acid, and a strong acid such as
      hydrochloric acid, nitric acid, etc.
PAR  Yet another essential component of the catalyst of the present invention is
      the rhenium component. It is an essential feature of the present invention
      that substantially all of the rhenium component of the catalyst is present
      therein as the elemental metal, and the hereinafter described reduction
      step is specifically designed to reduce this component along with the
      platinum or palladium component and the iridium component to the
      corresponding metallic states. The rhenium component is preferably
      utilized in an amount sufficient to result in a final catalytic composite
      containing about 0.01 to about 2 wt. % rhenium and preferably about 0.05
      to about 1, calculated on an elemental basis.
PAR  The rhenium component may be incorporated in the catalytic composite in any
      suitable manner and at any stage in the preparation of the catalyst. It is
      generally advisable to incorporate the rhenium component in an
      impregnation step after the porous carrier material has been formed in
      order that the expensive metal will not be lost due to washing and
      purification treatments which may be applied to the carrier material
      during the course of its production. Although any suitable method for
      incorporating a catalytic component in a porous carrier material can be
      utilized to incorporate the rhenium component, the preferred procedure
      involves impregnation of the porous carrier material. The impregnation
      solution can, in general, be a solution of a suitable soluble,
      decomposable rhenium salt such as ammonium perrhenate, sodium perrhenate,
      potassium perrhenate, and the like salts. In addition, solutions of
      rhenium halides such as rhenium chloride may be used; the preferred
      impregnation solution is, however, an aqueous solution of perrhenic acid.
      The porous carrier material can be impregnated with the rhenium component
      either prior to, simultaneously with, or after the other components
      mentioned herein are combined therewith. Best results are oridinarily
      achieved when the rhenium component is impregnated simultaneously with the
      platinum or palladium, tin and iridium components. In fact, excellent
      results are obtained with a one step impregnation procedure utilizing as
      an impregnation solution, an aqueous solution of chloroplatinic acid,
      chloroiridic acid, perrhenic acid, stannic chloride, and a strong acid
      such as hydrochloric acid, nitric acid and the like.
PAR  Regarding the preferred amounts of the various metallic components of the
      subject catalyst, I have found it to be a good practice to specify the
      amounts of the iridium component, the rhenium component, and the tin
      component as a function of the amount of the platinum or palladium
      component. On this basis, the amount of the rhenium component is
      ordinarily selected so that the atomic ratio of rhenium to platinum or
      palladium metal contained in the composite is about 0.1:1 to about 3:1,
      with the preferred range being about 0.25:1 to about 1.5:1. Similarly, the
      amount of the tin component is ordinarily selected to produce a composite
      containing an atomic ratio of tin to platinum or palladium metal of about
      0.1:1 to about 3:1, with the preferred range being about 0.25:1 to about
      2:1. In the same manner, the amount of the iridium component is preferably
      selected so that the atomic ratio of iridium to platinum or palladium is
      about 0.1:1 to about 2:1.
PAR  Another significant parameter of the instant catalyst is the "total metals
      content" which is defined to be the sum of the platinum or palladium
      component, the iridium component, the rhenium component, and the tin
      component, calculated on an elemental tin, rhenium, iridium and platinum
      or palladium metal basis. Good results are ordinarily obtained with the
      subject catalyst when this parameter is fixed at a value of about 0.15 to
      about 5 wt. %, with best results ordinarily achieved at a metals loading
      of about 0.3 to about 2 wt. %.
PAR  Integrating the above discussion of each of the essential components of the
      multimetallic catalytic composite, it is evident that a particularly
      preferred catalytic composite comprises a combination of a platinum
      component, an iridium component, a rhenium component and a tin component
      with an alumina carrier material in amounts sufficient to result in the
      composite containing about 0.05 to about 1 wt. % platinum, about 0.05 to
      about 1 wt. % iridium, about 0.05 to about 1 wt. % rhenium, and about 0.05
      to about 2 wt. % tin. Accordingly, specific examples of especially
      preferred catalytic composites are as follows: (1) a catalytic composite
      comprising a combination of 0.5 wt. % tin, 0.5 wt. % rhenium, 0.5 wt. %
      iridium and 0.75 wt. % platinum with an alumina carrier material; (2) a
      catalytic composite comprising a combination of 0.1 wt. % tin, 0.1 wt. %
      rhenium, 0.1 wt. % iridium and 0.1 wt. % platinum with an alumina carrier
      material; (3) a catalytic composite comprising a combination of about
      0.375 wt. % tin, 0.375 wt. % rhenium, 0.375 wt. % platinum and 0.375 wt. %
      iridium with an alumina carrier material; (4) a catalytic composite
      comprising a combination of 0.12 wt. % tin,  0.1 wt. % rhenium, 0.2 wt. %
      platinum and 0.2 wt. % iridium with an alumina carrier material; (5) a
      catalytic composite comprising a combination of 0.25 wt. % tin, 0.25 wt. %
      platinum, 0.25 wt. % iridium and 0.25 wt. % rhenium with an alumina
      carrier material; and, (6) a catalytic composite comprising a combination
      of 0.2 wt. % tin, 0.2 wt. % rhenium, 0.2 wt. % platinum and 0.2 wt. %
      iridium with an alumina carrier material. The amounts of the components
      reported in these examples are, of course, calculated on an elemental
      basis.
PAR  As indicated above, a preferred embodiment of the present invention
      involves use of a catalytic composite containing an alkali or alkaline
      earth component. More specifically, this component is selected from the
      group consisting of the alkali metals -- cesium, rubidium, potassium,
      sodium, and lithium -- and of the alkaline earth metals -- calcium,
      strontium, barium, and magnesium. This component may exist within the
      catalytic composite as a relatively stable compound such as the oxide or
      sulfide or in combination with one or more of the other components of the
      composite, or in combination with an alumina carrier material such as in
      the form of a metal aluminate. Since, as is explained hereinafter, the
      composite containing the alkali or alkaline earth is always calcined or
      oxided in an air atmosphere before use in the conversion of hydrocarbons,
      the most likely state this component exists in during use in
      dehydrogenation is in the form of the corresponding metallic oxide.
      Regardless of what precise form in which it exists in the composite, the
      amount of this component utilized is preferably selected to provide a
      composite containing about 0.01 to about 5 wt. % of the alkali or alkaline
      earth metal, and more preferably, about 0.05 to about 2.5 wt. %. Best
      results are ordinarily achieved when this component is a compound of
      lithium or potassium and particularly lithium oxide or potassium oxide.
PAR  This alkali or alkaline earth component may be combined with the porous
      carrier material in any manner known to those skilled in the art such as
      by impregnation, coprecipitation, physical admixture, ion exchange, etc.
      However, the preferred procedure involves impregnation of the carrier
      material either before or after it is calcined and either before, during
      or after the other components are added to the carrier material. Best
      results are ordinarily obtained when this component is added after the
      platinum or palladium, iridium, rhenium and tin components because it
      serves to neutralize the acid used in the preferred impregnation procedure
      for incorporation of these components. In fact, it is preferred to add the
      previously specified metallic components, dry and oxidize the resulting
      composite, then treat the oxidized composite with steam in order to remove
      residual acidity, and then add this component by means of an impregnation
      procedure. Typically, the impregnation of the oxidized composite or of the
      carrier material is performed by contacting same with a solution of a
      suitable decomposable compound or salt of the desired alkali or alkaline
      earth metal. Hence, suitable compounds include the halides, sulfates,
      nitrates, acetates, carbonates, phosphates, and the like compounds. For
      example, excellent results are obtained by impregnating the carrier
      material, after the platinum or palladium, iridium, rhenium and tin
      components have been combined therewith, with an aqueous solution of
      lithium nitrate or potassium nitrate. Following the incorporation of this
      component, the resulting composite is preferably dried and oxidized in an
      air atmosphere as explained hereinafter.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the resulting composite, after
      one or more of the components are added thereto, generally will be dried
      at a temperature of about 200.degree. F. to about 600.degree. F. for a
      period of about 2 to 24 hours or more and finally calcined or oxidized at
      a temperature of about 600.degree. F. to about 1100.degree. F. in an air
      atmosphere for a period of about 0.5 to about 10 hours, preferably about 1
      to about 5 hours in order to convert substantially all of the metallic
      components to the corresponding oxide forms. When acidic components are
      present in any of the reagents used to effect incorporation of any one of
      the components of the subject composite, it is a good practice to subject
      the resulting composite to a high temperature treatment with steam, either
      after or before the calcination step described above, in order to remove
      as such as possible of the undesired acidic component. For example, when
      the platinum or palladium component is incorporated by impregnating the
      carrier material with chloroplatinic acid, it is preferred to subject the
      resulting composite to a high temperature treatment with steam in order to
      remove as much as possible of the undesired chloride.
PAR  It is essential to subject the resultant oxidized multimetallic catalytic
      composite to a reduction step with substantially water-free hydrogen prior
      to its use in the conversion of hydrocarbons. This step is designed to
      insure a uniform and finely divided dispersion of the metallic components
      throughout the carrier material and to selectively reduce the platinum or
      palladium, iridium and rhenium components to the corresponding elemental
      metallic states, while maintaining the tin component in a positive
      oxidation state. Preferably, a stream of substantially pure and dry
      hydrogen (i.e., less than 20 vol. ppm. H.sub.2 O) is used as the reducing
      agent in this step. The reducing agent is contacted with the calcined or
      oxidized composite at reduction conditions, including a temperature of
      about 800.degree. F. to about 120.degree. F., a gas hourly space velocity
      of about 100 to about 10,000 hr..sup.-.sup.1 and for a period of time of
      about 0.5 to 10 hours or more, effective to reduce substantially all of
      the platinum or palladium, iridium and rhenium components to the elemental
      metallic state while maintaining substantially all of the tin component in
      a positive oxidation state. This reduction treatment may be performed in
      situ as part of a start-up sequence if precautions are taken to predry the
      plant to a substantially water-free state and if a substantially
      water-free hydrogen stream is used.
PAR  The resulting selectively reduced catalytic composite may, in some cases,
      be beneficially subjected to a presulfiding operation designed to
      incorporate in the catalytic composite from about 0.05 to about 0.5 wt. %
      sulfur, calculated on an elemental basis. Preferably, this presulfiding
      treatment takes place in the presence of hydrogen and a suitable
      sulfur-containing compound such as hydrogen sulfide, lower molecular
      weight mercaptans, organic sulfides, etc. Typically, this procedure
      comprises treating the selectively reduced catalyst with a sulfiding gas
      such as a mixture containing a mole ratio of H.sub.2 to H.sub.2 S of about
      10:1 at conditions sufficient to effect the desired incorporation of
      sulfur, generally including a temperature ranging from about 50.degree. F.
      up to about 1100.degree. F. or more. This presulfiding step can be
      performed in situ or ex situ.
PAR  According to the method of the present invention, the dehydrogenatable
      hydrocarbon is contacted with the multimetallic catalytic composite
      described above in a dehydrogenation zone maintained at dehydrogenation
      conditions. This contacting may be accomplished by using the catalyst in a
      fixed bed system, a moving bed system, a fluidized bed system, or in a
      batch type operation; however, in view of the danger of attrition losses
      of the valuable catalyst and of well known operational advantages, it is
      preferred to use a fixed bed system. In this sytem, the hydrocarbon feed
      stream is preheated by any suitable heating means to the desired reaction
      temperature and then passed into a dehydrogenation zone containing a fixed
      bed of the catalyst previously characterized. It is, of course, understood
      that the dehydrogenation zone may be one or more separate reactors with
      suitable heating means therebetween to insure that the desired conversion
      temperature is maintained at the entrance to each reactor. It is also to
      be noted that the reactants may be contacted with the catalyst bed in
      either upward, downward, or radial flow fashion with the latter being
      preferred. In addition, it is to be noted that the reactants may be in the
      liquid phase, a mixed liquid-vapor phase, or a vapor phase when they
      contact the catalyst, with best results obtained in the vapor phase.
PAR  Although hydrogen is the preferred diluent for use in the subject
      dehydrogenation method, in some cases other art-recognized diluents may be
      advantageously utilized such as steam, methane, carbon dioxide, and the
      like diluents. Hydrogen is preferred because it serves the dual-function
      of not only lowering the partial pressure of the dehydrogenatable
      hydrocarbon, but also of suppressing the formation of hydrogen-deficient,
      carbonaceous deposits on the catalytic composite. Ordinarily, hydrogen is
      utilized in amounts sufficient to insure a hydrogen to hydrocarbon mole
      ratio of about 1:1 to about 20:1, with best results obtained in the range
      of about 1.5:1 to about 10:1. The hydrogen stream charged to the
      dehydrogenation zone will typically be recycle hydrogen obtained from the
      effluent stream from this zone after a suitable hydrogen separation step.
      When utilizing hydrogen in the instant process, improved results are
      obtained if water or a water-producing substance (such as a alcohol,
      ketone, or the like oxygen-containing decomposable organic compound) is
      added to the dehydrogenation zone in an amount calculated on the basis of
      equivalent water, corresponding to about 100 to about 4,000 wt. ppm. of
      the hydrocarbon charge stock, with about 1500 to 2500 wt. ppm. of water
      giving best results.
PAR  Regarding the conditions utilized in the process of the present invention,
      these are generally selected from the dehydrogenation conditions well
      known to those skilled in the art for the particular dehydrogenatable
      hydrocarbon which is charged to the process. More specifically, suitable
      conversion temperatures are selected from the range of about 700.degree.
      to about 1250.degree. F. with a value being selected from the lower
      portion of this range for the more easily dehydrogenated hydrocarbons such
      as the long chain normal paraffins and from the higher portion of this
      range for the more difficultly dehydrogenated hydrocarbons such as
      propane, butane and the like hydrocarbons. For example, for the
      dehydrogenation of C.sub.6 to C.sub.30 normal paraffins, best results are
      ordinarily obtained at a temperature of about 800.degree. to about
      950.degree. F. The pressure utilized is ordinarily selected at a value
      which is as low as possible consistent with the maintenance of catalyst
      stability and is usually about 0.1 to about 10 atmospheres with best
      results ordinarily obtained in the range of about 0.5 to about 3
      atmospheres. In addition, a liquid hourly space velocity (calculated on
      the basis of the volume amount, as a liquid, of hydrocarbon charged to the
      dehydrogenation zone per hour divided by the volume of the catalyst bed
      utilized) is selected from the range of about 1 to about 40
      hr..sup.-.sup.1, with best results for the dehydrogenation of long chain
      normal paraffins typically obtained at a relatively high space velocity of
      about 25 to 35 hr..sup.-.sup.1.
PAR  Regardless of the details concerning the operation of the dehydrogenation
      step, and effluent stream will be withdrawn therefrom. This effluent will
      usually contain unconverted dehydrogenatable hydrocarbons, hydrogen, and
      products of the dehydrogenation reaction. This stream is typically cooled
      and passed to a hydrogen-separating zone wherein a hydrogen-rich vapor
      phase is allowed to separate from a hydrocarbon-rich liquid phase. In
      general, it is usually desired to recover the unreacted dehydrogenatable
      hydrocarbon from this hydrocarbon-rich liquid phase in order to make the
      dehydrogenation process economically attractive. This recovery operation
      can be accomplished in any suitable manner known to the art such as by
      passing the hydrocarbon-rich liquid phase through a bed of suitable
      adsorbent material which has the capability to selectively retain the
      dehydrogenated hydrocarbons contained therein or by contacting same with a
      solvent having a high selectivity for the dehydrogenated hydrocarbon, or
      by a suitable fractionation scheme where feasible. In the case where the
      dehydrogenated hydrocarbon is a mono-olefin, suitable adsorbents having
      this capability are activated silica gel, activated carbon, activated
      alumina, various types of specially prepared molecular sieves, and the
      like adsorbents. In another typical case, the dehydrogenated hydrocarbons
      can be separated from the unconverted dehydrogenatable hydrocarbons by
      utilizing the inherent capability of the dehydrogenated hydrocarbons to
      easily enter into several well known chemical reactions such as
      alkylation, oligomerization, halogenation, sulfonation, hydration,
      oxidation, and the like reactions. Irrespective of how the dehydrogenated
      hydrocarbons are separated from the unreacted hydrocarbons, a stream
      containing the unreacted dehydrogenatable hydrocarbons will typically be
      recovered from this hydrocarbon separation step and recycled to the
      dehydrogenation step. Likewise, the hydrogen phase present in the
      hydrogen-separating zone will be withdrawn therefrom, a portion of it
      vented from the system in order to remove the net hydrogen make, and the
      remaining portion is typically recycled through suitable compressing means
      to the dehydrogenation step in order to provide diluent hydrogen therefor.
PAR  In a preferred embodiment of the present invention wherein long chain
      normal paraffin hydrocarbons are dehydrogenated to the corresponding
      normal mono-olefins, a preferred mode of operation of this hydrocarbon
      recovery step involves an alkylation reaction. In this mode, the
      hydrocarbon-rich liquid phase withdrawn from the hydrogen-separating zone
      is combined with a stream containing an alkylatable aromatic and the
      resulting mixture passed to an alkylation zone containing a suitable
      highly acid catalyst such as an anhydrous solution of hydrogen fluoride.
      In the alkylation zone the mono-olefins react with alkylatable aromatic
      while the unconverted normal paraffins remain substantially unchanged. The
      effluent stream from the alkylation zone can then be easily separated,
      typically by means of a suitable fractionation system, to allow recovery
      of the unreacted normal paraffins. The resulting stream of unconverted
      normal paraffins is then usually recycled to the dehydrogenation step of
      the present invention.
DETD
PAR  The following working examples are introduced to illustrate further the
      novelty, mode of operation, utility, and benefits associated with the
      dehydrogenation method of the present invention. These Examples are
      intended to be illustrative rather than restrictive.
PAR  These Examples are all performed in a laboratory scale dehydrogenation
      plant comprising a reactor, a hydrogen separating zone, a heating means,
      cooling means, pumping means, compressing means, and the like equipment.
      In this plant, the feed stream containing the dehydrogenatable hydrocarbon
      is combined with a hydrogen stream and the resultant mixture heated to the
      desired conversion temperature, which refers herein to the temperature
      maintained at the inlet to the reactor. The heated mixture is then passed
      into contact with the catalyst which is maintained as a fixed bed of
      catalyst particles in the reactor. The pressures reported herein are
      recorded at the outlet from the reactor. An effluent stream is withdrawn
      from the reactor, cooled, and passed into the hydrogen-separating zone
      wherein a hydrogen gas phase separates from a hydrocarbon-rich liquid
      phase containing dehydrogenated hydrocarbons, unconverted dehydrogenatable
      hydrocarbons, and a minor amount of side products of the dehydrogenation
      reaction. A portion of the hydrogen-rich gas phase is recovered as excess
      recycle gas with the remaining portion being continuously recycled through
      suitable compressive means to the heating zone as described above. The
      hydrocarbon-rich liquid phase from the separating zone is withdrawn
      therefrom and subjected to analysis to determine conversion and
      selectivity for the desired dehydrogenated hydrocarbon as will be
      indicated in the Examples. Conversion numbers of the dehydrogenatable
      hydrocarbon reported herein are all calculated on the basis of
      disappearance of the dehydrogenatable hydrocarbon and are expressed in
      mole percent. Similarly, selectivity numbers are reported on the basis of
      moles of desired hydrocarbon produced per 100 moles of dehydrogenatable
      hydrocarbon converted.
PAR  All of the catalysts utilized in these Examples are prepared according to
      the following general method with suitable modification in stoichiometry
      to achieve the compositions reported in each Example. First, an alumina
      carrier material comprising 1/16 inch spheres is prepared by: forming an
      alumina hydroxyl chloride sol by dissolving substantially pure aluminum
      pellets in a hydrochloric acid solution, adding hexamethylenetetramine to
      the sol, gelling the resulting solution by dropping it into an oil bath to
      form spherical particles of an alumina hydrogel, aging and washing the
      resulting particles with an ammoniacal solution and finally drying,
      calcining, and steaming the aged and washed particles to form spherical
      particles of gamma-alumina containing substantially less than 0.1 wt. %
      combined chloride. Additional details as to this method of preparing this
      alumina carrier material are given in the teachings of U.S. Pat. No.
      2,620,314. The resulting gamma-alumina particles are then contacted with
      an aqueous impregnation solution containing chloroplatinic acid, perrhenic
      acid, hydrogen chloride, stannous chloride and chloroiridic acid in
      amounts sufficient to yield a final multimetallic catalytic composite
      containing the desired amounts of platinum, iridium, rhenium and tin. The
      hydrochloric acid is utilized in an amount of about 10 wt. % of the
      alumina particles. The impregnated spheres are then dried at a temperature
      of about 225.degree. F. for about an hour and thereafter calcined or
      oxidized in an air atmosphere at a temperature of about 500.degree. F. to
      about 1000.degree. F. for about 2 to 10 hours effective to convert all of
      the metallic components to the corresponding oxide forms. In general, it
      is a good practice to thereafter treat the resulting oxidized particles
      with an air stream containing about 10 to about 30% steam at a temperature
      of about 1000.degree. F. for an additional period of about 5 hours in
      order to reduce the residual combined chloride contained in the catalyst
      to a value of less than 0.5 wt. % and preferably less than 0.2 wt. %. In
      the cases shown in the Examples where the catalyst utilized contains an
      alkali component, this component is added to the oxidized and
      steam-treated multimetallic catalyst in a separate impregnation step. This
      second impregnation step involves contacting the oxidized multimetallic
      catalyst with an aqueous solution of a suitable decomposable salt of the
      alkali component. For the catalyst utilized in the present Examples, the
      salt is either lithium nitrate or potassium nitrate. The amount of the
      salt of the alkali metal utilized is chosen to result in a final catalyst
      of the desired composition. The resulting alkali impregnated particles are
      then dried and calcined in an air atmosphere in much the same manner as is
      described above following the first impregnation step.
PAR  In all of the Examples the catalyst is reduced during startup by contacting
      with dry hydrogen at conditions including a temperature of about
      1050.degree. F. for 1 hour at a gas hourly space velocity of about 500
      hr..sup.-.sup.1, effective to reduce the platinum, iridium and rhenium
      components to the corresponding elemental metals while maintaining the tin
      component in a positive oxidation state.
PAC  EXAMPLE I
PAR  The reactor is loaded with 100 cc's of a catalyst containing, on an
      elemental basis, 0.75 wt. % platinum, 0.5 wt. % rhenium, 0.5 wt. %
      iridium, 0.5 wt. % tin and less than 0.15 wt. % chloride. The feed stream
      utilized is commercial grade isobutane containing 99.7 wt. % isobutane and
      0.3 wt. % normal butane. The feed stream is contacted with the catalyst at
      a temperature of 1065.degree. F., a pressure of 10 psig., a liquid hourly
      space velocity of 4.0 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole
      ratio of 2:1. The dehydrogenation plant is lined-out at these conditions
      and a 20 hour test period commenced. The hydrocarbon product stream from
      the plant is continuously analyzed by GLC (gas liquid chromotography) and
      a high conversion of isobutane is observed with a high selectivity for
      isobutylene.
PAC  EXAMPLE II
PAR  The catalyst contains, on an elemental basis, 0.375 wt. % platinum, 0.375
      wt. % iridium, 0.375 wt. % rhenium, 0.375 wt. % tin, 0.6 wt. % lithium,
      and 0.15 wt. % combined chloride. The feed stream is commercial grade
      normal dodecane. The dehydrogenation reactor is operated at a temperature
      of 870.degree. F., a pressure of 10 psig., a liquid hourly space velocity
      of 32 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole ratio of 8:1.
      After a line-out period, a 20 hour test period is performed during which
      the average conversion of the normal dodecane is maintained at a high
      level with a selectivity for normal dodecene of about 90%.
PAC  EXAMPLE III
PAR  The catalyst is the same as utilized in Example II. The feed stream is
      normal tetradecane. The conditions utilized are a temperature of
      840.degree. F., a pressure of 20 psig., a liquid hourly space velocity of
      32 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole ratio of 8:1. After
      a line-out period, a 20 hour test shows an average conversion of about
      12%, and a selectivity for normal tetradecene of about 90%.
PAC  EXAMPLE IV
PAR  The catalyst contains, on an elemental basis, 0.375 wt. % platinum, 0.2 wt.
      % rhenium, 0.375 wt. % iridium, 0.25 wt. % tin and 0.6 wt. % lithium, with
      combined chloride being less than 0.2 wt. %. The feed stream is
      substantially pure normal butane. The conditions utilized are a
      temperature of 950.degree. F., a pressure of 15 psig., a liquid hourly
      space velocity of 4.0 hr..sup.-.sup.1 and a hydrogen to hydrocarbon mole
      ratio of 4:1. After a line-out period, a 20 hour test is performed with an
      average conversion of the normal butane being about 30% and the
      selectivity for normal butene is about 80%.
PAC  EXAMPLE V
PAR  The catalyst contains, on an elemental basis. 0.1 wt. % platinum, 0.1 wt. %
      iridium, 0.2 wt. % rhenium, 0.25 wt. % tin, 1.5 wt. % potassium, and less
      than 0.2 wt. % combined chloride. The feed stream is commercial grade
      ethylbenzene. The conditions utilized are a pressure of 15 psig., a liquid
      hourly space velocity of 32 hr..sup.-.sup.1, a temperature of 1050.degree.
      F., and a hydrogen to hydrocarbon mole ratio of 8:1. During a 20 hour test
      period, 85% or more of equilibrium conversion of the ethylbenzene is
      observed. The selectivity for styrene is about 95%.
PAR  It is intended to cover by the following claims, all changes and
      modifications of the above disclosure of the present invention which would
      be self-evident to a man of ordinary skill in the catalyst-formation art
      or in the hydrocarbon dehydrogenation art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A catalytic composite comprising a combination of a platinum or
      palladium component, an iridium component, a rhenium component, a tin
      component and an alkali or alkaline earth component with a porous carrier
      material in an amount sufficient to result in a composite containing, on
      an elemental basis, about 0.01 to about 2 wt. % platinum or palladium,
      about 0.01 to about 2 wt. % iridium, about 0.01 to about 2 wt. % rhenium,
      about 0.01 to about 5 wt. % tin and about 0.01 to about 5 wt. % alkali
      metal or alkaline earth metal, wherein substantially all of the platinum
      or palladium component, iridium component, and the rhenium component are
      present in the corresponding elemental metallic states and wherein
      substantially all of the tin component is present in an oxidation state
      above that of the elemental metal.
NUM  2.
PAR  2. A catalytic composite as defined in claim 1 wherein the platinum or
      palladium component is platinum metal.
NUM  3.
PAR  3. A catalytic composite as defined in claim 1 wherein the tin component is
      tin oxide.
NUM  4.
PAR  4. A catalytic composite as defined in claim 1 wherein the porous carrier
      material is a refractory inorganic oxide.
NUM  5.
PAR  5. A catalytic composite as defined in claim 4 wherein the refractory
      inorganic oxide is gamma- or eta-alumina.
NUM  6.
PAR  6. A catalytic composite as defined in claim 1 wherein the alkali or
      alkaline earth component is a compound of potassium.
NUM  7.
PAR  7. A catalytic composite as defined in claim 1 wherein the alkali or
      alkaline earth component is a compound of lithium.
NUM  8.
PAR  8. A catalytic composite comprising a combination of the catalytic
      composite defined in claim 1 with a sulfur component in an amount
      sufficient to result in a composite containing about 0.05 to about 0.5 wt.
      % sulfur.
NUM  9.
PAR  9. A method for dehydrogenating a dehydrogenatable hydrocarbon comprising
      contacting the hydrocarbon with the catalytic composite defined by claim 1
      at dehydrogenation conditions.
NUM  10.
PAR  10. A method as defined in claim 9 wherein the dehydrogenatable hydrocarbon
      is admixed with hydrogen when it contacts the catalytic composite.
NUM  11.
PAR  11. A method as defined in claim 9 wherein the dehydrogenatable hydrocarbon
      is an aliphatic compound containing 2 to 30 carbon atoms per molecule.
NUM  12.
PAR  12. A method as defined in claim 9 wherein the dehydrogenatable hydrocarbon
      is a normal paraffin hydrocarbon containing about 4 to 30 carbon atoms per
      molecule.
NUM  13.
PAR  13. A method as defined in claim 9 wherein the dehydrogenatable hydrocarbon
      is a normal paraffin hydrocarbon containing about 10 to about 18 carbon
      atoms per molecule.
NUM  14.
PAR  14. A method as defined in claim 9 wherein the dehydrogenatable hydrocarbon
      is an alkylaromatic, the alkyl group of which contains about 2 to 6 carbon
      atoms.
NUM  15.
PAR  15. A method as defined in claim 9 wherein the dehydrogenatable hydrocarbon
      is a naphthene.
NUM  16.
PAR  16. A method as defined in claim 10 wherein the dehydrogenation conditions
      include a temperature of about 700.degree. to 1250.degree. F., a pressure
      of about 0.1 to about 10 atmospheres, an LHSV of about 1 to 40
      hr..sup.-.sup.1 and a hydrogen to hydrocarbon mole ratio of about 1:1 to
      about 20:1.
NUM  17.
PAR  17. A method as defined in claim 10 wherein the contacting is performed in
      the presence of water or a water-producing substance in an amount
      corresponding to about 100 to about 4000 wt. ppm. based on hydrocarbon
      charge.
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ABST
PAL  A continuous process for the separation of a mixed xylene isomer feedstock
      into o - and p - isomer fractions by feeding the mixed xylene isomer
      feedstock to a fractional distillation column in which a fraction
      containing a major portion of the o-xylene in the feedstock is removed
      from the bottom of the column and further fractionated to recover
      substantially pure o-xylene and a major portion of the p-xylene in the
      feedstock is removed as an overhead fraction, the p-xylene being removed
      from the overhead fraction by crystallisation and the mother liquor
      therefrom being recycled to the feed after contact with an isomerisation
      catalyst the improvement which comprises contacting the mother liquor
      remaining after crystallization of p-xylene, together with additional
      mother liquor, with a substrate active for the selective adsorption of
      p-xylene and thereafter recovering the adsorbed p-xylene from said
      substrate, the amount of mother liquor added being substantially equal to
      the quantity of p-xylene recovered from the adsorptive substrate in any
      given time.
BSUM
PAR  The present invention relates to an improved process for the separation or
      ortho- and para-isomers of xylene.
PAR  A known method of separating a C.sub.8 heart-cut fraction from catalytic
      reformate into o- and p-isomers of xylene is to pass the C.sub.8 fraction
      to an isomer splitter, taking an o-xylene rich stream from the bottom of
      the splitter and further fractionally distilling this fraction to produce
      a substantially pure o-xylene product. The overhead fraction from the
      isomer splitter, containing essentially p- and m-xylenes and ethylbenzene,
      are passed to a freeze plant where high purity p-xylene is extracted by
      crystallisation. The mother liquor in some plants is passed directly to
      the gasoline pool and in other plants is recycled to the feed-point after
      contact with an isomerisation catalyst when the composition of the liquor
      is restored to approximate that of the initial feedstock after the removal
      of gas and light ends.
PAR  It is a disadvantage of this method of separating p-xylene that the
      extraction efficiency in the freeze plant is limited by the eutectic point
      of the feed to the freeze plant. A maximum extraction efficiency of
      approximately 60% is typical of commercial operation. Consequently in
      those plants operating without an isomerisation unit a significant
      quantity of p-xylene (30-50% weight of that present in the feed) passes to
      the gasoline pool in the mother liquor stream.
PAR  It has now been found that the yield of p-xylene from a xylene complex
      incorporating an isomerisation unit is increased by the addition of a
      selective adsorption unit.
PAR  Thus, in a continuous process for the separation of a feedstock containing
      a major proportion of mixed xylene isomers into substantially pure o- and
      p-isomer fractions by feeding the feedstock to a fractional distillation
      column in which a fraction containing a major portion of the o-xylene in
      the feedstock is removed from the bottom of the column and further
      fractionated to recover substantially pure o-xylene and a major portion of
      the p-xylene in the feedstock is removed in an overhead fraction, the
      p-xylene being removed from the overhead fraction by crystallisation and
      the mother liquor therefrom being recycled to the feed after contact with
      an isomerisation catalyst the improvement which comprises contacting the
      mother liquor remaining after crystallisation of p-xylene with a substrate
      active for the selective adsorption of p-xylene and thereafter recovering
      the absorbed p-xylene from said substrate.
PAR  It is preferred to use as feedstock a C.sub.8 heart-cut derived from a
      catalytic reformate though other fractions containing the mixed isomers
      may be used. The composition of a typical C.sub.8 heart-cut is as follows:
      benzene (0.2%), toluene (2.3%), C.sub.8 naphthene (0.0%), ethyl benzene
      (15.2%), p-xylene (17.5%), m-xylene (40.0%), o-xylene (17.3%), C.sub.9
      aromatics (7.4%) and C.sub.9 naphthenes (0.1%), all percentages being
      expressed by weight.
PAR  Whilst any substrate which selectively adsorbs p-xylene may be used in the
      process of the invention it is preferred to use molecular sieves.
PAR  The term molecular sieve normally implies an adsorbant which depends for
      its mode of operation on differences in the size of molecules contacted
      therewith but in this specification the conventional meaning is extended
      further to include adsorbents depending for their action on the
      physico-chemical attraction of different isomer configurations.
PAR  Molecular sieves are crystalline alumino-silicates which may be naturally
      occurring or synthetically produced. Particular crystalline
      alumino-silicates encompassed by the present invention include
      alumino-silicate cage structures in which the alumina and silica
      tetrahedra are intimately connected in an open three dimensional network.
      The tetrahedra are cross-linked by the sharing of oxygen atoms with spaces
      between the tetrahedra occupied by water molecules prior to partial or
      total dehydration of the alumino-silicate. The dehydration of this
      alumino-silicate results in crystals interlaced with cells having
      molecular dimensions.
PAR  In a hydrated form the crystalline alumino-silicates generally encompass
      those zeolites represented by the formula:
EQU  M.sub.2/n O : Al.sub.2 O.sub.3 : w SiO.sub.2 ; y H.sub.2 O (I)
PAL  wherein M is a cation which balances the electrovalence of the tetrahedra
      and is generally referred to as an exchangeable cationic site, n
      represents the valence of the cation, w represents the number of moles of
      SiO.sub.2 and y represents the number of moles of water.
PAR  Within the formula (I) above the alumino-silicate may be of the type X
      structure or the type Y structure. The type X structured alumino-silicates
      can be represented in terms of mole oxides as represented by the formula:
EQU  0.9 .+-. 0.2M.sub.2/n.sup.1 O : Al.sub.2 O.sub.3 : 2.5 .+-. 0.5 SiO.sub.2 :
      y H.sub.2 O                                               (II)
PAL  Where M.sup.1 represents at least one cation having a valence of not more
      than 3, n represents the valence of M.sup.1 and y has a value of up to
      about 9 depending upon the identity of M.sup.1 and the degree of hydration
      of the crystalline structure.
PAR  The type Y structure alumino silicates can be represented in terms of the
      mole oxides for the sodium form by the formula:
EQU  0.9 .+-. 0.2 Na.sub.2 O : Al.sub.2 O.sub.3 : w SiO.sub.2 : y H.sub.2 O
      (III)
PAL  where w has a value of greater than about 3 up to 8 and y may be any value
      up to about 9.
PAR  The terms type X structure and type Y structure alumino-silicates include
      all alumino-silicates having a general structure as represented in U.S.
      Pat. No. 2,882,244 and U.S. Pat. No. 3,130,007 and in particular materials
      obtained from such an alumino-silicate by partial or complete replacement
      of the cation M.sup.1 in the formula (II) or sodium in the formula (III)
      with other individual cations or groups of cations.
PAR  Cationic or base exchange methods are generally known to those familiar
      with the art of crystalline alumino-silicate production and are generally
      performed by contacting the alumino-silicate with an aqueous solution of
      soluble salts of the cation or cations desired to be exchanged on to the
      alumino-silicate. The desired degree of exchange takes place before the
      sieves are removed from the aqueous solution, washed and dried to the
      desired water content. An individual solution of the desired cation may be
      contacted with the alumino-silicate or an exchange solution containing a
      mixture of cations with the alumino-silicate.
PAR  Cations which may suitably be exchanged on to the alumino-silicate comprise
      one or more cations of metals of Groups IA, IIA and IB of the Periodic
      Table. It is preferred to exchange on to the alumino-silicate one or more
      cations of lithium, sodium, potassium, rubidium, cesium, beryllium,
      magnesium, calcium, strontium, barium, silver, manganese, cadmium, and
      copper. Preferred combinations of cations comprise potassium and barium,
      potassium and beryllium, potassium and manganese, rubidium and barium,
      cesium and barium, copper and cadmium, copper and silver, zinc and silver
      and copper and potassium. Especially preferred cations comprise potassium,
      barium, sodium and silver and especially preferred combinations of cations
      are potassium and barium, potassium and beryllium, potassium and cesium,
      barium and rubidium, cesium and barium, and copper and potassium.
PAR  When single cations are base-exchanged upon an alumino-silicate the cation
      may comprise between 5 and 75 weight per cent of the alumino-silicate. The
      percentage based on the volatile free basis, generally expressed as VF, is
      the percentage of the material upon the alumino-silicate after it has been
      exposed to an inert gas purge at 500.degree.C for a time period to allow
      it to reach a constant weight. When single ions are exchanged on to the
      alumino-silicate this cation may be ion-exchanged from the
      alumino-silicate to place anywhere from 1 per cent up to 100 per cent of
      the original cations present (generally sodium or calcium) upon the
      alumino-silicate prior to its being ion-exchanged. By knowing the
      empirical formula including the silica/alumina ratio of the
      alumino-silicate used, its water content and the percentage of binder, if
      any, it is possible to calculate, after ion-exchanging, the percentage of
      ion-exchanging which has occurred.
PAR  When more than one cation is placed upon the alumino-silicate there are two
      parameters which can be varied in order to maximise its selectivity. The
      two parameters are the extent of ion-exchange and the ratio of individual
      cations placed on the alumino-silicate. Where the cation pairs comprise a
      Group IIA metal and a Group IA metal the weight ratio of these two
      components upon the alumino-silicate may be in the range, 1 to 80
      depending upon the molecular weight of the Group IIA or Group IA metal. A
      preferred alumino silicate is one which contains barium and potassium
      cations having a weight ratio of barium to potassium of 1 to 40, more
      preferably 1 to 30, and even more preferably 5 to 15. The cations may
      occupy from 20 to 100 percent of the ion-exchangeable sites located on the
      alumino-silicate. In some instances, substantially all of the original
      cations placed on the alumino-silicate may be removed therefrom by the
      cations exchanged.
PAR  Where a cation other than a cation of a Group IA or Group IIA metal is
      placed on the alumino-silicate from 10 to 100 weight percent of the
      original cations present on the alumino-silicate may be replaced by these
      metals.
PAR  The adsorbed p-xylene may be recovered from the substrate by any means
      known in the art. Suitable methods of recovering p-xylene from its
      mixtures with other C.sub.8 hydrocarbons by adsorption from the liquid
      phase are the Parex process described in Chemical Engineering Progress,
      Volume 6, No. 9, September 1970, pages 70 to 75, and the Aromax Process
      described in Petroleum & Petrochemical International, Volume 12, No. 12,
      pages 65 to 68.
PAR  In a preferred embodiment of the process the mother liquor remaining after
      crystallisation is combined with additional mother liquor prior to contact
      with the substrate active for the selective adsorption of p-xylene, the
      amount of mother liquor added being substantially equal to the quantity of
      p-xylene recovered from the adsorptive substrate in any given time. The
      additional mother liquor may suitably be obtained from a second or any
      number of xylene separation plants using the crystallisation method for
      isolating p-xylene in the absence of a selective adsorption and/or an
      isomerisation step. Thus this embodiment of the invention affords a method
      of increasing the capacity of a conventional xylenes plant without
      increasing the size of the freeze unit, thus economising on plant costs,
      at the same time increasing the p-xylene extraction efficiency of one or
      more xylene plants not incorporating an adsorption unit and additionally
      increasing the p-xylene make by isomerisation. The increase in capacity is
      achieved without modification to the existing conventional xylenes plant,
      other than the addition of an adsorption unit, because the quantity of
      feed to the isomerisation unit and the input to the other units remain
      substantially the same.
PAR  In order to maintain the total feed to the fractional distillation column
      separating o- and p-xylene constant whilst increasing the individual
      xylenes make, without combining additional mother liquor with the mother
      liquor remaining after crystallisation, it is necessary to increase the
      amount of feedstock to the fractional distillation column, since the
      recycle stream exiting from the isomerisation unit is diminished.
DRWD
PAR  The invention will now be described with reference to the FIGURE which
      illustrates a process flow-sheet complete with approximate material
      balance figures, the figures in brackets being the material balance in the
      absence of the adsorption unit.
DETD
PAR  A C.sub.8 heart-cut fraction from catalytic reformate containing o-, m- and
      p-isomers of xylene in addition to ethyl benzene and minor constituents is
      fed to a fractional distillation column 1 where a bottoms fraction
      containing a major portion of o-xylene is removed and fed to a second
      fractional distillation column 2 from which substantially pure o-xylene is
      removed overhead and a C.sub.9 .sup.+ fraction is removed from the bottom.
      The overhead fraction from fractional distillation column 1 passes to a
      freezer unit 3 in which pure p-xylene is crystallised out at a temperature
      above the entectic point and removed. The mother liquor remaining is
      combined with a further quantity of mother liquor from a plant operating
      on the crystallisation principle but not having adsorption or
      isomerisation units. The combined mother liquor, containing up to 10%
      p-xylene, is passed to an adsorption unit 4 e.g. operating the Parex
      process which unit selectively adsorbs p-xylene to the extent that only 2%
      remains in the liquor exiting from the unit. The p-xylene depleted liquor
      is passed to the isomerisation unit 5 (e.g. an Octafiner unit packed with
      an Engelhard Industries noble metal isomerisation catalyst) wherein the
      composition of the liquor is adjusted to approximate the original feed to
      the fractional distillation column 1 after gas plus light ends are
      removed.
PAR  From an examination of the approximate material balance given in the Figure
      and the following Table it will be seen that from 80t/a of heart-cut
      reformate an additional 11.5t/a of p-xylene is produced at the expense of
      only 0.7t/a of o-xylene by combining 13.7t/a of mother liquor from another
      plant with the feed to the adsorption unit without substantially changing
      the load on the other units.
TBL                TABLE                                                       
     ______________________________________                                    
               Material Balance (t/a)                                          
               Without adsorption                                              
                           With adsorption                                     
               unit        unit        .DELTA.                                 
     ______________________________________                                    
     Heart cut   80.0          80.0        nil                                 
     Mother liquor added                                                       
                 nil           13.7        13.7                                
     from 2nd plant                                                            
                 80.0          93.7        13.7                                
     p-xylene    25.0          36.5        +11.5                               
     o-xylene    32.5          31.8        - 0.7                               
     Net gas     2.6           3.0         + 0.4                               
     Light isomerate                                                           
                 7.8           8.7         + 0.9                               
     Heavy Ends  9.5           9.7         + 0.2                               
     Slipstream  2.6           4.0         + 1.4                               
                 80.0          93.7        +13.7                               
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. In a continuous process for the separation of a feedstock containing a
      major proportion of mixed xylene isomers into substantially pure o- and
      p-isomer fractions by feeding the feedstock to a fractional distillation
      column in which a fraction containing a major portion of the o-xylene in
      the feedstock is removed from the bottom of the column and further
      fractionated to recover substantially pure o-xylene and a major portion of
      the p-xylene in the feedstock is removed in an overhead fraction, the
      p-xylene being removed from the overhead fraction by crystallization and
      the mother liquor therefrom being recycled to the feed after contact with
      an isomerization catalyst, the improvement which comprises, prior to
      contacting said mother liquor remaining after crystallization with an
      isomerization catalyst, the steps of combining said mother liquor with
      additional mother liquor and contacting said combined mother liquor with a
      crystalline alumino-silicate active for the selective adsorption of
      p-xylene the hydrated form of which has the formula:
EQU  M.sub.2 /.sub.n O : Al.sub.2 O.sub.3 : wSiO.sub.2 : yH.sub.2 O (I)
PA1  wherein M is a cation which balances the electrovalance of the tetrahedra,
      n represents the valence of the cation, w represents the number of moles
      of SiO.sub.2 and y represents the number of moles of water;
PAL  and, thereafter recovering the adsorbed p-xylene from said substrate, the
      amount of said mother liquor added being substantially equal to the
      quantity of p-xylene recovered from said crystalline alumino-silicate in
      any given time.
NUM  2.
PAR  2. A process according to claim 1 wherein said feedstock is a C.sub.8
      heartcut derived from a catalytic reformate.
NUM  3.
PAR  3. A process according to claim 1 wherein said crystalline alumino-silicate
      is selected from type X structured zeolite represented in terms of mole
      oxides by the formula:
EQU  0.9 .+-. 0.2M.sub.2 /.sub.n.sup.1 O : Al.sub.2 O.sub.3 : 2.5 .+-. 0.5
      SiO.sub.2 : yH.sub.2 O                                    (II)
PA1  wherein M.sup.1 represents at least one cation having a valence of not more
      than 3, n represents the valence of M.sup.1 and y has a value of up to
      about 9
PAL  and type Y structured zeolites represented in terms of mole oxides by the
      formula:
EQU  0.9 .+-. 0.2Na.sub.2 O : Al.sub.2 O.sub.3 : wSiO.sub.2 : yH.sub.2 O (III)
PA1  where w has a value of greater than about 3 up to 8 and y has a value of up
      to 9.
NUM  4.
PAR  4. A process according to claim 1 wherein said cation M in crystalline
      alumino-silicate of formula (I) is replaced with at least one cation of
      metals selected from Groups IA, IIA or IB of the Periodic Table.
NUM  5.
PAR  5. A process according to claim 1 wherein said cation M in said crystalline
      alumino-silicate of formula (I) is replaced with at least one cation of
      metals selected from lithium, sodium, potassium, rubidium, cesium,
      beryllium mangnesium, calcium, strontium, barium, silver, manganese,
      cadmium and copper.
NUM  6.
PAR  6. A process according to claim 1 wherein said cation M in said crystalline
      alumino-silicate of formula (I) is replaced with a combination of cations
      of metals selected from the pairs potassium and barium, potassium and
      beryllium, potassium and manganese, potassium and rubidium, potassium and
      cesium, rubidium and barium, cesium and barium, copper and cadmium, copper
      and silver, zinc and silver and copper and potassium.
NUM  7.
PAR  7. A process according to claim 1 wherein said cation M in said crystalline
      alumino-silicate of formula (I) is replaced by a single cation of a metal
      selected from potassium, barium, sodium and silver in an amount between 5
      and 75 weight percent of the alumino-silicate.
NUM  8.
PAR  8. A process according to claim 1 wherein said cation M in said crystalline
      alumino-silicate of formula (I) is replaced by a combination of a cation
      of a metal selected from Group IIA of the Periodic Table with a cation of
      a metal selected from Group IA of the Periodic Table in a weight ratio of
      1 to 80.
NUM  9.
PAR  9. A process according to claim 1 wherein said cation M in said crystalline
      alumino-silicate formula (I) is replaced by a combination of the cations
      of barium and potassium in a weight ratio of barium to potassium of 1 to
      40.
NUM  10.
PAR  10. A process according to claim 9 wherein said weight ratio of barium to
      potassium is 5 to 15.
NUM  11.
PAR  11. A process according to claim 1 wherein said additional mother liquor is
      obtained from at least one xylene isomer separation plant using only
      crystallization for separating p-xylene.
PATN
WKU  039392228
SRC  5
APN  4646002
APT  1
ART  142
APD  19740426
TTL  Production of polyurethane plastics
ISD  19760217
NCL  2
ECL  1
EXP  Seccuro; Carman J.
INVT
NAM  Dieterich; Dieter
CTY  Leverkusen
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19711026
APN  2153269
RLAP
COD  71
APN  299513
APD  19721020
PSC  03
CLAS
OCL  260858
XCL  427340
XCL  427385
XCL  264331
EDF  2
ICL  C08L 7504
FSC  260
FSS  858
UREF
PNO  3012987
ISD  19611200
NAM  Ansul
OCL  260858
UREF
PNO  3271352
ISD  19660900
NAM  Weinberg
OCL  260858
UREF
PNO  3509232
ISD  19700400
NAM  Schellenberger
OCL  260858
UREF
PNO  3578728
ISD  19710500
NAM  Erhart
OCL  260858
UREF
PNO  3711571
ISD  19730100
NAM  Farah
OCL  260858
LREP
FR2  Gil; Joseph C.
FR2  Harsh; Gene
ABST
PAL  A process for the preparation of a polyurethane plastic in the form of
      coatings on the surface of substrates, from storage-stable liquid mixtures
      free of solvents and made of solid thermoplastic polyurethanes and
      polyurethane prepolymers.
PAL  A storage-stable liquid system comprising solid polyurethane particles in
      liquid prepolymers where the two phases are incompatible with each other
      at the storage temperature.
PARN
PAR  This is a continuation of application Ser. No. 299,513, filed, Oct. 20,
      1972, now abandoned.
BSUM
PAR  The present invention involves a new principle for the production of
      polyurethane plastics in the form of coatings on the surfaces of
      substrates, from storage-stable liquid mixtures free of solvents and made
      of solid thermoplastic polyurethanes or polyureas and polyurethane
      prepolymers.
PAR  Polyurethane plastics can be produced by the polyaddition of isocyanates
      using as starting materials either highly reactive liquid mixtures,
      solutions in organic solvents or dispersions in water or thermoplastically
      deformable granules. By means of such processes high-grade polyurethanes
      can be produced economically.
PAR  A disadvantage of this process is that the polyaddition has to be carried
      out by the manufacturer of the finished article and this involves dealing
      with isocyanates and a technology unfamiliar in this branch of the
      plastics industry. Accordingly, the reaction casting process is only
      carried out by a few manufacturers specializing in this field.
PAR  Polyurethane granules can easily be processed thermoplastically by the
      usual techniques with the usual extrusion presses and injection molding
      machines and calenders. However, such apparatus is expensive to buy and
      the articles thus produced remain thermoplastic which is a disadvantage as
      regards thermal stability, resistance to deformation, solubility and
      resistance to hydrolysis.
PAR  Neither the reaction molding process nor thermoplastic treatment have, for
      the reasons stated, become established techniques in the coating of
      substrates such as textiles, paper, wood or metal.
PAR  Until now the use of solutions of polyurethanes in organic solvents have
      been preferred in these fields. The technique of applying these products,
      for example by spraying, is simple. However, evaporation of the solvent
      presents serious problems. The majority of the solvents used are
      inflammable and/or toxic and therefore require special safety precautions.
      It is usually necessary to carry out the expensive procedure of recovering
      the solvent in order to avoid atmospheric pollution. This difficulty is
      avoided by the use of aqueous dispersions. However, the energy consumption
      in the evaporation of the water is fairly high.
PAR  There is a need for polyurethane compositions which are free of solvents
      and water and which have a liquid consistency at room or slightly elevated
      temperature, so that they are simple to treat and mold and which can be
      hardened by means of a brief thermal shock at high speed without high
      energy consumption and without evaporation of solvents.
PAR  This process makes it possible to prepare such polyurethane compositions.
PAR  It has been found that dispersions of solid polyurethane particles in
      liquid prepolymers are storage-stable liquid systems provided the two
      phases are incompatible with each other at the storage temperature.
PAR  It was found that such systems at elevated temperatures mutually penetrate
      each other so that both gelation and chemical reaction of the components
      occurs. Thus a solid, high-molecular polyurethane plastic is obtained.
PAR  The subject of this invention is, therefore, a process for the production
      of solid polyurethane plastics, especially surface coatings from pourable
      mixtures of prepolymers by heating, characterized in that flowable (i.e.,
      liquid or pasty) mixtures of
PA1  a. from 30 to 80% by weight (preferably from 40 to 75% by weight) solid
      thermoplastic polyurethane or polyurea particles with particle diameters
      in the range of from 0.5 to 300 .mu. (preferably from 0.8 to 150 .mu.)
      which are insoluble in component b) at least at temperatures below
      30.degree.C, as the noncoherent disperse phase and
PA1  b. from 20 to 70% by weight (preferably from 25 to 60% by weight) of a
      liquid polyurethane prepolymer as continuous phase, are applied to a
      surface or placed in a mold and heated to a temperature in the range of
      from 60.degree. to 230.degree.C (preferably from 80.degree. to
      200.degree.C).
PAR  As component a) examples of suitable powders are those comprising
      thermoplastic polyurethanes, polyurethane-ureas or polyureas having in the
      main particle sizes in the range of from 0.5 to 300 .mu.. Particle sizes
      in the range of from 0.8 to 150 .mu. are preferred. The particles should
      preferably have a circular cross-section and a smooth surface. With
      particles having these properties high concentrations (up to 80%) are
      obtained together with acceptable flow properties.
PAR  Suitable powders that may be used as component a) in the process of the
      invention are polyurethane, polyurethane-urea or polyurea powders which
      are thermoplastic, this means which have a softening point according to
      the ring and ball method of at most 200.degree.C preferably of 110.degree.
      - 180.degree.C and which are insoluble in the component b) at temperatures
      of preferably below 50.degree.C and especially of below 30.degree.C and
      which are soluble in component b) at temperatures of above 60.degree. and
      especially above 80.degree.C. The mixtures of components a) and b) can be
      stored at those temperatures where component a) is insoluble in component
      b), they are processed at those temperatures at which component a) is
      soluble in component b). The difference between storage temperature and
      the process temperature at which a chemical reaction between a) and b)
      takes place should be at least 30.degree.C and is preferably greater than
      60.degree.C.
PAR  Powders of polyester and/or polyether urethanes of high molecular weight
      (up to 200,000) are preferred. However, if functional groups are present
      with which component b) can react, the molecular weight can be less than
      20,000, provided insolubility in component b) is ensured. In order to keep
      the solubility in the prepolymer b) as low as possible, the component a)
      should show crystallizing segments at temperatures below 30.degree.C.
      Products based on crystallizable polyester or polyether diols are
      especially suitable. Examples of such crystallizable polyhydroxy
      compounds, in particular having a molecular weight of 300 to 10,000, are
      the following: polyethylene glycol, polytetrahydrofurane,
      polycaprolactone, ethyleneglycolopolyadipate, 1,4-butanediol-polyadipate,
      1,6-hexanediol-polyadipate, 1,6-hexanediol-polysuccinate,
      1,6-hexanediol-polycarbonate and tetraethyleneglycolpolycarbonate.
PAR  When using non-crystallizing polyethers or polyesters, compatibility is
      ensured by using high-melting urethane or preferably urea or amide units.
      These segments should preferably be substantially free of solubilizing
      alkyl side-groups. 1,4-butanediol, ethyleneglycol, 1,6-hexanediol,
      ethylenediamine, propylenediamine, butylenediamine, hexamethylenediamine
      and adipic acid are, for example, particularly suitable as chain
      lengtheners. The required insolubility of component a) in prepolymer b)
      can also be achieved by means of ionic centers in component a).
PAR  In order to obtain high-molecular but thermoplastic products, it is
      preferably to employ bifunctional reaction components. The coemployment of
      trifunctional components is preferably compensated by small amounts of
      monofunctional chain-stoppers.
PAR  Polyurethanes are obtained if above polyhydroxy compounds are reacted with
      polyisocyanates in known manner. Polyurethane-ureas are obtained if
      polyhydroxy compounds and polyamino compounds are reacted with
      polyisocyanates. Typical polyurethane-ureas are those which are prepared
      from polyhydroxy polyesters and/or polyethers, polyisocyanates and diamino
      compounds as chain-lengthening agents. Polyureas are obtained if polyamino
      compounds are exclusively reacted with polyisocyanates. Thus it is
      possible to prepare polyureas which are suitable as compound a) in the
      process of the invention from above polyhydroxy polyethers the terminal
      hydroxy groups of which are converted in known manner into amino groups by
      reaction with ammonia, diaminoalkane chain-lengthening agents and
      diisocyanates.
PAR  The powder particles can be produced by various known methods. Possible
      methods are described for example in U.S. Pat. Nos. 3,402,149, 3,236,812,
      3,213,049 and 3,496,045; U.S. Pat. application Nos. 234,315 filed on Mar.
      24, 1969, 105,982 filed on Jan. 12, 1971 and 828,369 filed on May 27,
      1969; Belgian Pat. Nos. 664,168 and 705,782; British Pat. No. 1,118,617;
      German Offenlegungsschrift 1,901,950; and Japanese Pat. No. 18 358/67.
      Powder particles which are suitable as component a) in the process of the
      invention are also obtainable from polyurethane dispersions described in
      U.S. Pat. No. 3,479,310 or in U.S. pat. application No. 224,699 filed on
      Feb. 9, 1972 by converting the dispersed polyurethanes into polyurethane
      powders by the well-known freeze-drying or spray-drying techniques.
      Suitable powders which may be used as component a) in the process of the
      invention may also be obtained by preparing polyurethane dispersions
      according to the teaching of U.S. Pat. No. 3,479,310 with the only
      difference that the content of ionic groups which according to U.S. Pat.
      No. 3,479,310 is from about 0,02 to about 1 % by weight is maintained
      below 0,02 % by weight thus providing dispersions which form powdery
      sediments.
PAR  Of course, it is also possible to pulverize simple thermoplastic
      polyurethane elastomers to the desired particle size, for instance while
      cooling with solid carbon dioxide. Dispersions in which component a) has
      an average particle size of less than 100 .mu. are especially preferred.
PAR  As component b), liquid polyurethane prepolymers, as known in the art, are
      employed. In their construction it is preferable to avoid crystallizing
      segments. As a rule it is preferable to use liquid polyester and/or
      polyether polyols having a molecular weight in the range of from 400 to
      6,000, preferably having alkyl side-groups, as described for example in
      Kunststoff-Handbuch, Volume VII, Polyurethanes, Carl Hanser Verlag,
      Munich, 1966, pages 45-74, as well as chain lengtheners of known type
      having molecular weights in the range of 18 to 400, preferably with side
      groups. It is also possible to use trifunctional components in addition.
      As isocyanates the known aliphatic, cycloaliphatic, araliphatic and
      aromatic polyisocyanates can be used, such as
      1,4-tetramethylenediisocyanate, 1,6-hexamethylenediisocyanate,
      1,12-dodecanediisocyanate, cyclohexane-1,3- and -1,4-diisocyanate as well
      as any desired mixtures of these isomers,
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methyl-cyclohexane, 1,3- and
      1,4-phenylenediisocyanate, 2,4- and 2,6-toluene-diisocyanate as well as
      any desired mixtures of these isomers, diphenylmethane-4,4'-diisocyanate,
      naphthylene-1,5-diisocyanate, triphenylmethane-4,4',4"-triisocyanate,
      polyphenyl-polymethylenepolyisocyanates, as obtained by
      anilineformaldehyde condensation followed by phosgenation, polyisocyanates
      having carbodiimid-isocyanate adducts as obtained according to German Pat.
      No. 1,092,007, diisocyanates as described in U.S. Pat. No. 3,492,330,
      polyisocyanates having allophanate groups as described in British Pat. No.
      994,890, Belgian Pat. No. 761,626 and in the published Dutch Pat.
      Application No. 7,102,524, polyisocyanates having isocyanurate groups as
      described in German Pat Nos. 1,022,789 and 1,027,394 as well as in the
      German Offenlegungsschriften Nos. 1,929,034 and 2,004,048 polyisocyanates
      having biuret groups as described in German Patent No. 1,101,394, in
      British Pat. No. 889,050 and in French Pat. No. 7,017,514, polyisocyanates
      prepared by telomerization reactions as described in Belgian Pat. No.
      723,640, polyisocyanates having ester groups in accordance with British
      Pat. Nos. 956,474 and 1,072,956, aliphatic, cycloaliphatic, araliphatic or
      aromatic polyisocyanates as mentioned by W. Siefgen in Justus Liebig's
      Annalen der Chemie, 562, pages 75 to 136, or reaction products of the
      above mentioned isocyanates with acetals as in German Pat. No. 1.072,385
      or isocyanates as mentioned in German Pat. Nos. 1,022,789 and 1,027,394.
PAR  Of course, it is also possible to use any desired mixtures of the above
      polyisocyanates in the present invention.
PAR  Aliphatic and cycloaliphatic polyisocyanates such as 1,6-
      hexamethylenediisocyanate, m-xylylenediisocyanate,
      trimethylhexamethylenediisocyanate,
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methylcyclohexane are
      particularly suitable. NCO groups are especially suitable as reactive
      terminal groups but other terminal groups such as hydroxyl, amino, COOH
      and SH may also be used. The components b) should preferably be so chosen
      that they are able to react with the components a) at the gelling
      temperature. For example NCO groups of b) react with urethane, urea,
      amido, carboxyl or hydroxyl groups. Most especially, high storage
      stability is attained with masked NCO prepolymers. Component a) may also
      have NCO groups, which may be masked.
PAR  Liquid mixtures of the starting compounds forming component b) are also to
      be understood in the context of the present invention as included under
      polyurethane prepolymers. If, for example, the liquid polyurethane
      compositions of the invention are prepared only shortly before the
      reaction and therefore need only have a very limited storage stability,
      then it is only necessary to employ mixtures of component a), a polyol and
      a molar excess, calculated on the polyol, of a polyisocyanate. In such
      compositions too the isocyanate component can, of course also be employed
      in masked form thus again achieving almost unlimited storage stability.
      Owing to the very low viscosity of component b), mixtures can be produced
      consisting of up to 80% of the powdered component a).
PAR  Of particular interest are also those polyurethane prepolymers which
      consist of an oligourethane free of NCO groups and a low molecular
      reactive component, for example a formaldehyde derivative, which, within
      the gelation temperature range, links the oligourethanes with each other
      and perhaps with a).
PAR  The viscosity of the prepolymer can vary within wide limits, for example
      between 100 cP and 500,000 cP. The preferred viscosity is in the range of
      from 1,000 to 100,000 cP at 20.degree.C.
PAR  The mixture of a) and b) are generally prepared by simple stirring
      component a) into component b) at temperatures at which component a) is
      not yet soluble in component b) this means preferably at 20.degree. -
      50.degree.C.
PAR  The liquid mixtures of a) and b) are generally free of volatile compounds,
      especially of organic solvents. For the production of very thin coatings,
      especially in the case of application by spraying, the mixtures of the
      invention can also contain small amounts, for example up to 10% of inert
      solvents, such as water, ethanol, isopropanol, perchloroethylene or
      benzine, in order to reduce the viscosity temporarily. A reduction of
      viscosity can also be brought about by the addition of conventional
      plasticizers such as dioctylphthalate or triphenylphosphate.
PAR  However, for reasons of ease of handling of the systems and freedom from
      bubbles of the end products, it is best to work in the absence of
      solvents.
PAR  In many cases they are stable for several months without significant
      increase in viscosity. In the case of inadequate solubility of the
      component a) in the component b) or if b) itself is a reactive mixture,
      the pot life nevertheless is usually more than 24 hours. Of course,
      mixtures can also be prepared that are handled like reactive two-component
      systems the pot life of which is only about 2 to 24 hours.
PAR  The mixtures can be treated by the usual techniques such as pouring,
      extruding, injection molding, spraying, brushing, printing or calendering.
PAR  The molded mixtures can be solidified very simply by short or longer
      heating whereupon the two phases mutually penetrate each other and thus,
      in addition to a possible chemical reaction, a gelation process commences.
      After cooling, a solid polyurethane plastic has been produced. Owing to
      freedom from solvent and controllable viscosity, they are particularly
      simple to use and cause no waste gas or water problems.
DETD
PAC  EXAMPLE 1
PAL  Preparation of a polyurethane powder:
PAL  a. Preparation of the starting material
PAR  About a 40% aqueous dispersion of a polyurethane is prepared in known
      manner from the polyaddition product of about 250 parts of a polypropylene
      glycol ether (OH number 56), about 224 parts of a 65:35 isomeric mixture
      of 2,4- and 2,6-tolylene diisocyanate, about 104 parts of neopentyl glycol
      and a reaction mixture of about 8 parts of ethylene diamine, about 15
      parts of propane sultone and about 70 parts of about a 10% aqueous
      potassium hydroxide solution in about 50 ml. of water.
PAR  The polyurethane has a hardness of 64 degrees Shore D (as measured on a
      test specimen) and a softening range of about 120.degree. to about
      140.degree.C.
PAL  b. Preparation of the polyurethane powder
PAR  The aqueous polyurethane dispersion described in part a) is sprayed into a
      spray dryer through a standard two-component nozzle having a diameter of
      about 2 mm. and run on compressed air at about 5 atmospheres, and dried in
      a stream of hot air. The air temperatures used are about 70.degree.C. at
      the dryer inlet and about 40.degree.C. at the dryer outlet. The product is
      discharged by way of a cyclone. The dry powder thus obtained is found to
      contain less than about 1% by weight of residual moisture. The product can
      be redispersed in water by stirring for about one hour at about 40.degree.
      to 50.degree.C. Smooth transparent and waterproof coatings can be obtained
      from the dispersion by pouring it onto cardboard followed by drying at
      about 130.degree.C.
PAR  50 parts of the polyurethane powder prepared as described hereinbefore, the
      particle size of which was in the range of from 0.9 to 120.mu. was mixed
      by stirring with 50 parts of an adduct of the formula
      ##EQU1##
      of molecular weight 3,500. A milk-white, very easily flowing dispersion
      was obtained having a solids content of 100%. If moisture was excluded,
      the dispersion was stable for at least 24 hours. On using a powder with a
      moisture content of less than 0.05% the storage stability was at least 7
      days.
PAR  Coatings of the dispersion on glass plates could be fired to give solid
      non-adherent, almost transparent, wear-resistant polyurethane coatings in
      20 minutes at 160.degree.C, or in 5 minutes at 190.degree.C or in 2
      minutes at 200.degree.C. The coatings had a smooth brilliant surface and
      were completely homogeneous.
PAC  EXAMPLE 2
PAR  The dispersion described in Example 1 was poured into a mold coated with
      silicone oil and the mold was heated for 30 minutes at 170.degree.C. After
      cooling, the finished solid homogeneous polyurethane elastomer could be
      removed from the mold.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except for the use of a finely powdered
      thermoplastic polyurethane elastomer prepared from an adipic
      acid/ethyleneglycol polyester of mol. wt. 2000, butanediol-1,4 and
      4,4-diphenylmethanediisocyanate in the NCO/OH ratio of 1.01. The
      pulverization was carried out with a striking-plate mill with the addition
      of solid carbon dioxide. By screening, a fraction with a particle size of
      from 50 to 300 .mu. was obtained. 35 parts of this powder were mixed with
      65 parts of the liquid adduct of Example 1. Even after the mixture had
      been stored for 14  days the viscosity had not appreciably changed.
PAR  The viscous paste was coated 1.2 mm thick on to a fabric. It was heated 5
      minutes at 190.degree.C to give a homogeneous wear-resistant coating.
PAC  EXAMPLE 4
PAR  30 parts of the powder used in example 1 were mixed at 40.degree.C with 70
      parts of the prepolymer A described below, to give a milk-white stable
      dispersion.
PAR  A steel plate was coated about 0.2 mm thick with the dispersion and
      hardened for 2 minutes at 210.degree.C. A smooth homogeneous non-sticky
      wear-resistant coating with excellent adhesion was produced.
PAL  Prepolymer A:
PAR  1,000 g of an adipic acid/diethyleneglycol polyester having  a molecular
      weight of 2,600, 6.7 g trimethylolpropane and 194.9 g
      isophorondiisocyanate were made to react for 5 hours at 80.degree. -
      90.degree.C.
PAC  EXAMPLE 5
PAR  70 parts of the powder of Example 1 were mixed by stirring with 30 parts of
      an adduct of the formula:
      ##EQU2##
      Transparent hard coatings were obtained by treating coatings of the
      dispersion on glass plates as in Example 1.
PAC  EXAMPLE 6
PAR  75 parts of the powder of Example 1 was made into a paste with 20 parts of
      trishydroxyethyl-trimethylolpropane and 5 parts hexanediol -1,6. The
      storage-stable dispersion was mixed before use with 25 parts of
      2,4'-diphenylmethane-diisocyanate poured into a mold and heated for 10
      minutes at 170.degree.C. A hard, tough mold article was obtained.
PAR  It is to be understood that in the foregoing examples, parts are by weight
      unless otherwise indicated and that these examples are given for the
      purpose of illustration and are not intended to be limiting in any way.
PAR  It is to be understood that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as is set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A storage stable dispersion of solid polyurethane or polyurea particles
      (a) in a liquid prepolymer (b) (liquid or pasty) suitable for the
      production of polyurethane plastics substantially without the use of added
      solvents where the dispersion comprises two components
PA1  a. 30-80 wt. % solid thermoplastic polyurethane or polyurea particles
      having particle sizes between 0.5-300.mu. and a ring and ball softening
      point below about 200.degree.C. which are insoluble in component b) at
      temperatures below at least 30.degree.C. and which are soluble in
      component b) at temperatures above about 80.degree.C. as noncoherent
      disperse phase and
PA1  b. 20-70 wt. % of a liquid polyurethane prepolymer as coherent phase.
NUM  2.
PAR  2. The mixture of claim 1 wherein the component a) is 40 - 75 wt. % solid
      thermoplastic polyurethane or polyurea particles having particle sizes
      between 0.8 - 150 .mu. and component b) is 25 - 60 wt. % of a liquid
      polyurethane prepolymer as coherent phase.
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ABST
PAL  Polymers having low permeability to gases and vapors and yet high heat
      stability and creep resistance are prepared by a novel method of
      polymerizing acrylonitrile, a vinylidene aromatic monomer such as styrene
      and an olefinic ester such as methyl methacrylate. Conjugated diene-based
      impact modifiers for said polymers are disclosed, as well as
      impact-resistant blends of said polymers and said impact modifiers. The
      blends are useful for packaging materials in applications wherein high
      thermoformability and processability, as well as excellent barrier
      properties and heat stability, color stability, and creep resistance are
      desired.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel barrier resin compositions, impact
      modifiers therefor, and impact-modified blends suitable for packaging
      materials, and to novel methods for preparing such types of compositions.
      More particularly, it relates to novel gas barrier resin compositions
      having improved heat stability, color characteristics, and creep
      resistance.
PAR  Many synthetic polymers have been suggested for use as packaging materials
      for foods, medicines, and other substances such as carbonated beverages.
      There are disadvantages to each of the previously suggested compositions
      which limit their usefulness for this purpose. Several of those materials
      have insufficient barrier properties, i.e., resistance to oxygen, carbon
      dioxide, and water vapor transmission. Others have insufficient color
      stability which makes them undesirable as packaging materials from an
      aesthetic viewpoint. Further problems with prior art acrylonitrile-based
      compositions are poor service temperature and resistance to creep for
      applications requiring hot-fill or packaging carbonated beverages.
PAR  Acrylonitrile-based barrier resins have also had the disadvantage of poor
      color stability, and methacrylonitrile has been suggested as a substitute
      monomer by Trementozzi et al, U.S. Pat. No. 3,540,577 of Nov. 17, 1970,
      and Nemphos et al, Netherlands application 7,014,959 to solve this
      coloration problem with acrylonitrile-based polymers.
PAR  Although methacrylonitrile does partially alleviate the coloration problem,
      it too suffers from disadvantages such as low reaction rate, less nitrile
      density (the nitrile moiety is responsible for barrier properties) and
      relatively high price, making methacrylonitrile-based barrier resin
      compositions less advantageous than acrylonitrile-based compositions.
PAR  Prior art barrier resins have impact modifier or elastomer grafted with the
      barrier composition, e.g., the barrier resin is polymerized in the
      presence of the preformed elastomeric substrate. This approach limits the
      final solids level and causes difficulties in achieving high conversions
      of starting monomers to polymer.
PAR  It is, therefore, an object of this invention to provide a novel barrier
      resin composition based upon acrylonitrile for use in packaging
      applications where high heat stability, color and clarity retention,
      processability (thermoformability), and improved creep resistance are
      desired.
PAR  It is a further object to provide novel impact modifiers for said barrier
      resin compositions which are matched in refractive index, and are
      especially compatible and dispersible with the barrier resin compositions
      while not detracting significantly from barrier properties.
PAR  It is a still further object to provide blends of said resin compositions
      and impact modifiers which may be readily formed into packaging materials
      having the aforementioned desirable properties.
PAR  Another object is to provide a novel process for producing polymers which
      results in highly uniform polymeric compositions having improved
      properties due to the novel process.
PAR  A further object is to provide a process facilitating the use of
      acrylonitrile as the major component and vinylidene aromatic monomer as a
      minor component of the composition while achieving exceptional color and
      clarity retention and processability.
PAR  The above and other objects are achieved by providing barrier resin
      compositions having from about 50 to 90 weight percent acrylonitrile, from
      about 5 to about 28 weight percent of a vinylidene aromatic monomer, and
      from about 2 to 25 weight percent of an olefinic ester monomer.
PAR  Impact modifier compositions are also provided which are highly suitable
      for blending with barrier resin compositions and comprise a graft
      copolymer having an acrylonitrile-vinylidene aromatic monomer-olefinic
      ester superstrate and a conjugated diene-based substrate, said superstrate
      being over 50 percent grafted, i.e., chemically attached, to the
      substrate.
PAR  When it is desired to prepare the impact modifiers having the superstrate
      over 50% grafted onto elastomeric substrate, said polymerization is
      conducted in the presence of an elastomer latex, such as a butadiene or
      isoprene-based polymer.
PAR  A novel process for preparation of polymers such as the aforementioned
      barrier resin compositions and impact modifying compositions for improved
      toughness, uniformity, color and clarity as compared with conventional
      processes for preparation of said compositions is provided and comprises
      first introducing into an aqueous medium a major amount of acrylonitrile,
      and minor amounts of vinylidene monomer, olefinic ester monomer,
      emulsifier, and free radical polymerization initiator so as to produce an
      initial polymer of the desired mer ratio, and thereafter continuously
      introducing acrylonitrile, vinylidene aromatic monomer and olefinic ester
      monomer at said desired mer ratio at the exact rate at which polymer is
      being formed until the desired solids level in the emulsion is reached,
      and then immediately terminating further polymerization, for example, by
      introducing a chain-stopping agent.
PAC  THE BARRIER RESIN
PAR  The barrier resin composition comprises a polymer of from about 50 to 90,
      preferably 65 to 80, and most preferably 72 to 76 weight percent
      acrylonitrile, from about 5 to 28, preferably 15 to 25, weight percent of
      a vinylidene aromatic monomer and from about 2 to 25, preferably 2 to 10,
      weight percent of an olefinic ester monomer.
PAR  Suitable vinylidene aromatic monomers are styrene, .alpha.-methylstyrene,
      halogen-substituted styrenes such as chlorostyrenes, alkyl
      ring-substituted styrenes such as vinyl toluene or tert-butylstyrene and
      other substituted styrenes such as p-cyanostyrene, p-carbomethoxystyrene,
      o-nitrostyrene, etc.
PAR  The preferred vinylidene aromatic monomers are styrene and
      .alpha.-methylstyrene.
PAR  Suitable olefinic esters are alkyl acrylates such as methyl acrylate, ethyl
      acrylate, butyl acrylate, isobutyl acrylate, 2-ethylhexyl acrylate; alkyl
      alkacrylates, such as methyl methacrylate, ethyl methacrylate,
      2-ethylhexyl methacrylate, etc. Also suitable are the halogen-substituted
      acrylates such as 2-chloromethyl acrylate and cyano-substituted acrylates
      such as 2-cyanomethyl and 2-cyanoethyl acrylates. Methyl methacrylate is
      the most preferred olefinic ester monomer. Isobutylene has been found to
      be an unsuitable substitute for the olefinic ester component of the
      barrier resin since it has a deleterious effect on color and service
      temperature.
PAR  A most preferred composition comprises 72 to 76 weight percent
      acrylonitrile, 19 to 21 weight percent styrene and 4 to 6 weight percent
      methyl methacrylate. The barrier resin composition, without added impact
      modifier, preferably has a Vicat temperature of at least 90.degree.C. as
      measured by ASTM method D 1525, and an intrinsic viscosity measured in
      dimethyl formamide of 0.60 to 0.84 deciliters per gram.
PAC  THE IMPACT MODIFIERS
PAR  The impact modifier is a graft of a superstrate inter-polymer onto a
      substrate polymer.
PAR  The superstrate must be at least 50 percent chemically attached to the
      substrate for highest combined impact strength and barrier properties, as
      determined by conventional tests such as extraction with
      N,N-dimethylformamide or acetonitrile.
PAR  The substrate is a cross-linked latex having a glass transition temperature
      of less than -40.degree.C. as determined by ASTM Test D 746-52T, and
      comprises about 50 to 100 weight percent of a conjugated diene selected
      from the group consisting of isoprene and 1,3-butadiene, chloroprene,
      bromoprene, cyanoprene, 2,3-dimethyl-butadiene-1,3; 2-ethyl-butadiene-1,3;
      2,3-diethyl-butadiene-1,3 and mixtures thereof, with isoprene and
      1,3,-butadiene preferred, with the remainder derived from an ethylenically
      unsaturated monomer selected from the group consisting of vinylidene
      aromatic monomers, acrylonitrile, and an olefinic ester monomer.
PAR  The ethylenically unsaturated monomer can be vinylidiene aromatic monomers
      such as styrene, .alpha.-methyl styrene, 2,4-dimethylstyrene,
      tert-butylstyrene, vinylnaphthalene, chlorostyrene, 2,4-dibromostyrene,
      etc., and mixtures thereof.
PAR  The olefinic ester monomer for the substrate polymer is of the formula
      ##EQU1##
      wherein R.sub.3 is hydrogen, halogen, or an alkyl group of from 1 to 6
      carbon atoms and wherein R.sub.4 is an alkyl group of from 1 to 8 carbon
      atoms. Exemplary are alkyl acrylates such as methyl acrylate, ethyl
      acrylate, propyl acrylate, isopropyl acrylate, butyl acrylate, isobutyl
      acrylate, 2-ethylhexyl acrylate, alkyl alkacrylates such as methyl
      methacrylate, ethyl methacrylate, ethyl ethacrylate, propyl methacrylate,
      isopropyl methacrylate, n-butyl methacrylate, isobutyl methacrylate,
      2-cyanoethyl methacrylate, 2-chloroethyl methacrylate, etc. and mixtures
      thereof.
PAR  A preferred group of substrates are those consisting essentially of from 65
      to 100 weight percent 1,3-butadiene or isoprene, up to 35 weight percent
      styrene, and less than 10 weight percent methyl methacrylate. Most
      preferred is a 70 to 80 weight percent butadiene, 20 to 30 weight percent
      styrene and 3 to 5 weight percent methyl methacrylate polymer. Methods for
      preparing these substrates are well known and conventional. See, for
      example, U.S. Pat. No. 3,536,786.
PAR  The superstrate polymer is a polymer of from 50 to 90 weight percent
      acrylonitrile, from 5 to 28 weight percent of a vinylidene aromatic
      monomer and from 2 to 25 weight percent of an olefinic ester monomer. The
      vinylidene aromatic monomer can be styrene, .alpha.-methylstyrene,
      vinylnaphthalene, chlorostyrene, 2,4-dibromostyrene, etc. The olefinic
      ester is preferably methyl acrylate, but others such as those olefinic
      esters used in the substrate can be used.
PAR  The preferred superstrate composition is comprised of about 65 to 75 weight
      percent acrylonitrile, about 11 to 14 weight percent styrene, and about 17
      to 19 weight percent methyl acrylate.
PAR  The polymerization of the superstrate is carried out to the desired ratio
      of superstrate to substrate, i.e., about 20 to 60 weight percent,
      preferably 35 to 45 weight percent superstrate, and 80 to 40 weight
      percent, preferably 65 to 55 weight percent substrate.
PAR  By proper adjustment of the monomer ratios in both the superstrate and the
      substrate of the impact modifier, the refractive index can be adjusted so
      that it exactly matches that of the barrier composition for maximum
      clarity of the blends.
PAC  THE BLENDS
PAR  Blends are provided having a superior balance of properties as compared
      with previous impact-modified barrier resin compositions comprising about
      60 to 80 weight percent, preferably 70 to 80 weight percent, of the
      barrier resin composition of this invention, and about 40 to 20 weight
      percent, preferably 30 to 20 weight percent of the impact modifier
      composition. Alternatively, said barrier resin composition can be used
      without added impact modifier in applications such as films. The impact
      modifier compositions are useful with other barrier resin compositions
      than those of this invention.
PAR  The blends of the invention are highly suitable for making packaging
      materials such as bottles for carbonated beverages due to their
      outstanding gas and vapor barrier properties, rigidity, clarity, chemical
      resistance, thermoformability, colorability, impact strength, and low
      creep. These blends can contain optional components such as inert fillers,
      other polymers, stabilizers, plasticizers, pigments, etc.
PAR  It is preferred that the two components of the blend, i.e., the barrier
      resin and the impact modifier, have the same refractive index so as to
      maximize clarity.
PAC  THE NOVEL PROCESS
PAR  While various methods can be employed for the preparation of the barrier
      resin composition, for example conventional bulk, suspension, or solution
      polymerizations, we have found it highly preferable when a composition of
      increased toughness, uniformity and improved color and clarity is desired,
      to employ a novel process which we have developed for preparation of these
      polymers and the impact modifier superstrates. This process comprises
      first introducing into an aqueous medium amounts of acrylonitrile,
      vinylidene aromatic monomer, olefinic ester monomer, emulsifier and free
      radical polymerization initiator so as to produce an initial or "instant"
      terpolymer of the desired mer ratio, and thereafter immediately begin
      continuously introducing acrylonitrile, vinylidene aromatic and olefinic
      ester at said desired mer ratio at the exact rate at which polymer is
      being formed until the desired solids level in the emulsion is reached,
      and then immediately terminating further polymerization such as by
      introducing a chain stopping agent. Unreacted monomers can be removed by
      conventional methods and recycled. It will be appreciated by those skilled
      in the art that the initial amounts of monomers are not necessarily at the
      same ratio as desired for the initial terpolymer ratio due to the
      differences in reactivity of the three monomers. Therefore, the initial
      amounts introduced must be determined as a function of the relative
      reactivities under the reaction conditions used, the desired ratio of one
      monomer to the other for the final terpolymer, and the rate of
      polymerization desired.
PAR  After initiating the reaction with amounts of monomers determined by the
      above considerations, the three monomers are introduced into the reaction
      vessel continuously at the desired mer ratio corresponding to the ratio
      desired in the final product at a controlled rate. For maximum uniformity,
      the rate of introduction of additional monomer is to be as close as
      possible to the rate at which polymer is being formed. This step can be
      achieved, for example, by controlling the rate of introduction as a
      function of the reaction temperature, the unreacted monomer concentration
      in the vessel, emulsifier, initiator and chain transfer agent. Once the
      rate of polymer formation is determined, the rate of monomer addition can
      be maintained at a constant rate for the entire polymerization.
      Preferably, the parameters are adjusted to attain a rate of reaction
      consistent with heat removal capability of the reactor.
PAR  This process allows the preparation of high solids emulsions in large
      reactors under controlled conditions. Previously suggested methods
      required the gradual addition of the more reactive monomer to a reactor
      containing all of the less reactive monomer or monomers. However this
      system required rapid removal of heat of polymerization and therefore is
      only satisfactory for small reactors. The present invention facilitates
      the preparation of a highly uniform polymer in large reactors and to very
      high final solids content, e.g., 40 to 50%, as compared with the 25 to 30%
      levels previously achieved.
PAR  The emulsifier used depends upon whether or not it is to remain in the
      finished product. If the emulsions are to be isolated by precipitation and
      washing, a hydrophilic emulsifier can be used. However if the emulsion is
      to be spray dried, the emulsifier remains in the finished product and it
      is important to select a hydrophobic emulsifier. A further criterion in
      selecting an emulsifier is that it must have good color stability at the
      elevated temperature to which the resin is subjected during processing and
      which does not induce color formation in the resin. Suitable hydrophobic
      emulsifiers are potassium dodecylbenzene sulfonate, alkyl sulfonates,
      sodium dioctyl sulfosuccinate, and alkyl phosphoric acid salts such as
      mixtures of phosphoric esters. The emulsifier is preferably present in
      amounts of from 0.5 to 2 weight percent based on weight of final polymer.
PAR  The polymerization initiators are those which are known in the art.
      Suitable initiators are water soluble peroxy catalysts such as alkali
      metal peroxides; the alkali metal and ammonium persulfates, perborates,
      peracetates and hydrogen peroxide. Monomer-soluble peroxy and perazo
      compounds such as di-tert-butyl peroxide, di-benzoyl peroxide, di-lauroyl
      peroxide, di-oleyl peroxide, di-toluyl peroxide, di-tert-butyl
      diperphthalate, tert-butyl peracetate, tert-butyl perbenzoate, dicumyl
      peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy) hexane,
      2,5-dimethyl-2,5-di(tert-butylperoxy) hexyne-3, tert-butyl hydroperoxide,
      cumene hydroperoxide, p-menthane hydroperoxide, cyclopentane
      hydroperoxide, diisopropylbenzene hydroperoxide, p-tert-butyl-cumene
      hydroperoxide, pinane hydroperoxide,
      2,5-dimethylhexane-2,5-dihydroperoxide, etc.; azo-diisobutyronitrile and
      mixtures thereof are suitable.
PAR  The initiator is generally included within the range of 0.001 to 2.0
      percent by weight and preferably about 0.005 to 1.0 percent by weight of
      the polymerizable material. Common redox pairs can be employed as the
      catalysts. Suitable reducing agents for the redox pairs are alkali metal
      and ammonium sulfites, hydrosulfites, metabisulfites, thiosulfates,
      sulfinates, formaldehydesulfoxylates or ascorbic acid, dihydroxyacetone,
      dextrose, etc. Various other reducing agents for redox systems can also be
      employed.
PAR  The amount of reducing agent will be about 0.001 to 1.0 percent by weight,
      and preferably on the order of 0.005 to 0.5 percent by weight, of the
      polymerizable monomer formulation, depending on the catalyst and the
      amount thereof. For redox systems, minute amounts of activators or
      promoters such as ferrous salts, cobalt and copper salts may be included.
PAR  The proper choice and amount of chain transfer agent is necessary for
      careful molecular weight control. Suitable chain transfer agents include
      alkyl and cycloalkyl mono and polymercaptans, mercaptoethanol,
      thioglycolate esters, mercaptopropionates, etc. and mixtures thereof.
PAR  The preferred chain transfer agent is n-dodecyl mercaptan. Amounts of from
      0.5 to 2 weight percent are suitable depending upon other variables.
PAR  Temperatures of 25.degree. to 90.degree.C. are suitable, and are selected
      depending upon the particular monomers, initiators, and other variables
      selected. The preferred temperature range is from about 60.degree. to
      80.degree.C.
PAR  Rate of polymer formation can be conveniently controlled in the range of
      from 3 to 30 parts per hundred parts of water per hour; the highest rate
      consistent with reactor design is preferred.
PAR  The following examples are presented to illustrate but a few embodiments of
      this invention but are not intended to be limiting. All parts and
      percentages are given on a weight basis unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates a barrier resin composition prepared by the
      process of the invention. Into a reaction flask equipped with a 150 rpm
      stirrer, thermometer, condenser, liquid feed port, nitrogen inlet and
      closure vent to the atmosphere, are introduced the following:
PA1  8020 parts deionized water
PA1  90 parts of a 10% aqueous potassium dodecylbenzene sulfonate solution
PA1  577 parts acrylonitrile
PA1  10.8 parts styrene
PA1  12.3 parts methyl methacrylate
PA1  7.2 parts n-dodecyl mercaptan
PAL  The reaction mixture is stirred and heated while sparging with nitrogen for
      45 minutes. When the temperature reaches 65.degree.C., 0.8 part of
      potassium persulfate dissolved in 300 parts deionized water is added. A
      mixture of 4,950 parts acrylonitrile, 1,320 parts of styrene, 330 parts of
      methyl methacrylate, 78 parts n-dodecyl mercaptan is continuously added at
      a rate of 667.8 parts per hour simultaneously with the introduction of 66
      parts per hour of 10% aqueous potassium dodecylbenzene sulfonate for 10
      hours. The temperature of the raction mixture is controlled at
      65.degree.C. for the period of addition of the monomer mixture. As a
      chain-stopping agent, 12 parts of 2,5-di-tert-butyl paracresol are added
      to the emulsion. The polymer is thereafter coagulated by pouring the
      dispersion into two volumes of 2% aqueous calcium chloride solution at a
      temperature of 70.degree.-75.degree.C. The product is filtered and washed
      with deionized water and thereafter dried in vacuum from
      55.degree.-65.degree.C. to a moisture content of 0.2%.
PAR  The uniformity of mer ratio in polymer formed under these conditions is
      shown by analyses of samples isolated from a similar reaction mixture at
      time intervals of one hour and six hours after commencement of
      polymerization.
TBL  ______________________________________                                    
     Time from Initiation, hrs.                                                
                        Nitrogen, %                                            
     ______________________________________                                    
     1.0                19.83                                                  
     6.0                19.48                                                  
     ______________________________________                                    
PAR  The resultant resin has very good processing characteristics, almost no
      elastic memory or "nerve" during processing, good melt flow properties,
      almost no color after heating for 5 minutes at 350.degree.F., and good
      clarity of press slab. Molded samples exhibit outstanding resistance to
      tensile creep at 2,000 psi under ambient conditions and submerged in water
      and have a Deflection Temperature Under Load (264 psi) of 85.degree.C.
      (ASTM D648-56).
PAC  EXAMPLE 2
PAR  This example illustrates the preparation of a uniform polymer by a
      non-conventional batch process, but one which is related to those
      disclosed in the prior art.
PAR  Into equipment similar to that described for Example 1, is placed the
      following:
PA1  11,100 parts of deionized water
PA1  1,000 parts of a 10% aqueous potassium dodecylbenzene sulfonate solution
PA1  3,747 parts of acrylonitrile
PA1  69.5 parts of styrene
PA1  80.5 parts of methyl methacrylate
PA1  77.9 parts of n-dodecyl mercaptan
PAR  The reaction mixture is stirred and heated to 65.degree. while sparging
      with nitrogen for 45 minutes. Thereupon is added 5 parts of potassium
      persulfate dissolved in 500 parts of nitrogen sparged water which
      initiates polymerization of the monomer mixture in the reactor. The
      following mixture of monomers is added to the reactor according to the
      schedule then described.
PA1  899 parts of styrene
PA1  204 parts of methyl methacrylate
PA1  22 parts of n-dodecyl mercaptan
TBL  __________________________________________________________________________
                   Total                                                       
         Monomer  Mixture                                                      
         Mix      Charged                                                      
                       Solids                                                  
                           Polymer                                             
                                Composition of                                 
     Time                                                                      
         Parts                                                                 
              %   Parts                                                        
                       Parts                                                   
                           Parts                                               
                                Unpolymerized Monomers                         
     (Min)                                                                     
         Added                                                                 
              Solids                                                           
                  by Wt.                                                       
                       by Wt.                                                  
                           by Wt.                                              
                                AN  S   MMA                                    
     __________________________________________________________________________
      0                         94  4.0 2.0                                    
     15  171   6.8                                                             
                  16251                                                        
                       1105                                                    
                           1000 96.4                                           
                                    2.0 1.5                                    
     30  342  12.0                                                             
                  16422                                                        
                       1971                                                    
                           1866 96.2                                           
                                    2.6 1.2                                    
     45  513  15.9                                                             
                  16593                                                        
                       2638                                                    
                           2533 94.8                                           
                                    3.9 1.4                                    
     60  684  18.9                                                             
                  16764                                                        
                       3168                                                    
                           3063 93  5.4 1.7                                    
     90  882  23.3                                                             
                  16962                                                        
                       3952                                                    
                           3847 94.7                                           
                                    3.9 1.4                                    
     125 992  26.2                                                             
                  17072                                                        
                       4473                                                    
                           4368 93.3                                           
                                    5.6 1.1                                    
     165  1069                                                                 
              27.9                                                             
                  17149                                                        
                       4785                                                    
                           4680 86.7                                           
                                    11.6                                       
                                        1.6                                    
     205  1125                                                                 
              28.6                                                             
                  17205                                                        
                       4921                                                    
                           4816 89.4                                           
                                    9.4 1.2                                    
     265  1125                                                                 
              29.2                                                             
                  17205                                                        
                       5024                                                    
                           4919 --  --  --                                     
     __________________________________________________________________________
PAR  The composition of the initial charge mixture of monomers is such that
      polymer initially formed has the approximate mer ratio 75 parts of
      acrylonitrile, 20 parts of styrene and 5 parts of methyl methacrylate and
      the rate at which the addition charge is added to the reactor is that
      which is required to cause continuing formation of polymer having
      approximately the same mer ratio. A uniformity of mer ratio in the polymer
      results when the mixture of unreacted monomers in the reactor is
      maintained at a constant ratio. This is shown in the tabulation of monomer
      compositions above which were determined by GLC analyses of each sample.
PAR  The polymer prepared by this process has color and clarity slightly
      inferior to that of the polymer described in Example 1. However, it
      exhibits absence of "nerve", which is a distinguishing characteristic of
      uniform composition polymers.
PAR  However, this process is unsuitable for the practical synthesis of large
      quantities of similar polymer because in order to control the heat of
      polymerization either excessive dilution with water is required or
      application of refrigerating devices is required such that in either case
      the entire process is rendered impractical.
PAC  EXAMPLE 3
PAR  This example illustrates the preparation of a polymer by a conventional
      batch process with gradual addition of monomers.
PAR  Into equipment similar to that described for Example 1 is placed 1112 parts
      of deionized water, which is stirred and heated to 65.degree.C while
      bubbling nitrogen beneath the surface for 45 minutes. Thereafter is added
      to the reactor 7.5 parts of 10% aqueous potassium dodecyl benzene
      sulfonate solution and 0.5 part of potassium persulfate dissolved in 20
      parts of deionized water, the latter having been sparged with nitrogen at
      room temperature for 45 minutes. While the temperature of the reaction
      mixture is held at 65.degree. by application of external heat or cooling
      as needed, addition of a mixture of 350 parts of acrylonitrile, 100 parts
      of styrene, 50 parts of methyl methacrylate and 10 parts of n-dodecyl
      mercaptan is conducted at a uniform rate of 125 parts per hour, which
      corresponds to the rate of which polymer is formed.
PAR  Beginning 30 minutes after commencement of the addition of the foregoing
      mixture, concurrent addition of a 10% aqueous solution of potassium
      dodecyl benzene sulfonate is conducted at a uniform rate finishing
      together with the addition of the monomer mixture.
PAR  The addition of the monomer mixture may be found to require 4 hours, at
      which time the conversion of monomer to polymer is 89.6% of theoretical.
      The polymer is isolated by the procedure described in Example 1.
PAR  This polymer has a composition which varies with time, as shown in the
      following table:
TBL  Time, hrs. C,%      H,%      N,%    0,%                                   
     ______________________________________                                    
     1.0        75.0     7.07     12.21  5.72                                  
     4.0        72.8     6.49     17.66  3.08                                  
     ______________________________________                                    
PAR  The resultant resin, compared with that made by the process described in
      Example 1, is yellow colored, hazy, and is more difficult to impact
      modify.
PAC  EXAMPLE 4
PAR  This example illustrates the preparation of an impact modifier composition
      in accordance with the invention. To 7,431 parts of an elastomer latex
      (43.6% solids) having a composition of 75 parts 1,3-butadiene, 26 parts
      styrene and 4 parts methyl methacrylate are added 6,299 parts deionized
      water and 1095 parts of a 10% solution of sodium lauryl sulfate. The
      mixture is stirred and heated for 90 minutes while sparging with nitrogen
      until a temperature of 65.degree.C. is reached, then a mixture of 766
      parts acrylonitrile, 12.8 parts styrene, 126 parts methyl methacrylate,
      3.4 parts n-dodecyl mercaptan is added followed in one minute by 2.16
      parts potassium persulfate dissolved in 105 parts deionized water.
      Immediately the addition of a mixture of 1,680 parts acrylonitrile, 295
      parts styrene, 425 parts methyl methacrylate and 24.0 parts n-dodecyl
      mercaptan is begun at a rate of 894 parts per hour. The temperature is
      maintained at 64.degree.-66.degree.C. until a total of 2,160  parts is
      added. Immediately thereafter, 64.8 parts of 2,6-di-tert-butyl-p-cresol is
      added to the dispersion which is simultaneously cooled to below
      50.degree.C. The dispersion is filtered.
PAC  EXAMPLE 5
PAR  This example is similar to Example 4 except that the polymerization of the
      superstrate monomers is effected by a conventional batch process with a
      portion of the monomers added to the substrate initially and the remainder
      added gradually.
PAR  Into equipment similar to that described in Example 4 is charged the
      following ingredients:
TBL                       parts by weight                                      
     Deionized water        1521                                               
     Elastomer latex (42.9% solids)                                            
                            1678                                               
     Potassium dodecylbenzene sulfonate,                                       
       10% aqueous solution  216                                               
     Acrylonitrile          117.7                                              
     Styrene                22.2                                               
     Methyl Acrylate        28.2                                               
     n-Dodecyl mercaptan     1.7                                               
     Potassium persulfate,                                                     
        0.5% aqueous solution                                                  
                            100                                                
PAL  The mixture is stirred, sparged with nitrogen, and heated to 65.degree.C.
      When this temperature is reached, the addition of a mixture of the
      following ingredients is begun:
TBL  Acrylonitrile          208.3                                              
     Styrene                41.2                                               
     Methyl Acrylate        52.4                                               
     n-Dodecyl Mercaptan    3.1                                                
PAL  The above mixture is added over a 50 minute period while cooling or heating
      as needed to maintain the temperature at 65.degree.C. The reaction mixture
      is held at 65.degree.C. for one hour after completion of the addition, at
      which time the product is isolated by coagulation as in Example 4.
PAC  EXAMPLE 6
PAR  This example is similar to Example 5, except that all of the monomers are
      mixed with the elastomer latex prior to polymerization. This is the
      simplest form of batch polymerization of the superstrate monomers in the
      presence of the substrate latex.
PAR  Into equipment similar to Example 4 is charged the following:
TBL                      parts by weight                                       
     Deionized water       2386                                                
     Elastomer latex (42.9% solids)                                            
                           1119                                                
     Potassium dodexylbenzene                                                  
      sulfonate, 10% aqueous                                                   
                           71                                                  
     Acrylonitrile          224                                                
     Styrene               42.3                                                
     Methyl Acrylate       53.7                                                
     n-Dodecyl mercaptan    3.2                                                
PAL  The mixture is stirred and heated to 65.degree.C. while bubbling nitrogen
      beneath the surface for 60 minutes. A solution of potassium persulfate,
      0.50 gram dissolved in 100 grams of deionized water, is added when the
      temperature reaches 56.degree.C. The temperature is allowed to rise to
      65.degree.C. where it is maintained for 135 minutes. The mixture is then
      cooled and isolated by coagulation as in Example 4.
PAC  EXAMPLE 7
PAR  This example is similar to Example 4 except that the ratio of substrate to
      superstrate is 50/50.
PAR  Into equipment similar to that described for Example 1, is charged the
      following ingredients:
TBL                     parts by weight                                        
     DI Water             1425                                                 
     Sodium dioctylsulfosuccinate                                              
                           3                                                   
     Elastomer latex                                                           
     (43.2% solids)        465                                                 
PAR  The mixture is stirred and heated to 65.degree.C. While bubbling nitrogen
      beneath the surface for 45 minutes. Next there is added to the reactor a
      mixture of
TBL  Acrylonitrile          21.3                                               
     Styrene                0.35                                               
     Methyl Acrylate        2.8                                                
PAL  followed by a solution of 2 parts by weight of potassium persulfate
      dissolved in 55 parts of degassed water. Uniform rate addition of 3.9
      parts per minute of the following mixture is begun at once to ensure
      continuing polymerization of the same composition polymer as is formed
      initially.
TBL  ______________________________________                                    
     Acrylonitrile          118.1                                              
     Styrene                25.3                                               
     Methyl Acrylate        25.3                                               
     ______________________________________                                    
PAR  The step is completed in 43 minutes at which time a charge of 4.8 parts of
      styrene with 2.1 parts of methyl acrylate is added to the reactor to
      ensure that polymerization of monomers then unreacted will be completed
      with formation of polymer having the same mer ratio as the foregoing.
      Polymerization is stopped by cooling after another 62 minutes and the
      polymer is isolated in the usual way by coagulation in 1.5 volumes of 1%
      CaCl.sub.2 solution at 65.degree..
PAR  Correspondence of the rate of polymerization with the rate of addition of
      monomer mixture is shown by measuring the progress of polymerization at
      the indicated intervals:
TBL   (Min.)  %         Parts by Weight                                        
     Time     Solids    Polymer Formed                                         
                                     Monomer Added                             
     ______________________________________                                    
     15'      14.1       39           60                                       
     30'      17.7      111          118                                       
     43'      20.0      162          169                                       
     58'      21.3      187          200                                       
     final    21.7      194          200                                       
     ______________________________________                                    
PAR  The final product contains 194 parts by weight (corrected for soap and
      initiator) of 2nd stage polymer together with 200 parts by weight of
      elastomer solids, which corresponds to a 50.8/49.2 stage ratio.
PAC  EXAMPLE 8
PAR  This example illustrates the preparation of an impact modifier with a
      superstrate to substrate ratio of 50/50 by a conventional batch process
      with gradual addition of monomers.
PAR  Into equipment similar to that described for Example 1, is charged the
      following ingredients:
TBL                      parts by weight                                       
     DI Water              2202                                                
     10% aqueous pot. dodecyl                                                  
      benzene sulfonate    99                                                  
     elastomer latex (43.0% solids)                                            
                           1535                                                
     potassium persulfate   6.6                                                
PAR  The mixture is stirred and heated to 65.degree. while degassing for 45
      minutes. Thereupon the following mixture was added at a uniform rate over
      a period of 4 hours 35 minutes.
TBL  ______________________________________                                    
     Acrylonitrile          462                                                
     Styrene                 99                                                
     Methyl Acrylate         99                                                
     ______________________________________                                    
PAL  Analysis of residual monomer throughout the polymerization indicates that
      the monomers are not incorporated in a uniform manner and that undesirable
      blocks of polyacrylonitrile are formed.
PAR  Heating is continued for 45 minutes. A mixture of 13.2 parts of
      2,5-di-tert-butyl-p-cresol finely dispersed with 86.8 parts of water is
      added to prevent thermal darkening of the elastomer latex.
PAR  Measurement of the progress of polymerization showed that 615 parts by
      weight (corrected for soap, initiator and stabilizer) of 2nd stage polymer
      is present, affording an elastomer (solids) to 2nd stage polymer ratio of
      51.8/48.2 parts by wt.
PAR  The product is isolated in the usual manner by coagulation in 1.5 volumes
      of 1% CaCl.sub.2 solution at 65.degree. after removing 1.5 parts by weight
      of undispersed material by filtration and is dried at 55.degree. under
      vacuum to a moisture content of 0.3% by weight.
PAC  EXAMPLE 9
PAR  The dispersion of Example 4 is blended with the dispersion of Example 1 and
      then unreacted monomers are recovered by a stripping procedure which
      comprises raising the temperature to 100.degree.C. until the residual
      monomer level in the dispersion is reduced to 0.05 weight percent
      acrylonitrile. The dispersion is then coagulated by mixing with 1.5
      volumes of a 1.0% calcium chloride solution at 65.degree.-75.degree.C. The
      polymer is removed by filtration, washed, and dried to a water content of
      below 0.2%.
PAR  The dried crumb or powder is milled on a tworoll mill for 5 minutes at
      350.degree.F. and then heated for 2 minutes in a Carver press at
      350.degree.F., pressed for 3 minutes at 350.degree.F. at 18,000 psi and
      then cooled for 4 minutes under pressure. Test pieces are cut and have
      Izod impact strength measurement of 1.5 ft. lbs./inch-notch, and have
      excellent clarity and color. Films pressed at 350.degree.F. from this
      blend have excellent gas barrier properties. Molded samples exhibit
      outstanding resistance to tensile creep at 2,000 psi under ambient
      conditions and submerged in water and have a Deflection Temperature Under
      Load (264 psi) of 83.degree.C. (ASTM D-648-56)
PAC  EXAMPLE 10
PAR  The dispersion of example 7 is blended with the dispersion of example 1.
      Residual monomers are removed and the material isolated as in example 9.
      Milled and molded samples of this blend have better color stability and
      impact resistance, i.e., Izod values of 1.0 foot-pound per inch of notch,
      than the blend described in Example 11. Films pressed from the blend
      described in this example have excellent oxygen, carbon dioxide, and water
      barrier properties.
PAC  EXAMPLE 11
PAR  The dispersion of example 8 is blended with the dispersion of example 1.
      Residual monomers are removed and the material isolated as in examples 9
      and 10. Milled and molded samples of this blend have poor impact
      resistance, i.e., Izod values of 0.65 foot-pounds per inch of notch and
      are undesirably colored.
CLMS
STM  We claim:
NUM  1.
PAR  1. An impact-modified barrier resin composition having a superior balance
      of properties comprising a blend of (A) from about 60 to 80 weight percent
      of a polymer of from about 50 to 90 weight percent acrylonitrile, from
      about 5 to 28 weight percent of a vinylidene aromatic monomer of the
      formula
      ##EQU2##
      wherein R.sub.1 is hydrogen, chlorine or methyl and R.sub.2 is a
      substituted or unsubstituted aromatic radical having from 6 to 10 carbon
      atoms and from about 2 to about 25 weight percent of an olefinic ester
      monomer of the formula
      ##EQU3##
      wherein R.sub.3 is hydrogen, an alkyl group having from 1 to 4 carbon
      atoms or a halogen, and R.sub.4 is an alkyl group of from 1 to 8 carbon
      atoms, and (B) from about 20 to 40 weight percent of a graft copolymer of
      (1) from 20 to 60 weight percent of a superstrate polymer polymerized from
      a monomer mixture comprising from 50 to 90 weight percent acrylonitrile,
      from 5 to 28 weight percent of vinylidene aromatic monomer and from 2 to
      25 weight percent of olefinic ester of the formula
      ##EQU4##
      wherein R.sub.3 is hydrogen, halogen, or an alkyl group having from 1 to 4
      carbon atoms and R.sub.4 is an alkyl group of from 1 to 6 carbon atoms and
      (2) from 80 to 40 weight percent of a substrate polymer having a glass
      transition termperature of temperature than -40.degree.C. comprising 50 to
      100 weight percent of a conjugated diene selected from the group
      consisting of 1,3-butadiene and isoprene, from 50 to 0 weight percent of
      an ethylenically unsaturated monomer selected from the group consisting of
      vinylidene aromatic compounds, acrylonitrile, and mixtures thereof, and
      from 0 to 10 weight percent olefinic ester, provided that said superstrate
      polymer is at least about 50 percent grafted onto said substrate polymer.
NUM  2.
PAR  2. The composition of claim 1 comprised of a blend of (A) from 70 to 80
      weight percent of a polymer of from about 74 to 76 weight percent
      acrylonitrile, from about 19 to 21 weight percent styrene, and from about
      4 to 6 weight percent methyl methacrylate and (B) from about 20 to 30
      weight percent of an at least 50 percent grafted copolymer comprising (1)
      from about 35 to 45 weight percent of a superstrate polymer comprising
      from to 65 to 75 weight percent acrylonitrile, from 11 to 14 weight
      percent styrene, and from 17 to 19 weight percent methylacrylate and (2)
      from about 65 to 55 weight percent of a substrate polymer comprising from
      about 70 to 80 weight percent 1,3-butadiene, from about 24 to 28 weight
      percent styrene and from 3 to 5 weight percent methyl methacrylate.
NUM  3.
PAR  3. The blend of claim 2 in the form of a free film.
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ABST
PAL  First polymerization of a mixture of styrene-type monomers and conjugated
      diene monomers containing 30 to 70% by weight of styrene-type monomers is
      carried out, and when 40 or more of the diene monomers have been converted
      to a copolymer, there are then added styrene-type monomers in such an
      amount that the content of styrene units accounts for a proportion of 70
      to 85% by weight of the finally obtained block copolymers, followed by
      completion of the polymerization. Alternatively, when all the diene
      monomers added have been converted to the copolymer, the second
      polymerization of styrene type monomers is carried out in the presence of
      a small amount of conjugated dienes as a polymerization retardant. Block
      copolymers obtained thus are useful for sheet or film molding having good
      low-temperature impact strength.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for the preparation of block
      copolymers for a sheet of film comprising a styrene-type hydrocarbon
      (hereinafter referred to as "styrene") and a conjugated diene hydrocarbon
      (hereinafter referred to as "diene").
PAR  It is well known that various types of block copolymers of styrene and
      diene units can be obtained with use of an organolithium compound as a
      polymerization initiator. For instance, U.S. Pat. No. 3,287,333 discloses
      a process for producing block copolymers from a mixture of a conjugated
      diene and a vinyl-type aromatic hydrocarbon with Li-initiators. Also, U.S.
      Pat. No. 3,629,387 teaches rubber-modified, impact-resistant polystyrene
      films made of a block copolymer of styrene and conjugated diene units.
PAR  Among the block copolymers, the present invention is particularly directed
      to a resinous block copolymer for a sheet or film containing 70 to 85% by
      weight of styrene units.
PAR  Processes for the preparation of block copolymers of styrene and diene with
      use of organolithium compounds as a polymerization initiator may be
      classified broadly into the two types:
PAR  1. POLYMERIZING IN REGULAR SEQUENCE STYRENE AND DIENE MONOMERS.
PAR  2. POLYMERIZING A MIXTURE OF STYRENE AND DIENE MONOMERS IN A NON-POLAR
      SOLVENT TO OBTAIN COPOLYMERS SIMILAR TO PERFECT BLOCK COPOLYMERS OBTAINED
      IN METHOD (1).
PAR  The resinous block copolymers obtained according to method (1) do not show
      well balanced properties with respect to transparency, tensile strength,
      tensile elastic modulus and low-temperature impact strength when formed
      into a sheet. On the other hand, the resinous block copolymers according
      to method (2), when formed into the sheet, are superior in transparency,
      tensile strength and tensile elastic modulus to those of method (1). It
      has been, however, impossible to obtain sheets having a practically
      satisfactory low-temperature impact strength according to method (2).
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide improvements in polymerization
      method (2) mentioned above, and particularly, in preparing resinous block
      copolymers for molding sheets having an increased low-temperature impact
      strength.
PAR  In the preparation of block copolymers from a mixture of styrene and diene
      monomers in a non-polar solvent with use of organolithium compounds as an
      initiator, block copolymers for molding a sheet for film with good
      low-temperature impact strength are obtained by effecting a first
      polymerization of a mixture of styrene and diene monomers containing 30 to
      70% by weight of styrene, then adding styrene monomers in such an amount
      that the content of styrene units accounts for the proportion of 70 to 85%
      by weight of the finally obtained block copolymer when 40% or more of the
      diene monomers added have been converted to a copolymer, and completing
      the polymerization.
PAR  Alternatively, when all the diene monomers added have been converted to a
      copolymer, styrene monomers containing 0.01 to 3.0% by weight of dienes
      are added in such an amount that the content of styrene units accounts for
      the proportion of 70 - 85% by weight of the finally obtained block
      copolymer, and the polymerization is effected to completion.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The polymerization reaction is carried out in a non-polar solvent in the
      presence of polyfunctional organolithium compounds as a polymerization
      initiator. First, a mixture of diene and styrene monomers containing 30 -
      70 weight % of styrene monomers is polymerized and at the time when 40% or
      more of the diene monomers added were converted to the copolymer, there
      are then added styrene monomers in such an amount that the content of
      styrene units accounts for the proportion of 70 to 85% by weight of a
      finally obtained block copolymer.
PAR  In the copolymerization of styrene and diene monomers, the polymerization
      reaction arises on the lithium atoms of the polyfunctional organolithium
      compound and copolymer chains corresponding to the number of active
      lithium atoms grow. The copolymerization of styrene and diene monomers
      proceeds in accordance with the copolymerization reactivity ratio. In this
      case the diene monomers are selectively polymerized in the first place and
      polymer chains copolymerized with an extremely small quantity of styrene
      are formed. The proportion of styrene units in the copolymer increases as
      the polymerization proceeds. Styrene monomers are then added at any time
      when 40% or more of the diene monomers added have been converted to the
      copolymer, and the copolymerization is effected to completion. At the end
      of the copolymerization, polymers substantially consisting of styrene are
      growing and consequently, polymer chains of which the terminal parts are
      composed of styrene units are formed.
PAR  As mentioned above, the mixture of diene and styrene monomers for the first
      polymerization should contain 30 to 70% by weight of styrene. If the
      amount of styrene is outside this range, block copolymers obtained are not
      improved in low-temperature impact strength when formed into sheets. In
      the case of not more than 30% by weight styrene copolymers similar to
      those of method (1) mentioned hereinbefore are obtained, whereas in the
      case of more than 70% by weight styrene polymers similar to those of
      method (2) mentioned hereinbefore are formed.
PAR  A further feature of the invention is that the styrene feed for the second
      polymerization must be added at a time when 40% or more of the diene
      monomers added have been converted to the copolymer. If the styrene feed
      is added at the time of conversion of diene monomers to copolymer of not
      more than 40%, the obtained block copolymers are inferior in transparency,
      tensile strength, tensile elastic modulus and low-temperature impact
      strength when formed into sheets, as demonstrated in the succeeding
      Examples. Even after all the dienes added have been converted to the
      copolymer, styrene monomers may be added into the second polymerization
      zone provided that stirring can be sufficiently effected therein so as to
      obtain an uniform polymerization mixture. In many cases, however, it is
      difficult to ensure stirring in a commercial-scaled reactor and therefore
      the styrene monomers added begin to polymerize prior to the formation of
      the uniform polymerization mixture. Accordingly, it is preferred to add
      the styrene monomers while diene monomers still remain in the
      polymerization zone, i.e. at a time of a conversion of dienes to polymer
      of less than 100%. This is due to the fact that the diene monomers act as
      a polymerization retardant as mentioned hereinafter.
PAR  Furthermore, the amount of the additional styrene monomers should be such
      that the content of styrene units accounts for the proportion of 70 to 85%
      by weight, preferably about 73 to 82% by weight, of the finally obtained
      block copolymer. With less than 70% by weight of the styrene units, the
      block copolymer is lowered in tensile elastic modulus and bending elastic
      modulus when formed into sheets, whilst with more than 85% by weight the
      low-temperature impact strength is not appreciably further improved.
PAR  The copolymerization of diene and styrene monomers with use of the
      organolithium compound proceeds at a relatively slow velocity. However,
      when substantially all of the diene monomers have polymerized and thus
      only the styrene monomers have been left, the polymerization of styrene
      only proceeds at an extremely high velocity. For this reason, and
      particularly in the case of using a polymerization vessel with a large
      capacity, when only the styrene monomers are added to the polymerization
      zone under such conditions, the polymerization proceeds before the styrene
      monomers are uniformly dispersed therein, so that uniform copolymers can
      not be obtained with good reproducibility.
PAR  We have found that such disadvantages can be overcome by adding small
      amounts of dienes prior to the addition of styrene thereby to retard the
      polymerization reaction. It has, further, been confirmed that the dienes
      act as a polymerization retardant, but no deactivation of active polymer
      terminals and chain-transfer occur, and further the addition of dienes
      exhibits no bad influence upon physical or mechanical properties of the
      block copolymer for sheet molding. The dienes as retardant may be also
      added in mixture with the additional styrene monomers.
PAR  The amount of dienes added is within the range of 0.01 to 3.0% by weight,
      preferably 0.1 to 2.0% by weight, based on the additional styrene
      monomers. With less than 0.01% by weight, little retarding effect is
      exhibited, whilst it is meaningless to retard the polymerization of
      styrene beyond the limit of need by adding more than 3.0% by weight. The
      amount of dienes may vary depending on the capacity of reactors and the
      polymerization conditions.
PAR  The poly-functional organolithium compounds used as the initiator in the
      invention may be represented by the formula, R(Li)x wherein R is an
      organic radical and x is an integer of 2 or more, and they preferably, are
      soluble in a non-polar, organic solvent. Typical examples of such an
      initiator are butadiene oligomer dilithium compounds wherein the lithium
      atoms are bonded to two terminals of butadiene oligomer. The butadiene
      oligomer dilithium compounds may be represented by the formula, Li --
      (Bu)y -- Li wherein Bu is a butadiene unit and y is an integer of 2 or
      more. When y is 5 or more, the butadiene oligomer dilithium compounds
      become soluble in a non-polar solvent.
PAR  Examples of the non-polar organic solvent include aliphatic hydrocarbons
      such as butane, pentane or heptane, alicylic hydrocarbons such as
      cyclohexane or cycloheptane, and aromatic hydrocarbons such as benzene,
      toluene or xylene, and mixtures thereof.
PAR  Styrene-type hydrocarbons which may be used are aromatic hydrocarbons such
      as styrene and .alpha.-methylstyrene. Conjugated dienes used are
      conjugated diolefins such as butadiene and isoprene.
PAR  The sheets made from the block copolymer of the invention show an excellent
      transparency and a high elongation as compared with those made from the
      conventional styrene/butadiene type resins having an impact resistance,
      and moreover are particularly superior in low-temperature impact strength.
PAR  As for the conventional polystyrene-type sheet having transparency
      comparable to the copolymer sheet according to the invention, there are
      biaxially oriented polystyrene sheets. These sheets have a low impact
      strength of 3 to 6 kg.sup.. cm/cm.sup.2 (a DIN impact value) at
      -20.degree.C, which is not a sufficient impact strength for practical
      sheets. On the contrary, sheets of the block copolymer obtained according
      to the invention have a high impact strength of 30 to 50 kg.sup..
      cm/cm.sup.2 (a DIN impact value) at -20.degree.C so that they can be in
      practice used, for example, in packing a refrigerated food-stuff. Besides
      having a good low-temperature impact strength as mentioned above, the
      block copolymer sheets according to the invention have a transparency and
      tensile strength comparable to polystyrene sheet so that they are very
      valuable in practice.
DETD
PAR  The invention is illustrated by the non-limitative examples to follow.
PAC  EXAMPLE 1
PAC  1. Preparation of block copolymer
PAR  To a 2l reactor which had been flushed with nitrogen gas and perfectly
      dried were added 500 ml of a purified and dehydrated benzene, 10g of a
      purified and dehydrated styrene and 21g of butadiene, and further 1.6
      millimols of butadiene oligomer dilithium as an initiator. The
      polymerization solution was maintained at temperatures of 50.degree. to
      80.degree.C for 78 minutes while stirring and 73g of a purified and
      dehydrated styrene was added when the conversion of butadiene monomer to
      polymer reached to 78%. A polymerization reaction was continued up to the
      substantial completion. When the polymerization mixture after completion
      of the reaction was poured into a large amount of methanol, the copolymer
      was isolated from the polymerization mixture and then dried in a vacuum
      drier overnight. The above-mentioned experiment is referred to as Run No.
      1.
PAR  Experiments conducted in the same procedure as Run No. 1 varying the
      monomer feed ratio for the first polymerization and the amount of
      additional monomers are indicated in Table 1.
PAR  The initiator used herein was butadiene oligomer dilithium represented by
      the formula, Li -- (Bu)y -- Li wherein y averages 6.
PAR  The conversion ratio of butadiene monomers to polymer was determined by
      sampling the polymerization solution, isolating the copolymer therefrom
      and measuring a refractive index of the copolymer.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Run No.                                                                   
           First Polymerization                                                
                      Second Polymerization                                    
                                   Styrene Content                             
                                   of Copolymer                                
     Styrene    Butadiene                                                      
                      Styrene *1                                               
                             Conversion                                        
                                   (Weight %)                                  
     (g)        (g)   (g)    (%)                                               
     __________________________________________________________________________
     1     10   21    73     78    79        The                               
     2     21   22    57     100   78        inven-                            
     3     28   19    53     57    81        tion                              
     4     11   29    68     79    73                                          
     5     35   10    45     78    90                                          
     6     26   34    43     63    67        Control                           
     7     13   13    74     81    87                                          
     8     79   21    --     --    79                                          
     9     21   22    57     30    78                                          
     __________________________________________________________________________
      *1 Styrene was added when the conversion ratio of butadiene monomers to  
      polymer reached the indicated values.                                    
PAC  2. Measurement of physical and mechanical properties
PAR  The block copolymer obtained by the polymerization formulation as indicated
      in Table 1 was incorporated with 0.5 weight % of a phenolic anti-oxidant,
      pelletized by means of a 20 mm.phi. extruder, and formed into a specimen
      with 80 mm .times. 10 mm .times. 2 mm in dimensions by means of a
      small-sized injection molding machine. The results of measuring the
      physical and mechanical properties are given in Table 2, wherein the Run
      Nos. are the same as those indicated in Table 1.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Run No.                                                                   
           Tensile Strength *1                                                 
                       Elongation *2                                           
                                Impact Strength *3                             
                                           Tensile Elastic                     
           kg/cm.sup.2          kg.cm/cm.sup.2                                 
                                           Modulus *4                          
                                20.degree.C                                    
                                      -20.degree.C                             
                                           kg/cm.sup.2                         
     __________________________________________________________________________
     1     256         260      92    38   9760      The                       
     2     263         255      95    40   9680      inven-                    
     3     272         245      93    37   9730      tion                      
     4     357         110      37     9   9930                                
     5     245         250      81     8   8220                                
     6     181         360      83    46   7430      Con-                      
     7     377         150      26     7   9260      trol                      
     8     267         270      96    10   8010                                
     9     271         247      71     7   8570                                
     __________________________________________________________________________
      *1 Measured according to JIS K-6782                                      
      *2 Measured according to JIS K-6872                                      
      *3 DyneStat Impact Strength according to DIN 53453, determined by fixing 
      specimen, striking same with a hammer and measuring an absorbed impact   
      energy per a unit sectional area.                                        
      *4 JIS K-6745. Determined by punching a sheet in the machine direction to
      form a specimen, subjecting it to tensile test and measuring a stress per
      a unit sectional area at the time of an elongation of 2.5%.              
PAR  It is clear from Table 2 that Run Nos. 1, 2 and 3 according to the
      invention showed high impact strength at a low temperature of -20.degree.C
      as well as mechanical properties well-balanced with regard to tensile
      strength, elongation and tensile elastic modulus.
PAR  Run Nos. 4 and 5 of which the first polymerization feeds are outside the
      range of the monomer ratios defined in the invention showed an extremely
      low impact strength at -20.degree.C.
PAR  Moreover, with respect to Run Nos. 6 and 7 are outside the range of the
      total styrene content defined in the invention: Run No. 6 showed a
      decreased tensile strength and tensile elastic modulus, and Run No. 7
      showed a remarkably reduced low-temperature impact strength.
PAR  Furthermore, Run No. 8 was directed to the preparation of a block copolymer
      according to a one-step polymerization method and Run No. 9 was the case
      wherein the conversion of butadiene monomers to polymer was 30%, both the
      Run Nos. 8 and 9 showed an extremely reduced low-temperature impact
      strength.
PAC  EXAMPLE 2
PAR  This was effected for comparison with the invention.
PAC  1. Preparation of copolymer
PAR  A three-step block copolymerization of styrene - butadiene-styrene was
      conducted in benzene with use of sec-butyl lithium as a mono-functional
      initiator.
PAR  In each step, when all the monomers added were completely converted to a
      polymer, monomers for the subsequent polymerization are added. The
      reaction temperature was maintained at the same range as in Example 1.
PAR  The polymer was isolated from the polymerization mixture, dried and formed
      into a testing specimen, according to the procedures of Example 1.
PAR  The obtained polymers were identified with the following:
TBL  Run No. Molecular Structure                                               
                                Styrene Content                                
     ______________________________________                                    
     10      St(80,000) - Bu(40,000) -                                         
                                80                                             
             St(80,000)                                                        
     11      St(75,000) - Bu(50,000) -                                         
                                75                                             
             St(75,000)                                                        
     ______________________________________                                    
PAL  St is a styrene homopolymer block and Bu a butadiene homopolymer block, and
      the bracketed passages represent a molecular weight.
PAC  2. Measurement of physical and mechanical properties
PAR  The results of the tests effected in the same manner as in Example 1 are
      given in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Run No.                                                                   
           Tensile Strength                                                    
                     Elongation                                                
                           Impact Strength                                     
                                     Tensile Elas-                             
           kg/cm.sup.2     kg.cm/cm.sup.2                                      
                                     tic modulus                               
                           20.degree.C                                         
                                -20.degree.C                                   
                                     kg/cm.sup.2                               
     __________________________________________________________________________
     10    399       15     7   5    11500                                     
     11    265       55    25   7     7200                                     
     __________________________________________________________________________
PAR  Table 3 shows that the sheets of Run Nos. 10 and 11 gave a remarkably
      decreased elongation and impact strength.
PAC  EXAMPLE 3
PAR  To a 2l reactor which had been flushed with nitrogen gas and perfectly
      dried were added 500 ml of a purified and dehydrated benzene and 1.0
      millimol of butadiene oligomer dilithium and further 25g of a purified and
      dehydrated styrene and 25g of butadiene. A polymerization was continued to
      completion while maintaining the temperature at 50.degree. - 80.degree.C.
      Thereafter, 50g of a mixture of styrene and butadiene containing 0.01% by
      weight of butadiene were added while maintaining the temperature of the
      polymerization zone at 50.degree.C. The time of up to starting of a
      homopolymerization of styrene added was 10 seconds. This was determined by
      a rising temperature of the polymerization mixture.
PAR  Varying a butadiene or isoprene content of the monomer feed for the second
      polymerization as indicated in Table 4, experiments were conducted in the
      same procedure as the foregoing. Likewise, the time of up to starting of a
      homopolymerization of styrene added was measured as given below.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Run No.                                                                   
           First Polymerization                                                
                       Second Polymerization                                   
                                    Polymerization *                           
     Styrene     Butadiene                                                     
                       Styrene                                                 
                            Diene   Retarding Time                             
     g           g     g    g(%)                                               
     __________________________________________________________________________
     12    25    25    50.00                                                   
                            Butadiene                                          
                                    10 seconds                                 
                            0.005 (0.01)                                       
     13    25    25    49.95                                                   
                            Butadiene                                          
                                    30 seconds                                 
                            0.05 (0.1)                                         
     14    25    25    49.50                                                   
                            Butadiene                                          
                                     5 minutes                                 
                            0.50 (1.0)                                         
     15    25    25    49.00                                                   
                            Butadiene                                          
                                    11 minutes                                 
                            1.0 (2.0)                                          
     16    25    25    47.50                                                   
                            Butadiene                                          
                                    15 minutes                                 
                            2.50 (5.0)                                         
     17    25    25    49.50                                                   
                            Isoprene                                           
                                    30 seconds                                 
                            0.50 (1.0)                                         
     18    25    25    47.50                                                   
                            Isoprene                                           
                                     2 minutes                                 
                            2.50 (5.0)                                         
     __________________________________________________________________________
      *A homopolymerization of styrene monomers added in the second step       
      proceeded rapidly and therefore, temperatures of the polymerization zone 
      started to rise. The polymerization retarding time was determined by     
      plotting this relationship with the lapse of time and measuring an       
      interval between the time of addition of styrene and the time at which a 
      temperature started to rise.                                             
PAR  Next, results of the physical and mechanical properties tested in the same
      manner as in Example 1 are given in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Run No.                                                                   
           Tensile Strength                                                    
                     Elongation                                                
                           Impact Strength                                     
                                     Tensile Elastic                           
           kg/cm.sup.2                                                         
                     %     kg.cm/cm.sup.2                                      
                                     Modulus                                   
                           20.degree.C                                         
                                -20.degree.C                                   
                                     kg/cm.sup.2                               
     __________________________________________________________________________
     12    251       247   92   43   9,460                                     
     13    247       251   90   41   9,520                                     
     14    245       257   96   46   9,410                                     
     15    242       263   91   44   9,380                                     
     16    235       270   92   48   9,330                                     
     17    246       260   95   45   9,510                                     
     18    238       265   98   47   9,420                                     
     __________________________________________________________________________
PAR  It is clear from Table 5 that the block copolymer sheets according to the
      invention gave a remarkably improved low-temperature impact strength as
      well as well-balanced mechanical properties.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A block copolymer comprising 70 - 85% by weight of a styrene-type unit
      and 15 - 30% by weight of a conjugated diene unit prepared from a mixture
      of styrene-type monomers and conjugated diene monomers in a non-polar
      organic solvent with use of a poly-functional organolithium compound as an
      initiator, said mixture containing 30 - 70% by weight of said styrene-type
      monomers, wherein a first polymerization is effected, after which
      additional styrene-type monomers are added in such amount that the content
      of styrene units accounts for the proportion of 70 to 80% by weight of the
      finally obtained block copolymer when 40% or more of the diene monomers
      added have been converted to a copolymer, and effecting a polymerization
      to completion.
NUM  2.
PAR  2. A block copolymer according to claim 1, wherein said additional
      styrene-type monomers are added at the time of a conversion of diene
      monomers to copolymer being not less than 40% and less than 100%.
NUM  3.
PAR  3. A block copolymer according to claim 1, wherein the initiator is
      butadiene oligomer dilithium represented by the formula, Li -- (Bu)y -- Li
      wherein Bu is a butadiene unit and y is an integer of 2 or more.
NUM  4.
PAR  4. A sheet or film having an impact strength at -20.degree.C of more than
      30 kg.sup.. cm/cm.sup.2 according to the method of DIN 53453 and a tensile
      strength of more than 200 kg.sup.. /cm.sup.2 made from the block copolymer
      of claim 8.
NUM  5.
PAR  5. A block copolymer according to claim 1, wherein the tensile strength of
      the block copolymer ranges from about 256 to 272 kg/cm.sup.2, and the
      elongation ranges from 245 to 260%.
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ABST
PAL  The present invention relates to lenses for exterior vehicle lamps wherein
      the lenses are molded from a high nitrile polymer comprising 55 to 85
      percent by weight of a nitrile monomer unit and from 15 to 45 percent by
      weight of a monovinylidene aromatic monomer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to lenses or lamp coverings for exterior
      vehicle lamps wherein the lens is molded from a high nitrile polymer
      comprising from 55 to 85 percent by weight of a nitrile monomer unit and
      from 15 to 45 percent by weight of a monovinylidene aromatic monomer.
PAR  2. Description of the Prior Art
PAR  Exterior lamps are widely used in land, sea and air vehicles. Examples of
      exterior vehicle lamps include the parking lights, tail lights, stop
      lights, backup lights, running lights, signal lights, etc., which are
      found in automobiles, boats and aircraft.
PAR  Exterior lighting fixtures on vehicles usually comprise a lamp, which is
      the term used for the light source and supporting structure, and a
      covering over the lamp which is referred to as a lens. The lens serves as
      a protective covering over the lamp and may additionally serve to focus or
      diffuse the light transmitted by the lamp and to transmit light of
      different colors, e.g., red, amber, green, white, etc. The lenses used for
      exterior lamps on vehicles must have good optical properties and impact
      resistance, high heat distortion, good weatherability, and be readily
      molded into many diverse and sometimes complex shapes.
PAR  For some time now polymethylmethacrylate (PMMA) has been widely used to
      prepare lenses for exterior lamps. However, a need exists in the art for
      exterior lenses which can be molded faster and which exhibit improved
      chemical resistance and improved weatherability. The present invention
      provides such lenses.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides lenses which exhibit excellent optical
      properties, impact resistance, high heat distortion, weatherability and
      moldability. These lenses are prepared from a high nitrile polymer
      containing 55 to 85 percent by weight of nitrile monomer units and from 15
      to 45 percent by weight of a monovinylidene aromatic monomer. Lenses
      prepared in accordance with the present invention exhibit faster molding
      cycles, improved chemical resistance and improved weatherability than the
      PMMA lenses of the prior art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The exterior lenses of the present invention are molded from a nitrile
      polymer which contains (1) from 55 to 85 percent by weight of an
      ethylenically unsaturated nitrile monomer selected from the group
      consisting of acrylonitrile and mixtures of acrylonitrile and
      methacrylonitrile which contains up to 20 percent by weight of
      methacrylonitrile based on the total weight of acrylonitrile and
      methacrylonitrile; and (2) from 15 to 45 percent by weight of a
      monovinylidene aromatic hydrocarbon monomer which is copolymerizable with
      the nitrile monomer.
PAR  Preferably, the nitrile polymer contains from 60 to 70 percent by weight of
      nitrile monomers and 30 to 40 percent of a monovinylidene aromatic
      hydrocarbon such as styrene, alpha-methylstyrene; ring-substituted alkyl
      styrenes, e.g., vinyl toluene, O-ethylstyrene, p-ethylstyrene,
      2,4-dimethylstyrene, etc.; ring-substituted halostyrenes, e.g.,
      o-chlorostyrene, p-chlorostyrene, o-bromostyrene, 2,4-dichlorostyrene,
      etc.; ring-alkyl, ring-halosubstituted styrenes, e.g.,
      2-chloro-4-methylstyrene, 2,6-dichloro-4-methylstyrene, etc.; vinyl
      naphthalene; vinyl antracene, etc. Preferably, the alkyl substituents
      contain from 1 to 4 carbon atoms, as for example, methyl, ethyl, propyl,
      isopropyl, butyl and isobutyl. Mixtures of the above monovinylidene
      aromatic monomers may be employed. Styrene and alpha methylstyrene are
      preferred.
PAR  Up to 10 percent of the monovinylidene aromatic hydrocarbon monomer can be
      replaced with a vinylidene monomer selected from the group consisting of
      alkyl vinyl ethers wherein the alkyl group contains from 1 to 4 carbon
      atoms, such as methyl vinyl ether, ethyl vinyl ether, etc.; vinyl esters
      such as vinyl acetate and alkyl esters of acrylic and methacrylic acids
      wherein the alkyl groups contain from 1 to 4 carbon atoms, such as methyl
      acrylate, methyl methacrylate, butyl acrylate, butyl methacrylate, etc.;
      lower alpha olefins of from 2 to 4 carbon atoms such as ethylene,
      propylene butylene and isobutylene; alkyl itaconates wherein the alkyl
      group contains from 1 to 4 carbon atoms such as methyl itaconate, ethyl
      itaconate, etc. Up to 100 percent of the monovinylidene monomer can be
      replaced with methyl methacrylate.
PAR  The method used to prepare the nitrile polymers may be any which is
      commonly practiced in the art; the polymerization may be effected en
      masse, in solution or with the monomer in an aqueous dispersion as an
      emulsion or suspension.
PAR  Optionally, the high nitrile polymers used to prepare the exterior lenses
      of the present invention may contain from 0 to 30 percent by weight of a
      synthetic or natural rubber component such as polybutadiene, isoprene,
      neoprene, nitrile rubbers, acrylate rubbers, natural rubbers,
      acrylonitrilebutadiene copolymers, ethylene-propylene copolymers,
      chlorinated rubbers, etc., which is used to strengthen or toughen the high
      nitrile lenses. This rubbery component may be incorporated into the high
      nitrile polymeric material by any of the methods which are well known to
      those skilled in the art, e.g., direct polymerization of monomers,
      grafting the monomers onto the rubbery backbone, polyblending a rubber
      graft polymer with a matrix polymer, etc.
PAR  The refractive index of the rubber component should match the refractive
      index of the nitrile polymer in order to obtain good optical properties in
      the resulting lenses. The practice of matching the rubber and matrix
      indices is well known in the art and needs no further explanation here.
PAR  The preferred rubber component used in the exterior lenses of the present
      invention are the two stage grafted rubbers which are taught in U.S. Pat.
      No. 3,671,607 to Lee et al., which is incorporated herein by reference.
      Especially preferred rubber components are prepared from butadiene-styrene
      rubbers having a butadiene content of from 68 to 72 percent by weight, a
      refractive index in the range of from 1.5375 to 1.5425, a particle size in
      the range of from 0.06 to 0.2 microns before grafting, a gel content in
      the range of from 40 to 95 percent, a swelling index in the range of from
      10 to 40, and a second order transition temperature (Tg) less than
      -20.degree.C. and preferably less than -40.degree.C. as determined by ASTM
      Test D-746-52T. These especially preferred rubbers are grafted in two
      stages using a first and second polymerizable monomer composition.
PAR  The first polymerizable monomer composition comprises (1) from 0.1 to 2
      percent by weight, preferably 0.1 to 1 percent by weight, of a
      non-conjugated diolefin monomer, (2) from 0 to 30 percent by weight of an
      ethylenically unsaturated nitrile selected from the group consisting of
      acrylonitrile, and mixtures of acrylonitrile and methacrylonitrile which
      contain up to 20 percent by weight of methacrylonitrile, (3) from 40 to 60
      percent by weight of a vinylidene aromatic hydrocarbon monomer and (4)
      from 20 to 50 percent by weight of an alkyl ester of acrylic or
      methacrylic acid wherein the alkyl group contains from 1 to 8 carbon
      atoms, wherein the percent by weight referred to above is based on the
      total weight of the first polymerizable monomer mixture.
PAR  The nonconjugated diolefins employed in the practice of this invention are
      monomers which have two nonconjugated ethylenically unsaturated double
      bonds per molecule, such that at least one double bond reacts readily
      causing the diolefin to interpolymerize with the other monomers used in
      the first polymerizable monomer formulation. Preferably, these diolefins
      have two ethylenically unsaturated double bonds with a different degree of
      reactivity or having a crosslinking efficiency of less than one. These
      diolefins may be aliphatic, aromatic, aliphatic-aromatic, heterocyclic,
      cycloaliphatic, etc. Examples of suitable diolefins would include divinyl
      benzene, ethylene dimethacrylate, ethylene glycol dimethacrylate,
      triethylene glycol dimethylacrylate, tetraethylene glycol dimethacrylate,
      polyethylene glycol dimethacrylate, allyl methacrylate, diallyl fumarate,
      diallyl maleate, vinyl crotonate, and nonconjugated alpha, omega diolefins
      of at least 5 carbon atoms such as 1,4-pentadiene, 1,7-octadiene, etc.
      Ethylene glycol dimethacrylate is the preferred difunctional monomer.
PAR  The monovinylidene aromatic hydrocarbons which are used in the superstrate
      are the same as those discussed above with styrene and alpha-methylstyrene
      being preferred.
PAR  The alkyl esters of acrylic and methacrylic acids used in the first
      polymerizable monomer composition are those wherein the alkyl group
      contains from 1 to 8 carbon atoms, e.g., methyl, ethyl, propyl, butyl,
      2-ethylhexyl, etc. Examples of such esters include methyl acrylate, ethyl
      acrylate, butyl acrylate, methyl methacrylate, butyl methacrylate, 2-ethyl
      hexylmethacrylate, etc. The preferred ester is methyl methacrylate. A
      particularly preferred first polymerizable monomer composition contains
      (1) 0.1 to 2 percent by weight of ethylene glycol dimethacrylate; (2) 20
      to 30 percent by weight of acrylonitrile; (3) 40 to 60 percent by weight
      of styrene; and (4) 20 to 50 percent by weight of methyl methacrylate;
      wherein the percent by weight referred to above is based on the total
      weight of the first polymerizable monomer mixture.
PAR  The second polymerizable monomer composition contains from 55 to 85 percent
      by weight of an ethylenically unsaturated nitrile monomer selected from
      the group consisting of acrylonitrile and mixtures of acrylonitrile and
      methacrylonitrile which contains up to 20 percent by weight of
      methacrylonitrile based on the total weight of acrylonitrile and
      methacrylonitrile.
PAR  The second polymerizable monomer composition contains from 15 to 45 percent
      by weight of a monovinylidene aromatic hydrocarbon monomer of the type
      referred to above. Up to 10 percent of the monovinylidene aromatic
      hydrocarbon monomer can be replaced with a vinylidene monomer selected
      from the group consisting of alkyl vinyl ethers wherein the alkyl group
      contains from 1 to 4 carbon atoms, vinyl esters such as vinyl acetate and
      alkyl esters of acrylic and methacrylic acids wherein the alkyl groups
      contain from 1 to 8 carbon atoms.
PAR  The preferred monovinylidene aromatic hydrocarbons used in the second
      monomer composition are styrene and alpha-methylstyrene. The preferred
      vinylidene monomers, which are used to replace up to 10 percent by weight
      of the monovinylidene aromatic hydrocarbon, include methyl vinyl ether,
      ethyl vinyl ether, methyl acrylate, ethyl acrylate, butyl acrylate and the
      corresponding methacrylates, especially methyl methacrylates.
PAR  The grafted superstrate contains a total of at least 40 percent by weight
      ethylenically unsaturated nitrile monomer and the ratio of grafted
      superstrate to substrate is in the range of from 15-200:100.
PAR  The percent by weight referred to above in regard to the second monomer
      composition is based on the total weight of the monomers in the second
      monomer composition. The above specified refractive index range for the
      especially preferred butadiene styrene rubber substrate is required in
      order to have the refractive index of the rubber substrate in the same
      range as the refractive indices for the grafted superstrates and the high
      nitrile matrix in order to provide optimum optical properties. The above
      specified rubber particle size, gel contect, swelling index and second
      order transition temperature is required in order to provide optimum
      impact properties.
PAR  Preferably, the two stage grafted rubbers described above are blended with
      a matrix polymer which contains from 55 to 85 percent, preferably 60 to 70
      percent by weight, based on the total weight of the polymer, of an
      ethylenically unsaturated nitrile monomer selected from the group
      consisting of acrylonitrile and mixtures of acrylonitrile and
      methacrylonitrile which contain up to 20 percent by weight of
      methacrylonitrile based on the total weight of acrylonitrile and
      methacrylonitrile and from 15 to 45 percent of a monovinylidene aromatic
      hydrocarbon monomer of the type referred to above. Up to 10 percent of the
      monovinylidene aromatic hydrocarbon monomer can be replaced with a
      vinylidene monomer as outlined above.
PAR  Preferably, the composition of the matrix polymer is substantially the same
      as the composition of the second polymerizable monomer composition.
      Moreover, the refractive indices for the grafter rubber and the matrix
      should be closely matched in order to provide maximum optical properties.
PAR  The following examples are set forth in illustration of the present
      invention and are not to be construed as a limitation thereof. Unless
      otherwise indicated all parts and percentages are by weight.
PAC  EXAMPLES 1 to 3
PAR  In Examples 1 to 3 test specimens are molded from (1) a typical
      commercially available polymethylmethacrylate (PMMA) polymer; (2) a
      typical styrene-acrylonitrile (SAN) suspension made copolymer containing
      74 percent and 26 percent acrylonitrile; and (3) an acrylonitrile-styrene
      (AN/S) suspension made copolymer containing 63 percent acrylonitrile and
      37 percent styrene which represents the preferred copolymers used to
      prepare the exterior lenses of the present invention.
PAR  The test specimens are prepared by conventional injection molding
      techniques using a stock temperature of 450.degree.F. and an injection
      pressure of 1,200-1,400 psi. The physical and optical properties of the
      molded test specimens are evaluated and the results are listed in Table I
      below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     SUMMARY OF TEST RESULTS FOR SAMPLES 1 - 3                                 
                        S/AN AN/S Test                                         
     Property      PMMA 74/26                                                  
                             63/27                                             
                                  Method                                       
     __________________________________________________________________________
     Izod impact strength                                                      
      ft. lbs./in  0.4  0.4  0.6  ASTM D-256                                   
     Tensile strength at                                                       
      yield, PSI   9,700                                                       
                        9,800                                                  
                             11,700                                            
                                  ASTM D-638                                   
     Elongation at fail, %                                                     
                   4    3     25  ASTM D-638                                   
     Tensile Modulus,                                                          
      PSI .times. 10.sup..sup.-5                                               
                   4.5  5.0  6.0  ASTM D-638                                   
     Flexural strength,                                                        
      PSI          16,700                                                      
                        17,000                                                 
                             19,500                                            
                                  ASTM D-790                                   
     Flexural Modulus,                                                         
      PSI .times. 10.sup..sup.-5                                               
                   4.9  5.2  6.1  ASTM D-790                                   
     Rockwell Hardness R                                                       
                   121  --   124  ASTM D-785                                   
              M    100   89   98                                               
     Heat Dist. Temp.,                                                         
      .degree.F. at 264 PSI                                                    
                   203  198  212  ASTM D-648                                   
     Taber Scratch Re-                                                         
      sistance, gms.                                                           
                    86   44   60                                               
     Haze, % at 420 .mu.                                                       
                   1.0  2.0  2.0  ASTM D-1003                                  
     .DELTA. z-y yellowness after                                              
      1000 hr. UVA exposure                                                    
                   5     25  0                                                 
     Refractive index                                                          
                   1.489                                                       
                        1.569                                                  
                             1.544                                             
     __________________________________________________________________________
PAR  The above data indicate that, except for Taber Scratch resistance and haze,
      the samples molded from the AN/S (63/27) copolymer are superior to those
      samples molded from the PMMA conventionally used to make exterior
      automotive lenses. Moreover, the scratch resistance and haze level of the
      AN/S (63/27) copolymer of the present invention is within acceptable
      limits. The AN/S (63/27) copolymer is generally superior to the SAN
      (74/26) polymer tested.
PAC  EXAMPLE 4
PAR  This example illustrates a two stage graft polymerization reaction to
      prepare a rubber modified polymer which is then used to prepare exterior
      lenses according to the present invention.
PAR  A butadiene-styrene (70 percent butadiene-30 percent styrene) latex, which
      is further characterized as follows:
TBL  Solids              .about. 40 percent by weight                          
     pH                  8.5-8.8                                               
     Surface tension     68-72 dynes/cm                                        
     Average particle size                                                     
                         0.09 to 0.1 micron                                    
     Gel content         89 percent to 93 percent                              
     Swelling index      12 - 16                                               
     Refractive index n.sub.d.sup.25                                           
                         1.5375 - 1.5395                                       
     Tg                  &lt; -40.degree.C.                                       
PAL  is diluted to 20 percent rubber solids. One percent of sodium lauryl
      sulfate is added to the latex which is charged to a reactor and heated
      under nitrogen and with agitation to about 60.degree.C. An aqueous
      solution of 1.0 parts of sodium formaldehyde sulfoxylate and a small
      quantity of chelated iron is added before graft monomer addition. To this
      latex is continuously added over a one hour period a first monomer
      composition of 100 parts acrylonitrile, 200 parts styrene, 100 parts
      methyl methacrylate and 4 parts ethylene glycol dimethacrylate. During
      monomer addition, 1 part of potassium persulfate in aqueous solution is
      charged to the reactor. Stirring is continued during the addition of the
      first monomer composition and is continued for an additional period of one
      hour thereafter. Then, 0.8 part of sodium formaldehyde sulfoxylate and 0.8
      part of potassium persulfate in aqueous solution is added to the latex and
      a second monomer composition of 130 parts acrylonitrile, 70 parts styrene
      and 2 parts tert-dodecyl mercaptan is continuously added to the reactor
      over a one-half hour period. Towards the end of the second monomer
      composition addition, a solution of 11 parts sodium lauryl sulfate is
      charged to the reactor, and agitation and heating are continued for about
      30 minutes. The latex is then cooled to 25.degree.C. and 5 parts of a
      conventional antioxidant is added to the batch. The latex is then
      coagulated in a hot aqueous magnesium sulfate solution, the coagulum is
      filtered, washed with water and dried.
PAR  The graft copolymer prepared above is blended with a matrix copolymer of 63
      percent by weight acrylonitrile and 37 percent by weight styrene
      previously prepared by conventional suspension polymerization to provide
      blends with variations in the amount of rubber in the polyblend. The
      matrix copolymer has a specific viscosity (0.1 g/100 ml DMF) of 0.078 and
      a yellowness index of 35.5 and 1.5 percent haze.
PAR  The graft and matrix polymers are compounded by extrusion and test
      specimens are molded on a reciprocating screw injection molding machine at
      200.degree.C. barrel temperature.
PAR  Optical and impact properties are determined as outlined above. The
      properties of the test specimens are listed in Table II below.
PAC  EXAMPLE 5 (CONTROL)
PAR  For comparison a graft copolymer is prepared by a one step grafting
      procedure wherein the grafted superstrate is of substantially uniform
      composition throughout. In this test, the procedure of Example 4 is
      substantially repeated. However, to the 2,500 parts of rubber latex, a
      mixture of 390 parts acrylonitrile, 210 parts styrene and 6 parts
      tert.-dodecyl mercaptan is added continuously over a 90 minute period. The
      total amount of reducing agent and of persulfate used is the same as in
      Example 4. The latex is stirred at 60.degree.C. for one hour after monomer
      addition and the graft copolymer is recovered, processed and molded as in
      Example 4. The properties of the test specimens are listed in Table II
      below.
PAC  EXAMPLE 6 (CONTROL)
PAR  For comparison purposes a conventional commercially available ABS graft
      copolymer, having an acrylonitrile content of about 25 percent by weight,
      is obtained and tested. The properties of the test specimens are listed in
      Table II below.
TBL                                    TABLE II                                
     __________________________________________________________________________
     PROPERTIES OF POLYBLENDS                                                  
                           Example 5                                           
                                   Example 6                                   
               Example 4   (Control)                                           
                                   Control                                     
               Two Stage   Single Stage                                        
                                   Conventional                                
               Graft       Graft   ABS Graft                                   
     __________________________________________________________________________
     Percent graft co-                                                         
      polymer in blend                                                         
               0   26  33  26  33  33                                          
     Percent rubber in                                                         
      blend    0   10  15  10  15  15                                          
     Refractive index                                                          
               1.544       1.544   --                                          
     Izod impact                                                               
      Strength                                                                 
      (ft.-lbs./in)                                                            
               0.6 2.3 5.8  1.8                                                
                                3.7                                            
                                   4.5                                         
     Percent haze                                                              
               1.6 2.1 2.3 15.8                                                
                               20.1                                            
                                   opaque                                      
     __________________________________________________________________________
PAR  As can be seen from the results in Table II, the molded specimens prepared
      using graft copolymers prepared in a two stage grafting step provide
      significantly improved properties both in transparency, as shown by
      relatively low haze, color and in impact resistance.
PAC  EXAMPLE 7
PAR  This example illustrates the good processability and shorter molding cycles
      that are possible when manufacturing high nitrile lenses according to the
      teachings of the present invention. The nitrile polymer used is a
      copolymer of 63% by weight of acrylonitrile and 37% by weight of styrene
      (AN/S 63/37). This material is compared to a conventional PMMA material.
      The apparent viscosity and spiral flow of these materials was measured and
      found to be as follows:
TBL                        PMMA   AN/S                                         
     ______________________________________                                    
     Apparent Viscosity, Capillary                                             
      Rheometer (K poise, 450.degree.F.)                                       
     100                sec.sup..sup.-1                                        
                                 12.8     22.0                                 
     1000               sec.sup..sup.-1                                        
                                 3.1      4.7                                  
     Spiral Flow (cm)   450.degree.F.                                          
                                 18       10                                   
                        500.degree.F.                                          
                                 42       23                                   
     ______________________________________                                    
PAR  The AN/S and PMMA lens material referred to above are molded using several
      different molds in a Natco 450 ton injection molding machine. Molding
      conditions for the PMMA material are those currently used in commercial
      production. The conditions for the AN/S copolymer are chosen to give a
      minimum cycle consistent with good part quality. The molding conditions
      used are set forth below in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     SUMMARY OF NATCO MOLDING CONDITIONS                                       
                      PMMA      AN/S                                           
     ______________________________________                                    
     Barrel Temperature .degree.F.                                             
                        450/485/490 400 .fwdarw. 400                           
      (Front to Rear)                                                          
     Nozzle Temperature .degree.F.                                             
                        490         430                                        
     Injection Pressure - psi                                                  
                        1200        1500                                       
     Hold Pressure - psi                                                       
                        1000        1200                                       
     Screw Back Pressure - psi                                                 
                        200         200                                        
     Ram Bottoming Time - Seconds                                              
                        4           4                                          
     Inject High Pressure -                                                    
                        6           6                                          
      Seconds                                                                  
     Ram Forward Time - Seconds                                                
                         12          12                                        
     Clamp Closed - Time - Seconds                                             
                         50          25                                        
     Stock Temperature .degree.F.                                              
                        520         470                                        
     Mold Temperature .degree.F.                                               
                        120         120                                        
     ______________________________________                                    
PAR  Note in the above Table, the lower melt temperatures that can be used with
      the acrylonitrile-styrene copolymer. Also note that the Clamp Closed Time
      is only 25 seconds for the acrylonitrile-styrene copolymers as opposed to
      50 seconds for the PMMA. The lower melt temperatures allow shorter
      clamping times thereby providing shorter molding cycles when using the
      acrylonitrile polymer.
PAC  EXAMPLE 8
PAR  Further tests are carried out to show the faster mold set-up times which
      are obtained when using the nitrile polymers of the present invention.
      The polymers used in this example, which are tail light medium red in
      color, are the same as those used in Example 7 above.
PAR  The polymers are molded into 1/2 .times. 1/2 .times. 5 inches test
      specimens using various cycle times on an Arburg ERIII injection molding
      machine. The molding conditions used are set forth in Table IV below:
TBL                TABLE IV                                                    
     ______________________________________                                    
     SUMMARY OF ARBURG MOLDING CONDITIONS                                      
                     PMMA      AN/S                                            
     ______________________________________                                    
     Barrel Temperature .degree.F.                                             
                       450/450/450 425/425/425                                 
     Nozzle Set         48          48                                         
     Injection Rate    Max.        Max.                                        
     Mold Temperature .degree.F.                                               
                       110         110                                         
     Inj./Hold Pressure - psi                                                  
                       1200/500    1200/500                                    
     Stock Temperature .degree.F.                                              
                       460-470     440-450                                     
     Injection Rate - Seconds                                                  
                       1.5         1.5                                         
     Injection Hold - Seconds                                                  
                        10          10                                         
     Hold Time Total - Seconds                                                 
                       30 to 60    30 to 60                                    
     ______________________________________                                    
PAR  Immediately after ejection from the mold, the test specimens (10 samples
      for each molding time) are suspended by their ends between 2 metal bars 1
      inch high which are spaced 43/4 inches apart. The test specimens are
      allowed to cool for at least 30 minutes and then the deflection or sag of
      the test specimens between the metal bars is measured.
PAR  The deflection or sag results for the test specimens are summarized in
      Table V below:
TBL                TABLE V                                                     
     ______________________________________                                    
     SUMMARY OF DEFLECTION TESTS                                               
     Total Mold Holding Time                                                   
                      Average Bar Deflection (Mils)                            
     Seconds          PMMA        AN/S                                         
     ______________________________________                                    
     25               328         381                                          
     30               262         251                                          
     35               217         244                                          
     40               171         154                                          
     45               154          98                                          
     50               109          43                                          
     60                55          19                                          
     ______________________________________                                    
PAR  The above data indicate that the mold holding time for the
      acrylonitrile-styrene copolymer is considerably shorter for equal bar
      deflection. In other words, after 60 seconds mold holding time the PMMA
      material shows a deflection of 60 mils versus 30 mils for the
      acrylonitrile polymer. This is further indication of the shorter mold time
      and faster molding cycles that are possible when using the high nitrile
      polymers of the present invention.
PAC  EXAMPLE 9
PAR  The polymers used in Example 7 above are used to mold rectangular red tail
      light lenses, which are about 133/4 by 4 by 15/8 inches. The lenses are
      stabilized with a conventional benzotriazole U.V. light stabilizer.
PAR  The lenses are then subject to 6 months (April to October) exposure tests
      in Florida. The lenses prepared from the acrylonitrilestyrene copolymer
      are examined visually and found to show practically no surface
      deterioration. The PMMA lenses show a slight loss in surface gloss.
PAR  Visual observation of other lenses, which were painted, show that the high
      nitrile lenses of the present invention are far more resistant to the
      solvents used in paints and lacquers than are the PMMA lenses of the prior
      art. This solvent resistance provide another advantage in the event that
      the lenses come in contact with organic solvents, gasoline, cleaning
      agents, etc.
PAR  Also contemplated for use in the lenses of the present invention are dyes,
      pigments, antioxidants, U.V. stabilizers, fillers, plasticizers, etc.
PAR  It should be apparent from the foregoing that many variations in the size,
      shape and color of the lenses are possible within the scope of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for covering the light source in exterior lamps in vehicles
      which method comprises covering the lamp with a lens which is the
      polymerization product of (1) from 55 to 85 percent by weight of an
      ethylenically unsaturated nitrile monomer selected from the group
      consisting of acrylonitrile and mixtures of acrylonitrile and
      methacrylonitrile which contain up to 20 percent by weight of
      methacrylonitrile based on the total weight of acrylonitrile and
      methacrylonitrile; and (2) from 15 to 45 percent by weight of a
      monovinylidene aromatic hydrocarbon monomer which is copolymerizable with
      the nitrile monomer; and which further contains a rubber component having
      a refractive index which is substantially the same as the refractive index
      of the acrylonitrile polymer, wherein the rubber component comprises:
PA0  A. a butadiene-styrene rubbery substrate having a butadiene content of 68
      to 72 percent by weight and a styrene content of 28 to 32 percent by
      weight based on the total weight of the butadiene-styrene rubbery
      substrate which rubbery substrate is further characterized as having a
      refractive index in the range of from 1.5375 to 1.5475, a particle size in
      the range of from 0.06 to 0.2 micron, a gel content in the range of from
      40 to 95 percent, a swelling index in the range of from 10 to 40, and a
      second order transition temperature (Tg) less than -40.degree.C.; and
PA0  B. a superstrate grafted onto the rubbery substrate which superstrate
      comprises:
PA1  1. the polymerization product of a first polymerizable monomer composition
      comprising:
PA2  a. from 0.1 to 2 percent by weight of a nonconjugated diolefin monomer;
PA2  b. from 0 to 30 percent by weight of an ethylenically unsaturated nitrile
      monomer selected from the group consisting of acrylonitrile, and mixtures
      of acrylonitrile and methacrylonitrile which contain up to 20 percent by
      weight of methacrylonitrile;
PA2  c. from 40 to 60 percent by weight of a vinylidene aromatic hydrocarbon
      monomer; and
PA2  d. from 20 to 50 percent by weight of an alkyl ester of acrylic or
      methacrylic acid wherein the alkyl group contains from 1 to 8 carbon
      atoms, wherein the percent by weight is based on the total weight of the
      monomer in the first polymerizable monomer mixture; and
PA1  2. a second polymerizable monomer composition comprising from 55 to 85
      percent by weight of an ethylenically unsaturated nitrile monomer selected
      from the group consisting of acrylonitrile and mixtures of acrylonitrile
      and methacrylonitrile which contains up to 20 percent by weight of
      methacrylonitrile based on the total weight of acrylonitrile and
      methacrylonitrile and from 15 to 45 percent by weight of a monovinylidene
      aromatic hydrocarbon monomer wherein the percent by weight is based on the
      total weight of the monomers in the second polymerizable monomer mixture;
PAL  wherein the grafted superstrate contains a total of at least 40 percent by
      weight ethylenically unsaturated nitrile monomer and wherein the ratio of
      grafted superstrate to substrate is in the range of from 15-200:100,
      wherein the amount of rubber in the polymerization product calculated on
      the weight of the rubber prior to grafting, is in the range of from 10 to
      30 percent by weight.
NUM  2.
PAR  2. A method as in claim 1 wherein the nitrile monomer is acrylonitrile.
NUM  3.
PAR  3. A method as in claim 1 wherein the aromatic hydrocarbon monomer is
      styrene.
NUM  4.
PAR  4. A method as in claim 2 wherein the amount of acrylonitrile monomer in
      the polymer is in the range of from 60 to 70 percent by weight.
NUM  5.
PAR  5. A method as in claim 1 wherein the polymerization product contains up to
      10 percent of a termonomer.
NUM  6.
PAR  6. A method as in claim 1 wherein the vinylidene aromatic hydrocarbon
      monomer is replaced by methyl methacrylate.
NUM  7.
PAR  7. An exterior lamp for a vehicle comprising in combination, a light
      source, a housing for the light source and a lens to cover the light
      source wherein the lens comprises the polymerization product of (1) from
      55 to 85 percent by weight of an ethylenically unsaturated nitrile monomer
      selected from the group consisting of acrylonitrile and mixtures of
      acrylonitrile and methacrylonitrile based on the total weight of
      acrylonitrile and methacrylonitrile; and (2) from 15 to 45 percent by
      weight of a monovinylidene aromatic hydrocarbon monomer which is
      copolymerizable with the nitrile monomer; and which further contains a
      rubber component wherein the rubber component comprises:
PA0  A. a butadiene-styrene rubbery substrate having a butadiene content of 68
      to 72 percent by weight and a styrene content of 28 to 32 percent by
      weight based on the total weight of the butadiene-styrene rubbery
      substrate which rubbery substrate is further characterized as having a
      refractive index in the range of from 1.5375 to 1.5475, a particle size in
      the range of from 0.06 to 0.2 micron, a gel content in the range of from
      40 to 95 percent, a swelling index in the range of from 10 to 40, and a
      second order transition temperature (Tg) less than -40.degree.C.; and
PA0  B. a superstrate grafted onto the rubbery substrate which superstrate
      comprises:
PA1  1. the polymerization product of a first polymerizable monomer composition
      comprising:
PA2  a. from 0.1 to 2 percent by-weight of a nonconjugated diolefin monomer;
PA2  b. from 0 to 30 percent by weight of an ethylenically unsaturated nitrile
      monomer selected from the group consisting of acrylonitrile, and mixtures
      of acrylonitrile and methacrylonitrile which contain up to 20 percent by
      weight of methacrylonitrile;
PA2  c. from 40 to 60 percent by weight of a vinylidene aromatic hydrocarbon
      monomer; and
PA2  d. from 20 to 50 percent by weight of an alkyl ester of acrylic or
      methacrylic acid wherein the alkyl group contains from 1 to 8 carbon
      atoms, wherein the percent by weight is based on the total weight of the
      monomer in the first polymerizable monomer mixture; and
PAR  2. a second polymerizable monomer composition comprising from 55 to 85
      percent by weight of an ethylenically unsaturated nitrile monomer selected
      from the group consisting of acrylonitrile and mixtures of acrylonitrile
      and methacrylonitrile which contain up to 20 percent by weight of a
      methacrylonitrile based on the total weight of acrylonitrile and
      methacrylonitrile and from 15 to 45 percent by weight of a monovinylidene
      aromatic hydrocarbon monomer wherein the percent by weight is based on the
      total weight of the monomers in the second polymerizable monomer mixture;
PAL  wherein the grafted superstrate contains a total of at least 40 percent by
      weight ethylenically unsaturated nitrile monomer and wherein the ratio of
      grafted superstrate to substrate is in the range of from 15-200:100;
      wherein the amount of rubber in the polymerization product calculated on
      the weight of the rubber prior to grafting, is in the range of from 10 to
      30 percent by weight.
NUM  8.
PAR  8. An exterior lamp for a vehicle in claim 7 wherein the nitrile monomer is
      acrylonitrile.
NUM  9.
PAR  9. An exterior lamp for a vehicle as in claim 7 wherein the aromatic
      hydrocarbon monomer is styrene.
NUM  10.
PAR  10. An exterior lamp for a vehicle as in claim 8 wherein the amount of
      acrylonitrile monomer in the polymer is in the range of from 60 to 70
      percent by weight.
NUM  11.
PAR  11. An exterior lamp for a vehicle as in claim 7 wherein the polymerization
      product contains up to 10 percent of a termonomer.
NUM  12.
PAR  12. An exterior lamp for a vehicle as in claim 7 wherein the vinylidene
      aromatic hydrocarbon monomer is replaced by methyl methacrylate.
PATN
WKU  039392260
SRC  5
APN  4311957
APT  1
ART  127
APD  19740107
TTL  Phosphonomethyl compounds
ISD  19760217
NCL  31
ECL  1
EXP  Sutto; Anton H.
INVT
NAM  Scharf; Daniel J.
CTY  Cheektowaga
STA  NY
ASSG
NAM  Hooker Chemicals & Plastics Corporation
CTY  Niagara Falls
STA  NY
COD  02
CLAS
OCL  260932
XCL  260938
XCL  260944
XCL  2605025
XCL  106 15FP
EDF  2
ICL  C07F  9141
FSC  260
FSS  932;944;938
UREF
PNO  3763281
ISD  19731000
NAM  Weil
OCL  260932
LREP
FR2  Casella; Peter F.
FR2  Crossetta, Jr.; William J.
FR2  Cohen; Eric C.
ABST
PAL  Compounds of the formula:
      ##EQU1##
      wherein R' is selected from the group consisting of .sup.-OH, alkoxy and
      aryloxy; and R is selected from the group consisting of
      ##EQU2##
      wherein Z is .sup.-OH, alkyl, aryl, alkoxy and aryloxy, provided when R'
      is .sup.-OH,
      ##EQU3##
      are disclosed, having utility as metal ion sequestrants and flame
      retardant additives.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of complexing agents which combine with metal ions in solution to
      form soluble complexes (which agents are commonly referred to as
      sequestrants) is of great importance in many industrial processes inasmuch
      as it may prevent undesired precipitation reactions from occurring. For
      example, sequestration of calcium is important in water treatment and in
      laundry solutions for controlling hardness of the water. Sequestration of
      the heavy metals such as copper and nickel is essential in such areas as
      textile processing, metal cleaning and finishing. Not all sequestrants,
      however, are equally effective, their activity varying with their
      structures and the conditions under which they are used, for example, the
      common carboxylic acid sequestrants are often ineffective in preventing
      ferric ion precipitation from alkaline solutions of pH greater than 8.
PAR  The commercial utilization of water-soluble chelating compounds in
      agricultural applications to provide trace elements for plant growth is
      well known. Likewise, the treatment of plants suffering from chlorosis as
      a result of growth in alkaline soils devoid of sufficient assimilatable
      iron is known. Various chelating agents have been employed in the past to
      correct iron deficiencies in plants, the water solubility of chelated
      metal ions affords a primary route for potential assimilation into a plant
      structure.
PAR  Ethylenediaminetetraacetic acid (EDTA) has been employed in the past for
      treatment of iron deficiencies of citrus trees under acid conditions. The
      EDTA iron chelates are not stable in neutral and alkaline media. The
      development of sequestrants which may be employed in acid media as well as
      alkaline media is significant not only for agricultural applications, but
      for use in the detergent field, metal cleaning field, textile and dye
      industry and as stabilizers for organic and inorganic peroxides.
PAR  The use of sequestrants in sulfite baths for the electrodeposition of gold
      and gold alloys as additives for improving the performances and the
      operating conditions of said baths is also of high importance. In general,
      additives which will strongly limit, during electrolysis, the influence on
      the quality of the deposits of the variations of some operating factors,
      such as temperature, pH of the bath, current density, type and degree of
      agitation, etc., are desirable. It is well known in the art of
      electrodepositing gold and gold alloys from sulfite baths that the above
      operating factors normally have a strong influence on the nature and the
      properties of the coatings obtained. Thus, it is often necessary to
      accurately control some of said factors in order to obtain deposits having
      the properties required (color, ductility, gloss, etc.). Most often,
      relatively slight variations of current density result in the formation of
      foggy deposits, burns, pittings or color changes, particularly when
      depositing gold alloys. The introduction of the instant compounds into
      sulfite gold baths largely prevents these difficulties. In the presence of
      such additives, it is possible to vary operational factors between
      relatively wide limits without affecting the quality of the coatings and,
      in the case of gold alloys, without appreciably modifying the composition
      and the carat thereof. The principle of action of these additives is not
      known exactly; it is, however, possible that they may standardize the
      electrochemical properties of the various metals which are plated
      simultaneously, e.g., the electrodeposition potential and the distribution
      of ions in the cathode layer.
PAR  Further, many flame retarding agents and methods of application have been
      developed in attempts to obtain flame resistant textile materials and
      thermoplastic resin compositions.
PAR  Flame retardant textiles have been produced by depositing metal oxides,
      within or on the textile fibers, by the successive precipitation of ferric
      oxides and a mixture of tungstic acid and stannic oxide or by successive
      deposition of antimony trioxide and titanium dioxide. Such processes
      require plural treatment baths in which strongly acidic solutions are
      employed, thus posing the problem of possible textile degradation.
      Furthermore, metal oxide coatings on textile materials create difficulties
      in subsequent dyeing processes which deleteriously affect the hand of the
      finished product. Other processes involve the use of a single processing
      bath wherein a dispersion of chlorinated hydrocarbon and finely divided
      antimomy oxide is padded on the textile material. Near the textile
      combustion temperature, antimony oxide will react with hydrogen chloride,
      generated by degradation of the chlorinated hydrocarbon, to form antimony
      oxychloride which acts to suppress flame. This combination of a
      chlorinated hydrocarbon and finely divided antimony oxide are not
      acceptable finishes for closely woven textiles as they deleteriously
      affect the hand of the finished product. A further process for imparting
      flame resistance to cellulosic materials is by the esterification of the
      cellulose with diammonium hydrogen ortho-phosphate. Textile products so
      treated, however, are subject to metathesis reaction with cations during
      washing, and must be regenerated by reacting the wash product with an
      ammonium chloride solution.
PAR  The production of thermoplastic resin compositions which are flame
      retardant is of considerable commercial importance. For example, such
      articles as castings, moldings, foamed or laminated structures and the
      like are required, or are at least desired, to be resistant to fire and
      flame and to possess the ability to endure heat without deterioration. The
      use of various meterials incorporated into thermoplastic resins so as to
      improve the flame retardancy thereof has been known. Many compounds have
      been commercially available for such use, among them being chlorostyrene
      copolymers, chlorinated paraffin wax in admixture with triphenyl styrene,
      chlorinated paraffins and aliphatic anatimonical compounds, as well as
      antimony oxide-chlorinated hydrocarbon mixtures. A problem associated with
      these compounds has been, however, the fact that generally a large amount,
      i.e. upwards to 35% of additive, must be incorporated into the resin in
      order to make it sufficiently flame retardant. Such large amounts of
      additive may deleteriously affect the physical characteristics of the
      thermoplastic resin, as well as substantially complicating and increasing
      the cost of preparation thereof. A further problem is that these prior art
      additives tend to crystallize or oil out of the resin after a relatively
      short time of incorporation. The present invention relates to a group of
      compounds which may be added to thermoplastic resins in relatively small
      amounts and still produce satisfactory flame retardant compositions which
      will not crystallize nor oil out of the resin after incorporation therein.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, a principal object of this invention to provide novel
      compounds of the formula:
      ##EQU4##
      wherein R' is selected from the group consisting of .sup.-OH, alkoxy and
      aryloxy; and R is selected from the group consisting of:
      ##EQU5##
      wherein Z is .sup.-OH, alkyl, aryl, alkoxy and aryloxy; provided when R'
      is .sup.-OH,
      ##EQU6##
PAR  Another object is to provide a method for treating normally flammable
      cellulosic, proteinaceous or analogous man-made materials to render them
      flame retardant. Another object is to produce a flame retardant additive
      which chemically combines with the material being treated. Another object
      is to provide flame retarding thermoplastic resin compositions comprising
      normally flammable thermoplastic resin materials. A further object is to
      provide a process for treating normally flammable thermoplastic resin
      compositions to render them flame retardant. A particular object is to
      devise a composition comprising normally flammable cellulosic,
      proteinaceous or analogous man-made materials and an effective flame
      retardant amount of the compound represented by the formula:
      ##EQU7##
      wherein R and R' are as above described. Furthermore, in accordance with
      the instant invention, there is provided a process for squestering metal
      ions from aqueous solution by reacting the sequestrant mixture of this
      invention with metal ions. Also, this invention provides novel
      compositions of matter comprising the sequestered metal ion derivatives of
      the sequestrant mixtures of this invention. Still furthermore, an object
      of this invention is to provide an additive useful in improving the
      electrodeposition of precious metals in electrochemical deposition
      process.
PAR  These and other objects of the present invention will be obvious from the
      following description.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that certain compounds have unexpected utility as
      flame retardant additives and metal ion sequestrants. In accordance
      therewith, the instant invention relates to compounds of the formula:
      ##EQU8##
      wherein R' is selected from the group consisting of .sup.-OH, alkoxy,
      preferably of 1-6 carbon atoms, and aryloxy and R is selected from the
      group consisting of:
      ##EQU9##
      wherein Z is selected from the group consisting of .sup.-OH, alkyl and
      alkoxy, preferably of 1-6 carbon atoms, aryl and aryloxy, and their use as
      metal ion sequestrants and flame retardant additives.
PAR  Illustrative examples of compounds of the present invention include, for
      instance, compounds of the structure:
      ##EQU10##
PAR  The synthesis of the compounds of the instant invention may be accomplished
      by various processes. Compounds of the type:
      ##EQU11##
      wherein Z and R' are as previously described, may be prepared by reacting
      corresponding N-hydroxy methyl amides, N-hydroxy methyl sulfonamides and
      methylolated ureas of the formulae:
      ##EQU12##
      wherein Z is as previously described, providing it is not OH.sup.-, with a
      stoichiometric or excess amount of trialkyl phosphite in a suitable
      solvent, or neat, to form intermediate compounds of the formulae:
      ##EQU13##
      wherein R" is alkyl. Typically, the reaction occurs at elevated
      temperatures and is continued for about 1 to about 12 hours. Temperatures
      are generally from about 50.degree.C to about 160.degree.C. Preferably,
      the reaction is continued from about 3 to about 6 hours at a temperature
      of about 80.degree.C to about 120.degree.C. The solvent or other volatile
      matter is, thereafter, stripped or otherwise removed from the product.
      Suitable solvents include benzene, toluene, xylene, glymes, N-N-dimethyl
      formamide, and aliphatics or aromatic hydrocarbons. Alternately, the
      corresponding N-hydroxy methyl amide, N-hydroxy methyl sulfonamide and
      methylolated urea starting materials may be reacted with a phosphorus
      trihalide by the method of U.S. Pat. No. 2,304,156 to form the
      dihalogenated, phosphonate or diphosphonate intermediate. The dialkyl
      phosphonate or dihalogenated phosphonate intermediate may then be
      selectively hydrolyzed to provide the final compounds.
PAR  Typical compounds suitable as reactants herein include:
      ##EQU14##
PAR  The metal ions which may be sequestered by the composition of this
      invention are those cations having a valence of two or more, such as the
      ions of calcium, chromium, copper, nickel, tin, aluminum, cobalt,
      platinum, palladium, rhodium, iridium ruthenium, osmium, zirconium,
      hafnium, the rare earths such as gadolinium, europium, neodymium, the
      actinides such as uranium, and iron.
PAR  The compounds of this invention, when added to those solutions in which
      sequestration is desired, may be added as a solid or as a solution. If it
      is desired to add said compounds as a solution, the compound may be
      dissolved in water. From about 0.001 percent to about 50 percent
      concentration (by weight) may be used, though it is preferred to use from
      about 0.01 to about 5 percent concentration (by weight), and it is even
      more preferred to use from about 0.1 to about 3 percent concentration (by
      weight).
PAR  It is preferred to use said compounds as sequestrants in aqueous solutions.
      When said composition is added to the solution containing metal ions to be
      sequestered, the temperature of said solution may be from about 0.degree.
      to about 100.degree. centigrade, though it is preferred that said
      temperature be from about 20.degree. to about 70.degree. centigrade, and
      it is even more preferred that said solution be at ambient temperature.
PAR  The compounds of this invention are preferably used as additives in sulfite
      baths for the electrodeposition of gold and gold alloys. They can comprise
      one or more phosphorus atoms and the acid functions thereof can be free,
      esterified partially or completely. It has been found that in many cases
      the esters are as active or more active than the corresponding free acids
      when added to gold baths and this observation is very surprising and
      completely unexpected. Indeed, if, as it is generally supposed, the
      activity of the free acid additives is due to the affinity between the
      acid OH functions and the metal ions dissolved in the bath, it is
      difficult to understand how the ester functions which should be relatively
      inert can even be more active. It should also be noted that the carbonyl
      derivatives of the present organo-phosphorus compounds are particularly
      active.
PAR  The effective quantities of the compounds useful according to the invention
      can vary between wide limits. These quantities depend, naturally, on the
      chemical structure of the phosphorus compound considered, that is on the
      nature and the number of the functional groups and, presumably, on their
      orientation. In some cases, a few mg/l, e.g. 1 to 2 mg/l are sufficient;
      in other cases higher concentrations, e.g., of the order of 10 to 100 g/l
      or even up to the limit of solublity in the bath can be desirable and
      advantageous.
PAR  One or more of the novel compounds of this ivnention may be applied to
      textile materials by conventional finishing techniques such as by thermal
      induced pad curing so as to incorporate into the textile a flame retardant
      amount thereof. The compounds of this invention have advantages over the
      flame retardant agents of the prior art in that they may be used on a
      variety of textile materials of different chemical composition, and they
      may be applied by a variety of methods. They may be applied to materials
      in either the fiber or fabric form to give flame retarding materials with
      minimum detectable physical changes in the quality or hand of the textile
      material.
PAR  Products of this invention may be applied to cellulosic materials in
      several ways to give a durable flame retardant treatment. Aqueous mixtures
      of the products with formaldehyde, urea, trimethylol melamine or other
      known cellulose crosslinking gents may be applied to cellulose substrates
      with or without the aid of an acidic catalyst by a padding process. The
      cellulosic material may be immersed in an aqueous solution of the
      compounds, trimethylol melamine, and Zn(NO.sub.3).sub.2.6H.sub.2 O and
      squeezed on a two roll padder to 70-90% wet weight pick-up. The material
      is dried at 220.degree.-270.degree. for 1-3 minutes and cured at
      300.degree.-370.degree.F for 1-6 minutes in a circulating air oven. The
      samples are then washed in hot water and dried. The finished samples have
      a flame retardant add-on of about 5 to about 40% and preferably about 10
      to about 25% by weight.
PAR  The flame retardant agents of this invention may be applied to various
      textiles such as cellulosic materials, proteinaceous materials and blends
      of cellulosic or proteinaceous materials with analogous man-made fibers.
      By cellulosic materials, applicant intends to embrace cotton, rayon,
      paper, regenerated cellulose and cellulose derivatives which retain a
      cellulose backbone of at least one hydroxy substituent per repeating
      gluclose unit. By proteinaceous material applicant intends to embrace
      those textile materials comprising the functional groups of proteins such
      as the various animal wools, hairs and furs.
PAR  The flame retardant compounds or additives of the invention may be
      incorporated into resin compositions by known methods. That is, to say,
      the flame retardant additive may be added to the resin by milling the
      resin and the additive on, for example, a two-roll mill, or in a Banbury
      mixer, etc., or it may be added by molding or extruding the additive and
      resin simultaneously, or by blending it with the resin in powder form and
      thereafter forming the desired article. Additionally, the flame retardant
      may be added during the resin manufacture, i.e., during the polymerization
      procedure by which the resin is made, provided the catalysts, etc., and
      other ingredients of the polymerization system are inert thereto.
      Generally, the compounds of this invention may be incorporated into the
      thermoplastic resin in flame-retarding amounts.
PAR  It should be noted that it is also within the scope of the present
      invention to incorporate such ingredients as plasticizers, dyes, pigments,
      stabilizers, antioxidants, antistatic agents and the like into the novel
      composition.
PAR  ASTM Test D2863-70, used in accordance with the following examples,
      generally provides for the comparison of relative flammability of
      self-supporting plastics by measuring the minimum concentration of oxygen
      in a slowly rising mixture of oxygen and nitrogen that will support
      combustion. The procedure encompasses supporting cylindrical test
      specimens 70-200 .times. 8.0 mm. vertically in a glass tube fitted with
      controlled upward oxygen/nitrogen gas flow. The top of the specimen is
      ignited and oxygen flow is adjusted until it reaches that minimum rate at
      which the specimen is extinguished before burning 3 minutes or 50 mm.
      whichever happens first. The oxygen index(n) is then calculated as
      follows:
EQU  n,% = (100 .times. 0.sub.2)/O.sub.2 +N.sub.2)
PAL  wherein O.sub.2 is the volumetric flow of oxygen, at the minimal rate and
      N.sub.2 is the corresponding volumetric flow rate of nitrogen.
PAR  AATCC test method 34-1969, The Vertical Char Test, used in accordance with
      the following examples, generally provides for the comparison of relative
      flammability of 2 3/4 inch .times. 10 inch fabric test specimens when
      exposed to a controlled burner flame, under controlled conditions, for
      periods of 12.0 and 3.0 seconds. Charred specimens are thereafter
      subjected to controlled tearing tests, using tabulated weights, to
      determine the average tear length as representing the char length of the
      fabric. In addition, samples which are wholly consumed by the flame are
      rated (B) and samples which do not burn are rated (NB). For comparison
      purposes, it should be noted that untreated samples of the fabrics used in
      the examples of this case would be consumed by this test.
PAR  In all the examples of the application, the following general procedure was
      used except when otherwise specifically noted. Padding was done on a
      standard two roll laboratory padder at a gauge pressure of about 60 pounds
      per square inch in all cases. Drying and curing during processing were
      done with a standard laboratory textile circulating air oven. Washing and
      drying was done in a standard, home, top loading, automatic washer and
      dryer.
PAR  The following examples are set forth for purposes of illustration only and
      are not to be construed as limitations of the present invention except as
      set forth in the appended claims. All parts and percentages are by weight
      unless otherwise specfified.
DETD
PAC  EXAMPLE 1
PAR  Preparation of
      ##EQU15##
PAR  A solution of 1,3-bis(dimethylphosphonomethyl) urea (30.43, 0.1 mole) in
      200 ml of distilled water was placed in a 500 ml round-bottomed,
      three-necked flask, fitted with reflux condenser, thermometer,
      thermowatch, magnetic stirring bar and stirrer. The solution was adjusted
      to a pH of 1, with oxalic acid. 2H.sub.2 O, and maintained by heating at
      80.degree.C for 8 hours. Heating was discontinued and the flask contents
      stripped of water solvent in a rotary evaporator (60.degree.C at 20 mm
      Hg).
PAR  Purification:
PAR  The above residue was dissolved in 200 ml of methanol and the resultant
      solution treated with methanolic sodium hydroxide to a pH of 9, whereupon
      the tetrasodium salt of 1,3-bis(dihydrophosphonomethyl) urea separated as
      a grainy solid. The salt was filtered, washed with several portions of
      cold methanol, followed by dissolution in 200 ml of distilled water and
      treatment with 60 ml concentrated HCl (aqueous). The aqueous component was
      stripped exhaustively by a rotary evaporator (50.degree.C at 20 mm of Hg)
      and the residue dissolved in 200 ml of fresh methanol whereupon sodium
      chloride precipitated. The product was filtered, the methanol filtrate was
      stripped, and the residue dissolved in 100 ml of distilled water and
      subsequently stripped again to an amber oil. On standing, the oil
      solidified to a white waxy solid which analyzes as
      1,3-bis(dihydrophosphonomethyl) urea containing 2-3 molecular water units
      of hydration. Yield: 85%. Structural verification was made by NMR,
      infrared spectroscopic and combustion analyses.
PAC  EXAMPLE 2
PAR  Preparation of
      ##EQU16##
PAR  A solution of 1,3-bis(dimethylphosphonomethyl) urea (30.4 g, 0.1 mole) in
      200 ml of distilled water was placed in a 500 ml round-bottomed,
      three-necked flask equipped with thermometer, thermowatch and magnetic
      stirring bar and stirrer. Oxalic acid was added adjusting the pH to 1 (0.5
      gram), and the solution heated to 50.degree.C. The reaction was monitored
      through NMR analysis of stripped aliquots withdrawn at 30 minute
      intervals. Aftere 1.5 hours, hydrolysis was 50% complete (based on loss of
      methoxyl groups). Heat was removed, the flask contents stripped and the
      residue purified as described in Example 1 above. Twenty-eight grams of
      product carrying 2 molecular units of water was obtained representing a
      90% yield. Structural identification by NMR, infrared spectroscopic and
      combustion analysis confirmed the structure.
PAC  EXAMPLE 3
PAR  Preparation of
      ##EQU17##
PAR  A solution of 1,3-bis(diisopropylphosphonomethyl) urea (100 gram, 0.25
      mole) in 300 ml of distilled water was placed in a 1-liter round-bottomed,
      three-necked flask equipped with a reflux condenser, thermometer,
      thermowatch and a magnetic stirrer and stirring bar. The pH was adjusted
      to 1 with oxalic acid and heat was applied through a heating mantle and
      Variac. Reaction temperature was maintained at 80.degree.C for 3 hours at
      which time 50% hydrolysis was indicated (NMR was utilized to monitor
      reaction, aliquots withdrawn at 30 min. intervals). The external heat
      source was removed, the flask contents were stripped on a rotary
      evaporator and the residue was purified as described in Example 1.
      Seventy-five grams (75 g) of product containing 2 molecular units of water
      was obtained representing an 82% yield.
PAC  EXAMPLE 4
PAR  Preparation of
      ##EQU18##
PAR  A solution of N-(dimethylphosphonomethyl)-methanesulfonamide (50 gram) in
      300 ml of distilled water was treated with 1 ml of HCl (conc. aqueous) and
      refluxed in a 1 liter round-bottomed flask fitted with a reflux condenser,
      magnetic stirring bar and stirrer, and a heating mantle. NMR monitoring of
      aliquots withdrawn at 1-day intervals indicated 95% hydrolysis after 4
      days. The aqueous product was stripped at 50.degree.C and 20 mm of Hg on a
      rotary evaporator. The viscous residue was purified as in Example 1. A 75%
      yield of N-(dihydrophosphonomethyl) methanesulfonamide. 3H.sub.2 O was
      obtained. Structure identification by NMR, infrared spectroscopic analysis
      and combustion data confirmed the structure.
PAC  EXAMPLE 5
PAR  Preparation of
      ##EQU19##
PAR  A solution of N-(dimethylphosphonomethyl) acetamide (18.1 gram) in 200 ml
      of distilled water was placed in a 500 ml round-bottomed three-necked
      flask fitted with a reflux condenser, thermometer, thermowatch, magnetic
      stirring bar and stirrer and a heating mantle with Variac control. The
      flask contents were adjusted to a pH of 1 with oxalic acid and then
      maintained at 60.degree.C for 2 days. The aqueous product solution was
      stripped on a rotary evaporator and the residue subjected to the
      purification procedure described in Example 1. An 83% yield of
      N-(dihydrophosphonomethyl) acetamide containing 2-3 molecular units of
      water was realized. Structure verification by NMR and infrared
      spectroscopic analysis confirmed the structure.
PAC  EXAMPLE 6
PAR  Preparation of
      ##EQU20##
PAR  Using the reactants and procedure as described in Example 4, hydrolysis was
      taken to 50% completion, which required 48 hours reflux. The product was
      purified according to Exampple 1. Spectroscopic analysis, NMR and infrared
      confirmed the structural identity. A 92% yield of product, as the
      dihydrate, was obtained.
PAC  EXAMPLE 7
PAR  Preparation of
      ##EQU21##
PAR  Using the reactants and procedure as described in Example 5, a 16-hour
      heating at 60.degree.C gave a 50% hydrolysis product. The product was
      isolated and purified as described in Example 1. NMR and infrared
      spectroscopy were used in structure determination. Product containing 2-3
      molecular units of water was obtained in 86% yield.
PAC  EXAMPLE 8
PAR  Preparation of
      ##EQU22##
PAR  A suspension of 1,3-bis(dimethylphosphonomethyl) benzamide (20.1 gram, 0.1
      mole) in 200 ml of distilled water was placed in a 500 ml round-bottomed
      flask equipped with a reflux condenser, stirring bar with stirrer and
      heating mantle with Variac. Heat was applied, taking the flask contents to
      reflux. After 3 days, NMR analysis indicated 95% hydrolysis. The product
      solution was stripped and the residue purified according to the procedure
      described in Example 1. Spectroscopic analysis by NMR and infrared
      confirmed the structure of product.
PAC  EXAMPLE 9
PAR  Sequestering ability and efficiencies for the compounds contained in the
      invention were determined by titrimetric analysis of solutions containing
      Fe.sup.3.sup.+, Cu.sup.2.sup.+ and Ca.sup.2 : The following procedures
      were used in the determinations.
PAR  1. Fe.sup.3.sup.+
PAR  0.5 molar FeCl.sub.3 solution was titrated drop-wise into 50 grams of a
      stirred solution of a given pH containing 0.5 gram of sequestrant.
      Titration was continued along with simultaneous pH adjustment until a
      perceptible, permanent haze existed in the solution (end point). The
      observation of haze is facilitated by passing a light beam through the
      solution.
PAR  Sequestering ability in terms of number of pounds of Fe.sup.3.sup.+
      sequestered per 100 pounds of sequestering agent was calculated by
      multiplying the sequestering efficiency (S.E.) by a factor of 7.1.
PAR  2. Cu.sup.2.sup.+
PAR  A 0.5 molar CuCl.sub.2 solution was titrated drop-wise into 100 grams of a
      stirred solution at a given pH containing 50 milligrams of potential
      sequestrant (0.05%). Titration was continued with pH adjustment, until a
      perceptible, permanent haze prevailed in solution.
PAR  Sequestering ability in number of pounds of Cu.sup.2.sup.+ sequestered per
      100 pounds of sequestering agent was calculated by multiplying the
      sequestering efficiency (S.E.) by a factor of 22.0.
PAR  3. Ca.sup.2.sup.+
PAR  A 0.05 molar CaCl.sub.2 solution was titrated drop-wise into 100 grams of a
      stirred solution at a given pH containing 50 milligrams of sequestrant
      (0.05%), along with 100 milligrams of sodium carbonate (0.1%) to act as an
      end-point detector. Titration, with pH adjustment, was continued until a
      perceptible, permanent haze existed in solution.
PAR  Sequestering ability in number of pounds of Ca.sup.2.sup.+ sequestered per
      100 pounds of sequestering agent was calculated by multiplying the
      sequestering efficiency (S.E.) by a factor of 10.1.
PAR  Results of representative compounds and their sequestering activity are
      tabulated in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Sequestering Efficiencies                                                 
     __________________________________________________________________________
                 Fe.sup.3.sup.+   Cu.sup.2.sup.+   Ca.sup.2.sup.+              
     Compound    pH 4                                                          
                    pH 6                                                       
                       pH 8                                                    
                          pH 10                                                
                              pH 12                                            
                                  pH 4                                         
                                     pH 6                                      
                                        pH 8                                   
                                           pH 10                               
                                               pH 12                           
                                                   pH 4                        
                                                      pH 6                     
                                                         pH 8                  
                                                            pH                 
                                                                pH             
     __________________________________________________________________________
                                                                12             
     1,3-bis(dihydrophos-                                                      
                 .04                                                           
                    .08                                                        
                       .10                                                     
                          .50 .04 14+                                          
                                     .80                                       
                                        .20                                    
                                           .10 .07 19+                         
                                                      19+                      
                                                         19+                   
                                                            3.4 2.1            
     phonomethyl) urea                                                         
     OOO                                                                       
     HO.parallel..parallel..parallel.OCH.sub.3                                 
     .angle.PCH.sub.2 NHCNHCH.sub.2 P.angle.                                   
     HOOCH.sub.3                                                               
     +           .06                                                           
                    .08                                                        
                       .10                                                     
                          .42 .08 6+ 1.0                                       
                                        .40                                    
                                           .32 .25 12+                         
                                                      12+                      
                                                         12+                   
                                                            3.9 1.82           
     OOO                                                                       
     HO.parallel..parallel..parallel.OCH.sub.3                                 
     .angle.PCH.sub.2 NHCNHCH.sub.2 P.angle.                                   
     CH.sub.3 OOH                                                              
     CH.sub.3                                                                  
     OOOO--CH.angle.                                                           
     HO.parallel..parallel..parallel.                                          
     .angle.PCH.sub.2 NHCNHCH.sub.2 P.angle.CH.sub.3                           
     HOCH.sub.3                                                                
     O--CH.angle.                                                              
     CH.sub.3                                                                  
     +           .08                                                           
                    .12                                                        
                       .12                                                     
                          .83 .24 6+ 1.01                                      
                                        .51                                    
                                           .51 .51 12+                         
                                                      12+                      
                                                         8+ 4.05               
                                                                1.51           
     OOOCH.sub.3                                                               
     HO.parallel..parallel..parallel.O--CH.angle.                              
     CH.sub.3 .angle.PCH.sub.2 NHCNHCH.sub.2 P.angle.CH.sub.3                  
     .angle.CH--OOH                                                            
     CH.sub.3                                                                  
     N-(dihydrophosphono-                                                      
     methyl) methanesulfon-                                                    
     amide       .80                                                           
                    .60                                                        
                       .30                                                     
                          .08 .08 14+                                          
                                     1.1                                       
                                        .50                                    
                                           .20 .10 19+                         
                                                      19+                      
                                                         19+                   
                                                            2.8 1.3            
     N-(dihydrophosphono-                                                      
     methyl) acetamide                                                         
                 .63                                                           
                    .51                                                        
                       .47                                                     
                          .39 .16 3+ 0.98                                      
                                        .64                                    
                                           .53 .22 12+                         
                                                      12+                      
                                                         12+                   
                                                            1.39               
                                                                .01            
     __________________________________________________________________________
PAC  EXAMPLE 10
PAR  A padding solution was prepared containing 50 parts of
      1,3-bis(dihydrophosphonomethyl) urea, 49.5 parts water, and 0.5 part
      Triton X-100 wetting agent.
PAR  5.0 oz. per sq. yard cotton sheeting was then padded through the solution
      and squeezed to about 95% wet pick-up on a two roll laboratory padder at
      60 lb./in..sup.2 gauge pressure. The sheeting was then dried for about 2.5
      minutes at about 200.degree.F. and cured for about 2 minutes at about
      360.degree.F in a circulating air oven. The sheeting was then scoured in
      an automatic washer with 10 g. of Tide detergent, 50 g. of soda ash, 50 g.
      of sodium perborate and water (13 gal.), tumbled dry, decreasing the
      weight add-on to about 18.5%. The thus treated sheeting was subjected to
      AATCC Test 34-1969 and had a char length of 2.125 inches. The oxygen index
      of the treated sheeting was 32. The treated sheeting was subjected to 10
      home washes with 50 gr. of Tide and 1/2 cup of Calgon water softener in
      each. The thus washed, treated sheeting had a char length of 11/4  inches
      when subjected to the AATCC Test 34-1969 and an oxygen index of 32 when
      subjected to the oxygen index test.
PAC  EXAMPLE 11
PAR  58 parts of partially hydrolyzed 1,3-bis(diisopropyl phosphonomethyl) urea
      was made into a pad solution with 41.5 parts water and 0.5 parts Triton
      X-100 wetting agent.
PAR  5.0 oz. per sq. yard cotton sheeting was then padded through the solution
      and squeezed to about 94.7% wet pick-up on a two roll laboratory padder.
      After drying at about 200.degree.F for about 2 1/2 minutes, the sheeting
      was cured at about 360.degree.F for about 5 minutes. The thus treated
      sheet was scoured and dried as described in Example 10, the treated
      sheeting showed a decrease of weight add-on to 13.5%, and an oxygen index
      of 30. Untreated cotton sheeting had an oxygen index of 20.
PAC  EXAMPLE 12
PAR  50 parts of N-(dihydrophosphonomethyl) acetamide was mixed with 49.9 parts
      water and 0.1 part Triton X-100 into a pad solution.
PAR  5.0 oz. per sq. yard cotton sheeting was padded through the solution and
      squeezed to about 90% wet pick-up on the two roll laboratory padder. After
      drying at about 200.degree.F for about 2.5% minutes and curing at about
      360.degree.F for about 2 minutes, the treated sheeting was scoured and
      dried as described in Example 10, showing a 14.7% weight add-on after
      drying. When tested by the AATCC Test 34-1969 method, the char length was
      1.75 inches. The oxygen index of the treated sheeting was 32.
PAC  EXAMPLE 13
PAR  A solution containing 40 parts N-(dihydrophosphonomethyl) methane
      sulfonamide, 59.9 parts water, and 0.1 parts Triton X-100 wetting agent
      was prepared.
PAR  5.0 oz. per sq. yard cotton sheeting was padded through the solution and
      showed a wet pick-up of about 92.0% after being squeezed through the
      two-roll laboratory padder at 60 lbs./in.sup.2 gauge pressure. The wet
      padded sheeting was dried at about 200.degree.F for about 2.5 minutes,
      cured at 360.degree.F for about 3 minutes, scoured and dried as described
      in Example 10. The thus treated sheeting showed a weight add-on of about
      13.8%, a char length of 2.25 inches when tested by the AATCC Test 34-1969
      method, and an oxygen index of 32.
PAC  EXAMPLE 14
PAR  40.8 parts of partially hydrolyzed, 1,3-bis(dimethylphosphonomethyl) urea
      was mixed with 58.7 parts water and 0.5 parts Triton X-100 wetting agent.
PAR  5.0 oz. per sq. yard cotton sheeting was padded through the solution and
      squeezed to about 94.9% wet pick-up on the two roll laboratory padder at
      60 lb./in.sup.2 gauge pressure. The sheeting was then dried for about 2.5
      minutes at about 200.degree.F and cured 10 minutes at about 320.degree.F
      in a circulating air oven. The treated sheeting was then scoured in an
      automatic washer by the method of Example 10, dried and showed a weight
      add-on of 11.5%. The treated sheeting had a char length of 11/4 inches
      when tested by the AATCC Test 34-1969 and an oxygen index of 32.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU23##
      wherein R.sup.1 is selected from the group consisting of .sup.+OH, alkoxy
      of 1-6 carbon atoms and aryloxy and R is selected from the group
      consisting of
      ##EQU24##
      wherein Z is .sup.+OH, alkyl from 1-6 carbon atoms aryl, alkoxy from 1-6
      carbon atoms and aryloxy, provided that at least one R.sup.1 is selected
      from the group consisting of alkoxy of 1-6 carbon atoms or aryloxy.
NUM  2.
PAR  2. The compound of claim 1 wherein R is
      ##EQU25##
NUM  3.
PAR  3. The compound of claim 1 of the formula
      ##EQU26##
NUM  4.
PAR  4. The compound of claim 1 of the formula
      ##EQU27##
NUM  5.
PAR  5. The compound of claim 1 of the formula
      ##EQU28##
NUM  6.
PAR  6. The compounds of claim 1 of the formula
      ##EQU29##
NUM  7.
PAR  7. The compound of claim 1 of the formula
      ##EQU30##
NUM  8.
PAR  8. The compound of claim 1 of the formula
      ##EQU31##
NUM  9.
PAR  9. The compound of claim 1 of the formula
      ##EQU32##
NUM  10.
PAR  10. The compound of claim 1 of the formula
      ##EQU33##
NUM  11.
PAR  11. The compound of claim 1 of the formula
      ##EQU34##
NUM  12.
PAR  12. The compound of claim 1 of the formula
      ##EQU35##
      wherein X = OH, Br, Cl.
NUM  13.
PAR  13. The compound of claim 1 of the formula
      ##EQU36##
      Wherein X = Br, Cl.
NUM  14.
PAR  14. The compound of claim 1 of the formula
      ##EQU37##
NUM  15.
PAR  15. The compound of claim 1 of the formula
      ##EQU38##
NUM  16.
PAR  16. The compound of claim 1 of the formula
      ##EQU39##
NUM  17.
PAR  17. The compound of claim 1 of the formula
      ##EQU40##
NUM  18.
PAR  18. The compound of claim 1 of the formula
      ##EQU41##
NUM  19.
PAR  19. The compound of claim 1 of the formula
      ##EQU42##
      wherein x= Br, Cl
NUM  20.
PAR  20. A compound of the formula
      ##EQU43##
      wherein R is selected from the group consisting of
      ##EQU44##
      and Z is selected from the group consisting of .sup.-OH, alkyl from 1-6
      carbon atoms aryl, alkoxy from 1-6 carbon atoms and aryloxy; and R.sup.1
      is selected from the group consisting of .sup.-OH alkoxy of 1-6 carbon
      atoms and aryloxy.
NUM  21.
PAR  21. The compound of claim 20 wherein said alkoxy is from 1-6 carbon atoms.
NUM  22.
PAR  22. The compound of claim 20 wherein R is ZSO.sub.2.
NUM  23.
PAR  23. The compound of claim 20 wherein R is
      ##EQU45##
NUM  24.
PAR  24. The compound of claim 23 wherein at least one R' is a halogenated
      aryloxy moiety.
NUM  25.
PAR  25. The compound of claim 23 wherein at least one R' is an alkoxy moiety of
      1-6 carbon atoms.
NUM  26.
PAR  26. The compound of claim 20 of the formula
      ##EQU46##
NUM  27.
PAR  27. The compound of claim 20 of the formula
      ##EQU47##
NUM  28.
PAR  28. The compound of claim 20 of the formula
      ##EQU48##
NUM  29.
PAR  29. The compound of the claim 20 of the formula
      ##EQU49##
NUM  30.
PAR  30. The compound of claim 20 of the formula
      ##EQU50##
NUM  31.
PAR  31. The compound of claim 20 of the formula
      ##EQU51##
PATN
WKU  039392279
SRC  5
APN  4925629
APT  1
ART  127
APD  19740729
TTL  Bis(hydroxy and halo alkyl) alkyl or aryl phosphonates
ISD  19760217
NCL  6
ECL  1
EXP  Sutto; Anton H.
INVT
NAM  Altscher; Siegfried
CTY  Monsey
STA  NY
INVT
NAM  Goswami; Jagadish C.
CTY  New City
STA  NY
ASSG
NAM  Stauffer Chemical Company
CTY  Westport
STA  CT
COD  02
CLAS
OCL  260953
XCL  260  25AR
XCL  260977
EDF  2
ICL  C07F  940
ICL  C08J  900
FSC  260
FSS  953
UREF
PNO  2795609
ISD  19570600
NAM  Jensen et al.
XCL  260953
UREF
PNO  2938877
ISD  19600500
NAM  Mack et al.
XCL  260953
ABST
PAL  Reaction of halides of alkyl and aryl phosphonic acids of the formula
      RP(O)X.sub.2, where R is an C.sub.1 -C.sub.20 alkyl or aryl, e.g., phenyl,
      group or a halo- substituted C.sub.1 -C.sub.20 alkyl group or aryl group,
      e.g., phenyl, and an epoxy group containing alcohol of the formula
      ##EQU1##
      where n is an integer from 1 to 8, e.g., glycidol, give a compound having
      the formula
      ##EQU2##
      where R and n are as defined above which can be used as a flame retardant
      in polyurethane foams.
BSUM
PAC  TECHNICAL DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a diol containing both phosphorus and
      halogen and a process for forming said diol. The diol can be incorporated
      in a polyurethane foam formulation to confer flame retardancy on the
      polyurethane foam formed therefrom.
PAR  The diols of the present invention have the formula
      ##EQU3##
      where X is halogen, e.g., chlorine, bromine or iodine and R is C.sub.1
      -C.sub.20 alkyl, aryl, e.g., phenyl, or halo-substituted C.sub.1 -C.sub.20
      alkyl or aryl. This compound is formed by the reaction of halides of alkyl
      or aryl phosphonic acids having the formula RP(O)X.sub. 2, where R and X
      are as defined above, with an epoxy group containing alcohol of the
      formula
      ##EQU4##
      where n is an integer from 1 to 8, such as glycidol. The molar ratio of
      such reactants is preferably 1:1 to 1:4, most preferably about 1:2. The
      reaction is best carried out in an inert chlorinated hydrocarbon solvent,
      such as methylene chloride, ethylene chloride and carbon tetrachloride,
      which will not react with the alkyl or aryl phosphonic dichloride. The
      phosphonic dihalide should be added to the solvent and alcohol by means of
      a controlled rate of addition, preferably dropwise at a temperature of
      below about 40.degree.C. The time of addition should be between about 1
      hour and 6 hours, most preferably about 3 hours. The reaction should be
      carried out under an inert atmosphere, e.g., nitrogen. The reaction
      mixture can be heated, e.g., to about 40.degree.C.-80.degree.C., after the
      addition has been performed to complete the reaction.
PAR  The product is a diol which can be readily dispersed in conventional
      polyols, e.g. polyether polyols, and which can be used in the fabrication
      of polyurethane foams. Persons of ordinary skill in the art are well able
      to devise suitable polyurethane foam formulations for use with the
      invention. Descriptions of the various reactants for such foam
      formulations are found in the following publications which are
      incorporated herein by reference: Kirk-Othmer Encyclopedia of Chemical
      Technology, "Foamed Plastics", Vol. 9, pp. 853-854 (1966), Saunders et
      al., Polyurethanes, Chemistry and Technology, Vols. I & II, Interscience
      Publishers (1963) and A. Cooper, Plastics Inst. (London) Trans. J., Vol.
      29, p. 39 (1961). The product can be admixed with other components of the
      foam as well. When the product is blended, for example, with about 1/3 of
      its own weight of haloalkyl esters of phosphonic acid, e.g.,
      tris(dibromopropyl phosphate), it produces a flame retardant foam having
      about 0.9-1% phosphorus, about 2.7% chloride and about 1.9% bromine.
PAR  The following Examples further illustrate the present invention:
DETD
PAC  EXAMPLE I
PAR  Into a 3-neck 500 ml. flask fitted with a stirrer condenser, funnel and a
      thermometer was charged the following materials:
TBL  Methylene Chloride                                                        
                       100g                                                    
     Glycidol          80g                                                     
PAR  The thus charged flask was first cooled in an ice-bath (to approximately
      3.degree.C.) and then 90.3g. of chloromethyl phosphonic dichloride was
      added dropwise from the funnel keeping the reaction temperature below
      40.degree.C. The addition took approximately 3 hours. The reaction
      (including the addition of chloromethyl phosphonic dichloride) was carried
      out under an atmosphere of dry nitrogen gas. After the addition was
      complete, the reaction temperature was raised (by heating the flask in an
      oil bath) to 60.degree.C. and the reaction was continued at this
      temperature for an additional hour. After the reaction was over, methylene
      chloride solvent was removed by applying vacuum, first at room
      temperature, followed by heating to 60.degree.C. The product (152g) was a
      highly viscous material which could be readily dispersed in polyether
      polyol. The phosphorus and chlorine contents of the product are expected
      to be approximately 9.8% and 33%, respectively.
PAC  EXAMPLE II
PAR  This Example illustrates the preparation of a flame-retarding polyurethane
      foam from the reaction product (at 15 parts level) in conjunction with a
      haloalkyl ester of phosphoric acid flame retardant (5 parts level). The
      foam prepared from this combined 20 parts of flame-retarding
      additives/100g. of polyol passed the initial flammability (ASTM D-1692) as
      well as the dry heat aging (ASTM D-1564) tests. The formulation with this
      mixed additive is as follows:
TBL  Thanol F-3002 polyol    100.0g                                            
     Reaction Product        15.0g                                             
     Tris(dibromopropyl)                                                       
      phosphate              5.0g                                              
     Triethylamine           0.2g                                              
     L-540 Silicon Surfactant                                                  
                             0.8g                                              
     H.sub.2 O               4.0g                                              
     N-ethylmorpholine       1.2g                                              
     A-1 catalyst            1.0g                                              
     Stannous Octoate (50% in                                                  
      dioctyl phthalate)     1.6g                                              
     Toluene diisocyanate    56.0g                                             
     Foam Characteristics                                                      
     Foam rise and gelling good.                                               
     Density: Approximately 2 lbs/ft.sup.3                                     
     Initial Flammability (ASTM D-1692):                                       
                            Foam is                                            
                            self-extinguishing                                 
     Average Extinguishment Time (T.sub.SE)                                    
                            42 seconds                                         
     Average Distance Burnt 2.1 inches                                         
     Burning Rate           3 inches/minute                                    
     Dry Heat Aging Test (ASTM D-1564):                                        
                            Foam is                                            
                            self-extinguishing                                 
     Average Extinguishment Time (T.sub.SE)                                    
                            43 seconds                                         
     Average Distance Burnt 2.2 inches                                         
     Burning Rate           3.1 inches/minute                                  
CLMS
STM  What is claimed:
NUM  1.
PAR  1. Compounds of the formula
      ##EQU5##
      where n is an integer from 1 to 8, R is selected from the group consisting
      of C.sub.1 -C.sub.20 alkyl, phenyl and halo- substituted C.sub.1 -C.sub.20
      alkyl and phenyl and X is halogen.
NUM  2.
PAR  2. Compounds as set forth in claim 1 wherein R is --CH.sub.2 Cl.
NUM  3.
PAR  3. Compounds as claimed in claim 1 wherein X is selected from the group
      consisting of chlorine, bromine and iodine.
NUM  4.
PAR  4. Compounds as claimed in claim 1 wherein R is a C.sub.1 -C.sub.20 alkyl
      group.
NUM  5.
PAR  5. Compounds as claimed in claim 1 wherein R is a phenyl group.
NUM  6.
PAR  6. Compounds as claimed in claim 1 wherein R is a halosubstituted C.sub.1
      -C.sub.20 alkyl group.
PATN
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SRC  5
APN  3478335
APT  1
ART  127
APD  19730404
TTL  Process for producing phosphazene compound
ISD  19760217
NCL  8
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EXP  Sutto; Anton H.
INVT
NAM  Kao; James T. F.
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STA  LA
ASSG
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CTY  Richmond
STA  VA
COD  02
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XCL  260927N
EDF  2
ICL  C07F  915
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UREF
PNO  2971974
ISD  19610200
NAM  Blair
XCL  260973
UREF
PNO  3005001
ISD  19611000
NAM  Senkbeil
XCL  260973
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PNO  3206494
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NAM  Lund et al.
XCL  260973
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NAM  Bilger
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LREP
FR2  Johnson; Donald L.
FR2  Sieberth; John F.
FR2  Pelton; James M.
ABST
PAL  A process for manufacture of phosphazene compounds in a liquid aliphatic
      hydrocarbon reaction medium providing process advantages by reacting
      therein an alkali metal alkoxide, phenoxide or thiol derivative with a
      phosphonitrilic halide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to processes for producing phosphazene compounds,
      particularly alkoxy and aryloxy substituted phosphazene compounds. Also
      the mercapto analog of these alkoxy and aryloxy phosphazene compounds are
      included. Recent interest has developed in such phosphazene compounds for
      use in high temperature materials, polymers and flame retardants.
PAR  In general, processes for producing alkoxy, aryloxy and
      mercapto-substituted phosphazene compounds are known. For example, the
      reaction of a halophosphazene or phosphonitrilic halide with alcohols or
      thiols is known and described at considerable length in Allcock,
      Phosphorus-Nitrogen Compounds, Academic Press, New York, 1972. According
      to Allcock, the reaction medium has a great influence on the reaction,
      affecting such variables as time of reaction, type of product produced,
      and purity of the product. Various solvents are known as reaction media
      for the substitution reactions for alcohols and thiols on phosphazene
      compounds. Typical of these are diethyl ether, tetrahydrofuran, dioxane,
      benzene, toluene, xylene, dimethylformamide, fluorocarbon-t-butylamine,
      pyridine and excess amounts of the alcohol or thiol used as a reagent.
      Unfortunately, many of these solvents provide problems in commercial
      processes because of emulsion formation on subsequent water-washing of the
      substituted phosphazene product. This causes problems in overall yield
      through loss of product and problems of solvent recovery which are
      unacceptable in commercial processes.
PAR  Also in such substitution reactions, the solvent used in the production of
      the phosphonitrilic halide itself may be present, which is different from
      the desired solvent useful in the substitution reaction. Thus, a mixed
      solvent system may result in the substitution reaction. This additional
      solvent must be removed and a further solvent removal step is required.
      Mixed solvent systems present difficult problems of solvent separation
      from product and solvent recovery. Solvents used in the production of
      phosphonitrilic chloride are symmetrical tetrachloroethane,
      monochlorobenzene, dichlorobenzene, nitrobenzene and the like. Thus, these
      solvents must be completely separated from the phosphonitrilic halide
      produced, resulting in extra process costs and capital investment, or they
      are used with the phosphonitrilic halide in the substitution reaction,
      causing difficult separation problems which also increase process costs
      and capital investment.
PAR  The process of the present invention uses a reaction medium which does not
      adversely affect yield. It does not require separation of the solvent used
      in preparing the starting phosphonitrilic halide. Further, the reaction
      medium can be easily separated from the product and other solvents. These
      features of the invention provide definite processing advantages for the
      production of phosphazene compounds.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention phosphazene compounds are prepared by a process
      of reacting an alkali metal alkoxide or phenoxide with a phosphonitrilic
      halide in a reaction medium comprising a liquid aliphatic hydrocarbon. A
      preferred reaction medium comprises a paraffinic hydrocarbon. A more
      preferred reaction medium consists essentially of a liquid mixture of a
      liquid aliphatic hydrocarbon and an inert halohydrocarbon solvent.
PAR  In a preferred embodiment of the process of this invention, phosphazene
      compounds are manufactured by a process of reacting an alkali metal and an
      alcohol or phenol reactant in a liquid saturated aliphatic hydrocarbon,
      producing a slurry of the alkoxide or phenoxide in the hydrocarbon and
      then reacting a phosphonitrilic halide with the alkoxide or phenoxide in a
      reaction medium comprising the liquid aliphatic hydrocarbon.
PAR  In another preferred embodiment of the process of this invention,
      phosphazene compounds are manufactured by reacting an alkali metal or
      phenoxide provided in a liquid aliphatic hydrocarbon reaction medium with
      a phosphonitrilic halide provided in an aromatic halohydrocarbon reaction
      medium.
PAR  In a still further preferred embodiment of the process of this invention,
      phosphazene compounds are manufactured by a process of
PA1  a. forming a slurry of an alkali metal alkoxide or phenoxide by reacting an
      alkali metal with an alcohol or phenol reactant in a liquid paraffinic
      hydrocarbon reaction medium;
PA1  b. forming a solution of a phosphonitrilic halide by reacting ammonia or
      ammonium halide with a phosphorus halide in an inert liquid diluent which
      is different from the liquid paraffinic hydrocarbon in step (a) above;
PA1  c. inter-mixing the slurry of (a) and the solution of (b) whereby a
      phosphazene product and an alkali metal halide by-product are formed in a
      reaction mixture which comprises the liquid paraffinic hydrocarbon and the
      inert liquid diluent;
PA1  d. separating the alkali metal halide by-product from the reaction mixture;
PA1  e. separating the reaction mixture from the phosphazene product; and
PA1  f. separating the reaction mixture into the liquid paraffinic hydrocarbon
      for recycle to (a) and the inert liquid diluent for recycle to (b).
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the process of this invention there is reacted a
      phosphonitrilic halide with an alkali metal alkoxide or phenoxide or thiol
      derivative thereof in an aliphatic hydrocarbon reaction medium. The
      phosphonitrile halide used as a starting material according to this
      process can be any suitable halide, for example, fluoride, chloride,
      bromide or mixed halide, with the chloride being preferred. Such
      phosphonitrilic halide can be prepared according to processes known in the
      art. For example, Allcock, Phosphorus-Nitrogen Compounds, Academic Press,
      New York (1972), in Chapter 4, Pages 97-133, gives a general survey of the
      methods for preparation of phosphazenes, particularly halophosphazenes or
      phosphonitrilic halides. Particularly described is the reaction between
      halophosphoranes and ammonium halides. This particular portion of Allcock
      is incorporated by reference as if fully set forth herein.
PAR  In addition, U.S. Pat. No. 3,367,750 to Jaszka et al., which is hereby
      incorporated by reference as if fully set forth, provides a process for
      producing phosphonitrilic chlorides by reacting phosphorus pentachloride
      in a solvent with ammonia and hydrogen chloride gas. U.S. Pat. No.
      3,656,916 to Schiedermaier et al. produces phosphonitrilic chlorides by
      reacting phosphorus pentachloride with ammonia in an inert solvent using a
      particular rate of ammonia feed. The Schiedermaier et al. process is also
      suitable for producing phosphonitrilic chlorides useful in this invention
      and is incorporated herein by reference as if fully set forth. U.S. Pat.
      No. 3,658,487 to Wunsch et al. teaches a process for producing
      phosphonitrilic chlorides by reacting chlorine and ammonia simultaneously
      with elementary phosphorus in an inert solvent and is incorporated by
      reference as if fully set forth. Thus, it can be seen that a wide variety
      of processes can be used to produce phosphonitrilic chlorides which are
      suitable for the process of this invention as a starting material.
PAR  In accordance with this invention the phosphonitrilic chloride starting
      material can be any desired cyclic, linear, cyclic-linear mixture or
      combination of cyclic and linear which may be desired as a backbone
      polymer in the final product. Preferably the starting phosphonitrilic
      halide is a high cyclic material; however, materials having a large
      proportion of linears or substantially equivalent amounts of linears and
      cyclics can be obtained. As is recognized by the art, the cyclics may be
      trimer, tetramer, pentamer or higher cyclic oligomers of phosphonitrilic
      halides. The linear phosphonitrilic halide polymers can have any chain
      length desired; although in some instances, some materials are insoluble
      in the subsequent reaction media.
PAR  Generally, the final phosphazene products produced will be similar to the
      starting phosphonitrilic halide since the nature of the substitution
      reaction will not alter the polymer backbone.
PAR  The phosphonitrilic halide is reacted with an alkali metal alkoxide or
      phenoxide or a thiol derivative thereof. According to this invention, the
      starting alkali metal alkoxide, phenoxide or thiol derivative thereof may
      be produced in the conventional manner. Such processes are known and
      described in, for example, Kirk-Othmer, Encyclopedia of Chemical
      Technology, Second Edition, Volume 1, Pages 832-850. Illustrative is a
      process for producing sodium methoxide described at pages 845-848 of
      Kirk-Othmer, supra, which is hereby incorporated by reference as if fully
      set forth. As described therein the alkali metal is added to a reaction
      vessel and heated until it melts. To the molten alkali metal is added the
      particular alcohol, phenol or thiol derivative desired to be substituted
      on the final phosphazene product. Such reaction can be carried out in the
      presence or absence of a solvent. As described hereinafter the presence of
      a solvent is particularly desired in order to obtain certain process
      advantages in accordance with this invention. The alcohol, phenol or thiol
      derivative thereof may be any particular compound which will react with
      the alkali metal to form an alkoxide which can subsequently be reacted
      with the phosphonitrilic halide. Typical examples of alcohols useful
      according to this invention are methanol, ethanol, propanol, butanol,
      pentanol, hexanol and the like. Typical of the phenols are phenol and
      alkyl-substituted derivatives thereof. Thiol derivatives of these
      materials are also contemplated according to the process of this
      invention. Moreover, any substituents such as a lower alkyl group having
      up to about 6 carbon atoms, halogens or the like which do not interfere
      with the subsequent substitution reaction on phosphazene may be used.
PAR  Preferably lower alcohols, for example, alcohols having from one to about
      six carbon atoms are preferred. More preferred alcohols are lower
      aliphatic alcohols having from one to about six carbon atoms. Still more
      preferred alcohols are lower saturated aliphatic alcohols, particularly
      those having from one to four carbon atoms. Theoretically, unsaturated
      aliphatic alcohols would also be useful. However, the reactive double bond
      does not permit practical utilization of such materials.
PAR  The alkali metal can be any suitable alkali metal which reacts completely
      with the alcohol used. Typical are lithium, sodium and potassium, with
      sodium being preferred. The reaction produces an alkali metal alkoxide,
      phenoxide or thiol derivative. Of course, the preferred starting material
      is a sodium alkoxide, phenoxide or thiol derivative. More preferred is a
      starting sodium alkoxide having from one to about six carbon atoms. Most
      highly preferred is sodium propoxide.
PAR  The reaction of phosphonitrilic halide, preferably the chloride, and sodium
      alkoxide, phenoxide or thiol derivative, preferably sodium propoxide, is
      carried out in a suitable reaction medium. It has been found that a
      reaction medium which gives process advantages is one comprising an
      aliphatic hydrocarbon. The aliphatic hydrocarbon is one which is normally
      liquid, although some of the normally gaseous hydrocarbons can be used
      under pressure. However, the pressure should not be such as to retard the
      reaction. Preferably the reaction medium comprises a liquid aliphatic
      hydrocarbon. More preferably, the reaction medium is a paraffinic
      hydrocarbon. Particularly, paraffinic hydrocarbons having from about six
      to about nine carbon atoms. More preferred are paraffinic hydrocarbons
      boiling in the range of from about 70.degree. to 150.degree.C, and more
      particularly preferred are paraffinic hydrocarbons boiling within the
      range of from about 90.degree. to about 130.degree.C. Typical of such
      hydrocarbons are n-hexane and one of its isomers, 2-methylpentane;
      n-heptane and its various isomers, for example, methylhexane,
      ethylpentane, dimethylpentane and the like; n-octane and its various
      isomers such as methylheptane, dimethylhexane, ethylhexane,
      ethylmethylpentane and the like; n-nonane and its various isomers, such as
      methyloctane, dimethylheptane, ethylheptane, trimethylhexane,
      methylethylhexane, propylhexane and the like. Moreover, cyclic compounds
      may also be used. For example, cyclohexane, dimethylcyclohexane,
      methylcyclohexane, cycloheptane and the like are suitable hydrocarbon
      materials for use as the reaction medium in the process of this invention.
      Unsaturated hydrocarbons may also be used; however they are not preferred
      since the olefinic bond is somewhat reactive under the conditions of the
      reaction. Of the paraffinic hydrocarbons the most preferred for use as a
      reaction medium is n-heptane or n-octane or a mixture of n-heptane and
      n-octane. Also various paraffinic hydrocarbon fractions may be used as the
      reaction medium in the process of this invention, for example, kerosene,
      ligroin and the like.
PAR  In a particularly advantageous embodiment according to this invention, the
      reaction medium is not a single component or range of components boiling
      within a particular temperature range, but contains at least two distinct
      solvents which in combination provide an advantageous reaction medium for
      this process. Accordingly, a preferred embodiment of this invention is one
      in which the reaction of a phosphonitrilic halide and sodium alkoxide,
      phenoxide or thiol derivative is carried out in a reaction consisting
      essentially of a liquid mixture of a liquid aliphatic hydrocarbon and an
      inert halohydrocarbon solvent. The halohydrocarbons are known as solvents
      for the reaction of phosphoranes and ammonium chloride or ammonia to
      produce the starting phosphonitrilic halides. However, these materials
      were thought unsuitable for the subsequent substitution reaction to
      produce the alkoxy, phenoxy or thiol derivatives of the phosphonitrilic
      halide. However, it has now been found that the combination of a liquid
      aliphatic hydrocarbon and a halohydrocarbon solvent provides a highly
      desirable reaction medium.
PAR  Generally, halohydrocarbon solvents such as haloaliphatic and aromatic
      hydrocarbon compounds are useful solvents for production of
      phosphonitrilic halides. Such compounds as symmetrical tetrachloroethane,
      monochlorobenzene, dichlorobenzene and the like are typical. Although
      symmetrical tetrachloroethane provides good reaction at short reaction
      times in laboratory processes, its toxicity and cost is prohibitive in
      commercial processes. Therefore, the haloaromatic hydrocarbon compounds
      are preferred as the additional solvent in the reaction medium of this
      invention. Particularly preferred are the chlorinated aromatic
      hydrocarbons. Most preferred are monochlorobenzene and dichlorobenzene
      with monochlorobenzene being most highly preferred. Thus, a highly
      preferred embodiment of the reaction medium according to this invention is
      one in which the hydrocarbon compound is a paraffinic hydrocarbon having
      from about six to about nine carbon atoms and the halohydrocarbon solvent
      is chlorobenzene. In another preferred embodiment of this invention the
      reaction medium consists essentially of a paraffinic hydrocarbon having a
      boiling point in the range of from about 70.degree. to about 150.degree.C
      and a halohydrocarbon solvent which is chlorobenzene. A still further
      preferred embodiment of this invention is a process in which the reaction
      medium consists essentially of a liquid aliphatic hydrocarbon which is
      heptane or octane or a mixture thereof and a halohydrocarbon which is
      chlorobenzene.
PAR  The reaction of the phosphonitrilic halide and the sodium alkoxide,
      phenoxide or thiol derivative is carried out under conditions suitable for
      substituting halide by the alkoxide, phenoxide or thiol derivative onto
      the phosphorus atom of the phosphorus-nitrogen structure. Either fully or
      partially substituted compounds may be produced depending on conditions
      and the relative reactivities of the reactants. Preferably the phosphorus
      atom is substantially fully substituted in the phosphorus-nitrogen
      structure. Although in some cases a partially substituted product is
      desirable, for example, phosphazene polymers which are subsequently
      cross-linked. Therefore, variations of the reaction temperature, time and
      concentration of the reactants will affect the degree of substitution.
      Generally, longer reaction times and higher temperatures lead to more
      completely substituted phosphazene compounds. Usually, it is sufficient to
      react stoichiometric amounts of reactants, but an excess of the alkoxide,
      phenoxide or thiol derivative can be used to insure substantially complete
      substitution of the halide atom. On the other hand, if only partially
      substituted phosphazenes are desired, a less than stoichiometric amount of
      the alkoxide, phenoxide or thiol derivative is used. By stoichiometric
      amount is meant that two alkoxide, phenoxide or thiol radicals will
      substitute for the halide atoms on each phosphorus atom in the
      phosphorus-nitrogen structure resulting in a fully substituted phosphazene
      product.
PAR  The mode of addition also can affect the degree of substitution of the
      phosphorus-nitrogen structure. For substantially complete substitution,
      the phosphonitrilic halide should be added to the alkali metal alkoxide,
      phenoxide or thiol derivative. The large initial excess or the alkoxide,
      phenoxide or thiol derivative facilitates substantially complete
      substitution of phosphorus atoms. Likewise the reverse addition, i.e., the
      addition of the alkali metal alkoxide, phenoxide or thiol derivative to
      the phosphonitrilic halide provides a large initial excess of the
      phosphonitrilic chloride and leads to less than complete substitution,
      especially when an insufficient amount of the alkali metal alkoxide,
      phenoxide or thiol derivative is employed. Not only the mode of addition
      but the rate of addition may affect the amount of substitution. Again,
      this appears to be a function of the initial excess of one reactant over
      the other. Thus, when a fast rate of addition is employed the products are
      not completely substituted. However, the use of a slow addition of one
      reactant to the other leads to substantially complete substitution.
PAR  It has been found that the addition of the reactants can take place in a
      manner which allows substantially complete substitution. Generally, the
      time of addition is less than that required for complete reaction.
      Preferably, the addition rate can be from about 1 to about 10 moles of
      phosphonitrilic chloride per mole of alkali metal alkoxide, phenoxide or
      thiol derivatives per hour. Usually the addition will be completed within
      about one hour or less depending on the size of reaction vessel and the
      amount of reactant employed.
PAR  The reaction temperature used is generally that sufficient to give a good
      rate of reaction. Usually moderate temperatures are employed although
      temperatures as low as ambient temperature do not facilitate the reaction
      and temperatures which are higher than room temperature are preferred. Of
      course, the temperature used will to some degree depend upon the reactants
      employed, the ability of the reaction equipment to transfer heat and the
      degree of agitation employed. Preferably the temperature should be high
      enough to facilitate reaction without causing excessive heating costs or
      requiring expensive capital equipment. However, the temperature should not
      be so low as to require unduly long reaction times resulting in lower
      capacity. Moreover, the temperature of the reaction should not be so high
      as to cause degradation of any of the reactants, the reaction medium or
      products produced. In general, the temperature can be in the range of
      about 70.degree. to about 150.degree.C or higher, if pressure reaction
      equipment is employed. Preferably, temperatures about 70.degree. to about
      130.degree.C are used. Most preferably the reaction temperature can range
      from about 90.degree. to about 120.degree.C. Of course, temperatures both
      higher and lower may be employed but are not highly practical for reasons
      of operating cost, lower yield, increased capital investment, or
      production of undesired by-products.
PAR  The reaction of the phosphonitrilic halides and the alkali metal alkoxide,
      phenoxide or thiol derivative is carried out for a time sufficient to
      allow the desired degree of substitution. The time of reaction is not a
      truly independent variable but depends on the degree of substitution
      desired, the temperature of the reaction and the reactants involved.
      According to this invention, reaction times from about one to about six
      hours can be used. Preferably, the reaction is allowed to proceed for from
      about two to about four hours and, more preferably, reaction times of from
      about three to about four hours are typical. Such reaction times do not
      include the time required for addition of the reactants or bringing the
      reaction mass up to the desired reaction temperature.
PAR  For more efficient reaction, better contact of the reactants and adequate
      heat transfer the reaction mass is preferably agitated. Generally, this
      may be accomplished by conventional means, for example, a stirrer, mixer
      or other device may be used to attain sufficient degree of agitation. The
      type or degree of agitation is not critical but well within the scope of
      the art and practical engineering knowledge.
PAR  Usually pressure is not employed in reactions of this type because of the
      extra cost of capital equipment and processing. However, a reaction medium
      of higher volatility can render the use of pressures greater than
      atmospheric more practical. Typically, the pressure should not exceed
      about 20 psig and preferably from about 10 to 20 psig. In general, such
      pressures do not require expensive equipment. More preferably, the
      reaction is carried out at atmospheric pressure but as indicated pressures
      higher and lower than atmospheric can be used to conduct the reaction.
PAR  In general, the amount of reactants employed will be about the
      stoichiometric amounts. As indicated hereinabove, this means that for
      substantially complete substitution about two alkoxide, phenoxide or thiol
      derivative radicals are required for reaction with every phosphorus atom
      in the phosphorus-nitrogen structure. This, of course, does not preclude
      the use of a divalent alkoxy, phenoxy or thiol derivative radical in which
      full substantially complete substitution may be obtained with one radical
      for each phosphorus atom. In most instances, it is desirable to use a
      slight excess of the alkoxide, phenoxide or thiol derivative to insure
      substantially complete reaction with the phosphonitrilic halide. According
      to the invention, then about 0 to 15 mole equivalent excess of the alkali
      metal alkoxide, phenoxide or thiol derivative can be used per mole of
      phosphorus. When less than a stoichiometric amount of the alkoxide is to
      be used, an excess of the phosphonitrilic halide equivalent to the degree
      of substitution desired may be used. Thus, for about 50  percent
      substitution half the stoichiometric amount of the alkoxide, phenoxide or
      thiol derivative should be added.
PAR  In many instances the reactants are prepared in solvent which serves as a
      reaction medium. The reactants dissolved or dispersed in the reaction
      medium are then contacted under appropriate reaction conditions as
      described above and the reaction occurs. The amount of reaction medium in
      the dispersion or solution is not critical so long the dispersion or
      solution can be easily handled and the reactant maintained in the
      dispersion or solution. Generally, the concentration of reactants may
      range from about 10 to about 50 percent by weight in the reaction medium.
      Preferably, from about 22 to 35 percent by weight of the reactants may be
      dissolved or dispersed in the reaction medium.
PAR  As an illustration of the general reaction sequence the phosphazene
      compounds according to this invention can be prepared by adding the liquid
      aliphatic hydrocarbon reaction medium to a suitable reaction vessel
      equipped with heating means, stirring means, a reflux condenser and the
      necessary piping for addition of reactants. Then the alkali metal
      alkoxide, phenoxide or thiol derivative is added to the reaction vessel
      and the stirrer is activated to disperse the alkali metal alkoxide,
      phenoxide or thiol derivative into the reaction medium. Then the
      phosphonitrilic halide is added to the reaction vessel, while continuing
      the agitation. The heat of reaction brings the reaction mixture up to
      reaction temperature and cooling is applied while the remaining
      phosphonitrilic halide is added.
PAR  After completion of the phosphonitrilic halide addition, the temperature of
      the reaction mixture decreases. The heater is adjusted to maintain the
      desired temperature for a period of from one to five hours until the
      reaction is completed. The reaction mass is allowed to cool to ambient
      temperature. The reaction mass containing the substituted phosphazene is
      washed with water at least once and the aqueous layer separated. Then the
      reaction medium is distilled off leaving substantially pure substituted
      phosphazene product. The character of the product of course depends on the
      reactants and their concentration, the time and temperature of reaction.
      Other conditions as discussed hereinabove will also influence the type of
      product and degree of substitution.
PAR  In another preferred embodiment of the process of this invention, the
      alkali metal alkoxide, phenoxide or thiol derivative can be prepared in
      the liquid aliphatic hydrocarbon reaction medium and then the
      phosphonitrilic halide reacted with the alkali metal alkoxide, phenoxide
      or thiol derivative in the liquid aliphatic reaction medium. Therefore, in
      accord with this invention, a preferred process for the manufacture of
      phosphazene compounds comprises reacting an alkali metal and an alcohol or
      phenol reactant in a liquid saturated aliphatic hydrocarbon having from
      about 6 to about 12 carbon atoms in the molecule to produce a slurry of
      the alkali metal alkoxide or phenoxide in the hydrocarbon and then
      reacting a phosphonitrilic halide with the alkali metal alkoxide or
      phenoxide in a reaction medium comprising the liquid aliphatic
      hydrocarbon.
PAR  The alcohol or phenol reactant can be any of the alcohols or phenols
      described hereinabove. Preferably the reactant is a lower alkanol, which
      according to this invention can have from about one to about six carbon
      atoms. Preferably the alcohol or phenol reactant is propanol or phenol,
      and most preferably propanol. The saturated aliphatic hydrocarbon is
      preferably a paraffinic hydrocarbon which boils in the range of from about
      90.degree. to about 130.degree.C and said reaction medium consists
      essentially of a mixture of said paraffinic hydrocarbon and an inert
      halohydrocarbon solvent. The paraffinic hydrocarbons and inert
      halohydrocarbons described hereinabove can be used in this particular
      embodiment. Also, the alkali metal can be any of those described above,
      with sodium being preferred. Therefore, a highly preferred embodiment of
      this process is one in which the alkali metal is sodium, the alcohol
      reactant is propanol and the saturated aliphatic hydrocarbon is a
      paraffinic hydrocarbon which boils in the range of from about 70.degree.
      to about 150.degree.C.
DETD
PAR  Illustrative non-limiting examples of this embodiment are the following.
PAC  EXAMPLE I
PAR  To a suitable reaction vessel containing a stirrer, heating means and
      reflux condenser was added heptane, 258.9 g, and metallic sodium, 39.1 g
      (1.7 moles). The mixture was heated to 116.degree.C with 18 psig of
      pressure from the heptane. The stirrer was started when the sodium melted
      forming a dispersion of molten sodium in the heptane. To this mixture was
      added 112.4 g (1.87 moles) of n-propyl alcohol over a 20-minute period.
      The byproduct hydrogen was vented. After the propanol feed was
      discontinued, the heating with stirring was continued for approximately 30
      minutes. To the resulting dispersion of sodium propoxide in heptane was
      added a solution of phosphonitrilic chloride in monochlorobenzene, about
      350 g of 25.7 percent phosphonitrilic chloride (0.775 moles). The addition
      was completed over a 20-minute period. The pressure was reduced to
      atmospheric pressure and temperature controlled by external cooling of the
      reaction vessel to maintain a temperature of about 104.degree.C during the
      addition. The mixture was refluxed at 104.degree.C for about 3 hours,
      washed with water and evaporated to remove solvents. About 118.3 g (0.726
      moles) of an oily liquid hexapropoxyphosphazene was obtained. This
      corresponds to a yield of about 93.7 percent based upon the
      phosphonitrilic chloride.
PAC  EXAMPLE II
PAR  To a reactor similar to that used in Example I was charged 50.6 g (22
      moles) of metallic sodium and 335 g of n-octane. The reactor contents were
      heated to melt the sodium and the temperature was controlled at about
      105.degree.C under atmospheric pressure. The reactor contents were stirred
      to disperse the sodium in the n-octane. After dispersion, 145.4 g (2.42
      moles) of n-propanol was added slowly over a period of 20 minutes. The
      unreacted propanol was condensed and returned to the reactor. Hydrogen
      evolved during the reaction and was vented. At the end of the propanol
      addition the slurry was slightly thick. Heating was continued for about 30
      minutes at 105.degree.C was continued stirring. The final slurry was fluid
      and creamy. The yield of sodium propoxide was about quantitative.
PAR  To the slurry of sodium propoxide in n-octane was added 116 g (1 mole) of
      phosphonitrilic chloride in 312.5 g of monochlorobenzene. The temperature
      was maintained at 105.degree.C with outside cooling during the addition.
      After completion of the addition, heating of the mixture continued at
      105.degree.C for about 4 hours. It was then washed with water and the
      solvents stripped off. About 109 g (0.94 moles) of hexapropoxyphosphazene
      was obtained. This corresponds to a yield of about 94 percent based on the
      amount of phosphonitrilic chloride used.
PAC  EXAMPLE III
PAR  To a suitable reactor was added octane, 335 g, and metallic sodium, 50.6 g
      (2.2 moles). According to the procedure outlined in Example I, the mixture
      was heated to 87.degree.C under atmospheric pressure. Methanol, 23.4 g
      (0.73 mole) was added over a 20-minute period. Temperature was allowed to
      rise from 87.degree. to 105.degree.C. Butanol, 108.8 g (1.47 moles) was
      added over a 12-minute period. Heating was continued for 30 minutes at
      105.degree.C. To the above slurry was added 116 g (1 mole) of mixed
      phosphonitrilic chloride in 259.7 g of monochlorobenzene as in Example I.
      The temperature was maintained at 105.degree.C during the addition. After
      heating at 105.degree.C for 4 hours, washing with water and stripping off
      the solvent, 112.8 g of mixed alkoxyphosphazene was obtained.
PAR  Similar results are obtained when the solvent used in the foregoing
      examples is replaced with hexane, cyclohexane, cycloheptane and like
      hydrocarbons having a boiling point within the range of about 70.degree.
      to about 130.degree.C. Also, the propanol can be replaced with methanol,
      ethanol, butanol, pentanol, hexanol, phenol, naphthol or their alkylated
      derivatives or mixtures of the foregoing alcohols and/or their alkylated
      derivatives with similar results. The sodium can be replaced with lithium
      or potassium with similar results. Also the monochlorobenzene can be
      replaced by sym-tetrachloroethane, dichlorobenzene and the like producing
      similar results.
PAR  Variations of the above process within the scope of this invention include
PA1  preparation of an alkali metal alkoxide or phenoxide in a mixed solvent
      system, such as a 1:1 mixture of n-heptane and n-octane, and subsequent
      reaction with a phosphonitrilic halide;
PA1  preparation of an alkali metal alkoxide or phenoxide suspended in a mixed
      solvent system and subsequent reaction of the suspension with a
      phosphonitrilic halide in a liquid halohydrocarbon; and
PA1  preparation of an alkali metal alkoxide or phenoxide and a phosphonitrilic
      halide with reaction in a liquid aliphatic hydrocarbon reaction medium.
PAR  Of course, skilled practioners will recognize further variations in the
      process of this invention. The products of this invention can be used as
      fire retardants for cellulose materials, including fibers, filaments and
      fabrics.
PAR  These materials may be applied to the cellulose by dipping, spraying, or
      other means utilized for treating the surface. Alternatively, for rayon
      and other regenerated cellulosics, one or more of the materials may be
      impregnated or added to the product by incorporation in the viscose prior
      to spinning. The amount of phosphonitrilic polymer flame retardant
      dispersed in the regenerated cellulose will vary from about 1 to about 30
      weight percent and preferably from about 2 to about 20 weight percent
      based on the weight of the filament.
PAR  For impregnation prior to spinning and the finished materials, one may
      proceed according to the teachings of Godfrey U.S. Pat. No. 3,455,713.
      That patent is incorporated by reference herein as if fully set forth.
      Accordingly, one method of preparing cellulose filaments and filamentary
      articles according to this invention is to use the flame retardants
      provided herein according to the method set forth in Godfrey supra.
      Likewise, the instant invention provides regenerated cellulose filaments
      and filamentary articles prepared from the flame retardants, herein
      provided as incorporated utilizing the techniques set forth by Godfrey.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of phosphazene compounds consisting
      essentially of reacting alkali metal alkoxide having from 1 to about 6
      carbon atoms or alkali metal phenoxide with a phosphonitrilic halide at
      from about 70.degree. to about 150.degree.C in a reaction medium
      consisting essentially of a liquid paraffinic hydrocarbon and an inert
      chloroaromatic hydrocarbon solvent.
NUM  2.
PAR  2. The process of claim 1 wherein said paraffinic hydrocarbon is a
      paraffinic hydrocarbon having from about 6 to about 9 carbon atoms.
NUM  3.
PAR  3. The process of claim 1 wherein said paraffinic hydrocarbon is a
      paraffinic hydrocarbon boiling within the range of from about 70.degree.
      to about 150.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein said paraffinic hydrocarbon is a
      paraffinic hydrocarbon boiling within the range of from about 90.degree.
      to about 130.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein said paraffinic hydrocarbon is heptane or
      octane or a mixture of heptane and octane.
NUM  6.
PAR  6. The process of claim 1 wherein said chloroaromatic hydrocarbon solvent
      is chlorobenzene.
NUM  7.
PAR  7. A process for the manufacture of phosphazene compounds consisting
      essentially of reacting an alkali metal alkoxide having from 1 to about 6
      carbon atoms or alkali metal phenoxide with a phosphonitrilic halide at
      from about 70.degree. to about 150.degree.C, said process being further
      characterized by providing said alkali metal alkoxide or phenoxide in a
      liquid aliphatic hydrocarbon reaction medium and providing said
      phosphonitrilic halide in an aromatic halohydrocarbon reaction medium.
NUM  8.
PAR  8. A process for the manufacture of phosphazene compounds which consists
      essentially of:
PA1  a. forming a slurry of an alkali metal alkoxide or phenoxide by reacting an
      alkali metal with an alcohol having from 1 to about 6 carbon atoms or
      phenol in a liquid paraffinic hydrocarbon reaction medium;
PA1  b. forming a solution of a phosphonitrilic halide in an inert liquid
      chloroaromatic hydrocarbon solvent;
PA1  c. intermixing said slurry and said solution at from about 70.degree. to
      about 150.degree.C whereby a phosphazene product and alkali metal halide
      by-product are formed in the reaction mixture which comprises the liquid
      paraffinic hydrocarbon and the inert liquid chloroaromatic hydrocarbon
      solvent;
PA1  d. separating the alkali metal halide by-product from the reaction mixture;
PA1  e. separating the reaction mixture from the phosphazene; and
PA1  f. separating the reaction mixture into liquid paraffinic hydrocarbon for
      recycle to (a) and inert liquid chloroaromatic solvent for recycle to (b).
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PAL  A process for the preparation of trialkyl and trialkenyl phosphates. The
      process involves oxidation of the corresponding phosphite with oxygen or
      an oxygen-containing gas. The oxidation is catalyzed by a metal catalyst
      such as a transition metal carboxylate, for example, and is carried out at
      relatively low temperatures.
BSUM
PAC  PREPARATION OF ALIPHATIC PHOSPHATES
PAR  This invention relates to a process for the preparation of aliphatic
      phosphates by means of the oxidation of certain trialkenyl phosphites or
      trialkyl phosphites. More particularly, it relates to such a process which
      avoids high temperatures and yet results in very good yields.
PAR  The aliphatic phosphates made available by this invention are useful as
      plasticizers, gasoline additives, lubricant additives and flame-retarding
      additives. The trialkenyl phosphates are excellent cross-linking agents in
      the curing of ethylene polymers such as low density polyethylene or EPDM
      polymers.
PAR  The conversion of tertiary aliphatic phosphites to the corresponding
      phosphates via oxidation affords a convenient method of synthesis of these
      desirable products. They can also be prepared by the reaction of
      phosphorus oxychloride with the appropriate alcohol, in the presence of a
      hydrogen chloride scavenger like NH.sub.3 or an amine, and this synthesis
      has been used, but it involves the elimination of large amounts of
      ammonium or amine hydrochloride which is both wasteful of chlorine, is
      corrosive, and is a disposal problem. The oxidation of phosphites is a
      preferred method.
PAR  Early oxidative methods of preparing tertiary phosphates involves treatment
      of the corresponding tertiary phosphites with air (Zimmerman, Ann. 175. 1
      (1875) and with a combination of air and sulfur trioxide (Buchheim, U.S.
      Pat. No. 2,059,084). Later developments, as taught by Hechenbleikner in
      U.S. Pat. No. 2,851,476, involved the use of hydrogen peroxide in an
      aqueous alkaline medium, but this suffered from the disadvantage of
      hydrolysis of the phosphite (because of the presence of water), the high
      cost of hydrogen peroxide, and the need for careful control of pH.
PAR  Hodan et al., U.S. Pat. No. 3,136,804, and Baranauckas et al., U.S. Pat.
      No. 3,136,805, show the oxidation of trialkenyl and trialkyl phosphites,
      respectively, to the corresponding phosphates by the action of oxygen in
      an anhydrous medium, using a metal oxide such as aluminum oxide or
      vanadium oxide as a catalyst, yields of 88-96% are obtained and losses due
      to hydrolysis are avoided because of the absence of water in the oxidation
      mixture. The oxidations are carried out at temperatures between
      60.degree.C and 180.degree.C, preferably between 100.degree.C and
      125.degree.C, and for a period of time ranging from two to seven hours.
PAR  Similarly, Baranauckas et al., U.S. Pat. No. 3,333,030, show the oxidation
      of secondary phosphites such as dimethyl or diphenyl phosphite by means of
      oxygen in the presence of a catalyst such as copper or copper oxide. Many
      other metal catalysts are said to be effective also. The products are a
      mixture of the corresponding primary and secondary phosphates. Reaction
      temperatures are generally above 100.degree.C, although slightly lower
      temperatures, down as low as 65.degree.C, are also suggested.
PAR  Still another method of oxidizing tertiary olefinic phosphites to the
      corresponding phosphates by means of air is shown in Hodan et al., U.S.
      Pat. No. 3,334,158. The method involves a short residence time, i.e., less
      than 20 minutes and preferably less than 5 minutes, in the reaction zone.
      The temperature is above 100.degree.C, preferably between 130.degree.C and
      190.degree.C. The reaction zone is a column packed with protruded
      stainless steel.
PAR  All of these processes must be carried out at relatively high temperatures;
      some require rather careful and precise control of reaction conditions.
      Those which give best yields require more care than the others. A low
      temperature process which affords good yields of tertiary phosphate, with
      minimum required attention to process conditions, is desirable.
PAR  It is accordingly a principal object of the present invention to provide an
      improved process for preparing aliphatic phosphates.
PAR  Another object is to provide such a process which is effective at
      relatively low temperatures.
PAR  Still another object is to provide such a process which results in good
      yields of trialkyl or trialkenyl phosphates.
PAR  These and other objects are accomplished by a process for preparing
      aliphatic phosphates comprising contacting a trialkyl or trialkenyl
      phosphite with oxygen in the presence of a metal catalyst selected from
      the class consisting of transition metal, copper and tin catalysts, at a
      temperature of from about 20.degree.C to about 60.degree.C. Yields of
      tertiary phosphite are very good, i.e., virtually quantitative in most
      cases, and the process requires no unusual attention.
PAR  The trialkenyl or trialkyl phosphite may be defined in terms of a
      structural formula, as follows:
      ##EQU1##
      where R is alkyl, alkylenyl or alkenyl, each containing 1-20 carbon atoms.
      Illustrative alkyl groups include methyl, ethyl, n-propyl, isopropyl,
      n-butyl, isobutyl, n-amyl, sec-amyl, n-hexyl, isohexyl, 2-methylamyl-4,
      2-ethylhexyl, n-octyl, isooctyl, n-dodecyl, n-tetradecyl, n-octadecyl, and
      eicosyl. Illustrative alkenyl radicals include allyl, methallyl, crotyl,
      pentenyl-2,3, 3-dimethallyl and 2,3-dimethallyl. The phosphite may be a
      mixed phosphite, i.e., one in which the alkyl or alkenyl groups are
      dissimilar. Illustrative alkylenyl groups include the residues from
      1,3-octylene glycol, ethylene glycol, trimethylene glycol, glycol,
      1,4-butane diol, 1,2-hexylene diol and 1,3-hexylene diol.
PAR  The oxygen may be used as such, i.e., without dilution, or it may be
      diluted, as in air. Ordinarily, the oxygen is bubbled into the phosphite,
      either neat or in a solvent, until the mixture is completely oxidized.
      This end point is shown by testing with iodine which is reactive with any
      unreacted phosphite, and a negative test indicates completion of the
      reaction.
PAR  Alternatively, the reactor vessel may be evacuated to about 5 mm. Hg and
      oxygen fed in on demand, i.e., oxygen is introduced only as fast as it is
      consumed by the oxidation reaction.
PAR  A solvent may be used but is not necessary. Heptane is a suitable solvent.
PAR  The metal catalyst is as indicated a catalyst in which the metal is a
      transition metal or copper or tin. Generally, the metal is present as an
      aliphatic carboxylate, although the chromium in a chromate salt has been
      found to be satisfactorily effective. Similar aliphatic carboxylates
      include octoates, decanoates, laurates, stearates, naphthenates and the
      like.
DETD
PAR  The process of the invention is illustrated by the following examples. All
      parts and percentages herein are by weight unless otherwise expressly
      stated.
PAC  EXAMPLE 1
PAR  To 10 ml. of an aqueous solution containing 0.5 g. of sodium carbonate and
      0.25 g. of sodium bicarbonate there is added a solution of 1.0 g. of
      potassium dichromate in 50 ml. of water, then 60 ml. of triallyl
      phosphite. The resulting mixture is stirred at 25.degree.-30.degree.C
      while passing in oxygen for eight hours. The aqueous layer is removed,
      leaving a 96% yield of substantially pure triallyl phosphate.
PAC  EXAMPLE 2
PAR  A mixture of 0.2 g. of cobalt octoate and 70 g. of trioctyl phosphite is
      warmed in vacuo (10 mm.) at 30.degree.C while oxygen is added over a
      period of six hours. The mixture is stirred throughout this period by
      means of a magnetic stirrer. The product is washed with an aqueous
      alkaline solution to remove the cobalt catalyst, having a 91% yield of
      trioctyl phosphate.
PAC  EXAMPLE 3
PAR  A mixture of 0.1 g. of copper octoate and 200 g. of triallyl phosphite is
      warmed in vacuo (10 mm.) at 25.degree.-35.degree.C while oxygen is added.
      The absorption of oxygen is monitored and when, after about four hours,
      the rate of absorption has fallen off to a substantially nothing, the
      reaction is halted and the product washed with aqueous alkali. The yield
      of triallyl phosphate is 92% of the theory.
PAC  EXAMPLE 4
PAR  The procedure of Example 2 is repeated using 0.01 g. of stannous
      neodecanoate as the catalyst instead of 0.1 g. of cobalt octoate and
      halting the reaction after four hours (instead of six hours). A 50% yield
      of trioctyl phosphate is obtained. Similar procedures using chromium
      octoate and copper octoate as the catalysts also yield trioctyl phosphate
      in 50% yield.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing aliphatic phosphates comprising contacting a
      trialkyl or trialkenyl phosphite with oxygen in the presence of a metal
      catalyst selected from the class consisting of chromium, copper, tin or
      cobalt catalysts, at a temperature of from about 20.degree.C to about
      60.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein the catalyst is a metal carboxylate.
NUM  3.
PAR  3. The process of claim 1 wherein the catalyst is a metal salt of an
      aliphatic carboxylic acid.
NUM  4.
PAR  4. The process of claim 1 wherein the phosphite reactant is a trialkenyl
      phosphite.
NUM  5.
PAR  5. The process of claim 1 wherein the phosphite reactant is triallyl
      phosphite.
NUM  6.
PAR  6. The process of claim 1 wherein the phosphite reactant is a trialkyl
      phosphite.
NUM  7.
PAR  7. The process of claim 1 wherein the catalyst is a cobalt salt of an
      aliphatic carboxylic acid.
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PAL  This invention discloses improvements in carburetors for internal
      combustion engines, so as to allow a change in the carburetor throat
      (venturi choke) in proportion to the admission of the gasoline-air
      mixture, with no change involved in the jet spray nozzle. In this manner,
      carburetors can be adapted to an extensive power range of gas engines.
      This variation is obtained through two cylindrical orthogonal sections,
      oppositely disposed at their curved sections and are centrally recessed,
      in such a manner that, while rotating or pivoting one against the other
      they will form a chamber with a central circular passage of a variable
      diameter, the largest being made up by the opposition of two of the edges
      and the smallest by the opposition of the two other edges.
BSUM
PAR  This invention relates to improvements in carburetors for internal
      combustion engines consisting of a venturi choke having a variable throat
      diameter with a single fuel supply device having an automatically variable
      fuel inlet area as a function of the depression at the inlet chamber.
PAR  In conventional carburetors the venturi choke has an unchanging diameter
      while the air passing therethrough has a variable speed. By increasing the
      air speed, the amount of gasoline admitted is also increased, as a
      function of the fuel jet spray nozzle opening, however, air and gas rates
      do not remain constant. However, as it is well known, it is of the utmost
      convenience to keep both rates constant as far as possible for all r.p.m.
      rates of the engine. To obviate this inconvenience, present carburetors
      resort to a serial of jet spray nozzles acting simultaneously or
      sequentially, as well as to accelerating pumps, auto-starters and other
      means.
PAR  In the new type of venturi choke with a variable throat diameter the air
      speed over the fuel inlet is kept always constant, the amount of gas drawn
      depending only on the diameter of the feeder bore, which controls and
      pulverizes the amount of gasoline through the use of a tapered needle
      acting in conjunction with the displacement of a variable venturi choke.
PAR  With the new venturi choke as provided by this invention, with a single
      variable vaporizer, operating in conjunction with and exclusively as a
      function of the depression created by the engine, a proper fuel supply is
      secured at any r.p.m. rates of the engine. By the use of this improved
      device, the well-known problems involved in manufacture, maintenance and
      adjustment are reduced and the poisonous gases from the exhaust pipe, with
      a more complete combustion at the cylinders, are almost fully eliminated.
PAR  Heretofore, all known carburetors have been constructed with their
      components dimensioned according to the type of engine in which they are
      to be employed, while this invention provides a new type of a
      self-adjustable venturi choke and feed nozzle for a variety of gas engines
      with different cylinder capacities and power strokes, just by modifying
      the diameter of the throttle valve and of the needle.
PAR  It is to be emphasized that other solutions for actuation by the inlet
      chamber depression have been previously proposed for some types of
      carburetors, however, these differ in construction from that now proposed
      and claimed.
DRWD
PAR  For a more clear comprehension of the invention it will now be described in
      detail in conjunction with the attached drawings, in which:
PAR  FIG. 1 is a schematic elevation view of the carburetor with the variable
      feed nozzle closed and the leverage system in an idling speed position;
PAR  FIG. 2 shows the same carburetor of FIG. 1 with the feed nozzle fully open;
PAR  FIG. 3 is a schematic sectional view of the carburetor, showing the
      constant level float chamber with the fuel controlling tapered needle
      lowered in a closed position;
PAR  FIG. 4 shows the same carburetor with the tapered needle raised, providing
      a fully open passage for the fuel through the nozzle outlets;
PAR  FIG. 5 shows the two cylindrical sector blocks assembly pivotally mounted
      on shafts, forming the variable feed nozzle, in a closed position;
PAR  FIG. 6 shows the same blocks in a position providing the largest section
      opening of the venturi choke;
PAR  FIG. 7 is a schematic sectional view of the carburetor with the venturi
      choke closed and the feeder needle closed;
PAR  FIG. 7A is a top plan view of the same venturi choke;
PAR  FIG. 8 shows the venturi choke and the feeder needle fully opened;
PAR  FIG. 8A is a top plan view of the venturi choke in the position providing
      the largest opening;
PAR  FIG. 9 is a sectional view of the feeder assembled with the tapered needle
      in a closed position inside the nozzle and showing the vaporizing outlets;
PAR  FIG. 10 is an exploded view of the feeder showing the individual components
      in a longitudinal section;
DETD
PAR  The improved carburetor of this invention comprises a fuel inlet pipe 1
      extending from the constant level float chamber 2, to one end of which is
      duly fastened the feed nozzle 3, centrally disposed in relation to the
      body 9; the fuel drawn passes through the spraying outlets 4, mixing with
      the air in chamber 5, and is directed toward the cylinders through a duct
      20, its passage being controlled by a butterfly valve 22.
PAR  The amount of fuel that passes through the feed nozzle is regulated by the
      vertical displacement of a tapered needle 6, linked to a lever 7, subject
      to the action of a pusher 8, and of a device 21, and yet to a rod 18, that
      simultaneously operates the variable venturi choke.
PAR  The venturi choke is formed by two blocks 10, disposed in the interior of a
      casing 9, and pivotally mounted on shafts 11, outwardly fastened to the
      ends of levers 15, linked with 16 and 17, which are simultaneously driven
      by rods 18, imparting to the respective blocks a 90.degree. rotation.
PAR  The simultaneous displacement of the feed nozzle and of the venturi choke
      is secured through a diaphragm disposed in a chamber 23 which, through a
      by-pass pipe 19, receives the variations in depression from the fuel inlet
      pipe 20, pulsating the diaphragm and correspondingly moving the rod 18
      fastened to same.
PAR  Blocks 10 are formed by a sector of a cylindrical shape having at their
      curved faces a gradually tapering and curved recess interconnecting the
      half-circles 12 and 13 in such a manner that, while pivoting around shafts
      11, in a ninety degrees travel, with the two curved faces juxtaposed, said
      recesses form variable circular openings, from a minor diameter 14A, up to
      a maximum diameter opening 14B, with multiple intermediate openings,
      providing the necessary variations in the venturi choke. This can be more
      clearly seen from FIGS. 5 and 7A which show the position of said blocks
      10, to provide the minor diameter opening and from FIGS. 6 and 8A which
      show the position assumed by said blocks 10 to provide the major diameter
      opening.
PAR  In this manner, the engine whole operation is controlled by the pressure
      over the throttle that will open the butterfly valve 22 in an automatic
      manner, the increase of the depression will open the variable venturi
      choke and correspondingly raise the tapered needle providing a larger
      passage of fuel, maintaining at all times a constant speed of the air and
      an exact fuel proportioning to form a duly gasified and homogeneous
      mixture at any rotation rate of the engine, making the latter more
      elastic, balanced and economic.
PAR  The improved carburetor of the present invention has only two adjusting or
      setting screws, one at the throttle shutter butterfly and the other at the
      tapered needle for fuel control, thereby extremely simplifying the
      adjustment and maintenance. It will also be provided with a mechanism
      connected to the device shown in 21, which will raise the tapered needle,
      feeding more fuel for starting a cold engine.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In carburators for internal combustion engines comprising two articulate
      venturi blocks which in combination produce between them a variable
      aperture, said blocks being mounted in the intake path of the carburator
      and being combined with a diaphragm control device which actuates a
      feeding needle valve located inside a feed nozzle connected with a
      constant level float chamber providing fuel, the improvement
PA1  wherein said two variable aperture venturi blocks are similarly shaped and
      are pivotally mounted on two spaced parallel pivoting axes so as to swing
      inwardly and downwardly and vice-versa, describing an arc of approximately
      90 degrees, said venturi blocks being so shaped that a small aperture is
      formed between them when in their elevated position, said aperture
      widening as the blocks swing inwards and downwards on account of the
      particular configuration given to said blocks, said aperture being located
      directly above said feed nozzle;
PA1  wherein said feed nozzle stands vertically and the wall of the lower end of
      said feeding nozzle tapers downwards and displays around its tapered
      periphery a plurality of spraying outlets, the bore of said feed nozzle
      above said tapering lower end being substantially cylindrical, but
      tapering internally into a narrow passage and tapering out again, thus
      forming two small chambers, one above and one below said narrow passage,
      said lower chamber being located immediately above the final lowermost
      tapering, wherein said plurality of spraying outlets is located; and
PA1  wherein said feeding needle valve includes a downwardly tapered feeding
      needle freely mounted in said feed nozzle and a generally cylindrical seat
      internally mounted in threaded relationship -- allowing vertical shifting
      -- on the lower tapered end of said feed nozzle, said feeding needle being
      capable of abutting the upper end of said cylindrical seat.
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ABST
PAL  A carburettor incorporating within its housing and at one end of its mixing
      chamber a governing diaphragm having balancing springs and being connected
      with the stem of a poppet-type valve serving as the throttle control, a
      connection for air of sub- or super-atmospheric pressure varying as an
      indication of engine speed, and a rotatable manually controlled element
      within the housing and operating on a carriage to vary the pressure in one
      of the diaphragm springs to alter the balance of the diaphragm and effect
      change in throttle setting.
BSUM
PAR  This invention relates to carburettors and associated components and more
      particularly to a simplified throttle valve mechanism and vacuum operated
      diaphragm governor control for a carburettor.
PAR  Present known carburettors of the general type to which this invention
      relates usually incorporate a plurality of exposed moving parts which
      suffice to operate the throttle valve. These exposed moving parts are
      particularly prone to damage from external sources and to corrosion and
      the like. Furthermore these types of carburettors, due to their
      construction, have several exposed orifices through which foreign matter
      may pass to cause damage to the internal components thereof.
PAR  In some types of installations there is a requirement for governed control
      of the engine speed in a selective range of engine R.P.M. with respect to
      the engine loading. Generally this is achieved by way of an independent
      governor control mechanism mounted on the engine and connected by way of
      linkage to the throttle control mechanism. This type of apparatus is
      defective in that it is expensive and very complicated. In the past there
      has been some attempt at producing a carburettor with an integral governor
      control. One such type of carburettor comprises a pressure sensitive
      capsule connected between the throttle control mechanism and the throttle
      valve. The capsule is located in a chamber communicating with the inlet
      manifold. The function of the capsule is to override the manual throttle
      setting and control the engine speed with respect to the manifold
      depression. This type of mechanism is particularly defective in that it is
      also sensitive to temperature changes in the manifold and cannot therefore
      function properly without a high degree of manual control to compensate
      for manifold temperature changes.
PAR  It is an object of the present invention to provide a carburettor that is
      substantially free from these defects.
PAR  It is another object of this invention to provide a diaphragm operated
      governor control that may be used with substantially any suitable type of
      carburettor to provide effective control of engine speed within a
      predetermined range of throttle opening with respect to the engine
      loading.
PAR  In one general form the invention is a carburettor for deriving a fuel/air
      mixture for application to a gas engine, comprising a housing, a fuel/air
      mixing chamber in the housing connected to an outlet, a valve seat in the
      housing in the path of fuel/air mixture passing to the outlet, a
      poppet-type valve displaceable to and from the valve seat to control the
      flow of fuel/air mixture to the outlet, a movable diaphragm supported in
      the housing and forming at least part of a wall of a compartment and being
      connected with the poppet valve, means for biasing the movement of the
      diaphragm, a manual throttle control element within the housing operable
      to change the bias on the diaphragm, and means in fluid connection with
      the compartment for deriving fluid pressure changes indicative of changes
      in speed of the engine, whereby response of the diaphragm to fluid
      pressure changes causes displacement of the poppet valve with respect to
      the valve seat.
DRWD
PAR  The invention will now be described by reference to a preferred embodiment
      illustrated by the accompanying drawings, in which:
PAR  FIG. 1 shows a carburettor incorporating the invention with its throttle in
      the engine start position, and comprises a set of three illustrations,
      viz. (A) a vertical sectional view through the carburettor, (B) a plan
      view with the diaphragm control removed, and (C) a diagrammatic
      representation of the functioning of the manual throttle arrangement in
      the carburettor;
PAR  FIG. 2 is a similar showing of the carburettor of FIG. 1, but under full
      throttle;
PAR  FIG. 3 shows the carburettor in idling condition; and,
PAR  FIG. 4 is a fragmentary plan of pressure deriving means.
DETD
PAR  A basic form of carburettor incorporating the invention is shown by the
      drawings and consists of a float chamber 4, a mixing chamber 5, a venturi
      6 in the mixing chamber 5, an air inlet 7 and a mixture outlet 8. As with
      conventional carburettors fuel flow to the mixing chamber 5 is achieved by
      way of at least one fuel jet 9 connecting the float chamber 4 with the
      venturi 6. In the present invention the flow of the fuel/air mixture from
      the mixing chamber 5 to the outlet 8 is controlled with a poppet valve 10.
      This valve 10 comprises a conical valve head 11 having a valve face 12 at
      its base to engage, when in the closed position, a complimentary valve
      seat 13 on the venturi 6 in the mixing chamber 5.
PAR  The valve 10 is mounted relative to the valve seat 13 by way of a stem
      portion 14 extending coaxially from its base and received slideably in a
      valve guide 15 at one end of the mixing chamber 5. Control of the fuel/air
      mixture flow to the outlet 8 is achieved by axially moving the valve 10 a
      selected distance between a fully open position and a fully closed
      position with resulting control of engine power. The valve guide 15 is
      supported at the end of the mixing chamber 5 by a plurality of
      circumferentially spaced radial webs 16.
PAR  The volume of fuel/air mixture required for engine idling may be obtained
      as shown in FIG. 3 (a) by relieving the valve seat 13 at point 13A
      adjacent the emulsion hole 9A or alternatively by way of a bleed hole (not
      shown) extending through the valve head 11. The latter method is the most
      desirable in that by turning the valve 10 the bleed hole may be moved
      circumferentially away from the emulsion hole 9A to provide a lean mixture
      or toward it to provide a rich mixture. In another form however the valve
      10 when in the closed position may be set with a minimal clearance between
      the face 12 and the seat 13 to permit the correct flow of fuel/air mixture
      for the engine idling speed.
PAR  Air flow to the mixing chamber 5 is by way of a radial passage 7A to an
      annular chamber 7B surrounding the mixing chamber 5 and communicating with
      it through orifices 7C in a raised flange 30 forming an inner wall for the
      annular chamber 7B.
PAR  The fuel jet 9 is preferably on the axis of the cylindrical float chamber 4
      which has one end wall 17 and side wall 18 integrally formed with the
      housing of the carburettor. The float valve 4 and float mechanism 19 as
      well as the fuel supply pipe 20 are mounted on a rotatable cap 21 serving
      as the other end wall. Extending coaxially from the inner face of this
      cap, which is also removable, is a hollow screw 22 which is in
      communication with the emulsion hole 16 in the venturi 6. The cap 21 is
      retained in sealing contact with the float chamber 4 by the screw 22,
      which serves as the fuel jet 9. Fuel supply to the emulsion hole 9A is
      obtained via a passage or small conduit 21A on the cap 21 extending from
      below the normal fuel level.
PAR  Governor control for the carburettor is provided. This includes the
      provision of a fluid pressure-operated diaphragm control comprising an
      annular resilient flexible diaphragm 23 with its outer peripheral edge
      retained between a cap 24 and a flange 25 on the upper end of the housing.
      Its inner peripheral edge is secured to a coaxial annular cup shaped
      member 26 which is mounted on the poppet valve stem 14. The diaphragm 23
      and member 26 form one wall of a sealed compartment 27.
PAR  Mounted within the compartment 27 is a helical spring 28 which acts between
      the cap 24 and the cup member 26 to urge the poppet valve 10 towards its
      fully open position. The compartment 27 is connected by a conduit 29 to a
      source of fluid pressure variable with variation in engine speed.
      Preferably, this source is a probe on an aerofoil (not shown) which is
      positioned adjacent the engine cooling fan or other air impeller. The
      probe is mounted in such a way that the greater the volume of air drawn
      past it by the fan the greater will be either the pressure rise or fall
      applied to the compartment 27. As shown by the drawings the governor
      relies on changes in vacuum but by reversing the action of the valve 10,
      or locating compartment 27 on the reverse side of diaphragm 23 the
      governor will respond to changes in super-atmospheric pressures. Any other
      suitable means for deriving the necessary vacuum may be used. This vacuum
      will move the diaphragm 23 against the pressure of spring 28 and move the
      poppet valve 10 towards its closed position upon seat 13.
PAR  The carburettor will require choking to permit cold starting. This is
      achieved with a disc-shaped throttle control member 31 mounted rotatably
      on the valve guide 15 and closing the upper end of annular air inlet
      chamber 7B. The throttle control member 31 is constructed with depending
      obturating legs 32 for orifices 7C so that when it is rotated fully in one
      direction the legs 32 will substantially close off the air inlet via
      orifices 7C to cause a rich mixture at the venturi 6.
PAR  The throttle control member 31 has an upright peripheral wall 33 (see
      detail of FIGS. 1 (c), 2(c) and 3(c)) functioning as a rotatable cam and
      provided with three dwells in the form of inclined ramps 34. An annular
      cup 35 having three radially extending lifter arms 36 located within the
      dwells 34 of throttle member 31 supports the lower end of a bias spring 37
      compressed against the underside of the cup member 26. Normally the
      diaphragm spring 28 overpowers the bias spring 37 and the diaphragm 23 is
      forced to an extreme outer limit of the compartment 27 as shown in FIG. 1
      (a).
PAR  A manual control cable 38 with a sliding core 39 is connected with the
      carburettor housing to rotate the throttle control member 31. The core 39
      is arranged to push an end wall 40 in a forked part 41 of the member 31 to
      effect manual closure of valve 10. A return spring 42 over the valve guide
      15 returns the member 31 when the core 39 is withdrawn.
PAR  When the throttle control member 31 is in the start position shown by FIG.
      1 the valve 10 is open to maximum and orifices 7C are almost closed
      permitting only sufficient air flow for starting and the lifter arms 36 as
      shown by FIG. 1(c) are therefore in a lowered position. Upon start of the
      engine its speed will be chosen by selective closure of valve 10 by cable
      manipulation.
PAR  When the engine is running steadily the air pressure at the aerofoil
      adjacent the cooling fan will cause a vacuum to be applied to the
      diaphragm 23. As the poppet valve 10 is moved to its fully open position
      by the control cable 38 with the engine unloaded as shown by FIG. 2 the
      increased air flow past the aerofoil will cause a corresponding increase
      in the vacuum applied to the diaphragm 23 overcoming the force of the
      diaphragm spring 28 and drawing the diaphragm 23 into compartment 27 thus
      causing the poppet valve 10 to move towards closure.
PAR  Should a load be applied to the engine the engine speed will be reduced
      causing a corresponding reduction in the vacuum permitting the diaphragm
      spring 28 to move the poppet valve 10 in an opening direction to attain
      equilibrium between pressures applied to opposite sides of the diaphragm
      23. The displaced position of diaphragm 23 under this governing control is
      depicted in broken outline in FIG. 2 (a). Thus the greater the load the
      less the vacuum and vice versa whereby automatic governing of the engine
      speed with respect to varying load conditions is obtained. A throttle
      setting between idling and maximum speed will place the lifter arms 36 in
      a position (not shown) part way up the ramps 34 so that the influence of
      the spring 28 is partly countered.
PAR  It will be appreciated that the effect of lifting the annular cup 35 by the
      rotatable cams of the throttle control member will be to increase the
      pressure of the bias spring 37 upon the diaphragm 23 and thereby alter its
      equilibrium. As a result manual selection of the engine speed is available
      with automatic variations of the valve 10 opening achieved to compensate
      for changing loads on the engine.
PAR  FIG. 4 shows a preferred embodiment of means for deriving air pressure
      changes indicative of changes in speed of the engine. The means are
      applied to an air-cooled engine having an air impeller 101 secured upon an
      upper end of the engine drive shaft (not shown) for direct drive from the
      engine. A cowling 103 encloses the impeller 101 and confines the air
      displaced by the impeller 101 air stream is directed by the cowling 103
      over and about the engine cylinder block and other components for cooling
      purposes. Alternatively, the impeller 101 may be supplementary to the
      cooling system and the air-stream 102 either disposed of or utilised for
      other purposes. to a stream indicated by arrows 102 in the drawing. This
PAR  An upright vane 104 is supported by the cover 105 of cowling 103 so that it
      projects into the air-stream 102. The vane 104 is provided with an
      aerofoil surface 106 and formed of sheet material with a pair of spaced
      tabs 107 projecting from its upper edge and bent at right-angles thereto.
      Each tab 107 is drilled and tapped to accept screws 108 and 109 projecting
      through the cowling cover 105.
PAR  By tightening of the screws 108 and 109 the relative position of the vane
      104 to the impeller 101, and therefore the air-stream 102, may be secured.
      If the screw 108 passes through a hole in the cover 105 while screw 109 is
      located in an arcuate slot 109A in the cover 105, the relative position of
      the vane 104 to the impeller 101 may be selected. A displaced position of
      the vane 104 is shown in broken outline in the drawing. It will be
      appreciated, of course, that the vane 104 may be omitted and the aerofoil
      surface 106 provided on the internal upright wall 110 of the cowling 103.
PAR  A hollow probe 111 passes through and is fixed to the vane 104 at a
      position thereon where the pressure of the air-stream passing over the
      aerofoil 106 differs from atmospheric pressure. In the instance depicted
      in the drawing the probe is positioned at a point of sub-atmospheric
      pressure due to the fact that the aerofoil at that position projects into
      the air-stream 102. By variation of the shape of the aerofoil 106, or
      repositioning of the probe 111, an area of super-atmospheric pressure may
      be chosen for the probe 111. A flexible airline 112 is passed through the
      floor of the cowling 103 and connected with the outer end of the hollow
      probe 111. The end 113 of the probe 111 projecting into the air-stream 102
      may be obliquely cut to obtain amplification of the effect of differential
      pressure. As depicted in the drawing the inclination of end 113 of probe
      111 faces out of the air-stream to accentuate the reduction of air
      pressure. On the other hand, if the aerofoil 106 was shaped at the
      position of insertion of the probe 111 so that it recedes from the
      air-stream a reduction in velocity of the air-stream 102 past the probe
      111, and consequential increase in pressure, will result.
PAR  In a relatively small engine, such as a two-stroke or four-stroke engine, a
      single firing chamber is utilised and the carburettor may be attached
      directly to the cylinder housing without the requirement for an inlet
      manifold. In modern engine design it is frequently desirable to provide
      automatic control of engine function, e.g. ignition advance, or engine
      speed governing. In both instances a diaphragm control may be used
      responding to increases or decreases in fluid pressure which are
      indicative of engine speeds. By the invention there is provided a
      diaphragm control device (not shown) of any suitable kind with balancing
      means, such as internal helical springs, for the diaphragm and linkage
      connecting diaphragm movement to a valve or other member to control the
      engine function.
PAR  In one form of the invention the fluid line 112 is connected at its outer
      end to a sealed chamber on one side of the diaphragm. The diaphragm will
      then respond to fluid pressure changes which will be a representation of
      changes in engine speed. The position adjustment of vane 104, due to the
      accommodation of fixing screw 109 within a slot in the cowling 103, will
      enable ready adjustment to be made for optimum functioning of the
      diaphragm control.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A carburettor for deriving a fuel/air mixture for application to a gas
      engine subject to changing loads, comprising a housing, individual inlet
      means to said housing for fuel and air, a fuel/air mixing chamber in said
      housing connected to an outlet, a valve seat in said housing and in the
      path of fuel and air passing from said inlet means to said chamber, an
      axially displaceable valve co-operating with said valve seat to control
      the flow of fuel and air to said chamber, a second chamber in said
      housing, an element movable within said second chamber and dividing said
      second chamber into two compartments and connected to said valve to open
      and close said valve, a manually operable throttle control for said engine
      including a rotatable throttle control member within said housing and
      coaxial with said valve and connected with said movable element to change
      the position thereof within said second chamber to determine the open
      condition of said valve with respect to said valve seat, said open
      condition corresponding to a selected speed of said engine, resilient
      means for biasing said movable element to said changed position, and an
      automatic speed governor control for said engine including means for fluid
      connection with a first one of said compartments for communicating thereto
      fluid pressure changes indicative of changes in speed of said engine, said
      fluid pressure changes effecting movement of said movable element with
      respect to its said changed position to increase said open condition of
      said valve with decreasing speed of said engine and to decrease said open
      condition of said valve with increasing speed of said engine, thereby
      maintaining substantially uniform speed of said engine corresponding to
      said selected speed.
NUM  2.
PAR  2. A carburettor according to claim 1, wherein said resilient biasing means
      for said movable element includes springs in respective ones of said
      compartments, each spring compressibly acting upon said movable element,
      said throttle control member being located within a second one of said
      compartments and one of said springs being compressed between said
      throttle control member and said movable element.
NUM  3.
PAR  3. A carburettor according to claim 2, wherein said changed position of
      said movable element is achieved by altering the degree of compression of
      said spring in said second compartment.
NUM  4.
PAR  4. A carburettor according to claim 3, wherein the relative tensions of
      said springs are such that in the fully opened condition of said valve the
      spring in said first compartment overpowers the spring in said second
      compartment and forces said movable element against an abutment within
      said second compartment, and said movable element in moving to said
      changed position vacates said abutment under increased tension in said
      second spring.
NUM  5.
PAR  5. A carburettor comprising a housing, individual fuel and air inlet means
      to said housing, a fuel/air mixing chamber in said housing connected to an
      outlet, a valve seat in said housing between said chamber and said
      individual fuel and air inlet means, an axially displaceable valve within
      said housing and co-operating with said valve seat to open and close
      thereby to control the flow of fuel and air into said mixing chamber,
      throttle means including a throttle control element within said housing
      and rotatable about the axis of said valve, means for manually controlling
      the rotation of said throttle control element, a displaceable mount for
      said valve, a cam face on said throttle control element co-operating with
      said displaceable mount to increase the opening of said valve upon
      rotation of said throttle control element corresponding to advancement of
      said throttle means and to decrease the opening of said valve upon
      rotation of said throttle control element corresponding to retarding of
      said throttle means.
NUM  6.
PAR  6. A carburettor according to claim 5, wherein said throttle control
      element includes a carriage slidably displaceable along the axis of said
      valve and abutting said cam face for control of its sliding movement.
NUM  7.
PAR  7. A carburettor according to claim 6, including a plurality of said cam
      faces each adjacent a respective cam dwell on said throttle control
      element and each of ramp shape, said carriage having a plurality of
      radially extending arms engageable in respective cam dwells when said
      valve is fully opened and contacting said ramp shaped cam faces when said
      valve is at least partly closed.
NUM  8.
PAR  8. A carburettor according to claim 5, wherein the air from said air inlet
      means passes to said valve seat via an orifice, said rotatable throttle
      control element carrying a projection which at least partly closes said
      orifice in one rotated position of said throttle control element.
NUM  9.
PAR  9. A carburettor according to claim 8, including a plurality of said
      orifices, said throttle control element and said carriage being
      concentric, said throttle control element carrying a plurality of
      projections comprising legs depending from said throttle control element.
NUM  10.
PAR  10. A carburettor for deriving a fuel/air mixture for application to a gas
      engine subject to changing loads, comprising a housing, individual inlet
      means to said housing for fuel and air, a fuel/air mixing chamber in said
      housing connected to an outlet, a second chamber in said housing, a valve
      seat in said housing between said chambers and in the path of fuel and air
      passing from said inlet means to said mixing chamber, and axially
      displaceable poppet-type valve having a head and a stem and co-operating
      with said valve seat to open and close and thereby control the flow of
      fuel and air to said mixing chamber, a movable element dividing said
      second chamber into two compartments and connected with the stem of said
      valve to open and close said valve, a manually operable throttle control
      for said engine including a throttle control member between said movable
      element and said valve seat and rotatable about the axis of said valve
      stem, a cam face on said throttle control member, a carriage in contact
      with said throttle control member slidable under control of said cam face
      within a first one of said compartments, first spring means within a
      second one of said compartments and urging said movable element towards
      said first compartment, second spring means compressed between said
      carriage and said movable element to change the position within said
      second chamber of said movable element with sliding of said carriage
      thereby to change the open condition of said valve with respect to said
      valve seat, said changed open condition corresponding to a selected speed
      of said engine, and an automatic speed governor control for said engine
      including means for fluid connection with said second compartment for
      communicating thereto fluid pressure changes indicative of changes in
      speed of said engine, said fluid pressure changes effecting movement of
      said movable element with respect to its said changed position to increase
      said open condition of said valve with decreasing speed of said engine and
      to decrease said open condition of said valve with increasing speed of
      said engine, thereby mainting substantially uniform speed of said engine
      corresponding to said selected speed.
NUM  11.
PAR  11. A carburettor according to claim 10, wherein said movable element is a
      diaphragm whose position within said second chamber is determined by the
      tension in both said spring means and the differential pressure of fluids
      in both said compartments.
NUM  12.
PAR  12. A carburettor according to claim 10, including a plurality of said cam
      faces each adjacent a respective cam dwell on a face of said throttle
      control member, each cam face having ramp-like shape, said carriage having
      a plurality of radially extending arms engageable in respective ones of
      said cam dwells, when said valve is fully opened and contacting said
      ramp-like cam faces when said valve is partly closed.
NUM  13.
PAR  13. A carburettor according to claim 10, wherein the air from said air
      inlet means passes to said valve seat via a plurality of orifices, said
      throttle member carrying a plurality of depending leg projections which at
      least partly close respective orifices in one rotated position of said
      throttle control member.
PATN
WKU  039392325
SRC  5
APN  4813243
APT  1
ART  177
APD  19740620
TTL  Carburetor
ISD  19760217
NCL  10
ECL  1
EXP  Miles; Tim R.
NDR  1
NFG  5
INVT
NAM  Higashigawa; Keizo
CTY  Toyota
CNT  JA
ASSG
NAM  Toyota Jidosha Kogyo Kabushiki Kaisha
CTY  Aichi
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731210
APN  48-136832
CLAS
OCL  261 72R
XCL  261DIG67
EDF  2
ICL  F02M  502
FSC  261
FSS  DIG. 67;DIG. 2;72 R
UREF
PNO  1683338
ISD  19280900
NAM  Evinrude
OCL  261 72R
UREF
PNO  1872291
ISD  19320800
NAM  Hobbs
OCL  261 72R
UREF
PNO  1912842
ISD  19330600
NAM  Hobbs
OCL  261 72R
UREF
PNO  1916060
ISD  19330600
NAM  Memini
OCL  261 72R
UREF
PNO  2229851
ISD  19410100
NAM  Hufford
OCL  261 72R
UREF
PNO  2701709
ISD  19550200
NAM  Brunner
OCL  261DIG.67
UREF
PNO  2851259
ISD  19580900
NAM  Olson
OCL  261 72R
UREF
PNO  3058728
ISD  19621000
NAM  Ruth
OCL  261DIG.67
UREF
PNO  3273871
ISD  19660900
NAM  Winkler
OCL  261DIG.67
UREF
PNO  3540423
ISD  19701100
NAM  Tolles
OCL  261DIG.67
UREF
PNO  3752135
ISD  19730800
NAM  Peterson et al.
OCL  261 72R
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  A float chamber is in communication with the surrounding atmosphere through
      a valve actuatable in response to a negative pressure in an intake
      manifold so that when an engine is excessively inclined or upset the valve
      is closed under the pressure of the fuel in the float chamber. Therefore,
      the overflow of the fuel into the carburetor barrel may be prevented and a
      fire in the vehicle avoided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a carburetor of the type whose float
      chamber is in communication through an air vent with the surrounding
      atmosphere.
PAR  In general, the air in the float chamber is communicated through an air
      vent and an air horn of a carburetor or air cleaner with the surrounding
      atmosphere so that the fuel supplied into the float chamber through a
      needle valve may be smoothly discharged into a venturi throat through a
      fuel discharge nozzle. However, when an automotive vehicle is upset, there
      is a danger that the fuel in the float chamber flows out through the air
      vent, thus causing a possible fire in the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the above, the present invention provides a carburetor
      incorporating a valve which is adapted to be closed under the pressure of
      the fuel in the float chamber when the engine is excessively inclined or
      upset, thereby preventing the overflow of the fuel from the float chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view of a carburetor in accordance with the present
      invention;
PAR  FIGS. 2, 3 and 4 are fragmentary sectional views thereof on an enlarged
      scale used for the explanation of the mode of operation thereof; and
PAR  FIG. 5 is a graph illustrating the relationship between the stroke of a
      piston-shaped valve and the negative pressure in the intake manifold.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-4, the fuel is supplied through a needle valve 2 into
      a float chamber 1 in such a way that the level of the fuel in the chamber
      1 may be kept substantially at the same level by a float 3. The float
      chamber is in communication through a float chamber vent 4 and a valve 10,
      to be described in more detail hereinafter, with an air horn 5 of a
      carburetor including a choke valve 6, a venturi 7, a throttle valve 8, and
      a discharge nozzle 9 opening into the venturi throat 7 for discharging the
      fuel.
PAR  According to the present invention, the valve 10 is inserted between the
      float chamber vent 4 and the float chamber 1 so that when the vehicle is
      upset in the transverse direction, that is when the engine is inclined,
      the valve 10 is automatically closed by the fuel in the float chamber 1.
      The valve 10 comprises a cylindrical valve box 11 extending upright from
      the top of the float chamber 1, a piston-shaped valve 13 slidably fitted
      into the valve box 11, a passage 12 one end of which is opened at the
      bottom surface of the valve 13 and the other end of which is opened at the
      side surface thereof, a negative pressure admission line 15 for admitting
      the negative pressure in an intake manifold into the upper chamber 14 of
      the cylinder-shaped valve box 11 above the valve 13, and a coiled spring
      16 disposed within the upper chamber 14 so as to normally bias the
      piston-shaped valve 13 in such a way that the passage 12 may be normally
      in communication with the float chamber vent 4. Reference numeral 17
      denotes a stopper, and 18, the level of fuel in the float chamber 1.
PAR  The mode of operation of the carburetor with the above construction will be
      described hereinafter. When the engine is stopped, there is no negative
      pressure produced downstream of the throttle valve 8, that is in the
      intake manifold so that the piston-shaped valve 13 is in the low normal
      position due to the weight of the piston 13 and the bias at the coiled
      spring 16. As a result, the passage 12 is in communication with both the
      float chamber 1 and the float chamber vent 4 as shown in FIG. 1.
PAR  When the engine is operating, negative pressure is produced downstream of
      the throttle valve 8 and transmitted into the upper chamber 14 of the
      valve box 11 through the negative pressure transmission line 15 so that
      the valve 13 is lifted against the coiled spring 16 into the upper
      position. As a result, the vent 4 is in direct communication with the
      float chamber 1, as shown in FIG. 2, so that the atmospheric pressure acts
      upon the level 18 of the fuel in the float chamber 1. Therefore, the fuel
      is smoothly discharged through the nozzle 9 into the venturi 7 in a manner
      substantially similar to that of conventional carburetors.
PAR  When the vehicle is overturned or upset as shown in FIG. 3, the fuel forces
      the valve 13 to the right in FIG. 3 and against the spring 16 so that the
      communication between the passage 12 and float chamber vent 4 is
      interrupted. Thus, discharge of the fuel into the carburetor is prevented.
PAR  When the vehicle is upset as shown in FIG. 4, the piston-shaped valve 13 is
      forced downwardly under the pressure of the fuel and the weight of the
      valve 13 and against the spring 16 so that communication between the
      passage 12 and the vent 4 may be automatically interrupted. Therefore, the
      overflow of the fuel into the carburetor may be positively prevented.
PAR  FIG. 5 is a graph illustrating the relationship between the stroke of the
      valve 13 and the negative pressure in the intake manifold. The broken line
      19 indicates the negative pressure in the intake manifold when the engine
      is operated at the minimum speed with the throttle valve wide opened, and
      the stroke indicated by 20 denotes a play of the valve 13 which is
      dependent upon the position of the valve 13 shown in FIG. 3.
PAR  As described hereinbefore, according to the present invention, the normal
      function of the carburetor may be ensured when the vehicle is in the
      normal position, but it the vehicle should be upset, the float chamber
      vent is automatically closed so that the overflow of the fuel into the
      carburetor may be positively prevented, thus preventing the fire of the
      vehicle.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a carburetor having an air horn, a choke valve, a venturi, a
      throttling valve, a discharge nozzle, a float chamber, and an air vent in
      communication with said float chamber, the improvement comprising valve
      means located between said float chamber and said air vent for closing
      said air vent under the pressure of fuel within said chamber when a
      vehicle is excessively inclined or upset, said valve means comprises a
      valve box and a piston-shaped valve movable within said valve box, said
      valve means including an upper chamber formed between said piston-shaped
      valve and said valve box, and a negative pressure transmission line having
      one end connected to said upper chamber and the other end connected to the
      intake manifold of the carburetor.
NUM  2.
PAR  2. A carburetor comprising a float chamber, an air vent in communication
      with said float chamber for supplying air to said float chamber so that
      fuel in the chamber may be smoothly discharged via a nozzle, valve means
      interposed between said air vent and said float chamber for closing off
      said air vent when a vehicle containing the carburetor is excessively
      inclined or upset, said valve means comprises a valve box, a piston-shaped
      valve slidable within said box for opening or closing said air vent, a
      passageway formed in said valve, an inner chamber formed between said
      piston-shaped valve and said valve box on the opposite side of said
      piston-shaped valve from said float chamber, a negative pressure
      transmission line having one end connected to said inner chamber and the
      other end connected to the intake manifold of the carburetor, and spring
      means located within said inner chamber for biasing said piston-shaped
      valve toward said float chamber.
NUM  3.
PAR  3. A carburetor according to claim 2 wherein said passageway has one end
      opened at the bottom of said piston-shaped valve and the other end opened
      at a side surface of said piston-shaped valve so that when the engine is
      shut-off the air vent may be in communication with said float chamber.
NUM  4.
PAR  4. In a carburetor having an air horn, a choke valve, a venturi, a
      throttling valve, a discharge nozzle, a float chamber, and an air vent in
      communication with said float chamber, the improvement comprising valve
      means located within said float chamber and said air vent for closing said
      air vent under the pressure of the fuel within said chamber when a vehicle
      is excessively inclined or upset, said valve means comprises a valve box
      and a piston-shaped valve movable within said valve box, said
      piston-shaped valve having a passage formed therein in communication with
      said air vent, and said passage having one end open at the bottom surface
      of said piston-shaped valve and its other end open at a side surface of
      said piston-shaped valve.
NUM  5.
PAR  5. A carburetor according to claim 4, wherein said valve means further
      comprises an upper chamber formed between said piston-shaped valve and
      said valve box, and a negative pressure transmission line having one end
      connected to said upper chamber and one end connected to the intake
      manifold of the carburetor.
NUM  6.
PAR  6. A carburetor according to claim 5, wherein said valve means further
      comprises spring means mounted within said upper chamber for biasing said
      piston-shaped valve toward said float chamber.
NUM  7.
PAR  7. In a carburetor having an air horn, a choke valve, a venturi, a
      throttling valve, an intake manifold, a discharge nozzle, a float chamber,
      a float within said float chamber for maintaining the level of fuel
      therein below the upper end of said float chamber, and an air vent in
      communication with said valve chamber, wherein the improvement comprises a
      valve box mounted on and extending upwardly from the upper end of said
      float chamber and being open to the interior of said float chamber, said
      valve box having a tubular shaped side wall extending upwardly from the
      upper end of said float chamber and a top wall extending across the upper
      end of said side wall spaced from said float chamber, said air vent
      connected to said side wall, and a piston-shaped valve positioned within
      said valve box and slidably displaceable along said side walls thereof,
      said piston having a passage formed therein and said piston being
      displaceable within said valve box between one position admitting flow
      through the passage in said piston-shaped valve from said air vent to said
      flow chamber and another position for blocking flow between said air vent
      and said float chamber.
NUM  8.
PAR  8. In a carburetor, as set forth in claim 7, wherein the connection of said
      air vent to said side wall is spaced from the upper end of said float
      chamber and from the top wall of said valve box, said piston-shaped valve
      has a first end surface facing said float chamber and an oppositely
      disposed second end surface facing the top wall of said valve box, a side
      surface extending between said first and second end surfaces, and said
      passage in said piston-shaped valve opening from said first end surface
      into said float chamber and extending through said piston-shaped valve and
      opening through the side surface thereof.
NUM  9.
PAR  9. In a carburetor, as set forth in claim 8, wherein said side wall of said
      valve box having a height greater than the spacing between the end
      surfaces of said piston-shaped valve, said top wall of said valve box
      having an opening therethrough, a negative pressure transmission line
      having one end connected to the opening in said top wall and the other end
      thereof connected to said intake manifold, and a spring positioned within
      said valve box between the second end surface of said piston-shaped valve
      and said top wall of said valve box for biasing said piston-shaped valve
      away from said top wall.
NUM  10.
PAR  10. In a carburetor, as set forth in claim 9, wherein a stopper is located
      at the junction of said valve box and said float chamber for preventing
      said piston-shaped valve from being displaced from said valve box into
      said float chamber.
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ABST
PAL  A method for the production of spherical particles. The starting material
      for the particles and organic substances are used to form a liquid aqueous
      mix from which drops are formed. The starting material is introduced into
      an aqueous solution in the form of a fine powder. The solution contains
      condensable or curable organic substances. As the starting material a
      non-metal, metalloid or a compound of one of these is used.
BSUM
PAR  The invention relates to a method for the production of spherical
      particles, using the starting material of the particles and organic
      substances to form a liquid, aqueous mix, spraying this mix or allowing it
      to drain off to form drops which are solidified during their downward
      passage through a column.
PAR  The hitherto-known methods for the production of spherical particles have
      been mainly developed for the production of same from metals and metal
      compounds.
PAR  In accordance with the invention the starting materials are ground to a
      fine powder and this powder is then introduced into an aqueous solution
      containing condensable or curable organic substances; a suspension is
      formed by stirring. To the resulting suspension catalysts and
      cross-linking agents can be added. By the method of the invention it is
      possible to produce particles of a neutron-absorbing material or a
      reaction moderating material.
PAR  For producing the carbon matrix of the particles, the known condensation
      reaction of phenols and aldehydes can be utilized. The utilization of
      resorcinol and/or urea has been proved to be advantageous. Resorcinal has
      very good solubility in water and is especially reactive on account of its
      OH-groups in meta-position. For the condensation agent formaldehyde
      solution or glyoxalic solution is used. It is also possible to use
      acetaldehyde, propionaldehyde, furfural or a mixture of formaldehyde and
      furfural. For a complete condensation of 1 mol resorcinal about 1.7 mol
      formaldehyde are needed. To guarantee reaction completion and to obtain
      homogenous reaction products, it is desirable to use a ratio of 1 : 1.2 to
      1.4.
PAR  For adjusting the reaction time of the curing process necessary for the
      method, catalysts have to be added to the mixture to regulate the
      initiation of the polycondensation which follows an ionic reaction
      mechanism.
PAR  In accordance with the invention, carboxylic acids and sulfonic acids
      especially toluene sulfonic acids, cyclohexane sulfamic acid, mellitic
      acid, and pyromellitic acid have been found suitable; by the addition of
      the two last-mentioned acids an advantageous three-dimensional linking of
      the resin is effected.
PAR  On account of the special utilization of the particles the desired fillers,
      like graphite, soot, boron, boron oxide, boron carbide, silicon, silicon
      carbide are added to the mixture in form of highly ground powders and are
      mixed to a suspension by thorough stirring. Preferably the aldehyde is
      mixed with to the suspension mixture immediately before the droplets are
      formed in a jet.
PAR  For ensuring complete condensation of the droplets the oil is heated to
      about 80.degree. to 100.degree.C. At this temperature it is possible to
      convert the droplets of the mixture to firm particles during their sinking
      in a column of a height of about 2 to 3 m filled with oil. By fixing the
      diameter of the jet, the grain size of the powder and by adjusting the
      pressure, temperature, viscosity and surface tension in the mixture,
      particles having a determined size and a good uniformity can be produced.
PAR  After having been cured, the particles are washed free from oil, dried and
      heated to 600.degree.C to carbonize the resin.
PAR  In a further step the carbon matrix is graphitized at a temperature from
      1800.degree. to 2600.degree.C; where boron or silicon is present the same
      is converted to the carbide. The resulting graphitized particles are
      flawless and extremely fine pored. Particles containing boron carbide,
      according to the invention, are in the form of coated particles, i.e.
      particles which have been covered by a gas impermeable layer of pyrocarbon
      or pyrocarbon and silicon carbide, which is especially suitable for the
      production of absorber elements for gas-cooled high temperature reactors.
DETD
PAR  The inventive method is, of course, also suitable for the production of
      spherical particles from carbon and metal compounds.
PAC  Example 1
PAR  For the production of boron-carbide-containing carbon particles, the
      suspension mix contains the necessary components, for instance in the
      following composition:
TBL  Water                    1000 g                                           
     resorcinal               375 g                                            
     mellitic acid            5 g                                              
     cyclohexane sulfamic acid                                                 
                              40 g                                             
     boron (amorphous)        45 g                                             
PAL  For curing agent 400 ml formaldehyde 40 % are added.
PAC  Example 2
PAR  As example for carbon particles the following mix is given:
TBL  Water                    1000 g                                           
     resorcinal               410 g                                            
     cane-sugar               25 g                                             
     pyromellitic acid        5 g                                              
     toluene sulfonic acid    35 g                                             
     soot or graphite powder  40 g                                             
PAL  425 ml formaldehyde 40 % are added as curing agent.
PAR  In the drawing an apparatus for producing the particles is shown.
PAR  A container 1 for the suspension mixture and a container 2 for the curing
      agent are connected to a jet (mixing) vessel 5 by way of a proportioning
      pump 3 or 4. The contents of the vessel 5 are thoroughly stirred by an
      agitator 7 driven by a motor 6. The mixture in vessel 5 is forced through
      to the jet openings 8 into a receiving vessel 9. Droplets are thus formed
      which sink in a tube 10 being filled with paraffine oil, solidify and are
      collected in a vessel 11 attached to the end of the tube.
PAR  Besides oil also other liquids can be used such as organic solvents. The
      liquids can also contain dissolved amines or dissolved NH.sub.3. In the
      drawing the receiving tube column 10 is surrounded by a jacket 12 through
      which a heating medium is passed and which is provided with conduits 13,
      14. The conduits 13, 14 discharge into a collecting tank 15, the
      circulation being ensured by a pump 16 with a thermostat.
PAR  The diameter of the jet can for instance be between 0.2 and 0.7 mm. A
      height of drop of about 800 mm has proved sufficient for the particles
      ejected. The oil level is kept constant by the continous supply of oil and
      an overflow tube 17. The overflow 17 is connected to a separator 18 which
      passes the oil to a second separator 19. From there the oil is passed to a
      container 20 where a cooling device 21 and an agitator 23 are provided.
      The agitator is driven by a motor 22. The cooled oil is moved by a pump 24
      into the cooling jacket 25 of the jet (mixing) vessel 5, from here it is
      returned into the container 20 by way of a conduit 26. The container 20 is
      connected to a further container 28 by way of an overflow 27; the
      container 28 contains a heating device 29. A pump 30 brings the heated oil
      into the receiving tube 10. A storage tank 31 serves for equalizing the
      oil level in the individual containers.
PAR  The collecting vessel 11 for the particles produced has an outlet 32
      through which the particles can be removed from time to time. After they
      have been removed from the collecting vessel the cured particles are
      washed free from oil, are dried at 100.degree.C and are screened. The
      screened particles are put into a graphite crucible and heated in an inert
      atmosphere (N.sub.2 -gas) to 600.degree.C, during which step the resin and
      the carbon containing additives are carbonized.
PAR  Then the particles in the graphite crucible are sintered in an inductively
      heated high temperature furnace at 2000.degree.C converting any boron and
      silicon respectively to boron or silicon carbide.
PAR  In the production of graphite-carbon-particles the charges are graphitized
      at 2500.degree.C to 2800.degree.C. The size of the particles is determined
      by a number of factors, like pressure, shape of the jet, distance of the
      jet from the surface of the receiving liquid, temperature, density,
      viscosity and surface tension of the used mixture, ability of wetting and
      grain size of the used powder, temperature, density, viscosity and surface
      tension of the receiving liquid.
PAR  Temperature, density and viscosity can be kept constant without
      difficulties. The shape of the jet and the distance from the surface of
      the liquid are not altered and are therefore also constant. However the
      surface tension is subjected to considerable fluctuation which can be
      removed if a tenside is added in a concentration being not too low.
      Thereby the surface tension is kept at very low value which remains
      constant to a large extent on account of the surplus of the tenside. The
      concentration of the tenside should be according to the effectivity 0.5 to
      2 g/l.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of producing spherical solid particles comprising the steps of:
PA1  a. suspending solid grains of at least one powdered substance selected from
      the group which consists of graphite, soot, boron oxide, amorphous boron,
      boron carbide, amorphous silicon, silicon oxide and silicon carbide in an
      aqueous solution of at least two mutually condensable organic compounds
      capable of forming upon curing at an elevated temperature a synthetic
      resin, one of said compounds being selected from the group which consists
      of resorcinol and urea, the other of said compounds being an aldehyde
      condensable with said one of said compounds;
PA1  b. forming droplets of the suspension of said grains of said powdered
      substance in said solution;
PA1  c. passing said droplets downwardly through a column of a liquid immiscible
      with said solution and at a temperature of substantially 80.degree. to
      100.degree.C and sufficient to induce condensation of said compounds to
      form said synthetic resin and to cure the resulting synthetic resin,
      thereby forming particles in which said grains are distributed in a
      synthetic resin matrix;
PA1  d. separating the latter particles from said liquid; and
PA1  e. heating the particles separated in step (d) to a temperature of
      substantially 1800.degree. to 2600.degree.C to carbonize said synthetic
      resin and form graphite and carbides in the heated particles from the
      carbon formed on carbonization of said synthetic resin.
NUM  2.
PAR  2. The method defined in claim 1 wherein said compounds are resorcinol and
      formaldehyde, said solution further comprising at least one accelerating
      substance selected from the group which consists of carboxylic and
      sulfonic acids.
NUM  3.
PAR  3. The method defined in claim 2 wherein said acids are selected from the
      group which consists of toluene sulfonic acid cyclohexane sulfamic acid,
      mellitic acid and pyromellitic acid.
NUM  4.
PAR  4. The method defined in claim 2 wherein the formaldehyde is added to said
      solution immediately prior to the formation of said droplets.
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ABST
PAL  A device for sealing the air hole in a concrete form while concrete is
      poured over the form, including a cap of resilient material having a
      dome-like top and a cruciform shaft extending from the concave side of the
      top for reception in the air hole of the form. When the dome is pressed
      down to form a dimple therein, the fact that the dimple remains indicates
      that the shaft is firmly seated in the air hole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for sealing the air hole in concrete
      forms.
PAR  Reusable concrete forms are sometimes provided with an air hole in the
      upper face of the form for facilitating removal of the form. After the
      concrete which was poured on the form partially sets, air is blown under
      pressure through the air hole to provide a layer of pressured air between
      the top of the form and the concrete. This pressured air shoves down the
      form by a small amount, which frees the form or loosens it enough to make
      freeing of the form easier. In using the concrete form, it is necessary to
      seal the air hole so that concrete does not leak through it before the
      concrete sets. various devices such as tape have been utilized to seal the
      air hole, but these have not been entirely satisfactory. The sealing
      device must be capable of rapid application and should be strongly enough
      held to prevent collapse under the weight of concrete while permitting
      reverse air flow during loosening, and it should permit an even
      distribution of air onto the upper face of the form in all directions from
      the air hole. Furthermore, a definite indication should be provided as to
      whether the device has been securely installed. An economical device that
      could securely seal the air hole and provide a definite indication as to
      whether it was properly installed, and which encouraged a uniform
      distribution of pressured air during release of the form, would facilitate
      the use of concrete forms.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, a cap is
      provided which can be readily installed in the air hole of a concrete
      form, which indicates secure installation, and which facilitates even
      distribution of air during removal of the form from set concrete. The cap
      is constructed of resilient material and has a dome top and a shaft
      extending from the concave surface of the top. The shaft is designed to
      provide an interference fit with the wall of the air hole in the form so
      that the cap is securely held in place. When a workman presses down on the
      middle of the cap during installation, the domed top will remain depressed
      or dimpled at its center if the shaft is securely held in the air hole,
      thereby providing a definite indication of secure installation. The
      depression of the cap causes the rim of the top to make a good seal with
      the form around the air hole. The shaft has several arms radiating from
      its center, the space between the arms providing air conduits through
      which air can flow during removal of the form. Each of the arms has a
      narrow rib on its outside to provide a small compressible surface that
      permits a moderate interference fit with the walls of the air hole over a
      wider variation of air hole diameters. Several projections are formed on
      the concave side of the domed top which are spaced radially from the
      shaft, so that space is left for the outflow of air from the shaft to the
      upper surface of the form.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of a concrete form structure set
      up for the pouring of concrete thereof, and with the caps of the invention
      installed on the forms;
PAR  FIG. 2 is a view taken on the line 2--2 of FIG. 1 after concrete has been
      poured over the forms, and showing how air pressure is utilized to remove
      the forms from set concrete;
PAR  FIG. 3 is a bottom perspective view of the cap of the invention which was
      shown in FIG. 1;
PAR  FIG. 4 is a sectional side view of the cap of FIG. 3;
PAR  FIG. 5 is a bottom view of the cap of FIG. 3;
PAR  FIG. 6 is a sectional view of the cap of FIG. 4, shown after installation
      in a concrete form and with the center of the cap top depressed;
PAR  FIG. 7 is a top perspective view of the cap in the configuration of FIG. 6;
      and
PAR  FIG. 8 is an enlarged view of a portion of the cap and form of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a group of pan-shaped forms 10 positioned on a deck 12
      and which are utilized to construct a concrete floor with intergral beams.
      As also shown in FIG. 2, the form 10 has an upper wall 14 with a nipple 16
      at the center that forms an air hole 18 through the form wall. A cap 20
      constructed in accordance with the invention is positioned in the air hole
      to seal it. After concrete 22 is poured over the form and partially sets,
      the form 10 is removed for reuse. In order to remove the form, which may
      be highly resistant to removal, a wand 24 which is connected by a hose 26
      to a high pressure air supply, is applied to the bottom of the nipple 16.
      Pressured air or other gas is then blown through the wand and therefore
      through the air hole 18 and between the upper wall 14 of the form and the
      concrete 22. This air pressure pushes down the form 10, which loosens it
      from the concrete so that the form can be pulled down the rest of the way
      without breaking.
PAR  The cap 20 which seals the air hole 18 is designed for rapid and secure
      installation in the form by a workman at the pouring site. As illustrated
      in FIGS. 3-8, the cap 20 includes a meniscus or dome shaped top with a
      convex upper surface 30 and concave lower surface 32, and also includes a
      shaft 34 of cruciform cross section along most of its length which extends
      from the center of the lower surface 32 of the top. The cap 20 is
      constructed of a resilient material such as polyethylene plastic, and may
      be economically formed by injection molding or the like.  The shaft 34 is
      normally of a size for making an interference fit with the walls of the
      air hole 18 to securely hold the cap in place. When a workman presses down
      on the center 30c of the upper surface of the cap, the center will be
      deformed downwardly to form a dimple as indicated in FIGS. 6 and 7. The
      dimple will remain only if the shaft 34 is securely held in place so that
      the top of the cap cannot spring back to a more uniformly rounded domed
      shape. Thus, when a workman installs the cap and presses down the center
      portion, he can readily determine whether the cap is securely seated by
      noting whether the center of the dome remains dimpled. The depression of
      the center of the cap results in the periphery of the cap, at a land 46
      thereat, pressing securely against the form, thereby providing a good seal
      against concrete. The dimpled cap acts like a spring constantly urging the
      periphery at 46 thereof against the form even if the form deforms slightly
      after concrete is poured over it.
PAR  The cruciform shaft 34 has a center portion 36 and four arms 38 radiating
      from the center portion. The recesses in the shaft resulting from the
      spaces between the arms, form air passageways and permit the passage of
      air through the air hole even when the cap is securely held in place.
      Although the radius of the arms is chosen to provide an interference fit
      with the walls of the air hole 18, variations in the relative sizes of the
      shaft and air hole will occur. In order to maintain an interference fit in
      spite of moderate variations in sizes of the shaft and air hole, the arms
      are provided with narrow ridges 40 on their radially outermost surfaces.
      The fact that the ridges 40 are narrow means that they can be compressed
      or can compress small regions of the air hole walls with a minimum of
      applied force, so that even if there is considerable interference in the
      fit between the shaft and air hole the cap will not be very difficult to
      insert into place. In addition, the shaft 34 is tapered in width or
      diameter so that it has a progressively greater width at positions
      progressively closer to the top portion 28. As a result, the beginning of
      shaft insertion is relatively easy, so that the shaft extends accurately
      along the length of the air hole as the portions of greatest interference
      with the air hole move into the air hole. The tapering is small enough so
      that the shaft does not tend to "pop up" out of the hole.
PAR  The top portion 28 of the cap has several spacer projections 42 depending
      from the bottom surface 32 thereof. These projections 42 which are spaced
      by a distance S radially out from the shaft 34, assure an even
      distribution of pressured air onto the upper face 14 of the form. When the
      cap is fully installed and the center 30c is pressed down, the projections
      42 will seat against the upper form wall 14. As a result, the spaces 44
      between the projections 42 will remain open and form passageways for the
      outflow of pressured air. The projections 42 form several passageways 44
      uniformly spaced about the center of the cap that assure a uniform
      distribution of air pressure. The cap 20 is effective in sealing out grout
      leakage, because the periphery of the top forms a good seal with the upper
      wall 14 of the form. A land 46 is formed on the bottom surface 42 at the
      periphery thereof, the land lying substantially in an imaginary plane
      perpendicular to the shaft 34, so that the land has a considerable surface
      engagement with the form wall 14 to provide a good seal therewith.
PAR  When air is blown through the air hole, the air tends to move in all
      directions away from the cap. As a result, a layer of pressured air is
      distributed in a somewhat uniform manner along the upper surface of the
      upper form wall 14, that tends to push down all regions of the wall. The
      upper wall 14 tends to buckle down and to shove down the entire form a
      small distance. A somewhat uniform distribution of air is important,
      because if only one side of the top wall of the form were pushed down, the
      form might become wedged in the concrete and removal might be even more
      difficult. The fact that the cap tends to direct air uniformly in numerous
      directions from the air hole means that uniform release of the form is
      encouraged.
PAR  Thus, the invention provides a device for sealing the air hole of a
      concrete form rapidly and in a manner that indicates whether or not a
      secure mounting has been achieved. This is accomplished by the use of a
      meniscus cap with a shaft that can engage the walls of the air hole in an
      interference fit so that the dome of the cap can be dimpled and can remain
      dimpled when securely held in place. The dimpling of the dome causes the
      periphery of the dome to press securely against the form even if the form
      deforms slightly or the cap moves up slightly. The shaft has a plurality
      of arms radiating from its center so the space between the arms provides
      air passageways, and the arms have narrow ridges on their outsides for
      encouraging a moderate interference fit through a range of sizes of the
      air hole for a shaft of predetermined size. The meniscus top of the cap
      has projections lying at positions spaced outwardly from the shaft, that
      provide passageways for the outward flow of air between the form and
      concrete and which encourage a more uniform outward air flow for better
      release of the form.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for sealing and stripping a form of a type which has an air
      hole extending through a wall of the form comprising:
PA1  inserting through the air hole in an interference fit with the walls
      thereof, the shaft of a cap which has a thin dome with a concave inner
      surface at one end of the shaft, and depressing the center of the dome
      towards the form wall to deform the dome so it has a central dimple;
PA1  pouring concrete over the form and allowing it to at least partially set;
      and
PA1  applying a gas conduit to said air hole at the inside of the form and
      blowing gas under pressure therethrough to provide a layer of pressured
      gas between the concrete and form wall to loosen the form.
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ABST
PAL  The invention pertains to a process for the continuous production of thin
      polyurethane foam layers, in which a band-like supporting layer is moved
      longitudinally and locally guided so as to take a nearly cylindrical
      shape, the axis of which is horizontal and perpendicular to the general
      direction of the band motion, and a reacting mixture is projected on the
      supporting layer by means of a vertical, rotating projection disk,
      reciprocating along the axis of the said cylindrical shape.
BSUM
PAR  The present invention relates to a process for continuous production of
      thin polyurethane foam layers. "Thin layers" are to be understood as foam
      layers having a thickness ranging from about two tenths of a millimeter to
      25 millimeters.
PAR  There has been proposed a continuous process for producing foam layers
      through electrostatically or otherwise projecting a reacting mixture on a
      flat moving support layer, by means of one or more spray heads.
PAR  With this system, however, it is difficult to ensure a constant thickness
      of the foam layer, especially near the edges of the foam layer.
PAR  It has been found that the drawbacks of the known processes could be
      prevented by following a process, object of the invention, substantially
      comprising the steps of: longitudinally moving a band-like supporting
      layer and forcing it locally to take a nearly cylindrical shape, which has
      a horizontal axis, at right angles with the general direction in which the
      band is moving, and projecting a reacting mixture by means of a vertical
      rotating disk, reciprocating along the axis of the said cylindrical shape.
PAR  It should be noted that it has been proposed to line constructional panels
      made from plastic material with polyurethane foam, to move the said panels
      vertically around rotating, electrostatically charged projection disks,
      which are moving up and down. Such a method, however, cannot be applied
      without change for continuously producing thin foam layers as such;
PAR  The present invention also relates to a device for applying the new process
      defined above, as will be described in detail hereafter.
DRWD
PAR  In order that the invention may be more readily understood, reference will
      now be made to the attached drawings in which:
PAR  FIG. 1 shows a side view of a basic schematical drawing of the invention,
      respectively of the device according to the invention;
PAR  FIG. 2 shows another embodiment of the invention;
PAR  FIG. 3 shows a possible application of the device according to FIG. 2;
PAR  FIG. 4 shows on a larger scale a more detailed view of the part marked by
      the arrow F4 in FIG. 1; and
PAR  FIG. 5 shows a schematical front view of the projection disk and
      driving-gear.
DETD
PAR  As shown in FIG. 1, the invention mainly relates to: moving a band-like
      supporting layer 1, reeled off in the present case from reel 2; locally
      guiding the supporting layer so that it takes a cylindrical shape 3, the
      axis of which is horizontal; and projecting a reacting mixture on the
      cylindrical surface of the supporting layer by means of a rotating disk 4,
      reciprocating along the axis of the said cylindrical shape.
PAR  The supporting layer with the polyurethane foam building-up layer applied
      thereon is horizontally conveyed farther, e.g. through a drying and curing
      oven 5. When leaving the latter, the supporting layer and foam layer are
      separated from each other and reeled on rolls, respectively 6 and 7.
PAR  As illustrated in FIG. 2, the supporting layer may be an endless belt.
PAR  When the foam layer is built-up and while it is not hardened yet, various
      operations, which are known in themselves, may be performed. FIG. 2 shows
      in dotted lines, one of the many possibilities, e.g. bedding in of wire
      gauze 8, tufting by means of a tufting unit 9 and hardening in a curing
      oven 10. Thus, in this case, a reinforced polyurethane foam layer with
      pole deck is obtained.
PAR  FIG. 3 illustrates a simple way for producing a foam layer backed with
      aluminium or plastic foil, fabric, felt, paper or a similar material.
PAR  Guiding the supporting layer into taking a cylindrical shape is possible by
      means of a comparatively simple device as illustrated in FIGS. 4 and 5.
PAR  Two parallel plates 11 and 12 are each supporting a number of small
      jockey-wheels 13, on and around which is mounted a ring 14. The edges of
      the supporting layer 1 run each on a ring 14 against which they are
      pressed by a small sprung wheels 15.
PAR  Drive-wheels 16 may also be provided if found suitable.
PAR  The projection disk 4 is rotatably mounted on a guide 17 enclosing a
      stationary rod 18 along which the guide is able to slide with a
      reciprocating motion controlled by a crank-pin and chain mechanism 19-20.
      The disk 4 is caused to rotate by a compressed air motor 21. Compressed
      air, polyol and isocyanate are conveyed to a mixing chamber 22, the outlet
      24 of which is adjacent to the centre of the disk 4.
PAR  The arrangement described above is a mere example, which may be replaced by
      other equivalent means.
PAR  It goes without saying that the drives of the supporting layer 1, disk 4
      and slide 17 are adjustable, as is also the component feed to the mixing
      chamber 22.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Process for the continuous production of polyurethane foam layers
      comprising the steps of:
PA1  a. moving a band-like supporting layer longitudinally;
PA1  b. guiding said moving supporting layer at a particular location so as to
      form a section having a substantially cylindrical shape, the axis of said
      cylindrically shaped section being horizontal and being perpendicular to
      the direction of travel of said supporting layer;
PA1  c. rotating a disk within said cylindrically shaped section of said moving
      supporting layer; and simultaneously
PA1  d. projecting a foamable polyurethane reaction mixture on said moving
      supporting layer of said cylindrically shaped section; and simultaneously
PA1  e. reciprocally moving said rotating disk first in one direction and then
      in the opposite direction along said axis.
NUM  2.
PAR  2. Process according to claim 1, in which the said supporting layer is an
      endless belt.
NUM  3.
PAR  3. Process according to claim 1, including the further step of applying on
      the said supporting layer an aluminium or plastic foil, a fabric, or a
      wire gauze onto which the reacting mixture is projected.
NUM  4.
PAR  4. Process according to claim 1, including the steps of allowing said
      reacting mixture to react and thereby form a foam layer and then
      separating said foam layer from said supporting layer at a location
      substantially spaced from said location where said supporting layer is
      guided to form said cylindrically shaped section.
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PAL  The method for blow molding foam walled plastic using a quadrisectional
      mold. A parison of foamed plastic may be blow molded to assume the contour
      of the closed mold, after which the molded shape is severed into two
      portions and ejected. Desirably, cellular plastic is blow molded to form
      hot drink cups.
PARN
PAR  This invention is a Continuation-in-Part of copending application Ser. No.
      81,488 filed Oct. 16, 1970, now abandoned.
BSUM
PAR  This invention relates to a method for blow molding of foamed plastic
      containers. More particularly, the present invention provides an effective
      method for preparing a molded foam container article such as hot drink
      cups by blow molding a cellular plastic in a section mold to form a foam
      walled body shaped as a pair of cups and severing the shaped articles into
      two useful open top portions.
PAR  Various methods have been proposed for preparing hollow plastic articles.
      One of the most common methods includes placing a parison of heat-softened
      plastic within a mold and then blow molding the plastic such that it
      conforms and assumes the contour of the mold cavity. Typically, these
      methods apply to formation of unitary configuration articles which are
      blow molded using noncellular plastic materials. It has now been found
      that by practice of the present invention, an apparatus and method are
      provided which permit formation of severable foam walled articles using
      blow molding techniques. The present invention thus provides simple
      duplication of articles with a high degree of accuracy which may be
      repeated with maximum efficiency.
PAR  Broadly stated, the method of the present invention employs a sectional
      mold preferably having an upper left mold quadrant, an upper right mold
      quadrant, a lower left mold quadrant and a lower right mold quadrant all
      forming a mold cavity when joined. The upper mold quadrants are movable
      relative to each other as are the lower mold quadrants. Also, the upper
      mold quadrants are movable relative to the lower mold quadrants to permit
      a severing means to move transverse a molded article disposed
      therebetween.
PAR  The method of the present invention generally provides for extruding
      cellular plastic through an annular orifice to form a tubular
      configuration. The tubular configuration is first received by a
      quadrisectional mold and the lower quadrants thereof are closed.
      Desirably, the bottom joining edges of the lower quadrants pinch and sever
      the lower edge of the foamed plastic tube. Next, the upper quadrants are
      joined and positioned over the lower quadrants to form a cavity about the
      foam walled plastic or parison tube. Desirably, the upper joining edges of
      the upper quadrants also pinch and sever the plastic tube at the top of
      the length to be blow molded. The cavity confined plastic tube or parison
      is blow molded to assume the contour of the cavity of the closed mold.
      Next, the upper and lower quadrants of the mold are separated and the
      article within the mold is severed into two portions. Thereafter, the
      bottom quadrants of the mold as well as the upper mold quadrants, if
      desired, are opened to permit two molded articles to eject from the
      cavity.
PAR  The present method is superior in that the blow molded foam formed into a
      pair of containers, such as cups, are severed apart with a single cut by a
      thin cutting instrument applied to the molded product at their joint
      centers, the point of mouth to mouth joinder of the cups; the single
      applied cut leaving no scrap material and resulting by that single cut, in
      production of two finished cups. Particularly it is preferred to sever the
      cups by using a thin hot wire which not only affects the thin cut to
      separate the molding into two cups, but warms and melts the severed cup
      edges and fire polishes the cut edges, whereby the cups are actually
      finished and are ready for use by the single hot wire cut. Moreover, it is
      preferred to apply the cut, usually at the exact center line of joinder of
      the cups, in a manner to intercept and efface the needle hole that may
      remain from insertion of the blowing needle into the median line of the
      two cups formed in the blow molding, whereby the hot wire removes any
      remnant, irregularity or residue of the needle hole in the single hot
      melting or fire polishing cut.
PAR  The apparatus described herein is readily incorporated into an automatic
      arrangement for manufacture of plastic articles such as foam walled
      drinking cups, and requires a minimum of supervision. Additional aspects
      and advantages of the invention will become apparent from the following
      detailed description of a preferred embodiment considered together with
      the accompanying drawings in which:
DRWD
PAR  FIG. 1 diagrammatically illustrates in perspective preparation of articles
      using the method and apparatus of the present invention;
PAR  FIG. 2 is a side elevational view taken in half-section of an extrusion
      unit;
PAR  FIG. 3 diagrammatically illustrates introduction of a parison into a
      quadrisectional mold;
PAR  FIG. 4 diagrammatically illustrates in half-section the positioning of a
      parison within the quadrisectional mold prior to blow molding;
PAR  FIG. 5 illustrates diagrammatically in half-section blow molding of an
      article within the quadrisectional mold;
PAR  FIG. 6 illustrates diagrammatically in half-section severing of an article
      blow molded within the quadrisectional mold;
PAR  FIG. 7 illustrates as a top elevational view severing of an article within
      the quadrisectional mold;
PAR  FIG. 8 illustrates diagrammatically in half-section ejection of blow molded
      articles from the quadrisectional mold.
DETD
PAR  Although the present invention will be described hereinafter with
      particular reference to foam walled polystyrene products, it is recognized
      that other cellular plastics may be used including without limitations
      plastics such as polyethylene, polybiochloride, polyurethane elastomers,
      cellulose acetate, styrene acrylonitrile, ethylene propylene copolymers,
      and the like. High impact polystyrene containing about 5% to about 25%
      polybutadiene is especially useful for preparing hot drink cups by the
      practice hereof.
PAR  Practice of the present invention becomes more apparent with reference to
      the figures wherein similar elements are referred to by similar numerals
      throughout these several views.
PAR  Referring to FIG. 1, wherein the method and apparatus of the present
      invention is diagrammatically illustrated, extrusion unit 10 includes a
      hopper or funnel shaped plastic supply 12 wherein particles of polystyrene
      14 may be introduced. The particles are extruded from extrusion unit 10 as
      a tubular configuration 16 for introduction within quadrisectional mold
      18. The quadrisectional mold includes an upper left quadrant 20, an upper
      right quadrant 22, a lower left quadrant 24, and a lower right quadrant
      26. Edges may be provided between the upper quadrants 20 and 22 appearing
      as pinching surface 28 for severing and pinching or constricting the
      tubular configuration 16. Provided between quadrants 22 and 26 there
      appears needle entrance 30 into which a hollow needle 32 may be introduced
      as indicated by arrow 34 for blow molding using a conventional system
      generally illustrated as element 36.
PAR  After an article is blow molded within quadrisectional mold 18 using an
      expanding fluid such as air or nitrogen through hollow needle 32, the
      article may be severed into two portions using a severing means such as
      hot wire 38 which travels horizontally between quadrants 20 - 22 and
      quadrants 24 - 26 in the direction of arrow 40. After the blow molded
      article is severed, it is ejected from quadrisectional mold 18 and appears
      as, for example, hot drink cups 42. The hot wire 38 is preferably thin and
      hot enough to melt the plastic wall as it severs the product into two blow
      molded containers, leaving a smooth `fire-polished` rim at the top of the
      severed cups resulting in a smooth melted top cup rim on both cups formed
      as the hot wire passes through the plastic wall in a single cut, severing
      the molded product into halves. In this manner of cutting no scrap
      material results and the single cut thereby produces two finished cups
      without scrap material, each cup having `fire-polished` rims. It is
      desirable, of course, to apply the hollow needle exactly in the median
      line between the two cups and to apply the hot wire to sever the molding
      into the two cups with the wire passing through the wall at the exact
      position of the needle hole, thereby effacing any slight imperfection that
      might appear in the rim of the cup, as formed by the insertion of the
      needle during the blowing.
PAR  Referring to FIG. 2, extrusion unit 10 is illustrated in greater detail
      with particles of polystyrene introduced within funnel 12. Extruder 10 may
      be fed with conventional expandable polystyrene beads which contain the
      proper amount of incorporated foaming agent or alternatively such foaming
      agent may be applied to the polystyrene within the extrusion unit through
      inlet 44. Volatile foaming agents useful herein typically have boiling
      points below about 100.degree.C at atmospheric pressure. Among liquid
      foaming agents, aliphatic hydrocarbons containing isomers of C.sub.5 to
      C.sub.7 and halogenated hydrocarbons are especially useful. Low boiling
      alcohols, ethers, ketones and aromatic hydrocarbons may also be used.
      Aliphatic hydrocarbons are useful in production of cellular polystyrene
      and may be prepared by dissolving the liquid foaming agent in the polymer
      under moderate pressures and subsequently extruding the gas-saturated melt
      with simultaneous cooling.
PAR  It will thus be apparent that foaming agents for preparing cellular
      plastics may vary in a wide range of formulation and types, depending on
      the plastic, temperature, product uses and the like. The foaming agent may
      be employed with or without nucleating agents, as desired. Specific
      examples of useful foaming agents include pentane, neo-pentane, hexane,
      iso-hexane, heptane, benzene, methylene chloride,
      dichlorotetrafluoroethane and related chloro-fluoroethanes, simple organic
      or inorganic salts of carbonates, bicarbonates, oxylates, sodium
      borohydride, azo bis-formamide, and related aliphatic azo compounds.
PAR  Extrusion unit 10 includes extruder 12 which advances polystyrene pellets
      at relative low temperatures of about 250.degree.F to 260.degree.F along a
      long inner barrel of the extruder. A screw with great depth at the feed
      and decreasing toward the metering end is especially desirable. A low
      compression ratio of about 2 : 1 to about 3 : 1 is generally sufficient.
      This ratio improves quality substantially and primarily in that rupture of
      cells is limited.
PAR  Extruder 10 may include heating chamber 46 into which fluid may be
      introduced such as through inlet 48 and removed through outlet 50, as
      desired. At the exit end of extruder 10, metering value 52 may be included
      as desired to regulate the exit flow of the cellular polystyrene forming a
      tubular configuration 16.
PAR  FIG. 3 illustrates in greater detail extrusion of the tubular configuration
      of polystyrene 16 from extrusion outlet 54 which includes shaping rod 56
      to provide the necessary annular outlet for extrusion of the tubular
      configuration.
PAR  Quadrisectional mold 18 having bottom quadrants 24 and 26 joining by edge
      58 which provides a means for severing and pinching the tubular
      configuration 16 to provide a closed lower end thereof when introduced
      into the mold. After the tubular configuration 16 appearing as a parison
      within the mold is in position, upper quadrants 20 and 22 are closed with
      edge 28 severing and pinching an upper portion of the parison. When the
      quadrants of the mold are closed, the cavity thereby formed is illustrated
      as two joined hot drink cups formed by surfaces 60 by the upper quadrants
      and surfaces 62 by the lower quadrants of the mold.
PAR  To effect blow molding of parison 64 within quadrisectional mold 18, hollow
      needle 32 is introduced into the parison. With the parison closed at both
      ends, air may be introduced through the needle which pierces the tube in
      the central portion of the molded piece. An alternate means for
      introducing air into the parison is by use of a gasliberating pellet which
      may be dropped into the parison as the mold closes. The pellet may then
      release a gas which blows the parison into the shape of the mold cavity
      such as is generally described in U.S. Pat. No. 2,975,472.
PAR  After the parison has been blow molded it assumes the contour of the cavity
      of the mold as illustrated in FIG. 5. The mold may include if desired
      chamber 66 through which a heating fluid such as steam or the like may be
      introduced to maintain proper temperature conditions during molding. The
      amount of heat which is supplied will depend to a considerable extent upon
      the rapidity of molding operation, and the size and shape of the articles
      being molded. If desired, additional heating means may be included to keep
      the parison in soft condition while the mold is being operated.
PAR  After the article has been blow molded, and as illustrated in FIG. 6, the
      upper quadrants 20 and 22 are separated relative to lower quadrants 24 and
      26 to permit a small passageway for introduction of article severing means
      38 desirably appearing as a hot wire. Because of the compressable nature
      of the foam, severing must be done with either very sharp tools or by the
      hot wire process. The severing means is passed between the parted
      quadrants and thereby severs molded article 68 appearing within the
      cavity. Severing of the article is illustrated further in FIG. 7 with
      severing means 38 moving to phantom position 70.
PAR  After the article has been severed, and specifically referring to FIG. 8,
      the lower quadrants 24 and 26 of the mold are separated thereby permitting
      ejection of the severed article from the mold cavity. The article now
      appears as hot drink cups 42. Upon introduction of parison 16, the process
      is repeated in preparation of additional articles as described.
PAR  The following example illustrates the practice of this invention:
PAC  EXAMPLE I
PAR  Particles of polystyrene homopolymer are fed to an extrusion device as
      shown in FIG. 1. The device consists of a screw enclosed by a heated
      barrel and driven by a gear reducer. The screw consists of a feed section
      and a gas injection section. The polymer particles move along said screw
      and are gradually converted to a homogeneous melt phase. This melt is
      forced over a restricted area of the screw and into the gas injection
      zone. At this point nitrogen is injected and the screw mixes said nitrogen
      with the polymer to form a homogeneous mixture. This mixture exits the
      extrusion device through a back pressure valve and an annular orifice
      approximately one inch in diameter. The extruded polystyrene nitrogen
      mixture foams as the pressure decreases through the back pressure valve.
      The foam emerges from the orifice in the form of a pipe or tube. Another
      device containing a two-part mold and means for opening and closing said
      mold is positioned near the orifice such that with the two parts of the
      mold held apart, the tube of foam is extruded in the open air between the
      parts. When the foam tube has extruded as far as the lower end of the
      two-part mold, the mold is made to close and cut off both ends of the foam
      tube. The two-part mold is rotated away from the extrusion device and
      compressed air is immediately injected into the interior of the foam tube
      causing the tube of foam to conform to the mold shape. The mold shape
      approximates a short cylinder with the center of larger diameter than the
      two ends. The mold, cooled with water, rapidly cools the polymer below
      150.degree.F such that the foam hardens and retains the mold shape. The
      two-part mold is caused to open and the cylinder shaped foam falls out.
      Both ends are sealed with foam. A hot wire device is used to cut the
      cylinder perpendicular to its radial axis such that two pieces of foam are
      obtained. The two parts are cup shaped with an open top end diameter
      slightly larger than the sealed bottom end diameter.
PAR  The various mechanisms for the mechanical operation of the present system
      have not been described in detail herein since such mechanisms are
      well-known in the art. The various parts may be supported in any desired
      manner relative to one another and accordingly, although a preferred
      embodiment of the invention has been illustrated herein, it is to be
      understood that various changes and modifications may be made in the
      construction and arrangement of elements without departing from the spirit
      and scope of the invention as defined.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for blow molding foamed walled plastic open-mouthed containers
      which comprises extruding foamed plastic through an annular orifice to
      form a foamed parison of tubular configuration, having foamed walls
      pinching a lower section of the tubular configuration within a lower
      portion of a sectional mold, pinching an upper portion of the tubular
      configuration within an upper portion of a sectional mold, introducing a
      gas through a hollow needle inserted at a point through a center portion
      of said mold and parison therein and blowing the tubular configuration
      with a gas introduced through said needle at said point to form a hollow
      foam-walled body assuming the contour of the closed mold and severing the
      molded hollow article in a single thin cut with a hot severing means
      passed through the center thereof, including the aperture formed in
      blowing, into two foamed wall container portions, said severing means
      melting said plastic as it passes thereby severing said container into
      clean smooth cut halves and substantially removing the aperture formed by
      said needle without substantial removal or production of plastic
      inter-connecting substances as scrap material.
NUM  2.
PAR  2. A method for blow molding foamed plastic as defined in claim 1 wherein
      said mold has conically flared portions at the center, and tapering to
      smaller diameter portions at each end, and the tubular configuration is
      blown with a gas introduced through said point to form a hollow
      foam-walled body assuming the contour of the closed mold, separating the
      upper and lower mold quadrants and severing the molded article in a single
      planar cut into two cup-like foamed container portions.
NUM  3.
PAR  3. The method of claim 1 wherein the foamed plastic is a polystyrene
      containing composition.
NUM  4.
PAR  4. The method of molding foam-walled cups comprising heating and softening
      thermoplastic particles to extrudable fluidity, introducing a foaming
      agent under pressure into the softened mass and extruding a parison of
      said softened plastic through an orifice to form a parison in the shape of
      a tubular body having foamed walls, periodically introducing lengths of
      said tubular body into an open multi-sectional mold, said mold severing
      and enclosing a molding length of said extruded tube corresponding to a
      pair of cups between opposite mold ends upon closure, said mold having its
      inner mold surfaces shaped as a pair of cups assembled mouth to mouth,
      inserting a hollow needle connected to a blowing gas supply through an
      aperture passing radially through the center of the mold wall a sufficient
      distance to penetrate the wall of said tube, introducing a blowing gas
      into said tube through said needle to expand its walls to a molded body
      corresponding to the shape of said mold as a pair of hollow cups in mouth
      to mouth assembly in said mold, separating said molds and severing the
      mouth portions of said molded cup bodies in a single hot wire cut from
      each other into a pair of cups, said hot wire severing means being thin
      and adapted to pass as a single cut through the walls of the plastic
      molding, melting said plastic as it passes to leave a simulated `fire
      polished` container lip at the severed wall portion, said cut being passed
      centrally of said molding to intercept and obliterate by melting the
      needle hole remaining in the cup wall following the formation of the
      molding.
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PAL  A novel tube or sheet-shaped fluid transmitting porous material containing
      as a substrate, a polyolefin. Such porous material can be readily produced
      by subjecting a mixture of a polyolefin, a specific secondary polymer and
      a decomposition type blowing agent to extrusion moulding. The present
      porous material has certain unique features in its structure characterized
      in that there are recurring communications between cell wall openings
      forming a passage through which a fluid can pass. This porous material has
      excellent gas and liquid transmitting properties as well as an excellent
      filtering property and, in addition, is superior in resistance to
      chemicals and also has mechanical strength. Therefore, the porous material
      according to this invention is widely applicable in agriculture and
      industry as well as in the fields of synthetic leather etc.
PARN
PAR  This is a division of application Ser. No. 190,548, filed Oct. 19, 1971.
BSUM
PAR  This invention relates to a method of making a porous material, and more
      particularly to a tube or sheet-shaped fluid transmitting porous material
      containing as a substrate a polyolefin. It has been disclosed, for example
      in U.S. Pat. No. 3,310,505,  a method for producing a fluid transmitting
      polyolefin porous material. According to this method, polyethylene and
      polymethyl methacrylate are blended and then extruded, and finally, the
      resulting plastic material is immersed in a selective solvent to leach out
      of the plastic material, i.e. polymethyl methacrylate, to obtain a
      polyethylene porous material. In such a method, however, a large amount of
      a compoment, to be leached by a selective solvent is required to obtain
      the desired high porosity material. Therefore, such a method is
      uneconomical and unproductive. Besides the above-mentioned prior art
      method, there are other methods for producing a polyolefin porous
      material; for example, by mechanical perforation, by perforation through
      sintering the powdered materials, by perforation through binding the
      fibrous materials, by perforation employing a radiation, etc. However, any
      of these known methods is not advantageous from the economic point of view
      and, in addition, the obtained porous materials have poor fluid
      transmitting property.
PAR  The present invention consists in a method of making a tube or sheet-shaped
      fluid transmitting porous material which comprises a foam of a composition
      of a polyolefin and a secondary polymer selected from the group consisting
      of an etylene-vinyl ester copolymer, a copolymer of ehtylene with an
      unsaturated carboxylic acid ester, a rubber, a thermoplastic elastomer and
      mixtures thereof.
PAR  The present invention further embraces a method of making a tube or
      sheet-shaped fluid transmitting porous material. This method comprises
      mixing a polyolefin, a secondary polymer and a decomposition type blowing
      agent, said secondary polymer being a member selected from the group
      consisting of an ethylene-vinyl ester copolymer, a copolymer of ethylene
      with an unsaturated carboxylic acid ester, a rubber, a thermoplastic
      elastomer and mixtures thereof, and subjecting the resulting foaming
      polymer mixture to extrusion moulding.
PAR  Accordingly, it is an object of the present invention to provide a novel
      method of making fluid transmitting porous material containing as a
      substrate a polyolefin.
PAR  It is another object of the present invention to provide a method of making
      a tube or sheet-shaped fluid transmitting porous material which possesses
      superior properties and can be readily handled.
PAR  It is a further object of the present invention to provide a method of
      making a fluid transmitting porous material of the character described,
      which can be easily and economically effected.
PAR  It is a still further object of the present invention to provide a method
      of making a fluid transmitting porous material which is useful as a filter
      medium.
PAR  It is a still further object of the present invention to provide a method
      of making a fluid transmitting porous material which is useful as a
      leather material.
PAR  It is a still further object of the present invention to provide a method
      of making a fluid transmitting porous material which is widely useful for
      various purposes requiring air and liquid transmitting properties.
PAR  The foregoing and other objects, features and advantages of this invention
      will be readily apparent to those skilled in the art from the following
      description and the appended claims.
PAR  The term "polyolefin" used herein is intended to include olefin
      homopolymers such as a low density polyethylene, a high density
      polyethylene, polypropylene, polybutene, polypentene and the like, and
      olefin copolymers such as a propylene-ethylene copolymer, a
      propylene-butene copolymer, a propylene-hexene copolymer and the like.
      They may be employed alone or in admixture. In this connection, it is
      noted that an ethylene-vinyl acetate copolymer of which the vinyl acetate
      content is less than 10% by weight based on the copolymer and copolymers
      of ethylene with an olefinically unsaturated carboxylic acid ester such as
      ethyl acrylate, methyl methacrylate and the like, of which the ester
      content is less than 10% by weight based on the copolymer, can be regarded
      and handled as a polyethylene since they are substantially the same in
      property with polyethylene.
PAR  The term "ethylene-vinyl ester copolymer" used herein is intended to
      include those of which the melt index is 2.0 or more and the vinyl ester
      content is 10% by weight or more based on the copolymer.
PAR  The term "copolymer of ethylene with an unsaturated carboxylic acid ester"
      used herein is intended to include copolymers of ethylene with various
      classes of unsaturated carboxylic acid esters including ethyl acrylate,
      methyl methacrylate and the like, i.e. an ethylene-ethyl acrylate
      copolymer, an ethylene-methyl methacrylate copolymer and the like, of
      which the ester content is 10% by weight or more based on the copolymer.
      In the above definitions, the melt index is measured by the method
      according to ASTM-D-1238 and the ester content is obtained by the infrared
      spectro photometric analysis in which the degree of the absorption of a
      C=O band having a wave number of 1,740 cm.sup.-.sup.1 or 3,480
      cm.sup.-.sup.1 is measured and then the ester content calibrating diagram
      which has previously been prepared is utilized to determine, for example,
      a vinyl acetate, ethyl acrylate or methyl methacrylate content of the
      copolymer.
PAR  The term "rubber" used herein is intended to include a natural rubber, a
      butadiene rubber, a styrene-butadiene rubber (random copolymer obtained by
      solution polymerization), a styrene-butadiene rubber (random copolymer
      obtained by emulsion polymerization), a butadiene-acrylonitrile rubber, an
      isoprene-butadiene rubber, a polyisoprene rubber, an isobutylene-isoprene
      rubber and the like.
PAR  The term "thermoplastic elastomer" used herein is intended to include
      elastomers which have, in an unvulcanized state, an elasticity like rubber
      and a plasticity like thermoplastic resins. Representative examples of
      them are block copolymers represented by the following simplified
      structural formula
EQU  (B - S).sub.n.sub.+.sub.1, (B - S).sub.n.sub.+.sub.1 -B or S - (B -
      S).sub.n
PAL  wherein n is an integer of 1 to 10; B represents substantially a polymer
      block of a conjugated diolefin type monomer, e.g. a polymer block of a
      conjugated diolefin such as 1,3-butadiene, isoprene, 1,3-pentadiene,
      2,3-dimethylbutadiene or the like, a polymer block of a mixture of
      conjugated diolefins or a polymer block composed of a mixture comprising a
      conjugated diolefin and a monovinyl type monomer and having properties as
      a rubber elastomer; and S represents a polymer block of a monovinyl type
      monomer such as a monovinyl-substituted aromatic hydrocarbon, e.g. styrene
      and methylstyrene, or the like. Such block copolymers comprising a polymer
      block B of a conjugated diolefin type monomer and another polymer block S
      of a monovinyl type monomer generally have a weight average molecular
      weight of 10,000 - 500,000, and a monovinyl-substituted monomer content of
      10 - 70 % by weight.
PAR  Particularly preferred examples of the secondary polymers to be admixed
      with the polyolefin include an ethylene-vinyl acetate copolymer, a natural
      rubber, a butadiene rubber, a polyisoprene rubber, a random copolymer type
      styrene-butadiene rubber obtained by solution polymerization, a
      polyisoprene rubber, a styrene-butadiene block copolymer, a
      styrene-isoprene block copolymer and the like. The advantage of these
      polymers is in that the final product can be imparted a high fluid
      transmitting property and, moreover, the extrusion moulding operation can
      be easily effected when mixed with the polyolefin.
PAR  The term "decomposition type blowing agent" used herein is intended to
      include those capable of evolving a gas, due to decomposition, on heating;
      for example, azo-type compounds such as azodicarbonamide (about 260
      ml./g.), barium azodicarboxylate (about 177ml./g.), diazoaminobenzene
      (about 115 ml./g.) and the like, sulfohydrazide-type compounds such as
      4,4'-hydroxy-bisbenzenesulfonylhydrazide (about 115ml./g.),
      p-toluenesulfonylhydrazide (about 110ml./g.) and the like, and
      nitroso-type compounds such as dinitrosopentamethylenetetramine (about
      270ml./g.) and the like. The figure in the parentheses following each of
      the above specific compounds shows the approximate value of the volume of
      gas (in the normal state) obtained by the thermal decomposition of 1g. of
      the compound.
DRWD
PAR  Features of the present invention will be further described with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is an illustrative plan view of a porous material of the present
      invention;
PAR  FIG. 2 is an illustrative cross section of a porous material of the present
      invention, showing the internal structure;
PAR  FIG. 3 is a graph of air transmission against filtration pressure of porous
      materials according to the present invention, shown in comparison with
      those of conventional porous materials;
PAR  FIG. 4 is a graph of air transmission against melt index of ethylene-vinyl
      acetate copolymers (hereinafter referred to simply as "EVA") blended as a
      secondary polymer according to the present invention;
PAR  FIG. 5 is a graph of air transmission against amount of EVA blended as the
      secondary polymer according to the present invention; and
PAR  FIG. 6 is a graph of opening rate against amount of EVA blended as the
      secondary polymer according to the present invention.
DETD
PAR  Referring now to FIGS. 1 and 2, features of the structure of a porous
      material of this invention will be described. Numeral 1 designates an
      opening formed in a cell 2. A cell 4 present in an inner layer of the cell
      2 has an opening 3. As clearly seen in FIG. 1, the openings are not
      entirely substituted for the overall walls of cells but are present
      leaving a wall area. The area which the opening occupies is about 30 - 80%
      per area of cell profile shown by broken line in plan view of FIG. 1.
      These openings have each a smooth circumference and a substantially
      circular shape, thus occupying a definite space. By recurrence of the
      communication between opening, cell and opening, an opening on one surface
      of the porous material communicates with an opening on the other surface
      of the porous material thereby to form a passage through which a fluid can
      pass. This can be clearly seen from FIG. 2 in which like numerals show
      like portions in FIG. 1. As seen from FIG. 2, there are substantially no
      passages running in a straight line along the line of thickness, and there
      are formed complicated winding or meandering passages.
PAR  FIG. 3 shows the relation between the air transmission and filtration
      pressure of the porous materials obtained in examples of this invention
      (mentioned later), compared to those of commercially available porous
      materials. In FIG. 3, the ordinate represents the air transmission
      (liters/cm.sup.2. min) obtained dividing the transmitted air volume
      measured per 1 minute at the ordinary temperature by the filtration area
      (cm.sup.2) of the specimen; the abscissa represents the filtration
      pressure (mmHg). The curves shown in FIG. 3 may be identified by the
      following Table.
TBL  ______________________________________                                    
     No. of                         Thickness,                                 
     Curve Specimen                 mm.                                        
     ______________________________________                                    
     5     Product from Formulation A in Example 2                             
                                    0.45                                       
     6     Commercially available filter paper                                 
                                    0.200                                      
     7     Product from Formulation C in Example 2                             
                                    0.45                                       
     8     Product from Formulation D in Example 2                             
                                    0.45                                       
     9     Commercially available polyurethane                                 
                                    0.50                                       
           leather                                                             
     ______________________________________                                    
PAR  As is apparent from FIG. 3, the porous materials of the present invention
      have a fluid transmitting property widely ranging from that of the
      commercially available air transmitting leather to that of the
      commercially available filter paper. The porous materials of the present
      invention generally have an average cell diameter of 0.02 - 0.5 mm. and an
      expansion of 1.2 - 10 (times). In this connection it is noted that the
      average cell diameter and the expansion suitable for the use as a leather
      or a filter are in the range of 0.03 - 0.4mm. and in the range of 1.3 -5,
      respectively. Whilst the air transmitting property of the present porous
      material would decrease at an average cell diameter of below 0.2mm. and an
      expansion of below 1.2, the size of cell opening would be too large at an
      average cell diameter of above 0.5mm. and an expansion of above 10,
      leading to uneven distribution of opening sizes as well as decrease in
      strength and promoted formation of straight running passages.
PAR  The average cell size or diameter of a porous material is determined as
      follows. The lens of an optical microscope is focused against the cells
      present on the surface of the porous material. Then, with the transmission
      light and about 100 - 300 magnifications, the actual measurement is done
      utilizing a graduated lens or the photograph is taken. The longest
      diameter cell and the shortest diameter cell on the surface of the porous
      material are measured and the arithmetic mean of the thus obtained two
      values is defined as an average cell diameter or average cell size.
PAR  The expansion of a porous material is determined as follows. The expansion
      is represented by the formula
      ##EQU1##
      The volume of porous material is obtained by measuring the width, length
      and thickness of a porous material; the volume of solid components is
      obtained by dividing the weight of the porous material by the density of
      the solid components. The density of the solid components is measured as
      follows: the porous material is melted and compressed to pressure-destroy
      the spaces in the porous material. The thus obtained specimen is subjected
      to measurement of density, in accordance with ASTM-D1505-68.
PAR  Porous materials of the present invention have a tubular or sheet shape.
      This is intended to mean the following. In case the porous material of
      this invention is, in cross section, defined substantially by inner and
      outer circumferences, it is tube-shaped; in case the porous material of
      this invention is, in cross section, defined substantially by a thickness
      and a width, it is sheet-shaped. The thickness of the porous material of
      this invention is generally in the range of 0.05 - 10mm., preferably 0.1 -
      5mm, more preferably 0.15 - 3mm. This is so because while the present
      porous material with a thickness of below 0.05 mm. is poor in strength and
      tends to form a straightly running passage, the porous material with a
      thickness of above 10mm. has almost no air transmitting property. The
      porous material according to the present invention is excellent in
      strength, particularly in tear strength. Such excellent strength is due to
      the specific composition comprising a polyolefin and, in addition thereto,
      a secondary polymer having good compatibility with the polyolefin, such as
      a ethylene-vinyl ester copolymer, a copolymer of ethylene with an
      unsaturated carboxylic acid ester, a rubber or a thermoplastic elastomer.
PAR  The present porous materials can, according to this invention, be produced
      by a method which comprises mixing a polyolefin, a secondary polymer and a
      decomposition type blowing agent, said secondary polymer being a member
      selected from the group consisting of an ethylene-vinyl acetate copolymer,
      a copolymer of ethylene with an unsaturted carboxylic acid ester, a
      rubber, a thermoplastic elastomer and mixtures thereof, and subjecting the
      resulting foaming polymer mixture to extrusion moulding.
PAR  In mixing, the amount of the secondary polymer to be mixed with the
      polyolefin varies widely in the range of 5 - 95% by weight, preferably in
      the range of 10 - 50% by weight based on the weight of the mixture. This
      can be clearly seen from FIG. 5 which shows the relation between the air
      transmission and the amount of an ethylene-vinyl acetate copolymer blended
      as the secondary polymer, and from Examples in which the other secondary
      polymers are employed. Stated illustratively, the effective air
      transmitting properties can not be obtained unless the secondary polymer
      is employed in an amount of at least 5% by weight based on the mixture. As
      the amount of the secondary polymer blended is increased, the air
      transmission increases. Then, the air transmission reaches the plateau
      region at 40 - 60% by weight of the secondary polymer blended. In this
      connection, it is noted that the secondary polymer may be employed in an
      amount of up to 95% by weight according to desired mechanical properties
      of the product. The curves shown in FIG. 5 may be identified by the
      following Table.
TBL  ______________________________________                                    
     No. of                                                                    
     Curve   Kind of EVA blended                                               
     ______________________________________                                    
     12      EVA [melt index: 150, vinyl acetate content                       
             (hereinafter referred to VAC): 30 wt%]                            
     13      EVA (melt index: 6, VAC: 30wt%)                                   
     14      EVA (melt index: 2, VAC: 25 wt%)                                  
     15      EVA (melt index: 15, VAC: 12 wt%)                                 
     16      EVA (melt index 2, VAC: 12 wt%)                                   
     ______________________________________                                    
PAR  Thus, it is considered that the secondary polymer to be mixed with a
      polyolefin substrate should assist the formation of openings in cells to
      be promoted.
PAR  As shown, as a comparative example, in Example 1, the plastic foam produced
      by extrusion-mouldiing a mixture of a low density polyethylene and a
      decomposition type blowing agent under the conditions capable of making a
      uniformly foamed material has most of its cells closed and no air
      transmitting property. In this case, when the extrusion moulding is
      effected under certain foaming conditions, for example at high
      temperature, the closed cells occasionally collapse locally and joined
      together to form voids and give an uneven and coarse cellular structure in
      which there are partly formed apparent open cells. However, it should be
      noted that such a product is utterly different from the present fluid
      transmitting porous material having various excellent properties.
PAR  The opening rate namely, the proportion of the total volume of open cells
      communicating with the outside to the volume of the porous material, is
      varied depending on the amount of the secondary polymer blended. This can
      be clearly seen from FIG. 6 which shows the relation between the opening
      rate and the amount of an ethylene-vinyl acetate copolymer blended as the
      secondary polymer. In FIG. 6, the curve bearing the same number as in FIG.
      5 shows the characteristics of the same kind of EVA as in FIG. 5.
      According to the present invention, the maximum of opening rate can be
      adjusted to a degree of about 100%. The effective fluid transmitting
      property of the present porous material can be attained at an opening rate
      of about 10% or more.
PAR  As described before, according to the present invention, in case an
      ethylene-vinyl acetate copolymer is employed as the secondary polymer, the
      ethylene-vinyl acetate copolymer should have a vinyl acetate content of
      10% or more and a melt index of 2.0 or more to obtain a porous product
      having an effectively high fluid transmitting property. This is
      substantiated by FIGS. 4 and 5. FIG. 4 shows the relation between the air
      transmission and the melt index of an ethylene-vinyl acetate copolymer
      blended as the secondary polymer. The curves shown in FIG. 4 may be
      identified by the following Table.
TBL  ______________________________________                                    
     No. of                                                                    
     Curve       Kind of EVA blended                                           
     ______________________________________                                    
     10          EVA having a VAC of 25 - 30 wt%                               
     11          EVA having a VAC of 12 wt%                                    
     ______________________________________                                    
PAR  As shown, as a comparative example, in Example 1, the incorporation of EVA
      having a sufficient melt index of 20 but a low vinyl acetate content of 5
      wt% results in a product having almost no air transmitting property. The
      incorporation of EVA having a small melt index of 0.5 and a low vinyl
      acetate content of 6 wt% also results in a product having no air
      transmitting property. By contrast, the present porous materials obtained
      through incorporation of an EVA having both a melt index and a vinyl
      acetate content sufficient for the above-mentioned requirements, namely at
      least 2.0 and at least 10.0, respectively, has an excellent air
      transmitting property.
PAR  The decomposition type blowing agent which may be employed is suitably
      selected from the afore-mentioned compounds, depending upon the the
      property of polyolefin used. The decomposition type blowing agents may be
      employed, alone or in mixture, in an amount of 0.1 - 5 parts, preferably
      0.3 - 3.0 parts, more preferably 0.4 - 2.0 parts by weight, in terms of
      parts of azodicarbonamide, per 100 parts by weight of a mixture of the
      polyolefin and the secondary polymer. When the other blowing agents than
      azodicarbonamide, which can evolve only a smaller amount of gas, are
      employed, the amounts of agents are suitably selected considering the
      volume of evolved gas compared with the gas volume from azodicarbonamide.
      The use of the blowing agent of less than 0.1 part by weight, in terms of
      parts of azodicarbonamide, per 100 parts by weight of the mixture of the
      polyolefin and the secondary polymer does not cause sufficient opening of
      cells, resulting in poor fluid transmitting property. The use of the
      blowing agent of more than 3 parts by weight based on the above-mentioned
      standard leads also to poor opening of cells. The use of the blowing agent
      of more than 5 parts by weight based on the above-mentioned standard
      causes collapse of the cells and then forms voids, leading to uneven and
      coarse porosity and extremely poor strength of the product, and also tends
      to render the extrusion moulding unstable. Examples of the auxiliary
      blowing agents employed together with the above-mentioned decomposition
      type blowing agents include stearates such as zinc stearate and calcium
      stearate, zinc oxide and the like. These auxiliary blowing agents are
      useful for making the foaming uniform. Nucleating agents such as finely
      powdered talc, silica and the like may also be advantageously employed
      together with the decomposition type blowing agents in order to make the
      foam uniform.
PAR  In carrying out the present invention, a polyolefin is blended with a
      secondary polymer selected according to the use of the product and a
      decomposition type blowing agent, and, if desired, an auxiliary blowing
      agent, a nucleating agent, a coloring agent such as pigment, an inorganic
      fillers, an aging inhibiting agent and other suitable additives. The
      resulting mixture is subjected to extrusion moulding.
PAR  In carrying out the method of this invention, as described before, mixing
      of a polyolefin and a decomposition type blowing agent and extrusion
      moulding of the resulting mixture are requisites. The extrusion moulding
      is effected employing a tube or sheet making die, an extruder and
      appurtenances which are usually employed for extrusion moulding of
      thermoplastic resins. The "extrusion temperature" used herein means a
      temperature at which the decomposition type blowing agent is decomposed
      before the melted composition is extruded out of the extrusion system. The
      decomposition temperature of a certain kind of decomposition type blowing
      agent may be somewhat varied depending on the kind and the amount of the
      auxiliary blowing agent, nucleating agent or other additives employed
      together with the decomposition type blowing agent.
PAR  It is not desirable to employ too long a period of time during which the
      melted mixture retains in the extrusion system before the melted
      composition is extruded out of the extrusion system. In the method of this
      invention, it is preferable that the extrusion speed V represented by the
      following formula (I) is 7 cm/min. or more
EQU  V =  Q/W                                                   (I)
PAL  wherein
PA1  Q represents an extrusion volume of the extruded porous  material from
      which the contained space volume is subtracted (cm.sup.3 /min.),
PA1  W represents a cross section area of the die slit (cm.sup.2) and,
PA1  V represents an extrusion speed calculated from Q and W (cm/min.).
PAL  In the above, the extrusion volume of the extruded porous material from
      which the contained space volume is subtracted (Q) is obtained by dividing
      the weight of the porous material extruded per minute by the density of
      the solid components of the porous material, and the cross section area
      (W) of the die slit is a cross section area of the die of the position at
      which the pressure applied in extruding the melted composition out of the
      extrusion system is substantially released. When the extrusion speed is
      less than 7 cm/min., the retention time of the melted composition in the
      extrusion system becomes too long. The long retention of the melted
      composition tends to cause the surface of the product to be coarse and, at
      the same time, tends to form voids in the product by joining relatively
      large cells, resulting in an undesirable structure of the porous material.
PAR  In extrusion moulding according to this invention, there is another
      preferable extrusion condition namely, the condition with regard to the
      relation between the die slit clearance and the thickness of the porous
      material product. The thickness of the porous material product is related
      to the expansion, and therefore, the above-mentioned relation between the
      die slit clearance and the thickness of the product can be expressed in
      terms of the relation between the die slit clearance and the thickness of
      the foaming polymer composition in the state before foaming. It is
      preferable that this relation meets the following formula
EQU  0.15 &lt; S/t.sub. 2 &lt; 10                                     (II)
PAL  more preferably,
EQU  0.3 &lt; S/t.sub. 2 &lt; 5                                       (III)
PAL  wherein
EQU  t.sub.2 = t.sub.1 /.cuberoot.a,
EQU  1.2 &lt; a &lt; 10,
PA1  S represents an average die slit clearance (mm.),
PA1  t.sub.2 represents an average thickness of the foaming polymer composition
      in the state before foaming (mm.),
PA1  t.sub.1 represents an average thickness of the porous material (mm.), and
PA1  (a) represents an expansion based on the volume of the foaming polymer
      composition in the state before foaming (times).
PAL  In the above, the average die slit clearance (S) is expressed as a mean
      value of the measurements of the die slit clearance of the die slit
      position at which the pressure applied to the melted composition is
      released. The average thickness (t.sub.1) of the porous material is
      expressed as a mean value of the measurements of the thickness of the
      porous material. The average thickness (t.sub.2) of the foaming polymer
      composition is obtained by calculation from t.sub.1. The expansion (abased
      on the volume of the foaming polymer composition in the state before
      foaming is, as aforementioned, obtained by dividing the volume of the
      porous material by the volume of solid components of the porous material;
      the volume of the solid components is obtained by dividing the measured
      weight of the porous material by the density of the solid components; the
      method of measuring the density of the solid components is as set forth
      before. When the S/t.sub.2 is less than 0.15, the melted composition
      extruded from the die slit tends to wave in over-all and as a result, the
      obtained porous material has a fluid transmitting property but not a
      smooth surface. When the S/t.sub.2 is more than 10, the melted composition
      extruded from the die slit tends to be excessively drawn and occasionally
      subject to tearing off. The excessively drawn porous material result in
      the formation of large, elongated cells thereby forming voids in the
      porous material, and as a result, it becomes different in structure from
      the porous material of the present invention.
PAR  As described, the porous material according to the present invention has
      not only an excellent fluid transmitting property but also a uniform and
      fine-cell cellular structure having a relatively low expansion of 1.2 - 10
      (times), rendering it tough. Whilst, for example, the polyolefin porous
      material produced by sintering the powdered polyolefin is broken by only
      one-time bending, the porous material of the present invention has such
      excellent strength or toughness that it is capable of withstanding, for
      example, 1000-time bendings at an angle of 180.degree.. Moreover, it is to
      be noted that, since the polymers blended as the secondary polymer have a
      relatively good compatibility with the polyolefin employed as the
      substrate as different from polystyrene and the like which are poor in
      their compatibility, the present porous material is excellent in
      mechanical strength as well as resistance to low temperature and
      resistance to enviromental stress which would cause cracks. Accordingly,
      the present porous material has a wide variety of excellent properties.
      Furthermore, by varying the kind and the amount of the polyolefin as well
      as the secondary polymer, there can be obtained a product having a wide
      range of touch; namely, from hard touch to pliant touch like a deer skin.
PAR  Thus, a porous material according to the present invention has a wide
      variety of uses, such as gas and liquid filter materials, which are
      excellent, for example in chemicals resistance, as compared with a
      conventional filter cloth; a diaphragm for various purposes, for example
      as a mulching film in the agricultural field and as a bandage material in
      the medical field; dressing material; leather material; and so on.
PAR  The present invention is illustrated, by way of example only, with
      reference to the following examples.
PAC  Example 1
PAR  Into a mixture of a polyolefin indicated in the following Table I with an
      ethylene-vinyl acetate copolymer as a secondary polymer in various
      proportions were blended, per 100 parts by weight of the mixture 0.75
      parts by weight of azodicarbonamide as a decomposition type blowing agent,
      0.5 parts by weight of zinc stearate as an auxiliary blowing agent, 1.0
      part by weight of calcium stearate and 0.5 parts by weight of
      finely-divided talc as a nucleating agent. The mixture was uniformly
      admixed by means of a blender. The comparative examples are also shown. In
      the Formulations E, I, J and K, there were not incorporated the specific
      ethylene-vinyl acetate copolymer serving as a secondary polymer of this
      invention.
TBL                                    Table I                                 
     __________________________________________________________________________
     Formulation                                                               
     Formulation                                                               
     Polymer   A  B  C  D  E   F  G  H  I   J  K                               
     __________________________________________________________________________
     1 Low density                                                             
               70 70 60 60 100              60 70                              
     polyethylene                                                              
     2 High density            70                                              
     polyethylene                                                              
     3 Polypropylene              50                                           
     4 Ethylene-vinyl                70 100 40                                 
     acetate copolymer                                                         
     5     "         40                                                        
     6     "      30                                                           
     7     "   30                                                              
     8     "            40                                                     
     9     "                                   30                              
     10    "                      50                                           
     11    "                   30    30                                        
     __________________________________________________________________________
      NOTE:-                                                                   
      polymer No. 5,6,7,8,10 and 11 are the secondary polymers of this         
      invention.                                                               
PAR  In the above Table, the proportions are given by weight parts. The
      properties of the polymers are shown below:
TBL   1  Melt Index: 0.3, Density: 0.917g/cm.sup.3                             
      2  Melt Index: 2.0, Density: 0.97g/cm.sup.3                              
      3  Melt Index: 3.0, Density: 0.90g/cm.sup.3                              
      4  Melt Index: 0.5, Density: 0.927g/cm.sup.3,                            
                                 Vinyl Acetate                                 
                                 Content:  6 wt %                              
      5  Melt Index: 2.0, Density: 0.93g/cm.sup.3,                             
                                 Vinyl Acetate                                 
                                 Content: 12 wt %                              
      6  Melt Index: 2.0, Density: 0.95g/cm.sup.3,                             
                                 Vinyl Acetate                                 
                                 Content: 25 wt %                              
      7  Melt Index: 150, Density: 0.95g/cm.sup.3,                             
                                 Vinyl Acetate                                 
                                 Content: 30 wt %                              
      8  Melt Index: 15, Density: 0.95g/cm.sup.3,                              
                                 Vinyl Acetate                                 
                                 Content: 30 wt %                              
      9  Melt Index: 20, Density: 0.925g/cm.sup.3,                             
                                 Vinyl Acetate                                 
                                 Content: 5 wt %                               
     10  Melt Index: 6,  Density: 0.95g/cm.sup.3,                              
                                 Vinyl Acetate                                 
                                 Content: 30 wt %                              
     11  Melt Index: 15, Density: 0.95g/cm.sup.3,                              
                                 Vinyl Acetate                                 
                                 Content: 30 wt %                              
PAR  Then, the resulting blend was extruded at an extrusion temperature of
      130.degree.C. to 200.degree.C. and an extrusion speed of 300 cm./min. by
      means of a 45 mm.-diametered extruder provided with an annular die having
      a diameter of 75 mm. and a slit of 0.6 mm. The extrudate was inflated to a
      given volume through the supply of a given amount of air thereinto and
      cooled between the die and the nip roll to produce a tubular porous
      material. The thus obtained tubular porous material was uniformly foamed
      and had a thickness of about 0.45 mm. and a lay flat width of 350 mm. as
      well as the properties as shown in the following Table II. In this case,
      the aforementioned extrusion conditions were as follows:
EQU  Q/W = 300 (cm./min.)
EQU  S/t.sub.2 = 1.65 - 1.83
EQU  a = 1.9 - 2.6 (times)
TBL                                    Table II                                
     __________________________________________________________________________
     Properties                                                                
     Formulation                                                               
     Measured value                                                            
                A    B    C    D    E    F    G    H    I   J   K              
     __________________________________________________________________________
     Average cell.sup.1)                                                       
                0.05 0.13 0.16 0.11 0.15 0.05 0.08 0.08 0.30                   
                                                            0.19               
                                                                0.12           
     size (mm.)                                                                
     Density.sup.2)                                                            
                0.42 0.35 0.45 0.40 0.49 0.43 0.43 0.39 0.40                   
                                                            0.42               
                                                                0.58           
     (g./cm.sup.3)                                                             
     Opening rate.sup.3)                                                       
                97   70   39   44   0    80   76   84   7   3   2              
     (%)                                                                       
     Air transmission.sup.4)                                                   
                5.9  2.0  0.4  0.5  0    2.1  2.3  3.2  0   0   0              
     (liters/cm.sup.2,min.)                                                    
     Tear strength.sup.5)                                                      
                10   12   14   11   16   22   19   13   --  --  --             
     (kg./cm.)                                                                 
     Tensile strength.sup.6)                                                   
                31   29   43   37   37   70   72   35   --  --  --             
     (kg./cm.sup.2)                                                            
     __________________________________________________________________________
     .sup.1) Average cell size means an average cell diameter                  
     in the surface of a porous material and, if elliptic,                     
     shows an average value of a long diameter and a short                     
     one.                                                                      
     .sup.2) Density is determined from the volume obtained by                 
     the measured length, width and thickness of a specimen                    
     and from the measured weight thereof.                                     
     .sup.3) Opening rate is determined by measuring the volume                
     (length: a, width: b and thickness: c) and the weight                     
     (W.sub.0) of a dried specimen. Namely, measuring the weight               
     (W.sub.1) of a water-containing specimen obtained by dipping              
     the dried specimen in water and replacing the air remain-                 
     ing in opening cells of the specimen by the water under                   
     a reduced pressure of 30 - 40 mmHg.; measuring the                        
     density (d) of the polymer components of the specimen;                    
     and then calculating according to the following equa-                     
     tion.                                                                     
                 W.sub.1 - W.sub.0                                             
     Opening rate (%) =                                                        
                 a.sup.. b.sup.. c - W.sub.0 /d                                
     wherein the denominator represents a whole volume of                      
     spaces in a specimen and the numerator represents a                       
     whole volume of open spaces of cells.                                     
     .sup.4) Air transmission represents the one measured at                   
     ordinary temperature under a filtration pressure of                       
     70 mmHg.                                                                  
     .sup.5) Tear strength represents a value measured by the                  
     method according to ASTM-D-1938.                                          
     .sup.6) Tensile strength represents a value measured by                   
     the method according to ASTM-D-638.                                       
PAR  As can be seen from the above Tables I and II, the product obtained from
      Formulation E containing no ethylene-vinyl acetate copolymer as a
      secondary polymer has no open cells and thus no fluid transmitting
      property. On the other hand, even products obtained from the Formulations
      J and K, both containing ethylene-vinyl acetate copolymer, have almost no
      fluid transmitting property since the ethylene-vinyl acetate copolymer
      does not meet such desired requirements that a melt index thereof should
      be 2.0 or more and a vinyl acetate content thereof should be 10% or more.
      These Formulations E, I, J and K are given as comparative examples. And,
      as can be seen from Formulation I, foaming of only the ethylene-vinyl
      acetate copolymer having a low melt index and a low vinyl acetate content
      gives almost no fluid transmitting property. By contrast, as is shown in
      Formulation H, an effectively high fluid transmitting property can be
      attained by incorporating, as a secondary polymer, the ethylene-vinyl
      acetate copolymer of the present invention. The products obtained from
      Formulations A through D and F through H have many open cells and high
      fluid transmitting property as well as such good filtering capacity which
      is capable of almost completely separating diatomaceous earth from water
      that, when an 10% aqueous suspension of the earth having an average
      particle size of 20 .mu. is filtered through them under a filter pressure
      of 70 mmHg., no turbidity is observed in the filtrate. The products
      obtained from these Formulations also have a smooth surface which is
      pliant to the touch.
PAC  Example 2
PAR  With a low density polyethylene (melt index: 0.3,  density: 0.917) was
      blended an ethylene-vinyl acetate copolymer (melt index: 6, vinyl acetate
      content: about 30%) at the proportion indicated in the following Table
      III.
TBL                Table III                                                   
     ______________________________________                                    
     Formulation                                                               
     Formulation                                                               
     Polymer       A      B        C    D      E                               
     ______________________________________                                    
      1 Low density                                                            
     polyethylene  50     70       80   90     95                              
     (Substrate)                                                               
     10 Ethylene-vinyl                                                         
     acetate copolymer                                                         
                   50     30       20   10      5                              
     (secondary polymer)                                                       
     ______________________________________                                    
      [Note                                                                    
      The proportion of the polymer is given by weight %.?                     
PAR  Then, into 100 parts by weight of each of the above mixtures were uniformly
      blended 0.75 parts of azodicarbonamide as a decomposition type blowing
      agent, 0.5 parts of zinc stearate as an auxiliary blowing agent, 1.0 part
      of calcium stearate and 0.5 parts of talc as an nucleating agent. Each
      mixture was extruded, with foaming, at a extrusion temperature of
      130.degree. - 200.degree.C. and an extrusion speed of 300 cm./min. by
      means of a 45 mm.-diametered extruder provided with an annular die having
      a diameter of 75 mm. and a slit of 0.6 mm. The extrudate was inflated to
      produce a tubular porous material having a thickness of about 0.45 mm. and
      a lay flat width of 350 mm. The properties of the resulting porous
      material are shown in the following Table IV. In this case, the details of
      extrusion condition are as follows:
EQU  Q/W = 300 (cm./min.)
EQU  S/t.sub.2 = 1.73 - 1.78
EQU  a = 2.2 - 2.4 (times)
TBL                Table IV                                                    
     ______________________________________                                    
     Properties                                                                
     Formulation                                                               
     Measured value                                                            
                 A       B       C     D     E                                 
     ______________________________________                                    
     Average cell size                                                         
     (mm.)       0.05    0.05    0.07  0.10  0.13                              
     Density (g./cm.sup.3)                                                     
                 0.42    0.43    0.39  0.43  0.41                              
     Opening rate (%)                                                          
                 95      86      75    40    8                                 
     Air transmission                                                          
     (liters/cm.sup.2, min.)                                                   
                 6.5     5.5     2.5   0.3   0.001                             
     Tear strength                                                             
     (kg./cm.)   17      15      12    15    14                                
     Tensile strength                                                          
     (kg./cm.sup.2)                                                            
                 31      29      28    35    33                                
     ______________________________________                                    
      [Note                                                                    
      The methods for measuring the values are the same as in Example I.       
PAR  There were formed porous materials which had smooth surface, high whiteness
      and uniform and fine-cell cellular structure and, as the amount of the
      ethylene-vinyl acetate copolymer incorporated was increased, the opening
      rate and air transmitting property were more increased accompanied by
      improved flexibility. The Formulation A gave a porous material which is
      pliant to the touch like a deer skin.
PAR  Though it was generally believed in the art that tear strength tends to be
      reduced as the opening rate increases, incorporation of ethylene-vinyl
      acetate copolymer tends to prevent such reduction of tear strength and
      rather result in substantial increase thereof.
PAR  On the other hand, the air transmitting porous material derived from
      Formulation B was heat-sealed by means of an impulse-type heat sealer into
      a bag-type tubular filter, which was then set at the outlet of an air
      blower. Diatomaceous earth having an average particle size of 20 .mu. was
      fed into the filter, whereby the earth was caught upon the filter. The
      collectivity was 98%, which shows effective collection of almost all
      particles.
PAC  Example 3
PAR  A foaming blend was prepared by employing Formulation F in Example 1. The
      blend was melted, kneaded in a 45 mm.-diametered extruder provided with a
      coat hanger type T-die having an effective lip width of 200 mm. and a slit
      clearance of 0.4 mm., and extruded from the die at an extrusion
      temperature of 130.degree. - 200.degree.C. and an extrusion speed of 522
      cm./min. and then the completely foamed material was quenched to produce a
      smooth endless sheet having a thickness of 0.97 mm., a width of 180 mm.
      and a high whiteness and a uniform and fine foaming degree. The details of
      extrusion conditions were as follows:
EQU  Q/W = 522 (cm./min.)
EQU  S/t.sub.2 = 0.55
EQU  a = 2.3 (times)
PAR  The porous material thus produced had an average cell size or diameter of
      0.08 mm., a density of 0.42 g./cm.sup.3, an opening rate of 75%, an air
      transmission of 2.8 liters/cm.sup.2.min. and a somewhat rigid feeling of
      touch. The material was found to have a capacity to accomplish complete
      separation of diatomaceous earth from water when used to filter an aqueous
      suspension of diatomaceous earth having an average particle size of 10
      .mu..
PAC  Example 4
PAR  The same procedure as in Example 1 was repeated except that a blend of 70
      parts by weight of a low density polyethylene having a melt index of 0.3
      and a density of 0.917 with 30 parts by weight of ethylene-ethyl acrylate
      copolymer having a melt index of 4 and an ethyl acrylate content of 30%
      was employed, thereby producing a tubular porous material having a
      thickness of 0.37 mm. and a lay flat width of 340 mm. The material thus
      produced had a uniform foaming degree and good properties, i.e., an
      average cell size of 0.15 mm., a density of 0.36 g./cm.sup.3, an opening
      rate of 70%, an air transmission of 1.7 liters/cm.sup.2. min., a tear
      strength of 14 kg./cm. and a tensile strength of 30 kg./cm.sup.2.
PAC  Example 5
PAR  The same procedure as in Example 4 was repeated except that an
      ethylene-methyl methacrylate copolymer having a melt index of 3 and a
      methyl methacrylate content of 23% was employed as the secondary polymer
      to produce a tubular porous material having a thickness of 0.4 mm. and a
      lay flat width of 350 mm. The material thus produced had a uniform foaming
      degree and good properties, i.e., an average cell size of 0.11 mm., a
      density of 0.36 g./cm.sup.3, an opening rate of 64%, an air transmission
      of 0.8 liters/cm.sup.2. min., a tear strength of 10 kg/cm. and a tensile
      strength of 25 kg./cm.sup.2.
PAC  Example 6
PAR  A low density polyethylene having a melt index of 0.3 and a density of
      0.917 and the unvulcanized rubber indicated in Table V were kneaded in a
      Bunbury mixer at the proportion indicated in Table V to make pellet-like
      materials. To the resulting blend were thoroughly admixed 0.8 parts of
      azodicarbonamide as a decomposition type blowing agent, 0.6 parts of zinc
      stearate as an auxiliary blowing agent, 1.1 parts of calcium stearate and
      0.5 parts of finely divided talc as a nucleating agent, based upon 100
      parts by weight of the blend.
PAR  The resulting dry blend was then melted in a 45 mm.-diametered extruder at
      cylinder temperatures of 170.degree.C., 200.degree.C., 180.degree.C. and
      150.degree.C., respectively extruded at an extrusion speed of 400 cm./min.
      from an annular die having a diameter of 75 mm. and a slit clearance of
      0.4 mm. and then a given amount of air was supplied into the extruded
      tube, which was then inflated to a given size and cooled between the die
      and the nip roll to produce a tubular film having a thickness of about 0.4
      mm. and a lay flat width of about 350 mm. The properties of the porous
      material thus obtained are shown in the following Table VI. In this case,
      the details of extrusion conditions are as follows:
EQU  Q/W = 400 (cm./min.)
EQU  S/t.sub.2 = 1.22 - 1.36
EQU  a = 1.8 - 2.5 (times)
TBL                Table V                                                     
     ______________________________________                                    
     Kind of rubber                                                            
     Polymers    a      b      c    d    e    f   g   h                        
     ______________________________________                                    
     Low density poly-                                                         
     ethylene    70     65     70   65   75   70  70  70                       
     (% by weight)                                                             
     Rubber                                                                    
     (% by weight)                                                             
                 30     35     30   35   25   30  30  30                       
     ______________________________________                                    
      [Note                                                                    
      a: Polybutadiene (a cis content of 36%, Mooney viscosity of 55, and a    
      density of 0.89g./cm.sup.3) [Trade name: ASADEN 55AS, available from Asah
      Kasei Kogyo K.K.                                                         
      b: Styrene-butadiene rubber (solution-polymerized, Mooney viscosity of 45
      and a density of 0.91g./cm.sup.3) [Trade name: TAFUDEN 200A, available   
      from Asahi Kasei Kogyo K.K.                                              
      c: Styrene-butadiene rubber (emulsion-polymerized, a styrene content of  
      24%, Mooney viscosity of 50 and a density of 0.91g./cm.sup.3) [Trade name
      AMERIPOLE 1500, available from Ameripole Co.,                            
      d: Styrene-butadiene rubber (emulsion-polymerized, a styrene content of  
      50%, Mooney viscosity of 70, and a density of 0.95g./cm.sup.3) [Trade    
      name: HYCAR 2001, available from Nippon Zeon                             
      e: Polyisoprene (a cis content of 92%, Mooney viscosity of 55 - 60 and a 
      density of 0.90g./cm.sup.3) [Trade name: CARIFLEX 307, available from    
      Shell Co., Ltd.                                                          
      f: Polyisobutylene (Mooney viscosity of 71 - 80 and a density of         
      0.90g./cm.sup.3) [Trade name: ESSOBUTYL 218, available from Esso Co.,    
      g: Ethylene-propylene methylene linkage (E.P.M.) (Mooney viscosity of 45 
      and a density of 0.85g./cm.sup.3) [Trade name: DUTRAL CO/054, available  
      from Montecatini Co., Ltd.                                               
      h: Ethylene-propylene diene methylene linkage (E.P.D.M.) (Mooney viscosit
      of 86 and a density of 0.85g./cm.sup.3) [Trade name: NODEL 1070, availabl
      from E.I. du Pont.                                                       
TBL                                    Table VI                                
     __________________________________________________________________________
     Properties                                                                
     kind of rubber                                                            
     Measured                                                                  
     value   a    b    c    d    e    f    g    h                              
     __________________________________________________________________________
     Average cell                                                              
             0.13 0.15 0.12 0.10 0.20 0.25 0.4- 0.3-                           
     size (mm)                             0.6  0.7                            
                                           (broad                              
                                                (broad                         
                                           distri-                             
                                                distri-                        
                                           bution)                             
                                                bution)                        
     Density 0.50 0.46 0.49 0.45 0.39 0.36 0.40 0.37                           
     (g./cm.sup.3)                                                             
     Opening rate                                                              
             80   65   71   59   74   78   5    3                              
     (%)                                                                       
     Air trans-                                                                
             2.9  1.6  1.8  2.0  2.1  3.8  0    0                              
     mission                                                                   
     (liters/cm.sup.2.                                                         
     min.)                                                                     
     Tear strength                                                             
             3.0  4.3  7.4  5.0  4.4  7.5  12   9                              
     (kg./cm.)                                                                 
     Tensile 20   18   25   26   15   16   26   21                             
     strength                                                                  
     (kg./cm.sup.2)                                                            
     __________________________________________________________________________
      [Note                                                                    
      The methods for measuring the values are the same as in Example 1.       
PAR  It can be seen that the foamed films derived from the above Formulations a
      through f are of uniform and fine-cell cellular structure as well as of
      excellent appearance. These are also pliant to the touch like a deer skin
      and have many open cells, no skinning on the surface and an effective air
      transmitting property. Among the rubbers, polybutadiene, polyisobutylene,
      polyisoprene, solution polymerization-type styrene-butadiene rubber were
      in particular excellent in filtering capacity for diatomaceous earth. The
      foamed films derived from the above Formulations g and h had a large cell
      size at the foaming, few open cells, a broad distribution of cell sizes
      and a poor air transmitting property, and thus they had different
      properties from those of the secondary polymer having a cell-opening
      activity of this invention.
PAC  Example 7
PAR  A low density polyethylene having a melt index of 0.3 and a density of
      0.921 g./cm.sup.3 and polybutadiene rubber (the a of Example 6) were
      thoroughly kneaded in Bumbury mixer in the proportion indicated in the
      following Table VII to form a pellet-like (blend). The blend thus obtained
      was dry-blended and extruded in the same manner as in Example 6 to produce
      a tubular film having a thickness of about 0.45 mm. and a lay flat width
      of about 300 mm. In this case, the details of extrusion conditions were as
      follows:
EQU  Q/W = 300 (cm./min.)
EQU  S/t.sub.2 = 1.10 - 1.15
EQU  a = 2.0 - 2.3 (times)
TBL                Table VII                                                   
     ______________________________________                                    
     Formulation                                                               
            Formulation    A       B     C     D                               
     Polymers                                                                  
     ______________________________________                                    
     1   Low density polyethylene                                              
                           90      80    70    50                              
         (% by weight)                                                         
     a   Polybutadiene rubber                                                  
                           10      20    30    50                              
         (% by weight)                                                         
     ______________________________________                                    
PAR  The properties of the resulting film are shown in the following Table VIII.
TBL                Table VIII                                                  
     ______________________________________                                    
     Properties                                                                
     Formulation                                                               
     Measured     A        B        C      D                                   
     values                                                                    
     ______________________________________                                    
     Density (g./cm.sup.3)                                                     
                  0.40     0.42     0.44   0.46                                
     Opening rate (%)                                                          
                  35       54       66     73                                  
     Air transmission                                                          
                  0.17     0.51     2.10   3.10                                
     (liters/cm.sup.2. min.)                                                   
     ______________________________________                                    
      [Note                                                                    
      The methods for measuring the above values are the same as in Example 1. 
PAR  The porous materials thus obtained at every formulation had uniform and
      fine-cell cellular structure and attractive appearance. As the amount of
      butadiene rubber blended is increased, the pliant touch is correspondingly
      increased and particularly the material obtained from the Formulationn D a
      feel like a high-grade leather.
PAC  EXAMPLE 8
PAR  A low density polyethylene having a melt index of 0.3 and a density of
      0.917 g./cm.sup.3 and a thermoplastic elastomer pellet (a
      butadiene-styrene block copolymer having a styrene content of 40%, a
      weight average molecular weight of about 100,000 and a density of
      0.94g./cm.sup.3) were dry-blended at the proportions indicated in the
      following Table IX. To 100 parts by weight of the resulting blend were
      uniformly blended in a conventional blender 0.75 parts by weight of
      azodicarbonamide as a decomposition type blowing agent, 0.5 parts by
      weight of zinc stearate as an auxiliary blowing agent, 1.0 part of calcium
      stearate and 0.5 parts by weight of talc as a nucleating agent. The blend
      thus obtained was melted at cylinder temperatures of 160.degree. -
      200.degree.C. in a 45 mm.-diametered extruder and continously extruded at
      an extrusion speed of 600cm./min. from an annular die having a slit
      clearance of 0.3 mm. and a diameter of 75 mm. The extruded tube was
      supplied with a given amount of air to inflate up to a given diameter and
      cooled between the die and the nip roll to given a tubular film having a
      thickness of about 0.55 mm. and a lay flat width of about 350 mm. In this
      case, the details of extrusion conditions were as follows:
EQU  Q/W = 600 (cm/min.)
EQU  S/t.sub.3 = 0.73 - 0.75
EQU  a = 2.4 - 2.6 (times)
PAR  The measured values of the resulting porous materials are shown in the
      following Table X.
TBL                Table IX                                                    
     ______________________________________                                    
     Formulation                                                               
     Formulation                                                               
                       A       B       C     D                                 
     Polymers                                                                  
     ______________________________________                                    
     1   Low density polyethylene                                              
                           90      80    70    50                              
         (% by weight)                                                         
         Thermoplastic elastomer                                               
                           10      20    30    50                              
         (% by weight)                                                         
     ______________________________________                                    
TBL                Table X                                                     
     ______________________________________                                    
     Properties                                                                
     Formulation                                                               
     Measured                                                                  
     value            A       B       C     D                                  
     ______________________________________                                    
     Average cell size (mm.)                                                   
                      0.10    0.10    0.05  0.04                               
     Density (g./cm.sup.3)                                                     
                      0.36    0.36    0.37  0.39                               
     Opening rate (%) 38      60      75    84                                 
     Air transmission 0.15    2.8     5.1   6.2                                
     (liters/cm.sup.2 min.)                                                    
     Tear strength (kg./cm.)                                                   
                      17      16      22    28                                 
     Tensile strength (kg./cm.sup.2)                                           
                      40      32      35    41                                 
     ______________________________________                                    
      [Note                                                                    
      The methods for measuring the values are the same as in Example 1.       
PAR  The porous materials which are produced had a uniform and fine-cell
      cellular structure and openings and were excellent both in appearance and
      touch. Especially the products obtained from the Formulations C and D were
      pliant to the touch like a deer skin and had such good filtering capacity
      which is capable of almost completely separating diatomaceous earth from
      water so that, when a 10% aqueous suspension of the earth having an
      average particle size of 20 .mu. is filtered through them under a filter
      pressure of 70 mmHg., no turbidity is observed in the filtrate.
PAR  As can be seen from the above Table X, when the amount of the thermoplastic
      elastomer is increased, the opening rate and air transmission are
      increased, and though tear strength generally tends to be reduced as the
      opening rate increases, incorporation of the thermoplastic elastomer as
      the secondary polymer acts to greatly increase the tear strength.
PAR  The porous material obtained from Formulation C and having a thickness of
      0.55 mm. and a cotton cloth preliminarily coated with rubber type
      adhesives on one face thereof employing a transfer coating apparatus with
      a doctor knife were pressed and bonded together through a pinch roll, then
      dried to form a double layer sheet of 0.8 mm thick. The formed double
      layer sheet was excellent in air transmitting property and showed an air
      transmission of 4.0 liters/cm.sup.2.min under a pressure of 70 mmHg., and
      it had also a water repelling property on the surface, a soft and warm
      touch like a high-quality deer skin. The double layer sheet was tested in
      a Taber abrasion tester to show that the wear was 45 mg. when worn 1000
      times. By way of comparison, one of polyurethane air transmitting leathers
      on the market when tested showed an air transmission of 0.25
      liters/cm.sup.2.min. and a wear of 87 mg. These properties were inferior
      to those of the present air transmitting leather.
PAR  To a solvent of 60 parts by weight of methanol mixed with 40 parts by
      weight of calcium chloride, 20 parts by weight of Nylon resin were added
      and then heated to 80.degree. - 90.degree.C. with stirring and dissolved
      to obtain a viscous solution. The double layer sheet obtained from the
      above process was uniformly coated on the surface with the viscous
      solution thus prepared in a thickness of about 0.2 mm. by a coater with a
      doctor blade, then cooled to be set in water, washed and dried to obtain a
      leather of about 0.92 mm. thick having an excellent touch as good as a
      natural leather. The product obtained has an excellent air transmission of
      1.1 liters/cm.sup.2.min. and a Taber wear of 47 mg..
PAC  EXAMPLE 9
PAR  To 60 parts by weight of a high density polyethylene (melt index : 3.0,
      density : 0.97 g/cm.sup.3) were added 40 parts by weight of a
      thermoplastic elastomer (the same material as in Example 6), 0.65 parts by
      weight of azodicarbonamide as a decomposition type blowing agent, 0.40
      parts by weight of zinc stearate, 1.0 part by weight of calcium stearate
      and 0.5 parts by weight of talc. The resulting mixture was well blended by
      means of a blender, and then treated, employing a T-die, in the same
      manner as in Example 3 to obtain a foamed endless sheet having a thickness
      of 1.10 mm. and a width of 170 mm. The thus obtained sheet had a unform
      and open, fine-cell cellular structure, a density of 0.44 g./cm.sup.3, an
      average cell diameter of 0.07 mm., a smooth appearance and a hard touch.
      The sheet was tough and was not broken even by 1000 times repeated
      bendings. The characteristic properties of the sheet were as follows: an
      air transmission of 5.3 liters/cm.sup.2.min., an opening rate of 86%, a
      tear strength of 52 kg/cm and a tensile strength of 63 kg/cm.sup.2.
PAR  For comparative purposes, the blend obtained above was extruded with
      foaming, employing the same apparatus as above, at a T-die slit clearance
      of 0.18 mm. and an extrusion speed of 300 cm/min. to obtain a sheet-shaped
      plastic foam having an expansion of 2.1 (times) and a thickness of 2.3
      mm.. The thus obtained sheet had many wrinkles and extraordinary
      irregularity on its surface, an uneven foaming and voids therein, and thus
      was different in properties from a porous material according to the
      present invention. The details of extrusion condition were summarized as
      follows:
EQU  Q/W = 300 (cm./min.)
EQU  S/t.sub.2 = 0.10
EQU  a = 2.1 (times)
PAC  Comparative Example 1
PAR  The blend obtained from the Formulation C in Example 6 was extruded with
      foaming in same manner as in Example 6 except that azodicarbonamide was
      employed in an amount of 5 parts by weight. The extrusion was rather
      unstable during the process and gas was gushed out of the blend to form
      holes locally on the surface of the tubular film obtained. The surface was
      so rough that the material could not be regarded as having a uniform
      foaming. The tear strength and opening rate thereof were as low as 2 - 3
      kg/cm and 20 - 30%, respectively.
PAC  Comparative Example 2
PAR  To 85 parts by weight of low density polyethylene (melt index : 0.3,
      density : 0.917 g./cm.sup.3) were added 15 parts by weight of polystyrene
      (weight average molecular weight : about 250,000) and the blend thus
      obtained was extruded with foaming in the same manner as in Example 1. The
      material obtained had a smooth surface and a high whiteness, a uniform
      foaming, a thickness of 0.37 mm. and a density of 0.54 g./cm.sup.3. The
      material had also an opening rate of 43%, an air transmission of 0.9
      liters/cm.sup.2.min., a tear strength of 3 kg/cm and a tensile strength of
      13 kg/cm.sup.2. Thus the material was inferior in properties when compared
      to a porous material obtained according to the present invention in both
      the fluid transmitting property and strength.
PAC  Comparative Example 3
PAR  The blend obtained from Formulation C in Example 2 was extruded with
      foaming employing a 45 mm.-diametered extruder provided with an annular
      die having a diameter of 150 mm. and a slit clearance of 2 mm. at the same
      extrusion temperature and at an extrusion speed of 6.5 cm/min. to obtain a
      sheet-shaped plastic foam having an expansion of 2.5 (times) and a
      thickness of about 0.75 mm. The details of extrusion condition were as
      follows:
EQU  Q/W = 6.5 (cm/min.)
EQU  S/t.sub.2 = 3.6
EQU  a = 2.5 (times)
PAL  The thus obtained sheet had an extraordinary irregularity on its surface,
      pin holes, large voids and an uneven foaming and thus was inferior to a
      product obtained according to the present invention.
PAR  The same blend was extruded with foaming employing the same apparatus as
      above, at an extrusion speed of 300 cm/min. to obtain a sheet-shaped
      plastic foam having an expansion of 2.5 (times) and a thickness of 0.2 mm.
      The material thus obtained had many pin holes, many voids formed of cells
      which collapsed and extraordinary irregularity on the surface, and thus
      was different in properties from a porous material obtained according to
      the present invention. The details of extrusion conditions were as
      follows:
EQU  Q/W = 300 (cm/min.)
EQU  S/t.sub.2 =  13.6
EQU  a = 2.5 (times)
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a tube or sheet-shaped fluid transmitting porous
      material having an extension of 1.2 to 10 times and a thickness of 0.15 to
      3 mm. which comprises mixing a polyolefin (A) and a secondary polymer (B)
      and a decomposition type chemical blowing agent, said secondary polymer
      (B) being a member selected from the group consisting of:
PA1  1. an ethylene-vinyl ester copolymer of which the vinyl ester content is at
      least 10% or more by weight based on the copolymer,
PA1  2. a copolymer of ethylene with an unsaturated carboxylic acid ester of
      which the unsaturated carboxylic acid ester content is at least 10% or
      more by weight based on the copolymer,
PA1  3. a rubber selected from the group consisting of a natural rubber, a
      butadiene rubber, a solution-polymerized random copolymer type
      styrene-butadiene rubber, an emulsion-polymerized random copolymer type
      styrene-butadiene rubber, a butadiene-acrylonitrile rubber, an
      iosprene-butadiene rubber, a polyisoprene rubber and an
      isobutylene-isoprene rubber,
PA1  4. A thermoplastic elastomer selected from the group consisting of a
      styrene-butadiene block copolymer and a styrene-isoprene block copolymer,
      and mixtures thereof, said secondary polymer being employed in an amount
      of
      ##EQU2##
      and continuously subjecting the resulting polymer mixture to extrusion
      while foaming, to form a film by passage through a die of an extruder;
      said extrusion moulding being effected under conditions defined by the
      formula:
EQU  0.15 &lt; S/t.sub.2 10
PAL  wherein
EQU  t.sub.2 = t.sub.1 /a1/3
EQU  1.2 &lt; a &lt; 10,
PA1  S represents an average die slit clearance (mm.),
PA1  t.sub.2 represents an average thickness of the foaming polymer composition
      in the state before foaming (mm.),
PA1  t.sub.1 represents an average thickness of the porous material (mm.), and
PA1  a represents an expansion based on the volume of the foaming polymer
      composition in the state before foaming (times.)
PA1  Said extrusion further satisfies the following conditions:
EQU  7 .ltoreq. V = Q/W
PAL  wherein
PA1  Q represents an extrusion volume of the extruded porous material from which
      the contained space volume is subtracted (cm.sup.3 /min.),
PA1  W represents a cross section area of the die slit (cm.sup.2), and
PA1  V represents an extrusion speed calculated from Q and W (cm./min.).
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the extrusion is effected under
      the following conditions:
      ##EQU3##
NUM  3.
PAR  3. A method as claimed in claim 1, wherein said polyolefin is a member
      selected from the group consisting of a low density polyethylene, a high
      density polyethylene, a polypropylene, a polybutene, a polypentene, a
      propylene-ethylene copolymer, a propylene-hexene copolymer, an
      ethylene-vinyl acetate copolymer wherein the vinyl acetate content is less
      than 10% by weight based on the copolymer, an ethylene-ethyl acrylate
      copolymer wherein the ethyl acrylate content is less than 10% by weight
      based on the copolymer, an ethylene-methyl methacrylate wherein the methyl
      methacrylate content is less than 10% by weight based on the copolymer,
      and mixtures thereof.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein said ethylene-vinyl ester
      copolymer and said copolymer of ethylene with an unsaturated carboxylic
      acid ester are an ethylene-vinyl acetate copolymer wherein the melt index
      is at least 2.0 and the vinyl acetate content is at least 10% by weight
      based on the copolymer and a member selected from the group consisting of
      an ethylene-ethyl acrylate copolymer wherein the ethyl acrylate content is
      at least 10% by weight based on the copolymer and an ethylene-methyl
      methacrylate copolymer wherein the methyl methacrylate content is at least
      10% based on the copolymer.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein said thermoplastic elastomer is
      a member selected from the group consisting of a styrene-butadiene block
      copolymer and a styrene-isoprene block copolymer.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein said decomposition type blowing
      agent is a member selected from the group consisting of azodicarbonamide,
      barium azodicarboxylate, diazoaminobenzene, 4,4'-hydroxy-bisbenzene
      sulfonylhydrazide and dinitrosopentamethylenetetramine.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein said secondary polymer is
      employed in an amount of
      ##EQU4##
NUM  8.
PAR  8. A method as claimed in claim 1, wherein said decomposition type blowing
      agent is employed in an amount of 0.1 - 5 parts by weight, in terms of
      parts of azodicarbonamide, per 100 parts by weight of a mixture of the
      polyolefin and the secondary polymer.
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ABST
PAL  Processes for coating concrete bricks with exposed surfaces having sharply
      delineated portions of contrasting color and/or texture by periodically
      and regularly forming atomized particles of a viscous cementitious slurry
      and directing same on to portions of surfaces of each of a plurality of
      green concrete bricks in groups located stationary in regular fashion for
      a brief period and thereafter firing the thus coated uncured brick. The
      processes include steps for rapidly and/or sequentially varying the colors
      applied to the different groups of bricks during successive cycles of
      coating the successively treated different groups of such brick.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION:
PAR  The application is a division of my co-pending application Ser. No.
      265,548, filed June 23, 1972 now U.S. Pat. No. 3,799,716, issued Mar. 26,
      1974, entitled "APPARATUS FOR MANUFACTURE OF COATED BRICKS".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  The fields of art to which this invention pertains are methods of coating
      for a concrete product.
PAR  2. Description of the Prior Art
PAR  The prior art teaches rapidly paced high speed block making machines as in
      U.S. Pat. No. 2,366,780 operating at repeated cycles of 10 to 15 seconds
      duration and slowly spaced coating processes for coating concrete surfaces
      one at a time as in U.S. Pat. No. 2,806,277. Such procedures have not
      provided an economically produced yet attractive facing brick as desired
      by the market. Also prior art as U.S. Pats. No. 3,621,086 and 3,425,105
      provide for making multicolored concrete bricks but without sharp
      delineation of different colored and textured surface portions thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The rough and selectively adsorptive surface characteristics of uncured
      concrete brick and the selectively non-adhesive properties of finely
      atomized cementitious slurries are utilized to locate small atomized
      aggregates of cementitious slurries at predetermined limited portions of
      uncured concrete brick surfaces; such atomized slurries are produced by a
      sharply cut off high pressure spray so that a sharply defined layer of
      particular range of thickness is produced that is adequately mechanically
      stable, yet optically opaque when cured. The apparatus is arranged to
      provide rapid change of the composition and/or color of the coating layer.
      The sharp delineation of differently textured and colored portions
      accentuate the texture and color characteristics and produce particularly
      attractive architectural products.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective front view of apparatus 20 showing a portion of the
      block making machine 21 and a slurry forming and distributing apparatus 22
      of the invention in normal operative combination;
PAR  FIG. 2 is a front and top oblique view of the treated group of uncured
      bricks as seen along the direction of arrow 2A in FIG. 4;
PAR  FIG. 3 is a diagrammatic representation of the atomization and selective
      coating operation performed by the apparatuses of this invention;
PAR  FIG. 4 is a diagrammatic piping and valve connection and conveyor unit of
      assembly 22 and bricks treated thereby;
PAR  FIG. 5 is a top oblique view of a brick 174 formed according to this
      invention;
PAR  FIG. 6 is a diagrammatic vertical sectional view along plane 5A--5A of FIG.
      1;
PAR  FIG. 7 is a vertical sectional longitudinal view of a pump 47 and a side
      view along the direction of the arrow 7A of FIG. 8 of the nozzle assembly
      57 connected thereto. The units here shown are located in zone 7A of FIG.
      4;
PAR  FIG. 8 is a transverse horizontal sectional view along the transverse
      section 8A--8A of FIG. 10.
PAR  FIG. 9 is a transverse vertical sectional view along the plane 8a-8B-8C of
      FIG. 8.
PAR  FIG. 10 is a longitudinal sectional view along the broken section
      10A-10B-10C.
PAR  FIG. 11 is a diagrammatic wiring diagram of the electrical control
      mechanism of slurry forming and distributing assembly 22.
PAR  FIG. 12 is a perspective front view of apparatus 320 showing a portion of
      the block making machine 21 and the slurry forming and distributing
      apparatus 322 of the invention in normal operative combination;
PAR  FIG. 13 is a top oblique view of a brick 474 formed according to this
      invention;
PAR  FIG. 14 is a portion of a brick wall formed of the coated bricks formed by
      this invention;
PAR  FIG. 15 is a diagrammatic piping and valve connection of and conveyor unit
      of assembly 22 and bricks treated thereby;
PAR  FIG. 16 is a diagrammatic top oblique view of another arrangement of spray
      guide assemblies relative to the array of bricks treated thereby according
      to this invention.
DETD
PAR  The apparatus 20 according to this invention performs the process and
      provides the products of this invention and comprises a blockmaking
      apparatus 21 in operative combination with a slurry forming and
      distributing subassembly 22.
PAR  The apparatus 320 according to this invention performs the process and
      provides the below assembled products of this invention and comprises a
      blockmaking apparatus 21 in operative combination with a slurry forming
      and distributing subassembly 322.
PAR  The apparatus 21 is a standard blockmaking machine such as in U.S. Pat. No.
      2,366,780. It comprises a bin and chute subassembly 24, with a feed
      distributor subassembly, a motor and frame subassembly 23, a mold and
      vibrator subassembly 25, a stamp and stripper subassembly 28, and a pallet
      feed and conveyor subassembly 26. The mold and vibrator subassembly 25
      comprises a mold frame 27 with a plurality of like rectangular mold
      chambers therein.
PAR  The motor and frame subassembly 23 is provided with a feed drawer motor and
      discharge subassembly 23D which is arranged to discharge the completed
      blocks (as in U.S. Pat. No. 2,366,780).
PAR  The stamp and stripper subassembly 28 comprises a set of stamps 18 which
      match and enter the chambers in the mold frame 27 and a movable stamp
      support frame 19 for stamp set 18.
PAR  The conveyor subassembly 26 comprises the conveyor frame 30 which supports
      drive wheels and on which are supported conventional conveyor chains 32
      and 33 and on which chains are supported flat pallets as 34, 35, 36, and
      37. The conveyor feed portion 38 passes pallets as 34 and 35 from the
      supports therefor below the mold frame 23. The pallets as 34 receive the
      array 29 of green or plastic bricks formed by apparatus 21, such pallet
      and array move away from the frame assembly 23 along the discharge portion
      39 of the conveyor 26. Details of such conventional structures are given
      in U.S. Pat. No. 2,366,780.
PAR  The apparatus 21 of apparatus 320 also is a standard blockmaking machine
      such as in U.S. Pat. No. 2,366,780 and may have the pigment slurry
      spraying subassembly, as 19 in U.S. Pat. No. 3,621,086, of which the
      slurry pipe and valve assembly 394 (assembly 94 of U.S. Pat. No.
      3,621,086), a slurry flow and spray control assembly 396 (assembly 96 of
      U.S. Pat. No. 3,621,086) and a slurry tank 392 (assembly 92 of U.S. Pat.
      No. 3,621,086) are operatively attached. This pigment slurry spraying
      subassembly may also be attached to the apparatus 21 in the apparatus 20.
PAR  The spray sequence control of subassembly 450 (150 of U.S. Pat. No.
      3,621,086) is operatively connected to and actuated by the drive mechanism
      and support 19 for stamp 28 of apparatus 21.
PAR  The conveyor assembly 26 of apparatus 320 is the same in structure and
      function as in assembly 21 of FIGS. 1 and 4.
PAR  The slurry forming and distributing assembly 22 comprises a compressed air
      tank 41, remotely controlled control valves 43 44 45, and 46, like slurry
      pumps 47, 48, and 49, like slurry tanks 53, 54, and 55, a nozzle assembly
      57 and a nozzle support assembly 58.
PAR  As diagrammatically shown in FIG. 4 the compressed air tank 41 is supplied
      by air pump 40 and such pump is driven by a motor 40'; a pressure guage
      41' is connected to motor 40' and maintains the pressure in tank 41. The
      outlet of tank 41 is connected by exhaust manifold 42 to (a) air tank
      distribution lines 50, 51, and 52 and therethrough to three-way control
      valves 43, 44, and 45 and (b) by air tank distribution line 59 to nozzle
      assembly 57. Each of valves 43, 44, and 45 in one position thereof connect
      lines 50, 51, and 52 respectively, via control valve discharge lines 46A,
      46B, and 46C respectively to slurry pumps 47, 48, and 49 respectively.
      Slurry tanks 53, 54, and 55, respectively, are operatively connected by
      lines 53A, 54A, and 55A respectively to the inlets of pumps 47, 48, and 49
      corresponding to inlet passage 102 of pump 47. The slurry pumps 47, 48,
      and 49 are connected at their outlet as 104 of pump 49 by slurry pump
      discharge lines 63, 64, and 65, respectively, to the nozzle assembly 57.
      The nozzle assembly 57 is supported on the nozzle assembly support 58:
      support 58 is located over the pallet feed and conveyor assembly 26 of the
      block making machine 21.
PAR  The slurry pump 47 comprises a rigid cylindrical pump housing 77 which in
      turn is composed of a topmost head 81, an upper cylindrical air chamber
      wall 86 and a lower cylindrical piston cylinder wall 94 firmly and
      co-axially joined. This housing 77 is located on top of and affixed to a
      pump base 80.
PAR  The housing 77 surrounds a driving piston chamber 78 in wall 94 and a
      control cylinder chamber 79 in wall 86 thereabove. The control cylinder
      chamber 79 comprises an upper air chamber 85 and a lower spring chamber
      87. The head 81 is a rigid casting which includes a high pressure air
      inlet and passage 82 and a sealing packing head and passage for an
      adjustment bolt 83. An air passage 84 extends from the air inlet and
      passage 82 through the head 81 to the upper air chamber 85. The air
      chamber wall 86 is a double wall having an outer wall 86' and an inner
      wall 86". The lower edge of the inner wall 86' firmly grasps a flexible
      seal 96. The lower spring chamber 87 supports therein a compressed spring
      88 and a piston 99. The piston 99 comprises a piston control head 89 which
      is a flat rigid double sheet of imperforate metal which is firmly and
      rigidly attached at its center to a rigid vertical piston shaft 90. The
      lower end of the shaft 90 is firmly fixed to a circular piston frame 91
      and that frame supports upper and lower cylindrical piston seals 92 and
      93. Seals 92 and 93 in fluid-tight manner firmly yet slidably engage the
      inner surface of the piston cylinder wall 94.
PAR  The lower end of the spring 88 is firmly supported on the shoulder 98 of
      the air chamber wall 86 and forces the piston head 89 upward. The
      adjustment nut 83 is rigid and adjustably positioned by its male threads
      in thread portion 100 in the head portion 81 of the pump housing. The
      bottom portion 83A of the adjustment bolt 83 firmly contacts the top
      surface of the piston head 89 at the desired uppermost position of the
      piston assembly 99 and thereby fixes the length of travel of the piston
      frame 91 in the piston cylinder wall 94 and thereby adjusts the amount of
      liquid slurry displaced from the driving cylinder chamber 78 at each
      actuation of the piston assembly 99. The piston assembly 99 is actuated
      and moved downwards (as shown in FIG. 7) by the passage of air into the
      chamber 85 through the line as 46C the passage of air through which (line
      46C) is controlled by the valve 45, valve 45 is, in turn controlled by the
      timing mechanism diagrammatically shown in FIG. 11.
PAR  Slurry pumps 47, 48, and 49 each have the same structure and operation as
      hereinabove discussed for the slurry pump 47. The control of movement of
      the piston 91 in each pump as 47 is effected by control of the passage of
      high pressure air through the air line as 46A thereto: air line 46B acts
      for pump 48 as does line 46A for pump 47 to control the amount of slurry
      passed from tank 54 into pump 48. Line 46C and valve 45 provide for the
      control of passage of air from tank 41 into the pump 49 and lines 54A and
      55A provide for passage of the slurry tanks 54 and 55 respectively into
      the pumps 48 and 49 as described for pump 47. Further, as the control of
      the piston 91 in pump 47 is adjusted by an adjustment nut 83, similarly,
      the amount of piston movement in each pump as 48 and 49 is similarly
      controlled by a similar adjustment nut therein.
PAR  The base 80 comprises a heavy rigid base block 101 with an inlet passage
      102 therein which leads to the bottom of the driving piston chamber 78
      below the lower piston seal 93, as shown in FIG. 7. The bottom of driving
      piston chamber 78 below the seal 93 is open to an outlet channel 104 in
      the base block 101. This piston chamber outlet channel 104 is operatively
      connected through an outlet check valve 66 to the line 63. The line 63 is
      connected to the nozzle assembly base 71 of the nozzle assembly 57. A
      similar piston chamber outlet channel in pumps 48 and 49 are connected by
      check valves 67 and 68 respectively to lines 64 and 65 respectively to
      nozzle assembly 57 as shown in FIG. 3.
PAR  Nozzle assembly 57 comprises a top plate 70 and a nozzle assembly base 71
      and a plurality of nozzles 73, 74, and 75 operatively joined together as
      hereinbelow described.
PAR  The nozzle assembly top plate 70 is a rigid steel plate in shape of a
      rectangular prism provided with a longitudinally extending straight
      cylindrical manifold passage 107 with branch conduit lines 108, 109, and
      110 therefrom. The branch conduit lines are each of the same size and
      cylindrical shape and are each located with the central longitudinal axis
      thereof at the geometric center of a corresponding circular chamber, with
      branch line 108 entering the top of circular top chamber 113 at its
      center, branch line 109 entering the top of a circular top chamber 114 at
      its center. An imperforate elastic diaphragm sheet 117 located between and
      firmly held to and between plates 70 and 71.
PAR  Bolts as 111, 111', and 111" pass through the plate 70 and 71, sheet 117
      and hold it firmly to elastic diaphragm sheet 117 and to nozzle base block
      71.
PAR  The nozzle assembly base 71 is a rigid metal block in shape of a
      rectangular prism provided with a series of like right cylindrical inlet
      passages 123, 124, and 125 which are each co-axial with the cylindrical
      branch passageways 108, 109, and 110 respectively. The central
      longitudinal axis of each of the passages 123, 124, and 125 is coplanar
      with a line which is the longitudinal axis of the manifold passage 107.
      The longitudinal axis of manifold passage 107 is a straight line and it
      and the axes of passages 123, 124, and 125 all lie in the same straight
      flat plane. For each of the inlet passages 123, 124, and 125 a toroid
      shaped annular chamber 127, 128, and 129 respectively is associated
      therewith. Each such annular chamber is of the same size and shape: each
      is semi-circular in diametral transverse cross section and concave towards
      sheet 117 and open towards such sheet. The axis of revolution of each such
      annular chamber and section is co-axial with the passage associated
      therewith; that is, annular chamber 127 is co-axial with the inlet passage
      123, annular chamber 128 is co-axial with inlet passage 124 and annular
      chamber 129 is co-axial with inlet passage 125. A narrow circular shoulder
      131 which is co-axial with inlet passage 123 separates inlet passage 123
      from the annular chamber 127; a narrow circular shoulder 132 co-axial with
      inlet passage 124 separates that inlet passage 124 from annular chamber
      128; and a narrow circular shoulder 123 of the same size as shoulders 131
      and 132 separates the inlet passage 125 (which has the same diameter as
      passages 123 and 124) from the annular chamber 129 which chamber has the
      same interior and exterior diameter and the same depth and shape as do the
      annular chambers 127 and 128. The shoulders 131, 132, and 133 extend to
      the same flat plane as the diaphragm surface 121 of the nozzle assembly
      base 171. The nozzle assembly top plate 70 has a bottom flat diaphragm
      surface 122: the diaphragm plate 117, which is when no unbalanced pressure
      is applied thereto flat on both sides, is an imperforate and flexible
      sheet and is located between faces 121 and 122.
PAR  The nozzle support assembly 58 is composed of a base frame 139, a center
      frame 144 and a grid 149.
PAR  The base frame 139 comprises a rigid left support frame member 140 and a
      rigid right support frame member 141 which are spaced apart from each
      other and rest on the frame of the block making machine 21 as shown in
      FIG. 1. Front and rear transverse frame members 142 and 143 respectively
      are spaced apart from each other and extend from members 140 to 141. These
      front frame members 142 and 143 are rigidly attached to the frame members
      140 and 141 and also are attached to the bottom portions of the upwardly
      extending center frame 144 and serve to hold grid 149 in a position over
      the path along which the arrays of uncured bricks travel on pallets along
      conveyor 26 from the apparatus 21.
PAR  The center frame 144 comprises a rectangular, rigid, flat open bottom frame
      which comprises, firmly joined together, a rigid vertically extending
      front to rear left frame member 145 and a like or similar vertically
      extending front to rear extending thin rigid right center frame member
      146. Center frame members 145 and 146 are rigid flat imperforate plates.
      These flat plates are spaced apart from each other by slightly more than
      the width of the groups of bricks as 134, 135, 136, and 137 that are moved
      out along the discharge pallet feed and conveyor assembly 26 of the block
      making machine 21 and confine the spray from the nozzle assembly 57 to the
      zone of the array of uncured bricks therebelow and join front and rear
      frame members 148 and 147.
PAR  The front frame member 148 has an upper flat vertical face 155 and a lower
      flat oblique face 153 continuous therewith at straight junction line 157.
      The rear frame member 146 has an upper flat vertical portion 156 parallel
      to member 148 and a lower flat oblique face 154 continuous therewith at
      straight junction line 158. A rear transverse rib member 151 and front
      transverse member 152 extend from the left frame member 145 to the right
      frame member 146 and are firmly attached thereto. The members 151 and 152
      are each triangular in shape with apex 197 and 198 respectively upward and
      sides 192 and 193, 194 and 195 equal in angle to the vertical and in
      length. The angle to the vertical of sides 191 and 193 and 192 and 194 of
      members 151 and 152 is the same as the angle of faces 191 and 196 of
      members 153 and 154: the upper edges 197 and 198 of members 151 and 152
      are parallel to each other and to the line of junction 157 of faces 153
      and 155 of member 148 and to the line of junction 158 of faces 154 and 156
      of member 146. The front faces 192 and 194 of members 151 and 152
      respectively and face 154 are parallel to each other: the rear faces 193
      and 195 of members 151 and 152 and face 153 are parallel to each other.
      The bottom edges (as shown in FIG. 6) 161 and 160 of faces 153 and 154 and
      the bottom edges 162, 163, 164, and 165 of members 151 and 152 are all
      parallel to each other, straight and horizontal and lie in the same
      horizontal plane. The horizontal distance between neighboring edges as 161
      and 162 and between edges 163 and 164 and between edges 165 and 166 are
      the same.
PAR  The center frame 144 also includes upwardly extending arms 150 and 180;
      these arms extend obliquely upwardly from members 145 and 147
      respectively, and are firmly and rigidly attached thereto (bottom of 150
      to middle of member 145, bottom of 180 to middle of arm 147) and to the
      sides of the nozzle assembly 57 (top of arm 150 is attached to left side
      of assembly 57; top of 180 is attached to the right side of assembly 57)
      and locate and orient the nozzle assembly 57.
PAR  The array of uncured bricks as 29--four rows of eight bricks each as shown
      in FIGS. 1, 2, 4, and 6--produced by the machine 21 is located on a pallet
      as 34 and is moved by the conveyor 26 towards and under the center frame
      144 of the nozzle assembly support 58. The arrays 29, 135, and 136 are
      identical. The uncured blocks of the array 136 are arranged, as shown in
      FIGS. 1 and 2, in a transversely extending series of longitudinally rows
      of bricks, of which rows the front member is numbered 166, 167, 168, 169,
      170, 177, 178, and 179 (FIG. 2) and such rows are separated from each
      other longitudinal extending spaces 181, 182, 183, 184, 185, 186, and 187
      respectively which extend parallel to length of conveyor 26 as shown in
      FIGS. 1 and 2.
PAR  For any one such row of such bricks as shown in FIGS. 1 and 6, the bricks
      170, 172, 174, 176 in each such row extend parallel to length of conveyor
      26 and are separated by transversely extending spaces 171, 173, and 175;
      the spaces 171, 173, and 175 extend transversely across the entire array
      29. Each successive array of bricks, as 29, is moved from assembly 21
      along successive positions on conveyor 26 for array 135 and 136. The
      slurry is applied to the array at the position thereof on conveyor 26
      below nozzle assembly 57 as shown as 136 in FIGS. 1 and 4. The array 136,
      as well as conveyor 26, are then stationary.
PAR  In the position of array 137 the distance between each pair of adjacent
      bottom edges as 161 and 162, 163 and 164, 165 and 160 of grid 149 has its
      center in a position which is vertically over the center of the spaces as
      171, 173, and 175 between the rows of brick therebelow. Thereby the
      members 151, 152, 153, and 154 serve to guide the slurry passing from the
      nozzle 57 to the transversely extending spaces as 171, 173, and 175
      between the longitudinally spaced bricks as 170, 172, 174, and 176 of each
      longitudinally extending row of bricks (as the longitudinally extending
      rows represented by the front members thereof 166, 167, 168, 169, 177,
      178, and 179 as well as 170) in the array as 136, and shown after
      treatment as array 137.
PAR  The nozzles 73, 74, and 75 are adapted for spraying of slurries, as in U.S.
      Pat. Nos. 2,098,136 or 3,104,829 and convential.
PAR  The upper surfaces 191, 192, 193, 194, 195, and 196 of the transversely
      extending members are fully covered by a smooth layer of enamel paint: the
      slurry does not adhere thereto. The surface may be otherwise prepared or
      treated for such effect to achieve a selectively differential wetting
      action by the atomized slurry particles whereby the slurry selectively
      adheres to the concrete brick surface but not to the guide surfaces
      191-196 of grid assembly 149.
PAR  The block making machine 21 automatically and continually produces a group
      or array of uncured blocks, as 29, every 15 seconds as described in U.S.
      Pat. Nos. 3,621,086 and 2,366,780. On completion of each cycle of
      production of such an array, as 29, that group or array is placed on a
      pallet, as 34 and that pallet and group or array are moved along conveyor
      26; accordingly the group or array 29 is moved by a series of stepwise
      translations along conveyor 26 to successive positions, as shown for
      arrays 135, 136, and 137 in FIG. 4 and located in each such position for
      the period of time required for production of another group or array of
      uncured bricks as 29; after such period of time each array is moved to the
      next position; during such period of time the array is stationary. When
      the array of green blocks is below the nozzle assembly 57 and is
      stationary slurry is applied thereto from the assembly 57 by operation of
      the slurry assembly 22 to produce a composite structure for each
      slurry-coated bricks as shown in FIGS. 2, 4, and 6. The resulting slurry
      coated bricks are then passed into kiln 31 and formed into fired or cured
      bricks with a partial coating of a glazed slurry.
PAR  The operation of the apparatus 22 provides a selective application of the
      slurry to limited portions of the concrete bricks in the array as 137
      below the nozzle assembly 57 which results as shown in FIGS. 2, 4, and 6
      in a partial fractional coverage of selected faces of the brick as faces
      201 and 203 of brick with the slurry which is composed of small sized
      particles. The slurry so applied and located, on firing forms a relatively
      smooth surfaced strongly colored glazed zone with a sharply defined edge;
      the bright color and smooth texture of such glazed zone are accentuated by
      the immediately adjacent coarser and relatively duller or differently
      colored concrete surface.
PAR  The fired slurry has a coefficient of thermal expansion that is slightly
      different from the body of the brick, no resultant substantial stress
      develops because the partially coated bricks are only 21/2 inch wide and
      are separated by mortar, and the fired slurry has substantially the same
      coefficient of expansion as the mortar between the bricks.
PAR  In operation of apparatus 22 on injection of slurry from one pump, as 47,
      (or more than one pump as 47, 48 and 49 each nozzle as 73, 74 and 75,
      atomizes the slurry fed thereunto into small spheroids substantially all
      of less than one-sixteenth inch in diameter. As diagramatically
      illustrated in FIG. 3 (at enlarged scale for illustrative purposes) these
      small spheroids do not adhere to the smooth slurry-repellent organic
      surfaces 191, 192, 193, 194, 195, 196 but do adhere to (a) the upper
      portions of the vertical surfaces as 201 and 203 of the concrete bricks as
      172 and 174 of the array 137, which surfaces are adjacent the transverse
      extending spaces 171, 173 and 175 and to (b) the upper portions of the
      vertical surfaces as 202 and 204, 206 and 208 adjacent the longitudinally
      extending passages as 181, 182, 183, 184, 185, 186 and 187 and the top
      surfaces as 232 and 233 of such bricks (shown in FIG. 5).
PAR  The uncured concrete brick surfaces as 201 202 203 and 204 are rough and,
      as seen at 8X magnification, porous (as illustrated in FIG. 12 of U.S.
      Pat. No. 3,621,086 patented Nov. 16, 1971 and assigned to the assignee of
      this application) when dried and, also damp and cool while uncured. The
      size distribution of the aggregate used for such concrete brick is as
      given in Table I below. The uncured bricks as 172 174 and 176 of arrays 29
      and 236 at their exterior surfaces and interior have a 5% moisture content
      and are, by evaporation, cooler . . . usually by about 5.degree.F . . .
      than the ambient air and cooler than the guide surfaces 191-196. The
      slurry 220 is sufficiently "thick"  or viscous that substantial pressure
      is required to atomize it, and, unless a hydrophyllic wet surface is met,
      the globules of slurry will not adhere thereto, especially when moving
      rapidly at an angle thereto. Accordingly, the grid surfaces do not become
      clogged with such slurry.
PAR  In travel from each nozzle, as 73, of nozzle assembly 57, the globules as
      221-224 stream past the facing or adjacent guide surfaces as 193 and 194
      of the grid members and thence at and/or over the top surfaces as 232 and
      233 of the below bricks of the array as 136 as shown for bricks 172 and
      174 in FIG. 3. Some of the globules or spheroids adhere to such top
      surfaces to subsequently form a layer on the top surface of the brick as
      shown at 214 and 217 in FIG. 5. The term "top" refers to the upper end of
      the brick in the position of the brick in the orientation thereof shown in
      FIGS. 1, 2, 3, 4, 5, 6 herein. Also, the turbulent flow at the top of
      passages as 173 (and 171 and 175) causes the droplets to impinge on the
      upper portions of the vertical faces on the uncured brick, as 201 and 203.
      The small globules or spheroids of slurry, diagramatically and in greatly
      enlarged scale shown in FIG. 3 as 221-226, produced from the conical spray
      220 do adhere to the rough uncured moist concrete dried surface at the top
      surface and at the upper portion thereof adjacent the edge, as shown for
      globule 223: once such globules are static, the sprayed spheroids adhere
      to each other, and to globules as 225 and 226 adherent to the exterior
      vertical surface of the bricks, as shown for brick 172 for the separate
      globules as above described: such adherent globules form a viscous mass
      adequately mechanically stable to pass to and through the kiln 31: the
      discrete globules (for purpose of illustration and of this discussion
      diagramatically and to greatly enlarged scale shown in FIG. 3) form a cap
      228, while a similarly structured layer is formed and is shown, in gross,
      as 229 on face 203 of brick 174.
PAR  The globules that do not impinge sufficiently squarely on the upper
      portions of the vertical faces to adhere thereto fall to the upper face of
      the pallet, as 36, supporting the array and do not adhere to the vertical
      surface of the brick below the lobular but clear bottom edge, as 227, of
      the slurry layer as 228 (or bottom edge 229-A of slurry layer 229). The
      semi-fluid viscous character of the slurry mass adherent to the face, as
      201 of each brick, as 172 is such that, in thin layers, i.e. layers of
      1/64 to 1/16 inch thickness, as shown diagramatically in FIG. 3, 4, and 6,
      the slurry mass as 228, does not flow, although the lower edge thereof, as
      227 does develop a slightly lobular shape and so creates, to the naked
      eye, in the kiln-cured finished product, as shown in FIG. 5, a sharp edge
      as 229A for delineation between the portion 230 of the surface of the
      brick covered by the cured or glazed slurry (formed from slurry layer 229)
      and the portion 231 of the surface of the brick not so covered.
PAR  The process of apparatus 22 thus coats a portion of surfaces of each
      concrete brick in array 136 by a sharply delineated cementitious layer and
      comprises the steps of pressurising in a pump as 47 then peridically
      atomizing the assembly 57 a viscous cementitious slurry 95 in pump 47 and
      forming atomized aggregates as 221-224 and directing such atomized
      aggregates towards a plurality of spaced apart sloped guide surfaces as
      161-166 and a plurality of brick surfaces as 201, 203, 232 and 233 located
      below said guide surfaces and, for each of said bricks, applying said
      atomized aggregates to an area as 213, 214 and 215 on each brick as 174.
      Each such area is, like 230, adjacent to an upper horizontal (as FIGS.
      1-6) edge as 235 parallel to edges 161-166 of grid 149: such edge is
      located between surface areas as 214 and 213 and joining the upper corners
      as 236 and 237 of such brick, as shown in FIG. 5 for purpose of
      illustration of the area referred to. Such area can also be defined as the
      areas including the top edge of the brick parallel to edges 161-165 of
      assembly 49, such edge also joining two upper corners of the brick and the
      continguous area of the vertically extending face, 203 adjacent to said
      edge as 236: such area extends downward to a lobulated edge as 227 or
      229-A. The thickness of the layer is sufficiently small or thin to be
      static on said vertical face of said brick i.e. less than one-eighth inch
      and sufficiently thick, over one-sixty-fourth inch, to provide an
      optically opaque layer. The layer 228 and 229 on each uncured brick as 174
      is sufficiently soft to be scratched by the back edge of a human
      fingernail.
PAR  The treatment of the guide surfaces as 191-196 of assembly 58 to render
      such surfaces pallet different from the surfaces of the uncured bricks in
      regard to adherence therto by the spray globules is provided by a
      combination of difference in (a) smoothness of the surfaces 191-196 and
      roughness of the uncured brick surfaces as well as (b) oleophyllic and
      hydrophobic character of the guide surfaces compared to the relatively
      oleophobic and hydrophyllic character of the uncured brick surfaces and
      (c) the coldness of the moist uncured brick surface compared to the
      relatively warmer temperature of the guide surfaces. The smoothness may be
      enhanced by intermittent periodic coating with waxes or the like,
      including spraying of wax through one of nozzles as 75 and using one pump
      as 49 therefor between cycles of spraying slurry through other nozzles as
      47 and 48 of assembly 57 and such spraying of wax being accomplished while
      no part of any array of bricks is immediately below the frame 144, i.e.
      while the arrays on the pallets are in motion and between the times of
      stationary location of any such poallet and array as 29 below frame 144
      and nozzle support assembly 58. The temperature difference between the
      guide surfaces may be accentuated by electrically or steam heated lines or
      hot water lines as 235, 236, 237, 238 in heat providing relationships to
      the sloped guide surfaces of members 151, 152, 153, 154, respectively,
      with forced passage of dry air past the brick surfaces to selectively cool
      such surfaces by evaporation prior to location of such surfaces below
      nozzle assembly 57.
PAR  The cement particles are 5 to 10 microns in diameter with an average
      surface area of 1600 square centimeters per gram: accordingly, after
      firing, the layer of liquid slurry is not entirely complete; neverless,
      the surface of the coatings as 213, 214, 215, 216 and 217 are smooth to
      the naked eye. This proves provides a clear destinction between the
      uncoated portions, as 231 and the coated portion as 230, by their
      different color and/or texture and the strong line of delineation
      therebetween.
PAR  The timing of the actuation of the spray is effected by a cam face 250 on
      conveyor subassembly number 26 actuating timer 242. This actuates the
      valve 43 and transmits air under pressure from tank 41 to pump 47 for a
      sufficient time for the pressure developed by piston 91 in pump 47 to
      overcome the pressure in manifold 107 and displace the diaphram 117 and
      drive out for a fixed period or time (usually one-half second) the slurry
      95 in the piston chamber 78. The slurry 78 passes via line 63 toward
      nozzle 73 and displaces a volume of such slurry theretofore in line 63 out
      of the nozzle 73. Such operation of a piston as 91 at a substantially
      constant pressure, because of the slight resilience of conduit 63, drives
      out a substantially constant volume of slurry from nozzle 73, usually 1/2
      cup per each array of 32 bricks as 29. Similarly, actuation of valve 44 or
      45 will, respectively, drive slurry from tanks 54 and 55 respectively,
      toward an array of bricks as 136 as above described. Each such brick is
      21/4 inch wide, 35/8 inch deep and  75/8 inch high as shown in FIGS. 1-6.
      Other conventional sizes may also be used.
PAR  The wiring diagram for the control system 240 of the slurry forming and
      distributing system subassembly 22 is shown in FIG. 11. The control system
      240 comprises a power source 241 (110 volts a.c. 60 cycle) a control, or
      limit switch 251, a timer 242 and other switches 243-245, 253-255,
      261-267, 270-277, 282, and 291-297. The timer has a motor 252 therefor and
      controls a timer output switch 282; these elements are operatively
      connected as shown in FIG. 11 so that, when powered through source 241,
      the timer 242 will, after the limit switch 251 is closed, open and close
      switch 282 regularly and repeatedly in a predetermined time sequence -- as
      3 seconds off and 1 second on -- matching operation of block making
      machine 21. Followers 249 and 249A of control or limit switch 251 are
      firmly yet pivotally supported on the frame of the conveyor 26 and are
      operatively connectable, as diagramatically shown in FIGS. 11, 15 and 4,
      to a face 250 on the pallet 36. Thereby the switch 251 is closed as a
      group or array of uncured blocks as 136 is properly located under the
      nozzle assembly 57 (or 357 and 357A in apparatus 322); the three-second
      delay of timer 242 for apparatus 22 provides for the separate bricks in
      the array being stationary when the spray of atomized slurry particles is
      applied thereto. A different time delay is provided when more than one
      spray is applied to the uncured bricks, as in FIG. 13.
PAR  Each of valve 43, 44 and 45 is controlled by a solenoid coil 246, 247 and
      248 respectively. Each of solenoids 246, 247 and 248 is automatically
      activated by a program unit 268 and components connected thereto as below
      described when atuomatic switch 270 is closed and switches 243, 244 and
      245 respectively (for each of solenoids 246, 247 and 248 respectively) are
      closed. When automatic switch 270 is open relays 246, 247 and 248
      respectively may be actuated by manual switch as 253, 254 and 255. A
      signal light 256, 257 and 258 is connected across (in parallel with) each
      of coils 246, 247 and 248 respectively to indicate that each such switch
      is positively powered and accordingly that the corresponding valve as
      valve 43, 44 or 45 is operative and the corresponding nozzle, 73, 74 or 75
      should then be operative to discharge slurry towards an array of uncured
      blocks as 136. The pressure in line 59 is set and controlled by a pressure
      control valve 46 and gauge 46G, with a cut off valve 46V (FIG. 4).
PAR  FIG. 4 shows valves 43, 44 and 45 in different positions for purpose of
      illustration of such three available positions while, during spraying
      operations, usually only the position shown for valve 43 (passage then
      full open to pump 47) and valve 44 (shown in its position to exhaust the
      air chamber of pump 48 - the air chamber corresponding to chamber 85 in
      pump 47), while valve 46 is shown with all ports of such valve closed.
PAR  Selector switch 260 of control unit 268 provides for selective activation
      of any of the solenoid coils 261, 262, 263, 264, 265, 266 or 267: these
      solenoid relay coils (261-267) respectively selectively close solenoid
      switches 271, 272, 273, 274, 275, 276 and 277; these solenoid switches
      connect to three way multiple connector (or wye) switches 291, 292, 293,
      294, 295, 296 and 297 respectively to provide for actuating the one valve
      48, (by switch 291) and hence the one nozzle 73, or for actuating valve 47
      (by switch 292) and the one nozzle 74, or for actuating only valve 46 (via
      switch 291) and the one nozzle, 75, or two valves (by switch 294, 295 or
      296) of the group of valves 46, 47 and 48 or all three nozzles via switch
      297. Also, the switches 291-297 may be arranged to provide any sequence of
      discharge of tanks as 53, 54 and 55 if switch 260 is a automatic step or
      sequence switch, which is within the scope of this disclosure. Accordingly
      the color mix or texture mix applied to the brick surfaces as surfaces 201
      and 203 may be rapidly changed by manually or automatically changing the
      position of selector switch 260 to apply to the to-be-coated surfaces, as
      201 and 203, one or more atomized slurries from any or all of the slurries
      in tanks 53, 54, 55 via nozzles 73, 74 or 75. With more than one tank and
      nozzle dishcarging such atomized particles onto the brick surfaces as 201
      and 203 and 204 and 206, the timer switch 242 is adjusted to maintain a
      shorter time of such multiples discharge.
PAR  It is within the scope of this invention that pallet and nozzle support may
      move together when the guide unit orifices as 463 and 464 in assembly 322
      and spaces as between edge 161 and 162 and between edges 163 and 164 (and
      165 and 160) in assembly 22 are transverse to the direction of travel of
      the pallets as 335 and 336 or 35 and 36 (as in FIGS. 1, 4, 6, 12 and 15)
      or such orifices are parallel thereto (i.e. parallel to the length of
      travel of the pallets as in FIGS. 4 and 16) whereby nozzle assemblies and
      arrays of bricks are in fixed spatial relation to each other, although not
      stationary.
PAR  The slurry forming and distributing assembly 322 comprises a slurry air
      tank 41, remotely controlled control valves 343, 344, 345, 346A and 346,
      like slurry pumps 347, 348, 349 and 349A, like slurry tanks 353, 354, 355
      and 355A, nozzle assemblies 357 and 357A and a nozzle support assembly
      358.
PAR  As diagrammatically shown in FIG. 12, the slurry air tank 341 is supplied
      by air pump 340 and such pump is driven by a motor 340'; a pressure gauge
      341' is connected to motor 40' and maintains the pressure in tank 341. The
      outlet of tank 341 is connected by the exhaust manifold 342 to (a) air
      tank distribution lines 350, 351, 352 and 352A and therethrough to
      threeway control vlaves 343, 344, 345 and 345A and (b) by air tank
      distribution line 359 to nozzle assemblies 357 and 357A. Each of valves
      343, 344, 345 and 345A in one position thereof connect lines 350, 351, 352
      and 352A respectively, via control valve discharge lines 346A, 346B, 346C
      and 346CA respectively to slurry pumps 347, 348, 349 and 349A
      respectively. Slurry tanks 353, 354, 355 and 355A, respectively, are
      operatively connected by lines 353A, 354A, 355A and 355B, respectively, to
      the inlets of pumps 347, 348, 349 and 349A corresponding to inlet passage
      102 of pump 47. Each of the slurry pumps 347, 348, 349 and 349A is
      connected at its outlet as 104 of pump 47 by slurry pump discharge lines
      363 and 364, respectively, to the nozzle assembly 357. Slurry pumps 349
      and 349A are connected at their outlet (identical to 104 of pump 47) by
      slurry pump discharge lines 365 and 365A, respectively, to the nozzle
      assembly 357A.
PAR  Nozzle assemblies 357 and 357A are supported on the nozzle assembly support
      358: support 358 is located over the pallet feed and conveyor assembly 26
      of the block making machine 21. Pumps 347, 348, 349 and 349A are all alike
      and like pump 47: threeway valves 350, 351, 352 and 352A are identical to
      each other and to valves 50, 51 and 52.
PAR  Slurry pumps 347, 348 and 349 each have the same structure and operation as
      hereinabove discussed for the slurry pump 47. The control of movement of
      the piston as 91 in each pump as 347 is effected by control of the passage
      of high pressure air through the air line as 346A thereto: air line 346B
      acts for pump 348 as does line 346A for pump 347 to control the amount of
      slurry passage from tank 354 into pump 348. Line 346C and valve 345
      provide for the control of passage of air from tank 341 into the pump 349
      and lines 354A and 355A provide for passage of the slurry tanks 354 and
      355 respectively into the pumps 348 and 349 as described for pump 47.
      Further, as the control of the piston 91 in pump 47 is adjusted by an
      adjustment nut 83, similarly, the amount of piston movement in each pump
      as 348 and 349 is similarly controlled by a similar adjustment nut
      therein.
PAR  Each piston chamber outlet channel as 104 of pump 347 is operatively
      connected through an outlet check valve as 366 like 66). Lines 363 and 364
      are connected to the nozzle assembly base 371 of the nozzle assembly 357
      as lines 63 and 64 are connected to base 71. Similar piston chamber outlet
      channels in pumps 349 and 349A are similarly connected by check valves 368
      and 368A respectively to similar lines 365 and 365A respectively to nozzle
      assembly 357A as shown in FiG. 16.
PAR  The nozzle assembly top plate 370 is a rigid steel plate in shape of a
      rectangular prism provided with a longitudinally extending straight
      cylindrical manifold passage like 107 with branch conduit lines like 108
      and 110 therefrom. The branch conduit lines are each of the same size and
      cylindrical shape and are each located with the central longitudinal axis
      thereof at the geometric center of a corresponding circular chamber, with
      each branch line 108 entering the top of circular top chamber as 113 at
      its center. An imperforate elastic diaphram sheet like 117 located between
      and firmly held to and between plates 370 and 371.
PAR  Bolts pass through the plate 370 and 371 and sheet as 117 and hold it
      firmly to the elastic diaphram sheet and to nozzle base block 371.
PAR  The nozzle assembly base 371 is a rigid metal block in shape of a
      rectangular prism provided with a series of like light cylindrical inlet
      passages as 123, 124 which are each co-axial with the cylindrical branch
      passageways as 108 and 110 respectively.
PAR  The nozzle support assembly 358 is composed of a base frame 439, a center
      frame 444 and a pair of guides 449 and 449A.
PAR  The base frame 439 comprises a rigid left support frame member 440 and a
      rigid right support frame member 441 which are spaced apart from each
      other and rest on the frame of the blocking making machine 21 as shown in
      FIG. 1. Front and rear transverse frame members 442 and 443 respectively
      are spaced apart from each other and extend from members 440 to 441. These
      front frame members 442 and 443 are rigidly attached to the frame members
      440 and 441 and also are attached to the bottom portions of the upwardly
      extending center frame 444 and serve to hold guides 449 and 449A in
      positions over the path along which the arrays of uncured bricks travel on
      pallets along conveyor 26 from the apparatus 21.
PAR  The center frame 444 comprises a rectangular, rigid, flat open bottom frame
      which comprises, firmly joined together, a rigid vertically extending
      front to rear left frame member 445 and a like or similar vertically
      extending front to rear extending thin rigid right center frame member
      446. Center frame members 445 and 446 are rigid plates. These plates are
      spaced apart from each other by slightly more than the width of the groups
      of bricks as 435, 436 and 437 that are moved out along the discharge
      pallet feed and conveyor assembly 26 of the block making machine 21 as in
      FIGS. 4 and 1 and confine the spray from the nozzle assemblies 357 and
      357A to the zone of the array of uncured bricks therebelow.
PAR  Nozzle assembly 357 comprises a top plate 370 like 70 and a nozzle assembly
      base 371 like 71 and a plurality of nozzles 373 and 374 operatively joined
      together as hereinabove described for nozzle assembly 57. Nozzle assembly
      357A comprises a top plate and nozzle assembly base 371A like 71 and a
      plurality of nozzles 375 and 375A operatively joined as in nozzle assembly
      357 as herein described; the operation of the diaphrams 417 and 417A in
      assemblies 357 and 357A is the same as above described for diaphram 117 in
      assembly 57.
PAR  The nozzle assembly top plate 370 is a rigid steel plate in shape of a
      rectangular prism provided with a longitudinally extending straight
      cylindrical manifold passage (like 107) with branch conduit lines (like
      108 and 110) therefrom. the branch conduit lines are each of the same size
      and cylindrical shape and are each located with the central longitudinal
      axis thereof as the geometric center of a corresponding circular chamber,
      with each branch line (like 108) entering the top of circular top chamber
      (as 113) at its center. An imperforate elastic diaphram 417 (like 117) is
      located between and firmly held to and between plates 370 and 371 and
      operates as does diaphram sheet 117.
PAR  Bolts pass through the plate 370 and 371 and sheet 417 and hold it firmly
      to the elastic diaphram sheet and to nozzle base block 371 as in assembly
      357.
PAR  The nozzle assembly base 371 is a rigid metal block in shape of a
      rectangular prism provided with a series of like right cylindrical inlet
      passages (as 123, 124) which are each co-axial with the cylindrical branch
      passageways (as 108 and 110) respectively and toroidal chambers as 127 and
      circular shoulders as 131 structured and interrelated as above described
      for base 71.
PAR  The nozzle support assembly 358 is composed of a base frame 439, a center
      frame 444 and a pair of guides 449 and 449A.
PAR  The base frame 439 comprises a rigid left support frame member 440 and a
      rigid right support frame member 441 which are spaced apart from each
      other and rest on the frame 23 of block making machine 21 as shown in FIG.
      12. Front and rear transverse frame members 442 and 443 respectively are
      spaced apart from each other and extend from members 440 and 441. These
      transverse frame members 442 and 443 support journal frames are rigidly
      attached to rigid vertically extending front to rear left base frame
      member 445 and a like or similar front to rear extending rigid right base
      frame member 446. Base frame members 445 and 446 are rigid plates or ells.
      These plates 445 and 446 are spaced apart from each other by slightly more
      than the width of the guide units or guides 449 and 449A. The base frame
      members 440 and 441 and also are attached to and support the bottom
      portions of the upwardly extending center frame 444. Frame 439 serves to
      adjustably hold guides 449 and 449A in positions over the path along which
      the arrays of uncured bricks travel on pallets along conveyor 26 from the
      apparatus 21.
PAR  The arm 440 has front and rear vertical adjustment screws 440A and 440B for
      attachment to and for vertical adjustment relative to frame 23; arm 441
      has like front and rear attachment and vertical adjustment screws (only
      441A is shown).
PAR  The center frame 444 comprises rectangular, rigid upwardly extending
      vertical column members 450 and 459 and 480 and 489 and horizontal
      elevated transversely extending nozzle assembly positioning rod members
      457 and 457A and screw adjustment units 380 and 390.
PAR  The bottom of left front vertical column member 450 and the bottom of
      vertical left rear column member 459 are rigidly fixed to the left side
      panels 455 and 457 respectively of guide units 449 and 449A respectively.
      The bottom of right front column member 480 and the bottom of right rear
      column member 489 are rigidly fixed to the right side panels 456 and 458
      respectively of guide units 449 and 449A respectively.
PAR  The top of front column members 450 and 480 are each provided with a
      plurality of holes for rigid yet adjustable attachment thereto of a front
      nozzle assembly support bar 457. Bar 457 supports nozzle assembly 357. The
      top of each of arms 459 and 489 have similar holes to similarly provide
      vertically adjustable support to a rigid straight rear nozzle assembly
      support bar 457A: bar 457A supports nozzle assembly 357A.
PAR  Screw adjustment units 480 and 490 are alike. Unit 380 comprises a front
      journal 381 on member 443 and a rear journal 382 firmly attached to member
      443. A lug guide bar 386 extends from the rear of each frame of each front
      journal as 381 to the front frame of the corresponding rear journal as 382
      and such a lug guide bar is firmly fixed thereto. A left rear lug 385 is
      firmly fixed to the rear left side plate 457 of rear guide unit 449 : such
      lug 385 is supported on and adjustably movable along the guide bar 386. It
      may be and usually is fixedly attached thereto as by a conventional lock
      nut.
PAR  A left front guide lug 384 is firmly fixed to front left guide plate 455 of
      front guide unit 449. Such lug 384 is a rigid metal ear suppoted on and
      adjustably movable along guide bar 386 yet may be fixedly attached thereto
      notwithstanding its purpose of adjustment as hereinafter described. A left
      guide locator gear wheel 387 is rotatably supported in front left journal
      381 and is firmly attached to the front end of a rigid helically threaded
      screw bar 383: bar 383 is rotatably supported at its rear end in the left
      rear journal 382. The screw bar 383 has a helical thread which threadedly
      engages a matching helically threaded hole in front left lug 384. A chain
      388 engages wheel 387 of a guide adjustment unit 380 and a like wheel 387'
      of guide adjustment unit 390. Wheels 387 and 387' are of the same size and
      have the same number of teeth. Wheel 387' is firmly connected to a
      threaded bar identical to bar 383 which bar is helically threaded and
      supported on journals as 381 and 382: the right sides of units 449 and
      449A have lugs as 384 and 385 that are supported on a rod as 386 and the
      lug on the right side of front unit 449 engages the threaded bar driven by
      the right guide adjustment wheel 387'. Accordingly, manipulation of the
      handle 389 or 389' of the guide locator gear wheels 387 and 387'
      adjustably and accurately positions guide unit 449 relative to the guide
      unit 449A for the positioning thereof relative to the laterally extending
      passageways as 471, 473 and 475 of array 336 (corresponding to the
      passages 171, 173 and 175 of array 136).
PAR  The upper faces of members 451 and 452, 453 and 454 are equal in angle to
      the vertical and are equal in height and length. The angle to the vertical
      of upper faces of members 451 and 453 of units 449 and 449A is the same as
      the angle of faces 452 and 454 of units 499 and 449A: the upper edges of
      mouths 461 and 462 and of units 449 and 449A are parallel to each other
      and at the same vertical level. The lower edges of openings 163 and 164
      are parallel to each other and at the same level. The bottom edges (as
      shown in FIG. 16) 463 and 464 of units 449 and 449A are all parallel to
      each other, straight and horizontal and lie in the same horizontal plane.
      The horizontal front to rear distance between neighboring edges of opening
      463 and between edges of opening 464 are the same.
PAR  The front slurry guide unit 449 comprises a front flat imperforate oblique
      rigid metal sheet 451 and a rear flat imperforate oblique metal sheet face
      452, a flat front chamber left side wall 455 and flat front chamber right
      side wall 456. Both rear transverse guide member 451 and rear transverse
      member 452 of unit 449 extend from the left vertical side member 455 to
      the right vertical side member 456 and are firmly attached thereto. The
      chamber 466 between members 451 and 452 is trapezoidal in shape with a
      upper wide mouth 461 and a lower narrow orifice 463. The upper opening or
      mouth 461 is rectangular in shape: the lower opening or mouth 463 is
      rectangular in shape and are corresponding edges of openings 461 and 463
      are parallel to each other.
PAR  The rear slurry guide member 449A comprises a front flat imperforate
      oblique rigid metal sheet 453 and a rear flat imperforate oblique metal
      sheet 454, a flat rear chamber left side wall 457 and flat rear chamber
      right side wall 458. The transverse guide member 453 and rear transverse
      guide member 454 of unit 449A extend from the rear left vertical side
      member 457 to the rear right vertical side member 458 and are firmly
      attached thereto. The chamber 467 between members 453 and 454 is
      trapezoidal in shape with a upper wide mouth 462 and a lower narrow
      orifice 464. The upper opening or mouth 462 is rectangular in shape: the
      lower opening or mouth 463 is rectangular in shape and all corresponding
      edges of openings 462 and 463 are parallel to each other.
PAR  A cylindrical brush 391 comprising a rigid central axle 392 and radially
      projecting bristles 393 is located above the upper surface of the bricks
      as in array 437. The axle 392 is supported transversely of the direction
      of movement of the pallets as 336 and the conveyor 26. The cylindrical
      brush is operatively connected to a driving motor therefor as 30' which is
      also connected to the conveyor 26.
PAR  The lowest ends of the brush 391 are in brushing contact with the top
      surface of the array 437, i.e. the array of uncured bricks which have been
      coated as shown for array 436 in FIGS. 12 and 15. The brush support means
      is vertically adjustable to provide for sufficiently forceful contact that
      the brush 391 and the upper most brick surface so as to be able to spread
      the slurry over the top of the brick, while not effecting such a forceful
      contact between the brick and the rotating brush as might knock the brick
      down or cause misallignment of bricks on the pallet, which pallet is
      subsequently sent into a kiln. The conveyor moves at a maximum, although
      relatively uniform speed, of 2 to 3 inches per second after it gets
      started and during most of its travel. The brush, with a 1 foot diameter,
      rotates at a substantially even rate of 120 r.p.m. and so provides for an
      even spreading of the still wet slurry on the top face of the uncured
      brick so that such slurry is spread over the entire top face thereof as
      shown in FIG. 13.
PAR  The pressure in line 359 is set and controlled by a pressure control valve
      346 and gauge 346G with a cut off valve 346V (FIG. 15).
PAR  Apparatus 322 provides for applying the slurry to all the bricks in an
      array or group as 436 but only to one vertical face of each such brick, as
      shown in FIGS. 12, 13 and 15, rather than to two faces of some of the
      bricks in such array as shown in FIGS. 1 and 6.
PAR  In apparatus 322, the slurry from the nozzle assemblies 357 and 357A is
      applied to alternate passageways as 171 and 175, which passageways extend
      transversely to the direction of movement of the array as shown in FIGS.
      12 and 15. As shown in FIG. 16, where the grid orificies 464B, 464C, 464D
      and 464E (corresponding to the orifices 463 of guide element 449) extend
      parallel to the length of conveyor 26 and parallel to the length of the
      vertical passageways 181, 183, 185 and 187, which passageways extend
      parallel to the length of the conveyor 26 and which passageways or
      alternate passageways between the bricks of the array. It is within the
      scope of the invention, that the guide elements such as 449 and 449A be
      duplicated as 449B, 449C, 449D and 449E to provide sufficient guide
      elements with a structure as 449 and with each such guide element having a
      nozzle assembly as 457, located thereabove on a support assembly as 444 of
      the nozzle support assembly 358 to maintain the nozzle assembly in the
      same alignment with the guide element (as 449B, 449C, 449D and 449E) as is
      provided by the assembly 444 for assemblies 457 and 457A to the guide
      units 449 and 449A.
PAR  In the operation of apparatus 329, each successive array of bricks as 435,
      436, each of which array is the same as the array of uncured bricks
      29--four rows of eight bricks each as shown in FIGS. 1, 2, 4, 12 and
      16--produced by the machine 21 is located on a pallet as 334 and is moved
      by the conveyor 26 towards and under the center frame 444 of the nozzle
      assembly support 458. The arrays, 29, 135, 136 and 435 are identical. The
      uncured blocks of the array 436 like 136 are arranged, as shown in FIGS. 1
      and 2, in a transversely extending series of longitudinal rows of bricks,
      of which rows the front member is numbered 466, 467, 468, 469, 470, 477,
      478 and 479 (FIG. 12) and such rows are separated from each other by
      longitudinally extending spaces as 181, 182, 183, 184, 185, 186 and 187
      respectively which extend parallel to the length of conveyor 26 as shown
      in FIGS. 12 and 16.
PAR  For any one such row of such bricks as shown in FIGS. 1, 6, 14 and 15, the
      bricks 470, 472, 474, 476 in each such row extend parallel to length of
      conveyor 26 and are separated by transversely extending spaces 471, 473
      and 475; the spaces 471, 473 and 475 extend transversely across the entire
      array as for array 29. Each successive array of bricks, as 29, is moved
      from assembly 21 along successive positions on conveyor 26 for arrays 435
      and 436. The slurry is applied to the array at the position thereof on
      conveyor 26 below nozzle assembly 357 and 357A as shown as 436 in FIGS. 12
      and 15. The array 436, as well as conveyor 26, are then stationary
      according to one embodiment of this invention.
PAR  In the position of array 137, the distance between each pair of adjacent
      bottom edges of openings as 463 and 464 has its center in a position which
      is vertically over the center of the spaces as 471 and 475 between the
      rows of brick therebelow. Thereby the members 451, 452, 453 and 454 serve
      to guide the slurry passing from the nozzle assemblies 357 and 357A to the
      transversely extending spaces as 471 and 475 between the longitudinally
      spaced bricks as 470 and 472 and between 474 and 476 of each
      longitudinally extending row off bricks (as the longitudinally extending
      rows represented by the front members thereof 466, 467, 468, 469, 477, 478
      and 479 as well as 470) in the array as 436, and shown after treatment as
      array 437.
PAR  The nozzles 473, 474, 475 and 475A are identical to 73-75 and are adapted
      for spraying of slurries.
PAR  The upper surfaces 451, 452, 453 and 454 of the transversely extending
      members are fully covered by a smooth layer of enamel paint: the slurry
      does not adhere thereto. The surface may be otherwise prepared or treated
      for such effect to achieve a selectively differential wetting action by
      the atomized slurry particles whereby the slurry selectively adheres to
      the concrete brick surface but not to the guide surfaces of grid assembly
      449 or 449A.
PAR  The block making machine 21 automatically and continually produces a group
      or array of green blocks, as 29, every 15 seconds as described in U.S.
      Pat. Nos. 3,621,086 and 2,366,780. On completion of each cycle of
      production of such an array, 29, that group or array is placed on a
      pallet, as 334 and that pallet and group or array are moved along conveyor
      26; accordingly, the group or array 29 is moved by a series of stepwise
      translations along conveyor 26 to successive positions, as shown for
      arrays 435, 436 and 437 in FIGS. 12 and 15 and located in each such
      position for the period of time required for production of another group
      or array of uncured bricks as 29; after such period of time each array is
      moved to the next position: during such period of time the array is
      stationary. When the array of uncured blocks is below the nozzle
      assemblies 357 and 357A and is stationary slurry is applied thereto from
      the assemblies 357 and 357A by operation of the slurry assembly 322 to
      produce a composite structure for each slurry-coated bricks as shown in
      FIGS. 12, 13 and 15. The resulting slurry coated bricks are then passed
      into kiln 31 and formed into fired or cured bricks with a partial coating
      of a glazed slurry.
PAR  The operation of the apparatus 322 provides a selective application of the
      slurry to limited portions of the concrete bricks in the array as 437
      below the nozzle assemblies 357 and 357A which results as is shown in
      FIGS. 12-14, as in FIGS. 2, 4 and 6, in a partial fractional coverage of
      selected faces of the brick (as faces 201 and 203) of brick with the
      slurry which is composed of small sized particles. The slurry so applied
      and located on curing forms a relatively smooth surfaced strongly colored
      glazed zone with a sharply defined edge; the bright color and smooth
      texture of such glazed zone are accentuated by the immediately adjacent
      coarser and relatively duller or differently colored concrete surface.
PAR  The cured slurry is the same as in apparatus 22 and has a coefficient of
      thermal expansion that is slightly different from the body of the brick,
      no resultant substantial stress develops because the partially coated
      bricks are only 21/2 wide and are separated by mortar, and the fired
      slurry has substantially the same coefficient of expansion as the mortar
      between the bricks.
PAR  The operation of apparatus 322 on injection of slurry from one pump, as
      347, (or more than one pump as 347, 348, 349 and 349A) each nozzle as 373,
      374, 375 and 375A atomizes the slurry fed thereunto into small spheroids
      substantially all of less than one-sixteenth inch in diameter as above
      described for apparatus 22 (at pages 16-18).
PAR  The process of apparatus 322 as that of apparatus 22 thus coats a portion
      of surfaces of each concrete brick in array 436 by a sharply delineated
      cementitious layer. The timing of the sprays is as above described for
      assembly 22.
PAR  FIG. 12 shows the group 438 (like group 437) of coated uncured bricks
      separated from the remainder of the blocks of such group along a
      transverse passageway 475', which passage corresponds to passages 475' and
      75 of groups 437 and group 137 respectively. The scope of different shapes
      and sizes of each of the cement layers as B, D, F, H, J, L, N and P on
      bricks A, C, E, G, I, K, M and Q respectively is thereby shown. It will be
      noted that each of the layers B, D, F, H, J, L, N and P are of different
      sizes and shapes, although concurrently made in the same apparatus.
      Changing the position of the nozzle assemblies 357 and 357A along the
      length of bars 457 and 457A respectively and/or changing the height of the
      bars 457 and 457A relative to the bricks below the guide unit 449 and 449A
      may further change the shapes of such layers and the relations of such
      shapes to each other so as to continually and repetitively and produce
      coated bricks of such varied shapes of cement layer.
PAR  FIG. 14 shows an array of bricks made according to this invention and
      arrayed as a wall and adjacent to a corner or edge. The brushing action of
      the brush 391 above described to cover one upper end of a brick provides
      that each of the small area ends (as 403 in brick 400 in FIG. 13) or 403A
      of brick 400A and 400B of brick 400C and end 403C of brick 400C are
      covered with a layer formed by the spreading of the cement by the brush
      391 as above described.
PAR  In operation of apparatuses 22 and 322, the air pressure in line 59 (and
      459) keeps the flexible diaphrams (as 117 or 417) firmly pressed against
      the shoulders as 131, 132 and 133 in the nozzle assemblies (as 57, 357 and
      357A) when the valves as 43, 44 or 45 in assembly 22 and valves 343, 344,
      345 and 345A in apparatus 322 are positioned to keep the pump chambers as
      85 of each pump 47 and like chambers in pumps 48, 49 (and 347 - 349A) open
      to the atmosphere. As the diameter of each piston head 89 in pump as 47 is
      much larger than the diameter of piston 91, on turning of valve therefor,
      as 43, to pass the air pressure of tank 41 to chamber 85, the force on
      piston 91 creates a pressure in line 63 far in excess of the pressure
      applied by line 59 to diaphram 117 and accordingly rapidly forces the
      diaphram 117 from blocking relationship to orifice 131 and passes slurry
      under high pressure to the corresponding nozzle assembly as 57 (or 357 or
      357A). On lowering of pressure in line 63 on turning each valve as 63 to
      its position to exhaust chamber as 85 to the atmosphere, each
      corresponding valve diaphram portion closes over the corresponding orifice
      131 and prevents leaking and dripping from the associated nozzle as 73 as
      well as preventing leaking and dripping from the orifice 131
      notwithstanding the abrasiveness of such thick slurry. On each movement of
      valve as 63 to a position to exhaust a chamber as 85 to the atmosphere,
      the slurry tanks 53, 54 and 55, which are open to atmosphere, force the
      slurry into each piston chamber of 78 of pump 47 and so provide for
      filling each such pump preparatory to activation as by valve 43 which
      valve, in turn, is actuated by switch as 251 of a control system as 268
      when each array of the to-be-treated bricks, as 136 (or 436) is located
      under the slurry nozzle assembly therefor as 57, 357 or 357A as above
      described.
PAR  The apparatus 322 and the apparatus 22 accordingly provide for a main or
      primary coating cement layer of one color as that in zone 411 of brick 400
      of FIG. 13 and a differently colored secondary or accent cement layer as
      in the area 409. The second or accent layer is applied to a portion of the
      zone 411 of the brick; the primary layer as 411 covers a larger area of
      the brick face 401 and the secondary layer 409 covers a smaller portion of
      that same area 401 as shown in FIG. 13. Such two-layer covering or coating
      is accomplished by having the timer 242 (FIG. 11) provide for two separate
      steps of slurry spraying. Inasmuch as each of the arrays of brick as 137
      or 437 is located under the spray assembly 57 or 357 and 357A for a period
      of 5 to 7 seconds and slurry spray time duration is, as above described,
      only 1/2 to 1 second, after a first application of slurry spray onto the
      surfaces of the bricks as shown in FIG. 12 and FIG. 6 for a period of 1/2
      to 1 second, a second application of a differently colored cement slurry
      as 95 is achieved by utilizing the switch 260 as a step switch and
      providing a different color composition as of cement slurry to the bricks
      under the guide elements as 449 and 449A or 149. The second layer of
      slurry, as 409, is applied to the brick below the guide element 449, 449A
      or 149, as above described for the first layer and accordingly a second
      color is applied thereto.
PAR  The components used in one example to make the bricks 29 are set out in
      Table I.
PAR  The dimensions of the apparatus 22 and 322 are set out in Table II.
PAR  Composition of one example of the slurry 95 is set out in Table III.
PAR  Dimensions of the product are set out in Table IV.
PAR  The process of U.S. Pat. No. 3,621,086 is a process for repeatedly and
      concurrently making a plurality of concrete bricks of differing surface
      appearance which process comprises the cycle of steps of filling each of a
      plurality of vertically extending chambers in a mold with concrete mix,
      vibrating the mold and compacting the concrete mix in each of said
      chambers to form a plastic mass, removing each said plastic mass from the
      mold and thereafter curing each said plastic mass, said cycle of steps of
      filling, vibrating and compacting and removing being completed within 15
      seconds, and which process comprises the process step of spraying the mold
      surfaces of each chamber for a period of 0.3 to 1.0 seconds with a first
      fluid liquid slurry comprising cement and a first pigment prior to each
      filling of each said chamber of said mold with said concrete mix and
      thereby distributing said liquid slurry over the surface of said plastic
      mass adjacent said mold and then repeating the above cycle while
      performing the said process step with a second slurry comprising cement
      and a second pigment and thereafter repeating the above cycle
      automatically with each of a series of different composition of pigment in
      said slurry. In the process the slurry is sprayed in the amount of 3/70
      gallon of liquid per each 100 square inches of mold surface and each 20
      gallons of said liquid contains 5 to 10 pounds of cement and 5 to 20
      pounds of pigment. Such process provide concrete facing brick with the
      colored components and the support components mutually interpenetrating at
      the surface of the bricks and the color components of the concrete being
      specifically distributed on the brick surface according to a variety of
      plans and effects.
PAR  The motor 30' of conveyor 26 in assembly 320 and assembly 20 is usually
      driven by an electrically powered circuit that is triggered by movement of
      stamp support frame 19 of blockmaking machine 21 and moves the blocks of
      arrays 36 and 336 and the like along conveyor 26 in synchronism with the
      operation of the machine 21 so that each array as 36 and 336 is stationary
      under the stationary nozzle support assemblies 58 and 358.
PAR  The size distribution of the aggregate used for the concrete brick is given
      as table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     Sieve Size  Gravel   Sand     Silica Total                                
     ______________________________________                                    
     -1/2            100                    100                                
     -3/8            98       100           99.6                               
     -04 mesh        20       97            81.6                               
     -8              2        85            68.8                               
     -16      11     1        73            59.5                               
     -30                      53            44.1                               
     -50                      18.6          17.9                               
     -100                     3.8    100    6.7                                
     -200            0.66     1.8    89.5   5.4                                
     Total weight    20.2%    76.0   3.8                                       
     ______________________________________                                    
PAR  The percentage of cement (by weight for the concrete mix of table I is 10
      percent (A.S.T.M. type I, physical and chemical properties in
      A.S.T.M.C-150-41).
TBL                TABLE II                                                    
     ______________________________________                                    
     DIMENSIONS OF APPARATUS 22                                                
     ______________________________________                                    
     Assembly 57:                                                              
     width                      2 5/8"                                         
     length                     6 1/2"                                         
     depth                      4" including nozzles                           
     chamber 113 o.d.           1 1/2"                                         
     shoulder 123                                                              
                 i.d.           7/16"                                          
                 o.d.           3/4"                                           
     chamber 127 i.d.           3/4"                                           
                 o.d.           1 1/2"                                         
                 depth          3/16"                                          
     diaphram sheet                                                            
     117         thickness      1/8"                                           
                 material       Neoprene                                       
                 description                                                   
     Unit 449:                                                                 
     inside width (opening 461)                                                
                            7 1/2"                                             
     inside length (opening 461)                                               
                            22 3/4"                                            
     Member 451:                                                               
     width (162-163)        3 1/2"                                             
     height (162-163 to 197)                                                   
                            6"                                                 
     face length (192)      6 1/4"                                             
     spacing (163-164)      5/8"                                               
     Frame 58:                                                                 
     bottom of nozzle 73-75 17 1/2"                                            
     to edges 162-163                                                          
     Spacing:                                                                  
       edge 162 to brick surface                                               
                            3/4"                                               
     Pipe 63, 64, 65:                                                          
     i.d.                   5/16"                                              
     length                 15'                                                
     usual pressure         90 p.s.i.g.                                        
     Pump 47:                                                                  
     effective diameter of                                                     
     piston head plate 89   5.3"                                               
     effective diameter of                                                     
     piston 91              2.7"                                               
     pressure in line 52    15 p.s.i.g.                                        
     spring 88 (No. 231522 WABCO)                                              
                            18 p.s.i.                                          
     Curing time and temperature in kiln                                       
     31 is conventional as set out in                                          
     U.S. Pat. No. 3,252,200, i.e. curing                                      
     at 180.degree.F. and further treatment in                                 
     a high pressure kiln at 300.degree.F. to                                  
     400.degree.F. or by process of U.S. Pat.                                  
     No. 3,252,200.                                                            
     Array 136 and 436:                                                        
     width of passageways 171, 173,                                            
     175 and 181 through 187                                                   
                            3/8"                                               
     ______________________________________                                    
TBL                TABLE III                                                   
     ______________________________________                                    
     COMPOSITION OF SLURRY MIX 95                                              
     ______________________________________                                    
     water                    44.3     % by weight                             
     dispersant                                                                
              *Attapulgite    2.1                                              
              colloidal suspending                                             
     definition                                                                
              (agent)                                                          
     sand:    Silica Flour    33.2-23.2                                        
      size range                                                               
              (600 mesh)                                                       
     cement:                  20.4                                             
     type     (type II A.S.T.M.)                                               
              physical and chemical                                            
              properties in                                                    
              A.S.T.M C-150-4                                                  
     pigment (chromatically colored)                                           
                          0-10                                                 
       Sample pigments used are:                                               
       (a) Black - MB222, a precipitated ferroso ferric                        
     oxide of composition FE.sub.3 O.sub.4, cubical particle shape and         
     having a hiding power of 1,250 square foot per pound, a                   
     size of less than 10% plus 325 mesh and an average                        
     particle size of .2-.4.sub..mu. and specific gravity of 4.96, and         
       (b) Brown - 5250, a composition of FE.sub.2 O.sub.3 (88-95%) des-       
     cribed in Federal specification B-4075, TTP405, less than                 
     10% plus 325 mesh.                                                        
       Similarly finely divided red, yellow, orange and                        
     salmon colored iron oxides and/or green chromic oxides                    
     may be used.                                                              
     ______________________________________                                    
      *attapulgite is a fuller's earth of Attapulgus, Georgia U.S.A. with a    
      chain structure. Chemical analysis thereof is provided at page 136 of    
      Industrial Minerals and Rocks, American Institute of Mining and          
      Metallurgical Engineers, 1937.                                           
TBL                TABLE IV                                                    
     ______________________________________                                    
     DIMENSIONS OF PRODUCT                                                     
     (REFERENCE NUMERALS AS IN FIG. 5)                                         
     ______________________________________                                    
     length (normal to 203)   3"      3"                                       
     width (normal to 206)    2 5/8"  2 1/4"                                   
     height (as in FIG. 5)    8 5/8"  7 5/8"                                   
     height of area 230 (edge 236 to 229-A)                                    
      Maximum                 7 5/8"  3"                                       
      Minimum                 zero                                             
     thickness of area 230 layer      1/16"                                    
     length of area 214 (to rear of corner 237)                                
      Maximum (after brushing)                                                 
                              total top area                                   
      Minimum (before brushing)                                                
                              1/2"                                             
     thickness of area 215 (below corner 237)                                  
                              1/32"                                            
      Maximum                 1/16"                                            
      Minimum                 zero                                             
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for repeatedly and concurrently making a plurality of colored
      and coated concrete bricks of differing surface texture and color which
      process comprises the cycle of steps of
PA1  a. filling each of plurality of verically extending chambers in a mold with
      concrete mix, vibrating the mold and compacting the concrete mix in each
      of said chambers to form a plurality of plastic concrete brick masses, and
      spraying the mold surfaces of each chamber with a first fluid liquid
      slurry comprising cement and a first pigment prior to each filling of each
      said chamber of said mold with said concrete mix and thereby distributing
      said liquid slurry over surfaces of each of said plastic concrete brick
      masses adjacent said mold and thereby coloring each of said plastic brick
      masses prior to removal of each of such plastic masses from said mold;
      then
PA1  b. removing thus-coated brick masses from the mold to thereby provide and
      thereafter maintaining a longitudinally and transversely extending array
      of a plurality of vertically extending spaced apart brick masses of
      predetermined width, depth, and height having between the separate brick
      masses in said array vertically and longitudinally extending spaces and
      vertically and transversely extending spaces, said spaced being narrow
      relative to said width, depth, and height of said brick masses said array
      of brick masses having between longitudinally neighboring masses of said
      array longitudinally and horizontally spaced apart parallel transversely
      and vertically extending surfaces and between transversely neighboring
      brick masses horizontally and transversely spaced apart parallel
      longitudinally and vertically extending surfaces, said vertically
      extending and relatively narrow spaces located between said vertically
      extending surfaces;
PA1  c.
PA2  i. preparing a viscous pigmented cementitious slurry thickened to be
      selectively adherent to a hydrophyllic wet surface,
PA2  ii. then periodically pressurising and atomizing said viscous pigmented
      cementitious thickened slurry and forming, at a spray source, a stream of
      small globules of atomized slurry and, while said brick masses are in a
      fixed spatial relation to said spray source, directing the said stream of
      small globules of atomized slurry towards and between and against
PA3  aa. a pair of inwardly sloped guide surfaces, said pair of guide surfaces
      having a wide opening at its top and a narrow opening at its bottom, said
      lower opening located above and parallel to the upper edges of a pair of
      said vertically extending spaced apart surfaces of neighboring brick
      masses in said array of plurality of spaced apart plastic concrete brick
      masses, each of said sloped guide surfaces having a slurry repellent
      surface and located above said vertically extending mass, and said guide
      surfaces of each said pair of guide surfaces having a common line of
      intersection below the top surface of said array of spaced apart
      vertically extending brick masses and within the vertically extending
      space located between said pair of vertically extending surfaces, and
      wherein a flat planar extrapolation of each of said surfaces of said pair
      of guide surfaces extends above the said upper edge of said vertically
      extending spaced apart surfaces of neighboring brick masses and
PA3  bb. into said vertically extending and relatively narrow spaces between
      said spaced apart vertically extending surfaces of neighboring brick
      masses in said array of a plurality of plastic concrete brick masses below
      said guide surfaces, and developing a turbulent flow of said stream of
      small globules at the top of the said vertically extending spaces and
      thereby then
PA2  iii. applying said small globules of atomized slurry selectively to a
      portion of a vertically extending surface of each of said plastic concrete
      brick masses in said array in an amount sufficiently thin to be static on
      said surface of said plastic concrete brick mass and sufficiently thick to
      provide an optically opaque layer, said portion of said vertically
      extending surface of each of said plastic concrete brick masses for each
      of such masses extending from an upper edge of said mass, said upper edge
      joining two corners of said mass and the contiguous area of a vertically
      extending surface thereof adjacent to said upper edge to a lower lobular
      edge, said lower lobular edge spaced away from the bottom edge of said
      brick, and providing a sharp delineation between each said optically
      opaque layer and the area of said plastic concrete brick mass surface
      therebelow.
NUM  2.
PAR  2. Process as in claim 1 including the step of firing said array of brick
      to which said small globules were applied to form a plurality of cured
      concrete bricks, each with a surface having partial coating of a strongly
      colored glazed slurry and a different color and texture than said surface
      of said brick and a strong line of delineation therebetween.
NUM  3.
PAR  3. Process as in claim 1 wherein said small globules of atomized slurry are
      applied also to a horizontally extending edge joining two upper corners
      and the contiguous area of a horizontally extending face adjacent to said
      horizontally extending edge followed by the step of forming said small
      globules of atomized slurry into a layer of said viscous cementitious
      slurry on said horizontally extending edge and spreading said layer over
      the entire surface of said horizontally extending face.
NUM  4.
PAR  4. Process as in claim 1 wherein the duration of time of said period of
      atomizing said slurry and directing it against, towards and between said
      pair of guide surfaces into said relatively narrow spaces between said
      brick masses and applying said globues of atomized slurry to a portion of
      each of said brick masses is in the range of 1/2 to 1 second, and wherein
      said optically opaque layer has thickness of one-sixty-fourth to
      one-eighth inch.
NUM  5.
PAR  5. Process as in claim 4 including the step of heating the guide surfaces
      and cooling of the brick surfaces.
NUM  6.
PAR  6. A two layer covering process as in claim 4 wherein said small globules
      of atomized slurry are formed in a plurality of separate and distinct time
      periods and
PA1  a. said small globules of atomized slurry first formed have one color and
      are for each of said plastic concrete masses applied to the area defined
      by said upper edge joining two corners and said lobular edge provides a
      sharp delineation between each said optically opaque layer and the area of
      said plastic concrete brick mass surface remaining therebelow, and
PA1  b. a second of said plurality of small globules of atomized slurry formed
      in a second separate distinctive time period from the time period in which
      said first small globules of atomized slurry is formed have a different
      color from said one color and is similarly applied to a portion of said
      optically opaque layer formed by said first small globules of atomized
      slurry; and
PA1  c. said vertical surfaces to which the small globules of atomized slurry
      are applied are moved in a direction normal to said surfaces before and
      after said application of small globules of atomized slurry to said
      extending surfaces to form a first coating layer with a line of
      demarcation between said lobular edge of said slurry and said cement
      surface and a second differently colored layer.
NUM  7.
PAR  7. A process for repeatedly and concurrently making a plurality of colored
      and coated concrete bricks of differing surface texture and color which
      process comprises the cycle of steps of
PA1  a. filling each of a plurality of vertically extending chambers in a mold
      with concrete mix, vibrating the mold and compacting the concrete mix in
      each of said chambers to form a plurality of plastic concrete brick
      masses, then
PA1  b. removing said brick masses from the mold to thereby provide and
      thereafter maintaining a longitudinally and transversely extending array
      of a plurality of vertically extending spaced apart brick masses of
      predetermined width, depth, and height having between the separate brick
      masses in said array vertically and longitudinally extending spaces and
      vertically and transversely extending spaces, said spaces being narrow
      relative to said width, depth, and height of said brick masses said array
      of brick masses having between longitudinally neighboring masses of said
      array longitudinally and horizontally spaced apart parallel transversely
      and vertically extending surfaces and between transversely neighboring
      brick masses horizontally and transversely spaced apart parallel
      longitudinally and vertically extending surfaces, said vertically
      extending and relatively narrow spaces located between said vertically
      extending surfaces;
PA1  c.
PA2  i. preparing a viscous pigmented cemetitious slurry thickened to be
      selectively adherent to a hydrophyllic wet surface,
PA2  ii. then periodically pressurising and atomizing said viscous pigmented
      cementitious thickened slurry and forming, at a spray source, a stream of
      small globules of atomized slurry and, while said brick masses are in a
      fixed spatial relation to said spray source, directing the said stream of
      small globules of atomized slurry towards and between and against
PA3  aa. a pair of inwardly sloped guide surfaces, said pair of guide surfaces
      having a wide opening at its top and a narrow opening at its bottom, and
      lower opening located above and parallel to the upper edges of a pair of
      said vertically extending spaced apart surfaces of neighboring brick
      masses in said array of plurality of spaced apart plastic concrete brick
      masses, each of said sloped guide surfaces having a slurry repellent
      surface and located above said vertically extending mass, and said guide
      surfaces of each said pair of guide surfaces having a common line of
      intersection below the top surface of said array of spaced apart
      vertically extending brick masses and within the vertically extending
      space located between said pair of vertically extending surfaces, and
      wherein a flat planar extrapolation of each of said surfaces of said pair
      of guide surfaces extends above the said upper edge of said vertically
      extending spaced apart surfaces of neighboring brick masses and
PA3  bb. into said vertically extending and relatively narrow spaces between
      said spaced apart vertically extending surfaces of neighboring brick
      masses in said array of a plurality of plastic concrete brick masses below
      said guide surfaces, and developing a turbulent flow of said stream of
      small globules at the top of the said vertically extending sapces and
      thereby then
PA2  iii. applying said small globules of atomized slurry selectively to a
      portion of a vertically extending surface of each of said plastic concrete
      brick masses in said array in an amount sufficiently thin to be static on
      said surface of said plastic concrete brick mass and sufficiently thick to
      provide an optically opaque layer, said portion of said vertically
      extending surface of each of said plastic concrete brick masses for each
      of such masses extending from an upper edge of said mass, said upper edge
      joining two corners of said mass and the contiguous area of a vertically
      extending surface thereof adjacent to said upper edge to a lower lobular
      edge, said lower lobular edge spaced away from the bottom edge of said
      brick.
PATN
WKU  039392392
SRC  5
APN  4777514
APT  1
ART  147
APD  19740610
TTL  Method of making lined articles
ISD  19760217
NCL  7
ECL  1
EXP  Silbaugh; Jan H.
NDR  1
NFG  5
INVT
NAM  Valyi; Emery I.
STR  5200 Sycamore Ave.
CTY  Riverdale
STA  NY
ZIP  10471
RLAP
COD  72
APN  343498
APD  19730321
PSC  03
RLAP
COD  84
APN  186984
APD  19711006
PSC  01
PNO  3787157
RLAP
COD  82
APN  71734
APD  19700914
PSC  01
PNO  3717544
RLAP
COD  90
APN  100050
APD  19701221
PSC  01
PNO  3719735
CLAS
OCL  264 89
XCL  264 37
XCL  264 92
XCL  264 97
XCL  425DIG209
XCL  425DIG234
EDF  2
ICL  B29C 1707
ICL  B29F  110
FSC  264
FSS  89;90;92;93;94;97;247;250;255;265;278;37
FSC  425
FSS  129;242 B;324 B;387 B;DIg. 209;234
UREF
PNO  2953814
ISD  19600900
NAM  Mumford
OCL  264153
UREF
PNO  2965932
ISD  19601200
NAM  Knowles
XCL  264328
UREF
PNO  3054714
ISD  19620900
NAM  Johnston
XCL  264 90
UREF
PNO  3122598
ISD  19640200
NAM  Berger
OCL  264247
UREF
PNO  3187069
ISD  19650600
NAM  Pincus et al.
XCL  264 90
UREF
PNO  3240851
ISD  19660300
NAM  Scalora
OCL  264153
UREF
PNO  3247550
ISD  19660400
NAM  Haines, Jr.
XCL  264275
UREF
PNO  3349155
ISD  19671000
NAM  Valyi
OCL  264 97
UREF
PNO  3358062
ISD  19671200
NAM  Lemelson
XCL  264 97
LREP
FR2  Bachman; Robert H.
ABST
PAL  A method of making lined, hollow plastic articles wherein a parison is
      formed on a core in a parison mold by molding plastic around the core in a
      parison mold cavity and subsequently expanding the parison in a blow mold.
      A preformed plastic sleeve is formed on the core prior to molding plastic
      around the core in the parison mold cavity.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This case is a Continuation-in-Part of copending application Ser. No.
      343,498, filed Mar. 21, 1973, now adandoned, which in turn is a Divisional
      of Ser. No. 186,984, filed Oct. 6, 1971, now U.S. Pat. No. 3,787,157,
      which in turn is a Continuation-in-Part of Ser. No. 71,734, filed Sept.
      14, 1970, now U.S. Pat. No. 3,717,544 and Ser. No. 100,050, filed Dec. 21,
      1970, now U.S. Pat. No. 3,719,735.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of plastic containers, especially
      composite parisons having a preformed inner sleeve or lining, said
      parisons being useful in the formation of composite blow molded containers
      as described in my prior U.S. Pats. Nos. 3,719,735 and 3,717,544.
      According to said patents, previously formed sleeve-like liners are
      applied to a blow core of an injection blow molding apparatus, plastic is
      injected around said liners while upon the cores and the resultant
      composite parison, consisting of the liner and the injected plastic, is
      expanded together into conformance with a blow mold. The method of
      injection blow molding is well known and described, for example, in U.S.
      Pat. No. 3,029,468 and others.
PAR  It is desirable to provide a process for obtaining lined, hollow plastic
      articles using a preformed liner wherein the liner is conveniently and
      inexpensively obtained in the processing cycle. This will afford one the
      advantages of the aforesaid process, while enabling the entire process to
      be carried out in a single processing cycle.
PAR  Accordingly, it is a principal object of the present invention to provide
      an improved process for the preparation of composite plastic containers.
PAR  It is a further object of the present invention to provide a process as
      aforesaid which uses a previously formed sleeve-like liner and which forms
      the liner in the processing cycle.
PAR  Further objects and advantages of the present invention will appear
      hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has now been found that the
      foregoing objects and advantages may be readily obtained. The present
      invention relates to a method of making lined, hollow plastic articles
      wherein a parison is formed on a core, which may be a blow core, in a
      parison mold by molding plastic around a preformed plastic liner on the
      core in a parison mold cavity and subsequently expanding the composite
      parison thus formed in a blow mold to form a composite article. In
      accordance with the present invention, the liner is formed directly on the
      core by contacting a web of said plastic with said core and forming said
      liner on the core using the core as a thermoforming plug or otherwise
      applying the web to the core, as by suction through the core after the
      core contacts the web.
PAR  Thus, an undeformed web may be brought into juxtaposition with a blow core
      and the blow core used to form the sleeve from the web, whereby the blow
      core as well as the web may be suitably heated. The tool by which the
      sheet or web is drawn may be the blow core. In thermoforming the sleeve in
      this manner, the end of the sleeve is substantially less deformed than the
      side walls which are formed by severe drawing with a consequent reduction
      in thickness.
PAR  It can be seen that the process of the present invention is highly
      advantageous as it inexpensively obtains lined hollow articles having
      desirable characteristics, and obtains them directly from a web of liner
      stock in a convenient manner well suited to commercial operations.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The nature of the invention will be better understood from the following
      description taken in conjunction with the accompanying drawings in which
      specific embodiments have been shown for the purposes of illustration.
PAR  In the drawings:
PAR  FIG. 1 is a partly schematic view showing a web of liner stock in position
      to form the liner on the core;
PAR  FIG. 2 is a sectional view showing the formation of the liner on the core
      and severing the formed liner from the web;
PAR  FIG. 3 is a sectional view showing the core and liner of FIG. 2 in a
      parison mold;
PAR  FIG. 4 is a sectional view showing the core with parison thereon in blow
      position within a blow mold having a cavity shaped to form a hollow
      container or the like; and
PAR  FIG. 5 is a sectional view showing an alternate method of forming the liner
      on the core by using the core as a thermoforming plug.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in more detail, FIG. 1 shows a web 10 of plastic
      fed from feed reel 11 onto take-up reel 12 by an desired means, such as
      drive roll 13 on the take-up reel. The web 10 of plastic may be any
      organic plastic material suitable for formation of a plastic liner in the
      process of the present invention as described in the aforesaid patents.
      The web 10 is heated to a temperature at which the plastic material
      becomes deformable, as by passing the web through heater 14 and then the
      heated web placed into juxtaposition or alignment with core 20 for
      formation of the liner, as by feeding the web over the core.
PAR  The core used to form the sleeve may be a blow core which is usually heated
      by conventional means and which, if a blow core, contains fluid
      passageways 21 communicating with slots 22, for the introduction of fluid
      pressure or suction to the core. The core is movable axially as shown by
      the arrow so that it may contact the web 10 and deform the web to
      correspond in shape to the core and to form liner 23 around the core as
      shown in FIG. 2. Suction may be applied through fluid passageways 21 and
      slots 22 or through holes (not shown) communicating with said passageways
      to aid in drawing the web tightly around the core and holding the formed
      liner 23 thereon.
PAR  The core itself may be used to heat the web, in that case heater 14 may be
      omitted and the core is held in contact with the web before forming long
      enough to heat the web to a forming temperature.
PAR  As customary in thermoforming, a holding tool 24 is provided,
      incorporating, with the conventional hold-down ring, a cutting blade 25 in
      juxtaposition or alignment with both web 10 and core 20. Blade 25 may have
      a shape corresponding to the base 26 of the liner so that the liner is cut
      off from the web, as for example, the blade 25 may have a circular shape
      where the base 26 of the liner is circular. The cutting means is movable
      axially, as shown by the arrow, into and out of engagement with the base
      26 of the liner 23 to sever the liner from the web 10 with the suction
      applied through fluid passageways 21 and slots 22 aiding in retaining the
      severed liner 23 on the core 20. The scrap portion of the web 13 is then
      fed onto roll 12 for reclaiming or otherwise removed from the apparatus.
      The web may of course take the shape of pre-cut pieces, e.g., discs,
      placed into juxtaposition with the core by conventional means before
      forming, as for example shown in U.S. Pat. No. 3,496,597.
PAR  The holding tool 24 is then moved out of engagement with the web 10 and the
      core 20 with liner 23 thereon moved axially in a downward direction for
      completion of the cycle. Naturally, the core may be positioned above the
      web and the holding tool below the web and the cycle completed with the
      core and formed liner moved upwardly. Thus, the entire process can be
      conducted in a single cycle with the core movable into and out of the
      various operating cycles as will be described hereinbelow. Axial movement
      for the core may be used, but other operating cycles may be readily
      applied to the concept of the present invention, as rotary movement of the
      core or lateral movement of the core into and out of the various operating
      positions. Alternatively, a plurality of cores may be used so that a
      continuous high production rate is obtained.
PAR  The liner covered core is then moved into parison mold 30 as shown in FIG.
      3. The parison mold 30 communicates with the injection unit 31 by means of
      a runner plate 32. Parison mold cavity 33 is formed between the parison
      mold 30 and the core 20 having liner 23 thereon. The assembly is firmly
      clamped together and hot plastic is pressed into parison mold cavity 33
      from injection unit or extruder 31 through runner plate 32 around liner 23
      which is on the core 20. A parison 34 is thus molded forming a composite
      structure the inner layer of which is comprised of the material of the
      liner 23 while its outer layer 35 is the material pressed around the liner
      23 from the extruder 31.
PAR  The composite parison 34 is then transferred into the blow mold 40 while
      still on core 20, as by continuing the axial movement of the core and
      moving blow mold 40 into alignment therewith, by rotary movement, or in
      other ways well known in the art. The blow mold 40 has an internal cavity
      41 corresponding in shape to the shape of the desired article. The parison
      will normally be hot enough for blowing upon introduction into the blow
      mold, although heating means may be provided in the core. The parison is
      expanded by means of fluid pressure introduced through fluid passageways
      21 and slots 22 into conformance with the blow mold cavity 41 to form
      composite or lined container 42 which may be removed from the blow mold
      upon separation of the core therefrom. The blow mold may be constructed in
      two halves to facilitate removal of container 42.
PAR  Naturally, numerous variations in container design are possible. For
      example, a neck mold may be provided for forming a molded neck portion,
      which neck mold may be used for transferring the parison from the parison
      mold to the blow mold and thus freeing the first core for a new process
      cycle while a second core is used to complete the blowing operation.
PAR  FIG. 5 shows an alternate method of forming the liner on the core by using
      the core as a thermoforming plug. In accordance with the embodiment of
      FIG. 5, heated web 10a is placed in alignment with forming mold 50 and
      core 20a. The core 20a forms the liner by deforming web 10a into forming
      mold 50 so that the liner is formed by action of the core 20a on the web
      10a in the forming mold 50. If desired, vacuum may be applied through line
      52 to aid in drawing the web 10a into mold 50. Line 52 may also be used to
      apply fluid pressure to the formed liner to aid in release thereof from
      mold 50 in conjunction with suction applied through passageways 21a and
      slots 22a.
PAR  A wide variety of materials may be used in the present invention. Thus one
      may select the material of the liner so as to have one of the properties
      that the finished article is to have and the material of the injected
      plastic so as to have another of the desired properties. The liner may
      contain several layers of laminations to provide a liner having the
      combined properties of several plastics. Typical materials which may be
      used for the outer portion include polyolefins, polystyrene,
      polycarbonate, polyvinyl chloride, etc. Typical liner materials include
      the acetal polymers, polyolefins, ionomer resins, polyallomer copolymers,
      polystyrene, polyvinylidene chloride, polyvinyl chloride, polycarbonates,
      acrylonitrile, etc. It is also possible to produce finished articles
      having a desirable appearance by providing different colors and degrees of
      transparency in the liner and the material that is injected therearound.
      The web may also be provided with a decorative pattern or letters, as by
      printing, for use in conjunction with a transparent injected material.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making lined, hollow plastic articles wherein a parison is
      formed on a core in a parison mold by molding plastic around a pre-formed
      plastic liner on the core in a parison mold cavity and wherein the parison
      is subsequently expanded in a blow mold, the improvement which comprises
      providing a supply of a web of plastic liner material, providing a holding
      means including a cutting means adjacent said web, bringing said web into
      juxtaposition with said core and holding means, forming said liner
      directly on said core by moving said core relative to the web and holding
      means to engage the web by the core and holding means and form the liner
      on the core by the core and holding means, said moving also severing the
      formed liner from the web by the cutting means, transferring the core with
      the formed, severed liner thereon for subsequent operations, and feeding
      the balance of the web for scrap reclamation.
NUM  2.
PAR  2. In a method according to claim 1 wherein the core is a blow core.
NUM  3.
PAR  3. In a method according to claim 1 including the step of applying suction
      through said core after the core contacts the web.
NUM  4.
PAR  4. In a method according to claim 1 wherein said web is deformed by said
      core to correspond in shape thereto.
NUM  5.
PAR  5. In a method according to claim 1 wherein said core is used as a
      thermoforming plug.
NUM  6.
PAR  6. In a method according to claim 1 wherein said web is heated prior to
      contacting the core.
NUM  7.
PAR  7. In a method according to claim 1 wherein said web is heated by said
      core.
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PAL  Method for the dry forming of fibrous pads employ a pad forming member
      closing the lower end of a pad forming area. The pad forming member
      preferably is in the form of a condenser roll having three-dimensional
      pockets, or cavities about the periphery thereof. Each cavity includes an
      opening into it, and the cavities are brought into communication with the
      pad forming area as the condenser roll is continuously driven during
      operation of the apparatus. Each cavity is defined by foraminous bottom
      and side surfaces, the surface area of which is greater than the surface
      area of the opening into it. An air suspension of fibers is formed in the
      pad forming area, and a vacuum is applied through the foraminous surfaces
      of each cavity when it is disposed in the pad forming area to pull the air
      of the suspension through the foraminous surfaces, and deposit the fibers
      carried in the air suspension onto the foraminous surfaces in the form of
      a fibrous layer. A transfer conveyer is fed in overlying relationship with
      the opening of each cavity downstream of the pad forming area, and a
      vacuum is applied through the transfer conveyer to transfer the fibrous
      layer from each cavity onto the transfer conveyer. The fibers deposited on
      the transfer conveyer are confined to an area substantially equal to the
      surface area of the opening into each cavity, and accordingly, the fibers
      are consolidated as they are transferred from each cavity onto the
      transfer conveyer to form fibrous pads having a greater basis weight than
      the basis weight of the fibrous layers formed within the cavities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus and method for dry forming fibrous
      pads, and specifically, to apparatus and method for forming fibrous pads
      suitable for use by themselves, or in conjunction with other components to
      form sanitary products such as disposable diapers, sanitary napkins and
      the like.
PAR  2. Description of the Prior Art
PAR  Apparatus and method for forming absorbent fibrous pads are known in the
      prior art. Such fibrous pads are often formed from 100% woodpulp fibers,
      and are utilized as internal absorbent components in sanitary products
      such as disposable diapers, sanitary napkins and the like. In many of
      these applications the fibrous pads are required to have a relatively high
      basis weight. For example, the center region of the absorbent pad shown in
      FIG. 3 of U.S. Pat. No. 3,766,922 issued on Oct. 23, 1973, and assigned to
      Scott Paper Company, has a basis weight of approximately 45 oz/yd..sup.2.
PAR  It has been suggested to dry form fibrous pads directly into
      three-dimensional pockets, or cavities of pad forming members which close
      the lower end of a pad forming area in conventional dry forming equipment.
      The pad forming member can be in the form of a cylindrical condenser roll
      having a three-dimensional pocket formed therein, or alternatively, can be
      in the form of a foraminous belt having three-dimensional pockets formed
      therein. In these prior art apparatus the fibrous pads are directly formed
      into the pockets by applying a vacuum through only the lower, or bottom
      surface of the pockets, i.e., only the bottom surface is foraminous. When
      the pad forming member is in the form of a cylindrical condenser roll the
      side walls of each three-dimensional pocket converge toward each other in
      a direction from the outer periphery of the condenser roll to the bottom
      surface, and accordingly, the surface area of the bottom surface of each
      pocket is less than the surface area of the opening into it.
PAR  In other prior art apparatus and methods fibrous pads are directly formed
      on a cavity-free outer foraminous surface of a cylindrical condenser roll
      or foraminous belt.
PAR  Accordingly, in the prior art apparatus and methods the foraminous surface
      through which the vacuum is applied either has substantially the same area
      (the outer surface of a condenser roll or belt), or a lesser area (the
      bottom surface of a pocket in a condenser roll) than the area of the
      fibrous pad which ultimately is to be formed.
PAR  When fibers are initially deposited as a layer on a foraminous surface from
      an air suspension they establish increased resistance to air flow through
      said surface. This resistance to air flow increases significantly with
      slight increases in basis weight of the fibrous layer formed on the
      foraminous surface. This resistance to air flow can become so great as to
      prevent the required volume of air containing suspended fibers to be
      pulled through the foraminous surface to form a fibrous pad having a
      desired basis weight. Even the use of uneconomical, high horsepower vacuum
      pumps to establish high vacuum levels may not solve the problem, since the
      high vacuum levels may merely consolidate the fibers into an
      air-impervious layer on the foraminous surface before the requisite weight
      of fibers is deposited in said cavity. When the vacuum level is adjusted
      to avoid excessive compaction of the fibrous layer the large resistance to
      air flow through the layer still makes it necessary to employ a long
      formation area to form fibrous pads of a high basis weight. Accordingly,
      excessively large equipment taking up valuable plant space may be
      required. The instant invention overcomes the problems set forth in this
      paragraph.
PAC  SUMMARY OF THE INVENTION
PAR  The method and apparatus of this invention resides in initially forming a
      fibrous layer on foraminous surfaces of a three-dimensional pocket or
      cavity having a greater surface area than the area of a fibrous pad which
      is to be formed therefrom. The critical feature of the method and
      apparatus of this invention is that the surface area of the foraminous
      surfaces of each cavity is greater than the area of the opening into it.
      Accordingly, a predetermined total weight of fibers can be deposited on
      the foraminous portions of the cavity in the form of a fibrous layer
      incompletely filling the cavity, and having a lower basis weight
      (weight/unit area) than can be deposited on a surface having the same or
      lesser area than the cavity opening. Since the pressure drop which has to
      be established through a foraminous surface to direct a gas therethrough
      increases with increased basis weight of a fibrous layer thereon, a lesser
      pressure drop has to be established through the foraminous surfaces
      defining each cavity to deposit a predetermined total weight of fibers
      therein, than would have to be established if the same total weight of
      fibers were deposited on a foraminous surface of substantially the same,
      or lesser area than the area of the cavity opening.
PAR  After the fibrous layer is formed within each cavity, means are provided to
      transfer allegiance of the layer to a transfer conveyer which is directed
      in overlying contacting relationship with the forming member so as to
      overlie the opening into each cavity. In the preferred embodiment of the
      invention the transfer conveyer is foraminous and a vacuum is applied
      therethrough to transfer allegiance of the fibrous layer from each cavity
      to the transfer conveyer to thereby form the fibrous pads on said transfer
      conveyer. The fibrous pads have a greater basis weight than the fibrous
      layers from which they are formed. This results from the consolidation of
      the fibrous layers into a smaller area on the transfer conveyer than they
      occupied within the cavities. To further explain, the fibrous layer from
      each cavity is transferred to the transfer conveyer over an area
      substantially equal to the area of the opening into the cavity. The area
      of the cavity opening is less than the foraminous surface area of the
      cavity defined by the base and side surfaces thereof. Accordingly, the
      fibrous layer is confined to a lesser area on the transfer conveyer than
      it occupied in the cavity; thereby resulting in the formation of a pad
      which has a greater basis weight than the fibrous layer formed in the
      cavity. Therefore, this invention permits the formation of a fibrous layer
      having a lower basis weight than a fibrous pad which ultimately is to be
      formed, and accordingly permits the use of low cost, low horsepower vacuum
      sources to form such a fibrous pad and/or the use of reasonably sized
      equipment which does not take up excessive plant space.
PAR  Further objects and advantages of this invention will become apparent upon
      reading the detailed description which follows taken in conjunction with
      the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic isometric view of an apparatus according to this
      invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is an isometric view showing a part of a pad forming member
      according to an alternative embodiment of this invention;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a plan view of a fibrous pad formed by employing the pad forming
      member shown in FIG. 6; and
PAR  FIG. 9 is a sectional view taken along line 9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIG. 1, the apparatus 10 for manufacturing dry formed fibrous
      pads 60 includes feed rolls 12 for directing a fibrous feed mat 14 into
      engagement with a fiberizing roll 16. The fiberizing roll 16 includes
      surface clothing including pins or teeth 18 projecting therefrom. A shroud
      20 encloses the fiberizing roll 16 to define a pad forming area 22. The
      pad forming area is closed at its lower end by a pad forming member in the
      form of a cylindrical condenser roll 24 which is driven by suitable drive
      means (not shown) in the direction indicated by arrow 26 (FIGS. 1 and 3).
      The above-described structural features, or equivalents thereof, are
      conventional in many prior art apparatus for forming dry formed fibrous
      webs or pads. For example, the Rando-Webber manufactured by Curlator
      Corporation of Rochester, N.Y., employes similar structural elements which
      can be utilized in this invention.
PAR  Referring to FIGS. 1 - 3, unique structural features of the condenser roll
      24 of this invention will be described. The condenser roll 24 includes a
      plurality of three-dimensional pockets, or cavities 28 uniformly spaced
      about the periphery thereof. The number of cavities 28 can be varied
      depending upon the size of the roll, and the number of pads which one
      desires to form. In the embodiment shown in this invention the roll
      contains six cavities.
PAR  Each cavity 28 includes a foraminous, concave base 30 providing the bottom
      region and part of the side region of the cavity (FIG. 2). The cavities 28
      additionally include foraminous side surfaces 32 joined to the concave
      base 30 and diverging outwardly therefrom to complete the cavity
      construction (FIGS. 1 and 3). The upper margins of each cavity terminate
      substantially in alignment with the outer periphery of the condenser roll,
      and define an opening 34. In the embodiment shown in FIGS. 1 - 3 the outer
      periphery of the condenser roll 24 is air-impervious.
PAR  A critical feature of this invention is that the foraminous surface area of
      each cavity 28 provided by the foraminous concave base 30 and the side
      surfaces 32 is greater than the area of the cavity opening 34 bound by the
      upper margins of each of said cavities 28. The importance of this feature
      will be explained later in the application.
PAR  Referring to FIG. 3, a cylindrical vacuum chamber 38 is mounted within the
      interior of the condenser roll 24, and is secured to fixed framework (not
      shown) to prevent rotation thereof. The cylindrical vacuum chamber 38 is
      connected to a suitable source of vacuum, such as the low pressure side of
      a fan (not shown). A lower hemispherical portion 40 of the vacuum chamber
      38 is either constructed of an air-impervious member, or coated with a
      suitable material to render it air-impervious. The upper hemispherical
      portion 42 is air-pervious. A plurality of partitions 44 are fixedly
      connected to the outer shell of the condenser roll 24, and each partition
      has a sealing bushing 46 which is maintained in frictional, sliding
      engagement with the outer surface of the vacuum chamber 38. The partitions
      are connected to the condenser roll 24 intermediate adjacent cavities 28.
PAR  Referring to FIGS. 1 and 3, a foraminous transfer conveyer 48 is trained
      about a plurality of mounting rolls 50, 52 and 54, respectively. Any
      number of rolls can be utilized; however, the rolls should be arranged so
      that the transfer conveyer 48 is mounted in partial wrapping engagement
      with the condenser roll 24 downstream of the pad forming area 22. One or
      more of the transfer conveyer mounting rolls is positively driven to drive
      the transfer conveyer 48 in the direction indicated by arrows 56. A
      transfer vacuum box 58 is positioned beneath the upper run of the transfer
      conveyer 48 underlying the region of the upper run which is in wrapping
      engagement with the condenser roll 24. A partial vacuum is established
      through the vacuum box 58 by any conventional source of vacuum, such as a
      fan (not shown).
PAR  Referring to FIGS. 1 and 3, the operation of the apparatus 10 of this
      invention will be described. The feed mat 14 is directed into engagement
      with the fiberizing roll 16 by the feed rolls 12. The fiberizing roll is
      rotatably driven at a high speed to separate fibers from the feed mat 14
      and direct them into the pad forming area 22 to form an air suspension of
      substantially individualized fibers within said pad forming area. A
      partial vacuum is established through the cylindrical vacuum chamber 38 as
      the condenser roll 24 is moved in the direction indicated by arrow 26. As
      a cavity 28 enters the forming area (Zone I - FIG. 3) it is in alignment
      with the foraminous region 42 of the vacuum chamber 38. Accordingly, the
      vacuum applied through the vacuum chamber 38 establishes a pressure drop
      across the foraminous base 30 and side surfaces 32 of the cavity 28. This
      pressure drop is effective to pull the air of the suspension through the
      cavity, and to deposit fibers in the suspension in the pocket in the form
      of a fibrous layer 59. As the cavity continuously travels through the pad
      forming area 22 the fibers continuously build up in the layer 59 until
      complete formation of the layer 59 is establishes at Zone II.
PAR  Referring to FIGS. 3 and 4, the foraminous layer 59 is deposited over
      substantially the entire foraminous region of the cavity 28 and
      incompletely fills said cavity. As explained earlier in this application,
      the surface area of the foraminous portion of each cavity 28 is greater
      than the area of the cavity opening 34. Accordingly, a predetermined total
      weight of fibers can be deposited on the foraminous portions of the cavity
      with a lower basis weight (weight/unit area) than can be deposited on a
      foraminous surface of a lesser area, such as by depositing the fibers on a
      region of the outer surface of the condenser roll 24 corresponding in area
      to that of the cavity opening 34. Since the pressure drop which has to be
      established through a foraminous surface to direct air therethrough
      increases with increased basis weight of a fibrous web or layer thereon, a
      lesser pressure drop has to be established through the foraminous surfaces
      defining cavities 28 to deposit a predetermined total weight of fibers
      therein, than would have to be established if the same total weight of
      fibers were deposited on a foraminous surface of a lesser area.
PAR  As a cavity 28 leaves Zone II (FIG. 3) of the forming area, the upper run
      of transfer conveyer 48 is moved into engagement with the outer periphery
      of the condenser roll 24 in overlying relationship with the cavity opening
      34. Also, the cavity 28 is in alignment with masked portion 40 of the
      cylindrical vacuum chamber 38 so that the partial vacuum which is
      established through the vacuum chamber 38 is ineffective to retain the
      fibrous layer 59 within the pocket. In this same location the pocket
      opening 34 is in overlying relationship with the transfer vacuum box 58,
      through which a partial vacuum is established. This partial vacuum is
      effective to transfer allegiance of the fibrous layer 59 from the pocket
      28 to the transfer conveyer 48 to thereby form a fibrous pad 60 (FIGS. 3
      and 5).
PAR  The fibrous pad 60 has a greater basis weight than the fibrous layer 59
      from which it is formed. This results from the consolidation of the
      fibrous layer 59 into a smaller area on the transfer conveyer 48 than it
      occupied within the cavity 28. To further explain, the fibrous layer 59
      from the pocket 28 is transferred to the transfer conveyer 48 over an area
      substantially equal to the area of the pocket opening 34. The area of the
      cavity opening 34 is less than the foraminous area of the cavity 28
      defined by the base 30 and side surfaces 32. Accordingly, the fibrous
      layer 59 is confined to a lesser area on the transfer conveyer 48 than it
      occupied in the cavity 28; thereby resulting in the formation of a pad
      which has a greater basis weight than the fibrous layer 59 formed in the
      cavity 28.
PAR  Since the partial vacuum established through each cavity 28 is established
      through the entire area upon which the fibrous layer 59 is formed, the
      method and apparatus of this invention permits the formation of high basis
      weight fibrous pad 60 with the use of less costly, lower horsepower vacuum
      sources than can be utilized in the prior art apparatus and methods. To
      further explain, the present invention permits the formation of a fibrous
      pad 60 of a given basis weight by utilizing a vacuum source which need
      only be capable of establishing a partial vacuum of a sufficient level to
      form a fibrous layer 59 having a lower basis weight. The lower basis
      weight of the fibrous layer 59 within each cavity 28 establishes a lower
      resistance to air flow through the foraminous surfaces and fibrous layer
      59 within each cavity 28 than would be established if the fibrous layer 59
      were formed on a foraminous surface having less surface area than the area
      of the foraminous surfaces of the cavity 28. This lower resistance to air
      flow permits the use of lower horsepower vacuum sources to achieve the
      final formation of the fibrous layer 59 in the method and apparatus of
      this invention.
PAR  The formed fibrous pads 60 (FIGS. 3 and 5) are maintained in engagement
      with the transfer conveyer 48 as the condenser roll 24 separates from the
      pads by maintaining the application of a partial vacuum through the
      transfer vacuum box 58 at the time of separation.
PAR  The formed pad 60 is conveyed by the transfer conveyer 48 to subsequent
      processing equipment (not shown) downstream of the apparatus 10. For
      example, such subsequent equipment can include converting equipment for
      encasing the fibrous pad 60 between a fluid pervious facing layer and a
      fluid impervious (e.g. plastic) backing layer to form a disposable diaper
      or sanitary napkin.
PAR  Referring to FIGS. 6 and 7, an alternative construction of a condenser roll
      24A is shown for forming fibrous pads 60A (FIGS. 8 and 9) having high
      basis weight regions 62 and low basis weight regions 64 therein. Each
      fibrous pad 60A is formed on a region 66 of the condenser roll 24A which
      comprises a plurality of closely spaced cavities 28A separated by
      foraminous corridor regions 68. In all other respects the apparatus is
      substantially identical to that disclosed in FIG. 1. The low basis weight
      regions 64 of the fibrous pad 60A correspond to the regions of the fibrous
      layer formed on the foraminous corridors 68, and the high basis weight
      regions 62 correspond to the regions of the fibrous layer formed within
      the cavities 28A. The fibers deposited on the corridors 68 (i.e.,
      substantially planar regions) will build up to substantially the same
      level or height as the fibers deposited within the three-dimensional
      cavities 28A. However, due to the fact that the foraminous surface area of
      each cavity 28A is greater than the area of the opening into it, transfer
      of the fibrous layers from the cavities 28A onto the transfer conveyer 48
      will result in the formation of higher basis weight pad areas 62 than that
      of the fibrous layer within each cavity 28A. However, the fibrous layers
      deposited on the corridor regions 68 will be transferred to the transfer
      conveyer over substantially the same area as the corridor area, and
      accordingly, substantially no increase in basis weight will take place in
      these regions. In this manner a pad having varying basis weights can be
      formed.
PAR  A pad having different basis weight regions can also be formed by grouping
      cavities together having foraminous surfaces of differency surface areas.
      When the fibrous layers formed in such a grouping of cavities is
      transferred to a transfer conveyer, the basis weight in different sections
      of the pad will vary in relationship to the surface areas of the cavities
      from which the sections of the pad were formed.
PAR  Although certain preferred embodiments of this invention have been
      disclosed; other modifications can exist. For example, the outer periphery
      of the forming member 24 (FIG. 1) which surrounds each cavity 28 can be
      completely foraminous. In such an embodiment, the fibrous pads 60 which
      are formed from the fibrous layers 59 within each cavity 28 will be
      integrally joined with fibrous web sections of a lower basis weight which
      are initiailly formed as layers on the foraminous outer peripheral regions
      of the condenser roll surrounding the cavities. This same modification can
      exist with respect to the forming member 24A disclosed in FIGS. 6 and 7.
      Reference throughout this application, including the claims, to the
      formation of fibrous pads includes the formation of alternative web
      constructions as set forth in this paragraph.
PAR  The fibrous feed mat 14 preferably is formed of woodpulp fibers having an
      average fiber length less than one-fourth inch. However, it is within the
      scope of this invention to form fibrous feed mats from any type of fibers,
      including blends of woodpulp fibers and longer textile-length fibers. For
      example, the fibrous feed mat 14 can include over 75% by weight woodpulp
      fibers with the remainder of the fibers being longer textile-length
      fibers, such as rayon, polyester, cotton, etc.
PAR  An illustrative example indicating the advantages which can be achieved
      according to the method of this invention will now be described. This
      example is not intended to limit the broadest aspects of the invention,
      but is intended to illustrate the dramatic results which can be achieved
      by practicing the invention.
PAR  A cavity was formed in which the foraminous forming surface had an increase
      in surface area of 70% as compared to the area of the opening into the
      cavity defined by the upper margins thereof. Accordingly, if one desired
      to form a fibrous pad 60 having a basis weight of 23.3 oz./yd..sup.2, it
      would only be necessary to form a fibrous layer 59 in the pocket having a
      basis weight of 13.7 (i.e., 23.3/1.7). If the cavity of this invention
      were not employed, and the fibrous pad were to be formed on a surface
      having an area equal to the cavity opening defined by the upper margins
      thereof, the total basis weight of 23.3 oz./yd..sup.2 would have to be
      formed on this surface. A pressure drop of approximately 80 inches of
      water would have to be established to form a fibrous pad or layer having a
      basis weight of 23.3 oz./yd..sup.2 when an air suspension of fibres
      approaches the forming surface at 1550 feet per minute. However, at this
      same approach velocity (1550 feet per minute), a pressure drop of less
      than 48 inches of water would have to be established to form the 13.7
      oz./yd..sup.2 fibrous layer within the cavity. Accordingly, the pressure
      drop requirement is greatly reduced to form a fibrous pad of a given basis
      weight by employing applicant's invention, as opposed to directly forming
      the pad of the desired basis weight on an upper foraminous surface having
      an area equal to that of the cavity opening defined by the upper margins
      of the cavity. Since a lower pressure drop is required, lower horsepower,
      less costly vacuum equipment can be utilized, or alternatively, the same
      horsepower requirements can be utilized as in the prior art, and pad
      formation achieved over a smaller formation zone than in the prior art
      equipment to thereby permit the use of equipment which occupies less plant
      space.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a fibrous pad by employing a forming member
      including a cavity having a foraminous forming surface and upper margins
      defining an opening into said cavity, the area of the foraminous forming
      surface being greater than the area of the opening bound by the upper
      margins of said cavity, said method comprising the steps of:
PA1  A. forming a gaseous suspension of fibers;
PA1  B. establishing a pressure drop across the foraminous forming surface of
      the cavity to direct the gas of the suspension through the forming
      surface, and to condense the fibers of the suspension onto the forming
      surface in the form of a fibrous layer incompletely filling said cavity;
PA1  C. directing a transfer conveyor into overlying relationship with, and
      closely adjacent to the orfice of the cavity after the fibrous layer is
      formed in said cavity; and
PA1  D. transferring the fibrous layer to said transfer conveyor and confining
      said fibrous layer to a lesser area on the transfer conveyor than it
      occupied on the foraminous forming surface to form a fibrous pad having a
      greater basis weight than that of the fibrous layer on the foraminous
      forming surface.
NUM  2.
PAR  2. The method according to claim 1, wherein allegiance of the layer is
      transferred from the cavity to the transfer conveyer by terminating the
      pressure drop across the foraminous forming surface of the cavity, and
      establishing a pressure drop across the transfer conveyer while the
      pressure drop across the forming surface is terminated.
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ABST
PAL  A method for hot isostatically compacting powder metallurgy charges in
      sealed metal containers wherein the container may be easily removed from
      the charge after compacting by providing a separating medium between the
      container interior and the powder metallurgy charge to prevent bonding
      during subsequent hot isostatic compacting, and producing during hot
      isostatic compacting a residual stress in said container; slitting of the
      container after compacting releases the residual stresses and in the
      absence of bonding to the compact causes the container to move away from
      the compact, thereby avoiding typical container-removal operations such as
      machining and pickling.
BSUM
PAR  In the art of powder metallurgy it is known to place a powder metallurgy
      charge in finely divided particle form in a sealed metal container for
      compacting. Typically, the powder metallurgy charge may be of prealloyed
      powder, such as that formed by various of the conventional atomizing
      techniques, or may be a mixture of elemental particles constituting the
      desired final compacted article composition. The containers used for the
      purpose are generally made of mild steel having a wall thickness on the
      order of at least one-sixteenth in. In applications wherein hot isostatic
      compacting is achieved by the use of a gas, such as nitrogen or helium, in
      contact with the container exterior it is necessary that the container be
      impervious. In a typical application wherein high speed prealloyed powder
      is compacted to form billets the container is of mild steel and of
      generally cylindrical construction. Upon the application of fluid pressure
      the container collapses to permit compacting to the required density.
      Prior to compacting, the container is in the conventional manner outgassed
      to remove impurities, such as oxides, and after outgassing the container
      is sealed against the atmosphere. It is then heated to a temperature
      suitable for hot isostatic compacting to achieve the selected density. In
      the case of high speed steel this temperature may be on the order of
      2000.degree.F. The container and charge at this temperature are then
      placed in a gas pressure vessel, commonly termed an autoclave, and by the
      application of a gas, such as nitrogen or helium, at a pressure on the
      order of 10,000 to 15,000 psi hot isostatic compacting is achieved. During
      compacting in accordance with this well-known practice, the container
      becomes bonded to the compact. Typically, therefore after compacting and
      cooling to ambient temperature the container is removed from the compact
      by machining, pickling or a combination thereof. This is of course a
      time-consuming and expensive operation and in addition completely destroys
      the container so that it cannot be reclaimed for subsequent use, all of
      which adds to the overall expense of the powder metallurgy operation.
PAR  It is accordingly a primary object of the present invention to provide a
      method for hot isostatically compacting powdered metal charges in a sealed
      metal container wherein the container may be removed from the compact
      without requiring conventional removal operations such as machining,
      pickling or combinations thereof.
PAR  A more specific object of the invention is to provide a powder metallurgy
      operation wherein after compacting a sealed metal container may be removed
      from the compact by merely slitting the container, whereupon it will move
      away from the compact without further manipulation.
DRWD
PAR  These and other objects of the invention, as well as a more complete
      understanding thereof may be obtained from the following description,
      specific examples and drawings, in which:
PAR  FIG. 1 is a schematic view in vertical cross section of one example of a
      powder-filled metal container suitable for use in the practice of the
      method of the invention; and
PAR  FIG. 2 is a schematic view in partial section of the powder-filled
      container of FIG. 1 after compacting and slitting of the container to
      cause removal of the same from the compact.
DETD
PAR  Broadly, in the practice of the invention in the conventional manner a
      powder metallurgy charge is placed in a sealed metal container, and the
      container and charge are heated to an elevated temperature suitable for
      hot isostatic compacting. The heated container is then hot isostatically
      compacted by the application of fluid pressure to the exterior of said
      container to collapse the container and compact the charge therein to the
      desired density; the density achieved during compacting may be full
      density or to an intermediate density if a subsequent working operation is
      to be performed. The improvement of the invention comprises placing
      between the container interior and the charge, prior to heating and
      compacting a means for preventing bonding therebetween. This may
      constitute a separating medium layer, which may be applied to the interior
      of the container. The separating medium may be a coating of an oxide such
      as alumina or the like or an oxide may be formed, in situ, on the
      container interior. During compacting, bonding is prevented between the
      container and the charge and the container is residually stressed.
      Consequently, if the container is slit after compacting the residual
      stress is released and in the absence of bonding between the compact and
      container interior the container moves away from the compact with a
      spring-like action. The compact may then be readily removed without
      requiring significant manipulation or any container-removal operations,
      such as conventional pickling and machining. To insure that the residual
      stress in the container will be sufficient to cause the same to move away
      from the compact upon slitting thereof, it is preferred that the thickness
      of the container be at least one-sixteenth in., particularly when the
      container is of steel. The steel container is customarily used
      particularly when the particle charge is prealloyed powder of an iron-base
      alloy. With regard to the separating medium coating oxides such as
      alumina, which might be applied by flame spraying or other ceramics or
      natural oxides could be used. All that is required of the particular
      coating is that under the temperature and pressure conditions incident to
      hot isostatic compacting that bonding between the container interior and
      the compacted charge be avoided to the extent that upon slitting of the
      container the residual stress in the container will cause the same to move
      away from the compact and thus render the compact easily removable from
      the container.
PAR  As a specific example of the practice of the invention reference should be
      made to the drawings and particularly to FIG. 1 thereof. FIG. 1 shows an
      assembly, designated generally as 10, suitable for use and typical of an
      assembly that would be used in the production of high speed steel billets
      in accordance with the invention. The assembly 10 comprises a mild steel
      cylindrical container 12 having an interior, separating-medium layer 14
      thereon. The container is filled with a powder metallurgy charge 16, which
      may be conventional high speed steel of AISI Type M2 with the particles
      being approximately -30 mesh U.S. Standard. As shown in FIG. 1 of the
      drawings the container 12 is sealed as would be the condition after
      outgassing had been performed and the container and charge were readied
      for heating to suitable hotisostatic compacting temperature. The container
      as shown in FIG. 1, upon heating to temperature, which might be achieved
      either in a furnace within a gas pressure vessel or in a furnace exterior
      of the gas pressure vessel. In any event, however, when the container and
      charge are at suitable temperature the same is then subjected to gas at a
      pressure sufficient to achieve compacting of the charge 16 to the desired
      density. In the case of high speed steel of the above-identified
      conventional composition a compacting temperature on the order of
      2000.degree.F with a compacting pressure of 13,000 psi would be sufficient
      to achieve a density exceeding 95% of theoretical density.
PAR  Upon compacting and removal of the assembly 10 from the autoclave, the same
      is permitted to cool to ambient temperature at which time the container 12
      is slit longitudinally, as diagrammatically represented in FIG. 2 of the
      drawings. During heating and compacting the separating medium coating 14
      on the interior of the container prevents significant bonding between the
      compacted charge and the container interior. Consequently, during
      longitudinal slitting of the container, indicated as 18 in FIG. 2, the
      residual stress produced in the container during hot isostatic compacting
      is released. This causes the container to move away from the compacted
      charge 14 with a spring-like action. This results in the assembly being
      substantially as shown in FIG. 2 with the interior of the container 12
      moved away from the surface of the compacted charge 14 to provide a void
      therebetween, which is designated as 20 in FIG. 2. Preferably, prior to
      the slitting operation the ends of the container would be cropped off in
      the conventional manner as by a sawing operation.
PAR  Since the only alteration of the container to effect removal is the
      longitudinal slitting, it is possible to reclaim the container for
      subsequent use, as by repairing the slit by a welding operation and
      welding ends onto the container.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for isostatically compacting powder metallurgy charges by
      the application of fluid pressure by:
PA1  a. filling a generally cylindrical metal container with a powder metallurgy
      charge,
PA1  b. sealing said container,
PA1  c. outgassing said container,
PA1  d. heating said container and charge to an elevated temperature,
PA1  e. applying fluid pressure to the exterior of said heated container to
      isostatically compact said charge therein to produce a powder metallurgy
      compact,
PA1  f. releasing said pressure and cooling said container and compact, and
PA1  g. removing said compact from said container;
PAL  the improvement comprising:
PA1  h. applying to the interior surface of said container, prior to filling
      said container with said powder metallurgy charge, a separating medium
      layer for preventing bonding between said container and compact during
      application of said fluid pressure,
PAL  said container being steel and having a wall thickness of at least
      one-sixteenth inch, said container collapsing under said applied fluid
      pressure and establishing residual stresses within said container
      following the release of said fluid pressure, and
PA1  i. slitting said container to release said residual stresses, wherein said
      residual stresses within said container are sufficient to cause said
      container to spring open and move away from said formed compact therein.
NUM  2.
PAR  2. The method of claim 1 wherein said powder metallurgy charge is
      prealloyed powder.
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PAL  A process for fabricating a plastic, which plastic is either a
      thermoplastic ionomer or a multiphase graft or block copolymer of the ABA,
      ##EQU1##
      or (AB).sub.n wherein n is greater than 1 and wherein the polymer blocks
      (A and B) are thermoplastic, incompatible with one another, and have
      different softening points, both softening points being substantially
      above room temperature when using the latter class of polymers. The
      material is first heated to a temperature above both softening points and
      formed into any desired shape, then cooled and re-formed into a new
      desired shape at a temperature between that of the softening points of the
      two blocks and finally cooled to a temperature below both softening points
      thereby retaining the shape last achieved. When using thermoplastic
      ionomers the process is similar. The material is heated above the
      softening point of the thermoplastic backbone and plasticisers are
      employed to disrupt the ionic domains. The process may be readily employed
      to prepare containers, bottles, or rigid foams and the like which may be
      shipped as compact materials and re-formed for actual use by simply
      reheating, etc.
PARN
PAR  This is a division of application Ser. No. 331,628 filed Feb. 12, 1973, now
      U.S. Pat. No. 3,842,154.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention is directed to a process for fabricating articles
      (e.g. bottles, stamped plastic sheets, rigid foams, etc.) from specific
      thermoplastic compositions. These compositions are either multiphase
      resinous copolymers having certain critical characteristics or specific
      ionomeric polymers (ionomers) as more fully described hereafter. This
      fabrication process allows production of articles which, on simple
      heating, change their shapes to form a predetermined new configuration.
      Thus, for example, a sheet or compacted slab of material prepared by this
      novel process can be simply heated by the ultimate user to form a
      container or a rigid foam without thee necessity for him to employ costly
      molds, etc.
PAR  It is known that crystalline and semicrystalline polyethylene and
      copolymers thereof with propylene may be used to prepare fabricated
      articles by a process in which the polyethylene is formed as a molded
      object, permanently cross-linked by either chemical means or by
      irradiation, then heated to about 140.degree.C. and collapsed and cooled.
      Reheating to the temperature at which the object collapsed restores the
      original shape. See U.S. Pat. Nos. 3,563,973 and 3,526,683. While that
      fabrication process has obvious advantages there are also several serious
      disadvantages. Both chemical and radiation crosslinking are expensive
      operations and increase the cost of the final product. Further,
      crosslinking is irreversible, i.e., once polyethylene is crosslinked, it
      cannot be returned to the uncrosslinked state. Therefore, it is impossible
      to reuse scrap. Since the process is limited to only polyethylene and
      certain of its copolymers, strict limitations are placed on applicability
      of the final product. For example, certain critical temperatures must not
      be exceeded, etc. By contrast, the process of the instant invention
      employing the thermoplastic compositions more fully described hereafter
      achieves all the advantages of the above-described prior art process and
      avoids all of the disadvantages attendant thereto.
PAR  French Patent No. 1,576,598 broadly discloses multiphase polymers which may
      be random, block or graft copolymers wherein either both monomers would
      produce a resinous homopolymer or one would produce a resinous and one an
      elastomeric homopolymer. For purposes of the instant invention, it has
      been discovered that random copolymers and copolymers wherein any monomer
      unit would produce an elastomeric polymer are not applicable. In fact, the
      only polymers applicable to the instant invention are either thermoplastic
      ionomers as more fully described hereafter, or graft or block copolymers
      falling within the following general structural formulae:
PAL  Block
EQU  A--B--A or (A--B).sub.n
PAL  Graft
      ##EQU2##
      wherein n is greater than 1 (i.e., two block systems are not suitable) and
      wherein polymer blocks A and B are each thermoplastic resins having
      different softening points (i.e., differing from one another by at least
      10.degree., preferably by a least 20.degree., and most preferably by
      50.degree.-100.degree.C.), wherein B is the lower softening block and is
      present in from about 50 to as high as about 97 wt. % of total polymer,
      more preferably about 50 to about 90 wt. %. In order that distinct phases
      be present in the copolymer, each polymer block should contain at least
      about 10  and preferably 50 or more monomeric units. It is also noted that
      B must be an interior block in a block copolymer or form the backbone in a
      graft copolymer in order to function in the instant invention. Further,
      the softening point of each block must be substantially above room
      temperature (25.degree.C.), i.e., at least about 10.degree.C. above.
      Therefore, the lower softening block should have a softening point of at
      least 35.degree.C., and should, for practical purposes, not exceed about
      260.degree.C., although of course, higher softening points are also
      applicable. Preferably, the softening point of the lower softening block
      should be at least about 50.degree.C. to about 150.degree.C.
PAR  By softening point is meant either the crystalline melting point or the
      glass transition temperature of the polymer block.
PAR  Methods of preparing block and graft copolymers are well known and need not
      be recited here. In order to determine suitable monomeric constituents for
      a block or graft copolymer as described above, one need only determine the
      softening points of the homopolymers produced from these monomers and
      having the appropriate number of monomeric units. A blend or mixture of
      these homopolymers must also exist in separate distinct phases at ambient
      temperatures in order to insure that a copolymer prepared from selected
      monomeric constituents would be multiphase and useful in the instant
      invention.
PAR  Although these polymer blocks can best be prepared by direct polymerization
      techniques, these various blocks can be suitably modified by
      plasticization to change the softening points of the respective blocks as
      long as the resulting product is a multiphase product, each phase of which
      obeys the softening point criteria described above.
PAR  Representative examples of copolymers which are suitable for use in the
      instant invention provided they fall within the above-defined general
      formulae are: poly t-butylstyrene-polystyrene,
      polychlorostyrene-polystyrene, polycaprolactam-polystyrene,
      polycaprolactone-polystyrene, polyamides, i.e. (hexamethylene
      diamine-adipic acid copolymers or Nylon 6,6)-polystyrene,
      polypropylene-polyethylene, polybutene-1-polypropylene, polyethylene-poly
      4-methylpentene-1, polymethacrylonitrile-polystyrene,
      polymethacrylonitrile-polyethylene oxide,
      polyethyleneterephthalate-polyphenylhydroxyether of bisphenol A,
      polyphenylhydroxyether of bisphenol A-polysulfone (from bisphenol A and
      dichloro diphenyl sulfone).
PAR  Preferable copolymers include: poly t-butylstyrene-polystyrene of the ABA
      type, crystalline polypropylene-polyethylene copolymers of the ABA type,
      etc.
PAR  The preparative techniques for each of these polymer blocks is well
      described (see Preparative Techniques of Polymer Chemistry; Sorenson and
      Campbell, Interscience Publishers, 1968) and the means of combining these
      various blocks with each other is now well known in the polymer art.
PAR  As mentioned previously, specific ionomeric polymers or ionomers are also
      applicable in the instant invention. These useful ionomers may be
      structurally defined as polymers having a backbone composed of a
      thermoplastic resin and having side chains or groups pendent to that
      backbone which groups are sufficiently polar so as to have the capability
      of forming ionic domains (i.e., the capability to associate with one
      another so as to form "physical crosslinks"). For convenience these
      polymers are referred to as thermoplastic ionomers.
PAR  Ionomeric polymers such as those employed in the instant invention are
      normally prepared by attaching acid groups to the polymer and then
      neutralizing the acid moiety with basic metal compounds (e.g., metal
      hydroxides, metal salts, etc.) or basic nitrogen compounds (i.e., ammonia,
      amines, etc.) to ionically link the polymers. Preferably, the metal ions
      employed are alkali metals or alkaline earth metals. The acid group may be
      introduced into the polymer chain in a variety of ways. One way is by
      introducing acid groups on the predominant polymer, e.g., sulfonating
      polystyrene. Another way is by copolymerising an alpha, beta-ethylenically
      unsaturated acid monomer with the predominant monomer, or by
      graft-polymerizing an alpha, beta-ethylenically unsaturated acid moiety on
      the predominant polymer.
PAR  Typical examples of ionomers employing salts of carboxylic acid type
      pendent groups are disclosed in British Patent No. 1,011,981; U.S. Pat.
      Nos. 3,264,272; 3,322,734; 3,338,734; 3,355,319; 3,522,222; and 3,522,223.
      Typical examples of ionomers employing phosphonate-type pendent groups
      include those disclosed in U.S. Pat. Nos. 3,094,144; 2,764,563, 3,097,194;
      and 3,255,130.
PAR  Typical examples of ionomers employing sulfonate-type pendent groups
      include those disclosed in U.S. Pat. Nos. 2,714,605; 3,072,618; and
      3,205,285. The techniques disclosed in these references may be employed to
      prepare the thermoplastic ionomers of the instant invention. The
      thermoplastic resin used as the backbone must meet the same requirements
      as to softening point as the lower softening block in the previously
      described block and graft copolymers and any thermoplastic resin which may
      be suitably modified to meet these criteria is applicable. The polar
      groups pendent to the thermoplastic backbone should be present in from at
      least about 0.2 to about as high as 15 mole % (i.e., 0.2-15 moles per mole
      of monomer repeating unit), preferably 0.5 to 10 mole % of the total
      polymer.
PAR  Typical representative examples of thermoplastic ionomers useful in the
      instant invention include sulfonated polystyrene, sulfonated poly-tertiary
      butylstyrene, sulfonated polymethylstyrene, sulfonated polyethylene,
      sulfonated polypropylene, sulfonated polybutene-1, sulfonated
      styrene/methyl methacrylate copolymers, sulfonated styrene/acrylonitrile
      copolymers, methacrylonitrile copolymers, sulfonated polyformaldehyde and
      copolymers, sulfonated polyvinylchloride, sulfonated block copolymers of
      polyethylene oxide and polystyrene, acrylic acid copolymers with styrene,
      acrylic acid copolymers with methyl methacrylate. Preferably, the
      thermoplastic ionomer will be sulfonated polystyrene or sulfonated
      polyethylene and its copolymers. It should be apparent that in addition to
      direct sulfonation of these polymers or copolymers, a very convenient
      technique for incorporating a proper amount of sulfonate salt in these
      polymers is simply to copolymerize a suitable diene or difunctional
      molecule at a modest level (0.5 to 10%) with the desired monomer. For
      example, the copolymerization of 2 to 5 weight percent of ethylidene
      norbornene with ethylene using coordination catalysts provides a
      polyethylene with a small amount of unsaturation, yet the high
      crystallinity of polyethylene is still maintained. Direct sulfonation of
      the residual unsaturation provides a "sulfonated polyethylene" having
      excellent properties for the fabrication process of this invention. The
      same approach can be taken with nearly all of the polymers suggested
      above.
PAR  When the graft or block copolymers heretofore described are employed in the
      instant invention the process for fabricating the final article comprises
      the following steps. The multiphase copolymer is first heated to a
      temperature above the softening point of both polymer blocks. Preferably,
      this temperature should be at least 10.degree.C., and most preferably at
      least about 20.degree.C., above that of the softening point of the higher
      softening block. At this temperature the copolymer is in a molten state
      and may be readily molded to any desired form. Thus, for example, the
      composition may be foamed, pressed into a sheet, blow molded to form a
      container such as a bottle, etc. After the article has been formed in the
      desired shape it is then cooled to a temperature between that of the
      softening point of the A and B blocks and re-formed to a second desired
      shape. For example, if the first desired shape is a rigid foam the second
      desired shape may be a flat sheet. After the article is reformed in the
      second desired shape it is cooled to a temperature below both softening
      points while retaining this new desired shape. At any later time the
      re-formed article may be reheated to a temperature between the softening
      points of the A and B blocks and at this temperature will regain the first
      desired shape. For example, a sheet may be reheated to this temperature
      and expand to a rigid foam which was the first desired shape.
PAR  Another example of the applicability of this process is as follows. The
      thermoplastic composition is heated to a temperature above both softening
      points formed as a plastic sheet and cooled immediately to a temperature
      below both softening points. The sheet thus formed may be stored
      indefinitely and will retain its shape. At a later time the sheet may be
      reheated to a temperature between that of the softening points of the A
      and B blocks, stamped at that temperature with any desired design, and
      then cooled again to a temperature below both softening points thereby
      attaining a stamped plastic sheet.
PAR  One area of considerable potential for this invention relates to the use of
      reinforced plastics, preferably in a stamping operation. The use of
      reinforced plastic sheet is well-known. Glass reinforced polypropylene,
      containing 30 to 40% glass has been used in a stamping operation by
      heating the composite to a temperature above the melting point of
      polypropylenes, and then vacuum forming, molding, or stamping the
      composite into the required shape, cooling to retain dimensional stability
      and ejecting the part. Such a process is considered to be usable in
      conventional metal stamping operations. There are, however, disadvantages
      associated with such composites, i.e., if heated reinforced sheets are
      stacked at high temperature they can flow and adhere to each other. Also,
      the fabrication process must be conducted at a rather well-defined
      temperature; if too cool fabrication will not proceed; if too hot the
      sheet will lose its limited dimensional stability. With the compositions
      described in this application, the desirable handling characteristics are
      retained over a broader temperature range, and dimensional stability is
      much less temperature sensitive. Furthermore, it is within the scope of
      the process of this invention that a glass reinforced sheet be extruded by
      conventional thermoplastic means above the softening points of both phases
      (or in the presence of suitable plasticizers if ionic phases are present)
      and cooled to an intermedite temperature above the softening temperature
      of the lower softening phase, and simply rolled into a suitable shape for
      shipping (as is now done with metal sheet) followed by cooling to ambient
      temperature. Such a roll will be convenient to ship or store; to use,
      merely reheating the roll to a temperature above the lower softening phase
      will provide a "rubbery" sheet which can be unrolled and stamped or
      fabricated at will, followed by a cooling step to provide the final
      fabricated part.
PAR  Alternatively, this process lends itself nicely to the preparation of
      shrink type films often used in packaging applications. Thus, the
      preparation of film by means well-known in the art through extrusion
      techniques is easily accomplished above the softening points of both
      phases. Subsequently in the same operation, or at any later time, this
      film can be cooled (or heated) to a temperature intermediate between the
      softening points of the two phases, which then permits conventional mono
      or biaxial orientation process to be conducted. This oriented film is then
      cooled in the oriented state. To employ this oriented film in a packaging
      application, all that needs be done is to wrap the article to be packaged
      within the film, bond the edges in a suitable manner and then expose the
      film to a temperature intermediate between the two softening points. While
      biaxial oriented film of certain plastics such as polystyrene and
      polypropylene are well-known in commerce, the advantages of the two-phase
      systems of this invention, when conducted in the manner described are:
      much higher strength of the film at the intermediate temperature
      permitting an article to be held for very extended times at such elevated
      temperatures without loss of film integrity, a much descreased
      sensitiviity of the polymer to "melt" temperature when compared to
      single-phase polymers, and more general ease of application of the process
      to many polymer systems with a wide variety of physical properties.
      Numerous other uses for the instant process will be immediately apparent
      to one skilled in the art.
PAR  When thermoplastic ionomers are employed in the practice of the process of
      the instant invention, certain variations in the processing steps are
      required. This is necessary since most ionomers have quite high ultimate
      softening points (i.e., the point above which ionic domains dissociate)
      and, for some, the softening point is above the thermal decomposition
      point of the material. Therefore, preferential plasticizers, i.e.,
      plasticizers which primarily relax ionic bonds and therefore disrupt the
      ionic domains of the ionomer, are employed. In order to be useful in the
      instant invention, these preferential plasticizers must be dispersible in
      the ionomer and must be liquid during processing of the ionomer. They must
      also possess at least one functional constituent which exhibits a bond
      moment whose absolute value is at least 0.6 and preferably at least 0.7
      debyes. This requirement is necessary in order that there be sufficient
      polarity within the plasticizer molecule to attack the ionomeric
      cross-linkages. Typical examples of functional constituents which exhibit
      acceptable bond moments are listed in Table I below. This table is, of
      course, not meant to be exhaustivve, and any functional constituents not
      shown below which nonetheless have bond moments of at least 0.6 debyes are
      also useful.
TBL                TABLE I                                                     
     ______________________________________                                    
     Unit        Bond Moment* (Debyes) (Absolute Value)                        
     ______________________________________                                    
     C=O   (1)                    2.4                                          
     C--O  (1)                    0.86                                         
     O--H  (1)                    1.53                                         
     N--H  (1)                    1.31                                         
     C--Cl (1)                    1.56                                         
     C--F  (1)                    1.51                                         
     C--S  (2)                    1.0                                          
     C=S   (2)                    2.7                                          
     C--Br (1)                    1.48                                         
     SH    (1)                    0.68                                         
     NO    (3)                    4.4                                          
     C=N   (1)                    3.6                                          
     8.fwdarw.O                                                                
           (4)              .about.                                            
                                  2.9                                          
     P--Cl (1)                    0.81                                         
     S--Cl (2)                    0.8                                          
     Cl--O (1)                    0.7                                          
     P O   (4)                    2.8                                          
     P--S  (4)                    3.2                                          
     B--O  (4)                    3.7                                          
     S--B  (4)                    3.9                                          
     ______________________________________                                    
     (1)  C. P. Smythe, J. Phys. Chem., 41, 209 (1937). -(2) C. P. Smythe, J.  
          Am. Chem. Soc., 60, 183 (1938). -(3) E. P. Linton, J. Am. Chem.      
          Soc., 62, 1945 (1940). -(4) G. N. Phillips et al, J. Chem. Soc., 146 
      *C--H bond moment reference point is 0.3.                                
PAR  Within the above description of preferential plasticizers there are two
      useful types. These will be designated as volatile and nonvolatile
      plasticizers. The major practical difference between the two is that the
      nonvolatile plasticizers remain with the final product while the volatile
      plasticizers are evolved from the ionomer once they have performed their
      function.
PAR  The nonvolatile plasticizers have, in addition to the above-mentioned
      properties, a melt point or reversible decomposition point which is
      substantially above the softening point of the thermoplastic backbone
      (i.e., at least about 10.degree.,  and preferably at least about
      20.degree.C., above the softening point of the backbone). This melt point
      should also be in the vicinity of the preselected processing temperature,
      i.e., at or below the preselected processing temperature.
PAR  The nonvolatile preferential plasticizers useful in the instant invention
      plasticize ionomers only when in the fluid state; they act essentially as
      fillers at temperatures below their melting points. However, in order for
      these plasticizers to be useful, they must be readily dispersible in their
      solid state in the ionomer of interest. It is often helpful, therefore, if
      the plasticizer contains one or more hydrocarbon moieties. However, it
      must not be so readily dispersible that it becomes completely molecularly
      soluble in the ionomer. If this were the case the plasticizer would not
      retain an independent melt point and would act as a plasticizer at all
      temperatures.
PAR  Typical examples of nonvolatile preferential plasticizers include polar
      materials containing oxygen, phosphorus or nitrogen atoms. Examples of
      these plasticizers include compounds such as calcium stearate, zinc
      laurate, aluminum ricinoleate, lauric acid, benzyl alcohol, resorcinol,
      distearate ketone, diglycol distearate, dimethylphthalate, nonyl phenol,
      nonyl phenoxide, triphenylphosphate, tris(3,5-dimethylphenyl) phosphate,
      diphenylguanidine, piperazine, hydrated salts such as LiSO.sub.4 eH.sub.2
      O, etc., alcoholated salts such as CaCl.sub.2 e(CH.sub.3 OH).sub.4, etc.
PAR  The second type of preferential plasticizer is the volatile plasticizer.
      This type of agent relaxes the ionic bonds in the system across the range
      of temperatures from its melting point to its actual boiling point and
      allows fabrication of the ionomer to take place across the same
      temperature range. Except for casting from solutions, the boiling point of
      the volatile plasticizer under the processing conditions employed should
      be substantially above that of the softening point of the thermoplastic
      backbone (i.e., at least about 10.degree., and preferably about
      20.degree., above said softening point). Of course, more volatile
      preferential plasticizers can be employed when solvent casting processes
      are used.
PAR  Typical examples of volatile preferential plasticizers include water and
      ethers such as tetrahydrofuran; p-dioxane; diethyl ether; butylphenyl
      ether; alcohols such as methyl alcohol, isopropyl alcohol, and n-butyl
      alcohol, etc.; phosphorus containing compounds such as tributylphosphate,
      triisopropylphosphate, etc.; materials containing halogens such as
      chloroform, bromoform, 1,1,1-trichloroethane, 1-chlorooctane, etc.;
      materials containing nitrogen such as ethylamine, aniline, dihexylamine,
      etc.; materials containing sulfur such as 1-butanethio, etc.
PAR  Having set forth the types of plasticizers which may be employed in the
      process of the instant invention, practice of the process of the instant
      invention will be discussed employing each type of plasticizer with the
      thermoplastic ionomer. Volatile plasticizers are employed as follows. A
      sufficient amount of volatile plasticizer is added to the ionomer, i.e.,
      enough to disrupt the ionic domains of said ionomer. Of course this amount
      will be dependent upon the mole % of polar groups pendent to the
      thermoplastic backbone and forming ionomeric linkages. However, the amount
      will normally be in the range of from about 0.1 to about 50, preferably
      about 0.2 to 20, moles plasticizer per mole of ionic groups. The ionomer
      containing plasticizer is then heated to a temperature between the
      softening point of the thermoplastic backbone and the boiling point of the
      volatile plasticizer. At this temperature the polymer will be in a molten
      state and may be readily formed in a first desired shape. Thereafter the
      plasticizer is evolved either by heating the molded article above the
      boiling point of the plasticizer or by decreasing pressure on the system
      so as to evolve the plasticizer or by any convenient combination of these
      techniques. Once the plasticizer has evolved the ionic domains will
      reform. At this point the formed article may be either cooled below the
      softening point of the thermoplastic backbone and stored indefinitely or
      immediately reformed at a temperature above the softening point of the
      thermoplastic backbone to a second desired shape and then cooled below
      that softening point while retaining the second desired shape. At any time
      thereafter the first desired shape may be regained by simply heating the
      product to a temperature above the softening point of the thermoplastic
      backbone.
PAR  When employing nonvolatile plasticizers, the instant process may be carried
      out as follows. Sufficient nonvolatile plasticizer having a melting point
      substantially above the softening point of the thermoplastic backbone is
      added to the ionomer. By "sufficient" is meant an adequate amount of
      plasticizer to disrupt the ionic domains of the ionomer. Again, this
      amount is directly related to the mole % of polar groups pendent to the
      thermoplastic backbone and forming the ionomeric cross-linkages.
      Generally, the amount of nonvolatile plasticizer employed is in the range
      of about 0.1 to about 50, preferably 0.2 to 20, moles per mole of ionic
      group. Thereafter, the ionomer is heated to a temperature above the
      melting point of the plasticizer, preferably at least 10.degree.C., and
      most preferably at least 20.degree.C., above this melting point. At this
      temperature the plasticized ionomer is in a molten state and may be
      readily formed in a first desired shape. Thereafter, the formed article is
      cooled to a temperature between that of the softening point of the
      thermoplastic backbone and the melting point of the nonvolatile
      plasticizer. At this temperature the nonvolatile plasticizer solidifies
      and acts essentially as a filler. It no longer disrupts the ionic domains.
      The article may then be reformed to a second desired shape and thereafter
      cooled to a temperature below the softening point of the thermoplastic
      backbone while retaining the second desired shape. Alternatively, the
      thermoplastic ionomer after having been formed in the first desired shape
      may be cooled below both the melting point of the plasticizer and the
      softening point of the backbone and stored in that manner indefinitely.
      Thereafter, the article may be reheated to a temperature between the
      softening point of the backbone and the melting point of the plasticizer
      and the process continued as shown above.
PAR  As in each of the other variations on this process, this article formed to
      a second desired shape may at any time be heated to a temperature between
      the softening point of the thermoplastic backbone and the melting point of
      the plasticizer in order to regain the first desired shape.
DETD
PAR  The following examples are presented to further illustrate the process of
      the instant invention.
PAC  EXAMPLE 1
PAC  Formation of TBS-S-TBS Block Polymer -- ABA Type
PAR  A sample of a t-butylstyrene-styrene-t-butylstyrene (TBS-S-TBS) block
      copolymer of the ABA type was prepared as follows. A one liter flask was
      oven dried, attached to a vacuum line and evacuated to 0.2 mm mercury
      pressure for 20 min. at about 150.degree.C. to effectively remove trace
      amounts of moisture. The flask was cooled and 500 ml of pure dry benzene
      was added. To the benzene was added 14.89 ml of 0.1344N n-butyllithium in
      heptane. The reaction temperature was maintained at about 50.degree.C.,
      and 35.5 grams of purified dry t-butylstyrene was added to the solution.
      The colorless solution quickly turned bright orange and the temperature
      rose 5 to 10.degree.C. due to the heat of polymerization. The reaction was
      permitted to stir for 30 min. at 65.degree.C. The reaction vessel was then
      cooled to about 50.degree.C. and 163.1 gms of styrene was added and
      stirring was effected for 45 min. Some cooling of the reaction flask was
      necessary to prevent overheating of the reaction. Then 35.4 grams of
      t-butylstyrene was added at 60.degree.C. and the entire contents were
      stirred at 60.degree. to 70.degree.C. for 40 min. The contents of the
      flask were then precipitated in methanol (a large excess of several
      liters), ground up in a high speed blender, filtered, and dried in a
      vacuum oven at 80.degree.C. overnight. The final yield was 234 grams,
      which is about quantitative. The number average molecular weight of the
      final polymer chain is estimated to be 116,700. The first t-butylstyrene
      block is estimated to be 17,700 in number average molecular weight, the
      center styrene block is estimated to be 81,400 in number average molecular
      weight, and the third block of t-butylstyrene is estimated to be 17,600 in
      number average molecular weight. The softening points in the blocks of
      these polymers are somewhat dependent on the method of measuring. Using a
      duPont Thermo Mechanical Analyzer (TMA) 2 softening points were observed
      with this polymer, one near 100.degree.C. for the polystyrene block, and
      one near 140.degree.C. for the poly-t-butylstyrene block. (Heating rate of
      10.degree.C/min. with 5 gram weight on probe.) The softening point of high
      molecular weight polystyrene homopolymer is estimated to be 100.degree. to
      110.degree.C., while for poly-t-butylstyrene homopolymer the softening
      point is estimated at 140.degree. to 150.degree.C. Gel permeation
      chromatography demonstrated the essential absence of either homopolymer or
      diblock polymers.
PAC  Formation of TBS-S Block Polymer
PAR  Using the procedure described above a two block copolymer containing
      approximately 70% styrene was prepared by charging in 1000 ml benzene
      containing 11.09 ml of 0.1108 N n-butyllithium in heptane, 142.7 gms pure,
      dry styrene, then after about 30 min. 59.9 gms of pure dry t-butylstyrene
      was added. The polymerization was conducted for about 1 additional hour
      and worked up as above. The number average molecular weight of the polymer
      is estimated to be 164,500, with the styrene block estimated to be 116,200
      and the t-butylstyrene block estimated at 48,300. The intrinsic viscosity
      in toluene at 25.degree.C. is 0.61. Gel permeation chromatography
      measurements demonstrated the essential absence of homopolymer
      contamination.
PAC  Formation of S-TBS-S Block Polymer -- BAB Type
PAR  Using the same procedure outlined above 11.14 ml of 0.1108 N -
      n-butyllithium was added to 1000 ml benzene followed by 69.7 gms styrene
      which was polymerized, followed by 60.1 gms t-butylstyrene which was
      polymerized, followed by 70.1 gms styrene which was polymerized. The
      reaction mixture was worked up as above. The various block molecular
      weights were estimated at 55,700, 48,100, and 56,500 and the number
      average molecular weight of the product was estimated at 160,300. The
      intrinsic viscosity in toluene at 25.degree.C. was 0.68. The final styrene
      composition was about 70% distributed equally at the ends of the polymer
      molecule, and 30% t-butylstyrene as the center block. Gel permeation
      chromatography demonstrated the essential absence of either homopolymer or
      diblock copolymer.
PAC  EXAMPLE 2
PAR  Comparative tests were run comparing the three block TBS-S-TBS copolymer
      (ABA type) with the two block TBS-S copolymer (AB type), and the three
      block S-TBS-S copolymer (BAB type) of Example 1 and with polystyrene
      homopolymer. The results of these tests demonstrate the necessity for
      employing multiphase copolymers having the structural arrangements set out
      heretofore and the inapplicability of a two block multiphase system in the
      process of the instant invention.
PAR  The four polymers were investigated on an Instron rheometer at
      120.degree.C. to determine tensile strength at yield, tensile strength at
      break, and elongation; which are indications of "melt" strength of the
      system.
PAR  The polystyrene sample behaved as a very viscous melt; i.e., exhibited no
      yield strength, no breaking point and just continuous stretching of the
      sample.
PAR  The results for the respective block copolymers were as follows:
TBL  3-Block - ABA Type                                                        
     Yield Point       Break Point                                             
     Strength    Elongation                                                    
                           Strength  Elongation                                
     (psi)       (%)       (psi)     (%)                                       
     ______________________________________                                    
     303         13        381       437                                       
     237         14        427       405                                       
     221         --        303       453                                       
     Average                                                                   
     253         13.5      371       432                                       
     2-Block                                                                   
     Yield Point       Break Point                                             
     Strength    Elongation                                                    
                           Strength  Elongation                                
     (psi)       (%)       (psi)     (%)                                       
     ______________________________________                                    
     338         16        161       320                                       
     315         11        115       330                                       
     Average                                                                   
     326         13.5      138       330                                       
     3-Block - BAB Type                                                        
     Yield Point       Break Point                                             
     Strength    Elongation                                                    
                           Strength  Elongation                                
     (psi)       (%)       (psi)     (%)                                       
     ______________________________________                                    
     1356        2.7       689       261                                       
     1448        2.7       643       195                                       
     Average                                                                   
     1402        2.7       666       228                                       
     ______________________________________                                    
PAR  The significance of these results is as follows. The polystyrene
      homopolymer possessed essentially no significant strength above its
      melting point. Aside from polymer chain entanglement there were no forces
      which resisted the flow of polymer chains past each other; therefore,
      there was no restoring force active to provide a memory of the original
      shape. A quantitative measure of the restoring forces within a polymer can
      be provided by stress-strain relationships such as those obtained on an
      Instron testing machine. (Some representative examples of stress-strain
      curves for a number of different polymers are found in Testing of
      Polymers, Vol. I, Ed. by J. V. Schmitz, Interscience Publishers, p.
      91,92.) The tensile stress of a polymer measured under these conditions is
      reflective of the restoring forces within a polymer sample. If the sample
      has insufficient restoring forces, then the stress will diminish with
      increasing strain. By contrast, in order to provide a polymer with a
      memory at a given temperature, the stress (or tensile strength) at high
      strain should be higher than at low strain. This is the desirable
      characteristic for a material to restore its initial shape on distortion.
PAR  It is also apparent that if a polymer is subjected to deformation beyond
      the stress which it provides at break, then the chemical or physical bonds
      holding it together will rupture and, in this event, a product will lose
      its capability to recover.
PAR  With this background, the significance of the stress-strain results for the
      3 block TBS-S-TBS block copolymer may be shown. At low strain (or
      elongation) the polymer possesses a yield point of moderate stress, but on
      continued strain the strength (stress) continues to rise until the sample
      breaks. This increase in stress with increasing strain is a clear
      manifestation of physical association acting as crosslinks to restore the
      initial shape.
PAR  In the case of the 2-block system, after the moderate stress at low strain
      (elongation of 10-15%) the tensile strength (stress) then diminished
      substantially until the sample broke. This indicates that the styrene
      chains are essentially tied down in a rigid TBS domain (at 120.degree.C.)
      only at one end and this permits the polymer chains to flow by each other
      much more readily than in the 3 block system. Such flow diminishes the
      restoring forces and makes such 2 block systems unsatisfactory in this
      invention.
PAR  These data demonstrate that a 3 block system is much preferred over a 2
      block copolymer. While the 2 block system is considerably superior to the
      single phase homopolymer, we require the maximum restoring forces possible
      in order to preserve the integrity of domains at high temperatures and to
      promote the reversibility of the fabrication process.
PAR  The results for the stress-strain behavior of a 3 block system of the BAB
      type (S-TBS-S) bear out the statements that the center block must be the
      lower softening one to achieve the memory characteristics and fabrication
      behavior required for the process of the instant invention. Again it can
      be seen that the tensile strength or stress of this sample (with a high
      softening center block) at yield is higher than at the break point. This
      is typical of a plastic (and nonrecoverable) stress-strain curve. In all
      cases where this behavior is obtained there will be an irreversible
      deformation and the memory characteristics of the deformed object will be
      lost.
PAC  EXAMPLE 3
PAC  Reversible Compaction of Rigid Foam
PAR  5.0 gms of the block copolymer prepared in Example 1 was combined in
      powdered form with 0.5 gm NaHCO.sub.3 and placed in a plunger type mold
      with a 1/16 inch orifice drilled in the side to permit extrusion of a
      molten plastic rod when pressure is applied to the hot mold. The entire
      mold was heated to 380.degree.F. (193.degree.C.) and extruded under 1 ton
      pressure in a Carver Laboratory Press. The resulting extruded rod foamed
      as it left the orifice and extruded to about 1/10 inch in diameter. It was
      white, and microscopic examination showed it to be truly foamed. Density
      measurements showed a density of 0.5 gms/cc.
PAR  A small piece of this foamed rod was measured to yield the following
      dimensions:
PA1  length: 1.0 inches
PA1  diameter: 0.095 inches
PAL  This small cylinder was placed in a 130.degree.C. forced air oven for 10
      minutes, then removed and placed between 2 preheated flat platens at about
      135.degree. to 140.degree.C (275.degree. to 285.degree.F.) (a temperature
      between the softening points of the blocks) for 10 minutes at 1000 psi
      (indicated pressure) on a laboratory press. Two thin sheets of Mylar film
      (biaxially oriented polyethylene-terephthalate) were used to prevent metal
      contact with the sample. The sample was then cooled in the compressed
      state. The final dimensions of the molded and cooled piece were:
PA1  length: 1.06 inches
PA1  width: 0.20 inches
PA1  thickness: 0.020 inches
PAL  This was a clear thin plaque except for some particles of inorganic agent
      still observable. The strength appeared good with no obvious bubbles.
PAR  This same sample was placed in an open mold large enough to permit it to
      reexpand and the mold was placed back between the platens at 135.degree.
      to 140.degree.C. for 30 minutes with no pressure. At the end of that time
      it was observed that the pressed plaque nearly regained the original
      dimensions:
PA1  length: 0.835 inches
PA1  diameter: 0.094 inches in 1 direction
PA1  diameter: 0.066 inches in another direction
PAR  This Example demonstrates molding of a multiphase block copolymer according
      to the process of the instant invention. It also demonstrates that the
      first attained shape (i.e. the rigid foam) may be readily recreated by
      simple heating.
PAC  EXAMPLE 4
PAC  Fabrication of Elastic Plastic Springs
PAR  This Example was designed to demonstrate the advantages of fabricating a
      multiphase block copolymer in an intricate form such as a coiled spring. A
      sample of (TBS-S-TBS) block copolymer of Example 1 was extruded and
      oriented at a temperature near 200.degree.C. (this sample was not foamed).
      The monofilament was then cooled to room temperature. An aluminum rod
      one-half inch in diameter was then wound with this length of plastic at
      room temperature and the ends of the plastic rod were securely attached
      with copper wire. This entire device was placed in a forced air oven at
      135.degree. to 140.degree.C. for 11/2 hrs. and then cooled. This
      temperature was selected as being intermediate between the softening
      points of the two phases. When removed from the aluminum rod a coiled
      plastic spring was obtained which retained the exact contours of the rod
      and appeared to have excellent elastic properties.
PAR  One attempt was made to do the same with a single phase polymer,
      specifically polystyrene. When this polymer winding was placed in the
      oven, the plastic softened, broke in several places and also melted
      together. This Example demonstrated that ABA type glass-glass block
      copolymers, crystal-glass systems, rigid ionically associating polymer,
      and other systems obeying the criteria previously stated can be fabricated
      into useful shapes by manipulation at T.sub.M (i.e., a temperature between
      the softening points of the blocks or between the softening point of the
      thermoplastic backbone and the point of disruption of the ionic domains).
PAC  EXAMPLE 5
PAR  A sample of (TBS-S-TBS) block copolymer of Example 1 is extruded and
      oriented at a temperature near 200.degree.C. The monofilament of about 2
      mm in diameter is cooled to 135.degree.C. in a suitably heated environment
      (oven) and in this rubbery state it is wrapped around an aluminum rod
      one-half inch in diameter. This temperature is intermediate between the
      softening points of the two phases. When sufficient filament is coiled to
      provide the proper length spring (about 10 cm) the filament is cut and the
      coiled filament and rod cooled below 100.degree.C. The elastic spring is
      now removed from the rod and found to have excellent elastomeric
      properties and to retain its configuration. This process can be conducted
      in a continuous manner if desired.
PAC  EXAMPLE 6
PAR  A sample of polystyrene was sulfonated and neutralized to yield the sodium
      salt with the following procedure:
PAR  Sulfonation of Polystyrene by 1:1 (EtO).sub.3 Po - SO.sub.3 Complex
PAL  Sulfonation Complex
PA1  10.4 ml of (EtO).sub.3 PO and 2.55 ml of SO.sub.3
PA1  contained in 87 ml of CH.sub.2 Cl.sub.2.
PAL  Polymer Employed:
PA1  50 gms of polystyrene homopolymer of
PA1  Intrinsic Viscosity 0.8.
PAR  To a stirred solution of the polymer in 500 ml of CH.sub.2 Cl.sub.2 was
      added a solution of the complex. The color of the mixture turned yellow,
      it was allowed to stand for 3 hrs. heated at reflux for 2 hrs. The polymer
      was precipitated by steam stripping, finely divided in a high speed
      blender in water, filtered, washed well with additional water, methanol,
      and air dried. A portion after thorough drying was submitted for sulfur
      analysis. Found: S:0.70% (based on this analysis, about 1.80% of the
      styrene units have reacted to be substituted by sulfonic acid groups).
PAR  The remainder of the sulfonated polymer was suspended in 600 ml of benzene
      and 5 ml of MeOH. The resulting white emulsion was neutralized with 8.1 ml
      of 1.25N NaOH solution. It was precipitated again by steam stripping. The
      resulting solid polymer was worked up as above; the yield was 42 g. A
      sample of this sulfonated plastic was foamed into a rigid, tough
      microcellular foam with an estimated density of 0.4 gms/cc.
PAR  A portion of this foam was separated from the sample and the thickness of
      this sample measured to be 0.168 inches thick. This sample was placed
      between the platens of an electric press controlled at 285.degree.F., and
      subjected to an indicated pressure of 1000 psi for 10 minutes. The sample
      was then cooled under pressure. The thickness after cooling was found to
      be 0.025 inches or about 15% of the original thickness. The sample
      appeared clear, rigid and reasonably tough.
PAR  The compacted sample was then placed back between the platens at
      285.degree.F. with sufficient space to expand without pressure for
      one-half hour. The foamed appearance of the original material was
      reachieved. After cooling the thickness was found to be 0.138 inch, nearly
      equal to that of the starting material. In every respect the appearance of
      the final foamed ionic plastic appeared comparable to that of the initial
      foamed product.
PAC  EXAMPLE 7
PAR  The three copolymers described in Example 1 (TBS-S-TBS), (S-TBS), and
      (S-TBS-S) all containing about 70% styrene were foamed to create cellular
      foams with estimated foam densities of about 0.3 gms/cc. Sections of each
      of these foamed materials were removed and the thickness measured with an
      accurate thickness gauge. Then the foams were simultaneously subjected to
      temperatures of about 275.degree. to 280.degree.F., between the platens of
      an electric press with thin sheets of Mylar film (a biaxially oriented
      polyethylene terephthalate) to prevent sticking and after 10 minutes to
      permit thermal equilibrium, the samples were exposed to 2000 psi indicated
      platen pressure. This high pressure was believed to be greater than the
      tensile strength of the polymers at these temperatures; however, even
      under these conditions there should be sufficient restoring forces in the
      samples to provide a certain proportion of recovery. The percent recovery
      of these 3 samples should provide a quantitative measure of the restoring
      forces -- remaining after compaction.
PAR  The samples were cooled under pressure, and measured, then placed back
      between the platens at 285.degree. to 295.degree.F. without pressure.
      After 30 minutes of exposure to this higher temperature the thickness of
      the samples was reexamined. The findings are presented below.
TBL  ______________________________________                                    
             Initial  Thickness After                                          
                                    Final  (a) %                               
     Sample  Thickness                                                         
                      Compaction    Thickness                                  
                                           Recovery                            
     ______________________________________                                    
     TBS-S-TBS                                                                 
             0.136    0.030         0.070  52                                  
     S-TBS   0.239    0.036         0.045  19                                  
     S-TBS-S 0.165    0.020         0.035  21                                  
     ______________________________________                                    
PAR  a. % Recovery is expressed as (Final Thickness/Initial Thickness .times.
      100)
PAR  This experiment demonstrates that even under conditions where partial
      destruction of the bonds would be expected (due to chemical bond breakage
      or disruption of the physical association) there is a very substantial
      recovery in the TBS-S-TBS case. Clearly, in the case of the 2 block system
      recovery is substantially less; similarly, the 3 block system with the
      higher softening center block recovers only a minor portion of the initial
      shape.
PAR  Of course, if one is to achieve nearly quantitative recovery, the forces on
      the polymer sample should be such that at a given temperature they do not
      exceed the tensile strength of the particular sample at break. While this
      is often difficult to determine from theory, a few experiments should
      quickly define the proper temperature and pressure conditions for optimal
      recovery.
PAC  EXAMPLE 8
PAC  Preparation and Fabrication of a Seven Block t-Butylstyrene-Styrene
      Copolymer
PAL  10TBS-20S-10TBS-20S-10TBS-20S-10TBS
PAR  Under anaerobic and anhydrous conditions 400 ml of purified benzene is
      charged to a polymerization vessel followed by 0.53 milliequivalents of
      n-butyllithium in heptane. t-Butylstyrene (9.0 g, 0.056 mole) is added at
      about 30.degree.C., and the resultant solution is stirred 15-30 minutes at
      30.degree.-60.degree.C. Six more monomer additions are made as follows:
      styrene (18.0 g, 0.173 mole), t-butylstyrene (9.0 g), styrene (18.0 g),
      t-butylstyrene (9.0 g), styrene (18.0 g), and t-butylstyrene (9.0 g).
      Between additions the solution is permitted to stir for 15-30 minutes at
      30.degree.-60.degree.C. The polymerization solution is then inactivated by
      the addition of a small quantity of methanol, and the seven block
      copolymer is isolated by precipitation with methanol in a Waring blender.
      The precipitated block copolymer is thoroughly washed with methanol and
      vacuum oven dried at 80.degree.C. for 24 hours. A quantitative yield (90
      g) of block copolymer is obtained. Gel permeation chromatography shows the
      copolymer to possess a narrow molecular weight distribution. A molded film
      of the block copolymer is clear and transparent. The calculated degree of
      polymerization of the seven block copolymer is 1400, and the calculated
      molecular weight is 170,000.
PAR  A sheet about 0.020 inches thick is prepared by molding of this copolymer
      at 180.degree.C. This sheet is then cooled to about 130.degree.C. and
      quickly stamped in a female mold of intricate design which is at room
      temperature. After a minute the sheet is removed and found to reproduce
      the mold impression with excellent detail.
PAC  EXAMPLE 9
PAC  Preparation and Fabrication of an (AB).sub.n Block Copolymer:
PAR  Poly(ethylene oxide) - Polystyrene
PAR  A block of polystyrene terminated on each end by hydroxyl groups is
      prepared by the polymerization of pure dry styrene with sodium naphthalene
      as initiator in a suitabe solvent such as tetrahydrofuran, followed by the
      addition of styrene oxide. About 32 gms of styrene is added to 600 ml of
      tetrahydrofuran solution containing 25.0 mmoles of sodium naphthalene
      under anhydrous and anaerobic conditions with vigorous stirring. After
      several minutes, about 20 gms of styrene oxide is added, stirred for 15
      minutes, and the entire reaction mixture is terminated by the addition of
      5 ml of methanol. The polymer is recovered by precipitation in a large
      excess of alcohol and dried. The number average molecular weight is found
      to be 3100.
PAR  To prepare the block copolymer 2.53 parts polyethylene oxide of 5650
      molecular weight is reacted with 0.225 parts of 4,4'diphenylmethane
      diisocyanate by adding the two components to 17 parts of benzene with
      0.013 parts triethylenediamine present as catalyst. After 30 minutes
      reaction time 1.41 parts of dihydroxyl polystyrene of 3100 molecular
      weight is added, and the entire reaction mixture is heated at 50.degree.C.
      for 48 hours. The polymer is isolated by evaporation of the benzene. A
      high molecular weight polymer with a number average molecular weight
      greater than 40,000 is obtained. Two softening points are observed for
      this polymer (about 55.degree.C. and about 90.degree.C.). When molded at
      130.degree.C. and cooled a clear, tough sheet results. When heated to
      70.degree.C. the sheet is stamped quickly into a cold female mold of
      intricate design. The mold impressions are reproduced with excellent
      detail.
PAC  EXAMPLE 10
PAC  Example of a Sulfonated Polyethylene
PAR  An ethylene-2-ethylidene-5-norbornene copolymer is prepared as follows: 300
      ml of dry n-heptane is added to a suitable reaction flask and cooled with
      an ice-water mixture. The ethylidene norbornene (0.50 gms) is added into
      the heptane, and the solution is saturated with pure ethylene previously
      dried by passing through two towers filled with P.sub.2 O.sub.5 and
      CaCl.sub.2. To this reaction mixture is added a solution conntaining 15
      mmoles of diethyl aluminum chloride in 30 ml of heptane and a second
      solution containing 3 mmoles of VOCl.sub.3 in 15 ml of heptane. The
      addition of ethylene monomer is now continued at a rate equal to that
      reacted (i.e., the feed rate of the ethylene is monitored such that there
      is no ethylene blow-off). For every 5 liters of ethylene feed, an
      additional 1 gm of ethylidenenorbornene is added. After a total of 1 hour
      the reaction is terminated by adding about 10 ml of isopropanol, and the
      product is isolated by precipitation into 1 liter of isopropanol
      containing 0.5 gms of phenyl-beta-naphthylamine. The product weight is
      about 30 gms.
PAR  To a vigorously stirred suspension of 30 g. of
      ethylene-ethylidene-norbornene copolymer in 300 ml of dichloroethane is
      added 100 ml of 1:1 triethyl phosphate:sulfur trioxide complex in
      dichloroethane containing 15.6 ml of triethylphosphate, 3.82 ml of sulfur
      trioxide, and 81.6 ml of dichloroethane. After allowing to stir for 5
      hrs., the solid is collected by filtration, washed well with methylene
      chloride followed by methanol.
PAR  The sulfonated polymer thus obtained is suspended in 500 ml of methanol and
      is neutralized with 1.25 N caustic soda solution to phenolphthalein end
      point. The solid is collected, washed well with hot water (70.degree.C.),
      methanol, and dried to give the desired sodium sulfonate of the polymer.
PAR  The sulfonated polyethylene is not readily molded at 200.degree.C. and 1000
      psi without the incorporation of a polar plasticizer. The sulfonated
      polyethylene (5 parts) is dissolved in 50 parts of p-xylene containing 1
      part of cyclohexanol and a film is cast by heating the solution at an
      elevated temperature (100.degree. to 130.degree.C.). When substantially
      dry, the tough flexible film is further dried for 24 hours under high
      vacuum at 100.degree.C. to remove the last traces of volatile alcohol. The
      tough film is now heated to 150.degree.C. and then rapidly stamped into a
      female metal mold having an intricate mold design (held at room
      temperature) and removed after 10 seconds. It is observed that the
      polyethylene sheet retains the impression of the mold with excellent
      detail. If it is desired to remove this impression, the polyethylene sheet
      is reheated to 150.degree.C.
PAR  Although the above examples adequately illustrate the instant invention, it
      should be understood that the invention is in no way meant to be limited
      thereby. The invention is limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for fabricating an article from a thermoplastic composition,
      said composition being a thermoplastic ionomer, i.e., a polymer having a
      thermoplastic backbone having polar groups selected from the group
      consisting of carboxylate, sulfonate, and phosphonate groups pendent
      thereto, said polar groups being present in from at least about 0.2 to
      about 15 mole % of the total polymer and capable of forming ionic domains,
      which comprises:
PA1  a. adding from about 0.1 to 50 moles per mole of polar group of a volatile
      preferential plasticizer to said ionomer, said plasticizer being
      dispersible in said ionomer, liquid during the processing of said ionomer,
      having a boiling point substantially above the softening point of the
      thermoplastic backbone and possessing at least one functional constituent
      exhibiting a bond moment whose absolute value is at least 0.6 debyes;
PA1  b. heating said ionomer to a temperature between the softening point of the
      thermoplastic backbone and the boiling point of the plasticizer;
PA1  c. forming said ionomer in a first desired shape at the temperature
      specified in step (b);
PA1  d. evolving said volatile plasticizer;
PA1  e. re-forming the product of step (d) in a second desired shape; at a
      temperature above the softening point of the thermoplastic backbone but
      below the ultimate softening point; and
PA1  f. cooling below the softening point of the thermoplastic backbone.
NUM  2.
PAR  2. The process of claim 1 wherein the thermoplastic ionomer is selected
      from the group consisting of sulfonated polystyrene and sulfonated
      polyethylene and its copolymers.
NUM  3.
PAR  3. The process of claim 1 wherein said volatile preferential plasticizer is
      added in an amount of from about 0.2 to 20 mole per mole of polar group.
NUM  4.
PAR  4. The process of claim 3 wherein the boiling point of the volatile
      preferential plasticizer is at least 10.degree.C above the softening point
      of the thermoplastic backbone.
NUM  5.
PAR  5. The process of claim 1 wherein the boiling point of the volatile
      preferential plasticizer is at least about 20.degree.C above that of the
      softening point of the thermoplastic backbone.
NUM  6.
PAR  6. The process of claim 1 wherein said volatile preferential plasticizer is
      selected from the group consisting of water, tetrahydrofuran, p-dioxane,
      diethyl ether, butylphenyl ether, methyl alcohol, isopropyl alcohol,
      n-butyl alcohol, tributylphosphate, triisopropyl phosphate, chloroform,
      bromoform, 1,1,1-trichloroethane, 1-chlorooctane, ethylamine, analine,
      dihexylamine and 1-butanethiol.
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ABST
PAL  Synthetic resinous thermoplastic tubing is reduced radially in diameter
      with minimal increase in length by passing the tube through a plurality of
      successively smaller dies wherein a minor portion of the die moves
      relative to a major portion of the die during the reduction step. Plastic
      tube is obtained which has a tendency to expand radially with a minimal
      alteration in its length. Such tubing is particularly suitable for lining
      of pipe.
BSUM
PAR  Plastic lined pipe finds wide application in a variety of applications.
      Such pipe beneficially is chemically resistant to many materials which are
      processed and, in general, is easily installed and has the added advantage
      of being more resistant to impact than piping such as glass, ceramic or
      the like. Many thermoplastic materials are employed to line pipe. The
      particular thermoplastic selected is usually dependent on the intended
      service. Oftentimes when a thermoplastic lined pipe has been in service
      for a period of time, fracture of the liner occurs at a location generally
      adjacent the one or the other of the terminal flanged ends. Such failure
      is oftentimes considered to be due to undesired residual molecular
      orientation in the plastic liner. In order to minimize such residual
      orientation or tendency of the liner to shrink when exposed to temperature
      near the upper service temperature limit of the pipe, some plastic lined
      pipes have been prepared by the process of swaging the metallic outer
      casing over a plastic liner. The swaging may be continued until the liner
      is firmly lodged within the metallic casing and the metallic casing has
      reached a standard size.
PAR  Other methods of lining a pipe include stretching of an oversized plastic
      liner to reduce its diameter, inserting the stretched liner in a pipe,
      removing the tension on the liner and permitting the liner to expand and
      contact the inner wall of the casing. Some plastic line conduit is
      prepared by placing an undersized liner within a casing, heating the liner
      and inflating the liner with liquid or gas pressure until the liner
      contacts the inner wall of the casing. Such procedures, although
      satisfactory for many purposes, are generally not believed to provide
      conduit having optimum properties for the materials employed.
PAR  It would be desirable if there were available an improved method for the
      preparation of plastic tubes.
PAR  It would also be desirable if there were available an improved method for
      the preparation of plastic tubes which had been radially reduced in
      diameter without generally altering the length thereof.
PAR  It would also be desirable if there were available an improved method for
      the preparation of plastic lined conduit.
PAR  These benefits and other advantages in accordance with the present
      invention are achieved in a method of preparing a synthetic resinous tube
      comprising preparing a synthetic resinous tube, the steps of the method
      comprising providing a synthetic resinous thermoplastic tube having a
      diameter greater than the desired diameter introducing a portion of the
      tube into a plurality of die plates having successively smaller circular
      openings therein. The tube having a region of decreased diameter generally
      adjacent the die plate having the smaller opening and a region of major
      diameter generally adjacent the die plate having the largest opening,
      moving at least one of the die plates towards the region of major diameter
      thereby reducing the diameter of a portion of the tube while maintaining
      the conduit in fixed relation to at least a major portion of the remaining
      die plates. Subsequently, in sequence, moving each said plurality of die
      plates in the hereinbefore described manner to provide a synthetic
      resinous thermoplastic tube having reduced diameter, the foregoing steps
      being performed at a temperature between the glass temperature of the
      resinous tube and the softening temperature.
PAR  Particularly suitable for the practice of the present invention is a tube
      diameter reducing apparatus. The tube diameter reducing apparatus
      comprises in cooperative combination a frame, the frame having a
      longitudinal axis, a plurality of die plates within the frame and
      selectively portionable therein, the die plates each defining a tube
      receiving opening of generally successively decreasing diameter, the
      openings of the die plates being disposed in planes generally normal to
      the longitudinal axis, the openings of the die plates being generally
      coaxially disposed, means to selectively position the die plates along the
      axis of the frame, and provide sequential movement of a minor portion of
      the die plates relative to a major portion thereof, subsequently moving
      each of the die plates in such a manner.
PAR  Also, contemplated with the scope of the present invention is a method for
      lining conduit which comprises providing a conduit to be lined. The
      conduit to be lined having a generally cylindrical passage therein,
      providing a synthetic resinous thermoplastic tube having an outside
      diameter greater than the diameter of the cylindrical passage reducing the
      outside diameter of the resinous tube in the hereinbefore described manner
      to a diameter which is sufficiently small to permit entry of the plastic
      tube into the conduit, inserting the plastic tube into the conduit and
      causing the tube to expand and contact at least a portion of the inner
      wall defining the conduit passageway.
DRWD
PAR  Further features and advantages of the present invention will become more
      apparent from the following specification when taken in connection with
      the drawing wherein:
PAR  FIGS. 1 through 3 schematically depict portions of the process in
      accordance with the invention;
PAR  FIG. 4 is a schematic representation of the function of an apparatus
      suitable for the practice of the present invention;
PAR  FIG. 5 is a sectional view of the assembly of FIG. 4 taken along the line
      5--5 thereof;
PAR  FIG. 6 is a schematically plan view of a simplified apparatus;
PAR  FIG. 7 is a sectional view of the apparatus of FIG. 6;
PAR  FIG. 8 is a schematic representation of operating cam employed in the
      apparatus of FIGS. 6 and 7.
DETD
PAR  In FIG. 1 there is schematically depicted an assembly generally designated
      by the reference numeral 10 which assists in illustrating the process of
      the invention. The assembly 10 comprises a synthetic resinous
      thermoplastic tube 11. The tube 11 has a region of major diameter 12 and a
      region of minor diameter 13 remotely disposed therefrom. Disposed between
      the region of major diameter 12 and the region of minor diameter 13 are a
      plurality of die plates 15, 16, 17, 18 and 19. Each of the die plates 15
      through 19 have decreasing die orifices designated by the corresponding
      number followed by the suffix "a". The orifices 15a through 18a are of
      successively decreasing diameter and each has a generally frustoconical
      configuration. Initially placing the tube 11 within the die plates 15
      through 19, the largest die plate 15 is forced over the tube and the die
      plates having successively smaller openings are in turn positioned on the
      tube.
PAR  In FIG. 2 the die plate 15 partly reduces the diameter of the tube over the
      region through which it has been moved. The remaining die plates 16, 17
      and 18 remain fixed relative to the tube and retain the tube 11
      frictionally therein.
PAR  In FIG. 3 the die plates 15, 17, 18 and 19 have been maintained fixed
      relative to the tube and the die plate 16 moved toward the die plate 15
      while the tube 11 is frictionally retained within the openings of the dies
      15, 17, 18 and 19. Thus, by successively advancing one of the die plates
      and maintaining the remaining die plates in a fixed position the diameter
      of the tube is reduced from the diameter of the portion 12 into the
      portion of the diameter 13 without introducing longitudinal stretch or
      orientation into the plastic tube.
PAR  In FIGS. 1 through 3 the assembly has been shown employing five die plates.
      Five die plates are used for purpose of illustration. For most plastic
      tubes it is desirable to employ ten or more die plates in order to
      maintain adequate frictional engagement of the tubes by the "fixed" die
      plates.
PAR  FIG. 4 depicts a partly sectioned cut-away schematic representation of the
      principal functional parts of an apparatus for the practice of the
      invention. The apparatus of FIG. 4 is generally designated by the
      reference numeral 25. The apparatus comprises a frame (not shown) which
      supports a rotatable cam 26 having a generally circumferential camming
      groove 27. The cam 27 is of generally hollow cylindrical configuration and
      has affixed thereto a drive gear 28 which in turn is in operative
      combination of a drive gear or spur gear 29 rotated by a motor 30. A
      synthetic resinous thermoplastic conduit 31 is disposed within the cam 26
      but not in contact therewith. A plurality of die plates 33, 34, 35, 36 and
      37 are disposed generally adjacent to the cam 26 and are coaxially
      disposed relative thereto. Each of the die plates 33 through 37 have
      openings of successively decreasing diameter in the manner similar to the
      openings of die plates 15 through 19 of FIGS. 1 through 3. A die plate
      positioning rod 34a is in operative communication with the camming groove
      27 and the die plate 34. Similarly, a positioning rod 36a is in operative
      combination with die plate 36 and the camming groove 27 of the cam 26. On
      rotation of the cam 26 the positioning rod 34a and associated positioning
      rods 33a, 35a, 36a and 37a (not shown) move the die plate in a manner as
      generally illustrated in FIGS. 1 through 3.
PAR  In FIG. 5 there is a schematic representation of a view of a device such as
      that as depicted in FIG. 4 showing the location of die plate operating
      rods 33a through 37a. The cam 26 has a single step cam groove 27 disposed
      therein, that is, for each rotation of the cam 26 an operating rod such as
      the operating rod 34a is slowly pushed toward the smaller end of conduit
      31 and rapidly drawn toward the major end of conduit 31. Thus, four of the
      five operating rods as depicted in FIG. 5 move slowly away from the cam 26
      and one is moved relatively rapidly toward the cam 26 bringing with it its
      associated die plate. Thus, the five die plates 33 through 37 as depicted
      in FIG. 4 most of the time during the rotation of the cam 26 moves slowly
      away from the cam while the die plate which encounters the step 27a in the
      camming groove 27 is drawn toward the cam providing incremental reduction
      in the diameter of the tube.
PAR  In FIG. 6 there is a simplified schematic representation of a practical
      apparatus for the practice of the present invention generally designated
      by the reference numeral 40. The apparatus 40 comprises a frame 41. The
      frame 41 has a first or inlet end member 42 and a second or discharge end
      member 43. The end members 41 and 42 are affixed to each other by a
      longitudinal frame member 44. A bearing 45 slidably engages the
      longitudinal frame member 44. A mounting bracket 46 is rigidly affixed to
      the bearing 45. The first end member 42 has rotatably affixed thereto a
      hollow cam member 46 of the general configuration cam member 26 of FIG. 4.
      The cam member 46 is rotated by a rotating means (not shown). Within the
      frame 41 are disposed die plates 48, 49, 50 and 51. The die plates 48
      through 51 are arranged in a manner generally as the die plates of FIGS. 1
      through 4 and have successively smaller openings as they become more
      remote from the first end 42. A second set of die plates 48a, 49a, 50a and
      51a are disposed adjacent the discharge end 43 and the openings in the die
      plates 48a through 51a are smaller than the openings in the die plates 48
      through 51 and decrease in diameter toward the discharge end 43 of the
      frame 41. The openings of the die plates 48 through 51 and 48a through 51a
      are generally coaxially arranged. Three die plate actuating rods 48'
      engage die plates 48 and 48a by means of notches formed in both the die
      plates and the actuating rods. Each of the actuating rods has disposed
      thereon a cam follower 48" which engages an outwardly disposed generally
      annular camming groove 53 formed in the outer surface of the cam 46.
      Similarly actuating rods 49', 50' and 51' support the die plates 49
      through 51 and 49a through 51a. The die plates as shown in FIG. 7 have a
      generally triangular configuration wherein the die plates are supported by
      the actuating rods.
PAR  In FIG. 8 there is schematically depicted the configuration of the groove
      53 of the cam 46. The groove 53 is a three cycle groove, that is, three
      cycles per 360.degree. rotation of the cam and of such configuration that
      the actuating rods 48' through 51' are moved slowly away from the frame
      member 42 and subsequently rapidly returned toward the frame member 42,
      thus, as illustrated in FIGS. 6 and 7, three of the die plates remain
      fixed relative to one another while the fourth plate moves.
PAR  Apparatus generally as shown in FIGS. 6-8 but having ten plates per die
      plate group and three die plate groups provides a convenient means of
      reducing the diameter of deformable plastic tubes without causing increase
      in length.
PAR  A wide variety of thermoplastic resinous compositions are useful in the
      practice of the present invention including polyperfluorocarbons such as
      polytetrafluoroethylene, polychlorotrifluoroethylene; polyhalohydrocarbons
      such as polyvinylfluoride; vinylidene chloride polymers such as sarans,
      vinylidene chloride-ethyl acrylate copolymers; polyvinyl chloride;
      polyolefins such as polypropylene, polyethylene, resinous polymers of
      ethylene and propylene; nylon 6, nylon 66, nylon 7 and the like; alkenyl
      aromatic polymers including styrene polymers such as rubber-modified
      polystyrene, styrene-acrylonitrile; polyethers such as polymers of
      2,2-bis(chloromethyl)oxacyclobutane. Oftentimes if the tube has been
      reduced in diameter at room temperature, the tube may be placed within the
      rigid outer casing, warmed slightly to cause accelerated expansion and
      provide a lined conduit in which the lining tightly engages the rigid
      outer housing.
PAR  For many purposes, the expansion of the conduit due to plastic memory is
      adequate to retain the liner within the outer casing, such as a steel
      pipe, under service requirements. If it is anticipated that there will be
      a significant tendency of the liner to be subject to repeating
      longitudinal stresses wherein movement is undesirable, generally a liner
      with larger initial diameter will be employed together with a greater
      degree of reduction of diameter of the liner.
PAR  Beneficially, if desired, a button or tapered plug may be forced through
      the lined tube to cause the liner to further expand and deform itno
      imperfections within the conduit wall to provide a lined pipe which will
      show maximum resistance to molding under an axially applied force.
PAR  Lined conduit prepared in accordance with the present invention maintains
      the liner under circumferential and longitudinal compressive forces which
      substantially reduces the possibility of stress cracking of the liner as
      well as longitudinal movement.
PAR  The precise number of die plates employed in the practice of the invention
      will vary depending upon the lubricity of the surface of the particular
      liner used, the degree of the reduction desired and the temperature of
      diameter reduction. For most synthetic resinous liners not more than 20
      percent and preferably 10% of the die plates should move at any one time
      relative to the remaining die plates which do not move relative to one
      another. Generally the orifice in the die plates is provided with a
      generally frustoconical configuration and a sharp trailing edge. By
      trailing edge is meant each of the die plate orifices adjacent the
      discharge end of the apparatus and advantageously an outwardly flaring or
      belled forward edge which facilitates the entrance of a lined conduit into
      the die plate opening while the sharp trailing edge serves to grip the
      conduit and prevent motion of the conduit towards the leading edge of the
      die opening.
PAR  The method and apparatus of the present invention are successively employed
      to reduce the diameters of synthetic resinous tubes of the hereinbefore
      delineated resins in a highly satisfactory manner.
PAR  As is apparent from the foregoing specification, the present invention is
      susceptible of being embodied with various alterations and modifications
      which may differ particularly from those that have been described in the
      preceding specification and description. For this reason, it is to be
      fully understood that all of the foregoing is intended to be merely
      illustrative and is not to be construed or interpreted as being
      restrictive or otherwise limiting of the present invention, excepting as
      it is set forth and defined in the hereto-appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the preparation of a synthetic resinous tube capable of
      radial expansion and generally without change of length of the tube upon
      expansion, the steps of the method comprising
PA1  providing a synthetic resinous thermoplastic tube having a diameter greater
      than a desired diameter,
PA1  introducing a portion of the tube into a plurality of die plates having
      successively smaller circular openings therein, the tube having a region
      of decreased diameter generally adjacent the die plate having the smaller
      opening and a region of major diameter generally adjacent the die plate
      having the largest port opening,
PA1  moving at least one of the die plates towards the region of major diameter
      thereby reducing the diameter of a portion of the tube while maintaining
      the conduit in fixed relation to at least a major portion of the remaining
      die plates, subsequently, in sequence,
PA1  moving each said plurality of die plates in hereinbefore described manner
      to provide a synthetic resinous thermoplastic tube having reduced
      diameter, the foregoing steps being performed at a temperature between the
      glass temperature of the resinous tube and the softening temperature.
NUM  2.
PAR  2. The method of claim 1 wherein not more than 10 percent of the die plates
      are moved toward the region of major diameter.
NUM  3.
PAR  3. The method of claim 1 including a plurality of sets of die plates each
      having openings of decreasing diameter are employed and not more than 10
      percent of each of the sets is moved relative to the remaining portion of
      the sets.
NUM  4.
PAR  4. The method of claim 1 wherein the die plates have openings of generally
      frustoconical configuration.
NUM  5.
PAR  5. The method of claim 1 including the step of disposing the reduced
      diameter of plastic conduit within a rigid outer casing and causing the
      plastic conduit to expand and contact the outer casing.
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PAL  Process for the purification of titanium tetrachloride, in which the said
      titanium tetrachloride is brought into contact with a purifying agent
      consisting of an inert support in granular form on which metallic sodium
      or other reducing metal has been deposited in sub-divided form, the said
      contact taking place either on crude liquid titanium tetrachloride with
      subsequent distillation to recover the purified titanium tetrachloride or
      on crude vaporised titanium tetrachloride with subsequent condensation to
      recover the purified titanium tetrachloride.
BSUM
PAR  The present invention relates to the purification of titanium
      tetrachloride, and more particularly to a simple and economical method of
      purifying crude titanium tetrachloride.
PAR  In industry, titanium tetrachloride is normally produced by chlorination
      from rutile or ilmenitic ores or from ilmenitic slag or other materials
      containing titanium oxide, in the presence of carbon at elevated
      temperatures. Crude titanium tetrachloride which is obtained by
      condensation of the products of chlorination contains numerous impurities
      and ranges in colour from yellow to dark reddish brown.
PAR  More exactly, the said impurities consist of powders such as the original
      ores and carbon emanating from the chlorination reactor, undissolved
      products such as for example chlorides of chromium, iron, niobium,
      zirconium, dissolved products such as silicon chloride, the chlorides and
      oxychlorides of vanadium and partially dissolved products such as
      aluminium chloride. In addition, crude titanium tetrachloride contains
      dissolved gases such as phosgene, carbon dioxide, hydrogen chloride and
      chlorine, organic substances such as chloroacetyl chlorides and others of
      an unidentified nature. Crude titanium tetrachloride cannot therefore be
      directly used as a starting material in various processes which require a
      high degree of purity, such as the preparation of metallic titanium,
      titanium dioxide pigment and catalysts.
PAR  In these processes, titanium tetrachloride has to be purified before it can
      be used. The majority of the abovedescribed  impurities may be separated
      by the systems normally used for the purpose, such as decantation,
      filtration and distillation.
PAR  Furthermore, small quantities of chlorides such as aluminium and silicon
      chlorides do not have any particularly harmful effects on the end
      products.
PAR  Nevertheless, one particular problem is created by the salts of vanadium,
      particularly the oxychloride form (VOCl.sub. 3) and the tetrachloride form
      (VCl.sub. 4), which cannot for practical purposes be separated, because
      they have a boiling temperature very close to that of the titanium
      tetrachloride. It is well-known that vanadium salts are virtually always
      present in crude titanium tetrachloride and small quantities of such salts
      are sufficient to impart undesired properties to the tetrachloride. For
      example, some 10 parts by weight per million are sufficient for the
      titanium dioxide obtained by treatment of tetrachloride with oxygen, to
      have unsatisfactory colour characteristics. In the prior art, numerous
      systems of purifying titanium tetrachloride of vanadium compounds are
      already known.
PAR  Another problem which is quite important in the purification of titanium
      tetrachloride is linked with the presence of organic substances such as
      chloroacetyl chlorides and others of unidentified nature, which can be
      eliminated by special treatments which are however economically
      disadvantageous and not easily performed.
PAR  Such substances have a negative influence on the production of metallic
      titanium, in that they increase its hardness and therefore adversely
      affect its mechanical properties; furthermore, in the process of producing
      titanium dioxide from titanium tetrachloride, the organic substances,
      decomposing on the surface of the titanium tetrachloride evaporators, give
      rise to the formation of a carbon deposit which reduces the evaporating
      efficiency and renders frequent cleaning necessary.
PAR  However, the main problem is always created by the vanadium salts.
PAR  In the industry, numerous systems of purifying titanium tetrachloride of
      vanadium salts are known.
PAR  Generally, the vanadium salts are converted into products with a boiling
      point far higher than that of the titanium tetrachloride, which can then
      be easily separated by distillation.
PAR  In particular, treatment with copper powder which converts the vanadium
      compounds into products of low valency are widely used, the boiling point
      of the resultant products being sufficiently higher than the boiling point
      of titanium tetrachloride, and oleic acid treatment which converts the
      vanadium compounds into high boiling complexes.
PAR  Both systems call for the titanium tetrachloride to be treated at boiling
      temperature, under agitation, for a sufficiently long period, followed by
      distillation and rectification.
PAR  The copper powder treatment is however economically burdened by the high
      cost of the actual copper, by the need to use a considerable excess of
      copper with respect to the impurities to be separated, by the difficulty
      of recovering the copper from the sludge produced by the treatment, and by
      the not inconsiderable treatment times.
PAR  Also the use of oleic acid has its disadvantages: in particular, it gives
      rise to gummy and sticky slime which is not easily removed from the bottom
      of the tanks.
PAR  Furthermore, with these types of treatment, the organic impurities remain
      in the tetrachloride in quantities which cannot be disregarded and which,
      to be reduced, necessitate a separate treatment, for example with chlorine
      and AlCl.sub. 3 at boiling point for an extended period.
PAR  These and other difficulties are overcome by the method according to the
      present invention.
PAR  One object of the present invention is an improved method of purifying
      crude titanium tetrachloride obtained in the processes of chlorination or
      rutile or ilmenitic ores, ilmenitic sludge or other materials containing
      titanium dioxide.
PAR  A further object of the present invention is a simple and economical method
      of purifying the said crude titanium tetrachloride.
PAR  Another object of the present invention is a new agent for the purification
      of titanium tetrachloride, endowed with high activity, to make it possible
      to work at high or low temperatures for reduced periods and with small
      quantities of the actual agent and which furthermore act at the same time
      as an eliminator of vanadium and organic substances allowing complete
      purification in a single stage, whereas the known methods call for two
      stages for elimination of the organic substances and the vanadium salts
      respectively.
PAR  Another object is a method of preparing the said new agent for purifying
      titanium tetrachloride.
PAR  These and other objects will become more evident from the ensuing
      description of the invention.
PAR  In its more general aspects, the purification process according to the
      present invention consists essentially in bringing the crude titanium
      tetrachloride obtained in the processes of chlorination of rutile or
      ilmenitic ores or ilmenitic slags or other materials containing TiO.sub.
      2, into contact with a purifying agent consisting of a sub-divided inert
      support on which a reducing metal has been deposited in subdivided form.
PAR  Particularly useful among the reduction methods applicable are the methods
      involving alkali metals, and of these sodium is preferred.
PAR  Therefore, in the ensuing description, reference will be made to those
      purification agents which consist of an inert support on which sodium has
      been deposited, even though it is not intended absolutely to limit the
      invention to this reducing agent.
PAR  More particularly according to the process of the present invention,
      purification agents used are the products obtained by depositing metallic
      sodium in sub-divided form on materials of granular form which do not
      react with the sodium and with the titanium tetrachloride under the
      conditions of purification. There are many materials which have these
      characteristics: high boiling organic polymers, mineral substances, salts
      and oxides.
PAR  More precisely, among the oxides, silica, alumina, rutile, zinc and
      magnesium oxides and preferably silica and alumina; of the metallic salts,
      the salts of the alkali or alkaline earth metals, and preferably sodium
      chloride and potassium chloride; of the minerals, diatomaceous earth,
      pumice, asbestos, bauxite, quartz, alumino silicates, silicates and
      preferably diatomaceous earth and pumice; of the high boiling organic
      polymers, powders of polymeric materials and preferably high-density
      polyethylene and polypropylene powders.
PAR  Satisfactory results are also obtained by using porcelain, glass and active
      carbon as the inert support material.
PAR  The inert support materials are used preferably as granules of a diameter
      not exceeding 1 mm, and even more preferably with diameters comprised
      between 0.05 and 0.25 or 0.5 mm.
PAR  However, satisfactory results can also be obtained with granules of a
      diameter greater than 1 mm such as for example up to 2 mm or 3 mm.
PAR  The purifying agent according to the present invention is prepared by
      bringing the sodium to melting point in an enclosed vessel containing the
      sub-divided inert material, the whole being maintained in this state,
      under agitation, for a period of time of not less than 15 minutes and
      preferably from 30 minutes to 2 hours, and then allowing the mixture to
      cool slowly, still under agitation, over a period which is not less than
      15 minutes and which is preferably between 30 minutes and 2 hours.
PAR  During the cooling and the consequent solidification, the sodium remains
      clinging to the granules of inert material.
PAR  The quantity of sodium supported varies according to the type of support
      and the degree of sub-division of the actual support used.
PAR  Thus, with a powder such as calcined alumina, it is possible to obtain
      sodium concentrations above 20% by weight, while with powders such as
      sodium chloride, it is not possible to exceed 5%.
PAR  In practice, with powders of a granulometry of 0.1 to 1 mm and a specific
      area of less than 1 sq.m/g, the procedure should be such that the final
      quantities of sodium are comprised between 3 and 10 parts for every 100
      parts by weight of inert material.
PAR  Alternatively there may be used with an inert support of a granulometry
      comprised between 0.05 and 0.5 mm and a specific surface area in excess of
      1 sq.m/g, metallic sodium in such a quantity that its final concentration
      in the purifying agent produced is comprised in the range from 10 to 25
      parts by weight per 100 parts of inert support.
PAR  These proportions are suitable for processes as described below in which
      the purifying agent is added directly to the crude titanium tetrachloride
      in the liquid state.
PAR  Where as also described below the titanium tetrachloride is in gaseous
      form, then preferably the reducing metal, and particularly sodium, is
      deposited on the inert support in a quantity equal to or less than 6.5% by
      weight with respect to the support itself. It has in fact been found that
      for quantities of reducing metal in excess of approximately 6.5% by
      weight, agglomeration takes place among the particles of purifying agent,
      during treatment of the titanium tetrachloride at elevated temperature.
PAR  Moreover, it is not suitable to drop to values below approximately 1% by
      weight of reducing metal with respect to the support, in that the
      productivity of the purified titanium tetrachloride would be excessively
      reduced.
PAR  It has been found that the best conditions are achieved with quantities of
      reducing metal ranging from 2.5 to 5.0% by weight with respect to the
      support.
PAR  For the purification of crude titanium tetrachloride, it is possible for
      the purifying agent to be added directly to the titanium tetrachloride.
      The reaction commences already at room temperature and produces a
      spontaneous rise in temperature up to 40.degree. to 45.degree.C
      approximately. This is followed by heating up to 80.degree.-90.degree.C
      approximately, this temperature being maintained for between 15 minutes
      and 2 hours and preferably 30 minutes to 1 hour. After separation of the
      solids in suspension, the product is distilled in order to separate the
      titanium tetrachloride, the result being a high degree of purity.
PAR  According to another form of embodiment of the purification process of the
      invention, the crude titanium tetrachloride percolates through a column
      filled with the purifying agent. The temperature of the titanium
      tetrachloride is regulated in the range from 50.degree. to 90.degree.C,
      while the rate of throughput must allow dwell times of between 15 minutes
      and 2 hours and preferably between 30 minutes and 1 hour.
PAR  The product of percolation is then subjected to distillation in order to
      separate titanium tetrachloride which is again of high purity.
PAR  According to the process of the present invention, titanium tetrachloride
      is obtained which has a vanadium salts content of below 5 ppm when the
      purification agent is used in such a quantity that the sodium introduced
      is comprised in the range from 0.15 to 0.30 parts by weight to every 100
      parts by weight of crude titanium tetrachloride.
PAR  As an alternative process according to the present invention it has been
      found possible to produce titanium tetrachloride with a degree of purity
      equal to or greater than that obtained according to the process above when
      the crude titanium tetrachloride in gaseous form is brought into contact
      for brief periods of time with the purifying agent containing a low
      quantity of reducing metal and then the vapours thus treated are
      condensed.
PAR  More particularly, the purification process according to the present
      invention consists in bringing into contact at high temperatures and for a
      time not exceeding 2.5 seconds the crude gaseous titanium tetrachloride
      obtained in the processes of chlorination of titanium ores or generally
      materials containing titanium, with a purifying agent consisting of an
      inert and subdivided support on which a quantity of reducing metal equal
      to or less than 6.5% by weight with respect to the support itself has been
      deposited, and in then condensing the vapours of titanium tetrachloride
      originating from such treatment.
PAR  It has been found that, by carrying out purification at temperatures equal
      to or greater than approximately 100.degree.C, extremely pure titanium
      tetrachloride can be obtained directly, or at least a product with a
      degree of purity such that no further purification treatment is required.
PAR  Accordingly, therefore, the crude titanium tetrachloride and the purifying
      agent previously described are brought into contact in working
      temperatures equal to or greater than 100.degree.C and preferably equal to
      or greater than 110.degree.C, up to temperatures of approximately
      170.degree.C.
PAR  In fact, it has been found that, by working at temperatures below
      100.degree.C, it is not possible to obtain titanium tetrachloride with a
      satisfactory degree of purity. Furthermore, no substantial advantage is
      obtained by carrying out purification at temperatures above approximately
      170.degree.C.
PAR  Futhermore, the treatment is carried out at pressures equal to or below
      ambient pressures, more particularly at a pressure below ambient pressure
      when the temperature chosen for purification is less than the boiling
      temperature of titanium tetrachloride at ambient pressure.
PAR  The contact times between the purifying agent and the titanium
      tetrachloride which is subjected to purification are maintained at values
      ranging from 0.5 to 2.5 seconds. It has in fact been found that for
      contact times shorter than approximately 0.5 seconds, a sufficiently high
      purification effect is not obtained, whereas no substantial advantages are
      achieved by the contact times exceeding approximately 2.5 secs.
PAR  In the preferred form of embodiment of the present invention, the vapours
      of titanium tetrachloride are brought into contact with the particles of
      purifying agent in fluidised form.
PAR  In this case, the purifying agent will preferably be in the form of
      particles ranging in size from 0.05 to 0.25 mm, while at the base of the
      fluidised bed, titanium tetrachloride is supplied as such or in mixture
      with an inert gas, such as for example nitrogen. Furthermore, it is
      advisable to maintain the velocity of the gas flow through the bed of
      solid particles at around 3 to 20 cm/second.
PAR  It is also possible to use the purifying agent in the form of a fixed or
      movable bed. In this case, it is appropriate to use such a purifying agent
      in the form of particles ranging in size from 0.5 to 3.0 mm, while the
      velocity of the gas flow supplied will be so regulated as to achieve
      periods of contact between the range of times as previously defined.
PAR  Even in the case of a fixed bed or a movable bed being used, it is possible
      to supply the titanium tetrachloride vapour in mixture with an inert gas.
PAR  It should be noted that by proceeding according to the method of the
      present invention, no aggregation or compaction phenomena occur in the
      particles of purifying agent, and this is surprising in that the titanium
      tetrachloride is purified in a range of temperatures above the melting
      temperature of the reducing metal used.
PAR  The fundamental advantage of the process of the present invention resides
      in the fact that titanium tetrachloride of high purity is directly
      obtained.
PAR  With regard to the processes for purifying crude titanium tetrachloride
      according to the prior art, the method according to the present invention
      has numerous advantages: in particular, shorter treatment times and lower
      temperatures, use of smaller quantities of purifying agent, less cost of
      purifying agent, greater activity of purifying agent, simultaneous
      purification (and without using further purifying agents) of vanadium
      compounds and organic substances. Therefore, the process according to the
      present invention for purifying crude titanium tetrachloride obtained by
      chlorination from rutile or ilmenitic ores or ilmenitic slags or other
      materials containing titanium dioxide is particularly advantageous by
      virtue of its efficiency and by reason of its simplicity of performance
      and its economy.
PAR  The use of the above-described purifying agents is therefore essential for
      the purposes of our invention, also in consideration of the fact that the
      said purposes are not absolutely attainable by the use of unsupported
      sodium, even though used in granular form with a granulometry of the order
      of that of the purifying agent.
DETD
PAR  The invention will now be illustrated by the following examples which are
      not however intended to limit in any way the scope of the invention.
PAC  EXAMPLE 1
PAR  Into a cylindrical reactor fitted with an agitator, perfectly dried and in
      a nitrogen ambient, 200 g of alumina powder with a granulometry of between
      50 and 250 microns and a specific surface area equal to 105 sq.m/g and 20
      g of sodium, in lumps, were placed and the whole was heated to a
      temperature of 200.degree.C and maintained at that temperature, under
      agitation, for 1 hour. Slow cooling was then carried out over a period of
      2 hours, still under agitation, until room temperature was attained.
PAR  The dark gray homogeneous powder discharged from the reactor was then kept
      in an oxygen and humidity free ambient.
PAR  In fact, on contact with the air the powder oxidised instantly, bursting
      into flame.
PAR  To 100 g crude titanium tetrachloride of deep yellow colour, containing
      1300 ppm vanadium salts were added 25 g of the powder obtained as above,
      corresponding to 2.5 g of metallic sodium.
PAR  The sodium reaction commenced at room temperature and the temperature of
      the mixture rose instantly from 21.degree. to 42.degree.C.
PAR  The mixture was then heated to 90.degree.C for 2 hours, under agitation.
      The product obtained, green-grey in colour, clearly indicating the fact
      that the vanadium salts had been reduced to compounds of a lesser valency,
      after separation by decantation of the solids in suspension, were
      transferred to a flask in which it was subjected to distillation.
PAR  The titanium tetrachloride separated turned out to be completely
      colourless, with a vanadium salts content, expressed as metallic vanadium,
      less than 1 ppm and an organic substances content, expressed as carbon,
      equal to 240 ppm.
PAC  EXAMPLE 2
PAR  The example serves to compare the efficiency of the purifying agent of the
      invention with that of the purifying agent of the type known in the
      industry.
PAR  For this purpose, to 1000 g of crude titanium tetrachloride of the type of
      Example 1 were added 20 g of copper cement and the whole was treated at
      boiling point and allowed to fall to 136.degree.C for 2 hours. The product
      obtained, after decantation to separate the suspended solid particles was
      transferred to a flask in which it was subjected to distillation.
PAR  In this way, 150 g of distillation product were obtained, pale yellow in
      colour, containing 18 ppm of vanadium salts expressed as metallic
      vanadium, while the remainder was colourless, with a vanadium salts
      content -- expressed as metallic vanadium -- equal to 4 ppm and an organic
      substances content, expressed as carbon, equal to 1150 ppm.
PAC  EXAMPLE 3
PAR  Proceeding as in Example 1, 200 g of alumina calcined at high temperature,
      with a granulometry comprised between 0.05 and 0.25 mm and a specific area
      equal to 2.5 sq.m/g, and 40 g of sodium in lumps were placed in a reactor
      of the same type as described in Example 1.
PAR  An homogenous powder of a grey colouring was obtained and this, on contact
      with the air, exhibited less reactivity compared with the dispersion
      mentioned in Example 1.
PAR  To 1000 g titanium tetrachloride of the same type as in Example 1 were
      added 10 g of the powder obtained, corresponding to 2.0 g metallic sodium.
PAR  The procedure according to Example 1 then continued.
PAR  The titanium tetrachloride separated after distillation proved to be
      completely colourless, with a vanadium salts content, in terms of metallic
      vanadium, of less than 1 ppm and an organic substances content, in terms
      of carbon, equal to 210 ppm.
PAC  EXAMPLE 4
PAR  Proceeding in the same way as Example 1, to 200 g alumina of a granulometry
      comprised between 50 and 250 microns and a specific surface area of 2.5
      sq.m/g, were added 40 g sodium, in lumps.
PAR  The product obtained was filled into a column through which titanium
      tetrachloride of the type used in the previous examples was passed from
      top to bottom, at a temperature of 90.degree.C and at a rate such as to
      allow a dwell time equal to 60 minutes. The product obtained was
      transferred to a flask in which it was subjected to distillation.
PAR  The titanium tetrachloride separated proved to be completely colourless,
      with a vanadium salts content of less than 1 ppm and an organic substances
      content, expressed as carbon, equal to 290 ppm.
PAC  EXAMPLE 5
PAR  Proceeding as in Example 1, 200 g sodium chloride of a granulometry
      comprised between 0.1 mm and 1.0 mm and 10 g of sodium in lumps were
      placed in a reactor of the same type. To 1000 g titanium tetrachloride of
      the same type as in Example 1 were added 40 g of the powder obtained,
      corresponding to 2.0 g metallic sodium.
PAR  The same procedure as in Example 1 was then continued.
PAR  The titanium tetrachloride separated after distillation proved to be
      completely colourless, with a vanadium salts content of less than 1 ppm
      and a content of organic substances, expressed as carbon, equal to 320
      ppm.
PAC  EXAMPLE 6
PAR  The example serves to compare the effectiveness of the purifying agent of
      the invention with that of sodium supplied as such.
PAR  For this purpose, to 1000 g crude titanium tetrachloride of the same type
      as in Example 1 were added 2.5 g metallic sodium in sub-divided form.
PAR  The procedure according to Example 1 was then continued.
PAR  The product maintained its initial colouring and was subjected to
      distillation, producing titanium tetrachloride with a vanadium salts
      content equal to 1000 ppm and an organic substances content, expressed as
      carbon, equal to 2400 ppm.
PAC  EXAMPLE 7
PAR  The same procedure was adopted as in Example 1, but with a treatment time
      of 30 minutes instead of 2 hours, at 90.degree.C. Substantially the same
      results were obtained.
PAR  Further advantages of the process in vapour phase, according to the present
      invention, consist in an easier application for a continuous conduction
      and in a greater productivity per useful volume of the reactor used for
      purification. The examples following relate to such processes.
PAC  EXAMPLE 8
PAR  Into a cylindrical reactor fitted with an agitator are charged 200 g
      alumina granules having the following granulometric distribution:
      0.125-0.25 mm: 15.6%; 0.105.-0.125 mm: 6.9%; 0.062-0.105 mm: 61.8%;
      0.05-0.062 mm: 15.7% by weight. The specific surface area of the alumina
      is moreover equal to 105 sq.m/g, determined by the B.E.T. method.
PAR  6 g of sodium in lumps are also placed in a reactor.
PAR  Throughout the operations, a perfectly anhydrous ambient is maintained in
      the reactor and the process is carried out in a nitrogen atmosphere. The
      mixture is then heated to a temperature of 200.degree.C and agitated while
      it is kept at that temperature for 1 hour.
PAR  The mass is then gradually cooled, its temperature being brought to ambient
      values over a period of approximately 2 hours. Finally, the purifying
      agent is discharged in the form of easy running powder of dark-grey colour
      and this purifying agent is kept in an anhydrous ambient under an
      atmosphere of inert gas.
PAC  EXAMPLE 9
PAR  40 g of the purifying agent, the preparation of which has been described in
      Example 8, are placed in a glass column of 22 mm diameter, fitted with a
      porous screen in the bottom, cooling means in the top and fitted with an
      external jacket through which the exchanger liquid is circulated.
PAR  At the bottom of the column, through the porous screen, nitrogen is
      supplied in a quantity equal to 61 N litres/hour, thus ensuring
      satisfactory fluidisation of the particles of purifying agent.
PAR  The exchanger liquid is then heated until the temperature inside the
      reactor is raised to approximately 150.degree.C.
PAR  When this temperature is reached, the supply of titanium tetrachloride
      vapour is started while the stream of nitrogen is gradually diminished.
PAR  In particular, the throughput of nitrogen is reduced to 30.5 N litres/hour
      while the throughput of titanium tetrachloride is increased to 30.5 N
      litres/hour, this latter being supplied to the reactor in the form of
      superheated vapour at a temperature of approximately 145.degree.C. The
      process is then continued for 21/2 hours, the temperature inside the
      reactor being maintained at approximately 150.degree.C and the gaseous
      flow emerging at the head of the reactor being cooled and the condensed
      liquid collected.
PAR  Analysis of the titanium tetrachloride purified in this way has revealed
      the following result: vanadium less than 1 part per million, organic
      substances content (expressed as carbon) 160 parts per million.
PAR  Throughout the entire period of the test, no aggregation or compaction of
      the fluidised particles was observed.
PAC  EXAMPLE 10
PAR  The same procedure was adopted as in Example 9, with the sole difference
      that the temperature inside the reactor was maintained at approximately
      135.degree.C. Analysis of the purified product gave the following results:
      vanadium content equal approximately to one part per million, organic
      substances content (expressed as carbon) 190 parts per million.
PAC  EXAMPLE 11
PAR  The same procedure was adopted as in Example 9, with the sole difference
      that the temperature inside the reactor was maintained at approximately
      125.degree.C. Analysis of the purified titanium tetrachloride produced the
      following results: vanadium content equal to 2.5 parts per million,
      organic substances content (expressed as carbon) 205 parts per million.
PAC  EXAMPLE 12
PAR  The same procedure was adopted as in Example 9, with the sole difference
      that the temperature inside the reactor was maintained at approximately
      115.degree.C. Analysis of the purified titanium tetrachloride produced the
      following results: vanadium content equal to 22 parts per million, organic
      substances content (expressed as carbon) 260 parts per million.
PAC  EXAMPLE 13
PAR  The same procedure was adopted as in Example 9, with the sole difference
      that the flow of nitrogen was completely replaced by the flow of vaporised
      titanium tetrachloride.
PAR  The procedure was followed for 75 minutes, 61 N litres/hour titanium
      tetrachloride being supplied to the reactor. During this period, there was
      no compaction or agglomeration of the particles in the fluidised bed.
      Furthermore, analysis of the purified product demonstrated a vanadium
      content of less than 1 part per million and an organic substances content
      (expressed as carbon) of 165 parts per million.
PAC  EXAMPLE 14
PAR  The same procedure was adopted as in Example 9, with the difference that
      the flow of nitrogen to the bed of particles of purifying agent was
      reduced to 30.5 N liters/hour while the flow of vaporised titanium
      tetrachloride was increased to 61 N liters/hour.
PAR  This procedure was followed for 75 minutes, during which time there was
      satisfactory fluidisation of the particles of purifying agent, with no
      phenomena of compaction or agglomeration of the actual particles.
PAR  Furthermore, analysis of the purified titanium tetrachloride produced the
      following results: vanadium content less than 1 part per million, organic
      substances content (expressed as carbon) 195 parts per million.
PAC  EXAMPLE 15
PAR  The same procedure was adopted as in Example 14, with the sole difference
      that the temperature inside the reactor was maintained at 125.degree.C.
      Analysis of the purified product demonstrated a vanadium content equal to
      approximately 1 part per million and an organic substances content
      (expressed as carbon) at 215 parts per million.
PAC  EXAMPLE 16
PAR  A purifying agent is prepared, consisting of sodium supported on alumina
      and containing 5% by weight of sodium with respect to the support medium.
PAR  In the preparation, the procedure was adopted was completely the same as
      that described in Example 8. The resultant purifying agent was used for
      purifying crude titanium tetrachloride, proceeding as described in Example
      9. The purification test was carried out for 5 hours and during this
      period of time there was no phenomena of compaction or agglomeration of
      the particles in the fluidised bed. Furthermore, analysis of the purified
      product revealed a vanadium content of less than one part per million, and
      an organic substances content (expressed as carbon) of 165 parts per
      million.
PAR  In all the experimental examples, a crude titanium tetrachloride was used
      (obtained by chlorination of mineral rutile) with a vanadium salts content
      -- expressed in terms of vanadium --  equal to 1,300 parts per million and
      an organic substances content -- expressed as carbon -- equal to 1,650
      parts per million.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the purification of titanium tetrachloride in gaseous or
      liquid form, obtained by chlorination of rutile or ilmenitic ores or
      ilmenitic slag or other materials containing titanium dioxide in the
      presence of carbon at elevated temperatures to remove organic impurities
      so that the titanium tetrachloride product is colorless and to remove
      vanadium compounds so that the residual content of vanadium metal is less
      than 5 p.p.m., characterized in that said titanium tetrachloride is
      brought into contact with a purifying agent consisting of a support
      selected from alumina or sodium chloride when said titanium tetrachloride
      is purified in liquid form and a support of alumina when said titanium
      tetrachloride is purified in gaseous form, said support being in granular
      form which is inert to metallic sodium and titanium tetrachloride with
      which metallic sodium has been contacted by bringing the sodium to its
      melting point in a closed vessel containing the granular inert support
      material under agitation for at least 15 minutes, and allowing the
      resulting mixture to cool slowly, under agitation, over at least a 15
      minute period to solidify the sodium on the granules, when said
      purification is carried out in liquid form, the alumina has a granulometry
      of between 0.05 and 0.5mm particle size and a specific surface area in
      excess of 1 sq.m./g and the sodium amount contacted with the alumina is in
      such a quantity that the final concentration thereof in the purifying
      agent is in the range of from 10 to 25 parts by weight per 100 parts of
      inert support and the sodium chloride is of a particle size of between 0.1
      and 1 mm and the specific surface area thereof is less than 1 sq.m./g with
      the amount of sodium contacted therewith being in a quantity so that the
      final concentration thereof in the purifying agent is between 3 and 10
      parts by weight per 100 parts of inert support, and when the purification
      is carried out in gaseous form, the alumina has a particle size of between
      0.05 and 0.5 mm, the specific surface area thereof is in excess of 1
      sq.m./g and the amount of sodium contacted therewith is in a quantity so
      that the final concentration thereof in the purifying agent is between 1
      and 6.5 parts by weight per 100 parts by weight of inert support.
NUM  2.
PAR  2. Process according to claim 1, characterised in that the periods are 30
      minutes to 2 hours.
NUM  3.
PAR  3. The process of claim 1 wherein the purification is carried out in liquid
      form.
NUM  4.
PAR  4. The process of claim 1 wherein the purification is carried out in
      gaseous form.
NUM  5.
PAR  5. The process of claim 4 wherein the sodium is used in a quantity so that
      its final concentration in the purifying agent is between 2.5 and 5 parts
      by weight per 100 parts by weight alumina.
NUM  6.
PAR  6. Process according to claim 3, characterised in that the titanium
      tetrachloride is brought into contact with the purifying agent in liquid
      form and the product obtained is distilled.
NUM  7.
PAR  7. Process according to claim 6, characterised in that the purifying agent
      is added to the crude titanium tetrachloride at ambient temperature, the
      temperature of the resultant mixture is brought to 80.degree. to
      90.degree.C, the said mixture being maintained at that temperature for a
      period comprised between 15 minutes and 2 hours, the suspended solids
      being separated and the resultant solution being subjected to
      distillation.
NUM  8.
PAR  8. Process according to claim 6, characterised in that the crude titanium
      tetrachloride is caused to percolate at a temperature between 50.degree.
      and 90.degree.C through a column filled with purifying agent, the rate of
      throughput being regulated so that the dwell times are comprised between
      15 minutes and 2 hours, after which it is subjected to distillation.
NUM  9.
PAR  9. Process according to claim 6, characterised in that the purifying agent
      is used in such a quantity that the sodium introduced is comprised in the
      range from 0.15 to 0.30 parts by weight for every 100 parts by weight of
      crude titanium tetrachloride.
NUM  10.
PAR  10. The process according to claim 4 wherein during said gaseous
      purification the temperature is equal to or greater than 100.degree.C and
      the contact time is 0.5 to 2.5 seconds and then the treated titanium
      tetrachloride is condensed.
NUM  11.
PAR  11. Process according to claim 10, characterised in that the period for
      preparing the purifying agent is 30 minutes to 2 hours.
NUM  12.
PAR  12. Process according to claim 10, characterised in that the temperatures
      during contact are between 110.degree. and 170.degree.C.
NUM  13.
PAR  13. Process according to claim 10, characterised in that the purifying
      agent, in particles of 0.05 to 0.25 mm, is in the form of a fluidised bed.
NUM  14.
PAR  14. Process according to claim 10, characterised in that the purifying
      agent, in particles of 0.05 to 3.0 mm, takes the form of a fixed or
      movable bed.
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ABST
PAL  The known process of separating molybdenum from a tungsten-molybdenum
      containing alkaline solution has been improved by carrying out the
      chemical reaction between the solution treated with sulphuric acid and an
      added sodium bisulphide solution in a continuous process within a
      multi-stage stirred-tank reactor system, whereby the freed hydrogen
      sulphide is recycled for absorption by the alkaline solution thus reducing
      substantially the amount of additional sulphuric acid required for the
      reaction.
BSUM
PAR  Scheelite is one of the commercial minerals of the metal tungsten. Its
      chemical composition is calcium tungstate, CaWO.sub.4. In its natural
      state it is often closely associated with small quantities of the
      corresponding molybdenum mineral, powellite which is calcium molybdate,
      CaMoO.sub.4. In physical beneficiation processes directed at recovering
      and concentrating scheelite, the powellite usually concentrates with the
      scheelite because of its similar characteristics and because its crystal
      form is often inter-grown with that of scheelite. Thus commercial
      scheelite concentrate is often contaminated with the molybdenum mineral
      and it usually suffers a market penalty on this account. A process also
      exists for the chemical beneficiation of molybdenum contaminated scheelite
      concentrate to a molybdenum-free or low-molybdenum product. In this
      process the complex tungsten and molybdenum minerals are dissolved in
      excess sodium carbonate and after separating the insoluble residue
      fraction there remains an alkaline solution in which the tungsten and
      molybdenum exist as sodium tungstate and sodium molybdate in excess sodium
      carbonate. The art of molybdenum-tungsten separation from an alkaline
      solution is well known.
PAR  A typical description of the art of molybdenum-tungsten separation is given
      in U.S. Pat. No. 3,173,754. This patent describes a process in which the
      pH of the alkaline molybdenum-tungsten solution is adjusted to pH 8 with
      sulphuric acid and there is then added to this solution at least 170
      percent of the amount of alkali sulphide stoichiometrically required to
      convert the molybdenum contaminant to the thiomolybdate complex ion; the
      solution is then digested at elevated temperature to convert the
      molybdenum contaminant to the thiomolybdate complex ion; and then
      acidified to below pH 3.0 whereby the molybdenum is precipitated as
      molybdenum trisulphide; while the tungsten remains in solution as tungstic
      acid. The molybdenum precipitate is separated from the tungstic acid
      solution by filtration, and the tungsten is eventually recovered by adding
      sodium hydroxide to pH 8.5 and then adding the stoichiometric quantity of
      calcium chloride to reprecipitate calcium tungstate.
PAR  The chemical equations which describe the preferential precipitation of
      molybdenum trisulphide in the above tungsten-molybdenum separation process
      are as follows:
PA1  I. Sodium bisulphide reacts with the sodium molybdate to form sodium
      thiomolybdate,
EQU  4 NaHS + Na.sub.2 MoO.sub.4 -- Na.sub.2 MoS.sub.4 + 4 NaOH
PA1  ii. The addition of sulphuric acid to the alkaline thiomolybdate solution
      neutralises the sodium hydroxide and excess sodium carbonate remaining
      from the original dissolution step.
PA1  Carbon dioxide gas is released in the latter case.
EQU  2 NaOH + H.sub.2 SO.sub.4 -- Na.sub.2 SO.sub.4 + H.sub.2 O
EQU  Na.sub.2 CO.sub.3 + H.sub.2 SO.sub.4 -- Na.sub.2 SO.sub.4 + H.sub.2 O +
      CO.sub.2
PA1  iii. The continued addition of sulphuric acid decomposes the thiomolybdate
      ion to precipitate molybdenum trisulphide and release hydrogen sulphide.
EQU  Na.sub.2 MoS.sub.4 + H.sub.2 SO.sub.4 -- MoS.sub.3 + H.sub.2 S + Na.sub.2
      SO.sub.4
PAR  The minimum quantity of alkali sulphide used in this process is critical if
      complete or near-complete precipitation of molybdenum is to result. Thus
      while U.S. Pat. No. 3,173,754 specifies the minimum quantity at 170
      percent of that stoichiometrically equivalent to the thiomolybdate ion,
      practical experience has suggested that results are more consistent if
      larger quantities of alkali sulphide are used, for example 2.0 to 2.5
      equivalents.
PAR  The present invention is an improvement in the art of tungsten-molybdenum
      separation as described in the foregoing. In particular, the invention
      results in a lower consumption of alkali sulphide so that only about half
      that referred to in the foregoing is actually used. There is also a
      reduction in the consumption of sulphuric acid equivalent to the reduction
      in the sulphide consumption. The reduced sulphide consumption which is the
      main object of this invention is achieved by a process for the separation
      of tungsten and molybdenum from a molybdenum and tungsten containing
      alkaline solution wherein the solution is treated with sulphuric acid and
      is then reacted with a sodium bisulphide solution in a reactor system in a
      continuous process in which excess hydrogen sulphide contained in the
      gases freed by the reaction is recycled for absorption by said molybdenum
      and tungsten containing alkaline solution.
PAR  By using a multi-stage continouos stirred-tank reactor system it is
      possible to control the gaseous atmosphere in the separate reactors so
      that at the completion of the precipitation the atmosphere is virtually
      100 percent hydrogen sulphide which fact results in more of the molybdenum
      being precipitated than would otherwise be possible from a noncontrolled
      atmosphere.
PAR  In one form of the invention the pressure of the gases in the precipitation
      reactors is increased above atmospheric pressure with the result that more
      of the molybdenum would be precipitated than would otherwise be possible
      from an operation at atmospheric pressure. At the same time air and other
      diluent gases are prevented from entering the gaseous atmosphere in the
      reactors.
PAR  One embodiment of the invention will be described hereinafter in more
      detail in connection with the drawing which shows a flowsheet diagram of a
      plant for carrying out the invention. In one example approximately 7500
      liters of alkaline tungsten-molybdenum liquor where processed at a rate of
      500 milliters per minute for the precipitation of molybdenum trisulphide
      and the eventual preparation of 500 kg of calcium tungstate containing
      less that 10 p.p.m. molybdenum.
DETD
PAR  In the drawing the supply tank (A) contains the source of carbonate liquor
      which is pumped by a pump (P) through a rotameter control (B) to the top
      of an absorption tower (C) packed with raschig rings. The internal
      diameter of the tower in the case of the beforementioned example was 50 mm
      and the height of the packing was 1500 mm. After passing down through the
      tower, the liquor flows into an agitator (D) of, for example 15 liter,
      where sulphuric acid from a supply (SA) is automatically added to maintain
      a pH of 8.5 in the agitator. The continuously flowing liquor is then
      passed progressively through six heated, stirred tank reactors in series,
      (E), (F), (G), (H), (I), (J), the heating being schematically indicated by
      the steam pipe (V). To the first reactor (E), a metered stream of 30
      percent sodium bisulphide solution from a supply (SBS) is added to
      maintain a more-or-less constant, predetermined concentration of sulphide
      in solution in reactor (E), the concentration being determined from
      time-to-time by sampling and titrating the said liquor.
PAR  The second reactor (F) is simply a holding reactor provided to allow
      sufficient time to elapse for the formation of the thiomolybdate complex
      ion before the liquor is passed into (G) where a constant stream of
      sulphuric acid from a supply (SA) is added to maintain the contained
      liquor within the pH range 6.5 to 7.0. The liquor flows then from (G) to
      (H) where a similar stream of acid from supply (SA) is added to maintain
      the liquor pH within the range 2.0 to 2.5. It is within reactor (H) that
      precipitation of molybdenum trisulphide commences; it continues in
      reactors (I) and (J) which are holding reactors to allow sufficient time
      to pass for the complete precipitation of molybdenum trisulphide before
      the emerging slurry after passing through a pressure seal (L) is filtered
      by a filter arrangement (SF) for physical separation of molybdenum
      trisulphide from the remaining tungstic acid solution. There is a
      substantial stream of carbon dioxide released from the agitator (D), and
      the reactors (G) and (H), as sulphuric acid is added to the liquor
      therein. Similarly, a substantial stream of hydrogen sulphide is released
      from reactor (H) and lesser amounts from reactors (I) and (J) as the gas
      ex-solved from these liquors is supersaturated in respect to hydrogen
      sulphide.
PAR  A particular additional feature of this invention is that by doing the
      precipitation in the above-described continuous manner as opposed to batch
      operations known hitherto, the steady stream of gases which is generated
      from within each reactor is devoid of oxygen since each reactor can be
      sealed from the atmosphere. Therefore the gas stream can be passed into
      the absorbing tower (C) so that the hydrogen sulphide component of the gas
      is absorbed by the alkali without danger of loss by oxidation and any
      remaining gases are released through the outlet (O). The hydrogen sulphide
      gas on being absorbed in the solution partly neutralises some of the
      excess alkali and forms sodium sulphide which is then available for re-use
      in the process.
PAR  By absorbing the released hydrogen sulphide in the advancing alkali stream,
      the sulphide content of the advancing liquor in reactor (F) can be raised
      to several hundred percent of the theoretical quantity for thiomolybdate
      formation (this being a considerable advantage in respect of complete
      molybdenum trisulphide precipitation) without the overall sulphide
      consumption being significantly in excess of that theoretically required
      to form molybdenum trisulphide.
PAR  As the acid component of the sulphide gas neutralises its equivalent in the
      advancing alkali there is a saving in the amount of acid compared with
      that which would be used by a process in which the gas recycle technique
      was not used.
PAR  By employing a throttling valve or a constant pressure device (K) as shown
      in the drawing, a back pressure of hydrogen sulphide can build up in
      reactors (H), (I) and (J) with the result that there is less tendency for
      this gas to be released from solution and a consequently greater tendency
      to complete molybdenum precipitation. In the example described above,
      approximately 7500 liters of sodium carbonate leach liquor were produced
      by autoclaving five, 1-tonne batches of flotation concentrate containing
      14 to 16 percent tungstic oxide and 1.0 to 1.5 percent MoO.sub.3. After
      filtration and washing, the bulked leach liquors contained,
TBL  tungstic oxide     71.1 g WO.sub.3 /liter                                 
     molybdenum oxide    3.2 g MoO.sub.3 /liter                                
     sodium carbonate   48.1 g Na.sub.2 CO.sub.3 /liter                        
     sodium bicarbonate  5.8 g NaHCO.sub.3 /liter                              
     pH                 10.5                                                   
PAR  This liquor was then fed through the equipment as described in the
      foregoing. A record was kept of the sodium bisulphide and sulphuric acid
      added, as well as the sodium bisulphide concentration in reactor (F) and
      the hydrogen sulphide content of the gases leaving the absorbing tower
      (C). The tungstic acid solution containing the precipitated molybdenum
      trisulphide was flocced and samples of the slurry stream were filtered at
      regular intervals.
PAR  The molybdenum in the filtrate was determined by chemical analysis.
PAR  Typical results of several 5 to 8 hour operating periods are shown in Table
      1:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Volume                                                                    
           Ave. NaHS concentration                                             
                         NaHS used   MoO.sub.3 in                              
                                           Ave. H.sub.2 S                      
                                                 H.sub.2 SO.sub.4 used         
           in reactor (F)            filtrate                                  
                                           in off-                             
                                                 g/g WO.sub.3                  
     processed                                                                 
           g/l     % of one                                                    
                         g/g MoO.sub.3                                         
                               % of one    gases                               
     (liters)      NaHS *      NaHS *                                          
                   equivalent  equivalent                                      
                                     p.p.m.                                    
                                           %                                   
     __________________________________________________________________________
     155   14.5    290   1.18  75.6  1.0   0.15  1.16                          
     174   12.4    248   1.19  69.6  1.0   0.1   1.17                          
     130    8.4    168   1.94  124.5 3.0   0.0   1.36                          
     201   11.4    228   1.62  104.1 1.0   0.0   0.98                          
     __________________________________________________________________________
      * Relative to the thiomolybdate ion.                                     
PAR  From the table it can be seen that while the average concentration of
      sodium bisulphide in reactor (F) could be maintained in excess of 200
      percent of the stoichiometric equivalent to form the MoS.sub.4 ion, the
      actual sodium bisulphide consumption ranged from only 69.6 percent to
      124.5 percent of one MoS.sub.4 ion equivalent (the lower limit being
      approximately one MoS.sub.3 equivalent). Further it was shown that when
      the sodium bisulphide concentration in reactor (F) dropped to
      approximately 170 percent of one MoS.sub.4 equivalent and less, the
      molybdenum remaining in the final filtrate increased in quantity.
      Molybdenum concentration in excess of 100 p.p.m. MoO.sub.3 resulted when
      the sodium bisulphide equivalent was only 100 percent of the amount
      required for the formation of the MoS.sub.4 ion.
PAR  In demonstrating the complete absorption of the hydrogen sulphide gas in
      the advancing alkaline liquor, the acid component of the gas was thus
      available for neutralisation in accordance with the following equation.
EQU  H.sub.2 S + Na.sub.2 CO.sub.3 -- Na.sub.2 S + H.sub.2 O + CO.sub.2
PAL  Thus a process using this invention would consume less sulphuric acid
      compared with a process not incorporating the invention. The saving in
      sulphuric acid would be that equivalent to the sulphide added in excess of
      the MoS.sub.3 equivalent.
PAR  In the plant described in the foregoing, the pressure in the reactors was
      maintained at 50 to 100 mm, watergauge, above atmospheric pressure by
      causing the gases to bubble through a submerged tube at the constant
      pressure device (K). It was found that this slight positive pressure was
      beneficial in promoting complete molybdenum precipitation since it was
      observed that when leaks developed around the glands of the agitator
      shafts in the reactors, there was invariably an increase in the residual
      molybdenum in the tungstic acid filtrate.
PAR  Pressures higher than that mentioned above will result in more rapid
      precipitation of molybdenum trisulphide. The detailed description given
      above refers only to one example of the application of the invention and
      the invention is not restricted thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the separation of tungsten and molybdenum from a
      molybdenum- and tungsten-containing alkaline solution wherein the solution
      is treated in a reactor system in a continuous process, including the
      steps of adding sulphuric acid to maintain the solution at a pH value of
      about 8.5, progressively passing the solution through a series of reactor
      stages at elevated temperature and adding an alkali metal sulphide
      solution equal to no more than about the stoichiometric equivalent
      necessary to form the thiomolybdate ion with the molybdenum in solution,
      adding a further amount of sulphuric acid to maintain the solution at a pH
      value of 2.0 to 2.5, precipitating molybdenum trisulphide during the
      reaction under evolution of hydrogen sulphide, recycling said hydrogen
      sulphide for absorption by said molybdenum- and tungsten-containing
      alkaline solution, and separating the precipitated molybdenum trisulphide
      from the remaining solution.
NUM  2.
PAR  2. A process according to claim 1 wherein the alkaline solution is
      progressively reacted in said series of reactor stages under stirring.
NUM  3.
PAR  3. A process according to claim 1 wherein the pressure within the reactor
      system is held at a value higher than atmospheric pressure thus preventing
      any diluent gases from entering any of the reactor stages.
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ABST
PAL  Crystallization of aluminosilicate zeolites of the molecular sieve type
      either as such or in aggregate combination with clay mineral is
      accomplished by the addition of a flux constituting an alkali metal salt
      to a kaolin-type clay prior to calcination and caustic aging of said clay.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  Manufacture of crystalline aluminosilicate molecular sieve zeolites by
      admixing a flux with kaolin-type clay prior to calcination at an elevated
      temperature and subsequent aging of the calcined clay in caustic solution.
PAR  2. Description of the Prior Art.
PAR  It has heretofore been known to employ kaolin-type clays in synthesizing
      crystalline aluminosilicate zeolites as a result of treatment with caustic
      solution. Thus, U.S. Pat. No. 2,992,068 describes conversion of dehydrated
      kaolin clay by contact with a relatively concentrated caustic solution at
      low temperature into a type A zeolite. U.S. Pat. No. 3,037,843 describes
      treatment of a variety of clay minerals, particularly of the kaolin type,
      with caustic solution to yield a crystalline sodium aluminosilicate which
      is then treated with an acid to yield a "permutitic acid" which upon
      treatment with dilute alkali solution at an elevated temperature yields a
      crystalline aluminosilicate of the molecular sieve type. U.S. Pat. No.
      3,114,603 describes a process which entails digesting an aqueous reactant
      mixture containing reactive kaolin at a temperature between about
      20.degree.C. and about 55.degree.C. for at least 2 hours followed by
      crystallizing sodium zeolite A in the digested reactant mixture in the
      temperature range of about 75.degree.C. to about 100.degree.C. for at
      least 2 hours and recovering crystalline zeolite A as the product. U.S.
      Pat. No. 3,119,660 describes preparation of a molecular sieve-type
      crystalline aluminosilicate by contacting kaolin with an aqueous alkaline
      solution containing a water-soluble alkali metal salt. After a suitable
      period of digestion, crystallization occurs.
PAR  U.S. Pat. No. 3,338,672 describes a method for making a faujasite-type
      crystalline zeolite by reacting an aqueous sodium hydroxide solution with
      a mixture of amorphous dehydrated kaolin clays, which clays were produced
      by calcining kaolin clays at different temperature levels. U.S. Pat. No.
      3,391,994 describes a method for producing faujasite-type zeolites by
      reacting sodium hydroxide solution with kaolin clay that had been calcined
      under conditions such that the clay had undergone the characteristic
      kaolin exotherm after it was dehydrated. U.S. Pat. No. 3,414,602 describes
      conversion of calcined kaolin by reaction with sodium hydroxide and
      tetramethylammonium hydroxide to yield zeolite N. U.S. Pat. No. 3,458,454
      describes a procedure for providing a fluidizable cracking catalyst from
      calcined kaolin which is converted to pellets of precursor consisting of
      sodium faujasite in an amorphous matrix. Such pellets after conversion to
      particle size of less than 2 microns are admixed with sodium silicate,
      spray dried and finally exchanged by treatment with an ammonium salt.
PAR  U.S. Pat. No. 3,367,886 relates to zeolite molecular sieve-kaolin clay
      composites resulting from crystallizing the zeolite molecular sieve from
      sources of alkali metal oxide, aluminum oxide, silicon dioxide and water
      in the presence of raw crystalline kaolin clay while such sources and
      kaolin clay are intermittently mixed together and in the form of particles
      of the size and shape desired in the active contact masses. U.S. Pat. No.
      3,367,887 describes the production of a catalyst base material obtained by
      hydrothermal treatment without dehydration of preformed masses of sodium
      hydroxide solution, calcined amorphous kaolin clays and raw crystalline
      kaolin clay in a manner such that the zeolite molecular sieve is produced
      by reaction of the caustic principally with the calcined amorphous clays
      in situ in the presence of the raw crystalline kaolin clay. U.S. Pat. No.
      3,508,867 describes treatment of clays with sodium hydroxide or potassium
      hydroxide solution, preferably in admixture with a source of silica,
      followed by calcination at temperatures ranging from 230.degree.F. to
      1600.degree.F. to yield a material which is crushed, dispersed in water
      and digested in the resulting alkaline solution to yield, upon
      crystallization, a crystalline aluminosilicate. U.S. Pat. No. 3,515,511
      relates to preparation of faujasite by calcining raw kaolin at a
      temperature in the range of 965.degree.C. to 1095.degree.C. to yield a
      reactive kaolin which upon Differential Thermal Analysis at about
      980.degree.C. exhibits an exotherm which is less than 15% of the DTA
      exotherm of raw kaolin and thereafter contacting the activated kaolin with
      sodium hydroxide solution. U.S. Pat. No. 3,515,681 and U.S. Pat. No.
      3,515,682 describe techniques for transforming calcined kaolin into
      synthetic faujasite by alkaline aging in sodium hydroxide solution.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been found that the
      transformation of kaolin clays to crystalline aluminosilicate zeolites of
      the molecular sieve type can be facilitated by the addition of a flux
      material to the kaolin-type clay prior to calcination and aging in a
      caustic solution.
PAR  The process of the invention is particularly applicable for the production
      of synthetic crystalline zeolites that are similar to the mineral
      faujasite, i.e. the molecular sieve type zeolites known as zeolite X,
      described in U.S. Pat. No. 2,882,244 and zeolite Y, described in U.S. Pat.
      No. 3,130,007 and also zeolite A, described in U.S. Pat. No. 2,882,243.
PAR  The above zeolites may be produced either as such, in combination with one
      another or in aggregate combination with the unconverted or partially
      converted kaolin clay.
PAR  The kaolin clay, treated as herein described, serves as the sole or
      principal source of silica and alumina in synthesis of the desired
      crystalline aluminosilicate zeolite. It is, however, with the purview of
      this invention, if desired, to supplement the reaction mixture from which
      the zeolite is crystallized with additional sources of silica and alumina
      such as sodium aluminate, colloidal silica, sodium silicate and silica
      gel.
PAR  The kaolin clay employed in carrying out the invention has the general
      molar composition Al.sub.2 O.sub.3 . 2SiO.sub.2. xH.sub.2 O. The SiO.sub.2
      /Al.sub.2 O.sub.3 ratio may, however, vary from as low as 1.8 to as high
      as 2.6. The kaolin-type clays may be considered as sheet-like crystalline
      silicates. Their basic structural unit is an aluminosilicate sheet
      consisting of a layer of silicon cations in tetrahedral coordination with
      oxygen anions, bonded to a layer of aluminum cations in octahedral
      coordination with oxygen or hydroxyl anions. These sheets, of
      approximately 7 Angstrom thickness, are stacked one on top of another to
      form the small plate-like crystals of the mineral. Representative of the
      kaolin-type clays which contain the above-described two-layer sheet
      structure are kaolinite, levisite, nacrite, dickite, endellite and
      halloysite. These clays differ only in the way the basic structural sheets
      are stacked. It is considered essential to the success of this invention
      that the clay starting material employed be of the kaolin-type. Other
      avilable clays, such as attapulgite and hectorite, when subjected to
      similar treatment, did not undergo the desired transformation to
      crystalline aluminosilicate zeolites achieved with use of the kaolin-type
      clays.
PAR  A flux material is, in accordance with the invention, initially added to
      the kaolin-type clay. The amount of flux used will depend on the
      particular material selected for use but will generally be between about 5
      and about 20 weight percent, calculated as alkali metal oxide, of the
      kaolin clay employed. Suitable fluxes include the salts of alkali metals.
      Representative of such salts are lithium chloride, lithium bromide, sodium
      chloride, potassium chloride, sodium bromide, lithium fluoride, sodium
      carbonate, sodium bicarbonate, borax, potassium carbonate and lithium
      carbonate.
PAR  It is to be noted that the above salts have the ability to flux the
      kaolin-type clay upon subsequent calcination and, in such regard, are to
      be distinguished from the alkaline aging solutions, containing one or more
      alkali metal hydroxides, with which the calcined fluxed kaolin is later
      brought into contact.
PAR  The fluxing salt may be added to the kaolin-type clay in any feasible
      manner. Generally, the salt is added in the form of an aqueous solution of
      sufficient concentration to insure that the amount of flux material is
      between about 5 and about 20 weight percent, calculated as alkali metal
      oxide, of the kaolin clay. Preferably, the flux employed will be an alkali
      metal halide or carbonate and particularly the salts of sodium such as
      sodium chloride and sodium carbonate. With use of the latter, for example,
      the amount added to the kaolin clay is such as to give a mole ratio of
      Na.sub.2 O/SiO.sub.2 of approximately 0.4, based on the assumption that
      separation into alumina-rich and silica-rich phases occurs on subsequent
      calcination.
PAR  After addition of the fluxing salt to the kaolin-type clay, the latter is
      subjected to an elevated temperature by calcining at between about
      880.degree.C. and 1100.degree.C. for a sufficient time for the clay to
      undergo the characteristic kaolin exotherm after dehydration is completed,
      generally between about 1 and 12 hours. When the calcination temperature
      is substantially below 925.degree.C., some of the kaolin clay may not
      undergo the exotherm after dehydration. Alternatively, the flux-kaolin
      mixture may be spray dried at temperatures in the range of about
      450.degree. to about 750.degree.C. prior to calcination. The presence of
      dehydrated kaolin clay which has not undergone the characteristic exotherm
      usually yields a product in which the silica to alumina ratio is
      undesirably low insofar as the formation of synthetic faujasite-type
      zeolites is concerned. When a major quantity of dehydrated kaolin which
      has not undergone the exotherm is present in the aqueous reaction mixture,
      zeolite A or other zeolites of lower silica to alumina ratio than those of
      the synthetic faujasites are obtained. When calcination exceeds about
      1100.degree.C. for an appreciable time, the resulting material is not
      suitable for crystalline zeolite production. The manner of determining the
      presence of the characteristic kaolin exotherm at about 980.degree.C. is
      well known and described in the literature, see, for example "Clay
      Minerology" by Grim, page 203, McGraw Hill (1953).
PAR  The fluxed calcined kaolin-type clay, suitably in finely-divided form, is
      then subjected to alkaline aging by exposure to an aqueous caustic (sodium
      hydroxide) solution. A portion of the sodium hydroxide can be replaced by
      stoichiometrically equivalent amounts of potassium hydroxide, lithium
      hydroxide, or tetraalkylammonium hydroxide, either singly or in
      combination. Generally, and preferably, however, sodium hydroxide will be
      employed utilizing solutions of approximately 5 to 20 weight percent
      concentration. A particularly feasible concentration of sodium hydroxide
      is that sufficient to give a Na.sub.2 O/SiO.sub.2 ratio of about 0.6,
      based on the assumption that calcination of the kaolin clay effected a
      separation into alumina-rich and silica-rich phases.
PAR  Crystallization of the aluminosilicate zeolite is effected by maintaining
      the resulting reaction mixture at a temperature appreciably below the
      boiling point, generally at at temperature within the approximate range of
      30.degree. to 110.degree.C. Preferably, the temperature will be maintained
      within the upper portion of the above range, i.e. between about 80.degree.
      and about 95.degree.C. to insure crystallization within a reasonable
      period of time. The crystallized reaction product is formed directly as a
      solid or semi-solid mass. In some instances, the zeolite crystals formed
      may be removed from the reaction mixture by suitable means such as
      filtration or centrifuging. The separated zeolite-containing product may
      thereafter be dried, calcined, steam-treated, if desired, and/or
      ion-exchanged to replace the cations existing in the crystalline
      aluminosilicate as formed with more desirable cations, depending on the
      end use of the zeolite product, which may involve either sorption or
      catalysis.
PAR  When intended for use as a catalyst suitable for conversion of
      hydrocarbons, the form of the zeolite obtained, i.e. the sodium form, may
      be ion-exchanged with other cations such as ammonium, hydrogen, nickel,
      titanium, chromium, iron, manganese, vanadium, cobalt, zinc, aluminum and
      the rare earths and mixtures of the foregoing ions. Ion exchange may be
      accomplished utilizing well-known zeolite exchange techniques, for
      example, such as described in U.S. Pat. No. 3,140,249 and U.S. Pat. No.
      3,140,253. The product can also be impregnated with elemental metals or
      the oxides or sulfides of such metals to yield catalytically active
      contact materials useful in hydrocarbon conversion reactions, such as
      hydrocracking, isomerization, alkylation, disproportionation and
      polymerization. The principal application contemplated for zeolites
      produced in accordance with the present invention resides in the field of
      catalysis and particularly in catalytic cracking of hydrocarbon charge
      stocks, such as gas oil, to lighter hydrocarbons boiling in the gasoline
      range.
PAR  Crystallization from aggregates calcined below about 925.degree.C. may be
      controlled to yield a substantially 100% conversion to crystalline
      aluminosilicate zeolite. Alternatively, crystallization from more severely
      calcined mixtures of clay and flux will commonly yield a product which is
      an aggregate mixture of the unreacted or partially reacted kaolin-type
      clay and the crystalline aluminosilicate molecular sieve type zeolite.
PAR  In a preferred embodiment, the synthesis of zeolites in varying proportion
      in intimate mixtures with the kaolin-type clay gives rise to a product
      characterized by excellent attrition resistance. The manner and degree of
      interaction between the fluxed and calcined kaolin-type clay and alkaline
      solution can be used to control the ratio between kaolin-type clay and
      crystalline aluminosilicate produced. Thus, at sodium hydroxide
      concentrations substantially below 5 weight percent, crystallization to
      zeolite may not occur. At sodium hydroxide concentrations substantially
      above 20%, crystallization may proceed to undesirable, dense structures
      such as sodalite.
PAR  To obtain high yields of the desired zeolite, it may be further
      advantageous to maintain the temperature of alkaline aging between about
      30.degree. and about 60.degree.C. for at least 3 hours, preferably 24 to
      48 hours, prior to subsequent crystallization at temperatures within the
      range of about 70.degree. to about 110.degree.C.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following examples will serve to illustrate the process of this
      invention without limiting the same:
PAC  EXAMPLE 1
PAR  Thirty grams of air-dried kaolinite having the following composition:
TBL                   Weight Percent                                           
     ______________________________________                                    
     SiO.sub.2          51.9                                                   
     Al.sub.2 O.sub.3   39.4                                                   
     Na                 0.03                                                   
     K                  0.23                                                   
     Mg                 0.02                                                   
     Ca                 0.03                                                   
     Fe                 1.1                                                    
     Remainder          7.3                                                    
     Ash                85.5                                                   
     ______________________________________                                    
PAL  were combined with 40 cc of 14 weight percent aqueous Na.sub.2 CO.sub.3
      solution, air-dried and thereafter calcined from 400.degree.C. to
      940.degree.-950.degree.C. in 2 hours 10 minutes. The amount of Na.sub.2
      CO.sub.3 added was calculated to give a constant mole ratio of Na.sub.2
      O/SiO.sub.2 = 0.4 after assumption that partial separation into
      alumina-rich and silica-rich phases would occur on calcination.
PAR  A 5 gram sample of the so treated kaolinite was ground to about 100 mesh,
      combined with 3.9 cc of a 3 M aqueous sodium hydroxide solution to give a
      Na.sub.2 O/SiO.sub.2 ratio of 0.6 and then aged at 85.degree.-90.degree.C.
      for 3 days. At the end of this time, analyses of the resultant product
      showed the same to contain approximately 25 weight percent of crystallized
      zeolite constituting a mixture of synthetic faujasite and zeolite P.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated but water in an equal volume amount
      was used in place of the aqueous Na.sub.2 CO.sub.3 solution and 9.7 cc of
      the 3 M aqueous sodium hydroxide solution was employed to provide the
      Na.sub.2 O/SiO.sub.2 ratio of 0.6. In such instance, in the absence of
      sodium carbonate flux, no formation of crystalline aluminosilicate zeolite
      was observed.
PAC  EXAMPLE 3
PAR  Fifteen grams of the kaolinite clay described in Example 1 were combined
      with 20 cc of a 7 weight percent aqueous solution of sodium chloride,
      air-dried and thereafter calcined from 200.degree. to 910.degree.C. in 2
      hours.
PAR  A five gram sample of the so treated kaolinite was finely ground and
      combined with 3 cc of a 3 M aqueous sodium hydroxide solution and then
      aged at 85.degree.-90.degree.C. for 2 days. At the end of such time,
      analysis of the resultant product showed the same to contain approximately
      11 weight percent of zeolite A.
PAC  EXAMPLE 4
PAR  The procedure of Example 3 was repeated but water in an equal volume amount
      was used in place of the aqueous sodium chloride solution. In the absence
      of the sodium chloride flux, no formation of crystalline aluminosilicate
      zeolite was observed.
PAC  EXAMPLE 5
PAR  Fifteen grams of halloysite having the following composition:
TBL                   Weight Percent                                           
     ______________________________________                                    
     SiO.sub.2          57.2                                                   
     Al.sub.2 O.sub.3   38.6                                                   
     Na                 0.01                                                   
     K                  0.01                                                   
     Mg                 0.02                                                   
     Ca                 0.04                                                   
     Fe                 1.6                                                    
     Remainder          2.5                                                    
     Ash                82.3                                                   
     ______________________________________                                    
PAL  were treated as described in Example 3. The resulting product was found to
      contain approximately 10 weight percent of zeolite A.
PAC  EXAMPLE 6
PAR  The procedure of Example 5 was repeated but water in an equal volume amount
      was used in place of the aqueous sodium chloride solution. In the absence
      of the sodium chloride flux, no formation of crystalline aluminosilicate
      zeolite was observed.
PAC  EXAMPLE 7
PAR  Fifteen grams of attapulgite having the following composition:
TBL                   Weight Percent                                           
     ______________________________________                                    
     SiO.sub.2          69.2                                                   
     Al.sub.2 O.sub.3   10.2                                                   
     Na                 0.03                                                   
     K                  0.50                                                   
     Mg                 7.3                                                    
     Ca                 1.5                                                    
     Fe                 2.4                                                    
     Remainder          8.9                                                    
     Ash                82.0                                                   
     ______________________________________                                    
PAL  were treated both with sodium chloride solution as described in Example 3
      and with water as described in Example 4. In neither instance was
      crystalline aluminosilicate zeolite formed.
PAC  EXAMPLE 8
PAR  Fifteen grams of hectorite having the following composition:
TBL                   Weight Percent                                           
     ______________________________________                                    
     SiO.sub.2          45.7                                                   
     Al.sub.2 O.sub.3   0.89                                                   
     Na                 1.2                                                    
     K                  0.17                                                   
     Mg                 11                                                     
     Ca                 4.5                                                    
     Fe                 0.30                                                   
     Remainder          36.2                                                   
     Ash                75.3                                                   
     ______________________________________                                    
PAL  were treated both with sodium chloride solution as described in Example 3
      and with water as described in Example 4. In neither instance was
      crystalline aluminosilicate zeolite formed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for effecting conversion of kaolin-type clays to crystalline
      aluminosilicate molecular sieve zeolites of the faujasite type which
      comprises:
PA1  a. mixing the kaolin-type clay with a flux constituting a halide or
      carbonate of an alkali metal corresponding to between about 5 and about 20
      weight percent, calculated as alkali metal oxide, of the kaolin-type clay;
PA1  b. calcining the resulting mixture at a temperature within the approximate
      range of 880.degree. to 1100.degree.C. for a sufficient time for the clay
      to undergo the characteristic kaolin exotherm after dehydration is
      completed; and
PA1  c. aging the fluxed calcined kaolin-type clay in an aqueous solution of
      sodium hydroxide of approximately 5 to 20 weight percent concentration at
      a temperature within the approximate range of 30.degree. to 110.degree.C.
      until crystallization of the aluminosilicate zeolite is achieved.
NUM  2.
PAR  2. The process of claim 1 wherein the kaolin-type clay is kaolinite.
NUM  3.
PAR  3. The process of claim 1 wherein the kaolin-type clay is halloysite.
NUM  4.
PAR  4. The process of claim 1 wherein said temperature of calcining is within
      the approximate range of 925.degree. to 1100.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein said flux is sodium chloride.
NUM  6.
PAR  6. The process of claim 1 wherein said flux is sodium carbonate.
NUM  7.
PAR  7. The process of claim 1 wherein said flux is an alkali metal halide.
NUM  8.
PAR  8. The process of claim 1 wherein said flux is an alkali metal carbonate.
NUM  9.
PAR  9. The process of claim 1 wherein the temperature of aging is between about
      80.degree. and about 95.degree.C.
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PAL  Alumina is reacted with magnesium chloride in accordance with the chemical
      reaction
EQU  Al.sub.2 O.sub.3 + 3MgCl.sub.2 .fwdarw.3MgO + 2AlCl.sub.3
PAL  In the presence of a mixed mass of inert solid contact material, such as a
      fluidized mass of magnesium oxide particles. The aluminum trichloride is
      recovered and is advantageously employed in the treatment of
      hydrocarbonaceous material, such as retorted shale oil, to improve the
      physical and/or chemical properties thereof. The substantially carbon
      and/or hydrocarbon free retorted aluminiferous oil shale is useful as the
      source of the alumina in the above chemical reaction.
BSUM
PAR  This invention relates to the production of aluminum trichloride. In one
      special embodiment this invention is related to the production of aluminum
      trichloride and magnesium oxide by reacting alumina or an
      alumina-containing material with anhydrous magnesium chloride with the
      resulting production of aluminum trichloride and magnesium oxide. In
      another special embodiment of the practices of this invention retorted
      alumina-containing oil shale substantially free of carbonaceous or
      hydrocarbonaceous material is reacted with magnesium chloride to produce
      magnesium oxide and aluminum trichloride and the resulting produced
      aluminum trichloride advantageously employed to treat the shale oil
      recovered from the retorted oil shale so as to improve the physical and/or
      chemical properties thereof.
PAR  Aluminum trichloride is a useful commercial chemical and has been suggested
      as a suitable source for the production of elemental aluminum, see U.S.
      Pat. Nos. 3,464,900 and 3,508,908. Other uses of aluminum trichloride are
      known, such as in the processing of petroleum fractions, see U.S. Pat.
      Nos. 1,682,743 and 2,797,981.
PAR  Magnesium oxide is also a useful compound and many uses for magnesium oxide
      are known, such as in the manufacture of refractory materials and as a
      neutralizing agent for acids, see also U.S. Pat. No. 3,447,901 for a
      process for the manufacture of magnesium oxide.
PAR  It is also known to produce aluminum trichloride, see particularly U.S.
      Pat. Nos. 1,506,104, 1,507,709, 1,528,038, 1,649,383 and 1,764,502.
PAR  The disclosures of each of the above-identified patents are herein
      incorporated and made part of this disclosure.
PAR  It is an object of this invention to provide a process for the manufacture
      of aluminum trichloride and magnesium oxide.
PAR  It is another object of this invention to provide an improved process for
      the manufacture of aluminum trichloride from alumina or alumina-containing
      or alminiferous materials by reaction with molten magnesium chloride.
PAR  It is another object of this invention to provide a process for the
      manufacture of aluminum trichloride from alumina-containing retorted oil
      shale wherein the resulting produced aluminum trichloride is employed to
      treat the retorted shale oil to improve the physical and/or chemical
      properties thereof.
DRWD
PAR  In at least one embodiment of the practices of this invention at least one
      of the foregoing objects will be achieved. How these and other objects of
      this invention are achieved will become apparent in the light of the
      accompanying disclosure and drawings wherein:
PAR  FIG. 1 schematically illustrates the practices of this invention involving
      the reaction of alumina with magnesium chloride within a reactor to
      produce magnesium oxide and aluminum trichloride; and wherein
PAR  FIG. 2 schematically illustrates another embodiment of the practices of
      this invention wherein magnesium chloride, alumina-containing material and
      inert solids are combined to form a fluidized solids reaction admixture
      with the resultant production and recovery of aluminum trichloride and
      magnesium oxide.
DETD
PAR  In accordance with this invention magnesium chloride is reacted with
      alumina or alumina-containing or aluminiferous material in accordance with
      the chemical equation,
EQU  Al.sub.2 O.sub.3 + 3MgCl.sub.2 .fwdarw. 3MgO + 2AlCl.sub.3
PAL  to produce aluminum trichloride and magnesium oxide. The reaction between
      the magnesium chloride and the alumina or alumina-containing or
      aluminiferous material is carried out in a mixed solids reactor wherein
      solid particle-form alumina or alumina-containing or aluminiferous
      material is mixed or stirred or continuously moved as it is brought into
      contact and/or maintained in contact with anhydrous magnesium chloride.
      Advantageously, there may also be present in the mixed solids reactor
      substantially inert solid particulate material together with the magnesium
      chloride and the alumina or alumina-containing or aluminiferous material.
      Also, an inert gas is advantageously moved through the mixed solids
      reactor during the reaction between the magnesium chloride and the alumina
      or the alumina-containing or aluminiferous material so as to sweep and
      remove the resulting produced gaseous aluminum trichloride from the
      reactor.
PAR  In one special embodiment of the practices of this invention the inert
      solid particulate material added to or present in the mixed solids reactor
      is magnesium oxide. In one practice of this special embodiment of the
      invention substantially pure alumina would be reacted with anhydrous
      magnesium chloride, preferably added to the reactor in molten form, in the
      presence of added particulate magnesium oxide to produce aluminum
      trichloride and magnesium oxide. Further, in this special embodiment of
      the practices of this invention the two reactants magnesium chloride and
      alumina would react to yield two reaction products, aluminum trichloride
      and magnesium oxide, which would be readily separable in substantially
      pure form.
PAR  Referring now to FIG. 1 of the drawings, there is illustrated therein one
      practice of this invention wherein alumina or alumina-containing or
      aluminiferous material is reacted with magnesium chloride in accordance
      with the indicated chemical equation:
EQU  Al.sub.2 O.sub.3 + 3MgCl.sub.2 .fwdarw. 3MgO + 2AlCl.sub.3
PAR  As indicated in the above equation there are produced as the reaction
      products aluminum trichloride and magnesium oxide. In the practice of this
      embodiment of the invention there may be optionally added or present in
      the solids reactor inert solids, preferably of a particle size e.g.
      larger, in the form of granules, pellets, balls, etc., such that the inert
      solids can be readily separated from the resulting produced solid
      magnesium oxide.
PAR  More specifically, in the practice of the invention illustrated in FIG. 1,
      alumina, such as freshly prepared alumina, especially the less
      crystalline, freshly prepared aluminas and those aluminas which have not
      been subjected to high calcining temperatures, e.g., eta-alumina and
      gamma-alumina, and which are more reactive, is supplied from a suitable
      source 10 via line 11 to mixed solids reactor 12. There is also introduced
      into reactor 12 anhydrous magnesium chloride from a suitable source 14 via
      line 15. Desirably, the magnesium chloride supplied to reactor 12 is
      anhydrous molten magnesium chloride.
PAR  Upon contact of the magnesium chloride with the alumina within reactor 12
      and at a suitable elevated reaction temperature, preferably a temperature
      above the melting point of magnesium chloride, about 714.degree.C.,
      reaction between the magnesium chloride and alumina takes place with the
      resulting production of gaseous aluminum trichloride and solid magnesium
      oxide. The resulting produced gaseous aluminum trichloride is removed from
      reactor 12 via line 16 for recovery. Removal of the aluminum trichloride
      from reactor 12 is facilitated by flowing an inert gas, by means not
      shown, such as nitrogen, through reactor 12 to sweep the gaseous aluminum
      trichloride therefrom as it is produced. Further, this sweep gas might
      also be usefully employed to sweep any finely divided magnesium oxide
      produced in the reaction, which magnesium oxide can be readily separated
      from the gaseous aluminum trichloride by a suitable gas-solids separator,
      such as a filter or cyclone separator. As indicated, the produced
      magnesium oxide may be separately removed from reactor 12 via line 18 for
      recovery.
PAR  Optionally, in the practice of the embodiment of the invention illustrated
      in FIG. 1 inert particulate solid material may be supplied from a suitable
      source 19 via line 20 to reactor 12. Desirably, the inert solids supplied
      via line 20 to reactor 12 are of a particle size such that these inert
      solids can be readily separated from the resulting produced magnesium
      oxide. In accordance with a special embodiment the inert solids supplied
      to reactor 12 comprise magnesium oxide, such as magnesium oxide pellets or
      spheres. In this special embodiment of the practices of the invention
      there would be no concern with respect to effecting the separation of the
      added inert solids from the resulting produced magnesium oxide.
PAR  The reaction involving alumina and magnesium chloride for the production of
      aluminum trichloride and magnesium oxide is an endothermic reaction.
      Accordingly, the required endothermic heat of reaction must be supplied to
      the reaction admixture within reactor 12 by suitable means. It is
      desirable to carry out the reaction within reactor 12 at an elevated
      temperature, such as a temperature above the melting point of magnesium
      chloride, so as to carry out the reaction at a fast rate and thereby
      increase the throughput or productivity of reactor 12. A suitable
      temperature at which to carry out the reaction within reactor 12 would be
      in the range from about 750.degree.C. up to about 2000.degree.C. which is
      approximately the softening point of the system comprising magnesium oxide
      and alumina. Satisfactory results are usually obtained by carrying out the
      reaction at a temperature in the range 750.degree.-1500.degree.C.,
      preferably at a temperature in the range 800.degree.-1000.degree.C.
PAR  As indicated hereinabove, the reaction between alumina and magnesium
      chloride is endothermic, requiring about 45,000 BTU per pound mol of
      reacted magnesium chloride at the reaction temperatures in accordance with
      the preferred practices of this invention. The required endothermic heat
      of reaction may be supplied by heating the reactor from an external or
      internal source, such as by means of electrical resistance heaters or by
      directly heating the outside of the reactor or providing means within the
      reactor for effecting indirect heat exchange between the reactor contents
      and a heating fluid. Also, if desired, the required endothermic heat of
      reaction may be supplied by one or more of the reactants supplied to the
      reactor. For example, assuming reactor 12 and the reaction therein is
      maintained at a temperature of 800.degree.C., the magnesium chloride
      and/or the alumina supplied thereto would be heated to a temperature,
      i.e., substantially above 800.degree.C., such as a temperature at least
      about 100 degrees Centigrade higher, e.g., to a temperature about
      1000.degree.C., to supply the required heat of reaction. Alternatively or
      supplemental thereto, any inert sweep gas introduced to reactor 12 to
      sweep the aluminum trichloride therefrom could also be heated to a
      temperature substantially above the reaction temperature maintained within
      reactor 12. Also, supplemental or alternatively, a mass of inert solids,
      such as refractory pebbles, e.g. zirconia pebbles or magnesium oxide
      pebbles, heated to a temperature above the reaction temperature employed
      within reactor 12 could be supplied to reactor 12 to provide the required
      endothermic heat of reaction. Combinations of any of the techniques
      mentioned for supplying the required heat of reaction could be employed.
      If desired, one or more of the reactants could be supplied to reactor 12
      even at a temperature substantially below the reaction temperature
      maintained within reactor 12, in which instance reliance would be had to
      one or more of the aforementioned techniques for heating the reactants
      within the reactor to the desired reaction temperature.
PAR  Reactor 12 wherein alumina and magnesium chloride are reacted in accordance
      with this invention may take any suitable form. A particularly preferred
      form or embodiment of reactor 12 would be a fluidized solids reactor. This
      special advantageous embodiment in the practice of this invention is more
      fully illustrated in accompanying FIG. 2 and will be described in greater
      detail hereinbelow.
PAR  In accordance with one embodiment reactor 12 could comprise a rotary kiln
      wherein magnesium chloride and alumina are supplied at one end and the
      resulting reaction products magnesium oxide and aluminum trichloride
      recovered at the other end. In this embodiment the rotary kiln could be
      heated either internally by electrical resistance heaters or by other
      suitable heaters, such as by indirect heat exchangers for heating the kiln
      contents or could be externally fired. The required endothermic heat of
      reaction, in whole or in part, could also be supplied by sweeping the kiln
      with a hot inert gas. The hot inert gas introduced into the rotary kiln to
      supply the required heat of reaction could move either concurrently or
      countercurrently with respect to the movement of the alumina and magnesium
      chloride introduced into the kiln. Further, as indicated hereinabove, the
      required heat of reaction could be supplied by introducing into the kiln
      together with the alumina and magnesium chloride a mass of hot inert solid
      materials, such as refractory zirconia or magnesium oxide pebbles and the
      like.
PAR  In another embodiment reactor 12 could comprise a furnace which could be
      externally or internally heated and wherein the reactants alumina and
      magnesium chloride could be mechanically stirred or mixed or rabbled, such
      as in a metallurgical furnace, while at the same time continuously drawing
      off the resulting produced solids MgO and the resulting produced gaseous
      aluminum trichloride.
PAR  Further, reactor 12 could comprise a tower provided with baffles to effect
      interrupted downward movement of the solids introduced into the top
      thereof. In this embodiment hot inert solid materials, such as refractory
      pebbles, e.g., MgO pellets, together with alumina and magnesium chloride
      would be introduced into the top of the tower and the resulting reaction
      admixture would descend or cascade downwardly within the tower. Desirably,
      in this embodiment a sweep gas would be introduced into the bottom of the
      tower to sweep the resulting produced aluminum trichloride which could be
      conveniently removed and recovered from near the top of the tower.
PAR  Many other embodiments of a reactor suitable for carrying out the reaction
      illustrated in FIG. 1 would be useful. The essential requirement of
      reactor 12 is to provide means for effecting contact between the
      particulate alumina-containing or alumiferous material introduced
      thereinto and the magnesium chloride which is also introduced into the
      reactor and for permitting the withdrawal of the resulting produced
      gaseous aluminum trichloride as it is produced within the reactor.
PAR  The magnesium chloride employed to carry out the reaction is desirably
      supplied to the reactor in molten anhydrous form. Commercially available
      magnesium chloride, essentially anhydrous magnesium chloride, is obtained
      by the dehydration of magnesium chloride-containing tailings or bitterns
      resulting from salt or potash operation or from the solar evaporation of
      brines. Crude anhydrous magnesium chloride from such operations usually
      contain, after a preliminary drying step, approximately 80-90% by weight
      magnesium chloride, the remainder comprising small amounts of other
      chlorides and substantially equal amounts of magnesium oxide and water,
      the water being present partly as water of crystallization and partly in
      combined form as magnesium hydroxychloride. When this material is heated
      to an elevated temperature above the melting point of magnesium chloride,
      i.e., about 714.degree.C., such as up to about 950.degree.-1000.degree.C.,
      there is produced an essentially anhydrous magnesium chloride having a
      water content of less than about 1%. The magnesium hydroxychloride largely
      decomposes to form magnesium oxide and hydrogen chloride. The hydrogen
      chloride readily separates from the molten magnesium chloride leaving
      behind a melt of magnesium chloride containing a small, minor amount,
      approximately about 10%, more or less, by weight magnesium oxide suspended
      therein. The presence of the substantially inert high melting point
      magnesium oxide in such magnesium chloride supplied as a reactant in the
      practice of this invention is not detrimental and in some embodiments of
      the practice of this invention might be considered advantageous.
PAR  Further, in the reaction carried out within reactor 12 it is preferred that
      the proportions or amounts of the reactants, magnesium chloride and
      alumina, be added in stoichiometric amounts since there is little or no
      advantage in adding an excess of one or more of the reactants to force the
      chemical reaction in the direction to produce magnesium oxide and aluminum
      trichloride since the reaction is readily promoted to go in the direction
      for the production of aluminum trichloride by the removal of the resulting
      produced gaseous aluminum trichloride. The removal of the gaseous aluminum
      trichloride as it is being produced during the reaction is easily
      accomplished by venting the reactor to permit the gaseous aluminum
      trichloride to enter a suitable container or receiver for precipitation of
      the aluminum trichloride.
PAR  As has been indicated hereinabove any suitable source of alumina might be
      usefully employed in the practice of tihs invention. Freshly precipitated
      and prepared alumina, such as might be prepared by the Bayer process
      wherein alumina trihydrate is precipitated from a solution of sodium
      aluminate and which could then be dehydrated to produce alumina is an
      especially useful source of alumina because of its purity. Dehydrated
      naturally occurring clays, including bauxite and other high alumina
      content clays, are also useful as sources of alumina for carrying out the
      reaction in accordance with this invention.
PAR  Another useful source of alumina would be those alumina-containing shales
      or clays derived from retorted oil shale, such as the dawsonite rich
      NaAlCO.sub.3 (OH).sub.2, alumina-containing oil shale of the Piceance
      Basin in Colorado and other areas. In the retorting of alumina-containing
      oil shales the shale oil or kerogen is readily distilled or removed from
      the oil shale by heating at moderately elevated temperatures, usually in
      the range not greater than about 900.degree.-1000.degree.F. Such retorted
      alumina-containing oil shales, now substantially carbon-free or free of
      hydrocarbonaceous materials, provide a reactive alumina source for
      reaction with magnesium chloride in accordance with the practice of this
      invention. Additionally, the shale oil recovered from the retorting
      operation could be usefully treated, such as in the vapor or liquid form
      with the aluminum trichloride in gaseous or other form, e.g. an aluminum
      trichloride hydrocarbon complex, for improving the physical and/or
      chemical properties of the shale oil. Such treating operations could
      conveniently be carried out in gaseous form at elevated temperatures in
      the range 300.degree.-800.degree.C., more or less.
PAR  In the practices of the various embodiments of this invention it has been
      described that a sweep gas might be employed for a number of reasons, such
      as to supply at least in part the required endothermic heat of reaction
      and, especially desirably, to remove the resulting produced gaseous
      aluminum trichloride from the reactor. Any inert sweep gas may be employed
      in the practice of this invention. Gaseous nitrogen is especially useful.
      However, any oxygen-free or water-free inert sweep gas is useful. Suitable
      inert gases, in addition to nitrogen, would include helium and any of the
      other so-called noble gases, such as argon, as well as other effectively
      non-reactive gases.
PAR  Reference is now made to FIG. 2 of the drawings which illustrate a
      presently preferred embodiment of the practice of the invention wherein
      the reaction between alumina and magnesium chloride is carried out in a
      fluidized solids reactor. As illustrated in FIG. 2, magnesium chloride
      from a suitable source 31 is passed via line 32 through heater 34 to melt
      the magnesium chloride and the resulting molten magnesium chloride
      introduced via line 35 to reactor 36. Particulate solid alumina, such as
      alumina having a particle size in the range 150-1400 microns, e.g.,
      average particle size about 500 microns, is supplied from a suitable
      source 38 via line 39 to heater 40 and the resulting heated alumina
      supplied via line 41 to reactor 36. Also, particulate inert solids, such
      as magnesium oxide, having a particle size substantially the same as the
      alumina, are supplied from a suitable source 42 via line 44 through heater
      45 and line 46 into reactor 36. An inert gas, such as nitrogen, is
      supplied from a suitable source 48 via line 49 through heater 50 and line
      51 to distributor 52 provided within reactor 36. The temperatures of the
      magnesium chloride, alumina, inert solids and gas introduced into reactor
      36 are adjusted so as to maintain the temperature within reactor 36 in the
      range 800.degree.-1500.degree.C. The reactants, the inert solids and the
      gas are introduced into reactor 36 to provide therein a fluidized solids
      reaction admixture wherein the gas introduced into reactor 36 via line 51
      and distributor 52 turbulently moves and circulates the solids therein as
      a fluidized mass of solids in the manner of a vigorously boiling liquid.
PAR  There issues via line 54 from the upper end of the enlarged portion 36a of
      reactor 36 a gaseous effluent comprising the fluidizing gas, gaseous
      aluminum trichloride, and finely divided solids which are entrained in the
      gaseous effluent issuing via line 54. For the most part, the finely
      divided solids comprise magnesium oxide. The solids-gas stream is
      introduced via line 54 into solids separator or cyclone separator 55
      wherein the solids are separated and removed via line 56 for recovery of
      magnesium oxide as product. The substantially solids-free gaseous effluent
      from separator 55 comprising substantially only gaseous aluminum
      trichloride and the fluidizing gas is moved from separator 55 via line 58
      to precipitator 59. Precipitator 59 may be a cooled, scraped precipitator
      wherein the aluminum trichloride containing gas is cooled to solidify or
      precipitate out the aluminum trichloride which is recovered via line 60.
      The resulting solids-free, substantially aluminum trichloride-free gas is
      recovered from precipitator 59 via line 61.
PAR  In the operation of reactor 36 at least a portion of the gas leaving
      precipitator 59 via line 61 is recycled via line 62 and line 49 through
      heater 50 and line 51 and distributor 52 to reactor 36 and, if desired, at
      least a portion of the gas leaving precipitator 59 via line 61 may be
      recycled via lines 63 and 51 and distributor 52 to reactor 36.
PAR  A portion of the solids removed from solids separator 55 via line 56 is
      recycled via line 64, line 65, line 44, heater 45 and line 46 for
      re-introduction into reactor 36. If desired, that portion of the solids
      recycled may be compacted or reduced in size, if necessary or desired, to
      a suitable particle size prior to re-introduction into reactor 36.
PAR  As illustrated in FIG. 2, solids, particularly those solids within reactor
      36 having a substantially large particle size such that these solids are
      difficult to maintain fluidized within reactor 36, are removed from
      reactor 36 via line 66. Such large particle size solids may be produced
      when the molten magnesium chloride and alumina material coat the inert
      particles within reactor 36 and react thereon to produce magnesium oxide
      which would remain on and accrete on the inert particles. At least a
      portion of the solids thus removed is likewise advantageously recycled to
      reactor 36 with the solids removed via line 56 via line 65 described
      hereinabove.
PAR  The following example is illustrative of one preferred embodiment of the
      practice of this invention:
PAC  EXAMPLE
PAR  Magnesium oxide, about 95,000 pounds, having an average particle size of
      about 500 microns and at a temperature of about 800.degree.C., is
      maintained as a fluidized solids mass within reactor 36 having an inside
      diameter of about 14 feet and an overall height of about 18 feet. Nitrogen
      at a temperature of 1200.degree.C. is introduced into reactor 36 via line
      51 and distributor 52 at a rate of about 75 standard cubic feet per
      second. Molten magnesium chloride at a temperature of 1000.degree.C. is
      sprayed via line 35 into reactor 36 at a rate of about 95.3 pounds per
      minute. Alumina having an average particle size of about 150 microns and
      at a temperature of 1000.degree.C. is introduced via line 41 into reactor
      36 at a rate of about 34 pounds per minute. There is thereby produced
      within reactor 36 a fluidized solids reaction admixture at a temperature
      of about 800.degree.C. Within reactor 36 the magnesium chloride and
      alumina react to form gaseous aluminum trichloride at a rate of about 90
      pounds per minute while there is maintained in reactor 36 under the
      aforesaid conditions and at an average bed height of about 6 feet a
      fluidized solids reaction admixture of about 100,000 pounds. Magnesium
      oxide having an average particle size of about 1500 microns is withdrawn
      from reactor 36 via line 66 at a rate of about 42 pounds per minute. Of
      this amount of magnesium oxide withdrawn, about 1.7 pounds per minute is
      crushed to an average particle size of about 500 microns and recycled to
      reactor 36 via line 46.
PAR  As will be apparent to those skilled in the art in the light of the
      foregoing disclosure, many modifications, alterations and substitutions
      are possible in the practice of this invention without departing from the
      spirit or scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing aluminum trichloride and magnesium oxide which
      comprises reacting alumina or alumina-containing material material which
      reacts with magnesium chloride in accordance with the chemical equation
EQU  Al.sub.2 O.sub.3 + 3MgCl.sub.2 .fwdarw. 3MgO + 2AlCl.sub.3 wherein the
      reaction is carried out at a temperature in the range from above about the
      melting point of magnesium chloride to about 2000.degree.C. in the
      presence of a continually mixed mass of inert solid particulate material
      and wherein the resulting produced AlCl.sub.3 is recovered as a vapor from
      the resulting produced solid MgO.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said mass of inert solid
      particulate material is provided by a fluidized mass comprising magnesium
      oxide particles.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein the magnesium oxide is
      recovered and employed as said mass of inert solid particulate material.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said mass of inert solid
      particulate material is a fluidized mass produced by flowing an inert gas
      therethrough.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said reaction is carried out
      at a temperature in the range from about 800.degree.C. to about
      1500.degree.C.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein an inert gas is flowed
      through said continually mixed mass of inert solid particulate material
      during the reaction between said aluminiferous material and said magnesium
      chloride.
NUM  7.
PAR  7. A method in accordance with claim 1 wherein said magnesium chloride in
      molten form is applied to said alumina or alumina-containing material
      material in particle form to coat said alumina or alumina-containing
      material material and the resulting magnesium chloride coated alumina or
      alumina-containing material material reacted in the presence of said inert
      solid particulate material.
NUM  8.
PAR  8. A method of producing aluminum trichloride and magnesium oxide which
      comprises forming a fluidized reaction admixture comprising molten
      anhydrous magnesium chloride and solid alumina-containing particles,
      flowing inert gas through said fluidized reaction admixture so as to
      maintain the reaction admixture fluidized, introducing into the reaction
      admixture molten magnesium chloride and particulate alumina-containing
      material for reaction in accordance with the chemical equation,
EQU  Al.sub.2 O.sub.3 + 3MgCl.sub.2 .fwdarw. 3MgO + 2AlCl.sub.3
PAL  withdrawing the resulting produced aluminum trichloride together with said
      gas introduced to fluidized the reaction admixture and withdrawing from
      the reaction admixture solid particulate material comprising magnesium
      oxide.
NUM  9.
PAR  9. A method in accordance with claim 8 wherein said reaction admixture is
      maintained at a temperature in the range 750.degree.-1500.degree.C.
NUM  10.
PAR  10. A method in accordance with claim 8 wherein said alumina-containing
      particles and said magnesium chloride are introduced into said reaction
      admixture at a rate such that the magnesium chloride and the alumina
      provided by said alumina-containing particles are present in the reaction
      admixture in substantially stoichiometric amounts in accordance with said
      chemical equation.
NUM  11.
PAR  11. A method in accordance with claim 8 wherein the aluminum trichloride
      withdrawn from said reaction admixture together with said gas is treated
      to remove any finely divided solid materials therefrom, the resulting
      substantially solids-free aluminum trichloride and gas cooled to
      precipitate aluminum trichloride and the resulting substantially aluminum
      trichloride-free gas re-introduced into contact with said reaction
      admixture to maintain the reaction admixture fluidized.
NUM  12.
PAR  12. A method of producing aluminum trichloride and magnesium oxide which
      comprises forming a fluidized reaction admixture comprising anhydrous
      magnesium chloride, solid alumina-containing particles and solid
      particulate inert contact material, flowing inert gas through said
      fluidized reaction admixture so as to maintain the reaction admixture
      fluidized, introducing into the reaction admixture magnesium chloride and
      particulate alumina-containing material for reaction at a temperature
      above the melting point of anhydrous magnesium chloride in accordance with
      the chemical equation,
EQU  Al.sub.2 O.sub.3 + 3MgCl.sub.2 .fwdarw. 3MgO + 2AlCl.sub.3 withdrawing the
      resulting produced aluminum trichloride together with said gas introduced
      to fluidize the reaction admixture and withdrawing from the reaction
      admixture solid particulate material comprising magnesium oxide.
NUM  13.
PAR  13. A method in accordance with claim 12 wherein said reaction temperature
      is in the range from about the melting point of magnesium chloride to
      about 2000.degree.C.
NUM  14.
PAR  14. A method of producing aluminum trichloride and magnesium oxide which
      comprises applying molten magnesium chloride to particle form alumiferous
      material, said alumina or alumina-containing material material reacting
      with said magnesium chloride in accordance with the chemical equation
EQU  Al.sub.2 O.sub.3 + 3MgCl.sub.2 .fwdarw. 3MgO + 2AlCl.sub.3 said reaction
      being carried out at a temperature in the range from above about the
      melting point of magnesium chloride to about 2000.degree.C., the resulting
      reaction admixture made up of said alumina or alumina-containing material
      material and said magnesium chloride being continually mixed during said
      reaction and recovering the resulting produced aluminum trichloride in
      vapor form from the resulting produced solid MgO.
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ABST
PAL  A method and apparatus for manufacture of wet process phosphoric acid
      wherein phosphate rock and sulfuric acid are separately added to a
      combination reactor and cooler unit at a rate of addition such that the
      increase in calcium content and sulfate content in the slurry contained in
      the unit are small. Circulation of the slurry is provided and the rate at
      which sulfuric acid and phosphate rock are added is small compared to the
      rate of circulation of the reactor slurry.
PARN
PAC  BACKGROUND AND DESCRIPTION OF THE INVENTION
PAR  This application is a continuation of application Ser. No. 779,823, filed
      Nov. 29, 1968 (now abandoned) which, in turn, was a continuing application
      based on the then copending application entitled "Process and Apparatus
      For Making Phosphoric Acid", Ser. No. 632,101, filed Apr. 19, 1967 and now
      U.S. Pat. No. 3,416,889 which, in turn, was a continuation-in-part of my
      then copending and now abandoned application Ser. No. 377,012, filed June
      22, 1964.
BSUM
PAR  This invention relates generally to both process and apparatus improvements
      and innovations in the manufacture of phosphoric acid by the wet process.
      More specifically, the invention pertains to a combination reactor and
      slurry cooler unit utilizing vacuum wherein the basic reactions in the
      manufacture of phosphoric acid by the wet process may be carried out
      isothermally, with or without the use of a pre-mix tank.
PAR  The so-called wet process for the manufacture of phosphoric acid is well
      known and has been fully described in both the technical and patent
      literature. For example, a comprehensive description is given in Chapter
      12, entitled "The Manufacture of Phosphoric Acid By The Wet Process",
      authored by William C. Weber, starting on page 174 of the textbook
      entitled "Phosphoric Acid, Phosphates and Phosphatic Fertilizers",
      Reinhold Publishing Corporation, 1952. The bibliography at the end of this
      chapter includes references to a number of patents and literature on the
      subject. The wet process is usually defined as the reaction of tricalcium
      phosphate with excess phosphoric acid to produce mono calcium phosphate
      which in turn reacts with sulfuric acid to give H.sub.3 OP.sub.4 solution
      and gypsum crystals.
PAR  In a conventional plant for manufacture of phosphoric acid by the wet
      process there are several pre-mix tanks and usually from three to five
      reactor tanks, all equipped with agitators and arranged in a cascade
      system with the first premix tank being at the upper level and the last
      reactor tank being at the lowest level. A typical flow sheet is given on
      page 181 of the above mentioned text.
PAR  The object of this invention, generally stated, is the provision of
      improved process and apparatus for carrying out the manufacture of
      phosphoric acid by the wet process.
PAR  A primary object of the invention is to produce large and uniform gypsum
      crystals while carrying out the "wet" process for the production of
      phosphoric acid whereby product losses are inherently minimized during
      filtration and washing of the gypsum cake resulting in lower operating
      costs. Advantage is taken of the highly important principle of crystal
      growth which is the control and maintenance of the proper supersaturation
      value (i.e. temperature and concentration conditions) uniformly throughout
      the entire reaction zone (i.e. throughout the slurry body in the
      combination reactor and cooler unit). This value lies within the
      metastable zone for the particular environment and it has been established
      that such a value will deposit solute upon existing crystals rather than
      form new nuclei.
PAR  An important object of the invention is the provision of a combination
      reactor and slurry cooler unit utilizing vacuum wherein the power used for
      agitation is also used for circulation of the reaction slurry within a
      single vessel whereby the power requirements are reduced by as much as
      two-thirds of the power demand in a conventional wet-process installation.
PAR  An important object of the invention is the provision of a combination
      reactor and slurry cooler-evaporator unit for carrying out the manufacture
      of phosphoric acid by the wet process which makes use of a draft tube
      equipped with a propellor which provides a positive direction and path for
      high internal circulation and create and maintain a large controlled flow,
      whereby rapid and uniform dispersion of the reactants is achieved with
      close control of supersaturation.
PAR  A further object of the invention is the provision of a combination reactor
      and slurry cooler unit for carrying out the manufacture of phosphoric acid
      by the wet process which permits the elimination of recirculation pumps
      and piping to conduct the reaction slurry to a separate vacuum cooler.
PAR  A further object of the invention is a single-vessel reactor and slurry
      cooler of the type described wherein the reactants (i.e. phosphate rock,
      "return" acid [i.e. weak phosphoric acid], and sulphuric acid) are
      introduced into the vessel in such a way as to eliminate the usual pre-mix
      tanks.
PAR  A further object of the invention is to carry out the reactions in the
      manufacture of phosphoric acid by the wet process substantially
      isothermally so that temperature variations in the system rarely exceed
      more than 1.degree.F. from the average bulk temperature, and with the
      reaction slurry undergoing a very high rate of recirculation in a
      predetermined flow pattern which creates a favorable environment for
      dispersion, reaction and crystal growth, the net result being that there
      is appreciably less nucleation in the reactor and therefore larger and
      more suitable gypsum crystal formation and growth is obtained giving a
      slurry with better filtration and working characteristics and resulting in
      increased filter capacity and lower phosphoric acid losses with the waste
      gypsum crystals.
PAR  A further object of the invention is the provision of an improved apparatus
      and process for carrying out the manufacture of phosphoric acid by the wet
      process which is simpler to operate and control than conventional
      installations, and wherein the obnoxious fluorine gases produced in the
      reactions of the wet process are condensed by, and removed with, the
      condenser water so as to make unnecessary the usual fluorine scrubber
      system with its ductwork, dampers and fans required to prevent atmospheric
      pollution.
PAR  Still a further object of the invention is the provision of a combination
      reactor and slurry cooler unit for carrying out the manufacture of
      phosphoric acid by the wet process which occupies less space and requires
      fewer moving parts and is substantially less expensive to build, operate,
      clean and maintain that conventional installations thereby substantially
      lowering the capital and operating costs,
PAR  Certain other objects of the invention will, in part, be obvious and will,
      in part, appear hereinafter.
DRWD
PAR  For a more complete understanding of the nature and scope of the invention,
      reference may now be had to the following detailed description thereof
      taken in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a diagrammatic view of a plant for producing phosphoric acid by
      the wet process utilizing the principles of the present invention and
      wherein a combination reactor and cooler unit constituting one embodiment
      of the invention is shown;
PAR  FIG. 2 is a diagrammatic view of a modified form of combined reactor and
      cooler unit constituting a second apparatus embodiment of the invention;
      and
PAR  FIG. 3 is a diagrammatic view of a third apparatus and preferred embodiment
      of the invention with certain features not present in the apparatus shown
      in FIGS. 1 and 2.
DETD
PAR  Referring to FIG. 1, a combination reactor and cooler unit is indicated
      generally at 5 and comprises a tank 6 having projecting above the center
      thereof a column 7 the upper end of which is closed while the bottom end
      dips below the normal liquid level within the tank 6 as indicated. The
      column 7 is provided adjacent the top with a connection 8 which leads to a
      source of vacuum such as a direct contact condenser 10 having a connection
      11 in the side for entry of a cooling liquid such as cold water, a
      discharge connection 12 in the bottom, and a connection 13 adjacent the
      top for removal of non-condensables.
PAR  A draft tube 14 is co-axially supported within the column 7 with the upper
      end of the draft tube terminating at or somewhat below the normal
      operating liquid level within the column 7. The bottom end of the draft
      tube 14 projects downwardly beyond the lower end of the column 7 to
      adjacent the bottom of the tank 6 but does not extend all the way to the
      bottom. An agitator 15 mounted on a shaft 16 is disposed just below the
      bottom end of the draft tube 14. The shaft 16 projects through the bottom
      of the tank 6 through a combination bearing and seal of known type which
      is indicated at 17. The impeller in operation serves to establish and
      maintain a generally toroidal flow pattern which is indicated by the
      arrows. The liquid flows downwardly through the draft tube 14 and then
      spreads outwardly over the central bottom area of the tank and then
      upwardly into the annular space between the draft tube 14 and the interior
      of the column 7.
PAR  Phosphate rock is introduced into the tank 6 through a well in the top
      provided by a sleeve 18 the open bottom end of which dips below the normal
      operating level of liquid within the tank 6. The upper end of the sleeve
      18 projects above the tank cover 20. The well or sleeve 18 is provided
      with an agitator comprising an impeller 21 mounted on the lower end of a
      shaft 22 which is journalled in a bearing 23 mounted on a plurality of
      spokes 24. The impeller shafts 16 and 22 are suitable supported and driven
      in known manner.
PAR  The tank 6 is provided at the bottom with an inlet connection 25 for
      sulphuric acid and another inlet connection 26 for weak phosphoric acid.
      Adjacent the top, the tank 6 is provided with a side outlet connection 27
      on the side opposite the well or sleeve 18 and at a height just below
      where it is desired to establish the operating liquid level within the
      tank 6. An auxiliary outlet connection is provided at 28 adjacent the
      bottom of the tank.
PAR  Phosphate rock is stored in a bin 30 from which it may be gravity fed in
      known manner onto a horizontal belt conveyor 31 for discharge into the
      sleeve 18.
PAR  The cover structure 20 may be used as the support for the column 7 and the
      sleeve 18 while the draft tube 14 is supported within the column 7 by a
      plurality of spokes 29. Other means of support will be apparent to those
      skilled in the art.
PAR  Gases may be emitted from the freeboard space in the top of the tank 6
      through a vent 32 which is connected by a line 33 to the inlet of scrubber
      34 which is provided at the top with a shower of cold water through the
      line 35. The fluorine and other soluble gases go into solution and are
      removed from the bottom of the scrubber 30 through a line 36 and may be
      discharged to waste or to fluorine recovery. The harmless noncondensable
      gases are vented through the top of the scrubber through a line 37.
PAR  A pump 40 serves to withdraw reaction slurry from the tank 6 at the outlet
      connection 27 through a pipe 41 which comes down and connects with a pipe
      42 one end of which is connected with the suction inlet of the pump 40 and
      the opposite end of which is connected with the connection 28. The
      discharge connection of the pump 40 is connected with a line 43 which
      discharges the reaction slurry into a filter feed tank 44. The filter feed
      tank 44 is provided with an agitator 45 mounted on the upper end of a
      shaft 46 which passes through a seal 48 and is driven in known manner. The
      agitator 45 serves to keep the contents of the filter feed tank uniformly
      dispersed.
PAR  Reaction slurry is removed at a uniform rate from the filter feed tank 44
      by means of a pump 47 the inlet connection of which is connected by means
      of a line 49 to an outlet connection 50 adjacent the bottom of the side
      wall of the tank 44. The pump 47 discharges the reaction slurry through a
      line 51 into the first stage of a series of filters - three being shown
      and indicated, generally, at 52. In the first filter 53 strong phosphoric
      acid is drawn off through the bottom by way of line 54 into a chamber 55
      maintained under vacuum. The strong phosphoric acid collects in a tank 56
      from which it can be removed as desired through the line 57. The reaction
      slurry, from which a substantial portion of the strong phosphoric acid has
      been removed, passes from the filter unit 53 into the second filter unit
      58 which also receives wash water from the last filter through a line 60.
      Weak phosphoric acid is drawn off from the filter 58 into a sunction or
      vacuum vessel 61 and flows through line 62 into a receiver 63 from which
      it is returned as "return" acid by way of line 64 to the inlet connection
      26 in the tank 6.
PAR  The gypsum slurry passes from the filter unit 58 into the last filter unit
      65 into which wash water is added through the line 66. The washed gypsum
      crystals are discharged from the last filter 65 either to waste or to any
      utilization they may have. The wash water is drawn into the vacuum
      receiver 67 and passes from the bottom by way of line 68 into the receiver
      70 from which it is withdrawn and returned by way of line 60 to the
      intermediate filter 58. All of the vacuum receivers 55, 61, 67 are
      connected to a common vacuum header 71.
PAR  In operation, phosphate rock is continuously fed into the reactor through
      the well 18, sulphuric acid is introduced through the inlet connection 25
      and weak phosphoric acid is introduced into the connection 26. As is
      apparent from FIG. 1, the addition of phosphate rock and sulfuric acid are
      separated in time with respect to the flow of slurry in the combination
      reactor and cooler unit 5 so that each of these reactants is fully
      dispersed in the slurry before the other reactant is added. The amount of
      sulphuric acid added is such as to normally maintain approximately 2% free
      sulphuric acid in the reaction slurry as withdrawn through the outlet
      connection 27. A vacuum is created in the head space at the upper end of
      the column 7 by means of the condenser 10 and the impeller 15 is operated
      so as to maintain the path of circulation indicated by the arrows and
      described above. When the combination reactor and cooler unit is properly
      operated the cooling effect created by the condenser 10 as it draws a
      vacuum in the upper end of column 7 and produces a vaporization from the
      surface of the liquid is sufficient to offset the heat generated by the
      exothermic reactions occurring within the reactor-cooler unit. The
      circulation established by the impeller 15 is sufficient so that the
      contents within the units are maintained at substantially uniform
      temperature throughout and the difference in temperature which occurs at
      the vaporizing surface in the column 7 is preferably not more than
      1.degree.F. Practically no "hot spots" or localized high temperature zones
      occur within the reactor cooler unit 5. Material deviation from this
      preferred temperature range will result in increased nucleation.
PAR  The following working example will serve to further illustrate the nature
      of the invention and the manner in which the reactor-cooler unit is
      operated.
PAC  Example 1
PAR  The reaction tank 6 and the filter feed tank 44 were each 18 feet in
      diameter, 20 feet high and the liquid level in the tank 6 was maintained
      at a height of 15 feet. The column 7 projected 30 feet above the top cover
      20 and had a diameter of 10 feet at the upper end and a reduced diameter
      of 9 feet in the lower portion. The draft tube 14 was 61/2 feet in
      diameter and projected down to within 24 inches of the bottom of the tank
      6. The normal liquid level within the column 7 in operation was 36 feet
      above the bottom of the tank 6. The condenser 10 produced 22-24 inches of
      vacuum within the head space of the column 7.
PAR  Crushed phosphate rock was introduced by the conveyor 21 at the rate of 14
      tons per hour. Sulphuric acid 98% was introduced into tank 6 at the rate
      of 26 gallons per minute while the weak phosphoric acid having a strength
      of 18-20% was returned through the connection 26 at the rate of 97 gallons
      per minute. The temperature of the liquid contents within the reactor
      cooler unit 5 were maintained in the range of 160.degree.-170.degree.F.
      and the change in temperature of the liquid at the interface of the column
      7 was less than 1.degree.F.
PAR  Reaction slurry containing crystals of gypsum dispersed in strong
      phosphoric acid was withdrawn through the outlet connection 27 at the rate
      of 125 gallons per minute. The pump 47 withdrew the reaction liquid or
      slurry from the filter feed tank 44 at an equal rate of 125 gallons per
      minute and discharged the same to the filter 52. Wash water at the rate of
      78 gallons per minute was introduced through the line 66 and 40 gallons
      per minute of phosphoric acid having a concentration of 43-44% (equivalent
      P.sub.2 O.sub.5 level approximately 31% by weight) were produced along
      with 41,000 pounds of gypsum crystals (dry basis) per hour.
PAR  As previously noted, the present invention has, as an important object, the
      production of large and uniform gypsum or calcium sulfate crystals by
      maintaining temperature and concentration conditions throughout the entire
      reaction zone which provide a proper supersaturation value within the
      metastable zone. This value has been identified above by reference to the
      operational parameter of maintaining substantially isothermal conditions
      throughout the body of slurry in the combination reactor and cooler unit.
      It will, however, be apparent to those skilled in this art that this
      "proper supersaturation value" can likewise be identified by other
      operational parameters without departing from the scope of the present
      invention. In other words, maintaining the substantially isothermal
      conditions in the combination reactor and cooler unit will inherently
      require a corresponding slurry circulation rate which likewise can be used
      as a means for identifying this desired operational condition at which
      large and uniform calcium sulfate cyrstals are produced.
PAR  It will be apparent from Example 1 that the rate of addition of phosphate
      rock and sulfuric acid into the combination reactor and cooler unit 5 are
      such that the increases in calcium content and sulfate content
      respectively of the liquid phase therein are small. For purposes of
      illustration, the precise increases in calcium content, expressed as CaO,
      and in sulfate content, expressed as H.sub.2 SO.sub.4, inherently
      resulting from the operating conditions specified in Example 1 are a
      0.142% increase of CaO and a 0.25% increase of H.sub.2 SO.sub.4 when
      calculated as complete dispersion but without precipitation.
PAR  In particular, the inherent CaO increase in the Example 1 illustration is
      readily ascertained by first determining the daily output of 98 tons per
      day of P.sub.2 O.sub.5 from the 40 gallons per minute of phosphoric acid
      produced which was specified in the example. Since it is well known in the
      phosphoric acid industry that the average heat release for wet process
      phosphoric acid is about 75,000 BTU per hour per ton per day of P.sub.2
      O.sub.5 produced, the total heat produced in the Example 1 illustration
      can be calculated to be 7,350,000 BTU per hour. The circulation rate
      within the combination reactor and cooler unit can then be calculated
      since, as pointed out in the example, temperature differences of not more
      than 1.degree.F. were maintained. The circulation rate necessary to
      achieve this temperature difference within the slurry of not more than
      1.degree.F. is 19,000 gallons per minute or 254,000 pounds of slurry per
      minute. The CaO concentration in the liquid portion of slurry before the
      rock addition can then be calculated by noting that wet process phosphoric
      acid liquor under the given operating conditions contains approximately
      0.15% CaO and that the slurry in the unit will contain approximately 40%
      solids. The CaO concentration in the liquor of the Example 1 illustration
      is thus determined to be 228 pounds per minute before rock addition. As
      was specified in the example, the rate of rock addition was 14 tons per
      hour, which, since phosphate rock normally contains approximately 46.2%
      CaO, accounts for an addition of 216 pounds per minute of CaO to the
      system. Accordingly, the total CaO in the liquor immediately following the
      rock addition is 444 pounds per minute and the percent CaO in the liquor
      following rock addition is determined to be 0.292% which is 0.142% greater
      than the CaO content before rock addition. Where uniform temperature
      conditions in the slurry are maintained within 2.degree.F., the inherent
      CaO increase in the slurry for the same reactant feed rates would be
      0.28%.
PAR  The inherent increase in sulfate content for the unit and conditions
      specified in Example 1 can likewise be calculated by noting that the 26
      gallons per minute of 98% sulfuric acid added to the unit results in 392
      pounds of H.sub.2 SO.sub.4 per minute being introduced in the liquor
      contained in the unit. As was noted above, the amount of sulfuric acid
      present in the reaction slurry withdrawn through outlet 27 will be
      approximately 2 H.sub.2 SO.sub.4. Accordingly, the total H.sub.2 SO.sub.4
      in the liquor, prior to the addition of the 98% sulfuric acid feed, will
      be approximately 3,040 pounds per minute of H.sub.2 SO.sub.4. Accordingly,
      the total H.sub.2 SO.sub.4 content of the liquor after addition of the
      sulfuric acid feed is 3,432 pounds per minute with the percent of H.sub.2
      SO.sub.4 in the liquor then being 2.25% and the percent H.sub.2 SO.sub.4
      increase being 0.25%. Where uniform temperature conditions in the slurry
      are maintained within 2.degree.F., the inherent H.sub.2 SO.sub.4 increase
      for the same reactant feed rates will be 0.5%.
PAR  It will likewise be apparent from the above calculations that the rate at
      which the reactants were added was small when compared to the rate of
      circulation of the slurry. In particular, it was noted above that the
      1.degree.F. temperature differential in the slurry corresponded to a
      slurry circulation rate within the reactor and cooler unit of 19,000
      gallons per minute or 254,000 pounds per minute. On the other hand, the
      sulfuric acid feed rate was only 26 gallons per minute and the feed rate
      of returned weak phosphoric acid was only 97 gallons per minute. Likewise,
      the feed rate of rock was only 467 pounds per minute.
PAR  It will be understood that the reaction conditions in the combination
      reactor-cooler unit 5 may be varied within appropriate ranges. For
      example, the temperature of the reaction slurry may range between
      140.degree.F. to 225.degree.F., the vacuum maintained in the top of the
      evaporator column 7 may range from 26.5 to 10 inches and the velocity of
      the reaction slurry in the toroidal flow path range from 4 to 6 feet per
      second.
PAR  In FIG. 2a modified form of reactor-cooler unit is shown and indicated
      generally at 75. It comprises a tank 76 and a column 77 the latter being
      disposed over the tank adjacent one side thereof. Mounted within the
      column 77 is a draft tube 78 the lower projecting end 80 of which is
      curved as shown so that the bottom end thereof is approximately concentric
      with the tank 76. In this embodiment an impeller 81 is supported on the
      bottom end of a drive shaft 82 which comes down from the top through the
      tank. The flow pattern is generally the same as in reactor-cooler unit 5
      in FIG. 1 in that the impeller draws the liquid down through the draft
      tube 78 and it flows upwardly through the annular space between the tube
      and the column is indicated by the arrows. Phosphate rock is introduced
      through the sleeve 83 which is provided with the agitator 84. Sulphuric
      acid is introduced through line 85 which projects down through the side of
      the draft tube as shown to a place adjacent the discharge end. Return
      phosphoric acid is introduced through the line 86 which also passes
      through the lower end of the draft tube but terminates at a place to one
      side and slightly above the bottom end of the sulphuric acid inlet line
      85.
PAR  The unit is provided with a condenser 87 for drawing a vacuum in the head
      space of the column 77.
PAR  In general, the reactor-cooler unit 75 operates in the same manner as does
      the reactor-cooler unit 5. That is, the phosphate rock, sulphuric acid and
      weak phosphoric acid are continuously introduced at the desired rates. The
      condenser 87 produces sufficient cooling effects so that the reactions
      occur within the body of liquid within the reactor-cooler unit
      substantially isothermally. Reaction slurry is continuously withdrawn
      through the outlet connection 88 and discharged into a filter feed tank
      89. The reaction slurry may be filtered as described in connection with
      FIG. 1 for example.
PAR  In FIG. 3 another modified form of reactor-cooler unit is shown and
      indicated generally at 100. The main difference between the reactor-cooler
      units 5 and 100 resides in the fact that in unit 100 there is a single
      outside vessel or shell 101 having frusto-conical top and bottom end
      portions 102 and 103, respectively. In units 5 and 75 (FIGS. 1 and 2)
      there are separate reactor tanks 6 and 76, respectively, with columns 7
      and 77, respectively, projecting thereabove.
PAR  A tapered draft tube 104 is co-axially supported on the interior of the
      vessel 101 by means of a plurality of radial spoke members 105-105, and
      impeller 106 is located in the lower and narrower end of the draft tube
      104 being carried on the bottom end of a drive shaft 107 which projects
      through the top of the upper section 102. The blades of the impeller 106
      are disposed so that it serves to draw liquid in from the bottom and move
      the liquid upwardly through the draft tube 104. The operating level within
      the vessel 101 is slightly above the upper end of the draft tube 104
      whereby the impeller 106 serves to create and maintain a toroidal flow
      pattern in which the liquid flows upwardly through the draft tube 104 and
      downwardly on the outside thereof, as indicated by the arrows.
PAR  A condenser 108 is provided having its intake connected with the upper end
      of top portion 102 by means of the side connection 110.
PAR  Concentrated sulphuric acid is delivered into the unit 100 through a
      conduit 111 which projects into the upper section 102 and carries an
      annular spray head 112, the discharge openings of which are in the bottom
      so that the incoming acid is efficiently sprayed and distributed
      throughout the interior of the freeboard space in the vessel 101.
PAR  Phosphate rock and return acid are continuously fed into an outside mixing
      hopper 113. The rock is introduced by means of a screw conveyer 114 while
      the acid is introduced below the top of the hopper 113 through a side
      connection 115. This arrangement serves as a means for efficiently mixing
      the rock with the return acid to form a slurry which is withdrawn from the
      bottom of the hopper 113 through the line 116 and introduced through a
      connection 117 in the bottom section 103 of the unit 100.
PAR  Reaction slurry is continuously discharged from the vessel 101 through a
      vertical side tube 118, the bottom end of which communicates with the
      vessel 101 below the normal operating liquid level and the upper end of
      which connects to it above the normal operating level. A conduit 120 leads
      from a connection 121 at approximately the operating level and the
      reaction slurry continuously discharges into a filter feed tank 122.
PAR  The reactor-cooler unit 100 operates in the same general fashion as the
      units 5 and 75. That is, the reactants are continuously delivered to and
      fed into the vessel 101 while reaction slurry continuously discharges
      through the outlet line 120 so as to maintain the established operating
      level. The fresh concentrated sulphuric acid is efficiently and uniformly
      distributed over the surface of the reaction slurry. This surface will
      normally be turbulent due to vapor flash with the result that its actual
      surface may be several times the cross sectional area of the vessel 101. A
      foam phase will tend to exist above the slurry and the sulphuric acid
      spray may partially destroy the foam. If desired, water for dilution may
      be added to the concentrated sulphuric acid prior to its being sprayed in
      the upper end of the reaction vessel and this is readily permitted by the
      arrangement shown.
PAR  The slurry of phosphate rock and return acid is introduced at the bottom of
      the reaction vessel where the turbulence is maximum so that the slurry is
      quickly and uniformly blended with the contents of the reactor vessel.
PAR  The conditions within the reactor-cooler unit 100 are optimum for
      permitting the reactions of the wet process to be carried out
      isothermally. Inactive zones or pockets are eliminated and localized areas
      of reaction are avoided. One result is that scale formation on the reactor
      walls is held to a minimum and extended periods of operations are
      permitted without necessitating shutdown for removal of scale.
PAC  EXAMPLE 2
PAR  This example will serve to illustrate the construction and operation of an
      isothermal reactor installation in accordance with FIG. 3. The
      reactor-cooler 100 may have a height of 35 feet with the cylindrical
      section 101 having a diameter of 16 feet. The operating conditions may be
      summarized as follows for an installation having a capacity of 100 tons
      per day (tpd) of P.sub.2 O.sub.5 :
PAR  Phosphate rock is introduced through the conveyor 114 into the hopper 113
      at the rate of 325 tpd while 690 tpd of return acid are introduced at the
      rate of 97.5 gallons per minute (gpm). Resulting slurry is fed at the rate
      of 118 gpm through the line 116 into the bottom of the vessel 101.
PAR  284 tpd of 98% sulphuric acid are introduced into the line 111 at the rate
      of 25 gpm. The impeller 106 is driven at the rate of 100 revolutions per
      minute (rpm) by a 50-75 horsepower motor. Reaction slurry is withdrawn
      through line 120 at a 40% concentration at a rate of 125 gpm which is
      equal to 1200 tpd. The condenser 108 is operated so as to maintain a
      vacuum within the head space.
PAR  Under the foregoing conditions, the retention time within the
      reactor-cooler unit 100 is four hours. It will be understood that the
      reaction slurry is filtered and is otherwise processed in a suitable
      manner as described for example in connection with FIG. 1.
PAR  The foregoing example and embodiments of the invention are intended to be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In the manufacture of wet process phosphoric acid from reactants which
      include phosphate rock and sulfuric acid wherein said phosphate rock and
      sulfuric acid are combined to produce a body of reaction slurry containing
      phosphoric acid and calcium sulfate, a portion of said slurry being
      withdrawn from said body for recovery of phosphoric acid and calcium
      sulfate, the improvement comprising, circulating said body of reaction
      slurry in a combination reactor and cooler unit, at least a portion of
      which is enclosed and maintained at a subatmospheric pressure, to induce
      evaporative cooling of said body, said evaporative cooling being conducted
      at a rate sufficient to maintain the temperature of said body of reaction
      slurry essentially constant, said body of reaction slurry being circulated
      in said combination reactor and cooler unit in a flow pattern adapted to
      expose said body to said subatmospheric pressure and at a rate sufficient
      to maintain substantially uniform conditions of supersaturation throughout
      said body, and said sulfuric acid is sprayed onto the circulating body of
      reaction slurry.
NUM  2.
PAR  2. The method of claim 1 wherein said sulfuric acid is sprayed onto said
      circulating body of reaction slurry in the portion of said combination
      reactor and cooler unit maintained at said subatmospheric pressure.
NUM  3.
PAR  3. A process for the manufacture of wet process phosphoric acid from
      phosphate rock and sulfuric acid utilizing a reactor system including a
      vessel adapted to contain a circulating body of reaction slurry and means
      defining a flow path for said circulating body of reaction slurry, said
      phosphate rock and sulfuric acid producing the reaction slurry which
      includes calcium sulfate and phosphoric acid, comprising adding the
      phosphate rock and sulfuric acid to said body of reaction slurry at
      physically separate points along the flow path so that each of these
      respective reactants is fully dispersed along said flow path when the
      reaction slurry passes the other respective point of addition, the
      addition of phosphate rock and sulfuric acid in relation to the liquid
      phase of said slurry being such that substantially uniform conditions of
      supersaturation are maintained throughout said circulating body of
      reaction slurry, controlling the temperature of said slurry by passing the
      slurry through a vacuum chamber for removal of heat by evaporation of
      water to maintain the temperature essentially constant, and withdrawing a
      portion of said reaction slurry for recovery of phosphoric acid and
      calcium sulfate therefrom.
NUM  4.
PAR  4. The process of claim 3 wherein said addition of phosphate rock and
      sulfuric acid in relation to the liquid phase of said slurry are such that
      increase in calcium content is approximately 0.14%, measured as CaO, when
      calculated as complete dispersion and solution but without precipitation
      and the increase in sulfate content is approximately 0.25%, measured as
      H.sub.2 SO.sub.4, when calculated as complete dispersion but without
      precipitation.
NUM  5.
PAR  5. The process of claim 3 wherein the temperature is maintained constant
      throughout the slurry to within 2.degree.F.
NUM  6.
PAR  6. The process of claim 5 wherein the temperature is maintained constant
      throughout the slurry to within 1.degree.F.
NUM  7.
PAR  7. The process of claim 3 wherein the flow path is beneath the slurry level
      in said vessel and includes a pump means and further includes pumping said
      slurry through said flow path, said pump means being required only to
      overcome resistance to flow in the circuit and not being subject to
      differential hydrostatic pressures.
NUM  8.
PAR  8. The process of claim 3 wherein the sulfuric acid is added to the slurry
      as it enters said vessel.
NUM  9.
PAR  9. The process of claim 3 wherein said reactor system includes another
      vessel arranged in said flow path, said phosphate rock being added to the
      slurry in said other vessel.
NUM  10.
PAR  10. The process of claim 3 wherein the vacuum chamber is constituted by the
      said vessel.
NUM  11.
PAR  11. The process of claim 3 wherein said reactor system further includes
      pump means in said flow path and said flow path is lower than the slurry
      level maintained in said vessel, and further including pumping said slurry
      around said flow path.
NUM  12.
PAR  12. The process of making aqueous phosphoric acid from reactants which
      include phosphate rock, sulfuric acid, and water, said process comprising
      the steps of: adding said reactants to a body of reaction slurry
      containing calcium sulfate and phosphoric acid, said reactants being added
      in amounts which enable the production of the desired quantity of aqueous
      phosphoric acid and at respective rates of addition which will enable the
      maintenance of a substantially uniform level of supersaturation throughout
      said body of reaction slurry; continuously exposing the surface of said
      body of reaction slurry to a subatmospheric pressure to induce evaporative
      cooling of said body of reaction slurry at a rate sufficient to maintain
      the temperature of said slurry essentially constant, continuously
      circulating substantially tne entire body of reaction slurry in a flow
      pattern adapted to expose said body of reaction slurry to said
      subatmospheric pressure at a circulation rate which is sufficient to
      maintain substantial uniformity of temperature and concentration
      throughout said body of reaction slurry; and, continuously withdrawing a
      portion of said reaction slurry from said body of reaction slurry; whereby
      a substantially uniform level of calcium sulfate supersaturation is
      maintained throughout said body of reaction slurry for producing calcium
      sulfate crystals characterized by improved washability and filterability.
NUM  13.
PAR  13. A process for the manufacture of phosphoric acid from phosphate rock
      and sulfuric acid utilizing a combination reactor and cooler unit, said
      process comprising passing a slurry containing phosphoric acid and calcium
      sulfate through means defining a flow path for said body of slurry, said
      means comprising first and second vessels interconnected to each other,
      said body of slurry being circulated through said flow path at a rate
      which will enable the maintenance of a substantially uniform level of
      supersaturation throughout said body of slurry, maintaining a vacuum in
      said first vessel to produce evaporative cooling of said slurry so as to
      maintain the temperature of said body of slurry essentially constant, said
      first vessel also having a level of slurry which is vertically offset from
      the level of slurry in said second vessel, separately adding phosphoric
      acid, obtained as hereinafter defined, phosphate rock and sulfuric acid
      reactants to said slurry at respective reactant inlets so that each of
      said reactants is dispersed in said slurry and not concentrated at the
      point of addition of the other, withdrawing phosphoric acid and calcium
      sulfate from said combination reactor and cooler unit, and adding a
      portion of phosphoric acid so withdrawn to said slurry as aforesaid.
NUM  14.
PAR  14. In an apparatus wherein reactants which include phosphate rock and
      sulfuric acid are combined to produce a body of reaction slurry containing
      phosphoric acid and calcium sulfate, a portion of said slurry being
      withdrawn from said body for recovery of phosphoric acid and calcium
      sulfate, the improvement comprising means for circulating said body in a
      combination reactor and cooler unit, at least a portion of which is
      enclosed and maintained at a subatmospheric pressure, in a predetermined
      flow pattern adapted to expose said body to said subatmospheric pressure
      and at a rate sufficient to maintain the temperature of said body of
      reaction slurry essentially constant and also sufficient to enable the
      maintenance of substantially uniform conditions of supersaturation
      throughout said body, and means for spraying the sulfuric acid onto the
      body of reaction slurry.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said spray means is provided in the
      portion of said combination reactor and cooler unit which is maintained at
      said subatmospheric pressure, whereby substantially said entire body of
      reaction slurry is subjected to said subatmospheric pressure in said
      vessel.
NUM  16.
PAR  16. A system for the manufacture of phosphoric acid from phosphate rock,
      sulfuric acid and return phosphoric acid comprising a vessel adapted to
      contain a slurry of calcium sulfate and phosphoric acid, first means
      defining a continuously circulating flow path for said slurry and together
      with said vessel defining a flow circuit for said slurry, a vacuum chamber
      in said flow path, pump means in said flow path, second means for adding
      phosphate rock to said slurry, separate means for also adding return
      phosphoric acid to said slurry, and additional means for adding sulfuric
      acid to said slurry passing through said flow circuit, each of said
      respective means for separately adding phosphoric rock, return phosphoric
      acid, and sulfuric acid being located at physically separate points along
      said flow circuit so that each of the reactants is fully dispersed in said
      slurry when the slurry flow passes each of the other respective points of
      addition.
NUM  17.
PAR  17. Apparatus for continuously reacting phosphate rock and sulfuric acid to
      produce phosphoric acid and calcium sulfate by the wet process, said
      apparatus comprising a combination reactor and cooler unit adapted to
      enclose a body of reaction slurry containing calcium sulfate and
      phosphoric acid, said combination reactor and cooler unit being at least
      partially enclosed to define a freeboard space above the reaction slurry
      level for release of vapor therefrom, a vacuum source communicating with
      said freeboard space for maintaining a predetermined sub-atmospheric
      pressure therein, forced circulation means mounted within said combination
      reactor and cooler unit, said combination reactor and cooler unit
      including conduit means associated with said forced circulation means for
      circulating said body of reaction slurry in a flow pattern adapted to
      expose substantially the entire body of said reaction slurry to said
      subatmospheric pressure maintained in said freeboard space at a rate
      sufficient to maintain the temperature of said body of slurry essentially
      constant and also sufficient to enable the maintenance of a substantially
      uniform level of supersaturation throughout said body of reaction slurry,
      means for continuously adding phosphate rock and sulfuric acid to said
      body of reaction slurry and outlet means for withdrawing reaction slurry
      from said reactor and cooler unit.
NUM  18.
PAR  18. A system for the manufacture of phosphoric acid from phosphate rock and
      sulfuric acid, said system comprising a combination reactor and cooler
      unit which includes a first vessel maintained under vacuum and connected
      in flow communication with a second vessel, flow directing means in
      operative association with said first and second vessels and together
      therewith defining a circuitous flow path adapted to permit a flow within
      said vessels of a body of slurry containing phosphoric acid and calcium
      sulfate in a manner wherein substantially said entire body of slurry will
      be exposed to the vacuum contained in said first vessel, said first vessel
      being adapted to maintain a slurry level therein which is vertically
      offset from the slurry level in said second vessel, pump means adapted to
      circulate said slurry through said circuitous flow path at a rate
      sufficient to maintain a substantially uniform level of supersaturation
      throughout said body of slurry, outlet means for withdrawing a portion of
      said slurry circulating through said circuitous flow path, and inlet means
      at physically separate locations in said combination reactor and cooler
      unit for separately adding phosphate rock and sulfuric acid to said slurry
      passing through said circuitous flow path so that each of said materials
      of addition is dispersed in said slurry and not concentrated at the point
      of addition of the other.
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ABST
PAL  An arsenic sulfide mineral impurity, such as gersdoffite, is removed from
      talc by an oxidative leach treatment at a pH below 2.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for removing arsenic sulfide mineral
      impurities from talc and is especially directed to a wet process for
      removing small quantities of finely divided arsenic sulfide minerals from
      finely divided talc to produce high purity products.
PAR  Talc is a naturally occurring nonmetallic mineral which in theoretically
      pure form has the formula H.sub.2 Mg.sub.3 (SiO.sub.3).sub.4,
      corresponding to 3MgO.4SiO.sub.2.H.sub.2 O. The mineral occurs in ores
      which usually contain varying quantities of accessory nonmetallic minerals
      such as tremolite, serpentine, magnesite, calcite and quartz. Some
      deposits also contain metallic impurities such as iron, nickel, bismuth
      and arsenic in the form of sulfides, frequently mixed sulfides. One of the
      largest domestic talc industries, located in Vermont, processes an ore in
      which the principal minerals are talc of the platy type and magnesite
      which occurs in the form of breunnerite (a magnesium iron carbonate). The
      accessory minerals are reported to include pyrite and pyrrhotite (iron
      sulfide minerals) as well as gersdorffite (NiS.sub.2.AsS.sub.2) and cobalt
      minerals.
PAR  For some important uses of talc, ore of suitable composition is merely
      ground and sized. Accessory minerals including metallic impurities are not
      removed. Talc used in other products such as paints must meet stringent
      specifications for purity, color, carbon dioxide content, oil absorption
      and fineness of grind. The production of such products may necessitate
      beneficiation of an ore to remove nonmetallic minerals. Carbonate minerals
      such as the magnesite in the Vermont ores is removed from the ore along
      with the bulk of accessory sulfide minerals by froth flotation. Especially
      stringent limitations are imposed by the Cosmetic, Toiletry and Fragrance
      Association (CTFA) for talc used in cosmetics. CTFA F1-1, Parts I-A and II
      specifies a maximum of 2 p.p.m. acid-soluble arsenic.
PAR  A limited amount of the talc that is processed into powdered products meets
      the standards established for the cosmetic industry. Domestic talc meeting
      the standards is in short supply. A factor in the shortage is that some
      available processed powdered talc products contain residual arsenic
      impurities in quantities which are small but are in excess of the maximum
      tolerable level. The arsenic, present as a complex sulfide, cannot be
      removed to a sufficient extent by conventional hydrometallurgical
      techniques or by gravity separation. Even flotation beneficiated talc
      products may contain too much arsenic to be acceptable by the cosmetic
      industry. Simple leaching of talc with various mineral acids, caustic
      solutions or even water may remove a limited amount of arsenic. However,
      only a portion of the arsenic is removed.
PAR  2. Prior Art
PAR  The use of hot nitric acid to solubilize metal sulfides which are insoluble
      or poorly soluble in common solvents is well known in analytical
      chemistry. A redox reaction is involved and the sulfide ion is reduced to
      elemental sulfur. Such a reaction has been used to decompose gersdorffite,
      forming arsenic acid and elemental sulfur. (J. J. Mellor, INORGANIC AND
      THEORETICAL CHEMISTRY, Vol. IX, page 310, 1947 Edition.) Mixtures of
      nitric and sulfuric acids are used by the metallurgical industry to
      dissolve a variety of metal sulfides or mixtures of sulfides. This
      combination of reagents has been recommended in a two-stage treatment for
      separating arsenical minerals from nickel and cobalt. Arsenic is
      precipitated as the crystallized oxide which is separated from solubilized
      nickel and/or cobalt. The process is described in French Pat. No.
      1,125,038 to Borvali et al.
PAR  A well-known method for removing metallic impurities such as arsenic
      sulfides from silicate ores and minerals involves forming volatile metal
      chlorides. U.S. Pat. No. 2,504,357 to Swallen discloses such a process.
PAC  THE INVENTION
PAR  An object of the invention is to provide a commercially feasible method for
      purifying arsenic-contaminated talc by a technique which does not result
      in the destruction of the talc crystals or leave toxic residues therein. A
      specific object is to provide a method for reducing the acid-soluble
      arsenic level of arsenic-contaminated talc to a minimal value while
      leaving the talc in a state or condition satisfactory for use by the
      cosmetic industry and for other applications in which a low heavy metal
      content is desirable.
PAR  Briefly stated, the present invention comprises a method for reducing the
      arsenic level of talc contaminated with a small amount of one or more
      arsenic sulfide minerals such as gersdoffite by oxidative leaching of the
      arsenic from the talc, wherein the oxidant used has an oxidation potential
      (E.degree.) greater than (larger negative value than) minus 1.0 volts and
      the talc pulp is maintained at a pH below 2 by addition of a strong acid
      during the oxidation treatment and until the pulp liquid containing the
      solubilized arsenic is removed from the solids in the pulp. Sulfur is
      oxidized to sulfate ion which is removed along with the solubilized
      arsenic in the leach liquor. Preferred oxidants are hydrogen peroxide and
      hypochlorite salts. A preferred acid for achieving and maintaining the
      desired pH below 2 is sulfuric acid.
PAR  The method of the invention differs from prior art methods for treating
      arsenical sulfide minerals with oxidants in the presence of hydrogen ions.
      In my process, arsenic and sulfur are dissolved and leached from an ore.
      Either arsenic oxide or elemental sulfur is precipitated in prior art
      techniques. Precipitated sulfur would be an undesirable contaminant in a
      cosmetic grade talc product. Precipitation of arsenic oxide would not
      achieve the desired results in my process.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention is applicable to the treatment of platy talcs containing one
      or more water-insoluble arsenic minerals, including complex arsenic
      minerals such as gersdorffite present as discrete particles and/or
      impurities. The process of the instant invention also removes any readily
      soluble arsenic impurities as well as carbonate mineral contaminants and
      flotation oil residues.
PAR  The talc is usually ground and partially purified by means such as tabling
      and/or flotation before undergoing the oxidation treatment. The partially
      processed talc feed for the oxidation treatment is usually finer than 325
      mesh (44 microns).
PAR  As mentioned, an essential feature of the invention resides in using an
      oxidant having a potential higher (more negative) than -1.0 volts. (See W.
      M. Latimer, OXIDATION POTENTIALS, 2nd Edition, Prentice-Hall, Inc., 1952.)
PAR  Examples of suitable oxidants are: ozone, hydrogen peroxide and other
      soluble peroxides, chlorine, hypochlorites such as sodium hypochlorite,
      chlorate salts such as sodium and potassium chlorate, persulfate salts
      such as sodium persulfate, and combinations of the aforementioned. Alkali
      metal permanganate salts such as potassium may be used. However, treatment
      with permanganate is preferably followed by addition of a strong reducing
      agent such as a dithionite salt, for example sodium hydrosulfite, to
      reduce residual manganese to colorless state. Dichromate salts may also be
      employed. Hydrogen peroxide and hypochlorites are preferred  oxidants for
      large-scale commercial applications. Ozone is highly effective and leaves
      no residues in the talc. I have found that a source of nitrate ions is
      unsuitable in my process since the arsenic content of talc is not reduced
      to the desired level using commercially practical temperatures and
      concentrations.
PAR  Suitable concentrations of oxidants are readily determined by simple
      routine experimentation. Using hydrogen peroxide, satisfactory results
      have been achieved at concentrations of 10 grams per liter or above.
PAR  An essential feature of the oxidant treatment is that the pulp of talc is
      maintained at a pH below 2 during the oxidation treatment and until the
      solubilized arsenic is removed from the pulp. A pH of about 1 has been
      used successfully. The preferred acid is sulfuric acid. Hydrochloric acid
      may be employed when corrosion-resistant equipment is available. Nitric
      acid should be avoided because of its known noxious and corrosive
      properties.
PAR  It is usually desirable to reduce the pH of the talc pulp to a value below
      2 before incorporating the oxidant. When the talc contains carbonate
      impurities, the pH of the pulp will usually increase after acid and
      oxidant are incorporated. If the pH should increase to a value of 2 or
      above as a result of such reaction, additional acid must be added to
      maintain pH below 2, preferably in the range of 1.0 to 1.5, until arsenic
      is solubilized to the extent desired. When the talc is either free from
      carbonate impurities or contains extremely low levels of carbonate
      contaminants, the oxidant may be added before the acid or they may be
      incorporated simultaneously.
PAR  The oxidation treatment may be carried out at temperatures ranging from
      ambient to elevated temperatures up to the boiling point. Reaction times
      are usually in the range of 5 minutes to an hour and vary with the species
      of oxidant, arsenic content of the feed talc, and reaction temperature.
      Sufficient time is allowed for the desired solubilization of arsenic
      impurities to take place.
PAR  The solids of the talc slurry undergoing treatment is not critical.
      Sufficient water is present in the pulp to provide a pulp which is
      sufficiently fluid for agitation and handling. Suggested pulp solids are
      within the range of 10 to 40% by weight. Generally, as the talc content of
      the pulp increases the smaller the amount of oxidant required to achieve a
      satisfactory concentration. However, it should be noted that as solids
      concentration of the pulp is increased, it may be necessary to employ an
      oxidant such as hydrogen peroxide at somewhat higher concentration to
      achieve a desired reduction in arsenic level. This is attributable to
      impurities in the talc which catalyze decomposition of hydrogen peroxide.
PAR  Batch or continuous processing may be employed. Stagewise leaching is
      within the scope of the invention.
PAR  In practicing the embodiment of the invention wherein the talc is
      beneficiated by froth flotation before undergoing oxidation treatment, the
      float product (talc concentrate) from the flotation cells may be dewatered
      and washed before the oxidation treatment or these steps may be
      eliminated.. The method described in U.S. Pat. No. 3,459,299 to Mercade is
      useful in carrying out the flotation treatment.
PAR  After the oxidation treatment, the pulp of talc is dewatered by
      conventional means such as filtration or centrifugation to remove pulp
      liquid containing solubilized arsenic, sulfur and other impurities. The
      talc is washed one or more times, suitably with water having a low heavy
      metal content, to remove free acidity.
PAR  Reference is made to the following examples, which will serve to set forth
      embodiments of my invention as well as to point out additional features
      and advantages in connection therewith.
PAR  The talc used in the examples was a commercial platy talc product. The talc
      was produced by wet processing an ore from a Vermont deposit. The wet
      processing included beneficiation by flotation an aqueous medium, drying
      and fine milling. The product was essentially 100% finer than 325 mesh and
      had an average particle size of 2.7 microns.
PAR  Typical chemical analysis of the product is:
TBL                      Weight %                                              
     ______________________________________                                    
     Magnesium (MgO)       30.7                                                
     Silica (SiO.sub.2)    58.2                                                
     Calcium (CaO)         0.3                                                 
     Iron (Fe.sub.2 O.sub.3)                                                   
                           3.4                                                 
     Aluminum (Al.sub.2 O.sub.3)                                               
                           0.4                                                 
     Loss on Ignition      6.9                                                 
     ______________________________________                                    
PAR  Analysis of a representative sample of the talc product by the potassium
      bromide method indicated that total arsenic content was 67 p.p.m. Total
      nickel was 1169 p.p.m. and sulfur was 200 p.p.m. The arsenic soluble in
      hot water was 14 p.p.m.; nickel solubility was 13 p.p.m. and sulfur was
      100 p.p.m. From solubility tests with a variety of reagents, it was
      concluded that the nonsoluble portion of the arsenic contamination was a
      nickel arsenic sulfide present as a discrete mineral or as a surface
      coating.
PAC  EXAMPLE I
PAR  The arsenic level of a sample of the talc product was reduced to 2.3 p.p.m.
      by oxidation with hydrogen peroxide at a pH of 1.0, using sulfuric acid to
      maintain pH at about 1.
PAR  In carrying out the test, the talc was slurried with water at 20% solids.
      The pH of the slurry was 9.1. Sulfuric acid was added to reduce pH to 1.0
      and hydrogen peroxide, added as a 30% solution, was incorporated in amount
      corresponding to 75 lbs. H.sub.2 O.sub.2 /ton of talc. The slurry was
      stirred and aged in an open vessel at ambient temperature for 12 hours.
      The slurry was filtered and the filter cake was washed thoroughly with
      water and mildly dried.
PAC  EXAMPLE II
PAR  Other tests using hydrogen peroxide as the oxidant and sulfuric acid as the
      acidifying agent were carried out at elevated temperature (100.degree.C.)
      for 10 minutes.
PAR  In one test, in accordance with our invention, the slurry of talc was
      acidified to pH 1.0 with sulfuric acid, followed by addition of hydrogen
      peroxide (150 lbs./ton). Total arsenic of the resulting product was 3.0
      p.p.m. In another test, outside the scope of my invention, the slurry was
      acidified to pH 2.0, followed by addition of hydrogen peroxide (150
      lbs./ton). After heating the slurry for 10 minutes, the pH of the talc
      slurry had increased to 7.6 and the total arsenic analysis of the product
      was 33.5 p.p.m. Thus, only half of the total arsenic was removed from the
      talc by this procedure. On the other hand, about 90% of the total arsenic
      was removed with the same oxidant under the same conditions of time and
      temperature when pH was maintained at about 1.
PAC  EXAMPLE III
PAR  This example illustrates the utility of ozone in removing arsenic from
      talc.
PAR  A 20% solids slurry of the talc was acidified to pH 1.1 by sulfuric acid.
      While the slurry was being agitated at ambient temperature with an
      impeller agitator, ozone was charged to the slurry, using the technique
      described in Example I of U.S. Pat. No. 3,616,900 to Cecil et al. Ozone
      was added at the rate of 1 liter per minute over a period of about 90
      minutes. At the end of the ozone treatment pH was 1.4. The slurry was then
      filtered and washed with water. Using 30 lbs. O.sub.3 /ton talc, total
      arsenic of the product was 2.3.
PAR  To demonstrate the criticality of maintaining a pH below 2 during
      ozonation, the procedure was repeated with another portion of the 20%
      solids slurry of talc acidified to pH 2.0 before addition of ozone. After
      ozonation using 32 lbs. O.sub.3 /ton talc, the pH of the pulp was 2.7.
      The talc product obtained by filtering the ozone-treated slurry and
      washing the filter cake analyzed 34.3 p.p.m. total arsenic.
PAR  A comparison of the results obtained by maintaining pH below 2 with those
      realized at a pH allowed to rise above 2 in tests utilizing substantially
      the same amount of ozone shows that almost 20 times more arsenic was
      removed by maintaining pH below 2.
PAC  EXAMPLE IV
PAR  Example II was repeated using hydrochloric acid to acidify the pulp with a
      similar amount of hydrogen peroxide at a pH of 1.0. The total arsenic
      content of the purified product was 2.0 p.p.m.
PAC  EXAMPLE V
PAR  The arsenic level of another sample of the talc was reduced to 2.1 p.p.m.
      by adding 3M HCl to a 20% solids aqueous slurry of the talc, adding
      potassium chlorate in amount of 200 lbs./ton, heating for 10 minutes at
      100.degree.C. while maintaining pH at about 1.0 with hydrochloric acid,
      filtering and washing.
PAR  The foregoing examples show that total arsenic was reduced to about 2
      p.p.m. by solubilizing the arsenic impurity with a variety of strong
      oxidizing agent in talc pulps maintained at pH values below 2. Since total
      arsenic was about 2 p.p.m., the maximum tolerable soluble arsenic
      specification of 2 p.p.m. was fully met in all of the tests in which the
      oxidation treatment was conducted at low pH.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for removing an arsenic sulfide impurity from talc which
      comprises acidifying an aqueous pulp of said impure talc to a pH below 2
      with an acid selected from the group consisting of sulfuric and
      hydrochloric, adding to said pulp an oxidizing agent having an oxidation
      potential with a greater negative value than -1.0 volts, maintaining the
      pH of said pulp below 2 until said impurity is dissolved therein,
      separating the talc from said pulp and washing the resulting purified talc
      product.
NUM  2.
PAR  2. The method of claim 1 wherein the oxidant is selected from the group
      consisting of ozone, hydrogen peroxide, chlorine, hypochlorite salts,
      perchlorate salts and persulfate salts and sulfuric acid is used to
      acidify the pulp.
NUM  3.
PAR  3. The method of claim 1 wherein the oxidant is hydrogen peroxide.
NUM  4.
PAR  4. The method of claim 1 wherein the arsenic sulfide impurity is a complex
      arsenic-nickel-sulfide.
NUM  5.
PAR  5. The method of claim 1 wherein said talc is in platy crystalline form.
NUM  6.
PAR  6. The method of claim 1 wherein the pulp containing the oxidant is
      maintained at a pH below 2 for a time sufficient to reduce the acid
      soluble arsenic content to a value of about 2 p.p.m. or less.
NUM  7.
PAR  7. The method of claim 1 wherein the impure talc contains carbonate
      minerals and after said oxidizing agent is incorporated, additional acid
      is added to maintain pH below 2.
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ABST
PAL  This invention is addressed to a method of catalytic treatment of residual
      gases containing various compounds of sulphur, particularly hydrolyzable
      compounds of sulphur by the Claus reaction.
PAL  These residual gases, at the expense of which all or part of the necessary
      amount of sulphurous anhydride is formed, are treated at temperatures
      above 200.degree.C in the presence of catalysts comprising active alumina
      and one or more oxides, sulphides or compounds capable of being
      sulphurized, of molybdenum, cobalt, nickel, iron and uranium.
BSUM
PAR  This invention relates to the catalytic treatment of residual gases
      containing various gaseous compounds of sulphur.
PAR  It is known that gaseous mixtures of complex composition, which are charged
      with sulphur compounds, such as the gaseous mixtures resulting from the
      purification of gaseous or liquid natural hydrocarbons, are frequently
      encountered in the chemical industry. By purification of such gaseous
      mixtures, it is possible to recover substantial amounts of sulphur. Known
      methods for recovering sulphur must, however, be constantly improved in
      order that the content of sulphur compounds in the purified gaseous
      mixture be reduced to as low a level as possible before discharge into the
      atmosphere, in view of the increasingly severe standards which are being
      established on pollution.
PAR  In the most widespread case, the greatest part of the sulphur contained in
      the gaseous mixture is in the form of hydrogen sulphide. The recovery of
      this sulphur is based generally on the well known Claus reaction, which
      can be effected in a gaseous or liquid medium, between the sulphurous
      anhydride resulting from the oxidation of a suitable fraction of the
      hydrogen sulphide and the remaining amount of hydrogen sulphide.
PAR  The Claus reaction which is in equilibrium is desirably carried out at the
      lowest temperature possible in order to promote the obtaining of sulphur.
      It can be effected at ordinary temperature provided that it is activated
      by means of suitable catalysts.
PAR  In industrial practice, the treatment of gaseous mixtures having a high
      hydrogen sulphide content is often effected by stages in the gaseous
      phase. A substantial fraction of the sulphur is obtained at first simply
      by partial cooling of the gaseous mixtures which are raised to a
      temperature of about 1000.degree.C and partially oxidized by the injection
      of air, so as to obtain the desired amount of sulphurous anhydride. The
      gases are then treated in a series of catalytic stages which are
      interposed with condensers. In the catalytic stages, to prevent sulphur
      from being deposited on the catalyst, the temperatures, while being lower
      than those of the first thermal stage, are maintained above the dew points
      of the sulphur, corresponding to the various sulphur contents of the gases
      in the catalytic stages. Only the last stage, which must be provided to
      recover to the maximum extent the last traces of sulphur, operates by
      means of catalysts which are highly active at low temperatures, such as a
      little higher than 100.degree.C, in order for the water produced to escape
      as vapor. The sulphur which is then deposited on the catalysts will be
      desorbed by vaporization or combustion.
PAR  Very frequently, the efficiency of the installations for purifying
      industrial gaseous mixtures and for recovering sulphur decreases in time
      and an increasing proportion of gaseous compounds of sulphur is discharged
      into the atmosphere, unless the installations are highly oversized from
      the capacity standpoint.
PAR  This loss in efficiency is probably related to sulphating of the catalysts,
      which often comprise active alumina used in the first purification stages.
      This sulphating is usually progressive and results from the presence of
      traces of oxygen in the gases to be treated, but its origin can also be
      due to air to which the catalyst is inadvertently exposed while
      incompletely cooled during shutdown of the installation.
PAR  It seems that such sulphating not only reduces the efficiency of the Claus
      reaction, but also the reactions for the destruction by hydrolysis of the
      other gaseous compounds of sulphur which are present. These other sulphur
      compounds are carbon-bearing compounds, such as carbon disulphide and
      carbonyl sulphide, the hydrolysis of which gives hydrogen sulphide which
      adds to the hydrogen normally present in the gaseous mixtures, and is
      likewise converted into sulphur. These other gaseous compounds, simply by
      being present, inhibit the Claus reaction in the successive catalytic
      stages. This contributes to increasing the sulphur content in the purified
      gases, the sulphur then being present in the form of hydrogen sulphide and
      in the form of these other non-hydrolyzed gaseous compounds.
PAR   Although it is possible to reduce the disadvantages resulting from the
      abovementioned sulphating, by adding ammonia or similar compounds to the
      gas, this practice suffers from a number of disadvantages. It is
      preferable to make use of catalysts which retain a sufficient amount of
      activity over extended periods of time with respect to the Claus reaction
      and the reactions for hydrolyzing the other gaseous compounds. Such
      catalysts make it possible, at any time, completely to destroy the other
      gaseous sulphur compounds in the first stages of the installation, and
      this protects the final low temperature purification stage. In order to
      retain the maximum amount of the last traces of hydrogen sulphide, it is
      then possible, in the last stage, to make use of highly effective
      catalysts which often also comprise active alumina having a high specific
      area, but which are particularly sensitive to the presence of the
      above-mentioned gaseous sulphur compounds. The efficiency of active
      alumina as a Claus reaction catalyst is well known and this substance, in
      various forms in fixed, moving, fluid or flying beds, can be used in all
      the catalytic stages of the sulphur recovery units.
PAR  As an object of this invention, a method has now been perfected for the
      catalytic treatment, at temperatures higher than 200.degree.C, of residual
      gases which have a high hydrogen sulphide content and which possibly
      contain gaseous derivatives of sulphur, such as carbon disulphide and
      carbonyl sulphide, the efficiency of which does not deteriorate in time.
      This method comprises passing said residual gases, containing the
      sulphurous gas necessary for the Claus reaction (said sulphurous gas
      coming from the partial oxidation of said gases and/or an addition) over
      catalysts comprising a carrier formed of active alumina having a large
      specific surface area and oxides, sulphides or compounds capable of being
      sulphurized, preferably in the course of operation of the method, of one
      or more of the metals selected from the group comprising molybdenum,
      cobalt, nickel, iron and uranium. Suitable active aluminas have a specific
      surface area .gtoreq.150 m.sup.2 /g and a pore volume .gtoreq.0.2 cm.sup.3
      /g. The amount by weight of the metals in the form of their oxides,
      sulphides or other compounds, necessary for insuring stability of activity
      in time, can vary with respect to the alumina to an amount within the
      range of 1-15% and preferably 2-8% of the alumina.
PAR  Under these conditions, the catalysts have a high degree of activity. It
      has been found that even when they have been inadvertently highly
      sulphated, they substantially retain their initial activity when they are
      brought into contact with gases of the usual compositions and the
      temperatures of the first stages of the purification unit. It is believed
      that the fixing of the radical SO.sub.4 on these catalysts is much less
      tenacious than on the active alumina.
PAR  The catalysts used in the method of this invention can be prepared in
      various known ways. However, a general procedure, which is particularly
      suitable, comprises impregnating the active alumina carriers with
      solutions of the metal compounds capable of readily yielding the
      corresponding oxides by thermal decomposition. The concentration of the
      solution is selected so as to provide the desired amount of catalytic
      metal in the finished catalyst. The preferred solutions are often in the
      form of the nitrates of the metals. However, other compounds can be used,
      such as organic salts, for example the acetates, salts in which metals are
      present in the acid radicals, and metal complexes. The catalysts, which
      are prepared in this manner, are believed to be progressively sulphurized
      during use thereof; however, it may be desirable to sulphurize them before
      use, as by means of gaseous streams of suitable composition.
DETD
PAR  In order clearly to illustrate the merits of the catalysts used in the
      practice of this invention, which can be used in fixed or in fluid beds,
      various examples are given by way of illustration, but not by way of
      limitation, including the results of comparative tests in a fixed bed, in
      which the most important parameters are varied.
PAC  EXAMPLE 1
PAR  This comparative example is intended solely to show the part played by
      sulphating of various catalysts. In order to reproduce rates of sulphating
      which are similar to those which can be attained in industrial units after
      several years of operation, these various catalysts are treated at
      atmospheric pressure for a period of 4 hours at a temperature of
      450.degree.C, with air mixed with 30% by volume of sulphurous anhydride.
      Under these conditions, the proportion of radicals SO.sub.4 fixed is from
      7 to 9% of the weight of the catalyst. The various catalysts compared in
      this example are either active alumina having a specific surface area of
      350 m.sup.2 /g and a pore volume of 0.53 cm.sup.3 /g in the form of balls
      having a diameter of 0.6 to 1 mm, or the same alumina impregnated with
      solutions of nitrates of the metals so as to attain desired oxide contents
      after drying and calcining at 500.degree.C for 4 hours.
PAR  The catalysts containing metals, in order rapidly to be brought
      substantially into the same condition as encountered during operation
      thereof, are then sulphurized in a nitrogen stream to which there is added
      8% by volume of hydrogen sulphide, at a temperature of 350.degree.C, for a
      period of 2 hours at atmospheric pressure.
PAR  All the tests are carried out by placing 100 cm.sup.3 of these various
      catalysts as well as the same catalysts in the new condition, in a 40 mm
      diameter reaction tube maintained at a temperature of 350.degree.C and
      then at 300.degree.C.
PAR  The gas flow treated has a flow rate of 1200 cm.sup.3 /min in order to
      provide a contact time of 5 seconds (s); it has the following volumetric
      composition, similar to that of the gases treated in industrial units:
TBL          H.sub.2 S     8%                                                  
             SO.sub.2      4%                                                  
             H.sub.2 O     23%                                                 
             N.sub.2       65%                                                 
PAR  The gases issuing from the reaction vessel are analyzed by chromatography
      to determine the rate .rho. SO.sub.2 of conversion of the sulphurous
      anhydride which, in this case, also expresses the sulphur yield of the
      reaction.
PAR  Table 1 hereinafter combines the characteristics of the catalysts used and
      the results obtained.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     CATALYSTS                .rho.SO.sub.2 %                                  
     N.sup.o                                                                   
       Composition   Specific                                                  
                          Pore                                                 
                              at 350.degree.C                                  
                                    at 300.degree.C                            
                     surface                                                   
                          volume                                               
                     area                                                      
                     m.sup.2 /g                                                
                          cm.sup.3 /g                                          
     __________________________________________________________________________
     1 Active  new   350  0.53                                                 
                              72    84                                         
       alumina sulphated                                                       
                     310  0.53                                                 
                              69    75                                         
     2 Active  new   275  0.49                                                 
                              72    84                                         
       alumina 1                                                               
               sulphated                                                       
                     240  0.48                                                 
                              72    83                                         
       new + 4%Co                                                              
     3 Active  new   265  0.50                                                 
                              71.5  83                                         
       alumina 1                                                               
               sulphated                                                       
                     250  0.50                                                 
                              71    81                                         
       new + 3%Fe                                                              
     4 Active  new   245  0.52                                                 
                              71    82                                         
       alumina 1                                                               
               sulphated                                                       
                     240  0.51                                                 
                              71    80                                         
       new +3.3%Mo                                                             
     __________________________________________________________________________
PAR  It will be seen from the results recorded in the above table that if the
      rate of SO.sub.2 conversion is excellent on new alumina, it diminishes
      substantially on sulphated alumina, whereas the metal-containing catalysts
      give a SO.sub.2 conversion rate which diminishes relatively much less and
      which, despite sulphating, remains close to the thermodynamic efficiency
      at the temperature in question, which is 72% at 350.degree.C and 84% at
      300.degree.C.
PAC  EXAMPLE 2
PAR  This example combines results concerning the treatment of gases whose
      composition is more complex and which more closely approaches the
      compositions of gases to be treated in sulphur recovery units, having the
      following composition by volume:
TBL          H.sub.2 S     6%                                                  
             CS.sub.2      1%                                                  
             SO.sub.2      4%                                                  
             H.sub.2 O     28%                                                 
             N.sub.2       61%                                                 
PAR  The tests are carried out in the same reaction vessel as that used in the
      preceding example, with gas flow rates corresponding to contact times of
      3, 5 and 8 s, the temperatures corresponding to these three contact times
      being 320.degree., 335.degree. and 335.degree.C, respectively.
PAR  The catalysts tested are catalysts 1, 2 and 4 of the preceding example, in
      the new and in the sulphated state. Measurements are taken not only of the
      rate of conversion .rho. SO.sub.2 but also the rate of hydrolysis .rho.
      CS.sub.2 of carbon disulphide.
PAR  The results are summarized in the following Table 2:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     CATALYSTS                                                                 
             Contact time 3s                                                   
                       Contact time 5s                                         
                                 Contact time 8s                               
             320.degree.C                                                      
                       335.degree.C                                            
                                 335.degree.C                                  
             .rho.SO.sub.2                                                     
                  .rho.CS.sub.2                                                
                       .rho.SO.sub.2                                           
                            .rho.CS.sub.2                                      
                                 .rho.SO.sub.2                                 
                                     .rho.CS.sub.2                             
     __________________________________________________________________________
     1 new   77   34   61   78   61  98.8                                      
       sulphated                                                               
             78    4   60   25   60  65                                        
     2 new   77   38   60   79   62  100                                       
       sulphated                                                               
             78   15   61   35   60  85                                        
     4 new   78   37   61   80   62  100                                       
       sulphated                                                               
             79   15   61   51   62  93                                        
     __________________________________________________________________________
PAR  These tests show that the catalysts used in the method of the invention are
      capable not only of effecting the Claus reaction on the hydrogen sulphide
      originally present in the gas to be treated, but also effecting the
      reaction on the hydrogen sulphide resulting from the previous hydrolysis
      of gaseous carbon derivatives of sulphur, notwithstanding the sulphating
      rate which occurs, corresponding to that normally occurring in industrial
      units after several years of operation.
PAC  EXAMPLE 3
PAR  This example concerns results obtained with sulphated catalysts having
      different proportions of catalytic metal and using the same active alumina
      as the carrier, as that of the catalysts in the preceding examples; the
      metal selected is molybdenum.
PAR  The tests are carried out at a temperature of 335.degree.C with the same
      apparatus as that used in the preceding examples and with the same gaseous
      mixture as that used in Example 2.
PAR  Table 3 hereinafter gives the value obtained of .rho. SO.sub.2 for their
      contact time of 5s and the values of .rho. CS.sub.2 for contact times of 5
      and 8s.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Catalysts % by weight                                                     
     of molybdenum with                                                        
                       .rho.SO.sub.2                                           
                                 .rho.CS.sub.2                                 
     respect to the alumina                                                    
     carrier           5 s       5 s      8 s                                  
     ______________________________________                                    
     0                 60        25       65                                   
     1.3               61        50       90                                   
     3.3               61        51       93                                   
     6.6               61        55       96                                   
     ______________________________________                                    
PAR  These tests show that the efficiency of the metalcontaining catalysts is
      maintained when these metals are in different proportions. However, the
      recommended proportions are, dependent on circumstances, from 2% to 8% of
      the weight of said metals with respect to the alumina.
PAC  EXAMPLE 4
PAR  This example is intended to show the influence of the specific surface area
      of the carrier on the results obtained.
PAR  The tests are performed at a temperature T of 335.degree.C in the same
      manner and with a gaseous stream of the same composition as that used in
      the preceding example.
PAR  The catalysts tested are all in the sulphated state and differ only in
      respect of the characteristics of the active alumina used. They all
      contain 3.3% by weight of molybdenum as the catalytic metal, with respect
      to the carrier.
PAR  The results obtained are shown in Table 4 below.
TBL                TABLE 4                                                     
     ______________________________________                                    
     CHARACTERISTICS OF                                                        
                       .rho.SO.sub.2                                           
                                 .rho.CS.sub.2                                 
     THE ALUMINA CARRIER                                                       
     Specific surface area                                                     
                       5 s       5 s      8 s                                  
     and pore volume                                                           
     ______________________________________                                    
     80 m.sup.2 /g     35        27       50                                   
     0.50 cm.sup.3 /g                                                          
     150 m.sup.2 /g    53        44       82                                   
     0.50 cm.sup.3 /g                                                          
     200 m.sup.2 /g    60        50       93                                   
     0.53 cm.sup.3 /g                                                          
     350 m.sup.2 /g    61        51       93                                   
     0.53 cm.sup.3 /g                                                          
     ______________________________________                                    
PAR  This example shows the loss in efficiency with the specific surface area of
      the carriers, and also shows that only an alumina having an active surface
      area of at least 150 m.sup.2 /g, when used as a carrier, gives
      sufficiently active catalysts.
PAR  It will be understood that changes may be made in the details of
      formulation and operation without departing from the spirit of the
      invention, especially as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of catalytic treatment of residual gases containing carbon
      disulphide, carbonyl sulphide and having high hydrogen sulphide content
      comprising the steps of passing the gases in admixture with sulphur
      dioxide for the Claus reaction at a temperature above 200.degree.C into
      contact with catalysts consisting essentially of a carrier of active
      alumina having a specific surface area of at least 150 m.sup.2 /g, a pore
      volume of at least 0.2 cm.sup.3 /g, and a compound selected from the group
      consisting of the oxides, sulphides and compounds capable of being
      sulphurized of a metal selected from the group consisting of molybdenum,
      cobalt, nickel and iron present in an amount within the range of 1-15% by
      weight of the activated alumina.
NUM  2.
PAR  2. A method as claimed in claim 1 in which the sulfur dioxide is derived by
      partial oxidation of the sulphur compounds present in the residual gases.
NUM  3.
PAR  3. A method as claimed in claim 1 in which the amount of metal compound on
      the catalyst is within the range of 2-8% by weight of the alumina.
NUM  4.
PAR  4. A method as claimed in claim 1 in which the catalyst is subjected to a
      sulphated treatment prior to use.
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ABST
PAL  A method of desulphurization of a flue gas comprising passing a flue gas to
      a plurality of adsorption beds each having an activated carbon layer
      packed therein thereby separating a sulphur oxide contained in the flue
      gas by adsorption of the sulphur oxide in the activated carbon; continuing
      the adsorption until the concentration of sulphur oxide acid in the
      activated carbon reaches a predetermined value; providing a liquid for
      regenerating the activated carbon with at least one of the adsorption beds
      in order to wash down the activated carbon layer, wherein the introduction
      of the liquid into the adsorption bed to be regenerated is carried out
      while keeping all the passageways for introducing the flue gas into the
      adsorption beds open, thereby reducing a flow amount of flue gas in the
      adsorption bed to be regenerated so as to suppress adsorption of the
      sulphur oxide therein and to regenerate the adsorption bed. The supply of
      the regenerating liquid to each of the adsorption beds is repeatedly
      carried out in accordance with a predetermined time schedule.
PARN
PAR  This application is a continuation-in-part of Ser. No. 872,286, filed Oct.
      29, 1969, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of desulphurization of a flue gas
      exhausted from boilers, industrial furnaces and the like and more
      particularly to a method of desulphurization of a flue gas which enables
      the operation of a desulphurizing apparatus or plant to be simplified. The
      present invention also relates to an improved desulphurizing apparatus
      having a simplified construction and a lowered production cost.
PAR  With the development of industry, the quantity of harmful gases,
      especially, sulphurous acid (SO.sub.2) and sulphuric acid anhydride
      (SO.sub.3) contained in the flue gas from a furnace in which
      sulphur-containing coal or heavy oil is burnt or in the flue gas from a
      sulphuric acid production plant, exhausted into the atmosphere along with
      the flue gas from various industrial facilities, is increasing and hence
      the air pollution in the vicinity of the facilities is increasing. As a
      result, the harmful effect of such gases on the inhabitants in the area of
      the facility is becoming a great social problem in recent years, and
      development of various types of flue gas treating apparatus is urgently
      desired.
PAR  As one such exhaust gas treating apparatus, an apparatus has been developed
      in which the sulphur oxides (SO.sub.2 and SO.sub.3) are separated and
      removed by passing the exhaust gas through an adsorption bed packed with
      activated carbon. The general techniques used in apparatus are known from
      U.S. Pat. No. 2,992,065, U.S. Pat. No. 2,992,895 and the technical
      treatise of Mr. F. Johswich, published on page 18 of Combustion, Oct.
      1965, under the title of "The Present Status of Flue Gas
      Desulphurization".
PAR  A flue gas treating apparatus of adsorption bed type generally comprises a
      plurality of adsorption beds each being packed with activated carbon.
      After the activated carbon has become inactive to adsorb the sulphur
      oxide, the adsorption beds must be regenerated or recovered by a suitable
      manner such as washing down the activated carbon.
PAR  In the conventional regeneration methods a regenerating liquid such as
      water or a dilute sulphuric acid solution is supplied to an adsorption bed
      to be regenerated after the flue gas inlets thereof are closed. After the
      regeneration or washing down of the activated carbon has finished, the
      flue gas inlets are opened again.
PAR  Since the operation of the flue gas inlets has inevitably to be performed
      in a cycle at a certain time interval and in an actual apparatus the valve
      of the flue gas to be treated is extremely large, the switching operation
      of the valve means provided in the flue gas inlets requires considerable
      labor or elaborate control devices.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method of
      desulphurization of a flue gas containing sulphur oxide wherein operation
      of the method is simplified and a simplified apparatus is employed.
PAR  It is another object of the present invention to provide a method of
      desulphurization of a flue gas which enables the construction of a
      simplified desulphurizing apparatus and saves production costs.
PAR  It is still another object of the present invention to provide a method of
      desulphurization of a flue gas which has an increased desulphurization
      rate.
PAR  It is a still further object of the present invention to provide apparatus
      for desulphurization of a flue gas which has a simplified construction and
      an improved operability and a low cost. The desulphurization apparatus
      according to the present invention has an improved maintenance due to its
      simplified construction.
PAR  The present invention is based upon the fact that a flow of flue gas in an
      adsorption bed is effectively regulated by providing a proper amount of a
      liquid for regenerating activated carbon, whereby, closing and opening of
      flue gas inlets can be accomplished without operation of a valve means in
      passageways connected to the inlets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above objects and other objects and features of the present invention
      will be apparent from the following detailed description taken in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a graph showing the relationship between the velocity of the flue
      gas passing through an adsorption bed and the velocity of the regenerating
      liquid flowing down through the adsorption bed;
PAR  FIG. 2 is a diagram of a desulphurizing apparatus according to the present
      invention;
PAR  FIG. 3 is a graph showing the relationship between the flue gas flow rate,
      the adsorbing quantity of sulphur oxide and sulphuric acid content in the
      activated carbon layer, and the time with respect to a single adsorption
      bed in a desulphurizing apparatus of the present invention;
PAR  FIG. 4 is a table of a time schedule for operating a desulphurizing
      apparatus of another embodiment;
PAR  FIG. 5 is a graph showing the relationship between temperatures of flue
      gases and time with respect to the desulphurizing apparatus shown in FIG.
      2; and
PAR  FIG. 6 is a logarithmic graph showing the relationship between the
      adsorption rate of sulphurous acid and the relative humidity of the system
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As heretofore stated, the present invention provides a method of regulating
      the flue gas flow in an adsorption bed to be regenerated such that the
      flue gas flow is intercepted or suppressed by supplying a regenerating
      liquid such as water or dilute sulphuric acid solution to the adsorption
      bed. According to this regulation method, the operation of the
      desulphurizing apparatus will be remarkably simplified since there is no
      need to operate valve means provided in flue gas inlets for opening and
      closing the passageways communicated with the inlets. Further, it is a
      significant advantage of the apparatus according to the present invention
      that valve means for flue gas inlets, which are made of expensive sulphur
      oxide-resisting materials would be completely omitted thereby lowering the
      production cost of the apparatus because the switching operation of the
      supplying of the flue gas to each adsorption bed can be performed by
      controlling the amount of regenerating liquid.
PAR  Referring to FIG. 1, which explains the relationships between velocities of
      water and flue gas in an adsorption bed, the abscissa is the velocity of
      water flowing down in an adsorption bed, and the coordinate is the
      velocity of the flue gas passing upwardly through the bed. In this
      experiment, the thickness of activated carbon layer in the adsorption bed
      was 2000 mm and the activated carbon was in the form of pellets of 5 to 8
      mm in diameter.
PAR  As apparent from FIG. 1, when the supply of water has begun, the flow rate
      of the flue gas passing through the adsorption bed decreases sharply, even
      with a slight increase in the flow rate of water. When the flow rate of
      water is 0.1 .times. 10.sup.-.sup.2 m/s for instance, the flow rate of the
      flue gas is 0.1 m/s which is about one fifth of that when water is not
      supplied, and when the flow rate of water is 0.2 .times. 10.sup.-.sup.2
      m/s or higher, the flow rate of the flue gas is only one tenth or less of
      that when water is not supplied. The flow rate of the flue gas is
      effectively controlled in accordance with the flow rate of the
      regenerating liquid.
PAR  Since the flue gas untreated should be subjected to desulphurization
      without interruption, the plural adsorption beds are arranged in parallel
      with respect to the flow of the flue gas, wherein some of the adsorption
      beds or a single adsorption bed is always subjected to regeneration while
      the predominant number of adsorption beds are in an adsorption step.
PAR  As apparent from FIG. 1, the regulation of the flue gas flow can
      effectively be done by providing at least 0.2 .times. 10.sup.-.sup.2 m/s
      of a regenerating liquid. With an increase in an amount of regenerating
      liquid, the velocity of the flue gas can be made very small. In case of
      0.4 .times. 10.sup.-.sup.2 m/s of the velocity of the regenerating liquid,
      the velocity of the flue gas is only about 0.02 m/s which is about one
      thirtieth (1/30) of that when the regenerating liquid is not supplied.
      Therefore, considering the small amount of the flow of the flue gas
      passing through an adsorption bed in the regeneration step, it can be said
      that substantially all of the flue gas to be treated is evenly distributed
      among the remainder of the adsorption beds.
PAR  Referring to FIG. 2 illustrating an example of a desulphurizing apparatus
      according to the present invention, a flue gas containing sulphur oxide
      (SO.sub.2 and SO.sub.3) from a furnace 1 is led through a duct 2 and a
      dust arrestor 3 for removing dust therefrom to a blower 4 thereby
      pressurizing the flue gas. The pressurized flue gas is provided to
      adsorption beds 7a, 7b, 7c through gas passageways 5a, 5b, 5c,
      respectively. Since water is being fed to the adsorption bed 7a by a
      distributor 17a, the flow of the flue gas in the bed 7a is intercepted or
      extremely reduced. Therefore, substantially all the pressurized flue gas
      is distributed between the beds 7b, 7c.
PAR  Each adsorption bed is provided with an activated carbon layer 8a, 8b, 8c
      which is formed on a support such as a grid or lattice (not shown). With
      reference to one adsorption bed, the activated carbon layer therein is
      alternatively subjected to adsorption and regeneration in a cycle in a
      predetermined order and a predetermined time schedule.
PAR  After the activated carbon layer has been washed down sufficiently to be
      regenerated, a valve for feeding the regenerating liquid is closed and,
      subsequently, the drying of the wetted activated carbon starts. Since the
      drying of the activated carbon, which takes place by vaporization of the
      regenerating liquid, is easily completed or an amount of the liquid held
      up by the activated carbon is sufficiently reduced to adsorb the sulphur
      oxide, in a short period of time, the adsorption of sulphur oxide takes
      place in all adsorption beds other than that undergoing the regeneration
      step.
PAR  The regenerating liquid used is discharged into a drain trap 13 through a
      drain valve 10a and a drain conduit 10. When ends of the inlets 5a, 5b, 5c
      are opened opposite to the direction of the flow of a regenerating liquid
      as shown in FIG. 2, flowing of the regenerating liquid into the inlets is
      avoided since the inlets and conduit 5 are always pressurized. This means
      that the apparatus is more simplified in its construction than the
      conventional apparatus which are provided with valve means for switching
      the flue gas flow. If the switching is performed by valve means it is not
      avoidable that a considerable amount of the regenerating liquid enters
      into the inlets. Therefore, in the conventional apparatus it is necessary
      to provide a suitable water seal means for the inlets.
PAR  The flue gas streams leaving the respective adsorption beds are gathered
      and the flue gas having been desulphurized is exhausted through a mist
      removing means 18 and a conduit 12 from a chimney 16 at a desired
      temperature such as 100.degree.C. and sufficiently dispersed into the
      atmosphere. A part of the flue gas is by-passed by a conduit 6 and it is
      mixed into the treated gas in a conduit 12 through a valve 11 so as to
      adjust the final temperature of the flue gas exhausted from chimney 16.
PAR  A regenerating liquid is supplied into each adsorption bed by a distributor
      17a through valves 9a, 9b, 9c and a conduit 9. The liquid is pressurized
      by a pump 19. In case of desulphurization of a flue gas a dilute sulphuric
      acid solution produced in the desulphurizing apparatus is more preferable
      than water. In FIG. 2, drain trap 13 and washing water source 20 are
      interconnected so that the drainage drawn from the bottoms of the beds
      through valves 10a, 10b, and 10c is gathered and recycled as a
      regenerating liquid and additional water is added to the recycle at
      desired intervals. In view of recycling of the resulting dilute sulphuric
      acid, the total amount of water used and the capacities of the flow
      control devices such as pump 19 and other parts of apparatus can be made
      small. In this method, a suitable facility known per se for recycling the
      drainage liquid may be used when necessary. It will be understood that
      recycling is not always necessary.
PAR  For the sake of better understanding of the present invention, the
      following examples are presented.
PAC  EXAMPLE 1
PAR  In this example experimental data resulting from the operating of the
      desulphurizing apparatus shown in FIG. 2 are tabulated below:
PAC  A. Conditions of Operation
PAR  1. Composition of a flue gas: CO.sub.2 12%, H.sub.2 O 10%, O.sub.2 5%,
      SO.sub.2 1500 ppm, N.sub.2 remainder, the percentages are all percent by
      volume.
PAR  2. Temperature of the flue gas at an inlet: 130.degree.C.
PAR  3. Flow rate of flue gas: 10,000 m.sup.3 /h. (i.e. 3380 Nm.sup.3 /h per one
      bed.
PAR  4. Activated carbon: pellets of 5 to 8 mm in diameter.
PAR  5. Height of activated carbon layer: 2,000 mm which includes 10 cm of a
      thickness of a lattice and coaks layer supporting the layer.
PAR  6. Amount of activated carbon: 5 m.sup.3 /one bed
PAR  7. Column volume: 1.8 m. in diameter .times. 4 m. in height.
PAR  8. Regenerating liquid: Water (20.degree.C.)
PAR  9. Amount of water supplied to one bed: enough to reduce the flow rate of
      flue gas to one tenth or less of that of adsorption beds in adsorption
      step.
PAC  B. Results Obtained
PAR  1. Content of sulphur oxide at an outlet of beds 8b and 8c: less than 150
      ppm (i.e. 90% of desulphurization rate).
PAR  2. Content of sulphur oxide at an outlet of a bed in a drying step for
      about 5-20 minutes just after the supplying of water has been stopped:
      less than 300 ppm.
PAR  3. Content of sulphur oxide in the flue gas to be exhausted from the
      chimney: less than 150 ppm.
PAR  4. Content of H.sub.2 O in the flue gas at the position in front of the
      chimney: 12%.
PAR  5. Pressure drop of the flue gas in each bed in adsorption step: 300 mm Aq.
PAR  6. Temperature of flue gas at an outlet of each bed: 135.degree.C.
PAR  Although the temperature of flue gas from the furnace is 130.degree.C., the
      temperature of flue gas at the outlet of each bed is increased to
      135.degree.C. because the adsorption heat is generated in the bed.
PAR  7. Temperature of flue gas at the position in front of the chimney:
      95.degree.C.
PAR  Since in the apparatus of FIG. 2 there are three beds one of which is
      always subjected to regeneration and therefore the temperature of flue gas
      from the bed in drying step is 55.degree.C. (the saturated temperature),
      the average temperature of flue gas in the conduit 12 is 95.degree.C., as
      apparent from FIG. 5.
PAC  EXAMPLE 2
PAR  FIGS. 3 and 4 illustrate the operation and features of another embodiment
      of the desulphurizing apparatus according to the present invention,
      wherein the arrangement of apparatus shown in FIG. 2 is modified by
      increasing the number of carbon-containing beds and the conditions set
      forth in Example 1 are employed. In this example, five (5) beds are
      employed in order to carry out more smoothly the switching operation of
      flue gas and to avoid an excess decreasing of the temperature of flue gas
      at the chimney. That is, the above requirements are satisfied by
      decreasing the volume of flue gas cut off by regeneration from the flue
      gas passageway.
PAR  In the operation of this apparatus, as shown in FIG. 4, the regeneration
      cycle (R) is continued for 12 hours and the drying (D) of a wetted
      activated carbon layer is accomplished within 12 hours. The adsorption
      cycle (A) is carried out for 36 hours. But, as can be seen from FIG. 4,
      the adsorption of sulphur oxide takes place even in the drying step or
      cycle, since each drying step is accomplished within 12 hours and an
      amount of activated carbon dried or effective to adsorb the sulphur oxide
      increases with time. Actually, it is practically impossible to clearly
      show the critical point between the drying step and adsorption step. Thus
      it will be recognized that these steps are parts of a continuous process
      unlike the regeneration step.
PAR  In any event, the regeneration, drying and adsorption steps in one bed are
      repeated in accordance with a predetermined time schedule, and it is
      practical to carry out the operation in such a manner that the
      regeneration step of each adsorption bed does not superpose that of other
      adsorption beds.
PAR  Referring to FIG. 3, curve x represents a change of an amount of flue gas
      flowing through an adsorption bed, curve y a change of an adsorbing
      quantity of sulphur oxide in the flue gas exhausted from the adsorption
      bed, and curve z a change of a sulphuric acid concentration in the
      activated layer of the adsorption bed. Note that the percentage of curve z
      is a percentage of an actual sulphuric acid concentration with respect to
      a predetermined concentration at which the activated carbon should be
      regenerated. Sulphuric acid is formed in the actual carbon layer by the
      reaction between SO.sub.2 or SO.sub.3 and O.sub.2 contained in the flue
      gas and H.sub.2 O as follows:
EQU  SO.sub.2 + 1/2O.sub.2 .fwdarw. SO.sub.3
EQU  SO.sub.3 + H.sub.2 O .fwdarw. H.sub.2 SO.sub.4
PAR  From FIG. 3, which shows the changes of three components in one of
      adsorption beds whose operation is disclosed above, taken in conjunction
      with FIG. 4, the flow rate of the flue gas is sharply lowered as an
      increase in an amount of a regenerating liquid. Also, at the same time,
      the content of sulphuric acid is rapidly reduced as shown by curve z.
      During this regeneration step, the desulphurization is negligibly small;
      but as soon as the supplying of liquid is stopped, the flue gas passes
      through upwardly the adsorption bed so that the drying of the activated
      carbon takes place.
PAR  After a valve provided in an inlet of the regenerating liquid supply
      conduit has been closed; the amount of flue gas flowing out the adsorption
      bed rapidly increases and it reaches 100% in a short time. This occurs
      even when the activated carbon has not been dried completely, as shown by
      curve x. On the other hand, a desulphurization rate is very small during
      the regeneration step and at the beginning of the drying step as shown by
      curve y. But, since the adsorption bed can be rapidly recovered to adsorb
      as soon as the flue gas is fed to the bed, the desulphurization rate
      reaches 90% or more in a short time.
PAC  EXAMPLE 3
PAR  Referring to FIG. 6 which shows the effect of water contained in a flue gas
      on the adsorption rate in an apparatus of the type shown in FIG. 2, T is a
      temperature of activated carbon or adsorption temperature, P an amount of
      water, PS a saturated humidity. A flue gas used in this experiment
      comprises 2% by volume of SO.sub.2 ; 6% of O.sub.2 and N.sub.2 remainder.
      According to FIG. 6, it will be understood that the higher the humidity in
      the flue gas, the higher the adsorption rate becomes. The inventor does
      not fully understand why the presence of water increases the adsorption.
PAR  It was found that the proper temperature of flue gas fed to adsorption beds
      ranges between about 55.degree. and 150.degree.C., more particularly,
      between about 70.degree. and 130.degree.C. If the temperature is higher
      than about 150.degree.C., the activated carbon might be deteriorated
      because the temperature is increased by adsorption-heat; while the
      activated carbon itself can withstand a temperature of 150.degree.C. On
      the other hand, it is not practical to use a flue gas of a temperature
      lower than 55.degree.C., because the adsorption efficiency is not high at
      such low temperatures as can be seen from FIG. 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of desulphurizing an exhaust gas containing sulphur oxide
      comprising:
PA1  1. introducing an exhaust gas containing sulphur oxide into a plurality of
      adsorption beds via open passageways, each bed being arranged in parallel
      with respect to the flow of exhaust gas and being packed with activated
      carbon thereby separating said sulphur oxide from said exhaust gas;
PA1  2. supplying a regenerating liquid from the top of the activated carbon
      layer to at least one of the adsorption beds when the a concentration of
      sulphur oxide adsorbed in said activated carbon has reached a
      predetermined value in order to regenerate said activated carbon;
PA1  3. drying said activated carbon wetted by said regenerating liquid with
      said exhaust gas whereby the activity of said activated carbon is
      increased to adsorb said sulphur oxide; said introducing of said flue gas,
      supplying of said regenerating liquid and drying of said activated carbon
      being carried out and repeated in accordance with a predetermined time
      schedule, the passageways for introducing said flue gas into each of said
      adsorption beds being kept open during said time schedule, and
PA1  4. regulating the flow rate of said flue gas in an adsorption bed to be
      regenerated solely with an increase in the flow rate of said regenerating
      liquid supplied to said adsorption bed, whereby said activated carbon in
      said adsorption bed to be regenerated is washed down.
NUM  2.
PAR  2. The method of claim 1, wherein the exhaust gas is a hot flue gas.
NUM  3.
PAR  3. A method of desulphurizing a flue gas comprising the following steps
      which are each repeated in accordance with a predetermined time schedule:
PA1  a. continuously introducing a pressurized flue gas containing a sulphur
      oxide into each of a plurality of adsorption beds, each bed being arranged
      in parallel with respect to a flow of said flue gas and being packed with
      a layer of activated carbon, the pressure of said flue gas always being
      exerted on the activated carbon layer;
PA1  b. supplying a predetermined flow of a regenerating liquid on the top
      surface of said activated carbon layer in an adsorption bed to be
      regenerated in such a manner that substantially the whole area of said top
      surface of said activated carbon layer is sufficiently wetted by said
      regenerating liquid, whereby sulphuric acid formed from the sulphur oxide
      and water and adsorbed in said activated carbon is washed down to
      regenerate said activated carbon; and
PA1  c. stopping the supply of said regenerating liquid after a predetermined
      period of time, whereby the flowing of said flue gas through said
      adsorption bed is allowed and drying of said activated carbon starts, the
      step of supplying of said regenerating liquid being carried out in such a
      manner that each of said supplying steps with respect to each of said
      adsorption beds does not superpose within said time schedule, the flow of
      gas through each of said adsorption beds being solely controlled by the
      supplying of regenerating liquid thereto.
NUM  4.
PAR  4. The method of claim 3, wherein the flue gas introduced into said
      adsorption beds has a temperature of at least about 55.degree.C.
NUM  5.
PAR  5. A method of desulphurizing a flue gas comprising:
PA1  a. introducing a flue gas containing a sulphur oxide and oxygen at a
      temperature of from about 55.degree. to about 150.degree.C through a
      passageway communicated with a flue source into a desulphuring apparatus
      wherein a plurality of adsorption beds, each being provided with an
      activated carbon layer, are arranged in parallel with respect to said
      passageway and a duct communicated with a chimney for exhausting the flue
      gas treated in said apparatus, each of said adsorption beds being in
      constant communication with said passageway and said duct;
PA1  b. starting to supply a regenerating liquid at a predetermined flow rate to
      one of said adsorption beds after the quantity of sulphur oxide adsorbed
      in said activated carbon layer in said adsorption bed has reached a
      predetermined value;
PA1  c. continuing to supply said regenerating liquid until the sulphuric acid
      formed from the adsorbed sulphur oxide is washed down sufficiently to
      regenerate said activated carbon layer;
PA1  d. stopping the supply of said regenerating liquid into said one bed after
      said adsorption bed has been regenerated, whereby the flowing of said flue
      gas through said one adsorption bed automatically begins again so that the
      wetted activated carbon layer is dried and recovered to adsorb said
      sulphur oxide; and
PA1  e. effecting the above steps of starting, continuing and stopping of said
      regenerating liquid into another adsorption bed so that the flow of flue
      gas through each bed is solely controlled by supply of regenerating liquid
      thereto.
NUM  6.
PAR  6. The method of desulphurizing a flue gas of claim 5 wherein the velocity
      of said regenerating liquid fed to said adsorption bed is kept at at least
      0.2 .times. 10.sup.-.sup.2 m/s during regeneration of said bed.
NUM  7.
PAR  7. A method for desulphurizing a hot flue gas containing sulphur oxide
      which comprises introducing the hot flue gas upwardly through a plurality
      of adsorption beds being arranged in parallel and containing activated
      carbon to remove the sulphur oxide; supplying a regenerating liquid
      selected from the group consisting of water and dilute sulfuric acid to
      the top of one of the adsorption beds when the concentration of adsorbed
      sulphur oxide has reached a predetermined level to remove the adsorbed
      sulphur oxide as the liquid passes downwardly through the bed; drying the
      wet activated carbon by passing the hot flue gas upwardly through the
      regenerated adsorption bed; controlling the rate of supply of said
      regenerating liquid to resist the passage of the flue gas upwardly through
      the bed during the regeneration step; when said bed is subsequently
      changed over from regeneration step to said drying step, stopping the
      supply of said regenerating liquid to remove the resistance of said liquid
      against the passage of said flue gas; and changing from the drying step to
      the adsorption step immediately after drying of the activated carbon is
      completed, the passage of the flue gas, concurrently supplied to each of
      said beds, through the one adsorption bed undergoing regeneration thereby
      being solely controlled by the supply of the regenerating liquid to said
      one bed.
NUM  8.
PAR  8. A process for desulphurizing flue gas comprising passing pressurized
      flue gas into a passageway in constant communication with at least three
      adsorbent beds arranged in parallel with respect to the flow of the gas,
      said adsorbent beds each packed with an adsorbent for the sulphur oxides
      located above the point in said adsorbent beds where said passageway is in
      communication with said adsorbent beds, each adsorbent bed above said
      adsorbent being in constant communication with a common outlet passage for
      removing desulphurized flue gas from said adsorbent beds, and supplying a
      liquid capable of regenerating said adsorbent to one of said adsorbent
      beds above the adsorbent therein so that said liquid regenerates said
      adsorbent and automatically reduces the flow of flue gas through said one
      adsorbent bed, whereby flow of flue gas through each adsorbent bed is
      solely controlled by the supply of liquid thereto.
NUM  9.
PAR  9. A process according to claim 8 further comprising continuing the supply
      of liquid to said one adsorbent bed until said one adsorbent bed is
      substantially regenerated, stopping the supply of liquid to said one
      adsorbent bed and supplying a second of said adsorbent beds with said
      liquid above the adsorbent in said adsorbent beds whereby the flow of flue
      gas in said second adsorbent bed is automatically reduced by the liquid in
      said second bed and the flow of gas through said one adsorbent bed is
      automatically resumed as the liquid in said one adsorbent bed evaporates.
NUM  10.
PAR  10. The process according to claim 9, wherein each of said adsorbent beds
      is periodically regenerated by supplying said liquid to said adsorbent bed
      above the adsorbent bed and wherein the flow of flue gas through the
      adsorbent bed being regenerated is automatically reduced by the liquid in
      said adsorbent bed and automatically resumes after the supply of liquid to
      the bed is stopped and the liquid in the bed is evaporated, only one of
      said adsorbent beds being supplied with liquid at any one time.
NUM  11.
PAR  11. The process according to claim 10, wherein the flue gas is passed
      through three different adsorbent beds.
NUM  12.
PAR  12. The process according to claim 9, comprising recovering the
      regenerating liquid passing out of the adsorbent bed being regenerated and
      utilizing the recovered regenerating liquid to supply the adsorbent bed
      being regenerated.
NUM  13.
PAR  13. The process according to claim 9, wherein said adsorbent is activated
      carbon and said regenerating liquid is water or a dilute aqueous solution
      of sulphuric acid.
NUM  14.
PAR  14. The process according to claim 9, wherein said flue gas is passed into
      five different adsorbent beds, only one of said adsorbent beds being
      supplied with regenerating liquid at any one time.
NUM  15.
PAR  15. The process according to claim 9, wherein the temperature of the flue
      gas fed to the adsorption beds is maintained between about 55.degree. and
      150.degree.C.
NUM  16.
PAR  16. The process according to claim 8, comprising recovering the
      regenerating liquid passing out of the adsorbent bed being regenerated and
      utilizing the recovered regenerating liquid to supply the adsorbent bed
      being regenerated.
NUM  17.
PAR  17. The process according to claim 9, wherein said adsorbent is activated
      carbon and said regenerating liquid is water or a dilute aqueous solution
      of sulphuric acid.
NUM  18.
PAR  18. The process according to claim 8, wherein said flue gas is passed into
      five different adsorbent beds, only one of said adsorbent beds being
      supplied with regenerating liquid at any one time.
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ABST
PAL  Dilithium heptamolybdotetragadolinate, Li.sub.2 Gd.sub.4 (MoO.sub.4).sub.7,
      is disclosed, along with three methods to prepare it. Two of the three
      methods are useful for growing single crystals of the material. The
      material exhibits electro-optic, paramagnetic and ferroelectric
      properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention - This invention relates to an inorganic compound
      characterized by the compositional formula Li.sub.2 Gd.sub.4
      (MoO.sub.4).sub.7 and bearing the preferred name of dilithium
      heptamolybdotetragadolinate. It further pertains to single crystals of the
      subject compound and to methods for making crystals of the compound.
PAC  SUMMARY OF THE INVENTION
PAR  In recent times there has been considerable activity in the area of
      inorganic single crystal growth by reacting rare earth oxides with
      molybdenum or tungsten oxides at elevated temperatures. Such single
      crystals of rare earth molybdates or rare earth tungstates often exhibit
      paramagnetic and ferroelectric properties. Some such single crystals have
      also been found to be ferroelastic. As an example, it is noted that
      gadolinium molybdate, Gd.sub.2 (MoO.sub.4).sub.3, exhibits ferroelastic
      properties. It has been suggested in the prior art that single crystals
      are useful as synthetic gemstones and it is true that crystals of the
      material claimed herein find use in such an application. Single crystals
      of the material claimed herein also find practical application in the
      fields of electro-optics, display, computer memory, logic, light gate,
      light modulation, and the like.
PAR  The material of this invention has a composition of definite stoichiometry
      and is made by combination of definite amounts of particularly specified
      materials in a process requiring closely-controlled time and temperature
      conditions.
PAR  It is an object of this invention to provide the title compound--dilithium
      heptamolybdotetragadolinate--having the molecular formula Li.sub.2
      Gd.sub.4 (MoO.sub.4).sub.7.
PAR  It is further an object of this invention to provide the title compound in
      single crystal form. Additional objects are to provide methods for making
      the compound and for making the compound in single crystal form.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Critical aspects of the invention include the kinds and amounts of starting
      materials and the temperatures and times for the process of manufacture.
PAR  The starting materials are gadolinium oxide (Gd.sub.2 O.sub.3, molecular
      weight 362.5), molybdenum trioxide (MoO.sub.3, molecular weight 143.9,
      melting point 795.degree.C.), and lithium molybdate (Li.sub.2 MoO.sub.4,
      molecular weight 173.8, melting point 705.degree.C.) and they are used in
      a respective mole ratio of 2:6:1.
PAR  The process for manufacturing crystals of the title material can be
      conducted by techniques of slow cooling, crystal pulling, zone melting,
      and the like.
PAR  The process herein resides in, first, preparing the title material in
      polycrystalline form and, next, growing single crystal material from the
      polycrystalline material.
PAR  It has been discovered that the title material can be prepared by firing
      the starting materials, in appropriate mole ratios, at a temperature of
      about 800 to 1150 degrees centigrade. The firing temperatures must be
      selected to be above the melting points of the molybdenum trioxide and the
      lithium molydbate and below any temperatures of instability. For example,
      molybdenum trioxide sublimes at near about 1150 degrees centigrade and
      firing at above that temperature would result in stoichiometric imbalance
      by sublimation of that component.
DETD
PAC  EXAMPLE 1
PAR  To prepare the title material in polycrystalline form, a powder charge of
      41.14 parts, by weight, gadolinium oxide; 49.0 parts, by weight,
      molydbenum trioxide; and 9.86 parts, by weight, lithium molybdate and
      mixed together in an open platinum crucible and heated at about
      500.degree. centigrade for a few hours to drive off adsorbed water and
      organic contaminants. The crucible is then fitted with a tight platinum
      cover and the charge is fired at about 825.degree. centigrade. The firing
      is maintained at that temperature for about six hours to assure completion
      of the reaction and establishment of molecular homogeneity in the
      composition. The firing temperature could be varied from about 800.degree.
      centigrade to about 1150.degree. centigrade; but, at this stage in the
      procedure, it is not advisable to raise the firing temperature much higher
      than 1100.degree. centigrade because such high temperature could melt the
      composition, as it is formed and, on cooling, the composition might be
      difficult to remove from the crucible. After completion of the firing
      period, the composition is rapidly cooled to room temperature in an
      uncontrolled manner and ground to a fine powder. During the period of
      maintaining the temperature, a thermal reaction occurs and the title
      compound is formed. The ground powder is polycrystalline dilithium
      heptamolybdotetragadolinate and has a melting point of about
      1125.degree.-1130.degree. centigrade.
PAR  It should be noted that the gadolinium oxide has a very high melting
      temperature and does not melt at any time during formation of the title
      compound. The molybdenum trioxide and lithium molybdate melt and react
      with the solid gadolinium oxide to yield the title compound.
PAR  The starting materials are all commercially available. For example, each
      can be obtained from ROC/RIC, Inc., Sun Valley, California.
PAC  EXAMPLE 2
PAR  A portion of the polycrystalline material of Example 1 is melted at about
      1150 degrees centigrade in a tightly lidded platinum crucible and that
      temperature is maintained for some time to achieve an equilibrium in the
      system. Six hours is an adequate time. The temperature of the melt can
      range from about 1130.degree. to 1250.degree. centigrade. The lower
      temperature is established by the melting point of the material and the
      upper temperature is established for reasons of practicality such as
      consideration of possible reaction of the melt with the crucible material,
      limitations of the heating apparatus itself, needless use of excess energy
      to heat to, and excess time to cool from, higher temperatures, and the
      like.
PAR  Then, cooling is commenced at a rate of about 2.5.degree. degrees
      centigrade per hour and continued until the temperature reaches about
      850.degree. to about 500.degree. centigrade. It is noted that the melt is
      completely solidified well above a temperature of 1000.degree. centigrade.
      The slow rate of cooling beyond the fusion point of the title material is
      necessary to relieve internal stresses in the crystals by annealing the
      crystal structure. The optimum cooling rate over the crystallization and
      annealing temperature range is determined by well-known criteria. At the
      fusion temperature, the slower the removal of thermal energy, the more
      likely it is that larger single crystals will be formed because slower
      cooling promotes a fewer number of crystal nucleation sites. Moreover,
      fused materials cooled rapidly from the higher temperatures suffer
      internal crystal lattice stresses resulting in strains such as
      dislocations, twinning, low angle grain boundaries and the like. The
      annealing cooling rate may be varied from less than about 0.5.degree. to
      about 5.degree. centigrade per hour. The theoretically ideal cooling rate
      would be just short of zero; but, of course, the slow cooling must be set
      at a practical rate and is a matter of economy with regard to the time
      required for completion. It is desirable to cool as slowly as possible to
      secure the largest crystal size and yet complete the growth within a
      reasonable time.
PAR  The next cooling step, sometimes termed post-annealing, is conducted at a
      rate of about 100.degree. centigrade per hour and continues from the
      lowest annealing temperature of about 850.degree. to about 500.degree.
      centigrade. Both the annealing and the post-annealing steps are performed
      to homogenize the crystals and avoid excess internal stresses. The lowest
      post-annealing temperature can be varied from about 400.degree. to
      600.degree. centigrade and is not so critical as the lowest annealing
      temperature. On completion of the post-annealing step, the furnace is shut
      off and the material is thereby rapidly cooled to room temperature (about
      20.degree.-25.degree.  centigrade) with no control.
PAR  The above cooling procedure can be conducted as a single step at the rate
      of about 0.5.degree. to about 5.degree. centigrade per hour, or perhaps
      slightly faster at lower temperatures, down to about
      400.degree.-660.degree. centigrade, over a time period of about 100-200
      hours.
PAR  Single crystals are isolated from the cooled charge by crumbling the charge
      and separating the single crystals from polycrystalline material using a
      magnifying glass to aid in visual inspection of the materials. The single
      crystals are transparent with well-formed crystal faces and the
      polycrystalline material is opaque. Furthermore, the single crystal
      material is birefringent when viewed through a polarizing microscope and
      the polycrystalline material is not birefringent.
PAR  Single crystals made by this slow cooling process are as large as 4
      millimeters on a short axis by 6 millimeters on a long axis.
PAC  EXAMPLE 3
PAR  In this Example, large single crystals of the title material are made by
      means of a vertical crystal pulling technique usually attributed to J.
      Czochralski in "Zertschrift fuer Physikalische Chemie", Volume 92, page
      219 (1918). The Czochralski technique is well known and is generally
      described in texts relating to the crystal growth art. For example, the
      technique is described in "The Growth of Single Crystals" by R. A. Laudise
      published by Prentice-hall, New Jersey (1970).
PAR  A portion of the polycrystalline material of Example 1 is charged in a
      platinum crucible and is heated to about 1120.degree. centigrade. The
      temperature is then adjusted to that required to just melt the charge and
      then the melt is maintained at that temperature for more than about an
      hour to equilibrate the system. A platinum rod about 2 millimeters in
      diameter is fixed in a chuck equipped for rotation and for carefully
      controlled, constant, vertical pulling travel. The rod is rotated at about
      60 revolutions per minute, contacted with the melt to permit nucleation of
      a seed crystal and the rod is then adjusted up and down to cause the seed
      crystal to form a proper neck, in accord with known technique. The pulling
      is commenced and is controlled at a rate of about 2 millimeters per hour.
      As the rod is pulled, the crystal material is pulled and cooled, drawing
      additional material from the melt to be cooled and included in formation
      of the crystal. The crystal of this example is about 1 centimeter in
      diameter and the pulling is continued to yield a length of about 3
      centimeters.
PAR  The diameter of the platinum rod can be varied as desired;--a thicker rod
      decreasing the time required for obtaining a seed crystal but increasing
      the likelihood of obtaining more than a single seed.
PAR  The rod rotation can be varied considerably but should preferably not
      exceed about 100 revolutions per minute. Single crystals of the title
      material have also been made using rotation rates of about 10 and about 35
      revolutions per minute.
PAR  The crystal pulling rate can, also, be varied from, for example, about 1 to
      about 5 millimeters per hour;-- again, the extremes being matters of
      practical consideration. As a general rule, as faster pulling rate results
      in a crystal of smaller diameter.
PAR  Dilithium heptamolybdotetragadolinate is transparent, birefringent and
      yellow in color. It has a tetragonal crystal structure of a=b=5.192
      angstroms and c=11.31 angstroms. It exhibits ferroelectric domains when
      viewed along the c-axis through a polarizing microscope and is
      paramagnetic at room temperature (20.degree.-25.degree. centigrade), with
      an absolute value of magnetic susceptibility of 59.55 .times.
      10.sup..sup.-6 cm.sup. 3 /g. While it is believed that the title material
      is ferroelastic, the extent of ferroelasticity has not been determined.
PAR  The title compound represents one member of a family of rare-earth,
      alkali-metal, molybdates. Rare earths which can be substituted for
      gadolinium include: Samarium, Europium, Terbium, Dysprosium, Holmium,
      Erbium, Thulium and Ytterbium. Alkali metals which can be substituted for
      Lithium are: Sodium, Potassium, Rubidium and Cesium.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the preparation of dilithium heptamolybdotetragadolinate
      represented by the formula Li.sub.2 Gd.sub.4 (MoO.sub.4).sub.7 comprising
      the steps of:
PA1  a. providing a charge of gadolinium oxide (Gd.sub.2 O.sub.3), molybdenum
      trioxide (MoO.sub.3) and lithium molybdate (Li.sub.2 MoO.sub.4) in a
      respective mole ratio of 2:6:1;
PA1  b. firing the charge at a temperature above about 800.degree. centigrade
      and below about 1150.degree. centigrade;
PA1  c. maintaining the firing temperature for a time adequate to assure
      molecular homogeneity in the charge;
PA1  d. increasing the temperature to about 1130.degree. to 1250.degree.
      centigrade;
PA1  e. cooling from about 1130.degree. to 1250.degree. centigrate to about
      400.degree. to 600.degree. centigrade over a period of about 100 to 200
      hours; and
PA1  f. cooling rapidly and without control to room temperature, and at least a
      portion of the dilithium heptamolybdotetragadolinate is in single crystal
      form.
NUM  2.
PAR  2. A method for the preparation of dilithium heptamolybdotetragadolinate
      represented by the formula Li.sub.2 Gd.sub.4 (MoO.sub.4).sub.7 comprising
      the steps of:
PA1  a. providing a charge of gadolinium oxide (Gd.sub.2 O.sub.3), molybdenum
      trioxide (MoO.sub.3) and lithium molybdate (Li.sub.2 MoO.sub.4) in a
      respective mole ratio of 2:6:1;
PA1  b. firing the charge at a temperature above about 800.degree. centigrade
      and below about 1150.degree. centigrade;
PA1  c. maintaining the firing temperature for a time adequate to assure
      molecular homogeneity in the charge;
PA1  d. increasing the temperature to about 1130.degree. to 1250.degree.
      centigrade;
PA1  e. cooling from about 1130.degree. to 1250.degree. centigrade to about 850
      to 500 degrees centigrade at a rate of about 0.5 to 5 centigrade degrees
      per hour;
PA1  f. further cooling from about 850.degree. to 500.degree. centigrade to at
      least about 400.degree. centigrade at a rate of about 100.degree.
      centigrade per hour; and
PA1  g. cooling rapidly and without control to room temperature, and at least a
      portion of the dilithium heptamolybdotetragadolinate is in single crystal
      form.
NUM  3.
PAR  3. A method for the preparation of dilithium heptamolybdotetragadolinate
      represented by the formula Li.sub.2 Gd.sub.4 (MoO.sub.4).sub.7 comprising
      the steps of:
PA1  a. providing a charge of gadolinium oxide (Gd.sub.2 O.sub.3), molybdenum
      trioxide (MoO.sub.3) and lithium molybdate (Li.sub.2 MoO.sub.4) in a
      respective mole ratio of 2:6:1;
PA1  b. firing the charge at a temperature above about 800.degree. centigrade
      and below about 1150.degree. centigrade;
PA1  c. maintaining the firing temperature for a time adequate to assure
      molecular homogeneity in the charge and;
PA1  d. cooling the charge by means of the Czochralski vertical crystal pulling
      technique to yield a single crystal of dilithium
      heptamolybdotetragadolinate.
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ABST
PAL  There is provided, novel, transient pro-drug forms of L-DOPA
      (3,4-dihydroxy-L-phenylalanine), having the formula:
      ##SPC1##
PAL  Wherein R represents a member selected from the group consisting of a
      hydrogen atom, a --COCH.sub.3 group, a --COC.sub.2 H.sub.5 group, a
      --COOC.sub.2 H.sub.5 group, and a --CO--C(CH.sub.3).sub.3 group; wherein
      R.sub.1 represents a member selected from the group consisting of a
      hydroxyl group, a --OM group (wherein M represents an alkali metal or an
      ammonium ion), a --OCH.sub.2 --C.sub.6 H.sub.5 group, a --OCH.sub.3 group,
      a --OC.sub.2 H.sub.5 group, and --NH--CH(R.sub.3)COOH group, wherein
      R.sub.3 represents the residue of any naturally occurring amino acid; and
      wherein R.sub.2 represents a member selected from the group consisting of
      a hydrogen atom, a formyl group, a --CO--C.sub.6 H.sub.5 group, a
      --CO--pyridyl group, a --CO(R.sub.5)--CH=CH(R.sub.4) group, and a NH.sub.2
      --CH(R.sub.6)--CO-- group, wherein R.sub.4 represents a methyl group and
      wherein R.sub.5 represents a member selected from the group consisting of
      a methyl group, a --OC.sub.2 H.sub.5 group, and a C.sub.6 H.sub.5 --
      group, and wherein R.sub.6 represents the residue of any naturally
      occurring amino acid,
PAL  With the proviso that simultaneously,
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a --OCH.sub.3
      group or a --OH group and when R.sub.2 represents a hydrogen atom
      respectively;
PA1  R cannot represent a hydrogen atom when R.sub.1 represents either a
      hydroxyl group or a --OCH.sub.3 group and R.sub.2 represents a
      --COCH.sub.3 group, respectively;
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a hydroxyl group
      and R.sub.2 represents a formyl group respectively,
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a hydroxyl group
      and R.sub.2 represents a benzoyl group, respectively; and,
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a hydroxyl group
      and R.sub.6 represents the residue of L-leucine, respectively.
PAL  These compounds are useful in the treatment of Parkinson's Disease.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention is directed to L-DOPA type compounds and more
      specifically, to certain novel, transient, pro-drug forms of L-DOPA,
      capable of administration to warm-blooded animals.
PAR  As employed in this application, the expression "pro-drug" denotes a
      derivative of a known and proven prior art compound, which derivative,
      when absorbed into the bloodstream of a warm-blooded animal, "cleaves" in
      such a manner as to release the proven drug form and permit the same to
      attain a higher bio-availability level than that which could be obtained
      if the proven drug form per se was administered.
PAR  Furthermore, as used in this application, the term "transient" denotes
      "cleavage" of the compounds of this invention in such a manner that the
      proven drug form is released and the remaining "cleaved" moiety is
      non-toxic and metabolized in such a manner that non-toxic, metabolic
      products are produced.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  L-DOPA (3,4-dihydroxy-L-phenylalanine) is presently, generally accepted as
      the primary drug of choice in the treatment of Parkinson's Disease.
      However, due to its extensive extracerebral metabolism, extremely large
      doses (up to 8 grams) of this drug are required to initiate a medically
      acceptable therapeutic effect. Such large doses often cause intolerable
      side effects, such as gastro-intestinal symptoms (anorexia, nausea, and
      vomiting), orthostatic hypotension, and the development of involuntary
      movements. See, D. B. Calne, Clin. Pharmac. Ther., 11, 789 (1971). While
      decreasing the daily dose of L-DOPA would eliminate the above described
      side effects, nevertheless, Parkinsonism symptoms will return.
PAR  It has been known that a significant percentage of the amount of L-DOPA in
      contact with the gastric mucosa is metabolized (L. Rivera-Calimlim, C. A.
      Dujovane, J. P. Morgan, L. Lasagna, and J. R. Bianchine, Europ. J. Clin.
      Invest., 1, 313 (1971). This may delay and lower the attainable peaks of
      unchanged L-DOPA in the blood serum, which may be a critical factor for
      the passage of L-DOPA into the brain. Although, possibly, some metabolism
      of L-DOPA can occur in the human intestine, it would be expected to be
      minimal, because L-DOPA appears to be more rapidly absorbed in the
      intestine. On the other hand, L-DOPA, once delivered to the bloodstream by
      any suitable route (orally) is rapidly and continuously metabolized, since
      only 5.0 to 8.0 per cent of L-DOPA is protein bound. Consequently, L-DOPA
      is very susceptible to metabolic processes. See, H. Hinterberger, Biochem,
      Med., 5, 412 (1971).
PAR  The metabolism of L-DOPA can occur through a wide variety of metabolic
      pathways. The main initial steps are decarboxylation, 3-O-methylation, or
      transamination. L-DOPA appears to be metabolized within the brain in the
      same manner, as it is extracerebally metabolized. The necessary enzymes
      required to achieve these metabolisms, are DOPA-decarboxylase, COMT and
      MAO. These enzymes are well-known and widely distributed in man, including
      the liver, kidney, heart, and brain.
PAR  Due to the short half-life of L-DOPA in the blood stream (approximately 45
      minutes) as determined by C. B. Coutinaho, H. E. Spiegel, et al, J. Pharm.
      Sci., 60, 1014 (1971) and B. Weiss, and G. V. Rossi, Biochem, Pharmacol.,
      12, 1399 (1963), and further due to its excessive metabolism prior to
      distribution in the bloodstream, a means of increasing L-DOPA blood levels
      without increasing L-DOPA dosage becomes exceedingly necessary.
PAR  The initial approach to this problem resides in decreasing the stomach
      elimination time, usually through the use of antacids, which appear to
      decrease gastric distress and result in somewhat higher L-DOPA blood
      levels. See, J. R. Bianchine, L. Rivera-Calimlim, C. A. Dujovene, J. P.
      Morgan, and L. Lasagna, Ann. N.Y. Acad. Sci., 179, 126 (1971).
PAR  In other instances, the employment of decarboxylase inhibitors appear to
      provide some improvement. For example, reference is made to the articles
      by A. Pletscher and C. Bartholini, Clin. Pharmac. Ther., 12, 344 (1971);
      D. L. Dunner, H. U. H. Brodie, and F. K. Goodwin, Ibid, 12, 212 (1971);
      and A. Barbeau, L. Gillo-Goffrey and H. Mars, Ibid, 12, 353 (1971).
PAR  With respect to the above, the most potent decarboxylase inhibitors are
      those of the hydrazine type, such as RO4-4602
      [N-(D,L-Seryl)-N'-(2,3,4-trihydroxybenzyl)-hydrazine] and MK-486
      (alpha-methyl-dopa-hydrazine). By employing these inhibitors, relatively
      small dosages of L-DOPA will provide therapeutic blood levels; however,
      the patient may be subjected to toxic effects as a result of such
      inhibitors.
PAR  It has also been found that the co-administration of COMT
      (catechol-O-methyl-transferase) inhibitors can also result in an increase
      in the free L-DOPA blood level. See, R. D. Robson, N. J. Antonaccio, and
      R. K. Reinhart, Europ. j. Pharmacol., 20, 104 (1972) and R. J.
      Valdessarini, and E. Greiner, Biochem. Pharmacol, 22, 247 (1973). With
      reference to these articles, it was determined that L-DOPA can severely
      tax normal methylation processes and therefore, interfere with methylation
      of biologically important substances. Moreover, it has also been
      determined that L-DOPA can increase blood concentrations of SAMe
      (s-adenosyl-methionine) in patients treated.
PAR  Therefore, it follows that blocking the methylation of L-DOPA might enhance
      bio-availability thereof, decrease the formation of methylated
      metabolites, and further prevent the occurrence of side effects associated
      with L-DOPA.
PAR  It has been demonstrated that the COMT inhibitors, do, indeed, aid in the
      reduction of the therapeutic dose required for L-DOPA. However, most of
      the available COMT inhibitors, including pyrogallol, desmethylpapaverine,
      tropolones, catecholacetamides, gallic acid esters, and substituted
      benzoates are of limited utility because of their lack of potency and
      duration of action, or in the alternative, simply due to their extreme
      toxicity.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide novel, transient,
      pro-drug forms of L-DOPA, useful in the treatment of Parkinson's Disease
      in warm-blooded animals.
PAR  It is another object of the present invention to provide novel, transient,
      pro-drug forms of L-DOPA, which cleave in such a manner as to enable the
      original proven drug form (L-DOPA) to be released in the bloodstream of a
      warm-blooded animal and to further permit the cleaved moiety(ies),
      unassociated with the proven drug form to be non-toxic and metabolized in
      a non-toxic fashion.
PAR  Still, it is another object of the present invention to provide novel,
      transient, pro-drug forms of L-DOPA which, owing to their high solubility
      and/or better absorption properties, enable high blood levels of L-DOPA to
      be attained, following cleavage of the pro-drug form.
PAR  Finally, it is yet another object of the present invention to provide
      novel, transient, pro-drug forms of L-DOPA, which exhibit superior
      bio-availability over L-DOPA per se, when administered orally in a
      pharmaceutically acceptable oral dosage form. That is, applicants have
      concerned themselves with producing oral pro-drug forms of L-DOPA which
      would permit high blood levels of L-DOPA to be attained, but wherein the
      dose of the pro-drug form required to achieve a sufficient therapeutic
      effect is less than the therapeutic dose required of L-DOPA per se.
PAR  Accordingly, with the foregoing objects in mind, the present invention is
      directed to novel, transient, pro-drug forms of L-DOPA having the
      following formula:
      ##SPC2##
PAL  wherein R represents a member selected from the group consisting of a
      hydrogen atom, a --COCH.sub.3 group, a --COC.sub.2 H.sub.5 group, a
      --COOC.sub.2 H.sub.5 group, and a --CO--C(CH.sub.3).sub.3 group; wherein
      R.sub.1 represents a member selected from the group consisting of a
      hydroxyl group, a --OM group (wherein M represents an alkali metal or an
      ammonium ion), a --OCH.sub.2 --C.sub.6 H.sub.5 group, a --OCH.sub.3 group,
      a --OC.sub.2 H.sub.5 group, and a --NH--CH(R.sub.3)COOH group, wherein
      R.sub.3 represents the residue of any naturally occurring amino acid; and
      wherein R.sub.2 represents a member selected from the group consisting of
      a hydrogen atom, a formyl group, a --CO--C.sub.6 H.sub.5 group, a
      --CO--pyridyl group, a --CO(R.sub.5)--CH=CH(R.sub.4) group and a NH.sub.2
      --CH(R.sub.6)--CO-- group, wherein R.sub.4 represents a methyl group and
      wherein R.sub.5 represents a member selected from the group consisting of
      a methyl group, a --OC.sub.2 H.sub.5 group, and a C.sub.6 H.sub.5 --
      group, and wherein R.sub.6 represents the residue of any naturally
      occurring amino acid,
PAR  with the proviso that simultaneously,
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a --OCH.sub.3
      group or a --OH group and when R.sub.2 represents a hydrogen atom,
      respectively;
PA1  R cannot represent a hydrogen atom when R.sub.1 represents either a
      hydroxyl group or a --OCH.sub.3 group and R.sub.2 represents a
      --COCH.sub.3 group, respectively;
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a hydroxyl group
      and R.sub.2 represents a formyl group, respectively;
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a hydroxyl group
      and R.sub.2 represents a benzoyl group, respectively; and,
PA1  R cannot represent a hydrogen atom when R.sub.1 represents a hydroxyl group
      and R.sub.6 represents the residue of L-leucine, respectively,
PAR  At this point in time, it is noteworthy to mention that applicants'
      approach to improving the oral bio-availability of L-DOPA differs from the
      approaches taken by the prior art to date. As applicants could determine,
      by partially inhibiting the main metabolic pathways of L-DOPA through the
      co-administration of decarboxylase inhibitors and/or COMT inhibitors,
      higher L-DOPA levels could be achieved using smaller therapeutic doses.
      However, applicants also observed that these approaches had their
      limitations and specifically, the toxicity of the enzymatic inhibitors
      employed at the necessary high dosage level required. Thus, while the use
      of such inhibitors might achieve the ultimate therapeutic result, the
      therapeutic dosage required of these inhibitors to achieve this result is
      so demanding that toxicity factors come into play.
PAR  Therefore, applicants' approach was to develop transient derivatives of
      L-DOPA which would exhibit a higher absorption rate (mainly due to their
      higher water and/or lipid solubility) and at the same time derivatives
      which would be less susceptible to extensive metabolism prior to and/or
      during the absorption process.
PAR  These derivatives were realized by placing protective groups on the
      reactive sites of the L-DOPA molecule; the catechol system, the amino
      and/or the carboxy group. Therefore, the transient derivatives of L-DOPA
      proposed herein can deliver L-DOPA at high blood levels after a chemical
      and/or enzymatic hydrolysis and yet, at a lesser dosage level than that
      required for L-DOPA per se. Moreover, once the derivatives of this
      invention are cleaved so as to release L-DOPA, the cleaved moiety(ies),
      other than the L-DOPA moiety will be metabolized into non-toxic products
      as a result of the protective groups placed on the reactive site of the
      L-DOPA molecule. Furthermore, the aforementioned cleaved moiety is
      non-toxic per se.
PAR  At this junction, it is interesting to further note that other individuals
      have suggested the use of possible pro-drug forms of L-DOPA, such as, the
      simple aliphatic esters thereof. However, they have reported only the D,
      L-DOPA esters. See, CH. M. Lai and W. D. Mason, J. Pharm. Sci., 62, 511
      (1973). In addition, the N-acetyl-L-DOPA esters have also been disclosed
      (see, Japanese Pat. Nos. 34,334/1972 and 34,335/1972), respectively.
      However, these compounds do not exhibit the properties observed with the
      compounds of this invention.
PAR  Among the compounds encompassed within the above generic formula, certain
      compounds are preferred. However, in any event, all compounds encompassed
      within the above generic formula meet applicants' criteria, as outlined
      earlier and are superior to L-DOPA per se in terms of solubility or
      absorption and/or bio-availability.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The following compounds represent those compounds preferred among all
      compounds encompassed within the above described generic formula:
PA0  1. 3,4-diacetyloxy-L-phenylalanine and its HX salt, wherein X represents a
      pharmaceutically acceptable anion.
PA0  2. 3,4-diacetyloxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine, and its
      alkali metal salt.
PA0  3. 3,4-diacetyloxy-L-phenylalanine-methyl ester and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  4. 3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  5. 3,4-diacetyloxy-L-phenylalanine-benzyl ester and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  6. Glycyl-3,4-diacetyloxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  7. Glycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  8. 3,4-diacetyloxy-L-phenylalanyl-glycine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  9. 3,4-dipropionyloxy-L-phenylalanine and its HX salt, wherein X represents
      a pharmaceutically acceptable anion.
PA0  10. 3,4-dipivalyloxy-L-phenylalanine and its HX salt, wherein X represents
      a pharmaceutically acceptable anion.
PA0  11. 3,4-dicarbethoxy-L-phenylalanine and its HX salt, wherein X represents
      a pharmaceutically acceptable anion.
PA0  12. 3,4-diacetyloxy-L-phenylalanine-ethyl ester and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  13. 3,4-dipivalyloxy-L-phenylalanine-ethyl ester and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  14. N-benzoyl-3,4-diacetyloxy-L-phenylalanine and its M salt, wherein M
      represents an alkali earth metal.
PA0  15. N-benzoyl-3,4-dipivalyloxy-L-phenylalanine and its M salt, wherein M
      represents an alkali metal.
PA0  16. N-formyl-3,4-diacetyloxy-L-phenylalanine and its M salt, wherein M
      represents an alkali metal.
PA0  17. N-formyl-3,4-dipivalyloxy-L-phenylalanine and its M salt, wherein M
      represents an alkali metal.
PA0  18. N-nicotinoyl-3,4-dihydroxy-L-phenylalanine and its M salt, wherein M
      represents an alkali metal.
PA0  19. Nicotinoyl-3,4-diacetyloxy-L-phenylalanine and its M salt, wherein M
      represents an alkali metal.
PA0  20. N-nicotinoyl-3,4-dipivalyloxy-L-phenylalanine and its M salt, wherein M
      represents an alkali metal.
PA0  21. 3,4-dihydroxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
PA0  22. 3,4-dipivalyloxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its M
      salt, wherein M represents an alkali metal.
PA0  23. 3,4-dihydroxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
PA0  24. 3,4-diacetyloxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M
      salt, wherein M represents an alkali metal.
PA0  25. 3,4-dipivalyloxy-N[1ethoxy-2-acetylvinyl]-L-phenylalanine and its M
      salt, wherein M represents an alkali metal.
PA0  26. 3,4-dihydroxy-L-phenylalanyl-glycine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  27. 3,4-dihydroxy-L-phenylalanyl-glycine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  28. 3,4-dihydroxy-L-phenylalanyl-glycine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  29. 3,4 -dihydroxy-L-phenylalanyl-glycine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  30. 3,4-diacetyloxy-L-phenylalanyl-glycine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  31. 3,4-diacetyloxy-L-phenylalanyl-glycine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  32. 3,4-diacetyloxy-L-phenylalanyl-glycine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  33. 3,4-diacetyloxy-L-phenylalanyl-glycine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  34. 3,4-dihydroxy-L-leucine and its HX salt, wherein X represents a
      pharmaceutically acceptable anion.
PA0  35. 3,4-dihydroxy-L-phenylalanyl-L-leucine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  36. 3,4-dihydroxy-L-phenylalanyl-L-leucine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  37. 3,4-dihydroxy-L-phenylalanyl-L-leucine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  38. 3,4-diacetyloxy-L-phenylalanyl-L-leucine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  39. 3,4-diacetyloxy-L-phenylalanyl-L-leucine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  40. 3,4-diacetyloxy-L-phenylalanyl-L-leucine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  41. 3,4 -diacetyloxy-L-phenylalanyl-L-leucine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  42. 3,4-dihydroxy-L-phenyalanyl-L-isoleucine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  43. 3,4-dihydroxy-L-phenylalanyl-L-isoleucine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  44. 3,4-dihydroxy-L-phenylalanyl-L-isoleucine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  45. 3,4-dihydroxy-L-phenylalanyl-L-isoleucine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  46. 3,4-diacetyloxy-L-phenylalanyl-L-isoleucine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  47. 3,4-diacetyloxy-L-phenylalanyl-L-isoleucine-methyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  48. 3,4-diacetyloxy-L-phenylalanyl-L-isoleucine-ethyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  49. 3,4-diacetyloxy-L-phenylalanyl-L-isoleucine-benzyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  50. 3,4-dihydroxy-L-phenylalanyl-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  51. 3,4-dihydroxy-L-phenylalanyl-phenylalanine-methyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  52. 3,4-dihydroxy-L-phenylalanyl-phenylalanine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  53. 3,4-dihydroxy-L-phenylalanyl-phenylalanine-benzyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  54. 3,4-diacetyloxy-L-phenylalanyl-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  55. 3,4-diacetyloxy-L-phenylalanyl-phenylalanine-methyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  56. 3,4-diacetyloxy-L-phenylalanyl-phenylalanine-ethyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  57. 3,4-diacetyloxy-L-phenylalanyl-phenylalanine-benzyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  58. Glycyl-3,4-dihydroxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  59. Glycyl-3,4-diacetyloxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  60. Glycyl-3,4-dipivalyloxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  61. Glycyl-3,4-dihydroxy-L-phenylalanine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  62. Glycyl-3,4-dihydroxy-L-phenylalanine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  63. Glycyl-3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  64. Glycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  65. Glycyl-3,4-diacetyloxy-L-phenylalanine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  66. Glycyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  67. L-leucyl-3,4-diacetyloxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  68. L-leucyl-3,4-dihydroxy-L-phenylalanine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  69. L-leucyl-3,4-dihydroxy-L-phenylalanine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  70. L-leucyl-3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  71. L-leucyl-3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  72. L-leucyl-3,4-diacetyloxy-L-phenylalanine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  73. L-leucyl-3,4-diacetyloxy-L-phenylalanine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  74. L-leucyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  75. L-isoleucyl-3,4-dihydroxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  76. L-isoleucyl-3,4-diacetyloxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  77. L-isoleucyl-3,4-dihydroxy-L-phenylalanine-methyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  78. L-isoleucyl-3,4-dihydroxy-L-phenylalanine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  79. L-isoleucyl-3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  80. L-isoleucyl-3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  81. L-isoleucyl-3,4-diacetyloxy-L-phenylalanine-methyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  82. L-isoleucyl-3,4-diacetyloxy-L-phenylalanine-ethyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  83. L-isoleucyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  84. Phenylalanyl-3,4-dihydroxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  85. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine and its HX salt, wherein X
      represents a pharmaceutically acceptable anion.
PA0  86. Phenylalanyl-3,4-dihydroxy-L-phenylalanine-methyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  87. Phenylalanyl-3,4-dihydroxy-L-phenylalanine-ethyl ester and its HX salt,
      wherein X represents a pharmaceutically acceptable anion.
PA0  88. Phenylalanyl-3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  89. Phenylalanyl-3,4-dihydroxy-L-phenylalanine-benzyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  90. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine-methyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  91. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine-ethyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  92. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  93. 3,4-dihydroxy-L-phenylalanyl-3,4-dihydroxy-L-phenylalanine and its HX
      salt, wherein X represents a pharmaceutically acceptable anion.
PA0  94. 3,4-dihydroxy-L-phenylalanyl-3,4-dihydroxy-L-phenylalanine-methyl ester
      and its HX salt, wherein X represents a pharmaceutically acceptable anion.
PA0  95. 3,4-dihydroxy-L-phenylalanyl-3,4-dihydroxy-L-phenylalanine-ethyl ester
      and its HX salt, wherein X represents a pharmaceutically acceptable anion.
PA0  96. 3,4-dihydroxy-L-phenylalanyl-3,4-dihydroxy-L-phenylalanine-benzyl ester
      and its HX salt, wherein X represents a pharmaceutically acceptable anion.
PA0  97. 3,4-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-phenylalanine and its
      HX salt, wherein X represents a pharmaceutically acceptable anion.
PA0  98. 3,4-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-phenylalanine-methyl
      ester and its HX salt, wherein X represents a pharmaceutically acceptable
      anion.
PA0  99. 3,4-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-phenylalanine-ethyl
      ester and its HX salt, wherein X represents a pharmaceutically acceptable
      anion.
PA0  100. 3,4-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-phenylalanine-benzyl
      ester and its HX salt, wherein X represents a pharmaceutically acceptable
      anion.
PA0  101. Poly-3,4-dihydroxy-L-phenylalanine:
      ##SPC3##
PA0   wherein n represents an integer of 1 or more.
PA0  102. Poly-3,4-diacetoxy-L-phenylalanine:
      ##SPC4##
PA0   wherein n represents an integer of 1 or more.
PAR  The compounds encompassed within the above recited generic formula can be
      essentially grouped into eight classes, as described hereinafter. These
      will be referred to as classes (I) through (VIII).
PAC  THE COMPOUNDS OF CLASS (I):
PAR  The compounds of this particular class are those of the
      3,4-diacylated-L-DOPA type and their HX salts, wherein X represents a
      conventional pharmaceutically acceptable acid addition salt anion, derived
      from a conventional pharmaceutically acceptable acid addition salt, such
      as a chloride ion, a bromide ion, a perchlorate ion, and the like. With
      respect to these compounds, R represents an acyl group; R.sub.1 represents
      a hydroxy group; and R.sub.2 represents a hydrogen atom.
PAC  THE COMPOUNDS OF CLASS (II):
PAR  The compounds of this class constitute the carboxy esters of L-DOPA and
      their respective HX salts, wherein X is defined as above. With respect to
      these compounds, R represents a hydrogen atom or an acyl group; R.sub.1
      represents a --OCH.sub.2 --C.sub.6 H.sub.5 group, a --OC.sub.2 H.sub.5
      group, or a --OCH.sub.3 group; and R.sub.2 represents a hydrogen atom
      respectively; R cannot represent a hydrogen atom when R.sub.1 represents
      either a hydroxyl group or a --OCH.sub.3 group and when R.sub.2 represents
      a --COCH.sub.3 group respectively.
PAC  THE COMPOUNDS OF CLASS (III):
PAR  These compounds constitute the enamines derived from the compounds of class
      (I). With respect to these compounds, R represents a hydrogen atom or an
      acyl group; R.sub.1 represents a hydroxyl group or a --OM group, wherein M
      represents an alkali metal, such as sodium, potassium, etc., or an
      ammonium ion; and wherein R.sub.2 represents a
      --(R.sub.5)CO--CH=CH(R.sub.4)-- group, wherein R.sub.4 represents a methyl
      group and R.sub.5 represents a member selected from the group consisting
      of a methyl group, a C.sub.6 H.sub.5 group, or a --OC.sub.2 H.sub.5 group.
PAC  THE COMPOUNDS OF CLASS (IV):
PAR  The compounds of this class constitute the amides derived from the
      compounds of class (I), wherein R represents an acyl group; R.sub.1
      represents a hydroxyl group or a --OM group, wherein M has been defined
      previously, and R.sub.2 represents a --COH group, a --CO--C.sub.6 H.sub.5
      group, or a --CO--pyridyl group.
PAC  THE COMPOUNDS OF CLASS (V):
PAR  These compounds are the N-terminal dipeptides of L-DOPA wherein R
      represents a hydrogen atom or an acyl group; R.sub.2 represents a hydrogen
      atom; and wherein R.sub.1 represents a --NHCH(R.sub.3)COOH group, wherein
      R.sub.3 represents the residue of a naturally occurring amino acid and the
      HX salt thereof, wherein X is defined as above.
PAC  THE COMPOUNDS OF CLASS (VI):
PAR  The compounds of this class constitute the C-terminal dipeptides of L-DOPA,
      wherein R represents a hydrogen atom or an acyl group; wherein R.sub.1
      represents a hydroxyl group, a --OCH.sub.3 group, a --OC.sub.2 H.sub.5
      group, or a --OCH.sub.2 --C.sub.6 H.sub.5 group; and wherein R.sub.2
      represents a NH.sub.2 CH(R.sub.6)CO group, wherein R.sub.6 represents the
      residue of a naturally occurring amino acid and the HX salt thereof,
      wherein X is defined as above.
PAC  THE COMPOUNDS OF CLASS (VII):
PAR  The compounds of this class are those compounds of class (VI), which are
      basically dipeptides formed from two molecules of
      3,4-dihydroxy-L-phenylalanine, wherein R represents a hydrogen atom or an
      acyl group, R.sub.1 represents a hydroxyl group, a --OCH.sub.3 group, a
      --OC.sub.2 H.sub.5 group, or a --OCH.sub.2 --C.sub.6 H.sub.5 group;
      R.sub.2 represents a NH.sub.2 --CH(R.sub.6)--CO-- group, and R.sub.6
      represents the residue of 3,4-dihydroxy-L-phenylalanine
      ##SPC5##
PAL  or 3,4-L-diacetyloxy-phenylalanine
      ##SPC6##
PAL  and the HX salts thereof, wherein X is defined as above.
PAC  THE COMPOUNDS OF CLASS (VIII):
PAR  The compounds of this class are those compounds encompassed within the
      above generic formula describing the compounds of this invention, and
      which have the following general formula:
      ##SPC7##
      ##SPC8##
PAL  wherein n represents an integer of one or more and preferably, an integer
      within a range of from 7 to 20.
PAR  This class basically constitutes the polypeptides of L-DOPA per se, or its
      3,4-diacetylated derivatives.
PAR  The compounds of classes (I) through (VIII) can be prepared by simple
      step-wise procedures as outlined below and as described in the various
      publications recited.
PAC  PREPARATION OF THE COMPOUNDS OF CLASS (I):
PAR  L-DOPA is reacted with a conventional acylating agent (e.g. acyl chloride
      or acyl anhydride) in the presence of a suitable solvent, (e.g., acetic
      acid, benzene, or a halohydrocarbon) in the presence of a strong mineral
      acid, such as hydrochloric acid, perchloric acid, etc., over a period of
      several hours (preferably, 2-6 hours) and over a temperature range of from
      0.degree. to 120.degree.C, but preferably, at room temperature or that
      temperature which is equivalent to the boiling point of the solvent
      employed.
PAC  PREPARATION OF THE COMPOUNDS OF CLASS (II):
PAR  To prepare these compounds, L-DOPA is reacted with the corresponding
      alcohol in the presence of an acid catalyst (e.g. p-toluenesulfonic acid,
      benzenesulfonic acid, etc.), the water formed during the reaction being
      eliminated. The reaction is carried out at reflux temperatures and
      standard pressure until the theoretical amount of water is removed. See,
      L. Zervas, N. Winitz, and J. P. Greenstein, J. Org. Chem., 22, 1515
      (1957).
PAR  In one alternative method, L-DOPA can be reacted with the corresponding
      alcohol in the presence of hydrochloric acid, under anhydrous conditions,
      whereby the alcohol serves as the solvent per se. This reaction will occur
      at room temperature, though a temperature of from 40.degree.-80.degree.C
      is preferred. Standard pressure is employed and the reaction time will
      normally run between 7 and 24 hours.
PAR  In a second alternative method, L-DOPA can be reacted with the
      corresponding alcohol in the presence of thionyl chloride, whereby the
      alcohol will again serve as the solvent per se. In this reaction scheme,
      standard pressure is employed and the reaction temperature is
      approximately 0.degree.C initially (during the addition of the reactants).
      Subsequently, the temperature will be raised to within a range of from
      40.degree. to 100.degree.C. The reaction time required to carry out this
      particular reaction scheme will run, approximately, between 1 and 7 hours.
      See, M. Brenner and W. Huber, Helv. Chim. Acta., 36, 1109 (1953); and R.
      P. Patel and S. Price, J. Org. Chem., 30, 3575 (1965).
PAC  PREPARATION OF THE COMPOUNDS OF CLASS (III):
PAR  To prepare the compounds of this class, the beta, gamma-diketo derivative
      is reacted with L-DOPA in methanol or ethanol (solvent) in which an
      equivalent amount of MOH is introduced (M representing an alkali metal
      such as sodium or potassium or an ammonium ion) in a ratio of 1:1.1. The
      reaction is carried out over several hours at standard pressure and at a
      temperature ranging from room temperature to 60.degree.C in the presence
      of a nitrogen atmosphere. Preferably, a reaction time of 24 hours is most
      suitable. See, J. A. Maclaren, Aust. J. Chem., 25, 1293 (1972); E. Dane
      and T. Dockner, Chem. Ber., 98, 789 (1964).
PAC  PREPARATION OF THE COMPOUNDS OF CLASS (IV):
PAR  These compounds are prepared by reacting L-DOPA with a conventional
      acylation agent, such as acyl chloride or acyl anhydride, or in the
      alternative, a conventional "mixed anhydride" system can be used. The
      reaction is carried out in a suitable solvent, such as an organic acid
      (acetic acid, propionic acid, etc.) at room temperature and standard
      pressure. In the alternative, the reaction can be carried out in a
      halohydrocarbon solvent at reflux temperatures in the presence of a
      tertiary amine. In either case, the reaction is carried out for a period
      ranging from 1 to 6 hours. See, J. C. Sheehan and D-D. H. Yang, J. Amer.
      Chem. Soc., 80, 1154 (1958).
PAC  PREPARATION OF THE COMPOUNDS OF CLASS (VI):
PAR  The preparation of the compounds of this class is discussed prior to the
      preparation of the compounds of class (V) as a matter of convenience.
PAR  The preparation of the compounds of class (VI) is in accordance with
      conventional dipeptide synthesis procedures. In the first step, acylation
      of the catechol hydroxyl groups is carried out in accordance with the
      acylation scheme described above, for preparing the compounds of class
      (I). Secondly, the carboxyl group of L-DOPA is esterified in accordance
      with the esterification procedure outlined for the preparation of the
      compounds of class (II) above. In the third step, the L-DOPA molecule is
      coupled with a suitable N-protected natural amino acid by known procedures
      (e.g., dicyclohexylcarbodiimide in tetrahydrofuran and/or a
      halohydrocarbon). This reaction is carried out at room temperature over a
      period of time ranging from 3 to 24 hours; however, as an alternative, the
      "mixed anhydride" method can be employed at a temperature of 0.degree.C
      initially (for 0.5 to 1.0 hours) and then, at a temperature approximating
      room temperature for a period of time of from 2 to 6 hours. The "mixed
      anhydride" can, without limitation, be a mixture with pivaloyl chloride or
      pivaloyl chlorocarbonate.
PAR  At this point, it is important to mention that steps (1) through (3),
      heretofore described, need not necessarily be carried out in sequential
      order; that is, the sequence can vary with the priviso that steps (1) or
      (2) proceed step (3).
PAR  Illustrative of N-protective groups for the amino acid which can be
      employed in step (3), are the carbobenzoxy group and the formyl group.
PAR  In step (4), cleavage of the N-protective group is achieved in a
      conventional manner. As an example, when the N-protective group is a
      carbobenzoxy group, catalytic hydrogenation is employed over a catalyst
      comprising palladium on carbon (5-10%), in methanol or ethanol or any
      other suitable solvent. The reaction is carried out at standard pressure,
      room temperature, and for a period of time approximating several hours.
      When the N-protective group is a formyl group, its cleavage can be carried
      out by various procedures, and preferentially, in a mixture of methanol
      and hydrochloric acid. The reaction is normally carried out at standard
      pressure and room temperature over a period of time ranging from 2 to 4
      days.
PAR  In step (5), cleavage of the carboxy ester (R.sub.1) is achieved. For
      instance, if R.sub.1 is a --CH.sub.2 --C.sub.6 H.sub.5 group, catalytic
      hydrogenation is carried out over a catalyst of palladium on carbon
      (5-10%) in methanol or ethanol, at standard pressure at room temperature.
      On the other hand, if R.sub.1 represents an --OCH.sub.3 group, an alkaline
      hydrolysis is employed (sodium hydroxide, sodium bicarbonate, barium
      hydroxide, etc.) in the presence of alcohol, methanol or ethanol under a
      nitrogen atomsphere, at room temperature, for a period approximating
      several hours.
PAR  In step (6) cleavage of the catechol protective system is achieved. For
      instance, if the catechol protective group is an acyl group, alkaline or
      acid hydrolysis is introduced, and if the catechol protective group is a
      benzyl group, catalytic hydrogenation as described above is employed.
PAR  Finally, in step (7), arbitrary adjustments in the isolated L-DOPA
      derivative can be made, such as salt formation (if the reaction did not
      directly provide the salt) and reacylation of the catechol system. Such
      procedures are known and understood by the skilled artisan concerned with
      the subject matter of this invention.
PAC  PREPARATION OF THE COMPOUNDS OF CLASS (V):
PAR  These compounds are prepared in a manner similar to that employed to
      prepare the compounds of class (VI). Step (1) of this precedure is
      identical to step (1) of the procedure employed to prepare the compounds
      of class (VI). In step (2), protection of the amino group is achieved
      through the use of conventional protective groups, and preferably, the
      formyl group. For instance, the N-formyl derivative can be prepared by the
      "mixed" acetic-formic anhydride method, in acetic acid, by first cooling
      the reaction mixture below room temperature and then raising the
      temperature of the reaction mixture to room temperature for approximately
      1 hour. In step (3), coupling with a suitable natural amino acid ester is
      carried out in the manner prescribed in step (3) for the preparatory
      procedure described for preparing the compounds of class (VI). In step
      (4), cleavage of the carboxy ester is achieved. For instance, if the
      carboxy ester is a benzyl ester, catalytic hydrogenation is carried out
      over a palladium on carbon (5-10%) catalyst as illustrated in step (4)
      respective of the preparatory procedure for preparing the compounds of
      class (VI). On the other hand, if the carboxy ester is a methyl or ethyl
      ester, alkaline hydrolysis is employed in accordance with the method
      described in step (5) of the preparatory scheme for preparing the
      compounds of class (VI). In step (5), cleavage of the N-protective group
      is carried out in accordance with step (4) of the preparatory procedure
      for obtaining the compounds of class (VI), the procedure varying depending
      upon whether the N-protective group is a carbobenzoxy group, a formyl
      group, or any other suitable protective group. Steps (6) and (7)
      respectively, are identical to steps (6) and (7) described above in the
      preparatory scheme for preparing the compounds of class (VI).
PAR  The skilled artisan concerned with the subject matter of this invention can
      readily appreciate that steps (4) through (6) can occur simultaneously in
      accordance with the above recited conditions. Moreover, with respect to
      the preparation of the compounds of class (VI), in addition to the fact
      that steps (1) and (2) can be varied in sequence, provided they precede
      step (3), steps (4) through (6) can also be varied with the proviso that
      they follow step (3).
PAR  Few dipeptides containing C- or N- terminal D, L-DOPA have been reported in
      the literature, such as, D, L-3,4-dihydroxyphenylalanyl-glycine, -D,
      L-alanine, -D, L-leucine, -D, L-phenylalanine, -D, L-tyrosine, using
      phthaloyl -D, L-3,4-dihydroxyphenylalanine, since it was concluded that
      the amino group in D, L-DOPA cannot be protected with carbobenzoxy or
      p-nitrocarbobenzoxy groups. The phthaloyl protecting group, however,
      cannot be used for the protection of the amino group in L-DOPA, since
      applicants have observed extensive racemization during the preparation of
      the phthaloyl-L-DOPA. Some C-terminal D, L-DOPA dipeptides have been
      reported by coupling D, L-DOPA-methyl ester and some simple N-Cbz amino
      acids. See, G. Losse, A. Barth and K. Jasche, J. Prakt. Chem., 21, 32
      (1963), and G. Losse, A. Barth and W. Langenbeck, Chem. Ber., 95, 918
      (1962), respectively.
PAR  The methyl ester could be hydrolyzed under N.sub.2 after the N-Cbz group
      was cleaved. The phthalylglycyl-D, L-3,4-dihydroxyphenylalanine-methyl
      ester was also reported but the protective groups were not cleaved. See,
      J. J. O'Neill, F. P. Veitch and T. Wagner-Jauregg, J. Org. Chem., 21, 363
      (1956).
PAR  In one case, the preparation of beta-alanyl-L-3,4-dihydroxy-phenylalanine
      was reported. However, the way it was prepared, as well as the
      insufficient characterization of the dipeptide leads one to believe that
      it is unlikely that the compound was really obtained. See, C. Pinelli, M.
      Portelli, and M. Fioretti, Farmaco (Ed. Sci.), 23, 859 (1968).
PAR  A. V. Bardoshian, et al, Anal. Biochem., 49, 569 (1972) reported the use of
      L-leucyl-L-3,4-dihydroxyphenyl-alanine, which was used for the separation
      on TLC of the optical isomers of labeled DOPA.
PAR  In view of the above few literature data, applicants decided to use the
      N-formyl-diacetyl-L-DOPA for the preparation of the N-terminal dipeptide
      and diacetyl-L-DOPA-benzyl ester for the preparation of the C-terminal
      dipeptide. DCC (dicyclohexylcarbodiimide) was used as the coupling agent
      in all cases.
PAR  The N-formyl group can be cleaved by diluted HCl in alcohol, by catalytic
      hydrogenation or by oxidation with H.sub.2 O.sub.2 and the benzyl esters
      and the N-Cbz-groups can be removed by catalytic hydrogenation. See, G.
      Losse, and D. Nadolski, J. Prakt. Chem., 24, 118 (1964), and G. Losse and
      W. Zonnchen, Ann., 636,140 (1960).
PAC  PREPARATION OF THE COMPOUNDS OF CLASSES (VII) AND (VIII):
PAR  The compounds of class (VII) are prepared in a manner similar to that
      described for the preparation of the dipeptides of classes (V) and (VI).
      As the starting materials, we have on the one hand, 3,4-diacylated, N
      protected L-DOPA and on the other hand, we have the carboxy esters of
      3,4-diacylated L-DOPA. Thus, N-formyl-3,4-diacetyloxy-L-phenylalanine was
      coupled with 3,4-diacetyloxy-L-phenylalanine-methyl ester. By treatment
      with methanolic HCl, the N formyl and acetyloxy groups were cleaved, thus
      obtaining 3,4-dihydroxy-L-phenylalanyl-methyl ester HCl. The free
      dipeptide was obtained by alkaline hydrolysis of the methyl ester in an
      inert atmosphere.
PAR  The corresponding bis-3,4-diacylated dipeptide was obtained by acylation of
      the free dipeptide, using the method described for the preparation of
      those compounds of class (I).
PAR  The compounds of class (VIII) are obtained, using general procedures as
      outlined in the literature [Greenstein and Winitz, The Chemistry of Amino
      Acids and Peptides, Volume 2 (1964), published by McGraw-Hill] with the
      proviso that the hydroxyl groups of the catechol system must be protected
      through acylation prior to preparing the polypeptide. Accordingly,
      3,4-diacetyloxy-L-phenylalanoyl chloride HCl can be obtained by treatment
      of 3,4-diacetyloxy-L-phenylalanine with PCl.sub.5 in acetyl chloride. The
      obtained chloride, after neutralization, undergoes coupling to form the
      corresponding acylated polypeptide.
PAR  The acetyl groups can be removed by alkaline or acidic hydrolysis to form
      the free polypeptide. This reaction scheme is carried out at standard
      pressure at about 0.degree.C over a period of time of from 1 to 4 hours.
PAR  The compounds of the present invention are administered orally in the form
      of any oral, pharmaceutically acceptable dosage form (capsule, tablet, and
      the like). Generally speaking, the dosage amount of the compound
      administered, on a daily basis, will vary with the needs of the individual
      treated.
PAR  With the foregoing in mind, a better understanding of the present invention
      will be obtained from a review of the following examples, which are merely
      intended to be illustrative and non-limitative of the present invention.
DETD
PAC  EXAMPLE I
PAC  (Preparation of 3,4-diacetyloxy-L-phenylalanine hydrochloride)
PAR  L-DOPA (19.72 g. 0.01 mole) is dissolved as its hydrochloride salt in 500
      ml of glacial acetic acid by heating the same to approximately
      100.degree.C and adding HCl gas. The resulting clear solution is permitted
      to cool to 45.degree.C and then 71 ml (5.5 g, 1.0 mole) of acetyl chloride
      is added slowly to the above described solution. The reaction mixture is
      stirred at room temperature for approximately 16.0 hours using a drying
      tube filled with calcium chloride to protect it from atmospheric moisture.
      The entire reaction mixture is then added to one liter of ether and
      stirred for 15 minutes and the resulting product is recovered by
      filtration.
PAR  The yield of final product was 28.5 g (90%). The melting point of the final
      product was 192.degree.-193.degree.C (uncorrected). The nuclear magnetic
      resonance spectrum (nmr) was consistent with the compound obtained. The
      Analysis Calculated for: C.sub.13 H.sub.16 O.sub.6 NCl was: C, 49.14; H,
      5.08; N, 4.41; and Cl, 11.16. Found: C, 48.98; H, 5.26; N, 4.17; and Cl,
      11.25
PAC  EXAMPLE II
PAC  (Preparation of the potassium salt of
      3,4-diacetyloxy-N-[1-methyl-2-acetyl-vinyl]-L-phenylalanine)
PAR  3,4-diacetyloxy-L-phenylalanine hydrochloride (6.34 g, 0.002 mole) was
      dissolved with stirring in 20 ml of methanol in the presence of a nitrogen
      atmosphere. After 0.5 hours of stirring under nitrogen, 40 ml of 1N KOH in
      methanol was introduced and then, 2.30 ml (0.22 mole) of acetylacetone was
      added. The reaction mixture was stirred in the presence of nitrogen for 24
      hours at room temperature and the precipitated KCl was then filtered off,
      together with some unreacted starting material. The filtrate was
      evaporated to dryness in vacuo. The product was thus obtained as an
      amorphous hygroscopic white powder in a yield of 7.08 g (88%). Analysis
      Calculated for: C.sub.18 H.sub.20 NK.H.sub.2 O: C, 51,54; H, 5.29; N,
      3.37. Found: C, 51.74; H, 5.38; and N, 3.81. The decomposition point on a
      differential scanning calorimeter (DSC) was 222.degree.C. The nmr was
      consistent with the compound obtained.
PAC  EXAMPLE III
PAC  (Preparation of 3,4-dihydroxy-L-phenylalanine-methyl ester hydrochloride
      and  3,4-diacetyloxy-L-phenylalanine-methyl ester hydrochloride).
PAR  First, 3,4-dihydroxy-L-phenylalanine-methyl ester hydrochloride was
      prepared. To obtain this compound, thionyl chloride (10.16 ml) was added,
      drop-wise to a cool (ice-bath) well-stirred absolute methanol (101.6 ml).
      To this solution, there was then added 23.02 g (0.117 mole) of
      3,4-dihydroxy-L-phenylalanine, in portions, such that the temperature was
      maintained at 5.degree.C. The solution was kept at 40.degree.C for 2.5
      hours and then, the solution was concentrated, in vacuo to dryness. Dry
      ether was added to the residue and the solution was cooled overnight to
      yield 28.67 g (m.p. 169.degree.-172.degree.C) of final product, a 99.3%
      yield. The nmr spectrum was consistent with the proposed structure for the
      compound obtained and analysis of the final compound obtained was as
      follows: Analysis Calculated for: C.sub.10 H.sub.14 NO.sub.4 Cl: C, 48.48;
      H, 5.70; and N, 5.66. Found: C, 47.95; H, 5.30; and N, 6.16.
PAR  In the next step, the obtained 3,4-dihydroxy-L-phenylalanine-methyl ester
      hydrochloride was then acylated in the following manner. A glacial acetic
      acid (661 ml) suspension containing 25.4 g (0.1 mole) of
      3,4-dihydroxy-L-phenylalanine-methyl ester hydrochloride was warmed to
      110.degree.C and subsequently, hydrogen chloride was bubbled through the
      mixture for a period of 4 minutes. The solution was cooled to 45.degree.C
      and acetyl chloride (101.3 ml) was then added. This solution was stirred
      at room temperature overnight and then, diluted with 1.5 liters of dry
      ether. White crystals began to precipitate immediately and subsequently,
      these crystals were filtered and dried over phosphorous pentoxide to yield
      28.51 g (m.p. 181.degree.-183.degree.C, 83.7% yield) of the final product.
      The nmr spectrum was consistent with
      3,4-diacetyloxy-L-phenylalanine-methyl ester hydrochloride. Upon analysis,
      the following data was obtained. Analysis Calculated for: C.sub.14
      H.sub.18 NO.sub.4 Cl: C, 50.68; H, 5.47; N, 4.22; and Cl, 10.70. Found: C,
      50.50; H, 5.21; and N,  4.67.
PAR  A sample of the obtained 3,4-diacetyloxy-L-phenylalanine-methyl ester
      hydrochloride was recrystallized from methanol-ether to yield the
      analytically pure compound. Found: C, 50.42; H, 5.61; N, 4.09; and Cl,
      10.44.
PAR  In a similar manner described above, the compound
      3,4-diacetyloxy-L-phenylalanine benzyl ester hydrochloride can be prepared
      and was prepared. Upon analysis, the following data was obtained. Analysis
      Calculated for: C.sub.20 H.sub.22 O.sub.6 NCl: C, 58.89; H, 5.44; N, 3.44;
      and Cl, 8.69. Found: C, 58.58; H, 5.48; N, 3.33; and Cl, 8.95.
PAC  EXAMPLE IV
PAC  (Preparation of 3,4-dihydroxy-L-phenylalanine-benzyl ester hydrochloride)
PAR  3,4-dihydroxy-L-phenylalanine (15.0 g, 0.076 mole) was suspended in benzyl
      alcohol (381 ml). This suspension was then cooled with an ice bath to
      5.degree.C and then, the suspension was treated with thionyl chloride
      (76.2 ml). The resulting solution was heated to within a temperature range
      of from 95.degree. to 100.degree.C for 5.0 hours, in a nitrogen atmosphere
      and then, the suspension was cooled to room temperature and diluted with
      1.5 liters of dry ether to yield a solid precipitate. The suspension was
      stirred at room temperature overnight, filtered, and then washed with
      ether and dried in a vacuum oven to yield 7.70 g (32% yield) of the
      desired benzyl ester hydrochloride having a m.p. of
      171.degree.-175.degree.C, with shrinking at 165.degree.C.
PAR  An oil had also formed in the bottom of the reaction flask overnight and
      this oil was dissolved in a minimal amount of methanol. A white solid was
      precipitated with ether, and the white solid was filtered and then dried
      in a vacuum oven to give 1.20 g (5% yield, m.p. 178.degree.-181.degree.C)
      of the benzyl ester hydrochloride. The nmr spectrum was consistent with
      the proposed structure of the compound isolated and upon analysis, the
      following data was obtained. Analysis Calculated for: C.sub.16 H.sub.18
      NO.sub.4 Cl: C, 59.35; H, 5.60; and N, 4.33. Found: C, 59.47; H, 5.32; and
      N, 4.76. The nmr spectrum of the fraction was identical with that of the
      analytical sample.
PAC  EXAMPLE V
PAC  (Preparation of glycyl-3,4-diacetloxy-L-phenylalanine hydrochloride)
PAR  First, carbobenzoxyglycyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester was
      obtained in the manner which follows. Dichloromethane (100 ml) solution
      containing 0.95 g (9.4 millimole) of triethylamine was permitted to react
      with 3.64 g (8.92 millimole) of 3,4-diacetyloxy-L-phenylalanine-benzyl
      ester hydrochloride for 0.3 hours at room temperature. The solution was
      then concentrated in vacuo at room temperature to dryness. The residue
      obtained was filtered and washed with ether to give 1.54 g of
      triethylamine hydrochloride, contaminated with
      3,4-diacetyloxy-L-phenylalanine-benzyl ester in various stages of
      deprotection. For instance, 3,4-dihydroxy-L-phenylalanine-benzyl ester was
      obtained quantitatively if a large excess of triethylamine was employed to
      neutralize the hydrochloride. The ether filtrate was concentrated in vacuo
      at room temperature. The resulting residue was analyzed by nmr and found
      to be consistent with the proposed structure,
      3,4-diacetyloxy-L-phenylalanine-benzyl ester.
PAR  The residue was estimated to contain 8.15 millimole of
      3,4-diacetyloxy-L-phenylalanine-benzyl ester. The residue was dissolved in
      dichloromethane (50 ml) and carbobenzoxylgycine (1.70 g, 8.16 millimole)
      and dicyclohexylcarbodiimide (1.68 g, 8.15 millimole) was added to the
      solution in the order given. A white precipitate of dicyclohexylurea
      (DCCU) began to form immediately. The following day, the suspension was
      filtered and the residue was washed with dichloromethane (50 ml) to yield
      1.55 g (85% yield) of DCCU. The combined dichlormethane filtrates were
      washed with 10 ml each, of 1N hydrochloric acid and water and then,
      concentrated in vacuo at room temperature to give 4.6 g of an oily
      residue. The oily residue was chromatographed on silica gel (Mallinckrodt
      Silic ARCC-7) using ether as the eluent to give 2.70 g of a yellow oil (1
      spot on TLC, Rf 0.63 on silica gel, acetone eluent) whose nmr spectrum was
      consistent with carbobenzoxyglycyl-3,4-diacetyloxy-L-phenylalaninebenzyl
      ester, but which contained some impurities from the ether eluent. The oil
      was dissolved in ether (100 ml) and diluted with heptane. The
      ether-heptane mixture was decanted from the oil which formed. The oil
      (2.00 g, 44% yield) give a nmr spectrum consistent with the
      carbobenzoxyglycyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester. The oil
      would not crystallize and was therefore employed without further
      purification in the next reaction step.
PAR  In this step, glycyl-3,4-diacetyloxy-L-phenylalanine hydrochloride was
      obtained as follows. 2.48 g (4.4 millimole) of
      carbobenzoxyglycyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester was
      dissolved in 120 ml of methanol with 5 ml of glacial acetic acid. Then,
      0.5 g of 10% Pd/C (palladium on carbon) was wetted with water (5 ml) and
      washed into the solution with water (approximately 5 ml). The resulting
      suspension wash shaken in hydrogen (30 lbs) for 24 hours. The suspension
      was filtered and washed with methanol (100 ml) and the combined filtrates
      were concentrated in vacuo at room temperature. The residue was dissolved
      in 10 ml of glacial acetic acid, saturated with hydrogen chloride and then
      treated with 10 ml of acetyl chloride in a tightly stoppered flask
      overnight and subsequently, the solution was diluted to 125 ml with ether.
      After two hours, the ether was decanted and the gummy residue obtained was
      suspended in dry ether and left stirring overnight. Then, the suspension
      was quickly filtered and the residue was dried in vacuo at 60.degree. C to
      yield 0.87 g (m.p. 95.degree.-118.degree.C) of the
      glycyl-3,4-diacetyloxy-L-phenylalanine hydrochloride. Analysis Calculated
      for: C.sub.15 H.sub.19 N.sub.2 O.sub.7 Cl: C, 48.06; H, 5.11; and N, 7.48.
      Found: C, 48.42; H, 5.38; and N, 7.30.
PAC  EXAMPLE VI
PAC  (Preparation of glycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester
      hydrochloride)
PAR  A dichloromethane solution (150 ml) of
      3,4-diacetyloxy-L-phenylalaninemethyl ester hydrochloride (4.136 g, 13.0
      millimole) was permitted to react with 1.35 g (13.3 millimole) of
      triethylamine. After 10 minutes, 2.718 g (13.0 millimole) of
      carbobenzyloxyglycine was added thereto, and then 2.808 g (13.6 millimole)
      of dicyclohexylcarbodiimide was added. After 2 hours, the solution was
      filtered to yield 2.62 g (m.p. 228.degree.-230.degree.C, 90% yield) of
      DCCU. The filtrate was extracted with 10 ml each of 1N HCl and water. The
      dichloromethane layer was dried over sodium and concentrated in vacuo at
      room temperature to give 16.5 g of a white solid (1 spot of TLC Silica
      gel, acetone, Rf 0.42). The white solid was dissolved in dichloromethane
      (60 ml) and the solution was then filtered and diluted to 220 ml with
      hexane. The following day, the solution was filtered and the residue was
      air dryed to give 5.5 g (m.p. 130.degree.-131.degree.C, 87% yield) of
      carbobenzyloxyglycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester. The
      mother liquor was concentrated (45 ml) to give 233 mg. (m.p.
      129.degree.-130.degree.C, 3% yield) more of the aforementioned ester. The
      nmr spectrum was consistent with the proposed structure of the compound
      isolated.
PAR  Upon analysis, the following data was obtained. Analysis Calculated for:
      C.sub.24 H.sub.26 N.sub.2 O.sub.9 : C, 59.25; H, 5.39; and N, 5.76. Found:
      C, 59.54; H, 5.39; and N, 5.74.
PAR  Next, 3.00 g (6.17 millimole) of the above isolated ester was dissolved in
      methanol (100 ml) and glacial acetic acid (5 ml). The solution was then
      shaken in a Parr apparatus for 16 hours over 10% Pd/C (0.4 g) under a
      hydrogen atmosphere (35 lbs). The solution was then filtered and
      concentrated in vacuo at room temperature. The residue obtained was
      dissolved in 10 ml of glacial acetic acid, saturated with hydrogen
      chloride and treated with 10 ml of acetyl chloride. The solution was
      stirred at room temperature overnight in a tightly sealed reaction flask
      and then diluted to 125 ml with ether to give a light brown gum. The ether
      was decanted and the residue was suspended in anhydrous ether (100 ml).
      The suspended solid was dispersed with a spatula and allowed to stir until
      it became homogeneous. It was then filtered and the residue was dried in a
      vacuum oven at 60.degree.C to yield 0.58 g (m.p. 80.degree.-100.degree.C,
      24% yield) of glycyl- 3,4-diacetyloxy-L-phenylalanine-methyl ester
      hydrochloride from
      carbobenzyloxyglycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester. The nmr
      spectrum was consistent with the proposed structure of the compound
      obtained and upon analysis of the compound, the following data was
      obtained. Analysis Calculated for: C.sub.16 H.sub.21 O.sub.7 N.sub.2 Cl:
      C, 49.42; H, 5.44; and N, 7.21. Found: C, 49.65; H, 5.50; and N, 7.47.
PAC  EXAMPLE VIII
PAC  (Preparation of 3,4-diacetyloxy-L-phenylalanyl-glycine hydrochloride)
PAR  First, it was necessary to prepare
      3,4-diacetyloxy-L-phenylalanine-N-formate. This product was obtained in
      the manner described below.
PAR  3,4-diacetyloxy-L-phenylalanine hydrochloride (15.00 g. 47.2 millimole) was
      dissolved in 20 ml of methanol and diluted to 900 ml with dichloromethane.
      To this solution, there was added, with vigorous stirring, 4.80 g (47.5
      millimole) of triethylamine, which caused a gelatinous mass to form. After
      one hour, this mass was filtered and the residue was suspended in
      dichloromethane (300 ml) and filtered again. The residue was still
      contaminated with triethylamine hydrochloride. Consequently, it was
      suspended in dichloromethane (300 ml) again, and stirred for 3.5 hours.
      The suspension was filtered and dried at room temperature in vacuo to
      yield 12.5 g (95% yield by nmr) of 3,4-diacetyloxy-L-phenylalanine.
PAR  Next, 12.5 g (44.6 millimole) of the isolated
      3,4-diacetyloxy-L-phenylalanine was dissolved in 35 ml of 98% formic acid
      and cooled with an ice bath at 5.degree.C. Acetic anhydride (9.6 g, 94.1
      millimoles) was added, drop-wise to the cool, well-stirred solution in
      such a manner that the treatment remained at 5.degree.C. After 3 hours,
      the solution was concentrated in vacuo at room temperature and the residue
      was dissolved in acetone (200 ml). This process was repeated twice and the
      residue was recrystallized from acetone, (750 ml) to yield 4.95 g (m.p.
      135.degree.-137.degree.C) of 3,4-diacetyloxy-L-phenylalanine-N-formate.
      The mother liquor was concentrated on a hot plate to 40 ml and then cooled
      to yield 3.50 g (m.p. 130.degree.-135.degree.C) of
      3,4-diacetyloxy-L-phenylalanine-N-formate. The mother liquor was again
      concentrated to yield 1.75 g (m.p. 123.degree.-133.degree.C) of the
      aforementioned compound, after which the solution was diluted with 200 ml
      of ether to yield 1.53 g (m.p. 112.degree.-120.degree.C) of
      3,4-diacetyloxy-L-phenylalanine-N-formate. All fractions had the same TLC
      (Rf 0.5 silica gel, acetone). The last two fractions were combined and
      recrystallized from acetone (20 ml) to yield 1.50 g (m.p.
      130.degree.-135.degree.C) of 3,4-diacetyloxy-L-phenylalanine-N-formate for
      a 69% yield (9.95 g) of the pure compound. The nmr spectrum was consistent
      with the proposed structure of the compound obtained.
PAR  Next, N-formyl-3,4-diacetyloxy-L-phenylalanyl-glycine-benzyl ester was
      prepared. To obtain this compound, the
      3,4-diacetyloxy-L-phenylalanine-N-formate, obtained earlier (4.015 g,
      13.00 millimole) was added to a dichloromethane (200 ml) solution
      containing triethylamne (1.35 g, 13.3 millimole) and glycine benzyl ester
      p-toluenesulfonate (4.40 g, 13.06 millimole). The resulting suspension was
      vigorously shaken until all of the
      3,4-diacetyloxy-L-phenylalanine-N-formate was in solution. Then, 2.80 g
      (13.6 millimole) of dicyclohexylcarbodiimide was added. After 4.5 hours,
      the reaction was filtered and the residue (2.41 g, m.p.
      206.degree.-210.degree.C, 83% yield) of DCCU was discarded. The filtrate
      was extracted with 10 ml each of water and 1N HCl. The dichloromethane
      solution was then dried over sodium sulfate and concentrated in vacuo at
      room temperature. The residue was chromatographed on silica gel (Silic
      ARCC-7) using acetone-ether (20:80 to 40:60) as the eluent to give 2.33 g
      (39% yield) of N-formyl-3,4-diacetyloxy-L-phenylalanyl-glycine-benzyl
      ester (m.p. 120.5.degree.-120.degree.C). The nmr spectrum was consistent
      with the proposed structure of the compound isolated. Upon analysis the
      following data was obtained. Analysis Calculated for: C.sub.23 H.sub.24
      N.sub.2 O.sub.8 : C,  60.52; H, 5.29; and N, 6.14. Found: C, 60.25; H,
      5.10; and N, 6.01.
PAR  Next, the step of deprotecting the
      N-formyl-3,4-diacetyloxy-L-phenylalanylglycine-benzyl ester was performed.
      0.90 g (2.0 millimole) of the aforementioned compound was allowed to react
      with a 2.2 ml of a 1N methanolic-hydrochloric acid solution (prepared by
      diluting 2 ml of concentrated hydrochloric acid to 24 ml with methanol)
      overnight. Initially, a suspension formed and an additional 5 ml of
      methanol was added to the suspension. After about 0.5 hours, all of the
      solid had gone into solution. The solution was concentrated in vacuo at
      room temperature and the nmr spectrum of the residue showed the absence of
      CH.sub.3 CO.sub.2 and O=CH-N absorptions. The residue was dissolved in 60
      ml of anhydrous methanol to which 0.5 ml of glacial acetic acid had been
      added. The solution was shaken in a Parr shaker under hydrogen atmosphere
      over 0.1 g of a 10% Pd/C catalyst overnight. The suspension was then
      filtered to remove the catalyst and concentrated in vacuo at room
      temperature. The residue was twice diluted with acetone (100 ml) and
      concentrated. Then, it was dissolved in glacial acetic acid saturated with
      hydrogen chloride (10 ml) and allowed to react with acetyl chloride (10
      ml). A solid formed, but soon went back into solution. After eight hours
      at room temperature, the acetic acid solution was then diluted to 125 ml
      with ether. The ether was then decanted and the gummy dark residue left
      behind was suspended in ether (100 ml). The suspension was stirred
      overnight to yield a fine white solid in suspension, which was filtered
      quickly and dried in a vacuum dessicator to yield 0.59 g (shrinking at
      100.degree.C, wet at 114.degree.C, a foaming from
      120.degree.-127.degree.C, 78% yield) of
      3,4-diacetyloxy-1-phenylalanyl-glycine hydrochloride. The nmr was
      consistent with the proposed structure of the compound obtained and upon
      analysis of a sample of this compound, by recrystallization from
      methanol-ether, the following data was obtained. Analysis Calculated for:
      C.sub.15 H.sub.19 N.sub.2 O.sub.7 Cl: C, 48.06; H, 5.11; and N, 7.48.
      Found: C, 48.22; H, 5.34; and N, 7.72.
PAC  IN VIVO COMPARISON OF L-DOPA PER SE VERSUS SELECTIVE L-DOPA DERIVATIVES OF
      THE PRESENT INVENTION
PAR  In Table I, reproduced on the following page, values are shown relative to
      the blood concentration of L-DOPA per se and selected L-DOPA derivatives
      of the present invention, following oral administration of 0.1 g of L-DOPA
      and an equivalent amount of an L-DOPA derivative of this invention to
      Beagle dogs.
TBL                                    TABLE I                                 
     __________________________________________________________________________
           [L-DOPA] (.mu.g/ml) at time (hours).sup.a)                          
                                       .mu.g/hr/ml                             
                                             .mu.g./ml                         
                                                  hours                        
     Compound                          area under                              
                                             L-DOPA                            
                                                  time for                     
     No.                               the   at the                            
                                                  reaching                     
     0.5       1   1.5 2   3    4  6   curve peak the peak                     
     __________________________________________________________________________
     O     0.14                                                                
               0.64                                                            
                   --  0.87                                                    
                           --  0.22                                            
                                   0.11                                        
                                       2.6   0.9  1.8                          
     I     1.57                                                                
               1.75                                                            
                   1.38                                                        
                       1.10                                                    
                           0.35                                                
                               0.13                                            
                                   0.06                                        
                                       7.20  1.8  0.8                          
     II    2.16                                                                
               2.29                                                            
                   1.61                                                        
                       0.70                                                    
                           0.40                                                
                               0.28                                            
                                   0.20                                        
                                       9.07  2.4  0.9                          
     III   1.33                                                                
               0.18                                                            
                   0.60                                                        
                       0.39                                                    
                           0.26                                                
                               0.12                                            
                                   0.05                                        
                                       4.60  1.6  0.8                          
     IV    0.06                                                                
               1.13                                                            
                   1.11                                                        
                       0.39                                                    
                           0.12                                                
                               0.09                                            
                                   0.02                                        
                                       3.56  1.6  1.2                          
     V     2.30                                                                
               1.03                                                            
                   0.55                                                        
                       0.31                                                    
                           0.14                                                
                               0.14                                            
                                   0.06                                        
                                       5.94  2.2  0.8                          
     VI    1.71                                                                
               1.30                                                            
                   1.08                                                        
                       0.55                                                    
                           0.20                                                
                               0.14                                            
                                   0.05                                        
                                       5.96  2.3  0.5                          
     VII   1.34                                                                
               1.95                                                            
                   1.21                                                        
                       0.43                                                    
                           0.27                                                
                               0.13                                            
                                   0.02                                        
                                       7.25  2.4   0.75                        
     VIII  0.79                                                                
               1.17                                                            
                   0.51                                                        
                       0.33                                                    
                           0.08                                                
                               0.02                                            
                                   0   3.38  1.7   0.80                        
     IX    0.26                                                                
               1.30                                                            
                   1.62                                                        
                       0.80                                                    
                           0.23                                                
                               0.03                                            
                                   0   5.30  1.8  1.2                          
     __________________________________________________________________________
PAR  Respective of Table I, the following information is pertinent:
PA0  -Reference to (a) refers to the values obtained from three Beagle dogs for
      each compound tested, the Beagle dogs being of both sexes and weighing
      from 12 to 14 Kg.
PA0  Reference to [L-DOPA] refers to the concentration of L-DOPA.
PA0  compound (o) is L-DOPA per se.
PA0  Compound (I) is 3,4-diacetyloxy-L-phenylalanine hydrochloride.
PA0  Compound (II) is the potassium salt of
      3,4-diacetyloxy-N-[1-methyl-2-acetylvinyl]-L-phenylalanine.
PA0  Compound (III) is 3,4-dihydroxy-L-phenylalanine-methyl ester, HCl.
PA0  Compound (IV) is 3,4-diacetyloxy-L-phenylalanine-methyl ester, HCl.
PA0  Compound (V) is 3,4-dihydroxy-L-phenylalanine-benzyl ester hydrochloride.
PA0  Compound (VI) is 3,4-diacetyloxy-L-phenylalanine-benzyl ester
      hydrochloride.
PA0  Compound (VII) is glycyl-3,4-diacetyloxy-L-phenylalanine-hydrochloride.
PA0  Compound (VIII) is glycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester
      hydrochloride.
PA0  Compound (IX) is 3,4-diacetyloxy-L-phenylalanyl-glycine hydrochloride.
PAR  The blood level data provided above in Table I was obtained according to
      the published procedures set forth in Items (I) through (IX).
PA1  (1) h. e. spiegel and A. C. Tonchen, Clinical Chemistry, Volume 16, No. 9
      (1970).
PA1  (2) T. L. Sourkes and G. S. Murphy, Methods Med. Res., 9, 147 (1961).
PA1  (3) H. Takashi and T. B. Fitzpatrick, J. Invest, Dermatol., 41, 161 (1964).
PA1  (4) A. Carlson and D. Waldeck, A.C.T.A. Physiol, Scandinav., 44, 293
      (1958).
PA1  (5) A. H. Anton and D. F. Sayre, J. Pharmacol., 145, 326 (1964).
PA1  (6) R. Bruce, Anal. Chem., 41, 977 (1969).
PA1  (7) E. Anggard, Ibid, 41, 1250 (1969).
PA1  (8) E. Anggard, A.C.T.A. Chim. Scand., 23, 3110 (1969)
PA1  (9) S. T-ahn, A. L. Prasad, R. Eelesie, Analyt. Biochemistry, 46, 557
      (1972).
PAR  The above results clearly demonstrate that the L-DOPA pro-drug forms of
      this invention permit L-DOPA to be released in the blood stream at higher
      blood levels than that level achieved with L-DOPA per se. This indicates
      that the various pro-drugs studied, provide efficient protection of the
      L-DOPA molecule against extensive metabolism prior and/or during the
      absorption process. Moreover, the above studies demonstrate that pro-drugs
      were converted back to L-DOPA in accordance with the "pro-drug" definition
      provided at the outset of this application.
PAR  The pro-drug forms of this invention are suitably administered in oral
      dosage form, such as by tablet or capsule, by comining the same in a
      therapeutic amount with any oral pharmaceutically acceptable inert
      carrier, such as lactose, starch (pharmaceutical grade), dicalcium
      phosphate, calcium sulfate, kaolin, mannitol, and powdered sugar. In
      addition, when required, suitable binders, lubricants, disintegrating
      agents, and coloring agents can also be added to the oral dosage form.
      Typical binders include starch, gelatin, sugars, such as sucrose,
      molasses, and lactose, natural and synthetic gums, such as acacia, sodium
      alginate, extract of Irish moss, carboxymethylcellulose, methyl cellulose,
      and polyvinylpyrrolidone, polyethylene glycol, ethylcellulose, and waxes.
      Typical lubricants for use in these dosage forms can include, without
      limitation, boric acid, sodium benzoate, sodium acetate, sodium chloride,
      leucine, and polyethylene glycol. Suitable disintegrators can include
      without limitation, starch, methylcellulose, agar, bentonite, cellulose
      and wood products, alginic acid, guar gum, citrus pulp,
      carboxymethylcellulose, and sodium lauryl sulfate. If desired, a
      conventionally pharmaceutically acceptable dye can be incorporated into
      the dosage unit form.
PAR  Any skilled artisan can prepare these oral dosage forms by simply referring
      to the oral dosage form preparatory procedure outlined in Remington's
      Practice of Pharmacy, Fourteenth Edition, (1970), pages 1659 through 1698,
      inclusive.
PAR  While the therapeutic dosage range for the compounds of this invention will
      vary with the needs of the individual, generally speaking therapeusis on a
      daily basis is achieved with about 1/3  the amount of the L-DOPA
      therapeutic dosage administered at present. In certain cases, therapeusis
      is achied with less than 1/3 the amount of the normal L-DOPA therapeutic
      dosage amount. These dosage guidelines are independent of the patient's
      size and/or weight.
PAR  As an example, an adult human male, suffering from Parkinson's Disease can
      be successfully treated by administering, on a daily basis, about 2.0
      grams of the L-DOPA pro-drug form of Compound VII described at page 30
      (glycyl-3,4-diacetyloxy-L-phenylalanine-hydrochloride).
PAR  Although the present invention has been adequately described in the
      foregoing specification and examples included therein, it is obviously
      apparent that various changes and/or modifications can be made thereto by
      the skilled artisan without departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for treating Parkinson's Disease in warmblooded animals which
      comprises administering thereto, an antiParkinsonism effective amount of a
      compound having the formula:
      ##SPC9##
PAL  wherein R represents a member selected from the group consisting of
      hydrogen, --COCH.sub.3, --COC.sub.2 H.sub.5, --COOC.sub.2 H.sub.5, and
      --CO--C(CH.sub.3).sub.3 ; wherein R.sub.1 represents a member selected
      from the group consisting of hydroxyl and --OM, wherein M represents a
      member selected from the group consisting of an alkali metal and an
      ammonium ion; and wherein R.sub.2 represents
      --(R.sub.5)CO--CH=C(R.sub.4)--, wherein R.sub.4 represents methyl or
      ethoxy, and wherein R.sub.5 represents a member selected from the group
      consisting of methyl, --C.sub.6 H.sub.5, and --OC.sub.2 H.sub.5.
NUM  2.
PAR  2. The method of claim 1, wherein said compound is administered in
      combination with a pharmaceutically acceptable inert carrier material.
NUM  3.
PAR  3. The method of claim 1, wherein said compound is
      3,4-diacetyloxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its alkali
      metal salt.
NUM  4.
PAR  4. The method of claim 1, wherein said compound is
      3,4-dihydroxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  5.
PAR  5. The method of claim 1, wherein said compound is
      3,4-dipivalyloxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  6.
PAR  6. The method of claim 1, wherein said compound is
      3,4-dihydroxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  7.
PAR  7. The method of claim 1, wherein said compound is
      3,4-diacetyloxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  8.
PAR  8. The method of claim 1, wherein said compound is
      3,4-dipivalyloxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  9.
PAR  9. A pharmaceutical composition for use in the treatment of Parkinson's
      Disease, comprising a pharmaceutically acceptable inert carrier material
      in combination with an anti-Parkinsonism effective amount of a compound
      having the formula:
      ##SPC10##
PAL  wherein R represents a member selected from the group consisting of
      hydrogen, --COCH.sub.3, --COC.sub.2 H.sub.5, --COOC.sub.2 H.sub.5, and
      --CO--C(CH.sub.3).sub.3 ; wherein R.sub.1 represents a member selected
      from the group consisting of hydroxyl and --OM, wherein M represents a
      member selected from the group consisting of an alkali metal and an
      ammonium ion; and wherein R.sub.2 represents --
      (R.sub.5)CO--CH=C(R.sub.4)--, wherein R.sub.4 represents methyl or ethoxy,
      and wherein R.sub.5 represents a member selected from the group consisting
      of methyl, --C.sub.6 H.sub.5, and --OC.sub.2 H.sub.5.
NUM  10.
PAR  10. The composition of claim 9, wherein said compound is
      3,4-diacetyloxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its alkali
      metal salt.
NUM  11.
PAR  11. The composition of claim 9, wherein said compound is
      3,4-dihydroxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  12.
PAR  12. The composition of claim 9, wherein said compound is
      3,4-dipivalyloxy-N[1-methyl-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  13.
PAR  13. The composition of claim 9, wherein said compound is
      3,4-dihydroxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  14.
PAR  14. The composition of claim 9, wherein said compound is
      3,4-diacetyloxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
NUM  15.
PAR  15. The composition of claim 9, wherein said compound is
      3,4-dipivalyloxy-N[1-ethoxy-2-acetylvinyl]-L-phenylalanine and its M salt,
      wherein M represents an alkali metal.
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ABST
PAL  Aqueous monoammonium phosphate is reacted at elevated temperature with
      sodium carbonate in a vertical column having vapor-liquid contact means to
      produce an aqueous solution of sodium ammonium phosphate having a reduced
      carbon dioxide content. The sodium ammonium phosphate solution is treated
      in a second such column at elevated temperature and pressure to produce
      ammonia and an ammonia-free solution of alkali metal orthophosphate having
      a desired alkali metal to phosphorus molar ratio.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to a process for preparing ammonia and a
      substantially ammonia-free solution of sodium orthophosphate by reacting
      aqueous monoammonium phosphate with sodium carbonate in a vertical column
      having vapor-liquid contact means to form a solution of sodium ammonium
      phosphate having reduced carbon dioxide levels and thereafter subjecting
      the sodium ammonium phosphate solution to treatment in a high
      pressure/temperature column having vapor-liquid contact means to form
      ammonia and a substantially ammonia-free solution of sodium
      orthophosphate.
PAR  2. Description of the Prior Art
PAR  In the prior art, alkali metal phosphates such as monosodium phosphate,
      disodium phosphate, and trisodium phosphate, solutions thereof and
      compounds derived therefrom have been commercially prepared by
      neutralizing furnace grade or wet process phosphoric acid at atmospheric
      pressure with an alkali metal hydroxide or carbonate such as sodium or
      potassium hydroxide or carbonate and then further treating the product to
      form a desired phosphate, polyphosphate, or pyrophosphate.
PAR  In such processes an ammonium phosphate is not formed as an intermediate
      for at least two reasons. Ammonia required for the preparation of an
      ammonium phosphate intermediate is costly and generally not readily
      available at the phosphate production site. Secondly, an economical
      process for utilizing a route involving an ammonium phosphate intermediate
      would require an efficient, inexpensive method for recovering ammonia for
      sale or recycle to the process and a suitable ammonia recovery process was
      not heretofore available.
PAR  It is generally known that the degree to which ammonia can be recovered
      from an aqueous system is a function of the alkalinity of the system.
      Thus, in the Kjeldahl method for analyzing for ammonia, highly alkaline
      solutions are employed in order to facilitate the release of ammonia.
      Likewise, in urea technology use of highly alkaline solutions facilitates
      substantially complete recovery of ammonia but generally only in
      combination with carbon dioxide.
PAR  In aqueous phosphatic systems the ability to remove ammonia is likewise
      dependent on the alkalinity of the solution. Thus, at atmospheric pressure
      complete recovery of ammonia from an ammonium phosphate solution is only
      feasible in the presence of a high concentration of a base such as sodium
      hydroxide, for example, in amounts sufficient to provide an Na/P molar
      ratio of 3 or more. As one decreases the concentration of base, recovery
      of ammonia becomes less complete and ammonia recovery times increase
      dramatically. As the Na/P molar ratio is decreased from 3 or more to about
      2 or less, ammonia recovery becomes uneconomical due to low yields and
      extended recovery time.
PAR  It is self-defeating to utilize a high Na/P molar ratio to facilitate
      ammonia recovery during alkali metal phosphate formation due to the fact
      that the high Na/P molar ratio merely limits the variety of phosphates
      which can be ultimately formed. For example, if an Na/P molar ratio of 2
      or more is utilized to form an orthophosphate solution from an ammonium
      phosphate, the orthophosphate cannot advantageously be used to form such
      relatively acidic products as NaH.sub.2 PO.sub.4, Na.sub.2 H.sub.2 P.sub.2
      O.sub.7 and (NaPO.sub.3).sub.x since each require an Na/P molar ratio of
      1. Likewise, an orthophosphate solution having an Na/P molar ratio of 2 or
      more cannot advantageously be utilized as a source material for sodium
      tripolyphosphate which requires an Na/P molar ratio of about 1.667.
PAR  It is thus apparent that if substantially all ammonia could be recovered
      from relatively acidic ammonium phosphate solutions, for example, those
      having an alkali metal/P molar ratio below about 2 and preferably as low
      as about 1, the resulting orthophosphate could advantageously be employed
      to prepare all phosphates, polyphosphates, and pyrophosphates in which the
      ratio of alkali metal to P is 1 or more.
PAR  It is known, of course, to prepare either monoammonium phosphate or sodium
      ammonium phosphate from phosphoric acid and there are several patents
      dealing with processes for accomplishing this and for producing ammonium
      phosphates of such purity that they can be utilized to prepare high
      quality alkali metal phosphates.
PAR  It is also known to react monoammonium phosphate with sodium hydroxide to
      produce sodium ammonium phosphate in accordance with the equation:
EQU  I NH.sub.4 H.sub.2 PO.sub.4 + NaOH.fwdarw.NaNH.sub.4 H.sub.2 PO.sub.4 +
      H.sub.2 O                                                 (I)
PAR  additionally, it is known to prepare sodium ammonium phosphate according to
      the following equation:
EQU  II 2NH.sub.4 H.sub.2 PO.sub.4 + Na.sub.2 CO.sub.3 .fwdarw.2NaNH.sub.4
      HPO.sub.4 + H.sub.2 O + CO.sub.2                          (II)
PAR  where it is desired to employ the solution formed according to equation I
      or II as an intermediate in the preparation of sodium phosphates, equation
      I would appear to be the route of choice in that it circumvents problems
      which may arise during a subsequent ammonia recovery step due to the
      presence of carbon dioxide, carbonates, or bicarbonates. While this would
      appear to dictate in favor a route utilizing only caustic soda the
      differential between the price of caustic soda and the price of soda ash
      or trona as a source of sodium carbonate would dictate in favor of the
      route of equation II if carbon dioxide could be economically and
      effectively removed prior to ammonia recovery.
PAR  The separation of carbon dioxide from ammonia, however, is notoriously
      difficult and at best would require one or more additional processing
      steps. No means has previously been found for thermally separating carbon
      dioxide from an ammonium phosphate containing reaction mixture without
      simultaneously separating, and thus losing, a substantial amount of
      ammonia. If, for example, one attempts to heat the mixture or conduct the
      reaction at elevated temperature up to about 40% of the ammonia will be
      expelled with the carbon dioxide. This in and of itself represents a
      substantial loss of ammonia and to avoid this loss, an additional
      separating step would be required. Furthermore, as the carbon
      dioxide/ammonia mixture cools, carbamates may form, precipitate, and plug
      process lines. The formation of carbamates represents an unwarranted loss
      of ammonia and also increases corrosion in process lines and processing
      equipment and thus substantially decreases its useful life.
PAR  In addition, the presence of excessive amounts of carbon dioxide during a
      high temperature ammonia recovery step will complicate ammonia recovery
      and/or contaminate either the ammonia or the solution of sodium ammonium
      phosphate or both.
PAR  In order to avoid these losses and complications and to take advantage of
      the price differential between soda ash and caustic soda it is the
      principal object of the present invention to provide a process for
      conversion of an aqueous monoammonium phosphate to a substantially
      ammonia-free solution of sodium orthophosphate wherein carbon dioxide and
      ammonia are each separately and economically recovered.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that this object may be achieved by first reacting
      monoammonium phosphate with sodium carbonate under conditions conducive to
      the release of substantially ammonia-free carbon dioxide to produce a
      solution of sodium ammonium phosphate having a reduced carbon dioxide
      content, then subjecting the sodium ammonium phosphate solution to
      treatment in a high pressure/temperature column to recover ammonia and an
      aqueous solution of sodium orthophosphate having a desired Na/P molar
      ratio in the range of 1-2 which is substantially free of ammonia.
DETD
PAC  DETAILED DESCRIPTION
PAR  The attached drawing is a diagram showing the general features of the
      apparatus for use in the present invention and showing the preferred flow
      of materials as taught herein.
PAR  Monoammonium phosphate for use in the present process may be prepared in
      any desired manner, for example, by ammoniation of furnace grade
      phosphoric acid or by ammoniation of wet process phosphoric acid as
      taught, for example, in U.S. Pat. No. 3,388,966.
PAR  An aqueous solution is prepared containing any desired amount of
      monoammonium phosphate. Suitably, any concentration up to about 70 wt. %,
      advantageously 10 to 70 wt. %, may be employed. It is preferred that a
      fairly concentrated solution be utilized and accordingly, the solution may
      be heated if desired to any desired temperature up to its boiling point,
      110-111.degree.C. at maximum concentration, to increase the amount of
      monoammonium phosphate which may be dissolved therein. Generally, such
      heating will not cause a noticeable loss of ammonia but if a noticeable
      odor of ammonia develops the temperature should be reduced slightly to
      minimize ammonia losses.
PAR  A slurry of monoammonium phosphate may also be employed if desired if a
      column provided with vapor-liquid contact means capable of handling solids
      it utilized or if the concentration of monoammonium phosphate is limited
      to a concentration which will readily dissolve when subjected to elevated
      temperature in the column.
PAR  Referring to the drawing a storage tank 10 of any suitable size and shape
      is provided for storing the aqueous monoammonium phosphate. Tank 10 is
      suitably heated by any suitable means, for example, by electrical heaters
      11. Tank 10 is suitably provided with an agitator 12 and an outlet
      communicating with feed line 13 which is provided with metering pump 14.
PAR  Any suitable source of sodium carbonate, for example, soda ash, trona, or
      sodium bicarbonate, but preferably soda ash, may be utilized as a solution
      or slurry in the present process. The solution or slurry may be heated if
      desired prior to introduction into the column. The solution or slurry is
      suitably stored in storage tank 15 which is heated by electrical heaters
      16. Tank 15 is suitably provided with agitator 17 and with an outlet
      communicating with feed line 18 provided with metering pump 19.
PAR  An atmospheric pressure column 20 is preferred for the conversion of
      monoammonium phosphate to sodium ammonium phosphate and, as shown, is an
      elongated vertical column having suitable vapor-liquid contact means 21.
      Preferably, the column has a height substantially greater than its width,
      for example, in a height to width ratio of 10:1 to 250:1 depending on the
      type and efficiency of the vapor-liquid contact means employed. Suitable
      vapor-liquid contact means 21 includes, for example, plates, sieves,
      beads, or other packing materials all of which are well known to those
      skilled in the art.
PAR  A typical column for use in the invention on a small scale is one which is,
      for example, 2 inches in diameter by 20 feet tall made of stainless steel
      or any other suitable material. As shown in the drawing the column is
      provided with vapor-liquid contact means 21 throughout a major portion of
      its length. A vapor line 22 exits from the top of the tower for removal of
      carbon dioxide and water vapor and a product removal line 23 exits from
      the bottom of the tower to a sodium ammonium phosphate storage tank 24 or
      to a further processing station (line 23a).
PAR  Column 20 may be maintained at any desired pressure, but it is clearly
      preferable to operate at atmospheric pressure. No substantial advantage is
      realized by operating at elevated pressure or under vacuum. It is
      preferable, however, to operate the column at elevated temperature and for
      this purpose a bottom reboiler or other suitable heating means (not shown)
      is employed. Suitably, an elevated temperature in the range of
      125.degree.F. to 250.degree.F. is advantageously employed and there is no
      reason to exceed these limits unless it is desired to reduce carbon
      dioxide to extremely low values, for example, below about 25-50 ppm. If
      operating in the lower portion of this range, however, for example, in the
      range of 125.degree.F. to 175.degree.F., it may be desirable to utilize an
      inert stripping gas such as air or nitrogen. This is generally not
      required when operating in the upper portion of the range (175.degree.C. -
      250.degree.C.) particularly if the boiling point of the solution is
      attained but may nevertheless be utilized if desired. If a stripping gas
      is utilized it is preferably introduced to the lower portion of the
      column, for example, via line 27. Suitably the stripping gas may be
      preheated by any known means prior to introduction.
PAR  The aqueous monoammonium phosphate is advantageously introduced into the
      upper half the first column (20), preferably at a point near the top of
      the column in order to maximize efficiency thereof. A small space above
      the injection point, for example 1-3 feet is all that is required for the
      disengagement of carbon dioxide.
PAR  The aqueous sodium carbonate is introduced into the tower at a level below
      the point of introduction of the monoammonium phosphate solution via line
      18 at a rate sufficient to provide and maintain in column 20 a reaction
      mixture having an Na/P molar ratio in the range of about 0.5-1.5,
      advantageously 0.6-1.2. Most efficient carbon dioxide stripping appears to
      be attained by utilizing feed rates which provide an Na/P molar ratio in
      the range of 0.7-1.1 at a temperature of about 170.degree.C. to about
      225.degree.F.
PAR  Upon introduction of the monoammonium phosphate and sodium carbonate the
      former is permitted to flow downwardly in the column into contact with the
      sodium carbonate which has been introduced below which is also flowing
      downwardly toward the bottom of the column. Upon such co-current contact
      the reaction according to equation II, supra, takes place causing the
      release of carbon dioxide, water and ammonia vapors. The vapors thus
      released rise in the column in countercurrent contact with the reaction
      mixture and eventually reach a level where they are in contact only with
      the monoammonium phosphate solution. At this point any free ammonia is
      converted to ammonium ion, absorbed into solution and thus removed from
      the ascending vapors and returned to the reaction mixture to be retained
      in the resulting bottoms product. The by-product CO.sub.2 is either vented
      or recovered, suitably together with water vapor and is substantially
      ammonia free; that is to say the overhead vapors contain an ammonia
      content of about 0-50 ppm, advantageously 0-25 ppm, preferably 0-5 ppm and
      ideally less than 1 ppm.
PAR  A bottoms product recovered from the bottom of the first column (20) via
      line 23 is an aqueous solution of reduced carbon dioxide content
      corresponding to sodium ammonium phosphate, i.e., having the approximate
      formula Na.sub.x (NH.sub.4).sub.y H.sub.z PO.sub.4 wherein x is 0.5-1.5,
      desirably 0.6-1.2, preferably 0.7-1.1, y is about 1 (representing
      substantially all ammonia present in the monoammonium phosphate feed
      stream) and z equals a value not less than zero equal to 3 - (x + y). The
      carbon dioxide content of the bottoms product is suitably 0-500 ppm,
      preferably 0-100 ppm. If the carbon dioxide is not recovered for re-sale
      or re-use, substantially higher levels are permissible in the liquid
      product but at present it is not known at what level the carbon dioxide
      becomes a problem insofar as ammonia losses or complications arising in
      ammonia recovery are concerned. It is known, however, that one can
      satisfactorily recover anhydrous ammonia without incurring undue losses
      due to carbamate formation if the carbon dioxide level is reduced to below
      about 500 ppm. As shown in the accompanying example, levels well below
      this are attainable in accordance with the present invention.
PAR  The bottoms product recovered from atmospheric pressure column 20 may be
      transferred to storage vessel 24 and fed via line 29, as needed, to a
      second vertical column 30 which is maintained at elevated temperature and
      pressure and which is operated at conditions conducive to the recovery of
      ammonia present in the solution and to the conversion of sodium ammonium
      phosphate to a solution of sodium orthophosphate having the composition
      Na.sub.x H.sub.3-x PO.sub.4 wherein x is the value of the Na/P molar ratio
      selected for operation of the second column.
PAR  In the preferred embodiment the bottoms product from column 20 is
      introduced to the second column 30 as a separate feed stream 29. Aqueous
      sodium hydroxide is then introduced to column 30 at a rate sufficient to
      contact and mix with the bottoms product and to provide a reaction mixture
      therein having a selected Na/P molar ratio in the range of 1-2. It is to
      be noted that where the Na/P molar ratio of the sodium ammonium phosphate
      solution is 1 or more the process is operative utilizing little or no
      sodium hydroxide, making it possible to obtain a product having a Na/P
      molar ratio as low as 1.
PAR  Alternatively, the bottoms product may be contacted by and premixed with
      the requisite amount of sodium hydroxide prior to introduction into column
      30 to preform the reaction mixture. The reaction mixture is then fed as a
      single feed stream to column 30 where it is subjected to the conditions
      hereinafter described.
PAR  It is preferable, however, that any adjustment in the Na/P ratio be made by
      introducing aqueous sodium hydroxide via line 36 into column 30 at the
      same level or at a level above that at which the bottoms product of column
      20 is introduced, the sodium hydroxide being introduced at a rate
      sufficient to produce and maintain in the second column a second reaction
      mixture having a selected Na/P molar ratio in the range of 1-2. The
      caustic introduced through second feed stream 36 is permitted to flow
      downwardly in column 30 in or into continuous co-current contact and to
      react with the bottoms product of columm 20.
PAR  Referring to the drawing there is shown a column 30 suitable for use for
      recovering ammonia from the reaction mixture. A suitable column is one
      which is adapted for high temperature/high pressure operation, preferably
      one which is made of a corrosion resistant material such as Hastalloy C.
      The column is substantially vertical and has a height substantially
      greater than its diameter, for example, in a ratio of from 10:1 to 250:1,
      the actual height depending on the type and efficiency of the vapor-liquid
      contact means used therein, the point of introduction and the results
      which are desired.
PAR  Suitable vapor-liquid contact means 31 are positioned throughout the
      reaction zone of the column and may include, for example, seives, plates,
      beads, or packing as desired, all of which are well known in the art.
PAR  A typical column for laboratory demonstration of the process is one which
      is 2 inches in internal diameter by about 20 feet tall. As shown in the
      drawing, the tower is provided with vapor-liquid contact means throughout
      a major portion of its length. A small unpacked section 32 is left at the
      bottom of the tower for accumulation of a suitable level of the bottoms
      product and an ammonia rectification section 33 is left open in the top of
      the tower. The top of the tower is provided with a condenser/splitter for
      recovery and recycle of ammonia via lines 34 and 35 respectively.
PAR  The amount of packing or other vapor-liquid contact means above line 36 and
      the reflux ratio via line 35 will determine the ultimate purity of ammonia
      recovered via line 34 and this purity may be varied from anhydrous ammonia
      to agricultural grade ammonia as desired, a greater degree of purity being
      attained as the number of theoretical plates or reflux ratio or both is
      increased.
PAR  The column 30 is designed for high pressure operation in order to attain
      the temperatures necessary to strip ammonia from the reaction mixture. It
      is preferable that substantially all ammonia be stripped from the reaction
      mixture to produce a bottoms product substantially free thereof. For
      purposes of the present invention the bottoms product is considered to be
      substantially free of ammonia if about 90-100% desirably 95-100%,
      preferably 99-100% of the ammonia in the reaction mixture is removed. The
      column must be operable at a pressure of at least about 130 p.s.i.g. and
      preferably up to about 500 p.s.i.g. in order to attain this degree of
      ammonia removal. At lower pressures within this range, temperatures
      obtainable in the column will not permit complete removal of all ammonia
      present in the reaction mixture. However, the amount of ammonia removed at
      lower temperatures in the range may be substantially increased by
      supplying or increasing the supply of stripping gasses to the column for
      example, through line 37.
PAR  Suitable stripping gasses include oxygen, air or nitrogen or other inert
      gasses which will not contaminate the ammonia recovered from the top of
      the tower or react with the reaction mixture. Carbon dioxide is preferably
      to be avoided since its presence tends to increase corrosion in the
      column, complicate ammonia recovery and contaminate the bottoms product.
      Oxygen or air is preferred since either or both tend to passivate the
      metal of the column against the corrosive effect of ammonia solutions
      and/or vapors therein.
PAR  As pressure in the column is increased, up to about 500 p.s.i.g. suitably
      200-500 p.s.i.g., temperatures obtainable therein also increase, thus
      increasing the efficiency of ammonia removal from the reaction mixture. At
      a pressure in the range of 300-500 p.s.i.g., ammonia content of the
      bottoms product is not more than about 1 ppm. Little, if any, advantage
      will be realized by utilizing pressures above about 400-500 p.s.i.g.
      although there is no technical reason why one could not do so.
PAR  Temperature in the column also affects the efficiency of ammonia removal.
      For most economical operation the column is operated at the boiling point
      of the reaction mixture at the selected pressure and heat is provided by
      any known means, for example, by a bottom reboiler (not shown). By
      operating at this temperature water is split out of the reaction mixture
      and acts to strip ammonia therefrom. The ammonia is then rectified to any
      desired degree in the upper part of the column and water returned to the
      liquid phase. Supplemental stripping gas is generally not required but in
      the event it is needed, it may be supplied via line 37.
PAR  Alternatively, an elevated temperature below the boiling point of the
      reaction mixture suitably from 150.degree.F. up to the boiling point
      desirably 200.degree.F. to the boiling point, preferably 250.degree.F. to
      the boiling point may be employed. Stripping gas is then preferably
      supplied via line 37 and serves as the vehicle for removal of ammonia from
      the mixture. The degree of ammonia removal will thus depend in part on the
      volume of stripping gasses supplied and in part on the liquid temperature.
PAR  The alkalinity of the reaction mixture also plays a role in the degree to
      which ammonia is removed from the reaction mixture. At high alkali metal
      to phosphorus molar ratios ammonia is more readily removed than where the
      reaction mixture is more acidic. Increasing the alkali metal content,
      however, is not a commercially acceptable means for recovering the ammonia
      since, as indicated above, the high Na/P ratios in the reaction mixture
      merely limit the variety of phosphates which can be derived. It is far
      more desirable to operate at Na/P molar ratios in the range of 1-2,
      preferably 1-1.75 and simultaneously be able to remove substantially all,
      from 90 to 100%, ammonia present in the reaction mixture. This can be
      achieved in accordance with the present invention even at an Na/P molar
      ratio as low as 1 whereas at atmospheric pressure less than about 40% of
      the available ammonia could be removed utilizing such a low ratio.
PAR  The sodium ammonium phosphate bottoms product is introduced to column 30
      via line 29 preferably at an intermediate level to allow space above for
      ammonia rectification and disengagement. Preferably the solution is
      introduced continuously to provide continuous contact with the alkali
      metal hydroxide solution.
PAR  The sodium hydroxide solution is introduced into the column via line 36
      from storage vessel 38 preferably at the same level or at a level above
      the level at which the sodium ammonium phosphate is introduced but
      sufficiently below the top of the column to allow for rectification and
      disengagement of ammonia.
PAR  The sodium hydroxide and sodium ammonium phosphate solutions are each
      permitted to flow gravitationally downward in or into cocurrent contact to
      form a second reaction mixture and to react to form a solution of sodium
      orthophosphate having a sodium to phosphorus molar ratio in the range of
      1-2, this ratio being determined by the rate at which the ammonium
      phosphate and alkali metal hydroxide are introduced.
PAR  During the reaction and thereafter as the reaction mixture flows downward
      toward the bottom of the tower, ammonia is released and flows
      countercurrently to the top of the tower together with water vapor and/or
      any stripping gasses which have been supplied via line 37. As the vapors
      rise in the column carbon dioxide is removed due to the contact and
      scrubbing action of the sodium hydroxide. If the sodium hydroxide is
      injected at a level above the level at which the bottoms product of the
      first column is injected maximum scrubbing efficiency and thus maximum
      CO.sub.2 removal is attained. Adequate scrubbing action is also attained
      if the sodium hydroxide is introduced at the same level as the sodium
      ammonium phosphate. However, if carbon dioxide levels are relatively low
      or if it is not critical to the process in question to obtain ammonia
      which is for all practical purposes free of carbon dioxide, the caustic
      bottoms product may be injected at a lower level but little, if any,
      scrubbing action occurs. Water vapor may be removed to any desired degree
      in the vapor-liquid contact zone above line 36 by increasing or decreasing
      the number of theoretical plates above this point and/or by increasing or
      decreasing the reflux ratio via line 35. The ammonia is recovered via line
      34, preferably as pure anhydrous ammonia.
PAR  The bottoms product of the second column comprises an aqueous solution of
      sodium orthophosphate having an Na/P molar ratio in the range of 1-2,
      preferably 1-1.75, corresponding to the ratio at which the sodium ammonium
      phosphate and sodium hydroxide are introduced to the column. At least
      90-100% and preferably 99-100% of available ammonia will have been removed
      and simultaneously recovered as a separate overhead product.
PAR  If one wishes to obtain the full spectrum of phosphates it is most
      preferred to operate the columns at an Na/P molar ratio which will produce
      an orthophosphate having an Na/P molar ratio in the range of 1-1.3 from
      which monosodium phosphate may be obtained directly. All other phosphates,
      polyphosphates and pyrophosphates are readily prepared therefrom by simply
      adjusting the Na/P molar ratio to a higher value with sodium hydroxide and
      treating the adjusted solution in accordance with known principles. In
      order to minimize the use of sodium hydroxide the first column is operated
      in the upper part of the 0.6-1.2 range, for example, at 0.9-1.2. If
      operated at an Na/P ratio of 1 or more sodium hydroxide may be deleted
      entirely from the second column, but this technique should only be
      employed where the CO.sub.2 scrubbing action of caustic in the second
      column is not required. Generally it will be preferred to operate the
      first column at a value of just under 1 and to use a small quantity of
      caustic in the second column i.e., that amount necessary to bring the Na/P
      molar ratio to within the range of 1-1.3.
PAC  EXAMPLE
PAR  An aqueous solution containing 42.5 wt. % reagent grade monoammonium
      phosphate, preheated to 160.degree.F. was introduced into a 2-inch by
      2-foot first column packed with 1/4 inch Pro-pack packing made of
      stainless steel 316 mesh. This packing was estimated to be equivalent to
      about 120 theoretical plates. The solution was introduced at a level of
      about 2 feet below the top of the packed portion of the tower at a rate of
      about 150 cc/min. An aqueous solution of soda ash containing 23 wt. %
      Na.sub.2 CO.sub.3 was introduced at a level of about 10 feet from the top
      of the packed portion of the tower at a rate of 120 cc per minute. The
      bottoms temperature was maintained at 205.degree.F.
PAR  The bottoms product was a solution of sodium ammonium phosphate having an
      Na/P molar ratio of about 0.77, and an ammonia to P ratio of about 1.
      Concentration of carbon dioxide in the solution was less than 100 ppm. VPC
      analysis of the overhead vapors indicated an ammonia content of less than
      500 ppm, the limit of detectability. A microkjeldahl analysis, sensitive
      to 1 ppm, indicated no detectable ammonia in the overhead vapors.
PAR  The bottoms product containing 35 wt. % sodium ammonium phosphate was
      introduced at the midpoint of a second such column which was maintained at
      a bottoms temperature of 450.degree.F. at a pressure of 400 p.s.i.g. The
      column was equipped with an overhead condenser, reflux splitter and bottom
      reboiler. Introduction was at a rate varying from 40 to 85 cc per minute.
      A 49% caustic solution was introduced at a rate of about 5 cc per minute
      at a level 2 feet higher. Anhydrous ammonia was recovered from the top of
      the tower and condensed with water at ambient temperature. The bottoms
      product was a solution of sodium phosphate containing 1-3 ppm ammonia and
      having an Na/P molar ratio varying from 1.37 to 1.77.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing ammonia and a substantially ammonia-free
      solution of sodium orthophosphate comprising:
PA1  a. introducing aqueous monoammonium phosphate into a substantially vertical
      first column provided with vapor-liquid contact means,
PA1  b. introducing aqueous sodium carbonate into said first column at a level
      below that at which said monoammonium phosphate is introduced at a rate
      sufficient to maintain therein an Na/P molar ratio in the range of
      0.5-1.5,
PA1  c. permitting said monoammonium phosphate to flow downwardly into
      continuous co-current contact and react with said sodium carbonate at a
      temperature of 125-250.degree.F.,
PA1  d. removing overhead substantially ammonia-free carbon dioxide and
      separately recovering a bottoms product comprising a solution of sodium
      ammonium phosphate having a reduced carbon dioxide content,
PA1  e. contacting said bottoms product with sufficient sodium hydroxide to
      provide a reaction mixture having a selected Na/P molar ratio in the range
      of 1-2,
PA1  f. stripping ammonia from said reaction mixture at elevated temperature and
      at a pressure in the range of 130 to 500 p.s.i.g. in a second column
      having vapor-liquid contact means, and
PA1  g. recovering from said second column an overhead product comprising said
      ammonia and a bottoms product comprising a solution of sodium
      orthophosphate having the selected Na/P molar ratio.
NUM  2.
PAR  2. The process of claim 1 wherein said Na/P molar ratio in said first
      column is 0.6-1.2.
NUM  3.
PAR  3. The process of claim 1 wherein the selected Na/P molar ratio in said
      second column is in the range of 1-1.75.
NUM  4.
PAR  4. The process of claim 1 wherein the pressure in said second column is in
      the range of 200-500 p.s.i.g.
NUM  5.
PAR  5. The process of claim 1 wherein the elevated temperature in said second
      column is a temperature in the range of 150.degree.F. up to the boiling
      point of the reaction mixture.
NUM  6.
PAR  6. The process of claim 5 wherein said temperature is in the range of
      250.degree.F. up to the boiling point of said reaction mixture.
NUM  7.
PAR  7. The process of claim 1 wherein said first column is operated at
      atmospheric pressure, wherein the pressure in said second column is
      300-500 p.s.i.g. and wherein the temperature in said second column is in
      the range of 250.degree.F. up to the boiling point of the reaction
      mixture.
NUM  8.
PAR  8. A process for preparing ammonia and a substantially ammonia-free
      solution of sodium orthophosphate comprising:
PA1  a. introducing aqueous monoammonium phosphate into a substantially vertical
      first column provided with vapor-liquid contact means,
PA1  b. introducing aqueous sodium carbonate into said first column at a level
      below that at which said monoammonium phosphate is introduced at a rate
      sufficient to maintain therein an Na/P molar ratio in the range of
      0.5-1.5,
PA1  c. permitting said monoammonium phosphate to flow downwardly in said column
      into continuous co-current contact and react with said sodium carbonate at
      a temperature of 125.degree.- 250.degree.F.,
PA1  d. removing substantially ammonia-free carbon dioxide overhead and
      recovering a bottoms product comprising an aqueous solution of sodium
      ammonium phosphate having a reduced carbon dioxide content,
PA1  e. introducing said bottoms product into a second column provided with
      vapor-liquid contact means,
PA1  f. introducing aqueous sodium hydroxide into said second column at the same
      level or at a level above that at which the bottoms product of said first
      column is introduced at a rate sufficient to maintain in said second
      column a reaction mixture having a selected Na/P molar ratio of in the
      range of 1-2,
PA1  g. permitting said sodium hydroxide to flow downwardly in continuous
      co-current contact with the bottoms product of said first column and to
      react with said sodium ammonium phosphate at elevated temperature and at a
      pressure in the range of 130-500 p.s.i.g.,
PA1  h. recovering an overhead product comprising said ammonia and recovering
      from the bottom of said column a substantially ammonia-free solution of
      sodium orthophosphate having the selected Na/P molar ratio.
NUM  9.
PAR  9. The process of claim 8 wherein said Na/P molar ratio in said first
      column is in the range of 0.6-1.2.
NUM  10.
PAR  10. The process of claim 8 wherein said selected Na/P molar ratio in said
      second column is in the range of 1-1.75.
NUM  11.
PAR  11. The process of claim 8 wherein the pressure in said second column is in
      the range of 200-500 p.s.i.g.
NUM  12.
PAR  12. The process of claim 8 wherein the elevated temperature in said second
      column is in the range of 150.degree.F. up to the boiling point of the
      reaction mixture.
NUM  13.
PAR  13. The process of claim 12 wherein said temperature is in the range of
      250.degree.F. up to the boiling point of said reaction mixture.
NUM  14.
PAR  14. The process of claim 8 wherein said first column is operated at
      atmospheric pressure, wherein the pressure in said second column is
      300-500 p.s.i.g. and wherein the temperature in said second column is in
      the range of 250.degree.F. up to the boiling point of said reaction
      mixture.
NUM  15.
PAR  15. A process for preparing anhydrous ammonia and a substantially
      ammonia-free solution of sodium orthophosphate comprising:
PA1  a. introducing aqueous monoammonium phosphate into a substantially vertical
      first column provided with vapor-liquid contact means,
PA1  b. introducing aqueous sodium carbonate into said first column at a level
      below that at which said monoammonium phosphate is introduced at a rate
      sufficient to maintain in said column a reaction mixture having a selected
      Na/P molar ratio of 0.6-1.2,
PA1  c. permitting said monoammonium phosphate to flow downwardly in said
      chamber in continuous co-current contact and react with said sodium
      carbonate at a temperature of 125.degree.-250.degree.F.,
PA1  d. removing substantially ammonia-free carbon dioxide overhead and
      recovering a bottoms product comprising an aqueous solution of sodium
      ammonium phosphate having a reduced carbon dioxide content,
PA1  e. introducing the solution of sodium ammonium phosphate from said first
      column into a second column provided with vapor-liquid contact means and
      stripping ammonia therefrom at elevated temperature and at a pressure in
      the range of 130-500 p.s.i.g while permitting said solution to flow
      downwardly in said second column,
PA1  f. recovering an overhead product comprising said ammonia and separately
      recovering a bottoms producg comprising a substantially ammonia-free
      solution of sodium orthophosphate having an Na/P molar ratio in the range
      of 1-1.3.
NUM  16.
PAR  16. The process of claim 15 wherein said overhead product is substantially
      anhydrous ammonia.
NUM  17.
PAR  17. The process of claim 15 wherein the pressure in said second column is
      in the range of 200-500 p.s.i.g.
NUM  18.
PAR  18. The process of claim 15 wherein the elevated temperature in said second
      column is in the range of 150.degree.F. up to the boiling point of said
      solution.
NUM  19.
PAR  19. The process of claim 16 wherein said temperature is from 250.degree.F.
      up to the boiling point of the reaction mixture in said second column at
      the selected pressure therein.
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ABST
PAL  Ammonium polyphosphates having a major portion of the P.sub.2 O.sub.5
      content thereof in the form of condensed phosphates are prepared by
      reacting wet-process phosphoric acid directly with ammonia under specified
      conditions. It is demonstrated that exchange and recovery of heat from the
      hot ammonium polyphosphate reaction mixture is critical to allow
      production of ammonium polyphosphate solutions from orthophosphoric acid
      and ammonia with polyphosphate contents high enough for chelating inherent
      impurities during extended periods of storage. Moreover, the present
      invention avoids substantial corrosion of the equipment.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our U.S. application Ser. No.
      167,810 filed July 30, 1971, now abandoned which is incorporated herein by
      reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of ammonium polyphosphate
      solutions. More particularly, it relates to the production of stable
      ammonium polyphosphate fertilizer solutions by the direct ammoniation of
      concentrated phosphoric acid derived from wet-process acid. Wet-process
      phosphoric acid is produced by decomposing phosphate rock, particularly
      calcium phosphate, with sulfuric acid and separating the phosphoric acid
      from the precipitated calcium sulfate. The resulting crude phosphoric acid
      contains various amounts of impurities such as iron, aluminum, calcium,
      magnesium and other metals in the form of their phosphates, sulfates or
      fluorides, depending on the characteristics of the particular phosphate
      rock which is used as a starting material. Because of the simplicity and
      cheapness of its manufacture, wet-process phosphoric acid is regarded as
      an excellent source of fertilizer grade phosphates. However, because of
      the presence of the aforementioned impurities its use is fraught with many
      difficulties and complications. As is well known, when wet-process
      phosphoric acid is treated with ammonia to form aqueous ammonium phosphate
      solutions, the impurities present in the acid form gelatinous precipitates
      which are extremely difficult to separate from the aqueous phase by
      filtration or other conventional methods. These precipitates form large
      deposits in the equipment used for storage and transfer and make handling
      difficult. The prior art discloses several attempts to overcome this
      difficulty. The use of sequestering agents, such as sodium
      hexametaphosphate, has proved unsatisfactory. Other methods involve heat
      treatment under controlled conditions to form various compounds which
      retain the metal impurities in solution, but such methods have the
      disadvantage of tieing up susbstantial amounts of polyphosphate. For
      example, it has been found that when more than about 2% of Al.sub.2
      O.sub.3 and Fe.sub.2 O.sub.3 are present, the availability of the
      phosphate is substantially reduced due to the formation of iron and
      aluminum pyrophosphates. Still another prior art method for overcoming the
      aforementioned problem comprises neutralizing the crude phosphoric acid at
      elevated pressure and temperature to cause the metal compounds to
      precipitate in a form which is readily filtered from the resulting
      polyphosphate solution. This process has the disadvantage of requiring
      pressure resistant equipment which adds to the cost.
PAR  U.S. Pat. No. 3,464,808 to Kearns relates to manufacture of ammonium
      polyphosphates from wet process phosphoric acid. Phosphoric acid having
      P.sub.2 O.sub.5 content of between about 55 and 65% is reacted with
      ammonia under conditions that simultaneously neutralize and molecularly
      dehydrate the acid whereby at least 20% of the orthophosphate is converted
      to non-orthophosphate (polyphosphate) and the resulting ammonium
      polyphosphate possesses self-sequestering properties. The patent features
      supplying a stream of ammonia to a jet reactor, supplying a stream of
      concentrated phosphoric acid to said jet reactor, and contacting said
      ammonia and said acid in said reactor at temperatures of 450.degree.F. to
      650.degree.F. for a period of less than one second to form molten droplets
      of ammonium polyphosphate. The molten product is subsequently quenched,
      e.g., by dissolving it in an aqueous system and further neutralizing the
      reaction product. Unfortunately, this process does not produce a product
      high in polyphosphate unless the wet-process phosphoric acid is preheated,
      and then the reaction mixture becomes so hot that it is highly corrosive.
      Generally, the reaction vessel is completely corroded within a few weeks.
PAR  U.S. Pat. No. 3,677,734 to Carroll et al. discloses that ammonium
      polyphosphates having a major portion of the P.sub.2 O.sub.5 content
      thereof in the form of condensed phosphates, are prepared by ammoniating
      wet-process phosphoric acid with ammonia in a multi-stage operation under
      specified conditions. The patent features contacting the wet-process
      phosphoric acid having a P.sub.2 O.sub.5 content of 50 to 65% by weight
      with impinging ammonia gas at a gas stream velocity of 1,000 to 2,500 feet
      per second, at an NH.sub.3 :H.sub.3 PO.sub.4 mol ratio of 0.4 to 0.8, a
      temperature of 375.degree. to 425.degree.F., a pressure of 15 to 75 psi
      and a time of 0.1 to 4 minutes to form ammonium phosphate product and
      steam; removing steam from the product; and contacting the ammonium
      phosphate with excess impinging ammonia at a velocity of 1,000 to 2,500
      feet per second, a temperature of 450.degree. to 500.degree.F., a pressure
      of 30 to 200 psi, and a time of 5 seconds to less than 2 minutes to form
      ammonium polyphosphate wherein at least 50% of the P.sub.2 O.sub.5 is in
      polyphosphate form. This process produces an improved product; however, it
      would be highly desirable to produce a similar product in a single-stage
      operation instead of a multistage operation.
PAR  U.S. Pat. No. 3,492,087 to Moore et al. discloses a process wherein
      relatively pure ammonium polyphosphate fertilizer solution is prepared by
      introducing preheated ammonia into wet process phosphoric acid and heating
      the mixture to at least 205.degree.C. to produce an anhydrous molten mass
      which is then dissolved in an aqueous medium. Filterable solids are
      separated to produce a clear ammonium polyphosphate solution. The
      ammoniation is preferably conducted in two stages, wherein preheated
      anhydrous ammonia is introduced into the second stage and the unabsorbed
      ammonia therefrom is used to partially neutralize the acid in the first
      stage.
PAR  Although the disclosure of U.S. Pat. No. 3,492,087 is an important
      contribution to this art, research studies have been continued in an
      effort to develop an improved process which would obviate the remaining
      three main problems of direct ammoniation technology, i.e., formation of
      relatively large quantities of insoluble iron and aluminum ammonium
      phosphates, severe corrosion of the reactor, and insufficient heat from
      the direct ammoniation to produce a product high in polyphosphate content.
      Clearly, it would be highly desirable to define a direct ammoniation
      procedure that would substantially avoid the precipitation of solids and
      thereby eliminate the costly filtration step of the above-described
      patented process.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is an object of the present invention to
      provide an improved process for producing ammonium polyphosphate solutions
      from wetprocess phosphoric acid.
PAR  It is a further object of the present invention to provide an economical
      process for producing a liquid nitrogen-phosphate fertilizer from
      wet-process phosphoric acid, wherein the available amount of phosphoric
      anhydride is totally water soluble.
PAR  Another object of the invention is to provide an improved process for
      producing ammonium polyphosphate solutions high in polyphosphate content
      by direct ammoniation of wet-process phosphoric acid.
PAR  These and other objects and advantages which will be obvious hereinafter
      are achieved by the present invention which is set forth in the following
      description wherein parts and percentages are by weight.
PAR  The present invention is an improvement over our process of U.S.
      application Ser. No. 167,810 filed July 30, 1971. The present invention
      may be summarized as follows. In a process for production of ammonium
      polyphosphate solution which comprises the following steps:
PA1  a. providing a concentrated wet-process phosphoric acid containing at least
      55% P.sub.2 O.sub.5, preferably 60-70% P.sub.2 O.sub.5 ;
PA1  b. continuously reacting said concentrated acid with substantially
      anhydrous ammonia at a temperature of 550.degree.-650.degree.F. for at
      least 1 second, preferably 5-60 seconds, sufficient ammonia being reacted
      with the acid to produce a reaction melt having a nitrogen to P.sub.2
      O.sub.5 weight ratio between about 0.12 and 0.18, whereby the
      polyphosphate content of the melt is increased to 60-90% of the total
      P.sub.2 O.sub.5 without formation of insoluble reaction products; and
PA1  c. continuously quenching the resulting reaction melt in aqueous ammonia of
      sufficient concentration to form a clear solution containing 10-13%
      nitrogen and 33-37% P.sub.2 O.sub.5 having 60-90% of the total P.sub.2
      O.sub.5 in polyphosphate form, the improvement comprising:
PA2  1. preheating the concentrated wet-process phosphoric acid utilized in step
      (b) in a conventional steam-heated heat exchanger to a temperature of
      200.degree.-290.degree.F., preferably 240.degree.-275.degree.F.;
PA2  2. further preheating said concentrated wet-process phosphoric acid to a
      temperature of about 320.degree.-500.degree.F., preferably
      400.degree.-500.degree.F. by indirectly contacting the acid with the hot
      reaction melt in step (b) conventionnal heat exchanger;
PA2  3. preheating the substantially anhydrous ammonia utilized in step (b) in a
      conventional steam-heated heat exchanger to a temperature
      200.degree.-440.degree.F., preferably 275.degree.-440.degree.F., and
PA2  4. further preheating said ammonia to a temperature of
      320.degree.-540.degree.F. preferably 450.degree.-540.degree.F., by
      indirectly contacting the ammonia with the hot reaction melt in step (b)
      in a conventional heat exchanger.
PAR  The concentrated wet-process phosphoric acid utilized in the process of the
      present invention can be obtained by evaporating commercial wet-process
      phosphoric acid. Such acid usually contains about 0.8 to 1.8% iron, 0.6 to
      1.3% aluminum, 0.2 to 0.5% magnesium, 0.04 to 0.4% calcium, 0.04 to 0.1%
      potassium and 0.03 to 0.1% sodium, analyzed in the form of the respective
      oxides. However, some of the metal cations may be removed prior to use by
      any suitable means such as ion exchange. Alternatively, if desired, the
      acid utilized in the process can consist of a simple mixture of commercial
      wet-process phosphoric acid and superphosphoric acid, which is the term
      usually applied to phosphoric acid that contains around 70 to 76% P.sub.2
      O.sub.5 comprising ortho- and polyphosphoric acids. From an economic
      viewpoint, it is generally preferable to utilize a concentrated
      wet-process phosphoric acid containing little or no added superphosphoric
      acid.
PAR  The ammonia feed for the process is desirably anhydrous ammonia; however, a
      small proportion of water can be tolerated in the ammonia if the
      wet-process phosphoric acid utilized in the process is highly
      concentrated.
PAR  The pressure under which the reaction mixture is heated should be
      sufficiently low to allow vaporization of water present in the acid as
      well as that which is split off during the formation of the polyphosphate.
      Pressures of 0.5 to 5 atmospheres are advantageously used, thus permitting
      the use of less costly equipment.
PAR  A reaction temperature of 550.degree. to 650.degree.F. is utilized for the
      polyphosphate formation. A reaction time of at least 1 second, preferably
      5 to 60 seconds, is required for adequate reaction. Surprisingly, at the
      specified nitrogen to P.sub.2 O.sub.5 ratios, no solids are formed. This
      is particularly unexpected in view of U.S. Pat. No. 2,415,797 which
      teaches that the metallic impurities of iron and aluminum preciptiate out
      of wet-process phosphoric acid when it is heated to temperatures of
      300.degree.C. (572.degree.F). It may be theorized that the polyphosphates
      rapidly produced in the instant process form chelates with the iron and
      aluminum which are stable throughout the process.
PAR  The heating is continued until a substantially anhydrous melt is obtained
      wherein at least 60%, preferably 65 to 80% of the P.sub.2 O.sub.5 is
      present as polyphosphate. Prolonged heating should be avoided to avoid
      possible formation of metaphosphates. Generally, the reaction is complete
      within 60 seconds. A reactor designed for plug flow is utilized.
PAR  As indicated hereinabove, sufficient ammonia is reacted with the phosphoric
      acid in the high temperature reactor to produce an ammoniated
      polyphosphate melt having a nitrogen to P.sub.2 O.sub.5 weight ratio being
      about 0.12 to 0.18. Preferably, the melt contains about 9-10% nitrogen and
      about 60--63% P.sub.2 O.sub.5.
PAR  The ammonium polyphosphate melt may be cooled and stored, but desirably is
      quenched directly in aqueous ammonia. The preferred solvent is aqueous
      ammonia of sufficient concentration to produce a solution containing about
      10 to 13% nitrogen and 33 to 37% P.sub.2 O.sub.5. Temperature during
      dissolution is preferably maintained at about 75.degree. to 212.degree.F.
      Surprisingly, the product ammonium polyphosphate solution is substantially
      free of precipitates.
PAR  The liquid ammonium polyphosphate product of this process has particular
      value in the fertilization of crops because of its ability to supply
      easily dispensed primary nutrients as well as trace amounts of
      micronutrients, particularly iron in chelated form. Such solutions will
      remain stable, i.e., substantially free from precipitated solids for at
      least 90 days at normal temperatures. Preferred solutions have a nitrogen
      content of about 10 to 13%, a P.sub.2 O.sub.5 content of about 33 to 37%
      and a pH in the range 5.5 to 6.5.
PAR  To obtain optimum conversion of the P.sub.2 O.sub.5 to polyphosphate, it is
      critical to preheat the reactants to a high temperature prior to reaction;
      the ammonia is preheated to a temperature of 320.degree.-540.degree.F.,
      and the concentrated wet-process phosphoric acid is preheated to a
      temperature of 320.degree.-500.degree.F., preferably
      400.degree.-500.degree.F. Part of this heat is economically obtained by
      heat exchange with the hot reaction melt, and this heat exchange has the
      added advantage of maintaining the temperature of the reaction mixture at
      550.degree.-650.degree.F., which is the preferred reaction temperature.
      Moreover, this heat exchange with the reactants effectively reduces the
      "skin" temperature of the interior walls of the reactor thereby
      significantly reducing corrosion of the reactor equipment.
PAR  It has been found that satisfactory heat exchange and the desired reaction
      temperature of 550.degree.-650.degree.F. are readily obtained if the
      reactant phosphoric acid concentration is at least 55% P.sub.2 O.sub.5,
      preferably 60-70% P.sub.2 O.sub.5, and the reactants are preheated as
      described in the previous paragraph. If the phosphoric acid concentration
      in the feed is less than 55% P.sub.2 O.sub.5, the required minimum
      temperature of 550.degree.F. in the reactor will not be reached because of
      the consumption of relatively large amounts of heat to evaporate excess
      water in the phosphoric acid. Moreover, if a reaction temperature of at
      least 550.degree.F. is not achieved in the ammoniation reactor, we have
      found that transfer of heat through the reactor walls is not practical
      because the walls are quickly fouled by scale and also because the
      ammonium polyphosphate melt has a relatively high viscosity and poor heat
      transfer characteristics. This is attributed to the fact that reaction
      melts containing 60-90% of the total P.sub.2 O.sub.5 as polyphosphates are
      clear, thin melts with good heat transfer properties, whereas melts with
      lower polyphosphate content are relatively thick slurries which have poor
      heat transfer properties and form ever increasing scale layers on the heat
      exchanger surfaces.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to demonstrate the invention, the following examples are given:
DETD
PAC  EXAMPLE 1
PAR  Wet-process orthophosphoric acid containing 50.3% P.sub.2 O.sub.5 is
      preheated to 265.degree.F. and fed at the rate of 480 tons per day to a
      conventional stainless steel falling film evaporator to form a
      concentrated phosphoric acid containing about 60.0% P.sub.2 O.sub.5. A
      typical sample of this concentrated wet-process phosphoric acid having the
      following properties, which will hereinafter be referred to as "Solution
      A", is found to be useful for purposes of the present invention:
TBL  Total P.sub.2 O.sub.5, %                                                  
                          60.0                                                 
     Percent of Total P.sub.2 O.sub.5 as                                       
     Polyphosphate        0.0                                                  
     Fe.sub.2 O.sub.3, %  1.8                                                  
     Al.sub.2 O.sub.3, %  1.0                                                  
     MgO, %               0.4                                                  
     CaO, %               0.1                                                  
     SO.sub.4, %          2.6                                                  
     F, %                 0.2                                                  
PAL  Small proportions of sulfate ion are found to be effective as a corrosion
      inhibitor in the presence of polyphosphate. Accordingly, to minimize
      corrosion of evaporator tubes, the wet-process orthophosphoric acid is fed
      into a recycle stream of the concentrated acid. Desirably, the acid
      contains 2-10% sulfate ion.
PAR  Solution A, the above-described concentrated wet-process phosphoric acid,
      is continuously pumped through a conventional steam heated "Karbate" heat
      exchanger, operating at 50 psig steam pressure on the shell side, where it
      is heated to 275.degree.F. The acid is then further preheated to
      450.degree.F. by passing it through a conventional spiral heat exchanger
      which is heated by the hot reaction melt as described hereinafter. The
      heat exchanger is constructed of "Hastelloy G" which is "Heresite" coated
      on the acid side.
PAR  The anhydrous ammonia to be reacted with the concentrated wet-process
      phosphoric acid is vaporized and heated to about 380.degree.F. in a
      conventional steel steam-heated heat exchanger, operating at about 275
      psig steam pressure. The ammonia is then further preheated to about
      500.degree.F. by passing it through a conventional heat exchanger which is
      heated by the hot reaction melt as described hereinafter. For convenience,
      this heat exchanger is called the Melt Reactor; it is a 6-inch diameter
      "Hastelloy G" reactor tube with a jacket for preheating the ammonia. The
      Melt Reactor is about 12 feet in height.
PAR  The Melt Reactor is arranged in a vertical position, and the preheated
      ammonia and acid (at 500.degree.F. and 450.degree.F., respectively) are
      fed tangentially in the bottom. Sufficient ammonia is fed to the Melt
      Reactor and reacted with the acid to form a partially ammoniated
      polyphosphate melt containing 9-10% nitrogen and 60-63% P.sub.2 O.sub.5
      within 5 to 15 seconds. The temperature of the reaction mixture rises to
      about 600.degree.F. and a melt is formed as the mixture passes upwardly
      through the Melt Reactor. As previously indicated, the feed ammonia is
      preheated to 500.degree.F. in the jacket portion of the Melt Reactor.
PAR  The reaction melt passes from the top of the Melt Reactor to the spiral
      heat exchanger on the uncoated "Hastelloy G" side of the exchanger. The
      melt remains fluid as it is cooled from about 600.degree.F. to about
      420.degree.F. in the exchanger. It is then discharged through a downturned
      end of a horizontal pipe into the middle section of a conventional
      absorption tower called the Product Absorber. As previously indicated, the
      feed acid is preheated to 450.degree.F. in the "Heresite" coated portion
      of the spiral heat exchanger.
PAR  The partially ammoniated polyphosphate melt from the spiral heat exchanger
      at about 420.degree.F. blows downward into the Product Absorber where it
      is injected into a cooled reservoir of recycling aqueous ammonium
      polyphosphate together with sufficient ammonia and water to form the
      product solution containing about 10-13% nitrogen and 33-37% P.sub.2
      O.sub.5, by weight, said solution having about 66% of the total P.sub.2
      O.sub.5 in polyphosphate form. The upper part of the Product Absorber
      contains conventional polypropylene packing, and the aqueous ammonium
      polyphosphate is cooled and recycled downward through the Product
      Absorber. Water vapor and unreacted ammonia discharged into the Product
      Absorber are absorbed by the circulating aqueous ammonium polyphosphate.
      Product solution is withdrawn from the Product Absorber in amount
      equivalent to the reactants fed to the process. The plant typically
      produces 650 tons per day of 11-37-0 fertilizer solution. This solution is
      substantially free from precipitated solids and remains stable for at
      least 90 days.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was followed except that the concentrated
      wet-process phosphoric acid used contained 62 weight percent P.sub.2
      O.sub.5, 4 weight percent sulfuric acid, and no polyphosphate. The acid
      was fed to the steam heated Karbate heat exchanger and preheated
      275.degree.F. It was then passed through the spiral heat exchanger where
      it was further preheated to 500.degree.F. by heat interchange with the
      reaction melt. Maximum temperature reached in the Melt Reactor was
      650.degree.F. Heat removed from the reaction melt and transferred to the
      reaction feeds was 3,000,000 B.T.U. per hour. The reaction melt was
      converted by addition of ammonia to a 10-34-0 fertilizer solution
      containing 69% of the P.sub.2 O.sub.5 in the form of polyphosphate.
PAC  EXAMPLE 3
PAR  The general procedure of Example 1 was followed except that the
      concentrated wet-process phosphoric acid, after being preheated to
      275.degree.F. in the steam heated Karbate heat exchanger, was further
      preheated through a jacket on the Melt Reactor instead of the external
      spiral heat exchanger. The ammonia was similarly preheated.
PAR  The concentrated wet-process phosphoric acid contained 63.2% by weight
      P.sub.2 O.sub.5 and 4% by weight sulfuric acid. In the jacket around the
      melt tube the acid and the ammonia were heated to about 320.degree.F.
      while the rection melt was cooled from the reactor maximum temperature of
      600.degree.F. to 360.degree.F. The reaction melt remained thin and clear
      and the heat transfer surface was not fouled. The heat transfer was
      satisfactory with 60 square feet of heat transfer surface giving 765,000
      B.T.U. per hour of heat transfer. The reaction melt was converted by
      addition of aqua ammonia to 11-37-0 fertilizer solution containing 64% of
      the P.sub.2 O.sub.5 in polyphosphate form.
PAC  EXAMPLE 4
PAC  (Comparative Example)
PAR  The apparatus used in Example 1 was used in this example, but the
      wet-process phosphoric acid fed to the Melt Reactor contained only 54% by
      weight P.sub.2 O.sub.5 and 3% by weight sulfuric acid. This acid was
      preheated to 275.degree.F. in the steam heated Karbate heat exchanger and
      further preheated in the spiral heat exchanger. The maximum temperature
      reached in the Melt Reactor was only 407.degree.F. After 30 minutes
      operation, the apparatus plugged completely, and it was necessary to shut
      operations for extensive cleanout operations. When compared with results
      of Example 1, this example demonstrates that the concentration of the feed
      acid is a critical element in the present invention.
PAC  EXAMPLE 5
PAC  (Comparative Example)
PAR  The apparatus used in Example 1 was used in this example except that there
      was no heat exchange of the reaction melt with the inlet feeds. However,
      the inlet acid and ammonia were preheated to 275.degree.C. in the steam
      heated heat exchangers. The maximum temperature of the reaction melt in
      the Melt Reactor was only 420.degree.F. The melt was thick and only 48% of
      the total P.sub.2 O.sub.5 was in polyphosphate form. The reaction melt was
      converted by addition of aqua ammonia to a 10-34-0 fertilizer solution.
      This solution was not clear and required filtration. After storage of the
      filtered solution for three months at 75.degree.-85.degree.F., it was
      found to be badly precipitated. When compaared with results of Example 1,
      this example demonstrates that heat exchange of the reaction melt with the
      inlet feeds is a critical element of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for production of ammonium polyphosphate solution which
      comprises the following steps:
PA1  a. providing a concentrated wet-process phosphoric acid containing 60-70%
      P.sub.2 O.sub.5 ;
PA1  b. continuously reacting said concentrated acid with substantially
      anhydrous ammonia in an elongated tubular reactor at a temperature of
      550.degree.-650.degree.F. for 5-60 seconds, sufficient ammonia being
      reacted with the acid to produce a reaction melt having a nitrogen to
      P.sub.2 O.sub.5 weight ratio between about 0.12 and 0.18, whereby the
      polyphosphate content of the melt is increased to 60-90% of the total
      P.sub.2 O.sub.5 without formation of insoluble reaction products; and
PA1  c. continuously quenching the resulting reaction melt in aqueous ammonia of
      sufficient concentration to form a clear solution containing 10-13%
      nitrogen and 33-37% P.sub.2 O.sub.5 having 60-90% of the total P.sub.2
      O.sub.5 in polyphosphate form, the improvement comprising:
PA2  1. maintaining 2-10% sulfate ion in the concentrated wet-process phosphoric
      acid of step (a) as a corrosion inhibitor;
PA2  2. preheating the concentrated wet-process phosphoric acid utilized in step
      (b) in a conventional steam-heated heat exchanger to a temperature of
      200.degree.-290.degree.F.;
PAR  3. further preheating said concentrated wet-process phosphoric acid to a
      temperature of 320.degree.-500.degree.F. by passing said melt from said
      reactor to an indirect heat exchanger;
PA2  4. preheating the substantially anhydrous ammonia utilized in step (b) in a
      conventional steam-heated heat exchanger to a temperature of
      200.degree.-440.degree.F.;
PA2  5. further preheating said ammonia to a temperature of
      320.degree.-540.degree.F. by indirectly heat-exchanging the ammonia with
      the hot reaction melt in step (b).
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ABST
PAL  A method for the separation and recovery of elemental sulfur from mixtures
      of foreign material and sulfur which comprises washing the foreign
      material and sulfur mixture to remove impurities which are deleterious to
      coalescence of the sulfur particles followed by adding as a cleansing and
      coalescence agent an alkali metal hydroxide or carbonate, heating the
      mixture to a temperature above the melting point of sulfur for one hour to
      coalesce the sulfur particles, and separating the coalesced sulfur from
      the foreign material.
BSUM
PAR  The present invention relates to the recovery of sulfur from an input feed
      containing elemental sulfur and mineral impurities which has been ground
      sufficiently fine to permit slurrying. The invention contemplates a
      pretreatment which consists of an acid or water wash to remove heavy metal
      and alkaline earth metal impurities which may be acid soluble or water
      soluble. This pretreatment process is followed by a thermal or heat
      treatment above the melting point of sulfur and in the range of about
      120.degree. - 140.degree.C, in the presence of an alkaline treating agent
      selected from alkali metal hydroxides and carbonates in the amount of at
      least five pounds per ton of dry feed or 0.30 grams per 100 grams feed.
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  Elemental sulfur frequently occurs in nature intimately admixed with
      various mineral impurities. Where such deposits occur at or near the
      surface, the traditional "Frasch" recovery method cannot be used. As a
      result, such deposits cannot be economically exploited.
PAR  Elemental sulfur may also be produced by certain chemical reactions, and in
      particular by the oxidation of the sulfide sulfur in metallic sulfides.
      Specific examples of such oxidation are the electrolytic oxidation of
      nickel sulfides as taught in U.S. Pat. No. 2,839,461, and the ferric
      chloride oxidation of copper sulfide as taught in U.S. Bureau of Mines
      Report of Investigation R.I. 7474.
PAR  Where elemental sulfur is produced by chemical reaction, its separation
      from mineral gangue is required in order that it be of sufficient purity
      to be a marketable by-product.
PAR  Thus, whether the combination of sulfur and mineral impurity occurs in
      nature or as a result of chemical reactions, the separation of the
      elemental sulfur and the mineral impurities has become important for
      economic reasons. Furthermore, there is increasing public concern over the
      large quantity of sulfur dioxide air contamination which results from the
      traditional smelting of metallic sulfides. Processes for the conversion of
      sulfides by the chemical or electro-chemical means cited above which
      produce elemental sulfur are of public benefit. The low cost and efficient
      separation of the elemental sulfur produced is an important adjunct to
      such processes.
PAR  In the past, various techniques have been proposed and used commercially to
      accomplish the separation of sulfur from mineral impurities. These have
      included melting and filtering, and sublimation. Neither process has
      proven to be economical in the presence of substantial quantities of
      mineral impurities. More recently, certain organic solvents have been
      proposed whereby the sulfur is dissolved and caused to reprecipitate in
      pure form. Such processes have been shown to be effective in processing
      low grade sulfur feeds and in producing pure products but are inherently
      expensive in capital and operating costs.
PAR  A process is taught in U.S. Pat. No. 2,537,842, McGauley et al., whereby an
      aqueous slurry of the sulfur is heated above the melting point of sulfur,
      and then cooled below the melting point, resulting in the formation of
      discrete sulfur particles which may be separated by froth flotation from
      the mineral gangue. However, in the patent there is no provision for
      removal of certain deleterious acid soluble metal ions associated with
      elemental sulfur produced from metallic sulfides. Thus, the elemental
      sulfur wets the mineral impurity surfaces and cannot be separated.
      Further, in the McGauley patent there is no provision for a prolonged
      heating time since the patent gives a maximum of 5 minutes and, finally,
      no provision for basic additives during that treatment.
PAR  Additionally, the process of U.S. Pat. No. 3,371,999, Skrzec, is of
      interest. In separating iron and sulfur chlorides contained in molten
      sulfur, the patentee passes the molten sulfur by-product countercurrent to
      a dilute basic aqueous solution to extract the chlorides and collect the
      elemental sulfur in a pool.
PAR  While peripherally relevant, substantial differences exist between the
      process of Skrzec and the present invention. In the patent there is no
      suggestion of a pre-wash to remove acid or water soluble deleterious ions.
      Further, there is no coalescence from mineral impurities and the amounts
      and nature of the alkaline treating agents or additives are different.
      Finally, the patent shows uniformly a short treating time while in the
      present process, optimum coalescence with respect to yield occurs after
      about 1 hour and optimally 2 hours (120 minutes).
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that in the separation of elemental sulfur from mineral
      impurities by the method of heating an aqueous slurry of the elemental
      sulfur and mineral impurity above the melting point of sulfur
      (120.degree.C) so that the elemental sulfur coalesces, certain impurities
      frequently found in nature or in the production of such sulfur by
      oxidation of metallic sulfides are deleterious and prevent the coalescence
      of the sulfur. Such deleterious ions may be removed through a preliminary
      washing of the sulfur and mineral impurity prior to the coalescence step.
PAR  The term "foreign material" as used herein includes mineral impurities with
      which elemental sulfur exists uncombined in nature and may result from
      concentration of native sulfur ore or from concentrate used in the
      recovery of metals from their sulfides in ores. The wash medium of the
      slurry referred to herein may be water or dilute mineral acid. Reference
      to "washing" the material includes washing with water or dilute mineral
      acid.
PAR  The so-called "deleterious metal ion" concentration which is subject to
      acidic and/or water removal from elemental sulfur in the present process
      consists of one or more ions selected from the alkaline earth metals
      (Group 2a) and heavy metals of the top half of the Periodic Table of
      Elements (Handbook of Chemistry and Physics 49, Chemical Rubber Co.,
      1968-69). It has been further found that in a typical situation where the
      raw material is chalcopyrite, zinc sulfide and the like, the principal
      deleterious or interfering ions subject to acid wash removal are calcium,
      magnesium, ferric iron, ferrous iron, cupric copper, cuprous copper and
      zinc.
PAR  Also, it has been found that as respects the following elements when
      present in a form capable of dissolving in a mineral acid at an acid pH of
      1.0 and above, and preferably in an acid pH range of about 1.0 to 4.0, the
      concentrations cited will prevent the coalescence of the sulfur:
TBL                 Grams/Liter of Slurry                                      
     ______________________________________                                    
     Calcium          0.25                                                     
     Magnesium        0.25                                                     
     Ferric Iron                                                               
     Ferrous Iron     2.0                                                      
     Cupric Copper                                                             
     Cuprous Copper   2.0                                                      
     Zinc             2.0                                                      
     ______________________________________                                    
PAR  In a minority of situations, where such elements or ions are present in the
      slurry but are so chemically bound as to be insoluble at the acid pH
      utilized, or are below effective concentrations, they are not deleterious
      and an aqueous non-acid pretreatment may be utilized. It is critical that
      the concentrate particles have substantially all of the metal ions removed
      by washing with water, acid or other agent which will dissolve in an
      aqueous solution having a pH above about 1.0.
PAR  A preferred acid-treating agent for the pretreatment is selected from one
      or more strong mineral acids such as hydrochloric and nitric, which are
      preferred. When utilized in 0.1N solutions, hydrochloric and nitric acids
      achieve a solution pH of about 1 which is optimum for the process. Of the
      other commercial strong mineral acids, sulfuric and ortho-phosphoric
      present some difficulties in solubilizing the alkaline earth values
      present and for this reason are not preferred.
PAR  It has been found that alkali metal hydroxides and carbonates greatly
      promote the coalescence of sulfur so that in the product elemental sulfur
      will collect on a 100-mesh screen, and it has been found that alkaline
      earth hydroxides such as calcium hydroxide, Ca(OH).sub.2, and ammonium
      hydroxide, NH.sub.4 OH, will not operate successfully to coalesce sulfur.
PAR  The alkali metal utilized as the hydroxide and carbonate is defined as one
      or more of Group 1a of the Periodic Table, Handbook of Chemistry and
      Physics 49, ante, namely lithium, sodium, potassium, rubidium, caesium and
      francium. Of this group, the commercially feasible members are lithium,
      sodium and potassium, and these latter are preferred. Using the strong
      base sodium hydroxide as a standard, at least 5 lbs. must be added per ton
      of feed to achieve the necessary basic pH for the slurry and it is
      critical that this amount be used. For sodium hydroxide, a preferred range
      is 10 lbs. - 30 lbs./ton, a most preferred range is 15 lbs. - 25 lbs./ton,
      and an operable range is 5 lbs. to over 50 lbs./ton. The less alkaline
      carbonates are generally utilized in larger amounts, so that their
      utilization is near the upper end of the 5 lbs. - 50 lbs./ton range. The
      process works optimally from an economic standpoint at pH 9-11 and above,
      and, e.g., 1N Na OH imparts a pH of about 13 in a theoretical unbuffered
      solution.
PAR  The precise mechanism by which these additives work is not known, but it is
      believed that in the presence of these basic alkalis the sulfur may
      dissolve in the aqueous phase and then reprecipitate in pure form
      promoting the coalescence.
PAR  It is further postulated that the alkali metal treating agents dissolve
      some of the sulfur as sodium sulfide which precipitates out to serve as a
      nucleating agent for crystallization. It is known that in the present
      process after 1 hour a majority of the nucleated sulfur particles are
      caught on a screen which would pass the original feed.
PAR  The slurry density at which the separation is effected is not critical
      within a broad range. It is only necessary that there be sufficient
      aqueous phase present so that the solids may move freely and that there be
      sufficient solids for good sulfur-to-sulfur contact. A range of slurry
      density of from 20 percent to 50 percent solids by weight is preferred and
      a slurry density of 30-45 percent most preferred.
PAR  The temperature to which the slurry is raised is critical. In order for the
      sulfur to coalesce, it is necessary to raise the temperature above the
      melting point of sulfur which is about 120.degree. C. At higher
      temperatures, sulfur becomes increasingly viscous so that temperatures
      above 140.degree.C are avoided. The preferred temperature range is
      130.degree. to 140.degree.C.
PAR  To obtain these temperatures, a suitable pressure device is required.
      Autoclaves with provision for agitation are a preferred device but a
      pressure pipe with mixing devices and other pressure devices may be used.
PAR  Treatment time and temperature will vary in accord with the objective
      desired as the degree of coalescence is time dependent. Times in excess of
      60 minutes at temperature are required to produce good grade particles
      coarser than 100 mesh, U.S. Standard, upon cooling. Utilizing somewhat
      longer times, as for example 11/2 to 2 hours, which is preferred, yields
      of +100 mesh material are improved. At still longer times a pool of sulfur
      can be obtained. Agitation at moderate speeds is indicated in the process.
PAR  The separation of the elemental sulfur and the mineral impurity may be
      accomplished by quenching the slurry causing the coalesced sulfur to
      solidify in particles coarser than the mineral feed. The coarse sulfur may
      then be conveniently removed by screening. Alternately, a liquid pool of
      coalesced sulfur may be obtained in a pressure vessel maintained at a
      temperature above the melting point of sulfur and slurry continuously
      added and removed with periodic removal of the sulfur pool providing
      continuous operation.
PAR  By this invention it is possible to separate sulfur from mineral impurities
      and obtain a product quality of 85-95% purity and a yield of 65% or
      greater. The sulfur is of sufficient purity so that it may be melted and
      filtered to a product of above 99% purity. The residual mineral and sulfur
      trapped by filtration are readily recycled to the original separation and
      recovered.
DETD
PAR  This invention is further illustrated by the following examples which were
      performed at a slurry pH of about 9-11 using feed passing 100 mesh screen.
PAC  EXAMPLE I
PAC  Comparative Study -- Pretreat Wash and Alkaline Additive
PAR  Feed of 300 grams native sulfur concentrate of 50.2% grade was slurried in
      1 liter of water. The agitated slurry was held for 120 minutes at a
      temperature above 120.degree.C. The slurry was cooled and the product
      screened off on a 100 mesh U.S. Standard screen.
TBL  ______________________________________                                    
            Test 1 Test 2  Test 3      Test 4                                  
     ______________________________________                                    
     Pretreatment                                                              
              None     *Washed None      *Washed                               
     Additive None     None    3.6 gm NaOH                                     
                                         3 gm Na.sub.2 Co.sub.3                
                               (1.2 gm/100 gm                                  
                                         (1 gm/100 gm                          
                               of feed)  of feed)                              
     Product  95.9%    94.9%   95.9%     97.4%                                 
     (% sulfur)                                                                
     Yield    61.0%    75.0%   61.0%     92.0%                                 
     (per cent)                                                                
     ______________________________________                                    
      *The wash was accomplished by a 5-minute wash with .1N HCl and the pH of 
      the solution was 1.5.                                                    
PAR  The test showed significant yield benefits of 2 and 4 over 1 and 3.
PAC  EXAMPLE II
PAC  Comparative Study Using Several Alkaline or Basic Additives
PAR  300 grams of concentrate was produced by the oxidation of
      chalcopyrite-containing sulfur 25.5%, chalcopyrite 26.6%, pyrite and other
      minerals 47%. The feed was washed to remove soluble ions utilizing an acid
      wash-soak of 0.1N HNO.sub.3 for 20 minutes with a recorded pH of 3.0. The
      feed was then slurried in one liter of water and held at 135.degree.C for
      135 minutes. The slurry was cooled and the product screened off on a 100
      mesh U.S. Standard screen.
TBL  __________________________________________________________________________
            Test 1                                                             
                 Test 2  Test 3                                                
                               Test 4 Test 5                                   
     __________________________________________________________________________
     Additive                                                                  
            None 1 gm    2 gm KOH                                              
                               3 gm   4 gm Li.sub.2 Co.sub.3                   
                 NaOH          NaHCo.sub.3                                     
                 (1/3 gm/100                                                   
                         (2/3 gm/                                              
                               (1 gm/100                                       
                                      (1/3 gm/100                              
                 gm of feed)                                                   
                         100 gm                                                
                               gm of feed)                                     
                                      gm of feed)                              
                         of feed)                                              
     Product                                                                   
            48.7%                                                              
                 91.7%   94.1% 88.4%  92.4%                                    
     (% sulfur)                                                                
     Yield  50%  88%     68%   92%    80%                                      
     __________________________________________________________________________
PAR  The results showed substantial increase in yield for each alkaline additive
      as against the standard in Test 1.
PAC  EXAMPLE III
PAC  Effect of Heating Time on Yields
PAR  300 grams of concentrate produced by the oxidation of
      chalcopyrite-containing sulfur 49.2%, chalcopyrite 2.3%, pyrite and other
      minerals 47.7%, was slurried in 1 liter of water and held at 135.degree.C
      .+-. 5.degree. for the time periods shown. The feed had been washed to
      remove soluble ions using the acid pretreatment as set out in Example I.
      The slurry was cooled and the product separated on a 100 mesh U.S.
      Standard screen.
TBL  __________________________________________________________________________
                 Test 1     Test 2   Test 3                                    
     __________________________________________________________________________
     Additive    2 gm NaOH  2 gm NaOH                                          
                                     1 gm Na.sub.2 Co.sub.3                    
                 (2/3 gm/100 gm of                                             
                            (2/3 gm/100 gm                                     
                                     (1/3 gm/100 gm                            
                 feed)      of feed) of feed)                                  
     Time at temperature                                                       
                 135 min.   78 min.  240 min.                                  
     Product (% sulfur)                                                        
                 96.7       96.6     92.2                                      
     Yield (per cent)                                                          
                 82.0       71.0     98                                        
     __________________________________________________________________________
PAR  Increasing yield of coarse sulfur particles with increasing time is clearly
      shown.
PAC  EXAMPLE IV
PAC  Effect of Added Measured Iron Impurity
PAR  About 270 grams of a concentrate produced by the oxidation of
      chalcopyrite-containing sulfur 48%, chalcopyrite 12%, pyrite and other
      minerals 40%, was slurried in 1 liter of water and held at 135.degree.C
      .+-. 5.degree. for 135 minutes. The feed had been washed with acidified
      water to remove acid-soluble impurities. Subsequently, measured amounts of
      impurities shown below were added with the following results. The slurry
      was cooled and the product screened off on a 100 mesh U.S. Standard
      screen.
TBL  __________________________________________________________________________
     Test 1     Test 2                                                         
                      Test 3                                                   
                            Test 4 Test 5                                      
     __________________________________________________________________________
     Additive                                                                  
          2 gm  2 gm  2 gm  2 gm   2 gm                                        
          NaOH  NaOH  NaOH  NaOH   NaOH                                        
          (.74 gm/                                                             
                (.74 gm/                                                       
                      (.74 gm/                                                 
                            (.74 gm/                                           
                                   (.74 gm/                                    
          100 gm                                                               
                100 gm                                                         
                      100 gm                                                   
                            100 gm 100 gm                                      
          of feed)                                                             
                of feed)                                                       
                      of feed)                                                 
                            of feed)                                           
                                   of feed)                                    
     Impurity                                                                  
     added                                                                     
          None  1 gm Fe.sup.+.sup.+.sup.+                                      
                      2 gm Fe.sup.+.sup.+.sup.+                                
                            1 gm Fe.sup.+.sup.+                                
                                   2 gm Fe.sup.+.sup.+                         
     Product                                                                   
     (% sul-                                                                   
     fur) 86.7  89.7  85.7  86.3   85.7                                        
     Yield                                                                     
     (per                                                                      
     cent)                                                                     
          59.0  39.7  25.0  52.0   27.0                                        
     __________________________________________________________________________
PAR  The deleterious effect of the heavy metal ion is shown as against the
      reference standard (Test 1).
PAC  EXAMPLE V
PAC  Effect of Added Measured Metal Impurities
PAR  About 270 grams of concentrate produced by the oxidation of
      chalcopyrite-containing sulfur 48%, chalcopyrite 12%, pyrite and other
      minerals 40%, was slurried in 1 liter of water and held at 135.degree.C
      .+-. 5.degree. for 135 minutes. The feed had been washed with acidified
      water to remove acid soluble impurities in the manner of Example II. The
      amounts of impurities shown were added with the following results. The
      slurry was cooled and the product separated on a 100 mesh U.S. Standard
      screen.
TBL  __________________________________________________________________________
     Test 1     Test 2                                                         
                      Test 3                                                   
                            Test 4 Test 5                                      
     __________________________________________________________________________
     Additive                                                                  
          2 gm  2 gm  2 gm  2 gm   2 gm                                        
          NaOH  NaOH  NaOH  NaOH   NaOH                                        
          (.74 gm/                                                             
                (.74 gm/                                                       
                      (.74 gm/                                                 
                            (.74 gm/                                           
                                   (.74 gm/                                    
          100 gm                                                               
                100 gm                                                         
                      100 gm                                                   
                            100 gm 100 gm                                      
          of feed)                                                             
                of feed)                                                       
                      of feed)                                                 
                            of feed)                                           
                                   of feed)                                    
     Impurity                                                                  
     added                                                                     
          None  1 gm Cu.sup.+.sup.+                                            
                      2 gm Cu.sup.+.sup.+                                      
                            0.25 Ca.sup.+.sup.+                                
                                   0.25 Mg.sup.+.sup.+                         
     Product                                                                   
     (% sul-                                                                   
     fur) 86.7  92.5  86.0  84.4   70.8                                        
     Yield (%)                                                                 
          59.0  60.0  21.8  8.3    1.0                                         
     __________________________________________________________________________
PAR  The deleterious effect of varied metal impurities on yield was noted by
      comparison to the reference in Test 1.
PAC  EXAMPLE VI
PAC  Comparison of Effect of Zn.sup.+.sup.+and Fe.sup.+.sup.+on Yield
PAR  215 grams of concentrate produced by the oxidation of zinc
      sulfide-containing sulfur 34.5%, ZnS 34%, mineral impurity 31.5% was
      slurried in 1 liter of water and held at 135.degree.C .+-. 5.degree. for
      135 minutes. The feed had been washed with acidified water to remove
      acid-soluble zinc ions using the acid pretreatment as set out in Example
      I. The slurry was cooled and the product separated on a 100 mesh U.S.
      Standard screen.
TBL  __________________________________________________________________________
            Test 1     Test 2     Test 3                                       
     __________________________________________________________________________
     Additive                                                                  
            2 gm NaOH  2 gm NaOH  2 gm NaOH                                    
            (.93 gm/100 gm of                                                  
                       (.93 gm/100 gm of                                       
                                  (.93 gm/100 gm of                            
            feed)      feed)      feed)                                        
     Impurity                                                                  
     added  None       2 gm Fe.sup.+.sup.+                                     
                                  2 gm Zn.sup.+.sup.+                          
     Product                                                                   
     (% sulfur)                                                                
            77.7       56.6       82.7                                         
     Yield (per                                                                
     cent)  48.0       6.8        25.0                                         
     __________________________________________________________________________
PAR  This example shows the process is effective for zinc concentrates and shows
      the deleterious effect of zinc and iron ions on yield.
PAC  EXAMPLE VII (See Example III)
PAR  About 270 grams of a concentrate produced by the oxidation of
      chalcopyrite-containing sulfur 48%, chalcopyrite 12%, pyrite and other
      minerals 40%, was washed, slurried in 1 liter of water and held at
      135.degree.C .+-. 5.degree. for the times shown. The slurry was cooled and
      screened on a 100 mesh U.S. Standard screen.
TBL  __________________________________________________________________________
            Test 1      Test 2     Test 3                                      
     __________________________________________________________________________
     Additive                                                                  
            2 gm NaOH   2 gm NaOH  2 gm NaOH                                   
            (.74 gm/100 gm of                                                  
                        (.74 gm/100 gm of                                      
                                   (.74 gm/100 gm                              
            feed)       feed)      of feed)                                    
     Time   30 min.     60 min.    235 min.                                    
     Product                                                                   
     (% sulfur)                                                                
            88.5        90.9       86.7                                        
     Yield (%)                                                                 
            23.0        19.0       59.0                                        
     __________________________________________________________________________
PAR  This example shows that while a small amount of coalescence occurs very
      quickly that times in excess of 1 hour are necessary to obtain a high
      degree of coalescence.
PAC  EXAMPLE VIII
PAC  Pilot Plant Procedure
PAR  The feed for the autoclave was received as a filter cake from the leaching
      operation. The material was approximately 100% of -200 mesh size and
      ranged from 10 to 20 percent water. This feed was then charged into a
      repulp tank where it was slurried with water to approximately 20% solids.
      The slurry was fed to a filter where water was removed and fresh water as
      a displacement wash was added to the top.
PAR  The wash water removed in the filtering operation was tested to determine
      the amount of metal ions, such as iron, calcium and other detrimental
      ones. If the analysis indicated a high level, the feed may be taken back
      to the slurry tank where it was slurried with 0.1N HCl solution and
      repulped and refiltered. This operation was continued until the wash water
      checked below acceptable levels of detrimental metals.
PAR  The solids were then repulped to 30 to 40 percent solids, utilizing about
      20 lbs. of NaOH per ton of dry feed to give a pH slurry reading of 11 or
      30 lbs./ton for a pH of 13 and charged into the autoclave. The autoclave
      was sealed, the agitator started, and steam was injected into the jacket
      for the heating cycle. The speed of the agitator is that at which the
      particles are kept in suspension and a homogeneous slurry is maintained.
      At the end of the heating cycle, steam was shut off, cooling water was
      admitted to the jacket, the autoclave cooled down, and when the
      temperature dropped below 80.degree.C the agitator was slowed down, the
      bottom valve opened and the autoclave discharged to a screen. The sulfur
      product was removed as the oversize + 65 mesh, and the fine materials or
      the tailings proceeded on to a thickener. The sulfur product averaged
      around 96% elemental sulfur with a recovery of over 85%. The particles
      were greenish-yellow in color and irregularly shaped.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the recovery of elemental sulfur from mixtures in which it
      is present with soluble calcium compound impurities which comprises:
PA1  a. contacting the mixture with water to solubilize calcium ions;
PA1  b. separating the solids content of the treated mixture from the liquid
      content and washing the solids content to remove said solubilized calcium
      ions from the solids content;
PA1  c. forming a water slurry of said solids content;
PA1  d. adding to the slurry a surface modifying additive selected from the
      group consisting of alkali metal hydroxides, alkali metal carbonates, and
      mixtures thereof to produce an alkaline slurry pH of at least about 9;
PA1  e. heating the slurry to at least the melting point of sulfur for a period
      sufficient to coalesce substantially all of the sulfur particles, and
PA1  f. recovering the coalesced sulfur from the slurry.
PATN
WKU  039392570
SRC  5
APN  3901785
APT  1
ART  113
APD  19730820
TTL  Process for producing hydrogen from water
ISD  19760217
NCL  15
ECL  1
EXP  Stern; Edward
NDR  2
NFG  4
INVT
NAM  Pangborn; Jon B.
CTY  Lisle
STA  IL
INVT
NAM  Sharer; John C.
CTY  Evanston
STA  IL
ASSG
NAM  American Gas Association
CTY  Arlington
STA  VA
COD  02
CLAS
OCL  423658
XCL  423481
XCL  423493
XCL  423579
XCL  423632
XCL  423657
ICL  C01b  102
ICL  C01b  105
ICL  C01b  708
FSC  423
FSS  657;658;493;632;481;579
OREF
PAL  Jacobson's "Encyclopedia of Chemical Reactions," Vol. 4, 1951 Ed., pp. 37
      and 51, Reinhold Pub. Corp., New York.
PAL  J. W. Mellor's "A Comprehensive Treatise on Inorganic and Theoretical
      Chem.," Vol. 3, 1923, p. 158, and Vol. 13, 1934, p. 758, and Vol. 14, Part
      3, 1935, p. 21, Longmans, Green & Co., New York.
LREP
FR2  Speckman; Thomas W.
ABST
PAL  A process for the production of hydrogen and oxygen from water comprising
      the steps of forming ferric chloride from ferriferrous oxide by reaction
      with a chloride ion yielding substance, reducing the ferric chloride
      produced with a reducing agent to produce ferrous chloride, and then
      oxidizing the ferrous compound with water so as to produce hydrogen.
      Suitable reducing agents include cuprous chloride, chromous chloride and
      platinum. Several reactant regenerative closed cycle systems are disclosed
      utilizing the process of this invention for the production of hydrogen
      with high energy efficiences.
BSUM
PAR  This invention relates to a chemical process for the production of hydrogen
      from water. The process provides a closed cycle reactant regenerative
      process for the production of hydrogen from water requiring input of water
      and heat.
PAR  Thermochemical cycles to produce hydrogen have been sought in recent years
      to provide hydrogen for use both as a fuel and as a chemical reactant.
      Especially in view of ecological and pollution considerations, the use of
      hydrogen as a fuel has attained greater significance. Hydrogen may be
      produced from water, a cheap and abundant raw material, and when burned
      reverts to water, a non-polluting chemical. Hydrogen may be readily stored
      and transported. Hydrogen also affords extreme flexibility in its
      utilization as a fuel providing advantages in many ways over present fuels
      for power sources such as turbines, reciprocating engines and fuel cells.
PAR  The present commercial method for the production of hydrogen is the
      electrolysis of water into its constituent elements of hydrogen and
      oxygen. The electrolysis process is dependent upon electricity, and
      therefore its economics are dependent upon generating of electrical energy
      which is inefficient. Further, industrial electrolyzers are very
      expensive.
PAR  Direct thermodecomposition of water is not promising since water starts
      breaking with a reasonable yield at temperatures of 2500.degree. to
      3000.degree.C. These temperatures are not attainable from heat sources
      such as nuclear reactors. Therefore, chemical cycles for production of
      hydrogen from water at temperatures attainable from the output coolant of
      nuclear reactors would be desirable. With the greatly expanded use of
      nuclear reactors, it would be advantageous to utilize the heat given off
      by the reactor to produce hydrogen and oxygen from the water molecule
      providing a new fuel. High temperature gas reactors have output coolant
      temperatures in the order of 500.degree. to 800.degree.C. This heat output
      represents about 80 percent of the product energy from the nuclear
      reactor. Recent trends have been toward increases in the output coolant
      temperature and such temperatures in the order of 1000.degree. to
      1200.degree.C. can be expected as a development of present technology.
      Direct thermochemical processes, utilizing such heat energy, have been
      sought in recent years.
PAR  Various thermochemical cycles for the production of hydrogen from water and
      the desirability of such production have been reviewed by C. Marchetti in
      "Hydrogen and Energy", Chemical Economy & Engineering Review, January
      1973, (Vol. 5, N.1).
PAR  A four step chemical cycle has been described by G. De Beni in French Pat.
      No. 2,035,558, Feb. 17, 1970, working with compounds of mercury, bromine,
      and calcium. This process is described as the Mark-1 cycle by Marchetti.
      The Mark-1 process has disadvantages in requiring the use of highly
      corrosive chemicals at pressures of in excess of 20 atmospheres, and the
      use of mercury with its inherent pollution problems. Marchetti has
      calculated efficiencies in the order of 55 percent, but actual process
      problems have not been solved.
PAR  Vanadium and chlorine cycles, designated as Mark-3 by Marchetti, have been
      proposed J. E. Funk "Thermodynamics of Multi-Step Water Decomposition
      Processes" ACS Symposium on Non-Fossil Fuels, Volume 16, No. 4, American
      Chemical Society, 1972, but favorable conditions for reaction have not
      been found and energy efficiencies are very low.
PAR  A process utilizing cesium metal is described in U. S. Pat. No. 3,490,871,
      January 20, 1970. While no experimental work is reported in the patent, it
      appears the process requires temperatures of at least 1200.degree.C. and
      presents difficult separations.
PAR  A process has been patented by De Beni, Luxemburg Pat. No. 60,372, Feb. 18,
      1970, requiring the reduction of Fe.sub.2 O.sub.3 to Fe.sub.3 O.sub.4 at
      about 1400.degree.C., an impractically high temperature from the
      standpoint of nuclear heat sources.
PAR  A process has been suggested by B. M. Abraham, Science, Vol. 180, June 1,
      1973, pg. 959-960, using lithium nitrite and iodine. It is recognized that
      no confirming work has been done.
PAR  A process has been proposed by C. Hardy, designated as Mark-7 cycle by
      Marchetti, wherein hydrochloric acid formed in the reaction is transformed
      into iron chloride which reacts with water to produce hydrogen. We have
      experimented with similar cycles, but have not been able to successfully
      regenerate ferrous chloride by reduction of ferric chloride following the
      described reactions.
PAR  It is an object of this invention to provide a process for producing
      hydrogen from water wherein ferriferrous oxide and a chloride ion yielding
      substance is reacted to produce ferric chloride which is reduced with a
      reducing agent selected from the group consisting of cuprous chloride,
      chromous chloride and platinum to produce ferrous chloride and reacting
      the ferrous compound with water so as to produce hydrogen.
PAR  It is a further object of this invention to provide a process for the
      production of hydrogen from water in which the reactants other than water
      are regenerated and the reaction may be conducted in a closed cycle.
PAR  It is another object of this invention to provide a process wherein the
      reaction products are easily separable.
PAR  It is another object of this invention to provide a process for the
      production of hydrogen from water wherein the thermal coolant output of
      nuclear reactors may be utilized to provide necessary heat.
PAR  It is still a further object of this invention to provide a process having
      high energy efficiency for the production of hydrogen from water.
PAR  It is another object of this invention to provide a process for the
      production of hydrogen from water wherein the transfer of materials from
      one reaction site to another takes place in the gaseous phase.
DRWD
PAC  These and other objects, advantages and features of this invention will be
      apparent from the description together with the drawings, wherein:
PAR  FIG. 1 is a schematic flow diagram of a process for the production of
      hydrogen according to this invention;
PAR  FIG. 2 is a schematic flow diagram of one embodiment of a reactant
      regenerative closed cycle process according to this invention utilizing
      hydrochloric acid;
PAR  FIG. 3 is a schematic flow diagram of another embodiment of a reactant
      regenerative closed cycle process of this invention utilizing chlorine;
      and
PAR  FIG. 4 is a process flow diagram of one embodiment of this invention
DETD
PAR  This invention provides a process for the production of hydrogen from water
      comprising the steps of forming ferric chloride from ferriferrous oxide by
      reaction with a chloride ion yielding substance; reducing the ferric
      chloride produced with reducing agent to produce ferrous chloride, and
      then oxidizing the ferrous compound with water so as to produce hydrogen.
      Preferred reducing agents are selected from the group consisting of
      cuprous chloride, chromous chloride and platinum. Cuprous chloride is
      especially preferred.
PAR  When hydrogen chloride is used as the chloride ion yielding substance the
      reaction may be expressed by the Equation
EQU  Fe.sub.3 O.sub.4 +  8HCl .fwdarw. 2FeCl.sub.3 + FeCl.sub.2 +  4H.sub.2 O
      I-2
PAL  the reaction of ferriferrous oxide with hydrogen chloride proceeds well at
      temperatures of about 125.degree. to 300.degree.C. When chlorine is used
      as the chloride yielding substance the reaction may be expressed by the
      Equation
EQU  Fe.sub.3 O.sub.4 +  9/2Cl.sub.2 .fwdarw.  3FeCl.sub.3 +  20.sub.2 II- 2
PAL  the reaction proceeds well with chlorine at about 800.degree. to
      1000.degree.C.
PAR  The ferric chloride produced by the reactions shown by Equations I-2 and
      II-2 may then be reduced by reaction with cuprous chloride to produce
      ferrous chloride according to Equation
EQU  2FeCl.sub.3 +  2CuCl .fwdarw. 2FeCl.sub.2 + 2CuCl.sub.2    I- 3
PAL  and when hydrogen chloride is used the Equation
EQU  3FeCl.sub.3 + 3CuCl .fwdarw. 3FeCl.sub.2 + 3CuCl.sub.2     II- 3
PAL  when chlorine is used. These reactions proceed well at about 200.degree. to
      300.degree.C.
PAR  The ferrous compound produced may then be oxidized with water (steam)
      according to the Equation
EQU  3FeCl.sub.2 + 4H.sub.2 O .fwdarw. Fe.sub.3 O.sub.4 + 6HCl + H.sub.2 I- 1
      and II-1
PAL  when hydrogen chloride or chlorine is used. These reactions proceed well at
      about 450.degree. to about 1500.degree.C. For example, the temperature can
      be about 600.degree. to about 900.degree.C.
PAR  The combination of above reactions, utilized in this invention, are
      schematically shown in the flow diagram of FIG. 1. The flow diagram of
      FIG. 1 is not chemically balanced, but is presented to show in a
      simplified manner the overall cycle of reactions discussed above. Further
      description of the above reactions is set forth in the description to
      follow setting forth preferred embodiments of this invention in a reactant
      regenerative closed cycle.
PAR  The ferrous compound produced by the reactions of equations I-3 and II-3
      may be exchanged to result in another desired ferrous compound, such as
      ferrous oxide, for oxidation with water so as to produce hydrogen.
PAR  Accordingly, the general process of this invention can be described as a
      process for the production of hydrogen from water the steps comprising:
      providing ferriferrous oxide and a chloride ion yielding substance to a
      reaction zone to produce ferric chloride; reducing the ferric chloride
      produced with cuprous chloride to produce ferrous chloride; and then
      oxidizing the ferrous compound with water so as to produce hydrogen.
PAR  While the above described process does provide a suitable method for the
      production of hydrogen from water, it requires the continuous addition of
      new reactant chemicals other than water and does not recycle all of the
      product chemicals. It is highly desirable both from the standpoint of
      pollution and process economy to minimize undesired products and the
      necessity of continuous addition of new reactants. By the term reactant
      regenerative closed cycle system we mean a system which minimizes the
      addition of reactant chemicals other than water and which minimizes
      reactant products to be removed from the system except the desired gaseous
      hydrogen and gaseous oxygen.
PAR  A reactant regenerative closed cycle system is provided utilizing the above
      process by the process scheme using hydrogen chloride as follows:
EQU  3FeCl.sub.2 + 4H.sub.2 O .fwdarw. Fe.sub.3 O.sub.4 + 6HCl + H.sub.2 I- 1
EQU  Fe.sub.3 O.sub.4 + 8HCl .fwdarw. 2FeCl.sub.3 + FeCl.sub.2 + 4H.sub.2 O I-2
EQU  2FeCl.sub.3 + 2CuCl .fwdarw. 2FeCl.sub.2 + 2CuCl.sub.2     I- 3
EQU  2CuCl.sub.2 .fwdarw. 2CuCl + Cl.sub.2                      I- 4
EQU  Cl.sub.2 + H.sub.2 O .fwdarw. 2HCl + 1/20.sub.2            I- 5
EQU  h.sub.2 o .fwdarw. h.sub.2 + 1/20.sub.2   the equation numbers at the right
      of the equations correspond throughout this description, numbers I-1, I-2,
      and I-3 described above for the general reaction being the same equations
      used in the regenerative closed cycle shown. The process shown by the
      above formulas is schematically shown in the flow diagram of FIG. 2.
PAR  A reactant regenerative closed cycle system is provided utilizing the above
      process by the process scheme using chlorine as follows:
EQU  3FeCl.sub.2 + 4H.sub.2 O .fwdarw. Fe.sub.3 O.sub.4 + 6HCl + H.sub.2 II- 1
EQU  Fe.sub.3 O.sub.4 + 9/2Cl.sub.2 .fwdarw. 3FeCl.sub.3 + 20.sub.2 II-2
EQU  3FeCl.sub.3 + 3CuCl .fwdarw. 3FeCl.sub.2 + 3CuCl.sub.2     II- 3
EQU  3CuCl.sub.2 .fwdarw. 3CuCl + 3/2Cl.sub.2                   II- 4
EQU  6HCl + 3/20.sub.2 .fwdarw. 3Cl.sub.2 + 3H.sub.2 O          II-5
EQU  h.sub.2 o .fwdarw. h.sub.2 + 1/20.sub.2
PAL  the process shown by the above formulas is schematically shown in the flow
      diagram of FIG. 3.
PAR  It is seen in all of the above cycles the reaction of ferrous chloride with
      water to produce hydrogen gas follows the same equation. Equations I-1 and
      II-1 are the same. The reduction of ferric chloride to ferrous chloride
      with cuprous chloride is the same except for quantities used (Equations
      I-3 and II-3). However, the stoichiometric relationships are the same. The
      regeneration of cuprous chloride is the same except for quantities used
      (Equations I-4 and II-4). Again, the stoichiometric relationships are the
      same. The reaction of ferriferrous oxide with a chloride ion producing
      substance is different depending upon the chloride ion producing substance
      used (Equations I-2 and II-2). The reaction resulting in evolution of
      oxygen gas is also different dependent upon the chloride ion producing
      substance used.
PAR  The reactions of Equations I-1 and II-1 can be performed in a flow type
      reactor where steam is continuously passed over solid or molten ferrous
      chloride. Gaseous hydrogen and hydrogen chloride are evolved and exit in
      the gas stream leaving solid ferriferrous oxide. The hydrogen and hydrogen
      chloride may be readily separated by any suitable method such as thermal
      separation. The suitable temperature range for Equations I-1 and II-1 is
      about 450.degree. to about 1500.degree.C. Preferred temperatures are about
      600.degree. to about 900.degree.C.
PAR  The reactions of Equations I-2 and II-2 can be performed in a flow type
      reactor by passing gaseous hydrogen chloride or chlorine, respectively,
      over solid ferriferrous oxide. When hydrogen chloride is used solid ferric
      and ferrous chloride remain and the produced steam exits in the gas stream
      (Equation I-2). The reaction of Equation I-2 may be carried out at about
      125.degree. to about 300.degree.C. Preferred temperatures are about
      125.degree. to about 250.degree.C. When chlorine is used, gaseous dimer
      ferric chloride and oxygen exit in the gas stream. Suitable temperatures
      for the reaction of Equation II-2 are about 800.degree. to about
      1000.degree.C. Preferred temperatures are about 875.degree. to about
      900.degree.C. At the temperatures used for this reaction the ferric
      chloride is in the gaseous dimer state, Fe.sub.2 Cl.sub.6. The Fe.sub.2
      Cl.sub.6 condenses to crystalline FeCl.sub.3 at temperatures lower than
      about 300.degree.C. The dimer has been noticed to exist as a condensing
      gas at temperatures as low as 200.degree.C. Such crystallization takes
      place on a cool surface such as the reactor exit chamber.
PAR  The reactions of Equations I-3 and II-3 may be carried out by heating solid
      ferric chloride to about 200.degree. to 300.degree.C. where sublimation
      results in gaseous FeCl.sub.3 and its dimer Fe.sub.2 Cl.sub.6. Preferred
      temperatures are about 250.degree. to about 300.degree.C. The vapors are
      passed through a packed bed of cuprous chloride particles where the ferric
      chloride is reduced to ferrous chloride which is removed in the gaseous
      stream.
PAR  The solid cupric chloride may be regenerated to cuprous chloride by heating
      to about 400.degree. to about 600.degree.C. However, the ferrous
      chloride-cupric chloride mixture resulting from the reactions of Equations
      I-3 and II-3 requires temperatures of about 250.degree. to about
      350.degree.C., preferred temperatures are about 275.degree. to about
      300.degree.C. to regenerate the cupric to cuprous chloride. This is
      represented by the reactions of Equations I-4 and II-4. The gaseous
      chlorine evolved is removed as a gaseous stream.
PAR  The reactions represented by Equations I-5 and II-5 are the reverse of each
      other and are gas phase reactions which may be run in a flow reactor.
      Catalysis is not necessary unless accelerated reaction is desired.
      Suitable catalysts for the reaction of Equation I-5 are well known in the
      art for the Deacon Process. The Deacon Process and suitable catalysts are
      described more fully in "Recent Developments in the Oxidative Recovery of
      Chlorine from Hydrochloric Acid", W. F. Engel, M. J. Waale and S. Muller,
      Chemistry and Industry, Pgs. 67-83, Jan. 13, 1962. The reaction of
      Equation I-5 is known as the Reverse Deacon Process. The reaction of
      Equation I-5 forms gaseous oxygen and gaseous hydrogen chloride which can
      be readily separated. The reaction of Equation I-5 can be carried out at
      above 650.degree.C. with the upper temperature limit governed by the
      materials of construction. Preferred temperatures are about 750.degree. to
      about 950.degree.C. The reaction of Equation II-5 forms steam and gaseous
      chlorine which can be readily separated. The reaction of Equation II-5 can
      be carried out at about 200.degree. to about 650.degree.C. Preferred
      temperatures are about 350.degree. to about 550.degree.C.
PAR  While the reactions have been described separately above, it is seen from
      FIG. 2 and FIG. 3 that the separate reactions can be advantageously
      combined to form a reactant regenerative closed cycle. When we refer to
      reaction zones we do not mean physically separate volumes, but the same
      physical volume under different conditions such as temperature or pressure
      is referred to as different zones.
PAR  Referring to FIG. 2, the reactions of Equations I-1 thru I-5 can be
      combined to provide a five reaction zone reactant regenerative closed
      cycle system wherein water is added to the system and gaseous hydrogen and
      oxygen is removed from the system. The process of FIG. 2 comprises the
      steps providing steam and ferrous chloride to a first reaction zone to
      produce ferriferrous oxide, hydrogen chloride and hydrogen gas; removing
      the hydrogen produced and reacting the ferriferrous oxide and hydrogen
      chloride in a second reaction zone to produce ferric chloride, ferrous
      chloride and water; passing the ferrous chloride and water formed to the
      first reaction zone and reducing the ferric chloride formed in a third
      reaction zone with cuprous chloride to produce ferrous chloride and cupric
      chloride; thermally reducing the cupric chloride in a fourth reaction zone
      to produce cuprous chloride and chlorine and passing the ferrous chloride
      via the fourth reaction zone to the first reaction zone; passing the
      cuprous chloride produced to the third reaction zone and passing the
      chlorine to a fifth reaction zone, providing steam to the fifth reaction
      zone to produce oxygen an hydrogen chloride; and passing the hydrogen
      chloride produced to the second reaction zone and removing the oxygen
      produced.
PAR  The process shown in FIG. 2 is advantageous in that the reaction products
      are readily separable for recycling or for removal from the system.
PAR  FIG. 3 and Equations II-1 through II-5 provide another embodiment of a five
      reaction zone reactant regenerative closed cycle wherein water is added
      and gaseous hydrogen and oxygen are removed. The cycle shown in FIG. 3 is
      described as comprising the steps of providing steam and ferrous chloride
      to a first reaction zone to produce ferriferrous oxide, hydrogen chloride
      and hydrogen gas; removing the hydrogen produced, passing the hydrogen
      chloride produced to a fifth reaction zone and passing the ferriferrous
      oxide produced to a second reaction zone, reacting the ferriferrous oxide
      and chlorine in the second reaction zone to produce ferric chloride and
      oxygen; passing the oxygen formed to the fifth reaction zone and reducing
      the ferric chloride formed in a third reaction zone with cuprous chloride
      to produce ferrous chloride and cupric chloride; thermally reducing the
      cupric chloride in a fourth reaction zone to produce cuprous chloride and
      chlorine and passing the ferrous chloride via the fourth reaction zone to
      the first reaction zone; passing the cuprous chloride produced to the
      third reaction zone and passing the chlorine to the second reaction zone;
      reacting the hydrogen chloride and oxygen provided to the fifth reaction
      zone to produce oxygen gas, water and chlorine; passing the water produced
      to the first reaction zone, the chlorine to the second reaction zone and
      removing the oxygen produced.
PAR  Another reactant regenerative closed cycle system within our invention is
      provided utilizing the above general process scheme using hydrogen
      chloride as follows:
EQU  3FeO + H.sub.2 O.fwdarw.Fe.sub.3 O.sub.4 + H.sub.2         III- 1
EQU  Fe.sub.3 O.sub.4 + 8HCl.fwdarw.2FeCl.sub.3 + FeCl.sub.2 + 4H.sub.2 O III-2
EQU  2FeCl.sub.3 + 2CuCl.fwdarw.2FeCl.sub.2 + 2CuCl.sub.2       III- 3
EQU  2CuCl.sub.2 .fwdarw.2CuCl + Cl.sub.2                       III- 4
EQU  Cl.sub.2 + H.sub.2 O.fwdarw.2HCl + 1/20                    III-5
EQU  3FeCl.sub.2 + 3H.sub.2 O.fwdarw.3FeO + 6HCl                III-6
PAL  equations III-2, III-3, III-4 and III-5 are identical to I-2, I-3, I-4 and
      I-5 respectively. The process scheme III differs from I in the conversion
      of ferrous chloride to ferrous oxide in the reaction shown in Equation
      III-6 and the oxidation of ferrous oxide with water as shown by the
      reaction of Equation III-1 to produce hydrogen.
PAR  The reaction of Equation III-1 can be carried out at about 125.degree. to
      about 425.degree.C., about 250.degree. to about 400.degree.C. being
      preferred. The reaction shown in Equation III-6 can be carried out at
      about 300 to about 450.degree.C., about 400.degree.C. being preferred.
PAR  The ferrous chloride may undergo any other exchange reaction, such as shown
      in Equation III-6 as long as the ferrous atom remains in the ferrous
      condition suitable for reaction with water to produce hydrogen and as long
      as other products of the reaction can be totally recycled with the system.
PAR  A corresponding reactant regenerative closed cycle system using chlorine is
      as follows:
EQU  3FeO + H.sub.2 O.fwdarw.Fe.sub.3 O.sub.4 + H.sub.2         IV- 1
EQU  Fe.sub.3 O.sub.4 + 9/2Cl.sub.2 .fwdarw.3FeCl.sub.3 + 20.sub.2 IV- 2
EQU  3FeCl.sub.3 + 3CuCl.fwdarw.3FeCl.sub.2 + 3CuCl.sub.2       IV- 3
EQU  3CuCl.sub.2 .fwdarw.3CuCL + 3/2Cl.sub.2                    IV- 4
EQU  6HCl + 3/20.sub.2 .fwdarw.3H.sub.2 O + 3Cl.sub.2           IV- 5
EQU  3FeCl.sub.2 + 3H.sub.2 O.fwdarw.FeO + 6HCl                 IV-6
PAL   equations IV-2, IV-3, IV-4 and IV-5 are identical to II-2, II-3, II-4 and
      II-5 respectively. Equations IV-1 and IV-6 are identical to III-1 and
      III-6 respectively. The reactions of this system may be carried out under
      the conditions previously set fourth for the specific reactions.
PAR  As disclosed above the ferric chloride may be reduced with chromous
      chloride or platinum to produce ferrous chloride in a process of this
      invention. When chromous chloride is used, Equation I-3, II-3, III-3 or
      IV-3 and Equations I-4, II-4, III-4 or IV-4 become respectively the
      Equations shown as
EQU  2FeCl.sub.3 + 2CrCl.sub.2 .fwdarw.2FeCl.sub.2 + 2CrCl.sub.3 V- 3
EQU  2CrCl.sub.3 .fwdarw.2CrCl.sub.2 + Cl.sub.2                 V- 4
PAL  the reaction of Equation V-3 can be carried out at temperatures of about
      200.degree. to about 675.degree.C., preferred temperatures being about
      350.degree. to 550.degree.C. The chromic chloride can be separated from
      the ferrous chloride by dissolving the ferrous chloride in water at about
      25.degree. to about 100.degree.C., the chromic chloride being insoluble.
      The chromic chloride itself can be regenerated to chromous chloride by
      heating to above about 800.degree.C. However, the ferrous chloride-chromic
      chloride mixture resulting from the reaction shown as Equation V-3 can be
      treated directly for regeneration of chromic chloride to chromous chloride
      at temperatures of about 550.degree. to 675.degree.C., temperatures of
      about 575.degree. to about 625.degree.C. being preferred.
PAR  When platinum is used, Equations I-3, II-3, III-3 or IV-3 and Equations
      I-4, II-4, III-4 or IV-4 become respectively the Equations shown as
EQU  2FeCl.sub.3 + Pt.fwdarw.2FeCl.sub.2 + PtCl.sub.2           VI- 3
EQU  PtCl.sub.2 .fwdarw.Pt + Cl.sub.2                           VI- 4
PAL  the reaction of Equation VI-3 can be carried out at temperatures of about
      200.degree. to about 550.degree.C., preferred temperatures being about
      350.degree. to about 450.degree.C. The platinum chloride can be
      regenerated to platinum above about 575.degree.C. However, the ferrous
      chloride-platinum chloride mixture resulting from the reaction shown as
      Equation VI-3 can be treated directly for regeneration of platinum
      chloride to platinum at temperatures of about 450.degree. to
      550.degree.C., temperatures of about 475.degree. to 525.degree.C. being
      preferred.
PAR  A preferred specific embodiment of this invention is set forth above
      denoted as process scheme I. FIG. 4 shows a suitable process flow diagram
      utilizing the regenerative closed cycle process scheme denoted as I. The
      process uses a series of sets of similar reactors and process cycles
      operated in parallel but out of phase with respect to process steps. The
      number of sets or parallel process cycles depends upon the reaction
      kinetics and is chosen to best match the process energy transfer
      requirements. Such operation allows for an optimum heat transfer pattern
      and good overall efficiency. For sake of clarity one set of reactors is
      used to describe the process.
PAR  In FIG. 4, Phase 1 shows the reactors A and B where the reactions of
      Equations I-1 and I-2 are carried out. Reactor A has a packed bed of
      ferrous chloride and cuprous chloride. Steam is passed through the bed
      where the reaction of Equation I occurs at a temperature of about
      800.degree.C. The solids are converted to ferriferrous oxide and the
      gaseous reaction products, hydrogen chloride and hydrogen, exit from the
      top of the reactor. The gases are separated in a hydrogen chloride
      scrubber, the hydrochloric acid concentrated by distillation and
      transferred to reactor B. Hydrogen gas is removed from the system
      following the separation. The hydrogen may be further purified or used
      directly as required.
PAR  In Phase 1, reactor B contains a packed bed of ferriferrous oxide and
      cuprous chloride. After the reaction of Equation I-1 has been completed in
      reactor A the solid product composition remaining in reactor A is the same
      as that of reactor B before the reaction of Equation I-2. The hydrogen
      chloride is passed through reactor B maintained at about 225.degree.C.
      where the reaction of Equation I-2 takes place. The ferrous chloride
      product is non-volatile and will remain in the reactor bed. The steam and
      some of the volatile ferric chloride leaves reactor B and passes through a
      condenser which collects the ferric chloride. The steam is then recycled
      for utilization in reactor A.
PAR  Phase 2 includes the reaction of Equation I-3 and is performed in the
      apparatus shown in FIG. 4 as Phase 2 wherein reactor B is the same as
      reactor B in Phase 1 and in the condition after reaction of Equation I-2
      has occurred. Inert gas, such as helium or nitrogen, is passed through the
      ferric chloride condenser wherein the ferric chloride sublimes from the
      condenser and is recycled to reactor B where the reaction shown by
      Equation I-3 takes place at a temperature of about 275.degree.C. The inert
      gas is then recirculated in a closed cycle. The volumetric flow rate of
      inert gas can be small, just enough to give flow direction to the
      subliming ferric chloride.
PAR  In Phase 3, reactor B is the same as reactor B in Phase 2 and in the
      condition after reaction of Equation I-3 has occurred. The temperature of
      reactor B is raised to 290.degree.C. and the inert gas flow rate is
      increased to cause a non-equillibrium condition by removal of the chlorine
      gas produced by the reaction shown in Equation I-4. The reverse reaction
      of the reaction shown by Equation I-3 does not occur significantly at this
      temperature and therefore, upon completion of the reaction of Equation
      I-4, the bed in reactor B will be primarily ferrous chloride and cuprous
      chloride. This reactor then is sequentially utilized in Phase 1 as reactor
      A.
PAR  The inert gas and chlorine gas leaving reactor B in Phase 3 is separated in
      a scrubbing column. Water is added to the system in the scrubbing column.
      The chlorinewater mixture is passed from the scrubbing column through a
      reboiler, vaporized and passed through reactor C where the reaction shown
      by Equation I-5 takes place at 800.degree.C. The hydrogen chloride and
      oxygen products of reactor C are passed through a scrubber and the
      hydrogen chloride separated and returned to the cycle of Phase 1 for use
      in the reaction shown by Equation I-2. The oxygen product from the
      scrubber is removed from the cycle for storage or for direct use as oxygen
      in another chemical process.
PAR  It is noted from FIG. 4, as in all of the cycles of process schemes of this
      invention, that there is no transport of solids necessary in the process,
      all of the material transport from one reaction site to another occurring
      by the vapor gaseous phase. This feature is important to obtain high
      energy efficiencies.
PAR  The energy efficiency of the process as shown in FIG. 4 and in process
      scheme I has been calculated to be 40 percent. The calculation can be
      summarized by the total heat input to the cycle per mole of hydrogen
      produced due to the ideal heat requirement of all endothermic reactions
      and material streams, which is +224 kcal; and due to the ideal heat
      available from all exothermic reactions and material streams, which is
      -156 kcal; and due to the additional heat required because of process step
      temperature levels which necessarily produce waste heat, which is +56
      kcal; and due to step work requirements for which further additional heat
      is needed, which is +46 kcal. Thus, the total process heat requirement is
      +170 kcal per mole of hydrogen produced. The theoretical heating value of
      hydrogen per mole is 68.3 kcal. Thus the energy efficiency is expressed as
      ##EQU1##
      and is computed to be 40 percent for the cycle shown in FIG. 4
PAR  Calculating the energy efficiency of the Marchetti Mark I Process on the
      same basis results in an efficiency of approximately 37 percent.
PAR  The process shown in FIG. 4 is a process having higher energy efficiency
      than then Marchetti Mark I process, provides a process that can be carried
      out at low pressures, and provides a process which has been successfully
      tested.
PAR  All of the processes of this invention can be carried out at low pressures.
      Pressures of about 0.5 to about 5 atmospheres are suitable. Pressures of
      about 1 atmosphere are preferred.
PAR  Reactors and process equipment can be of suitable material as will be
      obvious to one skilled in the art. For example, glass and ceramic lined
      reactors are suitable.
PAR  While in the foregoing specification this invention has been described in
      relation to certain preferred embodiments thereof, and many details have
      been set forth for purpose of illustration, it will be apparent to those
      skilled in the art that the invention is susceptible to additional
      embodiments and that certain of the details described herein can be varied
      considerably without departing from the basic principles of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a reactant regenerative closed cycle process for the production of
      hydrogen from water the steps comprising:
PA1  providing solid ferriferrous oxide and a gaseous chloride ion yielding
      substance to a reaction zone to produce ferric chloride;
PA1  reducing the ferric chloride in gaseous dimer phase with a solid reducing
      agent selected from the group consisting of cuprous chloride, chromous
      chloride and platinum to produce ferrous chloride; and
PA1  then oxidizing the solid or molten ferrous compound with steam so as to
      produce hydrogen and ferriferrous oxide for recycle.
NUM  2.
PAR  2. The process of claim 1 wherein said chloride ion yielding substance is
      selected from the group consisting of hydrogen chloride and chlorine.
NUM  3.
PAR  3. The process of claim 1 wherein hydrogen chloride is used and the
      reaction to produce ferric chloride is carried out at about 125.degree. to
      about 300.degree.C.
NUM  4.
PAR  4. The process of claim 3 wherein the temperature is about 125.degree. to
      about 250.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein chlorine is used and the reaction to
      produce ferric chloride is carried out at about 800.degree. to about
      1000.degree.C.
NUM  6.
PAR  6. The process of claim 5 wherein the temperature is about 875.degree. to
      about 900.degree.C.
NUM  7.
PAR  7. The process of claim 1 wherein the ferrous compoud is oxidized with
      water at about 450.degree. to about 1500.degree.C.
NUM  8.
PAR  8. The process of claim 7 wherein the temperature is about 600.degree. to
      about 900.degree.C.
NUM  9.
PAR  9. The process of claim 1 wherein the reducing agent is cuprous chloride.
NUM  10.
PAR  10. The process of claim 9 wherein said reduction is carried out at about
      200.degree. to about 300.degree.C.
NUM  11.
PAR  11. The process of claim 9 wherein cupric chloride is regenerated to
      cuprous chloride at about 250.degree. to about 350.degree.C.
NUM  12.
PAR  12. The process of claim 1 wherein the pressure is about 0.5 to 5
      atmospheres.
NUM  13.
PAR  13. The process of claim 12 wherein the pressure is about 1 atmosphere.
NUM  14.
PAR  14. A process for production of hydrogen from water in a five zone reactant
      regenerative closed cycle comprising the steps;
PA1  providing steam and ferrous chloride to a first reaction zone to produce
      ferriferrous oxide, hydrogen chloride and hydrogen gas;
PA1  removing the hydrogen produced and reacting the ferriferrous oxide and
      hydrogen chloride in a second reaction zone to produce ferric chloride,
      ferrous chloride and water;
PA1  passing the ferrous chloride and water formed to the first reaction zone
      and reducing the ferric chloride formed in the third reaction zone with
      cuprous chloride to produce ferrous chloride and cupric chloride;
PA1  thermally reducing the cupric chloride in a fourth reaction zone to produce
      cuprous chloride and chlorine and passing the ferrous chloride via the
      fourth reaction zone to the first reaction zone;
PA1  passing the cuprous chloride produced to the third reaction zone and
      passing the chlorine to a fifth reaction zone, providing steam to the
      fifth reaction zone to produce oxygen gas and hydrogen chloride, and
PA1  passing the hydrogen chloride produced to the second reaction zone and
      removing the oxygen produced.
NUM  15.
PAR  15. A process for production of hydrogen from water in a five zone reactant
      regenerative closed cycle comprising the steps:
PA1  providing steam and ferrous chloride to a first reaction zone to produce
      ferriferrous oxide, hydrogen chloride and hydrogen gas;
PA1  removing the hydrogen produced, passing the hydrogen chloride produced to a
      fifth reaction zone and passing the ferriferrous oxide produced to a
      second reaction zone, reacting the ferriferrous oxide and chlorine in the
      second reaction zone to produce ferric chloride and oxygen;
PA1  passing the oxygen formed to the fifth reaction zone and reducing the
      ferric chloride formed in a third reaction zone with cuprous chloride to
      produce ferrous chloride and cupric chloride;
PA1  thermally reducing the cupric chloride in a fourth reaction zone to produce
      cuprous chloride and chlorine and passing the ferrous chloride via the
      fourth reaction zone to the first reaction zone;
PA1  passing the cuprous chloride produced to the third reaction zone and
      passing the chlorine to a fifth reaction zone, providing steam to the
      fifth reaction zone to produce oxygen gas and hydrogen chloride; and
PA1  passing the hydrogen chloride produced to the second reaction zone and
      removing the oxygen produced.
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LREP
FRM  Curtis, Morris & Safford
ABST
PAL  A process for the manufacture of human transferrin labelled with indium 113
      m is provided, wherein an acid eluate of an indium 113 m generator having
      an activity concentration of 0.1 to 50 m Curie per ml is added dropwise to
      an aqueous solution containing 3 to 10 mg of sodium bicarbonate per 5 to
      100 mg of human transferrin per ml. The solution may also contain
      hydrochloric acid or sodium chloride and a bacteriostatic agent.
BSUM
PAR  The present invention relates to a process for the manufacture of human
      transferrin which is labelled with indium 113m.
PAR  The radioactive nuclide indium 113 m is used for diagnosis in nuclear
      medicine, for example for radiographic visualization of tumors. Indium 113
      m may be obtained free from carrier substances, it has a favorable
      physical half life of 1.7 hours and a pure gamma ray emission of 373 KeV.
PAR  It is known that, after intravenous injection of indium 113 m chloride,
      part of indium 113 m is linked to transferrin in the human and animal
      organisms and is thus carried in the blood circulation (Literature
      references 1, 2, 3, 4 on page 4/5).
PAR  Transferrin is a beta globulin of the serum which usually brings about the
      transport of iron ions in the blood circulation. Labelling human
      transferrin with the short-life nuclide indium 113 m makes available a
      substance which, like the iron-charged transferrin, circulates in the
      blood vessels of man and hence serves for measuring the circulation and
      for visualizing the placenta.
PAR  It is known to label transferrin in the blood plasma with indium 113 m.
      This method is, however, disadvantageous since blood samples have first to
      be taken from the patient and plasma has to be obtained therefrom; further
      the reaction of the indium 113 m solution in hydrochloric acid with
      transferrin in the plasma might damage some proteins of the plasma, and
      still further the indium 113 m does not react quantitatively with
      transferrin in the plasma so that unreacted indium 113 m has to be
      eliminated from the plasma, for example by means of ion exchange resins
      (references 3, 4, 5).
PAR  It is also known to incubate a 5 % transferrin solution in veronal acetate
      buffer solution of pH 8.6 with an aliquot amount of a 0.05 N indium 113 m
      solution in hydrochloric acid; for this purpose, 20 ml of a 0.05 N eluate
      of an indium 113 m generator in hydrochloric acid are evaporated to
      dryness and the residue is taken up in 0.5 ml of a 0.05 N hydrochloric
      acid (reference 6). This method, however, is also disadvantageous since
      evaporation of the indium solution means high losses in activity due to
      the short half life of this nuclide and the veronal buffer solution is
      neither physiologically favorable nor isotonic. According to that method,
      the yield of labelled substance is not quantitative either.
PAR  The present invention relates to a process for the manufacture of human
      transferrin labelled with indium 113 m, which comprises adding dropwise an
      acid eluate of an indium 113 m generator having an activity concentration
      of from 0.1 to 50 milli Curie per ml to an aqueous solution containing,
      per 5 to 100 mg of human transferrin/ml, 3 to 10 mg of sodium bicarbonate
      and having a pH-value of from 7.5 to 8.5.
PAR  The solution of indium 113 m in hydrochloric acid may, for example, be
      obtained according to the method disclosed in U.S. Pat. No. 3,450,597,
      especially in Example 1.
PAR  It is advantageous to use an eluate containing 0.2 to 0.01 N hydrochloric
      acid.
PAR  It is suitable to isotonize the transferrin solution labelled with indium
      113 m for injection purposes by adding sodium chloride, preferably in such
      an amount that after addition of the eluate in hydrochloric acid the
      resulting solution is isotonic.
PAR  Moreover, a suitable bacteriostatic agent, for example a mixture of the
      methyl and propyl esters of para-hydroxy benzoic acid, may be added.
PAR  The pH-value of the transferrin solution is changed to 6 -  7.5 by adding
      the indium containing solution. The yield of labelled transferrin amounts
      to 100 per cent. A purification of the solution from unreacted indium is
      therfore not required. When sterile conditions are observed, the isotonic
      solution can directly be used for injection.
PAR  The administeration of transferrin labelled with indium 113 m to dogs and
      rats shows that the biological half life of this albumin in dogs exceeds 7
      hours, thus corresponding approximately to that of albumin iodine 125.
      This observation and the repartition of indium 113 m found in the organs
      of test animals allow to conclude that the transferrin labelled with
      indium 113 m and prepared according to the process of the invention is
      suitable for a circulation control, radiocardiography and placenta
      scintigraphy.
PAR  References to literature:
PA0  1. J. E. Huddlestun, F. S. Mishkin, J. E. Carter, P. D. Dubois and J. C.
      Reese. Radiology 92 (1969), page 587
PA0  2. R. D. Neihoff, W. R. Hendee and D. W. Brown. Journal Nuclear Medicine 11
      (1970), p. 15
PA0  3. H. S. Stern, D. A. Goodwin, U. Scheffel, H. N. Wagner and H. H. Kramer.
      Nucleonics 25 (1967), page 62.
PA0  4. F. Hosain, P. A. Mc Intyre, K. Poulose, H. S. Stern and H. N. Wagner.
      Clinical Chemistry A. 24 (1969), p. 69
PA0  5. S. E. Graber, P. J. Hurley, R.M. Heyssel and P.A. McIntyre Journal
      Experimental Biology and Medicine 133 (1970), p. 1093
PA0  6. Hundeshagen, H., Dopslaff, H. Meyer, D. Jahrestagung der Gesellschaft
      fur Nuklearmedizin Weisbaden 1068, K. Schattauer Verlag, Stuttgart.
PAR  The following Example illustrate the invention.
DETD
PAC  E X A M P L E :
PAR  An indium 113 m generator was eluted according to the method disclosed in
      U.S. Pat. No. 3,450,597, Example 1, at room temperature with 10 ml of a
      sterile 0.05 N hydrochloric acid. Especially useful were indium 113 m
      generators which have a tin 113 activity of 5 to 100 milli Curie so that
      the activity concentration of the eluate was 0.5 to 10 milli Curie per ml.
PAR  1 Milliliter of the eluate obtained was slowly added dropwise while
      constantly shaking to 1 ml of a sterile human transferrin solution having
      a concentration of 20 mg per ml and containing 6 mg of sodium bicarbonate,
      13 mg of sodium chloride, 1.8 mg of PHB methyl ester and 0.2 mg of PHB
      propyl ester. The pH of this solution was 8.2 before the eluate had been
      added. After addition of the eluate the pH of the transferrin solution
      labelled with indium 113 m thus obtained was 6.2 to 6.5.
PAR  The yield of labelled substance could be determined with the aid of paper
      electrophoresis in veronal buffer at pH 8.6 over a period of 2 hours; it
      was 100 per cent. The transferrin labelled with indium 113 m was colored
      with amino black 10 B; radio activity was measured by radio paper
      chromatography.
PAR  Under sterile conditions 2 ml of a human transferrin solution labelled with
      indium 113 m and ready for injection were thus obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making human transferrin labelled with indium 113 m, which
      comprises adding an eluate of an indium 113 m generator dropwise to an
      aqueous human transferrin solution in a volume ratio of 1:1, said eluate
      having an activity concentration of 0.9 to 50 milli Curie per ml and
      containing 0.2 to 0.01 N hydrochloric acid and said aqueous transferrin
      solution containing 3 to 10 mg of sodium bicarbonate per 5 to 100 mg of
      human transferrin per ml.
NUM  2.
PAR  2. A method as in claim 1 wherein said transferrin solution additionally
      contains sodium chloride and, as a bacteriostatic agent, a mixture of the
      methyl and propyl esters of parabenzoic acid.
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ABST
PAL  A therapeutic preparation consisting of particles containing a
      therapeutically active material are coated with a disintegratable coating
      comprising zein and shellac. A first group of particles contains no
      coating or a coating subject to rapid disintegration upon ingestion to
      release an initial dose of therapeutic material and remaining groups of
      particles are coated with increasingly thicker coatings for delayed
      disintegration to release subsequent doses of therapeutic material. The
      coating composition may include disintegration modifiers so that thinner
      coatings of the zein-shellac coating material can be employed than would
      be required for zein shellac alone to obtain the delayed disintegration of
      the coating.
BSUM
PAR  The therapeutic preparation is formed by placing a portion of uncoated
      particles in a revolving pan and contacting the particles with sufficient
      amount of zein-shellac solution to cover the pellets. This is followed by
      a drying operation. The coating operation is repeated several times until
      the coating thickness is such as to resist disintegration for a selected
      period of time after ingestion. A portion of the coated particles is
      segregated and the coating procedure repeated until the coating thickness
      is such that the coating will resist disintegration and release the
      therapeutic material for absorbtion in the patient's system subsequent to
      the segregated portion of the particles.
PAR  The therapeutic preparation may be utilized as a mixture of groups of
      pellets in a capsule or the groups of pellets may be compressed into
      tablet form.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to therapeutic preparations in capsule or tablet
      form, and more particularly relates to such therapeutic preparations
      comprising particles having coatings thereover which are adapted to
      disintegrate at different times in the system of a patient thereby to
      provide for the timed release of a therapeutic material.
PAR  Timed disintegration capsules and tablets for the sequential, timed release
      of medicinal substances into a patient's system are well known in the art.
      Generally such capsules or tablets consist of particles containing the
      medicinal substance to be introduced into the system, and a coating over
      the particles of a material which is resistant to disintegration for a
      selected period of time. Such coating compositions are also referred to as
      enteric coating compositions, that is, compositions which are generally
      resistant to disintegration in the stomach, but which will disintegrate in
      the intestine. Enteric compositions also include compositions which are
      disintegratable so slowly in the stomach that the medicinal substance is
      not released until the capsule or tablet has reached the intestine of the
      patient. For example, coatings comprising bees wax and glyceryl
      monostearate; bees wax, shellac and cellulose; and cetyl alcohol, mastic
      and shellac have been proposed for use as slow release or timed release
      coatings for medicinal substances. Release of the medicinal substance by
      disintegration of the coating is generally controlled by controlling the
      thickness of the coating or by varying the coating composition.
PAR  The prior art compositions have generally proved deficient in that the
      medicinal substance is released so slowly in the system as to never reach
      the desired dosage level. Also, with many patients, the coatings are not
      disintegrated to the extent necessary to release the medicinal substance
      until the tablet or capsule has reached the colon and the medicinal
      substance is discharged from the system rather than absorbed by the
      intestine. Many prior art coating systems are not amenable to being formed
      into tablets or require the use of additive materials before the tableting
      operation, thereby raising the cost of manufacture.
PAR  The present invention, which also lies in the general area of timed
      disintegration coatings, represents a substantial improvement over the
      prior art compositions in that the time of disintegration is readily
      controllable and easily adjusted for release of a medicinal substance. In
      addition, the coating composition of the present invention may be utilized
      in tableting operations as well as in encapsulated therapeutic
      preparations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in new and improved time releasable
      therapeutic preparations and in the method of manufacture thereof. More
      particularly, the improvement resides in a coating composition applied
      over particles containing a therapeutic substance to provide a coating
      thereover which is accurately and reproducibly disintegration resistant
      both in the stomach and in the intestinal tract for a selected period of
      time.
PAR  The coating composition comprises a mixture of zein and shellac which
      unexpectedly forms a coating which is selectively modified to resist
      disintegration for as short a period as approximately 20 minutes up to
      approximately eight hours. Disintegration of the coating results in the
      release of the therapeutic material for absorption into the patient's
      system. In the preferred embodiment, minor proportions of disintegration
      modifying materials are incorporated into the coating composition to
      reduce the total coating thickness for coatings designed to resist
      disintegration for substantial periods of time.
PAR  The therapeutic particles are coated with the zein-shellac coating
      composition of the present invention by contacting the particles with the
      coating composition in a substantially volatile solvent followed by a
      drying operation to remove the solvent. The coating operation is repeated
      until the zein-shellac coat thickness is built up to sufficient thickness
      for disintegration resistance for a desired period of time. By combining
      particles having different thickness of coatings into capsules and
      tablets, a therapeutic preparation is formed which, when ingested by a
      patient, will release doses of therapeutic materials at predetermined time
      intervals.
PAR  Other objects and advantages of the present invention will become apparent
      upon consideration of the following detailed description of the invention,
      and the novel features will be particularly pointed out in connection with
      the appended claims.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is embodied in a therapeutic preparation in dosage
      unit form and its method of preparation, wherein groups of particles
      containing therapeutic substances are coated with a coating composition
      comprising zein and shellac. The coating thickness of each of the groups
      of particles is varied so that the coating is disintegrated in the
      patient's system at differing times after ingestion of the preparation of
      the present invention. In this manner, the therapeutic substances are
      released for absorption into the patient's system at controllably spaced
      time periods. In accordance with this invention, the dosage unit form of
      the therapeutic preparation comprises, in tablet or capsule form, groups
      of particles, each group of particles containing sufficient therapeutic
      material to comprise a dosage unit. The dosage unit will vary with the
      therapeutic material and the size and weight of the patient in accordance
      with standard practice.
PAR  As is conventional in the art, neutral particles utilized in the present
      invention are formed from a sugar and starch mixture in corn syrup or a
      starch and simple syrup mixture as described in the U.S. Pharmacopoeia.
      The proportion of sugar to starch may range from between about 50% to
      about 90% sugar with the remainder of the composition being starch. The
      particles are formed in the conventional manner to a particle size of
      between about 12 mesh and about 40 mesh; with preferably an average
      particle size of about 24 mesh.
PAR  The therapeutic material may be incorporated directly in the neutral
      particle during formation thereof or may be dusted or otherwise
      distributed over the particles. When utilizing the latter method of
      applying the therapeutic material, it is preferred to apply a thin coating
      of a sealant material such as, for example, zein in order to bind the
      therapeutic material to the individual particles. In addition, one or more
      coats of the zein-shellac coating compositions may be applied to separate
      individual therapeutic materials or to act as a sealing coat. In such a
      case the coating composition is adjusted for rapid disintegration in the
      patient's system.
PAR  The particular therapeutic material utilized in the preparation of the
      present invention is not critical and may be selected from a wide variety
      of medicinal materials such as, for example, vitamins, minerals,
      sedatives, somniferics, drugs, analgesics antibiotics, sympathomimetics,
      cardiotonics and the like with therapeutically effective results.
      Moreover, combinations of different therapeutic materials, including those
      which are normally incompatible with each other, may be incorporated in
      the preparation of this invention. In the latter case, the different
      therapeutic materials are applied in separate layers on the particles and
      are separated from adjacent layers of therapeutic materials by a layer of
      the coating composition described hereinafter.
PAR  The timed release coating composition utilized to coat the particles of the
      therapeutic preparation of the present invention comprises a mixture of
      zein and shellac. Zein is the alcohol soluble proteinaceous derivative
      from corn gluten and is commercially available as a finely divided powder.
      White shellac is derived from the exudation of the insect Laccifer lacca
      which is formed while the insect is feeding on resiniferous host trees.
      The exudation is treated to remove natural dyes and following melting and
      straining, the product is bleached with sodium hypochlorite to remove
      remaining color bodies.
PAR  The zein and shellac composition comprise a major proportion of the coating
      composition used in the present invention, although minor proportions of
      disintegration modifiers or plasticizers may also be present. In the
      preferred embodiments, the ratio of shellac to zein in the combination
      ranges between about 7:1 to about 14:1, on a weight/weight basis.
PAR  It is unexpected that a coating composition base on a zein-shellac
      admixture will produce a coating which resists disintegration in the
      gastro-intestinal tract for periods ranging from about 25 minutes to up to
      8 hours. Both zein and shellac are recognized for use in enteric coatings
      where resistance to disintegration in the stomach is desired. However,
      such coatings are unpredictable in their behavior and in many instances do
      not disintegrate until the capsule or tablet has reached the patient's
      colon, at which point release of the medicinal substance is ineffective.
PAR  Although it is not understood, it is believed that the shellac is modified
      by the zein so that the resulting coating is disintegratable both in the
      gastric and intestinal tracts at a predictable and reproducible rate. The
      total time of disintegration of a coating is readily determined and
      controlled by the amount of coating material applied to the particle.
PAR  Pharmaceutically acceptable plasticizers may also be incorporated in the
      coating composition for the purpose of improving the toughness,
      flexibility and handling characteristics of the finished coating. Such
      plasticizers include the mono- and di-alkyl esters of phthalate acid, such
      as for example, dibutyl phthalate and glycol and glyceryl esters, for
      example, triethylene glycol diproprionate, triacetone, castor oil, and the
      like.
PAR  It is also highly preferred to incorporate minor proportions of
      disintegration modifiers in the coating composition when the composition
      is being adapted to resist disintegration for a substantial period of
      time, on the order of 4 to 8 hours. These modifiers are materials which
      are pharmaceutically acceptable and which are known for their ability to
      withstand dissolution in the low pH environment of the stomach, but which
      are soluble in the intestinal tract. The addition of minor proportions of
      these materials permits the use of less coating material for a given
      period of disintegration resistance. For this purpose, it is preferred to
      utilize ethers and esters of cellulose such as, for example, cellulose
      acetate, cellulose acetate phthalate, and ethyl cellulose, or waxy
      materials, such as, for example, Japan wax, bees wax, paraffin and
      carnauba wax. In addition, polyvinyl compounds, such as polyvinyl alcohol,
      polyvinyl acetate, polyvinyl pyrrolidone and the like are useful as
      disintegration modifiers in accordance with the present invention. It
      should be clear, however, that the zein and shellac combination is useful
      without disintegration modifiers although the thickness of the coating
      required for a given period of disintegration resistance is greater than
      when the disintegration modifier is incorporated in the coating
      composition.
PAR  The coating composition of the present invention is conveniently applied to
      the particles by dissolving the coating substance in a suitable solvent.
      Due to the solubilities of zein and shellac, a highly preferred solvent
      for the coating composition is a dilute alcohol solvent, for example a 45
      weight percent solution of ethyl alcohol. Aqueous isopropyl alcohol
      solvents may also be used, however, methanol solvents should be avoided as
      zein is unstable in methanol. The preferred solvent for the composition is
      a 45% ethyl alcohol in water solution since both the zein and the shellac
      are soluble therein.
PAR  The coating is applied by placing the particles to be coated in a rotating
      coating pan and adding sufficient coating solution to cover the particles.
      The particles are dried to remove the alcohol and water and the procedure
      repeated as often as necessary to produce a coat which resists
      disintegration in gastric or intestinal fluids for a desired period of
      time. Time of disintegration for a coating is determined using the
      standard procedure of the U.S. Pharmacopoeia.
PAR  Groups of particles having coatings which disintegrate at different times
      are combined in capsules or tablet form so as to produce a therapeutic
      preparation which will release a unit dose of therapeutic material at
      prescribed times after ingestion of the preparation. In the preferred
      embodiment, a first group of particles is included for release of
      therapeutic materials in the stomach in about 25 minutes after ingestion.
      The first group of particles may be coated or uncoated in accordance with
      this invention. A second group of particles is provided with a coating
      which resists disintegration for a period of about 2 hours, whereupon a
      second unit dose of therapeutic material is released in the intestine of
      the patient. A third group of particles is included for release of a unit
      dose of therapeutic material in a period of about 8 hours after ingestion
      of the preparation.
PAR  As has been pointed out, the nature of the therapeutic material is not
      critical and the coating composition of the preparation of this invention
      is compatible with any orally administrable medicinal substance. Likewise,
      the precise thickness of the coatings is not crticial and the coating
      composition is applied until the coating of the particle resists
      disintegration in gastric or intestinal fluids for a selected period of
      time. As a practical matter, it has been found that it is not necessary to
      check the particles after each application of the coating solution after
      having once determined the number of applications of the coating solution
      required to produce a coating which will resist disintegration for a
      selected period of time. Also, it should be noted that if excess coating
      is accidently or mistakenly applied to a group of particles, a portion of
      the coating can be removed by contacting the particles with the alcohol in
      water solution without harming the particles or the therapeutic material
      contained therein.
PAR  The following examples are by way of illustration of the preferred
      embodiments of the therapeutic preparation of the present invention and
      its manner of preparation.
PAC  EXAMPLE I
PAR  40 Kg of neutral particles (50 weight percent starch -- 50 weight percent
      sugar pellets) having a 24 mesh particle size were placed in a 42 inch
      coating pan. The pan was rotated at between 28 and 30 rpm and 500 cc of a
      simple syrup solution containing 10 grams of digitoxin were distributed
      over the particles. Following addition of the digitoxin solution, the
      particles were dried in warm air and assayed for digitoxin content per
      particle.
PAR  The digitoxin containing particles were weighed and one third of the
      particles, on a weight basis, were set aside and identified as group I
      particles. The remaining quantity of particles were replaced in the 42
      inch coating pan.
PAR  A coating solution was prepared in accordance with the following formula:
TBL  COMPOSITION A                                                             
     ______________________________________                                    
     Zein, 10 weight percent in alcohol                                        
                                2000 cc.                                       
     Shellac (6 pound cut)      2000 cc.                                       
     Ethyl cellulose, 2 weight percent in alcohol                              
                                1000 cc.                                       
     Bees wax                   2 gm.                                          
     Castor Oil                 10 cc.                                         
     ______________________________________                                    
PAR  The alcohol solvent utilized was 45 volume percent ethyl alcohol in water.
      The coating pan was set in rotation and a sufficient portion of the
      coating solution to cover the particles was distributed over the particles
      in the revolving coating pan. The particles were then dried in hot air
      until traces of the coating solution had disappeared and the particles
      were freely flowing in the pan.
PAR  This procedure was repeated an additional seven times to build up the
      coating on the particles. The coated particles were weighed and one half
      of the particles on a weight basis were separated and identified as group
      II particles.
PAR  The remaining particles were returned to the 42 inch revolving coating pan
      and the coating procedure repeated as set forth above using the following
      coating compositions:
TBL  COMPOSITION B                                                             
     ______________________________________                                    
     Zein, 10 weight percent in alcohol                                        
                                 2000 cc.                                      
     Shellac (6 pound cut)       2000 cc.                                      
     Ethyl cellulose 2 weight percent in alcohol                               
                                 1000 cc.                                      
     Polyvinylpyrrolidone, 10 weight percent in alcohol                        
                                 1000 cc.                                      
     Bees wax                    5 gm.                                         
     Dibutyl phthalate           5 cc.                                         
     ______________________________________                                    
PAR  Ten applications of the coating solution were applied to the particles in
      the manner described above. These particles were identified as group III
      particles.
PAR  A sufficient number of particles to provide a 0.1 milligram dose of
      digitoxin were selected from each of the groups I, II and III particles
      and placed in a number 0 gelatin capsule. The capsule contained a total
      dosage of 0.3 milligrams of digitoxin.
PAR  The capsule was subjected to a disintegration test in accordance with the
      U.S. Pharmacopoeia. In accordance with this test the capsule was first
      placed in simulated gastric juice and maintained therein for a period of
      one hour with constant shaking. The gastric juice was prepared by
      dissolving 7.0 ml of hydrochloric acid U.S.P., 2.0 gm of sodium chloride
      and 3.2 gm pepsin U.S.P. in sufficient distilled water to make one liter
      (pH approximately 1.2). The simulated gastric juice was maintained at a
      temperature of 37.degree.C. Following this period the remaining particles
      were removed from the simulated gastric juice and 100 cc of the gastric
      juice was extracted and assayed for digitoxin content in accordance with
      the method described in the U.S. Pharmacopoeia.
PAR  The remaining pellets were then placed in simulated intestinal juice and
      shaken for a period of three hours. The intestinal juice was prepared by
      adding 10.0 gm of pancreatin U.S.P. to a mixture of 250 ml of 5 molar
      potassium biphosphate, 190 ml of 5 molar sodium hydroxide and 460 ml of
      distilled water. The pH was adjusted to 7.5 and sufficient distilled water
      was added to make one liter. At the end of the 3 hour test period 100 cc
      of the intestinal juice was extracted and assayed for digitoxin content.
      The test was continued for an additional four hours and a second 100 cc
      was extracted assayed for digitoxin content.
PAR  In accordance with the test results, it was determined that the capsule had
      released 0.1 mg of digitoxin in the gastric juice at the end of one hour,
      0.1 mg digitoxin at the end of four hours of testing and 0.1 mg of
      digitoxin was released after 8 hours of testing.
PAC  EXAMPLE II
PAR  Neutral particles of the type used in Example I were coated with the
      following vitamin preparation.
TBL  ______________________________________                                    
     Thiamine HCL (Vitamin B-1)                                                
                             400     gm                                        
     Riboflavin (Vitamin B-2)                                                  
                             320     gm                                        
     Pyridoxine (Vitamin B-6)                                                  
                             400     gm                                        
     Vitamin B-12            400     ml                                        
     Vitamin C               20      kg                                        
     ______________________________________                                    
PAR  The neutral particles were placed in the 42 inch rotary coating pan
      utilized in Example I and wetted with approximately 500 cc of the
      following coating solution:
TBL  Zein solution, 5% in dilute alcohol                                       
                             1000   cc                                         
     Shellac (6 pound cut)   100    cc                                         
     Castor Oil              10     cc                                         
     Alcohol                 10     cc                                         
PAR  The solvent was 45 vol. percent ethyl alcohol in water.
PAR  Vitamin B-1 was applied by dusting the particles and the particles were
      dried in air while maintaining the pan rotation. Two more applications of
      the coating solution were applied over the dusted particles and the
      coatings were allowed to dry between each application.
PAR  Following the above procedure, the particles were dusted with the Vitamins
      B-2, B-12 and C in that order with each of the layers of vitamins being
      separated by a coating formed by two applications of the coating solution.
PAR  The finished particles were weighed and samples taken to determine the
      vitamin content per particle and to determine the disintegration time of
      the coatings in simulated gastric juice following the procedure described
      in Example I. It was determined that the vitamin content of the particles
      was released in a period of between about 25 minutes and 1 hour with the
      vitamin C being released first.
PAR  One third of the particles, on a weight basis were separated and identified
      as Group I particles. The remaining two-thirds were coated with 8
      applications of the coating composition A of Example I following the
      procedure of Example I. One half of the coated particles were separated
      and identified as Group II particles and the remaining particles were
      coated with 10 applications of the coating composition B of Example I.
PAR  The Group I, II and III particles were thoroughly blended together and the
      blended particles placed in number 0 gelatin capsules. Approximately 500
      mg of particles, based on the weight of the particles before coating with
      compositions A and B, were placed in each of the capsules to provide the
      following total dosage per capsule:
TBL  Thiamine HCL (Vitamin B-1)                                                
                            5       mg                                         
     Riboflavin (Vitamin B-2)                                                  
                            4       mg                                         
     Pyridoxine (Vitamin B-6)                                                  
                            5       mg                                         
     Vitamin B-12           10      mcg                                        
     Vitamin C              240     mg                                         
PAR  Capsules were tested for disintegration in simulated gastric juice and
      simulated intestinal juice following the procedures of the official U.S.
      Pharmacopoeia method as described in Example I. The test results showed
      that one-third of the total vitamin dosage was released in the gastric
      juice within 1 hour, a second one-third of the total vitamin dosage was
      released in the simulated intestinal fluid at the end of 4 hours and the
      remaining third was released by 8 hours.
PAC  EXAMPLE III
PAR  Sedative capsules were prepared in accordance with the method of Example I
      except that phenobarbital U.S.P. was substituted in place of the digitoxin
      of Example I. The capsules contained Group I, II and III particles with
      the unit dose of each group of particles per capsule being 30 mg of the
      sedative.
PAR  It will be evident that, while specific embodiments of the invention have
      been illustrated and described, various modifications and changes may be
      made without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A therapeutic preparation comprising a pharmaceutical gelatin capsule
      containing a blend of three groups of particles containing a
      pharmaceutically active material, said first group containing a unit dose
      amount of said material for release thereof within a period of one hour
      after ingestion, a second group of said particles containing a unit dose
      amount of said material being provided with a coating comprising a major
      proportion of zein and shellac in a weight/weight ratio of between 1:7 and
      about 1:14 and minor proportions of ethyl cullulose, bees wax and a
      plasticizer, said coating having an effective thickness for disintegration
      and relase of said material in a period of about 4 hours after ingestion,
      and a third group of said particles containing a unit dose amount of said
      material being provided with a coating comprising a major proportion of
      zein and shellac in a weight/weight ratio of between about 1:7 and about
      1:14 and minor proportions of ethyl cellulose, bees wax,
      polyvinylpyrrolidone and a plasticizer, said coating having an effective
      thickness for disintegration and relase of said material in about a period
      of about 8 hours after ingestion.
NUM  2.
PAR  2. The therapeutic preparation of claim 1 wherein said pharmaceutically
      active material is digitoxin.
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BSUM
PAR  The present invention relates to compositions for dermatological or
      cosmetic use, and more particularly, to compositions for the hygiene and
      protection of the skin, the teeth and the scalp.
PAR  In dermatology, acitve principles intended for external treatments of the
      skin and teguments are very frequently combined with a fatty excipient to
      give unguents, cerates, plasters or ointments.
PAR  The development of modern excipients has made it possible in many cases,
      both in dermatology and in cosmetology, to replace these fatty
      preparations, which stain and are not well absorbed by the skin, by creams
      of the oil-in-water emulsion type, which are valued because of their
      properties of being washable, of giving, after rubbing in, an invisible
      non-fatty film, and of penetrating easily into the skin.
PAR  However, the field of application of these creams is limited to
      biologically active substances which are stable in the presence of water,
      which excludes a large number of biologically active material, including
      many enzymes, antibiotics, organ extracts, hormones and the like, and
      combinations of biologically active materials which are incompatible in
      the presence of water.
PAR  Even with stable ingredients, aqueous creams can present certain
      disadvantages to the user, such as: the need to cary a bulky tube or pot
      if the material is to be applied several times daily, or is to be taken on
      a journey; and poor dosing of the active principles because the amount of
      cream applied by rubbing can vary greatly each time some is taken,
      depending on whether it is taken from a tube or from a pot.
PAR  These disadvantages, which restrict the field of application of the creams,
      can be remedied by the present invention, which provides a composition
      produced by lyophilisation of an oil-in-water emulsion comprising:
PAR  A. AN ACTIVE PRINCIPLE AS HEREINAFTER DEFINED:
PAR  B. A FATTY ACID, FATTY ACID DERIVATIVE, FATTY ALCOHOL, FATTY ALCOHOL
      DERIVATIVE, ANIMAL, VEGETABLE OR MINERAL FATTY SUBSTANCE, OR A SYNTHETIC
      FATTY SUBSTANCE WHICH IS SOLID AT NORMAL TEMPERATURE AND PRESSURE BUT
      MELTS AT MODERATELY ELEVATED TEMPERATURE; AND
PAR  C. A SOLUTION IN WATER OF A THICKENER AND AN EMULSIFIER. Such compositions
      can be added to water to give at the time of use an aqueous solution for
      dermatological or cosmetological use, such as a cream, lotion, milk or
      jelly, in which the active principle or principles are entirely preserved
      regardless of their stability in water.
PAR  Apart from questions of stability, the new compositions also provide
      greater ease of use, in out-patient treatment, of all the active materials
      which can be used in dermatology and in cosmetology, and allows them to be
      applied at well-defined unit doses.
PAR  The new compositions can optionally also contain customary ingredients, for
      example perfumes, dyestuffs, buffers and preservatives.
PAR  The lyophilised product is a solid, dry, spongy, non-hygroscopic but rather
      hydrophilic mass which gives, after brief immersion in water and as a
      result of rubbing onto the skin, a cream, jelly, milk or lotion for
      dermatological or cosmetological use.
PAR  The compositions can be in unit doses and may be in the form of extremely
      diverse shapes and sizes, e.g. parallelepipeds, cylinders, spheres,
      hemispheres, truncated cones and the like.
PAR  The term "active principle" as used herein includes both medicines for
      external use and cosmetic products for the hygiene and protection of the
      skin, the mouth, the teeth and the hair, such as, for example, emollients,
      detergents, depilatories, deodorisers, soothing pastes, anti-sunburn
      compositions, anti-perspiration compositions, anti-dandruff compositions
      and antiseptics. The active principle may be, for example, a
      corticosteroid, phenylbutazone, an antibiotic, an enzyme, a vitamin, or a
      vegetable or animal extract.
PAR  The lipid phase of the new compositions may contain at least one, and
      preferably several, of the following substances: fatty acids and their
      derivatives (salts and esters); fatty alcohols and their derivatives
      (esters); and complex fatty substances of animal, vegetable or synthetic
      origin, for example lanolins, paraffins, spermaceti, animal waxes,
      vegetable waxes and synthetic waxes.
PAR  The hydrophilic phase may contain as thickeners, for example, one of the
      following: natural gums (gum arabic, gum tragacanth and guar gum);
      cellulose derivatives; pectins (including derivatives of alginic acid and
      of carragheen); bentonites and colloidal silicas; polysaccharides;
      synthetic macromolecules (with vinyl or acrylic groups or the like);
      starchy materials; phosphorylated derivatives of aliphatic hydroxylic
      alcohols; and natural or semi-synthetic inter-esterified triglycerides.
PAR  As emulsifiers, the hydrophilic phase may contain: surface-active agents,
      which may be non-ionic, for example Tweens, Spans and the like; anionic,
      for example lauryl sulphates, or cationic, for example quaternary ammonium
      compounds; and dispersing agents, such as organic polyelectrolytes, e.g.
      derivatives of alkylarylsulphonic acid, and organic or inorganic salts of
      stearic acid, and oxyethyleneated fatty alcohols.
PAR  One or more of each of these materials can be used, in varying amounts.
PAR  The new compositions are prepared essentially by lyophilising an aqueous
      emulsion of ingredients chosen to form the said compositions, in
      lyophilisation tanks comprising a series of cells of suitable size and
      shape.
PAR  More particularly, a cream, lotion, milk or jelly may be prepared as
      follows: All the constituents of the lipid phase and, if desired, all the
      active products or products which are insoluble in this phase, are mixed,
      and the phase is melted by heating and homogenised. Further, the
      hydrophilic phase consisting of a more or less fluid jelly consisting of
      the thickeners, the emulsifiers and, if desired, other compounds which are
      soluble or insoluble in water, is prepared. The hot oily phase is then
      poured into the aqueous phase which has been heated to the same
      temperature, so as to yield, on stirring, a perfect emulsion, which can
      either be poured hot into cells having the desired shape and size for the
      desired unit dose, or be cooled in bulk so that any active principle or
      principles which are too labile to withstand an increase in temperature in
      the aqueous phase can be incorporated into the material immediately before
      distribution into the cells. The cells, containing the cooled preparation,
      are then frozen so that the temperature of the preparation is lowered
      approximately to between -18.degree. and -40.degree.C. It is subjected to
      freeze-drying or lyophilisation under a high vacuum at about
      10.sup.-.sup.2 mm Hg, in such a way that the heat required for the
      sublimation of the water is supplied while the temperature does not rise
      to above the freezing point of the product.
PAR  The invention thus makes it possible to improve the physical
      characteristics, especially the consistency and the structure, of
      compositions for dermatological or cosmetological use, by combining the
      active principle or principles with the excipients quoted above.
PAR  Finally, the freezing conditions can be modified so as to vary the
      structure of the mass by changing the size of the crystals. For example,
      the freezing can be carried out on vibrating plates, moved by
      electromagnetic vibrations or ultrasonics.
PAR  After lyophilisation, the compositions obtained can be packaged in
      different ways: Either in bulk, in boxes or tubes, or in unit sachets, or,
      finally, in a preferred presentation intended to facilitate their use, as
      described below.
PAR  After immersion in water, the particles of lyophilised product rapidly
      become soft and difficult to handle. To avoid this disadvantage, the
      particles of lyophilised product may be placed on a wide-mesh fabric
      screen which can neither resist the passage of water nor the passage of
      the reconstituted emulsion for application to the skin. This screen can
      consist of natural or synthetic fibres. It is advantageous to use
      heat-weldable fabrics, the use of which presents convenient features for
      industrial presentation.
PAR  The particles of lyophilised product contained in their individual sachet
      of permeable fabric can be protected in a sachet of paper or aluminium, by
      themselves or combined with a plastic film (for example of polyethylene).
      The sachets thus obtained can be packaged in varying numbers in cardboard
      containers or in another packaging material.
PAR  Presentation inside a natural or synthetic sponge is different from that of
      the textile sachet. Preferably, a synthetic sponge, such as polyurethane
      foam, is used. The foam is dipped into the liquid emulsion and becomes
      impregnated through compression followed by expansion in situ. The whole,
      consisting of the composition and the supporting foam, is lyophilised, the
      amount of emulsion absorbed being a function of the diameter and number of
      the pores and of the viscosity of the composition.
PAR  The invention makes it possible to produce compositions which are stable
      over a period of time or which contain molecules or substances which are
      unstable or incompatible in the presence of water. Suitable unstable
      substances include products of natural origin possessing a physiological
      activity which is dependent on the material not having deteriorated, and
      which is not preserved well over a period of time. Products of natural
      origin which can be used as they are or combined with stabilisers, and
      which are suitable, include especially: (a) mineral products, namely spa
      muds and spa waters, oyster-bed muds, vegeto-mineral muds, waters
      containing sulphur, sodium, calcium or magnesium, waters rich in trace
      elements, expecially trace metal elements, waters containing iodine and
      bromine, and waters producing nascent sulphur; and (b) products of animal
      or vegetable origin, such as spa plankton, marine plankton, fish milt,
      algae and marine plants, shellfish, oysters and fish. These various
      products can be taken directly from their natural location and used as
      such, after dehydration by lyophilisation; they can, if desired, be
      combined with stabilisers. They can also be cultured or enriched in media,
      the composition of which can be modified to increase the content of
      certain natural constituents, such as sulphur, iodine, trace elements,
      vitamins, aminoacids and radioactive products, to the desired extent.
PAR  The majority of shampoos and compositions for use on the hair, or for
      treatment of the scalp, are in a liquid form which suffers from the same
      disadvantages as those mentioned above for cosmetic and dermatological
      compositions. The present invention makes it possible to produce
      lyophilised compositions useful as shampoos and for the treatment of the
      scalp containing physiologically active, unstable products.
PAR  In compositions intended for buccal or dental hygiene, the importance of
      the lipid phase combined with the hydrophilic phase and with the active
      substances is less, and the lipid phase can in certain cases be absent. On
      the other hand, the buccal or dental compositions generally contain a
      greater or lesser content of insoluble materials intended to clean and
      polish the teeth, e.g. cleaning agents of natural origin, such as calcium
      carbonate, calcium phosphate, silica, mangesia and sodium
      polymetaphosphate or of synthetic origin, such as polyethylene, silicone,
      chlorofluorinated resin and cellulose acetate, these polymers being used
      in powder form. Other constituents, such as emulsifiers, thickeners,
      foaming agents, perfumes, buffers, preservatives and dyestuffs can also be
      incorporated as indicated below.
DETD
PAR  The Examples which follow illustrate the invention.
PAR  Examples 1 to 4 relate to compositions for cosmetological use.
PAR  Examples 5 to 19 relate to compositions for dermatological use.
PAR  Examples 5 to 9 relate to active principles which are stable in the aqueous
      phase, but which can be more easily used as a result of the invention.
PAR  Examples 9 to 19 relate especially to active principles which are unstable
      or incompatible in the aqueous phase.
PAR  Examples 20 to 23 relate to dentifrice pastes.
PAR  Examples 24 to 27 relate to compositions for treatment of the hair or
      scalp.
PAR  Example 28 relates to a preferred form of cream for external use.
PAC  EXAMPLE 1
TBL  ______________________________________                                    
     Emollient Cleansing Cream                                                 
     ______________________________________                                    
     Lipid phase                                                               
     Ethoxylated lanolin         1 g.                                          
     Stearyl alcohol             3 g.                                          
     Cetyl alcohol               3 g.                                          
     Sodium lauryl sulphate      1 g.                                          
     Palm oil sucroglyceride     1 g.                                          
     Aqueous phase                                                             
     High viscosity carboxymethylcellulose                                     
                                 0.1 g.                                        
     Lithium, sodium and magnesium triple fluosilicate                         
                                 2.5 g.                                        
     Methyl para-hydroxybenzoate 0.1 g.                                        
     Rose water                  20 g.                                         
     Phosphoric acid q.s.p. pH 5                                               
     Purified water  q.s.p. 100 g.                                             
     ______________________________________                                    
PAC  Method of Preparation
PAR  1. The ethoxylated lanolin, the stearyl and cetyl alcohols and the palm oil
      sucroglyceride are melted together. The sodium lauryl sulphate is added
      and the mixture is heated to about 75.degree.C.
PAR  2. Further, the high viscosity carboxymethylcellulose is swollen in the
      rose water until a translucent homogeneous gel is obtained.
PAR  3. The methyl para-hydroxybenzoate is dissolved hot in the total amount of
      purified water. The lithium, sodium and magnesium triple fluosilicate is
      added to this solution, with vigorious stirring. After half an hour, a
      homogeneous dispersion is obtained, to which phosphoric acid is added to
      adjust the pH to about 5.
PAR  4. The carboxymethylcellulose gel prepared under 2) and the lithium, sodium
      and magnesium triple fluosilicate dispersion prepared under 3) are mixed.
      The mixture is heated to 70.degree.C.
PAR  5. The hot aqueous phase obtained under 4) is poured into the oily phase
      prepared under 1), while the latter is stirred.
PAR  6. An emulsion of the oil-in-water type is obtained which, after cooling,
      gives a cream.
PAR  7. This cream is distributed in cylindrical cells of diameter about 15 mm
      and depth about 10 mm, which each contain about 2 g. of cream.
PAR  8. All the cells are cooled in the cold chamber of a lyophilisation
      apparatus to a temperature of -35.degree.C, after some hours. The cooling
      is then stopped. A vacuum is applied, and the heating of the plates of the
      apparatus, on which the cells have been placed, is begun. The temperature
      of the cells remains at between -10.degree. and -25.degree.C for several
      hours, while the temperature of the plates is raised from -40.degree. to
      +5.degree.C to +10.degree.C. The vacuum used during the process is about
      10.sup.-.sup.2 mm Hg.
PAR  The lyophilisation process is allowed to continue for at least 12 hours,
      and the plates are then heated to +20.degree.C. When the temperature of
      the cells has reached equilibrium with that of the plates near
      20.degree.C, the lyophilisation can be considered complete. The vacuum in
      the apparatus is then released. The lyophilised masses are removed from
      the cells; they are placed on a strip of "Tergal" gauze and then covered
      with a strip of the same quality. The two strips of Tergal are sealed
      round the lyophilised masses, using an apparatus with resistance heaters,
      so that after cutting off, square sachets of 2 cm side length are
      obtained. These sachets are then placed beneath a polyethylene film, which
      is then heat-sealed.
PAR  In the examples which follow, the procedure of Example 1 is adopted to
      prepare the compositions described.
PAC  EXAMPLE 2
TBL  Deodorising and Anti-Perspiration Cream                                   
     Lipid phase                                                               
     Stearic acid                 6        g.                                  
     Beeswax                      1        g.                                  
     Polyoxyethylene stearate     2        g.                                  
     Polyoxyethylene and polyoxypropylene                                      
     Stearate                     2        g.                                  
     Lavender essence             0.25     g.                                  
     Hexachlorophene              0.5      g.                                  
     Aqueous phase                                                             
     Aluminogluconic acid         10       g.                                  
     Hydroxyethylcellulose        0.25     g.                                  
     Aluminium-magnesium double silicate                                       
                                  3        g.                                  
     Distilled water      q.s.p.  100      g.                                  
PAC  EXAMPLE 3
TBL  Cream to Prevent Sunburn                                                  
     Lipid phase                                                               
     Ethyl p-dimethylaminobenzoate 2        g.                                 
     Stearyl alcohol               4        g.                                 
     Stearic acid                  1        g.                                 
     Sodium lauryl sulphate        1        g.                                 
     Coumarin                      0.10     g.                                 
     Titanium oxide                0.5      g.                                 
     Neocolamin                    0.5      g.                                 
     Yellow Iron oxide             0.05     g.                                 
     Aqueous phase                                                             
     Propyl para-hydroxybenzoate   0.05     g.                                 
     Starch                        10       g.                                 
     Colloidal silica              5        g.                                 
     Aluminium-magnesium double silicate                                       
                                   2        g.                                 
     Phosphoric acid      q.s.p.pH 7                                           
     Distilled water      q.s.p.   100      g.                                 
PAR  In this example, the starch replaces the cellulose derivative used in
      Example 1.
PAC  EXAMPLE 4
TBL  Hand Cream                                                                
     Lipid phase                                                               
     Glycerol monostearate     4        g.                                     
     Lanolin alcohols          3        g.                                     
     Stearic acid              1.5      g.                                     
     Boric acid                2        g.                                     
     Aqueous phase                                                             
     Methylcellulose           0.3      g.                                     
     Polyethyleneglycol 4000   4        g.                                     
     Lithium, sodium and magnesium triple fluosilicate                         
                               3        g.                                     
     Lilly of the Valley essence                                               
                               0.01     g.                                     
     Distilled water      q.s.p.   100      g.                                 
PAC  EXAMPLE 5
TBL  Protective Cream for Dermatological Use                                   
     Lipid phase                                                               
     Magnesium silicate       10       g.                                      
     Zinc oxide               10       g.                                      
     Polyglycol ether of saturated Fatty alcohols                              
                              5        g.                                      
     Cetyl alcohol            5        g.                                      
     Stearyl alcohol          5        g.                                      
     Polyoxyethylene-sorbitane monostearate                                    
                              1.5      g.                                      
     Sorbitan monostearate    1        g.                                      
     Aqueous phase                                                             
     Polyvinylpyrrolidone     2        g.                                      
     Lithium, magnesium and sodium triple fluosilicate                         
                              3        g.                                      
     Citric acid          q.s.p. pH                                            
                                   5.5                                         
     Distilled water      q.s.p.   100     g.                                  
PAC  EXAMPLE 6
TBL  Anti-Inflammation Cream Based on Corticosteroid                           
     Lipid phase                                                               
     Delta-hydrocortisone      0.5     g.                                      
     Cetyl alcohol             3       g.                                      
     Stearyl alcohol           3       g.                                      
     Sodium Lauryl sulphate    1       g.                                      
     Aqueous phase                                                             
     Polyethyleneglycol 4000   2       g.                                      
     Lithium, magnesium and sodium triple                                      
     fluosilicate              2.5     g.                                      
     Carboxyvinyl polymer      0.2     g.                                      
     Phosphoric acid      q.s.p.pH6                                            
     Distilled water      q.s.p.   100     g.                                  
PAR  In this example, the binder consists of a "CARBOPOL" carboxyvinyl polymer
      dispersed in water and then mixed with the gel of lithium, magnesium and
      sodium fluosilicate to form the base of the aqueous phase.
PAC  EXAMPLE 7
TBL  Antiseptic Cream                                                          
     Lipid phase                                                               
     Thymol                        1       g.                                  
     Salol                         1.5     g.                                  
     Menthol                       0.5     g.                                  
     Cetyl alcohol                 10      g.                                  
     Sodium lauryl sulphate        1       g.                                  
     Aqueous phase                                                             
     Polyethyleneglycol 6000       2       g.                                  
     Ethylhydroxyethylcellulose    0.2     g.                                  
     Microcrystalline cellulose    0.1     g.                                  
     Aluminium-magnesium double silicate                                       
                                   2       g.                                  
     Lactic acid          q.s.p.pH5                                            
     Distilled water      q.s.p.   100     g.                                  
PAC  EXAMPLE 8
TBL  Anti-Inflammation Cream                                                   
     Lipid phase                                                               
     Inter-esterified hydrogenated palm oil                                    
                               5       g.                                      
     Oxyethylenated fatty alcohols                                             
                               5       g.                                      
     Aqueous phase                                                             
     Carboxymethylcellulose H.V.                                               
                               0.2     g.                                      
     Lithium, magnesium and sodium trifluosilicate                             
                               2.5     g.                                      
     Disodium phosphate   q.s.p.pH8                                            
     Distilled water      q.s.p.   100     g.                                  
     Dextran sulphate              2       g.                                  
     Sodium salt of phenylbutazone 4       g.                                  
PAR  The method of preparation is as in Example 1; the active principles are
      added to the cooled cream.
PAC  EXAMPLE 9
TBL  Cream containing an Antibiotic and a Soluble Steroid                      
     Lipid phase                                                               
     Cetyl alcohol                 5       g.                                  
     Stearyl alcohol               5       g.                                  
     Sodium dioctylsulphosuccinate 1.5     g.                                  
     Polyoxyethylene lauryl ether  3       g.                                  
     Ethylene oxide ether of lanolin                                           
     alcohols                      2       g.                                  
     Aqueous phase                                                             
     Methyl para-hydroxybenzoate   0.1     g.                                  
     Carboxymethylcellulose B.V.   0.2     g.                                  
     Aluminium-magnesium double silicate                                       
                                   2.5     g.                                  
     Disodium phosphate   q.s.p.pH7                                            
     Distilled water      q.s.p.   100     g.                                  
     Sodium-chloroamphenicol monosuccinate                                     
                                   0.15    g.                                  
     Beta-methasone phosphate      0.10    g.                                  
PAR  The excipient is prepared in accordance with the general process described
      in Example 1. The chloramphenicol salt and the beta-methasone salt are
      added to the cream obtained by cooling the emulsion, before distribution
      into cells.
PAC  EXAMPLE 10
TBL  Cream Combining Two Active Principles                                     
     which are Incompatible in the                                             
     Aqueous Phase                                                             
     Lipid Phase                                                               
     Cetyl alcohol        4            g.                                      
     Stearyl alcohol      4            g.                                      
     Sodium lauryl sulphate                                                    
                          1            g.                                      
     Aqueous phase                                                             
     Lithium, magnesium and sodium triple                                      
                          2.5          g.                                      
     fluosilicate                                                              
     Carboxymethylcellulose B.V.                                               
                          0.15         g.                                      
     Polyethyleneglycol 4000                                                   
                          1            g.                                      
     Phosphoric acid q.s.p.pH7                                                 
     Methyl para-hydroxybenzoate                                               
                              0.1          g.                                  
     Distilled water q.s.p.   100          g.                                  
     Hyaluronidase            15,000       U                                   
     Heparinoid substance     5,000        U                                   
PAR  The preparation is carried out in accordance with the process quoted in
      Example 1; the hyaluronidase and the heparinoid substance are added to the
      cooled cream just before distribution into cells.
PAR  Examples 11 to 13 are prepared by the process of Example 1 using the basic
      formula quoted in Example 10, and the active ingredients noted below.
PAC  EXAMPLE 11
TBL  Hyaluronidase        15,000       U.                                      
     Desoxymethasone      0.25         g.                                      
PAC  EXAMPLE 12
TBL  Hyaluronidase        15,000       U.                                      
     Tetracycline         2            g.                                      
     Neutral sodium sulphite                                                   
                          0.1          g.                                      
PAC  EXAMPLE 13
TBL  Alpha-mucase      1,500,000       U.                                      
     Hydrocortisone    0.5             g.                                      
PAR  The active principles in each of these Examples are added to the cooled
      cream immediately before its distribution into cells.
PAC  EXAMPLE 14
TBL  Lipid phase                                                               
     Glycerol monostearate         2        g.                                 
     Cetyl alcohol                 2        g.                                 
     Stearyl alcohol               2        g.                                 
     Sodium lauryl sulphate        1        g.                                 
     Aqueous phase                                                             
     Aluminium-magnesium double silicate                                       
                                   3        g.                                 
     Propyl para-hydroxybenzoate   0.05     g.                                 
     Sodium alginate               0.2      g.                                 
     Polyethyleneglycol 6000       2        g.                                 
     Disodium phosphate            0.5      g.                                 
     Phosphoric acid     q.s.p.pH7.5                                           
     Distilled water     q.s.p.    100      g.                                 
     Alpha-chymotrypsin            0.1      g.                                 
PAR  After preparing the base excipient, as described for Example 1, the
      alpha-chymotrypsin is added before distributing the material into cells.
PAR  In Examples 15 and 16, the following active principles are added to the
      basic formulation of Example 14:
PAC  EXAMPLE 15
TBL  Heparinoid substance 5,000      U.                                        
     Hyaluronidase        15,000     U.                                        
PAC  EXAMPLE 16
TBL  Heparinoid substance 5,000        U.                                      
     Hyaluronidase        15,000       U.                                      
     Triamcinolone acetonide                                                   
                          0.1          g.                                      
PAC  EXAMPLE 17
TBL  Cream containing a soluble stabilised penicillin salt                     
     Lipid phase                                                               
     Spermaceti            7.5         g.                                      
     Sodium lauryl sulphate                                                    
                           1           g.                                      
     Aqueous phase                                                             
     Lithium, magnesium, sodium triple                                         
                           3           g.                                      
     fluosilicate                                                              
     Carboxymethylcellulose B.V.                                               
                           0.2         g.                                      
     Polyethyleneglycol 4000                                                   
                           1           g.                                      
     Monosodium phosphate  0.1         g.                                      
     Disodium phosphate    0.5         g.                                      
     Phosphoric acid q.s.p.pH7.5                                               
     Sodium tetracemate        0.2         g.                                  
     Hexamine                  1           g.                                  
     Distilled water q.s.p.    100         g.                                  
     Sodium salt of penicillin 1,000,000   I.U.                                
PAC  EXAMPLE 18
TBL  Cream containing a soluble stabilised aureomycin salt                     
     Lipid phase                                                               
     Stearyl alcohol                7.5    g.                                  
     Sodium lauryl sulphate         1      g.                                  
     Aqueous phase                                                             
     Aluminium-magnesium double silicate                                       
                                    3      g.                                  
     Ethylhydroxyethylcellulose     0.2    g.                                  
     Sodium borate                  2      g.                                  
     Polyethyleneglycol 4000        2      g.                                  
     Neutral sodium sulphite        0.2    g.                                  
     Phosphoric acid      q.s.p.pH6.8                                          
     Distilled water      q.s.p.    100    g.                                  
     Aureomycin hydrochloride       2      g.                                  
PAR  The aqueous gel obtained by the process described in Example 1 is prepared
      with part of the distilled water, and the remainder is used to make up a
      primary solution with the aureomycin hydrochloride, sodium borate and the
      sodium sulphite. This solution is added to the cooled emulsion of the oily
      phase in the aqueous phase.
PAC  EXAMPLE 19
TBL  Vitamin-containing cream with embryo extract                              
     Lipid phase                                                               
     Vitamin A             1,000,000  I.U.                                     
     Vitamin F             2          g.                                       
     Butylhydroxyanisole   0.1        g.                                       
     Propyl gallate        0.1        g.                                       
     Cetyl alcohol         7.5        g.                                       
     Sodium lauryl sulphate                                                    
                           1          g.                                       
     Aqueous phase                                                             
     Lithium, magnesium and sodium triple                                      
                           3          g.                                       
     fluosilicate                                                              
     Carboxymethylcellulose B.V.                                               
                           0.2        g.                                       
     Polyethylene glycol 4000                                                  
                           1          g.                                       
     Citric acid      q.s.p.pH5                                                
     Methyl para-hydroxybenzoate                                               
                               0.1        g.                                   
     Propyl para-hydroxybenzoate                                               
                               0.05       g.                                   
     Nicotinamide              0.1        g.                                   
     Pantothenyl alcohol       2.00       g.                                   
     Distilled water  q.s.p.   100        g.                                   
     Fresh pulp of chicken embryos                                             
                               5          g.                                   
PAR  The process is that quoted in Example 1; the fresh embryo pulp is added
      after cooling the emulsion, and just before the latter is distributed into
      cells.
PAC  EXAMPLE 20
TBL  Dentifrice paste with antibiotic                                          
     Lithium, sodium and magnesium triple                                      
                                   5        g.                                 
     fluosilicate                                                              
     Sodium alginate               0.2      g.                                 
     Sodium lauryl sulphate        1        g.                                 
     Sucrose                       20       g.                                 
     Sodium polymetaphosphate      25       g.                                 
     Phosphoric acid      q.s.p.pH6                                            
     Mint oil                      1        g.                                 
     Erythrosin                    0.05     g.                                 
     Tyrothricin                   0.5      g.                                 
     Methyl para-hydroxybenzoate   0.1      g.                                 
     Distilled water.     q.s.p.   100      g.                                 
PAC  Method of preparation
PAR  The dyestuff and the methyl para-hydroxybenzoate are dissolved in distilled
      water and the lithium, sodium and magnesium triple fluosilicate is allowed
      to swell together with these in the coloured distilled water. The pH is
      adjusted to 6 with phosphoric acid. The sucrose and the polymetaphosphate
      are added, and the whole mixed until a homogeneous fluid paste is
      obtained. The mint oil and the tyrothricin are emulsified in the solution
      obtained, and the mixture is then poured into cells of parallelepiped
      shape, frozen at about -35.degree.C and lyophilised under the conditions
      described in Example 1.
PAC  EXAMPLE 21
PAR  Dentifrice Paste With Vaccine
PAR  The process is carried out as described in Example 20 using:
TBL  Aluminium-magnesium double silicate                                       
                                   4        G.                                 
     Hydroxyethylcellulose         0.25     g.                                 
     Sodium lauryl sulphate        1        g.                                 
     Sucrose                       10       g.                                 
     Sodium saccharinate           0.2      g.                                 
     Phosphoric acid      q.s.p.pH7                                            
     Hydrated dicalcium phosphate  30       g.                                 
     Fresh cochineal               0.01     g.                                 
     Fresh cochineal               0.01     g.                                 
     Anethole                      0.5      g.                                 
     Diluted cultures of spirilla  2        g.                                 
     Fuso-spirochetal antivirus    2        g.                                 
     Diluted strepto-staphylococcal                                            
     culture                       2        g.                                 
     Distilled water      q.s.p.   100      g.                                 
PAC  EXAMPLE 22
PAR  Dentifrice Paste With Ingredients Which Are Unstable and Incompatible in
      the Aqueous Phase
PAR  The procedure of Example 20 is adopted, using the following ingredients:
TBL  Lithium, magnesium and sodium                                             
                                4.         g.                                  
     triple fluosilicate                                                       
     Polyvinylpyrrolidone       0.5        g.                                  
     Sodium lauryl sulphate     1          g.                                  
     Phosphoric acid   q.s.p.pH5                                               
     Sodium polymetaphosphate   30         g.                                  
     Mint chewing gum oil       1          g.                                  
     Patent blue                0.001      g.                                  
     Neoarsphenamine            1          g.                                  
     Bacitracin                 5,000      I.U.                                
     Sucrose                    10         g.                                  
     Sodium saccharinate        0.1        g.                                  
     Distilled water   q.s.p.   100        g.                                  
PAC  EXAMPLE 23
PAR  Dentifrice Paste With Enzymes
PAR  The following are made into a dentifrice as described in Example 20:
TBL  Aluminium-magnesium double silicate                                       
                                  5        g.                                  
     Guar gum                     1        g.                                  
     Phosphoric acid     q.s.p.pH7                                             
     Sodium lauryl sulphate       1        g.                                  
     Calcium carbonate            30       g.                                  
     Sucrose                      20       g.                                  
     Sodium saccharinate          0.2      g.                                  
     Lysosyme (hydrochloride)     2        g.                                  
     Papain                       0.2      g.                                  
     Pancreatin                   0.2      g.                                  
     Titanium dioxide             1        g.                                  
     Menthol                      0.1      g.                                  
     Eugenol                      0.01     g.                                  
     Vanillin                     0.005    g.                                  
     Distilled water     q.s.p.   100      g.                                  
PAC  EXAMPLE 24
TBL  Hair lotion containing lecithin and embryo extracts                       
     Lipid phase                                                               
     Palm oil sucroglyceride     2         g.                                  
     Egg lecithin                0.5       g.                                  
     Polyoxyethylenated lanolin  5         g.                                  
     Saponin                     5         g.                                  
     Hydrophilic phase                                                         
     Salicylic acid              0.5       g.                                  
     Pulp of fresh chicken embryos                                             
                                 5         g.                                  
     Distilled water    q.s.p.   100       g.                                  
     Eau de Cologne extract      1         g.                                  
PAR  The saponin and the salicylic acid are dissolved in the water heated to
      70.degree.C, and the various constituents of the lipid phase are mixed at
      70.degree.C. The lipid phase is then emulsified in the hydrophilic phase
      and cooled. The embryo pulp and the perfume are added, and the emulsion is
      either divided amongst glass or plastic bottles, or amongst cells, frozen
      and lyophilised under the conditions previously described.
PAC  EXAMPLE 25
TBL  Shampoo with vitamin-containing enzymes                                   
     Lipase                  50,000       I.U.                                 
     Vitamin F               1            g.                                   
     Pantothenyl alcohol     2            g.                                   
     Vitamin B 6             1            g.                                   
     Lavender oil            0.1          g.                                   
     Liquid Quillaya extract                                                   
                     q.s.p.  100          g.                                   
PAC  EXAMPLE 26
PAR  Anti-dandruff Lotion With Antibiotic and Steroid
PAR  An anti-dandruff lotion is made, using the procedure described in Example
      24 from the following composition:
TBL  Amphotericin B             100       mg.                                  
     Sodium desoxycholate       80        mg.                                  
     Disodium phosphate         20        mg.                                  
     Monosodium phosphate       1.800     mg.                                  
     Beta-methasone             50        mg.                                  
     Eau de Cologne extract     0.1       g.                                   
     Liquid Panama (bark) extract                                              
                        q.s.p.  100       g.                                   
PAL  as indicated above, an anti-dandruff lotion is obtained.
PAC  EXAMPLE 27
PAR  Shampoo for the Treatment of Baldness
PAR  The procedure described in Example 24 is applied to the following
      composition:
TBL  Diethylstilboestrol        1         mg.                                  
     Oestrone                   0.02      mg.                                  
     Cysteine                   1         g.                                   
     Hexachlorophene            0.5       g.                                   
     Witchhazel extract         10        g.                                   
     Hop extract                10        g.                                   
     Liquid extract of Quillaya                                                
                        q.s.p.  100       g.                                   
PAR  Lyophylised products, especially those made from sludges of natural waters
      and from plankton, are prepared as described in Example 20 or 24.
PAC  EXAMPLE 28
PAR  Soothing Dispersion Cream Contained in a Porous Support
PAR  A cream is prepared as described in Example 1 from the following
      composition:
TBL  Cetyl alchol                  2.       g.                                 
     Stearyl alcohol               2.       g.                                 
     Sodium lauryl sulphate        0.5      g.                                 
     Lithium, magnesium and sodium                                             
     fluosilicate                  2.5      g.                                 
     Pluronic F 68 (polyoxyethylene-                                           
     polyoxypropanediol-1,2,                                                   
     marketed by Wyandotte)        1        g.                                 
     Polyethyleneglycol (molecular weight                                      
     4000)                         1        g.                                 
     Carboxymethylcellulose of low viscosity                                   
                                   0.15     g.                                 
     Distilled water        q.s.p. 100      g.                                 
PAR  Polyurethane foam having 10 to 100 pores per inch is used as the support.
      The foam is dipped while compressed into the fluid cream. The expansion of
      the compressed foam in the cream allows the cream to be absorbed. The
      whole is then lyophilised by the process described above. For use, the
      foam is rapidly steeped in water and the material is applied by rubbing
      over the skin.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of preparing an emolient cream in a porous support, which
      comprises admixing a molten oil phase comprising a fatty alcohol and an
      emulsifier with a heated aqueous phase comprising an emolient, a
      thickener, an emulsifier and water to form an oil-in-water emulsion;
      cooling the emulsion to form a cream; immersing a polyurethane foam, while
      compressed into said cream and allowing the cream to be absorbed into the
      foam; and freeze-drying the foam thus impregnated with the cream.
NUM  2.
PAR  2. A freeze-dried polyurethane foam obtained by the method of claim 1.
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ABST
PAL  There is disclosed a substantially anhydrous dentifrice which contains a
      dipeptide sweetener in combination with an acid anhydride. There is also
      disclosed a method of making the same.
BSUM
PAR  This invention relates to a novel dentifrice preparation, more particularly
      to a dentifrice in which the sweetening agent which heretofore suffered
      from rapid loss of sweetening upon aging in an aqueous dentifrice is
      stabilized by formulation into an anhydrous cream containing a food grade
      acid anhydride therein. The invention being in the nature of an anhydrous
      dentifrice is succestible to the addition of various water incompatible
      dentifrice additives, such as the present sweetener, certain enzymes,
      bleaching agents, fluorides and the like. The invention also relates to
      methods of producing the aforesaid dentifrice.
PAR  The incorporation of certain water incompatible dentifrice additives in
      ordinary hydrous toothpastes has not been possible because of the
      instability or inactivity of these substances in the presence of moisture.
      Some fluoride additives form insoluble salts with the other ingredients in
      the hydrous toothpastes, thus rendering them ineffective for protection
      against caries. With other therapeutic additives, difficulties involving
      production and storage are encountered. As a result, the marketing of
      toothpaste products containing certain of these additives has not been
      possible. Moreover, attempts to formulate anhydrous toothpastes to
      circumvent the water incompatibility problem have been generally
      unsuccessful from the standpoint of consumer acceptance of these products.
PAR  In addition to the problems inherent in an anhydrous cream there is the
      additional problem of compatibility of the flavors and sweeteners employed
      in dental formulations.
PAR  It has been observed that taste and flavor are perhaps the most important
      single aspects with respect to the consumer acceptance of a dentifrice
      formulation. The selection of acceptable sweetener and flavoring
      ingredients is therefore of significant importance in the formulation of a
      dentifrice. It has oftentimes been stated that the foregoing is both an
      art as well as a science. It is an art in the sense that it requires the
      blending of the various components with the sweetening agents such that
      the final composition contains a pleasing taste as well as in providing
      for a composition in which the sweetener is stable. It is the foregoing
      that has presented particular difficulties in incorporating sweetening
      agents into a dentifrice inasmuch as the former must be compatible with
      the latter and both must remain essentially unchanged over the shelf life
      of the product.
PAR  At the present time, there are relatively few sweeteners which are both
      currently available for use in dentifrices as well as generally acceptable
      for use therein. This need has stimulated the search for artificial
      sweetening agents which may be used as sugar substitutes. The first
      artificial sweetener approved for general use was saccharin. Saccharin is
      markedly sweeter than sucrose, having a potency of 250-350 times the
      latter, but it has been known to leave a bitter aftertaste. More recently,
      the sweetening property of cyclohexylsulfamic acid (cyclamate) and its
      sodium and calcium salts was discovered. Those substances are about 30
      times as sweet as sucrose, but also suffer from certain disadvantages.
PAR  Other more exotic sweeteners though available are generally not acceptable
      for use in a dentifrice due to their stability problems vis-a-vis the
      various components in the dentifrice. Some of those sweeteners which do
      not have stability problems have the drawback that they are not suitable
      for use as a primary sweetener due to the unacceptable timelag prior to
      the onset of their sweeteness and/or their associated side tastes.
PAR  A further consideration in formulating a dentifrice relates to the fact
      that the polishing agents employed therein are generally absorbent
      materials and therefore there may be a selective absorption onto the
      polishing agent of the sweetener with accompanying changes in physical
      form of the toothpaste, chemical changes and accordingly changes in
      overall flavor.
PAR  The sweetening agent contemplated herein is a dipeptide sweetener, which
      may be characterized by the following general formula:
      ##EQU1##
      wherein R is an alkyl radical containing about 1 to 2 carbon atoms,
      preferably one.
PAR  Wherein R is 1, the dipeptide sweetener may be conveniently characterized
      as aspartylphenylanaline methyl ester.
PAR  The above sweetening agents are markedly sweeter than sucrose, possessing a
      potency of about 50-250 times relative to that standard. They are,
      moreover, lacking in the unpleasant aftertaste characteristic of currently
      available artificial sweeteners. The sweetening agents may be manufactured
      by the methods disclosed in U.S. Pat. No. 3,492,131, which is incorporated
      herein by reference.
PAR  The aforementioned dipeptide sweetening agents wherein R is methyl, i.e.,
      the methyl esters, and the stereoisomers of L-L configuration are
      particularly preferred for incorporation into the instant dental
      formulation. L-aspartyl-L-phenylalanine methyl ester and
      L-aspartyl-L-hexahydrophenylalanine methyl ester thus display a potency of
      about 200-250 times that of sucrose. The corresponding ethyl esters are
      about half as sweet.
PAR  The above sweetener has heretofore been described in the literature and
      even peripherily mentioned for use in consumable toiletries such as
      mouthwashes and toothpaste by merely including same therein. Such dental
      products, however, apparently never have been prepared, inasmuch as the
      literature is silent on the fact that the sweetener is not by itself
      stable in either an androus or aqueous dentifrice. The sweetness of the
      dipeptide sweetener has been found to rapidly dissipate soon (by shelf
      life standards) after incorporation into the dentifrice. It has been found
      that sweeteness is rapidly lost in about 1 week's time, the foregoing
      clearly unsatisfactory for a product that oftentimes has a shelf life of
      many months between factory packaging and ultimate consumer depletion of
      the product.
PAR  It has been unexpectedly found that following the teachings of the prior
      art leads to a product wherein the primary sweetness is rapidly lost and
      accordingly the dentifrice incorporating same no longer possesses a
      sufficient degree of sweetness to mask the associated side taste inherent
      in some dentifrices.
PAR  In order to incorporate same in a dentifrice there is the need to control
      the environment of this sweetener and accordingly, the dentifrice herein
      is substantially anhydrous; with this requirement, there is the
      accompanying need to incorporate an acid-anhydride or like material
      therein so as to maintain the stability and effectiveness of the sweetener
      and be operative to combine with free water present in the raw materials.
      It is understood that the acid anhydride will be non-toxic and suitable
      for oral use. It is also to be understood that other suitable acid
      functional materials may be employed, the principal guideline being that
      they be substantially anhydrous.
PAR  It is accordingly an object of this invention to provide for a
      substantially anhydrous dentifrice containing a dipeptide sweetening
      agent.
PAR  It is another object of the invention to avoid one or more drawbacks of the
      prior art.
PAR  Broadly speaking, the invention includes the provision of a substantially
      anhydrous dentifrice which contains a dipeptide sweetener in admixture
      with an acid-anhydride.
PAR  The dipeptide esters contemplated herein are conveniently manufactured by
      methods suitable for the coupling of amino acids. An especially preferred
      starting material is the asparic acid derivative wherein the amino
      function is protected by a benzyloxy-carbonyl group and the B-carboxy
      function by a benzyl ester group, and the .alpha.-carboxy group is
      converted to a p-nitrophenyl ester function. The preparation of that
      substance, i.e., N-benzoyloxy carbonyl-L-aspartic acid
      .alpha.-p-nitrophenyl, B-benzyl diester, is described by S. Guttmann Helv.
      Chim. Acta, 44 721 (1961).
PAR  The sweetening property of the dipeptide substances is partially dependent
      upon the stereochemistry of the individual amino acids, i.e., aspartic
      acid and phenylalamine, from which the dipeptides are derived. Each of the
      amino acids can exist in either the D or L form, but it has been
      determined that the L-aspartyl - L - phenylalamine esters are sweet while
      the corresponding D - D, D-L, and L-D isomers are not. Combinations of
      isomers which contain the L-L dipeptide, i.e., DL-aspartyl - L -
      phenylalamine, L - aspartyl - DL - phenylalamine and DL - aspartyl-DL -
      phenylalamine, are sweet also.
PAR  Combinations of the dipeptide sweetening agents with sugar or synthetic
      sweeteners such as saccharin likewise can be incorporated into dental
      formulations of this invention. Lesser amounts of each sweetener are,
      furthermore, required as a result of the effect by such combination.
PAR  Toothpastes or creams whether dispensed from flexible or resilient tubes or
      from pressurized containers, such as "aerosol" dispensers, will normally
      comprise polishing agents (s), vehicle (s), surface active agent(s) or
      detergents(s), gelling agent(s), and various other adjuvants, such as
      flavors, colorants, bactericides, tooth hardeners, e.g., fluorides or
      fluorine compounds, and preservatives or stabilizers.
PAR  Paste or cream dentifrices may be based on aqueous or substantially
      non-aqueous systems. The former, not included herein, will usually include
      substantial proportions of finely divided, solid polishing agent, surface
      active agent, gelling agent and some non-aqueous vehicle, e.g., glycerol,
      whereas the latter type will often contain a minor proportion of a
      particulate solid polishing agent, a larger proportion of non-aqueous
      vehicle, surface active agent and gelling agent, with a minor proportion
      of water unavoidably often being present in the raw materials.
PAR  The substantially anhydrous base of this invention is preferably formulated
      from the following: (1) humectant or an oil; (2) a non-toxic emulsifier;
      (3) gelling or binding agent; (4) an abrasive or abrasive-free inert
      ingredient; (5) standard toothpaste additives; and optionally, (6) water
      incompatible dentifrice additives.
PAR  The above-mentioned ingredients must, of course, be non-toxic and
      substantially anhydrous.
PAR  The dentifrice formulation of this invention includes liquids and solids
      that are proportioned as further defined hereinafter to form a creamy mass
      of desired consistency which is extrudable from an aerosol container or a
      collapsible tube (for example aluminum or lead). In general, the liquids
      in the dental cream will comprise chiefly glycerine or an oil, propylene
      glycol, polyethylene glycol 400, etc., including suitable mixtures
      thereof. It is advantageous usually to use a mixture of both humectant and
      binder such as glycerine and Carbowax 600. The total liquid content will
      generally be about 20 to 75 percent by weight of the formulation. It is
      preferred to use also a gelling agent in dental creams and gels such as
      the natural and synthetic gums and gum-like materials, for example, Irish
      moss, gum tragacanth, methyl cellulose, polyvinylpyrrolidone, hydrophilic
      colloidal carboxyvinyl polymers, such as those sold under the trademark
      Carbopol 934 and 940 and synthetic silicated clays such as those sold
      under the trademark Laponite CP and Laponite SP. These grades of Laponite
      have the formula
EQU  [Si.sub.8 Mg.sub.5.1 Li.sub.0.6 H.sub.7.6 O.sub.24 ].sup. 0.6 Na.sup.+0.6
PAL  The solid portion of the vehicle is usually present in an amount of up to
      about 10 percent preferably about 0.2 to 5 percent by weight of the
      formulation.
PAR  The proportions of gelating agents or thickeners in the present dentifrices
      are sufficient to form an extrudable, shape-retaining product which can be
      squeezed from a tube onto a toothbrush and will not fall between the
      bristles of the brush but rather, will substantially maintain its shape
      thereon. In almost all cases no more than about 10% of gelling agent need
      be used and in most instances about 0.5 to 10% will suffice, with the
      preferred range, especially applicable to sodium carboxymethyl cellulose,
      being from 0.5 to 1.5%.
PAR  Suitable oils for use in the practice of this invention include those which
      have viscosity ranging from about 100 to about 300 centipoises at
      70.degree.F., and can be mineral oil, light liquid petrolatum thickened to
      the necessary viscosity; and vegetable oils. The preferred mineral oil is
      Mineral Oil U.S.P. (also known as Liquid Petrolatum U.S.P., mineral oil
      (heavy medicinal), white mineral oil, liquid paraffin, and heavy liquid
      petrolatum). Mineral oil U.S.P. is defined in Remington's Pharmaceutical
      Sciences, 13th. edition, Mack Publishing Co., Easton, Pa. 1965 as "a
      mixture of liquid hydrocarbons obtained from petroleum; a colorless
      transparent, oily liquid, free or nearly free from fluorescene." It is
      tasteless and odorless when cold and develops not more than a faint odor
      of petroleum when heated.
PAR  The preferred light liquid petrolatum is Light Liquid Petrolatum N.F. also
      known as light liquid paraffin and light white mineral oil. It is
      described in Remington's Pharmaceutical Sciences, as " . . . a mixture of
      liquid hydrocarbons obtained from petroleum, it may contain a stabilizer."
      If the Light Liquid Petrolatum N.F. is used as the oil it must be
      thickened to the required viscosity of from about 100 to about 300
      centipoises at 70.degree.F. with one of the well-known commercially
      available inert thickening materials, such as a pyrogenic silica sold
      under the trademark CAB-O-SIL, or a hydrogenated castor oil, sold under
      the tradename THIXIN.
PAR  Suitable vegetable oils which may be used as the oil ingredient include
      coconut oil, cotton-seed oil, sesame oil and similar non-toxic vegetable
      oils, as described in Vegetable Fats and Oils by E.W. Eckey, Reinhold
      Publishing Corp., New York, 1954. The vegetable oil selected must, of
      course, fall within the required viscosity range of from about 100 to
      about 300 centipoises. A particular vegetable oil falling within this
      range is NEOBFE M-5, a fractional triglyceride of coconut oil. It is
      desirable that the vegetable oil ingredient contain a minor amount of an
      antioxidant such as butylated hydroxyanisole or butylated hydroxytoluene,
      preferably in an amount ranging from about 0.1% to about 3% by weight,
      based on the weight of the vegetable oil employed.
PAR  The liquid vehicle of the dentifrice, together with the gelling agent(s)
      and other constituents, forms an extrudable mass of a non-dripping
      consistency when extruded from a collapsible tube, such as an aluminum or
      lead tube. Thus, by the addition of more vehicle, the dental cream can be
      thinned and conversely, by the addition of more solids, especially more
      gelling agents, the products can be thickened. In most dentifrices, the
      liquid portion comprises glycerine; although it is preferred to employ
      glycerol, other suitable vehicles in place thereof or in addition thereto
      may also be present, either with the mentioned polyhydric alcohols or in
      replacement for them. Thus, propylene glycol, polyethylene glycol,
      mannitol and polypropylene glycol may be employed providing that they are
      physiologically acceptable and produce products having a desired
      refractive index, in the case of manufacture of visually clear
      dentifrices. Normally the proportion of vehicle is determined by the
      physical properties of the extrudate. Usually, however, from about 10 to
      90% of the vehicle will be employed, with about 10 to 35% being a typical
      range for production of opaque dentifrices and about 40 to 90% being
      useful for the manufacture of clear dental preparations.
PAR  It is to be understood that while ordinarily where sorbitol is employed in
      a dentifrice, it is used as an aqueous solution, sorbitol may be employed
      herein, with the proviso, however, that it be substantially anhydrous
      (i.e., crystaline).
PAR  It is to be understood that the substantially anhydrous system refers to
      the absence of sufficient free water to substantially adversely affect the
      stability of the sweetener. There may be present relatively minor
      proportions of water, or water in bound form or the like which are
      compatible in the system. Preferred ranges are, respectively, about 15 to
      30% of the polyhydric alcohols for the opaque dentifrices and about 50 to
      75% in the clear products.
PAR  In the preparation of tooth powders, it is usually sufficient to admix
      mechanically, e.g., by milling, the various solid ingredients, in
      appropriate quantities and particle sizes, and thereafter carrying out
      procedures known in the art for containerization of the product.
PAR  In chewable dental tablets the solids and liquids are proportioned
      similarly to the amounts in dental creams and the flavor is blended with
      the solids and liquids, a waxy matrix such as polyethylene glycol having a
      molecular weight of about 6,000 by weight, generally in amount of about
      4-20 percent by weight, in order to facilitate forming a tablet of desired
      size and shape.
PAR  In addition, the formulation will generally include a dentally acceptable,
      substantially water insoluble, polishing agent of the type commonly
      employed in dental creams. The polishing agents are usually finely divided
      water insoluble powdered materials of particle sizes such that they pass a
      140 mesh screen, U.S. Standard Sieve Series. Preferably, they are from 1
      to 40 microns, most preferably from 2 to 20 microns in particle sizes,
      with distribution of particle sizes being normal over the range.
      Representative polishing agents include, for example, dicalcium phosphate,
      tricalcium phosphate, insoluble sodium metaphosphate, aluminum hydroxide,
      including hydrated alumina, colloidal silica, magnesium carbonate, calcium
      carbonate, calcium pyrophosphate, bentonite, etc., including suitable
      mixtures thereof. When employed, it is preferred to use the water
      insoluble phosphate salts as the polishing agent and more particularly
      insoluble sodium metaphosphate and/or a calcium phosphate such as
      dicalcium phosphate dihydrate in dental creams.
PAR  The above listing of polishing agents, and other listings of other
      constituents of the dentifrice composition to be given in the present
      specification are not intended to be exhaustive and therefore, for other
      materials of these types reference should be made to a standard handbook,
      such as Cosmetics: Science and Technology, by Sagarin, 2nd printing, 1963,
      published by Interscience Publishers, Inc. Most of the polishing agents
      mentioned are most useful in the preparation of opaque dentifrices but
      some of them, such as the colloidal silicas, especially the silica
      xerogels, and complex sodium aluminosilicates, such as those sold under
      the trademark Syloid as Syloid 72 and Syloid 74 or under the trademark
      Santocel as Santocel 100 and synthetic alkali metal aluminosilicate
      complexes may be particularly useful, in the manufacture of clear
      dentifrices, because their indexes of refraction approximate those of the
      rest of the dentifrice constituents in an appropriate vehicle, i.e., of
      the gelling agent-liquid (generally including humectants such as glycerine
      and sorbitol) systems commonly used in dentifrices.
PAR  The content of polishing agent in the final dentifrice product is variable,
      generally being greater for the opaque than for the translucent or
      transparent dental gels. For example, in the manufacture of commercially
      acceptable opaque form-retaining, extrudable dental creams there usually
      will be present about 20 to 75% of polishing agent, e.g., dicalcium
      phosphate, but in the manufacture of clear dental gels, also
      form-retaining and extrudable, the content of polishing agent is typically
      about 5 to 40%. The preferred proportions of such constituents are about
      40 to 60% and about 10 to 30%, respectively. In the case of the polishing
      agent for opaque products, a most preferred composition includes hydrated
      dicalcium phosphate and anhydrous dicalcium phosphate, with the latter
      being present to the extent of about 5 to 20% of the total dicalcium
      phosphate content. With respect to the transparent or translucent dental
      gels, either sodium aluminosilicate complex or silica xerogel will usually
      be employed separately, although mixtures thereof may find special
      advantages in some products where the desired polishing properties may be
      so regulated. It will be seen that the polishing agents utilized in
      accordance with the invention are normally water insoluble inorganic metal
      oxides, hydroxides, salts and hydrates but water insoluble organic
      compounds may also be employed in substitution thereof, although usually
      for only minor proportions of the total polishing agent. For example,
      polyacrylamides, polymethyl methacrylates, polyesters and nylons may be
      utilized.
PAR  Of the water-insoluble polishing agents, most are well known chemical
      compounds. The complex aluminosilicate salts, which appear to contain
      interbonded silica and alumina having Al-O-Si bonds, are described by
      Tamele, in "Chemistry of the Surface and the Activity of Aluminum-Silica
      Cracking Catalysts", appearing in Discussions of the Faraday Society, No.
      8, pages 270-279 (1950), particularly at page 273, FIG. 1, Curve 3, and in
      the article by Milliken et al, entitled "The Chemical Characteristics and
      Structure of Cracking Catalysts", in Discussions of the Faraday Society,
      No. 8, 279-290 (1950), particularly in the sentence bridging pages 284 and
      285. The colloidal silicas used are silica Aerogels. Typically they have a
      refractive index of about 1.44 to 1.47 and a loose bulk density of about
      0.07 to 0.12 g./c. cm. and are of particle sizes of 1 to 20 microns.
      Appropriate aerogels have been marketed under the trademarks Syloid 63 and
      Syloid 74.
PAR  Organic surface-active agents are used in the compositions of the present
      invention to assist in achieving thorough and complete dispersion of the
      instant compositions throughout the oral cavity and render the instant
      compositions more cosmetically acceptable. The organic surface-active
      material may be anionic, nonionic, ampholytic, or cationic in nature, and
      it is preferred to employ as the surface-active agent a detersive material
      which imparts to the composition detersive and foaming properties.
      Suitable such detergents are water-soluble salts of higher fatty acid
      monoglyceride monosulfates, such as the sodium salt of the monosulfated
      monoglyceride of hydrogenated coconut oil fatty acids, higher alkyl
      sulfates, such as sodium lauryl sulfate, alkyl aryl sulfonates, such as
      sodium dodecyl benzene sulfonate, higher alkyl sulfoacetates, higher fatty
      acid ester of 1,2-dihydroxy propane sulfonates, and the substantially
      saturated high aliphatic acyl amides of lower aliphatic amino carboxylic
      acid compounds, such as those haing 12 to 16 carbon atoms in the fatty
      acid, or acyl radicals, and the like. Examples of the last mentioned
      amides are N-lauroyl sarcosine, and the sodium potassium and ethanolamine
      salts of N-lauroyl, N-myristoyl, or N-palmitoyl sarcosine which should be
      substantially free from soap or similar higher fatty acid material which
      tends to substantially reduce the effect of these compounds. The use of
      these sarcosinate compounds in the dentifrice compositions of the present
      invention is particularly advantageous since these materials exhibit a
      prolonged and marked effect in the inhibition of acid formation in the
      oral cavity due to carbohydrate breakdown in addition to exerting some
      reduction in the solubility of tooth enamel in acid solutions.
PAR  Other particularly suitable surface active materials include nonionic
      agents such as condensates of sorbitan monostearate with approximately 20
      moles of ethylene oxide, condensates of ethylene oxide with propylene
      oxide, condensates of propylene glycol ("Pluronics"), and amphoteric
      agents such as quaternized imidazole derivatives which are available under
      the trademark "Miranol" such as Miranol C.sub.2 M.
PAR  Other suitable nonionic detergents are the condensation products of an
      .alpha.-olefin oxide containing 10 to 20 carbon atoms, a polyhydric
      alcohol containing 2 to 10 carbons and 2 to 6 hydroxyl groups and either
      ethylene oxide or a heteric mixture of ethylene oxide and propylene oxide.
      The resultant detergents are heteric polymers having a molecular weight in
      the range of 400 to about 1600 and containing 40% to 80% by weight of
      ethylene oxide, with an .alpha.-olefin oxide to polyhydric alcohol mole
      ratio in the range of about 1:1 to 1:3. These detergents are manufactured
      using well-known polymerization techniques under conditions of high
      temperature and high pressure. The olefin oxide and polyhydric alcohol
      usually are added to the reactor prior to the addition of ethylene oxide.
      These nonionic detergents may be mixed with similar nonionic detergents as
      well as other types nonionic detergents described herein.
PAR  There may also be employed olefin sulfonate detergents, typically long
      chain alkenyl sulfonates.
PAR  The .alpha.-olefin feedstock preferably contains olefins of 8-25 carbon
      atoms, most preferably 12-21 carbon atoms. The feedstock may contain minor
      amounts of other constituents, such as secondary or internal olefins,
      diolefins, cyclic olefins, aromatics, naphthalenes, and alkanes. Best
      results have been obtained when .alpha.-olefins (where R.sub.1 is H)
      constitute a major proportion. A typical olefin feedstock contains in the
      range of about 12 to 21 carbon atoms in the molecule and yields olefin
      sulfonates having excellent detegency properties. Especially good foaming
      characteristics have been obtained by the use of a feedstock whose
      .alpha.-olefin content consists essentially of compounds of 15 to 18
      carbon atoms.
PAR  The detergent material above produced typically contains at least about 50%
      by weight of long-chain alkenyl sulfonate, up to about 33% by weight of
      hydroxy alkane sulfonate, and up to about 15% of impurities, such as long
      chain water-insoluble sultones, most of which impurities are characterized
      as being soluble in acetone.
PAR  The olefin sulfonate is generally employed in the form of its sodium salt.
      It is within the scope of this invention to use other water-soluble salts,
      for example, salts of other alkali metals such as potassium salts of
      alkaline earth metals, such as magnesium and calcium, triethanolamine,
      salts and the like as well as mixtures of a salt such as a sodium salt
      with the free olefin sulfonic acid.
PAR  It is preferred to use from about 0.05 to 5% by weight of the foregoing
      surface-active materials in the instant oral preparations.
PAR  Various other compatible and suitable materials may be incorporated in the
      dentifrice formulations of this invention. Examples thereof are coloring
      or whitening agents or dyestuffs, preservatives, silicones, chlorophyll
      compounds, ammoniated materials such as urea, diammonium phosphate and
      mixtures thereof, and other constituents. These adjuvants are incorporated
      in the instant compositions in amounts which do not substantially
      adversely affect the properties and characteristics desired and are
      selected and used in proper amount depending upon the particular type of
      preparation involved.
PAR  The compositions of the present invention may also contain a
      fluorine-containing compound having a beneficial effect on the care and
      hygiene of the oral cavity, e.g., dimunition of enamel solubility in acid
      and protection of the teeth against decay. Examples thereof include sodium
      fluoride, stannous and manganese fluoride, potassium fluoride, potassium
      stannous fluoride (SnF.sub.2 KF), potassium fluorozirconate, sodium
      hexafluorostannate, stannous chlorofluoride, and sodium
      monofluorophosphate. These materials which dissociate or release
      fluorine-containing ions, suitably may be present in an effective but
      non-toxic amount usually within the range of about 0.1 to 1% by weight,
      based on the water-soluble fluorine content thereof. Sodium fluoride,
      stannous fluoride, and sodium monofluorophosphate are particularly
      preferred, as well as mixtures thereof.
PAR  Antibacterial agents may also be employed in the oral preparation of the
      instant invention to provide a total content of such agents of up to about
      5% by weight, preferably about 0.01 to 5.0%, most preferably about 0.05 to
      1.0%. Typical antibacterial agents include:
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide;
PA1  p-chlorophenyl biguanide;
PA1  4-chlorobenzhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxpropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA1  1(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  1,6-di-p-chlorophenyl biguanidohexane;
PA1  1,6-bis(2-ethylhexyl biguanido) hexane;
PA1  5-amino-1,3-bis(2-ethylhexyl)-5-methylhexahydropyrimidine;
PAL  and their non-toxic acid addition salts.
PAR  Synthetic finely divided pyrogenic silica such as those sold under the
      trademark Cab-O-Sil M-5, Syloid 244, Syloid 266 and Aerosil D-200 may also
      be employed in amounts of about 1-5% by weight to promote thickening or
      gelling and to improve clarity of the dentifrice.
PAR  The taste of the new compositions may be modified by employing additional
      suitable flavoring or sweetening materials, which compatible materials may
      be blended into the dental vehicle along with the other materials
      heretofore mentioned.
PAR  The flavors which may be used include flavoring agents which may be in
      solid or liquid form. Most of such agents will be essential oils but the
      flavors may also include various flavoring aldehydes, esters, alcohols and
      similar materials, often the higher fatty compounds, known in the art.
      Examples of the essential oils include oils of spearmint, peppermint,
      wintergreen, sassafras, clove, sage, eucalyptus, marjoram, cinnamon, lemon
      lime, grapefruit and orange. Also useful are such chemicals as menthol,
      carvone and anethole. Of these, the most commonly employed are the oils of
      peppermint, spearmint, and eucaluptus and anethole, menthol and carvone.
      In some cases flavorful solvents, such as chloroform and mock chloroform,
      may be employed. Such flavorings may be used as liquids or may be
      solidified by being mixed with a particulate carrier material, such as
      starch, calcium carbonate, paraffin, vegetable wax, fat, higher fatty acid
      or other suitable carrier substances. In the cases of solid flavors, such
      as vanillin, sage, citric acid or licorice, the flavor may be converted to
      liquid form, if so desired, by dissolving it in the solvent or emulsifying
      it, usually with the help of a synthetic or natural emulsifying agent. The
      choice as to whether to utilize particulate solid or liquid flavors or to
      convert such flavors to a particulate solid or liquid form, respectively,
      will often depend on the properties desired in the flavor and its
      compatibility with the sweetener and any other material to be present with
      it. Thus, where chemical interactions with the acid anhydride and/or the
      sweetener are to be avoided it may well be desirable to utilize only solid
      compatible flavors but in those cases where reactions are not probable or
      objectionable, liquids may be used. Of course, even in the cases of
      liquids, the thickness of the liquid may be adjusted by utilization of
      gelling agents or thickeners, usually to the extent of less than about 10%
      of the flavor, preferably about 1 to 10% thereof. Similarly, the solid
      particles will have a viscosity of about 0.1 to 1,000 centipoises,
      preferably about 0.5 to 10 centipoises and the particle sizes will be
      about 0.1 micron to one millimeter, preferably about 1 to 100 microns in
      diameters.
PAR  The dipeptide sweetener will usually be a minor proportion of the total
      dentifrice product, preferably about 0.1 or 0.5 to 10% thereof. The acid
      anhydride will generally be included in amounts of about 0.1 to 15.0%,
      preferably 0.1 to 1.0% and most preferably 0.25 to 0.5% by weight. Of
      course, the percentages of adjuvants or other materials also present may
      be regulated for best results and usually will be about 0.2 to 5 times the
      weight of the sweetener. The proportion of additional sweetener where
      desired in the dentifrice or flavor will normally be about 0.1 to 2% of
      the entire product, preferably about 0.5 to 1.5% thereof.
PAR  It is believed that the acid anhydride functions to maintain the acid pH
      integrity (about 3-5) of the sweetener, help to absorb excess free water
      present and thereby provide for maximum stability of the sweetener without
      the occassionally needed step of making major changes in the acidity of
      the dentifrice vehicle. Suitable acid anhydrides include but are not
      limited to the food acidulents, such as acetic-, succinic-, adipic-,
      fumaric-, lactic-, malic acid and the like; vitamin and amino acids, such
      as folic-, ascorbic-, aspartic and the like; anti-microbial acids such as
      benzoic acid and the like; synthetic flavoring acids, such as isovaleric-,
      phenoxyacetic acid and the like; chelating acids, such as citric-,
      tartaric acid and the like; inorganic acids, such as orthophosphoric acid
      and the like; and fatty acids, such as lauric-, stearic acid and the like;
      and compatible mixtures thereof. Additional operative examples of the
      acids falling within the above described groupings may be found in The
      Handbook of Food Additives, published by the Chemical Rubber Company,
      1968; the foregoing is incorporated herein in its entirety by reference.
PAR  Because the mouth is substantially aqueous environment the flavors utilized
      will normally be water-soluble, emulsifiable or dispersible.
DETD
PAR  The invention will appear more fully from the examples which follow. These
      examples are set forth by way of illustration only and it will be
      understood that the invention is not to be construed as limited either in
      spirit or in scope by the details contained therein as many modifications
      both in materials and methods will be apparent from this disclosure to
      those skilled in the art. In the examples and the appended claims,
      quantities of materials are expressed in parts, proportions or percentages
      by weight except where otherwise noted.
TBL                EXAMPLE                                                     
     ______________________________________                                    
                           Parts                                               
     ______________________________________                                    
     Glycerin                58.69                                             
     Carbowax 600 (polyethylene glycol-                                        
          Union Carbide)     3.00                                              
     Aspartyl phenyl alanine methyl ester                                      
                             0.40                                              
     Succinic anhydride      0.50                                              
     Benzoic acid            0.15                                              
     Sodium monofluorophosphate                                                
                             0.76                                              
     Na Aluminum Silicate    30.00                                             
     Silica Aerogel          4.00                                              
     Na Lauryl Sulfate       1.50                                              
     Flavor                  1.00                                              
     ______________________________________                                    
PAR  The above materials are formulated in the usual manner into an extrudible
      toothpaste.
PAC  EXAMPLE 2
PAR  Example 1 is repeated with the same materials except that the following
      variations are made.
PAR  In addition to the methyl ester sweetener present at 0.3%, there is also
      present 1.0% flavor of spearmint and present with the spearmint is about
      0.1% of sodium saccharin and 0.02 of green colorant (F.D. & C. Green No.
      3) of the water-soluble type.
PAC  EXAMPLES 3-4
PAR  The procedure of examples 1 and 2 are repeated, however, the formulations
      are varied as follows.
TBL                EXAMPLE 3                                                   
     ______________________________________                                    
     DENTAL CREAM                                                              
                           Parts                                               
     ______________________________________                                    
     Syloid 244              3.0                                               
     Antimicrobial agent     0.1                                               
     Sodium benzoate          0.15                                             
     Aspartylphenylalanine methyl ester                                        
                              0.20                                             
     Sodium lauryl sulfate   1.5                                               
     Insoluble sodium metaphosphate                                            
                             38.6                                              
     Dicalcium phosphate dihydrate                                             
                             5.0                                               
     Titanium dioxide        0.4                                               
     Stannous fluoride       0.4                                               
     Gum tragacanth          0.4                                               
     Oil of wintergreen      1.0                                               
     Color                    0.03                                             
     Stearic anhydride        2.00                                             
     Glycerine (99.3%)       27.10                                             
     ______________________________________                                    
PAR  This composition is used by brushing the teeth therewith at least once
      daily.
PAR  In the above dental cream, the sodium lauryl sulfate may be replaced by
      sodium-N-lauroylsarcosinate.
TBL                EXAMPLE 4                                                   
     ______________________________________                                    
     DENTAL CREAM                                                              
                            Parts                                              
     ______________________________________                                    
     Antimicrobial agent      0.1                                              
     Aspartylphenylalanine methyl ester                                        
                              0.2                                              
     Sodium benzoate          0.5                                              
     Sodium acid pyrophosphate                                                 
                               0.25                                            
     Cab-O-Sil                2.00                                             
     Dicalcium phosphate dihydrate                                             
                              35.25                                            
     Calcium carbonate        5.0                                              
     Sodium carboxymethylcellulose                                             
                               0.25                                            
     Olefin sulfonate         2.0                                              
     Glycerine (99.3%)        23.95                                            
     Oils of peppermint and spearmint, 1:1                                     
                              0.8                                              
     Benzoic anhydride        3.0                                              
     ______________________________________                                    
PAR  In other experiments, the flavor(s) are changed to eucalyptus, anethole,
      menthol and carvone and the proportions are varied over the 0.5 to 5%
      range, with similar results. Generally, however, the total amount of
      flavoring employed will be about 0.5 to 2% based upon the total
      dentifrice, for best taste effects.
TBL                EXAMPLE 5                                                   
     ______________________________________                                    
                              Parts                                            
     ______________________________________                                    
     Glycerine (99.5% C.P.)     17.0                                           
     Cab-O-Sil                  1.0                                            
     Aspartylphenylalanine methyl ester                                        
                                1.0                                            
     Succinic anhydride         14.5                                           
     Hydrated alumina, (2 to 20 microns in dia.)                               
                                55.0                                           
     Sodium N-lauroyl sarcosine 2.0                                            
     Glycerine (99.5% C.P.)     2.9                                            
     Dental cream flavoring (essential                                         
     oils, sweeteners, esters)  1.2                                            
     ______________________________________                                    
PAR  The above opaque dental cream is made by a method corresponding to that of
      Example 1.
PAC  EXAMPLE 6
PAR  The procedure of Example 2 is followed, utilizing the formula given below,
      to make a clear gel dentifrice.
TBL  ______________________________________                                    
     Components:              Parts                                            
     ______________________________________                                    
     Mannitol                 75.0                                             
     Glycerine                25.0                                             
     Laponite SP              2.0                                              
     Sodium N-lauroyl sarcosinate                                              
                              2.0                                              
     Aspartylphenylaniline methyl ester                                        
                              0.1                                              
     Aerosil D200             3.0                                              
     Sodium aluminumsilicate  16.0                                             
     Flavor                   1.0                                              
     Color                    1.0                                              
     Succinic anhydride       3.0                                              
     ______________________________________                                    
PAR  The sodium aluminumsilicate employed is a complex having a refractive index
      of about 1.46, a moisture content of about 6 percent, an average
      particulate size of about 35 microns and a sieve loose bulk density of
      about 0.07 g./cc.
PAR  The various parts of the formulation are blended together in the manner
      described with respect to the preceding examples.
PAR  The product resulting is of excellent clarity and taste and when it has
      coloring materials such as F.D. & C. Blue No. 1 added to it, to the extent
      of 10% of the sweetener, gives a product a distinctive appearance.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 is followed for the production of a transparent
      cream.
TBL                         Parts                                              
     ______________________________________                                    
     Glycerine                25.00                                            
     Sodium carboxymethylcellulose                                             
                              0.70                                             
     Aspartylphenylalanine methyl ester                                        
                              0.17                                             
     Sodium benzoate          0.50                                             
     Sorbitol                 44.83                                            
     Benzoic anhydride        2.0                                              
     Sodium aluminum silicate 16.00                                            
     Syloid 244               5.00                                             
     Flavor                   1.00                                             
     Sodium lauryl sulfate    2.00                                             
     ______________________________________                                    
PAR  The invention has been described with respect to various examples thereof
      but it is clear that such examples and previously given illustration are
      not limitative, since one of ordinary skill in the art will be able to
      employ substitutes and equivalents without departing from the inventive
      concept.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anhydrous dentifrice which contains about 10 to 90% by weight of a
      liquid vehicle including a hydroscopic humectant, about 0.1 to 10% by
      weight of a dipeptide sweetner selected from the group consisting of
      L-aspartyl-L-phenylalanine methyl sweetener ethyl esters and
      L-aspartyl-L-hexahydrophenylalanine methyl and ethyl esters in admixture
      with about 0.1 to 15% by weight of a non-toxic acid anhydride selected
      from the group consisting of acetic-, succinic-, adipic-, fumaric-,
      lactic-, malic-, folic-, ascorbic-, aspartic-, benzoic-, isovaleric-,
      phenoxyacetic-, citric-, tartaric-, orthophosphoric-, lauric- and stearic
      acids and compatible mixtures thereof whereby the acid pH integrity of
      said sweetener is maintained about 3 to 5 and excess-free water present is
      absorbed thereby providing the stability in said sweetener.
NUM  2.
PAR  2. A dentifrice according to claim 1 wherein the dipeptide sweetener is a
      L-aspartyl-L-phenylalanine methyl ester.
NUM  3.
PAR  3. A dentifrice according to claim 1 which is a toothpaste and includes a
      polishing agent.
NUM  4.
PAR  4. A dentifrice according to claim 3 which includes about 5 to 75% of said
      polishing agent.
NUM  5.
PAR  5. A dentifrice according to claim 4 which also includes from 0.5 to 10% of
      a gelling agent and 0.5 to 5% of a synthetic organic detergent and in
      which the polishing agent is selected from the group consisting of sodium
      aluminum silicate, hydrated alumina, dicalcium phosphate, silica xerogel
      and calcium carbonate and mixture thereof, and a vehicle selected from the
      group consisting of mannitol, sorbitol, glycerine and mixtures thereof,
      the gelling agent is selected from the group consisting of sodium
      carboxymethyl cellulose, hydroxyethyl cellulose, polyvinyl alcohol, Irish
      moss and silica aerogel and mixtures thereof and the synthetic organic
      detergent selected from the group consisting of water-soluble higher fatty
      acid salts and synthetic anionic and nonionic detergents.
NUM  6.
PAR  6. A dentifrice according to claim 5 which contains therein, apart from
      said sweetener, about 0.1 to 2% of a flavoring material.
NUM  7.
PAR  7. A dentifrice according to claim 3 additionally containing 0.1 to 3.0% of
      a further sweetening agent.
NUM  8.
PAR  8. A dentifrice according to claim 3 additionally containing 0.1 to 10% of
      a combination of flavoring oils and sweetening agents in said vehicle.
NUM  9.
PAR  9. A dentifrice as defined in claim 3 wherein said polishing agent is
      water-insoluble.
NUM  10.
PAR  10. A dentifrice as defined in claim 1 further containing an effective
      amount of an anti-bacterial agent.
NUM  11.
PAR  11. A dentifrice as defined in claim 3 wherein said polishing agent is
      about 20-95 percent by weight of the vehicle.
NUM  12.
PAR  12. A dentifrice as defined in claim 1 additionally containing a
      surface-active agent.
NUM  13.
PAR  13. A dentifrice as defined in claim 12 wherein said surface-active agent
      is selected from the group consisting of water-soluble sulfates of
      compounds having long chain alkyl radicals and .alpha.-olefin sulfonates.
NUM  14.
PAR  14. A dentifrice according to claim 11 in clear gel form, containing a
      polishing agent of approximately the same index of refraction as the
      balance of the dentifrice.
NUM  15.
PAR  15. A dentifrice as defined in claim 1 wherein said hydroscopic humectant
      is selected from the group consisting of glycerine, glycerol, propylene
      glycol, polyethylene glycol, mannitol, substantially anhydrous sorbitol,
      light liquid petrolatum, mineral oil, vegetable oil, and suitable mixtures
      thereof.
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ABST
PAL  Dental creams, particularly translucent dental creams, containing finely
      divided synthetic amorphous silica polishing agents, such polishing agents
      have an average refractive index of from about 1.410 to 1.440.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to dentifrice compositions containing finely divided
      synthetic amorphous silica polishing agents. More particularly, it relates
      to either translucent or opaque dental creams.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Commercially available silica xerogels are currently used as the polishing
      agent in translucent dental creams. These creams are translucent because
      the 1.46 refractive index of the solid phase, which is essentially a
      silica xerogel, matches that of the liquid phase, which is essentially a
      humectant and water.
PAR  In preparing them, the humectant concentration in the liquid phase is
      adjusted so the refractive index of this phase matches that of the solid
      phase. These silica xerogels require high concentrations of humectant, for
      example 70% sorbitol or 90% glycerin. Additionally, they are difficult to
      prepare because of the gelatinous nature of the crude gel.
PAR  Dental creams containing readily prepared silica polishing agents that do
      not require high humectant concentrations to give translucent creams would
      be an advancement in the art.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, translucent dental creams containing
      synthetic amorphous silica polishing agents are provided containing lower
      humectant concentrations. These creams comprise:
PAR  1. A SOLID PHASE COMPRISING AS THE POLISHING AGENT IN A POLISHING AMOUNT, A
      SYNTHETIC AMORPHOUS SILICA, SAID POLISHING AGENT HAVING AN AVERAGE
      REFRACTIVE INDEX OF FROM ABOUT 1.410 TO 1.440, AND
PAR  2. A LIQUID PHASE COMPRISING WATER AND A HUMECTANT, WITH THE REFRACTIVE
      INDEX OF SAID LIQUID PHASE BEING ESSENTIALLY IDENTICAL TO THE REFRACTIVE
      INDEX OF SAID SOLID PHASE.
PAR  When these silica polishing agents are used to prepare translucent dental
      creams, the concentration of sorbitol or glycerin can be considerably
      reduced, i.e., to a 47 to 60% level, due to the low refractive indices of
      these polishing agents. Additionally, these silicas provide good polishing
      as well as cleaning when applied to the teeth in the conventional manner
      and they do not excessively scratch or abrade the teeth. In addition, they
      are compatible with most common dentifrice ingredients.
PAR  Another aspect of this invention relates to opaque dentifrice compositions
      containing the above-mentioned silica polishing agents, particularly
      opaque dental creams.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As mentioned, synthetic amorphous silicas are used as the polishing agents
      in the dentifrice compositions of this invention. Individual silica
      particles have a refractive index (RI) of from about 1.410 to 1.440.
PAR  These silicas are prepared from particulate hydrous alkali metal silicates.
      It is critical that the alkali metal silicates be particulate and that
      they contain 10 to 25%, preferably 15 to 20% by weight of water.
PAR  These silicates have an SiO.sub.2 /M.sub.2 O ratio of from about 1.6 to
      about 3.75, preferably 2.0 to about 3.2. They may be prepared by
      dehydrating alkali metal silicate solutions by any known drying method
      such as spray-drying, drum-drying, and high pressure extrusion, as
      described in U.S. Pat. No. 3,450,494.   As the result of dehydration, the
      alkali metal silicate ions are relatively fixed in position. In the case
      of spray-dried silicates, they are fixed in the spherical beads.
PAR  Because it is readily available, it is preferred to use sodium silicate,
      particularly spray-dried sodium silicate. Spray-dried sodium silicate
      particles, as well as other spray-dried silicate particles, are
      substantially hollow shaped spheres or beads.
PAR  The synthetic amorphous silicas are prepared by adding one of the
      above-mentioned particulate hydrous silicates to an aqueous acid solution.
      In batch processing, it is preferred that the particulate silicate be
      added to the acidic solution. In either batch or continuous processing, it
      is essential that the acid be maintained in excess of the silicate.
PAR  It is believed that ion exchange takes place first and polymerization takes
      place during drying. This reaction occurs as follows:
      ##EQU1##
      During the ion exchange, essentially no alkali metal silicate dissolves in
      the liquid phase. This exchange apparently takes place in the solid phase
      and at the surface of the alkali metal silicate particles.
PAR  Any acidic meterial that will serve to exchange hydrogen for the alkali
      metal ion may be used in the practice of this invention. Examples include:
      inorganic and organic acids, as well as their acid salts, specifically;
      sulfuric acid, phosphoric acid, acetic acid, and alkyl sulfonic acids,
      such as ethane, butane, hexane or decane sulfonic acid and toluene
      sulfonic acid. Acid salts include: monosodium phosphate, monosodium
      sulfate, and the like. It is preferred to use sulfuric or phosphoric acid.
PAR  The concentration of the acidic solution may vary, but it must be
      sufficient so that essentially all the alkali metal ions the alkali metal
      silicate are exchanged for hydrogen ions. For example, in the case of
      sulfuric acid the initial concentration is from about 1% to about 50% by
      weight, based on the total weight of the solution, preferably from about
      5% to about 20%.
PAR  The amount of acidic solution used must be large enough relative to the
      amount of alkali metal silicate to insure that essentially all alkali
      metal ions in the solid phase are replaced by hydrogen ions. The use of
      larger amounts of acidic solution is of no particular advantage and is
      avoided for reasons of economy. A convenient method for controlling the
      ratio of acid to silicate is by pH measurement in the reactor. The optimum
      final pH would depend on the particular choices of raw materials and
      concentration, but this is easily determined by routine analysis in which
      the amount of alkali metal ion remaining in the final product is
      determined. Acceptable final pH values for several choices of raw
      materials and concentrations can be found in the examples. Such a value
      for sulfuric acid is from about 3 to about 7.
PAR  Adequate reaction time must be provided to allow the exchange of hydrogen
      ions for alkali metal ions to go substantially to completion. Completion
      of the reaction can be recognized by observing the cessation of reaction
      mixture pH drift. This reaction may be carried out at any convenient
      temperature, for example, from about 15.degree.C. to about 80.degree.C.
PAR  Because of the granular nature of the starting alkali metal silicate
      particles, and because these particles do not appreciably disintegrate
      during ion exchange, the amorphous silica thus formed can be readily
      separated from the mother liquor using a filter or centrifuge and washed
      without difficulty. The silica thus separated does not contain much water
      and, therefore, requires less drying which is economically advantageous.
      The amorphous silica formed is dried in any conventional dryer.
PAR  Since the particle size of the dried amorphous silica is typically too
      large (particle diameters vary from below 1 micron to 300 microns) for
      direct use in dentifrices, it is reduced to a suitable size for
      dentifrices, for example, by milling. A ceramic ball mill is particularly
      advantageous. Generally the average particle diameter of the polishing
      agents of this invention is from about 1 to about 30 microns, preferably
      from about 3 to about 20. No more than about 1% by weight are larger than
      40 microns. The surface area (BET) of the silica polishing agents is from
      about 100 to about 200 m.sup.2 /gm. As mentioned, these silica polishing
      agents have an average refractive index from about 1.410 to 1.440.
PAR  As mentioned, as long as the refractive indices of both the solid phase and
      the liquid phase are essentially identical, a dental cream is translucent.
      By translucent, it is meant dental creams that are essentially transparent
      to those that are semi-transparent as exemplified by VASELINE white
      petroleum jelly. In translucent creams it is preferred that the refractive
      indices of both the solid and liquid phase be essentially identical.
PAR  The solid phase of the translucent dental creams of this invention comprise
      a polishing amount of the aforementioned synthetic amorphous silica
      polishing agent. Generally, the solid phase is 5% to about 50% by weight
      of the dental cream, based on the total weight of the dental cream.
      Generally, the polishing agent is present in an amount of from about 95 to
      about 100% by weight, based on the total weight of the solid phase.
PAR  The liquid phase comprises water and a humectant. It is 95% to about 50% by
      weight, based on the total weight of the dental cream. Suitable humectants
      include: glycerin, sorbitol, other polyhydric alcohols, and mixtures
      thereof.
PAR  The water to humectant ratio is adjusted in the liquid phase such that the
      refractive index of the liquid phase essentially matches that of the solid
      phase. In the case of sorbitol, its concentration in the liquid phase is
      about 47% to about 60% by weight. In the case of glycerin, its
      concentration is from about 58% to about 75%.
PAR  In the opaque dental creams of this invention, the aforementioned synthetic
      amorphous silica is used as at least part of the cleaning and polishing
      agent and comprises about 5 to 50% of the total cream. In this case, other
      conventional polishing agents such as dicalcium phosphate may also be
      present and it is not necessary to match the refractive index of the
      liquid phase to that of the silica.
PAR  Other ingredients in the liquid phase of either the translucent or opaque
      creams can be small amounts of flavorings such as oil of winter-green, oil
      of peppermint, oil of spearmint, oil of sassafras, and oil of anise; and
      small amounts of sweetening agents such as saccharin, dextrose, levulose,
      and sodium cyclamate. Still, other ingredients added to the liquid phase
      include: any of the commonly used foaming or sudsing agents, if they are
      reasonably stable, non-toxic and foam or form suds within the pH range of
      the dentifrice of this invention. As examples of suitable sudsing agents,
      there may be mentioned water soluble alkyl and alkyl ether sulfates and
      sulfonates having alkyl groups of from about 8 to about 18 carbon atoms,
      water soluble salts of sulfonates, monoglycerides of fatty acids having
      from about 10 to about 18 carbon atoms, water-insoluble salts of sulfated
      fatty alcohols having from about 10 to about 18 carbon atoms, salts of
      fatty acid amides of taurines such as sodium-N-methyl-N-palmitoyl tauride,
      salts of fatty acid esters of isethionic acid, and salts of substantially
      saturated aliphatic acyl amides of saturated aliphatic monoaminocarboxylic
      acids having from about 2 to about 6 carbon atoms and in which the acyl
      radical contains from about 12 to about 16 carbon atoms, such as sodium
      N-lauroyl sarcoside. It is also to be understood that mixtures of two or
      more sudsing agents can be utilized herein. These sudsing agents are
      generally used in an amount of from about 0.5% to about 5.0% by weight,
      based on the weight of the dentifrice composition.
PAR  Fluoride ions may also be present in the liquid phase. The fluoride ions
      can be supplied by any innocuous water soluble fluoride compound which is
      capable of providing at least 100 ppm of fluoride ions on contact with
      water. The term fluoride ion includes F.sup.-  and complex fluoride ions
      such as PO.sub.3 F.sup.-. Additionally, the term "innocuous" means a
      compound which is not undesirably toxic, highly colored, or otherwise
      objectionable for use in a dentifrice. Suitable innocuous fluoride
      compounds include many water soluble inorganic fluoride salts and many
      complex water soluble fluoride containing salts. Such salts include sodium
      fluoride, potassium fluoride, ammonium fluoride, indium fluoride,
      palladium fluoride, ferrous fluoride, lithium fluoride, flurophosphates,
      e.g., Na.sub.2 PO.sub.3 F, fluorosilicates, e.g. Na.sub.2 SiF.sub.6 and
      H.sub.2 SiF.sub.6, fluorozirconates, e.g., CaZrF.sub.6, Na.sub.2 ZrF.sub.6
      and K.sub.2 ZrF.sub.6, fluoroborates, e.g., NaBF.sub.4 and
      fluorotitanates. Mixtures of the aforementioned fluoride salts can also be
      used.
PAR  Although the above fluoride compounds are all inorganic salts, it is not
      necessary that such salts be employed as the source of the fluoride ions.
      Fluoride ions may also be supplied by organic fluorides which are water
      soluble or at least dissociate to give fluoride ions in contact with
      water. Fluoride ions can also be supplied by organic hydrofluorides, e.g.,
      amino acid hydrofluorides and amine hydrofluorides, amine fluorides, and
      mono-, di- and triethanolamine fluorides and hydro fluorides. Examples of
      suitable organic fluorides of these types are disclosed in Canadian Pat.
      Nos. 543,066 and 594,533 and in a publication by H. R. Muhlemann et al in
      Helvetica Odontologica Acta, Vol. 1, No. 2, page 23 (1957).
PAR  The quantity of the water-soluble fluoride compounds, which may be used in
      the dentifrice compositions of this invention, should be an amount
      equivalent to provide at least 25 parts of fluoride ions per million parts
      of the total dentifrice composition. It has been found that extremely
      large amounts of fluoride ions do not appreciably enhance the desirable
      properties of the dentifrice and may, under certain circumstances, produce
      toxic effects. Accordingly, it is desirable that the dentifrices of the
      present invention contain not more than a total of about 4,000 - 5,000
      parts of ionized and unionized fluorine per million parts of dentifrice
      composition and preferably not more than 3,000 ppm. However, a level of
      from about 1000 to about 10,000 ppm fluoride ions can be used if desired
      without toxic effects. A preferred level of fluoride ions is from about
      500 ppm to about 2,000 per million parts of the total dentifrice
      composition. Fluoride salts employed in conjunction with the abrasives of
      this invention may also contain stannous ions for the additional
      beneficial effects derived from these enamel solubility reducing cations.
      Examples of suitable stannous compounds are stannous fluoride, mixed
      halides such as stannous fluorides, and fluorostannates. Stannous tin may
      also be supplied from soluble stannous compounds other than a fluoride,
      e.g., stannous chloride or stannous gluconate. Stannous fluoride generally
      is used in amounts less than 50,000 parts per million by weight, based on
      the total weight of the dentifrice composition. It is preferred that this
      salt, i.e., SnF.sub.2, level be less than 25,000 ppm and between the range
      of from about 200 ppm and 2,000 ppm by weight.
PAR  In addition to the aforementioned ingredients, it may also be necessary, in
      order to obtain the proper consistency in certain toothpastes, to add
      various thickening materials. As examples of such thickening materials
      there may be mentioned water-soluble salts of cellulose ethers such as
      sodium carboxymethylcellulose and sodium carboxymethyl hydroxyethyl
      cellulose. Natural gums such as gum karaya, gum arabic, and gum tragacanth
      also can be used as thickeners, but may tend to cause undesirable odors or
      flavors in some formulations. Coloring agents, preservatives, as well as
      iridescent or pearlescent flakes, may also be used.
PAR  All of the aforementioned ingredients which are utilized in the present
      invention dentifrice compositions, may be incorporated therein in any
      order, in order to formulate said compositions.
PAR  The dentifrices of the present invention may be prepared in any convenient
      manner, by those skilled in the art. It is preferable to premix the
      thickener, water and humectant before addition of the synthetic amorphous
      silica polishing agent of this invention in order to avoid lump formation,
      after which the remaining ingredients will then be added. The entrapment
      of air can be prevented by mixing the ingredients under vacuum.
PAR  It is desirable that the pH of the dentifrice composition is from about 5
      to about 8, preferably from about 6 to about 7.
DETD
PAR  The following examples illustrate the invention. All parts are by weight
      unless otherwise specified.
PAC  EXAMPLE I
PAR  Hydrous sodium silicate (HSS) was prepared by extruding a superheated
      liquid sodium silicate through an orifice to form a porous string followed
      by further drying and grinding. The HSS formed has the following
      composition: SiO.sub.2 -- 55.6%, Na.sub.2 0 -- 22.2%, (SiO.sub.2 /Na.sub.2
      O ratio--2.5), H.sub.2 O -- 22.2%.
PAR  The above HSS, 50 g., was gradually added into 1.5 liter of 2% H.sub.2
      SO.sub.4 solution and agitation was continued for one hour at room
      temperature until the pH reached 3.5. The reacted solid was filtered,
      washed twice with water and dried in an oven at 150.degree.C. The dried
      solid was ground using a laboratory sample grinder. The product thus
      produced had an average RI of 1.431 and a composition of 92.5% SiO.sub.2,
      6.5% LOI. Refractive index was determined by the Beck-line method
      described in R. M. Allen's "Practical Refractometry by Means of the
      Microscope", pp. 6-7, 2nd Edition, R. P. Cargelle Labs, Inc., and E. M.
      Chamot and C. W. Mason, "Handbook Chemical Microscopy", page 315, Vol. I,
      John Wiley and Sons, Inc., 1958. Cargelle certified refractive index
      liquids (Fisher Catalog No. 13-946-5) in intervals of 0.004 were used for
      immersion.
PAR  When a sample was suspended in a 57% sorbitol aqueous solution, refractive
      index 1.431, the mixture was translucent.
PAC  EXAMPLE II
PAR  50 grams of spray-dried HSS (Philadelphia Quartz GD grade) containing 55%
      SiO.sub.2, 27.5% Na.sub.2 O, 17.5% water and having an SiO.sub.2 /Na.sub.2
      O ratio of 2, were slowly added with agitation to a vessel containing 2.5
      liters of 1.0% aqueous solution of sulfuric acid and reacted over a three
      hour period at room temperature. During this reaction the pH was 6.8. The
      solid was very easily filtered through a Buchner filter and digested in 1
      liter of water for 1 hour. The solid was filtered and dried in a drying
      oven at 160.degree.C. for 36 hours.
PAR  The resulting silica had an average refractive index between 1.412 and
      1.416 and contained: SiO.sub.2 -- 92.0%, soluble Na.sub.2 O -- 0.35%,
      SO.sub.4 &lt;0.1% and H.sub.2 O (800.degree.C. ignition) 6.48%.
PAC  EXAMPLE III
PAR  Two grams HSS having 18.0% H.sub.2 O and SiO.sub.2 /Na.sub.2 O = 3.2 was
      slowly added to 20 ml. of 1 molar solution of monosodium orthophosphate
      under agitation and reacted for 1.5 hours at room temperature. The
      amorphous silica formed was filtered, washed and dried at 140.degree.C.
      The silica had an average RI of 1.432 and contained SiO.sub.2 -- 98.1%,
      and 0.32% soluble Na.sub.2 O.
PAC  EXAMPLE IV
PAR  27.2 kg. of sulfuric acid were added to 154 liters of water in a baffled
      turbine agitated tank. 88.5 kg. of hydrous sodium silicate (Philadelphia
      Quartz G grade) containing 61.8% SiO.sub.2, 19.2% Na.sub.2 O, 18.5% water
      and having an SiO.sub.2 /Na.sub.2 O ratio of 3.2, was added over a 78
      minute period to the sulfuric acid solution at 50.degree.C. At this point,
      the pH was 4.2. This reaction product was then filtered. Water content of
      the filter cake was 32.5%. It was then dried and milled.
PAR  The resulting silica had an average refractive index of 1.430, an average
      particle diameter of 21 microns, a bulk density of 0.72, a surface area of
      192 m.sup.2 /g (BET), and contained 94.8% SiO.sub.2, 0.025% extractable
      Na.sub.2 O, and 0.12% total Na.sub.2 O.
TBL                EXAMPLE V                                                   
     ______________________________________                                    
     A dental cream was prepared containing:                                   
     Sorbitol - 57%  64.73%                                                    
     Glycerol        5.00%                                                     
     CMC             1.40%     anhydrous basis                                 
     Saccharin       0.20%                                                     
     METHYL PARASEPT 0.04%                                                     
     PROPYL PARASEPT 0.01%                                                     
     Amorphous silica of                                                       
     Example IV      26.00%    anhydrous basis                                 
     Sodium lauryl sulfate                                                     
                     1.47%                                                     
     Flavor          1.15%                                                     
                     100.00%                                                   
     ______________________________________                                    
PAL  The paste was translucent. The RDA* of the paste was 575.
FNT  *Radioactive dentine abrasion - Grabenstetter et al, Journal of Dental
      Research, 37, 1060 (1958).
PAR  From a consideration of the above specification, it will be understood that
      many improvements and modifications in details may be made without
      departing from the spirit and scope of the invention. It is to be
      understood, therefore, that the invention is not limited, except as
      defined by the appended claims, which constitute part of the description
      of the present invention, and are to be considered as such.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A translucent dental cream comprising
PA1  1. a solid phase comprising about 95 to 100% by weight, based on the total
      weight of the solid phase, as a polishing agent a synthetic amorphous
      silica prepared by exchanging hydrogen for the alkali metal ion of a
      particulate alkali metal silicate having an SiO.sub.2 /M.sub.2 O ratio of
      from about 1.6 to about 3.75 and containing 10 to 25% by weight of water,
      said polishing agent having an average refractive index of from about
      1.410 to 1.440 and an average particle diameter of from about 1 to about
      30 microns, and
PA1  2. a liquid phase comprising water and a polyhydric alcohol humectant, the
      refractive index of said liquid phase being essentially the same as the
      refractive index of said solid phase.
NUM  2.
PAR  2. A dental cream according to claim 1 wherein said humectant is selected
      from the group consisting of sorbitol, glycerin and mixtures thereof.
NUM  3.
PAR  3. A translucent dental cream comprising
PA1  1. a solid phase consisting essentially of from about 95 to about 100% by
      weight, based on the total weight of the solid phase of a finely divided
      synthetic amorphous silica polishing agent prepared by exchanging hydrogen
      for the alkali metal ion of a particulate alkali metal silicate having an
      SiO.sub.2 /M.sub.2 O ratio of from about 1.6 to about 3.75 and containing
      10 to 25% by weight of water, said polishing agent having an average
      refractive index from about 1.420 to 1.435 and an average particle
      diameter from about 3 to about 20 microns, and
PA1  2. a liquid phase consisting essentially of water and a polyhydric alcohol
      humectant, the ratio of said humectant in said water being such that the
      refractive index of said liquid phase essentially matches the refractive
      index of said solid phase.
NUM  4.
PAR  4. A dental cream according to claim 3 wherein said humectant is selected
      from the group consisting of sorbitol, glycerin, and mixtures thereof.
NUM  5.
PAR  5. A composition according to claim 1 wherein visible nontranslucent solid
      particles are present.
NUM  6.
PAR  6. A composition according to claim 1 wherein fluoride is present.
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PAL  The invention also relates to a method for controlling insects and acarina
      with the oxygenated derivatives of S-(tert-butylthio)methyl O,O-diethyl
      phosphorodithioate and phosphorothioate.
PARN
PAR  This is a division of application Ser. No. 358,756 filed May 9, 1973, now
      U.S. Pat. No. 3,878,267 issued Apr. 15, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to novel chemicals useful as pesticides.
PAR  2. Description of the Prior Art
PAR  Japanese Pat. No. 9297/66 teaches a method of preparing compounds of the
      formula:
      ##EQU1##
      and their use as insecticides. Other patents of interest are U.S. Pat.
      Nos. 2,596,076 (1952) and 3,408,426 (1968). I have discovered that the
      compound O,O-diethyl S-(tert-butylsulfonyl)methyl phosphorodithioate is
      much less toxic to mammals (mice) than the art compound O,O-diethyl
      S-(tert-butylsulfinyl)methyl phosphorodithioate, and exhibits insecticidal
      activity equal to, and in some cases superior to, this art compound.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to novel compounds having the structure:
      ##EQU2##
      wherein x is sulfur or oxygen and n is an integer 1 or 2; with the proviso
      that when n is 1  X is oxygen. The invention includes the compounds
      O,O-diethyl S-(tert-butylsulfonyl)methyl phosphorothioate, O,O-diethyl
      S-(tert-butylsulfonyl)methyl phosphorodithioate and O,O-diethyl
      S-(tertbutylsulfinyl)methyl phosphorothioate. The invention also relates
      to methods for the preparation of the compounds and to a method for
      controlling insects and acarina therewith by contacting the pests with an
      insecticidally or acaricidally effective amount of a compound of the
      above-identified structure. The invention further relates to a method for
      protecting crops from attack by insects and acarina by applying an
      acaricidally or insecticidally effective amount of a compound having the
      above structure to the foliage of the crops or to the soil in which the
      crops are grown.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The sulfoxide of O,O-diethyl S-(tert-butylthio)methyl phosphorothioate is
      prepared by reacting this ester with a 5 to 10% excess of sodium
      meta-periodate at ambient temperature. The reaction is preferably carried
      out in an aqueous system with initial mixture of the reactants at about
      0.degree. to 10.degree.C. O,O-Diethyl S-(tert-butylthio)methyl
      phosphorothioate can also be converted to the corresponding sulfone by
      reaction of the phosphorothioate with two equivalents of
      m-chloroperbenzoic acid. The reaction is preferably carried out at a low
      temperature, i.e., 0.degree. to 10.degree.C. followed by a period at
      ambient temperature in a low boiling solvent such as methylene chloride.
PAR  Conversion of O,O-diethyl S-(tert-butylthio)methyl phosphorodithioate to
      the corresponding sulfone can be achieved by the reaction of said
      phosphorodithioate with potassium permanganate in aqueous tert-butyl
      alcohol using magnesium sulfate as a buffer, or by reaction with two
      equivalents of m-chloroperbenzoic acid in a solvent such as methylene
      chloride.
PAR  The compounds of the invention are highly effective insecticidal and
      acaricidal agents. They may be applied with conventional type applicators
      as contact, soil or systemic insecticides and acaricides and may be used
      in combination with a wide variety of adjuvants and formulation aids. They
      may be advantageously employed with the use of either solid or liquid
      adjuvants in the form of granular formulations, wettable powders,
      emulsifiable concentrates, dusts and dust concentrates. They may also be
      employed neat or in combination with about 5 to 50% by weight of a high
      aromatic diluent having a mixed aniline point of about 30.degree. to
      95.degree.F., aromatic content between 60 and 100%, flash point above
      125.degree.F. and specific gravity between 0.880 and 1.5 at
      60.degree./60.degree.. Among the diluents useful in the latter
      formulations are Panasol AN-5, Socal 44-L, Esso HAN, high aromatic solvent
      code DMN, light cycle oil and the like. These low volume and ultra-low
      volume compositions are generally applied with hand or aerial equipment
      designed to disperse said compositions as finely divided droplets having a
      mass median diameter between about 25 and 150 microns.
PAR  With the conventional type formulations as described above, the active
      ingredient may be initially formulated with a concentrated composition,
      comprising the active ingredient in a solid or liquid adjuvant which
      serves as a formulation aid or conditioning agent, permitting the
      concentrates to be further mixed with a suitable solid or liquid carrier.
PAR  Useful liquid adjuvants in which the toxicant is dissolved, suspended or
      distributed include, for example, xylene, benzene, lower alcohols C.sub.1
      -C.sub.4, fuel oil or the like, with or without an emulsifying agent. For
      application, the resulting solution can be further diluted with either
      water or an organic diluent, such as deodorized kerosene. Concentrations
      in the range of from about 5 to about 95% are generally suitable for
      initial solution. When diluted for application, suitable solutions may
      contain the active ingredient in concentrations of from about 0.5 to about
      5000 ppm.
PAR  Suitable solid adjuvants include, for example, attapulgite, kaolin, talc or
      diatomaceous earth in granular or finely ground form. The active
      ingredient can be conveniently formulated with the solid adjuvants as
      dusts, dust concentrates, wettable powders, granulars and the like.
PAR  Dusts are generally prepared by mixing together from about 1 to 10% by
      weight of the active ingredient with a finely divided inert diluent such
      as attapulgite, kaolin, diatomaceous earth, talc or fuller's earth. These
      formulations can then be applied with dusting equipment to the foliage of
      agronomic crops or fields, meadows, forests, or the like, which are to be
      protected from insect attack or where insect control is desired.
      Application is generally sufficient to provide between about 0.125 pound
      and 8 pounds per acre of active material.
PAR  Dust concentrates are usually prepared in the same manner as dusts, but
      generally from about 25 to 75% by weight of the active compound and from
      75 to 25% by weight of diluent are used.
PAR  Wettable powders are prepared in the same fashion as the dust concentrates;
      however, from about 1 to 5% by weight of an emulsifying agent and from
      about 1 to 5% by weight of a dispersing agent are usually included in such
      formulations. Polyethylene glycols, methoxy polyethylene glycols, sodium
      lignosulfonate, calcium dodecylbenzene sulfonate, and the like, are among
      the emulsifying agents and dispersing agents which can be used in these
      formulations. In practice, the wettable powders are generally dispersed in
      water and applied as a dilute spray to the vegetation, soil or habitat
      where insect control is desired.
PAR  Excellent insect control and plant protection in fields, forests, crop
      lands, and the like, is generally achieved by application of the active
      ingredient at rates of from about 0.25 pound to about 8 pounds per acre.
DETD
PAR  The invention is further illustrated by the following examples which are
      not to be taken as limitative thereof. In these examples, the expression
      "TLC" refers to thinlayer chromatographic analysis on silica gel sorbent.
PAC  EXAMPLE 1
PAC  Preparation of O,O-diethyl S-(tert-butylsulfonyl)methyl Phosphorothioate
      ##SPC1##
PAR  To a solution of O,O-diethyl S-(tert-butylthio)methyl phosphorothioate
      (13.6 grams, 0.050 mole) in 100 ml. of methylene chloride, cooled to
      0.degree. to 5.degree.C., is added the solid m-chloroperoxybenzoic acid
      (20.4 grams of about 85% purity, 17.3 grams real, 0.10 mole) during 1
      hour; the temperature of the exothermic reaction is maintained at
      5.degree. to 10.degree.C. during the addition with external cooling. The
      reaction mixture is stirred for several minutes at ca. 5.degree.C.,
      allowed to warm, and then stirred at room temperature overnight. The
      mixture is filtered and the filtrate is washed with 50 ml. 2N NaOH, 25 ml.
      2N NaOH, two 25-ml. portions of saturated NaCl and dried (MgSO.sub.4).
      Reduced-pressure evaporation of the solvent from the dried solution gives
      14.0 grams (91.9%) of moderately viscous, straw-colored liquid; TLC shows
      the presence of only trace amounts of contaminants. The reaction product
      has the following analysis.
PAR  Analysis Calculated for C.sub.9 H.sub.21 O.sub.5 PS.sub.2 : C, 35.51; H,
      6.95; P, 10.18. Found: C, 35.29; H, 7.00; P, 10.37.
PAC  EXAMPLE 2
PAC  Preparation of O,O-diethyl S-(tert-butylsulfonyl)methyl Phosphorodithioate
      ##EQU3##
PAR  To O,O-diethyl S-(tert-butylthio)methyl phosphorodithioate (28.8 grams,
      0.10 mole, ca. 94% pure) in 100 ml. of tert-butyl alcohol is added a
      solution of magnesium sulfate (12.0 grams, 0.100 mole, 50% excess) in 100
      ml. of water. Solid potassium permanganate (21.1 grams, 0.133 mole) is
      added in portions to the stirred mixture during one hour; the temperature
      of the mildly exothermic reaction is maintained at 25.degree. to
      35.degree.C. with external cooling. The reaction mixture is stirred at
      room temperature overnight. The mixture is suction-filtered and the
      insoluble paste washed with 300 ml. of methylene chloride. The
      water-butanol-methylene chloride filtrate is separated and the aqueous
      phase extracted with two 50 ml. portions of methylene chloride. The
      organic solutions are combined, dried (MgSO.sub.4) and the solvents
      removed under reduced pressure to give 27.7 grams (86.7%) of moderately
      viscous, faintly straw-colored liquid. A 2.25-inch i.d. chromatographic
      column is filled to a height of 21 inches with 60/100 mesh Florisil, in
      carbon tetrachloride, the reaction product is placed on the column, and
      thirteen 1000-ml. effluent fractions are taken, using the following eluant
      series in 1000-ml. portions: CCl.sub.4 (X2), 5% (vol.) CH.sub.2 Cl.sub.2
      /CCl.sub.4, 10% CH.sub.2 Cl.sub.2 /CCl.sub.4, 15% CH.sub.2 Cl.sub.2
      /CCl.sub.4, 25% CH.sub.2 Cl.sub.2 /CCl.sub.4, 50% CH.sub.2 Cl.sub.2
      /CCl.sub.4, 75% CH.sub.2 Cl.sub.2 / CCl.sub.4, CH.sub.2 Cl.sub.2 (X2) and
      CH.sub.3 OH (X3). The fractions are analyzed by TLC and fractions 9
      (CH.sub.2 Cl.sub.2 eluant), 10 (CH.sub.2 Cl.sub.2 eluant), and 11
      (CH.sub.3 OH eluant) are found to be single component. These fractions are
      combined and the solvents removed under reduced pressure to give 9.91
      grams (31.0%) of viscous, straw-colored liquid with the following
      analysis.
PAR  Analysis Calculated for C.sub.9 H.sub.21 O.sub.4 PS.sub.3 : C, 33.75; H,
      6.61; P, 9.67. Found: C, 33.60; H, 6.59; P, 9.80.
PAC  EXAMPLE 3
PAC  Preparation of O,O-diethyl S-(tert-butylsulfinyl)methyl Phosphorothioate
      ##EQU4##
PAR  To a suspension of sodium periodate (11.8 grams, 0.055 mole, 10% excess) in
      115 ml. of water, cooled to 0.degree. to 5.degree.C., is added O,O-diethyl
      S-(tert-butylthio)methyl phosphorothioate (13.6 grams, 0.050 mole) and 5.0
      ml. of methanol. The reaction mixture, in an ice bath contained in an
      insulated bucket, is stirred overnight, during which time the ice melts
      and the mixture attains room temperature. Fifty ml. of methylene chloride
      is stirred into the mixture and the solids are filtered and washed with an
      additional 50 ml. of methylene chloride. The filtrate is separated and the
      aqueous phase extracted with two 50-ml. portions of methylene chloride.
      The organic solutions are combined, washed with 25-ml. portions of
      saturated NaCl, 5% KOH, and saturated NaCl (X2), and then dried
      (MgSO.sub.4). Reduced-pressure evaporation of the solvent from the dried
      solution gives 13.9 grams (96.5%) of clear, colorless oil which slowly
      crystallizes, melting point 34.5.degree. to 36.0.degree.C. Attempts to
      effect recrystallization are not successful. TLC shows the presence of
      only a trace amount of a contaminant.
PAR  Analysis Calculated for C.sub.9 H.sub.21 O.sub.4 PS.sub.2 : C, 37.48; H,
      7.34; P, 10.74. Found: C, 37.78 and 37.60; H, 7.19 and 7.29; P, 10.61.
PAC  EXAMPLE 4
PAR  The insecticidal and acaricidal activity of the compounds of the invention
      is demonstrated in the following tests.
PAR  The procedures employed are reported below and followed by data obtained
      which are presented in Table I.
PAC  Procedures
PAL  Tarnished Plant Bug -- Lygus Lineolaris (Palisot de Beauvois)
PAR  A cotton plant with two true leaves expanded is dipped for 3 seconds with
      agitation in a 35/65% water/acetone mixture containing 100 ppm. of test
      compound and set in the hood to dry. One leaf is removed and placed in an
      8-ounce waxed cup containing a wet 2-inch dental wick and 10 adult
      tarnished plant bugs, and a clear plastic lid is snapped on. After 2 days
      at 80.degree.F., 50% r.h., mortality counts are made.
PAL  Cotton Boll Weevil -- Anthonomus grandis Boheman
PAR  A cotton plant with cotyledons expanded is dipped for 3 seconds with
      agitation in 35/65% aqueous acetone mixture containing 100 ppm. of test
      compound and set in the hood to dry. One cotyledon is removed from the
      plant and placed in a 4-inch petri dish containing a moist filter paper on
      the bottom and 10 adult weevils. After 2 days at 80.degree.F., and 50%
      r.h., mortality counts are made, prodding each insect to distinguish dead
      ones from those "playing dead."
PAL  Two-Spotted Spider Mite -- Tetranychus urticae (Koch)
PAR  Sieva lima bean plants, with primary leaves 3 to 4 inches long, are
      infested with about 100 adult mites per leaf 4 hours before use in this
      test, in order to allow egg-laying before treatment. The infested plants
      are dipped for 3 seconds with agitation into a 35/65% water/acetone
      mixture containing 1000 ppm. of test compound and the plants set in the
      hood to dry. After 2 days at 80.degree.F., and 50% r.h., the adult mite
      mortality is estimated on one leaf under a 10X stereoscopic microscope.
      The other leaf is left on the plant an additional 5 days and then examined
      at 10X power to estimate the kill of eggs and of newly hatched nymphs,
      giving a measure of ovicidal and residual action, respectively.
PAL  Southern Armyworm -- Spodoptera eridania (Cramer)
PAR  A Sieva lima bean plant with just the primary leaves expanded to 3 to 4
      inches is dipped for 3 seconds with agitation in a 35/65% water/acetone
      mixture containing 1000 ppm. of test compound and set in the hood to dry.
      Following this, one leaf is placed in a 4-inch petri dish which has a
      moist filter paper in the bottom and ten third-instar armyworm larvae
      about three-eighths inch long. The dish is covered and held at
      80.degree.F., and 50% r.h. After 2 days, mortality counts and estimates of
      the amount of feeding are made. Compounds showing partial kill and/or
      inhibition of feeding are held for an extra day for further observations.
PAL  Mexican Bean Beetle -- Epilachna varivestis Mulsant
PAR  Sieva lima bean plants (two per pot) with primary leaves 3 to 4 inches
      long, are dipped in a 35/65% water/acetone mixture containing 100 ppm. of
      test compound and set in the hood to dry. One leaf is removed from a plant
      and placed in a 4-inch petri dish containing a moist filter paper on the
      bottom and 10 last-instar larvae (13 days from hatching). The day after
      treatment, another leaf is removed from the plant and fed to the larvae
      after removing the remains of the original leaf. Two days after treatment,
      the third leaf is fed to the larvae, this usually being the last needed.
      The fourth leaf is used on the third day after treatment if the larvae
      have not finished feeding. The test is now set aside and held until adults
      have emerged, usually in about nine days after treatment began. After
      emergence is complete, each dish is examined for dead larvae, pupae or
      adults; deformed pupae or adults; larval-pupal intermediates or
      pupal-adult intermediates; or any other interference with normal molting,
      transformation and emergence of pupae or adults.
PAC  Soil Insecticide
PAL  Southern Corn Rootworm -- Diabrotica undecimpunctata howardi Barber
PAR  Initial Test: 25 ml. aliquots of air-dry-treated potting soil (containing
      100 ppm. of test compound) are placed in 2-ounce wide-mouth screw-top
      glass jars. Twelve and one-half milliliters of Littleton silt loam soil
      and 1 milliliter of millet seed (food for larvae) are added, the jars
      capped and the contents thoroughly mixed about 2 minutes on a rotary
      tumbler. Each jar then receives 5 ml. of tap water and ten southern corn
      rootworm larvae (Diabrotica undecimpunctata howardi Barber) 6 to 8 days
      old. The jars are loosely capped and placed in the holding room at
      26.7.degree.C. and 60% r.h. with constant light. Mortality counts are made
      after 6 days. Corrected percent mortality data is recorded on standard
      forms.
PAL  Soil Systemic Insecticide Tests
PAR  Corn and cotton seed (three seeds each) are planted in treated soil
      (containing about 100 ppm. of the compound). Thirty milliliters of treated
      soil are placed in a peat container 5 .times. 5 .times. 5.5 cm., and three
      seeds each of corn and cotton planted. The containers are filled with an
      additional 30 ml. of treated soil. The treatments are removed to the
      greenhouse maintained about 26.degree.C. without supplementary light.
      Water is supplied as needed. After three weeks, foliage of the corn is
      clipped and placed in glass petri dishes (90 mm. .times. 10 mm.) with
      moist filter (9 cm. Whatman No. 1) paper and ten third-instar southern
      armyworm (Spodoptera eridania Cramer) larvae about 8 mm. long. The dishes
      are covered and placed in the holding room with constant light at
      26.7.degree.C. and 60% r.h. for 2 days, when mortality counts are made.
PAR  The cotyledonary leaves of the cotton are clipped after three weeks and
      placed in glass petri dishes (90 mm. .times. 10 mm.) with moist filter (9
      cm. Whatman No. 1) paper and ten adult boll weevils (Anthonomus grandis
      Boheman). The dishes are covered, placed in the holding room with constant
      light at 26.7.degree.C. and 60% r.h. for 2 days, when mortality counts are
      made.
PAL  Western Potato Leafhopper -- Empoasca abrupta Say
PAR  A Sieva lima bean plant with the primary leaf expanded to 3 to 4 inches is
      dipped into a 35/65% water/acetone mixture containing 100 ppm. of test
      compound and set in the hood to dry. A 1-inch piece of the tip of one leaf
      is cut off and placed in a 4-inch petri dish with a moist filter paper in
      the bottom. From three to 10 second-instar nymphs are tapped from the
      culture plants into the test dish and rapidly covered. Mortality counts
      are made after 2 days at 80.degree.F., and 50% r.h.
PAL  Malaria Mosquito -- Anopheles quadrimaculatus Say -- Adult Test
PAR  Ten ppm. acetone solutions of test compounds are poured into wide-mouth
      2-ounce jars each containing a microscope slide. The slides are removed
      from the test solution with forceps and laid horizontally to dry on a
      wide-mouth 4-ounce bottle. When dry, they are placed in the same 4-ounce
      bottle and 10 4-to 5-day-old mosquitoes of mixed sexes are added to each
      bottle. A piece of cotton gauze held on by an elastic band serves as a lid
      and wad of cotton soaked in 10% honey solution serves as food. Mortality
      counts are made after one day at 80.degree.F., 50% r.h.
PAL  Bean Aphid -- Aphis fabae Scopoli
PAR  Two-inch fiber pots, each containing a nasturtium plant 2 inches high and
      infested with 100 to 150 aphids 2 days earlier are placed on a 4 RPM
      turntable and sprayed with a 35/65% water/acetone mixture containing 100
      ppm. of test compound for two revolutions with an Atomizer at 20 psi. air
      pressure. The spray tip is held about 6 inches from the plants and the
      spray directed so as to give complete coverage of the aphids and the
      plants. The sprayed plants are laid on their sides on white enamel trays.
      Mortality estimates are made after one day at 70.degree.F., 50% r.h.
PAL  Housefly -- Musca domestica Linneaus
PAR  Groups of 25 adult female houseflies three to 5 days old are lightly
      anesthetized with CO.sub.2, placed in wide-mouthed pint mason jars, and
      covered with a screen cap. The test compound is a 100 ppm. 35/65%
      water/acetone solution. Two milliliters of this is pipetted into a 10-dram
      vial and diluted to 40 ml. with 10% sugar solution, giving a final
      concentration of 5 ppm. in sugar water. The mouth of the vial is covered
      with a single layer of cheesecloth, inverted and placed on the screen cap
      of the fly jar, so that the flies can feed on the solution through the
      screen. Mortality counts are made after 1 day and 3 days at 80.degree.F.,
      50% r.h.
PAL  Ticks -- Boophilus microplus
PAR  The efficacy of the compounds of the present investion for controlling
      ticks is demonstrated by the following tests against United States
      Boophilus microplus ticks.
PAR  In these tests, 20 larvae are enclosed in a pipette sealed at one end with
      a gauze material. A 10% acetone/water solution with the drug in it is then
      sucked through the pipette with a vacuum hose, thus simulating a spray
      system. The ticks are then held for 48 hours and mortality is determined.
      Data are reported below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Insecticidal and Acaricidal Activity of Test Compounds % Kill             
                                                        Soil                   
                                Two-                    Insecticide            
                            Cotton                                             
                                Spotted         Mexican Southern               
                     Tarnished                                                 
                            Boll                                               
                                Spider  Southern                               
                                                Bean    Corn                   
                     Plant Bug                                                 
                            Weevil                                             
                                Mite    Armyworm                               
                                                Beetle  Rootworm               
                     ppm.   ppm.                                               
                                ppm.    ppm.    ppm.    ppm.                   
     Structure       100    100 1000                                           
                                    100 1000                                   
                                            100 100 10  100  10  1             
     __________________________________________________________________________
     SO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                     100    90  100 100 100 100 100 --  100 100 100            
     .parallel.                                                                
     OO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                     100    90  100 100 100 100 100 100 100 100 61             
     OO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub. 2 --S--C(CH.sub.3).sub.3            
                     100    90  100 100 100 100  90 70  100 100  0             
     .parallel.                                                                
     O                                                                         
     SO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                     100    100 100 100 100  70  90 80  100 100 95             
     (Art)                                                                     
                     Systemic Insecticide                                      
                                 Western                                       
                           Cotton                                              
                                 Potato                                        
                     Southern                                                  
                           Boll  Leaf-  Malaria                                
                                              Bean       House-                
                     Armyworm                                                  
                           Weevil                                              
                                 Hopper Mosquito                               
                                              Aphid      fly Ticks             
                     ppm.  ppm.  ppm.   ppm.  ppm.       ppm.                  
                                                             ppm.              
         Structure   100                                                       
                        10 100                                                 
                              10 100                                           
                                    10  10 1  100                              
                                                 10  1   5   100 33            
     __________________________________________________________________________
     SO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                     0      90   --     100                                    
                                           50 100                              
                                                 100 100 100 --  --            
     .parallel.                                                                
     OO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P-- SCH.sub.2 --S--C(CH.sub.3).sub.3            
                     100   100   100                                           
                                    100 100                                    
                                           40 100                              
                                                 100 100 100 100 --            
     OO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                     100   100   100                                           
                                    100  50                                    
                                            0 100                              
                                                 100 100 100 --  0             
     .parallel.                                                                
     O                                                                         
     SO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                     100   100   100                                           
                                    100  80                                    
                                            0 100                              
                                                 100 100 100 --  0             
     (Art)                                                                     
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  Mammalian toxicity data for the compounds of the invention are given in
      Table II, below. For the tests reported in Table II, 20 male albino mice
      of the CFI strain, weighing approximately 18 grams to 20 grams are
      selected. The phosphates are readied for administration by preparing a
      solution or dispersion in corn oil (Mazola), the concentration of which is
      adjusted so that the total volume of the dose is 0.5 ml./kg. in every
      case. The initial solution is prepared by deciding upon the maximum dosage
      in mg./kg. to be administered and preparing 10 ml. of this solution of
      such a concentration that the desired dosage in mg./kg. is delivered when
      0.5 ml. of the solution is administered for 20 grams of mouse body weight.
      Serial dilutions differing by a factor of two are then prepared for each
      lower dosage level. LD.sub.50 stands for the lethal dose in mg./kg. which
      kills 50% of the mice.
TBL                TABLE II                                                    
     ______________________________________                                    
                         LD.sub.50                                             
     ______________________________________                                    
     SO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                           3.4                                                 
     (Art)                                                                     
     OO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                           3.4                                                 
     .parallel.                                                                
     SO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                           14.0                                                
     .parallel.                                                                
     O                                                                         
     OO                                                                        
     .parallel..parallel.                                                      
     (C.sub.2 H.sub.5 O).sub.2 P--SCH.sub.2 --S--C(CH.sub.3).sub.3             
                           1.1                                                 
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the control of insects and acarina, comprising contacting
      said insects and acarina with an insecticidally or acaricidally effective
      amount of a compound of the structure:
      ##EQU5##
      where X is sulfur or oxygen and n is 1 or 2; with the proviso that when n
      is 1, X is oxygen.
NUM  2.
PAR  2. The method of claim 1 wherein the compound is O,O-diethyl
      S-(tert-butylsulfonyl)methyl phosphorothioate.
NUM  3.
PAR  3. A method for protecting crops from attack by insects and acarina,
      comprising applying to said crops or the soil in which they are grown an
      insecticidally or acaricidally effective amount of a compound having the
      structure:
      ##EQU6##
      where X is sulfur or oxygen and n is 1 or 2; with the proviso that when n
      is 1, X is oxygen.
NUM  4.
PAR  4. The method of claim 3 wherein the compound is O,O-diethyl
      S-(tert-butylsulfonyl)methyl phosphorodithioate.
NUM  5.
PAR  5. A method for the control of soil-borne insects, comprising applying an
      insecticidally effective amount of a compound of the structure:
      ##EQU7##
      where X is sulfur or oxygen, and n is 1 or 2; with the proviso that when n
      is 1, X is oxygen, to soil inhabitated by said insects.
NUM  6.
PAR  6. The method of claim 5 wherein the compound is O,O-diethyl
      S-(tert-butylsulfonyl)methyl phosphorodithioate.
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ABST
PAL  Oral contraceptive consisting essentially in admixture with a
      pharmaceutically acceptable carrier, of 21-23 separate dosage units
      adapted for oral ingestion, containing an amount of an estrogen
      corresponding in activity to 0.030-0.050 mg. 17.alpha.-ethinylestradiol,
      with the first 10-12 dosage units being in combination with a gestagen
      corresponding in activity to about 0.050-0.125 mg. of d-norgestrel and the
      remainder in combination with a gestagen corresponding in activity to 2-3
      times the amount of gestagen in the first 10-12 units.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous hormonal methods for contraception are known, i.e., the oral
      administration of combination-type preparations, e.g. "Ovulen", "Anovlar",
      "Lyndiol", and similar combinations of estrogenic and gestagenic active
      agents. Also conventional is the administration of purely sequential
      preparations, such as, for example, "Ovanone", etc., wherein first an
      estrogen is administered at a high dosage in the absence of gestagen, over
      a period of 7 days, and thereafter the estrogene is administered at the
      same high dosage in combination with a relatively high amount of gestagen
      over a period of 15 days, with the next 6 days being a blank period
      without administration of estrogenic or gestagenic agent in order to mimic
      the normal 28-day menstrual cycle of the woman.
PAR  The administration of modified sequential preparations is likewise
      conventional, such as, for example, "Kombiquens", "Tri-Ervonum", and
      "Oraconal", etc., wherein first an estrogen is administered at a high
      dosage in combination with a low amount of gestagen over a period of 16
      days, and subsequently the estrogen is administered over a period of about
      7 days at the same high dosage in combination with an amount of gestagen
      about 5-10 times the original amount. See U.S. Pat. No. 3,568,828. To
      adapt to the natural 28-day cycle of the female, a 5-day hormone-free
      period follows the administration of these preparations wherein placebos
      or any desired other non-contraceptive effective agents are taken, such
      as, for example, tonics, iron supplements, etc.
PAR  The disadvantages of the administration of the above-mentioned sequential
      preparations are, in particular, the relatively high doses of estrogen,
      resulting, in addition to evoking the customary symptoms caused by an
      excess of estrogen, such as, for example, gastrointestinal disturbances,
      nausea, weight gain from edema, etc., along with an increase in the risk
      of thromboembolism. On the other hand, however, it was considered
      essential to ingest high doses of estrogen for reliable contraceptive
      effect.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, reliable contraception is attained by
      administering orally an estrogen at a low dosage for about 21-23 days,
      first in combination with a gestagen at a low dosage for a period of 10-12
      days and thereafter in combination with a gestagen at a dosage 2 to 3
      times as great, for the next 11-9 days. For adaption to the normal female
      28-day menstrual cycle, no estrogens and gestagens are administered for
      the subsequent 7-5 days, for a total of about 28 days. This latter phase
      can be without administration of any drug in a conventional manner, or
      placebos or a non-contraceptive active agent can be administered without
      adverse effect on the method.
PAR  In its composition aspect, this invention relates to a two-stage oral
      contraceptive composition consisting essentially of about 21-23 separate
      dosage units adapted for successive daily oral ingestion and containing in
      admixture with a pharmaceutically acceptable carrier an estrogen at a low
      dosage, of which the first 10-12 dosage units are in combination with a
      gestagen at a low dosage, and the next 11-9 dosage units are in
      combination with a gestagen at a dosage 2-3 times as high, and any
      remainder being free of estrogenic and gestagenic agents.
PAC  DETAILED DISCUSSION
PAR  By the method of this invention, it is possible to administer low dosages
      of estrogen which is strongly recommended by the medical profession, by
      the sequential principle. On the other hand, by increasing the amount of
      gestagen in the middle of the period of administration, the course of the
      normal cycle, i.e., the normal physiological activities, are imitated. By
      this quasi-adaption to the physiological cycle, an improved compatibility
      of the preparations is obtained, and an optimum control is exerted over
      the cycle.
PAR  Suitable estrogen components for the method of this invention for
      contraception are the known estrogens. In this connection, the estrogen
      employed should be administered in such dosages that the amount of
      estrogen utilized according to this invention is equal to that
      corresponding to 0.030-0.050 mg. of 17.alpha.-ethinylestradiol, as
      measured in conventional tests, c. J. Ufer, Hormontherapie in der
      Frauenheilkunde, De Gruyter Verlag Berlin-New York, 1972, 4. Auflage, P.
      27. 17.alpha.-Ethinylestradiol esters and ethers, as well as the estradiol
      esters are suitable as the estrogen component. 17.alpha.-Ethinylestradiol
      is preferred.
PAR  The gestagen (progestagen) employed according to this invention in
      combination with the estrogen, can be the same or preferably different in
      the first and second stages. When different gestagens are utilized in the
      first and second stages, the instant method, in addition to the
      above-described advantages, has the further advantage that the
      side-effects of a specific gestagen are reduced or eliminated by
      administering this gestagen in one stage while another gestagen, which has
      a competitive behavior with respect to the side-effects, is administered
      in the other stage. Thus, it is possible, for example, to use the estrogen
      in one stage in combination with a gestagen derived from testosterone or
      19-nortestosterone which optionally has a substituted hydrocarbon residue
      in the 17.alpha.-position. These (19-nor-) testosterone derivatives
      generally exhibit a minor androgenic side effect. In the other stage, the
      estrogen can then be employed in combination with a gestagen derived from
      progesterone which does not exhibit the androgenic side effect inherent in
      such testosterone or 19-nortestosterone derivatives. Those progesterone
      derivatives are considered especially advantageous which, in addition to
      the gestagenic activity, have anti-androgenic side effects.
PAR  When using different gestagens in the first and second stages, a preferred
      embodiment employs, in the first stage, the estrogen in combination with a
      testosterone or 19-nortestosterone derivative as the gestagen component
      and, in the second stage, the estrogen in combination with a progesterone
      derivative as the gestagen component.
PAR  Suitable as the gestagen component according to the present invention are
      all substances having significant gestagenic activity. In this connection,
      the gestagen employed should be administered at such dosages that the
      amount of gestagen utilized in the first 10-12 days according to this
      invention corresponds to 0.050-0.125 mg. daily of d-norgestrel as measured
      in the conventional tests, c. J. Ufer, Hormontherapie in der
      Frauenheilkunde, De Gruyter Verlag Berlin-New York 1972, 4. Auglage, p.
      28.
PAR  The amount of gestagen employed according to this invention in the 11-9
      days of the second phase is about 2-3 times that employed in the first
      phase, i.e., corresponds in activity to about 0.100-0.350 mg. daily of
      d-norgestrel.
PAR  Examples of suitable gestagen components are progesterone and the
      derivatives thereof, such as, for example, 17-hydroxyprogesterone esters
      and 19-nor-17-hydroxyprogesterone esters and the derivatives thereof, or
      18-methyl homologs. Derivatives are compounds having progestational
      activity formed by the introduction of a double bond or double bonds into
      the molecule by substitution, or by the production of functional
      derivatives, such as, for example, esters, ethers, ketals, etc. As
      mentioned above, other suitable gestagens are testosterone or
      19-nortestosterone derivatives, such as, for example,
      17.alpha.-ethinyl-19-nortestosterone, the 18-methyl homologs thereof, as
      well as functional derivatives, such as, e.g., esters or ethers. For other
      examples, see those employed in the oral contraceptives listed in
      Physicians' Desk Reference, 1973 Edition.
PAR  The double bonds in the progesterone derivatives can be present, inter
      alia, in the 1(2)-, 6(7)- and/or 16(17)-position. Suitable substituents
      are, inter alia, halogen, especially fluorine, chlorine, and bromine
      atoms, lower alkyl, especially the methyl group, alkenyl, alkinyl,
      especially the ethinyl group, and/or the hydroxy group, all of which can
      be in the 4-, 6-, 7-, 16- and/or 17-position, as well as methylene groups,
      which can be in the 1(2)-, 6(7)- and/or 16(17)-position. Suitable esters
      are the esters of acids customarily employed in the steroid chemistry for
      the esterification of the steroid alcohols. Examples in this connection
      are alkanecarboxylic acids, especially alkanecarboxylic acids of 1-7
      carbon atoms. Examples for suitable ethers are alkyl and tetrahydropyranyl
      ethers. Suitable ketals are, for example, those of ethanediol or those of
      the propanediols.
PAR  Preferred gestagens, which are testosterone derivatives, are d-norgestrel
      and 17.alpha.-ethinyl-19-nortestosterone acetate. Examples of preferred
      gestagens which are progesterone derivatives are
      6-chloro-1,2.alpha.-methylene-4,6-pregnadien-17.alpha.-ol-3,20-dione
      17-acetate (cyproterone acetate) and
      6-chloro-1,2.alpha.-methylene-4,6-pregnadien-16.alpha.-methyl-17.alpha.-ol
      -3,20 -dione 17-acetate.
PAR  The estrogenic and gestagenic agents are preferably administered orally,
      but can also be administered separately or parenterally. For this purpose,
      the effective agents are processed according to conventional methods into
      the customary forms of application, together with the additives, vehicles
      and/or flavor-ameliorating agents used in galenic pharmacy. Especially
      suitable for the preferred oral administration are tablets, dragees,
      capsules, pills, suspensions, or solutions, and for parenteral
      application, in particular, oily solutions, such as, for example, sesame
      oil or castor oil solutions which can optionally contain additionally a
      diluent, such as, e.g., benzyl benzoate or benzyl alcohol.
PAR  The oral contraceptive compositions adapted for oral ingestion are provided
      as a packaged sequence of unit dosage forms adapted for oral ingestion of
      one unit dosage form daily in sequence for 19-23 days, preferably 21 days,
      preferably followed in sequence by about 5-7 placebos to provide a total
      of 28 unit dosages per package. The unit dosages are preferably packaged
      in the conventional bubble plastic package having 28 bubbles in a sheet of
      flexible plastic arranged in an oval or circle, each containing a unit
      dosage with the placebos being positioned so as to be ingested last. The
      bubbles are sealed by a tangible sheet which is adapted to break and
      release the unit dosage when the bubble is pressed.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAC  EXAMPLE 1
TBL  (Composition of a Dragee, per Stage)                                      
     ______________________________________                                    
     First Stage:                                                              
               0.050 mg.   17 .alpha.-Ethinylestradiol                         
               0.050 mg.   d-Norgestrel                                        
               33.150 mg.  Lactose                                             
               18.000 mg.  Corn Starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.650 mg.   Talc                                                
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     Second Stage:                                                             
               0.050 mg.   17.alpha.-Ethinylestradiol                          
               0.125 mg.   d-Norgestrel                                        
               33.075 mg.  Lactose                                             
               18.000 mg.  Corn starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.650 mg.   Talc                                                
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     ______________________________________                                    
PAC  EAMPLE 2
TBL  (Composition of a Tablet, per Stage)                                      
     ______________________________________                                    
     First Stage:                                                              
               0.050 mg.   17.alpha.-Ethinylestradiol                          
               1.000 mg.   17.alpha.-Ethinyl-19-nortestosterone                
                           acetate                                             
               32.100 mg.  Lactose                                             
               18.000 mg.  Corn starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.650 mg.   Talc                                                
               0.100 mg.   Magnesium stearate                                  
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     Second Stage:                                                             
               0.050 mg.   17.alpha.-Ethinylestradiol                          
               2.000 mg.   17.alpha.-Ethinyl-19-nor-                           
                           testosterone acetate                                
               31.100 mg.  Lactose                                             
               18.000 mg.  Corn starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.650 mg.   Talc                                                
               0.100 mg    Magnesium stearate                                  
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     ______________________________________                                    
PAC  EXAMPLE 3
TBL  (Composition of a Tablet, per Stage)                                      
     ______________________________________                                    
     First Stage:                                                              
               0.050 mg.   17.alpha.-Ethinylestradiol                          
               1.000 mg.   17.alpha.-Ethinyl-19-nor-                           
                           testosterone acetate                                
               32.100 mg.  Lactose                                             
               18.000 mg.  Corn Starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.650 mg.   Talc                                                
               0.100 mg.   Magnesium stearate                                  
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     Second Stage:                                                             
               0.050 mg.   17.alpha.-Ethinylestradiol                          
               2.000 mg.   Cyproterone acetate                                 
               31.100 mg.  Lactose                                             
               18.000 mg.  Corn starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.650 mg.   Talc                                                
               0.100 mg.   Magnesium stearate                                  
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     ______________________________________                                    
PAC  EXAMPLE 4
TBL  (Composition of a Dragee, per Stage)                                      
     ______________________________________                                    
     First Stage:                                                              
               0.050 mg.   17.alpha.-Ethinylestradiol                          
               0.075 mg.   d-Norgestrel                                        
               33.125 mg.  Lactose                                             
               18.000 mg.  Corn starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.650 mg.   Talc                                                
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     Second Stage:                                                             
               0.050 mg.   17.alpha.-Ethinylestradiol                          
               0.200 mg.   6-Chloro-1,2.alpha.-methylene-16.alpha.-            
                           methyl-4,6-pregnodien-17.alpha.-ol-                 
                           3,20-dione 17-acetate                               
               33.050 mg.  Lactose                                             
               18.000 mg.  Corn starch                                         
               2.100 mg.   Polyvinylpyrrolidone                                
               1.600 mg.   Talc                                                
               55.000 mg.  Total weight, which is                              
                           supplemented to about 90 mg.                        
                           with the usual sugar mixture.                       
     ______________________________________                                    
PAC  Clinical Tests
PAC  EXAMPLE 5
PAR  A preparation according to Example 1 was administered to 254 women in the
      child-bearing age (Table 1) daily for 11 days (first stage) and daily for
      the following 10 days (second stage) per woman; the subsequent 7 days,
      during which the menstrual bleeding occurred, remained without
      administration. This regimen of administration (11 days/first stage and 10
      days/second stage and 7 days/blank) was maintained for most of the women
      for up to 6 months, thus resulting in a total number of 1,441 treatment
      cycles.
PAR  During the entire treatment period, no pregnancies occurred. The
      preparation was of excellent compatibility; the number of intermediate and
      spot bleeding was considerably reduced as compared to these occurrences
      prior to treatment (Table 2); the side effects were likewise, in part,
      markedly reduced as compared to the last cycle prior to treatment (Table
      3).
TBL                TABLE 1                                                     
     ______________________________________                                    
     Age in Years Number of Patients                                           
                Absolute    Percent                                            
     ______________________________________                                    
     Up to 20     10            4.0                                            
     21-25        59            32.2                                           
     26-30        76            29.9                                           
     31-35        49            19.3                                           
     36-40        40            15.7                                           
     41-45        17            6.7                                            
     46-50        2             0.8                                            
     Above 50     --            --                                             
     Subtotal     253           99.6                                           
     No data      1             0.4                                            
     Total        254           100                                            
     ______________________________________                                    
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                    COMPARISON                                                 
     __________________________________________________________________________
     Intermediate Bleeding                                                     
                    Spot Bleeding Spot Bleeding    Bleeding Between Periods    
     Prior to Treatment                                                        
                    Last Untreated Cycle                                       
                                  First Cycle (254 Women)                      
                                                   First Cycle (254 Women)     
     %              %             %                %                           
     5.9            18.9          10.6             4.0                         
                                  Spot Bleeding    Bleeding Between Periods    
                                  Total Number of Treatment                    
                                                   Total Number of Treatment   
                                  Cycles (1,441)   Cycles (1,441)              
                                  %                %                           
                                  8.1              2.4                         
     __________________________________________________________________________
TBL                TABLE 3                                                     
     ______________________________________                                    
     COMPARISON                                                                
     ______________________________________                                    
                   Last Untreated                                              
                                Total Number of                                
     Side Effects  Cycle        Treatment Cycles                               
                   (254 Women)  (1,441)                                        
                   %            %                                              
     ______________________________________                                    
     Dysmenorrhea  7.9          1.8                                            
     Nausea and vomiting                                                       
                   6.3          5.7                                            
     Dizziness     4.7          1.3                                            
     Other symptoms                                                            
                   7.5          6.7                                            
     Tenderness of the breasts                                                 
                   7.9          6.8                                            
     Headaches     13.8         8.2                                            
     Nervousness   14.2         6.3                                            
     Depressions   6.3          3.5                                            
     Reduction of libido                                                       
                   13.4         8.8                                            
     Acne          4.0          1.3                                            
     Chloasma      0.4          0.4                                            
     Edemas        0.4          0.2                                            
     Varices       3.2          1.8                                            
     Thrombophlebitis                                                          
                   --           --                                             
     Hepatopathy   --           0.1                                            
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  493 Women in the child-bearing age (Table 4) received daily for 11 days
      (first stage) and daily for the following 10 days (second stage) per woman
      a preparation according to Example 2; the subsequent 7 days, during which
      the menstrual bleeding occurred, remained without administration. This
      regimen of administration (11 days/first stage and 10 days/second stage
      and 7 days/blank) was maintained for most of the women for up to 6 months,
      resulting in a total number of 2,544 treatment cycles.
PAR  No pregnancies occurred during the entire treatment period. The preparation
      exhibited excellent compatibility; a favorable influence was exerted on
      the number of intermediate bleedings and spottings as compared to the
      number prior to treatment. Also, the side effects were likewise, in part,
      markedly reduced as compared to the last cycle prior to treatment.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Age in Years                                                              
                 Number of Patients                                            
                                Percent of Total                               
     ______________________________________                                    
     15-20       155            31.7                                           
     21-25       141            28.8                                           
     26-30       69             14.1                                           
     31-35       63             12.9                                           
     36-40       38             7.8                                            
     41-45       20             4.1                                            
     46-50       3              0.6                                            
     Subtotal    489            99.2                                           
     No data     4              0.8                                            
     Total       493            100                                            
     ______________________________________                                    
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of oral contraception which comprises administering orally to a
      female of child-bearing age an estrogen at a daily dosage of 0.050 mg. of
      17.alpha.-ethinylestradiol for 21 days of her menstrual cycle, either (a)
      in combination the first 11 days with 0.050 mg. per day of d-norgestrel
      followed for the next 10 days by 0.125 mg. per day of d-norgestrel, or (b)
      in combination the first 11 days with 1 mg. of
      17.alpha.-ethinyl-19-nortestosterone acetate followed for the next 10 days
      by 2 mg. per day of 17.alpha.-ethinyl-19-nortestosterone acetate.
NUM  2.
PAR  2. The method of claim 1 employing the combination of
      17.alpha.-ethinylestradiol and d-norgestrel.
NUM  3.
PAR  3. The method of claim 1 employing the combination of
      17.alpha.-ethinylestradiol and 17.alpha.-ethinyl-19-nortestosterone
      acetate.
NUM  4.
PAR  4. A two-stage combination oral contraceptive composition consisting
      essentially of 21 separate dosage units adapted for successive daily oral
      ingestion and each containing in admixture with a pharmaceutically
      acceptable carrier, 0.050 mg. of 17.alpha.-ethinylestradiol and either (a)
      0.050 mg. of d-norgestrel in the first 11 dosage units and 0.125 mg. of
      d-norgestrel in the next 10 dosage units, or (b) 1 mg. of
      17.alpha.-ethinyl-19-nortestosterone acetate in the first 11 dosage units
      and 2 mg. of 17.alpha.-ethinyl-19-nortestosterone acetate in the next 10
      dosage units, any other dosage units being free of estrogenic and
      gestagenic agents.
NUM  5.
PAR  5. The two-stage combination of claim 4 wherein the
      17.alpha.-ethinylestradiol is in combination with d-norgestrel.
NUM  6.
PAR  6. The two-stage combination of claim 4 wherein the
      17.alpha.-ethinylestradiol is in combination with
      17.alpha.-ethinyl-19-nortestosterone acetate.
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ABST
PAL  Novel zootechnical compositions and a method of upgrading of domestic
      animals such as cattle by administering under the skin of cattle a mixture
      of an anabolisant steroid of the formula
      ##SPC1##
PAL  Wherein R is alkyl of 1 to 4 carbon atoms and X is selected from the group
      consisting of hydrogen, lower alkyl optionally substituted with phenyl,
      lower alkenyl, lower alkoxy-lower alkyl, lower alkyl-thialower alkyl,
      cycloalkyl of 3 to 7 carbon atoms, cycloalkyl lower alkyl,
      heterocycloalkyl, cyclic alkyl wherein the ring is derived from an
      unsaturated nitrogen, oxygen or sulfur heterocycle of 5 to 7 carbon atoms
      and acyl of an organic carboxylic or carbonic acid of 1 to 18 carbon atoms
      and an estrogenic steroid of the formula
      ##SPC2##
PAL  Wherein R is alkyl of 1 to 4 carbon atoms, R.sub.1 is selected from the
      group consisting of hydrogen, alkyl of 1 to 5 carbon atoms and cycloalkyl
      of 3 to 7 carbon atoms, A is selected from the group consisting of
      hydrogen and .beta.-alkoxy of 1 to 4 carbon atoms, Y is selected from the
      group consisting of hydrogen, methyl, ethynyl and haloethynyl and X.sub.1
      is selected from the group consisting of hydrogen and acyl of an organic
      carboxylic or carbonic aliphatic or cyclanic acid of 1 to 10 carbon atoms.
PARN
PAC  PRIOR APPLICATION
PAR  This application is a continuation-in-part of copending, commonly assigned
      U.S. patent application Ser. No. 356,495 filed May 2, 1973, now abandoned.
BSUM
PAC  STATE OF THE ART
PAR  German Pat. No. 1,047,596 describes cattle feed containing an estrogenic
      compound and testosterone or a testosterone derivative (essentially
      androgenic products) but there is no suggestion therein of using an
      anabolisant agent. Canadian Pat. No. 889,253 describe compositions for the
      breeding of pigs based on methyltestosterone and diethylstilbestrol which
      are susceptible of leaving hormonal substances in organs of the animals
      notably diethylstilbestrol whose digestive metabolism is complex and whose
      elimination is slow. For this reason, there is a fear that the active
      principles with a hormonal action can be found in the slaughtered animals
      which can be absorbed by the consumer.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide novel zootechnical compositions
      for increasing the weight of breeding animals.
PAR  It is another object of the invention to provide a novel method of
      increasing the weight and upgrading the meat of farm animals such as pigs
      and cows.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel compositions of the invention are comprised of a mixture of an
      anabolisant steroid of the formula
      ##SPC3##
PAL  Wherein R is alkyl of 1 to 4 carbon atoms and X is selected from the group
      consisting of hydrogen, lower alkyl optionally substituted with phenyl,
      lower alkenyl, lower alkoxy-lower alkyl, lower alkyl-thialower alkyl,
      cycloalkyl of 3 to 7 carbon atoms, cycloalkyl lower alkyl,
      heterocycloalkyl, cyclic alkyl wherein the ring is derived from an
      unsaturated nitrogen, oxygen or sulfur heterocycle of 5 to 7 carbon atoms
      and acyl of an organic carboxylic or carbonic acid of 1 to 18 carbon atoms
      and an estrogenic steroid of the formula
      ##SPC4##
PAL  Wherein R is alkyl of 1 to 4 carbon atoms, R.sub.1 is selected from the
      group consisting of hydrogen, alkyl of 1 to 5 carbon atoms and cycloalkyl
      of 3 to 7 carbon atoms, A is selected from the group consisting of
      hydrogen and .beta.-alkoxy of 1 to 4 carbon atoms, Y is selected from the
      group consisting of hydrogen, methyl, ethynyl and haloethynyl and X.sub.1
      is selected from the group consisting of hydrogen and acyl of an organic
      carboxylic or carbonic aliphatic or cyclanic acid of 1 to 10 carbon atoms.
PAR  Preferred compositions comprise a mixture of
      17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one or
      17.beta.-amyloxy-.DELTA..sup.4,9,11 -estratriene-3-one or
      17.beta.-hexahydrobenzyloxycarbonyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one as the anabolisant and estradiol as the estrogen in the
      form of an implant for placement under the skin of the animals. The
      compositions of the invention do not cause any hormonal disturbance in the
      animals being raised while permitting a rapid rise in weight and an
      improvement in the quality of meat.
PAR  The compositions of the invention are not capable of leaving hormonal
      products in the organs of the animals which effect could be harmful to the
      consumer. It is particularly useful to employ an estrogen with a structure
      analogous or identical to natural hormones to assure a more regular
      metabolism and a more complete elimination. At the time of slaughter, the
      total disappearance of the active principle at the point of deposit is
      verified. Finally, the simultaneous presence of the 2 active principles
      reenforce the favorable action against the increase of one and the other
      so that the result is a sensibly greater weight gain.
PAR  According to another characteristic of the invention, the compositions
      permit besides other active principles intervening to minimize the
      hormonal effects of the estrogen substance and/or increase the resorption
      of the compositions. Among the compounds for minimizing the hormonal
      effects of estrogen are progestatives such as progesterone,
      19-nor-progesterone, 17.alpha.-acetoxy-6.alpha.-methyl-pregnane-3,20-dione
      or 17.alpha.-methyl-19-nor-.DELTA..sup.4,9 -pregnadiene-3,20-dione which
      can be added to the compositions.
PAR  Among the compounds for increasing the resorption of the compositions in
      the case of implantation notably, the anti-inflammatory agents can be
      cited, particularly cortisonic compounds. It is understood that a compound
      possessing the anti-inflammatory properties of cortisone are characterized
      by a steroid structure having a 3-keto group, a hydroxy or keto group in
      the 11-position, a free or esterified ketolic chain in the
      17.beta.-position, a hydrogen or hydroxy in the 17.alpha.-position and 1
      or 2 double bonds in the A ring. The rings can also have other
      substituents such as chlorine or fluorine in the 4-position, methyl,
      trifluoromethyl or halogen such as fluorine in the 6-position, a halogen
      such as fluorine in the 9-position, a methyl in the 16.alpha. or
      16.beta.-position, or methylene in the 16-position or methylene or
      difluoromethylene in 6,7-position. The preferred cortisonic steroid is
      21-(.beta. -ethoxy-.beta.-ethoxy)-ethoxyacetate of dexamethasone.
PAR  A modification of the invention therefore consists of a composition
      containing an anabolisant steroid, an estrogenic steroid, a progestative
      compound and/or a cortisonic steroid. The preferred compositions are an
      anabolisant steroid, an estrogenic steroid, progesterone and/or
      21-(.beta.-ethoxy-.beta.-ethoxy)-ethoxyacetate of dexamethasone.
PAR  The novel method of increasing the weight of farm animals, particularly
      pigs and cows, comprising administering to farm animals an effective
      amount of a composition consisting of an anabolisant steroid and an
      estrogenic steroid. The compositions are usually administered to cows,
      particularly calves, as an implant under the skin, preferably in the ear
      lobe or the skin folds near the ear. However, the compositions can also be
      deposited in the neck of the animal or the fessier muscle. Instead of
      implants, the compositions can be injected in the form of a suspension or
      solution. The implants, however, have the advantage that the resorption is
      slower but more complete.
PAR  After about 61 days, the resorption of the implants is at least 30% and the
      resorption of the active principle contained therein is sensibly more
      important and is of the order of 50%. After 3 months, the resorption of
      the implants is generally complete and each of the active principles has
      disappeared in a practically complete manner at the point of implantation
      as well as in the rest of the organism.
PAR  In the case of an excipient containing sodium glycolate of starch, the
      resorption is more rapid and is generally more complete also. The
      resorption is complete in about 45 days in this case.
PAR  The amount of the composition to be administered depends largely on the
      species of animal being treated and the method of administration. In the
      raising of cows, particularly calves, the compositions may contain 1 to
      300 mg of a anabolisant steroid, 0.05 to 50 mg of an estrogenic steroid.
      The compositions may also contain 1 to 300 mg of a progestative and 0.05
      to 5 mg of a cortisonic steroid for implants. The particular strength is
      largely dependent upon the intensity of the effect of each component of
      the implants desired.
PAR  The compounds of formulae I and II used in the zootechnical compositions of
      the invention are well known in the art. See for example, Volumes I and II
      of Steroid Drugs by Applezweig and French Pat. Nos. 1,380,414; 1,492,985;
      1,540,942; 1,514,122; 1,476,509 and 1,514,082.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE 1
PAR  An implant containing an estrogenic steroid and an anabolisant steroid was
      prepared from 140 mg of 17.beta.-acetoxy-.DELTA..sup.4,9,11
      -estratriene-3-one and 20 mg of estradiol and sufficient lactose base to
      make a tablet.
PAR  A similar implant was prepared from 140 mg of
      17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one, 20 mg of estradiol
      and a mixture of sodium glycolate of starch, polyvinylpyrrolidone and
      magnesium stearate to make a final tablet weighing 165 mg.
PAR  An implant containing a progestative, an estrogen and an anabolisant was
      prepared from 140 mg of 17.beta.-acetoxy-.DELTA..sup.4,9,11
      -estratriene-3-one, 20 mg of estradiol, 200 mg of progesterone and a
      lactose excipient. A similar implant also containing an anti-inflammatory
      agent was prepared from 140 mg of 17.beta.-acetoxy-.DELTA..sup.4,9,11
      -estratriene-3-one, 20 mg of estradiol, 200 mg of progesterone, 0.35 mg of
      21-(.beta.-ethoxy-.beta.-ethoxy)-ethoxy acetate of dexamethasone and a
      lactose excipient.
PAC  EFFECT OF IMPLANTS ON CATTLE
PAR  The influence on zootechnical performances was determined on four groups of
      male Pie black calves weighing between 56 and 60 Kg. One group was the
      control, one group received an implant of a tablet containing 20 mg of
      estradiol and 200 mg of progesterone (implant I), one group received an
      implant of a tablet containing 20 mg of estradiol, 200 mg of progesterone
      and 140 mg of 17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one
      (implant II) and the fourth group received an implant containing 20 mg of
      estradiol, 200 mg of progesterone, 140 mg of
      17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one and 350.gamma. of
      21-(.beta. -ethoxy-.beta. -ethoxy)-ethoxyacetate of dexamethasone (implant
      III). The implants were introduced in the fold of the back skin of the ear
      and the weight of the animals was determined at the start of the test and
      34 and 61 days after implantation. The results are reported in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                       Implant  Implant  Implant                               
                Controls                                                       
                       I        II       III                                   
     ______________________________________                                    
     Days after implant-                                                       
     ation        61       61       61     61                                  
     Average weight at                                                         
     start in Kg  60.18    56.86    58.96  58.51                               
     Average weight at                                                         
     end in Kg    123.67   124.1    129.60 131.0                               
     Weight gain at 34th                                                       
     day in Kg    35.87    38.12    41.58  41.36                               
     Average daily weight                                                      
     gain at 34th day in                                                       
     Kg           1.055    1.121    1.223  1.216                               
     Weight gain in 61                                                         
     days in Kg   63.49    67.24    70.64  72.49                               
     Average daily weight                                                      
     gain in Kg   1.041    1.102    1.158  1.188                               
     ______________________________________                                    
PAR  In another test, the calves received an implant of 165 mg pellets
      consisting of 20 mg of estradiol and 140 mg of
      17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one and an excipient
      consisting of magnesium stearate, polyvinylpyrrolidone and sodium
      glycolate of starch and the animals were slaughtered 42 days after the
      implantations. The live weight of the animals at the start and end of the
      test and the weight of the carcasses was determined. The carcasses were
      classified by the following criteria; conformation on a scale of 1 to 3,
      color on a scale of 1 to 3 and state of fattening on a scale of 1 to 3.
      The results are reported in Tables II and III.
TBL                TABLE II - TREATED ANIMALS                                  
     ______________________________________                                    
     No. of Starting Final Weight                                              
                                 Weight of                                     
                                         conformation                          
     animals                                                                   
            Weight   in Kg       Carcasses                                     
                                         + fattening                           
            in Kg                in Kg   + color                               
                                         (Total of 9)                          
     ______________________________________                                    
     54     43       149.2       95      9                                     
     58     43       152.8       97      9                                     
     73     45       163.2       106     9                                     
     74     45       153.6       95      8                                     
     76     40       153         100     9                                     
     83     40       158.4       104     9                                     
     87     43.6     151         96      7                                     
     90     42.2     131         85      7                                     
     93     42       151.8       96      6                                     
     Average                                                                   
            42.64    151.55      97.11   8.11                                  
     ______________________________________                                    
TBL                TABLE III - CONTROLS                                        
     ______________________________________                                    
     No. of Starting Final Weight                                              
                                 Weight of                                     
                                         conformation                          
     animals                                                                   
            Weight   in Kg       Carcasses                                     
                                         + fattening                           
            in Kg                in Kg   + color                               
                                         (Total of 9)                          
     ______________________________________                                    
     61     43.2     138         91      6                                     
     64     40       147.2       92      7                                     
     65     40       140.8       90      7                                     
     69     41       146.8       94      8                                     
     75     49       148.4       93      7                                     
     78     42.4     150         97      5                                     
     82     44.2     150         95      7                                     
     88     40       131.4       83      5                                     
     94     42       140.4       90      9                                     
     56     43       162         96      6                                     
     Average                                                                   
            42.48    145.5       92.1    6.7                                   
     ______________________________________                                    
PAR  Tables II and III shows that the weight of the treated animals is clearly
      greater than that of the control animals and the last column of the Tables
      show a note of commercial appreciation which represents an important
      criteria to animal buyers. Clearly the treated animals were superior to
      the controls.
PAR  Possible metaplasia modifications of the prostate of calves is provoked by
      administration of estrogens. Four groups of immature male calves were used
      in the test with one group serving as controls not receiving an implant
      (I), another group receiving an implant containing 20 mg of estradiol
      (II), another receiving an implant of 20 mg of estradiol and 40 mg of
      17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one (III) and a last
      group receiving an implant containing 20 mg of estradiol and 140 mg of
      17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one (IV). The implants
      were administered subcutaneously and the animals were slaughtered 90 days
      later. The results are reported in Table IV with an absence of metaplasia
      noted by 0 and the pluses indicating a conventional scale of metaplasia
      intensity.
TBL                TABLE IV                                                    
     ______________________________________                                    
           No. of   Prostatic       No. of Prostatic                           
     Groups                                                                    
           Animals  Metaplasia                                                 
                              Groups                                           
                                    Animals                                    
                                           Metaplasia                          
     ______________________________________                                    
           042      0               016    +                                   
           040      0               037    +                                   
           045      0               030    +                                   
           029      0               018    +                                   
           675      0               019    +                                   
           671      0               667    0                                   
     I     673      0         III   662    +                                   
           099      0               650    +++                                 
           678      0               670    +                                   
           684      0               661    0                                   
           685      0               666    +                                   
           674      0               639    0                                   
                                    660    +                                   
           649      +++             659    +                                   
           669      +++                                                        
           654      +++             037    0                                   
     II    059      +++             047    0                                   
           050      +++             627    0                                   
           034      +++       IV    098    0                                   
           048      +++             640    0                                   
           060      +++             630    0                                   
           042      +++             637    0                                   
                                    634    0                                   
     ______________________________________                                    
PAR  Table IV shows that the animals treated with estradiol alone presented a
      pronounced prostatic metaplasia while group III presented a less
      pronounced prostatic metaplasia and group IV did not present any prostatic
      metaplasia. The hormonal effects of estradiol were completely annuled.
PAC  EXAMPLE 2
PAC  17.beta.-amyloxy-.DELTA..sup.4,9,11 -estratriene-3-one
PAR  22.5 Ml of dimethylsulfoxide were added to 4.5 g of sodium hydride in a 50%
      oil suspension in 90 ml of tetrahydrofuran and the resulting mixture was
      stirred for 30 minutes at 22.degree.C. Then, 3 g of
      3-ethylenedioxy-.DELTA..sup.4,9,11 -estratriene-17.beta.ol were added
      thereto all at once and after stirring the mixture for 30 minutes at
      22.degree.C, 6 ml of iodopentane were added thereto all at once. The
      mixture was stirred for 17 hours at 22.degree.C and then 60 ml of water
      were added dropwise. The mixture was extracted with methylene chloride and
      the extracts were washed with water, dried and evaporated to dryness to
      obtain 4.3 g of a resin which was used as is for the next step.
PAR  The 4.3 g of the said resin were dissolved in 80 ml of tetrahydrofuran and
      40 ml of 50% acetic acid in water and the resulting solution was stirred
      for 1 hour. The solution was poured into water and the mixture was
      neutralized with sodium bicarbonate addition. The mixture was extracted
      with methylene chloride and the extracts were washed with water, dried and
      distilled to dryness to obtain 6.5 g of an oil. The oil was
      chromatographed over silica and was eluted with isopropyl ether to obtain
      1.512 g of 17.beta.-amyloxy-.DELTA..sup.4,9,11 -estratriene-3-one.
PAR  17.beta.-hexahydrobenzyloxycarbonyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one was prepared as in French Pat. No. 5979M by reacting
      hexahydrobenzyl chloroformate and .DELTA..sup.4,9,11
      -estratriene-17.beta.-ol-3-one.
PAR  The influence on zootechnical performances was determined in another test
      on groups of male Pie black calves weighing about 40 kg. One group was the
      control and the second group received an implant I of a tablet containing
      20 mg of estradiol and 140 mg of 17.beta.-n-amyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one and a third group received an implant II of a tablet
      containing 20 mg of estradiol and 140 mg of
      17.beta.-hexahydrobenzyloxycarbonyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one. The implants were introduced into the fold of the back
      skin of the ear and the weight of the animals was determined at the start
      of the test and 55 days after implantation. The yields were expressed as
      the ratio of the weight of the carcass to the total weight of the animal
      and the consumption indice is the ratio of the total weight of feed that
      the animal received to total weight gain. In addition, the carcasses were
      rated by the following 3 criteria: 1. color, 2. fattening state and 3.
      conformation, each on a scale of 1 to 3 with 1 being the maximum rating.
      The results are reported in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
                 Controls                                                      
                        Implant I  Implant II                                  
     ______________________________________                                    
     Starting weight in                                                        
                   39.44    39.64      39.46                                   
      Kg                                                                       
     Weight in Kg before                                                       
     implantation  78.57    78.57      78.5                                    
     Weight gain in Kg                                                         
     before treatment                                                          
                   39.13    38.93      39.04                                   
     Weight in Kg at end                                                       
     of test       148      155        150                                     
     Total weight gain in                                                      
                   108.56   115.36     110.54                                  
      Kg                                                                       
     Daily weight gain in                                                      
                   0.906    0.961      0.921                                   
      Kg                                                                       
     Weight of carcass in                                                      
                   92.71    98.14      95.68                                   
      Kg                                                                       
     Yield         62.62    63.29      63.77                                   
     Color 1           5/14     4/14     6/14                                  
           2           9/14     9/14     8/14                                  
           3           0/14     1/14     0/14                                  
     Conformation                                                              
              1        3/14     13/14    10/14                                 
              2        5/14     0/14     2/14                                  
              3        6/14     1/14     2/14                                  
     Fattening state                                                           
                1      12/14    13/14    14/14                                 
                2      2/14     1/14     0/14                                  
                3      0/14     0/14     0/14                                  
     Indice of consumption                                                     
                   1.69     1.61       1.67                                    
     ______________________________________                                    
PAR  The results of Table V show that the treated animals have a much greater
      weight gain than the controls, both in the live animals and the carcasses
      of the slaughtered animals. The yield was higher as well as the
      conformation and fattening state and the indice of consumption was lower
      for the treated animals.
PAR  In another test, groups of immature male calves were used to determine
      possible histological modifications of the prostate. One group acted as
      controls and received no implant, a second group received an implant of 20
      mg of estradiol and a third group received an implant III of 20 mg of
      estradiol and 140 mg of 17.beta.-n-amyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one and a fourth group received an implant IV of 20 mg of
      estradiol and 140 mg of
      17.beta.-hexahydrobenzyloxycarbonyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one. The implants were administered subcutaneously and the
      animals were slaughtered 90 days later. The animals receiving the implant
      of estradiol alone showed a pronounced prostatic metaplasia while those
      receiving the implants III and IV of the invention did not present any
      prostatic metaplasia which indicates that the hormonal effects of
      estradiol were nullified in the compositions of the invention.
PAR  The results presented above show a significant increase in weight gain and
      upgrading of the quality of meat with the invention as compared to the
      controls.
PAR  The following test was conducted to compare a composition consisting of 20
      mg of estradiol and 200 mg of testosterone (implant A) with a composition
      of the invention consisting of 20 mg of estradiol and 140 mg of
      17.beta.-acetoxy-.DELTA..sup.4,9,11-estratriene- 3-one (implant B). The
      implants were given to female Normandy calves 72 days before slaughter and
      were introduced into the fold of the back skin of the ear. The weight of
      the animals was ascertained at the start and just before slaughter and the
      results are reported in Table VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
     Treatment        Implant     Implant                                      
                      A           B                                            
     ______________________________________                                    
     No. of animals           9             13                                 
     Duration of fattening                                                     
     time in days            107           107                                 
     Average weight at start of                                                
     test in Kg              48.55         49.00                               
                      .+-.   1.31     .+-. 0.75                                
     Average weight at end   156.89        173.85                              
     of test in Kg    .+-.   4.07     .+-. 2.172                               
     Average weight gain     108.34        124.85                              
     in Kg            .+-.   3.85     .+-. 2.13                                
     Average daily weight    1.012         1.167                               
     gain in Kg       .+-.   0.036    .+-. 0.02                                
     Weight of cold          100.88        110.21                              
     carcasses in Kg  .+-.   2.65     .+-. 1.69                                
     ______________________________________                                    
PAR  The results of Table VI show that the weight gain is substantially higher
      with implant B of the invention than with implant A of German Pat. No.
      1,047,596.
PAR  It can be seen that implant B resulted in an increase in weight
      approximately 15% greater than that of implant A in the animals before
      slaughter and to about a 10% difference in the weight of the carcasses of
      the slaughtered animals which is extremely significant.
PAR  Various modifications of the compositions and method of the invention may
      be made without departing from the spirit or scope thereof and it should
      be understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Novel zootechnical compositions for increasing the weight of farm
      animals comprising a mixture of 1 to 300 mg of an anabolisant steroid of
      the formula
      ##SPC5##
PAL  wherein R is alkyl of 1 to 4 carbon atoms and X is selected from the group
      consisting of hydrogen, lower alkyl optionally substituted with phenyl,
      lower alkenyl, lower alkoxy-lower alkyl, lower alkyl-thialower alkyl,
      cycloalkyl of 3 to 7 carbon atoms, cycloalkyl lower alkyl,
      heterocycloalkyl, cyclic alkyl wherein the ring is derived from an
      unsaturated nitrogen, oxygen or sulfur heterocycle of 5 to 7 carbon atoms
      and acyl of an organic carboxylic or carbonic acid of 1 to 18 carbon atoms
      and 0.05 to 50 mg of an estrogenic steroid of the formula
      ##SPC6##
PAL  wherein R is alkyl of 1 to 4 carbon atoms, R.sub.1 is selected from the
      group consisting of hydrogen, alkyl of 1 to 5 carbon atoms and cycloalkyl
      of 3 to 7 carbon atoms, A is selected from the group consisting of
      hydrogen and .beta.-alkoxy of 1 to 4 carbon atoms, Y is selected from the
      group consisting of hydrogen, methyl, ethynyl and haloethynyl and X.sub.1
      is selected from the group consisting of hydrogen and acyl of an organic
      carboxylic or carbonic aliphatic or cyclanic acid of 1 to 10 carbon atoms.
NUM  2.
PAR  2. A composition of claim 1 wherein the anabolisant steroid is
      17.beta.-acetoxy-.DELTA..sup.4,9,11 -estratriene-3-one.
NUM  3.
PAR  3. A composition of claim 1 wherein the estrogenic steroid is estradiol.
NUM  4.
PAR  4. A composition of claim 1 wherein there is also a progestative compound
      to minimize the hormonal effects of the estrogenic steroid.
NUM  5.
PAR  5. A composition of claim 1 wherein there is also an anti-inflammatory
      agent to increase the resorption of the composition.
NUM  6.
PAR  6. A composition of claim 1 wherein the estrogenic steroid is estradiol and
      the anabolisant steroid is 17.beta.-acetoxy-.DELTA..sup.4,9,11
      -estratriene-3-one.
NUM  7.
PAR  7. A composition of claim 6 containing also
      21-(.beta.-ethoxy-.beta.-ethoxy)-ethoxyacetate of dexamethasone.
NUM  8.
PAR  8. The composition of claim 7 in the form of an implant.
NUM  9.
PAR  9. A composition of claim 1 wherein the anabolisant steroid is
      17.beta.-amyloxy-.DELTA..sup.4,9,11 estratriene-3-one.
NUM  10.
PAR  10. A composition of claim 1 wherein the anabolisant steroid is
      17.beta.-hexahydrobenzyloxycarbonyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one.
NUM  11.
PAR  11. A method of improving the raising of farm animals comprising placing
      under the skin of farm animals a sufficient amount of a composition of
      claim 1 to increase the weight of the animals.
NUM  12.
PAR  12. The method of claim 11 wherein the estrogenic steroid is estradiol and
      the anabolisant steroid is 17.beta.-acetoxy-.DELTA..sup.4,9,11
      -estratriene-3-one.
NUM  13.
PAR  13. The method of claim 11 wherein there is also in the composition a
      progestative compound.
NUM  14.
PAR  14. The method of claim 11 wherein there is also present in the composition
      an anti-inflammatory agent.
NUM  15.
PAR  15. The method of claim 11 wherein the estrogenic steroid is estradiol and
      the anabolisant steroid is 17.beta.-amyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one.
NUM  16.
PAR  16. The method of claim 11 wherein the estrogenic steroid is estradiol and
      the anabolisant steroid is
      17.beta.-hexahydrobenzyloxycarbonyloxy-.DELTA..sup.4,9,11
      -estratriene-3-one.
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ABST
PAL  Cephalosporin compounds having various substituted sulfonylacetamido groups
      at position 7 have been prepared and have antibacterial activity.
PARN
PAR  This is a division of application Ser. No. 249,858, filed May 3, 1972, now
      U.S. Pat. No. 3,865,819.
BSUM
PAR  This invention relates to cephalosporin compounds which have antibacterial
      activity, in particular, compounds having a substituted sulfonylacetamido
      substituent at position 7 of the cephem nucleus.
PAR  The compounds of this invention are represented by the following structure.
      ##SPC1##
PAL  Where:
PAR  X is lower alkyl of C.sub.1 -C.sub.6 ; phenyl, unsubstituted or substituted
      with nitro, amino, dialkylamino, each alkyl having C.sub.1 -C.sub.4,
      hydroxy, alkoxy (C.sub.1 -C.sub.4), or halogen; CF.sub.3 ; NH.sub.2 ; or
      mono or dialkylamino, each alkyl of C.sub.1 -C.sub.4 ;
PAR  A is hydrogen, methyl, acetoxymethyl, pyridiniummethyl, CH.sub.2 S-Het,
      CH.sub.2 SR, or CH.sub.2 OR;
PAR  Het is a 5 or 6-membered heterocyclic ring containing one to four atoms
      selected from the group consisting of N, O and S, unsubstituted or
      substituted with from one to two groups selected from lower alkyl,
      cycloalkyl or alkenyl, each having one to four carbon atoms; lower alkoxy
      or alkoxyalkyl, each alkoxy or alkyl having one to four carbon atoms;
      hydroxy; CF.sub.3 ; NHR; SR; or halogen;
PAR  R is hydrogen or lower alkyl (C.sub.1 -C.sub.4); and
PAR  M is hydrogen, alkali metal cation, nontoxic ammonium cation, or when A is
      pyridiniummethyl an anionic charge.
PAR  Cephalosporins with a wide variety of acyl groups at position 7 are known
      in the prior art including substituted sulfinylalkanoyl groups. The
      present invention relates to substituted sulfonylacetamidocephalosporins,
      having a doubled oxidized sulfur atom.
PAR  Preferred compounds are those where A is CH.sub.2 S-Het and in particular
      where Het is tetrazolyl, 1,3,4-thiadiazolyl, 1,3,4-oxadiazolyl,
      1,2,4-triazolyl, 1,2,3-triazolyl and the substituted derivatives thereof.
      Also preferred are compounds where X is methyl, ethyl, propyl,
      trifluoromethyl, phenyl, amino and dimethylamino.
PAR  The compounds of this invention are prepared by acylation of a
      7-aminocephalosporanic acid with the appropriately substituted
      sulfonylacetic acid. The carboxyl group is activated prior or during the
      acylation reaction by one of the methods well known in the art. These
      include the mixed anhydride, acid halide and activated ester methods and
      the use of a coupling reagent such as dicyclohexylcarbodiimide.
PAR  The alkyl and arylsulfonylacetic acids are prepared by oxidation of the
      appropriate substituted mercaptoacetic acid with an oxidizing agent; for
      example, methylmercaptoacetic acid is oxidized with m-chloroperbenzoic
      acid to give methylsulfonylacetic acid. Alternatively the substituted
      mercaptoacetic acid can be converted to an activated ester, such as the
      N-hydroxysuccinimide ester or the 2,4-dinitrophenyl ester, and then
      oxidized to the activated sulfonylacetate. Aminosulfonylacetic acids
      (i.e., XSO.sub.2 CH.sub.2 COOH where X is amino or dialkylamino) are
      prepared from commercially available chlorosulfonylacetyl chloride by
      known methods (J. Amer. Chem. Soc., 81, 5655 (1959); British Pat. No.
      1,067,965).
PAR  The 7-aminocephalosporins where A is CH.sub.2 S-Het are prepared by known
      methods from 7-aminocephalosporanic acid (7-ACA) and the appropriate
      heterocyclic mercaptan compound. The compounds where A is pyridiniummethyl
      are prepared by acylation of 7-ACA and then reaction with pyridine by
      known procedures. The compounds where A is hydrogen, methyl,
      alkylthiomethyl, or alkoxymethyl are prepared from materials known in the
      art, readily prepared by known methods or described herein.
PAR  The compounds of this invention have broad-spectrum antibacterial activity
      with minimum inhibitery concentrations (MIC) ranging from 0.1 to &gt;200
      .mu.g/ml. Table 1 shows MIC's for a variety of compounds within the scope
      of this invention against various Gram-positive and Gram-negative
      bacteria.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Cmpd.                                                                     
          S. aureus                                                            
                S. aureus    Strep. pyog.                                      
                                    Strep. faecalis                            
                                             E. coli                           
                                                   E. coli                     
                                                         Kleb. pneumo.         
     No.* HH 127                                                               
                SK 23390                                                       
                      S. villaluz                                              
                             C 203  HH 34358 SK 12140                          
                                                   HH 33779                    
                                                         SK 4200               
     MIC (.mu.g/ml)                                                            
     __________________________________________________________________________
     54293                                                                     
          3.1   1.6          0.4    200      12.5  25     12.5                 
     55848                                                                     
          1.6   1.6          0.2     50      12.5  25    3.1                   
     57286                                                                     
          3.1   1.6          0.2    100       3.1  12.5  1.6                   
     57359                                                                     
          1.6   0.8          0.2     50      50    100    12.5                 
     57360                                                                     
          0.8   0.4          0.1     25      25    100    25                   
     59345                                                                     
          0.8   0.8    25    0.1    100       100  100    50                   
     59393                                                                     
          1.6   1.6    25    0.1     50      50    50     25                   
     59454                                                                     
          25    25    &gt;200   0.4    &gt;200     &gt;200  &gt;200  &gt;200                  
     59586                                                                     
          1.6   0.8   100    0.2    100       6.3  25    3.1                   
     59623                                                                     
          0.8   0.8   100    0.1    100      25    50    6.3                   
     59641                                                                     
          0.4   0.4   100    0.1     25       3.1  12.5  1.6                   
     59758                                                                     
          3.1   1.6    50    0.1    200        6.3 12.5  6.3                   
     59857                                                                     
          1.6   1.6    25    0.2    100      25    50    6.3                   
     Cmpd.     Kleb. pneumo.                                                   
                       Pseudo. sp.                                             
                              Salmonella                                       
                                     Shigella                                  
                                          Entero. aerog.                       
                                                  Serra. marc.                 
                                                         Entero. cloaca        
     No.*      SK 1200 HH 63  ATCC 12176                                       
                                     HH 112                                    
                                          ATCH 13048                           
                                                  ATCC 13880                   
                                                         PaSL 969              
     MIC (.mu.g/ml)                                                            
     __________________________________________________________________________
     54293     12.5    &gt;200   12.5   25   &gt;200           &gt;200                  
     55848     6.3     &gt;200   3.1    12.5 &gt;200           &gt;200                  
     57286     3.1     &gt;200   3.1     3.1 &gt;200    &gt;200   &gt;200                  
     57359     6.3     &gt;200   12.5   25   &gt;200    &gt;200   &gt;200                  
     57360     12.5    &gt;200    25    25   &gt;200    &gt;200   &gt;200                  
     59345     100     &gt;200    50    50   &gt;200    &gt;200   &gt;200                  
     59393      25     &gt;200   12.5   25    200    &gt;200    100                  
     59454     &gt;200    &gt;200   &gt;200   &gt;200 &gt;200    &gt;200   &gt;200                  
     59586     3.1     &gt;200   1.6    12.5  200    &gt;200   &gt;200                  
     59623     6.3     &gt;200   3.1    25    200    &gt;200                         
     59641     1.6     &gt;200   1.6     6.3  100    &gt;200                         
     59758     6.3     &gt;200   3.1    0.1  &gt;200    &gt;200                         
     59857     6.3     &gt;200   3.1    25   &gt;200    &gt;200                         
     __________________________________________________________________________
      *See Table 2 for structures                                              
TBL                TABLE 2                                                     
     ______________________________________                                    
     Compound No.                                                              
                X             A                                                
     ______________________________________                                    
     54293      methyl    acetoxymethyl                                        
     55848      methyl    5-methyl-1,3,4-thiadiazol-2-                         
                          ylthiomethyl                                         
     57286      methyl    1 methyltetrazol-5-ylthio-                           
                          methyl                                               
     57359      phenyl    acetoxymethyl                                        
     57360      phenyl    5-methyl-1,3,4-thiadiazol-2-                         
                          ylthiomethyl                                         
     59345      methyl    pyridiniummethyl                                     
     59393      amino     acetoxymethyl                                        
     59454      methyl    methyl                                               
     59586      methyl    5-methyl-1,2,4-triazol-3-                            
                          ylthiomethyl                                         
     59623      ethyl     acetoxymethyl                                        
     59641      ethyl     5-methyl-1,3,4-thiadiazol-2-                         
                          ylthiomethyl                                         
     59758      methyl    4-methyl-1,2,4-triazol-3-yl-                         
                          thiomethyl                                           
     59857      methyl    4-methyl-5-oxo-1,2,4-triazol-                        
                          3-ylthiomethyl                                       
     ______________________________________                                    
PAR  These compounds are formulated and administered in the same manner as other
      cephalosporins with the dose depending on the subject and the infection
      being treated.
DETD
PAR  The following examples illustrate the invention but are not to be construed
      as limiting the scope thereof.
PAC  EXAMPLE 1
PAC  7-Methylsulfonylacetamidocephalosporanic acid
PAR  Dicyclohexylcarbodiimide (20.6 g, 0.1 mol) was added to a solution of
      methylmercaptoacetic acid (10.7 g, 0.10 mol) and N-hydroxysuccinimide
      (11.5 g, 0.1 mol) in dry tetrahydrofuran (100 ml). The mixture was stirred
      in an ice bath for one hour and then allowed to stand overnight. The
      precipitate was collected and the filtrate was evaporated to give the
      crude product which was recrystallized from carbon tetrachloride.
PAR  The above activated ester (4.06 g, 0.02 mol) was dissolved in chloroform
      (40 ml) and the solution was cooled to 0.degree.. To this was added over a
      15 minute period a solution of m-chloroperbenzoic acid (8.1 g, 0.04 mol)
      in ether (50 ml). The reaction is stirred one hour in an ice bath and
      three days at room temperature. The precipitated product was collected and
      was recrystallized from acetone to give the methylsulfonylacetate ester.
PAR  To a suspension of 7-ACA (1.64 g, 0.06 mol) in dry dimethylformamide (20
      ml) was added sufficient triethylamine to effect solution. The above ester
      (1.4 g, 0.06 mol) was added to the solution at room temperature with
      stirring. After 1.25 hours the reaction was poured into ice water and the
      aqueous mixture was acidified to pH2 and extracted with ethyl acetate. The
      extracts were dried and concentrated to a volume of about 20 ml. An equal
      volume of ether was added followed by sodium 2-ethylhexanoate and then
      more ether (100 ml.). The precipitate was collected, washed with ether,
      and dried to yield the title compound as its sodium salt. The free acid is
      obtained by acidification of an aqueous solution of the sodium salt.
PAC  EXAMPLE 2
PAC  7-Methylsulfonylacetamido-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-ca
     rboxylic acid
PAR  To a suspension of
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      (1.09 g, 3 mmol) in dimethylformamide (25 ml) was added triethylamine
      until all the solid was dissolved. The activated methylsulfonylacetate
      ester from Example 1 (0.705 g, 3 mmol) was added to the solution in one
      portion. The reaction solution was stirred at room temperature for 5 hours
      and then was added dropwise to ether (200 ml). The gummy precipitate was
      stirred with filter aid and filtered. The filter cake was washed with
      ether, and then stirred with acetonitrile (50 ml) and filtered again. The
      filtrate was evaporated to a gummy residue which was dissolved in water
      (40 ml). The aqueous phase was extracted with ethyl acetate (40 ml),
      acidified to pH 2, and reextracted with ethyl acetate. The organic
      extracts of the acidic solution were washed with water, dried and
      concentrated to a volume of about 50 ml. Sodium 2-ethylhexanoate in
      isopropanol was added to precipitate the sodium salt of the title
      compound. The free acid is obtained from the sodium salt by standard
      methods.
PAC  EXAMPLE 3
PAC  7-Methylsulfonylacetamido-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-ce
     phem-4-carboxylic acid
PAR  Triethylamine was added to a suspension of
      7-amino-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid (1.72 g, 5 mmol) in dimethylformamide (25 ml) until a slight
      cloudiness remained. To this was added the activated sulfonyl ester from
      Example 1 (1.18 g, 5 mmol) and the reaction was stirred at room
      temperature for 2 hours. The solution was poured into ice water (150 ml)
      and the resultant solution was extracted with ethyl acetate. The aqueous
      phase was acidified with 3N HCl to pH 2 and extracted with ethyl acetate.
      The combined extracts were washed with water, dried and concentrated to a
      volume of 50 ml. Sodium 2-ethylhexanoate was added and then ether (200
      ml). The precipitated sodium salt was collected, washed with ether and
      dried. By standard methods, the free acid is obtained from the sodium
      salt.
PAC  EXAMPLE 4
PAC  7-Phenylsulfonylacetamido-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-ce
     phem-4-carboxylic acid
PAR  When phenylmercaptoacetic acid was reacted with N-hydroxysuccinimide and
      then m-chloroperbenzoic acid according to the procedure in Example 1,
      N-hydroxysuccinimidyl phenylsulfonylacetate was obtained.
PAR  7-Amino-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid (1.38 g, 0.04 mol) was suspended in dimethylformamide (25 ml) and
      triethylamine was added until solution was effected. The above ester (1.1
      g, 0.04 mol) was added and the reaction was stirred for 2 hours at room
      temperature. The solution was added dropwise to ether (200 ml). The
      suspension was filtered through filter aid and the filter cake was washed
      with ether. The product and filter aid were stirred with water (50 ml) for
      20 minutes and refiltered. The aqueous filtrate was extracted with ethyl
      acetate (which was discarded) and then acidified to pH 1 with 3N HCl and
      reextracted with ethyl acetate. The extracts were washed with water,
      dried, and sodium 2-ethylhexanoate was added. The sodium salt was
      collected and dried. An aqueous solution of the sodium salt is adjusted to
      pH 2 and the free acid is collected.
PAC  EXAMPLE 5
PAC  7-Phenylsulfonylacetamidocephalosporanic acid
PAR  When the activated phenylsulfonylacetate of Example 4 was reacted with
      7-ACA according to the same procedure as Example 4, the title compound was
      obtained.
PAC  EXAMPLE 6
PAC  7-Trifluoromethylsulfonylacetamido-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomet
     hyl)-3-cephem-4-carboxylic acid
PAR  Trifluoromethylmethylsulfone (1.48 g, 0.01 mol) [W. E. Truce, et al., J.
      Amer. Chem. Soc., 74, 3594 (1952)]  was dissolved in dry ether (50 ml) and
      the solution was cooled to -40.degree.. A 2 molar solution of n-butyl
      lithium (7.5 ml, 0.015 mol) was added; the reaction was warmed to ca.
      15.degree., stirred for 30 minutes, and then poured over crushed CO.sub.2
      with stirring. When the mixture reached room temperature it was shaken
      with water (75 ml); the aqueous phase was separated, acidified to pH 1.5,
      and extracted with ether. The extracts were dried and evaporated to give
      an oil which crystallized on standing. The trifluoromethylsulfonylacetic
      acid was recrystallized from carbon tetrachloride.
PAR  Using the procedure in Example 1 trifluoromethylsulfonylacetic acid is
      esterified with N-hydroxysuccinimide and then is reacted with
      7-amino-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid using the procedure of Example 3 to give the title compound.
PAC  EXAMPLE 7
PAC  7-Trifluoromethylsulfonylacetamidocephalosporanic acid
PAR  The reaction of the activated ester of trifluoromethylsulfonylacetic acid
      from Example 6 with 7-ACA according to the procedure of Example 1 gives
      the title compound.
PAC  EXAMPLE 8
PAC  7-Aminosulfonylacetamidocephalosporanic acid
PAR  Dicyclohexylcarbodiimide (1 g, 5 mmol) was added to a solution of 7-ACA
      t-butyl ester (1.65 g, 5 mmol) and aminosulfonylacetic acid (0.7 g, 5
      mmol) (British Pat. No. 1,067,965) in dry tetrahydrofuran (15 ml). The
      solution was stirred overnight at room temperature, filtered and the
      precipitate was washed with tetrahydrofuran. The filtrate and washings
      were combined and evaporated to a gum. The gum was reacted with
      trifluoroacetic acid (5 ml) for 15 minutes at room temperature and then
      the reaction solution was added dropwise to ether (150 ml). The
      precipitate was filtered, washed with ether, then stirred with ethyl
      acetate and filtered. The filtrate was treated with sodium
      2-ethyl-hexanoate in isopropanol. The precipitated sodium salt was
      collected, washed with ether and acetonitrile and dried. The sodium salt
      is converted to the free acid by standard methods.
PAC  EXAMPLE 9
PAC  7-Aminosulfonylacetamido-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-cep
     hem-4-carboxylic acid
PAR  Using the procedure of Example 3,
      7-amino-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid is reacted with N-hydroxysuccinimidyl aminosulfonylacetate (prepared
      in a similar manner as set forth in Example 1 from aminosulfonylacetic
      acid and N-hydroxysuccinimide) to give the desired product.
PAC  EXAMPLE 10
PAR  When an equivalent amount of a
      7-amino-3-heterocyclicthiomethyl-3-cephem-4-carboxylic acid listed below
      is substituted in Example 2 for
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid,
      the appropriate
      7-methylsulfonylacetamido-3-heterocyclicthiomethyl-3-cephem-4-carboxylic
      acid is obtained.
PAR  7-Amino-3-(1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-ca
     rboxylic acid
PAR  7-Amino-3-(5-ethyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(5-n-butyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(5-dimethylamino-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carb
     oxylic acid
PAR  7-Amino-3-(5-mercapto-1,3,4-thiadiazol-3-ylthiomethyl)-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(3-methylthio-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxy
     lic acid
PAR  7-Amino-3-(3-methyl-1,2,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(4-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(4,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(2,5-dimethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(4-methyl-5-trifluoromethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephe
     m-4-carboxylic acid
PAR  7-Amino-3-(5-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(4-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(2-methyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(2-ethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(4-allyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-methoxymethyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxy
     lic acid
PAR  7-Amino-3-(5-cyclopropyl-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxyli
     c acid
PAR  7-Amino-3-(5-bromo-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-hydroxy-1,2,4-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(5-hydroxy-4-methyl-1,2,4-triazol-3-yl-thiomethyl)-3-cephem-4-car
     boxylic acid
PAR  7-Amino-3-(5-hydroxy-4-ethyl-1,2,4-triazol-3-yl-thiomethyl)-3-cephem-4-carb
     oxylic acid
PAR  7-Amino-3-(1,2,3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-methyl-1,3,4-oxadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid
PAR  7-Amino-3-(4-pyrimidylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(2-pyrazinylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(3-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(4-pyridylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 11
PAR  The reaction of
      7-amino-3-(1-methyltetrazol-5-yl-thiomethyl-3-cephem-4-carboxylic acid or
      a 7-amino-3-heterocyclicthiomethyl-3-cephem-4-carboxylic acid enumerated
      in Example 10 with activated phenylsulfonylacetate ester according to the
      procedure of Example 4 gives the appropriate
      7-phenylsulfonylacetamido-3-heterocyclicthiomethyl-3-cephem-4-carboxylic
      acid.
PAC  EXAMPLE 12
PAR  When the procedure of Example 6 is followed using
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid or
      a 7-amino-3-heterocyclicthiomethylcephalosporin listed in Example 10, the
      corresponding
      7-trifluoromethylsulfonylacetamido-3-heterocyclicthiomethyl-3-cephem-4-car
     boxylic acid is obtained.
PAC  EXAMPLE 13
PAR  Substitution of
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid or
      a cephalosporin compound listed in Example 10 in the procedure of Example
      9 gives the appropriate
      7-aminosulfonylacetamido-3-heterocyclicthiomethyl-3-cephem-4-carboxylic
      acid product.
PAC  EXAMPLE 14
PAC  7-Methylsulfonylacetamido-3-(1-pyridiniummethyl)-3-cephem-4-carboxylic acid
PAR  To a solution of 7-methylsulfonylacetamidocephalosporanic acid sodium salt
      1.75 g, 4.0 mmol) in water (2 ml) was added potassium thiocyanate (7.87 g,
      0.081 mol), water (2 ml) and pyridine (0.44 ml). The reaction was heated
      at 65.degree.-70.degree. for 7 hours and then was cooled. The solution was
      diluted with water (75 ml) and the aqueous solution was chromatographed on
      a column of cross-linked polystyrene polymer (125 g of Amberlite XAD-2).
      The inorganic salts were eluted with water and then the product was eluted
      with 95% ethanol. The ethanol fractions were evaporated to give the crude
      product which was dissolved in water, filtered and lyophilized.
PAC  EXAMPLE 15
PAR  When trifluoromethylsulfonylacetamidocephalosporanic acid,
      aminosulfonylacetamidocephalosporanic acid, or
      phenylsulfonylacetamidocephalosporanic acid is substituted for
      methylsulfonylacetamidocephalosporanic acid in Example 14 the
      corresponding 3-(1-pyridiniummethyl)cephalosporin is obtained.
PAC  EXAMPLE 16
PAC  7-(N,N-Dimethylaminosulfonylacetamido)-3-(2-methyl-1,3,4-thiadiazol-5-yl)-3
     -cephem-4-carboxylic acid
PAR  N,N-Dimethylaminosulfonylacetic acid is prepared in an analogous method as
      aminosulfonylacetic acid and then is reacted with
      7-amino-3-(2-methyl-1,3,4-thiadiazol-5-yl-thiomethyl)-3-cephem-4-carboxyli
     c acid according to the procedure of Example 9 to give the title compound.
PAC  EXAMPLE 17
PAR  When 7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      or a 7-amino-3-heterocyclic cephalosporin enumerated in Example 10 is
      reacted with N,N-dimethylaminosulfonylacetic acid by the procedure of
      Example 16 the corresponding
      7-(N,N-dimethylaminosulfonylacetamido)-3-heterocyclicthiomethyl-3-cephem-4
     -carboxylic acid is obtained.
PAC  EXAMPLE 18
PAR  The reaction of N,N-dimethylaminosulfonylacetic acid with 7-ACA t-butyl
      ester according to the procedure of Example 8 gives
      7-(N,N-dimethylaminosulfonylacetamido) cephalosporanic acid.
PAR  When the above product is reacted with pyridine using the procedure of
      Example 14,
      7-(N,N-dimethylaminosulfonylacetamido)-3-(1-pyridiniummethyl)-3-cephem-4-c
     arboxylic acid is obtained.
PAC  EXAMPLE 19
PAC  7-Methylsulfonylacetamido-3-methyl-3-cephem-4-carboxylic acid
PAR  7-Amino-3-methyl-3-cephem-4-carboxylic acid (7-ADCA) (2.14 g, 0.01 mol) was
      suspended in dry dimethylformamide (30 ml) and
      1,5-diazobicyclo[4.3.0]non-5-ene was added until only a slight cloudiness
      remained. The activated ester from Example 1 (2.35 g, 0.01 mol) was added
      and the reaction was stirred for 2.5 hours at room temperature. The
      solution was filtered into ether (300 ml) and then the filtrate was
      filtered through filter aid. The filter cake was stirred with water (50
      ml) and refiltered. The filtrate was acidified to pH 1.5 with 3N HCl and
      extracted with ethyl acetate. The organic extracts were washed with water,
      dried, and concentrated to ca. 50 ml. Sodium 2-ethylhexanoate was added
      and the precipitated sodium salt was collected, washed with ethyl acetate
      and dried. The free acid is obtained from the sodium salt by standard
      methods.
PAC  EXAMPLE 20
PAR  When the activated esters of phenylsulfonylacetic acid,
      trifluoromethylsulfonylacetic acid, aminosulfonylacetic acid, or
      N,N-dimethylaminosulfonylacetic acid are reacted with 7-ADCA according to
      the procedure in Example 19 the corresponding
      7-sulfonylacetamido-3-methyl-3-cephem-4-carboxylic acid is obtained.
PAC  EXAMPLE 21
PAC  7-Ethylsulfonylacetamidocephalosporanic acid
PAR  N-hydroxysuccinimidyl ethylsulfonylacetate was prepared from
      ethylmercaptoacetic acid according to the procedure of Example 1. To a
      suspension of 7-ACA (2.18 g, 8 mmol) in dry dimethylformamide (50 ml) was
      added triethylamine until solution was effected and then the activated
      ester (1.99 g, 8 mmol) was added in one portion. The resultant reaction
      mixture was stirred 1.5 hours at room temperature and then poured with
      stirring into ether (400 ml) which caused a gummy residue to precipitate.
      The mixture was filtered through Celite and the filter cake was stirred
      with water (100 ml) until the residue was dissolved. The aqueous solution
      was filtered, washed with ethyl acetate, covered with fresh ethyl acetate
      and acidified with 3N HCl to pH 2. The acidic solution was extracted with
      ethyl acetate. The combined extracts were washed with water, dried, and
      evaporated to give the title compound.
PAC  EXAMPLE 22
PAC  7-Ethyldulfonylacetamido-3-(2-methyl-1,3,5-thiadiazol-5-yl-thiomethyl)-3-ce
     phem-4-carboxylic acid
PAR  Using the activated 7-ethylsulfonylacetate ester (1.99 g, 8 mmol) and
      7-amino-3-(2-methyl-1,3,5-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid (2.75 g, 8 mmol) in the procedure of Example 21, the title compound
      was prepared.
PAC  EXAMPLE 23
PAR  When 7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      or any of the compounds enumerated in Example 10 are substituted for 7-ACA
      in the procedure of Example 21 the corresponding
      7-ethylsulfonylacetamido-3-heterocyclicthiomethyl-3-cephem-4-carboxylic
      acid is obtained.
PAR  Similarly, 7-ethylsulfonylacetamido-3-methyl-3-cephem-4-carboxylic acid is
      obtained by acylating 7-ADCA using the procedure of Example 21.
PAC  EXAMPLE 24
PAR  Propylmercaptoacetic acid is converted into N-hydroxysuccinimidyl
      propylsulfonylacetate in the same manner as the methyl analog in Example
      1. This ester is reacted with 7-ACA, 7-ADCA,
      7-amino-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, 7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, or any of the compounds enumerated in Example 10 according to the
      procedure of Example 21 to give the appropriate
      7-propylsulfonylacetamidocephalosporin.
PAC  EXAMPLE 25
PAR  Acylation of 7-amino-3-methylthiomethyl-3-cephem-4-carboxylic acid (Belgian
      Pat. No. 743,754) with the activated esters of methylsulfonylacetic acid,
      ethylsulfonylacetic acid, or propylsulfonylacetic acid according to the
      procedure of Example 1 gives the corresponding
      7-alkylsulfonylacetamido-3-methylthiomethyl-3-cephem-4-carboxylic acid.
      Using the procedure of Example 8 the above cephem nucleus is acylated with
      dimethylaminosulfonylacetic acid to give
      7-dimethylaminosulfonylacetamido-3-methylthiomethyl-3-cephem-4-carboxylic
      acid.
PAC  EXAMPLE 26
PAR  Using the procedure of Example 1,
      7-amino-3-methoxymethyl-3-cephem-4-carboxylic acid [J. Med. Chem., 14,
      113(1971)]  is acylated with the activated ester of methylsulfonylacetic
      acid, ethylsulfonylacetic acid, or propylsulfonylacetic acid to give the
      corresponding
      7-alkylsulfonylacetamido-3-methoxymethyl-3-cephem-4-carboxylic acid. The
      same cephem nucleus is acylated with dimethylaminosulfonylacetic acid by
      the procedure of Example 8 to give
      7-dimethylaminosulfonylacetamido-3-methoxymethyl-3-cephem-4-carboxylic
      acid.
PAC  EXAMPLE 27
PAC  3-Formyl-7-(2-thienylacetamido)-2-cephem-4-carboxylic acid
PAR  7-(2-Thienylacetamido)cephalosporanic acid (45 g, 0.11 mol) was dissolved
      in dry pyridine (135 ml) by warming. This solution was cooled in an ice
      bath and acetic anhydride (13.5 ml) was added with stirring. After
      stirring 0.5 hour the reaction was stored in a refrigerator 18 hours
      during which time the mixture solidified. Ether was added to the mixture
      and the solid pyridine salt was collected and washed with ether. The salt
      was suspended in ethyl acetate (400 ml) with stirring and was collected
      again. The salt was then dissolved in a mixture of water (300 ml), ethyl
      acetate (400 ml) and 2N HCl (54 ml); the aqueous phase was saturated with
      NaCl and then was separated. The organic phase was washed with saturated
      NaCl solution, filtered through coarse filter paper three times, and
      evaporated to yield the .DELTA..sup.2 -isomer (32.4 g).
PAR  The .DELTA..sup.2 -isomer (32.4 g) was suspended in a mixture of acetone
      (60 ml) and water (300 ml) and 5% Na.sub.2 CO.sub.3 solution was added
      until pH 10.5 was reached. The solution was allowed to stand two days
      during which time additional 5% Na.sub.2 CO.sub.3 was added several times
      to maintain the solution at pH 10.5. The reaction was cooled in ice,
      layered with ethyl acetate and acidified with 6N H.sub.2 SO.sub.4 to pH
      1.8. The aqueous phase was saturated with NaCl and separated. The organic
      phase was washed with saturated NaCl solution, filtered through coarse
      filter paper and evaporated to give the product, the .DELTA..sup.2
      -3-hydroxymethyl compound (17.4 g).
PAR  A solution of the above product (17.4 g, 0.049 mol) in acetone (850 ml) was
      cooled to -10.degree. and then Jones reagent [chromic trioxide (26.72 g)
      dissolved in concentrated H.sub.2 SO.sub.4 (23 ml) and then diluted to 100
      ml with water] was added dropwise until the brown color persisted. Excess
      Jones reagent was decomposed with isopropanol, the green reaction mixture
      was filtered and the green precipitate was washed with acetone. The
      combined filtrate and washings were diluted with water (200 ml) and ethyl
      acetate (400 ml) and then saturated with NaCl. The organic phase was
      separated, washed with saturated NaCl solution and dried over MgSO.sub.4.
      Evaporation of the solvent gave the crude product which was triturated
      with methanol to give the product as its methanoate (8.4 g). This product
      was dissolved in ethyl acetate (2000 ml) and then evaporated in vacuo to
      give the title compound (7.8 g).
PAC  EXAMPLE 28
PAC  Benzhydryl 3-formyl-7-(2-thienylacetamido)-2-cephem-4-carboxylate
PAR  A solution of diphenyldiazomethane (0.213 g, 1.1 mmol) in dry
      tetrahydrofuran (2 ml) was added dropwise with stirring to the
      3-formyl-7-(2-thienylacetamido)-2-cephem-4-carboxylic acid (0.352 g., 1
      mmol) in dry tetrahydrofuran (10 ml) at 40.degree.. The reagent was
      allowed to completely react as noted by the color changes between each
      addition. The reaction was stirred at 40.degree. for 2 hours after the
      addition was completed and then the solvent was removed in vacuo. The
      residual oil was dissolved in chloroform, washed with 5% NaHCO.sub.3,
      dried over MgSO.sub.4 and concentrated to half volume. The product was
      precipitated by the addition of hexane.
PAC  EXAMPLE 29
PAC  Benzhydryl-7-(2-thienylacetamido)-3-cephem-4-carboxylate
PAR  A mixture of the benzhydryl ester from Example 28 (2.5 g. 4.79 mmol).
      tris-(triphenylphosphine)chlororhodium (3.5 g. 4.79 mmol) and dry toluene
      (75 ml) was refluxed under nitrogen for 5.5 hours. The reaction mixture
      was cooled, the rhodium complex was removed by filtration and the filtrate
      was poured slowly into petroleum ether (250 ml) with stirring. The
      precipitated solid, which was a mixture of rhodium complex and product,
      was collected. The product was purified by chromatography on a silica gel
      column (250 g) using 99:0.5 chloroform:ethyl acetate as eluent. Fractions
      of 4.5 ml were collected; fractions 1-47 discarded, 48-66 contained
      bis-(triphenylphosphine)carbonylchlororhodium, and 67-198 contained the
      product. NMR data indicated the product after chromatography to be the
      .DELTA..sup.3 isomer instead of the .DELTA..sup.2 isomer. A decoupling
      experiment showed the 2-methylene group at 3.3 ppm. to be coupled with the
      3-proton at 6.6 ppm.
PAC  EXAMPLE 30
PAC  Benzhydryl 7-amino-3-cephem-4 -carboxylate
PAR  Benzhydryl 7-(2-thienylacetamido)-3-cephem-4-carboxylate (2.45 g. 5 mmol)
      was dissolved in calcium hydride dried benzene (130 ml) containing dry
      pyridine (0.59 g, 7.4 mmol). The solution was maintained at 0.degree. and
      PCl.sub.5 (1.54 g. 7.4 mmol.) was added with stirring. The reaction
      mixture was stirred under nitrogen at 0.degree. for three hours and then
      the solvent was removed in vacuo. Anhydrous methanol (260 ml) was added to
      the residue and the resultant mixture was allowed to stand 2 hours. The
      methanol was removed in vacuo and the residue was treated with 20% aqueous
      tetrahydrofuran. After 15 minutes the tetrahydrofuran was removed in vacuo
      and the aqueous residue was adjusted to pH 7.5 and extracted with ethyl
      acetate. The extracts were washed with water, dried over MgSO.sub.4 and
      evaporated to give the solid product which was triturated with
      chloroform-petroleum ether and dried under high vacuum.
PAC  EXAMPLE 31
PAC  7-Methylsulfonylacetamido-3-cephem-4-carboxylic acid
PAR  A solution of benzhydryl 7-amino-3-cephem-4-carboxylate (0.78 g, 2 mmol),
      methylsulfonylacetic acid (0.27 g, 2 mmol), and dicyclohexylcarbodiimide
      (0.4 g, 2 mmol) in dry tetrahydrofuran (15 ml) is stirred at room
      temperature overnight. The precipitate is collected and washed with
      tetrahydrofuran and the combined filtrate and washings are evaporated in
      vacuo. The residue is treated with a cold solution of trifluoroacetic acid
      (10 ml) and anisole (0.5 g) for 15 minutes and then concentrated in vacuo.
      The residue is dissolved in ethyl acetate and treated with 5% NaHCO.sub.3.
      The aqueous phase is adjusted to pH 2 and the precipitated product is
      collected and dried.
PAC  EXAMPLE 32
PAR  When ethylsulfonylacetic acid, propylsulfonylacetic acid,
      trifluoromethylsulfonylacetic acid, phenylsulfonylacetic acid,
      aminosulfonylacetic acid, or N,N-dimethylaminosulfonylacetic acid is
      substituted for methylsulfonylacetic acid in the procedure of Example 31.
      The corresponding 7-sulfonylacetamido-3-cephem-4-carboxylic acid is
      obtained.
PAC  EXAMPLE 33
PAR  An injectable pharmaceutical composition is formed by adding sterile water
      or sterile saline solution (2 ml) to 500 mg of sodium
      7-methylsulfonylacetamido-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-c
     arboxylate.
PAR  Pharmaceutical compositions of the other antibacterial compounds disclosed
      above may be formulated in a similar manner.
PAR  It is recognized that when the substituent on the heterocyclic group is
      hydroxy or mercapto that it is possible for the substituent to exist in
      another tautomeric form, i.e. the oxo or thiono form. The compounds may
      exist exclusively as one of the two tautomers or may be in equilibrium
      between the two; however, these are all included within the scope of this
      invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pharmaceutical composition comprising an antibacterially effective
      amount of a compound of the formula
      ##SPC2##
PAL  where:
PA1  X is lower alkyl of C.sub.1 -C.sub.6 ;
PA1  A is CH.sub.2 S-Het;
PA1  Het is a 5- or 6-membered heterocyclic ring containing one to four atoms
      selected from the group consisting of N, O and S, unsubstituted or
      substituted with from one to two groups selected from the group consisting
      of lower alkyl, cycloalkyl or alkenyl, each having one to four carbon
      atoms; lower alkoxy or alkoxyalkyl, each alkyl or alkoxy having one to
      four carbon atoms; hydroxy; CF.sub.3 ; NHR; NR.sub.2 ; SR; or halogen;
PA1  R is hydrogen or alkyl (C.sub.1 -C.sub.4); and
PA1  M is hydrogen, alkali metal cation or nontoxic ammonium cation
PAL  and a pharmaceutically acceptable carrier therefor.
NUM  2.
PAR  2. A pharmaceutical composition comprising an antibacterially effective
      amount of a compound as claimed in claim 1 where X is methyl, ethyl or
      propyl and a pharmaceutically acceptable carrier therefor.
NUM  3.
PAR  3. A pharmaceutical composition comprising an antibacterially effective
      amount of a compound as claimed in claim 2 where Het is tetrazol-5-yl,
      1,3,4-thiadiazol-5-yl, 1,2,4-triazol-3-yl, 1,2,3-triazol-5-yl or
      1,3,4-oxadiazol-5-yl, each Het group being unsubstituted or substituted
      with hydroxy or one or two lower alkyl groups and a pharmaceutically
      acceptable carrier therefor.
NUM  4.
PAR  4. A pharmaceutical composition comprising an antibacterially effective
      amount of a compound as claimed in claim 3 being the compound
      7-methylsulfonylacetamido-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-c
     arboxylic acid and a pharmaceutically acceptable carrier therefor.
NUM  5.
PAR  5. A pharmaceutical composition comprising an antibacterially effective
      amount of a compound as claimed in claim 3 being the compound
      7-methylsulfonylacetamido-3-(2-methyl-1,3,4-thiadiazol-5-ylthiomethyl)-3-c
     ephem-4-carboxylic acid and a pharmaceutically acceptable carrier therefor.
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ABST
PAL  4-Phenylethers of 3-amino-5-sulfamoylbenzoic acids, e.g. those of the
      formula
      ##SPC1##
PA1  R = an aliphatic or araliphatic radical
PA1  X = o or S
PA1  Ph.degree. = a phenylene radical
PA1  R' = h, alkyl or Ph.degree.--R"
PA1  One of R.degree. and R" is NH.sub.2 and the other is H
PAL  alkyl esters or salts thereof are diuretic agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pursuant to the discovery of the diuretic 4-halo-5-sulfamoyl-anthranilic
      acids, substituted at the sulfamoyl moiety by an araliphatic or aromatic
      radical, described in my U.S. Pat. Nos. 3,565,920 or 3,658,990, there was
      generated a new class of primary amino compounds herein described, which
      members surprisingly do not require a halogen atom or a tertiary amino
      group at the aromatic nucleus, thought to be essential for diuretics, such
      as the chlorothiazides, hydrochlorothiazides or said anthranilic acids, or
      the sulfamoylbenzoic acids described in U.S. Pat. Nos. 2,937,169 and
      3,163,645 or Belgian Patent No. 743,744 respectively.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of new
      4-phenylethers of 3-amino-5-sulfamoylbenzoic acids and the lower alkyl
      esters and therapeutically acceptable salts thereof, more particularly of
      those corresponding to Formula I
      ##SPC2##
PAL  in which R.sub.1 is an aliphatic or araliphatic radical, each of R.sub.2
      and R.sub.3 is hydrogen or lower alkyl, X is oxygen or sulfur, Ph is a
      phenylene radical, R.sub.4 is hydrogen, lower alkyl or R.sub.6 --Ph and
      one of R.sub.5 and R.sub.6 is amino and the other hydrogen, the lower
      alkyl esters or therapeutically useful ammonium, alkali or alkaline earth
      metal or acid addition salts thereof, as well as of corresponding
      pharmaceutical compositions and of methods for the preparation and
      application of these products, which are useful, orally applicable
      diuretic, natri- and chloriuretic agents.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An aliphatic radical R.sub.1 is, for example, lower alkyl, e.g. methyl,
      ethyl, n- or i-propyl, n-, i- or sec. butyl, n- or i-pentyl, neopentyl,
      n-hexyl or n-heptyl; lower alkenyl, e.g. vinyl, allyl, methallyl or
      2-butenyl; lower alkynyl, e.g. propargyl; mono- or bicyclic cycloalkyl,
      cycloalkenyl, cycloalkyl-lower alkyl or cycloalkenyl-lower alkyl with
      preferably 3 to 7 ring-carbon atoms, 1to 4 chain carbon atoms and
      optional, e.g. up to 4, lower alkyl groups, e.g. cyclopropyl,
      2,3-dimethyl-cyclopropyl, cyclobutyl, cyclopentyl, 2- or
      3-methyl-cyclopentyl, 2,5- or 3,4-dimethyl-cyclopentyl, cyclohexyl, 2-, 3-
      or 4-methylcyclohexyl, 2,3- 2,4- or 3,5-dimethyl-cyclohexyl,
      2,4,6-trimethylcyclohexyl, cycloheptyl, cyclooctyl, 2- or 7-norbornanyl,
      1- or 2-decahydronaphthyl; 1- or 2-cyclopentenyl, 2,4-cyclopentadienyl, 2-
      or 3-methyl-2-cyclopentenyl, 4,5-dimethyl-2-cyclopentenyl, 1-, 2- or
      3-cyclohexenyl, 2,5-cyclohexadienyl, 2-, 3- or 4-methyl-1- or
      2-cyclohexenyl, 2,4- or 3,5-dimethyl-1- or 2-cyclohexenyl,
      2,4,6-trimethyl-2,5-cyclohexadienyl, 1-, 2- or 3-cycloheptenyl,
      2,6-cycloheptadienyl, 2-cyclooctenyl or 2-norborn-5-enyl, as well as the
      corresponding cycloalkyl- or cycloalkenyl-lower alkyl groups in which the
      chain especially represents methyl, but also ethyl n- or i-propyl, n-, i-
      or sec. butyl; it contains in any of the positions available for
      substitution one of the specific cycloalkyl or cycloalkenyl groups listed
      above. The term "lower", referred to above and hereinafter in connection
      with organic radicals or compounds respectively, defines such with up to
      7, preferably up to 4, carbon atoms.
PAR  Said aliphatic radicals, especially the lower alkyl groups, can be
      substituted, e.g. by free or functionally converted hydroxy, mercapto or
      carboxy groups and/or interrupted by heteroatoms, e.g. one oxygen, sulfur
      and/or nitrogen atom, and are represented, for example, by lower
      haloalkyl, e.g. 2-(chloro, bromo or iodo)-ethyl, 3,3-difluoro- or
      dichloropropyl, 3,3,3-trichloropropyl, 3- or 4-chlorobutyl, 4,4- or
      3,4-dichlorobutyl or 4,4,4-trifluorobutyl; unsubstituted or halogenated
      lower alkoxy- or alkylmercapto-lower alkyl, such as 2-ethoxyethyl,
      3-methoxypropyl, 2-ethylmercapto-ethyl, 2-(2,2-dichloroethoxy)-ethyl,
      2-(2-chloroethoxy)-ethyl, 2-(2,2,2-trifluoroethylmercapto)-ethyl or
      2-(2,2-dichloroethylmercapto)-ethyl; carbamyl-lower alkyl or N,N-di-lower
      alkylcarbamyl-lower alkyl, such as carbamyl-methyl,
      N,N-dimethylcarbamyl-methyl, 2-carbamyl-ethyl or
      2-N,N-diethyl-carbamyl-ethyl; sec. or tert. amino-lower alkyl, such as
      mono- or di-lower alkylamino-lower alkyl, lower alkyleneimino-lower alkyl,
      lower monoaza-, -oxa- or -thiaalkyleneimino-lower alkyl or N-lower
      alkyl-lower monoazaalkyleneimino-lower alkyl, e.g. 2-ethylamino-ethyl,
      2-dimethylamino-ethyl, 3-diethylamino-propyl, 2-pyrrolidino-ethyl,
      2-piperidino-ethyl 2-(4-methyl-piperazino)-ethyl or 2-morpholino-ethyl; 5
      to 7 ring-membered oxa-cycloalkyl or -cycloalkenyl, oxa-cycloalkyl- or
      -cycloalkenyl-lower alkyl, such as 3-tetrahydrofuryl,
      tetrahydrofuryl-2-methyl, (2-methyltetrahydrofuryl-2)-methyl, 2,3-dihydro-
      or tetrahydropyranyl-2-methyl.
PAR  An araliphatic radical R.sub.1 preferably represents H-Ph-lower alkyl or
      -alkenyl or Hc-lower alkyl or -alkenyl in which the alkyl or alkenyl
      moiety preferably has up to 4 chain carbon atoms. Ph is a phenylene
      radical, e.g. such shown in Formula I, which is unsubstituted or
      substituted by one or more than one, preferably one or two substituents
      selected, for example, from lower alkyl, e.g. that mentioned above, free
      or functionally converted hydroxy or mercapto, such as lower alkoxy, lower
      alkylenedioxy, lower alkylmercapto or halogeno, e.g. methoxy, ethoxy, n-
      or i-propoxy or -butoxy, methylenedioxy, 1,1- or 1,2-ethylenedioxy,
      methyl- or ethylmercapto, fluoro, chloro or bromo; (hydroxy or
      halogeno)-lower alkyl or -alkoxy, e.g. 2-hydroxyethyl, trifluoromethyl or
      2-hydroxyethoxy; nitro, amino, especially di-lower alkylamino, e.g.
      dimethylamino or diethylamino; or free or functionally converted carboxy
      or sulfo, e.g. lower carbalkoxy, carbamoyl, cyano or sulfamoyl; and Hc is
      a pyridyl, furyl or thienyl radical, which is unsubstituted or substituted
      by one or more than one, preferably one or two lower alkyl groups.
PAR  Preferred araliphatic or aromatic radicals R.sub.1, R.sub.4 and R.sub.5
      --Ph are represented by the formulae H--Ph'--C.sub.m H.sub.2m,
      Hc'--C.sub.m H.sub.2m and H.sub.2 N--Ph'--C.sub.m H.sub.2m respectively,
      wherein Ph' is unsubstituted 1,2-phenylene, advantageously 1,3-phenylene
      or preferably 1,4-phenylene or such radicals substituted by one lower
      alkyl, hydroxy, lower alkoxy, halogeno or trifluromethyl, Hc' is
      unsubstituted 2-, 3-, or 4-pyridyl, 2- or 3-furyl or -thienyl or such
      radicals substituted by one or two lower alkyl groups and m is an integer
      from 0 to 4.
PAR  Each of R.sub.2, R.sub.3 and R.sub.4 is preferably hydrogen, but also lower
      alkyl, advantageously methyl. R.sub.4, moreover represents preferably
      H--P' or H.sub.2 N--Ph', depending whether R.sub.5 is amino or hydrogen
      respectively.
PAR  Preferred esters of the acids of Formula I are the methyl, ethyl, n- or
      i-propyl or -butyl esters and of the salts the ammonium, sodium,
      potassium, magnesium or calcium salts are preferred. Due to the amino
      groups present, also acid addition salts can be prepared, e.g. such of the
      therapeutically useful acids listed below.
PAR  The compounds of the invention exhibit valuable pharmacological properties.
      Primarily they show diuretic, natri- and chloriuretic activity with rapid
      onset of action, high urine but low potassium excretion levels. This can
      be demonstrated in animal tests using, for example mammals, e.g. rats or
      dogs, as test objects. Such tests can be performed, for example, by
      administering the compounds of the invention within a gelatin capsule to
      dogs, or in the form of aqueous solutions or starchy suspensions by
      stomach tube to rats, in an oral dosage range between about 0.01 and 50
      mg/kg/day, preferably between about 0.1 and 10 mg/kg/day, advantageously
      between about 0.5 and 5 mg/kg/day. Simultaneously the test animals may
      receive various salt loads enterally or parenterally, for example, various
      amounts of subcutaneously applied 0.9% saline, e.g. 100 ml thereof per
      medium-sized dog (beagle). Urine is then collected, e.g. at 2 hour
      intervals, with or without catheterization, and its volume, sodium,
      potassium and chloride content estimated and compared with that of the
      same untreated or saline-treated animals. Besides the anti-edematous
      utility, the compounds of the invention can also be used as intermediates
      in the preparation of other valuable products, primarily of
      pharmacologically active compounds or compositions, e.g. such useful in
      the management of hypertension.
PAR  Preferred are those compounds of Formula I in which R.sub.1 is lower alkyl,
      lower alkenyl, lower alkynyl, (monocyclic, 3 to 7 ring-membered
      cycloalkyl, cycloalkenyl, oxacycloalkyl, 2- or 7-norbornanyl or
      2-norborn-5-enyl)-C.sub.m H.sub.2m ; H--Ph'--C.sub.n H.sub.2n or
      Hc'--C.sub.n H.sub.2n wherein Ph' is 1,2-, 1,3- or 1,4-phenylene
      unsubstituted or substituted by one member of lower alkyl, hydroxy, lower
      alkoxy, halogeno or trifluoromethyl, Hc' is 2-, 3- or 4-pyridyl, 2- or
      3-furyl or -thienyl unsubstituted or substituted by one or two lower alkyl
      groups, m is an integer from 0 to 4 and n is an integer from 1 to 4, each
      of R.sub.2 and R.sub.3 is hydrogen or lower alkyl, X is oxygen or sulfur,
      Ph is the above Ph', R.sub.4 is hydrogen, lower alkyl or R.sub.6 --Ph' and
      one of R.sub.5  and R.sub.6 is amino and the other is hydrogen, or the
      lower alkyl esters, or therapeutically useful ammonium, alkali or alkaline
      earth metal or acid addition salts thereof.
PAR  Especially valuable are the compounds of Formula II
      ##SPC3##
PAL  wherein R is alkyl or alkenyl with 3 to 7 carbon atoms, (3 to 7
      ring-membered cycloalkyl, tetrahydrofuryl, 2- or 7-norbornanyl,
      2-norborn-5-enyl, phenyl, tolyl, anisyl, halophenyl, furyl or
      thienyl)-methyl or -ethyl, X is oxygen or sulfur, Ph.degree. is 1,2-, 1,3-
      or 1,4-phenylene, R' is hydrogen or Ph.degree.--R" and one of R.degree.
      and R" is amino and the other is hydrogen or therapeutically useful
      ammonium, alkali metal or acid addition salts thereof.
PAR  Outstanding are the compounds of Formula II, wherein R is alkyl or
      2-alkenyl with 4 or 5 carbon atoms, cyclopropylmethyl,
      2-tetrahydrofurylmethyl, 2-norborn-5-enylmethyl, benzyl or furfuryl, X is
      oxygen or preferably sulfur, Ph.degree. is 1,4-phenylene, R.degree. is
      amino and R' is hydrogen, or therapeutically useful ammonium, alkali metal
      or acid addition salts thereof.
PAR  Most preferred are the 4-(4-aminophenylmercapto)-3-(n-butyl, benzyl or
      furfuryl)-amino-5-sulfamoylbenzoic acids which, when given to rats or dogs
      at oral doses as low as 0.3 mg/kg/day, exhibit outstanding diuretic,
      natri- and chloriuretic effects.
PAR  The compounds of the invention are prepared according to methods in
      themselves known. Advantageously they are obtained by:
PAR  a. converting in a compound of Formula III
      ##SPC4##
PAL  wherein one of Y.sub.1 and Y.sub.2 is an (acylamino, nitro or arylazo)-Ph
      radical and the other is R.sub.4 or R.sub.5 -Ph respectively, or a lower
      alkyl ester or salt thereof, Y.sub.1 or Y.sub.2 into the corresponding
      aminophenyl group by hydrolysis or hydrogenation respectively or
PAR  b. converting in a compound of Formula IV
      ##SPC5##
PAL  wherein Z is a carbamoyl or aminocarbamoyl group, or a salt thereof, Z into
      carboxy, carbalkoxy or salified carboxy by hydrolysis or alcoholysis, or
PAR  c. reacting a compound of Formula V
      ##SPC6##
PAL  wherein Hal is a halogen atom, with a compound of the formula R.sub.5
      --Ph--XH or an alkali metal salt thereof and, if desired, converting any
      resulting compound into another compound of the invention.
PAR  In said compounds of Formula III containing the (acylamino, nitro or
      arylazo)-Ph radical Y.sub.1 or Y.sub.2, the acylamino group is
      advantageously derived from either a lower alkanoic or carbonic acid lower
      alkyl ester and the arylazo group is preferably that of the formula
      H--Ph--N=N--. Said acylaminophenyl compounds, preferably the (lower
      alkanoyl- or lower alkoxy carbonylamino)-Ph, e.g. the (acetyl-, propionyl-
      or ethoxycarbonylamino)-Ph compounds, are converted into the compounds of
      the invention by hydrolysis, for example, with the use of aqueous bases,
      such as aqueous alkali metal hydroxides or carbonates or quaternary
      ammonium hydroxides, e.g. sodium hydroxide, potassium carbonate or
      trimethylbenzylammonium hydroxide. In case Y.sub.1 or Y.sub.2 stands for
      said (nitro or arylazo)-Ph group, it is converted into amino by
      conventional reduction, for example, with the use of catalytically
      activated or nascent hydrogen, e.g. hydrogen in the presence of platinum,
      palladium or nickel catalysts, e.g. Raney nickel, or generated by the
      action of non-precious metals, e.g. zinc or iron, on acids, such as
      mineral acids, e.g. hydrochloric or sulfuric acid, or with the use of
      reducing agents, preferably salts of elements of the 4th to 6th group of
      the Periodic Table and being in a low oxidation state, such as stannous or
      chromous halides, ammonium polysulfides or alkali metal hydrosulfites.
PAR  The carbamoyl or aminocarbamoyl group in said compounds of Formula IV is
      preferably unsubstituted but may also be substituted by lower alkyl, or
      aryl radicals, e.g. R.sub.1, R.sub.5 --Ph or Y.sub.2. The corresponding
      amides or hydrazides, e.g. the mono- or dimethylamide, diethylamide,
      i-propylamide; (benzyl, phenyl or acetylaminophenyl)-amide or the
      corresponding hydrazides are hydrolyzed or alcoholized to the compounds of
      Formula I, their lower alkyl esters or salts, according to conventional
      methods, advantageously with the use of aqueous or corresponding alcoholic
      bases, such as those described above, or lower alkanolic alkali metal
      alkoxides, e.g. ethanolic sodium ethoxide.
PAR  The phenols or thiophenols R.sub.5 --Ph--XH in process c) are preferably
      reacted in the form of their alkali metal salts, e.g. the sodium or
      potassium salts. The group Hal in the above compounds of Formula V is
      preferably fluorine, but also chlorine, bromine or iodine.
PAR  The compounds of the invention so obtained can be converted into each other
      according to known methods. For example, resulting compounds in which
      R.sub.2 and/or R.sub.3 stands for hydrogen, can be reacted with a reactive
      ester of a lower alkanol, for example, that of a hydrohalic or sulfonic
      acid, to yield the corresponding mono-, di- or tri-lower alkyl compounds.
      Resulting unsaturated compounds, e.g. lower alkenyl, alkynyl or furfuryl
      compounds, can be hydrogenated as shown above, to yield the corresponding
      saturated, e.g. lower alkyl or tetrahydrofurfuryl compounds. Resulting
      lower alkyl esters can also be hydrolyzed or transesterified, for example,
      with the use of the above alkaline hydrolyzing or alcoholizing agents.
PAR  The compounds of the invention are obtained in the free form or in the form
      of their salts, depending on the conditions under which the process is
      carried out, the salts are also included in the present invention. These
      are particularly derived from the free acids and therapeutically useful
      inorganic or organic bases, primarily the alkali metal, alkaline earth
      metal, e.g. sodium, potassium, magnesium or calcium salts, or ammonium
      salts derived from ammonia or amines, such as those corresponding to the
      amino group R.sub.1 --N--R.sub.2, e.g. mono-, di- or tri-lower
      alkylamines, -cycloalkylamines, -cycloalkyl-lower alkylamines or
      -aralkylamines, mixed amines or tertiary nitrogen bases, such as pyridine,
      collidine or lutidine. Said compounds of Formula I also form acid addition
      salts, preferably with therapeutically useful acids, such as mineral
      acids, e.g. hydrochloric, hydrobromic, sulfuric, phosphoric, nitric or
      perchloric acid; aliphatic or aromatic carboxylic or sulfonic acids, e.g.
      formic, acetic, propionic, succinic, glycollic, lactic, malic, tartaric,
      citric, ascorbic, maleic, hydroxymaleic, pyroracemic, phenylacetic,
      benzoic, 4-aminobenzoic, anthranilic, 4-hydroxybenzoic, salicylic,
      4-aminosalicylic, embonic, nicotinic, methanesulfonic, ethanesulfonic,
      hydroxy ethanesulfonic, ethylenesulfonic, halogen-benzenesulfonic,
      toluenesulfonic, naphthalenesulfonic or sulfanilic acid; methionine,
      tryptophane, lysine or arginine.
PAR  The invention further includes any variant of the present process in which
      an intermediate product obtainable at any stage of the process is used as
      starting material and any remaining steps are carried out, or the process
      is discontinued at any stage thereof, or in which the starting materials
      are formed under the reaction conditions, for example, amides of Formula
      IV from nitriles, or in which the reaction components are used in the form
      of their salts. Mainly those starting materials should be used in the
      reactions of the invention that lead to the formation of those compounds
      indicated above as being especially valuable.
PAR  The starting material is obtained according to known methods, preferably
      those illustrated by the examples herein. For example, the compounds of
      Formula III are obtained by condensing reactive esters of the alcohols
      R.sub.1 --OH, e.g. those mentioned above, or corresponding aldehydes with
      compounds of the Formula VI
      ##SPC7##
PAL  (obtainable according to the methods disclosed in J. Med. Chem., 1971, Vol.
      14, No. 5, page 432) and hydrogenating any Schiff's base obtained, e.g. as
      shown above, or with the use of complex light metal hydrides, such as
      alkali metal borohydrides, e.g. sodium borohydride. Compounds of Formulae
      III and IV can also be prepared by reacting corresponding phenols or
      thiophenols of the formulae Y.sub.1 --X--H or R.sub.5 --Ph--X--H,
      preferably their alkali metal salts, e.g. sodium or potassium salts, with
      compounds of the Formula VII
      ##SPC8##
PAL  wherein Z.degree. is a free or correspondingly esterified or amidated
      carboxy group and Y.degree. is either Y.sub.2 or R.sub.4, and the other
      symbols have the meaning given above, preferably at elevated temperature
      and/or pressure. Representative members of said halogenated acids, or
      lower alkyl esters thereof, are described in J. Med. Chem., 1970, Vol. 13,
      No. 6, page 1071, showing also various methods according to which the
      above intermediates can be prepared. The corresponding amides or
      hydrazides are obtainable from said esters by ammono- or hydrazinolysis,
      which process may take place simultaneously in the above condensation,
      when using compounds in which Z.degree. is lower carbalkoxy.
PAR  Resulting mixtures of isomers, e.g. of compounds of Formulae I to VII, can
      be separated into the single isomers by methods in themselves known, e.g.
      by fractional distillation, crystallization and/or chromatography. Racemic
      products can likewise be resolved into the optical antipodes, for example
      by separation of diastereomeric salts thereof, e.g. by the fractional
      crystallization of d- or 1-tartrates or d-.alpha.-(phenyl or
      1-naphthyl)-ethylamine or 1-cinchonidine salts.
PAR  The above reactions are carried out according to standard methods, in the
      presence or absence of diluents, preferably such as are inert to the
      reagents and are solvents thereof, of catalysts, condensing or
      neutralizing agents and/or inert atmospheres, at low temperatures, room
      temperature or advantageously elevated temperatures, at atmospheric or
      superatmospheric pressure.
PAR  The pharmacologically active compounds of the invention are useful in the
      manufacture of pharmaceutical compositions containing an effective amount
      thereof in conjunction or admixture with excipients suitable for either
      enteral or parenteral application. Preferred are tablets and gelatin
      capsules comprising the active ingredient together with (a) diluents, e.g.
      lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine,
      (b) lubricants, e.g. silica, talcum, stearic acid, its magnesium or
      calcium salt and/or polyethyleneglycol, for tablets also (c) binders, e.g.
      magnesium aluminum silicate, starch paste, gelatin, tragacanth,
      methylcellulose, sodium carboxymethylcellulose and/or
      polyvinylpyrrolidone, if desired, (d) disintegrants, e.g. starches, agar,
      alginic acid or its sodium salt, enzymes of the binders or effervescent
      mixtures and/or (e) adsorbents, colorants, flavors and sweeteners.
      Injectable compositions are preferably aqueous isotonic solutions or
      suspensions, and suppositories are advantageously fatty emulsions or
      suspensions. They may be sterilized and/or contain adjuvants, such as
      preserving, stabilizing, wetting or emulsifying agents, solution
      promoters, salts for regulating the osmotic pressure and/or buffers. They
      may also contain other therapeutically valuable substances, e.g.
      antihypertensives and/or psychotherapeutics, as illustrated by U.S. Pat.
      Nos. 3,288,678, 3,379,612, 3,499,082 and 3,515,786. Said pharmaceutical
      compositions are prepared according to conventional mixing, granulating or
      coating methods respectively and contain about 0.1 to 75%, preferably
      about 1 to 50% of the active ingredient.
PAR  The following examples illustrating the invention are not to be construed
      as being limitations thereon. Temperatures are given in degrees Centigrade
      and all parts wherever given are parts by weight.
PAC  EXAMPLE 1
PAR  The mixture of 1.9 g of
      4-(4-acetamidophenoxy)-3-n-butylamino-5-sulfamoylbenzoic acid and 19 ml of
      2N aqueous sodium hydroxide is refluxed for one hour under nitrogen. After
      cooling to room temperature it is filtered, the filtrate acidified with
      glacial acetic acid to a pH of 4-5, the precipitate formed filtered off,
      washed with water and recrystallized from 50% aqueous ethanol, to yield
      the 4-(4-aminophenoxy)-3-n-butylamino-5-sulfamoylbenzoic acid of the
      formula
      ##SPC9##
PAL  melting at 264.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 14 g of
      4-chloro-3-nitro-5-sulfamoylbenzoic acid, 200 ml of 1N aqueous sodium
      bicarbonate and 15.9 g of 4-acetamidophenol is heated to about
      95.degree.-100.degree.C for 21 hours while stirring under nitrogen. It is
      cooled to room temperature and made strongly acidic with concentrated
      hydrochloric acid. The precipitate formed is filtered off, to yield the
      4-(4-acetamidophenoxy)-3-nitro-5-sulfamoylbenzoic acid, which after
      trituration with aqueous ethanol melts at 293.degree. with decomposition.
PAR  The mixture of 9.5 g thereof, 100 ml of water, 1 g of sodium hydroxide and
      2.5 g of 10% palladium on charcoal is hydrogenated at room temperature and
      2.8 atm until the theoretical amount of hydrogen has been absorbed. It is
      filtered, the filtrate acidified with concentrated hydrochloric acid, the
      precipitate formed filtered off, washed with water and triturated with
      aqueous ethanol, to yield the
      4-(4-acetamidophenoxy)-3-amino-5-sulfamoylbenzoic acid melting at
      305.degree. with decomposition.
PAR  5.5 g thereof are dissolved in 10 ml of N aqueous sodium hydroxide and 30
      ml of water, the pH of the solution kept at 7.4 by the dropwise addition
      of 4N aqueous sodium hydroxide while 2 g of 1-bromo-2-butene are added at
      room temperature and the mixture stirred for about 17 hours. The mixture
      is filtered, the filtrate acidified to pH = 4 with glacial acetic acid and
      the precipitate formed filtered off. It is taken up in 10 ml of 50% hot
      aqueous ethanol, the mixture diluted with 25 ml of ethanol-water (1:2) and
      the precipitate formed in the cold filtered off, to yield the
      4-(4-acetamidophenoxy)-3-(2-butenylamino)-5-sulfamoylbenzoic acid, melting
      at 255.degree.-257.degree. with decomposition.
PAR  The solution of 1.9 g thereof in 150 ml of anhydrous ethanol is
      hydrogenated over 0.2 g of platinum oxide at room temperature and
      atmospheric pressure. After the theoretical amount of hydrogen has been
      absorbed, the mixture is filtered and the filtrate evaporated, to yield
      the 4-(4-acetamidophenoxy)-3-n-butylamino-5-sulfamoylbenzoic acid.
PAC  EXAMPLE 2
PAR  The mixture of 0.9 g of
      4-(4-acetamidophenoxy)-3-(2-butenylamino)-5-sulfamoylbenzoic acid and 9 ml
      of 2N aqueous sodium hydroxide is refluxed for one hour under nitrogen.
      After cooling to room temperature it is filtered, the filtrate acidified
      with glacial acetic acid to pH = 4 and the supernatant solution decanted
      off. It is further acidified with concentrated hydrochloric acid to pH = 1
      and the precipitate formed after cooling filtered off and washed with cold
      water, to yield the
      4-(4-aminophenoxy)-3-(2-butenylamino)-5-sulfamoylbenzoic acid
      hydrochloride or the formula
      ##SPC10##
PAL  melting at 271.degree. with decomposition.
PAC  EXAMPLE 3
PAR  The mixture of 2.8 g of
      4-(4-acetamidophenylmercapto)-3-n-butylamino-5-sulfamoylbenzoic acid and
      28 ml of 2N aqueous sodium hydroxide is refluxed for one hour under
      nitrogen. After cooling to room temperature it is filtered, the filtrate
      acidified with glacial acetic acid to a pH of 4-5, the precipitate formed
      filtered off, washed with water and recrystallized from 50% aqueous
      ethanol, to yield the
      4-(4-aminophenylmercapto)-3-n-butylamino-5-sulfamoylbenzoic acid of the
      formula
      ##SPC11##
PAL  melting at 236.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 19.6 g of
      4-chloro-3-nitro-5-sulfamoylbenzoic acid, 280 ml of N aqueous sodium
      hydroxide and 11.8 g of 4-acetamidothiophenol is stirred for 24 hours at
      room temperature under nitrogen. It is filtered, the filtrate made
      strongly acidic with concentrated hydrochloric acid, the precipitate
      formed filtered off and recrystallized from 50% aqueous ethanol, to yield
      the 4-(4-acetamidophenylmercapto)-3-5-sulfamoylbenzoic acid, melting at
      168.degree..
PAR  8.2 g thereof are added portionwise to the mixture of 16 g of iron powder,
      1.7 g of ammonium chloride, 70 ml of water and 0.8 ml of N hydrochloric
      acid while stirring. After heating it for four hours at the steam bath it
      is filtered hot, the precipitate taken up in 200 ml of N aqueous sodium
      hydroxide and the solution filtered. The filtrates are acidified with
      concentrated hydrochloric acid and the precipitate formed recrystallized
      from 50% aqueous ethanol, to yield the
      4-(4-acetamidophenylmercapto)-3-amino-5-sulfamoylbenzoic acid melting at
      207.degree..
PAR  3.8 g thereof are dissolved in 50 ml of water containing 0.4 g of sodium
      hydroxide, the pH of the solution kept at 7.4 by the dropwise addition of
      4N aqueous sodium hydroxide and 1.4 g of 1-bromo-2-butene are added at
      room temperature. The mixture is stirred for about one hour, filtered, the
      filtrate acidified to a pH of 4-5 with glacial acetic acid and the
      precipitate formed filtered off. It is recrystallized from aqueous
      ethanol, to yield the
      4-(4-acetamidophenylmercapto)-3-(2-butenylamino)-5-sulfamoylbenzoic acid,
      melting at 148.degree..
PAR  The solution of 2.75 g thereof in 750 ml of anhydrous ethanol is
      hydrogenated over 0.2 g of platinum oxide at room temperature and
      atmospheric pressure. After the theoretical amount of hydrogen has been
      absorbed, the mixture is filtered hot and the filtrate evaporated, to
      yield the 4-(4-acetamidophenylmercapto)-3-n-butylamino-5-sulfamoylbenzoic
      acid.
PAC  EXAMPLE 4
PAR  The mixture of 1.2 g of
      4-(4-acetamidophenylmercapto)-3-(2-butenylamino)-5-sulfamoylbenzoic acid
      and 12 ml of 2N aqueous sodium hydroxide is refluxed for one hour under
      nitrogen. After cooling to room temperature it is filtered, the filtrate
      acidified with glacial acetic acid to a pH of 4-5 and the precipitate
      formed filtered off. It is washed with water and recrystallized from 50%
      aqueous ethanol, to yield the
      4-(4-aminophenylmercapto)-3-(2-butenylamino)-5-sulfamoylbenzoic acid,
      melting at 242.degree..
PAC  EXAMPLE 5
PAR  The mixture of 1.4 g of
      4-(4-acetamidophenoxy)-3-benzylamino-5-sulfamoylbenzoic acid and 14 ml of
      2N aqueous sodium hydroxide is refluxed for one hour under nitrogen. After
      cooling to room temperature it is filtered and the filtrate acidified with
      glacial acetic acid to pH = 4. The precipitate formed is filtered off and
      recrystallized from aqueous ethanol, to yield the
      4-(4-aminophenoxy)-3-benzylamino-5-sulfamoylbenzoic acid of the formula
      ##SPC12##
PAL  melting at 272.degree. with decomposition.
PAR  The starting material is prepared as follows: To the mixture of 3.6 g of
      4-(4-acetamidophenoxy)-3-amino-5-sulfamoylbenzoic acid, 10 ml of water and
      the sufficient amount of N aqueous sodium hydroxide to reach a pH = 7.4,
      1.3 g of benzyl chloride are added while stirring at 30.degree.. The
      mixture is stirred for 16 hours at room temperature, during which time 4N
      aqueous sodium hydroxide is added dropwise to keep said pH value. It is
      filtered, the filtrate acidified with glacial acetic acid and the
      precipitate formed filtered off, to yield the
      4-(4-acetamidophenoxy)-3-benzylamino-5-sulfamoylbenzoic acid which, on
      recrystallization from aqueous ethanol, melts at 255.degree. with
      decomposition.
PAC  EXAMPLE 6
PAR  The mixture of 2.5 g of
      4-(4-acetamido-3-tolyloxy)-3-benzylamino-5-sulfamoylbenzoic acid and 25 ml
      of 2N aqueous sodium hydroxide is refluxed for seven hours under nitrogen.
      After cooling it is filtered, the filtrate acidified to a pH of 4-5 with
      glacial acetic acid, the precipitate formed filtered off, washed with
      water and recrystallized from 50% aqueous ethanol, to yield the
      4-(4-amino-3-tolyloxy)-3-benzylamino-5-sulfamoylbenzoic acid of the
      formula
      ##SPC13##
PAL  melting at 266.degree..
PAR  The starting material is prepared as follows: The mixture of 14 g of
      4-chloro-3-nitro-5-sulfamoylbenzoic acid, 200 ml of water, 16.8 g of
      sodium bicarbonate and 17.3 g of 4-acetamido-m-cresol is stirred for 14
      hours at 90.degree.-95.degree. under nitrogen. After cooling it is
      acidified with concentrated hydrochloric acid, the supernatant solution
      decanted off and the residue taken up in 70 ml of hot ethanol, followed by
      70 ml of water and the precipitate formed in the cold filtered off, to
      yield the 4-(4-acetamido-3-tolyloxy)-3-nitro-5-sulfamoylbenzoic acid
      melting at 238.degree.-240.degree..
PAR  The mixture of 6.3 g thereof, 70 ml of water and 8 ml of 2N aqueous sodium
      hydroxide is hydrogenated over 1 g of 10% palladium on charcoal until the
      theoretical amount of hydrogen has been absorbed. It is filtered, the
      filtrate acidified with hydrochloric acid, the precipitate formed filtered
      off and recrystallized from 75% aqueous ethanol, to yield the
      4-(4-acetamido-3-tolyloxy-3-amino-5-sulfamoylbenzoic acid melting above
      280.degree..
PAR  The solution of 3.7 g thereof in 10 ml of water and 5 ml of N aqueous
      sodium hydroxide is adjusted to pH = 7.4 by the addition of 4N aqueous
      sodium hydroxide after which 1.3 g of benzylchloride are added while
      stirring at room temperature under nitrogen. During the following 41 hours
      water is added to facilitate stirring. The mixture is filtered, the
      filtrate acidified with glacial acetic acid to a pH 4-5 and the
      precipitate formed recrystallized from 50% aqueous ethanol, to yield the
      4-(4-acetamido-3-tolyloxy)-3-benzylamino-5-sulfamoylbenzoic acid melting
      at 203.degree..
PAC  EXAMPLE 7
PAR  The mixture of 2.2 g of
      4-(4-acetamidophenylmercapto)-3-benzylamino-5-sulfamoylbenzoic acid and 22
      ml of 2N aqueous sodium hydroxide is refluxed for one hour under nitrogen.
      After cooling it is filtered, the filtrate acidified with glacial acetic
      acid to pH = 4. The precipitate formed is filtered off and recrystallized
      from 50% aqueous ethanol, to yield the
      4-(4-aminophenylmercapto)-3-benzylamino-5-sulfamoylbenzoic acid melting at
      254.degree.-256.degree..
PAR  The starting material is prepared as follows: The solution of
      4-(4-acetamidophenylmercapto)-3-amino-5-sulfamoylbenzoic acid in 50 ml of
      water containing 0.4 g of sodium hydroxide is adjusted to pH = 7.4 by the
      addition of 4N aqueous sodium hydroxide, whereupon 1.3 g of benzylchloride
      are added while stirring under nitrogen. As soon as the pH remains
      constant the mixture is filtered and the filtrate acidified with glacial
      acetic acid to a pH of 4-5. The precipitate formed is recrystallized from
      50% aqueous ethanol, to yield the
      4-(4-acetamidophenylmercapto)-3-benzylamino-5-sulfamoylbenzoic acid
      melting at 255.degree.-258.degree..
PAC  EXAMPLE 8
PAR  The mixture of 1.1 g of
      4-(4-acetamidophenoxy)-3-furfurylamino-5-acetylsulfamoylbenzoic acid and
      11 ml of 2N aqueous sodium hydroxide is refluxed for two hours under
      nitrogen. After cooling to room temperature it is filtered, the filtrate
      acidified with glacial acetic acid to a pH of 4- 5 and the precipitate
      formed filtered off. It is recrystallized from 70% aqueous ethanol, to
      yield the 4-(4-aminophenoxy)-3-furfurylamino-5-sulfamoylbenzoic acid
      melting at 233.degree.-235.degree..
PAR  The starting material is prepared as follows: The mixture of 12.5 g of
      4-(4-acetamidophenoxy)-3-nitro-5-sulfamoylbenzoic acid and 125 ml of
      acetic anhydride is refluxed for two hours under nitrogen and evaporated
      under reduced pressure. The residue is taken up in 125 ml of 2N aqueous
      sodium hydroxide and 25 ml of water, the solution washed with diethyl
      ether, filtered and the filtrate acidified with concentrated hydrochloric
      acid and the precipitate recrystallized from 33 and 50% aqueous ethanol,
      to yield the 4-(4-acetamidophenoxy)-3-nitro-5-acetylsulfamoylbenzoic acid
      decomposing at about 240.degree.. The solution of 10.5 g thereof in 100 ml
      of water and 22 ml of 2N aqueous sodium hydroxide is hydrogenated over 2.5
      g of 10% palladium on charcoal until the theoretical amount of hydrogen
      has been absorbed. The mixture is filtered, the filtrate acidified with
      concentrated hydrochloric acid and the precipitate recrystallized from
      aqueous ethanol, to yield the
      4-(4-acetamidophenoxy)-3-amino-5-acetylsulfamoylbenzoic acid melting at
      305.degree.-306.degree. with decomposition.
PAR  The mixture of 2.4 g thereof and 24 ml of furfural is heated to
      90.degree.-95.degree. for 18 hours while stirring under nitrogen. It is
      filtered hot and the filtrate evaporated under reduced pressure, to yield
      the corresponding Schiff's base. To the solution of 1.5 g thereof in 80 ml
      of ethanol, 3.3 g of sodium borohydride are added portionwise during 20
      minutes while stirring and cooling with ice.  Thereupon the mixture is
      stirred for 18 hours under nitrogen, 1.8 g of additional sodium
      borohydride are added and the mixture stirred 90 minutes longer. Thereupon
      130 ml of water are added, the mixture concentrated under reduced
      pressure, the concentrate acidified with concentrated hydrochloric acid
      and the precipitate recrystallized from 50% aqueous ethanol, to yield the
      4-(4-acetamidophenoxy)-3-furfurylamino-5-acetylsulfamoylbenzoic acid
      melting at 250.degree. with decomposition.
PAC  EXAMPLE 9
PAR  The mixture of 2.3 g of
      4-(4-acetamidophenylmercapto)-3-furfurylamino-5-sulfamoylbenzoic acid and
      23 ml of 2N aqueous sodium hydroxide is refluxed for one hour under
      nitrogen. After cooling to room temperature it is acidified to pH = 5 and
      the precipitate formed filtered off. It is dissolved in 25 ml of 50% hot
      aqueous ethanol, the solution cooled to room temperature and decanted from
      some amorphous substance. The supernatant solution is allowed to stand at
      room temperature for a longer period of time, the precipitate formed
      filtered off and this recrystallization procedure repeated several times,
      to yield the 4-(4-aminophenylmercapto)-3-furfurylamino-5-sulfamoylbenzoic
      acid, starting to melt at about 125.degree..
PAR  The starting material is prepared as follows: The mixture of 2 g of
      4-(4-acetamidophenylmercapto)-3-amino-5-sulfamoylbenzoic acid, 1 g of
      furfural and 20 ml of diethyleneglycol dimethyl ether is heated to
      105.degree. for 22 hours while stirring under nitrogen. It is evaporated
      under reduced pressure, the residue taken up in 75 ml of ethanol and 1 g
      of sodium borohydride is added portionwise while stirring at room
      temperature under nitrogen. After stirring overnight, 75 ml of water are
      added and the mixture filtered. The filtrate is concentrated under reduced
      pressure, the concentrate acidified with concentrated hydrochloric acid
      and the precipitate formed filtered off, to yield the
      4-(4-acetamidophenylmercapto)-3-furfurylamino-5-sulfamoylbenzoic acid.
PAC  EXAMPLE 10
PAR  The mixture of 2.5 g of
      4-phenoxy-3-benzylamino-5-(2-acetamidophenylsulfamoyl)-benzoic acid and 25
      ml of 2N aqueous sodium hydroxide is refluxed for four hours under
      nitrogen. After cooling to room temperature it is filtered, the filtrate
      acidified with glacial acetic acid to pH = 2 and the precipitate
      recrystallized from ethanol, to yield the
      4-phenoxy-3-benzylamino-5-(2-aminophenylsulfamoyl)-benzoic acid of the
      formula
      ##SPC14##
PAL  melting at 113.degree.-116.degree..
PAR  The starting material is prepared as follows: The mixture of 38.8 g
      4-chloro-5-chlorosulfonyl-3-nitrobenzoic acid, 39.9 g of
      2-aminoacetanilide and 150 ml of dimethylformamide is stirred for 2 1/2
      hours at room temperature. It is poured into 1.7 1t of water and 20 ml of
      concentrated hydrochloric acid while stirring, the precipitate formed is
      filtered off and washed with water. It is dissolved in 600 ml of hot
      ethanol, 900 ml of hot water are added, the mixture filtered and the
      filtrate left in the cold, to yield the
      4-chloro-5-(2-acetamidophenylsulfamoyl)-3-nitrobenzoic acid melting at
      225.degree.-227.degree. with decomposition.
PAR  The mixture of 6.3 g thereof, 3 g of phenol, 5.4 g of sodium bicarbonate
      and 45 ml of water is heated to 140.degree. for 16 hours. After cooling it
      is diluted with 50 ml of water, acidified with hydrochloric acid to pH =
      2, the liquid phase decanted off and the residue triturated with water,
      diethyl ether and ethanol, to yield the
      4-phenoxy-5-(2-acetamidophenylsulfamoyl)-3-nitrobenzoic acid melting at
      240.degree.-244.degree. with decomposition.
PAR  The solution of 4.7 g thereof in 100 ml of water and 9 ml of 2N aqueous
      sodium hydroxide is hydrogenated over 1.2 g of 10% palladium on charcoal
      at room temperature at 2.8 atm until the theoretical amount of hydrogen
      has been absorbed. The mixture is filtered, the filtrate acidified with
      hydrochloric acid to pH = 2, the precipitate filtered off and dissolved in
      60 ml of hot ethanol. The solution is diluted with 60 ml of water and the
      precipitate formed collected to yield the
      4-phenoxy-3-amino-5-(2-acetamidophenylsulfamoyl)-benzoic acid melting at
      224.degree.-226.degree..
PAR  The mixture of 3.1 g thereof and 25 ml of benzaldehyde is heated to
      110.degree. for four hours and evaporated under reduced pressure at about
      100.degree. for one hour. The residue is taken up in 75 ml of ethanol, 3.5
      g of sodium borohydride are added while stirring and keeping the
      temperature at 20.degree.-30.degree.. After stirring overnight at room
      temperature another 1.3 g of sodium borohydride are added, stirring is
      continued for 90 minutes and 50 ml of water are added. The mixture is
      filtered, the filtrate acidified with hydrochloric acid to pH = 2, the
      precipitate formed filtered off and recrystallized from 50% aqueous
      ethanol, to yield the
      4-phenoxy-3-benzylamino-5-(2-acetamidophenylsulfamoyl)-benzoic acid
      melting at 197.degree.-200.degree..
PAC  EXAMPLE 11
PAR  The mixture of 3 g of
      4-phenoxy-3-furfurylamino-5-(2-acetamidophenylsulfamoyl)-benzoic acid and
      30 ml of 2N aqueous sodium hydroxide is refluxed for 4 1/2 hours. After
      cooling to room temperature it is acidified with hydrochloric acid to pH =
      2. The precipitate formed is filtered off and recrystallized from aqueous
      ethanol, to yield the
      4-phenoxy-3-furfurylamino-5-(2-aminophenylsulfamoyl)-benzoic acid melting
      at 105.degree.-110.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 3.5 g of
      4-phenoxy-3-amino-5-(2-acetamidophenylsulfamoyl)-benzoic acid and 30 ml of
      furfural is heated to 100.degree. for five hours and allowed to stand at
      room temperature for 16 hours. It is evaporated under reduced pressure,
      the residue triturated with diethyl ether and dissolved in 75 ml of
      ethanol. Thereupon 2 g of sodium borohydride are added while stirring and
      cooling followed by another 0.5 g thereof after 4 hours and another 0.5 g
      thereof after 16 hours and stirring is continued for one hour. Thereupon
      100 ml of water are added, the mixture filtered and the filtrate acidified
      with hydrochloric acid to a pH of 2-3. The precipitate formed is filtered
      off and recrystallized from 30% aqueous ethanol to yield the
      4-phenoxy-3-furfurylamino-5-(2-acetamidophenylsulfamoyl)-benzoic acid
      melting at 207.degree.-210.degree. with decomposition.
PAC  EXAMPLE 12
PAR  Preparation of 10,000 tablets each containing 5 mg of the active
      ingredient:
TBL  Formula:                                                                  
     ______________________________________                                    
     4-(4-aminophenylmercapto)-3-n-                                            
     butylamino-5-sulfamoylbenzoic acid                                        
                           50.0 g                                              
     Lactose               1,207.0 g                                           
     Corn starch           75.0 g                                              
     Polyethylene glycol 6.000                                                 
                           75.0 g                                              
     Talcum powder         75.0 g                                              
     Magnesium stearate    18.0 g                                              
     Purified water        q.s.                                                
     ______________________________________                                    
PAC  Procedure
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance, lactose, talcum, magnesium stearate and half of the
      starch are mixed in a suitable mixer. The other half of the starch is
      suspended in 40 ml of water and the suspension added to the boiling
      solution of the polyethylene glycol in 150 ml of water. The paste formed
      is added to the powders which are granulated, if necessary, with an
      additional amount of water. The granulate is dried overnight at
      35.degree., broken on a screen with 1.2 mm openings and compressed into
      tablets using concave punches with 6.4 mm diameter, uppers bisected.
PAR  Similarly, 5 mg tablets are prepared from the remaining compounds of the
      invention, e.g. those illustrated by the previous examples.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pharmaceutical composition comprising a diuretically effective amount
      of a compound corresponding to the formula
      ##SPC15##
PAL  in which R.sub.1 is lower alkyl, lower alkenyl, cycloalkyl or
      cycloalkyl-lower alkyl, each of which with 3 to 7 ring carbon atoms, Ph is
      unsubstituted phenylene or phenylene substituted by one member of lower
      alkyl, each of R.sub.2, R.sub.3 and R.sub.4 is hydrogen or lower alkyl,
      and X is oxygen or sulfur, or the lower alkyl esters or therapeutical
      useful ammonium, alkali or alkaline earth metal or acid addition salts
      thereof, together with a pharmaceutical excipient.
NUM  2.
PAR  2. A composition as claimed in claim 1, wherein the active compound is that
      corresponding to the formula
      ##SPC16##
PAL  wherein R is alkyl or 2-alkenyl with 4 to 5 carbon atoms, or
      cyclopropylmethyl and X is oxygen or sulfur, or therapeutically useful
      ammonium, alkali metal or acid addition salts thereof.
NUM  3.
PAR  3. A composition as claimed in claim 1, wherein the active compound is the
      4-(4-aminophenylmercapto)-3-n-butylamino-5-sulfamoylbenzoic acid.
NUM  4.
PAR  4. A method of treating edema in mammals, which comprises administering to
      them enterally or parenterally a diuretically effective amount of a
      compound of claim 1.
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ABST
PAL  Pharmaceutical compositions containing as an active ingredient a compound
      of the formula
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 and R.sub.2, which may be identical to or different from each
      other, are each morpholino, thiomorpholino, 1-oxido-thiomorpholino,
      1,1-dioxidothiomorpholino or piperidino, where each of these may
      optionally have a lower alkyl substituent attached thereto; piperazino;
      N'-acyl-piperazino; N'-carbamoyl-piperazino; N'-lower alkyl-piperazino;
      dialkanol-amino; or alkylenediamino; and
PA1  R.sub.3 is hydrogen or methyl;
PAL  Or a non-toxic, pharmacologically acceptable acid addition salt thereof;
      and methods of using the same to inhibit thrombocyte aggregation and
      adhesiveness.
PARN
PAR  This is a division of copending application Ser. No. 241,791 filed Apr. 6,
      1972, now U.S. Pat. No. 3,843,638.
BSUM
PAR  This invention relates to novel pharmaceutical compositions containing a
      2,4-diamino-substituted pyrido [3,2-d]pyrimidine or a non-toxic acid
      addition salt thereof, as well as to methods of inhibiting thrombocyte
      aggregation and adhesiveness therewith.
PAR  More particularly, the present invention relates to pharmaceutical
      compositions containing as an active ingredient a compound of the formula
      ##SPC2##
PAL  Wherein
PA1  R.sub.1 and R.sub.2, which may be identical to or different from each
      other, are each morpholino, thiomorpholino, 1-oxido-thiomorpholino,
      1,1-dioxidothiomorpholino or piperidono, where each of these may
      optionally have a lower alkyl substituent attached thereto; piperazino;
      N'-acyl-piperazino; N'-carbamoyl-piperazino; N'-lower alkyl-piperazino;
      dialkanol-amino; or alkylenediamino; and
PA1  R.sub.3 is hydrogen or methyl;
PAL  Or a non-toxic, pharmacologically acceptable acid addition salt thereof.
PAR  The compounds embraced by formula I may be prepared by the following
      methods:
PAC  Method A
PAR  By reacting a di- or tri-substituted pyrido[3,2-d] pyrimidine of the
      formula
      ##SPC3##
PAL  Wherein one of Z.sub.1 and Z.sub.2 is a substituent exchangeable for an
      amino-substituent included in the definition of R.sub.1 and R.sub.2 in
      connection with formula I, such as halogen or an alkyl-, aryl- or
      aralkyl-substituted hydroxy, mercapto, sulfinyl or sulfonyl group, the
      other of Z.sub.1 and Z.sub.2 has a meaning defined for R.sub.1 and R.sub.2
      in formula I, and R.sub.3 has the meanings defined in formula I, with an
      amine of the formula
EQU  R.sub.1 -- H   or   R.sub.2 -- H                           (III),
PAL  respectively, where R.sub.1 and R.sub.2 have the same meanings as in
      formula I.
PAR  The substituent exchange reaction is carried out, depending upon the
      reactivity of the exchangeable substituent Z.sub.1 or Z.sub.2, at a
      temperature between 0.degree. and +250.degree.C, optionally in the
      presence of an acid-binding agent, and advantageously in a solvent medium,
      such as dioxane, glycol dimethyl ether or an excess of the amine reactant
      of the formula III.
PAR  In those instances where Z.sub.1 is halogen or an alkyl-, aryl- or
      aralkyl-substituted sulfinyl or sulfonyl group, the reaction is preferably
      performed at a temperature between 80.degree. and 110.degree.C; on the
      other hand, if Z.sub.1 is an alkyl-, aryl- or aralkyl-substituted hydroxyl
      or mercapto group, the reaction is carried out within a preferred
      temperature range of 150.degree. to 200.degree.C, if necessary in a
      pressure vessel.
PAR  In those instances where Z.sub.2 is halogen or an alkyl-, aryl- or
      aralkyl-substituted sulfinyl or sulfonyl group, the reaction is preferably
      performed at a temperature between 0.degree. and  +40.degree.C; on the
      other hand, if Z.sub.2 is an alkyl-, aryl- or aralkyl-substituted hydroxyl
      or mercapto group, the preferred reaction temperature is between
      80.degree. and 150.degree.C.
PAR  If it is desired to prepare a compound of the formula I wherein R.sub.1 and
      R.sub.2 are identical to each other, the starting compound of the formula
      II may also be one wherein Z.sub.1 and Z.sub.2 are both exchangeable
      substituents, as defined in connection with formula II; in that case the
      substituent exchange reaction proceeds stepwise. For instance, if the
      starting compound of the formula II is
      2,4-dichloro-6-methyl-pyrido[3,2-d]pyrimidine, the chlorine atom in the
      4-position is exchanged for the amino-substituent at temperatures as low
      as 0.degree. to +40.degree.C, while the chlorine atom in the 2-position is
      not exchanged until more elevated reaction temperatures are applied.
PAC  Method B
PAR  For the preparation of a compound of the formula I wherein one of R.sub.1
      and R.sub.2 is unsubstituted piperazino and the other has the meanings
      defined for R.sub.1 and R.sub.2 in connection with formula I except
      N'-acyl-piperazino, by deacylating a di- or tri-substituted pyrido[3,2-d]
      pyrimidine of the formula
      ##SPC4##
PAL  wherein R.sub.3 has the same meanings as in formula I, one of substituents
      R.sub.4 and R.sub.5 is N'-acyl-piperazino and the other has a meaning
      defined for R.sub.1 and R.sub.2 in connection with formula I.
PAR  The de-acylation is preferably carried out by hydrolysis in the presence of
      an inorganic base, such as potassium hydroxide, or of an acid, such as
      hydrochloride acid, advantageously in a solvent medium, such as water or
      isopropanol, and at a temperature up to the boiling point of the
      particular solvent medium.
PAR  In those instances where method A or B yields a compound of the formula I
      wherein R.sub.1 and/or R.sub.2 are unsubstituted piperazino, these may, if
      desired, subsequently be acylated by conventional methods. The acylation
      is preferably effected with a corresponding acid halide or acid anhydride,
      or with the corresponding acid in the presence of a dehydrating agent,
      such as N,N'-dicyclohexylcarbodiimide, or in an apparatus provided with a
      water separator; a carbamoyl substituent is advantageously introduced by
      reaction with an alkali metal cyanate in weakly acid solution.
PAR  The compounds embraced by formula I are organic bases and therefore form
      acid addition salts with inorganic or organic acids. Examples of
      non-toxic, pharmacologically acceptable acid addition salts are those
      formed with hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric
      acid, lactic acid, citric acid, tartaric acid, maleic acid,
      8-chlorotheophylline or the like.
PAR  The starting compounds needed for methods A and B are either known
      compounds or may be prepared by methods described in the literature.
PAR  For instance, a corresponding 2-chloro-4-amino-substituted
      pyrido[3,2-d]pyrimidine of the formula II may be obtained by reacting
      2,4-dichloro-pyrido[3,2-d]pyrimidine [see J.A.C.S. 78, 973 (1956); J.
      Chem. Soc. 1956, 1045; and J. Chem. Soc. 1956, 4433] with a corresponding
      amine at relatively low temperatures, such as 0.degree. to 40.degree.C
      [see also W. J. Irwin et al., Advances in Heterocyclic Chemistry 10, 149
      (1969)].
PAR  Mild hydrolysis of 2,4-dichloro-pyrido[3,2d]pyrimidine with one equivalent
      of an alkali metal hydroxide at relatively low temperatures yields
      2-chloro-4-hydroxypyrido [3,2-d]pyrimidine, which is subsequently reacted
      with a corresponding amine at more elevated temperatures to yield a
      corresponding 2-amino-4-hydroxy-substituted pyrido [3,2-d]pyrimidine
      which, in turn, is subsequently converted into the corresponding
      2-amino-4-halo-substituted pyrido [3,2-d]pyrimidine of the formula II by
      conventional methods.
PAR  A halo-substituted pyrido[3,2-d]pyrimidine of the formula II may be
      converted into a correspondingly substituted mercapto- or
      hydroxy-pyrido[3,2-d]pyrimidine of the formula II by reaction with a
      corresponding mercaptor hydroxy-compound in the presence of a strong base.
      A mercapto-substituted pyrido[3,2-d]pyrimidine of the formula II thus
      obtained may, in turn, be converted into a corresponding sulfinyl- or
      sulfonyl-substituted pyrido[3,2-d] pyrimidine of the formula II by
      oxidation.
PAR  A starting compound of the formula IV may be obtained by method A above.
PAR  The following examples illustrate the preparation of a starting compound of
      the formula IV as well as of end products of the formula I.
PAC  Preparation of a starting compound of the formula IV
PAC  EXAMPLE A
PAC  2-Piperazino-4-ethylmercapto-pyrido[3,2-d]pyrimidine
PAR  a. 2-Chloro-4-ethylmercapto-pyrido[3,2]pyrimidine
PAR  A suspension of 15 gm (0.075 mol) of 2,4-dichloropyrido[3,2-d]pyrimidine in
      100 ml of acetone at -40.degree.C was admixed with a solution of 3.2 gm
      (0.08 mol) of sodium hydroxide and 4.9 gm (5.8 ml) of ethylmercaptan in 25
      ml of water, and the mixture was stirred for two hours at room
      temperature. Thereafter, 200 ml of water were added to the reaction
      mixture, and the precipitate formed thereby was collected and
      recrystallized from petroleum ether, yielding 11.0 gm (65% of theory) of
      2-chloro-4-ethylmercapto-pyrido[3,2-d]pyrimidine, m.p.
      101.degree.-103.degree.C.
PAR  b. 2-Piperazino-4-ethylmercapto-pyrido[3,2-d]pyrimidine
PAR  A mixture consisting of 5 gm (0.022 mol) of the end product obtained in
      (a), 4.7 gm (0.055 mol) of anhydrous piperazine and 20 ml of dioxane was
      heated at its boiling point for 15 minutes. Thereafter, the resulting
      solution was evaporated, the residue was taken up in 2N acetic acid, and
      the solution was filtered. The filtrate was made alkaline with 4N sodium
      hydroxide, and the precipitate formed thereby was collected and
      recrystallized from benzene/cyclo-hexane, yielding 3.6 gm (59% of theory)
      of 2-piperazino-4-ethylmercapto-pyrido[3,2-d]pyrimidine, m.p.
      98.degree.-101.degree.C.
PAC  Preparation of end products of the formula I.
PAC  EXAMPLE 1
PAC  2-Piperazino-4-thiomorpholino-pyrido[3,2-d]pyrimidine by method A
PAR  18.0 gm (0.0715 mol) of 2-chloro-4-thiomorpholino-pyrido[3,2-d]pyrimidine
      (m.p. 162.degree.-164.degree.C), encased in a liquid-permeable envelope,
      were extracted therefrom by placing it into a boiling solution of 30.6 gm
      (0.356 mol) of anhydrous piperazine in 150 ml of dioxane; the extraction
      was completed after about 5 hours. Thereafter, the reaction solution was
      evaporated, the residue was taken up in a mixture of water and benzene,
      and the organic phase was separated and evaporated. The residue was
      dissolved in 300 ml of methanol, the resulting solution was filtered, the
      filtrate was again evaporated, and the residue was recrystallized from 600
      ml of cyclohexane. Upon working up the mother liquors, a total of 17.3 gm
      (76.5% of theory) of the compound of the formula
      ##SPC5##
PAL  having a melting point of 144.degree.-145.degree.C, was obtained.
PAR  Its hydrochloride hydrate had a melting point of 220.degree.-225.degree.C
      (decomp.; recrystallized from ethanol);
PAR  Its dihydrobromide hydrate had a melting point of 114.degree.-115.degree.C
      (decomp.);
PAR  Its maleate had a melting point of 190.degree.-191.degree.C (recrystallized
      from methanol).
PAR  The same compound was obtained from the same reactants by boiling for one
      hour in 1,2-dimethoxy-ethane; yielding 72of theory, m.p.
      143.degree.-144.degree.C.
PAC  EXAMPLE 2
PAR  Using a proceedure analogous to that described in Example 1,
      2-(N'-carbethoxy-piperazino)-4-thiomorpholino-pyrido[3,2-d]pyrimidine,
      m.p. 153.degree.-154.degree.C (recrystallized from ethanol, of the formula
      ##SPC6##
PAL  was prepared from 2-chloro-4-thiomorpholino-pyrido[3,2-d] pyrimidine and
      N-carbethoxy-piperazine. The yield was 83% of theory.
PAC  EXAMPLE 3
PAR  Using a proceedure analogous to that described in Example 1,
      2-(N'-benzoyl-piperazino)-4-thiomorpholinopyrido [3,2-d]pyrimidine, m.p.
      168.degree.-170.degree.C (recrystallized from isopropanol) of the formula
      ##SPC7##
PAL  was prepared from 2-chloro-4-thiomorpholino-pyrido[3,2-d] pyrimidine and
      N-benzyol-piperazine. The yield was 85% of theory.
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 1,
      2-[N'-(p-toluene-sulfonyl)-piperazino]-4-thiomorpholino-pyrido[3,2-d]pyrim
     idine, m.p. 195.degree.-196.degree.C (recrystallized from benzene/petroleum
      ether), of the formula
      ##SPC8##
PAL  was prepared from 2-chloro-4-thiomorpholino-pyrido[3,2-d] pyrimidine and
      N-(p-toluene-sulfonyl)-piperazine. The yield was 76% of theory.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 1,
      2-(N'-methyl-piperazino)-4-thiomorpholinopyrido [3,2-d]pyrimidine, m.p.
      133.degree.-135.degree.C (recrystallized from ethyl acetate), of the
      formual
      ##SPC9##
PAL  was prepared from 2-chloro-4-thiomorpholino-pyrido[3,2-d] pyrimidine and
      N-methyl-piperazine. The yield was 69% of theory. Its dihydrochloride had
      a melting point of 272.degree.-274.degree.C (decomp.).
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example
      1,2-(di-propanol-amino)-4-thiomorpholino-pyrido [3,2-d]]pyrimidine, m.p.
      115.degree.-116.degree.C (recrystallized from ethyl acetate), of the
      formula
      ##SPC10##
PAL  was prepared from 2-chloro-4-thiomorpholino-pyrido[3,2-d] pyrimidine and
      dipropanol-amine. The yield was 50% of theory. Its hydrochloride had a
      melting point of 186.degree.-188.degree.C (recrystallized from
      n-propanol).
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 1,
      2-(diethanol-amino)-4-thiomorpholino-pyrido[3,2-d]pyrimidine, m.p.
      114.degree.-115.degree.C (recrystallized from ethyl acetate), of the
      formula
      ##SPC11##
PAL  was prepared from 2-chloro-4-thiomorpholino-pyrido[3,2-d] pyrimidine and
      diethanol-amine. The yield was 72% of theory. Its hydrochloride had a
      melting point of 212.degree.-213.degree.C (decomp.; recrystallized from
      methanol).
PAC  EXAMPLE 8
PAC  2-Piperazino-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine by method
      A
PAR  24.0 gm (0.085 mol) of
      2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine (m.p.
      198.degree.-200.degree.C, decomp.) were added gradually over a period of
      one hour to a boiling solution of 36.6 gm (0.425 mol) of anhydrous
      piperazine in 240 ml of dioxane (or 1,2-dimethoxy-ethane), and the
      resulting mixture was refluxed for  21/2 hours. Thereafter, the reaction
      solution was evaporated, the residue was dissolved in 180 ml of hot water,
      and the small amount of insoluble material was filtered off. The filtrate
      was extracted eight times with 50 ml each of a mixture of chloroform and
      methanol (4:1), and each extract was washed twice with 50 ml of water
      each. The organic phases thus freed from excess piperzaine were combined,
      dried and evaporated. The residue was digested with benzene, collected by
      vacuum filtration and then recrystallized from ethyl acetate, yielding
      23.8 gm (84% of theory) of the compound of the formula
      ##SPC12##
PAL  having a melting point of 200.degree.-202.degree.C. Its dihydrochloride had
      a melting point of 305.degree.-307.degree.C (decomp.; recrystallized from
      80% ethanol).
PAC  EXAMPLE 9
PAR  Using a procedure analogous to that described in Example 1,
      2-(N'-methyl-piperazino)-4-(1'-oxido-thiomorpholino)-[3,2-d]pyrimidine,
      m.p. 192.degree.-194.degree.C (recrystallized from benzene), was prepared
      from 2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine, m.p.
      198.degree.-200.degree.C (decomp.), and N-methyl-piperazine. It
      dihydrochloride had a melting point of 260.degree.-261.degree.C (decomp.,
      recrystallized from ethanol). The yield was 82% of theory.
PAC  EXAMPLE 10
PAR  Using a procedure analogous to that described in Example 1,
      2-(dipropanol-amino)-4-(1'-oxido-thiomorpholinopyrido[3,2-d]pyrimidine,
      m.p. 146.degree.-148.degree.C (recrystallized from benzene), was prepared
      from 2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine and
      dipropanol-amine. Its hydrochloride had a melting point of
      202.degree.-203.degree.C (recrystallized from ethanol/ether). The yield
      was 73% of theory.
PAC  EXAMPLE 11
PAR  Using a procedure analogous to that described in Example 1,
      2-(N-ethanol-hexanolamino)-4-(1'-oxido-thiomorpholino-pyrido[3,2-d]pyrimid
     ine was prepared from
      2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine and
      N-ethanol-hexanolamine. Its hydrochloride had a melting point of
      192.degree.-193.degree.C (recrystallized from ethanol/ether). The yield
      was 71% of theory.
PAC  EXAMPLE 12
PAR  Using a procedure analogous to that described in Example 1,
      2-morpholino-4-(1'-oxido-thiomorpholinopyrido [3,2-d]pyrimidine, m.p.
      218.degree.-220.degree.C, of the formula
      ##SPC13##
PAL  was prepared from
      2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine and
      morpholine. Its hydrochloride had a melting point of
      262.degree.-263.degree.C (decomp.; recrystallized from ethanol). The yield
      was 83% of theory.
PAC  EXAMPLE 13
PAR  Using a proceedure analogous to that described in Example 8,
      2-ethylenediamino-4-(1'-oxido-thiomorpholinopyrido[3,2-d]pyrimidine of the
      formula
      ##SPC14##
PAL  was prepared from 2-chloro-4-(1'-oxido-thiomorpholino)-pyrido
      [3,2-d]pyrimidine and ethylenediamine. Its dihydrochloride had a melting
      point of 299.degree.-300.degree.C (decomp.; recrystallized from
      methanol/water = 9:12). The yield was 17.5% of theory).
PAC  EXAMPLE 14
PAR  Using a procedure analogous to that described in Example 8,
      2-piperazino-4-(1'-oxido-2'-methyl-thiomorpholino-pyrido[3,2-d]pyrimidine,
      m.p. 165.degree.-167.degree.C (recrystallized from benzene/cyclohexane),
      of the formula
      ##SPC15##
PAL  was prepared from
      2-chloro-4-(1'-oxido-2'-methyl-thiomorpholino)-pyrido[3,2-d]pyrimidine,
      m.p. 196.degree.-199.degree.C and piperazine. The yield was 48% of theory.
PAC  EXAMPLE 15
PAR  Using a procedure analogous to that described in Example 1,
      2-piperazino-4-morpholino-pyrido[3,2-d]pyrimidine, m.p.
      167.degree.-168.degree.C (recrystallized from benzene), of the formula
      ##SPC16##
PAL  was prepared from 2-chloro-4-morpholino-pyrido[3,2-d]pyrimidine, m.p.
      174.degree.-175.degree.C, and piperazine hexahydrate in glycol
      dimethylether. Its dihydrochloride hydrate had a melting point of
      281.degree.-283.degree.C (recrystallized from ethanol). The yield was 74%
      of theory.
PAC  EXAMPLE 16
PAC  2-(N'-Methyl-piperazino)-4-morpholino-pyrido[3,2-d]pyrimidine by method A
PAR  A mixture consisting of 4.5 gm of
      2-chloro-4-morpholino-pyrido[3,2-d]pyrimidine (m.p.
      174.degree.-175.degree.C) and 15 ml of N-methyl-piperazine was heated at
      110.degree.C for 31/2  hours. Thereafter, the reaction solution was
      cooled, then diluted with water, and the precipitate formed thereby was
      collected by vacuum filtration, dried and extracted with 200 ml of boiling
      cyclohexane. The extract was filtered, and the filtrate was evaporated,
      yielding 3.7 gm (66% of theory) of the compound of the formula
      ##SPC17##
PAL  having a melting point of 142.degree.-143.degree.C. Its dihydrochloride had
      a melting point of 264.degree.-267.degree.C (recrystallized from ethanol).
PAC  EXAMPLE 17
PAR  Using a procedure analogous to that described in Example 16,
      2-(diethanol-amino)-4-morpholino-pyrido[3,2-d] pyrimidine, m.p.
      143.degree.-145.degree.C (recrystallized from benzene or ethyl acetate),
      was prepared from 2-chloro-4-morpholinopyrido[3,2-d]pyrimidine and
      diethanolamine. The yield was 38.6% of theory.
PAC  EXAMPLE 18
PAR  Using a procedure analogous to that described in Example 1,
      2-(dipropanol-amino)-4-morpholino-pyrido[3,2-d] pyrimidine, m.p.
      112.degree.-113.degree.C (recrystallized from carbon tetrachloride), was
      prepared from 2-chloro-4-morpholino-pyrido[3,2-d]pyrimidine and
      dipropanolamine.
PAC  EXAMPLE 19
PAR  Using a procedure analogous to that described in Example 1,
      2-(N-ethanol-hexanolamino)-4-morpholino-pyrido[3,2-d]pyrimidine, m.p.
      100.degree.-102.degree.C (recrystallized from ethyl acetate), was prepared
      from 2-chloro-4-morpholino-pyrido[3,2-d]pyrimidine and
      N-ethanol-hexanolamine. The yield was 53% of theory.
PAC  EXAMPLE 20
PAR  Using a procedure analogous to that described in Example 1,
      (+)-2-piperazino-4-(2'-methyl-morpholino)-pyrido [3,2-d]pyrimidine, m.p.
      135.degree.-137.degree.C (recrystallized from cyclohexane), specific
      rotation [.alpha.].sub.D.sup.20 = +43.degree. (c = 1.0, methanol), was
      prepared from
      (+)-2-chloro-4-(2'-methyl-morpholino)-pyrido[3,2-d]pyrimidine, m.p.
      96.degree.-98.degree.C, and piperazine. The yield was 70% of theory. Its
      dihydrochloride semihydrate had a melting point of 172.degree.C
      (recrystallized from ethanol) and a specific rotation
      [.alpha.].sub.D.sup.20 = +42.degree. (c = 0.91, water).
PAC  EXAMPLE 21
PAR  Using a procedure analogous to that described in Example 1,
      (-)-2-piperazino-4-(2'-methyl-morpholino)-pyrido [3,2-d]pyrimidine, m.p.
      134.degree.-136.degree.C (recrystallized from cyclohexane), specific
      rotation [.alpha.].sub.D.sup.20 = -43.5.degree. (c = 1.0, methanol), was
      prepared from
      (-)-2-chloro-4-(2'-methyl-morpholino)-pyrido[3,2-d]pyrimidine, m.p.
      99.degree.C, and piperazine. The yield was 73% of theory. Its
      dihydrochloride semihydrate had a melting point of
      170.degree.-172.degree.C (recrystallized from ethanol) and a specific
      rotation [.alpha.].sub.D.sup.20 = -39.5.degree. (c = 0.75, water).
PAC  EXAMPLE 22
PAR  Using a procedure analogous to that described in Example
      1,2-piperazino-4-piperidino-pyrido[3,2-d]pyrimidine, m.p.
      113.degree.-114.5.degree.C (recrystallized from cyclohexane), of the
      formula
      ##SPC18##
PAL  was prepared from 2-chloro-4-piperidino-pyrido[3,2-d]pyrimidine, m.p.
      115.degree.-118.degree.C, and piperazine in glycol dimethylether. The
      yield was 72% of theory.
PAR  Using a procedure analogous to that described in Example 1,
      2-(dipropanol-amino)-4-piperidino-pyrido[3,2-d] pyrimidine, m.p.
      98.degree.-100.degree.C (recrystallized from ethylacetate/petroleum ether
      = 2:1), was prepared from 2-chloro-4-piperidino-pyrido[3,2-d]pyrimidine
      and dipropanolamine. The yield was 66% of theory.
PAC  EXAMPLE 24
PAR  Using a procedure analogous to that described in Example 1,
      2-piperazino-4-(1',1'-dioxido-thiomorpholino)-pyrido[3,2-d]pyrimidine,
      m.p. 208.degree.-210.degree.C (recrystallized from ethanol), of the
      formula
      ##SPC19##
PAL  was prepared from
      2-chloro-4-(1',1'-dioxido-thiomorpholino)-pyrido[3,2-d]pryimidine, m.p.
      256.degree.-258.degree.C, and piperazine. The yield was 75% of theory. Its
      dihydrochloride had a melting point of 328.degree.-330.degree.C (decomp.;
      recrystallized from ethanol/water = 8:2).
PAC  EXAMPLE 25
PAR  Using a procedure analogous to that described in Example 1,
      2-thiomorpholino-4-(N'-carbethoxy-piperazino)-pyrido[3,2-d]pyrimidine,
      m.p. 171.5.degree.-172.5.degree.C (recrystallized from ethyl acetate), of
      the formula
      ##SPC20##
      was prepared from
      2-chloro-4-(N'-carbethoxy-piperazino)-pyrido[3,2-d]pyrimidine, m.p.
      120.degree.-123.degree.C, and thiomorpholine. The yield was 80% of theory.
PAC  EXAMPLE 26
PAR  Using a procedure analogous to that described in Example 1,
      2-(1'-oxido-thiomorpholino)-4-piperazino-pyrido [3,2-d]pyrimidine was
      prepared from
      2-(1'-oxido-thiomorpholino)-4-ethylmercapto-pyrido[3,2-d]pyrimidine (m.p.
      199.degree.-200.degree.C) and piperazine at 200.degree.C. Its
      dihydrochloride had a melting point of 294.degree.-296.degree.C. The yield
      was 18% of theory.
PAC  EXAMPLE 27
PAC  2-Thiomorpholino-4-piperazino-pyrido[3,2-d]pyrimidine by method B
PAR  9 gm of finely powdered potassium hydroxide were dissolved in 120 ml of
      boiling isopropanol, the resulting solution was admixed with 12.6 gm of
      2-thiomorpholino-4-(N'-carbethoxy-piperazino)-pyrido[3,2-d]pyrimidine, and
      the mixture was refluxed for eight hours. Thereafter, the reaction
      solution was evaporated, the residue was admixed with water, and the
      aqueous mixture was extracted with chloroform. The organic extract
      solution was washed with water, dried and evaporated, the residue was
      taken up in hot benzene, the insoluble brown matter was filtered off, and
      the filtrate was again evaporated. The residue was recrystallized from a
      small amount of methanol, yielding 6.1 gm (60% of theory) of the compound
      of the formula
      ##SPC21##
      having a melting point of 156.degree.-158.degree.C. Its dihydrochloride,
      precipitated from ethanol with ethereal hydrochloric acid, had a melting
      point of 283.degree.-285.degree.C (recrystallized from n-propanol).
PAC  EXAMPLE 28
PAR  Using a procedure analogous to that described in Example 1,
      2-(N'-benzoyl-piperazino)-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimid
     ine, m.p. 256.degree.-258.degree.C (recrystallized from ethyl acetate), was
      prepared from
      2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine, m.p.
      198.degree.-200.degree.C (decomp.), and N-benzoyl-piperazine.
PAC  EXAMPLE 29
PAR  Using a procedure analogous to that described in Example 1,
      2-(N'-carbethoxy-piperazino)-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyri
     midine, m.p. 206.degree.-207.degree.C (recrystallized from ethanol), was
      prepared from 2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine
      and N-carbethoxypiperazine.
PAC  EXAMPLE 30
PAR  Using a procedure analogous to that described in Example 1,
      2,4-bis-thiomorpholino-pyrido[3,2-d]pyrimidine, m.p.
      134.degree.-135.degree.C (recrystallized from ethanol), of the formula
      ##SPC22##
PAL  was prepared from 2-chloro-4-thiomorpholino-pyrido[3,2-d] pyrimidine and
      thiomorpholine. The yield was 49% of theory.
PAC  EXAMPLE 31
PAC  2,4-Bis-(N'-carbethoxy-piperazino)-pyrido[3,2-d]pyrimidine by method A
PAR  A solution of 2.0 gm (10 millimols) of 2,4-dichloropyrido[3,2-d]pyrimidine
      in 10 ml of dioxane was admixed with 7.1 gm (45 millimols) of
      N-carbethoxy-piperazine, and the mixture was stirred for 30 minutes at
      room temperature; however, the
      2-chloro-4-(N'-carbethoxy-piperazino)-pyrido[3,2-d]pyrimidine formed
      thereby was not isolated. The reaction mixture was then refluxed for 4
      hours, the resulting reaction solution was evaporated, and the residue was
      admixed with water, whereby the reaction product slowly crystallized out.
      The crystals were collected by vacuum filtration, dried and extracted with
      a large amount of boiling petroleum ether, yielding 2.2 gm (50% of theory)
      of the compound of the formula
      ##SPC23##
PAL  having a melting point of 120.degree.-122.degree.C.
PAC  EXAMPLE 32
PAC  2-(N'-Acetyl-piperazino)-4-thiomorpholino-pyrido[3,2-d]pyrimidine
PAR  A solution of 6.3 gm (20 millimols) of
      2-piperazino-4-thiomorpholino-pyrido[3,2-d]pyrimidine in 40 ml of dioxane
      was admixed with 2.9 ml (30 millimols) of acetic acid anhydride, and then
      3.0 gm (30 millimols) of triethylamine were added dropwise to the mixture.
      The resulting reaction mixture was stirred for three hours at room
      temperature, then diluted with water, and the precipitate formed thereby
      was collected and recrystallized from isopropanol, yielding 4.6 gm (65% of
      theory) of the compound of the formula
      ##SPC24##
PAL  having a melting point of 158.degree.-159.degree.C.
PAC  EXAMPLE 33
PAR  2-(N'-Methanesulfonyl-piperazino)-4-thiomorpholino-pyrido
      [3,2-d]pyrimidine, m.p. 218.degree.-219.degree.C (recrystallized from
      benzene), of the formula
      ##SPC25##
PAL  was prepared in a manner analogous to Example 32 from
      2-piperazino-4-thiomorpholino-pyrido[3,2-d]pyrimidine and methanesulfonyl
      chloride in dioxane in the presence of pyridine. The yield was 66% of
      theory.
PAC  EXAMPLE 34
PAC  2-(N'-Formyl-piperazino)-4-thiomorpholino-pyrido[3,2-d]pyrimidine
PAR  A mixture consisting of 9.5 gm of
      2-piperazino-4-thiomorpholino-pyrido[3,2-d]pyrimidine, 7.5 gm of formic
      acid and 120 ml of toluene was boiled for 90 minutes in a flask provided
      with a water separator. Thereafter, the toluene was distilled off in
      vacuo, the residue was admixed with ethyl acetate, and the mixture was
      refluxed. The insoluble matter was filtered off, the filtrate was admixed
      with petroleum ether, and the precipitate formed thereby was collected and
      recrystallized from isopropanol, yielding 7.3 gm (71% of theory) of the
      compound of the formula
      ##SPC26##
PAL  having a melting point of 129.5.degree.-131.degree.C.
PAC  EXAMPLE 35
PAC  2-(N'-Formyl-piperazino)-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidin
     e
PAR  A mixture consisting of 5.6 gm (20 millimols) of
      2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine, 4.8 gm (42
      millimols) of N-formyl-piperazine and 40 ml of dioxane was refluxed for 4
      hours. Thereafter, the solvent was distilled off in vacuo, the residue was
      admixed with water, the aqueous phase was extracted with methylene
      chloride, and the organic extract was washed with water, dried, filtered
      and evaporated in vacuo. The residue was recrystallized from 35 ml of
      ethyl acetate, yielding 5.6 gm (77.8% of theory) of the above-named
      product having a melting point of 161.degree.-163.degree.C; upon further
      recrystallization from isopropanol the product had a melting point of
      165.degree.-166.degree.C.
PAC  EXAMPLE 36
PAC  2-(N'-Aminocarbonyl-piperazino)-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]py
     rimidine
PAR  A solution of 8.0 gm (20 millimols) of
      2-piperazino-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine
      dihydrochloride in 40 ml of water was admixed with 1.9 gm (23 millimols)
      of potassium cyanate, and the resulting mixture was allowed to stand for
      15 minutes at room temperature and was then heated for 30 minutes at
      40.degree.C. Thereafter, the reaction solution was made alkaline with
      sodium hydroxide, and the precipitate formed thereby was collected by
      vacuum filtration, yielding 5.8 gm of the compound of the formula
      ##SPC27##
PAL  having a melting point of 230.degree.-231.degree.C.
PAR  Its hydrochloride, m.p. 190.degree.-192.degree.C (decomp.), prepared by
      treating the free base with ethanolic hydrochloric acid and
      recrystallizing the product from ethanol/water (9:1), was obtained with a
      yield of 6 gm (73% of theory).
PAC  EXAMPLE 37
PAC  2-Diethanolamino-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine
      hydrochloride
PAR  A mixture consisting of 5.6 gm (20 millimols) of
      2-chloro-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidine, 5.2 gm (50
      millimols) of diethanolamine and 40 ml of dioxane was refluxed for six
      hours. Thereafter, the reaction solution was evaporated in vacuo, the
      residue was admixed with water, the aqueous mixture was extracted with
      chloroform, and the extract solution was evaporated. The residue was
      dissolved in ethanol, the resulting solution was acidified with ethanolic
      hydrochloric acid, and the crystalline precipitate formed thereby was
      collected, yielding 5.8 gm (75% of theory) of the above-named
      hydrochloride having a melting point of 232.degree.-233.degree.C.
PAC  EXAMPLE 38
PAC  2-Piperazino-4-(1'-oxido-thiomorpholino)-6-methyl-pyrido[3,2-]pyrimidine by
      method A
PAR  2.6 gm (9.5 millimols) of
      2-chloro-4-(1'-oxido-thiomorpholino)-6-methyl-pyrido[3,2-d]pyrimidine
      (m.p. 228.degree.-229.degree.C), encased in a liquid-permeable envelope,
      were extracted therefrom by placing it into a refluxing solution of 3.9 gm
      (45 millimols) of anhydrous piperazine in 30 ml of dioxane; the extraction
      was complete after about 21/2  hours. Thereafter, the resulting solution
      was evaporated, the residue was taken up in water, and the precipitate
      formed thereby was filtered off. The filtrate was extracted ten times with
      20 ml each of chloroform/methanol (3:1), and each extract was washed twice
      with 20 ml of water each. The washed extracts were combined, dried and
      evaporated, yielding 2.8 gm (68% of theory) of the compound of the formula
      ##SPC28##
PAL  having a melting point of 192.degree.-194.degree.C.
PAR  Its dihydrochloride, m.p. 222.degree.-224.degree.C (decomp.), was obtained
      by adding isopropanolic hydrochloric acid to a solution of the free base
      in isopropanol.
PAC  EXAMPLE 39
PAC  2-(N'-Benzoyl-piperazino)-4-(1'-oxido-thiomorpholino)-6-methyl-pyrido[3,2-d
     ]pyrimidine by method A
PAR  A mixture consisting of 2.96 gm (10 millimols) of
      2-chloro-4-(1'-oxido-thiomorpholino)-6-methyl-pyrido[3,2-d] pyrimidine,
      5.70 gm (30 millimols) of N-benzoyl-piperazine and 20 ml of dioxane was
      refluxed for three hours. Thereafter, the reaction solution was diluted
      with water, and the precipitate formed thereby was collected by vacuum
      filtration and recrystallized from ethanol, yielding 88% of theory of the
      compound of the formula
      ##SPC29##
PAL  having a melting point of 230.degree.-231.degree.C.
PAC  EXAMPLE 40
PAR  Using a procedure analogous to that described in Example 38,
      2-piperazino-4-thiomorpholino-6-methyl-pyrido[ 3,2d]pyrimidine was
      prepared from 2-chloro-4-thiomorpholino-6-methyl-pyrido[3,2-d]pyrimidine,
      m.p. 150.degree.-151.degree.C, and piperazine hexahydrate at
      60.degree.-100.degree.C. The yield was 26% of theory. Its hydrochloride
      hydrate had a melting point of 304.degree.-306.degree.C (decomp.;
      recrystallized from methanol).
PAC  EXAMPLE 41
PAR  Using a procedure analogous to that described in Example 39,
      2-(N'-carbethoxy-piperazino)-4-thiomorpholino-6-methyl-pyrido[3,2-d]pyrimi
     dine, m.p. 115.degree.-116.degree.C (recrystallized from cyclohexane was
      prepared from 2-chloro-4-thiomorpholino-6-methyl-pyrido[3,2-d]pyrimidine
      and N-carbethoxypiperazine in dioxane. The yield was 71% of theory.
PAC  EXAMPLE 42
PAR  Using a procedure analogous to that described in Example 38,
      2-piperazino-4-(1',1'-dioxido-thiomorpholino)-6-methyl-pyrido[3,2-d]pyrimi
     dine, m.p. 190.degree.-192.degree.C (recrystallized from water), was
      prepared from
      2-chloro-4-(1',1'-dioxide-thiomorpholino)-6-methyl-pyrido[3,2-d]pyrimidine
     , m.p. 268.degree.-288.degree.C, and piperazine in glycol dimethylether.
      The yield was 75% of theory. Its dihydrochloride had a melting point of
      235.degree.C [decomp.; recrystallized from ethanol/water (85:15)].
PAC  EXAMPLE 43
PAR  Using a procedure analogous to that described in Example 39,
      2-thiomorpholino-4-(N'-carbethoxy-piperazino)-6-methyl-pyrido[3,2-d]pyrimi
     dine, m.p. 157.degree.-158.degree.C (recrystallized from ethyl acetate),
      was prepared from
      2-chloro-4-(N'-carbethoxy-piperazino)-6-methyl-pyrido[3,2-d]pyrimidine,
      m.p. 172.degree.-173.degree.C, and thiomorpholine in boiling dioxane. The
      yield was 90% of theory.
PAC  EXAMPLE 44
PAR  Using a procedure analogous to that described in Example 38,
      2-piperazino-4-morpholino-6-methyl-pyrido[3,2-d] pyrimidine was prepared
      from 2-chloro-4-morpholino-6-methylpyrido[3,2-d]pyrimidine, m.p.
      146.degree.-149.degree.C, and piperazine in boiling dioxane. The yield was
      65.5% of theory. Its dihydrochloride had a melting point of
      320.degree.-322.degree.C (decomp.; recrystallized from ethanol).
PAC  EXAMPLE 45
PAR  Using a procedure analogous to that described in Example 39,
      2-(N'-methyl-piperazino)-4-morpholino-6-methylpyrido[3,2-d]pyrimidine,
      m.p. 128.degree.-130.degree.C (recrystallized from petroleum ether), was
      prepared from 2-chloro-4-morpholino-6-methyl-pyrido[3,2-d]pyrimidine, m.p.
      146.degree.-149.degree.C, and excess N-methyl-piperazine at 100.degree.C.
      The yield was 66% of theory. Its dihydrochloride had a melting point of
      202.degree.-204.degree.C (decomp.; recrystallized from isopropanol).
PAC  EXAMPLE 46
PAC  2,4-Bis-thiomorpholino-6-methyl-pyrido[3,2-d]pyrimidine by method A
PAR  A solution of 1 gm (3.6 millimols) of
      2,4-dichloro-6-methyl-pyrido[3,2-d]pyrimidine (m.p.
      152.degree.-154.degree.C; literature m.p. 138.degree.C) in 10 ml of
      dioxane was admixed with 1.8 gm (18  millimols) of thiomorpholine, and the
      mixture was allowed to stand overnight at room temperature and was then
      refluxed for five minutes. Thereafter, the reaction solution was diluted
      with water, the aqueous mixture was extracted with ethyl acetate, the
      extract solution was evaporated, and the residue was recrystallized once
      from petroleum ether and then once from ethanol, yielding 600 mgm (50% of
      theory) of the compound of the formula
      ##SPC30##
PAL  having a melting point of 112.degree.-114.degree.C.
PAC  EXAMPLE 47
PAC  2-Thiomorpholino-4-piperazino-6-methyl-pyrido[3,2-d] pyrimidine
      dihydrochloride by method B
PAR  A mixture consisting of 6.0 gm of
      2-thiomorpholino-4-(N'-carbethoxy-piperazine)-6-methyl-pyrido[3,2-d]pyrimi
     dine, 6 gm of potassium hydroxide and 20 ml of isopropanol was refluxed for
      20 hours. Thereafter, the reaction solution was evaporated, and the
      residue was taken up in a mixture of chloroform and water. The organic
      phase was separated and evaporated, the residue was dissolved in ethanol,
      the solution was acidified with isopropanolic hydrochloric acid, and the
      precipitate formed thereby was collected and recrystallized from
      isopropanol/ethanol (1:1), yielding 27% of theory of the compound of the
      formula
      ##SPC31##
PAL  having a melting point of 295.degree.-297.degree.C (decomp.)
PAR  The compounds embraced by formula I and their nontoxic, pharmacologically
      acceptable acid addition salts, have useful pharmacodynamic properties.
      More particularly, they exhibit a very strong inhibiting action upon
      thrombocyte aggregation and adhesiveness (platelet stickiness), as well as
      hypotensive activities, in warm-blooded animals, such as mice, cats and
      dogs. For instance, the hypotensive activity is particularly pronounced in
      4-piperazino-2-(1'-oxido-thiomorpholino)-pyrido [3,2-d]pyrimidine,
      4-piperazino-2-thiomorpholino-pyrido[3,2]pyrimidine and
      2-piperazino-4-(1'-oxido-thiomorpholino)-pyrido[3,2 -d]pyrimidine.
PAR  The inhibiting action upon thrombocyte aggregation was ascertained by the
      method of Born and Cross, J. Physiol. 170, 397 (1964), or by the method of
      K. Breddin, Schweiz. Med. Wochenschr. 95, 655-660 (1965).
PAR  The inhibiting effect upon the platelet stickiness was determined by means
      of the so-called retention test according to Morris [see E. Deutsch et al,
      1.Internationales Symposium uber Stoffwechsel and Membranpermeabilitat von
      Erythrocyten and Thrombocyten, Vienna, Austria (1969); Georg Thieme
      Verlag, Stuttgart, Germany].
PAR  The prolonging effect upon the bleeding time was ascertained by the method
      of Duke, J. Amer. Med. Assoc. 15, 1185 (1910).
PAR  The hypotensive tests were performed on anesthetized cats and dogs by the
      method of Eckenhoff, Amer. J. Physiol. 148, 582 (1947).
PAR  The table below shows the results obtained from the tests for thrombocyte
      aggregation inhibition according to the method of Morris and from the
      tests for prolongation of the bleeding time for a number of representative
      compounds of the formula I, namely:
PA1  A = 2-piperazino-4-thiomorpholinopyrido[3,2-d]pyrimidine maleate,
PA1  B = 2-(n'-methyl-piperazino)-4-thiomorpholino-pyrido[3,2-d] pyrimidine
      dihydrochloride,
PA1  C = 2-piperazino-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d] pyrimidine
      dihydrochloride,
PA1  D =
      2-(n'-methyl-piperazino)-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimidi
     ne dihydrochloride,
PA1  E = 2-(dipropanol-amino)-4-(1'-oxido-thiomorpholino)-pyrido[
      3,2-d]pyrimidine hydrochloride,
PA1  F =
      2-(n-ethanol-hexanolamino)-4-(1'-oxido-thiomorpholino)-pyrido[3,2-d]pyrimi
     dine hydrochloride,
PA1  G =
      2-piperazino-4-(1'-oxido-2'-methyl-thiomorpholino)-pyrido[3,2-d]pyrimidine
      dihydrochloride,
PA1  H = 2-piperazino-4-morpholino-pyrido[3,2-d]pyrimidine dihydrochloride,
PA1  I = 2-(n'-methyl-piperazino)-4-morpholino-pyrido[3,2-d] pyrimidine
      dihydrochloride,
PA1  J = 2-(dipropanol-amino)-4-morpholino-pyrido[3,2-d]pyrimidine
      dihydrochloride,
PA1  K = 2-piperazino-4-piperidino-pyrido[3,2-d]pyrimidine dihydrochloride,
PA1  L = 2-(dipropanol-amino)-4-piperidino-pyrido[3,2-d]pyrimidine
      hydrochloride,
PA1  M = 2-piperazino-4-(1',1'-dioxide-thiomorpholino)-pyrido[ 3,2-d]pyrimidine
      dihydrochloride,
PA1  N = 2-thiomorpholino-4-piperidino-pyrido[3,2-d]pyrimidine dihydrochloride,
PA1  O = 2-(1'-oxido-thiomorpholino)-4-piperazino-pyride[-methylpyrido[-d]
      -d]dihydrochloride,
PA1  P =
      2-piperazino-4-(1'-oxido-thiomorpholino)-6-methylpyrido[3,2-d]pyrimidine d
     ihydrochloride and
PA1  Q = 2-thiomorpholino-4-piperazino-6-methyl-pyrido[3,2-d] pyrimidine
      dihydrochloride.
PAR  1. To determine the inhibiting action of the test compound upon thrombocyte
      aggregation, 1 ml of human blood is pipetted into small test tubes, and
      the test compound is added to a final concentration of
      5.times.10.sup..sup.-5 mol/liter. The tubes are incubated for 10 minutes
      at 37.degree.C. 1 gm of glass beads (glass beads for gas-chromatography)
      is added to half of the tubes. Finally the closed tubes are attached to a
      vertical wheel and rotated for 1 minute. By this means good contact is
      obtained between the glass beads and the blood. The tubes are then allowed
      to stand at room temperature for another hour, after which time a
      satisfactory sedimentation of erythrocytes has taken place. 0.01 ml of the
      supernatant plasma is removed, diluted to 1 : 8,000 with celloscope
      solution, and the platelet count is read in the celloscope. The percent
      reduction in the stickiness due to the presence of the substance (compared
      to tubes without glass beads) is measured and the average of 4 - 6
      determinations is taken.
PAR  2. To determine the bleeding time, 10 mgm/kg of the test compound is given
      per os to non-anesthetized mice. After one hour, about 0.5 mm is cut off
      from the tail of each animal. The exuded blood is soaked up with filter
      paper every 30 seconds. The number of drops of blood so obtained is used
      as a measure for the bleeding time compared to untreated animals (5
      animals/test).
PAR  3. The acute toxicity of some of the compounds for orientation (observation
      time : 14 days) was determined on mice, or the LD.sub.50 was calculated
      from the percentage of animals which died after different doses within the
      observation time [see J. Pharmacol. exper. Therap. 96, 99(1949)].
TBL                TABLE                                                       
     ______________________________________                                    
     Compound                                                                  
             Reduction in                                                      
                        Prolongation of                                        
                                     LD.sub.50                                 
             Stickiness Bleeding Time                                          
                                     mg/kg                                     
             %          %            p.o.                                      
     ______________________________________                                    
     A       99         171          413                                       
     B       53         118          --                                        
     C       99         --           872                                       
     D       87         88           --                                        
     E       88         40           --                                        
     F       71         35           --                                        
     G       96         55           --                                        
     H       96         55           --                                        
     I       70         40           --                                        
     J       50         45           --                                        
     K       39         138          --                                        
     L       20         103          --                                        
     M       88         98           &gt;250 (0 out                               
                                     of 10 animals                             
                                     died)                                     
     N       77         98           &gt;250 (0 out                               
                                     of 10 animals                             
                                     died)                                     
     O       98         35           &gt;250 (0 out                               
                                     of 10 animals                             
                                     died)                                     
     P       89         98           --                                        
     Q       34         --           --                                        
     ______________________________________                                    
PAR  For pharmaceutical purposes the compounds of the formula I or their
      non-toxic acid addition salts are administered to warm-blooded animals
      perorally or parenterally as active ingredients in customary dosage unit
      compositions, that is, compositions in dosage unit form consisting
      essentially of an inert pharmaceutical carrier and one effective dosage
      unit of the active ingredient, such as tablets, coated pills, capsules,
      wafers, powders, solutions, suspensions, emulsions, syrups, suppositories
      and the like. One effective dosage unit of the compounds is from 0.083 to
      1.67 mgm/kg body weight, preferably 0.16 to 0.84 mgm/kg body weight. The
      daily dose rate is from 1.66 to 3.34 mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the formula I or a non-toxic acid
      addition salt thereof as an active incredient and represent the best modes
      contemplated of putting the invention into practical use. The parts are
      parts by weight unless otherwise specified.
PAC  EXAMPLE 48
PAC  Tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  2-Piperazino-4-thiomorpholino-                                            
     pyrido[3,2-d]pyrimidine maleate                                           
                           30.0       parts                                    
     Lactose               38.0       parts                                    
     Potato starch         26.0       parts                                    
     Polyvinylpyrrolidone  5.0        parts                                    
     Magnesium stearate    1.0        parts                                    
     Total                 100.0      parts                                    
PAC  Preparation
PAR  The pyridopyrimidine salt is intimately admixed with the lactose and the
      potato starch, the mixture is uniformly moistened with an ethanolic 20%
      solution of the polyvinylpyrrolidone, the moist mass is forced through a
      1.5 mm-mesh screen, and the resulting granulate is dried at 45.degree.C.
      and again passed through a 1.0 mm-mesh screen. The dry granulate thus
      obtained is admixed with the magnesium stearate, and the composition is
      compressed into 100 mgm-tablets in a conventional tablet making machine.
      Each tablet contains 30 mgm of the pyridopyrimidine salt and is an oral
      dosage unit composition with effective thrombocyte aggregation and
      stickiness inhibiting action.
PAC  EXAMPLE 49
PAC  Coated Pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  2-Piperazino-4-(1'-oxido-thio-                                            
     morpholino)-pyrido[3,2-d]                                                 
     pyrimidine dihydrochloride                                                
                           15.0       parts                                    
     Lactose               14.0       parts                                    
     Corn starch           8.0        parts                                    
     Polyvinylpyrrolidone  2.5        parts                                    
     Magnesium stearate    0.5        parts                                    
     Total                 40.0       parts                                    
PAC  Preparation
PAR  The ingredients are compounded in a manner analogous to that described in
      the preceding example, and the composition is compressed into 40 mgm-pill
      cores, which are subsequently coated with a thin shell consisting
      essentially of a mixture of talcum and sugar and finally polished with
      beeswax. Each coated pill contains 15 mgm of the pyridopyrimidine salt and
      is an oral dosage unit composition with effective thrombocyte aggregation
      and stickiness inhibiting action.
PAC  EXAMPLE 50
PAC  Hypodermic Solution
PAR  The solution is compounded from the following ingredients:
TBL  2-Piperazino-4-(1'-oxido-2'-                                              
     methyl-thiomorpholino)-pyrido                                             
     [3,2-d]pyrimidine dihydrochloride                                         
                          10.0    parts                                        
     Polyethyleneglycol 600                                                    
                          100.0   parts                                        
     Distilled Water q.s.ad                                                    
                          2000.0  parts by vol.                                
PAC  Preparation
PAR  The polyethyleneglycol and the pyridopyrimidine salt are dissolved in a
      sufficient amount of distilled water which had previously been boiled and
      cooled in an atmosphere of nitrogen; the dissolution is also carried out
      in an atmosphere of nitrogen. The resulting solution is diluted to the
      indicated volume with additional pretreated distilled water, and the
      resulting solution is filled, again in an atmosphere of nitrogen, into
      brown 2 cc-ampules which are then sterilized for 20 minutes at
      120.degree.C. and subsequently sealed. The entire operation must be
      performed in diffused light. Each ampule contains 10 mgm of the
      pyridopyrimidine salt, and the contents thereof are an injectable dosage
      unit composition with effective thrombocyte aggregation and stickiness
      inhibiting action.
PAC  EXAMPLE 51
PAC  Drop Solution
PAR  The solution is compounded from the following ingredients:
TBL  2-Piperazino-4-morpholino-                                                
     pyrido[3,2-d]pyrimidine                                                   
     dihydrochloride     10.0     parts                                        
     Cane sugar          350.0    parts                                        
     Sorbic acid         1.0      part                                         
     Essence of cocoa    50.0     parts                                        
     Ethyl alcohol       200.0    parts by vol.                                
     Polyethyleneglycol 600                                                    
                         100.0    parts by vol.                                
     Distilled water  q.s.ad                                                   
                         1000.0   parts by vol.                                
PAC  Preparation
PAR  The sorbic acid is dissolved in the ethanol, the solution is diluted with
      an equal volume of distilled water, and the pyridopyrimidine salt is
      dissolved in the aqueous mixture (solution 1). The cane sugar is dissolved
      in the remaining amount of distilled water (solution 2). Solution 2, the
      polyethyleneglycol and the essence of cocoa are stirred into solution 1,
      and the composition is filtered. The entire operation must be performed in
      an atmosphere of nitrogen and in diffused light. 1 ml of the filtrate
      (about 20 drops) contains 10 mgm of the pyridopyrimidine salt and is an
      oral dosage unit composition with effective thrombocyte aggregation and
      stickiness inhibiting action.
PAR  Analogous results are obtained when any one of the other pyridopyrimidines
      embraced by formula I or a nontoxic acid addition salt thereof is
      substituted for the particular pyridopyrimidine in Examples 48 through 51.
      Likewise, the amount of active ingredient in these illustrative examples
      may be varied to achieve the dosage unit range set forth above, and the
      amounts and nature of the inert pharmaceutical carrier ingredients may be
      varied to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An antithrombotic pharmaceutical dosage unit composition consisting
      essentially of an inert pharmaceutical carrier and an effective
      antithrombotic amount of a compound of the formula
      ##SPC32##
PAL  wherein
PA1  R.sub.1 and R.sub.2 are each morpholino, thiomorpholino,
      1-oxido-thiomorpholino, 1,1-dioxido-thiomorpholino or piperidino, where
      each of these may optionally have a methyl substituent attached thereto;
      piperazino; N'-formyl-piperazino; N'-acetyl-piperazino;
      N'-carbethoxy-piperazino; N'-benzoyl-piperazino;
      N'-methanesulfonyl-piperazino; N'-p-toluenesulfonyl-piperazino;
      N'-carbamoyl-piperazino; N'-methyl-piperazino; di(alkanol of 2 to 6 carbon
      atoms)-amino; or ethylenediamino; and
PA1  R.sub.3 is hydrogen or methyl;
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A composition according to claim 1, wherein one of R.sub.1 and R.sub.2
      is unsubstituted piperazino and the other is thiomorpholino,
      1-oxido-thiomorpholino or 1,1-dioxido-thiomorpholino, where each of these
      may optionally be methyl-substituted, and R.sub.3 is hydrogen or methyl,
      or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A composition of claim 1, wherein said compound is
      2-piperazino-4-thiomorpholino-pyrido [3,2-d] pyrimidine or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A composition of claim 1, wherein said compound is
      4-piperazino-2-thiomorpholino-pyrido [3,2-d] pyrimidine or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A composition of claim 1, wherein said compound is
      2-piperazino-4-(1'-Oxido-thiomorpholino)-pyrido [3,2-d] pyrimidine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A composition of claim 1, wherein said compound is
      4-piperazino-2-(1'-oxido-thiomorpholino)-pyrido [3,2-d] pyrimidine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  7.
PAR  7. A composition of claim 1, wherein said compound is
      2-piperazino-4-(1'-oxido-thiomorpholino)-6-methyl-pyrido
      [3,2-d]-pyrimidine or a non-toxic, pharmacologically acceptable acid salt
      thereof.
NUM  8.
PAR  8. A composition of claim 1, wherein said compound is 2-
      thiomorpholino-4-piperazino-6-methyl-pyrido [3,2-d] pyrimidine or a
      non-toxic, pharmacologocally acceptable acid addition salt thereof.
NUM  9.
PAR  9. The method of inhibiting thrombocyte aggregation and adhesiveness in a
      warm-blooded animal in need of such treatment, which comprises perorally
      or parenterally administering to said animal a composition of claim 1.
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ABST
PAL  Hypoglycemically active benzenesulfonyl-semicarbazides of the formula
      ##SPC1##
PAL  Wherein X is hydrogen, chlorine, bromine, methyl or methoxy, Y is
      --CH(CH.sub.3)-CH.sub.2 --, preferably --CH.sub.2 --CH.sub.2 --, Z is
      hydrogen or a hydrocarbon radical of 1 or 2 carbon atoms, which forms
      together with Y a 5- or 6-membered ring, R is alkylene-imino of 3 to 7
      carbon atoms in the ring which may be unsaturated or substituted by 1 or 2
      methyl or lower alkyl or methoxy, pentamethylene-imino substituted by
      endoalkylene of 1 to 3 carbon atoms, hexamethylene-imino substituted by
      endoethylene in .beta.- .epsilon.-position, tetrahydro-iso-indoline,
      4,7-endoalkylenehexahydro- or -tetrahydro-iso-indoline, the endoalkylene
      containing 1 or 2 carbon atoms and the double bond of the tetrahydro
      compound being in 5,6-position, and the salts thereof as pharmaceutical
      preparations for oral administration and lowering of blood sugar level in
      the treatment of diabetes mellitus and the process for lowering the blood
      sugar level in the treatment of diabetes mellitus.
PARN
PAR  This is a division of application Ser. No. 149,746, filed June 3, 1971.
BSUM
PAR  The present invention relates to benzenesulphonyl semicarbazides of the
      formula
      ##SPC2##
PAL  In which
PA1  X represents hydrogen, chlorine, bromine, methoxy or methyl,
PA1  Y represents --CH(CH.sub.3)--CH.sub.2 --, preferably --CH.sub.2 --CH.sub.2
      --,
PA1  Z represents hydrogen or a hydrocarbon radical having 1 or 2 carbon atoms
      which forms together with Y a 5- or 6-membered ring,
PA1  R represents
PA2  A. an alkylene-imino radical having 3 to 7 carbon atoms in the ring, which
      may be unsaturated or substituted by 1 or 2 methyl groups or a lower alkyl
      group or a methoxy group,
PA2  B. a pentamethylene-imino radical substituted by an endoalkylene group
      having 1 to 3 carbon atoms,
PA2  C. a hexamethylene-imino radical substituted by an endoethylene group in
      .beta.-.epsilon.-position,
PA2  D. a tetrahydro-isoindoline group, a 4,7-endoalkylenehexahydro-isoindoline
      group, a 4,7-endoalkylene-tetrahydro-isoindoline group, the endoalkylene
      group containing 1 or 2 carbon atoms and the double bond of the tetrahydro
      compound being in 5, 6 position.
PAR  The present invention moreover provides a process for the manufacture of
      these benzene-sulfonyl-semicarbazides, which comprises
PA1  A. reacting benzenesulfonamides of the formula
      ##SPC3##
PA1  Or salts thereof, with amino-carbamic acid esters, imino-thiocarbamic acid
      esters or imino-ureas containing as the imino group the group R--,
PA1  b. reacting hydrazines of the formula RNH.sub.2 or salts thereof with
      benzenesulfonyl-isocyanates, benzenesulfonylcarbamic acid esters,
      benzenesulfonyl-thiol-carbamic acid esters, benzenesulfonyl-carbamic acid
      halides or benzene-sulfonyl-ureas, substituted in 3-position by the group
      Z and in 4-position by the group
      ##SPC4##
PA1  C. reacting benzenesulfo-chlorides of the formula
      ##SPC5##
PA1  With R-substituted ureas,
PA1  D. hydrolizing benzenesulfonyl-isourea ethers, benzenesulfonyl-isothiourea
      ethers or benzene-sulfonyl-imino-parabanic acid derivatives substituted by
      R, Z and
      ##SPC6##
PA1  e. replacing in benzenesulfonyl-thioureas of the formula
      ##SPC7##
PA1  the sulfur atom by an oxygen atom, or
PA1  f. introducing the radical
      ##SPC8##
PA1  optionally step by step, into benzenesulfonyl-ureas of the formula
      ##SPC9##
PAR  The benzene-sulfonyl-semicarbazides may then be treated, optionally for
      salt formation, with alkaline agents or physiologically tolerable
      inorganic or organic acids.
PAR  As semicarbazides or imino-ureas used for the syntheses mentioned sub (a),
      compounds of the formula R--NH--CO--NH.sub.2 or acylated compounds of the
      formula R--NH--CO--NH-acyl are suitable, wherein acyl preferably stands
      for a low-molecular-weight aliphatic or aromatic acid radical, or
      diphenyl-semicarbazides of the formula R--NH--CO--N(C.sub.6
      H.sub.5).sub.2, wherein the phenyl radicals may be substituted or also
      linked to each other directly or by means of a bridge member, such as
      --CH.sub.2 --, --NH--, --O-- or --S--, or N,N'-di-substituted
      carbohydrazides of the formula R--NH--CO--NH--R.
PAR  As benzenesulfonyl-carbamic acid halides the chlorides are preferably used.
PAR  Moreover, corresponding benzenesulfonyl-ureas which are unsubstituted at
      the nitrogen atom of the urea molecule not joined to the sulfonyl group or
      which are mono- or disubstituted by alkyl or aryl can be converted into
      the desired compounds by a reaction with hydrazines of the formula
      R--NH.sub.2, optionally in salt form. Instead of benzenesulfonyl-ureas
      carrying such substituents, corresponding N-benzenesulfonyl-N'-acyl-ureas,
      benzenesulfonyl-carbamoyl-imidazoles, -pyrazoles or -triazoles or
      bis-(benzenesulfonyl)-ureas can also be used, which may carry at one of
      the nitrogen atoms a further substituent, for example methyl. For example
      such bis-(benzenesulfonyl)-ureas or N-benzenesulfonyl-N'-acylureas may be
      treated with hydrazines of the formula R-NH.sub.2 and the salts thus
      obtained may be heated at an elevated temperature, advantageously at a
      temperature of at least 80.degree.C.
PAR  The imino-carbamic acid esters or benzenesulfonyl-carbamic acid esters
      mentioned as well as the corresponding thio-esters advantageously contain
      in the ester component a low-molecularweight alkyl group or a phenyl
      group.
PAR  The benzenesulfonyl-isosemicarbazide ethers,
      benzenesulfonyl-isothio-semicarbazide ethers or benzenesulfonyl-parabanic
      acids also mentioned as starting substances can be obtained by reacting
      corresponding iso-semicarbazide ethers, isothio-semicarbazide ethers or
      parabanic acids with corresponding benzenesulfochlorides. Desulfurizing of
      the benzenesulfonyl-thio-semicarbazides in methanol first also yields
      benzenesulfonyl-thiosemicarbazide ethers which are then converted into
      benzenesulfonyl-semicarbazides by hydrolysis.
PAR  As regards the reaction conditions, the variations of carrying out the
      process of the invention may, in general, be modified within wide limits
      and can be adapted to each individual case. For example, the reactions may
      be carried out with the use of solvents, at room temperature or at an
      elevated temperature.
PAR  Depending on the nature of the starting substances, one or other of the
      aforesaid methods may, in some cases, provide a desired individual
      compound of the general formula only in a small yield or may be
      inappropriate for its synthesis. In such comparatively rare cases, the
      expert will have no difficulty in synthesizing the desired product
      according to one of the other methods of the process described.
PAR  The benzenesulfonyl-semicarbazide derivatives obtainable according to the
      invention are valuable medicaments which have a strong and long-lasting
      hypoglycemic action. The hypoglycemic action of the products of the
      invention can be ascertained by administering them to rabbits in a dose of
      10 mg/kg of body weight and determining the blood sugar level according to
      the known method of Hagedorn-Jensen or by means of an auto-analizer for a
      prolonged period of time.
PAR  For example, it was found that, according to this method,
      4-[4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-
     (3-methyl-pentamethylene)-semicarbazide - 3 hours after administration -
      brings about a lowering of the blood sugar level of 37%, after 24 hours
      35% and after 48 hours still 30%.
PAR  The toxicity of the products of the invention is very low and is comparable
      to the very well tolerable N-(4-methylbenzenesulfonyl)-N'-n-butyl-urea.
PAR  The products of the invention are preferably used for the manufacture of
      pharmaceutical preparations suitable for oral administration and for the
      lowering of the blood sugar level in the treatment of diabetes mellitus,
      and may be used as such or in the form of their physiologically tolerable
      salts or in the presence of substances which cause such salt formation.
      For the formation of salts, there may be used, for example, alkaline
      agents such as alkali metal- or alkaline earth metal hydroxides and alkali
      metal or alkaline earth metal carbonates or bicarbonates or
      physiologically tolerable acids.
PAR  The present invention also provides a pharmaceutical preparation for oral
      administration and lowering the blood sugar level in the treatment of
      diabetes mellitus, which comprises a compound of the general formula (1)
      or a physiologically tolerable salt thereof in admixture or conjunction
      with a pharmaceutically suitable carrier.
PAR  The pharmaceutical preparations of the invention are preferably made up in
      the form of tablets and as pharmaceutically suitable carriers there may be
      mentioned, for example, talc, starch, lactose, tragacanth and magnesium
      stearate.
PAR  A pharmaceutical preparation, for example, a tablet or a powder, containing
      a benzenesulfonyl-semicarbazide of the invention or a physiologically
      tolerable salt thereof as the active substance, with or without one or
      more of the aforementioned carriers, is advantageously brought into a
      suitable dosage unit form. The dose chosen should comply with the activity
      of the benzenesulfonyl-semicarbazide used and with the desired effect.
      Advantageously, the dosage per unit amounts to about 0.5 to 100 mg,
      preferably 2 to 10 mg, but considerably higher or lower dosage units may
      also be used, which, when required, are divided or multiplied prior to
      their administration.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
PAC  N-[4-(.beta.-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-pentamethy
     lene-semicarbazide
PAR  8.3 g of
      4-(.beta.-quinolino-8-carboxamido-ethyl)-benzenesulfonyl-methylurethane
      (m.p. 207.degree. - 209.degree.C, prepared from
      4-(quinolino-8-carboxamido-ethyl)-benzene-sulfonamide and chloroformic
      acid methyl ester) were slightly boiled for 1 hour at a descending
      condenser in 100 ml of dioxan with 2 g of N-amino-piperidine.
      Subsequently, the dioxan was entirely evaporated under reduced pressure
      and the residue was recrystallized from dilute ethanol. The
      4-[4-(.beta.-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-pentameth
     ylene-semicarbazide obtained melted at 149.degree. - 152.degree.C.
PAR  In an analogous manner there were obtained
      4-[4-(.beta.-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-(3-methyl
     pentamethylene)-semicarbazide, m.p. 165.degree. - 167.degree.C (from dilute
      ethanol);
PAR  from
      4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)benzene-sulfonyl-n-ethyl-
     urethane (m.p. 199.degree. - 201.degree.C, prepared from
      4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)-benzenesulfonamide and
      chloroformic acid methyl ester):
PAR  4-[4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-p
     entamethylene-semicarbazide, m.p. 174.degree. - 176.degree.C (from
      ethanol-dimethylformamide),
PAR  4-[4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-(
     3-methyl-pentamethylene)-semicarbazide, m.p. 195.degree. - 197.degree.C
      (from ethanol-dimethylformamide),
PAR  4-[4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-h
     examethylene-semicarbazide, m.p. 188.degree. - 190.degree.C (from
      ethanol-dimethylformamide),
PAR  4-[4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-(
     3-ethyl-pentamethylene)-semicarbazide, m.p. 188.degree.C (from
      ethanol-dimethylformamide);
PAR  from
      4-(.beta.-6-bromo-quinolino-8-carboxamido-ethyl)-benzenesulfonyl-methylure
     thane (m.p. 202.degree. - 203.degree.C, prepared from
      4-(.beta.-6-bromo-quinolino-8-carboxamido-ethyl)-benzene-sulfonamide and
      chloroformic acid methyl ester):
PAR  4-[4-(.beta.-6-bromo-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-pe
     ntamethylene-semicarbazide, m.p. 196.degree. - 197.degree.C (from
      methanol-dioxan),
PAR  4-[4-(.beta.-6-bromo-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-he
     xamethylene-semicarbazide, m.p. 188.degree. - 190.degree.C (from methanol -
      dioxan);
PAR  from
      4-(.beta.-5-methyl-quinolino-8-carboxamido-ethyl)-benzenesulfonyl-methylur
     ethane (m.p. 184.degree. - 185.degree.C, prepared from
      4-(.beta.-5-methyl-quinolino-8-carboxamido-ethyl)-benzene-sulfonamide and
      chloroformic acid methyl ester):
PAR  4-[4-(.beta.-5-methyl-quinolino-8-carboxamidoethyl)-benzenesulfonyl]-1,1-(3
     -methyl-pentamethylene)-semicarbazide, m.p. 170.degree. - 171.degree.C
      (from dilute methanol).
PAC  EXAMPLE 2
PAC  4-[4-(.beta.-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-pentamethy
     lene-semicarbazide
PAR  3.7 g of the sodium salt of
      4-(.beta.-quinolino-8-carboxamidoethyl)-benzene-sulfonamide were heated to
      100.degree.C for 3 hours with 3 g of
      4,4-diphenyl-1,1-pentamethylene-semicarbazide in 20 ml of
      dimethylformamide. After cooling, water was added, the mixture was
      rendered alkaline by means of dilute ammonia and the diphenyl-amine was
      extracted by shaking it several times with ether. The aqueous phase was
      acidified with acetic acid after filtration. The precipitated
      4-[4-(.beta.-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-pentameth
     ylene-semicarbazide was recrystallized from dilute ethanol and melted at
      149.degree. - 152.degree.C.
PAC  EXAMPLE 3
PAC  4-[2-(6-chloro-quinolino-8-carboxamido)-indane-5-sulfonyl]-1,1-(4-methyl-pe
     ntamethylene)-semicarbazide
PAR  4.1 g of 2-(6-chloro-quinolino-8-carboxamido)-indane-5-sulfonamide (m.p.
      250.degree.C) were dissolved in 12 ml of dimethylformamide, the equimolar
      amount of sodium hydride was added and the whole was stirred for 10
      minutes at room temperature. Then 2.0 g of pyrocarbonic acid ethyl ester
      were added and after another 10 to 15 minutes 1.7 g of
      N-amino-.zeta.-piperidine hydrochloride and 80 ml of absolute toluene were
      added. The mixture was heated for 2.5 hours to 120.degree. - 130.degree.C
      with slow distillation. The mixture was then allowed to cool and
      suction-filtered. The filtrate was concentrated and the residue was
      treated with dilute sodium hydroxide solution and methylene chloride. The
      alkaline solution was acidified with acetic acid and the precipitated
      substance was suction-filtered. The unreacted starting compound was
      separated by preparative thin-layer chromatography using silica gel PF
      254. The sulfonyl-semicarbazide could be eluted with dimethylformamide.
      After vaporization of the solvent, the substance was dissolved in a
      solution of sodium carbonate - bicarbonate, filtered through charcoal and
      precipitated by means of HCl.
      4-[2-(6-chloro-quinolino-8-carboxamido)-indane-5-sulfonyl]-1,1-(4-methyl-p
     entamethylene)-semicarbazide, m.p. 219.degree. - 220.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical preparation for oral administration and lowering the
      blood sugar level in the treatment of diabetes mellitus, which comprise a
      pharmaceutical carrier and about 0.5 to 100 mg. per unit dose of a
      benzenesulfonyl-semicarbazide of the formula
      ##SPC10##
PAL  in which
PA1  X represents hydrogen, chlorine, bromine, methoxy or methyl,
PA1  Z is hydrogen or alkylene of 1 or 2 carbon atoms, which forms together with
      Y a 5-membered ring,
PA1  Y represents --CH(CH.sub.3)--CH.sub.2 --, or --CH.sub.2 --CH.sub.2 --,
PA1  R represents
PA2  a. alkylene-imino of 3 to 7 carbon atoms in the ring, which may be
      unsaturated or substituted by 1 or 2 methyl groups or lower alkyl group or
      methoxy group,
PAL  a salt thereof of a pharmaceutically acceptable base or acid.
NUM  2.
PAR  2. A pharmaceutical preparation for oral administration and lowering the
      blood sugar level in the treatment of diabetes mellitus according to claim
      1 wherein the semicarbazide is
      4-[4-(.beta.-6-chloro-quinolino-8-carboxamido-ethyl)-benzenesulfonyl]-1,1-
     (3-methyl-pentamethylene)semicarbazide.
NUM  3.
PAR  3. A process for lowering the blood sugar level in the treatment of
      diabetes mellitus, which comprises administering orally to the patient an
      effective amount in a unit dose from about 0.5 to 100 mg. of a
      benzenesulfonyl-semicarbazide as defined in claim 1 or a salt thereof of a
      pharmaceutically acceptable base or acid.
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ABST
PAL  New esters of .alpha.-aminopenicillins having the formula
      ##EQU1##
      wherein R is C.sub.2 -C.sub.7 alkyl; WHEREIN R.sup.2 = H or OH, R.sup.3 =
      H or halogen;
      ##SPC1##
PAL  Wherein R.sup.1 is
      ##EQU2##
      or --Ch.sub.2 NHCOO--R.sup.4 wherein R.sup.4 = C.sub.1 -C.sub.4 alkyl;
      R.sup.5 = H, CH.sub.3 or C.sub.2 H.sub.5, useful as active ingredients of
      pharmaceutical preparation; processes for their preparation; chemical
      intermediates useful in said preparation; and methods for the treatment of
      infectious diseases.
PARN
PAR  This is a division of application Ser. No. 178,426, filed Sept. 7, 1971,
      now U.S. Pat. No. 3,873,521.
BSUM
PAR  The present invention relates to a process for the preparation of new
      esters of .alpha.-aminopenicillins having the formula
      ##EQU3##
      and pharmaceutical acceptable salts thereof in which formula R is selected
      from the group consisting of alkyl groups containing from 2 to 7 carbon
      atoms; the radical
      ##SPC2##
PAL  Wherein R.sup.2 is selected from the group consisting of hydrogen and
      hydroxy and R.sup.3 is selected from the group consisting of hydrogen and
      halogen such as chlorine and fluorine; and the radicals
      ##SPC3##
PAL  And wherein R.sup.1 is selected from the group consisting of
      ##EQU4##
      and
EQU  -- CH.sub.2 NHCOO -- R.sup.4
PAL  in which formulas R.sup.4 is selected from the group consisting of alkyl
      groups containing from 1 to 4 carbon atoms; and R.sup.5 is selected from
      the group consisting of H, --CH.sub.3, and --C.sub.2 H.sub.5.
PAR  Moreover, the invention refers to new intermediates for the preparation of
      the antibiotically active compounds according to the invention. These new
      intermediates, also useful as drugs, have the general formula
      ##EQU5##
      wherein R and R.sup.1 have the above indicated meaning, or
      ##EQU6##
      wherein R.sup.1 has the above indicated meaning.
PAR  Salts of the new esters may be formed with inorganic acids, for instance
      hydrochloric acid, hydrobromic acid, hydroiodic acid or sulphuric acid, or
      with organic acids, for instance citric acid, tartaric acid or maleic
      acid. In view of the asymmetrical carbon atom in the side chain in the
      compounds having the formula I, said compounds exist in two epimeric
      forms, and the invention includes the preparation of both epimeric forms
      as well as mixtures thereof.
PAR  It is known that .alpha.-aminopenicillins are antibiotic substances having
      broad activity spectra. Among compounds particularly
      .alpha.-aminobezylpenicillin has gained a great importace, However, not
      only the antibacterial activity of a penicillin is of importance for its
      clinical effect, but also its pharmacological characteristics, such as
      oral absorption, tissue distribution, metabolism and rate of elimination.
      As regards .alpha.-aminobenzylpenicillin it has been found that said
      compound is orally absorbed relatively incompletely.
PAR  The compounds according to the invention are well absorbed orally and
      result in higher blood concentrations of the corresponding
      aminopenicillins than do the corresponding amounts of the latter as such.
      The esters are hydrolyzed somewhat in aqueous surroundings but
      considerably more when subjected to the influence of hydrolytic enzymes,
      for instance such present in blood serum and other human body fluids. This
      property of the esters is very important, since it results in a rapid
      release of the antibacterially active aminopenicillins from the esters
      when these are absorbed from the intestinal tract or is introduced in
      another manner into the flow of blood or into the tissue fluids.
PAR  Said compounds having the formula I are excellently tolerated and are
      preferably taken orally, either as such or in the form of their salts, and
      they can be intermixed with solid carriers or adjuvants or both. In such
      preparations the ratio between the therapeutic substance and the carriers
      and adjuvants may vary between 1 and 95 %. The preparations may either be
      processed to for instance tablets, pills or dragees or can be supplied to
      medical containers, such as capsules or as regards mixtures they can be
      filled on bottles. Pharmaceutically acceptable, organic or inorganic,
      solid or liquid carriers may be used, suitably for oral or enteral
      administration or for topical application, in manufacturing the
      preparations. Gelatine, lactose, starch, magnesium stearate, talc,
      vegetabilic and animalic fats and oils, vegetabilic rubber and
      polyalkylene glykol and other known carriers for pharmaceuticals are all
      suitable for manufacturing preparations of said compounds. The preferred
      salt of the esters is the hydrochloride, but salts with other inorganic or
      organic acids, also antibiotically active acids, may be used, for instance
      phosphates, acetates or salts with phenoxymethylpenicillin. Moreover the
      preparation may contain other pharmaceutical active components, being
      suitably administratable together with said esters when treating
      infectious disceases. For instance other suitable antibiotical substances.
PAR  In the treatment of bacterial infections in man, the compounds of invention
      are for example administered in amounts corresponding to 5 to 200
      mg/kg/day, preferably in the range of 10 to 100 mg/kg/day in divided
      dosages, e.g. two, three or four times a day. They are administered in
      dosage units containing e.g. 175, 350, 500 and 1000 mg of the compounds.
PAR  Illustrative compounds according to the invention are:
TBL                 R--CH--CO--NH--apa--COOR.sup.1                             
                    .vertline.                                                 
                    NH.sub.2                                                   
     R          R.sup.1    Name             Ex- Me-                            
                                            ample                              
                                                thod                           
     __________________________________________________________________________
               CH.sub.3                                                        
               .vertline.                                                      
     CH.sub.3 (CH.sub.2).sub.5                                                 
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyloxy-ethyl-.alpha.-                  
                          amino-heptylphenicillanate                           
               CH.sub.3                                                        
               .vertline.                                                      
     CH.sub.3  --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl-.alpha.-amino                       
                          ethylpenicillinate                                   
               CH.sub.3                                                        
               .vertline.                                                      
     (CH.sub.3).sub.2 CH--CH.sub.2 CH.sub.2                                    
               --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl-.alpha.-amino-.alpha.-              
                                            5                                  
                          methylpentylpenicillinate                            
               CH.sub.3                                                        
               .vertline.                                                      
     C.sub.6 H.sub.5                                                           
               --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl 6-(D-.alpha.-amino-                 
                                            7a  A                              
                          phenylacetamido)penicillanate                        
                                            6                                  
     C.sub.6 H.sub.5                                                           
               "                            7c  B                              
     C.sub.6 H.sub.5                                                           
               "                            7d  B                              
               CH.sub.3                                                        
               .vertline.                                                      
     C.sub.6 H.sub.5                                                           
               --CH--OCOC.sub.2 H.sub.5                                        
                          1'-propionyloxy-ethyl 6-(D-.alpha.-                  
                                            9   A                              
                          aminophenylacetamido)-                               
                          penicillanate                                        
               CH.sub.3                                                        
               .vertline.                                                      
     C.sub.6 H.sub.5                                                           
               --CH--OCOCH(CH.sub.3).sub.2                                     
                          1'-isobutyroxy-ethyl 6-(D-.alpha.-                   
                                            10  A                              
                          aminophenylacetamido)penicil-                        
                          lanate                                               
               CH.sub.3                                                        
               .vertline.                                                      
     C.sub.6 H.sub.5                                                           
               --CH--OCOC.sub.4 H.sub.9                                        
                          1'-valeryloxy-ethyl 6-(D-.alpha.-                    
                                            10                                 
                          aminophenylacetamido)penicil-                        
                          lanate                                               
     C.sub.6 H.sub.5                                                           
               --CH.sub.2 OCOOCH.sub.3                                         
                          Methoxycarbonyloxymethyl 6-(D                        
                                            11  A                              
     .alpha.-aminophenylacetamido)                                             
               8                                                               
                          penicillanate                                        
               CH.sub.3                                                        
               .vertline.                                                      
     C.sub.6 H.sub.5                                                           
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyl-ethyl 6-(D-.alpha.-                
                                            13  A                              
                          aminophenylacetamido)penicilla-                      
                                            14                                 
                          nate              15                                 
     C.sub.6 H.sub.5                                                           
               "                            16a B                              
     C.sub.6 H.sub.5                                                           
               "                            16b B                              
               C.sub.2 H.sub.5                                                 
               .vertline.                                                      
     C.sub.6 H.sub.5                                                           
               --CH--OCOOC.sub.3 H.sub.7                                       
                          1'-propoxycarbonyloxy-propyl                         
                          6-D-.alpha.-aminophenylacetamido)                    
                          penicillanate                                        
               CH.sub.3                                                        
               .parallel.                                                      
     C.sub.6 H.sub.5                                                           
               --CH--OCOOC.sub.4 H.sub.9                                       
                          1'-butoxycarbonyloxy-ethyl                           
                          6-(D-.alpha.-aminophenylacetamido)                   
                          penicillanate                                        
     C.sub.6 H.sub.5                                                           
               --CH.sub. 2 OCOOC.sub.2 H.sub.5                                 
                          ethoxycarbonyloxymethyl 6-(D-                        
                                            17  A                              
                          .alpha.-aminophenylacetamido)                        
                          penicillanate                                        
     C.sub.6 H.sub.5                                                           
               --CH.sub.2 OCOOC.sub.3 H.sub.7                                  
                          propoxycarbonyloxymethyl-6-                          
                                            18  A                              
                          (D-.alpha.-aminophenylacetamido)                     
                          penicillanate                                        
               CH.sub.3                                                        
               .vertline. isopropoxycarbonyloxymethyl                          
     C.sub.6 H.sub.5                                                           
               --CH.sub.2 OCOOCH                                               
                          6-(D-.alpha.-aminophenylacetamido)                   
                                            19  A                              
               .vertline. penicillanate                                        
               CH.sub.3                                                        
     C.sub.6 H.sub.5                                                           
               --CH.sub.2 --OCOOC.sub.4 H.sub.9                                
                          butoxycarbonyloxymethyl 6-(D-                        
                                            20  A                              
                          .alpha.-aminophenylacetamido)peni-                   
                          cillinate                                            
     C.sub.6 H.sub.5                                                           
               --CH.sub.2 --NHCOOC.sub.2 H.sub.5                               
                          ethoxycarbonylaminomethyl 6-                         
                                            21  A                              
                          (D-.alpha.-aminophenylacetamido)                     
                                            8                                  
                          penicillanate                                        
     C.sub.6 H.sub.5                                                           
               --CH.sub.2 NHCOOC.sub.4 H.sub.9                                 
                          butoxycarbonylaminomethyl 6-                         
                          (D-.alpha.-aminophenylacetamido)                     
                          pencillanate                                         
               CH.sub.3                                                        
               .vertline. 1'-acetoxyethyl 6-(D-.alpha.-amino-                  
     m-FC.sub.6 H.sub.4                                                        
               --CH--OCOCH.sub.3                                               
                          m-fluorophenylacetamido)peni-                        
                                            22  B                              
                          cillanate                                            
               CH.sub.3                                                        
               .vertline.                                                      
     m-FC.sub.6 H.sub.4                                                        
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyloxy-ethyl                           
                                            23  A                              
                          6-(D-.alpha.amino-m-fluorophenyl-                    
                          acetamido)penicillanate                              
     m-FC.sub.6 H.sub.4                                                        
               -- CH.sub.2 OCOOC.sub.2 H.sub.5                                 
                          ethoxycarbonyloxymethyl 6-                           
                          (D-.alpha.-amino-m-fluorophenyl-                     
                          acetamido)penicillanate                              
     m-FC.sub.6 H.sub.4                                                        
               --CH.sub.2 NHCOOC.sub.2 H.sub.5                                 
                          ethoxycqrbonylaminomethyl                            
                          6-(D-.alpha.-amino-m-fluorophenyl                    
                          acetamido)penicillanate                              
               CH.sub.3                                                        
               .vertline.                                                      
     p-FC.sub.6 H.sub.4                                                        
               --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl 6-(D-.alpha.-p-                     
                                            24  A                              
                          fluorophenylacetamido)                               
                          penicillanate                                        
               CH.sub.3                                                        
               .vertline.                                                      
     p-FC.sub.6 H.sub.4                                                        
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyloxy-ethyl                           
                          6-(D-.alpha.-amino-p-fluorophenyl-                   
                          acetamido)penicillanate                              
                                            25  A                              
               CH.sub.3                                                        
               .vertline.                                                      
     p-ClC.sub.6 H.sub.4                                                       
               --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl 6-(.alpha.-amino-                   
                          p-chlorophenylacetamido)                             
                          penicillanate     26  A                              
               CH.sub.3                                                        
               .vertline.                                                      
     m-ClC.sub.6 H.sub.4                                                       
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycqrbonyloxy-ethyl                           
                          6-(.alpha.-amino-m-chlorophenyl-                     
                          acetamido)penicillanate                              
     o-ClC.sub.6 H.sub.4                                                       
               --CH.sub.2 OCOOCH.sub.3                                         
                          methoxycarbonyloxymethyl                             
                          6-(.alpha.-amino-o-chlorophenyl-                     
                          acetamido)penicillanate                              
               CH.sub.3                                                        
               .vertline.                                                      
     p-OHC.sub.6 H.sub.4                                                       
               --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl 6-(D-.alpha.-amino-                 
                          p-hydroxyphenylacetamido)                            
                          penicillanate                                        
               CH.sub. 3                                                       
               .vertline.                                                      
     p-OHC.sub.6 H.sub.4                                                       
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyloxy-ethyl                           
                          6-(D-.alpha.-amino-p-hydroxyphenyl-                  
                          acetamido)penicillanate                              
                                            28  B                              
     m-OHC.sub.6 H.sub.4                                                       
               --CH--OCOCH.sub.3                                               
                          methoxycarbonyloxymethyl 6-                          
                          (.alpha.-amino-m-hydroxyphenyl-                      
                          acetamido)penicillanate                              
               CH.sub.3                                                        
               .vertline.                                                      
               --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl 6-(.alpha.-amino-                   
                          3-thienylacetamido)penicil-                          
                          lanate            31  B                              
               CH.sub.3                                                        
               .vertline.                                                      
     "         --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyloxyethyl 6-                         
                          (.alpha.-amino-3-thienylacetamido)                   
                          penicillante      30  B                              
               CH.sub.3                                                        
               .vertline.                                                      
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyloxy-ethyl                           
                          6-(.alpha.-amino-2-thienylacetamido)                 
                          penicillanate                                        
               CH.sub.3                                                        
               .vertline.                                                      
               --CH--OCOCH.sub.3                                               
                          1'-acetoxy-ethyl 6-(.alpha.-amino-3-                 
                          furylacetamido)penicillanate                         
                                            29  B                              
               --CH.sub.2 OCOOC.sub.2 H.sub.5                                  
                          ethoxycarbonyloxymethyl 6-                           
                          (.alpha.-amino-2-furylacetamido)                     
                          penicillanate                                        
               CH.sub.3                                                        
               .vertline.                                                      
     3-Cl-4-OHC.sub.6 H.sub.3                                                  
               --CH--OCOOC.sub.2 H.sub.5                                       
                          1'-ethoxycarbonyloxy-ethyl 6-(.alpha.                
     amino-3-chloro-4-hydroxyphenyl-                                           
                          acetamido)penicillanate                              
     m-FC.sub.6 H.sub.4                                                        
               --CH.sub.2 NHCOOC.sub.2 H.sub.5                                 
                          ethoxycarbonylaminomethyl 6-                         
                          (D-.alpha.-amino-m-fluorophenylacet-                 
                          amido)penicillanate                                  
     p-FC.sub.6 H.sub.4                                                        
               --CH.sub.2 NHCOOCH.sub.3                                        
                          methoxycarbonylaminomethyl                           
                          6-(D-.alpha.-amino-p-fluorophenyl-                   
                          acetamido)penicillanate                              
     o-ClC.sub.6 H.sub.4                                                       
               --CH.sub.2 NHCOOC.sub.2 H.sub.5                                 
                          ethoxycarbonylaminomethyl 6-                         
                          (D-.alpha.-amino-o-chlorophenylacet-                 
                          amido)penicillanate                                  
     C.sub.6 H.sub.5                                                           
               --CH.sub.2 NHCOOC.sub.4 H.sub.9                                 
                          butoxycarbonylaminomethyl 6-                         
                          (D-.alpha.-aminopehnylacetamido)                     
                          penicillanate                                        
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PAR  The preparation of compounds of formula I according to the invention is
      made either by a) reacting a .alpha.-substituted penicillin or salt
      thereof of the formula II
      ##EQU7##
      wherein A is an amino group, a substituted amino group or a group that can
      be transformed or converted to an amino group, and R.sup.11 is hydrogen or
      a cation, with a compound having the formula III
EQU  XR.sup.1                                                   (III)
PAL  wherein X indicates a halogen atom or a functionally equivalent group such
      as an alkylsulphonyloxy or an arylsulphonyloxy group, and R is the same as
      previously indicated, for the formation of compounds having formula I if A
      is an amino group, or if A is a substituted amino group or a group that
      can be converted to an amino group for formation of a compound having
      formula IV
      ##EQU8##
      wherein R, A and R.sup.1 have the meaning indicated above, the
      A-substituent of that intermediate being then converted to an amino group,
      or
PAR  b. reacting a compound having the formula
      ##EQU9##
      with an ester of 6-amino penicillanic acid or a derivative thereof
      according to the reaction sequence
      ##EQU10##
      in which formulae R, A and R.sup.1 have the meaning indicated above, and
      the radicals CO- Y.sup.1 and X.sup.1 --NH-- are such radicals, that can
      react with each other under formation of a --CO--NH--linkage for the
      formation of compounds having the formula I, if A is an amino group, or
      compounds having the formula IV if A is thereafter converted to an amino
      group.
PAR  In the embodiment (a) the reaction takes place according to the following
      reaction sequence
      ##EQU11##
PAR  In the formulas of the sequence R and R.sup.1 have the meaning as
      previously indicated. A is an amino group or a substituted amino group
      Z--NH-- or a group that can be transformed or converted to an amino group,
      for instance an azido or nitro group or a halogen atom, such as chlorine
      and bromine, --COOY and X--R.sup.1 -- represent groups that are able to
      react with each other under the formation of the grouping --COO--R.sup.1.
      As an example, Y may be hydrogen or an alkali metal atom or a tertiary
      ammonium group and X may be a halogen atom, preferably chlorine or
      bromine, or a group functionally equivalent therewith, alkylsulphonyloxy
      or arylsulphonyloxy radical. The compounds formed by the reaction are
      esters of .alpha.-A-substituted penicillins (IV). If A is the group
      NH.sub.2 the formula IV represents the compounds of the invention,
      whereas, when A has other meanings, the formula indicates interesting
      intermediates in the synthesis of the compounds of the invention.
PAR  A comprehension of characteristica of substituent A is that it is selected
      among groups, that after the above mentioned reaction can be converted to
      an amino group with methods that are sufficiently mild to avoid
      destruction of the molecule at the ester group or at the lactame ring.
      Especially all such groups A that have been used when synthetizing
      aminopenicillins are useful. Thus, the substituent A preferably has the
      formula Z--NH--, wherein Z is a benzyloxycarbonyl group, a parahalogen,
      paranitro or paramethoxybensyloxycarbonyl group, a
      .beta.,.beta.,.beta.-trichloroethyloxycarbonyl group or Z may be a
      sulphur-containing radical, for instance a trithylsulphenyl group, or an
      arylsulphonyl group, for instance an orthonitrophenylsulphenyl group. Z
      may also be tripehnylmethyl (also called trityl) or a group obtained by
      reacting the free amino group with a .beta.-dicarbonyl compound, such as
      acetylacetone, an acetic ester or benzoyl acetone for formation of
      enamines or Schiffs bases. Generally it may be said, any Z-group that can
      be removed by reduction, weak acid hydrolysis or by other mild reactions
      known per se, will be suitable. The starting materials for formula II,
      wherein A is different from NH.sub.2, are known as intermediates in the
      synthesises of .alpha.-aminobenzylpenicillins. They exist in two epimeric
      forms. If the starting materials are prepared in the form of the D- or
      L-epimer, the corresponding epimeric form of the compounds of the
      invention is obtained. If, on the other hand, a mixture of the epimeric
      forms of starting materials is used, a mixture is obtained. If desired
      this mixture can be separated in the two isomers, for instance by
      fractional chrystallisation. The methods for the preparation of starting
      materials having the formula II are standard methods used within the
      peptide chemistry and include for instance conversion of phenyl acetic
      acid to A-substituted phenyl acetic acid, where A has the meaning
      indicated above, followed by a reaction between a reactive derivative of
      said intermediate and 6-aminopenicillanic acid, wherein the amino group
      may be free or substituted, for instance with a trimethylsilyl radical.
      Some of the starting materials having formula II may also be prepared from
      .alpha.-aminobenzylpenicillin or salts thereof.
PAR  The reaction of compounds having the formula II with compounds having
      formula III may be carried out at or below room temperature or by careful
      heating to the boiling point of the solvent used, depending on the meaning
      of Y and X. It is possible to use different organic solvents or mixtures
      thereof with water, for instance acetone, dioxane, tetrahydrofurane,
      methylchloride or dimethylformamide. The reaction products are
      chrystalline or oily products, that may be used in the next step without
      further purification. By repeated precipitation the oily products may be
      converted to chrystalline or amorphous powders.
PAR  The subsequent reaction step (IV, I), wherein the A-group is transformed or
      converted to an amino group, can depending on the meaning of A be carried
      out by different methods known from peptide synthesis and aminopenicillin
      synthesis.
PAR  Catalytic hydrogenation is preferred if A has the formula Z--NH--, and Z
      means benzyloxycarbonyl or closely related derivatives thereof, or if Z is
      trityl. The hydrogenation is preferably carried out at room temperature
      and either at atmospheric or slightly elavated pressure in a solvent that
      may be a non-reducing organic solvent or a mixture of such solvent with
      water. The preferred catalysts are noble metal catalysts, for instance
      palladium or platinum catalysts or Raney-nickel, but also other catalysts
      can be used. Electrolytic reduction can also be used in these cases. If Z
      is a .beta.,.beta.,.beta.-trichloroethyloxycarbonyl group, reduction with
      Zn in acetic acid is preferred. A weak acid hydrolyse is preferred, if Z
      is a sulphur-containing radical, an enamine or a Schiffs base, for
      instance a hydrolyse at a pH-value of about 2 in a dilute solution of
      hydrogen chloride in aqueous acetone. It is also known in the literature
      to remove an o-nitrophenylsulphenyl-radical by a nucleophilic attack on
      the sulphur atom of the sulphenamide group, and in this case best yield is
      obtained with potassium or sodium iodide, sodium thiosulphate, sodium
      hydrosulfide, sodium hydrosulphite or potassium thiocyanate.
      Alternatively, the sulphenamide compound may be reacted with a thiophenol
      in an organic solvent, e.g. dimethylformamide. Other sulphenamide radicals
      are removed in the same way. If A is an azido or nitro group such groups
      may be converted to the free amino group in a manner known per se when the
      azido and nitro group is catalytically hydrogenated with a noble metal
      catalyst or with Raney-nickel or by electrolytic reduction. If A is a
      halogen atom, for instance bromine, it is converted to an amino group by
      amination, for instance with hexamethylentetramine.
PAR  In the embodiment b) a compound having formula V
      ##EQU12##
      is reacted in a manner known per se with an ester of 6-amino penicillanic
      acid having formula VI
      ##EQU13##
PAR  In these formulae R and A have the same meaning as above, and radicals --CO
      -- Y.sup.1 and X.sup.1 --HN-- are of such a nature as to be able to react
      with each other under formation of a group --CONH--. For instance
      --CO--Y.sup.1 can be the radical of an acid halide, for instance an acid
      cloride or acid bromide, an anhydride, a mixed anhydride with an
      alkylcarbonic acid, for instance isobutyl carbonic acid, a carbonic acid,
      an inorganic acid or a sulphonic acid, or may be a radical obtained by
      reacting the .alpha.-substituted phenylacetic acid and a carbodiimide or
      N,N'-carbonyldiimidazol or an other compound reacting in a similar way.
      X.sup.1 may be hydrogen or a trialkylsilyl group, wherein the alkyl group
      has not more than 5 carbon atoms. The reaction can be carried out in an
      organic solvent or a mixture of such solvent with water, either at low
      temperature or at slightly elevated temperature. Suitable solvents are
      methylene chloride, chloroform, ethylacetate, acetone, dimethyl formamide
      or diethylacetamide, ether, tetrahydrofurane, dioxane or similar inert
      solvents. The reaction products are isolated in a conventional manner, for
      instance by repeated precipitation or by removal of the solvent, followed
      by recrystallisation from a solvent. Compounds having formula V are known
      compounds that can be produced by standard methods known in peptide
      chemistry.
PAR  The compounds having the formula VI are new compounds that are
      intermediates in the synthesis of compounds having formula I. They may be
      prepared by reacting 6-aminopenicillanic acid in the form of a salt, for
      instance an alkali metal salt or a triethyl ammonium salt with a halogen
      alkylester having formula X--R.sup.1 (III), wherein X is a halogen atom,
      preferably a chlorine or bromine atom, or a functionally equivalent group
      such as a sulphonyloxyradical. The 6-aminopenicillanic acid can be used as
      such, or the 6-amino group may be protected during the esterifying
      process. Only protecting groups that may be easily removed without causing
      weakening of the lactame ring or the ester group are suitable in this
      case, for instance triphenylmethyl or trimethylsilyl radicals. The
      reaction is carried out in an inert organic solvent, for instance acetone,
      dimethylformamide or methylene chloride, and at or below room temperature
      or somewhat elevated temperature. If the amino group is protected the
      removal of the protecting group can be carried out in different ways, for
      instance by hydrogenolyse or hydrolyse under neutral or acid conditions,
      by which the lactame ring and the ester group are not attacked. Reaction
      products having the formula VI (X.sup.1 = H) are suitably isolated in the
      form of their acid addition salts with for instance p-toluene sulphonic
      acid or other inorganic or organic acids, such as sulphuric acid,
      phosphoric acid, hydrochloric acid, acetic acid, maleic acid, tartaric
      acid and other similar acids.
PAR  The compounds of formula VI may also be prepared by esterifying the
      industrially available penicillins or preferably their salts with a
      compound having the above formula III under similar conditions as
      described, whereafter the side chain of the penicillin ester obtanined is
      separated for the formation of the .alpha.-aminopenicillanic ester having
      the formula VI or a salt thereof. Preferably benzylpenicillin or
      phenoxymethylpenicillin is used. The cleavage of the amide binding can be
      carried out by means of a modification of the process described in the
      Belgian Pat. No. 698,596, wherein 6-acylamino penicillanic acid ester is
      reacted with an acid halide in the presence of an acid-binding agent, such
      as quinoline or pyridine. The preferred acid halide is, however,
      phosphorous pentachloride, due to which the reaction in this case may be
      carried out at a low temperature, which will increase the stability of the
      intermediate formed, probably being an imino halide. The reaction can be
      carried out in different solvents, but the preferred solvents are
      chloroform and methylene chloride.
PAR  The intermediate is not isolated, but treated with a primary alcohol in
      excess for formation of an iminoether. The reaction temperature and
      reaction time depend on the alcohol used. In most cases temperatures
      between -20.degree.C and +20.degree.C are suitable.
PAR  Neither is the iminoether isolated, but subjected to an acid alcoholysis or
      hydrolysis, causing cleavage of the binding C-N and the corresponding
      6-aminopenicillanic acidester having formula VI is formed. Alternatively,
      the side chain may be enzymatically cleaved in a manner known per se, e.g.
      such as disclosed in French Pat. specification No. 1,576,027. In the
      methods generally used, the esters of 6-aminopenicillanic acid can be
      isolated from the reaction mixture as such or in the form of salts with
      inorganic or organic acids, for instance in the form of hydrochloride or
      tosylate.
PAR  Preferred compounds of the invention are:
PA1  1'-Acetoxyethyl 6-(D-.alpha.-aminophenylacetamido)penicillanate
PA1  1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-aminophenylacetamido)penicillanate
PA1  Ethoxycarbonyloxymethyl 6-(D-.alpha.-aminophenylacetamido)penicillanate
PA1  1'-acetoxyethyl 6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate
PA1  1'-Ethoxycarbonyloxyethyl
      6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate
PA1  Ethoxycarbonyloxymethyl
      6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate
PA1  1'-Acetoxyethyl 6-(D-.alpha.-amino-m-fluorophenylacetamido)penicillanate
PA1  1'-Ethoxycarbonyloxyethyl
      6-(D-.alpha.-amino-m-fluorophenylacetamido)penicillanate
PA1  Ethoxycarbonyloxymethyl
      6-(D-.alpha.-amino-m-fluorophenylacetamido)penicillanate
PA1  1'-acetoxyethyl 6-(D-.alpha.-amino-p-fluorophenylacetamido)penicillanate
PA1  1'-Ethoxycarbonyloxyethyl
      6-(D-.alpha.-amino-p-fluorophenylacetamido)penicillanate
PA1  Ethoxycarbonyloxymethyl
      6-(D-.alpha.-amino-p-fluorophenylacetamido)penicillanate
PA1  1'-Acetoxyethyl 6-(D-.alpha.-amino-3-thienylacetamido)penicillanate
PA1  1'-Ethoxycarbonyloxyethyl
      6-(D-.alpha.-amino-3-thienylacetamido)penicillanate
PA1  Ethoxycarbonyloxymethyl 6-(D-.alpha.-amino-3-thienylacetamido)penicillanate
PA1  1'-acetoxyethyl 6-(D-.alpha.-amino-3-furylacetamido)penicillanate
PA1  1'-Ethoxycarbonyloxymethyl
      6-(D-.alpha.-amino-3-furylacetamido)penicillanate
PA1  Ethoxycarbonyloxymethyl 6-(D-.alpha.-amino-3-furylacetamido)penicillanate.
PAR  The processes of the invention are illustrated by the following Examples:
PAC  EXAMPLE 1
PAC  1'-Acetoxyethyl benzylpenicillinate.
PAR  .alpha.-Chloroethyl acetate (312 g, 2.54 mole) was added dropwise to a
      stirred solution of potassium benzylpenicillinate (316 g, 0.85 mole) in 70
      % dioxane (1275 ml) at room temperature while the mixture was kept at pH 8
      by addition of sodium bicarbonate. After the addition of the chloro ester
      was complete, sodium bicarbonate was added so that the total amount of it
      was 413 g (5.1 mole). The reaction mixture was stirred for 48 hours and
      then extracted repeatedly with ethyl acetate. The combined extracts were
      washed with water and brine, dried and evaporated in vacuo at 30.degree.C.
      The oily residue was triturated five times with toluene which was
      distilled off in vacuo at 70.degree.C to give the 1'-acetoxyethyl
      benzylpenicillinate (144 g) as an oil which solidified on standing. A part
      of it was crystallized from a mixture of methanol-ether-petrolether to
      give the analytically pure compound m.p. 128.degree.-130.degree.C (Found:
      C 57.28; H 5.77; N 6.58; O 23.05; S 7.82 %. Calculated for C.sub.20
      H.sub.24 N.sub.2 O.sub.6 S : C 57.13 %, H 5.75 %, N 6.66 %, O 22.83 % and
      S 7.63 %). The product showed strong IR-absorption at 1785-1750
      cm.sup.-.sup.1 indicating the presence of .beta.-lactam rings and ester
      groups.
PAC  EXAMPLE 2
PAC  1'-Acetoxy-ethyl 6-aminopenicillanate hydrochloride.
PAR  Dry quinoline (11.6 g, 0.09 mole) was added at room temperature dropwise to
      a stirred mixture of phosphorous pentachloride (11.7 g, 0.056 mole) and
      dry methylene chloride (110 ml). After stirring for 15 min the reaction
      mixture was chilled to -20.degree.C and with continued stirring treated
      dropwise with 1'-acetoxyethyl benzylpenicillinate (20.8 g, 0.05 mole)
      dissolved in dry methylene chloride (30 ml). 15 min after the addition was
      complete the mixture was chilled to -30.degree.C and 1-propanol (37 ml)
      was rapidly added so that the temperature did not rise above -15.degree.C.
      The mixture was stirred for a further 30 min at -30.degree.C when
      ice-cooled brine (20 %, 75 ml) was added with vigorous stirring. After
      stirring for 10 min at -10.degree.C petrol ether (155 ml) was added,
      followed by a second portion (175 ml) after a further 10 min, yielding a
      crystalline precipitate which was collected by filtration, washed with
      brine (70 ml) and dried to give the hydrochloride of 1'-acetoxyethyl
      6-aminopenicillanate (14.2 g). The product showed strong IR absorption at
      1780 - 1725 cm.sup.-.sup.1 showing the presence of .beta.-lactam and ester
      carbonyls.
PAR  An analytical sample, m.p. 160.degree.C, was obtained by recrystallisation
      of the product from ethanol-ether. (Found: C 44:1, H 5.67, N 7.56,
      Calculated for C.sub.12 H.sub.19 CIN.sub.2 O.sub.5 S : 42.53 %, H 5.37 %,
      N 8.29 %.
PAC  EXAMPLE 3
PAC  1'-Ethoxycarbonyloxyethyl benzylpenicillanate.
PAR  Potassium benzylpenicillinate (242 g, 0.65 mole), .alpha.-chlorodiethyl
      carbonate (297 g, 1.95 mole) and sodium bicarbonate (327.5 g, 3.90 mole)
      in 70 % dioxane (1600 ml) were stirred for 66 hours at room temperature.
      The solid phase was removed by filtration and washed with dioxane. The
      combined filtrates were concentrated in vacuo and taken up into a mixture
      of benzene (2 liter) and saturated sodium bicarbonate solution (1 liter).
      The organic phase was washed with brine, dried and evaporated in vacuo to
      give 1'-ethoxycarbonyloxyethyl benzylpenicillinate (96.1 g) as a thick oil
      which solidified on standing. An analytical sample, m.p.
      108.degree.-109.degree.C, was obtained by recrystallisation from acetone -
      petrol ether.
PAR  (Found: C 55.98, H 5.66, N 6.29, O 24.34, S 7.20 %. Calculated for C.sub.21
      H.sub.26 N.sub.2 O.sub.7 S: C 56.10, H 5.83, N 6.23, O 24.88, S 7.13 %.)
PAR  The product showed strong IR absorption at 1780 - 1750 cm.sup.-.sup.1 due
      to the .beta.-lactam and ester carbonyls.
PAC  EXAMPLE 4
PAC  1'-Ethoxycarbonyloxyethyl 6-aminopenicillinate.
PAR  The hydrochloride of 1'ethoxycarbonyloxyethyl 6-aminopenicillanate was
      prepared from 1'-ethoxycarbonyloxyethyl benzylpenicillanate (62.8 g, 0.14
      mole) according to the procedure described in Example 2. The product (28.8
      g) was obtained as a glassy residue showing strong IR-absorption at 1765
      cm.sup.-.sup.1, showing the presence of .beta.-lactam and ester carbonyls.
PAC  EXAMPLE 5
PAC  1'-Acetoxyethyl .alpha.-amino-.delta.-methylpentylpenicillinate
PAR  Potassium .alpha.-azido-.delta.-methylpentylpenicillinate (2.9 g, 0.0071
      mole) in 70 % dioxane was stirred for 2 days with .alpha.-chloroethyl
      acetate (2.6 g, 0.021 mole) in the presence of sodium bicarbonate (3.6 g,
      0.043 mole). The reaction mixture was diluted with water and extracted
      with ethyl acetate. The combined organic extracts were washed with water,
      dried and evaporated in vacuo to give 1'-acetoxyethyl
      .alpha.-azido-.delta.-methylpentylpenicillinate (1.3 g) as an oily
      residue.
PAR  The product showed strong absorption at 2120 cm.sup.-.sup.1 and 1750
      cm.sup.-.sup.1 characteristic of the azido group and the .beta.-lactam and
      ester moeties respectively. It was dissolved in 70 % ethanol and
      hydrogenated for 30 min over a pre-hydrogenated Raney-nickel catalyst. The
      catalyst was removed by filtration and washed with ethanol. The filtrate
      was diluted with water and extracted with ethyl acetate. The combined
      organic extracts were washed with water and then extracted with water with
      addition of dilute hydrochloric acid until the pH reached 2.5. The aqueous
      phase was separated and lyophilized to give the hydrochloride of
      1'-acetoxyethyl .alpha.-amino-.delta.-methylpentyl penicillinate (0.7 g)
      as slightly yellow crystals.
PAR  The product showed strong .beta.-lactam absorption at 1770 - 1740
      cm.sup.-.sup.1 and inhibited the growth of Staph.aureus Oxford at 0.63
      .mu.g/ml.
PAC  EXAMPLE 6
PAC  1'-acetoxyethylester of 6-(D-.alpha.-azidophenylacetamido)-penicillanic
      acid.
PAR  The sodium salt of 6-(D-.alpha.-azidophenylacetamido)-penicillanic acid
      (96%, 12.4 g, 0.03 mole) was dispersed in dry dimethylformamide (30 ml)
      and under stirring and icecooling with .alpha.-chloroethylacetate (3.7 g,
      0.03 mole) dissolved in dry dimethylormamide (15 ml) was added. After 30
      minutes the stirring was continued without cooling over the night. The
      reaction mixture was poured into a saturated sodium bicarbonate solution
      (500 ml), a white emulsion being obtained. This emulsion was diluted with
      H.sub.2 O (400 ml) and extracted with ether 3 times. The combined either
      phases were washed with H.sub.2 O and saturated sodium chloride solution
      and dried. The evaporisation in vacuo of the ether solution gave the
      .alpha.-acetoxyethylester of
      6-(D-.alpha.-azidophenylacetamido)-penicillanic acid (3.1 g) having a
      purity of 58 % (hydroxylamine essay).
PAR  The product had a strong IR-absorption at 2100 cm.sup.-.sup.1 and 1760
      cm.sup.-.sup.1 showing the presence of an azido group and a .beta.-lactame
      ring.
PAC  EXAMPLE 7
PAC  1'-Acetoxyethyl 6-(D-.alpha.-aminophenylacetamido)penicillanate
PAR  a. .alpha.-acetoxyethyl 6-(D-.alpha.-azidophenylacetamido)penicillanate (58
      %, 2.8 g), dissolved in ethyl acetate (40 ml) was treated with 0.2 M
      NaH.sub.2 PO.sub.4 (40 ml), acidified to pH 2.2 with 2 M hydrochloric acid
      and hydrogenated over a palladium on carbon catalyst at ambient conditions
      for 2 hours. The caralyst was removed by filtration and washed with ethyl
      acetate and buffer. The organic phase of the combined filtrates was
      separated and extracted with water at pH 2.1. The combined acidic aqueous
      phases were washed with ether, layered with ethyl acetate and neutralized
      by addition of 2 N sodium hydroxide while stirring. The aqueous phase was
      separated and extracted once with ethyl acetate. The combined ethyl
      acetate extracts of the neutralized aqueous solution were washed with
      brine and water and extracted twice with water at pH 2.5 by addition of 2
      M hydrochloric acid. The combined acidic aqueous extracts were washed with
      ether and concentrated in vacuo at 25.degree.C to give an oily residue,
      which was dissolved in isopropanol and evaporated in vacuo repeatedly to
      give the hydrochloride of 1'-acetoxyethyl
      6-(D-.alpha.-aminophenylacetamido)pencillanate (1.1 g) as a slightly
      coloured powder with a purity of 100 % (hydroxylamine essay).
PAR  The product inhibited the growth of Staph. aureus Oxford at a concentration
      of 0.32 .mu.g/ml, of E. coli and P. mirabilis at 50 .mu.g/ml.
PAR  b. 1'-Acetoxyethyl 6-(D-.alpha.-azidophenylacetamido)penicillanate [strong
      IR-absorption at 2100 cm.sup.-.sup.1 (azido group) and 1780 - 1760
      cm.sup.-.sup.1 (.beta.-lactam, ester)] was prepared according to the
      method of Example 1 from sodium
      6-(D-.alpha.-azidophenylacetamido)penicillanate (397 g, 1 mole),
      .alpha.-chloroethyl acetate (368 g, 3 mole) and sodium bicarbonate (504 g,
      6 mole). The azido ester in ethyl acetate (800 ml) was hydrogenated at
      ambient conditions over a palladium (5 %) on carbon catalyst (25 g). The
      catalyst was removed by filtration and washed with ethyl acetate. The
      combined filtrates were extracted with water at pH 2.5 by addition of
      dilute hydrochloric acid. Lyophilization of the aqueous phase gave the
      hydrochloride of 1'-acetoxyethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate (110 g), m.p.
      160.degree.-164.degree.c,l (decomp.) [.alpha.].sub.D.sup.20 + 184.degree.C
      (C = 1, CHCl.sub.3); + 179.9 (1 = 1, 50 % isopropanol).
PAR  (Found: C 50.78, H 5.49, N 8.76, O 20.22, S 6.58, Cl 7.39 %. Calculated for
      C.sub.20 H.sub.25 N.sub.3 O.sub.6 SCl: C 50.90, H 5.55, N 8.90, O 20.34, S
      6.79, Cl 7.51 %.)
PAR  The product showed strong IR-absorption at 1780 - 1755 cm.sup.-.sup.1,
      showing the presence of .beta.-lactam and ester carbonyls and was found to
      inhibit the growth of Staph. aureus Oxford at a concentration of 0.25
      .mu.g/ml.
PAR  c. A suspension of dicyclohexylammonium
      .alpha.-(o-nitrophenylsulphenyl)aminophenylacetate (4.9 g, 0.01 mole) and
      the hydrochloride of 1'-acetoxyethyl 6-aminopenicillanate (3,4 g, 0.01
      mole) in chloroform (60 ml) was stirred over night. Dicyclohexyl
      carbodiimide (2.2 g, 0.01 mole) was added and stirring was continued for 6
      hours. The reaction mixture was filtered and washed with water, dilute
      sulphuric acid, N potassium bicarbonate and water, dried and evaporated to
      dryness in vacuo. The yellow residue was treated with ethyl acetate,
      filtered and evaporated again to give a residue which was crystallized
      from ethyl acetate/petroleum ether to give 1'-acetoxyethyl
      6-[D-.alpha.-(o-nitrophenylsulphenyl)aminophenylacetamido]penicillanate
      (1.5 g), m.p. 122.degree.-5.degree.C.
PAR  The product had a strong IR absorption 1780 - 1750 cm.sup.-.sup.1 showing
      the presence of .beta.-lactam and ester carbonyls.
PAR  The o-nitrophenylsulphurylamino ester (1.2 g, 0.002 mole) was dissolved in
      75 % dioxane (17 ml) and adjusted to pH 3 by addition of 2 N hydrochloric
      acid. Sodium iodide (1.2 g, 0.008 mole) was added and the mixture was
      stirred and kept at pH 3 by addition of acid. After 20 minutes the iodine
      formed was reduced with 2 N sodium thiosulphate and the mixture was
      neutralized and extracted with ethyl acetate after addition of water. The
      combined organic extracts were washed with water and extracted into water
      by addition of 2 N hydrochloric acid to the stirred mixture until the pH
      reached 2. The aqueous phase was washed with ethyl acetate and lyophilized
      to give the hydrochloride of 1'-acetoxyethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate (0.15 g). The product was
      identified with the one prepared in Example 7a with the aid of its IR
      spectrum.
PAR  The intermediate 1'-acetoxyethyl
      6-[D-.alpha.-(o-nitrophenylsulphuryl)aminophenylacetamido]penicillanate
      was also obtained by acylating 1'-acetoxyethyl 6-aminopenicillanate with
      the mixed ethoxyformic anhydride of
      2-(o-nitrophenylsulphenyl)aminophenylacetic acid or by reacting
      6-[D-.alpha.-(o-nitrophenylsulphenyl)aminophenylacetamido]penicillanic
      acid with .alpha.-chloroethyl acetate.
PAC  EXAMPLE 8
PAR  By repeating the procedure of Example 7a the following esters of
      6-(D-.alpha.-aminophenylacetamido)penicillanic acid hydrochloride were
      obtained from the corresponding azido compounds.
TBL  ______________________________________                                    
                MIC (.mu.g/ml)                                                 
     Ester        Content  Staph.aur.                                          
                                     E.coli                                    
                                           P.mira-                             
                  (%)      Oxford          bilis                               
     ______________________________________                                    
     Methoxycarbonyloxy-                                                       
                  69       0.16      25    6.25                                
     methylester                                                               
     Ethylcarbamato-                                                           
                  48       0.16      12.5  6.25                                
     methylester                                                               
     ______________________________________                                    
PAL  (termination of concentration according to the hydroxamate method;
      antibacterial activity determined by tube dilution procedure in broth).
PAR  All esters of Examples 7 and 8 were hydrolyzed under the formation of
      6-(D-.alpha.-aminophenylacetamido)penicillanic acid by incubation
      (".degree.C) with human serum.
PAC  EXAMPLE 9
PAC  1'-Propionyloxyethyl 6-(D-.alpha.-aminophenylacetamido) penicillanate.
PAR  Sodium 6-(D-.alpha.-azidophenylacetamido)penicillanate (6.0 g, 0.015 mole),
      .alpha.-chloroethyl pripionate (5.7 g, 0.042 mole) and sodium bicarbonate
      (7.1 g, 0.084 mole) were stirred at room temperature for 65 hours in 70 %
      dioxane (100 ml). The solid phase of the reaction mixture was removed by
      filtration and washed with dioxane. The combined filtrates were
      concentrated in vacuo and treated with a mixture of benzene (50 ml) and
      saturated sodium bicarbonate solution (25 ml). The organic phase was
      separated, washed with brine, dried and evaporated in vacuo to give
      1'-propionyloxyethyl 6-(D-.alpha.-azidophenylacetamido)penicillanate (1.3
      g) as a yellow oil, characterized by strong IR absorption at 2110 and 1780
      - 1750 cm.sup.-.sup.1, showing the presence of azido, .beta.-lactam and
      ester moieties.
PAR  The azido ester in ethyl acetate (50 ml) was hydrogenated for 30 minutes at
      ambient conditions over a prehydrogenated palladium (5 %) on carbon
      catalyst (1.3 g). The catalyst was removed by filtration and washed with
      ethyl acetate and water. The pH of the combined filtrates was adjusted to
      2.2 by addition of dilute hydrochloric acid. The aqueous phase was
      separated and the organic phase was extracted once more with water at pH
      2.2. The combined aqueous extracts were lyophilized, to give the
      hydrochloride of 1'-propionyloxyethyl 6-(D-.alpha.-aminophenylacetamido)
      penicillanate (0.6 g) as an amorphous solid.
PAR  The product showed in its IR spectrum strong .beta.-lactam and ester
      carbonyls absorption at 1760 cm.sup.-.sup.1. It was found to inhibite the
      growth of Staph. Aureus Oxford at a concentration of 0.63 .mu.g/ml.
PAC  EXAMPLE 10
PAC  1'-Isobutyroxyethyl and 1'-valeryloxyethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanates.
PAR  Repeating the experiments described in Example 17 but replacing
      .alpha.-chloroethyl propionate with .alpha.-chloroethyl isobutyrate and
      .alpha.-chloroethyl valerate gave the intermediate 1'-isobutyroxyethyl and
      1'-valeryloxyethyl 6-(D-.alpha.-azidophenylacetamido)penicillanates,
      respectively.
PAR  The compounds were characterized by their IR spectra containing strong
      absorption bands at 2100 cm.sup.-.sup.1 and 1780 - 1730 cm.sup.-.sup.1
      attributable to the azido, .beta.-lactam and ester moieties. On
      hydrogenation they gave 1'-isobutyroxyethyl and 1'-valeryloxyethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanates, respectively, isolated
      as hydrochlorides. The amino esters had strong .beta.-lactam and ester
      absorption in their IR spectra around 1760 cm.sup.-.sup.1.
PAC  EXAMPLE 11
PAC  Methoxycarbonyloxymethylester of
      6-(D-.alpha.-azidophenylacetamido)penicillanic acid.
PAR  By replacing the .alpha.-chloroethylacetate by monochloro-dimethylcarbonate
      (3.7 g, 0.03 mole) in Example 6, but otherwise operating in the same way
      as in said Example the methoxycarbonyloxymethylester of
      6-(D-.alpha.-azidophenylacetamido)-penicillanic acid (6.6 g) having a
      content of 76.5 % (hydroxylamine essay) was obtained.
PAR  The product showed IR-absorption at 2100 cm.sup.-.sup.1 (N.sub.3 -group)
      and 1765 cm.sup.-.sup.1 (.beta.-lactame ring).
PAC  EXAMPLE 12
PAC  Methoxycarbonyloxymethyl 6-(D-.alpha.-aminophenylacetamido) penicillanate.
PAR  According to the method of Examples 11 and 8, methoxycarbonyloxymethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate was prepared, starting
      from sodium 6-(D-.alpha.-azidophenylacetamido) penicillanate (24.2 g, 0.06
      mole), chloromethyl methylcarbonate (6.2 g, 0.06 mole). The compound was
      isolated as its hydrochloride (5.6 g) m.p. 145.degree.-150.degree.C
      (decomp.) [.alpha.].sub.D.sup.20 : +182.5 (C = 1, CHCl.sub.3); + 191.2 (C
      = 1, 50 % isopropanol), (Found: C 48.04, H 5.27, O 23.67, N 8.94, S 6.57,
      and Cl 7.36 %. Calculated for C.sub.19 H.sub.24 N.sub.3 O.sub.7 S Cl : C
      48.15, H 5.10. N 8.87, O 23.63, S 6.77 and Cl 7.48 %).
PAR  The product showed strong IR absorption at 1780 - 1760 cm.sup.-.sup.1
      showing the presence of .beta.-lactam and ester carbonyls. It was found to
      inhibit the growth of Staph. Aureus Oxford at a concentration of 0.13
      .mu.g/ml
PAC  EXAMPLE 13
PAC  1'ethoxycarbonyloxy-ethyl 6-(D-.alpha.-azido-phenylacetamido)pencillanate.
PAR  The sodium salt of 6-(D-.alpha.-azidophenylacetamido)-penicillanic acid
      (4.0 g 0.01 mole) was dispersed in dry dimethyl formamide (10 ml) and
      treated under stirring at 50.degree.C with .alpha.-chloro-diethyl
      carbonate (1.5 g 0.01 mole) dissolved in dry dimethyl formamide (6 ml).
      After stirring for 20 hours at 50.degree.C the reaction mixture was cooled
      and poured into an icecold, saturated sodium bicarbonate solution and
      extracted three times with ether. The combined ether phases were washed
      with water and brine and dried. Evaporation in vacuum gave the
      .alpha.-ethyoxycarbonyloxi ethylester of
      6-(D-.alpha.-azidophenylacetamido)-penicillanic acid (2.6 g) in the form
      of a yellow-brown glass.
PAR  The product had strong IR-absorption at 2100 cm.sup.-.sup.1 and 1750
      cm.sup.-.sup.1 showing the presence of an azido group and .beta.-lactame
      ring and an ester group.
PAC  EXAMPLE 14
PAC  1'-ethoxycarbonyloxy-ethyl 6-(D-.alpha.-amino- phenylacetamido)
      penicillanate.
PAR  The .alpha.-ethoxycarbonyloxy ethylester of
      6-(D-.alpha.-azidophenylacetamido-penicillanic acid (2.5 g) was dissolved
      in ethyl acetate (40 ml) and 0.4 mole NaH.sub.2 PO.sub.4 acidified to pH
      2.2 with 2 mole hydrochloric acid (40 ml) and 10 % palladium on carbon
      catalyst (4 g) was added and hydrogenation was carried out at normal
      pressure for 0.5 hour. The catalyst was separated by filtration and washed
      with ethyl acetate and buffer solution. The filtrate was separated and the
      organic phase was extracted with water at pH 2.1. The combined acid water
      phases were washed with ether, ethyl acetate was added and neutralisation
      was carried out under stirring with 2 mole NaOH. The phases were separated
      and the water solution was reextracted with ethyl acetate. The two ethyl
      acetate extracts were combined, washed with brine and water and extracted
      with water at pH 2.5 by the addition of 2 mole hydrochloric acid. The
      extraction of the ethylacetate phase was repeated once. The combined acid
      water extracts were washed with ether and concentrated in vacuo at
      25.degree.C. The semi-solid residue was dissolved in isopropanole and
      reconcentrated, the procedure being repeated once. The residue was stirred
      with ether, filtrated and washed with ether, giving the
      .alpha.-ethoxycarbonyloxy ethylester of 6-(D-.alpha.-aminophenyl
      acetamido) penicillanic acid hydrochloride (0.8 g) as a yellow-white
      powder having a content of 86.4 % (hydroxylamine essay).
PAR  The product inhibited the growth of Staph. Aureus Oxford at a concentration
      of 0.13 .mu.g/ml and of E.coliat 125 .mu.g/ml (solution test on agar) and
      contained in its IR-spectrum a strong absorption band at 1750
      cm.sup.-.sup.1 showing presence of a .beta.-lactame and an ester function.
PAR  The azido ester (3.2 g) was also obtained by treating the hydrochloride of
      1'-ethoxycarbonyloxyethyl 6-aminopenicillanate (3.3 g, 0.01 mole) in dry
      dimethylformamide (50 ml) with .alpha.-azidophenylacetyl chloride (2 g,
      0.01 mole) in presence of triethylamine (2 g, 0.01 mole). After dilution
      of the reaction mixture with water the ester was isolated by extraction
      with ethyl acetate.
PAC  EXAMPLE 15
PAC  1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-aminophenylacetamido) penicillanate:
PAR  According to the method of Example 1 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-azidophenylacetamido)penicillanate (98 g) was prepared from
      sodium 6-(D-.alpha.-azidophenylacetamido)penicillanate (397 g, 1 mole),
      .alpha.-chlorodiethylcarbonate (458 g, 3 mole) and sodium bicarbonate (504
      g, 6 mole), The product showed strong IR absorption at 2090 cm.sup.-.sup.1
      and 1780 - 1750 cm.sup.-.sup.1 showing the presence of azido group and
      .beta.-lactam and ester carbonyls.
PAR  It was dissolved in ethyl acetate (700 ml) and hydrogenated at ambient
      conditions over a palladium (5 %) on carbon catalyst (18 g). The catalyst
      was removed by filtration and washed with ethyl acetate. The combined
      filtrates were extracted with water at pH 2.5 by addition of dilute
      hydrochloric acid. Lyophilization of the aqueous phase gave the
      hydrochloride of 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-aminopnenylacetamido)penicillante (94 g), m.p. 171.degree.-
      176.degree.C/ (decomp.) [.alpha.].sub.D.sup.20 +161.5 (C = 1, CHCl.sub.3);
      +171.8 (C = 1, 50% isopropanol) (Found: C 50.06, H 5.82, O 22.26, N 8.35,
      S 6.56, Cl 7.19 %. Calculated for C.sub.21 H.sub.28 N.sub.3 O.sub.7 scl: C
      50.24, H 5.68, N 8.37, O 22.31, S 6.39, Cl 7.06 %.)
PAR  The product showed strong IR absorption at 1780 - 1750 cm.sup.-.sup.1 due
      to the .beta.-lactam and ester carbonyls, and was found to inhibit the
      growth of Staph. Aureus Oxford at a concentration of 0.13 .mu.g/ml.
PAC  EXAMPLE 16
PAC  1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-aminophenylacetamide) penicillanate.
PAR  a. To a suspension of the hydrochloride of .alpha.-aminophenylacetyl
      chloride (2.6 g, 0.0125 mole) stirred in dry chloroform (50 ml) under dry
      nitrogen sodium bicarbonate (1.1 g, 0.0125 mole) and the hydrochloride of
      1'-ethoxycarbonyloxyethyl 6-aminopenicillanate (3.3 g, 0.01 mole) was
      added. After stirring for 90 minutes the mixture was filtered and
      isopropanol (15 ml) was added to the filtrate. Evaporation in vacuo at
      room temperature gave an oily residue which on dilution with petrol ether
      precipitated the hydrochloride of 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate (1.5 g). The product was
      purified by precipitation from acetone - petrolether.
PAR  The identity of the product was ascertained by comparison of its IR
      spectrum with that of the product from Example 15.
PAR  b. Sodium N-(1-methoxycarbonyl-propen-2-yl)-.alpha.-aminophenylacetate (2.5
      g, 0.0092 mole) and N-methylmorpholine (0.05 ml) in dry ethyl acetate (40
      ml) were stirred and treated at -15.degree.C with isobutyl chloroformate
      (1.4 g, 0.01 mole). After 6 min 1'-ethoxycarbonyloxyethyl
      6-aminopenicillanate (0.01 mole) in ethyl acetate (20 ml) was added
      dropwise while stirring was continued and the temperature was maintained
      at -15.degree.C. 10 min after the addition was complete the cooling bath
      was removed and stirring was continued for 45 min. The reaction mixture
      was washed with water, 0.5 mole sodium bicarbonate and water again, dried
      and concentrated in vacuo to an oily residue which was treated with
      tetrahydrofurane (20 ml) and water (20 ml). The mixture was acidified to
      pH 2.5 by addition of 2 N hydrochloric acid. After 30 min most of the
      tetrahydrofurane was removed in vacuo and the acidic aqueous phase was
      washed with ethyl acetate and evaporated to give the hydrochloride of
      1'-ethoxycarbonyloxyethyl 6-(D-.alpha.-aminophenylacetamido)penicillanate
      (0.35 g) as an amorphous solid, identified as the product obtained above
      by means of its IR spectrum.
PAR  The solution of 1'-ethoxycarbonyloxyethyl 6-aminopenicillanate used was
      obtained by neutralization of an aqueous solution of its hydrochloride and
      extraction with ethyl acetate.
PAC  EXAMPLE 17
PAC  Ethoxycarbonyloxymethyl 6-(D-.alpha.-aminophenylacetamido) penicillanate.
PAR  A stirred suspension of sodium 6-(D-.alpha.-azidophenylacetamido)
      penicillanate (12.1 g, 0.03 mole) in dry dimethylformamide (30 ml) was
      treated with chloromethylethyl carbonate (4.2 g, 0.03 mole) in dry
      dimethylformamide (15 ml) in the ice-bath. After 45 min the cooling bath
      was removed and stirring was continued over night. The dark reaction
      mixture was poured into twice its volume of saturated sodium bicarbonate
      solution and the solid phase found was removed by filtration and washed
      with water and ether. The combined filtrates were extracted with ether.
      The ether extracts were washed with water, dried and evaporated in vacuo
      at room temperature to give ethoxycarbonyloxymethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate, (4.7 g) as a brownish
      oil. The product showed strong absorption bands in IR at 2120
      cm.sup.-.sup.1 and 1780 - 50  cm.sup.-.sup.1 attributable to the azido
      group and the .beta.-lactam and ester carbonyls respectively.
PAR  The azido ester (2.6 g) was dissolved in 60 % ethanol (50 ml) and
      hydrogenated for 30 min at 60 p.s.i. over a prehydrogenated Raney-nickel
      catalyst. The catalyst was removed by filtration and washed with ethanol.
      The filtrate was diluted with water and extracted with ethyl acetate. The
      combined organic exstracts were washed with water and then extracted with
      water by addition of dilute hydrochloric acid until the pH reached 2.5.
      The aqueous phase was separated and lyophilized to give the crystalline
      hydrochloride of 1'-ethoxycarbonyloxymethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate (0.7 g). The product
      showed strong IR absorption at 1760 cm.sup.-.sup.1 and inhibited the
      growth of Staph.Aureus Oxford at 0.05 .mu.g/ml.
PAC  EXAMPLE 18
PAC  Propoxycarbonyloxymethyl 6-(D-.alpha.-aminophenylacetamido) penicillanate
PAR  According to the procedure of Example 17 propoxycarbonyloxymethyl
      6-(D-.alpha.-azidophenylacetamido)penicillanate (5.2 g) was obtained from
      sodium 6-(D-.alpha.-azidophenylacetamido)penicillanate (12.1 g, 0.03 mole)
      and chloromethyl n-propyl carbonate (4.6 g, 0.03 mole). It exhibited
      strong IR-absorption at 2120 cm.sup.-.sup.1 and 1780 - 1740 cm.sup.-.sup.1
      showing the presence of azido group and of .beta.-lactam and ester
      carbonyls respectively.
PAR  On hydrogenation over Raney-nickel the azido ester (2.9 g) gave
      propoxycarbonyloxymethyl 6-(D-.alpha.-aminophenylacetamido)penicillanate
      isolated as its hydrochloride (1.0 g). It showed strong .beta.-lactam and
      ester absorption bands in IR at 1775 cm.sup.-.sup.1, and inhibited the
      growth of Staph. Aureus Oxford at a concentration of 0.05 .mu.g/ml.
PAC  EXAMPLE 19
PAC  Isopropoxycarbonyloxymethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate.
PAR  In the manner described in Example 17 isopropoxycarbonyloxymethyl
      6-(D-.alpha.-azidophenylacetamido)penicillanate (7.2 g) was obtained from
      sodium 6-(D-.alpha.-azidophenylacetamido)penicillanate (9.9 g, 0.025 mole)
      and chloromethyl isopropyl carbonate (3.8 g, 0.025 mole). Its IR spectrum
      contained strong absorption bands at 2110 cm.sup.-.sup.1 (azido group) and
      1780 - 1740 cm.sup.-.sup.1 (.beta.-lactam and ester carbonyls).
PAR  Hydrogenation over Raney-nickel converted the azido ester (4.4 g) into
      isopropoxycarbonyloxymethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate isolated as its
      hydrochloride (1.3 g). It showed strong absorption in IR at 1760
      cm.sup.-.sup.1 characteristic for .beta.-lactam and ester carbonyls and
      inhibited the growth of Staph. Aureus Oxford at a concentration of 0.05
      .mu.g/ml.
PAC  EXAMPLE 20
PAC  Butoxycarbonyloxymethyl 6-(D-.alpha.-aminophenylacetamido) penicillanate.
PAR  According to the procedure of Example 17 butoxycarbonyloxymethyl
      6-(D-.alpha.-azidophenylacetamido)penicillanate (6.0 g) was prepared from
      sodium 6-(D-.alpha.-azidophenylacetamido)penicillanate (9.9 g, 0.025 mole)
      and chloromethyl-n-butyl carbonate (4.2 g, 0.025 mole). The compound
      showed strong IR absorption at 2120 cm.sup.-.sup.1 (azido group) and 1780
      - 1750 cm.sup.-.sup.1 (.beta.-lactam and ester carbonyls).
PAR  The azido ester (2.9 g) was hydrogenated over Raney-nickel to give
      butoxycarbonyloxymethyl 6-(D-.alpha.-aminophenylacetamido) penicillanate
      isolated as its hydrochloride (1.0 g). It showed strong IR absorption at
      1780 - 1770 cm.sup.-.sup.1 (.beta.-lactam and ester carbonyls) and
      inhibited the growth of Staph. Aureus Oxford at a concentration of 0.05
      .mu.g/ml.
PAC  EXAMPLE 21
PAC  Ethylcarbamatemethylester of
      6-(D-.alpha.-azidophenylacetamido)-penicillanic acid.
PAR  To an agitated and icecooled dispersion of the sodium salt of
      6-(D-.alpha.-azidophenylacetamido)-penicillanic acid (98 %, 7.2 g, 0.018
      mole) in dry dimethylformamide (18 ml) N-chloromethyl ethyluretan (2.1 g,
      0.018 mole) dissolved in dimethylformamide (10 ml) was added. After 40
      minutes the stirring was continued over night without cooling.
PAR  The reaction mixture was poured into cold sodium bicarbonate solution (400
      ml) and extracted twice with ether. The combined ether phases were washed
      with water and sodium chloride solution and dried. Evaporisation of the
      ether extract gave the ethylcarbamatemethylester of
      6-(D-.alpha.-azidophenylacetamido)-penicillanic acid (2.6 g).
PAR  After reprecipitation of the product from methylene chloride/petroleum
      ether 2.3 g was obtained having a purity of 57.7 %.
PAC  EXAMPLE 22
PAC  1'-acetoxy-ethyl 6-(D-.alpha.-amino-m-fluorophenylacetamido) penicillanate.
PAR  Hydrochloride of 1'-acetoxyethyl 6-aminopenicillanate (3.4 g, 0.01 mole) in
      dry dimethylformamide (50 ml) was stirred in the ice-bath and treated with
      N,N-dimethylaniline (2,4 g, 0.02 mole) followed by a solution of
      .alpha.-azido-m-fluorophenylacetyl chloride (2.1 g, 0.01 mole) in dry
      ether (5 ml). After stirring for 1 hour water (100 ml) was added and the
      mixture was adjusted to pH 6.5 and extracted 3 times with ethyl acetate.
      The combined organic extracts were washed with water and brine, dried and
      evaporated in vacuo to give 1'-acetoxyethyl
      6-(D-.alpha.-azido-m-fluorophenylacetamido)penicillanate (1.5 g) as an
      oily residue. This product showed strong IR absorption at 2110 and 1780 -
      1750 cm.sup.-.sup.1 indicating the presence of the azido group and
      .beta.-lactam and ester carbonyls.
PAR  The azido ester (0.7 g) was dissolved in 60 % ethanol (7 ml) and added to
      prehydrogenated Raney nickel catalyst (0.7 g) in 80 % ethanol (5 ml) and
      hydrogenated for 30 min at ambient conditions. The catalyst was removed by
      filtration and washed with ethanol. The combined filtrates were
      concentrated in vacuo at 35.degree.C to an oily residue which was
      dissolved in ethyl acetate. Water (20 ml) was added and the pH was
      adjusted to 1.6 by addition of 2 N hydrochloric acid to the stirred
      mixture. The aqueous phase was separated and evaporated in vacuo at
      35.degree.C to give the hydrochloride of 1'-acetoxyethyl
      6-(D-.alpha.-amino-m-fluorophenylacetamido)penicillanate (0.4 g) as a
      crystalline residue.
PAR  The product was found to inhibit the growth of Staph.Aureus Oxford at a
      concentration of 0.25 .mu.g/ml and to contain in its IR spectrum a strong
      .beta.-lactam absorption at 1760 cm.sup.-.sup.1.
PAC  EXAMPLE 23
PAC  1'-Ethyloxycarbonyloxyethyl
      6-(D-.alpha.-amino-m-fluorophenylacetamido)penicillanate.
PAR  To sodium 6-(D-.alpha.-azido-m-fluorophenylacetamido)penicillanate (4.2 g,
      0.01 mole) and sodium bicarbonate (5.1 g, 0.06 mole) in 70 % dioxane (15
      ml) .alpha.-chloro-diethylcarbonate (4.6 g, 0.03 mole) was added and the
      mixture was stirred for 2 days at room temperature. The reaction mixture
      was filtered. the residue washed with dioxane and the combined filtrates
      were evaporated to dryness in vacuo. The residue was dissolved in a
      mixture of benzene (40 ml) and saturated aqueous sodium bicarbonate (20
      ml). The organic phase was separated, washed with brine, dried and
      evaporated to give 1'-ethyloxycarbonyloxyethyl
      6-(D-.alpha.-azido-m-fluorophenylacetamido)penicillinate (1.0 g).
PAR  The product showed strong IR absorption at 2100 and 1750 cm.sup.-.sup.1
      corresponding to the azido group and the .beta.-lactam and ester moieties,
      respectively.
PAR  It was dissolved in ethylacetate (10 ml) and added to palladium on carbon
      (5%) hydrogenation catalyst (0.5 g), prehydrogenated in ethylacetate (5
      ml) and hydrogenated for 2 hours under ambient conditions. The catalyst
      was filtered off and washed with ethylacetate. Water (10 ml) was added to
      the combined filtrates and pH was adjusted to 2.2 by addition of 2 N
      hydrochloric acid to the stirred mixture. The aqueous phase was separated,
      washed with ether and lyophilized to give the hydrochloride of
      1'-ethyloxcarbonyloxyethyl
      6-(D-.alpha.-amino-m-fluorophenylacetamido)penicillanate (0.2 g) as white
      crystalline residue.
PAR  The product was found to contain in its IR spectrum a strong absorption at
      1780 cm.sup.-.sup.1 corresponding to a .beta.-lactam ring. It inhibited
      the growth of Staph. Aureus Oxford at a concentration of 0.13 .mu.g/mole.
PAC  EXAMPLE 24
PAC  1'-Acetoxyethyl 6-(D-.alpha.-amino-p-fluorophenylacetamido)penicillanate.
PAR  Using the procedure described in Example 23 1'-acetoxyethyl 6
      (D-.alpha.-azido-p-fluorophenylacetamido)penicillanate (2.2 g) was
      prepared from sodium 6-(D-.alpha.-azido-p-fluorophenylacetamido)
      penicillanate (4.2 g, 0.01 mole), .alpha.-chloroethyl acetate (3.7 g, 0.03
      mole) and sodium bicarbonate (5 g, 0.06 mole). The IR spectrum of the
      product showed strong absorptions at 2110 cm.sup.-.sup.1 (azido group) and
      1775 - 1750 cm.sup.-.sup.1 (.beta.-lactam and ester carbonyls).
PAR  The azido ester was hydrogenated according to the procedure described in
      Example 22 over Raney-nickel catalyst to give the hydrochloride of
      1'-acetoxyethyl 6-(D-.alpha.-amino-p-fluorophenylacetamido)penicillanate
      (1.5 g) as slightly yellow crystals. The product showed in its IR spectrum
      a strong .beta.-lactam and ester absorption at 1765 cm.sup.-.sup.1 and was
      found to inhibit the growth of Staph. Aureus Oxford at a concentration of
      0.25 .mu.g/ml.
PAC  EXAMPLE 25
PAC  1'-Ethyloxycarbonyloxyethyl
      6-(D-.alpha.-amino-p-fluorophenylacetamido)penicillanate.
PAR  To sodium 6-(D-.alpha.-azido-p-fluorophenylacetamido)penicillanate (4.2 g,
      0.01 mole) and sodium bicarbonate (5.1 g, 0.06 mole) in 70 % dioxane (15
      ml) .alpha.-chlorodiethylcarbonate (4,6 g, 0.03 mole) was added and the
      mixture was stirred for two days at room temperature. The reaction mixture
      was filtered; the residue washed with dioxane and the combined filtrates
      were evaporated to dryness in vacuo. The residue was dissolved in a
      mixture of benzene (40 ml) and saturated aqueous sodium bicarbonate (20
      ml). The organic phase was separated, washed with brine, dried and
      evaporated in vacuo to give 1'-ethyloxycarbonyloxyethyl
      6-(D-.alpha.-azido-p-fluorophenylacetamido)penicillanate (1.9 g).
PAR  The product showed strong IR absorption at 2110 and 1750 cm.sup..sup.-1
      corresponding to the azido group and the .beta.-lactam and ester moieties,
      respectively. It was dissolved in ethyl acetate (10 ml) and added to
      prehydrogenated palladium (5 %) as carbon catalyst (0.5 g) in ethyl
      acetate (5 ml) and hydrogenated for 2 hours under ambient conditions. The
      catalyst was removed by filtration and washed with ethyl acetate. Water
      (10 ml) was added to the combined filtrates and pH was adjusted to 2.2 by
      addition of 2 N hydrochloric acid to the stirred mixture. The aqueous
      phase was separated, washed with ether and evaporated to dryness in vacuo
      to give the hydrochloride of 1'-ethyloxycarbonyloxyethyl
      6-(D-.alpha.-amino-p-fluorophenylacetamido)penicillanate (0.2 g) as white
      crystals.
PAR  The product was found to contain a strong .beta.-lactam absorption in its
      IR spectrum at 1760 cm.sup..sup.-1 and to inhibit the growth of
      Staph.Aureus Oxford at a concentration of 0.25 .mu.g/ml.
PAC  EXAMPLE 26
PAC  1'-Acetoxyetyl 6-(.alpha.-amino-p-chlorophenylacetamido)penicillanate.
PAR  Potassium .alpha.-azido-p-chlorobenzylpenicillinate (0.55 g, 0.00138 mole)
      was dissolved in 70 % dioxane (3 ml), treated with sodium bicarbonate
      (0.63 g, 0.0075 mole) followed by .alpha.-chloroethyl acetate (0.45 g,
      0.0037 mole) while stirring at room temperature. After two days the
      reaction mixture was diluted with water and extracted with ethyl acetate
      repeatedly. The combined extracts were washed with brine, dried and
      evaporated to give 1'-acetoxyethyl
      6-(.alpha.-azido-p-chlorophenylacetamido)penicillanate (0.42 g) as a
      yellow oil.
PAR  The product showed strong IR absorption at 2110 and 1770 - 1750
      cm.sup..sup.-1 corresponding to the azido group and the .beta.-lactam and
      ester moieties, respectively. It was dissolved in 70 % ethanol (7 ml) and
      hydrogenated for 30 min at 60 p.s.i. over a prehydrogenated Raney-nickel
      catalyst. The catalyst was filtered off and washed with ethanol. The
      combined filtrates were diluted with water and extracted with ethyl
      acetate. Water was added to the organic phase and the pH of the mixture
      was adjusted to pH 2.2 by addition of dilute hydrochloric acid.
      Lyophilization of the aqueous phase gave 1'-acetoxyethyl
      6-(.alpha.-amino-p-chlorophenylacetamido) penicillanate hydrochloride
      (0.23 g) as a crystalline residue.
PAR  The product was found to contain a strong .beta.-lactam absorption in its
      IR spectrum at 1760 - 1740 cm.sup..sup.-1 and to inhibit the growth of
      Staph. Aureus Oxford at a concentration of 0.63 .mu.g/ml.
PAC  EXAMPLE 27
PAC  1'-Acetoxyethyl 6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate.
PAR  Sodium (-) N-(1-methoxycarbonylpropen-2-yl)-.alpha.-amino-p-hydroxyphenyl
      acetate (2.9 g, 0.01 mole) in dry ethyl acetate (40 ml) was stirred and
      treated at -15.degree. to -20.degree.C with N-methylmorpholine (a few
      drops) followed by isobutylchloroformate (1.4 g, 0.01 mole). After 5 min a
      solution of 1'-acetoxyethyl 6-aminopenicillanate (3 g, 0.01 mole) in ethyl
      acetate (20 ml) chilled to - 15.degree.C was rapidly added. After stirring
      for 60 min without external cooling the reaction mixture was washed with
      water, 0.5 M potassium bicarbonate, and water, dried and evaporated in
      vacuo at room temperature to dryness. The residue was dissolved in a 1:1
      mixture of tetrahydrofurane and water (50 ml), stirred and kept for 30 min
      at pH 2.5 by addition of 2 M hydrochloric acid. The tetrahydrofurane was
      evaporated in vacuo and the remaining aqueous phase was washed with ethyl
      acetate, diluted with isopropanol and evaporated in vacuo at room
      temperature to give the hydrochloride of 1'acetoxyethyl
      6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate (2.3 g) as white
      crystals. The product showed in IR strong absorption bands at 1760
      cm.sup..sup.-1 attributable to the .beta.-lactam and ester carbonyls. It
      was found to inhibit the growth of Staph.Aureus Oxford at a concentration
      of 0.25 .mu.g/ml.
PAR  The solution of 1'-acetoxyethyl 6-(D-.alpha.-aminophenylacetamido)
      penicillanate used was prepared by neutralization of an aqueous solution
      of its hydrochloride and extraction with ethyl acetate.
PAC  EXAMPLE 28
PAC  1'-Ethoxycarbonyloxyethyl
      6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate.
PAR  According to the procedure of Example 27 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate isolated as its
      hydrochloride (1.4 g) was prepared from sodium (-)
      N-(1-methoxycarbonylpropen-2-yl)-.alpha.-amino-p-hydroxyphenyl acetate
      (2.9 g, 0.01 mole) and 1'-ethoxycarbonyloxyethyl 6-aminopenicillanate
      (0.01 mole).
PAR  The product contained in its IR spectrum strong absorption at 1760
      cm.sup..sup.-1, showing the presence of .beta.-lactam and ester carbonyls.
      It was found to inhibit the growth of Staph.Aureus Oxford at 0.25
      .mu.g/ml.
PAC  EXAMPLE 29
PAC  1'-Acetoxyethyl 6-(.alpha.-amino-3-furylacetamido)penicillanate.
PAR  Sodium N-(1-methoxycarbonylpropen-2-yl)-.alpha.-amino-3-furyl acetate (2.5
      g, 0.0095 mole) and N-methylmorpholine (0.05 ml in dry ethyl acetate (40
      ml) were stirred and treated at -15.degree.C with isobutyl chloroformiate
      (1.4 g, 0.01 mole). After 5 min 1'-acetoxyethyl 6-aminopenicillanate in
      ethyl acetate (20 ml) was added dropwise while stirring was continued and
      the temperature was mainteined at -15.degree.C. 10 min after the addition
      was complete the cooling bath was removed and stirring was continued for
      45 min. The reaction mixture was washed with water, 0.5 mole sodium
      bicarbonate and water again, dried and concentrated in vacuo to an oily
      residue which was treated with tetrahydrofurane (20 ml) and water (20 ml)
      and kept at pH 2.5 for 30 min by addition of dilute hydrochloric acid.
      Most of the tetrahydrofurane was evaporated in vacuo and the aqueous phase
      was washed with ethyl acetate and lyophilized to give the hydrochloride of
      1'-acetoxyethyl 6-(.alpha.-amino-3-furylacetamido)penicillanate (1.9 g) as
      a white glassy mass.
PAR  The product was found to inhibit the growth of Staph.Aureus Oxford at a
      concentration of 0.63 .mu.g/ml and to contain in its IR spectrum a strong
      absorption at 1760 cm.sup..sup.-1 attributable to the .beta.-lactam ring
      and the ester groups.
PAR  The solution of 1'-acetoxyethyl 6-aminopenicillanate was obtained by
      neutralization and extraction with ethyl acetate of an aqueous solution of
      its hydrochloride. The sodium
      N-(1-methoxycarbonylpropen-2-yl)-.alpha.-amino-3-furyl acetate was
      prepared by reaction of sodium .alpha.-amino-3-furyl acetate and methyl
      acetoacetate in refluxing toluene.
PAC  EXAMPLE 30
PAC  1'-Ethoxycarbonyloxyethyl
      6-(.alpha.-amino-3-thienylacetamido)penicillanate.
PAR  In the manner described in Example 29 the hydrochloride of
      1'-ethoxycarbonyloxyethyl
      6-(.alpha.-amino-3-thienylacetamido)penicillanate was prepared from
      1'-ethoxycarbonyloxyethyl 6-aminopenicillanate and sodium
      N-(1-methoxy-carbonylpropen-2-yl)-.alpha.-amino-3-thienyl acetate. The
      product was found to contain a strong absorption at 1760 cm.sup..sup.-1 in
      its IR spectrum, showing the presence of .beta.-lactam and ester moieties.
PAC  EXAMPLE 31
PAC  1'-Acetoxyethyl 6-(.alpha.-amino-3-thienylacetamido)penicillanate.
PAR  The hydrochloride of 1'-acetoxyethyl
      6-(.alpha.-amino-3-thienylacetamido)penicillanate (1.2 g) was obtained
      according to the procedure of Example 29 from sodium
      N-(1-methoxycarbonylpropen-2-yl)-.alpha.-amino-3-thienyl acetate (2.8 g,
      0.01 mole) and 1'-acetoxyethyl 6-aminopenicillanate (0.01 mole).
PAR  The product showed in its IR spectrum strong .beta.-lactam and ester
      absorption at 1760 cm.sup..sup.-1.
PAR  The sodium N-(1-methoxycarbonylpropen-2-yl)-.alpha.-amino-3-thienyl acetate
      was obtained by reaction of methylacetoacetate and sodium
      .alpha.-amino-3-thienyl acetate in refluxing toluene.
PAC  EXAMPLE 32
PAC  Oral absorption in humans of 1'-acetoxyethyl and 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate.
PAR  The oral absorption of 1'-ethoxycarbonyloxyethyl
      6-(D-.alpha.-aminophenylacetamino)penicillanate (I) and of 1'-acetoxyethyl
      6-(D-.alpha.-aminophenylacetamido)penicillanate (II) was studied in a
      cross-over experiment in 9 healthy male volunteers using
      6-(D-.alpha.-aminophenylacetamido)penicillanic acid (ampicillin) as a
      reference. The compounds were administered in tablets with the following
      composition:
TBL              I           II                                                
     ______________________________________                                    
     Penicillin ester                                                          
                    359 mg       338 mg                                        
     Corn starch    101 mg       102 mg                                        
     Magnesium stearate                                                        
                     10 mg        10 mg                                        
     ______________________________________                                    
PAR  The amounts of the esters correspond to 250 mg of free ampicillin. The
      reference compound was given in a commercially available tablet
      (Doktacillin 0.25 g) containing 250 mg of free ampicillin. The tablets
      were taken on an empty stomach. Blood samples were drawn at preset
      intervals and analyzed for their contents of ampicillin using a
      microbiological essay. The following mean serum levels (in .mu.g/ml) with
      standard error of the mean were found:
TBL  Compound                                                                  
          Time (hour)                                                          
     0.5       1    1.5  2    3    4    6     8                                
     __________________________________________________________________________
     I    5.99 4.79 3.47 2.51 1.14 0.71 0.20  0.069                            
          .+-.0.90                                                             
               .+-.0.35                                                        
                    .+-.0.32                                                   
                         .+-.0.16                                              
                              .+-.0.13                                         
                                   .+-.0.10                                    
                                        .+-.0.026                              
                                              .+-.0.011                        
      II  7.48 5.38 3.88 2.80 1.17 0.68 0.19  0.065                            
          .+-.0.86                                                             
               .+-.0.38                                                        
                    .+-.0.33                                                   
                         .+-.0.38                                              
                              .+-.0.18                                         
                                   .+-.0.11                                    
                                        .+-.0.035                              
                                              .+-.0.016                        
     Ampi-                                                                     
          0.48 1.49 2.30 2.28 1.66 1.52 0.35  0.12                             
     cillin                                                                    
          .+-.0.17                                                             
               .+-.0.29                                                        
                    .+-.0.32                                                   
                         .+-.0.31                                              
                              .+-.0.25                                         
                                   .+-.0.25                                    
                                        .+-.0.062                              
                                              .+-.0.026                        
     __________________________________________________________________________
PAR  The mean cumulative urinary excretions after 8 hours in percentage of the
      dose given were:
TBL  I                53.4 .+-. 2.5 %                                          
     II               53.7 .+-. 4.9 %                                          
     Ampicillin       34.5 .+-. 2.8 %                                          
PAC  EXAMPLE 33
PAC  Hydrolysis of aminopenicillin esters into the corresponding
      aminopenicillins in buffer and in presence of human serum.
PAR  The hydrolysis of the esters of the aminopenicillins prepared according to
      the invention were determined in buffer solution with and without human
      serum being present. The esters were incubated for 30 min at 37.degree.C
      at a concentration of 10 .mu.g/ml in Sorensen's phosphate buffer (pH 7.4)
      and in another experiment in the same buffer containing 10 % human serum.
      The test solutions were extracted with ethyl acetate to remove
      unhydrolyzed ester and were analyzed microbiologically for their contents
      of aminopenicillin. Blank values were obtained by dissolving the esters in
      phosphate buffer at the same concentration and immediately perform the
      extraction. The values in the table are corrected for the blank values.
TBL  __________________________________________________________________________
                SCH.sub.3                                                      
               .angle.                                                         
               R--CH--CO--CH--CH--CH.angle.                                    
               .vertline..vertline..vertline..vertline.                        
               .vertline..vertline..vertline..vertline.CH.sub.3                
               NH.sub.2 CO--N----CH--COOR.sup.1                                
     R         R.sup.1    Ex-  % hydrolyzed after                              
                          ample                                                
                               30 min at 37.degree.C                           
                          No.                                                  
                               phosphate                                       
                                     phosphate                                 
                               buffer                                          
                                     buffer + 10%                              
                                     human serum                               
     __________________________________________________________________________
              CH.sub.3                                                         
              .vertline.                                                       
     (CH.sub.3).sub.2 CHCH.sub.2 CH.sub.2                                      
              --CH--OCOCH.sub.3                                                
                          5    6.0   15.3                                      
     C.sub.6 H.sub.5                                                           
              "-          7    7.0   17.0                                      
              CH.sub.3                                                         
              .vertline.                                                       
     C.sub.6 H.sub.5                                                           
              --CH--OCOC.sub.2 H.sub.5                                         
                          9    6.8   17.6                                      
              CH.sub.3                                                         
              .vertline.                                                       
     C.sub.6 H.sub.5                                                           
              --CH--OCOCH(CH.sub.3).sub.2                                      
                          10   5.2   12.1                                      
              CH.sub.3                                                         
              .vertline.                                                       
     C.sub.6 H.sub.5                                                           
              --CH--OCOC.sub.4 H.sub.9                                         
                          10   4.9   14.3                                      
     C.sub.6 H.sub.5                                                           
              --CH.sub.2 OCOOCH.sub.3                                          
                          8    24.8  77.9                                      
     C.sub.6 H.sub.5                                                           
              CH.sub.3                                                         
              .vertline.                                                       
              --CHOCOOC.sub.2 H.sub.5                                          
                          13   3.8   57.1                                      
      C.sub.6 H.sub.5                                                          
              --CH.sub.2 OCOOC.sub.2 H.sub.5                                   
                          17   13.3  64.7                                      
     C.sub.6 H.sub.5                                                           
              --CH.sub.2 OCOOC.sub.3 H.sub.7                                   
                          18   14.5  53.7                                      
     C.sub.5 H.sub.5                                                           
              --CH.sub.2 OCOOoch9ch.sub.3).sub.2                               
                          19   15.2  68.4                                      
     C.sub.6 H.sub.5                                                           
              --CH.sub.2 Ocooc.sub.4 H.sub.9                                   
                          20   13.0  41.1                                      
     C.sub.6 H.sub.5                                                           
              --CH.sub.2 NHCOOC.sub.2 H.sub.5                                  
                          8    7.1   15.2                                      
              Ch.sub.3                                                         
              .vertline.                                                       
     m-F--C.sub.6 H.sub.4                                                      
              --CH--OCOCH.sub.3                                                
                          22   3.1   16.4                                      
              CH.sub.3                                                         
              .vertline.                                                       
     m-F--C.sub.6 H.sub.4                                                      
              --CH--OCOOC.sub.2 H.sub.5                                        
                          23   2.6   37.7                                      
              CH.sub.3                                                         
              .vertline.                                                       
     p-F--C.sub.6 H.sub.4                                                      
              --CH--OCOCH.sub.3                                                
                          24   9     14.3                                      
     CH.sub.3                                                                  
              .vertline.                                                       
     p-F--C.sub.6 H.sub.4                                                      
              --CH--OCOOC.sub.2 H.sub.5                                        
                          25   1.4   20.2                                      
              CH.sub.3                                                         
              .vertline.                                                       
     p-Cl--C.sub.6 H.sub.4                                                     
              --CH--OCOCH.sub.3                                                
                          26   10.8  15.6                                      
              CH.sub.3                                                         
              .vertline.                                                       
     p-HO--C.sub.6 H.sub.4                                                     
              --CH--OCOCH.sub.3                                                
                          27   2.5   6.8                                       
              CH.sub.3                                                         
              .vertline.                                                       
     p-HO--C.sub.6 H.sub.4                                                     
              --CH--OCOOC.sub.2 H.sub.5                                        
                          28   5.0   33.1                                      
              CH.sub.3                                                         
              .vertline.                                                       
              --CH--OCOCH.sub.3                                                
                          29   3.5   12.4                                      
              CH.sub.3                                                         
              .vertline.                                                       
              --CH--OCOCH.sub.3                                                
                          30   6.7   8.0                                       
              CH.sub.3                                                         
              .vertline.                                                       
     "        --CH--OCOOC.sub.2 H.sub.5                                        
                          31   7.0   35.2                                      
     __________________________________________________________________________
PAC  EXAMPLE 34
PAC  Pharmaceutical Formulations.
PAR  For preparation of tablets the following compositions were made:
TBL  a)  1'-Acetoxyethyl 6-(D-.alpha.-aminophenylacetamido)                    
         penicillanate hydrochloride  338 mg                                   
         Starch                       100 mg                                   
         Magnesium stearate           10 mg                                    
     b)  1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-aminophenyl-                   
         acetamido)penicillanate hydrochloride                                 
                                      359 mg                                   
         Starch                       100 mg                                   
         Magnesium stearate           10 mg                                    
     c)  Ethoxycarbonyloxymethyl 6-(D-.alpha.-aminophenyl-                     
         acetamido)penicillanate hydrochloride                                 
                                      350 mg                                   
         Calcium carbonate            100 mg                                   
         Magnesium stearate           10 mg                                    
     d)  1'-Ethoxycarbonyloxymethyl 6-(D-.alpha.-aminophenyl-                  
         acetamido)penicillanate hydrochloride                                 
                                      359 mg                                   
         Lactose                      100 mg                                   
         Magnesium stearate           10 mg                                    
     e)  1'Ethoxycarbonyloxymethyl 6-(D-.alpha.-amino-m-                       
         fluorophenylacetamido)penicillanate hydrochloride                     
                                      370 mg                                   
         Microcrystalline cellulose (Avicel)                                   
                                      100 mg                                   
         Magnesium stearate           10 mg                                    
     f)  1'-Acetoxyethyl 6-(D-.alpha.-aminophenylacetamido)                    
         penicillanate hydrochloride  338 mg                                   
         Calcium carbonate            100 mg                                   
         Lactose                      100 mg                                   
         Magnesium stearate           10 mg                                    
     For filling in capsules the following formulations were made:             
     g)  1'-acetoxyethyl 6-(D-.alpha.-aminophenylacetamido)                    
         penicillanate hydrochloride  350 mg                                   
         Magnesium stearate           5 mg                                     
     h)  1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-aminophenyl-                   
         acetamide)penicillanate hydrochloride                                 
                                      350 mg                                   
         Lactose                      40 mg                                    
         Magnesium stearate           5 mg                                     
PAR  For oral suspensions the following formulations were prepared:
TBL  i)                                                                        
       1'-Acetoxyethyl 6-(D-.alpha.-aminophenylacetamido)                      
       penicillanate hydrochloride                                             
                               34        mg                                    
       Aluminium monostearate  50        mg                                    
       Tween - 80              1.2       mg                                    
       peanut oil              ad 1000   mg                                    
     j)                                                                        
       1'-Ethoxycarbonyloxyethyl 6-(D-.alpha.-aminophenyl                      
       acetamide)penicillanate hydrochloride                                   
                               36        g                                     
       sodium benzoate         0.48      g                                     
       sodium chloride         0.75      g                                     
       flavouring agents       4.7       g                                     
       Aerosil                 0.3       g                                     
       Antifoam                0.0375    g                                     
       alkali salts of polysaccharide sulphates                                
                               4.0       g                                     
       sodium saccharinate     0.4       g                                     
       sorbitol                ad 100    g                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical preparation which comprises, as an active ingredient,
      an anti-bacterially effective amount of at least one compound of the
      structural formula
      ##EQU14##
      or a pharmaceutically acceptable acid addition salt thereof, in which
      formula R is the radical
      ##SPC4##
PAL  wherein R.sup.2 is selected from the group consisting of hydrogen and
      hydroxy and R.sup.3 is selected from the group consisting of hydrogen and
      halogen such as chlorine and fluorine, and wherein R.sup.1 is selected
      from the group consisting of
      ##EQU15##
      in which formulas R.sup.4 is selected from the group consisting of alkyl
      groups containing from 1 to 4 carbon atoms; and R.sup.5 is selected from
      the group consisting of H, and -CH.sub.3, and a pharmaceutically
      acceptable carrier.
NUM  2.
PAR  2. A pharmaceutical preparation as defined in claim 1 wherein R.sup.1 is
      ##EQU16##
NUM  3.
PAR  3. A pharmaceutical preparation according to claim 2, wherein R is selected
      from the group consisting of phenyl and p-hydroxyphenyl and wherein
      R.sup.4 is as defined in claim 2.
NUM  4.
PAR  4. A pharmaceutical preparation as defined in claim 1 wherein R.sup.1 is
      ##EQU17##
NUM  5.
PAR  5. A pharmaceutical preparation according to claim 4, wherein R is selected
      from the group consisting of
      ##EQU18##
NUM  6.
PAR  6. A pharmaceutical preparation according to claim 4, wherein R is selected
      from the group consisting of phenyl and p-hydroxyphenyl.
NUM  7.
PAR  7. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU19##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  8.
PAR  8. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU20##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  9.
PAR  9. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU21##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  10.
PAR  10. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU22##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  11.
PAR  11. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU23##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  12.
PAR  12. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU24##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  13.
PAR  13. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU25##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  14.
PAR  14. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU26##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  15.
PAR  15. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU27##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  16.
PAR  16. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU28##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  17.
PAR  17. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU29##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  18.
PAR  18. A pharmaceutical preparation according to claim 1, wherein the active
      ingredient has the structural formula
      ##EQU30##
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  19.
PAR  19. A method for the treatment of diseases caused by bacterial organisms,
      which comprises administering to a human host, suffering from such
      disease, an anti-bacterially effective amount of the preparation as set
      forth in claim 1.
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PAL  2-Pyrazolyl-benzophenones, e.g. those of the formula
      ##SPC1##
PA1  R.sup.o = H, alkyl, (HO, alkoxy, amino)- alkyl, aralkyl or aryl
PA1  R = h or alkyl
PA1  R',r" = h, alkyl,alkoxy, halo or CF.sub.3
PA1  Am = open or cyclic amino group
PAL  Corresponding ketals, carbinols, acyl derivatives or therapeutically useful
      acid addition salts thereof exhibit antianxiety and antidepressant
      effects.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of new
      2-(3- or 5-pyrazolyl)-benzophenones or -thiophenones, their ketals or
      carbinols corresponding to Formulae I and II
      ##EQU1##
      WHEREIN Ph is a 1,2-phenylene radical, Ar is a monocyclic, carbocyclic
      aryl radical, R.sub.o is hydrogen, lower alkyl, (hydroxy, lower alkoxy or
      Am)-C.sub.m H.sub.2m or Ar-C.sub.n H.sub.2n, Am is an open or cyclic amino
      group, m is an integer from 1 to 7, n such from 0 to 7, each of R.sub.1,
      R.sub.2 and R.sub.3 is hydrogen or lower alkyl, and X is oxo, thio, or
      hydrogen and hydroxy or lower alkoxy; simple or mixed, open or cyclic
      lower alkyl or alkylene ketals thereof; or a lower alkanoyl,
      alkoxycarbonyl, AmCO or AmCS derivative of the compounds containing at
      least one hydrogen attached to oxygen or nitrogen; or a therapeutically
      useful acid addition salt thereof; as well as of corresponding
      pharmaceutical compositions and of methods for the preparation and
      application of these products, which are useful antianxiety and
      antidepressant agents.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The 1,2-phenylene radical Ph, as well as the aryl radical Ar, are
      unsubstituted or substituted by one or more than one, preferably by one or
      two, of the same or different substituents selected from the group
      consisting of lower alkyl, e.g. methyl, ethyl, n- or i-propyl or -butyl;
      etherified or esterified hydroxy, such as lower alkoxy, e.g. methoxy,
      ethoxy, n- or i-propoxy or -butoxy; or halo, e.g. fluoro, chloro or bromo;
      or trifluoromethyl. The term "lower", referred to above and hereinafter in
      connection with organic radicals or compounds respectively, defines such
      with up to 7, preferably up to 4, carbon atoms.
PAR  Preferred 1,2-phenylene radicals Ph are 1,2-phenylene, (lower
      alkyl)-1,2-phenylene, (lower alkoxy)-1,2-phenylene, (halo)1,2-phenylene or
      (trifluoromethyl)-1,2-phenylene and preferred aryl radicals Ar are phenyl,
      (lower alkyl)-phenyl, (lower alkoxy)-phenyl, mono- or di-(halo)-phenyl or
      (trifluoromethyl)-phenyl.
PAR  The radical R.sub.o preferably represents hydrogen, lower alkyl or
      Ar-C.sub.n H.sub.2n, wherein n is an integer from 0 to 7, preferably 1 to
      4. It may also represent (hydroxy, lower alkoxy or Am)-C.sub.m H.sub.2m
      wherein m is an integer from 1 to 7 and Am is exemplified by animo, mono-
      or di-lower alkylamino, lower alkyleneimino or mono-aza-, oxa- or
      thiaalkyleneimino, wherein the additional nitrogen, oxygen or sulfur atom
      is separated from the imino-nitrogen by at least 2 carbon atoms, e.g.
      mono- or di-(methyl, ethyl, n- or i-propyl or -butyl)-amino; pyrrolidino,
      piperidino or hexamethyleneimino; piperazino, 4-(lower alkyl, e.g. methyl
      or ethyl)-piperazino; morpholino or thiamorpholino. Preferred amino groups
      Am are mono- or dilower alkylamino, pyrrolidino, piperidino, piperazino,
      4-(lower alkyl)-piperazino or morpholino.
PAR  The radicals R.sub.1, R.sub.2 and R.sub.3 represent preferably a hydrogen
      atom, but also lower alkyl, above all methyl.
PAR  The ketals of said benzophenones or -thiophenones are either simple ketals
      or thioketals, or mixed ketals, containing oxygen and sulfur, and are
      derived either from lower alkanols or -thiols, or lower alkylene glycols
      or thioglycols respectively. Thus, X represents, for example, two members
      selected from methoxy, ethoxy, n- or i-propoxy, methyl- or ethylmercapto;
      or one member of 1,2-ethylenedioxy, 1,2- or 1,3-propylenedioxy or -thioxy.
PAR  Said acyl derivatives are either esters of said carbinols and/or amides of
      said primary or secondary Am-compounds, and the lower alkanoyl derivatives
      are exemplified by formyl, acetyl, propionyl or pivalyl derivatives; lower
      alkoxycarbonyl derivatives by methoxy-, ethoxy-, n- or i-propoxy- or
      -butoxycarbonyl derivatives; and AmCO and AmCS derivatives are preferably
      those of NH-compounds.
PAR  The compounds of the invention exhibit valuable pharmacological properties,
      for example, antianxiety and especially antidepressant effects, differing
      from those of imipramine. This can be demonstrated in animal tests, using
      advantageously mammals, such as mice, rats or monkeys, as test objects.
      The compounds of the invention can be applied to the animals enterally,
      e.g. orally, or parenterally, such as subcutaneously or intraperitoneally,
      e.g. in the form of aqueous solutions or starchy suspensions. The dosage
      may range between about 0.1 and 300 mg/kg/day, preferably between about 1
      and 100 mg/kg/day, advantageously between about 2 and 20  mg/kg/day. An
      antidepressant effect is observed, for example, in the amphetamine
      interaction test (P. Carlton, Psychopharmacologia 1961, Vol. II, p. 364)
      performed with male albino rats, which are trained to press a bar every 30
      seconds, in order to avoid an electric shock applied through the floor
      grid. In case the animals receive i.p. 0.25 mg/kg/day of amphetamine,
      their performing rate for avoiding said shock during a test period or
      about 4-5 hours is slightly higher than that of placebo (saline) treated
      animals. In case the animals receive the compounds of the invention (or
      imipramine for control purposes) in the above-mentioned doses, preferably
      at 5 or 10 mg/kg/day i.p. and about 45 minutes later the amphetamine,
      their rate of avoiding the shocks is highest, as compared with that of
      rats receiving (a) saline alone, (b) saline and amphetamine, or (c) the
      compounds or the invention and saline. In addition the compounds of the
      invention exhibit antianxiety effects in rats or squirrel monkeys,
      advantageously at dosages between about 2 and 20 mg/kg/day. Accordingly,
      they reduce acquired fear or anxiety associated with a psychological
      conflict. It is established by simultaneously rewarding with food and
      punishing with electric shock all lever-pressing responses of the animals
      made in the presence of a discriminative tone stimulus. For example, rats
      first learn to press a lever to obtain a milk reward, which is delivered
      on the average of once per 2 minutes. After this schedule, which lasts 15
      minutes, a tone stimulus of 3 minute duration is presented. This stimulus
      signals a change from a variable interval schedule of reinforcement, to a
      continuous reinforcement schedule (CRF). During the CRF schedule, all
      lever responses not only produce milk rewards but also an electric shock
      to the animals' feet. During the period in which a shock accompanies the
      food reward, the tone stimulus produces a suppression of all lever
      pressing responses. Thus, for example, administration of
      5-chloro-2(1-methyl-4-aminomethyl-5-pyrazolyl)-2'-fluorobenzophenone
      monophosphate, a characteristic compound of the invention applied at about
      5 mg/kg/day intraperitoneally to rats or orally to squirrel monkeys,
      reinstate these responses, indicating that the animals tolerate more
      shocks in obtaining the food reinforcement. Accordingly, the compounds of
      the invention are especially useful in combatting depression and axiety.
      Moreover, they are also valuable intermediates in the preparation of other
      useful products, especially of pharmacologically active compounds.
PAR  Particularly useful are compounds of Formulae I and II, in which Ph is
      1,2-phenylene, (lower alkyl)-1,2-phenylene, (lower alkoxy)-1,2-phenylene,
      (halo)-1,2-phenylene or (trifluoromethyl)1,2-phenylene, Ar is H-Ph,
      R.sub.o is hydrogen, lower alkyl, (hydroxy, lower alkoxy or Am)-C.sub.m
      H.sub.2m, or Ar-C.sub.n H.sub.2n, Am is amino, mono- or dilower
      alkylamino, or five to seven ring-membered lower alkyleneimino, m is an
      integer from 2 to 4, and n such from 0 to 4, each of R.sub.1, R.sub.2 and
      R.sub.3 is hydrogen or lower alkyl and X is oxo, thio, or hydrogen and
      hydroxy or lower alkoxy, or the simple or mixed, open or cyclic lower
      alkyl or alkylene ketals thereof, or lower alkanoyl, alkoxy-carbonyl, AmCO
      or AmCS derivatives of the compounds containing at least one hydrogen
      attached or oxygen or nitrogen, or a therapeutically useful acid addition
      salt thereof.
PAR  Preferred compounds of the invention are those of Formula I and II, wherein
      Ph is 1,2-phenylene, (alkyl)-1,2-phenylene or (halo)-1,2-phenylene, Ar is
      H-Ph, R.sub.o is hydrogen, alkyl, 2- or 3(hydroxy or dialkylamino)-(ethyl
      or propyl) or H-Ph-methyl, each of R.sub.1, R.sub.2 and R.sub.3 is
      hydrogen or methyl, the group Am is amino or dialkylamino, X is oxo, thio,
      two alkoxy groups, one alkoxy and alkylmercapto group, or ethylenedioxy,
      or an alkanoyl derivative of the compounds containing at least one
      hydrogen attached to oxygen or nitrogen, in which compounds alkyl,
      alkanoyl, alkoxy or alkylmercapto has up to 4 carbon atoms, or a
      therapeutically useful acid addition salt thereof.
PAR  Outstanding are the compounds of Formulae III and IV
      ##SPC2##
PAL  wherein R is hydrogen or methyl, R.sup.o is hydrogen, methyl, ethyl, n- or
      i-propyl, n-, i- or t-butyl, 2- or 3-(hydroxy, dimethylamino-or
      diethylamino)-(ethyl or propyl) or benzyl, each of R' and R" is hydrogen,
      methyl, fluoro or chloro and Am' is amino, dimethylamino or diethylamino,
      the methyl or ethylene ketal or thioketal, or a therapeutically useful
      addition salt thereof.
PAR  The compounds of this invention are prepared according to conventional
      methods, for example by converting in compounds of Formulae Va or b
      ##EQU2##
      in which Y is a substituent capable of being converted into R.sub.2,
      R.sub.3 -'C-Am, Y into said .alpha.-aminoalkyl group and, if desired,
      converting any resulting compound into another compound of the invention.
PAR  The substituent Y is, for example, a reactively esterified
      .alpha.-hydroxy-alkyl group, preferably such derived from a strong
      inorganic metalloidic acid, particularly a hydrohalic acid, e.g.
      hydrochloric or hydrobromic acid or sulfuric acid, or an organic sulfonic
      acid, such as a lower alkane or benzene sulfonic acid, e.g. methane,
      ethane, benzene or p-toluene sulfonic acid, or an
      .alpha.-phosphonium-alkyl group, e.g. an .alpha.-triphenyl-phosphonium
      halidealkyl group. Said groups Y are converted into .alpha.-Am-alkyl by
      condensation with H-Am or an alkali metal, e.g. sodium salt thereof.
PAR  Another substituent Y is, for example, an .alpha.-(nitro, oximino or
      imino)-alkyl group, or preferably a cyano or carbamoyl group, e.g. CO-Am,
      which groups can be converted into .alpha.-Am-alkyl by reduction. The
      above nitro compounds, nitriles or amides are advantageously reduced with
      the use of simple or complex light metal hydrides, such as boron hydride
      or alkali metal aluminum hydrides, e.g. lithium aluminum hydride. The
      above oximes or Schiff's bases, i.e. said .alpha.-oximino- or iminoalkyl
      compounds, as well as the .alpha.-nitroalkyl or cyano compounds, can also
      be reduced with catalytically activated or nascent hydrogen, such as
      hydrogen in the presence of nickel, platinum or preferably palladium
      catalysts, or generated electrolytically or by the action of metals on
      compounds with active hydrogen, such as acids or alcohols, e.g. zinc or
      iron and inorganic or organic acids, such as hydrohalic or lower alkanoic
      acids, or sodium or aluminum or their amalgams and lower alkanols.
PAR  Another process for the preparation of the compounds of Formulae I and II
      consists in hydrolyzing compounds of Formulae Vc or d
      ##EQU3##
      and, if desired, converting any resulting product into another compound of
      the invention.
PAR  Hydrolysis is advantageously performed under mildly acidic conditions, e.g.
      in the presence of aqueous and/or alkanolic acids, e.g. said metalloidic
      acids, or the therapeutically useful acids listed below.
PAR  The carbinols of the invention (X=H+OH) are obtained from the ketones (X=O)
      by reduction as shown for the amides, advantageously with complex
      borohydrides, e.g. sodium boro- or lithium borohydride, or aluminum
      hydrides, e.g. lithium aluminum hydride in protic or non-protic solvents.
PAR  Another process for the preparation of the compounds of Formulae I and II
      consist in condensing a ketal or ether of Formula Ve
      ##EQU4##
      wherein X' is said X different from O, S or H+OH and Am" is said Am
      different from a primary or secondary amino group, with R.sub.1 --NH--
      NH.sub.2 and if desired, converting any resulting compound into another
      compound of the invention.
PAR  The substituent X' is preferably lower alkoxy and alkylmercapto and Am"
      preferably di-lower alkylamino. Said condensation is advantageously
      performed at elevated temperatures, for example between about 30 and
      150.degree. and in the presence or absence of a lower alkanol.
PAR  The compounds thus obtained can be converted into each other according to
      conventional methods. For example, resulting compounds containing at least
      one hydrogen atom attached to oxygen or nitrogen can be acylated, for
      example, with the use of reactive functional derivatives of the
      corresponding acids, such as halides or anhydrides thereof, e.g. acetyl or
      propionyl chloride, lower alkyl chloroformates, carbamoyl or thiocarbamoyl
      chlorides; acetic anhydride, ketene, isocyanates or isothiocyanates. Said
      primary or secondary amines can also be reacted with reactives esters of
      the respective alcohols, preferably derived from hydrohalic, aliphatic or
      aromatic sulfonic acids, e.g. lower alkyl or aralkyl chlorides, bromides,
      iodides; alkane- or benzenesulfonates, e.g. the mesylate or tosylate, or
      with correspodning aldehydes or ketones and reducing agents, e.g. formic
      acid, in order to obtain sec. or tert. amines respectively. Resulting
      ketals can also be converted into the ketone or thioketones, for example,
      by treating them with acidic agents, such as the above inorganic or
      organic acids. Finally, a resulting base can be converted into a
      corresponding acid addition salt, preferably with the use of a
      therapeutically useful acid or anion exchange preparation, or resulting
      salts can be converted into the corresponding free bases, for example,
      with the use of a base, such as a metal hydroxide, basic salt, ammonia,
      amine or cation exchange preparation, e.g. an alkali metal hydroxide or
      carbonate. Said acid addition salts are preferably such of therapeutically
      useful inorganic acids, such as strong metalloidic acids, for example
      hydrohalic, e.g. hydrochloric or hydrobromic acid; sulfur, phosphoric,
      nitric or perchloric acid; aliphatic or aromatic carboxylic or sulfonic
      acids, e.g. formic, acetic, propionic, succinic, glycollic, lactic, malic,
      tartaric, citric, ascorbic, maleic, hydroxymaleic, pyroracemic,
      phenylacetic, benzoic 4-aminobenzoic, anthranilic, 4-hydroxybenzoic,
      salicylic, 4-aminosalicylic, embonic, nictinic; methanesulfonic,
      ethanesulfonic, hydroxyethanesulfonic, ethylenesulfonic,
      halogen-benzenesulfonic, toluenesulfonic, naphthalenesulfonic or
      sulfanilic acid.
PAR  These or other salts, for example, the picrates, can also be used for
      purification of the bases obtained; the bases are converted into salts,
      the salts are separated and the bases are liberated from the salts. In
      view of the close relationship between the free compounds and the
      compounds in the form of their salts, whenever a compound is referred to
      in this context, a corresponding salt is also intended, provided such is
      possible or appropriate under the circumstances. Resulting mixtures of
      isomers can be separated into the single isomers by methods in themselves
      known, e.g. by fractional distillation, crystallization and/or
      chromatography.
PAR  The invention further includes any variant of the present process in which
      an intermediate product obtainable at any stage of the process is used as
      starting material and any remaining steps are carried out, or the process
      is discontinued at any stage thereof, or in which the starting materials
      are formed under the reaction conditions, or in which the reaction
      components are used in the form of their salts. Mainly those starting
      materials should be used in the reactions of the invention that lead to
      the formation of those compounds indicated above as being especially
      valuable.
PAR  The starting material Vc to d is new and is considered as additional
      subject matter of the present invention. It is prepared according to the
      following formula scheme, which is illustrated by the examples herein:
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PAR  The pharmacologically active compounds of the invention are useful in the
      manufacture of pharmaceutical compositions containing an effective amount
      thereof in conjunction or admixture with excipients suitable for either
      enteral or parenteral application. Preferred are tablets and gelatin
      capsules comprising the active ingredient together with (a) diluents, e.g.
      lactose, dextrose, sucrose, mannitol, sorbitol, cellulose, and/or glycine,
      (b) lubricants, e.g. silica, talcum, stearic acid, its magnesium or
      calcium salt and/or polyethyleneglycol, for tablets also (c) binders, e.g.
      magnesium aluminum silicate, starch paste, gelatin, tragacanth,
      methylcellulose, sodium carboxymethylecellulose and/or
      polyvinylpyrrolidone, if desired, (d) disintegrants, e.g. starches, agar,
      alginic acid or its sodium salt, enzymes of the binders or effervescent
      mixtures and/or (e) absorbents, colorants, flavors and sweeteners.
      Injectable compositions are preferably aqueous isotonic solutions or
      suspensions, and suppositories are advantageously fatty emulsions or
      suspensions. They may be sterialized and/or contain adjuvants, such as
      preserving, stabilizing, wetting or emulsifying agents, solution
      promoters, salts for regulating the osmotic pressure and/or buffers. They
      may also contain other therapeutically valuable substances. Said
      pharmaceutical compositions are prepared according to conventional mixing,
      granulating or coating methods respectively and contain about 0.1 to 75%,
      preferably about 1 to 50% of the active ingredient.
PAR  The following examples, illustrating the invention, are not to be construed
      as being limitations thereon. Temperatures are given in degrees Centigrade
      and all parts wherever given are parts by weight.
DETD
PAC  EXAMPLE 1
PAR  The mixture of 130 mg of
      5-chloro-2-(1-methyl-4-methoxyiminomethyl-5-pyrazolyl-2'-fluorobenzophenon
     e ethylene ketal, 25 ml of diethyl ether and 100 mg of lithium alluminum
      hydride is stirred at room temperature for 16 hours. Thereupon 0.1 ml of
      water, 0.1 ml of 15% aqueous sodium hydroxide and 0.3 ml of water are
      added, the mixture filtered and the filtrate extracted with N hydrochloric
      acid. The acidic layer is separated, made basic with 2N aqueous sodium
      hydroxide, extracted with methylene chloride, the extract dried and
      evaporated, to yield the
      5-chloro-2-(1-methyl-4-aminomethyl-5-pyrazolyl)-2'-fluorobenzophenone
      ethylene ketal of the Formula IV, wherein R=H, Am'=NH.sub.2, R.sup.o
      =CH.sub.3, R'=F and R"=Cl, showing in the NMR-spectrum a singlet at
      .delta.=3.03 and a triplet at .delta.=8.0 ppm.
PAR  The mixture of 100 mg thereof, 10 ml of dioxane and 10 ml of 2N
      hydrochloric acid is refluxed for 1 hour under nitrogen and the dioxane
      evaporated. The aqueous solution is cooled, admixed to methylene chloride,
      made basic with 2N aqueous sodium hydroxide and extracted with diethyl
      ether. The extract is dried, filtered into the solution of 50 mg of
      phosphoric acid in 1 ml of ethanol and the precipitate filtered off, to
      yield the
      5-chloro-2-(1-methyl-4-aminomethyl-5-pyrazolyl)-2'-fluorobenzophenone
      monophosphate melting at 180.degree..
PAR  The starting material is obtained as follows: The solution of 10 g of
      5-chloro-2'-fluoro-2-phenylmercaptomethyl-benzophenone ethylene ketal
      (Example 2) in 50 ml of methyl iodide is refluxed under nitrogen for 5
      days. It is evaporated and the formed methyl phenyl thioether distilled
      off at 60.degree./0.1 mm Hg, to yield the
      5-chloro-2'-fluoro-2-iodomethyl-benzophenone ethylene ketal.
PAR  The mixture of 9.6 g thereof, 5 g sodium bicarbonate and 50 ml of
      dimethylsufoxide is stirred for 20 minutes at 110.degree., cooled and
      poured onto ice. The mixture is extracted with diethyl ether, the extract
      washed with water and saturated aqueous sodium chloride, dried, evaporated
      and the residue recrystallized from diethyl ether-hexane, to yield the
      5-chloro-2'-fluoro-2-formylbenzophenone ethylene ketal melting at
      103.degree.-105.degree..
PAR  To the solution of 1.6 g thereof in 60 ml of diethyl ether, 3 ml of 2.3
      molar methyl lithium in diethyl ether are added while stirring and cooling
      with ice. After 5 minutes 20 ml of water are added cauteously, the organic
      layer separated, washed with saturated aqueous sodium chloride, dried and
      evaporated, to yield the
      5-chloro-2'-fluoro-2-(1-hydroxy-ethyl)-benzophenone ethylene ketal showing
      in the NMR-spectrum a doublet a .delta.=1.1 ppm (in deuterochloroform).
PAR  To the solution of 1.8 g thereof in 100 ml or diethyl ether, 25 ml of the
      solution (obtained from 100 g of sodium dichromate dihydrate, 300 ml of
      water, 136 ml of concentrated sulfuric acid and diluting it with water to
      500 ml) are added while stirring. After 40 minutes the mixture is poured
      on ice, the organic phase separated and washed with aqeuous sodium
      bisulfite, water, aqeuous sodium bicarbonate and saturated aqueous sodium
      chloride. It is dried and evaporated, to yield the 2-acetyl-5-chloro-
      2'-fluorobenzophenone ethylene ketal showing in the NMR spectrum a singlet
      at .delta.=2.4 ppm.
PAR  The mixture of 1.1 g thereof and 7 ml of dimethyl formamide dimethylacetal
      is refluxed for 16 hours and evaporated under reduced pressure, to yield
      the 5-chloro-2-(3-dimethylaminoacryloyl)2'-fluoro-benzophenone ethylene
      ketal showing in the NMR-spectrum a broad singlet at .delta.=2.7 ppm.
PAR  The mixture of 1.3 g thereof, 0.3 g of methylhydrazine and 25 ml of ethanol
      is refluxed for 7 hours under nitrogen and evaporated. The residue is
      chromatographed on silica gel and the column eluted first with benzene,
      then diethyl ether and the ether eluate collected, to yield the
      5-chloro-2'-fluoro-2-(1-methyl-5-pyrazolyl)-benzophenone ethylene ketal
      showing in the NMR-spectrum a singlet at .delta.=3.1 and a doublet at
      .delta.=5.95 ppm.
PAR  The solution of 650 mg thereof in 2.7 ml of ethylene dichloride is added
      dropwise to the complex, prepared from 265 mg of dimethylformamide and 555
      mg of phosphorus oxychloride, while cooling with ice, and dissolved in 1.8
      ml of ethylene dichloride, while stirring and the mixture is refluxed for
      2 hours under nitrogen. After cooling the solution of 2.45 g of sodium
      acetate trihydrate in 3.6 ml of water is added and the mixture refluxed
      for 15 minutes. It is diluted with methylene chloride and water, the
      organic layer separated and dried, to yield the
      5-chloro-2'-fluoro-2-(1-methyl-4-formyl-5-pyrazolyl)-benzophenone ethylene
      ketal, showing in the NMR-spectrum a band at .delta.=9.13 ppm.
PAR  The mixture of 660 mg thereof, 3 ml of pyridine and 170 mg of
      O-methyl-hydroxylamine hydrochloride is stirred for 16 hours at room
      temperature and evaporated under reduced pressure. The residue is taken up
      in chloroform and the solution filtered through a short column of silica
      gel, to yield the desired methoxime.
PAC  Example 2
PAR  The mixture of 3.25 g of
      8-chloro-6-(2-fluorophenyl)-1-methyl-1H,4H-pyrazolo-[4,3-d](2)benzazepine,
      100 ml of 0.5N sulfuric acid and 15 ml of ethanol is stirred under
      nitrogen at room temperature for 2 days. The resulting solution is cooled
      to 0.degree., transferred into a separatory funnel, made basic with
      ice-cold 30% aqueous sodium hydroxide and quickly extracted with diethyl
      ether. The extract is dried filtered into the mixture of 1.2 g of 85%
      phosphoric acid and 50 ml ethanol and the precipitate collected, to yield
      the monophosphate identical with that of Example 1, m.p. 180.degree..
PAR  Analogously the
      5-chloro-2-(1-methyl-4-aminomethyl-5-pyrazolyl)-benzophenone monooxalate
      is obtained, melting at 163.degree.-165.degree..
PAR  The starting material is prepared as follows: The solution of 141 g of
      .alpha.,p-dichlorotoluene in 200 ml tetrahydrofuran is added dropwise to
      an ice-cold saturated solution of dimethylamine in 1 liter of
      tetrahydrofuran and the mixture stirred for 2 days at 25.degree.. It is
      diluted with diethyl ether, washed with 2N aqueous sodium hydroxide, the
      organic layer dried, evaporated, the residue distilled and the fraction
      boiling at 106.degree./12 mm Hg collected, to yield the
      N,N-dimethyl-4-chlorobenzylamine.
PAR  To the solution of 81.6 g thereof in 1.5 lt of diethyl ether 360 ml of 1.6
      molar n-butyl lithium in hexane are added dropwise while stirring at
      0.degree.-5.degree. under nitrogen. After 3 hours the solution of 58 g of
      2-fluorobenzonitrile in 1.5 lt of diethyl ether is added dropwise while
      stirring, the mixture refluxed for 3 hours and stirred at room temperature
      for 16 hours. Thereupon crushed ice and 265 ml of 5N hydrochloric acid are
      added, the mixture refluxed for 1/2 hour, cooled and the aqueous layer
      separated. It is made basic with 30% aqueous sodium hydroxide, extracted
      with methylene chloride, the extract dried, evaporated and the residue
      dried in a high vacuum at 100.degree., to yield the
      5-chloro-2'-fluoro-2-dimethylaminomethyl-benzophenone melting at
      91.degree.-92.degree..
PAR  To the solution of 138 g thereof in 3.2 lt of methylene chloride, that of
      55 g of cyanogen bromide in 300 ml of methylene chloride is added dropwise
      while stirring and cooling with ice. After stirring overnight, the mixture
      is evaporated under reduced pressure at 40.degree.. The residue is taken
      up in 2.4 lt of methanol, 56.8 ml of thiophenol are added, followed by 596
      ml of N methanolic sodium hydroxide, the mixture stirred for 2 hours at
      0.degree. and overnight at room temperature. It is cooled again, filtered
      and the residue washed with methanol, to yield the
      5-chloro-2'-fluoro-2-phenylmercaptomethyl-benzophenone melting at
      81.degree.-82.degree..
PAR  The mixture of 144.6 g thereof, 386 g of p-toluenesulfonic acid, 800 ml of
      ethylene glycol and 3 lt of benzene is refluxed at the water separator for
      19 days and evaporated under reduced pressure, to yield the corresponding
      ethylene ketal melting at 69.degree..
PAR  To the solution of 24.2 g thereof in 285 ml of dry tetrahydrofuran, 46.2 ml
      of 1.6 molar n-butyl lithium in hexane are added while stirring under
      nitrogen at -67.degree. to -70.degree.. After one hour 100 ml of 6 molar
      ethyleneoxide in tetrahydrofruan are added during 5 minutes, the
      temperature allowed to rise to -35.degree. and the mixture stirred for two
      hours at room temperature. It is evaporated under reduced pressure, the
      residue taken up in 165 ml of dioxane, 165 ml of 2N hydrochloric acid are
      added and the mixture refluxed for 1 hour. It is concentrated under
      reduced pressure to about half its volume, the concentrate extracted with
      methylene chloride, the extract dried and evaporated, to yield the
      5-chloro-2-(3-phenylmercaptopropyl)-1-phenylmetcaptopropyl)-2'-fluorobenzo
     phenone.
PAR  To the mixture of 26 g thereof, 16 ml of N,N-diisopropylethylamine and 360
      ml of diethyl ether, 9.2 ml of methanesulfonyl chloride are added dropwise
      while stirring at 0.degree.. After 16 hours the mixture is washed with ice
      cold 5% hydrochloric acid, ice water and ice cold aqueous sodium
      carbonate, dried and evaporated under reduced pressure and below
      30.degree.. The residual methanesulfonate is taken up in 220 ml of
      methanol, saturated with ammonia, while stirring and after two hours the
      solution is again saturated with ammonia. It is allowed to stand at room
      temperature for 27 days, the precipitate (B) formed filtered off and the
      filtrate evaporated. The residue is taken up in diethyl ether, the
      solution extracted with 2N sulfuric acid, the aqueous solution made basic
      with 30% aqueous sodium hydroxide and extracted with methylene chloride.
      The extract is dried, evaporated, the residue combined with (B) and
      recrystallized from acetone, acidified with ethereal hydrogen chloride to
      yield the
      8-chloro-1-(2-fluorophenyl)5-phenylmercapto-3,4-dihydro-2-benzazepine
      hydrochloride melting at 184.degree.-185.degree..
PAR  The solution of 34.8 g thereof in 340 ml of methylene chloride is combined
      with 300 ml of 1.25 molar triethyloxonium tetrafluoroborate in methylene
      chloride while stirring under nitrogen. After 68 hours the mixture is
      evaporated under reduced pressure, the residue dissolved in 500 ml or
      dimethylsulfoxide and the solution stirred under nitrogen at 55.degree.
      for 6 hours. It is evaporated under reduced pressure, the residue taken up
      in diethyl ether, the solution washed with water and extracted with 5%
      hydrochloric acid. The pH of the acidic solution is adjusted to 8 with
      sodium carbonate and the mixture extracted with diethyl ether. The extract
      is washed with water and saturated aqueous sodium chloride, the washings
      re-extracted with diethyl ether, the combined extracts dried, evaporated
      and the residue recrystallized from diethyl ether with the aid of
      charcoal, to yield the
      8-chloro-1-(2-fluorophenyl)-3,4-dihydro-2-benzazepin-5-one melting at
      107.degree.-109.degree..
PAR  The mixture of 3.4 g thereof and 275 ml of dimethylformamide-dimethylacetal
      is refluxed for 75 minutes and the excessive reagent removed under reduced
      pressure at a temperature not exceeding 135.degree.. The residue is
      crystallized from diethyl ether, to yield the
      8-chloro-4-dimethylamino-methylidene-1-(2-fluorophenyl)-3,4-dihydro-2-benz
     azepin-5-one melting at 224.degree.-226.degree..
PAR  2 g thereof are added to the solution of 0.7 g of methylhydrazine in 100 ml
      of ethanol, the mixture refluxed for 45 minutes and evaporated under
      reduced pressure. The residue is recrystallized from ethyl acetate-hexane,
      to yield the
      8-chloro-6-(2-fluorophenyl)-10a-hydroxy-1-methyl-3a,10a-dihydro-1H,4H-pyra
     zolo[4,3-d](2)benzazepine melting at 114.degree.-115.degree..
PAR  The solution of 1.74 g thereof in 60 ml of chloroform is stirred with 100
      ml of 0.1 N hydrochloric acid for 15 minutes, the pH of the aqueous phase
      adjusted to 8 with aqueous sodium carbonate and the mixture again stirred
      for 5 minutes. The organic layer is separated, dried, evaporated and the
      residue recrystallized from diethyl ether-hexane, to yield the
      8-chloro-6-(2-fluorophenyl)1-methyl-1H,4H-pyrazolo [4,3-d](2)benzazepine
      melting at 128.degree.-130.degree.. The corresponding dihydrochloride
      melts at 190.degree. with decomposition.
PAC  EXAMPLE 3
PAR  The solution of 13 g of 8-chloro-6-(2-fluorophenyl)-1-methyl-1H,4H-pyrazolo
      [4,3-d](2) benzazepine in 50.7 g of formic acid and 31.2 ml of 37% aqueous
      formaldehyde is refluxed for 10 hours. It is evaporated under reduced
      pressure, the residue taken up in methylene chloride and poured on ice and
      excess 30% aqueous sodium hydroxide. Separation of the organic layer,
      drying and removal of the solvent results in a solid product which, on
      neutralization of an acetone solution with ethereal hydrogen chloride,
      yields the
      5-chloro-2-(1-methyl-4-dimethylaminomethyl-5-pyrazolyl)2'-fluorobenzopheno
     ne hydrochloride melting at 225.degree.-227.degree..
PAC  EXAMPLE 4
PAR  The solution of 1.86 g of
      5-chloro-2-(1-methyl-4-dimethylaminomethyl-5-pyrazolyl)-2'-fluorobenzophen
     one in 100 ml of ethanol is stirred for 21/2 hours at room temperature with
      500 mg sodium borohydride. It is evaporated under reduced pressure and the
      residue shaken with methylene chloride and 5% aqueous sodium hydroxide.
      After drying the organic layer and removal of the solvent, the residue is
      crystallized from diethyl ether-hexane, to yield the
      .alpha.-[5-chloro-2-(1-methyl-4-dimethylaminomethyl-5-pyrazolyl)-phenyl]-2
     fluorobenzyl alcohol melting at 125.degree. to 127.degree.; the
      hydrochloride thereof melts at 225.degree.-230.degree..
PAC  EXAMPLE 5
PAR  Preparation of 10,000 tablets each containing 25 mg of the active
      ingredient:
TBL  Formula:                                                                  
     ______________________________________                                    
     5-chloro-2-(1-methyl-4-aminomethyl-5-                                     
      pyrazolyl)-2'-fluorobenzophenone                                         
      mono-phosphate         250.00 g                                          
     Lactose                 1,956.00 g                                        
     Corn starch             90.00 g                                           
     Polyethylene glycol 6,000                                                 
                             90.00 g                                           
     Talcum powder           90.00 g                                           
     Magnesium stearate      24.00 g                                           
     Purified water          q.s.                                              
     ______________________________________                                    
PAC  Procedure:
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance, lactose, talcum, magnesium stearate and half of the
      starch are mixed in a suitable mixer. The other half of the starch is
      suspended in 45 ml of water and the suspension added to the boiling
      solution of the polyethylene glycol in 180 ml of water. The paste formed
      is added to the powders which granulated, if necessary, with an additional
      amount of water. The granulate is dried overnight at 35.degree., broken on
      a screen with 1.2 mm openings and compressed into tablets using concave
      punches with 7.1 mm diameter, uppers bisected.
PAR  Preparation of 10,000 capsules each containing 10 mg of the active
      ingredient:
TBL  Formula:                                                                  
     ______________________________________                                    
     5-chloro-2-(1-methyl-4-aminomethyl-5-                                     
      pyrazolyl)-2'-fluorobenzophenone                                         
      mono-phosphate         500.0 g                                           
     Lactose                 2,350.0 g                                         
     Talcum powder           150.0 g                                           
     ______________________________________                                    
PAC  Procedure:
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance is placed in a suitable mixer and mixed first with the
      talcum, then with the lactose until homogenous. No. 2 capsules are filled
      with 300 ml of the mixture, using a capsule filling machine.
CLMS
STM  I claim:
NUM  1.
PAR  1. An antidepressive and antianxiety pharmaceutical composition comprising
      a antidepressively or anxiolytic effective amount of a compound
      corresponding to the formulae
      ##EQU5##
      wherein Ar is unsubstituted phenylene, or phenyl substituted by one or
      two, of the same or different substituents selected from the group
      consisting of lower alkyl, lower alkoxy, halo or trifluoromethyl, Ph is
      1,2-phenylene substituted by one or two halogen atoms, R.sub.o is
      hydrogen, lower alkyl, (hydroxy, lower alkoxy or Am)C.sub.m H.sub.2m or
      Ar-C.sub.n H.sub.2n, wherein Am is amino, mono- or di-lower alkylamino,
      lower alkyleneimino or mono-aza-, oxa- or thia-alkyleneimino, wherein the
      additional nitrogen, oxygen or sulfur atom is separated from the
      iminonitrogen by at least 2 carbon atoms, m is an integer from 1 to 7, n
      such from 0 to 7, each of R.sub.1, R.sub.2 and R.sub.3 is hydrogen or
      lower alkyl, and X is oxo, thio or hydrogen and hydroxy or lower alkoxy,
      simple or mixed, open or cyclic lower alkyl or alkylene ketals thereof; or
      a lower alkanoyl, alkoxycarbonyl, AmCO or AmCS derivative of the compounds
      containing at least one hydrogen attached to oxygen or nitrogen; or a
      therapeutically useful acid addition salt thereof, together with an
      enterally or parenterally applicable pharmaceutical excipient.
NUM  2.
PAR  2. A composition as claimed in claim 1, wherein the effective compound
      corresponds to the formulae
      ##SPC3##
PAL  wherein R is hydrogen or methyl, R.sup.o is hydrogen, methyl, ethyl, n- or
      i-propyl, n-, i- or t-butyl, 2- or 3-(hydroxy, dimethylamino-or
      diethylamino)-(ethyl or propyl) or benzyl, R' is hydrogen, methyl, fluoro
      or chloro, R" is chloro and Am' is amino, dimethylamino or diethylamino,
      the methyl or ethylene ketal or thioketal, or a therapeutically useful
      acid addition salt thereof.
NUM  3.
PAR  3. A composition as claimed in claim 1, wherein the effective compound is
      the 5-chloro-2-(1-methyl-4-aminomethyl-5-pyrazolyl)-2'-fluorobenzophenone
      or a therapeutically useful acid addition salt thereof.
NUM  4.
PAR  4. A method of treating depression and anxiety, which consists in
      administering to a host suffering from depression and anxiety a
      composition as claimed in claim 1.
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ABST
PAL  This invention concerns a process for converting normally oil-insoluble,
      nitrogen-containing pesticidal compounds to oil-soluble complexes by
      treatment with alkylated phenols, and to the oil-soluble complexes
      resulting therein.
PARN
PAR  This invention is a continuation-in-part of copending Ser. No. 275,680
      filed in the U.S. Pat. Office on July 27, 1972.
BSUM
PAR  This invention concerns a process for transforming certain pesticidal
      compounds normally insoluble in oil* to their oil-solubilized forms.
FNT  * Oil-soluble as used herein refers to materials which do not possess
      sufficient solubility to permit the preparation of a clear 0.1% by weight
      solution of SAE 20 paraffin based oil at 75.degree.-80.degree.F.
PAR  More particularly, this invention relates to a process for converting a
      specific group of nitrogen-containing pesticides (described more fully
      below), which are normally insoluble in petroleum oils, to their
      oil-soluble form.
PAC  BACKGROUND OF THE INVENTION
PAR  As set forth in U.S. Pat. No. 3,681,348 and U.S. 275,680, the
      solubilization of normally oil-insoluble pesticidal substances is
      advantageous, since by rendering an additive soluble in a desired oily
      substrate, serious problems of non-homogeneity, sedimentation and unstable
      viscosities of the final composition are overcome. The latter difficulties
      are frequently encountered when dispersions of oil-insoluble pesticides,
      particularly anti-fungal agents, are prepared for application to
      vegetation.
PAR  As is well known, anti-fungal agents are used to inhibit or to control the
      growth of fungi. The need for oil-soluble anti-fungal substances is
      especially pressing in the treatment of plants in tropical or sub-tropical
      climates, or in the application of the more highly toxic agricultural
      pesticides.** For example, in the aforementioned climates, humidity is
      high and inhibiting the growth of fungi is difficult. This high humidity,
      combined with frequent rainfall, may remove an anti-fungal completely or
      render it ineffectual for protective purposes. This necessitates more
      frequent applications of anti-fungal which, in addition to being
      troublesome and costly, makes it difficult to control the growth of the
      fungus being treated, particularly if the anti-fungal has phytotoxic
      properties.
FNT  ** Pesticides as defined herein include anti-fungal agents herbicides, and
      plant growth regulators.
PAR  In view of the above problems, particularly in the application of
      anti-fungals in areas of high humidity and high rainfall, there is a need
      for a process to transform these normally oil-insoluble
      nitrogen-containing pesticidal substances into oil-soluble forms.
PAR  Recently it has been found through trial and error that the process
      disclosed in U.S. Pat. No. 3,681,348 can be extended to certain other
      oil-insoluble nitrogen-containing pesticidal agents to yield stable,
      useful oil-soluble complexes.
PAC  SUMMARY OF THE INVENTION
PAR  In practice, a normally oil-insoluble nitrogen containing agent to be
      converted to its oil-soluble form is admixed with at least a molar excess
      of at least one alkylated phenol-type compound to form a fluid mixture,
      and the mixing is continued until a substantially clear solution is
      obtained. The solution can be stored as is or any insoluble particles can
      be separated prior to storage or use.
PAR  In one favored process the above agents which are normally insoluble in
      petroleum based oils are admixed with a molar excess ranging from about
      2:1 to 20:1 of at least one hydroxylated benzene nucleus alkylated with
      alkyl groups containing from 6 to 12 carbon atoms, in the presence of
      sufficient inert solvent to provide a fluid, easily stirred mixture, then
      continuing said mixing at temperatures ranging between 40.degree. to
      100.degree.C until substantial solubilization of the compound takes place
      and a substantially clear solution is obtained. Again the solution may be
      clarified (by filtration) or not, concentrated or diluted for subsequent
      use.
PAR  In another favored variation, each part by weight of the oil-insoluble
      material to be solubilized is contacted at 40.degree. to 100.degree.C,
      with 1 to 20 parts by weight of the alkylated phenol solubilizer and 2 to
      80 parts by weight mixture of paraffinic oils and the mixture is agitated
      while heating until a clear homogeneous concentrate is formed.
PAR  In order to more clearly set forth the scope of the subject invention the
      following additional disclosure is submitted:
PAC  A. Alkylated Phenol Type Compound.
PAR  This is the generic designation used to define the agents which solubilize
      the normally oil-insoluble substances. These solubilizing agents are
      chosen from the mono and dinuclear aromatics that contain at least one
      alkylating group and at least one hydroxyl group. The alkylating group or
      groups can contain a total of between 3 and 100 carbon atoms, desirable
      from 3 to 30 carbon atoms and preferably from 6 to 20 carbon atoms. The
      alkylating groups can be arranged in either branched chains or straight
      chains although branched chains are preferred. The alkylated phenol-type
      compound can be in the form of relatively pure, discrete single compounds
      or in the form of blends or mixtures. Depending upon their physical state,
      solid or liquid, or the convenience of the user, the solubilizing
      compounds can be used with or without relatively low boiling inert
      solvents to assist in the solubilization process. These solvents, which
      are usually removed in a subsequent stripping operation, are described
      infra.
PAR  Illustrative of the favored class of solubilizing agents and the alkylated
      hydroxy mononuclear phenols, cresols and the like, such as the butyl
      phenols, the pentyl phenols, the hexyl phenols, the heptyl phenols, the
      octyl phenols, the nonyl phenols, the decyl phenols, the undecyl phenols,
      the dodecyl phenols, the tridecyl phenols, their mixtures, particularly
      where the alkylating groups on the phenols contain from 6 to 12 carbon
      atoms and are branched rather than straight chain.
PAC  B. Conditions Required for Oil-Solubilization.
PAR  1. Admixing Reactants - Generally speaking, the admixture required for
      forming the solubilization mixture can utilize any device capable of
      producing a homogeneous mixture. These include stirring devices, blending
      devices, mills, etc. No particular order of addition is required for
      operability. When the components are both liquids the usual procedure is
      to form a mixture of the normally oil-insoluble pesticidal
      nitrogen-containing compound and a molar excess of alkylated phenol-type
      compound until the solution substantially clears, indicating that
      substantial solubilization has taken place.
PAR  2. Temperature and Pressure - Ordinarily ambient temperatures (i.e. between
      20.degree.-30.degree.C) are satisfactory for admixing the components of
      the mixture. To effect even more rapid solubilization and formation of the
      oil-soluble complexes both the alkylated phenol and the pesticidal
      compound to be solubilized are heated together with or without agitation
      until they blend. Ordinarily no advantage accrues in using temperatures
      below about 20.degree.-30.degree.C so that temperatures ranging from
      20.degree.C and up are normally employed. The limiting factors in
      employing relatively high temperatures (i.e. above 100.degree.C) are the
      stability of said pesticidal component and/or the volatility of inert
      solvents that may be used. Volatility can be controlled by the use of a
      pressurized system but because of increased cost and operating hazards the
      usual practice is to use atmospheric pressures and temperatures not
      exceeding 100.degree.C.
PAR  3. Relatively Low-Boiling Inert Solvent - As indicated earlier, the use of
      one or more inert solvents boiling under 100.degree.C is desirable where
      difficulty is encountered in obtaining dissolution of the pesticides in
      the alkylphenol. Generally speaking, most solvents or mixtures of solvents
      inert to reacting with one or both components, and sufficiently
      low-boiling to permit their ready removal by distillation at temperatures
      not exceeding 100.degree.C can be employed. When inert solvents are
      employed they can form up to about 70% of the final mixture weight. These
      solvents can be stripped off using conventional atmospheric or vacuum
      distillation, or the blends containing them can be kept in the
      unconcentrated form. Illustrative solvents are benzene, toluene, ketones
      such as acetone, methyl ethyl ketone, the cellosolves and mixtures of
      these solvents.
PAR  4. Solubilization Times - The time required for preparation of the
      oil-insoluble form of the normally oil-insoluble compound cannot be stated
      with precision since it is dependent upon variables such as the nature of
      the oil-insoluble compound, the nature of the alkylated phenoltype
      compound, temperature employed and/or whether inert solvent is used. In
      some instances a clear, solvent-free concentrate can be attained in 10
      minutes to 1/2  hour while in other cases as much as 2-3 hours or more are
      required. Most solubilization takes place within 1 to 2 hours.
PAR  5. Types of Oil used for Dilution. Generally speaking any mineral oil of
      suitable viscosity for use as a conventional agricultural spray oil can be
      used. These include naphthenic, paraffinic and certain types of asphaltic
      oils having Saybolt viscosities at 100.degree.F from about 30-400 seconds.
      The preferred compositions for use with the insoluble pesticides are
      mixtures containing from about 0.1 to 20% by weight of pesticide in
      paraffinic oils having SUS viscosities of 50 to 100 at 100.degree.F and
      having an aromatic content of less than about 8%.
PAR  6. Ratio of Phenol-Type Compound to Insoluble Pesticides. - A molar excess
      of the phenol-type solubilizating agent is desirable. The exact excess
      required is a variable dependent upon the substance being solubilized and
      by the minimum amount of "phenol" required to achieve satisfactory
      solubilization. In most instances molar ratios of about 2:1 to 20:1 and
      higher of solubilizing agent to insoluble material will suffice with a
      narrower range of about 2:1 to 4:1 being preferred.
PAR  7. Preparation of Oil Solutions of Solubilized Compounds. - After the
      complexes of alkylated phenol-type compounds and solubilized compounds are
      prepared they may be incorporated in oil by any of the conventional
      methods used in blending oil base compositions. For instance, the
      concentrate of solubilized compounds plus oil may be heated to 40.degree.
      to 60.degree.C with mechanical agitation for 15 minutes or more until a
      clear blend is achieved. 8. Preferred Oil-Soluble Compositions. - While a
      broad range of alkylated phenol-type solubilizing agents can be used, the
      favored group comprise the alkylated hydroxy mononuclear aromatics
      commonly referred to as "alkylphenols." Within this relatively narrow
      class, the preferred solubilizers are those mono-hydroxylated benzenes
      alkylated with alkyl groups containing from 6 to 20 carbon atoms,
      preferably branched. These compositions comprise from 25 to 95 parts by
      weight of these solubilizing agents and from 75 to 5 parts by weight of
      one or more pesticidal materials lacking the necessary solubility in oil.
      These are preferred because they are effective against many infestations
      in plants.
PAR  9. Compounding Oil-Based Pesticidal Compositions. Since the solubilized
      pesticidal agents of this invention have solubility in petroleum-derived
      solvents they may be incorporated into a convenient petroleum-derived
      solvent in concentrations sufficient to achieve the desired effective
      control. Alternately, they may be used as is, without further oil
      dilution. When the oil-soluble material is diluted with oil, the
      concentration of pesticide plus solubilizer employed depends upon the
      particular agent or agents used, the effect desired and the adjuvants
      accompanying the other ingredients. Ordinarily, amounts ranging from about
      0.1 to 10% by weight of pesticidal plus solubilizer are used, the
      remainder being oil High concentrations up to 50% or more may be used if
      desired. The lower range referred to supra in most instances constitutes
      an effective concentration. The above pesticidal agents are often
      accompanied by one or more pesticidal adjuvants which comprise from 0 to
      10% by weight of the total Pesticidal composition. The optional agents
      used to condition, modify or enhance the desired pesticidal effect include
      such petroleum-soluble adjuvants as, for example, Malathion, DDT and
      numerous other products known in the technical* and patent literature.
      Also included as adjuvants are potentiators or synergists typified by
      piperonyl butoxide, Sesoxane
      [2-(3,4-methylenedioxyphenoxy)-3,6,9-trioxoundecane], sulfoxide (n-octyl
      sulfoxide or isosafrole), n-propyl isome, sesame oil extractives,
      octachlorodipropyl ethers, etc. The formulation of the compositions can be
      achieved by vigorously blending, mixing or stirring the solubilized
      anti-fungal plus solubilizer in a petroleum-based oil such as a highly
      refined paraffinic based oil having an aromatic content of less than about
      8%, a viscosity SSU at 100.degree.F of about 100, at temperatures ranging
      from about 40.degree. to 100.degree.C until a substantially homogeneous
      mixture is achieved. These compositions can be sprayed or fogged using
      conventional equipment for applying liquids including hand and machine
      operated sprayers, from the air or from the ground.
FNT  * See for example "Pesticidal Index", compiled and edited by E. H. Frear,
      3rd Edition, published by College Science Published, P.O. Box 798, State
      College, Pa.
PAR  10. Oil-Insoluble, Nitrogen-Containing Pesticides. The normally
      oil-insoluble pesticides which lend themselves to solubilization by the
      inventive process are selected from the group consisting of
      5,6-dihydro-2-lower alkyl
      1,4-oxathiin-3-carboxanilide-4,4-dioxides(Pantvax**), wherein the lower
      alkyl radical contains 1 to 4 carbon atoms preferably 1 (one),
      N-(2-alkylidine) aminoguanidines wherein the alkyl moiety contains 7 to 15
      carbon atoms preferably where the 2-alkylidine is undecylidine, methyl
      1-(butylcarbamoyl)-2-benzamidazole carbamate (Benlate)* and
      N-[1-halomethyl-1-[S-dialkylphosphorodithioate]]methinyl phthalimide,
      wherein the alkyl contains 1 or 2 carbon atoms.
FNT  ** Registered trademark of Uniroyal
FNT  *Registered trademark of Dupont
PAR  All of the above group of compounds are known and their preparation is
      described in the literature.
PAR  The formulas of the favored members of the group are given below:
      ##SPC1##
PAL  5,6-dihydro-2-methyl-1,4-oxathiin-3-carboxanilide-4,4-dioxide(Plantvax).
      ##EQU1##
      N-(2-alkylidine) amino guanidines (where R is an alkyl radical of from
      6-14 carbons).
      ##SPC2##
PAL  N-[1-chloromethyl-1-[S-diethylphosphorodithioate]]methinyl phthalimide.
      (Torak)**
FNT  ** Registered trademark of Hercules, Inc.
      ##SPC3##
PAL  methyl 1-(butylcarbamoyl)-2-benzimidazole carbamate (Benlate)
PAR  In order to disclose the invention in the greatest possible detail, the
      following illustrative examples are given.
DETD
PAC  EXAMPLE 1
PAC  SOLUBILIZATION OF N-(2-UNDECYLIDINE) AMINOGUANIDINE USING ONE PROCESS
      EMBODIMENT OF THIS INVENTION
PAR  A 300 parts by weight portion of nonylphenol, 150 parts by weight of
      N-(2-undecylidine) aminoguanidine and 370 parts by weight mixture of
      paraffinic oil having a viscosity of approximately 80 S.U.S. at
      100.degree.F are stirred and heated to 150.degree.F for about 2 hours
      until a clear homogeneous concentrate is formed.
PAR  In the absence of the nonylphenol solubilizer, the aminoguanidine is
      soluble in the mineral oil to the extent of less than 0.1% at room
      temperature.
PAR  The above concentrate of N-(2-undecylidine) aminoguanidine when applied at
      a concentration of 0.275% by weight of the oil concentrate (500 ppm of
      active agent) effectively controlled Helminthsporium leaf spot in rice. At
      double this concentration (1000 ppm of active agent) control of coffee
      rust fungus was observed.
PAC  EXAMPLE 2
PAC  SOLUBILIZATION OF N-(2-UNDECYLIDINE) AMINOGUANIDINE USING ANOTHER PROCESS
      EMBODIMENT
PAR  A 300 parts by weight portion of nonylphenol and 150 parts by weight of
      N-(2-undecylidine) aminoguanidine are stirred and heated to 60.degree. to
      70.degree.C with about 500 parts by weight of benzene to give a clear
      solution. The solution is filtered to remove traces of insoluble material.
      The filtrate contains the solubilized N-(2-undecylidine) aminoguanidine.
      The inert solvent (benzene) is evaporated off to produce a clear
      concentrated solution which can be stored or diluted with paraffinic oil.
      When the concentrate is blended at 50.degree.C with a refined paraffinic
      oil (having an API gravity of 28.0 -31.0 and S.U.S. viscosity at
      100.degree.F of 325-335) a clear solution is obtained which remains clear
      on cooling to room temperature.
PAR  In very similar runs solubilization of the above "aminoguanidine" in the
      above oil is effected employing 150 parts by weight of dodecyl phenol
      which is a phenol alkylated with C.sub.12 alkyl groups. Again an
      oil-soluble clear concentrate is obtained.
PAR  In another related run 150 parts by weight of pentadecyl phenol (a phenol
      alkylated with a C.sub.15 olefin is used as the solubilizing agent. Again
      an oil-soluble clear concentrate is obtained.
PAC  EXAMPLES 3 TO 5
PAC  SOLUBILIZATION OF OTHER OIL-INSOLUBLE N-(2-ALKYLIDINE) AMINOGUANIDINES
PAR  Using the same quantities of nonylphenol and the same process conditions
      and procedure disclosed in Example 1, the solubilizing process is repeated
      except that in Example 3, 100 parts by weight of N-(2-heptylidine)
      aminoguanidine is substituted for the "undecylidine" substituent of
      Example 1. The same solubilizing effect is observed. In the same vein
      Example 4 shows the solubilization of 100 parts by weight of
      N-(2-pentadecylidine aminoguanidine using 300 parts by weight of nonyl
      phenol and in Example 5 the solubilization of N-(2-tridecylidine)
      aminoguanidine is accomplished using 300 parts by weight of nonylphenol.
      In all 3 examples the same quantity and type of oil that is used in
      Example 1 is employed.
PAC  EXAMPLE 6
PAC  SOLUBILIZATION OF THE COMPOUND OF EXAMPLE 1, USING ANOTHER PHENOL-TYPE
      COMPOUND AND THE SAME PARAFFINIC OIL
PAR  A 350 parts by weight portion of dodecyl phenol is blended in a stirred
      beaker with 100 parts by weight of N-(2-undecylidine) aminoguanidine and
      350 parts by weight of the paraffinic oil of Example 1. As in Example 1
      activity is observed against Helminthsporium in rice at concentrations of
      1000 ppm of the active agent.
PAC  EXAMPLES 7 AND 8
PAC  SOLUBILIZATION OF
      5,6-DIHYDRO-2-METHYL-1,4-OXATHIIN-3-CARBOXANILIDE-4,4-DIOXIDE WITHOUT
      SOLVENT
PAR  A 60 parts by weight portion of the above compound is mixed with 140 parts
      by weight of nonylphenol for 2 hours at 70.degree.C and filtered to remove
      any insoluble matter. The filtrate can be stored in concentrated form or
      diluted with paraffinic oils having S.U.S. viscosities at 100.degree.F of
      50 to 100 to give stable oil-based solutions. Without solubilizing
      treatment, a stable solution of 0.1% by weight in the above paraffinic
      oils cannot be prepared.
PAR  Using the same procedures, relative ratios of ingredients, a 30% by weight
      solution of
      5,6-dihydro-2-n-propyl-1,4-oxathiin-3-carboxanilide-4,4-dioxide in
      nonylphenol is prepared and diluted with the above paraffinic oil to
      produce a 2.5% by weight solution which is stable to storage at room
      temperature.
PAC  EXAMPLE 9
PAC  SOLUBILIZATION OF
      5,6-DIHYDRO-2-METHYL-1,4-OXATHIIN-3-CARBOXANILIDE-4,4-DIOXIDE USING
      AROMATIC SOLVENT FOR INITIAL SOLUBILIZATION
PAR  A 60 parts by weight portion of the above compound, 140 parts by weight of
      nonylphenol and 100 parts by weight of benzene are heated to
      55.degree.-65.degree.C with stirring to produce a clear solution which
      remains clear on cooling to room temperature. To the benzene solution are
      added 300 parts by weight of paraffinic oil having a viscosity of about
      100 S.U.S. at 100.degree.F. The benzene is stripped off, leaving a clear
      concentrate containing 12% active ingredient by weight.
PAC  EXAMPLE 10
PAC  SOLUBILIZATION OF
      5,6-DIHYDRO-2-METHYL-1,4-OXATHIIN-3-CARBOXANILIDE-4,4-DIOXIDE
      INCORPORATING PARAFFINIC OIL INTO THE SOLUBILIZING SYSTEM
PAR  A 140 parts by weight portion of nonylphenol, 60 parts by weight of the
      "Dioxide" and 150 parts by weight of paraffinic oil having a viscosity of
      about 100 S.U.S. at 100.degree.F are stirred and heated to
      65.degree.-75.degree.C for about 4 hours until a clear homogeneous
      concentrate is formed.
PAR  In the absence of nonylphenol, a stable 0.1% by weight solution of the
      "Dioxide" in paraffinic oil cannot be prepared.
PAC  EXAMPLE 11
PAC  SOLUBILIZATION OF
      5,6-DIHYDRO-2-METHYL-1,4-OXATHIIN-3-CARBOXYLATE-4,4-DIOXIDE USING
      DIFFERENT ALKYLATED PHENOLS
PAR  Using the procedure of Examples 7 and 8 and 60 parts by weight of the
      "Dioxide," the following portions of alkylated phenols are substituted for
      nonylphenol as solubilizer. The temperature is maintained at 60.degree. to
      70.degree.C during the solubilization process of 1 hour.
TBL  ______________________________________                                    
     EX.   ALKYLATED PHENOL     PARTS BY WEIGHT                                
     ______________________________________                                    
     12    equi-weight mixture of nonyl-                                       
                                200 (100:100)                                  
           phenol and dodecylphenol                                            
     13    dodecylphenol        180                                            
     ______________________________________                                    
PAR  In all instances clear stable solutions are obtained.
PAC  EXAMPLE 14
PAC  SOLUBILIZATION OF TORAK*
PAR  A 1 g. portion of Torak insecticide and 19 g. of nonylphenol are heated
      until a clear solution is prepared. A 2.5 g. portion of this solution and
      42.5 g. of mineral oil are blended at room temperature resulting in a
      clear solution.
FNT  *N-1-chloromethyl-1-[S-diethylphosphorodithioate]methinyl phthalimide
PAC  EXAMPLE 15
PAC  SOLUBILIZATION OF METHYL 1-(BUTYLCARBAMYL)-2-BENZIMIDAZOLE CARBAMATE
PAR  56 g. Benlate fungicide containing 50% methyl
      1-(butylcarbamoyl)-2-benzimidazole carbamate and 50% inert material were
      stirred at 140.degree.F with three separate 200 ml portions of benzene.
      After filtering, the benzene filtrates were combined and 532 g.
      nonylphenol added. The benzene was stripped leaving 560 g. clear, viscous
      concentrate.
PAR  When blends of 2 and 5% by weight of this concentrate were made in a
      paraffinic mineral agricultural spray oil, no crystal separation was
      observed after 48 hours standing.
PAR  As the preceding disclosure indicates numerous changes, substitutions and
      modifications can be made in this invention without departing from the
      inventive process. The metes and bounds of this invention are best
      determined by reading the following claims in light of this specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for converting normally paraffinic oil-insoluble
      5,6-dihydro-2-lower alkyl-1,4-oxathiin-3-carboxanilide-4,4-dioxide
      pesticides, wherein said lower alkyl radical contains 1 to 4 carbon atoms,
      to their oil-soluble form by:
PA1  a. admixing each mole of said compounds to be converted to their
      oil-soluble form with:
PA1  b. a molar excess of at least one alkylated phenol wherein the alkyl groups
      contain from 3 to 30 carbon atoms, at temperatures ranging from
      20.degree.C to 100.degree.C until said normally paraffinic oil-insoluble
      compounds are converted to their paraffinic oil-soluble form.
NUM  2.
PAR  2. The process of claim 1 wherein the compound to be converted to an
      oil-soluble form is
      5,6-dihydro-2methyl-1,4-oxathiin-3-carboxanilide-4,4-dioxide.
NUM  3.
PAR  3. The process of claim 1 wherein the process is conducted in the presence
      of inert aromatic solvent.
NUM  4.
PAR  4. A process for converting the normally paraffinic oil-insoluble pesticide
      5,6-dihydro-2-methyl-1,4-oxathiin-3-carboxanilide-4,4-dioxide to its
      paraffinic oil-soluble concentrated form, consisting essentially of
      admixing each part by weight of said paraffinic oil-insoluble compound to
      be solubilized with from 1 to 20 parts by weight of at least one alkylated
      phenol wherein the alkyl groups contain from 3 to 30 carbon atoms, and 1
      to 50 parts by weight of paraffinic oils having Saybolt viscosities at
      100.degree.F from 30 to 400 seconds, while maintaining the temperature
      between about 20.degree. to 100.degree.C until said paraffinic oil-based
      concentrate is formed.
NUM  5.
PAR  5. A paraffinic oil-soluble pesticide concentrate of
      5,6-dihydro-2-methyl-1,4-oxathiin-3-carboxyanilide-4,4-dioxide pesticide,
      said concentrate consisting essentially of:
PA1  a. from about 25 to 95 parts by weight of phenol alkylated with alkyl
      groups containing 6 to 20 carbon atoms, and
PA1  b. from about 75 to 5 parts by weight of said pesticide.
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ABST
PAL  Method of destroying mosquito larvae by applying to them the compound
      3,4-methylenedioxy-cinnamyloxybenzene.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to and has among its objects the provision of novel
      methods for destroying (killing) mosquito larvae. Further objects of the
      invention will be evident from the following description wherein parts and
      percentages are by weight unless otherwise specified. The abbreviation ppm
      used herein refers to parts per million. The symbol .phi. is used herein
      to represent the phenyl
      ##SPC1##
PAL  Group.
PAR  One of the ways of controlling insect populations is to kill the insect
      larvae. Generally, a larvicide is applied to the breeding places or
      habitat of the insects where it destroys the larvae.
PAR  I have discovered that a certain organic compound is effective as a
      mosquito larvicide. When the compound of the invention is applied to the
      habitat of the mosquito, the larval population is substantially reduced.
PAR  The compound of the invention is 3,4-methylenedioxy-cinnamyloxybenzene. It
      has the structure
      ##SPC2##
PAR  For the sake of brevity, this compound is hereinafter referred to as MDCB.
PAR  As disclosed in my copending application Ser. No. 555,488 filed Mar. 5,
      1975, the disclosure of which is incorporated herein by reference, MDCB
      may be prepared by reacting sesamol (also known as
      3,4-methylenedioxy-phenol) with cinnamyl chloride in the presence of a
      base such as potassium carbonate to convert the hydroxy group of sesamol
      to a cinnamyloxy group (--O--CH.sub.2 --CH = CH--.phi.).
PAR  MDCB is highly effective in killing mosquito larvae. Generally, for such
      purpose MDCB is applied to the breeding place of the mosquito--such as a
      body of water--in a concentration of about 1 to 10 ppm. Because MDCB is
      effective in very minor concentration, it is preferred that it be
      dissolved or suspended in an appropriate carrier prior to application to
      the breeding center. The solution or suspension increases the bulk and
      thus allows small amounts of MDCB to be administered to the mosquito's
      habitat. For such purpose it is preferred to use highly-volatile solvents
      such as acetone, ethyl ether, ethanol, benzene, xylene, or the like.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAC  Example 1 -- Preparation of 3,4-Methylenedioxy-Cinnamyloxybenzene (MDCB)
PAR  A mixture of sesamol (27.6 g.), cinnamyl chloride (30.4 g.), anhydrous
      potassium carbonate (50.0 g.), potassium iodide (2.0 g.) in anhydrous
      acetone (100 ml.) was heated under reflux for 1.5 hrs. The acetone was
      removed by evaporation, and the residue was treated with excess water and
      cooled to give an oil, which subsequently solidified. The crude product
      was collected by filtration and recrystallized from methanol to give MDCB
      as colorless prisms, m.p. 83.degree. C., yield 15.0 g. (Found: C, 75.4; H,
      5.67. Calculated for C.sub.16 H.sub.14 O.sub.3 : C, 75.6; H, 5.55.) The
      nuclear magnetic resonance (NMR) spectrum of MDCB at 100 MHz in deuterated
      chloroform (CDCl.sub.3) exhibited absorbances as follows: a doublet (2
      protons) at .delta. 4.59 (coupling constant J = 6.0 Hz), singlet (2
      protons at .delta. 5.89, a multiplet (5 protons) at .delta. 6.22-6.80, and
      a multiplet (5 protons) at .delta. 7.18-8.48.
PAC  Example 2 -- Mosquito Larva Tests
PAR  Early fourth-instar larvae of Anopheles quadrimaculatus Say were exposed to
      a suspension of MDCB in water (duplicate tests). The suspension was
      prepared by adding a solution of MDCB in acetone to the water and
      evaporating the acetone. Mosquito larvae were added to the treated water
      and mortality was determined after 24 hrs. of exposure. The results are
      summarized as follows:
TBL  Compound   Concentration, Mortality after                                 
                ppm.           24 hrs., %                                      
     ______________________________________                                    
     MDCB       10             76                                              
     do.         1             70                                              
     ______________________________________                                    
CLMS
STM  Having thus described the invention, what is claimed is
NUM  1.
PAR  1. A method for killing mosquito larvae which consists of applying to a
      body of water where the larvae are located a larvicidal amount of
      3,4-methylenedioxy-cinnamyloxybenzene.
NUM  2.
PAR  2. The method of claim 1 wherein the stated compound is applied in a
      concentration of about 1 to 10 ppm.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents a phenyl, phenoxy, phenylthio or cyclohexyl
      radical which is optionally substituted by halogen, nitro, alkyl and/or
      alkoxy, or a phenyl or cyclohexyl radical which is bonded via an alkylene,
      alkyleneoxy or alkylenethio bridge member, R.sub.2 represents cyano,
      carbamoyl, an alkoxycarbonyl, alkenyloxycarbonyl, alkinyloxycarbonyl,
      alkylcarbamoyl or dialkylcarbamoyl radical and R.sub.3 represents hydrogen
      or alkyl, their manufacture and agents for influencing the development of
      insects are disclosed.
PARN
PAR  This is a division of application Ser. No. 252,783, filed on May 12, 1972,
      now U.S. Pat. No. 3,824,274.
BSUM
PAR  The present invention relates to new
      4-phenyl-2-methyl-1-butene-1-carboxylic acid derivatives, their
      manufacture and their use in influencing the development of insects.
PAR  The new compounds correspond to the formula
      ##SPC2##
PAL  Wherein R.sub.1 represents a phenyl, phenoxy, phenylthio or cyclohexyl
      radical which is optionally substituted by halogen, nitro, alkyl and/or
      alkoxy, or a phenyl or cyclohexyl radical which is bonded via an alkylene,
      alkyleneoxy or alkylenethio bridge member, R.sub.2 represents cyano,
      carbamoyl, an alkoxycarbonyl, alkenyloxycarbonyl, alkinyloxycarbamoyl,
      alkylcarbamoyl or dialkylcarbamoyl radical, and R.sub.3 represents
      hydrogen or alkyl.
PAR  By an alkylene, alkyleneoxy or alkylenethio bridge member is meant a
      straight-chain or branched radical containing from 1 to 4 carbon atoms, in
      particular a --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --, --CH.sub.2 --O--,
      --CH.sub.2 --CH.sub.2 --O--, --CH.sub.2 --S--, --CH.sub.2 --CH.sub.2
      --S--, --CH.sub.2 --CH.sub.2 --CH.sub.2 --, radical.
PAR  Alkyl and alkoxy radicals are lower radicals containing from 1 to 5 carbon
      atoms, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
      tert,butyl, n-pentyl, iso-amyl, methoxy, ethoxy, propoxy, isopropoxy,
      n-butoxy, n-pentoxy, isoamyloxy etc.
PAR  By halogen is meant fluorine, chlorine, bromine and iodine, but chiefly
      chlorine and bromine.
PAR  The alkenyloxy oe alkinyloxy moiety of an alkenyloxy- or alkinyloxycarbonyl
      radical contain from 3 to 6, preferably 3 to 4 carbon atoms.
PAR  Examples od such radicals include allyloxy-, methallyloxy-, crotyloxy- and
      propargyloxycarbonyl.
PAR  Particularly important compounds are those of the formula
      ##SPC3##
PAL  Wherein R'.sub.1 represents a phenoxy or phenylthio radical which is
      optionally substituted by C.sub.1 -C.sub.4 alkyl and R'.sub.2 represents
      methoxy-, ethoxy-, isopropoxy-, allyloxy-, propargyloxycarbonyl or
      diethylcarbamoyl.
PAR  The active substances of the formula I are manufactured in known manner by
      reacting a compound of the formula
      ##SPC4##
PAL  Wherein R.sub.1 and R.sub.3 have the meanings given for formula I, with a
      phosphonic ester of the formula
      ##EQU1##
      wherein R.sub.4 and R.sub.5 each represent C.sub.1 -C.sub.4 alkoxy and
      R.sub.2 has the meaning given for formula I, in the presence of a base.
PAR  Suitable bases are alcoholates, amides or hydroxides of alkali or alkaline
      earth metals, as well as strong basic amines.
PAR  The process is carried out in solvents and diluents which are inert towards
      the reactants, for example in aromatic hydrocarbons such as benzene,
      toluene, xylene, also alcohols such as methanol, ethanol, propanol,
      isopropanol or butanols, glycols; ethers, such as diisopropyl ether,
      tetrahydrofuran, dioxan or N,N-dialkylated amides, such as
      dialkylformamides; and N-methylpyrolidone, sulphoxides.
PAR  The reaction temperatures are in the range from 0.degree.-150.degree.C, but
      preferably from 20.degree.-80.degree.C.
PAR  The starting materials of the formula (II) can be manufactured, for
      example, by the process described in J.A. C.S. 80, 5524 ff (1958). In the
      manufacture of the compounds of the formula I, both possible geometric
      isomers are formed. The described compounds partly constitute mixtures of
      these isomers as occur during the synthesis.
PAR  In active substances of the formula I are suitable for combating plant
      hygiene and storage pests. In contrast to the majority of the hitherto
      known insecticides which in the form of contact or ingest poisons kill,
      paralyse or expel the pests, the active substances of the formula I
      influence their hormonal system.
PAR  Thus in the case of insects, for example, the shedding (in the case of
      hemimetabole) or the metamorphosis to the imago (in the case of
      holometabola), the laying of viable eggs and the development of deposited
      normal eggs is disturbed. The sequence of generations is interrupted and
      the pests are thus indirectly killed. The butene-carboxylic acid
      derivatives are virtually non-poisonous for warm blooded animals.
      Moreover, these compounds are easily decomposed so that a cumulation is
      impossible.
PAR  The new butene-carboxylic acid derivatives may be used primarily for
      combating the following plant, storage and hygiene pests:
TBL  Orthoptera         Acrididae                                              
                        Gryllidae                                              
                        Blattidae                                              
     Isoptera           Kalotermitidae                                         
     Hemiptera          Miridae                                                
                        Piesmidae                                              
                        Lygaeidae                                              
                        Pyrrohocorodae                                         
                        Pentatomidae                                           
                        Cimicidae                                              
                        Reduviidae                                             
                        Jassidae                                               
                        Eriosomatidae                                          
                        Lecaniidae                                             
                        Aphididae                                              
                        Psyllidae                                              
     Coleoptera         Carabidae                                              
                        Elateridae                                             
                        Coccineffidae                                          
                        Tenebrionidae                                          
                        Dermestidae                                            
                        Cucujidae                                              
                        Chrysomelidae                                          
                        Curculionidae                                          
                        Scolytidae                                             
                        Scarabaeidae                                           
     Lepidoptera        Pyralidae                                              
                        Phyticidae                                             
                        Pyraustidae                                            
                        Crambidae                                              
                        Tortricidae                                            
                        Galleriidae                                            
                        Lyonetiidae                                            
                        Yponomeutidae                                          
                        Pieridae                                               
                        Plutellidae                                            
                        Lymantriidae                                           
                        Noctuidae                                              
     Diptera            Culicidae                                              
                        Simuliidae                                             
                        Tipulidae                                              
PAR  The compounds of the formula I can be used as pure concentrate or together
      with suitable carriers and/or additives. Suitable carriers and additives
      can be solid or liquid and correspond to the substances conventionally
      used in formulation technique such, for example, as solvents, dispersants,
      wetting agents, adhesives, thickeners, binders and/or fertilisers.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may be available and can be used in the following forms:
PAR  Solid forms
PA1  dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAR  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pastes, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminium silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions, activated charcoal ets. These substances can either by used
      alone or in admixture with one another.
PAR  Granules can be very easily manufactured by dissolving an active substance
      of the formula I in an organic solvent and applying the resulting solution
      to a granulated material, for example attapulgite, SiO.sub.2,
      granicalcium, bentonite etc. and then evaporating the solvent.
PAR  Polymer granules can also be manufactured by mixing the active substances
      of the formula I with polymerisable compounds (urea/formaldehyde;
      dicyandiamide/formaldehyde; melamine/formaldehyde or others), whereupon a
      mild polymerisation is carried out that does not affect the active
      substances and in the process of which the granulation is carried out
      during the gel formation. It is more advantageous to impregnate finished,
      porous polymer granules (urea/formaldehyde, polyacrylonitrile, polyester
      or others) which have a specific surface area and a favourable
      predeterminable adsorption/desorption ratio, with the active substances,
      for example in the form of their solutions (in a low boiling solvent) and
      to remove the solvent. Polymer granules of this kind in the form of
      microgranules having a bulk densitiy of 300 g/litre to 600 g/litre can
      also be manufactured with the aid of atomisers. The dusting can be carried
      out from aircraft over extensive areas of cultures of useful plants.
PAR  It is also possible to obtain granules by compacting the carrier with the
      active substance and carriers and subsequently comminuting the product.
PAR  To these mixtures can also be added additives which stabilize the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which for example improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivatives (methyl cellulose,
      carboxymethyl cellulose), hydroxyethyl glycol ethers of monoalkyl and
      dialkyl phenols having 5 to 15 ethylene oxide radicals per molecule and 8
      to 9 carbon atoms in the alkyl radical, lignin sulfonic acids, their
      alkali metal and alkaline earth metal salts, polyethylene glycol ethers
      (carbowaxes), fatty alcohol polyethylene glycol ethers having 5 to 20
      ethylene oxide radicals per molecule and 8 to 18 carbon atoms in the fatty
      alcohol moiety, condensation products of ethylene oxide/propylene oxide,
      polyvinyl pyrrolidones, polyvinyl alcohols, condensation products of urea
      and formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consists of active
      substance, carrier, optionally additives which stabilize the active
      substance, surface-active substances and anti-foam agents and, optionally,
      solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Carriers are, for example, those
      mentioned for the solid forms of application. In some cases it is
      advantageous to use mixtures of different carriers. As dispersing agents
      there can be used, for example, condensation products of sulfonated
      naphthalene and sulfonated naphthalene derivatives with formaldehyde,
      condensation products of naphthalene or naphthalene sulfonic acids with
      phenyl and formaldehyde, as well as alkali, ammonium and alkaline earth
      metal salts of lignin sulfonic acid, in addition, alkylaryl sulfonates,
      alkali and alkaline earth metal salts of divutyl naphthalene sulfonic
      acid, fatty alcohol sulfates such as salts of sulfated hexadecanols,
      heptadecanols, octadecanols, and salts of sulfated fatty alcohol glycol
      ethers, the sodium salt of oleoyl ethionate, the sodium salt of oleoyl
      methyl tauride, ditertiary acetylene glycols, dialkyl dilauryl ammonium
      chloride and fatty acid alkali and alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are so mixed, ground, sieved and strained with the
      addtivies mentioned above that, in wettable powders, the solid particle
      size of from 0.02 to 0.04 and in pastes, of 0.03 is not exceeded. To
      produce emulsifiable concentrates and pastes, dispersing agents such as
      those given in the previous paragraphs, organic solvents and water are
      used. Examples of suitable solvents are the following: alcohols, benzene,
      xylene, toluene, dimethyl sulfoxide, and mineral oil fractions boiling
      between 120.degree. and 350.degree.C. The solvents must be practically
      odorless, not phytotoxic, inert to the active substances and not readily
      inflammable.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substance or several active
      substances of general formula I are dissolved in suitable organic
      solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes, and
      mineral oils alone or mixed with each other, can be used as organic
      solvents.
PAR  The content of active substance in the above described agents is between
      0.1 to 95%, in which connection it should be mentioned that in the case of
      application from aircraft or some other suitable means of application, it
      is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAC  DUSTS
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PAL  a.
PA1  5 parts of active substance
PA1  95 parts of talcum
PAL  b.
PA1  2 parts of active substance
PA1  1 part of highly disperse silica
PA1  97 parts of talcum,
PAR  The active substances are mixed with the carriers and ground.
PAC  GRANULES
PAR  The following substances are used to manufacture 5% granules:
PA1  5 parts of active substance
PA1  0.25 part of epichlorohydrin
PA1  0.25 part of cetyl polyglycol ether
PA1  3.50 parts of polyethylene glycol
PA1  91 parts of kaolin (particle size = 0.3-0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and the mixture
      dissolved with 6 parts of acetone, then polyethylene glycol and cetyl
      polyglycol ether are added. The resulting solution is sprayed on kaolin
      and the acteone is subsequently evaporated in vacuo.
PAC  WETTABLE POWDER
PAR  The following constituents are used to manufacture a 10% wettable powder:
PAL  a.
PA1  40 parts of active substance
PA1  5 parts of sodium lignin sulphonate
PA1  1 part of sodium dibutylnaphthalenesulphonic acid
PA1  54 parts of silica;
PAL  b.
PA1  25 parts of active substance
PA1  4.5 parts of calcium lignin sulphonate
PA1  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1)
PA1  1.5 parts of sodium dibutylnaphthalenesulphonate
PA1  19.5 parts of silica
PA1  19.5 parts of Champagne chalk
PA1  28.1 parts of kaolin;
PAL  c.
PA1  25 parts of active substance
PA1  2.5 parts of isooctylphenoxy-polyoxyethylene ethanol
PA1  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1
PA1  8.3 parts of sodium aluminium silicate
PA1  16.5 parts of silica
PA1  46 parts of kaolin;
PAL  d.
PA1  10 parts of active substance
PA1  3 parts of mixture of sodium salt of saturated fatty alcohol sulphates
PA1  5 parts of naphthalenesulphonic acid formaldehyde condensate
PA1  82 parts of kaolin.
PAR  The active substances are intimately mixed in appropriate mixing device
      with the adjuvants and ground in corresponding mills and rollers. Wettable
      powder are obtained which can be diluted with water to suspensions of
      every desired concentration.
PAC  EMULSIFIABLE CONCENTRATES
PAR  The following substances are used to manufacture (a) a 10% and (b) a 25%
      emulsifiable concentrate;
PAL  a.
PA1  10 parts of active substance
PA1  3.4 parts od epoxidised vegetable oil
PA1  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and calsium alkylarylsulphonate
PA1  40 parts of dimethyl formamide
PA1  43.2 parts of xylene;
PAL  b.
PA1  25 parts of active substance
PA1  2.5 parts of epoxidised vegetable oil
PA1  10 parts of an alkylarylsulphonate/fatty alcohol polyglycol ether mixture
PA1  5 parts of dimethyl formamide
PA1  57.5 parts of xylene.
PAL  Emulsion of every desired concentration can be manufactured by diluting
      these concentrates with water.
PAC  SPRAYS
PAR  The following constituents are used to manufacture a 5% spray:
PA1  5 parts of active substance
PA1  1 part of epichlorohydrin
PA1  94 parts of petroleum ether(boiling limits: 160.degree.-190.degree.C).
PAR  This solution is sprayed using pressure sprays.
PAR  The agents described herein may be mixed with other biocidal active
      substances or agents. Besides the cited compounds of the general formula
      I, the new agents may thus contain, for example, insecticides, fungicides,
      bactericides, fungistatic agents, bacteriostatic agents, nematocides or
      herbicides, in order to broaden the activity spectrum.
DETD
PAC  EXAMPLE 1
PAR  1.1 While stirring, hydrogen chloride is passed for 16 hours at 90.degree.C
      into a mixture of 816 g of diphenyl ether, 3,5 kg of concentrated
      hydrochloric acid and 520 g of 36% formaldehyde solution. The solution is
      then poured into ice water and extracted with diethyl ether/petroleum
      ether mixture. The organic phase is washed several times with water, dried
      over sodium sulphate with the addition of a small amount of potassium
      carbonate and evaporated. The residue is distilled in vacuo with the
      addition of potassium carbonate. Pure phenoxybenzyl chloride passes over
      at 143.degree.-156.degree.C/2 mm.
PAR  1.21 16 Grams of sodium are dissolved in 400 ml of absolute ethanol. Within
      1 hour 182 g of ethyl acetoacetate are added dropwise to the still hot
      solution and then 156 g of phenoxybenzyl chloride are added at boiling
      temperature over the course of 3 hours. The mixture is boiled under reflux
      for a further 15 hours, cooled, the white precipitate which has formed
      filtered off and the solution evaporated. 100 Grams of sodium hydroxide in
      2 litres of water are added to the residue and the mixture is stirred for
      15 hours under reflux. It is then extracted with diethyl ether and the
      organic phases are dried and evaporated. The residue is distilled in a
      high vacuum to yield 4-(4'-phenoxy-phenyl)-2-butanone which boils at
      144.5.degree.-148.degree.C/0.03 mm.
PAR  1.22 34 Grams of diphenyl ether dissolved in 100 ml of dry methylene
      chloride are added dropwise at 10.degree.-20.degree.C to a suspension of
      35 g of anhydrous aluminium chloride in 100 ml of dry methylene chloride.
      Within 30 minutes, 14 g of methylvinyl ketone in 50 ml of methylene
      chloride are added to the mixture while cooling from time to time at
      15.degree.-20.degree.C. The reaction suspension is then stirred for 21/2
      hours at 5.degree.-10.degree.C and subsequently poured on 1 litre of ice
      water. After the suspension has been strongly acidified with concentrated
      hydrochloric acid, the methylene chloride solution is isolated and the
      residual aqueous suspension extracted with 3 .times. 100 ml of methylene
      chloride. The combined methylene chloride extracts are washed until
      neutral with 3 .times. 400 ml of water, dried with sodium sulphate and
      filtered off. The methylene chloride is distilled off to leave 46.3 g of a
      green oil, which is fractionated in a high vacuum, yielding 23 g of
      4-(4'-phenoxyphenyl)-2-butanone with a boiling point of 135-136.degree.C
      at 0.001 Torr; n.sub.D.sup.20 =1.5648.
PAR  1.3 30 Grams of dimethoxy-phosphinyl methyl acetate are slowly added
      dropwise at room temperature to a mixture of 24 g of
      4-(4'-phenoxy-phenyl)-2-butanone, 7.2 g of approx. 50% sodium hydride and
      750 ml of absolute benzene. A grey gelatinous substance forms which is
      stirred for a further 15 hours. Then 500 ml of purest dimethyl formamide
      are added and stirring is continued again for 5 hours. The mixture is then
      poured into water and extracted with diethyl ether. The organic phase is
      washed repeatedly with water, dried over sodium sulphate and evaporated.
      The residue is chromatographed on about 300 g of silica gel using benzene
      as eluant, to yield a cis-trans mixture of the compound of the formula
      ##SPC5##
PAR  After repeated chromatography with silica gel and using benzene/petroleum
      ether (1:1) as eluant, about 1/3 pure cis-compound and 2/3 pure
      trans-compound are obtained.
      ##SPC6##
PAR  b.p.: 140.degree.-150.degree.C/0,001 Torr
      ##SPC7##
PAR  N.sub.D.sup.20 = 1,5638
PAR  The following compounds are manufactured analogously:
      ##EQU2##
PAC  EXAMPLE 2
PAC  a. Action against Dysdercus fasciatus
PAR  10 Dysdercus fasciatus larvae were treated topically with a solution of
      active substance in acetone in a concentration of 5.gamma. 8 to 10 days
      before they are due to shed and emerge to the adult stage. The larvae were
      then kept at 28.degree.C and 80-90% relative humidity. They were fed with
      meal made from pre-moistened cotton seeds.
PAR  After about 10 days, i.e. as soon as the controls had shed and emerged
      fully to the adult stage, the test subject were examined. Next to normal
      adults and dead larvae or pupae, special forms such as "super larvae"
      (larvae in which additional shedding occurs) and "adultoids" (adults with
      larval features) were found. The special forms are nonviable development
      stages which are not found in the normal development cycle.
PAR  The following table lists the number of normal animals which were found at
      the indicated concentration. No normal adults denotes 100% hormonal
      action.
      ##EQU3##
PAC  b. Action against Dermestes spp.
PAR  10 Dermestes spp. pupae which had just shed were treated topically with a
      solution of active substance in acetonic in a concentration of 5.gamma..
      The test subjects were then kept at 28.degree.C and 80-90% relative
      humidity.
PAR  The following table lists the number of normal animals which were found at
      the indicated concentration. No normal adults denotes 100% hormonal
      action.
      ##EQU4##
CLMS
STM  We claim:
NUM  1.
PAR  1. An insecticidal composition comprising an insecticidally effective
      amount of a compound of the formula
      ##SPC8##
      wherein R.sub.1 represents a phenyl, phenoxy, phenylthio or cyclohexyl
      radical which is optionally substituted by halogen, nitro, C.sub.1
      -C.sub.5 alkyl or C.sub.1 -C.sub.5 alkoxy, or a phenyl or cyclohexyl
      radical which is bonded via a C.sub.1 -C.sub.4 alkylene, C.sub.1 -C.sub.4
      alkyleneoxy or C.sub.1 -C.sub.4 alkylenethio bridge member, R.sub.2
      represents a (C.sub.1 -C.sub.5 alkoxy) carbonyl, (C.sub.3 -C.sub.6
      alkenyloxy)carbonyl or, (C.sub.3 -C.sub.6 alkinyloxy)carbonyl, radical and
      R.sub.3 represents hydrogen or C.sub.1 -C.sub.5 alkyl; together with a
      suitable carrier therefor.
NUM  2.
PAR  2. The composition of claim 1, wherein said compound corresponds to the
      formula
      ##SPC9##
PAL  wherein R.sub.1 ' represents a phenoxy or phenylthio radical which is
      optionally substituted by C.sub.1 -C.sub.4 alkyl and R.sub.2 ' represents
      methoxy-, ethoxy-, isopropoxy-, allyloxy-, or proparglyoxycarbonyl;
      together with a suitable carrier therefor.
NUM  3.
PAR  3. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC10##
NUM  4.
PAR  4. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC11##
NUM  5.
PAR  5. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC12##
NUM  6.
PAR  6. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC13##
NUM  7.
PAR  7. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC14##
NUM  8.
PAR  8. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC15##
NUM  9.
PAR  9. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC16##
NUM  10.
PAR  10. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC17##
NUM  11.
PAR  11. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC18##
NUM  12.
PAR  12. A method for combatting insects which comprises applying thereto an
      insecticidally effective amount of a compound of the formula of claim 1.
NUM  13.
PAR  13. A method for combatting insects which comprises applying thereto an
      insecticidally effective amount of a compound which corresponds to the
      formula of claim 2.
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ABST
PAL  Methods and compositions utilizing certain local anesthetic derivatives
      which increase growth rate and feed efficiency of animals, particularly
      ruminants. The preferred compounds to be used as active ingredients are
      local anesthetics, such as, for example, mepivacaine hydrochloride,
      bupivacaine hydrochloride, tetracaine hydrochloride, and oxethazainechloro
      hydrochloride.
PARN
PAR  This is a division of application Ser. No. 232,241, filed Mar. 6, 1972, now
      U.S. Pat. No. 3,839,570.
BSUM
PAR  This invention relates to animal feed compositions and to a novel method of
      increasing feed efficiency and growth rate by administering these
      compositions. More specifically this invention relates to a method of
      increasing feed intake in animals by administering internally as the
      active ingredients local anesthetics such as mepivacaine hydrochloride,
      bupivacaine hydrochloride, tetracaine hydrochloride, and oxethazainechloro
      hydrochloride in a standard premix in the feed of the animals.
PAR  Increasing the feed intake in animals, particularly ruminants, is an
      important commercial objective. Sheep and cattle are fed for maximum
      growth rate in feed lots until they reach a marketable weight. When the
      desired weight is achieved, the animal is sold for slaughter. There is a
      normal feed intake for most animals due to both physical and metabolic
      factors. Presumably, animals become satiated and therefore will no longer
      feed voluntarily.
PAR  It has been unexpectedly found that when certain local anesthetic
      derivatives are administered to animals, they ear more and gain weight at
      a faster rate resulting in better efficiency.
PAR  The compositions and methods of this invention definitely benefit the
      economics of animal production by inducing the animals to eat more than
      their normal feed intake. The animals eat more, gain weight more rapidly,
      and get to market faster resulting in a saving of feed cost and labor.
PAR  The increased feed intake and weight gain of animals is accomplished in
      accordance with this invention by a method which comprises administering
      internally to the animal compounds of the following basic structural
      formulas:
      ##SPC1##
PAL  In which R represents a lower alkyl having up to four carbons.
PAR  In Formula I when R is methyl, the compound is known generically as
      mepivacaine. When R is butyl the compound is bupivacaine. Generically
      Formula II is known as tetracaine and Formula III as oxethazaine.
PAR  The above compounds of Formulas I, II, and III, which are the active
      ingredients in the claimed methods and compositions for increasing feed
      intake and efficiency, are known or prepared by synthetic methods familiar
      to the art, as for example, those set forth in British Pat. No. 869,978
      and U.S. Pat. Nos. 2,799,679, 1,889,645, and 2,780,646.
PAR  The compounds set forth by the above Formulas can be mixed with
      conventional animal feed compositions by incorporating them in feed or
      feed premix formulations in effective but nontoxic quantities which
      increase animal feed intake and efficiency. The feed compositions are then
      fed to animals, preferably ruminants, according to methods well known to
      the agricultural art.
PAR  The animal feeds most generally used in conjunction with the method of this
      invention are either various grain mixtures and/or roughage feeds such as
      hay commonly fed to runinant animals such as cattle or sheep. The amount
      of additive used to supplement such feeds will be an amount sufficient to
      increase growth rate and/or improve the feed efficiency of the animal but
      not to have a toxic or noxious effect; in the broad range of from about 10
      g. to 675 g. per ton of feed, preferably from about 25 g. to 400 g. per
      ton. An average sheep will ingest about 3-4 lbs. of feed daily; an average
      feed lot steer about 20-25 lbs. Therefore the preferable broad range of
      dosage for ruminants by any method of internal administration is
      approximately 25 mg. to 5 g. per day.
PAR  For commercial use, the active ingredients can be readily used as premix
      formulations in which the chemical is distributed uniformly throughout a
      standard animal feed carrier. This premix or concentrate is then mixed
      with a normal diet for the animal desired. Examples of such carriers are
      soybean meal, corn oil, ground corn, barley, wheat, mineral mixtures such
      as vermiculite, diatomaceous earth, corn gluten meal, corn distillers
      solubles or soyflour. The active ingredient will be in amounts to satisfy
      the criteria set forth above for whole feed. The active ingredient will
      usually be present in from about 1-75% by weight of the premix
      composition.
PAR  The animal feeds themselves may also contain: roughages such as cellulose,
      hay, straw, silages, corn stalks, cotton seed hulls, oats, barley and
      cereal brans; natural oils such as animal fats, fish oils, safflower oil,
      peanut oil and cottonseed oil; antioxidants, minerals, vitamins,
      antibiotics, anthelmintics; and other appropriate medicaments.
DETD
PAR  Examples of typical prepared animal feed is as follows:
PAC  EXAMPLE 1
TBL  Ingredient           Weight per cent                                      
     ______________________________________                                    
     Mixed hay            40.0                                                 
     Ground yellow corn   45.0                                                 
     Soybean oil meal     7.0                                                  
     Cane molasses        7.0                                                  
     Dicalcium phosphate  0.5                                                  
     Trace minerals salt  .5                                                   
     Vitamin A            300 I.U./lb.                                         
     Vitamin D.           150 I.U./lb.                                         
     Mepivacaine Hydrochloride                                                 
                          0.4 lb./ton of feed                                  
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  An example of a suitable premix is as follows:
TBL  Bupivacaine           1 lb.                                               
     Ground yellow corn    to 10 lbs.                                          
PAC  EXAMPLE 3
PAR  In the field the active ingredients may be administered by means of salt or
      molasses blocks. A typical block may be prepared using the following
      conditions:
TBL  Ingredients            Weight per cent                                    
     ______________________________________                                    
     Dried cane molasses    44.54                                              
     Ground soybean hulls   24.90                                              
     Tetracaine hydrochloride                                                  
                            5.00                                               
     Granulated salt        21.59                                              
     Trace minerals and vitamins                                               
                            0.20                                               
     Stabilized animal fat  1.11                                               
     Moisture               2.66                                               
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Cattle Diet
TBL  Ingredients             Weight per cent                                   
     ______________________________________                                    
     Ground shelled corn     65.85                                             
     Mixed ground hay        20.00                                             
     Dried molasses          6.00                                              
     Soybean meal            6.00                                              
     Mepivacaine hydrochloride                                                 
                             1.4 lb./ton feed                                  
     Urea                    .55                                               
     Trace mineral salt      .50                                               
     Dicalcium phosphate     .40                                               
     Ground limestone        .70                                               
     Vitamin A (30,000 units/gm.)                                              
                             66.7 gm./ton                                      
     Vitamin D.sub.2 (16,000,000 units/lb.)                                    
                              7.1 gm./ton                                      
     ______________________________________                                    
PAR  The method of this invention comprises allowing the cattle or sheep to
      graze or be fed ad libitum on the supplemented rations or to be fed on a
      regular schedule.
PAR  The ability of the local anesthetic derivatives of this invention to
      increase feed intake of animals has been established by the following
      tests:
PAR  Feed intakes of eight sheep were measured for 6 days. During days 1, 2, 5,
      and 6 a basic diet was fed and during days 3 and 4 a local anesthetic was
      added to the same basic diet. The 2-day average daily feed intake during
      the treatment period (days 3 and 4) and during the post-treatment period
      (days 5 and 6) was compared to that during the pretreatment control period
      (days 1 and 2). Several levels of each local anesthetic were tested.
PAR  Table 1 represents the results of these tests performed with the local
      anesthetics mepivacaine, bupivacaine, tetracaine, and oxethazainechloro
      hydrochlorides as the active ingredients.
TBL                TABLE 1                                                     
     ______________________________________                                    
                  Dose    % of Pretreatment                                    
                  Level   Control (Feed Intake)                                
                    (g/kg of  Treat-                                           
     Local Anesthetic                                                          
                    Feed)     ment    Post-Treatment                           
     ______________________________________                                    
     Mepivacaine HCl                                                           
                    .21       104     92                                       
     Mepivacaine HCl                                                           
                    .42       107     93                                       
     Mepivacaine HCl                                                           
                    .83       111     98                                       
     Mepivacaine HCl                                                           
                    1.20      111     90                                       
     Mepivacaine HCl                                                           
                    1.60      114     96                                       
     Mepivacaine HCl                                                           
                    3.20      110     106                                      
     Bupivacaine HCl                                                           
                    .25       104                                              
     Bupivacaine HCl                                                           
                    .50       111     99                                       
     Bupivacaine HCl                                                           
                    .80       112     101                                      
     Tetracaine HCl .15       106     102                                      
     Tetracaine HCl .25       111     107                                      
     Tetracaine HCl .375      104     105                                      
     Tetracaine HCl .50       100     96                                       
     Oxethazainechloro HCl                                                     
                    .40       107     103                                      
     Oxethazainechloro HCl                                                     
                    .60       105     90                                       
     ______________________________________                                    
PAR  These results clearly indicate that sheep eat significantly more feed after
      being administered the local anesthetics mepivacaine, bupivacaine,
      tetracaine, and oxethazainechloro hydrochlorides.
PAR  To test the long term effect of mepivacaine hydrochloride on growing lambs,
      28 sheep were randomly assigned to one of four groups after a 2-week
      pretreatment period during which they received a basic meal feed. During a
      5-week treatment period, one group continued to receive the basic meal
      feed, one group received 400 mg. mepivacaine/kg. of the basic feed, one
      group received 700 mg. mepivacaine/kg. of the basic feed, and the last
      group received 1,000 mg. carbocaine/kg. of the basic feed. During the last
      2 weeks (recovery period), all groups received the basic feed. Animals
      were weighed at the beginning of the experiment and every seventh day
      thereafter. Table 2 shows the group average daily feed intake during each
      period, and in Table 3 the average daily weight gains and feed
      efficiencies are disclosed for the 5-week period.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Group Average Daily Feed Intakes (Gms./Day)                               
      Group     Pretreatment Treatment   Recovery                              
     ______________________________________                                    
      Control   1172         1199        1005                                  
      400 mg/kg 1142         1291        1247                                  
      700 mg/kg 1121         1113         996                                  
     1000 mg/kg 1183         1162        1072                                  
     ______________________________________                                    
     TABLE 3                                                                   
     ______________________________________                                    
     Group Average Daily Weight Gains (kg) and Feed Efficiencies               
                Weight Gain  Feed Efficiency                                   
      Group     (kg)         (kg Feed/kg Weight Gain)                          
     ______________________________________                                    
      Control   0.14         8.56                                              
      400 mg/kg 0.17         7.53                                              
      700 mg/kg 0.13         8.47                                              
     1000 mg/kg 0.14         8.13                                              
     ______________________________________                                    
PAR  To test the long-term effect of mepivacaine hydrochloride on feed intake,
      28 mature sheep were divided into four groups matched for weight. For 17
      days all sheep received a basic meal diet (pretreatment); for the
      following 17 days one group continued to receive this diet. One group
      received 167 mg. mepivacaine/kg. of this diet, one group received 333 mg.
      mepivacaine/kg. of this diet, and the last group received 667 mg.
      mepivacaine/kg. of this diet. This treatment period was followed by a
      17-day recovery period during which all groups received the basic meal
      diet. Daily feed intakes were measured and all animals were weighed weekly
      and at the beginning and end of each period. Each 17-day period was
      divided into three sections of 6, 5, and 6 days respectively, and average
      feed intakes/kg. weight are presented in Table 4. The group receiving the
      highest dose ate more for the 17-day test period.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Group Average Feed Intakes Gms./kg. Body Weight                           
      Group       6 days      5 days      6 days                               
     ______________________________________                                    
     Control      31.7        31.6        29.1                                 
     167 mg/kg    30.7        30.7        30.3                                 
     333 mg/kg    31.1        31.1        29.9                                 
     667 mg/kg    33.5        33.9        34.0                                 
     ______________________________________                                    
PAR  These results further indicate that mepivacaine hydrochloride has a
      sustained effect on feed intake and results in improved rates of gain and
      feed efficiency.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of increasing growth rate and feed efficiency of ruminant
      animals comprising administering orally to said animals an effective but
      nontoxic quantity of a local anesthetic having the following formula:
      ##SPC2##
NUM  2.
PAR  2. The method of claim 1 in which the compound is present in feed
      compositions in an amount of from about 10 g. to 675 g. per ton of feed.
NUM  3.
PAR  3. The method of claim 1 in which the compound is present in feed
      compositions in an amount of from 25 g. to about 400 g. per ton of feed.
NUM  4.
PAR  4. The method of clam 1 in which the quantity of local anesthetic
      administered is from about 25 mg. to about 5 g. per animal per day.
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ABST
PAL  Certain fluorenone and anthraquinone compounds, each of which is
      2-substituted by a carboxyl group or a salt, ester or optionally
      substituted amide thereof and each of which is optionally substituted in
      the 5,6-,7- or 8- position, by a second carboxyl group, salt, ester or
      optionally substituted amide thereof, the substitutent in the 5,6-7- or 8-
      position of the fluorenone compounds, also being selected from cyano,
      halogen, nitro, alkyl, alkoxy and acyl, are useful for the relief or
      prophylaxis of allergic conditions.
PARN
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 287,042 filed Sept. 7, 1972, now pending.
BSUM
PAR  The invention relates to tricyclic compounds having medicinal properties,
      the synthesis of the compounds and their adaptation for medicinal use.
PAR  It has been found that tricyclic compounds of formula I defined hereinbelow
      are active in mammals and in in vitro mammalian preparations as inhibitors
      of allergic reactions associated with reaginic antibodies of the kind
      responsible for asthma in man, and that this effect is attributable to the
      suppression of the release of anaphylactic mediators.
PAR  In formual I
      ##SPC1##
PAL  Z.sup.1 is a carboxyl group, a carboxylate salt group, an alkyl carboxylate
      group wherein the alkyl moiety has 1 to 6, preferably 1 to 4 carbon atoms
      or a carboxamide group optionally N-substituted by alkyl having 1 to 6,
      preferably 1 to 4 carbon atoms; Z.sup.3 represents a bond or is a carbonyl
      group; and Z.sup.2 is a substituent and has the same meaning as Z.sup.1 or
      is a hydrogen atom or when Z.sup.3 is a bond, Z.sup.2 is a nitro group, a
      cyano group, a halogen atom preferably chlorine or bromine, an acyl group,
      an alkyl group or an alkoxy group wherein the "alkyl" moiety of each of
      the acyl, alkyl and alkoxy groups has 1 to 6 carbon atoms.
PAR  Especially active compounds of formula I are fluorenone-2, 7-dicarboxylic
      acid and pharmaceutically acceptable salts thereof, especially Disodium
      fluorenone-2,7-dicarboxylate of formula
      ##SPC2##
PAL  As well as the dipotassium and diammonium salts of
      Fluorenone-2,7-dicarboxylic acid.
PAR  Highly active compounds of formula I are Anthraquinone-2,6-dicarboxylic
      acid and pharmaceutically acceptable salts thereof, especially the
      disodium, dipotassium and diammonium salts thereof.
PAR  Substantially active compounds of formula I include:
PA1  7-Methoxyfluorenone-2-carboxylic acid;
PA1  7-Cyanofluorenone-2-carboxylic acid;
PA1  7-Ethylfluorenone-2-carboxylic acid; and pharmaceutically acceptable salts
      thereof.
PAR  Other moderately active compounds of formula I include:
PA1  7-Chlorofluorenone-2-carboxylic acid;
PA1  7-Acetylfluorenone-2-carboxylic acid;
PA1  7-Carboxamidofluorenone-2-carboxylic acid;
PA1  7-Nitrofluorenone-2-carboxylic acid;
PA1  Fluorenone-2-carboxylic acid;
PA1  Anthraquinone-2-carboxylic acid; and pharmaceutically acceptable sals
      thereof.
PAR  The inhibition activity of the compounds of formula I has been demonstrated
      (a) in tests using the response of passive cutaneous anaphylaxis (PCA
      test) in which is measured the skin reaction produced as the result of
      interaction between specific antigen injected intravenously and cell-fixed
      reaginic antibody previously injected into the skin of a mammal (see for
      example Z. Ovary: Fedn. Proc. Am. Soc. exp. Biol. 24, 94 (1965)), (b) by
      measurement of the amount of histamine released after antigen challenge of
      peritoneal mast cells from actively sensitised rats (see for example, 1.
      Acta Pharmacol. et Toxicol. 30, supp. 1 (1971), 2. Thorax, 27/1, 38
      (1972), and (c), by measurement of the histamine released from human
      chopped lung tissue passively sensitised in vitro with reaginic antibody
      when challenged with the homologous antigen (Br. Med. J. 3,272 (1968)).
      The activity of acids of formula I has been demonstrated as described
      hereinabove using solutions of the carboxylate anion.
PAR  For the sake of convenience, compounds of formula I wherein either of
      Z.sup.1 and Z.sup.2 is or both are an alkyl carboxylate group, shall
      hereinafter be referred to as `esters` of formula I. Similarly references
      to `amides` of formula I shall be construed as references to compounds of
      formula I wherein one or both of Z.sup.1 and Z.sup.2 is an optionally
      substituted carboxamide, and references to `salts` of formula I shall mean
      compounds of formula I wherein one or both of Z.sup.1 and Z.sup.2 is a
      carboxylate salt group.
PAR  Pharmaceutically acceptable salts of formula I include ammonium salts,
      alkali metal salts such as sodium and potassium salts, alkaline earth
      salts such as magnesium and calcium salts, and salts of organic bases, for
      example, amine salts such as triethanolamine and diethylaminoethylamine
      salts, and piperazine and morpholine salts. Especially valuable are water
      soluble salts of formula I most perferably those having a solubility in
      water of at least 1 mg/ml.
PAR  The anti-allergic activity of the salts of formula I lies in the anion and
      the nature of the cation does not contribute to the activity, but for
      medicinal purposes the cation must of course be pharmaceutically
      acceptable.
PAR  Suitable substituted carboxamide groups include N-alkyl and N,N-dialkyl
      substituted carboxamide groups wherein the alkyl moiety is an alkyl group
      having 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms.
PAR  Fluorenone compounds of the present invention include tricyclic compounds
      of formula
      ##SPC3##
PAL  wherein Z.sup.1 and Z.sup.2 are the same or different and each is selected
      from a carboxyl group, a carboxylate salt group, an alkyl carboxylate
      group, having 1 to 6 carbon atoms in the alkyl moiety, and a carboxamide
      group optionally N-substituted by an alkyl group having 1 to 6 carbon
      atoms.
PAR  Anthraquinone compounds of the present invention include tricyclic
      compounds of formula
      ##SPC4##
PAL  wherein Z.sup.1 and Z.sup.2 are the same or different and each is selected
      from a carboxyl group, a carboxylate salt group, an alkyl carboxylate
      group having 1 to 6 carbon atoms, and a carboxamide group optionally
      N-substituted by an alkyl group having 1 to 6 carbon atoms.
PAR  Novel fluorenone compounds of the present invention include tricyclic
      compounds of the formula
      ##SPC5##
PAL  wherein Z.sup.1 is a carboxyl group or a carboxylate salt group and Z.sup.2
      is a halogen atom, a cyano group, an alkyl group having 2 to 4 carbon
      atoms or a carboxamide group optionally N-substituted by alkyl having 1 to
      6 carbon atoms.
PAR  Novel compounds of the present invention also include solid tricyclic
      compounds of formula
      ##SPC6##
PAL  wherein Z.sup.2 is a carboxylate salt group, Z.sup.3 represents a bond or
      is a carbonyl group, Z.sup.2 is selected from a cyano group, a halogen
      atom, a nitro group, an alkyl group, an acyl group or an alkoxy group
      wherein the `alkyl` moiety of the alkyl, acyl and alkoxy groups is an
      alkyl group having 1 to 6 carbon atoms.
PAR  The present invention also provides as novel products solid disodium
      fluorenone-2,7-dicarboxylate, disodium fluorenone-2,7-dicarboxylate
      monohydrate and particles of disodium fluorenone-2,7-dicarboxylate having
      a diameter of from 0.5 to 7.mu..
PAR  Preparation of compounds of formula I may be effected by any method known
      in the art of preparing them and compounds of analogous chemical
      structure. In general the compounds of formula I wherein one or both of
      Z.sup.1 and Z.sup.2 is a carboxylate derivative (for example an amide,
      ester or salt), are prepared by suitable treatment of the corresponding
      acid. However, in certain circumstances it is possible to prepare such
      derivatives without prior isolation of the carboxylic acid, either by the
      choice of suitable reactants or by forming the desired derivative in a
      reaction mixture of the acid, without first isolating the acid.
PAR  Methods for the preparation of dicarboxylate acids and salts of formula are
      described hereinbelow, but it will be understood that in some instances
      the methods may be adopted to yield the corresponding esters or amides of
      formula I 1. Hydrolysis of a compound of formula XI
      ##SPC7##
PAL  wherein Y.sup.1 is a carboxyl group precursor, such as a nitrile group,
      trichloromethyl group or a group COL.sup.1 wherein L.sup.1 is a leaving
      group, such as a nucleophilic atom or group, for example, a
      trichloromethyl group, an optionally substituted amino group, a halogen
      atom or an alkoxy group; Y.sup.2 is a carboxyl group or a group Y.sup.1
      precursor as defined above; and Z.sup.3 has the meaning defined in formula
      I. Hydrolysis is conveniently effected by heating a compound of formula XI
      with a dilute aqueous alkali, or with a dilute aqueous mineral acid
      optionally with an organic acid. For example, one may use dilute sulpuric
      acid, dilute hydrochloric acid with acetic acid, or dilute aqueous sodium
      hydroxide solution. Hydrolysis with aqueous alkali will yield inter alia
      an aqueous solution of a dicarboxylate salt but if it is desired to
      collect the maximum amount of dicarboxylic acid, then the reaction mixture
      should be acidified when hydrolysis is completed to precipitate the acid.
      On the other hand if the desired end-product is the dicarboxylate salt,
      then following hydrolysis, the cation of the desired salt may be added to
      precipitate the desired salt by the common ion effect without prior
      isolation of the corresponding acid.
PAR  By means of nucleophilic substitution reactions analogous to hydrolysis,
      for example, alcoholysis and ammonolysis, compounds of formula I other
      than the dicarboxylic acid may be prepared directly from compounds of
      formula XI. Thus reaction of a compound of formula XI with an appropriate
      alcohol yields an ester of formula I, and reaction with ammonia or an
      appropriate primary or secondary amine yields an amide of formula I. 2.
      Cyclisation of a compound of formula XII
      ##SPC8##
PAL  wherein Z.sup.1, Z.sup.2 and Z.sup.3 have the meaning defined in formula I
      and Q is a hydroxyl, alkoxy or an optionally substituted amino group, a
      halogen atom, or a RCO.sub.2 group, a ROCO.sub.2 group or a RSO.sub.3
      group wherein R is alkyl or aryl. Cyclisation may be effected by heating a
      compound of formula XII at an elevated temperature, for example up to
      about 300.degree.C. Preferably heating is carried out in the presence of a
      Lewis acid under anhydrous conditions or a protonic acid, optionally in
      the presence of a non-polar solvent. Preferred Lewis acids include boron
      trifluoride and aluminium trichloride and preferred protonic acids include
      sulphuric, hydrochloric and polyphosphoric acids. If, however, Z.sup.2 is
      a carboxylate substituent in the 5-position of the nascent compound of
      formula I, reaction conditions and/or the group Q must be chosen so as to
      avoid reaction of the group Z.sup.2.
PAR  In the case of anthraquinone compounds of formula I cyclisation to form the
      carbonyl linkage in the tricyclic nucleus may be effected to form either
      of the two carbonyl linkages of the tricyclic anthraquinone nucleus. 3.
      Oxidation of a compound of formula XVII
      ##SPC9##
PAL  wherein W.sup.1 and W.sup.2 are each a lower alkyl group or a group C(:O)R
      wherein R is an optionally substituted lower alkyl group having 1 to 4
      carbon atoms, or is OH, provided that W.sup.1 and W.sup.2 are not both
      C(:O)OH and Z.sup.3 has the meaning defined in formula I. Oxidation of
      compounds wherein W.sup.1 and/or W.sup.2 are lower alkyl groups may be
      effected with such conventional oxidising agents as acid or alkaline
      aqueous potassium permanganate solution; chromium trioxide, for example,
      with acetic acid or sulphuric acid; oxygen in the presence of a
      conventional catalyst such as lead, cobalt and manganese salts, for
      example, lead acetates or aqueous solutions of sodium dichromate.
PAR  Oxidation of compounds wherein W.sup.1 and/or W.sup.2 are the groups C(:O)R
      may be effected with such conventional oxidising agents as chromium
      trioxide, for example, with acetic acid or sulphuric acid; aqueous
      solutions of salts of hypochlorous and hypobromous acids in the presence
      of a base; sodium or potassium dichromate with acetic acid; or nitric
      acid. These oxidation procedures are advantageously effected with heating
      in the liquid phase. 4. Oxidation of a compound of formula XVIII
      ##SPC10##
PAL  wherein Z.sup.1 and Z.sup.2 have the meaning defined hereinbefore in
      formula I, Y.sup.3 is a group Z.sup.3 as defined hereinbefore in formula I
      and Y.sup.4 is a methylene group; or Y.sup.4 and Y.sup.3 are the same or
      different and are each selected from CH and CR wherein R is lower alkyl.
      Oxidation of compounds of formula XVIII may be effected with such
      conventional oxidising agents as nitric acid; aqueous solutions of
      hypochlorous and hypobromous acids in the presence of base; chromium
      trioxide, for example with acetic acid or with sulphuric acid; or aqueous
      solutions of sodium dichromate.
PAR  Oxidation of compounds of formula XVIII wherein Y.sup.4 is a methylene
      group and Y.sup.3 is a bond, or Y.sup.4 and Y.sup.3 are each CH, may also
      be effected with such conventional oxidising agents as oxygen in the
      presence of triton B in pyridine solution; or oxygen in the presence of
      potassium t-butoxide in the presence of t-butanol and dimethylsulphoxide.
PAR  Compounds analogous to the compounds of formula XVIII wherein either or
      both of Z.sup.1 and Z.sup.2 is replaced by a group W.sup.1 or W.sup.2 as
      defined in formula XVII, may also be oxidised so as to produce
      dicarboxylate acids or salts of formula I. Oxidation in the case of such
      compounds may be effected with such conventional oxidising agents as
      chromium trioxide, for example, with acetic acid or with sulphuric acid;
      or aqueous solutions of sodium dichromate. In the case of such compounds
      wherein neither of W.sup.1 and W.sup.2 is alkyl, oxidation may also be
      effected with such conventional oxidising agents as aqueous solutions of
      salts of hypobromous or hypochlorous acids in the presence of a base; or
      nitric acid. Advantageously any of the hereinbefore described oxidation
      procedures wherein aqueous solutions of sodium dichromate are employed,
      are carried out at an elevated temperature in a sealed container.
      Oxidation of the groups W.sup.1 and W.sup.2 in such a case is preferably
      effected at a temperature of from 200.degree. to 210.degree. C. Oxidation
      of the tricyclic anthracene; 9,10 -dialkyl anthracene or anthrone nucleus
      in such a case is desirably effected at a temperature of from 250.degree.
      to 260.degree.C.
PAR  Pharmaceutically acceptable salts of acids of formula I are prepared by any
      conventional method, for example by neutralising the corresponding
      carboxylic acid with an appropriate Bronsted base, or by double
      decomposition of a salt of an acid of formula I so as to produce the
      desired salt of an appropriate pharmaceutically acceptable cation. The
      carboxylic acid may be either the isolated acid, or may be present in
      solution in the reaction mixture resulting from a preparation of the acid,
      for example by such a method as described hereinbefore. Suitable Bronsted
      bases include organic bases such as ethanolamine, and bases containing
      ammonium, and alkali metal and alkaline earth metal cations. Double
      decomposition may be effected advantageously in an ion exchange resin
      wherein a solution of a salt of an acid of formula I is passed through a
      cation exchange resin, the resin being charged with a pharmaceutically
      acceptable cation of the suitable base. Double decomposition may also be
      effected in ordinary solution between a salt of an acid of formula I and a
      salt of the desired pharmaceutically acceptable cation.
PAR  Specifically, pharmaceutically acceptable salts of Formula I may be
      prepared by one or more of the following methods.
PAL  1. Reaction in a polar medium of a compound of formula XXIII.
      ##SPC11##
PAL  wherein one of Y.sup.7 and Y.sup.8 is the hydrogen ion and the other
      represents the hydrogen ion or a cation of the desired salt, with a base
      of the desired salt, or when Y.sup.7 and Y.sup.8 represent together or
      separately a single or two cations other than the cation of the desired
      salt, and Z.sup.3 has the meaning in formula I.
PAL  2. reaction in a polar medium of a compound of formula XXIV
      ##SPC12##
      wherein Y.sup.7 and Y.sup.8 are the same or different and each is selected
      from a carboxylic group and a group Y.sup.1 as defined hereinbefore in
      formula XI, and Z.sup.3 has the same meaning as before, with an
      appropriate Bronsted base and, when the Bronsted base does not contain a
      hydroxyl ion, in the presence of water. Examples of appropriate Bronsted
      bases are alkali and alkaline earth metal oxides and hydroxides for
      producing corresponding alkali and alkaline earth metal salts of formula
      I. Preferably the reaction is effected with heating.
PAR  Salts of formula I may be isolated from a reaction medium by any
      conventional process for the isolation of salts from a solution thereof in
      a polar medium. Thus the salts may be isolated by precipitation of the
      salt or by removal of the polar medium.
PAR  Precipitation of the salt may be effected by mixed solvent crystallisation
      or by the addition of excess base or salt thereof so as to produce a
      concentration of the cation of the salt to be isolated, substantially in
      excess of the molar ratio thereof in said salt to be isolated.
PAR  Mixed solvent crystallisation may be effected by addition, to a solution of
      a salt of formula I in a polar medium, of a second polar solvent other
      than, but miscible with, the polar solvent already present and in which
      second solvent the salt of formula I is less soluble than in the polar
      solvent already present.
PAR  Removal of the polar medium may be effected by evaporation, for example, by
      freeze-drying, or by azeotropic distillation.
PAR  Desirably the salts of formula I are purified prior to incorporation in a
      pharmaceutical composition. Purification may be effected by any
      conventional method. A particularly valuable purification process
      comprises isolation of a crude solid salt of formula I from a reaction
      mixture wherein said salt has been produced, by any method for the
      isolation of salts of formula I as described hereinabove; dissolution of
      the salt in hydrochloric acid; recovery of the corresponding acid of
      formula I as a solid; neutralisation of the acid of formula I with a
      Bronsted base of which base the cation is the cation of the required salt
      of formula I; removal of solid impurities by filtration; and isolation of
      the salt of formula I by a method as described hereinabove.
PAR  Conveniently an acid of formula I may be purified prior to neutralisation,
      by recrystallisation or by isolation of a N,N-dimethylformamide adduct and
      subsequently heating the adduct to drive off the N,N-dimethylformamide.
PAR  Esters and amides of acids of formula I may be prepared by any conventional
      method including esterification of the acid or acid chloride with an alkyl
      alcohol to yield the corresponding alkyl ester, and reaction of the acid
      or acid chloride with ammonia or an alklyamine to yield the corresponding
      amide or N-alkyl substituted amide respectively. Compounds of formula I
      where Z.sup.1 and Z.sup.2 are different and are chosen from acid, ester,
      amide and salt functions, may be prepared by the above methods, and by
      partial hydrolysis where appropriate.
PAR  The compounds of formula I are useful in the treatment or prophylaxis of
      mammalian allergic conditions such as asthma and other allergic chest
      conditions, hay fever (allergic rhinitis), conjunctivitis, urticaria and
      eczema. In particular they are of value in reaginic antibody mediated Type
      I hypersensitivity asthma (`extrinsic asthma`) and the so-called
      `intrinsic asthma` in which no sensitivity to extrinsic antigen can be
      shown.
PAR  The magnitude of a prophylactic or therapeutic dose of a compound of
      formula I will of course vary with the nature and the severity of the
      allergic condition to be treated and with the particular compound of
      formula I and its route of administration. In general the dose range lies
      within the range of 2 .mu.g. to 100 mg. per kg. body weight of a mammal.
PAR  In the case of an allergic condition as defined hereinbefore, for example,
      allergic asthma, a suitable dosage is from 5 .mu.g. to 0.5 mg., preferably
      from 20 .mu.g. to 0.2 mg., for example about 0.1 mg., of a compound of
      formula I, per kg. of bodyweight of the patient undergoing treatment, when
      pulmonary administration as described hereinafter is employed. In the case
      where a composition for intravenous administration is employed a suitable
      dosage range is from 0.2 to 100 mg. of a compound of formula I per kg. of
      bodyweight of patient, and in the case where an oral composition is
      employed a suitable dosage range is from 2 to 50 mg. of a compound of
      formula I per kg. of bodyweight of a patient.
PAR  In the case where a composition for nasal administration is employed, for
      example, in the treatment of allergic rhinitis, a suitable dose is from 2
      .mu.g to 4 mg. of a compound of formula I per kg. of body weight of
      patient.
PAR  In the case of fluorenone-2, 7 dicarboxylate salts, particularly suitable
      dosages for the treatment of allergic asthma have been found to be as
      follows, all doses being given on the basis of the weight of the free
      dicarboxylic acid and as amounts per kg. of bodyweight of the patient
      undergoing treatment: for allergic asthma by pulmonary administration 20
      .mu.g to 0.2 mg. preferably 0.1mg., by intravenous administration 1 to
      10mg. and by oral administration 10 to 40mg.; and for allergic rhinitis by
      nasal administration 10 .mu.g to 0.4mg.
PAR  The pharmaceutical compositions of the present invention comprise a
      compound of formula I as an active ingredient, and may also contain
      pharmaceutically acceptable carrier and optionally other therapeutic
      ingredients. The compositions include composition suitable for oral,
      rectal, opthalmic, pulmonary, nasal, dermal, topical, or parenteral
      (including subcutaneous, intramuscular and intravenous) administration,
      although the most suitable route in any given case will depend on the
      nature and severity of the condition being treated, and on the nature of
      the active ingredient. They may be conveniently presented in unit dosage
      form and prepared by any of the methods well known in the art of pharmacy.
PAR  Pharmaceutical compositions of the present invention suitable for oral
      administration may be presented as discrete units such as capsules,
      cachets or tablets each containing a predetermined amount of the active
      ingredient; as a powder or granules; or as a solution or a suspension in
      an aqueous liquid, a non-aqueous liquid, an oil-in-water emulsion or a
      water-in-oil liquid emulsion. Such compositions may be prepared by any of
      the methods of pharmacy but all methods include the step of bringing into
      association the active ingredient with the carrier which constitutes one
      or more  accessory ingredients. In general the compositions are prepared
      by uniformly and intimately admixing the active ingredient with liquid
      carriers or finely divided solid carriers or both, and then, if necessary,
      shaping the product into the desired presentation. For example a tablet
      may be prepared by compression or moulding, optionally with one or more
      accessory ingredients. Compressed tablets may be prepared by compressing
      in a suitable machine, the active ingredient in a free-flowing form such
      as a powder or granules, optionally mixed with a binder, lubricant, inert
      diluent, lubricating, surface active or dispersing agent. Moulded tablets
      may be made by moulding in a suitable machine, a mixture of the powdered
      compound moistened with an inert liquid diluent. Desirably, each tablet
      contains from 200mg. to 500mg. of the active ingredient, and each cachet
      or capsule contains from 500 to 2000mg. of the active ingredient.
PAR  A particularly valuable form of a pharmaceutical composition of the present
      invention, for use in the treatment of allergic asthma, is a composition
      suitable for pulmonary administration via the buccal cavity; although of
      course conditions other than allergic asthma may also be treated by
      pulmonary administration of the composition.
PAR  Preferably the composition is such that particles having a diameter of 0.5
      to 7.mu.; most preferably 1 to 6.mu., containing active ingredient, are
      delivered into lungs of a patient. This ensures that a maximal amount of
      active ingredient is administered to the alveolar sacs of the lungs and
      retained therein thus producing a maximal effect in the patient. Such
      compositions are most preferably in the form of dry powders for
      administration from a powder inhalation device or self-propelling
      powder-dispensing compositions.
PAR  Most preferably the powders of the pulmonary compositions as described
      hereinabove and hereinbelow comprise particles containing active
      ingredient of which particles at least 98% by weight have a diameter
      greater than 0.5.mu. and at least 95% by number have a diameter less than
      7.mu.. Most desirably at least 95% by weight of the particles have a
      diameter greater than 1.mu. and at least 90% by number of the particles
      have a diameter less than 6 .mu..
PAR  The compositions in the form of dry powders preferably comprise particles
      containing the solid active ingredient, the particles having a diameter of
      0.5 to 7.mu. most preferably 1 to 6.mu.. Preferably these compositions
      include a solid diluent in the form of a fine powder. These compositions
      may be conveniently presented in a pierceable capsule of a
      pharmaceutically acceptable material, for example gelatin. Such
      compositions may be conveniently prepared by comminution of solid active
      ingredient optionally with a solid diluent. If desired the resulting
      powder may be filled into a pierceable capsule of a pharmaceutically
      acceptable material.
PAR  Other valuable forms of a composition of the present invention that are
      suitable for pulmonary administration are self-propelling compositions.
      These self-propelling compositions may be either powder-dispensing
      compositions or compositions dispensing the active ingredient in the form
      of droplets of a solution or suspension.
PAR  Self-propelling powder-dispensing compositions preferably comprise
      dispersed particles of solid active ingredient, having a diameter of 0.5
      to 7.mu. most preferably 1 to 6.mu. and a liquid propellant having a
      boiling point of below 65.degree.F at atmospheric pressure. The liquid
      propellant may be any propellant known to be suitable for medicinal
      administration and may comprise one or more lower alkyl hydrocarbons, or
      halogenated lower alkyl hydrocarbons, or mixtures thereof. Chlorinated and
      fluorinated lower alkyl hydrocarbons are especially preferred as
      propellant. Generally the propellant may constitute 50 to 99.9% w/w of the
      composition whilst the active ingredient may constitute 0.1 to 20% w/w,
      for example, about 2% w/w, of the composition.
PAR  The pharmaceutically acceptable carrier in such selfpropelling compositions
      may include other constituents in addition to the propellant, in
      particular a surfactant or a solid diluent or both. Surfactants are
      desirable in preventing agglomeration of the particles of active
      ingredient and in maintaining the active ingredient in suspension.
      Especially valuable are liquid non-ionic surfactants and solid anionic
      surfactants or mixtures thereof. Suitable liquid non-ionic surfactants are
      those having a hydrophile-lipophile balance (HLB, see Journal of the
      Society of Cosmetic chemists Vol. 1 pp. 311-326 (1949)) of below 10, in
      particular esters and partial esters of fatty acids with aliphatic
      polyhydric alcohols, for instance, sorbitan monooleate and sorbitan
      trioleate, known commercially as "Span 80" (Trade Name) and "Span 85"
      (Trade Name). The liquid non-ionic surfactant may constitute up to 20% w/w
      of the composition, though preferably it constitutes below 1% w/w of the
      composition. Suitable solid anionic surfactants include alkali metal,
      ammonium and amine salts of dialkyl sulphosuccinate, where the alkyl
      groups have 4 to 12 carbon atoms, and alkylbenzene sulphonic acid where
      the alkyl group has 8 to 14 carbon atoms. The solid anionic surfactants
      may constitute up to 20% w/w of the composition, though preferably below
      1% w/w of the composition.
PAR  Solid diluents may be advantageously incorporated in such self-propelling
      compositions where the density of the active ingredient differs
      substantially from the density of the propellant; also in order to help to
      maintain the active ingredient in suspension. The solid diluent is in the
      form of a fine powder, preferably having a particle size of the same order
      as that of the particles of active ingredients. Suitable solid diluents
      include sodium choride and sodium sulphate.
PAR  Compositions of the present invention may also be in the form of a
      self-propelling composition wherein the active ingredient is present in
      solution. Such self-propelling compositions may comprise an active
      ingredient, propellant and co-solvent, and advantageously an antioxidant
      stabiliser. The propellant is one or more of those already cited above.
      Co-solvents are chosen for their solubility in the propellant, their
      ability to dissolve the active ingredient, and for their having the lowest
      boiling point consistent with these above-mentioned properties. Suitable
      co-solvents are lower alkyl alcohols and ethers and mixtures thereof. The
      co-solvents may constitute 5 to 40% w/w of the composition, though
      preferably less than 20% w/w of the composition.
PAR  Antioxidant stabilisers may be incorporated in such solution-compositions
      to inhibit deterioration of the active ingredient and are conveniently
      alkali metal ascorbates or bisulfites. They are preferably present in an
      amount of up to 0.25% w/w of the composition.
PAR  Such self-propelling compositions may be prepared by any method known in
      the art. For example the active ingredient either as particles as defined
      hereinbefore in suspension in a suitable liquid or in up to 20% w/v
      solution in an acceptable co-solvent as appropriate, is mixed with any
      other constituents of a pharmaceutically acceptable carrier. The resulting
      mixture is cooled and introduced into a suitable cooled container and
      propellant is added therto in liquid form; and the container is sealed.
PAR  Alternatively, such self-propelling compositions may be prepared by mixing
      the active ingredient either in particles as hereinbefore defined or in 2
      to 20% w/v alcohol or aqueous solution as appropriate, together with the
      remaining constituents of the pharmaceutically acceptable carrier other
      than propellant; introducing the resulting mixture, optionally with some
      propellant, into a suitable container; sealing the container; and
      injecting propellant under pressure into the container at ambient
      temperature through a valve which comprises a part of the container and is
      used to control release of the composition from it. Desirably the
      container is purged by removing air from it at a convenient stage in the
      preparation of the self-propelling composition.
PAR  A suitable container for a self-propelling composition, is one provided
      with a manually operable valve and being constructed of aluminium,
      stainless steel or reinforced glass. The valve should of course be one
      having the desired spray characteristic, that is, the spray issuing from
      the valve should have the characteristics of particle size as hereinbefore
      defined. Advantageously the valve is of the metered type, that is a valve
      of the type which delivers a fixed amount of composition on the occasion
      of each operation of the valve, for example, about 50 or 100 microliters
      of composition in each delivery.
PAR  Compositions of the present invention may also be in the form of aqueous or
      dilute alcoholic solution, optionally a sterile solution, of the active
      ingredient for use in a nebuliser or atomiser, wherein an accelerated air
      stream is used to produce a fine mist consisting of small droplets of the
      solution. Such compositions usually contain a flavouring agent such as
      saccharin sodium and a volatile oil. A buffering agent such as sodium
      phosphate; an antioxidant such as sodium metabisulfite; and a surface
      active agent may also be included in such a composition. Desirably such a
      composition should contain a preservative such as methylhydroxybenzoate.
PAR  Compositions of the present invention suitable for parenteral
      administration conveniently comprise sterile aqueous solutions of the
      active ingredient, which solutions are preferably isotonic with blood of a
      patient under treatment. These are preferably administered intra-venously,
      although administration may also be effected by means of subcutaneous or
      intra-muscular injection. Such compositions may be conveniently prepared
      by dissolving solid active ingredient in water to produce an aqueous
      solution, and rendering said solution sterile and isotonic with human
      blood.
PAR  Pharmaceutical compositions of the present invention suitable for topical
      use include compositions suitable for administration to the skin, eyes,
      nose and mouth.
PAR  Compositions for use on the skin include lotions and creams comprising
      liquid or semi-solid emulsions, either oil-in-water or water-in-oil, which
      preferably contain from 0.2 to  5% w/v of the active ingredient. Ointments
      comprising 0.2 to 5% w/v of the active ingredient dissolved or dispersed
      in a semi-solid basis may also be used for topical administration to the
      skin. Conveniently the semi-solid basis contains liquid or semi-solid
      hydrocarbons, animal fat, wool alcohol or a macrogol, possibly with an
      emulsifying agent. Desirably the creams and ointments should contain a
      preservative such as methyl hydroxybenzoate.
PAR  Compositions for administration to the eye include eye drops comprising the
      active ingredient in an aqueous or oily solution, preferably at a
      concentration of 0.2 to 5% w/v. Such solutions are desirably fungistatic
      and bacteriostatic and are preferably prepared sterile. Compositions for
      administration to the eye also include eye ointments which preferably
      comprise the same concentration of active ingredient, conveniently in the
      form of a salt, either dissolved in one of the ingredients of the
      semi-solid basis of the ointment or as a finely divided suspension
      therein.
PAR  Compositions suitable for administration to the nose include powder
      self-propelling and spray compositions similar to those already described
      under compositions suitable for pulmonary administration but having when
      dispersed, a somewhat larger particle size of the order of 10 to 200
      microns. In the case of self-propelling solution and spray compositions
      this effect may be achieved by choice of a valve having the desired spray
      characteristic i.e. being capable of producing a spray having the desired
      particle size or by incorporating the medicament as a suspended powder of
      controlled particle size. Thus the composition instead of passing into the
      lungs is largely retained in the nasal cavity. Other compositions suitable
      for nasal administration include a coarse powder having a particle size of
      20 to 500 microns which is administered in the manner in which snuff is
      taken i.e. by rapid inhalation through the nasal passage from a container
      of the powder held close up to the nose. Another composition suitable for
      nasal administration is nasal drops comprising 0.2 to 5% w/v of the active
      ingredient in aqueous or oily solution.
PAR  Compositions suitable for topical administration in the mouth include
      lozenges comprising 10 to 100mg. of the active ingredient in a flavoured
      basis, usually sucrose and acacia or tragacanth; and pastilles comprising
      10 to 100mg. of the active ingredient in an inert basis such as gelatin
      and glycerine; or sucrose and acacia.
PAR  Other therapeutic ingredients suitable for inclusion in the hereinbefore
      described compositions, especially in the case of those compositions
      intended for use in the treatment of allergic asthma, include
      bronchodilators. Any bronchodilator may be used in such a composition
      although particularly suitable bronchodilators are isoprenaline,
      adrenaline, orciprenaline isoethanine and physiologically acceptable acid
      addition salts thereof, especially isoprenaline sulphate. Conveniently the
      bronchodilator is present in the composition in an amount of 0.1 to 50%
      w/w of the weight of active ingredient present.
PAR  The present invention provides pharmaceutical compositions comprising a
      compound of formula I as defined hereinbefore together with a
      pharmaceutically acceptable carrier thereof.
PAR  Accordingly, the present invention provides a method of treatment of an
      allergic condition as hereinbefore defined comprising administration of a
      prophylactic or a therapeutic dose of a compound of formula I.
PAR  In another aspect the present invention provides a self-propelling
      pharmaceutical composition comprising 0.1 to 20% w/w of a compound of
      formula I as defined hereinbefore in the form of solid particles having a
      diameter of from 1 to 7.mu., 0.01 to 20% w/w of surfactant and 50 to 99.9%
      w/w of a liquid propellant having a boiling point of below 19.degree.C at
      atmospheric pressure.
PAR  In further aspects the present invention provides:
PAR  compositions comprising a tricyclic compound of formula II or III as
      defined hereinbefore in association with a pharmaceutically acceptable
      carrier therefor;
PAR  The novel tricyclic compounds of formula VI as defined hereinbefore; and
PAR  the novel solid tricyclic compounds of formula X, as defined hereinbefore.
PAR  In another aspect the present invention provides a method of preparing a
      pharmaceutical formulation suitable for use in the treatment in mammals of
      allergic conditions as defined hereinabove characterised in that one
      prepares a compound of formula I by any one of the processes described
      hereinabove; and optionally converts a compound of formula I so-produced
      to another compound of formula I; and admixes a compound of formula I
      so-produced with an inert carrier therefor.
DETD
PAR  The following preparations and examples illustrate the methods for
      preparing compounds in accordance with the present invention, as well as
      compounds and compositions of the present invention. In the examples and
      preparations, all temperatures are in degrees Celsius. Where melting
      points are not given for compounds of formula I, the compounds decompose
      at temperatures below their melting points and/or their melting points are
      at temperatures above those readily determinable by conventional
      techniques.
PAC  REFERENCE PREPARATION 1
PAC  Fluorenone-2,6-dicarboxylic acid
PAR  Aluminium chloride (440 g), suspended in dry 1,2-dichloroethane (500 ml),
      was stirred and treated dropwise, at 0.degree.C, with acetic anhydride
      (162 ml, 175 g). The resulting solution was then added, with stirring at
      0.degree.C, to a solution of fluorene (125 g) in 1,2-dichloroethane (700
      ml). When the addition was completed, half of the dichloroethane was
      removed under reduced pressure and the residue was poured into a mixture
      of ice and 2N-hydrochloric acid. The resulting solid was collected by
      filtration, washed with water, dried and recrystallised from acetone to
      give 2,7-diacetylfluorene, m.p. 177-180.degree..
PAR  Finely ground 2,7-diacetylfluorene (75.6 g) was added to a stirred solution
      of sodium hydroxide (14 g) in 4.5% aqueous sodium hypochlorite (3.5
      liter). The mixture was heated to 80.degree.C for 5 hours and then cooled
      and filtered. The solid thus obtained was treated with hot water (1
      liter), filtered to remove unreacted 2,7-diacetylfluorene, and the
      filtrate washed twice with dichloromethane and then acidified with
      concentrated hydrochloric acid. The resulting pale yellow precipitate was
      filtered, washed well with water and dried, to give pure
      fluorenone-2,7-dicarboxylic acid, m.p. 410.degree.C (decomp).
PAC  REFERENCE PREPARATION 2
PAC  Anthraquinone-2,6-dicarboxylic acid
PAR  Sodium nitrite (6.82 g.) was added to concentrated sulphuric acid (54.1 ml)
      at 0.degree.C with vigorous stirring and external cooling. The solution
      was warmed to 50.degree.-60.degree.C and 2,6-diaminoanthraquinone (11.60
      g.) was added in small portions with stirring. The reaction mixture was
      heated at 50.degree.-60.degree.C for 30 minutes, cooled to 30.degree.C and
      poured onto ice (150g.). The yellow tetrazonium salt was filtered off and
      washed with a little cold water.
PAR  Cuprous cyanide solution was prepared according to the method in "A Text
      Book of Practical Organic Chemistry" p. 584, A. I. Vogel, Longmans (1948),
      from cupric sulphate pentahydrate (17g.), sodium metabisulphite (4.70 g.)
      and potassium cyanide (4.70g.).
PAR  To the cuprous cyanide solution was added the solid tetrazonium salt in
      small portions at 60.degree.-70.degree.C. Frothing due to the evolution of
      nitrogen occured. When the addition was complete, the reactants were
      heated on a steam bath for 25 minute to complete the reaction. The crude
      nitrile was filtered off as a brown solid, washed with water, and dried in
      an oven at about 90.degree.C. Infra-red spectrum (KBr disc) confirmed the
      presence of nitrile (.sup..nu.C.tbd.N 2100 cm.sup.-.sup.1).
PAR  Due to the very low solubility of the crude nitrile in common solvents, it
      was not possible to purify the nitrile by recrystallisation. Accordingly
      the crude nitrile was hydrolysed directly by boiling with aqueous sodium
      hydroxide (40g. in 300 ml. of water), for 7 hours. After cooling the
      reaction mixture was acidified with excess dilute hydrochloric acid, and
      the crude acidic product filtered off and washed with water.
PAR  Three recrystallisations from dimethylformamide yielded pure
      anthraquinone-2,6-dicarboxylic acid (1.37g.) after drying at 156.degree.C
      under pressure of 15 mm. of mercury in a drying pistol. The melting point
      was above 400.degree.C.
PAC  REFERENCE PREPARATION 3
PAC  Anthraquinone-2,6-dicarboxylic acid
PAR  2,6-Dimethylanthracene (3.09g.), sodium dichromate (21.0g.) and water (75
      ml.) were heated together at 215.degree.C in an autoclave for 20 hours.
      The resulting mixture was filtered to remove chromic oxide and the liquors
      acidified with excess hydrochloric acid. The precipitated acid was
      filtered off and dried to yield a dark brown solid (1.14g.). The crude
      material was recrystallised from dimethylformamide and dried at
      156.degree.C under a pressure of 15 mm. of mercury to yield
      anthraquinone-2, 6-dicarboxylic acid.
PAC  REFERENCE PREPARATION 4
PAC  Anthraquinone-2,6-dicarboxylic acid
PAR  2,6-Dimethylanthraquinone (15.4g.), chromium troxide (78.0g.) and glacial
      acetic acid (675 ml.) were boiled together under reflux for 64 hours. On
      cooling the product crystallised out and was filtered off and washed with
      water. The crude acid was recrystallised from dimethylformamide and dried
      at 110.degree.C for 3 days to yield anthraquinone-2,6-dicarboxylic acid.
      Chemical analysis of the product: found Carbon 64.69% and Hydrogen 3.15%
      by weight.
PAC  REFERENCE PREPARATION 5
PAC  Fluorenone-2-carboxylic acid
PAR  A solution of 2-acetylfluorene (86 g.) in acetic acid (1075 ml.) at
      60.degree. was treated slowly with sodium dichromate (1020 g.), and then
      with acetic anhydride (285 ml.). The mixture was heated to reflux with
      stirring for 3 hours, cooled and poured into water (6 l.), and the
      precipitate was filtered and washed well with water. This solid was warmed
      with N-sodium hydroxide (520 ml.) and the mixture was filtered. The
      aqueous filtrate was washed three times with dichloromethane (3 .times. 60
      ml.) and then heated on the steam-bath and cautiously acidified with
      hydrochloric acid. The yellow product was filtered, washed well with water
      and dried in vacuo to give fluorenone-2-carboxylic acid m.p. &gt;
      300.degree..
PAC  REFERENCE PREPARATION 6
PAC  Anthraquinone-2-carboxylic acid
PAR  2-Methylanthraquinone (3 g.) was dissolved in sulphuric acid (15 ml) and
      the solution cooled and diluted with water (15 ml). The mixture was then
      cooled and stirred vigorously during the portionwise addition of powered
      sodium dichromate (9 g.) and finally heated on the steam-bath for 3 hours,
      cooled and treated with water (100 ml.). The precipitated solid was
      filtered washed well with water and treated with hot dilute aqueous
      ammonia (60 ml. water and 2 ml. of 0.880 ammonia). The solution was
      filtered hot and acidified with hydrochloric acid; the pale yellow
      precipitate was filtered, washed with water and dried to give
      anthraquinone-2-carboxylic acid, m.p. 291.degree.-292.degree. unchanged by
      recrystallisation from dimethylformamide.
PAC  REFERENCE PREPARATION 7
PAC  Anthraquinone-2,7-dicarboxylic acid
PAR  2,7-Dimethyl anthraquinone (5.15g, 21.8 m.mole) was refluxed with chromium
      trioxide (26.00g, 200% excess) in glacial acetic acid (250 ml) for 65
      hours. The dark green solution was cooled in an ice-bath and the deposited
      material was filtered off. This was washed with glacial acetic acid, and
      then with water to give a pale green solid which was dried at 100.degree..
PAR  The crude material was then recrystallised from boiling dimethylformamide,
      treated with decolorising charcoal, and filtered at the boil. The solid
      which separated on cooling was filtered off, washed with a little ice-cold
      dimethylformamide, and dried under vacuum at 155.degree.C. The product,
      anthraquinone-2, 7-dicarboxylic acid, had a m.p.
      399.degree.-401.degree.(decomp.).
PAC  REFERENCE PREPARATION 8
PAC  Methyl fluorenone-2-carboxylate
PAR  Fluorenone-2-carboxylic acid (3 g.) in dry methanol (150 ml.) was treated
      with sulphuric acid and the mixture was refluxed with stirring for 72
      hours and allowed to cool. The yellow precipitate was filtered, washed
      well with methanol, then with water, and dried to give methyl
      fluorenone-2-carboxylate, m.p. 182.degree.-185.degree..
PAC  REFERENCE PREPARATION 9
PAC  7-Nitrofluorenone - 2 -carboxylic acid
PAR  A solution of 2-acetyl-7-nitrofluorene (1.4g) in acetic acid (100ml) was
      treated protionwise with sodium dichromate (6.85g.), then with acetic
      anhydride (5ml), and heated to reflux for 8 hours. The reaction mixture
      was cooled somewhat, poured into hot water (600ml) and then cooled and
      filtered. The resulting solid was warmed with 0.5% aqueous potassium
      hydroxide and filtered hot, to give a filtrate which was acidified with
      hydrochloric acid. The precipitated acid was separated by filtration,
      washed well with hot water and dried in vacuo to give
      7-nitrofluorenone-2-carboxylic acid, m.p. 325.degree.-327.degree..
PAC  REFERENCE PREPARATION 10
PAC  Disodium anthraquinone-2,6-dicarboxylate
PAR  Anthraquinone-2,6-dicarboxylic acid (0.50g) was dissolved in sodium
      carbonate solution (1 equivalent of sodium carbonate, 0.18g, in water, 100
      ml) with warming. As the di-sodium salt did not separate on cooling, the
      solution was evaporated to approximately 1/3 volume and heavily diluted
      with ethanol. The solid which separated was filtered off, dried at
      100.degree.C. and analysed for the dihydrate. Analysis:
PAL  Required Carbon 51.09, Hydrogen 2.68,
PAL  Found Carbon 50.67, Hydrogen 2.78.
PAC  REFERENCE PREPARATION 11
PAC  7-Methoxyfluorenone-2-carboxylic acid
PAR  A suspension of 2-acetyl-7-methoxyfluorene (1.2g.) in a solution of 5%
      aqueous sodium hypochlorite (50ml.) containing sodium hydroxide (200mg.)
      was stirred and heated for 5 hours at 80.degree., and then cooled to
      0.degree. and filtered, the filtrate being discarded. The precipitate
      consisted of starting material and the sodium salt of the product: it was
      treated with hot water (50ml., 25ml and 25ml, successively) and filtered
      hot; the combined filtrates were acidified with hydrochloric acid and the
      precipitate was filtered, washed with water and dried in vacuo.
      Recrystallisation from a mixture of dimethylformamide and ethanol gave
      7-methoxyfluorenone-2-carboxylic acid, mp. &gt;300.degree..
PAC  REFERENCE PREPARATION 12
PAC  Fluorenone-2,7-dicarboxamide
PAR  Flourenone-2,7-dicarboxylic acid (20g.) was suspended in thionyl chloride
      (275ml.) containing dimethylformamide (lm.) and the mixture was heated to
      reflux for 3 hours. The resulting solution was evaporated to dryness under
      reduced pressure and the residual solid was recrystallised from toluene
      (200ml.). A portion (2g.) of this material was added to a mixture of 0.880
      ammonia solution (7ml.) and water (7ml.), and stirred for 36 hours at room
      temperature. The total mixture was then stirred at 100.degree. for 4
      hours; the solid was filtered suspended in water (100ml.) and heated to
      100.degree. for 8 hours. Finally, this mixture was cooled and the solid
      was filtered, washed with water and dried to give
      fluorenone-2,7-dicarboxamide mp. &gt;300.degree..
PAC  REFERENCE PREPARATION 13
PAC  Dimethyl fluorenone-2,7-dicarboxylate
PAR  A mixture of fluorenone-2,7-dicarboxylic acid (10g.), dry methanol (400ml.)
      and concentrated sulphuric acid (4ml.) was stirred and heated to reflux
      for 72 hours. The mixture was cooled and filtered and the solid was washed
      with methanol then with water, and dried in vacuo to give dimethyl
      fluorenone-2,7-dicarboxylate, mp. 223.degree.-224.degree..
PAC  REFERENCE PREPARATION 14
PAC  7-Acetylfluorenone-2-carboxylic acid
PAR  This compound was prepared in known manner (Chemical Abstracts 1935, 29,
      1084 l ) and had a mp. &gt;300.degree..
PAC  EXAMPLE 1
PAC  Disodium fluorenone-2,7-dicarboxylate
PAR  Fluorenone-2,7-dicarboxylic acid (10 g) was stirred with "Analar" (Trade
      Name) sodium bicarbonate (6.28 g) and water (300 ml); warming gave a clear
      yellow solution which was evaporated under reduced pressure to ca. 50 ml
      and treated with warm ethanol (500 ml). The resulting pale yellow solid
      was collected and dried, to give disodium fluorenone-2,7-dicarboxylate
      monohydrate.
PAR  The product obtained, having the following formula:
      ##SPC13##
PAR  (Synonym: Disodium 9-oxofluorene-2,7-dicarboxylate) provided, when
      dispersed in Nujol Mull, the infra-red spectrum shown in FIG. 1 appended
      hereto.
PAC  EXAMPLE 2
PAC  Dipotassium fluorenone-2,7-dicarboxylate
PAR  Fluorenone-2,7-dicarboxylic acid (0.534 g) was dissolved in warm water
      containing Analar (Trade Name) potassium carbonate (0.544 g). The yellow
      solution was concentrated, under reduced pressure, to 3 ml and treated
      with ethanol. The resulting pale yellow solid was collected and dried at
      ambient temperature and pressure to give hydrated dipotassium
      fluorenone-2,7-dicarboxylate.
PAC  EXAMPLE 3
PAC  Disodium fluorenone-2,7-dicarboxylate
PAR  A. Preparation of 2,7-Diacetylfluorene
PAR  Anhydrous aluminium chloride (872 g.) was suspended in 1,2-dichloroethane
      (750 ml.), the mixture stirred with cooling in an ice-salt bath, and
      acetic anhydride (282 ml.) added at such a rate as to maintain the
      internal temperature between 0.degree. and 10.degree.C. When the addition
      was complete a solution of fluorene (200 g.) in 1,2-dichloroethane (800
      ml.) was added dropwise maintaining the temperature below 20.degree.C.
      Upon completion of the addition, the cooling bath was removed and the
      mixture stirred for two hours at ordinary temperature, after which the
      cooling bath was replaced and sufficient 3N-hydrochloric acid added slowly
      to give two clear phases without any solid in suspension.
PAR  The mixture was distilled under reduced pressure to remove all of the
      organic solvent and the solid collected by filtration; the crude product
      was washed thoroughly with water on the filter and dried in an oven at
      about 100.degree.C, before crystallising from boiling toluene to give
      2,7-diacetylfluorene m.p. 180.degree.C.
PAR  B. Preparation of Disodium salt of fluorenone-2,7-dicarboxylic acid
PAR  Finely ground 2,7-diacetylfluorene (30 g.) was suspended in sodium
      hypochlorite solution (1.0 l.; about 8% available chlorine) and the
      stirred suspension heated to 90.degree.C. Heating was continued for 5
      hours allowing the chloroform formed in the reaction to distil out. At the
      end of the 5 hours sodium chloride (100 g.) was added and the stirred
      suspension cooled to about 30.degree.C and the solid collected by
      filtration. The solid was transfered to a flask, water (500 ml.) added,
      heated to about 80.degree.C and the solution filtered to remove unreacted
      2,7-diacetylfluorene. The filtrate was warmed to 40.degree.C and an excess
      of sodium chloride added to precipitate the disodium salt of
      fluorenone-2,7-dicarboxylic acid.
PAC  EXAMPLE 4
PAC  Fluorenone-2,7-dicarboxylic acid, disodium salt
PAR  Fluorenone-2,7-dicarboxylic acid (30 g.) was suspended in water (300 ml.)
      with stirring and neutralised with sodium hydroxide solution (about 10%).
PAR  Charcoal (3 g.) was added to the solution and stirred at ambient
      temperature for 30 minutes, after which the mixture was filtered through a
      Hyflo (Trade Name) bed.
PAR  The filtrate was placed in a clean beaker and 1200 ml. of filtered methanol
      added to precipitate the solid disodium salt which was collected by
      filtration, suspended with stirring in filtered methanol, collected,
      washed with methanol and dried at 100.degree.C in a vacuum oven to give
      solid disodium fluorenone-2,7-dicarboxylate.
PAC  EXAMPLE 5
PAC  Fluorenone-2,7-dicarboxylic acid monosodium salt
PAR  Fluorenone-2,7-dicarboxylic acid disodium salt monohydrate (9.906 g.) was
      dissolved in water (50 ml.) The solution was stirred and treated during 15
      minutes with successive drops of 5N hydrochloric acid (6 ml), stirred for
      a further 15 minutes at room temperature and then for 1 hour at
      50.degree.C. The mixture was cooled and filtered and the pale yellow solid
      was washed and dried in vacuo to give fluorenone-2,7-dicarboxylic acid
      monosodium salt monohydrate, which when dispersed in Nujol Null, provided
      the infra-red spectrum shown in FIG. 2 appended hereto.
PAC  EXAMPLE 6
PAC  Fluorenone-2,7-dicarboxylic acid calcium salt
PAR  Fluorenone-2,7-dicarboxylic acid disodium salt monohydrate (2 g.) was
      dissolved in water (10 ml) with gentle warming, stirred and treated with a
      solution of calcium nitrate (3 g.) in a little water. The mixture was
      warmed for a few minutes and the pale yellow precipitate was filtered,
      washed with water, and dried at ambient temperature and pressure to give
      fluorenone-2,7-dicarboxylic acid calcium salt dihydrate, which when
      dispersed in Nujol Mull, provided the infra-red spectrum in FIG. 3
      appended hereto.
PAC  EXAMPLE 7
PAC  Fluorenone-2,7-dicarboxylic acid disodium salt
PAR  A solution of fluorenone-2,7-dicarboxylic acid disodium salt monohydrate (2
      g.) in warm water (10 ml.) was stirred and treated with magnesium nitrate
      (1.7 g.) dissolved in water. The resulting pale yellow precipitate was
      filtered, washed with water, and dried at ambient temperature and pressure
      to give fluorenone-2, 7-dicarboxylic acid magnesium salt dihydrate which
      when dispersed in Nujol Mull, provided the infra-red spectrum shown in
      FIG. 4 appended hereto.
PAC  EXAMPLE 8
PAC  Fluorenone-2,7-dicarboxylic acid dipotassium salt
PAR  Fluorenone-2,7-dicarboxylic acid (4.0 g.) was added in portions to a
      stirred solution of potassium carbonate (2.06 g.) in water (30 ml.) and
      stirring was then continued overnight at room temperature. The resulting
      solution was treated with an excess of ethanol to precipitate a yellow
      solid which was filtered washed with ethanol, and dried in vacuo at
      100.degree. to give anhydrous fluorenone-2,7-dicarboxylic acid dipotassium
      salt, which when dispersed in Nujol Mull, provided the infra-red spectrum
      shown in FIG. 5 appended hereto.
PAC  EXAMPLE 9
PAC  Fluorenone-2,7-dicarboxylic acid diammonium salt
PAR  Fluorenone-2,7-dicarboxylic acid (2 g.) was suspended in water (40 ml),
      treated with an excess of 0.880 ammonia and warmed to 50.degree.C with
      stirring. After 45 minutes the solid had dissolved and the solution was
      treated with ethanol (150 ml) and cooled to 0.degree.C. The yellow solid
      was filtered and dried in vacuo to give anhydrous
      fluorenone-2,7-dicarboxylic acid diammonium salt, which when dispersed in
      Nujol Mull provided the infra-red spectrum shown in FIG. 6, appended
      hereto.
PAC  EXAMPLE 10
PAC  Fluorenone-2-carboxamide
PAR  Fluorenone-2-carbonyl chloride (2.5 g.) was added in one portion to rapidly
      stirred 0.880 ammonia (25 ml.). Stirring was continued for 3 hours at room
      temperature and then for 5 hours at 50.degree.. The solid was filtered,
      washed with water, dried, and recrystallised from a mixture of
      dimethylformamide and ethanol to give deep yellow crystals of
      fluorenone-2-carboxamide, m.p. 252.degree.-254.degree..
PAC  EXAMPLE 11
PAC  7-Chloro-fluorenone-2-carboxylic
PAR  2-Acetyl-7-chlorofluorene (4g.), dissolved in acetic acid (40 ml.) at
      60.degree., was treated with sodium dichromate (25 g.) in ca. 5 g.
      portions. The mixture was refluxed for 5 hours, cooled and poured into
      cold water (1 l.). The precipitated solid was filtered, washed well with
      water and stirred at room temperature with a 10% solution (50 ml.) of
      0.880 ammonia in water. The mixture was filtered and the solid
      re-extracted with a 2% solution (50 ml.) of 0.880 ammonia in water.
      Acidification of the combined ammoniacal extracts with sulphuric acid gave
      7-chloro-fluorenone-2-carboxylic acid, m.p. &gt; 300.degree..
PAC  EXAMPLE 12
PAC  7-Bromo-fluorenone-2-carboxylic acid
PAR  2-Acetyl-7-bromofluorene (4 g.) in hot acetic acid (40 ml.) was treated
      portionwise, over 45 minutes, with sodium dichromate (25 g.), then with
      acetic anhydride (7.5 ml). The mixture was heated to reflux for 5 hours
      and then worked up as described in the previous Example to give
      7-bromo-fluorenone-2-carboxylic acid, m.p. &gt; 300.degree..
PAC  EXAMPLE 13
PAC  7-Cyano-fluorenone-2-carboxylic acid
PAR  A mixture of 2-acetyl-7-bromofluorene (13.2 g.) and cuprous cyanide (8.2
      g.) in quinoline (40 ml.) was heated to reflux for 40 minutes, cooled to
      100.degree. and poured into a mixture of ice-cold dilute aqueous ammonia
      and dichloromethane. The organic layer was separated, filtered to remove a
      yellow solid, washed with N-hydrochloric acid, dried over sodium sulphate
      and evaporated. The residual solid was recrystallised from ethanol
      containing a small amount of dimethylformamide to give
      2-acetyl-7-cyanofluorene m.p. 182.degree.-188.degree..
PAR  2-Acetyl-7-cyanofluorene (2.33 g.) was added to 5% aqueous sodium
      hypochlorite (160 ml.) containing sodium hydroxide (400 mg.) and
      chloroform (5 ml.) and the mixture was stirred at 70.degree.-80.degree.
      for 7 hours, and then cooled and filtered. The precipitate was separated,
      digested with hot water (200 ml.) and filtered hot to give a solution
      which was acidified with hydrochloric acid. The resulting solid was
      filtered, washed with hot water and dried in vacuo to give
      7-cyanofluorenone-2-carboxylic acid m.p. &gt; 300.degree..
PAC  EXAMPLE 14
PAC  7-Ethyl-fluorenone-2-carboxylic acid
PAR  Acetic anhydride (2.67 g.) in dichloroethane (10 ml.) was added deopwise to
      a stirred, cooled (0.degree.) suspension of aluminum chloride (6.95 g.) in
      dichloroethane (20 ml.). Cooling and stirring were continued during the
      dropwise addition of a solution of 2-ethylfluorene (4.61 g.) in
      dichloroethane (50 ml.). The mixture was stirred for one hour at room
      temperature and then decomposed by the dropwise addition of
      2N-hydrochloric acid (40 ml.) to the cooled solution. The organic layer
      was separated, washed with water and with aqueous sodium bicarbonate,
      dried over anhydrous sodium sulphate, filtered, and evaporated under
      reduced pressure. The residue was recrystallised from light petroleum (ca
      250 ml., b.p. 60.degree.-80.degree.) to give 2-acetyl-7-ethylfluorene m.p.
      120.degree.-122.degree..
PAR  A solution of sodium hypochlorite was prepared by the dropwise addition of
      bromine (27.5 g., 9.4 ml.) to a cooled (0.degree.), stirred solution of
      sodium hydroxide (17.2g.) in water (600 ml.). 2-Acetyl-7-ethylfluorene
      (6.74 g.) was added with stirring and the stirred mixture was warmed to
      70.degree., maintained at this temperature for 5 hours and allowed to
      stand overnight at room temperature. The mixture was filtered and the
      filtrate was heated to 60.degree. and treated with sodium acetate (300
      g.). The sodium salt thus precipitated was filtered, dissolved in a
      minimum of hot water and converted to the free acid with hydrochloric
      acid. The product was filtered, washed well with water and dried in vacuo
      to give pure 7-ethylfluorenone-2-carboxylic acid m.p. &gt; 300.degree.,
      homogeneous by thin layer chromatography.
PAC  EXAMPLE 15
PAC  7-Butyl-fluorenone-2-carboxylic acid
PAR  A mixture of 2-butyrylfluorene (11.3 g.), powdered potassium hydroxide
      (4.16 g.) and 100% hydrazine hydrate (9 ml.) in ethylene glycol (104 ml.)
      was refluxed for 1 hour with stirring. The mixture was then slowly
      distilled until the boiling-point reached 185.degree. and then heated to
      reflux for 3 hours. The cooled mixture was treated with water (ca. 300
      ml.) and the product was isolated with ether in the usual manner.
      Recrystallisation from methanol gave 2-butylfluorene, m.p.
      65.degree.-66.5.degree..
PAR  2-Butylfluorene (6.1 g.) was acetylated exactly as described for
      2-ethylfluorene in the preceding Example 21, using acetic anhydride (3.08
      g.) and aluminium chloride (8.66 g.) in dichloroethane. The product was
      recrystallised from light petroleum to give 2-acetyl-7-butylfluorene, m.p.
      102.degree. 104.5.degree.. This product (1.98 g.) was oxidised with sodium
      hypobromite (from 7.23 g. of bromine and 4.52 g. sodium hydroxide in 160
      ml. water) exactly as described for 2-acetyl-7-ethylfluorene in the
      preceding Example. The 7-butylfluorenone-2-carboxylic acid thus isolated
      had m.p. &gt; 300.degree. and was homogeneous by thin layer chromatography.
PAC  EXAMPLE 16
PAC  Dipotassium anthraquinone-2,6-dicarboxylate
PAR  Anthraquinone-2,6-dicarboxylic acid (1.00g) was dissolved in the minimum
      quantity of water (20 ml) containing one equivalent of potassium
      bicarbonate (0.68g) at the boil. The solution was filtered whilst hot and
      allowed to crystallise. The product which separated was filtered off,
      dried at 100.degree.C, and analysed for the dihydrate. Analysis: Required
      Carbon 47.06, Hydrogen 2.47%; Found Carbon 47.09, Hydrogen 2.48%.
PAC  EXAMPLE 17
PAC  N,N-Diethylfluorenone-2-carboxamide
PAR  A mixture of fluorenone-2-carbonyl chloride (2.4g) and diethylamine (1.5g)
      in dry benzene (50ml) was heated to reflux for 2 hours. The mixture was
      allowed to cool and the solid was filtered, washed with benzene, then with
      water and dried in vacuo. Recrystallisation from ethanol gave
      N,N-diethylfluorenone-2-carboxamide, m.p. 90.degree.-92.degree..
PAC  EXAMPLE 18
PAC  Dibutyl fluorenone-2,7-dicarboxylate
PAR  A suspension of fluorenone-2,7-dicarboxylic acid (6.0g) in dry n-butanol
      (200ml) with sulphuric acid (2ml) was stirred and heated to reflux. After
      4 hours all the solid had dissolved and refluxing was continued for
      another 2 hours and the solution then allowed to cool. The crystalline
      product was removed by filtration, washed with n-butanol, then washed well
      with water and dried in vacuo to give pure dibutyl
      fluorenone-2,7-dicarboxylate m.p.: 99.5.degree.-100.5.degree..
PAC  EXAMPLE 19
PAC  7-Butoxycarbonyl fluorenone-2-carboxylic acid sodium salt
PAR  Dibutyl fluorenone-2,7-dicarboxylate (3.8g) was added to a stirred
      refluxing solution of sodium hydroxide (400mg.) in dry n-butanol (75ml.).
      Stirring and refluxing were continued for 10 minutes and the mixture was
      allowed to cool. The crystalline product was filtered, washed with
      n-butanol and dried in vacuo. The solid was ground with water (10ml.) and
      the paste was filtered; this process was repeated and the solid washed
      with a little ice-cold water and dried to give pure 7-butoxycarbonyl
      fluorenone-2-carboxylic acid sodium salt monohydrate, m.p. &gt;300.degree..
PAC  EXAMPLE 20
PAC  7-Butoxycarbonyl fluorenone-2-carboxylic acid
PAR  A portion (1.2g.) of the sodium salt of Example 29 was dissolved in warm
      water (40ml.), and the solution was quickly cooled to 20.degree. and
      treated with 2N-hydrochloric acid (2ml.). The precipitated solid was
      filtered, washed well with water and dried in vacuo to give
      7-butoxycarbonyl fluorenone-2-carboxylic acid, m.p.
      248.degree.-250.degree..
PAC  EXAMPLE 21-23
PA0  In the manner described in Examples 18, 19 and 20, were prepared the
      corresponding n-propyl esters: Example 21: Dipropyl
      fluorenone-2,7-dicarboxylate, m.p. 146.5.degree.-148.degree..
PA0  Example 22: 7-Propoxycarbonyl fluorenone-2-carboxylic acid sodium salt
      monohydrate, m.p. &gt; 300.degree..
PA0  Example 23 7-Propoxycarbonyl fluorenone-2-carboxylic acid, m.p.
      250.degree.-252.degree..
PAC  EXAMPLE 24
PAC  Dihexylfuorenone-2,7-dicarboxylate
PAR  A suspension of fluorenone-2,7-dicarboxylic acid (5.0g) in n-hexanol (200
      ml.) containing sulphuric acid (2 ml) was heated to reflux for 18 hours.
      The resulting dark solution was washed with water (5 .times. 75 ml) and
      the solid which separated during this washing was filtered, washed with a
      little n-hexanol and dried in vacuo. This product was dihexyl
      fluorenone-2,7-dicarboxylate, m.p. 89.degree.-90.degree.C; a further
      quantity was obtained by evaporating the mother-liquor to low volume under
      reduced pressure and allowing it to crystallise at 0.degree.C.
PAC  EXAMPLE 25
PAC  7-Hexyloxyfluorenone-2-carboxylic acid sodium salt
PAR  Dihexyl fluorenone-2,7-dicarboxylate (2.18g) was added to a hot solution of
      sodium hydroxide (200 mg) in n-hexanol (35 ml) and the mixture was stirred
      and refluxed for 5 minutes and then allowed to cool, to 0.degree.C. The
      resulting solid was removed by filtration, washed with a little n-hexanol,
      dried in vacuo and then ground with water (10ml). The resulting paste was
      filtered and the yellow solid was washed with a little water and dried in
      vacuo to give 7-hexyloxycarbonylfluorenone-2-carboxylic acid sodium salt
      monohydrate m.p. above 300.degree..
PAC  EXAMPLE 26
PAC  Fluorenone-2,7-dicarboxylic acid bis-ethanolamine salt
PAR  Fluorenone-2,7-dicarboxylic acid (2.68 g.) was suspended in water (10 mls)
      and treated with ethanolamine (1.22 g.). The mixture was warmed and
      stirred until all the solid had dissolved. The solution was treated with
      ethanol (100 mls), cooled and filtered to remove a small amount of solid.
      The filtrate was evaporated under reduced pressure. The residue was
      dissolved in water (2 to 3 mls) and treated with ethanol (100 mls). The
      solution was cooled to 0.degree.C for 1 hour. The resulting yellow
      crystalline solid was filtered, washed with alcohol and dried in vacuo to
      give Fluorenone-2,7-dicarboxylic acid bis-ethanolamine salt which
      decomposed slowly above 145.degree.C.
PAC  EXAMPLE 27
PAC  Anthraquinone-2,6-dicarboxylic acid bis-ethanolamine salt
PAR  Anthraquinone-2,6-dicarboxylic acid (2.96 g.) was suspended in methanol (50
      mls.). Ethanolamine (1.36 g.) was added and the mixture boiled for 30
      minutes. On cooling the pale yellow solid was filtered off, washed with
      methanol, dried at room temperature in vacuo, and analysed for the
      bis-ethanolamine salt.
PAR  Analysis: Required (for C.sub.20 H.sub.22 N.sub.2 O.sub.8): Carbon 57.41;
      Hydrogen 5.30; and Nitrogen 6.70. Found: Carbon 57.48; Hydrogen 5.33; and
      Nitrogen 6.70.
PAC  EXAMPLE 28
PAC  Preparation of 7-Propoxycarbonylfluorenone-2-carboxamide
PAR  7-Propoxycarbonylfluorenone-2-carboxylic acid of Example 23 (4 g.) was
      treated with thionyl chloride (40 ml.); the mixture was heated under
      reflux for 2 hours; and the resulting solution was evaporated under
      reduced pressure to give yellow, crystalline,
      7-propoxycarbonylfluorenone-2-carbonyl chloride. A portion of this acid
      chloride (2.1 g.) was stirred at room temperature for 11/2 hours with 2N
      aqueous ammonia (30 ml.). The resulting solid was filtered, washed with
      water, dried and recrystallised from dimethylformamide to give
      7-propoxycarbonylfluorenone-2-carboxamide, m.pt. 278.degree.-279.degree.C.
PAC  EXAMPLE 29
PAC  Preparation of 7-carbamoylfluorenone-2-carboxylic acid sodium salt
PAR  7-Propoxycarbonylfluorenone-2-carboxamide of Example 28 (1.46 g.) was added
      to a solution of sodium hydroxide (190 mg.) in refluxing propan-1-ol and
      the mixture heated under reflux, with stirring for 2 hours. The mixture
      was then cooled and the solid filtered, washed with a little propanol,
      dried under reduced pressure and then dissolved in warm water (ca. 20
      ml.). The solution was filtered, the filtrate evaporated under reduced
      pressure, and the resulting solid recrystallised from water (ca. 5 ml.) to
      give 7-carbamoylfluorenone-2-carboxylic acid sodium salt, m.pt &gt;
      300.degree. C.
PAC  EXAMPLE 30
PAC  Preparation of N,N - Diethyl-7-propoxycarbonylfluorenone-2-carboxamide
PAR  7-Propoxycarbonylfluorenone-2-carbonyl chloride [(2.1 g.) prepared as in
      Example 28] was treated with diethylamine (1 g.) in dry benzene (30 ml.)
      and the mixture was refluxed for 30 minutes. The resulting solution was
      cooled, washed twice with water, dried over sodium sulpahte and evaporated
      to dryness. The crystalline residue, m.pt. 123.degree.-124.degree.C was
      recrystallised from ethanol to give pure
      N,N-diethyl-7-propoxycarbonylfluorenone-2-carboxamide, m.pt.
      124.degree.-125.degree.C.
PAC  EXAMPLE 31
PAC  Preparation of N,N-Diethyl-7-carbamoylfluorenone-2-carboxylic acid sodium
      salt
PAR  N,N-Diethyl-7-propoxycarbonylfluorenone-2-carboxamide of Example 30 (815
      mg.) was added to a solution of sodium hydroxide (90 mg.) in refluxing
      propan-1-ol (15 ml.). The solid dissolved rapidly and the solution was
      allowed to cool over 30 minutes, with stirring. The solid which separated
      on cooling was filtered, washed with a little propanol and dried in vacuo
      to give N,N-diethyl-7-carbamoylfluorenone-2-carboxylic acid sodium salt
      m.pt. &gt; 300.degree.C.
PAC  EXAMPLE 32
PAC  Preparation of N,N-Diethyl-7-carbamoylfluorenone-2-carboxylic acid
PAR  N,N-Diethyl-7-carbamoylfluorenone-2-carboxylic acid sodium salt of Example
      31 (190 mg.) was dissolved in water (10 ml.) and the solution acidified
      with 2N HC.sub.1 (0.3 ml.) to precipitate
      N,N-diethyl-7-carbamoylfluorenone-2-carboxylic acid m.p.
      247.degree.-248.degree.C.
PAC  EXAMPLE 33
PAC  Preparation of Fluorenone-2,5-dicarboxylic acid
PAR  Acetic anhydride (17.7 g.) was added to a stirred suspension of aluminium
      chloride (64 g.) in dichloroethane (100 ml.). The resulting solution was
      cooled to 0.degree.C and treated dropwise with stirring, below
      10.degree.C, with a solution of 4-acetylfluorene (27.86 g.) in
      dichloroethane (100 ml.). The mixture was stirred at room temperature for
      1 hour and then at 40.degree.C for 3 hours, and finally cooled to
      0.degree.C and decomposed with 2N hydrochloric acid (200 ml.). The
      dichloroethane solution was separated and the aqueous portion was
      extracted with chloroform.
PAR  The combined organic solution was washed with water and with aqueous sodium
      bicarbonate, dried over sodium sulphate and evaporated under reduced
      pressure. The residual solid was twice recrystallised from ethanol to give
      pure 2,5-diacetylfluorene, m.pt. 128.degree.-129.degree.C. A solution of
      sodium hydroxide (27.2 g.) in water (500 ml.) was cooled to 0.degree.C,
      stirred, and treated dropwise with bromine (14.8 ml.).
      2,5-Diacetylfluorene (5g.) was added, the temperature was raised to
      60.degree.C over 3 hours and kept at 60.degree.C for 3 hours. The mixture
      was cooled and filtered and the filtrate was warmed to 60.degree.C,
      treated with sodium acetate (230 g.) and then cooled to 0.degree.C for 1
      hour. The resulting yellow precipitate was dissolved in water (200 ml.)
      and the solution was acidified with concentrated hydrochloric acid. After
      heating on the stream bath for 1 hour the solid was filtered, washed with
      water and dried in vacuo to give fluorenone-2,5-dicarboxylic acid m.pt.
      300.degree.C.
PAC  EXAMPLE 34
PAC  Preparation of Fluorenone-2,6-dicarboxylic acid
PAR  2,6-Diacetylfluorene (m.p. 155.degree.C) was prepared from 3-acetylfluorene
      and oxidised to fluorenone-2,6-dicarboxylic acid (m.p.&gt;300.degree. C) in
      the manner described in Example 33.
PAC  EXAMPLE 35
PAC  N,N-dibutyl-7-carbamoylfluorenone-2-carboxylic acid sodium salt
PAR  7-Propoxycarbonylfluorenone-2-carbonyl chloride (2.1g.) and dibutylamine
      (1.73g.) were refluxed in dry benzene (25 ml); the solid dissolved within
      4 minutes and refluxing was continued for a total of 30 minutes. The
      solution was cooled, washed twice with water, dried over sodium sulphate
      and evaporated under reduced pressure. The resulting yellow gum was
      dissolved in propan-1-ol (15 ml) and the solution was added to a hot
      solution of sodium hydroxide (256 mg) in hot propan-1-ol (25 ml). The
      mixture was kept at 80.degree.C. for 5 minutes and then evaporated to half
      volume and allowed to cool. The resulting yellow crystalline solid was
      filtered, washed with propanol, and dried to give pure
      N,N-dibutyl-7-carbamoylfluorenone-2-carboxylic acid sodium salt, m.p. &gt;
      300.degree.C.
PAC  EXAMPLE 36
PAC  7-Propoxycarbonylfluorenone-2-carbonitrile
PAR  7-Propoxycarbonylfluorenone-2-carboxamide (318g.) was dissolved in warm
      dimethylformamide (50 ml.) and the solution was stirred and cooled to
      -25.degree.C. Thionyl chloride (7.55 ml.) was added dropwise over 10
      minutes to the stirred mixture which was then stirred at 0.degree.C. for 3
      hours and left to stand at 0.degree.C. for 48 hours. The mixture was
      treated with ice water and the resulting yellow precipitate was filtered,
      washed with water and dried in vacuo to give pure
      7-propoxycarbonylfluorenone-2-carbonitrile m.p. 198.degree.-199.degree.C.
PAC  EXAMPLE 37
PAC  7-(2-Butoxycarbonyl)fluorenone-2-carboxylic acid
PAR  A suspension of fluorenone-2,7-dicarboxylic acid (10g.) in butan-2-ol (300
      ml.) containing sulphuric acid (3 ml.) was heated to reflux for 4 days.
      The yellow solution was cooled and the resulting yellow solid was
      filtered, washed well with butan-2-ol and dried to give pure di-2-butyl
      fluorenone-2-carboxylate m.p. 118.degree.-119.degree.C. This diester
      (3.04g.) was added in one portion to a hot solution of sodium hydroxide
      (320 mg.) in butan-2-ol (50 ml.) containing 1 drop of water. The mixture
      was stirred at reflux temperature for 10 minutes and then allowed to cool
      to room temperature. The resulting yellow solid was filtered, washed with
      butan-2-ol and then dissolved in water (15 ml.). The aquous solution was
      kept at 4.degree.C. overnight, filtered to remove a small amount of solid,
      and carefully acidified with 2N hydrochloric acid. The yellow precipitate
      was filtered, washed with water and dried to give pure
      7-(2-butoxycarbonyl)fluorenone-2-carboxylic acid m.p.
      266.degree.-267.degree.C.
PAC  EXAMPLE 38
PAC  Dimethyl anthraquinone-2,6-dicarboxylate
PAR  Anthraquinone-2,6-dicarboxylic acid (1.0g.) was boiled under reflux with
      thionyl chloride (10 ml.) and dimethylformamide (0.1 ml.) for 45 minutes.
      The resulting clear solution was evaporated to dryness and methanol (20
      ml.) was added. The suspension was boiled for 1 hour, cooled, and the
      yellow product filtered off and recrystallised from dimethylformamide, to
      give, after drying at 80.degree.C. in vacuo, the diester, m.p.
      260.degree.C.
PAC  EXAMPLE 39
PAC  Anthraquinone-2,6-dicarboxamide
PAR  Anthraquinone-2,6-dicarboxylic acid (5.0 g.) was boiled with thionyl
      chloride (50 ml.) and dimethylformamide (0.25 ml.) for 45 min. The
      resulting clear solution was evaporated to dryness and the residual acid
      chloride treated with 0.880 ammonia. After standing for 30 minutes, the
      crude amide was filtered off, washed with water and dried, m.p.
      420.degree. (decomp.).
TBL  Example A - Aerosol Powder                                                
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylate                                     
                                 2.0 g                                         
     (Micronised)                                                              
     Span 85 (Trade Name for Sorbitan Trioleate)                               
                                 40.0 mg                                       
     Saccharin Sodium (micronised)                                             
                                 20.0 mg                                       
     Menthol                     20.0 mg                                       
     Arcton 11 (Trade Name)      45.0 g                                        
     Arcton 12 (Trade Name)    to                                              
                                 100.0 ml                                      
     ______________________________________                                    
PAR  The Disodium Carboxylate salt was micronised in a 3 inch Cox Fluid Energy
      Mill using an air pressure of about 7.10.sup.5 Newton/meter.sup.2 at a
      feed rate of about 60 g of the salt per hour. In the resulting micronised
      powder, 93% by weight of the particles had a diameter not less than 2.mu.
      and 98% by number of the particles had a diameter of not more than 7.mu..
PAR  The Span 85 and Menthol were dissolved in Arcton 11 (Trade Name) and cooled
      to approximately 10.degree.C. The micronised Disodium carboxylate salt and
      micronised Sodium saccharin were dispersed in the cooled solution and the
      resulting suspension was cooled to approximately -40.degree.C. The Arcton
      12, cooled to -40.degree.C, was then added and the resulting suspension
      stirred with cooling.
PAR  The suspension was filled into suitable 10 ml aluminium containers each of
      which was closed with a 100.mu.1 metered dose valve.
PAR  The composition provides 2 .mu.g of the Disodium carboxylate salt in each
      100.mu.1 dose.
TBL  ______________________________________                                    
     Example B - Nasal Drops.                                                  
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylate                                     
                                 0.5 g                                         
     Chlorbutol                  0.5 g                                         
     Sodium Chloride             0.5 g                                         
     Distilled Water        to   100.0 ml                                      
     ______________________________________                                    
PAR  The ingredients were dissolved together in Distilled Water (95 ml) at room
      temperature. The solution was made up to volume with the balance of the
      Distilled Water and clarified by passage through a filter of sintered
      glass, porosity No. 4.
TBL  ______________________________________                                    
     Example C - Nasal Drops.                                                  
     ______________________________________                                    
     Fluorenone-2,7-dicarboxylic acid                                          
                                 0.5 g                                         
      (micronised powder)                                                      
     Hypromellose 50             0.6 g                                         
     Chlorbutol                  0.5 g                                         
     Sodium Chloride             0.5 g                                         
     Distilled Water       to    100.0 ml                                      
     ______________________________________                                    
PAR  Chlorbutol was dissolved in Distilled Water (30 ml) at 75.degree.C.
      Hypromellose was added and dispersed. An ice-cold solution of sodium
      chloride in distilled Water (60 ml) was added, and the mixture stirred
      until Hypromellose dissolved completely. The fluorenone acid was added and
      thoroughly dispersed, and the mixture diluted to volume.
TBL  ______________________________________                                    
     Example D - Eye Drops.                                                    
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylate                                     
                                 0.20 g                                        
     Sodium Chloride             0.83 g                                        
     Methyl Hydroxybenzoate      0.06 g                                        
     Propyl Hydroxybenzoate      0.04 g                                        
     Distilled Water       to    100.00 ml                                     
     ______________________________________                                    
PAR  Methyl and Propyl Hydroxybenzoate were dissolved in Distilled Water (70 ml)
      at 75.degree.C. Sodium Chloride was added and dissolved and the solution
      allowed to cool. Disodium salt was added and dissolved, and the final
      solution made up to volume and sterilised by filtration.
TBL  ______________________________________                                    
     Example E - Capsules of Powder                                            
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylate                                     
                                  4.0 mg                                       
      (0.5 to 7.0.mu. powder)                                                  
     Lactose (30-90.mu. powder)   46.0 mg                                      
     ______________________________________                                    
PAR  The powders were mixed until homogenous and filled in suitable size hard
      gelatin capsules, 50 mg per capsule, for use in a powder inhalation
      device, such as the type described in U.K. Pat. No. 1,182,779.
TBL  ______________________________________                                    
     Example F - Lotion for Topical Use.                                       
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylate                                     
                                   1.5 g                                       
     Sorbitan Monolaurate          0.6 g                                       
     Polysorbate 20                0.6 g                                       
     Cetostearyl Alcohol           1.2 g                                       
     Glycerin                      6.0 g                                       
     Methyl Hydroxybenzoate     to 0.2 g                                       
     ______________________________________                                    
PAR  To a solution of Methyl Hydroxybenzoate and Glycerin in Distilled Water (70
      ml) at 75.degree.C was added a mixture of Sorbitan Monolaurate,
      Polysorbate 20 and Cetostearyl Alcohol at the same temperature. The
      resulting emulsion was homogenised using high speed stirring and allowed
      to cool. A solution of the Disodium salt in the remaining Distilled Water
      was added and the whole stirred.
TBL  ______________________________________                                    
     Example G - Injection Solution                                            
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylate                                     
                                  10.0 mg                                      
     Water for Injection     to   1.0 ml                                       
     ______________________________________                                    
PAR  The Disodium Salt was dissolved in half the Water for Injection. The
      remaining Distilled Water was added and the solution sterilised by
      filtration. The sterile solution was filled into an ampoule under aseptic
      conditions.
TBL  ______________________________________                                    
     Example H - Aerosol Powder                                                
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylate                                     
                                 400 mg                                        
     Sorbitan Trioleate          200 mg                                        
     Trichlorofluoromethane      4.5 g                                         
     Dichlorodifluoromethane   to                                              
                                 10.0 ml                                       
     ______________________________________                                    
PAR  Sorbitan Trioleate was dissolved in Trichlorofluoromethane. Disodium salt
      was added and thoroughly dispersed. The mixture was transferred to a
      suitable aerosol canister and Dichlorodifluoromethane injected through the
      valve system. The composition provides 4 mg of Disodium salt in each
      100.mu.1 dose.
TBL  ______________________________________                                    
     Example I - Aerosol Powder                                                
     ______________________________________                                    
     Fluorenone-2,7-dicarboxylic acid (0.5-7.mu. powder)                       
                                 500 mg                                        
     Sorbitan Trioleate          100 mg                                        
     Saccharin (6-10.mu. powder) 5 mg                                          
     Methanol                    2 mg                                          
     Sodium Sulphate (2-6.mu. powder)                                          
                                 50 mg                                         
     Trichlorofluoromethane      4.5 g                                         
     Dichlorodifluoromethane   to                                              
                                 10.0 ml                                       
     ______________________________________                                    
PAR  Sorbitan Trioleate and Methanol was dissolved in Trichlorofluoromethane.
      Acid, Saccharin and Sodium Sulphate were added and dispersed. The
      suspension was transferred to a suitable aerosol canister.
      Dichlorodifluoromethane was injected through the valve system. The
      composition provides 5 mg of Acid in each 100.mu.1 dose.
TBL  ______________________________________                                    
     Example J - Lozenge                                                       
     ______________________________________                                    
     Disodium fluorenone-2,7-dicarboxylic acid                                 
                                  50 mg                                        
     Mannitol                     400 mg                                       
     Dextrose Monohydrate         400 mg                                       
     Magnesium Stearate           20 mg                                        
     Granulated with a solution of Polyvinyl-                                  
      pyrrolidone;                                                             
     5% in 25% Alcohol.                                                        
     ______________________________________                                    
PAR  A mixture of Disodium Salt, Mannitol and Dextrose Monohydrate was
      granulated with Polyvinylpyrrolidone in Alcohol, and the granule dried.
      Magnesium Stearate was sifted on and the mixture compressed to produce
      lozenges of the desired shape.
PAC  EXAMPLE K
PAC  Pharmaceutical Compositions
PAR  Pharmaceutical compositions of dimethylfluorenone-2,7-dicarboxylate were
      prepared from the same carrier ingredients and in similar manner to those
      described in Examples C and I.
PAC  EXAMPLE L
PAC  Pharmaceutical Compositions
PAR  Pharmaceutical compositions of anthraquinone-2,6-dicarboxylic acid were
      prepared from the same carrier ingredients and in similar manner to those
      described in Examples C and I.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of preventing the symptoms of asthma or allergic rhinitis in a
      mammal having asthma or allergic rhinitis which comprises administering to
      said mammal a prophylactically effective amount of a compound of formula
      ##SPC14##
PAL  where Z.sup.1 is selected from the group consisting of carboxyl, a
      pharmaceutically acceptable carboxylate salt and alkyl carboxylate wherein
      the alkyl moiety has 1 to 6 carbon atoms; and Z.sup.2 is selected from the
      group consisting of hydrogen and a substituent Z.sup.1 as defined herein.
NUM  2.
PAR  2. A method of preventing the symptoms of asthma or allergic rhinitis in a
      mammal having asthma or allergic rhinitis which comprises administering to
      said mammal a prophylactically effective amount of a compound of the
      formula
      ##SPC15##
PAL  wherein Z.sup.1 and Z.sup.2 are the same or different and each is selected
      from the group consisting of carboxyl, pharmaceutically acceptable
      carboxylate salt, and alkyl carboxylate having 1 to 6 carbon atoms in the
      `alkyl` moiety.
NUM  3.
PAR  3. The method as claimed in claim 2 wherein Z.sup.1 is selected from the
      group consisting of carboxyl and pharmaceutically acceptable carboxylate
      salt, and Z.sup.2 is selected from Z.sup.1 as defined herein.
NUM  4.
PAR  4. The method as claimed in claim 3 wherein the carboxylate salt is
      selected from the group consisting of potassium, sodium, calcium,
      magnesium, ammonium and organic base salts selected from the group
      consisting of triethanolamine, diethylaminoethylamine, piperazine and
      morpholine.
NUM  5.
PAR  5. The method according to claim 1 wherein the compound is administered by
      inhalation.
NUM  6.
PAR  6. The method according to claim 5 wherein the compound is administered in
      the form of a powder having a particle size in the range from 0.5 to
      7.mu..
NUM  7.
PAR  7. The method according to claim 1 wherein the amount of the compound is
      from 2 .mu.g. to 100 mg. per Kg. bodyweight of said mammal.
NUM  8.
PAR  8. The method according to claim 1 wherein the amount of the compound is
      from 20 .mu.g to 0.2 mg. per kg. bodyweight of said mammal.
NUM  9.
PAR  9. The method according to claim 1 wherein the asthma condition is
      extrinsic asthma.
NUM  10.
PAR  10. The method according to claim 1 wherein the condition is allergic
      rhinitis.
NUM  11.
PAR  11. The method of claim 1 wherein said compound is disodium
      anthraquinone-2,6-dicarboxylate.
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PAL  Asymmetrical, biodegradable insecticides having the formula:
      ##SPC1##
PAL  Where R and R' are different and R is selected from the group consisting of
      --CH.sub.3, --CH.sub.3 O, --C.sub.2 H.sub.5 O, --C.sub.3 H.sub.7 O, and R'
      is selected from the group consisting of --3, and --3; and methods for
      providing and selectively controlling the biodegradability of DDT analogue
      insecticides.
PARN
PAR  This is a division of application Ser. No. 147,247, filed May 26, 1971, now
      U.S. Pat. No. 3,787,505.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to improved insecticides. In general, it
      concerns highly insecticidal, yet biodegradable compositions which exhibit
      low toxicity to mammals. More particularly, it pertains to such
      asymmetrical, biodegradable insecticides having the formula:
      ##SPC2##
PAL  Where R and R' are different and R is selected from the group consisting of
      --CH.sub.3, --CH.sub.3 O, --C.sub.2 H.sub.5 O, --C.sub.3 H.sub.7 O, and R'
      is selected from the group consisting of --SCH.sub.3, and --CH.sub.3. The
      invention also pertains to methods for providing and selectively
      controlling the biodegradability of DDT analogue insecticides.
PAC  BACKGROUND OF THE INVENTION
PAR  Despite the immense utility of DDT
      1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane as an insecticide, its
      usefulness is prejudiced by its environmental stability and low degree of
      biodegradability. There is growing concern about the continuing liberation
      of vast quantities of DDT into the environment. The very qualities which
      make DDT such an effective contact or residual insecticide (its stability,
      very low water solubility and high lipid solubility) result in its
      accumulation in the fatty or lipid tissues of animals and are responsible
      for its ecological manification in carnivorous animals at the upper ends
      of food chains. The problems of the biological accumulation of DDT are
      intensified by its enzymatic metabolic conversion to the even more stable
      dehydrochlorination product, DDE,
      1,1-dichloro-2,2-bis-(p-chloro-phyenyl)ethylene, which is a major
      environmental pollutant.
PAR  The drug metabolizing or multifunction oxidase (MFO) enzymes are known to
      play a dominant role in determining the absolute toxicity of insecticides
      to both insects and higher animals. DDT and its metabolic derivatives DDE
      and DDD (or TDE), 1,1-dichloro 2,2-bis-(p-chlorophenyl) ethane are all
      highly resistant to detoxication by MFO enzymes and this single factor
      accounts for their storage and accumulation in animal tissues, especially
      at the higher ends of food chains. On the other hand, certain known
      symmetrical DDT analogues such as methoxychlor, 1,1,1-trichloro-2,2-bis-(p
      methoxyphenyl)ethane and methiochlor, 1,1,1-trichloro-2,2-bis-(p
      methiophenyl)ethane, are readily attacked by MFO enzymes which
      metabolically convert or biodegrade such analogues, into environmentally
      acceptable products, rapidly eliminated by animals. Thus, methoxychlor is
      an example of a persistent but biodegradable insecticide which does not
      generally accumulate in animal tissues and is a more prudent choice than
      DDT for a variety of uses where environmental pollution is an important
      factor. However, methoxychlor and other known symmetrical DDT analogues
      (e.g., methylchor, 1,1,1-trichloro-2,2-bis (p methylphenyl)ethane or
      methiochlor) while exhibiting satisfactory insecticidal activity toward
      certain species of insects, exhibit considerably less insecticidal
      activity than DDT towards other species of insects. Thus, there exists a
      need for improved, persistent insecticides which manifest insecticidal
      activity levels about comparable to DDT, but which can also be
      metabolically biodegraded so as to prevent their accumulation in animals,
      particularily vertebrata, e.g. birds, fish and mammals.
PAC  DESCRIPTION OF THE INVENTION
PAR  We have found from metabolic studies in insects, mice, and in a model
      ecosystem with several food chains that certain asymmetrical DDT analogues
      with substituent groups readily attacked by multifunction oxidase (MFO)
      enzymes are substantially biodegradable and do not appear to be stored
      readily in animal tissues or concentrated in food chains. Insecticidal
      activity studies involving flies and mosquitoes have further indicated
      that the DDT analogues of this invention are persistent, biodegradable
      insecticides, of very low mammalian toxicity. The present invention thus
      provides compositions which are effective and persistent insecticides in
      inanimate situations; yet, when such compositions are absorbed into living
      organims they contain one or more points readily suceptible for attack by
      the MFO enzymes, promoting rapid detoxication of the insecticide. Such
      compositions have many advantages as safe, relatively stable, and
      potentially inexpensive residual insecticides. As employed herein the
      terms "DDT analogue" or "DDT type" are used synonymously to mean
      insecticides which comprise p-p' disubstituted diaryl trichloroethanes.
      The asymmetrical DDT analogues of the present invention contain at least
      one p-substitutent group such as methoxy (--CH.sub.3 O), methio
      (--SCH.sub.3) or methyl (--CH.sub.3) which in the presence of MFO enzymes
      acts as a substrate for MFO enzymes and thereby biodegrades or
      metabolically converts such analogues into environmentally acceptable
      products. The compositions also contain a second, different, p-
      substituent group which at least in part contributes to the insecticidal
      activity and/or the relatively low mammalian toxicity exhibited by the
      compositions of the present invention and may also contribute to their
      biodegradability.
PAR  We have further found that the asymmetrical DDT analogues having the
      following formula, and believed to be new compositions, are highly
      insecticidal, yet biodradable when contacted by MFO enzymes and thus of
      low toxicity to mammals:
      ##SPC3##
PAL  where R and R' are different and R is selected from the group consisting of
      --CH.sub.3, --CH.sub.3 O, --C.sub.2 H.sub.5 O, --C.sub.3 H.sub.7 O and R'
      is selected from the group consisting of --SCH.sub.3 and --CH.sub.3.
PAR  The preparation of synthesis of the asymmetrical DDT analogues of the
      present invention can be accomplished by Bayer or Friedel Crafts
      condensation reactions between chloral and the appropriate substituted
      benzenes, for example, toluene, thioanisole, alkoxybenzenes, etc. The
      following Example I will illustrate the preparation of
      2-(p-methoxphenyl)-2-(p-methylthiophenyl)-1,1,1-trichloro ethane.
DETD
PAC  EXAMPLE I
PAR  To 100 ml. of chloroform in an erlenmeyer flask cooled at 4.degree. C, was
      added 5.32 g. (0.04 mole) of anhydrous AlCl.sub.3. The contents of the
      flask were stirred for 10 minutes and a mixture of 10.2 g.
      p-methoxyphenyl-1,1,1-trichloro-methyl carbinol (U.S. P.2, 719, 865 Oct.
      4, 1955), 7.5g. of thioanisole, and 25 ml. of chloroform, was added
      dropwise over 10 minutes. The contents were stirred for a further 5
      minutes, allowed to come to room temperature and stirred overnight. The
      mixture was then poured over an ice-HCl mixture, steam distilled for 1
      hour to remove chloroform and unreacted thioanisole, extracted with
      diethyl ether, and dried over anhydrous Na.sub.2 SO.sub.4. Evaporation of
      the ether gave 14.5 g. (95%) yield of
      2-(p-methoxyphenyl)-2-(p-methylthiophenyl)-1,1,1-trichloroethane, which
      after two recrystallizations from boiling methanol gave white, pleasant
      smelling crystals m.p. 94.degree. C. NMR showed CH.sub.3 S protons at
      7.55T., CH.sub.3 O protons at 6.20T, -H at 5.02T. fully confirming the
      structure. Using techniques similar to those employed in Example I the
      other compositions shown in Table I were prepared.
PAC  TABLE I
      ##SPC4##
TBL  Example No.   R          R'         m.p..degree.c                         
     ______________________________________                                    
     I             --CH.sub.3 O                                                
                              --SCH.sub.3                                      
                                          94                                   
     II            --C.sub.2 H.sub.5 O                                         
                              --SCH.sub.3                                      
                                         103-4                                 
     III           --CH.sub.3 O                                                
                              --CH.sub.3  80                                   
     IV            --C.sub.2 H.sub.5 O                                         
                              --CH.sub.3  96                                   
     V             --C.sub.3 H.sub.7 O                                         
                              --CH.sub.3  77                                   
     VI            --C.sub.2 H.sub.5                                           
                              --CH.sub.3 liquid                                
     ______________________________________                                    
PAR  Compositions of the present invention were tested for insecticidal
      activities determined by standard methods, and compared with the
      activities of DDT and other symmetrical analogues of DDT, e.g.
      methoxychlor. In these tests, female house flies, Musca domestica, under
      CO.sub.2 anesthesia, were treated with topical application of 1 ul drops
      of w/v solutions of the insecticides in acetone. Three replicates of 20
      flies 2-4 days old were treated on the pronotum at each dosage, and at
      least 5 dosages were used to establish each dosage versus mortality curve.
      Mortalities were determined by holding the flies at 72.degree. F.
      (22.degree. C.) with 40% sucrose solution as food. Topical applications
      were made to both susceptible (SNAIDM) and DDT-resistant (Rsp) strains in
      exactly the same manner. The results of these evaluations are reported in
      Table II as LD.sub.50 values in ug. of toxicant per gram of insect using
      the average weight of the house fly as 20 mg. Evaluations of the toxicity
      of the same compositions to the larvae of the mosquitoes Culex pipiens
      quinquefasciatus and Anopheles albimanus were made as described by WHO
      (VBC/1968) and the results are also shown in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Comparison of Toxicity of New Unsymmetrical                               
     DDT Analogues to DDT and Methoxychlor                                     
     Compound                                                                  
             topical LD.sub.50 female                                          
                        DDT-resistant                                          
                                 LC.sub.50 -ppm mosquito larvae                
             housefly .mu.g/g.   Culex pipiens                                 
                                          Anopheles                            
             Susceptible         quinquefasciatus                              
                                          alpimanus                            
     __________________________________________________________________________
     DDT     14.0       170      0.07     0.016                                
     Methoxychlor                                                              
             45.0       48       0.067    0.18                                 
     Example I                                                                 
             23.5       80       0.11     0.044                                
     Example II                                                                
             32.0       85       0.07     0.054                                
     Example III                                                               
             23.5       62.5     0.085    0.12                                 
     Example IV                                                                
              9.0       27.0     0.13     0.11                                 
     Example V                                                                 
             20.0       55.0     0.04     0.20                                 
     Example VI                                                                
             11.0       28.0     0.08     0.23                                 
     __________________________________________________________________________
PAR  The results shown in Table II indicate that the exemplified compositions of
      the present invention are all more active than methoxychlor with respect
      to susceptible houseflies and all of said compositions are considerably
      more active than DDT with respect to DDT-resistant houseflies. Moreover,
      the compositions of the present invention are shown to be, in general,
      comparable to or more active than DDT and/or methoxychlor with respect to
      mosquito larvae.
PAR  Mammalian toxicity studies of the compositions of the present invention
      were conducted with female Swiss mice, six to eight weeks old. In these
      studies compositions were dissolved in olive oil at 5 to 10% w/v and the
      requisite dosage administered orally by a micrometer driven Hamilton
      syringe. The mice were observed for symptoms of intoxication and for
      mortality over a one week period. The results of these studies are shown
      in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     MOUSE TOXICITY                                                            
     Compound           Oral LD.sub.50 mg/g.                                   
     ______________________________________                                    
     DDT                200                                                    
     Example I          1000                                                   
     Example II         1000                                                   
     Example III        1000                                                   
     Example IV         1000                                                   
     Example V          500                                                    
     ______________________________________                                    
PAR  The results in Table III indicate that the exemplified compositions of the
      present invention are less toxic than DDT with respect to oral
      administrations to mice. These studies further indicated that compositions
      containing a single methoxy, methyl, or methylthio group are of low
      mammalian toxicity but nevertheless highly insecticidal, making such
      compositions selectively insecticidal. It is believed that this selective
      insecticidal activity is a result of the generally higher concentration of
      MFO enzymes found in mammals as compared to insects.
PAC  MODEL ECOSYSTEM
PAR  A model ecosystem with several food chains was developed and can be used
      for evaluating pesticide biodegradability. The model consists of a 10
      .times.  12 .times.  18 in. glass aquarium containing a shelf of 15 kg. of
      washed white quartz sand which is molded into a sloping soil-air-water
      interface. The lower portion is covered by 12 liters of "standard
      reference water" which provides satisfactory mineral nutrition for the
      growth of Sorghum halpense on the aerial portion, and the algae Oedogonium
      cardiacum in the aquatic portion. The latter is seeded with a compliment
      of plankton, and contains Daphnia magna and Physa snails. The aquarium is
      provided with aeration and is kept in an environmental plant growth
      chamber at 80.degree. F (26.degree. C) with 12 hr daylight exposure to
      5000 ft-candles.
PAR  In operation, the Sorghum seeds are planted and the aquarium allowed to
      equilibrate for 20 days until the Sorghum plants are about 6 in. high. The
      leaves are then treated with 5.0 mg. of the radiolabeled pesticide
      compound of interest in acetone applied through a micropipette so that
      only the plant surface is contaminated. Ten large Estigmene acrea larvae
      are placed in the chamber and allowed to feed until the plants are
      consumed. The radiolabeled fecal materials thoroughly contaminate the
      aqueous portion and are taken up into the several food chains. After 26
      days, 300 Culex quinquefasciatus mosquito larvae are added to the chamber,
      and after 30 days three Cambusia affinis fish are added. The experiment is
      terminated after 33 days, when weighed samples of fish, snails, mosquito
      larvae, algae, and water are removed and assayed to total radioactivity.
      These samples are homogenized and extracted with diethyl ether, and both
      water and ether layers examined by tlc to determine the qualitative and
      quantitative nature of the degradative products present, using
      radioautography and serial scintillation counting of the areas containing
      radioautography. The results of the total examination of the model eco
      system provide evidence of the relative biodegradability of the pesticide.
      Using such a model ecosystem with DDT as the pesticide confirms that DDT
      is not biodegradable but rather, manifests a substantial magnification of
      concentration in the food chain organisms. In contrast, when p-p'
      disubstituted diaryl trichloroethane insecticides which contain at least
      one p-substituent group readily susceptible to attack by MFO enzymes (e.g.
      --CH.sub.3, --CH.sub.3 O, SCH.sub.3) are evaluated in the model they are
      found to be biodegradable in that there is little or no magnification of
      concentration of such insecticides in the food chain organisms.
PAR  The compositions of the present invention can be formulated into
      insecticidal formulations using techniques known in the art, for example,
      in formulating DDT insecticides. Thus, dusts, water dispersions, emulsions
      and/or solutions can be formulated provided the carrier or solvent is
      compatible and inert in the sense that it does not react or interfere with
      the insecticidal and biodegradable characteristics.
PAR  While the present invention has been described by reference to illustrative
      examples various modifications will be apparent to those skilled in the
      art and any such modifications are intended to be within the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A biodegradable insecticidal formulation comprising a major amount of a
      compatible inert carrier and a minor amount sufficient to provide
      insecticidal activity of a compound having the formula:
      ##SPC5##
      where R is selected from the group consisting of --OCH.sub.3, --OC.sub.2
      H.sub.5 and --OC.sub.3 H.sub.7.
NUM  2.
PAR  2. A formulation as defined by claim 1 wherein R is --OCH.sub.3.
NUM  3.
PAR  3. A formulation as defined by claim 1 wherein R is --OC.sub.2 H.sub.5.
NUM  4.
PAR  4. A formulation as defined by claim 1 wherein R is --OC.sub.3 H.sub.7.
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ABST
PAL  A method of treating vascular thrombosis in warm-blooded animals, employing
      a phenoxyphenylacetylene or thio analogue thereof as the active
      antithrombotic agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of treating vascular thrombosis in
      warm-blooded animals, employing a phenoxyphenylacetylene or thio analogue
      thereof as the active antithrombotic agent.
PAR  A thrombus generally is defined as an obstruction, formed from components
      of blood, within the vascular system. When a thrombus is either
      free-floating in the blood stream or has been removed by the blood stream
      to a new location, it is referred to as an embolus. Thrombosis, which
      refers to the formation, development, or presence of a thrombus, is
      responsible for a variety of disorders which generally are termed
      thromboembolic diseases. Such diseases include phlebothrombosis,
      thrombophlebitis, pulmonary embolism, retinal thrombosis, myocardial
      infarction, and cerebral infarction, among others. More generally, such
      diseases can be considered to result from a vascular thrombosis, i.e., a
      thrombus within the vascular system of the body.
PAR  The chemoprophylactic or chemotherapeutic management of thromboembolic
      diseases generally involves compounds which fall into one of three
      categories: (1) platelet aggregation inhibitors, (2) anticoagulants, and
      (3) fibrinolytic agents. The chemotherapeutic use of fibrinolytic agents
      is based upon the fact that fibrin frequently forms the primary structural
      support of a thrombus. Dissolution of the fibrin should result in lysis of
      the thrombus, with restoration of blood flow. Anticoagulants and platelet
      aggregation inhibitors, on the other hand, generally are employed
      prophylactically. Anticoagulants are more effective in the treatment of
      venous thrombosis than arterial thrombosis. The successful prophylaxis of
      arterial thrombosis must deal with the etiologic role of the platelet. The
      value of platelet function inhibitors in venous thrombosis, on the other
      hand, will be reflected by the extent to which platelets are involved in
      the formation of those thrombi. In any event, there are within the
      circulatory system regions of stasis in which fibrin formation would be
      virtually the sole factor in thrombosis, and other regions of high
      hemodynamic activity where the platelet nidus alone could block the
      vessel.
PAR  Consequently, the search for effective new platelet aggregation inhibitors
      continues to be an important research activity.
PAC  SUMMARY OF THE INVENTION
PAR  in accordance with the present invention, a method of treating vascular
      thrombosis in warm-blooded animals is provided which comprises
      administering to a warm-blooded animal in need of such treatment an
      effective amount of a phenoxyphenylacetylene or thio analogue thereof
      having the following general formula:
      ##SPC1##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are monovalent groups
      independently selected from the group consisting of hydrogen, halo,
      C.sub.1 -C.sub.3 alkyl, and C.sub.1 -C.sub.3 alkoxy; and Y is oxygen or
      sulfur.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used herein, the term "treatment" is meant to include both active
      treatment and preventive or prophylactic treatment. Additionally, the term
      "halo" is meant to include fluoro, chloro, bromo, and iodo.
PAR  According to the method of the present invention, vascular thrombosis in a
      warm-blooded animal is treated by administering to a warm-blooded animal
      in need of such treatment an effective amount of a phenoxyphenylacetylene
      or thio analogue thereof as defined hereinbefore. Such compound can be
      administered parenterally or enterally, and preferably orally. The
      compound normally will be administered at a dosage level. sufficient to
      provide a concentration of such a compound in the blood of from about 1 to
      about 250 .mu.g/ml, and preferably from about 1 to about 100  .mu.g/ml. On
      the average, such a concentration is approximately equivalent to a dose of
      from about 0.05 to about 20 mg/kg, with the preferred concentration being
      approximately equivalent to a dose of from about 0.05 to about 10 mg/kg.
      The necessary concentration in the blood can be achieved by administering
      a single dose or up to about six smaller doses per day, depending upon the
      tolerance of the patient to the compound, persistence of the compound in
      the blood stream, and other factors. When dosage is oral, the range of
      administration of such compound normally will be from about 1 to about 150
      mg/kg.
PAR  Preferably, such compound is employed in combination with one or more
      adjuvants suited to the particular route of administration. Thus, in the
      case of oral administration, the compound is modified with pharmaceutical
      diluents or carriers such as lactose, sucrose, starch powder, cellulose,
      talc, magnesium stearate, magnesium oxide, calcium sulfate, acacia powder,
      gelatin, sodium alginate, sodium benzoate and stearic acid. Such a
      composition can be formulated as tablets or enclosed in capsules for
      convenient administration. The compound also can be mixed with a liquid
      and administered as an elixir, suspension, or the like. In the case of
      parenteral administration, the compound is conveniently formulated in
      saline to constitute an injectable liquid solution. Other adjuvants and
      modes of administration are known to those skilled in the art.
PAR  Suitable pharmaceutical carriers are described in E. W. martin, et al.,
      "Remington's Pharmaceutical Sciences," 14th Ed., Mack Publishing Company,
      Easton, Pa., 1965.
PAR  The activities of the phenoxyphenylacetylenes and thio analogues thereof as
      antithrombotic agents are demonstrated by the procedure of Herrmann, et
      al., Arch. Int. Pharmacodyn. Ther., 196, 316 (1972).
PAR  The activities of several of the phenoxyphenylacetylenes and thio analogues
      thereof relative to parenteral administration were demonstrated by the
      procedure of Herrmann, et al., Proc. Soc. Exp. Biol. Med., 135, 100
      (1970), and references cited therein. Such compounds were found to provide
      at least about 20 percent inhibition of platelet aggregation.
PAR  The activities of such phenoxyphenylacetylenes and thio analogs thereof
      relative to oral administration were demonstrated by the procedure of
      Herrmann, et al., Proc. Soc. Exp. Biol. Med., 139, 548 (1972). Such
      compounds were found to provide at least about 20 percent inhibition of
      platelet aggregation.
PAR  Examples of phenoxyphenylacetylenes and thio analogues thereof suitable for
      use in the method of the present invention include, among others:
PA0  (4-Phenoxyphenyl)acetylene,
PA0  (4-Phenylthiophenyl)acetylene,
PA0  (3-Phenoxyphenyl)acetylene,
PA0  (3-Phenylthiophenyl)acetylene,
PA0  (2-Phenoxyphenyl)acetylene,
PA0  (2-Methyl-4-phenoxyphenyl)acetylene,
PA0  (3-Methyl-3-phenylthiophenyl)acetylene,
PA0  (3-Fluoro-4-phenoxyphenyl)acetylene,
PA0  (2-Methoxy-4-phenylthiophenyl)acetylene,
PA0  [3-(2-Fluorophenoxy)phenyl]acetylene,
PA0  [3-(2-Fluorophenylthio)phenyl]acetylene,
PA0  [4-(2-Fluorophenoxy)phenyl]acetylene,
PA0  [3-(3-Chlorophenoxy)phenyl]acetylene,
PA0  [3-(3-Methylphenylthio)phenyl]acetylene,
PA0  (3,5-Dimethyl-4-phenoxyphenyl)acetylene,
PA0  [4-(2,4-Difluorophenoxy)phenyl]acetylene,
PA0  [3-Fluoro-4-(2-fluorophenoxy)phenyl]acetylene, and
PA0  [3-(4-Methoxyphenylthio)-4-fluorophenyl]acetylene.
PAR  The preferred compounds are the phenoxyphenylacetylenes, with
      [3-(2-fluorophenoxy)phenyl]acetylene being most preferred.
PAR  The phenoxyphenylacetylenes and thio analogues thereof which can be
      employed in the method of the present invention can be prepared by various
      known procedures. A preferred procedure is represented by the following
      reaction scheme, wherein Ar is
      ##SPC2##
PAL  and X is halo:
      ##EQU1##
      Briefly, an acetophenone is halogenated, typically brominated or
      chlorinated, to give an .alpha.-halostyrene, which on dehydrohalogenation
      yields the desired arylacetylene compound.
PAR  Halogenation of a carbonyl compound generally is carried out with
      phosphorus pentabromide or phosphorus pentachloride. However, equivalent
      results are obtained in the above reaction scheme with a mixture of a
      phosphorus pentahalide and the corresponding phosphorus oxyhalide. While
      the amounts of the two components employed are not critical, an excess of
      total available halogen conveniently is employed, the phosphorus oxyhalide
      also serving as a reaction medium. However, if desired, an inert organic
      solvent such as benzene, toluene, and the like, can be employed. The
      halogenation reaction proceeds best at an elevated temperature, e.g., from
      about 40.degree. to about 200.degree.C. Separation and, if desired,
      purification of the resulting .alpha.-halostyrene are accomplished by
      conventional means.
PAR  Dehydrohalogenation generally is carried out by known methods. Typically,
      strong bases such as sodium amide, lithium amide, and potassium amide, in
      liquid ammonia, and potassium t-butoxide in dimethyl sulfoxide give good
      results. The dehydrohalogenation reaction preferably is carried out at a
      temperature in the range of from about -30.degree.C. to about 0.degree.C.
      Separation and purification of the resulting arylacetylene are carried out
      by known methods.
PAR  An alternative method for preparing the arylacetylenes employed in the
      method of the present invention is illustrated by the following reaction
      scheme, wherein Ar and X are as defined hereinabove:
      ##EQU2##
      Briefly, a styrene (i.e., an arylethylene) is halogenated to give an
      .alpha., .beta.-dihaloethylbenzene which subsequently is
      dehydrohalogenated to give an arylacetylene.
PAR  Halogenation of the styrene with chlorine, bromine, or iodine, preferably
      chlorine or bromine, generally is carried out at a temperature of from
      about -20.degree. to about 20.degree.C in an inert organic solvent, such
      as chloroform, methylene chloride, diethyl ether, benzene, toluene, and
      the like. The usual separation and purification procedures then are
      employed.
PAR  Dehydrohalogenation of the resulting .alpha., .beta.-dihaloethylbenzene to
      give an arylacetylene in general is carried out as described hereinabove
      for dehydrohalogenation of the .alpha.-halostyrene of the first and
      preferred procedure.
PAR  The acetophenones which are employed as starting materials in the first
      procedure described hereinabove for preparing arylacetylenes are prepared
      by methods known to those skilled in the art. Several such methods are
      illustrated by the following reaction shcemes, wherein Ar is as defined
      hereinbefore:
      ##EQU3##
PAR  The styrenes employed as starting materials in the alternative procedure
      described hereinabove for preparing arylacetylenes also are prepared by
      known methods, such as those illustrated by the following reaction
      schemes, wherein Ar is as defined hereinbefore:
      ##EQU4##
PAR  Preparations representative of several of the methods for preparing
      acetophenones follow.
PAC  Reaction Scheme (a).
PAR  A solution of 200 g of 2-fluorobiphenyl in 1500 ml of carbon disulfide was
      cooled to 0.degree.-5.degree.C and successively treated with 200 g of
      aluminum chloride over a period of 140 minutes and 113 g of acetyl
      chloride over a period of 165 minutes. The resulting mixture was allowed
      to warm to room temperature and stirred overnight. The reaction mixture
      then was poured carefully into a mixture of ice and aqueous hydrochloric
      acid. Organic materials were extracted from the resulting acidic mixture
      with a mixture of diethyl ether and ethyl acetate. The organic extract was
      washed successively with water, ten percent aqueous sodium hydroxide, and
      water, and dried over anhydrous sodium sulfate. The solvents were
      evaporated under reduced pressure and the solid residue was recrystallized
      from hexane to give 4'-(2-fluorophenyl)acetophenone. Recrystallization of
      the material from hexane gave two crops of crystals having the following
      elemental analyses:
PAR  First crop, 173 g, mp 84.5.degree.-86.5.degree.C; calculated for C.sub.14
      H.sub.11 FO: C, 78.49; H, 5.18; F, 8.87. Found: C, 77.23; H, 4.75; F,
      10.00. Second crop, 51.1 g, mp 85.degree.-87.degree.C Found: C, 78.40; H,
      5.35; F, 8.89.
PAC  Reaction Scheme (b).
PAR  3-Biphenylmagnesium bromide was prepared according to known procedures from
      100 g of 3-bromobiphenyl and 10 g of magnesium turnings in diethyl ether.
      To the Grignard reagent solution at 4.degree.C was added 40 g of cadmium
      chloride dihydrate over a one-hour period. The reaction mixture was heated
      at reflux for one hour and cooled to 12.degree.C. To the reaction mixture
      then was added a solution of 32 g of acetyl chloride in diethyl ether over
      a period of 30 minutes. The reaction mixture was heated at reflux for 30
      minutes, allowed to cool to room temperature, and agitated overnight.
      Additional diethyl ether was added and the reaction mixture again was
      heated at reflux for one hour. The reaction mixture was cooled and
      successively treated with 100 ml of saturated aqueous ammonium chloride
      and 100 ml of water. The reaction mixture was poured over ice, the diethyl
      ether layer which formed was separted, and the aqueous layer was extracted
      with diethyl ether. The diethyl ether layer and extracts were combined,
      washed successively with water until the wash water was neutral to litmus
      paper, and dried over anhydrous sodium sulfate. The diethyl ether was
      evaporated and the residue was vacuum distilled to give 29.3 g of
      3'-phenylacetophenone, bp 120.degree.C/0.3 mm. The following elemental
      analysis was obtained:
PAR  Calculated for C.sub.14 H.sub.12 O: C, 85.68; H, 6.16; O, 8.15. Found: C,
      85.62; H, 6.33; O, 8.18.
PAC  Reaction Scheme (c).
PAR  2-Chloro-4-biphenylmagnesium bromide was prepared by known methods from
      53.4 g of 2-chloro-4-bromobiphenyl and 5.0 g of magnesium turnings in
      tetrahydrofuran. A solution of 9.2 g of acetaldehyde in 100 ml of
      tetrahydrofuran was added dropwise to the cooled Grignard reagent
      solution. The reaction mixture was stirred at room temperature overnight.
      The reaction mixture then was cooled, treated successively with 165 ml of
      saturated aqueous ammonium chloride and 100 ml of water, and poured onto
      ice. The reaction mixture was extracted with diethyl ether. The diethyl
      ether extracts were combined, washed three times with water, and dried
      over anhydrous sodium sulfate. The diethyl ether was evaporated under
      reduced pressure and the liquid residue was vacuum distilled to give 28.6
      g of .alpha.-methyl-3-chloro- 4-phenylbenzyl alcohol, bp
      145.degree.-157.degree.C/0.09 mm. The following elemental analysis was
      obtained:
PAR  Calculated for C.sub.14 H.sub.13 ClO: C, 72.26; H, 5.63; O, 6.88. Found: C,
      71.98; H, 5.79; O, 6.90.
PAL  .alpha.-methyl-3-chloro-4-phenylbenzyl alcohol, 28.6 g, was dissolved in 36
      ml of acetone. To the resulting solution was added dropwise, with cooling
      and vigorous agitation, a solution of 12 g of chromium trioxide in 42 ml
      of 35 percent aqueous sulfuric acid. A large volume of acetone then was
      added; the aqueous layer was separated and washed with acetone. The
      acetone layer and acetone extracts were combined and dried over anhydrous
      sodium sulfate. The acetone was evaporated and the residue was distilled
      in vacuo to give 26.3 g of 3'-chloro-4'-phenylacetophenone, bp
      132.degree.-141.degree.C/0.09 mm. The following elemental analysis was
      obtained:
PAR  Calculated for C.sub.14 H.sub.11 ClO: C, 72.89; H, 4.81. Found: C, 72.63;
      H, 4.85.
PAR  The present invention is further described, but not limited, by the
      following examples which illustrate preferred procedures for the
      preparation of the arylacetylenes to be employed in the present invention.
      All temperatures are in degrees centigrade.
PAC  EXAMPLE 1
PAC  Preparation of [3-(2-fluorophenoxy)phenyl]acetylene.
PAR  A mixture of 34.5 g of 4'-(2-fluorophenoxy)acetophenone, 41.6 g of
      phosphorus pentachloride, and 80 ml of phosphorus oxychloride was heated
      at 60.degree. for 20 hours. The reaction mixture was cooled and volatile
      materials were distilled in vacuo. The crude
      4-(2-fluorophenoxy)-.alpha.-chlorostyrene which remained was diluted with
      benzene which was removed by distillation; the dilution-distillation
      procedure was repeated three times. The residue then was dissolved in
      tetrahydrofuran. The resulting solution was added dropwise to a solution
      of sodium amide in ammonia prepared by adding 23 g of sodium to 750 ml of
      liquid ammonia containing several mg of ferric chloride. The reaction
      solution was agitated overnight after adding 375 ml of diethyl ether. The
      reaction solution then was diluted successively with 150 ml of saturated
      aqueous ammonium chloride solution and 100 ml of water. The resulting
      mixture was poured onto ice. The organic layer was separated and the
      aqueous layer extracted successively with diethyl ether and ethyl acetate.
      The organic layer and organic extracts were combined and washed
      successively with water, five percent aqueous hydrochloric acid, and
      water, and dried over anhydrous sodium sulfate. The organic solvents were
      distilled under reduced pressure and the residue was vacuum distilled to
      give [3-(2-fluorophenoxy)phenyl]acetylene, bp 93.degree.-96.degree./0.2
      mm. The following elemental analysis was obtained:
PAR  Calculated for C.sub.14 H.sub.9 FO: C, 79.23; H, 4.27; F, 8.95. Found: C,
      78.95; H, 4.30; F, 8.71.
PAC  EXAMPLE 2
PAR  The following compounds were prepared from the indicated ketone according
      to the procedure of Example 1, using appropriate amounts of phosphorus
      pentachloride, phosphorus oxychloride, sodium amide, and ammonia; the
      elemental analysis of each compound also is given:
PAR  (2-Methyl-4-phenoxyphenyl)acetylene, bp 110.degree.-122.degree./0.35 mm and
      n.sub.d.sup.25, 1.5994; from 2'-methyl-4'-phenoxyacetophenone.
PAR  Calculated for C.sub.15 H.sub.12 O: C, 86.51; H, 5.81; O, 7.68. Found: C,
      86.24; H, 6.02; O, 7.63.
PAR  (3-Methyl-4-phenoxyphenyl)acetylene, bp 103.degree.-105.degree. /0.1 mm and
      n.sub.d.sup.23, 1.5949; from 3'-methyl-4'-phenoxyacetophenone.
PAR  Calculated for C.sub.15 H.sub.12 O: C, 86.51; H, 5.81; O, 7.68. Found: C,
      86.42; H, 5.81; O, 7.39.
PAR  (3-Phenoxyphenyl)acetylene, bp 90.degree./0.2 mm and n.sub.d.sup.23,
      1.5987; from 3'-phenoxyacetophenone.
PAR  Calculated for C.sub.14 H.sub.10 O: C, 86.57; H, 5.19; O, 8.24. Found: C,
      86.30; H, 5.18; O, 8.04.
PAR  (3,5-Dimethyl-4-phenoxyphenyl)acetylene, bp 145.degree.-146.degree./0.1 mm
      and n.sub.d.sup.25, 1.5882; from 3',5'-dimethyl-4'-phenoxyacetophenone.
PAR  Calculated for C.sub.16 H.sub.14 O: C, 86.45; H, 6.35; O, 7.20. Found: C,
      86.20; H, 6.37; O, 7.17.
PAR  [4-(2-Fluorophenoxy)phenyl]acetylene, bp 110.degree.-114.degree.10.3 mm and
      n.sub.d.sup.25, 1.5860; from 4'-(2-fluorophenoxy)acetophenone.
PAR  Calculated for C.sub.14 H.sub.9 FO: C, 79.23; H, 4.27. Found: C, 79.00; H,
      4.41.
PAR  As pointed out hereinbefore, the treatment of vascular thrombosis by the
      method of the present invention, and by antithrombotic agents in general,
      largely is prophylactic in nature. Such prophylaxis comprises the
      administration of an antithrombotic agent to an individual based upon a
      need of the individual for such administration. In general, an individual
      will have a need for treatment with antithrombotic agents under either of
      two situations: (1) the individual already has suffered overt
      manifestations of a thromboembolic disease, or (2) an individual has an
      identifiable risk of contracting a thromboembolic disease but has not yet
      shown any overt manifestations of such disease. In either case, the
      prophylactic treatment of the individual with an antithrombotic agent is
      intended to prevent thromboembolic disease in the individual or, at least,
      to minimize the effects of such disease upon the health of the individual
      should such disease occur.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of treating vascular thrombosis in warm-blooded animals which
      comprises administering to a warm-blooded animal in need of such treatment
      an amount effective for treating vascular thrombosis of a
      phenoxyphenylacetylene of the formula,
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are monovalent groups
      independently selected from the group consisting of hydrogen, halo,
      C.sub.1 -C.sub.3 alkyl, and C.sub.1 -C.sub.3 alkoxy; and Y is oxygen.
NUM  2.
PAR  2. The method of claim 1, wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4
      independently are hydrogen, fluoro, chloro, methyl, or methoxy.
NUM  3.
PAR  3. The method of claim 1, wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4
      independently are hydrogen or fluoro.
NUM  4.
PAR  4. The method of claim 3, wherein the phenoxyphenylacetylene is
      [3-(2-fluorophenoxy)phenyl]acetylene.
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ABST
PAL  A feed comprising a culture product of strains of marine or halophilic
      yeasts in which the COD rising index of the strain is not more than 150
      and the RNA excretion rate is not more than 20% in a medium containing
      waste molasses and an inorganic nitrogen compound, and a method for
      cultivating aquianimals with the feed. Typical example of the yeasts is
      Torulopsis candida var. marina NRRL Y-7345. The feed is particularly
      useful for breeding, for example, Brachionus, Copepoda, Brine Shrimp and
      Stage of Zoea, Mysis and Post Larva of shrimps.
PARN
PAR  This application is a continuation-in-part application of United States
      Application Ser. No. 66,575 filed Aug. 24, 1970 and now abandoned.
BSUM
PAR  This invention relates to feed for useful aquianimals and a cultivation of
      the aquianimals. More particularly, the invention pertains to a method for
      efficiently breeding and culturing fish, shellfish and zooplankton, which
      comprises culturing a specific strain of microorganism in a medium
      containing waste molasses and an inorganic nitrogen compound as sources of
      carbon and nitrogen, respectively. The strain is selected from marine or
      halophilic yeasts having defined sucrose-assimilating ability and defined
      secreting ability of endo (intercell)-effective substances into sea water.
      The measure of said secreting ability is based on Chemical Oxygen Demand
      (hereinafter referred to as "COD" rising index) with respect to
      participating substances and Ribonucleic acid excretion rate (hereinafter
      referred to as "RNA" excretion rate). Yeast strains used in this invention
      have a COD rising index which is not more than 150 and an RNA excretion
      rate which is not more than 20%.
PAR  Recently, the cultivation of fish has become an important industry and food
      source. A problem of great significance in connection with the cultivation
      of fish on a large scale is the provision of a nutritionally adequate,
      inexpensive food for the growing fish, especially in the early stages of
      growth.
PAR  Conventionally, in breeding fish and shellfish, especially spawns, seeds
      and seedlings, they are first fed with phytoplankton and, as the case may
      be, with Diatoms, Chlorophyta and the like. They may be later fed with
      zooplankton as growth progresses and their nutritional requirements
      change.
PAR  It is necessary, in order to provide a sufficient concentration of
      zooplankton for utilization by the growing spawns, seeds and seedlings, to
      provide an adequate feed for the zooplankton. Such feeds as have been
      heretofor available have not been completely satisfactory and therefore
      there have been considerable efforts at improvement.
PAR  In previous attempts to provide adequate nutrition various yeasts such as
      those used in the production of beer, yeasts living in the drainage of
      pulp manufacturing plants, hydrocarbon assimilating yeasts and various
      other types of yeasts have been recommended. They have been
      unsatisfactory, however, for a number of reasons. For example, they may
      not multiply quickly enough to provide sufficient feed, they may be
      nutritionally inadequate for the growing fish and crustacea larvae, or
      they may pollute the breeding medium by elution of intracellular factors
      into the medium. This last mentioned problem is especially troublesome
      when zooplankton and phytoplankton are combined for use as feeds.
PAR  It has now been discovered, in accordance with the invention, that certain
      strains of marine and halophilic yeasts are an excellent feed source for
      use in the cultivation of aquianimals, i.e. fish and crustacea. The
      strains of yeast which are useful in this invention are free of toxins for
      the growing larvae and have a COD rising index which is not more than 150
      and an RNA excretion rate which is not more than 20%. By using yeasts
      having these properties, it is possible not only to obtain a marked effect
      in preventing pollution of the breeding medium but also to stabilize and
      maintain various physical and chemical conditions of the environment of
      the medium. Not all strains of a particular species are useful in the
      practice of this invention.
PAR  The microorganisms used in the present invention are yeasts which are
      widely distributed in the seas. The most practically useful yeasts are
      those having surcrose-assimilating ability coupled with a high yield based
      on carbon sources in the culture medium. Conventionally known marine
      yeasts are very slow in their growth. Except for yeasts belonging to genus
      Zygosaccharomyces with which glucose is used, there has been no report of
      strains belonging to any genera in which the growth rate of cells exceeds
      1 g/dl.
PAR  It has been observed that yeasts having the properties described above do
      not excrete cellular substances into the breeding medium in sufficient
      quantities so that pollution becomes a problem. The presence of absence of
      toxins can be readily determined by simple observation of a few growth
      systems. For example, a zooplankton of small size may be fed a selected
      yeast for a short period of time, e.g. one week, and the rate of growth
      observed. Nauplius of Brine Shrimp (Artemia salina) are suitable for these
      determinations.
PAR  Typical examples of the strains of yeasts usuable in the present invention
      are shown in Table 1. These strains have been deposited in Fermentation
      Research Institute, Agency of Industrial Science and Technology, Chiba
      City, Japan, under BIKOOKENKINKI Nos. 346, 347, 348, 349 and 350,
      respectively. The have also been deposited at the United States Department
      of Agriculture, Northern Utilization Research and Development Division at
      Peoria, Illinois under the deposit numbers NRRL Y-7345, NRRL Y-7346, NRRL
      Y-7347, NRRL Y-7348 and NRRL Y-7349, respectively.
PAR  Among these strains, No. 346 belongs to genus Cryptococcaceae because it
      has non-ascospore. Because of having no arthrospore and showing no
      carotinoid color formation, it does not belong to genera Trichosporon and
      Rodotorula. No pseudomycelium and mycelium are recognized, and hence, it
      does not belong to genus Candida. Neither both pole budding nor triangular
      cells are observed therein. As there is no production of strong acid, and
      production of starch is (-), this strain is considered to be one of
      species belonging to genus Torulopsis. From assimilation of sucrose and
      utilization of nitrate, the strain is analogus to strain of Torulopsis
      candida. Moreover, taking account of its chlorine resistance, No. 346
      strain has been identified as "Torulopsis candida var. marina".
PAR  No. 347 is characterized by a spore of small size, and is close to strains
      of Saccharomyces mellis. They are, however, markedly different in
      sucrose-assimilating ability from each other. Accordingly, No. 347 is a
      new species and has been named "Saccharomyces disaccharomellis".
PAR  No. 348 strain belongs to genus Rhodotorula, in view of the fact that it
      does not form ascospore and has no arthrospore but has carotinois
      color-forming ability. Furthermore, it neither shows essential
      vitamin-requiring property nor has lactose-assimilating ability. This
      strain is considered to be close to the strain of Rhodotorula rubra, but
      they are different from each other in the temperature limits for growth
      and sucroseassimilating ability. Accordingly, No. 348 strain has been
      named as "Rhodotorula rubra var. marina".
PAR  No. 349 buds and thereby grows. From glucose-fermentating ability, form of
      spore, fermentation rate, cell size and binary spore form, it is close to
      strains of Saccharomyces acidifaciens and Saccharomyces halomembranis.
      However, in view of the sucrose-assimilating abilities of these two
      strains, No. 349 differs from them. It has been named "Saccharomyces
      acidosaccharophillii" as a new species.
PAR  No. 350 is a strain similar to No. 346, but it is (-) with respect to
      assimilation of lactose. This strain also resembles Torulopsis famata, but
      is different therefrom in fermentive action on glucose, growth in a
      culture medium of high sodium chloride concentration, culture on a litmus
      milk medium and sugar assimilation. Accordingly, No. 350 is named
      "Torulopsis larvae", a new species.
PAR  The above identification is based on:
PAR  1. "Tanpakushitsu, Kakusan, Koso" ("Protein, Nucleic acid and Enzyme"),
      Vol. 12, No. 3, pp. 256-258 and 346-352,
PAR  2. "Iden" ("Heredity"), Vol. 22, pp. 51-56,
PAR  3. "Rinshio Kensa" ("Clincial Examination"), Vol. 10, No. 2, pp. 38-44 and
      No. 3, pp. 34-40, and
PAR  4. "Nippon Kinruishi" ("Magazine on fungi and mould fungus in Japan") Vol.
      3, Ascomycetes.
PAR  Those having bacteriological and physiological characteristics mentioned
      above are examples of the yeasts usuable in the present invention.
PAR  The excretion into a breeding medium of endo (intercell)-effective
      substances is determined based on the measurement of the amount of
      substances produced which participate in the COD and RNA respectively in
      "artifical sea water". For this determination, yeast cells are suspended
      in artificial sea water adjusted to pH 8 in the proportion of 1 g/dl, at
      30.degree..+-.0.5.degree.C under milk agitation so that the cells do not
      precipitate. After 48-hours' operation, amounts of COD participating
      substances and RNA present in the supernatant and in the whole suspension
      are assayed according to standard methods. "COD rising index" and "RNA
      excretion rate" as referred to herein are the numerical values obtained in
      such measurements. Numerical values actually determined with respect to
      the present strains and controls (baker's yeast and
      hydrocarbon-assimilating yeast) are shown in Table 1. It is clear from the
      results shown in the table that yeasts useful in the invention because
      they have the defined COD and RNA do not pollute the breeding medium to
      the same extent as the control products which do not have the required COD
      and RNA properties.
PAR  It has been further observed that stabilization of environmental conditions
      as mentioned above may be more readily observed by using algae in
      combination with the yeasts of the invention.
PAR  The bacteriological characteristics of certain of the yeast strains which
      can be used in this invention are shown in Table 2.
TBL                                    Table 1                                 
     __________________________________________________________________________
                          RNA   Degree of                                      
                   COD Rising                                                  
                          Excretion                                            
                                Pollution by                                   
     Strain        Index* Rate**                                               
                                Bacteria***                                    
     __________________________________________________________________________
     Candida petrophilum                                                       
                   295    34.20 4.5 .times. 10.sup.7 cells/ml                  
     Baker's yeast 580    52.41 2.3 .times. 10.sup.7                           
     Marine yeast ASY-4011                                                     
     (BIKOOKENKINKI No. 346)                                                   
                   124    3.57  1.2 .times. 10.sup.7                           
     "   ASY-4021                                                              
     (BIKOOKENKINKI No. 347)                                                   
                   108    3.30  0.4 .times. 10.sup.7                           
     "   ASY-4031                                                              
     (BIKOOKENKINKI No. 348)                                                   
                   131    4.35  0.5 .times. 10.sup.7                           
     "   ASY-4041                                                              
     (BIKOOKENKINKI No. 349)                                                   
                   119    3.14  0.7 .times. 10.sup.7                           
     "   ASY-4051                                                              
     (BIKOOKENKINKI No. 350)                                                   
                   110    2.85  0.9 .times. 10.sup.7                           
     Zygosaccharomyces marinus                                                 
     (Saccharomyces marinus)                                                   
                   255    28.51 2.1 .times. 10.sup.7                           
     __________________________________________________________________________
      *Based on an initial value of 100.                                       
      **(Eluted RNA/RNA initially contained in cell) .times. 100.              
      ***Value is cells/ml 48 hours after initiation of the test.              
TBL                                    Table 2                                 
     __________________________________________________________________________
     Strain  BIKOOKENKINKI                                                     
                      BIKOOKENKINKI                                            
                               BIKOOKENKINKI                                   
                                        BIKOOKENKINKI                          
                                                 BIKOOKENKINKI                 
     Feature  No. 346  No. 347  No. 348  No. 349  No. 350                      
     __________________________________________________________________________
     Microscopic                                                               
             Spherical or                                                      
                      Egg and long                                             
                               Spherical.                                      
                                        Spherical to egg                       
                                                 Spherical to egg              
     observation                                                               
             short-egg shape.                                                  
                      egg shapes.                                              
                               No Ascospore                                    
                                        shape.   shapes.                       
             No Ascospore                                                      
                      Ascospore                                                
                               formation.                                      
                                        Ascospore                              
                                                 No Ascospore                  
             formation.                                                        
                      formed.           formed.  formation.                    
     Wort culture                                                              
             Ring forming.                                                     
                      Ring forming.                                            
                               No ring form-                                   
                                        Forms yeast                            
                                                 No ring forming.              
     (sea water)                                                               
             Uniformly                                                         
                      Uniformly                                                
                               ing. Produces                                   
                                        ring. Produces                         
                                                 Produces crust.               
             grows. Pro-                                                       
                      grows. Pro-                                              
                               crust.   crust. Uni-                            
             duces crust.                                                      
                      duces crust.      formly grows.                          
     Sea water-                                                                
             No luster.                                                        
                      No luster.                                               
                               Luster. Con-                                    
                                        Luster. Con-                           
                                                 Slight luster.                
     wort - agar                                                               
             Grows satis-                                                      
                      Grows extreme-                                           
                               vexed. Grows                                    
                                        vexed. Smooth                          
                                                 Convexed. Grows               
     culture factory. Con-                                                     
                      ly satisfacto-                                           
                               actively.                                       
                                        surface. Dry.                          
                                                 actively.                     
     (cont'g vexed. Smooth                                                     
                      ry. Convexed.                                            
                               Smooth surface.                                 
                                        White.   Smooth surface.               
     dextrose)                                                                 
             surface. Wet.                                                     
                      Surface with                                             
                               Wet. Red.         Wet. White.                   
             White.   wrinkles. Dry.                                           
                      Pale yellow.                                             
     Vitamin-                                                                  
             None. Grows                                                       
                      None.    None. Grows                                     
                                        None. Grows                            
                                                 None.                         
     requiring                                                                 
             vigorously in     vigorously in                                   
                                        vigorously in                          
     property                                                                  
             the presence      the presence                                    
                                        the presence                           
             of vitamines      of vitamines.                                   
                                        of vitamines.                          
     KNO.sub.3 -                                                               
     assimilation                                                              
             Negative Negative Negative Negative Negative                      
     Ethanol-                                                                  
             Positive but                                                      
                      Negative Negative Negative Negative                      
     assimilation                                                              
             very slight                                                       
     Acetic acid-                                                              
     assimilation                                                              
             Positive Negative Positive Positive Negative                      
     NaCl    Growth even                                                       
                      Growth even                                              
                               Growth even                                     
                                        Growth even                            
                                                 Growth even                   
     concentration                                                             
             without NaCl.                                                     
                      without NaCl.                                            
                               without NaCl.                                   
                                        without NaCl.                          
                                                 without NaCl.                 
             Withstands 7%.                                                    
                      Withstands 7%.                                           
                               Withstands 7%.                                  
                                        Withstands 7%.                         
                                                 withstands 7%.                
     Sugar-assi-                                                               
             Assimilates                                                       
                      Assimilates                                              
                               Assimilates                                     
                                        Assimilates                            
                                                 Assimilates                   
     milation and                                                              
             glucose, glucose, glucose, glucose, glucose, sucrose,             
     fermentative                                                              
             sucrose, sucrose, galactose and                                   
                                        galactose                              
                                                 maltose and                   
     power.  galactose,                                                        
                      galactose,                                               
                               surose, but                                     
                                        maltose and                            
                                                 galactose, but                
             maltose, maltose, lactose and                                     
                                        raffinose, but                         
                                                 lactose and                   
             lactose and                                                       
                      raffinose and                                            
                               raffinose to                                    
                                        not lactose.                           
                                                 raffinose to (-)              
             raffinose.                                                        
                      lactose. (-) or (.+-.).                                  
                                        Ferments only                          
                                                 or (.+-.). Not                
             Not ferment.                                                      
                      Ferments only                                            
                               Not assimilates                                 
                                        glucose. ferment.                      
                      glucose. maltose. Not                                    
                                        (48 hours)                             
                                                 (48 hours)                    
                      (48 hours)                                               
                               ferment. (48 hrs)                               
     __________________________________________________________________________
PAR  In addition to the above-exemplified effective strains of marine yeasts,
      certain selected strains of terrestrial yeasts are also useful in the
      invention. Such strains include halophilic yeasts, so-called film forming
      yeasts. The halophilic yeasts are inferior to marine yeasts in
      effectiveness, but are much superior to phytoplankton.
PAR  The present in a medium of waste molasses and an inorganic nitrogen
      compound is indispensable for the culture of the present strains. Small
      amounts of phosphate and potassium in the medium are preferably utilized.
      Moreover, there is absolutely no necessity for using the expensive
      nutritional materials conventionally used in the culture of marine yeasts
      such as polypeptone, yeast extracts and the like. The sugar concentration
      employed in the culture may be at least 1 g/dl. Some strains withstand
      sugar having a concentration of about 10 g/dl, and still propagate
      actively.
PAR  The nitrogen source may be ammonia or various urea compounds. Organic
      nitrogen compounds are not necessary. The concentration of nitrogen source
      mentioned above may be 100- 700 mg/dl.
PAR  With a medium containing only the carbon and nitrogen sources above, the
      desired rate of cell growth may be obtained. It is, however, preferable to
      utilize small amounts of potassium salts and phosphates in the medium, for
      example about 5- 10 mg/dl.
PAR  The simple composition of the culture medium is a special feature of the
      present invention. No cases of cultivation of marine yeasts under such
      conditions have been previously reported.
PAR  In carrying out the culture, conventional submerged culture systems may be
      employed. Fermentation tanks made of unalloyed iron are not appropriate
      for use in the present culture, because the iron would be corroded by the
      sea water.
PAR  The pH value of the present medium is preferably in a range of 4 to 6. The
      present strains are extremely resistant in sea water to infectious
      microbes. It is, therefore, possible to sufficiently conduct the desired
      culture of strain by means of a relatively simple culturing apparatus.
PAR  The cells thus obtained by cultivation of the selected strains are used as
      feeds. The culture liquor may also be used, as it is, for feeding. The
      latter, however, is poor in preservability. In practice, the cells
      obtained are preferably separated by means of a yeast separator or similar
      device. After washing with sea water, the cells in a paste-like state are
      refrigerated for preservation. Alternatively, they may be formed into
      pressed yeast, or may be lyophilized and then stored in a cold chamber.
      Further, they may be dried by heating and then stored in a well ventilated
      area. When using cells for preparation of a compound feed, they are
      blended, in the form of a paste or a cake, with such additional component
      or components as may be desired.
PAR  When the cells are used for feeding aquianimals of small size, they may be
      maintained at such concentration that the turbidity of the cells in the
      breeding medium may always be confirmed visually, though this may vary
      depending on the kind of aquianimals to be fed therewith. A colorimeter
      may be employed for more accurate control, for example, where the control
      is effected to maintain optical density (-long T = OD) at 610 m.mu. in the
      range of about 0.01 -0.5.
PAR  The feeding period is similar to that of phytoplankton feeds used with
      conventional seeds and seedlings cultivation. This period is especially
      effective when applied to microcrustaceans.
PAR  The present yeasts are effectively used as feeds at the initial stage of
      breeding seeds and seedlings, such as Brachionus, Copepoda, Brine Shrimp,
      and fry of various kinds of shrimps. Particularly good results are
      obtained when the present yeasts are used in admixture with phytoplanktons
      and monocell algae since this minimizes the amounts of phytoplanktons
      which may be utilized. When using as compound feeds for breeding of
      aquianimals, the compounding ratio of the present yeast to the other
      components in the feed is usually about  5-10 wt/wt %, based on the total
      weight. The compounding ratio will be calculated based on the particular
      kind of fish to be fed. With breeding spawns, the present yeasts may also
      be used in combination with conventional feeds for use in the initial
      stage of breeding.
PAR  As stated hereinbefore, the present invention is based on a novel technical
      idea that a culture product of a specific and peculiar yeast is served as
      a feed for use in the aquianimal cultivation. It is a novel fact found and
      developed by the present inventors that marine yeasts resistant to sea
      water or halophilic yeasts are obtained in high yields using a simple
      culture medium comprising waste molasses and an inorganic nitrogen
      compound in the major proportion and potassium salt and phosphate in the
      minor proportion, and that the thus obtained yeasts are extremely useful
      as feeds in aquianimal cultivation.
PAR  The following non-limiting examples are illustrative of the invention.
DETD
PAC  EXAMPLE 1
PAR  One hundred ml. of a sea water medium containing 3 wt/vol % of cane
      molasses (calculated as sugar), 0.1 wt/vol % of urea, 0.2 wt/vol % of
      (NH.sub.4).sub.2 SO.sub.4 and 0.2 wt/vol % of KH.sub.2 PO.sub.4 were
      placed into a SAKAGUCHI shaking flash having a capacity of 500 ml. and
      sterilized. Toluropsis famata (BIKOOKENKINKI No. 350; NRRL Y-7349) having
      a COD rising index of 110 and an RNA excretion rate of 2.85%, which had
      been isolated from epidermis of Porphyra tenera collected in the sea along
      the shore, was then transplanted into this medium and prepropagated at
      30.degree.C with shaking for 24 hours. Separately, 10 l. for a sea water
      medium obtained by dissolving 5.0 wt/vol % of cane molasses (calculated as
      sugar), 0.2 wt/vol % of urea, 0.4 wt/vol % of KC1 and 0.04 wt/vol % of
      H.sub.3 PO.sub.4 (85% purity) in a filtered sea water, was placed into a
      jar fermenter having a capacity of 20 l. and sterilized. 500 milliliters
      of the seed culture liquor obtained previously was then inoculated into
      this medium and cultured at 30.degree.C for 20 hours with agitation at a
      rate of 450 r.p.m. and with aeration at a rate of 100% relative to the
      volume of the medium, said medium being controlled throughout the
      culturing to pH 4.5. There was obtained a suspension of the cultured cells
      (yield of the dried cell: 3.8 g/dl.)
PAR  The suspension was centrifuged to separate the cells. After washing twice
      with sea water, the cells were lyophilized for preservation.
PAR  Nauprius of Brine Shrimp (Artemia salina), which had been artifically
      incubated in sea water adjusted to specific gravity of 1.042 by addition
      of NaCl, were fed with an appropriate amount of the preserved cells to
      culture the same. The culturing was carried out for 12 days in a breeding
      medium at pH 8.0, at 27.degree.-28.degree.C and with aeration at a rate of
      1 to 2% relative to the medium, said medium being prepared by suspending
      the aforesaid preserved cells in the medium so that OD value at 610 m.mu.
      of the medium may be maintained constantly at 0.02. An average length of
      100 adults, as measured on the 10th day of the culturing, was 14.5 mm. The
      yield of the plankton thus obtained was 85%.
PAR  Using pulp waste liquor yeast (Candida utilis commercially available as
      Magna Yeast A-3), a control experiment was conducted to culture the Brine
      Shrimp in the same manner as above. An average length of the adults was
      found to be 6.4 mm., and the yield of the plankton was 28%.
PAC  EXAMPLE 2
PAR  A marine yeast, Torulopsis candida var. marina (BIKOOKENKINKI No. 346; NRRL
      Y-7345) having a COD rising index of 124 and an RNA excretion rate of
      3.57, which had been isolated from a pulverized product of Shell Shrimp
      (name in Japanese: YADOKARI), was prepropagated using the same procedure
      as in Example 1. 10 liters of a sea water medium obtained by dissolving 5
      wt/vol % of cane molasses (calculated as sugar), 0.4 wt/vol % of
      (NH.sub.4).sub.2 SO.sub.4, 0.05 wt/vol % of KCl and 0.05 wt/vol % of
      H.sub.3 PO.sub.4 (85% purity) in a filtered sea water, was charged into a
      jar fermentor having a capacity of 20 l. and sterilized. One liter of the
      prepropagation liquor was then inoculated into this medium. The culturing
      was conducted at 27.degree.-30.degree.C, with agitation at a rate of 450
      r.p.m., and with aeration at a rate of 100% relatively to the medium for 3
      days. pH value of the medium may be maintained constantly at 5.0. The same
      sea water medium as mentioned above may be supplied continuously during
      the course of the culturing and the culture liquor may be collected
      continuously. There was obtained a large amount of the cell bodies which
      were then lyophilized for preservation. The yield of the cell bodies as
      dried was 3.75 g/dl.
PAR  The cell bodies thus obtained were mixed with marine chlorella (Chlorella
      pyrenoidosa var. marinae) so as to give a mixture comprising the two in a
      cell ratio of 5:3. The mixture was continuously poured into a tank having
      a capacity of 500 l., into which Brachionus calyciflorus ("SHIOMIZU
      TSUBOWAMUSHI", in Japanese) has been charged at a concentration of 50
      cell/ml, so that the OD value of the resulting culture liquor was
      maintained at 0.2. The culturing was continued for 6 days at
      22.degree.-25.degree.C and with aeration at a rate of 10% relative to the
      medium. There was obtained a plankton suspension having a concentration of
      580 cell/ml. In control experiments where baker's pressed yeast
      (Saccharomycea cerevisiae) and marine chlorella only were used
      respectively, the maximum concentrations of the plankton suspensions
      obtained were 170 cell/ml and 68 cell/ml.
PAC  EXAMPLE 3
PAR  Using 500 l. of a culturing liquor having the following composition, which
      had been charged into a 1 cubic meter tank, Rhodotorula rubra var. marina
      (BIKOOKENKINKI No. 348; NRRL Y-7347) having a COD rising index of 131 and
      an RNA excretion rate of 4.35, which had been isolated from sea water,
      which had been isolated from sea water, was cultured at 30.degree.C under
      aeration-agitation. The cells thus obtained were formed into pressed yeast
      and kept in cold storage for preservation.
PAR  The pressed yeast was used as feed for Mylio macrocephalus mentioned below.
      Fry of black porgy, which had grown by means of artifical insemination and
      incubation to such a degree that they can just be observed visually as
      becoming turbid after 3 days from the data of incubation, were placed into
      a 50 l. cultivation tank made of vinyl chloride, to which marine chlorella
      (Chlorella pyrenoidosa var. marinae) accommodated to sea water had been
      added as an oxygen donor, and fed with the above-mentioned feed for
      farming. Two hundred fry were picked out from those placed in the water
      tank and bred in the condition where water temperature was controlled to
      20.degree.C. They were fed with the aforesaid pressed yeast in an amount
      of 100 mg/day together with an excess amount of Bruschionas calyciflorus
      ("SHIOMIZU TSUBOWAMUSHI", in Japanese) from the tenth day after the
      incubation, and with nauplius incubated artificially with Brine Shrimp
      from the 25th day thereafter. After 50-days' breeding, an average length
      of the grown fry was 27.5 mm. and 52 fry out of 200 were left alive. In a
      control experiment where pressed yeast was used in place of the
      above-mentioned marine yeast, all the fry died out, and there was a high
      incidence of gas disease.
TBL  ______________________________________                                    
     Composition of Culturing Liquor                                           
     for Marine Yeast                                                          
     ______________________________________                                    
     Beet Molasses                                                             
                  70 g.     (using samples having a                            
                            sugar content of 55%)                              
     (NH.sub.4).sub.2 SO.sub.4                                                 
                  2 g.                                                         
     KCl          200 mg.                                                      
     H.sub.3 PO.sub.4                                                          
                  0.5 ml.                                                      
     Sea Water    1000 ml.                                                     
     pH           5.0                                                          
     ______________________________________                                    
PAR  During the course of the culturing, the liquor was adjusted to pH 5.0 by
      addition of ammonia water.
PAC  EXAMPLE 4
PAR  Following the procedure of Example 1, Saccharomyces disaccharomellis
      (BIKOOKENKINKI No. 347; NRRL Y-7346) with a COD rising index of 108 and an
      RNA excretion rate of 3.30 which had been isolated from Ulva pertusa was
      cultured and preserved in the form of a pressed yeast. The pressed yeast
      (moisture content: about 65%) was suspended in sea water so as to give a
      suspension having a concentration of 10 g/dl. Alginic acid was dissolved
      in this suspension so as to prepare a solution having a concentration of 4
      g/dl. A glass sheet was coated on the surfaces with the solution and
      immersed into a 10 wt/vol % solution of CaCl.sub.2 to obtain an alginic
      acid filmy feed. Young shells of Notohaliotis discus in the sedentary
      stage, which had been incubated artificially according to ordinary
      procedure, were fed with the feed. The breeding was carried out using a
      small amount of running water and in a scale of about 320 shells in
      average per pannel. After 40 days, the yield of the grown shells was 84%.
      A control experiment was conducted using baker's pressed yeast in the same
      procedure as above. On the fifth day of the breeding, young shells began
      to die, and elution of the cell bodies took place. After 40 days, only 7
      shells were left alive out of the whole pannel.
PAC  EXAMPLE 5
PAR  Saccharomyces acidosaccharophilli (BIKOOKENKINKI No. 349; NRRL Y-7348)
      having a COD rising index of 119 and an RNA excretion rate of 3.14%, which
      had been cultured and treated in the same manner as in Example 1, was used
      as a feed for breeding Brachionus calyciflorus.
PAR  Brachionus calyciflorus was placed into a breeding medium so as to give a
      concentration of 30 cell/ml. The medium charged was charged into a 5 l.
      cylinder made of vinyl chloride. The feeding was conducted so that the OD
      value of the medium was maintained constantly at 0.1- 0.3. The breeding
      was carried out at 20.degree.C in average with aeration for 7 days. There
      was obtained a plankton suspension having a concentration of 570 cell/ml.
PAR  A control experiment using baker's pressed yeast was conducted. The maximum
      concentration of the plankton suspension obtained was 140 cell/ml. After
      the breeding was over, the COD rising index was measured to show 580, and
      the RNA excretion rate was found to be 52.41 as reported in Table 1
      hereof.
PAC  EXAMPLE 6
PAR  One liter of a breeding medium prepared by adding chelated metal (trade
      name, Clewat-32, produced by Teikoku Kagaku Kogyo Co. Ltd., Japan) at a
      concentration of 0.5 g/l in sea water was placed into a glass circular
      tube of 12 cm. in diameter. Fry of Tigriopus japonica were liberated into
      the tube in a proportion of 1 fish/ml.
PAR  A medium (modified medium of MIN) was prepared by dissolving 1.25 g. of
      KNO.sub.3, 1.25 g. of KH.sub.2 PO.sub.4, 1.25 g. of MgSO.sub.4.7H.sub.2 O,
      0.02 g. of FeSO.sub.4.7H.sub.2 O and 1 ml. of A-5 solution in sea water
      per 1000 ml. of the water, and adjusting pH to 5.5. The A-5 solution
      contains 2.86 g. of H.sub.3 BO.sub.3, 1.81 g. of MnCl.sub.2.4H.sub.2 O,
      0.22 g. of ZnSO.sub.4.7H.sub.2 O, 0.08 g. of CuSO.sub.4.5H.sub.2 O and
      0.21 g. of Na.sub.2 MoO.sub.4, and water is added until the total volume
      is one liter and then one drop of conc. H.sub.2 SO.sub.4. Marine chlorella
      (Chlorella pyrenoidosa var. marinae) isolated from sea water was
      transplanted into this medium and cultured on a large scale production of
      20.degree.-25.degree.C with aeration at a rate of 2- 3% per minute.
PAR  A yeast obtained according to the same procedure as in Example 2 was
      blended with the chlorella cultured above to prepare a relatively
      concentrated feed liquor having a blending ratio of 3.5 : 1.5 based on dry
      weight. The breeding was conducted at 22.degree.-24.degree.C with aeration
      at a rate of 1% per minute, and the fry were fed with the feed liquor so
      that the OD value of the breeding water was maintained at 0.1- 0.2.
PAR  On the fourteenth day of the breeding, the propagation rate of Tigriopus
      was found to be 36 fish/ml. (only imagines). For comparison, the growth
      rates of Tigriopus observed in a control where only marine yeast was used
      and a control where only chlorella was used were 21 fish/ml and 3 fish/ml,
      respectively.
PAC  EXAMPLE 7
PAR  Fry of Brachionus rubens were liberated into 800 liters of exactly the same
      breeding medium as in Example 2 in a proportion of 500 fry/ml, and the
      medium was charged into a 1 cubic meter culture tank.
PAR  Living cells (in a paste-like form and containing about 70% of water)
      obtained by centrifuging marine yeast (BIKOOKENKINKI No. 348; NRRL Y-7347)
      which had been cultured in the same procedure as in Example 1 were mixed
      in a proportion of 2 : 1 with marine chlorella obtained by culturing and
      centrifugal separation in the same manner as in Example 6, to prepare a
      feed.
PAR  The fry were fed with the feed at a rate of 500 g/day and bred in a sunny
      place at the window at 23.degree.-25.degree.C with aeration at a rate of
      2% per minute and in such manner that one-half volume of the whole medium
      was withdrawn (the fry were thinned out accordingly) every day and the
      remainder was then diluted to two times with a fresh medium each time.
      Thus, there was obtained over a period of 7 days a highly densed medium
      with the fry at a proportion of 80- 100 fry/ml. every day.
PAC  EXAMPLE 8
PAR  5 liters of a breeding medium were prepared by adding chelated metal
      Clewat-32 to sea water in a proportion of 0.5 g/l. and adjusting the
      specific gravity to 1.042 by addition of common salt, the pH value of said
      medium being adjusted to 8.2, 2,500 nauplius of Brine Shrimp (Artemia
      salina of California origin), which had previously been incubated, were
      liberated into this medium.
PAR  The nauplii were fed with the same drum dry feed as obtained in Example 4
      in such a manner that the OD value of the medium was maintained constantly
      at 0.2, and bred at 27.degree.-28.degree.C with aeration at a rate of 0.5%
      per minute. On the tenth day of the breeding, there could be confirmed
      Brine Shrimp of 4- 5 mm in length in a proportion of 41 shrimp/100 ml.
PAR  In control experiments with marine yeast alone and with chlorella alone,
      there were observed Brine Shrimp in proportions of 33 shrimp/100 ml. and
      12 shrimp/100 ml.
PAC  EXAMPLE 9
PAR  Each group consisting of 95,000 nauplii of Penaeus japonicus were liberated
      in 2 tanks each having a capacity of 1 cubic meter and filled with sea
      water filtered through sand.
PAR  In one tank of the two, designated as a compound feed plot, the nauplii
      were fed with marine yeast obtained according to the same manner as in
      Example 2 but without the drying treatment, in combination with marine
      chlorella obtained in the same procedure as in Example 6, at the
      respective rates of 50 g/day and 15- 20 g/day, each feed containing about
      70% of water. In the other tank, designated as a marine chlorella plot,
      they were fed with the marine chlorella alone at a rate of 50 g/day. pH
      value of the breeding medium in each plot was adjusted with a weak acid to
      about 8.0. The nauplii were fed additionally with Brachionus calyciflorus
      when they reached the zoea stage, and with Altemia when they reached the
      mysis or post larva stage. The breeding media were kept at
      22.degree.-25.degree.C with aeration at a rate of 2% per minute. The
      results obtained in both plots are shown in Table 3. As is clear from the
      table, in the blended feed plot, the yields of the nauplii reaching the
      stage of mysis and post larva are extremely high and the growth rate
      thereof very fast, compared with the case of the marine chlorella plot.
TBL                Table 3                                                     
     ______________________________________                                    
            Plot                                                               
            Compound feed plot                                                 
                          marine chlorella plot                                
            Value determined                                                   
                          Value determined                                     
     Breeding           Survival           Survival                            
     period (day)                                                              
              Form      rate      Form     rate                                
     ______________________________________                                    
      1       Nauplius,           Nauplius,                                    
              1st stage 100 %     1st stage                                    
                                           100 %                               
     3        Zoea,               Zoea,                                        
              1st stage 100 %     1st stage                                    
                                           100 %                               
     5        Mysis     98-100%   Zoea,    63-70 %                             
                                  2-3rd                                        
                                  stage                                        
     7        Post larva                                                       
                        93 %      Mysis 80 %                                   
                                           57-65 %                             
                        or                                                     
                        higher                                                 
     10                           Post larva                                   
                                           50-60 %                             
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  Rodotorula marine IFO 0928 was cultured in the same medium as in Example 1.
      The yeast cell bodies in a paste-like state were refrigerated for
      preservation. In exactly the same procedure as in Example 2, Brachionus
      calyciflorus was cultured for 6 days using the preserved yeast as a feed.
      There was obtained a dense culture liquor having a concentration of 280
      cell/ml.
PAC  EXAMPLE 11
PAR  Rodotorula texensis IFO 0932 was cultured in the same medium as in Example
      1. The yeast cell bodies thus obtained were washed and then dried in a
      drum. The dried yeast was blended in a proportion of 5 : 1 with marine
      chlorella (Chlorella pyrenoidosa var. marinae) obtained according to the
      procedure of Example 6 to prepare a blended feed. Following a similar
      procedure to that of Example 6, fry of Tigriopus japonicus were fed with
      the blended feed and bred. On the 18th day, it was confirmed that the
      imagines had propagated in the proportion of 27 count/ml.
PAC  EXAMPLE 12
PAR  About 100,000 fry in the zoea stage of Neptunus trituberculans ("GAZAMI" in
      Japanese) were liberated into a circular water tank having a capacity of 1
      cubic meter which had been filled with 800 liters of sea water. The fry
      were fed with a blended feed, which had been prepared by blending marine
      yeast obtained in the same manner as in Example 2 in equal proportions
      with a mixture of Chaetocerus and Scenedesmus isolated and obtained from
      sea water. The fry were fed with Brachionas calyciflorus in combination
      with the blended feed when the fry reached the second stage. The blending
      ratio and amounts fed employed herein with respect to the marine yeast and
      the mixture of Chaetocerus and Scenedesmus were the same as in Example 9.
      The amount of Brachionas calyflorus, with which the fry were fed a day,
      was equivalent to a concentration of 1000- 1500 cell/1. The breeding was
      initiated to start for the first period of about 13 days by keeping the
      breeding medium at 21.degree.C with aeration at a rate of 2- 3% per
      minute. Thereafter, it was continued by increasing gradually the water
      temperature of the medium, i.e. at 24.degree.C for 9 days and at
      28.degree.C for 7 days. On the 28th day after initiation of the breeding,
      it was confirmed that 76% of Megalopa fry were still alive.
PAR  Simultaneously, a control experiment was effected using chlorella alone as
      a feed. On the 38th day after the breeding had been initiated, only 21% of
      Megalopa fry were still alive.
PAC  EXAMPLE 13
PAR  800 liters of sea water were charged into a circular water tank having a
      capacity of 1 cubic meter. One species of ultra ship shell in Japan was
      liberated into this tank in the proportion of 1000 larva/1. and fed with a
      blended feed in such a manner that the OD value of the breeding medium was
      maintained constantly at 0.2- 0.4. The blended feed had been prepared by
      blending a paste of marine yeast as in Example 3 in the proportion of 3 :
      1 with a culture product obtained by culturing, in a modified medium of
      MIN as indicated in Example 6, Chlamydomonus sp. which had been isolated
      and obtained from sea water. The breeding medium was maintained at
      21.degree.-23.degree.C and adjusted to pH 8.0 or so. On about the 14th day
      after the breeding had been initiated, the larvae began to move to inhabit
      the bottom of the tank. On the 18th day, they almost perfectly inhabited
      the tank bottom. The yield of the larvae was approximately 56% when they
      were going to move to the tank bottom.
PAC  EXAMPLE 14
PAR  A mixture was prepared by mixing together 1 kg. of a binder comprising 1
      part of carboxymethyl cellulose and 3 parts of wheat flour, 2 kg. of
      Northernseas white fish meal and 10 g. of Halver's plemix (trade name:
      "KOKIN PLEMIX"). The mixture was blended with 500 g. of a drum dry product
      of the marine yeast obtained as in Example 3 and dried in a drum to obtain
      a blended feed. 8 parts of the blended feed were kneaded with 2 parts of
      frozen sand eel (Ammobytes personatus) to prepare a feed for use in the
      breeding of Selioda quinqueradiata (young yellow-tail) of about 80 cm in
      length (test plot). Separately, the same blended feed as above was
      prepared except that 500 g. of magna yeast was used in place of the marine
      yeast (control plot).
PAR  The breeding of Serioda quinqueradiata was conducted according to
      conventional procedures, in a specially made fish preserve having small
      sections of 3 m .times. 3 m .times. 3 m in size. Fry having an average
      weight of 70 g. were liberated into each section at a proportion of 300
      fry/section. In each plot, the fry were fed with the feed in an amount
      equivalent to 3% of the weight of the fry per day, and the breeding was
      continued for 90 days.
PAR  10 fry each thus bred were randomly selected from each section and tested
      to determine digestibility and index of increase in weight (i.e. the
      amount of a feed, in dry weight, required to obtain an increase of 1 kg in
      weight of the fish). The test results were as follows:
TBL           Index of Increase                                                
     Plot     in Weight           Digestibility                                
     ______________________________________                                    
     Test plot                                                                 
              1.48                84.5%                                        
     Control plot                                                              
              1.95                78.1%                                        
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  A concrete cultivation tank having an area of about 5 m.sup.2 and a
      capacity of about 3 m.sup.3 was filed with spring water from a mountain
      recess as a breeding medium. 10,000 Ayu-fish fry, which had been
      artificially incubated, were liberated into this tank. As a feed, there
      was employed a marine yeast obtained in the same manner as in Example 4,
      and Brachionus sp. which had been bred by use of limnetic chlorella
      (Chlorella ellipsoidea IAM C-87) cultured in MIN medium indicated in
      Example 1 but using fresh water in place of the sea water.
PAR  On the third day after liberation, the fry were fed with the feed in a
      proportion of 2000 fry/1/day. On the 10th day, the feed rate was increased
      to 1000 fry/1/day, and simultaneously, the fry were fed with 4 : 1 mixed
      ground-bait of the marine yeast and chlorella obtained according to the
      procedure of Example 1 at a rate of 1 g/day. The feed rate was then
      gradually increased to 15 g/day from the 15th to 30th day, and thereafter,
      to about 30 g/day together with Brachionus sp. at a rate of 2000
      fry/1/day. The breeding was continued for 60 days. There were confirmed
      that 6,300 Ayu-fish fry survived and grew to 250- 300 mm in length.
PAR  During the course of breeding, the breeding medium was kept constantly at
      15.degree.-16.degree.C and adjusted to a pH of about 7.0. The OD value
      thereof was maintained at about 0.2. On and after the 40th day, the
      capacity of cultivation tank was doubled.
PAR  The present method and feed are applicable to zooplanktons, fish, octopus,
      shells and crustaceans. The zooplanktons include, for example, those
      belonging to Copepoda selected from genera Calanus, Cyclops, Calocalanus
      and Oithona, and to Cladocera, Rotatoria and Protozoa selected from genera
      Daphnia and Monia. The fish are, for instance, of Plecoglossus altivelis,
      Chrysophry major, Amanses modestus, Limanda yokohamae, Mugil cephalus,
      Sebasticus marmoratus and Serioda quinqueraditata. The crustaceans may be
      selected from Neocaridina denticulata, Macrobrachium nipponense, Penaeus
      japonicus and Penaeus orientalis. The shells comprise, for example,
      Pinctada martensii, Anadara broughtonii, Tapes japonica, Lopha cristagalli
      and Notahaliotis discus. In addition, algae such as Chlorella,
      Chlamydomonus, Chaetoceros, Scenedesmus and Ulva are usable in the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of aquianimal cultivation which comprises feeding the
      aquianimal with cells obtained by aerobically culturing in a sea water
      medium containing waste molasses and an inorganic nitrogen compound as the
      sources of carbon and nitrogen, a yeast strain selected from the group
      consisting of
PA1  Nrrl y-7345
PA1  nrrl y-7346
PA1  nrrl y-7347
PA1  nrrl y-7348 and
PA1  Nnrl y-7349
NUM  2.
PAR  2. a method according to claim 1, wherein as the aquianimal, there are used
      a zooplankton of species Copepoda selected from the group consisting of
      genera Calanus, Cyclops, Calocalanus and Oithona, and of species
      Cladocera, Rotatoria and Protozoa selected from the group consisting of
      genera Daphnia and Monia.
NUM  3.
PAR  3. A method according to claim 1, wherein as the aquianimal, there are used
      fish and octopuses selected from the group consisting of Phecoglossus
      altivelis, Chrysophry major, Amanses modestus, Limanda yokohamae, Mugil
      cephalus, Sebasticus marmoratus and Serioda quinqueradiata.
NUM  4.
PAR  4. A method according to claim 1, wherein as the aquianimal, there are used
      crustaceaus selected from the group consisting of species Neocaridina
      denticulata, Macrobrachium nipponense, Penaeus japonicus and Penaeus
      orientalis.
NUM  5.
PAR  5. A method according to claim 1, wherein as the aquianimal, there are used
      shells selected from the group consisting of species Pinctada, martensii,
      Anadara broughtonii, Tapes japonica, Lopha cristagalli and Notahaliotis
      discus.
NUM  6.
PAR  6. A method according to claim 1 wherein waste molasses and an inorganic
      nitrogen compound are used as the sole sources of carbon and nitrogen.
NUM  7.
PAR  7. A method according to claim 1, wherein as the algae, there are used
      algae selected from the group consisting of genera Chlorella,
      Chlamydomonus, Chaetoceros, Scenedesmus and Ulva.
NUM  8.
PAR  8. A method according to claim 1, wherein as the aquianimal, there are used
      a zooplankton of species Copepoda selected from the group consisting of
      genera Calanus, Cyclops, Calocalanus and Oithona, and of species
      Cladocera, Rotatoria and Protogoa selected from the group consisting of
      genera Daphnia and Maina.
NUM  9.
PAR  9. A method according to claim 1, wherein as the aquianimal, there are used
      fish and octopuses selected from the group consisting of Plecoglossus
      altiveli, Chrysophy major, Amanses modestus, Limanda yokohamae, Mugil
      cephalus, Sebasticus marmoratus and Serioda quinqueradiata.
NUM  10.
PAR  10. A method according to claim 1, wherein as the aquianimal, there are
      used crustaceans selected from the group consisting of Neocaridina
      denticulata, Macrobrachium nipponense, Penaeus japonicus and Penaeus
      orientalis.
NUM  11.
PAR  11. A method according to claim 1, wherein as the aquianimal, there are
      used shells selected from the group consisting of Pinctada martensii,
      Anadara broughtonii, Tapes japonica, Lopha cristagalli and Notahaliotis
      discus.
NUM  12.
PAR  12. A method according to claim 1, wherein waste molasses and an inorganic
      nitrogen compound are used as the sole sources of carbon and nitrogen.
NUM  13.
PAR  13. A method of aquianimal cultivation which comprises feeding the
      aquianimal with cells and algae, said cells being recovered from a culture
      obtained by aerobically culturing in a sea water medium containing waste
      molasses and an inorganic nitrogen compound as the sources of carbon and
      nitrogen respectively, a yeast strain selected from the group consisting
      of
PA1  Nrrl y-7345
PA1  nrrl y-7346
PA1  nrrl y-7347
PA1  nrrl y-7348 and
PA1  Nrrl y-7349
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ABST
PAL  A process of treating poultry manure with acid, formaldehyde and urea to
      obtain a pathogen-free product suitable as a feedstuff for ruminant
      animals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for transforming poultry manure into a
      material possessing improved properties for use as an ingredient in feed
      rations for animals.
PAR  2. Description of the Prior Art
PAR  Poultry manure has been utilized for centuries as a soil enriching material
      because it contains an advantageous mixture of organic protein, inorganic
      nitrogen, fiber and minerals. On small farms it is frequently mixed with
      straw and other litter for use as a soil conditioner.
PAR  In large poultry raising operations involving many thousands of caged birds
      (layers and/or broilers), the freshly voided poultry excreta passes
      through the wire mesh bottom walls of the poultry cages, and accumulates
      substantially uncontaminated on the floor, or it is collected in pits
      designed for this purpose. The excreta can be easily collected, and it is
      essentially free of other materials, except for feathers.
PAR  The disposal of this material, which is collected in large quantities,
      poses a serious problem to the poultry industry. It is customary to remove
      the accumulated poultry manure periodically from under the cages and
      transport it to a disposal area some distance away. After drying and
      composting the poultry manure for a period of days or weeks, it is then
      used as a landfill, or it is sold as a soil builder. A major use of
      poultry manure at the present time is as a soil enriching agent, based on
      its inherent phosphorus content of 1 to 2 percent and nitrogen content of
      3 to 4 percent. None of these uses, however, recover the full potential
      economic value of poultry manure.
PAR  Poultry excreta has a pH of about 6.0 to 7.0 when voided, and it contains
      from about 70 to 85 percent moisture. It is reported that chicken manure,
      on an air dry weight basis (about 11 percent moisture), has the following
      analysis as regards nitrogenous substances:
TBL                      Range      Mean                                       
                         wt.%       wt.%                                       
     ______________________________________                                    
     Total protein equivalent                                                  
                         15.2-36.8  28.7                                       
        (N + 6.25%)                                                            
     (true protein plus non-protein                                            
     nitrogen calculated as protein                                            
     equivalent)                                                               
     True protein         8.1-12.9   10.5                                      
PAR  Under present methods of handling poultry manure, within about 24 to 48
      hours after excretion, the action of the bacterial flora and the unstable
      ammoniacal compounds present therein, coupled with the high moisture
      content, cause the pH to rise to somewhat above 7.0, usually to at least
      about 8.0 to 9.0. Additional protein breakdown with concomitant release of
      ammonia occurs, causing the temperature of the manure pile to rise,
      thereby resulting in an undesirable further protein breakdown.
PAR  Over the past several years poultry manure has attracted a considerable
      amount of interest because of its relatively high protein content. This
      interest has recently further increased greatly due to the worldwide
      shortage of protein. State and federal regulatory agencies are presently
      in the process of establishing regulations regarding the utilization of
      poultry manure as a supplemental feed ingredient in feed rations for
      animals, particularly ruminant farm animals such as cattle. The standards
      being established by the regulations are concerned with, for example,
      uniformity of product, freedom from toxic levels of materials such as
      heavy metals, and relative freedom from potentially pathogenic bacteria.
PAR  Presently, the accepted procedures for preparing poultry manure for
      recycling as a feedstuff to animals mostly involve a heating-drying step
      carried out to remove moisture, to lower the bacteria content, and to
      convert the manure to a solid state suitable for grinding, screening, or
      pelleting so that the thus-treated poultry manure can be incorporated with
      other conventional animal feed ingredients, such as forages and/or cereal
      grains, to form an animal feed ration. See "Recycling Animal Wastes", by
      R. Blair et al, Feedstuffs, March 5, 1973. It is very difficult to
      maintain the stability of the manure at a high pH (about 7.0) during the
      heating step to achieve removal of potentially pathogenic bacteria and to
      recover a product whose nutrient value is predictable.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered a novel process for treating poultry manure to obtain a
      product which is stable and pathogen-free, and which is suitable as a
      supplemental feed ingredient in feed rations for animals. The product can
      be enriched with additives including crude protein equivalent, so as to
      have an analysis variable within a relatively wide range, as desired to
      meet particular requirements.
PAR  According to the invention, there is provided a process which comprises
      four critical steps. Steps A and B, described below, can be carried out in
      optional order, that is, step A followed by step B, or vice versa. Step C
      is carried out following steps A and B. Step D is carried out after step
      C. It is preferred to carry out steps A, B, C and D in that order because
      the acid addition step A confers unexpectedly improved stability on the
      poultry manure product.
PAR  A. To the poultry manure as collected in the poultry raising operation,
      there is added an amount of acid capable of adjusting the pH of the
      poultry manure to be less than 7.0, preferably about 5.5 to 6.0. The acid
      can be added as a liquid or a solid, preferably an aqueous acid solution,
      and it is added to the manure as soon as is practical following the
      excretion of the manure. The acid is uniformly mixed in the manure. A
      portion of the acid reacts with the free ammonia in the manure to form
      less volatile soluble ammonium salts. The free ammonia otherwise would be
      released into the atmosphere. It is preferred that the soluble salt formed
      should be a desirable animal nutrient ingredient in the final product of
      this process. The remainder of the acid also acts as a catalyst for the
      polymerization reaction described in the following step C. A mixture of
      acids can be used, if desired.
PAR  The acids that can be used in the process are selected from mineral acids
      and edible carboxylic acids that are nontoxic and stable under the
      conditions of use, and that do not impart to the final product either bad
      taste to animals or supply elements that are unsatisfactory for animal
      nutrition. The amount of acid added is selected so as to neutralize
      essentially all of the ammonia in the poultry manure, to change the pH of
      the poultry manure to less than 7.0, preferably to about 5.5 to 6.0, and
      the leave present in the thus-treated manure a catalytically effective
      amount of the acid. It has been found that the addition of from about 0.5
      to about 8 weight percent of acid, preferably 1 to 5 weight percent, based
      in the weight of the poultry manure, calculated as having a zero percent
      moisture, is effective for this purpose. Suitable acids include phosphoric
      acid, sulfuric acid, citric acid, acetic acid and propionic acid. It is
      preferred to use phosphoric acid when it is desired to increase the
      phosphorus content of the final product. It is also preferred to use
      sulfuric acid because of its low cost, ready availability and because it
      supplies sulfur which is a desirable element in animal feed rations. It is
      especially preferred to use mixtures of phosphoric acid and sulfuric acid.
PAR  Some or all of the acid can be replaced by various acidic waste products,
      such as citrus wastes, apple wastes and grape wastes produced by plants
      for processing citrus products such as oranges, apples and grapes to
      produce juices, jellies, jams, sauces and the like. These wastes contain
      various edible acids which are effective for the same purposes as the
      acids described above. These wastes also contain other useful organic
      substances, such as fruit pulp, skin, rind and cores, and various trace
      elements, which are useful adjuncts in animal feed rations. The wastes are
      used in amounts capable of supplying acid in the range of acid defined
      above, when the wastes are used as the sole acid supplying substance. Or
      they are used in combination with additional acid to supply the required
      amount of acid to the poultry manure.
PAR  B. Formaldehyde or a substance that releases formaldehyde, such as
      paraformaldehyde, is added to and mixed in the poultry manure, before or
      after step A, to kill the bacteria present therein. The amount of
      formaldehyde or formaldehyde-supplying substance added to the poultry
      manure should be selected to obtain this result. The amount required can
      be determined by routine experiment on particular sources of poultry
      manure. It will be advisable to supply an excess of formaldeyde to assure
      effective results. Generally from about 0.15 to 1.5 weight percent of
      formaldehyde (calculated as 100 percent formaldehyde), particularly about
      0.3 to 0.8 weigt percent, based on te weigt of the poultry manure,
      calculated as having zero percent moisture, is effective. It has been
      found, for example, that in most cases the addition of from 1/2 to 2
      weight percent of the commercially available 37 percent aqueous solution
      of formaldehyde (Formalin) to the poultry manure will reduce the bacterial
      population essentially to zero.
PAR  It is preferred to use formaldehyde in the form of commercially available
      aqueous solutions containing 37 to 44 weight percent of formaldehyde. The
      commercially available formaldehyde aqueous solutions usually contain an
      amount of methanol, typically 10 to 15 weight percent of methanol. The
      methanol does not interfere with the process of the invention. It appears
      to be a desirable ingredient because it forms an azerotrope with the water
      in the poultry manure which facilitates rapid drying of the poultry manure
      as described below.
PAR  C. As the third critical step in the process, there is added from about 1
      to about 20 weight percent of urea, preferably about 2 to 10 weight
      percent, based on the weight of poultry manure, calculated as having zero
      percent moisture. The urea is added in granular form, such as in the form
      of commerically available urea prills which are of relativlely small
      particle size. The urea dissolves in the water present in the poultry
      manure at this time. The mixture is stirred until the urea is dissolved
      and substantially homogeneous mixture is obtained.
PAR  The amount of urea added should be sufficient to react with any residual
      formaldehyde present in the product following steps A and B. It is
      preferred to add an excess of urea to assure complete reaction with the
      residual formaldehyde and to increase the available nitrogen content of
      the final product to a desired level.
PAR  Urea and formaldehyde react in the presence of catalysts such as acids to
      produce urea-formaldehyde polymers. This technique is employed for making
      synthetic resins and also in the production of slow-release fertilizers.
      The reaction produces polymeric chains of various degrees of
      polymerization.
PAR  Thus, the residual formaldehyde in the product of steps A and B reacts with
      the urea added in step C, in the presence of the residual acid added in
      step A, to form urea-formaldehyde condensation products. A portion of
      these condensation products can be stable, and it may pass without change
      through the digestive system of an animal. Other portions, such as
      urea-formaldehyde prepolymers and polymers of low degree of polymerization
      may be digestible by the animal to provide a sustained or prolonged
      release of crude protein material in the digestive tract of the animal.
PAR  The addition of an amount of urea in excess of the amount required to react
      with the formaldehyde, will establish a level of protein equivalent in the
      final product of the process of this invention which makes the product
      inherently more desirable as a feed additive. In addition the added urea
      is dispersed in the product of steps A and B while it is still somewhat
      wet, and then it is dried in situ, thus making the material totally
      homogeneous and offering distinct advantages to purely physical mixing.
PAR  The foregoing steps A, B and C can be carried out without preliminary
      drying of the poultry manure, or partial drying between the steps, if
      desired. However, improved results can be obtained if the moisture of the
      poultry manure is controlled and this is a preferred procedure according
      to the invention. Thus, before the first step (A or B), it is preferred to
      dry the starting poultry manure (moisture content from 70 to 85 weight
      percent) to a moisture content of from 50 to 70 weight percent. When step
      A is carried out first, which is preferred, it is further preferred to dry
      the product of step A to a moisture content of from 20 to 50 weight
      percent before step B in order to improve the effectiveness of the
      bactericidal treatment of step B. It is further preferred to dry the
      product of the second step of steps A and B, if necessary, to a moisture
      content of about 15 to 35 weight percent before carrying out step C.
PAR  D. The final critical step of the process is drying the product of step C
      to a condition suitable for storage, packaging and use, generally to a
      moisture content of less than 15 weight percent, preferably about 10 .+-.
      5 weight percent. This final drying is conducted at a temperature below
      the melting point of urea, i.e., 132.degree.C.
PAR  In sunny and/or arid climates, the steps A, B, C and D can be carried out
      by placing the starting material poultry manure on concrete slabs so that
      it is open to the ambient atmosphere. As the poultry manure dries, due to
      its exposure to the atmosphere, the steps A and B (or B then A), C and D
      are carried out in sequence therein by continually agitating the poultry
      manure and adding the chemicals at selected intervals, whereby the entire
      process is carried out in one installation using only sunlight and air
      circulation for effecting drying.
PAR  Alternatively when ambient conditions do not permit natural drying, then
      the poultry manure can be dried in low temperature ovens.
PAR  It will normally be preferred to allow the mixture of the poultry manure
      and the chemical to age while undergoing agitation for a period of time
      allowing each of steps A, B and C to allow the described reactions to
      proceed to substantially uniform completion throughout the poultry manure
      and to permit further drying to occur. Aging periods of from 4 to 6 hours
      between each of the steps is satisfactory, although longer and shorter
      time periods can be used if circumstances permit.
PAR  Various optional steps can follow step D. For example, the product of step
      D can be screened to remove feathers and non-nutritive debris present
      therein. This step can be omitted if it is not necessary to remove such
      impurities from the product. Also, the product can be ground to reduce its
      particle size if needed. Or the product can be pelletized to obtain a
      controlled particle size distribution or it can be cubed or compressed in
      blocks for range feeding for animals.
PAR  Additional optional steps that can be employed include the addition of
      fillers, binders, vitamins, carbohydrates, minerals, coloring agents and
      odor-masking fragrances to the product of step D. Also, if desired,
      anhydrous ammonia can be blown through the product of step D to reduce its
      acidity.
PAR  The foregoing steps A, B and C are carried out at ambient temperature. For
      example in sunny and/or arid climates the entire process can be carried
      out by placing layers of the poultry manure on covered concrete slabs,
      adding the chemicals as described above and then in each step agitating
      the layers to uniformly distribute the chemicals in the poultry manure.
      Alternatively, mixing can be effected in suitable vessels equipped with
      mechanical mixing devices.
PAR  The product of the process of this invention can be mixed with forages,
      cereal grains or mixtures thereof to obtain a feed for ruminant animals.
      It is preferred that the product of this invention comprises from 10 to 30
      percent by weight, preferably 15 to 25 percent by weight, based on the
      total weight of the animal feed.
PAR  The invention shall be further described by reference to the following
      illustrative examples. It will be understood that the invention is not
      limited to the subject matter of these examples.
DETD
PAC  EXAMPLE 1
PAR  The starting material is fresh chicken manure, with some chicken feathers
      therein, obtained from a commercial poultry raising farm. The chicken
      manure is placed in layers on concrete slabs which open to the ambient
      atmosphere and is air-dried to a moisture content of about 60 weight
      percent. To 100 pounds of this chicken manure, there is added and mixed 1
      pound of phosphoric acid. The mixture is then airdried to a moisture
      content of about 35 weight percent. There there is added 0.5 pounds of
      Formalin and the same is uniformly mixed therein. This mixture is then
      air-dried to a moisture content of 20 to 30 weight percent. Then, 2.0
      pounds of urea (prills) is added to and uniformly mixed in the mixture.
      Then the mixture is subjected to air-drying, while continually agitating
      the mixture, until the mixture contains about 5 weight percent moisture.
      The product at this time is a free-flowing powder, containing the chicken
      feathers therein. The product is then passed through a screen having
      one-half inch openings to remove the feathers. There is obtained about 45
      pounds of final product. The product is essnetially free of pathogenic
      bacteria. The product has an analysis of
PAR  protein equivalent (on a dry weight basis) = 49.4 weight percent
PAR  phosphorus = 2.34 weight percent
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated, employing the following addition
      materials.
TBL  ______________________________________                                    
     Acid           0.5 pound phosphoric acid                                  
                    0.5 pound sulfuric acid                                    
     Formalin       0.5 pound                                                  
     Urea           6.0 pounds                                                 
     ______________________________________                                    
PAR  The product is essentially bacteria free. It contains a protein equivalent
      of 71.4 weight percent (on a dry weight basis) and a phosphorus content of
      2.1 weight percent.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated, employing the following addition
      materials.
TBL  ______________________________________                                    
     Acid           2.0 pounds phosphoric acid                                 
     Formalin       0.5 pound                                                  
     Urea           2.0 pounds                                                 
     ______________________________________                                    
PAR  The product is essentially bacteria free. It contains a protein equivalent
      of 55.2 weight percent (on a dry weight basis) and a phosphorus content of
      3.04 weight percent.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated, employing the following additional
      materials.
TBL  ______________________________________                                    
     Acid           1.0 pound phosphoric acid                                  
     Formalin       1.0 pound                                                  
     Urea           4.0 pounds                                                 
     ______________________________________                                    
PAR  The product is essentially bacteria free. It contains a protein equivalent
      of 63.5 weight percent (on a dry weight basis) and a phosphorus content of
      2.26 weight percent.
PAC  EXAMPLE 5 (CONTROL)
PAR  Fresh poultry waste from the same source is stirred until air dry, without
      adding other substances to it. The product contains many diverse types of
      bacteria, and it has a protein equivalent of 32.8 weight percent, on a dry
      weight basis, and a phosphorus content of 2.02 weight percent.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for treating poultry manure to transform same to a material
      suitable for use as a feedstuff for animals, which comprises the steps of:
PA1  carrying out the following steps A and B in optional sequence,
PA2  A. mixing poultry manure with an acid to neutralize the ammonia in the
      poultry manure, to change the pH of the poultry manure to less than 7.0
      and to leave present in the poultry manure a catalytically effective
      amount of the acid, the acid being stable, non-toxic to animals and free
      of elements that cause bad taste and are unsatisfactory for animal
      nutrition, the mixing being carried out for a period of time effective to
      form a substantially uniform homogeneous mixture of said poultry waste and
      said acid,
PA2  B. mixing into the poultry manure an amount of formaldehyde-supplying
      substance effective to kill essentially all the pathogenic bacteria
      present in said poultry waste,  the mixing being carried out for a period
      of time effective to form a substantially uniform homogeneous mixture of
      the poultry manure, the acid and the formaldehyde-supplying substance,
PA2  C. then mixing into the product from both of steps A and B, granular urea
      in an amount at least sufficient to react with the residual formaldehyde
      in the product of step B, to form urea-formaldehyde condensation products
      therein, and
PA2  D. drying the product of step C to a moisture content of less than about 15
      percent.
NUM  2.
PAR  2. A process according to claim 1, in which in step A the pH of the poultry
      manure is reduced to from about 5.5 to about 6.0.
NUM  3.
PAR  3. A process according to claim 1, in which the acid is selected from the
      group consisting of phosphoric acid, sulfuric acid, citric acid, acetic
      acid and propionic acid, and the amount of acid is from about 0.5 to about
      8.0 weight percent, based on the weight of the poultry manure calculated
      on a zero percent moisture basis.
NUM  4.
PAR  4. A process according to claim 1, in which said acid is phosphoric acid,
      sulfuric acid or mixture of phosphoric acid and sulfuric acid, and the
      amount of acid is from about 1 to about 5 weight percent, based on the
      weight of poultry manure calculated on a zero percent moisture basis.
NUM  5.
PAR  5. A process according to claim 1, in which the formaldehyde-supplying
      substance is added in an amount of from about 0.15 to 1.5 weight percent,
      based on the weight of poultry manure calculated on a zero percent
      moisture basis.
NUM  6.
PAR  6. A process according to claim 4, in which the formaldehyde-supplying
      substance is an aqueous solution of formaldehyde, and the amount thereof
      is from about 0.3 to 0.8 weight percent of formaldehyde calculated as 100
      percent formaldehyde, based on the weight of poultry manure calculated on
      a zero percent moisture basis.
NUM  7.
PAR  7. A process according to claim 1, in which the amount of urea added is
      from about 1 to about 20 weight percent, based on the weight of poultry
      manure calculated on a zero percent moisture basis.
NUM  8.
PAR  8. A process according to claim 6, in which the amount of urea added is
      from about 2 to about 10 weight percent, based on the weight of poultry
      manure calculated on a zero percent moisture basis.
NUM  9.
PAR  9. A process according to claim 1, in which step A is carried out first and
      step B is carried out second, and in which before step A the poultry
      manure is dried to a moisture content of from about 50 to about 70 weight
      percent, and in which before step B the product of step A is dried to a
      moisture content of from about 20 to about 50 weight percent, and in which
      before step C the moisture content of the product of step B is regulated
      to be from about 15 to about 35 weight percent.
NUM  10.
PAR  10. A process according to claim 1, in which in step D the product of step
      C is dried at a temperature below 132.degree.C.
NUM  11.
PAR  11. A process according to claim 1, in which an acid-containing substance
      selected from the group consisting of citrus wastes, apple waste and grape
      waste is employed to supply some or all of the acid added in step A.
NUM  12.
PAR  12. An animal feed comprising a mixture of the product of claim 1 and
      forage, cereal grains or mixtures thereof.
NUM  13.
PAR  13. A method of feeding a ruminant animal which comprises feeding to said
      animal an animal feed as claimed in claim 12.
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ABST
PAL  Fat is removed from starch-containing vegetable material such as cereal
      grains, potatoes or tapioca by a process involving crushing the vegetable
      material, contacting the crushed material with a normally gaseous inert
      solvent under supercritical condition at a temperature of about 20.degree.
      to 100.degree.C and a pressure of about 30 to 1000 atmospheres to dissolve
      fat from the vegetable material into the solvent, separating the
      fat-containing solvent from the resultant substantially fat-free vegetable
      residue, and separating the dissolved fat from the solvent by raising the
      temperature and/or lowering the pressure to separate vaporized solvent
      from the fat. The vaporized solvent may be liquefied and recycled. The
      fat-free residue may be treated to dissolve away gluten, to form glucose
      by enzymatic hydrolysis and/or subjected to alcoholic fermentation.
BSUM
PAR  The invention relates to a method for degreasing crushed highly starchy
      fatty vegetable material such as occurs above ground, for example, cereals
      and grains such as corn, wheat, barley, rye and oats, or below ground such
      as bulbs, e.g. potatoes or tapioca.
PAR  The degreasing of cereals, in particular corn, is usually confined to the
      removal of the germ which in the case of corn contains up to 84% of the
      total fat content. The conventional methods are dry degermination and wet
      degermination. In case of wet degermination, the cereals are first soaked
      up to 50 hours. Subsequently, as in the case of dry degermination, the
      cereals are carefully coarsely ground in order to uncover the germ. The
      germ is then removed by methods such as flotation or air sifting, which
      make use of the differences in specific gravities of the lighter and the
      heavier grain rupture pieces, and are subsequently washed out, dehydrated
      and de-oiled by screw extrusion or by extraction with organic grease
      solvents, such as hexane. The remaining oil cake, which mainly consists of
      proteins, serves as provender.
PAR  Both methods are disadvantageous in that they do not lead to a complete
      degreasing because they only remove the fat of the germ. The germ may be
      damaged by the grinding operation and their fat is then absorbed by the
      other grain components. For the mentioned reasons, the total fat content
      (glycerides plus free fatty acids) of native cereal starch usually amounts
      to from 0.8 - 1% and that of flour and semolina from 1 to 4%.
PAR  An object of the invention is to provide a method for degreasing crushed,
      highly starchy, fatty vegetable material which can be carried out by
      technically simple procedures and which permits a gentle and complete
      removal of the fats and fatty acids from highly starchy vegetable
      material.
PAR  This and other objects and advantages are realized in accordance with the
      present invention which involves degreasing vegetable matter containing
      starch and fats by crushing said vegetable matter, contacting the crushing
      matter with a normally gaseous inert solvent under supercritical condition
      thereby to dissolve the fats from said vegetable matter, separating the
      fat-containing solvent from the substantially fat-free vegetable residue,
      and separating the dissolved fat from the solvent by at least one of
      raising the temperature and lowering the pressure thereby to precipitate
      the dissolved fat.
PAR  The extraction is conducted at a temperature range of about 20.degree. to
      100.degree.C at about 30 to 100 atmospheres, preferably about 40 to 150
      atmospheres. Particularly inert gases having a critical temperature of
      below about 200.degree.C are suitable. Examples of such gases are alkanes
      and especially lower alkanes such as ethane, propane and butane, alkenes
      and especially lower alkenes such as ethylene, propylene and butylene,
      dialkyl ethers such as dimethyl ether, SO.sub.2, CO.sub.2, halogenated
      lower hydrocarbons such as CHF.sub.3, CClF.sub.3, CFCl.sub.3, CF.sub.2 =
      CH.sub.2, CF.sub.3 -CF.sub.2 -CF.sub.3, CF.sub.4 CH.sub.3 -CF.sub.3,
      CHCl.sub.2 F, CCl.sub.2 F.sub.2, N.sub.2 O, noble gases such as
      particularly argon, NH.sub.3 and N.sub.2.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawings:
PAR  wherein
PAR  FIG. 1 is a flow sheet of an apparatus for carrying out one embodiment of
      the novel process;
PAR  FIG. 2 is a flow sheet of another apparatus for carrying out a second
      embodiment of the process; and
PAR  FIG. 3 is a flow sheet of one process for further processing material
      degreased in accordance with FIGS. 1 or 2.
DETD
PAR  In accordance with one aspect of the invention, it was found that gases in
      supercritical condition, e.g. ethane, ethylene and propane, at a given
      temperature absorb many times more fats and fatty acids than would be
      expected from the partial pressure of the fats and fatty acids at the
      given temperature. The loading capacity of the gaseous solvents in
      supercritical condition with respect to fats and fatty acids increases
      with augmenting pressure and decreases with rising temperature. Thus, when
      carrying out the extraction with supercritical gases, a pressure which is
      substantially higher than the critical pressure of the solvent and a
      temperature only slightly above the critical temperature are selected.
PAR  By means of pressure release, the fat dissolved by the gases is separated
      in a blow-off tank. The temperature is maintained above the critical
      temperature of the gas in order to prevent condensation. The gas freed to
      a large extent from the dissolved fatty substances is subsequently
      re-compressed to the supercritical working pressure and heated to working
      temperature.
PAR  An appropriate apparatus for carrying out this process is schematically
      illustrated in FIG. 1. The ground highly starchy vegetable material is in
      the two chambers 1 and 2 which can be alternately operated by opening the
      valves 3 and 4 or 5 and 6. While the material is extracted in one chamber,
      the second chamber may be discharged and recharged. The low-boiling
      solvent present in supercritical condition passes through the chambers 1
      and 2, advantageously in an upward direction, and is fed over the conduit
      7 through heat exchanger 8 and depressurized by means of the
      pressure-reducing valve 9 into column 10. The extracted fats and other
      components are precipitated as liquids and can be recovered through valve
      11. The low-boiling solvent escapes in the gaseous state and is fed
      through conduit 12 over a heat exchanger 13 to compressor 14, is
      repressurized to the working pressure of extraction in chambers 1 and 2
      and is again fed back through conduit 15 and heat exchangers 8 and 13 to
      the extraction chambers.
PAR  Separation of the fats by selective liquefaction may also be accomplished
      by temperature increase at constant pressure while maintaining
      supercritical conditions.
PAR  It is more advantageous to conduct the extraction with one of the specified
      gases in the liquid phase and at a pressure of about 30 atmospheres above
      the critical pressure and at a subcritical temperature of the gas. The
      so-formed solution of vegetable oil and other components in liquid gas is
      fed into a vaporizing container and is there raised to a temperature of
      about 50.degree.C above the critical temperature of the solvent and
      thereby fractionally distilled. The escaping supercritical solvent is
      condensed in a heat exchanger and is pumped back into the extraction
      container. This method of fat separation is particularly advantageous from
      an energy point of view since by going over to the supercritical
      condition, not the high heat of vaporization of the solvent, but only the
      relatively low specific heat must be supplied.
PAR  This method of extraction is schematically illustrated in FIG. 2 wherein
      the reference numbers 1 to 6 have the same meaning as in FIG. 1. The
      liquid solvent, e.g. propane, which is circulated through the conduit 17
      and the pump 18, is alternately passed through one of the extraction
      chambers. The solvent which is enriched with fats and other components is
      piped off from this cycle by opening valve 19 and is rendered
      supercritical in heat exchanger 20 and the heated separator 21 by heating.
      Thereby, the extracted material may be separated and discharged through
      valve 22. Thereafter, the solvent in supercritical condition again reaches
      the heat exchanger through conduit 23 wherein it is cooled down and
      liquefied. The liquid solvent is then sucked back by pump 18 from the
      storage compartment 24 into the main cycle by opening valve 25.
PAR  The basic advantages of this subcritical-supercritical mode of operation
      are a substantially lower working pressure and less expenditure of time
      since in each extraction step more vegetable oil and vegetable components
      e.g. lecithin and carotene, are dissolved by the liquid solvent than by
      the same quantity of solvent in supercritical condition. All solvents
      which have been studied in supercritical condition dissolve less fats or
      fatty acids than in liquid condition.
PAR  The degreasing may even be carried out with material from which the husks
      have not yet been removed. Harvest-fresh cereals and even partly washed
      cereals may be advantageously used. Consequently, the costs of drying can
      be cut down. On the other hand, the method of the invention may also be
      coupled with a drying operation by using suitable gaseous extracting
      agents such as carbon dioxide so that a degreased, dried, comminuted,
      highly starchy vegetable material is obtained which is unaffected by
      storing. In this case, it is expedient that fats, fatty acids, and other
      valuable components are first separated from the extracting agent and the
      water-containing extracting agent is subsequently dried which, for
      example, may be performed by freezing whereupon the dried agent is fed
      again to the extraction. While the utilization of pre-dried cereal is
      possible, however, it involves no particular advantages because the
      degreasing is more effective and complete if the crushed vegetable
      material to be processed has a certain water content which may even reach
      the maximum water absorptive capacity amounting, e.g. to about 40% of the
      dry material in the case of corn semolina.
PAR  The material rich in starch, such as cereal, is prefiltered by conventional
      method, particularly by screening, and is subsequently ground. It is by
      all means sufficient for the further process steps if the cereal is only
      crushed to a grain size of below about 0.5mm. This semolina-like product
      is extracted for recovering the fats, free fatty acids, and other valuable
      components present therein in the manner according to the invention with
      low-boiling solvents at high pressures and low temperatures. If the
      starting product is corn, a crude corn germ oil is obtained.
PAR  One embodiment of a process for further treating the degreased material to
      starch following the extraction operation is illustrated in FIG. 3, the
      degreasing of corn being chosen as an example. The degreased corn is
      soaked for several hours in about 1.5 to 3 times its weight of sulfur
      dioxide-containing water having an SO.sub.2 content of about 0.1 to 0.2%
      at a moderately elevated temperature of about 30 to 40.degree.C. While the
      soaking operation under otherwise equal conditions takes usually up to 50
      hours, it can be reduced to about 12 hours because of the pretreatment
      according to the invention. At the same time, it is possible to reduce the
      sulfur dioxide content of the soaking medium to about 0.1 - 0.2% by
      weight. After removal of the soaking water, the soaked product is washed
      out with pure water. Coarse and fine fibers are obtained thereby which,
      subsequent to the preliminary desiccation and drying, yield a provender
      which is unaffected by storing by virtue of the preceding degreasing
      operation. The separated, desiccated and dried gluten may be admixed
      thereto or used independently as highgrade provender rich in albumen. If
      it has a sufficiently high solids content, the soaking water may be
      vaporized to yield a further provender component. Finally, for obtaining
      the starch, washing, desiccation and drying are performed. The end product
      is a pure nutrient starch which is unaffected by storing.
PAR  In another embodiment, the degreased highly starchy vegetable material is
      finely ground, suspended with water and the starch is separated as an
      aqueous suspension by centrifuging. In this connection, it is necessary to
      utilize at least about twice as much water by weight as starch, the amount
      of water being kept as low as possible for reasons of economy. Hence, the
      process of starch extraction can be carried out without long-time soaking
      but is substantially more rapid and simple.
PAR  Alternatively, the degreased material may be also advantageously further
      processed to starch conversion products, in particular glucose. Starch
      conversion products are conventionally prepared by hydrolysis of starch
      with mineral acids and/or amylases. For several years, the direct
      saccharification of dry degerminated cereals, in particular corn, is
      utilized (Kreyer-Verfahren, K. Kreyer, Starke 18, 1966, page 311).
PAR  In the case of prior art direct saccharification, the purified corn is
      first subjected to a pre-grinding operation. The separation of the germ
      follows thereafter by conventional methods. After the subsequent fine
      grinding, a corn semolina is obtained which is suitable for liquefying the
      starch. The thus dry degerminated corn is treated with .alpha.-amylases in
      order to liquefy the starch. Thereafter, it is saccharified to the desired
      degree of saccharification by means of amyloglucosidases (DE, dextrose
      equivalent). The gluten components and husks are eliminated by filtration
      and the salt-like components by subsequent demineralization. The desired
      end product can be obtained from the resulting solution by vaporization.
PAR  However, this prior art process has aggravating disadvantages. There exist,
      for example, substantial problems of filtration due to the fat content of
      the dry degerminated corn. In the dry degermination, the fats as well as
      the fatty acids are eliminated only up to 85%.
PAR  The filtration during preparation is rendered difficult due to the residual
      content of fats because the fats and fatty acids, being insoluble in
      water, are of glutinous nature and cause rapid clogging of the filter and
      thus reduce the flow through the filter and necessitate more frequent
      renewal of the filter than if grease-free starchy material is converted.
PAR  In addition, the .alpha.-amylases liquefy the starch present in the corn
      semolina more slowly than pure starch which leads to viscosity problems.
      The slower liquefaction is a consequence of dispensing with soaking of the
      corn in SO.sub.2 -containing water in the case of direct saccharification,
      a measure which precedes the wet grinding in order to disintegrate the
      protein matrix and destroy the amylase inhibitors present in the cereal.
PAR  For obtaining glucose, the starch can be first extracted and then liquefied
      and subsequently saccharified.
PAR  However, the degreased material may be directly saccharified, basic
      simplifications of the known Kroyer method being possible. The
      saccharification may be conducted with the material which still contains
      the husks, particularly with corn semolina. The process steps of this
      direct saccharification comprise liquefaction, filtration to remove the
      gluten and husks, the actual saccharification with amyloglucosidases, and
      the demineralization. The final product may be -- as desired -- either
      glucose syrups or pure glucose.
PAR  The particular advantages of the method according to the invention reside
      in that as compared to the prior art methods several complicated process
      steps can be dispensed with. The pregrinding is omitted as well as the
      separation of the germ, the fine grinding as well as the removal of the
      husks. In place thereof, merely a grinding which may be easily carried out
      is to be employed. The product thus obtained can be subjected to
      liquefaction immediately after the degreasing operation. The almost
      complete degreasing of the starting materials by extraction of the fats
      and fatty acids with inert gases according to the invention is
      particularly remarkable. The filtration problems constantly occurring in
      the case of the known process are not encountered in accordance with the
      present invention. Furthermore, it was found that the liquefaction of the
      starch can be performed in a substantially shorter time. This is probably
      to be ascribed to the fact that due to the pressure treatment during
      extraction, the amylase inhibitors are deactivated. A superior effectivity
      of the .alpha.-amylases can be further realized if carbon dioxide is
      admixed with the inert gases during the extraction and the ground highly
      starchy vegetable material is treated with gaseous carbon dioxide
      subsequent to extraction. For this purpose, gases are selected which do
      not react with carbon dioxide. The effectivity of the .alpha.-amylase
      increases with increases in the water content of the highly starchy
      vegetable material during the treatment with CO.sub.2.
PAR  A similar increase in effectivity is observed on addition of sulfur dioxide
      to solvents which do not react therewith. Quantities of up to about 5% by
      weight SO.sub.2 and about 20% by weight CO.sub.2 relative to the solvent
      usually have the desired effect. Preferred minimum levels are about 1% for
      SO.sub.2 and about 1%, preferably about 5% and especially about 10% for
      CO.sub.2.
PAR  Finally, the extracted and hence degreased highly starchy vegetable
      material may also be directly subjected to an alcoholic fermentation. It
      can be utilized in brewing especially as raw fruit (malt additive). This
      may be performed either by admixing it with malt and yeast in one step, or
      in two steps in that a starch and nitrogen-containing sugar is first
      prepared from starch and albumen decomposing enzymes and is then added to
      the wort during fermentation.
PAR  By using the kinds of cereals degreased according to the invention, in
      particular corn semolina, for brewing, the difficulties which occur in
      utilizing fat-containing raw materials for the production of beer are
      avoided. In particular the fining of the beer is facilitated.
PAR  The invention is further described in the following illustrative examples
      wherein all parts are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  1 kg corn is pre-purified (water content 13.8%), ground (grain size less
      than 0.2 mm) and a stream of liquid propane at 80.degree.C and about 50
      atomospheres is circulated through the corn in one of the extraction
      chambers 1 and 2 of FIG. 2. The propane which is loaded with fats and
      other components is by-passed through valve 19 and is rendered
      supercritical by means of heat exchanger 20 and separator 21 by heating to
      150.degree.C whereby the extracted substances are separated. The propane
      which is freed from the extracted oil is cooled down to 80.degree.C in
      heat exchanger 20 and fed back in the liquid phase into the main cycle.
PAR  1 kg of the so-pretreated corn semolina is soaked for 12 hours at
      50.degree.C in 3 kg of sulfur dioxide-containing water (0.2% SO.sub.2).
      The soaked product is washed out with pure water after drawing off the
      soaking water. The husks are removed by screening. Subsequent to the
      starch-gluten-separation (Pelshenke und Lindemann; "Die Starke", 1954,
      pages 177-182), washing, preliminary desiccation, and drying, nutrient
      starch having a fat content of 0.01 is obtained.
PAC  EXAMPLE 2
PAR  The procedure is carried out as in Example 1 except for using a
      propane-sulfur dioxide mixture (5% SO.sub.2) as extracting agent. The
      soaking time may be reduced to 6 hours. Purity and yield of nutrients
      remain equally satisfactory.
PAC  EXAMPLE 3
PAR  Liquid propane at 80.degree.C and about 50 atmospheres is circulated
      through 1 kg ground corn (water content 13.8%, grain size distribution: 1%
      screening residue 600 .mu., 70% screening residue 400 .mu., 29% screening
      residue 200 .mu.) in one of the extraction chambers 1 and 2 (see FIG. 2).
      The propane which is loaded with fats and other components is by-passed
      through valve 10 and is rendered critical by means of heat exchanger 20
      and separator 21 by heating to 150.degree.C whereby the extracted
      substances are separated. The propane which is freed from the extracted
      oil is cooled down to 80.degree.C in the heat exchanger and is fed back
      into the main cycle in the liquid phase. The degreased corn semolina has a
      fat content of only 0.01% in the dry state.
PAR  1 kg of the so-degreased corn semolina having a water content of 12% is
      stirred with 1.8 kg of water for 30 minutes. The suspension was adjusted
      to a pH-value of 6 and liquefied with .alpha.-amylase for 1 hour at
      85.degree.C. Thereafter, it was heated to 120.degree.C for 10 minutes,
      cooled down to 60.degree.C, adjusted to a pH-value of 4.5 and saccharified
      with amyloglucosidase for 48 hours. Brief heating to 110.degree.C,
      centrifuging, decolorization with activated charcoal and demineralization
      with ion-exchangers followed. 710 g of pure glucose were obtained.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for degreasing vegetable matter containing starch and fats
      which comprises crushing said vegetable matter, extracting the crushed
      matter with a normally gaseous inert solvent in liquid state at a
      temperature of about 20.degree. to 100.degree.C and below the critical
      temperature and a pressure of about 30 to 1000 atmospheres and above the
      critical pressure of the inert solvent which solvent has a critical
      temperature below about 200.degree.C, separating the fat-containing
      solvent from the substantially fatfree vegetable residue, separating the
      dissolved fat from the solvent by raising the temperature to vaporize the
      solvent, and reducing the pressure of the fat-free vegetable residue.
NUM  2.
PAR  2. The process of claim 1, wherein the pressure during extraction is about
      40 to 150 atmospheres.
NUM  3.
PAR  3. The process of claim 1, wherein the vegetable matter comprises freshly
      harvested cereal.
NUM  4.
PAR  4. The process of claim 1, wherein the solvent comprises at least one
      member selected from the group consisting of alkenes, dialkyl ethers,
      halogenated alkanes, argon, NH.sub.3, N.sub.2, SO.sub.2 and CO.sub.2.
NUM  5.
PAR  5. The process of claim 4, where the solvent comprises at least two of said
      members of which one is SO.sub.2 or CO.sub.2.
NUM  6.
PAR  6. The process of claim 1, including the further steps of grinding the
      fat-free vegetable residue, mixing the ground residue with at least about
      twice its weight of water, and separating an aqueous suspension of starch
      from unsuspended residue.
NUM  7.
PAR  7. The process of claim 1, including the further steps of soaking the
      fat-free vegetable residue with about 1.5 to 3 times its weight of water
      having about 0.1 to 0.2% by weight of SO.sub.2 dissolved therein to
      dissolve away gluten from the residue, and separating husks and fiber from
      said residue to leave the raw starch.
NUM  8.
PAR  8. The process of claim 1, including the further steps of suspending the
      fat-free vegetable residue in at least about twice its weight of water,
      adding starch-decomposing enzymes to said suspension thereby to decompose
      the starch to glucose, and removing the aqueous solution of glucose.
NUM  9.
PAR  9. The process of claim 1, including the further step of subjecting the
      fat-free vegetable residue to an alcoholic fermentation.
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ABST
PAL  Margarine and low fat emulsion food spreads have been prepared, the fat
      phase of which consists essentially of randomised palm oil. The
      randomisation is usually carried out on palm oil alone and enables a
      substantial amount of palm oil to be incorporated into the fat phase
      without the onset of excessive post-hardening effects. The randomisation
      also minimises the amount of expensive vegetable oils such as sunflower
      oil which have hitherto been found necessary adjuncts with palm oil in
      such products, particularly in recently-developed soft spreads which can
      be spread directly at domestic refrigerator temperatures. The major part
      of the spreads of the invention preferably consist of a fat of melting
      point 25.degree.-30.degree.C, particularly derived from vegetable oils.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to margarines and like edible emulsion food spreads
      of which the fat phase contains palm oil. It is particularly concerned
      with spreads which are soft enough to be spread at domestic refrigerator
      temperatures, including those which on account of their low fat contant
      are in demand in low calory diets. The more stable of these, like
      margarine, are of the water-in-oil variety and are similarly prepared, by
      chilling, working and resting the previously prepared emulsion, which may
      contain additional flavouring, colouring, vitamin and emulsifier
      components similar to those found in conventional margarine. These
      combined operations are nowadays carried out in a continuous fashion, in
      scraped surface heat exchangers of the Votator type and partially
      crystallise the fat to form a network in which the globules of the aqueous
      phase are retained, thus stabilising the emulsion against undesirable
      accretion of the droplets with consequent emulsion breakdown and
      multiplication of bacterial growth.
PAR  Both the oral response developed upon eating margarine and similar fat
      spread products and the textural response experienced upon spreading them
      are largely determined by the composition of the fat phase of the product.
      Great skill, much of it of an empirical nature, is needed to devise the
      most appropriate fat composition, often a blend of many fats, to meet
      these needs with economic benefit. In recent times an even more stringent
      requirement needs to be met for so-called soft margarines and similar
      spreads which can be spread directly from storage in domestic
      refrigerators, ie about 5.degree.C. This requirement calls for a
      particularly flat hardness/temperature response and is a most exacting one
      to meet.
PAR  2. The Prior Art
PAR  Palm oil is a cheap and abundant vegetable oil already in widespread use in
      the Margarine Industry. The limitations imposed upon the amount of palm
      oil that can be included in margarine and like fat spreads relate to its
      tendency to confer on fat compositions in which it is incorporated, its
      own slowcrystallising characteristics. This leads to the phenomenon of
      post-hardening in which a product that is satisfactory in its textural
      characteristics when it is initially prepared, subsequently hardens on
      storage to affect both its oral response when it is said to be grainy, and
      its ability to spread at ambient or lower temperatures.
PAR  Interesterification as a technique for modifying the characteristics of
      palm oil and to admit of its greater use in the Industry is described in
      "Margarine" 2nd Edition, Andersen and Williams, 1954 page 31, and the
      general description of the technique is given on pages 54 etc. In this and
      in other publications however the palm oil is corandomised with a
      comparable amount of a second oil, either a lauric oil, vide British Pat.
      No. 874,675, a C.sub.16 -C.sub.18 vegetable oil in a fat formulation that
      includes a substantial trans-acid content combined in the triglycerides of
      the fat composition.
PAR  In other references, eg Seiden U.S. Pat. No. 3,353,964, similarly a
      corandomised blend is disclosed, but between lauric fats and fats of
      long-chain acids, ie C.sub.20 -C.sub.22.
PAR  Melnick U.S. Pat. No. 2,921,855 describes a corandomised blend, used as a
      margarine fat, of a triglyceride oil rich in combined polyunsaturated
      fatty acid, with a highly hydrogenated fat, while Nelson U.S. Pat. No.
      2,855,311 discloses the corandomisation of a blend of palm oil with a
      variety of liquid oils.
PAR  In none of these prior disclosures does any suggestion appear that a remedy
      to overcome the now widely-recognised problem of using palm oil in
      substantial quantities in emulsion spreads may lie in randomisation
      essentially of the oil itself, without recourse to the profound changes
      brought about in modifying the properties of this oil by distributing its
      own fatty acid moieties among those of other, distinctly different fats.
PAR  This invention relates to edible fat compositions such as margarines and
      shortenings in the preparation of which palm oil is used.
PAR  Palm oil is readily available and low in cost among vegetable oils and in
      several respects appears suitable for the preparation of edible fat
      products such as margarines and shortenings. Its widespread adoption for
      these purposes has however been handicapped in the past by its slow rate
      of crystallisation, with the result that, long after processing has been
      completed products containing palm oil undergo hardening and suffer other
      undesirable changes caused by the continued crystallisation of the oil.
PAR  It has now been found that margarine products containing substantial
      quantities of palm oil may be prepared by randomising the palm oil and
      preparing a fat blend therewith.
PAR  Preferably the palm oil is randomised alone, but it may be corandomised
      with small amounts, not exceeding 10 weight % and preferably less than 5
      wt %, of other edible oils or fats, whether of vegetable or animal origin,
      including marine oil. Similarly, although the palm oil may be modified
      somewhat by fractionation or other treatment before being randomised, this
      should essentially impose no major modification upon the inherent
      characteristics of the fat.
PAR  It is indeed an important feature of the invention that the fatty acid
      composition of the oil remains unchanged, in contrast to the effect of
      using fractionation methods. Similarly, the glyceride composition of other
      fats present in the products of the invention remain unchanged, in
      contrast to corandomisation methods which change the glyceride composition
      of both the palm and the other corandomised fats. For example, the
      glyceride components of palm oil may be separated into a high melting
      stearine fraction and a low melting oleine fraction by subjecting palm oil
      to fractional crystallisation, the compositions of the fractions differing
      markedly, to an extent depending upon the conditions of the
      crystallisation. In accordance with U.S. pat. No. 3,189,465 an oleine
      fraction obtained in this way is blended with other fats in margarine
      formulations. Again, stearine and oleine fractions may be obtained by
      subjecting palm oil to directed interesterification, carried out under
      conditions favouring the continued formation of a limited range of
      glycerides, usually a stearine fraction separated from the liquid phase by
      carrying out the process at comparatively low temperatures. The stearine
      and oleine fractions obtained in this way, while again differing markedly
      from one another, are composed essentially of different combinations of
      the fatty acids of the oil and thus contain different glycerides from
      those originally present. The stearine fraction obtained in this way has
      been proposed for use in shortening compositions.
PAR  In both fractionation and directed interesterification methods a
      substantial proportion of the palm oil is discarded. The disadvantages
      described may also be overcome, while utilising whole palm oil, by
      subjecting it to hydrogenation, but the resultant change in glyceride
      composition that this brings about leads to unsatisfactory melting
      characteristics in margarine and similar food spreads by producing a
      cloying sensation in the mouth due to the presence of higher melting
      glycerides.
PAR  A further advantage of the invention is that no other fat need be involved
      in the interesterification. This again provides substantial economies and
      permits the use, in blends with the randomised palm oil, of other fats in
      proportions providing optimum melting characteristics whose own melting
      characteristics are unmodified by corandomisation with the palm oil. The
      cool-melting characteristics of lauric fats for example, which may be
      present in the products of the invention are accordingly retained, since
      they are blended instead of being corandomised with palm oil in accordance
      with earlier proposals.
PAR  The invention is particularly useful in the preparation of margarine and
      like emulsion fat spreads, which are often required to meet rigid product
      specifications, especially as to their melting and hardness
      characteristics. In particular, the so-called soft margarines now in vogue
      are required to remain easily spreadable, as table margarines, at domestic
      refrigerator temperatures, ie about 5.degree.C, while yet being of plastic
      consistency at ambient temperatures, which may be as high as 20.degree.C.
      These requirements imply a flat response to temperature of hardness value.
      If this is measured in accordance with the penetration method of Haighton,
      then a soft margarine may be described as one having the penetration range
      from C.sub.4 less than 900 g/cm.sup.2 and particularly less than 750
      g/cm.sup.2, to c.sub.20 between 50 and 150 g/cm.sup.2 according to the
      time of year. A very small amount of whole or modified palm oil is
      permissible in soft spreads, at most about 10 wt % beyond which the
      product tends to unacceptable hardness.
PAR  The invention is particularly suitable for the preparation of fat blends
      for soft margarines, meeting the above requirements for hardness values
      with as much as 40 wt %, in contrast to conventional formulations in which
      not more than 25 wt % is practical in spread formulations, many of which
      nevertheless fail to meet the above-stated requirements for soft spreads,
      unless a substantial quantity, often as much as 40 wt % or even more, of
      an expensive liquid vegetable oil, for example sunflower oil, is also
      present. A particular advantage in the invention is that not only is less
      oil of this kind necessary, but it may be totally replaced by cheaper
      oils, for example soybean oil. Preferably the fat compositions of the
      invention contain from 15 to 30 wt % palm oil, preferably about 20-25 wt
      %. The dilatation values of palm oil increase with randomisation, and
      amounts in excess of 40 wt % are therefore less desirable.
PAR  In addition to meeting the above penetration characteristics, the fat
      component of soft spreads is also required, for good consumer response to
      fulfil palatability requirements provided by melting characteristics that
      may be expressed by dilatation values measured in the manner described in
      J. Am. Oil Chem. Soc. (1954) 31, pp. 98-103. These should lie between
      about D.sub.5 = 600 and D.sub.35 below 50. These requirements are met
      largely by an appropriate choice of fats or oils with which the randomised
      palm is blended, and hardness also by adjustment of the conditions under
      which the fat emulsion is processed. In accordance with contemporary
      practice, the spreads of the present invention are preferably prepared
      from an emulsion of an aqueous phase in the fat phase, followed by
      chilling and working the composition to crystallise the fat, in "Votator"
      equipment including a scraped surface heat exchange chiller. Other things
      being equal, greater amounts of palm oil may be incorporated using longer
      residence times in the Votator.
PAR  In addition to palm oil, the fat blends of the invention may include a
      variety of other components. A proportion of unrandomised palm oil may for
      example be present, but this should desirably not exceed 10%, since it
      induces post-processing hardening during the shelf-life of the spread,
      particularly within a few hours of manufacture. Similarly the presence of
      unrandomised hardened palm or palm fractions should not exceed 10 wt %.
PAR  Other semi-solid fats of the palmitic variety, eg cottonseed oil, may be
      included in similar quantities and lauric fats, eg palm kernel oil,
      babassu and coconut oils and their fractions, are all suitable components.
      Several animal fats rich in palmitic acid are also suitable, eg lard and
      tallow; others include marine oils, for example herring and sardine oils,
      although these in 10% with general practice may require hardening
      treatment by hydrogenation to confer flavour stability. Again, however,
      preferably not more than 10% and particularly not more than 5% by weight
      of these fats should be present in the fat composition.
PAR  The major part, ie more than 50 wt % of the fat component of the spreads
      according to the invention is composed of vegetable oils which at ambient
      temperatures, ie 15.degree.C are liquid, or which are lightly hydrogenated
      to a melting point of 15.degree.-30.degree.C. These comprise for example
      corn, groundnut, safflower, sunflower, sesame and soybean oil. The latter
      in particular, being cheap is preferred. In keeping with widespread
      practice, it is preferably hydrogenated at least in part to stabilise the
      oil against deterioration, although the oil may remain largely
      unsaturated, with an Iodine Value of 90 or more. Besides meeting the
      requirement for producing soft, palatable spreads, the choice as well as
      the amount of liquid oil is preferably governed by the widely accepted
      desirability of incorporating within the composition glycerides of the
      polyunsaturated, socalled essential acids. Preferably the fat compositions
      of the invention consist of randomised palm oil and a fat or fat blend
      having a melting point of 25.degree.-30.degree.C. In this specification
      the melting point of a fat means the temperature at which the fat becomes
      wholly melted, shown by slowly heating the fat until it turns clear.
PAR  It will be understood that the invention may be applied in the preparation
      of margarine and of other spreads having a lower fat content than is
      required in margarine. These socalled low fat spreads may contain as
      little as 40 wt % fat. The invention is also applicable to shortening
      compositions in which whole randomised palm oil is blended.
DETD
PAC  EXAMPLE 1
PAR  A margarine fat was prepared by blending various components in the
      following amounts of weight:
TBL  Soybean Oil 18                                                            
     Hardened                                                                  
     Soybean Oil 57    (53% slip m.pt. 28.degree.C, I.V. - 105)                
                       ( 4% slip m.pt. 36.degree.C, I.V. -  50)                
     Interesterified                                                           
     Palm Oil    21                                                            
     Hardened                                                                  
     Palm Oil    4     (Slip m.pt. 45.degree.C, I.V. - 45)                     
PAR  A margarine emulsion was prepared by agitating the fat at 40.degree.C in a
      mixture with 16% of an aqueous phase comprising tap water and 0.5 wt % of
      lecithin and 0.1 wt % based on the fat in the fat phase of a partial
      glyceride emulsifier and flavouring agents, vitamins, colouring matter and
      salt in customary amounts.
PAR  The water-in-oil emulsion formed was supplied continuously at about 80
      kg/hr to the first of series of three scraped surface chillers, each 5 cm
      in diameter, 25.5 cms in length and having a chilling surface of 0.04
      m.sup.2. Between the first or second pair a pre-crystalliser was
      interposed, comprising a vessel 3 litres in capacity and also equipped
      with a close-fitting agitator but with no chilling capacity. No material
      difference was observed between the two pre-crystalliser positions. A
      post-crystalliser of similar construction to the pre-crystalliser but half
      the size, followed the third chiller unit. The equipment substantially
      reproduced on a smaller scale the effect and operation of a full-size
      margarine plant. Residence time in the crystallisers was 3 minutes.
PAR  The chilled emulsion emerged from the first chiller at about 17.5.degree.C
      and gained about 1.degree.C in the pre-crystalliser, emerging at
      16.degree.C and 14.degree.C from the second and third chiller units and
      finally at 18.degree.-20.degree.C from the post-crystalliser, from which
      it was pour-filled into standard 250 gm tubs.
PAR  After storage for 3 days at 15.degree.C and a day at the test temperatures
      the product was tested for hardness. Dilatation values of the fat were
      also obtained. The results of the tests are given in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                 Hardness                                                      
     Temp. .degree.C                                                           
                 (C values)     Dilatation                                     
     ______________________________________                                    
      5          655 (617)      475                                            
     10          332 (344)      425                                            
     15          106 (125)      340                                            
     20          132 (144)      250                                            
     35          --              50                                            
     40          --              10                                            
     ______________________________________                                    
PAR  The product was of pleasing texture at temperatures from 5.degree. to
      20.degree.C, in which range it remained plastic and could be readily
      spread. It melted quickly and readily on the tongue. The melting point of
      the fat was 33.3.degree.C.
PAR  The experiment was repeated at twice throughput (11/2 minutes' residence
      time) while maintaining the same temperature profile and agitator speed.
      The corresponding characteristics of the product are given in Table I in
      brackets.
PAR  A series of three comparative trials was carried out based on fat
      compositions containing the same ingredients, except for the substitution
      of the randomised palm oil by unrandomised palm oils in the amounts 15, 21
      and 25 wt %, the amounts of the remaining ingredients being adjusted as
      little as possible, to obtain similar dilatation values at 5.degree.,
      10.degree., 15.degree., 20.degree., 25.degree. and 30.degree.C. These
      varied less than 10% of the arithmetic mean of the four compositions and
      at 35.degree.C the values were 35, 35, 25 and 55. Nevertheless, the
      hardened palm and soybean oil content remained unchanged and the amount of
      soybean oil was changed only comparatively slightly.
PAR  The melting points of the comparative fat compositions varied from
      31.5.degree. to 33.5.degree.C. None of the margarine products from these
      trials however, although prepared under the same conditions as before,
      showed in hardness tests a C.sub.5 value less than 700 and a C.sub.20
      value within the range 50-150, nor could these be obtained by adjustments
      to the equipment in which the emulsions were worked. In only one example
      was the C.sub.5 value less than 900 and most were well above 1,000.
      Similarly, the majority of the C.sub.20 values were above 150.
PAC  EXAMPLE 2
PAR  A low fat table spread was prepared from an emulsion consisting of 40 wt %
      fat phase in which 60 wt % aqueous phase was dispersed, conventional
      margarine additives including colouring matter and emulsifiers being
      included. The emulsifier was chilled, worked and rested in a series of
      Votator A and B units including a precrystalliser unit in which a portion
      of the processed emulsion containing crystallised fat was recirculated to
      mix with a fresh emulsion.
PAR  The fat phase contained by weight equal parts of refined randomised palm
      oil and soybean oil, and half as much coconut oil. In different products
      25% or 50% of the soybean oil was first selectively hardened to a fall of
      about 25 Iodine Value units to improve flavour stability.
PAR  Samples of all the products exhibited satisfactory hardness and dilation
      characteristics, after storage for several weeks at 10.degree. and
      20.degree.C, for a soft spread, ie hardness at 5.degree. and 20.degree.C
      below 900 and 50-100 and dilatations at 5.degree. and 35.degree.C about
      600 and below 50.
PAR  A comparable product with corresponding characteristics was made using a
      fat phase almost 1/3 of which consisted of palm kernel oil and more than
      40% of sunflower oil. It contained in addition only 10% soybean oil. Not
      more than 15% non-randomised palm oil could be included, part of which was
      selectively hardened to give better dilatation characteristics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plastic emulsion food spread comprising an aqueous phase and a fat
      phase in the form of an emulsion in which the fat phase is partly
      crystallized and comprises by weight of the fat phase, from about 5% to
      about 40% of a triglyceride composition, the fatty acid residues of which
      are in random distribution and consist essentially of the acid residues of
      palm oil, and a major proportion of an additional fat where said fat is
      selected from the group consisting of corn, cottonseed, groundnut,
      safflower, sunflower, sesame and soybean oils.
NUM  2.
PAR  2. A food spread according to claim 1 which contains from about 15 to about
      30 wt % palm oil, based on total fat phase.
NUM  3.
PAR  3. A food spread according to claim 1 wherein said spread is in soft tub
      form, having a penetration range from C.sub.5 less than 900 grams cm.sup.2
      to C.sub.20 between 50 and 150 grams cm.sup.2.
NUM  4.
PAR  4. A food spread according to claim 1 wherein said spread comprises a low
      fat spread containing by weight of the spread a major proportion of
      aqueous phase dispersed in a minor proportion of fat phase.
NUM  5.
PAR  5. A method of preparing a water-in-oil emulsion food spread having an
      enhanced palm oil content, comprising dispersing an aqueous phase in a fat
      phase to form an emulsion and chilling, working and resting the emulsion
      to crystallize at least part of the fat phase, wherein the fat phase is
      prepared by randomizing palm oil and blending, by weight of said fat
      phase, from about 5 to about 40% of said palm oil with a major proportion
      of an additional vegetable oil selected from the group consisting of corn,
      cottonseed, groundnut, safflower, sunflower, sesame, and soybean oils.
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ABST
PAL  An orange colouring material which is 1-(azo-benzene-4-sulphonic acid)
      -2-naphthol-6 8-disulphonic acid named "Orange AB" is effective as a
      colouring agent for foodstuffs and cosmetic compositions.
BSUM
PAR  This invention relates to edible colouring materials in particular for use
      in beverage and cosmetic compositions.
PAR  A compound suitable for inclusion into beverages as a colouring agent must
      have three requirements; it must have a good tinctorial power; it must be
      biologically acceptable; and it must be stable in the presence of fruit
      acids and strong reducing agents such as sulphurous and ascorbic acids
      which are commonly present in such compositions.
PAR  One orange dye which is commonly used for colouring beverages is colour
      index constitution no 16230 (C.I. Food Orange 4), commonly known as
      "Orange G" which is the disodium salt of 1-(phenylazo)-2-naphthol-6
      8-disulphonic acid of formula (I):
      ##SPC1##
PAR  However one undesirable feature of Orange G is that it is now known to
      produce an increase in the level of Heinz bodies in the bloodstream when
      administered in high concentrations in the diet of test animals. These are
      bodies which appear in ageing red cells of the blood. As a result, Orange
      G is no longer suitable for universal unrestricted use in food. It has now
      been found that the compound of formula (II):
      ##SPC2##
      which is 1-(azo-benzene-4-sulphonic acid)-2-naphthol-6,8-disulphonic acid
      and its edible salts, are effective as orange colouring agents for
      foodstuffs or compositions intended for contact with the mouth for example
      lipstick composition. Compound (II) has a satisfactory tinctorial power in
      solution; is stable in acid conditions; and does not produce Heinz bodies
      in the blood.
PAR  The present invention therefore provides the compound
      1-(azo-benzene-4-sulphonic acid)-2-naphthol-6 8-disulphonic acid and salts
      thereof.
PAR  We have named the compound of formula (II) "Orange AB" and it will be
      referred to as such throughout this specification.
PAR  From a second aspect the invention provides an edible composition
      comprising 1-(azo-benzene-4-sulphonic acid)-2-naphthol-6,8-disulphonic
      acid or an edible salt thereof together with an edible diluent.
PAR  The invention also provides an edible composition comprising an edible
      diluent or carrier in which 1-(azo-benzene-4-sulphonic
      acid)-2-naphthol-6,8-disulphonic acid or an edible salt thereof is
      incorporated as such.
PAR  By the term "incorporated as such" herein we mean that the compound itself
      is incorporated into the composition and not a precursor or derivative of
      the compound which may be transformed to Orange AB in situ.
PAR  Orange AB and/or its salts may be used to colour all types of edible
      materials which are intended for consumption or contact with the mouth.
      Suitable diluents and carriers which may be coloured include for example
      beverages such as soft drinks, fruit ades, wines, beverage concentrates
      such as syrups, powder concentrates or tablets; dietary type foods; ice
      creams sherberts and ices; ice milk products; bakery products; icings;
      confections for example boiled sweets, and confection toppings, syrups,
      jams and flavours; fruit gelatin desserts; cake mixes, meat products;
      cough syrups and other medicinal preparations intended for oral
      administration; dental preparations such as pastes, powders foams, mouth
      washes and similar oral antiseptic liquids; and cosmetic formulations in
      particular lipsticks.
PAR  Orange AB and its salts are particularly advantageous for use in colouring
      carbonated and non-carbonated soft drinks, and syrup concentrates which
      may be made up to such drinks.
PAR  Another composition from which the amount of organic colouring material is
      significant is a lipstick composition. We have found that orange AB is
      also useful for incorporation into lipstick compositions
PAR  Accordingly the invention further provides a lipstick composition
      comprising 1-(azo-benzene-4-sulphonic acid)-2-naphthol -6 8-disulphonic
      acid or an edible salt thereof together with a suitable carrier.
PAR  The salts which may be included in the compositions of this invention may
      be the mono- di- and/or tri-salts of Orange AB Suitable salts for
      inclusion into beverages include alkalimetal salts of Orange AB,
      preferably the sodium salt. For lipstick compositions the compound is
      converted to an insoluble salt for example a barium or calcium salt.
PAR  Orange AB or its salts are incorporated in the material to be coloured in
      an amount required to attain the desired level of colouring. Preferred
      amounts of Orange AB for use in syrups cordials etc are 75 to 300mg/kg and
      in ready to drink beverages from 1-75mg/kg. Preferred amounts for use in
      lipstick compositions are from 1-10% by weight.
PAR  Orange AB may be conveniently obtained for example by coupling diazotized
      sulphanilic acid with 2-naphthol-6 8-disulphonic acid; or by a process
      described in British Patent No: 929,052 for the production of O-hydroxy
      azo compounds whereby the diazotate of 1-aminonaphthalene-6 8-disulphonic
      acid is reacted with the diazonium compound formed from sulphanilic acid.
DETD
PAR  The invention as illustrated by the following examples:
PAC  EXAMPLE 1
PAC  Preparation of 1-(azo-benzene-4-sulphonic acid)-2-naphthol-6 8-disulphonic
      acid.
PAR  Method 1
PAR  Sulphanilic acid (14.4g;00833 mole) and sodium carbonate (4.42g; 0.416
      mole) were dissolved in water (330 ml) cooled to 0.degree. then added with
      stirring to sodium nitrite (5.25g; 0.076 mole) in water (76 ml) at
      0.degree.. This solution in turn was added to 5N Hydrochloric acid (32 ml)
      at 0.degree. then the resultant suspension was added rapidly to a solution
      of 2-naphthol-6 8-disulphonic acid, potassium salt (30g; 0.079 mole) and
      sodium hydroxide (10g; 0.25 mole) in water (125 ml) at 0.degree.. After
      stirring for 30 mins. the solution was neutralised (pH 7.0)  with 5N
      hydrochloric acid, then the water was removed on a rotary evaporator. The
      deep red solid was warmed on a steam bath with ethanol (600 ml) and water
      (150 ml) for 2 hours then the red solution was decanted and left in a
      refrigerator over-night. The precipitated dye was filtered off then dried
      at 68.degree. in a vacuum oven. Yield.sup.= 33.5g (83% based on
      sulphanilic acid)
PAR  Method 2
PAR  30.3g of 1-aminonaphthalene-6, 8-disulphonic acid were diazotized in
      conventional manner with 64 ml of 5N hydrochloric acid and 6.9g of sodium
      nitrite. The diazonium compound was added at room temperature to 55 ml of
      10N sodium hydroxide solution. After 2-3 minutes, 41g of sodium
      bicarbonate were added and substantially the diazonium solution prepared
      in usual manner from 17.3g of sulphanilic acid.
PAR  After a few hours, the hydroxyazo compound was isolated as described in
      method 1 above.
PAC  EXAMPLE 2
PAR  A ready-to-drink orange crush was prepared having the following
      composition:
TBL  Orange Juice      5%      v/v                                             
     Sugar             10%     w/v                                             
     Citric Acid       0.3%    w/v                                             
     Saccharin Sodium  0.01%   w/v                                             
     Sodium Benzoate   150     mg/kg                                           
     Colour:Orange AB  38      mg/kg                                           
     Tartrazine        10      mg/kg                                           
     Flavouring        q       v                                               
     Carbonated water to                                                       
                       100     %                                               
PAC  EXAMPLE 3
PAR  An orange squash for consumption after dilution was prepared having the
      following composition:
TBL  Orange Juice     25%      v/v                                             
     Sugar            30%      v/v                                             
     Saccharin Sodium 0.015%   w/v                                             
     Citric Acid      1.2%     w/v                                             
     Sulphur Dioxide  300      mg/kg                                           
     Colouring:   Orange AB  101mg/kg                                          
                  Tartrazine 12mg/kg                                           
     Flavouring       q.v.                                                     
     Water to 100%                                                             
PAC  EXAMPLE 4
PAR  A lipstick composition was prepared as follows:
TBL  Base        Castor Oil   69.50                                            
                 Cocoa butter                                                  
                 substitute   14.00                                            
                 Candelilla Wax                                                
                              9.00                                             
                 Beeswax      6.00                                             
                 Carnauba Wax 1.50                                             
                              100.00                                           
     Base                     95%                                              
     1-(azo-benzene-4-sulphonic                                                
     acid)                                                                     
     2-naphthol-6 8-disulphonic                                                
                          5%                                                   
CLMS
STM  I claim:
NUM  1.
PAR  1. A foodstuff or beverage composition comprising an amount of
      1-(azo-benzene-4-sulphonic acid)-2-naphthol-6, 8-disulphonic acid or an
      edible salt thereof sufficient to impart to the composition the desired
      degree of orange color in combination with a foodstuff or beverage.
NUM  2.
PAR  2. A composition according to claim 1 wherein 1-(azo-benzene-4-sulphonic
      acid)-2-naphthol-6, 8-disulphonic acid is incorporated.
NUM  3.
PAR  3. A composition according to claim 1 wherein 1-(azo-benzene-4-sulphonic
      acid)-2-naphthyl-6, 8-disulphonic acid is combined with a beverage.
NUM  4.
PAR  4. A composition according to claim 3 wherein the beverage is a carbonated
      or non-carbonated soft drink.
NUM  5.
PAR  5. A composition according to claim 3 wherein the beverage is a syrup
      concentrate which may be made up to a soft drink.
NUM  6.
PAR  6. A composition according to claim 3 wherein 1-(azo-benzene-4-sulphonic
      acid)-2-naphthol-6, 8-disulphonic acid is present in the form of the
      sodium salt.
NUM  7.
PAR  7. A composition according to claim 4 in which the amount of
      1-(azo-benzene-4-sulphonic acid)-2-naphthol-6, 8-disulphonic acid or
      edible salt thereof is 1-75 MG/KG.
NUM  8.
PAR  8. A composition according to claim 7 wherein the amount is 25-50 MG/KG.
NUM  9.
PAR  9. A composition according to claim 5 wherein the amount of
      1-(azo-benzene-4-sulphonic acid)-2-naphthol-6, 8-disulphonic acid or
      edible salt thereof is 75-300 MG/KG.
NUM  10.
PAR  10. A method of colouring foodstuffs and beverages which comprises
      incorporating therein an amount of 1-(azo-benzene-4-sulphonic
      acid)-2-naphthol-6, 8-disulphonic acid or an edible salt thereof
      sufficient to impart the desired degree of orange color thereto.
NUM  11.
PAR  11. A composition according to claim 1 wherein the edible salt is an alkali
      metal salt.
NUM  12.
PAR  12. A composition according to claim 11 wherein the alkali metal salt is
      the sodium salt.
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ABST
PAL  Single-cell protein is combined with plant protein and/or animal protein
      and texturized to produce analogs which can be used as extenders or
      replacers for meat, poultry and fish in food products.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to proteinaceous materials containing
      single-cell proteins, and more specifically, to a texturization process
      for mixtures of single-cell proteins combined with plant and/or animal
      proteins which includes mixing, moisturizing, heat-extruding, chopping,
      drying and cooling to induce texture formation.
PAR  In recent years much attention has been directed toward the development of
      new sources of protein which can be incorporated in foods or food
      additives suitable for human consumption. Rapid increases in world
      population have made the continued dependence on traditional sources of
      protein highly impractical. Moreover, the supply of protein from typical
      sources of protein, such as animal meat and certain vegetables, is
      inadequate to provide balanced diets sufficient to satisfy the needs of
      humans throughout the world.
PAR  One possible solution to the problem of supplying the ever-increasing need
      for food protein is provided by processes for the bio-synthetic
      manufacture of protein through the growth of microorganisms on
      hydrocarbons or other substrates. It is known, for example, that
      microorganisms such as bacteria, fungi, and yeast, which are grown by
      single-cell reproduction, contain high proportions of proteins and can be
      utilized directly in foods as a whole cell material or can be treated to
      recover protein concentrate and protein isolate. Recent efforts have shown
      that microorganisms, grown on hydrocarbon substrates, can be successfully
      used in animal feeds; but as yet these microorganisms have not been
      commercially accepted in food preparations suitable for human consumption.
PAR  With the development of successful processes for the fermentation
      production of protein-containing microorganisms (sometimes referred to
      herein as single cell proteins), an urgent need has developed for methods
      of texturizing such single-cell protein materials in a manner sufficient
      to render them suitable alone or in combination with plant and/or animal
      proteins for use in food products.
PAR  Generally, single-cell protein is initially produced as a slurry and then
      is subsequently converted into dry powder form. This dry powder, similar
      in appearance and feel to flour, lacks the texture and food-like sensation
      to the mouth necessary to make an attractive food. Moreover, when placed
      in water, the agglomerated particles of single-cell protein rapidly revert
      back to single-cell form.
PAR  As a result of worldwide meat shortages and increased cost and low
      production efficiency of cattle, fowl and fish, the interest in and
      production of meat, poultry and fish analogs by using vegetable (plant)
      protein materials have increased during the recent years. Currently, the
      most successful process from a texture and flavor point of view is the
      spinning process for the isolated protein (particularly isolated soy
      proteins). The spun protein meat analogs have uniform "rod-like" fibrous
      texture, but when chewed the fibers disperse like "cotton" in the mouth
      rather than exhibiting a "biting"  texture typical of meat. The textured
      soy flour or soy concentrate products, obtained by extrusion or other
      processes, do not have any desirable meat appearance or bite. Furthermore,
      they have a beany taste and aftertaste. We discovered that incorporation
      of yeast into the soy flour and soy concentrate helps create a meatlike
      appearance without the need for spinning. The yeast-containing product has
      also a meatlike chewability. Although yeast partially masks the soybean
      taste, a sweet-toasted taste exists in all products that are based on soy
      flour, soy concentrate and yeast mixtures. Such flavors may interfere with
      the delicate meat, poultry, and fish flavors expected from the meat
      analogs. We have discovered that such non-meatlike flavors can be removed
      by washing with water, acidified water or alkaline water at various
      temperatures. The washed products had improved meatlike textures and they
      could be flavored to resemble meat, poultry and fish tastes. As we were
      studying the extrusion texturization of our protein mixtures, we observed
      that the extrudate retains its thermoplastic properties for a short period
      immediately after it leaves the die and it can be further shaped. We were
      surprised to see that the extrudate expanded like rubber when pulled
      immediately after it left the die. Moreover, as the extrudate lost its
      thermoplastic character by cooling during pulling, the fibrous meatlike
      texture was improved and it had the textured mouth feel of meat when
      hydrated and chewed. The same textured character develops if the extrudate
      after it leaves the die, or the "set" dry extrudate, is wetted with water
      and then a friction force is applied such as rolling between fingers.
PAR  The living world is divided into three "kingdoms"--plant, animal and
      protist. The first two are multicellular and their development always
      involves extensive tissue differentiation. Protists are generally
      unicellular and lack tissue differentiation. Typical protists include
      yeasts, fungi and bacteria. Stated differently, protists represent the
      simplest level of biological organization while even the lower plants and
      animals represent vastly more complex biological organizations.
PAR  Unicellular protists such as yeasts, fungi and bacteria are extremely
      minute and contain desirable protein enclosed within a cell-wall structure
      comprising essentially carbohydrate materials. The amino acids comprising
      the protein of unicellular protists are substantially those involved in
      the larger protein-containing aggregates of plant or animal origin.
PAR  The cell-wall structure may be viewed as a tough, large, bag fashioned from
      highly cross-linked polysaccharides. Consequently the protein moiety of
      each cell is shielded from that of every other cell. Hence, the
      intermolecular bonding forces which are thought to readily effect
      texturization of protein found within multi-cellular plant or animal
      structures cannot be utilized unless some means be found for freeing some
      portion of protein from within the cell structure. This distinctive
      structure of unicellular protists has heretofore severely limited the
      utility of yeasts, fungi and bacteria in food products because of
      inability to effect a suitable and stable degree of texturization.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is provided a process for treating
      mixtures of single-cell protein material combined with plant protein
      materials and/or animal protein materials in a manner sufficient to impart
      desirable textural properties thereto. More specifically, single-cell
      protein material combined with plant protein, such as soy flour, defatted
      soy flour, soy flakes, soy protein isolates and concentrates, cotton seed
      flour, cotton seed protein isolates and concentrates, peanut flour, peanut
      protein isolates and concentrates, sesame seed flour, sesame seed protein
      isolates and concentrates, corn flour, corn grits, corn protein isolates
      and concentrates, gluten, cereal protein isolates and concentrates,
      rapeseed flour and rapeseed protein isolates and concentrates, and/or
      animal protein such as fish protein concentrate, slaughterhouse waste
      meat, or bone meal together with other ingredients, such as amino acids,
      vitamins, minerals, salt, pepper and good coloring agents and the like, if
      desired, is passed through a pre-conditioning zone wherein the moisture
      level is raised to about 20 to about 45 per cent. The moisturized protein
      mixture is extruded at temperatures within the range of 212.degree. to
      385.degree.F. to provide a shaped extrudate. The shaped extrudate may be
      pulled immediately, exposed to a friction force by passing it through
      differential speed rollers or cooled, rehydrated and exposed to a friction
      force by passing it through differential speed rollers, prior to drying
      the extrudate at temperatures ranging from about 130.degree. to
      350.degree.F. When the extrudate is cooled, the resulting product has
      meatlike chewability and resists dispersion in water. This extruded
      product may be washed with water having a temperature between 5.degree. to
      about 250.degree.C. and pH of about 4.5 to about 9.5, subjected to a mild
      shear force by the action of a pair of differential speed rollers and
      either frozen, canned and retorted while wet or dried at temperatures
      between 40.degree. to about 230.degree.C. to produce a product having a
      meatlike appearance, sensory-textural properties of animal proteins and a
      bland flavor.
PAR  By practicing the process of this invention, therefore, one can prepare a
      single-cell protein containing product having the requisite physical
      properties of meat, poultry or fish analogs having meatlike appearance,
      sensory-textural properties of animal proteins and a bland flavor. This
      textured bland product can be flavored with meat flavorings selected from
      the group consisting of beef, pork, chicken and fish.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process of this invention is especially designed to provide a method
      for imparting texture characteristics and properties to mixtures of plant
      and/or animal proteins and protein-containing unicellular microorganisms
      which were grown by known commercial fermentation processes. In one
      embodiment of this invention, the cell harvest from a commercial
      fermentor, as for example the crude, moisture-containing product cake
      recovered from a centrifuge or filter, serves as a starting meterial for
      the texturization process.
PAR  Any microbial cell materials can be combined with plant and/or animal
      proteins and treated according to the texturization process of this
      invention. In a fully integrated, continuous system, the microbial cells
      are conveniently grown in a first fermenting stage where oxygen and a
      suitable substrate, such as liquid or gaseous hydrocarbons or oxygenated
      hydrocarbons such as carbohydrates or alcohols, together with a nutrient
      solution containing vitamins and minerals are fed to a stirred reactor
      containing the microorganisms. The growth rate of microorganisms on the
      hydrocarbon or other substrate is typically exponential in nature. As the
      microorganism concentration increases, a portion of the reacting mixture
      is withdrawn from the stirred reactor and the microorganisms are separated
      from the withdrawn reaction mixture.
PAR  By way of illustration, bacteria such as those listed in Table I and yeasts
      such as those listed in Table II and fungi such as those listed in Table
      III are suitable microorganisms for use as starting materials in the
      practice of this invention.
TBL                Table I                                                     
     ______________________________________                                    
             Suitable Bacteria                                                 
             Acetobacter sp.                                                   
             Arthrobacter sp.                                                  
             Bacillus subtilis                                                 
             Corynebacterium sp.                                               
             Micrococcus sp.                                                   
             Pseudomonas sp.                                                   
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
             Suitable Yeasts                                                   
             Candida curvata                                                   
             Candida lipolytica                                                
             Candida pulcherima                                                
             Candida utilis                                                    
             Hansenula anomala                                                 
             Oidium lactis                                                     
             Saccharomyces carlsbergensis                                      
             Saccharomyces cerevisiae                                          
             Saccharomyces fragilis                                            
             Trichlosporon cutaneum                                            
     TABLE III                                                                 
     ______________________________________                                    
             Suitable Fungi                                                    
             Aspergillus niger                                                 
             Aspergillus glaucus                                               
             Aspergillus -Aspergillus -Aspergillus terreus                     
             Aspergillus itaconicus                                            
             Penicillium notatum                                               
             Pencillium chrysogenum                                            
             Penicillium glaucum                                               
             Penicillium griseofulvum                                          
     ______________________________________                                    
PAR  The use of Candida utilis, Saccharomyces cerevisiae, Saccharomyces
      fragilis, or Saccharomyces carlsbergensis is the preferred single cell
      starting component material for the texturization process of this
      invention, because each is considered by the U.S. Food and Drug
      Administration to be suitable for use in food products.
PAR  The other starting component of the mixture may be selected from the group
      consisting of plant protein such as soy flour, defatted soy flour, soy
      flakes, soy protein isolates and concentrates, cotton seed flour, cotton
      seed protein isolates and concentrates, peanut flour, peanut protein
      isolates and concentrates, sesame seed flour, sesame seed protein isolates
      and concentrates, corn flour, corn grits, corn protein isolates and
      concentrates, gluten, cereal protein isolates and concentrates, rapeseed
      flour and rapeseed protein isolates and concentrates, and/or animal
      protein such as fish protein concentrate, slaughterhouse waste meat, or
      bone meal.
PAR  In general, the texturization process comprises mixing, moisturizing,
      heat-extruding, chopping, drying and cooling an aqueous paste of
      single-cell protein combined with plant and/or animal proteins from the
      group listed above. The aqueous paste of single-cell containing protein
      preferably contains about 20 to 35 percent water, although a water content
      of 10 to 50 weight percent is suitable. When the single-cell component of
      the mixture to be texturized comes directly from a fermentation harvesting
      step, it is often desirable to adjust the water content by means such as
      centrifuging, drying and then stirring with water addition.
PAR  In addition to water, single-cell protein material, plant protein and/or
      animal protein, the mixture can also contain other ingredients, such as
      amino acids, vitamins, minerals, salt, pepper and food coloring agents,
      and the like which enhance the properties of the final product.
PAR  In general any of the typical extrusion cooking-texturization processes can
      be used for the initial texture formation. In such an operation (See
      schematic diagram) single-cell protein, plant protein materials and/or
      animal protein materials along with other ingredients are mixed together
      (No. 1), preconditioned (No. 2) and extrusion cooked (No. 3). The
      single-cell protein content of the mixture ranges from 5% to 60%, with the
      preferred range being between 15% to 35%. The plant protein materials
      and/or animal protein materials are selected from those listed above.
      Other ingredients are products such as fish protein concentrate, oil
      soluble flavorings, Food, Drug and Cosmetic Act lake colorings, etc. The
      preferred plant protein source is soybean. Defatted soybean flour content
      ranges between 40% to 95%, with preferred range of 65 to 85%. Protein
      concentrates and isolates are also included in the mixture optionally at
      1% to 95% range. The preferred range for the protein isolates and
      concentrates is 5 to 20%. At the preconditioning stage water or steam is
      added to bring the moisture content of the mixture to 35%. The extrusion
      cooking temperatures range between 180.degree. to 385.degree.F., with a
      preferred range of 210.degree.-275.degree.F. The extruded product is
      normally chopped to small sizes with a rotary knife (-4). It is preferred
      for the purposes of this invention that the particle sizes be large
      ranging from about 1/16 inch to 4 inches diameter, to 1/64 inch to 10
      inches length. Preferred size ranges are 1/8 to 2 inches diameter and 1/2
      to 5 inches length. The chopped particles would normally be dried (No. 5)
      and cooled (No. 6). The dry particles are washed in a counter current
      washer (No. 7) by using hot or cold water, or hot or cold acidified or
      alkaline water. The washed product is subjected to mild shear by the
      action of a pair of differential speed rollers and then dried (No. 9) or
      frozen (No. 10). In a preferred procedure the particles are washed without
      going through the initial drying and cooling steps. In an alternative
      procedure, the extruded product is washed with water, acidified water, or
      alkaline water, under pressure in a batch or continuous retort (No. 11).
      Washed product is again passed between the differential speed rollers (No.
      12) and dried (No. 13); as an alternative, the washed and sheared
      particles are canned (No. 16) and retorted (No. 15) while wet. In these
      various operations water, acidified water, or alkaline water temperatures
      range between 5.degree.C. to 250.degree.C., with preferred range for cold
      water of 10.degree.-30.degree.C., and for the hot water,
      65.degree.-100.degree.C., and for the retort washed samples
      110.degree.-150.degree.C. Dryer temperatures range between 40.degree.C. to
      230.degree.C. with a preferred range of 65.degree.-105.degree.C. The
      products so obtained have the appearance of meat poultry or fish and they
      have the sensory-textural properties of these animal proteins, with a
      bland flavor and resists dispersion in water. Now flavorings are added to
      these textured products to have them taste like meat, poultry, or fish.
PAR  The following schematic diagram serves to illustrate the steps involved in
      the practice of this invention.
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DETD
PAC  EXAMPLES
PAR  The following examples are illustrative, without implied limitation, of our
      invention.
PAC  EXAMPLE I
PAR  A mixture of 30% P-10 (Amoco Torula Dired Yeast), 60% defatted non-toasted
      soy flour (Soyafluff 200W of Central Soya) and 10% soy protein isolate
      (Supro-610 of Ralston Purina) was extruded through a Wenger X-5 extruder
      with a 265.degree.F. fifth head temperature. 1st and 2nd heads were water
      cooled while the 3rd, 4th and the 5th heads were steam heated. The
      extruded product was light brown in color and mild in taste with slightly
      masked soybean taste. It could be easily hydrated without dispersion in
      water and when wetted it did not become mushy. The hydrated product had a
      meatlike chewability. After oven drying, the textured product was slower
      to hydrate but retained its desirable chewability characteristics. When
      the oven dried product was hydrated and retorted 15 minutes at
      250.degree.F. under 15 psi steam pressure, it retained its textural and
      chewable quality while the commercially available textured vegetable
      protein products, which were based on soyflour only, or soyflour and soy
      concentrate developed a mushy texture.
PAC   EXAMPLE II
PAR  A mixture of 30% P-10 (Amoco Torula) and 70% defatted non-toasted soy flour
      (Soyafluff 200W of Central Soya) was extruded through a Wenger X-5
      extruder. The fifth head temperature was maintained at 270.degree.F., 1st,
      2nd and 3rd heads were water cooled and the 4th and 5th heads were steam
      heated. The extrudate was light brown in color with slightly puffed
      texture. The extrudate was chewable when wetted and retained a chewable
      texture after retorting under similar conditions given in Example I.
PAC  EXAMPLE III
PAR  The test in Example I was repeated except that a mixture of 30% P-10, 65%
      soyflour (Soyafluff 200W) and 5% meat and bone meal was used, and the
      fifth head temperature was maintained at 225.degree.-250.degree.F. The
      extruded product was very light brown-cream in color. After hydration and
      autoclaving its texture and chewability were similar to that of the
      product of Example I.
PAC  EXAMPLE IV
PAR  A mixture of 30% P-10 (Amoco Torula), 35% defatted soy flour (Soyafluff
      200W), 5% meat and bone meal and 30% wheat flour was extruded with a
      Wenger X-5 extruder, with the fifth head temperature at
      225.degree.-250.degree.F. A puffed product was obtained with light
      brown-cream color. It was puffed but its texture did not hold in water.
PAC  EXAMPLE V
PAR  A mixture of 30% P-10 (Amoco Torula Dried Yeast) and 70% defatted soyflour
      was extruded through a Wenger X-5 extruder, the extruded, rod-shaped
      product was pulled by hand and stretched. When it was cooled and set it
      had meatlike fibrous texture and meatlike textural mouth feel when chewed.
PAC  EXAMPLE VI
PAR  The same extrudate as in Example V was pressed and rolled with fingers, or
      between thumb and palm of hand to apply a friction, meatlike fibrous
      texture was developed.
PAC  EXAMPLE VII
PAR  The same extrudate as in Example V was allowed to set; then it was soaked
      in water and then pressed and rolled as described in Example VI. Meatlike
      fibrous texture (visual) was developed. The product had meatlike textural
      mouth feel when chewed.
PAC  EXAMPLE VIII
PAR  The same as Example VII except that the prepared extrudate was pressed and
      rolled over a flat surface by using a kitchen roller. Meatlike fibrous
      product was obtained.
PAC  EXAMPLE IX
PAR  A 10% in water suspension of an extrudate, comprised of 30% Torula Yeast,
      (as an example, Amoco Torula Dried Yeast), 60% soy flour (as an example
      Central Soya's Soyafluff 200T) and 10% soy protein isolate (as an example,
      Ralston Purina's Supro-610) was autoclaved for 15 minutes at
      250.degree.F., 15 psi. The supernatant was then decanted and discarded.
      The residual extrudate was again suspended in water, autoclaved, and
      supernatant decanted, as before. Excess water was blotted from the
      residual extrudate with absorbent paper. The residual extrudate had an
      improved bland flavor.
PAC  EXAMPLE X
PAR  An extrudate of similar composition as in Example IX was placed in a
      column, for example a 1000 ml. graduated cylinder, hot water was flushed
      through the column, for example for approximately 15 hours at
      approximately 15 ml/min., water was introduced at the bottom of the
      graduated cylinder by means of a length of plastic or rubber tubing and
      allowing the water to spill over the top of the graduated cylinder. The
      water was decanted from the cylinder and the excess water was blotted from
      the residual extrudate with absorbent paper. The residual extrudate had an
      improved bland flavor, the yield in this type of washing was approximately
      65%.
PAC  EXAMPLE XI
PAR  The same procedure as Example X except cold water (tap) was used. The
      residual extrudate had an improved bland flavor.
PAC  EXAMPLE XII
PAR  The same procedures were followed as in Examples IX, X and XI. The
      extrudate had a composition of 30% Torula Yeast (as an example, Amoco
      Torula Dried Yeast) 70% soy flour (as an example, Central Soya's Soyafluff
      200W). The residual extrudate had an improved bland flavor.
PAC  EXAMPLE XIII
PAR  The residual extrudates of Examples IX, X, XI and XII were each pressed and
      flattened by the use of a rolling pin. Surprisingly the flattened
      extrudate had a meatlike appearance, texture and mouth feel.
PAC  EXAMPLE XIV
PAR  The same procedure as Example XIII was used except a powdered beef
      flavoring (as an example, Herb-Ox beef flavored bouillon) was mixed with
      the extrudate just prior to flattening with the rolling pin. The resulting
      product had a beef-like appearance, texture, mouth feel and flavor.
PAC  EXAMPLE XV
PAR  The same procedure as Example XIII was used except a powdered chicken
      flavoring (as an example, Herb-Ox Chicken flavored bouillon) was used in
      place of beef flavoring. The resulting product had a chicken-like
      appearance, texture, mouth feel and flavor.
PAC  EXAMPLE XVI
PAR  A 10% water suspension of an extrudate comprised of 20% Torula Yeast (as an
      example, Amoco Torula Dried Yeast) and 80% soyflour (as an example,
      Central Soya's Soyafluff 200W), was adjusted to pH4 by titrating with
      hydrochloric acid. The suspension was autoclaved for 5 min. at
      250.degree.F. and 15 psi. The pH was then adjusted back to pH4. (Decant
      the supernatant and add water to the residual extrudate to the original
      volume of the suspension). The pH was again adjusted to 4 with
      hydrochloric acid and the previous autoclaving and decant procedure was
      repeated. Again the residual extrudate was resuspended and the pH was
      adjusted to 4. The suspension was allowed to stand at ambient temperature,
      approximately 72.degree.F., for 10 min., and the supernatant was decanted.
      Surprisingly the net material loss of extrudate was approximately 25%. The
      product had an improved bland flavor.
PAR  The many uses and advantages of the products produced in accordance with
      this invention become apparent when it is realized that such analogs can
      be used as extenders or replacers for meat, poultry, and fish in food
      products without causing any adverse sensory reaction. The nutritional
      quality of the product can be tailored to a particular specification. Such
      meat analogs can be mass produced with reasonable uniform quality.
      Moreover, these analogs do not leave the beany aftertaste typical of all
      soy protein based analogs.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for imparting meatlike texture to mixtures of protein
      materials comprising the steps of:
PA1  a. preparing a mixture of a single-cell protein material and at least one
      material selected from the group consisting of (1) animal protein and (2)
      plant protein, said mixture containing about 5 to about 50 percent of the
      single-cell protein component;
PA1  b. adjusting the moisture level to about 20 to about 45 percent;
PA1  c. extruding the moisturized protein mixture at temperatures within the
      range of 210.degree. to 385.degree.F. to provide a shaped extrudate;
PA1  d. drying the extrudate at temperatures ranging from about 130 to about
      350.degree.F.; and
PA1  e. cooling the dried extrudate to produce a product which has meatlike
      chewability and resists dispersion in water.
NUM  2.
PAR  2. The process of claim 1 wherein the extrudate from step (c) is chopped
      with a rotating knife.
NUM  3.
PAR  3. The process of claim 2 wherein the product from step (e) is (1) washed
      with water having a temperature between 5.degree. to about 250.degree.C.
      and pH of about 4.5 to about 9.5, (2) subjected to a mild shear force by
      the action of a pair of differential speed rollers and (3) dried at
      temperatures between 40.degree. to about 230.degree.C. to produce a
      product having meatlike appearance, sensory-textural properties of animal
      proteins and a bland flavor.
NUM  4.
PAR  4. The process of claim 3 wherein the dried product from step (e)(3) is
      flavored with meat flavorings selected from the group consisting of beef,
      pork, chicken and fish flavorings.
NUM  5.
PAR  5. The texturized product prepared by the process of claim 3.
NUM  6.
PAR  6. The process of claim 2 wherein the product from step (e) is (1) washed
      with water having a temperature between 5.degree. and about 250.degree.C.
      and pH of about 4.5 to about 9.5, (2) subjected to a mild shear force by
      the action of a pair of differential speed rollers and (3) frozen.
NUM  7.
PAR  7. The process of claim 1 wherein the extrudate from step (c) is pulled
      immediately.
NUM  8.
PAR  8. The process of claim 1 wherein the extrudate from step (c) is exposed to
      a friction force by passing it through differential speed rollers.
NUM  9.
PAR  9. The process of claim 1 wherein the extrudate from step (c) is cooled,
      hydrated and exposed to a friction force by passing it through
      differential speed rollers.
NUM  10.
PAR  10. The process of claim 1 wherein the extrudate from step (c) is (1)
      washed with water having a temperature between 5.degree. and about
      250.degree.C. and pH of about 4.5 to about 9.5 under pressure in a batch
      retort, (2) subjected to a mild shear force by the action of a pair of
      differential speed rollers and (3) dried at temperatures between
      40.degree. to about 230.degree.C. to produce a product having meat-like
      appearance, sensory-textural properties of animal proteins and a bland
      flavor.
NUM  11.
PAR  11. The process of claim 10 wherein the dried product from step (c) (3) is
      flavored with meat flavorings selected from the group consisting of beef,
      pork, chicken and fish flavorings.
NUM  12.
PAR  12. The process of claim 1 wherein the extrudate from step (c) is (1)
      washed with water having a temperature between 5.degree. and about
      250.degree.C. and pH of about 4.5 to about 9.5 under pressure in a
      continuous retort, (2) subjected to a mild shear force by the action of a
      pair of differential speed rollers and (3) dried at temperatures between
      40.degree. to about 230.degree.C. to produce a product having meatlike
      appearance, sensory-textural properties of animal proteins and a bland
      flavor.
NUM  13.
PAR  13. The process of claim 1 wherein the extrudate from step (c) is (1)
      washed with water having a temperature between 5.degree. and about
      250.degree.C. and pH of about 4.5 to about 9.5 under pressure in a batch
      retort. (2) subjected to a mild shear force by the action of a pair of
      differential speed rollers and (3) canned and retorted while wet.
NUM  14.
PAR  14. The process of claim 13 wherein the sheared extrudate from step (c) (2)
      is flavored with meat flavorings selected from the group consisting of
      beef, pork, chicken and fish flavorings.
NUM  15.
PAR  15. The process of claim 1 wherein the extrudate from step (c) is (1)
      washed with water having a temperature between 5.degree. and about
      250.degree.C. and pH of about 4.5 to about 9.5 under pressure in a
      continuous retort, (2) subjected to a mild shear force by the action of a
      pair of differential speed rollers and (3) canned and retorted while wet.
NUM  16.
PAR  16. The texturized product prepared by the process of claim 15.
NUM  17.
PAR  17. The process of claim 1 wherein the single-cell protein is yeast.
NUM  18.
PAR  18. The process of claim 1 wherein the single-cell protein materials are
      selected from the group consisting of Candida utilis, Saccharomyces
      carlsbergensis. Saccharomyces cerevisiae and Saccharomyces fragilis.
NUM  19.
PAR  19. The process of claim 1 wherein the plant protein materials are selected
      from the group consisting of soy flour, defatted soy flour, soy flakes,
      soy protein isolates and concentrates, cotton seed flour, cotton seed
      protein isolates and concentrates, peanut flour, peanut protein isolates
      and concentrates, sesame seed flour, sesame seed protein isolates and
      concentrates, corn flour, corn grits, corn protein isolates and
      concentrates, gluten, cereal protein isolates and concentrates, rapeseed
      flour and rapeseed protein isolates and concentrates.
NUM  20.
PAR  20. The process of claim 1 wherein the animal protein materials are
      selected from the group consisting of fish protein concentrate,
      slaughterhouse waste meat and bone meal.
NUM  21.
PAR  21. The process of claim 1 wherein the mixture of single-cell protein
      material and plant protein are selected from the formulations consisting
      of (1) 30% Candida utilis (yeast), 60% defatted non-toasted soy flour and
      10% soy protein isolate, (2) 30% Candida utilis (yeast) and 70% defatted
      non-toasted soy flour, and (3) 20% Candida utilis (yeast) and 80% soy
      flour.
NUM  22.
PAR  22. The process of claim 1 wherein the mixture of single-cell protein
      material, animal material and plant protein are selected from the
      formulations consisting of (1) 30% Candida utilis (yeast), 65% soy flour
      and 5% meat and bone meal and (2) 30% Candida utilis (yeast), 35% defatted
      soy flour, 5% meat and bone meal and 30% wheat flour.
NUM  23.
PAR  23. The process of claim 1 wherein the temperature in step (c) is between
      218.degree. to 265.degree.F and the temperature in step (d) is between
      150.degree. to 200.degree.F.
NUM  24.
PAR  24. The process of claim 1 wherein the mixture of step (a) is fortified
      with ingredients selected from the group consisting of amino acids,
      vitamins, minerals, salt, pepper and food colorings.
NUM  25.
PAR  25. The process of claim 1 wherein the single-cell protein material is
      fungi or bacteria.
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PAC  SUMMARY AND BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to the formation of an agglomerate having a
      liquid adsorbed by carrier components, and more particularly to such an
      agglomerate wherein the liquid contains unidentified growth factors which
      are used as animal feed supplements.
PAR  2. Brief Description of the Prior Art:
PAR  The National Research Council has long recognized the existence of
      unidentifed growth facts (UGF) and in 1960 concluded that marine products,
      such as condensed fish solubles (CFS) are a major source of UGF. The
      accumulated evidence leaves no doubt that UGF exists and are of primary
      importance in promoting growth, reproduction and enhanced storage and
      utilization of certain vitamins and minerals. Attempts to fractionate, or
      concentrate, the UGF have been largely unsuccessful and of little economic
      importance to the animal feed manufacturer. Condensed fish solubles (CFS)
      in their natural state have been widely acknowledged as one of the most
      potent sources of UGF available. It has been the goal of scientists to
      develop a method of converting the CFS to a more convenient dry form and
      yet retain the original high UGF potency of the liquid solubles.
PAR  In the past, attempts have been made to mix these solubles with carrier
      material such as soy bean hulls because they are inexpensive and
      adsorptive. Similar organic materials have been used for the same purpose.
      An example is soy bean meal, which includes the carrier properties of the
      hulls in addition to a protein element. Dried, ground corncobs have also
      been used as carrier materials.
PAR  Although these materials convert the liquid CFS to a more convenient
      semi-dry form, it has been found that the adsorbing limitations of these
      organic materials require utilization of great quantities of carrier
      material, with respect to the CFS, which increases shipping and handling
      costs as well as decreases the UGF potency per unit weight. Additional
      problems of bacteria and mold growth have made it impractical to use the
      semi-dry material on a widespread basis.
PAR  Another prior art approach has been to remove the water content from the
      CFS in an attempt to obtain the UGF as a powdered concentrate. However,
      scientists have discovered that by removing the water, the UGF are
      destroyed. Thus, it is a basic presumption that UGF require moisture in
      order for the factors to remain stable.
PAR  Dr. Ed Nabor, of Ohio State University, conducted tests to demonstrate the
      destruction of UGF stability when heat is applied to and/or water removed
      from CFS. In his experimentation Dr. Nabor used heat to dry CFS under the
      gentlest of conditions, namely a vacuum environment. By reducing the water
      content of the CFS, a growth assay did not show a corresponding increase
      in UGF potency on a unit weight basis. Thus, it is apparent that heat
      and/or the drying process affects the potency or stability of the factors.
      Similar experiments have been carried out with other UGF sources by Dr.
      Larry Potter of Virginia Polytechnic Institute, Cornell University,
      Washington State University and other institutions which have reported the
      same observations.
PAR  Although the foregoing discussion related to UGF in condensed fish
      solubles, it must be clearly understood that UGF exists in many other
      organic materials. Thus, the animal feed industry utilizes liquid
      streptomyces solubles, a by-product from antibiotic production, as a
      source of UGF. Other sources include distillers' solubles, brewers'
      yeasts, other yeasts, molds, whey and fermented whey. These sources are
      utilized because they are plentiful and inexpensive. However, it must be
      understood that other natural materials, fermentation residues, organic
      substances and various combinations thereof can furnish the requisite UGF.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention has achieved the development of a method for
      converting UGF liquids, such as condensed fish solubles (CFS), liquid
      streptomyces solubles (LSS) and/or liquid penicillin solubles to a more
      convenient semi-dry form and yet retain the original high UGF potency of
      the liquid solubles. This is accomplished by forming an agglomerate
      consisting of primary and secondary carriers that adsorb the liquid
      soluble to their surfaces and yet form a granular composition that is
      extremely convenient to handle.
PAR  The particular types of carriers employed in the present invention are far
      superior than the prior art carriers, in terms of their adsorptive
      capacity. Accordingly, per unit weight, the granular composition of
      agglomerates that form the present invention have a high UGF yield.
      Because of a novel pre-treatment of the solubles, the present invention
      eliminates the problems of bacterial and mold growth that plagued the
      products conceived in the prior art.
PAR  As a result of the present agglomerate structure and its ralated method,
      solubles may be converted to a substantially dry, stable meal, which
      retains the original high UGF potency present in the natural solubles or
      aforementioned materials. The result of this development enables a lower
      feed cost with equal, or greater nutritional value of the animal ration.
PAR  It must be emphasized that although the present invention will be described
      in terms of its utilization for animal feed supplements (UGF), the basic
      method and resulting agglomerate structure can be employed in other
      industrial applications where a liquid is to be converted to a
      substantially dry form that is convenient to handle.
PAR  In certain instances, the use of the primary carrier, alone, may be
      adequate.
PAR  The above-mentioned objects and advantages of the present invention will be
      more clearly understood when considered in conjunction with the
      accompanying drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a view illustrating the primary and secondary carrier particles
      depicting their external appearance and relative size.
PAR  FIG. 2 is a view illustrating the composite of the carrier particles
      forming an agglomerate with liquid soluble absorbed by the surface of the
      particles.
PAR  FIG. 3 is an enlarged portion of the agglomerate shown in FIG. 2. The
      figure illustrates the adherence of the secondary carrier particles to the
      primary carrier particle, with liquid being adsorbed along the exposed
      surfaces.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to the figures, and more particularly FIG. 1, reference numeral
      10 generally indicates a primary carrier particle that may consist of
      silicon dioxide. This material is available from the Huber Corporation of
      Maryland. Other carriers may also be employed. These include the generic
      material bentonite and the many types and forms of standard diatomaceous
      earths such as Celite and other inorganic oxides. Another excellent
      carrier material is known as Vermiculite. The qualities that these primary
      carrier particles have include: excellent adsorptive capability, and
      resistance to shearing effects due to material handling. As will be
      noticed from FIG. 1 the mass 12 of the carrier particle 10 has a generally
      spherical to cuboidal shape with an irregular surface 14 that includes
      craters or pockets 17 that hold significant quantities of liquid therein.
      This gives the primary carrier material its adsorptive quality.
PAR  Reference numeral 16 generally denotes a particle of the secondary carrier
      which is an expanded diatomaceous particle. The material is available from
      the Johns-Manville Company and is known in the trade as MICRO-CEL. The
      material is a diatomaceous finely ground earth of extremely small particle
      size which is fused with calcium oxide at high temperatures to form an
      expanded particle system. The resulting particle is a calcium silicate
      salt, which has a greatly increased surface area per unit weight when
      compared to the original diatomaceous earth. As will be noticed from FIG.
      1, the secondary particle has many three-dimensional flanges or
      convolutions. Due to these flanges, the secondary particle has an
      extremely high adsorptive capability. This capability even exceeds that of
      the primary carrier. However, it is not practical to use only the
      secondary carrier material because the flange configuration thereof makes
      the secondary carrier particles extremely fragile and susceptible to
      shearing in the course of material handling.
PAR  FIG. 2 illustrates the adherence of many secondary carrier particles 16 to
      a single primary carrier particle 10. Although some of the secondary
      carrier particles may not continually adhere to the primary carrier
      particles, the result is an agglomeration that is fairly resistant to
      material handling shearing. In addition, the agglomerate carries a
      substantial proportion of its weight in the liquid solubles.
PAR  It has been found that the addition of cellulose fibers 24 to the
      agglomerate of FIG. 2 further increases the structural integrity and
      flowability of the resulting granular composition and significantly
      reduces compaction, particularly in bulk handling. The cellulose fibers
      may be derived from various sources including ground corncob or ground
      peanut hulls. The exact process for producing the agglomerate of FIG. 2
      will be explained hereinafter.
PAC  PROCESS FOR MAKING AGGLOMERATE
PAR  With the preceding discussion regarding the physical structure of the
      agglomerate 22, it will be well to continue at this point with a
      discussion of how the agglomerate is formed. The basic process steps for
      the present invention includes:
PAR  1. pretreatment of an active liquid to retard mold and bacterial growth;
PAR  2. mixing of primary carrier and active liquid; and
PAR  3. further mixing with a secondary carrier to form a complete agglomerate
      structure.
PAR  The active ingredient which contains UGF may be of several conventional
      types. The previously mentioned condensed fish solubles provide one such
      active ingredient. The condensed fish soluble (CFS) are usually made from
      salt water fish, such as the Menhaden fish. CFS is available as a
      commodity from many processors such as the Hanie Products Company of
      Virginia and the Empire Menhagen Company of Louisiana. The Menhaden fish
      is prevalent along the East Coast and the Gulf of Mexico. In other coastal
      areas, other types of fish can be economically used. A second type of
      active ingredient is liquid streptomyces solubles (LSS), which is
      available as a by-product of the antibiotic industry. Another name for
      this active ingredient is streptomyces fermentation residues. A number of
      pharmaceutical companies offer this or similar materials as a commodity,
      such as Abbott Laboratories. Combinations of active ingredients may also
      be used, such as the combination of CFS and LSS. Also, there are a wide
      variety of active liquid ingredients that can be used in lieu of the ones
      presently enumerated such as penicillin solubles. CFS and LSS are
      mentioned as being exemplary.
PAR  As mentioned in the brief descriptions of the prior art and the present
      invention, it is an extremely important object of the invention to
      pre-treat the active liquid ingredients so that they retard mold growth
      and bacterial growth. With respect to mold growth, it has been found that
      the addition of acid to the active liquid decreases its pH and will create
      a hostile medium for molds. This is due to the fact that most molds grow
      readily in a neutral pH environment (pH of about 7.+-.2). Certain molds
      will grow in a slightly acid material with a pH in the vacinity of 6.
      However, mold growth will virtually retard when the pH ranges between 1.0
      and 3.0.
PAR  A preferred acid is sulfuric acid which will not only provide the necessary
      acidic pH, but also provides an additional nutritional benefit. The
      sulphate ion in sulfuric acid is a source of sulfur which has been
      reported to reduce an animal's requirement of methionine as derived from
      exogenous sources. However, it must be plainly understood that other
      conventional acids will provide the same mold retardant effect. although
      these acids may not provide the nutritional advantage of sulfuric acid due
      to the lack of a sulphate ion. Alternative acids are hydrochloric, nitric
      and phosphoric.
PAR  A second phase of active liquid pre-treatment concerns a conditioning of
      the liquid to raise its osmotic pressure capability thereby creating a
      hostile environment for bacteria, which results in bacteria-static action.
      Economically, sodium chloride provides satisfactory ionic action to raise
      the osmotic pressure to a necessary level, hostile to bacteria.
      Alternatives to sodium chloride are any economically available inorganic
      salt that may provide ions necessary to raise the osmotic pressure of the
      active liquid.
PAR  The sodium chloride must be added to the active liquid while the latter is
      maintained at an elevated temperature sufficient to completely dissolve
      (dissociate) the sodium and chloride ions in the liquid to achieve a
      saline solution in the approximate range of 2% - 6% (by weight) which is
      reduced (by weight) in the finished product. If the salt were not
      completely dissolved (dissociated or ionized), crystals would form, out of
      solution, and the osmotic pressure would not be increased uniformly
      throughout the liquid, as required.
PAR  Once the active liquid has been pre-treated to retard bacteria and mold
      growth, the liquid may be mixed with primary and secondary carrier
      material, both insoluble to the active liquid, to form the agglomerate
      structure shown in FIG. 2. As an initial step, the active liquid is mixed
      with the primary carrier, such as the silicon dioxide, previously
      mentioned, or other oxides. The mixing may occur in either a batch or
      continuous operation. Emperically, the mixing takes place for a long
      enough period to achieve homogenity of the mixture. However, the period of
      mixing must be limited because excessive mixing will denature the protein
      molecules of the active liquid, as well as causing structural damage to
      the primary carrier particles. In addition, excessive mixing or agitation
      will destroy the fragile UGF. Before the end of a mixing operation,
      cellulose fibers are introduced to the mixture so that they entwine the
      primary carriers. This is shown in FIG. 2. Although a substantial degree
      of adsorption has taken place between the primary carrier and the active
      liquid, the primary carrier material is saturated and as a result, excess
      liquid exists. Thus, the resultant mixture is damp and is not freeflowing.
      To rectify this condition, a second mixing step takes place which adds the
      secondary carrier. As in the instance of the first mixing step, the period
      of mixing is determined emperically so that mixing takes place for a long
      enough period of time to achieve homogenity of the mixture without causing
      denaturing of protein molecules in the active liquid, nor damage to
      primary carrier particles. In addition, the mixing cannot be excessive
      since the UGF would be destroyed by the excessive introduction of
      mechanical energy. Still further, the mixing period is critical due to the
      fragility of the secondary carrier particle flanges. Thus, if the second
      mixing step is too lengthy, the necessary flanges, as shown in FIG. 1,
      would be sheared off and the adsorption capability of the secondary
      carrier material would be greatly reduced. The protein denaturation and
      particle damage results in a thick, gum-like material which is no longer
      freeflowing. As a result of the second mixing step, the previously
      existing excessive liquid is adsorbed by the secondary carrier particles,
      these secondary carrier particles remaining unsaturated with the active
      liquid. The resulting material is granular in nature and quite
      freeflowing. Due to the presence of the adsorbed liquid, the granular
      material will not be dusty, which is a great advantage during material
      handling.
PAR  The resultant granular material is comprised of agglomerates, as shown in
      FIG. 2. FIG. 3 is a partial view of an agglomerate showing the structural
      relationship between several secondary carrier particles and a primary
      carrier particle. As will be noted from FIG. 3, the secondary carrier
      particles 16 adhere to the surface 14 of the primary particle 10, at
      points such as 26. Adhesion takes place due to the adhesive quality of the
      liquid adsorbed on the surfaces of both the primary carrier particle and
      the secondary carrier particles. The presence of the active liquid along
      the surface areas of the carrier particles is clearly evident in FIG. 3.
      This accounts for physical bonding of water to the carriers. In addition
      to this physical bonding, water is chemically bound to the carriers
      through the vehicle of crystals (not shown) that exist within the adsorbed
      liquid on the surfaces of the particles. These crystals result from a
      chemical reaction that occurs during the second mixing step discussed
      above. During this step, calcium oxide from the secondary carrier material
      reacts with water in the active liquid to produce calcium hydroxide, a
      crystal material. Accordingly, the presence of water to maintain the
      integrity of UGF is insured in the final agglomerate.
PAR  FIG. 3 indicates a point 28 where adjacent flanges of respective secondary
      carrier particles may attach due to the adhesion therebetween. Again, this
      is due to the adhesive quality of the active liquid. The extended flanges
      of the secondary carrier particles create pockets 30, between the
      secondary carrier particles and the peripheral surface 14 of the primary
      carrier particle. The pocket serves as a minute reservoir for the active
      liquid. In addition, FIG. 3 depicts the depressions 17 in the primary
      carrier which also serves as a minute reservoir for the active liquid. The
      previously metioned pocket 20 formed as a result of the convolutions of
      the flanges 18 store portions of the active liquid therein. Thus, as
      evidenced by FIG. 3, adjacently situated particles form liquid filled
      cavities for storing the active liquid. More particularly, the cavities
      are formed between adjacently positioned flanges 18 of the secondary
      particles, as well as between adjacently positioned secondary particles,
      primary-secondary particles, and as would be inherent in the invention,
      where voids are created, between adjacently situated primary particles.
      The resultant liquid storage capability of the agglomerate via adsorption
      and capillary action results in a 35% composition, by weight, of water in
      the finished product. This relatively high percentage of water in the
      finished product enables the present invention to maintain the integrity,
      stability and potency of UGF factors in a converted material that is
      dry-like, granular and convenient to handle.
PAR  The preferred embodiment of the present invention has been described above
      in terms of an active liquid having high nutritional value, particularly
      in its high UGF composition. However, it must be emphasized other liquids
      may be converted to a granular state using the principles of the present
      invention. These may include other nutritional liquids, oils, fats and
      fatty acids as well as a wide variety of industrial liquids, to name a
      few.
PAR  It is also to be emphasized that although the preceding is discussed in
      terms of a nutritional supplement for animals, it should be understood
      that the invention has application for human consumption of liquids that
      might contain unidentified growth factors, medicine, other nutritional
      liquids, or the like. Accordingly, the preceding specification must be
      read in that light and in the following claims, the term animal must be
      broadly construed to consider human as well as other high order animals.
PAR  It should be understood that the invention is not limited to the exact
      details of construction shown and described herein for obvious
      modifications will occur to persons skilled in the art.
CLMS
STM  Wherefore the following is claimed:
NUM  1.
PAR  1. A method for converting a liquid source of unidentified growth factors
      to a semi-dry stable meal, which retains the original unidentified growth
      factors potency found in the liquid, the method including the steps:
PA1  pretreating the liquid with sulfuric acid thus decreasing the pH of the
      liquid and establishing a sufficiently acidic environment to retard mold
      growth in the meal, the sulfuric acid contributing sulphate ions to the
      liquid thus becoming a source of sulfur to predetermined animals that are
      capable of utilizing the resulting sulfur to decrease their requirements
      for methionine from exogenous sources;
PA1  subjecting the liquid to further pretreating with an inorganic salt
      providing ions in the liquid which raise the osmotic pressure thereof and
      creates a hostile environment which arrests bacteria growth in the meal;
PA1  combining adsorptive primary carrier particles that are shear resistant
      with the liquid, and insoluble in the liquid, until saturation of the
      particles and excess free liquid result to form damp material;
PA1  mixing separate cellulose fibers with the liquid and primary carrier
      particles which results in the distribution of the fibers in the meal that
      renders greater flowability and inhibits compactability thereto;
PA1  mixing thereto adsorptive expanded diatomaceous earth particles as
      secondary particles, also insoluble in the liquid, to form agglomerates,
      each agglomerate comprising secondary carrier particles adhering to a
      primary particle, the free excess liquid being adsorbed by the secondary
      carrier particles to form a free flowing granular material with
      substantial surface moisture adsorbed by each agglomerate.
NUM  2.
PAR  2. A method for converting a nutritional liquid to a conveniently handled
      dry-like granular stable meal, which retains the nutritional potency of
      the original liquid, the method comprising the steps of:
PA1  combining adsorptive primary carrier particles that are shear resistant
      with a nutritional liquid, and insoluble in the liquid, until saturation
      of the particles results to form a damp material;
PA1  mixing thereto, secondary adsorptive carrier particles, insoluble in the
      liquid and smaller than the primary carrier particles for causing the
      formation of agglomerates, each agglomerate comprising secondary carrier
      particles adhering to a primary carrier particle, adjacently positioned
      particles of the agglomerates creating cavities filled with the liquid,
      the agglomerates forming a free flowing granular material with substantial
      surface moisture adsorbed by each agglomerate.
NUM  3.
PAR  3. The method recited in claim 2 together with the step of pretreating the
      liquid with a substance that decreases the pH of the liquid so that it
      becomes sufficiently acidic to retard mold growth in the granular meal.
NUM  4.
PAR  4. The method as defined in claim 3 wherein the substance is sulfuric acid
      that contributes sulfate ions to the liquid thus becoming a source of
      sulfur to predetermined animals that are capable of utilizing the
      resulting sulfur to decrease their requirements for methionine from
      exogenous sources.
NUM  5.
PAR  5. The method as set forth in claim 2 together with the step of
      pre-treating the liquid with a substance that increases the osmotic
      pressure of the liquid thus creating a hostile environment for bacteria
      which arrests bacterial growth in the granular high moisture meal.
NUM  6.
PAR  6. The method defined in claim 5 wherein the substance is an inorganic salt
      providing ions in the liquid which raise the osmotic pressure thereof.
NUM  7.
PAR  7. The method defined in claim 2 wherein the secondary carrier particles
      are expanded diatomaceous earth particles.
NUM  8.
PAR  8. The method defined in claim 2 together with the step of mixing separate
      cellulose fibers with the liquid and the primary carrier particles
      resulting in the distribution of the fibers in the meal that renders
      greater flow capability thereto.
NUM  9.
PAR  9. A method for converting a liquid source of unidentified growth factors
      to a dry-stable meal, which retain the original unidentified growth
      factors potency found in the liquid, the method including the steps:
PA1  combining adsorptive primary carrier particles that are shear resistant
      with the liquid, and insoluble in the liquid, until a saturation of the
      particles and excess free liquid result to form a damp material;
PA1  mixing thereto, adsorptive expanded diatomaceous earth particles, insoluble
      in the liquid, as secondary carrier particles, to form agglomerates, each
      agglomerate comprising secondary carrier particles adhering to a primary
      carrier particle, the free excess liquid being adsorbed by the secondary
      carrier particles to form a free flowing granular material with
      substantial surface moisture adsorbed by each agglomerate.
NUM  10.
PAR  10. A method for converting a liquid to a semi-dry granular form that is
      convenient to handle, the method comprising the following steps:
PA1  combining adsorptive primary carrier particles that are resistant to
      shearing, with a liquid, the particles insoluble in the liquid, until
      saturation of the particles results to form a damp material;
PA1  mixing thereto secondary adsorptive carrier particles, insoluble in the
      liquid and smaller than the primary carrier particles, for causing the
      formation of agglomerates, each agglomerate comprising secondary carrier
      particles adhering to a primary carrier particle, adjacently positioned
      particles of the agglomerates creating cavities filled with the liquid,
      the agglomerates forming a free flowing granular material with substantial
      surface moisture adsorbed by each agglomerate.
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ABST
PAL  A process for treating plant organic matter particles to increase the
      digestability thereof by ruminants including mixing the organic particles
      with water, a nontoxic acid catalyst to produce a Ph lower than 3.0, and a
      metallic catalyst of either iron or manganese, oxidizing the mixture under
      elevated pressure and temperature to fragment the cellulose molecules and
      break the lignin-cellulose bond, and hydrolizing the oxidized mixture
      under elevated pressure and temperature to convert at least a portion of
      the cellulose molecules to saccharides and saccharide acids.
PARN
PAR  This is a contination of application Ser. No. 327,414, filed Jan. 29, 1973
      and now abandoned.
BSUM
PAC  BACKGROUND, SUMMARY AND OBJECTS OF THE INVENTION
PAR  Ruminants, such as cattle and sheep, have the capacity to assimilate
      cellulose and cellulose byproducts from plant growth, which is not shared
      by unistomach creatures, such as man. Thus ruminants can digest and grow
      on organic plant material which provides little or no nurishment for other
      types of animals. There are some organic plant materials, however, which
      have a relatively low degree of digestability even to ruminants. These
      include such materials as ground corncobs, rice hulls, bagasse, wheat
      straw, oat straw, rice straw, and the trunk, branches, stems and leaves of
      woody plants such as trees and shrubs. Thus, a very large percent of the
      organic plant growth on the earth is not available for food material to
      livestock, such as cattle and sheep, because of the low digestability. The
      reason that such plant material is not digestable appears to be related to
      the amount and distribution of lignin content in these types of plant
      matter. Lignin is an amorphous polymeric material which binds the
      cellulose together to form the woody cell walls of plant material and in
      essence forms the cementing material between the cells. In plant material
      wherein the lignin cellulose bond is tenacious the cellulose cannot be
      attacked by the micro-organisms living in the stomachs of ruminants and
      thus the digestability of the material is reduced to a level wherein it
      will not support life and growth of ruminants.
PAR  The basic object of this invention is to provide a process of treating
      plant organic matter to increase the digestability thereof by ruminants.
PAR  More particularly, an object of this invention is to provide a process of
      treating plant organic matter including matter such as corncobs, rice
      hulls, bagasse, wheat straw, oat straw, rice straw, and the trunks, limbs,
      stems and leaves of trees and shrubs and other such similar organic plant
      matter to increase the digestability thereof by ruminants to the level
      wherein such material, after having been treated by the process, can
      function as a feed material for ruminant animals.
PAR  Another object of this invention is to provide a process for treating plant
      organic matter in an arrangement to break at least a portion of the
      lignin-cellulose bonds of the plant matter and to convert at least a
      portion of the cellulose molecules to saccharides and saccharide acids so
      as to increase the digestability of the plant material by ruminants.
PAR  These general objects as well as more specific objects of the invention
      will be fulfilled in the following description and claims, taken in
      conjunction with the attached drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a diagram disclosing the equipment which can be utilized in
      practicing the process of this invention and showing the flow of an
      organic matter through the equipment in practicing the process.
DETD
PAC  DETAILED DESCRIPTION
PAR  As previously indicated, the invention is directed to a process for
      converting organic material which cannot be presently utilized for
      domestic animals raised for the production of meat, milk, hides and so
      forth, into usable animal feed. Crops are grown for production of food
      value to animals, however, much of the organic material produced is not
      sufficiently digestable to be of value as a feed material. For instance,
      corn is perhaps the first grown feed material cultivated in America. Corn
      today is still one of our major agricultural products. However, of the
      total corn plant produced, only a small portion thereof is sufficiently
      digestable to be of value. The grain of the corn plant is digestable both
      by man and ruminants and to a small extent the leaves and corn stalks are
      slightly digestable by ruminants, although undigestable to nonruminants.
      However, the level of digestability even in these portions of the corn
      plant are so low as to be of little value as a feed material for domestic
      animals. Corncobs are substantially nondigestable to ruminants and of
      little feed value. Thus, of the total corn product only the small
      percentage making up the grain kernels are utilized. The same applies to
      the production of wheat, rice and oats. Only the grain kernels are
      utilized for animal food. While ruminants can obtain some food value out
      of wheat, oat and rice straw, the level of the value is so low that little
      commercially valuable growth is obtained from this material when utilized
      as animal food and it serves primarily as a filler. Much of the plant
      growth over a wide portion of the earth is woody plant including trees and
      shrubs. While trees of certain species and size have value as a source of
      lumber, the vast majority of the woody plants grown do not reach the size
      or characteristics to be utilized for lumber and therefore are of little
      value. Except for the use of nonlumber producing trees for wood pulp much
      of the trees and shrubs in the nation have little value. This is
      particularly true of shrub trees such as scrub oak which covers a large
      part of the United States.
PAR  While the chemistry of the substance making up the nondigestable or low
      digestable portions of the organic plants is rather complex, in essence it
      appears that the reason such a high percentage of plant growth is not
      available as a food source for ruminants is that the proportion of the
      lignin in such plant material is so high as to bind the cellulose in a way
      to prevent the assimilation thereof by micro-organisms in the stomach of
      the ruminants. The present disclosure is directed towards breaking the
      lignin bond sufficiently from the cellulose to thereby release the
      cellulose cells to assimilation by ruminants and further by increasing the
      digestability of the cellulose cells by converting at least a portion
      thereof to saccharides and saccharide acids which are easily assimilated
      by domestic animals.
PAR  The drawing, as previously indicated, sets forth diagrammatically the
      equipment which may be utilized as one example of a method of practicing
      the process of the invention. Organic matter of any of the nondigestable
      or low digestable forms previously indicated forms the raw material for
      production of feed is delivered to a mixer 10. If the plant organic raw
      material is of a coarse nature, which would be applicable to most raw
      material as utilized in the process, it must first be reduced to particles
      having a maximum size of one quarter inch. Thus the material in most
      instances is first fed to a chipper 12 which may equally as well be called
      a chopper or grinder wherein the material is reduced to particles.
      Generally speaking, the smaller the particle size the better, however, the
      particle size selected becomes merely a matter of economics since
      obviously it costs more to grind wood, straw or otherwise into very tiny
      particles. The type of chipper 12 will depend upon the nature of the
      organic matter, that is, if the raw material is straw the chipper 12 would
      be of one type whereas if it is of wood, such as oak or elm tree trunks it
      would be of an entirely different type, but the output from the chipper 12
      into mixer 10 would essentially be the same, that is, small particles or
      organic material.
PAR  In mixer 10 the organic particles are mixed with a liquid base formed in
      blender 14. The liquid base is formed of water, a metallic catalyst and an
      acid catalyst. The catalysts are blended with the water and the mixture
      discharged from the blender 14 into mixer 10 wherein it is thoroughly
      mixed with the organic particles. The two catalysts serve to increase the
      rate of reaction and are essential to the process. The metal catalyst is
      in the form of iron or manganese or derivatives of either of these two
      metals. While either has functioned satisfactorily the metal catalyst is
      preferably iron because of its economy. In addition, iron has a nutritive
      value and most of its derivatives are nontoxic. The metal catalysts can be
      such as iron and manganese filings; or the mixture of metal in particle
      form, but the metal catalyst is preferably of some other derivative such
      as ferric chloride, ferric sulphate, ferric nitrate, and any of the
      nontoxic salts of iron or manganese. The amount of metal catalyst utilized
      depends upon the specific catalyst selected, but experience has indicated
      that a metal catalyst in the amount of about 0.4% of dry weight of the dry
      weight of the plant organic particles is sufficient.
PAR  The acid catalyst may be any nontoxic acid which can be utilized to produce
      a Ph in the mixture emanating from the mixer 10 of three or lower. While
      the acid utilized to achieve the desired Ph level may be of many types,
      those which have functioned satisfactorily include phosphoric, acetic,
      carbonic, hydrochloric, sulfuric and sulfurous. The only limitation is
      that the acid must not be toxic to ruminants nor produce a toxic reaction
      with the organic particles and metal catalyst. The other criteria in
      selecting the desired acid is economics. The acid selected will depend
      upon the source available in the area in which the process is being
      carried out and while other acids can be utilized hydrochloric and
      sulfuric have proven to be the most effective from the standpoint of cost
      and are not toxic in the end product in the quantities required.
PAR  The mixed liquid from blender 14 is discharged into mixer 10 wherein the
      organic particles are thoroughly mixed and wetted. From mixer 10 the
      mixture is discharged into a holding bin 16. The mixture out of mixer 10
      is about 40 percent by weight of dry matter to about 60 percent by weight
      of solution. However, this percentage can vary depending upon the type of
      organic matter.
PAR  The mixture may be held in holding bin 16 without the application of either
      pressure or heat for a varying length of time depending upon the
      characteristics of the organic particles forming the raw material, the
      ambient temperature and the other parameters of the process. Typically,
      the material is held in holding bin for a period of two to three hours at
      ambient pressure and temperature to allow complete saturation of the
      organic particles with the solution.
PAR  The mixture is delivered from holding bin 16 through a star valve 18 into
      an oxidizer 20. The oxidizer is shown in two portions, 20A and 20B,
      however, the oxidation step may be completed in a single device or in a
      multiplicity of devices as shown. It should be pointed out that the
      process of this invention may be carried out either as a batch process or
      as a continuous process. The illustrated method in the drawing is a
      continuous process wherein the raw material can pass continuously through
      to storage, however, it is understood that as to each step the process may
      be carried out in a batch sequence.
PAR  In oxidizer 20 the mixture is subjected to increased pressure and
      temperature in the presence of oxygen. The preferred temperature of the
      mixture in the oxidation step is about 105.degree. to 110.degree. C.
      although temperatures somewhat below and above this range will suffice by
      varying other parameters. The preferred pressure in the oxidation step is
      about 150 psig so as to provide about 20 to 30 psig partial oxygen
      pressure, although this pressure may also vary according to the other
      parameters and the time assigned to the oxidation reaction step. When the
      mixture is maintained in the range of about 105.degree. C. to about
      110.degree. C. and at a pressure of about 150 psi it has been found that
      the oxidation step can be completed in about twelve to twenty minutes. In
      a batch process this would be the length of time the batch would be
      subjected to these parameters before the step is terminated and the
      material passed to the next step. In the continuous process as illustrated
      this means that each organic particle is within the oxidation step at
      these pressures and temperatures for approximately this length of time,
      that is, twelve to twenty minutes.
PAR  The elevated temperature of the material in the oxidation step may be
      achieved in a variety of ways. One is by use of steam supplied by boiler
      22. Water is fed to the boiler by boiler feed pump 24 and fuel supplied
      from a source 26. Sufficient steam is emitted into the oxidizer 20 to
      obtain and maintain the desired temperature. Obviously electric heaters
      internally of the oxidizer or heat exchanger means within the oxidizer
      could be used or the oxidizer equipment could be heated by external means.
      Any arrangement for obtaining the desired temperature of the mixture in
      the oxidation step would be within the purview of this invention.
PAR  Oxidation of the mixture may be obtained by the admission of oxygen in the
      form of air, oxygen gas, or hydrogen peroxide H.sub.2 O.sub.2. The amount
      of oxygen reacted with the mixture in the oxidation step is equal to about
      3.75% to 5% by weight of the dry weight of the plant organic matter.
PAR  The oxidation step serves the primary purpose of breaking at least a
      portion of the lignin-cellulose bonds of the plant organic matter and to a
      secondary purpose of fragmenting at least a portion of the cellulose
      molecules. By breaking the lignin-cellulose bond the cellulose molecules
      are subject to subsequent chemical action. While the exact process is not
      completely understood it appears that the metal catalyst serves in
      assisting to break the "beta linkage" and the glucose rings in the
      cellulose chain. A physical breakup is observed visually in the mixer. The
      solution then weakens the chemical bonds between the glucose groups of the
      cellulose. It is believed the catalyst attacks the bonds primarily at the
      junction of the groups. By adding oxygen and a metallic catalyst, such as
      FeCl to produce Fe.sub.2 OCl, it is believed that the Fe ion breaks down
      the lignin-cellulose bond, but as previously indicated, the exact process
      of the operation is not completely understood. The reaction of oxygen with
      the cellulose in the presence of the acid and metal catalysts is
      exothermic. The oxygen added to the oxidizer completes the oxidation. The
      oxygen may be supplied such as by means of an air compressor 28.
PAR  The oxidized mixture is delivered out of the oxidizer through a star valve
      30 and passes through another star valve 32 into a hydrolyzer, generally
      indicated by the numeral 34. The function of star valves 18, 30 and 32 are
      to permit the passage of the mixture being treated while maintaining
      isolation of the various portions of the system from the pressures and
      temperatures of other portions. Between star valve 30 and 32 gas may be
      vented such as by a means of a pressure release valve 36; the gas being
      vented to the atmosphere. The gas vented consists basically of nitrogen
      when oxygen is injected in the form of air into the oxidizer, the nitrogen
      not taking part in the reaction and accumulating therefore as an excessive
      gas. By using the space between star valves 30 and 32 the mixture may be
      vented down to atmospheric pressure so as to eliminate maximum excess gas.
PAR  Hydrolyzer 34 is shown in the form of two portions 34A and 34B although, as
      with the oxidizer, this is by way of illustration only to demonstrate that
      the hydrolyzation step may be accomplished either in a single apparatus or
      in a multiplicity of devices and can be accomplished as a batch step or as
      illustrated, a continuous process. In the hydrolyzer the oxidized mixture
      is subjected to steam supplied from boiler 22. Hydrolyzation is achieved
      by subjecting the oxidized mixture to elevated pressure and temperature
      while the mixture is saturated with steam. The preferred pressure of
      hydrolyzation is about 135 to 150 psig and the preferred temperature of
      the reaction is about 180.degree. C. At this pressure and temperature the
      duration required for the reaction is about three to seven minutes.
      Obviously, at lower pressures and temperature the reaction time is
      proportionally longer and the reaction time requirement will vary
      according to other parameters, including the characteristics of the
      organic particles, the type and concentration of catalysts and so forth.
      The hydrolyzation step converts at least a portion of the cellulose
      molecules to saccharides and saccharide acids. The conversion of the
      cellulose molecules in the hydrolyzation step takes place as to the
      cellulose molecules which would be readily available in the organic matter
      being treated and in addition to those which have been released from the
      lignin-cellulose bond during the oxidation step. Thus the summation of the
      oxidation step prior to hydrolyzation substantially increases the
      sacchrification achieved in the hydrolyzation step.
PAR  The output from hydrolyzer 34 passes through an isolating star valve 38 and
      into a neutralizer 40 wherein the pH of the mixture is raised to about
      5.5. This neutralization of the acid catalysts may be achieved in a
      variety of ways, however, the preferred means is by the use of ammonia.
      With types of organic matter which is naturally high in organic acid, such
      as oak trunk, limbs and leaves, additional neutralization may be desired
      and may be achieved using lime, soda ash, or caustic soda as a substitute
      for or in conjunction with the NH.sub.3.
PAR  The output at 42 is a mash high in liquid content that is otherwise
      available as feed and when the feed is to be consumed at the point of
      production or nearby it may be fed directly without further treatment.
      However, due to the high water content shipping would be expensive and
      storage in such high water content condition would result in
      deterioration. When the product is to be shipped or stored a further step
      is provided of delivering the product to a dryer 44. Gas and air are
      supplied through a blower 46 into a burner which delivers heated air into
      the wind box 50 of dryer 44. The material is dried to the level desired
      for subsequent packaging, shipping and storage. The dried material is
      delivered to storage 52. It may be packaged, sacked, or contained in bulk
      for shipment.
PAR  The process described fulfills all of the objectives set forth initially.
      While the invention has been described in substantial detail it is
      understood that the invention is not limited to the embodiment set forth
      herein, for exemplification, but is limited only by the scope of the
      attached claim or claims, including the full range of equivalency to which
      each element or step thereof is entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for treating cellulosic plant matter particles to increase the
      digestability thereof by ruminants comprising:
PA1  a. mixing said particles with (1) water, (2) an acid catalyst selected from
      the group consisting of carbonic, sulfuric, phosphoric, hydrochloric and
      acetic acids to produce a pH of less than 3, and (3) a metal catalyst
      selected from the group consisting of elemental iron, ferric chloride,
      ferric sulfate, ferric nitrate, elemental manganese and the non-toxic
      salts of manganese;
PA1  b. subjecting the resulting mixture to an oxygen partial pressure of from
      about 20 to 30 psig at an elevated temperature of approximately
      105.degree.C to approximately 110.degree.C for 12 to 20 minutes; to effect
      an exothermic reaction of oxygen with the cellulose in said particles
      whereby at least a portion of the lignin-cellulose bonds of said particles
      are broken and at least a portion of the cellulose molelcules are
      fragmented; and
PA1  c. blowing off resulting gases of oxidation; and
PA1  d. hydrolyzing the resulting oxidized mixture in the presence of the acid
      and metal catalysts added in step (a); at elevated temperature and
      pressure of between about 135.degree.C and about 150.degree.C under
      saturated steam conditions to convert at least a portion of the cellulose
      into saccharides and saccharide acids.
NUM  2.
PAR  2. The process of claim 1 in which in step (a) the amount of metal catalyst
      is about 0.4% dry weight of the dry weight of plant organic particles.
NUM  3.
PAR  3. The process of claim 1 in which in step (a) the mixture is about 40% by
      weight of dry matter to about 60% by weight of solution.
NUM  4.
PAR  4. The process of claim 1 in which in step (b) the amount of oxygen reacted
      equals about 3.75 to 5% by weight of the dry weight of the plant organic
      matter.
NUM  5.
PAR  5. The process of claim 1 in which in step (b) the desired temperature of
      reaction is achieved by the admission of steam into the reaction mixture.
NUM  6.
PAR  6. The process of claim 1 in which in step (d) the temperature of the
      reaction is about 180.degree. C.
NUM  7.
PAR  7. The process of claim 1 including step (e) in which the hydrolyzed
      mixture is neutralized sufficiently to raise the Ph thereof to over 4.
NUM  8.
PAR  8. The process of claim 7 including step (f) in which the neutralized
      mixture is dried.
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ABST
PAL  An apparatus and process for sterilizing substances and particularly food
      products such as food spices and seasonings which are in a processed or
      unprocessed condition and are in a powdered, granular, flaky, leafy or
      similar conditions, the apparatus including means for subjecting the
      product while in a container such as a plastic or plastic-like bag, first
      to a subatmospheric condition and thereafter injecting a gaseous sterilant
      at a central location in the product whereby the sterilant diffuses
      outwardly through the product toward the walls of the container
      sterilizing the product in the process and gradually escaping through the
      container leaving the packaged product in a sealed closed and sterilized
      condition. The invention resides in the apparatus used for sterilizing and
      in sterilizing process which may include additional steps of back flushing
      especially when relatively large containers of products are sterilized and
      where it is desired to shorten the time when the packaged product is safe
      to handle, ship and use.
BSUM
PAR  Numerous means and methods have been devised in the past to sterilize
      products including spices and seasonings in order to reduce the bacteria
      count for some reason as to meet certain standards or requirements of
      product safety. All known devices for this purpose and the methods
      associated therewith require extremely expensive equipment including
      especially constructed sealed storage containers into which the substances
      to be sterilized are positioned while subjected to a sterilant usually
      introduced under pressure after the container is first evacuated. Such
      storage containers are large and costly to build, they require fairly
      complex controls, they usually must be cycled by a fairly complex cycling
      procedure, and the quantities of sterilant required involve considerable
      danger including dangers of fire and explosion. The known devices and
      processes are also very slow acting and very inefficient mainly because in
      the known processes the sterilant must penetrate into the product being
      sterilized from outside rather than starting from a central location in
      the product, and all such known devices as indicated must be programmed
      and cycled as to many variables in their operations. Furthermore,
      requiring that the sterilant penetrate the product, not only makes the
      known processes very time consuming, but it also means that the known
      processes do not achieve uniform sterilization for the reason that the
      sterilant rarely penetrates the product uniformly. It is for these reasons
      also that the known processes require many hours and even days depending
      on the quantities involved, and the quantities of sterilant that must be
      kept on hand as well as the amount required in each operation represents a
      considerable safety hazard. As already mentioned, the cost and complexity
      of the equipment involved in known processes is also extremely expensive,
      too inefficient, and too slow acting to be practical for use on a large
      scale, and the known equipment for all practical purposes is unavailable
      to the medium and small operators. For these and other reasons known
      sterilizing equipment and processes have enjoyed relatively limited
      usefulness and have not been able to satisfy the need of being able to
      sterilize many different products.
PAR  The present invention overcomes these and other disadvantages and
      shortcomings of the prior art by teaching the construction and operation
      of relatively inexpensive sterilizing means representing a small fraction
      of the cost of known equipment used for the same and similar purposes, and
      yet are much more efficient than known devices, less time consuming, and
      provide far better, more uniform and more complete bacteria kills than
      provided by any known devices. Furthermore, the subject device can be
      operated successfully with relatively little risk to personnel or
      equipment and by persons having relatively little skill and training, and
      products sterilized using the present means are relatively more free of
      bacteria and can be handled, used, and shipped without much risk. Still
      further, the present means and processes lend themselves to use by large
      as well as by small concerns without involving a substantial capital
      expenditure, and they can be used efficiently to sterilize large as well
      as small batches of a product in an efficient manner.
PAR  It is therefore a principal object of the present invention to provide
      improved and more efficient means for sterilizing products including food
      products.
PAR  Another object is to provide relatively simple, inexpensive, and easy to
      operate means for sterilizing products such as food spices and seasonings.
PAR  Another object is to provide means for more uniformly sterilizing food
      products.
PAR  Another object is to enable persons having relatively little skill and
      training to be able to very precisely and uniformly sterilize food
      products.
PAR  Another object is to provide means to substantially reduce the bacteria
      count in food products, especially the count of harmful or potentially
      harmful bacteria thereby minimizing the possibility of food poisoning and
      without any damage or loss of flavor to the product.
PAR  Another object is to provide relatively compact and efficient sterilizing
      means which take relatively little floor space and can be used to
      sterilize on a mass production or on a piece meal basis.
PAR  Another object is to provide means to introduce a sterilant substance at a
      central location in a mass of the substance being sterilized.
DRWD
PAR  These and other objects and advantages of the present apparatus and method
      will become apparent after considering the following detailed
      specification which covers several embodiments thereof in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a top view of a sterilizing apparatus constructed according to
      the present invention;
PAR  FIG. 2 is a front elevational view of the sterilizer shown in FIG. 1
      showing a sterilizing probe assembly positioned in its operative position;
PAR  FIG. 3 is a cross-sectional elevational view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary cross-sectional view showing the device after the
      probe assembly has been removed therefrom;
PAR  FIG. 5 is a fragmentary cross-sectional view similar to FIG. 4 showing the
      apparatus with the movable clamping jaw member in operative position in
      solid outline and in an alternative inoperative position in dotted
      outline; and,
PAR  FIG. 6 is a view similar to FIG. 3 but showing a modified form of the
      device wherein the probe assembly is used to perform the additional
      functions of back flushing a container of a sterilized substance to remove
      any residual sterilant in order to reduce the time until the container can
      be safely handled and shipped.
DETD
PAR  Referring to the drawings more particularly by reference numbers, number 10
      refers to an apparatus for sterilizing products such as spices, food
      seasonings and other similar products in order to reduce the bacteria
      content without damaging the product. It is well known to sterilize food
      and other substances to make them safe to use by exposing them to a
      sterilant such as a gaseous sterilant, and several such sterilants
      commonly used for this purpose include ethylene oxide and propylene oxide.
      As explained above, however, there are no known means for introducing such
      a sterilant centrally into the product being sterilized whereby the
      sterilant which is usually in a gaseous condition can move outwardly in
      all directions through the product from where it is introduced to kill
      unwanted bacteria in an efficient and expeditious manner. All known means
      and methods for sterilizing such products have involved placing the
      product to be sterilized while in some sort of a container into a sealed
      enclosure which is then evacuated and thereafter charged under pressure
      with a gaseous sterilant. The sterilant must then penetrate into the
      product beginning by starting at the exposed surfaces and working through
      the product toward the opposite surfaces thereof in order to perform a
      complete sterilizing operation. This is very time consuming and costly and
      requires expensive equipment with means to control the pressures and
      temperatures involved, and such means also require relatively large
      quantities of the sterilant, a requirement that adds to the danger factor.
      The known means also take considerable time to operate and usually require
      complicated controls which not only regulate the environment but also
      cycle the equipment. All of these and other factors make the known means
      and methods undesirable, inefficient and expensive. Even the best known
      sterilizing means have not been able to produce products with as low
      bacteria counts as the present means and have not been able to satisfy
      many standards presently required by government and industry. Because of
      these shortcomings the known devices have not enjoyed wide usage and for
      the most part have been too expensive, too inefficient and too time
      consuming to be used by many concerns and especially by the middle and
      small sized companies such as medium and small spice dealers and others
      faced with problems of meeting certain standards of sterilization.
PAR  Several forms of the present device are disclosed in this application and
      will be described. One form is designed primarily to be used to sterilize
      relatively small quantities of substances such as quantities up to 50 or
      100 pounds. Another embodiment is for sterilizing larger quantities where
      it may take too long for the sterilant to escape naturally from the
      containers, and therefore for safety and other reasons it may be desirable
      to purge the containers of the remaining sterilant before shipping, using
      or otherwise handling the product. In these cases it may be desired to
      back flush the product containers to remove as much of the residual
      sterilant as possible, and this is usually done at a later time after the
      sterilizing operation has been accomplished and the sterilant has served
      its purpose.
PAR  The first embodiment of the device is shown and described in conjunction
      with FIGS. 1-5 and is used for sterilizing a 50 pound container of spice,
      the spice being positioned in a plastic bag 12 which in turn is positioned
      inside of a cardboard corrugated container or box 14 for convenience in
      handling and shipping. The cardboard container 14 is shown supported on a
      conveyor bed 16 formed by a plurality of spaced rollers 18 as clearly
      shown in FIGS. 2 and 3. In this position, and with the box 14 open, the
      upper open end of the bag 12 extends upwardly from the container.
PAR  In the position described the container 14 is located adjacent to the
      apparatus 10 and is under an overhead frame portion 20 which is supported
      in an elevated position by legs and braces such as the leg and braces 22
      and 24. The overhead frame 20 includes a first frame portion 26 which is
      U-shaped and is pivotally attached by pivot means 28 and arms 30 to a
      fixed overhead frame structure 32. The fixed frame structure 32 is
      attached to the leg and brace members 22 and 24 and extends outwardly
      therefrom over the conveyor 16. A pair of fixed stops 34 on the fixed
      frame 32 are engagable by the legs 30 on the pivot frame 26 to maintain
      the pivot frame 26 in a horizontal position during operation of the
      device.
PAR  The frame structure 20 includes another frame portion 36 which is also
      U-shaped having spaced side members 38 and a member 40 connected
      therebetween. The side members 38 are channel shaped in cross-section and
      are mounted for sliding engagement on portions 42 of the fixed frame
      structure 32. The frame portion 36 is connected by two spaced members 44
      to a movable slide member 46 that has spaced cross-bores 48 which slidably
      receive and cooperate with shafts 50 connected extending transversely
      across the fixed frame structure 32 between spaced fixed frame members 52
      and 54. The slide 46 has a threaded bushing 56 attached to it at the
      location indicated in FIG. 1, and the bushing cooperatively receives a
      threaded shaft 58 which extends therethrough and is rotatably supported by
      another bushing 60 located on the frame member 54. The end of the shaft 58
      at the rear of the frame 20 carries a crank wheel 62 which when rotated in
      one direction moves the slide 46 and the connected frame 36 in a forward
      direction and when rotated in the opposite direction moves the frame 36 in
      the opposite or rear direction.
PAR  The rear surface of the cross portion of the pivot frame 26 has a layer 64
      of a relatively resilient padding material attached thereto, and the cross
      portion 40 of the movable frame 36 has a similar layer 66 of padding
      attached to its forward surface. The layers 64 and 66 are movable into and
      out of cooperative engagement under control of the crank wheel 62.
PAR  To operate the present device the upper open end of the bag 12 is laid
      against the padding layer 66 on the frame 36 as shown in FIGS. 2 and 3 and
      is smoothed out as much as possible. This is preferably done with the
      pivot frame 26 in its upwardly pivoted out of the way position.
      Thereafter, the pivot frame 26 is lowered to the horizontal position shown
      in FIGS. 1 and 2 and the crank wheel 62 is rotated in a direction to move
      the frame 36 forwardly toward the frame 26 but preferably not into
      engagement therewith. While in this position, and with the frame members
      36 and 26 fairly close together, the operator will open the bag and insert
      a probe assembly 70 downwardly into the space between the frames 36 and 26
      and into the bag 12. The probe assembly 70 is important to the invention
      and includes a hollow member having an elongated paddle shaped tubular
      probe portion 72 which is formed by spaced wall portions. The probe 70
      narrows down or becomes more pointed at its free end 74 which is the end
      that is inserted and it has a connected cylindrical portion 76 at the
      opposite end. The free end of the probe assembly 70 has an opening 78 over
      which a fine mesh screen 80 extends and is provided to minimize the
      possibility that any of the spice or other product being sterilized will
      be able to enter the probe.
PAR  The tubular end 76 of the probe assembly 70 is provided with fitting means
      82 and optional valve means 84 and is connected to one end of a flexible
      tube 86. The opposite end of the tube 86 is connected to an outlet port of
      multi-position valve means 88, and the valve 88 has a first inlet port 90
      which is connected by another conduit 92 of the suction inlet of vacuum
      pump 94. Another inlet port 96 of the valve 88 is connected by another
      conduit 98 to the outlet side of a gas storage device or tank 100 which
      has its inlet connected by conduit 102 to the outlet side of a gas
      vaporizer device 103. The vaporizer device receives liquefied sterilant at
      its inlet 104 through a conduit 106 which is connected to the outlet of a
      storage tank 108 so that the vaporizer receives liquefied sterilant at its
      inlet and discharges vaporized sterilant at its outlet to the gas storage
      tank 100 for feeding to the probe assembly 70 under control of the valve
      88. The vaporizer 103 also has electric input connections 109 which
      provide heater power thereto.
PAR  In operation, the free end 74 of the probe assembly 70 is inserted into the
      bag 12 in the space between the resilient pads 64 and 66 as aforesaid and
      is pushed down into the product contained in the bag so that the free end
      of the probe is located somewhere near to the center of the bag and near
      the center of the product contained therein as shown in FIG. 2. With the
      probe 70 in this position the crank wheel 62 is rotated to move the
      movable frame member or jaw 36 toward the frame member 26 which is in
      fixed position. This presses the resilient pads 66 and 64 together against
      opposite sides of the bag 12 and against opposite sides of the probe 70 to
      sealably close the bag around the probe and to support the probe.
PAR  When the probe is supported as indicated and the bag is sealed closed, the
      valve 88 is moved to a position communicating the probe 70 with the vacuum
      pump 94 to draw a vacuum on the bag and to remove as much air from the bag
      as possible. To some extent the amount of vacuum drawn will determine the
      efficiency of the sterilizing operation. For instance, the greater the
      vacuum pressure drawn the more air will be removed and consequently fewer
      bacteria will remain in the bag. Various vacuum pressures have been tested
      and it has been determined that for most purposes a vacuum pressure in a
      range from about 10 to about 26 inches of mercury provides good results.
      Much harder vacuums such as vacuums drawn down greater than about 26
      inches of mercury have also been tested and used but the expense of the
      equipment required to obtain these vacuum conditions and additional time
      necessary usually is not warrented in view of the relatively little
      additional benefit achieved by doing so.
PAR  After the desired subatmospheric pressure condition has been achieved and
      the plastic bag is compressed hard onto the product, the valve 88 is moved
      to another of its operating positions communicating the interior of the
      bag through the probe assembly 70 with the gaseous sterilant storage tank
      100 which feeds, under pressure, gaseous sterilant into the bag 12. The
      pressure of the gaseous sterilant that is introduced is usually only a few
      pounds per square inch above atmospheric pressure and this is sufficient
      to fill the bag, entering at the free end of the probe assembly 70 and
      moving outwardly therefrom through the product. The introduction of the
      gaseous sterilant will usually cause the bag 12 to balloon outwardly to
      some extent, and this condition can be maintained as long as desired to
      equalize the pressure in the bag to the pressure at the outlet of the
      storage tank 100. Ordinarily this takes only a short period of time and is
      easy to detect. The valve 88 is now returned to its neutral or
      non-operative position.
PAR  Next the operator releases some of the pressure applied to the bag and to
      the probe assembly 70 by the jaws 36 and 26 by turning back on the crank
      wheel 62. This is preferably done without breaking the seal on the bag but
      sufficiently to enable the probe assembly 70 to be withdrawn. The
      condition after withdrawal of the probe 70 is illustrated in FIG. 4. The
      operator now folds the open end of the bag as shown and applies an
      adhesive strip or tape 110 to the folded over end of the bag to seal the
      bag closed. The open end of the bag could also be otherwise closed and/or
      sealed if desired as by using well known plastic zipper closure means or
      by heat sealing (not shown). Heat sealing is usually not necessary or
      desirable for the types of products involved. With the bag closed and
      sealed, the frame members or jaws 26 and 36 are further separated to
      release the bag which is then folded and tucked into the cardboard
      container 14, and the flaps on the container are closed and taped as
      desired for shipment or for some other purpose. The sterilant remaining in
      the bag 12 gradually escapes until little or none remains. It has been
      found that the smaller size containers such as 50 pound containers of
      spice will lose most of the sterilant contained therein in a relatively
      short time, not generally longer than a few hours or so. This loss occurs
      by the sterilant passing through the walls of the bag.
PAR  Tests made on containers of spices and food seasonings packaged and
      sterilized by the means and method described herein are safe to use and
      present little or no special fire or explosion hazard after a very short
      time period even when the sterilant used is highly flammable. Tests also
      indicate that little or no remaining residual sterilant exists in the
      product after about 12 hours. Other tests made to determine the bacteria
      count indicate that the remaining unkilled bacteria after a product has
      been treated by the present means and method is very small and in all
      cases has been substantially less than by any other known means or
      methods. Examples of typical bacteria counts for products sterilized by
      the subject method are often in a range of less than 100 bacteria per
      gram, and even lower counts can be achieved if harder vacuum pressures are
      used and if means are employed to increase the sterilant pressure and the
      application time during which the gaseous sterilant is injected into the
      bag. Furthermore, the substantially improved results obtained are achieved
      without any detectable loss of flavor or other damage to the product being
      sterilized. The very simplicity of the present device and process also
      makes them readily available for use even in moderate and small size
      businesses, and they can be used to sterilize almost any kind of a product
      including especially those mentioned above. The present device and process
      also lend themselves to being used on a production line basis or on a
      single package basis and in both cases the results obtained are comparable
      and there is little or no wastage of sterilant and the time required for
      each operation is relatively short.
PAR  The details of some typical results obtained by the present means and
      methods using ethylene oxide as the sterilant gas are set forth below for
      the named products:
PAR  A black pepper product in a 50 pound container having an untreated bacteria
      count of about 18 million per gram was sterilized by first drawing a
      vacuum pressure of 26 inches of mercury and thereafter injecting ethylene
      oxide gas centrally into the pepper. The resulting sterilized product had
      a measured bacteria count of 120 per gram.
PAR  Another test made on black pepper having an untreated bacteria count of 2.3
      million per gram and an untreated yeast and mold count of 53000 per gram,
      after treatment using the same vacuum pressure of 26 inches of mercury and
      the same sterilant gas had an after treatment bacteria count of 350 per
      gram and an after treatment yeast and mold count of less than 10 per gram.
      When the same untreated black pepper was treated using a vacuum pressure
      of only 15 inches of mercury instead of 26, the after treatment product
      had a bacteria count of 600 per gram and a yeast and mold count of less
      than 10 per gram.
PAR  In the treatment of a poultry seasoning having a before treatment bacteria
      count of 1.1 million per gram, using a vacuum pressure of 26 inches of
      mercury and ethylene oxide as the sterilant, the after treatment bacteria
      count was measured as 20 per gram.
PAR  Similar treatment of a dill seed product having a before treatment bacteria
      count of 410,000 per gram yielded an after treatment count of 90 per gram.
      Similar results have been obtained for many other products and spices and
      for some products it has been possible to achieve substantially the same
      results but with less vacuum pressure. The examples set forth are
      representative and typical and clearly illustrate the effectiveness of the
      present means and process but are not intended to be exhaustive.
PAR  As indicated above the present device and process can be used to sterilize
      almost any quantity and weight product. However, for the larger amounts
      which require larger containers there is somewhat greater risk that more
      residual sterilant will remain in the product and in the container after
      sterilization and for longer periods of time. It is also recognized that
      in the larger bulk quantities it may take more time for the sterilant to
      kill the required numbers of bacteria. In some cases a day or even longer
      may be required. This may present problems especially where a spice
      merchant or other person using the subject means wishes to make delivery
      of the product but also wants to be certain that the product is in a safe
      condition from the standpoints of fire and explosion. The modified
      construction shown in FIG. 6 is designed to fill this need by including
      means to accelerate the removal of the remaining sterilant when desired.
PAR  In FIG. 6 the product in bulk form is in drum 120, which may be a 200 pound
      or larger drum, and the product is sterilized in the same way as described
      above. After being sterilized, however, because of the larger quantities
      of product and sterilant involved and the greater time required for the
      sterilant to act, the drum is allowed to sit for some period of time,
      usually much longer than required for the smaller containers. Time periods
      of from about 12 to 30 hours are typical to produce the desired bacteria
      kill. After this period the container 120 is repositioned in the modified
      device 122 and the upper end of bag 124, which is in the drum 120, is
      drawn out and repositioned between the jaws 126 and 128 in the same manner
      as described above. The jaws are then moved together to loosely engage and
      hold the bag, the bag is unsealed at its open end, and the probe 130 is
      reinserted into the product the same as before. Valve means 132 are
      operated to communicate the interior of the bag 124 to the vacuum suction
      pump 134 and a subatmospheric pressure is drawn in the bag to a desired
      vacuum pressure level. This removes much of the remaining sterilant.
      However, to be on the safe side the valve means 132 are moved to another
      position which communicates the probe assembly 130 and the interior of the
      bag with a source 136 of a back flushing gas which is preferably an inert
      gas such as nitrogen. The nitrogen introduced under pressure in this way
      passes through the valve means 132 and through the probe 130 and enters
      the product passing outwardly therethrough carrying with it any residual
      sterilant which may still be present in the product reducing the amount of
      remaining sterilant to a safe level. The nitrogen and the residual
      sterilant are now able to escape through the wall of the bag.
PAR  Nitrogen is preferred as a back flush gas because it is relatively
      inexpensive, readily available, inert and does not need to be heated.
      Other inert gases could also be used but they are more expensive and less
      available. Air can also be used as a back flush medium but if air is used
      it usually has to be heated or filtered, and both heating and filtering
      require additional equipment and heating may have an adverse effect on the
      flavor of the product which is usually carried by the oils in the product.
      Filtering is also disadvantageous because it requires maintenance and
      replacement of parts. The valve means 132 required when back flushing is
      provided may be similar to the valve means 88 shown in FIG. 3 except that
      an additional operating position and an additional input connection to the
      source of back flushing gas are required.
PAR  Thus there has been shown and described several embodiments of novel means
      for sterilizing spices, food seasonings and other products which fulfill
      all of the objects and advantages sought therefor. Many changes,
      modifications, variations and other uses and applications of the subject
      means will however become apparent to those skilled in the art after
      considering this specification and the accompanying drawings. All such
      changes, variations, modifications and other uses and applications which
      do not depart from the intention and scope of the invention are deemed to
      be covered by the invention which is limited only by the claims which
      follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for sterilizing spices, food seasonings and like products
      while in a bag-like container comprising means to support the bag-like
      container including a pair of relatively movable clamp members movable
      into engagement with opposite sides of the bag-like container to sealably
      close the container with the product therein, a source of gaseous
      sterilant and means for introducing sterilant from said source into the
      container, said last named means including a tubular member having an
      opening adjacent to one end and an opposite end, means connected to said
      opposite end communicating the tubular member with the source of gaseous
      sterilant, said tubular member being movable to a position extending into
      the container between the pair of clamp members to a position in which the
      opening in said one end of the tubular member is surrounded by the product
      to be sterilized.
NUM  2.
PAR  2. The apparatus of claim 1 including vacuum pumping means and means to
      alternatively communicate the tubular member with a vacuum pumping means
      and to isolate the tubular member from the source of gaseous sterilant.
NUM  3.
PAR  3. The apparatus of claim 2 including a source of a back flushing gas and
      valve means to selectively communicate the source of back flushing gas,
      the vacuum pumping means and the source of gaseous sterilant with the
      tubular member.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the source of back flushing gas is a
      source of an inert gas.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the source of back flushing gas is a
      source of nitrogen.
NUM  6.
PAR  6. The apparatus of claim 1 wherein at least one of said clamp members has
      a relatively resilient cushioning overlayer thereon for engaging the bag.
NUM  7.
PAR  7. The apparatus of claim 1 wherein the source of gaseous sterilant is a
      source of ethylene oxide.
NUM  8.
PAR  8. Means for sterilizing products such as products in powder, granular and
      spice-like form while the product is in a bag having an open end
      comprising a source of sterilizing substance and a vacuum pressure source,
      a probe having a first end including means for connecting said first end
      to a conduit, said probe having an opposite free end with an opening
      therein, the probe being insertable into the product in the bag through
      the bag opening to a position such that the free end of the probe is at an
      intermediate location in the product, means to clamp the bag adjacent to
      the open end thereof with the probe extending therein, said clamp means
      including means to seal the bag closed around the probe, multi-position
      valve means connected to the opposite end of the conduit from the probe,
      other conduit means connecting the valve means to the source of
      sterilizing substance and to the vacuum pressure source, and means to
      change the condition of the valve means to selectively establish
      communication between the probe, the vacuum pressure source and the source
      of sterilant substance.
NUM  9.
PAR  9. The means of claim 8 including a source of an inert substance, and means
      connecting said source of inert substance to the valve means, said valve
      means having a position establishing communication between the source of
      inert substance and the probe.
NUM  10.
PAR  10. The means of claim 9 wherein the source of inert substances is a source
      of inert gas.
NUM  11.
PAR  11. The means of claim 8 wherein the sterilant source is a source of a
      gaseous sterilant.
NUM  12.
PAR  12. The means of claim 8 wherein the sterilant source is a source of
      ethylene oxide.
NUM  13.
PAR  13. The means of claim 8 wherein the probe is an elongated tubular member
      having a relatively flat cross section over a portion of the length
      thereof, and screen means extending over the opening in the free end
      thereof to minimize the possibility for the product being sterilized
      entering the probe.
NUM  14.
PAR  14. The means of claim 8 wherein the clamp means include a pair of
      relatively movable jaw members each having a pad thereon formed of a
      relatively compressible resilient substance, said pads being engageable
      with opposite sides of the bag to sealably close the bag.
NUM  15.
PAR  15. An apparatus for sterilizing spices, food seasonings and other like
      products of a powdery, granular flaky, leafy or similar characteristic,
      said product being in a bag-like container comprising a pair of relatively
      movable clamp members for engaging and sealably closing the bag-like
      container with the product to be sterilized therein, means to selectively
      establish a subatmospheric condition or for introducing a gaseous
      sterilant into the bag-like container, said last named means including a
      hollow probe member having a free end with an opening therethrough and an
      opposite end, a conduit and valve means connected to the opposite end of
      the probe member, a source of gaseous sterilant and vacuum pump means
      connected to the valve means, said valve means including means to
      selectively communicate the probe member with the sterilant source and the
      vacuum pump means, said probe member being insertable into the bag-like
      container and into the product to be sterilized therein between the clamp
      members.
NUM  16.
PAR  16. A process fpr sterilizing food products packaged in bags comprising the
      steps of:
PA1  supporting a bag containing a product to be sterilized with the open end of
      the bag extending between cushioned clamping members,
PA1  inserting into the bag and into the product to be sterilized and between
      the cushioned clamping members a probe which has an outlet opening
      adjacent to the inserted end thereof,
PA1  moving the cushioned clamping members against the bag and against the probe
      to seal the bag closed while the probe is inserted therein,
PA1  operating multi-positioned valve means to a first position communicating
      the probe and the interior of the bag with a vacuum pressure pumping means
      to reduce the pressure in the bag to a predetermined subatmospheric
      pressure,
PA1  moving the multi-position valve means to a second position discontinuing
      communication between the vacuum pumping means and the probe,
PA1  thereafter moving the multi-position valve means to a third position
      communicating the probe and the interior of the bag with a source of
      gaseous sterilant for introduction therein,
PA1  relieving some of the pressure produced by the cushioned clamping members
      against the probe, and
PA1  withdrawing the probe from the bag and from the product therein.
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ABST
PAL  A method for inhibiting the development of warmed-over flavor in uncured
      meat where the meat is cooked, cooled and stored at above freezing
      temperature in the presence of certain gamma-pyrone compounds, after which
      the stored meat may be consumed cold or reheated without the development
      of objectionable warmed-over flavor.
PARN
PAR  This is a continuation of application Ser. No. 278,061 filed Aug. 4, 1972,
      now U.S. Pat. No. 3,821,444 issued June 28, 1974.
BSUM
PAC  BACKGROUND
PAR  It is characteristic of meat products that after they have been cooked and
      then stored for a period of time in a cool place they normally develop a
      flavor different from the flavor they have when first cooked. This flavor
      has come to be associated with meats which have been reheated and served a
      second time and has come to be known in the meat packing industry and
      among consumers as "warmed-over" flavor. The development of this
      characteristic flavor does not effect the nutritional qualities of the
      meat, but it does very substantially affect the palatability of the meat
      and the pleasure which may be derived either through odor or flavor of the
      meat as it is consumed. It is easy to tell when meat has this
      characteristic, warmed-over flavor, and one does not have to be an expert
      to tell when this flavor has developed.
PAR  The warmed-over flavor does not develop in raw meat but appears to start
      its development after cooking when the meat has been allowed to cool. It
      appears to develop best at refrigeration temperatures of 30.degree. to
      50.degree.F. (-1.1.degree. to 10.degree.C.) particularly so at about
      38.degree.F. (3.3.degree.C.) which is a normal refrigeration temperature.
      Warmed-over flavor can be detected after about twenty minutes or half an
      hour of storage, and comes to be well developed in three or four hours.
      Beef is especially affected by warmed-over flavor, and pork, veal and lamb
      are also affected. Poultry meat such as turkey and chicken and the like
      are very much affected. It has not been known what chemicals are involved
      in the development of warmed-over flavor, or what the mechanism of
      development may be.
PAR  Further, we have noted that the warmed-over flavor does not develop in the
      case of cured meats, and by "cured meats" we mean meats which have been
      treated with curing agents such as nitrates and nitrites and high
      concentrations of salts such as the polyphosphates. However, in using the
      term "uncured meats" we do not wish to exclude those meats which have been
      salted to taste or contain less than a small quantity, of the order of 2
      or 3 percent, of salt, which meats are classed as "fresh" instead of
      "cured", and are capable of developing warmed-over flavor. We exclude only
      those meats which have been subjected to curing treatments using salts
      such as nitrites, nitrates and phosphates at relatively low levels of the
      order of 0.5 to 1 percent on a weight basis, and which would be sold as
      cured products.
PAR  Accordingly, it is an object of this invention to provide a method of
      treating and storing uncured meat which will prevent the development of
      warmed-over flavor and enable the cooked meat to be served in cold or
      reheated form but having more of the odor and flavor of freshly cooked
      meat. We are aware of the large amount of work that has been done in
      adding flavors to meat and that flavors have been added to meats both to
      improve the flavor of the meats and to mask unwanted flavors. In the
      present invention this is not our objective. We seek only to avoid the
      development of the undesirable warmed-over flavor but otherwise to leave
      the meat with its natural odor and flavor. It is, of course, desirable, in
      our invention that if there be any incidental change in the natural flavor
      of the meat that it be a pleasant and not an unpleasant change.
PAR  We have found that warmed-over flavor in uncured meats is inhibited or
      avoided by the presence with the meat of certain gamma-pyrones. We can use
      any gamma-pyrone which has a hydroxyl group at its third or fifth
      position. Gamma-pyrones which we have found to be particularly effective
      are 3-hydroxy-2-methyl-4-pyrone, 3-hydroxy-2-ethyl-4-pyrone, and
      5-hydroxy-2(hydroxymethyl)-4-pyrone.
PAR  In carrying out our method we simply mix the gamma-pyrone in dry form or in
      aqueous solution with fresh ground beef, for example, and cook the ground
      beef containing the gamma-pyrone in patties or otherwise. The cooked meat
      may then be cooled and stored in a refrigerator and then taken out and
      consumed cold or reheated to a temperature such as above 90.degree.F. or
      100.degree. to 150.degree.F. (37.8.degree. to 65.6.degree.C.) and consumed
      while warm. Benefit through avoidance of development of warmed-over flavor
      is obtained when the storage period is over about 20 minutes of half an
      hour with greater benefit being obtained when the storage is several
      hours. Further, the meat to which the gamma-pyrone has been added may be
      repeatedly stored and reheated while still avoiding the warmed-over
      flavor.
PAR  From our finding it appears that whatever chemical reaction or other
      mechanism was taking place to produce the unwanted warmed-over flavor,
      this was prevented or inhibited by the presence of our gamma-pyrones and
      that this effect stays with the meat through subsequent heating of the
      product and is not dissipated by anything that is normally done to meat
      such as heating or freezing.
PAR  In the case of meat which is sold in a body or chunk form such as a beef
      roast, the gamma-pyrone may conveniently be administered in the form of a
      solution, suitably an aqueous solution, with the solution being injected
      into the meat as by the use of a hollow needle. In such cases the
      gamma-pyrone comes to be absorbed into the tissues. Application of either
      the dry or solution form of the gamma-pyrone may be made directly to the
      outer surface of the meat piece.
PAR  In the event pieces of meat are assembled together in the form of a loaf
      the gamma-pyrone may be added to the pieces before they are pressed to
      form the loaf and the gamma-pyrone will be absorbed from the surface of
      the pieces. Other methods of application will include soaking the meat
      pieces in a bath of gamma-pyrone solution.
PAR  Our method is especially adaptable to beef and poultry meat, since these
      meats are particularly subject to the development of warmed-over flavor,
      but applies also to uncured pork, veal and lamb.
PAR  As was before stated we were seeking agents for inhibiting warmed-over
      flavor development without regard to any other improvement of flavor, and
      the gamma-pyrones add very little if any artificial flavor to the meat.
      They certainly add no objectionable flavor, the added flavor, if any,
      being a very pleasant one.
PAR  The amount of the gamma-pyrone used in our process varies principally
      according to the weight of the meat being treated, 0.05 percent by weight
      of the gamma-pyrone based on the total weight of the meat being treated,
      is about a minimum and about 2 percent on the same basis is about a
      maximum so far as added flavor is concerned. Of course more than this
      could be used if added flavor is disregarded. Usually we prefer not to use
      more than 1 percent on a weight basis.
PAR  In practicing our improved method we prefer to add the gamma-pyrone to raw
      meat, because it is easier to get good distribution of the agent this way,
      but we do not believe the function of the agent in the inhibition of
      warmed-over flavor development is effective until the meat has been cooked
      and cooled. The gamma-pyrone agent may be added to the meat after it has
      been cooked as by injection or by any kind of mechanical manipulation
      which may be used to distribute the agent and which may be appropriate in
      the particular form of the cooked meat product employed.
PAR  After the treated meat has been cooked, it may be cooled and placed in a
      cooler or refrigerator for storage then removed after a time say from 20
      minutes to half an hour or up to several hours or several days -- any time
      up to the time of bacterial spoilage of the meat -- and consumed cold, or
      reheated, and the warmed-over flavor will have been prevented or at least
      inhibited very substantially. By cooling the cooked meat we mean that we
      are reducing its temperature substantially below the cooking temperature,
      suitably below 50.degree.F. (10.degree.C.). Warmed-over flavor does not
      normally develop while the meat is held at or near the temperature at
      which it is first cooked, but once the factors are developed which produce
      warmed-over flavor they are not destroyed by heating even to cooking
      temperature. Also, we do not believe that warmed-over flavor is developed
      while meat is frozen. Therefore, in practicing our method the meat is
      cooled from its cooking temperature to below 50.degree.F. (10.degree.C.)
      and is stored at a temperature above freezing for a period in excess of 20
      minutes, suitably as long as several days, in the presence of the
      gamma-pyrone agent to inhibit the warmed-over flavor.
PAR  The following Tables I, II and III contain data from the series of
      experiments which demonstrate the efficacy of different gamma-pyrone
      compounds for the inhibition of warmed-over flavor in different kinds of
      meat which are ordinarily subject to development of such flavor. In each
      experiment the gamma-pyrone was added to 10.0 grams of ground meat
      samples. The samples were cooked to 158.degree.F. (70.degree.C) and stored
      for two days at 4.degree.C. (39.2.degree.F.) and then tested for the
      presence of warmed-over flavor. Each sample containing the gamma-pyrone
      was accompanied by a corresponding sample which contained no gamma-pyrone
      and which served as a control.
PAR  Table IV contains data on a series of experiments demonstrating the effect
      of increasing the amount of the added gamma-pyrone. In this series of
      experiments the meat was prepared and handled in the same way as
      previously explained in connection with the tests reported in Tables I, II
      and III, and all conditions were held to be the same except for the
      increase in the amount of the additive. Reference to the results obtained
      show the additive to be effective for the purpose of preventive
      development of warmed-over flavor when contained in an amount up to at
      least as great as 2 percent but that at levels above about 1 percent there
      is detectable odor of the additive itself. However, the odor
      characteristic of gamma-pyrone is fragrant and can be tolerated.
PAR  In further explanation of Tables I, II, III and IV, the first column
      describes the kind of meat used and identifies the gamma-pyrone which was
      added. The second column gives the concentration of the gamma-pyrone
      compound in terms of the dry weight of the compound based on the weight of
      the meat treated. The third column gives the results of the subjective
      odor test, and the fourth column gives the value obtained in a TBA test.
      The TBA test is a chemical test which measures the extent of warmed-over
      flavor development in meats and is more particularly described in an
      article contained in volume 37, page 44 of the Journal of American Oil
      Chemists Society by B. G. Tarladgis, B. M. Watts, M. T. Younathan and L.
      R. Dugan, Jr., 1960, entitled "A Distillation Method for the Quantitative
      Determination of Malonaldehyde in Rancid Foods".
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                                     TEA VALUE                 
     TREATMENT          CONCENTRATION (%)                                      
                                    ODOR             (ABSORBANCE)              
     __________________________________________________________________________
     Control, pork      --          positive warmed-over flavor                
                                                     0.138                     
     Pork + 3-hydroxy-2-methyl-4-pyrone                                        
                        0.1         no detectable warmed-over                  
                                                     0.030r                    
     Control, lamb      --          positive warmed-over flavor                
                                                     0.223                     
     Lamb + 3-hydroxy-2-methyl-4-pyrone                                        
                        0.1         no detectable warmed-over                  
                                                     0.066r                    
     Control, white turkey meat                                                
                        --          positive warmed-over flavor                
                                                     0.315                     
     White turkey meat +                                                       
     3-hydroxy-2-methyl-4-pyrone                                               
                        0.1         no detectable warmed-over                  
                                                     0.116r                    
     Control, veal      --          strong warmed-over flavor                  
                                                     0.332                     
     Veal + 3-hydroxy-2-methyl-4-pyrone                                        
                        0.1         no detectable warmed-over                  
                                                     0.094r                    
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                                                     TEA VALUE                 
     TREATMENT          CONCENTRATION (%)                                      
                                    ODOR             (ABSORBANCE)              
     __________________________________________________________________________
     Control, pork      --          positive warmed-over flavor                
                                                     0.306                     
     Pork + 3-hydroxy-2-ethyl-4-pyrone                                         
                        0.1         no detectable warmed-over                  
                                                     0.007r                    
     Control, beef      --          positive warmed-over flavor                
                                                     0.335                     
     Beef + 3-hydroxy-2-ethyl-4-pyrone                                         
                        0.1         no detectable warmed-over                  
                                                     0.037r                    
     Control, white turkey meat                                                
                        --          postive warmed-over flavor                 
                                                     0.532                     
     White turkey meat +                                                       
     3-hydroxy-2-ethyl-4-pyrone                                                
                        0.1         no detectable warmed-over                  
                                                     0.038r                    
     Control, dark turkey meat                                                 
                        --          positive warmed-over flavor                
                                                     0.500                     
     Dark turkey meat +                                                        
     3-hydroxy-2-ethyl-4-pyrone                                                
                        0.1         no detectable warmed-over                  
                                                     0.072r                    
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
                                                      TEA VALUE                
     TREATMENT           CONCENTRATION (%)                                     
                                     ODOR             (ABSORBANCE)             
     __________________________________________________________________________
     Control, pork       --          positive warmed-over flavor               
                                                      0.260                    
     Pork + 5-hydroxy-2-(hydroxymethyl)-                                       
     4-pyrone            0.1         no detectable warmed-over                 
                                                      0.013r                   
     Pork + 5-hydroxy-2-(hydroxymethyl)-                                       
     4-pyrone            0.05        no detectable warmed-over                 
                                                      0.017r                   
     Control, beef       --          positive warmed-over flavor               
                                                      0.311                    
     Beef + 5-hydroxy-2-(hydroxymethyl)-                                       
     4-pyrone            0.1         no detectable warmed-over                 
                                                      0.037r                   
     Control, white turkey meat                                                
                         --          positive warmed-over flavor               
                                                      0.505                    
     White turkey meat +                                                       
     5-hydroxy-2-(hydroxymethyl)-4-pyrone                                      
                         0.2         no detectable warmed-over                 
                                                      0.024r                   
     Control, dark turkey meat                                                 
                         --          positive warmed-over flavor               
                                                      0.395                    
     Dark turkey meat +                                                        
     5-hydroxy-2-(hydroxymethyl)-4-pyrone                                      
                         0.2         no detectable warmed-over                 
                                                      0.000r                   
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
                                                     TEA VALUE                 
     TREATMENT          CONCENTRATION (%)                                      
                                    ODOR             (ABSORBANCE)              
     __________________________________________________________________________
     Control, beef      --          strong warmed-over flavor                  
                                                     0.216                     
     Beef + 3-hydroxy-2-methyl-4-pyrone                                        
                        0.5         no detectable warmed-over                  
                                                     0.028r                    
                                    slight fragrant odor of the                
                                                              additive         
     Beef + 3-hydroxy-2-methyl-4-pyrone                                        
                        1.0         no detectable warmed-over                  
                                                     0.044r                    
                                    noticable fragrant odor of the             
                                    additive                                   
     Beef + 3-hydroxy-2-methyl-4-pyrone                                        
                        1.5         no detectable warmed-over                  
                                                     0.048r                    
                                    positive odor characteristic of            
                                    the additive                               
     Beef + 3-hydroxy-2-methyl-4-pyrone                                        
                        2.0         no detectable warmed-over                  
                                                     0.031r                    
                                    strong odor characteristic of the          
                                    additive                                   
     __________________________________________________________________________
PAR  While in the foregoing detailed description specific conditions have been
      given in the carrying out of our improved method and we have given
      numerous specific examples in which our improved method has been
      practiced, it is understood that many variations may be made in this
      method and that all such variations are to be deemed within the spirit of
      this description and within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Uncured meat which is resistant to the development of warmed-over flavor
      and which has incorporated therein 0.01 to 0.50 percent by weight of
      3-hydroxy-2-ethyl-gamma-pyrone.
NUM  2.
PAR  2. Uncured meat which is resistant to the development of warmed-over flavor
      and which has incorporated therein 0.01 to 0.50 percent by weight of
      5-hydroxy-2-(hydroxymethyl)-gamma-pyrone.
NUM  3.
PAR  3. In a process for preparing uncured meat which is resistant to the
      development of warmed-over flavor, the step of incorporating into uncured
      meat 0.01 to 0.50 percent by weight of 3-hydroxy-2-ethyl-gamma-pyrone.
NUM  4.
PAR  4. In a process for preparing uncured meat which is resistant to the
      development of warmed-over flavor, the step of incorporating into uncured
      meat 0.01 to 0.50 percent by weight of
      5-hydroxy-2-(hydroxymethyl)-gamma-pyrone.
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PAL  A dry carbonation source for preparing carbonated beverages, the method of
      preparing the carbonation source and a carbonated beverage concentrate
      employing the same are provided. The dry carbonation source is prepared by
      co-grinding calcium carbonate with an anhydrous, non-toxic acid. This dry
      carbonation source will rapidly dissolve to provide a clear, carbonated
      beverage with no undesirable sediment or unsightly surface film when mixed
      with water, a sweetener and a flavorant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to carbonated beverages. More specifically,
      the present invention relates to a dry carbonation source for use in
      preparing carbonated beverages, the method for preparing this carbonation
      source, and a carbonated beverage concentrate employing it.
PAR  The need for a dry carbonated beverage concentrate has existed for a long
      time. And, this need has been accentuated in recent years due to an
      increased awareness of the ecological limitations associated with canned
      and bottled carbonated beverages.
PAR  Early formulatory work on dry carbonated beverage concentrates
      predominantly utilized the carbonates and bicarbonates of sodium,
      potassium and ammonium as the sources of carbonation (e.g. Diller et al.,
      U.S. Pat. No. 2,851,359). However, these carbonate sources are generally
      unacceptable when present in amounts sufficient to provide a desirable
      level of carbonation. Upon reaction with the acid in the beverage, whereby
      carbon dioxide is released, the corresponding sodium, ammonium and
      potassium salts are formed. The resultant, undesirable brackish taste can
      be alleviated to some degree by using a combination of these carbonates,
      but it generally persists thereby diminishing the palatability of the
      beverage.
PAR  The taste produced by the presence of calcium ions was found to be
      considerably more tolerable than that of the sodium, ammonium or potassium
      ions. Accordingly, several workers have suggested employing calcium
      carbonate alone or in combination with other carbonates or bicarbonates to
      improve the palatability of carbonated beverages prepared from dry mixes
      (e.g. Diller et al. in U.S. Pat. Nos. 2,851,360 and 2,851,361, and Alther
      et al. in U.S. Pat. No. 2,603,569 and No. 2,639,238).
PAR  Calcium carbonate has not, however, been readily accepted. Because calcium
      carbonate is relatively insoluble, dry beverage concentrates employing it
      generally take excessively long periods of time to dissolve. Moreover,
      most commercial grades of calcium carbonate leave undesirable sediments,
      commonly referred to as sinkers, when used in amounts sufficient to
      provide desirable levels of carbonation.
PAR  To be acceptable, a dry carbonated beverage concentrate must be
      conveniently dissolved in ice water and provide a beverage which is
      appealing in both taste and appearance. An important factor relating to
      the convenience of the beverage concentrate is the time which it takes to
      completely dissolve in ice water. In general, for consumer acceptance as a
      convenience product, the beverage mix should fully dissolve within a short
      period of time, e.g. about two minutes and preferably about one minute.
      Moreover, the time for solution should be minimized to prevent loss of
      carbon dioxide to the air during solution. For most beverages, the
      beverage will not have an appealing appearance unless all cloud and
      sediment dissappear to provide a completely crystal clear beverage. As
      exceptions, certain flavors such as orange, lemon and grapefruit may
      tolerate the presence of a slight cloud. However, in no case is the
      presence of any noticeable degree of sediment desirable.
PAR  The degree of carbonation and the tartness of the beverage are significant
      factors relating to the palatability of the beverage. It is generally
      preferred that the beverage contain sufficient carbonation to yield at
      least about 1.0, and preferably at least about 1.3, volumes of carbonation
      per volume of liquid and have a final pH upon dissolution of from about
      4.5 to 5.2. This is because carbonated beverages exhibit an increased
      tartness as compared with non-carbonated beverages of the same pH. It has
      been determined that carbonated beverages exhibiting pH values below about
      4.5 - 5.2 exhibit an undesirably high level of tartness. Moreover, the
      beverage should be free from any brackish taste which would detract from
      the palatability of the beverage.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a dry
      carbonation source and a method for preparing it, and a dry carbonated
      beverage concentrate which will avoid many of the problems encountered by
      prior workers and provide a clear, carbonated beverage with no undesirable
      sediment or unsightly surface film.
PAR  It is a further object of the present invention to provide a dry
      carbonation source and a dry carbonated beverage concentrate employing the
      dry carbonation source which will completely dissolve to provide a
      carbonated beverage within an acceptably short period of time.
PAR  It is a yet further object of the present invention to provide a method for
      preparing a dry carbonation source which will completely dissolve to
      provide a clear, carbonated beverage within an acceptably short period of
      time.
PAR  It is another object of the present invention to provide a dry carbonation
      source and a dry carbonated beverage concentrate capable of providing a
      carbonated beverage free from any brackish taste or sediment, but yielding
      a desirably high level of carbonation within an acceptably short period of
      time.
PAR  It is yet another object of the present invention to provide a method for
      preparing a dry carbonation source capable of providing a carbonated
      beverage free from any brackish taste or sediment, but yielding a
      desirably high level of carbonation within an acceptably short period of
      time.
PAR  It is another object of the present invention to provide a dry carbonation
      source and a dry carbonated beverage concentrate which are relatively
      inexpensive, yet provide desirable levels of carbonation in carbonated
      beverages free of any brackish taste and which dissolve completely within
      acceptably short periods of time.
PAR  It is a yet further object of the present invention to provide a method for
      preparing a dry carbonation source which is relatively inexpensive, yet
      provides a desirable level of carbonation in a carbonated beverage free of
      any brackish taste, and which dissolves completely within an acceptably
      short period of time.
PAR  These and other objects are accomplished according to the present invention
      which provides a dry carbonation source, a method for preparing the dry
      carbonation source, and a dry carbonated beverage concentrate employing
      the same. The dry carbonation source of the present invention is prepared
      by co-grinding calcium carbonate with an anhydrous, non-toxic acid. The
      co-grinding preferably grinds the aggregates of calcium carbonate into
      finely-divided particles ranging from less than about 100 millimicrons up
      to about 10 microns, causes intimate association with the acid and grinds
      the acid to an average particle size of less than about 100 microns. The
      dry carbonation source can be blended with a flavorant and a sweetener to
      formulate a dry carbonated beverage concentrate.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The reaction between calcium carbonate and the acid releasing the carbon
      dioxide into solution is heterogenous. The reation rate is dependent upon
      the exposed surface area of the calcium carbonate. The finest commercially
      available precipitated calcium carbonates have an average primary particle
      size of about 30 to 40 millimicrons. In reality, however, the primary
      particles are rarely present. During preparation, the calcium carbonate
      particles tend to aggregate. These aggregates are only difficultly
      dissolved in the acid solutions on the type employed according to the
      present invention and cause a persistent sediment. It has been found that
      even extensive and vigorous stirring does not cause the sediment to
      dissolve. Moreover, stirring must be kept to a minimum in intensity and
      duration so as not to evolve the CO.sub.2 already in solution.
PAR  One would expect, for a given sample of calcium carbonate, that the
      reactivity would increase and the amount of undissolved sediment would
      decrease with decreasing particle sizes. This is explained by the fact
      that the smaller particles possess larger surface areas and, presumably, a
      greater dispersability. Ideally, this would permit more effective
      participation in the heterogenous reaction. We have observed, however,
      that irrespective of the degree to which the calcium carbonate may be
      ground or milled separately, the primary particles of the calcium
      carbonate tend to aggregate into difficultly dissolved particles. This
      results in a high percentage of sinkers, and an unduely lengthy time for
      reaction to occur.
PAR  A prime feature of the present invention is the discovery that by
      co-grinding the calcium carbonate to the desired particle size together
      with an acid, which is a necessary component of a dry carbonated beverage
      concentrate, a dry carbonation source can be obtained which reacts more
      rapidly and more completely than where the calcium carbonate and the acid
      are ground separately to the same degree before blending. It is possible
      that the tendency for the calcium carbonate to reaggregate into
      difficultly dissolvable large particles is inhibited by the co-grinding.
      It is believed that the acid acts as a barrier, preventing
      reagglomeration. In any event, the improved result is real and
      reproduceable and we do not wish to be bound by any specific theory.
PAR  The particular crystalline form of the calcium carbonate is not critical to
      the present invention, but may be any of those commercially available.
      Finely-divided, precipitated calcite having an average primary particle
      size of less than about 100, preferably less than 40, millimicrons has
      been found to be desirable. This form of calcium carbonate is commercially
      available as Purecal U from Wyandote Corp. The aggregates of the calcium
      carbonate particles should be capable of being reduced during the
      co-grinding to below about 10 microns and preferably below about 3 microns
      for satisfactory reactivity. It will be obvious to those skilled in the
      art that the calcium carbonate should be supplied as a dry powder to avoid
      reaction with the acid. While the exact degree of moisture is not
      presently believed critical to the present invention, it will be apparent
      to those skilled in the art that it should be as low as possible to
      prevent premature reaction between the carbonate and the acid. Moisture
      levels for the calcium carbonate and the acid of less than about 0.0% by
      weight have been found satisfactory.
PAR  The calcium carbonate is co-ground with a non-toxic, anhydrous acid to
      reduce the size of the calcium carbonate aggregates as noted above, and to
      reduce the particle size of the anhydrous acid to less than about 100, and
      preferably about 5, microns. The anhydrous, non-toxic acid can be any of
      those commonly employed which are capable of being stored dry at a
      moisture content of less than about 0.01%. Typical of the acids which can
      be employed according to the present invention are citric, malic, fumaric,
      adipic and other like acids. The acid is preferably employed during the
      grinding step in the amount, relative to the calcium carbonate, which is
      to be employed in the beverage concentrate. However, it is possible to
      employ somewhat lower amounts during the grinding operation and to then
      blend the remainder after completion of the grinding. Preferably, the acid
      in the dry carbonation source will be present in amounts of about 1 to
      20%, and more preferably 1 to 10%, in excess of the amount theoretically
      required to release all of the carbon dioxide from the calcium carbonate
      and a supplemental carbonation source if one is employed.
PAR  The acid and the calcium carbonate are desirably blended before
      co-grinding; however, they may be fed from separate sources directly into
      the grinding apparatus. Any of the known means for grinding dry
      particulate matter to the desired size range can be employed according to
      the present invention. Typical of these devices are freezer mill, jet
      atomizer mill, hammer mill and ball mill. Those skilled in the art will be
      aware of the details of the known grinding procedures and further
      elaboration here is not deemed necessary as these details form no part of
      the present invention.
PAR  After co-grinding the acid with the calcium carbonate, the resulting dry
      carbonation source may be employed in this form for preparing a
      slightly-acid, soda-water-type beverage. Preferably, however, the dry
      carbonation source of the present invention is blended with a flavorant
      and if desired a sweetener and a supplemental carbonation source. Suitable
      flavorants include any of the common soft drink flavors which can be
      supplied at the desired moisture levels. Typical flavors can include
      cherry, orange, lemon, lime, grapefruit, strawberry, raspberry, rootbeer,
      cola, chocolate, vanilla, grape, punch, etc.
PAR  Additionally, the dry carbonated beverage concentrate should employ a
      sweetening agent. Generally, any of the known, non-toxic natural or
      synthetic sweeteners can be employed. Of the natural sweeteners, sucrose
      is preferred; however, other sugars such as fructose, dextrose, etc.;
      certain amino acids such as L-alanine and glycine; certain alcohols such
      as sorbitol, mannitol and xylitol; vegetable extracts such as glycyrrhiza
      globra; and the like can be employed. Exemplary of the synthetic
      sweeteners which can be employed are saccharin, cyclamate salts, and
      certain dipeptides and their salts such as L-aspartyl-L-phenylalanine
      methyl ester, and the like.
PAR  The dry carbonation source of the present invention can be employed without
      any additional carbonation producing material at concentrations of up to
      about 0.3% based on the weight of the beverage without any noticeable
      brackish taste. However, the carbonation source of the present invention
      is preferably employed in amounts sufficient to obtain a calcium ion
      concentration in the final beverage of from about 0.15 to 0.26%, in
      combination with a supplemental carbonation source such as sodium
      carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate,
      ammonium carbonate, ammonium bicarbonate or combination thereof, which is
      employed in amounts sufficient to bring the carbonation to the desired
      level of greater than about 1.0, and preferably greater than about 1.3,
      volumes of carbon dioxide per volume of final beverage. In the dry
      beverage concentrate, the acid is always employed in a major amount and
      the calcium carbonate in a minor amount as constituent parts of the dry
      carbonation source.
PAR  Those skilled in the art will be aware of the desired amounts of the
      various sweetening and flavoring agents which can be employed alone or in
      combination. A typical dry carbonated beverage concentrate according to
      the present invention can have the following formulation on a dry basis:
PA1  3.15% calcium carbonate;
PA1  6.25% malic acid;
PA1  1.82% sodium bicarbonate;
PA1  88.60% sucrose;
PA1  0.15% orange flavorant; and
PA1  0.03% lemon flavorant.
PAL  To prepare a single serving of beverage, approximately 27 grams of this
      concentrate are added to approximately 6 ounces of water.
PAR  Because the calcium carbonate and the acid react in the presence of
      moisture to release carbon dioxide gas, it is important to maintain the
      dry carbonation source and the dry carbonated beverage concentrate of the
      present invention at relatively low moisture levels. For optimum storage
      stability, the dry carbonation source and dry carbonated beverage
      concentrate should be stored in moisture impermeable containers. A
      desiccant can optionally be employed in the containers. Glass jars and
      sealed envelopes of a metal foil-polymer film laminate are exemplary of
      suitable containers. Those skilled in the art will be aware of the most
      suitable techniques for achieving and maintaining the desired moisture
      content, and these details form no part of the present invention.
DETD
PAR  The following examples are presented for the purpose of further
      illustrating and explaining the present invention and are not to be taken
      as limiting in any sense. Unless otherwise indicated, all parts and
      percentages are by weight.
PAC  EXAMPLE 1
PAR  This example illustrates a preferred method for preparing a dry carbonation
      source according to the present invention. A quantity of malic acid was
      ground in a Mikro-Samplmill hammer mill fitted with a 0.010 herring bone
      slot retaining screen insert. Then 377.5 g of the ground malic acid were
      blended with 180.6 g of Purecal U calcium carbonate in a Hobart mixer
      using a wire wisk. This blend was (1) ground by passing it through the
      hammer mill, (2) blended again in the Hobart mixer, (3) ground by a second
      pass through the hammer mill, (4) blended again in the mixer, and (5)
      ground by a third pass through the hammer mill. This procedure yielded the
      dry carbonation source as a very fine, free-flowing powder.
PAC  EXAMPLE 2
PAR  A dry carbonated beverage concentrate according to the present invention is
      formulated by admixing the following ingredients in a glass:
PA1  1.45 g. of the dry carbonation source prepared in Example 1,
PA1  0.113 g. of Sodium bicarbonate,
PA1  0.316 g. of Potassium bicarbonate, and
PA1  13.6 g. of sucrose.
PAL  To this dry admixture was added 100 ml. of ice water. The contents of the
      glass were then moderately agitated. The solids completely dissolved to
      give a clear beverage in 35 seconds. The beverage had an acceptable level
      of carbonation and a pH of 4.95.
PAR  The following fourteen Examples, 3-16, are presented for the purpose of
      further illustrating the present invention and comparing it to the known
      procedure of grinding an acid component and calcium carbonate separately
      and blending these pre-ground materials to formulate a beverage
      concentrate. Except where indicated, blending was performed for the
      indicated time in a Patterson-Kelly twin shell dry blender (21/2 inch
      dia.) And except as indicated, grinding was accomplished by a single pass
      through a Mikro-Samplmill hammer mill using a 0.010 herringbone slot
      retaining screen insert. In each Example, the samples were evaluated in a
      standard beverage formulation comprising 0.0167 equivalents of the
      indicated acid, 0.64 g of calcium carbonate, and 0.28 g of sodium
      bicarbonate, admixed in 100 g of ice water. Where indicated, 13.6 g of
      sucrose was also employed. The calcium carbonate was commercially
      available Purecal U. The beverages were moderately agitated and allowed to
      stand for about 3 minutes before collecting the sediment by filtration and
      evaluating it for calcium carbonate by reaction with a known quantity of
      HCl and then titration with NaOH. Where more than a single run was made
      for a particular Example, the outside limits of the amounts of sediment
      obtained are indicated.
PAC  EXAMPLE 3
PAR  Calcium carbonate and malic acid were blended for 3 minutes and then
      ground. Only 0.00 to 0.10% of the calcium carbonate remained as sediment.
PAC  EXAMPLE 4
PAR  The sample prepared in Example 3 was evaluated using sucrose in the
      evaluation. Only 0.05% of calcium carbonate remained unreacted.
PAC  EXAMPLE 5
PAR  The procedure of Example 3 was repeated using citric acid in place of the
      malic acid and using sucrose in the beverage formulation. The sediment
      amounted to 0.0 to 0.06% of the calcium carbonate in the beverage
      formulation.
PAC  EXAMPLE 6
PAR  A blend of malic acid and calcium carbonate were ground in a Spex freezer
      mill operated at - 196.degree. C. Only 0.07% unreacted calcium carbonate
      remained as sediment in the beverage.
PAC  EXAMPLE 7
PAR  The procedure of Example 6 was repeated employing sucrose in the beverage
      formulation. Here, 0.08% of the calcium carbonate remained as sediment.
PAC  EXAMPLE 8
PAR  Calcium carbonate and malic acid was dry blended with a spatula along with
      sodium bicarbonate. After solvation with ice water, 2.1 to 2.8% unreacted
      calcium carbonate remained as sediment.
PAC  EXAMPLE 9
PAR  The procedure of Example 8 was repeated employing sucrose in the beverage
      formulation. This time 0.5 to 0.7% of unreacted calcium carbonte remained
      as sediment.
PAC  EXAMPLE 10
PAR  Malic acid, sodium bicarbonate, calcium carbonate and sucrose were blended
      in a Brabender Sigma mixer for 30 minutes. After solvation, 0.2% of the
      calcium carbonate remained as sediment. EXAMPLE 11
PAR  Citric acid and calcium carbonate were ground separately and then blended
      for 3 minutes. After solvation, 2.0 to 8.7% of the calcium carbonate
      remained as sediment.
PAC  EXAMPLE 12
PAR  The procedure of Example 11 was repeated except that malic acid was used in
      place of the citric acid. Here, 3.6 to 4.0% of the calcium carbonate
      remained as sediment.
PAC  EXAMPLE 13
PAR  The procedure of Example 11 was repeated except that the blending was
      continued for 5 hours. Even here, 0.3 to 0.4% of the calcium carbonate
      remained as sediment.
PAC  EXAMPLE 14
PAR  The sample prepared in Example 13 was evaluated using sucrose in the
      beverage formulation. In this instance, 0.2 to 0.3% of calcium carbonate
      still remained as sediment.
PAC  EXAMPLE 15
PAR  Malic acid and calcium carbonate were blended for 5 minutes. The sodium
      bicarbonate was admixed with the blend and the admixture was blended for 5
      more minutes. Then sucrose was added and the dry ingredients were blended
      for 5 hours before evaluation with ice water. After solvation, 1.2 to 1.6%
      of the calcium carbonate remained as sediment.
PAC  EXAMPLE 16
PAR  Malic acid and calcium carbonate were blended for 5 hours and evaluated.
      Here, 1.4 to 2.1% of the calcium carbonate remained as sediment.
PAR  Many modifications and variations of the present invention will become
      apparent to those skilled in the art upon reading the above specification.
      It is intended that all such modifications and variations be included
      within the scope of the present invention which is defined by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a dry carbonation source for use in preparing a
      carbonated beverage comprising:
PA1  co-grinding calcium carbonate and an anhydrous, solid, water-soluble
      nontoxic acid
PA1  wherein the cogrinding of the calcium carbonate and the acid
PA2  a. grinds the aggregates of calcium carbonate into finely-divided particles
      having an average primary particle size of less than about 100
      millimicrons and being substantially free of aggregates in excess of about
      10 microns,
PA2  b. Causes intimate association of the acid with the calcium carbonate, and
PA2  c. grinds the acid to an average particle size of less than about 100
      microns.
NUM  2.
PAR  2. A process for preparing a dry carbonation source according to claim 1
      wherein:
PA1  the aggregates of calcium carbonate are ground during the co-grinding
      thereof with the acid into finely divided particles having an average
      primary particle size of less than about 40 millimicrons and are
      substantially freed of aggregates in excess of about 3 microns in
      diameter.
NUM  3.
PAR  3. A process for preparing a dry carbonation source according to claim 1
      wherein the acid comprises citric, fumaric or malic acid.
NUM  4.
PAR  4. A process for preparing a dry carbonation source for use in preparing a
      carbonated beverage comprising:
PA1  a. blending dry, particulate calcium carbonate with an anhydrous, solid,
      water-soluble, non-toxic acid; and
PA1  b. co-grinding the calcium carbonate and the acid to cause intimate
      association of the calcium carbonate and the acid wherein the calcium
      carbonate is ground into finely-divided particles having an average
      primary particle size of less than about 100 millimicrons and is
      substantially freed of aggregates larger than about 10 microns.
NUM  5.
PAR  5. A process according to claim 4 wherein the acid comprises citric, malic,
      fumaric, or adipic.
NUM  6.
PAR  6. A process according to claim 5 wherein the acid is ground into
      finely-divided particles having an average particle size of less than
      about 100 microns.
NUM  7.
PAR  7. A process for preparing a dry carbonated beverage concentrate
      comprising:
PA1  a. co-grinding calcium carbonate and an anhydrous, solid, water-soluble,
      non-toxic acid to prepare a dry carbonation source wherein the calcium
      carbonate is ground into finely-divided particles having an average
      primary particle size of less than about 100 millimicrons and is
      substantially freed of aggregates larger than about 10 microns
PA1  b. blending a flavorant with the dry carbonation source.
NUM  8.
PAR  8. A process for preparing a dry carbonated beverage concentrate according
      to claim 28 which further comprises:
PA1  blending a supplemental carbonation source with the other dry mix
      ingredients after co-grinding the acid and the calcium carbonate.
NUM  9.
PAR  9. A process according to claim 7 wherein the acid comprises citric, malic,
      fumaric or adipic.
NUM  10.
PAR  10. A process according to claim 9 wherein the acid is ground into
      finely-divided particles having an average particle size of less than
      about 100 microns.
NUM  11.
PAR  11. A process according to claim 10 which further comprises blending a
      supplemental carbonation source with the other dry mix ingredients after
      co-grinding the acid and the calcium carbonate.
NUM  12.
PAR  12. A process according to claim 11 wherein the supplemental carbonation
      source comprises a sodium, potassium or ammonium carbonate or bicarbonate
      or any combination thereof.
NUM  13.
PAR  13. A process according to claim 12 which further comprises:
PA1  blending a sweetener with the other dry mix ingredients after co-grinding
      the acid and the calcium carbonate.
NUM  14.
PAR  14. A process according to claim 13 wherein the sweetener comprises
      sucrose.
NUM  15.
PAR  15. A process according to claim 13 wherein the sweetener comprises
      L-aspartyl-L-phenylalanine methyl ester.
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ABST
PAL  This invention relates to an edible emulsion which is stable during storage
      and carriage and the phases of which are reversed by mechanical working to
      form an oil-in-water type emulsion, containing a polyhydric alcohol fatty
      acid ester having a substantial proportion of a polyhydric alcohol fatty
      acid ester in an amount of about 0.25 - 2.5% by weight of said emulsion
      and a sucrose fatty acid ester having an HLB value of at least 10 in an
      amount of about 0.5 - 5% by weight of said emulsion.
BSUM
PAR  In this specification, the terms "oil" and "fat" are used synonymously.
PAR  Generally, a reversal of phases of an emulsion is often confused with
      destruction of an emulsion, but in this specification, a reversal of
      phases of an emulsion is distinguished from destruction of an emulsion.
      When an oil-in-water type emulsion such as fresh cream is whipped
      excessively, the aqueous phase is separated from the oil phase. In this
      specification, this phenomenon is called "destruction" of an oil-in-water
      emulsion, but not a "reversal of phases" of an oil-in-water emulsion.
      Water-in-oil emulsion as used in butter and cosmetics is produced by
      initially preparing an oil-in-water emulsion and thereafter effecting the
      reversal of the phases by adding a further quantity of oil. In this case,
      the phases of the emulsion are reversed during production. The reversal of
      the emulsion in this case is distinct from the reversal of the phases in
      this invention. The former is accomplished during production, but the
      latter is effected during mechanical working, such as whipping, when the
      product is used for various purposes. In the above mentioned case, the
      water-in-oil emulsion is produced from the oil-in-water emulsion by
      reversal of the phases, but in this invention, the oil-in-water emulsion
      is produced from the water-in-oil emulsion by reversal of the phases.
      Moreover, in this invention, the phases of the emulsion are reversed
      without changing the appearance of the emulsion and without separation of
      the aqueous phase or the oil phase. The phases of the emulsion of this
      invention are reversed by mechanical working such as whipping, but they
      are not reversed simply by slightly agitating the emulsion. The whipping
      time required to reverse the phases of the emulsion depends on the kind of
      mixing machine, the mixing speed, the size of the dispersed droplets in
      the continuous phase, the fluidity of the emulsion and the water content
      of the emulsion, but generally it is from about 30 seconds - 3 minutes.
      When the emulsion is whipped, there is no necessity to add water, syrop or
      emulsifier to accelerate the phase reversion of the emulsion.
PAR  The human tongue is more sensitive to the taste of water-phase than of
      oil-phase. Therefore our tongues are more sensitive to the taste of an
      oil-in-water emulsion in which the outer continuous phase is water--phase
      than the taste of a water-in-oil emulsion or an oil-in-water-in-oil
      emulsion in which the outer continuous phase is oil-phase. However,
      bacteria contaminate the water phase more easily than the oil-phase and
      therefore the oil-in-water emulsion, in which outer continuous phase is
      water-phase, is more easily contaminated with bacteria during storage and
      carriage than the water-in-oil emulsion or the oil-in-water-in-oil
      emulsion in which the outer continuous phase is oil phase.
PAR  An object of this invention is to provide an edible emulsion which is
      stable and not contaminated easily with bacteria during storage and
      carriage and effects the phase inversion by whipping when the emulsion is
      used to produce oil-in-water emulsion, the taste of which is more readily
      detectable by the tongue.
PAR  The edible emulsion of this invention comprises a continuous oil phase and
      a dispersed aqueous phase the total amount of the continuous oil phase and
      being about 50 - 95% by weight of said emulsion, the amount of the
      dispersed aqueous phase being about 5 - 50% by weight of said emulsion,
      said emulsion containing a polyhydric alcohol fatty acid ester having a
      substantial proportion of a polyhydric alcohol unsaturated fatty acid
      ester in an amount of about 0.25 - 2.5% by weight of said emulsion and a
      sucrose fatty acid ester having an HLB value of at least 10 in an amount
      of about 0.5 - 5% by weight of said emulsion.
PAR  The method of preparing the edible emulsion of this invention comprises
      preparing the emulsion comprising (a) forming an emulsion which comprises
      a continuous oil phase and a dispersed aqueous phase in an aqueous phase,
      the total amount of the continuous oil phase being about 50 - 95% by
      weight of said emulsion, the amount of the dispersed aqueous phase being
      about 5 - 50% by weight of said emulsion, said emulsion containing a
      polyhydric alcohol fatty acid ester having a substantial proportion of a
      polyhydric alcohol unsaturated fatty acid ester in an amount of about 0.25
      - 2.5% by weight of said emulsion and a sucrose fatty acid ester having an
      HLB value of at least 10 in an amount of about 0.5 - 5% by weight of said
      emulsion and (b) cooling rapidly the emulsion to effect solidification of
      components of the oil phase.
PAR  The sucrose fatty acid ester for use in the emulsions of this invention has
      an HLB value of at least 10, preferably 11 to 17 and it is composed
      primarily of monoester of sucrose and saturated and/or unsaturated fatty
      acid containing 12 to 22 carbon atoms, together with smaller amounts of
      diester and triester of them. The sucrose fatty acid ester contains
      monoester in an amount of at least 40% when the combined fatty acid is
      saturated and/or unsaturated fatty acid containing 12 carbon atoms and in
      an amount of at least 50% when the combined fatty acid is saturated fatty
      acid containing 16 carbon atoms and in an amount of at least 50%
      preferably at least 60% when the combined fatty acid is the mixture of
      fatty acid containing 12 to 22 carbon atoms. Even when the amount of
      monoester in the sucrose fatty ester is below 50%, the water-in-oil type
      emulsion or the oil-in-water-in-oil type emulsion can be prepared, but the
      phases of the prepared emulsion cannot be reversed by whipping to produce
      oil-in-water emulsion.
PAR  The amount of sucrose fatty acid ester having an HLB value of at least 10
      is about 0.5% to about 5.0%, preferably about 1.0% to about 3.0% by weight
      of the prepared emulsion. When the amount of it is below about 0.5% by
      weight of the prepared emulsion, the phases of the prepared emulsion
      cannot be reversed by whipping to produce oil-in-water type emulsion. when
      the amount of the sucrose fatty acid ester is above about 5% by weight of
      the prepared emulsion, it spoils the taste of the prepared emulsion.
PAR  The amount of aqueous phase is from about 5% to about 50%, preferably from
      about 10% to about 40% by weight of the prepared emulsion. Even when the
      amount of aqueous phase is below about 5% by weight of the prepared
      emulsion, the phases of the prepared water in oil (w/o) or
      oil-in-water-in-oil (o/w/o) emulsion can be reversed to produce
      oil-in-water (o/w) type emulsion, but the reversed oil-in-water (o/w)
      emulsion is unstable because its aqueous phase is too small. When the
      amount of aqueous phase is above about 50% by weight of the prepared
      emulsion, the prepared (w/o) or (o/w/o) emulsion is unstable because its
      has too large an aqueous phase. The polyhydric alcohol fatty acid ester
      for use in the emulsions of this invention is composed primarily of
      monoester of polyhydric alcohol and fatty acid containing 12 to 22 carbon
      atoms selected from a group consisting of unsaturated fatty acid and a
      mixture of unsaturated fatty acid and saturated fatty acid, together with
      a smaller amount of their diester and triester. The combined fatty acid is
      composed primarily of unsaturated fatty acid and it may contain saturated
      fatty acid. When the amount of saturated fatty acid is larger than the
      amount of unsaturated fatty acid in the composition of the combined fatty
      acid, it is necessary to add a larger amount of the polyhydric alcohol
      fatty acid ester to the oil phase to prepare the emulsion, the phases of
      which can be reversed to oil-in-water type emulsion, thus spoiling the
      taste of the prepared emulsion. The preferred amount of unsaturated fatty
      acid is at least about 50% by weight of the combined fatty acid. When the
      polyhydric alcohol fatty acid ester comprising only the polyhydric alcohol
      saturated fatty acid ester is used, the phases of the prepared emulsion
      cannot be reversed to produce oil-in-water type emulsion.
PAR  The combined unsaturated fatty acid may be unsaturated fatty acid, such as
      myristoleic acid, 9-palmitoleic acid, oleic acid, linoleic acid, linolenic
      acid, gadoleic acid, arachidonic acid, erucic acid, preferably oleic acid,
      linoleic acid and linolenic acid. The combined polyhydric alcohol may be
      polyhydric alcohol such as glycerine, propylene glycol, sorbitol,
      sorbitan, sorbide and sucrose, preferably glycerine, propylene glycol and
      sorbitan.
PAR  The polyhydric alcohol fatty acid ester must include a polyhydric alcohol
      unsaturated fatty acid ester in an amount of 0.25% to 2.5% by weight of
      the prepared emulsion and the preferred amount of the polyhydric alcohol
      unsaturated fatty acid ester is about 0.5 to about 1.5% by weight of the
      prepared emulsion. Even when the amount of it is below about 0.25% by
      weight of the emulsion, the emulsion can be prepared but the phases of the
      prepared emulsion cannot be reversed by whipping to form oil-in-water type
      emulsion.
PAR  When the amount of it is above 2.5% by weight of the prepared emulsion, the
      phases of the prepared emulsion can be reversed by whipping but the
      prepared emulsion easily deteriorates in flavour during extended periods
      of time because it contains an unsaturated fatty acid group.
PAR  After the phases of the emulsion of this invention have been reversed to
      form an oil-in-water type emulsion, the polyhydric alcohol fatty acid
      ester containing mainly saturated fatty acid group may be added to the
      emulsion to improve the whipping properties of the prepared emulsion.
PAR  The fat for use in the emulsion of this invention can be any edible fat
      such as vegetable fat, animal fat, oil, treated fat obtained by treating
      the above materials in a chemical or physical method, or a mixture
      thereof.
PAR  Examples of the fats which may be used in this invention are milk fat,
      soybean oil, cottonseed oil, corn oil, safflower oil, palm oil, rapeseed
      oil, Kapok oil, coconut oil, butter fat, lard, tallow, fish oil, whale oil
      and the like, the hardened oil which is obtained by hydrogenating the
      above materials, and the mixture thereof.
PAR  If necessary, the emulsion in this invention may contain additives such as
      milk products flavoring materials, coloring materials stabilizing agents,
      thickening agents, spices and the like.
PAR  The method of preparing the edible emulsion of this invention is as
      follows. In order to prepare the water-in-oil (w/o) type emulsion of this
      invention, the aqueous phase comprising water and the sucrose fatty acid
      ester and the oil phase comprising the fat and the polyhydric alcohol
      fatty acid ester are mixed and emulsified at a temperature greater than
      the melting point of the fat used as the oil phase being generally about
      40.degree. to about 60.degree.C, and then the resulting emulsion is
      rapidly cooled and plasticized to form a plastic emulsion containing
      dispersed particles of about 2 to 20 microns in size. The rapid cooling
      and plasticizing step may be performed by putting the emulsion in contact
      with a cooling drum or passing it through a tubular cooler. The process of
      preparing the emulsion of this invention may be conducted by using a
      device such as a "Votator", "Perfector", "Kombinator" or "Complector".
PAR  In order to prepare the oil-in-water-in-oil type emulsion, it is necessary
      to divide the oil phase for use in the emulsion of this invention into two
      parts. One part may be the same as the other or different from the other
      in its' composition. The fat for use in this invention is divided into two
      parts so that the outer oil phase may contain at least 20% and preferably
      at least 25% of the fat. In the above case, the polyhydric alcohol fatty
      acid ester containing the polyhydric alcohol unsaturated fatty acid ester
      may be added to the outer oil phase or the inner oil phase, preferably to
      the outer oil phase. The sucrose fatty acid ester having an HLB value of
      at least 10 may be adequate to prepare the oil-in-water emulsion from the
      inner oil phase and the aqueous phase but a water soluble protein such as
      casein is preferably added to the aqueous phase to improve the stability
      of the oil-in-water emulsion. The emulsification for preparing the
      oil-in-water emulsion may be accomplished by using individually or in
      combination such emulsification machines as a propeller type agitator,
      turbine type agitator homomixer and homogenizer. The emulsification
      temperature may be about 40.degree.C - 90.degree.C. The oil-in-water
      emulsion may be homogenized to form a particle of fat having a size not
      bigger than about 5 microns, preferably about  0.5 - 2 microns.
      Thereafter, the oil-in-water-in-oil emulsion is formed by dispersing the
      oil-in-water emulsion in the outer oil phase at a temperature greater than
      the melting point of the outer oil phase, preferably about 40.degree.C -
      60.degree.C. The resulting mixture is cooled by passing it through a
      device for cooling and plasticizing to obtain an oil-in-water-in-oil type
      emulsion composition.
PAR  When the water-in-oil emulsion or the oil-in-water-in-oil emulsion is
      cooled rapidly and plasticized by a device for cooling and plasticizing,
      the operating condition of the device may be controlled to obtain a
      particle size for the dispersed phase of about 2 - 20 microns. However, it
      is difficult to exactly control the particle size of the dispersed phase
      only by controlling the operating condition of the device for cooling. In
      this invention, the particle size of the dispersed phase is substantially
      controlled by the amount of water in the emulsion. The particle size of
      the dispersed phase in the emulsion of this invention is about 2 - 20
      microns, preferably 2 - 10 microns. When the particle size of the
      dispersed phase is below 2 microns, the phases of the emulsion cannot be
      reversed, and when the particle size of the dispersed phase is above 20
      microns, the emulsion is unstable. In this invention, the particle size of
      the dispersed phase is controlled to 2 - 20 microns mainly by controlling
      the amount of aqueous phase to 5 - 50% by weight of the emulsion.
PAR  The product of this invention has various uses because of having the
      properties not only of a water-in-oil emulsion or an oil-in-water-in-oil
      emulsion but also of an oil-in-water emulsion. It may be used for various
      purposes as a unique emulsion which has both good storage and handling
      properties because it has an oil phase as an outer continuous phase, and
      good test since the phases change on whipping.
PAR  When the emulsion is used unchanged as a water-in-oil emulsion or as an
      oil-in-water-in-oil emulsion, there is no necessity to whip the emulsion,
      and when the emulsion is used as an oil-in-water emulsion, the emulsion is
      whipped to reverse the phases.
PAR  The emulsion of this invention can be produced only by utilizing both a
      specified amount of sucrose fatty acid ester having an HLB value of at
      least 10 and a specified amount of polyhydric alcohol fatty acid ester
      having the unsaturated fatty acid radical. Therefore the emulsion of this
      invention cannot be produced when only one of the above emulsifiers is
      used or when the amount of the emulsifier is outside the specified range.
PAR  The product of this invention is considered unique because it is possible
      to effect a smooth transfer from the water-in-oil type to an oil-in-water
      type and it is surmised that this characteristic is due to the specific
      orientation of emulsifiers which have specific structure and specific
      composition in fatty acid radicals, in the interface between the oil phase
      and the aqueous phase.
DETD
PAR  The following examples are given to demonstrate the preparation of the
      emulsion of the invention disclosed herein. These examples are not
      intended as limitations upon the invention.
PAC  EXAMPLE 1
PAR  The aqueous phase is prepared by adding 10 kg of sucrose fatty acid ester
      having an HLB value of 11 to 150 kg of water and thereafter heating the
      resulting mixture to 60.degree.C with agitation to dissolve the emulsifier
      in water. The oil phase is prepared by adding 10 kg of glycerol fatty acid
      ester having unsaturated fatty acid radical, to 820 kg of the melted fat
      of hardend fish oil (melting point 32.degree.C).
PAR  Then the aqueous phase is mixed with the oil phase and the resulting
      mixture is admitted into a "Votator" with agitation at 60.degree.C. The
      mixture is rapidly cooled to 18.degree.C and plasticized by passing
      through a "Votator" to produce the finished product.
PAR  The composition of the sucrose fatty acid ester and glycerol fatty acid
      ester is as follows:
TBL  (1) Sucrose fatty acid ester   HLB about 11                               
     Composition of combined fatty acid                                        
                            Composition of ester                               
     __________________________________________________________________________
     Stearate    Palmitate  Monoester   Di- and Tri-esters                     
     about 70%   about 30%  about 50%   about 50%                              
     __________________________________________________________________________
     (2) Glycerol fatty acid ester M.P.58.degree.C, S.V.162, I.V.35            
     Composition of combined fatty acid                                        
                                 Composition of ester                          
     __________________________________________________________________________
     Palmitate                                                                 
            Stearate                                                           
                   Oleate Linoleate                                            
                                 Monoester                                     
                                        Di- and Tri-esters                     
     about 30%                                                                 
            about 20%                                                          
                   about 45%                                                   
                          about 5%                                             
                                 about 90%                                     
                                        about 10%                              
     __________________________________________________________________________
PAR  The emulsion obtained in Example 1 is whipped at high speed by using a
      "Hovert-Mixer". The result of whipping is as follows.
TBL  __________________________________________________________________________
     Agitation time                                                            
              Starting                                                         
                   30 seconds                                                  
                          1 minute                                             
                               2 minutes                                       
                                     3 minutes                                 
     __________________________________________________________________________
     Gravity  0.91 0.72   0.63 0.49  0.42                                      
     Type of emulsion                                                          
              w/o  o/w    o/w  o/w   o/w                                       
     __________________________________________________________________________
PAR  The above table shows that the water-in-oil emulsion of this invention is
      changed to an oil-in-water emulsion in 30 seconds.
PAC  COMPARATIVE EXAMPLE 1a
PAR  The procedure of Example 1 is followed, but sucrose fatty acid ester having
      an HLB value of about 7 is used instead of sucrose fatty acid ester having
      an HLB value of about 11. Consequently although a water-in-oil emulsion is
      produced, the phases cannot be reversed by whipping under the conditions
      of Example 1.
PAR  The composition of sucrose fatty acid ester used in this example is as
      follows:
TBL  Composition of combined                                                   
     fatty acid      Composition of ester                                      
     ______________________________________                                    
     Stearate Palmitate  Monoester  Di- and Tri-esters                         
     about 70%                                                                 
              about 30%  about 40%  about 60%                                  
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 1b
PAR  The procedure of Example 1 is followed but glycerol fatty acid ester having
      only a saturated fatty acid radical is used instead of glycerol fatty acid
      ester having an unsaturated fatty acid radical. Consequently, although a
      water-in-oil emulsion is produced, the phases cannot be reversed by
      whipping under the conditions of Example 1.
PAR  The composition of the glycerol fatty acid ester used in this example is as
      follows.
TBL  ______________________________________                                    
     M.P.70.degree.C, S.V.160, I.V. not more than 3                            
     Composition of combined                                                   
     fatty acid      Composition of ester                                      
     ______________________________________                                    
     Palmitate                                                                 
              Stearate   Monoester  Di- and Tri-esters                         
     about 30%                                                                 
              about 70%  about 90%  about 10%                                  
     ______________________________________                                    
PAR  The size of the fat particles, the products consistency and stability and
      the results of whipping tests on the emulsions of Example 1, Comparative
      Example 1a, and Comparative Example 1b are tabulated below.
TBL  __________________________________________________________________________
                             Comparative                                       
                                       Comparative                             
                   Example 1 Example 1a                                        
                                       Example 1b                              
     __________________________________________________________________________
     Size of the fat                                                           
     particles     about 2 - 3.mu.                                             
                             about 2 - 3.mu.                                   
                                       about 2 - 3.mu.                         
     __________________________________________________________________________
     The consisten-                                                            
               5.degree.C                                                      
                    75        73        76                                     
     cies of the                                                               
              10.degree.C                                                      
                   100        92       104                                     
     emulsion 15.degree.C                                                      
                   128       130       129                                     
              20.degree.C                                                      
                   175       181       171                                     
     __________________________________________________________________________
     Stability of the                                                          
                   The fat phase                                               
                             The fat phase                                     
                                       The fat phase and                       
     emulsion while                                                            
                   and the aqueous                                             
                             and the aqueous                                   
                                       the aqueous phase                       
     stationary at phase are phase are are slightly sepa-                      
     30.degree.C .+-. 2.degree.C                                               
                   slightly sepa-                                              
                             slightly sepa-                                    
                                       rated after 5 days                      
                   rated after                                                 
                             rated after                                       
                   5 days    4 days                                            
     __________________________________________________________________________
                             The e-    The e-                                  
                   The e-    mulsion   mulsion                                 
                   mulsion                                                     
                        Density                                                
                             type      type Density                            
     The result                                                                
              Start                                                            
                   w/o  0.91 w/o  0.91 w/o  0.91                               
     of whipping                                                               
              30 sec                                                           
                   o/w  0.72 w/o  0.81 w/o  0.85                               
     test      1 min                                                           
                   o/w  0.63 w/o  0.73 w/o  0.69                               
               2 min                                                           
                   o/w  0.49 w/o  0.65 w/o  0.59                               
               3 min                                                           
                   o/w  0.42 w/o  0.49 w/o  0.53                               
     __________________________________________________________________________
PAR  The consistency of each sample is determined by using an A.S.T.M.D-517-60T
      cone penetrometer, with a cone angle of 60.degree., in which the total
      load of cone plus rod is 121 grams and the reading penetration value by a
      1/10 mm scale unit for a period of 5 seconds after the pointed end of the
      cone has touched the surface of the emulsion.
PAR  It is shown by the above table that the emulsion of Example 1 has the same
      size of fat particles, the same stability and the same consistency as the
      emulsions of Comparative Example 1a and 1b but the result of the whipping
      test on the emulsion of Example 1 is different from those on the emulsions
      of Comparative Examples 1a and 1b. The phases of the emulsion of Example 1
      are reversed by whipping, while the phases of the emulsions of Comparative
      Examples 1a and 1b cannot be reversed.
PAC  COMPARATIVE EXAMPLE 1c
PAR  The procedure of Example 1 is followed but the mixture, which is produced
      by mixing the oil phase and the aqueous phase and admitted into Votator
      with agitation at 60.degree.C, is rapidly cooled to 24.degree.C and
      plasticized by passing through a "Votator" to produce the finished
      product.
PAR  The size of the fat particles, consistency, stability and the results of
      the whipping test on the resulting emulsion of this Example are tabulated
      below in comparison with the emulsion of Example 1.
TBL  __________________________________________________________________________
                    Example 1  Comparative Example 1c                          
     __________________________________________________________________________
     Size of the fat                                                           
     particles      about 2 - 3.mu.                                            
                               about 20 - 40.mu.                               
     __________________________________________________________________________
     The consisten-                                                            
               5.degree.C                                                      
                     75        100                                             
     cies of the                                                               
              10.degree.C                                                      
                    100        161                                             
     emulsion 15.degree.C                                                      
                    128        222                                             
              20.degree.C                                                      
                    175        .infin.                                         
     __________________________________________________________________________
     Stability of the                                                          
                    The fat phase and                                          
                               The fat phase and the                           
     emulsion while the aqueous phase                                          
                               aqueous phase are                               
     stationary at  are slightly sepa-                                         
                               completely separated                            
     30.degree.C .+-. 2.degree.C                                               
                    rated after 5 days                                         
                               after 2.5 hours                                 
     __________________________________________________________________________
                    The e-     The e-                                          
     Result of the  mulsion    mulsion                                         
     whipping test  type  Density                                              
                               type   Density                                  
              Start w/o   0.91 w/o    0.91                                     
              30 sec                                                           
                    o/w   0.72 o/w    0.80                                     
               1 min.                                                          
                    o/w   0.63 o/w    0.71                                     
               2 min                                                           
                    o/w   0.49 o/w    0.69                                     
               3 min                                                           
                    o/w   0.42 o/w    0.73                                     
     __________________________________________________________________________
     Character of                                                              
              Size of                                                          
     the oil-in-                                                               
              the fat                                                          
                    about 1 - 2.mu.                                            
                               about 7 - 10.mu.                                
     water emulsion                                                            
              particles                                                        
     after changing                                                            
              Present-         The fat phase and the                           
     the phase                                                                 
              ation of                                                         
                    Good       aqueous phase are easily                        
              original         separated.                                      
              consisten-                                                       
              cy                                                               
              Stability                                                        
                    Density becomes 0.5                                        
                               Density becomes 0.88                            
              of the                                                           
                    after an elapse of                                         
                               1 day after the whipping.                       
              emulsion                                                         
                    1 day from the whip-                                       
                               The phases are easily                           
                    ping.      separated.                                      
                    Air in the emulsion                                        
                               Air in the emulsion                             
                    decreases only very                                        
                               decreases considerably.                         
                    slightly.                                                  
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  The aqueous phase is prepared by adding 17 kg of sucrose fatty acid ester
      having an HLB value of 14 and 13 kg of skimmed milk to 250 kg of water and
      dissolving the former into the latter. The oil phase is prepared by adding
      10 kg of sorbitan fatty acid ester having unsaturated fatty acid radical
      to 710 kg of melted fat mixture of hardened soybean oil (melting point
      36.degree.C) 80% and soybean oil 20%.
PAR  Then the aqueous phase is mixed with the oil phase at 50.degree.C and the
      resulting mixture is admitted into a "Perfector" with agitation. The
      mixture is rapidly cooled and plasticized by passing through the
      "Perfector" to produce the finished product.
PAR  The composition of the sucrose fatty acid ester and sorbitan fatty acid
      ester is as follows:
TBL  (1) Sucrose fatty acid ester   HLB 14                                     
     Composition of combined                                                   
     fatty acid      Composition of ester                                      
     ______________________________________                                    
     Stearate Palmitate  Monoester  Di- and Tri-esters                         
     about 30%                                                                 
              about 70%  about 70%  about 30%                                  
     ______________________________________                                    
     (2) Sorbitan fatty acid ester                                             
     Composition of the                                                        
     combined fatty acid                                                       
                     Composition of the ester                                  
     ______________________________________                                    
     Oleate   Stearate   Monoester  Di- and Tri-esters                         
     about 85%                                                                 
              about 15%  about 60%  about 40%                                  
     ______________________________________                                    
PAR  The resulting emulsion has dispersed particles 2.5.mu.- 3.5.mu. in size.
      The emulsion is whipped at 200 r.p.m. in an "Hovert-Mixer". The result of
      whipping is as follows:
TBL  Agitation time                                                            
               Starting 30 sec.   1 min.                                       
                                        2 min.                                 
                                              3 min.                           
     ______________________________________                                    
      Density  0.95     0.70      0.60  0.51  0.47                             
      Type of                                                                  
      emulsion w/o      w/o       o/w   o/w   o/w                              
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLES 2a and 2b
PAR  Two samples of the emulsion of Example 2 are whipped at 100 r.p.m. and 50
      r.p.m. respectively in an "Hovert-Mixer". The result of whipping is as
      follows:
TBL  Agitation time  Starting                                                  
                          30 sec.                                              
                                1 min.                                         
                                    2 min.                                     
                                        3 min.                                 
                                            10 min.                            
     __________________________________________________________________________
     Compara-                                                                  
          Agitating                                                            
                Density                                                        
                     0.95 0.90  0.78                                           
                                    0.72                                       
                                        0.68                                   
                                            --                                 
     tive at 100                                                               
                The type                                                       
     Example                                                                   
          r.p.m.                                                               
                of e-                                                          
                     w/o  w/o   w/o w/o o/w --                                 
     2a         mulsion                                                        
     __________________________________________________________________________
     Compara-                                                                  
          Agitating                                                            
                Density                                                        
                     0.95 0.95  0.94                                           
                                    0.93                                       
                                        0.93                                   
                                            0.91                               
     tive at 50 The type                                                       
     Example                                                                   
          r.p.m.                                                               
                of e-                                                          
                     w/o  w/o   w/o w/o w/o w/o                                
     2b         mulsion                                                        
     __________________________________________________________________________
PAR  It is obvious from the above table that the phases of the emulsion of this
      invention connot be reversed by agitating at so low speed as indicated in
      the above table.
PAC  EXAMPLE 3
PAR  The aqueous phase is prepared by adding and dissolving 37 kg of sucrose
      fatty acid ester having an HLB of about 13 and 3 kg of sodium caseinate to
      250 kg of water. Then the aqueous phase is mixed with 250 kg of soybean
      oil with agitation at 60.degree.C and the resulting mixture is passed
      through a homogenizer under a pressure of 150 kg/cm.sup.2 to produce an
      oil-in-water emulsion which has oil particles 1 - 2.mu. in size. The oil
      phase is prepared separately by adding 20 kg of propylene glycol fatty
      acid ester having unsaturated fatty acid radical to 440 kg of the melted
      fat mixture which consists of 90% hardened soybean oil (melting point
      32.degree.C) and 10% coconut oil, and dissolving these ingredients.
PAR  The oil-in-water emulsion is mixed with the oil phase and the resulting
      mixture is passed through a "Perfector" with agitation and the mixture is
      thereby cooled rapidly and plasticized to produce the finished product,
      which is oil-in-water-in-oil emulsion.
PAR  The composition of sucrose fatty acid ester and propylene glycol fatty acid
      ester is as follows.
TBL  ______________________________________                                    
     (1) Sucrose fatty acid ester    HLB 13                                    
     Composition of combined                                                   
     fatty acid      Composition of ester                                      
     ______________________________________                                    
     Stearic acid                                                              
              Palmitic acid                                                    
                         Monoester  Di- and Tri-esters                         
     about 30%                                                                 
              about 70%  about 60%  about 40%                                  
     ______________________________________                                    
     (2) Propylene glycol fatty acid ester                                     
     Composition of combined                                                   
     fatty acid      Composition of ester                                      
     ______________________________________                                    
     Oleic acid                                                                
              Stearic acid                                                     
                         Monoester  Di- and Tri-esters                         
     about 90%                                                                 
              about 10%  about 90%  about 10%                                  
     ______________________________________                                    
PAR  The particle size of the dispersed aqueous phase in the finished product is
      2 - 4.mu.. The finished product is whipped at a speed of 200 r.p.m. in
      Hovert-Mixer. The result of whipping is as follows:
TBL  Agitation time                                                            
                Start   30 sec.   1 min.                                       
                                        2 min.                                 
                                              3 min.                           
     ______________________________________                                    
      Density   0.95    0.69      0.58  0.48  0.43                             
      The type of                                                              
      emulsion  o/w/o   o/w/o     o/w   o/w   o/w                              
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  The aqueous phase is prepared by adding 30 kg of sucrose fatty acid ester
      having an HLB of from about 15, to 400 kg of water and dissolving. The oil
      phase is prepared by adding 10 kg of glycerol fatty acid ester to 560 kg
      of the fat mixture which consists of 50% soybean oil and 50% hardened fish
      oil (melting point 36.degree.C).
PAR  The aqueous phase is mixed with the oil phase and then the resulting
      mixture is passed through a "Votator" and thereby cooled rapidly and
      plasticized to obtain a water-in-oil emulsion product.
PAR  The particle size of the aqueous phase in the product is 2 - 7.mu., average
      4 - 5.mu..
PAR  The composition of sucrose fatty acid ester and glycerol fatty acid ester
      is as follows:
TBL  (1) Sucrose fatty acid ester   HLB 15                                     
     Composition of the combined                                               
     fatty acid           Composition of the ester                             
     __________________________________________________________________________
     Oleic acid                                                                
               Stearic acid                                                    
                         Monoester Di- and Tri-esters                          
     about 70% about 30% about 50% about 50%                                   
     __________________________________________________________________________
     (2) Glycerol fatty acid ester                                             
     Composition of the combined                                               
     fatty acid             Composition of the ester                           
     __________________________________________________________________________
     Linoleic                                                                  
            Oleic                                                              
                Stearic acid                                                   
                       Palmitic                                                
                            Monoester                                          
                                   Di- and Tri-esters                          
     acid   acid       acid                                                    
     about 75%                                                                 
            20% about 5%    about 90%                                          
                                   about 10%                                   
     __________________________________________________________________________
PAR  The product is whipped at a speed of 200 r.p.m. in a "Hovert-Mixer". The
      result of whipping is as follows:
TBL  Agitation time                                                            
               Starting 30 sec.   1 min.                                       
                                        2 min.                                 
                                              3 min.                           
     ______________________________________                                    
      Density  0.97     0.78      0.62  0.60  0.60                             
      The type of                                                              
      emulsion w/o      w/o       o/w   o/w   o/w                              
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An edible water-in-oil emulsion, which is stable during storage and
      carriage and the phase of which can be reversed by mechanical working to
      form an oil-in-water emulsion, said water-in-oil emulsion comprising about
      50 - 95% by weight of a continuous oil phase, about 5 - 50% by weight of a
      dispersed aqueous phase, a polyhydric alcohol fatty acid ester having a
      substantial proportion of a polyhydric alcohol unsaturated fatty acid
      ester in an amount of about 0.25 - 2.5% by weight of said water-in-oil
      emulsion, and a sucrose fatty acid ester having an HLB value of at least
      10 in an amount of about 0.5 - 5% by weight of said water-in-oil emulsion.
NUM  2.
PAR  2. The edible water-in-oil emulsion of claim 1, wherein the particle size
      of the dispersed aqueous phase is about 2 - 20 microns.
NUM  3.
PAR  3. The edible water-in-oil emulsion of claim 1, wherein the sucrose fatty
      acid ester is composed of at least 50% monoester, together with small
      amounts of diester and triester.
NUM  4.
PAR  4. The edible water-in-oil emulsion of claim 1, wherein the combined fatty
      acid of the polyhydric alcohol fatty acid ester contains at least 50%
      unsaturated fatty acid.
NUM  5.
PAR  5. The edible water-in-oil emulsion of claim 1, wherein the combined
      polyhydric alcohol of the polyhydric alcohol fatty acid ester is selected
      from a group consisting of glycerin, propylene glycol and sorbitan.
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ABST
PAL  Coffee grinder gas is fixed in a glyceride at relatively high levels by
      contacting condensed grinder gas frost and the glyceride in a pressure
      vessel at a temperature which is above the critical temperature of liquid
      carbon dioxide. The pressure vessel is then slowly vented in order to
      prevent a drop in temperature to below the critical level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is related to commonly-assigned U.S. patent application Ser.
      No. 371,784 filed June 20, 1973 entitled "Method For Aromatizing Soluble
      Coffee" wherein is disclosed a method for condensing the aromatic gases
      given off during the comminution of freshly roasted coffee in a
      vertically-mounted, scraped-wall heat exchanger which is cooled by means
      of liquid nitrogen. The condensed gases are collected at the bottom of the
      heat exchanger in the form of a frost or snow and this frost is mixed with
      a liquid glyceride and then combined with a coffee extract prior to drying
      the extract (e.g. freeze drying) or combined with a soluble coffee powder.
      This application is hereby incorporated by reference. This invention is
      also related to commonly-assigned concurrently filed U.S. application Ser.
      Nos. 471,631 and 471,632 which are also incorporated herein by reference.
PAR  Grinder gas, that is the gas which is released from roasted whole coffee
      beans when their internal cell structure is disrupted, such as during
      grinding of the beans and which also continues to be evolved from the
      disrupted and/or fractured bean for a short period thereafter, has long
      been recognized in the art as a highly desirable natural coffee aroma. The
      collection and stabilization of this aroma has, however, proven to be a
      difficult undertaking, especially when it is desired for use in a
      comerical-sized soluble coffee system.
PAR  The use of grinder gas as a means to enhance the jar aroma of a soluble
      coffee powder is disclosed in U.S. Pat. No. 3,021,218 to Clinton, et al
      which aromatizes the jar headspace and U.S. Pat. No. 2,306,061 to Johnston
      which condenses grinder gas aromatics onto chilled soluble coffee powder.
      The use of grinder gas condensates which are added to a liquid extract and
      dried in order to produce an improved cup aroma when the powder is
      dissolved in hot water is disclosed in U.S. Pat. No. 3,244,533 to Clinton
      et al which homogenizes coffee oil in extract and then adds condensed
      grinder gas aromatics. Co-pending, commonly-assigned patent application,
      Ser. No. 252,883 filed May 12, 1972 now U.S. Pat. No. 3,821,447 discloses
      mixing condensed grinder gas frost with a liquid glyceride which mixture
      is then processed to remove excess water, such as by centrifugation, prior
      to being combined with soluble coffee solids (e.g. soluble powder).
PAC  SUMMARY OF THE INVENTION
PAR  The addition of the condensed aromatics to a glyceride material is a known
      method for attempting to stablilizing the aromatics. Such glycerides as
      coffee oil, bland-tasting vegetable oils and triacetin have proven
      especially useful for this purpose; however, other oils and low melting
      point fats may also be used. It has, however, been desired to maximize the
      amount of aromatics that are fixed in the glyceride carrier, since this
      would minimize aroma loss and would reduce the amount the glyceride which
      would be incorporated with the soluble coffee product to obtain a desired
      amount of aromatization.
PAR  The process of this invention is suited for fixing aromatics contained in
      an aroma-bearing gas which has a high (e.g. above 80% by weight) carbon
      dioxide content, and which gas has been condensed as an aroma-bearing
      frost. This invention is particularly described in terms of coffee grinder
      gas, which is in excess of 90% by weight CO.sub.2, however, it is to be
      understood that other aroma-bearing gases which have a high carbon dioxide
      content, such as coffee percolator vent gas and coffee roaster gas may
      likewise be employed and are considered to be within the scope of this
      invention.
PAR  According to this invention, an aroma-bearing CO.sub.2 frost is contacted
      with a liquid glyceride phase at a temperature and pressure which is above
      the supercritical point of liquid CO.sub.2. It has been found that
      contacting the gaseous frost and a liquid glyceride phase under pressure
      increases the level of aromatics which can be transferred from the frost
      to the glyceride over such processes as the direct atmospheric mixing of
      the frost and the liquid glyceride. This atmospheric mixing operation has
      proven to be troublesome in commercial operation, since contact between
      the condensed frost and the glyceride quickly congeals the glyceride thus
      making uniform mixing of the two components quite difficult. If the
      mixture is allowed to warm to a point where the glyceride exists as a
      liquid, many of the desirable, condensed grinder gas aromatics will escape
      to the atmosphere.
PAR  Contacting the gaseous frost and the glyceride within an isolated pressure
      vessel as disclosed in concurrently filed, commonly-assigned U.S.
      application Ser. No. 471,631 has proven to be a desirable method to
      increase the level of aromatics fixed in the glyceride; however, the end
      temperatures and pressures disclosed in that application (e.g. 70.degree.F
      and 855 psig.) permit the presence of liquid carbon dioxide. Conditions
      which permit the presence of liquid CO.sub.2 within the pressure vessel
      also allows some of the grinder gas aromatics to be dissolved in the
      liquid CO.sub.2 phase according to equilibrium partition conditions based
      on complex relationships between vapor pressures, solubilities, and
      chemical potential. When a pressure vessel containing an aroma-bearing
      liquid CO.sub.2 phase is vented, nearly all of the desirable organic
      materials dissolved in the liquid CO.sub.2 will co-distill and be lost in
      the vent gas, and although this vent gas may be recycled into the system,
      desirable aromatics will be lost.
PAR  This invention describes a procedure based on the critical properties of
      carbon dioxide that eliminates the liquid CO.sub.2 phase and allows
      additional aromatic compounds to dissolve in the remaining phases present
      in the vessel (i.e. water, liquid glyceride, and gaseous CO.sub.2).
PAR  The elimination of liquid CO.sub.2, which is a good solvent for non-polar
      or slightly polar compounds, is desirable, since it will compete with the
      liquid glyceride phase for many of the desirable aromatics such as
      mercaptans and long chain aldehydes. Since liquid CO.sub.2 can not exist
      above the critical temperature of 87.8.degree.F, this invention requires
      that contact between the frost and the liquid glyceride phase within the
      pressure vessel occur at a temperature above 87.8.degree.F, preferably in
      the range of about 90.degree.-120.degree.F, and that the vessel is then
      slowly, preferably isothermally vented, so that liquid CO.sub.2 will not
      form.
PAR  The process of this invention may be conducted as a simple batch operation
      in a single pressure vessel, or as a semi-continuous, countercurrent
      operation in a battery of pressure vessels.
PAR  According to one embodiment this invention, a quantity of aroma-bearing
      carbon dioxide frost, which may be obtained from a liquid nitrogen-cooled,
      scraped-surface heat exchanger, is placed in a pressure vessel together
      with a glyceride material at a weight ratio of grams of frost to grams of
      glyceride of about 0.5:1 to 6:1. The vessel is isolated from the
      atmosphere and the vessel contents are continuously supplied with heat by
      such means as a water jacket. Heat is supplied in sufficient quantities to
      raise the temperature of the frost and glyceride above 87.8.degree.F.
PAR  Alternatively, instead of placing the glyceride into the vessel at the same
      time as the frost (i.e., before any heat is supplied to the vessel), it
      would be possible to permit the frost within the vessel to warm, say to
      above the congeal point of the glyceride, before the glyceride is placed
      within the vessel.
PAR  The vessel may be held at the elevated temperature above 87.8.degree.F for
      a period of time, in excess of 1 hour and up to several hours, in order to
      achieve maximum absorbtion of aromatics by the liquid glyceride phase
      within the vessel. Agitation within the vessel may also prove to be
      desirable. After slowly venting the vessel, the resulting glyceride
      contains significantly more aromatics than can be achieved from manual
      mixing of the two components at atmospheric pressure. The aromatized
      glyceride should then be processed to remove excess water such as by
      centriguation, as described in aforementioned Ser. No. 252,883.
PAR  The aromatized glyceride may be combined with coffee soluble either in the
      form of dry soluble coffee, such as by conventional spray plating or any
      of the techniques disclosed in U.S. Pat. No. 3,769,032, or with a liquid
      coffee or coffee-like extract, prior to drying the extract. The aromatized
      glyceride may be solidified, such as by freezing, and comminuted, such as
      by grinding, prior to being mixed with the soluble coffee powder, such as
      disclosed in copending commonly-assigned Patent Application, Ser. No.
      252,757, filed May 12, 1972 or prior to being combined with a liquid
      coffee extract, such as disclosed in now abandoned commonly-assigned
      Patent Application, Ser. No. 252,778, filed May 12, 1972, a slushed coffee
      extract, such as disclosed in commonly-assigned U.S. Pat. No. 3,809,770 or
      a partially frozen slab of coffee extract, such as disclosed in
      commonly-assigned U.S. Pat. No. 3,809,766.
PAR  All of the aforementioned patents and commonly-assigned patent applications
      are hereby incorporated by reference.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The most readily available source of grinder gas may be obtained by
      enclosing or hooding coffee grinding equipment, such as the commerical
      Gump grinders. The gases liberated from the ground coffee may be removed
      by a pump or rotary blower; additionally, when desired, a stream of inert,
      preferably moisture free, gas may be used to sweep gas from the coffee and
      to have the grinding operation take place in a substantially inert
      atmosphere. Such a process is described in U.S. Pat. No. 2,156,212 which
      describes a method of collecting gases evolved during roasting, but which
      can be equally applied to the collection of gases evolved during the
      grinding or cellular disruption of whole freshly roasted coffee beans. If
      pumping is employed, it may be desirable to cool the gas ahead of the pump
      so that the heat added by pumping will not deteriorate the aromatics
      contained in the gas.
PAR  The chemical composition of the evolved gas is largely carbon dioxide
      together with water vapor and the characteristic aromatic constituents of
      roasted coffee. The amount of moisture in the gas may be lowered by the
      use of dry roasting conditions and low-moisture quenches or quenching
      mediums. The evolved gas is preferably passed through a first condenser
      where it is cooled to between 35.degree. and 50.degree.F and where
      substantial quantities of water are removed. The relatively low-moisture
      gas is then fed to a condenser, such as a jacketed, vertically-mounted,
      scraped-wall heat exchanger, which is cooled by means of a liquid gas
      refrigerant.
PAR  Preferably, the condenser is cooled by means of liquid nitrogen and the gas
      flow into the exchanger is maintained within the range of about 1 to 5
      cubic feet per minute per square foot of heat exchange surface. The
      nitrogen gas that evolves from the cooling system is useful as an inert
      gas stream which might be used elsewhere in the soluble coffee process,
      such as sweeping grinder gas from the grinder or inert gas packaging of
      the soluble coffee product.
PAR  The aroma bearing gas is condensed into the form of a frost as it comes
      into contact with the heat transfer wall of the condenser. The frost is
      removed from the condenser wall and collected for combination with a
      glyceride carrier. The frost may be held for a short period at low, such
      as liquid nitrogen, temperatures without deteriorating; however, it is
      preferred to immediately combine the frost with a glyceride carrier in
      accordance with this invention. The glyceride, which preferably is coffee
      oil or a bland-tasting vegetable oil, such as cottonseed, corn or coconut
      oil, is combined with the frost at a level of about 0.5 to 6 grams of
      frost per gram of glyceride, preferably at about 1 to 4 grams of frost per
      gram of glyceride.
PAR  According to this invention, contact between the grinder gas frost and the
      liquid glyceride phase occurs in a sealed pressure vessel. A sufficient
      amount of the grinder gas frost is added to the vessel in order to avoid
      the presence of an unsaturated CO.sub.2 vapor phase, and sufficient heat
      is supplied to the contents of the vessel, such as by means of a
      90.degree.F to 120.degree.F water jacket, to sublime the grinder gas frost
      and form a headspace pressure in excess of about 1069.4 p.s.i.a.
      (87.8.degree.F). At approximately 75 p.s.i.a. solid CO.sub.2 changes to
      liquid, the temperature corresponding to this change being -70.degree.F.
      At this condition, water and glyceride and some of the organic aromatics,
      are present in the solid state. As the temperature of the vessel contents
      continues to be raised above the congeal point of the glyceride, the
      grinder gas aromatics will diffuse and establish an equilibrium among the
      water, liquid glyceride, liquid CO.sub.2 and gaseous CO.sub.2 phases which
      may be within the pressurized vessel.
PAR  As previously mentioned, a critical feature of this invention is the
      elimination of liquid CO.sub.2, which is a good solvent for many
      aromatics. Elevating the temperature of the vessel contents above
      87.8.degree.F, preferably between about 90.degree.F to 120.degree.F, the
      critical temperature of liquid CO.sub.2, precludes the existence of liquid
      CO.sub.2 and consequently additional aromatics will be forced to be
      distributed between the remaining three phases of water, glyceride and
      gaseous CO.sub.2.
PAR  The vessel may be held at supercritical CO.sub.2 conditions for a period of
      time in excess of 1 hour to achieve equilibrium and to maximize absorbtion
      of aromatics by the liquid glyceride phase. Thereafter, the vessel is
      slowly vented, care being taken to prevent the formation of liquid
      CO.sub.2. Venting may be conducted by venting the vessel through a section
      of small diameter tubing the length of which will provide a sufficient
      pressure drop to prevent a rapid drop of pressure within the vessel.
      Preferably, the venting will be performed isothermally.
PAR  The vent gas will contain at least a low level of aromatics and it would,
      of course, be possible to recycle or reclaim these aromatics.
PAR  After the pressure within the vessel is reduced, the aromatized glyceride
      is removed from the vessel. If liquid, this can be done by simply
      decanting or by draining the liquid through a valve in the bottom of the
      vessel. It would also be possible to permit residual pressure within the
      vessel to force the liquid out of a vertical withdrawal tube which
      protrudes through the upper portion of the vessel. The glyceride is then
      preferably processed so as to remove excess water. If the glyceride is
      removed from a pressurized vessel, any residual gas present may be
      retained for use in a subsequent pressure fixation cycle.
PAR  The aromatized glyceride phase and any water phase which may be present in
      the vessel may be separated during removal from the vessel. Alternatively,
      since water will be the heaviest material within the vessel, it would be
      possible to remove the bottom liquid water phase at any point in the
      pressure fixation cycle.
PAR  Removing water from the aromatized glyceride, preferably down to a level of
      0.5% by weight or less, appears to further stabilize the grinder gas
      aromatics. As disclosed in the aforementioned application, Ser. No.
      252,883, centrifugation, ultracentrifugation, molecular fractionation,
      drying agents and like methods have proven to be successful techniques for
      removing water from the aromatized glyceride. As a further refinement of
      this water removal process, it is possible to separate any aromas from the
      removed water such as by vacuum distillation and to add these separated
      aromatics back to the aromatized glyceride.
PAR  The aromatized glyceride may be combined with soluble coffee powder or with
      coffee extract prior to drying the extract in accordance with any of the
      known prior art techniques or as disclosed in any of the previously
      enumerated copending, commonly-assigned patent applications. Typical
      levels of addition for the aromatized glyceride are 0.1 to 2% by weight
      glyceride based on the weight of soluble solids in the final product. The
      aromatized powder of this invention may constitute all or only a portion
      of the powder in the final product, as will be apparent to those skilled
      in the art.
PAR  The term coffee powder and coffee extract used in the description of this
      invention is meant to include materials containing in whole or in part
      coffee substitutes such as powders or extracts obtained in whole or in
      part from roasted cereals such as wheat, rye, barley and the like. One
      such item is the water extract and resulting dried powder of wheat, barley
      and molasses known as "Instant Postum."
PAR  This invention is further described but not limited by the following
      example.
PAC  EXAMPLE
PAR  Coffee grinder gas which was evolved during grinding of freshly roasted
      coffee beans was passed through a water cooled condenser where 1.25 pounds
      of water per cubic foot of gas was removed. The gas was then passed to a
      liquid nitrogen-cooled, scraped-wall heat exchanger where it was condensed
      and collected as a frost.
PAR  80 lbs. of the frost are placed in a 4 cubic foot pressure vessel together
      with 40 lbs. of expressed coffee oil. The pressure vessel is immersed in a
      water bath maintained at about 110.degree.F. After 1 hour, the contents of
      the vessel attain a temperature of about 110.degree.F and a pressure of
      1200 psia. The vessel is then slowly vented to ambient pressure over the
      course of about 3 hours, care being taken to prevent such rapid drops in
      pressure as would cause the formation of liquid CO.sub.2. The vessel
      contents are centrifuged and about 2 lbs. of water per gallon of liquid
      are removed. This aromatized "dry" oil when frozen at -20.degree.F is
      found to remain stable for at least 3 days and to possess a pleasant
      coffee aroma which can be transferred to a soluble coffee product by such
      means as spray plating.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A method for aromatizing soluble coffee with an aromatized glyceride
      comprising the steps of:
PA1  a. condensing as a frost an aroma-containing gas which has a high carbon
      dioxide content,
PA1  b. placing the aroma-containing frost in a pressure vessel, the amount of
      frost being sufficient to provide a saturated carbon dioxide phase within
      the vessel,
PA1  c. isolating the vessel from the atmosphere,
PA1  d. supplying heat to the the vessel to raise the internal temperature above
      87.8.degree.F.,
PA1  e. contacting within said heated vessel the frost aromas and a liquid
      glyceride phase said glyceride being present in the vessel at a level of
      about one gram of glyceride to 0.5 to 6 grams of the frost; thereafter,
PA1  f. slowly releasing pressure from the vessel in a manner which avoids the
      formation of liquid carbon dioxide, and then
PA1  g. combining the aroma-bearing glyceride with coffee solids.
NUM  2.
PAR  2. The method of claim 1 wherein the aroma-bearing glyceride is added to
      soluble coffee powder.
NUM  3.
PAR  3. The method of claim 1 wherein the contents of the vessel is raised to
      between about 90.degree.F and 120.degree.F.
NUM  4.
PAR  4. The method of claim 3 wherein heat is supplied to the vessel contents by
      means of a water bath.
NUM  5.
PAR  5. The method of claim 1 wherein the vessel contents are maintained at
      above 87.8.degree.F in excess of 1 hour.
NUM  6.
PAR  6. The method of claim 1 wherein the pressure within the vessel is released
      isothermally.
NUM  7.
PAR  7. The method of claim 1 wherein the frost and the glyceride are placed in
      the vessel before any heat is supplied to the vessel.
NUM  8.
PAR  8. The method of claim 1 wherein the aroma-bearing gas is obtained by
      disrupting the cellular structure of freshly roasted coffee beans.
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ABST
PAL  A ferroelectric Phase III potassium nitrate (KNO.sub.3) which is stable at
      ambient temperatures is produced in accordance herewith by crystallizing
      reagent grade KNO.sub.3 under vacuum and heat and, then, equilibrating the
      resultant to ambient conditions. This stable Phase III KNO.sub.3 which is
      of crystalline structure exhibits visual and optical effects when
      subjected to mechanical and electrical alteration of the polarization
      vector of the crystalline structure, thus, rendering it useful in the
      manufacture of transparent electrodes by interposing this crystalline
      material between the electrodes, and the like. Furthermore, ferroelectric
      thin film memory arrays can be produced herefrom.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of copending U.S.
      Patent application Ser. No. 76,059, filed Sept. 28, 1970 and entitled
      FERROELECTRIC DEVICE AND PROCESS OF MANUFACTURING SAME, now U.S. Pat. No.
      3,728,694.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to compositions of matter which exhibit
      ferroelectric properties and to products produced therefrom. More
      particularly, the present invention pertains to processes for the
      manufacture of certain compositions of matter which exhibit ferroelectric
      properties and to processes for the manufacture of articles therefrom.
      Even more particularly, the present invention concerns a process for the
      manufacture of a stable Phase III potassium nitrate and article prepared
      therefrom.
PAR  2. Prior Art
PAR  There has heretofore been developed a plurality of proprietary compositions
      which exhibit light transmission phenomena, i.e., are capable of
      polarizing light, and which are deployed in the manufacture of transparent
      electrodes and the like. The electrodes are, generally, indium oxide and
      tin oxide based compositions which serve as means for electrically
      contacting the polarizing crystal while still permitting light to pass.
      However, none of these compounds exhibit ferroelectric properties, in the
      sense of being useful in the manufacture of thin film memory devices.
PAR  On the other hand there has been developed a plurality of thin film memory
      device compositions, e.g. barium titanate, lead zerconate compounds which,
      although, they can be deployed as an optical or light polarizing medium,
      suffer certain inherent drawbacks.
PAR  Generally, these compounds are grown crystals which must be processed down
      to about a ten mils thickness and, therefore, are not suitable for batch
      process manufacture. Moreover, the prior art devices require a high
      voltage to polarize the light passing through them. Furthermore, the
      switching or polarizing response time is fairly slow.
PAR  It has been found, as detailed subsequently, that thin films of stable
      Phase III potassium nitrate exhibit both such properties.
PAR  Thus, the present invention provides a composition which is ferroelectric
      and which exhibits such light transferring phenomena.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the present invention a stable Phase III
      potassium nitrate (KNO.sub.3) is provided by a process which generally
      comprises evaporating, under heat and vacuum, reagent grade KNO.sub.3,
      collecting the vapors as a crystalline thin film, and, then, relieving the
      vacuum and cooling the crystallized product to room temperature.
PAR  In accordance with another aspect of the present invention, there is
      provided a stable Phase III potassium nitrate which exhibits optical or
      light transferring properties.
PAR  The present invention further provides the deployment of the stable Phase
      III potassium nitrate as a ferroelectric thin film memory device, as a
      light polarization medium, and similar articles of manufacture.
PAR  For a more complete understanding of the present invention reference is
      made to the following detailed description and examples thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the above-referred to copending application, the disclosure of which is
      hereby incorporated by reference, there is disclosed a thin film
      ferroelectric memory device for use in binary systems, i.e., computers and
      the like, and a process therefor. The device essentially comprises a layer
      of stable Phase III potassium nitrate having a thickness not in excess of
      110 microns and a pair of electrodes leading from the thin film layer.
PAR  It was discovered in accordance with the copending application that such
      ferroelectric devices produced an unexpected result in that the devices
      prepared therefrom exhibited no "waiting" effect, a distinct advantage
      over prior art ferroelectric devices. The unobvious result achieved in the
      copending application was attributable to the formation of a crystalline
      thin film of Phase III potassium nitrate, since similar devices prepared
      from "bulk" Phase III potassium nitrate do exhibit a "waiting time" and
      are unstable under ambient conditions, i.e., room temperature and
      pressure, over an extended period of time.
PAR  Now in accordance with one aspect of the present invention it has
      unexpectedly been found that stable Phase III potassium nitrate can be
      produced and which has associated therewith optical or light transferring
      phenomena. Although some heretofore known ferroelectric materials have
      been known to exhibit optical properties the present discovery was
      unexpected since bulk Phase III potassium nitrate is not stable and does
      not, therefore, exhibit repetitive effects except over a very limited
      temperature and pressure range, but which is not effective at atmospheric
      conditions.
PAR  The manufacture of Phase III potassium nitrate is known. See, inter alia,
      U.S. Pat. No. 3,405,440. However, according to this patent it is incumbent
      that a rapid quenching process step be employed. Contrary to the
      reference, it has been found that a quenching step is not required in the
      production of stable thin films of Phase III potassium nitrate.
PAR  Thus, the potassium nitrate of the present invention is produced by a
      process which generally comprises:
PA1  a. melting reagent grade potassium nitrate in the presence of heat and a
      high vacuum,
PA1  b. evaporating the melted potassium nitrate,
PA1  c. collecting the evaporated KNO.sub.3 in the form of a thin film and,
      then,
PA1  d. relieving the vacuum to provide Phase III potassium nitrate which is
      stable at ambient conditions.
PAR  More particularly, the process contemplated herein comprises placing
      reagent grade potassium nitrate in a suitable vessel disposed in an
      evacuated chamber and subjecting the reagent grade potassium nitrate to an
      elevated temperature sufficient to melt it. Generally, a temperature of at
      least about 334.degree. C will be sufficient to melt the KNO.sub.3, and
      should range from about 350.degree. C to 450.degree. C, and preferably,
      from about 350.degree. C to 380.degree. C. In the evacuated chamber
      melting will generally be achieved in about three to five minutes and
      usually in a maximum time of about one hour. The purpose of melting the
      potassium nitrate in a vacuum is to expunge all traces of moisture
      therefrom.
PAR  In order to carry out the process efficiently, a high vacuum must be
      maintained. Generally, a maximum pressure of about 1 .times.
      10.sup.-.sup.5 torr is allowable. A pressure ranging from about 6 .times.
      10.sup.-.sup.6 torr to about 2 .times. 10.sup.-.sup.7 torr is preferred.
      Lower pressures can be utilized and the lowest possible pressure which can
      be employed is dictated solely by available equipment.
PAR  While maintaining the vacuum, the melted potassium nitrate, expunged of any
      moisture, is then evaporated. Evaporation of the potassium nitrate can be
      achieved over a temperature ranging from about 390.degree. C to
      440.degree. C, and preferably at a temperature of from about 400.degree. C
      to 405.degree. C. The so-produced vapors of potassium are then collected
      as a thin film thereof.
PAR  The term "a thin film" as used herein means a layer of crystalline
      potassium nitrate having a maximum thickness of about 110 microns.
      Moreover, it is incumbent hereto that only the vapors of potassium nitrate
      be collected. It has been found that as the vapors collect they nucleate
      and form the crystalline thin film. Generally, collecting the vapors over
      a time period of from about two to four minutes will be sufficient to form
      a thin film having the prerequisite properties. The vapors of potassium
      nitrate are collected, by reducing the temperature to below about
      25.degree. C, on any suitable collecting medium, and in the instance of
      manufacturing an article on any suitable substrate, such as, a silica
      substrate for the manufacture of a ferroelectric device; for preparing a
      transparent electrode and the like. The lowering of the temperature in the
      chamber can be achieved in a multiplicity of ways, but it is preferred to
      have the collecting medium at a lower temperature than the vapors such
      that in effect, a condensation of the vapors is achieved thereon. It is
      these condensed vapors which nucleate and grow into the crystalline thin
      film.
PAR  After the potassium nitrate is collected, as the crystalline thin film, the
      vacuum is relieved and the temperature is allowed to restore to room
      temperature. The resulting product is a thin film of Phase III potassium
      nitrate which is stable at ambient conditions.
PAR  In a particularly preferred article prepared herefrom and in accordance
      with another aspect of the present invention the present thin films of
      Phase III potassium nitrate are used to prepare ferroelectric memory
      devices, such devices being disclosed and claimed in the above-referred to
      copending application.
PAR  In preparing such a device a silica substrate, i.e., glass, is employed. To
      prepare the device a vacuum of the magnitude hereinbefore defined is
      utilized. Thus, the manufacture of the electrode can be integrated into
      the process for preparing the thin film potassium nitrate.
PAR  Thus, under vacuum the substrate is heated to a temperature of about
      100.degree. C. A few grams of high purity silver or other suitable
      electrode material, in a vapor state, elevated to approximately
      1200.degree. C, by resistance heating, is deposited on the substrate, as
      the lower electrode thereof.
PAR  Thickness of the lower electrode is not too critical, but should not be so
      thick that it peels from the substrate. Because the grain size of the
      silver is a function of several parameters including thickness and because
      hetero epitaxy may play an important role in the orientation of the
      potassium nitrate deposition, the thickness and the electrode material may
      be important.
PAR  Although a variety of other materials can be used, silver is preferred for
      the lower electrode because of its good thin film conductivity, ease of
      evaporation, and its relative inertness to potassium nitrate vapor.
PAR  When the desired thickness of the lower electrode is achieved deposition of
      the vapors is ceased.
PAR  It is this silver-deposited silica substrate which is then deployed as the
      collecting medium for the potassium nitrate vapors produced in accordance
      herewith. After the deposition is completed the vacuum is relieved with
      dry nitrogen gas to one atmosphere and remains thereat for about fifteen
      minutes to allow complete conversion of the potassium nitrate nucleate to
      Phase III.
PAR  Thereafter, the vacuum is re-applied and at elevated temperatures the upper
      electrode is deposited over the thin film layer of potassium nitrate. A
      suitable upper electrode material is aluminum which is deposited as vapors
      thereof at a temperature of about 1000.degree. C. After the deposition is
      achieved the vacuum and temperature are relieved and the so-produced
      product is allowed to reach ambient conditions.
PAR  For a more comprehensive discussion of the preparation of the thin film
      memory device reference is made to the above-referred to copending
      application.
PAR  It is apparent from the preceding that by a proper selection of the
      substrate a variety of products other than the ferroelectric memory device
      can be produced. These other products can be deployed in optical memory
      systems, optical display devices, high speed shutter for photographic
      systems, holographic systems and the like.
PAR  For a more complete understanding of the present invention, reference is
      made to the following illustrative and non-limitative following examples.
      In the examples, all parts are by weight absent indications to the
      contrary.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of a Phase III potassium nitrate
      thin film in accordance with the instant invention.
PAR  Into a moisture-free evacuated chamber, equipped with a cold trap, vacuum
      pump, cooling coils and heating means, and maintained at a pressure of 6
      .times. 10.sup.-.sup.6 torr is placed a tantalum crucible containing a
      quantity of powdered reagent grade potassium nitrate. While maintaining
      the vacuum, the crucible is slowly heated to about 400.degree. C for about
      thirty minutes to completely melt the powder and to release any moisture
      therefrom, the moisture is removed from the system by the cold trap.
PAR  After the potassium nitrate is melted, the temperature of the crucible is
      slowly elevated to about 405.degree. C and is maintained thereat for about
      five minutes to evaporate the melted potassium nitrate.
PAR  The vapors are then collected at a deposition or collection rate of about
      20 to 30 angstroms per minute.
PAR  As the vapors are collected they begin to nucleate and grow into an
      oriented crystalline thin film which is Phase III potassium nitrate.
PAR  The vacuum is then relieved to allow the chamber to return to atmospheric
      pressure, with the cold trap keeping water vapors out, and the temperature
      in the chamber is allowed to reach room temperature.
PAR  The physical equipment used to prepare the stable Phase III potassium
      nitrate is more particularly described in the above-identified copending
      application.
PAR  In this example a silica substrate is employed to collect the vapors and,
      in particular, a laboratory slide glass. The thickness of the thin film is
      about 650A to 750A.
PAR  To evidence the optical properties of this thin film, the so-produced item
      is placed under a polarizing microscope which is adjusted for dark field
      microscopy to orient the properly aligned crystals of the film as dark
      spots. With an applied electric field the analyzer is then rotated between
      5 to 20 degrees of rotation and the heretofore dark spots become bright.
      Thus, under electrical influences the polarization vector of the film
      changes. Repetition of this analysis over a nine-month period of time
      provides the same results.
PAC  EXAMPLE II
PAR  Using the same equipment as in Example I, a thin film of Phase III
      potassium nitrate is prepared.
PAR  In this example the pressure in the chamber is maintained at 2 .times.
      10.sup.-.sup.6 torr and the powdered reagent grade potassium nitrate is
      melted at 350.degree. C. The evaporation of the melted powder is effected
      at about 380.degree. C. Using the same substrate and rate of deposition
      the same results as in Example I are realized.
PAR  When bulk Phase III potassium nitrate is used in lieu of the thin film,
      optical analysis at atmospheric conditions shows no polarizing. Thus, bulk
      Phase III is shown not to be synonymous with film Phase III potassium
      nitrate at ambient conditions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of a Phase III potassium nitrate which is
      stable at ambient conditions, comprising:
PA1  a. melting reagent grade potassium nitrate in the presence of a vacuum
      having a maximum pressure of about 1 .times. 10.sup.-.sup.5 torr,
PA1  b. evaporating the melted potassium nitrate at a temperature of from about
      390.degree. C to 440.degree. C while maintaining the vacuum,
PA1  c. collecting the vapors in the form of a thin film of Phase III potassium
      nitrate, and
PA1  d. relieving the vacuum to atmospheric pressure and allowing the
      temperature to reach room temperature while maintaining a moisture-free
      atmosphere.
NUM  2.
PAR  2. The process of claim 1 wherein the reagent grade potassium nitrate is
      melted at a temperature of from about 334.degree. C to 450.degree. C.
NUM  3.
PAR  3. A process of manufacturing a ferroelectric device comprising the steps
      of:
PA1  forming a first electrical contact;
PA1  forming, by vapor deposition performed in a vacuum at a pressure no greater
      than 1 .times. 10.sup.-.sup.5 torr and at a temperature of from about
      390.degree. C to 440.degree. C, a stable thin film of potassium nitrate
      over at least a portion of said first electrical contact;
PA1  relieving said vacuum to a pressure of approximately one atmosphere with a
      dry predetermined gas for a predetermined period of time;
PA1  reapplying said vacuum; and
PA1  forming a second electrical contact over at least a portion of said stable
      thin film of potassium nitrate.
NUM  4.
PAR  4. A process of manufacturing a ferroelectric device characterized in
      accordance with claim 3, wherein said first-mentioned vacuum is relieved
      to a pressure of approximately one atmosphere with cold dry nitrogen gas.
NUM  5.
PAR  5. A process of manufacturing a ferroelectric device characterized in
      accordance with claim 3, wherein prior to forming said film of potassium
      nitrate over said first electrical contact, the potassium nitrate is
      converted from powder form to liquid form by slowly increasing the
      temperature for a period of time less than one hour.
NUM  6.
PAR  6. A process of manufacturing a ferroelectric device characterized in
      accordance with claim 5, wherein said conversion of potassium nitrate from
      powder form to liquid form is accomplished by radiation heating.
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ABST
PAL  Chromium is passivated by forming a chromium oxide layer thereon by heating
      at temperatures of about 450.degree.C in an atmosphere containing oxygen.
      While useful, per se, the process finds particular application as an
      integral part of overall processing schemes where thermal cycles are used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the formation of passivating films of
      chromium oxide.
PAR  2. Prior Art
PAR  Techniques for forming an oxide layer on chromium (hereinafter often
      referred to as passivating) are known, and include the oxidation of bulk
      chromium and chromium thin films at temperatures above 650.degree.C in
      oxygen and in impure nitrogen, the initial interaction of chromium thin
      films and oxygen at temperatures of from -196.degree. to 300.degree.C at a
      pressure of about 10.sup..sup.-10 torr and the oxidation of
      chromium/copper films at 525.degree.C in forming gas. See, e.g.,
PA1  C. a. phalnikar, E. B. Evans and W. M. Baldwin, Jr. J. Electrochem. Soc.
      103, 429-438 (1956);
PA1  V. i. arkharov, V. N. Konev, I. Sh. Trakhtenberg and S. V. Shumilina Fig.
      Metal Metalloved., 5, 190-193 (1957);
PA1  D. v. ignatov and R. D. Shamgunova N.A.S.A. Technical Translation F-59,
      61-68 (1959);
PA1  E. a. gulbransen and K. F. Andrew J. Electrochem Soc. 104, 334-336 (1957);
PA1  A. u. seabolt, J. Electrochem. Soc. 107, 147-148 (1960);
PA1  W. c. hagel, Trans. ASM 56, 583-599 (1963);
PA1  R. a. rapp in Reactions between Gases and Solids, AGARD Conference
      Proceedings No. 52, Technical Editing and Reproduction Ltd., Harford
      House, 7-9 Charlotte St., London (1970);
PA1  O. kubaschewski and B. E. Hopkins "Oxidation of Metals and Alloys" Acad.
      Press, New York (1953);
PA1  R. e. grace and T. F. Kassner Acta Metallurgica 18, 247 (1970); and
PA1  W. a. crossland and H. T. Roettgers, Physics of Failure in Electronics Vol.
      5, Ed. T. S. Shilliday et al., Batelle Memorial Int., Columbus, Ohio,
      Clearing House for Fed. Sci. and Tech. Inf. (1967).
PAR  All of the above processes, however, suffer from the fault that they are
      not easily integrated into the thermal cycles of an already existing
      process, and generally have to be performed separately from the thermal
      cycles already existent in the process.
PAR  For example, processes for forming gas panel display devices often involve
      a high temperature thermal cycling step where metallurgy-glass assemblies
      are subjected to elevated temperatures sufficient to cause the glass to
      fuse and reflow. A gas panel display device fabrication process involving
      such a glass reflow step is described in U.S. Pat. No. 3,634,720 to
      Kupsky.
PAR  Known non-thermal techniques for forming a chromium oxide layer on chromium
      include wet chemical oxidations, anodic oxidations, and the deposition of
      chromium oxide by a spin drying method. It will be apparent that these
      procedures cannot easily be integrated with the thermal cycles of an
      already existent process.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a process for forming a
      passivating film of chromium oxide.
PAR  A further object of the present invention is to provide a process for
      passivating chromium, especially thin film chromium, which can be easily
      integrated with an existent processing sequence involving thermal cycles.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a method for
      passivating chromium comprising the step of oxidizing chromium at a
      temperature of 425.degree.-475.degree.C in an atmosphere comprising an
      oxygen partial pressure of about 0.01 to 10 atmospheres.
PAR  The foregoing and other objects features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, FIG. 1 illustrates the variation of the chromium oxide
      thickness with time in dry air, on a logarithmic scale, on the upper Cr
      layers of Cr/Cu/Cr films;
PAR  FIG. 2 shows the oxide thickness on the upper Cr layers of Cr/Cu/Cr films
      after the heating thereof for about 4 hours at 550.degree.C as a function
      of primary oxidation temperature, there being a pre-oxidation time of
      about 2 hours;
PAR  FIG. 3 depicts oxide growth on Cr/Cu/Cr films at 550.degree.C, these films
      having been pre-oxidized at 400.degree. and 450.degree.C; and
PAR  FIG. 4 shows the characteristics of the pre-passivating oxide, i.e., its
      thickness, number of hillocks per cm.sup.2 and texture, as a function of
      oxidation temperature.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In considering the chromium passivation process, according to the
      invention, it is to be noted that an important parameter therein is the
      range of temperature, viz., 425.degree. to 475.degree.C in which the
      oxidizing step is carried out, the best temperature being at about the
      mid-point of this range, i.e., 450.degree.C.
PAR  To understand the importance of this range, there are considered the
      results which ensue when chromium is oxidized both at temperatures outside
      of and within this range.
PAR  Thus, for example, when bulk, and thin film, polycrystalline chromium are
      oxidized at atmospheric pressure in atmospheres containing oxygen in a
      range of 400.degree.C to 750.degree.C, Cr.sub.2 O.sub.3 is the main
      product which is formed at all of these temperatures. With regard to the
      nature of the surfaces formed during these oxidations, the oxides produced
      at 400.degree.C and 450.degree.C show a texture which is not present in
      oxides formed at temperatures of 500.degree.C and greater. In this
      connection, chromium thin films exhibit more pronounced changes of surface
      morphology relative to length of oxidation period, temperature and ambient
      atmosphere than does bulk chromium. Thus, where thin films of chromium are
      employed, the oxidation reaction causes roughening of the original surface
      with a pronounced formation of hillocks of oxides interconnected by a thin
      layer of the oxidation reaction product. The number of hillocks which are
      formed can be related to the residual stress in the metallic films which
      in turn results from the temperature at which the films are evaporated.
      During the oxidation at elevated temperatures, the sizes of the hillocks
      increase proportionately with time, their number increases with
      temperature, and their shape is influenced by the ambient atmosphere.
PAR  A typical thickness (L)-time variation at temperatures T .ltoreq.
      500.degree.C shows a linear to cubic transition, i.e., the initial
      interfacial combination of the reactants is slowed down and further growth
      rate is determined by the diffusion of the reactive species through the
      oxide film. The positive dependence of the reaction constant on oxygen
      partial pressure indicates that the diffusing species is constituted of
      chromium vacancies. They move with a heat of activation which varies as
      .DELTA.H.sub.Cr, bulk &gt;.DELTA.H.sub.Cr, evaporated at 250.degree.C
      &gt;.DELTA.H.sub.Cr, evaporated at RT the values being 32, 31 and 26 k
      cal/mole, respectively.
PAR  In contrast with behavior of bulk chromium, it has been found that chromium
      films, however, react faster and, at T .gtoreq. 550.degree.C, the growth
      rate deviates from the exponential dependence with time, as observed in
      connection with the bulk chromium and becomes almost linear.
PAR  In this connection, reference is made to FIG. 1 wherein there are shown
      time, oxide thickness plots for the oxidation of CrCuCr films in an
      O.sub.2 --N.sub.2 mixture substantially corresponding to air, at
      400.degree., 450.degree., 500.degree. and 550.degree.C. It is to be noted
      that the oxide film formed at 550.degree.C is not protective toward
      further oxidation, its growth rate being appreciable. The mechanism which
      is believed to occur at 550.degree.C is the fast formation of the oxide at
      some sites combined with the fast depletion of chromium at the Cr/Cr-oxide
      interface and by a relatively rapid continued arrival of vacancies to form
      voids and, ultimately, a porous zone at the metal/oxide interface. The
      latter phenomenon, in turn, weakens the oxide-to-metal adhesion and
      provides continuously fresh metallic areas which are capable of reacting
      with oxygen.
PAR  As can be seen in FIG. 1, however, the oxide which is formed at
      500.degree.C is protective. It has been found that the rate constant
      increases with P.sub.0.sbsb.2.sup.1/5 and the change of oxygen partial
      pressure from 1 to 0.2 atmospheres does not change the growth rate
      appreciably.
PAR  FIG. 2 shows the results which ensued from a series of experiments which
      were performed in order to determine a set of oxidation conditions for
      chromium to form an oxide that provides greater hindrance to the loss of
      metallic layer at T &gt; 500.degree.C. In this regard, CrCuCr films were
      oxidized at either 400.degree., 425.degree., 450.degree. or 475.degree.C
      for about two hours and then subsequently oxidized at 550.degree.C for
      about an additional four hours, the heatings being carried out in both dry
      and moist atmospheres, the latter atmosphere resulting in a relatively
      macroscopically uniform surface. A total oxide thickness, at the end of
      about 4 hours heating at 550.degree.C is essentially lower on pre-oxidized
      films than on metallic films heated at 550.degree.C. The difference is
      even more pronounced if the samples have been pre-oxidized in moist air at
      the lower temperature, and then oxidized in dry air at 550.degree.C. Thus,
      if the metallic films are heated near 450.degree.C, the optimum protection
      against further oxidation is obtained. This is not only apparent from the
      total oxide thickness as shown in FIG. 2 but also from the manner in which
      the oxide grows at 550.degree.C (FIG. 3). In this connection, films
      exposed at 400.degree.C are initially resistant to further oxidation but,
      after about 20 minutes heating at 550.degree.C, the growth limiters revert
      to linear behavior. Films pre-oxidized at 450.degree.C, however, continue
      to exhibit a cubic growth, i.e., a diffusion limited oxidation rate,
      during subsequent oxidation at 550.degree.C.
PAR  Further experiments for different times at each of the different
      pre-oxidation temperatures in lower partial pressures of oxygen indicate
      that the temperature of the pre-oxidation, rather than the oxide
      thickness, is the more important factor in the producing of effective
      protection, i.e., passivation. There follows hereinbelow a discussion as
      to why oxidation at a temperature centering around 450.degree.C produces
      the desired optimum results. This discussion is based essentially upon two
      factors.
PAR  One of these factors is the texture of the oxide film observed at
      temperatures, T .ltoreq. 450.degree.C. The lack of desired orientation at
      higher temperatures may be linked to the increase of the mechanical stress
      as the oxide thickens sufficiently to disturb the epitaxy between the
      oxide and the metallic substrate. As the chromium oxide grows with the
      formation of hillocks, small variations of the growth rate along the
      surface, accompanied by a possible decrease in the bond strength between
      the metal and the oxide, may be the reason for poorer protection of the
      films at temperature T .gtoreq. 475.degree.C.
PAR  The other of these factors is the morphology of the film. The surface of
      the oxide formed at 425.degree.C &lt; T &lt; 475.degree.C in air, is fine
      structured. The number of hillocks increases with temperature, as
      illustrated in FIG. 4. At the low temperature end, a small number of
      hillocks is formed thereby leaving a fairly large portion of the surface
      covered only by a very thin oxide. Then, when the temperature is raised to
      550.degree.C, both the existing hillocks may increase in size and new
      hillocks may be formed in the area between them. Such growth of several
      hillocks of variable size close to each other can result in their merging
      to cause the formation of larger hillocks in a shorter period, such larger
      hillocks being capable of more rapid separation from the metallic base
      with the consequent exposure of fresh metallic areas to the reactive
      gases.
PAR  The oxides formed in the range of 425.degree.C to 475.degree.C and
      particularly centering around 450.degree.C follow to some extent the
      orientation of the metallic layer and the size and distribution of the
      hillocks result in a substantially uniform spacing therebetween. At
      550.degree.C, the main growth rate is the three-dimensional increase of
      the already existing nuclei.
PAR  The variation of the oxide thickness which is formed on chromium with time
      at some temperature has been found to follow a linear to exponential
      (parabolic and/or cubic) transition. Such growth process can be described
      by the general equation:
EQU  L.sup.n + K.sub.A L = K.sub.B t + K.sub.C
PAL  wherein L is the oxide thickness, t is time and n is the exponent of the
      second stage in the oxide growth; K.sub.A, K.sub.B and K.sub.C are
      respectively functions of the number of available surface sites for the
      reaction, the activation energy, the reaction temperature, and the oxygen
      partial pressure.
PAR  The above equation has been proven to obtain in the pressure range of 10 &gt;
      P.sub.0.sbsb.2 &gt; 10.sup..sup.-4 atmospheres.
PAR  The simplified form for P.sub.0.sbsb.2 of one atmosphere becomes
EQU  Log L = A + 1/3 log t - 2.10.sup..sup.-3 (1/T)
PAL  wherein A has a value of 4.180 for chromium films and 3.816 for Cr/Cu/Cr
      films.
PAR  The oxidation process according to the invention is advantageously carried
      out in aqueous mixture substantially equivalent to moist air. The amount
      of moisture in the atmosphere which is contacted with the chromium at
      425.degree.-475.degree.C is not overly critical and, in fact, even traces
      of moisture therein are sufficient to form the chromium oxide. Generally,
      however, there should be avoided a quantity of moisture which would form
      droplets at the passivation conditions since potentially this could lead
      to corrosion of the chromium. For example, most typically, the chromium
      (generally present as a component of a device being fabricated) is
      inserted into a furnace, the furnace temperature is elevated to a
      temperature within the above range and air is slowly passed over the
      chromium by bubbling it through a water bubbler at normal room pressure
      and temperature.
PAR  While the passivation process of the invention can be used to passivate
      both bulk and thin film chromium, it finds particular application in the
      passivating of the thin film chromium, such as, for example, a thin film
      of chromium on the order of 800 to 2,500 angstroms. By present state of
      the art thin film formation techniques, it is often difficult to form thin
      films of chromium at thicknesses substantially less than 800 angstroms
      which are uniform. Also, at thicknesses much above 5,000 angstroms
      chromium tends to be highly stressed and to show inferior passivation
      results. In addition, with bulk chromium, the passivation layer formed is
      thinner than that which can be achieved under equivalent conditions with
      thin film chromium. The latter phenomenon is most likely due to
      differences in the stress levels and the density between bulk chromium and
      thin film chromium.
PAR  Accordingly, the following discussion is in connection with the preferred
      embodiment of the invention, i.e., where a thin chromium film is
      passivated, since such films not only can be passivated to provide
      superior protection but find great commercial utility.
PAR  The pressure of the passivation system is not overly important. For
      example, oxygen partial pressures of from about 0.01 atmosphere to about
      10 atmoshperes (air systems) have been used with success in the
      passivation process according to the invention. However, generally
      operation is at approximately atmospheric pressure. As oxygen partial
      pressure is increased in the process, generally the rate of chromium oxide
      formation increases in an exponential manner, with a rate constant
      proportional to P.sub.0.sbsb.2.sup.1/5 (where P.sub.0.sbsb.2 is the oxygen
      partial pressure).
PAR  The time for passivation will, of course, depend upon the desired thickness
      of the passivation layer. Increasing treatment times increase the
      thickness of the passivation layer and decreasing treatment times have the
      converse effect. In this regard, it is to be noted that during the first
      10 to 20 minutes of the passivation process according to the invention,
      the chromium oxide film grows relatively rapidly in a linear manner, but
      during this initial growth stage, it cannot as yet be considered an
      effective passivation film. However, after this initial linear growth
      period, the rate of oxide growth significantly decreases, and the chromium
      oxide film assumes its passivating, protective nature. It is believed that
      the passivation process is, in some manner, diffusion controlled, with the
      chromium oxide layer being partially self-inhibiting after the initial
      linear chromium oxide growth period.
PAR  Considering the above facts, on a commercial scale it is most preferred to
      provide a substantial time safety factor for the time of the passivation
      process, and generally the passivation process will be carried out for a
      minimum of about 1 hour, more preferably passivation being conducted for a
      time on the order of two hours at 450.degree.C to thereby provide a
      chromium oxide layer on the order of 85 to 100 angstroms thick.
PAR  While longer passivating times can be employed, considering the
      desirability of shortening the process time and the balancing of this
      against the self-inhibiting nature of the chromium oxide film, which
      increases with increasing thickness, for many commercial applications
      where thin chromium films are involved, a maximum passivation time of
      about 21/2 hours may be used.
PAR  It is desirable that the air, preferably moist, be flowed very slowly over
      the chromium substrate. While, in theory, a static mass of moist air or a
      rapidly flowing mass of moist air could be used, in practice this proves
      inadvisable for the following reasons. First, a static mass of moist air
      is preferably not used in order to avoid the possibility that the moist
      air composition at the moist air/chromium interface might be locally
      depleted during reaction, thereby leading to varying oxide formation
      rates. On the other hand, a rapidly flowing stream of moist air should be
      avoided because of the possibility of causing temperature variations over
      the chromium, which could also lead to varying oxide formation rates.
      Accordingly, the flow of air is established to provide a substantially
      constant concentration of reactants at the moist air/chromium interface
      without substantial temperature variation of the chromium.
PAR  For instance, using a flow-through tube furnace 2 inches in diameter and 36
      inches in length, a moist air flow rate of 2 liters per minute provides
      excellent results, the moist air being under a slight positive pressure to
      insure flow.
PAR  The use of air, preferably moist, is an important aspect of the present
      invention. Dry air can, of course, also be used to oxidize chromium and,
      in fact, can provide a passivated layer of substantially the same
      thickness as is obtained with moist air under the same conditions.
      However, the morphology of a chromium oxide layer obtained using moist air
      differs significantly from one obtained using dry air, the latter being
      less uniform. While the exact reason for this surprising difference is not
      understood, it is believed that with dry air the chromium oxide layer
      grows at varying rates across the surface because of the generation of
      active and inactive sites, while with moist air, the inactive sites become
      activated to provide numerous small nucleation sites, leading to uniform
      surface morphology.
PAR  The passivation process according to the invention finds particular
      application where it is desired to form an oxide film on chromium in order
      to increase the durability of the chromium to processing conditions.
PAR  The following example deals with such a use of the passivation process
      according to the invention, and is given with specific reference to the
      formation of conductor metallurgy on a glass substrate which is overcoated
      with a dielectric glass reflowed thereon at high temperatures, the
      assembly comprising a portion of a gas panel display device.
PAC  EXAMPLE
PAR  In the following example, the metallurgy was carried on a glass substrate
      and comprised a three-layer structure of chromium-copper-chromium, the
      layer thickness being 900-2,000 angstroms, 18-25K angstroms and 900-2000
      angstroms, respectively.
PAR  During fabrication, the metallurgy is coated or encapsulated with a layer
      of dielectric glass by reflowing a dielectric glass frit which has been
      applied to the metallurgy. The upper layer of chromium serves as a
      protective layer to protect the copper layer from oxidation by the ambient
      atmosphere during the glass reflow or from chemical attack by the molten
      dielectric glass during the reflow.
PAR  However, untreated metallic chromium is insufficient to protect the copper
      during the reflow process since chromium itself can be attacked by oxygen,
      water or the molten dielectric glass during the reflow process;
      accordingly, a layer of chromium oxide is formed on the surface of the
      uppermost chromium layer to "passivate" the chromium against attack during
      the glass reflow process.
PAR  The lower chromium layer functions as an adhesion promoter between the
      glass and the copper layer.
PAR  In the present example, the metallurgy was applied by state of the art
      vacuum evaporation techniques at 10.sup..sup.-6 mm Hg.
PAR  The glass substrate was, in this example, a sodalime glass, but this is not
      overly important and any glass could have been used which does not degrade
      the chromium at the processing conditions.
PAR  The metallurgy was then coated with a dielectric glass frit which is to be
      reflowed at elevated temperatures to form the encapsulating dielectric
      glass layer. Application of the glass frit can be by any known procedure;
      in this case, it was applied by spraying in a slurried form. Such a slurry
      comprises a binder, solvent therefor and the glass frit.
PAR  Suspension systems suitable for use for the slurry are about 2 wt. percent
      nitrocellulose in amyl acetate or 2.5 wt. percent dibutyl phthalate, 5 wt.
      percent polymethyl methacrylate and 92.5 wt. percent ethyl cellosolve
      acetate. The frits suitably had an average particle size of about 7.mu.
      and were mixed with the suspension systems at a 1:1 weight ratio.
PAR  The dielectric frits were each applied to separate substrate/metallurgy
      assemblies to a thickness of 0.7 .apprxeq. 1.4 mil; the glass frit coated
      metallurgy carried on the glass substrate inserted into a flow-through
      tube furnace 2 inches in diameter and 36 inches in length and the
      temperature thereafter raised at a rate of 1.degree.C per minute from room
      temperature to the passivation temperature of 425.degree.C to volatilize
      the solvent and burn away the binder before the passivation temperature
      was reached. After the binder and solvent were removed by volatilization
      and combustion, the layer of glass frit assumed a porous nature, i.e., it
      was powder-like and lightly adhered to the metallurgy.
PAR  Once a substrate carrying the dielectric glass frit encapsulated metallurgy
      reached 425.degree.C, water vaopr was added to the furnace by passing air
      through a room temperature bubbler to provide a water content of about
      23mm, the resulting moist air being passed through the reflow furnace at a
      rate of 2 liters/minute for 2 hours while holding the system at
      425.degree.C.
PAR  At the end of 2 hours, the introduction of water vapor was terminated, the
      ambient in the reflow furnace returned to dry oxygen and the temperature
      quickly raised to 625.degree.C, i.e., to a temperature above the melting
      point of the dielectric glass frit in each run, to reflow the glass onto
      the conductor metallurgy.
PAR  The oxide layer formed by the passivation procedure described had a
      thickness of approximately 80 to 100 angstroms.
PAR  It is to be noted that earlier it was emphasized that the oxidation or
      passivation temperature is optimum at about 450.degree.C, but in the
      present example the passivation was conducted at 425.degree.C. The
      temperature of operation in this example represents a balance between
      achieving optimum passivation at 450.degree.C and minimizing sintering or
      fusing of the glass powder in the glass frits during the passivation
      cycle. In this case, the glass transition temperature (T.sub.g) of the
      glass powders used was slightly in excess of 425.degree.C, and
      accordingly, the passivation procedure was conducted to avoid fusing of
      the glass prior to the subsequent elevation to the actual reflow
      temperature. If the glass frit fuses during the passivation technique, the
      porous layer of glass frit which provides a more uniform surface
      morphology in the chromium oxide layer is lost.
PAR  For some reason which is not completely understood, a porous glass frit
      serves to improve the properties of the chromium oxide layer which is
      formed during the passivation process according to the invention,
      primarily the surface morphology. The exact reason that a glass frit
      improves the chromium oxide layer which is formed is not understood since
      it has not been determined that there is a significant chemical reaction
      occurring between the chromium or chromium oxide and the glass frit.
PAR  The glass frit serves primarily a physical function and, accordingly, the
      exact identity of the glass which is used in the glass frit is not overly
      important at passivation temperatures. It is theorized that the glass frit
      might help to reduce, in some manner, the oxygen partial pressure at the
      glass frit/chromium interface and may even prevent the formation of overly
      large nucleation sites on the chromium which would lead to uneven surface
      thickness. In any event, a much more uniform chromium oxide layer is
      obtained in the case when a glass frit is used than under identical
      conditions where a frit is not used.
PAR  Although the exact composition and particle size of the glass frit does not
      appear to be overly important at the passivation temperature, there
      should, of course, be selected a glass frit which has a composition that
      meets the encapsulating requirements of the final device, and in this
      regard, glass frits, as have been used in the art for their protective
      encapsulating function after high temperature reflow, can be used
      according to the invention, e.g., glasses from the borosilicate family.
PAR  The chemical and physical requirements which such glasses must meet, e.g.,
      thermal coefficient of expansion close to that of the substrate to avoid
      warping, low alkali metal oxides to avoid lowering favorable electrical
      properties, melting points below that of device metallurgy, size
      appropriate to form a mixture of appropriate viscosity with the binder
      system, and the like are sufficiently well know such that they need not be
      discussed in detail.
PAR  The glass:binder system ratio and thickness of the coating of the frit are
      also determined upon considering standards known in the art, bearing in
      mind that at glass frit layer thicknesses much below about 0.1 mil, it is
      difficult to obtain uniform coating thicknesses without time-consuming
      multiple applications and that with glass frit thicknesses much greater
      than about 2 mil, bubble escape during reflow becomes difficult.
PAR  It will be apparent to one skilled in the art that the invention is not
      limited to the fabrication of gas panel display devices, Rather, it can be
      used to passivate chromium under any circumstances, finding particular
      application as an integral part of a larger overall processing where an in
      situ chromium passivation is required.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for passivating chromium which comprises contacting chromium
      at a temperature of from about 425.degree.C to about 475.degree.C with
      O.sub.2 for a period of time greater than twenty minutes to grow a
      passivating chromium oxide film thereon.
NUM  2.
PAR  2. The process of claim 1 where the temperature is about 450.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein the chromium is in the form of a thin
      film.
NUM  4.
PAR  4. The process of claim 3 wherein the chromium has a thickness of from
      about 800 angstroms to about 2,500 angstroms.
NUM  5.
PAR  5. The process of claim 1 wherein the process is conducted at an oxygen
      partial pressure of from about 0.01 atmosphere to about 10 atmospheres.
NUM  6.
PAR  6. The process of claim 1 wherein said contacting is conducted while said
      chromium is coated with a particulate glassy frit.
NUM  7.
PAR  7. The process of claim 1 wherein moist air is slowly flowed over the
      chromium to provide said oxygen.
NUM  8.
PAR  8. The process of claim 1 wherein said chromium is overcoated on a thin
      layer of copper which is in turn overcoated on a second thin layer of
      chromium adhering to a glass substrate.
NUM  9.
PAR  9. The process of claim 8 wherein said second thin layer of chromium
      adhering to said glass substrate covers said glass substrate.
NUM  10.
PAR  10. The process of claim 1 wherein the process is conducted at a oxygen
      partial pressure of from about 0.01 atmosphere to about 10 atmospheres and
      wherein moist air is slowly flowed over the chromium to provide said
      oxygen.
NUM  11.
PAR  11. The process of claim 1 wherein said contacting is carried out for a
      minimum of about 1 hour to a maximum of about two and one-half hours.
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ABST
PAL  The adhesive properties of compositions which contain an organic
      isocyanate, with or without a film-former, are improved by the inclusion
      of (a) an aliphatic hydrocarbyl nitrite or (b) a nitrite ester of a
      carbamic acid which acts as an adhesive promoter. The compositions are
      useful for adhering natural and synthetic polymeric elastomers, and are
      particularly useful in the production of laminations formed from
      polyurethane polymers and other substrates including metals, etc. and
      especially the formation of laminations from the cured tread of a
      conventional rubber to a curable polyurethane prepolymer composition which
      can be formed in the shape of a tire body.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to obtaining improved adhesion to polyurethane
      rubbers and olefinic rubbers and other substrates including metals, and
      pertains particularly to the adhesion of two substrates to one another in
      the production of tires and other laminations. By polyurethane rubbers are
      meant the rubbers produced by reaction of a polyisocyanate with a polymer
      such as a polyester or polyether or conjugated diene polymerized in such a
      manner as to have terminal functional groups. By olefinic rubbers are
      meant those rubbers containing olefinic unsaturation in their polymer
      chains such as natural rubber (NR), synthetic polyisoprene (IR),
      polybutadiene (BR), butadiene-isoprene and copolymer (BI), rubbery
      copolymers of butadiene and styrene (SBR), rubbery copolymers of butadiene
      and acrylonitrile (NBR), rubbery copolymers of isoprene and isobutylene
      (IIR), polychloroprene (CR), ethylene-propylene rubbers (EPDM) and the
      like. This invention has particular use in applications where adhesive
      strength of a high degree is important as in the production of tires,
      belting, industrial rubber articles and like products composed of both
      polyurethane rubber and olefinic rubber components.
PAC  PRIOR ART
PAR  It is known from U.S. Pat. No. 2,905,583 that bonding of a polyurethane
      rubber to an olefinic rubber can be realized by interposing between such
      rubbers an adhesive including in combination an organic isocyanate and an
      aromatic compound containing at least one nitroso group attached directly
      to an aromatic ring carbon atom. The patent suggests that its adhesive
      compositions contain in addition to the described aromatic nitroso
      compounds and isocyanates, a so-called organic film-forming material such
      as a natural or synthetic elastomer or resin and it is further
      contemplated by the patent that tires be produced by adhering a
      polyurethane rubber tread to an olefinic rubber body.
PAR  It has nothing to do with the use of hydrocarbyl nitrites or nitrite esters
      of carbamic acids as adhesive promoters.
PAC  SUMMARY OF THE INVENTION
PAR  The adhesive properties of a film-forming material and an organic
      isocyanate are improved by first mixing with the film-forming material and
      organic isocyanate, and a solvent for these materials, an aliphatic
      hydrocarbyl nitrite or a nitrite ester of a carbamic acid.
PAR  Almost any polymeric material can be used as an organic film-former
      according to this invention. The primary function of the film-former,
      which may be a liquid or solid or a hot melt or a solid in solution in an
      organic solvent, is to modify the viscosity of the adhesive formulation so
      that it can be readily applied, as by brushing, troweling, spraying, etc.
      In effect, the film-former adds physical strength to the adhesion
      formulation so that the bonded substrates can be physically handled before
      final cure of the adhesive.
PAR  Olefinic elastomers such as natural rubber and synthetic rubber may be used
      as film-formers. The term "synthetic rubber" includes synthetic
      polyisoprene, polybutadiene, butadiene-styrene copolymers and block
      polymers, polyurethanes, butadiene-isoprene copolymers and block polymers,
      copolymers of isoprene-isobutene, polychloroprene, ethylene-propylene
      terpolymers and like piperylene homopolymers and copolymers and the like.
      The film-formers are not vulcanized. They may be solids or liquids of any
      practical molecular weight.
PAR  A polyurethane rubber may be based on a polyester or a polyether or a
      combination of the two. It may be based on a conjugated diene homopolymer
      or copolymer containing terminal functional groups. These elastomers and
      their prepolymers are also film-formers. Other film-formers include
      telechelic polymers and olefinic resins and the halogen-containing analogs
      of such materials and the foregoing natural and synthetic elastomers and
      condensation polymers including phenol-aldehyde and epoxy resins,
      polyamides, polyesters, etc. The film-former may be a halogenated wax.
PAR  Although toluene diisocyanate is generally used in the production of
      polyurethanes, other isocyanates suitable as a component of the adhesive
      formulations of this invention include phenylisocyanate, tolylisocyanate,
      xylene diisocyanate, cumene diisocyanate,
      methylenebis(p,p'-phenylisocyanate), methylenebis-(p,p'-tolylisocyanate),
      methylenebis(p,p'-xylylisocyanate) and the like. Triisocyanates or higher
      will also function but are generally more expensive and less readily
      available on a commercial scale. Toluene diisocyanate is preferred on the
      basis of commerical availability. So-called blocked isocyanates which
      release the isocyanate at specified temperatures will also function
      provided that the release temperature is lower than the cure temperature
      of the composite. Representative blocked isocyanates that may be used
      include phenol-blocked or caprolactam-blocked isocyanates. Dimeric
      isocyanates are also applicable. Organic isothiocyanates such as
      phenylisothiocyanate are also applicable. Another criterion for selection
      of an isocyanate is whether it would have a tendency to discolor the
      substrate. For example, Hylene W* is essentially non-staining and would be
      preferred on this basis.
FNT  * methylenebis(4,4'-cyclohexylisocyanate) supplied by E. I. duPont de
      Nemours & Co., Inc.
PAR  Although toluene is used above as a solvent as a matter of convenience,
      hexane, cyclohexane, tetrahydrofuran, benzene, xylenes, dimethylformamide
      or many other common organic solvents as well as toluene are suitable. Any
      aprotic solvent should be effective. In case the adhesion promoter is
      liquid, the solvent may be deleted.
PAR  The exact concentrations of the film-former, adhesion promoter and
      isocyanate will depend on the strength of the adhesive bond desired in the
      final product. Generally, concentrations are selected to obtain optimum
      adhesion desired for a specific application. In addition, the
      concentrations are also adjusted to obtain a correct viscosity; that is,
      if the formulation is to be sprayed, the viscosity should be low, if
      brushed or dipped an intermediate viscosity would be desired. If the
      adhesive is to be troweled onto the surface, a higher viscosity is
      desired. As a guide, suitable concentrations of film-former, adhesion
      promoter and isocyanate on a solvent-free basis normally fall within the
      following ranges:
TBL                  Parts by Weight                                           
     ______________________________________                                    
     Film-Former       0-90                                                    
     Adhesion Promoter 1-60                                                    
     Isocyanate        1-95                                                    
     ______________________________________                                    
PAC  HYDROCARBYL NITRITES AND NITRITE ESTERS OF CARBAMIC ACIDS
PAR  To more clearly define the scope of the invention, the following
      generalized formula is presented which describes typical compounds useful
      as adhesion promoters according to the invention:
      ##EQU1##
      in which R.sub.1, R.sub.2 and R.sub.3 represent a saturated or unsaturated
      hydrocarbyl group of 2 to 16 carbon atoms or C, R.sub.1, R.sub.2 and
      R.sub.3 represent a hydrocarbyl group which includes a cyclic-containing
      aliphatic hydrocarbyl group of 5 to 7 carbon atoms. The hydrocarbyl groups
      may be alkyl groups which contain one to sixteen or more carbon atoms.
      They may be saturated or unsaturated and may include halogen atoms
      selected from the class consisting of chlorine and bromine.
PAR  Hydrocarbyl nitrites are relatively easily prepared by the reaction of
      nitrous acid with a hydrocarbyl group containing a hydroxyl function. The
      reaction may be illustrated as follows:
      ##EQU2##
PAR  The hydrocarbyl groups shown in the Generalized Formula may be the same or
      different. The carbon atoms of an alkyl group may be arranged in a
      straight-chain configuration or branched, and be saturated or unsaturated.
      The carbon atoms may also be arranged in a cyclic configuration or any
      combination of the above described configurations. A plurality of nitrite
      functions may also be present, or nitrite esters of carbamic acids may be
      used such as those represented by the general formula:
      ##EQU3##
      in which R may be a hydrocarbyl group either aliphatic or aromatic
      containing a total of about 16 carbon atoms. If R is an aliphatic group,
      the carbon atoms may be arranged in a straight-chain configuration or
      branched, and may be saturated or unsaturated. The carbon atoms may be
      arranged in a cyclic configuration or any combination of the above
      described configurations. If R is aromatic, the aromatic nucleus may be
      substituted with alkyl groups, halogen atoms selected from chlorine or
      bromine. R may also represent a condensed aromatic ring such as a naphthyl
      group.
PAR  The symbol X may represent an isocyanate function (--NCO), a carbomate
      nitrite function (--NH.COO.NO) or a urethane function (--NH.COO.R') where
      R' has the same meaning as R in the preceding general formula.
PAR  Illustrative straight-chain aliphatic hydrocarbyl nitrites are:
PA1  ethyl nitrite,
PA1  propyl nitrite,
PA1  n-butyl nitrite,
PA1  n-amyl nitrite,
PA1  n-octyl nitrite,
PA1  n-decyl nitrite and
PA1  n-dodecyl nitrite
PAL  and branched-chain nitrites are:
PA1  isopropyl nitrite,
PA1  isobutyl nitrite,
PA1  tertiary butyl nitrite,
PA1   2-methylbutyl nitrite,
PA1   2-ethylhexyl nitrite and
PA1   2-ethyldecyl nitrite
PAL  and the like.
PAR  Typical unsaturated hydrocarbyl aliphatic nitrites are:
PA1  allyl nitrite,
PA1  methallyl nitrite,
PA1   1,1-dimethyl-2-propenyl nitrite,
PA1   1-methyl-1-ethyl-2-propenyl nitrite,
PA1   2-hexadecenyl nitrite, etc.
PAL  and cyclic hydrocarbyl nitrites:
PA1  cyclopentyl nitrite,
PA1  cyclohexyl nitrite,
PA1   2-methylcyclopentyl nitrite, and
PA1   2-methylcyclohexyl nitrite
PAL  and the like.
PAR  Nitrite esters of glycol, glycerine and polyvinyl alcohol illustrate
      materials containing a plurality of nitrite functions which should be
      useful as adhesion promoters.
PAR  The nitrite function can also be incorporated into an organic molecule by
      reaction of an organic isocyanate with nitrous acid. The reaction may be
      illustrated as follows:
      ##EQU4##
      in which R is an aliphatic, cyclo-aliphatic or aromatic hydrocarbyl group
      of 1 to 16 carbon atoms and x is 1 or 2.
PAR  For example, the reaction of toluene diisocyanate with nitrous acid would
      be expected to form a mono as well as a di-nitrite according to this
      series of equations:
      ##SPC1##
PAR  To illustrate the formulation of a mono-nitrite, 34.8 grams (0.20 mole) of
      toluene diisocyanate were dissolved in 250 moles of tetrahydrofuran and
      13.8 grams of sodium nitrite (0.20 mole) were added. The mixture was
      saturated with gaseous hydrogen chloride and then the mixture was refluxed
      approximately 16 hours to give a red solution containing dispersed sodium
      chloride. The reaction mixture was filtered to remove the sodium chloride
      and the clear red filtrate was concentrated to about 50% active material
      by removal of tetrahydrofuran under vacuum.
PAR  The structure of the active material is believed to be:
      ##SPC2##
PAR  A small amount of a di-nitrite would be expected since both isocyanate
      functions can react with nitrous acid; however, due to the steric
      hindrance of the ortho methyl group, the isocyanate function ortho to the
      methyl is less reactive and the predominant product expected is as shown.
PAR  For the purpose of brevity, the compound is identified below as Adhesive
      Promoter C.
PAR  In another example, 31.5 grams of Adiprene L-167 (a reaction product of a
      diisocyanate and a polyalkylene ether glycol) marketed by duPont and
      containing 6.27% isocyanate function was dissolved in 200 mls of
      tetrahydrofuran to give a 0.05 molar isocyanate solution. Sodium nitrite
      (3.8 grams, 0.055 moles) was added and the reaction mixture was saturated
      with hydrogen chloride gas. The reaction mixture was stirred at ambient
      temperature for three days and then filtered to remove sodium chloride.
      The yellowish-red filtrate was heated under vacuum to concentrate the
      active nitrite compound to about 50% by removal of tetrahydrofuran
      solvent. The probable structure of the compound is as follows:
      ##SPC3##
PAL  This product is identified below as Compound E.
PAR  The generic formula of such promoters is:
      ##SPC4##
PAL  in which n is 1 to 8 carbon atoms and the value of x will depend upon the
      valve of n to give a polymer with a molecular weight range of 1,000 to
      3,000.
PAR  Another example of an adhesion promoter containing a nitrite function was
      prepared by dissolving 34.8 grams (0.20 mole) of toluene diisocyanate in
      300 mls of tetrahydrofuran and adding 18.8 grams of phenol (0.20 mole) to
      the solution at ambient temperature over a period of 15 minutes. After the
      addition of phenol, 13.8 grams (0.20 mole) of sodium nitrite was added and
      then 19.6 grams (0.20 mole) of concentrated sulfuric acid was added in a
      period of fifteen minutes. The reaction mixture turned a deep-red
      coloration indicating a reaction was taking place. The mixture was stirred
      for about seventeen hours at 40.degree.  C. The reaction mixture was
      evaluated as an adhesion promoter without additional purification. The
      most probable structure is as follows:
      ##SPC5##
PAR  The product is identified as Adhesion Promoter D.
PAC  ADHESION TESTS
PAR  The adhesion test results reported hereafter were obtained on laminations
      of olefinic rubber and polyurethane rubber, a cement of the film-former
      (if used), an organic isocyanate and a promoter prepared in accordance
      with the invention having been interposed between the two rubbers. The
      procedure was as follows:
PAR  First, a sheet 6 inches square and 0.100 inch thick was prepared from
      vulcanizable olefinic rubber compound. One side of the olefinic rubber
      sheet was backed with reinforcing nylon tire fabric treated for adhesion.
      This sheet was cured (usually on the order of 20 to 30 minutes at about
      300.degree. F.). The cured olefinic rubber sheet was buffed to a satiny
      finish on the side opposite the tire fabric, the buffed surface being then
      washed with acetone or white gasoline. A two by six inch portion of the
      buffed surface was covered with holland cloth, the holland cloth being
      securely taped down on all four edges to prevent adhesion and facilitate
      subsequent testing in an Instron tester. The exposed buffed surface of the
      cured olefinic rubber sheet was coated with the adhesive cement of the
      invention being tested and allowed to dry. The olefinic rubber sheet was
      then placed in the bottom of a 6 by 6 by 0.250 inch mold with the
      adhesive-cement-coated surface up. A curable liquid polyurethane rubber
      compound was poured into the mold in a suufficient quantity to fill the
      mold. After the polyurethane material had gelled a 6 by 6 inch piece of
      square woven nylon was prepared on the surface of the polyurethane to
      prevent direct contact with the hot mold during subsequent complete
      curing. A cover plate was placed on the top of the mold and the mold was
      heated 3 hours at 212.degree. F. to complete the curing of the
      polyurethane rubber. Flashing was trimmed from the resulting test
      lamination and the edge containing the holland cloth was cut back to
      expose the cloth to initiate separation of the two substrates. One inch
      wide test strips were cut from the lamination in a direction parallel to
      the direction of the reinforcing tire cord. After 24 hours at room
      temperature, test results were obtained by clamping the free ends of a
      given test strip of the jaws of a testing machine and the jaws of the test
      machine were pulled apart at a rate of 2 inches per minute, the force in
      pounds per inch at tear as well as the nature of the tear being observed.
      With regard to the nature of the adhesion, the terms "Pad Tear", "Rubber
      Tear" and "Adhesive", as they may appear hereafter have the following
      meanings. Pad Tear means that the tear was along the nylon fabric. Rubber
      Tear means that the tear was in the olefinic rubber. Adhesive means that
      the tear was at the interface between the adhesive and one of the
      substrates. Where the percentage of tear reported hereafter is less than
      100%, the balance was tear along the adhesive interface. For elevated
      temperature testing as reported in the table, the test samples were placed
      in an oven maintained at the desired elevated temperature. Each test
      sample was then removed after being in the oven a total of 15 minutes and
      immediately subjected to the pulling test.
PAR  The following examples illustrate practice of the invention. In the
      examples the vulcanizable olefinic rubber sheets employed were prepared of
      the following formulation:
TBL                Parts by Weight                                             
     ______________________________________                                    
     SBR             60.0                                                      
     Polybutadiene   40.0                                                      
     Carbon Black    70.0                                                      
     Oil             44.0                                                      
     Zinc Oxide      2.0                                                       
     Stearic Acid    2.0                                                       
     Wax             3.0                                                       
     Sulfur          1.7                                                       
     Accelerator     1.2                                                       
     Antioxidant     1.0                                                       
     ______________________________________                                    
PAL  Following the procedure above outlined, such sheets were backed with nylon
      fabric as previously described, cured, buffed and one surface coated by
      brushing with a cement containing the adhesion promoter of the invention.
      The adhesive coated sheets were in each instance formed into a lamination
      by the abovedescribed procedure with a polyurethane rubber composition of
      the following formulation:
TBL                   Parts by Weight                                          
     ______________________________________                                    
     Adiprene L-167*    100.00                                                 
     Silicone DC-200**  0.10                                                   
     Methylene bis-                                                            
      (o-chloro-p-aniline)                                                     
                        20.98                                                  
     Dioctyl phthalate  20.00                                                  
     ______________________________________                                    
      *A reaction product of a diisocyanate and                                
      a polyalkylene ether glycol, supplied by                                 
      E. I. duPont deNemours & Co., Inc.                                       
     **A silicone oil supplied by Dow Corning - Corporation.                   
TBL                                    Table I                                 
     __________________________________________________________________________
     EVALUATION OF EXPERIMENTAL ADHESIVE FORMULATIONS                          
                        Weight % Composition                                   
                  Control                                                      
                        Experiment No. 1                                       
                                    2          3      4   5                    
     __________________________________________________________________________
     Adiprene L-167                                                            
                  --    36          --         --     --  --                   
     Adiprene LD-784                                                           
                  --    --          19         20     22  --                   
     Toluene Diisocyanate                                                      
                  *     18          19         20     22  20                   
     Toluene      --    36          --         --     --  --                   
     Acetone      --    --          52         40     --  40                   
     Adhesive Promoter A                                                       
                  --    10          --         --     --  --                   
     B            --    --          10         --     --  --                   
     C            --    --          --         20     --  --                   
     D            --    --          --         --     56  --                   
     Compound E   --    --          --         --     --  40                   
     Adhesive Strength,                                                        
     Lbs./Inch At: - 72.degree.F.                                              
                  **    76          95         90     33  8.5                  
     212.degree.F.                                                             
                  **    64          17         14     14  1.0                  
     250.degree.F.                                                             
                  **    53          21         23     16  1.0                  
     300.degree.F.                                                             
                  **    --          17          8     15  0.5                  
     Nature of Adhesive at:                                                    
      72.degree.F.                                                             
                  **    100% Rubber & Pad                                      
                                    100% Rubber & Pad                          
                                                90% Pad                        
                                                      *** 100% Adhesive        
     212.degree.F.                                                             
                  **    "           100% Pad   100% Pad                        
                                                      *** "                    
     250.degree.F.                                                             
                  **    "           100% Pad   100% Pad                        
                                                      *** "                    
     300.degree.F.                                                             
                  **    --           75% Pad   100% Pad                        
                                                      *** "                    
     __________________________________________________________________________
       * - Brushed on to substrate.                                            
       ** - Too weak to test.                                                  
      *** - Foam formed at interface and failure occurred.                     
PAC  FOOTNOTES OF TABLE I
PA1  Adiprene L-167 is a polyurethane rubber supplied by E. I. duPont de Nemours
      & Co., Inc., and functions as a filmformer.
PA1  Adhesive Promoter A is isoamyl nitrite.
PA1  Adhesive Promoter B is cyclohexyl nitrite.
PA1  Adhesive Promoter C is the mono-nitrite ester formed by the reactions of
      mole of nitrous acid with toluene diisocyanate.
PA1  Adhesive Promoter D is the nitrite ester of phenolblocked toluene
      diisocyanate.
PA1  Compound E is the reaction product of Adiprene L-167 with nitrous acid.
      Although the product contains both an isocyanate function and a nitrite
      function, it will be seen that it is not an adhesive promoter.
PAR  To demonstrate the utility of the adhesive promoters of the invention, the
      promoters were formulated with a film-former, toluene diisocyanate and
      toluene. The exact compositions of these formulations are summarized in
      Table I.
PAR  Following the previously described procedure, adhesion test strips were
      prepared using the adhesive formulations shown in Table I.
PAR  As indicated by the data recorded under Experiment Nos. 1 and 2 of Table I,
      both Adhesion Promoters A and B (isoamyl nitrite and cyclohexyl nitrite,
      respectively) effected good adhesive bonds between the vulcanized olefinic
      rubber and cured polyurethane. As expected, the bond strengths were
      reduced at the higher rupture temperatures; however, the bond strengths
      measured at 212.degree. F. and 250.degree. F. are considered good and
      indicate that laminates prepared in the manner described would have
      industrial applications at moderate temperatures.
PAR  The surface of the ruptured lamination as recorded in Table I under the
      column labeled "Nature of Adhesion At:" is of practical importance. It
      should be noted that the laminations prepared with isoamyl nitrite
      (Experiment No. 1) and cyclohexyl nitrite (Experiment No. 2) ruptured
      either in the rubber or pad. This means that if the tear resistance of the
      vulcanized olefinic rubber could be improved, higher adhesive bond
      strengths could be realized. That is, the lamination failed at their
      weakest points which were the rubber and pad.
PAR  Results obtained with Adhesive Promoter C under Experiment No. 3 are
      considered good and indicate that nitrite esters derived from the reaction
      of organic isocyanates and nitrous acid are good adhesion promoters. It
      should be pointed out that the 14 lbs./inch bond strength value obtained
      at 212.degree. F. is lower than the 23 lbs./inch value obtained at
      250.degree. F. The lower value may be due to improper cleaning of the
      surfaces of the pad prior to application of the adhesive formulation. An
      alternative explanation is that the 23 lbs./inch value obtained at
      250.degree. F. was realized as a result of additional curing while heating
      the test laminate to 250.degree. F.
PAR  In either event, the bond strengths obtainable with Adhesive Promoter C
      formulations are sufficiently high to demonstrate commercial utility.
PAR  The data on Adhesive Promoter D (Experiment No. 4) also demonstrate that
      this class of promoters have commercial utility. It should be pointed out
      that the adhesive layer foamed during the fabrication of the laminate. The
      foaming may have been due to adventious water on the surfaces of the pads.
      However, here again the bond strengths are considered adequate for many
      commercial applications, such as laminations which are not subjected to
      severe stress for example, decorative polyurethane with rubber, the rubber
      providing a shock absorbing phase but not between the tread and body of a
      tire.
PAR  Results obtained on the adhesive formulations containing Promoter E
      (Experiment No. 5) are not considered good and demonstrate the need of
      good adhesion promoters to obtain high bond strengths in the laminations
      tested.
PAR  As shown by the results reported in the above examples, good adhesion is
      obtained by the use of cements containing the adhesion promoters of the
      invention. Such cements without the adhesion promoters of the invention do
      not form bonds such as are generally required for the adhesion of a tread
      to a carcass in a pneumatic tire.
PAR  A particularly desirable application of the adhesive of the invention
      involves the adhesion of olefinic rubber tire treads to polyurethane
      rubber tire bodies. This is illustrated in FIG. 1.
PAR  For instance, the adhesive composition in such instances may be applied to
      the cured substrates or one or both of the substrates may be curable. If
      one substrate, for example the polyurethane carcass, or both substrates,
      are curable, the adhesive composition and the uncured substrate or
      substrates will be cured simultaneously. The curable adhesive is applied
      between the substrates and then the tire will be heated to cure the
      adhesive, and one or both substrates may be cured simultaneously with it.
      The adhesive may be cured by heating for 3 hours at 212.degree. F. as
      disclosed above, and may be cured at this temperature with a curable
      polyurethane carcass. If it is cured with the olefinic rubber composition,
      it may be cured for 20-30 minutes at about 300.degree. F. as disclosed
      above. Any cure conditions consistent with what is known in the art may be
      employed. The adhesive composition may be cast or brushed or otherwise
      applied to one or both substrates, which may be either cured or partially
      or completely precured. For instance, it may be cast on to the tread and
      this coated tread may then be wrapped around the cured or curable carcass
      which may be composed of polyurethane rubber and the assembly will then be
      heated to cure the adhesive and complete the curing of one or both of the
      substrates which had not been previously completely cured. Alternatively,
      the adhesive may be applied to the carcass and then the tread will be
      applied to it.
PAR  A further application of the invention involves treatment of rubber
      articles with the adhesive formulations of the invention as a means of
      priming the surface for painting with a urethane based paint or with an
      acrylate based paint.
PAR  In the claims, the word "tire" is to be construed generally as meaning an
      ordinary pneumatic tire, although the tire may be solid tire, such as a
      foam-filled tire or a solid rubber tire. Furthermore, it may be a
      self-supporting structure of the general shape of a pneumatic tire which
      does not require inflation by super-atmospheric pressure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lamination of two rubber substrates adhered by a cured adhesive
      composition which comprises an organic isocyanate and an adhesive promoter
      having the formula
      ##EQU5##
      or
EQU  X.R(NH.COO.NO).sub. x
PAL  in which R.sub.1, R.sub.2 and R.sub.3 represent a saturated or unsaturated
      hydrocarbyl group of 2 to 16 carbon atoms or C, R.sub.1, R.sub.2 and
      R.sub.3 represent a hydrocarbyl group which includes a cyclic-containing
      aliphatic hydrocarbyl group of 5 to 7 carbon atoms, R is an aliphatic,
      cycloaliphatic or aromatic hydrocarbyl group of 1 t0 16 carbon atoms, X is
      hydrogen or --NCO or --NH.COO.NO or --NH.COO.C.sub. 6 H.sub.5 and x is 1
      or 2.
NUM  2.
PAR  2. The lamination of claim 1 in which one of the substrates includes
      polyurethane rubber.
NUM  3.
PAR  3. The lamination of claim 1 in which the adhesive composition includes a
      viscosity-reducing polymeric film-former and the promoter is isoamyl
      nitrite.
NUM  4.
PAR  4. The lamination of claim 1 in which the adhesive composition includes a
      viscosity-reducing polymeric film-former and the promoter is cyclohexyl
      nitrite.
NUM  5.
PAR  5. The lamination of claim 3 in which the substrates are an olefinic rubber
      and a polyurethane rubber.
NUM  6.
PAR  6. The lamination of claim 4 in which the substrates are an olefinic rubber
      and a polyurethane rubber.
NUM  7.
PAR  7. The lamination of claim 5 in which the promoter is isoamyl nitrite.
NUM  8.
PAR  8. The lamination of claim 5 in which the promoter is cyclohexyl nitrite.
NUM  9.
PAR  9. The lamination of claim 3 in which the substrates are a pneumatic tire
      tread and carcass.
NUM  10.
PAR  10. The lamination of claim 4 in which one substrate is an olefinic tire
      tread and the other substrate is a curable polyurethane carcass.
NUM  11.
PAR  11. The lamination of claim 10 in which the promoter is isoamyl nitrite.
NUM  12.
PAR  12. The lamination of claim 10 in which the promoter is cyclohexyl nitrite.
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ABST
PAL  A process for coating a surface with a glass ceramic coating incorporating
      a catalyst, the process consisting of formulating glass ceramic frit to
      produce vitrification at low temperatures thereby providing a porous glass
      ceramic coating to act as a carrier for the catalyst. The catalyst may be
      one able to bring about oxidation of contamination produced by cooking
      food.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 140,566,
      filed May 5, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to protective coatings and to methods of producing
      such coatings. The invention relates more particularly to protective
      coatings for component parts of domestic and catering cooking equipment.
PAR  Protection for such parts has, in the past, been provided by a vitreous
      enamel coating but whilst such coatings effectively protect the base metal
      of which the part is made for as long as the coating remains intact, it is
      found that contamination on the coating resulting from cooking operations
      is difficult to remove. It has been proposed to incorporate in the coating
      a substance sometimes referred to as an oxidising agent and sometimes as a
      catalyst which substance promotes the breakdown of such contamination and
      permits its erradication at temperatures within the range of normal
      cooking operations. Difficulty is, however, experienced in incorporating
      the substance in the coating to ensure effective performance of the
      coating without reducing the resistance of the coating to abrasion and
      rubbing to which it is sometimes exposed. Effectiveness of the substance
      is, to some extent, determined by the surface area or surface porosity
      over which the substance is distributed.
PAR  In conventional vitreous enamel coating processes it is found that the
      surface porosity of the slurry applied to a surface during the coating
      process is relatively high and remains so during drying and the initial
      stages of the final heating to fuse the dried slurry. As the sintering
      temperature is reached, the surface porosity drops rapidly in an
      uncontrollable manner to a very low value. At this stage the dried slurry
      has become fully fused and the resultant coating is extremely hard and
      smooth-surfaced.
PAR  For applications such as those referred to above, a hard coating is
      desirable because it resists abrasion well but it is found that the
      effectiveness of the substance is reduced, in many cases seriously, by the
      fully-fired nature of the coating.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Applicants have found it advantageous to use a glass ceramic of a special
      formulation instead of vitreous enamel. A glass ceramic is a
      polycrystalline solid prepared by the controlled crystallization of
      glasses which results in the nucleation and growth of crystalline phases
      within the glass. In glass ceramics, the crystalline phases are entirely
      produced by crystal growth from a homogeneous glass phase. Glass ceramics
      are distinguished from glasses by the presence of major amounts of
      crystals since glasses are amorphous or non-crystalline. The formulation
      brings about devitrification at a relatively low temperature and this
      reduces considerably the rate at which surface porosity reduces during the
      final heating. It is thus possible readily to control the final heating to
      enable a surface having a requisite extended surface area to be produced.
      In addition, it is found that not only is the surface of extended
      superficial area but the coating possesses a porosity that extends into
      the glass ceramic coating and voids occur within the latter to which
      access from the surface of the coating is possible. Such overall porosity
      cannot be accurately measured by techniques based on assessments of
      surface "roughness" but is readily measured by the known water uptake
      technique. Briefly, a coated test plate is weighed and the volume of the
      coating is measured. The plate is then fully immersed in water for two
      minutes after which the plate is removed and surface water removed. The
      plate is then re-weighed to permit the weight of water taken up to be
      calculated. The overall porosity of the coating is then given by the
      formula
      ##EQU1##
PAR  Applicants have further found out that, surprisingly, the reduction of
      effectiveness of the substance is very much less if the latter is not
      smelted in with the frit constituents but is added to the slip as a mill
      additive. Further, the presence of the substance enhances the
      devitrification of the glass ceramic coating referred to above.
PAR  According to the present invention, therefore, a process for providing a
      surface with a catalytically-active glass ceramic coating comprises the
      steps of
PA1  i. producing a glass ceramic frit having a formulation lying within the
      ranges SiO.sub.2 30-70 % by weight: Al.sub.2 O.sub.3 0-25% by weight:
      LiO.sub.2 and/or Na.sub.2 O and/or K.sub.2 O (in total) 0-30% by weight:
      CaO and/or SrO and/or BaO and/or MgO (in total) 10-40;% by weight: ZnO
      0-10% by weight, and B.sub.2 O.sub.3 0-20% by weight,
PA1  ii. milling the frit to a fineness of from 2-20 grams on a 200 mesh sieve
      (50 ml sample),
PA1  iii. preparing a slurry from the frit,
PA1  iv. incorporating a catalyst in the slurry,
PA1  v. coating the surface with the slurry and drying the same, and
PA1  vi. firing the surface with the dried slurry at a temperature within the
      range of from 650.degree.- 950.degree.C, to produce a fully-fired glass
      ceramic coating with a porosity in excess of about 20%.
PAR  The formulation may also include in proportion not exceeding 15% by weight
      of at least one of the constituents selected from the group consisting of
      TiO.sub.2, ZrO.sub.2 and Sb.sub.2 O.sub.3.
PAR  In one embodiment of the process, the catalyst is one suitable for bringing
      about the oxidation of contamination produced by cooking food. Such a
      catalyst may include at least one oxide of a metal selected from the group
      consisting of iron, nickel, cobalt, manganese and copper.
PAR  The catalyst may be added in proportion of from 5-40%, preferably, 10-30%
      by weight of the catalyst.
PAR  The catalyst may be one of the catalysts described in British Pat.
      Specification No. 1,300,217 or that described in Belgian Pat.
      Specification No. 775,069, French Pat. Specification No. 71,40671 or
      German Pat. Specification No. 2,156,347, or it may be one of the catalysts
      described in the Specification of British Pat. Application No. 57758/70.
      The latter Specification discloses the use of a catalytic material in the
      form of porous aggregates each of which consists of mutually adherent
      catalyst particles.
PAR  The substance may be a catalyst suitable for some other process than that
      described above.
PAC  DESCRIPTION
PAR  Many of the examples to be described are suitable for the formation of
      protective coatings on those component parts of domestic and catering
      cooking equipment exposed to contamination by cooking fats and other
      deposits resulting from cooking operations. Typically, ovens are areas
      which suffer from much contamination but other areas are grilling
      chambers, rotisseries, and broilers.
PAR  Thus, the oven of a cooker may incorporate a removable liner or a series of
      removable panels and it is component parts of which these are examples
      that are coated in the manner now to be described.
PAR  The component part is a sheet of ferrous metal and is first treated to the
      conventional de-greasing and cleaning techniques commonly employed after
      which a ground coat of vitreous enamel is applied. The ground coat is
      formulated and applied in the conventional way. Alternatively, and
      preferably, a frit is employed which ensures better adhesion of the final
      coating.
PAR  The following Example 1 is of a glass ceramic frit falling within the
      formulation set out above:
TBL  Constituents    % by weight                                               
     ______________________________________                                    
     SiO.sub.2       49.5                                                      
     Al.sub.2 O.sub.3                                                          
                     3.6                                                       
     B.sub.2 O.sub.3 8.4                                                       
     K.sub.2 O       8.3                                                       
     Na.sub.2 O      4.4                                                       
     CaO             9.4                                                       
     MgO             7.0                                                       
     BaO             9.4                                                       
     ZnO             --                                                        
     MnO.sub.2       --                                                        
     CuO             --                                                        
                     100.0                                                     
     ______________________________________                                    
PAR  The above compositions are made by mixing the following constituents
      together in a dry state and smelting in the usual way:
TBL  Material           Parts by weight                                        
     ______________________________________                                    
     Potassium Nitrate  130                                                    
     Magnesium Carbonate                                                       
                        106                                                    
     Calcium Carbonate  122                                                    
     Alumina Hydrate     40                                                    
     Quartz             360                                                    
     Dehydrated Borax    96                                                    
     Barium Carbonate    90                                                    
     Felspar            --                                                     
     Zinc Oxide         --                                                     
     Sodium Carbonate   --                                                     
      (Anhydrous)                                                              
     Manganese Dioxide  --                                                     
     Copper Oxide       --                                                     
     Smelting Temperature                                                      
                        1250.degree.C                                          
     ______________________________________                                    
PAR  After water quenching of the frit, followed by drying to remove water the
      frits are milled as follows:-
TBL  Frit (Example 1)                                                          
                   100%                                                        
     Milling Clay  40                                                          
     Sodium Nitrite                                                            
                   1/4%              % by weight                               
     Catalyst      10-40%            of frit                                   
     Water         40-60%                                                      
PAL  Milling is effected to a fineness of 10 grams on a 200 mesh sieve (50 ml
      sample). The resultant slurry is applied over the ground coat in the
      conventional manner, dried and then fired, the fusing temperature being
      dependent upon the percentage of catalyst being within the range of from
      650.degree.-850.degree.C.
PAR  A second Example will now be given of a formulation particularly suitable
      for use in the preparation of final coatings for use in atmospheres
      containing carbon dioxide and water vapour found in the ovens of domestic
      and commercial gas cookers.
TBL  ______________________________________                                    
                     Example 2                                                 
     Constituents    % by weight                                               
     ______________________________________                                    
     SiO.sub.2       42.0                                                      
     Al.sub.2 O.sub.3                                                          
                     6.1                                                       
     B.sub.2 O.sub.3 8.4                                                       
     K.sub.2 O       8.3                                                       
     Na.sub.2 O      4.4                                                       
     CaO             9.4                                                       
     MgO             7.0                                                       
     BaO             9.4                                                       
     ZrO.sub.2       5.0                                                       
     ZnO             --                                                        
     MnO.sub.2       --                                                        
     CuO             --                                                        
     TiO.sub.2       --                                                        
                     100.0                                                     
     ______________________________________                                    
PAR  The frit of Example 2 is made by mixing together in the dry state
      constituents as indicated in the following Table and then smelting in the
      usual manner:
TBL                     Example 2                                              
     Constituent        Parts by weight                                        
     ______________________________________                                    
     Potassium Nitrate  130                                                    
     Magnesium Carbonate                                                       
                        106                                                    
     Calcium Carbonate  122                                                    
     Alumina Hydrate     68                                                    
     Quartz             389                                                    
     Dehydrated Borax    96                                                    
     Barium Carbonate    90                                                    
     Zirconium Silicate  55                                                    
     Felspar            --                                                     
     Zinc Oxide         --                                                     
     Sodium Carbonate   --                                                     
      (Anhydrous)                                                              
     Manganese Dioxide  --                                                     
     Copper Oxide       --                                                     
     Titania            --                                                     
     ______________________________________                                    
PAR  After smelting at 1,200.degree. to 1,250.degree.C, the frit is quenched in
      water and then dried. The frit is then milled as follows:-
TBL  Frit (Example 2)                                                          
                   100%                                                        
     Milling clay  4%                                                          
     Sodium Nitrite                                                            
                   1/4%              % by weight                               
     Catalyst      0-40%             of frit                                   
     Water         40-60%                                                      
PAR  The mixture is milled to a fineness of 10 grams on a 200 mesh sieve (50 ml.
      sample). The resulting slurry is applied in the conventional manner by the
      well known methods to ordinary ground coat or to special ground-coated
      steel.
PAR  Fusing temperature will depend upon the percentage of the catalyst present
      but will be in the range 770.degree.-840.degree.C.
PAR  The following two Examples 3 and 4 are of a glass ceramic frit suitable for
      use in an industrial process, a ground coat being formed on suitable
      substrate which may be of metal, ceramic or other suitable material.
      Subsequently, the glass ceramic coating is formed over the ground coat,
      the glass ceramic coating incorporating a catalyst or catalysts
      appropriate to the particular process.
PAR  Examples of two compositions suitable for the glass ceramic coating are as
      follows:-
TBL               Example 3     Example 4                                      
     Constituents % by weight   % by weight                                    
     ______________________________________                                    
     SiO.sub.2    43.9          47.8                                           
     Al.sub.2 O.sub.3                                                          
                  2.8           8.3                                            
     B.sub.2 O.sub.3                                                           
                  1.4           12.7                                           
     K.sub.2 O    1.1           7.6                                            
     CaO          26.0          --                                             
     Na.sub.2 O   14.9          --                                             
     ZnO          9.9           --                                             
     MgO          --            6.4                                            
     SrO          --            17.2                                           
                  100.0         100.0                                          
     ______________________________________                                    
PAR  The above compositions are made by mixing the following constituents
      together in a dry state and smelting in the usual way:
TBL  Material       Example 3    Example 4                                     
                    Parts by weight                                            
                                 Parts by weight                               
     ______________________________________                                    
     Felspar        113          --                                            
     Zinc Oxide      77          --                                            
     Calcium Carbonate                                                         
                    370          --                                            
     Sodium Carbonate                                                          
                    181          --                                            
      (Anhydrous)                                                              
     Dehydrated Borax                                                          
                     16          --                                            
     Quartz         270          478                                           
     Potassium Nitrate                                                         
                    --           163                                           
     Alumina Hydrate                                                           
                    --           128                                           
     Magnesium Carbonate                                                       
                    --           134                                           
     Strontium Carbonate                                                       
                    --           254                                           
     Boric Acid     --           226                                           
     Smelting temperature                                                      
                    1200.degree.C                                              
                                 1300.degree.C                                 
     ______________________________________                                    
PAR  After water quenching of the frit followed by drying to remove the water
      each frit is milled as follows to form a slurry:
TBL  Frit (Example 3 or 4)                                                     
                   100%                                                        
     Milling clay  4%                % by weight                               
     Catalyst      10-40%            of frit                                   
     Water         40-60%                                                      
PAR  Milled to fineness of 10 grams in 200 mesh sieve (50 ml. sample).
PAR  The slurry of Example 3 will fuse on to a prepared sheet metal base at
      650.degree.-850.degree.C (dependent on concentration of the catalyst).
PAR  The presence of the catalyst in concentrations referred to above when added
      to conventional vitreous enamel frits effectively destroys the ability of
      the coating to adhere directly to a metal surface and a ground coat must
      be applied to the latter first. However, the inclusion in a ceramic glass
      frit as disclosed above is found, surprisingly, not to destroy adhesion
      and the coating will adhere effectively directly to a metal surface, the
      ground coat being unnecessary.
PAR  The slurry of Example 4 will fuse on to a ceramic base at
      850.degree.-950.degree.C (dependent on concentration of the catalyst and
      the nature of the ceramic base).
PAR  Surfaces exposed to contamination during cooking operations which have been
      treated by means of any of the techniques described above can be evaluated
      for effectiveness by means of the following simple test which is based on
      an estimation of the time required for the porosity of the surface to be
      restored following contamination by cooking oil:
PA1  1. Check the time for 1 drop of water (5 mg. of water) to be absorbed by
      the surface. Usually less than 20 seconds.
PA1  2. Heat the same test specimen to 270.degree.C.
PA1  3. add 1 drop of cooking oil (20 mg. drop of corn oil) to the surface.
PA1  4. Heat the specimen at a temperature of 270.degree.C, for two hours.
PA1  5. After cooling again check time for 1 drop of water (5 mg. of water) to
      be absorbed. Water should be absorbed in less than 30 seconds.
PA1  6. If water is not absorbed in less than 30 seconds, re-heat specimen at
      270.degree.C for further two hours.
PA1  7. After cooling again check time for 1 drop of water (5 mg. of water) to
      be absorbed. Water should be absorbed in less than 30 seconds.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for providing a surface with a catalytically-active glass
      ceramic coating comprising the steps of
PA1  i. producing a glass ceramic frit having a formulation lying within the
      ranges SiO.sub.2 30- 70% by weight: Al.sub.2 O.sub.3 0-25% by weight:
      LiO.sub.2 and/or Na.sub.2 O and/or K.sub.2 O (in total) 0-30% by weight:
      CaO and/or SrO and/or BaO and/or MgO (in total) 10-40% by weight: ZnO
      0-10% by weight: and B.sub.2 O.sub.3 0-20% by weight,
PA1  ii. milling the frit to a fineness of from 2-20 grams on a 200 mesh sieve
      (50 ml. sample),
PA1  iii. preparing a slurry from the frit,
PA1  iv. incorporating a catalyst in the slurry,
PA1  v. coating the surface with the slurry and drying the same, and,
PA1  vi. firing the surface with the dried slurry at a temperature within the
      range of from 650.degree.-950.degree.C to produce a fully-fired glass
      ceramic coating with a porosity in excess of about 20%.
NUM  2.
PAR  2. A process as claimed in claim 1 in which the formulation further
      includes, in a proportion not exceeding 15% by weight, at least one of the
      constituents selected from the group consisting of TiO.sub.2, ZrO.sub.2
      and Sb.sub.2 O.sub.3.
NUM  3.
PAR  3. A process as claimed in claim 1 in which the catalyst is suitable for
      bringing about the oxidation of contamination produced by cooking food.
NUM  4.
PAR  4. A process as claimed in claim 1 in which the catalyst comprises an oxide
      of at least one of the metals selected from the group consisting of iron,
      nickel, cobalt, manganese and copper.
NUM  5.
PAR  5. A process as claimed in claim 1 in which the catalyst is added in a
      proportion by weight of from 10-40% of the weight of the frit.
NUM  6.
PAR  6. A process as claimed in claim 1 in which the catalyst is added in a
      proportion by weight of from 5-30% of the weight of the frit.
NUM  7.
PAR  7. A process as claimed in claim 1 in which the frit is of the formulation
      SiO.sub.2 49.5% by weight: Al.sub.2 O.sub.3 3.6% by weight: B.sub.2
      O.sub.3 8.4% by weight: K.sub.2 O 8.3% by weight: Na.sub.2 O 4.4% by
      weight: CaO 9.4% by weight: MgO 7.0% by weight: BaO 9.4% by weight.
NUM  8.
PAR  8. A process as claimed in claim 1 in which the frit is of the formulation
      SiO.sub.2 42.0% by weight: Al.sub.2 O.sub.3 6.1% by weight: B.sub.2
      O.sub.3 8.4% by weight: K.sub.2 O 8.3% by weight: Na.sub.2 O 4.4% by
      weight: CaO 9.4% by weight: MgO 7.0% by weight: BaO 9.4% by weight:
      ZrO.sub.2 5.0% by weight.
NUM  9.
PAR  9. A process as claimed in claim 1 in which the frit is of the formulation
      SiO.sub.2 43.9% by weight: Al.sub.2 O.sub.3 2.8% by weight: B.sub.2
      O.sub.3 1.4% by weight: K.sub.2 O 1.1% by weight: CaO 26.0% by weight:
      Na.sub.2 O 14.9% by weight: ZnO 9.9% by weight.
NUM  10.
PAR  10. A process as claimed in claim 1 in which the frit is of the formulation
      SiO.sub.2 47.8% by weight: Al.sub.2 O.sub.3 8.3% by weight: B.sub.2
      O.sub.3  12.7% by weight: K.sub.2 O 7.6% by weight: MgO 6.4% by weight:
      SrO 17.2% by weight.
NUM  11.
PAR  11. A cooker part having a surface produced by the process as claimed in
      claim 1.
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ABST
PAL  In an annealing furnace of the type comprising an outer enclosure
      surrounding an insulated heating chamber and wherein the bottom of the
      heating chamber comprises a metallic coil carrying car having one or more
      base plates upon which the coils of metal to be annealed are supported and
      having electrical heating elements beneath the base plates, improved means
      for supporting the one or more base plates on the coil carrying car. The
      support means for each base plate comprises a plurality of refractory
      blocks mounted on the upper surface of the car and upon which the base
      plate rests. The refractory blocks are so arranged as to accommodate the
      heating elements beneath the base plate and to permit the circulation of
      an atmosphere thereabout, while at the same time affording maximum support
      for the base plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to improved supports for the base plates of an
      annealing furnace upon which coils to be annealed are placed, and more
      particularly to such base plate supports for use in annealing furnaces of
      the type taught in U.S. Pat. No. 3,588,305.
PAR  2. Description of the Prior Art
PAR  While not intended to be so limited, the base plate supports of the present
      invention are particularly adapted for use in annealing furnaces of the
      type taught in U.S. Pat. No. 3,588,305 and, for purposes of an exemplary
      showing, will be described in association with such an annealing furnace.
      Annealing furnaces of this type may be used for various purposes. They are
      well suited, for example, for practicing the final anneal on oriented
      silicon iron for magnetic uses, during which the desired orientation is
      achieved. Such furnaces are adapted to operate both under a vacuum and
      under a desired annealing atmosphere. For an exemplary teaching of a
      process of annealing oriented silicon iron for magnetic purposes in such
      furnaces, reference is made to the copending application Ser. No. 609,189,
      filed Sept. 2, 1975 in the name of the same inventors and entitled A
      METHOD OF ANNEALING ORIENTED SILICON STEEL.
PAR  As will be described more fully hereinafter, the bottom of the heating
      chamber of a furnace of this type comprises a wheeled car adapted to ride
      upon rails or other appropriate surfaces. The coils to be annealed may be
      placed upon the car and the car rolled into the outer shell of the
      furnace. In general, the car also carries the front insulative wall of the
      heating chamber within the furnace shell, so that when the car is in
      position within the furnace shell, it completes the insulative heating
      chamber, fully enclosing the coils.
PAR  Depending upon the size of the furnace, the car bottom of the heating
      chamber is adapted to carry one or more coils. The upper surface of the
      car is covered with an appropriate refractory ceramic fiber. Spaced
      upwardly of the refractory ceramic fiber there is a base plate for each
      coil, each coil being placed upon its respective base plate. Between the
      bottom of each base plate and the upper surface of the car there is
      located an electrical heating element of molybdenum or other appropriate
      material. This heating element is, itself, appropriately supported on
      insulative means. When the car is fully located within the furnace outer
      shell, the heating elements are manually connected to the electrical
      facilities of the furnace so that they may be turned on and turned off at
      desired times during the annealing procedure.
PAR  Heretofore, the base plates have been supported in horizontal position,
      spaced upwardly from the refractory ceramic fiber covering the upper
      surface of the car by a series of approximately nine hollow stainless
      steel posts. Each post extended up through the refractory ceramic fiber on
      the car top and had a length of approximately 14 inches, an external
      diameter of approximately 5 inches and an internal diameter of about 2
      inches. The lowermost end of each post was reduced in diameter and adapted
      to be received in a socket formed on the upper surface of the car. Both
      the socket bottom and the hollow center of the post were filled with
      insulative material to prevent the posts and the car to which they were
      affixed from acting as a heat sink for the base plate.
PAR  In recent years it has become the practice to anneal large coils of silicon
      steel weighing in the neighborhood of from 30,000 to 40,000 pounds. During
      the annealing process, temperatures of 2,200.degree.F or more are reached.
      Despite the fact that the base plates comprise disc-like stainless steel
      or ingot iron members having a thickness of approximately 6 inches and a
      diameter in excess of 80 inches, it has been found that by virtue of the
      high temperatures during the annealing procedure and the great weight
      supported by the base plates, the base plates have shown a tendency to
      become permanently warped and distorted due to the inadequacy of the prior
      art support means for them. Distortion and warpage of the base plates has
      resulted in distortion of the coils mounted on them, seriously impairing
      the final product.
PAR  The present invention is directed to the provision of improved supports for
      the base plates. While blocks of stainless steel, ingot iron and the like
      were substituted for the prior art posts, it was found that such blocks
      would expand during heat-up and would ultimately deform so that they would
      not contract to their original shape. The present invention is based upon
      the discovery that support means in the form of blocks of appropriate
      refractory material would overcome the various problems encountered with
      the prior art posts, as enumerated above. The refractory blocks of the
      present invention are so arranged as to provide maximum support for the
      base plates, while at the same time permitting adequate circulation of
      atmosphere about the heating elements beneath the base plates.
PAC  SUMMARY OF THE INVENTION
PAR  The support means of the present invention comprise cast blocks of
      appropriate refractory material such as alumina. While each support may
      constitute a single, large cast block, in the embodiment illustrated each
      support comprises a pair of blocks mounted one on top of the other. When
      pairs of block are used the lowermost block of each support rests directly
      on the upper surface of the car. The lower block of each support is of a
      height less than the height of the refractory ceramic fiber mounted on top
      of the car and about the supports. The uppermost block of each support may
      be of the same length and width as the lowermost block it rests upon, or
      its length and width may be slightly less than the lower block. The upper
      block is of greater height than the lower block and extends above the top
      of the car by a distance sufficient to enable the placement of the heating
      elements below the base plate.
PAR  The supports of the present invention extend upwardly between and about the
      heating elements and their number and arrangement is such as to provide
      maximum support for the base plates, while permitting adequate circulation
      of atmosphere about the heating elements. As will be described
      hereinafter, the arrangement of the supports may be varied, depending upon
      the arrangement of the heating elements beneath the base plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a semi-diagramatic elevation view, partly in cross section, of a
      furnace of the type described in U.S. Pat. No. 3,588,305 provided with the
      support means of the present invention.
PAR  FIG. 2 is a plan view of a first section of the furnace car illustrating
      the supports of the present invention, together with the electrical
      heating elements and the base plate (in broken lines).
PAR  FIG. 3 is a cross sectional view taken along section line 3--3 of FIG. 2
      and illustrating a coil in broken lines resting upon the base plate.
PAR  FIG. 4 is a plan view of another section of the furnace car, illustrating
      an alternate arrangement of the support means of the present invention,
      together with the heating elements and the base plate (in broken lines).
PAR  FIG. 5 is a cross sectional view taken along section line 5--5 of FIG. 4 of
      the car and showing a coil in broken lines resting upon the base plate.
PAR  FIG. 6 is a plan view of another furnace car section illustrating yet
      another arrangement of the support means of the present invention,
      together with the heating elements and the base plate (in broken lines).
PAR  FIG. 7 is a cross sectional view taken along section line 7--7 of FIG. 6
      and illustrating a coil in broken lines resting upon the base plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a semi-diagramatic representation of a furnace of the type taught
      in U.S. Pat. No. 3,588,305. In FIG. 1, the furnace is generally indicated
      at 1 and is shown mounted upon an appropriate foundation 2. The furnace
      comprises an outer enclosure or shell 3. While not so limited, the
      enclosure 3 may be made up of an outer wall 3a and an inner wall 3b so
      that water may be circulated between the walls to cool and control the
      temperature of the outer enclosure. When the enclosure is water cooled,
      appropriate water inlet and outlet means (not shown) will be provided, as
      is well known in the art. At its forward end, the outer enclosure is
      provided with door means 4 which may be raised and lowered between open
      and closed positions by appropriate means (not shown) well known in the
      art.
PAR  Within the enclosure 1 there is a heating chamber generally indicated at 5.
      The chamber 5 comprises a top wall 6, side walls (one of which is shown at
      7) and an end wall 8. This much of the heating chamber is appropriately
      supported within the furnace enclosure 1 by means not shown. The support
      means for this portion of the heating chamber may themselves be wheeled
      and ride upon rails so that the entire chamber may be removed from the
      enclosure 1 for purposes of repair.
PAR  A car, generally indicated at 9, is provided with a plurality of wheels 10
      adapted to ride upon rails, one of which ia shown at 11. The car 9 is made
      up of four sections 9a through 9d, appropriately hooked together so that
      the entire car 9 may act as a single unit. The car 9, as will be evident
      from FIG. 1, constitutes the bottom of heating chamber 5. The forwardmost
      car section 9a carries an upstanding wall 12 which constitutes the forward
      wall of the heating chamber 5. When the car 9 is fully within the closure
      1 it will be noted that it completes the heating chamber. The front wall
      12, rear wall 8, top wall 6 and side walls (one of which is shown at 7) of
      the heating chamber 5 may generally comprise steel plate covered with a
      layer of any appropriate refractory ceramic fiber, as is well known in the
      art. The upper surface of car 9 is also covered with an appropriate
      refractory ceramic fiber. The ceramic fiber used for the walls of the
      heating chamber and the upper surface of the car does not constitute a
      limitation of the present invention. Ceramic fiber manufactured under the
      trademark KAOWOOL by Babcock and Wilcox of Augusta, Ga. has been employed
      with success.
PAR  For purposes of loading and unloading the heating chamber 5, the door means
      4 of the outer enclosure 1 can be opened and the car 9 removed from the
      furnace and located upon a transfer carriage fragmentarily shown at 13.
      The carriage 13 rides on rails, one of which is shown at 14. The carriage
      itself is provided with transverse rails adapted to receive the wheels 10
      of car 9. The car 9 can then, via transfer carriage 13, be taken to a
      loading station to receive coils to be annealed or to an unloading station
      for coils which have been annealed.
PAR  In FIG. 1, the car is illustrated as carrying four metallic coils 15
      through 18. The coils are mounted upon base plates 19 through 22,
      respectively. The base plates, themselves, are horizontally oriented and
      spaced upwardly from the insulative material on the upper surface of car 9
      by the support means of the present invention generally indicated at 23.
PAR  The interior of the outer enclosure 3 may be connected to an appropriate
      vacuum source by pipe 24 controlled by valve 25. In this way, the furnace
      outer enclosure and the heating chamber 5 may be evacuated. Via pipe 26,
      controlled by valve 27, a desired atmosphere such as hydrogen, nitrogen or
      the like may be introduced into the outer enclosure 1 and heating chamber
      5. The atmosphere will enter the heating chamber 5 through passages (not
      shown) for that purpose or through spaces between the side and end walls
      and the bottom or car 9. During the heat-up portion of an annealing
      procedure and during soak times, the desired atmosphere will be heated
      during its passage about the heating elements within the heating chamber.
      Mention has already been made of heating elements located beneath the base
      plates 19 through 22. While, for purposes of clarity, they have not been
      shown, it will be understood that additional heating elements may be
      located along the inside surfaces of the heating chamber top and side
      walls.
PAR  To increase circulation within the heating chamber 5 and the outer
      enclosure 3, fan means generally indicated at 28 through 31 may be
      provided. The fan means may be mounted at the top (as shown) or at the
      side of the outer enclosure. Motor means for the fans 28 through 31 are
      located exteriorly of the outer enclosure as at 32 through 35,
      respectively. The fans 28 through 31 serve to draw atmosphere from the
      heating chamber 5 and circulate it within the outer enclosure 3 to
      re-enter the heating chamber. To further increase circulation of
      atmosphere within the heating chamber 5, the side walls of this chamber
      may be provided with automatically actuated bungs. Such bungs are
      illustrated in side wall 7 at 36 through 39. Finally, the atmosphere may
      exit the outer enclosure via pipe 40 controlled by valve 41. The pipe 40
      may lead to recovery means for the atmosphere or to a flare stack, all as
      is well known in the art.
PAR  As indicated above, the car 9 normally operates as a single unit. However,
      it is made up of separate car sections 9a through 9d which may be detached
      from each other for purposes of repair. All of the car sections 9a through
      9d are substantially the same. However, sections 9a and 9d, in the
      particular embodiment described, have one arrangement of heating elements
      thereon, while sections 9b and 9c are provided with another arrangement of
      heating elements. Since car sections 9a and 9d differ from each other
      primarily only in that car section 9a carries the front wall 12 of the
      heating chamber 5, a description of car section 9a will serve as a
      description of both of these sections.
PAR  Reference is made to FIGS. 2 and 3 wherein car section 9a is shown and
      wherein like parts have been given like index numerals. The section 9a
      comprises a horizontally oriented framework generally indicated at 42
      (FIG. 3) supporting an upper metallic surface 43. Means, partially shown
      at 44, 45 and 46 depend downwardly from the framework 42 and support sets
      of three wheels 10. Only one wheel of each set is illustrated in FIG. 3.
      In FIG. 2, the wheels of the forwardmost set are shown in broken lines at
      10a through 10c.
PAR  The forwardmost end of the car supports the front wall 12 of the heating
      chamber. As shown in FIGS. 2 and 3, the front wall comprises a vertical
      metallic wall 47 provided with a plurality of braces 48. The metallic wall
      47 is covered on its inside surface with ceramic fiber refractory
      material, such as high purity KAOWOOL (mentioned above), generally
      indicated at 49. As is most clearly seen in FIG. 3, the upper surface 43
      of the car frame 42 is similarly lined with the ceramic fiber refractory
      material (except where the supports are located) as is generally indicated
      at 50.
PAR  Spaced above the insulative lining 50 on the upper surface 43 of the car,
      there is a heating element (generally indicated at 51) of molybdenum or
      other appropriate material. The heating element 51 follows a sinuous path
      having portions 51a through 51f extending transversely of car section 9a
      and connecting portions 51g through 51k extending longitudinally of the
      car section and joining the transverse portions 51a through 51f. The ends
      52 and 53 of the heating element 51 extend downwardly through the layer of
      ceramic fiber refractory material 50 to points within the car framework
      42. The ends 52 and 53 have portions 52a and 53a extending longitudinally
      of the car section toward each other and terminate in portions 52b and 53b
      extending laterally to the exterior of the car section, to make contact
      with the electrical facilities of the furnace when the car is in place
      within the outer enclosure 1.
PAR  The supports of the present invention to maintain the base plate 19 spaced
      upwardly of the ceramic fiber refractory material 50 by a distance
      sufficient to accommodate the heating element 51 comprise blocks of
      refractory material. While any refractory material having the requisite
      strength and temperature resistance may be used, excellent results have
      been achieved through the use of cast blocks of alumina. High alumina
      castable refractories manufactured by The Wahl Refractory Products Company
      of Fremont, Ohio, under the trademarks WAL-CAST-TA and WIRE-N-CAST are
      exemplary.
PAR  In FIG. 2, the arrangement of the supports of the present invention is most
      clearly shown. In this figure the base plate 19 is illustrated as
      comprising a disc-like element of stainless steel having a diameter only
      slightly greater than the coil 15 (see FIGS. 1 and 3) supported thereby.
      For purposes of clarity, the coil 15 is not shown in FIG. 2 and the base
      plate 19 is shown in broken lines.
PAR  The supports of the present invention are illustrated at 54 through 73 in
      FIG. 2. Supports 54 through 56 are located under that much of the base
      plate 19 extending beyond heating element portion 51a. Similarly, supports
      71 through 73 are located beneath that much of the base plate extending
      beyond heating element portion 51f. It will be noted that these supports
      54 through 56 and 71 through 73 are of equal length and width and are
      shorter than the remainder of the supports 57 through 70. All of the
      supports may have substantially the same width.
PAR  The remaining supports 57 through 70 are arranged in a pattern whereby
      three supports 57 through 59 are located between heating element portions
      51a and 51b. Similarly, three supports 68 through 70 are located between
      element portions 51e and 51f. Pairs of support elements 60-61 and 66-67
      are arranged between heating element portions 51b and 51c and heating
      element portions 51d and 51e, respectively. At the widest part of the base
      plate, transversely of the car, four supports 62 through 65 are used. All
      of the supports 57 through 70 may have the same length dimension and all
      of them are so arranged as to be equidistant from the adjacent heating
      element portions with their long axes parallel to the adjacent heating
      element portions.
PAR  While each of the supports 54 through 73 may constitute a single cast block
      of refractory material having a bottom surface resting upon the upper
      surface 43 of the frame 42 of the car section and an upper surface
      supporting the base plate 19, it has been found more convenient to have
      each support comprise a pair of blocks, one above the other. This is
      clearly shown in FIG. 3 wherein support blocks 55, 58, 60, 63, 66, 69 and
      72 are each illustrated as resting upon an additional support block 55a,
      58a, 60a, 63a, 66a, 69a and 72a, respectively. The use of pairs of blocks,
      each pair constituting a support, provides another shear plane and
      minimizes the possibility of cracks. It also enables standarization of
      block sizes. Nevertheless, it will be understood that the block pairs
      55-55a, 58-58a, 60-60a, 63-63a, 66-66a, 69-69a and 72-72a of FIG. 3 may
      each be considered as representing a single block structure.
PAR  Each of the lower support blocks has a length and width equal to or
      slightly greater than the length and width of the upper support block
      resting thereon. Each of the lower support blocks may be slightly shorter
      in height than the support block resting thereon, but the total height of
      each upper and lower support block is the same and is such as to maintain
      the base plate 19 at the desired height from the upper surface 43 of the
      car 9a. All of the two-block supports being of the same height, it will be
      understood that the base plate 19 will be horizontal and in parallel
      spaced relationship with the horizontal upper surface 43 of the car
      section. As illustrated in FIG. 3, each of the lower support blocks may be
      of a height slightly less than the total height of the ceramic fiber
      refractory material 50.
PAR  FIGS. 4 and 5 illustrate car section 9b which, as indicated above, may be
      substantially identical to car section 9c. Again, like parts have been
      given like index numerals in FIGS. 4 and 5.
PAR  Car section 9b is similar to car section 9a and comprises a metallic
      framework generally indicated at 74 having an upper surface 75. Extending
      downwardly from the framework there are a plurality of means, some of
      which are shown at 76 through 78 supporting sets of wheels, one wheel of
      each set being shown at 10.
PAR  As in the case of car section 9a, the upper surface 75 of car section 9b is
      provided with a covering of ceramic fiber refractory material generally
      indicated at 79. Mounted above the material 79, by means of suitable
      support hangers (not shown), there is an electrical heating element
      generally indicated at 80. The heating element 80 is made up of a
      plurality of portions 80a through 80d extending transversely of the car
      and additional portions 80e through 80g connecting the first named
      portions. As in the case of car section 9a, the ends 81 and 82 of the
      heating element 80 extend down through the layer of ceramic fiber
      refractory material 79 to a position below the upper surface 75 of frame
      74. Here, the ends have portions 81a and 82a, respectively, extending
      longitudinally of the car and toward each other. The portions 81a and 82a
      terminate in laterally extending portions 81b and 82b, respectively, which
      make contact with the electrical facilites of the furnace when car section
      9b is located fully within the outer enclosure 1.
PAR  The base plate 20 is shown in full lines in FIG. 5 and in broken lines in
      FIG. 4. In FIG. 5 the metallic coil 16 is illustrated in broken lines
      mounted upon the base plate 20.
PAR  As will be evident from FIG. 4, the primary difference between the car
      section 9b and the previously described car section 9a lies in the fact
      that there are fewer heating element portions extending transversely of
      the car section. As a consequence, these heating element portions are
      spaced from each other by a greater distance.
PAR  These supports are shown in FIG. 4 at 80 through 105. The supports 83
      through 85 are located under that portion of base plate 20 extending
      beyond heating element portion 80a. Similarly, supports 103 through 105
      are arranged beneath that portion of base plate 20 extending beyond
      heating element portion 80b. The supports 83 through 85 and 103 through
      105 may be substantially identical to supports 54 through 56 and 71
      through 73 of FIG. 2.
PAR  Five supports 86 through 90 extend between heating element sections 80a and
      80b. Similarly, five supports 98 through 102 are located between heating
      element portions 80c and 80d. At the widest portion of the base plate 20,
      transversely of car section 9b, seven supports 91 through 97 are placed
      between heating element portions 80b and 80c. In this arrangement, it will
      be noted that supports 86 through 102 have their long axes extending
      longitudinally of the car section, rather than transversely of the car
      section as shown in FIG. 2. This longitudinal orientation is permitted by
      virtue of the greater distance between the transversely extending portions
      of heating element 80. Further, it will be noted that supports 91 through
      97 may be slightly longer than supports 86 through 90 and 98 through 102.
PAR  Again, the supports 83 through 105 may each constitute a single refractory
      block extending from the upper surface 75 of the car to the underside of
      the base plate 20. As indicated with respect to car section 9a, however,
      it has been found more convenient to make each support in the form of a
      pair of refractory blocks, one resting upon the other. To this end, blocks
      84, 88, 94, 100 and 104 (shown in FIG. 5) are illustrated as resting upon
      lower refractory block elements 84a, 88a, 94a, 100a and 104a,
      respectively. These lower blocks may be substantially identical to the
      lower blocks shown in FIG. 3 and described above.
PAR  FIGS. 6 and 7 illustrate a car section generally indicated at 106 bearing a
      modified support arrangement. The car section 106, itself, may be similar
      to any of the car sections described above and one or more such car
      sections may be used to make up the car 9 of FIG. 1.
PAR  As in the case of the previously described car sections, car section 106
      comprises a metallic framework generally indicated at 107 supporting an
      upper surface 108. Extending downwardly from the framework 107 there are a
      plurality of means, some of which are shown at 109 through 111 for
      supporting sets of wheels. One wheel of each set is illustrated in FIG. 7
      at 112 through 114.
PAR  As with the previous car sections, the upper surface 108 of car section 106
      is provided with a covering of ceramic fiber refractory material generally
      indicated at 115. Mounted above the fiber refractory material 115, by
      means of suitable support hangers (not shown), there is an electrical
      heating element generally indicated at 116. The heating element 116 is
      made up of a plurality of portions 116a through 116j extending
      transversely of the car and additional portions 116k through 116t
      extending longitudinally of the car and connecting the first named
      portions. As will be most evident from FIG. 6, the arrangement of the
      portions of heating element 116 is such as to form a series of
      substantially rectangular configurations beneath base plate 117 shown in
      broken lines in FIG. 6. The ends 118 and 119 of heating element 116 extend
      down through the layer of ceramic fiber refractory material 115 to a
      position below the upper surface 108 of the frame 107. Here, the ends have
      portions 118a and 119a, respectively, extending longitudinally of the car
      and toward each other. The portions 118a and 119a terminate in laterally
      extending portions 118b and 119b, respectively, which make contact with
      the electrical facilities of the furnace when car section 106 is located
      within the outer enclosure 1.
PAR  The particular arrangement of the portions or segments of heating element
      116 permit the provision of a plurality of supports, arranged radially
      beneath the base plate 117. Centrally of base plate 117 there is a large
      support 120 extending longitudinally of the car. Spaced from either end of
      the support 120 there are additional supports 121 and 122. The remainder
      of the radially arranged supports may be made up of single long supports
      or of pairs of supports in end-to-end relationship. For purposes of an
      exemplary showing, the remaining radially arranged supports are shown as
      being pairs 123-124, 125-126, 127-128, 129-130, 131-132 and 133-134. It
      will further be noted that the outermost block of each support pair (123,
      125, 127, 129, 131 and 133) is slightly shorter than the innermost block
      of each support pair (124, 126, 128, 130, 132 and 134).
PAR  Interspersed between the radially arranged supports there are smaller
      supports shown at 135 through 142. In this arrangement of supports, it
      will be noted that portions or segments 116e and 116f of the heating
      element 116 pass through slots 120a and 120b, respectively, in the support
      120. Similarly, heating element segment 116p passes through a transverse
      slot 126a in support 126 while heating element segment 116q passes through
      a transverse slot 132a in support 132.
PAR  Again, the supports 120 through 142 may each constitute a single refractory
      block extending from the upper surface 108 of car section 106 to the
      underside of base plate 117. As indicated with respect to the previously
      described car sections, however, it has been found more convenient to make
      each support in the form of a pair of refractory blocks, one resting upon
      the other. To this end, blocks 120, 121 and 122 are shown in FIG. 7 as
      resting upon lower refractory block elements 120a, 121a and 122a,
      respectively.
PAR  In FIG. 7 the base plate 117 is illustrated in full lines. A coil 143 is
      shown in broken lines resting upon base plate 117. Advantages of the
      support arrangement illustrated in FIGS. 6 and 7 lie in the fact that the
      supports are aligned in the direction of extension and contraction of base
      plate 117. Furthermore, an excellent uniform distribution of supports
      beneath base plate 117 and coil 143 is achieved.
PAR  It has been found that supports in the form of cast blocks of refractory
      material such as alumina or the like can be made with very smooth surfaces
      to give excellent full surface contact between the supports and the upper
      surfaces of the car sections and the lower surfaces of the base plates.
      The refractory blocks prevent the car itself from acting as a heat sink
      with respect to the base plates it carries and even with the temperatures
      and weights involved, the stainless steel or ingot iron base plates do not
      distort or warp. This, in turn, prevents distortion of the coils being
      annealed. It will be evident to one skilled in the art that the supports
      of the present invention may be easily and inexpensively manufactured and
      may be readily arranged to afford maximum support for the base plates,
      reducing unsupported spans of the base plates to a minimum. At the same
      time, the supports may be so arranged as to permit adequate passage of
      atmosphere around and about the base plates and the heating element
      thereunder.
PAR  Modifications may be made in the invention without departing from the
      spirit of it.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an annealing furance of the type comprising an outer enclosure
      surrounding an insulated heating chamber and wherein the bottom of said
      heating chamber comprises a metallic coil-carrying car mounting on its
      upper surface at least one base plate upon which a coil of metal to be
      anealed is located, said car having an electrical heating element above
      its upper surface and beneath said base plate, improved supports for said
      base plate on said upper surface of said car, each of said supports
      comprising at least one block of refractory material mounted on said upper
      surface of said car and upon which said base plate rests, said supports
      being so arranged on said upper surface of said car as to afford maximum
      support for said base plate whereby to prevent warping of said base plate
      and distortion of said coil thereon during an annealing cycle, said
      supports being of such height as to accommodate said heating element
      between said upper surface of said car and said base plate in spaced
      relationship to both and to permit circulation of an atmosphere about said
      heating element.
NUM  2.
PAR  2. The structure claimed in claim 1 wherein each of said supports comprises
      a pair of blocks of refractory material, one mounted on top of the other.
NUM  3.
PAR  3. The structure claimed in claim 1 wherein said upper surface of said car
      is provided with a layer of refractory ceramic fiber material around and
      about said supports, said supports extending above said refractory ceramic
      fiber layer by a distance sufficient to accommodate said heating element
      between said refractory ceramic fiber layer and said base plate and to
      permit circulation of an atmosphere about said heating element.
NUM  4.
PAR  4. The structure claimed in claim 1 wherein said heating element comprises
      a horizontal member following a sinuous path having first elongated
      portions extending transversely of said car and second shorter portions
      extending longitudinally of said car and joining adjacent ends of said
      first portions.
NUM  5.
PAR  5. The structure claimed in claim 1 wherein said blocks comprise cast
      alumina.
NUM  6.
PAR  6. The structure claimed in claim 1 wherein certain at least of said
      supports are so arranged as to have their long horizontal axes aligned
      radially with respect to said coil when said coil is located on said base
      plate.
NUM  7.
PAR  7. The structure claimed in claim 2 wherein said blocks comprise cast
      alumina.
NUM  8.
PAR  8. The structure claimed in claim 4 wherein said upper surface of said car
      is provided with a layer of refractory ceramic fiber material around and
      about said supports, said supports extending above said refractory ceramic
      fiber layer by a distance sufficient to accommodate said heating element
      between said refractory ceramic fiber layer and said base plate and to
      permit circulation of an atmosphere about said heating element.
NUM  9.
PAR  9. The structure claimed in claim 4 wherein some of said block supports are
      located between that one of said first elongated portions of said heating
      element nearest one end of said car and said one end of said car with
      their long axes parallel to said last mentioned heating element portion,
      others of said supports being located between that one of said first
      elongated portions of said heating element nearest the other end of said
      car and said other end of said car with their long axes parallel to said
      last mentioned heating element portion, the remainder of said supports
      being located between and evenly spaced from adjacent ones of said first
      elongated portions of said heating element with their long axes parallel
      to said last mentioned heating element portions.
NUM  10.
PAR  10. The structure claimed in claim 4 wherein some of said block supports
      are located between that one of said first elongated portions of said
      heating element nearest one end of said car and said one end of said car
      with their long axes parallel to said last mentioned heating element
      portion, others of said supports being located between that one of said
      first elongated portions of said heating element nearest the other end of
      said car and said other end of said car with their long axes parallel to
      said last mentioned heating element portion, the remainder of said
      supports being located between and evenly spaced from adjacent ones of
      said first elongated portions of said heating element with their long axes
      extending longitudinally of said car.
NUM  11.
PAR  11. The structure claimed in claim 6 wherein said upper surface of said car
      is provided with a layer of refractory ceramic fiber material around and
      about said supports, said supports extending above said refractory ceramic
      fiber layer by a distance sufficient to accommodate said heating element
      between said refractory ceramic fiber layer and said base plate and to
      permit circulation of an atmosphere about said heating element.
NUM  12.
PAR  12. The structure claimed in claim 6 wherein each of said supports
      comprises a pair of blocks of refractory material, one mounted on top of
      the other.
NUM  13.
PAR  13. The structure claimed in claim 9 wherein said upper surface of said car
      is provided with a layer of refractory ceramic fiber material around and
      about said supports, said supports extending above said refractory ceramic
      fiber layer by a distance sufficient to accommodate said heating element
      between said refractory ceramic fiber layer and said base plate and to
      permit circulation of an atmosphere about said heating element.
NUM  14.
PAR  14. The structure claimed in claim 9 wherein each of said supports
      comprises a pair of blocks of refractory material, one mounted on top of
      the other.
NUM  15.
PAR  15. The structure claimed in claim 10 wherein said upper surface of said
      car is provided with a layer of refractory ceramic material around and
      about said supports, said supports extending above said refractory
      material by a distance sufficient to accommodate said heating element
      between said refractory ceramic layer and said base plate and to permit
      circulation of an atmosphere about said heating element.
NUM  16.
PAR  16. The structure claimed in claim 10 wherein each of said supports
      comprises a pair of blocks of refractory material, one mounted on top of
      the other.
NUM  17.
PAR  17. The structure claimed in claim 12 wherein said blocks comprise cast
      alumina.
NUM  18.
PAR  18. The structure claimed in claim 14 wherein said blocks comprise cast
      alumina.
NUM  19.
PAR  19. The structure claimed in claim 16 wherein said blocks comprise cast
      alumina.
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ABST
PAL  A stoker feed system and method for supplying metal to a melting furnace is
      disclosed wherein a generally vertically extending feed tube is mounted
      with its lower end portion submerged below the upper surface of molten
      metal in the furnace. The feed tube is in communication with at least one
      feed chute at its upper end portion through which a metal charge is
      supplied to the feed tube. An additional feed chute is also provided in
      communication with the upper end portion of the feed tube for supplying
      carbon to the feed tube. A column of metal chips and carbon is thus formed
      in the feed tube, and a piston, reciprocally mounted in the feed tube,
      compresses this column while moving the charge downwardly into the molten
      metal mass of the furnace.
BSUM
PAR  The present invention relates to stoker feed systems for supplying metal to
      a melting furnace and, more particularly, to a stoker feed system and
      method for supplying brass chips to a melting furnace.
PAR  The art of melting and forming metals contains a large variety of furnace
      structures and associated metal feeding systems. Typically, the metal
      feeding and stoking systems are associated with a single furnace by being
      integrally formed with the furnace or otherwise rigidly secured thereto.
      Accordingly, it is relatively difficult to repair and/or replace the metal
      feed and stoking systems. In addition, in numerous metal furnaces,
      particularly furnaces in which metal is reclaimed, undesirable gases are
      produced which tend to escape from the furnace through the feed system
      itself. For example, in the treatment of brass chips, zinc fumes escape
      from the furnace and, when contacted with air, create zinc oxides which
      exit from the furnace stack as an undesirable white cloud of dust. The
      escape of such gases is not only highly undesirable since they are
      typically air pollutants, or poisonous gases or explosive gases, but also
      in some cases, e.g. in the melting of brass chips, is an expensive wasting
      of a material which is necessary to the melting process. Accordingly, a
      variety of attempts have been made to prevent escape of undesirable gases
      from the furnace through the metal feeding and stoking systems of the
      prior art.
PAR  It is an object of the present invention to provide a metal feed and
      stoking system which is relatively simple in construction and which will
      limit and/or prevent the escape of undesirable gases from a furnace.
PAR  Yet another object of the present invention is to provide a compact stoker
      feed system for a melting furnace which can be readily separated from the
      furnace and transported to a remote station for repair or use in
      connection with another furnace.
PAR  Yet another object of the present invention is to provide a stoker feed
      system and method for operating the system which is economical in
      operation and durable in use.
PAR  In accordance with an aspect of the present invention a stoker feed system
      is provided for supplying free cutting brass chips to a melting furnace.
      Basically, the system consists of a feed tube which is removably mounted
      on the furnace and which has a lower end portion that is positioned to be
      submerged below the upper level of the molten metal in the furnace.
      Preferably, the lower end portion of the feed tube is a removable
      cylindrical tube member formed of cast iron or a metal alloy of special
      composition which is resistant to erosion by the molten metal in the
      furnace.
PAR  The feed tube is supplied at its upper end with the metal to be melted,
      e.g. free cutting brass chips. This charge can be supplied continuously or
      in separate measured charges. Preferably, the brass chips are supplied in
      conjunction with carbon beads or the like, either mixed with the charge,
      or continuously supplied therewith, or even as separate layers supplied to
      the top of each separate measured charge of metal chips. In either case
      the combined charge of chips and carbon beads forms a column of charge in
      the feed tube to a height well above the level of molten metal in the feed
      tube. This column of charge is pushed downwardly in the feed tube by a
      reciprocally operable piston, which serves to compress the charge and
      carbon beads while pushing the metal in the tube downwardly into the
      furnace. The column of brass chips and carbon bead charge forms a barrier
      in the feed tube which prevents undesirable gases from escaping
      therethrough.
DRWD
PAR  The above, and other objects, features and advantages of the present
      invention will be apparent from the following detailed description of an
      illustrative embodiment thereof which is to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic elevational view, partly in section, of a stoker feed
      system associated with a metal melting furnace and constructed in
      accordance with an embodiment of the present invention;
PAR  FIGS. 2 and 3 are enlarged partial schematic sectional views of the metal
      feed tube used in the stoker feed system illustrated in FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 1 of another embodiment of the present
      invention; and
PAR  FIG. 5 is a partial schematic sectional view of the metal feed tube used in
      the stoker feed system illustrated in FIG. 4.
DETD
PAR  Referring now to the drawings in detail, and initially to FIG. 1 thereof,
      it will be seen that a metal stoker feed system 10, constructed in
      accordance with the present invention, includes a frame 12 which is
      mounted on a melting furnace 14. The furnace 14 is of conventional design
      and construction and can be either electrically heated or fuel fired.
      Preferably, however, the furnace 14 is an induction furnace of the type
      shown in FIG. 1 which will effect vigorous stirring of the molten metal to
      achieve effective melting of the metal chips.
PAR  Frame 12 provides mounting support for a central feed tube 16 which is
      connected to the frame in any convenient manner so as to be held rigidly
      in a relatively vertical position with respect to the level of the molten
      metal in the furnace. In this connection, frame 12 includes a base 18
      having a plurality of beams which span the top opening 22 of the furnace
      and which are seated on the frame edge of the furnace. In addition, the
      stoker frame can be provided with end mounting plates 24 through which the
      frame is removably connected by bolts or the like to the furnace. In this
      manner the stoker frame, and the entire feed system 10, is removably
      mounted on furnace 14.
PAR  Feed tube 16 is formed of two axially aligned and interconnected pipes 28,
      30 as seen most clearly in FIG. 1. Upper pipe or tube 28 forms the major
      portion of the length of feed tube 16 and preferably is formed of a heavy
      steel material. Lower feed tube 30, on the other hand, is relatively
      short, and has substantially the same interior diameter as the tube 28.
      Tube 30 may be formed of cast iron or an alloy of special composition
      which is resistant to erosion by the molten metal in the furnace, e.g. N2B
      alloy.
PAR  The length of tube 30 is selected so that its lower end 32 will be
      positioned below the top level 34 of molten metal 36 in furnace 14 (the
      level of metal 34 in the furnace is controlled in a manner described more
      fully hereinafter, while the top portion 38 of tube 30 is located adjacent
      the top of the furnace at a level to which the metal in the furnace will
      not rise. As illustrated in FIg. 2, tubes 28, 30 are operatively
      interconnected by a pair of flanges 40 secured thereto in any convenient
      manner, with the flanges being connected by a plurality of bolts 42 or the
      like. By this arrangement, tube 30 can be conveniently removed from tube
      28 for repair or replacement in the event that becomes necessary, without
      disturbing the remainder of the elements in the stoker feed system.
PAR  The upper end portion 44 of feed tube 16 (more specifically the upper end
      portion of tube 28) has one or more openings 46 formed therein which are
      positioned in communication with metal feed chutes 48. These feed chutes,
      only one of which is illustrated in FIG. 1, are rigidly connected to tube
      16, in any convenient manner, as for example by rivets or bolts. The
      chutes can be channel-shaped members or tubes as desired. In either case,
      chutes 48 are supported by brackets 50 on frame 12, as to be movable with
      the frame.
PAR  In the preferred embodiment of the invention, the stoker feed system 10 is
      used to supply free cutting brass chips to the furnace 14. These chips
      may, for example, be scrap chips produced in the manufacture by machining
      of brass screws or the like, and are supplied to the metal feed chute 48
      in any convenient manner, as for example, by conveyors 51, metal buggys,
      etc. The metal charge may be supplied continuously to feed tubes 48 and
      thus to feed tube 16 or the tubes 48 may be provided with a gating system,
      as described hereinafter, to supply separate measured metal charges to
      feed tube 16 during each cycle of operation of the feed system.
PAR  Feed tube 16 includes an additional aperture 62 formed therein at its upper
      end 44 in approximately the same area as the aperture 46 for the metal
      feed chute 48. Aperture 62 is in communication with a feed chute 64 which
      is of substantially identical construction to feed chute 48 and which may
      be used to supply carbon to the metal charge entering the feed tube 16
      from chute 48. The supply of carbon through chute 64 may be simultaneous
      with the supply of metal chips to chute 16 so as to form a mixed charge,
      as shown in FIG. 2, or, alternatively, the supply of metal chips and
      carbon can be alternated to form layers of carbon between metal charges as
      seen in FIG. 3. In other embodiments of the invention it is contemplated
      that the carbon may be eliminated or it may be mixed with the metal chips
      before being supplied to the feed tube 16.
PAR  In any case, in the operation of the stoker feed mechanism of the present
      invention, the metal charge is supplied to feed tube 16 from chutes 48, to
      form a column of metal (e.g. a column of brass chips) 66 in tube 16. The
      carbon, if supplied in any of the previously discussed manners, preferably
      is in the form of carbon beads, and serves to prevent upward flow of gases
      from the furnace through the feed tube. Moreover, in the illustrative
      embodiment of the present invention, since brass chips are being melted
      the cooler carbon beads and metal chips in column 66 serve to condense
      zinc gases flowing up the feed tube from the substantially hotter molten
      bath. In this regard, it is noted that in the melting of brass chips, zinc
      from the chips is vaporized in the molten bath, which may have
      temperatures of 1700.degree.F, and tends to flow up tube 16 for escape to
      the atmosphere. Where this occurs in previously proposed feed systems the
      zinc is lost as zinc oxide and the melt must be replenished with zinc
      during operation of the furnace so that the alloy produced therein has a
      consistent zinc content. With the present invention, on the other hand, by
      maintaining a column of metal chips in the feed tube above the melt, the
      zinc gases condense on the chips and carbon in the tube. In fact, it has
      been found that within two feet from the surface of the melt the
      temperature of the chips is sufficiently low to cause the zinc to condense
      thereon. Thus, as the metal chips are supplied to the melt the previously
      vaporized zinc is returned to the furnace, thereby avoiding the need to
      recharge the furnace with zinc while maintaining a uniform composition of
      the alloy produced in the furnace.
PAR  It is noted that another feature of the present invention comprises the
      provision of a layer of carbon beads of substantial thickness, e.g. 10
      inches, on top of the molten bath of metal 36. This layer of carbon beads
      will be relatively undisturbed during the feeding process, and will also
      serve to protect the metal against oxidation and to condense zinc produced
      in the molten bath and prevent it from rising from the top surface of the
      bath.
PAR  The extreme under end portion 70 of feed tube 16 contains a piston 72
      slidably mounted therein. Piston 72 is used to stoke the metal and carbon
      charge into the furnace. The piston may be reciprocated in the feed tube
      in any convenient manner, as for example by a hydraulic or pneumatic ram
      or cylinder 74. In the illustrative embodiment of the invention shown in
      FIG. 1 of the drawing, ram 72 is a double acting air cylinder of
      conventional construction to which air is supplied through air lines 76,
      78. The ram is mounted on the top end 70 of tube 16 by cooperating flanges
      80, 82 on the ram and tube, which flanges are bolted together in any
      convenient manner. In addition, bracing arms (not shown) from frame 12 can
      be connected to these flanges to provide additional rigidity in the
      mounting structure of the cylinder.
PAR  Piston 72 is operatively connected to the piston 86 in cylinder 74 by a
      piston rod 88 in any convenient manner so as to be reciprocated upon
      operation of the cylinder. Of course, it is to be understood that other
      types of reciprocating devices can be used to move piston 72 in tube 16;
      for example, a reversible screw mechanism or mechanical crank and pitman
      linkage could also be utilized.
PAR  In either case piston 72 is actuated to reciprocate in tube 16 at
      predetermined intervals during the continuous feed of the charge, or
      between measured charges. The stroke of the piston is selected to move the
      charge downwardly in the tube 16 a predetermined distance, but it does not
      move the charge directly down into the furnace. In fact, as seen in FIG. 1
      the stroke of piston 72 is such that it will move only to a point a short
      distance below charge openings 46 and 62 in feed tube 16. Thus, a column
      of the charge of predetermined height is built up in the tube 16 at the
      beginning of the feeding operation and each stroke moves only a portion Of
      the bottom section of the charge in the column into the furnace, while
      displacing the remainder of the column in the feed tube downwardly. Thus,
      the tube 16 remains substantially filled with the charge so as to condense
      gases flowing upwardly therein. In addition, piston 72, on its downward
      stroke, compresses the charge of metal and carbon bead in the tube,
      against the previously compressed charge therebelow and against the molten
      metal in the furnace.
PAR  In order to avoid excessive friction in the operation of piston 72 within
      tube 28, piston 72 may be provided with a sleeve of hard graphite material
      90. In this connection, it is noted that the carbon beads supplied with
      the charges to the feed tube also tend to reduce friction in the tube
      between the tube and the piston and between the tube and the metal charge
      since some of the carbon beads will tend to smear on the inside surface of
      the feed tube. Moreover, some of the carbon beads will also tend to mix
      with the brass chips in the charge, before compression by the piston, and
      thus will reduce oxidation of the metal charge to minimize formation of
      dross at the bottom of the column of chips in tube 16 where the
      temperature is quite high.
PAR  Piston 72 may also be provided with a plurality of chip pusher rods 94
      extending from the lower surface 92 thereof. These pusher rods may be
      formed of the same material as the piston and are connected thereto in any
      convenient manner, and may even be integrally formed with the piston, as
      desired. In any case, these chip pusher rods, because of their smaller
      total combined cross-section in relation to that of the feed tubes,
      prevent jamming of chips between the pusher ram and the feed tube.
PAR  The melting furnace 14 is provided with a molten metal discharge system
      which operates to maintain a relatively constant level of the molten metal
      within the furnace. This discharge system includes a discharge conduit or
      tube 98 which is mounted in a port 100 in the furnace wall in any
      convenient manner, and which includes a lower end 102 located adjacent to
      the bottom of the molten bath (see FIG. 1). Discharge tube 98 is inclined
      upwardly away from the furnace and has an upper end portion 104 located
      outside of the furnace adjacent to a molten metal transport system 106 of
      conventional construction. The end 104 of tube 98 is positioned at an
      elevation which is substantially equal to the desired level of metal in
      the furnace and, at an elevation which is above the elevation of the lower
      end 32 of tube section 30. In this manner, at the beginning of the melting
      operation, and during the continuance of the operation, the liquid level
      in the furnace must rise to the level 34, i.e. above the end 32 of the
      tube 30, before molten metal can be discharged from tube 98 since the
      metal will flow through the tube 98 only as a result of the pressure head
      of the molten metal within the furnace, i.e. the furnace and tube 98 act
      somewhat in the manner of a manometer. Thus, the end 32 of feed tube 16
      remains submerged below the molten metal at all times during the operation
      of the furnace, thereby insuring that the metal charge is supplied from
      tube 16 directly into the molten metal in the furnace. As seen in the
      drawing, by continuously maintaining the molten metal level in the furnace
      above the lower end of the feed tube 16, the desired column of charge is
      maintained in the tube. If the discharge end of tube 98 were below the
      lower end of tube 16 the charge would simply fall through the tube and
      splash on the top of the molten surface or otherwise disturbing the layer
      of carbon beads placed thereon. Thus the desired column of charge could
      not be maintained in the feed tube.
PAR  Another embodiment of the present invention, in which intermittent measured
      metal charges are applied to a stoker feed tube, is illustrated in FIG. 4
      of the drawing. In this embodiment, feed tube 16, furnace 14 and their
      associated frame elements are substantially identical to the furnace and
      frame described with reference to the embodiment of FIG. 1, and therefore
      like elements have been referenced with the same numerals, for
      convenience.
PAR  In the embodiment of the invention illustrated in FIG. 4, the charges of
      metal and carbon are supplied to the feed tube 16 successively, in order
      to form individual layers of carbon and measured charges of metal chips.
      Thus, as seen in FIG. 4, a gating system 52 is provided in association
      with the metal feed tubes 48. The gating system includes a pair of gates
      54, 56 in each of the chutes 48, which chutes are controlled in any
      convenient manner by a central control system 58. With this arrangement,
      as metal is supplied to chutes 48, control system 58 keeps gates 56 closed
      until chutes 48 are filled, at which time gates 54 are closed to prevent
      the admission of further material to the chute. When a charge of metal is
      needed in feed tube 16 for supply to the furnace, gates 56 are open to
      supply the measured charge to the feed tube. After the supply of charge
      enters the tube, gates 56 are closed, gates 54 are opened, and chutes 48
      are refilled. Of course, it is to be understood that other convenient
      gating or charge measuring systems which are adapted to supply a finite
      charge of metal to the feed tube through the chutes 48 secured thereto may
      be used.
PAR  In accordance with a feature of the present invention, chutes 48 are
      provided with air vibrator mechanisms 60 secured thereto on their lower
      surface, as seen in FIG. 4. These vibrators are preferably air actuated
      vibrators, such as any of the variety of types which are presently
      commercially available and which are supplied with air through air
      conduits 62 connected to a source of compressed air in the plant. The
      vibrators are operated when the charge in chutes 48 are to be supplied to
      feed tube 16, in order to insure that no charge sticks to the chutes,
      and/or remains therein.
PAR  As seen in FIG. 5, feed tube 16 may also include an additional aperture 62
      in communication with a feed chute 64. The latter is used to supply
      measured charge of carbon beads through a gating system, similar to that
      used with the chutes 48, to the top of each metal charge entering the feed
      tubes 16 from chutes 48. The supply of carbon through the gating system
      from chute 64 can be controlled in any convenient manner through control
      mechanism 58 and a detailed description of that control mechanism is not
      believed to be necessary herein.
PAR  By operating the embodiment of the invention of FIG. 4 with sequential
      measured charges of chips and carbon layers, column 66 of charge in tube
      16 takes the configuration illustrated in FIGS. 3 and 5, wherein there are
      alternating compressed layers of charge and carbon. The furnace of FIG. 4
      otherwise operates in the same manner as the furnace previously described
      in that the charge is supplied to the molten melt 36 at a level below the
      upper surface of the melt, the melt being covered by a layer of carbon
      beads or melt cover to prevent loss of gases from the top surface of the
      melt. Tube 16 thus has maintained therein, by the feed system of the
      invention, a continuous column of charge metal and/or carbon beads, which
      has a substantially lower temperature than the temperature of the melt in
      the furnace, so that zinc gases or vapors, and other gases, will condense
      on the metal chips and carbon beads in the feed tube and be returned to
      the melt during the operation of the melting process. Accordingly, these
      gases do not escape through the feed tube of the invention.
PAR  It is noted that even with the embodiment of FIG. 4, the carbon and metal
      charges can be supplied simultaneously, if desired, by properly modifying
      the control system 52, so that the beads and chips will mix as they form
      the vertical column in the feed tube. In addition, in either embodiment of
      the invention, the metal chips can be charged to the feed tube
      continuously, even while the piston of the stoker is cycling. Moreover, it
      is possible that the device of the invention can be operated without the
      addition of carbon beads, since in the treatment of certain metals,
      prevention of the formation of oxides can be achieved without the use of
      carbon beads.
PAR  In accordance with another feature of the invention, it is contemplated
      that in either of the embodiments illustrated in FIGS. 1 or 4, a reducing
      action can be effected by the introduction of a reducing gas such as a
      hydrocarbon gas (for example methane or propane) into the stoker feed tube
      at various levels below or above the top of the descending metal charge
      column. Such gases will reduce oxides on the metal chips that may be
      formed during the process in which the chips are created. A hydrocarbon
      gas, for example, propane, acts as a reducing agent and reduces the oxides
      on the metal chips. This can be achieved, for example, by the provision of
      a plurality of nozzles, e.g. the nozzle 97 schematically illustrated in
      FIG. 4, along the length of the feed tube 16 and connected to a supply of
      the appropriate gas. Introduction of an inert gas, such as nitrogen, into
      the stoker feed tube will tend to prevent oxidation of the metal in the
      descending column.
PAR  It is noted that the metal treated by the furnace may have a light coating
      of residual oil film thereon as a result of the process from which the
      metal chips are obtained. This residual oil film need not be removed from
      the metal chips prior to introduction into the furnace since, in
      accordance with a feature of the present invention and under the feeding
      action of the stoker system thereof, the residual oil film on the chips
      can be beneficial in the control or reduction of dross formation at the
      bottom of the feed tube.
PAR  Although the stoker feeding process of the present application has been
      particularly described herein with respect to the feeding of brass chips
      to the feed tube, it is also contemplated that the stoker feed system
      hereof is applicable to metals in substantially all other forms. For
      example, it is contemplated that virgin metals, processed metals such as
      rod, bar, wire, tube, strip, sheet, plate, extrusions, forgings and
      castings and scrap metal of all kinds can be supplied to a furnace by the
      stoker feed system of the present invention. Such feed materials may also
      be in other forms than chips, for example, cut, sheared, or sawed pieces
      or other particles, powder, clippings, extrusion butts, skeleton scrap,
      forging flash, machine parts and other commonly known forms. Moreover,
      mixtures of different solids and mixtures of solids and chips can be
      effectively charged by the stoker feeding system.
PAR  Accordingly, it is seen that a relatively simply constructed stoker feed
      system is provided for supplying metal (e.g. brass chips) to a furnace. By
      the construction of the invention the entire stoker feed system can be
      readily removed from the furnace 14 by a crane for maintenance as
      necessary and at the termination of operation in that furnace for repair
      or use at another furnace. The system serves to condense zinc vapor
      produced in the molten mass of the furnace, thereby preventing the escape
      of the zinc from the melting operation and returning the zinc to the
      furnace. If desired, tube 16 can be provided with a water cooling system
      to reduce the temperatures thereof, particularly in the lower tube 30, in
      any convenient manner. Moreover, inert or reducing gases can be supplied
      to the feed tube 16 to assist in the operation of furnace 14. The gases
      can also be supplied to the tube in any convenient manner such as for
      example by hose or pipe connections made to the tube in the area of the
      feed supply chutes 48.
PAR  Although illustrative embodiments of the present invention have been
      described herein in connection with the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stoker feed system for supplying metal to a electrical induction
      melting furnace, said stoker feed system comprising a generally vertically
      extending feed tube having opposed upper and lower end portions, with the
      lower end portion thereof being submerged below the upper surface of
      molten metal in said induction furnace; at least one feed chute
      communicating with said feed tube adjacent the upper end portion thereof
      for supplying a charge to said feed tube for maintaining a column of metal
      in said feed tube above the upper surface of said molten metal in said
      furnace during operation thereof; means in said feed tube for compressing
      said metal in said feed tube and for moving the metal column in the feed
      tube downwardly in the tube to push the lower portion of the metal column
      in the feed tube into the molten mass in said induction furnace while
      maintaining the height of the compressed column of metal in the feed tube
      within a predetermined height range to allow condensation on the metal
      column in the feed tube of undesirable gases flowing up the feed tube from
      the furnace, and a molten metal discharge conduit operatively connected to
      said furnace, said conduit having a first end portion located in direct
      communication with said furnace adjacent the bottom of the melting furnace
      and a second end portion located outside of the furnace at a higher
      elevation than said first end portion of the discharge conduit and the
      lower end portion of the feed tube, thereby to provide direct discharge of
      molten metal from the furnace while automatically and independently
      maintaining a relatively constant molten metal level in said induction
      furnace above the lower end portion of the feed tube during operation
      thereof.
NUM  2.
PAR  2. The feed system as defined in claim 1 wherein said feed tube comprises a
      pair of axially aligned and operatively interconnected tube sections with
      one of said tube sections defining the lower end portion of the feed tube;
      said one tube section being formed of a metal alloy of greater resistance
      to erosive attack by the molten metal in the furnace than the other of
      said tube sections.
NUM  3.
PAR  3. The feed system as defined in claim 2 including a frame removably
      mounted on said induction furnace; said feed tube being mounted on said
      frame whereby the entire feed system may be removed from said induction
      furnace.
NUM  4.
PAR  4. The feed system as defined in claim 1 wherein said compressing and
      moving means includes a reciprocating piston located in said feed tube,
      and means for reciprocating said piston in said tube above the level of
      molten metal in the furnace along a predetermined stroke length from a
      starting position adjacent the upper end of said feed tube, and above the
      level of said one feed chute, to a stopping position adjacent the lower
      end of the feed tube and above the level of molten metal in the furnace.
NUM  5.
PAR  5. The feed system as defined in claim 4 wherein said piston has
      substantially the same diameter as said feed tube and includes a plurality
      of spaced chip pusher rods operatively connected to the piston and
      extending downwardly therefrom towards the lower end of the feed tube.
NUM  6.
PAR  6. The feed system as defined in claim 5 including at least one other feed
      chute communicating with said feed tube adjacent the upper portion thereof
      for supplying a layer of carbon to said feed tube between charges of
      metal.
NUM  7.
PAR  7. The feed system as defined in claim 6 wherein said chute for supplying
      metal to the feed tube supplies brass chips and said chute for supplying a
      layer of carbon supplies carbon beads.
NUM  8.
PAR  8. The feed system as defined in claim 7 including a layer of carbon beads
      on the upper surface of the metal in said furnace.
NUM  9.
PAR  9. The feed system as defined in claim 7 including a second feed chute
      communicating with said feed tube adjacent the upper end portion thereof
      for supplying carbon beads to the tube and means for vibrating said chutes
      to improve the flow of metal and carbon beads therein.
NUM  10.
PAR  10. The feed system as defined in claim 7 wherein said metal comprises
      brass chips and said system includes gate means in said chute for
      delivering a finite predetermined amount of brass chips and carbon beads
      to said feed chute.
NUM  11.
PAR  11. The feed system as defined in claim 3 wherein said piston includes an
      annular graphite sleeve.
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ABST
PAL  The thermal resistance of a joint for fluid filled electric power cables is
      reduced by transversely dividing the fluid-tight enclosure of the joint
      into three parts, electrically insulated from each other, namely two end
      parts each sealed to one of the cable sheaths and to a central part of low
      thermal resistance. The central part preferably has a cooling jacket. If
      an outer enclosure for the joint is provided its central part is made of
      low thermal resistance.
BSUM
PAR  This invention is an improvement in or modification of the invention of
      copending application Ser. No. 499,955 filed Oct. 21, 1965, now U.S. Pat.
      No. 3,363,049, issued Jan. 8, 1968.
PAR  It relates to joints for metal sheathed fluid impregnated power cables,
      especially but not exclusively, joints for use in a cross-bonded system in
      which the sheaths of the two lengths of cable that are interconnected at
      the joint are insulated from each other and each connected to one of two
      bonding conductors, usually the conductors of two single core bonding
      cables or the two conductors of one concentric bonding cable. To reduce
      the surge impedance of the system it is common practice to use a
      concentric bonding cable having an inner conductor connected to one sheath
      and an outer conductor connected to the other sheath, and the invention is
      especially applicable to systems in which a concentric bonding cable
      connected in this way is used. The bonding conductors connect the sheaths
      of the jointed cable lengths to the sheaths of other cable lengths at a
      similar joint or joints, usually through a link-disconnecting box and a
      surge diverter. It is advantageous for the bonding conductors both to be
      connected to appropriate parts of the joint structure at or near the same
      end of the joint enclosure and the invention relates especially to
      cross-bonding joints which provide this facility.
PAR  The joint in accordance with the above mentioned Application comprises a
      fluid-tight enclosure for the cable impregnant, which surrounds the
      conductor joint, is sealed to the sheaths of the cable lengths connected
      at the joint and is divided transversely into at least three parts. These
      parts include a central part, surrounding the joint between the cable
      conductors, and end parts, whereby the central part is electrically
      insulated from the sheaths of the cables connected at the joint. The end
      parts are each sealed both to the central part and to the cable sheaths.
      An essential feature of the joint is that a separate supplementary
      enclosure is provided for each of said end parts, each supplementary
      enclosure being sealed both to one of the cables and to the adjacent end
      of the central part of the fluid-tight enclosure. The supplementary
      enclosures and the remainder of the central part not protected by the
      supplementary enclosures are made corrosion resistant.
PAR  An object of the present invention is to provide an alternative form of
      joint structure which also has reduced thermal resistance, measured
      radially from the conductor axis, whereby the rate of natural cooling of
      the cable conductors and ferrule is increased and/or heat can be extracted
      more efficiently from the joint enclosure, in the region of the jointing
      ferrule, by means of a heat exchanger applied to or forming part of the
      joint enclosure in this region.
PAR  The present invention is based on our discovery that it is not necessary to
      provide separate supplementary enclosures, each sealed to one of the
      cables and to the adjacent end of the central part, for insulating and
      protecting the end parts of the fluid-tight enclosure.
PAR  In the joint in accordance with the present invention, the fluid-tight
      enclosure is divided transversely into three parts including a central
      part of low thermal resistance surrounding the joint between the cable
      conductors and two end parts at least partly of metal sealed to the
      central part and to the cable sheath. When the central part is of metal
      the end parts will be partly of insulating material and will be so
      designed as electrically to isolate the central part from the cable
      sheaths. When the central part is of insulating material each end part can
      be wholly of metal.
PAR  The term "of low thermal resistance" as applied to the central part of the
      fluid-tight enclosure is intended to comprehend both parts through which
      heat is readily dissipated to the surrounding soil or atmosphere as
      compared with central parts of fluid-tight enclosures hitherto employed
      and parts incorporating or provided with a heat exchanger by which heat is
      extracted from the conductors and ferrule enclosed thereby.
PAR  When the joint is a cross-bonding joint, one bonding conductor is connected
      to the sheath of the first cable length or to a metal part of the end part
      connected to that sheath and the other is connected to a terminal passing
      through the wall of said end part. A connecting lead passes from this
      terminal through the central part of the fluid-tight enclosure to the
      other end of the joint and is there connected to the sheath of the second
      cable length. The connecting lead is insulated from the central part of
      the fluid-tight enclosure and the terminal is insulated from the first end
      part and from the central part of the fluid-tight enclosure. It is
      preferably tubular and concentric with the joint axis.
PAR  Various methods of providing a terminal passing through the wall of an end
      part of the enclosure and of insulating the terminal from the cable sheath
      at that end of the joint and from the central part of the enclosure are
      disclosed in the specification of the above mentioned Application.
PAR  In fact joints in accordance with the present invention may have all of the
      structural features of the joints described by way of example in the
      specification of the above mentioned Application except for the provision
      of separate supplementary enclosures for each of the end parts. In some
      installations, for example installations in ducts or tunnels, the end
      parts may need no protection, in other installations a coating of
      insulating material may be provided directly over the end parts and any
      terminals thereon. A further possibility is to provide a single
      supplementary enclosure of insulating material over the whole of the
      fluid-tight joint enclosure having a central part of low thermal
      resistance, which is meant a part through which heat is readily dissipated
      to the surrounding soil or atmosphere.
PAR  An alternative possibility is to incorporate the water jacket in the
      central part of the fluid-tight enclosure. This part of the enclosure can,
      for example, consist of a double walled metal tube in which the annular
      space between the tubes is water-tight and is provided with inlet and
      outlet pipes for the water supply.
DRWD
PAR  Two preferred forms of joint in accordance with the invention will
      hereinafter be described by way of example with reference to the
      accompanying drawings in which:-
PAR  FIG. 1 is an elevation partly in cross-section of the first form of joint;
PAR  FIGS. 2 and 3 are cross-sectional views taken on the lines II--II and
      III--III respectively in FIG. 1;
PAR  FIG. 4 is an elevation of a second form of joint; and
PAR  FIG. 5 is an end view of the joint shown in FIG. 4.
DETD
PAR  Referring to FIGS 1 to 3, the fluid-tight enclosure for the joint between
      the conductors of two cable lengths 1 and 2 is of a similar construction
      to that described with reference to FIGS. 2 and 3 of the specification of
      the above mentioned application except that an annular water jacket 3
      mounted on the central part 4 of the fluid-tight enclosure has one of its
      ends more closely adjacent to an insulating ring 5 through which a
      terminal 6 for one conductor 7 of a co-axial cross-bonding cable 8 passes
      and the other of its ends more closely adjacent to an insulating ring 9 by
      which the central part 4 is connected to a metal end part 10 plumbed to
      the sheath of the cable length 2. The other conductor 11 of the co-axial
      cross-bonding cable 8 is electrically connected to a metal end part 12
      plumbed to the sheath of the cable length 1.
PAR  The whole of the fluid-tight enclosure for the joint is surrounded by a
      single supplementary enclosure in the form of a resin-bonded glass fibre
      shell 13 sealed at 14 and 15 to the two cable lengths 1 and 2 by epoxy
      resin putty protected by composite layers 16 each consisting of an inner
      layer of self-amalgamating polyethylene tape and an outer layer of P.V.C.
      tape. The shell 13 is provided with a cable entry gland 17 for the
      cross-bonding cable 8, with removable covers 18 and 19, and with glands
      (not shown) for the inlet and outlet pipes of the water jacket 3; one of
      these pipes can be seen at 20.
PAR  The gland 17, the rims of the covers 18 and 19, and the glands for the
      water pipes are sealed in a similar manner to that in which the shell 13
      is sealed to the two cable lengths, namely by means of a body of plastic
      compound protected by polyethylene tape and by P.V.C. tape.
PAR  The whole of the shell is filled to the level indicated by the dotted lines
      21 with a bitumastic insulating compound and, to reduce the thermal
      resistance of the centre part 22 of the supplementary enclosure, its
      diameter is considerably reduced to a diameter only slightly greater than
      that of the central part of the fluid-tight enclosure and its water jacket
      3. The centre part 22 of the shell 13 is spaced from the water jacket 3 by
      wrappings 23 of P.V.C. tape and the enclosure is itself supported on
      concrete blocks 24. The centre part 22 of the shell is reinforced by
      embedded material 25.
PAR  The plumbs 26 by which the metal end parts 10 and 12 are sealed to the
      cable sheaths are also protected by polyethylene and P.V.C. tape layers
      27.
PAR  FIGS. 4 and 5 show a joint provided with a fluid-tight enclosure
      substantially identical to that shown in FIGS. 1 to 3 (equivalent parts
      being given the same references) but not provided with a supplementary
      enclosure since the joint is intended for installation in a duct or
      tunnel. It will be seen that the central part of the fluid-tight enclosure
      4 surrounded by the water jacket 3 is mounted on supports 28 and 29 brazed
      to the surface of the water jacket 3.
PAR  In this case both the water inlet pipe 30 and the water outlet pipe 20 can
      be seen. In some installations it may be advisable to provide guards, for
      example of expanded metal, around the ends of the joint enclosure and
      suitable shapes for such guards are indicated by chain dotted lines 31 and
      32. Instead of using individual guards for the two ends of the joint
      enclosure, an overall guard for the whole of the joint may in some cases
      be found preferable.
PAR  The joints in accordance with the present invention have the main
      advantages of simplicity and low thermal resistance. They also have the
      advantage, in common with the joints of the above mentioned application
      that they are readily adaptable for use in cross-bonded installations and
      especially in such installations employing concentric cross-bonding cables
     .
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. A joint enclosure enclosing a joint between fluid impregnated metal
      sheathed power cables comprising a fluid-tight enclosure surrounding the
      conductor joint and being divided transversely into at least three parts
      including a central part of low thermal resistance, surrounding the joint
      between cable conductors, and two end parts, which electrically insulate
      the central part from the sheaths of the cables connected at the joint and
      are each sealed both to the central part and to one of the cable sheaths,
      in which
PA1  a. at one end of the joint a terminal passes through a ring shaped
      insulating part,
PA1  b. a bonding lead passes through but is insulated from the central part of
      the fluid-tight enclosure, and
PA1  c. the bonding lead is connected between the terminal and, at the other end
      of the joint, the cable sheath of one of the cable lenghts connected at
      the joint.
NUM  2.
PAR  2. A joint enclosure as claimed in claim 1 in which the bonding lead is
      tubular and is co-axial with the cable lengths connected at the joint.
NUM  3.
PAR  3. A joint enclosure as claimed in claim 2 in which the bonding lead is
      insulated on both its inner and its outer surfaces and is located between
      the central part of the fluid-tight enclosure and a body of built-up
      insulation applied to the joint.
NUM  4.
PAR  4. A joint enclosure as claimed in claim 2 in which the tubular bonding
      lead overlaps but is not connected to tapering stress screens applied to
      the end of the built-up insulation on the cable conductors and acts as a
      screen over the central part of the built-up insulation applied to the
      joint.
NUM  5.
PAR  5. A joint enclosure enclosing a joint between fluid impregnated metal
      sheathed power cables comprising a fluid-tight enclosure surrounding the
      conductor joint and being divided transversely into at least three parts
      including a central part of low thermal resistance, surrounding the joint
      between the cable conductors, and two end parts, which electrically
      insulate the central part from the sheaths of the cables connected at the
      joint and are each sealed both to the central part and to one of the cable
      sheaths, in which the central part comprises a metal tube and
PA1  a. the end part of the fluid-tight enclosure at the first end of the joint
      comprises a first metal part plumbed to the sheath of one of the cable
      lengths, a second metal part connected to the first metal part by a first
      ring shaped insulating part, and a second ring shaped insulating part
      sealing the second metal part to and insulating it from the central
      tubular metal part, and in which
PA1  b. a bonding lead passes through the central tubular metal part and is
      connected at the first end of the joint to a terminal passing through said
      second metal part and at the other end of the joint to the cable sheath of
      the other of the cable lengths connected at the joint.
NUM  6.
PAR  6. A joint enclosure enclosing a joint between fluid impregnated metal
      sheathed power cables comprising a fluid-tight enclosure surrounding the
      conductor joint and being divided transversely into at least three parts
      including a central part of low thermal resistance, surrounding the joint
      between the cable conductors, and two end parts, which electrically
      insulate the central part from the sheaths of the cables connected at the
      joint and are each sealed both to the central part and to one of the cable
      sheaths, in which the fluid-tight enclosure is surrounded by a
      supplementary enclosure having a central part of low thermal resistance
      surrounding at least part of the central part of the fluid-tight
      enclosure.
NUM  7.
PAR  7. A joint enclosure as claimed in claim 6 in which the supplementary
      enclosure is of insulating material.
NUM  8.
PAR  8. A joint enclosure enclosing a joint between fluid impregnated metal
      sheathed cross-bonded power cables comprising
PA1  a. a fluid-tight enclosure surrounding the conductor joint and being
      divided transversely into at least three parts including a central part of
      a low thermal resistance surrounding the joint between the cable
      conductors and two end parts which electrically insulate the central part
      from the sheaths of the cables connected at the joint and are each sealed
      both to the central part and to the cable sheaths,
PA1  b. a supplementary enclosure for said fluid-tight enclosure sealed to the
      sheaths of the cable lengths and comprising two end parts, each
      surrounding one end part of the fluid-tight enclosure, and a central part
      of low thermal resistance surrounding the central part of the fluid-tight
      enclosure,
PA1  c. a cable gland in the first end part of the supplementary enclosure,
PA1  d. a bonding cable passing through said gland,
PA1  e. a terminal for a bonding conductor within the first end part of the
      supplementary enclosure connected to said bonding conductor and to the
      metal sheath of the first cable length,
PA1  f. a second terminal for a bonding conductor within the first end part and
      of the supplementary enclosure connected to another bonding conductor and
      passing through the wall of the fluid-tight enclosure, and
PA1  g. a lead passing through the central part of the fluid-tight enclosure and
      connected to said terminal and to the sheath of the second cable length.
NUM  9.
PAR  9. A joint enclosure as claimed in claim 8 in which the bonding lead is
      tubular and is co-axial with the cable lengths connected at the joint.
NUM  10.
PAR  10. A joint enclosure as claimed in claim 9 in which the bonding lead is
      insulated on both its inner and its outer surfaces and is located between
      the central part of the fluid-tight enclosure and a body of built-up
      insulation applied to the joint.
NUM  11.
PAR  11. A joint enclosure as claimed in claim 9 in which the tubular bonding
      lead overlaps but is not connected to tapering stress screens applied to
      the end of the built-up insulation on the cable conductors and acts as a
      screen over the central part of the built-up insulation applied to the
      joint.
NUM  12.
PAR  12. A joint enclosure as claimed in claim 8 in which said bonding cable is
      a co-axial cable comprising a tubular bonding conductor surrounding and
      insulated from another bonding conductor.
NUM  13.
PAR  13. In a cable joint in which the conductors of two fluid impregnated metal
      sheathed power cables are jointed together, a joint enclosure enclosing
      the cable joint and comprising a fluid tight enclosure divided
      transversely into at least three parts including a central part of low
      thermal resistance, which central part surrounds the joint between the
      cable conductors, and two end parts, which end parts electrically insulate
      the central part from the metal sheaths of the cables connected at the
      joint and which end parts are each sealed both to the central part and to
      one of the cable sheaths, and a heat exchanger which surrounds at least
      part of the central part of the fluid tight enclosure.
NUM  14.
PAR  14. A joint enclosure as claimed in claim 13 in which the central part
      comprises a metal tube and the end parts each comprise
PA1  a. a metal part plumbed to the sheath of one of the cable lengths and
PA1  b. a ring shaped insulating part sealing the central tubular metal part to
      and electrically insulating it from the said metal end part.
NUM  15.
PAR  15. A joint enclosure as claimed in claim 13 in which
PA1  a. each end part of the fluid tight enclosure comprises
PA2  i. a tubular metal part plumbed to the cable sheath and
PA2  ii. a ring shaped insulating part carried thereby to act as an end wall of
      the enclosure and
PA1  b. the central part of the enclosure comprises a metal tube supported at
      its ends by the ring shaped insulating parts.
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ABST
PAL  A conductor wire is composed of an aluminium alloy consisting of between
      98.0 and 99.5 weight percent aluminium; between 0.3 and 1.0, preferably
      0.4 to 0.6, weight percent iron; between 0.16 and 1.2, preferably 0.3 to
      1.0, weight percent silicon; and trace quantities of conventional
      impurities. The conductor wire has a higher tensile strength than wires of
      known aluminium alloys which contain similar quantities of iron and is
      especially suitable for use in telecommunication cables, wiring cables and
      overhead conductors. The conductor wire may have a cladding of copper or
      copper alloy.
BSUM
PAR  This invention relates to elongate members of aluminium alloy suitable for
      use in forming a conductor, or an element of a multi-element conductor, of
      an electric cable or an electric insulated wire, all such elongate
      elements hereinafter, for convenience, being included in the generic term
      "conductor wire".
PAR  It is an object of the present invention to provide an improved conductor
      wire of an aluminum alloy containing iron as the principal alloying
      constituent which has a higher tensile strength than wires of known
      aluminium alloys which contain similar quantities of iron.
PAR  According to the invention our improved conductor wire is composed of an
      aluminium alloy consisting of between 98.0 and 99.5 weight percent
      aluminium; between 0.3 and 1.0 weight percent iron; between 0.16 and 1.2
      weight percent silicon; and trace quantities of conventional impurities.
PAR  Preferably the silicon content lies in the range of 0.3 to 1.0 weight
      percent and the iron content lies in the range 0.4 to 0.6 weight percent.
      For ease of manufacture we prefer especially for the silicon content to
      lie in the range 0.3 to 0.5 weight percent and for the iron content to be
      approximately 0.5 weight percent.
PAR  By conventional impurities is meant impurities that are normally found in
      aluminium in its commercially pure form, either (a) as impurities not
      removed in the refining process or (b) as residues of a substance added
      during the refining process for the purpose of neutralising or removing
      some undesirable impurities. In normal circumstances the amount of
      impurities (a) present in the alloy does not exceed 0.025 weight percent
      and the amount of residual impurities (b) present in the alloy does not
      exceed 0.015 weight percent.
PAR  As compared with conductor wires of known aluminium alloys containing
      similar quantities of iron but smaller quantities of silicon, a conductor
      wire in accordance with the present invention of the same diameter has
      significantly improved tensile strength and the improved tensile
      properties of our improved conduction wire are illustrated by the
      following results achieved with a conductor wire of a known aluminium
      alloy (Alloy A) having a diameter of 0.5 mm and with conductor wires in
      accordance with the present invention (Alloys B, C, D, E, F, G, H, J, K,
      L, M and N) of the same diameter, as drawn, and after annealing each
      hard-drawn wire at several different temperatures.
TBL                TABLE I                                                     
     ______________________________________                                    
               Iron Content                                                    
                         Silicon Content                                       
               Wt %      Wt %                                                  
     ______________________________________                                    
     Alloy A     0.50         0.041                                            
     Alloy B     0.38        0.18                                              
     Alloy C     0.50        0.23                                              
     Alloy D     0.54        0.29                                              
     Alloy E     0.48        0.46                                              
     Alloy F     0.91        0.54                                              
     Alloy G     0.61        0.60                                              
     Alloy H     0.35        0.62                                              
     Alloy J     0.46        0.65                                              
     Alloy K     0.42        0.91                                              
     Alloy L     0.87        1.12                                              
     Alloy M     0.60        1.14                                              
     Alloy N     0.33        1.16                                              
     ______________________________________                                    
TBL                                    table ii                                
     __________________________________________________________________________
         temperature                                                           
                Electrical                                                     
                      0.1% Proof                                               
                             Tensile                                           
                                   Elongation                                  
     Alloy                                                                     
         of Annealing                                                          
                Conducti-                                                      
                      Stress Strength                                          
                                   % on 250 mm                                 
         Temp. (.degree.C)                                                     
                tivity                                                         
                      (MN/m.sup.2)                                             
                             (MN/m.sup.2)                                      
                (% IACS)                                                       
     __________________________________________________________________________
     A   As drawn                                                              
                61.4  177    221   1.6                                         
     B   "      61.3  182    230   0.7                                         
     C   "      60.8  176    227   2.0                                         
     D   "      59.7  197    261   2.3                                         
     E   "      59.6  168    236   1.7                                         
     F   "      58.2  190    283   2.8                                         
     G   "      57.7  201    285   2.5                                         
     H   "      57.6  203    286   2.2                                         
     J   "      58.5  196    258   3.0                                         
     K   "      56.7  209    269   3.1                                         
     L   "      54.7  224    300   2.2                                         
     M   "      55.0  213    310   5.5                                         
     N   "      54.9  217    301   3.0                                         
     A   200    62.3  143    164   0.4                                         
     B   "      62.8  134    164   0.7                                         
     C   "      62.2  128    151   0.6                                         
     D   "      62.0  135    168   0.7                                         
     E   "      59.7  122    148   1.0                                         
     F   "      60.5  138    179   1.1                                         
     G   "      60.7  141    186   1.3                                         
     H   "      60.8  153    195   1.8                                         
     J   "      60.7  123    157   3.6                                         
     K   "      60.1  133    166   6.2                                         
     L   "      59.2  159    202   3.6                                         
     M   "      60.0  162    209   6.4                                         
     N   "      60.0  173    214   3.7                                         
     A   225    62.6  137    144   0.4                                         
     B   "      63.0  113    131   0.5                                         
     C   "      62.1  118    135   0.9                                         
     D   "      61.9  117    146   0.8                                         
     E   "      61.8  114    137   4.5                                         
     F   "      61.2  116    151   4.9                                         
     G   "      61.3  123    163   5.1                                         
     H   "      61.8  131    168   3.8                                         
     J   "      61.5  114    148   8.9                                         
     K   "      60.9  120    156   7.0                                         
     L   "      60.4  134    180   7.5                                         
     M   "      60.8  134    186   5.0                                         
     N   "      61.4  151    197   3.4                                         
     A   250    62.3  104    121    4.9                                        
     B   "      63.2  94     119   14.5                                        
     C   "      62.4  88     118   17.0                                        
     D   "      62.3  101    130    7.3                                        
     E   "      62.2  91     126   16.0                                        
     F   "      61.5  91     134   15.5                                        
     G   "      61.8  98     140   11.0                                        
     H   "      62.5  114    150    8.4                                        
     J   "      61.6  87     128   16.0                                        
     K   "      61.6  88     133   16.0                                        
     L   "      60.5  107    156   11.5                                        
     M   "      61.5  106    157   13.0                                        
     N   "      61.7  110    159    9.0                                        
     A    262.5 62.4  96     116   14.0                                        
     B   "      63.1  88     116   16.5                                        
     C   "      62.6  82     114   20.0                                        
     D   "      62.4  94     127   11.0                                        
     E   "      61.5  83     123   16.0                                        
     F   "      61.5  84     130   21.0                                        
     G   "      61.7  90     135   16.0                                        
     H   "      62.4  104    141   11.0                                        
     J   "      62.0  83     128   18.0                                        
     K   "      61.8  84     132   17.0                                        
     L   "      60.9  96     149   10.0                                        
     M   "      61.2  97     146   14.0                                        
     N   "      62.0  95     146   11.5                                        
     A   275    62.9  79     107   26.0                                        
     B   "      63.0  64     108   24.5                                        
     C   "      62.4  70     101   25.0                                        
     D   "      62.5  83     122   15.5                                        
     E   "      62.6  74     121   19.5                                        
     F   "      61.7  72     126   18.0                                        
     G   "      61.5  79     127   19.5                                        
     H   "      62.5  89     132   14.0                                        
     J   "      61.8  77     124   20.0                                        
     K   "      62.3  77     126   21.5                                        
     L   "      60.4  87     143   16.5                                        
     M   "      61.3  83     138   22.0                                        
     N   "      62.2  83     135   20.0                                        
     A   300    62.9  50     103   31.5                                        
     B   "      63.0  48     109   30.0                                        
     C   "      62.2  55     110   29.0                                        
     D   "      62.2  61     115   24.5                                        
     E   "      62.3  62     116   22.5                                        
     F   "      61.7  60     124   27.0                                        
     G   "      61.7  65     125   23.5                                        
     H   "      62.6  67     121   24.5                                        
     J   "      61.0  63     119   26.0                                        
     K   "      61.8  66     120   26.0                                        
     L   "      60.6  71     135   17.0                                        
     M   "      61.4  68     130   21.0                                        
     N   "      61.8  66     124   22.0                                        
     __________________________________________________________________________
PAR  The greater improvement in tensile strength of conductor wires of the
      present invention as compared with that of conductor wires of the known
      aluminium alloy occurs with the silicon content of the aluminium alloy
      lying in the upper part of the specified range of 0.16 to 1.2 weight
      percent.
PAR  Although conductor wires of the present invention in the annealed condition
      show a slight loss in electrical conductivity as compared with an annealed
      conductor wire of a known aluminium alloy containing a similar quantity of
      iron and a smaller quantity of silicon, the improvement in tensile
      strength for a given elongation renders our improved conductor wires
      especially suitable for use in telephone cables and in other cables and
      conductors where a high tensile strength is desirable and a high
      electrical conductivity is not of primary importance.
PAR  In addition, since in some instances conductor wires of the present
      invention in the hard drawn condition, though having a lower electrical
      conductivity than a conductor wire of a known aluminium alloy containing a
      similar quantity of iron but a smaller quantity of silicon, have a tensile
      strength that is about 30% greater than that of the hard drawn conductor
      wire of the known alloy, hard drawn conductor wires of the present
      invention are especially suitable for use in overhead electric conductors
      where tensile strength is a primary consideration.
PAR  Other cables for which our improved conductor wires are suitable include
      cables of the kind generally known as wiring cables and used, for example,
      for the wiring of buildings, vehicles, aircraft, switchboards, equipment
      and machinery comprising one or more conductor wires covered with
      insulating and/or sheathing material. Where our improved conductor wire is
      to be used in a wiring cable the conductor wire may have an outer cladding
      of copper or copper alloy bonded to it, the cladding constituting the
      minor proportion of the cross-sectional area of the conductor wire. The
      provision of a copper cladding ensures that the conductor wire can be
      satisfactorily jointed or terminated by those methods normally employed
      for copper conductors.
PAR  The conductor wire of the present invention may be prepared by any of the
      known processes for preparing aluminium alloy wire but we prefer to
      prepare our aluminium alloy, immediately rolling the bar down to rod form,
      drawing the rod to the required wire size, with one or more than one
      intermediate anneal if required, and finally annealing the wire.
PAR  The invention also includes an electric insulated conductor comprising at
      least one conductor wire as hereinbefore defined provided with at least
      one covering layer of insulating material, for instance an extruded layer
      of plastic insulating material, and the invention further includes an
      electric cable comprising at least one insulated conductor, the insulated
      conductor or at least one of the insulated conductors comprising at least
      one conductor wire as hereinbefore described provided with at least one
      covering layer of insulating material and, enclosing the insulated
      conductor or conductors, an outer protective sheath.
PAR  The invention further includes a telecommunication cable comprising a
      multiplicity of insulated conductors, each conductor comprising a
      conductor wire as hereinbefore defined. The conductors may be insulated
      with solid or cellular plastics material and the interstices between the
      insulated conductors and between them and a surrounding waterproof sheath
      from end to end of the cable length may be filled with a water-impermeable
      medium of a grease-like nature.
PAR  The invention still further includes an overhead electric conductor
      comprising at least one conductor wire as hereinbefore defined.
DRWD
PAR  The invention will be further illustrated by a description, by way of
      example, of a telecommunication cable and of an overhead electric
      conductor each incorporating conductor wires of the present invention with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional end view of the telecommunication cable and
PAR  FIG. 2 is a cross-sectional end view of the overhead electric conductor.
DETD
PAR  The telecommunication cable shown in FIG. 1 comprises a hundred pairs of
      insulated conductors each consisting of partly annealed aluminium alloy
      wire 1 of nominal diameter 0.50 mm and an insulating covering 2 of
      extruded cellular polyethylene of radial thickness 0.14 mm. The aluminium
      alloy of each wire 1 consists of 99.05 weight percent aluminium; 0.48
      weight percent iron; 0.46 weight percent silicon; and trace quantities of
      conventional impurities. Wire 1 has an electrical conductivity of 62.0%
      IACS, and 0.1% proof stress of 102.5 MN/m.sup.2, a tensile strength of 133
      MN/m.sup.2 and elongation on 250 mm of 10%. The assembly of insulated
      conductors is surrounded by a longitudinally applied, transversely folded
      paper tape 4, a longitudinally applied, transversely folded aluminium tape
      5 and an extruded polyethylene sheath 6. The interstices between the
      insulated conductors and between the insulated conductors and the paper
      tape 4 are filled throughout the length of the cable with a
      water-impermeable medium 3 comprising highly refined petroleum jelly.
PAR  The overhead electric conductor shown in FIG. 2 is of overall diameter 42.5
      mm and comprises a stranded core 11 of seven steel wires each of diameter
      4.72 mm which is surrounded by three stranded layers 12, 13 and 14 of
      round hard drawn aluminium alloy wires 15 of diameter 4.72 mm, the
      direction of lay of the wires of each layer being opposite to that of the
      wires in the or each adjacent layer. The aluminium alloy of each wire 15
      consists of 98.53 weight percent aluminium; 0.91 weight percent iron; 0.54
      weight percent silicon and trace quantities of conventional impurities.
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. A conductor wire composed of an aluminium alloy consisting of between
      98.0 and 99.5 weight percent aluminium; between 0.3 and 1.0 weight percent
      iron; between 0.16 and 1.2 weight percent silicon; and trace quantities of
      conventional impurities.
NUM  2.
PAR  2. A conductor as claimed in claim 1, wherein the silicon content of the
      aluminium alloy lies in the range 0.3 to 0.5 weight percent and the iron
      content is approximately 0.5 weight percent.
NUM  3.
PAR  3. A conductor wire as claimed in claim 1, which has at least one covering
      layer of insulating material.
NUM  4.
PAR  4. A conductor wire composed of an aluminium alloy consisting of between
      98.0 and 99.5 weight percent aluminium; between 0.3 and 1.0 weight percent
      iron; between 0.16 and 1.0 weight percent silicon; and trace quantities of
      conventional impurities.
NUM  5.
PAR  5. A conductor wire composed of an aluminium alloy consisting of between
      98.0 and 99.5 weight percent aluminium; between 0.4 and 0.6 weight percent
      iron; between 0.3 and 1.0 weight percent silicon; and trace quantities of
      conventional impurities.
NUM  6.
PAR  6. A conductor wire as claimed in claim 3, having bonded to its outer
      surface a cladding of copper or a copper alloy, the cladding constituting
      the minor proportion of the cross-sectional area of the conductor wire.
NUM  7.
PAR  7. A conductor wire consisting of an inner part (constituting the major
      proportion of the cross-sectional area of the conductor wire) composed of
      an aluminium alloy consisting of between 98.0 and 99.5 weight percent
      aluminium; between 0.16 and 1.2 weight percent silicon; and trace
      quantities of conventional impurities, and, bonded to the inner part, an
      outer part (constituting the minor proportion of the cross-sectional area
      of the conductor wire) of copper or a copper alloy.
NUM  8.
PAR  8. An electric cable comprising at least one conductor, the conductor or at
      least one of the conductors comprising at least one conductor wire
      composed of an aluminium alloy consisting of between 98.0 and 99.5 weight
      percent aluminium; between 0.3 and 1.0 weight percent iron; between 0.16
      and 1.2 weight percent silicon; and trace quantities of conventional
      impurities, provided with at least one covering layer of insulating
      material and, enclosing the insulated conductor or insulated conductors,
      an outer protective sheath.
NUM  9.
PAR  9. An electric cable comprising at least one conductor, the conductor or at
      least one of the conductors comprising at least one conductor wire
      composed of an aluminium alloy consisting of between 98.0 and 99.5 weight
      percent aluminium; between 0.4 and 0.6 weight percent iron; between 0.3
      and 1.0 weight percent silicon; and trace quantities of conventional
      impurities, provided with at least one covering layer of insulating
      material and, enclosing the insulated conductor or insulated conductors,
      an outer protective sheath.
NUM  10.
PAR  10. A telecommunication cable comprising a multiplicity of insulated
      conductors, each conductor comprising a conductor wire composed of an
      aluminium alloy consisting of between 98.0 and 99.5 weight percent
      aluminium; between 0.3 and 1.0 weight percent iron; between 0.16 and 1.2
      weight percent silicon; and trace quantities of conventional impurities,
      and a waterproof sheath enclosing the insulated conductors.
NUM  11.
PAR  11. A telecommunication cable comprising a multiplicity of insulated
      conductors, each conductor comprising a conductor wire composed of an
      aluminium alloy consisting of between 98.0 and 99.5 weight percent
      aluminium; between 0.3 and 1.0 weight percent iron; between 0.16 and 1.2
      weight percent silicon; and trace quantities of conventional impurities, a
      waterproof sheath enclosing the insulated conductors and, filling the
      interstices between these insulated conductors and between them and the
      cable sheath from end to end of the cable length, a water-impermeable
      medium of a grease-like nature.
NUM  12.
PAR  12. A telecommunication cable as claimed in claim 11, wherein the
      insulation of each conductor is a plastics material of cellular form.
NUM  13.
PAR  13. An overhead electric conductor comprising at least one stranded layer
      of wires, wherein at least some of the wires are composed of an aluminium
      alloy consisting of between 98.0 and 99.5 weight percent aluminium;
      between 0.3 and 1.0 weight percent iron; between 0.16 and 1.2 weight
      percent silicon; and trace quantities of conventional impurities.
NUM  14.
PAR  14. An overhead electric conductor comprising a core of metallic elements
      of high tensile strength and, surrounding the core, at least one stranded
      layer of wires each composed of an aluminium alloy consisting of between
      98.0 and 99.5 weight percent aluminium; between 0.3 and 1.0 weight percent
      iron; between 0.16 and 1.2 weight percent silicon; and trace quantities of
      conventional impurities.
PATN
WKU  039393003
SRC  5
APN  5521831
APT  1
ART  213
APD  19750224
TTL  Frameless damping spacer with close coil spring
ISD  19760217
NCL  15
ECL  1
EXP  Askin; Laramie E.
NDR  5
NFG  9
INVT
NAM  Hawkins; Ronald G.
CTY  Massena
STA  NY
ASSG
NAM  Aluminum Company of America
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  174 42
XCL  174146
XCL  188  1B
XCL  403111
XCL  403117
XCL  403162
XCL  403170
XCL  403229
EDF  2
ICL  H02G  714
ICL  H02G  712
FSC  174
FSS  40 R;42;146
FSC  188
FSS  1 B
FSC  267
FSS  47;48;135;136;137;141;155
FSC  403
FSS  64;111;113;117;120;162;170;174;175;178;217;218;229
UREF
PNO  2587168
ISD  19520200
NAM  Kessler
OCL  403117
UREF
PNO  3617609
ISD  19711100
NAM  Tuttle
OCL  174 42
UREF
PNO  3777047
ISD  19731200
NAM  Rawlins
OCL  174 42
FREF
PNO  954,710
ISD  19640400
CNT  UK
OCL  174146
FREF
PNO  1,084,102
ISD  19670900
CNT  UK
OCL  174146
LREP
FR2  Strickland, Esq.; Elroy
ABST
PAL  A device for spacing overhead, parallel subconductors of a conductor bundle
      and for damping vibrations of the subconductors. The device comprises
      rigid, elongated arms pivotally connected to each other by a rigid means
      at one end of each arm, with the other end of each arm being radially
      spaced from the rigid means and provided with a clamp for attaching the
      arm to a subconductor. Resilient damping devices, such as close coil
      springs, are secured in the arms at a location adjacent the rigid means
      pivotally connecting the arms to each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a damping spacer for overhead
      conductors, and particularly to a compact damping spacer that has no
      central frame, is economical to manufacture, is light in weight, and
      requires a minimum of parts and material.
PAR  There are presently available a large variety of devices for spacing
      overhead, parallel conductors and for damping vibrations and oscillations
      of such conductors. However, all of these devices have certain
      disadvantages that the damping spacer of the present invention does not
      have. Many of the presently available damping spacers, for example, employ
      a central frame on which conductor clamps are mounted, as a part of the
      structure designed to effect spacing of the conductors, and stop or motion
      limiting means associated with the frame and clamps for protecting damping
      elements of the spacer from excessive forces that may be encountered in
      overhead bundle conductors. The clamps of these devices usually have
      relatively short arms, and are often connected to the frame only through
      the agency of the damping elements so that the damping elements are
      required to support the weight of the frame. This tends to reduce the life
      and damping efficiency of the damping elements.
PAR  The use of a frame and certain motion limiting means is costly in that the
      components involved, and the process of assembling them, involves costs
      that are reflected in the ultimate selling price of the spacer. Further,
      the short arms of the clamps do not provide a sufficiently effective lever
      for working rather stiff, high tensile strength damping elements that are
      employed because of their higher strength and longer life characteristics.
      Such elements require high thresholds of vibration energy before damping
      action is initiated in comparison to softer, shorter lived elements.
PAR  A further disadvantage of the frame type of spacer is the fact that mass
      and weight of the frame add to the overall weight of the spacer, which
      weight must be borne by the conductors to which the spacer is attached.
      Also, the additional weight involves additional cost in the process of
      shipping and transporting such spacers.
PAR  Examples of damping spacers employing a central frame and relatively short
      clamp arms are shown in U.S. Pat. Nos. 3,083,258, 3,443,019, 3,474,184,
      3,613,104, 3,748,370 and 3,777,047. Examples of spacers in which damping
      elements support the weight of a frame are shown in the above U.S. Pat.
      Nos. 3,083,258, 3,443,019, 3,748,370, 3,777,047, as well as in U.S. Pat.
      Nos. 3,582,983, 3,617,609 and 3,702,371.
PAR  Another problem encountered with certain of the presently available damping
      spacers is the inability of the arms of the spacers to return to their
      original, normal position after the arms are moved in response to
      conductor motion. The large power authorities, such as the Tennessee
      Valley and Bonneville Power Authorities, generally require that the spacer
      arms of a spacer return to a normal position under their own effort.
      Damping spacers using friction discs as the damping elements, for example,
      either depend upon the return movement of the conductors to return the
      spacer arms to their normal, original position, or a spring element is
      required to return the arms. Further, a spring element is required to
      compensate for wear of the friction disc. A damping spacer using such
      friction discs and spring elements is shown in U.S. Pat. No. 3,474,184,
      listed above. In FIGS. 4 and 5 of British Pat. No. 1,084,102, a damping
      spacer is shown in which friction discs are used without a spring element
      to return the spacer arm to a normal position. Spring elements, however,
      are used to preload the friction discs against the arms of the spacer in
      the British patent.
PAR  Another disadvantage of some presently available and prior devices for
      spacing conductors is the inability of these devices to insure spacing of
      the conductors under severe, short circuit conditions. Short circuits on a
      conductor bundle involve flows of heavy current through the conductors
      that generate a corresponding strong magnetic field component that directs
      the conductors rapidly inwardly in a straight line toward the geometric
      center of the bundle, and thus toward each other. Unless a rigid spacing
      structure is provided to directly resist these forces, the conductors will
      come together and become entangled with one another.
PAR  A central, rigid frame, used in the type of spacer discussed above, is
      helpful in this regard but suffers from the disadvantages of frame type
      spacers discussed above. U.S. Pat. No. 3,230,295 shows a conductor spacing
      device that would function as an effective spacer under short circuit
      conditions, if constructed of suitably rigid, high strength materials but
      the device is not an effective damper of conductor vibration or
      oscillation since it does not employ a mechanism that is capable of
      dissipating the energy of such vibration or oscillation in any significant
      manner.
PAR  A further problem with certain, presently available damping spacers is the
      heavy stresses and cycling imposed upon the damping elements of the
      spacers by "articulation" of the spacer within a bundle of conductors.
      Individual conductors in a span of a conductor bundle tend to move
      relative to one another in a lengthwise or longitudinal direction of the
      conductors due to unequal contraction and stretching of the conductors,
      and due to the wind blowing across the conductors at velocities that bow
      the conductors in the direction of the wind by different amounts. These
      relative conductor movements and bows are large and thus cause any spacers
      clamped to the conductors to articulate within the bundle by corresponding
      large amounts. If the clamps clamping the spacer in the bundle are
      connected to a frame of the spacer through the agency of the damping
      elements, the damping elements are heavily worked and stressed by such
      articulation, such heavy working greatly shortening the life of the
      damping elements. This is true even when resilient bushings are employed
      between the spacer clamps and the conductors. In order for such bushings
      to effectively protect the damping elements from such articulating
      movements, and the resulting heavy stresses, the bushings would have to be
      soft to the point that they would not effectively grip the conductor.
      Examples of damping spacers in which the damping elements of the spacers
      would be unprotected from such articulation stresses are shown in the
      above listed U.S. Pat. Nos. 3,582,983 and 3,702,371. An example of a
      spacer particularly designed to provide articulation movements within the
      spacer is shown in U.S. Pat. No. 3,263,021. Such a structure, however,
      provides little or no damping of conductor vibration or oscillation.
PAR  Another problem associated with presently available damping spacers is the
      general inefficiency of the mechanism associated with the spacers that
      provides the damping function. For example, the damping means associated
      with frame type spacers generally work independently of each other in
      damping vibration of one conductor of a bundle of conductors so that only
      one damping element is operable to dampen the vibration, the other
      elements remaining inactive and unused.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Broadly, the present invention is directed to a damping spacer that does
      not have the disadvantages of the spacers discussed above and has,
      therefore, the advantages of being light in weight, economical to make,
      rigid in the direction of the forces produced by short circuits on a line
      so as to resist collapse of the spacer and the bundle, and efficient in
      damping oscillations and vibrations of the conductors. These advantages
      result from a frameless spacer structure comprised simply of rigid spacer
      arms pivoted to each other at one end of each arm by means of a single pin
      or bolt, for example, with the arms extending radially outwardly from the
      location of their pivoted ends to respective conductors of a bundle, the
      arms having clamps at the conductor ends for clampling to respective ones
      of the conductors. Damping oscillation or vibration of one or more of the
      conductors is efficiently effected by the translation of the turns of a
      close coil helical spring or the shear of a viscoelastic body when a
      conductor vibrates, the spring or body being secured between the arms of
      the spacer and a plate member, in certain embodiments of the invention,
      secured to the arms at the location of the pivot. The translation of the
      turns of the spring or the shear of the viscoelastic body is sufficient to
      generate heat which is dissipated to the atmosphere, the dissipation of
      heat being effective to dissipate the energy of the motion of a conductor.
      Since the arms of the spacer are rigid and radiate outwardly from a center
      location of a conductor bundle, spacing of the conductors is assured under
      short circuit conditions, the forces generated by such conditions being in
      line with the rigid arms which directly oppose these forces. With such a
      structure and function, no frame is necessary and no motion limiting means
      is needed to protect the damping element from such forces, though such a
      means can be inexpensively provided in a manner explained in detail
      hereinafter. Rather, the rigid pin at the pivot location receives the
      forces generated by such short circuiting, as well as receiving other
      forces and stresses, such as caused by articulating movements of the
      spacer. When the conductors are motionless, for example, the spring or
      viscoelastic body is free of the weight of the spacer and the resulting
      stress, the life of the spring or body being thereby lengthened and the
      damping efficiency thereof maintained.
DRWD
PAC  THE DRAWINGS
PAR  The invention, along with its advantages and objectives, will be better
      understood from consideration of the following detailed description and
      the accompanying drawing in which:
PAR  FIG. 1 is a side elevation view of a three conductor damping spacer of the
      invention;
PAR  FIG. 2 is a sectional view of the structure of FIG. 1 taken along line
      II--II of FIG. 1;
PAR  FIG. 3 is a sectional view of an alternative clamp arm and hub structure of
      the invention providing an adjustable feature;
PAR  FIG. 4 is a side elevation view of another embodiment of the invention;
PAR  FIG. 5 is a sectional view of the structure of FIG. 4 taken along lines
      V--V of FIG. 4; and
PAR  FIG. 6 is an elevation view of yet another embodiment of the invention;
PAR  FIG. 7 is an elevation view of still another embodiment of the invention;
PAR  FIG. 8 is a partial vertical section of the embodiment of FIG. 7 taken
      along lines VIII--VIII of FIG. 7; and
PAR  FIG. 9 is an elevation view of an embodiment of the invention using leaf
      springs as a damping mechanism.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawing, FIG. 1 of the drawing shows a damping spacer
      10 having three, elongated, rigid spacer arms 12, 14 and 16 connected
      together at one of their ends and at or adjacent a common, central
      location of the spacer by a rigid pin 18 extending through aligned
      openings 20 (FIG. 2) provided in overlapping end portions of the spacer
      arms. Preferably, pin 18 is riveted at each of its ends to secure the arms
      together, thereby eliminating the use of threaded fasteners which may
      become loose under the vibrating conditions encountered by the spacer. The
      securing function is effected by a flange portion 19 formed on each end of
      the pin when the pin is riveted. In FIG. 2, metal washers 21 are shown
      located immediately beneath the flange portions and around the pin, and
      second, heat resistant washers 22 are located beneath the metal washers,
      as well as between the spacer arms.
PAR  The diameter of the openings 20 in the arms corresponds closely to the
      diameter of pin 18, the openings providing the arms with bearing surfaces
      that fit closely or snugly around pin 18. However, the snug fit is such
      that the arms are allowed to pivot relatively on and about the pin when
      the conductors to which the arms are attached undergo oscillation or
      aeolian vibration.
PAR  As best seen in the view of FIG. 2, one of the three arms (arm 14) is
      located between two outside arms (12 and 16), the two outside arms being
      preferably offset to place the major extent of the three arms in planes
      closely approximating a common plane. The offsets of the outside arms
      provide relatively deep, opposed recesses or cavities 23 in the outside
      arms, which recesses accommodate therein the end of the center arm.
PAR  The spacer arms are each provided with a further recess 24 located closely
      adjacent to but radially spaced from the recesses 23. The recesses 24 face
      in the direction of a plate member 26 located in general parallel
      arrangement with the spacer arms, the plate member being connected to the
      arms by pin 18 extending through an opening 27 provided in the member and
      located in alignment with the openings 20 in the arms. The plate member is
      provided with integral cups 29, the cups providing recesses 28 in the
      plate. The number of such cups and recesses correspond to the number of
      spacer arms, and are radially spaced from the center of the plate member
      such that the cup recesses can be aligned with the recesses 24 in the arms
      when the plate member is connected to and centered on the arms by pin 18.
      In this manner, the recesses in the arms and plate members form opposed
      recesses for receiving and holding damping elements between the opposed
      recesses in a manner presently to be explained.
PAR  As best seen in FIG. 2, close wound helical coil springs 30 are located
      between and extend into each of the opposed recesses 24 and 28, the axes
      of the springs being generally parallel with the axis of pin 18 and with
      each other, and perpendicular to the general planes and axes of the spacer
      arms. The diameters of the end portions of the springs closely approximate
      the diameters of the recesses 24 and 28 so that the springs are held
      firmly in place by the walls of the recesses. However, the longitudinal
      center portion of each spring is free of the walls of the recesses so that
      the helical turns of the springs in this center portion are free to slide
      relative to one another as the mechanism for damping conductor vibration
      in a manner explained in detail hereinafter. The coils of the end portions
      of the springs located within the recesses 24 and 28 will not, of course,
      be free to slide so that these portions may include open wound turns, as
      shown in FIG. 2.
PAR  In place of the coil springs 30, or in combination therewith, a
      viscoelastic body or bodies having the same, general dimension and
      configuration as the springs 30, may be used as the damping elements in
      the manner explained hereinafter in connection with another embodiment of
      the invention.
PAR  At the end of each of the spacer arms 12, 14 and 16 opposed to the ends
      connected together by pivot pin 18 is located means 35 for clamping each
      arm to a respective sub-conductor 36 of a three conductor bundle, one-half
      of each clamping means being fabricated preferably as an integral part of
      its associated arm, as indicated in FIG. 1. The arms and integral clamp
      halves, for example, may be formed by a casting of forging process using a
      suitable aluminum alloy to provide a device that is light in weight yet
      has a rugged high strength characteristic. The clamp halves may directly
      engage the conductors 36, or, the curved seats of the clamp halves may
      contain bushing halves 37 (FIG. 1) made of a semiconducting, resilient
      material.
PAR  The plate member 26 may be further provided with three, curved, integral
      projections 40 extending in the direction parallel but opposed to cups 29
      so that the projections are located between the springs 30. In FIG. 2,
      only one of the projections is visible and is shown in vertical section.
      In FIG. 1, the three projections are indicated in dash outline. These
      projections function as a means to limit relative motion of the arms and
      thereby protect coil spring 30 from excessive conductor movements in a
      manner explained hereinafter.
PAR  The operation of the damping spacer of FIGS. 1 and 2 is as follows. With
      the movement of one of the conductors 36 in the general plane of the
      spacer 10, as would occur with air currents causing aeolian vibration or
      oscillation of the conductor, the spacer arm associated with the moving
      conductor pivots on pin 18 and rotates to set all three of the springs 30
      in motion in a united, team effort to dampen the conductor motion. This is
      the result of the unique structure of the spacer 10, and is explained in
      the following manner. With a vertical, downward motion of the conductor
      associated with arm 16 in FIG. 1, for example, which motion would occur
      with the conductor undergoing aeolian vibration, the arm 16 is moved in a
      downward direction as it pivots about pin 18. The downward movement of the
      arm translates the portion of the spring in the recess 24 of the arm
      relative to the portion of the spring held in cup 29 of plate 26 in a
      direction perpendicular to the axis of the coil. The translation of this
      spring, however, tends to rotate plate 26 with respect to the other two
      spacer arms (12 and 14) such that the springs associated with these arms
      are also translated in the manner of the first spring. When the downward
      movement of the conductor associated with arm 16 stops and the conductor
      begins its vertical rise (in the aeolian cycle), the above order of arm
      and spring movements is reversed. The translation of the springs slides
      the turns or coils of the springs that are free of the recesses 24 and 28
      relative to each other so that heat is generated by the resulting
      friction. This heat is quickly dissipated to the spacer arms and plate
      member, and to the atmosphere thereby dissipating the energy received by
      the conductor from the air currents causing vibration of the conductor,
      the air currents themselves helping to carry away the heat generated by
      the friction between the spring turns. With all three coil springs working
      in this manner for any one (or more) vibrating conductor, the vibration is
      rapidly stopped. The efficiency and effectiveness of such a damping
      function is in sharp constrast with that of a frame-type of spacer in
      which associate clamp arms and damping elements are generally separately
      mounted and pivoted. With such a structure, only the damping element
      directly associated with the vibrating conductor is generally operable to
      dampen the vibration.
PAR  The spacer 10 provides further damping action by the sliding friction that
      takes place between the bearing surface 20 of a moving spacer arm and the
      rounded surface of pin 18, the resulting heat being dissipated into the
      arm and pin and to the atmosphere to dissipate the energy of vibration.
PAR  With the relative rotational movement of the spacer arms about pin 18
      caused by conductor vibration, sliding friction also occurs between the
      heat resistant washers 22 and the flat surfaces of the arms and plate
      member in contact with the washers. Such friction provides additional
      damping action, as the heat generated by the friction is dissipated into
      the arms and to the air currents moving past the spacer.
PAR  The damping action described above in connection with aeolian vibration is
      similarly effective to dampen oscillations of a conductor 36, which
      oscillation involves a generally circular or elliptical motion about the
      axis of the conductor at rest, such a motion tending to simultaneously
      place all three of the coil springs 30 in damping motion.
PAR  Under conditions that might cause violent, excessive movements of the
      conductors 36, by hurricane winds, for example, it is preferable that the
      damping springs by protected from the resulting excessive movement of the
      spacer arm or arms associated with the moving conductors. This is
      accomplished by the projections 40 on plate member 26, the projections
      serving to stop relative rotation of the spacer arms when an arm abuts
      against one of the projections. Thus, if the conductor 36 associated with
      arm 16 moved an excessive amount about pin 18, arm 16 moves into contact
      with the projection 40 that lies in the direction of the arm movement. In
      this manner, the damping springs are protected from excessive movement of
      a conductor and its associated spacer arm.
PAR  In addition, any impact occurring between projections 40 and the spacer
      arms is effective to at least assist in dissipating the energy of the
      conductor motion in the form of heat.
PAR  The projections 40 are an inexpensive stop and impact damping means to
      provide since they can be conveniently formed when the plate member 26 is
      made, by a casting or forging process, for example.
PAR  With spacer 10, while the arms of the spacer are at rest, the damping
      elements (springs 30) are free of stress, there being no frame or other
      structure to be supported by the elements. In this manner, the life of the
      springs and their effective operation as the damping mechanism are
      extended. Yet, since the springs 30 are resilient elements and retain the
      memory of their original, at rest position, the springs return the arms of
      the spacers and the associated conductors 36 to a normal, original
      position when the conductors are moved from their normal position by any
      substantial amount.
PAR  Further, the clamp arms of spacer 10 are relatively long such that they
      provide substantial leverage (over the short arm extensions of some prior
      damping spacers) that is more effective in placing relatively heavy or
      stiff damping elements in shear. Thus, the spacer of the present invention
      can be provided with a greater threshold of damping action in comparison
      to those devices providing small leverage on the damping mechanism, with
      the added advantage of the higher tensile strengths that is a
      characteristic of such elements.
PAR  As explained earlier, with certain prior damping spacers, articulation of
      the spacer within a bundle, which is due to large, longitudinal movements
      of the conductors involved, places heavy stresses on the damping elements.
      In the present invention, the close, snug fit existing between the rigid
      pin 18 and the rigid, pivot ends of the spacer arms prevents the damping
      elements 30 of spacer 10, from being worked and stressed by such
      articulation. Rather, in the spacer of FIGS. 1 and 2, articulation
      stresses are absorbed by the thick resilient bushings 37 provided in the
      clamps 35 of the spacer arms. In the case where the clamps 35 directly
      engage the conductors, the spacer arms can then be resiliently spaced
      apart on the pivot pin 18 to permit relative movement of the arms along
      the pin for the purpose of accommodating relative longitudinal movements
      of the conductors.
PAR  Another advantage of the damping spacer of the invention is associated with
      the location of the spacer arms and pivot pin 18 and their relation to the
      general center location of the spacer. As discussed earlier, short
      circuits on a line generate forces that are directed inwardly to the
      center of the bundle such that the conductors are forces toward the center
      and thus toward each other. Since the pivot pin and arms of the spacer of
      the invention are rigid, and since the arms extend directly into the
      center of the bundle when installed in the bundle, and to the pin, the
      arms and pin are directly in line with such forces such that these forces
      are easily and directly resisted by the structural column of the arms and
      by the pin. In this manner, the conductors of the bundle are prevented
      from coming together when a short circuit occurs on the bundle. The size
      and material of the arms and pin are such that their strength is
      sufficient to handle the shear and compression forces that act on the pin
      and arms. In addition, since such inwardly directed forces are in line
      with the rigid column of the arms and pin, the necessity for mechanical
      stop or motion limiting means to protect the damping elements from such
      forces is removed. Further, the spacer 10 is economical to manufacture in
      that only a minimum of simple, inexpensive components are required. As
      indicated earlier, no frame is required, and the spacer arms, plate member
      and clamps are easily cast or forged. The coil springs, the pin, and the
      washers associated with the pin and arms are relatively inexpensive
      components that are readily assembled enabling manufacture of the spacer
      of the invention on a mass-produced basis, the consequent unit cost of the
      spacer being quite low. This, coupled with the fact that the minimum
      number of components involved provides a light weight device, providing
      further economies in shipping and handling the device, makes the damping
      spacer 10 economically attractive over heavier, more costly and more
      complicated spacing devices while simultaneously providing a structurally
      sound and rugged device.
PAR  The damping effort provided by the spacer of FIGS. 1 and 2 can be
      conveniently and inexpensively made adjustable by providing the clamp arms
      of the spacer with a plurality of recesses 24 and the opposed plate member
      26 with a corresponding plurality of recesses 28, as shown in FIG. 3, the
      recesses in the arms being spaced apart lengthwise of the arms between the
      pivot and clamp ends of the arms. The recesses in the plate member are
      located in radially extending rows. The plurality of recesses in each of
      the arms and in the plate member of FIG. 3 are sized in the cross section
      of a damping element, such as the coil springs 30 shown in FIG. 3, adapted
      to provide the necessary damping of a line. In this manner, the damping
      elements are snugly received and held in appropriate ones of the recesses.
      By locating the damping element in an appropriate one of the recesses of
      the arm or arms and plate member when the spacer 10 is assembled, an arm
      or arms of a predetermined lever length, having a predetermined mechanical
      advantage, is chosen for effecting translation of the associated damping
      elements.
PAR  For example, by locating a damping element near the clamp end of the arm, a
      relative short lever is provided to work the damping element, whereas,
      with the damping element located near the pivot pin 18 of spacer 10, a
      larger lever is provided to translate the damping element, the difference
      in levers providing a corresponding difference in the amount of force and
      energy required to translate the damping element.
PAR  In FIGS. 4 and 5 of the drawings, a damping spacer embodiment 44 is shown
      in which the plate member of the embodiment of FIGS. 1 and 2 is not
      required, and which utilizes only two close wound, helical springs (45 and
      46) to provide damping in a three conductor bundle spacer. (Applying the
      principles of FIGS. 4 and 5 to a two conductor bundle spacer, only one
      damping spring would be required.)
PAR  More particularly, spacer 44 is similar to the spacer of FIGS. 1 and 2 in
      that it employs three rigid, spacing columns, in the form of clamp arms
      12, 14 and 16, pivotally connected to each other at or adjacent a central
      location of the spacer by a rigid pin 18, with clamps 35 radially spaced
      from the central location for attaching the spacer to the parallel
      conductors 36.
PAR  As best seen in sectional view of FIG. 5, two close coil springs 45 and 46
      are located in recesses 48 provided in the pivot ends of the clamp or
      spacer arms, the springs and recesses being preferably concentric with
      openings 20 provided in the arms, and pivot pin 18 extending through said
      openings. The springs 45 and 46 are axially aligned with each other, with
      opposed ends of the springs having straight extensions 49 extending into
      narrow openings 50 provided in the arms, the extensions and openings
      extending in the axial direction of the springs and thus in parallel
      relation to pin 18.
PAR  The spacer of FIGs. 4 and 5 functions in a manner similar to that described
      above in connection with spacer 10 except that sliding friction between
      adjacent turns of springs 45 and 46 occurs with relative rotation of the
      turns caused by the relative translation of end extensions 49 of the
      springs when one of the spacer arms moves relative to the other.
PAR  The structure of FIGS. 4 and 5 is an inexpensive damping device to make
      since it requires a minimum of inexpensive parts, including only two
      damping springs for stopping the vibrations encountered in a three
      conductor bundle spacer.
PAR  As indicated earlier, aeolian vibration of an overhead conductor occurs in
      an essentially vertical plane such that, with a rigid clamp arm of a
      spacer connected to a conductor located directly vertically beneath or
      above the center of the spacer and its pivot pin, the arm is not compliant
      in the vertical direction to effect movement of the damping element
      associated with the arm, though the spacer itself is compliant since the
      arms not extending in a vertical direction will tend to pivot about the
      pivot pin with vertical movement of the vertical arm. FIG. 6 of the
      drawings shows an embodiment of the invention in which the arm of a clamp
      60 clamped to a conductor 61 located in vertical alignment with a pivot
      pin 62 is curved to locate a damping element 64, associated with the arm,
      in a position that is offset from and out of vertical alignment with the
      pivot pin 62 and the conductor 61. In this manner, with vertical, aeolian
      vibration of conductor 61, the curved arm pivots about pin 62 and thereby
      effects movement of the damping element 64, and, through associated plate
      member 65, effects movement of the damping elements 66 respectively
      associated with straight clamp arms 67, to stop the vibration of the
      conductor by dissipating the energy of the vibration in the form of heat.
      The plate member, the clamp arms and the damping elements in the
      embodiment of FIG. 6 are secured together in the manner described above in
      connection with the embodiment of FIGS. 1 and 2.
PAR  In FIGS. 7 and 8 of the drawings, an embodiment of the invention is shown
      in which a unitary arm structure 70 provides two spacer arms 71 and 72 of
      a conductor bundle spacer, with a third spacer arm 74 being pivotally
      connected to the unitary structure at a location 18 intermediate clamp
      ends of the unitary structure.
PAR  The unitary structure 70 and the third arm 74 are resiliently connected
      together by a damping element 75 located between the third arm and an
      integral extension 76 of structure 70, the integral extension extending to
      a location that overlaps the third arm and a depression or recess 77 (FIG.
      8) provided in the third arm for receiving one end of damping element 75.
      In FIG. 8, the damping element is shown as a viscoelastic body, though a
      close would spring can be used in place thereof. The extension 76 is
      similarly provided with a recess 78 dimensioned to receive the other end
      of the damping element 75, as best seen in FIG. 8, the recesses 77 and 78
      being aligned with each other in the manner of the structure shown in FIG.
      2.
PAR  The operation of the spacer of FIGS. 7 and 8 is similar to that described
      above in connection with FIGS. 1 and 2, except that only one damping
      element is available for dissipating the energy of conductor vibration.
      Where such a single damping element is sufficient, device of FIGS. 7 and 8
      provides a light weight, compact and inexpensive damping spacer since only
      two arm components and a single damping element are used to provide
      damping and spacing for a three conductor bundle.
PAR  FIG. 9 of the drawings shows a damping spacer 80 in which leaf springs 82
      are employed to resiliently connect together spacer arms 84 of a damping
      spacer, the ends of the longest of the leaves extending into integral
      bosses 85 of the arms. Conductor vibration and oscillation are damped by
      inter-leaf friction of springs 82 occurring with relative movement of the
      arms (about a pivot location 18 of the arms) the operation of spacer 80
      being otherwise the same as that described above in connection with the
      embodiment of FIGS. 1 and 2.
PAR  While the invention has been described in terms of preferred embodiments,
      the claims appended hereto are intended to encompass all embodiments which
      fall within the spirit of the invention.
CLMS
STM  Having thus described my invention and certain embodiments thereof, I
      claim:
NUM  1.
PAR  1. A frameless damping spacer for overhead conductors comprising at least
      two elongated, rigid, spacer arms pivotally connected to each other at one
      of their ends adjacent a central location of the spacer, rigid pin means
      pivotally connecting the one end of said arms to each other, conductor
      clamps respectively located at the other ends of said arms remote from
      said central location for connecting the arms to respective overhead
      conductors, with each conductor clamp having a groove for receiving one of
      the conductors, and resilient damping means resiliently connecting the
      arms together, said resilient damping means having a longitudinal axis
      extending in a direction substantially perpendicular to the longitudinal
      axes of the spacer arms, and generally parallel to the axes of the grooves
      of the conductor clamps.
NUM  2.
PAR  2. The damping spacer of claim 1 in which the resilient damping means
      comprises a close wound, helical spring having adjacent helical turns
      adapted to slide one relative to the other with relaive motion or rotation
      of the spacer arms about the rigid pin means pivotally connecting the arms
      to each other.
NUM  3.
PAR  3. The damping spacer of claim 2 in which the close wound spring is held
      against rotation relative to the spacer arms by end extensions of the
      spring extending respectively into openings provided in each of the spacer
      arms.
NUM  4.
PAR  4. The damping spacer of claim 1 in which the resilient damping means is a
      body of viscoelastic material having a longitudinal axis extending in a
      direction substantially perpendicular to the longitudinal axes of the
      spacer arms.
NUM  5.
PAR  5. The spacer of claim 1 in which the spacer arms are disposed in
      overlapping relationship with one another at the central location, and are
      respectively provided with openings that are aligned with one another, the
      rigid pin means pivotally connecting the arms to each extending through
      said aligned openings.
NUM  6.
PAR  6. The spacer of claim 5 in which the diameters of the rigid pin means and
      the aligned openings in the arms are substantially the same.
NUM  7.
PAR  7. The spacer of claim 5 in which the resilient damping means comprises a
      close wound helical spring, with the rigid pin means extending through
      said spring.
NUM  8.
PAR  8. The damping spacer of claim 1 including a plate member connected to the
      spacer arms by the rigid pin means pivotally connecting the arms to each
      other, with the resilient damping means extending between the plate member
      and each of the arms at locations spaced from the rigid pin means along
      the axes of the spacer arms and in a direction perpendicular to the plate
      member and arms.
NUM  9.
PAR  9. The spacer of claim 8 in which the spacer arms and the plate member are
      provided with opposed recesses receiving opposed ends of the resilient
      damping means.
NUM  10.
PAR  10. The damping spacer of claim 9 in which the resilient damping means
      includes a close wound, helical spring having an open wound, helical end
      portion extending into a recess of the plate member.
NUM  11.
PAR  11. The spacer of claim 8 in which one of the spacer arms is curved to
      locate the resilient damping means associated therewith at a position that
      is offset from vertical alignment with the central location of the spacer.
NUM  12.
PAR  12. The spacer of claim 8 in which the spacer arms and the plate member are
      provided with a plurality of recesses, the recesses in the arms being
      spaced apart lengthwise of the arms.
NUM  13.
PAR  13. The spacer of claim 1 including at least three spacer arms for spacing
      at least three parallel conductors, with two of said spacer arms being a
      unitary structure pivotally connected to a third arm.
NUM  14.
PAR  14. The structure of claim 13 in which the unitary arm structure is provide
      with an integral extension extending to a location on the third arm that
      is radially spaced from the central location of the spacer, with the
      resilient damping means located between the third arm and the extension of
      the unitary arm structure.
NUM  15.
PAR  15. A frameless damping spacer for overhead conductors comprising at least
      two elongated, rigid spacer arms pivotally connected to each other
      adjacent a central location of the spacer, rigid means pivotally
      connecting the arms to each other at said central location, means located
      at the ends of said arms remote from said central location for connecting
      the arms to respective overhead conductors, and, a leaf spring extending
      between and resiliently connecting the arms together.
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ABST
PAL  A waterproof cable junction for connecting a number of service lines to a
      common cable. The junction provides a housing having a multi-line input
      cable and a plurality of single line output cables, the conductors of the
      input cable being spliced to the conductors of the output cables within
      the housing and the housing filled with a sealing or potting compound.
      Each of the output cables is of relatively short length with the outer end
      permanently sealed to prevent moisture from entering the housing through
      the free end of the outer cable. Preferably, the output cables are looped
      back so that the outer ends are brought back into the housing and sealed
      within the housing by the potting compound.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to cable junctions, and more particularly, to a
      permanently wired and sealed junction for connecting a multi-conductor
      cable to a plurality of single conductor cables.
PAC  BACKGROUND OF THE INVENTION
PAR  The trend in modern housing developments has been to run all utility
      service, including telephone lines, underground. Each phone line
      installation requires a line pair from the house out to a multi-line cable
      running along the property lines of the houses where a junction is
      required to tie the line pair into the cable. Some type of water-tight and
      air-tight junction box must be provided to allow a splicer to tie the
      service line from the house into the multi-line cable. If a customer at
      any time requires an additional line, the junction box must be opened up
      and a new service line spliced into the cable. This splicing operation has
      proven to be a source of trouble, resulting in higher installation and
      maintenance costs. Trouble may result either from the junction box not
      being properly sealed so that moisture is later able to enter or the
      splicing operation is not properly carried out.
PAR  Generally, the companies have hired trained personnel, called splicers, who
      handle the connection of service lines into a main multi-line cable,
      whereas, less highly trained personnel, referred to as installers, are
      used to install phone equipment at the subscriber's premises. In the past,
      equipment for connecting underground lines into an underground cable has
      required the skill of the splicer to be employed whenever additional
      service lines were to be added to the system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a pre-wired, permanently sealed
      junction for connecting one or more individual service lines into a main
      cable in an underground installation. Individual line connections can be
      made by an installer since access to the main cable is not required after
      initial installation and the unit remains sealed, thus avoiding the
      likelihood of moisture gaining access to the line connections.
PAR  This is accomplished, in brief, by providing a cable junction including a
      housing, a length of input cable having a plurality of conductor wires in
      the cable with one end of the cable extending into the housing, a
      plurality of short lengths of output cable, each cable having at least one
      pair of conductor wires. At least one end of the output cable extends into
      the housing. The respective conductive wires of the output cables are
      connected in the housing to conductor wires of the input cable, the
      connections being permanently sealed by a potting compound which fills the
      housing. The other ends of the lengths of output cable are also
      permanently sealed, either by terminating them inside a separate housing
      which is also filled with potting compound, or by looping the ends back
      into the same housing and sealing them in the same potting compound which
      seals the spliced connections with the input cable. The sealed ends of the
      output cables can later be cut to complete connection to a subscriber
      installation.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference should be made to
      the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a portion of a typical housing tract;
PAR  FIG. 2 is a cross-sectional view of one embodiment of the invention;
PAR  FIG. 3 is an end view of the cable junction of FIG. 2;
PAR  FIG. 4 is a view of the junction of FIG. 2 when it is installed; and
PAR  FIG. 5 shows an alternate embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown a portion of a typical housing tract
      having streets 10 and 12 with houses, such as indicated at 14 and 16,
      fronting on the street 10 and houses 18 and 20 fronting on the street 12.
      Telephone service to the houses is provided by a multi-line cable 22
      extending along the common rear property line in back of the houses. The
      cable 22 is laid in a trench and covered over. In a typical installation,
      the cable 22 provides a plurality of separate lines going back to the
      central exchange. When the owner of one of the housing units subscribes to
      a phone line, a line connection must be spliced into the cable 22 to
      provide a line going to the house. The various types of terminals for
      splicing into an underground cable are used for this purpose. See for
      example U.S. Pat. No. 3,435,124. However, each time an additional
      subscriber line is required, either for the same house or for an adjoining
      house, the terminal must be opened up and a new line spliced into the
      cable. This affords an opportunity for loss of an effective seal and
      involves the services of a highly skilled splicer.
PAR  According to the present invention, a cable splice terminal 24 is provided
      at the corner of four adjacent lots along the cable 22. A pre-wired
      junction assembly indicated generally at 26, hereinafter described in
      detail in connection with FIGS. 2-5, is spliced into the cable 22 through
      the terminal 24. The permanently wired junction assembly 26 has a
      plurality of output lines whose ends are permanently sealed. When an
      installer wishes to connect a line from a house to the cable, he merely
      cuts one of the output cables and connects it to a line going to the house
      to provide a single line connection. Until the output lines are cut, they
      remain permanently sealed, preventing any moisture from getting into the
      cable system. Once the junction assembly 26 is spliced into the cable 22,
      there is no need to unseal the terminal 24.
PAR  One embodiment of the junction assembly 26 is shown in FIGS. 2, 3 and 4. In
      this embodiment, a short length of input cable 28 is provided which enters
      a junction assembly housing 30 which is preferably in the form of a
      cylindrical length of rigid, tubular plastic material. The input cable 28,
      by way of example, includes six pairs of leads, providing service for up
      to six separate telephone lines. The outer end of the input cable 28 is
      provided with a removable plastic cap 32 to protect the end of the input
      cable until the junction assembly is installed. The input cable 28 enters
      the housing 30 through a central opening in a rubber grommet 34. The
      grommet is pressed into the end of the cylindrical tubing forming the
      housing 30 and forms a water-tight seal with both the input cable and the
      housing.
PAR  In addition to the central opening through which the input cable 28 passes,
      the grommet 34 is provided with six holes concentrically positioned around
      the center of the grommet through which the ends of six output cables,
      indicated at 36, extend. The lengths of output cable 36 each include one
      pair of leads to provide one connection to one telephone line. Pairs of
      leads of each of the output cables 36 are permanently spliced to
      corresponding pairs of leads from the input cable 28 within the housing
      30, as indicated at 38.
PAR  The grommet 34 is provided with a second group of holes whose centers are
      concentrically located outside the first group of holes. The outer lengths
      of output cable 36 are looped around and inserted through these outer
      holes to form six closed loops. The end of the input cable 28, as well as
      both ends of the output cables 36, are placed through the grommet 34 to
      provide a permanent seal between the housing and the respective lengths of
      cable. Spliced connections between the input length of cable and the
      respective output cables are made with the housing 30 by conventional
      solderless connectors 38. The spliced connections are only made between
      one end of the output cable and the input cable, the other end of the
      output cable terminating in an open end within the housing 30. Once the
      spliced connections are made, the interior of the housing 30 is filled
      with a suitable sealing material, such as a potting compound, which
      permanently seals off the spliced connections and the open ends of the
      respective lengths of cable. Thus the junction assembly as shown in FIGS.
      2 and 3 forms a permanently wired, permanently sealed junction assembly.
PAR  The junction assembly 26 is installed by a splicer who removes the
      protective cap 32 and connects the end of the input cable 28 into the
      terminal 24 where the respective leads are spliced into the appropriate
      conductors within the main cable 22. This completes the job of the
      splicer. The entire junction assembly 26, along with the terminal 24, can
      be buried in the earth and it forms a completely waterproof connection to
      the cable 22.
PAR  When an installer wishes to connect a line into one of the houses, he
      selects one of the output cables 36 from the junction assembly 26. Each of
      the output lines is appropriately identified, as by means of a metal tag
      40 having a stamped identification number on it, so that the installer can
      select the correct line assigned to the subscriber by the telephone
      company. Then the installer cuts the output cable where the looped end
      enters the outermost hole in the grommet 34. The severed end of the output
      cable, as indicated at 36", remains sealed in the grommet so that the
      interior of the housing 30 remains sealed against air and moisture. The
      remaining length 36' of the severed output cable is then connected to a
      cable 42 going to the subscriber's premises through a standard line
      splicing unit 44, such as the type described in U.S. Pat. No. 3,458,649.
PAR  While the arrangement described above in connection with FIGS. 2, 3 and 4
      is the preferred embodiment, the output cables may be terminated in a
      separate housing rather than being looped back and terminated in the same
      housing. As shown in the modification of FIG. 5, the output cables 36 have
      their outer ends terminated in a separate housing 44. The ends of the
      cables 36 are immersed in a potting compound within the housing 44 to
      permanently seal off the ends of the cables. When a particular output
      cable is selected for connection to a house by the installer, he cuts the
      cable adjacent the point where it enters the housing 44. The cut end of
      the cable 36 can then be connected to a service line to the house in the
      same manner described above in connection with FIG. 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cable junction for providing connection between a multi-line telephone
      cable and a plurality of service cables, comprising a housing, a single
      short stub length of input cable having a plurality of conductor wires in
      the cable, one end of the cable stub extending into the housing, a
      plurality of short lengths of output cables, each output cable having at
      least one conductor wire, one end of the output cables extending into the
      housing with the respective conductor wires being connected in the housing
      to the conductor wires of the input cable, sealing means filling the
      housing and permanently sealing the conductor wire connections, and means
      permanently sealing the other ends of the short lengths of output cable.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the last-named means includes a separate
      housing into which said other ends of the output cables are inserted, and
      sealing means filling the housing and permanently sealing said other ends
      of the output cables.
NUM  3.
PAR  3. Apparatus of claim 1 wherein the last-named means includes the same
      housing receiving the input cable, each individual length of output cable
      being formed in a loop outside the housing with both ends of each loop
      terminating inside the housing to permit both ends to be sealed by said
      sealing means within the housing.
NUM  4.
PAR  4. A method of making connections to a buried multi-line telephone cable to
      a plurality of service cables, comprising the steps of: prewiring a cable
      junction between one end of a single short length of multi-line cable stub
      and one end of a plurality of short length service cable stubs,
      permanently sealing the other end of the service cable stubs, splicing the
      single multi-line cable stub to the buried telephone cable, removing the
      sealed end of selected ones of the service cable stubs, and splicing the
      remaining portion of each of the selected service cable stubs to the
      service cables.
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ABST
PAL  Composite television signals are recorded in a spiral track or in a series
      of concentric circular tracks on a record disc. Line sequential signals
      are optically recorded in the radial direction on a record disc with one
      horizontal line interval of the composite television signals corresponding
      to the width of the record track, and with the successive line signals
      being arranged in the circumferential direction of the track. Pulse-time
      modulated video and audio signals are recorded as a series of depressions
      all having the same width and the same depth, and with the varying length
      between the adjacent depressions corresponding to the information signal.
      A video signal reproducing head is provided adjacent to the optical record
      disc for optically reproducing video signals from the tracks on the disc
      which is, during reproduction of the signals, rotated at an extremely low
      speed so as to facilitate the reliable tracking of the signal reproducing
      head in respect to the recorded tracks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a method and apparatus for recording
      and reproducing visual images or video signals, and more praticularly is
      directed to a method and apparatus for recording and reproducing such
      signals on a record medium which is in the form of a circular disc.
PAR  2. Description of the Prior Art
PAR  In the prior art, the most popular method of recording a video signal, such
      as a television signal or the like, is to record the same magnetically on
      a magnetic tape.
PAR  However, it is rather troublesome to reproduce the signal from a portion of
      the magnetic tape that is mid-way between its ends, and handling of the
      tape also creates problems. Further, the efficiency with which tapes can
      be reproduced from a master tape is low, and recording and reproducing
      apparatus for the magnetic tape is complex and expensive.
PAR  In order to avoid the above disadvantages, various methods have been
      proposed which use a recording disc as the recording medium on which the
      video signal is recorded in a spiral track. In one of these prior art
      methods, a recording disc with a highly reflective metallic layer is used,
      and a video signal, by way of example, is recorded in a spiral recording
      track. Along the length of this spiral recording track, there is formed a
      row or series of oblong depressions or pits. The oblong depressions are
      each the same in depth and width but vary in length and distance between
      adjacent depressions in response to the level of the video signal. In this
      case, the signal corresponding to, by way of example, one frame of the
      television signal is recorded in each circle or turn of the spiral
      recording track.
PAR  When the signal recorded on the above described recording disc is
      reproduced, the recording disc is rotated at high speed (1500 R.P.M.), the
      recording track is scanned by a light beam, such as a laser light beam, in
      the circumferential direction of the recording track, and the reflected
      laser beam is detected.
PAR  However, with the above recording method, the efficiency of utilization of
      the record disc for information recorded thereon is not very high, and
      consequently it is difficult to record on a single disc information, such
      as a wide band video signal, corresponding to a long time period. Further,
      since the recording disc must be rotated at high speed, uneven rotation of
      the recording disc is apt to produce jitter. Accordingly, the described
      prior art method requires the provision of a highly effective servo system
      for controlling the rotational speed and phase of the disc, and such a
      servo system is complex and expensive. In addition, controlling the
      tracking of the light beam on the recorded track is difficult and the
      mechanism required therefor is complicated.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of this invention is to provide an improved method
      and apparatus for recording and/or reproducing a signal, such as a video
      signal, on a record disc medium, and which avoids the above mentioned
      disadvantage of the existing methods using such a record medium.
PAR  Another object of this invention is to provide a method and apparatus for
      recording and/or reproducing a video signal on a record disc medium, and
      wherein the efficiency of utilization of the record disc medium is
      increased with less resultant interference between the signals recorded
      and reproduced in adjacent spiral or circular tracks, with the result that
      the recording and/or reproducing time of the signal on a record disc is
      prolonged.
PAR  Still another object of this invention is to provide a method and apparatus
      for recording and/or reproducing a video signal on a record disc medium
      wherein the rotational speed of the disc is greatly decreased, and
      accordingly the video signal recorded thereon can be reproduced without
      requiring a complicated tracking arrangement to align the scanning paths
      of the signal reproducing head relative to the recorded spiral or circular
      tracks.
PAR  A further object of this invention is to provide a method and apparatus for
      optically recording and/or reproducing a video signal on a reflective
      metallic disc, and wherein a pulse-phase modulated signal is recorded as a
      series of depressions all having the same width and depth with the
      depressions for one horizontal frequency period being arranged in the
      radial direction of the disc and the varying length or distance
      therebetween being sensed by an optical detector during reproducing of the
      recorded signal.
PAR  According to an aspect of this invention, upon recording a signal, such as
      a video signal, the successive turns of a spiral track or a series of
      concentric circular record tracks are formed on a record disc with a
      reflective metallic layer thereon in such a manner that the signal
      corresponding to one horizontal frequency period (that is, the time of one
      horizontal line) of, for example, a composite television signal, is
      recorded on the record track as a row of pits or depressions extending
      radially, that is, across the width of the track, after the signal is
      pulse-phase-modulated. The signals for successive horizontal line periods,
      each of which is formed as a radial row of pits or depressions, are
      sequentially recorded in the circumferential direction (the longitudinal
      direction of the record track) to form a vertical period signal.
PAR  Upon reproducing of the recorded signal, a light beam, such as a laser
      light beam which has relatively low scattering, is directed against the
      record track through apertures of a rotating optical shutter which are
      spread apart by a distance equal to the width of the record track, to
      carry out the sequential scanning of the rows of pits or depressions and
      to read out the recorded signal.
PAR  The above, and other objects, features and advantages of this invention,
      will be apparent in the following detailed description of illustrative
      embodiments which is to be read in connection with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of an optical recording disc having a
      spiral record track and showing a signal reproducing senser associated
      therewith in accordance with the prior art;
PAR  FIG. 2 is a schematic plan view of one embodiment of an optical recording
      disc in accordance with this invention;
PAR  FIG. 3 is an enlarged, fragmentary plan view of a part of the disc in FIG.
      2, showing the positional relationship between adjacent tracks;
PAR  FIG. 4 is a further enlarged projected view showing the arrangement of
      recorded signals on the disc corresponding to a composite television
      signal;
PAR  FIG. 5 is a diagrammatic view illustrating the signal arrangement of the
      modulated composite television signal;
PAR  FIGS. 6A, 6B and 6C are detailed plan and sectional views showing the
      modulation forms in each signal section shown in FIG. 4;
PAR  FIGS. 7A-7E are fragmentary cross-sectional views illustrating various
      steps in the manufacturing of the record disc medium;
PAR  FIG. 8 is a schematic view of a signal recording apparatus according to one
      embodiment of the invention;
PAR  FIG. 9 is a schematic view showing part of another embodiment of a video
      recording apparatus according to this invention;
PAR  FIG. 10 is a plan view of an optical shutter used in the apparatus depicted
      in FIG. 9;
PAR  FIG. 11 is a schematic view of a video reproducing apparatus according to
      an embodiment of this invention;
PAR  FIG. 12 is a plan view showing the relationship between the optical shutter
      and record disc used in the apparatus depicted in FIG. 11;
PAR  FIG. 13 is an enlarged plan view showing the optical shutter used in the
      appratus of FIG. 11;
PAR  FIG. 14 is a further enlarged plan view of a part of the optical shutter
      shown in FIG. 13;
PAR  FIG. 15 is a schematic diagram showing an embodiment of a vide signal
      modulator used in the apparatus of FIG. 11;
PAR  FIG. 16 is a schematic diagram showing an embodiment of an audio signal
      demodulator used in the apparatus of FIG. 11;
PAR  FIG. 17 is a fragmentary cross-sectional view showing another embodiment of
      an optical shutter that may be used in reproducing apparatus according to
      this invention;
PAR  FIG. 18 is a plan view showing still another embodiment of an optical
      shutter; and
PAR  FIG. 19 is an enlarged fragmentary plan view of a part of the optical
      shutter shown in FIG. 18.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before describing the present invention, a recording and/or reproducing
      system according to the prior art and which operates optically will be
      described with reference to FIG. 1.
PAR  Video and audio information signals are recorded on the surface of a disc d
      in spiral tracks t,t' and t". Thereafter, the disc d is covered with a
      reflective metallic layer (not shown). In this case, each of the spiral
      tracks is formed of successive oblong depressions P which are of the same
      width and depth. However, the lengths of the depressions P are varied
      within the range of 0.6 to 0.4.mu.m, in accordance with the video and
      audio information signals being recorded. In practice, the depressions P
      are 0.1 .mu.m in depth, 0.7 .mu.m in width and the radial distance between
      the centers of adjacent tracks is selected to be approximately 2.mu.m. The
      information signal is recorded on the disc d by any ordinary pressing
      method such as is used in the audio signal recording. The pits or
      depressions P corresponding to a horizontal line signal are arranged in
      the circumferential direction, that is, in the direction along each track,
      with the successive horizontal line signals being arranged in sequence
      along the track so that, for example, each track contains the signals for
      one field.
PAR  During reproduction, the disc d is rotated at a speed in accordance with
      the vertical sweep frequency of the television system, for example, at the
      speed of 1800 r.p.m. in the case where a television signal of 60Hz which
      may reproduce 30 pictures or frames per second is being recorded and then
      reproduced. A laser light beam emitted from a laser source 1 of 1mW, HeNe
      is projected onto the track of depressions P through a beam-splitting
      prism 2 and a suitable lens assembly (not shown) and the reflected beam is
      modulated in accordance with the length and position of the depressions P,
      and received by a photo-detector 3 after passing through the prism 2 and
      other suitable optical elements.
PAR  However, the above described prior art system is disadvantageous, for
      example, by reason of the low density of recording that is possible on the
      disc.
PAR  An embodiment of the present invention will be hereinafter described with
      reference to FIGS. 2 to 19. As shown in FIG. 2, the recording and/or
      reproducing system according to this invention makes use of a record disc
      D (the diameter thereof being 30cm, by way of example) as the recording
      medium. The illustrated record disc D is generally similar to an ordinary
      audio record disc, but differs from the latter in that a metallic layer is
      plated on a base disc made of a material which may be the same as that
      used for audio record discs (for example, a synthetic resin, such as vinyl
      chloride). A transparent oxide layer of metal is coated on the metallic
      layer or plating for protection and a mirror like finish is applied to the
      oxide layer.
PAR  A bore 4 is formed through record disc D at its center, and a spiral record
      track forming a number of generally circular turns or tracks T', T, T", .
      . . is formed on the surface of record disc D. By way of example, the
      width of the record track may be from about 0.4 to 0.5mm and a spiral
      guard band is formed between the adjacent circular turns or tracks. A
      laser light beam may scan the guard band or portion between the adjacent
      tracks to detect whether a carrier exists thereon or not and a tracking
      servo may be applied based upon such detection. In order to facilitate
      understanding of the following description of the record disc D, it will
      be assumed that the radius or radial direction of the record disc is R and
      its circumferential direction is .theta..
PAR  As shown on FIG. 3, the successive records of the signal are formed on
      record disc D across the width of the record tracks T, T', T", that is, in
      the radial direction R of the record disc D.
PAR  The successive records in the radial direction R consist of rectangular
      depressions aligned in a line or row. The positions or lengths of the
      rectangular depressions are varied in the radial or line scanning
      direction. The rectangular depressions are the same in width (direction
      perpendicualr to the scanning direction) and depth, for example, both the
      width and depth may be 1.mu..
PAR  In the illustrated embodiment of the invention, a pulse-phase modulated
      video signal, front and back pilot signals and a pulse-width modulated
      autio signal are recorded on the record track T of record disc D. As may
      be apparent from FIGS. 2 and 3, in the direction from the center of record
      disc D toward its outer periphery, on each scanning line (in the radial
      direction R) there are provided a record portion n.sub.1 for the front
      pilot signal, a record portion m for the video signal, a record portion
      n.sub.2 for the back pilot signal and a record portion a for the audio
      signal. The widths and positions of these record portions n.sub.1, m,
      n.sub.2 and a are the same in the successive radial scanning lines which
      appear sequentially in the circumferential direction of the record track
      T.
PAR  FIGS. 6A, 6B and 6C respectively show parts of the recorded track T in plan
      at X and in cross-section at Y. FIG. 6A shows a part of the front and back
      pilot signal record portion n.sub.1 and n.sub.2, FIG. 6B shows a part of
      the video signal record portion m, and FIG. 6C shows a part of the audio
      signal record portion a. As shown in FIG. 6A, depressions h.sub.1 are the
      same in length in the scanning or radial direction R of the record disc D
      and are arranged to form equally spaced parallel rows in the extending
      direction of the record track T, that is, in the circumferential direction
      .theta. of the record disc D. In FIG. 6B, the depressions h.sub.1 are of
      the same length as in FIG. 6A, but appear in irregular rows in the
      circumferential direction .theta. by reason of the fact that the
      depressions h.sub.1 are shifted in position in the radial direction R in
      accordance with the level of the video signals. In FIG. 6C, the
      depressions h.sub.2  are shown to be longer than the depression h.sub.1 in
      FIGS. 6A and 6B and differ in length from one another in accordance with
      the level of the audio signals, with the depressions h.sub.2 being
      arranged to form a single row in the circumferential direction .theta..
PAR  Returning to FIGS. 2 and 4, it will be seen that the width of the record
      track T corresponds to one horizontal period (1H) of the television signal
      S.sub.T of the NTSC system and that the video signal portion S.sub.V of
      synchronizing television signal S.sub.T corresponds to the video signal
      record portion m of the record track T. Further, it will be seen that
      front pilot signal portion n.sub.1 of the record track T corresponds to
      the end portion of the back porch of the television signal S.sub.T, that
      the part from the front porch to the middle of the horizontal
      synchornizing signal S.sub.H of the television signal S.sub.T corresponds
      to the back pilot signal portion n.sub.2, and that the part from the
      middle of the horizontal synchronizing signal S.sub.H to the initial
      portion of the back porch of the television signal S.sub.T corresponds to
      the audio signal portion a.
PAR  When a pulse-phase modulated signal, which is obtained by modulating a
      carrier signal of about 4MHz with a modulating signal (video signal), is
      recorded in the video signal record portion m, there are 525 radially
      extending rows of the depressions h.sub.1 arranged in the circumferential
      direction .theta. for each frame or 1/30 seconds, due to one horizontal
      period being 63.5.mu.sec. In FIG. 4, reference symbols f.sub.1, f.sub.3,
      f.sub.2, f.sub.4 indicate groups of radially directed scanning lines which
      correspond to odd and even fields of the NTSC system television signal,
      and F.sub.1 and F.sub.2 indicate groups of the scanning lines coresponding
      to respective frames consisting of odd fields f.sub.1, f.sub.3 and even
      fields f.sub.2, f.sub.4. Since the number of the scanning lines for each
      frame is 525, and if the width of each depression h.sub.1 is selected to
      1.mu., then the track length for accommodating one frame signal may be no
      greater than about 0.525 mm. Accordingly, if the diameter of the record
      disc D is 30cm, the recording and/or reproducing of a video signal for
      over one hour can be achieved on a single disc.
PAR  As shown by broken lines on FIG. 6B, it is possible to arrange the
      depressions h.sub.1 which form the adjacent scanning lines close to each
      other, or even abutting in the circumferential direction .theta.. With
      such closely adjacent or abutting rows or depressions, no tracking is
      required for scanning along the width direction of the record track during
      reproduction.
PAR  In the recording of signals on the above record disc D, the corresponding
      depressions can be directly applied thereto, but this is not preferred for
      mass-production of the record discs. Therefore, as in the case of
      conventional phonograph records, a master record (stamper) disc is
      initially prepared and a number of record discs D or replicas are
      reproduced therefrom.
PAR  The manufacture of the master record disc will now be described with
      reference to FIGS. 7A-7E. As shown in FIG. 7A, a mother disc 12 is
      provided which consists of an aluminum base 13 and a lacquer layer 14
      coated on the base 13. A photo-resist layer 15 is then coated on the
      lacquer layer 14, as shown in FIG. 7B. The photo-resist layer 15 is
      exposed to a light beam, such as a laser light beam or electron beam, as
      hereinafter described with reference to FIG. 8, so as to expose layer 15
      with a predetermined pattern as shown in FIG. 7C. The exposed photo-resist
      layer 15 is subjected to a developing process to form a hardened
      photo-resist layer 15' which has a number of grooves or depressions
      therein corresponding to the record track T to be obtained, as shown in
      FIG. 7D. A metallic layer of a predetermined thickness is plated on the
      photo-resist layer 15', and then the mother disc 12 is peeled off from
      such metallic layer to have a stamper 16 with a predetermined raised
      pattern, as shown in FIG. 7E. A number of record discs D can be reproduced
      from stamper 16 by heat-pressing vinyl chloride thereagainst, whereupon
      the presseed vinyl chloride, or a metal layer applied thereto, is
      subjected to a mirror-like working process.
PAR  Referring now to FIG. 8, it will be seen that a video recording machine 100
      for exposing the photo-resist layer 15 of the mother disc 12 (FIG. 7C) in
      a pattern, that corresponds to the signals to be recorded includes a
      turntable 101 for supporting mother disc 12, an electron gun 102 which
      emits an electron beam for exposing the photo-resist layer 15 on the
      mother disc 12 and 1 deflection coil 103 which may deflect the electron
      beam in the radial direction of the mother disc 12 by the width (for
      example, 0.98mm) of the record track. The recording of signals, by the
      exposure of photo-resist layer 15 of mother disc 12, is effected in a
      spiral record track extending from the outer circumference to the inner
      circumference of mother disc 12 at a constant linear or recording speed in
      the circumferential direction along the record track. In order to define
      the spiral record track, the electron gun 102 and deflection coil 103 are
      fixed, while the turntable 101 is gradually moved from the position shown
      in the direction of the arrow H, and the turntable 101 is rotated, as
      indicated by the arrow K, at a rotational speed which is gradually
      increased.
PAR  In order to drive turntable 101, a ring shaped projection 101' is formed on
      the undersurface of the turntable and is contacted by an idler 104 which
      is rotated by a motor 105. In this case, the motor 105 is driven at a
      gradually increasing speed so that the turntable is rotated, through the
      idler 104, at a constant linear speed at the region of the laser beam (for
      example, a linear speed of 15mm/sec). The turntable 101 is rotatably
      supported, at its shaft 108 in bearings on a carrier 107 which is
      supported by rollers 106 on a chassis 115. A worm gear 109 is formed on
      shaft 108 of turntable 101 and a worm wheel 110 meshes with worm gear 109
      and it attached to a shaft 111 having a screw 111' formed on one end
      portion thereof.
PAR  In the illustrated video recording machine 100, the rotation of motor 105
      is transferred to idler 104 for rotating turntable 101 through a pulley
      112 attached to the rotary shaft 105' of the motor and a belt 113
      stretched between pulley 112 and a pulley 114 attached to a shaft 104' of
      idler 104. The shaft 111 is held against axial movement relative to
      carrier 107 in ball bearings 117. One end portion of shaft 111 is
      rotatable and axially slidable in a bearing carried by a bracket 116a on
      chassis 115, while the screw 111' on the other end portion extends
      threadably through a nut or threaded bore in a bracket 116b. It will be
      seen that rotation of turntable 101 causes rotation of worm wheel 110
      meshed with the worm gear 109 formed on the shaft 108, so that screw 111'
      causes movement of the carrier 107 and the turntable 101 in the direction
      of the arrow H. The rotational speed of motor 105, and hence of the
      turntable 101, is gradually increased in accordance with the movement
      thereof in the direction H, and the speed variation of the turntable 101
      is from about 1.03 to 3.0 r.p.m. for the case of a mother disc 12 with an
      outer diameter of 30cm (in which the outer portion from the inner diameter
      of 10cm is used for recording). In other words, the recording speed in the
      circumferential direction of the record track on disc 12 is made constant.
      After the turnable 101 is moved in the direction H and the exposure and
      recording of the lacquer disc 12 by the electron beam is finished, the
      shaft of feeding screw 111' may be rotated by a clutch motor (not shown)
      to rapidly move the carrier 107 and turntable 101 in the direction
      opposite to the arrow H. At this time, the idler 104 is preferably moved
      away from the turntable 101 by a suitable device (not shown).
PAR  A record circuit system 200 for recording signals on the lacquer disc 12
      will now be described with reference to FIG. 8 and is shown to include a
      video signal record circuit system 200a and an audio signal record circuit
      system 200b. In the video signal record circuit system 200a, an input
      termina t.sub.v is supplied with a composite video signal (television
      signal which is applied therefrom to a video separator 201. The video
      separator 201 eliminates the horizontal synchronizing signal of the
      horizontal blanking signal, and the front porch and the back porch from
      the composite video signal applied thereto, and applies the remaining
      field video signal to a pulse modulator 202 which, in the embodiment being
      described, is of pulse-phase modulator type. The pulse-phase modulator 202
      is further supplied with a carrier signal from a carrier oscillator 203
      which, in consideration of the band of the video signal, has an
      oscillation frequency of 4MHz. The carrier oscillator 203 is locked by the
      horizontal synchronizing signal which is separated by a sunchronizing
      signal separator 204 from the composite video signal applied to input
      terminal t.sub.v . From the pulse-phase modulator 202 there are obtained,
      in each horizontal period (1H), a pulse-phase modulated signal S.sub.m,
      which is the carrier pulse signal from oscillator 203 pulse-phase
      modulated by the video signal, and front and back pilot signals S.sub.n1
      and S.sub.n2 consisting of non-modulated carrier pulse signals.
PAR  The audio signal recording circuit system 200b is shown to include an input
      terminl t.sub.a supplied with an audio signal in correspondence with the
      video signal. The audio signal is applied from terminal t.sub.a to a gate
      circuit 205 in which it is sampled at the horizontal frequency of the
      video signal. A gate signal generator 206 is supplied with the output
      signal from the synchronizing signal separator 204 and generates a gate
      signal which has a predetermined phase relative to the horizontal
      synchronizing signal separated from the composite video sitnal and a
      predetermined width. Such gate signal from the gate signal generator 206
      is applied to gate circuit 205 to control the latter. The audio signal
      sampled by gate circuit 205 is applied to a pulse modulator 207 to produce
      a pulse modulated signal in which the audio signal has a band of about
      7.5KHz. The pulse modulator 207 is of the pulse-width modulating type. A
      carrier oscillator 208 is supplied with the output signal from the
      separator 204 and produces a carrier signal which is applied to the pulse
      modulator 207. The carrier oscillator 208 is a pulse oscillator with the
      oscillation frequency thereof being the same as the horizontal frequency
      (15.75KHz) and is locked by the horizontal synchronizing signal separated
      from the composite video signal.
PAR  The output signals from modulators 202 and 207 are alternately applied
      through a chante-over switch 209 to electron gun 102. The switch 209 is
      controlled by the output signal from the gate signal generator 206 through
      a phase shifter 210. The output signal of the separator 204 is supplied
      through a phase shifter 211 to a saw-wave signal generator 212 and the
      saw-wave signal from the latter is applied to deflection coil 103 which
      deflects the electron beam from gun 102 in the radial direction of record
      12, whereby the electron beam is made to scan across the width of the
      track during each horizontal line period. The signal applied through
      switch 209 to the electron gun 102 is a continuous series of signals
      which, for each horizontal line period 1H (FIG. 5) consist of the front
      pilot signal S.sub.n1, the pulse-phase modulated signal S.sub.m the back
      pilot signal S.sub.n2 and the pulse-width modulated signal S.sub.a of the
      audio signal. Thus, the electron beam from the electron gun 102 is
      modulated by the foregoing signal applied thereto.
PAR  Another recording apparatus 100', in which a light beam, especially a laser
      light beam, is projected onto mother disc 12 to expose the same, is shown
      on FIG. 9 in which the reference numerals used on FIG. 8 are employed to
      identify the corresponding elements on FIG. 9 and only the demodulators
      202 and 207 and switch 209 of the recording circuit 200' are shown. The
      recording apparatus 100' includes a laser generator 300 of HeNe or the
      like producing a laser light beam which is photo-modulated by a
      photomodulator 301, made of crystalline material or the like, and which is
      supplied with the signal passing through switch 209 in the recording
      circuit 200'. The photo-modulated laser beam is converted by an optical
      shutter 302 into a similarly photo-modulated laser beam that is deflected,
      during each horizontal line period, across the width of the record track
      to be recorded on disc 12. Such deflected laser beam is projected onto the
      photoresist layer on disc 12 to expose that layer. As shown on FIG. 10,
      the optical shutter 302 is a disc (the diameter thereof being about 75mm)
      having formed therethrough a number of equally spaced apertures 304
      arranged in a circle concentric with the disc 302, and disc 302 is rotated
      by a motor 303 at a constant speed. The axis of rotation of disc 302 is
      selected so that the circular path of its apertures 304 is interposed in
      the path of the laser beam and extends substantially across the width of
      the record track where the latter is being recorded (FIG. 12). Thepitch or
      spacing between the apertures 304 of the optical shutter 302 is
      approximately equal to the width of the record track and the diameter of
      each aperture 304 is in the order of 1.5 .mu.. The number of the apertures
      304 is a quotient of 525 (which is the number of the horizontal scanning
      lines of the NTSC television signal) resulting from the division of that
      number by a positive integer, for example, 175=525 .times. (1/3). In the
      case where the optical shutter 302 has 175 apertures, the shutter is
      rotated at the speed of 5400 r.p.m. The optical shutter 302 may be formed
      of a glass disc coated as by evaporation, with a thin bismuth layer, and
      then attached to the motor 303, with the apertures 304 being bored through
      the bismuth layer by pulse operation of the laser beam while the shutter
      is rotated at the constant speed.
PAR  The reproduction of information recorded on the recording medium or record
      disc D, as above, will now be described with reference to FIG. 11 in which
      an example of a reproducing apparatus is generally identified as 400. In
      apparatus 400, a light beam, for example, a laser beam, is projected onto
      the record track T on the record disc D to s can the record track T across
      the width thereof, that is, in radial direction R of the record disc D
      while the latter is rotated and to optically detect the depressions
      h.sub.1 and h.sub.2. More specifically, apparatus 400 is shown to include
      a turntable 401 on which the record disc D is mounted. The turntable 401
      is driven by a motor 402. The turntable 401 is mounted on a chassis 403
      and its shaft 404 is directly coupled to the rotary shaft of motor 402.
      The motor 402 has its speed controlled by a servocircuit 405 which is
      supplied with a reference signal from a reference signal generator 406 so
      as to maintain a constant linear speed at the portion of the record track
      on disc D being scanned by the laser beam.
PAR  A photo-detecting assembly 410 is provided in opposed relation to the
      record disc D so as to read out the information recorded on disc D. The
      photo-detecting assembly 410 is a unit that is movable in the direction of
      the arrow J, that is, radially in respect to turntable 401, and includes a
      laser beam generator 411 producing a laser beam that is converted through
      a photo-condenser 413 and an aperture P of an optical shutter 414 into a
      beam that it is deflected across the width of the record track T,
      whereupon, the deflected laser beam is projected through a half mirror 415
      and a lens 416 onto record disc D to scan the record track T thereon in
      its width direction. The laser beam reflected from the record disc D is
      received by a photo-sensor 417 through the lens 416 and half mirror 415.
PAR  As shown on FIGS. 12-14, the optical shutter 414 is similar to the
      so-called Nipkow's disc, and hence is a disc having formed therethrough a
      number of equally spaced apertures p.sub.0,p.sub.1, p.sub.2 . . . arranged
      in a circle concentric with the disc and being rotated by the motor 412 at
      a constant speed. The pitch or spacing between the apertures p.sub.0,
      p.sub.1, p.sub.2 . . . of optical shutter 414 is substantially equal to
      the width of the record track T and the diameter of each aperture is, for
      example, on the order of 1 to 1.5 .mu.. The number of the apertures
      p.sub.0, p.sub.1, p.sub.2 . . . is a quotient of 525, which is the number
      of the horizontal scanning lines of the NTSC television signal, divided by
      a positive integer, for example, 175(=525.times.(1/3)). In this case, the
      optical shutter 414 is rotated at the speed of 5400 r.p.m., and its
      diameter is about 75mm. In general, it may be desired that the optical
      shutter 414 have a small diameter and be relatively thin for eliminating
      the jitter caused by rotation. By way of example, the optical shutter 414
      may be made from a glass disc with a thin bismuth layer deposited thereon
      by evaporation, whereupon the disc is attached to the motor 412 and the
      apertures p.sub.0,p.sub.1, p.sub.2 . . . are bored through the bismuth
      layer by the pulse operation of the laser beam.
PAR  The laser beam emitted from laser generator 411 and projected onto optical
      shutter 414 has the cross-sectional configuration g shown in FIG. 14.
      Thus, the dimension e.sub.1 of the beam in the circumferential direction
      of the optical shutter disc 414 is equal to the width of the record track
      T and the beam dimension e.sub.2 in the radial direction of the disc 414
      is slightly greater than the diameter of the apertures p.sub.0,
      p.sub.1,p.sub.2. . . , if the magnification of the lens 416 is taken as 1.
PAR  As previously noted, laser generator 411, optical shutter 414,
      photo-condenser 413, half-mirror 415, lens 416, photosensor 417 and motor
      412 constitute the photo-detecting assembly 410 which is moved, as a unit,
      from the outer periphery toward the center of the record disc D at a
      constant speed in the direction of the arrow J on FIG. 11 by a suitable
      driving device (not shown). The laser beam scans the record track T on the
      record disc D at a constant linear speed in the circumferential direction
      of the track T. To this end, turntable 401 is rotated by motor 402 at a
      rotational speed that increases as the laser beam moves from the outer
      periphery toward the center of the record disc D in response to the
      movement of displacement of assembly 410.
PAR  With the reproducing apparatus described above, the light beam passed
      through a certain aperture, for example, the aperture p.sub.0 of the
      optical shutter 414, scans the row of depressions h.sub.1 and h.sub.2
      along a certain scanning line extending across the record track T on the
      record disc D, and the light beam passed through the following aperture
      p.sub.1 scans the row of depressions h.sub.1 and h.sub.2 along the
      following scanning line extending across the recorded track T. During such
      scanning, the light or laser beam is focussed on, for example, the
      reflective surface (mirror surface) of record disc D but not focussed on
      the bottom of depressions h.sub.1 and h.sub.2. For this reason, the
      reflected light beam is detected by the photo-sensor 417 through the half
      mirror 415 only when the light beam is projected onto the reflective or
      mirror-like surface of the record disc D. The photo-sensor 417 thus
      produces a signal corresponding to the signal recorded on the record track
      T of the record disc D. Such reproduced signal from photo-sensor 417 is
      applied to a video signal demodulator 408 and to an audio signal
      demodulator 409. The video and audio signal demodulators 408 and 409,
      embodiments of which will be hereinafter described in detail, produce
      video and audio signals at their output terminals 408a and 409a,
      respectively. The video signal from demodulator 408 is also supplied to a
      synchronizing signal separator 407 which separates the vertical
      synchronizing signal from the demodulated video signal. The separated
      vertical synchronizing signal is applied to servo circuit 405 and is
      compared with the reference signal from the reference signal generator
      406. Thus, the servo system is formed which controls the speed of motor
      402 to ensure that turntable 401 is rotated at a constant linear speed
      (considered at the radial distance from its center where the laser beam is
      directed) and hence the reproduction of the recorded signal is
      synchronized with the rotation of the record disc D.
PAR  With the above described embodiment of the invention, when the light beam
      scans the record disc D at its outer portion (about 30 cm in diameter),
      the rotational speed of turntable 401 is about 1 r.p.m., and the
      rotational speed is increased to about 3.0 r.p.m. when light beam scans
      the inner portion (about 10cm in diameter) of the record disc D. Such
      rotational speeds are calculated as follows: If the diameter of the record
      disc D is 30cm, its outer circumference circle is 94.2cm. Since the length
      of the record track for recording one frame signal is selected to be about
      0.525mm, approximately 1800 frames (942.div.0.525.apprxeq.1800) can be
      recorded in the outermost track disc D. Since the period of one frame of
      the television signal is 1/30 second, the time interval t for one
      revolution of record disc D when recording at its outer periphery is 60
      seconds (t=1800 .times. (1/30)). Accordingly, the rotational speed of the
      record disc D is about 1 r.p.m. when recording or reproducing at its outer
      periphery, and similarly about, or at most, 3.0 r.p.m. when recording or
      reproducing at its mid-portion (about 10cm in diameter). Therefore, it
      will be apparent that, in recording or reproducing according to this
      invention, the rotational speed of the record disc is very low, as
      compared with the rotational speed of 1500 r.p.m. required in the prior
      art and, accordingly, the phase servo or speed servo for the record disc
      can be easily applied.
PAR  An example of the video signal demodulator 408 will be now described with
      reference to FIG. 15. The demodulator 408 is shown to be supplied, at its
      input terminal 408b, with a signal similar to that appearing on FIG. 5,
      and this signal is applied to a limiter 510 and to an envelope detector
      511. The detector 511 may consist of a diode and a band pass filter and
      applies its output signal to a pulse shaper 512 which produces the
      horizontal synchronizing signal. The output signal of the limiter 510 is
      applied to gate circuits 513 and 514 for extracting the front pilot signal
      S.sub.n1 and back pilot signal S.sub.n2, respectively. The gate signal
      applied to gate circuits 513 and 514 is produced by a gate signal
      generator 515 which is supplied with the horizontal synchronizing signal
      from pulse shaper 512. The output signal of the limiter 510 is also
      applied to a phase detector 516 which detects the video signal. The
      detecting or carrier signal for the pulse-phase modulated signal S.sub.m
      which is used for detection of the video signal in detector 516 is
      produced as follows: The front pilot signal S.sub.n1 from gate circuit 513
      is applied to a variable frequency oscillator 517 which is forcibly locked
      at the phase of the signal S.sub.n1. However, if the oscillator 517 is
      controlled only by the front pilot signal S.sub.n1, its phase is shifted
      after the end of the horizontal scanning period arrives or its oscillation
      frequency is not determined. Accordingly, a phase comparator 518 effects a
      phase comparison between the output signal of variable frequency
      oscillator 517 and the back pilot signal S.sub.n2 from gate circuit 514,
      and applies the compared output signal to oscillator 517 to control its
      oscillation frequency. The output signal from oscillator 517 is also
      applied to the phase detector 516 through a 90.degree. phase shifter 519.
      The output signal from phase detector 516, that is, the pulse-demodulated
      video signal, is applied through a low pass filter 520 to an adder 521
      which is also supplied with the horizontal synchronizing signal from pulse
      shaper 512 and which produces the composite video signal at its output
      terminal 408a.
PAR  With the circuit construction described above, since the phase of the
      detecting signal used for detecting the reproduced video signal is
      controlled by the front pilot signal S.sub.n1 and the frequency is
      controlled by the back pilot signal S.sub.n2, even if the distance between
      the adjacent apertures of optical shutter 414 varies somewhat, the initial
      phase and oscillation frequency of the detecting or carrier signal from
      the variable frequency oscillator 517 can be made to coincide with the
      phase and frequency of the carrier signal from the pulse-phase modulated
      signal so as to achieve accurate demodulation.
PAR  An example of the audio signal demodulator 409 will now be described with
      reference to FIG. 16 in which it is shown to have an input terminal 409b
      also supplied with a signal similar to that shown on FIG. 5, which signal
      is applied to a gate circuit 522 for extracting therefrom the pulse-width
      modulated audio signal S. The gate signal for controlling gate circuit 522
      is produced by a gate signal generator 523 which is supplied with the
      horizontal synchronizing signal from an output terminal 412a of pulse
      shaper 512 on FIG. 15. The output signal from gate circuit 522 is applied
      through a wave shaper 524 to a demodulator 525 which is of the pulse-width
      demodulating type. The demodulated audio signal from demodulator 525 is
      delivered through a low pass filter 526 to output terminal 409a.
PAR  The record track T formed on the record disc D may be constituted by a
      number of concentric circles rather than by a spiral track having
      substantially circular turns that are continuously connected. Further, one
      of the front and back pilot signals S.sub.n1 and S.sub.n2 in the signals
      recorded on the record disc D can be omitted.
PAR  The video signal, as recorded on the record disc D, may be its pulse-width
      modulated signal, however, the pulse-phase modulated signal, as described
      above, is preferred for transmission of a wide band.
PAR  In the reproducing apparatus shown on FIG. 11, if the incident angle of the
      light beam scanning the record disc D is made greater than 90.degree. with
      respect to the surface of the record disc D, the half mirror 415 may be
      removed from the path of the light or laser beam, with the result that the
      light beam can be used more effectively for scanning record disc D.
PAR  An optical shutter 500 according to another embodiment of the invention
      will be now described with reference to FIG. 17. In this embodiment, a
      lens 502, functionally corresponding to the lens 416 used in the device of
      FIG. 11, is provided directly on shutter 500 in association with each
      aperture. More specifically, in shutter 500, a transparent glass disc 501
      is provided with the lenses 502 on one surface thereof, and is coated with
      a light shielding layer 503 on the other surface thereof. An aperture 504
      is bored through the light shielding layer 503 at the position
      corresponding to each lens 502. The associated apertures 504 and lenses
      502 are arranged in correspondence with the apertures p.sub.0, p.sub.1,
      p.sub.2 . . . of the optical shutter 414 shown in FIG. 13.
PAR  In manufacturing the optical shutter 500, transparent glass disc 501 with a
      number of lenses 502 formed on one surface thereof is first prepared, and
      then a photo-sensitive layer is coated on the other surface of disc 501.
      Thereafter, transparent disc 501 is rotated at a constant speed, and light
      passing through a pin hole from a flash light source is projected through
      disc 501 onto the photo-sensitive layer at the positions corresponding to
      the lenses 502. The photo-sensitive layer is then subjected to a
      reversedevelopment process to form the light shielding layer 503 with the
      apertures 504. In this case, even if the positions of the lenses 502 on
      the transparent disc 501 are slightly incorrect, the apertures 504 formed
      through the light shielding layer 503 can be properly aligned with the
      positions of the respective lenses. Further, the optical shutter 500
      simplifies the optical system that is required for use therewith. The
      apertures 504 formed through the light shielding layer 503 need not be so
      small in diameter, for example, they may be 5 .mu. in diameter, so that
      the diffraction loss of the laser beam at the apertures 504 is reduced.
PAR  The above described optical shutters 414 and 500 are used for reproducing
      the video signal from the record disc D in the same form as the video
      signal was recorded on the latter.
PAR  Thus, with shutters 414 and 500, the recorded video signals corresponding
      to successive frames of a picture are reproduced at the original sequence
      and frame frequency.
PAR  Referring now to FIGS. 18 and 19, it will be seen that an optical shutter
      414' for reproducing a still picture from the recorded video signal on the
      record disc D may have a number of apertures p.sub.0, p.sub.1, p.sub.2 . .
      . which are the same as the apertures p.sub.0, p.sub.1, p.sub.2 . . . of
      the optical shutter 414 shown on FIG. 13 so that optical shutter 414' can
      also be used for reproducing the video signal in the normal manner.
      Shutter 414 further has a number of apertures p'.sub.0, p'.sub.1, p'.sub.2
      . . . arranged along a spiral inside the circular array apertures p.sub.0,
      p.sub.1, p.sub.2 . . . The pitch or spacing between apertures p'.sub.0,
      p'.sub.1, p'.sub.2 . . . is selected to be substantially equal to the
      width of the record track T on the record disc D and the number of
      apertures p'.sub.0, p'.sub.1, p'.sub.2 . . . is 525 so as to be equal to
      the number of scanning or horizontal lines in each frame in the NTSC
      television signal.
PAR  When a still picture is reproduced with the optical shutter 414', the
      turntable 401 (FIG. 11) on which the record disc D is mounted is held
      immobile, and the optical shutter 414' is rotated at a speed of 1800
      r.p.m. with its axis being shifted laterally to cause the laser beam to
      pass through apertures p'.sub.0, p'.sub.1, p'.sub.2 . . . rather than
      through apertures p.sub.0, p.sub.1, p.sub.2 . . . In this case, the laser
      beam emitted from laser generator 411 (FIG. 11) is selected such that its
      cross-sectional dimension e.sub.1 in the circumferential direction of the
      optical shutter disc 414' is equal to the width of the record track T and
      its cross-sectional dimension e.sub.2 in the radial direction of the
      optical shutter disc 414' is the minimum sufficient for covering all the
      apertures p'.sub.0, p'.sub.1, p'.sub.2 . . . , as shown on FIG. 19. The
      remainder of the reproducing apparatus for reproducing a still picture may
      be substantially the same as described above for normal reproduction.
PAR  It will be apparent that, in accordance with the present invention as
      described above, spiral or circular record tracks are formed on the record
      disc and the time-modulated signals of information signals to be recorded
      are recorded on the record track in the direction extending across the
      circumferential direction of the record track so that the information
      signals, such as video signals, can be recorded on the record disc with
      high density. Further, upon reproduction of the recorded signals, the
      record disc is rotated at a very low speed so that the rotation can be
      easily controlled and the reproduction tracking can be also controlled
      easily.
PAR  In the above described embodiments of the invention, the information
      signals are recorded on the record disc as variations in the distances
      between successive pits or depressions. However, the recorded information
      signals may be represented by various mechanical shapes or magnetic
      patterns, by optical patterns of bright and dark portions with the
      recorded signals being read out by variations of light transmission
      through the record disc, or by variations of capacitances.
PAR  The time-modulated signal of the information signal which is recorded can
      be subjected to various types of modulation, such as pulse-time
      modulation, pulse-amplitude modulation (PAM), pulse-number modulation
      (PNM), pulse-position modulation (PPM) and so on.
PAR  Further the direction in which the record is scanned need not be precisely
      the direction of the width of the record track but may be at an angle
      thereto so that the scanning direction is obliquely related to the
      circumferential direction of the record track.
PAR  The information signals which can be recorded on the record disc are audio
      signals, data signals and the like, in addition to, or instead of the
      video signal.
PAR  In the above described reproducing apparatus 400, the light beam emitted
      from the light source is projected onto the record disc through the
      successive apertures of the optical shutter, but the latter may be
      replaced by a rotatable disc plate with photodiodes at positions
      corresponding to the apertures of the optical shutter.
PAR  Further, the front and back pilot signals may be the same as the carrier
      signals for the pulse-time modulated video signals themselves or frequency
      signals the frequency of which is (1/n) or n times that of the carrier
      signals.
PAR  Although illustrative embodiments of the present invention and various
      modifications thereof have been described in detail herein with reference
      to the accompanying drawings, it is to be understood that the invention is
      not limited to those precise embodiments and modifications, and that
      various changes and further modifications may be effected therein by one
      skilled inthe art without departing from the scope or spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of recording television signals having line and field intervals
      in substantially circular record tracks on a rotatable record disc,
      comprising the steps of:
PA1  pulse modulating the video information in each line interval of said
      television signals;
PA1  generating pilot carrier signals during at least a portion of each line
      interval of said television signal for use during subsequent playback of
      the recorded television signals to demodulate the video information;
PA1  repeatedly scanning successive scan lines across the width of one of said
      substantially circular record tracks, said scan lines being substantially
      transverse to the circumferential direction of said record track; and
PA1  recording in each of said scan lines said pulse modulated video information
      to be recorded and said generated pilot carrier signals, said pilot
      carrier signals being recorded during at least a beginning or end portion
      of each of said scan lines.
NUM  2.
PAR  2. The method according to claim 1; wherein the step of pulse modulating
      comprises pulse-time modulating a carrier signal with a portion of the
      signals to be recorded for providing corresponding pulse-time modulated
      signals, and said pulse-time modulated signals corresponding to at least
      one respective line interval of the video information to be recorded is
      recorded in said one record track during each said scanning of the latter
      in said direction across the width of the record track.
NUM  3.
PAR  3. The method according to claim 1; wherein the step of pulse modulating
      comprises pulse-phase modulating a carrier signal with said video
      information for providing corresponding pulse-phase modulated video
      signals, and said pulse-phase modulated video signals corresponding to at
      least one respective line interval are recorded in said record track
      during each said scanning of the latter in said direction across the width
      of the record track.
NUM  4.
PAR  4. The method according to claim 3; wherein said television signals are
      composite signals including video and audio signals and in which said
      carrier signal is pulse-width modulated with said audio signals for
      providing corresponding pulse-width modulated audio signals, and, during
      each said scanning across the width of said record track, said pulse-width
      modulated audio signals associated with the pulse-phase modulated video
      signals then recorded in said record track are also recorded in the
      latter.
NUM  5.
PAR  5. The method according to claim 20; wherein said television signals are
      composite signals including video and audio signals and in which a carrier
      signal is pulse-width modulated with said audio signals for providing
      pulse-width modulated audio signals, and said pulse-width modulated audio
      signals associated with at least one respective line interval of the video
      signals are recorded with the latter during each said scanning of the
      record track in the direction across the width of the latter.
NUM  6.
PAR  6. The method according to claim 1; in which said television signals are
      composite television signals comprised of video signals and horizontal
      blanking signals; and in which said pilot carrier signals have a
      predetermined frequency relative to the pulse modulating frequency and are
      recorded in said record track in correspondence to the horizontal blanking
      signal position.
NUM  7.
PAR  7. The method according to claim 6; wherein said composite television
      signals also include audio signals and in which said carrier signal is
      also pulse modulated with said audio signals for providing pulse modulated
      audio signals, and, during each said scanning across the width of the
      record track, said pilot signals, pulse modulated video signals and pulse
      modulated audio signals are recorded, in series, in said direction across
      the record track.
NUM  8.
PAR  8. The method according to claim 7; in which said pilot carrier signals are
      recorded at both the beginning and end, respectively, of said pulse
      modulated video signals corresponding to each said line interval for use
      in respectively controlling the phase and frequency of a demodulating
      signal when the recorded signals are reproduced.
NUM  9.
PAR  9. The method according to claim 1; in which said substantially circular
      record tracks are successive turns of a continuous spiral track.
NUM  10.
PAR  10. The method according to claim 1; in which said substantially circular
      record tracks are in the form of concentric circles having different
      diameters.
NUM  11.
PAR  11. Apparatus for recording signals having line and field intervals,
      comprising a record disc, signal recording means arranged adjacent to said
      disc and receiving said signals, said signal recording means including
      pulse modulating means for pulse modulating a carrier with said received
      signals, pilot signal generating means for generating a pilot signal for
      use during subsequent playback of the recorded signals to demodulate the
      pulse modulated signals, means generating a beam of radiant energy
      modulated by said pulse modulating means and said pilot signal generating
      means and acting on said record disc for recording corresponding signals
      on said record disc, means for effecting the relatively slow translational
      movement of said record disc and signal recording means relative to each
      other so that said corresponding signals are recorded in substantially
      circular record tracks on the record disc, and means for effecting the
      relatively rapid repeated scanning by said beam of radiant energy in the
      radial direction of said record disc across the width of one of said
      record tracks so as to record at least one line interval of the pulse
      modulated signals and a pilot signal in at least preceding or following
      relation to said pulse modulated signals during each said scanning across
      said width of the record track.
NUM  12.
PAR  12. Apparatus according to claim 11; in which said beam of radiant energy
      is an electron beam, and said means for effecting the relatively rapid
      repeated scanning by said beam includes means for deflecting said electron
      beam in said radial direction of the record disc in synchronism with said
      line intervals of the signals to be recorded.
NUM  13.
PAR  13. Apparatus according to claim 11; in which said beam of radiant energy
      is a light beam having a cross-sectional dimension in said radial
      direction of the record disc which is at least equal to said width of the
      record track; and in which said means for effecting the relatively rapid
      repeated scanning by said beam includes an optical shutter disc extending
      into the path of said light beam and having a circularly arranged series
      of apertures spaced apart by substantially said width of the record track,
      and means for rotating said optical shutter disc in synchronism with said
      line intervals so that said apertures move through said light beam in
      succession substantially in said radial direction of the record disc.
NUM  14.
PAR  14. Apparatus for reproducing signals having line and field intervals and
      which are recorded as pulse modulated signals on a record disc with
      successive line intervals of the recorded signals being recorded together
      with a pilot signal in at least preceding or following relation thereto in
      the radial direction of the record disc across the width of a
      substantially circular record track at respective locations along the
      circumference of said track; said apparatus comprising means for rotatably
      supporting the record disc, beam generating means for directiong a beam of
      radiant energy against the record disc for modulation of said beam by the
      signals recorded on the record disc, means for effecting the relatively
      slow translational movement of the record disc and said beam generating
      means relative to each other so that said beam generally traces said
      substantially circular track in which the signals are recorded, means for
      effecting the relatively rapid repeated scanning by said beam in the
      radial direction of the record disc across the width of said track being
      traced by the beam, radiationelectric transducer means receiving said beam
      after modulation by the signals recorded on the record disc for producing
      corresponding pulse modulated electrical and pilot output signals, means
      responsive to said pilot output signals for producing a carrier signal,
      and demodulator means for demodulating said pulse modulated electrical
      output signals with said carrier signal.
NUM  15.
PAR  15. Apparatus according to claim 14; in which said beam of radiant energy
      is a light beam having a cross-sectional dimension in said radial
      direction of the record disc which is at least equal to said width of the
      track; and in which said means for effecting the relatively rapid repeated
      scanning by said beam includes a rotated optical shutter disc extending
      into the path of said light beam and having a plurality of apertures
      moving through said light beam in said radial direction of the record
      disc.
NUM  16.
PAR  16. Apparatus according to claim 15; in which said apertures are equally
      spaced apart along a circle with distances therebetween substantially
      equal to said width of the record track.
NUM  17.
PAR  17. Apparatus according to claim 15; in which said apertures are equally
      spaced apart by distances substantially equal to said width of the record
      track along a spiral on said optical shutter disc, and the light beam has
      a cross-sectional dimension, in the circumferential direction of the
      record track, which is at least equal to the circumferential extent of the
      record track accommodating recorded signals for at least one field
      interval so that, when said translational movement is halted, said
      electrical output signals correspond to a still reproduction of the
      recorded signals for a corresponding field interval.
NUM  18.
PAR  18. Apparatus according to claim 14 wherein said means for producing a
      carrier signal comprises means for synchronizing the frequency and phase
      of a carrier oscillator with said pilot signals.
NUM  19.
PAR  19. Apparatus according to claim 18 wherein said video signals are recorded
      as pulse-phase modulated signals and said pilot signals are recorded as a
      front pilot signal in advance of said recorded video signals and as a back
      pilot signal following said recorded video signals in each recorded line
      interval; and wherein said synchronizing means comprises extracting means
      for extracting said front and back pilot signals, respectively, from said
      electrical output signals; means for synchronizing the phase of said
      carrier oscillator with one of said pilot signals; and means for
      synchronizing the frequency of said carrier oscillator with the other of
      said pilot signals.
NUM  20.
PAR  20. Apparatus according to claim 19 wherein said extracting means comprises
      first gate means for extracting said front pilot signal from said pulse
      modulated electrical output signals; second gate means for extracting said
      back pilot signal from said pulse modulated electrical output signals; and
      horizontal synchronizing signal generating means for deriving horizontal
      synchronizing signals from said pulse modulated electrical output signals,
      said horizontal synchronizing signals being supplied to said first and
      second gate means as gate control signals therefor, respectively.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said carrier oscillator
      comprises a variable frequency oscillator and said means for synchronizing
      the phase thereof comprises means for supplying said front pilot signal
      extracted by said first gate means to said variable frequency oscillator
      for locking the phase of said variable frequency oscillator to the phase
      of said front pilot signal; and wherein said means for synchronizing the
      frequency of said carrier oscillator comprises phase comparator means
      having respective inputs coupled to said variable frequency oscillator and
      said second gate means for comparing the phases of said carrier signal and
      said extracted back pilot signal, and an output coupled to said variable
      frequency oscillator to control its oscillation frequency.
NUM  22.
PAR  22. Apparatus according to claim 19 wherein said demodulator means
      comprises detecting means supplied with said pulse modulated electrical
      output signals and said synchronized carrier signal to produce a
      pulse-demodulated video signal; and a low pass filter coupled to said
      detecting means.
NUM  23.
PAR  23. Apparatus according to claim 22 wherein said demodulator means further
      comprises horizontal synchronizing signal generating means for deriving
      horizontal synchronizing signals from said pulse modulated electrical
      output signals; and adder means coupled to said low pass filter and said
      horizontal synchronizing signal generating means for adding said
      horizontal synchronizing signal to said video signal.
NUM  24.
PAR  24. Apparatus according to claim 18 wherein said recorded pulse modulated
      signals further include pulse width modulated audio signals; and wherein
      said apparatus further comprises pulse width demodulating means for
      demodulating said audio signals from said electrical output signals.
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PAL  A modulator for producing a digital sub-carrier amplitude modulated by a
      video or other modulating signal comprises sampling means for sampling the
      modulating signal at twice the process carrier frequency, and selector
      means for feeding the samples to an output with alternate samples changed
      in value whilst preserving their timing relative to the remaining samples.
BSUM
PAC  SPECIFICATION OF THE INVENTION
PAR  The present invention relates to television apparatus and has as an object
      the provision of television apparatus in a novel and advantageous form.
      The provision of television apparatus which operates in the digital,
      rather than the conventional analog, mode is potentially attractive in
      that it can be expected to eliminate difficulties in achieving and
      maintaining correct adjustment. Although digital apparatus is unlikely to
      be employable in domestic television receivers in the early future
      different economic considerations apply to monitors and signal processing
      equipment used between the camera and the transmitter.
PAR  In accordance with the present invention there is provided apparatus for
      producing, at an output, digital output signals defining the timing and
      level of the peak values and the timing of the zero values, for a
      subcarrier signal amplitude modulated by a modulating signal which
      comprises means for sampling the modulating signal at a rate twice the
      process-carrier frequency and selector means for feeding the samples to an
      output with alternate samples changed in their sense whilst preserving
      their timing relative to the remaining samples. The apparatus has special
      value when provided in a form for modulation by video signals, but may be
      provided in a form for modulation by signals of a relatively small
      bandwidth, e.g. single or multi-channel audio signals or facsimile signals
      if desired.
PAR  The sub-carrier will have a frequency which is greater than the maximum
      frequency component of the modulating signal, but is substantially less
      than is required for a carrier useful for transmission by radiation.
PAR  In the apparatus of the invention, means are provided for introducing
      nominally zero signals (i.e. signals representing zero level) mid-way
      between the samples, thereby to define the occurrence of the zero levels
      of the process-carrier. The resulting digital signal is equivalent to a
      modulated sub-carrier sampled at four times the sub-carrier frequency.
PAR  A convenient selector has an operating cycle of four stages, viz.
PA1  A. passing a sample in the positive sense
PA1  B. passing a nominally zero signal
PA1  C. passing the next sample in the positive sense, and
PA1  D. passing the next nominally zero signal.
PAR  In one form of the apparatus the alternate signals are changed in their
      sense by a multiplier and the remaining signals are also passed through a
      multiplier or other circuit so that the alternate signals and the
      remaining signals are subjected to equal delays.
PAR  In another form of the apparatus the selector is operable to add alternate
      signals to a constant and subtract the remaining signals from the same
      constant. This arrangement is convenient in that it involves adding and
      subtracting devices rather than multiplying devices, does not necessitate
      the provision of a separate switching function and is readily arranged to
      introduce the nominally zero signals in the form of the unchanged
      constant.
PAR  The output from the apparatus may in some cases be transmitted by cable in
      digital form or be recorded in digital form. Normally however it is
      required for transmission and for this purpose the apparatus is provided
      with a digital-to-analog converter for passing the carrier to a
      transmitter in analog form. Advantageously, the apparatus when used for
      television transmission is provided with a digital vestigial side band
      filter for the digital output signals which may be arranged to compensate
      for the transfer characteristic of the power amplifier of the transmitter.
DRWD
PAR  The following descriptin in which reference is made to the accompanying
      drawings is given in order to illustrate the invention. In the drawings:
PAR  FIG. 1 shows a first modulator circuit in accordance with the invention.
PAR  FIG. 2 shows the general arrangement of a digital filter of the kind
      employable in apparatus according to FIG. 1,
PAR  FIGS. 3A, 3B and 3C show the operation of the modulator circuit of FIG. 1
      diagrammatically,
PAR  FIG. 4 shows a second modulator circuit, and
PAR  FIGS. 5A, 5B, 5C and 5D show the operation of the circuit of FIG. 4.
DETD
PAR  With the apparatus of FIG. 1, a video signal M is passed through a low pass
      filter LPF of conventional analog type and digitised by an
      analog-to-digital converter A/D operated at a sampling ratio of 13.3 MHz
      by a 4.43 MHz source and X3 multiplier or by equivalent means. The digital
      signals are passed to an electronic selector B shown for simplicity of
      illustration as a four pole bank rotary switch B operated at 26.6 MHz (on
      a contact per second basis) by an X2 multiplier fed by the X3 multiplier.
PAR  Referring to FIG. 3A, the input to the selector is constituted by samples
      P.sub.1 and P.sub.2 of signal M. Because the selector operates at twice
      the sampling frequency and changes the sign of alternate samples and also
      introduces zero samples Z between those from the converter A/D, the output
      (FIG. 3B) can define the positive and negative peaks and the zeros of an
      amplitude modulated sub-carrier PC (FIG. 3C). Alternatively expressed, the
      output is that obtainable by sampling an amplitude modulated 6.65 MHz
      sub-carrier at four times the sub-carrier frequency.
PAR  The output is processed by a vestigial side band filter VSBF and a group
      delay corrector GDC, a digital-to-analog converter D/A, and a low pass
      filter LPF to yield a modulated 6.65 MHz process-carrier (PC in FIG. 3C).
PAR  FIG. 2 shows by way of explanation the general arrangement of a suitable
      digital vestigial side band filter which must necessarily operate
      numerically. In general the frequency characteristics of a filter may be
      represented in the form
EQU  R = C.sub.1 A.sub.t1 + C.sub.2 A.sub.t2 + C.sub.3 A.sub.t3 + - - - C.sub.n
      A.sub.tn
PAL  where R is an instantaneous response, At1, At2, At3 - - - At.sub.n
      represent signal amplitudes at time t, and earlier times t.sub.2, t.sub.3
      - - - t.sub.n, and C.sub.1, C.sub.2, C.sub.3 - - - C.sub.n are
      coefficients. A good approximation to a required characteristic is
      obtainable with a conveniently small number of terms. The Filter of FIG. 2
      uses digital shift registers t.sub.2, t.sub.3, and t.sub.4 to produce
      delays of t.sub.2, t.sub.3 and t.sub.4, multipliers xC.sub.1, xC.sub.2,
      xC.sub.3 and xC.sub.4 to multiply the signal and the delayed signals by
      coefficients C.sub.1, C.sub.2, C.sub.3 and C.sub.4, and an adder A to
      produce the filter output FO for the filter VSBF (FIG. 1). Filter
      characteristics suitable for different television standards are given in
      International Radio Consultative Committee, Documents of the XIth Planning
      Assembly, Oslo 1966, published by International Telecommunications Union,
      Geneva, 1967. By choosing the coefficients so that they are all derivable
      by dividing the same quantity by two, i.e. by removal of the least
      significant digits from values represented by binary numbers, economy in
      construction is obtainable without significantly reducing performance.
PAR  With the modulator of FIG. 1, linearity of modulation and the avoidance of
      incidental phase modulation are more reliably avoided than with analog
      equipment. Compensation for the transfer characteristic of the power
      amplifier of the transmitter is readily effected.
PAR  The apparatus of FIG. 4 has its input M for the modulating signal (FIG. 5A)
      connected with an analog to digital converter ADC wherein it is converted
      to digital signals (FIG. 5B) of maximum magnitude 2.sup.8. By omitting the
      least significant digit at P, the signals are divided by two (FIG. 5C).
      The value 2.sup.7 is added to alternate signals by prefixing them with a
      1-bit. The remaining signals are subtracted from 2.sup.7 by forming their
      complements (i.e. reversing the values of all the digits). Logic gates are
      shown in conventional notation at G. FIG. 5D shows the resulting output
      with alternate peak values signals reversed in the sense that they extend
      in opposite senses from the value 2.sup.7. From the logic gates, the
      signals pass to a sample-and-hold device S/H and thence to output OP via a
      digital to analog converter DAC.
PAR  Using the apparatus of FIG. 4, results comparable with good analog
      modulation were obtained even without a filter such as the filter VSBF of
      FIG. 1.
PAR  As will be understood the apparatus described with reference to the
      drawings, is described for purposes of illustration only and various
      departures may be made therefrom without departing from the principles of
      the invention. The frequency 6.65 MHz and related frequencies referred to
      (and for convenience given only to three significant figures) are of
      course appropriate ones for the standards used in television broadcasting
      in the United Kingdom. Other frequencies may be substituted as required.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing, at an output, digital output signals defining
      the timing and the levels of the peak values, and the timing of the zero
      values, for a sub-carrier signal amplitude modulated by a modulating
      signal which comprises means for providing digitized samples of the
      modulating signal at a rate of twice the frequency of the sub-carrier,
      selector means for feeding the samples to the output with alternate
      samples changed in value while preserving their timing relative to the
      remaining samples, and means for introducing nominally zero signals midway
      between the samples to define the occurrence of zero levels.
NUM  2.
PAR  2. Apparatus according to claim 1 in which the modulating signal is a video
      signal.
NUM  3.
PAR  3. Apparatus according to claim 1 in which the alternate signals are
      changed in value by a multiplier and the remaining signals are also passed
      through a multiplier so that the alternate signals and the remaining
      signals are subjected to equal delays in their multiplication.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the selector is operable to add
      alternate signals to a constant and subtract the remaining signals from
      the same constant.
NUM  5.
PAR  5. Apparatus according to claim 1 provided with a digital vestigial side
      band filter for the digital output signals.
NUM  6.
PAR  6. Apparatus according to claim 1 having a digital-to-analog converter
      operable to convert said digital output signals to analog form thereby
      forming said amplitude modulated sub-carrier.
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PAL  Decommutator operating on a coded message formed of duration-modulated
      pulse trains, whereby extraction of the logic signal corresponding to an
      information is effected by comparing the pulse integrated over the
      information-characterizing portion of its duration with a reference
      quantity obtained locally by integrating the pulse over a portion of its
      duration not characterizing said information, this comparison having for
      effect to establish the reference voltage threshold of a synchronizing bit
      that identifies the latter.
PARN
PAR  This is a continuation-in-part of my co-pending application Ser. No.
      321,968 filed Jan. 8, 1973, now abandoned.
BSUM
PAR  The present invention relates to the radio communications art and more
      particularly to a decommutator for remote-control applications or the
      like, operating on a coded message formed of duration-modulated pulse
      trains, that is to say that the starting points in time of the consecutive
      pulses (representing either 0 or 1 "bits" or synchronizing signals) are
      evenly spaced (at a pace determined by the transmission "clock") and their
      length varies according to the information (0 or 1 or "sync") in each
      specific pulse.
PAR  In a more general manner the invention is concerned with a decommutator
      remotely energized by trains of duration-modulated pulses of a
      conventionally coded message in which the initial instants of the pulses
      are evenly spaced over a time period T and the length of which varies
      according to the information contained in the pulse, said pulses being
      first detected before being applied to the decommutator as will be
      explained further on. However, in order to fix ideas and as an example of
      practical application, it is proposed to consider herein for instance a
      message of the so-called Tone Digital Command Standard (TDCS) type used by
      NASA and European countries for remotely controlling scientific
      satellites. Although this "standard" is well known to the specialist in
      the art, its particularities are recalled in FIG. 1 by means of a "word"
      transmitted over a microwave link in accordance with the convention chosen
      in this case and consisting of the following in succession:
PA1  - a space E,
PA1  - a synchronizing pulse S, and
PA1  - a sequence of eight information bits 1 0 0 1 1 0 1 0.
PAR  The initial instants in time of the synchronizing pulses (hereinafter
      called "sync pulses") or bits and spaces define the clock frequency f;
      hence these consecutive instants in time are spaced in time by a period T
      = 1/f. Disregarding the spaces (during which no information is
      transmitted), the sync pulses and the bits are modulated by a subcarrier
      frequency F chosen as a whole multiple of the clock frequency f. In the
      standard considered herein (F = 72 f), it will be manifest that since a 1
      bit has a length of 36 oscillations, it corresponds to a duration T/2;
      similarly, an 0 bit has a length of 18 oscillations and corresponds to
      T/4, while the sync pulse has a length of 54 oscillations and corresponds
      to 3 T/4 (these numbers of oscillations are not shown on the figure).
PAR  Thus in a message consisting of synchronizing pulses and bits
      duration-modulated in this way, it will be noted - disregarding the spaces
      - that the first quarter of the pulse train provides no indication about
      its information content; it is therefore not characteristic of the
      associated information (nature or value). Only from the second and/or
      third quarter of the period T is there any information available about the
      data in question.
PAR  A major difficulty in designing a decommutator intended for operation on a
      spacecraft and adapted to restore the initial information arises from the
      fact that the useful information formed by the different digits is buried
      in thermal noise that can be assumed to be white and Gaussian. Further,
      the useful power received can vary within farily wide limits, depending on
      the distance between the earth-transmitter and the spacecraft and on the
      latter's orientation.
PAR  Prior art decommutators designed for operation with a message of the TDCS
      type or the like having the disadvantage of producing too high a
      proportion of errors in the recognition of 0 and 1 information bits. This
      is due in part to the fact that they usually operate with diode-type
      clamping systems, that is with non-linear elements that modify the noise
      distribution law - making it no longer Gaussian - thereby hindering proper
      operation of the decomutator by reason of the significant degradation in
      bit error probability for a given input signal/noise ratio. This in turn
      requires a big increase in transmitter power to obtain a given result.
PAR  Clearly, the performance of the onboard decommutator is of paramount
      importance in command links with ballistic missiles, bearing in mind the
      magnitude of and variations in the distances involved and the noise
      environment in which such missiles operate.
PAR  Now it has been found that it is possible to greatly mitigate the drawbacks
      of distance variations by making use of the information characterizing
      portion of the pulse as well as of its non-characteristic portion.
PAR  A decommutator according to this invention is accordingly so devised that
      extraction of the logic signal (0, 1 or "sync") corresponding to a certain
      information is effected by comparing the pulse - integrated over a portion
      of its duration characterizing its information content - with a reference
      value obtained locally by integrating the pulse over a portion of its
      duration that is not characteristic of that information, said comparison
      being performed with means the effect of which is to establish at zero
      magnitude the threshold of the reference voltage of a bit or sync pulse
      whereby to decide upon the nature or value thereof. Performed in this way,
      such comparison completely circumvents variations in dynamic range of the
      input signal.
PAR  Detection of the 0 and 1 bits and restitution of the sync pulses can
      therefore be effected in this manner, and this in spite of the noise.
      Further, it is highly advantageous in such cases to demodulate the
      oscillations of the subcarrier by a coherent envelope detection rather
      than by detection utilizing diodes.
PAR  It is to be noted that although the subject decommutator of this invention
      will function likewise without utilizing a coherent detector for the
      desired application - i.e. using instead a system of diodes or the like -
      the results obtained are less satisfactory; indeed it has been recognized
      that performance coming as close as is practically possible to the maximum
      theoretical performance can ba achieved only with a combination suitably
      adapted to the decommutator structure as hereinbefore described, including
      comparison with a reference quantity, and a coherent envelope detector.
DRWD
PAR  The invention will be more clearly understood from the description which
      follows with reference to the accompanying non-limitative examplary
      drawings in which, in addition to
PAR  FIG. 1 mentioned procedingly,
PAR  FIG. 2 is a schematic diagram showing the arrangement of the decommutator;
PAR  FIG. 3 is a block diagram of the fundamental element in a decommutator
      according to this invention;
PAR  FIG. 4 shows the corresponding graphs;
PAR  FIG. 5 is a general block diagram of a decommutator according to this
      invention;
PAR  FIG. 6 shows the error probability curves obtained with a system according
      to this invention;
PAR  FIG. 7 shows the diagram of an operational amplifier;
PAR  FIG. 8 shows diagrammaticaly the association of three operational
      amplifiers for the use of the invention;
PAR  FIG. 9 is a time diagram corresponding to FIG. 8;
PAR  FIG. 10 shows the possible embodiment of the combination T.sub.1 -R.sub.1,
      or T.sub.2 -R.sub.2 of FIG. 5, while FIG. 11 is a corresponding time
      diagram;
PAR  FIG. 12 illustrates the shape of the bits 1 and 0 with respect to time and
PAR  FIG. 13 shows the general constitution of an equipment for receiving TDCS
      signals at a distance.
DETD
PAR  It is proposed to consider the case of a missile or spacecraft receiving
      from earth TDCS-coded remote-control signals which are amplitude-modulated
      on a suitable carrier wave. The missile or spacecraft will accordingly
      include the following on board equipment (see FIG. 13).
PA1  A receiving antenna Ra for collecting the signals sent from the earth.
PA1  A receiver Re connected thereto for performing the first (amplitude)
      demodulation. The receiver delivers the high frequency signal buried in
      the noise produced by the link - thermal noise or celestial noise and
      electronic noise from the receiver - the latter noise being preferably
      reduced as much as possible.
PA1  A decommutator De which is the object of the invention; it receives the
      high frequency signal and decommutates it, i.e. delivers binary-type
      signals which, subsequent to conversion in a logic unit L.U., can directly
      operate the controls of the spacecraft in the form of relays. As already
      stated, this invention is primarily concerned with the decommutator itself
      and not with the other elements of this FIG. 13.
PAR  The function of the decommutator is to convert 0 and 1 bits, coded
      according to the TDCS standard and carried by a certain subcarrier
      frequency, into a train of "Non return to Zero" (NRZ) type signals rid of
      noise and devoid of a subcarrier frequency, and hence directly ingestible
      by the logic unit.
PAR  It is pointed out for the record that with NRZ type signals the full period
      of a bit constitutes the information support. For example, a 1 is
      represented by a first level (high) and a zero by second level (low) and
      there is a transition each time the bit changes state (from 0 to 1 or from
      1 to 0).
PAR  The additional noise in the message causes a degradation of the signal
      which produces "bits errors" (transformation of a 0 into a 1 and vice
      versa) in the decommutator. It will readily be appreciated therefore just
      how useful and important it is for the decommutator to be so devised that
      these errors are reduced to a minimum and that the corresponding error
      probability curve comes as close as possible to the theoretical
      mathematical curve characterizing the form of coding utilised.
PAR  A TDCS pulse train can be written as a function of time t in the form:
EQU  f(t) = .sqroot.2P sin .omega..sub.o t. m(t)
PAL  where P is the power of the sine signal, .omega..sub.o the radian frequency
      of the subcarrier and m(t) a function of time representing a subcarrier
      modulating signal (consisting of a periodic portion and a random portion).
PAR  To decode the 0 and 1 bits in a TDCS pulse train, it is possible, at any
      rate theoretically, to use a device devised according to the diagram in
      FIG. 2. The input signals f(t) are applied to a multiplier the other input
      of which receives sinusoidal clock signals (in the form .sqroot.2P sin
      .omega..sub.o t). A coherent envelope detection is thus performed on the
      input signals and the bits resulting from this detection are applied to an
      integrator I.sub.1, which integrates between T/4 and T/2 over that portion
      of the period which characterizes the digit 1. The output signals are
      applied to a subtractor C.sub.1 which receives the reference term P.T/8,
      and thereafter to a bit detector D that is known per se,
PAR  The reference term PT/8 is obtained by integrating the bits 0 and 1 during
      the first fourth part of a pulse. It is in fact necessary to obtain
      locally a reference quantity and for this purpose the pulse is integrated
      over a portion of its duration (t.sub.0 -t.sub.1) which does not
      characterize the information. If time is marked on the abscissa axis, and
      .sqroot.P. (= squ. root of the signal power) on the ordinate axis, the
      bits 1 and 0 are represented as indicated in FIG. 12.
PAR  There is in either case a signal occurring in the interval t.sub.1 -
      t.sub.2 and consequently an integrator working over this interval will
      deliver a voltage proportional to the quantity PT/8, which represents half
      the energy transported by the first fourth part of any bit received. Then
      the object of introducing the term P.T/8, in the case of the standard
      considered herein, is to define a "decision" threshold which establishes
      itself at the middle value of the voltages representing the 0 and 1 bits
      at the end of integration, whereby to determine these bits.
PAR  This quantity PT/8 is necessarily a function of the power P and if the
      latter varies, there must be some means for exerting a corresponding
      action on the threshold. Actually, if such means were not provided, the
      decision threshold could be no more equal to the arithmetic mean value of
      the levels obtained when receiving a bit "1" and a bit "0"; consequently a
      degradation of the probability of bit error would take place, one kind of
      bit being disadvantaged with respect to the other. Thus, the power P has
      to be measured aboard the satellite and the result of this measure has to
      influence the decision threshold.
PAR  The decommutation device of FIG. 2 could permit the attainment of the
      theoretical maximum performance of the system, but it has the serious
      drawback of depending on the power P of the signal received. In other
      words, it would be necessary to operate with a fully known input-signal
      dynamic range, which is not feasible in the case of the earth-spacecraft
      links considered herein.
PAR  A decommutator according to the invention as represented in FIG. 3, which
      is based solely on the permissible assumption that the input-signal
      dynamic range has no time to change significantly over a time lapse of the
      order of T/4 (i.e. about 2 ms in practice), makes it possible to
      circumvent the above-mentioned drawback thanks to another arrangement.
PAR  In brief, whereas the device shown in FIG. 2 operates with a fixed
      threshold, the one in FIG. 3 operates with a referenced and slightly
      noise-afflicted threshold. In the latter arrangement, the demodulating
      multiplier M.sub.1, which receives the input signal, simultaneously feeds
      two chains in parallel. The upper chain includes, in series, an integrator
      I.sub.2 operating from 0 to T/4, followed by a memory (or gated storage
      element A.sub.2 which stores the integrated signals only for a further
      quarterperiod. The lower chain comprises in series the integrator I.sub.1
      effective from T/4 to T/2 and a doubler m. The signals issuing from the
      units A.sub.2 and m are inputted simultaneously into subtractor C.sub.1
      followed by bit detector D.
PAR  Means C.sub.T are provided for controlling the integration times of the
      integrators and the storage time of memory A.sub.2 during the period T.
      Such means will be better defined with respect to FIGS. 5 and 8.
PAR  The role of the doubler m is to obtain at the output of subtractor C.sub.1
      symmetrical signals with respect to earth, although a bit 0 has a T/4
      duration and a bit 1 a T/2 duration. Thus, the operation is independent of
      the level of the signal received, which is very important for the usage in
      view.
PAR  It is to be understood that FIGS. 3 and 5 are but theoretical schematic
      diagrams, which are to be completed as indicated further on.
PAR  FIG. 4 illustrates the working of the device. On the line I, a bit a-b-c-d
      of value 1 is shown is solid lines and a bit a-b-c'-d' of value 0 in
      dot-dash lines (which bits are detected by M.sub.1), and on the facing
      line II are represented the voltages developed after integration. At the
      end of the first quarter-period, there is formed in the upper chain a
      negative voltage of value -V which is stored without notable loss in the
      memory A.sub.2 for the next quarter-period. In the case of a 1 bit,
      integration is also effected in the lower chain, over the second
      quarter-period only, and a +2V voltage is obtained by means of doubler m.
      A zero voltage is obtained in the case of a bit of value 0.
PAR  In other words, the bit detector D has to work with voltages of the same
      value and opposed signs, for the digital bits (1) and (0).
PAR  In the presence of a bit 1, which lasts T/2, the upper branch of the
      circuit (FIG. 3) delivers a voltage +V, obtained during the first T/4 and
      the lower branch of the same circuit delivers a voltage +2V, because of
      the doubler (otherwise this would be only V, obtained in the second T/4);
      the net result obtained at the output of the subtractor C.sub.1 is + 2V -
      V = + V.
PAR  In the presence of a bit 0, which lasts T/4, the upper branch of the
      circuit only works and the subtractor C.sub.1 delivers a voltage V.
PAR  Thus if one disregards the noise (which in practice operates only in a
      ratio of about 3 dB), one obtains equal voltages, of opposite sign,
      irrespective of the value of V, which voltages are readily exploitable in
      the bit detector.
PAR  FIG. 5 is an overall block diagram of a decommutator according to the
      invention that basically comprises:
PA1  a loop B.sub.h phase-referenced to the subcarrier frequency (called the
      "upper" loop) and forming a coherent-detection unit for restituting the
      envelope m(t);
PA1  a "low" loop B.sub.b for restituting the bit rate, providing the
      controlling means C.sub.T, and
PA1  a decommutator and bit detection unit E which utilizes the signals issuing
      from said two loops and is devised in accordance with the principle
      illustrated in FIG. 3 for restituting the 0, 1 and sync signals in the
      TDCS pulse train.
PAR  Considering first the upper loop, the latter is a conventional device
      comprising, subsequent to a multiplier M.sub.2, a loop filter F.sub.2 and
      an oscillator O.sub.2 of the voltage-controlled type that controls the
      second input to multiplier M.sub.2 (possibly via a logic divider,
      depending on the oscillator frequency). This loop B.sub.h permits coherent
      detection of the envelope of the incoming signal, i.e. restitution of the
      pulse trains. The element for ensuring synchronous amplitude demodulation
      is made of the phase-shifter P.sub.1 and the multiplier M.sub.4 : the
      output of M.sub.4 provides the input signal for the low loop B.sub.b and
      the analog portion E of the decommutator.
PAR  The low loop B.sub.b is devised somewhat similarly to the upper loop
      B.sub.h (multiplier M.sub.3, filter F.sub.3, oscillator O.sub.3) and is
      referenced to the periodic portion of the signal characterizing the bit
      rate, for it has been observed in developing the present invention that
      the spectrum of the random pulse train contains discrete lines
      characterizing the clock frequency of the bits. It is therefore possible
      to reference a phase loop to this periodic component for the purpose of
      delivering the different control signals at the required instants in order
      to activate the integrators I.sub.1, I.sub.2, I.sub.3. It is recalled that
      the loop Bh is outside the scope of the invention and commented only for
      explaining the use of the decommutator.
PAR  The decommutator unit proper E includes firstly the two chains I.sub.2
      -A.sub.2 and I.sub.1 -m described precedingly with reference to FIG. 3.
      These chains drive a trigger circuit T.sub.1 followed by a logic copying
      device R.sub.1 which delivers the 0 and 1 signals.
PAR  By trigger circuit (T.sub.1 or T.sub.2) as is meant here, is a circuit
      understood whose output may have only two values, 0 and V.sub.1. The value
      O is obtained when the input voltage is negative or nil, and the value
      V.sub.1 when the input voltage is positive. For instance one may use
      therefor an amplifier T.sub.a having a very high gain (&gt;10.sup.5) (see
      FIGS. 10 and 11).
PAR  This trigger circuit is followed by a logic copying device (R.sub.1 or
      R.sub.2); this is a bistable flip-flop, called "master slave" and known
      under type 54 L 73 of Texas Instrument Corp. (U.S.A.), this flip-flop
      being rhythmed by a clock at definite instants so as to take off the
      information existing on the flip-flop inlets at said instants. Thus the
      combination T.sub.1 -R.sub.2 or T.sub.2 -R.sub.2 (known in itself) will
      take the form of FIG. 10.
PAR  To obtain the sync signals (s) of the form a-b-e-f (line I of FIG. 4), use
      is made of the upper chain I.sub.2 -A.sub.2 in cooperation with an
      additional lower chain I.sub.3 -m' similar to I.sub.1 -m that operates on
      a comparator C.sub.2, the integrator I.sub.3 integrating from T/2 to 3T/4.
      It is recalled that the sync digit differs from a 1 by the presence of a
      signal in the time interval T/2 - 3T/4, but they have in common the
      reference signal in the time interval O-T/4. For obtaining the sync digits
      it would be possible to use a supplemental two-chains lay-out similar to
      the one of FIG. 3, but in order to spare one memory element (as A.sub.2)
      it suffices to have in FIG. 5 a supplemental I.sub.3 -m' chain and to
      extend the memorization of the output of I.sub.2 -- (from T/2 to 3T/4) so
      as to obtain sync information also (in addition to the bits 1 and 0). The
      elements R.sub.1  and R.sub.2 are used for distinguishing with reference
      to time the two kinds of bits -- sync or 1-0 -- thanks to different
      sampling instants -- either at T/2 or at 3T/4. The dot-dash lines in FIG.
      4 (line II) illustrate the variation in potential in the lower chain, and
      the manner of production of the sync signals will readily be understood by
      comparison with the production of the 0 and 1 bits. These signals (s) are
      also produced by a trigger circuit T.sub.2 and a logic copying device
      R.sub.2.
PAR  The detected ones, zeros and the sync are to be used in the logic unit L.U.
      (FIG. 13) which works on the respective situations of the bits in the
      message; it is recalled that this unit lies outside the scope of the
      invention. The decommutator of the invention plus said logic unit
      constitute what is in itself known, under any other form, as a
      "telecontrol decoder" which delivers the orders to the satellite for
      ensuring its proper working.
PAR  FIG. 6 indicates the error probability curves plotted with such a device,
      which highlight the qualities of the latter. On this figure, the X-axis
      represents, in decibels, the ratio E/N.sub.o of the mean energy E emitted
      per bit to the spectral noise density N.sub.o (assumed to be white and
      Gaussian), and the Y-axis is a logarithmic representation of the bit error
      probability p(E), the bits being assumed to be equiprobable and
      independent.
PAR  Curve 1 gives the bit error probability obtained with a decommutator
      according to the invention, the integrator control signals of which are
      devoid of noise (loop B.sub.b of infinitely narrow bandwidth), and curve 2
      the bit error probability obtained under the same conditions but with
      noiseafflicted control signals. The latter curve is plotted by taking the
      arithmetic mean of the points on the same vertical for curves 3 and 4, for
      the "1" and "0" probabilities (taken separately) respectively.
PAR  It must be clear that in the above cited diagrams the integrators and the
      memory could be of various types. However, the best way for putting the
      invention into practice will be given hereinafter. The type of integrator
      I.sub.1, I.sub.2, I.sub.3 preferably chosen in FIGS. 3 and 5 is a
      well-known operational amplifier, which is provided with a switch (i) and
      a condenser C across the amplifier as shows the circuit diagram of FIG. 7.
      Its transfer function in the Laplace's sense is:
      ##EQU1##
      V.sub.s (p) and V.sub.e (p) being the respective Laplace transformations
      of the corresponding output and input signals V.sub.s (t) and V.sub.e (t)
      and R or R/2 the input resistance. It is seen that the Laplatian operator
      p is situated in the denominator of the term H (p).
PAR  The condenser C connected with the switch (i) across the amplifier ensures
      integration. When the switch (i) is closed, it shortens condenser C and
      thus fixes the integration limits in the course of time. It is obvious
      that this circuit acts as an integrator if and only if (i) is opened.
      Mathematically this may be written as follows:
      ##EQU2##
      with t.sub.1 - t.sub.2 = time interval during which (i) is open.
PAR  In a practical embodiment of the invention the Applicant will use, for
      materializing the integrators I.sub.1, I.sub.2, I.sub.3 of FIG. 5, the
      structure shown in FIG. 7. It is thus contemplated to go a step further
      and to embody in a single unit I.sub.2 + A.sub.2, and also I.sub.1 + m and
      I.sub.3 + m' respectively. In this manner the diagram of FIG. 8 is
      obtained.
PAR  It is clear that an electrical integrator, as it includes a condenser or
      any other like capacitive element, is in itself a storage element. The
      pulse part which is integrated is stored in this condenser. All that is
      required to transform it into a "gated" storage element is to provide an
      input switch or gate which is open and closed at the required instants.
      This switch i' is made, as in current practice, of a FET (field effect
      transistor). The switches i.sub.1, i.sub.2, i.sub.3, corresponding to
      switch i of FIG. 7, are preferably also of the same FET type. Each of the
      switches is controlled by a conventional transistor stage.
PAR  It will be remarked that at the input of I.sub.2 a resistor of value R/2 +
      R/2 = R (identical to the one of FIG. 7) is connected in series, whereas
      the resistor has a value R/2 at the inlet of I.sub.1 and I.sub.3. It
      results that the two latter integrators will act also as doublers, for the
      slope of integration is a reverse function of this resistor value.
      Moreover, switch i' is connected at the mid-point of the two resistors R/2
      for avoiding reactions of I.sub.2 on the integrators I.sub.1 and I.sub.3.
PAR  In order to understand perfectly the working of FIG. 8 one may refer to the
      time diagram of FIG. 9. In this time diagram there are to be found
      successively from top to bottom:
PAR  line (1): the shape of a bit 0, a bit 1, a sync bit versus time t.
PAR  lines (2), (3), (4), (5) the periods "on" and "off" of the switches
      i.sub.1, i.sub.2, i', i.sub.3 respectively during this time.
PAR  line (6), the integration of the non-characterizing part of the pulses,
      common to all kinds of bits, which is obtained in the chain I.sub.2
      -A.sub.2.
PAR  line (7), the integration with doubling in the chain I.sub.1 -m.
PAR  line (8), the integration with doubling in the chain I.sub.3 -m'.
PAR  line (9), the net result of subtraction of the first two chains, obtained
      at the outlet of C.sub.1.
PAR  line (10), the net result of subtraction of the first and third chains,
      obtained at the outlet of C.sub.2 and
PAR  line (11) and (12), the sampling of the respective results in R.sub.1 and
      R.sub.2.
PAR  Obtainment of the timing pulses is derived from oscillator O.sub.3 through
      known arrangements which are usual in this technique and are outside the
      scope of this invention.
PAR  It goes without saying that changes and substitutions may be made in the
      exemplary embodiments hereinbefore described without departing from the
      scope of the invention. For instance, it will be manifest that dividing by
      two in the upper chain is virtually the same thing as multiplying by two
      in the lower chain (FIG. 3).
PAR  It is consequently not mandatory to confine oneself to a doubling (at m).
      More generally, it is necessary only that extraction of the information
      signal corresponding to any information type or value be effected by
      comparing (for the application stated precedingly) the pulse or series of
      rectified oscillations integrated over that portion of its or their
      duration which characterizes its or their information value or type, with
      a reference quantity obtained locally by integrating the pulse or
      rectified series of oscillations over that portion of its or their
      duration which is not characteristic of saif information value or type,
      said comparison being effected with means the function of which is to
      establish, at zero magnitude, the reference threshold needed to decide
      upon the nature of a bit.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A decommutator for extracting 0 and 1 bits from duration-modulated
      pulses of a conventionally coded message in which the initial instants of
      the pulses are evenly spaced over a time period T and the length of which
      varies according to the information contained in the pulse, said pulses
      being first detected before being applied to the decommutator, said
      decommutator comprising a first integrator and a second integrator, means
      for applying the detected duration-modulated pulses conjointly to both
      said integrators, a gated storage element, a multiplying member having a
      constant multiplication factor, means for connecting the first integrator
      to the storage element so as to store therein the signals integrated by
      this first integrator, means for connecting the second integrator to the
      multiplying member so as to multiply the magnitude of the signals
      integrated in said second integrator by said constant factor, a comparison
      means having two inlets and one outlet, means for connecting the storage
      element and the multiplying member each to one different inlet of the
      comparison means, and means for controlling the integration intervals of
      the integrators and the gating of the storage element so that a said pulse
      is integrated in the first integrator over a period carrying no said
      information and stored in a succeeding portion of the same period and that
      said pulse is integrated in the second intergrator over a period carrying
      said information and multiplied by said factor, whereby the stored
      integrated signals and the multiplied integrated signals are compared in
      said comparison means for providing 0 and 1 bits, and means for connecting
      the outlet of said comparison means to a bit detector for detecting said 0
      and 1 bits.
NUM  2.
PAR  2. A decommutator according to claim 1 for extracting the 0 and 1 bits from
      a message of the TDCS type, wherein in the period T the first integrator
      integrates in the time interval O - T/4, the second integrator integrates
      in the time interval T/4 - T/2 and the storage element stores in the time
      interval T/4 - T/2 and wherein said multiplying element is a doubler.
NUM  3.
PAR  3. A decommutator according to claim 1, wherein the first integrator, the
      gated storage element and the means for connecting the first integrator to
      the storage element are embodied in one single integrating and storing
      member.
NUM  4.
PAR  4. A decommutator according to claim 1, wherein the second integrator, the
      multiplying member and the means for connecting the second integrator to
      the multiplying member are embodied in one single integrating and
      multiplying member.
NUM  5.
PAR  5. A decommutator according to claim 1 for extracting the 0 and 1 bits and
      the synchronizing pulses from a message of the TDCS type, wherein in the
      period T the first integrator integrates in the time interval .-T/4, the
      storage element stores in the time interval T/4 - 3T/4 and the second
      integrator integrates in the time interval T/4 - T/2 and wherein said
      multiplying element is a doubler, said decommutator also comprising a
      third integrator, a supplemental doubler and supplemental comparision
      means having two inlets and one outlet, means for applying the detected
      duration-modulated pulses to the third integrator conjointly with the
      other two integrators, means for controlling the integration of said third
      integrator in the time interval T/2 - 3T/4, said means for controlling
      being the same means for controlling the integrating intervals of the
      first and second integrators; means for connecting the third integrator to
      the supplemental doubler so as to double the magnitude of the signals
      integrated in said third integrator, means for connecting the storage
      element and the supplemental doubler each to one different inlet of the
      supplemental comparison means, for providing said synchronizing pulses at
      the outlet of said supplemental comparison means, while the voltage at the
      outlet of the first mentioned comparison means corresponds to the 0 and 1
      bits.
NUM  6.
PAR  6. A decommutator according to claim 5, wherein the first integrator, the
      gated storage element and the means for connecting the first integrator to
      the storage element are embodied in an integrating and storing member, the
      second integrator, the multiplying member and the means for connecting the
      second integrator to the doubling member are embodied in a first
      integrating and doubling member, and the third integrator, the
      supplemental doubler and the means for connecting the third integrator to
      the supplemental doubler are embodied in a second integrating and doubling
      member.
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ABST
PAL  This invention relates to a circuit for mixing a direct audio signal with a
      reverberation signal. The circuit includes an amplitude control for the
      reverberation signal and an active gain producing element such as, for
      example, a field effect transistor (FET). The direct signal is applied to
      the element in a manner such that this signal is amplified by the element.
      The reverberation signal is applied to the element through the
      reverberation amplitude control in a manner such that, as the amplitude
      for the reverberation signal is increased by the amplitude control, the
      gain of the element for the direct signal is reduced, thus maintaining
      uniform output volume. Thus, the output from the element has both a direct
      signal component and a reverberation signal component, the direct signal
      component decreasing as the reverberation signal component increases.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates to audio control systems and more particularly to a
      circuit for mixing a direct audio signal with a reverberation signal
      component thereof.
PAR  2. The Prior Art
PAR  In audio control systems such as, for example, amplifier systems utilized
      with musical instruments, a reverberation effect is frequently provided.
      This effect is achieved by mixing the direct audio signal with a delayed
      component of the signal. Normally, there is an undesirable volume increase
      in the output sound from the system as reverberation signal is added. A
      more aesthetically pleasing sound is obtained if the volume of the direct
      signal decreases as the volume of the reverberation signal increases so as
      to maintain a substantially uniform output volume. The volume of the
      direct signal may, for example, be reduced by up to 50% when the system
      controls are set for full reverberation signal.
PAR  Heretofore, the only way that the effect indicated above could be obtained
      was to apply the direct and reverberation signals to opposite ends of a
      potentiometer, the tap on the potentiometer serving as a volume control
      for the reverberation signal. A major disadvantage of this type of
      reverberation mixer circuit is that the potentiometer must have a fairly
      large resistance to substantially cut off the reverberation signal when
      the potentiometer is set for zero reverberation. However, with a
      large-resistance potentiometer, there is significant insertion loss for
      both the direct and reverberation signals. A need therefore exists for an
      improved reverberation mixer circuit which permits the desired effect of
      reducing the amplitude of the direct signal as the amplitude of the
      reverberation signal is increased without causing a significant insertion
      loss for either of the signals.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  This invention provides a circuit for mixing a direct signal with a
      reverberation signal which circuit includes an amplitude control means
      variably positionable for controlling the amplitude of the reverberation
      signal and an active gainproducing element which functions as a mixer
      means. The direct signal is applied to the element in a manner such that
      this signal is amplified by the element. The reverberation signal as it
      appears at the output from the control means is applied to the element,
      the element mixing this signal with the direct signal to obtain a
      composite output. The reverberation signal is applied to the element in a
      manner such that, as the amplitude for the reverberation signal is
      increased by the control means, the gain of the direct signal component of
      the composite output is reduced.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE is a semiblock schematic diagram of a preferred
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the FIGURE, a signal source 10 generates an output on a
      line 12 which is applied to a standard delay line circuit 14 and through
      an isolation capacitor 16 to a line 18. Signal source 10 is a source of
      audio signals and may, for example, be the output from the last stage of
      an amplifier, the input to which may be the audio output signal from an
      electric guitar or other electronic musical instrument. The output from
      delay circuit 14 is applied through standard reverberation control
      circuits 20 to a line 22. Circuits 20 include various signal shaping,
      amplifying and other control circuitry.
PAR  Lines 18 and 22 are inputs to the mixer and amplifier circuit 24 of this
      invention. Line 18 is connected to the gate or control input of a
      field-effect transistor (FET) 26. The drain electrode of FET 26 is
      connected through a resistor 28 to a source of positive potential. The
      gate and the drain are connected through a frequency compensating
      capacitor 32. Bias potentials for the gate and drain are controlled by
      resistors 34 and 36 in addition to the resistor 28.
PAR  Line 22 is connected through reverberation volume control potentiometer 38
      to ground. The source electrode of FET 26 is connected to ground through a
      resistance chain including resistors 40, 42, and 44, resistor 44 being
      shunted by a high frequency bypass capacitor 46. The tap of potentiometer
      38 is connected to the junction of resistors 40 and 42.
PAR  The drain of FET 26, which is the output electrode from the FET, is
      connected to the control input of amplifier transistor 48. The collector
      of this transistor is connected to the positive potential source and the
      emitter of this transistor is connected to ground through resistor 50, a
      high frequency bypass capacitor 52 being provided for this resistor. The
      emitter of transistor 48 is also connected through DC isolation capacitor
      54 and master volume control potentiometer 56 to ground. The tap on
      potentiometer 56 is connected to the signal output line from the system.
PAR  In operation, the reverberation signal is at a minimum, being essentially
      cut off, when the tap on potentiometer 38 is on the ground or lower side
      of the potentiometer, and is at a maximum, being roughly equal to the
      direct signal, when the tap is at the top-side of the potentiometer. With
      potentiometer 38 set for zero reverberation, resistors 42 and 44 are
      effectively bypassed or shunted through the potentiometer. This decrease
      in the resistance in series with FET 26 increases the gain between the
      gate and drain of the FET to maximize the amplitude of the direct signal.
      Conversely, with potentiometer 38 in its maximum reverberation position,
      the reverberation signal is applied to the source electrode of FET 26
      without any attenuation in potentiometer 38. The high resistance of
      potentiometer 38 in this situation results in resistors 42 and 44 being
      the lowest resistance path to ground from the source electrode. This
      increase in the FET series resistance to ground reduces the gate-to-drain
      gain of the FET, effectively reducing the direct signal component of the
      FET output. At positions of potentiometer 38 intermediate the two extremes
      indicated above, the reverberation signal component of the output from the
      FET increases as the tap moves up the potentiometer, while the gain in the
      FET for the direct signal component,  and thus the volume for this
      component, decreases as the tap on the potentiometer is moved up. By
      proper selection of component values, the change in the amplitude of
      direct component of the output may be adjusted to be substantially equal
      to the change in the reverberation component of the output so that the
      amplitude of the composite output signal from the FET remains
      substantially constant.
PAR  Since the direct signal is not applied through potentiometer 38 and the
      reverberation signal is applied through this potentiometer only when it is
      desired to be attenuated, the potentiometer may have the high resistance
      required to fully attenuate the reverberation signal without introducing
      undesired insertion loss for either the direct or the reverberation
      signals. The desired, substantially uniform output volume for the system
      as reverberation is increased or reduced is thus achieved without
      introducing any undesired insertion loss for either the direct or
      reverberation signal.
PAR  While for the preferred embodiment of the invention shown in the FIGURE, an
      FET has been utilized for the mixing function, primarily becuase of its
      low impedance characteristics, other equivalent gain-producing elements,
      including various other types of transistors, could be utilized for
      performing this function. Similarly, each of the other components of the
      preferred embodiments of the invention could be replaced with elements
      performing a comparable function. Thus, while the invention has been
      particularly shown and described above with reference to a preferred
      embodiment, the foregoing and other changes in form and detail may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for mixing a direct signal with a reverberation signal
      comprising:
PA1  an active gain-producing element;
PA1  means for applying the direct signal to said element in a manner such that
      said signal is amplified by the element;
PA1  amplitude control means for said reverberation signal;
PA1  and means for connecting said control means to said element in a manner
      such that, as the amplitude for the reverberation signal is increased by
      said control means, the gain of the element for the direct signal is
      reduced, the reverberation signal being applied to the element through the
      amplitude control means and the means for connecting said control means to
      the element;
PA1  whereby the output from the element has a direct signal component and a
      reverberation signal component, the direct signal component decreasing as
      the reverberation signal component increases.
NUM  2.
PAR  2. A circuit as claimed in claim 1 including a resistance path to ground
      connected in series with said element; and
PA1  wherein said amplitude control means is a variable resistor, said variable
      resistor being connected to partially shunt said resistance path, maximum
      shunting occurring when the variable resistor is set for minimum
      reverberation amplitude and minimum shunting occurring when the variable
      resistor is set for maximum reverberation.
NUM  3.
PAR  3. A circuit as claimed in claim 1 wherein said element is a field effect
      transistor (FET), the direct signal being applied to the gate input of the
      FET, the control means being connected to the FET source input, and the
      output from the element being derived from the FET drain.
NUM  4.
PAR  4. A circuit as claimed in claim 3 including a resistance circuit connected
      between the source of the said FET and ground; and
PA1  wherein said amplitude control means is a variable resistor, said variable
      resistor being connected to partially shunt said resistance circuit,
      maximum shunting occurring when the variable resistor is set for minimum
      reverberation amplitude and minimum shunting occurring when the variable
      resistor is set for maximum reverberation, the gate to drain gain of said
      FET increasing as the portion of the resistance circuit which is shunted
      increases.
NUM  5.
PAR  5. A circuit for mixing a direct signal with a reverberation signal
      comprising:
PA1  control means variably positionable for controlling the amplitude of said
      reverberation signal; and
PA1  mixer means adapted for receiving said direct signal and for receiving said
      reverberation signal as it appears at the output of said control means,
      for mixing the received signals to obtain a composite output and for
      applying a controlled gain to the direct signal component of the composite
      output, said gain decreasing as the position of said control means is
      varied to increase the amplitude of the reverberation signal, and
      increasing as the position of the control means is varied to decrease the
      amplitude of the reverberation signal.
NUM  6.
PAR  6. A circuit as claimed in claim 5 wherein said mixer means is a field
      effect transistor (FET) circuit, the direct signal being applied to the
      gate of the FET, the output of the control means being applied to the FET
      source input, and the output from the mixer means being obtained from the
      FET drain.
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ABST
PAL  A central office of a videotelephone system has a cross-bar switch to
      establish connections between incoming and outgoing video lines
      terminating at the transmitters and receivers of the videotelephone sets
      of the several outlying stations. A central sync-pulse generator works
      into the incoming video lines to control the sweep circuits of the video
      receivers of stations to which connections have been established, each
      video receiver being linked with the associated video transmitter through
      a delay circuit which actuates the line-scan generators of the transmitter
      and of the receiver with a relative offset compensating for the transit
      time of the sync pulses between the central office and the station. The
      sync pulses are supplied to each incoming video line through an amplifier
      stage preceded by a shunt circuit including a transistor to which
      quenching pulses for grounding the line are periodically applied by the
      sync-pulse generator.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a videotelephone system comprising a number
      of stations within a limited area, such as outlying stations associated
      with a private telephone exchange.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known, in such a system, to equip each outlying station with a video
      transmitter and a video receiver in addition to the usual telephone
      apparatus, these instruments being linked by audio and video lines with
      the common central office. Each station also includes a source of
      synchronizing pulses which controls the sweep circuits of its own video
      transmitter as well as those of a remote receiver temporarily connected
      thereto by way of the central office. The synchronizing pulses are
      generated by individual crystal-stabilized oscillators operating
      independently of one another; such oscillators are relatively expensive
      and their duplication at each of the several stations weighs heavily in
      the overall cost of the system.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of my present invention, therefore, is to provide a
      simplified videotelephone system in which this cost factor is
      substantially reduced.
PAR  A related object is to provide means in such a system for improving the
      operation thereof with suppression of crosstalk.
PAC  SUMMARY OF THE INVENTION
PAR  I realize these objects, in conformity with my present invention, by the
      provision of a single source of synchronizing pulses at the central office
      of such a videotelephone system, each of the associated outlying stations
      including a pulse extractor for separating the sync pulses from the
      accompanying video signals. The common pulse source is connected at the
      central office to a set of first links in parallel, namely the incoming
      transmission lines originating at the video transmitters of the outlying
      stations; a second set of links, i.e., the corresponding outgoing lines
      terminating at the associated video receivers, are connected at the
      several stations to the respective pulse extractors thereof. In this way,
      the sync pulses are transmitted through the switching equipment of the
      central office to the pulse extractor of any station included in an
      established videotelephone connection; the pulse extractor, in turn, feeds
      both the video transmitter and the video receiver of that station.
PAR  Where transit time is a factor, i.e., where the outlying stations are
      separated by substantial distances from the central office as may be the
      case in a network serving a large industrial complex, the sweep circuits
      of the video transmitter and the video receiver of a station cannot be
      operated in step with one another since the video signals sent over the
      intervening line links to the remote station will then be lagging behind
      the sync pulses arriving at that remote station directly from the central
      office. In accordance with an important feature of my invention,
      therefore, each station includes delay means for relatively staggering the
      operation of the transmitting and receiving sweep circuits to compensate
      for this time lag. Such compensation, in the case of a relatively compact
      communication network as here considered, will generally be required only
      for the line scan or horizontal sweep but not for the frame scan or
      vertical sweep.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a schematic view of a conventional videotelephone system of the
      general type here considered;
PAR  FIG. 2 is a block diagram of video equipment provided at a typical station
      of the conventional system of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1, illustrating my present improvement;
PAR  FIG. 4 is a view similar to FIG. 2, showing the video equipment at a
      typical station of the system of FIG. 3;
PAR  FIG. 5 is a block diagram of an amplification and equalization unit
      included in the system of FIG. 1 or FIG. 3; and
PAR  FIG. 6 is a circuit diagram of an amplification and equalization unit
      included in the system of FIG. 3.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I have shown a prior-art videotelephone system comprising a
      central office or exchange CO and a multiplicity of outlying stations
      partly illustrated at U.sub.1, U.sub.2, . . . U.sub.i. The central office
      CO includes the usual terminal equipment CT for establishing communication
      channels among the associated stations as well as between the latter and
      subscribers outside the system. Each station includes a telephone set
      T.sub.1, T.sub.2, . . . T.sub.i linked with the terminal equipment CT via
      a respective audio line L.sub.1, L.sub.2, . . . L.sub.i ; it further
      includes a video unit V.sub.1, V.sub.2, . . . V.sub.i (generally
      designated V in FIG. 2) divided into a transmitting section VT and a
      receiving section VR. The transmitting sections are connected to the
      central office CO by way of respective first links L'.sub.1, L'.sub.2, . .
      . L'.sub.i representing incoming video lines as seen from the central
      office; receiving sections are served by second links L".sub.1, L".sub.2,
      . . . L".sub.i constituting outgoing video lines. Each video line is
      provided at its far end with an amplification and equalization unit
      E'.sub.1, E'.sub.2, . . . E'.sub.i at the central office in the case of
      the first links and E".sub.1, E".sub.2, . . . E".sub.i at the
      corresponding station in the case of the second links.
PAR  Terminal equipment CT includes selector switches for interconnecting the
      audio lines L.sub.1, L.sub.2, etc., of calling and called stations and for
      controlling, through an interface unit I, a cross-bar switch UA for
      simultaneously linking up the corresponding incoming and outgoing video
      lines L'.sub.1, L'.sub.2, etc., and L".sub.1, L".sub.2 etc.
PAR  In FIG. 2, where a generic video line L' originates at the transmitting
      section VT whereas a generic video line L" terminates at the receiving
      section VR, the transmitting section is shown to comprise a camera tube TP
      with associated horizontal-deflection and vertical-deflection coils HD'
      and VD' whereas the receiving section VR includes a picture tube RC with
      horizontal-deflection and vertical-deflection coils HD" and VD". Also
      included in section VT is a sync-pulse generator GS individual to this
      station, generator GS controlling the energization of coils HD' and VD'
      through respective line-scan and frame-scan generators DO' and DV'. The
      output of sync-pulse generator GS is further delivered to a mixer MS also
      receiving video signals from a screen s of tube TP, this mixer working
      through a line amplifier AL into transmission line L'.
PAR  Section VR has a sync-pulse extractor SS energized from line L" through a
      video amplifier FV which may be part of the associated unit E" (of FIG.
      5), the video signals on that line going to the intensity-control grid g
      of picture tube RC. Extractor SS controls the energization of coil VD"
      through a frame-scan generator DV", and that of coil HD" through a
      line-scan generator DO" by way of a crystal-stabilized automatic
      sweep-frequency-control circuit CAF.
PAR  In the operation of the conventional system of FIGS. 1 and 2, a temporary
      connection between two stations such as U.sub.1 and U.sub.2 is established
      by the equipment CT for voice signals and by the cross-bar switch UA for
      video signals, the latter passing from line L'.sub.1 through unit E'.sub.1
      to line L".sub.2 as well as from line L'.sub.2 through unit E'.sub.2 to
      line L".sub.1. The video signals on lines L'.sub.1 and L".sub.2 are
      accompanied by sync pulses generated at station U.sub.1 whereas the video
      signals on lines L'.sub.2 and L".sub.1 are accompanied by sync pulses
      generated at station U.sub.2. Owing to the mutual proximity of these lines
      and the absence of synchronization between the two sync-pulse generators,
      a certain amount of interference between the transmitted and received
      signals is practically unavoidable.
PAR  For a description of my improved system, reference will now be made to
      FIGS. 3 and 4 in which elements corresponding to those of FIGS. 1 and 2
      have been identically designated and need not be redescribed.
PAR  A shown in FIG. 3, central office CO includes a common sync-pulse generator
      GS.sub.c working in parallel into the amplification and equalization units
      E'.sub.1, E'.sub.2, . . . E'.sub.i of lines L'.sub.1, L'.sub.2 , . . .
      L'.sub.i. If the terminal equipment CT of the central office is of the
      time-division-multiplex (TDM) type, generator GS.sub.c may also deliver
      sampling pulses on a lead Q to that equipment at a frequency of 8 kHz
      which corresponds to the international line frequency for videotelephone
      systems. The sync pulses for the video equipment, delivered to units
      E'.sub.1, etc., via a lead P.sub.1, thus include line-synchronization
      pulses with a cadence of 8 kHz (corresponding to a scanning cycle of 125
      .mu.s) and frame-synchronization pulses with a cadence of 50 Hz
      (corresponding to a scanning cycle of 20 ms).
PAR  As will be seen from FIG. 4, the receiving station VR of my improved system
      is practically identical with that of the conventional system (FIG. 2) but
      the associated transmitting section VT lacks the sync-pulse generator GS,
      the frame-scan generator DV' and the mixer MS of FIG. 2, the video signals
      from screen s being delivered directly to line amplifier AL.
      Vertical-deflection coil VD' of section VT is connected in parallel with
      coil VD" of section VR to the frame-scan generator DV of the latter
      section; on the other hand, line-scan generator DO' of section VT is
      connected to the output of automatic sweep-control circuit CAF in section
      VR, in parallel with line-scan generator DO", through a delay circuit CR.
      The purpose of this delay circuit is to compensate for the transit time
      which the video signals from screen s undergo in traveling to the remote
      station over the interconnected video links, i.e., over the line L'
      emanating at the station here considered and the line L" originating at
      the remote station communicating therewith.
PAR  In the above-discussed case of a connection between stations U.sub.1 and
      U.sub.2, for example, the sync pulses generated at the central office CO
      at a time t.sub.o reach the station U.sub.1 with a delay d.sub.1 and the
      station U.sub.2 with a delay d.sub.2. They arrive, therefore, at the
      transmitter of unit V.sub.1 at a time t.sub.o + d.sub.1 and at the
      receiver of unit V.sub.2 at a time t.sub.o + d.sub.2. Furthermore, the
      video signals emanating from unit V.sub.1 require a time d.sub.1 + d.sub.2
      to travel to unit V.sub.2, the first video signal of a new scanning line
      arriving therefore at the latter receiver at a time t.sub.o + 2d.sub.1 +
      d.sub.2 which is two transit-time periods d.sub.1 after the arrival of the
      corresponding sync pulse (if it is assumed that this pulse coincides with
      the commencement of the line sweep). It thus becomes necessary to
      compensate for this lag by either delaying the line scan of the receiving
      section VR of unit V.sub.2 or advancing the line scan of transmitting
      section VT of unit V.sub.1 by the same time interval.
PAR  In the arrangement shown in FIG. 4, the latter solution is adopted by
      inserting the delay circuit CR between control circuit CAF and line-scan
      generator DO', the lag introduced by this delay circuit being equal to the
      duration of a line-scanning cycle less the combined transit time (2d.sub.1
      in the case of unit V.sub.1) on the associated line links L' and L". If
      these line links are metallic circuits having a length of 1 km, for
      example, the delay d.sub.1 will be about 5 .mu.s which is negligible
      compared with a frame cycle of 20 ms but is rather significant for a line
      cycle of 125 .mu.s. Thus, the delay time of circuit CR in that instance
      should be 125 .mu.s - 10 .mu.s = 115 .mu.s, involving an entirely
      unobjectionable downward shift of the received picture by the width of one
      line.
PAR  Alternatively, the circuit CR could be inserted between sweep-control
      circuit CAF and line-scan generator DO" of the receiving section VR to
      introduce a delay of 2d, here assumed to equal 10 .mu.s. For the reasons
      stated, it will generally be unnecessary to stagger the frame cycle of the
      two sections so that a single frame-scan generator DV can be used for both
      sections.
PAR  Units E".sub.1, E".sub.2, . . . E".sub.i in FIG. 3 may each consist in
      well-known manner of several cascaded amplifier stages A".sub.1, A".sub.2,
      A".sub.3 in series with an equalizer network RE", as shown at E" in FIG.
      5, the same as the units E".sub.1, etc., and E".sub.1, etc., in the
      conventional system of FIG. 1. Equalizer network RE" is shown inserted
      between the first two amplifier stages A".sub.1 and A".sub.2, the latter
      being separated by a coupling capacitor C" from the third amplifier stage
      A".sub.3. Stage A".sub.1 is an amplifier of the balanced-to-unbalanced
      type, whereas stage A".sub.3 is a complementary amplifier of the
      unbalanced-to-balanced type. Stage A".sub.1 suppresses line noises
      cophasally applied to its two inputs. Network RE" provides attenuation and
      phase equalization over the transmitted band of video frequencies.
PAR  FIG. 6 shows a unit E' representative of units E'.sub.1, etc., in the
      system of FIG. 3, this unit comprising amplifier stages A'.sub.1, A'.sub.2
      and A'.sub.3 as well as an equalizer network RE' and a capacitor C' having
      the same functions as their counterparts in FIG. 5. Output stage A'.sub.3,
      however, includes not only an unbalanced-to-balanced amplifier A' but also
      an electronic shunt circuit SH connected to the line between an input of
      amplifier A' and coupling capacitor C', this circuit SH comprising an
      electronic switch in the form of a PNP transistor TR whose emitter and
      collector are bridged by a resistor R.sub.1 and whose base is returned to
      its emitter through a biasing resistor R.sub.2. Operating voltage is
      supplied to the emitter from a negative battery terminal -B through a
      resistor R.sub.o, resistors R.sub.o and R.sub.1 forming a voltage divider
      which provides a suitable biasing potential for the aforementioned input
      of amplifier A'. The other input of that amplifier is connected to output
      lead P of pulse generator GS.sub.c to receive synchronizing pulses Si
      therefrom. Quenching pulses Sp of line-scanning frequency, which may or
      may not coincide with the synchronizing pulses Si, are applied through a
      resistor R.sub.3 to the base of transistor TR.
PAR  The occurrence of a quenching pulse Sp during the flyback phase of a
      line-scanning cycle discharges the capacitor C' and grounds the
      corresponding input of amplifier A', thereby introducing a d-c component
      into the transmitted video signals to determine the voltage level assigned
      to black picture elements. Thus, residual voltages held over from a
      preceding scanning cycle are promptly eliminated and cannot accumulate
      into objectionable biasing potentials. Amplifier A' superimposes the line-
      and frame-synchronizing pulses Si upon the video signals passing through
      network RE'.
CLMS
STM  I claim:
NUM  1.
PAR  1. A videotelephone system comprising:
PA1  a central office;
PA1  a multiplicity of outlying stations served by said central office, each of
      said stations including a telephone apparatus with signaling means, a
      video transmitter provided with first sweep-control means and a video
      receiver provided with second sweep-control means;
PA1  circuitry connecting said stations with said central office, said circuitry
      including a first link extending from each video transmitter to said
      central office and a second link extending from said central office to
      each video receiver;
PA1  signal-responsive equipment at said central office for establishing a
      connection between two stations, said equipment including switch means
      with inputs tied to said first links and with outputs tied to said second
      links;
PA1  a source of synchronizing pulses at said central office connected in
      parallel to said first links;
PA1  pulse-extraction means at each of said stations connected to said second
      link thereof for activating said first and second sweep-control means by
      said synchronizing pulses;
PA1  first amplifier means inserted in said first links at said central office;
      and
PA1  second amplifier means inserted in said second links at said stations, said
      source being connected to said first links through said first amplifier
      means;
PA1  said first amplifier means comprising an input stage, an output stage and a
      network including a capacitance and a normally open electronic shunt
      switch connected to said first link between said stages, said electronic
      switch being connected to said source for periodic closure by a train of
      quenching pulses at the cadence of said synchronizing pulses to discharge
      said capacitance, said synchronizing pulses being fed by said source to
      said output stage.
NUM  2.
PAR  2. A system as defined in claim 1, further comrpising delay means at each
      of said stations for relatively staggering the operation of said first and
      second sweep-control means to compensate for the transit time of video
      signals and synchronizing pulses on said first and second links.
NUM  3.
PAR  3. A system as defined in claim 2 wherein said delay means is inserted in a
      connection between said pulse-extraction means and said first
      sweep-control means.
NUM  4.
PAR  4. A system as defined in claim 3 wherein said first and second
      sweep-control means include a common frame-scan generator connected to
      said pulse-extraction means, said first sweep-control means further
      including a first line-scan generator for said video transmitter connected
      to said pulse-extraction means, said second sweep-control means further
      including a second line-scan generator for said video receiver connected
      to said pulse-extraction means, said delay means being inserted between
      said pulse-extraction means and said first line-scan generator.
NUM  5.
PAR  5. A system as defined in claim 4 wherein said delay means retards the line
      scan of said video transmitter with reference to that of said video
      receiver by an interval equal to the duration of a line-scanning cycle
      less the combined transit time on said first and second links.
NUM  6.
PAR  6. A system as defined in claim 1 wherein said input stage comprises a
      balanced-to-unbalanced amplifier and said output stage comprises an
      unbalanced-to-balanced amplifier.
NUM  7.
PAR  7. A system as defined in claim 1, further comprising equalizing means
      inserted between said input and output stages upstream of said network.
NUM  8.
PAR  8. A system as defined in claim 1 wherein said equipment includes
      time-division-multiplexing means for audio communication among said
      stations, said source delivering to said time-division-multiplexing means
      a train of sampling pulses at the cadence of said synchronizing pulses.
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ABST
PAL  In a carrier system having a plurality of relatively wide band (or voice)
      channels which are time-division multiplexed and represented by N
      sequential coded pulses for each channel, it is sometimes desirable that
      the individual pulses of one or more of the relatively wide band channels
      be used for information or data. In such past arrangements, only (N - 1)
      of the pulses were used for transmitting information. The Nth pulse was
      reserved as a needed keep-alive pulse to provide proper operation of
      repeaters in the pulse coded system. The present arrangement provides
      means at the transmitter for detecting when (N - 1) of the channel pulses
      are all in an undesired code condition, and transmitting the needed
      keep-alive pulse as the Nth pulse. If any one of the (N - 1) channel
      pulses is in the desired code condition, the Nth pulse can transmit
      information. At the receiver, means are provided for detecting when the (N
      - 1) channel pulses are all in the undesired code condition, and for
      causing the Nth pulse to continue producing the last representative pulse
      received. If any one of the (N - 1) channel pulses is in the desired code
      condition, the Nth channel pulse represents the information actually
      transmitted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My invention relates to a time-division multiplex, pulse-code modulation
      system, and particularly to an arrangement that permits all of the
      sequential pulses of one or more relatively wide band (or voice) channels
      to be used to transmit information, particularly for data channels.
PAR  Communication systems using time-division multiplexing and pulse-code
      modulation are used to provide a plurality of relatively low noise, easily
      regenerated communication channels over a single communication circuit.
      One such system, designated the D2/D3 system by the Bell Telephone System,
      is described in considerable detail in "The Bell System Technical
      Journal," Volume 51, October 1972, beginning at page 1641. The D2/D3
      system provides 24 relatively wide band (approximately 180 to 3,400 hertz)
      voice channels over two T1 lines, one line being used for each direction
      of transmission. In that system, the polarity and amplitude of the
      information in each of the 24 channels is sampled 8,000 times per second.
      This polarity and amplitude sample is encoded into eight binary pulses or
      bits, one bit representing polarity and the other seven bits representing
      amplitude levels from 64 down to one. The bits are sequentially combined
      for each channel, and the combined sequences for each of the 24 channels
      are sequentially combined to form what is designated a frame. In some
      applications, it is desirable or necessary that one or more of the
      relatively wide band voice channels be dedicated to or used for
      transmission of either wide or narrow band information or data. The pulses
      of each such dedicated channel can be used to provide a single wide band
      data channel or a plurality of narrower band data channels. The data rate
      of each data channel determines the needed band width or number of pulses
      for that channel. At first glance, it would appear that all eight pulses
      in the dedicated voice channel can be used for transmitting data. However,
      repeaters between a transmitter and receiver require that a pulse of
      selected characteristic or polarity be transmitted at least once during a
      sequence of eight pulses. Accordingly, previous systems which dedicated
      one or more wide band voice channels to information or data channels
      required that if N bits or pulses were present in a given channel, then
      only (N - 1) bits or pulses could be used for transmitting data or
      information, and that the other or Nth bit or pulse had to be reserved to
      transmit the necessary keep-alive bit or pulse for the repeaters in the
      system.
PAR  Accordingly, a primary object of my invention is to provide a new
      arrangement for use in a multi-channel, timedivision multiplex, pulse-code
      modulation system that permits all of the pulses or bits in a selected
      channel to be used for transmitting data or information.
PAR  Another object of my invention is to provide a new arrangement which
      permits all N pulses of a sequence of pulses to be used for transmitting
      data or information, and which provides the necessary keep-alive pulse
      when all but one pulse in a sequence fail to provide the necessary or
      keep-alive pulse.
PAR  Another and relatively specific object of my invention is to provide a
      novel transmitting circuit which detects the absence of a keep-alive pulse
      in all but one pulse in each sequence and provides such a keep-alive pulse
      in the time slot of that one pulse, and which also detects the presence of
      a keep-alive pulse in each sequence and permits all pulses in the sequence
      to represent information.
PAR  Another and relatively specific object of my invention is to provide a
      novel receiving circuit which detects the absence of a keep-alive pulse in
      all but one pulse in each sequence and causes a repetition of the previous
      pulse in the time slot of that one pulse, and which detects the presence
      of a keep-alive pulse in each sequence and permits all pulses in that
      sequence to be utilized.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, these and other objects are achieved in accordance with my
      invention by providing, in the transmitter of a time-division multiplex,
      pulse-code modulation system, means for detecting when all but one pulse
      of a sequence has an undesired condition, and for providing a pulse having
      the desired condition in the time slot of that one pulse. The detecting
      means also detects when any one of the pulses of a sequence has the
      desired condition, and then permits all pulses to represent actual
      information. In the receiver of a similar system, means are provided for
      detecting when all but one pulse of a sequence has the undesired
      condition, and for causing the pulse in the time slot of the one pulse to
      maintain its last valid condition. However, if any one of the pulses of a
      sequence has the desired condition, then all pulses can represent
      information to be transmitted. In this way, I provide keep-alive pulses
      when needed, but otherwise utilize all pulses in a sequence for
      transmitting information.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The subject matter which I regard as my invention is particularly pointed
      out and distinctly claimed in the claims. The structure and operation of
      my invention, together with further objects and advantages, may be better
      understood from the following description given in connection with the
      accompanying drawing, in which:
PAR  FIGS. 1A and 1B show a block diagram of a transmitter and receiver
      respectively of a time-division multiplex, pulse-code modulation system in
      which one relatively wide band voice channel is utilized for one or a
      plurality of data channels;
PAR  FIG. 2 shows a circuit in accordance with my invention for permitting all
      pulses in a channel sequence to transmit data information in the system of
      FIG. 1;
PAR  FIG. 3 shows a circuit diagram in accordance with my invention for
      receiving all pulses utilized to transmit data information in the system
      of FIG. 1; and
PAR  FIG. 4 shows a table illustrating the operation of my invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following description, I have shown my invention arranged for use
      with a D2/D3 multiplex system. However, it is to be understood that my
      improved arrangement can be used in almost any type of time-division
      multiplex, pulse-code modulation system.
PAR  FIGS. 1A and 1B show a block diagram of one terminal of a D2/D3 system
      which may utilize my improved arrangement.  FIG. 1A shows the transmitter
      and FIG. 1B shows the receiver. The transmitter shown in FIG. 1A is
      connected over a T1 transmission line through repeaters to a distant
      terminal receiver which could take the form of a receiver shown in FIG.
      1B. Similarly, a distant terminal transmitter, which may be similar to the
      transmitter shown in FIG. 1A, is connected over a T1 transmission line to
      the receiver shown in FIG. 1B. In such a system, a typical voice channel
      has an upper frequency limit of around 4,000 hertz, so that an
      amplitude-sampling rate of twice this, or 8,000 hertz or pulses per
      second, has been selected in accordance with good engineering practice.
      Such a sampling rate insures reasonably good fidelity and quality for
      ordinary telephone conversations. The D2/D3 system provides 24 voice
      channels which are relatively wide band. In order that each voice channel
      amplitude sample can be adequately represented, 128 positive quantizing
      steps or amplitude levels and 128 negative quantizing steps or amplitude
      levels are recognized. This represents a total of 256 different steps or
      levels which, in binary code, require eight pulses or bits. The first
      pulse represents a positive or negative amplitude level. The second
      through the eighth pulses respectively represent amplitude levels of 64,
      32, 16, 8, 4, 2 and 1. Thus, since each of the 24 channels comprises eight
      information pulses, this represents a total of 192 pulses. In addition, a
      single frame pulse is added at the end of channel 24 for framing or
      synchronization, so that each frame representing the 24 channels comprises
      a total of 193 pulses. If 8,000 samples per channel are taken each second,
      the pulse rate is 8,000 multiplied by 193, or  1.544 million pulses or
      bits per second.
PAR  In the transmitter, a timing circuit 10 supplies the basic clock or pulse
      frequency of 1.544 million pulses per second, and in addition, the
      following: channel pulses CP1 through CP24 for timing each of the
      channels; bit pulses BP1 through BP8 for the eight pulses in each channel;
      and framing pulses FP for timing the frames. Voice or information signals
      from the 24 channels are respectively applied to voice gates 11 which
      sample the amplitude of each voice channel and sequentially combine them
      and apply them to an encoder 12. The encoder 12 converts each of the
      amplitude samples into eight pulses that are binary coded to represent the
      polarity and amplitude of each sampled channel. These coded pulses are
      placed in sequence, and applied through an electronic switch 13
      (represented by two contacts and a movable arm) to a combiner 14 which
      provides the sequence of pulses at the rate of 1.544 million pulses per
      second and applies these pulses to a T1 line. If none of the pulses in a
      sequence has the desired condition, a keep-alive pulse is inserted or
      stuffed in the time slot of a selected one of the pulses of that sequence.
      This insertion may be made at any suitable location, such as at the
      combiner 14. Signalling for the 24 channels is respectively applied to
      signal gates 15 which applies them in proper sequence or order to the
      combiner 14. The combiner 14 inserts the signals, when present, in the
      eighth bit of each channel of specified frames. All of the combined pulses
      are applied to the T1 line for transmission to a distant receiver.
PAR  In some applications, it is desirable that one or more of the voice
      channels be used for or dedicated to the use of data or telegraphic
      transmission. In the transmission of data, the speed of the data
      determines the needed band width or pulses per second. Thus, the speed of
      the data will determine whether one pulse of a channel sequence, or
      several pulses of a channel sequence, or all pulses of a channel sequence
      or sequences are needed for the data. In FIGS. 1A and 1B, I have assumed
      that a channel designated "D" (which may be any one or more of the 24
      voice channels) is to carry this data information. The respective data
      information is applied from one or more data channels (designated DC1
      through DC7) to respective data gates 17. In addition, a keep-alive pulse
      may be supplied to a respective gate 17 instead of to the combiner 14.
      These data gate pulses are sequentially applied to the switch 13 (at the
      lower contact). The switch 13 is operated by a driver 16 which connects
      the combiner 14 to the encoder 12 for appropriate voice channel times, and
      connects the combiner 14 to the data gates 17 for the selected D channel
      time to transmit data pulses when the D channel occurs. Thus, the pulses
      for the D channel are sequentially combined in the combiner 14 at the
      appropriate time. As mentioned, only seven (all but one) of the eight
      pulses for a dedicated data channel have been previously utilized, since
      it was necessary to provide a keep-alive pulse in case seven of the pulses
      were in an undesired condition (usually a logic 0). This eighth keep-alive
      pulse (usually a logic 1) was necessary for repeaters on the T1 line in
      order to provide proper synchronization and pulse restoration.
PAR  In the receiver shown in FIG. 1B, pulses from a distant transmitter are
      received over a T1 line at the 1.544 million pulses per second rate. These
      pulses are applied to a decombiner 20 which separates the pulses
      representing voice or information from the pulses representing signalling.
      The pulses representing voice are applied through an electronic switch 21
      to a decoder circuit 22 which converts the coded pulses into amplitude
      samples, and applies the converted samples to respective voice gates 23.
      The voice gates 23 expand the converted signals and apply them to
      respective voice channels 1 through 24. Similarly, the signalling pulses
      are applied to signal gates 24 which respectively apply these signal
      pulses to the respective channels 1 through 24. In addition, a timing
      circuit 25 is provided to recreate the timing functions represented by
      framing pulses, channel pulses CP, and bit pulses BP. This timing circuit
      25 utilizes the framing pulses F in order to insure that the receiver is
      in synchronization with the distant transmitter.
PAR  As in the case of the transmitter of FIG. 1A, I have assumed that channel D
      has been selected to provide seven pulses for supplying data signals.
      Accordingly, data gates 26 are provided with an input connected to the
      switch 21 which is operated by a driver 27. The data gates 26 receive the
      train of pulses during the time of the selected channel pulse D.
      Appropriate bit pulses BP1 through BP8 are also applied to the data gates
      26 to provide the seven data channel outputs indicated as DC1 through DC7.
      Since the transmitter utilizes the eighth pulse of the selected channel D
      as a keep-alive pulse, only seven data channel outputs are supplied by the
      data gates 26. As mentioned, these seven outputs can supply one or more
      data channels, depending upon the data rate.
PAR  The transmitter and receiver described thus far in connection with FIGS. 1A
      and 1B are known in the art. It will be recognized that it would be most
      desirable if the eighth pulse in the selected data channel or channels
      could be used to supply information. However, as far as I am aware, no one
      has been able to do this because this eighth pulse was used to provide the
      necessary keep-alive pulse. However, in accordance with my invention, I
      provide a circuit arrangement for use in the transmitter and in the
      receiver that permits utilization of this eighth pulse for information and
      that also provides the necessary keep-alive pulse. Circuit arrangements in
      accordance with my invention are shown for the transmitter and receiver in
      FIGS. 2 and 3 respectively. These circuit arrangements utilize a number of
      known logic elements including a shift register, a multiple input NOR
      gate, an OR gate, an AND gate, a latch, and a storage circuit. As known in
      the art, a shift register can convert a single sequential series of input
      pulses to a parallel output, or can convert a parallel input to a
      sequential series of output pulses. A NOR gate is arranged so that if all
      its inputs are logic 0, the NOR gate produces a logic 1. If any of the
      inputs of a NOR gate is a logic 1, then the NOR gate produces a logic 0.
      An OR gate is arranged so that if any of the inputs is a logic 1, a logic
      1 is produced at its output. If all of the inputs of an OR gate are logic
      0, then the OR gate produces a logic 0. An AND gate is arranged so that if
      all its inputs are logic 1, the AND gate produces a logic 1. If any of the
      inputs of an AND gate is a logic 0, the AND gate produces a logic 0. A
      latch is provided with an input, an output, and a control input. If the
      control input is a logic 1, the latch unlatches to permit the output to
      follow the logic of the applied input. However, if the control input is at
      a logic 0, the latch unlatches and causes the output to retain the same
      logic present at the input just prior to the control input becoming a
      logic 0. And, of course, the logic 1 and logic 0 may take any magnitude or
      polarity.
PAR  With specific reference to FIG. 2, the data channels DC1 through DC8 are
      applied to a storage circuit 30. The storage circuit 30 is arranged so
      that each of the inputs is stored at its output until the storage circuit
      is cleared, after which the output follows a subsequently applied input.
      Typically, the storage circuit 30 will be cleared at the channel pulse
      just prior to the time occurrence of the selected channel D, namely at the
      channel pulse (D - 1). The first seven outputs of the storage circuit are
      applied directly to respective parallel inputs of a parallel to series
      shift register 31. The same seven outputs are also applied to the inputs
      of a NOR gate 32. The output of the NOR gate 32 and the stored output for
      the data channel DC8 are applied to an OR gate 33, the output of which is
      applied to the eighth parallel input of the shift register 31. The output
      of the shift register 31 would be applied to the switch 13 and the
      combiner 14 in FIG. 1A. The shift register 31 is controlled by a two input
      AND gate 34, one of whose inputs receive the selected channel pulse D and
      the other of whose inputs receive the bit pulses BP1 through BP8. At the
      time of the selected channel pulse D, the eight inputs applied to the
      shift register 31 are dated through by the bit pulses BP1 through BP8 to a
      sequence of pulses which are applied to the switch 13 and combiner 14. If,
      at any time, the first seven outputs from the storage circuit 30 are all
      logic 0, the NOR gate 31 produces a logic 1 which is passed by the OR gate
      33 and applied to the eighth input of the shift register 31. Thus, when
      this eighth input is gated out to the combiner 14, it provides a logic 1
      which functions as a keep-alive pulse. However, if any one of the first
      seven outputs of the storage circuit 30 is a logic 1, the NOR circuit 32
      produces a logic 0 which permits the OR gate 33 to truthfully follow the
      logic of the eighth data channel DC8. Under this condition, the eighth
      input for the shift register 31 and its corresponding sequential output
      truly follow the information or data present in the data channel DC8.
      Thus, the transmitter of FIG. 1 can provide data under all conditions
      except under the unusual circumstance when the first seven channels are at
      a logic 0. Under this unusual condition, the transmitter provides the
      necessary logic 1 keep-alive pulse.
PAR  With specific reference to FIG. 3, I show an arrangement for a receiver to
      be used with the transmitter of FIG. 2. FIG. 3 utilizes a series to
      parallel shift register 40 whose single input is received from the switch
      21 and the decombiner 20 of FIG. 1B. The shift register 40 converts the
      sequential serial inputs to parallel outputs. The shifting is provided by
      applying the bit pulses BP1 through BP8 at the appropriate time of
      selected channel D by an AND gate 41. The first seven outputs are applied
      directly to latches 45, which in turn are connected to the receiving
      apparatus for the data channels DC1 through DC7. The latches 45 prevent
      the shifting output of the register 40 from reaching the receiving
      apparatus until unlatched by the selected channel pulse D. The first seven
      outputs of the shift register 40 are also applied to an OR gate 42. The
      output of the OR gate 42 is applied to the control input of a latch
      circuit 44. The data input of the latch circuit 44 is supplied by the
      eighth output of the shift register 40. The output of the latch circuit 44
      is supplied to the receiving apparatus. When all of the first seven
      outputs of the shift register 40 are at a logic 0, the OR circuit 42
      produces a logic 0 which latches the latch 44. Under this condition, the
      latch output retains its last valid input. Thus, the eighth data channel
      DC8 receives a signal that has the same logic that was previously
      received. However, if, as is typical, any one of the first seven outputs
      of the shift register 40 is at a logic 1, the OR gate 42 produces a logic
      1  which unlatches the latch 44 and permits its output to follow the
      input. Thus, in the receiver, my circuit permits the eighth data channel
      DC8 to follow its true input signals under most conditions, except for the
      rare occurrence when the first seven data channels DC1 through DC7 are all
      logic 0. Under this relatively rare condition, the eighth data channel
      continues to receive the logic of the last valid received signal. However,
      any error resulting from this relatively rare occurrence is more than
      offset by the fact that an additional data channel or time slot is
      provided. If this data channel or time slot is used in a relatively slow
      speed circuit, the chances of a significant error are almost negligible.
PAR  FIG. 4 shows a table illustrating the operation of my circuit arrangement
      for a transmitter and for a receiver. In FIG. 4, the first eight lines
      show what a user actually transmits in the respective data channels or
      time slots DC1 through DC8 of a selected voice channel D. The next line
      shows when a keep-alive pulse is transmitted by the transmitter of the
      entire system. And the last eight lines show what a user actually receives
      in the data channels or time slots DC1 through DC8. Various possible
      combinations of conditions have been assumed in the 16 frames illustrated.
      In the first three frames, I have assumed that at least one of the data
      channels DC1 through DC7 is sending a logic 1. Under this condition, the
      data transmitted by the eighth data channel DC8 is truthfully received.
      However, in frame 4, I have assumed that all eight transmitted data
      channels DC1 through DC8 are a logic 0. Under this condition, the NOR gate
      32 supplies a logic 1 to the eighth input of the shift register 31 so that
      a keep-alive pulse is provided. With respect to the data received, data
      channel 8 shows a logic 1 in frame 4. This logic 1 is an error, and is the
      stored logic 1 held over by the latch 44 from frame 3. The same conditions
      apply for frames 5 and 6. In frame 7, I have assumed that the data channel
      DC3 is a logic 1, and that at this time, data channel DC8 is a logic 0.
      The logic 1 of channel 3 serves as the needed keep-alive pulse, and also
      serves to cause the OR gate 42 in the receiver to produce a logic 1. This
      unlatches the latch 44 so that the transmitted logic 0 is truthfully
      received by data channel DC8. In frame 8, I have again assumed that all
      data channels are a logic 0. This causes the keep-alive pulse to be
      produced. At the receiver, data channel DC8 produces the previous logic 0
      received in frame 7. The same condition applies for frame 9. In frame 10,
      I have assumed that the first seven data channels are a logic 0 and data
      channel DC8 is a logic 1. However, because the first seven data channels
      are a logic 0, the latch 44 is latched and continues to produce the logic
      0 of frame 9. Thus, data channel DC8 produces a logic 0, which is an
      error. The same conditions apply for frames 11 and 12. In frame 13, when
      data channel DC5 transmits a 1, the latch circuit 44 is unlatched and data
      channel DC8 truthfully produces its received logic 1. Frames 14, 15, and
      16 also show that data received in data channel DC8 is true and accurate
      since one of the earlier data channels produces a logic 1.
PAR  It will thus be seen that I have provided a circuit for use in a
      time-division multiplex, pulse-code modulation transmitter and receiver
      which permits all of the pulses forming a given voice channel to be
      utilized for data channels. My arrangement provides the necessary
      keep-alive pulses for repeater regeneration, but at the expense of very
      little error. Such error as may be present is, I believe, offset by the
      fast that an additional data channel or time slot is provided. And as I
      have already mentioned, if this data channel or time slot is used for
      relatively low speed data, very little error will be present. While I have
      shown only one embodiment of my invention, persons skilled in the art will
      appreciate that modifications may be made. As mentioned, my designated
      logic 0 and logic 1 is arbitrary and may represent any desired magnitude
      or polarity condition. For example, a keep-alive pulse may be a logic 0
      rather than the assumed logic 1. Likewise, other types of logic circuits
      which achieve the same described results may be substituted. Thus,
      flip-flops and other arrangements may be used in place of the shift
      registers. Also, the keep-alive pulse may occur at any of the time slots
      in a channel, since a channel is momentarily stored in a typical system.
      And, the keep-alive pulses may be inserted at various locations in the
      system. I have shown the insertion at my transmitter and receiver for
      clarity and ease of understanding. And finally, the storage circuit 30 of
      FIG. 2 may actually be part of the shift register 31 so that the separate
      storage circuit 30 is not needed. Therefore, while my invention has been
      described with reference to a particular embodiment, it is to be
      understood that modifications may be made without departing from the
      spirit of the invention or from the scope of the claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a carrier system having a plurality of relatively wide band,
      time-division multiplexed channels each represented by N sequential coded
      pulses, an arrangement for transmitting N data pulses in at least a
      selected one of said relatively wide band channels comprising:
PA1  a. respective storage means for each of said N data pulses;
PA1  b. parallel to series converting means having N inputs and one output for
      producing a sequential series of pulses in response to the pulses at said
      N inputs;
PA1  c. means connecting (N - 1) of said storage means to a respective one of
      said inputs of said parallel to series converting means;
PA1  d. means connected to said (N - 1) storage means for detecting the presence
      of an undesired state of all (N - 1) stored data pulses;
PA1  e. means connected to the Nth storage means and to said detecting means for
      producing a pulse of desired state in response to said detecting means
      detecting said presence of an undesired state of all (N - 1) stored data
      pulses and for producing a pulse having the same state as the data pulse
      stored in said Nth storage means in response to the presence of at least
      one pulse of desired state stored in said (N - 1) storage means;
PA1  f. and means connecting said last-named detecting means to the Nth input of
      said parallel to series converting means.
NUM  2.
PAR  2. In a carrier system having a plurality of relatively wide band,
      time-division multiplexed channels each represented by N sequential coded
      pulses, an arrangement for receiving N data pulses in at least a selected
      one of said relatively wide band channels comprising:
PA1  a. series to parallel converting means having one input and N outputs for
      producing a pulse at each of said N outputs in response to a respective
      pulse in a sequential series of pulses applied to said one input;
PA1  b. detecting means connected to (N - 1) outputs of said series to parallel
      converting means for producing a first output in response to at least one
      of said (N - 1) outputs having a desired state and for producing a second
      output in response to all said (N - 1) outputs having an undesired state;
PA1  c. latching means having an input, an output, and a control input, said
      latching means producing an output that follows said input in response to
      a first control input, and that produces an output that is the same as its
      previous input in response to a second control input;
PA1  d. means for connecting said input of said latching means to the Nth output
      of said series to parallel converting means and means for connecting said
      control input to said detecting means, whereby said latching circuit
      produces said output that follows its input in response to said detecting
      means producing said first output and whereby said latching means produces
      an output that is the same as its previous input in response to said
      detecting means producing said second input;
PA1  e. and utilizing means connected to said (N - 1) outputs of said series to
      parallel converting means and to said output of said latching means.
NUM  3.
PAR  3. In a carrier system having a plurality of relatively wide band,
      time-division multiplexed channels each represented by N sequential coded
      pulses, an arrangement for transmitting and receiving N data pulses in at
      least a selected one of said relatively wide band channels comprising:
PA1  a. respective storage means for each of said N data pulses;
PA1  b. parallel to series converting means having N inputs and one output for
      producing a sequential series of pulses in response to the pulses at said
      N inputs;
PA1  c. means connecting said output of said converting means to said system for
      transmission;
PA1  d. means connecting (N - 1) of said storage means to a respective one of
      said inputs of said parallel to series converting means;
PA1  e. means connected to said (N - 1) storage means for detecting the presence
      of an undesired state of all (N - 1) stored data pulses;
PA1  f. means connected to the Nth storage means and to said detecting means for
      producing a pulse of desired state in response to said detecting means
      detecting said presence of an undesired state of all (N - 1) stored data
      pulses and for producing a pulse having the same state as the data pulse
      stored in said Nth storage means in response to the presence of at least
      one pulse of desired state stored in said (N - 1) storage means;
PA1  g. means connecting said last-named detecting means to the Nth input of
      said parallel to series converting means;
PA1  h. series to parallel converting means having one input and N outputs for
      producing a pulse at each of said N outputs in response to a respective
      data pulse in a sequential series of pulses applied to said one input;
PA1  i. detecting means connected to (N - 1) outputs of said series to parallel
      converting means for producing a first output in response to at least one
      of said (N - 1) outputs having a desired state and for producing a second
      output in response to all said (N - 1) outputs having an undesired state;
PA1  j. latching means having an input, an output, and a control input, said
      latching means producing an output that follows said input in response to
      a first control input, and that produces an output that is the same as its
      previous input in response to a second control input;
PA1  k. means for connecting said input of said latching means to the Nth output
      of said series to parallel converting means and means for connecting said
      control input to said detecting means, whereby said latching circuit
      produces said output that follows its input in response to said detecting
      means producing said first output and whereby said latching means produces
      an output that is the same as its previous input in response to said
      detecting means producing said second output;
PA1  l. and utilizing means connected to said (N - 1) outputs of said series to
      parallel converting means and to said output of said latching means.
NUM  4.
PAR  4. In a time-division multiplex system providing a plurality of channels
      each represented by a series of coded information pulses occurring in
      respective time slots, an arrangement for permitting all pulses of one or
      more selected channels to transmit information comprising:
PA1  a. means adapted to be connected to a source of information pulses of a
      selected channel of the system for determining if all but one of the
      information pulses of said selected channel have an undesired coded state
      and for producing a keep-alive signal in response thereto, and for
      determining if at least one of said all but one of the information pulses
      of said selected channel have a desired state and for producing a transmit
      signal in response thereto;
PA1  b. means connected to said determining means for transmitting a pulse of
      desired and predetermined coded state through said system at the time slot
      of the other one of said information pulses of said selected channel in
      response to said keep-alive signal;
PA1  c. and means connected to said determining means for transmitting a pulse
      indicating the desired information through said system at the time slot of
      said other one of said information pulses of said selected channel in
      response to said transmit signal.
NUM  5.
PAR  5. In a time-division multiplex system providing a plurality of channels
      each represented by a series of coded information pulses occurring in
      respective time slots, an arrangement for utilizing all received pulses of
      one or more selected channels comprising:
PA1  a. means adapted to be connected to a source of received coded information
      pulses of a selected channel in the system for determining if all but one
      of the received information pulses of said selected channel have an
      undesired coded state and for producing a retaining signal in response
      thereto, and for determining if at least one of said all but one of the
      information pulses of said selected channel have a desired state and for
      producing a utilize signal in response thereto;
PA1  b. means connected to said determining means for retaining the previous
      pulse present in the time slot of the other one of said information pulses
      of said selected channel in response to said retaining signal;
PA1  c. means connected to said determining means for passing the pulse actually
      received in the time slot of said other one of said information pulses of
      said selected channel in response to said utilize signal;
PA1  d. and output means connected to said retaining means and said passing
      means.
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ABST
PAL  A side of line detector with a single operational amplifier with adjustable
      output. The amplifier input is protected from positive and negative
      voltage spikes by diodes. Two transistors are coupled to the amplifier to
      set a comparator voltage reference which allows the rejection of leakage
      and noise. Test points are provided in the circuit to facilitate testing
      particular subcircuits and to allow the initial adjustment of the
      detector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to tip party identification in a two party line for a
      telephone communication switching system, and more particularly to detect
      the presence of a specific current to ground when one of the two
      subscribers is connected.
PAR  2. Description of the Prior Art
PAR  The invention was developed for the system shown in U.S. Pat. No.
      3,767,863, issued Oct. 23, 1973, by Borbas et al for a Communication
      Switching System with Modular Organization and Bus, hereinafter referred
      to as the System S2 patent.
PAR  In previous systems the side of line (SOL) signal was detected using a
      differential current sensing relay. One such system using a differential
      current sensing relay is shown in U.S. Pat. No. 3,678,197, issued July 18,
      1972 by Panter et al for a Dial Pulse Incoming Trunk and Register
      Arrangement. This relay is fairly large and does not readily lend itself
      to card mounting. Also this relay has an inherent problem with sensitivity
      to shock, vibration, and orientation. Further, in past years this current
      sensing relay circuit has required extensive maintenance, due to the
      extremely short travel of the relay springs and the accuracy with which
      this adjustment must be maintained.
PAR  Two applications of operational amplifiers in telephone circuits are
      Tjaden, U.S. Pat. No. 3,622,709 for a Supervisory Circuit for Telephone
      Lines and Stewart, U.S. Pat. No. 3,812,303 for a Differential Loop Current
      Detector. Tjaden shows an operational amplifier with voltage detectors
      which is utilized to indicate the opening and closing of the two wire loop
      to indicate seizure and dial pulsing. This system performs a supervisory
      function for detecting the operative state of circuits only. Stewart is
      directed more closely to the subject of the present invention as it
      actually does sense and measure direct current unbalances in a two wire
      loop. However, it is designed with two operational amplifiers and may be
      intended to be used as an instrument to actually measure the amount of
      unbalance. This measurement could be made in conjunction with a meter or
      any voltage measuring device to measure the absolute value of this current
      unbalance. In order to be used as replacement for an existing SOL detector
      relay which senses tip party identification, additional components would
      have to be added to the circuit. Even on adding the additional components
      it still could have limitations because of the large number of balanced or
      matched resistors required which increases the cost and reliability of the
      circuit. Further, the resistors would also have to be thermally tracking
      in that as the temperature changes, the variation in resistance from
      resistor to resistor should be similar (percentage). Also it would appear
      that the circuit would not reject leakage and would be sensitive to 60 hz
      noise which would produce false outputs.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, an IC differential amplifier is driven by a
      voltage supply divider network from the system -50 volts. The subscriber's
      loop is connected to the amplifier via the switching network through a
      voltage divider network which includes a variable resistor to adjust the
      amplifier output. The amplifier is output to a transistor comparator
      circuit which is coupled to another transistor which provides the output
      signal. The comparator voltage reference allows the rejection of leakage
      and noise. Diodes are provided to protect the amplifier from voltage
      spikes, both positive and negative. The voltage supply divider network,
      amplifier, and comparison transistors are provided with test points in
      order to allow the initial adjustment and to facilitate testing these
      particular subcircuits of the detector.
PAR  A first object of the invention is to provide an electronic side of line
      detector which can be mounted on a circuit card;
PAR  A second object of the invention is to provide a detector which is not
      sensitive to shock, vibration, or orientation;
PAR  A third object of the invention is to provide a detector which requires
      very little maintenance;
PAR  A fourth object of the invention is to provide a single adjustment to set
      the amplifier circuit output;
PAR  A fifth object of the invention is to eliminate false outputs caused by 60
      hz AC pulses from noisy lines;
PAR  A sixth object of the invention is to provide a side of line detector which
      uses only one operational amplifier;
PAR  A seventh object of the invention is to use relatively few resistive
      components;
PAR  An eighth object of the invention is to provide protection for the
      amplifier from negative and positive voltage spikes;
PAR  A ninth object of the invention is to provide leakage and noise rejection
      for the circuit;
PAR  A tenth and final object of the invention is to provide test outputs for
      the subsystems of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent, and the invention
      itself will be best understood by reference to the following description
      of the embodiment of the invention taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a system utilizing the improved side of line
      detector; and
PAR  FIG. 2 is a schematic diagram of the improved side of line detector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the improved side of line detector connected to ground and the
      -50 volts of the system with its output (SOFL) connected to the register
      card (RSC module). The input is connected to a particular two party line
      having subscribers 1 and 2. Resistors 5, 6, 7, and 8 indicate the
      resistance of the loop itself while resistors 3 and 4 (subscriber 1 and
      subscriber 2 respectively) are representative of the approximately 200 ohm
      subset resistance in the actual subscriber telephone receiver. Resistor 9
      is the tip party mark resistance which allows the system to operate. This
      resistor is typically 2,650 ohms and is usually a part of the subsets
      ringer coil. This resistor 9 in subscriber 1's receiver allows the system
      to detect (via the side of line detector) when subscriber 1 is connected
      to the register. Contacts A and B in the receivers of subscribers 1 and 2
      are the pulsing contacts of the receivers, while contacts C and D are
      those of the hookswitch.
PAR  While FIG. 1 shows one particular two party line, a system such as System
      S2 would have thousands of such lines (4,800 maximum lines for System S2).
      Each of these lines within a particular system can be a single party, two
      party, or a multiparty line. The side of line detector is used to
      distinguish between the two parties on each two party line in order to
      allow Automatic Number Identification (ANI) on such lines. Since the SOL
      detector is part of the register (RLC) and since a register is always
      connected to the lines for dialing, detection is also performed at the
      same time between dialed or keyed digits.
PAR  FIG. 2 shows the schematic diagram of the improved side of line detector.
      OAMP1 is an operational amplifier which which could be an industry type
      741, an internally compensated single operational amplifier. The input
      voltage divider network of R10 and R11 (+ and - input leads) is coupled to
      the subscriber loop as shown in FIG. 1. The output of the network is
      signal SOFL which is coupled to the register circuit as also shown on FIG.
      1 to be utilized by the rest of the register logic.
PAR  The VCC supplies for OAMP1 are derived from the -50 volt supply of the
      telephone system and ground via the voltage divider network of resistors
      17, 18, and zener diode 38. These provide a minus VCC of -36 volts and a
      plus VCC of -14 volts to the amplifier. Capacitors 39 and 40 provide noise
      suppression for zener diode 38. A further voltage divider network of
      resistors 19 and 20 provides a -25 volt circuit test point TP1 used during
      the initial adjustment. This adjustment is performed using variable
      resistor 16 and thereby obtaining approximately 0 volts between TP1 and
      TP2 with a suitable resistance connected between the (+) and (-) leads. On
      the input, diodes 34 and 35 provide a protection path for OAMP1 to protect
      it from negative going voltage spikes, while diodes 36 and 37 protect the
      amplifier from positive going voltage spikes. Resistors 12 and 13 form
      another voltage divider to hold the plus input of OAMP1 at a reference
      voltage of -25 volts.
PAR  In FIG. 1, when subscriber 2 is off hook (contacts D operated) and is
      connected to the side of line detector, since there is no resistor
      connected to ground then of course no unbalance exists (other than leakage
      to ground) and no output will be produced from the side of line detector.
      Resistor 32 provides the negative bias for the amplifier. However, if
      instead subscriber 1 is off hook (contact C operated) and is connected to
      the register, the resistance to ground provided by resistor 9 will cause
      the voltage drop across resistor 14 to increase with respect to 15 and
      thereby cause the negative (or inverting) input of OAMP1 to go more
      positive than -25 volts (under a balanced condition the negative input
      should be at -25 volts). This will drive the output (Y) of the amplifier
      negative, with the gain of the amplifier being governed by the value
      selected for resistor 33 and capacitor 45 in the feedback loop. The output
      of OAMP1 can be read at test point TP2 through isolating resistor 30. This
      output is also coupled via resistor 21 to the base of transistor 41 of the
      comparison circuit formed by transistors 41 and 42 and their associated
      elements.
PAR  The DC voltage dropped across resistor 23 is held constant by the bias
      network of transistor 42 comprised of resistors 25 and 26. In this way
      transistor 41 may only turn on after -21.4 volts (which corresponds to the
      base voltage of transistor 42) appears at the output of OAMP1. At this
      point the collector of transistor 41 will go more positive which in turn
      turns on output transistor 43 via resistor 28. The base voltage of
      transistor 42 can be checked at test point TP3 through blocking resistor
      27. Diode 44 on the emitter lead of transistor 43 holds the emitter at a
      slightly more positive potential than the -50 volt rail. This insures that
      transistor 43 will not be turned on by leakage or noise variations at its
      base by providing a larger turn on threshold. Diode 44 is held in an ON
      condition, keeping the voltage drop across it constant, by connecting it
      to ground through resistor 29. When subscriber 1 is connected to the loop,
      transistor 43 will conduct with its collector current driving the side of
      line SOFL output low (negative) indicating a side of line condition is
      present.
PAR  The design of the side of line detector allows it to be used strictly to
      detect tip party identification and as an exact replacement for the
      above-mentioned previously used relay. The side of line detector will
      produce an output only when subscriber 1 is connected, and further only
      when the party resistance is within a specific range which is normally
      around the 2,650 ohms indicated by resistor 9 in FIG. 1. Since telephone
      lines always display a finite leakage resistance to ground, when
      subscriber 2 is connected to the loop, the side of line detector must
      reject this leakage and not produce an output. The minimum worse case leak
      which will be rejected by the side of line detector is a 15,000 ohm leak
      to ground. Under normal conditions a 10,000 ohm leak will be rejected.
      This leakage protection is provided by the voltage comparator formed by
      transistors 41 and 42 and also by diode 44 and resistor 29 in the emitter
      circuit of output transistor 43. This threshold must be overcome by any
      legitimate signal. This also permits the circuit to function properly even
      in the presence of a + or -5 volt ground shift between the register
      electronic card ground (FIG. 1) and the subscriber 1. Also, the detector
      is designed to eliminate false outputs from the 60 hz AC signals produced
      by noisy lines which is provided by the feedback capacitor 45. The circuit
      will function properly with 3 volts RMS 60 hz AC induction present on tip
      and ring to ground (common mode voltage). This value is the REA
      specification for common control central offices.
PAR  While principles of the invention have been illustrated above in connection
      with specific apparatus and applications, it is to be understood the
      description is made only by way of example and not as a limitation on the
      scope of the invention as encompassed by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved side of line detector for a communication switching system,
      said system coupled to at least one line including a first and second
      subscriber loop connected one at a time, said first subscriber loop having
      a mark impedance coupled to ground, said improved side of line detector
      comprising:
PA1  differential amplifier means having at least two inputs for producing an
      output signal when said two inputs are not equal;
PA1  input voltage divider means coupled to said line including,
PA1  first divider means for holding a first input of said amplifier means at a
      reference voltage, and
PA1  second divider means for holding a second input of said amplifier means at
      said reference voltage only when said mark impedance is not connected to
      said line;
PA1  comparison output means coupled to said differential amplifier means for
      producing a side of line signal when said differential amplifier means
      produces an output signal;
PA1  whereby only when said first subscriber loop and mark impedance is
      connected to said line, said comparison output means will produce said
      side of line signal.
NUM  2.
PAR  2. An improved side of line detector as claimed in claim 1 wherein:
PA1  said differential amplifier means comprises a single operational amplifier.
NUM  3.
PAR  3. An improved side of line detector as claimed in claim 1 wherein:
PA1  said differential amplifier means includes a voltage supply divider network
      means, including noise suppression means.
NUM  4.
PAR  4. An improved side of line detector as claimed in claim 3 further
      including:
PA1  voltage spike suppression means coupled to said differential amplifier
      means;
PA1  whereby said differential amplifier means is protected from negative and
      positive voltage spikes.
NUM  5.
PAR  5. An improved side of line detector as claimed in claim 3 further
      including:
PA1  amplifier output test means.
NUM  6.
PAR  6. An improved side of line detector as claimed in claim 1 wherein, said
      input voltage divider means further includes:
PA1  amplifier output adjustment means.
NUM  7.
PAR  7. An improved side of line detector as claimed in claim 1 wherein, said
      comparison output means further includes:
PA1  comparison test means; and
PA1  transistor output means.
NUM  8.
PAR  8. An improved side of line detector as claimed in claim 7 wherein, said
      transistor output means further includes:
PA1  leakage reduction means; and
PA1  noise variation suppression means;
PA1  whereby only when said first subscriber loop is connected said transistor
      output means will produce said side of line signal.
NUM  9.
PAR  9. An improved side of line detector as claimed in claim 1 wherein:
PA1  said input voltage divider means further includes;
PA2  amplifier output adjustment means,
PA1  said differential amplifier means further includes;
PA2  voltage supply divider network means, including noise suppression means;
PA2  amplifier output test means;
PA2  voltage spike suppression means; and
PA1  said comparison output means further includes;
PA2  comparison test means; and
PA2  transistor output means including,
PA3  leakage reduction means, and noise variation suppression means.
NUM  10.
PAR  10. An improved side of line detector as claimed in claim 9 wherein:
PA1  said differential amplifier means comprises a single operational amplifier.
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PAL  A data retrieval and loading arrangement for a communication switching
      system, such as a telephone system, having common equipment with storage
      areas containing program information blocks for facilitating the
      establishment of connections through the system switching network and for
      generating ticketing information in response to a ticketing connection
      scanning unit, includes information storage equipment, which in the
      disclosed embodiment is magnetic tape recording equipment, for storing the
      ticketing information and the program information blocks via a peripheral
      adapter unit in response to the common equipment, and a status register
      responsive to directive information from the common equipment for
      controlling the adapter unit to transfer to the storage equipment either
      the ticketing information or the program information blocks. New program
      information blocks from other ones of the program memory units may be
      transferred to the storage areas of the common equipment for storage
      therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a communication switching system data retrieval
      and loading arrangement, and it more particularly relates to an
      arrangement for recording call ticketing information concerning completed
      connections through a communication switching system, such as a telephone
      system.
PAR  2. Description of the Prior Art
PAR  Communication switching systems, such as telephone systems, have employed
      scanning equipment for monitoring various different circuits of the system
      so as to derive ticketing information for billing subscribers for their
      use of the system. The ticketing information is then transferred to and
      recorded on a tape, such as a perforated tape, for subsequent use in
      preparing subscriber bills. The systems have included equipment for
      writing the ticketing information on the tape. The system also includes a
      stored program central processor used for normal call processing purposes
      and also for formulating the ticketing information according to ticketing
      program information stored in the system processor storage areas. The
      system programs, including call processing and ticketing programs as well
      as all other programs, have been loaded and retrieved from the system via
      conventional computer input/output devices. While such an arrangement may
      be satisfactory for some applications, it would be highly desirable to
      combine the program loading and retrieving apparatus with the ticketing
      equipment for more efficient and economical use of the system.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the principal object of the present invention is to provide a
      new and improved communication switching system data retrieval and loading
      arrangement for both the recording of ticketing information and the
      loading and retrieving of programs into and out of the system processor
      storage areas. Another object of the present invention is to provide such
      a new and improved communication switching system data retrieval and
      loading arrangement, which employs magnetic tape for both system ticketing
      purposes and the loading and retrieving of system programs in an efficient
      and economical manner.
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS AND PATENTS
PAR  The preferred embodiment of the invention is incorporated in a
      COMMUNICATION SWITCHING SYSTEM WITH MARKER, REGISTER AND OTHER SUBSYSTEMS
      COORDINATED BY A STORED PROGRAM CENTRAL PROCESSOR, U.S. patent application
      Ser. No. 342,323, filed Mar. 19, 1973 now U.S. Pat. No. 3,835,260 issued
      Sept. 11, 1974, hereinafter referred to as the SYSTEM application. The
      system may also be referred to as No. 1 EAX or simply EAX.
PAR  The memory access, and the priority and interrupt circuits for the
      register-sender subsystem are covered by U.S. Pat. No. 3,729,715 issued
      Apr. 24, 1973 by C. K. Buedel for a MEMORY ACCESS APPARATUS PROVIDING
      CYCLIC SEQUENTIAL ACCESS BY A REGISTER SUBSYSTEM AND RANDOM ACCESS BY A
      MAIN PROCESSOR IN A COMMUNICATION SWITCHING SYSTEM, hereinafter referred
      to as the REGISTER-SENDER MEMORY CONTROL patent. The register-sender
      subsystem is described in U.S. Pat. No. 3,737,873 issued June 5, 1973 by
      S. E. Puccini for DATA PROCESSOR WITH CYCLIC SEQUENTIAL ACCESS TO
      MULTIPLEXED LOGIC AND MEMORY, hereinafter referred to as the
      REGISTER-SENDER patent.
PAR  The marker for the system is disclosed in the U.S. Pat. No. 3,681,537,
      issued Aug. 1, 1972 by J. W. Eddy, H. G. Fitch, W. F. Mui and A. M.
      Valente for a MARKER FOR COMMUNICATION SWITCHING SYSTEM, and U.S. Pat. No.
      3,678,208, issued July 18, 1972 by J. W. Eddy for a MARKER PATH FINDING
      ARRANGEMENT INCLUDING IMMEDIATE RING; and also in U.S. patent applications
      Ser. No. 281,586 filed Aug. 17, 1972 now U.S. Pat. No. 3,806,659 issued
      Apr. 23, 1974 by J. W. Eddy for an INTERLOCK ARRANGEMENT FOR A
      COMMUNICATION SWITCHING SYSTEM, Ser. No. 311,606 filed Dec. 4, 1972 now
      U.S. Pat. No. 3,830,983 issued Aug. 20, 1974 by J. W. Eddy and S. E.
      Puccini for a COMMUNICATION SYSTEM CONTROL TRANSFER ARRANGEMENT Ser. No.
      303,157 filed Nov. 2, 1972 now U.S. Pat. No. 3,809,822 issued May 9, 1974
      by J. W. Eddy and S. E. Puccini for a COMMUNICATION SWITCHING SYSTEM
      INTERLOCK ARRANGEMENT, hereinafter referred to as the MARKER patents and
      applications.
PAR  The communication register and the marker transceivers are described in
      U.S. patent application Ser. No. 320,412 filed Jan. 2, 1973 now U.S. Pat.
      No. 3,814,859 issued June 4, 1974 by J. J. Vrba and C. K. Buedel for a
      COMMUNICATION SWITCHING SYSTEM TRANSCEIVER ARRANGEMENT FOR SERIAL
      TRANSMISSION, hereinafter referred to as the COMMUNICATIONS REGISTER
      patent application.
PAR  The executive or operating system of the stored program processor is
      disclosed in U.S. patent application Ser. No. 347,281 filed Apr. 2, 1973
      by C. A. Kalat, E. F. Wodka, A. W. Clay, and P. R. Harrington for STORED
      PROGRAM CONTROL IN A COMMUNICATION SWITCHING SYSTEM, hereinafter referred
      to as the EXECUTIVE patent application.
PAR  The computer line processor is disclosed in U.S. patent application Ser.
      No. 347,966 filed Apr. 4, 1973 now U.S. Pat. No. 3,831,151 issued Aug. 20,
      1974 by L. V. Jones and P. A. Zelinski for a SENSE LINE PROCESSOR WITH
      PRIORITY INTERRUPT ARRANGEMENT FOR DATA PROCESSING SYSTEMS.
PAR  Programs for communication between the data processing unit and the
      register-sender, in addition to the SYSTEM application, are disclosed in
      U.S. patent application Ser. No. 358,753 filed May 9, 1973 now U.S. Pat.
      No. 3,819,865 issued June 24, 1974 by F. A. Weber et al.
PAR  The scanner for the local automatic message accounting subsystem is
      disclosed in patent application Ser. No. 434,743, filed Jan. 18, 1974 by
      B. F. Gearing, M. R. Winandy, G. Grzybowski and D. F. Gaon; and in two
      articles in the GTE Automatic Electric Technical Journal, Vol. 13, No. 4,
      (October, 1972) at pages 177-184 and pages 185-196.
PAR  The above patents, patent applications, and articles are incorporated
      herein and made a part hereof as though fully set forth.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other objects and features of this invention and
      the manner of attaining them will become apparent, and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention, wherein:
PAR  FIG. 1 is a block diagram of a local automatic message accounting subsystem
      constructed in accordance with the present invention, the subsystem being
      illustrated in a manner to show its interconnection with the duplicated
      central processors of the communication switching system;
PAR  FIG. 1A is a block diagram of the communication switching system in which
      the subsystem of FIG. 1 may be incorporated;
PAR  FIG. 2 is a chart concerning the ticketing scanner unit scan sequence;
PAR  FIG. 3 is a schematic drawing of the magnetic tape transport of the
      subsystem of FIG. 1;
PAR  FIG. 4 is a block diagram of the various different programs used in
      connection with the subsystem of FIG. 1;
PAR  FIGS. 5-9 are various different charts and schematic representations useful
      in the understanding of the present invention; and
PAR  FIGS. 10 through 18 are detailed functional block diagrams and charts of
      the magnetic tape peripheral adapter portion of the subsystem of FIG. 1.
PAR  FIGS. 10A-10C are to be oriented as depicted in FIG. 10; FIGS. 11A-11B as
      depicted in FIG. 11; and FIGS. 15A-15B as depicted in FIG. 15.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The data retrieval and loading arrangement in the preferred form of the
      present invention is embodied in a local automatic message accounting
      subsystem as shown in FIG. 1 of a stored-program electronic telephone
      switching system as shown in FIG. 2. The system employs a magnetic tape
      transport and is adapted to write and record ticketing information on
      magnetic tape so that the tape may then be physically taken to another
      location for processing by a computer (not shown) for billing purposes. In
      accordance with the present invention, all of the system programs are
      loaded into and retrieved from the system of FIG. 1A by means of the
      subsystem of FIG. 1, since it is able to both write and read magnetic
      tapes and to communicate with the system. A peripheral adapter of the
      system includes a status register responsive to directives or instructions
      stored in the system processor storage areas for controlling the various
      different modes of operation of the subsystem as hereinafter described in
      greater detail.
PAC  GENERAL SYSTEM DESCRIPTION
PAR  The telephone switching system is shown in FIG. 1A. The system is disclosed
      in said system patent application, and also in said REGISTER-SENDER MEMORY
      CONTROL patent application. The system comprises a switching portion
      comprising a plurality of line groups such as line group 110, a plurality
      of selector groups such as selector group 120, a plurality of
      trunk-register groups such as group 150, a plurality of originating
      markers, such as marker 160, and a plurality of terminating markers such
      as marker 170; and a control portion which includes register-sender groups
      such as the group RS, data processing unit DPU, and a maintenance control
      center 140. The line group 110 includes reed-relay switching network
      stages A, B, C and R for providing local lines L000-L999 with a means of
      accessing the system for originating calls and for providing a means of
      terminating calls destined for local customers. The trunk-register group
      150 also includes reed-relay switching networks A and B to provide access
      for incoming trunks 152 to connect them to the registersender, the trunks
      also being connected to selector inlets. The selector group 120 forms an
      intermediate switch and may be considered the call distribution center of
      the system, which routes calls appearing on its inlets from line groups or
      from incoming trunks to appropriate destinations, such as local lines or
      outgoing trunks to other offices, by way of reed-relay switching stages A,
      B and C. Thus the line group 110, the trunk-register groups 150, and the
      selector group 120 form the switching network for this system and provide
      full-metallic paths through the office for signaling and transmission.
PAR  The originating marker 160 provides high-speed control of the switching
      network to connect calls entering the system to the register-sender 200.
      The terminating markers 170 control the switching networks of the selector
      group 120 for establishing connections therethrough; and if a call is to
      be terminated at a local customer's line in the office then the
      terminating marker sets up a connection through both the selector group
      120 and the line group 110 to the local line.
PAR  The register-sender RS provides for receiving and storing of incoming
      digits and for outpulsing digits to distant offices, when required.
      Incoming digits in the dial pulse mode, in the form of dual tone (touch)
      calling multifrequency signals from local lines, or in the form of
      multifrequency signals from incoming trunks are accommodated by the
      registersender. A group of register junctors RRJ function as peripheral
      units as an interface between the switching network and the common logic
      circuits of the register-sender. The ferrite core memory RCM stores the
      digital information under the control of a common logic 202. Incoming
      digits may be supplied from the register junctors via a register receiver
      matrix RSX and tone receivers 302-303 to a common logic, or may be
      received in dial pulse mode directly from the register junctors. Digits
      may be outpulsed by dial pulse generators directly from a register junctor
      or multifrequency senders 301 which are selectively connected to the
      register junctors via the sender-receiver matrix RSX. The common logic
      control 202, and the core memory RCM form the register apparatus of the
      system, and provide a pool of registers for storing call processing
      information received via the register-junctors RRJ. The information is
      stored in the core memory RCM on a time-division multiplex sequential
      access basis, and the memory RCM can be accessed by other subsystems such
      as the data processor unit 130 on a random access basis.
PAR  The data processor unit DPU provides stored program computer control for
      processing calls through the system. Instructions provided by the unit DPU
      are utilized by the register RS and other subsystems for processing and
      routing of the call. The unit DPU includes a drum memory 131 for storing,
      among other information, the equipment number information for translation
      purposes. A pair of drum control units, such as the unit 132 cooperate
      with a main core memory 133 and control the drum 131. A central processor
      135 accesses the register sender RS and communicates with the main core
      memory 133 to provide the computer control for processing calls through
      the system. A communication register 134 transfers information between the
      central processor and the originating markers 160 and terminating markers
      170 via input/output device buffers 136, which, together with a
      maintenance control unit 137, transfer information to the central
      processor 137 from the communication register 134 and from the maintenance
      control center 140. The maintenance and control center 140 includes a
      teletypewriter 142 for communicating with the system, and a local
      automatic message accounting sub-system 145 for providing ticketing
      functions and program loading and dumping operations. A maintenance
      control 145 is used for maintaining the system.
PAR  The line group 110 in addition to the switching stages includes originating
      junctors 113 and terminating junctors 115. On an originating call the line
      group provides concentration from the line terminals to the originating
      junctor. Each originating junctor provides the split between calling and
      called parties while the call is being established, thereby providing a
      separate path for signaling. On a terminating call, the line group 110
      provides expansion from the terminating junctors to the called line. The
      terminating junctors provide ringing control, battery feed, and line
      supervision for calling and called lines. An originating junctor is used
      for every call originating from a local line and remains in the connection
      for the duration of the call. The originating junctor extends the calling
      line signaling path to the register junctor RRJ of the register-sender RS,
      and at the same time provides a separate signaling path from the
      register-sender to the selector group 120 for outpulsing, when required.
      The originating junctor isolates the calling line until cut-through is
      effected, at which time the calling party is switched through to the
      selector group inlet. The originating junctor also provides line lock out.
      The terminating junctor is used for every call terminating on a local line
      and remains in the connection for the duration of the call.
PAR  The selector group 120 is the equipment group which provides intermediate
      mixing and distribution of the traffic from various incoming trunks and
      junctors on its inlets to various outgoing trunks and junctors on its
      outlets.
PAR  The markers used in the system are electronic units which control the
      selection of idle paths in the establishing of connections through the
      matrices, as explained more fully in said marker patent application. The
      originating marker 160 detects calls for service in the line and/or trunk
      register group 150, and controls the selection of idle paths and the
      establishment of connections through these groups. On line originated
      calls, the originating marker detects calls for service in the line
      matrix, controls path selection between the line and originating junctors
      and between originating junctors and register junctors. On incoming trunk
      calls the originating marker 160 detects calls for service in the incoming
      trunks connected to the trunk register group 150 and controls path
      selection between the incoming trunks 152 and register junctors RRJ.
PAR  The terminating marker 170 controls the selection of idle paths in the
      establishing of connections for terminating calls. The terminating marker
      170 closes a matrix access circuit which connects the terminating marker
      to the selector group 120 containing a call-for-service, and if the call
      is terminated in a local line, the terminating marker 170 closes another
      access circuit which in turn connects the marker to the line group 120.
      The marker connects an inlet of the selector group to an idle junctor or
      trunk circuit. If the call is to an idle line the terminating marker
      selects an idle terminating junctor and connects it to a line group inlet,
      as well as connecting it to a selector group inlet. For this purpose the
      appropriate idle junctor is selected and a path through the line group 110
      and the selector group 120 is established.
PAR  The data processor unit 130 is the central coordinating unit and
      communication hub for the system. It is in essence a general purpose
      computer with special input-output and maintenance features which enable
      it to process data. The data processing unit includes control of: the
      originating process communication (receipt of line identity, etc.), the
      translation operation, route selection, and the terminating process
      communication. The translation operation includes: class-of-service
      look-up, inlet-to-directory number translation, matrix outlet-to-matrix
      inlet translation, code translation and certain special feature
      translations.
PAC  LOCAL AUTOMATIC MESSAGE ACCOUNTING SUB-SYSTEM
PAR  This section describes the local automatic message account LAMA toll
      ticketing subsystem 145 used with the system. In addition, this section
      briefly describes the associated software used to operate the hardware
      circuits. A description of the magnetic tape recording of automatic toll
      ticketing ATT data is also included. The essential functions of the toll
      ticketing subsystem are to collect, format, and record toll utilization
      data for future processing. The data gathered and reported is used for
      customer billing, toll separation, traffic engineering studies, planning
      and evaluation of toll services, and maintenance of toll facilities.
PAC  Equipment Capabilities
PAR  The toll ticketing equipment is intended for operation in a class 5 office
      for local automatic message accounting LAMA. The ticketing equipment
      tickets only customer-dialed automatic number identification ANI traffic.
      This customer-dialed ANI traffic may be either direct distance dialed DDD
      toll traffic or message rate service MRS local traffic. Extended direct
      distance dialed EDDD traffic is routed to a traffic service position
      system TSPS or a centralized automatic message accounting system CAMA, and
      is not processed by the LAMA toll ticketing subsystem. The LAMA ticketer
      tickets only calls originating within the local office. All DDD calls are
      ticketed on the outgoing trunk. All MRS calls are ticketed on originating
      junctors or incoming trunks serving high usage lines, such as PABX lines.
PAC  DDD Traffic
PAR  Direct distance dialing DDD traffic is ticketed as a timed call. The toll
      ticketing equipment supervises the call for both answer and disconnect
      times so that total conversation time can eventually be determined. The
      final determination of total conversation time is done at the accounting
      center. DDD traffic is restricted to station-to-station sent paid SSPD
      calls and to multi-message unit MMU calls. An SSPD call is a non-coin
      station pair call to a point outside of the customer's "expanded local
      area calling service" ELACS plan. A MMU call is a non-coin station paid
      call to a point outside of the customer's flat rate "normal area" zone,
      but within the boundaries of his ELACS plan.
PAC  MRS Traffic
PAR  Message rate service traffic is ticketed as pegged calls. The toll
      ticketing equipment supervises the call for the answer state only. That
      is, information is collected only as required to determine that a
      completed call took place and not to determine the total conversation
      time.
PAC  Permanent Truck Fault Detection
PAR  The toll ticketing equipment is capable of detecting permanent trunk fault
      conditions of the type which:
PA1  a. prevent the trunk from returning answer supervision to the ticketer
      (permanent unanswered state), or
PA1  b. prevent the trunk from removing answer supervision to the ticketer
      (permanent answer state).
PAC  Office Administration Data
PAR  In addition to the recording of call data for billing purposes, the toll
      ticketing equipment also is capable of recording call data for certain
      preselected office administration functions, including traffic sampling
      studies, traffic service observation studies, and maintenance information.
      The data recorded for office administration purposes may differ in
      content, or may require different interpretation than the data recorded
      for billing purposes.
PAR  Traffic sampling refers to the constant supervision of certain types of
      calls such that a preselected percentage of these calls are ticketed. The
      purpose of traffic sampling normally is to collect data for division of
      revenue studies. The toll ticketing equipment provides for traffic
      sampling of the following:
PA1  a. 100 percent of all completed outgoing INWATS calls,
PA1  b. 20 percent of all completed outgoing switch service network SSN calls,
      and
PA1  c. 10 percent of all completed outgoing flat rate WATS calls.
PAR  Traffic observation is the temporary supervision of certain trunk groups to
      determine, during specified intervals of time, the usage of these trunks.
      The instruction to initiate a selected traffic service observation enters
      into the system via the office administration teletypewriter. The
      ticketing operation continues until a subsequent input instruction, via
      the teletypewriter, terminates the study. When a trunk group is marked for
      study, all calls via that trunk group are ticketed completed and
      non-completed, billed and non-billed. The call records of non-completed
      and non-billed calls are marked with a special coded information character
      for easy identification.
PAC  Hardware Configuration and Functional Description
PAR  The toll ticketing equipment is a hybrid subsystem consisting of hardware
      physical equipment and software programs. This section describes the
      hardware. FIG. 1 shows the major hardware units associated with the toll
      ticketing subsystem. The toll ticketing subsystem consists of two basic
      equipment units called the automatic toll ticketing frame ATTF and the
      automatic toll ticketing relay frame ATRF. A subsystem configuration
      consists of one ATTF and either one or two ATRF's.
PAC  Automatic Toll Ticketing Relay Frame ATRF
PAR  The ATRF is a single-frame unit containing the scan point devices monitored
      by the ticketing scanner. A scan point device consists of a 1A correed.
      The coil of the correed is wired to the incoming trunk or originating
      junctor being monitored. The contact of the correed is monitored by the
      scanner. The ATRF serves 2,880 scan points. A fully expanded LAMA
      subsystem includes two ATRF's, or 5,760 scan points. Each ticketed
      outgoing trunk requires two scan points. All DDD calls are ticketed on
      outgoing trunks. Each metered originating junctor or incoming trunk
      requires one scan point. All MRS calls are metered on originating junctors
      and incoming trunks.
PAR  Each ATRF consists of four equipment files. Each file contains 720 scan
      points (18 cards per file, 40 scan points per card). These 720 scan points
      can serve either 720 originating junctors or incoming trunks MRS scan
      points or 360 outgoing trunks DDD scanpoints. All scan points within a
      single file must be dedicated to either MRS or DDD Service. An ATRF can,
      therefore, be engineered for various combinations of scan points, as seen
      in Table 1.
TBL                                    Table 1.                                
     __________________________________________________________________________
      Automatic Toll Ticketing Relay Frame-Scan Point File Configuration       
             MRS SERVICE         DDD SERVICE                                   
     COMBINATION                         No. of                                
     NUMBER  No. of Files                                                      
                     No. of Metered Ckts.                                      
                                 No. of Files                                  
                                         Ticketed Ckts.                        
     __________________________________________________________________________
     1       4       2880        0       0                                     
     2       3       2160        1       360                                   
     3       2       1440        2       720                                   
     4       1       720         3       1080                                  
     5       0       0           4       1440                                  
     __________________________________________________________________________
PAC  Automatic Tool Ticketing Frame ATTF
PAR  The ATTF is a dual frame unit containing two magnetic tape transports, a
      dual channel ticketing scanner unit, and all the associated control
      electronics. FIG. 1 depicts the functional configuration of the ATTF. The
      major component parts of the ATTF are the TSU Ticketing Scanner Unit, the
      TMU Ticketing Magnetic Tape Unit, and the TDB Ticketing Device Buffer.
PAR  a. TDB-A: Ticketing Device Buffer Channel a. This buffer is always
      dedicated to TMU-A and TSU-A.
PAR  b. TDB-B: Ticketing Device Buffer Channel B. This buffer is always
      dedicated to TMU-B and TSU-B.
PAR  c. TMU-A: Ticketing Magnetic Tape Unit-Channel A.
PAR  d. TMU-B: Ticketing Magnetic Tape Unit-Channel B.
PAR  e. TSU-A/B: Ticketing Scanner Unit. The TSU serves both channel A and B.
      Its active elements are internally duplexed.
PAR  At any point in time, only one of the TMU/TSU channels is active. The other
      channel will be in the standby mode. If a fault is detected in the active
      channel, the system reconfigures under program control to the standby
      channel. Reconfiguration is manually initiated to facilitate the removal
      of a completed magnetic tape and the loading of a new reel of tape. This
      procedure also has the advantage of alternately exercising the TMU/TSU
      channels.
PAR  In normal operation, both TDB's are active. TMU-A is active in conjunction
      with TSU-B. Both TMU-B and TSU-A are in the standby mode. On alternate
      days, the subsystem can be reconfigured such that TMU-B and TSU-A are
      active, and TMU-A and TSU-B are standby. Under a fault condition in either
      one of the equipment channels, the entire toll ticketing operation can be
      handled by the other channel.
PAC  Ticketing Scanner Unit TSU
PAR  The ticketing scanner unit is a medium speed electronic scanner/multiplex
      device. Its function is to monitor the scan point switches located in the
      ATRF, whose purpose is to duplicate the call processing state of the
      trunks and originating junctors. The TSU functions under address control
      by the computer central processor CCP. Each scan address retrieves the
      status of 24 scan points. Up to 120 scan addresses can be applied to a
      theoretical maximum of 1,440 ticketed outgoing trunks. The remaining 120
      scan addresses can be applied to MRS metering. This allows for a
      theoretical maximum of 2,880 originating junctors and incoming trunks. In
      addition, 80 addresses are available for routining and fault localization.
PAR  FIG. 2 shows the TSU scan sequence. All DDD ticketed points are scanned at
      300 millisecond intervals and all MRS metered points are scanned every 2.4
      seconds. For ticketed DDD calls, the TSU monitors two normally open
      contacts H and A associated with each outgoing trunk circuit that is
      accessible by DDD traffic. When both the H hold and A answer contacts are
      open, the trunk is in the idle state. When H is closed and A is open, the
      trunk is seized but not answered. When answer supervision is returned,
      both the H and A contacts are closed. See Table 2.
TBL                Table 2.                                                    
     ______________________________________                                    
     Hold and Answer Contact Configuration.                                    
     TRUNK STATE      CONTACT                                                  
                    H (Hold)                                                   
                            A (Answer)                                         
     ______________________________________                                    
     Trunk Idle       0         0                                              
     Trunk Seized     1         0                                              
     Trunk Received                                                            
     Answer Supervision                                                        
                      1         1                                              
     Calling Party Goes                                                        
     On-Hook (Invalid 0         1                                              
     State)                                                                    
     A contact is opened                                                       
     during next scan                                                          
     ______________________________________                                    
PAR  With one scan address, the TSU scans all A contacts of a group of 24
      trunks. On the succeeding address, the H contacts of the same group of
      trunks are scanned. It takes a nominal 27 microseconds to execute one scan
      address. Hence, it takes 54 microseconds nominal to scan a trunk group
      consisting of 24 DDD trunks. For a metered MRS call, the TSU monitors a
      single normally open contact associated with each MRS originating junctor
      or incoming trunk. During the monitoring interval which starts at the time
      of cutthrough, a closed contact represents the return of answer
      supervision from the called party. With each scan address, 24 MRS circuits
      are monitored, representing a scan rate of 24 points per 27 microseconds.
PAC  Ticketing Magnetic Tape Unit TMU
PAR  The ticketing magnetic tape unit consists of the magnetic tape transport
      and its associated read/write electronics, data buffering, error
      detection, and tape drive control electronics. The transport used may be
      purchased from Cook Electric Co. of Chicago, Illinois, the unit designated
      Series 3300 modified digital magnetic tape transport. The transport
      write/read head assembly writes data on nine tracks in a continuous NRZI
      non return to zero-IBM mode at 800 characters per inch. The tape used is
      standard width half-inch computer tape.
PAR  A pictorial representation of the magnetic tape transport, series 3300
      modified for the system ticketing operations is shown in FIG. 3.
PAR  Ticketing data is written in blocks of 15 calls/block. Total time required
      to write a block of 15 calls is nominally 353 milliseconds. A read after
      write check for vertical and longitudinal parity is performed on each
      block. If an error is detected, the tape is advanced 3.75 inches and the
      block is re-written.
PAR  Call data is written in the "single entry" format; i.e., all the data
      pertaining to an individual call is formatted together in one single entry
      on the tape. The data transfer rate is 4,000 tape characters per second
      using the EBCDIC extended binary coded decimal interchange code magnetic
      tape code.
PAC  Ticketing Device Buffer TDB
PAR  The ticketing device buffer provides the I/O interface to the computer
      complex. It is equipped in duplicate, each unit serving one scanner and
      one magnetic tape channel. In normal active operation, one TDB is used to
      service the I/O operation to the scanner and the other TDB services the
      magnetic tape unit. The role is switched on alternate days. Under a fault
      condition, one TDB could service both a scanner and a magnetic tape unit
      sequentially, with the magnetic tape unit having the highest priority.
PAC  Software Description -- Program Modules
PAR  Refer to FIG. 4 for the major software program modules associated with the
      toll ticketing subsystem.
PAR  In the seizure module T01, the seizure routine is associated with the
      initial seizure of a ticketed trunk or originating junctor message rate
      service call. When the seizure routine receives an indication from the
      call processing program that a particular trunk or junctor is seized for
      the processing of a new call, the seizure routine checks to determine
      whether the previous call using that trunk or junctor has been completed.
      The seizure routine is responsible for detecting incomplete calls and
      assuring that the trunk or originating junctor is not scanned by the
      ticketing scanner unit until it has been determined that the new call is
      to be ticketed.
PAR  The basic function of the call completion modules T02 is to indicate that
      the trunk or originating junctor is to be scanned by the ticketing scanner
      unit. Information pertaining to the call is collected from the call
      history table, formatted, and written into a dedicated drum memory cell
      associated with the ticketed circuit.
PAR  In the scan interrupt module T03, the main purpose of the scan interrupt
      routine is to detect and record answer and disconnect time for calls. The
      scan interrupt routine is associated with the normal cycle of scan of all
      ticketed trunks and junctors. An interval timer, at 300-millisecond
      intervals, interrupts the central processor to initiate a scan routine.
      During each scan period, the program causes the ticketing scanner unit to
      successively interrogate the address and retrieve data for all trunks,
      together with a subgroup of the originating junctors. When answer is
      detected, the time is stored in the drum cell with the other information
      related to the call. When disconnect is detected, the data is read from
      the drum cell into a core main memory work area and the time of disconnect
      is added to the record.
PAR  The main purpose of the output format module T04 is to format the drum cell
      call information for magnetic tape output.
PAR  The call record buffer format module T05 is responsible for transferring
      the formatted call record data from a core memory work area to the call
      record buffer. The call record buffer holds a data block containing a
      maximum of 15 call records. When it is filled, the T05 module indicates to
      the magnetic tape I/O scheduler F73 that a data block is ready to be
      transferred to magnetic tape. This executive subprogram module schedules
      the outputting of the data block by the magnetic tape unit.
PAR  The time change initialization module T06 is responsible for recording the
      identity of all the outgoing trunk circuits on which a call was in
      progress during the time change. It also formats the time change data
      block as required for magnetic tape output.
PAR  The main function of the time change update module T07 is to update the
      drum cells associated with all trunk circuits on which a conversation was
      in progress during a time change. The update consists of setting an
      indicator specifying that the call was in progress during the time change.
      The update operation consists of a read-modify-write sequence.
PAR  The midnights passed interrupt handler T08 is responsible for recording the
      identity of all of the trunk circuits on which a conversation was in
      progress during a time change from one day-through midnight-to the next
      day.
PAR  The main function of the midnights passed update module T09 is to update
      the drum cells associated with all outgoing trunk circuits on which a
      conversation was in progress at midnight. The update consists of
      incrementing a counter in the cell by one if midnight occurred during a
      call. The update operation consists of a read-modify-write sequence.
PAR  The TTY message format module T10 is responsible for formatting all of the
      information required to be outputted on the TTY. This module formats three
      basic types of messages:
PAR  a. Permanently closed contact identity.
PAR  b. Permanently opened contact identity.
PAR  c. Nine day duration of call.
PAR  The ticketing contact check module T11 performs basically two types of
      checks on the ticketing contacts (scan points): verify that the contacts
      are incapable of closing, and/or verify that the contacts are incapable of
      opening. The contact check module is scheduled at equal intervals of time,
      normally once per day. If it is determined that the contacts associated
      with a circuit trunk or originating junctor have never been opened or
      closed depending upon the check during the predetermined interval of time,
      a TTY message is initiated. This message contains the identity of the
      contacts that are faulty.
PAR  The scanner double fault, module T12 is scheduled whenever a double fault
      condition is detected in the TSU by the I/O handler module F72, indicating
      that both scanners are not working properly. T12 performs the necessary
      processing required to assure that no customers are improperly charged for
      calls due to this TSU malfunction.
PAR  The drum error module T13 is scheduled whenever a drum read or write is
      requested by the ticketing software and a drum error is encountered (read
      or write cannot be made). This module assures that the customer will not
      be improperly billed due to an error of this kind.
PAR  The ticketing algorithm module T14 consists of a set of algorithms which
      are used to access the ticketing tables. A program module can use T14 as a
      closed subroutine in order to locate a specific entry in the table. All
      the ticketing modules T prefix except T05, T06, T08, and T10 use the
      ticketing algorithm module to access these tables.
PAR  The ticketing scanner I/O handler F72 controls all communication between
      the ticketing scanner unit and the central processor for both normal
      operations and maintenance routines.
PAR  The magnetic tape I/O scheduler F73 schedules the outputting of data to the
      ticketing magnetic tape unit.
PAR  The magnetic tape I/O handler F74 controls all communication between the
      ticketing magnetic tape unit and the central processor for both normal
      operations and maintenance routines.
PAR  The pre-scan hardware validation module W01 is run prior to each
      300-millisecond scan cycle. It essentially provides for an "abbreviated"
      routine of the ticketing scanner unit and the contact-diode matrix of the
      ATRF, to validate proper hardware operation.
PAR  The ticketing change over module W02 controls the step-by-step procedure
      required to perform a correct changeover from the "A" channel equipment to
      the "B" channel equipment and vice versa. The routine is initiated by a
      TTY request, normally for the purpose of changing a reel of magnetic tape.
PAR  The TSU fault localization, repair verification, and routining module W05
      provides for the detailed routining and maintenance diagnostics of the
      ticketing scanner unit. It is run periodically at scheduled intervals and
      also when a fault is detected by the hardware error detectors.
PAR  The TMU fault localization, repair verification, and routining module W06
      provides for the detailed routining and maintenance diagnostics of the
      ticketing magnetic tape unit. It is run at scheduled intervals and
      whenever a fault is detected by hardware error detectors.
PAC  Principal Tables
PAR  In the activity bit table, each ticketed circuit (incoming trunk or
      originating junctor) has an associated activity bit. The purpose of the
      activity bit is to indicate to the ticketing scanner unit that it should
      start scanning the associated point. The activity bit is set at the time
      of cut-through. For trunk circuits DDD calls, it is reset at the time of
      disconnect. For incomplete calls, it is reset at the time the trunk is
      re-seized for a new call. Refer to Tables 4 and 5.
TBL                                    Table 4.                                
     __________________________________________________________________________
     Activity Charge Delay, and Previous Status States for a DDD               
     __________________________________________________________________________
     Call.                                                                     
     TRUNK STATES   SOFTWARE TABLE STATES          PROGRAM ACTION              
     __________________________________________________________________________
                    Activity                                                   
                           Current Charge   Previous                           
                    Bit Table                                                  
                           Status  Delay Table                                 
                                            Status Bit                         
                                            Table                              
     Outgoing Trunks                                                           
                    1 Bit/Trk.                                                 
                           2 Bits/Trk.                                         
                                   3 Bits/Trk.                                 
                                            1 Bit/Trk.                         
                           H   A   3  2  1                                     
     __________________________________________________________________________
     Idle           0      0   0   0  0  0  0                                  
     Seizure        0      1   0   0  0  0  0                                  
     (Prior to Cut-Through)                                                    
     Seizure        1      1   0   0  0  0  0      Start contact               
     (After Cut-Through)                           scanning. Write             
                                                   call data in the            
                                                   drum cell.                  
     Answer         1      1   1   0  0  0  0      Start charge                
                                                   delay timing.               
                    1      1   1   0  0  1  0                                  
                    1      1   1   0  1  0  0                                  
                                                   Record answer               
     Charge Delay                                  time in drum                
     Timing Interval                               cell.                       
                    1      1   1   1  1  1  0                                  
                    1      1   1   0  0  0  1                                  
     Call Timing                                                               
     Interval (For Billing)                                                    
                    1      1   1   0  0  0  1                                  
     Disconnect (Called Party)                                                 
                    1      1   0   0  0  0  1      Record dis-                 
                                                   connect time and            
                                                   "set" the assoc-            
                                                   iated trunk bit             
                                                   in the DISCONNECT           
                                                   RECORDING TABLE.            
     Disconnect (Calling Party                                                 
                    1      0   0   0  0  0  1      Schedule the                
     or Time Out)                                  call record                 
                                                   data to be read             
                                                   from the drum               
                                                   cell and for-               
                                                   matted for even-            
                                                   tual magnetic               
                                                   tape output.                
     Idle           0      0   0   0  0  0  0      Stop scanning               
                                                   the trunk and               
                                                   "reset" all                 
                                                   tables associat-            
                                                   ed with the                 
     __________________________________________________________________________
                                                   call.                       
TBL                                    Table 5.                                
     __________________________________________________________________________
     Activity and Charge Delay Table States for a MRS Call.                    
     __________________________________________________________________________
     CIRCUIT STATES                                                            
                  SOFTWARE TABLE STATES      PROGRAM ACTION                    
     __________________________________________________________________________
                  Activity Current  Charge                                     
     (Originating Junctors                                                     
                  Bit Table                                                    
                           Status   Delay Table                                
     and Incoming Trunks)                                                      
                  1 Bit/Circuit                                                
                           1 Bit/Circuit                                       
                                    3 Bits/Circuit                             
                                    3  2  1                                    
     __________________________________________________________________________
     Idle or Seizure State                                                     
     (Prior to Cut-Through)                                                    
                  0        0        0  0  0                                    
     Seizure State                           Write call record                 
     (After Cut-Through)                                                       
                  1        0        0  0  0  data in the drum                  
                                             cell. Start                       
                                             scanning.                         
     Answer       1        1        0  0  0  Start charge delay                
                                             timing.                           
     Charge Delay 1        1        0  0  1                                    
     Interval     1        1        0  1  0  Record answer                     
                                             time. Stop                        
                                             scanning (reset                   
                                             activity bit).                    
                                             Schedule other                    
                                             call record data                  
                                             to be read from                   
                                             the drum cell and                 
                                             formatted for                     
                                             eventual magnetic                 
                                             tape output.                      
                  0        1        0  0  0                                    
     Call in Progress                                                          
     (No Timing)                                                               
                  0        1        0  0  0                                    
     Idle         0        0        0  0  0                                    
     __________________________________________________________________________
PAR  In the previous status bit table, each ticketed trunk has an associated
      previous status bit not the originating junctors, however. A "1" in this
      bit position indicates that on the previous scan, the trunk was in the
      "true" answer state. A true answer means that the H and A contacts are
      both sensed as closed and this state has been maintained for a 2-second
      interval charge delay interval. A "0" indicates that on the previous scan,
      true answer supervision was not yet detected. Refer to Table 4.
PAR  The charge delay table is used to record the number of successive scans
      that the scanner has detected answer supervision (A and H contacts both
      closed) for a given trunk or originating junctor circuit. A three bit
      field is associated with each trunk and originating junctor. On each
      successive scan that answer is detected, the field is incremented by a
      count of one. When the field reaches a set value corresponding to the
      charge delay interval, a "true" answer condition is recorded. Refer to
      Tables 4 and 5.
PAR  The trunk disconnect recorded table contains one bit per ticketed trunk. A
      logic "0" in the bit position indicates that a disconnect time has not yet
      been recorded in the trunk call record cell on drum memory. A logic "1" in
      the bit position indicates that the time of disconnect is recorded in the
      trunk call record cell on drum memory. If the scanner detects that the
      called party returns on-hook (A contact restores), the time is recorded in
      the trunk call record cell (FIG. 5) and the associated bit is set (logic
      1) in the trunk disconnect recorded table (possible disconnect). The trunk
      is still scanned until the calling party goes on-hook (H contact
      restores). In this case, the recorded disconnect time on drum is used for
      billing. However, if the called party returned off-hook assuming the
      calling party did not yet go on-hook and the conversation resumed, the bit
      in the trunk disconnect recorded table is reset (logic 0) and timing
      continues. The first recorded disconnect time is ignored and a new
      disconnect time will be recorded when either of the parties goes on-hook.
PAR  In the open and closed contact tables, each ticketed circuit trunk or
      originating junctor has an associated bit position in the ticketing open
      contact table and a corresponding bit position in the ticketing closed
      contact table. These tables are used with the ticketing contact check
      module to determine whether a permanent fault exists that prevents the
      circuit from properly returning answer supervision, i.e., contacts are
      permanently opened or permanently closed.
PA1  a. Closed contact table:
PA2  "0" Indicates the contact was never detected open (always closed when
      scanned).
PA2  "1" Indicates that an open contact condition was detected at least once
      during the monitoring interval normally one day.
PA1  b. Open contact table:
PA2  "0" Indicates the contact was never detected closed (always open when
      scanned).
PA2  "1" Indicates that a closed contact condition was detected at least once
      during the monitoring interval normally one day.
PAR  The circuit status table indicates which circuits are in service and
      available to the ticketing software for handling calls.
PAR  The trunk call record table (see FIG. 5) is located on drum memory. It
      consists of several individual trunk call record cells, one for each
      ticketed DDD call. Each cell consists of six words of memory and provides
      for temporary storage, throughout the duration of the call, of the calling
      and called number, answer time, and other call related information.
PAR  The originating junctor call record table is located on drum memory (see
      FIG. 6). It consists of several individual originating junctor call record
      cells one for each metered MRS call. Each cell consists of two words of
      memory and provides for temporary storage of the calling number and other
      call related information.
PAR  The circuit equipped table is used to specify whether a particular
      originating junctor or trunk circuit in the office section is equipped
      (the ticketing contacts are connected and the circuit "exists").
PAC  Information Flow and Control
PAR  The paragraphs that follow present a brief description of the information
      flow associated with a DDD call. The presentation is somewhat
      over-simplified, to facilitate a basic understanding of the programs
      utilized during a DDD call. Assume that a DDD call has to be ticketed. The
      system call processing program determines the identity of the trunk that
      was seized. At this point, the call processing program stores the identity
      of the seized trunk for this call, and transfers control to the ticketing
      seizure module.
PAR  The seizure module checks the activity bit table to assure that the
      associated trunk activity bit is reset to 0. This inhibits the scanner
      from looking at the trunk supervisory contacts during outpulsing. Control
      is then returned to the call processing program.
PAR  If the last call on this trunk was incomplete, the activity bit is still a
      1 when checked by the seizure module. In this case, the seizure module
      resets the activity bit to 0 and schedules the recording of the incomplete
      call information on magnetic tape if traffic observation is being
      conducted.
PAR  Assuming a normal call, after cut-through register-sender outpulsing
      completed has occurred, the call processing program passes the equipment
      number of the trunk, the called number, and the calling number to the
      ticketing call completion module. The call completion module gathers this
      information, generates other information, and schedules the writing of
      this information in a table on the drum. The call completion routine then
      sets the activity bit causing the scan interrupt routine to begin
      interrogating the trunk for an answer condition. The call completion
      module returns control to the call processing program.
PAR  The scan interrupt module interrogates the trunk for an answer condition
      until an answer condition is found. When answer is first detected (both H
      and A contacts closed), the scan interrupt routine begins timing a
      2-second charge delay interval. If the answer state remains for the
      2-second interval, the time of answer is recorded and is scheduled to be
      written into the drum cell associated with this trunk.
PAR  The scan interrupt routine continues to interrogate the trunk looking for a
      disconnect condition. A disconnect condition is encountered when the
      called party disconnects and/or the calling party disconnects. If the
      calling party disconnects, the disconnect is defined as a true disconnect.
      If only the called party disconnects, the disconnect is defined as a false
      disconnect. Thus, the calling party controls the actual disconnection of
      the line. Let's take the case of a false disconnect. When this condition
      is detected A contact has restored, the disconnect time is stored on the
      drum and the associated trunk bit is set in the trunk disconnect recorded
      table. If the H contact is still operated, indicating that the calling
      party is still off-hook, the scanner continues monitoring the trunk. If
      the A contact reoperates (called party returns off-hook) before the H
      contact restores due to either a time-out or the calling party going
      on-hook, the trunk bit in the disconnect recorded table is reset. This
      nullifies the disconnect time previously recorded. The scanner always
      continues its supervision until both the H and A contacts have restored,
      indicating a true disconnect. After a true disconnect is encountered, a
      request is then generated to move the information associated with the
      trunk from the drum cell to a buffer work area in the computer core main
      memory. The scan interrupt module also requests the scheduling of the
      output format module after the information has been read off of the drum.
      After this call has been terminated, the scan interrupt routine stops
      scanning the trunk.
PAR  When the output format module begins execution, it formats all of the
      information concerned with the DDD call. The call record buffer format
      module is then scheduled. This routine places the formatted information in
      a call record buffer. When the buffer is filled (data from 15 calls), the
      call record buffer module indicates to the magnetic tape I/O scheduler
      module to schedule the outputting of this data on magnetic tape.
PAR  The magnetic tape I/O handler performs the final data formatting and data
      transfers to magnetic tape by the ticketing magnetic tape unit.
PAC  Call Record Entry Description
PAC  General Output Data Information
PAR  The output of the toll ticketing subsystem is the magnetic tape recording.
      The primary purpose of the magnetic tape recording is to provide a
      temporary record of individual toll call data for future processing and
      customer billing. Automatic toll ticketing ATT data also is recorded for
      nonbilling purposes such as division of revenues and toll traffic studies.
      Provisions are also made for the recording of non-ATT data, such as
      statistical traffic data and maintenance data, on the same tape. This
      non-billing data tape is interspersed with billing data record blocks.
PAR  The format and general content of the call record entry provides for the
      following:
PAR  a. An effective and efficient means of sorting data according to type and
      end purpose.
PAR  b. Standardization of the recording format so as to be compatible with
      TSPS.
PAR  c. Compatibility with the nine-track NRZI recording format requirements of
      the IBM 2400-series magnetic tape units.
PAR  d. EBCDIC code compatability (refer to FIG. 7). The heavily outlined
      portions of the chart of FIG. 7 identify those code combinations used to
      record billing data and associated tape labels. All standard alpha and
      graphic characters shown may be used for recording non-billing data on the
      magnetic tape.
PAC  Magnetic Tape Configuration
PAR  The magnetic tape used is half-inch wide, heavy-duty type, designed for
      computer use. Standard tape reels are 10.5 inches in diameter
      accommodating 2,400 feet of tape, and 8.5 inches in diameter handling
      1,200 feet of tape. The tape has a "beginning of tape" reflector marker
      called a BOT MARKER (see FIG. 8) located about 10 feet from the outer end
      of the tape, indicating the useful beginning of the tape reel. Similarly,
      and "end of tape" EOT marker is located about 14 feet from the inner end
      of the tape, to indicate the end of the useful tape area. Approximately 9
      feet of tape is required for each 1,000 calls ticketed.
PAR  Three types of gaps are used on the tape: initial gap, inter-block gap IBG,
      and tape mark gap. The gap following the BOT marker is called the initial
      gap and is approximately 3.75 inches in length. The inter-block gap is a
      gap between blocks of recorded data, and is nominally 0.6 inches in
      length. The tape mark gap refers to the gap proceeding the tape mark
      character and is approximately 3.75 inches long.
PAR  There are many information characters used for recording data on the
      magnetic tape. Refer to FIGS. 7, 8 and 9 when reading the following
      paragraphs. Brief descriptions of the major information characters are as
      follows:
PA1  a. Numeric characters. All numeric characters used are the standard IBM
      interchange code characters for nine channel magnetic tape recording.
PA1  b. Alphabetic characters. These characters are only used for the recording
      of non-billing data records. The alphabetic characters used are the
      standard "extended binary coded decimal interchange code" EBCDIC
      characters for nine track recording.
PA1  c. Graphic characters. As in the case of the alphabetic characters, these
      characters are only used when recording non-billing data. All the standard
      EBCDIC graphic characters are available for recording of this data.
PA1  d. Blank character.
PA2  1. The blank character fills in fields in the standard format which are not
      applicable to the specified record. For example, the called number
      identification field, the disconnect time field, etc., are not applicable
      to a MRS call record and, therefore, are filled in with blank characters.
PA2  2. The blank character is also used to fill out word lengths. The system
      uses a 24-bit word which is comprised of six binary coded decimal
      characters (six four-bit bytes). If an output word includes only five BCD
      characters, the missing byte position is filled in with a blank character.
PA2  Fig. 9 illustrates the conversion of the four bit/byte structure of the CPU
      code to the eight bit/byte structure of the magnetic tape code (the parity
      bit is the ninth bit). The magnetic tape peripheral adapter circuit fills
      out the word with 1's to make the four bit byte of BCD an eight bit byte
      of EBCDIC.
PA1  e. Repeat block character.
PA2  1. The tape transport circuitry provides read checking for both vertical
      and longitudinal parity. If a parity error or any other error is detected
      during the read operation, the tape is advanced 3.75 inches and the data
      block is re-recorded.
PA2  2. The 8th byte position of each data block is called the repeat block
      character. This byte indicates, by being in the 0 or 1 logic state,
      whether the data is an original recording or a repeat of the previous
      block: A 0 indicates that the block is an initial recording of the data.
      If the block has to be rewritten due to an error, the repeat block
      character is set to 1.
PA1  f. Tape mark character. The function of the tape mark character is as an
      end of file indicator. It is used in combination with the trailer label
      and the tape mark gap as an indication to the accounting department that
      no further records are recorded on the tape. (See FIGS. 8 and 9)
PA1  g. Null character. The function of the null character is to fill a time
      slot vacated due to the fact that valid data was not received in time to
      be recorded on the tape. Null characters are recorded in the time slots in
      place of the data until the request is acknowledged by the computer
      central processor.
PA1  h. Data block entry identifier characters. The first three characters of
      each data block entry identifies the entry type, i.e., header label,
      trailer label, billing data, metering data, etc. Each data block entry
      identification code consists of a unique combination of the special entry
      characters as shown in FIG. 9 and Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
     Data Block Entry Identification Code.                                     
     ENTRY                     ENTRY                                           
     IDENTIFIER              DESCRIPTION                                       
     ______________________________________                                    
     a a a            Header Label                                             
     a a B            Transfer Label                                           
     a B a            Time Change Data Block                                   
     a B B            Trailer Label                                            
     B a a            Test Message Data Block                                  
     B a B            Billing Data Block                                       
     B B a            Traffic Metering Data Block                              
     B B B            Not Assigned                                             
     ______________________________________                                    
PA1  i. Vertical redundancy check character VRC. The P track on the magnetic
      tape contains this VRC parity check character. The parity bit recorded on
      the P track is set when even parity is observed for bits 0-7 of each tape
      character (see FIGS. 7 and 9). Odd parity is the correct mode (good
      parity) covering the nine bits of each tape character.
PA1  j. Longitudinal redundancy check character LRC. The longitudinal redundancy
      check is a parity check of all of the tracks recorded on the tape. As the
      tape is recorded, an odd or even indication of 1 bits in each track is
      determined for the complete data block. A check bit is written at the end
      of each track to make the total number of bits in each track even
      including the check bit. The combination of longitudinal check bits for
      the nine tracks make up the LRC character. See FIG. 8.
PA1  k. Cyclic redundancy check character CRC. The CRC character is used to
      allow correction of single track read errors. This character is written at
      the end of each data block directly before the LRC character. The ATT
      recording system always writes a dummy character in the CRC location. See
      FIG. 8
PAC  Magnetic Tape -- Format
PAR  Information on the magnetic tape normally begins with a header label,
      followed by data blocks, and ending with a trailer label. The last entry
      on the tape is the tape mark character. The data blocks are primarily call
      records, fifteen call records to a block, but they could also be traffic
      metering data record blocks, time change data record blocks, etc.
PAR  Within any given data block, the data must be of the same type, and all
      data blocks of a given type will be of a fixed length. The basic tape
      organization of all recorded data blocks is shown in FIG. 8. The first
      eight bytes of any data block are comprised of: a three-digit
      identification code, a four-digit field defining the size of the block,
      and a one-digit repeat block character as hereinbefore described. The
      eight-byte "introductory field" is then followed by the main body of data
      to be recorded in the block. The block is concluded with two check
      characters. These characters are the CRC cyclic redundancy check and the
      LRC longitudinal redundancy check. The ATT subsystem does not generate the
      true CRC character, but writes a dummy character in its place for format
      compatibility.
PAR  Header and trailer labels are entered on the tape separately and are not
      part of the data block. These labels are 48 bytes in length. The header
      label is the first block of ticketing data recorded on the tape at the
      start of each day. Included within the header label is the "office type
      code" (the system) and the office identification code. The header label is
      recorded a minimum of 3.75 inches following the trailing edge of the BOT
      marker. See Table 7 for the label content and format.
TBL                Table 7.                                                    
     ______________________________________                                    
     Label Content/Format (Header and Trailer)                                 
     ______________________________________                                    
     ENTRY             NO. OF BYTES                                            
     ______________________________________                                    
     Label Identifier Code                                                     
                       3                                                       
     Block Size        4                                                       
     Repeat Block Character                                                    
                       1                                                       
     Office Type Code  1                                                       
     Tape Transport ID 1                                                       
     Blank Character   2                                                       
     Office Identification                                                     
                       6                                                       
     Day               2                                                       
     Month             2                                                       
     Year              2                                                       
     Hour              2                                                       
     Minutes           2                                                       
     Reel Count        1                                                       
     Blank Character   1                                                       
     Call Record Count 6                                                       
     Block Count       4                                                       
     Blank Character   2                                                       
     Repeat Block Count                                                        
                       4                                                       
     Blank Character   2                                                       
                       48          Total                                       
     ______________________________________                                    
PAR  The trailer label is the last data block entered on the tape at the end of
      each days recording. It consists of the same information content as the
      header label, except for a different label identifier code. A tape mark is
      recorded approximately 3.75 inches after the last byte in the trailer
      label.
PAR  In the case of a tape unit failure, tape breakage, end-of-tape condition,
      teletype instruction or some other emergency which requires transferring
      to another TMU, a transfer label rather than a header label is recorded at
      the start of the new tape reel. Except when the nature of the fault
      condition prevents it, the transfer label is also entered at the end of
      the original tape in lieu of trailer label. With the exception of the
      label identifier character, the transfer label has the same information
      content and format as do the header and trailer labels.
PAC  Billing Data Block
PAR  The billing data block consists of 15 individual call records. A call
      record is a group of data pertaining to an individual call. The data is
      recorded in a prescribed sequence. For reference to the first three fields
      of a billing data block and the general entry format, see Tables 8 and 9,
      respectively.
TBL                Table 8                                                     
     ______________________________________                                    
     Billing Data Block Format                                                 
     INFORMATION            NO. OF BYTES                                       
     ______________________________________                                    
     Block Entry Identification                                                
                            3                                                  
     Code                                                                      
     Block Size             4                                                  
     Repeat Block Character 1                                                  
     ______________________________________                                    
TBL                                    Table 9.                                
     __________________________________________________________________________
     Call Record - General Entry Format                                        
     __________________________________________________________________________
     INFORMATION              NO. OF BYTES                                     
     __________________________________________________________________________
           Call Record Entry Code-identifies                                   
           the type of call, i.e., Station                                     
                              3                                                
           Paid DDD, Message Rate, etc.                                        
           Type of Subscriber Service Code-                                    
           identifies special subscriber                                       
                              2                                                
           service, i.e., Coin, Call Transfer                                  
           3 Way Calling, etc.                                                 
     DATA                                                                      
     GROUP A                                                                   
           Information Code (special digits                                    
           for data sorting)  3                                                
           Calling No. (NPA code, office                                       
           code, and terminal digits)                                          
                              10                                               
           Answer Time (hours, minutes, and                                    
           seconds)           6                                                
           Called No. (NPA code, office code,                                  
           and terminal digits)                                                
                              10                                               
           Disconnect Time (hours, minutes,                                    
           and seconds)       6                                                
           Midnight Passed Digit - indicates                                   
           whether the recorded answer time                                    
           refers to the same day as the                                       
                              1                                                
           disconnect time or to some prior                                    
     DATA  day.                                                                
     GROUP B                                                                   
           Equipment No. - The equipment                                       
           identification number recorded is                                   
           the scan point address of the                                       
                              6                                                
           associated trunk or originating                                     
           junctor.                                                            
           Modifier Digit - allows for future                                  
           expansion of the format (always                                     
           zero for No. 1 EAX LAMA operation)                                  
                              1                                                
                              48      TOTAL                                    
     __________________________________________________________________________
PAR  Call records for DDD calls, or any other timed calls such as measured WATS,
      record both data group A and B (Table 9). Message rate service MRS calls
      record only data group A.
PAC  Miscellaneous Data Blocks
PAR  In addition to the call record block, there are provisions for other data
      blocks, such as time change record blocks, traffic metering data record
      blocks, etc. The following paragraphs briefly describe these data blocks.
PAR  The time change record block is inserted into any tape which is in process
      during a change between daylight savings time and standard time, or when
      time must be corrected due to clock failure, power failure, etc. Refer to
      Table 10 for the data format of the time change record block.
TBL                Table 10.                                                   
     ______________________________________                                    
     Time Change Record Block Format                                           
     ______________________________________                                    
     ENTRY                NO. OF BYTES                                         
     ______________________________________                                    
     Entry Identification Code                                                 
                              3                                                
     Block Size               4                                                
     Repeat Block Character   1                                                
     Day                      2                                                
     Month                    2                                                
     Year                     2                                                
                      Before                                                   
                      Change                                                   
     Hours                    2                                                
     Minutes                  2                                                
     Seconds                  2                                                
     Day                      2                                                
     Month                    2                                                
     Year                     2                                                
                      After                                                    
                      Change                                                   
     Hours                    2                                                
     Minutes                  2                                                
     Seconds                  2                                                
     Blank Characters         16                                               
                              48         TOTAL                                 
     ______________________________________                                    
TBL                Table 11.                                                   
     ______________________________________                                    
     LAMA Toll Ticketing Subsystem Designations                                
     ______________________________________                                    
     NAME                     MNEMONIC                                         
     ______________________________________                                    
     Automatic Toll Ticketing Relays                                           
                              ATR                                              
     Battery Driver Peripherals                                                
                              BDP                                              
     Interframe Cabling A     CAA                                              
     Interframe Cabling B     CAB                                              
     Cores                    COR                                              
     Magnetic Tape Peripheral Adapter                                          
                              MPA                                              
     Magnetic Tape (Read/Write) Electronics                                    
                              MTE                                              
     Network Cabling A        NCA                                              
     Network Cabling B        NCB                                              
     Ring Core Scanner        RCS                                              
     Scanner Peripheral Adapter                                                
                              SPA                                              
     Ticketing Device Buffer  TDB                                              
     Ticketing Magnetic Tape Unit                                              
                              TMU                                              
     Ticketing Scanner Unit   TSU                                              
     Automatic Ticketing Relay Frame                                           
                              ATRF                                             
     Automatic Toll Ticketing Frame                                            
     Assembly                 ATTF                                             
     ______________________________________                                    
PAC  LOCAL AUTOMATIC TOLL TICKETING SUBSYSTEM
PAR  Referring now to the drawings and more particularly to FIG. 1 thereof,
      there is shown the local automatic toll ticketing subsystem of the present
      invention. The essential function of the toll ticketing subsystem is to
      collect, format, and record data for future processing. The subsystem
      makes maximum use of the system common control and relevant information
      generated by other subsystems.
PAR  The ticketing subsystem provides:
PA1  a. Software - which collects and formats data.
PA1  b. Scanner - which senses the call start and finish times.
PA1  c. Magnetic Tape - the output recording medium.
PAL  Provision is also made to use the magnetic tape as an input device.
PAR  The software functions include the following operational routines:
PA1  1. Seizure Routine--This routine checks for the expected condition of trunk
      or junctor on seizure.
PA1  2. Completion Routine--This routine controls ticketing on trunks and OJ
      junctors; it determines which TRK/OJ's to ticket.
PA1  3. Scan Interrupt Routine--This routine periodically initiates scanning of
      trunks and junctors to detect an answer or disconnect. Upon an answer it
      writes the answer time to appropriate drum call. Upon a disconnect, it
      stores the disconnect time and drum cell data in the work area, and
      schedules the format routine.
PA1  4. Output Format Routine--This routine formats data for magnetic tape
      requirements; it also schedules magnetic tape routine.
PA1  5. Magnetic Tape Routine--This routine collects call data and locates it in
      one of two, 15 call, buffers. When the buffer is full, the routine
      controls the data transfer to magnetic tape.
PA1  6. Time Change Routine--This routine indicates which calls were in progress
      during a time change.
PA1  7. Midnight Passed Routine--This routine indicates that answer and
      disconnect times are for different days.
PAR  The following is a list of the maintenance routines:
PA1  1. Reconfiguration Operation--This program organizes a working subsystem
      under fault conditions.
PA1  2. Routining, Localization and Verification Operation--This operation
      activates the hardware system and provides a printout of errors. There are
      three modules, one for each hardware unit.
PA1  3. Sneak Path Check (Hardware Validation) Operation--This operation checks
      the scanning contact isolation diodes.
PA1  4. Ticketing Circuits Check--This program checks for permanent answer and
      permanent non-answer conditions.
PAR  The functional hardware configuration of the LAMA subsystem is shown in
      FIG. 1 and includes the following circuit arrangements:
PAR  1. Ticketing Device Buffer TDB
PAR  This buffer provides the I/O interface for scanner and magnetic tape units.
      All subsystem interrupts and all data and instructions are routed via this
      buffer, since there is only one error interrupt and one ready interrupt
      associated with the buffer. The buffer data channel consists of 24 bits
      and a parity, the parity being checked or generated according to direction
      of transmission. One of N checking is performed on SEL instructions and
      certain PA interface leads. There is a full word of status bits accessible
      by a SEL instruction.
PAR  2. Ticketing Scanner and Associated Peripheral Adapter TSU
PAR  The scanner interrogates contacts associated with supervisory circuits
      (originating junctors, outgoing trunks, incoming trunks). It consists of a
      three dimensional scanning matrix with interrogation groups of 24
      contacts. For each address received battery driver and ground switch data
      on 24 contacts is retrieved through ferrite core sense rings. The scanner
      operation is controlled by the scanner peripheral adapter SPA. A one of N
      check is provided on instruction decode and a full word of status bits is
      accessible by a SEL instruction 1 0 0. The hardware and software
      arrangements allow for limited growability.
PAR  4. Automatic Ticketing Repeating Relay Frame ATRF
PAR  The slave relays provide contact isolation from the ticketed TRK/OJ
      circuits required for scanning purposes. Complete flexibility is available
      via a distribution frame which enables any supervisory circuit to be
      scanned.
PAR  5. Magnetic Tape and Associated Peripheral Adapter TMU
PAR  The peripheral adapter receives data in four word groups 24 bits/word from
      the central processor unit CPU. It transfers the data in blocks (up to 800
      bytes, nine bits per byte) to the transport under conditions of IBM
      compatibility. A read after write check is made on vertical and
      longitudinal parity. The unit is capable of reading pre-written tapes and
      sending the data to the unit CPU. There is a full word of status bits
      accessible by a SEL instruction.
PAR  The tape transport has a tape speed of 5 ips with a density of 800 bpi on a
      nine track system. It uses 1/2 inch tape and operates in the continuous
      mode.
PAC  Configuration
PAR  In the normal configuration (no fault) buffers TDB are not shared. The
      configurations are:
TBL             magnetic tape  Channel A                                       
                scanner        Channel B                                       
     or                                                                        
                magnetic tape  Channel B                                       
                scanner        Channel A                                       
PAL  These two configurations alternate on, for example, a 24 hour basis. The
      actual time is dictated by the tape unloading.
PAR  In a fault situation, live data is handled by either channel A or channel B
      depending on the location of the fault. The buffer TDB is shared between
      the two peripherals. This leaves the other channel for localization,
      repair and verification. A channel is synonomous with a frame thus
      achieving power supply isolation for card removal purposes.
PAR  Under these conditions the magnetic tape has a higher priority than the
      scanner with regard to the buffer TDB. The magnetic tape retains sole use
      of the buffer while producing a data block (i.e., scanning takes place
      between writing data blocks).
PAC  Ticketing Device Buffer TDB
PAR  This circuit is identical to the computer device buffer CDB.
PAR  The buffer TDB provides a common interface with the computer multiplex CCX
      for serving one of four peripheral units at a time. It provides
      intermediate reception and storage of instruction and data from the unit
      CPU to the peripheral unit. For communication from the peripheral unit to
      the unit CPU the same storage is used for data and two interrupts (ready
      and error) are provided. It has checking facilities in the form of:
PAR  1. A parity check or generate on a computer word.
PAR  2. A 1 of N check on instructions and PA control.
PAR  Select instructions provide control over on or off line and enable the
      status word to be retrieved by the unit CPU. A clear instruction is
      available which is also used to clear the peripheral units.
PAR  The unit MPA makes use of both the instruction and data storage in the
      buffer TDB rather than duplicating these functions. The buffer TDB
      interfaces directly with:
PA0  1. the unit SPA, via 64 leads made up of the following:
PA1  24 Data In leads identified as BFR BTO to BFT to BT23
PA1  24 data Out leads identified as PA 1 INPUT BIT 0 to PA1 INPUT BIT 23
PA1  8 directive leads identified as DIRECTIVE 0 (1A) to DIRECTIVE 7 (1A)
PA1  8 control leads marked:
PA2  Pa dtl 1a
PA2  pa clear 1a
PA2  pa 1 en
PA2  rst ackn 1a
PA2  pa1 load dev
PA2  pa1 set ready
PA2  pa 1 ackn
PA2  pa1 device err
PA0  2. the unit MPA, via 68 leads is made up of the following:
PA1  24 Data In leads identified as BFR BTO to BFR BT 23
PA1  24 data Out leads identified as PA2 INPUT BIT 0 to PA2 INPUT BIT 23
PA1  8 directive leads identified as DIRECTIVE 0 1A to DIRECTIVE 7 1A
PA1  2 directive Extension leads marked DIR EXT 1 to DIR EXT 2
PA1  10 control leads marked:
PA2  Pa dtl 1a
PA2  pa clear 1a
PA2  pa 2 en
PA2  rst ackn 1a
PA2  rst pa err 1a
PA2  pa2 load dev
PA2  pa2 set ready
PA2  pa2 ackn
PA2  pa2 device err
PA2  rst dtl
PA0  3. the unit CCX, via two cable cards containing 61 leads made up of the
      following:
PA1  24 Data In leads identified as XCDO to SCD 23
PA1  1 data In parity identified as XCD24
PA1  24 data Out leads identified as XCBO to XCB23
PA1  1 data Out parity identified as XCB24
PA1  11 control leads identified as:
PA2  --XCRDY SENSE
PA2  --xcrdy intr
PA2  --xcerr intr
PA2  --xcon line
PA2  --xcdisc strb
PA2  --xcvry strb
PA2  --xcdst
PA2  --xcast
PA2  --xcss2
PA2  --ticket scanner off line
PA2  --ticket magnetic tape off line
PAC  Magnetic Tape Peripheral Adapter MPA
PAR  All the circuitry takes the form of SUHL logic; its purpose is to interpret
      instructions received from the unit CPU via the buffer TDB into a sequence
      of events which performs the required function. The data words are
      reorganized into characters (bytes), for output to the write amplifiers in
      the unit MTE which feed the write heads on the transport. The unit
      receives data from the read deskew register in the unit MTE and performs
      the read after write parity checks, and transfers data back to the unit
      CPU via the buffer TDB. The unit MPA is reset at the beginning of each
      operation.
PAR  These functions are performed using the following:
PA0  1. An instruction decode and sequencing control.
PA0  2. A status register - this unit stores operating mode and error
      indicators.
PA0  3. A data storage buffer (4 word shift register) -- to reduce unit CPU real
      time required by the unit and provide time for the unit CPU to service the
      unit.
PA0  4. Byte gates -- to restructure words into tape bytes either 3 or 6 bytes
      per word.
PA0  5. A parity generator for tape bytes.
PA0  6. A write register NRZ1 (non return to zero).
PA0  7. A parity check for tape bytes.
PA0  8. A longitudinal parity check register.
PA0  9. A data multiplexer -- to enable different data groups to be returned to
      the unit CPU.
PAR  The unit MPA interfaces with:
PA0  1. The buffer TDB, via 68 leads as explained previously.
PA0  2. The unit MTE, via 49 leads made up of:
PA1  24 input leads identified as:
PA2  Read bit 0 to READ BIT 7 and READ BIT PAR READ CLOCK, GATE PULSE, CLOCK 4,
      PH1, PH2 BOT OUTPUT 4, EOT OUTPUT 4, FILE PROT PRES, TRANSPORT READY, SPD
      DLY 1, UNIV DLY 1, DISABLE CLK UP to SPEED, CLK WORD IN
PA1  24 output leads marked:
PA2  Write bit 0 to WRITE BIT 7 and WRITE BIT PAR -WRITE BIT 0 to -WRITE BIT 7
      and -WRITE BIT PAR ST RUN UP TIMER, INHIBITE RD CLOCK, START UNIV DLY ENAB
      WRITE, STAT BIT 0, STAT BIT 3, GEN RST, -DTL
PAC  Magnetic Tape Electronics MTE
PAR  This circuit provides the timing and the necessary discrete component and
      analogue interface between the unit MPA and the magnetic tape transport.
      It contains three types of hardware - unit HTL, Discrete and Relay.
PAR  The functions provided are:
PA1  Write Amplifiers--these supply write current to the heads.
PA1  Erase Amplifier--this supplies current to erase the head.
PA1  Write Clock--this provides timing to achieve the correct packing on tape.
PA1  Read Clock--this derives timing from the read head output.
PA1  Read Amplifiers--these provide analogue to digital conversion of read head
      output.
PA1  Read Deskew Register--this is a 9 bit register that accumulates bits as
      they are read.
PA1  End of Tape EOT and Beginning of Tape BOT amplifiers--these derive a
      digital output from the amplifier EOT/BOT contacts.
PA1  Timers--these bring the tape up to speed, inhibit one read clock at the
      amplifier BOT, and provide tape spacing to meet IBM requirements.
PA1  Transport controls and monitors--these provide remote operating controls
      and status monitors.
PAR  The unit MTE interfaces with:
PA0  1. The unit MPA via 50 leads as explained previously.
PA0  2. The tape transport via 57 leads made up of:
PA1  26 input leads:
PA2  Read head oa - 7a and READ HEAD PA
PA2  Read head ob - 7b and READ HEAD PB
PA2  Eot input 1-3, bot input 1-3
PA2  file protect, ready
PA1  24 output leads:
PA2  Write head oa - 7a and WRITE HEAD PA
PA2  Write head ob - 7b and WRITE HEAD PB
PA2  Erase 1-2,
PA2  drive on/off
PA2  dc common, fp common, rdy common
PAC  magnetic Tape Transport MTT
PAR  The transport must physically control the tape to meet IBM standards
      (series 2400). The major factors involved in meeting this requirement are:
PA1  1. Track tolerances -- define for IBM standards the positions on the tape
      of each track relative to the guiding edge.
PA1  2. Cell tolerance -- skew, (lateral displacement between bits in the byte)
      and speed tolerance must be such that cell tolerances are met; cell
      compression or expansion will cause bits to be gained or lost
      respectively.
PA1  3. Start and stop distances -- these must be compatible with the IBM inter
      block gap requirement.
PAR  The unit can be divided into four functions:
PA1  1. Tape Drive System -- this controls movement of tape across the heads.
PA1  2. Reel Drive System -- this controls tape feed and take up, and provides
      fast wind capability.
PA1  3. Magnetic Head Subassembly -- this contains read, write and erase heads,
      unit EOT and unit BOT sensors and a tape cleaner.
PA1  4. Control Subsystem -- this provides for local or remote control, all
      relevant controls are made mutually exclusive.
TBL  __________________________________________________________________________
     Transport Characteristics:                                                
     __________________________________________________________________________
     Mode of operation                                                         
                    Continuous                                                 
     Reels          10 1/2 " containing 2400 feet.                             
     Tape           1/2"                                                       
     No. of tracks  9, 8 data plus one parity                                  
     Character Density                                                         
                    800 bytes per inch                                         
     Speed          forward 5 inches per second;                               
                    fast forward 180 inches per second.                        
                    Rewind 180 inches per second.                              
     Checking       a read head provides the means                             
                    for read after write check.                                
     __________________________________________________________________________
PAR  The transport interfaces with the unit MTE via 57 leads as explained
      previously.
PAC  Operation
PAR  There are two PA adapters served by each buffer TDB, the unit MPA is
      designated number 2; thus the X field using 2 indicates that the
      instruction is intended for the unit MPA. All leads between the buffer TDB
      and unit MPA which are unique are identified by the number 2 e.g., PA2 EN.
      The Z field (Directives 0-7), in conjunction with the Y field (Directive
      Extension 0 and 1) provide the sixteen instructions.
PAR  The SEL instructions are listed in the following Table 1 and the status
      word is defined in the following Table 2:
TBL                                    Table 1                                 
     __________________________________________________________________________
     SELECT (SEL) INSTRUCTIONS                                                 
                                STATUS BITS                                    
                                        MODE                                   
     CODE INSTRUCTION           AFFECTED                                       
                                        INSTR.                                 
     __________________________________________________________________________
     X Y Z                                                                     
     2 0 0                                                                     
          LOAD MPA STATUS INTO TDB BUFFER                                      
                                --                                             
     2 0 1                                                                     
          CHECK SHIFT REGISTER  5, 9    X                                      
     2 0 2                                                                     
          CHECK WRITE REGISTER (6 BYTES/WORD)                                  
                                6, 8    X                                      
     2 0 3                                                                     
          CHECK WRITE REGISTER (3 BYTES/WORD)                                  
                                6, 9    X                                      
     2 0 4                                                                     
          ON-LINE               0                                              
     2 0 5                                                                     
          OFF-LINE              0                                              
     2 0 6                                                                     
          STOP - DISENGAGE DRIVE                                               
                                3                                              
     2 0 7                                                                     
          ACCEPT MORE DATA & CHECK PARITY                                      
                                --                                             
     2 1 0                                                                     
          ADVANCE TAPE          7       X                                      
     2 1 1                                                                     
          ACCEPT MORE DATA      --                                             
     2 1 2                                                                     
          WRITE TAPE MARK       11      X                                      
     2 1 3                                                                     
          READ ONLY             10      X                                      
     2 1 4                                                                     
          DATA BLOCK COMPLETE - READ BACK - CHECK LRC                          
                                10, 12                                         
     2 1 5                                                                     
          OUTPUT DATA (6 BYTES/WORD)                                           
                                8, 13   X                                      
     2 1 6                                                                     
          OUTPUT DATA (3 BYTES/WORD)                                           
                                9, 13   X                                      
     2 1 7                                                                     
          DATA BLOCK COMPLETE   12                                             
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     STATUS REGISTER                                                           
     BIT STATUS          SEL. INSTR.                                           
                                  INPUTS                                       
                                       OTHERS                                  
     __________________________________________________________________________
     0   CAPSTAN MOTOR ON/OFF                                                  
                         204, 205      --                                      
     1   TRANSPORT READY --            TRANSPORT VIA MTE                       
     2   WRITE ENABLE (FILE PROTECT)                                           
                         --            TRANSPORT VIA MTE                       
     3   DRIVE ENGAGED/DISENGAGED                                              
                         212, 213, 215 BLOCK TIME OUT                          
                         216, 206, 210                                         
     4   EOT SENSED/NOT SENSED                                                 
                         --            TRANSPORT VIA MTE                       
     5   CHECK SHIFT REGISTER                                                  
                         201           --                                      
     6   CHECK WRITE REGISTER                                                  
                         202, 203      --                                      
     7   ADVANCE TAPE    210           --                                      
     8   6 BYTES/WORD    202, 215      --                                      
     9   3 BYTES/WORD    201, 203, 216 --                                      
     10  READ MODE       213, 214      --                                      
     11  WRITE TAPE MARK 212           --                                      
     12  DATA BLOCK COMPLETE                                                   
                         214, 217      --                                      
     13  OUTPUT DATA     215, 216      --                                      
     14  EOT & BOT (NO TAPE)                                                   
                         --            TRANSPORT VIA MTE                       
     15  LRC WRITTEN     --            CHARACTER TIMER                         
     16  DATA AVAILABLE/NOT AVAILABLE                                          
                         --            WORD-IN COUNTER                         
     17  Y FIELD 1 of N ERROR                                                  
                         --            1 of N CHECK                            
     18  READ PULSE RECEIVED                                                   
                         --            MTE READ CIRCUITRY                      
     19  LRC READ        --            CHARACTER TIMER                         
     20  LRC OVERDUE     --            CHARACTER TIMER                         
     21  VERTICAL PARITY ERROR                                                 
                         --            PARITY CHECK CIRCUIT                    
     22  LONGITUDINAL PARITY ERROR                                             
                         --            LONGITUDINAL CHECK                      
                                       REGISTER                                
     23  PA DEVICE ERR   --            DEVICE ERR LATCH                        
     __________________________________________________________________________
PAR  Considering now the receipt of SEL instructions, on receipt of a PA2 EN
      signal from the buffer TDB, the unit ACKN flip-flop is set, and a PA2 ACKN
      signal is returned to the buffer TDB. The buffer TDB sends a RST ACKN
      signal which resets the ACKN flip-flop, as shown in FIG. 2.
PAR  The directives are passed into the unit MPA by the PA2 EN signal and
      decoded into instructions. At this time there is a 1 of N check on the 3
      bit Y field; if there are more than one or zero bits in the Y field the
      error condition is stored in the status register (bit 17) and indicated to
      the buffer TDB. The decoded instructions can be separated into two groups,
      operating mode instructions and functional instructions.
PAC  Operating Mode Instructions
PAR  These are instructions which must be stored for a complete operation during
      which several functional instructions could be received. These
      instructions are stored in the status register. The adapter MPA is always
      reset on receipt of a mode instruction.
PAC  Functional Instruction
PAR  These instructions are independent of each other and require storage only
      during their operation. The storage in the buffer TDB is used for these
      instructions.
PAR  An instruction will be cleared by the subsequent instruction to the buffer
      TDB.
PAR  If the decoded instruction is an operating mode instruction, the buffer MPA
      resets; and the instruction subsequently stored in the status register is
      in the appropriate bit positions.
PAC  Receiving Data from unit CPU
PAR  The unit TMU must receive four words of data before it handles the data.
PAR  Software transmits one of the following select instructions which prime the
      unit TDB for the data:
PA1  215 -- write 6 bytes,
PA1  216 -- write 3 bytes,
PA1  211 -- accept data,
PA1  207 -- accept data inhibit parity
PA1  201 -- read-back shift register
PA1  202 -- read-back NRZ1 (in 6 BYTES)
PA1  203 -- read-back NRZ1
PAR  Next software loads channel with the first data word. The buffer TDB
      transmits a signal PA DTL to the unit TMU. The unit TMU produces a 500 sec
      pulse, delayed 500 seconds from the signal PA DTL to produce a signal RST
      DTL and a signal CLK Word In. The signal CLK Word In toggles the unit Word
      In Counter to a count of 1 and shifts the word into the first stage of the
      input buffer. The unit RST DTL resets the signal PA DTL.
PAR  The second and third word act similarly stepping the unit Word In Counter
      to the count of two and three, respectively.
PAR  The fourth word produces a signal CLK Word In; however the unit Word In
      Counter at the count of three inhibits the signal RST DTL and generates a
      signal SET DATA AVAIL instead. The signal SET DATA AVAIL sets Status bit
      16 which starts unit TMU operation.
PAR  Considering now the transmitting of data to the CPU unit, there are five
      cases where data is transmitted to the buffer TDB. They are:
PA1  1. 200 -- retrieve status,
PA1  2. 201 -- readback from shift register,
PA1  3. 202 and 203 -- readback from NRZ1 register,
PA1  4. 214 -- write check characters and read back, and
PA1  5. 213 -- read (from tape).
PAL  Except for instruction 200, the forming of the word to be transmitted to
      the unit CPU is similar. (See instruction 200 described hereafter).
PAR  Data making up the output word is tested as if it were a 3 byte/word
      character (8 bits per byte). The data is gated into the output shift
      register in three steps. During the third step a signal PA2 LOAD DEVICE is
      generated. The first eight bits are gated into bits 16 to 23 of the output
      buffer. The second 8 bits are gated into bits 15 to 8 of the output
      buffer. The third 8 bits are gated into bits 7 to 0 of the output buffer.
      The MSB in the bytes are bits 23, 15 and 7.
PAC  Detailed Description of Instructions
PAR  The handling of data between the buffer TDB and the unit MPA for
      instructions requiring data transfer has been previously described.
PAC  Instruction 2 0 0 Load MPA Status into Buffer TDB
PAR  This is a request to load the unit MPA status word into the buffer TDB. The
      outputs of the unit MPA status word are gated into the accumulator which
      offers them to the buffer input multiplex. The data is gated into the
      buffer by a LOAD DEVICE signal which in this case is generated within the
      buffer. Normally when data is loaded into the buffer the LOAD DEVICE
      signal is provided by the unit PA.
PAC  Instruction 2 0 1 Check Shift Register
PAR  This is a request by the maintenance software which entails reading data
      into the shift register buffer storing it and subsequently reading back
      the data from the output of the shift register to the unit CPU where a bit
      for bit check can be achieved.
PAR  On receipt of the instruction status bits 5 and 9 are set and bit 9 sets up
      the unit ALLOTTER for 3 bytes per word. Four words of data are received as
      described in section 3.0.2 resulting in bit 16 being set in the status
      register. Bit 16 activates the write clock, i.e., the ENABLED PH1 and
      ENABLED PH2 pulses are made available with the ENABLED PH1 pulse occurring
      first. The byte ALLOTTER is used to provide the timing for feeding the
      data back to the unit CPU; the ENABLED PH1 pulse is the clock for the byte
      ALLOTTER. When the byte ALLOTTER registers the quiescent 0 state, all of
      the data in the shift register is shifted one position, so that the first
      word is on the output of the shift register, and the WORD-OUT counter is
      clocked. When the byte ALLOTTER advances to position 2 the output word is
      gated into the unit ACCUMULATOR. When the byte ALLOTTER advances to
      position 3 with the PH2 pulse, the LOAD DEVICE signal is sent to the
      buffer TDB and the buffer gates the data from the unit ACCUMULATOR into
      its buffer. While the byte ALLOTTER is still on position 3 the unit
      ACCUMULATOR is reset by a PH1 pulse, the next word of data is shifted to
      the output of the shift register and the WORD-OUT counter is clocked.
PAR  The buffer TDB upon receipt of the data extends a READY INTERRUPT signal to
      the unit CPU which results in the data being transferred to the unit CPU.
      This cycle is repeated until all four words have been retrieved by the
      unit CPU; the unit CPU then sends a CLEAR instruction.
PAC  Instructions 2 0 2 and 2 0 3 Check Write Register
PAR  These are requests by the maintenance software which entail reading data
      into the MPA shift register and subsequently reading back the data from
      the output of the write register to the unit CPU where a bit for bit check
      can be achieved. The difference between the two instructions is in the
      byte structure, 6 or 3 bytes per word respectively.
PAR  The instruction is received and stored as bits 6 and 8 or 9 in the status
      register. Bit 8 or 9 is used to set up the byte ALLOTTER for 6 or 3 byte
      working. Four words of data are received as previously described,
      resulting in bit 16 being set in the status register. Bit 16 activates the
      write clock, i.e., ENABLED PH1 and ENABLED PH2 pulses are made available
      with the ENABLED PH1 pulse occurring first. The ENABLED PH2 pulse provides
      the clock pulse for the unit DISTRIBUTOR. The unit DISTRIBUTOR steers the
      three eight bit bytes into the unit ACCUMULATOR during the PH1 pulse.
PAR  Upon the ENABLED PH1 pulse the byte ALLOTTER registers the quiescent 0
      state, all the data in the shift register is shifted one position, so that
      the first word is on the output of the shift register and the WORD-OUT
      counter is clocked. Upon the ENABLED PH2 pulse the byte is clocked into
      the write register and the unit DISTRIBUTOR is clocked to position 1. On
      the next ENABLED PH1 pulse the byte ALLOTTER advances to position 2 and
      the output of the write register is gated into the unit ACCUMULATOR. This
      cycle is repeated until all three bytes have been transferred to the unit
      ACCUMULATOR. The PH1 pulse with the unit DISTRIBUTOR in position 3 is used
      to send a LOAD DEVICE signal to the buffer TDB. The buffer gates the data
      from the unit ACCUMULATOR into its buffer and sends a READY INTERRUPT
      signal to the unit CPU. With the unit DISTRIBUTOR still in position 3 the
      unit ACCUMULATOR is reset by an ENABLED PH2 pulse. This cycle is repeated
      until all four words have been read back to the unit CPU. When the unit
      CPU has retrieved all four words it sends a CLEAR instruction. In the 6
      byte mode, instruction 202, 8 words are read back. The reason for this is
      that the four words from the unit CPU are written on tape in 6 byte mode
      using byte fill. When the data is read from tape it is formatted in three
      bytes mode. This makes a computer word to be sent to the unit CPU.
PAC  Instruction 2 0 4 On-line
PAR  This request is to place the unit on-line; bit 0 in the status register is
      set. This also causes the unit TMU off line lamp on the maintenance panel
      to turn off and the lamp on the unit D28 to light.
PAC  Instruction 2 0 5 Off-line
PAR  This request is to place the unit off-line, bit 0 in the status register is
      reset. This also causes the unit TMU off-line lamp on the maintenance
      panel to turn on, and the lamp on the unit D28 to turn off. Bit 0 is the
      only bit in the status register which is not reset by the TDB CLEAR signal
      or the MPA reset signal.
PAC  Instruction 2 0 6 Stop-Disengage Drive
PAR  This is a request to stop the tape motion, i.e., disengage the drive. It is
      used normally during readback of a pre-written tape so that the unit CPU
      can stop the tape in inter-block gaps and re-start it without losing data.
      Thus the unit CPU can control the receipt of data to an integral number of
      data blocks and does not have to read the complete tape in one action.
      Receipt of the instruction causes bit 3 of the status register to be reset
      which in turn causes the Main Ground Switch in the unit MTE to turn off
      and disengage the drive in the transport.
PAC  Instructions 2 0 7 and 2 1 1 - 2 0 7 -- Accept More Data and Check Parity;
      2 1 1 -- Accept More Data
PAR  These are instructions which result from a request for service by the unit
      MPA to the unit CPU. They indicate to the unit MPA that a data transfer of
      four words is imminent. The instruction to receive four words of data is
      inherent in the following mode instructions: 2 0 1; 2 0 2; 2 0 3; 2 1 5;
      and 2 1 6.
PAR  On the receipt of any of the above instructions the WORD-IN counter is
      activated and the unit MPA waits the receipt of a data transfer signal PA
      DTL from the buffer TDB indicating that the first word of input data is
      available on the output of the buffer. The first PA DTL signal gates the
      first data word into the MPA shift register, sets the unit ACKN flip-flop
      and sends a PA2 ACKN signal to the buffer TDB. Two delay circuits in the
      unit MTE are used to generate a pulse from the PA DTL level; the pulse is
      used to clock the WORD-IN counter and to send a RST DTL signal to the
      buffer TDB. This pattern is repeated until the WORD-IN counter indicates
      that three words have been gated into the shift register. The subsequent
      PA DTL signal does not cause the fourth word to be gated into the shift
      register but sets the DATA AVAIL flip-flop bit 16 of the status register.
      The fourth word remains stored in the buffer TDB, see FIG. 6.
PAR  Instruction 2 0 7 is used for maintenance; it causes an error to be forced
      in the vertical parity bit of the tape byte, by inhibiting the parity bit.
      The hardware does not generate fill after this instruction. A 211, 214, or
      217 signal must be used to prevent an "LRC OVER DUE" ERR.
PAC  Instruction 2 1 0 Advance Tape
PAR  This is a request to advance the tape (drive the tape forward 6.25 inches),
      usually to bypass bad spots on the tape. On receipt of the instruction bit
      7 is set in the status register and a check is made for the Transport
      Ready condition (i.e., Transport power on the tape loaded). If the
      Transport is not ready, an error interrupt is forwarded to the unit CPU
      via the buffer TDB. If the Transport is ready, status bit 3 is set which
      engages the drive via the MTE interface circuitry and starts the universal
      delay. At the end of the universal delay, bit 3 is reset; and the tape
      drive disengaged. A READY INTERRUPT signal is sent to the unit CPU to
      indicate that the operation has been completed.
PAC  Instruction 2 1 2 Write Tape Mark
PAR  This is a request to write the Tape Mark, which indicates to the processing
      center that there is no more relevant data on the tape.
PAR  On receipt of the instruction bit 11 is set in the status register and
      check is made for the Transport Ready condition (i.e., Transport D.C.
      power on and tape loaded). If the transport is not ready an error
      interrupt is forwarded to the unit CPU via the buffer TDB. If the
      transport is ready, status bit 3 is set which engages the drive via the
      MTE interface circuitry and starts the universal delay. At the end of the
      universal delay the CHECK CHARACTER TIMER is enabled in the write mode;
      and the Tape Mark character is written on tape by setting the appropriate
      bits in the write register. When the timer reaches position 15 the write
      register is reset which generates the LRC character (this is identical to
      the Tape Mark character) and the status bit 15 is set. Status bit 15 being
      set causes status bit 3 to be reset which disengages the tape drive. A
      READY INTERRUPT signal is sent to the unit CPU to indicate that the
      operation has been completed. (Note that the CRC is not written. "Tape
      Mark" is an EBCDIC character, bits 3, 6 and 7).
PAC  Instruction 2 1 3 Read Only
PAR  This is used when data is to be read into the unit CPU from a pre-written
      tape. On receipt of the instruction bit 10 is set in the status register
      which activates the unit DISTRIBUTOR. A check is made for the Transport
      Ready condition (i.e., Transport D.C. power on and tape loaded). If the
      Transport is not ready an error interrupt is forwarded to the unit CPU via
      the buffer TDB. If the Transport is ready, status bit 3 is set which
      engages the drive via the MTE interface circuitry. The first read pulse is
      received will set status bit 18 which enables the CHECK CHARACTER TIMER to
      allow it to detect the check characters when they appear. The clock for
      the DISTRIBUTOR is the gate pulse, generated from the first bit of each
      byte which is read. Thus, the distributor steps to position 1; and, on
      receipt of the read clock pulse, the first byte less the parity bit is
      transferred from the DESKEW REGISTER to the ACCUMULATOR. The gate and read
      clock, pulses cause the next two bytes to be transferred to their
      appropriate locations in the ACCUMULATOR which is then full. It contains
      three eight bit bytes. With the DISTRIBUTOR in position 3 the read clock
      pulse is used to send LOAD DEVICE to the TDB. The TDB then gates the data
      into its buffer and sends a ready interrupt to the unit CPU. The Clock 4
      pulse resets the ACCUMULATOR. The following gate pulse steps the
      DISTRIBUTOR to position 1; and the cycle is repeated. When the LRC
      character has been read, status bit 19 is set and the CHECK CHARACTER
      TIMER is reset and disabled until bit 19 is reset at the beginning of the
      next data block. Data blocks continue to be read back to the unit CPU
      until a stop instruction 2 0 6 is received or the end of tape is reached.
PAC  Instructions 2 1 4 and 2 1 7 Data Block Complete
PAR  These instructions indicate to the MPA that the data block is complete, 2 1
      4 is a maintenance instruction which also indicates that data read back is
      required and the write register reset which generates the LRC character is
      used to force an error in the longitudinal check register. Both
      instructions set bit 12 in the status register while instruction 2 1 4
      also sets bit 10. Bit 12 activates the CHECK CHARACTER TIMER in the write
      mode, and stops the ENABLED PH1 and ENABLED PH2 pulses, when the WORD-OUT
      counter reaches position 0. Thus the write register is no longer being
      clocked. When the CHECK CHARACTER TIMER reaches position 7 the first
      character of the last word is again clocked into the write register to
      become the dummy CRC character. When the timer reaches position 15, status
      bit 15 is set, and the write register is reset to produce the LRC
      character. The timer continues to be clocked but should be reset by a read
      clock pulse (if it is not reset the timer sets bit 20 in the status
      register and generates an error interrupt). The timer continues to count
      and be reset by read clock pulses until the equivalent of four bytes of
      blank tape occurs, during which there are no read clock pulses. After this
      point any read clock pulse that occurs within timer positions  5 and 12 is
      assumed to be the CRC character and any read clock pulse occurring within
      positions 12 and 21 is assumed to be the LRC character. If the LRC is not
      located status bit 20 is set and an error interrupt is generated. When the
      LRC character is located status bit 19 is set which causes bit 3 to be
      reset and disengage the tape drive. A READY INTERRUPT signal is sent to
      the unit CPU to indicate that the operating has been completed.
PAC  Instructions 215 and 2 1 6 Output Data
PAR  These are requests to write data to the tape. The only difference between
      the two instructions is in the byte structure, 6 or 3 bytes per word
      respectively. The instruction is received and stored as bits 13 and 8 or 9
      in the status register. Bit 8 or 9 is used to set up the byte ALLOTTER for
      6 or 3 byte working respectively. A check is made for the Transport Ready
      condition (i.e., Transport D.C. power on and tape loaded). If the
      transport is not ready an error interrupt is forwarded to the unit CPU via
      the buffer TDB. If the transport is ready status bit 3  is set, which
      engages the drive via the MTE interface circuitry, activates the write and
      erase amplifiers and initiates the up to speed delay (80 ms) in the unit
      MTE.
PAR  While the tape is accelerating to running speed, four words of data are
      received and stored as described in section 3 0 2. The fourth word sets
      status bit 16 (Data Avail). If, when the up to speed delay is complete bit
      16 is not set an ERROR INTERRUPT signal is sent to the unit CPU via the
      buffer TDB. The completion of the up to speed delay activates the write
      clock, i.e., ENABLED PH1 and ENABLED PH2 pulses are made available with
      the ENABLED PH1 pulse occurring first. The first ENABLED PH1 pulse steps
      the byte ALLOTTER off the quiescent 0 state to position 1, and all the
      data in the shift register is shifted one position, so that the first word
      is on the output of the shift register and the WORD-OUT counter is clocked
      to position 1. While the byte ALLOTTER in position 1 the first byte of the
      word on the output of the shift register appears on the output of the byte
      gates and the byte output is fed to the parity generate circuit. On the
      ENABLED PH2 pulse the byte including the parity bit is clocked into the
      write register. Any change of state in the write register appears, via the
      write amplifier and write head, as a bit on the tape. On the next ENABLED
      PH1 pulse the byte ALLOTTER steps to position 2 and the next byte is fed
      to the write register on the ENABLED PH2 pulse. This continues until the
      whole word has been written on the tape, the last byte being the third or
      sixth according to the byte structure. The next ENABLED PH1 pulse sets the
      byte ALLOTTER to position 1 and shifts the next word to the output of the
      shift register while stepping the WORD-OUT counter. The second word is
      then written on the tape. The third word is written on the tape in the
      same manner and when at the end of the third word the WORD-OUT counter
      steps to position 4 at the PA2 SET READY signal to sent to the buffer TDB
      which forwards a READY INTERRUPT signal to the unit CPU.
PAR  This READY INTERRUPT is a request to the unit CPU for the next instruction.
      There are four likely instructions, 2 0 7 or 2 1 1 which prepare the MPA
      for receipt of more data, see section 3 0 2. Four more words of data are
      received by the shift register and written on tape and when the WORD-OUT
      counter steps to position 4 another ready interrupt is generated, this
      cycle of operation continues until all the data forming the data block has
      been written on tape. The next instruction is either 2 1 4 or 2 1 7.
PAR  It is expected that the new data is received by the time the fourth word
      has been written on tape such that the new data can follow immediately
      onto the tape. It is possible, however, that the unit CPU may not always
      be able to supply the new data within this time and for this situation
      hardware fill characters are written on tape. In IBM systems, the LRC
      character should always be odd parity; but the CRC character can have odd
      or even parity. This allows an even or odd number of data bytes in the
      block. The true CRC character is not generated, it will be a variable
      dummy character with odd parity, thus to insure odd parity for the LRC
      character there must be an even number of bytes in the data block. This
      means that data must always be in even numbers of bytes, also the hardware
      fill must always be an even number of bytes.
PAR  If new data has not been received by the time the last byte of the last
      word has been written on tape, the WORD-OUT counter steps to position 0
      instead of position 1 and the output of the shift register is reset. Fill
      characters are written on tape, the minimum being one word of 6 bytes. The
      byte structure is arranged for 6 bytes during fill character generation in
      order to maintain an even number of bytes in the data block. After each
      word of fill a check is made for new data. If the tape is at the BOT,
      writing is inhibited until the tape moves 6.25 inches. After this
      interval, writing begins as described above.
PAC  Description of the Transport Electronics
PAR  The following sections describe the transport electronics consisting of the
      read/write electronics.
PAC  Write and Read Back Check
PAR  This is achieved using the following combination of instructions. The data
      is written on tape using instruction 2 1 5 or 2 1 6 according to the byte
      structure required. When the data block is complete, instruction 2 1 4 is
      used to indicate the end of data block; it also indicates that readback of
      data is required and it inhibits the reset of the write register to force
      a longitudinal parity error in the error check register. (The Write
      Register is toggled at this time, creating a false LRC character).
PAR  The system is not capable of simultaneously passing data in both
      directions, thus any data block used in this mode is limited to 200
      characters by the interhead gap between write and read heads.
PAC  Write Register and Amplifiers
PAR  The write register operates in the NRZI mode (Non Return to Zero change on
      One) in which the state of the register changes each time a ONE is
      received. Thus each register storage bit acts as an odd/even counter for
      its particular tape track. The LRC character is used to force all the
      tracks to an even number of bits and this is achieved simply by resetting
      the write register. The write amplifiers provide the drive power to the
      heads.
PAC  Read Amplifiers and Deskew Register
PAR  The read amplifiers provide the function of detecting a flux reversal on
      the tape and producing a digital output from it. The read timing is
      derived from the data on the tape, all nine digital outputs from the
      amplifiers are capable of initiating the character gate (i.e., the first
      bit received will operate the gate). Each bit is latched in the DESKEW
      REGISTER when it is read and at the end of the character gate a clock
      pulse is generated to gate the data out of the DESKEW REGISTER. Following
      the clock pulse is a reset pulse which resets the DESKEW REGISTER in
      preparation for the next character.
PAC  Y field 1 of N Check
PAR  The X and Z fields are checked in the buffer TDB but the Y field is not,
      hence, the check is provided in the unit MPA. An error results in a device
      error signal to the buffer TDB and status bit 17 is set, as previously
      described.
PAC  Vertical Parity Check
PAR  The output from the DESKEW Register is fed to the check circuit and an even
      parity condition results in a device error signal to the buffer TDB and
      status bit 21 being set by the read clock pulse. The check is inhibited
      for the CRC character in the read mode since this character can
      legitimately have odd or even parity.
PAC  Longitudinal Parity Check
PAR  The output from the DESKEW REGISTER is gated into the LONGITUDINAL CHECK
      REGISTER by the read clock pulse for each byte read from the tape. The LRC
      character causes the LONGITUDINAL CHECK REGISTER to end up in the reset
      condition at the end of data block. If when status bit 19 is set the
      register is not reset a device error signal is sent to the buffer TDB and
      status bit 22 is set.
PAR  Errors are forced for checking purposes by clocking the write register
      rather than resetting it when the CHECK CHARACTER TIMER reaches position
      15. This causes an erroneous LRC character to be generated which insures
      that the LONGITUDINAL CHECK REGISTER does not end up in the reset
      condition at the end of a data block.
PAC  Tape Movement Check
PAR  The Transport has no equipment to indicate tape speed (e.g. tachometer) and
      although the read after write parity check catches out of tolerance speed
      variations due to cell compression or expansion it is not able to provide
      for the case where the tape is not moving at all. This is because there
      are no read clock pulses when the tape is stationary. The CHECK CHARACTER
      TIMER locates this condition when it is searching for the check characters
      during readback. No read clock pulses are available to reset the timer and
      it reaches position 21, sets status bit 20 and generates an ERROR
      INTERRUPT signal. This does not work for the read only case if the tape
      has never moved, since in this case the CHECK CHARACTER TIMER is initiated
      by the first read pulse in order to avoid the inter block gap.
PAR  For maintenance purposes the condition of stationary tape can be simulated
      by a moving blank tape which is achieved by inhibiting the vertical parity
      bit.
PAC  Read Clock Inhibit Timer
PAR  This timer is used to prevent reading of data within the 3.75 inches after
      the amplifier BOT mark. This allows maintenance personnel to put a new
      amplifier mark on a broken tape without erasing the tape before and after
      the new amplifier mark.
PAC  File Protect
PAR  This is a standard protection device to guard against overwriting on
      protected tapes. A file protect ring must be present in the supply reel in
      order for the write amplifiers to be enabled. The sensor on the Transport
      causes status bit 2 to be set. This generates an error indirectly (either
      LRC overdue or block time out), which is found when running the test
      subsequent to loading the reel of tape.
PAC  Beginning of Tape Indicator BOT
PAR  This is a reflective marker on tape which is sensed by a photocell on the
      Transport. If the amplifier BOT marker is present when the unit MPA
      receives a request requiring tape motion the universal delay is used to
      produce 6.25" of blank tape before entering data on the tape. This request
      is a test instruction subsequent to loading.
PAC  End of Tape Indicator EOT
PAR  This is a reflective marker on the tape which is sensed by a photo-cell on
      the Transport. It is located on the opposite edge of the amplifier BOT
      marker. When the marker is sensed status bit 4 is set.
PAC  No Tape Condition
PAR  The condition where both amplifier EOT and amplifier BOT markers are sensed
      simultaneously indicates a no tape condition which results in status bit
      14 being set and an ERROR INTERRUPT signal being sent to the unit CPU.
PAC  Writing the Check Characters
PAR  At the end of a block of data, the software sends a 217 command to indicate
      to the unit MPA that the block of data is complete.
PAR  The unit MPA then, after writing the last word, writes the CRC and LRC
      Check Character.
PAR  Whenever the unit MPA finishes writing one block of four words, and if
      there is no more data available, so that STAT BT 16 is reset, the next
      PHASE 1 pulse:
PA1  1. Steps the allot counter to ALLOT 1.
PA1  2. steps the word out counter to WORD OUT 0.
PA1  3. automatically shifts to the 6 byte/word write mode, regardless of the
      previous write mode (3 or 6 byte/word).
PA1  4. Initializes the hardware to write hardware fill (null character
      P00000000), i.e., fill bits (most significant 4 bits in byte) are now 0000
      instead of 1111 as in the true 6 byte/word mode.
PA1  5. Does not reset the word out shift register.
PAR  Thus, when the unit MPA comes to writing the CRC, it writes the first byte
      four most significant bits in the word out shift register) as in the 6
      byte/word mode except that the fill bits are 0000-- CRC--POOOOXXXX--XXXX,
      depending on what was in the first byte of the last word.
PAR  After the unit MPA has written the CRC, it resets the NRZI register and the
      change in the NRZI state corresponds to the LRC Check Character.
PAR  The unit LRC then takes into account all the data as well as the dummy CRC
      being written for that block of data, so that the unit LRC will be
      correct.
PAC  NRZI Recording
PAR  These are numerous means of recording on magnetic tape. To list a few,
      there are:
PA1  1. Frequency modulation
PA1  2. Phase modulation
PA1  3. RZ -- return to zero
PA1  4. NRZ -- nonreturn to zero
PA1  5. NRZ0 -- nonreturn to zero and change on 0, and
PA1  6. NRZ1 -- nonreturn to zero and change on 1.
PAR  To be compatible, with IBM Corporation machines the toll ticketing uses
      NRZI recording. As an example of the NRZI arrangement, see FIGS. 5 and 8.
      The NRZI format usually implies 7 to 9 track tape with strict requirements
      on bits to track positioning.
PAR  In FIG. 5, one data bit is clocked into a NRZ1 register. Note the
      flip/flops only change when a one is clocked into it.
PAR  In NRZ1, the intelligence on the tape is the change of flex (not
      necessarily the polarity of the flux). Initially, the tape is polarized in
      one direction; the erase head polarity determines the direction of flux.
      See FIG. 8.
PAC  EBCDIC Code
PAR  There are many intelligence codes which can use NRZ1. A few of these are
      listed below:
PA1  1. Binary
PA1  2. ASCII, and
PA1  3. EBCDIC -- Extended Binary Coded Decimal Interchange Code.
PAR  IBM uses EBCDIC. (EBCDIC is an eight bit character). Although toll
      ticketing uses EBCDIC, all codes have industry standards as to bit to
      trunk positioning. FIGS. 6 and 9 show the EBCDIC bit to track positioning
      on tape.
PAC  Word Organization into 6 Bytes or 3 Bytes.
PAR  The toll ticketing TMU has two modes for writing date, and mode for
      reading, the mode being the tape data format. The write modes are 6 byte
      and 3 byte. The Read Mode is a 3 byte only. A byte represents an
      intelligent character; ticketing bytes are 4 bits and 8 bits of data. As
      the system words are 24 bits, a word has 3 bytes of 8 bits or 6 bytes of 4
      bits. To understand the break-down of a ticketing data word, two examples
      are shown.
TBL  __________________________________________________________________________
     3 BYTE DATA WORD                                                          
     __________________________________________________________________________
     23                            0                                           
     1ST BYTE    2ND BYTE    3RD BYTE                                          
      7          0 7         0 7                                               
     6 BYTE DATA WORD                                                          
     23                            0                                           
     1ST BYTE                                                                  
           2ND BYTE                                                            
                 3RD BYTE                                                      
                       4TH BYTE                                                
                             5TH BYTE                                          
                                   6TH BYTE                                    
     __________________________________________________________________________
      3   0 3  0 3  0 3  0 3  0 3  0                                           
     __________________________________________________________________________
PAR  The sequence for writing on tape is first byte, second byte, third byte in
      the 3 byte mode and first, second, . . . , sixth in the 6 byte mode. In
      the 6 byte mode bits 4 through 7 are hardware filled with "ones"; thus
      both modes write an 8 bit EBCDIC character on tape. See FIGS. 6 and 7.
PAR  The unit TMU writes two types of "fill". One type is a "byte fill;" the
      other is a hardware generated fill character. The "byte fill", sometimes
      referred to as a nibble, is adding bits to the byte to "fill" the EBCDIC
      character to the required 8 bits. These bits become bits 4 through 7 of
      the character and are all one's. See FIGS. 6 and 7.
PAR  The hardware fill character is zero in bits 0 through 7 plus parity bit at
      a one. It is equivalent to the "null" character in EBCDIC. It is required
      because the unit CPU can not always return to the unit TMU on receiving
      the "ready" as it has higher priority jobs to perform. Until the unit CPU
      returns, something must be written on tape, a character that cannot be
      interpreted as ticketing data. The null character is such a vehicle.
PAC  LOCAL AUTOMATIC TOLL TICKETING SOFTWARE -- GENERAL DESCRIPTION
PAR  The essential function of the toll ticketing subsystem LAMA is to collect,
      format, and record toll utilization data for future processing. The data
      gathered and reported is used for customer billing, toll separation,
      traffic engineering studies, planning and evaluation of toll services, and
      maintenance of toll facilities. The toll ticketing subsystem does not
      enter into or interfere with the call processing function, except as may
      be necessary to prevent revenue loss.
PAR  The toll ticketing equipment is intended for operation in a Class 5 office
      for local automatic message accounting LAMA. The ticketing equipment
      tickets only customer dialed automatic number identification (ANI)
      traffic. This customer dialed ANI traffic may be either direct distance
      dialed (DDD) toll traffic or message rate service (MRS) local traffic.
      EDDD traffic is routed to TSPS or CAMA offices, and is not processed by
      the toll ticketing subsystem.
PAR  The LAMA ticketer tickets only calls originating within the local office.
      All DDD calls are ticketed on the outgoing trunk. All MRS calls are
      ticketed on originating junctors or incoming trunks serving high usage
      lines, such as PABX lines.
PAR  DDT traffic is ticketed as a timed call. The toll ticketing equipment
      supervises the call for both answer and disconnect times so that total
      conversation time can eventually be determined. The final determination
      time is done at the accounting center. DDT traffic is restricted to
      station-to-station sent paid (SSPD) calls and to multimessage unit (MMU)
      calls.
PAR  Message rate service traffic is ticketed as pegged calls. The toll
      ticketing equipment supervises the call for the answer state only. That
      is, information is collected only as required to determine that answered
      call took place and not to determine the total conversation time.
PAR  The toll ticketing equipment is capable of detecting permanent trunk fault
      conditions of the type which:
PAR  a. prevent the trunk from returning answer supervision to the ticketer
      (permanent unanswered state), or
PAR  b. prevent the trunk from removing answer supervision to the ticketer
      (permanent answer state).
PAR  In addition to the recording of call data for billing purposes, the toll
      ticketing equipment also is capable of recording call data for certain
      preselected office administration functions, including traffic sampling
      studies, traffic service observation studies, and maintenance information.
      The data recorded for office administration purposes may differ in
      content, or may require different interpretation than the data recorded
      for billing purposes.
PAR  Traffic sampling refers to the constant supervision of certain type calls
      such that a preselected percentage of these calls are ticketed. The
      purpose of traffic sampling normally is to collect data for division of
      revenue studies. The toll ticketing equipment provides for traffic
      sampling of the following:
PAR  a. 100 percent of all completed outgoing INWATS calls,
PAR  b. 20 percent of all completed outgoing switch service network (SSN) calls,
      and
PAR  c. 10 percent of all completed outgoing flat rate WATS calls.
PAR  Traffic observation refers to the temporary supervision of certain trunk
      group such that during certain intervals of time, usage of these trunks is
      ticketed. The instruction to initiate a selected traffic service
      observation is entered into the system via the office administration
      teletypewriter. The ticketing operation continues until a subsequent input
      instruction via the teletypewriter terminates the study. When a trunk
      group is marked for study all calls via that trunk group are ticketed,
      completed and non-completed, billable and non-billable. The call records
      of incomplete and non-billable calls are marked with a special coded
      information character for easy identification.
PAC  General Hardware Organization
PAR  The peripheral equipment consists of duplicated ticketing magnetic tape
      units (TMU) and duplicated ticketer scanner units (TSU). These units are
      electromechanical and are interfaced to the electronic equipment via
      peripheral adapters. The peripheral adapters are controlled by duplicated
      ticketing device buffers (TDB). Each buffer TDB then controls two
      peripheral adapters, one for a unit TSU and one for a unit TMU. The TDB
      buffers interface with an associated CCX multiplex which interfaces with
      the data processing unit DPU.
PAC  ATT Subsystem Configuration
PAR  Normal configuration is such that one TDB buffer services a TSU unit while
      the other TDB buffer services a TMU unit. This configuration is reversed
      on a scheduled basis so that the TDB buffer that was servicing a TSU unit
      now services a TMU unit and vice versa. This allows equal exercise of the
      devices.
PAR  Should a fault occur in a TDB buffer, TSU unit, or TMU unit, a single
      channel through one TDB buffer is established and that TDB buffer is
      shared by the associated TSU unit and TMU unit. The TMU unit in such a
      case assumes a higher priority in usage. Thus in normal configuration a
      configuration could exist where TDB-A buffer services TMU-A unit and TDB-B
      unit services TSU-B unit. Then to equalize the load the configuration
      could be changed so that TDB-A buffer services TSU-A buffer and TDB-B unit
      services TMU-B unit. Should a fault occur in TDB-B buffer, TSU-B unit or
      TMU-B unit, then TDB-A buffer services both TSU-A unit and TMU-A unit.
PAC  Ticketing Device Buffer TDB
PAR  The ticketing device buffer (TDB) provides the I/O interface to the
      computer complex. It is equipped in duplicate, each unit serving one
      scanner and one magnetic tape channel. In normal operation one TDB buffer
      is used to service the I/O operation to the scanner and the other services
      the magnetic tape unit. The role is switched on alternate days. Under
      fault conditions, one TDB buffer services both a scanner and a magnetic
      tape unit simultaneously. The TDB buffer is similar to the channel device
      buffer.
PAC  ATT Sense Lines and Interrupt Levels
PAR  As previously mentioned each TDB buffer is considered a controller and each
      has its own channel. Channel 3 for TDB-A buffer and channel 4 for TDB-B
      buffer. Each channel has five sense lines associated with it and two of
      the five sense lines can initiate an interrupt.
PAR  The sense lines are as follows:
PA0  62002 -- SC SELECT 3: When true this sense line indicates that channel 3
      has been selected.
PA0  63002 -- SC SELECT 4: When true this sense line indicates that channel 4
      has been selected.
PA0  55002 -- SC ON LINE 3: When true this sense line indicates that TDB-A has
      been placed on line.
PA0  57002 -- SC TO ERR 3: When true this sense line indicates that channel 3
      did not respond on any attempt to SEL the channel.
PA0  61002 -- SC TO ERR 4: When true this sense line indicates that channel 4
      did not respond on an attempt to SEL the channel.
PA0  51002 -- SC ROY SL1 3: When true this sense line indicates that the channel
      has completed the task assigned to it. If properly armed (bit 14 true of
      the SEL instruction) an interrupt will occur in priority level 7.
PA0  52002 -- SC ROY SL1 4: When true this sense line indicates that the channel
      has completed the task assigned to it. If properly armed (bit 14 true of
      the SEL instruction) an intertupt will occur in priority level 7.
PA0  53002 -- SC ERR 3: When true this sense line indicates that the channel 3
      has an error associated with it. This indication also produces an
      interrupt of priority level 6.
PA0  54002 -- SC ERR 4: When true this sense line indicates that the channel 4
      has an error associated with it. This indication also produces an
      interrupt of priority level 6.
PAC  Ticketing Scanner Unit
PAR  The TSU Ticketing Scanner Unit is a medium-speed electronic
      scanner/multiplex device. Its function is to supervise the scan point
      switches located on the ATRF frame which in turn monitor the trunks and OJ
      junctors for answer supervision. The TSU unit functions under address
      control by the central processor. Each scan address retrieves the status
      of 24 scan points. Up to 120 scan addresses can be applied for DDD
      ticketing. This provides for a maximum of 1440 ticketed outgoing trunks.
      The remaining 120 scan addresses can be applied to MRS metering. This
      allows for a maximum of 2880 OJ junctors and incoming trunks. In addition
      80 addresses are available for routining and fault localization.
PAR  FIG. 2 shows the TSU unit scan sequence. All DDD ticketed points are
      scanned at 300 millisecond intervals and all MRS metered points are
      scanned at intervals ranging from 300 MS to 2.4 seconds depending on the
      office size.
PAR  For ticketed DDD calls the TSU unit monitors two normally open contacts
      associated with each outgoing trunk circuit accessible by DDD traffic.
      When both the H (hold) and A (answer) contacts are open the trunk is in
      the idle state. When H is closed and A is open the trunk is seized but not
      answered. When answer supervision is returned both the H and A contacts
      are closed.
TBL  __________________________________________________________________________
                       CONTACT                                                 
                       H(Hold)                                                 
                             A(Answer)                                         
     __________________________________________________________________________
     Trunk idle        0     0      Note:                                      
                                    1=closed                                   
     Trunk seized      1     0       contact                                   
     Trunk received answer supervision                                         
                       1     1      0=open                                     
                                     contact                                   
     (invalid state)   0     1                                                 
     __________________________________________________________________________
PAR  With one scan address the TSU unit scans all H contacts of a group of 24
      trunks. On the succeeding address the A contacts of the same groups of
      trunks are scanned.
PAR  It takes a nominal 40 microseconds to execute one scan address. Hence, it
      takes 80 microseconds nominal to scan a trunk group consisting of 24 DDD
      trunks.
PAR  For a metered MRS call the TSU unit monitors a single normally open contact
      associated with each MRS originating junctor or incoming trunk. During the
      monitoring interval, which starts return of answer supervision from the
      called party, 24 MRS circuits are monitored with each scan address,
      representing a scan rate of 24 points per 40 microseconds.
PAR  The ATR frame (ATRF) is a single frame unit containing the scan point
      devices monitored by the ticketing scanner unit. The scan point device is
      a 1A correed. The coil of the correed is wired to the trunk or originating
      junctor being monitored. The contact of the correed is supervised by the
      scanner. The frame serves 2880 scan points. A fully expanded LAMA
      subsystem includes two frames, or 5760 scan points. Each ticketed outgoing
      trunk requires two scan points. Each metered originating junctor or
      incoming trunk requires one scan point. All MRS calls are metered on
      originating junctors and incoming trunks.
PAR  Each ATR frame consists of four equipment files. Each file contains 720
      scan points. These 720 scan points can serve either 720 originating
      junctors or incoming trunks (MRS scan points) or 360 outgoing trunks (DDT
      scanpoints). All scan points within a single file must be dedicated to
      either MRS or DDD service. An ATR frame can, therefore, be engineered for
      the following combination of scan points.
TBL  __________________________________________________________________________
            MRS                      DDD                                       
     Combination                                                               
            No. Files                                                          
                   No. Metered Ckts.                                           
                              No. Files                                        
                                     No. Ticketed Ckts.                        
     __________________________________________________________________________
     1      4      2880       0      0                                         
     2      3      2160       1      360                                       
     3      2      1440       2      720                                       
     4      1      720        3      1080                                      
     5      0      0          4      1440                                      
     __________________________________________________________________________
PAR  The ATTF unit is a duel frame unit containing two magnetic tape transports,
      the ticketing scanner unit and all the associated control electronics. The
      major component parts of the ATTF unit are the TSU (ticketing scanner
      unit), the TMU (ticketing magnetic tape unit) and the TDB (ticketing
      device buffer).
PA1  Tdb-a--ticketing device buffer -- Channel A
PA1  Tdb-b--ticketing device buffer -- Channel B
PA1  Tmu-a--ticketing magnetic tape unit -- Channel A
PA1  Tmu-b--ticketing magnetic tape unit -- Channel B
PA1  Tsu-a&b--ticketing scanner unit (The TSU unit serves both channel A and B.
      Its active elements are internally duplexed).
PAR  At any point in time only one of the TMU unit and TSU unit channels is
      active. The other channel is in the standby mode. If a fault is detected
      in the active channel the system reconfigures under program control to the
      standby channel. Reconfiguration can also be manually initiated on
      alternate days so each unit is regularly exercised.
PAC  SEL Instruction Explanation for ATT
PAR  The operand portion of the select instructions is decoded in the peripheral
      devices into directives.
PAR  The select instructions prime the hardware to do a specific sequence of
      events.
PAR  The OP Code of the select instruction associated with the ATT subsystem is
      05.
PAR  The operand portion of the SEL INST is sub-divided into fields that serve
      separate functions.
PAR  The identity of each ATT channel is given by the C field;
PAR  a. for ATT channel A, CPU channel 3, the C field is 02.
PAR  b. for ATT channel B, CPU channel 4, the C field is 03.
PAR  The identity of the ATT sub-units is given by the X field;
TBL  Unit     C Field   X Field   Y Field Z Field                              
                        Directive Fields                                       
     ______________________________________                                    
     1.  TDB-A    02        00                                                 
     2.  TSU-A    02        01                                                 
     3.  TMU-A    02        02                                                 
     4.  TDB-B    03        00                                                 
     5.  TSU-B    03        01                                                 
     6.  TMU-B    03        02                                                 
     ______________________________________                                    
PAR  In the peripheral adapters, the directives are decoded from the Y and Z
      fields.
PAR  For the TSU unit the directives are:
PA1  X y z -- fields
PA1  1 0 0 -- directive 0 load TSU unit Error Status -- This causes the TSU unit
      to gate its Error Status Word into the TDB buffer.
PA1  1 0 1 -- DIRECTIVE 1 Check Data Communication (Maintenance Directive only)
      -- When any word of data is received after this SEL instruction, the TSU
      unit gates this data into the TDB buffer.
PA1  1 0 2 -- DIRECTIVE 2 Scan Operation (Maintenance Directive also) -- When a
      word of data (scan address) is received after this SEL instruction the TSU
      unit interrogates a specific group of 24 slave relay contacts and gates
      their status into the TDB buffer. The word format is explained under TSU
      Data Communication.
PA1  1 0 3 -- DIRECTIVE 3 Check Directive 1 of N circuit (Maintenance Directive
      only) -- When any word of data is received after this directive, the TSU
      unit purposely introduces an error in the directive 1 of N Check
      Circuitry. This action causes a program time-out to be sensed.
PA1  1 0 4 -- NOT USED This causes a "NO" DIRECTIVE ERROR if used.
PA1  1 0 5 -- DIRECTIVE 5 Switch TSU/OFF LINE (Reconfiguration Directive only)
      This causes the TSU unit to switch OFF its scanning circuitry and thus
      renders them unaddressable. A program time-out occurs if any directive is
      received when the TSU unit is in this state.
PA1  1 0 6 -- DIRECTIVE 6 Switch TSU ON LINE (Reconfiguration Directive only)
      This causes the TSU unit to switch ON its scanning circuitry and thus
      renders them addressable. It takes 16.6 milliseconds for the TSU unit to
      switch ON.
PA1  1 0 7 -- not used (this causes a "NO" DIRECTIVE ERROR if used).
PAC  TSU Unit Data Communication
PAR  The transmittal and reception of data to and from the peripheral devices is
      discussed previously.
TBL  ______________________________________                                    
     1. CCO (3330000) Copy Character Out                                       
     RA--Peripheral Device                                                     
     0-23             1 cycle                                                  
     2. CCI (3370000) Copy Character In Peripheral                             
     Device -- RA                                                              
     0-23             N + 7 cycles                                             
     N = number of bits shift in RA                                            
     or as previously explained.                                               
     3. LDC (74) Load Device Channel                                           
     MDR--Peripheral Device                                                    
     0-23             2 cycles                                                 
     4. STC (75) Store Device Channel                                          
     Peripheral Device--MDR                                                    
     0-23             2 cycles                                                 
     ______________________________________                                    
PAR  The data communication for the TDB buffer is the same as that for the CDB
      unit and is explained previously.
TBL  __________________________________________________________________________
     1. Data Format for Scanning Operation (Scan Address)                      
     __________________________________________________________________________
     15    14    13  12 11 10 9  7  4  3  0                                    
     __________________________________________________________________________
     INHIBIT                                                                   
           TIMING                                                              
                 NOT BATTERY                                                   
                           GROUND                                              
                                 BATTERY                                       
                                       GROUND                                  
     RESET ERROR USED                                                          
                     DRIVER                                                    
                           SWITCH                                              
                                 DRIVER                                        
                                       SWITCH                                  
     ACKN. MAINTE-   MAINTE-                                                   
                           MAINTE-                                             
                                 FIELD FIELD                                   
     STRET.                                                                    
           NANCE     NANCE NANCE                                               
     __________________________________________________________________________
PAR  A. Bits 0 to 3 are decoded such that:
PA1  Bit 3 2 1 0
PA2  0 0 0 0 = Ground Switch 00
PA2  0 0 0 1 = Ground Switch 01
PA2  1 1 1 1 = Ground Switch 15
PAR  Only these groups are used for scanning purposes. In conjunction with bit
      8, this field is extended for maintenance purposes only and serves:
TBL  Bit 8 3 2 1 0                                                             
     1 0 0 0 0      Ground Switch 16                                           
     1 0 0 0 1      Ground Switch 17                                           
     1 0 0 1 0      Ground Switch 18                                           
     1 0 0 1 1      Ground Switch 19                                           
PAR  Bit 9 is used, for maintenance only, to check 1 of N circuits, for no
      selection. Refer to table below:
PA1  Bit 9 . GS address 00 = GS DECO no selection error
PA1  Bit 9 . GS address 01 = GSCA no selection error
PA1  Bit 9 . GS address 02 = GSCO no selection error
PA1  Bit 9 . GS address 03 = BDCA no selection error
PAR  Bit 10 is used, for maintenance only, to check the 1 of N circuits for a
      double selection of GSCO 19 and whichever is selected by the normal ground
      switch field (bits 0 to 3 and 8).
PA1  B. bits 4 to 7 are decoded such that:
TBL  Bit  7 6 5 4                                                              
          0 0 0 0   Battery Driver 00 for maintenance only.                    
          0 0 0 1   Battery Driver 01                                          
          0 0 1 0   Battery Driver 02                                          
          1 1 1 1   Battery Driver 15                                          
PAR  Only battery drivers 01 to 15 are used for scanning purposes.
PAR  Bit 11 is used, for maintenance only, to check the 1 of N circuits for no
      selection. Refer to table below:
PA1  Bit 11 . BD address 01 = BD DECO no selection error
PA1  Bit 11 . BD address 02 = BDCO no selection error.
PAR  Bit 12 is used, for maintenance only, to check the 1 of N check circuits
      for a double selection of input 19 of the circuit and whichever input is
      selected by the normal battery driver field (bits 4 to 7).
PAC  TSU Unit Error Status Word
PAR  A logic 1 is required for the explanation of the bit to be true.
TBL  ______________________________________                                    
     BIT     EXPLANATION                                                       
     ______________________________________                                    
     0       Not used                                                          
     1       Not used                                                          
     2       Not used                                                          
     3       Not used                                                          
     4       SA STRB REG indicates an error in SENSE                           
             AMP strobe circuitry.                                             
     5       BBD ENA ERROR indicates a BD ENABLE ERROR.                        
     6       Ground Switch Core 1 of N Error 2                                 
             None or more than one ground switch core                          
             has been selected during the second portion                       
             of the TSU unit sequence.                                         
     7       Ground Switch Core 1 of N Error 1                                 
             None or more than one ground switch core                          
             has been selected during the first portion                        
             of the TSU unit sequence.                                         
     8       Ground Switch Cable 1 of N Error 2                                
             None or more than one ground switch cable                         
             has been selected during the second portion                       
             of the TSU unit sequence.                                         
     9       Ground Switch Cable 1 of N Error 1                                
             None or more than one ground switch cable                         
             has been selected during the first portion                        
             of the TSU unit sequence.                                         
     10      Battery Driver Cable 1 of N Error                                 
             None or more than one battery driver cable                        
             has been selected during the whole TSU unit                       
             sequence.                                                         
     11      Battery Driver Core 1 of N Error                                  
             None or more than one battery driver core                         
             has been selected during the hole TSU unit                        
             sequence.                                                         
     12      Ground Switch Decode 1 of N Error                                 
             None or more than one ground switch was                           
             decoded during the whole TSU unit sequence.                       
     13      Battery Driver Decode 1 of N Error                                
             None or more than one battery driver was                          
             decoded during the whole TSU unit sequence.                       
     14      Timing Error                                                      
             If any signal from the timer for the TSU                          
             unit is missing during the sequence this                          
             bit will be set.                                                  
     15      Error Enable Signal                                               
             This is the end of the TSU unit sequence                          
             and this bit is set whenever this signal                          
             occurs.                                                           
     16      DIRECTIVE 5                                                       
             Whenever DIRECTIVE 5 is received this bit                         
             is set.                                                           
     17      OFF Line Error                                                    
             TSU unit is not switched OFF properly                             
     18      DIRECTIVE 6                                                       
             Whenever DIRECTIVE 6 is received this bit                         
             is set.                                                           
     19      ON Line Error                                                     
             TSU unit is not switched ON properly                              
     20      Reset Acknowledge Error                                           
             If the circuitry for the TSU unit is not                          
             reset between operations this bit is set                          
             and an error is indicated.                                        
     21      Directive Error Type 1                                            
             Whenever the Directive 1 of N Check circuit                       
             indicates an error and the TSU unit is not                        
             operating under DIRECTIVE 0 this bit is                           
             set.                                                              
     22      Directive Error Type 2                                            
             Whenever the Directive 1 of N Check circuit                       
             indicates an error and the TSU unit is                            
             operating under DIRECTIVE 0 this bit is                           
             set.                                                              
     23      Error Status Enable                                               
             Whenever DIRECTIVE 0 is received this                             
             bit is set.                                                       
     ______________________________________                                    
PAC  TSU Unit Modes of Operation
PAR  The TSU sub-units of the ATT subsystem operate in the sense ready mode.
      Hardware errors are indicated through an error interrupt signal. The
      hardware generally resets itself at the end of every SEL INST and every
      LDC/CCO hardware sequence.
PAR  A CLEAR INST can be used. The operand of this instruction is, bit 14 = 0, X
      = 0, Y = 1, Z = 7.
PAR  Reading of TSU unit Error Status Word DIRECTIVE 0. The error status word is
      generally required after an error has been indicated by the hardware
      through the error interrupt signal. Since, in the ATT subsystem, the TDB
      buffer, TSU unit and TMU unit all have a common error interrupt signal, it
      might be necessary to check which unit is causing the interrupt, in which
      case the sequence of events is:
PA1  1. SEL INST (operand is bit 14 = 0, X = 0, Y = 0, Z = 0) to gate the TDB
      buffer status word on the CPU unit data bus
PA1  2. STC/CCI to read TDB buffer error status word
PA1  3. SEL INST (operand is bit 14 = 0, X = 1, Y = 1, Y = 0, Z = 0) to gate the
      TSU unit status word on the CPU unit data bus
PA1  4. STC/CCI to read TSU unit error status word
PAR  There is no timing involved as each TDB buffer and TSU unit sets its error
      status word on the output buffer on receipt of the directive.
PAC  Data Communication Check (DIRECTIVE 1)
PAR  This mode of operation is used to check the correct operation of the data
      communication channels between the CPU unit, TDB buffer and TSU unit. It
      is normally used by maintenance programs. The sequence of events is;
PA1  1. SEL INST (operand is bit 14 = 0, X = 1, Y = 0, Z = 1) to initiate the
      hardware for the check operation.
PA1  2. LDC/CCO any data pattern. This starts the hardware sequence.
PA1  3. A Sense Ready signal is sent approximatley 35 micro seconds later.
PA1  4. STC/CCI to read the data back. The data read back should be exactly the
      same as the data in.
PAR  The timing required for the operation of the TSU unit under this directive
      is about 35 microseconds. If no sense ready signal occurs before 50
      microseconds, it can be assumed that the hardware is not functioning
      correctly and the application program should change to time out status and
      initiate a diagnostic process on the unit.
PAC  Performing a Scan Operation DIRECTIVE 2
PAR  This is the primary mode of operation of the TSU unit. The output data from
      this mode is the status of 24 scan points in the ATRF frame.
PAR  The sequence of events is:
PA1  1. SEL INST (operand is bit 14 =  0, X = 1, Y = 0, Z = 2 to initate the
      hardware for the scan operation.
PA1  2. LDC/CCO scan address of the 24 points to be interrogated. This starts
      the hardware sequence.
PA1  3. A sense ready signal is sent approximately 35 microseconds later.
PA1  4. STC/CCI to read the status of all 24 scan points.
PAR  The timing required for the operation of the TSU unit under this directive
      is about 35 microseconds. If no sense ready signal occurs before 50
      microseconds, it can be assumed that the hardware is not functioning
      properly and the application program should change to time out status and
      initiate a diagnostic process on the unit.
PAR  The scan address can be set up to check the hardware self checking
      facilities. This is usually done through maintenance programs. With these
      special addresses the hardware causes an error interrupt signal. The
      correctness of the error can then be checked by analyzing the TSU unit
      error status word.
PAR  The sequence of events in this case is:
PA1  1. SEL INST (operand is bit 14 = 0, X = 1, Y = 0, X = 2) to initiate the
      hardware for the check operation
PA1  2. LDC/CCO scan address forr maintenance purposes.
PA1  3. An error interrupt signal is sent approximately 30 microseconds later.
PAR  If no error interrupt signal occurs the hardware can be assumed not
      functioning properly and the maintenance program then takes corrective
      action.
PAC  Checking the Directive 1 of N Check Circuit DIRECTIVE 3
PAR  This mode of operation is used to check the proper functioning of the
      Directive 1 of N Check circuit. It is normally used by maintenance
      programs. The sequence of events is:
PA1  1. SEL INST (operand is bit 14 = 0, X = 1, Y = 0, X = 3) to initiate the
      hardware for the check operation.
PA1  2. LDC/CCO any data. This is required due to hardware organization and
      starts the hardware sequence.
PA1  3. An error interrupt signal is sent approximately 30 microseconds later.
PAR  If no hardware response occurs before 50 microseconds, it can be assumed
      that the hardware is not functioning properly and the maintenance program
      then takes corrective action.
PAC  Switching OFF the TSU unit DIRECTIVE 5
PAR  This mode of operation can only be initiated through the reconfiguration
      program. It is used to switch the TSU unit to the Hardware OFF LINE state.
      The sequence of events is:
PA1  1. SEL INST (operand is bit 14 = 0, X = 1, Y = 1, Y = 0, Z = 5) To switch
      OFF the TSU unit scanning circuits
PA1  2. TSU unit hardware switches OFF. These are relays which take 16.6 ms. to
      operate correctly.
PA1  3. SEL INST (operand is bit 14 = 0, X = 1, Y = 0, Z = 0) to gate the TSU
      unit status word on the CPU unit data bus.
PA1  4. STC/CCI to read the TSU unit error status word after 16.6 ms. have
      elapsed.
PAR  The 3 and 4 steps are necessary to insure that the TSU unit has correctly
      switched OFF before switching ON the other unit.
PAR  The timing required for the operation of the TSU unit under this directive
      is 16.6 ms. An error interrupt signal may occur before that time. This is
      due to the hardware and should be ignored until the complete 16.6 ms. have
      elasped.
PAC  Switching ON the TSU unit DIRECTIVE 6
PAR  This mode of operation can only be initiated through the reconfiguration
      program. It is used to switch a TSU unit to the hardware ON LINE state.
      The sequence of events is:
PA1  1. SEL INST (operand is bit 14 = 0, X = 1, Y = 0, Z = 6) to switch ON the
      TSU unit scanning circuits.
PA1  2. TSU unit hardware switches ON. These are relays which take 16.6 ms. to
      operate correctly.
PA1  3. SEL INST (operand is bit 14 = 0, Z = 1, Y = 0, Z = 0) to gate the TSU
      unit status word on the CPU unit data bus.
PA1  4. STC/CCI to read the TSU unit error status word after 16.6 ms. have
      elapsed.
PAR  The 3 and 4 steps are necessary to insure that the TSU unit has correctly
      switched ON before operating the unit.
PAR  The timing required for the operation of the TSU unit under this directive
      is 16.6 ms.
PAR  Due to the hardware being OFF at the beginning of the sequence there is an
      error interrupt signal. It should be ignored and the TSU unit error status
      word should be interrogated after 16.6 ms.
PAR  Due to the peculiarities and organization of the TSU sub-units A and B
      (duplex parts feeding simplex part) the application program should insure
      that the other duplex unit if OFF before switching the unit ON.
PAC  Magnetic Tape Unit
PAL  General
PAR  The TMU unit Ticketing Magnetic Tape Unit consists of the magnetic tape
      transport and its associated read/write electronics, data buffering, error
      detection and tape drive control electronics. The transport is a Cook
      Electric Model 3300 digital magnetic tape transport. The track write/read
      head assembly writes data in a continuous NEZI Non Return to Zero - IBM
      mode at 800 characters per inch. The tape is standard 1/2 inch wide
      computer tape.
PAR  Ticketing data is written in blocks of 15 calls per block. A read after
      write check for vertical and longitudinal parity is performed on each
      block. A block is rewritten if an error is detected.
PAR  Call data is written in the "single entry" format; that is, all the data
      pertaining to an individual call is formatted together in one single entry
      on the tape. The data transfer rate is 4000 tape characters per second
      using the EBCDIC Extended Binary Coded Decimal Information Interchange
      Code magnetic tape code.
PAL  Magnetic Tape Peripheral Adapter MPA
PAR  The MPA adapter controls the Magnetic Tape Transport MTT. It receives
      instructions and data via the TDB buffer and controls the release of data
      to the MTT unit. Alternatively it receives data from the MTT unit and
      controls its transfer to the TDB buffer and hence to the CPU unit. Data
      sent from the CPU unit to the MPA adapter must be in four word groups.
PAR  SEL Instruction for MPA adapter (refer to previous discussion for initial
      explanation)
PAL  Mpa adapter Directives
PAR  The X field identifies the peripheral adapter, X field = 2 for the MPA
      adapter. This is the same for both TDB buffers.
TBL  ______________________________________                                    
     X Y Z  DIRECTIVE                                                          
     ______________________________________                                    
     2 0 0  Load MPA adapter status into TDB buffer.                           
            The CPU unit can now load the status into                          
            the CPU unit by executing an STC or CCI                            
            instruction.                                                       
     2 0 1  *Check Shift Register - maintenance                                
            directive - Data is read into the MPA                              
            adapter and read back from the output of                           
            the MPA shift register.                                            
     2 0 2  *Check Write Register 6 bytes per word -                           
            maintenance directive - Date is read into                          
            the MPA adapter and read back from the                             
            output of the MPA write register.                                  
     2 0 3  *Check Write Register 3 bytes per word -                           
            maintenance directive - Data is read into                          
            the MPA adapter and read back from the                             
            output of the MPA write register.                                  
     2 0 4  Put Transport On Line                                              
     2 0 5  Put Transport Off Line - This directive                            
            causes any attempt to use the transport                            
            when Off Line to result in an error                                
            interrupt signal.                                                  
     2 0 6  Stop, Disengage Drive - This directive                             
            disengages the tape drive; it is intended                          
            for use with readback of a pre-written                             
            tape.                                                              
     2 0 7  Accept More Data and Check Parity -                                
            maintenance directive - This directive                             
            prepares the MPA adapter for the receipt                           
            of more data and forces a vertical parity                          
            error.                                                             
     2 1 0  *Advance Tape - This directive advances the                        
            tape 3.75 inches and is used following an                          
            error condition prior to retry.                                    
     2 1 1  Accept More Data - This directive prepares                         
            the MPA adapter for the receipt of more                            
            data.                                                              
     2 1 2  *Write Tape Mark - This directive causes                           
            the tape mark to be written on tape as                             
            an end of file indication.                                         
     2 1 3  *Read Only - This directive causes the unit                        
            to read data from the tape and transfer                            
            it to the CPU unit.                                                
     2 1 4  Data Block Complete, Read Back, Check LRC -                        
            maintenance directive - This directive                             
            causes the check characters to be written                          
            on tape, an error being forced in the LRC                          
            check. It also causes data to be read                              
            back to the CPU unit.                                              
     2 1 5  *Output Data 6 bytes per word - This                               
            directive sets up the unit for writing                             
            a data block and is followed by four words                         
            of data.                                                           
     2 1 6  *Output Data 3 bytes/word - This directive                         
            is identical to 215 except for the byte                            
            structure.                                                         
     2 1 7  Data Block Complete - This directive causes                        
            the check characters to be written on tape.                        
     2 6 4  Y Field 1 of N Check - maintenance directive -                     
            This directive forces an error in the Y                            
            field 1 of N Check                                                 
     ______________________________________                                    
      * These are mode instructions; they clear the unit before proceding.     
PAR  Data Communication (refer to previous discussion for initial explanation)
PAL  Status Lines
PAR  When the directive load MPA adapter status into TDB buffer is executed the
      following status lines are loaded into the TDB buffer. The CPU unit can
      then retrieve them by executing an STC or CCI instruction.
TBL  ______________________________________                                    
     BIT    STATUS                                                             
     ______________________________________                                    
     0      On Line/Off Line - This bit is unaffected                          
            by the TDB CLEAR directive.                                        
     1      Transport Ready - This bit is set if AC                            
            and DC power are on, the tape is loaded                            
            and the door closed.                                               
     2      Write Enable (File Protect) - This bit                             
            is set if the file protect ring is present                         
            in the supply reel.                                                
     3      Drive Engaged/Disengaged - This bit is                             
            set when the pinch roller is engaged.                              
     4      EOT Sensed/Not Sensed - This bit is set                            
            by the end of tape marker.                                         
     5      Check Shift Register - This is an opera-                           
            tional mode derived from SEL instructions.                         
     6      Check Write Register - This is an opera-                           
            tional mode derived from SEL instructions.                         
     7      Advance Tape - This is an operational                              
            mode derived from SEL instructions.                                
     8      6 Bytes/Word - This is an operational                              
            mode derived from SEL instructions.                                
     9      3 Bytes/Word - This is an operational                              
            mode derived from SEL instructions.                                
     10     Read Mode - This is an operational mode                            
            derived from SEL instructions.                                     
     11     Write Tape Mark - This is an operational                           
            mode derived from SEL instructions.                                
     12     Data Block Complete - This is an opera-                            
            tional mode derived from SEL instructions.                         
     13     Output Data - This is an operational                               
            mode derived from SEL instructions.                                
     14     EOT and BOT (no tape) - This indicates                             
            either tape breakage or tape not loaded.                           
     15     LRC Written - This is applicable only in                           
            write mode and indicates that check                                
            characters have been written on tape.                              
     16     Data Available/Not Available - When                                
            receiving data this bit is set on receipt                          
            of the fourth word. If less than four                              
            words are received the data is not                                 
            written on tape.                                                   
     17     Y Field 1 of N Error - This is a check on                          
            the Y field data received from the TDB                             
            buffer.                                                            
     18     Read Pulse Received - This is set when                             
            a byte has been read from the tape; it                             
            is an aid in determining the meaning of                            
            bit 20.                                                            
     19     LRC Read - This indicates completion of                            
            the handling of a data block.                                      
     20     LRC Overdue - This indicates error check                           
            status.                                                            
     21     Vertical Parity Error - This indicates                             
            error check status.                                                
     22     Longitudinal Parity Error - This indicates                         
            error check status.                                                
     23     PA ERROR                                                           
     ______________________________________                                    
PAC  Modes of Operation
PAL  Write Mode Operation
PAR  The request for more data, in the form of a ready from the TDB buffer
      allows for a service time of 1 1/2 ms. for the 6 byte structure. If more
      data is not available at this time hardware fill characters are written on
      tape.
PAR  For the 3 byte structure the service is halved to 0.75 ms. To maintain the
      minimum IBG there must be at least 25 ms. between disengaging and
      re-engaging the drive.
PAL  Read Mode Operation
PAR  Words become available for transfer to the CPU unit every 0.75 ms. If this
      data is not accepted by the CPU unit at this rate data is lost.
PAR  All characters including check characters are fed to the CPU unit. If the
      CPU unit requires to stop the tape within an inter block gap it must send
      the stop-disengage drive SEL instruction within 25 ms. of receiving the
      check characters.
PAL  Shared TDB
PAR  Under fault conditions the TDB buffer is shared between the MPA adapter and
      the SPA adapter with the MPA adapter having priority.
PAC  DATA RETRIEVAL AND LOADING ARRANGEMENT
PAR  Referring now to FIGS. 10 through 17 of the drawings, there is shown the
      local accounting and program transfer arrangement, which is constructed in
      accordance with the present invention, and which includes the magnetic
      tape unit of the local automatic message accounting subsystem as
      previously described. In accordance with the present invention, the local
      accounting and program transfer arrangement enables the data processor
      unit DPU having the central processor CCP to record billing information
      for ticketing subscribers on magnetic tape via the magnetic tape unit of
      the local automatic message accounting subsystem. Moreover, in accordance
      with the present invention, the programs for the system are loaded into
      the drum memory subsystem via the magnetic tape unit of the local
      accounting and program transfer arrangement, and programs may be removed
      or dumped from the system onto magnetic tape via the same magnetic tape
      unit.
PAR  The local accounting and program transfer arrangement of the present
      invention generally comprises a magnetic tape electronics unit MTE for
      reading and writing from the magnetic tape and transferring the
      information to and from the ticketing device buffer TDB of the data
      processor unit DPU via its multiplex circuit CCX under the control of the
      magnetic tape peripheral adaptor MPA. For reading information from the
      magnetic tape, a set of read heads 1000 for reading the information from
      the tracks of the tape and conveying them to the read amplifiers 1002,
      which in turn convey the information and store it in a deskew register
      1004 for latching the information since the signals read from the tape may
      not necessarily be recorded in a straight line across the tape. The
      information stored in the deskew register 1004 is gated via distributor
      gates 1006 to an accumulator 1008, which stores the data in the magnetic
      tape peripheral adapter MPA for subsequently transferring the information
      to the ticketing device buffer register 1010 via the peripheral adapter
      input multiplex 1212 of the ticketing device buffer TDB, whereby the
      information may be transferred to the data processor unit DPU via its
      multiplex circuit CCX. As shown in FIG. 12, a distributor 1200 controls
      the gating of the signals from the accumulator 1008 by generating the
      signals DIST 1 through DIST 3 so that the information on the tape may be
      conveyed in three separate bytes. As shown in FIG. 13, a GATE PULSE train
      of clock pulses, a READ CLOCK clock pulse train, a RESET DESKEW clock
      pulse train and a CLOCK 4 clock pulse train are generated by four
      different clock pulse sources (not shown) of the magnetic tape electronics
      unit MTE which are started each time a track of data signals are sensed by
      the read heads and are stopped following the reading of the data
      information signals. A read clock circuit 1202 and its LRC check decode
      1204 count the bits leaving the deskew register 1004 for an entire block
      of data information so that when the longitudinal redundancy check
      character LRC is read at the end of a data block, a determination is made
      whether or not longitudinal parity is proper. As shown in FIG. 14, the CRC
      character is positioned in each fifth track following the last track of a
      data block, and the LRC character is positioned at the ninth track
      following the last track of the data block.
PAR  Considering now a write mode of operation, a four word shift register 1014
      of the magnetic tape peripheral adaptor MPA transfers information from the
      data processor unit DPU via the ticketing device buffer register 1010
      shifts one character at a time to the write heads 1016 for writing them
      onto the magnetic tape via byte gates 1018 and a NRZ1 register 1021 to the
      right amplifiers 1023. As shown in FIG. 15, an allotter 1500 generates
      signals for controlling the byte gates 1018 for determining whether a
      three byte mode or a six byte mode of operation is to be performed as
      hereinafter described in greater detail. Also as shown in FIG. 15, a word
      counter out 1502 follows the number of words being shifted from the four
      word shift register 1014 to the write heads, and a word counter in 1504
      follows the words being shifted from the ticketing device buffer register
      1010 to the four word shift register 1014. Referring now to FIG. 16, a
      pair of clock sources (not shown) designated as phase 1 and phase 2
      generate a series of clock pulses PH1 and PH2 which are out of phase with
      one another. The PH1 and PH2 clock pulses control the operation and
      advancement of the allotter 1500. As shown in FIG. 17, a timer 1701
      responds to a signal -DTL from the ticketing device buffer indicating that
      a word is being shifted from the ticketing device buffer register 1010 to
      the four word shift register, and the timer 1701 produces a delay signal
      CLK WRD IN to provide sufficient time for the word to be transferred to
      the four word shift register so that a signal -RST DTL generated by a
      series of gates 1703 to the ticketing device buffer TDB for resetting a
      latch DTL (not shown) in the ticketing device buffer TDB. By resetting the
      latch DTL, the ticketing device buffer TDB is unable to later on shift
      another word to the four word shift register. The signal CLK WRD IN
      generated by the timer 1701 also is used to control and advance the
      counter WORD COUNTER IN 1504, whereby it is advanced each time a word is
      shifted into the four word shift register. A signal WORD IN 3 generated by
      a gate 1509 is used to inhibit a gate 1705 of the gates 1703 to prevent
      the latch DTL from being reset. As a result, during a write mode of
      operation, four words are transferred from the central processor CCP of
      the data processor unit DPU via the multiplex CCX to the ticketing device
      buffer register 1010, and as each word is transferred to that register, it
      is shifted in parallel to the four word shift register until three words
      are stored in the four word shift register and the fourth word is located
      in and remains in the ticketing device buffer register 1010 prior to the
      writing of the words onto the magnetic tape medium. Thereafter, as
      described hereinafter in greater detail, the words are shifted
      sequentially from the four word shift register to the write heads.
PAR  Referring now to FIG. 11, there is shown the directive decode 1100 for the
      magnetic tape peripheral adaptor MPA. A status register 1102 includes a
      series of latches for generating the status signals STAT BIT 0 through
      STAT BIT 23, and -STAT BIT 0 through -STAT BIT 23 in response to certain
      directives or instructions received from the central processor CCP of the
      data processor unit DPU. The directives are in the form of three different
      fields --X, Y and Z. The X field is always equal to the number 2
      indicating the magnetic tape unit of the LAMA sub-system, both for
      ticketing functions and loading and unloading programs. A set of Y field
      directive decode gates 1104 of the directive decode 1100 decode the Y
      field received from the ticketing device buffer TDB, and a series of gates
      1106 gate the decoded Z field from the ticketing device buffer TDB to the
      directive N code gates 1108 for generating the 18 directive signals to 00
      through 217 for setting the latches of the status register 1102, the
      signal PA2 EN being the decoded signal from the ticketing device buffer
      indicating the Z field is equal to 2 for enabling the gates 1106 for the
      decoded Z field, the decoding gates for the Z field being disposed within
      the buffer TDB. A one/out/of/N error check circuit 1113 is coupled to the
      output of the Y field directive decode 1104 for error detection purposes
      to generate a signal 1 OF N ERROR for setting an appropriate latch in the
      status register 1102, it being understood that the status register 1102 is
      able to be monitored by the central processor CCP to determine the status
      of the magnetic tape peripheral adaptor MPA, the outputs of the status
      register 1102 also being employed for controlling various circuits of the
      read and write control for the magnetic tape unit. A gate 1115 generates a
      signal -GEN RST which serves as a general reset for the status register
      1102 and also to reset various different circuits in the magnetic tape
      peripheral adaptor MPA. A gate 1117 generates a signal MODE RESET in
      response to certain reset directives received from the central processor
      CCP via the buffer TDB for enabling the gate 1115 to generate the general
      reset signal once a latch RESET is set for timing purposes by a signal RST
      ACKN received from the buffer TDB. A signal PA DTL received from the
      buffer TDB for enabling a gate 119 serves as an acknowledgment signal from
      the buffer TDB for setting a latch ACKN via a pair of gates 1122 and 1124,
      the setting of the latch ACKN causing the generation of a signal PA2 ACKN
      via a pair of gates 1126 and 1128 for acknowledging the receipt of the
      acknowledgment signal PA DTL from the device buffer TDB back to that same
      buffer TDB.
PAL  Read Operation
PAR  considering now the read mode of operation, which mode of operation may be
      employed for reading programs from the magnetic tape for storage in the
      drum memory system of the system or the reading operation may be employed
      for checking the writing of the ticketing information on the tape,
      instructions are received from the central processor CCP via the multiplex
      CCX and the device buffer TDB and are in the form of the X, Y and Z
      fields. As mentioned before, the X field is always decoded as X = 2 for
      the magnetic tape unit, and thus the signal PA2 EN represents the decoded
      X field as being X = 2. The Y field is decoded in the adaptor MPA and the
      Z field was decoded in the decoder (not shown) of the buffer TDB. As each
      directive is received, a latch of the status register is set and remains
      set, until the reset directives cause the signal MODE RESET and the latch
      RESET to produce the signal GEN RST for resetting the status register
      latches. Thus, before commencing a read operation, the signal GEN RST is
      generated to clear the status register and enable a gate 1204 of the read
      control unit to in turn cause the generation of the signal RST ACCUM, the
      signal RST ACCUM being generated by a gate 1206 to reset the accumulator
      1008. The reading of the data block causes the production of a signal GATE
      PULSE as shown in FIG. 13 to preset the distributor 1200 by enabling the
      gate 1211, the distributor 1200 being preset to 1 from 0 to generate the
      signal DIST 1. The signal DIST 1 enables the distributor gates to transfer
      the first eight bits from the deskew register 1004 to bits 16 through 23
      of the accumulator 1008. The pulse RESET DESKEW as shown in FIG. 13 occurs
      subsequently to reset the deskew register 1004 and receive the next
      character comprising eight bits plus a ninth parity bit.
PAR  The signal DIST 2 causes the next character to be loaded into the bits 8
      through 15 of the accumulator 1008. This cycle is repeated until the last
      character is loaded into the bits 0 through 7 of the accumulator.
PAR  After three characters are loaded (during the pulse GATE PULSE), the
      signals DIST 3 and READ CLK enable the gates 1222 and 1224 to generate the
      signal PA2 LOAD DEV for notifying the buffer TDB to cause the signal LOAD
      PA to be generated in the buffer TDB for enabling gates to load all 24
      bits from the accumulator 1008 to the ticketing device buffer register,
      the buffer TDB then generating a READY INTERRUPT for the central processor
      CCP to indicate a word is available. The deskew register is then reset and
      the signals CLOCK 4 and DIST 3 enables the gate 1226 to cause the gate
      1206 to generate the signal RST ACCUM via the gates 1228 and 1231 for
      resetting the accumulator, for preparing for the next word. The
      distributor 1200 does not return to 0 between characters due to the signal
      DIST 3 preventing the flip-flop 1233 from resetting to 0 and thus it
      remains at 1.
PAR  At the end of a data block, during the read operation the character CRCC
      (cyclic redundancy check character) is ignored, but the character LRC
      (longitudinal redundancy check character) causes the signal STAT BIT 19 to
      be generated, whereby the signal PA2 LOAD DEV is generated by the gate
      1224 and the gate 1242 for the buffer TDB after the signal GATE PULSE
      causes the loading of the LRC character into the accumulator, whereby the
      signal PA2 LOAD DEV causes the signal LOAD PA to gate the character LRC to
      the ticketing device buffer TDB.
PAR  When the signal CLOCK 4 is generated, the signal RST BIT 19 is generated by
      the gate 1244 to clear the status register, the signal -STATUS BIT 12
      being 0 during writing and being 1 during the reading operation. Such an
      operation is repeated for each data block.
PAL  Write Operation
PAR  Considering now the write mode of operation, the writing of information
      onto the magnetic tape may be performed for the purpose of preparing
      ticketing billing information or for dumping or removing programs from the
      system. The operation commences by receiving either an instruction 215
      indicating a six byte mode of operation or an instruction 216 indicating a
      three byte mode of operation. The receipt of such an instruction causes
      the gate 1117 to be enabled for the purpose of causing the gate 1115 to
      generate the signal -GEN RST for clearing the status register 1102 (the
      status register being designed to clear all of the latches previously set
      by the general reset signal -GEN RST except the latch being currently set
      -- in this case either the latch 215 or the latch 216). Thereafter, the
      interlock between the magnetic tape peripheral adaptor MPA and the buffer
      TDB is performed by the receipt of the signal PA DTL to set the latch ACKN
      for the purpose of generating the signal PA 2 ACKN for the buffer TDB.
      Thereafter, once the tape has come up to speed and the first word is
      received in the ticketing device buffer register, the signal SHIFT IN is
      generated by the gates 1043 for enabling a gate 1045 to advance the four
      word shift register 1014. The next word received in the ticketing device
      buffer register 1010 from the central processor CCP is written over the
      first word in that buffer since there is only capacity for a single word
      in the register 1010. After three words have been received, the gate 1509
      of the word counter and 1504 generates the signal WORD IN 3 to inhibit the
      gate 1705 for the purpose of inhibiting the signal -RST DTL from being
      generated by the gate 1703 and thus requesting additional words. Moreover,
      the signal WORD IN 3 inhibits the gates 1043.
PAR  After four words have been shifted into the four word shift register 1014
      and the ticketing device buffer register 1010 (three words being stored in
      the four word shift register 1014 and one word being stored in the buffer
      register 1010), the up-to-speed timer (not shown) of the magnetic tape
      electronic unit generates a signal WRT CLK IN to set a flip-flop 1524 upon
      the occurrence of the next PH2 signal. Gate 1526 is enabled by a directive
      from the central precessor CCP to set a latch of the status register for
      generating the signal STAT BIT 16, whereby a signal SHIFT OUT enables the
      gate 1045 for advancing the four word shift register 1014. In this regard,
      the status bit 16 latch of the status register is set in response to a
      signal SET DATA AVAIL (SET STAT BIT 16) generated by a gate 1528 in
      response to the signals PA DTL and PA 2 EN from the buffer TDB to enable
      gates 1531 and 1533, which in turn enable the gate 1528, the signal PA DTL
      being true since the latch for generating that signal in the ticketing
      device buffer TDB was not reset on the fourth word due to the inhibiting
      of the gate 1705 by the signal WORD IN 3. The WORD COUNTER OUT counter
      1502 is incremented by the signal -STAT BIT 16 for every signal STEP WORD
      OUT generated by the gate 1535 in response to the advancing of the
      allotter 1500 as driven by the signal ENABLED PH1.
PAR  At the beginning of the operation, the signal ENABLED PH1 advances the
      allotter 1500 from 0 to 1 to advance the WORD COUNTER OUT counter 1502 to
      1 and shift the first word from the device buffer register into the fourth
      stage of the four word shift register 1014.
PAR  At this point, it is now necessary to consider which byte mode of operation
      is occurring. Therefore, it will now be assumed that a three byte mode of
      operation has been requested by the central processor CCP. In this regard,
      for a three byte mode of operation, three sets of eight data bits are
      sequentially transferred from the fourth position comprising flip-flops
      1051 through 1075 of the four word shift register 1014 via the byte gates
      1018 to the NRZ1 register 1021. In the three byte mode of operation, the
      gates 1538 and 1539 generate the respective signals ALLOT 1 and ALLOT 5 in
      response to the allotter 1500 being set to 1 and the signal 3 BYTE
      enabling the gates 1543, 1544 and 1545 for the three byte mode of
      operation. The signals ALLOT 1 and ALLOT 5 enable certain ones of the byte
      gates 1018 to tranfer two 4-bit words at the same time from the 24 bits of
      the fourth position comprising flip-flops 1051 through 1075 of the four
      word shift register 1014 when the signal PH1 becomes true. The signal PH2
      causes the flip-flop to be set for the purpose of generating the signal
      -ENABLED PH2 for toggling the NRZ1 register 1021 by enabling the gates
      1072 and 1075. As a result, the NRZ1 register 1021 enables the write
      amplifiers 1023 associated with the two 4-bit words and thus to activate
      the corresponding write heads so that one byte of information is written
      onto the tape.
PAR  The signal PH1 thereafter increments the allotter 1500 from 1 to a count of
      2, whereby the signals ALLOT 2 and ALLOT 7 are generated simultaneously by
      the corresponding gates 1551 and 1553. Thereafter, the signal PH2 causes
      the writing of the second character comprising eight bits to be written on
      the tape in the same manner as described above in connection with the
      first 8-bit character. Thereafter, the cycle is then repeated for the
      third character. The third character is transferred onto the tape when the
      gates 1555 and 1557 generate the respective signals ALLOT 3 and ALLOT 9.
      The signal ALLOT 3 prevents the advancing of the allotter 1500 to a count
      of 0 so that the condition of the allotter returns to a count of 1. The
      signal ALLOT 3 also causes the generation of the signal STEP WORD OUT via
      the gate 1535 in response to the gates 1561 and 1563, whereby the signal
      STEP WORD OUT enables the gate 1526 to generate the signal SHIFT OUT for
      advancing the word contained in the third position of the four word shift
      register 1014 to the fourth position, and the signal STEP WORD OUT
      advances the WORD COUNTER OUT counter 1502. Thereafter, the cycle is
      repeated for the following words contained in the four word shift
      register.
PAR  Assuming now that the six byte mode of operation has been instructed by the
      central processor CCP, a signal -STAT BIT 8 generated by the status
      register in response to an appropriate directive to determine the type of
      decode for the allotter 1500 for generating the signal ENAB FILL BITS,
      which in turn enables four gates 1080 through 1083 for causing the
      generation of data signals one for four bits to serve as a fill. The four
      bits are the most significant bits of the eight bits being written on the
      tape. The remainder of the operation is similar to the operation for the
      three byte mode, except that six 4-bits are written onto the tape with
      four fill ones and four data bits for each position. Therefore, the 8-bit
      data characters are written on the tape six different times. As described
      previously, the six byte mode of operation is desirable for ticketing
      purposes, and the three byte mode of operation is normally used for
      program transfer operations due to the faster operation.
PAR  Considering now the null character operation, the signal LAST WORD
      generated by the flip-flop 1571 of the WORD COUNTER OUT counter 1502
      enables the gate 1722 for causing the gate 1724 of the gate 1703 to
      generate the signal PA2 SET READY for the ticketing device buffer TDB.
      Moreover, the signal LAST WORD causes the resetting of the flip-flops 1051
      through 1075 of the four stop position of the four word shift register
      1014. Should the ticketing device buffer not send another word and the
      signal -STAT BIT 16 is cleared at the same time, no signal -DTL is
      returned from the buffer TDB due to the lack of a word being available as
      a result of a malfunction or any other reason, whereby the signal ENAB
      FILL BITS is inhibited during the six byte mode of operation. As a result,
      all zeros are written onto the tape since the four fill bits are
      inhibited. These all zeros or null characters are interpreted as being
      non-credible information. During a three byte mode of operation, the fill
      bits are not employed and therefore all zeros are written onto the tape
      without the necessity of having to inhibit any signals.
PAR  Referring now to FIG. 18, there is shown the check character timer 1800 for
      monitoring the check characters following a data block. A signal -ENAB WRT
      MODE enables a pair of gates 1802 and 1804 for generating a signal COUNTER
      RST for starting a counter 1806 of the timer 18 (the counter 1806 serving
      as a timer). The signal COUNTER RST is generated in response to a
      directive and starts the counter following a data block of information so
      that when it reaches a count of 7, it generates a signal COUNT 7
      corresponding to the CRC character position on the tape. In this regard,
      the CRC character is written into the fourth position, since the count of
      7 includes both track positions and non-track positions on the tape. When
      the counter timer 1806 reaches the count of 15 to generate the signal
      COUNT 15, the LRC character is written into the eighth position on the
      tape.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a communication switching system having a switching network for
      establishing communication paths selectively between calling and called
      lines, common equipment having memory means adapted for containing program
      information for facilitating the controlling of the establishment of the
      paths, scanning means for monitoring busy paths for ticketing purposes,
      the common equipment for generating ticketing information in response to
      said scanning means and for storing it in said memory means, a data
      retrieval and loading arrangement comprising:
PA1  information storage means adapted to be operatively coupled to the system
      for transferring the ticketing information from said memory means and for
      storing said ticketing information therein, and said information storage
      means further adapted for selectively transferring the program information
      from said memory means and for storing said program information therein;
PA1  adapter means responsive to the common equipment for conveying said
      ticketing information and said program information to said storage means
      for storage therein; and
PA1  status means responsive to directive information from the common equipment
      for controlling said adapter means to transfer to said information storage
      means either said ticketing information or said program information.
NUM  2.
PAR  2. A data retrieval and loading arrangement according to claim 1, wherein
      said adapter means conveys new program information from said information
      storage means to the common equipment for storage in said memory means
      under the control of said status means.
NUM  3.
PAR  3. A data retrieval and loading arrangement according to claim 2, wherein
      said information storage means includes a magnetic tape recording device.
NUM  4.
PAR  4. A data retrieval and loading arrangement according to claim 3, further
      including a write shift register used for transferring information to said
      recording device.
NUM  5.
PAR  5. A data retrieval and loading arrangement according to claim 4, further
      including a device buffer register for storing information and for
      transferring it one word at a time to said four word shift register.
NUM  6.
PAR  6. A data retrieval and loading arrangement according to claim 5, further
      including a read register for transferring information one word at a time
      from said recording device to said device buffer register for storage in
      said memory means.
NUM  7.
PAR  7. A data retrieval and loading arrangement according to claim 6, further
      including a deskew register for storing information from said recording
      device and for transferring it to said read register.
NUM  8.
PAR  8. A data retrieval and loading arrangement according to claim 7, wherein
      said recording device includes information storing magnetic tape and read
      and write heads therefor.
NUM  9.
PAR  9. A data retrieval and loading arrangement according to claim 4, wherein
      said write shift register prepares one word of information at a time for
      transfer to said recording device, further including byte gates for
      transferring portions of the words seriatim to said recording device.
NUM  10.
PAR  10. A data retrieval and loading arrangement according to claim 9, further
      including a byte allotter for controlling said byte gates so that either N
      number of portions of the words for ticketing information transfer or M
      number of portions of the words for program information transfer are
      conveyed seriatim from said write shift register.
NUM  11.
PAR  11. A data retrieval and loading arrangement according to claim 10, wherein
      said M number is 3 and said N number is 6.
NUM  12.
PAR  12. A data retrieval and loading arrangement according to claim 11, further
      including means for generating fill bits of information to be combined
      with said portions of said ticketing information.
NUM  13.
PAR  13. A data retrieval and loading arrangement according to claim 11, further
      including a non-return to zero change at one register for receiving
      information from said byte gates and for transferring it to said recording
      device.
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ABST
PAL  A stereophonic headset with an enclosed, ear to ear acoustical passageway
      is provided so that each of the wearer's and listener's ears can hear the
      output of both headset stereophonic speakers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to stereophonic headsets with an ear to ear
      acoustical passageway.
PAR  In the prior art, an old device was devised wherein a pair of spring
      connected ear pieces with no electrical activity were provided with a
      flexible tube running between the two ear pieces. The device was intended
      to be used by abutting one ear piece against a telephone receiver whereby
      extraneous sounds other than from the telephone receiver were shut out and
      the sounds were transmitted to the abutting ear piece and from the
      abutting ear piece to the other ear piece by means of the flexible tube.
      However, in this old device, the ear pieces had no electrical activity of
      any kind, to say nothing of not having stereophonic speakers as in the
      instant invention. Also, instead of having a substantially large
      acoustical passageway between the wearers' ears as the instant invention
      does, the passive ear piece merely used a relatively small diameter
      flexible tube.
PAR  Headsets have also been used wherein a tube connected both earphones and
      also passed in front of the wearer's mouth. The tube had a sound entrance
      opening in the tube in front of the wearer's mouth and the purpose of the
      tube is to convey sounds from the wearer's mouth to the wearer's ears so
      the wearer of the headset can hear himself talk.
PAR  The headset was not a stereophonic headset and instead of having a large
      acoustical passageway between the headset wearer's stereophonic speakers
      and ears a relatively small diameter tube with a mouth sound entrance
      opening was used. The purpose of the headset and tube was not to listen to
      stereophonic sounds, the purpose of the tube being merely to convey the
      wearer's speech to the wearer's ears.
PAR  To more fully appreciate the addition of this invention to the arts a brief
      discussion of stereophonic sound and this invention follows.
PAR  Stereophonic headsets existing today are alike in one important aspect. All
      transduce the electric signal from the left channel of a stereophonic
      sound recording or radio source to the left ear only, and the right
      channel to the right ear only, in the form of compressional sound waves.
      Although there is a pronounced stereo effect to the listener, that is,
      different sounds seem to come from different directions, the sound
      received by the listener is still not as realistic, when compared with the
      sound from a "live" program, as is possible with my invention.
PAR  An examination of how sound from a live program is received at the ears of
      a listener will make apparent the reason for the lack of realism in the
      prior apparatuses mentioned above. This invention overcomes the lack of
      realism and more closely approximates the effect of "live" sound at the
      ears of the listener. Upon hearing directional sound, that is, sound which
      is radiated from different distinct sources, the human brain "uses" three
      components of the sound received to deduce direction, distance and spatial
      quality. Those three components are (1) intensity differences between the
      sound at the two ears, (2) the phase difference of the sound wave compared
      between the two ears (the difference in time of arrival of a sound wave
      between the two ears) and (3) reflection-reverberation patterns due to the
      boundaries of the listening environment (all of which is familiar to those
      skilled in acoustic arts). As an example of a phase shift, at a frequency
      in the middle of the audible range, about 1,000 Hz, the wavelength of
      sound is about 13.5 inches. If a sound at this frequency arrives at a
      listener from directly in front of him, the wave arrives at both ears at
      the same time, in the same phase and with the same intensity, since the
      wave has traversed an equal distance to each ear. But if the wave
      originates from a direction 45.degree. to the left of center, the wave
      will arrive at the left ear first, and after a slight bend around the
      head, it arrives at the right ear about one-half a wavelength later than
      the left ear, and therefore out of phase compared to the left ear. Due to
      the direct obstruction of the head in the wave front, the wave must spread
      around the head, causing both the phase lag and an intensity drop between
      the ears of the listener. At lower and higher frequencies, the same event
      occurs, but the phase lag and intensity drop for low frequencies are
      lessened due to the nature of the longer wavelength. At higher
      frequencies, the phase lag between the ears may be several frequency
      periods and the intensity drop quite considerable, due to the nature of
      the shorter wavelengths. In addition, the reflection of the sound off the
      walls or boundaries of the environment presents both ears of the listener
      with an additional complex and delayed system of waves in terms of
      intensity and phase relations. Due to the sensitivity of the ears and the
      capability of the brain, the listener deduces the intensity and phase
      differences of the initial transient sound waves in combination with
      reflection and reverberation to form an accurate mental cognition of the
      direction, distance and spatial quality of actual live sound.
PAR  It is obvious that all prior stereophonic headsets, due to the restriction
      of directing all the transduced sound from one sound radiator to one ear
      only, and all the sound from the other sound radiator to the other ear
      only, cannot simulate for the ears of the listener the quality of live,
      spatial sound, because the phase differences and reflection-reverberation
      patterns that are necessary are not present.
PAR  In contrast to prior headsets, my headset incorporates an acoustical
      passageway around the head, which allows the sound waves produced at one
      sound radiator to be heard not only by the ear adjacent to that sound
      radiator, but also by the other ear. For example, sound produced by the
      left sound radiator is first heard as a direct transient wave by the left
      ear. A portion of that sound wave also travels through the acoustical
      passageway in the headset around the head to the right ear, where it is
      heard comparatively out of phase and decreased in intensity. Sound from
      the right radiator, in a similar manner, is heard directly by the right
      ear, then by the left ear comparatively out of phase and decreased in
      intensity. Finally both ears hear sound that has been reflected randomly
      within the air space as reverberant sound. Therefore, a stereophonic
      program heard through the instant headset includes all three basic
      components necessary for distinguishing direction, distance and spatial
      quality as discussed previously, namely, intensity differences, phase
      differences, and reflection-reverberation patterns. Because of this, the
      listener hears sound from stereophonic recordings or stereophonic radio
      that more closely approximates the sound that would be heard listening to
      a live performance. This added realism adds much to the enjoyment of
      listening to stereophonic programs through the instant headset.
PAR  Thus, a problem solved by this invention is that the user experiences
      audiably a more realistic and, therefore, a more enjoyable stereophonic
      program than available to him with previous headsets.
PAC  SUMMARY OF THE INVENTION
PAR  A stereophonic headset with an enclosed, ear to ear acoustic passageway is
      provided so that each of the wearer's ears can hear the output of both
      headset stereophonic speakers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a stereophonic headset on a wearer's and
      listener's head;
PAR  FIG. 2 is a front elevational view of the stereophonic headset;
PAR  FIG. 3 is a rear elevational view of the stereophonic headset;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a partial side view, looking from the inside, of one side of the
      stereophonic headset.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in greater detail to the drawings, a stereophonic headset 2 is
      shown. The stereophonic headset 2 has a headset member 3 comprised of a
      head member 4, a first acoustical passageway member 6 mounted to the head
      member 4 and a second acoustical passageway member 8 mounted to the first
      acoustical passageway member 6. The first acoustical passageway member 6
      is mounted continuously on the inside of the head member 4 adjacent the
      head member 4 rim. The head member 4 is shaped to fit a wearer's head 12.
      The first acoustical passageway member 6 is made of a resilient material
      and adapted to continuously contact the wearer's head 12 when on the
      wearer's head 12. The second acoustical passageway member 8 is somewhat
      rigid but also somewhat flexible. As can be seen from the drawings, the
      head member 4, first acoustical passageway member 6 and second acoustical
      passageway member 8 combine to form an enclosed, ear to ear acoustical
      passageway 9. The acoustical passageway 9 is adapted to pass sound from
      each of the headset 2 wearer's ears to the other ear. The head member 4,
      first acoustical passageway member 6, and second acoustical passageway
      member 8 are preferably made of a substantially soundproof material and
      generally speaking the more soundproof they are, the better.
PAR  A right stereophonic speaker 20 is mounted in the head member 4 in the head
      member right portion 22 adjacent the wearer's right ear. A left
      stereophonic speaker 16 is mounted in the head member left portion 18
      adjacent the wearer's left ear. The right stereophonic speaker 20 is
      adjacent the right termination of the acoustical passageway 9 and the left
      stereophonic speaker 16 is adjacent the left termination of the ear to ear
      acoustical passageway 9. A first wire screen 24 is mounted to the head
      member 4 to protect the right stereophonic speaker 20 and a second wire
      screen (not shown) is mounted to the head member 4 to protect the left
      stereophonic speaker 16. A first wire 26 connects the left stereophonic
      speaker 16 to the stereophonic audio signal input apparatus (not shown). A
      second wire 28 is shown that connects the right stereophonic speaker 20
      and left stereophonic speaker 16 to the stereophonic audio signal input
      apparatus.
PAR  Now it can be seen that when the stereophonic headset is on the wearer's
      and listener's head 12 the audio signal input from the stereophonic
      apparatus goes to the right stereophonic speaker 20 and left stereophonic
      speaker 16. Because of the enclosed, ear to ear acoustical passageway 9
      built into the stereophonic headset 2 the sound output from the right
      stereophonic speaker 20 can go to the wearer's left ear as well as the
      wearer's right ear and the sound output from the wearer's left
      stereophonic speaker 16 can go to the wearer's right ear as well as the
      wearer's left ear. Thus both of the wearer's ears can hear the output of
      both stereophonic speakers 16 and 20 for the purposes as set forth for
      increased stereophonic listening enjoyment of the headset 2 wearer and
      listener.
PAR  The invention in its broader aspects is not limited to the specific
      manufacture shown and described but departure may be made therefrom within
      the scope of the accompanying claims without departing from the spirit of
      the invention and without sacrificing its chief advantages.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sound reproducing headset comprising:
PA1  a. a first and second earphone respectively adapted to produce sound from
      electrical signals, means supporting said earphones in generally opposed
      positions on the head of a listener and respectively in the vicinity of
      each of the listener's ears, and
PA1  b. means forming an enclosed, acoustical passageway having openings only
      adjacent said respective ears, said earphones being directed into said
      passageway in the respective vicinity of said passageway openings,
PA1  c. whereby the sound from said respective earphones intermixes in said
      passageway.
NUM  2.
PAR  2. The headset as set forth in claim 1 including:
PA1  a. insulation carried by said supporting means and cooperating therewith
      for blocking the entrance to said listener's ears of sound originating
      exteriorly of said headset.
NUM  3.
PAR  3. The headset as set forth in claim 1 wherein:
PA1  a. said passageway is smoothly curved between said passageway openings.
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ABST
PAL  A subscribers telephone circuit that includes automatic muting of signals
      reproduced by a transducer contained within the subset, each time the
      telephone's handset is removed from its cradle. The circuit employs
      electronic techniques to eliminate the need for additional contacts on the
      hook switch to provide the necessary muting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention
PAR  The present invention is drawn to a telephone subscriber's subset and more
      particularly to the muting of signals in subscriber's subsets that utilize
      electronic tones. Such units involve audio amplifiers and speakers to
      replace the conventional electromechanical ringers usually found in
      subscriber's telephones.
PAR  2. Description of the Prior Art
PAR  With the advent of extensive use of electronic circuitry in the field of
      telephony, it has become common to utilize the receiver in telephone sets
      to reproduce incoming ringing signals as well as to perform the usual
      speech translating function. In such sets the receiver functions as a
      signaling reproducer while located on the hook switch. Obviously under
      certain conditions particularly that wherein the telephone is of a
      multi-line or key telephone type and connected to a plurality of lines, it
      is conceivable that a subscriber while utilizing the telephone to converse
      over one line might receive an incoming signal over another line with a
      resulting acoustic disturbance caused by the application of the incoming
      ringing signal to the receiver. Such an arrangement at best is highly
      unsatisfactory.
PAR  In other telephone substations a separate receiver transducer is utilized
      to reproduce incoming ringing signals, from that used to reproduce voice
      signals. However even in this situation incoming ringing signals may be
      disturbing to the subscriber utilizing the subset. Thus it is obvious that
      the problem of muting incoming ringing signals while a phone is being used
      is well known particularly in key telephone systems. A key telephone
      system as noted will often have the appearance of a number of lines and
      several of these lines may be connected to ring at the same telephone. It
      obviously then is an annoyance for the telephone to ring at full volume
      while the call is in progress. In the past, electromechanical ringers did
      not lend themselves to automatic off-hook muting. With the introduction of
      tone signaling and electronic amplifiers as the transmitters of this
      signaling, automatic off-hook muting becomes a practical feature to
      include in the key telephone.
PAR  Early attempts to solve the problem described above include that found in
      U.S. Pat. No. 2,972,021, to Bryant et al, which employed a complete
      redesign of the hook switch contacts and linkages. In this arrangement
      muting is performed by switching the signaling device in and out with
      dedicated hook switch contacts. Obviously in a situation such as this
      field conversion is not practical and special telephone instruments would
      have to be employed to provide the necessary muting.
PAR  Another approach to solve the same problem is shown in British Pat. No.
      1,178,695, to Crooks et al, which utilizes a switching contact solely for
      muting but activation of this contact requires magnetic components mounted
      in the telephone handset. Again in this situation a special telephone is
      required with the utilization of unmodified key telephone sets being out
      of the question.
PAR  More recently the Western Electric 7A Key System has provided for signal
      muting by installing additional contacts on the telephone hook switch and
      adding a resistor in series with the amplifier speaker. When the telephone
      is not in use the extra hook switch contacts short the resistor and permit
      the entire audio output signals to reach the speaker. During a telephone
      conversation the resistance is included in the output circuit and some of
      the output signal is dissipated as heat in the resistor. This solution,
      while effective, requires new contacts on the hook switch. Again the
      additional contact requires a modification to the telephones basic
      construction and cannot be considered as a reasonable approach when
      electronic ringing is to be added to telephones already located in the
      field.
PAR  Accordingly it is the object of the present invention to provide a simple
      muting circuit which is able to sense an off-hook condition with one of
      the normal hook switch contacts already existing in standard key
      telephones. The present invention when added to an audio amplifier permits
      standard key telephones to be adapted for electronic ringing with
      automatic off-hook muting without modification to the telephones hook
      switch arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is intended primarily for inclusion in key telephones
      associated with key telephone switching systems which incorporate
      electronic ringing signals. In such telephones incoming ringing signals
      are reproduced by a signaling transducer that is similar to the receiver
      capsule normally included in the handset. Incoming signals are amplified
      by a conventional audio amplifier before application to the signaling
      transducer.
PAR  In the present invention a circuit is provided to mute the incoming signal
      at the input of the audio amplifier. In the present arrangement tone
      ringing signals are biased with a negative direct current voltage so no
      portion of the audio signal is ever more positive than -.6 volts or more
      negative than -24.6 volts. The input signal is applied to a voltage
      divider network consisting of two resistors and a diode in series. The
      output of this voltage divider drives the audio amplifier's input
      transistor. The third node of the voltage divider connects to the cathode
      of the diode and the diode's anode is connected to the "A" lead contact of
      the subscriber's telephone hook switch array. This "A" lead is normally
      opened completing a circuit to ground when the handset is removed from its
      cradle. This action when used with an associated key system operates the
      "A" relay of the key system line card which of course is located external
      to the telephone subset.
PAR  When the hook switch contact operates, the biased input signal passes
      through the voltage divider to ground. The diode is now forward biased
      into its linear region, and the audio signal is linearly reduced. When the
      contact is open, the diode prevents the line card's "A" relay from
      operating on any ground current passing through the voltage divider to a
      ground in the audio amplifier or signal source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single sheet of drawings appended hereto is a schematic circuit diagram
      of that portion of a telephone subscribers subset involved in reproducing
      electronically, ringing signals with the inclusion of a muting circuit
      therefor in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the accompanying drawing a portion of a subscribers
      telephone is shown in schematic circuit form. Only those portions involved
      in providing reproduction electronically of ringing signals are shown as
      well as the muting circuitry therefor. It however should be noted that in
      addition to ringing signals certain key telephone systems provide a
      facility for voice paging, with such paging being performed over the same
      circuitry as is normally employed for ringing signals. Accordingly the
      present invention also provides for muting of voice paging signals as well
      as incoming ringing signals.
PAR  Included in the telephone subset in accordance with the present invention
      is a terminal T1 connected to a source of incoming ringing signals and/or
      voice paging signals. Terminal T1 is connected through a level adjusting
      potentiometer R1 to the input of muting circuit M1. The output of muting
      circuit M1 is taken through capacitor C1 and applied to amplifier A1 which
      performs in the usual manner to amplify incoming signals which are coupled
      through capacitor C2 to an electro-acoustic transducer LS1. This
      transducer may be a unit similar to that employed as a receiver in a
      traditional handset or might assume the form of a small loud speaker or
      similar device. A pair of make contacts on the hook switch designated HS1,
      provide a connection when the hook switch is operated (off-hook) for
      connecting ground to the muting circuit M1. Also connected to the hook
      switch and the muting circuit is a relay K1 which is included on the line
      card of an associated key system.
PAR  As may be noted relay K1 is connected to a source of negative potential. If
      the present telephone were not employed in a key system relay K1 obviously
      would not be present and instead the muting circuit M1 and hook switch HS1
      would be connected in common to a source of negative potential through a
      resistor whose value would be approximately equal to or greater than the
      DC resistance of relay K1.
PAR  The muting circuit M1 consists of two resistors, R2 and R3 and diode CR1.
      The ohmic values of resistors R2 and R3 are picked to provide desired
      signal reduction during muting. Resistor R2 should be selected to be
      several times less than the amplifiers input resistance. In a practical
      embodiment of the present invention the input resistance of amplifier A1
      was 10,000 ohms. Accordingly a value of 1,000 ohms was selected for
      resistor R2 and 100 for resistor R3. If the value of resistor R2 is too
      large, the nonmuted volume of the total amplifier system including volume
      control R1, muting circuit M1, and audio amplifier A1 would be reduced.
      Diode CR1 blocks operation of relay K1 when the hook switch is not
      operated to provide ground potential.
PAR  When the hook switch is operated and ground potential is available through
      the hook switch contacts, diode CR1 will be forward biased to a resistance
      less than 10 ohms. This occurs because the input signal is never less than
      the voltage required to forward bias diode CR1. Input signals are thus
      shunted to ground, with approximately one-tenth of the original signal
      being available to audio amplifier A1, if the values noted above are
      employed for resistances R2 and R3. Accordingly the output from amplifier
      A1 is proportionately lower.
PAR  When ground potential is not available, i.e., hook switch HS1 contacts are
      open, and since input signals are never more than a negative -24.6 volts,
      diode CR1 is reverse biased to a value of several hundred megohms. This
      effectively opens the voltage divider ground and permits almost all the
      input signals to reach amplifier A1. The high resistance exhibited by
      diode CR1 also prevents current from passing through to the coil of relay
      K1 to energize it. In this manner relay K1 would release as it should,
      when the handset is returned to the hook switch.
PAR  While but a single embodiment of the present invention has been disclosed
      it would be obvious to those skilled in the art that numerous
      modifications may be made without departing from the scope of the present
      invention which shall be limited only by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone subscriber subset including: a transducer; a hook switch
      connected to a source of biasing potential; an input terminal connected to
      a source of audio signals; and a muting circuit connected between said
      terminal and said transducer initially operated to couple audio signals
      from said terminal to said transducer at substantially the same level as
      received at said terminal; said muting circuit further including a circuit
      connection to said hook switch wherein biasing potential is conducted to
      said muting circuit in response to an off-hook condition of said hook
      switch so that the level of said audio signals conducted from said
      terminal to said transducer is reduced.
NUM  2.
PAR  2. A telephone subscriber subset as claimed in claim 1 wherein: said muting
      circuit comprises a voltage divider connected between said input terminal
      and said hook switch and including an output to said transducer.
NUM  3.
PAR  3. A telephone subscriber subset as claimed in claim 2 wherein: said
      voltage divider comprises first and second resistors connected in series
      said first resistor also connected to said input terminal and said second
      resistor also connected to said hook switch, said transducer connected to
      the junction between said first and second resistors.
NUM  4.
PAR  4. A telephone subscriber subset as claimed in claim 3 wherein: said muting
      circuit further includes a diode connected between said second resistor
      and said hook switch.
NUM  5.
PAR  5. A telephone subscriber subset as claimed in claim 1 wherein: there is
      further connected a second source of biasing potential connected to said
      muting circuit.
NUM  6.
PAR  6. A telephone subscriber subset as claimed in claim 1 wherein: there is
      further included an amplifier connected between said muting circuit and
      said transducer.
NUM  7.
PAR  7. A telephone subscriber subset as claimed in claim 1 wherein: there is
      further included level control means connected between said input terminal
      and said muting circuit.
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PAL  An electromagnetic transducer in which a first set of magnetic poles
      confronts but is offset from a second set of magnetic poles across a space
      containing a diaphragm parallel to the planes containing the faces of the
      sets of poles. Conductors affixed to the diaphragm traverse the zones of
      flux between the two sets of poles and the current is so directed in the
      conductors that forces on them sum to move the diaphragm in the directions
      perpendicular to the planes of the pole faces. The magnetic poles may
      consist of magnetised ferrite material between which poles in each set
      ferrite material is absent. The ferrite material may be provided in sheets
      of plastic bonded ferrite material. A second transducer unit may be
      combined with the first to provide two or more diaphragms operating in
      cascade. Coupling between the diaphragm and the wave propagating
      environment or between the two diaphragms is effected through the spaces
      between the poles in the respective sets.
BSUM
PAR  The present invention relates to the field of electromagnetic transducers
      and, in particular, relates to a planar electromagnetic transducer useful
      as a microphone or loudspeaker.
PAR  In the present application there is disclosed a new and improved form of
      electromagnetic transducer utilizing a permanent magnetic exciting field
      with conductors mounted on a diaphragm and positioned in the magnetic
      field so that electric current passing through the conductors causes
      motion of the diaphragm and the generation of acoustic waves which are the
      mechanical analogue of the electrical current flowing through the
      conductors. The reciprocal situation also applies in that motion caused in
      the diaphragm by incident acoustic waves will generate an analogue e.m.f.
      at the ends of the conductor.
PAR  Also disclosed in this application is an arrangement for providing a
      magnetic field adjacent to the conductor on the diaphragm which is
      intense, relatively uniform and which includes an assembly of permanently
      magnetic material, preferably, ferrite anisotropic and provided in a
      sheet, and magnetized on one face in a regular pattern of poles of one
      polarity. Such a sheet is spaced with one face a chosen small distance
      from the face of an equivalent similar sheet having poles of the opposite
      polarity with the diaphragm interposed between the two sheets. The sets of
      magnetic poles present on the confronting faces of these sheets are
      staggered from one another, magnetic material between the adjacent poles
      is preferably absent. The material may be of sheets which have been
      magnetized with a regularly alternating pattern of north and south poles
      and in which the unwanted alternate poles have been excised. The magnetic
      field leaving each set of single polarity poles passes diagonally across
      the space between the two sheets and intercepts conductors on the
      diaphragm. In one embodiment of the invention two diaphragm containing
      spaces are provided in a back-to-back arrangement so that movements in the
      diaphragms for a given input are in the same direction and increase the
      coupling efficiency to the environmental wave propagating medium. In
      another embodiment the two diaphragms are mounted in cascade by arranging
      three sheets or sets of ferrite material with one diaphragm in the space
      between the first and second sheet, and a second diaphragm in the space
      between the second and third sheet. Slots are pierced in the material
      between the wanted poles to allow acoustic coupling between the diaphragms
      and the environment and between the two diaphragms respectively. In
      following the teaching of the invention, transducers can be made with a
      wide range of electrical impedance, low self capacitance, low inductance
      and hence, constant electrical impedance. The pattern of the conductors on
      the diaphragm can be chosen to approximate any impedance or drive pattern
      desired of the diaphragm, the directivity of the device can be maniuplated
      by phasing the conductor arrays across the diaphragm and by alteration of
      conductor and drive current density. The arrangement may be made water
      immersible and can be assembled with accuracy. In accordance with yet
      another embodiment of the invention the diaphragm can be driven in such a
      way that it is always pushed by the conductors mounted on it, so that
      danger of tearing of the conductors from the diaphragm is substantially
      reduced.
PAR  More particularly in accordance with the invention there is provided
      electromechanical transducer apparatus which comprises, permanent magnet
      field generating means comprising a first assembly of permanently magnetic
      material displaying a pattern of magnetic poles solely of one polarity, a
      second assembly of permanently magnetic material spaced from the first
      assembly and displaying a second pattern corresponding to the first
      pattern of poles solely of opposite polarity to that of the first pattern,
      and means orienting said assemblies relatively to one another whereby a
      flux pattern is set up between the first and second patterns of poles
      across the space separating the two assemblies consisting of a pattern of
      similarly directed but alternately inclined field zones, an electrically
      insulating diaphragm in said space, conductors on said diaphragm, each
      conductor extending substantially across a respective field zone, and
      means connecting the ends of said conductors into a circuit in the sense
      that forces on said conductors reinforce in a chosen direction transverse
      to the diaphragm to move the diaphragm when current flow is in one
      direction in said circuit and forces on the conductors reinforce to move
      the diaphragm in the opposite direction when current flow in the circuit
      is in the opposite direction. The permanent magnetic is preferably ferrite
      anisotropic material and in sheets and with the ferrite material removed
      or absent between the material which forms the poles. The sheet material
      may consist of alternately magnetized material in which the alternate
      magnets have been excised from the sheet. It is preferable that the
      ferrite material be magnetized after working on it, but initially
      magnetized material can be used. Two or more diaphragms may be arranged in
      cascade by mounting a second permanent magnetic field generating means
      below the first, the two diaphragms being electrically coupled to be
      driven in the same direction simultaneously with acoustic coupling between
      the two diaphragms. The conductors may be subdivided so that the
      subdivisions may be electrically connected together to provide for a
      chosen electrical impedance for the unit.
DRWD
PAR  Further advantages of the invention will be apparent from the description
      of specific embodiments which follows and where reference will be made to
      the accompanying drawings in which:
PAR  FIG. 1 is a simplified perspective view of an electrical conductor carrying
      current which induces an electric flux;
PAR  FIG. 2 illustrates the force and motion relationships involved in an
      electric conductor positioned in a magnetic field between a pair of
      opposite magnetic poles;
PAR  FIG. 3 illustrates a cross section through a pair of sheets of magnetic
      material and the field set up in the intervening space;
PAR  FIG. 4 illustrates the arrangement of FIG. 3 with a diaphragm and mounted
      conductors in the intervening space;
PAR  FIG. 5 illustrates a transducer construction embodying the invention;
PAR  FIG. 6 is a plan view of one of the components of FIG. 5;
PAR  FIG. 7 is a plan view of another typical component of FIG. 5;
PAR  FIG. 8 is a cross section through a diaphragm designed for push-push
      operation;
PAR  FIG. 9 is a cross sectional view of an embodiment of the invention with
      cascaded diaphragms; and
PAR  FIGS. 10 and 11 are two perspective views of some alternate shapes which
      the ferrite material may take.
DETD
PAR  When an electric current passes through a long straight wire 10 as in FIG.
      1, lines of magnetic flux are set up around the wire in the direction
      shown by the arrows 11, when the current I is flowing in the direction
      shown by the arrow 12.
PAR  When, as in FIG. 2, a wire 10 carrying a current I out of the paper
      (positive charge flow convention) is introduced into a magnetic field B
      between two magnetic poles, a force F is exerted on the wire in the
      direction of the arrow 13, by the interaction of the current and the
      magnetic field. The force always tends to move the wire perpendicular to
      the lines of magnetic force.
PAR  FIG. 3 illustrates an arrangement in which two rows 18 and 19 of magnets
      are arranged adjacent one another with a gap 20 between them. Assuming
      that the magnets extend for an appreciable distance above and below the
      plane of the paper, FIG. 3 represents a typical cross section. The flux
      pattern set up between the planes 21 and 22 of the faces of the rows 18
      and 19 is represented by alternately inclined bunches of lines of force 23
      and 24 between which exist areas of low field strength 25 and 26. If now a
      conductor is placed in the field represented by 23 and current is caused
      to flow as described for FIG. 2 an upwardly inclined force to the right
      will be exerted on that conductor. If a second conductor is placed in the
      field represented by 24 but with the current reversed to that in the first
      conductor there will be a force exerted on that conductor upwards and to
      the left. If the conductors are coupled together mechanically, the vectors
      representing the forces exerted on these two conductors will cancel in a
      direction parallel to the planes 21 and 22, but will reinforce in the
      perpendicular upward direction. Reversal of the currents will exert a
      resultant downward force on the conductors.
PAR  In FIG. 4 there is shown two sheets of ferrite material 27 and 28 between
      which is a diaphragm 20' and attached to which are a series of conductor
      strips 30 and 31, current being arranged to flow in the same direction
      with respect to the plane of the paper for the groups of conductors 30 and
      31 respectively, but the current in conductors 31 being opposite in
      direction to that in conductors 30. The conductor strips are of sufficient
      width they will at all times intercept essentially all of the magnetic
      flux passing through their respective zones 23' and 24' while still
      allowing for upwards and downwards excursions. The diaphragm provides
      mechanical coupling between the conductors and allows only up and down
      motion since the forces will reinforce in these directions and cancel in
      the plane of the diaphragm. The operation will be substantially linear,
      the force exerted on each conductor being proportional to the current in
      that conductor. The diaphragm 20' is coupled to the environment by
      penetrating the sheets 27 and 28 between the magnet areas at 40 and 41.
PAR  The structures of the sets of poles 18 and 19 or sheets 27 and 28
      illustrated in FIGS. 3 and 4 can make use of a material sold by the
      Dielectric Materials and Systems Division of 3M Company under the trade
      mark PLASTIFORM. PLASTIFORM magnetic sheet is available in two types,
      PLASTIFORM 1 and PLASTIFORM 1H, the second having the higher coercive
      force, and consists of a rubber bonded anisotropic barium ferrite powder.
      One form is magnetized in alternating parallel north and south polar
      strips running across its width typically at 8 poles per inch. If,
      therefore, a pair of such sheets is oriented as shown in FIG. 4, and the
      material carrying the second sets of alternate magnets at 40 and 41
      respectively is removed, the desired field pattern and coupling to the
      environment can be achieved simultaneously. Absence of the ferrite
      material at 40 and 41 serves to prevent self-demagnetisation and short
      circuiting of the flux path between the magnets on the respective sheets.
      PLASTIFORM material is also available in self-adhesive form and as
      unmagnetized sheets or in sheets with the whole of one face of a chosen
      magnetic polarity. With the unmagnetised sheets which is preferred
      magnetisation must be carried out after working on the sheets. Such
      post-magnetisation avoids the problem of incorrect magnetisation of the
      finished product due to encountering stray magnetising fields during
      processing. When the sheets 18 and 19 are first rigidly mounted on a
      backing it is possible to remove essentially all of the material
      corresponding to the strips 40 and 41, but otherwise it is practical and
      satisfactory to remove up to 90 percent of the material with a remainder
      of 10 percent for mechanical bridging purposes to ensure continued
      orientation of the remaining magnets.
PAR  In practice the diaphragm may be made of a suitable synthetic material,
      polyethylene being particularly cheap and satisfactory, but polyesters,
      for instance that sold under the trade mark MYLAR, or vinyl chloride
      polymer derivative such as that sold under the trade mark SARAN are also
      very useful. Preferably too the diaphragm is made of a heat shrinkable
      material so that when mounted in a suitable rigid mechanical frame some
      control can be exercised over the tension in the diaphragm.
PAR  A typical practical assembly is shown in FIG. 5 consisting of a rigid upper
      plate 50 of permeable ferrite material such as mild steel upon which is
      mounted a sheet of PLASTIFORM material 51, a peripheral gasket 52,
      diaphragm 53 mounted on a second gasket 54, a second sheet of PLASTIFORM
      material 55 and a base cup shaped support 56 of magnetically permeable
      material. The plate 50 and cup 56 complete the magnetic circuit between
      the magnets in sheets 51 and 55. Terminals 57 and 58 connect to the
      conductors on the diaphragm via bolts 59 through insulated bushings 60 in
      cup 56 and through sheet 55 and gasket 54.
PAR  The sheets 51 and 55 are adhered respectively to their supports 50 and 56
      (support 56 is illustrated in FIG. 6) so oriented that the magnetic
      pattern on the sheets 51 and 55 bears a chosen relationship to known index
      points on the mounts such as locating stud holes illustrated at 61 and 62.
      The plates are pierced in a pattern of holes 63 aligned with the strips 40
      or 41 (see FIG. 4) which are to be removed. The material is removed in
      strips adjacent to the holes 63 from the sheets 51 and 55 once they are
      properly oriented and adhered to their supports 50 and 56. Holes 64 in
      support 56 receive the terminal bushings 60. Similar holes to locating
      holes 61 and 62 may be made in the gasket 52 and 54 (properly related to
      the conductor pattern on the diaphragm which has been affixed to and if
      desired heat shrunk on its gasket) so that the assembly may be put
      together accurately and glued with a suitable permanent adhesive around
      the entire periphery of support 50, sheet 51, gasket 52, diaphragm 53 and
      gasket 54, sheet 55 and support 56. Finally, the magnetic circuit is
      closed by spinning the upper rim 59 of cup-shaped support 56 over the edge
      of plate 50. While the device would be operative without the permeable
      material 50 and 56 to complete the magnetic circuit through the ferrite 51
      and 55, since the stray field would do this, it is preferable that
      positive means be adopted for the completion to ensure a higher field in
      the diaphragm zone and less tendency to self-demagnetisation. The indexing
      and orienting of the means for making holes 63 and removing slotting or
      punching out the magnetic material where required from sheets 51 and 55
      will not be detailed here.
PAR  FIG. 7 shows one form which the conductor pattern may take on the
      diaphragm. In this instance the pattern consists of four parallel sets of
      paths of sub-conductors 67, each set of paths corresponding to a single
      conductor 30 and 31 of FIG. 4. The arrangement of FIG. 7 produces an
      impedance four times that which would be obtained if the four parallel
      paths (electrically in series at 65 and 66) were combined into a single
      path. Other combinations of paths are clearly possible, determined by the
      size of the transducer and the impedance desired at the terminals. Sets of
      paths may be connected electrically in parallel or series as may be
      necessary.
PAR  A particularly useful development of diaphragm structure is shown in FIG. 8
      where the diaphragm 70 has twin pairs of conductors 71 and 72 and 73 and
      74 alternating across the diaphragm. By electrically driving these
      conductors alternately on one side and the other of the diaphragm so that
      they exert force towards the diaphragm only, a push-push effect on the
      diaphragm is possible. This is desirable where high forces may be involved
      such as where the transducer may be operated in a liquid and tight
      coupling between the diaphragm and the wave propagating medium is
      involved. Structures in accordance with the invention are suitable for
      immersion in liquids, particularly water, since they can be entirely water
      inert and find applications in ultrasonics, sonar, and underwater
      communication, etc.
PAR  The directivity of the sound provided by units made in accordance with the
      invention or the microphonic directive properties can be varied by phasing
      the drive or pick up of the conductor array on the diaphragm. The size of
      the unit is for all practical purposes unlimited, and the pattern of
      conductors on the diaphragm can be chosen to suit the directive properties
      required.
PAR  Because alternate conductors carry current travelling in opposite
      directions, the distributed self-capacity is low. The net inductance of
      the conductors is also low since the fields produced by adjacent
      conductors are not additive for the same reason.
PAR  If desired, the magnetic field for the conductors can be produced by
      castings of ferrite material preferably anisotropic in which the easy axis
      of magnetization is perpendicular to the plane of the diaphragm. The
      pattern placed on such material can be chosen at will and material is
      absent between the areas for the desired poles. It will also be
      appreciated that if the ferrite or PLASTIFORM material is obtained without
      initial magnetization or alternatively if it is demagnetized by first
      cycling it in a high flux alternating field of diminishing intensity it
      may be remagnetized in any desired pattern. The choice of the hole pattern
      to be made in the ferite material is thus much wider than working with
      premagnetised material. Since the material is anisotropic the lines of
      force emanate from the surface of the material in the perpendicular
      direction and essentially all the field produced by the elemental magnets
      in the ferrite material is made available in the space beyond the surface
      of the materials. As mentioned before, it is desirable that the ferrite
      material be magnetised after working to avoid accidental demagnetisation
      during processing. It is not necessary that the magnetic material be
      provided in sheets although this is preferred the assemblies may consist
      of sets of discrete bar magnets laid out as in FIG. 3, and adhered to a
      suitable support. The cross section of the magnets is not critical and
      they may for instance be rectangular, circular, truncated, elliptical,
      etc. dependent upon the detailed field pattern one wishes to establish to
      achieve desired linear or other performance with a chosen conductor shape.
PAR  Alternatively, the material forming the sets of magnets apart from that
      hitherto described may take the form of extrusions where a variety of
      different pole shapes may be obtained. Examples are shown in FIGS. 10 and
      11. The web of material 101 and 111 respectively being thin has an
      insignificant magnetic function but serves positively to locate the magnet
      portions 100 and 110. Holes for acoustic coupling are pierced in the webs
      as required.
PAR  If a pair of transducers are arranged back-to-back or in a structure such
      as shown in FIG. 9, the diaphragms can be driven in phase with one another
      and the coupling to the environmental wave propagating medium
      correspondingly increased as shown by the theory. The arrangement of FIG.
      9 is in partly exploded and broken view for the sake of clarity, and only
      some of the perforations 80, 81 and 82 in the upper support plate 85, the
      middle support plate 86 and the lower support plate 87 respectively are
      depicted. It will be clear that if the central plate 86 is replaced by a
      rigid permanent magnet ferrite sheet then this single central sheet can
      provide the magnetic poles for the upper and lower diaphragms 90 and 91
      respectively so that the duplicate ferrite sheets 93 and 94 may be
      eliminated. Upper and lower sheets 95 and 96 may be replaced by rigid
      permanent magnet ferrite also.
PAR  Additional embodiments can include further cascaded diaphragms by mounting
      additional basic units on and above, or below the device of FIG. 9.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. Electromechanical transducer apparatus which comprises,
PA1  permanent magnet field generating means comprising a first assembly of
      permanently magnetic material displaying a sole pattern of magnetic poles
      solely of one polarity, a second assembly of permanently magnetic material
      spaced from the first assembly and displaying a second sole pattern
      corresponding to the first pattern of poles solely of opposite polarity to
      that of the first pattern, and means orienting said assemblies relatively
      to one another whereby a flux pattern is set up between the first and
      second patterns of poles across the space separating the two assemblies
      consisting of a pattern of similarly directed but alternately inclined
      field zones, said assemblies each comprising a sheet of ferrite material
      each displaying the respective magnetic pole pattern on one face thereof,
PA1  an electrically insulating diaphragm in said space,
PA1  conductors on said diaphragm, each conductor extending substantially across
      a respective field zone,
PA1  and means connecting the ends of said conductors into a circuit in the
      sense that forces on said conductors reinforce in a chosen direction
      transverse to the diaphragm to move the diaphragm when current flow is in
      one direction in said circuit, and forces on the conductors reinforce to
      move the diaphragm in the opposite direction when current flow in the
      circuit is in the opposite direction.
NUM  2.
PAR  2. Apparatus as defined in claim 1, said diaphragm being of heat shrinkable
      material.
NUM  3.
PAR  3. Apparatus as defined in claim 1, each conductor being sub-divided into
      at least two sub-conductors insulated from one another.
NUM  4.
PAR  4. Apparatus as defined in claim 1 the sheets being formed as sets of
      magnets having thin web portions between the magnets.
NUM  5.
PAR  5. Apparatus as defined in claim 1, said diaphragm comprising polyethylene,
      Mylar or Saran.
NUM  6.
PAR  6. Apparatus as defined in claim 1, said sheets comprising alternately
      magnetized plastic bonded ferrite material, alternate magnets in said
      sheets having been substantially removed each to provide a sheet having
      magnetic poles of the chosen polarity.
NUM  7.
PAR  7. Apparatus as defined in claim 1, comprising magnetically permeable means
      for closing the magnetic flux path through said field zones.
NUM  8.
PAR  8. Apparatus as defined in claim 1, said ferrite material being anisotropic
      with its easy axis of magnetisation perpendicular to the sheet.
NUM  9.
PAR  9. Apparatus as defined in claim 8 said anisotropic material being absent
      between the material forming said poles.
NUM  10.
PAR  10. Apparatus as defined in claim 1, comprising holes formed in said
      ferrite sheets for coupling of the diaphragm with a wave propagation
      environment.
NUM  11.
PAR  11. Apparatus as defined in claim 10, said permanently magnetic material
      being post-magnetised to produce the said patterns.
NUM  12.
PAR  12. Apparatus as defined in claim 1, comprising,
PA1  a second said diaphragm,
PA1  second permanent magnet field generating means for said second diaphragm,
      said second permanent magnetic field generating means comprising a third
      assembly of permanent magnetic material displaying a sole third pattern of
      magnetic poles of said opposite polarity, said second assembly of
      permanently magnetic material also displaying on a face a sole fourth
      pattern corresponding to the third pattern of poles of the first polarity,
PA1  and means orienting said third assembly with respect to said second
      assembly and spaced therefrom for setting up a flux pattern between the
      second and the third assemblies across the space separating them
      consisting of a further pattern of similarly directed but alternately
      inclined field zones,
PA1  conductors on said second diaphragm each extending substantially across a
      respective field zone,
PA1  means connecting the ends of said conductors on the second diaphragm in a
      second circuit in the sense so that forces on said conductors reinforce in
      a chosen direction transverse to the second diaphragm to move the second
      diaphragm when current flow is in one direction in said second circuit,
      and means connecting said first and second circuits so that current flow
      simultaneously produces movement of said first and second diaphragms in
      the same direction.
NUM  13.
PAR  13. Apparatus as defined in claim 12 said assemblies each comprising a
      sheet of anisotropic ferrite material each displaying the respective
      magnetic pole patterns on respective faces thereof.
NUM  14.
PAR  14. Apparatus as defined in claim 13, said sheets comprising alternately
      magnetized ferrite sheet material alternate poles having been excised from
      said sheets.
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PAL  A rotary switch of sliding contact type for use in a torque converter of an
      automotive vehicle comprises a base in the surface of which a plurality of
      stationary contact plates are molded, a cover plate for the base plate
      suitably secured to the latter with a space for movably enclosing a rotary
      contact arm between the cover plate and the base plate, and a rotatable
      shaft fixedly received in the hub of the rotary contact arm. The hub is
      rotatably held between edges of corresponding openings formed in the base
      plate and the cover plate, so that, upon rotation of the shaft, contacts
      of the rotary contact arm slide across the stationary contact plates and
      can be stopped at positions precisely corresponding to predetermined
      angles of rotation of the shaft.
BSUM
PAR  The invention relates to a rotary switch, and more particularly to a rotary
      switch of sliding contact type for use in a torque converter of an
      automotive vehicle.
PAR  According to a conventional rotary switch of the kind which comprises a
      base plate having a plurality of stationary contact plates provided on the
      surface thereof, and a rotary contact arm which has corresponding contact
      points and which is fixed to a rotatable shaft for sliding across the
      stationary contact plates so that the movable contacts of the rotary
      contact arm can be selectively stopped at positions corresponding to
      predetermined angles of rotation of the rotatable shaft, erroneous
      functions of the rotary switch tend to occur due to erroneous angles of
      attachment of the contact arm relative to the rotatable shaft or to
      looseness of fixing between the contact arm and the shaft.
PAR  Furthermore, the positions of the stationary contact plates, especially
      distances between the individual neighboring contact plates must be very
      accurate, requiring utmost care and much time in the manufacture of rotary
      switches of such types. Although the surface of the base plate must be
      ground after the insertion of the stationary contacts plates for obtaining
      a flat surface, it is rather difficult to check whether the stationary
      contact plates still have sufficient thickness for durability even after
      the grinding, which makes it difficult to decide immediately whether the
      finished base plate is acceptable or to be rejected as a faulty product.
PAR  Accordingly, an essential object of the present invention is to provide a
      rotary switch which is accurately functioning with substantial elimination
      of the disadvantages inherent in the conventional rotatary switches.
PAR  Another important object of the present invention is to provide a rotary
      switch of the above described type which is simple in construction and
      easy to manufacture.
PAR  A still further object of the present invention is to provide a rotary
      switch of the above described type which has durable stationary contacts
      with sufficient thickness for a prolonged life of the rotary switch.
PAR  According to a preferred embodiment of the present invention, the rotary
      switch comprises a sector shaped base plate of insulating material in the
      surface of which a plurality of stationary contact plates are molded, a
      cover plate of similar shape suitably secured to the base plate, providing
      a space therebetween for movably enclosing a rotary contact arm, and a
      rotatable shaft which is fixedly received in a hub of the rotary contact
      arm, while the hub of the rotary arm is rotatably held between edges of
      the corresponding openings formed in the base plate and the cover plate.
      The hub has a portion which projects, to a certain extent, out of the
      cover plate and is threaded at the outer periphery thereof for receiving a
      tapered nut. The projecting portion of the hub is centrally bored to
      provide an approximately rectangular opening and is also provided, at the
      extreme end thereof, with two grooves which cross at right angles to each
      other at the axis of the hub. The distal portion of the rotatable shaft is
      formed to have a rectangular cross section corresponding to the
      rectangular opening of the hub. Consequently, after the distal portion of
      the shaft is rather loosely inserted into the hub with the tapered nut
      engaged with the projecting portion of the hub to a certain extent, the
      shaft is fixedly connected to the hub by merely tightening the tapered
      nut.
PAR  Furthermore, since the direction of the rectangular opening of the hub is
      in agreement with that of the rectangular cross section of the shaft,
      alignment of both can be made very easily.
PAR  According to the rotary switch of the present invention, the stationary
      contact plates for the base plate are formed as a single plate by press
      stamping, in which the single plate individual contact plates are
      connected by narrow edges of a plurality of openings formed between
      neighboring contact plates. The single plate for the stationary contact
      plates is molded in the base plate of insulating material, after which the
      narrow edges of the openings are cut off by making holes therein with
      larger diameters than the widths of the edges to form independent
      stationary contacts. Such a single plate may be prepared for the required
      of rows of stationary contact plates for the base plate. In this manner,
      very accurate positioning of each stationary contact is readily achieved.
      Furthermore, the single plate for the stationary contact plates is
      provided with a plurality of marking dints which are less than the
      thickness of the plate and which are very effective in for detecting the
      depth of grinding in surface finishing of the base plate with the
      stationary contact plates molded therein.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with the
      preferred embodiment thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a schematic top plan view of the rotary switch of the invention
      as applied to a torque converter of an automotive vehcle,
PAR  FIG. 2 is a top plan view of the rotary switch of the invention,
PAR  FIG. 3 is a cross sectional view taken along the line A -- A in FIG. 2, but
      with a shaft and a nut disengaged,
PAR  FIG. 4 is a similar view to FIG. 3, but particularly shows connection
      between the shaft and a hub of a rotary contact arm employed in the rotary
      switch of FIG. 1,
PAR  FIG. 5 is a top plan view, on an enlarged scale, of the hub of the rotary
      contact arm employed in the switch of FIG. 1,
PAR  FIG. 6 is a top plan view of a base plate of the rotary switch according to
      the present invention,
PAR  FIG. 7 is a cross sectional view taken along the line B -- B in FIG. 6,
PAR  FIG. 8 is a perspective view of a stationary contact plate employed in the
      base plate of FIG. 6,
PAR  FIG. 9 is a similar view to FIG. 6, but particularly shows positioning of
      each stationary contact paltes,
PAR  FIG. 10 is a top plan view of a base plate of a rotary switch according to
      a 1st modification of the invention,
PAR  FIG. 11 is a cross sectional view taken along the line C -- C in FIG. 10,
PAR  FIG. 12 is a perspective view of a stationary contact plate employed in the
      base plate of FIG. 10,
PAR  FIG. 13 is a cross sectional view taken along the line D -- D in FIG. 10,
PAR  FIG. 14 is a top plan view of a base plate of rotary switch according to a
      2nd modification of the invention,
PAR  FIG. 15 is a cross sectional view taken along the line E -- E in FIG. 14,
PAR  FIG. 16 is a cross sectional view taken along the line F -- F in FIG. 14 on
      an enlarged scale,
PAR  FIG. 17 is a top plan view of a base plate of a rotary switch according to
      a 3rd modification of the invention, and
PAR  FIG. 18 is a cross sectional view taken along the line G -- G in FIG. 17.
DETD
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like reference numerals throughout the
      several views of the accompanying drawings.
PAR  Referring to FIGS. 1 through to 9, the rotary switch 1 of the sliding
      contact type of the present invention is applicable, for example, to a
      torque conventer 21 of an automotive vehcle, and is connected for
      operation, through a rotatable shaft 17 for a rotary contact arm 7 of the
      switch 1 and a lever 22 which is pivotally connected to the shaft 17 at
      one end and to a rod 23 at the other end thereof with the rod 23 in turn
      connected to an operating handle (not shown) provided in the driver's
      seat.
PAR  The switch 1 generally comprises a sector shaped base plate 3 of insulating
      material in the surface of which a plurality of stationary contact plates
      2 mentioned later are provided, a cover plate 4 of a similar shape
      suitably secured to the plate 3 which forms, therebetween, a cavity or
      recess 5 for movably enclosing the rotary contact arm 7, and the rotatable
      shaft 17 which is fixedly received in a hub 8 integrally formed with the
      rotary contact arm 7, while the hub 8 is rotatably held between edges of
      the openings 6a and 6b formed at corresponding portions of the sector
      shaped base plate 3 and cover plate 4 in a manner mentioned below. The
      rotary contact arm 7 of insulating material is further provided, at the
      undersurface thereof, facing the stationary contact plates 2, with a
      contact metal piece 9 having a plurality of contact points 10 which are
      urged into slidable contact with the stationary contact plates 2 by means
      of compression springs 9' suitably held between the arm 7 and the metal
      piece 9.
PAR  The slidable contacts 10 of the rotary arm 7 are adapted to slide across
      the stationary contact plates 2 so as to connect the required contacts at
      positions associated with the corresponding operating positions P, R, N,
      D, (2), or L of the operating handle for the torque converter (not shown).
PAR  Referring particularly to FIGS. 3 to 5, the hub 8 of the arm 7 into which
      the shaft 17 is to be fixedly received is formed to project out of the
      cover plate 4 to a certain extent as in FIG. 3 with the outer periphery of
      the projecting portion 8' threaded as at 11 for receiving a tapered nut
      15. The projecting portion 8' is centrally bored to provide an
      approximately rectangular opening 12 communicating with the opening 16 of
      the hub 8 for receiving rather loosely a distal portion 18 of the shaft 17
      with the portion 18 having corresponding rectangular cross section. The
      projecting portion 8' is also provided at the extreme end thereof, with
      two grooves 13a and 13b which are parallel to sides of the rectangular
      opening 12 and cross at right angles to each other in the same plane at
      the axis of the hub 8 as in FIG. 5.
PAR  The distal portion 18 of the shaft 17 having a rectangular cross section is
      formed by providing two flat surfaces 19 which are parallel to each other
      and to the axis of the shaft 17 at the portion 18 which is further
      narrowed at the extreme end thereof to form a smaller rectangular cross
      sectional portion 20. The smaller rectangular cross sectional portion 20.
      The smaller rectangular portion 20 is adapted to project from the grooved
      end of the projecting portion 8' of the hub 8 to such an extent that the
      portion 20 is sufficiently long to receive one end of the lever 22.
PAR  Since the rectangular opening 12 in the projecting portion 8' of the hub 8
      is similar in cross sectional shape to the distal portion 18, the
      thickness of the wall of the opening 12 is thin in the direction of the
      short sides and thick in the direction of long sides for the rectangular
      opening 12. As the grooves 13a and 13b are intended to flexibly reduce the
      diameter of the portion 8' when the latter engages the tapered nut 15,
      irregular thickness of the wall of the opening 12 results in uneven
      bending of the wall upon engagement with the nut 15. In this embodiment,
      considerations have been given to eliminate such uneven bending of the
      wall of making the width of the groove 13a narrow in the thin wall portion
      and that of the groove 13b wide in the thick wall portion. Since the
      rectangular cross section portion 18 of the shaft 17 is formed in the
      similar shape and direction to the rectangular opening 12 in the
      projecting portion 8' of the hub 8, the portion 18 of the shaft 17 is
      loosely inserted into the opening 12, after which the tapered nut 15 is
      threaded into the projecting portion 8' for forcibly narrowing the width
      of the grooves 13a and 13b so that the inner face of the rectangular
      opening 12 is pressed closely against the outer surface of the distal
      portion 18 of the shaft 17 with the shaft 17 firmly secured to the hub 8
      of the contact arm 7.
PAR  In the above embodiment, angular alignment between the shaft 17 and the
      contact arm 7 is very easily made while the former is rigidly secured to
      the latter in the manner as described above, which fact is extremely
      useful for a switch in which angular positions for the rotary contact arm
      to be stopped must be in exact agreement with the angles of rotation of
      the rotatable shaft.
PAR  Furthermore, since the rectangular opening 12 is similar in shape to the
      distal portion 18 of the shaft 17 and the latter is adapted to be rather
      loosely received in the former with the tapered nut 15 threaded to the
      projecting portion 8' to a slight extent, both can be rigidly connected to
      each other very efficiently thereafter by merely tightening the nut 15.
PAR  Referring to FIGS. 6 to 9, the sector shaped base plate 3 of insulating
      material has an opening 6a for receiving at the edge 6a' thereof the hub 8
      of the rotary contact arm 7, to which hub 8 the rotatable shaft 17 is
      fastened in the above described manner, a plurality of stationary contact
      plates 2a, 2b and 2b molded in the surface of the plate 3 so that the
      surfaces of the former are flush with the surface of the latter, and a
      plurality of holes H for securing screws (not shown). The shaft 17 is
      adapted to be selectively stopped at one of the angular positions P, R, N,
      D, (2) or L as it rotates, while three contacts 10a, 10b and 10c of the
      contact arm 7 (not shown), fastened to the shaft 17, stop at one of the
      corresponding positions (I) through (IV) each of which is in line with the
      above angular positions P, R, N, D, (2) or L of the shaft 17. The arcuate
      loci of the contacts 10a, 10b and 10c are shown by chain lines .alpha.,
      .beta. and .gamma. respectively.
PAR  The stationary contact plates 2a inserted on the plate 3 along the arcuate
      path .alpha. so as to correspond to the positions (I) to (IV) are
      initially formed as a single contact plate 2a' by a press work as in FIG.
      8. The plate 2a is provided with openings O.sub.1 to O.sub.3 between
      contact plates (I)' and (II)', (II)' and (III)', and (III)' and (IV)'
      respectively which are connected by narrow edges O' of the openings
      O.sub.1, O.sub.2 and O.sub.3. Tongue shaped terminal plates T.sub.1,
      T.sub.2, T.sub.3 and T.sub.4 which extend downward at right angles from
      the surface of the plate 2a' and which are longer, to a certain extent,
      than the thickness of the base plate 3 are formed along the arcuate edges
      of the plate 2a' at positions approximately corresponding to the angular
      positions P, R, N, D of the shaft 17. The plate 2a' is also provided,
      along the arcuate edges thereof, with a plurality of legs L.sub.1 to
      L.sub.5 to be molded in the base plate 3 which are shorter than the
      thickness of the base plate 3 and extend downward at right angles to the
      surface of the plate 2a' in the same manner as the terminals T.sub.1 to
      T.sub.4.
PAR  Referring particularly to FIG. 9, stationary contact plates 2b and 2c which
      are inserted and molded in the base plate 3 along the arcuate paths .beta.
      and .gamma. together with the plate 2a in FIG. 6 are formed also by a
      press stamping in the similar manner as for the plate 2a' and function as
      positive contacts for a power source. The plate 2b has an opening O.sub.4
      at a position corresponding to the position (III) of the contact, 10b of
      the arm 7 and is provided with a terminal T.sub.5 of tongue shape and
      molded-in insertion legs L.sub.6 and L.sub.7. Similarly, the plate 2c is
      also provided with an opening O.sub.5 at a position corresponding to the
      position (II) of the contact 10c of the arm 7 with a terminal T.sub.6 and
      legs L.sub.8 and L.sub.9 formed in the similar fashion to the plates 2a
      and 2b.
PAR  In the manufacture of the rotary switch 1 according to the present
      invention, the stationary contact plates 2a, 2b and 2c are held in
      position by means of a molding tool and necessary jigs, and inserted in
      the base plate 3 to be molded from synthetic resin for integral molding,
      by which the openings O.sub.1 to O.sub.5 are filled up to form insulating
      surfaces, parallel to the surfaces to the plates 2a, 2b and 2c, while the
      terminals T.sub.1 to T.sub.6 project from the under surface of the base
      plate 3 to a certain extent with the legs L.sub.1 to L.sub.9 buried in the
      plate 3. Thereafter, the narrow edges O' (FIG. 8) of the openings O.sub.1
      to O.sub.3 formed in the plate 2a are cut off by making holes h with
      somewhat larger diameters than the widths of the edges as in FIG. 9 so as
      to form electrically independent stationary contact plates (I)', (II)',
      (III)' and (IV)', which are for negative side contacts.
PAR  As is clear from the above descriptiom, since the stationary contact plates
      (I)' to (IV)' to be molded in the base plate 3 are initially formed as the
      single plate 2a' with each contact connected by the narrow edges O' of the
      openings O.sub.1 to O.sub.3, there is no possibility that any error occurs
      in the intervals between the contact plates (I)', (II)', (III)' and (IV)'
      along the arcuate path .gamma..
PAR  Furthermore, manufacturing of molding tool and jigs for insertion of the
      contact plates to the base plate is much simplified as in the case of
      inserting a single plate with each of the contact plates (I)' to (IV)'
      molded in the base plate 3 at extremely accurate intervals.
PAR  It should be noted that, by the above procedure, positioning of the other
      stationary contact plates 2b and 2c which are to be molded in concentric
      arcuate paths with the plate 2a is made very simply and correctly relative
      to the plate 2a by providing a datum line at a suitable position on the
      surface of the base plate.
PAR  Referring to FIGS. 10 to 13, there is shown a 1st modification of the
      embodiment in FIGS. 1 to 9. In this modification, each of the stationary
      contact plates 2a, 2b and 2c are provided with a plurality of marking
      dints d.sub.1 to d.sub.3, d.sub.4 and d.sub.5, and d.sub.6 and d.sub.7
      respectively which are formed on the surface thereof for detecting cut
      depth in surface grinding after the plates 2a, 2b and 2c are molded
      integrally in the base plate 3, although other constructions are much the
      same as in the embodiment in FIGS. 1 to 9.
PAR  Referring to FIG. 12, the stationary contact plate 2a is initially formed
      as a single metal plate of copper or the like by a press stamping and
      provided with tongue like terminal plates T.sub.1, T.sub.2, T.sub.3 and
      T.sub.4 extending downwardly at right angles from the arcuate edges of the
      plate 2a. The lower end of each of the terminal plates T.sub.1 to T.sub.4
      is further bent outwardly at right angles to each surface of the terminal
      plates T.sub.1 to T.sub.4, and is adapted to project, to a certain extent,
      from the under surface of the base plate 3 for necessary electrical
      connections. The plate 2a is also provided with a plurality of legs L at
      the arcuate edges thereof which are shorter than the thickness of the base
      plate 3 for molded-in insertion. The marking dints d.sub.1, d.sub.2 and
      d.sub.3 of small diameters are formed adjacent to opposite ends and at
      approximately middle portion of the plate 2b, while a pair of notches
      n.sub.1 and n.sub.2 for positioning when inserting the plate 2b to the
      base plate 3 are formed on the edges of the plate 2b adjacent to opposite
      ends of the plate 2b as in FIG. 12. After the plate 2a has been molded in
      the base plate 3, the narrow edges O' of the openings O.sub.1 to O.sub.3
      are cut off by making holes h of larger diameters than the widths of the
      edges O' to form independent contact plates (I)' to (IV)' in the same
      manner as in the 1st embodiment.
PAR  Thereafter, the surface of the base plate 3 with contact plates 2a, 2b and
      2c molded therein is ground for finishing so as to form a flat surface to
      an extent immediately before the marking dints d.sub.1 to d.sub.7
      disappear. If a perfect flat surface is not obtained even after the
      marking dints d.sub.1 to d.sub.7 have disappeared, the base plate 3 is
      rejected as faulty product.
PAR  Referring now to FIGS. 14 to 16, there is shown a 2nd modification
      according to the present invention. In this 2nd modification, the flange
      shaped base plate 3 molded from synthetic resin has a plurality of
      comparatively shallow concave portions 3a, 3b and 3c formed on the surface
      thereof along the circumference of the plate 3, while each of the segment
      shaped concave portions 3a, 3b and 3c is provided with vertical slits S at
      opposite ends thereof. Stationary contact plates 2a, 2b and 2c, each of
      which has a surface portion fitting in the corresponding concave portion
      3a, 3b to 3c and is provided with legs 2a', 2b' or 2c' at opposite ends
      thereof formed by bending the plate at right angles to its surface, are
      inserted into the corresponding concave portions 3a, 3b and 3c through the
      slits S, after which the projecting ends of the legs 2a'. ab' and 2c' are
      further bent outwardly at right angles to the surface of the legs for
      fixing the plates 2a, 2b and 2c to the base plate 3 as shown in FIG. 16.
PAR  It should be noted here that each of the contact plates 2a, 2b and 2c is
      provided with a marking dint d.sub.1, d.sub.2 or d.sub.3 which is within
      the thickness of the base plate.
PAR  In this modification also, the base plate 3 with the stationary contact
      plates 2a, 2b and 2c inserted and fixed thereto as above is ground for
      obtaining a flat surface as in the 1st embodiment, and if the perfect flat
      surface can not be obtained even after the disappearance of the marking
      dints, the base plate is rejected as defective.
PAR  In the above 1st and 2nd modifications, when the surface grinding for
      finishing is carried out on the base plate 3 with stationary contact
      plates molded or inserted and fixed thereto, the thickness of the contact
      plate necessary for maintaining sufficient strength can be left on the
      base plate by stopping the grinding immediately before the marking dints
      disappear, and the faulty product is easily found out by the absence of
      the marking dints after grinding.
PAR  Reference is now made to FIGS. 17 and 18 showing a 3rd modification of the
      invention. In this modification, the base plate 3 comprises two portions,
      i.e., a small plate 3a of asbestos-filled synthetic resin in which
      stationary contact plates 2a, 2b and 2c are molded, and a large sector
      shaped plate 3b of synthetic resin which forms the main body of the base
      plate 3 and is of similar shape to one in the initial embodiment. The
      periphery of the small plate 3a is provided with a stepped portion 3a'
      which is integrally molded in the large plate 3b and secured to the latter
      at the inner edge 3b' formed in the large plate 3b.
PAR  In the manufacture of the base plate 3, the small plate 3a is molded, for
      example, from asbestos-filled melamine resin with the stationary contact
      plates 2a, 2b and 2c molded therein and with the step portion 3a' formed
      on the periphery thereof, while the large plate 3b having opening 6a for
      the hub 8 of the contact arm 7 (not shown) and holes, H for securing
      screws is formed, for example, by phenol resin or other thermoplastic or
      thermoset resins. While the large plate 3b is being molded, the small
      plate 3a formed as described above is inserted into the surface of the
      plate 3b with the stepped portion 3a filled in by the material of the
      plate 3b which forms corresponding stepped portion 3b', thus the former
      being rigidly secured in the latter to form the single base plate 3.
PAR  Conventionally, although the asbestos-filled synthetic resin forming the
      small plate 3a in which the stationary contact plates 2a, 2b and 2c are
      molded is suitable as an insulating plate for stationary contacts, having
      excellent arc extinguishing, heat-resistant and insulating properties, by
      which any spark generated on the plate is immediately distinguished with
      deterioration of the plate surface or curving of the plate effectively
      prevented, it is not very good in durability, having such defects as
      cracking at the periphery thereof or transformation of the plate with
      time, and especially the periphery portion of such plate can not be left
      as it is after molding.
PAR  In the above 3rd modification of the present invention, since the small
      plate 3a with good electrical properties is surrounded by the large plate
      3b of ordinary synthetic resin without aging for an insulating material so
      as to form a single base plate as described above, the defects inherent in
      the asbestos-filled resin is advantageously eliminated with the small
      plate 3a reinforced at the periphery thereof and thus a base plate with
      much improved properties for an insulating plate of a switch of this kind
      is obtained.
PAR  Although the present invention has been fully described by way of example
      with reference to the attached drawings, it is to be noted that various
      changes and modifications are apparent to those skilled in the art.
      Therefore, unless otherwise such changes and modifications depart from the
      scope of the present invention, they should be construed as included
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary switch of the sliding contact type comprising
PA1  a base plate of insulating material,
PA1  a plurality of concentric, arcuate rows of stationary contact plates
      secured at a surface of said base plate,
PA1  a rotary contact arm having a plurality of contacts, said rotary contact
      arm including a hub,
PA1  said hub including an axially projecting portion being threaded at the
      outer periphery thereof, and said hub having a rectangular bore extending
      therethrough, said hub projecting portion being formed with two
      intersecting grooves perpendicular to the sides of said rectangular bore,
      said two intersecting grooves extending through said projecting portion,
PA1  a rotatable shaft received in said hub, said rotatable shaft including a
      distal end portion having a rectangular cross-section, said distal end
      portion being inserted into said rectangular bore of said hub,
PA1  a tapered nut having a central rectangular bore, said tapered nut
      threadedly engaging the threaded outer periphery of said projecting
      portion of said hub, such that the inner faces of said rectangular bore of
      said projecting portion of said hub forcibly presses against said distal
      end portion, thereby firmly securing said rotatable shaft to said hub, and
PA1  a cover plate connected to said base plate for providing a cavity enclosing
      said rotary contact arm so that said contacts of said rotary contact arm
      slidably contact said stationary contact plates at positions corresponding
      to predetermined angles of rotation of said rotatable shaft.
NUM  2.
PAR  2. A rotary switch of sliding contact type as claimed in claim 1, wherein
      each row of said stationary contact plates for said base plate is
      separately formed as a single plate by press stamping with neighboring
      individual stationary contact plates connected by narrow edges of openings
      formed between said neighboring contact plates, said narrow edges being
      cut off, after said single plate has been molded in said base plate, by
      making holes of larger diameters than the widths of said narrow edges so
      as to form independent stationary contact plates in said base plates.
NUM  3.
PAR  3. A rotary switch of sliding contact type as claimed in claim 2, wherein
      said rows of said stationary contact plates are further provided with
      marking dints for detecting the cut depth of the surface of said
      stationary contact plates.
NUM  4.
PAR  4. A rotary switch of sliding contact type as claimed in claim 3, wherein
      said base plate comprises a small plate of asbestos-filled synthetic resin
      in the surface of which said rows of stationary contact plates are molded,
      and a large plate of synthetic resin, said small plate being molded in
      said large plate as a single integral base plate.
NUM  5.
PAR  5. A rotary switch of sliding contact type as claimed in claim 2, wherein
      said base plate comprises a small plate of asbestos-filled synthetic resin
      in the surface of which said rows of stationary contact plates are molded,
      and a large plate of synthetic resin, said small plate being molded in
      said large plate as a single integral base plate.
NUM  6.
PAR  6. A rotary switch of sliding contact type as claimed in claim 1, wherein
      said rows of stationary contact plates are further provided with marking
      dints on the surface for detecting the cut depth of the surface, said
      marking dints being formed, in depths thereof, to be within the thickness
      of said stationary contact plates.
NUM  7.
PAR  7. A rotary switch of sliding contact type as claimed in claim 6, wherein
      said base plate comprises a small plate of asbestos-filled synthetic resin
      in the surface of which said rows of stationary contact plates are molded,
      and a large plate of synthetic resin, said small plate being molded in
      said large plate as a single integral base plate.
NUM  8.
PAR  8. A rotary switch of sliding contact type as claimed in claim 1, wherein
      said base plate comprises a small plate of asbestos-filled synthetic resin
      in the surface of which said rows of stationary contact plates are molded,
      and a large plate of synthetic resin, said small plate being molded in
      said large plate as a single integral base plate.
NUM  9.
PAR  9. A rotary switch of sliding contact type as claimed in claim 1, wherein
      said two intersecting grooves are provided with different widths, the
      groove being parallel to the short sides of the rectangular cross-section
      of said rectangular bore being wider than the groove parallel to the long
      sides of said rectangular cross-section.
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ABST
PAL  A safety device is provided for the operation of small presses, spot
      welding machines, etc. The device is characterized by the use of a probe
      or sensor whose movement, if obstructed, prevents closing of an electrical
      circuit which activates the punch or ram of the press. Means are provided
      for minimizing or eliminating bounce or vibration of the sensor to avoid
      erratic operation of the device and the press. Provision is also made for
      rendering the device "fail-safe" under certain conditions, including
      failure of internal parts of the device or improper usage of the device by
      the operator. Economies in manufacture of the device are effected by the
      improvement of certain parts and elimination of other parts of previously
      used devices of a similar nature and construction.
BSUM
PAR  This invention relates, as indicated, to a safety device, which is
      especially useful in the operation of small presses, such, for example, as
      used in riveting, for spot-welding machines, etc., but has reference more
      particularly, to improvements in the device shown in Grundy U.S. Pat. No.
      3,487.182.
PAR  In the operation of the device disclosed in the aforesaid patent, it was
      found that the positional relationship between the actuating arm and limit
      switch closing arm was such as to cause a tendency of the probe to bounce
      or vibrate at the end of the downstroke of the probe shaft, thereby
      producing erratic operation of the device and the press.
PAR  It was also found, in the use of the device, that under certain conditions,
      as failure of internal parts or improper usage by the operator, the device
      was not "fail-safe."
PAR  It was further found that the device had embodied therein certain parts
      which were not necessary to the effective operation of the device and
      increased the cost of manufacture unnecessarily.
PAR  The present invention has, as its primary object, the provision of a device
      of the character described, which is "fail-safe" in operation or use.
PAR  Another object of the invention is the provision of a device of the
      character described, in which tendency of the sensor or probe of the
      device to bounce or vibrate and thus produce erratic operation of the
      device and the press has been eliminated.
PAR  A further object of the invention is to provide a device of the character
      described, in which certain parts have been improved or eliminated to
      reduce the overall cost of manufacture.
PAR  Other objects and advantages of my invention will be apparent during the
      course of the following description.
DRWD
PAR  In the accompanying drawings forming a part of this specification, and in
      which like numerals are employed to designate like parts throughout the
      same,
PAR  FIG. 1 is a front elevational view of the device, shown as mounted on a
      press;
PAR  FIG. 2 is a front elevational view of the device, with the cover removed;
PAR  FIG. 3 is a fragmentary cross-sectional view, taken on the line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a fragmentary cross-sectional view, taken on the line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a fragmentary cross-sectional view, taken on the line 5--5 of
      FIG. 2;
PAR  FIG. 6 is a fragmentary cross-sectional view, taken on the line 6--6 of
      FIG. 2;
PAR  FIG. 7 is a cross-sectional view, taken on the line 7--7 of FIG. 2, and
PAR  FIG. 8 is a wiring diagram of the device, and circuitry therefor.
DETD
PAR  Referring more particularly to the drawings, there is illustrated a press
      1, shown diagrammatically as having a base or bed 2, having an upright
      supporting column 3, which carries a fixed press-head 4. From the head 4,
      there extends downwardly an axially-movable power ram or punch 5 designed
      to coact with work-holding means 6, which is secured to the bed 2 in any
      suitable manner.
PAR  Electric power for actuation of the ram 5 is provided by an external
      two-wire or three-wire electric supply 7 (see FIG. 8), as required by
      electrical codes.
PAR  A normally-open foot or hand switch 8 is provided in the electric supply
      circuit, for the purpose of actuating the safety mechanism, which then
      provides a source of power for the solenoid S (see FIG. 8) which controls
      the actuation of the ram 5.
PAR  The components thus described form no part of the present invention, except
      in their relation to and their cooperation with the safety mechanism of
      the invention.
PAR  In accordance with the invention, the safety mechanism is enclosed in a
      housing or mounting box, generally designated by reference character H,
      and comprising a base plate or bottom 9 having flanges 10, 11, 12 and 13,
      and a flanged cover 14 which may, if desired, be locked to a lock bracket
      or keeper 15, by means of a key-operated lock L, to prevent access into
      the housing by unauthorized personnel. The keeper 15 is secured, as by
      screws 16, to the base plate 9.
PAR  The housing H is mounted on the head 4 of the press, as shown in FIG. 1,
      from which the major portion of the wiring is omitted, for purposes of
      clarity. The base plate 9 has mounted thereon all of the elements
      comprising the safety mechanism of the invention, which will now be
      described.
PAR  Secured to the base plate 9, is a bearing bracket assembly, comprising a
      bracket 17 having vertically-spaced flanges 18 and 19, bearings 20,
      secured in these flanges, and a guide rod 21 mounted in and extending
      between the flanges.
PAR  A probe shaft 22 is mounted for vertical reciprocal movement in the
      bearings 20, and extends through an opening 23 in the flange 12 of the
      housing.
PAR  Secured to the lower end of the shaft 22 is a clamp 24, to which is secured
      a tubular rod 25, to which, in turn, is secured a second clamp 26, having
      clamped thereto a sensor or probe 27 comprising a rod 27 which terminates
      in a loop 28. This sensor or probe is caused to feel or test the work area
      prior to any possibility of actuation of the ram 5; and only if the work
      area is operationally free of any foreign object can the sensor cause the
      ram to be actuated. This action is subject to proper adjustment of the
      safety mechanism, which adjustment will be presently described.
PAR  The sensor 28 is shown, in this instance, as in the shape of a loop, the
      axis of which is coaxial with the axis of travel of the ram 5, and the rod
      27 is adjustably secured in the clamp 26 by means of a screw 29.
PAR  Secured to the probe shaft 22, as by means of a hollow head screw 30, is an
      actuator collar 31.
PAR  Mounted on the probe shaft 22, below the collar 31, is a Neoprene rubber
      washer 33, which, on the downstroke of the shaft 22, abuts the flange 19
      of the bracket 17 to thereby absorb the energy of the downstroke and
      minimize vibration of the sensor 27.
PAR  The flange 18 of the bracket 17 has secured to one edge thereof, as by a
      screw 35, a leaf spring 36, to the upper end of which is secured, as by a
      screw 37, a drag or brake block 38, of a plastic material, such, for
      example, as Teflon. The block 38 bears resiliently and frictionally
      against a longitudinally inclined flat portion or surface 22a of the shaft
      22 and thus acts to slow the movement of the shaft sufficiently to provide
      better control of the downward movement of the sensor.
PAR  The shaft 22 has adjustably secured thereto, as by means of a screw 39, a
      stroke adjusting collar 40, on which is superimposed a rubber washer 41,
      which is designed to function as a bumper to engage the lower surface of
      the flange 18 of the bracket 17 to thereby limit and cushion the upward
      movement of the shaft. This rubber bumper prevents metal to metal contact
      between the collar and flange, in addition to its normal shock-reducing
      function.
PAR  Secured to the actuator collar 31, as by screws 42, is a switch actuator
      arm 43 having an angularly disposed terminal portion 44, which is designed
      to engage the roller 45 of the switch closing arm 46 of a normally-open
      limit switch 47 when the shaft 22 descends. The limit switch 47 is mounted
      on the base plate 9, in spaced relation to such plate. Rotation of the
      shaft 22 in the bearings 20 is precluded by reason of the fact that the
      switch actuator arm 43 is provided with a recess 43a (FIG. 5) through
      which the guide rod 21 extends, so that the guide rod insures rectilinear
      movement of the collar 31.
PAR  The safety mechanism further includes a solenoid 48 which is mounted on the
      base plate 9, and the armature of which is designated by reference numeral
      49. The lower end of the armature 49 has secured thereto, as by a pin 50,
      an adapter 51. The lower end of the adapter 51 is secured, as by a pin 52,
      to the arms of a yoke 53, so that the yoke has a slight degree of pivotal
      movement relative to the armature. Mounted on the pin 52 between the arms
      of the yoke 53, is a roller 54, which serves a purpose to be presently
      described.
PAR  The lower end of the yoke 53 is secured to one end of an extension coil
      spring 55, the lower end of which is secured, as by a screw 56, to an
      anchor or post 57, which is mounted on the base plate 9.
PAR  The upper end of the shaft 22 is provided with a pin 58 which extends
      through a square bushing 59, which, in turn, is mounted for slidable
      movement in a slot 60 at one end of a pivot beam 61. The beam 61 is
      mounted for pivotal movement about a pedestal 62, which is mounted on the
      base plate 9. The other end of the beam 61 underlies and engages the
      roller 54, so that in the operation of the mechanism to be presently
      described, the roller facilitates movement of the beam.
PAR  The safety device further includes a relay 63, which is supported by the
      base plate 9 adjacent the flange 10.
PAR  A terminal strip 64 of insulating material is also provided, which is
      secured to the base plate 9 adjacent the flange 11, by means of screws 65
      and 66, and is provided with bridged terminals A, B, C and D.
PAR  As best seen in FIGS. 2 and 6, the flange 12 of the base plate 9 is
      provided with an opening 72, in which a fuse housing 73 of plastic
      material is clamped, as by means of a lock nut 74. The housing has secured
      in its upper end a terminal 75, and in its lower portion a sleeve 76 of
      conductive material which terminates in a terminal 77, which extends
      through the wall of the housing.
PAR  A knob or cap 78 of a plastic material has embedded therein a sleeve 79 of
      conductive material, and is removably secured to the lower end of the
      housing 73, as by a bayonet joint connection between the sleeves 79 and
      76.
PAR  A fuse 80, such, for example, as a Littelfuse No. 3AG-5A, is disposed
      within the housing 73 and is resiliently retained against the lower end of
      the terminal 75 by means of an extension coil spring 81, which is
      interposed between the lower end of the fuse 80 and the knob or cap 78.
PAR  In the event that the fuse 80 blows, the fuse may be removed from the
      housing 73, by a simple twist of the knob 78 sufficient to release the
      sleeve 79 from the sleeve 76, so that when the cap is withdrawn, the cap
      carries the spring and fuse with it.
PAR  Similarly, when the fuse is replaced, the replacement fuse is inserted into
      the cap, and the cap pushed upwardly and turned, so as to reconnect the
      sleeves 79 and 76.
PAR  The function of the fuse 80 will be explained in connection with the
      description of the operation of the mechanism, but, at this point, it may
      be noted that the fuse arrangement which has been described, is such as to
      enable a fuse to be removed and replaced without the necessity of removing
      the cover 14 of the housing H.
PAR  Reference to the wiring diagram of FIG. 8 shows that one of the wires of
      the electric supply 7 is connected, as by a wire 82, to the terminal A of
      the terminal strip 64, while the other of the wires of the electric supply
      7 is connected to the terminal B of the terminal strip 64 through the
      switch 8. The terminals A and B are connected, as by wires 83 and 84, to
      the solenoid 48, and by wires 85 and 86 to the relay 63.
PAR  The terminals A and D are connected, as by wires 87 and 88 to the trip
      solenoid S of the clutch (not shown) which actuates the ram or punch 5 of
      the press 1. The terminals B and C are connected to each other by a wire
      89.
PAR  The terminal C is connected by a wire 90 to the terminal 75 of the fuse 80,
      and the terminal 77 of this fuse is connected, as by a wire 91, to the
      terminal 92 of the limit switch 47.
PAR  The relay 63 comprises the relay coil depicted by a circle in FIG. 8, the
      terminals 63a, 63b, 63c, 63d, 63e, and 63f, as well as the normally closed
      contacts 63g and 63h, and the normally open contacts 63i and 63j.
PAR  The other terminal 93 of the limit switch 47 is connected, as by wire 94,
      to the terminal 63c of the relay 63. Terminal 63d of the relay 63 is
      connected, as by wire 95, to the terminal D. Terminal 63c is connected
      through normally closed contact 63g to terminal 63a, and thence through
      wires 98 and 83 to terminal A of the terminal strip 64.
PAR  A wire 96 interconnects terminals 63e and 63f.
PAR  The housing or chassis H of the device is grounded, as at 99.
PAR  The use and operation of the safety mechanism may now be described as
      follows:
PAR  When the operator closes the switch 8, the solenoid 48 and the relay 63 are
      activated, permitting the shaft 22 and sensor loop 28 to be released and
      to descend by gravity. The sensor weighs only a few ounces and the drop is
      controlled to prevent discomfort to the fingers of the operator should
      they be in the path of the sensor.
PAR  If the sensor is obstructed by an object, such as the finger of the
      operator or a misplaced part, and thus is not permitted to complete its
      full travel, the control circuit to solenoid S (FIG. 8) remains open and
      the punch or ram 5 will not be activated. This results from the fact that
      the limit switch 47 cannot close, due to such obstruction, and the portion
      of the circuit which is controlled by the limit switch 47 and relay
      contacts 63i and 63j is not energized.
PAR  If the sensor encounters no obstacle and is permitted to travel its
      complete pre-selected distance, the terminal portion 44 of the actuator
      arm 43 engages the roller 45 of the closing arm 46 of the limit switch 47,
      closing this switch and completing, through the relay contacts 63i and
      63j, the circuit controlled thereby, and energizing solenoid S and thus
      activating the ram or punch 5. The relay 63 is used to prevent the
      operator from cycling the machine by hand by pulling the sensor down
      manually.
PAR  The vertical position of the sensor or probe is adjustable to compensate
      for differences such as material thickness and height of the dies. This
      adjustment for height and stroke is permitted by adjustment of the clamp
      24 axially of the shaft 22 and adjustment of the stroke adjusting collar
      40 axially of the shaft 22.
PAR  Upon completion of the downstroke of the ram or punch and release of the
      switch 8 by the operator, the coil spring 55 contracts, thereby returning
      the sensor to its initial position preparatory to another cycle of
      operation of the press.
PAR  Among other improvements in the mechanism over the mechanism described in
      the aforesaid Grundy patent, are the following:
PAR  a. The device is essentially "fail-safe" for such conditions as failure of
      internal parts and improper usage by the operator. In other words, should
      any of the parts of the mechanism within the housing become loosened,
      break, or fall off its mounting, or should the limit switch 47 fail in its
      closed position, the fuse 80 will "blow," thereby breaking the circuit to
      the solenoid S, and preventing actuation of the ram 5. This fuse, as
      previously explained, is easily removable and replaceable from outside the
      locked housing. The limit switch 47 and normally closed contact 63g of
      relay 63 should never be closed at the same time. If this occurs, it is an
      indication of a malfunction of internal parts of the device, or improper
      usage of the device by the operator, rendering the device inoperative, due
      to blowing of the fuse 80.
PAR  b. In the aforesaid Grundy patent, the positional relationship between the
      actuating arm 23 and limit switch closing arm 24 of that patent is such
      that the arm 24 had a tendency to cause the arm 23 to "bounce" or
      "vibrate" upon reaching the end of the downstroke of the shaft 14 and to
      produce a tendency of the probe 11 to bounce. This "bounce" or "vibration"
      produced erratic operation of the ram 5. By repositioning of the limit
      switch, in the manner shown in FIG. 2 of the present application, and
      provision of the roller 45 on the switch closing arm 46, a combined
      rolling and wedging engagement between the terminal portion 44 of the arm
      43 and roller 45 is effected on the downstroke of the shaft 22, as a
      result of which the bounce or vibration is eliminated and positive
      operation of the limit switch and probe or sensor is assured. It may be
      pointed out, in this connection, that contact between the terminal portion
      44 of the arm 43 and the roller 45 is maintained for a short distance
      during the descent of the shaft 22, thereby insuring that the contact of
      switch 47 is closed and remains closed through this distance and at the
      final or terminal point of this descent of the portion 44 of the arm 43.
      As a result, if there is any upward movement caused by bounce of the
      sensor 28, the contacts of the switch 47 will remain closed during such
      bounce, thereby avoiding erratic operation of the press.
PAR  c. The tendency toward "bounce" is further reduced or minimized by reason
      of the fact that the down-travel of the probe shaft 22 is controlled by a
      positive stop which is obtained when the actuator collar 31 approaches the
      flange 19 and its movement is cushioned by the Neoprene rubber bumper or
      washer 33.
PAR  d. This arrangement or provision of the bottom stop bumper 33 permits
      adjustment of the device in a manner such that the beam 61 is not in
      contact with the roller 54, when the shaft 22 is in the down position.
      This further minimizes or eliminates bounce, since the spring 29 in the
      Grundy patent had a tendency to vibrate when elongated, which vibration
      was then transmitted through the beam 34 to the shaft 14, and thus
      amplified any tendency of the shaft 14 to bounce. This resulted from the
      fact that there was no provision in the Grundy patent for the actuator
      block 12 of that patent to be stopped on its downstroke by means other
      than the engagement of the switch actuator 23 with the closing arm 24 of
      the limit switch 24a.
PAR  e. The present design eliminates certain parts of the mechanism shown in
      the aforesaid Grundy patent, including the separate bearing blocks 16 and
      17, the latch spring 34a, and the relay supporting bracket 36a, as well as
      the screws and other fasteners necessary to secure or support these parts.
PAR  It is to be understood that the form of my invention, herewith shown and
      described, is to be taken as a preferred example of the same, and that
      various changes may be made in the shape, size and arrangement of parts
      thereof, without departing from the spirit of the invention or the scope
      of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a safety device of the character described, a housing, a probe shaft
      mounted in said housing for vertical reciprocal sliding movement, a sensor
      or probe supported by said probe shaft, a solenoid mounted on said housing
      and having an armature movable along an axis parallel with said probe
      shaft, a beam mounted for pivotal movement in said housing, and
      operatively connected at one end with said probe shaft, said beam movable
      in response to energization of said armature to permit said probe shaft
      and sensor or probe to fall by gravity, spring-actuated means operative in
      opposition to said armature for moving said beam to cause said probe shaft
      to be moved to a raised inoperative position, and means including an
      electrical circuit for controlling operation of a press or machine in
      response to said gravity fall, said circuit including a limit switch
      having a switch closing arm provided with a roller, and a switch actuator
      arm supported by said probe shaft and having a terminal inclined portion
      adapted to engage said roller, and to have a combined rolling and wedging
      engagement with the roller during said gravity fall, whereby bounce or
      vibration of the probe shaft and sensor is eliminated and positive
      operation of the limit switch and probe or sensor is assured.
NUM  2.
PAR  2. A safety device, as defined in claim 1, wherein said terminal portion of
      said switch actuator arm is of a height such that it remains in engagement
      with said roller during a predetermined portion of the gravity fall of
      said probe shaft.
NUM  3.
PAR  3. A safety device, as defined in claim 1, including means for preventing
      rotation of said probe shaft during its movements, said means comprising a
      guide rod within said housing, said guide rod being parallel with the axis
      of said probe shaft, said actuator arm having a recess within which said
      guide rod is received.
NUM  4.
PAR  4. A safety device, as defined in claim 1, wherein said probe shaft has a
      flat surface inclined longitudinally to the axis of said probe shaft, and
      resiliently mounted braking means are provided within said housing and
      adapted to be engaged by said flat surface during gravity fall of said
      probe shaft, whereby to control or brake the downward movement of said
      shaft.
NUM  5.
PAR  5. A safety device, as defined in claim 1, wherein said electrical circuit
      includes a relay, and a fuse operative to control the circuit to said
      relay, said fuse adapted to blow under predetermined conditions, including
      failure of the limit switch to function in its closed position.
NUM  6.
PAR  6. A safety device, as defined in claim 5, wherein said fuse is mounted in
      an enclosure, which, in turn, is mounted in and extends through a wall of
      said housing, said fuse being removable from said enclosure without
      exposing the interior of said housing to view.
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ABST
PAL  A door lock condition indicator includes a lock frame adapted to be mounted
      on a door panel. Outer and inner spindles carrying knobs and rotatable
      about an axis are mounted on the lock frame to actuate a lock mechanism. A
      locking bar is disposed partly in the lock frame and partly in the inner
      spindle and is movable parallel to the axis between one position in
      engagement with the lock frame and free of the outer spindle and another
      position in engagement with the lock frame and engaging the outer spindle
      to prevent the lock mechanism from being actuated thereby. There is an
      electric switch included in an indicator circuit and disposed on the lock
      frame in a position to be engaged by the locking bar and actuated to close
      the circuit when the locking bar is in a selected one of the positions.
BSUM
PAR  There are various indicator devices utilized in connection with doors; for
      example, as shown in Walter R. Schlage U.S. Pat. No. 2,266,086. Devices of
      this sort afford an indication of the condition of the lock to the extent
      that when an inner button is pressed to prevent rotation of an outer knob,
      a latch bolt or lock bolt switch in the strike or door frame is closed to
      activate the indicator. Another example is U.S. Pat. No. 3,514,557 to E.
      Jette, Jr. in which the latch bolt, when projected closes an indicator
      switch in the strike box. A difficulty is that some of this mechanism is
      in the strike box in the door frame and can be tampered with when the door
      is open. The switch cannot easily be actuated when the door is open under
      conditions of duress. A fairly close coordination of door position and
      jamb (door gap) is necessary to insure consistent operation.
PAR  It is therefore an object of my invention to provide means for indicating
      whether a bolt-actuating knob in a lock is held against rotation or is
      freely rotatable.
PAR  Another object of the invention is to provide a door lock condition
      indicator which is not contingent for its indication upon mechanism in the
      strike box.
PAR  A further object of the invention is to provide a door lock condition
      indicator that can readily be applied to locks already in existence, and
      which can afford an immediate or remote indication of their condition.
PAR  Another object of the invention is to provide a door lock condition
      indicator that can be entirely incorporated in the operating part of lock
      sets without any change in the accompanying strike structure.
PAR  A further object of the invention is to provide a door lock condition
      indicator that can actuate an alarm whether the door is open or closed.
DRWD
PAR  Other objects of the invention, together with the foregoing, are attained
      in the embodiments of the invention described in the accompanying
      description and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a diagram showing a typical installation of a door lock condition
      indicator pursuant to the invention in a hinge-mounted door panel movable
      with respect to a door frame;
PAR  FIG. 2 is a cross-section on an axial plane showing a portion of a door
      panel in which a lock mechanism is mounted and in which parts of a door
      lock condition indicator are embodied;
PAR  FIG. 3 is a cross-section, the plane of which is indicated by the line 3--3
      of FIG. 2; and
PAR  FIG. 4 is a view similar to FIG. 3, but showing a modified form of
      construction.
DETD
PAR  In a typical installation, the environment includes a door frame 6, to
      which a door panel 7 is connected by hinges 8, so that the door panel can
      swing into and out of the door frame in the customary fashion. Mounted in
      the door panel is a lock mechanism 9 of the customary kind having a latch
      bolt 11 which can be withdrawn by appropriate rotation of an outer knob 12
      and also by appropriate rotation of an inner knob 13.
PAR  The lock mechanism includes a lock frame 16 disposed in a through bore 17
      in the door panel 7 and having an interior frame plate 18 removably
      secured to the frame 16. The lock frame further includes an inner hub 19
      and an outer hub 21, both concentric with a rotational axis 22 normal to
      the general plane of the door panel 7. The detailed lock mechanism is not
      illustrated because it is of a well known nature; for example, of the type
      shown in Walter R. Schlage U.S. Pat. No. 1,579,457. Actuation of the bolt
      11 is readily accomplished by rotation of the outer knob 12, the motion of
      which is transmitted by concurrent rotation of an outer spindle 23
      journalled in the hub 21 concentric with the axis 22. Similarly, the bolt
      is also actuated by rotation of the inner knob 13 transmitting its motion
      through an inner spindle 24 journalled in the hub 19 and likewise
      concentric with the axis 22.
PAR  In accordance with one preferred construction, a locking bar 26 is provided
      for movement parallel to the axis 22 and partly housed within the frame 16
      and partly within the inner spindle 24. The bar 26 is a flat strap at one
      end having an offset portion 27 and a pair of end dogs 28 and 29. The
      other end of the locking bar 26 is formed with an enlargement 31 over
      which is fitted a button 32 disposed for sliding or axial movement within
      the knob 13, and readily accessible to a person on the interior of the
      door. A spring 33 at one end abuts the enlargement 31 and at the other end
      is suitably stopped (through intermediate mechanism) by intrusions 34 in
      the wall of the inner spindle 24. The locking bar 26 is urged to the right
      in FIG. 2 and normally is in an extreme position with the button 32
      projected. In this extreme, unlocked position of the bar 26 the locking
      dog 28 is disposed within a radial notch 36 in the frame plate 18. Because
      of this interengagement the locking bar 26 is movable axially of the frame
      but is not rotatable. When the button 32 and the bar 26 are translated to
      the left in FIG. 2, not only is the restoring spring 33 compressed, but
      likewise the locking dog 28 is moved axially within its notch 36. The bar
      26 is translated far enough so that the dog 29 enters into and engages
      with the walls of a radial notch 37 in the outer spindle 23 to which the
      outer knob 12 is secured. In this second, locked position of the locking
      bar, the dog 28 is in engagement with the stationary frame 18, and the dog
      29 is in engagement with the notch 37 in the spindle. The outer knob is
      thus dogged or is non-rotatable about the axis 22. The lock is thus in
      locked condition as to the outside knob.
PAR  When the button 32 is depressed and the locking bar is translated to the
      left in FIG. 2, the locking bar underrides a bar-like latch lever 38
      extending centrally within the spindle 24. The lever 38 has an enlarged
      transverse head 39, pressed toward abutment with a centrally circular,
      radially slotted washer 41 resting against the stops 34. Force is
      transmitted by a slotted washer 42 against which the spring 33 abuts. As
      the locking bar is translated, the lever 38 is rocked clockwise and is
      cammed out of one notch 44 in the locking bar and then snaps into a second
      notch 46 in the locking bar. In this way the button 32 is held depressed
      and the lock is held in locked condition. However, when the knob 13 is
      rotated in either direction the inner spindle 24 is similarly rotated. The
      washer 41 is concurrently rotated since it has a lug 47 thereon riding in
      an axial slot 48 in the inner spindle. The washer 41 thus rotates the
      lever 38 about the axis 22 in the direction the knob is turned, but the
      locking bar 26 is not rotated since it passes freely through the slotted
      washer 41 and in addition is held at the end against rotation by the
      radial notches 36 and 37. Since the locking bar is a flat strap the bodily
      rotation of the lever 38 with the spindle to either side of center
      releases the locking bar. This then, under the influence of the spring 33,
      moves axially to the right, in doing so passing the end of the lever 38.
      When the knob 13 is rotated back to its central position, the lever 38
      again resumes its position in the notch 44. In this way the locking bar is
      effective to hold the lock set in locked condition or to release it to
      unlocked condition.
PAR  Particularly pursuant to the present invention there is mounted on the
      frame plate 18, preferably with an intervening spacer 51, a microswitch 52
      secured in position by one or more screws 53. The microswitch includes an
      actuator 54 which is spring-pressed and normally projects to leave the
      switch in one condition whereas when the actuator 54 is depressed the
      switch is then in the opposite condition. The mounting is such that the
      actuator 54 is directly in the path of the lug or dog 28. When the locking
      bar is in the unlocked position as shown in FIG. 2, the dog 28 is not in
      contact with the actuator 54 but when the locking bar is translated to the
      left into its other extreme, locked position, then the rounded end of the
      dog 28 cams against and depresses the actuator 54 and so changes the
      condition of the switch 52.
PAR  The switch 52, as shown diagrammatically in FIG. 1, is included in a
      circuit generally designated 56, having a suitable source of electromotive
      force (not shown) and also having an indicator 57. This can be a light,
      buzzer, or comparable device.
PAR  With this arrangement, whenever the lock is in unlocked condition and the
      outer knob 12 can be easily rotated, the indicator 57 is either
      de-energized or energized, depending on how the switch 52 is arranged. In
      the other condition, when the outer knob 12 cannot be rotated because the
      locking bar 26 has been displaced by depression of the button 32 so that
      the dogs 28 and 29 are in their respective notches 36 and 37, the switch
      actuator 54 is depressed, the switch is in an opposite condition and the
      indicator 57 is also in its alternate condition. In this way a switch can
      easily be arranged within a standard mechanism to actuate a remote
      indication of the locked condition of the lock set.
PAR  As particularly illustrated in FIG. 4, the switch 52 can be mounted
      releasably rather than fixedly on the frame 16. In this instance the
      switch 52 is directly held by fastenings 61 to a somewhat springy plastic
      clip 62. A pair of arms 63 and 64 on the clip can be sprung apart slightly
      to be moved radially over the outer hub 21 and then can be moved axially
      so that the switch 52 nests well within the protection of the outer frame
      16. The clip is kept from rotating by an internally extending lug 66 which
      fits into a depressed pocket 67 normally provided in the hub. The pocket
      67 is axially short so the lug 66 and clip 62 are also confined in an
      axial direction. In this way, the switch can be very easily applied to a
      pre-assembled lock or can be removed therefrom if its function is no
      longer required without in any way requiring any machine work or permanent
      attachment to the lock frame. There are usually several pre-existing
      notches or openings in the lock frame 16 so that the conductors in the
      circuit 56 can be appropriately and safely disposed.
PAR  With this arrangement, the switch device is entirely included with the
      door-mounted part of the lock set and can be actuated in any position of
      the door, whether open or closed provided the circuit 56 remains
      continuous where it crosses the gap between the door panel and the door
      frame. This is valuable in duress conditions. Should a person open a door,
      even a few inches, and be confronted by an intruder, he can depress the
      button 32 while his hand is still on the knob 13 and so give an immediate
      alarm.
PAR  Under other circumstances, if it is desired to indicate whether the door is
      open or closed in addition to showing whether or not the door is locked,
      the circuit 56 is arranged to be continuous only when the door is closed
      and to be broken by the opening of the door. In that case a door closed
      and lock indication can be given by closure of the switch 52.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A door lock condition indicator comprising a lock frame, an outer hub on
      said frame concentric with a rotational axis, an inner hub on said frame
      concentric with said axis, an outer spindle rotatable in said outer hub
      about said axis, an inner spindle rotatable in said inner hub about said
      axis, a locking bar, means for mounting said locking bar in said inner
      spindle for movement relative to said lock frame parallel to and along
      said axis between a first position in non-rotational engagement with said
      lock frame and free from said outer spindle and a second position in
      non-rotatable engagement with said lock frame and in non-rotatable
      engagement with said outer spindle, an electric switch having a radially
      movable actuator, and means for mounting said switch on said lock frame
      with said actuator in position radially and axially free of said locking
      bar in one of said locking bar positions and axially engaged and radially
      moved by said locking bar in the other of said locking bar positions.
NUM  2.
PAR  2. A device as in claim 1 including a spring in said inner spindle urging
      said locking bar toward one of said locking bar positions.
NUM  3.
PAR  3. A device as in claim 1 in which said actuator moves linearly, said
      mounting means supports said switch within said lock frame and outside
      said outer spindle and with said actuator movable radially, and said
      locking bar has an end dog axially movable with said locking bar and
      camming radially against said actuator.
NUM  4.
PAR  4. A door lock condition indicator comprising a lock frame symmetrical
      about an axis, a hub secured to said lock frame and extending inside said
      lock frame along said axis, means on said hub forming a depressed pocket,
      an electric switch, a clip engaging said hub and supporting said electric
      switch within said lock frame, a lug on said clip adapted to seat in said
      pocket, and means within said lock frame and movable along said axis into
      and out of engagement with said electric switch.
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ABST
PAL  A panic stoplight system for automobiles includes a fluid pressure
      switching device connected through a flasher with signal lights for
      operation by the automobile braking system. The fluid pressure switching
      device closes for flashing the signal lights only when the force applied
      to the actuator of the braking system is representative of panic braking.
      Time delay means keeps the system energized for a predetermined time after
      panic braking ceases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application relates to a panic stoplight system for automobiles or
      similar vehicles, and to a fluid pressure switching device for use in such
      systems.
PAR  Conventional automobiles and similar vehicles include rear lights which are
      turned on when the vehicle brakes are applied to warn the operator of a
      following vehicle that the forward vehicle is decelerating. During
      daylight operation, the rear lights are simply turned on when the brakes
      are applied. During nighttime operation, the rear lights usually increase
      in intensity when the brakes are applied. A warning system of this type
      gives no indication as to how rapidly a vehicle is decelerating. The brake
      lights are on with the same intensity anytime the brakes are applied,
      regardless of the magnitude of the braking force.
PAR  Many systems have been proposed for providing different signals related to
      the deceleration rate of the vehicle. One proposed system includes inertia
      switching devices responsive to changes in vehicle momentum for turning
      the warning lights on. These systems do not warn a following operator of
      certain emergency conditions such as icy pavement. An operator of a
      vehicle may see an emergency condition ahead and forcefully apply the
      brakes. If the pavement is icy, the vehicle will simply continue with
      little change in momentum. With an inertia-type of switching device, the
      operator of a following vehicle will be unaware of the attempted panic
      braking of the forward vehicle.
PAR  Other proposed systems include a plurality of different lights of different
      colors. Each light is related to a certain operating mode of the vehicle.
      For example, a green light may indicate that a vehicle is traveling along
      normally; a yellow light that the vehicle is decelerating slowly; and a
      red light that the vehicle is decelerating rapidly. Systems of this type
      are very expensive because they require a plurality of switching devices
      and lights. In addition, an operator of a following vehicle may have his
      eyes off the forward vehicle momentarily and not see a light change from
      yellow to red. Upon seeing the red light, it will take the operator of a
      following vehicle at least a split second longer to react and this could
      be too late to prevent an accident.
PAR  Other systems of the type described include complicated switching
      arrangements for flashing the rear lights at various rates and intensities
      proportional to the deceleration rate. A system of this type is highly
      effective only if the operator of a following vehicle always has his eyes
      on the forward vehicle so that changes in the flashing rate will be
      readily apparent. An operator who momentarily looks in his rearview mirror
      or on some other scene and then notices the forward vehicle lights
      blinking will not be readily aware of whether the blinking rate is
      representative of normal or panic deceleration.
PAR  In all prior systems of the type described, the warning signal goes off as
      soon as panic braking ceases. This has the disadvantage that if a vehicle
      operator applies the brakes in a manner representative of panic braking
      for only a second or two, and the following operator momentarily has his
      eyes off the forward vehicle, he will not be aware that the forward
      vehicle has rapidly decelerated. Systems having a plurality of different
      lights or lights which blink at different rates depending upon the
      deceleration rate can also create confusion and pose a serious distraction
      under crowded multi-lane traffic because an operator would see many
      different lights blinking at many different rates.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a panic stoplight system for
      automobiles or like vehicles operates in response to a predetermined force
      applied to the actuator for the braking system to warn an operator of a
      following vehicle that rapid deceleration is taking place.
PAR  The system of the present invention also includes a time delay means for
      maintaining the warning system operative for a predetermined time after
      the braking force has been released, or when the brakes are being pumped.
PAR  In accordance with one arrangement, the panic stoplight system of the
      present invention includes a fluid pressure switching device having a
      fluid accumulator chamber which includes a normally open bleed orifice for
      relieving pressure therefrom at a predetermined rate. Fluid supply means
      is provided for supplying fluid to the accumulator chamber at variable
      rates for pressurizing the chamber at a rate proportional to the force
      applied to the actuator of the braking system. Movable switch operating
      means is responsive to a predetermined pressure in the accumulator chamber
      for operating a switch. The switch operating means may take many forms,
      including a deformable diaphragm, a movable piston or a bellows.
PAR  In one arrangement, orifice adjustment means is provided for adjusting the
      size of the bleed orifice in the accumulator chamber for varying the delay
      time after the braking force has been released.
PAR  In accordance with one aspect of the invention, the fluid supply means
      includes a fluid supply chamber communicating with the accumulator
      chamber. Volume reducing means is provided for reducing the volume of the
      fluid supply chamber to force fluid therefrom into the accumulator
      chamber. The volume reducing means may be in the form of a movable piston
      or the fluid supply chamber may have deformable walls.
PAR  In one arrangement, the fluid supply chamber is connected for operation by
      the brake actuator of the vehicle braking system. With this arrangement,
      the accumulator chamber is pressurized at a rate proportional to the force
      applied to the braking system actuator.
PAR  In one arrangement, the fluid pressure switching device includes a normally
      open switch connected with flasher signal lights for signaling a panic
      braking condition. The normally open switch is closed when the accumulator
      chamber is pressurized to a predetermined pressure which is proportional
      to a force applied to the braking system actuator representing a panic
      braking condition.
PAR  It is a principal object of the present invention to provide an improved
      panic stoplight system for automobiles and similar vehicles.
PAR  A further object of the invention is to provide an improved fluid pressure
      switching device for use in such a system.
PAR  An additional object of the invention is to provide a panic stoplight
      system with a delay means for maintaining the system operative for a
      predetermined time after the braking force has been relieved or reduced.
PAR  Other objects and advantages of the present invention will become apparent
      as the following description proceeds.
PAR  To the accomplishment of the foregoing and related ends, the invention,
      then, comprises the features hereinafter fully described and particularly
      pointed out in the claims, the following description and the annexed
      drawing setting forth in detail certain illustrative embodiments of the
      invention, these being indicative, however, of but a few of the various
      ways in which the principle of the invention may be employed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional elevational view showing a fluid pressure
      switching device constructed in accordance with the present invention
      connected through a flasher unit with lights;
PAR  FIG. 2 is a cross-sectional elevational view showing another embodiment of
      a fluid pressure switching device;
PAR  FIG. 3 is a cross-sectional elevational view showing another embodiment of
      a fluid pressure switching arrangement; and
PAR  FIG. 4 is an elevational view of an actuator for a vehicle braking system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a fluid accumulator chamber 12 having a flexible diaphragm 14
      of rubber or like material extending thereacross and carrying a switch
      contact 16 for cooperation with a fixed switch contact 18. Contacts 16 and
      18 are connected by leads 20 through a flasher unit or switch 22 with
      lights 24 positioned on the rear of a vehicle. The housing in which
      diaphragm 14 is mounted is open to atmosphere on the side thereof carrying
      contact 16 for allowing expansion and contraction or flexing of diaphragm
      14. Such an opening may be provided by enlarging the opening through which
      lead 20 extends to contact 16.
PAR  Accumulator chamber 12 has a fluid inlet 26 through which pressurized
      fluid, preferably air, is supplied from a fluid supply chamber 28 having
      an outlet conduit or opening 30 normally closed by a ball check valve
      which includes a ball 32 and spring 34. Fluid supply chamber 28 has a
      movable piston 36 mounted therein and normally biased to the left in FIG.
      1 away from ball check 32 by a coil spring 38. A ball check valve 40 or
      the like allows ingress of air to fluid supply chamber 28.
PAR  Fluid accumulator chamber 12 includes a normally open bleed orifice 44
      communicating past a needle valve 46 with an outlet 48 leading to
      atmosphere or the like. Needle valve 46 is adapted to be adjusted for
      varying the size of outlet orifice 44.
PAR  Fluid supply chamber 28 has an inlet 50 communicating therewith on the
      opposite side of piston 36 from coil spring 38 and is adapted to be
      connected with hydraulic or pneumatic conduit 52 shown in FIG. 4 connected
      with hydraulic or pneumatic reservoir 54 from which fluid pressure is
      supplied to conduit 52 and conduit 56 leading to brakes on a vehicle
      braking system. Pressure is supplied from reservoir 54 by manual operation
      of a movable brake actuator pedal or the like 58.
PAR  Application of manual force to brake actuator 58 results in application of
      fluid pressure from conduit 52 through inlet 50 on one side of piston 36
      in fluid supply chamber 28 for shifting piston 36 to the right in FIG. 1
      against the biasing force of spring 38. This reduces the volume of fluid
      supply chamber 28 so that air flows therefrom through outlet 30 past the
      check valve 32 into accumulator chamber 12. The biasing force of spring 38
      and the opening pressure for the ball check valve, along with the size of
      bleed orifice 44, are proportioned so that the pressure in accumulator
      chamber 12 is not raised to a sufficient level for deforming or flexing
      diaphragm 14 far enough to cause contact 16 to engage contact 18 during
      application of normal force to brake actuator 58 representative of normal
      deceleration rates for the vehicle. However, rapid application of high
      force to brake actuator 58 representative of panic braking or an extremely
      rapid deceleration rate will rapidly cause movement of piston 36 for
      quickly pressurizing accumulator chamber 12 a sufficient amount for
      deforming or flexing diaphragm 14 so that contact 16 engages contact 18
      causing lights 24 to blink on and off. Even after the force on brake
      actuator 58 is released, accumulator chamber 12 will remain pressurized
      causing lights 24 to flash for a predetermined time because of the
      controlled rate at which fluid is permitted to escape from accumulator
      chamber 12 in accordance with the setting of the size of bleed orifice 44.
      Once sufficient pressure is bled from accumulator chamber 12, diaphragm 14
      moves back to the solid line position shown in FIG. 1 to open contacts 16
      and 18. The described system is operative to flash lights 24 even though
      the vehicle is not decelerating as when the driver attempts panic braking
      on a slippery surface takes place.
PAR  FIG. 2 shows another arrangement wherein accumulator chamber 12 contains a
      movable piston 62 normally biased to the left by coil spring 64. A
      centrally located rod 66 extends from the piston 62 through a suitable
      hole 68 in the housing for accumulator chamber 12 to act against insulator
      70 for closing contacts 16 and 18 when the rod is moved to the shadow line
      position. In this embodiment, bleed orifice 72 simply provides
      communication between accumulator chamber 12 and fluid supply chamber 28
      for bleeding fluid from accumulator chamber 12 at a predetermined rate for
      maintaining the lights in a blinking condition for a predetermined time
      after the panic braking force has been released from the braking actuator
      58. The arrangement of FIG. 2 is a closed system facilitating use of
      hydraulic fluid in accumulator chamber 12 and supply chamber 28.
PAR  FIG. 3 shows still another arrangement wherein a fluid supply chamber 74
      has deformable walls of elastomeric material and brake actuator 58
      includes deforming means for deforming the walls of chamber 74 to reduce
      the volume thereof for forcing fluid therefrom through conduit 76 into a
      bellows 78 defining the accumulator chamber. Bellows 78 may simply operate
      against a spring arm carrying contact 16 for moving it into engagement
      with fixed contact 18. Bleed orifice 44 communicates with the interior of
      bellows 78 for bleeding pressure therefrom at a predetermined rate. Fluid
      supply chamber 74 includes an inlet check valve 80 for allowing expansion
      of fluid supply chamber 74 when the manual force is released from actuator
      58.
PAR  Although the invention has been shown and described with reference to
      certain preferred embodiments, it is obvious that equivalent alterations
      and modifications will occur to others skilled in the art upon the reading
      and understanding of this specification. The present invention includes
      all such equivalent alterations and modifications, and is limited only by
      the scope of the claims.
CLMS
STM  The embodiments of the invention in which an enclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A fluid pressure switching device in combination with a vehicle braking
      system for indicating panic braking, comprising: a fluid accumulator
      chamber, fluid supply means for supplying fluid to said accumulator
      chamber at variable rates for pressurizing said accumulator chamber, said
      fluid supply means including a fluid supply chamber communicating through
      a supply conduct with said accumulator chamber and volume reducing means
      for reducing the volume of said fluid supply chamber to force fluid
      therefrom into said accumulator chamber, a flow control check valve means
      in said supply conduit for preventing flow of fluid from said accumulator
      chamber to said fluid supply chamber, said vehicle braking system
      including a manually operated brake actuator and fluid conduit means
      through which pressure is applied by said brake actuator for applying the
      vehicle brakes, said brake actuator also being coupled via said fluid
      conduit means to supply pressure to said volume reducing means for
      operation of the latter in response to pressure in said fluid conduit
      means to reduce the volume of said fluid supply chamber for pressurizing
      said accumulator chamber at a rate proportional to the force applied to
      said brake actuator, a switch connected with signal lights of the vehicle,
      movable switch operating means responsive to a predetermined pressure in
      said accumulator chamber for operating said switch, a normally open bleed
      orifice in fluid communication with said accumulator chamber for passing
      fluid from the latter to relieve pressure therein at a predetermined rate,
      said orifice being of a size to preclude pressurization of said
      accumulator chamber in excess of such predetermined pressure when said
      fluid supply means supplies fluid to said accumulator chamber at or below
      such predetermined rate and to permit temporarily pressurization of said
      accumulator chamber in excess of such predetermined pressure when said
      fluid supply means supplies fluid to said accumulator chamber above such
      predetermined rate to effect movement of said switch operating means to
      operate said switch, the relationship of the size of said bleed orifice,
      the predetermined pressure at which said switch operating means operates
      said switch, and the fluid pressures in said fluid conduit means in
      response to operation of said brake actuator being such that said switch
      operating means is operative to operate said switch when said brake
      actuator has been operated for panic braking.
NUM  2.
PAR  2. The device of claim 1, said accumulator chamber being a pneumatic
      accumulator chamber, and said fluid supply chamber being a pneumatic
      supply chamber.
NUM  3.
PAR  3. The device of claim 2, said switch being a normally open switch
      connected with said signal lights through a flasher switch.
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ABST
PAL  An electric compressed-gas circuit breaker is equipped with a blasting
      device for extinguishing the arc drawn when the breaker opens. The
      blasting device includes a cylinder member and a piston member as well as
      energy storage means which, at the start of the opening motion, is
      released in a direction to produce an additional compression. The energy
      storage means is charged at the end of the breaker opening motion with the
      kinetic energy of the parts moved by the drive for the blasting device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electric compressed-gas circuit breaker with a
      quenching device which includes a movable blasting cylinder, a so-called
      puffer cylinder, and a puffer piston controlled in an axial motion
      relative to the puffer cylinder. The contact arrangement of the breaker
      includes a fixed contact piece and a movable contact piece. A drive for
      the quenching device is also provided.
PAR  From Deutsche Offenlegungsschrift No. 1,913,973 an electric circuit breaker
      is known whose quenching device, consisting of a puffer piston and the
      puffer cylinder, is coupled with the drive for the compression of the
      quenching medium in such a manner that the distance of the puffer piston
      from the mating contact piece is greater in the closed and in the open
      position than during the interrupting process. One thereby obtains an
      improvement of the compression of the quenching medium, because a motion
      in opposite directions takes place between the piston and the puffer
      cylinder during the pre-compression phase. For this purpose, not only the
      puffer cylinder is rigidly coupled with the drive, but the puffer piston
      is also connected with the drive by means of a special linkage. This means
      that the entire energy for the compression of the quenching medium must be
      supplied by the drive at the same time.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an electric compressed-gas
      circuit breaker of the above-mentioned type wherein the energy that must
      be made available by the drive during the interrupt motion can be reduced
      while retaining the advantage of rapid compression and without reducing
      the switching capacity of the breaker.
PAR  According to the invention, the above objects are realized by an energy
      storage device which is arranged between the puffer piston and the puffer
      cylinder and releases at the beginning of the interrupt motion in the
      sense of additional compression, and which can be charged at the end of
      the interrupt motion with the kinetic energy of the parts moved by the
      drive.
PAR  Through the use of the invention, kinetic energy of the parts moved by the
      drive, which is customarily removed in conventional breakers by means of
      damping means, can be released, that is, utilized for the following
      switching operation for increasing the driving force.
PAR  In a preferred embodiment, the energy storage device is positively
      controlled by the drive; this assures that the charge absorbed by the
      energy storage device is released under positive control in the course of
      the pre-compression phase of the quenching device.
PAR  In a particularly advantageous embodiment of the extinguishing device
      according to the invention, the energy storage device is a compression
      spring which is arranged between the puffer piston and the puffer cylinder
      and which can be tensioned toward the end of the opening motion,
      preferably by the movable contact. Here, the puffer cylinder of the
      quenching device is preferably coupled rigidly with the drive, while the
      puffer piston can be latch-locked against stationary parts of the breaker.
      It is also possible, of course, to couple the puffer piston rigidly with
      the drive and to latch-lock the puffer cylinder detachably at stationary
      parts of the breaker. It is advantageous to construct the puffer piston as
      a ring piston surrounding the movable contact; the former is then taken
      along under forced control by the movable contact piece toward the end of
      the interrupt motion. A roller-controlled latch is advantageously
      associated with the energy storage device for controlling the puffer
      piston and the energy storage device connected with it.
PAR  Although the invention is illustrated and described herein as an electric
      compressed-gas circuit breaker, it is nevertheless not intended to be
      limited to the details shown, since various modifications may be made
      therein within the scope and the range of the claims. The invention,
      however, together with additional objects and advantages will be best
      understood from the following description and in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a compressed-gas circuit breaker equipped
      with an extinguishing device according to the invention. The component
      parts to the left of the center line are depicted to show their position
      during a movement from the closed position to the open position of the
      breaker. The phantom outline therein indicates the position of the blast
      cylinder member for the open position. To the right of the center line,
      the parts of the extinguishing device are shown in the position they
      occupy when the breaker is in the open position.
PAR  FIG. 2 is a half-elevation view, partially in section, showing the position
      of the blast piston member relative to the bridging switching piece when
      the breaker is in the open position.
PAR  FIG. 2A is an exploded view of the encircled portion of FIG. 2 and shows
      how the latching mechanism latches the blast piston member when the
      bridging switching piece is brought into the open position.
PAR  FIG. 3 shows the same parts as shown in FIG. 2 for the condition existing
      after the breaker closing operation has begun. This view is taken along
      line II--II of FIG. 3A.
PAR  FIG. 3A is a section view taken along line III--III of FIG. 3 to show the
      distribution of the balls of the latching mechanism and their disposition
      with respect to the stationary stop 14.
PAR  FIG. 4 shows how the piston of the extinguishing device is released at the
      beginning of the opening operation of the breaker.
PAR  FIG. 5 is also a half-elevation view showing the position of the blast
      piston member and bridging switching piece as the latter engages the
      former during the breaker opening operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In FIG. 1, the electric compressed-gas circuit breaker is shown to the
      right of the center line in the open position and to the left of the
      center line, shortly after the start of the opening motion. The
      compressed-gas circuit breaker includes a switching chamber 1 consisting
      of porcelain, which supports at its upper end a fixed contact 2. A fixed
      contact 3 is arranged on the axis common to both contacts 2 and 3 and is
      attached at the lower end of the chamber in spaced relation to contact 2.
      The distance between the two constacts 2 and 3 constitutes the gap which,
      in the closed position of the breaker, is bridged by an essentially
      tubular bridging switching member 4 in an electrically conducting manner.
      The interior 5 of the switching chamber 1 is filled with an insulating
      gas, particularly, an electronegative gas such as sulfur hexafluoride at a
      pressure of about 4 bar. With the contact system of the two stationary
      contacts 2 and 3 and the movable bridging switching member 4 there is
      associated a quenching device. The quenching device includes a movable
      puffer cylinder 6 and a puffer piston 7. The puffer cylinder 6 carries at
      its end face a nozzle member 8 having a nozzle opening 9 tightly
      surrounding the stationary contact 2 in the closed position and in the
      course of the pre-compression phase. The puffer cylinder 6 is moved,
      together with the bridging switching member 4, by an actuator 10 in the
      direction of the arrow 11 when the electric circuit breaker receives the
      command to open. In this operation, the puffer cylinder 6 first moves from
      the position 12 shown by the broken line to the left of the center line
      into the position shown schematically by the solid line (also to the left
      of the center line) whereat the bridging switching member 4 releases the
      pre-compressed gas in a direction toward the gap between the contacts 2
      and 3 while at the same time interrupting the circuit. The bridging
      switching member 4 is made of a tubular sleeve 4a and contact fingers 4b
      resiliently supported therein. A switching member of this type is
      described, for example, in U.S. Pat. No. 3,789,175.
PAR  The puffer piston 7 rests against a stationary stop 14 of the
      compressed-gas circuit breaker by means of a compression spring 13. To the
      left of the center line, the spring 13 is shown in the relaxed condition.
      The puffer piston 7 is arranged relative to the stationary stop 14 so as
      to be movable axially with respect to the puffer cylinder 6. The
      compression spring 13 loading the puffer piston 7 acts as an energy
      storage device which is charged in the further course of the opening
      motion. For this purpose, the bridging switching member 4 is provided with
      a circular, radially projecting rim 15, which is pressed against the stop
      shoulder 16 of the puffer piston 7 and thus transfers the puffer piston 7
      from the position shown to the left of the center line into a position
      shown to the right of the center line. In the position shown to the right
      of the center line, the puffer piston 7 is latch-locked by means of a ring
      17 acting as a latch on the stationary stop 14. The ring 17 is expandable
      as described below and can be made of a material such as spring steel.
PAR  This lock can be released by balls 19 which rest against the stationary
      stop 14 and which are loaded by means of a spring 18 having a housing 18a.
      The balls 19 have a clearance in the locked position in a cutout 20 on the
      bridging switching member 4 and are taken along by the release flank 21 of
      the cutout 20 against the force of the spring 18. In the course of a
      movement of the bridging switching member 4 taking place in the direction
      of the arrow 22, the lock is retained and is released only upon a new
      movement of the bridging switching member 4 in the direction of the arrow
      11.
PAR  This action can be seen with particular clarity from the half-section views
      shown in FIGS. 2 to 5 wherein the same parts are labelled with the same
      reference symbols.
PAR  FIG. 2 shows the open position of the breaker in which the circular,
      projecting rim 15 of the bridging switching member 4 is pressed against
      the shoulder 16 of the puffer piston 7 so that the piston 7 latches on
      stationary part 14 by means of the ring 17 with its edge 23 (FIG. 2A). In
      the course of the closing motion, the bridging switching member 4 is moved
      in the direction of the arrow 22, the ball being displaced from the cutout
      20 to the locking edge 23 with a rolling motion while the spring 18 is
      compressed into its housing 18a as shown in FIG. 3. At the location next
      to housing 18a, there is sufficient room to accommodate the ball 19
      between surface 4a and the runoff edge 24 so that the expandable ring 17
      does not become disengaged from stationary part 14. The rolling motion
      which moves the ball 19 to the location next to housing 18a is achieved by
      the action on the ball 19 of the release flank 21 and the outer surface 4a
      of the switching member 4. Surface 4a imparts a rolling motion to balls 19
      because, as shown in FIG. 3A, the balls are in rolling contact therewith.
      The ball 19 remains in the location next to housing 18a until the start of
      the opening motion (FIG. 4).
PAR  FIG. 3A shows the balls 19 and how they are distributed as well as their
      disposition with respect to the stationary part 14. FIG. 3A also shows the
      ring 17 being expandable by a slit 17a.
PAR  Referring again to FIG. 4, at the start of the opening motion, the bridging
      switching member 4 is moved in the direction of the arrow 11 thereby
      causing surface 4a to impart a rolling motion to ball 19; this in turn
      causes ball 19 to roll against the run-off edge 24 of the ring 17 and
      simultaneously relaxes the spring 18; this rolling action of ball 19
      causes the ball 19 to move ever further toward the apex of the wedge-like
      opening 24a conjointly defined by the edge 24 and surface 4a. In this way,
      the ball presses against edge 24 to expand the ring 17 in such a manner
      that the locking edge 23 is disengaged. The puffer piston 7 is moved
      thereby (at the start of the opening motion) in the direction of the arrow
      25 in such a manner that the energy stored in the spring 13 is released in
      the sense of an additional compression.
PAR  Toward the end of the opening motion, the parts of the compressed-gas
      circuit breaker, that is, the puffer cylinder 6, the bridging switching
      member 4 and their common driving linkages, which are moved by the drive
      10, are decelerated by the spring 13 loading the puffer piston 7; more
      specifically, the kinetic energy of the parts moved by the drive charges
      the energy storage device constituted by the spring 13.
PAR  In this manner, the drive can be constructed for smaller forces with the
      switching capacity of the electric compressed-gas breaker remaining the
      same; or the breaker is suited, through the application of the invention,
      for more rapid compression with drive elements of the same size, which
      corresponds to a shortening of the interrupt time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electric compressed-gas circuit breaker having a contact
      arrangement including a movable switching piece and a stationary contact
      piece and being equipped with a drive actuated extinguishing device for
      extinguishing the arc drawn as the breaker switches from the closed
      position to the open position, the extinguishing device comprising: a
      movable blast cylinder member; a blast piston member axially movable
      relative to said blast piston; a drive connected to one of said members
      and to said switching piece for moving the same when the breaker is moved
      between the opened and closed positions thereby imparting kinetic energy
      thereto during the movement between said positions; energy storage means
      for receiving and storing at least a portion of said energy in a manner so
      as to load the other one of said members therewith; engaging means for
      engaging said other one of said members to move the same in a direction to
      load said energy storage means with said kinetic energy toward the end of
      the movement from said closed position to said open position; and,
      latching means for releasing said stored energy at the beginning of the
      next movement from said closed position to said open position to cause
      said other member to be propelled by said stored energy in a direction
      opposite to said one member whereby additional compression of the gas is
      achieved.
NUM  2.
PAR  2. The extinguishing device of claim 1, said energy storage means being a
      resilient element arranged between said other member and a stationary
      location on the breaker, said engaging means comprising means formed on
      the movable switching piece for engaging said other member toward the end
      of said movement from said closed position to said open position whereby
      said other member acts upon said resilent member to stress the same
      thereby storing at least a portion of said kinetic energy therein.
NUM  3.
PAR  3. The extinguishing device of claim 2, said resilient element being a
      compression spring tensioned in compression by the action of said other
      member thereon after said other member is engaged by said means formed on
      the movable switching piece.
NUM  4.
PAR  4. The extinguishing device of claim 3, said one member is said blast
      cylinder member and said other one of said members is said blast piston
      member, said blast cylinder member being rigidly coupled to said drive,
      said latching means comprising means for latching said blast piston member
      to a stationary location on the breaker when the movable switching piece
      arrives at said open position.
NUM  5.
PAR  5. The extinguishing device of claim 4, said blast piston member being
      configured as an annular piston arranged in surrounding relation to said
      movable switching piece, said means formed on the movable switching piece
      being a projection for engaging said blast piston member toward the end of
      said movement from said closed position to said open position to forcibly
      move said blast piston member against the force of said compression
      spring.
NUM  6.
PAR  6. The extinguishing device of claim 4 wherein the breaker includes a
      stationary part, said latching means including a stop formed on said
      stationary part; an expandable ring mounted on said blast piston member
      for forcibly engaging said stop after said piston member is moved by the
      movable switching piece to load said compression spring; and, roller means
      for coacting with said ring in response to the next movement of the
      movable switching piece from said closed position to said open position to
      cause said expandable ring to expand so as to disengage the same from said
      stop thereby releasing the energy stored in said compression spring
      whereby said blast piston member is propelled in a direction opposite to
      said blast cylinder member at the beginning of said last-mentioned
      movement.
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ABST
PAL  An electrical push-button switch in which the push button has a shank
      extending through a passage in the switch housing for engaging an
      electrical contact set. The passage through which the shank extends has a
      series of notches around the periphery for receiving one end of a pair of
      springs, the other end of each spring is attached to the shank. The
      springs have an N-shaped configuration with an extension at one end of the
      N. A pair of complimentary stationary portions of the switch housing
      extend in the path of and engage the extended portions of the springs
      after the push button is depressed. The initial depression of the push
      button causes the shank to move against the tension of the springs until a
      changeover point is reached, thereafter the push button movement is
      assisted by the springs for a further period of travel. Upon additional
      movement, the extensions on the springs then contact the complimentary
      extending portions of the housing so that further movement of the shank is
      now opposed by the action of the springs. The switch is designed so that
      the shank then comes in contact with and depresses the set of electrical
      contacts. The contact restoring springs operate to return the button to
      its initial rest position and are assisted by the tension created in the
      aforementioned push-button springs in cooperation with said extended
      portions of the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical push-button switches, and to sets of
      such switches, such as used on telephone subscribers' instruments.
PAR  There is provided an electrical push-button switch in our British Patent
      No. 1,309,710 (J. G. Brown et al. 1-1), in which each said spring member
      has at its said one end an extension portion which when the button is at
      rest does not engage any stationary part of the switch, in which part-way
      through the movement of the button due to the depression thereof each said
      spring member's extension portion engages a stationary portion of the
      switch so that further movement of the button is opposed by the tension
      created in said extension portions, and in which on release of the button
      the initial portion of its restoration to rest is assisted by the tension
      in said extension portions.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided an improved electrical
      push-button switch, in which the push button has a shank extending through
      a support so that its end engages one of the contacts of an electrical
      contact set, in which the hole in the support which receives said shank
      has notches distributed about its periphery, each of which notches
      receives a portion of one of a plurality of spring members near to one of
      its ends, in which the other ends of the spring members are each located
      in the shank so that the spring members urge the shank and hence the push
      button towards rest, in which said one end of each said spring member is
      bent at an angle to the portion in its said notch to provide an extension
      portion at said one end, which extension portion is out of engagement with
      the stationary parts of the switch when the button is at rest, in which on
      depression of the push-button the latter initially moves against the
      influence of the spring member until a changeover point is reached
      whereafter the spring members assist the push-button movement, in which
      part-way through the movement the extension portions of the spring members
      each engages a stationary portion of the switch so that further movement
      is opposed by the tension created in said extension portions, in which the
      movement of the contacts in the contact set due to the depression is
      against the springyness of the contacts, in which on release of the push
      button the contacts' springyness asserts itself to restore the button to
      rest, in which said restoration is assisted by the tension created in said
      extension portions due to their engagement with the stationary portions of
      the switch, and in which the restoration movement due to the springyness
      of the contacts and the tension in the extension portions is initially
      opposed by the influence of the spring members until a changeover point is
      reached, whereafter the spring members assume control.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be described with reference to the
      drawings, in which:
PAR  FIGS. 1 and 2 are part-sectioned views of a push-button switch according to
      the invention;
PAR  FIG. 3 shows the hole in top view into which the switch of FIGS. 1 and 2
      fits;
PAR  FIGS. 4 and 5 are top and side views, also partly-sectioned, of a
      push-button set using the switches of FIGS. 1 and 2, and thus having
      twelve holes each like that of FIG. 3;
PAR  FIGS. 6 and 7 show the contacts of telephone sets operated by the push
      buttons in vertical and horizontal unit form; and
PAR  FIGS. 8 and 9 show the common contact bar used with the push-button switch
      of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Each push button 1 has a cap 2 on its upper end, which (see FIG. 4) bears a
      digit member, and has a trapezoidal projection 3 on one side of its stem.
      The sloping sides of this provide ramps whose use will be explained later.
      The shank 4 of the button ends adjacent to a contact set 5, and as can be
      seen in FIG. 2 this shank is split into two legs. The shank also has two
      holes into which the ends of two springs 6, 7 fit.
PAR  As can be seen from FIG. 3, each of these springs is roughly N-shaped, but
      with a tail 8 on the end of one leg of the N. Each spring has one leg of
      the N ledged in one of the holes in the button shank, and its other leg
      received in a recess 9 in the structure into which the shank 4 fits. The
      tail extension 8 of each spring is associated with a tab or ledge 10, 10
      on one side of the hole into which the button shank extends, but when the
      button is in its rest position is out of engagement with its tab 10.
PAR  The buttons are each inserted in their holes by pushing in from the top, in
      which case the two legs into which the shank is split move inwards as they
      pass through the hole defined by 11, 11. The notched ends of the legs pass
      through the hole and are then retained in place as shown in FIG. 2, the
      legs having resilience. The upper end of the button structure onto which
      its cap fits is a close but sliding fit in its hole.
PAR  When the button is pushed it commences to move downward against the urgence
      of the two springs until these springs are almost at right angles to the
      shank axis. After this point the button movement is assisted by the
      springs, giving a so-called collapsing action. Shortly after the
      "snap-over" point is reached the tails 8 on the springs engage the tabs 10
      and thus exert a slight opposing action to the movement.
PAR  When the button is released, it is urged upwards by the resilience of the
      contact spring set acting on its bottom end, which upward movement is
      initially opposed by the springs. However, a third factor is present in
      that the two tails 8 which were tensioned during depression assert
      themselves to help the initial button movement. When the button reaches
      the snap-over point, the springs 6 and 7 are tending to drive the button
      home, and the action of the tails has ended. Hence we get an "inverse
      collapsing" action on resetting.
PAR  The remainder of the drawings relate to a push-button set for use in a
      telephone subscriber's instrument, in which the buttons are assembled in
      the wellknown 3 .times. 4 array, the 11th and 12th buttons (the ones which
      flank the O button) providing certain subscriber facilities. These could
      be call transfer, or could provide the functions of the well-known
      secretary/executive sets. As can be seen from FIGS. 4 and 5, there are
      brackets 20 on the side for mounting the set.
PAR  In some cases it is desired to operate a common contact set when any one of
      the buttons is pushed. This uses a common bar 21 shown in FIG. 8, which
      has two wide strips 22, 22 with rectangular holes which fit over
      upstanding square pillars such as 23 (FIG. 4). As can be seen from FIGS. 4
      and 5, these wide strips 22 each lie between two rows of buttons and on
      such a level as to be able to cooperate with the ramps on the buttons.
PAR  Referring back to FIG. 8, on the sides of the strips 22 there are
      projections such as 23 each with a ramp-like edge. The manner in which the
      bar operates will be seen from the scrap view of FIG. 9. Here it will be
      seen that as the button is pushed its ramp engages a ramp on the common
      bar and moves it longitudinally. When this happens a contact-operating arm
      23, FIG. 4, pivotally mounted on a bracket 24 on the common bar operates
      the common contact set 25. Resetting is under the spring urgence of the
      contacts 25, and may be assisted by a restoring spring if necessary.
PAR  It will be appreciated that in some cases no common contact set is needed,
      in which case the common bar is omitted.
PAR  The contacts of the sets operated by the push buttons each form part of a
      vertical or horizontal unit, as shown in FIGS. 6 and 7, which are on a
      larger scale than the other drawings. The vertical unit, FIG. 6, is shown
      fragmented so that it will fit in on the page. Note that each unit such as
      that of FIG. 7 is turned through 90.degree. as compared with FIG. 7 when
      in use. Note that the horizontal contacts have bent ends as shown in the
      small inset to FIG. 7.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved electrical push-button switch of the type having a shank
      extending through a passage in a switch housing, and a pair of springs
      extending between said housing and said shank, whereby depressing said
      push button causes said shank to move against the tension of the springs
      until a cross-over point occurs, whereafter the springs assist the
      movement of the shank, wherein the improvement comprises:
PA1  at least one extended portion on each of said springs in cooperation with
      stationary extended portions on said housing so that when the push button
      is in its initial rest position, said extended portions of the springs are
      not in contact with said extended portions of said housing, and when said
      push button is depressed, the movement of said shank becomes opposed by
      the springs when said extended portion of each spring engages said
      complimentary extended portion of the housing, and when said button is
      released said shaft is restoratively returned to its rest position by
      means of the tension in said springs caused by the extension of said
      spring in cooperation with the extension on said housing.
NUM  2.
PAR  2. An electrical push-button switch, in which the push button has a shank
      extending through a passageway, in a support so that its end engages one
      of the contacts of an electrical contact set, in which the passageway in
      the support which receives said shank has notches distributed about its
      periphery, each of which notches receives a portion of one of a plurality
      of spring members near to one of its ends, in which the other ends of the
      spring members are each located in the shank so that the spring members
      urge the shank and hence the push button towards rest, in which said one
      end of each said spring member is bent at an angle to the portion in its
      said notch to provide an extension portion at said one end, which
      extension portion is out of engagement with the stationary parts of the
      switch when the button is at rest, in which on depression of the push
      button the latter initially moves against the influence of the spring
      members until a change-over point is reached whereafter the spring members
      assist the push button movement, in which partway through the movement the
      extension portions of the spring members each engages a stationary portion
      of the switch so that further movement is opposed by the tension created
      in said extension portions, in which the movement of the contacts in the
      contact set due to the depression is against the springiness of the
      contacts, in which on release of the push button the contacts' springyness
      asserts itself to restore the button to rest, in which said restoration is
      assisted by the tension created in said extension portions due to their
      engagement with the stationary portions of the switch, and in which the
      restoration movement due to the springyness of the contacts and the
      tension in the extension portions is initially opposed by the influence of
      the spring members until a change-over point is reached, whereafter the
      spring-members assume control.
NUM  3.
PAR  3. The push-button switch of claim 2 wherein the passageway in said support
      has a square cross-section containing two diametrically opposed notches,
      each of said notches adapted to receive at least one spring member and
      wherein said extension portion comprises a tab extending outward from said
      support for engaging said extension portions of said spring members.
NUM  4.
PAR  4. The push-button switch of claim 1 wherein each spring comprises an
      N-shaped member with one leg of the N bent inward at right angles to the
      base of the N to provide an extended portion thereto.
NUM  5.
PAR  5. An electrical push-button assembly comprising a coordinate array of m
      .times. n switches according to claim 1 wherein each of said switches
      controls one of the contact sets in each m .times.  n array.
NUM  6.
PAR  6. The electrical push-button assembly of claim 5 further including a
      common contact set, said contact set becoming operational when any of said
      switches is depressed, and wherein an operating member for said contact
      set is provided which becomes operational when any of said push-button
      switches is depressed.
NUM  7.
PAR  7. The electrical push-button assembly of claim 6 wherein said operating
      member comprises a number of flat strips between two rows or columns of
      push buttons and wherein said strips have complimentary projections on
      their sides, each of said projections in alignment with a corresponding
      push button, each of said projections having a sloping portion for
      cooperating with a corresponding sloping portion on each push button
      whereby depressing one of said push buttons causes the sloping portion of
      said push button to correspondingly engage a sloping portion on said
      projection causing said common contact set to become operational.
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ABST
PAL  A high-frequency heating device includes an AC power source, a high-tension
      transformer, a triac thyristor connected between the primary winding of
      the high-tension transformer and the power source, a magnetron coupled to
      the secondary winding of the high-tension transformer, a signal generating
      circuit for generating upon energization a signal at a predetermined phase
      of each cycle of the power source voltage, an astable multivibrator for
      generating pulses whose pulse width is variable, and a control circuit for
      generating an output signal upon receipt of both an output pulse of the
      astable multivibrator and output of the signal generating circuit to
      control the triac thyristor in an ON-OFF fashion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a high-frequency heating device capable of
      variably controlling a high-frequency output continuously or in a stepwise
      manner.
PAR  Where food is cooked using a high-frequency heating device such as an
      electronic oven etc. it is generally known to use a high-frequency wave of
      about 2450 MHz. The high-frequency output of the electronic oven of this
      type has been heretofore controlled by effecting a repeated ON-OFF
      operation of a power source by means of mechanical contacts. In this
      control method, however, the range of control is restricted and it is
      impossible to vary a high-frequency output continuously or in a stepwise
      manner over a wider range. Furthermore, since the contact is frequently
      operated in an ON-OFF fashion, damage to the contact is liable to occur
      with the resultant short life of the contact and, consequently, this
      method proves less reliable and disadvantageous from the practical
      viewpoint.
PAR  To obviate such drawbacks, use is made, in place of such mechanical
      contacts, of a semiconductor controlled rectifying element such as a
      thyristor in an attempt to control the thyristor in an ON-OFF fashion
      according to a pulse generated from a pulse oscillator and at the same
      time control the ratio between the ON time and OFF time of the thyristor
      by varying a pulse width. In this control method, however, since the
      timing in which the thyristor is switched over from a nonconductive state
      to a conductive state is varied with the level of a power source voltage a
      larger surge current is generated from a high-tension transformer for
      supplying a high voltage to a magnetron each time the thyristor is
      rendered conductive. The service life of the thyristor is therefore
      shortened due to such a large surge current and, in the worst case, the
      thyristor is destroyed with the attendant disadvantage. Furthermore, since
      the timing in which the thyristor is rendered conductive is varied, a
      transient magnetic flux occurs each time the thyristor is rendered
      conductive. This causes an electromagnetic sound (beat) to be generated
      from an electronic oven to give an unpleasant feeling to a neighboring
      person.
PAR  It is accordingly the object of this invention to provide a high-frequency
      heating device capable of controlling a high-frequency output continuously
      or in a stepwise manner without involving any large surge current and any
      electromagnetic sound.
PAR  According to one aspect of this invention there is provided a
      high-frequency heating device comprising a semiconductor controlled
      rectifying element, a transformer with a primary winding coupled through
      the semiconductor controlled rectifying element to an AC power source, a
      high-frequency oscillator coupled to a secondary winding of the
      transformer, a signal generating circuit operated in accordance with a
      cycle of an AC power source voltage to generate a signal at a
      predetermined phase of each cycle of the power source voltage, an astable
      multivibrator whose output pulse width is variable, and a control circuit
      for generating an output signal upon receipt of both an output of the
      astable multivibrator and output of the signal generating circuit to
      control the semiconductor controlled rectifying element in an ON-OFF
      fashion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit arrangement of a high-frequency heating device
      according to one embodiment of this invention;
PAR  FIG. 2 is an explanatory view showing an output adjusting circuit of the
      high frequency heating circuit of FIG. 1; and
PAR  FIG. 3 is an explanatory view showing an output characteristic of the
      high-frequency heating circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A high-frequency heating device shown in FIG. 1 has an output control
      circuit 3 coupled through a power source output 2 to an AC power source
      of, for example, AC 120V at 60Hz. The output terminals 01, 02 of the
      output control circuit 3 are coupled through respective main contacts 4b,
      4c of an electromagnetic switch 4 to a primary winding 5a of a
      high-tension transformer 5. A magnetron 7 is connected through a
      rectifying circuit 6 consisting of a capacitor C and a diode D to a second
      winding 5b of the high-tension transformer 5. To the input terminals I1,
      I2 of the output control circuit 3 is connected a primary winding 8a of a
      transformer 8 for a heater of the magnetron 7. A secondary winding 8b of
      the transformer is connected to the heater of the magnetron 7. To the
      input terminals I1, I2 is connected a serial circuit consisting of a
      push-button switch 9 for starting cooking, a motor 11 of a cooking time
      set timer 10, a time-limit contact 12 of the timer, and a door switch 13.
      A normally open contact 4a of the electromagnetic switch 4 is connected in
      parallel with the switch 9, and the electromagnetic switch 4 is connected
      to the motor 11.
PAR  The output control circuit 3 will be more fully explained by reference to
      FIG. 2.
PAR  Between the input I2 and output 02 is connected a semiconductor controlled
      rectifying element, for example, triac a thyristor 21. A protection
      varistor 22 is connected in parallel with the thyristor 21. Between the
      input terminals I1 and I2 is connected a primary winding 23a of a
      transformer 23 for transforming, for example, an input voltage of 120V
      into 14V. A secondary winding 23b of the transformer 23 is connected
      through a diode 24 to a signal generating circuit 25. The signal
      generating circuit 25 is operated according to the cycle of voltage of the
      AC power source to generate a signal at a desired phase of each cycle of
      the voltage and has a time constant circuit 29 including a series circuit
      consisting of a variable resistor 26, resistor 27 and capacitor 28, a
      unijunction transistor 30 operated in response to an output signal of the
      time constant circuit 29, diode 31 creating a discharge circuit for the
      capacitor 28, and silicon controlled rectifier (SCR) 32. An output signal
      of the signal generating circuit is applied to a control circuit 63 to be
      described later.
PAR  To a secondary winding 23b of the transformer 23 is connected a rectifying
      circuit 35 consisting of a diode 33 and a smoothing capacitor 34. Between
      the output terminals of the rectifying circuit 35 i.e. the terminals of
      the smoothing capacitor 34 a constant voltage diode 37 is connected
      through resistor 36. Between the terminals of the diode 37 is connected a
      delay circuit 38. The delay circuit 38 has a time constant circuit 42
      including a variable resistor 39, resistor 40 and capacitor 41, constant
      voltage diode 43, NPN type transistor 44, and a diode 45 creating a
      discharge path for the capacitor 41, and is adapted to apply an output
      signal through a diode 46 to an amplifying circuit 60 after application of
      a power source voltage to the input terminals I1 and I2 of the output
      control circuit 3 to cause the operation of the amplifying circuit 60 to
      be stopped for a predetermined time period to permit the thyristor 21 to
      be turned OFF. Between the terminals of the constant voltage diode 37 is
      connected a pulse oscillator, for example, an astable multivibrator
      circuit 47, capable of varying the pulse width of an output pulse. The
      multivibrator circuit 47 includes NPN type transistors 48, 49 and time
      constant circuits 50, 51 for controlling the ON-OFF operation and ON-OFF
      time of the transistors 48, 49. The time constant circuit 50 has a
      variable resistor 52, resistor 53 and capacitor 54 and is adapted to
      control the ON time (T1) of the transistor 48 and OFF time (T1) of the
      transistor 49, while the time constant circuit 51 has variable resistors
      55, 56, resistor 57 and capacitor 58 and is adapted to control the OFF
      time (T2) of the transistor 48 and ON time (T2) of the transistor 49.
      Thus, the pulse width of an output pulse of the multivibrator circuit 47
      is varied by the time constant circuits 50, 51.
PAR  Between the output terminals of the multivibrator circuit 47 i.e. between
      the emitter and collector of the transistor 48 is connected a switching
      element, for example a time constant diode 59, for effecting a switching
      operation in response to an output of the multivibrator circuit 47. An
      output of the diode 59 is applied to the amplifying circuit 60. The
      amplifying circuit 60 includes NPN type transistors 61, 62 for effecting
      an ON-OFF operation in response to the switching operation of the time
      constant diode 59. To the output terminal of the amplifying circuit 60 is
      connected the control circuit 63 for controlling the thyristor 21 in an
      ON-OFF fashion in response to the presence of an output signal of the
      amplifying circuit 60, output signal of the signal generating circuit 25
      and output signal of a voltage detection circuit 70 to be described later.
      The control circuit 63 includes diodes 64-67, SCR 68 adapted to be
      controlled in an ON-OFF fashion according to the presence of an output
      signal of the signal generating circuit 25 which is led through these
      diodes 64-67, output signal of the amplifying circuit 60 and output signal
      of the voltage detection circuit 70, and bridge circuit 69 consisting of
      diodes D1-D4 which supply a gate signal to the thyristor 21 in response to
      the operation of SCR 68.
PAR  Between the terminals of the constant voltage diode 37 is connected through
      the bridge circuit 69 the voltage detection circuit 70 for detecting a
      voltage across the thyristor 21. The voltage detection circuit 70 includes
      NPN type transistors 71, 72 adapted to be operated in an ON-OFF fashion in
      response to a voltage across the thyristor.
PAR  The high-frequency heating device is operated when the power source switch
      is thrown in. This causes a power source voltage to be applied to the
      heater transformer 8 to allow the heater of the magnetron 7 to be heated
      and at the same time the power source voltage is applied between the input
      terminals I1 and I2 of the output control circuit 3. When a food is
      introduced into a heating chamber and a door is shut, the door switch 13
      is closed. Upon the throw-in of a cooking switch 9 after the timer is set
      to a time required for cooking, the time-limit switch 12 of the timer is
      closed and the electromagnetic switch 4 is energized to cause the normally
      open contact 4a to be closed and self-sustained and the main contacts 4b,
      4c are closed.
PAR  When a power source voltage is applied between the input terminals I1 and
      I2 of the output control circuit 3 a charging current flows into the time
      constant circuit 29 to cause the capacitor 28 to be charged. When a
      charging voltage of the capacitor 28 reaches a predetermined value, the
      unijunction transistor 30 is turned on and the output signal of the signal
      generating circuit 25 is applied to the control circuit 63. Conduction of
      the unijunction transistor 30 causes SCR 32 to be turned on and the
      capacitor 28 is discharged through diode 31 and SCR 32. In this case, for
      each cycle of the power source voltage the capacitor 28 begins to be
      charged from a zero potential of the power source voltage and continues to
      be charged in accordance with a CR time constant determined by the
      variable resistor 26, resistor 27 and capacitor 28 and when the charging
      level of the capacitor reaches a predetermined level, the unijunction
      transistor 30 is turned on. Therefore it is possible to generate an output
      signal from the signal generating circuit 25 at a desired phase of the
      power source voltage with respect to the zero level of the power source
      voltage as a reference by varying the resistance value of the variable
      resistor 26.
PAR  A charging current flows into the capacitor 41 of the delay circuit 38 in
      accordance with a CR time constant determined by the variable resistor 39,
      resistor 40 and capacitor 41. The transistor 44 is held nonconductive
      until the charging voltage of the capacitor 41 reaches a predetermined
      value and an output signal of the delay circuit 38 is applied to an
      amplifying circuit 60 to cause the transistor 61 to be short-circuited
      between the base and the emitter thereof. Thus, the amplifying circuit 60
      does not effect its amplifying operation.
PAR  The multivibrator circuit 47 effects an oscillation operation in accordance
      with a time constant of the time constant circuits 50, 51. That is, the
      transistors 48 and 49 of the multivibrator circuit 47 alternately effect
      ON-OFF operation in accordance with the time constant circuits 50 and 51.
      The constant voltage diode 59 effects an ON-OFF operation in response to
      the output of the multivibrator circuit 47 and an output signal of the
      multivibrator circuit 47 is applied through the constant voltage diode 59
      to the amplifying circuit 60. More particularly, when the transistor 48 is
      turned off and its collector voltage becomes larger than a Zener voltage
      of the constant voltage diode 59, the diode 59 is turned on to permit a
      voltage to be applied to the base of the transistor 61. On the other hand,
      when the transistor 48 is turned on and its collector voltage becomes
      smaller than a Zener voltage of the constant voltage diode 59, the diode
      59 is turned on and no voltage is applied to the base of the transistor
      61. In this way, the output signal of the multivibrator 47 is applied
      through the constant voltage diode 59 to the amplifying circuit 60 and as
      far as the amplifying circuit 60 stops its operation by the delay circuit
      38 the control circuit 63 is not operated. Thus, the thyristor 21 is held
      in the OFF state and the magnetron is not oscillated.
PAR  When the main switches 4b, 4c are closed by the energization of the
      electromagnetic switch 4, a power source voltage is applied across the
      thyristor 21. The AC power source voltage is detected through the bridge
      circuit 69 by the voltage detection circuit 70. If a voltage is being
      applied across the thyristor 21, the transistor 71 is conducted to cause
      the transistor 72 to be rendered nonconductive and an output of the
      voltage detection circuit 70 is applied to the control circuit 63. If
      voltage is not applied across the thyristor 21, the transistor 71 is
      rendered nonconductive and the transistor 72 is rendered conductive and an
      output signal of the signal generating circuit 25 is bypassed through the
      so conducted transistor 72. Therefore, even if an output signal is
      generated from the multivibrator circuit 47, the control circuit 63 is not
      operated.
PAR  At the delay circuit 38, when a predetermined time determined by the time
      constant circuit 42 lapses, i.e. a charging voltage of the capacitor 41
      becomes greater than a Zener voltage of the constant voltage diode 43, the
      transistor 44 is rendered conductive. This causes a collector potential of
      the transistor 44 to become substantially zero to permit the amplifying
      circuit 60 which has heretofore stopped its operation to be enabled. That
      is, upon conduction of the transistor 44 the short-circuit between the
      base and the emitter of the transistor 61 is released and the transistors
      61, 62 of the amplifying circuit 60 are controlled in an ON-OFF fashion in
      accordance with the switching operation of the constant voltage diode 59
      and an output signal of the amplifying circuit 60 is applied to a control
      circuit 63. The control circuit 63 is operated to cause the thyristor to
      be operated in an ON-OFF fashion when the amplifier 60, signal generating
      circuit 25 and voltage detection circuit 70 simultaneously generate their
      output signals. In other words, only when the unijunction transistor 30 of
      the signal generating circuit 25 is rendered conductive, the transistors
      61, 62 of the amplifying circuit 60 are rendered nonconductive and the
      transistor 72 of the voltage detection circuit 70 is in the nonconductive
      state, SCR 68 of the control circuit 63 is turned on and thyristor 21 is
      turned on. The timing in which thyristor 21 is turned on may be set to a
      predetermined phase of each cycle of a power source voltage, with a zero
      level of the power source voltage as a reference, by varying a resistance
      of the variable resistor 26 of the signal generating circuit 25.
PAR  After the power source switch is thrown in to cause a power source voltage
      to be applied between the input terminals I1 and I2 of the output control
      circuit 3, the constant voltage diode 43 is held in the OFF state during a
      predetermined time period determined by the delay circuit 42 and the
      transistors 61, 62 of the amplifying circuit 60 are held in the conductive
      state. Therefore, the thyristor 21 is not conducted and no voltage is
      applied to the magnetron 7. After lapse of a predetermined time period the
      thyristor is operated in an ON-OFF fashion. That is, a high voltage is not
      applied to the magnetron 7 until the heater of the magnetron 7 is
      completely heated and after the heater of the magnetron 7 is completely
      heated a high voltage is applied to the magnetron 7 to effect its
      operation.
PAR  Suppose now that the thyristor 21 is turned on. Then, a power source
      voltage is applied to the high-tension transformer 5 to cause the
      magnetron 7 to oscillate. Thereafter, when the thyristor 21 is turned off,
      a supply of the high voltage to the high-tension transformer 5 is
      interrupted to cause the magnetron 7 to stop its oscillation.
PAR  Upon lapse of a predetermined time period after application of the power
      source voltage between the input terminals I1 and I2 of the output control
      circuit 3, the thyristor 21 is cyclically operated in an ON-OFF fashion
      and the magnetron 7 repeats its oscillating operation and cooking is
      initiated under a high-frequency electric power. After lapse of a time
      period set by the timer 10, the timer 10 opens the time-limit contact 12
      to cause the electromagnetic switch 4 to be de-energized. As a result, the
      self-retaining of the normally open contact 4a is interrupted and the main
      contacts 4b, 4c are opened. Since a supply of a voltage to the
      high-tension transformer 5 is interrupted, the magnetron 7 stops its
      operation and the cooking of food is finished. In this case, unless the
      power source switch 2 is opened, the output control circuit 3 continues to
      be operated and the heater of the magnetron continues to be heated. Thus,
      a next cooking can be initiated immediately.
PAR  Explanation will now be made of the operation of the multivibrator circuit
      47 in a case where a high-frequency average output is variably controlled.
PAR  A time constant of the time constant circuit 51 is varied by varying the
      resistance of the variable resistor 55 of the multivibrator 47 and the
      pulse width of an output pulse of the multivibrator 47 is controlled in
      accordance with the variation of the time constant. More particularly,
      when the resistance of the variable resistor 55 is varied, the ON time
      (T1) of the transistor 48 and OFF time (T1) of the transistor 49 are
      maintained constant, and the OFF time (T2) of the transistor 48 and ON
      time (T2) of the transistor 49 are varied. Therefore, the ON time of the
      thyristor 21 is constant and the OFF time thereof is continuously varied.
      This causes a high-frequency average output of the magnetron 7 to be
      controlled. With T.sub.ON taken to denote the ON time of the thyristor 21,
      T.sub.OFF the OFF time of the thyristor 21 and P.sub.O the high-frequency
      output of the magnetron 7, the high-frequency average output P of the
      magnetron 7 will be
      ##EQU1##
PAR  In this way, it is possible to control the output of the magnetron 7 by
      varying the resistance of the variable resistor 55 to cause the time (T2)
      to be varied. However, the time (T2) is not made zero due to the presence
      of the fixed resistance 57, even if the resistances of the variable
      resistors 55, 56 are made zeros. The presence of the resistor 57 prevents
      a breakage of the transistor 48 due to an excess flow of a base current
      after a base resistance of the transistor 48 is made zero. As shown by a
      curve A in FIG. 3, even if the resistances of the variable resistors 55,
      56 are made minimum i.e. zeros, a high-frequency output does not attain a
      maximum (P=P.sub.0 ; 100 percent). According to this invention, therefore,
      the multivibrator 47 is so designed that when the resistance of the
      variable resistor 55 is made substantially zero the output of the
      multivibrator becomes less than a predetermined level, in this embodiment,
      less than a Zener voltage of the constant voltage diode 59. When, for
      example, the resistance of the variable resistor 55 is set to zero, the
      transistor 48 is made to be switched over from the nonconductive state to
      the conductive state before a collector voltage of the transistor 48
      reaches a Zener voltage of the constant voltage diode 59. Therefore, when
      the resistance of the variable resistor 55 is set to zero to obtain a
      maximum output, the constant voltage diode 59 is continuously held in the
      nonconductive state irrespective of an output of the multivibrator 47 and,
      equivalently, there is obtained the same result as in the case where the
      time (T2) is set to zero. In this case, no base current flows through
      transistors 61, 62 and the transistors are continuously held in the
      nonconductive state and the thyristor 21 is continuously held in the
      conductive state. Thus, a maximum high-frequency output is provided. It is
      in this way possible to vary a high-frequency output from a relatively
      small value up to a maximum output (100 percent) as shown by a curve B in
      FIG. 3 by varying the variable resistor 55. Since according to this
      embodiment the timing in which the thyristor 21 is turned on can be
      optionally selected, as explained above, through the use of the signal
      generating circuit 25 operated in accordance with the cycle of the power
      source voltage to generate a signal in a desired phase of the power source
      voltage with a zero voltage of the power source voltage as a reference, it
      is possible to reduce to minimum a surge current generated when the
      thyristor is turned on. In the circuit arrangement of FIG. 2, when a
      voltage firstly applied to the diode D upon conduction of the thyristor 21
      is a reverse direction voltage, the range of the phase angle of a voltage
      on thyristor 21 over which a surge current is reduced to minimum (less
      than an ordinary current peak value) is 80.degree.-130.degree. and when a
      voltage firstly applied to the diode D upon conduction of the thyristor 21
      is a forward direction voltage, said range is 90.degree..+-.18.degree.. In
      the former case, the capacitor C is not firstly charged and, when the
      transformer 5 is energized to cause a current to flow through secondary
      winding 5b of the transformer 5, a current reverse in direction to the
      secondary current flows through the capacitor C to cause them to cancel
      each other. Thus, it is considered possible to obtain a broader minimum
      range of surge current than in the latter case. Consequently, if the
      signal generating circuit 25 is so designed to produce an output signal
      that the thyristor is rendered conductive only in the former case, it is
      possible to reduce surge current to minimum. By setting a CR time constant
      of the time constant circuit 29 so that the unijunction transistor 30 is
      rendered conductive at such a phase (phase angle 90.degree.) as the power
      source voltage is maximum, the thyristor 21 is switched over to a
      conductive state in accordance with the output of the multivibrator 47
      only when the power source voltage becomes substantially maximum.
PAR  It is in this way possible to reduce to a much smaller magnitude than in
      the prior art, a surge current generated when the thyristor 21 is switched
      over from a nonconductive state to a conductive state. Consequently, a
      service life of the thyristor 21 is lengthened and a breakage of the
      thyristor 21 is prevented. Furthermore, it is possible to prevent
      generation of an electromagnetic sound (beat) in an electronic oven due to
      a transient magnetic flux produced in the high-tension transformer each
      time the thyristor is rendered conductive.
PAR  Where voltage is not applied across the thyristor 21, the thyristor is held
      nonconductive and no surge current is produced. When the main contacts 4b,
      4c are closed upon conduction of the thyristor 21, a larger surge current
      is likely to flow. To prevent a flow of such surge current, a voltage
      across the thyristor is detected according to the present invention by the
      voltage detection circuit 70 and when a voltage is applied across the
      thyristor 21 a signal from the signal generating circuit 25 is by-passed
      through voltage detection circuit 70 to prevent the thyristor 21 from
      being rendered conductive. In this case, even if a signal for making the
      thyristor 21 conductive is generated, the thyristor 21 is not rendered
      conductive. The thyristor 21 is rendered conductive at a predetermined
      phase angle (no surge current is produced) after the main contacts 4b, 4c
      are closed to cause a voltage to be applied across the thyristor 21.
PAR  Though one embodiment has been explained in connection with this invention,
      this invention is not restricted only to this embodiment. For example, the
      value of each element shown in FIG. 2 should not be taken in a restrictive
      way and it will be understood that the value may suitably be varied. In
      the above-mentioned embodiment, where no voltage is applied across the
      thyristor 21, the thyristor 21 is held nonconductive by the voltage
      detection circuit 70 for detecting a voltage across the thyristor 21,
      however, where the main contacts 4b, 4c of the electromagnetic switch 4
      are connected to the input side (not the output side as in the
      above-mentioned embodiment) of the output control circuit 3, the voltage
      detection circuit 70 may be omitted. With the above-mentioned embodiment,
      use is made, as a semiconductor controlled rectifying element, of the
      bidirectional thyristor 21. Instead, an SCR etc. may be used. Though in
      the above-mentioned embodiment the ON time of the thyristor 21 is made
      constant and the OFF time thereof is continuously varied, it is possible
      to vary the ON time of the thyristor. The resistances of the variable
      resistors 52, 55 may be varied not continuously, but in a stepwise fashion
     .
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A high-frequency microwave type heating device comprising a
      semiconductor controlled rectifying element, a transformer including a
      primary winding coupled through the semiconductor controlled rectifying
      element to an AC power source, a magnetron high-frequency oscillator
      coupled to a secondary winding of the transformer, a signal generating
      circuit operated in accordance with the cycle of a voltage of the AC power
      source to generate a signal at a predetermined phase angle of each cycle
      of the power source voltage, a pulse oscillator whose output pulse width
      is variable, and a control circuit supplied at least with an output of the
      pulse oscillator and an output of the signal generating circuit to
      generate a control signal, said control signal of the control circuit
      being used to control the semiconductor controlled rectifying element; and
      in which said semiconductor controlled rectifying element is a triac
      thyristor and said high-frequency heating device further includes an
      amplifying circuit for amplifying an output signal of the pulse oscillator
      for application to the control circuit, a delay circuit for supplying upon
      energization a signal to said amplifying circuit for a predetermined time
      period to cause the operation of the amplifying circuit to be stopped,
      thus preventing a pulse from the pulse oscillator from being applied to
      the control circuit, and a voltage detection circuit for detecting a
      voltage across the triac thyristor to prevent an output signal from the
      signal generating circuit from being applied to the control circuit when
      no voltage is applied across the triac thyristor.
NUM  2.
PAR  2. The high-frequency heating device according to claim 1 in which said
      pulse oscillator is an astable multivibrator.
NUM  3.
PAR  3. The high-frequency heating device according to claim 1 further including
      a voltage detection circuit for detecting a voltage across the
      semiconductor controlled rectifying element to prevent an output signal
      from the signal generating circuit from being applied to the control
      circuit when no voltage is applied across the semiconductor controlled
      rectifying element.
NUM  4.
PAR  4. The high-frequency heating device according to claim 1 in which said
      signal generating circuit includes a first series circuit having a first
      resistor and a capacitor, a unijunction transistor having a first and a
      second base connected between both the terminals of the first series
      circuit and an emitter coupled to a junction between the first resistor
      and the first capacitor, and a series circuit having a thyristor and a
      diode and coupled in parallel with the first capacitor to be operated by
      an output signal of the unijunction transistor when the unijunction
      transistor is turned on; said delay circuit includes a second series
      circuit having a second resistor and a second capacitor, a third series
      circuit having a constant voltage diode and a third capacitor and coupled
      in parallel with the second capacitor so that the constant voltage diode
      may be rendered conductive when the charging voltage of the second
      capacitor reaches a predetermined value; and said pulse oscillator is an
      astable multivibrator.
NUM  5.
PAR  5. The high-frequency heating device according to claim 4 in which said
      bidirectional thyristor transmits a signal to the control circuit at a
      phase of a power source voltage as determined by a CR time constant of the
      first resistor and first capacitor to be operated at a phase of
      72.degree.-130.degree. of the power source voltage with a zero level of
      the power source voltage as a reference.
NUM  6.
PAR  6. The high-frequency heating device according to claim 1 further including
      an amplifying circuit for amplifying the output signal of the pulse
      oscillator, the output signal of which is supplied to the control circuit
      and a delay circuit for supplying upon energization to the amplifying
      circuit a signal which causes, for a predetermined time period, the
      operation of the amplifying circuit to be stopped, thus preventing a pulse
      from the pulse oscillator from being applied to the control circuit.
NUM  7.
PAR  7. The high-frequency heating device according to claim 1 further including
      a rectifying circuit having a capacitor and a diode and coupled in
      parallel with the secondary winding of said transformer to cause a
      backward direction voltage to be applied firstly to said diode when said
      control signal of the control circuit causes the semiconductor controlled
      rectifying element to be rendered conductive at a phase angle of
      80.degree.-130.degree. of the power source voltage, said phase angle being
      taken with the zero level of the power source voltage as a reference.
NUM  8.
PAR  8. The high-frequency heating device according to claim 1 further including
      a rectifying circuit having a capacitor and a diode and coupled in
      parallel with a secondary winding of said transformer to cause a forward
      direction voltage to be applied firstly to said diode when said control
      signal of the control circuit causes said semiconductor controlled
      rectifying element to be rendered conductive at a phase angle of
      72.degree.-108.degree. of the power source voltage, said phase angle being
      taken with the zero level of the power source voltage as a reference.
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ABST
PAL  A microwave oven having means defining an oven cavity, a magnetron
      microwave power source, a waveguide for coupling energy from the magnetron
      to the oven cavity and preferably a mode matching transformer for
      establishing primarily only the dominant mode in the oven cavity. A beam
      stirrer is disposed adjacent the waveguide feed into the cavity and is in
      the form of a resonant structure for coupling the energy to the cavity.
      The resonant structure is rotated in an eccentric manner to spread the
      energy beam to thereby provide a more uniform heating pattern. In one
      specific form the resonant structure is a cylinder of relatively short
      length and dimensioned to provide good matching with the magnetron source
      along with beam motion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to microwave ovens and more
      particularly to a beam stirrer used in the microwave oven for providing a
      more uniform heating pattern.
PAR  In order to provide uniform and rapid heating of materials and foods, high
      frequency energy, generally in the microwave region, has been utilized.
      Materials or foods to be heated are generally placed in an enclosure which
      is sealed to prevent the escape of high frequency energy. The energy
      generated, usually from a magnetron, is inserted either directly into the
      enclosure or indirectly through the use of a waveguide or other suitable
      coupling device.
PAR  Mode stirrers are well known in the art and are shown, for example, in U.S.
      Pat. No. 3,106,629. Although these mode stirrers do provide somewhat of an
      improvement in the uniformity of the heating pattern, there are certain
      disadvantages associated with these prior art structures. For example,
      there is generally a matching problem between the cavity and the magnetron
      which is occasioned by the abrupt discontinuity that occurs each time the
      blades of the stirrer rotate across the mouth of the waveguide opening.
PAR  Accordingly, one object of the present invention is to provide an improved
      structure for location within a microwave oven for providing a uniform
      heating pattern.
PAR  Another object of the present invention is to provide a beam stirrer for
      use in a microwave oven and that is in the form of a resonant structure
      capable of providing good matching with the magnetron.
PAR  A further object of the present invention is to provide a beam stirrer in
      accordance with the preceding object and that is moveable in an eccentric
      manner to provide beam motion over an area of the oven.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention there is
      provided a beam stirrer for use in a microwave oven having an oven cavity,
      a source of microwave energy and means coupling the energy from the source
      to the cavity. The means for coupling the energy is preferably a waveguide
      structure and the source of microwave energy may be a conventional
      magentron. The beam stirrer is disposed in the oven cavity adjacent to the
      end of the waveguide which couples to the cavity and is in a position to
      receive the coupled energy. The beam stirrer basically comprises an energy
      coupling structure which in one embodiment is a hollow cylinder, means
      eccentrically supporting the structure and means for rotating the
      structure in an eccentric manner to thereby deflect the beam in many
      directions with the energy being coupled relatively uniformly as the
      structure rotates. The structure is preferably a quqrter wavelength
      structure that theoretically couples all of the energy from the waveguide
      to the cavity. By rotating the structure about an off-center axis energy
      is thereby effectively spread over a predetermined cooking area of the
      oven to provide a relatively uniform heating pattern over that area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention will now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional view of a microwave oven using the beam stirrer
      of the present invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of the beam stirrer shown in FIGS. 1 and 2;
      and
PAR  FIG. 4 shows an alternate embodiment for the beam stirrer.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a microwave oven 10 the structure of which may be similar to
      that shown in U.S. Pat. No. 3,764,770. The oven typically includes a rack
      12 for holding a plate 14 which may support a foodstuff 16. Energy is
      coupled to the oven cavity by way of waveguide 18 from magnetron 20. In
      accordance with the teachings of my U.S. Pat. No. 3,764,770, there may be
      provided a quarter wavelength step 22 between the output end 19 of the
      waveguide and the oven cavity 24. This quarter wavelength step is for
      establishing primarily only the dominant mode within the oven cavity.
      Although this structure is shown in the illustrative embodiment it should
      be understood that the mode stirrer of the present invention may also be
      used with oven structures wherein the cavity has established therein
      multiple modes.
PAR  Referring now to FIGS. 1-3, the beam stirrer comprises a support rod 26, a
      cylindrical coupling structure 30 and a drive motor 32. The support shaft
      26 may be suitably supported at one or both ends and includes a pulley 34
      attached to the top end. The pulley 34 is driven by way of a small belt 36
      from the motor 32. The motor is suitably supported from a top wall 37 of
      the waveguide 18.
PAR  The coupling structure 30 is of cylindrical shape and is attached to the
      shaft 26 by means of an L-shaped tab 40 which is fixed at one end to the
      inner surface of structure 30 and at the other end to the bottom of shaft
      26.
PAR  FIG. 2 clearly shows the eccentric arrangement of the present arrangement
      wherein the cylindrical coupling structure sweeps to cover an area larger
      than the area of the cylindrical structure itself.
PAR  FIG. 2 shows the structure 30 also in dotted in two other alternate
      positions. With this arrangement the energy from the waveguide is coupled
      to the cavity and the eccentric movement of the coupling structure 30
      tends to spread the beam over the cooking area of the oven. It has also
      been found that it is desirable to provide a slight tilt to the coupling
      structure 30 relative to its support shaft 26. FIG. 3 shows this
      relatively small angle a which may be on the order of
      5.degree.-10.degree.. This angle a can be provided simply by bending the
      tab 40 slightly.
PAR  The coupling structure 30 is basically a quarter wavelength structure but
      the dimensions are preferably slightly altered from this quarter
      wavelength structure (height h) to provide optimum matching between the
      magnetron and the oven cavity. Previously, the matching required the use
      of posts or other elements at the output end of the waveguide.
PAR  In the disclosed embodiment the height of the coupling structure may be 0.7
      inches and the inside diameter may be two inches when using a waveguide of
      dimensions 1.50 by 3.75 inches.
PAR  It is known that the magnetron source should not be operated in the sink
      region of the Rieke diagram. See M.I.T. Radiation Laboratory Series, Radar
      System Engineering, Pages 336-340. If the height of the structure is too
      high the tube will be operating undesirably close to this sink area with
      too large a VSWR. Alternatively, if the height is made too small the match
      will not be proper. The height of 0.7 inches provided a proper match
      wherein the coupling structure represents a relatively low impedance to
      the magnetron source. By the proper selection of both the diameter and
      height of the resonant structure a relatively low VSWR can be provided.
      The coupling structure of this invention can also be used with an existing
      structure wherein the matching has already been provided. In that case,
      the structure may be more nearly a quarter wavelength structure.
PAR  FIG. 4 shows a perspective view of another embodiment of a stirrer. This
      embodiment employs a solid disc 42 connected to shaft 26 by means of a
      strip 44. This arrangement also provides a spreading of the beam coupled
      from the waveguide structure. In still another embodiment the disc 42 may
      be in the form of an open ring.
PAR  Having described a limited number of embodiments of the present invention
      it should now be apparent that there are numerous modifications that can
      be made in this ivention without departing from the scope thereof. For
      example, in the drawings a cylindrical coupling structure has been shown.
      However, this structure could also be square, eliptical, rectangular or
      could take on various other shapes. Also, the structure has been shown as
      being a continuous structure but could also be a segmented structure.
      Also, regarding the embodiment shown in FIG. 4 a dielectric material could
      be coupled to the end of the shaft and function as a coupling structure.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a microwave oven having means defining an oven cooking area, a source
      of microwave energy, and a waveguide means coupling the energy from the
      source to the cooking area, the improvement comprising;
PA1  an energy coupling structure disposed in the oven cooking area in a
      position adjacent one end of the waveguide means to receive the coupled
      energy and including a substantially continuous ring member defining a
      coupling opening extending in the direction from the waveguide means to
      the oven cooking area, means eccentrically supporting the structure from a
      wall adjacent the one end of the waveguide means and means for rotating
      the supporting means to in turn rotate the structure to thereby move the
      energy beam in many directions with the opening in the coupling structure
      being maintained extending in substantially the same direction as the
      structure is rotated so that the energy is coupled relatively uniformly as
      the structure rotates.
NUM  2.
PAR  2. The beam stirrer of claim 1 wherein said energy coupling structure has
      at least one wall extending generally in the direction of the beam.
NUM  3.
PAR  3. The beam stirrer of claim 1 wherein said energy coupling structure
      includes a cylindrical body of approximately quarter wavelength height.
NUM  4.
PAR  4. The beam stirrer of claim 3 wherein said means for eccentrically
      supporting includes a shaft and tab means for securing the shaft close to
      one section of the body.
NUM  5.
PAR  5. The beam stirrer of claim 4 wherein said means for rotating includes
      motor means coupled to said shaft.
NUM  6.
PAR  6. In a microwave oven having means defining an oven cavity, a source of
      microwave energy, and means coupling the energy from the source to the
      cavity, the improvement comprising;
PA1  a beam stirrer disposed in the oven cavity in a position to receive the
      coupled energy and including a cylindrical body of approximately quarter
      wave length height, means eccentrically supporting the structure including
      a shaft and tab means for securing the shaft close to one section of the
      body and motor means coupled to the shaft for rotating the cylindrical
      body to thereby deflect the beam in many directions with the energy being
      coupled relatively uniformly as the structure rotates, wherein a small
      angle is provided between the center line of the shaft and the center line
      of the body.
NUM  7.
PAR  7. The beam stirrer of claim 6 wherein said tab means is slightly bent to
      provide the slight angle.
NUM  8.
PAR  8. The beam stirrer of claim 7 wherein the slight angle is on the order of
      5.degree.-15.degree..
NUM  9.
PAR  9. In a microwave oven having a source of microwave energy, a cooking
      cavity and waveguide means coupling from the source to an opening into the
      cooking cavity, a beam stirrer disposed adjacent the opening and
      comprising a resonant structure that represents a relatively low impedance
      to the energy, is disposed adjacent the opening into the cooking cavity
      and covers a first area intermediate the opening and cooking cavity and
      means for eccentrically rotating the structure to spread the energy beam
      without substantially disrupting the impedance to energy and so that the
      structure when rotating covers a second area larger than said first area
      and also intermediate the opening and cooking cavity.
NUM  10.
PAR  10. The beam stirrer of claim 9 wherein said energy coupling structure
      includes a solid plate.
NUM  11.
PAR  11. A microwave oven comprising;
PA1  a source of microwave energy,
PA1  a waveguide of predetermined cross-section positioned with one end
      receiving energy from said source for transmission through said waveguide,
PA1  the frequency of operation of said source and the dimension of said
      waveguide being selected to excite the dominant mode in said waveguide,
PA1  means defining an enclosure including means for providing access to the
      enclosure and means defining an opening into the enclosure,
PA1  matching means coupling from the other end of the waveguide to the opening
      in the enclosure for establishing primarily only the dominant mode in the
      enclosure,
PA1  and energy coupling and directing means disposed at the opening to the
      enclosure and including a ring structure dimensioned to act as a low
      impedance to the energy and covering a first area and means for rotating
      the ring structure to cover a second area larger than the first area.
NUM  12.
PAR  12. In a microwave oven as set forth in claim 9 wherein the resonant
      structure includes a cylindrical shaped member and the means for
      eccentrically rotating includes a shaft, means for connecting one end of
      the shaft to the member and means for driving the other end of the shaft.
NUM  13.
PAR  13. In a microwave oven as set forth in claim 12 wherein the opening is in
      the top of the oven into the cooking cavity and the shaft is positioned
      vertically.
NUM  14.
PAR  14. In a microwave oven as set forth in claim 13 wherein the member defines
      an open coupling hole for passing energy from the opening into the cavity.
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ABST
PAL  A compact, portable electrical discharge metalworking machine for off-hand
      use and general applicability. The invention is a lightweight, versatile
      gun type tool which has air and water cooling of electrode and work, a
      vibrating electrode to facilitate its motion inside the work, a simple,
      automatic, spring driven, all orientation electrode feed, and uses low
      voltage, high amperage electricity.
BSUM
PAR  This invention relates to metalworking, more particularly to an improved
      method and apparatus for making holes in metal utilizing electrical
      energy.
PAR  The art of making holes in metal using means other than conventional drills
      is a fairly recent development, but it has been intensively developed.
      Such non-conventional means were developed to fabricate modern materials
      such as Inconel, titanium and the like, which are extremely difficult to
      machine. This difficulty increases many fold when a conventional tool such
      as a drill or a reamer breaks and sticks in the work. Thus, an important
      use of all such non-conventional metalworking processes, including the
      electrical discharge type which includes the invention, is to remove such
      broken tools. However, most such techniques pertain to specialized
      situations and do not have the versatility of the invention.
PAR  Such techniques fall into several general types or classes. One is chemical
      milling, which uses photographic processes to mask the work, and strong
      acids and the like to eat away metal. Chemical milling is highly
      successful in certain special applications, however, it is not competitive
      with the invention in that it is not hand held, is slow and expensive, and
      it requires a great deal of large, expensive, stationary equipment. These
      techniques are essentially de-plating operations and are thus subject to
      all of the limitations of that art, including slow erosion rates, and
      great stability for successful operation.
PAR  In electrical milling or electrical discharge metalworking electricity
      itself acts to melt or otherwise remove the metal of the workpiece in a
      controlled manner. However, the art to date suffers from many problems
      which are overcome by the invention. Many such electrical discharge
      machines are not portable and require connections to plumbing and/or
      sources of extremely high powered electricity. Obviously, such stationary
      machines lack the versatility of the hand held machine of the invention.
PAR  Another disadvantage is that many such prior machines operate at a
      relatively high voltage, which is dangerous to personnel. That is, the
      same amount of power which can kill a person at a high voltage and low
      amperage, would not be felt by a person at a low voltage and a high
      amperage. The invention utilizes such high amperage low voltage
      electricity.
PAR  The entire field of electrical discharge metalworking requires that the
      work be cooled. Another concurrent desideratum is, in some but not all
      electrical discharge machines, that the work be kept clear of "chips" as
      the hole is produced. That is, sometimes, depending on a number of
      factors, the melted metal (corresponding to chips in conventional
      drilling) must be removed during operation. In some prior machines one or
      both of these problems is solved by means of a relatively heavy flow of
      water or other fluid which serves to cool and to flush. When water or
      other liquid is used alone, relatively large amounts are needed to do one
      or both jobs adequately. The problem with liquid only is that such
      relatively large amounts make a mess around the work site, and the
      supplying of the liquid often means stationary plumbing or relatively
      large tanks, and the like. The use of the air or other gas by itself to do
      one or both of these jobs avoids the problem of a mess around the work
      site, but suffers from the disadvantage that it is sometimes difficult to
      obtain a large enough flow of air to adequately cool and/or flush,
      especially in relatively deep holes. Further, equipment, itself heavy and
      tending to be stationary, to compress the gas and flow it to the work may
      also be needed. The invention solves this problem in a portable and hand
      held machine by providing a combination of air and water to cool and to
      flush. The air is supplied via industrial 90-100 psi service air which is
      universally available. The water is supplied via a small bottle built into
      the console portion of the invention, and this bottle includes a tap into
      the air supply to pressurize and to drive the water. The invention also
      includes means to adjust the ratio of air and water supplied to the work
      so that the amount of water for cooling just equals that amount of water
      which the heat produced will vaporize, thus avoiding the liquid mess which
      was heretofore a problem.
PAR  Another problem in prior electrical discharge metalworking machines is that
      care had to be taken to maintain a gap of predetermined dimensions between
      the electrode and the work. This need resulted in rigidity which often
      required holding tools for the work and the electrode, and complex
      machinery for moving the work and/or the electrode. If the electrode got
      too close to the work they could weld together. If the electrode was too
      far from the work then the metal removal action became very inefficient or
      stopped entirely. The combination of the invention includes simple spring
      driven means to advance the electrode in the hand held gun with respect to
      the work, as well as a simple pneumatic vibrator to keep the electrode
      moving rapidly. These two parts of the gun in concert maintain a working
      gap between electrode and work while at the same time preventing welding
      of the electrode to the work. A manual override is also provided to
      initially position the electrode and to act as a safety in the event a
      weld should somehow occur. The vibrator is in the service air line in the
      gun, thus further enhancing the invention's advantages of simple
      construction, light weight, and high reliability in use.
PAR  The invention was developed in the environment of aircraft manufacturing,
      and in this field it is often impossible to bring the work to the tool.
      That is, if a conventional drill or reamer, or hard parts such as heat
      treated steel or titanium bolts or fasteners, or the like, should break or
      stick in a partially assembled airplane, they were heretofore virtually
      impossible to remove, and it was often necessary to disassemble the
      airplane sufficiently to carry away the part containing the object to be
      removed. In other situations in the aircraft industry electro discharge
      machines could not be used because the liquid coolant mess was more of a
      problem around aircraft than was the broken drill, and because a true
      portable machine is not available. Thus, the features of portability and
      being hand held to permit off-hand use by the operator allows the modern
      technique of electrical discharge metalworking to be brought to heretofore
      impossible problems and applications.
PAR  The gun portion of the invention includes a front end rest which may be
      pressed against the work for off-hand use, or which may be clamped or
      bolted to the work when the problem demands and permits greater stability
      between the gun and the work.
PAR  Use as a trouble shooter is only one of the uses for the invention, it may
      also be used as a production tool on "exotic" materials used in the
      aerospace and other industries, and the like.
PAR  The invention is a combination lightweight hand held gun having all the
      features of automatic advancing of the electrode into the work, vibrator
      reciprocation of the electrode, means to supply both air and water to cool
      and to flush the work, and all of this, including the gun, the console,
      and all of the auxiliary parts being so configured that they may be packed
      into a single case which the operator can carry with him from
      place-to-place.
DRWD
PAR  The above and other advantages of the invention will be pointed out or will
      become evident in the following detailed description and claims, and in
      the accompanying drawing also forming a part of the disclosure in which:
      FIG. 1 is a front elevational view of the invention machine mounted in its
      carrying case; FIG. 2 is a perspective view of the gun portion of the
      invention; FIG. 3 is a perspective view of the console portion of the
      invention; FIG. 4 is a side elevational view of the gun with some parts
      broken away and in cross-section; FIGS. 5 and 6 are cross-sectional views
      taken on lines 5--5 and 6--6 of FIG. 4, respectively; FIG. 7 is an
      enlarged cross-sectional view of the right hand side of FIG. 4 showing the
      vibrator; FIG. 8 is a cross-sectional view of the composite cable taken on
      line 8--8 of FIG. 3; and FIG. 9 is a schematic diagram of the electrical,
      air and water circuits in the console.
DETD
PAR  Referring now in detail to the drawing, FIG. 1 shows a successfully
      constructed embodiment 10 of the invention mounted in a portable carrying
      case or box 12. Box 12 is hinged at 14, has feet 16 at its lower end, a
      handle 18 at its upper end, and a latch or other securing means, not
      shown. In the successfully constructed embodiment the box was made of 3/8
      inch plywood, had outside dimensions of approximately 18 .times. 20
      .times. 9 inches, and a weight of about 40 lbs. including the invention
      machine mounted therein.
PAR  The machine comprises a gun 20, a console 22, and a composite cable 28
      interconnecting the gun and the console coiled on a suitable spool 30 on
      the inside of the box 12. A sheet metal shelf 24 seats the console 22 and
      a wing nut secured clamp 26 holds the gun in the box. A spool 32 is
      mounted on the other half of the box to carry wire 34 and other lines. A
      shelf 36 is provided to secure the lines, as a storage place for an
      extension cord, spare electrodes, a supply of soluble oil, and as a
      general catchall.
PAR  FIG. 2 shows the gun in perspective, and FIG. 3 is a similar view of the
      console and the composite cable. For ease of understanding, reference
      should be had to these drawings as this detailed description proceeds, as
      well as to the combined schematic of FIG. 9.
PAR  Referring now to FIG. 3, the console is housed in a metal box 38 or other
      suitable closure. In the successfully constructed prototype embodiment,
      the console measured approximately 15 inches long by 7 inches high by 7
      inches deep. A receptacle 40 is provided for the power cable 34, see FIG.
      9, after which is a master on/off switch 42. A ground cable 44 is
      connected in the conventional manner to a stud 46 to provide an electrical
      connection to the work in order to complete the main power circuit. That
      is, the other end of cable 44 (not shown) is attached in any conventional
      manner to the work, and the circuit from the work through the electrode in
      the gun, back to the console, as described below, is thereby completed. An
      electrical trigger cable 48 is connected to box 38 by a suitable
      conventional connector 50, and extends through composite cable 28 to the
      main on/off push button switch 52 in the gun 20, see FIG. 2. A liquid
      conduit 54 made of a plastic or other non-electrical conducting material
      passes from inside the box 38 through a central opening in a supporting
      member 56, and this conduit 54 contains both water and a cable 58, see
      FIG. 9, for the electrical energy from the console to the gun. Since the
      invention operates at relatively high amperage, the main power cable 58
      inside conduit 54 carrying that current to the gun will get quite hot, and
      thus providing a sheath of water around the cable in the conduit serves as
      a coolant for cable 58.
PAR  Console 22 has air handling means which includes a quick disconnect nipple
      60 on the outside of box 38 to which the conventional service air line is
      connected. A line 62 (see FIG. 9) inside the box 38 leads to a "T" and
      thence branches to a water reservoir bottle 64 and to a pressure regulator
      66. This regulator is a staple item of commerce and includes a manual
      pressure adjusting knob 68 and a dial or other indicating means 70, see
      FIG. 3. The water reservoir bottle 64 has a filler 72 shown in FIG. 3.
PAR  The console 22 includes a handle 74 at the top, and a standard 76 on
      support 56 which carries a clamp 78 at its upper end for holding the hose
      80 which is of corrugated construction, and is the outside protective
      sheath of composite cable 28.
PAR  After regulator 66, the throttled air passes through a solenoid operated
      valve 82 and thence to a line 84 and a "T" 86 terminating at a pair of
      connectors 88 and 90. Thereafter, a pair of flexible air lines 92 and 94
      extend from these connectors to and through composite cable 28, and thence
      to the gun 20.
PAR  The gun 20, see FIGS. 2 and 4 to 7, comprises a handle portion 96; and a
      top comprising a tandem arrangement of a work contacting rest assembly
      102; a center, quill and feeding portion 98; a mixing manifold portion
      104, and a vibrator 100.
PAR  The composite cable 28 ends at the bottom of the handle 96, and the lines
      pass therethrough to the other portions of the gun. The gun end of hose 80
      is potted around the lines with a suitable rubber compound. The handle is
      preferably made of a non-conducting rugged material, a phenolic
      impregnated cloth known as Micarta was used in the successfully
      constructed embodiment. The air line 92 serves the vibrator 100, and the
      air line 94 terminates at mixing manifold 104 which is interposed between
      and interconnects the vibrator 100, and the quill 98. The water in the
      annulus between conduit 54 and cable 58 is directed via passageways in the
      handle 96, not shown, and a hose 106 to the opposite side of mixing
      manifold 104. A manual valve 108 to control the flow of water through hose
      106 is provided at the juncture of conduit 54 and handle 96. This valve is
      convenient to the operator for quick and easy in use control of the flow
      of water to the work. The water and electrical power are separated inside
      the handle by suitable internal passageways and an electrical conductor
      (both not shown) which connects conductor 58 to jumper 152 described
      below.
PAR  Referring now to FIG. 5, means are provided to make a mixed coolant of the
      air and water delivered to the gun. To this end, line 94 and hose 106
      communicate with the opposite ends of a transverse passage 110 in the body
      of mixing manifold 104 by means of a pair of suitable standard fittings
      112 and 114. The air and water mix in the passage 110 and then pass via a
      communicating passage 116 to quill portion 98.
PAR  The center portion 98 is built around a movable quill member 118 and a
      fixed housing 120. The housing is secured by screws (not shown) to the top
      of the handle 96. The top of the housing 120 is preferably removably
      secured to the lower part, as by screws (not shown), to thereby facilitate
      removal of the quill from the tool should such action be necessary for
      repair or maintenance. A protective shield 122, shown only partially at
      the right side of FIG. 4 for the sake of clarity, may be provided and may
      be secured to the housing 120 and/or handle 96 in any suitable manner.
      This shield may extend over the entire top of the gun to leave only the
      electrode exposed.
PAR  The quill 118 is reciprocably mounted in the housing 120 and a smooth
      movement of the quill therein is assured by means of an elongated guide
      bushing 124, which may be made of sintered impregnated brass or the like.
      In regard to materials, the drawing shows a plastic handle and a metal
      housing, but other combinations and types of materials may be used. For
      example, all the parts could be metal. Because of the low voltage used, an
      all metal gun is safe to use, and it also eliminates the need for the
      internal connecting wire and the jumper cable 152 from housing to quill
      described below.
PAR  The quill 118 is formed with an axial through opening 126 which
      communicates with the passage 116 in the manifold 104 via the mating stud
      and receptacle connection 128. The front end of this passageway 126 is
      enlarged to receive a specially made electrode collet 130. The enlarged
      collet head has a front conical surface which cooperates with a mating
      surface on a collet securing spindle 132 which urges the collet rearwardly
      and seats it in the quill by means of a rear conical surface 134 which
      mates with a mating surface at the extreme front end of the quill 118. An
      O-ring 133 at the rear end provides a seal between collet and quill. The
      shank of the collet is formed with a plurality of slots 136 to assure that
      the collet will not bind in its seat in the front end of the quill, and to
      permit the collet to grip and clamp on the electrode. The hollow electrode
      138 snugly fits in opening 126, and is secured therein by the parts 130
      and 132. That is, as the spindle 132 is moved rearwardly on its threaded
      connection 140 on the quill, it urges the collet into tightly gripping
      relationship with the electrode. The electrode is formed of a rugged
      material such as tungsten carbide or molybdenum. Since it is slowly
      consumed during operation of the invention, the parts 130, 132 and 140
      permit the feeding up of additional electrode as it is consumed. The
      successful prototype of the invention used an electrode made of
      molybdenum, but it is thought that other materials such as copper or
      tantalum could also be used. It is thought that such an electrode about 8
      inches long about 0.093 inch O.D. and about 0.020 inch wall thickness at
      this level of electrical energy would have a useful life of about 8 to 10
      inches of hole.
PAR  The prototype machine and the invention generally has the additional
      advantage of producing chips which were in the form of tiny spheres of the
      work metal. The molten metal is cooled enough to solidify. This manner of
      metal removal has the advantages of eliminating hazards to the operator
      and producing a clean wall in the hole.
PAR  Means are provided to automatically feed the electrode and the quill
      forwardly into the work to follow hole production. Further, these means
      provide for this automatic feeding in all orientations of the gun; i.e.,
      vertically, upwardly, or downwardly, or at any angle. A manual override is
      also provided to permit manual feeding, breaking of a weld should it form
      between the electrode and the work, and retraction of the electrode out of
      the hole.
PAR  Referring to FIG. 6, these means comprise a cross-shaft 142 mounted in the
      housing 120 by means of a suitable bushing 144. Shaft 142 carries a fixed
      pinion 146 which cooperates with a rack 148 mounted on the underside of
      the quill 118 by a pair of screws 150. A flexible line 152, which is the
      continuation of main power cable 58, is connected to the rear screw 150.
      These screws 150 also serve the function of limiting the travel of the
      rack 148 on its pinion 146 in that their heads will hit the teeth of the
      pinion at the ends of rack travel thus preventing disengagement of the
      rack. The primary function of screws 150, of course, is to mount the rack
      on the quill. Of course, means other than a rack and pinion, such as a
      wire and drum arrangement, could be used to permit motion of the quill and
      electrode.
PAR  Further in regard to the electrical energy, current is to be maximized in
      that current melts the work to produce the hole. The upper limit on
      current is determined by the need to keep the parts and especially the
      electrode cool, the tendency of other parts to melt, and the like. The
      opposing considerations as to voltage are that it is to be small enough to
      assure that there will be no danger to the operator, and yet at the same
      time large enough to establish a current flow across the gap and into the
      work against the resistance of any oxide coatings, dirt, grease, and the
      like which may be on the work. That is, there is a minimum threshold value
      which the voltage must exceed for proper operation. Experience with the
      successful prototype of the invention indicates that this threshold is in
      the range of 6 to 12 volts with amperage in the range of about 50 to 100
      amps. The gap between electrode and work is to be kept at a minimum which
      enhances the accuracy of the hole.
PAR  Returning to FIG. 6, one outer free end of shaft 142 carries a fixed knob
      or handle 154 which permits manual operation and override of the automatic
      spring drive 160. Shaft 142 is mounted in a spacer bearing 156, and the
      entire assembly is held in housing 120 by a snap ring 155.
PAR  The spring drive 160 comprises an outer housing 162 rotatably mounted on a
      plate 164 secured to one side of housing 120 and handle 96. The other free
      end of shaft 142 extends through a suitably formed opening in plate 164
      and is rotatably mounted in an outer boss portion 166 of housing 162. An
      outrigger support 168 (shown best in FIG. 2) snugly and rotatably receives
      an outside shoulder on boss 166 to thereby support the entire automatic
      spring drive 160 including the associated free end of shaft 142. A flat or
      Belleville type spring 167 is interposed between outrigger 168 and the
      housing boss 166. The outrigger is removably secured to the housing 120 by
      any suitable means such as screws 170. Shaft 142 is bifurcated to anchor
      the inside ends of a pair of identical but oppositely wound flat coil
      springs 172 which are similar to ordinary clock springs. The springs are
      mounted side-by-side on shaft 142, and their outer ends are fixed to the
      inside of the housing 162 by any suitable means such as slots formed in
      the rim of the housing.
PAR  In operation, the handle 154 can be used to manually extend or retract the
      entire quill assembly and locate the working end of the electrode 138 at
      the desired starting position. It should be noted that operation of handle
      154 and movement of shaft 142 has no effect on vibrating means 100.
PAR  The spring drive can be operated in various ways. Firstly, with the tip of
      the electrode against the work, the operator can turn housing 162 to
      thereby produce a differential spring force tending to drive the electrode
      forwardly into the work. Turning the housing winds one spring while the
      companion spring is unwound. The operator may or may not wish to control
      the releasing of this spring force to drive the quill and electrode
      forward via rack 148 and pinion 146 by holding back on the handle 154. If
      housing 162 has been used to produce a relatively large spring
      differential force, then the operator probably will want to control its
      release by the use of the handle. Alternatively, if only a slight spring
      force is desired, then he will probably not hold back on the handle.
PAR  Another method is to first set the neutral position of the entire quill
      assembly including the electrode by the use of the spring housing 162 to
      thereby extend the working end of the electrode some predetermined
      distance beyond the rest 210. Handle 154 will follow the movement of
      housing 162. The operator then merely pushes against the work until the
      electrode 126 is backed up to the rest 210, which automatically puts a
      differential spring force on the two springs 172. Release of this spring
      force can then be controlled or not controlled as set forth above. This
      automatic advance in any case is dependent primarily on the strength and
      winding of the springs 172 and is substantially independent of gravity,
      thereby assuring proper operation in any orientation.
PAR  When it is desired to work downwardly, the housing 162 may be turned in the
      opposite direction whereby the differential spring force almost
      counterbalances the weight of the quill and attached parts to again
      achieve automatic feeding with the aid of gravity. The rate of speed of
      the automatic feed is determined by the differential spring force, and
      this in turn is controlled by the operator by way of the number of turns
      he imparts to the housing 162. The handle 154 may again come into play at
      the completion of a hole to withdraw the quill and electrode.
PAR  As shown, release of the spring force is controlled by the friction forces
      created by spring 167 and the fit between housing 162 and plate 164. As an
      alternative feature, and one which was used during the development of the
      present invention, brake means can be provided to cooperate with the cross
      shaft 142 to control the release of the predetermined differential spring
      force. Such a brake can be set so that it would normally hold against the
      spring force, but would automatically progressively release when subjected
      to the superimposed vibratory force. Such a brake can be mounted on any
      fixed part of the gun; for example, on the upper portion of the housing
      120.
PAR  Thus, in summary, the spring drive provides means whereby a vibratory
      motion can be superimposed on the linear advancing motion while permitting
      a controlled release of the linear motion as the electrode and/or the work
      is eroded away.
PAR  The vibrator 100, see FIG. 9, comprises a hollow cylindrical main body 174
      whose front end is sealingly, threadedly received on a stud portion 176 on
      the rear end of mixing manifold 104. The rear end of the body 174 is
      sealed by a cap 178. A free reciprocating hammer member 180 is mounted
      within the body 174. A light spring 182 is fitted between hammer 180 and
      cap 178 to bias the hammer forwardly so that it will begin vibrating when
      air line 92 is pressurized. Hammer 180 is formed with a pair of spaced
      circumferential, relatively shallow, closed grooves 184 and 186. The body
      is formed with front and rear exhaust ports 188 and 190 and with a supply
      port 192 in spaced relation therebetween. The hammer 180 is formed with an
      air passage 194 which extends from front groove 184 rearwardly to the rear
      end face of the hammer 180, and with a similar air passage 196 which
      extends from the rear groove 186 frontwardly to the front face of the
      hammer. The two passageways 194 and 196 are separate and do not
      communicate with each other. The front and rear ends of the hammer 180 are
      of a reduced diameter with respect to the remainder of the body to enhance
      the hammering effect on portion 176 and cap 178. The cap 178 is formed
      with a groove 198 which locates the spring 182 and receives most of it
      when the hammer is in its rearward position. The hammer 180 is symmetrical
      about many lines and planes to thereby facilitate manufacture and
      assembly.
PAR  The diameters of the three ports 188, 192 and 190 and the widths of the
      grooves 184 and 186, and these dimensions with respect to the locations of
      these five features with respect to each other are all such that the
      hammer 180 will be caused to reciprocate inside the body 174 at a
      relatively high speed, on the order of between 100 and 400 cycles per
      second when exposed to air pressures on the order of about 40 to about 90
      psi. More pressure produces a higher speed. In designing such a vibrator
      general engineering principles as to porting and fluid mechanics are
      applicable, all as will be clear to one skilled in those arts. In general,
      the vibrator operates by first pressurizing groove 186 and passage 196
      (this being the starting position due to spring 182) which causes the
      hammer to move to the right to strike cap 178. When the hammer is to the
      right, the first capture burst of air in openings 186 and 196 is relieved
      by exhaust port 188, and simultaneously groove 184 and passage 194 become
      pressurized thereby urging the hammer to the left to strike stud portion
      176 and returning the parts to the FIG. 7 position to commence another
      cycle. The vibrator produces a relatively small motion of the quill, on
      the order of about 0.001 to about 0.005 inch.
PAR  It is desired that the air pressure be kept relatively high and the mass of
      the hammer is kept small so that the hammer will vibrate rapidly to
      produce many make and break contacts by the electrode and the work to
      produce a rapid arcing and concurrent erosion rates.
PAR  The operation of the vibrating means, sequentially, is air under pressure
      enters groove 186 thence through passageway 196 resulting in
      pressurization of the left annular space at the end of the hammer. This
      produces a force which rapidly accelerates the hammer to the right. This
      pressure force continues until shut off due to rightward motion of groove
      186 out of reach of air entering from 192. At this time the remaining
      pressurized air in the left annular space is exhausted at 188 as the
      hammer continues to travel to the right due to momentum. Concurrently, at
      the right end, the air surrounding the right annular space is expelled
      through 190 as the hammer moves to the right. This continues until the
      right shoulder of the hammer closes off 190 and simultaneously the groove
      184 is at the edge of the pressurized opening 192. Due to the inertia
      gained by the hammer from the first impulse, it continues to the right a
      small distance while it is compressing the air entrapped in the right
      annular space and concurrently the pressurized air is entering 184 and 194
      and building up a resisting pressure on the hammer, but not sufficient to
      prevent impact with the end cap 178. At this point there is an elastic
      rebound of the hammer, and due to the increased air pressure the same
      conditions as explained above proceed in the reverse direction; and then
      back to the starting condition.
PAR  It is thought that operation of the invention would be further enhanced by
      the addition of means to rotate the electrode about its own axis during
      operation. This additional motion should further decrease the tendency of
      the electrode to stick in the work, and should also improve the trueness
      and straightness of the hole produced. It is thought that the addition of
      such means would require substantial re-working of the device as
      disclosed, but would be within the skill of an ordinary tool designer.
PAR  Referring back to FIGS. 2 and 4, the front end portion 102 comprises a gun
      mounting member 200 having a top end formed with a threaded opening 202
      which engages a mating stud 204 formed on the front end of the housing
      120. An insulator 206, formed of nylon or reinforced fiberglas, or the
      like electrical insulating material, is joined to mounting member 200 by a
      plurality of screws 208. The member 200 is bifurcated and the insulator
      206 is cut down to fit between the legs thereof, the screws passing
      through suitable clearance holes in the insulator and mating with suitable
      threaded openings in the opposite leg (both not shown). A work contacting
      support rest 210 is joined to the other end of the insulator 206 by a pair
      of screws 208 in cooperation with structure similar to that described
      above in regard to member 200, see FIG. 2. The rest 210 is of two-part
      construction and comprises a rear U-shaped part 212 which is joined to a
      front face member 214 by a pair of screws 216. The face member 214 is of
      generally triangular configuration and is formed with a depression in its
      top edge to clear the electrode 138, and is also formed with a number of
      convenience holes 218. These holes 218 serve to permit attachment of the
      entire tool to the work in the event it is desired not to work simply off
      hand. As is evident, the entire front end assembly 102 can be removed by
      simply unscrewing the spindle 132 and disconnecting the threaded
      connection between opening 202 and stud 204. The primary function of front
      end assembly 102 is to provide a sturdy and reliable rest for the operator
      in using the gun, while at the same time, via insulator 206, assuring that
      no short-circuit between gun and work is made through the rest and that
      the only electrical circuit between gun and work is made via electrode
      138. Of course, a front end having other configurations could be used.
PAR  Referring now to FIG. 9, the contents of the console 22 and the various
      circuits of the invention are shown schematically. Many parts shown in
      FIG. 9 have been described above. Basically, the invention has an
      electrical circuit and a pneumatic circuit controlled thereby, and the
      pneumatic circuit aids in operating the electrically controlled water
      supply.
PAR  Beginning with the simpler circuits, bottle 64 is first filled with water
      via filler 72, and this water is delivered to the gun via a pipe 220 the
      flow through which is controlled, in an on or off manner, by a solenoid
      valve 222 virtually identical in structure to the air solenoid valve 82.
      After solenoid valve 222 line 220 passes to a multiple connector member
      224 which is the beginning of conduit 54 containing the water sheathed
      cable 58. Connectors similar to 224 are known in the welding art.
PAR  We have found that the most effective coolant is a combination of air and
      water in such proportions that all the water will vaporize and not leave
      any liquid on the workpiece or in the work area. We have also found that
      for shallow holes; i.e., where the electrode does not go very deeply into
      the work, air alone is a sufficient coolant. We have also found that,
      using a liquid reservoir of approximately 32 oz. capacity, about one ounce
      of a water emulsifiable oil, such as "UNICUT No. 10" by Union Oil
      Corporation, added to the water improves operation of the invention. It is
      thought that the oil serves as a lubricant.
PAR  The air supply means, including parts 62, 66, 82, 84, 88 and 90 have
      already been described, and basically the service air is first tapped to
      drive the water, then throttled, then turned on or off, and then supplied
      to the lines 92 and 94 to the gun. The air pressure is regulated to
      provide control over the vibratory force and its frequency, and to keep
      the water pressure from the bottle higher than the mixing air pressure to
      guarantee water flow into the air-water mixing chamber.
PAR  The main electricity supply at 34 enters the console 22 via polarized
      receptacle 40 which includes a case ground line 226, and a pair of main
      circuit lines 228 and 230 which are individually controlled within master
      two pole switch 42 and thence feed the rest of the circuit as shown.
      Switch 42 also includes a thermal overload circuit breaker, not shown. The
      primary coil 232 of a main power transformer 234 is connected to power
      lines 228 and 230 as shown. The secondary coil 236 of transformer 234 has
      one side connected to cable 44 via stud 46, and the other side of said
      coil 236 is connected to a line 238. Flow of electricity in line 238 is
      controlled by the normally open contacts 240 of a main power relay 242.
      Main power cable 58 is connected to the other side of said contacts 240.
      Line 44 to the work completes the main power circuit.
PAR  Means are provided to permit switch 52 to operate contacts 240, and to this
      end, the lines in gun trigger cable 48 after connector 50 include a series
      circuit of the coil 244 on a relay 246 and the secondary coil 248 on a
      transformer 250. The primary coil 252 of transformer 250 is connected
      across main power lines 228 and 230. The normally open contacts 254 on the
      relay 246 controls the flow of current to the coil 256 on the main power
      relay 242 and to the coils of the air solenoid 82 and the water solenoid
      222, via a line 255, as shown.
PAR  The operation of the circuits should now be clear. Coils 232 and 236 in the
      large transformer 234 are such that low voltage, high amperage power will
      be delivered to the gun on main power lines 44 and 58; power on the order
      of 12 volts and 75 amps was utilized in the successfully constructed
      embodiment. Relay 242 is of the mercury wetted contacts type in order to
      accommodate the high amperage.
PAR  In operation, after main switch 42 is on, the operator's closing of switch
      52 will activate coil 244 and close the normally open contacts 254
      thereof. The transformer 250 is used to reduce the voltage (to reduce the
      arc gap) and increase the current (to increase the heating) from that of
      normally available 110 V single phase supply current, and to isolate the
      working portions of the gun from the input current supply. Once contacts
      254 close, coil 256 closes normally open contacts 240 to supply the main
      power to the gun electrode, and simultaneously opens the normally closed
      solenoid valves 82 and 222 to thereby pressurize air lines 92 and 94 and
      to supply water inside conduit 54.
PAR  The invention has been embodied and successfully used in a prototype
      machine as opposed to being put into regular production as a commercial
      tool. This prototype is a successful, hand held, compact, and portable
      tool, and it is anticipated that these advantages can be further enhanced
      in a "polished" commercial embodiment.
PAR  While the invention has been described in detail above, it is to be
      understood that this detailed description is by way of example only, and
      the protection granted is to be limited only within the spirit of the
      invention and the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a portable electrical discharge metalworking tool the combination
      comprising a hollow electrode, a quill portion retaining said electrode
      for cooperative movement, means to supply electrical energy to said
      electrode through said quill, means to flow a coolant through said quill
      and said electrode to the work, means mounted in tandem with said quill
      and said electrode to vibrate said electrode with respect to the work, and
      means to automatically move said electrode toward the work.
NUM  2.
PAR  2. In a portable electrical discharge metalworking tool, the combination
      comprising a hollow electrode, a quill portion retaining said electrode
      for cooperative movement, means to supply electrical energy to said
      electrode through said quill, means to flow a coolant through said quill
      and said electrode to the work, means mounted in tandem with said quill
      and said electrode to vibrate said electrode with respect to the work, and
      means to automatically move said electrode toward the work, said tool
      including an electrode gun comprising a tandem arrangement of a center and
      quill portion which includes said electrode and said automatic electrode
      moving means, a mixing manifold portion including said coolant flow means,
      and said vibrating means.
NUM  3.
PAR  3. The combination of claim 2, and a shield on said gun overlying said
      tandem arrangement with said electrode extending out from under said
      shield.
NUM  4.
PAR  4. The combination of claim 2, and an insulating front end rest portion on
      said gun in said tandem arrangement to the side of said quill portion
      opposite the side at which said mixing manifold portion is located, said
      rest portion comprising a mounting member removably mounted on said quill
      portion, a rest member, an intermediate member formed of an electrical
      insulating material interconnecting said mounting member and said rest
      member, said rest member including a face member disposed in a plane
      generally perpendicular to the axis of said electrode, and said face
      member being of generally triangular configuration and being formed with a
      clearance space for the passage of said electrode therethrough.
NUM  5.
PAR  5. The combination of claim 2, said center and quill portion comprising an
      elongated quill member formed with a through central opening to receive
      said electrode therein, said mixing manifold portion being in
      communication with said quill opening to deliver said coolant thereto, and
      a collet and securing spindle assembly operatively cooperable with said
      quill member at the opposite end thereof for securing said electrode with
      respect to said quill at any selected relative extended position of said
      electrode in said central quill opening.
NUM  6.
PAR  6. In a portable electrical discharge metalworking tool the combination
      comprising a hollow electrode, a quill portion retaining said electrode
      for cooperative movement, means to supply electrical energy to said
      electrode through said quill, means to flow a coolant through said quill
      and said electrode to the work, means mounted in tandem with said quill
      and said electrode to vibrate said electrode with respect to the work, and
      means to automatically move said electrode toward the work, said tool
      comprising an electrode gun which includes said vibrating means in tandem
      arrangement with said hollow electrode and said means to move the same,
      said vibrating means comprising a hollow body member and a hammer member
      within said hollow body member free to reciprocate and to rotate in said
      body member, means to supply air under pressure at an inlet port in said
      hollow body member intermediate the ends of said body member and to the
      hammer member therein, a pair of exhaust ports formed in said body member
      one to each side of said inlet port and in spaced relation to said inlet
      port, said hammer member being formed with a pair of circumferential
      grooves in spaced relation to each other along the axial length of said
      hammer member and with a pair of separate internal passageways extending
      one from each of said grooves to the further end of said hammer member
      with respect to said each of said grooves.
NUM  7.
PAR  7. The combination of claim 6, and a spring in said hollow body member to
      urge said hammer to a starting position within said body member with one
      of said grooves in communication with said inlet port, said last mentioned
      one of said grooves being the groove closest to said spring, whereby the
      initial motion of said hammer in said body member will compress said
      spring.
NUM  8.
PAR  8. In a portable electrical discharge metalworking tool, the combination
      comprising a hollow electrode, a quill portion retaining said electrode
      for cooperative movement, means to supply electrical energy to said
      electrode through said quill, means to flow a coolant through said quill
      and said electrode to the work, means mounted in tandem with said quill
      and said electrode to vibrate said electrode with respect to the work, and
      means to automatically move said electrode toward the work, said tool
      comprising a gun, a portable console, and a composite cable
      interconnecting said gun and said console; said gun including said
      electrode, said automatic electrode moving means, said coolant flow means,
      and said vibrating means; means to connect said console to an external
      supply of electrical energy, means to connect said console to an external
      supply of pressurized air, transformer means in said console having a
      primary coil connected to said external electrical supply and a secondary
      coil to produce said electrical energy supplied to said electrode, a main
      power cable extending from said transformer secondary coil to connector
      means on said console, a ground cable extending from the work to said
      transformer secondary coil, a liquid reservoir in said console, conduit
      means extending from said liquid reservoir to said connector means, means
      to drive the liquid in said reservoir through said conduit means from said
      reservoir to said connector means, said composite cable including a liquid
      conduit extending from said console connector means to said gun, said main
      power cable being sheathed in said liquid in said liquid conduit in its
      passage through said composite cable from said console connector means to
      said gun, and means to control the flow of said air through said console
      and said composite cable to said gun.
NUM  9.
PAR  9. The combination of claim 8, said liquid driving means comprising a
      conduit branching from said external supply of pressurized air to said
      liquid reservoir to pressurize the space in said reservoir above the
      liquid therein, and a solenoid controlled valve in said conduit between
      said reservoir and said connector means.
NUM  10.
PAR  10. The combination of claim 8, and manual valve means in said liquid
      conduit in closely spaced relation to said gun for controlling the flow of
      liquid from said reservoir to said gun, and said gun comprising means to
      separate said main power cable and the liquid in said liquid conduit and
      means to deliver said liquid to said coolant flow means and means to
      deliver the electrical energy on said main power cable to said electrode.
NUM  11.
PAR  11. The combination of claim 10, means to divide the controlled flow of
      pressurized air out of said console into two separate lines, said lines
      extending from said console through said composite cable to said gun, one
      of said lines extending to said vibrating means in said gun to drive said
      vibrating means, and the other of said lines extending to said coolant
      flow means in said gun, whereby said coolant flow means mixes said air and
      said liquid to produce said coolant for delivery through said electrode to
      the work.
NUM  12.
PAR  12. The combination of claim 11, said tool comprising an electrode gun
      which includes said vibrating means in tandem arrangement with said hollow
      electrode and said means to move the same, said vibrating means comprising
      a hollow body member and a hammer member within said hollow body member
      means to supply air under pressure at an inlet port in said hollow body
      member intermediate the ends of said body member and to the hammer member
      therein, a pair of exhaust ports formed in said body member one to each
      side of said inlet port and in spaced relation to said inlet port, said
      hammer member being formed with a pair of circumferential grooves in
      spaced relation to each other along the axial length of said hammer member
      and with a pair of separate internal passageways extending one from each
      of said grooves to the further end of said hammer member with respect to
      said each of said grooves, and internal passageways in said gun handle to
      deliver the air from said two separate lines to said vibrating means and
      said coolant flow means respectively.
NUM  13.
PAR  13. The combination of claim 11, said pressurized air control means
      comprising a pressure regulator and a solenoid controlled air valve.
NUM  14.
PAR  14. The combination of claim 8, said gun comprising a tandem arrangement of
      a center and quill portion which includes said electrode and said
      electrode moving means, a mixing manifold portion including said coolant
      flow means, and said vibrating means; and a handle connected to said
      center and quill portion.
NUM  15.
PAR  15. The combination of claim 14, and an insulating front end rest portion
      on said gun in said tandem arrangement to the side of said quill portion
      opposite the side at which said mixing manifold portion is located, said
      rest portion comprising a mounting member removably mounted on said quill
      portion, a rest member, an intermediate member formed of an electrical
      insulating material interconnecting said mounting member and said rest
      member, said rest member including a face member disposed in a plane
      generally perpendicular to the axis of said electrode, and said face
      member being of generally triangular configuration and being formed with a
      clearance space for the passage of said electrode therethrough.
NUM  16.
PAR  16. The combination of claim 14, said center and quill portion comprising
      an elongated quill member formed with a through central opening to receive
      said electrode therein, said mixing manifold portion being in
      communication with said quill opening to deliver said coolant thereto, and
      a collet and securing spindle assembly operatively cooperable with said
      quill member at the opposite end thereof for securing said electrode with
      respect to said quill at any selected relative extended position of said
      electrode in said central quill opening.
NUM  17.
PAR  17. The combination of claim 8, said composite cable including a trigger
      cable extending from an on/off switch in said gun to a relay in said
      console; said relay comprising a pair of normally open contacts disposed
      in a circuit containing a parallel arrangement of the coil of a second
      relay, the coil of a solenoid valve for controlling the flow of said
      liquid from said reservoir to said connector means, and the coil of a
      solenoid valve to control the flow of said pressurized air out of said
      console; and said second relay containing a pair of normally open contacts
      disposed in said main power cable.
NUM  18.
PAR  18. The combination of claim 17, wherein said contacts of said second relay
      are mercury wetted contacts.
NUM  19.
PAR  19. In an electrical discharge metalworking machine, the combination
      comprising,
PA1  an electrode gun comprising;
PA2  a tandem arrangement of a quill, including
PA3  a hollow electrode, and
PA3  means for automatically moving said electrode towards the work comprising,
PA4  a cross shaft mounted in said center quill portion of said gun
      perpendicular to the axis of said electrode,
PA4  a pair of flat coil springs mounted in side-by-side relation on a free end
      of said cross shaft and wound in opposite directions, and
PA4  a housing mounted for rotation on said free end of said cross shaft and
      overlying said springs,
PA4  each of said springs having one end secured to said cross shaft and its
      other end secured to said housing,
PA3  a mixing manifold portion including means to flow coolant through said
      electrode to the work, and
PA3  means to vibrate said electrode with respect to the work, and
PA3  means to supply electrical energy to said electrode.
NUM  20.
PAR  20. The combination of claim 19, and a handle fixed to said cross shaft on
      the other free end thereof opposite said free end which mounts said
      springs.
NUM  21.
PAR  21. The combination of claim 19, and a close friction fit between said
      housing and said gun, and flat spring means for urging said housing into
      said friction fit.
NUM  22.
PAR  22. In an electrical discharge metalworking machine, the combination
      comprising:
PA1  a gun, including a tandem arrangement of a center quill, further including
PA2  a hollow electrode, and
PA2  means to automatically move said electrode towards the work comprising
PA3  a cross shaft mounted in said gun in said center quill portion
      perpendicular to the axis of said electrode,
PA3  a pair of flat coil springs mounted in side-by-side relation on a free end
      of said cross shaft and wound in opposite directions, and
PA3  a housing mounted for rotation on said free end of said cross shaft and
      overlying said springs,
PA3  each of said springs having one end secured to said cross shaft and its
      other end secured to said housing,
PA2  a mixing manifold portion including means to flow a coolant through said
      electrode to the work,
PA2  means to vibrate said electrode with respect to the work, and
PA2  a handle connected to said center quill portion;
PA2  means to supply electrical energy to said electrode;
PA2  a portable console;
PA2  a composite cable interconnecting said gun and said console and including a
      liquid conduit extending from said console connector means to said gun;
PA2  means to connect said console to an external supply of electrical energy;
PA2  means to connect said console to an external supply of pressurized air;
PA2  means to control the flow of said air through said console and said
      composite cable to said gun;
PA2  transformer means in said console having a primary coil connected to said
      external electricity supply and a secondary coil to produce said
      electrical energy supplied to said electrode;
PA2  a ground cable extending from the work to said transformer secondary coil;
PA2  a liquid reservoir in said console;
PA2  liquid conduit means extending from said liquid reservoir to said connector
      means;
PA2  a main power cable extending from said transformer secondary coil to
      connector means on said console and being sheathed in liquid in said
      liquid conduit in its passage through said composite cable from said
      console connector means to said gun; and
PA2  means to drive the liquid in said reservoir through said conduit means from
      said reservoir to said connector means.
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ABST
PAL  A tool holder assembly, particularly for holding an electrode tool on the
      end of the quill or ram of an electro-erosion machining apparatus,
      comprising a tapered bore disposed at the end of the quill or ram and a
      taper-shank electrode tool fitting the tapered bore, combined with
      manually releasable spring biased means for exerting on the electrode tool
      taper-shank a force urging it into engagement with the tapered bore, and
      with manually operable means for exerting on the electrode tool
      taper-shank a force in an opposite direction for disconnecting the
      taper-shank from the tapered bore. Angular positioning abutment means are
      also provided for angularly locating the electrode tool in the holder
      assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention provides a manually operable quick connect and
      disconnect tool holder assembly permitting to mount a tool in a tool
      supporting element of a machine, with high positional precision with
      respect to the centering of the tool as well as with respect to its
      angular orientation. More particularly, the present invention has
      particular applications for mounting an electrode tool on the end of the
      servo controlled linearly movable quill or ram of an electro-erosion
      machining apparatus, such as, for example, an electrical discharge
      machining apparatus.
PAR  Many devices have been designed for holding an electrode tool on the end of
      the quill or ram of an EDM machine, such as, for example, the
      electromagnetic electrode holder disclosed in U.S. Pat. No. 2,978,616 but
      few, if any, of such devices are capable of combining accurate centering
      of the electrode tool with precise angular positioning of the tool in a
      quick connect and disconnect device permitting to rapidly interchange
      tools when so required. It is known to mount a tool by way of a tapered
      bore adapted to accept the taper-shank of the tool, such holder providing
      a highly accurate centering of the tool. However, such holder devices are
      generally not provided with means permitting to effectuate precise angular
      positioning of the tool.
PAR  The tool holder assembly of the invention permits to effectuate a rapid
      coupling and uncoupling of an electrode tool with the movable element,
      quill or ram, of an EDM machine. In addition, the mating elements may be
      easily cleaned, with the result that repetitive and precise centering of
      the electrode tool is assured. Furthermore, the elements forming the tool
      holder assembly of the invention are relatively few and they are easily
      manufactured, such that a tool holder according to the invention is
      relatively low in cost.
PAR  To insure precision in the manufacture of an electrode tool designed for
      co-operating with the tool holder assembly of the invention, it is
      advantageous to mount the tool holder blank on a conventional machine tool
      by means of the tool holder assembly of the invention during machining of
      the electrode tool. If, for example, the electrode tool is made on a
      shaper to a particular shape requiring locating relative to predetermined
      angular positions, a high precision of the centering and angular
      positioning of the electrode tool blank is required during machining, and
      holding the electrode tool blank on the conventional machine tool during
      machining by means of the holder assembly of the invention presents the
      advantage of holding the electrode tool during its machining in the same
      position and with the same precision as will subsequently be the case when
      the electrode tool is mounted on the ram of an EDM machine.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object and advantage of the present invention is to provide
      an electrode tool holder assembly for mounting an electrode tool on the
      end of an EDM machine ram, by utilizing a female conical element providing
      a high precision of centering of the male taper-shank of the electrode
      tool, and further providing a predetermined angular positioning of the
      electrode tool relative to the holder. The holder assembly of the
      invention further provides a quick connect and disconnect means, between
      an electrode tool and the ram of an EDM machine, by having clamping means
      holding the electrode tool securely and rigidly in position by simple
      manipulation of an element of the tool holder assembly, the same element
      permitting to effectuate the removal of the electrode tool from the tool
      holder, all this being accomplished without the use of auxiliary tools.
PAR  The many objects and advantages of the present invention will become
      apparent to those skilled in the art when the following description of
      some of the best modes contemplated for practicing the invention is read
      in conjunction with the accompanying drawing wherein like reference
      numerals refer to like and equivalent elements and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view, partly in elevation and partly in section, of a
      structural example of an electrode tool holder assembly according to the
      present invention;
PAR  FIG. 2 is a transverse section along line 2--2 of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1, but showing a modification of the
      structure thereof; and
PAR  FIG. 4 is a view similar to FIG. 1, but showing a further modification
      thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, a cylindrical member 1, the lower end of
      which is illustrated, represents the electrode tool supporting quill or
      ram, whose linear displacements are controlled by means of a servo
      mechanism, not shown, of an apparatus such as, for example, an apparatus
      for machining a workpiece by electrical erosion. The cylindrical member 1
      is provided with an end portion 2 of reduced diameter having an outer
      thread 3 engageable with the corresponding inner thread of a sleeve 4.
PAR  The sleeve 4 has an internal portion 5 of enlarged diameter defining an
      annular step surface 6. A plurality of resilient washers such as, for
      example, Belleville washers or the like, are disposed in the enlarged
      diameter portion 5, with the last of the resilient washers 7 engaging the
      annular step surface 6. A ring 8 is mounted on the upper end face of the
      sleeve 4 by means such as screws 9. The ring 8 has for function to limit
      the amount of longitudinal travel of the sleeve 4, while being manually
      threaded upon the threaded end 2 of the cylindrical member 1, by
      engagement with an annular abutment 10 formed on the cylindrical member 1
      between its nominal diameter portion and its reduced diameter end portion
      2.
PAR  The end portion 2 of the cylindrical member 1 is provided with a conical or
      tapered bore 11 having its larger diameter portion towards the lower end
      face of the cylindrical member 1. The cylindrical member 1 is further
      provided with a transverse slot 12 in which is disposed a flat rectangular
      peg 13 the ends of which engage the uppermost one of the resilient washers
      7 such that the washers are normally held in compression. The peg 13 has a
      rectangular aperture 14 disposed at its center.
PAR  The tapered bore 11 on the end portion 2 of the cylindrical member 1
      accepts in engagement therewith the taper-shank portion 15 of a mandrel
      15a. The end of the taper-shank portion 15 of the mandrel 15a is provided
      with an integral projecting prong 16 having an enlarged end 17 of a width
      slightly less than the width of the rectangular aperture 14 in the peg 13
      and of a length greater than such width.
PAR  The mandrel 15a is provided proximate its lower end with a laterally
      projecting pin 18 adapted to engage an abutment 19 formed at the edge of
      the end portion 2 of the cylindrical member 1 as a result of having
      removed a section thereof, as shown at 19a. Engagement of the pin 18
      laterally with the abutment 19 causes the mandrel 15a to be angularly
      oriented with precision relative to the cylindrical member 1. The mandrel
      15a is provided with means for mounting on the end thereof an electrode
      tool, not shown, such means consisting of, for example, a longitudinal
      bore 20 accepting the shank of the electrode tool which is held in
      position by means of a set screw 21 projecting through a radially disposed
      threaded bore 21 a.
PAR  In order to affix the electrode to the end of the quill or ram of an EDM
      apparatus, the machine operator inserts the taper-shank 15 of the
      electrode supporting mandrel 15a into the tapered bore 11 on the end of
      the ram cylindrical member 1, and orients angularly the mandrel 15a about
      its longitudinal axis to a position permitting the enlarged end 17 of the
      prong 16 to pass through the rectangular aperture 14 in the peg 13. The
      operator then rotates the mandrel 15a to bring the pin 18 in engagement
      with the abutment 19. In the angular position of the mandrel providing
      engagement of the pin 18 with the abutment 19, the enlarged portion 17 on
      the end of the prong 16 has been rotated about a quarter of a turn
      relative to the rectangular aperture 14, such that the mandrel 15a is
      axially locked relative to the peg 13.
PAR  Finally, the sleeve 4 is manually rotated in the appropriate direction
      advancing the ring 8 towards the annular step 10 until the upper face of
      the ring 8 engages the surface of the annular step. This in turn causes
      the resilient washers 7 to expand, thus displacing the peg 13 upwardly, as
      seen in the drawing, which in turn exerts on the mandrel 15a an axial
      force upwardly directed tending to wedge the taper-shank portion 15 of the
      mandrel in the tapered bore 11.
PAR  When it is desired to remove the mandrel 15a, for example if it is desired
      to change electrodes, the sleeve 4 is turned in an opposite direction
      until the lower face of the ring 8 engages the upper surface of the ends
      of the peg 13. Further rotation of the sleeve 4 causes an axial force to
      be applied, through the peg 13, on the end of the taper-shank portion 15
      of the mandrel 15a, thus extracting the mandrel taper-shank portion 15
      from the tapered bore 11. Such an arrangement presents many advantages in
      structures wherein the angle of taper of the taper-shank portion 15 of the
      mandrel and the corresponding taper angle of the tapered bore 11 have a
      value small enough to cause a wedging of the taper-shank portion in the
      tapered bore. It will be appreciated however that the taper angle may be
      arbitrarily chosen so as to be, for example, larger than shown in the
      drawing such that the taper-shank portion 15 of the mandrel may be
      disconnected from the tapered bore recess 11 without the necessity of
      exerting on the taper-shank portion a force directed downwardly.
PAR  As a result of the only force axially directed for pulling the taper-shank
      portion 15 of the mandrel 15a towards the bottom of the tapered bore 11
      being provided by the resilient washers 7, the force may be limited to a
      very precise value as small as desirable to prevent elastic or permanent
      deformation of the end portion 2 of the cylindrical member 1. Furthermore,
      as such a force remains substantially constant, a well defined position of
      the mandrel 15a relative to the cylindrical member 1 is repeatedly
      achieved any time a new electrode is mounted on the end of the cylindrical
      member 1.
PAR  FIG. 3 represents a modification of the structure illustrated at FIG. 1
      which closely resembles that of FIG. 1, and in which the same elements are
      identified by the same reference numerals. The only difference between the
      structure of FIG. 1 and that of FIG. 3 consists in replacing the
      transverse peg 13 and the resilient washers 7 by a relatively rigid
      shorter bar or peg 22 and a thin flexible blade 23, for example made of
      spring steel. The bar or peg 22 and the flexible blade 23 are each
      provided at their center with a rectangular aperture 14, 14a,
      respectively, and they are fastened together, for example by means of
      rivets, not shown, disposed proximate the rectangular apertures 14 and
      14a. The ends of the flat spring blade 23 extend in an annular recess,
      defining an annular shoulder 24, formed in the upper end face of the
      sleeve 4 between such end face and the lower face of the ring 8. Thereby,
      in the course of tightening the sleeve 4 the force pulling the taper-shank
      portion 15 of the mandrel 15a towards the bottom of the tapered bore 11 is
      applied by the flat spring blade 23 tending to recover its straight shape
      from its previously bowed shape, which limits this force to a
      substantially constant predetermined value.
PAR  When the sleeve 4 is rotated in an opposite direction, the axially directed
      force urging the taper-shank portion 15 of the mandrel 15a to disengage
      from the tapered bore 11 is directly transmitted from the ring 8 to the
      bar or peg 22 through the intermediary of the ends of the flat spring
      blade 23. In this manner, the amount of flexion of the bar or peg 22 is
      limited to a very small value such that the force used for extracting the
      taper-shank portion 15 from the tapered bore 11 may be as large as
      necessary, and in all cases larger than the force exerted in the course of
      pulling the taper-shank portion 15 into the tapered bore 11. Any problem
      resulting from a possible wedging of the taper-shank portion 15 in the
      tapered bore 11 is thus avoided.
PAR  The embodiment illustrated at FIG. 4 comprises the same taper-shank portion
      15 for a mandrel 15a provided, as precedently described with respect to
      the embodiments of FIGS. 1 and 3, with a projecting prong 16 having an
      enlarged end portion 17 normally engaged in the rectangular aperture 14 of
      a transverse peg 13. The peg 13 is provided proximate each of its ends
      with a circular aperture in which is slidably disposed a rod 25, 25'
      respectively, in turn slidably disposed in a bore 25a, 25'a respectively,
      longitudinally formed in the end portion 26 of the servo controlled
      movable quill or ram of the EDM apparatus. Each rod, 25 or 25', has a
      lateral cut-out portion as shown at 27 in which is engaged an inwardly
      projecting annular ridge 28 dependent from the inner surface of the sleeve
      4. The coaxial longitudinal force exerted on the mandrel 15a urging the
      taper-shank portion 15 of the mandrel towards the bottom of the tapered
      bore 11 is provided solely by two coil springs 29 and 29' disposed
      respectively around the rods 25 and 25', each in an appropriate
      cylindrical recess 29a disposed in the end portion 26 of the ram, the
      springs 29 and 29' being normally compressed so as to exert an upwardly
      directed force upon the peg 13. The force tending to extract the
      taper-shank portion 15 of the mandrel 15a from the tapered bore 11 is
      transmitted from the sleeve 4 through the rods 25 and 25' to the peg 13 by
      means of snap rings 30 and 30' disposed in appropriate grooves formed on
      the periphery of the ends of the rods 25 and 25' projecting above the
      upper surface of the peg 13.
PAR  Many variations of structures according to the present invention will be
      readily apparent to those skilled in the art. For example, the force
      holding the taper-shank portion of the mandrel in the tapered bore may be
      obtained by means other than the spring means disclosed. For instance,
      hydraulic, pneumatic or electro-magnetic means may be used. However, the
      force exerted for extracting the taper-shank portion from its tapered bore
      should preferably be such as to be normally greater than the force used
      for holding the taper-shank portion in position in the tapered bore, even
      though an angle of taper preventing wedging of the mating parts may have
      been chosen, because it may be necessary in certain ocasions to overcome a
      force of attraction between the mating parts caused by a suction effect or
      due to dirt particles entrapped between the surfaces in engagement.
PAR  Although the present invention has been described and illustrated as an
      electrode tool holder assembly for an EDM machine, it will be appreciated
      that the same principles and structures may be used for an electrode
      holder assembly for ECM (electrochemical machining) apparatus and for tool
      holders for certain conventional machine tools.
CLMS
STM  Having thus described the invention by way of examples of structure
      relative thereto, what is claimed as novel is as follows:
NUM  1.
PAR  1. An electrode tool holder assembly for removably mounting an electrode
      tool on the ram of an electro-erosion machine, said holder assembly
      comprising an electrode supporting mandrel having a taper-shank portion, a
      tapered bore disposed in the end of said ram and adapted for coaxial
      engagement with said mandrel taper-shank portion, a projecting integral
      prong at the end of said mandrel taper-shank portion, a longitudinally
      displaceable sleeve disposed about the end of said ram, a peg element
      disposed transversely relative to the longitudinal axis of said mandrel
      taper-shank portion and displaceable along said londitudinal axis, means
      on said peg element for locking engagement with said projecting prong by
      rotation of said mandrel taper-shank portion relative to said peg element,
      biasing means for normally urging said peg element in a direction pulling
      said mandrel taper-shank portion in engagement with said tapered bore,
      abutment means on said sleeve engageable with said peg element for
      displacing said peg element and said mandrel taper-shank portion in a
      direction separating said mandrel taper-shank portion from said tapered
      bore when said sleeve is displaced in a predetermined direction relative
      to said ram, and means for angularly locating said mandrel taper-shank
      portion relative to said tapered bore about said longitudinal axis.
NUM  2.
PAR  2. The holder assembly of claim 1 wherein said sleeve is threadably engaged
      with the periphery of said ram for longitudinal displacement relative
      thereto by rotation of said sleeve.
NUM  3.
PAR  3. The holder assembly of claim 1 wherein said locking means on said peg
      member consists of a substantially rectangular aperture and said
      projecting integral prong at the end of said mandrel taper-shank portion
      has a substantially rectangular enlarged portion for engagement into said
      rectangular aperture for locking of said mandrel taper-shank portion to
      said peg member by rotation of said taper-shank portion about its axis
      relative to said member.
NUM  4.
PAR  4. The holder assembly of claim 1 wherein said biasing means comprises a
      stepped annular surface in said sleeve and a plurality of superimposed
      resilient washers disposed between said peg element and said annular
      surface.
NUM  5.
PAR  5. The holder assembly of claim 1 wherein said biasing means comprises a
      flat spring blade disposed transversely relative to the longitudinal axis
      of said mandrel taper-shank portion, the ends of said spring blade being
      engaged into an enlarged diameter portion of said sleeve and said spring
      blade being disposed adjacent to said peg element located between said
      blade and the end of said mandrel taper-shank portion engaged in said
      tapered bore, said abutment means being engageable with said ends of said
      spring blade for displacing said peg element such as to loosen said
      mandrel taper-shank portion from said tapered bore.
NUM  6.
PAR  6. The holder assembly of claim 1 wherein said biasing means comprises said
      peg element provided at each end thereof with a bore in which is engaged a
      rod disposed parallel to said longitudinal axis, said rods being slidable
      in the end of said ram and having an end attached to said sleeve so as to
      follow the longitudinal displacement of said sleeve, each rod having an
      abutment cooperating with said peg element for urging said peg element
      against the end of said taper-shank portion such as to convey to said
      mandrel taper-shank portion a force tending to loosen said taper-shank
      portion from said tapered bore, and coil spring means applied to said peg
      element for urging said peg element in a direction tending to hold said
      mandrel taper-shank portion in said tapered bore.
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ABST
PAL  Helium and helium base gas mixtures such as helium-hydrogen; helium-oxygen
      and helium-carbon dioxide have been found to improve weld penetration when
      used with presently available lasers to weld most steels.
PARN
PAR  This is a continuation of application Ser. No. 288,938, filed Sept. 14,
      1972, now abandoned.
BSUM
PAR  This invention relates to shielding gas compositions for laser welding and,
      more particularly, to shielding gas compositions for use when laser
      welding steels such as carbon steels, stainless steels and most alloy
      steels.
PAR  Although welding has been recognized as one of the major potential users of
      laser beams since the early sixties, lasers have had only minor impact on
      welding technology to date. Due to the low continuous wave power levels
      available, commercial application have been in areas where the more
      conventional processes are not easily applied. However, the recent
      development of higher powered gas lasers promises to have a profound
      effect on the importance of the laser as a welding tool. At the present
      time several companies have developed high powered lasers with power
      outputs of up to about 10 to about 20 KW.
PAR  It was unexpectedly discovered that when welding with a high powered laser
      in the power output range of from about 2 to about 10 KW, argon could not
      successfully be used to shield the weld puddle. When argon gas was used as
      the shielding gas, a large luminous plasma plume occurred above the weld
      zone in the path of the incident laser beam. The presence of such plasma
      plume indicated a lower utilization of laser power and a lower depth of
      penetration.
PAR  It is theorized that the plasma plume is associated with the presence of
      easily ionizable metal atoms and free electrons from thermionic emission
      or thermal ionization of the metal vapor. The free electrons would be
      heated rapidly by the high electric field near the laser focus and, if not
      quenched by the shield gas, would attain energy levels high enough to
      ionize the metal atoms and sustain the plasma plume.
PAR  It was rationalized then that penetration should increase with increasing
      thermal conductivity of the shield gas and it should be enhanced by the
      presence of an electronegative specie to remove the free electrons.
PAR  Accordingly, it is the main object of this invention to provide a shielding
      gas medium suitable for use in laser welding.
PAR  A further object is to provide such a shielding medium for use when laser
      welding steels such as carbon steel, stainless steel and most alloy steels
     .
DRWD
PAR  These and other objects will be pointed out or become apparent from the
      following description and drawings wherein:
PAR  FIG. 1 shows the results obtained with different shielding medium; and
PAR  FIG. 2 shows the results obtained with helium base gas mixtures.
DETD
PAR  As can be seen from FIG. 1, helium gas was found to be far superior to
      argon, argon + 5% oxygen, nitrogen and air, although air was far better
      than argon.
PAR  As can be seen from FIG. 2, penetration was improved over pure helium by
      the addition of hydrogen and other additives such as oxygen base gases,
      some fluoride gases such as C Cl.sub.2 F.sub.2 (Dichlorodifloromethane)
      and SF.sub.6 (Sulfur hexafluoride).
PAR  Based on the experimental data presently available which was obtained by
      making bead on plate welds in carbon steels, stainless steel, some high
      strength alloy steels, it was found that with a 10 KW laser beam and
      helium shielding, full penetration in a 1/2 inch thick workpiece could be
      obtained at a travel speed of 12.5 in/min. Penetration of 0.43 in. was
      obtained at 25 in/min. and 0.24 in. at 100 in/min.
PAR  Penetration was improved by adding 10% hydrogen to the helium with the
      following results also at 10 KW: 0.5 in. (full) penetration at 25 in/min.
      which is a 15% improvement in penetration or a doubling of travel speed.
      At 100 in/min. penetration increased slightly to 0.25 in.
PAR  Penetration also increased by the addition of oxygen, carbon dioxide, C
      Cl.sub.2 F.sub.2, and SF.sub.6 to helium.
PAR  Generally, then it has been discovered that helium and helium base gas
      mixtures improve laser beam weld penetration in a steel workpiece.
PAR  More specifically, it has been found that helium and helium base gas
      mixtures increase laser beam penetration in a steel workpiece at travel
      speed up to about 100 in/min.
PAR  Depending on the metals being welded, certain mixtures will be preferred
      over others. For example, hydrogen causes embrittlement of some high
      strength steels, such as HY-180, so that a helium-hydrogen mixture will
      not be useful for laser welding such materials.
PAR  The upper limit of H.sub.2 and O.sub.2 additives to the H.sub.e shielding
      gas will be determined by the onset of porosity, cracking or by the
      excessive oxidation of the alloy resulting in unacceptable mechanical
      properties. The precise limit of additives, which brings about the
      above-mentioned conditions, varies with the welding conditions (travel
      speed, energy input, laser spot size), the joint configuration, the
      composition of the alloy being welded and whether or not filler metal is
      added. Thus, it is not possible to specify exact limits. It is believed
      that under some conditions the additive concentration may be in excess of
      50%, while under different conditions it will be only several tenths of a
      percent.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for deep penetration welding of metallic workpieces with a
      laser beam which comprises directing said beam to the workpiece and
      shielding the weld zone with a shielding gas consisting essentially of a
      mixture of helium and less than 20% by volume of an electronegative gas.
NUM  2.
PAR  2. A method for deep penetration welding of metallic workpieces with a
      laser beam which comprises directing said beam to the workpiece and
      shielding the weld zone with a shielding gas consisting essentially of a
      mixture of helium and at least one other gas which will in combination
      provide a higher thermal conductivity than helium alone.
NUM  3.
PAR  3. A method for deep penetration welding of metallic workpieces with a
      laser beam which comprises directing said beam to the workpiece and
      shielding the weld zone with a shielding gas consisting essentially of a
      mixture of helium, an electronegative gas and up to 10% by volume of
      CO.sub.2.
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ABST
PAL  A consumable electrode guide tube is connected to a holder disposed at the
      top of a long vertical joint to be welded. Power is short circuited from
      the holder to a point midway along the tube until the lower half of the
      joint is welded, after which time the short is removed and the upper half
      of the joint is welded in the conventional manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to welding, and more particularly to an apparatus
      and method for butt welding a joint between two closely spaced vertical
      members.
PAR  In the electroslag welding of a joint between two closely spaced vertical
      members, e.g. steel plates, with consumable electrodes, a plurality of
      strongbacks are secured across the joint lengthwise thereof to maintain
      the joint opening constant during the welding of the joint. A pair of
      watercooled weld retaining shoes is then wedged between said strongbacks
      and said plates in registry on each side of the joint at the lower end
      thereof, one shoe of each pair being disposed directly above the other
      shoe. A consumable electrode guide tube, through which a weld wire is fed,
      is secured to the plates at the upper end thereof, said guide tube and
      wire extending to a point approximately at the bottom of the joint.
      Current is then supplied to the top of the guide tube resulting in a short
      circuit at the bottom of the joint between the end of the weld wire and
      the steel plates. A semiconductor granular flux is then added to the
      bottom of the joint, said flux becoming molten as a result of the heat
      produced by the short circuit. The molten flux covers the weld metal
      deposited in the joint as a result of the weld wire melting.
PAR  Up to this point, the process would be considered to be submerged arc
      welding. However, the welding mode changes to electroslag when the molten
      flux becomes hot enough to melt the constantly feeding weld wire,
      resulting in the termination of the arc between the end of the wire and
      the metal forming the joint.
PAR  As the weld metal solidifies and fills the joint, the molten flux, disposed
      on top of the rising weld, steadily consumes the guide tube as well as the
      constantly feeding wire. By capillary action and magnetic attraction, the
      melt, consisting of the melted portions of the wire and consumable guide
      tube, is attracted to the edges of the steel plates forming the joint and
      fuses therewith.
PAR  After the weld metal has solidified adjacent the lower shoes, and while the
      weld metal is being deposited in the joint adjacent the upper shoes, the
      lower shoes are "leap-frogged" over the upper shoes whereby one set of
      shoes is always disposed contiguous to liquid weld metal as the weld
      progresses upwardly along the joint.
PAR  While the foregoing method of welding vertical joints has been successful
      for relatively short joints, e.g. 3 meters or less, this method has been
      less than satisfactory for longer joints. This is due to high currents, as
      well as to the large voltage drop across the guide tube from the top to
      the bottom thereof during the initiation of the weld. The high currents
      cause the temperature of the guide tube to increase, thereby expanding the
      welding wire and restricting the flow thereof through the guide tube. The
      large voltage drop causes the voltage at the pool of weld metal to be too
      low for optimum welding to occur.
PAR  It is an object of this invention to provide a method and apparatus for
      electroslag welding a long joint between vertical members with consumable
      electrodes whereby the magnitudes of the voltage drop across, and the
      current through, the guide tube are limited to tolerable values.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that the foregoing object can be obtained by initially
      short circuiting an upper portion of the guide tube by connecting the
      power supply to an intermediate point therealong. The liquid weld metal
      retaining means, i.e. the shoes, are then progressively moved upwardly
      along the joint in the conventional manner as the butt weld is completed.
      When the pool of weld metal has reached a point just below said
      intermediate point, the short circuit is removed and the weld is finished
      in the conventional manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of the apparatus of the invention.
PAR  FIG. 2 is an end elevation taken along the lines 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken along the lines 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, first and second vertical steel plates 10 and 12 are to
      be welded along the joint 14. Temporarily secured to the top edge of plate
      10, by tack welding, for example, is a mounting plate assembly 16 to which
      a consumable electrode guide tube holder 18 is mounted through insulating
      blocks 20.
PAR  The guide tube holder 18 is provided with a bore 22 through which a welding
      wire 24 is supplied. The welding wire passes through a consumable guide
      tube 26 which is secured in another bore 28 in the holder 18 by bolts 30,
      said tube extending to about the bottom of the joint 14.
PAR  Temporarily secured, e.g. by tack welding, across the plates 10 and 12 at
      the top thereof are runoff tabs 32 which prevent spillage of molten flux
      until the weld metal has reached the top of said plates. A plurality of
      transversely disposed strongbacks 34 and 48 are temporarily secured across
      the joint 14 lengthwise thereof. The strongbacks 34, disposed along one
      side of the joint, maintain the joint spacing as well as provide means for
      holding in place weld-retaining shoes along said side, while the
      strongbacks 48 are required solely for holding weld-retaining shoes in
      place on the opposite sides of the joint. As shown in FIGS. 1, 2 and 4, a
      pair of weld-retaining shoes 36 and 38 are held in place by the lowest
      pair of said strongbacks 34 and wedges 40 and 42, respectively. Similarly,
      a pair of weld-retaining shoes 44 and 46 are held in place on the opposite
      side of the plates 10 and 12 by strongbacks 48 and wedges 52 and 54,
      respectively. The oppositely disposed weld-retaining shoes are
      substantially in registry and have a facing spanning the joint 14. Said
      shoes are preferably made of copper, and are internally cooled by water
      during the welding operation.
PAR  The guide tube holder 18 is provided with a first terminal bolt 56 adapted
      to be connected to a conventional welding power supply, e.g. a 750 ampere
      source. A second terminal bolt 58 has electrical cables 60 connected
      thereto which extend to a connecting bolt 61 on power pick-up shoe 62
      making electrical contact with the guide tube 26 approximately midway
      therealong.
PAR  The power pick-up shoe 62 comprises a copper contact element 64 having its
      front end contoured to fit tightly against the guide tube 26. The rear end
      of the contact element 64 is provided with a bore 66 into which the shaft
      of a T-bolt 68 is slidably inserted. The shaft of the T-bolt 68 threadedly
      engages a plate 70 to which first and second magnets 72 and 73 are
      affixed, said magnets being separated from the plate 70 by means of
      electrical insulating spacers 74 and 75, respectively. The sides of the
      contact element 64 are also provided with electrical insulators 76.
PAR  Disposed directly opposite to the power pick-up shoe 62 is an insulator
      assembly 78. The insulator assembly 78 comprises an insulating element 80
      having its front end contoured to fit tightly against the guide tube 26.
      The insulator assembly 78 is constructed similarly to the lower pick-up
      shoe 62, and is provided with a T-bolt 82 having its shaft slidably
      inserted into a bore 84 in the rear end of the insulating element 80. The
      shaft of the T-bolt 82 threadedly engages a plate 86 to which first and
      second magnets 88 and 90 are affixed, said magnets being separated from
      the plate 86 by means of electrical insulating spacers 92 and 94.
PAR  The subject apparatus operates substantially as follows. With the ends of
      the guide tube 26 and the wire 24 disposed at the bottom of the joint 14,
      current is fed to approximately the midpoint of the guide tube 26 via the
      short circuiting cables 60. A pool of weld metal then immediately begins
      to form between the cooling weld-retaining shoes 38 and 46. There is a
      slag floating on the metal as a result of the consumption of an added
      semiconductor flux, and the weld wire 24 is automatically being fed
      through the guide tube 26 at a predetermined rate.
PAR  As the weld metal rises above shoes 38 and 46 and approaches the tops of
      shoes 36 and 44, the shoes 38 and 46 are removed and "leap-frogged" to a
      position immediately above shoes 36 and 44, respectively. This procedure
      is repeated until the weld has reached a point immediately below the power
      pick-up shoe 62. The power pick-up shoe 62 and insulator assembly 78 are
      then removed from contact with the guide tube 26, thereby removing the
      short circuit from around the upper half of the tube 26. The insulation
      along the sides of the contact element 64 aids in preventing said element
      from shorting out against the sides of the plates 10 and 12 when said
      pick-up shoe is removed. The weld is then finished in the conventional
      manner.
PAR  While the invention has been described with the upper half of the guide
      tube shorted out, the length of the short circuit depends on the length of
      the joint to be welded. For example, if a 9 meter joint were to be welded,
      it might be advisable to place the power pick-up shoe initially 2/3 of the
      distance down the guide tube, i.e. 3 meters above the bottom of the joint,
      and to then shift the power pick-up shoe to a position 1/3 of the distance
      down the guide tube, i.e. 6 meters above the bottom of the joint. Finally,
      after the weld is just short of being 2/3 completed, the power pick-up
      shoe would be completely removed and the weld finished in the conventional
      manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for butt welding a joint between two closely spaced vertical
      members comprising:
PA1  a. a pair of removable liquid weld retaining shoes disposed on each side of
      said joint, each of said pairs of shoes having a facing spanning said
      joint and being disposed substantially in registry with the shoes on the
      opposite side of said joint,
PA1  b. a conductive electrode guide tube holder disposed at a point above said
      joint,
PA1  c. a conductive consumable electrode guide tube secured to said holder and
      extending to about the bottom of said joint,
PA1  d. a conductive shoe, adapted to be placed in contact with said guide tube
      at a point intermediate the length of said joint, comprising:
PA2  i. a contact element having its front end contoured to fit against said
      guide tube;
PA2  ii. a rotatable shaft slidably inserted into the rear end of said contact
      element; and
PA2  iii. a plate, threadedly engaging said shaft, having magnet means affixed
      thereto for magnetically engaging said vertical members,
PA1  e. means, adapted to be placed in contact with said guide tube at a point
      opposite said conductive shoe for maintaining said shoe and guide tube in
      contact, comprising:
PA2  i. an insulating element having its front end contoured to fit against said
      guide tube;
PA2  ii. a rotatable shaft slidably inserted into the rear end of said
      insulating element; and
PA2  iii. a plate, threadedly engaging said shaft, having magnet means affixed
      thereto for magnetically engaging the opposite side of said vertical
      members,
PA1  f. power supply means connected to said guide tube holder, and
PA1  g. conductive means connected from said guide tube holder to said
      conductive shoe.
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ABST
PAL  A thermal record printer head to be used in a thermal record printer, in
      which a resistive exothermic layer is formed in the front surface of a
      semiconductor substrate to be adjacent to a thermosensitive record medium
      and low resistance regions in parts of the back surface to be continuous
      to the one in the front surface by impurity diffusion, and respective
      electrodes are attached to the impurity diffusion regions in the back
      surface thereby enabling high temperature heating, a high thermal response
      speed and also good productivity, and a method of making the same.
BSUM
PAR  This invention relates to a thermal record printer head capable of high
      temperature heating, having a high thermal response speed and further a
      good productivity, and a method of making the same.
PAR  Various thermal record printer heads have been developed conventionally. As
      for those using a semiconductor such as silicon, there are basically two
      kinds; (1) one having an exothermic layer in the back surface of a
      semiconductor substrate, and (2) one having an exothermic layer in the
      front surface of a semiconductor adjacent to a thermosensitive record
      medium.
PAR  For printing coded signals, etc., there are usually provided a plurality of
      heads. In the case of using a semiconductor, a plurality of semiconductor
      mesas each of which is connected with lead wires is provided usually. For
      the easiness of mass-production, case (1) is preferable because the
      exothermic layer and the lead wires can be provided on the same surface
      and the formation thereof is easy. The structure of case (1), however, has
      disadvantages in that the thermal response speed is low and that the high
      temperature heating is difficult.
PAR  On the other hand, case (2), in which the exothermic layer is formed in the
      surface adjacent to the thermosensitive record medium, is preferable for
      the easiness of attaining high temperature heating and a high thermal
      response speed, but has a disadvantage that the lead wires should be
      provided on the other surface than that of the exothermic layer, thus, the
      impurity diffusion should be extended to the surfaces on which lead wires
      are to be attached and the formation of such a diffusion layer has been
      accompanied with poor mass-productivity.
PAR  An object of this invention is to provide a thermal record printer head
      having a high thermal response speed and capable of high temperature
      heating as well as having good mass-productivity.
PAR  Another object of this invention is to provide a thermal record printer
      head having an exothermal resistive layer in the surface of a
      semiconductor substrate adjacent to a thermosensitive record medium and a
      good mass-productivity.
PAR  A further object of this invention is to provide a thermal record printer
      head having good thermal efficiency and good heat dissipation.
PAR  According to a typical embodiment of this invention, there is provided a
      thermal record printer head using a semiconductor substrate comprising an
      impurity diffused layer formed in a surface of the semiconductor substrate
      to be adjacent to a thermosensitive recording medium, further impurity
      diffused regions formed in the back surface of said semiconductor
      substrate and connected with said impurity diffused layer to make at least
      said impurity diffused layer work as an exothermic resistive layer, and
      electrodes provided on said further impurity diffused regions in the back
      surface.
PAR  According to the above embodiment, high temperature heating is possible,
      the thermal response speed is high, thermal efficiency is good, heat
      dissipation is also rapid, and the structure is fitted for
      mass-production. Therefore, when such heads are used in a thermal record
      printer, stable and solid printing can be performed from the beginning of
      each use, long time use is possible, and the running speed for the head
      can be made fast. Thus, this invention has a great industrial value.
DRWD
PAR  Other objects, features and advantages of this invention will become clear
      from the following description taken in conjunction with the accompanying
      drawings in which;
PAR  FIGS. 1 and 2 are cross-sections of conventional thermal record printer
      heads;
PAR  FIG. 3 is a cross-section of an embodiment of the thermal record printer
      head according to the invention;
PAR  FIGS. 4a to 4e are views for explaining various manufacturing steps for the
      head of FIG. 3; and
PAR  FIG. 5 is a perspective view of an application of the head of FIG. 3.
DETD
PAR  For help in understanding the present invention, two typical examples of
      the conventional thermal record printer head will be described with
      reference to FIGS. 1 and 2.
PAR  FIG. 1 shows an example of the conventional thermal record printer head in
      which an exothermic resistive layer is formed in the same surface as
      electrodes thereof. An n- or p-type resistive layer 2 is formed by
      diffusing an impurity in the surface of a p- or n-type silicon substrate 1
      formed in a mesa. On the same surface, electrodes 4 are provided by
      evaporation, etc. The element thus formed is adhered to a ceramic
      substrate 7 with epoxy resin 6. The electrodes 4 are insulated from the
      silicon substrate 1 by oxide films 3. The silicon substrate 1 is protected
      with a wear-proof hard film 5. By allowing a current to flow through the
      resistive layer 2, the mesa thereon is heated to enable a thermosensitive
      record medium 8 brought into contact with the mesa to produce color with
      this heat.
PAR  FIG. 2 shows another type of the conventional printer head which is
      basically similar to that of FIG. 1, but has the exothermic resistive
      layer 2 in the upper surface and the upper edge portions of the
      semiconductor substrate 1 such as silicon.
PAR  The heat conduction system of the head of FIG. 1 can be illustrated as
      follows.
      ##SPC1##
PAR  Similarly, the heat conduction system of the head of FIG. 2 can be
      illustrated as follows.
      ##SPC2##
PAR  The above structures are considered to have generally the following
      features, that for the type of FIG. 1:
PA1  1. high temperature heating is difficult;
PA1  2. thermal response speed is low; and
PA1  3. mass-productivity is good, and for the type of FIG. 2:
PA1  1. high temperature heating is possible;
PA1  2. thermal response speed is high; and
PA1  3. mass-productivity is poor.
PAL  The heat generated in the exothermic layer, in the case of the former
      structure, first heats the mesa formed of the silicon substrate 1, then is
      conducted to the thermosensitive record medium 8 to make it produce color.
      Since the heat conduction is epoxy resin is extremely small compared to
      that in silicon, the heat dissipation of the heated mesa is poor, whereby
      the thermal response speed is low and the printing speed cannot be made
      fast. In the latter case, since the heat generated in the exothermic layer
      is directly conducted to the thermosensitive record medium 8 to enable it
      to produce color and at the same time is dissipated through the silicon
      substrate 1, the thermal response speed is high and the printing speed can
      be made fast.
PAR  Further, as is apparent from the structure, it is difficult to heat the
      former head to a high temperature from the point of bad effects given to
      the epoxy resin 6. In the former head, however, the exothermic resistive
      element 2 can be formed in the same plane, and thereby the productivity is
      good. In the latter case, on the contrary to the former case, high
      temperature heating is possible as can be seen from its structure, but the
      exothermic resistive element 2 should be formed in the three surfaces of
      the silicon substrate 1 and thereby the productivity cannot be very good.
PAR  The present printer head structure removes the drawbacks of the
      conventional two types of the structure; with the result that high
      temperature heating is possible, thermal response speed is high and
      productivity is good.
PAR  FIG. 3 shows an embodiment of the present thermal record printer head, in
      which numeral 11 indicates a silicon substrate, 12 an exothermic resistive
      layer formed in the surface of the silicon substrate 11, 13 a silicon
      oxide film, 14 electrodes, 15 a wear-proof film, 16 a thermosensitive
      record medium, 17 a ceramic substrate, 18 metalized leads formed on the
      ceramic substrate 17, and 19 solder layers.
PAR  In this thermal record printer head, the mesa structure is adhered to the
      ceramic substrate 17 with solder. Therefore, the structure can endure
      extremely higher temperatures than those for the case of using a resin
      such as epoxy. Further, since the exothermic resistive layer 12 is formed
      in the surface on which the thermosensitive record medium 16 slides, the
      conduction of heat is rapid. Also, the heat dissipation is done rapidly
      since no resin intervenes. Further, impurity diffusion in the exothermic
      resistive layer 12 is so controlled that the resistivity in the portions
      not being adjacent to the thermosensitive record medium 16 is negligibly
      small compared to that in the portion adjacent to the record medium 16.
      Therefore, no unnecessary heating is done in the mesa (dot) and the heat
      efficiency is high.
PAR  The manufacturing steps of the present thermal record printer head will be
      described in connection with FIGS. 4a to 4e. First, mesa etching is done
      for a silicon substrate 11 of an appropriate thickness (0.1 to 0.2 mm) to
      leave dots desired for heat generation as is shown in FIG. 4a. The depth
      of the mesa-etching is preferably as deep as possible provided that the
      wafer treating steps are possible. Practically, it is sufficient to stop
      etching at a position about 50 .mu.m above the bottom surface. Further, a
      marker is formed in the surface opposite to that subjected to the
      mesa-etching as is shown in the figure. Then, a silicon oxide film 13 is
      formed in the shape as shown in FIG. 4b. This can be done by first
      oxidizing the whole surface by thermal oxidation, etc. and then
      selectively photoetching the oxide film. Then, regions 12' having a
      different conductivity type from that of the silicon substrate 11 are
      formed by impurity diffusion as is shown in FIG. 4c. In this step, since
      impurity diffusion is done from the both front and back surfaces until the
      diffused regions meet each other, for example when the remaining thickness
      is 50 .mu.m diffusion is done longer than 25 .mu.m from each side, the
      diffusion time is relatively long and thus those impurities for which the
      masking effect of the oxide film is extremely large, e.g. boron, are
      fitted for this impurity diffusion. Thus, it can be recommended to use
      n-type silicon as the silicon substrate and boron as the impurity for
      forming the diffused regions 12'. Further, the impurity concentration in
      this diffused region 12' is preferably as high as possible to attain low
      resistivity. Then, as is shown in FIG. 4d, the silicon oxide film 13 on
      the upper surface of the mesa is removed and then an impurity of the same
      conductivity type as that in the regions 12' is diffused to bridge the
      regions 12' to form a region 12". Since this region 12" functions as the
      exothermic resistive layer 12, the diffusion is so controlled that the
      resistance of the region 12" coincides with that determined from the
      electrical circuit. Then, as is shown in FIG. 4e, electrodes 14 are formed
      on the regions 12' in the surface on the opposite side to that provided
      with the mesa. The material for the electrodes 14 is preferably one which
      can be soldered. On the mesa, a wear-proof film 15, such as aluminum oxide
      or silicon carbide, is formed by spattering, thermo-decomposition, etc.
      Then, the portions in the regions 12' subjected to mesa-etching are cut as
      in shown in FIG. 4e.
PAR  Thermal record printer heads formed as above are soldered to a ceramic
      substrate 17 which is preliminarily metalized in a desired form, as is
      shown in FIGS. 3 and 5. FIG. 5 shows an example in which exothermic
      elements of five dots are disposed in a line.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A thermal record printer head comprising:
PA1  a semiconductor substrate having a front surface and a back surface;
PA1  an impurity diffused layer formed in the front surface of the semiconductor
      substrate to be adjacent to a thermosensitive recording medium;
PA1  further impurity diffused regions formed in the back surface of said
      semiconductor substrate and extending through side portions between said
      front and said back surfaces of said semiconductor substrate to said
      impurity diffused layer and to be electrically connected therebetween and
      to make at least said impurity diffused layer work as an exothermic
      resistive layer; and
PA1  electrodes provided on said further impurity diffused regions in the back
      surface.
NUM  2.
PAR  2. A thermal record printer head according to claim 1, further comprising a
      substrate of a heat-resisting insulator provided with leads which are
      soldered with said electrodes provided on said further impurity diffused
      regions in the back surface of the semiconductor substrate.
NUM  3.
PAR  3. A thermal record printer head comprising:
PA1  a semiconductor substrate of high resistivity having one main surface and
      an opposite surface;
PA1  an impurity diffused layer formed in the main surface of said semiconductor
      substrate and having a predetermined resistance suitable for working as an
      exothermic resistive layer;
PA1  further impurity diffused regions formed in edge portions of said impurity
      diffused layer, extending through the substrate in the thickness direction
      to the opposite surface of the substrate and having a lower resistance
      than that of said impurity diffused layer; and
PA1  electrodes provided on said further impurity diffused regions on said
      opposite surface of the substrate.
NUM  4.
PAR  4. A thermal record printer head according to claim 3, in which said
      impurity diffused layer and regions have the same conductivity type and
      said semiconductor substrate has an opposite conductivity type to that of
      the impurity diffused layer and regions.
NUM  5.
PAR  5. A thermal record printer head according to claim 3, further comprising a
      heat-resisting and insulating substrate provided with metalized leads
      which are directly soldered with said electrodes.
NUM  6.
PAR  6. A thermal record printer head according to claim 1 further comprising a
      wear proof film which covers said impurity diffused layer.
NUM  7.
PAR  7. A thermal record printer head according to claim 3 wherein only a
      portion of said substrate has diffused regions and further comprising an
      insulating film on said opposite surface of said substrate and separating
      said electrodes from the portion of said substrate without diffused
      regions.
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ABST
PAL  A fuser includes a pair of members defining a zone, a pair of electrical
      elements supported in series with a power supply by one of the members,
      and a thermostatic switch being electrically connected in parallel with
      one of the elements. When the temperature in the zone is below a
      predetermined level the switch is closed and shorts out the element with
      which it is in parallel. The switch opens when the temperature rises above
      said predetermined level, whereby less heat is provided for the zone. This
      arrangement provides a rapid warm up for the zone. Heat distribution in
      the zone is achieved by supporting the heating elements in zigzag fashion.
      Sagging of the elements thus mounted is prevented by bias means which
      maintain the elements under tension.
BSUM
PAR  The subject invention relates to radiant heaters of the type used in
      xerography to fix or fuse toner images on a substrate such as paper.
PAR  As is well known, in xerography toner images formed on a xerographic plate
      or drum are transferred to sheet paper and are fused thereto, according to
      at least one method, by the application of heat from an electrical element
      to the toner bearing sheet. In fact, U.S. Pat. No. 2,965,868, issued to R.
      W. Eichler on DEc. 20, 1960, discloses xerographic apparatus which
      utilizes a fuser comprising a small diameter quartz tube encircled by a
      fine coil of nichrome wire to provide a heating element of low thermal
      mass. The coil is supported by the quartz tube to prevent its sagging when
      heated. As a result, the wire may be closely spaced with regard to images
      to be fixed thereby and less electrical power is required to accomplish
      fusing. In the fuser described above the use of a heating element having a
      low thermal mass is important because the fuser may be brought up to
      operating temperature quickly, thereby reducing the standby period
      required before the xerographic apparatus can be used, and may be dropped
      quickly to prevent charring of paper remaining adjacent the fuser for more
      than some predetermined period of time.
PAR  It is an object of the present invention to provide a fuser for xerographic
      apparatus, which fuser is capable of further reducing the time required to
      reach operating temperature.
PAR  It is another object of the present invention to provide a fuser having
      heating elements which may be positioned in closely spaced parallel
      relation to paper without danger of the heating element deforming and
      contacting the paper.
PAR  In summary, the invention provides apparatus for fixing toner on a
      substrate as the substrate, which may be paper, is moved through a zone.
      Structurally, the apparatus comprises: (a) first and second members
      disposed on opposite sides of said zone; (b) an electrical power source;
      (c) a pair of electric heating elements coupled to the power source; (d)
      means coupling the heating elements to said first member for heating the
      zone; and (e) means, responsive to the temperature in the zone, coupled to
      the heating elements for changing the electrical load provided by the
      heating elements at the power supply, the load being smallest when the
      temperature in the zone is lower than a predetermined temperature.
DRWD
PAR  Additional objects and features of the invention will become apparent by
      reference to the following description in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a partial perspective view of a xerographic fuser, according to
      the invention, a section having been broken away to show a temperature
      sensitive switch of the fuser;
PAR  FIG. 2 is a schematic diagram showing electrical connections of parts of
      the fuser; and
PAR  FIG. 3 is a plan view of a member of the fuser and heating elements coupled
      thereto.
DETD
PAR  A fuser 10, according to the invention, for fixing toner 11 on a substrate
      such as paper 12 is shown in perspective in FIG. 1, parts normally
      required for coupling the fuser to a xerographic machine having been
      omitted in the interest of conciseness and in view of the belief that such
      coupling may be carried out by any person skilled in the xerographic art.
      Referring to FIG. 1, fuser 10 includes an upper member 14 supporting, as
      more fully discussed below, heating elements, and a lower member 15
      supporting a temperature sensitive switch 16, the members 14 and 15 being
      spaced to provide a substantially convection free zone through which paper
      12 may be drawn in the direction indicated by arrow 17. Apparatus for
      drawing the paper may be, if desired, such as is disclosed in conjunction
      with a xerographic machine in U.S. Pat. No. 2,965,868, issued to R. W.
      Eichler on Dec. 20, 1960.
PAR  Referring to FIG. 3, member 14 generally resembles a box cover and in this
      example is manufactured from sheet metal. One corner of member 14 supports
      an insulator 20 which, for example, may be manufactured from machinable
      ceramic, and adjacent another corner there is supported another insulator
      21 which may be manufactured from the same material. Parallel to the wall
      22 commmon to said corners and spaced from the top of the member there is
      supported by screws 23 and 24 an insulator in the form of a ceramic rod 25
      having annular grooves, the grooves being adapted, as more fully discussed
      below, to support the heating elements. Opposite wall 22, a wall 27
      supports three sleeves 28-30, each of the sleeves slidably supporting
      links 31-33, respectively. Link 31 is connected to a bracket 35 which
      supports an insulator in the form of a ceramic rod 36 having annular
      grooves and links 32 and 33 are connected to a bracket 37 which supports
      an insulator in the form of a ceramic rod 38 having annular grooves, the
      rods 36 and 38 being parallel to rod 25. One of the heating elements 39 is
      disposed in zigzag fashion between rods 25 and 38 and its ends,
      respectively, are fastened by terminals 40 and 41 to insulators 20 and 21.
      Similarly, the other of the heating elements is disposed in zigzag fashion
      between rods 25 and 36 and its ends, respectively, are fastened by
      termminals 44 and 45 to insulator 21, terminals 41 and 44 being
      electrically connected by an electrical shorting strap 49. The zigzag
      arrangements are maintained under tension by springs. More specifically,
      link 31 supports an abutment and is encircled by a compression spring 46
      engaging the abutment 49 and sleeve 28, as a result of which element 43 is
      placed under tension. Similarly, abutments 50 and 51 on links 32 and 33,
      respectively, cooperate with springs 47 and 48 to keep element 39 under
      tension. With this arrangement, if electrical power is connected to either
      or both of the heating elements any expansion or contraction of the
      elements due to temperature variations is accommodated and sagging which
      would otherwise result is substantially eliminated.
PAR  Referring to FIGS. 2 and 3, temperature sensitive switch 16 is electrically
      connected in parallel with element 43, via terminals 44 and 45, and the
      series connection of elements 39 and 43 are connected via terminals 40 and
      45, to a power supply 53. Temperature sensitive switch 16 remains closed
      below a predetermined temperature and electrically provides an open
      circuit above said temperature. As a result, with a fixed output voltage
      from power supply 53, when the power supply 53 is switched on if,
      referring to FIG. 1, the temperature in the zone between the members 14
      and 15 is below said predetermined temperature the element 43 is shorted
      out and heat is provided by element 39. When the zone temperature rises
      above the predetermined temperature the switch opens and heat is provided
      by both elements 39 and 43 but at a lower rate because of the higher
      resistance seen by power supply 53. The arrangement described results in a
      fuser which provides a steady state heat output for fusing toner onto
      paper 17 and a high heat output for rapidly bringing the fuser up to the
      steady state level.
PAR  It should be noted that the temperature resistive switch may be a
      thermostat which is mounted on member 10 so as to be shielded by paper 12
      from direct radiation from the elements 39 and 43. In consequence, the
      thermostat is primarily responsive to the temperature of the zone.
PAR  In the embodiment of the invention described above, heating elements 39 and
      43 may be manufactured from ribbon lengths of an alloy consisting of, for
      example, 60% nickel, 16% chromium and a balance of mainly iron, such as is
      sold by the Hoskins Manufacturing Co. under the mark "Chromel C".
PAR  It will be appreciated by those skilled in the art that the series
      arrangement of elements disclosed may be replaced, for example, by an
      arrangement wherein a first element is connected to a power supply and a
      series combination of a second element and a temperature responsive switch
      are shunted across the first element. With this arrangement, when the
      temperature in the zone is below a predetermined level the switch would be
      closed and when the temperature rises the switch would be opened to cut
      down on the heat being supplied to the zone. However, despite the fact
      that a parallel arrangement can be used, for given heat requirements the
      parallel arrangement requires the use of elements having higher resistance
      values and this imposes the need to either use longer heating elements or
      elements manufactured from materials having a higher resistivity.
PAR  It is to be understood that the description herein of a preferred
      embodiment, according to the invention, is set forth as an example thereof
      and is not to be construed or interpreted as a limitation on the claims
      which follow and define the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for fixing toner on a substrate, as the substrate is moved
      through a zone, comprising:
PA1  a. first and second members disposed on opposite sides of said zone;
PA1  b. an electrical power source;
PA1  c. a pair of electric heating elements, connected in series, coupled to the
      power source;
PA1  d. means coupling the heating elements to said first member for heating the
      zone; and
PA1  e. means, responsive to the temperature in the zone, for shorting out one
      of the heating elements when the temperature in the zone is lower than a
      predetermined temperature.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said means responsive to the
      temperature includes a thermostat located such that when the substrate is
      in the zone the heating elements and the thermostat are on opposite sides
      thereof.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein at least one of the heating
      elements is an elongated metallic ribbon, the ribbon being coupled to the
      first member in zigzag fashion.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said coupling means include
      first means for supporting at least one of the heating elements in a
      zigzag arrangement.
NUM  5.
PAR  5. Apparatus as defined in claim 2 wherein at least one of the heating
      elements is an elongated metallic ribbon.
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PAL  Apparatus for recognizing alpha-numeric indicia that are either printed or
      embossed such as are common to credit cards and other identification means
      for use in a data processing system. The optical reading apparatus scans a
      surface to be read using a read head that conducts light to and from the
      surface using light conducting rods. Photosensors at the emitting ends of
      light conducting rods detect changes in the level of light reflected from
      the surface. For recognizing indicia, the level of light is made to be
      directly related to particular portions of the alpha-numeric indicia being
      read. The entrance ends of the light conducting rods are strategically
      placed so that logic circuitry connected to the photosensors can convert
      the detected signal into machine language.
PARN
PAR  This application is a continuation-in-part of patent application Ser. No.
      848,769, filed Aug. 5, 1969, now abandoned.
BSUM
PAR  This invention relates to an optical reading apparatus and method. More
      particularly, this invention relates to apparatus for optically reading
      alpha-numeric indicia such as normally appear on certain identification
      means such as credit cards, passbooks, product tags, labels and the like.
      The invention is particularly directed to reading embossed or debossed
      indicia, although it can be used to read printed indicia. The information
      which is read is converted into machine language and is used by a data
      processing system.
PAR  As the use of identification means, particularly credit cards, has grown,
      so have the problems involved in controlling their use. One of the most
      prevalent problems is unauthorized use of a credit card either by persons
      who have illegally obtained possession or by persons whose credit has been
      removed or severely reduced. At present, there is no accepted way for
      strictly checking credit cards and other identification means except to
      provide the merchant with long lists of lost, stolen or revoked credit
      cards. The merchant must then check the credit card or other
      identification means against the list prior to selling the goods or
      service on credit in lieu of cash. An alternative method is to require the
      merchant to telephone each credit card number that is presented into a
      central bureau which performs the checking operation. Both systems cause
      long delays and customer embarrassment, not to mention possible
      inaccuracies. Moreover, the maintenance of both systems is quite
      expensive.
PAR  The present invention is directed to an apparatus for use in a system for
      overcoming the foregoing problems and providing a new and unobvious device
      for reading indicia including embossed or debossed alpha-numeric indicia
      such as appear on credit cards and other forms of identification means. In
      accordance with the present invention, indicia are read by conducting
      light from a source to the surface bearing the embossed or debossed
      indicia by a light conducting rod. Light reflected from the surface is
      conducted to a photosensor by a second light conducting rod. The aforesaid
      first and second light conducting rods are arranged at the proper angle to
      the normal to the indicia bearing surface (angle of incidence and
      reflection) so that reflected light is transmitted to the photosensor when
      incident light from a source is cast upon the surface. However, the angle
      and size and position of the light conducting rod is such that when light
      from the source is incident upon an embossed or debossed portion of
      indicia, it is no longer reflected to the second rod and hence the
      photosensor produces a change in its output indicative of the absence of
      light.
PAR  Certain indicia, such as numerals, are made up of unique combinations of
      horizontal and vertical bars. Given the foregoing, it is possible to
      position a predetermined number of first and second light conducting rods
      such that each detects a particular portion of the indicia. In a preferred
      embodiment of the present invention there are a number of paired first and
      second light conducting rods. Certain ones of the photosensors necessarily
      must detect portions of the indicia in a predetermined sequence and
      combination. This output is applied from the photosensors to logic
      circuitry which generates a binary code indicative of particular indicium.
      This binary code can be interfaced with a central bank of stored data such
      as a memory storage device.
PAR  In operation there can be any number of stations with optical reading
      apparatus, each electronically connected to one or more central memory
      storage banks. The identification means is scanned and each indicium
      thereon is read and transmitted to the central memory storage bank. When
      all of the indicia has been transmitted to the memory, the information is
      electronically compared with stored information to determine whether the
      identification means so read is acceptable or not. The results of this
      comparison is transmitted back to the scanner station so that the user
      knows whether to accept or reject the identification means as presented.
PAR  Thus, in accordance with the present invention, there is provided a device
      for optically scanning and reading indicia such as are found on a credit
      card. The indicia so read are converted into a binary code which is
      interfaced with a memory storage bank. Each of the optical scanning
      devices may be adapted to be a remote terminal tied to a central computer
      over long distance telephone lines or other forms of communication. In
      operation, the user need only insert the credit card or other
      identification means into the reading device which initiates a scanning
      motor, and then wait to receive approval or disapproval of the credit card
      or the like.
PAR  Although the present application has particular reference to the reading
      and verifying of credit cards, those skilled in the art will readily
      recognize that it can be applied to other forms of identification means
      such as bank books, passbooks, passports, library cards and books,
      identification badges, product tags and labels and the like. The invention
      is particularly directed to credit cards because this is an area where
      acute processing problems have arisen.
PAR  Although the present invention is principally directed to optical reading
      apparatus for reading embossed indicia such as appears on credit cards,
      one of its more unique advantages is that it can also read flat print
      using identically the same read head. Thus, the read head designed in
      accordance with the principles described herein has the unique
      characteristic of being able to read both embossed characters or printed
      characters which are flush with the surface on which they are printed.
PAR  The ability to recognize printed (flat) characters as well as embossed
      characters (credit card type) greatly expands the uses to which the
      invention can be put. The ability to read flat print means that apparatus
      incorporating a read head such as described herein can be used to read
      tags attached to products. Such a device could be used by a salesman who
      desires to take inventory on the floor of a retail store or by a
      warehouseman or any business that desires to take inventory. Moreover, a
      proper code that can be read by a tag reader can provide accurate detailed
      information concerning the product which could only be gathered
      laboriously by human effort. Another possible use for the invention is at
      a check-out counter in a grocery store where both price and product
      identification information can be simultaneously gathered for inventory
      control purposes. Yet another use would be for reading transportation
      tickets such as air line tickets, for the rapid and more efficient
      handling of passengers.
PAR  There are many known types of devices for reading indicia and converting it
      into machine language for processing. Some devices read numerals printed
      with magnetic ink; others read magnetic tape; still others read
      pre-punched perforations such as appear on paper tape. Some of these
      devices are optical readers and still others are mechanical readers. Each
      reading device has certain advantages and disadvantages and each may or
      may not be adaptable to a system for verifying credit cards, provided the
      credit card industry was in its infancy and not committed to the current
      form of credit card using embossed indicia. Unfortunately, the industry is
      so committed and it will not willingly change the format of its cards.
      Accordingly, a means for reading the indicia on such cards as they
      presently exist must be used. For this reason, a new and unobvious optical
      reader for recognizing embossed or debossed indicia forms part of this
      invention.
PAR  The present invention, therefore, is directed to an optical read head for
      reading existing credit cards and the like which may be installed without
      modification by the issuers of such credit cards and persons who grant
      credit for the purchase of goods and services based on an identification
      made through the possession of such credit cards.
PAR  Another object of the present invention is to provide a system for using
      such optical readers in conjunction with a central storage bank of
      information capable of making comparisons for the purposes of verifying
      the credit card on a real time basis.
PAR  Another object of the present invention is to provide an optical read head
      which may be used to read embossed or debossed indicia by scanning the
      read head over the indicia.
DRWD
PAR  For the purpose of illustrating the invention, there are shown in the
      drawings forms which are presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is a top plan view of a scanning device and optical read head in
      accordance with the present invention.
PAR  FIG. 2 is a longitudinal sectional view of the device illustrated in FIG. 1
      taken along the line 2--2.
PAR  FIG. 3 is a transverse sectional view of the device illustrated in FIG. 2
      taken along the line 3--3.
PAR  FIG. 4 is a perspective view of an optical read head and its support.
PAR  FIG. 5 is a perspective view of a holder for identification means such as a
      credit card.
PAR  FIG. 6 is an enlarged view of a portion of the read head showing the
      position of the terminals of the optical fibers for reading numeric
      indicia.
PAR  FIG. 7 is a partial sectional view of the read head shown in FIG. 6 taken
      along the line 7--7.
PAR  FIG. 8 is a view similar to FIG. 7 showing a different relative position
      between the read head and the embossed indicia.
PAR  FIG. 9 is a view similar to FIGS. 7 and 8 showing a different relative
      position between the read head and the embossed indicia.
PAR  FIG. 10 illustrates a font of type to be read.
PAR  FIG. 11 is a block diagram of the read head terminal circuitry.
PAR  FIG. 12 is a schematic diagram of a modified read head.
DETD
PAR  Referring now to the drawings in detail, wherein like numerals indicate
      like elements, there is shown in FIG. 1 an apparatus for optically
      recognizing indicia designated generally as 10.
PAR  As shown, the optical reading apparatus includes a base 12 upon which is
      mounted a transport mechanism 14 for reciprocating a read head support 16
      in linear, straight line movement past an indicia retaining mechanism 18
      which holds in position for reading a credit card 20 or other
      identification means that bears the indicia to be read.
PAR  The purpose of the transport mechanism 14 is to provide relative movement
      between the read head 22 supported by the read head support mechanism 16
      and the credit card 20 supported by the card retaining mechanism 18. It
      should be understood that as described herein such relative movement is
      provided by translating the read head support mechanism 16 relative to the
      fixed position card retaining mechanism 18. However, those skilled in the
      art will readily recognize that relative movement can be accomplished in
      other ways such as by translating the card retaining mechanism relative to
      a fixed read head or by simultaneously translating both the read head
      support mechanism 16 and the card retaining mechanism 18. The relative
      movement can be effected by motor or it can be manual.
PAR  The purpose of such relative movement is to bring each of the embossed
      numerals 24 into a prescribed alignment with a predetermined portion of
      the read head 22. In the preferred embodiment of the present invention,
      the embossed numerals are successively moved into alignment and position
      relative to particular area of the read head 22. Each numeral 24 (FIG. 5)
      is read successively in the order in which they appear on the card 20.
PAR  Although the present invention is described in connection with the reading
      of numerals 24, those skilled in the art will readily recognize that it
      may be equally used to read other indicia such as letters of the alphabet
      provided they fall within certain design constraints as described herein.
      In general, the present invention is intended to recognize numerals such
      as appear on credit cards, however it also has direct application to any
      alpha-numeric, or if desired, to other forms of predetermined indicia. The
      only requirement for such indicia or alpha-numerics is that a prescribed
      font be used. The reason for this appears below.
PAR  The transport mechanism 14 comprises a motor 26, gear box 28, sprocket
      wheel 30, chain 32, sprocket wheel 34, and bearing mount 36 for the
      sprocket wheel 34. The chain 32 is of the endless type and is driven by
      the motor 26 through the gear box 28. A pin 38 is fixed to one of the
      links of chain 32 and extends laterally outward therefrom. Pin 38 is
      slidingly engaged in a slot 40 in block 42 which is fixed to the read head
      support mechanism 16. The length of slot 40 is equal to the distance
      between the two flights of chain 32. As thus provided, chain 32 drives pin
      38 which in turn drives block 42 and hence causes reciprocatory
      translation of the read head support mechanism 16. By positioning pin 38
      in a slot 40, the effect on block 42 of pin 38 moving from the upper
      flight to the lower flight and vice versa as it passes around the sprocket
      wheels 30 and 34 is eliminated. Hence, the read head support mechanism 16
      is caused to move in straight line, linear, reciprocatory movement.
PAR  In a preferred operation of the present invention, the read head support
      mechanism makes only two passes over the card 20 and then stops.
      Appropriate electrical and electronic controls 130 for the motor 26 are
      provided for the purpose of causing it to stop after the read head support
      mechanism 16 has been translated from left to right and then back to the
      starting position as viewed in FIG. 2. This may be accomplished by any
      conventional control system 130, as shown in FIG. 11, which may include a
      start switch for the motor 26 and a sensing switch to detect the return of
      the read head support mechanism 16 to the starting position and stop the
      motor.
PAR  The foregoing transport mechanism 14 is exemplary of any number of
      transport mechanisms which may be used to effect the same translatory
      motion. For example, a linear electric motor with appropriate controls may
      be substituted for the illustrated transport mechanism 14.
PAR  The read head support mechanism 16 is guided for reciprocatory movement
      between supports 44 and 46 by a pair of guide rails 48 and 50 which are
      mounted to and extend between the supports 44 and 46. Rails 48 and 50
      extend through guide holes 52 and 54 which have been drilled or otherwise
      formed in the frame 56. The diameter of holes 52 and 54 is chosen so that
      the frame 56 may freely slide on rails 48 and 50.
PAR  Although in the illustrated form of the invention the rails 48 and 50 are
      cylindrical rods extending through holes 52 and 54, those skilled in the
      art will readily recognize that other types of guide means and
      interconnections between such guide means in the frame 56 may be used. For
      example, a tongue and groove interconnection may be substituted.
PAR  As shown in FIG. 4, the read head 22 is pivotally supported on the frame 56
      by a pair of pins 58 and 60 which extend from the upper and lower walls of
      the opening 62 in frame 56 into blind cavities 64 and 66 drilled or
      otherwise formed in the read head 22. The depth of cavities 64 and 66 is
      greater than the extension of pins 58 and 60 into them. Accordingly, the
      read head 22 is free to move to a limited extent along the longitudinal
      axis of the pins 58 and 60. The read head 22 is also free to rotate about
      the longitudinal axis of the pins 58 and 60. The read head 22 is caused to
      normally position itself intermediate the upper and lower walls of the
      opening 62 by springs 68 and 70 which extend around the pins 58 and 60 and
      provide opposing bias forces on the upper and lower edge surfaces of the
      read head 22. The length of the read head is shorter than the length of
      the elongated opening 62 by an amount sufficient to assure that it does
      not interfere with the side walls of the opening 62.
PAR  As thus mounted within the frame 56, the read head 22 has sufficient
      freedom of motion to properly align itself with the embossed numerals 24
      on the card 20 in the event they are not accurately aligned in the first
      instance. The read head 22 is preferably made of a strong, wear resistant
      material such as stainless steel that can be polished smooth to freely
      slide on the surface of the credit card.
PAR  The read head 22 includes a guide 80 and read head insert 150. The read
      head insert 150 is preferably made of a socalled "self-lubricating"
      plastic material such as nylon, Teflon, or Kel-F. If desired, it could
      also be made of other forms of plastic materials or even other materials
      such as metal. The read head insert 150 is preferably made non-light
      reflecting by blackening its surface or making the insert from
      non-reflective material.
PAR  The read head insert 150 is held in position in guide 80 by means of leaf
      spring 152 fastened to the read head insert 150 by fasteners 153 and to
      guide 80 by fasteners 154. The spring 152 presses the contacting surface
      155 of the read head insert 150 against the raised portions of the
      embossed numerals 24. However when no embossed character is in position
      the surface of the read head insert 150 is restrained away from the
      unembossed, flat card surface 79 by a distance slightly less than the
      height of the embossed characters by wedging bevelled surface 157 of read
      head insert 150 against the bevelled surface 156 of the guide 80. The
      surface 155 of read head insert 150 is flat in the area that contains
      holes 74 for light conducting rods 72 but it is curved at its ends in such
      a manner that it easily rides up onto embossed numerals 24 as it moves
      across the face of credit card 20.
PAR  The purpose of the read head insert 150 is to support a plurality of light
      conducting rods or fibers 72 in close juxtaposition to the numerals 24 on
      the card 20. These light conducting rods serve to conduct incident light
      from a light source to the surface of the card 20 and to conduct light
      reflected from said surface to a photosensors. The positioning of the ends
      of the light conducting rods relative to the characters together with a
      determination of the presence or absence or diminution of light results in
      the generation of sufficient information to read the particular number as
      is explained below.
PAR  The read head insert 150 supports the light conducting rods designated
      generally as 72 in holes 74 having a diameter approximately equal to the
      outside diameter of the light conducting rods 72. The holes 74 are at a
      bias through the central portion of read head insert 150. The light
      conducting rods 72 are individually inserted in the holes 74 and their
      ends are polished flush with the surface 155 of the read head insert 150.
      As thus positioned, the light conducting rods 72 transmit and receive
      light through their end surfaces to and from the surface of card 20.
PAR  A guide recess 78 in guide 80 has a depth slightly greater than the height
      of the numerals 24 embossed on the surface of card 20. The reason for this
      is explained below. Guide recess 78 has a width through its central
      portion which equals the height of the widest part of the base of each of
      the numerals 24 on the card 20. The ends of the recess 78 are flared to a
      greater width so that the read head is self-aligning when it engages the
      first numeral 24 on the card 20. This self-aligning or automatic aligning
      feature provides sufficient flexibility so that each card does not have to
      be perfectly aligned in the credit card retaining mechanism. Additionally,
      the surface of guide 80 presses against the credit card 20 and holds it
      flat. The read head 22 is free to move vertically within opening 62 in
      frame 56. Moreover, it is free to rotate about pins 58 and 60 so as to
      bring the read head insert 150 into alignment with the characters on the
      credit card. The read head insert 150 is also free to move toward and away
      from the characters 24 under the biasing force of spring 152.
PAR  From the foregoing, it should be apparent that the read head 22 can obtain
      the necessary vertical alignment of the light conducting rods 72 with the
      characters to be read by guiding on the embossed characters themselves as
      the head scans across the credit card. In other words, the read head
      accommodates itself to the embossed characters independent of where the
      characters are physically located on the credit card, within a specified
      range. Thus, there is no need to guide on the edge of the card.
      Furthermore, the system will accommodate cards having embossing spaced
      differently with respect to the edge of the credit cards. Therefore, the
      mechanism provides the necessary accurate vertical alignment so that the
      characters can be correctly read.
PAR  To permit the most accurate reading of characters, the read head 150 should
      ride on top of the characters thereby optimizing occlusion, with all light
      being theoretically blocked from entrace into a light conducting rod
      connected to a photosensor as explained below. However, embossing height
      varies within a range from card to card due to manufacturing variances as
      well as wear. Therefore, the read head insert 150 is permitted to move
      toward and away from the credit card (perpendicular to the card) during
      scanning. Thus, it is possible for the read head to move outwardly from
      the credit card to accommodate higher embossing and likewise to move
      toward the credit card to accommodate embossing having a lower height.
      However, the read head always rides a minimum predetermined distance from
      the flat surface of the credit card so that characters still can be read
      even if the embossing is worn lower than this predetermined distance.
PAR  As indicated above, the card 20 is retained in position within the
      mechanism 10 by a card retaining mechanism 18. As shown in FIG. 5, card
      retaining mechanism 18 includes a frame 80 within which is formed a three
      sided recess 82 for receiving the card 20. Recess 82 also generally guides
      the card 20 into position for cooperation with the read head 22 during the
      scanning operation and serves as a back support. Thus, the card 20 may be
      inserted through a slot in a housing (not shown) surrounding the machine
      and guided into position by the recess 82 in frame 80. The card 20 is
      generally held in position within the recess 82 by a pair of leaf springs
      84 and 86 which normally bias the card against the back wall 104 of recess
      82.
PAR  When fully inserted in the frame 80, the card 20 rests against a pad 88
      which defines the terminus of an ejection mechanism. The pad 88 is fixed
      to a rod 90 which extends through a hole in the bottom leg of the frame 80
      and is pivotally connected to a lever 92. The lever 92 pivots about a
      hinge pin 94 which is supported by support 46. By manually depressing the
      handle 96 fixed to the end of the lever 92, the rod 90 is caused to move
      upwardly into the area defined by frame 80 and recess 82 and therefore
      bias the pad 88 against the bottom surface of card 20. As a result
      thereof, the card 20 is displaced from the recess 82 by an amount
      sufficient to permit it to be completely pulled out.
PAR  In the operation of the optical reading apparatus 10, it is anticipated
      that the lever 92 will be manually operated by depressing the handle 96
      only in the event that the apparatus should fail to operate properly or in
      the further event that the card cannot be verified. Normally, the card is
      automatically ejected by activating a solenoid 98 which retracts actuator
      rod 100 to thereby pivot the lever 92 about the hinge pin 94. Energization
      of the solenoid 98 may be effected by engagement of the frame 56 against a
      switch 102 positioned on the support 44 during its return stroke following
      a scan. Switch 102 may also be used to disconnect the motor 26 through
      appropriate circuitry 130.
PAR  The foregoing described card retaining mechanism 18 should be considered as
      exemplary. Those skilled in the art will readily recognize that other
      apparatus for supporting the card 20 may be provided including alternative
      means for ejecting or otherwise removing the card 20 from such apparatus.
PAR  The back wall 104 of frame 80 is provided with a pair of holes into which
      light conducting rods 106 and 108 are inserted. Rods 106 and 108 are
      positioned adjacent the bottom wall of recess 82. Light conducting rods
      106 and 108 are connected to photosensors 151 and 160 which in turn are
      connected to switching circuitry 130 for initiating the operation of motor
      26. In the absence of a card 20 fully positioned in the recess 82, the
      light conducting rods 106 and 108 conduct light to the photosensors which
      generate a signal voltage that is used to hold the switching circuitry for
      motor 26 in an off condition. When the card 20 is fully inserted in the
      recess, and is generally properly aligned so that the numerals 24 extend
      in a position parallel to the bottom wall, as determined by the fact that
      the card covers the terminal surfaces of both rods 106 and 108, the light
      is blocked from entering the light conducting rods. This provides a
      sufficient change in the output of the photosensors to signal the
      switching circuitry to initiate the operation of motor 26. Motor 26
      thereafter drives the frame 56 and hence the read head 22 through a
      scanning operation over the numerals 24 on card 20. The switching
      circuitry is designed so that the scanning operation is performed by the
      read head 22 only when both light conducting rods 106 and 108 are covered
      by the card 20. Appropriate lighting means, such as neon lamps, are
      mounted in a position opposite the terminal faces of the light conducting
      rods 106 and 108.
PAR  The foregoing describes the apparatus for causing the read head 22 to scan
      the numerals 24. Referring now to FIGS. 6, 7, 8, 9 and 10, there is
      illustrated in detail the manner in which the numerals on the card 20 are
      read by the scanning operation.
PAR  As indicated above, the present invention requires that the font of indicia
      be fixed. Thus, the ability to generate information sufficient to read the
      presence of a particular indicia depends upon the structure of such
      indicia relative to the position of the several light conducting rods at a
      particular instance of time during the scanning operation. The form of the
      font, within reason, is not critical as long as it is standardized. For
      example, a large majority of credit cards in use today use the so-called
      IMR font. By describing the present invention in connection with that
      particular font, fundamentals of the invention will be made readily
      apparent. It is clear however that the invention is applicable to read
      other fonts such as OCR-A or OCR-B.
PAR  Referring to FIG. 6, there is shown an enlarged portion of the face of the
      read head insert 150. Also shown are the end surfaces of the light
      conducting rods 72. Although it would not normally be observable in a view
      such as FIG. 6, the numeral "8" has been shown in phantom adjacent to the
      light conducting rods 72. The numeral eight has been chosen since it
      contains all of the elements sufficient for constructing all of the
      numerals ONE, TWO, THREE, FOUR, FIVE, SIX, SEVEN, EIGHT, NINE, ZERO as may
      be determined by examination of FIG. 10. Thus, the numeral "8" can be
      broken down into particular elements representative of each of the
      numerals from "1" through "0". Based on that proposition, it is possible
      to determine the presence of a particular number by detecting at any
      particular instance the presence or absence of particular elements of the
      numeral. From the foregoing, logic circuitry responsive to any detection
      means can be applied for the purpose of generating information in machine
      language to be used by a central computer or other memory device.
PAR  Analyzing the foregoing, it can be observed that the characters provided
      for the credit card, passbook, product tag, label, etc. must be in a
      format that is readable by both human observers and machines. The approach
      adopted herein, at least for numerals, is to employ a font made up of
      seven basic segments, elements or bars, three of which are horizontal
      (top, middle, and bottom) and four of which are vertical (top-left,
      top-right, bottom-left, and bottom-right). It is to be noted that the
      basic segments, elements or bars may be straight or curved. For purposes
      of explanation herein, however, the segments are depicted as being
      straight.
PAR  A character wherein all seven basic bars are present is in the shape of the
      numeral "8"; that is, an observer inspecting such a character would
      visually interpret the character as the numeral "8". The numerals "0"
      through "9" are each made up of unique combinations of the seven bars of
      the font arranged in the shape of the numeral in question, and are readily
      identifiable by an observer.
PAR  In an electronic character recognition system, the character being scanned
      can be identified if it is possible to establish which of the seven basic
      bars are present in the character. Thus, if the scanned character is found
      to have all seven bars present, it may be concluded properly that the
      character is the numeral "8". If the scanned character, on the other hand,
      is found to have all bars present but the middle horizontal bar, it may be
      concluded properly that the character being scanned is the numeral "0".
PAR  Analysis of the font shown in FIG. 10 makes it immediately clear that any
      one of the numerals one, four, six, seven, nine and zero can be
      distinguished between themselves by the presence or absence of one of the
      three horizontal bars 110, 112 and 114. For example, the numeral "1" can
      be distinguished from the numeral "4" by the presence of the horizontal
      bar 114 and the absence of the horizontal bars 112 and 110 and which are
      present in some combination in the numerals "4", "6", "7", "9" and "0". In
      a like manner, the numeral four can be distinguished by the presence of
      the horizonal bar 112 which is absent from or appears in combination with
      other horizontal bars in the numerals one, six, seven, nine and zero.
      Further analysis shows that the numeral seven requires only the horizontal
      bar 110 to distinguish it. In a like manner, the numerals six, nine and
      zero require two of the three horizontal bars to distinguish them.
PAR  The detection of the numerals two, three, five and eight requires the use
      of one or more of the vertical bars which define the numeral "8" because
      each of these latter numerals includes three horizontal bars. For the
      purpose of this description, the additional vertical bars are designated
      116, 118, 120, and 122. In the IMR 7B font previously mentioned, the
      vertical bars 118 and 122 for the numeral "1" and the numeral "4" do not
      coincide with the vertical bars on the numeral "8". However, the detection
      of vertical bars is not required for recognition of the numerals "1" and
      "4" as previously described.
PAR  Examination of the foregoing, indicates that the numeral "2" can be
      distinguished from the numerals "3", "5" and "8" by detecting the presence
      of the three horizontal bars 110, 112 and 114, the presence of the
      vertical bar 118, and the absence of the vertical bars 116 and 122. In a
      like manner, the numeral "3" can be distinguished from the numerals "2",
      "5" and "8" by detecting the presence of the three horizontal bars 110,
      112 and 114, the presence of the vertical bars 118 and 122, and the
      absence of the vertical bar 116. The numeral "5" is distinguished from the
      numerals "2", "3" and "8" by detecting the presence of the three
      horizontal bars 110, 112 and 114, the presence of vertical bars 116 and
      122, and the absence of vertical bar 118. Finally, the numeral "8" is
      distinguished from the numerals "2", "3"  and "5" by detecting the
      presence of the three horizontal bars 110, 112 and 114 and the vertical
      bars 116, 118 and 122.
PAR  From the foregoing, it should be obvious that each of the numerals from one
      through zero can be distinguished from each of the other numerals by
      detecting the simultaneous presence or absence of one of the six bars 110,
      112, 114, 116, 118, and 122.
PAR  The numerals one, four, six, seven, nine and zero can be detected by
      arranging light conducting rods, light sources, and photosensors to
      determine the presence or absence of the horizontal bars 110, 112, and 114
      as each numeral is scanned by the read head insert 150. As shown in FIG.
      6, the light conducting rods 72 are arranged in pairs. There are six pairs
      of light conducting rods indicated by the numerals one, two, three, four,
      five, and six following the hyphen after the numeral 72. A seventh pair of
      light conducting rods could be used to detect vertical bar 120, except
      that for recognizing only numerals, its use is redundant. The particular
      light conducting rod within any one pair is indicated by either an "L" or
      an "R". The letter "L" indicates that the light conducting rods is
      connected to a photosensor and the letter "R" indicates that the light
      conducting rod is associated with a light source. The pairs of light
      conducting rods 72-1, 72-4 and 72-6 are used to detect the presence of the
      horizontal bars 110, 112 and 114 in association with their respective
      light sources and photocells. The pairs of light conducting rods 72-2,
      72-3, and 72-6 are used to detect the presence of vertical bars 116, 118
      and 122.
PAR  The method for detecting the presence or absence of one of the horizontal
      bars is best explained by referring to FIGS. 7, 8 and 9. As shown in FIG.
      7, the read head insert 150 is scanned over the card 20 on which is
      embossed a numeral 24. A portion of the numeral 24 is represented by a
      raised section having side walls 124 and 126 and a top wall 128. Thus, the
      walls 124, 126 and 128 represent the raised or embossed portion of the
      numeral 24. The raised portion may be representative of any one of the
      horizontal or vertical bars. Although the section of the numeral 24 is
      represented as being rectangular, the principles of the invention, as will
      be recognized, are equally applicable to numerals which are circular,
      elliptical, parabolic or otherwise curved in section.
PAR  As heretofore indicated, each light conducting rod 72 is inserted in a hole
      74 which is at a predetermined angle with respect to the surface of read
      head 22. In the illustrated embodiment of FIG. 7, the light conducting
      rods 72-3L and 72-3R are illustrated. However, each of the remaining light
      conducting rods are positioned at similar angles. The angle chosen for
      each rod in each pair is preferably equiangular so as to take advantage of
      the principle that the angle of incidence of electromagnetic radiation is
      equal to the angle of reflection. The angle of refraction is also provided
      for. However, such positioning is not absolutely necessary since the
      principle of the present invention depends in part upon the blocking of
      the reflection of the light by the raised portion of the numeral 24. Thus,
      better results may be achieved for embossed numerals having different
      cross-sectional shapes by positioning the light conducting rods in each
      pair at differing angles. In an embodiment for detecting embossed
      numerals, it was found that good results could be obtained by positioning
      the rods in each pair (rods 72-3L and 72-3R) at angles of approximately
      10.degree.-30.degree. with respect to a line normal to the facing surface
      of the read head insert 150. In another embodiment, reading dark print on
      a light material, it is necessary to provide a space between the print and
      the ends of the light conducting rods. This space and the angular
      relationship of each pair of rods can be determined empirically for best
      results.
PAR  As indicated above, each of the light conducting rods indicated by the
      letter "R" is associated with the light source positioned at the end of
      the rod not shown in the drawings. The light from said source is conducted
      through the rods and emanates from it. It follows a straight line path
      until it is reflected by the surface of the card 20. In the absence of a
      projection on the surface of card 20, the light will be reflected
      therefrom and enter one of the rods ending with the letter "L". In FIG. 7
      this is light conducting rod 72-3L. Rod 72-3L and all other rods ending
      with the letter "L" are slightly larger in diameter than the rod 72-3R and
      all other rods ending in the letter "R". This is done so as to compensate
      for attenuation of the light by providing more area for gathering the
      light. Rods 72-L and 72-R may also be the same diameter. The light
      reflected from the surface of card 20, as shown in FIG. 7, enters the rod
      72-3L and is conducted to a photosensor 132. The photosensor transduces
      the light into an electric signal which in turn may be converted by logic
      circuitry into machine language indicative of the presence or absence of a
      bar. When combined with other logic circuitry and information produced
      therefrom, the presence or absence of a particular numeral can be
      determined.
PAR  As long as the light emanating from rod 72-3R impinges upon the surface of
      card 20, it is reflected into light conducting rod 72-3L and detected by
      the photosensor associated therewith. However, the read head 22 is
      advancing relative to the card 20. When the read head 22 reaches the
      position illustrated in FIG. 8, the light conducting rods 72-3R and 72-3L
      are positioned directly over the upstanding portion of numeral 24 defined
      by the walls 124, 126 and 128. In this position, and even before it
      reaches this position, these outstanding walls block the reflection of
      light into the rod 72-3L. Accordingly, the light reaching the photosensor
      associated with light conducting rod 72-3L is diminished or even
      extinguished. This condition continues for an amount of time determined by
      the rate of scan. As illustrated in FIG. 9, the light emanating from rod
      72-3R is reflected from the top wall 128, but since the emanating face of
      light conducting rod 72-3R is closer to the top wall 128 than it is to the
      surface of card 20, there is not sufficient distance for the reflected
      light to separate from the incident light with the result that it impinges
      only upon a blank portion of the read head 22 rather than upon the surface
      of the light conducting rod 72-3L. Of course, some light may enter rod
      72-3L but it will be measurably diminished.
PAR  The foregoing, together with FIGS. 7, 8 and 9, explain the basic process
      whereby the paired light conducting rods are used to detect the presence
      or absence from a raised portion of a numeral. Preferably, although not
      necessarily, the surface of the read head insert 150 should abut the top
      wall surfaces 128 of the various embossed indicia on the credit card 20 of
      the like. This assures that the light emanating from rod 72-3R or any of
      its counterparts is actually blocked from reflection into rod 72-3L or any
      of its counterparts. Given the foregoing, the depth of guide recess 78
      should be slightly more than the maximum height of the numerals 24
      embossed on the surface of card 20. The bottom surface 155 of read head
      insert 150 projects into the recess 78 and hence the embossed characters
      come into abutment with the read head insert 150.
PAR  From the foregoing, it should be apparent that it is possible for any given
      pair of light conducting rods to detect the presence or absence of a
      raised portion of the numeral when associated with an appropriate source
      and photosensor.
PAR  Athough the foregoing process has been described in respect to the reading
      of embossed characters on a credit card or the like, it should be noted
      that the technique works equally well for reading characters printed on a
      flat surface. Thus, the light conducting rods equally read a diminution of
      light caused by the dark print absorbing rather than reflecting light to a
      light conducting rod. The guide recess 78 is not necessary for reading
      flat print. Rather, another form of guide can be utilized so that the
      print to be read can be brought into alignment with the read head insert
      150.
PAR  It should be noted that one of the advantages of the present invention is
      that single light conducting rods may be used in the read head 22. There
      is no requirement that the rods be used in bundles, as they are usually
      sold. This results in a substantial reduction in the size of the read head
      as well as the ability to get good, positive indications of the presence
      or absence of a portion of a character. The light conducting rods are
      readily available on the open market. By way of example, but not of
      limitation, the rods indicated by the final letter "L" may have a diameter
      of approximately 0.005 to 0.020 inches and the rods indicated by the final
      letter "R" may have a diameter of approximately 0.005 to 0.020 inches.
PAR  Each of the light conducting rods 72-L and 72-R is made of a flexible
      material (plastic or glass) so that it may be coupled to photosensors 132
      (FIG. 11) and light sources (not shown) that are stationarily mounted.
      Stated otherwise, the light conducting rods permit coupling to the
      stationary photosensors, light sources, logic circuits and the like which
      need not be mounted on the read head or its transport mechanism. This
      means that the weight of the read head insert 150 as well as the entire
      read head 22 carries a minimum amount of weight and hence has reduced
      inertia. This facilitates alignment of the read head 22 and read head
      insert 150 with respect to the characters on the credit card. Thus, the
      read head can accurately align itself with the characters to be read.
      Another advantage of using light conducting rods is that they permit the
      optical reading head to get very much closer to the material being read
      and still be accurate in reading particular portions of the indicia.
PAR  Each pair of rods, as shown, is arranged so that the light is preferably
      projected from the inside of the numeral toward the outside. This is done
      so that the rods associated with photosensors in effect pick up only light
      which emanates from their associated light conducting rods. In the case of
      light conducting rods 72-4L and 72-4R, the light is projected from top to
      bottom all within the center bar 112 of the character. Moreover, this pair
      of light conducting rods is somewhat displaced relative to the 72-6 pair.
      This has been done to avoid detection by the photosensor associated with
      light conducting rod 72-6L of stray light emanating from rod 72-4R.
PAR  Of course, each of the pairs of light conducting rods operates to detect
      the presence of a portion of a character in a same manner as described
      with respect to light conducting rods 72-3L and 72-3R. Accordingly,
      further illustration and description is deemed not necessary.
PAR  As indicated above, the presence or absence of a particular numeral is
      indicated by the detection of the absence of light by one or more of the
      photosensors associated with the light conducting rods indicated by a
      numeral ending in "L". The photosensors, may, at certain times detect
      combinations of the absence of light other than those described above as
      being indicative of the numerals one through zero, however, the logic
      circuitry will reject these and accept only the appropriate combination.
PAR  The present invention has been described thus far in terms of detecting a
      character such as an Arabic numeral, by detecting parts thereof which can
      be logically translated into machine language. In the embodiment
      illustrated in FIG. 6, six such detectors used to read the Arabic numerals
      "1" through "0". The present invention is by no means limited to the use
      of six detectors. In another embodiment, five detectors can be used.
PAR  Referring to FIG. 12, there is shown a read head insert 200 on which there
      are only five detectors designated Q, R, S, T, and U. For ease of
      illustration, only the detectors are shown. It is presumed that a source
      of light will be provided in the manner illustrated in FIGS. 7, 8 and 9.
      The detectors Q, R, S, T and U represent the end faces of light conducting
      rods. Each of the light conducting rods is connected to a photosensor.
PAR  It may be observed that read head insert 200 includes two sets of
      horizontally displaced detectors. The first set of detectors comprises the
      three vertically aligned detectors identified as Q, R, and S establishing
      what is termed to be Q, R and S channels of the head. The second set of
      detectors comprises two vertically aligned detectors identified as T and U
      Establishing what is termed the T and U channels of the head.
PAR  Detectors Q, R and S are aligned, respectively, with the top, middle, and
      bottom horizontal bars of the font being used. This is illustrated in FIG.
      12 by the numeral "8" positioned to the right of the read head insert 200.
      This numeral contains all seven of the basic bars of a font. In particuar,
      detector Q is aligned with top horizontal bar 110; detector R is aligned
      with middle horizontal bar 112; and detector S is aligned with the bottom
      horizontal bar 114. Relative movement between the read head insert 200 and
      a numeral to be identified will cause the detectors of set Q, R, and S to
      scan numeral "8" enclosing bars 110, 112 and 114, as shown in FIG. 12.
PAR  Detector T is located approximately midway between detectors Q and R; and
      detector U is located approximately midway between detectors R and S. As a
      consequence of this arrangement, detectors T and U will scan along the
      cross-hatched regions of a numeral intercepting bars 116 and 118, and bars
      120 and 122, respectively, as indicated in FIG. 12. The horizontal spacing
      between the two sets of vertically aligned detectors is such that detector
      T or U will always detect the presence of a vertical bar before detector
      Q, R or S detects that bar, but detector Q, R or S will detect a leading
      horizontal bar, as in "1", "3" or "7" before detector T or U detects a
      vertical bar. Thus, each of the seven bars that make up a numeral "8" can
      be detected.
PAR  Although the character "8" shown in FIG. 12 has vertical side bars, and
      therefore the Q, R and S detectors are shown as being aligned in one
      vertical plane and the T and U detectors as being aligned in the second
      vertical plane, the recognition system will function in the same way if
      the characters of the font have slanted or sloped side bars instead of
      vertical ones and the detectors are aligned so that the Q, R and S
      detectors lie in a first line or plane substantially parallel to the
      slanted bars of the characters and that the T and U detectors lie on the
      second line or plane substantially parallel to the slanted side bars of
      the characters to be read. Hence, while reference herein is made to
      vertical bars as a specific example to aid understanding, the term
      vertical bars is not intended to be limiting and is meant to include bars
      which are slanted or sloped as well.
PAR  Whenever no bar of a character is opposite to a detector, the amplitude of
      the signal in the channel associated with the detector will have a first
      voltage level. When a bar of a character is opposite a detector, the
      signal level in the channel will be different as explained with reference
      to FIGS. 7, 8 and 9. The signal level at any instance in an electronic
      channel associated with a detector is therefore an indication of whether
      the bar of the character being scanned is opposite the detector at that
      instant. If a bar is opposite, this situation is termed "an event". The
      present invention may utilize a dynamic scanning system in which a
      predetermined sequence of events in the various channels is utilized to
      establish which of the seven basic bars of the font is present in the
      character being scanned, and to indicate, when, during the scanning
      process, sufficient information is available to be assured that the
      character being scanned can be properly identified. Given the foregoing,
      it then appears that certain logical rules regarding the sequence of
      events can be determined. Applying these logical rules and developing
      electronic circuitry permits the numeric characters "1" through "0" to be
      read.
PAR  Thus, both the five and six detector read head insert has been described.
      More or less detectors may be desirable for reading other types of
      characters. However, the same principles would be applied; namely, a set
      of detectors would be appropriately positioned to read a portion of each
      character as it is scanned and this information thereafter logically
      processed into machine language. A read head having seven sets of
      detectors enabling it to read bar 120 may be desirable. Also, the position
      of the detectors in the read head insert as shown in FIGS. 6 and 12 may be
      varied. For example, all of the detectors in FIG. 12 could be aligned in a
      straight line in appropriate circumstances.
PAR  It should be mentioned that in addition to detecting the numerals one
      through zero, it is also possible to detect the space between each
      numeral. This is accomplished by providing logic circuitry which responds
      to the total absence of the horizontal bars 110, 112 and 114, one of which
      is present in every numeral one through zero. The detection of spaces
      provides a system control not dependent upon time; that is, reading a
      space provides a means for logically separating one character from the
      other. This means that the characters need not be accurately spaced apart.
      It also reduces the possibility of error due to free light being
      inadvertently picked up in a combination which would indicate the presence
      of a numeral that is not in fact present. By including the logic
      requirement that the detection of each numeral must be followed by
      detection of a space, the system has a means for distinguishing between a
      number properly detected and one inadvertently detected due to mechanical
      and physical imperfection. Another advantage of a system that is
      independent of time or velocity of the scan is that the transport
      mechanism 18 could be eliminated and the read head support mechanism 16
      translated by hand. The detection of a space applies to the reading of
      both embossed ad printed flat characters.
PAR  Another feature of the invention is that the electronic logic circuitry can
      provide a means for requiring that a detected space or valid numeral
      remain detected for an interval of time sufficient to differentiate
      between very short spurious but possibly correct combinations of signals
      caused by electrical noise or noncoincidence of signals from vertical bars
      116, 118 and 122. The length of time that a valid numeral or space usually
      stays detected is longer than spurious signals. Another feature of the
      invention is that it allows electronic logic circuitry to provide a means
      for determining that a valid numeral has not been properly read between
      two consecutive spaces. In the event this happens a signal, such as a
      binary "12", is generated. If desirable, this can activate circuitry which
      causes an automatic rescanning operation to take place at least once.
PAR  One of the advantages of the method of detecting embossed characters as
      described above is that it need not be dependent upon the reflective
      qualities of the card 20 or the characters 24. For example, the ink or
      other coloring material on a credit card may have become erased or at
      least be missing from a portion of a letter. Thus, it is possible for
      other optical reading systems to miss a letter if they depend upon
      differences between light and dark on the surface itself. The present
      invention takes advantage of the embossed letters which will not vary in
      structure except if the card is unusually physically abused.
PAR  From the foregoing, it should be apparent that there has been provided an
      apparatus 10 which scans the read head 22 relative to the card 20 and
      sequentially detects the indicia embossed on the card 20. In the
      embodiment described, the indicia consists of the Arabic numbering system
      from zero through nine. However, the system is equally adaptable to other
      forms of indicia such as the letters of the alphabet. Each indicia is
      detected by determining the presence or absence of a raised portion
      thereof in combination with other raised portions. Those skilled in the
      art will readily perceive that while the invention was described with
      respect to detecting embossed indicia, it is equally applicable to
      detecting debossed indicia since either condition will interfere with the
      reflection of light from the surface of card 20 or its equivalent.
PAR  Referring now to FIG. 11 there is shown a schematic block diagram of
      circuitry which may be used with each apparatus 10 when said apparatus
      forms one of a plurality of remote terminals connected to a central memory
      bank. As shown, the apparatus includes a control circuit 130 for the motor
      26 which includes the light conducting rods 106 and 108, photosensors 151
      and 160 associated with said light conducting rods and control circuitry
      for causing the motor to drive the read head support mechanism through the
      reciprocatory functions described above. Since such control circuitry is
      conventional, it will not be described in detail. Moreover, power sources
      for the control circuitry 130 and for the rest of the circuitry described
      and shown in FIG. 11 has not been illustrated since power supplies and the
      like are equally well known to those skilled in the art.
PAR  As shown, each of the six light conducting rods 72-L is positioned in
      appropriate juxtaposition with respect to one of six photosensors 132
      which detect the light or other electromagnetic radiation conducted
      through said light conducting rods and generate an appropriate electronic
      signal either in the form of a change of current or change of voltage.
      This electronic signal, as explained above, is representative of the
      presence or absence of a portion of a letter.
PAR  The electronic signal generated by the photosensors 132 is amplified by
      amplifiers 134 and applied to appropriate detecting circuitry 136. The
      detectors 136 include appropriate clamping circuitry and the like for
      detecting an electrical signal of the appropriate level.
PAR  The signal from the detectors 136 is next applied to decoder and encoder
      circuitry 138 which performs several functions. The first function of the
      decoder and encoder 138 is to process the signals received from the
      detectors through logic circuitry which determines the particular number
      so received. The second function of the decoder and encoder 138 is to
      detect the spaces between the numbers and separate them from the numbers
      themselves. Finally, the decoder and encoder encodes both the numbers and
      the spaces into a binary form for further processing by the system.
PAR  Circuitry for performing the function of the decoder and encoder 138 is
      known to those skilled in the art. Hence, it need not be described in
      detail. Indeed, it is sufficient to describe such circuitry as a 6X11
      decoder together with a binary encoder. However, it should be pointed out
      that in copending application Ser. No. 229,922, filed Feb. 28, 1972, now
      abandoned in favor of continuation application Ser. No. 445,706 filed Feb.
      25, 1974 and now U.S. Pat. No. 3, there is described a particular logic
      circuit invented for use with the present invention.
PAR  The circuitry 138 has two outputs. Each binary number is transferred to a
      parellel-in, serial-out shift register 140 which performs the conventional
      function of a shift register in that it temporarily stores binary coded
      decimal numbers. Each space is converted to a binary signal by the circuit
      138 and transferred to the clock circuit 142. In operation, the decoder
      and encoder 138 is responding to the relative movement of the read head 22
      with respect to the card 20. Thus, it would first generate a space which
      is decoded, separated, encoded and sent to the clock circuit; then a
      number is decoded, encoded and entered in the shift register 140; and then
      another space and then another number are similarly operated upon.
PAR  From the foregoing, it should be apparent that detecting a space controls
      the mode of the shift register 140. This is so because the circuitry of
      the shift register 140 is such that each time a space is sent to the clock
      circuit 142, or more properly, the end of a space, it changes its mode so
      as to prepare to enter a number in parallel. When the shift register 140
      detects the beginning of a space, it again shifts its mode so as to
      serially clock out data stored therein. The shifting function from mode to
      mode is controlled by the clock circuit 142 in the conventional manner. In
      other words, the clock circuit 142 operates to control the shift register
      140 in a manner determined by the spaces delivered to it by the circuit
      138.
PAR  The clock circuit 142 is connected to memory 144 which may be described as
      the main memory for the terminal apparatus 10. The memory 144 may be a
      fifty bit memory such as is well known and available on the open market.
      The purpose of connecting clock circuit 142 to memory 144 is to permit the
      clock circuit to control the memory 144 to indicate when it should accept
      the serial output of shift register 140. The memory 144 serves to store
      the indicia until such time as it can be transmitted to an appropriate
      central memory bank through appropriate interfacing circuitry.
PAR  Finally, a disabling circuit 146 is connected to the decoder and encoder
      138 for disabling the circuit during the return stroke of the
      reciprocating read head 22. Thus, numbers are read only in one scanning
      direction of the read head 22.
PAR  It has been indicated throughout this disclosure that both embossed indicia
      and flat printed indicia can be read. It has been found that the read head
      22 has the ability to not only read well defined flat printed characters
      but also flat printed characters that are in poor condition from an
      optical point of view. It has been found that the read head 22 will
      accurately detect printed characters even though they have been written
      over or partially obliterated. It is believed that this is because the
      technique used does not depend upon an overall view but rather upon the
      detection of parts of a character followed by the logical assembly of such
      detected parts to determine its presence.
PAR  A read head for reading flat print preferably would not include the guide
      groove 78. Rather, the read head would be guided on the edge of the paper
      or other material supporting the flat print. For example, if the read head
      was being used as a tag reader, it could be guided by the edge of the tag
      affixed to the product. Such edge guiding of the tag reader permits the
      light conducting rods to be brought into alignment with the print. A
      reader for reading flat print could otherwise be combined with logic
      circuitry such as illustrated in FIG. 11.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for reading a font of indicia carried by a substantially
      planar substrate and displaced from the plane thereof, comprising a
      plurality of sets of detector means in spaced relation from said
      substrate, each of said sets comprising a light source and a light sensor,
      said light source and said light sensor in each set being on an angle with
      respect to said substrate so that light from said source will be reflected
      from the plane of said substrate to said sensor, said light sensor being
      positioned with respect to said light source to detect light reflected
      from the plane of said substrate and at least a reduction in the amount of
      reflected light due to the presence of at least a part of the indicia of
      said font which impedes the reflection of light to said detector, means
      associated with said light sensors for generating a signal having
      informational value indicative of the indicia detected, and each of said
      sets of light conducting means being positioned to sense the presence of a
      different portion of said font.
NUM  2.
PAR  2. Apparatus as defined in claim 1, including means for supporting said
      sets of detector means, support means for supporting said substrate, and
      means for moving said substrate and said set of detector means relative to
      each other so that said detector means scan said font.
NUM  3.
PAR  3. Apparatus as defined in claim 1, including a read head, means for moving
      said read head relative to said substrate so that said font is scanned
      thereby, means on said read head for supporting said plurality of sets of
      detector means, and each of said detector means comprising a light
      conducting rod.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said light source and said light
      sensor in each of said sets have longitudinal axes, and said axes are at a
      bias relative to a line normal to the plane of said substrate.
NUM  5.
PAR  5. Apparatus for reading a font of embossed indicia on the surface of a
      credit card, comprising means for detecting the presence of selected
      portions of said indicia, said means comprising a plurality of sets of
      light sources and light sensors, a read head, said read head supporting
      each of said light sources in each of said sets so that it directs a beam
      of light toward said surface at an angle, means for causing relative
      movement between said read head and said credit card so that said selected
      portions of said indicia will intercept said beams of light, said read
      head supporting each of said light sensors at an angular position to
      detect reflected light so that they normally intercept beams of light
      reflected from said surface and at least a reduction in the amount of
      reflected light due to the presence of at least a part of the indicia of
      said font which impedes the reflection of light to said detector, and
      means associated with said sensors for generating a signal having
      informational value indicative of the indicia detected.
NUM  6.
PAR  6. Optical reading apparatus for reading a font of indicia supported on a
      substrate, the indicia of said font having at least a portion thereof
      displaced from the surface of the substrate comprising, a read head, a
      plurality of light conducting means having terminal faces, one of said
      terminal faces of each of said light conducting means being supported by
      said read head in a position to intercept light reflected from the surface
      of said substrate along a path which is at an angle from a normal relative
      to said substrate, said terminal faces being operative to detect the
      presence of predetermined areas of said indicia related to the basic
      configuration of said font, means for moving said indicia and said read
      head relative to each other, said terminal faces being positioned so that
      movement of said indicia and said read head relative to each other causes
      said predetermined areas to occlude the light reflected along said path
      into said terminal faces of said light conducting means.
NUM  7.
PAR  7. Apparatus for identifying characters of a font embossed in a substrate,
      comprising a plurality of means for directing light to be incident upon
      said substrate at a first predetermined angle, a plurality of means each
      disposed at a second predetermined angle to said substrate for receiving
      light reflected from said substrate, each said light directing means and
      light receiving means being positioned such that light directed onto the
      surface of said substrate where it is not embossed is reflected to said
      light receiving means whereas light impinging upon any of said indicia is
      at least in part blocked and thus not reflected to said light receiving
      means, each said light directing means and light receiving means being
      positioned in a read head to sense the presence of different segments of
      the characters of a font.
NUM  8.
PAR  8. In an apparatus for identifying embossed characters, a read head, means
      for scanning said read head relative to said characters, and guide means
      for guiding said read head into proper alignment with said characters by
      physically engaging and guiding on the raised segments of said embossed
      characters.
NUM  9.
PAR  9. In an apparatus for identifying embossed characters in accordance with
      claim 8 wherein said guide means comprises an elongated guide slot open at
      either end and at the top thereof.
NUM  10.
PAR  10. In an apparatus for identifying embossed characters in accordance with
      claim 8 wherein said guide means comprises an elongated slot integral with
      said read head, said slot being open at either end and the top thereof.
NUM  11.
PAR  11. In an apparatus for identifying embossed characters in accordance with
      claim 8 including means to support said read head for movement into
      alignment with said embossed characters.
NUM  12.
PAR  12. In an apparatus for identifying embossed characters in accordance with
      claim 11 wherein said support means includes means to permit said read
      head to move in a plane parallel to said embossed characters and means to
      permit said read head to move toward or away from a substrate supporting
      said embossed characters.
NUM  13.
PAR  13. In an apparatus for identifying embossed characters, a read head, said
      read head supporting a plurality of sets of detector means for detecting
      the presence or absence of segments of said characters, means for scanning
      said read head relative to said characters, and guide means for guiding
      said read head into proper alignment with said characters by physically
      engaging and guiding on the raised portions of said embossed characters,
      said guide means comprising an elongated guide slot.
NUM  14.
PAR  14. Apparatus for identifying embossed characters of a font having top,
      middle and bottom horizontal segments, and upper and lower right and left
      vertical segments, comprising a read head having at least five sets of
      detector means for detecting the presence of said segments, at least two
      of said sets being positioned to detect the vertical segments and at least
      three of said sets being positioned to detect the horizontal segments,
      each set of detectors having a light source positioned to direct light
      toward the segments of the characters to be read and having a light sensor
      positioned to detect reflected light, means for moving said read head and
      the characters to be read relative to each other, means responsive to the
      output of said light sensors for indicating the identity of said
      characters, means for scanning said read head relative to said characters,
      and guide means for guiding read head into proper alignment with said
      characters by physically engaging and guiding on the raised segments of
      said embossed characters.
NUM  15.
PAR  15. In an apparatus for identifying embossed characters in accordance with
      claim 14 wherein said guide means comprises an elongated slot open at
      either end and at the top thereof.
NUM  16.
PAR  16. In a device for "reading" embossments on a card, scanning means for
      scanning the embossments, and positioning means for engaging the
      embossments themselves for accurately positioning the embossments with
      respect to said scanning means to be scanned thereby.
NUM  17.
PAR  17. The combination of claim 16 and wherein said positioning means includes
      an elongated guide formed with an elongated guide slot which is open at
      one end, said slot being defined between longitudinal edges of said
      positioning means which directly engage a row of embossments for
      accurately positioning the latter in said slot between said longitudinal
      edges thereof, said scanning means being located directly next to said
      positioning means substantially bridging said slot thereof for scanning
      the embossments positioned between said edges.
NUM  18.
PAR  18. The combination of claim 17 and wherein said guide has an inwardly
      tapering portion at said open end of said slot for facilitating entry of
      the embossments between the longitudinal side edges of said slot.
NUM  19.
PAR  19. The combination of claim 16 and wherein said positioning means includes
      a positioning lip forming part of the scanning means itself for directly
      engaging an embossment for keying the embossment and scanning means
      directly to each other.
NUM  20.
PAR  20. The combination of claim 19 and wherein there are a pair of said lips
      extending parallel to each other to define between themselves an elongated
      space for receiving a series of embossments with the lips engaging opposed
      portions of said embossments for keying the scanning means and embossments
      which are to be scanned thereby directly to each other.
NUM  21.
PAR  21. Apparatus for machine reading characters of a font having upper, middle
      and lower horizontal segments and upper and lower vertical segments borne
      by a substrate, comprising:
PA1  an optical read head having a front face positionable in confronting
      relation to a substrate bearing said characters to be read;
PA1  said read head incorporating spaced, individual upper, middle and lower
      horizontal character segment detecting means and upper and lower vertical
      character segment detecting means such disposed to detect light reflected
      from said substrate at a given angle of reflection,
PA1  a source of illumination for providing said light,
PA1  at least one aperture in said front face of said read head serving to
      direct light from said source to said substrate, and
PA1  guide means for maintaining the read head in proper alignment with said
      characters during relative movement between said substrate and read head
      in the direction of said horizontal segments to cause said detecting means
      to scan a character on the substrate and yield signals indicative of the
      presence and absence of said segments in the character being scanned.
NUM  22.
PAR  22. Apparatus in accordance with claim 21 wherein said characters are
      embossed, and guide means include means for engaging said embossed
      characters to guide said read head into alignment for identifying said
      characters.
NUM  23.
PAR  23. Apparatus in accordance with claim 22 wherein said engaging means is an
      elongated recess in the surface of said read head, the longitudinal axis
      of said recess extending in the direction in which said read head is moved
      relative to said characters.
NUM  24.
PAR  24. Apparatus in accordance with claim 22 wherein said read head is
      supported by support means, said support means including means permitting
      said read head to be displaced parallel to the plane of said characters
      and toward or away from said characters by engagement of said engaging
      means with said characters.
NUM  25.
PAR  25. Apparatus in accordance with claim 21 wherein each said individual
      detecting means is arranged in a set comprising a light sensor and a light
      directing aperture, a light conduting rod optically associated with said
      light source positioned in each aperture, and a second light conducting
      rod optically associated with each light sensor for conducting reflected
      light from said read head to the sensor.
NUM  26.
PAR  26. Apparatus in accordance wih claim 25 wherein each of said light
      conducting rods is flexible, said apparatus including means for moving
      said read head and the character to be read relative to each other, said
      moving means including means for moving said read head relative to
      characters fixed in position on said substrate, said light source and
      light sensor associated with each light conducting rod being fixed in
      position.
NUM  27.
PAR  27. Apparatus in accordance with claim 21 wherein said characters are
      numerals defined by seven horizontal and vertical segments, and said
      reading head consists of five sets of detecting means for detecting the
      presence of said segments.
NUM  28.
PAR  28. Apparatus for machine reading characters of a font having upper, middle
      and lower horizontal segments and upper and lower vertical segments borne
      by a substrate, comprising:
PA1  an optical read head having a front face positionable in confronting
      relation to a substrate bearing said characters to be read,
PA1  said read head incorporating at least five spaced, individual sets of
      characters segment detecting means for detecting the presence of said
      segments of characters of a font,
PA1  at least two of said sets of detecting means being positioned to detect the
      vertical segments and at least three of said sets of detecting means being
      positioned to detect the horizontal segments,
PA1  each set of detector means having a means for directing light at an angle
      toward the substrate bearing the segments of the character to be read and
      having a light sensor means positioned to detect reflected light from said
      substrate at a given angle of reflection,
PA1  means for positioning the front face of said read head in confronting
      relation to a substrate so that the presence of segments of a character at
      least partially occludes the reflection of light to a sensor, and
PA1  guide means for maintaing the read head in proper alignment with said
      characters during relative movement between said substrate and read head
      in the direction of said horizontal segments to cause said sets of
      detecting means to scan a character on the substrate and yield signals
      indicative of the presence or absence of said segments in the character
      being scanned.
NUM  29.
PAR  29. Apparatus in accordance with claim 28 wherein said characters are
      embossed in said substrate, and said apparatus includes positioning means,
      said positioning means being adapted to position the read head so closely
      adjacent said embossed characters that the segments of said characters at
      least partially physically block the reflection of light to said light
      sensors.
NUM  30.
PAR  30. Apparatus for machine reading characters of a font having upper, middle
      and lower horizontal segments and upper and lower vertical segments borne
      by a substrate, comprising:
PA1  an optical read head having a front face positionable in confronting
      relation to a substrate bearing said characters to be read,
PA1  said read head incorporating spaced, individual upper, middle and lower
      horizontal character segment detecting means and upper and lower vertical
      character segment detecting means such disposed to detect light reflected
      from said substrate at a given angle of reflection,
PA1  said read head including a lesser number of segment detecting means than
      there are horizontal and vertical segments defining the characters of the
      font,
PA1  a source of illumination for providing said light,
PA1  at least one aperture in said front face of said read head serving to
      direct light from said source to said substrate, and
PA1  means for producing relative movement between said substrate and read head
      in the direction of said horizontal segments to cause said detecting means
      to scan a character on the substrate and yield signals indicative of the
      presence or absence of said segments in the character being scanned.
NUM  31.
PAR  31. Apparatus in accordance with claim 30 wherein said characters are
      embossed, and including means for positioning said read head so closely
      adjacent to said embossed characters that the segments of said characters
      at least partially physically block the reflection of light to said
      detecting means.
NUM  32.
PAR  32. Apparatus for machine reading characters of a font of numerals defined
      by seven embossed segments comprising upper, middle and lower horizontal
      segments, and upper and lower right and left vertical segments borne by a
      substrate, comprising:
PA1  an optical read head having a front face positionable in confronting
      relation to a substrate bearing said characters to be read,
PA1  said read head incorporating at least five spaced, individual sets of
      upper, middle and lower horizontal character segment detecting means and
      upper and lower vertical character segment detecting means such disposed
      to detect light reflected from said substrate at a given angle of
      reflection,
PA1  at least two of said sets being positioned to detect the vertical segments
      and at least three of said sets being positioned to detect the horizontal
      segments,
PA1  each set of detecting means having means for directing light at an angle
      toward the substrate and having light sensor means positioned to detect
      light reflected from the substrate at a given angle of reflection,
PA1  guide means for maintaining the reading head in proper alignment with said
      characters during relative movement between said substrate and read head
      in the direction of said horizontal segments to cause said sets of
      detecting means to scan a character on the substrate to yield electrical
      signals indicative of the presence or absence of said segments in the
      character being scanned, and
PA1  means positioning said read head so closely adjacent the characters that
      the segments thereof at least partially occlude the reflection of light to
      said light sensor means while said segments are scanned.
NUM  33.
PAR  33. A method of machine reading characters of a font having upper, middle
      and lower horizontal segments and upper and lower vertical segments borne
      by a substrate, comprising:
PA1  presenting said substrate in confronting relation to the front face of a
      read head which incorporates spaced, individual upper, middle and lower
      horizontal character segment detecting means and upper and lower vertical
      character segment detecting means such disposed to detect light reflecting
      from said substrate at a given angle of reflection,
PA1  illuminating said substrate through at least one aperture in the front face
      of said read head disposed to direct light upon said substrate at an angle
      such as to provide reflection at said given angle,
PA1  and producing relative movement between said substrate and read head in
      such a direction as to cause said individual detecting means to scan for
      corresponding segments of a character borne by the substrate to yield
      signals indicative of the presence or absence of such segments in the
      character being read.
NUM  34.
PAR  34. A method of identifying characters of a font in accordance with claim
      33, wherein said characters are embossed, detecting the presence of said
      segments by directing light at an angle toward the segments of the
      characters to be read and detecting reflected light reflected, guiding
      said read head into engagement with said embossed characters for alignment
      therewith, and using the segments of said characters to physically block
      the reflection of light to a light sensor positioned to detect reflected
      light.
NUM  35.
PAR  35. A method of machine reading characters of a font borne by a substrate
      said characters being defined by seven segments comprising top, middle and
      bottom horizontal segments, and upper and lower left and right vertical
      segments, comprising the steps of:
PA1  presenting said substrate in confronting relation to the front face of a
      read head which incorporates spaced, individual, upper, middle and lower
      horizontal character segment detecting means and upper and lower vertical
      character segment detecting means such disposed to detect light reflected
      from said substrate at a given angle of reflection,
PA1  scanning the characters with said read head and illuminating said substrate
      through at least one aperture in the front face of said read head as said
      characters are being scanned,
PA1  directing the illuminating light upon said substrate at an angle such as to
      provide reflection at said given angle,
PA1  guiding said substrate and read head past each other in such a direction as
      to cause said individual detecting means to scan corresponding segments of
      the substrate bearing the characters to yield signals indicative of the
      presence or absence of such segments in the character being read by using
      certain of said detecting means to scan for the presence of horizontal
      segments of said characters and using certain others of said detecting
      means to scan for the presence of vertical segments of said characters,
      and
PA1  using said detecting means to logically separate one character from another
      by detecting the space between said characters as defined by the absence
      of any vertical or horizontal segments.
NUM  36.
PAR  36. Apparatus for machine reading characters of a font having upper, middle
      and lower horizontal segments and upper and lower vertical segments
      embossed in a substrate, comprising:
PA1  an optical read head having a front face positionable in confronting
      relation to a substrate bearing said characters to be read,
PA1  said read head incorporating spaced, individual upper, middle and lower
      horizontal character segment detecting means and upper and lower vertical
      character segment detecting means such disposed to detect light reflected
      from the plane of said substrate at a given angle of reflection,
PA1  a source of illumination for providing said light,
PA1  guide means for positioning and maintaining the read head in proper
      alignment with the embossed characters during relative movement between
      said substrate and read head such that said read head is so closely
      adjacent to said embossed characters that the embossed segments of said
      characters at least partially occlude the reflection of light to said
      character segment detecting means whereby said detecting means scans a
      character on the substrate and yields signals indicative of the presence
      or absence of said embossed segments in each character being scanned.
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ABST
PAL  An electric power plant including a steam generator and a steam turbine is
      operated by a control system including a turbine control, a boiler control
      and a plant unit master; each of the aforementioned controls includes
      integrating or adaptive controllers responsive to error signals to effect
      a desired control and ramp generators to provide an output against which a
      control process may be tracked. The integrating controllers include an
      integrating circuit for integrating an input error signal and a
      proportional circuit responsive to the error signal for providing an
      output signal to be summed with the output of the integrating circuit. The
      constant of the proportional circuit and the time constant of the
      integrating circuit are changed as a function of an index. In a control
      for an electric power plant, the index is the load reference provided by
      the plant unit master. A ramp generator is suggested that is capable of
      generating linear ramps at a fixed rate toward a known value, e.g. the
      control reference to be entered, and includes an integrating circuit to
      which is selectively applied first and second reference signals dependent
      upon whether the input signal is above or below a predetermined level.
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PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The following co-assigned patent applications are hereby incorporated by
      reference:
PAR  1. Ser. No. 250,826, entitled "A Digital Computer Monitored And/Or Operated
      System Or Process Which Is Structured For Operation With An Improved
      Automatic Programming Process and System" filed by J. Gomola et al. on May
      5, 1972.
PAR  2. Ser. No. 247,877, entitled "System And Method For Starting,
      Synchrnoizing And Operating A Steam Turbine With Digital Computer Control"
      filed by T. Giras et al. on Apr. 26, 1972.
PAR  3. Ser. No. 306,752, entitled "System And Method Employing Valve Management
      For Operating A Steam Turbine" filed by T. Giras et al. in Nov. 15, 1972.
PAR  4. Ser. No. 413,291, entitled "Plant Unit Master Control For Fossil Fired
      Boiler Implemented With A Digital Computer" filed by G. Davis and J. Smith
      concurrently herewith.
PAR  5. Ser. No. 413,275, entitled "Electric Power Plant Having a Multiple
      Computer System For Redundant Control Of Turbine And Steam Generator"
      filed by T. Giras, W. Mendez and J. Smith concurrently herewith.
PAR  The following co-assigned patent applications are filed herewith and are
      referenced as related applications:
PAR  1. Ser. No. 413,277, entitled "Protection System For Transferring Turbine
      And Steam Generator Operation To A Backup Mode Especially Adapted For
      Multiple Computer Electric Power Plant Control Systems" filed by G. Davis
      concurrently herewith.
PAR  2. Ser. No. 413,271 entitled "A Multiple Computer System For Operating A
      Power Plant Turbine With Manual Backup Capability" filed by G. Davis, R.
      Hoover and W. Ghrist concurrently herewith.
PAR  3. Ser. No. 413,274, entitled "A System For Initializing A Backup Computer
      In A Multiple Electric Power Plant And Turbine Control System To Provide
      Turbine And Plant Operation With Reduced Time For Backup Computer
      Availability" filed by G. Davis concurrently herewith.
PAR  4. Ser. No. 413,272, entitled "A System For Manually Or Automatically
      Transferring Control Between Computers Without Power Generation
      Disturbance In An Electric Power Plant Or Steam Turbine Operated By A
      Multiple Computer Control System" filed by G. Davis concurrently herewith.
PAR  5. Ser. No. 413,273, entitled "Wide Load Range System For Transferring
      Turbine Or Plant Operation Between Computers In A Multiple Computer
      Turbine And Power Plant Control System" filed by G. Davis, F. Lardi and W.
      Ghrist concurrently herewith.
PAR  6. Ser. No. 413,276 entitled "Wide Speed Range System For Transferring
      Turbine Operation Between Computers In A Multiple Turbine Computer Control
      System" filed by D. Jones and G. Davis concurrently herewith.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the operation of steam turbines and
      electric power plants and more particularly to the implementation of
      adaptive control techniques to assure the positive and accurate control of
      steam turbines and electric power plants.
PAR  2. Description of the Prior Art
PAR  In order to meet the increasing demands for the generation of electrical
      power, electric plants including boilers and turbines of increased size
      have been incorporated into power generating systems including an
      increasing number of interconnected plants. As larger units and greater
      numbers of such units are placed into service to meet ever-increasing
      power energy requirements, the control of power generation of each unit
      required improvement in order to achieve good frequency control over the
      entire system. In addition to systems requirements, there was a strong
      requirement that new methods be developed to extract energy from the
      boiler as well as to set limits by which the boiler could be operated
      safely and efficiently. As discussed in the article, "System Design
      Considerations For Advanced Utility Unit Control," by T. A. Rumsey and D.
      L. Armstrong, presented at the 14th Annual Southeastern ISA Conference,
      April of 1968, the required improved control of power generation is
      efficiently accomplished by achieving a close coordination of the boiler
      and turbine controls. As suggested in this article, the controls for the
      boiler and turbine are placed in parallel in a manner similar to the
      boiler follow system, except that the steam pressure is varied to take
      advantage of the energy stored in the boiler. The turbine regulates steam
      pressure, but with a changing set point derived from the error between
      load demand and actual unit output. If the load demand is higher than the
      actual unit output, the signal applied to the pressure controller calls
      for a lower steam pressure, thus opening the governor valve and
      temporarily increasing megawatts as the pressure drops. The same signal
      applied to the pressure controller effecting a lower pressure in response
      to detection of a megawatts output below the required demand level,
      increases the boiler inputs (water, air and fuel). This control action
      continues until the megawatt error is zero, at which time the steam
      pressure is at its normal value. Such integrated control techniques have
      been applied to once-through, supercritical boilers and to drum-type
      sub-critical boilers.
PAR  A significant aspect of the integrated control of turbines and boilers is
      the use of feed forward control techniques to minimize interaction and to
      extract the best possible dynamic response. Generally, such feed forward
      control is effected by applying load demand signals from either the ADS, a
      computer, or a manual operator control, simultaneously to the boiler and
      turbine. The advantages of such a control means that subloop process
      changes are made simultaneously with load changes before subloop errors
      exist. Feedback controllers are used as a final trim on the process
      subloop to correct for minor non-linearities and static effects. The
      trimmed or modified load references are applied, in turn, to the boiler
      and turbine controls. As a result, it is possible to extract energy more
      efficiently from the boiler of an individual unit, whereas on a system
      level, each of a plurality of units may be operated so as to maintain
      system frequency integrity.
PAR  As described in an article entitled "Digital Control Techniques For Plant
      Applications" by Theodore Giras and Robert Uram, Combustion, March 1969,
      such coordinated schemes of generating power require improved techniques
      of digital control including nonlinear feed forward characterization of
      major plant variables such as load demand, boiler demand, feedwater
      demand, fuel demand and air demand; calibration of the feed forward
      control action by measured variables such as pressure, temperatures and
      flows; adaptive controllers sensitive to real plant variables and adjusted
      to operate over the entire range from no load to full load; minor-loop
      feed-back control which is coordinated throughout the entire system; and
      finally, logical interaction of all control loops to ensure bumpless
      transfer from manual to automatic, and from automatic to manual, modes of
      operation.
PAR  The wide range of controllability required for the steam plants of today
      suggests the use of high-speed digital controllers to implement the
      sophisticated control philosophy necessary for proper operation.
PAR  There are a number of basic requirements which a digital system must
      satisfy in order to control a complex process. First is the ability to
      alter or modify the control package easily and quickly in the field to
      accommodate process dynamic characteristics which could not be anticipated
      early in the design. In addition to this block flexibility, the digital
      package must be designed so that process parameters can be changed quickly
      and accurately. Thus, plant gains, biases, set points, limits, time
      constants and other important system data must be arranged in the computer
      storage in such a fashion that inexperienced field personnel may adjust
      these values literally at will. This is of paramount importance, for as
      more is learned over a period of time in controlling a plant with a
      computer, refinements in the control system must be made to improve
      operating efficiency and reliability.
PAR  Another major requirement of a digital system is careful selection of the
      computing schemes used in the various controllers and functional blocks.
      Since all implementation within the computer must ultimately be done with
      numerical methods, the general formulation and selection of any algorithm
      structure becomes quite critical. Thus, the numerical schemes for
      integration, differentiation, smoothing, and characterization must be
      carefully selected to assure proper control action, and yet be simply and
      easily programmed.
PAR  Dynamic or integrated controllers have been used to implement the various
      methods of calculation to achieve the desired control action. Such
      controllers may take the form of a reset, rate, proportional plus reset,
      proportional plus rate, and proportional plus reset plus rate-type
      controller. Such controllers may be used either on-line or off-line to
      provide a direct output for control or to provide a trim of a reference
      demand. As described in the article entitled "Hybrid Digital-Analog Power
      Plant Control" by Guy E. Davis, Jr., ISA Transactions, 1970, such
      controllers may be used in conjunction with a manual/auto station for the
      control of a typical valve within a boiler. While operating on Manual, the
      output of the transducer associated with the valve is applied to a
      computer, which must track the operator's adjustment to the control. The
      term "track" connotes the process by which the computer forces its
      calculated output to match the present manual station demand for valve
      position and transfer from Manual to Auto without bumping the process. In
      order to ensure a bumpless transfer between the Manual and Auto Modes of
      operation, the operator may balance the process to the correct setting
      before transferring from Manual to Auto. For that type of control, the
      operator uses a null meter on the manual station to determine process
      balance. More recent electronic systems use tracking amplifiers to modify
      the demand signal to agree with the actual operating set point. After
      balance is achieved and transfer occurs, the tracking amplifiers' off-set
      is made to decay to a neutral value. This method was applied in a computer
      control program as one form of bumpless transfer. The use of controllers
      in such bumpless transfer systems has proved effective in boiler control
      systems.
PAR  Considering that one of the purposes of operating in a coordinated mode is
      to achieve a more accurate frequency control over the power plant so that
      the single power plant may be coordinated more effectively with the plants
      of the entire system, it is desirable to effect a more positive control
      over the various parameters of turbine and boiler operation whereby the
      power generated and its frequency likewise are positively controlled. To
      accomplish this overall objective of improved power generation, it is
      desirable to provide new and improved controllers of increased flexibility
      in terms that their time constants or gains may be adjusted readily and
      that their response to inputs may be controlled readily as to rate of
      change and as to accuracy of response according to a desired function to
      varying inputs.
PAC  SUMMARY OF THE INVENTION
PAR  An electric power plant comprises one or more turbines, a steam generator
      and a control system including a plant unit master for applying a load
      reference to a boiler control and a turbine control. In such a control
      system, there are included integrating controllers comprising an
      integrating circuit and a proportional circuit. In a control process, an
      error signal is developed and applied to the integrating circuit and
      proportional circuit; the outputs therefrom are summed and applied to
      effect the control of a function within the electric power plant. To
      ensure more precise control over the electric power plant, means are
      provided for varying the proportional constant and the time constant of
      the integrating circuit according to the process to be controlled.
      Further, the control system may include a ramp generator for generating an
      increasing or decreasing ramp in response to an input signal until the
      ramp has reached a value equal to that of the input signal. In this
      manner, a reference value is entered toward which the ramping signal
      proceeds at a fixed rate independent of the input reference signal.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of the present invention will become
      more apparent by referring to the following detailed description and
      accompanying drawings, in which:
PAR  FIG. 1A shows a schematic block diagram of an electric power plant which is
      operated by a control system in accordance with the principles of the
      invention;
PAR  FIG. 1B shows a schematic view of a once-through boiler employed in the
      plant of FIG. 1A, with portions of the boiler cut away;
PAR  FIG. 1C shows a process flow diagram for the electric power plant of FIG.
      1A;
PAR  FIG. 2 shows a schematic block diagram of a position control loop for
      electrohydraulic values employed in a turbine included in the plant of
      FIG. 1A;
PAR  FIG. 3A shows a schematic block diagram of a plant unit master control
      system for the electric power plant shown in FIG. 1A;
PAR  FIG. 3B shows a control loop diagram for the steam turbine in the electric
      power plant of FIG. 1A;
PAR  FIG. 4 shows a schematic diagram of apparatus employed in a control system
      for the steam turbine and the once-through boiler of the electric power
      plant of FIG. 1A;
PAR  FIG. 5A shows a block diagram of the organization of a program system
      included in each of two computers employed in the control system of FIG.
      4;
PAR  FIG. 5B shows a schematic apparatus block diagram of the electric power
      plant of FIG. 1A with the control system shown from the standpoint of the
      organization of computers in the system;
PAR  FIG. 6 shows a schematic block diagram of the plant unit master for
      applying a plant reference signal in parallel to control the electric
      power plant as shown in FIG. 1A;
PAR  FIG. 7 is a schematic diagram of the plant unit master showing in detail
      the control flow and application of the plant load reference to the boiler
      and turbine controls when operating in a coordinated fashion, and the
      manner in which the feedwater reference and the turbine speed/load
      reference are applied, respectively, to the boiler and turbine controls
      whem operating in a non-coordinated fashion;
PAR  FIG. 8 shows a schematic diagram of the digital electrohydraulic control
      responsive to the modified load demand reference derived from the plant
      unit master as shown in FIG. 7, for controlling the valves employed in the
      turbine included in the electric power plant of FIG. 1A;
PAR  FIG. 9 shows a schematic diagram of the operation of the plant unit master
      in its Ramp Mode, whereby the feedwater reference entered as shown in FIG.
      7, is modified by the generated ramp signal;
PAR  FIG. 10 is a schematic diagram of an integrating controller in accordance
      with the teachings of this invention;
PAR  FIGS. 11 and 12 are schematic diagrams of further embodiments of the
      integrating controller of this invention;
PAR  FIGS. 13A and 13B are schematic diagrams respectively of the feedwater
      portion and the temperature error portion of the boiler control, including
      an integrating controller and a ramp generator in accordance with the
      teachings of this invention;
PAR  FIGS. 14A, 14B and 14C are schematic diagrams of the gas recirculation,
      reheat and superheat control portions of the boiler control, including the
      ramp generator and the integrating controller in accordance with the
      teachings of this invention;
PAR  FIG. 15A is a schematic drawing of a further integrating controller in
      accordance with the teachings of this invention;
PAR  FIG. 15B is a schematic drawing of a ramp generator in accordance with the
      teachings of this invention; and
PAR  FIG. 15C is a calibration curve capable of being implemented by the
      function generators of the integrating controller of FIG. 10.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Electric Power Plant and Steam Turbine System
PAR  More specifically, there is shown in FIG. 1A a large single reheat steam
      turbine 10 and a steam generating system 22 constructed in a well known
      manner and operated by a control system 11 in an electric power plant 12
      in accordance with the principles of the invention. The turbine 10 and the
      turbine control functions are like those disclosed in the cross-referenced
      Uram copending patent application Ser. No. 247,877 entitled "System For
      Starting, Synchronizing and Operating a Steam Turbine With Digital
      Computer Control".
PAR  The turbine 10 is provided with a single output shaft 14 which drives a
      conventional large alternating current generator 16 to produce three-phase
      electric power sensed by a power detector 18. Typically, the generator 16
      is connected through one or more breakers 20 per phase to a large electric
      power network and when so connected causes the turbo-generator arrangement
      to operate at synchronous speed under steady state conditions. Under
      transient electric load change conditions, system frequency may be
      affected and conforming turbo-generator speed changes would result if
      permitted by the electric utility control engineers.
PAR  After synchronism, power contribution of the generator 16 to the network is
      normally determined by the turbine steam flow which in this instance is
      normally supplied to the turbine 10 at substantially constant throttle
      pressure. The constant throttle pressure steam for driving the turbine 10
      is developed by the steam generating system 22 which in this case is
      provided in the form of a conventional once through type boiler operated
      by fossil fuel in the form of natural gas or oil. The boiler 22
      specifically can be a 750 MW combustion engineering supercritical
      tangentially fired gas and oil fuel once through boiler.
PAR  In this case, the turbine 10 is of the multistage axial flow type and it
      includes a high pressure section 24, an intermediate pressure section 26,
      and a low pressure section 28 which are designed for fossil plant
      operation. Each of the turbine sections may include a plurality of
      expansion stages provided by stationary vanes and an interacting bladed
      rotor connected to the shaft 14.
PAR  As shown in FIG. 1B, the once-through boiler 22 includes walls 23 along
      which vertically hung waterwall tubes 25 are distributed to pass preheated
      feedwater from an economizer 27 to a superheater 29. Steam is directed
      from the superheater 29 to the turbine HP section 26 and steam from the HP
      section 26 is redirected to the boiler 22 through reheater tubes 31 and
      back to the turbine IP section 26. The feedwater is elevated in pressure
      and temperature in the waterwall tubes 25 by the heat produced by
      combustion in approximately the lower half of the furnace interior space.
PAR  Five levels of burners are provided at each of the four corners of the
      furnace. The general load operating level of the plant determines how many
      levels of burners are in operation, and the burner fuel flow is placed
      under control to produce particular load levels. At any one burner level,
      both gas and oil burners are provided but only one type of burner is
      normally operated at any one time.
PAR  Combustion air is preheated by the exhaust gases and enters the furnace
      near the furnace corners through four inlet ducts 19-1 under the driving
      force of four large fans. Air flow is basically controlled by positioning
      of respective dampers in the inlet ducts.
PAR  Hot products of combustion pass vertically upward through the furnace to
      the superheater 29. The hot exhaust gases then pass through the reheater
      tube 31 and then through the feedwater economizer 27 and an inlet air heat
      exchanger 33 in an exhaust duct 19-2 prior to being exhausted in the
      atmosphere through a large stack.
PAR  In FIG. 1C, there is shown a schematic process flow diagram which indicates
      how the plant working fluid is energized and moved through the turbine 10
      to operate the generator 16 and produce electric power. Thus, gas or other
      fuel is supplied to burners 35 through main valves 37 or bypass valves 39.
      Air for combustion is supplied through the preheaters 33 and air registers
      to the combustion zone by fans 41 under flow control by dampers 43.
PAR  Feedwater is preheated by heaters 61 and flows under pressure produced by
      boiler feedwater pumps 63 to the economizer 27 and waterwall tubes 25
      through valve FW or startup valve FWB. Heat is transferred to the working
      fluid in the economizer 27 and waterwall tubes 25 as indicated by the
      reference character 45. Next, the working fluid flows to the superheater
      29 comprising a primary superheater 47, a desuperheater 49 to which
      cooling spray can be applied through a valve 51, and a final superheater
      53. Heat is added to the working fluid as indicated by the reference
      character 55 in the superheaters 29. Valves BT and BTB pass the working
      fluid to the superheater 29 after boiler startup, and valves BE, SA, ST
      and WD cooperate with a flash tank 57 and a condenser 65 to separate steam
      and water flows and regulate superheater working fluid flow during boiler
      startup.
PAR  Boiler outlet steam flows from the final superheater 53 through the turbine
      inlet throttle and governor valves to the turbine HP section 24. The steam
      is then reheated in the reheater 31 as indicated by the reference
      character 59 and passed through the IP and LP turbine section 26 and 28 to
      the condenser 65. Condenser pumps 67 and 69 then drive the return water to
      the boiler feed pump 63 through condensate and hydrogen cooling systems,
      and makeup water is supplied through a demineralizer treatment facility.
PAR  The fossil turbine 10 in this instance employs steam chests of the double
      ended type, and steam flow is directed to the turbine steam chests (not
      specifically indicated) through four main inlet valves or throttle inlet
      valves TV1-TV4. Steam is directed from the admission steam chests to the
      first high pressure section expansion stage through eight governor inlet
      valves GV1-GV8 which are arranged to supply steam to inlets arcuately
      spaced about the turbine high pressure casing to constitute a somewhat
      typical governor valve arrangement for large fossil fuel turbines. Nuclear
      turbines on the other hand typically utilize only four governor valves.
      Generally, various turbine inlet valve configurations can involve
      different numbers and/or arrangements of inlet valves.
PAR  In applications where the throttle valves have a flow control capability,
      the governor valves GV1-GV8 are typically all fully open during all or
      part of the startup process and steam flow is then varied by full arc
      throttle valve control. At some point in the startup and loading process,
      transfer is normally and preferably automatically made from full arc
      throttle valve control to full arc governor valve control because of
      throttling energy losses and/or reduced throttling control capability.
      Upon transfer, the throttle valves TV1-TV4 are fully open, and the
      governor valves GV1-GV8 are positioned to produce the steam flow existing
      at transfer. After sufficient turbine heating has occurred, the operator
      would typically transfer from full arc governor valve control to partial
      arc governor valve control to obtain improved heating rates.
PAR  In instances where the main steam inlet valves are stop valves without flow
      control capability as is often the case in nuclear turbines, initial steam
      flow control is achieved during startup by means of a single valve mode of
      governor valve operation. Transfer can then be made to sequential governor
      valve operation at an appropriate load level.
PAR  In the described arrangement with throttle valve control capability, the
      preferred turbine startup and loading method is to raise the turbine speed
      from the turning gear speed of about 2 rpm to about 80 percent of the
      synchronous speed under throttle valve control, then transfer to full arc
      governor valve control and raise the turbine speed to the synchronous
      speed, then close the power system breakers and meet the load demand with
      full or partial arc governor valve control. On shutdown, governor valve
      control or coastdown may be employed. Other throttle/governor valve
      transfer practice may be employed but it is unlikely that transfer would
      be made at a loading point above 40 percent rated load because of
      throttling efficiency considerations.
PAR  Similarly, the conditions for transfer between full arc and partial arc
      governor valve control modes can vary in other applications of the
      invention. For example, on a hot start it may be desirable to transfer
      from throttle valve control directly to partial arc governor valve control
      at about 80 percent synchronous speed.
PAR  After the steam has crossed past the first stage impulse blading to the
      first stage reaction blading of the high pressure section 24, it is
      directed to the reheater 31 as previously described. To control the flow
      of reheat steam, one or more reheat stop valves SV are normally open and
      closed only when the turbine is tripped. Interceptor valves IV (only one
      indicated), are also provided in the reheat steam flow path.
PAR  A throttle pressure detector 36 of suitable conventional design senses the
      steam throttle pressure for data monitoring and/or turbine or plant
      control purposes. As required in nuclear or other plants, turbine control
      action can be directed to throttle pressure control as well as or in place
      of speed and/or load control.
PAR  In general, the steady state power or load developed by a steam turbine
      supplied with substantially constant throttle pressure steam is
      proportional to the ratio of first stage impulse pressure to throttle
      pressure. Where the throttle pressure is held substantially constant by
      external control, the turbine load is proportional to the first stage
      impulse pressure. A conventional pressure detector 38 is employed to sense
      the first stage impulse pressure for assigned control usage in the turbine
      part of the control 11.
PAR  A speed detection system 60 is provided for determining the turbine shaft
      speed for speed control and for frequency participation control purposes.
      The speed detector 60 can for example include a reluctance pickup (not
      shown) magnetically coupled to a notched wheel (not shown) on the
      turbo-generator shaft 14. In the present case, a plurality of sensors are
      employed for speed detection.
PAR  Respective hydraulically operated throttle valve actuators 40 and governor
      valve actuators 42 are provided for the four throttle valves TV1-TV4 and
      the eight governor valves GV1-GV8. Hydraulically operated actuators 44 and
      46 are also provided for the reheat stop and interceptor valves SV and IV.
      A high pressure hydraulic fluid supply 48 provides the controlling fluid
      for actuator operation of the valves TV1-TV4, GV1-GV8, SV and IV. A
      lubricating oil system (not shown) is separately provided for turbine
      plant lubricating requirements.
PAR  The inlet valve actuators 40 and 42 are operated by respective
      electrohydraulic position controls 48 and 50 which form a part of the
      control system 11. If desired, the interceptor valve actuators 46 can also
      be operated by a position control (not shown).
PAR  Each turbine valve position control includes a conventional electronic
      control amplifier 52 (FIG. 2) which drives a Moog valve 54 or other
      suitable electrohydraulic (EH) converter valve in the well known manner.
      Since the turbine power is proportional to steam flow under substantially
      constant throttle pressure, inlet valve positions are controlled to
      produce control over steam flow as an intermediate variable and over
      turbine speed and/or load as an end control variable or variables. The
      actuators position the steam valves in response to output position control
      signals applied through the EH converters 54. Respective valve position
      detectors PDT1-PDT4 and PDG1-PDG8 are provided to generate respective
      valve position feedback signals which are combined with respective valve
      position setpoint signals SP to provide position error signals from which
      the control amplifiers 52 generate the output control signals.
PAR  The setpoint signals SP are generated by a controller system 56 which also
      forms a part of the control system 11 and includes multiple control
      computers and a manual backup control. The position detectors are provided
      in suitable conventional form, for example they may be linear variable
      differential transformers 58 (FIG. 2) which generate negative position
      feedback signals for algebraic summing with the valve position setpoint
      signals SP.
PAR  The combination of the amplifier 52, converter 54, hydraulic actuator 40 or
      42, and the associated valve position detector 58 and other miscellaneous
      devices (not shown) form a local analog electrohydraulic valve position
      control loop 62 for each throttle or governor inlet steam valve.
PAC  Plant Master Control
PAR  After the boiler 22 and the turbine 10 are started under manual/automatic
      control, a plant unit master 71 operates as a part of the computer
      controller system 56 and coordinates lower level controls in the plant
      control hierarchy to meet plant load demand in an efficient manner. Thus,
      in the integrated plant mode, the plant unit master 71 implements plant
      load demand entered by the operator from a panel 73 or from an automatic
      dispatch system by simultaneously applying a corresponding turbine load
      demand to a digital electrohydraulic (DEH) speed and load control 64 for
      the turbine 10 and a corresponding boiler demand applied to a boiler
      demand generator 75 for distribution across the various boiler subloops as
      shown in FIG. 3A to keep the boiler 22 and the turbine 10 in step. Under
      certain contingency conditions, the plant unit master 71 rejects from
      integrated control and coordinates the plant operation in either the
      turbine follow mode or the boiler follow mode. If the plant unit master 71
      is not functioning, load is controlled through a boiler demand generator
      75 and the turbine load is controlled directly from the operator panel 73.
PAR  In some usages, "coordinated control" is equated to "integrated control"
      which is intended to mean in step or parallel control of a steam generator
      and a turbine. However, for the purposes of the present patent
      application, the term coordinated control is intended to embrace the term
      integrated control and in addition it is intended to refer to the boiler
      and turbine follow modes of operation in which control is coordinated but
      not integrated.
PAC  Once-Through Boiler Controls
PAR  Feedwater flow to the economizer 27 (FIG. 1C) is controlled by setting the
      speed of the boiler feed pumps 63 and the position of the FW or FWB
      (startup) valve. Generally, valve stems and other position regulated
      mechanisms are preferably positioned by use of a conventional electric
      motor actuator. Air flow is controlled by two speed fans and dampers 41
      and fuel flow is controlled by the valves 37, 39.
PAR  In the boiler part of the control system 11, first level control for the
      feedwater pumps 63 and the feedwater valves is provided by a feedwater
      control 77 which responds to load demand from the boiler demand generator
      75 and to process variables so as to keep the feedwater flow dynamicly in
      line with the load demand. Similarly, first level control is provided for
      the fans and the fuel valves respectively by an air control 79 and a fuel
      control 91. Fuel-air ratio is regulated by interaction between the air and
      fuel controls 79 and 91. The air and fuel controls respond to the boiler
      demand generator 75 and process variables so that water, fuel and air
      flows are all kept in step with load demand.
PAR  A first level temperature control 93 operates desuperheater and reheater
      sprays to drop outlet steam temperature as required. A second level
      temperature control 95 responds to the boiler demand and to process
      variables to modify the operation of the feedwater and fuel controls 77
      and 91 for outlet steam temperature control. Another second level control
      is a throttle pressure control 97 which modifies turbine and boiler flow
      demands to hold throttle pressure constant as plant load demand is met.
PAR  During startup, the level of the flash tank and the operation of the bypass
      valves referred to in connection with FIG. 1B are controlled by a boiler
      separator control system 99. Once the boiler is placed in load operation,
      the boiler separator control system 97 is removed from control.
PAR  Generally, individual boiler control loops and boiler subcontrol loops in
      the control system 11 can be operated automatically or manually from the
      panel 73. Where manual control is selected for a lower control level
      subloop and it negates higher level automatic control, the latter is
      automatically rejected for that particular subloop and higher control
      loops in the hierarchy.
PAC  Steam Turbine Control Loops
PAR  In FIG. 3B, there is shown the preferred arrangemente 64 of control loops
      employed in the control system 11 to provide automatic and manual turbine
      operation. To provide for power generation continuity and security, a
      manual backup control 81 is shown for implementing operator control
      actions during time periods when the automatic control is shut down. Relay
      contacts effect automatic or manual control operation as illustrated.
      Bumpless transfer is preferably provided between the manual and automatic
      operating modes, and for this purpose a manual tracker 83 is employed for
      the purpose of updating the automatic control on the status of the manual
      control 81 during manual control operation and the manual control 81 is
      updated on the status of the automatic control during automatic control
      operation as indicated by the reference character 85.
PAR  The control loop arrangement 62 is schematically represented by functional
      blocks, and varying structure can be employed to produce the block
      functions. In addition, various block functions can be omitted, modified
      or added in the control loop arrangement 62 consistently with application
      of the present invention. It is further noted that the arrangement 62
      functions within overriding restrictions imposed by elements of an overall
      turbine and plant protection system (not specifically indicated in FIG.
      3B).
PAR  During startup, an automatic speed control loop 66 in the control loop
      arrangement 62 operates the turbine inlet valves to place the turbine 10
      under wide range speed control and bring it to synchronous speed for
      automatic or operator controlled synchronization. After synchronization,
      an automatic load control loop 68 operates the turbine inlet valves to
      load the turbine 10. The speed and load control loops 66 and 68 function
      through the previously noted EH valve position control loops 62.
PAR  The turbine part of the controller 56 of FIG. 1A is included in the control
      loops 66 and 68. Speed and load demands are generated by a block 70 for
      the speed and load control loops 66 and 68 under varying operating
      conditions in the integrated or non-integrated coordinator modes or
      non-coordinator mode in response to a remote automatic load dispatch
      input, a synchronization speed requirement, a load or speed input
      generated by the turbine operator or other predetermined controlling
      inputs. In the integrated mode, the plant unit master 71 functions as the
      demand 70. A reference generator block 72 responds to the speed or load
      demand to generate a speed or load reference during turbine startup and
      loan operation preferably so that speed and loading change rates are
      limited to avoid excessive thermal stress on the turbine parts.
PAR  An automatic turbine startup control can be included as part of the demand
      and reference blocks 68 and 70 and when so included it causes the turbine
      inlet steam flow to change to meet speed and/or load change requirements
      with rotor stress control. In that manner, turbine life can be
      strategically extended.
PAR  The speed control loop 66 preferably functions as a feedback type loop, and
      the speed reference is accordingly compared to a representation of the
      turbine speed derived from the speed detector 60. A speed control 74
      responds to the resultant speed error to generate a steam flow demand from
      which a setpoint is developed for use in developing valve position demands
      for the EH valve position control loops 62 during speed control operation.
PAR  The load control loop 68 preferably includes a frequency participation
      control subloop, a megawatt control subloop and an impulse pressure
      control subloop which are all cascaded together to develop a steam flow
      demand from which a setpoint is derived for the EH valve position control
      loops 62 during load control operation. The various subloops are
      preferably designed to stabilize interactions among the major
      turbine-generator variables, i.e. impulse pressure, megawatts, speed and
      valve position. Preferably, the individual load control subloops are
      arranged so that they can be bumplessly switched into and out of operation
      in the load control loop 68.
PAR  The load reference and the speed detector output are compared by a
      frequency participation control 76, and preferably it includes a
      proportional controller which operates on the comparison result to produce
      an output which is summed with the load reference. A frequency compensated
      load reference is accordingly generated to produce a megawatt demand.
PAR  A megawatt control 78 responds to the megawatt demand and a megawatt signal
      from the detector 18 to generate an impulse pressure demand. In the
      megawatt control subloop, the megawatt error is determined from the
      megawatt feedback signal and the megawatt demand, and it is operated upon
      by a proportional plus integral controller which produces a megawatt trim
      signal for multiplication against the megawatt demand.
PAR  In turn, an impulse pressure control 80 responds to an impulse pressure
      signal from the detector 38 and the impulse pressure demand from the
      megawatt control to generate a steam flow demand from which the valve
      position demands are generated for forward application to the EH valve
      position control loops 62. Preferably, the impulse pressure control
      subloop is the feedback type with the impulse pressure error being applied
      to a proportional plus integral controller which generates the steam flow
      demand.
PAR  Generally, the application of feedforward and feedback principles in the
      control loops and the types of control transfer functions employed in the
      loops can vary from application to application. More detail on the
      described control loops is presented in the cross-referenced copending
      application Ser. No. 247,877.
PAR  Speed loop or load loop steam flow demand is applied to a position demand
      generator 82 which generates feedforward valve position demands for
      application to the EH valve position controls 52, 54 in the EH valve
      position control loops 62. Generally, the position demand generator 82
      employs an appropriate characterization to generate throttle and governor
      valve position demands as required for implementing the existing control
      mode as turbine speed and load requirements are satisfied. Thus, up to
      80percent synchronous speed, the governor valves are held wide open as the
      throttle valves are positioned to achieve speed control. After transfer,
      the throttle valves are held wide open and the governor valves are
      positioned either in single valve operation or sequential valve operation
      to achieve speed and/or load control. The position demand generator 82 can
      also include a valve management function as set forth more fully in the
      cross-referenced copending patent application Ser. No. 306,789.
PAC  Control System
PAR  The control system 11 includes multiple and preferably two programmed
      digital control computers 90-1 and 90-2 and associated input/output
      equipment as shown in the block diagram of FIG. 4 where each individual
      block generally corresponds to a particular structural unit of the control
      system 11. The computer 90-1 is designated as the primary on-line control
      computer and the computer 90-2 is a standby and preferably substantially
      redundant by programmed computer which provides fully automatic backup
      operation of the turbine 10 and the boiler 22 under all plant operating
      conditions. As needed, the computers 90-1 and 90-2 may have their roles
      reversed during plant operation, i.e. the computer 90-1 may be the standby
      computer. As shown in FIG. 5B and briefly considered subsequently herein,
      a plant monitoring computer can also provide some control functions within
      the control system 11. The fact that the boiler and turbine controls are
      integrated in a single computer provides the advantage that redundant
      computer backup control for two major pieces of apparatus is possible with
      two computers as opposed to four computers as would be the case where
      separate computers are dedicated to separate major pieces of apparatus.
      Further, it is possible in this manner to achieve some economy in
      background programming commonly used for both controls.
PAR  In relating FIGS. 3A and 3B with FIG. 4, it is noted that particular
      functional blocks of FIGS. 3A and 3B may be embraced by one or more
      structural blocks of FIG. 4. The computers 90-1 and 90-2 in this case are
      P2000 computers sold by Westinghouse Electric Corporation and designed for
      real time process control applications. The P2000 operates with a 16-bit
      word length, 2's complement, and single address in a parallel mode. A 3
      microsecond memory cycle time is employed in the P2000 computer and all
      basic control functions can be performed with a 65K core memory. Expansion
      can be made to a 65K core memory to handle various options includable in
      particular control systems by using mass memory storage devices.
PAR  Generally, input/output interface equipment is preferably duplicated for
      the two computers 90-1 and 90-2. Thus, a conventional contact closure
      input system 92-1 or 92-2 and an analog input system 94-1 or 94-2 are
      preferably coupled to each computer 90-1 or 90-2 to interface system
      analog and contact signals with the computer at its input. A dual channel
      pulse input system 96 similarly interfaces pulse type system signals with
      each computer at its input. Computer output signals are preferably
      interfaced with external controlled devices through respective suitable
      contact closure output systems 98-1 and 98-2 and a suitable analog output
      system 100.
PAR  A conventional interrupt system 102-1 or 102-2 is employed to signal each
      computer 90-1 or 90-2 when a computer input is to be executed or when a
      computer output has been executed. The computer 90-1 or 90-2 operates
      immediately to detect the identity of the interrupt and to execute or to
      schedule execution of the response required for the interrupt.
PAR  The operator panel 73 provides for operator control, monitoring, testing
      and maintenance of the turbine-generator system and the boiler 22. Panel
      signals are applied to the computer 90-1 or 90-2 through the contact
      closure input system 92-1 or 92-2 and computer display outputs are applied
      to the panel 73 through the contact closure output system 98-1 or 98-2.
      During manual turbine control, panel signals are applied to a manual
      backup control 106 which is like the manual control 65 of FIG. 3B but is
      specifically arranged for use with both digital computers 90-1 and 90-2.
PAR  An overspeed protection controller 108 provides protection for the turbine
      10 by closing the governor valves and the interceptor valves under partial
      or full load loss and overspeed conditions, and the panel 73 is tied to
      the overspeed protection controller 108 to provide an operating setpoint
      therefor. The power or megawatt detector 18, the speed detector 60 and an
      exhaust pressure detector 110 associated with the IP turbine section
      generate signals which are applied to the controller 108 in providing
      overspeed protection. More detail on a suitable overspeed protection
      scheme is set forth in U.S. Pat. No. 3,643,437, issued to M. Birnbaum et
      al.
PAR  Generally, process sensors are not duplicated and instead the sensor
      outputs are applied to the input interface equipment of the computer in
      control. Input signals are applied to the computers 90-1 and 90-2 from
      various relay contacts 114 in the turbine-generator system and the boiler
      22 through the contact closure input systems 92. In addition, signals from
      the electric power, steam pressure and speed detectors 18, 36, 38 and 60
      and steam valve position detectors 50 and other miscellaneous
      turbine-generator detectors 118 are interfaced with the computer 90-1 or
      90-2. The detectors 118 for example can include impulse chamber and other
      temperature detectors, vibration sensors, differential expansion sensors,
      lubricant and coolant pressure sensors, and current and voltage sensors.
      Boiler process detectors include waterwall outlet desuperheater, final
      superheater, reheater inlet and outlet and other temperature detectors
      115, waterwall and reheat and BFP discharge and other pressure detectors
      117, boiler inlet and other flow detectors 119, flash tank level detector
      121 and other miscellaneous boiler sensors 123.
PAR  Generally, the turbine and boiler control loops described in connection
      with FIGS. 3A and 3B are embodied in FIG. 4 by incorporation of the
      computer 90-1 or 90-2 as a control element in those loops. The manual
      backup control 106 and its control loop are interfaced with and are
      external to the computers 90-1 and 90-2.
PAR  Certain other control loops function principally as part of a turbine
      protection system externally of the computer 90-1 or 90-2 or both
      externally and internally of the computer 90-1 or 90-2. Thus, the
      overspeed protection controller 108 functions in a loop external to the
      computer 90-1 or 90-2 and a plant runback control 120 functions in a
      control loop through the computer 90-1 or 90-2 as well as a control loop
      external to the computer 90-1 or 90-2 through the manual control 106. A
      throttle pressure control 122 functions through the manual control 106 in
      a control loop outside the computer 90-1 or 90-2, and throttle pressure is
      also applied to the computer 90-1 or 90-2 for monitoring and control
      purposes as described in connection with FIG. 3A. A turbine trip system
      124 causes the manual control and computer control outputs to reflect a
      trip action initiated by independent mechanical or other trips in the
      overall turbine protection system.
PAR  Contact closure outputs from the computer 90-1 or 90-2 operate various
      turbine and boiler system contacts 126, various displays, lights and other
      devices associated with the operator panel 73. Further, in a plant
      synchronizing system, a breaker 130 is operated by the computer 90-1 or
      90-2 through computer output contacts. If desired, synchronization can be
      performed automatically during startup with the use of an external
      synchronizer it can be accurately performed manually with the use of the
      accurate digital speed control loop which operates through the computer
      90-1 or 90-2, or it can be performed by use of an analog/digital hybrid
      synchronization system which employs a digital computer in the manner set
      forth in a copending application Ser. No. 276,508, entitled "System And
      Method Employing A Digital Computer For Automatically Synchronizing A Gas
      Turbine Or Other Electric Power Plant Generator With A Power System" filed
      by J. Reuther on July 31, 1972 as a continuation of an earlier filed
      patent application and assigned to the present assignee. In the present
      case, synchronization is preferably performed under operator control.
PAR  The analog output system 100 accepts outputs from one of the two computers
      and employs a conventional resistor network to produce output valve
      position signals for the turbine throttle and governor valve controls
      during automatic control. Further, the automatic valve position signals
      are applied to the manual control 106 for bumpless automatic/manual
      transfer purposes. In manual turbine operation, the manual control 106
      generates the position signals for application to the throttle and
      governor valve controls and for application to the computer 90 for
      computer tracking needed for bumpless manual/automatic transfer. The
      analog output system 100 further applies output signals to various boiler
      control devices 125 in boiler automatic operation. These devices include
      all those previously described devices which are used for controlling
      boiler fuel, air and water flows and for other purposes. A set of boiler
      manual controls 127 operates off the operator panel 73 to provide manual
      boiler operations for those loops where automatic boiler operation has
      been rejected by the operator or by the control system.
PAR  An automatic dispatch computer or other controller 136 is coupled to the
      computers 90-1 and 90-2 through the pulse input system 96 for system load
      scheduling and dispatch operations. A data link 134 in this case provides
      a tie between the digital computers 90-1 and 90-2 for coordination of the
      two computers to achieve safe and reliable plant operation under varying
      contingency conditions.
PAC  Program System For Control Computers
PAR  A computer program system 140 is preferably organized as shown in FIG. 5A
      to operate the control system 11 as a sampled data system in providing
      turbine and control variable monitoring and continuous turbine, boiler and
      plant control with stability, accuracy and substantially optimum response.
      Substantially like programming corresponding to the program system is
      loaded in both computers 90-1 and 90-2. However, some minor programming
      differences do exist. The program system 140 will be described herein only
      to the extent necessary to develop an understanding of the manner in which
      the present invention is applied. As shown in FIG. 5B, it is also noted
      that the plant 12 is provided with a plant monitoring computer 15 which
      principally functions as a plant data logger and a plant performance
      calculator. In addition, certain plant sequencing control functions may be
      performed in the computer 15. For example, the computer 15 may sequence
      the particular burners and the particular burner levels which are to be
      used to execute fuel flow demand from the control computer 90-1 or 90-2.
      However, the sequencing functions of the computer 15 generally are not
      essential to an understanding of the present invention and they are
      therefore not considered in detail herein.
PAR  An executive or monitor program 142, an auxiliary synchronizer 168
      including a PROGEN synchronizer section 168A and a DEH synchronizer
      section 168B, and a sublevel processor 143 provide scheduling control over
      the running of boiler control chains and various programs in the computer
      90-1 or 90-2 as well as control over the flow of computer inputs and
      outputs through the previously described input/output systems. Generally,
      the executive priority system has 16 task levels and most of the DEH
      programs are assigned to 8 task levels outside the PROGEN sublevel
      processor 143. The lowest task level is made available for the
      programmer's console and the remaining 7 task levels are assigned to
      PROGEN. Thus, boiler control chains and some DEH and other programs are
      assigned as sublevel tasks on the various PROGEN task levels in the
      sublevel processor 143. Generally, bids are processed to run the bidding
      task level with the highest priority. Interrupts may bid programs, and all
      interrupts are processed with a priority higher than any task or subtask
      level.
PAR  Generally, the program system 140 is a combination of turbine control
      programs and boiler control chains 145 along with the support programming
      needed to execute the control programs and the chains 145 with an
      interface to the power plant in real time. The boiler control chains 145
      are prepared with the use of an automatic process programming and
      structuring system known as PROGEN and disclosed in the referenced patent
      application Ser. No. 250,826. The PROGEN executed DEH or turbine programs
      and the boiler control chains 145 are interfaced with the support programs
      such as the sublevel processor 143, the auxiliary synchronizer 168, a
      control chain processor 145A and the executive monitor 142 generally in
      the manner described in Ser. No. 250,826. A PROGEN data center 145B
      provides PROGEN initialization and other data. The turbine control
      programs are like those disclosed in the referenced patent applications
      Ser. No. 247,877 and Ser. No. 306,752, and those turbine or DEH programs
      which bypass the sublevel processor 143 are interfaced with the auxiliary
      synchronizer 168 as described in the same application.
PAR  Once the boiler control chains 145 are written, they are processed off-line
      by a control chain generator (not indicated in FIG. 5B) and the output
      from the latter is entered into the computer with use of a file loader
      program (not indicated). Chains then are automatically stored in the
      computer and linked to the process through the I/O equipment and to other
      programmed chains and program elements as required to execute the desired
      real time chain performance. Logic related to the selection of a chain for
      execution or the process triggering of a selected chain generally is
      entered into the computer 90-1 or 90-2 as a separate chain. Thus, if a
      particular boiler control mode requires the execution of a certain chain,
      the chain is automatically executed when that mode is selected.
PAR  A data link program 144 is bid periodically or on demand to provide for
      intercomputer data flow which updates the status of the standby computer
      relative to the controlling computer in connection with computer
      switchover in the event of a contingency or operator selection. A
      programmer's console program 146 is bid on demand by interrupt and it
      enables program system changes to be made.
PAR  When a turbine system contact changes state, an interrupt causes a sequence
      of events interrupt program 148 to place a bid for a scan of all turbine
      system contacts by a program 150. A periodic bid can also be placed for
      running the turbine contact closure input program 150 through a block 151.
      Boiler contacts are similarly scanned by a PROGEN digital scan 149 in
      response to a boiler contact change detected with a Manual/Auto Station
      sequence of events interrupt 148A or a boiler plant CCI sequence of events
      interrupt 148B. A power fail initialize 152 also can bid the turbine
      contact closure input program 150 to run as part of the computer
      initialization procedure during computer starting or restarting. The
      program 152 also initializes turbine contact outputs through the executive
      142. In some instances, changes in turbine contact inputs will cause a bid
      153 to be placed for a turbine logic task program 154 to be executed so as
      to achieve programmed responses to certain turbine contact input changes.
      Periodic scanning of boiler contacts by the block 149 is initiated through
      the sublevel processor 143.
PAR  When an operator panel signal is generated, external circuitry decodes the
      panel input and an interrupt is generated to cause a panel interrupt
      program 156 to place a bid for the execution of a panel program 158 which
      includes turbine and boiler portions 158A and 158B and which provides a
      response to the panel request. The turbine panel program 158A can itself
      carry out the necessary response or it can place a bid 160 for the turbine
      logic task program 154 to perform the response or it can bid a turbine
      visual display program 162 to carry out the response. In turn, the turbine
      visual display program 162 operates contact closure outputs to produce the
      responsive panel display. Similarly, the boiler panel program 158B may
      itself provide a response or it may place a bid for a task to be
      performed, such as the execution of a boiler visual display task 158C
      which operates CCO's.
PAR  Generally, the turbine visual display program 162 causes numerical data to
      be displayed in panel windows in accordance with operator requests. When
      the operator requests a new display quantity, the visual display program
      162 is initially bid by the panel program 158. Apart from a new display
      request, the turbine visual display program 162 is bid periodically to
      display the existing list of quantities requested for display. The boiler
      display task 158C similarly is organized to provide a boiler data display
      for the plant operator through output devices.
PAR  The turbine pushbuttons and keys on the operator panel 104 are classifiable
      in one of several functional groups. Some turbine pushbuttons are
      classified as control system switching since they provide for switching in
      or out certain control functions. Another group of turbine pushbuttons
      provide for operating mode selection. A third group of pushbuttons provide
      for automatic turbine startup and a fourth group provide for manual tubine
      operation. Another group of turbine pushbuttons are related to valve
      status/testing/limiting, while a sixth group provide for visual display
      and change of DEH system parameters.
PAR  Boiler and plant panel pushbuttons include a large number which serve as
      manual/automatic selectors for various controlled boiler drives, valves
      and other devices. Other boiler and plant pushbottons relate to functions
      including operating mode selection and visual display. Certain pushbuttons
      relate to keyboard activity, i.e. of the entry of numerical data into the
      computer 90-1 or 90-2.
PAR  A breaker open interrupt program 164 causes the computer 90-1 or 90-2 to
      generate a close governor valve bias signal when load is dropped.
      Similarly, when the trip system 124 trips the turbine 10 or when the
      boiler 22 is tripped, a trip interrupt program 166 causes close throttle
      and governor valve bias signals to be generated by the computer 90-1 or
      90-2. On a boiler trip, a program 167 configures the control computers for
      a plant shutdown. Boiler trips can be produced for example by the monitor
      computer 15 on the basis of calculated low pressure or improper flow or
      other parameters or on the basis of hardware detected contingencies such
      as throttle overpressure or waterwall overpressure or on the basis of
      improper water conductivity detected in the controlling computer. After
      the governor valves have been closed in response to a breaker open
      interrupt, the turbine system reverts to speed control and the governor
      valves are positioned to maintain synchronous speed.
PAR  Boiler calibration is provided as an operator console function as indicated
      by block 167A. A computer switchover is triggered by block 167B in
      response to a hardware interrupt condition or in response to a software
      malfunction 167C.
PAR  Periodic programs are scheduled by the auxiliary synchronizer program 168.
      An external clock (not shown) functions as the system timing source. A
      task 170 which provides turbine analog scan is directly bid every half
      second to select turbine analog inputs for updating through an executive
      analog input handler. A boiler analog scan 171 is similarly run through
      the sublevel processor 143 to update boiler analog inputs in PROGEN files
      173 under the control of a PROGEN data file processor 175. After scanning,
      the analog scan program 170 or 171 converts the inputs to engineering
      units, performs limit checks and makes certain logical decisions. The
      turbine logic task 154 may be bid by block 172 as a result of a turbine
      analog scan program run. Similarly, a boiler control chain may be bid as a
      result of the updating of a boiler analog data file.
PAR  The task 170 also provides a turbine flash panel light function to flash
      predetermined turbine panel lights through the executive contact closure
      output handler under certain conditions. In the present embodiment, a
      total of nine turbine conditions are continually monitored for flashing.
PAR  The turbine logic program 154 is run periodically to perform various
      turbine logic tasks if it has been bid. A PROGEN message writer program
      176 is run off the sublevel processor every 5 seconds to provide a
      printout of significant automatic turbine startup events and other
      preselected messages.
PAR  A boiler logic program 250 is run each time a run logic flag has been set.
      If the resultant bid is for a boiler logic function, the turbine logic is
      bypassed and only the boiler logic is run. On the other hand, a turbine
      logic function bid does result in the execution of the boiler logic.
PAR  The turbine software control functions are principally embodied in an
      automatic turbine startup (ATS) control and monitoring program 178
      periodically run off the sublevel processor 143 and a turbine control
      program 180 periodically run off the DEH auxiliary synchronizer 168B, with
      certain supportive program functions being performed by the turbine logic
      task 154 or certain subroutines. To provide rotor stress control on
      turbine acceleration or turbine loading rate in the startup speed control
      loop 66 or the load control loop 68, rotor stress is calculated by the ATS
      program 178 on the basis of detected turbine impulse chamber temperature
      and other parameters.
PAR  The ATS program 178 also supervises turning gear operation, eccentricity,
      vibration, turbine metal and bearing temperatures, exciter and generator
      parameters, gland seal and turbine exhaust conditions, condenser vacuum,
      drain valve operation, anticipated steam chest wall temperature, outer
      cylinder flange-base differential, and end differential expansion.
      Appropriate control actions are initiated under programmed conditions
      detected by the functioning of the monitor system.
PAR  Among other functions, the ATS program 178 also sequences the turbine
      through the various stages of startup operation from turning gear to
      synchronization. More detail on a program like the ATS program 178 is
      disclosed in another copending application Ser. No. 247,598 entitled
      "System And Method For Operating A Steam Turbine With Digital Computer
      Control Having Automatic Startup Sequential Programming", filed by J.
      Tanco on Apr. 26, 1972 and assigned to the present assignee.
PAR  In the turbine control program 180, program functions generally are
      directed to (1) computing throttle and governor valve positions to satisfy
      speed and/or load demand during operator or remote automatic operation and
      (2) tracking turbine valve position during manual operation. Generally,
      the control program 180 is organized as a series of relatively short
      subprograms which are sequentially executed.
PAR  In performing turbine control, speed data selection from multiple
      independent sources is utilized for operating reliability, and operator
      entered program limits are placed on high and low load, valve position and
      throttle pressure. Generally, the turbine control program 180 executes
      operator or automatically initiated transfers bumplessly between manual
      and automatic modes and bumplessly between one automatic mode and another
      automatic mode. In the execution of control and monitor functions, the
      control program 180 and the ATS program 178 are supplied as required with
      appropriate representations of data derived from input detectors and
      system contacts described in connection with FIG. 4. Generally,
      predetermined turbine valve tests can be performed on-line compatibly with
      control of the turbine operation through the control programming.
PAR  The turbine control program 180 logically determines turbine operating mode
      by a select operating mode function which operates in response to logic
      states detected by the logic program 154 from panel and contact closure
      inputs. For each mode, appropriate values for demand and rate of change of
      demand are defined for use in control program execution of speed and/or
      load control.
PAR  The following turbine speed control modes are available when the breaker is
      open in the hierarchical order listed: (1) Automatic Synchronizer in which
      pulse type contact inputs provide incremental adjustment of the turbine
      speed reference and demand; (2) Automatic Turbine Startup which
      automatically generates the turbine speed demand and rate; (3) Operator
      Automatic in which the operator generates the speed demand and rate; (4)
      Maintenance Test in which the operator enters speed demand and rate while
      the control system is being operated as a simulator/trainer; (5) Manual
      Tracking in which the speed demand and rate are internally computed to
      track the manual control preparatory to bumpless transfer from manual to
      automatic operation.
PAR  The following turbine load control modes are available when the breaker is
      closed in the hierarchical order listed: (1) Throttle Pressure Limiting in
      which the turbine load reference is run back at a predetermined rate to a
      preset minimum as long as the limiting condition exists; (2) Runback in
      which the load reference is run back at a predetermined rate as long as
      predefined contingency conditions exist; (3) Automatic Dispatch System in
      which pulse type contact inputs provide for adjusting the turbine load
      reference and demand; (4) Automatic Turbine Loading (if included in
      system) in which the turbine load demand and rate are automatically
      generated; (5) Operator Automatic in which the operator generates load
      demand and rate; (6) Maintenance Test in which the operator enters load
      demand and rate while the control system is being operated a
      simulator/trainer; (7) Manual Tracking in which the load demand and rate
      are internally computed to track the manual control preparatory to
      bumpless transfer to automatic control.
PAR  In executing turbine control within the control loops described in
      connection with FIG. 3B, the control program 180 includes a speed/load
      reference function. Once the turbine operating mode is defined, the
      speed/load reference function generates the reference which is used by the
      applicable control functions in generating valve position demand.
PAR  The turbine speed or load reference is generated at a controlled or
      selected rate to meet the defined demand. Generation of the reference at a
      controlled rate until it reaches the demand is especially significant in
      the automatic modes of operation. In modes such as the Automatic
      Synchronizer or Automatic Dispatch System, the reference is advanced in
      pulses which are carried out in single steps and the speed/load reference
      function is essentially inactive in these modes. Generally, the speed/load
      reference function is responsive to GO and HOLD logic and in the GO
      condition the reference is run up or down at the program defined rate
      until it equals the demand or until a limit condition or synchronizer or
      dispatch requirement is met.
PAR  A turbine speed control function provides for operating the throttle and
      governor valves to drive the turbine 10 to the speed corresponding to the
      reference with substantially optimum dynamic and steady-state response.
      The speed error is applied to either a software proportional-plus-reset
      throttle valve controller or a software proportional-plus-reset governor
      valve controller.
PAR  Similarly, a turbine load control function provides for positioning the
      governor valves so as to satisfy the existing load reference with
      substantially optimum dynamic and steady-state response. The load
      reference value computed by the operating mode selection function is
      compensated for frequency participation by a proportional feedback trim
      factor and for megawatt error by a second feedback trim factor. A software
      proportional-plus-reset controller is employed in the megawatt feedback
      trim loop to reduce megawatt error to zero.
PAR  If the speed and megawatt loops are in service, the frequency and megawatt
      corrected load reference operates as a setpoint for the impulse pressure
      control or as a flow demand for a valve management subroutine 182 (FIG.
      5A) according to whether the impulse pressure control is in or out of
      service. In the impulse pressure control, a software
      proportional-plus-reset controller is employed to drive the impulse
      pressure error to zero. The output of the impulse pressure controller or
      the output of the speed and megawatt corrected load reference functions as
      a governor valve setpoint which is converted into a percent flow demand
      prior to application to the valve mangagement subroutine 182.
PAR  The turbine control program 180 further includes a throttle valve control
      function and a governor valve control function. During automatic control,
      the outputs from the throttle valve control function are position demands
      for the throttle valves, and during manual control the throttle valve
      control outputs are tracked to the like outputs from the manual control
      106. Generally, the position demands hold the throttle valves closed
      during a turbine trip, provide for throttle valve position control during
      startup and during transfer to governor valve control, and drive and hold
      the throttle valves wide open during and after the completion of the
      throttle/governor valve transfer.
PAR  The governor valve control function generally operates in a manner similar
      to that described for the throttle valve control function during automatic
      and manual operations of the control system 11. If the valve management
      subroutine 182 is employed, the governor valve control function outputs
      data applied to it by the valve management subroutine 182.
PAR  If the valve management subroutine 182 is not employed, the governor valve
      control function employs a nonlinear characterization function to
      compensate for the nonlinear flow versus lift characteristics of the
      governor valves. The output from the nonlinear characterization function
      represents governor valve position demand which is based on the input flow
      demand. A valve position limit entered by the operator may place a
      restriction on the governor valve position demand prior to output from the
      computer 90.
PAR  Generally, the governor valve control function provides for holding the
      governor valves closed during a turbine trip, holding the governor valves
      wide open during startup and under throttle valve control, driving the
      governor valves closed during transfer from throttle to governor valve
      operation during startup, reopening the governor valves under position
      control after brief closure during throttle/governor valve transfer and
      thereafter during subsequent startup and load control.
PAR  A preset subroutine 184 evaluates an algorithm for a
      proportional-plus-reset controller as required during execution of the
      turbine control program 180. In addition, a track subroutine 186 is
      employed when the control system 11 is in the manual mode of operation. In
      the operation of the multiple computer system, the track subroutine is
      operated open loop in the computer on standby so as to provide for turbine
      tracking in the noncontrolling computer.
PAR  Certain logic operations are performed by the turbine logic program 154 in
      response to a control program bid by block 188. The logic program 154
      includes a series of control and other logic duties which are related to
      various parts of the turbine portion of the program system 140 and it is
      executed when a bid occurs on demand from the auxiliary synchronizer
      program 168 in response to a bid from other programs in the system. In the
      present system, the turbine logic is organized to function with the plant
      unit master, i.e. the megawatt and impulse pressure controls are
      preferably forced out of service on coordinated control so that the load
      control function can be freely coordinated at the plant level.
PAR  Generally, the purpose of the turbine logic program 154 is to define the
      operational status of the turbine portion of the control system 11 from
      information obtained from the turbine system, the operator and other
      programs in the program system 140. Logic duties included in the program
      154 include the following: flip-flop function; maintenance task; speed
      channel failure monitor lamps; automatic computer to manual transfer
      logic; operator automatic logic; GO and HOLD logic; governor control and
      throttle control logic; turbine latch and breaker logic; megawatt
      feedback, impulse pressure, and speed feedback logic; and automatic
      synchronizer and dispatch logic.
PAR  During automatic computer control, the turbine valve management subroutine
      182 develops the governor valve position demands needed to satisfy turbine
      steam flow demand and ultimately the speed/load reference and to do so in
      either the sequential or the single valve mode of governor valve operation
      or during transfer between these modes. Mode transfer is effected
      bumplessly with no load change other than any which might be demanded
      during transfer. Since changes in throttle pressure cause actual steam
      flow changes at any given turbine inlet valve position, the governor valve
      position demands may be corrected as a function of throttle pressure
      variation. In the manual mode, the track subroutine 186 employs the valve
      management subroutine 182 to provide governor valve position demand
      calculations for bumpless manual/automatic transfer.
PAR  Governor valve position is calculated from a linearizing characterization
      in the form of a curve of valve position (or lift) versus steam flow. A
      curve valid for low-load operation is stored for use by the valve
      management program 182 and the curve employed for control calculations is
      obtained by correcting the stored curve for changes in load or flow demand
      and preferably for changes in actual throttle pressure. Another stored
      curve or flow coefficient versus steam flow demand is used to determine
      the applicable flow coefficient to be used in correcting the stored
      low-load position demand curve for load or flow changes. Preferably, the
      valve position demand curve is also corrected for the number of nozzles
      downstream from each governor valve.
PAR  In the single valve mode, the calculated total governor valve position
      demand is divided by the total number of governor valves to generate the
      position demand per valve which is output as a single valve analog voltage
      (FIG. 4) applied commonly to all governor valves. In the sequential mode,
      the governor valve sequence is used in determining from the corrected
      position demand curve which governor valve or group of governor valves is
      fully open and which governor valve or group of governor valves is to be
      placed under position control to meet load references changes. Position
      demands are determined for the individual governor valves, and individual
      sequential valve analog voltages (FIG. 4) are generated to correspond to
      the calculated valve position demands. The single valve voltage is held at
      zero during sequential valve operation and the sequential valve voltage is
      held at zero during single valve operation.
PAR  To transfer from single to sequential valve operation, the net position
      demand signal applied to each governor valve EH control is held constant
      as the single valve analog voltage is stepped to zero and the sequential
      valve analog voltage is stepped to the single valve voltage value.
      Sequential valve position demands are then computed and the steam flow
      changes required to reach target steam flows through individual governor
      valves are determined. Steam flow changes are then implemented
      iteratively, with the number of iterations determined by dividing the
      maximum flow change for any one governor valve by a predetermined maximum
      flow change per iteration. Total steam flow remains substantially constant
      during transfer since the sum of incremental steam flow changes is zero
      for any one iteration.
PAR  To transfer from sequential to single valve operation, the single valve
      position demand is determined from steam flow demand. Flow changes
      required to satisfy the target steam flow are determined for each governor
      valve, and an iteration procedure like that described for
      single-to-sequential transfer is employed in incrementing the valve
      positions to achieve the single valve target position substantially
      without disturbing total steam flow. If steam flow demand changes during
      any transfer, the transfer is suspended as the steam flow change is
      satisfied equally by all valves movable in the direction required to meet
      the change.
PAC  Adaptive or Integrating Controllers
PAR  In FIG. 10, there is shown an integrating controller particularly adapted
      for use in the control system for an electric power plant. Many boiler
      control systems have used methods including controllers to linearize its
      control for improved widerange response. For example, in an electric power
      plant including a once-through boiler, a measurement of waterwell outlet
      pressure was taken and used in a control loop to correct and stabilize the
      feedwater control. The controller so incorporated was characterized by its
      fixed time constant whereby correction could not be varied as load changed
      without adding hardware to the system. FIG. 10 shows an integrating
      controller capable of being implemented by digital techniques whereby
      there is an ability to vary both the gain and time constants smoothly and
      bumplessly, whereby the overall control system can be improved. In
      particular, an input signal taking the form of an error or difference
      signal between a reference value and a measured value, is applied to a
      proportional circuit 1304 whose proportional term "K" is variable
      according to an input derived from a first function generator 1300.
      Further, the input error signal is applied to an integral circuit 1306,
      whose time constant "T"  is varied in response to an input derived from a
      second function generator 1302. The output of the proportional circuit
      1304 and the integral circuit 1306 are applied to first and second inputs
      of a summation block 1308. The output of the summation block, in turn, is
      applied through a high-low limiter 1310 to provide the integrating
      controller output y(t). As shown in FIG. 10, the output of the function
      generators 1300 and 1302 vary in response to an indexed quantity applied
      thereto. In the context of operating within the control system for an
      electric power plant, the index takes the form of the plant load reference
      as derived from the plant unit master shown in FIGS. 6 to 9 and more fully
      described in the above-identified application entitled "Plant Unit Master
      Control For Fossil Fired Boiler Implemented With A Digital Computer" and
      specifically incorporated herein by reference. This application describes
      in detail the operation of the plant unit master in its varying modes; as
      will be explained, the integrating controllers and the ramp generator may
      be incorporated into the plant unit master, the boiler control and the
      turbine control as described in the noted, incorporated application.
PAR  In the context of a power plant control system, the function generators
      1300 and 1302 may be calibrated according to a curve, for example the
      curve shown in FIG. 15C. Thus, as the value of the plant load reference in
      megawatts varies, the output from the function generators 1300 and 1302
      imparts corresponding changes to the proportional term K and to the time
      constant T whereby the outputs of the proportional circuit 1304 and the
      integrator 1306 vary in a corresponding manner. To gain an appreciation of
      the effect of varying the proportional term K and the time constant T,
      illustrative examples of inputs to these circuits and the resulting
      outputs will be given. If a fixed error is applied to the proportional
      circuit 1304 and the index varies linearly, the output of the proportional
      circuit 1304 will be a corresponding ramp signal. Under similar conditions
      wherein a fixed error signal is applied to the integral circuit 1306 and
      an increasing ramp is applied to the integral circuit 1306, its output is
      exponentially increasing but at a decreasing rate.
PAR  Alternatively, the integrating controller shown in FIG. 10 may be used in a
      control loop to control fuel input to the boiler as a function of
      temperature. In such case, the control process could be calibrated in
      terms of the index, e.g. megawatts, for a wide range of temperatures. Such
      a calibrated curve could be incorporated readily into the function
      generators 1300 and 1302 by computer techniques. Thus, in operation, as
      the plant load reference index varies, the desired correction in terms of
      a varying term K and time constant T are imposed upon the integrating
      controller of FIG. 10, whereby the output provides a corrective signal for
      the control of fuel input (gas) in an exceptionally accurate manner.
PAR  As indicated above, the circuit of FIG. 10 may be readily implemented in
      computer techniques. For example, the operation of the proportional
      circuit 1304 and the integrating circuit 1306 may be implemented using a
      rectangular approximation as follows:
      ##EQU1##
      Alternatively, the output Y(t) could be achieved by the following
      trapezoidal approximation:
      ##EQU2##
      In both of the above expressions, .DELTA.t is the sampled interval, T is
      the time constant in seconds, and K is the per-unit proportional gain. In
      FIG. 10, T and K are calculated using the calibrated curves which may be
      non-linear as set in the function generators 1300 and 1302. If the index
      is taken as the plant load reference, T = F(LOAD) and K = F(LOAD). This
      technique utilizes computer hardward with software techniques to improve
      the basic control of the electric power plant. Though described for
      operation in an electric plant, it is understood that such a circuit would
      have further application. The control system shown in FIG. 10 may be
      calibrated or tuned without transferring to Manual or requiring plant
      shutdown; the operator is able to calibrate the curves for the function
      generators 1300 and 1302 while the plant is operating. Thus, there is
      shown a control method for adjusting independently both the gain and time
      constants, which may be implemented with software techniques. The
      suggested calibration techniques introduce no unwanted, nonlinearities or
      discontinuities into the control process and variation of the time
      constants may be effected with a bumpless transfer.
PAR  A similar integrating controller is shown in FIG. 11, wherein the input
      difference or error signal x(t) is applied through a multiplier 1320 to a
      proportional circuit 1328 and to an integrating circuit 1330. The output
      of the proportional circuit 1328 and the output of the integrating circuit
      1330 are applied, respectively, to first and second inputs of a summing
      circuit 1332. The output of the summing circuit 1332 is applied through a
      high-low limiter 1334 to provide the output Y(t). The constants T and K of
      the integrating controller as shown in FIG. 11 are varied as a function of
      an index, for example megawatts, in accordance with the variable
      multiplying factor applied to the multiplier 1320 from a decision block
      1324. The decision made by block 1324 is determined with respect to an
      index, for example, if the load reference exceeds a predetermined quantity
      in megawatts, a YES decision is made applying the factor derived from
      block 1332; if NO, the unity factor as supplied from block 1326 is applied
      to the multiplier 1320. In the example of FIG. 11, if the load reference
      is below the predetermined level, the input error is multiplied by unity
      to derive in a normal fashion an integrated output Y(t). However, if the
      limit is exceeded, the factor C.sub.1 is applied to multiply the input
      error. Illustratively, C.sub.1 may assume the value of a fraction or be
      greater than unity to thereby multiply the input error. It is further
      understood that a series of like decision blocks may be coupled to the
      multiplier 1320 whereby differing multiples may be applied to the input
      error. Thus, the integrating controller of FIG. 11 has the ability to
      adjust effectively its gain or time constant independently.
PAR  Referring now to FIG. 12, there is shown a further embodiment of this
      invention, in which the input error or difference signal x(t) is applied
      through a multiplier 1350 to an integrating circuit 1356 and through a
      multiplier 1358 to a proportional circuit 1366. The outputs of the
      proportional circuit 1366 and the integral circuit are applied to first
      and second inputs, respectively, of a summation circuit 1368. In turn, the
      output of the summation circuit 1368 is applied through a high-low limiter
      1370 to provide the circuit output y(t). In a manner similar to that
      described above, the gain and time constants may be changed independently
      through the use of the multipliers 1358 and 1350. In particular, a
      decision is made by block 1362 whether a particular index is exceeded,
      e.g. the plant load reference exceeds a predetermined value in megawatts.
      If YES. a first factor C.sub.1 as derived from block 1360 is applied to
      the multiplier 1358 to multiply thereby the input to the proportional
      block 1366; if NO, a unity factor 1364 is applied so that in effect, the
      input error signal x(t ) is applied directly to the proportional circuit
      1366. In a similar manner, a second decision block 1354 effects a decision
      with respect to whether an index, e.g. plant load reference, is above a
      predetermined level. If YES, the decision block 1354 applies a second,
      different factor C.sub.2 as derived from block 1352 to multiply in the
      multiplier 1350 the input error signal x(t) before it is applied to the
      integrating circuit 1356. If NO, a unity factor as derived from block 1354
      is applied to the multiplier 1350 whereby the input error signal is
      applied, in effect, directly to the integrating circuit 1356. In this
      manner, the input error signal may be processed with gain and time
      constants that vary independently.
PAR  The adaptive controllers shown and described with respect to FIGS. 10, 11
      and 12 are adapted to be used in an electric plant control system and
      particularly in its boiler control, as will now be explained. In
      particular, the ramp generator and the integrating controllers are useful,
      for example, in the following process control systems: (1) in steam
      temperature control, where temperature error interacts to change the
      firing rate, where both gain and time constants need to be changed as a
      function of load; and (2) feedwater control can be stabilized by changing
      the proportional gain of water well outlet pressure as a function of load.
      As will be explained, the integrating controllers of FIGS. 10, 11 and 12
      are adapted to change their gain and time constants as a function of load,
      whereby they are particularly adapted to be used in the above-described
      boiler control systems. There now will be described with respect to FIGS.
      14A and 14B, and 15A, 15B and 15C, the feedwater, temperature error, gas
      recirculation, reheat and superheat portions of the boiler control. Though
      only a general discussion is provided herein, the specific details of the
      operation of the entire boiler control including the portions shown in
      FIGS. 14A and 14B, and 15A, 15B and 15C, is found in the Appendix of the
      co-pending application entitled "Plant Unit Master Control For Fossil
      Fired Boiler Implemented With A Digital Computer", incorporated herein
      specifically be reference.
PAR  In FIG. 13A, there is shown a portion of the boiler control circuit for
      controlling feedwater by operating the boiler feedwater pumps 1 and 2 in
      accordance with the plant load demand. A detailed description of the plant
      unit master for providing the plant load demand or reference is explained
      in detail in the abovenoted application, incorporated herein by reference.
      In particular, a pair of ramp generators 1114 and 1120, each implemented
      according to the circuit of FIG. 15B, are used to detect the variation of
      the load demand reference applied to the boiler feed pumps. The plant load
      demand is directed along path 1100 to be separated and applied to a
      difference block 1102 and to a summing block 1118, whereby a biasing
      signal may be applied to the reference demand through a pushbutton on the
      operator's panel. The difference signal derived from the block 1102 is
      compared in a difference block 1106 with a measured indication of pump
      seed as entered through blocks 1110 and 1108. In turn, the output of the
      difference block 1106 is applied to a DEMAC 112, which applies a pulse
      modulated signal to the boiler feed pump (2), whereby its position is set
      in accordance with the biased demand reference. The ramp generator 1114 is
      connected to the input of the DEMAC 1112 to provide a ramping signal, as
      explained above with respect to FIG. 15B, as the reference varies to
      provide an output through a high-low limiter 1116 to be used in logical
      circuits for detecting a limit condition of the boiler feedwater pump. The
      limit conditions of the first feedwater pump are detected by the ramp
      generator 1120, the output of which is applied through the high-low
      limiter 1122 to provide a flag indicative that the pump's limits have been
      exceeded.
PAR  In FIG. 13B, there is shown a temperature error portion of the boiler
      control in which there is incorporated a PI controller 1132 in accordance
      with that previously shown and described with respect to FIG. 10, and
      further, a P-PI controller 1138 in accordance with that shown and
      described with respect to FIG. 15A. The circuit of FIG. 13B responds to
      the plant load demand as applied through a difference block 1130 to the PI
      controller 1132 to be modified in accordance with an index, e.g. the plant
      load reference, and then summed in block 1134 with a difference signal
      indicative of the difference between the maximum temperature as set by
      block 1144 (e.g. in the order of 1000.degree.F) and that temperature
      measured at the furnace exit by temperature sensing device 1140. The
      difference signal derived from block 1142 is applied to the P-PI
      controller 1138 to provide an offset against which the minimum gas valve
      is to be operated. In particular, the output of the controller 1138 is
      applied through a proportional block 1136 to be summed with the output of
      the PI controller 1132 in the block 1134; the output of the summation
      block 1134 is applied to a DEMAC 1146 whose pulse modulated output
      controls the setting of the minimum gas valve to reduce the introduction
      of fuel to prevent overheating at the furnace exit. In a manner similar to
      that described with respect to FIG. 10, the offset output of the PI
      controller 1132 is processed in accordance with a variable gain and time
      constant entered through function generators in accordance with the plant
      load reference.
PAR  In FIG. 14A, there is shown a circuit for controlling the recirculation of
      gas within the boiler burner by selectively energizing the recirculation
      fans 1 and 2 through their DEMACs 1176 and 1170. Generally, the load
      demand is applied through a difference block 1160, a low limiter 1162, a
      high-low limiter 1164, a summation block 1166 and a difference block 1168
      to the DEMAC 1170 to control the operation of the recirculation fan (2),
      and along a similar path including the summation block 1172 and a low
      limiter 1174 to the DEMAC 1176 to control the operation of the
      recirculation fan (1). The ramp generator shown in FIG. 15B, is
      incorporated as the ramp generator 1180, whereby a gas recirculation fan
      bias as entered by pushbutton 1178 on the operator's panel is applied
      gradually through the proportional block 1182 to be subtracted from the
      load demand in difference block 1160 and to be added to the load demand in
      summation block 1172. As explained above with regard to FIG. 15B, the ramp
      generator is effective to enter a reference value linearly at a given
      rate, independent of the magnitude of the reference value.
PAR  In FIG. 14B, there is shown a reheat control circuit whereby the operation
      of the first and second reheat valves are operated to direct a coolant
      into various portions of the reheater in a manner that a balanced
      temperature is maintained in the reheater as measured by the temperature
      sensors 1192 and 1194. Generally, the plant load reference is applied to a
      difference block 1182 to be compared with an indication of temperature as
      provided by two final reheat temperature sensors. The temperature error as
      derived from the difference block 1182 is applied to a P-PI controller
      1184 implemented in accordance with FIG. 15A. The output of the P-PI
      controller 1184 is applied to each of a pair of summation blocks 1188 and
      1190 to be summed with a temperature reference. In turn, if a temperature
      difference is sensed, an additional bias will be applied by summation
      blocks 1196 and 1210, whereby the reheat valves are operated through their
      DEMACs 1204 and 1206 to spray cooling water into various portions of the
      boiler to obtain a temperature balance. The P-PI controller 1184 is
      inserted into the reheat control circuit of FIG. 11B to avoid possible
      undesired interaction between the P-PI integratinc controller 1184 and the
      further processes to be carried out in the gas recirculation control
      circuit as shown in FIG. 14A; in particular, the output of the P-PI
      controller 1184 is applied along the path 1212 to the gas recirculation
      control circuit. In a manner similar to that explained above with regard
      to FIG. 15A, the P-PI controller 1184 may be operated by disposing its
      switch S.sub.1 open to avoid any undesired interaction between the gas
      recirculation control circuit and the P-PI controller 1184.
PAR  In FIG. 14C, the superheat control circuit is shown having incorporated
      therein a P-PI controller 1234 and a second P-PI controller 1236 connected
      in cascade; the controllers 1234 and 1236 are of the type shown in FIG.
      15A. Generally, the superheat circuit operates in response to the demand
      load reference to operate the superheat valves to spray a cooling liquid
      whereby the temperature of the superheater may be cooled. As shown in FIG.
      14C, the load demand in terms of temperature is successively compared with
      the final superheat temperature and the desuperheater outlet temperature
      in difference blocks 1230 and 1237, respectively. The controller 1234 and
      1236 are particularly adapted to be connected in cascade as explained
      above; in particular, during calibration in Manual Mode, their switches
      S.sub.1 may be opened whereby the error signal is applied to their
      proportional circuits. In effect, the operator critically calibrates the
      controllers in terms of their gain and time constants so that there will
      be no undesired interaction therebetween.
PAR  In the implementation of the plant unit master as shown in FIGS. 7 and 9,
      and the digital electrohydraulic valve control as shown in FIG. 8 and as
      described in detail in the above-identified application entitled "Plant
      Unit Master Control For Fossil Fired Boiler Implemented With A Digital
      Computer", there are numerous integrating controllers incorporated to
      process a difference or error signal. Typically, an error signal is
      developed as the difference between a reference signal and a measured
      variable of the power generating plant. For example, in FIG. 7A, the
      integrating controller as shown in block 432 integrates an error signal
      representative of the difference between a speed reference and the
      measured speed of the turbine rotor. This error signal is applied to the
      integrating controller 432 which, in either of the coordinated modes,
      integrates the error signal to provide an output applied to trim or to
      modify the plant load reference as explained in detail therein. When the
      plant unit master is disposed from one of its coordinated modes to another
      mode, for example Boiler Follow, a zero reference level signal is applied
      through the decision block 428 to the input of the integrating controller
      432, whereby the output of the integrating controller 432 is driven toward
      zero, in an exponential manner, for example. In the transition stage
      between one mode and the next, it is desired to make the transition
      smoothly so that a bumpless transfer may be made. To achieve a smooth,
      bumpless transfer, the integrating controller, as readily implemented in a
      computer, operates at a relatively slow time constant. On the other hand,
      when the integrating controller 432 is operative to integrate the speed
      error signal to effect a trim of the plant load reference, it is desirable
      to provide a relatively fast time constant, whereby a positive response to
      the error signal is effected to ensure tight control over the plant load
      reference so modified. In this instance, a relatively fast constant is
      inserted into the process represented by the integrating controller 432.
      Though explained with regard to the speed control loop, it is understood
      that the control loops responsive to power errors and throttle pressure
      errors, include similar integrating controllers in which varying time
      constants and/or gains may be set dependent upon the mode of operation
      being carried out by that controller.
PAR  The integrating controllers as shown in FIG. 7 may be implemented readily
      with software techniques to improve the basic control. A significant
      improvement results from the flexibility provided by a software computer,
      as described above in detail, whereby the various constants or gains may
      be recalibrated from the operator's panel to permit a particular control
      process to be critically tuned. In the analog prior art systems, only a
      limited number of such integrating controllers could be used in that their
      expense was relatively high and further, such analog controllers required
      extensive calibration, thereby making it prohibitive in terms of operator
      time for such a system to include a relatively large number of integrating
      controllers.
PAR  As a review of FIGS. 7, 8 and 9 reveals, the integrating controllers may
      take various forms dependent upon their position within the overall
      control system. For example, the integrating controller 624 is
      incorporated in the plant unit master to provide a trim of the plant load
      reference applied to the digital electrohydraulic valve control system
      shown in FIG. 8, may be a proportional plus reset controller (P-PI) as
      shown in FIG. 15A. Further, the integrating controllers 446 and 460 of the
      power control loop and the throttle pressure control loop may
      illustratively take the form of the P-PI controller shown in FIG. 15A.
      Though not shown in FIG. 7, the proportional plus reset controller of FIG.
      15A is particularly adapted to be used in a control process wherein two
      integrating controllers are disposed in cascade. Generally, the control
      procedure is to modify the proportional plus reset controller as shown in
      FIG. 15A in accordance with a defined logical condition, whereby the input
      signal is transferred away from the integral portion of the controller by
      switch S.sub.1, when required to be operated in series with a second
      integrator. For example, when the switch S.sub.1 is set open, the operator
      can calibrate the system so that the manual tracking of the cascaded
      network is improved.
PAR  Problems arise where two integrating-type controllers are inserted
      in-series with each other due to oscillating signals that develop. For
      example, in a manual/automatic station as incorporated into a boiler
      control system, where an operator sets a reference for the setting of
      valves through a bumpless transfer to the valve drive mechanism.
      Typically, in such valve control systems, the reference set by the
      operator is compared with a signal derived from a valve transducer
      indicative of the valve position to provide an error signal to be applied
      through the bumpless transfer and a summing block to an integrator. In
      typical fashion, the integrator provides an output for the direct control
      of the valve drive mechanism. In the Manual Mode of operation, there
      arises a potential problem because the integrator included within the
      bumpless transfer, is disposed in series with the first-mentioned
      integrator connected to the valve drive mechanism. Under such conditions,
      the S.sub.1 switch as shown in FIG. 15A is opened to permit the error
      signal to be processed only by the proportional block 1100 of the
      integrator, the output of which in turn is applied to the valve drive
      mechanism.
PAR  In a normal mode, with switch S.sub.1 closed, an input x(t), typically an
      error signal, is applied through the switch S.sub.1 to the integrator
      1102, the output of which is summed with that derived from the
      proportional block 1100. The output of the summer 1104, in turn, is
      applied through the limiter 1106 to provide an output y(t) of the
      controller, e.g. controller 624. If the P-PI controller of FIG. 15A is in
      its true condition and the switch S.sub.1 is closed, the following output
      y(t) is obtained:
      ##EQU3##
      where .DELTA.t is the sampling period of the computer and T is the time
      constant of the P-PI controller. According to this algorithm, the error
      input x(t) is integrated to provide an output having a corrective control
      over the process, e.g. to apply a trim factor to the plant load reference
      as a function of throttle pressure, as in FIG. 7. The values of the time
      constant T, the sampling interval .DELTA.t and the constant K of the
      proportional block 1100 are set into the computer program by the operator
      for ready calibration of the P-PI controller 624.
PAR  With respect to the operation of the P-PI controller 624 in the plant unit
      master, it is seen that in a Local Coordinated Mode, Remote Coordinated
      Mode or Turbine Follow Mode, the P-PI controller 624 as shown in FIG. 15A
      will act in a normal manner to integrate, according to the equation given
      above, the input throttle pressure error signal to trim the load
      reference. However, when the plant unit master is transitioned to its
      Boiler Follow Mode, a zero reference signal as derived from the reference
      level signal will be applied to the input of the P-PI controller 624,
      whereby the controller 624 will be driven toward zero along a linear ramp.
      In particular, during the transition, the switch S.sub.1 is opened,
      whereby the zero reference signal is applied only to the proportional
      block 1100. In turn, the output of the proportional block 1100 is summed
      with the output of the integrator 1102, which is driven toward zero along
      a linear ramp. As shown in FIG. 7, it is noted that the P-PI controller
      624 is made a part of the turbine control portion of the plant unit
      master. Typically, it is desired to operate the turbine control is a more
      positive, specific manner than that needed for the boiler control. As a
      result, the P-PI controller 624 responds in a linear fashion as opposed to
      an exponential fashion, whereby a specific change in the control operation
      is effected with a defined period of time at a defined rate. Such a time
      period and rate are determined by the constant K of the proportional block
      1100 as set forth above in the equation and can be set into the control
      program by the operator from his panel for the particular process to be
      carried out.
PAR  The computer implementation, as described above in detail, of the plant
      unit master enables the operator to insert time constants which have been
      calculated for the particular process under control. For example, the
      control processes of the turbine are generally faster than those carried
      out in the boiler control. As a result, it is desired to insert time
      constants for the integrating controllers 428, 444 and 464 that are
      generally slower than those incorporated for the integrating controller
      622 of the throttle pressure control loop or integrating controller 1106
      of the power control loop effecting turbine control. Illustrative values
      for the various time constants are given below:
TBL  Coordinated Boiler Control                                                
     Speed Control Loop     Power Control Loop                                 
     (Integrating Controller                                                   
                            (Integrating Controller                            
     432)                   446)                                               
     ______________________________________                                    
     10-15 seconds          5-10 seconds                                       
     Throttle Pressure Control Loop                                            
     (Integrating Controller 460)                                              
     15-25 seconds                                                             
     Coordinated Turbine Control                                               
     Throttle Pressure Control Loop                                            
                        Power Control Loop                                     
     (P-PI Controller 626)                                                     
                        (Integrating Controller                                
                        1066)                                                  
     ______________________________________                                    
     4-10 seconds       5-10 seconds                                           
     ______________________________________                                    
PAL  Though the time constants required for the boiler control may be three to
      thirty times longer than those required for the turbine control, it is
      noted that the constants are varied for the particular control loop whose
      control processes they effect; thus, the computer implementation is
      significant in that it permits the operator to readily calibrate the
      constants to fine-tune the particular control process. Though the adaptive
      controllers have been described herein with regard to the operation of a
      once-through boiler, it is realized that this invention is readily adapted
      to be used with various other types of boilers, including a drum-type and
      a subcritical, once-through boilers, as well as boilers produced by
      different manufacturers. Further, the prior art plant unit masters
      implemented by analog techniques are limited in their flexibility and in
      their use of integrating controllers so that two or more variables may be
      applied to a single analog integrator to be processed. As a result, the
      time constant for such an analog integrator is selected as a compromise
      between the requirements of the control processes for the distinct
      measured parameters. The plant unit master described herein uses separate
      control loops and separate integrating controllers which may be calibrated
      critically according to the particular measured parameter being processed.
PAR  Once the control integrators have been calibrated for each of the control
      loops of the Coordinated Boiler Control and the Coordinated Turbine
      Control, the plant unit master is capable of responding quickly to rapid
      changes of load demand. The Coordinated Turbine Control is calibrated to
      respond to a predetermined error to set the governor valves to 100 percent
      open within a very short period of time, e.g. 1 second. When the governor
      valves are opened, steam is quickly directed to the turbine, thereby
      rapidly increasing the power generated and in a sense, "borrowing" energy
      from the boiler. In a compensatory action, the Coordinated Boiler Control,
      and in particular its speed error control loop, integrates the time period
      that the governor valves have been opened to increase thereby the plant
      load reference applied to the boiler control, whereby increased input of
      fuel, air and water is applied to the boiler. As a result, the borrowed
      energy is replaced. In this manner, a plant unit master whose control
      loops have been calibrated finely can respond rapidly to increased load
      demands in an efficient manner.
PAR  Thus, by incorporating a P-PI controller as shown in FIG. 15A, the system
      may track faster than the prior art systems in that the system may be
      calibrated manually by disposing the switch S.sub.1 open. Further, the
      effect of two integrators in-series is eliminated. The controller may be
      implemented readily in software techniques because of the simplified
      manual tracking and further may be applied to P+D (proportional plus
      derivative) and P+I+D (proportional plus integral plus derivative)
      controllers. As explained above, the controller is able to make a bumpless
      transfer because the output of its integral portion is forced to zero when
      the switch is open and the controller presents only the proportional block
      to the input signal.
PAR  As a further example of the manner in which the elements of the plant unit
      master may be selected with regard to its overall control operation,
      attention is turned to the Ramp Mode control as shown particularly in FIG.
      9. In particular, the ramp generators 802 and 806 are selected so that
      feedwater reference is trimmed in a manner such that the value of
      feedwater reference will provide 3500 PSIG from the boiler. In particular,
      it is desired to ramp at a given rate toward an entered reference value,
      i.e. a value corresponding to 3500 PSIG.
PAR  This is accomplished by incorporating a ramp generator as shown in FIG. 15B
      for each of the ramp generators 802 and 806. In FIG. 15B, an input x(t)
      corresponding to the reference level to which the ramp signal is to be
      driven is applied to a difference block 1120, the output of which is
      applied through a deadband block 1122 to a decision block 1124. If the
      output of the deadband block 1122 is positive, a YES decision is made by
      the block 1124, whereby an input is applied to the +K proportional block
      1128. In this situation whereby the error difference signal is positive, a
      constant, positive signal is applied to the integrating block 1132 whereby
      a positive ramp signal is generated, to be applied through the high-low
      limiter 1134 to provide the output y(t). If the error of difference signal
      is not positive as decided by the decision block 1124, its output is
      applied to a decision block 1126, which provides an output to a -K
      proportional block 1130. A negative, constant signal is applied to the
      integrator 1132, which generates a negative ramp signal to be applied
      through the high-low limiter 1134 to provide an output y(t). AS shown in
      FIG. 15B, the output is fed back and is applied to the other input of the
      difference block 1120. As a result, when the output y(t) equals the input
      x(t), the output of the difference block 1120 is zero, thereby
      discontinuing either the positive or negative ramp. Thus, a control value
      may be entered at the input x(t), toward which the ramping signal, either
      negative or positive, is directed at a fixed rate not dependent upon the
      value of the input signal. Upon reaching the input reference signal, the
      output y(t) stops increasing and assumes a level value corresponding
      thereto. Though the embodiment explained with respect to FIG. 15B has been
      shown with proportional blocks 1128 and 1130 having the same value K, it
      is understood that differing values of K could be incorporated into the
      ramp controller as shown in FIG. 15B by the controller from his operator's
      panel dependent upon the desired control function.
PAR  In general, the use of ramp controllers which move from one point to
      another in linear fashion is desirable from the point of integrator
      lead-off, when transferring from one mode of control to another, or
      assigning corrective signals to a control system that already is in
      service. The nature of the ramp as defined in the controller of FIG. 15B
      is moved in a linear fashion between two points at a fixed rate of change
      to dynamically shift the operation even if the input value changes
      direction or magnitude. The controller of FIG. 15B is implemented readily
      by software techniques whereby the rate of movement is calibrated and
      additionally, high-low limits may be readily imposed upon its output. By
      contrast, a corresponding circuit is not readily implemented by analog
      techniques. By implementing the control system as shown in FIG. 15B with
      computer software techniques, a ramp controller is provided such that
      prior to ramping, the output of the controller automatically assumes a
      position corresponding to that of the input variable for the beginning of
      the ramp. The point to which the control transition is to be made, i.e.
      the final target value, can be entered and the linear ramp started. At any
      point in time, the end target can be modified and the existing output of
      the ramp forms a coordinate point and a straight-line ramp will then occur
      to the new final target value.
PAR  The ramp controller as shown in FIG. 15B also is adapted for providing a
      corrective control signal to a system that already is in service, for
      example, a boiler control system. Analog-type boiler control systems
      typically employ analog integrators the output of which varies
      exponentially with time. At increasing values of time, the rate of change
      of the output becomes increasingly steep so that such analog integrators
      are not particularly suitable for boiler process control. This defect
      typically is compensated by employing analog integrators with very slow
      time constants whereby the response of the boiler control is made unduly
      slow. Thus, if it is desired to shift the load reference in an analog
      boiler controller, many minutes are required before even an initial
      response to the new reference is achieved. By contrast, ramp generators as
      shown in FIG. 15B as implemented in software techniques are capable of
      responding immediately in a predetermined, linear fashion, whereby a
      considerable load shift may be achieved in a known period of time, e.g. 30
      megawatts within a single minute.
PAR  Numerous changes may be made in the above-described apparatus and the
      different embodiments of the invention may be made without departing from
      the spirit thereof; therefore, it is intended that all matter contained in
      the foregoing description and in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power control system including an integrating controller responsive to
      a first electrical input signal indicative of the difference between a
      reference value and a measured variable to provide a corrective output for
      effecting control of the variable, said integrating controller comprising:
PA1  a. an integrating circuit for integrating the first electrical input signal
      with a time constant T;
PA1  b. a proportional circuit for providing an output proportional to the first
      electrical input signal in accordance with a gain constant K;
PA1  c. a summing circuit responsive to the outputs of said integrating circuit
      and said proportional circuit to provide the corrective output; and
PA1  d. function generator means responsive to a second electrical input signal
      indicative of a system's control index for independently varying the gain
      K and the time constant T as a selected function of the system's control
      index.
NUM  2.
PAR  2. The power control system as claimed in claim 1, wherein the output of
      said summing circuit is applied to a high-low limiter, the output of which
      provides the corrective output.
NUM  3.
PAR  3. The power control system as claimed in claim 1, wherein said function
      generator means comprises first and second function generators, each
      responsive to the system's control index for varying, respectively, the
      gain K of said proportional circuit and the time constant T of said
      integrating circuit in accordance with the system's control index.
NUM  4.
PAR  4. The power control system as claimed in claim 3, wherein at least one of
      said first and second function generators is calibrated according to a
      curve of the relationship between the values of the index and the variable
      to be controlled.
NUM  5.
PAR  5. An electric plant control system including the integrating controller as
      claimed in claim 4, wherein there is included means for providing the
      index as a load demand reference, and the curve set into said function
      generator is calibrated in terms of power measurement units.
NUM  6.
PAR  6. The power control system as claimed in claim 1, wherein said function
      generator means comprises a multiplying circuit for variably multiplying
      the first electrical input signal to provide an output to be applied to
      said proportional circuit and to said integrating circuit, and means for
      selectively applying a multiplying factor to said multiplying circuit
      dependent upon the system's control index.
NUM  7.
PAR  7. The power control system as claimed in claim 1, wherein said function
      generator means comprises a multiplying circuit responsive to the input to
      provide an output multiplied by a factor and applied to each of said
      proportional circuit and said integrating circuit, and means operative in
      a first mode if the system's control index is above a given value to apply
      a first factor to said multiplying circuit and in a second mode if the
      system's control index is less than the given value to apply a second
      factor to said multiplying circuit.
NUM  8.
PAR  8. The power control system as claimed in claim 7, wherein the second
      factor is unity.
NUM  9.
PAR  9. The power control system as claimed in claim 1, wherein said function
      generator means comprises a first multiplier circuit responsive to the
      input to provide an output according to the input multiplied by a factor
      to be applied to said proportional circuit, first decision means operative
      in a first mode if the system's control index is above a first level to
      apply a first factor to said multiplying circuit and in a second mode if
      the system's control index is below the first level to apply a second
      factor to said multiplying circuit, a second multiplying circuit
      responsive to the input to provide an output according to the input
      multiplied by a factor to be applied to said integrating circuit, and
      second decision means operative in a first mode if the system's control
      index is above a second level to apply a third factor to said second
      multiplying circuit, and in a second mode if the system's control index is
      below the second level to apply a fourth factor to said multiplying
      circuit.
NUM  10.
PAR  10. For use in power control systems, an integrating controller responsive
      to an input indicative of the difference between a reference value and a
      parameter to be controlled for providing an output to control the
      parameter, said integrating controller comprising:
PA1  a. a proportional circuit responsive to the input to provide a proportional
      output according to a gain K;
PA1  b. an integrating circuit having a time constant T and responsive to the
      input to provide an integrated output;
PA1  c. a summing circuit responsive to the outputs of said proportional circuit
      and of said integrating circuit to provide the controlling output; and
PA1  d. switch means operative in a first mode in response to the presence of a
      first system's index to apply the input to said integrating circuit and in
      a second mode in response to the presence of a second system's index for
      disconnecting said input from said integrating circuit.
NUM  11.
PAR  11. A control circuit including first and second integrating controller
      connected in cascade of the type claimed in claim 10, wherein there is
      included means for actuating said switch means of said first and second
      integrating controllers to their second mode, and means for calibrating
      the gain K and the time constant T, respectively, of said integrating
      circuits and proportional circuits of said first and second integrating
      controllers, whereby when said first and second integrating controllers
      are operative in their first modes, there will be no undesired interaction
      therebetween.
NUM  12.
PAR  12. A system for controlling the power generation from a power plant
      including a boiler for supplying steam to a steam turbine and comprising
      first and second integrating controllers as claimed in claim 1, wherein
      said first integrating controller is associated with the control of said
      boiler and includes an integrating circuit having a first time constant,
      and said second integrating controller is associated with the control of
      said steam turbine and includes an integrating circuit with a second time
      constant less than said first time constant, whereby the control process
      of said turbine is effected in a relatively shorter time than that of said
      boiler.
NUM  13.
PAR  13. A system for controlling in accordance with a power load demand the
      power generation of a power plant including a boiler for supplying steam
      to a turbine and comprising the integrating controller as claimed in claim
      1, wherein there is included means for sensing the temperature of the
      steam to be controlled and for providing a temperature error signal
      indicative of the difference between the measured temperature and a
      reference temperature, and said setting means setting each of the gain K
      and the time constant T as a function of the power load demand.
NUM  14.
PAR  14. A system for controlling the feedwater to a boiler associated with a
      turbine and an electrical generator and including the integrating
      controller of claim 1, wherein there is included means for measuring the
      waterwell output pressure of said turbine and said setting means sets the
      gain K proportional to a power load demand signal.
NUM  15.
PAR  15. A system for controlling the operation of a boiler for a power plant,
      including the integrating controller as claimed in claim 10, wherein there
      is included means for measuring the temperature of an exhaust of a furnace
      associated with said boiler, difference means for providing a temperature
      error signal indicative of the difference between the measured temperature
      and a plant load reference signal to provide a difference signal to be
      applied to said integrating controller to control the spraying of cooling
      water into selected portions of said boiler, and there is further included
      a gas recirculation control circuit for controlling the recirculation of
      gas within the boiler burner, said switch means of said integrating
      controller being disposed to its open position to avoid undesirable
      interaction between said integrating controller and the gas recirculation
      control.
NUM  16.
PAR  16. A system for controlling a boiler for supplying steam to a turbine,
      including the integrating controller as claimed in claim 1, wherein there
      is included means for measuring the speed of a rotor of said turbine,
      difference means for providing a first difference signal indicative of the
      difference between the measured speed and a speed reference signal, to be
      applied to said integrating controller, and summing means responsive to
      the output of said integrating controller and to a plant load reference
      signal for trimming the plant load reference signal in accordance with the
      output of said integrating controller.
NUM  17.
PAR  17. The integrating controller as claimed in claim 16, wherein there is
      further include a second difference circuit responsive to the output of
      said integrating controller and to a reference signal for providing a
      second difference signal, and a decision block operative in a first mode
      for applying the first difference signal to the input of said integrating
      controller and operative in a second mode for applying the second
      difference signal to said input of said integrating controller.
NUM  18.
PAR  18. The integrating controller as claimed in claim 17, wherein said
      decision means is operative in its first mode when the boiler control
      system is being operated in a coordinated mode of operation and in its
      second mode when operating in a non-coordinated mode of operation, whereby
      a bumpless transfer is effected between the two modes of operation.
NUM  19.
PAR  19. In the control circuit as claimed in claim 11 adapted for the control
      of a power plant including a boiler for supplying steam to a turbine and a
      generator rotatively driven by said turbine, wherein there is included
      means for providing an electrical signal indicative of the power generated
      by said generator to be applied to said first integrating controller, and
      a first summing circuit responsive to the output of said first integrating
      controller and a plant load demand signal whereby the plant demand signal
      is trimmed; and means for measuring the throttle pressure of said boiler,
      and a difference circuit for providing a difference signal indicative of
      the difference between the measured and a reference value of the throttle
      pressure, said second integrating controller responsive to the second
      difference signal, and a second summing circuit responsive to the trimmed
      plant load demand signal as derived from said summing circuit and to the
      output of said second integrating controller for further trimming the
      plant load demand signal as a function of measured throttle pressure.
NUM  20.
PAR  20. A system for controlling the position of governor valves associated
      with a turbine comprising said integrating controller as claimed in claim
      10, and means for measuring throttle pressure, a first difference circuit
      for providing a first difference signal between the measured and a
      reference value of throttle pressure, said integrating controller
      responsive to the difference signal for trimming the plant load demand
      signal as a function of the measured throttle pressure.
NUM  21.
PAR  21. The control system as claimed in claim 20, wherein there is included a
      second difference circuit for providing a second difference signal
      indicative of the difference between the output of said integrating
      controller and a reference level, and a decision circuit operative in a
      first mode for applying the first difference signal to said integrating
      controller and in a second mode to apply the second difference signal to
      said integrating controller.
NUM  22.
PAR  22. The control system as claimed in claim 21, wherein when said decision
      circuit is operative in its second mode, said switch means is operative in
      its second mode, whereby the reference signal is applied only to said
      proportional circuit to provide a substantially linear output from said
      integrating controller.
NUM  23.
PAR  23. An integrating controller responsive to an input indicative of the
      difference between a reference value and a measured, system's variable to
      provide a corrective output for effecting control of the variable, said
      integrating controller comprising:
PA1  a. integrating means for integrating the input with a time constant T;
PA1  b. proportional means for providing an output proportional to the input in
      accordance with a gain constant K;
PA1  c. summing means responsive to the outputs of said integrating means and
      said proportional means to provide the corrective output;
PA1  d. first and second function generator means, each responsive to a system
      index independent of the input for providing, respectively, signals
      indicative of the gain K and the time constant T to said integrating means
      and said proportional means in accordance with first and second functions,
      respectively.
NUM  24.
PAR  24. The integrating controller as claimed in claim 23, wherein said first
      and second functions are distinct from each other.
NUM  25.
PAR  25. The integrating controller as claimed in claim 23, adapted for use in a
      power generating control system, wherein the system index is a power
      generating load demand signal independent of the measured variable.
NUM  26.
PAR  26. An integrating controller responsive to an input indicative of the
      difference between a reference value and a measured, system's variable to
      provide a corrective output for effecting control of the variable, said
      integrating controller comprising:
PA1  a. integrating means for integrating the input with a time constant T;
PA1  b. proportional means for providing an output proportional to the input in
      accordance with a gain constant K;
PA1  c. summing means responsive to the outputs of said integrating means and
      said proportional means to provide the corrective output;
PA1  d. multiplying means for variably multiplying the input to provide an
      output to be applied to said proportional means and to said integrating
      means; and
PA1  e. means operative in a first mode for applying a first multiplying factor
      to said multiplying means and in a second mode for applying a second
      multiplying factor to said multiplying means, said applying means
      operative in the first mode if the system index is above a predetermined
      level and in the second mode if the system index is below the
      predetermined level.
NUM  27.
PAR  27. An integrating controller responsive to an input indicative of the
      difference between a reference value and a measured, system's variable to
      provide a corrective output for effecting control of the variable, said
      integrating controller comprising:
PA1  a. integrating means for integrating the input with a time constant T;
PA1  b. proportional means for providing an output proportional to the input in
      accordance with a gain constant K;
PA1  c. summing means responsive to the outputs of said integrating means and
      said proportional means to provide the corrective output;
PA1  d. first multiplier means responsive to the input to provide an output
      according to the input multiplied by a factor to be applied to said
      proportional means;
PA1  e. first decision means operative in a first mode if a system's index is
      above a first level to apply a first factor to said first multiplying
      circuit and in a second mode if the index is below the first level to
      apply a second factor to said first multiplying circuit;
PA1  f. second multiplying means responsive to the input to provide an output
      according to the input multiplied by a factor to be applied to said
      integrating means; and
PA1  g. second decision means operative in a first mode if the index is above a
      second level to apply a third factor to said second multiplying means and
      in a second mode if the index is below the second level to apply a fourth
      factor to said second multiplying means.
NUM  28.
PAR  28. An integrating control responsive to an electrical input signal
      indicative of the difference between a reference value and a measured,
      system's variable to be controlled for providing an output to control the
      variable, said integrating controller comprising:
PA1  a. proportional means responsive to the electrical input signal for
      providing an output according to a gain K;
PA1  b. integrating means having a time constant T and responsive to the input
      to provide an integrated output;
PA1  c. summing means responsive to the outputs of said proportional means and
      of said integrating means to provide the controlling output; and
PA1  d. switch means operative in a first mode in response to the presence of a
      first system's control index to apply the input to said integrating means,
      and in a second mode in response to the presence of a second system's
      control index for disconnecting the input from said integrating means.
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ABST
PAL  An interface means for interconnecting a sequentially actuated apparatus
      and a computer to automatically maintain at a desired level a process
      variable of said apparatus. The interface means comprises first, second,
      and third actuation means adapted for actuating the apparatus or computer
      in accordance with one of the three output signals from the computer to
      achieve said desired level. A system is also described which automatically
      maintains a process variable of a sequentially actuated apparatus at a
      desired level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for automatically controlling sequentially
      actuated apparatus.
PAR  More particularly, this invention relates to interface means for
      interconnecting a sequentially actuated apparatus to a computer to
      automatically maintain at a desired level a process variable of said
      apparatus.
PAR  Even more particularly, this invention relates to interface means capable
      of interconnecting a plastics injection molding machine and a computer to
      automatically maintain at a specified level one of the machine's process
      variables such as boost pressure.
PAR  Many varieties of sequentially operated machines such as plastics injection
      molding machines contain a plurality of process variables which are
      critical to the production of a satisfactory product. With particular
      regard to injection molding apparatus, such variables as melt temperature,
      boost and clamp pressures, heat dissipation in the plasticizing mechanism,
      and linear movement of the ram all play an essential role in the ultimate
      formation of the plastic parts. Heretofore, maintaining each of these
      variables within the required ranges during each repetitive cycle of
      operation of the machine has been primarily achieved through manual
      control at the machine proper. Thus, an operator was required to maintain
      constant vigilance of each machine during its entire operation. Needless
      to say, such a requirement adds appreciable to both manufacturing costs
      and the possibilities for human error.
PAR  Methods known for automatically controlling injection molding machines to
      the extent that one or a few of these variables could be reasonably held
      within desired limits have most usually required extensive electronic
      circuitry of such complex nature that any cost advantage as opposed to
      manual control was not appreciated. Additionally, continuous maintenance
      of this circuitry was essential and added still further to such costs.
PAR  Consequently, there has been an increasing demand in industry for the use
      of relatively small computer systems to serve as control means for
      processes such as injection molding. Computers of this type provide a
      degree of reliability heretofore unknown when controlling processes of
      several machines at one time. Furthermore, because a single computer can
      be effectively utilized to control several machines, the requirement of
      only a single operator returns the cost advantage to the manufacturer in
      addition to substantially reducing the opportunities for human error. Yet,
      to this date there are no known methods which are relatively inexpensive
      and simple in operation and which can satisfactorily interconnect a small
      computer to a production apparatus of the type described to automatically
      control a process variable of the apparatus. Similarly to the electrical
      circuitry previously described, interface assemblies have heretofore been
      substantially complex and costly.
PAR  It is believed therefore that an interface means for interconnecting a
      computer to a sequentially operated machine which is relatively simple in
      operation and inexpensive to produce and is capable of positively
      maintaining at a desired level process variables of said machine would
      constitute an advancement in the art.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of this invention to provide an interface
      means for interconnecting a computer and a sequentially actuated
      apparatus.
PAR  It is a further object of this invention to provide an interface means for
      interconnecting a computer and a plastics injection molding machine.
PAR  It is an even further object of this invention to provide an interface
      means of the nature described which is relatively simple in operation and
      inexpensive to manufacture.
PAR  In accordance with one aspect of the invention, there is provided an
      interface means for interconnecting a sequentially actuated apparatus and
      a computer to automatically maintain at a desired level a process variable
      of the apparatus. The interface means comprises first, second, and third
      actuation means each adapted for receiving one of three output signals
      from the computer. The first actuation means, upon receiving an output
      signal, is adapted for actuating the computer to receive a response signal
      from the apparatus. The second actuation means, upon receiving an output
      signal, is adapted for actuating the apparatus to increase the level of
      the process variable to the desired level. The third actuation means, upon
      receiving an output signal, is adapted for actuating the apparatus to
      decrease the level of the process variable to the desired level.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration in block form of one embodiment of
      the present invention.
PAR  FIG. 2 is a schematic illustration of a circuit in accordance with one
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above-described drawings.
PAR  With particular reference to FIG. 1, there is illustrated a system 10 for
      automatically maintaining at a desired level a process variable of a
      sequentially actuated apparatus, illustrated as injection molding machine
      11. System 10 comprises a computer means 13 and an interface means 15.
      Computer means 13 is adapted for receiving a response signal from
      apparatus 11 and for comparing this signal to a reference signal
      representative of the desired level for one of the process variables of
      apparatus 11. An example of such a variable, particularly with regard to
      injection molding machines, is boost pressure. It is to be understood,
      however, that system 10 is adaptable for maintaining other process
      variables such as melt temperature, clamp pressure, etc. Upon comparing
      the response signal from apparatus 11, computer 13 compares this signal
      with the mentioned reference signal and provides a first output signal of
      continuous nature and, if applicable, at least one of two secondary output
      signals. The first of said secondary output signals is indicative that the
      level of the boost pressure variable is less than desired while the second
      output signal is indicative that the level of the boost pressure is
      greater than desired. Computer 13 receives the mentioned response signal
      from a sensing means 17 positioned within the cavity of the mold apparatus
      11. The signal from sensing means 17 is amplified by amplifier 19 to
      assure a highly responsive signal to the computer.
PAR  The operating sequence of injection molding machine 11 is typical of most
      machines of this variety known in the prior art. With the material to be
      plasticated positioned within a barrel or similar cylinder of the machine,
      a moveable clamping face member 21 moves to mate with mold face member 23.
      At this time the clamp pressure exerted by machine 11 remains continuous
      to achieve the desired pressure. Once the pre-established level for the
      clamp pressure is reached, a ram, indicated as member 25 is actuated until
      a maximum boost pressure is attained filling the mold with the plasticated
      material. Shortly after reaching the maximum boost pressure, a relatively
      short hold time occurs to assure that all desired configurations for the
      parts are attained. After this, ram 25 returns to its original position.
      Shortly thereafter, a relatively short period is allowed for curing to
      permit the parts as formed to stablize in shape. The facing members 21 and
      23 then open, with the formed parts then ejected.
PAR  As mentioned, sensing means 17 detects the maximum boost pressure as
      exerted by ram 25 during the above-mentioned sequence and accordingly
      provides a response signal. This response signal is transmitted through
      amplifier 19 to computer 13. After receiving this response signal and
      making the aforementioned comparison to an established reference signal or
      set point indicative of the desired level for the boost pressure, computer
      13 is adapted for providing a series of output signals to interface means
      15 which in turn reacts accordingly to either adjust or maintain the
      desired level within apparatus 11. Computer 13 provides a continuous
      signal to a first actuation means 27. First actuation means 27 is adapted
      for receiving said continuous output signal and thereafter actuating
      computer 13 to process the afore-mentioned response signal from sensing
      means 17.
PAR  As stated, computer 13 is adapted for providing a series of output signals.
      The described first continuous output signal is transmitted to first
      actuation means 27. Computer 13 is further adapted for providing a pair of
      secondary output signals to a second actuation means 29 and a third
      actuation means 31 respectively. Each of the latter described actuation
      means are operatively connected to the computer and the apparatus and are
      adapted for actuating the apparatus to either increase or decrease the
      level of the boost pressure within apparatus 11. As illustrated, first
      actuation means 27 is operatively connected to apparatus 11 through a pair
      of process interrupt means 33 and 35 respectively. Process interrupt means
      33 is operatively connected to a power supply 37 as typically found on
      molding machines of the known art. Similarly, process interrupt means 35
      is also electrically connected to the afore-mentioned power supply 37. In
      operation, process interrupt 33 provides computer 13 with a response
      signal indicative of the total time required for the afore-mentioned
      clamping process. Additionally, process interrupt means 35 provides
      computer 13 with a response signal indicative of the period of time
      required for injection of the plasticated material into the mold. This
      latter signal is of particular importance in that it triggers the computer
      to now read the afore-mentioned response signal from sensing means 17 and
      make the described comparison. Thus, interrupt means 33 adds only an
      auxillary function to the aforementioned process in that only injection
      process interrupt means 35 is required to operate in conjunction with
      first actuation means 27 to achieve actuation of the computer. Each of the
      process interrupt means 33 and 35 is triggered by the motions of the
      various components of apparatus 11, e.g. members 21 and 23, and ram 25.
      Clamp interrupt means 33 is actuated when the facing member 21 and 23
      engage and clamp pressure is exerted. Actuation of both means 33 and 35
      can easily be accomplished by relay units automatically triggered within
      apparatus 11 or similar responsive members which will become engaged and
      thus triggered upon the movement of the various described components of
      apparatus 11.
PAR  If the comparison by the computer of the response signal from sensing means
      17 to the established set point or reference signal within the computer
      indicates that the boost pressure level is too low, the first of the
      described secondary output signals is provided second actuation means 29.
      Second actuation means 29 in turn is adapted for actuating a potentiometer
      drive means 39. Potentiometer drive means 39 in turn actuates a
      potentiometer 41 to in turn drive a valving control means 43. Valving
      control means 43 is operatively connected to the injection molding machine
      to manipulate a valve within the machine to thus increase the boost
      pressure applied before the next sequence of operation. It is to be
      understood that the above described manipulation of the potentiometer
      drive means 39, potentiometer 41, and valving control means 43 to actuate
      an electro mechanical valve on the apparatus 11 is illustrative of only an
      example of the operational capabilities of interface 15. Each of the
      actuation means 29 and 31 could serve to directly operate an
      electromechanical means on an apparatus as illustrated.
PAR  As further illustrated in FIG. 1, potentiometer drive means 39 receives its
      power from a 115 volt AC supply 44, such as provided at most common line
      outputs. An isolation power supply 45 is further provided to provide
      interface 15 relative isolation from transient voltages as experienced in
      many production facilities and thus in turn assure a cleaner signal to the
      interface and computer. A 15 volt DC power supply 47 is utilized to
      provide power for sensing means 17 and amplifier 19. It is to be
      understood however that in the preferred embodiment of the invention power
      supply 47 is required primarily because of the operating characteristics
      of the components utilized.
PAR  As further illustrated in FIG. 1, a control setup process interrupt means
      49 is provided and is operatively connected to first actuation means 27
      and computer 13. Means 49, as will be further described, provides a means
      whereby the operator of system 10 may readjust the pressure levels desired
      through manual operation. Means 49 further provides a means whereby the
      aforementioned set point can be manually provided computer 13. A
      description of this operation will be further given with the description
      of FIG. 2.
PAR  In the preferred embodiment of the present invention as illustrated,
      sensing means 17 is a model No. 406 mold pressure sensor, available from
      Control Process Incorporated, Plantsville, Conn. Valving control means 43
      is preferrably an adjustable electronic power supply, model No. PSVM-10,
      available from Parker-Hannifin, Elyria, Ohio. It is further preferred to
      utilize a model No. 78EBC102 potentiometer having a variable resistance of
      1,000 ohms, as available from the New England Instrument Company,
      Chelmsford, Mass., for potentiometer 41. To drive potentiometer 41, a
      by-directional motor, model No. 33608 and available from Hydon Smith and
      Instrument Company, Waterberry, Conn., is preferred for drive means 39.
      Amplifier 19, power supply 45, and power supply 47 are items well known in
      the art and available from most electronic sources. Therefore, further
      descriptions of these components is not considered necessary. Computer 13
      is available from International Business Machines, Owego, N.Y. and is more
      familiarly known as a Systems 7 small computer. The component preferably
      used for interrupt means 33 and 35, and the actuation means 27, 29 and 31
      are relay units purchasable from the Struthers-Dunn Corporation, Pitman,
      N.J. under the model No. 281XDX. Furthermore, process interrupt means 49
      is preferably a three pole manually operated switching means. The
      injection molding machine as illustrated in FIG. 1 and readily adapted for
      use with system 10 is available from the Van Dorn Corporation, Cleveland,
      Ohio and having a shot size range from 12 to 14 ounces. It is to be
      understood that the above described components represent only preferred
      members for use with the present invention. It is to be further understood
      that several other components which can readily provide the desired
      operational capabilities could easily be substituted for those described.
PAR  With particular reference to FIG. 2, a more detailed illustration of the
      preferred circuitry arrangement for the interface means 15 is illustrated.
      As described, control setup process interrupt 49 is illustrated as
      comprising a three pole manually operated switch. First actuation means 27
      is illustrated as an electrical relay having a pair of normally-open
      contact members 27' and 27" and a normally-closed contact 28'. Similarly,
      second actuation means 29 is illustrated as comprising an electrical relay
      having a series of normally-open contact members 29' and 29" and a pair of
      normally-closed contacts 30 and 30'. Third actuation means 31 is also
      illustrated as comprising an electrical relay having a singular
      normally-open contact member 31'. Also illustrated in FIG. 2 is sensing
      means 17, amplifier 19, power supply 45, potentiometer drive means 39,
      potentiometer 41, and power supply 47. As previously mentioned, process
      interrupt means 33 and 35 are illustrated as comprising a pair of
      electrical relay members. In turn, relay 33 has a single normally-open
      contact member 33' while relay 35 has a single normally-open contact
      member 35'.
PAR  As illustrated in FIG. 1, process interrupt means 33 is electrically
      contacted through contact 33' in series relationship to normally-open
      contact 27' of first actuation means 27. Similarly, process interrupt
      means 35 is also electrically connected to first actuation means 27
      (through contact member 35' to normally-open contact 27") to provide the
      required inputs to computer 13. Both of the described interrupt means 33
      and 35 are electrically connected in parallel relationship to the
      mentioned power source 37 on apparatus 11. Potentiometer drive means 39
      comprises a series of 3 station contacts joined electrically to contact
      members 29", 30' and 31' of the second and third actuation means. The
      common terminal for drive means 39 is electrically connected to the
      described external power supply 44. Potentiometer 41 in turn is
      electrically joined to the valving control means 43 as is the external
      power supply previously mentioned.
PAR  Computer 13 is operatively connected to interface 15 through
      interconnecting leads 55, 57 and 59. For purposes of clarification, leads
      55, 57 and 59 are also illustrated in FIG. 1.
PAR  In operation, the operator presses the manual switching means 49 to the
      setup mode, thus relieving computer 13 from having control over the
      operation of apparatus 11. The operator next manipulates the manual
      control gauge on the mold machine to take a reading of the boost pressure
      as obtained during a trial run (with no plasticated material therein). The
      aforementioned manual control gauge and a boost pressure gauge to indicate
      the pressure output during the movement of the ram are standard components
      on most injection molding machines. If the reading from this gauge
      indicates that the boost pressure is below the desired level, the operator
      is able to adjust for this by depressing manual switch 61. Conversely, if
      the pressure is above the desired level, the operator depresses switch 63.
      Both of the described switching members are of the spring-loaded variety
      and return to their normally-opened position when not depressed.
PAR  With the interface means 15 in the setup mode, depressing switch 61 results
      in energization of second actuation means 29 (this is achieved by the
      passage of electrical current through contact member 28', a
      normally-closed contact when first actuation means 27 is unenergized as in
      the present situation). Because second actuation means 29 is energized,
      contact member 29' (a normally-opened contact when actuation means 29 is
      unenergized) now becomes closed. Similarly, normally-closed contact 30 is
      opened and with normally-opened contact 29' now closed, a path is provided
      for electrical current to third actuation means 31 thus energizing this
      means. Energization of means 31 in turn results in the closing of
      normally-opened contact 31'. Accordingly, normally-opened contact 29" is
      now closed and normally-closed contact 30' now opened to provide a path of
      electrical current to the "raise" terminal on potentiometer drive means
      39. Means 39 now mechanically alters potentiometer 41 to adjust the
      voltage differential to valving control means 43 which results in
      adjustment to the electro-mechanical valve on the apparatus. Thus, the
      boost pressure is raised prior to the next sequence by molding machine 11.
      The added result of the afore-mentioned sequence of events is that a path
      of electrical current is now provided to an indicating means 71 to
      indicate that this process is being achieved.
PAR  Should the operator determine that the boost pressure from the trial run is
      above the desired level, he depresses switch 63 thus energizing third
      actuation means 31. This in turn results in closing of normally-open
      contact 31'. Because normally-closed contact 30' remains closed as the
      result of second actuation means 29 being unenergized (switch 61 is now
      open) and because normally-open contact 29" is open, a path of electrical
      current to the "lower" terminal on drive means 39 is provided. Similarly
      to the previously described procedure for raising the boost pressure,
      valving control means 43 now actuates the electro-mechanical valve on
      apparatus 11 to lower the boost pressure.
PAR  Additionally, an added result is that a path for electrical current to a
      second indicating means 73 is provided to indicate that the boost pressure
      is being lowered.
PAR  When the operator is satisfied that the desired boost pressure level is
      attained, he simply actuates the manual switching means 49 to place
      interface 15 in the control mode. Accordingly, the continuous output
      signal from computer 13 through lead 55 provides a means for continuously
      energizing first actuation means 27. This in turn results in the
      normally-closed contact 28' now being opened thus prohibiting any further
      manual manipulation utilizing switches 61 and 63. When the mold closes and
      power source 37 on the mold machine signals interrupt means 33, a
      resulting response signal is supplied computer 13. It is to be remembered
      that interrupt means 33 also is receiving a continuous signal through
      first actuation means 27. It is only when both signals are received by
      interrupt means 33 that a signal is supplied computer 13. As illustrated
      in the lower left hand portion of FIG. 2, contact 27' of first actuation
      means 27 and contact 33' of interrupt means 33 are electrically joined in
      series relationship. Thus with both contacts now being closed, a signal is
      provided. After the afore-mentioned clamp pressure reaches the desired
      point, the injection molding machine automatically starts the ram forward,
      a typical procedure in most injection molding machines. As previously
      described, this motion results in actuation of interrupt means 35.
      Actuation of means 35 results in the closing of normally-open contact 35'.
      Similar to the above operation of interrupt means 33, contact 35' and
      contact 27" are in series relationship. Thus with both closed, computer 13
      receives a signal from means 35 to in turn start its comparison with the
      signal provided by sensing means 17. If the comparison between the
      established reference signal (or set point) and the signal from sensing
      means 17 compare unfavorably, e.g. the pressure is too low, interface
      means 15 provides a means whereby apparatus 11 now is automatically
      adjusted to compensate for this discrepancy. For example, if the level is
      too low, computer 13 provides a secondary output signal along
      interconnecting lead 59 to provide a means whereby the boost pressure is
      raised in the molding machine. More specifically, second actuation means
      29 is now energized as is third actuation means 31 (normally-open contact
      29' is closed). Accordingly, a direct path for current flow is provided to
      the raise terminal on potentiometer drive means 39 (normally-open contact
      29" is closed, normally-closed contact 30' is opened, and normally-open
      contact 31' is closed). If the boost pressure is too high, the computer
      provides a secondary output signal along lead 57 to provide a means
      whereby the molding machine is actuated to lower the pressure. More
      particularly, third actuation means is energized with normally-open
      contact 31' now closing. Accordingly, a path for current flow to the lower
      terminal on means 39 is provided. It is to be noted that during this
      sequence, second actuation means 29 is unenergized.
PAR  If the signals compare within an established range, no secondary output
      signal is generated along leads 57 or 59 while the previously described
      continuous output signal on lead 55 is maintained. Thus, no adjustment to
      apparatus 11 occurs.
PAR  An additional feature as illustrated in FIGS. 1 and 2 is an alarm system
      whereby if the described signal comparison indicates that the boost
      pressure is either above or below the desired level by too great an
      amount, an indication of such a condition is provided. This is achieved in
      FIG. 2 by the computer's failure to provide a signal along interconnecting
      lead 55, resulting in de-energization of first actuation means 27. With
      first actuation means 27 unenergized, normally-open contacts 27' and 27"
      are opened thus removing interrupt means 33 and 35 from the system.
      Similarly, normally-closed contact 28' (which had previously been opened
      is closed). Additionally, an alarm indicator 75 provides the required
      visual indication.
PAR  Interface means 15 as described and illustrated thus provides an automatic
      means for controlling a process variable within apparatus 11. It further
      provides an indication when the ranges above and below the desired level
      have been exceeded. While it does not provide a means whereby automatic
      shutoff to apparatus 11 is achieved, minor modifications to interface 15
      could be provided to achieve said purpose. With the system as described
      and illustrated, apparatus 11 will continue to automatically operate and
      continue its normal sequence of operation despite an indication that the
      above limits have been exceeded. Thus an operator may turn off the
      apparatus and return interface means 15 to the setup mode and make the
      necessary corrective measures. As has been stated however interface 15
      could easily be adapted for providing a signal to automatically shut off
      apparatus 11 if desired.
PAR  An additional feature of system 10 is illustrated in FIG. 1 in which a
      readout means 77 is provided to operate in conjunction with computer 13 to
      provide an operator with a continuous readout of each sequence of
      operation of apparatus 11. Readout 77 provides a summation of the clamp
      times, injection, boost pressure ranges, and the settings of the
      potentiometer 41. It is to be understood that minor modifications could be
      made to system 10 to provide readout means 77 with summaries of other
      process variables as experienced by apparatus 11.
PAR  Thus a system has been provided whereby an injection molding machine or
      similar apparatus which is sequentially actuated is automatically
      controlled to maintain a process variable within specified limits. As can
      be appreciated from the above description and illustration, it can be seen
      that other process variables of a sequentially actuated apparatus could
      also be maintained.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Interface means for interconnecting a sequentially actuated apparatus
      and a computer to automatically maintain at a desired level a process
      variable of said apparatus wherein said computer is adapted for receiving
      a response signal from said apparatus during each sequence of operation,
      said response signal indicative of the level of said process variable
      during each of said sequences of operation, said computer further adapted
      for comparing said response signal to a reference signal representative of
      said desired level for said process variable and providing a first output
      signal of continuous nature and at least one of two secondary output
      signals, a first of said secondary output signals indicative that said
      level of said process variable is less than said desired level, a second
      of said secondary output signals indicative that said level of said
      process variable is greater than said desired level, said interface means
      comprising:
PA1  first actuation means operatively connected to said computer and said
      apparatus for receiving said first continuous output signal and actuating
      said computer to receive said response signal from said apparatus;
PA1  second actuation means operatively connected to said computer, said first
      actuation means, and said apparatus for receiving said first secondary
      output signal and actuating said apparatus prior to the next sequence of
      operation of said apparatus to increase said level of said process
      variable to achieve said desired level; and
PA1  third actuation means operatively connected to said computer, said first
      actuation means, and said apparatus for receiving said second secondary
      output signal and actuating said apparatus prior to the next sequence of
      operation of said apparatus to decrease said level of said process
      variable to achieve said desired level.
NUM  2.
PAR  2. The interface means according to claim 1 wherein said sequentially
      actuated apparatus is a plastic injection molding machine.
NUM  3.
PAR  3. The interface means according to claim 2 wherein said process variable
      is boost pressure.
NUM  4.
PAR  4. The interface means according to claim 1 wherein said first actuation
      means is electrically connected to said computer and said apparatus.
NUM  5.
PAR  5. The interface means according to claim 1 wherein said second actuation
      means is electrically connected to said computer and said first actuation
      means.
NUM  6.
PAR  6. The interface means according to claim 1 wherein said second actuation
      means is electromechanically connected to said apparatus.
NUM  7.
PAR  7. The interface means according to claim 1 wherein said third actuation
      means is electrically connected to said computer and said first actuation
      means.
NUM  8.
PAR  8. The interface means according to claim 1 wherein said third actuation
      means is electromechanically connected to said apparatus.
NUM  9.
PAR  9. A system for automatically maintaining at a desired level a process
      variable of a sequentially actuated apparatus wherein said apparatus is
      adapted for providing a response signal during each sequence of operation
      indicative of the level of said process variable during said sequence,
      said system comprising:
PA1  computer means adapted for receiving said response signal from said
      apparatus and for comparing said response signal to a reference signal
      representative of said desired level for said process variable, said
      computer means further adapted for providing a first output signal of
      continuous nature and at least one of two secondary output signals, a
      first of said secondary output signals indicative that said level of said
      process variable is less than said desired level, a second of said
      secondary output signals indicative that said level of said process
      variable is greater than said desired level; and
PA1  interface means for interconnecting said sequentially actuated apparatus
      and said computer means, said interface means comprising first actuation
      means operatively connected to said computer means and said apparatus for
      receiving said first continuous output signal from said computer means and
      actuating said computer to receive said response signal from said
      apparatus, second actuation means operatively connected to said computer
      means, said first actuation means, and said apparatus for receiving said
      first secondary output signal from said computer means and actuating said
      apparatus prior to the next sequence of operation of said apparatus to
      increase the level of said process variable to achieve said desired level,
      and third actuation means operatively connected to said computer means,
      said first actuation means, and said apparatus for receiving said second
      secondary output signal and actuating said apparatus prior to the next
      sequence of operation of said apparatus to decrease the level of said
      process variable to achieve said desired level.
NUM  10.
PAR  10. The system according to claim 9 wherein said sequentially actuated
      apparatus is a plastic injection molding machine.
NUM  11.
PAR  11. The system according to claim 10 wherein said process variable is boost
      pressure.
NUM  12.
PAR  12. The system according to claim 9 wherein said first actuation means is
      electrically connected to said computer and said apparatus.
NUM  13.
PAR  13. The system according to claim 9 wherein said second actuation means is
      electrically connected to said computer and said first actuation means.
NUM  14.
PAR  14. The system according to claim 9 wherein said second actuation means is
      electromechanically connected to said apparatus.
NUM  15.
PAR  15. The system according to claim 9 wherein said third actuation means is
      electrically connected to said computer and said first actuation means.
NUM  16.
PAR  16. The system according to claim 9 wherein said third actuation means is
      electromechanically connected to said apparatus.
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ABST
PAL  A vector conversion system for a numerical contouring control having a
      programmed machine path with at least two axial displacements
      .DELTA.X,.DELTA.Y, with a given cutter radius RCRAD. Master vector and
      slave vector computers are provided and arranged to operate in rotation
      and multiplication modes. The master vector computer receives signals
      which are a function of .DELTA.X and .DELTA.Y and delivers a counter
      rotational control signal and an RSS signal where RSS =
      .sqroot..DELTA.X.sup.2 + .DELTA.Y.sup.2. The slave vector computer
      receives the counter rotational control signal, a "0" signal and a signal
      which is a function of RCRAD, and delivers output signals IRC and JRC
      which are the orthogonal components of RCRAD. When these components IRC
      and JRC are interchanged, in effect, vector RCRAD is normal to the
      programmed machine path.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  See copending application entitled "Programmable Digital Frequency
      Multiplication System with Manual Override" Ser. No. 392,696 filed on Aug.
      29, 1973 in the names of Charles A. Lauer and Francis A. Fluet now U.S.
      Pat. No. 3,916,175.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the rotational manipulation of vectors for
      utilization in a numerical contouring control system.
PAR  2. Description of the Prior Art:
PAR  With the advent of new techniques in the field of numerical control, the
      desired machine path velocity may now be programmed in direct speed
      dimensions. A digital pulse rate or frequency is generated which
      represents the desired velocity. This frequency may be identified as the
      vector frequency Fv. The exactitude of this frequency (Fv) for the purpose
      intended, depends directly upon the accuracy realized in the calculation
      of the desired vector displacement. Since the magnitude of this
      displacement must be continuously calculated in real time, various
      solutions have been proposed, the accuracy of the results obtained being
      compromised in the interests of celerity. The instant invention proposes a
      new solution to the calculation of vector displacements.
PAR  Additionally, the present invention provides a solution to the problem of
      cutter radius compensation to enable flexibility of operation. Obviously,
      if the programmer's instructions are based upon a fixed cutter radius, the
      machine operator will have to make some adjustments if he is using a
      cutter of a different radius.
PAR  It has been proposed to merely program the machine path and permit the
      operator to make compensation for the cutter size to be used. The present
      invention provides a solution for cutter radius compensation, so that
      adjustments can be quickly consummated to produce an accurate machine
      finish along the programmed path.
PAC  SUMMARY OF THE INVENTION
PAR  A vector conversion system is disclosed for a numerical contouring control
      having a programmed machine path with at least two axial displacements
      .DELTA.X, .DELTA.Y with a given cutter radius RCRAD. Means are provided
      for master vector rotation and multiplication, the master vector means
      receiving signals which are a function of the displacements .DELTA.X
      .DELTA.Y, and delivering a counter rotational control signal and a RSS
      signal where RSS = .sqroot..DELTA.X.sup.2 + .DELTA.Y.sup.2.
PAR  Means for slave vector rotation and multiplication are provided; the slave
      vector means receiving said counter rotational control signal and input
      signals which are functions of 0 and RCRAD respectively. The slave vector
      means delivers signals IRC and JRC which are the orthogonal components, of
      RCRAD which components, when interchanged, position RCRAD normal to said
      programmed machine path.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing the masterslave vector conversion system
      in accordance with the invention;
PAR  FIG. 2 is a diagram used in explaining the invention and depicting the
      inter-relationship between the various vector components utilized in the
      inventive concept;
PAR  FIG. 3 is a vector diagram used in explaining the CORDIC algorithm;
PAR  FIG. 4 is a vector diagram illustrating successive master vector rotation
      for a hypothetical case;
PAR  FIG. 5 is a vector diagram illustrating successive slave vector rotation
      for the same hypothetical case;
PAR  FIG. 6 is a table showing some magnitudes involved in the vector conversion
      cycle for a master vector in the rotation and multiplication modes;
PAR  FIGS. 7 and 9 are schematic diagrams showing the master and slave vector
      converters for the initialization and rotation modes respectively;
PAR  FIGS. 8 and 10 are diagrams respectively showing the master and slave
      vector converters for the multiplication modes respectively; and
PAR  FIG. 11 is a timing diagram used in explaining the operation of the master
      and slave vector converters.
DETD
PAC  GENERAL DESCRIPTION
PAR  Improved techniques for numerical controls now permit programming the
      desired machine path velocity in direct speed dimensions. For example, an
      F character followed by five digits may be used to set the machine speed
      from 000.01 to 999.99 inches per minute (IPM). The F value is modal,
      meaning that it is used until a new number is programmed.
PAR  In general, the programmed and manually selected parameters are used to
      generate a digital pulse rate or frequency which represents the desired
      velocity. This frequency will be called the vector frequency Fv.
PAR  The copending application entitled "Programmable Digital Frequency
      Multiplication System with Manual Override", Ser. No. 392,696, filed on
      Aug. 29, 1973, in the names of Charles A. Lauer and Francis A. Fluet, now
      U. S. Pat. No. 3,916,175, describes a digital frequency multiplication
      system for generating a pulse rate or the frequency Fv, which is a
      function of the machine velocity, and then deriving the component
      frequencies representative of the machine velocity, along at least two
      orthogonal reference axes. Typically each Fv pulse represents one
      increment usually 0.0001 inch of vector or machine path motion. Further
      processing of the Fv pulses provides the frequencies Fx and Fy to control
      the respective velocities along the orthogonal axes x and y (motion along
      the z axis may also be controlled in three dimensional situations, but in
      the interests of simplicity, this discussion will be confined to the x--y
      plane).
PAR  In deriving the components Fx and Fy, the copending application of Lauer
      and Fluet cited supra, calculates the term RSS, i.e., the number derived
      from:
EQU  RSS = .sqroot..DELTA.x.sup.2 + .DELTA.y.sup.2              (1)
PAL  The vector length RSS is an acronym derived from Root of Sum of Squares).
      The velocity accuracy is proportional to the accuracy of RSS with respect
      to the true vector length. The RSS calculation using the given .DELTA.x
      and .DELTA.y magnitudes need only be done once before the frequency
      multiplication process starts. The calculation RSS is performed once for
      each move programmed.
PAR  In order to provide greater flexibility for the user of numerical controls,
      the motion of the machine is programmed without taking into account the
      radius of the cutting tool (RCRAD), leaving cutter radius compensation
      (CRC) to be accomplished by the machine tool operator at the situs of
      operation. In practice the magnitude RCRAD is supplied as an input to the
      numerical control system by the machine operator through a manual data
      input device. The displacement commands for machine motion must therefore
      be offset by a magnitude equal to the cutter radius (RCRAD).
PAR  The invention to be described provides for CRC and additionally RSS is
      calculated with greater accuracy than heretofore attained.
PAR  For an overview of the invention, reference will now be had to FIGS. 1 and
      2. Two coordinating rotating digital computers indicated generally at 10,
      12 operate in a master-slave configuration respectively. The master unit
      10 accepts the stored axis departures .DELTA.X, .DELTA.Y and calculates
      the RSS vector magnitude. During this calculation of RSS, the slave unit
      12 accepts the RCRAD magnitude, and using control signals from the master
      unit 10, calculates the rectangular coordinates IRC and JRC such that:
EQU  IRC = RCRAD . COS (TAN.sup.-.sup.1 [.DELTA.Y/.DELTA.X])    (2)
EQU  JRC = RCRAD . SIN (TAN.sup.-.sup.1 [.DELTA.Y/.DELTA.X])    (3)
PAR  As may be seen best from a study of FIG. 2, when the coordinates IRC and
      JRC are interchanged with respect to the orthogonal axes, i.e., JRC is
      laid off along the X-axis, and IRC is laid off along the Y-axis, then the
      resultant (RCRAD) is normal to the vector captioned: "Programmed Machine
      Motion."
PAR  In order to appreciate the rationale upon which the vector conversion is
      based, a brief review of the Cordic Mathematics is in order.
PAC  MATHEMATIC BACKGROUND
PAR  The invention to be described makes use of the CORDIC algorithm which is
      described in the following references: "Decimal-Binary Conversions in
      CORDIC," D. H. Daggert IRE Transactions on Electronic Computers, EC8
      September, 1959, pp. 335-339; "CORDIC Trigonometric Computing Technique,"
      J. E. Valder, IRE Transactions on Electronic Computers, LSC-8 September,
      1959, at pp. 330-334; and "Use Decimal CORDIC for Generation of Many
      Transcendental Functions," H. Schmid and A. Bogacki, EDN, Feb. 20, 1973,
      pp. 64-73.
PAR  Referring now to FIG. 3, the basic CORDIC equations can be used in an
      iterative way to rotate a vector Ri through some angle .phi.:
EQU  Xi+1 = Xi .+-. 2.sup.-.sup.i Yi                            (4)
EQU  Yi+1 = Yi .-+. 2.sup.-.sup.i Xi                            (5)
PAC  Proof
PAR  By definition let:
EQU  Ti = tan .sup.-.sup.1 (2.sup.-.sup.1) = tan .sup.-.sup.1 (Qi)/(Ri) (6)
EQU  .thrfore. 2.sup.-.sup.1 = Qi/Ri (as i .fwdarw. .infin. Ti .fwdarw. 0) (7)
EQU  .DELTA.X = Qi Sin .phi. .DELTA.Y = Qi cos .phi.            (8)
EQU  Xi+1 = Xi .+-. .DELTA.X  Yi+1 = Yi .-+. .DELTA.Y           (9)
EQU  Xi+1 = Xi .+-. Qi Sin .phi. Yi+1 = Yi .-+. Qi cos .phi.    (10)
EQU  Xi+1 = Xi .+-. Ri 2.sup.-.sup.i sin .phi. Yi+1 = Yi .-+. Ri 2.sup.-.sup.i
      cos .phi.                                                 (11)
EQU  Xi+1 =  Xi .+-. Ri 2.sup.-.sup.i Yi/Ri  Yi+1 = Yi .-+. Ri 2.sup.-.sup.i
      Xi/Ri                                                     (12)
EQU  Xi+1 = Xi .+-. 2.sup.-.sup.i Yi  Yi +1 = Yi .-+. 2.sup.-.sup.i Xi (13)
PAR  The vector can be rotated through any angle (0 .gtoreq. .theta. .gtoreq.
      90.degree.) by choosing the direction of each Ti such that:
      ##EQU1##
      Since Ti approaches 0 very rapidly, only a limited number of iterations
      (n) are required for excellent accuracies. For example, after only 18
      iterations T.sub.17 = tan.sup.-.sup.1 2.sup.-.sup.17 = 0.000437.degree.+
EQU  Ri+1 = (Xi+1.sup.2 + Yi+1.sup.2) .sup.1/2                  (15)
EQU  Ri+1 = {(Xi .+-. 2.sup.-.sup.i Yi).sup.2 + (Yi .-+. 2.sup.-.sup.i Xi).sup.2
      }.sup.1/2                                                 (16)
EQU  Ri+1 = [(Xi.sup.2 + Yi.sup.2) (1 + 2.sup.-.sup.2i)].sup.1/2 (17)
      ##EQU2##
PAR  Thus from (16) it can be seen that each rotation causes the vector to
      elongate by the factor 1/Cos Ti.
PAR  Therefore after a fixed number of iterations the percentage growth of the
      vector is known:
      ##EQU3##
      or i = 0
EQU  N/.pi. (1 + 2.sup.-.sup.2i) 1/2                            (21)
PAL  and
PA1  i = 0
PAR  it is only necessary to multiply the rotated vector by the inverse to find
      the true length.
EQU  For N=17 17/.pi. (1 + 2.sup.-.sup.2i) = 1.646760.sup.+     (22)
PA1  i = 0
PAR  In order to provide a quantitative appreciation of the master slave vector
      rotations consideration will now be given to the hypothetical example
      depicted in FIGS. 4, 5 and in the table of FIG. 6.
PAR  Assume that .DELTA.X = 300, .DELTA.Y = 400 and that RCRAD = 825.
PAR  For convenience, the equations of (13) will be changed to the forms given
      in equations 23 and 24 below:
EQU  Xn + 1 = Xn .+-. Yn/2.sup.i                                (23)
EQU  Yn + 1 = Yn .-+. Xn/2.sup.i                                (24)
PAL  where the variable n represents a particular Vector Rotator Cycle Time
      (FIG. 6: VRC2 through VRC19) and n + 1 represents the next Vector Rotator
      Cycle Time. Further, as may be seen from the table of FIG. 6, the exponent
      i of radix 2 is the number of extra shift pulses generated.
PAR  The plus or minus options in equations (23) and (24) determine the
      direction of angular change viz. clockwise (CW) or counterclockwise (CCW).
      The direction of the n + 1 angular change is determined by the polarity of
      the Y components after the n angular change.
PAR  At VRC2, the coordinates for the master vector are obtained from equations
      (23) and (24). (The coordinates for the slave vector are similarly
      obtained, but only those for the master vector will be calculated.
EQU  Xn + 1 = 300 + 400/2.degree.                               (25)
EQU  Xn + 1 = 700
EQU  Yn + 1 = 400 - 300/2.degree.                               (26)
EQU  Yn + 1 = 100
PAR  As shown in FIG. 4, the master vector rotates from the initial position
      (VRC1), 45.degree. CW to the position VRC2. At the same time, (FIG. 5) the
      slave vector rotates 45.degree. CCW from VRC1 to VRC2.
PAR  The process continues:
EQU  Xn + 1 = 700 + 100/2.sup.1                                 (27)
EQU  Xn + 1 = 750
EQU  Yn + 1 = 100 - 700/2.sup.1                                 (28)
EQU  Yn + 1 = 100 - 350
EQU  Yn + 1 = -250
PAR  The master vector now rotates 26.56.degree. CW from the position VRC2 (FIG.
      4) to the position VRC3. Similarly, the slave vector rotates 26.56.degree.
      CCW from the position VRC2, FIG. 5 to the position VRC3.
PAR  The process continues VRC3 - VRC19, at which time the master vector is
      substantially at 0.degree. (i.e. in FIG. 4 the angle .beta. has been
      successively reduced to zero degrees), and the slave vector is
      substantially at .beta..degree. (i.e., in FIG. 5 the angle 0.degree. has
      been successively increased in step when the master vector decreases,
      until the vector is at the angle .beta.). Actually, as may be seen from a
      study of FIG. 6, the angle of rotation is very nearly zero from VRC8 on.
PAR  At the end of VRC19, that is seventeen iterations, the master and slave
      vectors are as shown in FIGS. 4 and 5 respectively.
PAR  As shown by equation 22 after 17 iterations the overall vector growth is:
EQU  K = 1.646760.sup.+
PAR  Thus, both the master and slave vectors are K times longer than their
      initial vector magnitudes. In order to compensate for this, the resulting
      vectors are multiplied by approximately:
EQU  1/K = 0.607252935.sup.+
PAR  This is accomplished during the vector rotate cycles VRC20 - VRC 29.
PAC  PRACTICAL EMBODIMENT
PAR  One hardware implementation of the invention is shown in FIGS. 7, 8, 9, 10.
PAR  The invention operates in three modes: (a) initialization (b) rotation and
      (c) multiplication. In order to simplify the explanation of the
      embodiment, the initialization and rotation modes for the master and slave
      vector conversions are separately shown in FIGS. 7 and 9, while the
      multiplication mode for the master and slave vector conversions are
      depicted in FIGS. 8 and 10 respectively. It should of course be understood
      that in the practical embodiment the various modes are realized with the
      same components and that, whenever possible, logic elements are
      consolidated to avoid duplication and maximize efficiency.
PAR  Referring now specifically to FIG. 7, the master vector converter 10 may be
      conveniently divided into logic circuitry indicated generally at 14, a
      plurality of shift registers identified generally at 16, and full
      adder-subtractors identified generally at 18. A source of shift pulses
      (normal) is identified at 20a and a source of extra shift pulses (i) is
      identified at 20b. A master sequence unit is shown symbolically at 22.
      Completing this generalized description, a sign store and a NOT logic
      element are identified at 24 and 26 respectively.
PAR  The logic circuitry 14, for example, may comprise AND gates 28, 30, 32, 34,
      36, 38, 40, 42, OR gates 44, 46, 48, and 50.
PAR  The plurality of shift registers identified generally at 16 comprises 50
      bit shift registers identified at 52, 54, 56, and 58.
PAR  Finally, the full adder-subtractor means 18 comprises full
      adder-subtractors 60, 62.
PAR  In FIG. 8, the master vector rotator 10 is shown in skeletonized form in
      the interests of simplicity. The logic circuitry 14 has been eliminated,
      and a sign store 64 and a NOT element 66 has been added.
PAR  The slave vector rotator 12 is depicted in the initialization and rotation
      modes, FIG. 9 and in the multiplication mode in FIG. 10.
PAR  Referring now to FIG. 9, the slave vector rotator 12 may be conveniently
      divided into logic circuitry indicated generally at 68, a plurality of
      shift registers identified generally at 70, and full adder-subtractors
      identified generally at 72. The source of shift pulses (normal) is
      identified at 20a and the source of extra shift pulses (i) is identified
      at 20b. Completing this generalized description, NOT logic elements are
      identified at 74 and 76.
PAR  The logic circuitry 68 for example may comprise AND gates 78, 80, 82, 84,
      86, 88, 90, 92 and OR gates 94, 96, 98, and 100.
PAR  The plurality of shift registers identified generally at 70 comprises 50
      bit shift registers 102, 104, 106, and 108.
PAR  The full adder-subtractor means 72 comprises full adder-subtractors 110 and
      112.
PAR  In FIG. 10, the slave vector rotator 12 is also shown in skeletonized form
      in the interests of simplicity. Logic circuitry 68 has been eliminated.
      Sign store means are identified at 114 and 116, and NOT logic gates are
      identified at 118 and 120.
PAR  In the discussion to follow, only the master vector rotator will be
      discussed in the interests of simplicity since it will then be obvious
      that the slave vector rotator operates in the same manner.
PAR  We shall now discuss the initialization and rotation modes of the master
      vector rotator shown in FIG. 7; reference will also be had to the table
      shown in FIG. 6 and to the vector rotating timing waveforms shown in FIG.
      11.
PAR  In general, the vector converters use arithmetic format, that is, serial,
      binary, two's complement, with static shift registers as the data storage
      element. The static form of shift register insures that when shifting
      stops the data is retained and is not lost as would occur in dynamic shift
      registers.
PAR  The timing chart for vector rotation control is shown in FIG. 11. It
      comprises three states (shown at T1, T2 and T3), which identify three
      50.mu. second periods of time occurring during each Vector Rotator Cycle,
      i.e., VRCO through VRC29.
PAR  In general, the T1 time is reserved for generating extra shift pulses to
      the shift registers 54, 58, controlled by the extra shift pulse (i)
      control 20b. Each shift pulse causes the shifted register contents to be
      divided by two, with respect to all other registers. In view of the fact
      that the shifting operation could cause a truncation error or loss of the
      least significant bits of the original 25 bit data word, fifty bit
      registers are utilized with the "binary point" in the middle of the 50
      bits, that is, the 25 least significant bits carry along the fractional
      part of the intermediate calculations to improve accuracy.
PAR  The T2 and T3 periods are used to generate a full shift cycle or iteration
      of all 50 bit registers. During T2, the fractional portion of the data,
      least significant bit first, is coming out of the registers. During T3,
      the whole magnitude or most significant position of the 50 bit data word
      comes from the register again with the least significant bit first.
PAR  The start of conversion is begun by actuating the master sequence 22 which
      controls the three modes:
PAR  (a) initialization (b) rotation and (c) multiplication.
PAC  INITIALIZATION
PAR  The initialization cycle VRC1 (FIG. 6) performs two functions for all the
      shift registers in the master vector converter 10. During T2 (FIG. 11)
      when the fractional portion of the register is coming out, zeros are
      serially loaded into all the registers. During T3, when the whole contents
      of the registers are being delivered, the initial magnitudes (in our
      hypothetical case .DELTA.X = 300, .DELTA.Y = 400) are loaded into the
      registers. More specifically, .DELTA.X is in the shift registers 52, 58,
      .DELTA.Y is in shift registers 54, 56. This prepares all registers for the
      rotation cycle which begins at VRC2.
PAR  The full adder-subtractors 60, 62 essentially perform the operation:
EQU  Xn + 1 = Xn .+-. Yn/2.sup.i                                (23)
EQU  Yn + 1 = Yn .-+. Xn/2.sup.i                                (24)
PAR  In the upper portion of FIG. 7 A = Xn and in the lower portion A = Yn.
      Similarly, B = Yn/2.sup.i above and Xn/2.sup.i  below.
PAR  The sign store 24 is a flip flop. As may be seen from a study of FIG. 7,
      the flip flop stores the sign of the Yn component for use in the next
      iteration through the registers. The sign is thus applied: to full
      adder-subtractor 60; to NOT logic gate 26 and to the slave vector rotator
      12 (FIG. 9). The NOT gate 26 is of course an inverter so that when full
      adder-subtractor 60 performs the operation A+B, the full adder-subtractor
      62 performs the operation A-B and conversely.
PAR  The extra shift pulse source (i) 20b is provided to perform division and is
      applied only to registers 54, 58 to deliver Xn/2.sup.i and Yn/2.sup.i
      respectively. Each time a shift pulse is applied it is equivalent to
      division by two since a shift in the contents of a shift register changes
      the weighted significance.
PAC  MULTIPLICATION (FIG. 8)
PAR  To recapitulate, at the end of VRC 19, that is at the end of seventeen
      iterations, the resulting vector magnitude is K times longer than the
      initial vector magnitude (K = 1.646760256.sup.+). To compensate for this,
      the resulting vector is multiplied by 1/K = 0.6072540283203125 The binary
      0.1001101101110101 is a good approximation for 1/K.
PAR  In order to realize multiplication by the binary approximation of 1/K,
      advantage is taken of the extra shift pulse generating capability during
      the T1 period of the Vector Rotation Cycle (FIG. 6).
PAR  During the last iteration of the rotation mode, in preparattion for the
      multiplication mode, the inputs to the Xn (52) and Ym (56) registers are
      zeroed so that the contents of Xm and Ym at the end of the rotation mode
      is zero.
PAR  Referring to FIG. 7, the contents of the Xm/ 2.sup.i and Ym/ 2.sup.i (58
      and 54) registers contain the final rotated vector components. The X
      component will be positive, but the Y component may be negative. The Add/
      Subtract control input of the adders 60, 62 shown in FIG. 8 use the
      polarity of the Xm/ 2.sup.i and Ym/ 2.sup.i registers to cause the Xm+ 1
      and Ym+ 1 values to be always positive.
PAR  Multiplication by the binary fraction approximately 1/K (i.e.,
      0.1001,1011,0111,0101) ) can be accomplished by multiplying each final
      vector component by the sum of the "position weights" of the "ones" in the
      binary fraction. For example:
EQU  Z/K = Z(2.sup.-.sup.1 + 2.sup.-.sup.4 .gamma.+  2.sup.-.sup.5 +
      2.sup.-.sup.7 +  2.sup.-.sup.8 +  2.sup.-.sup.10 +  2.sup.-.sup.11 +
      2.sup.-.sup.12 +  2.sup.-.sup.14 + 2.sup.-.sup.16)        (29)
PAL  where Z is either the X or Y component.
EQU  Z/K =  Z2.sup.-.sup.1 +  Z2.sup.-.sup.4 +  Z2.sup.-.sup.5 + Z2.sup.-.sup.7
      +  Z2.sup.-.sup.8 +  Z2.sup.-.sup.10 +  Z2.sup.-.sup.11 + Z2.sup.-.sup.12
      +  Z2.sup.-.sup.14 +  Z2.sup.-.sup.16.                    (30)
PAR  However, the last equation above can be more easily implemented using the
      four registers of FIG. 8 to perform:
EQU  Z/K = (Z)2.sup.-.sup.1 + (Z2.sup.-.sup.1)2.sup.-.sup.3 + (Z2.sup.-.sup.4)
      2.sup.-.sup.1 + (Z2.sup.-.sup.5) 2.sup.-.sup.2 + (Z2.sup.-.sup.7)
      2.sup.-.sup.1 + (Z2.sup.-.sup.8) 2.sup.-.sup.2 +
      (Z2.sup.-.sup.10)2.sup.-.sup.1 + (Z2.sup.-.sup.11)2.sup.-.sup.1 +
      (Z2.sup.-.sup.12)2.sup.-.sup.2 + (Z2.sup.-.sup.14)2.sup.-.sup.2 (31)
PAR  This sum of product terms equation is implemented during the ten VRC
      cycles, VRC20 through VRC29.
PAR  During each of the ten cycles, one of the product terms in the equation
      (31) is generated at the output of the X/2.sup.i register, by using the
      extra shift pulse capability, starting with the Z2.sup.-.sup.1 term. The
      number of extra shift pulses needed to generate the term is determined by
      the exponent of 2 outside the parantheses, in that term. The successive
      magnitudes for these extra shift pulses are listed in FIG. 6 during the
      multiplication Cycle. The Xm register is used to accumulate each term
      generated by the X/2.sup.i register during each iteration of the
      multiplication mode producing the sum of product terms. The operation of
      the respective registers is the same for the other vector components in
      both the Master and the Slave Vector Converters. The result of the
      multiplication cycle can then be taken at the output of the adders during
      the final step of multiplication (VRC29) or it can be taken at the output
      of the xm register during VRC30. The resultant magnitudes, after the
      multiplication cycle are:
TBL  Register    Initial Value  Final Value                                    
     ______________________________________                                    
     MASTER                                                                    
           Xn        .DELTA.X       RSS                                        
     "     Yn/2.sup.i                                                          
                     .DELTA.Y       .about.O                                   
     "     Yn        .DELTA.Y       .about.O                                   
     "     Xn/2.sup.i                                                          
                     .DELTA.X       .about.O                                   
     SLAVE in        RCRAD          IRC                                        
     "     jn/2.sup.i                                                          
                     O              .about.O                                   
     "     jn        O              JRC                                        
     "     in/2.sup.i                                                          
                     RCRAD          .about.O                                   
     ______________________________________                                    
PAR  For the specific implementation described herein, the calculations are in
      50 bit (double precision of 25 bit input words) serial binary registers at
      a bit rate of 500 kilobits/sec.
PAR  The calculation process takes 4.5 milliseconds and the resultant RSS
      accuracy is +2, - 0 PPM. The accuracy of IRC and JRC is about .+-. 8 PPM.
PAR  Many variations of the vector converter are possible. In general, speed of
      rotation can be sacrificed for increased accuracy, that is the vector
      rotate iterations could be reduced from eighteen to some lesser number,
      and the multiplication cycle could be performed in fewer steps;
      additionally, the register size could be reduced with resulting diminution
      in accuracy, but an increase in conversion speed.
PAR  Additional logic could be provided to perform a full 360.degree.  vector
      rotation instead of the 90.degree. in the illustrative embodiment.
PAR  The same circuitry may be used to calculate SINE and COSINE of an angle by
      forcing the initial conditions of RCRAD to be 1.0 resulting in IRC, JRC
      values equal to the COSINE and SINE of the angle specified by the .DELTA.X
      and .DELTA.Y initial magnitudes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vector conversion digital system for a numerical contouring control
      having a programmed machine path with at least two axial displacements
      .DELTA.X, .DELTA.Y, with a given cutter radius RCRAD, the vectoral
      conversions being consummated prior to the incremental commanded
      displacement of said cutter, comprising:
PA1  a. means for master vector rotation and multiplication for receiving
      signals which are a function of said displacements .DELTA.X, .DELTA.Y, and
      for delivering a counter rotational control signal, and an RSS signal
      where:
EQU  RSS = .sqroot..DELTA.X.sup.2 + .DELTA.Y.sup.2 and
PA1  b. means for slave vector rotation and multiplication connected to receive
      said counter rotational control signal, and input signals which are 0 and
      a function of RCRAD respectively, and for delivering output signals IRC
      and JRC which are the orthogonal components of RCRAD, which components,
      when interchanged, position RCRAD normal to said programmed machine path.
NUM  2.
PAR  2. A vector conversion system according to claim 1 wherein in the master
      vector means, a vector Ri having coordinates Xi = .DELTA.X; Yi = .DELTA.Y,
      during the rotation mode is rotated through an arbitrary angle .theta.
      where (0.gtoreq. .theta. 90.degree.), by choosing the direction of TiTi =
      tan.sup.-.sup.1 (2.sup.-.sup.i) and i is the iterative step 0, 1, 2, 3
      such that
      ##EQU4##
      the new vector being
      ##EQU5##
      and during the multiplication mode the vector Rm + 1 is multiplied by Cos
      Tm, and in the slave vector means during rotation, the vector RCRAD is
      similarly rotated but in angular rotative steps which are opposite to
      those in the master slave rotator, and in the multiplied mode the vector
      RCRAD is multiplied by Cos Tm.
NUM  3.
PAR  3. A vector conversion system according to claim 1 wherein said master
      vector means comprises:
PA1  a. an extra shift pulse signal source;
PA1  b. a master logic sequence means responsive to a start conversion signal
      and delivering signals for the initialization, rotation and multiplication
      modes, and to said extra shift pulse signal source;
PA1  c. a normal shift pulse signal source;
PA1  d. a plurality of shift registers Xn, Yn/2.sup.i, Yn and Xn/2.sup.i, where
      i is the iterative step (0, 1, 2, 3, . . . ) said normal shift pulse
      source being connected to all of said shift registers, said extra shift
      pulse source being connected to said Yn/2.sup.i and Xn/2.sup.i registers;
PA1  e. logic gating means acting in response to said master logic sequence
      means to deliver the intelligence .DELTA.X, .DELTA.Y to said shift
      registers respectively;
PA1  f. first algebraic adder means having inputs A and B connected to said Xn
      and Yn/2.sup.i registers respectively, and having an output Xn + 1;
PA1  g. second algebraic adder means having inputs A and B connected to said Yn
      and Xn/2.sup.i registers respectively, and having an output Yn + 1; and
PA1  h. signal control means connected to said first and second algebraic adder
      means to determine respectively the algebraic sign of input B for each of
      said adder means during the rotation and multiplication modes of
      operation.
NUM  4.
PAR  4. A vector conversion system according to claim 3 where after a
      preselected number of iterations (n) the output of said first algebraic
      adder means is:
EQU  Xn + 1 = Xn .+-. Yn/2.sup.n = RSS, and
PAL  the output of said second algebraic adder means is:
EQU  Yn + 1 = Yn .+-. Xn/2.sup.n = 0
NUM  5.
PAR  5. A vector conversion system according to claim 1 wherein said slave
      vector means comprises:
PA1  a. an extra shift pulse signal source;
PA1  b. a master logic sequence means responsive to a start conversion signal
      and delivering signals for the initialization, rotation and multiplication
      modes, and to said extra shift pulse signal source;
PA1  c. a normal shift pulse signal source;
PA1  d. a plurality of shift registers in, jn/2.sup.i, jn in/2.sup.i, where i is
      the iterative step 0, 1, 2, 3, . . ., said normal shift pulse signal
      source being connected to all of said shift registers, said extra shift
      pulse source being connected to said jn/2.sup.i and in/2.sup.i registers;
PA1  e. logic gating means acting in response to said master logic sequence
      means to deliver the intelligence 0 and RCRAD to said shift registers
      respectively;
PA1  f. first algebraic adder means having inputs A and B connected to said
      i.sub.n and jn/2.sup.i registers and having an output i.sub.n +1;
PA1  g. second algebraic adder means having inputs A and B connected to said
      j.sub.n and in/2.sup.i registers, and having an output jn +1, and
PA1  h. sign control means connected to receive said counter rotational control
      signal and connected to said first and second algebraic adder means to
      determine respectively, the algebraic sign of input B for each of said
      adder means during the rotation and multiplication modes of operation.
NUM  6.
PAR  6. A vector conversion system according to claim 5 wherein after a
      preselected number of iterations (n) the output of said first algebraic
      adder means is:
EQU  i.sub.n.sub.+1 = i.sub.n .+-. jn/2.sup.n = IRC
PAL  and the output of said second algebraic adder means is:
EQU  j.sub.n.sub.+1 = j.sub.n .-+. in/2.sup.n = JRC
NUM  7.
PAR  7. A vector conversion system according to claim 3 wherein in the
      multiplication mode Z Cos Tn =
EQU  (Z) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.1) 2.sup.-.sup.3 +
EQU  (Z 2.sup.-.sup.4) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.5) 2.sup.-.sup.2 +
EQU  (Z 2.sup.-.sup.7) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.8) 2.sup.-.sup.2 +
EQU  (Z 2.sup.-.sup.10) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.11) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.12) 2.sup.-.sup.2 +
EQU  (Z 2.sup.-.sup.14) 2.sup.-.sup.2 + etc.
PAL  where Z is respectively the X and Y components, and the magnitude of the
      exponent of the 2 outside the parenthesis represents the required number
      of extra shift pulses, the respective product terms being generated at the
      output of the z/2.sup.i registers, the Zn register accumulating each term
      generated by the Z/2.sup.i register.
NUM  8.
PAR  8. A vector conversion system according to claim 5 wherein in the
      multiplication mode Z Cos Tn =
EQU  (Z) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.1) 2.sup.-.sup.3 +
EQU  (Z 2.sup.-.sup.4) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.5) 2.sup.-.sup.2 +
EQU  (Z 2.sup.-.sup.7) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.8) 2.sup.-.sup.2 +
EQU  (Z 2.sup.-.sup.10) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.11) 2.sup.-.sup.1 +
EQU  (Z 2.sup.-.sup.12) 2.sup.-.sup.2 +
EQU  (Z 2.sup.-.sup.14) 2.sup.-.sup.2 + etc.
PAL  where Z is respectively the i and j components, and the magnitude of the
      exponent of the 2 outside the parenthesis represents the required number
      of extra shift pulses, the respective product terms being generated at the
      output of the Z/2.sup.i registers, the Zn register accumulating each term
      generated by the z/2.sup.i register.
NUM  9.
PAR  9. A vector conversion system according to claim 3 wherein said logic
      gating means comprises AND and NOT logic elements.
NUM  10.
PAR  10. A vector conversion system according to claim 5 wherein said logic
      gating means comprises AND and NOT logic elements.
NUM  11.
PAR  11. A vector conversion system according to claim 3 wherein said sign
      control means comprises cooperating flip flops and NOT logic elements, the
      flip flop detecting the sign of a quantity and the NOT logic elements
      providing input signal inversion to realize rotation and multiplication.
NUM  12.
PAR  12. A vector conversion system according to claim 5 wherein said sign
      control means comprises cooperating flip flops and NOT logic elements, the
      flip flops detecting the sign of a quantity and the NOT logic elements
      providing input signal inversion to realize rotation and multiplication.
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PAL  The error signal corresponding to the deviation of the actual track
      position from the desired track position is applied to three pairs of
      threshold stages each pair consisting of one stage furnishing a threshold
      output signal if a positive error signal has an amplitude exceeding a
      predetermined value and a second stage for forming the same function for a
      negative error signal. The threshold output signals are stored in
      associated flip-flops. The flip-flops are reset whenever a flip-flop
      indicative of a higher amplitude error signal is set. Whenever the lowest
      threshold stage resets, indicating that the error signal is passing close
      to zero, gates are activated which advance counters connected to the
      flip-flops if the flip-flop has been set. In a digital embodiment, the
      comparison takes place on an amplitude basis only, the sign controlling
      the transfer to counters associated with negative and positive error
      signals respectively. The signal for initiating the counter advance is
      derived from an exclusive OR circuit which furnishes an output when the
      sign of the last received error signal differs from the sign of the last
      previously received error signal. The counters are thus advanced only when
      a change in sign of error signal occurs.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of our co-pending application Ser. No.
      316,028, filed Dec. 18, 1972, for "Track Position Survey Apparatus", now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field Of The Invention
PAR  The present invention relates to improvements in apparatus mounted on a
      railroad track survey car for determining the difference between the
      actual and a desired position of the track whereon the car moves.
PAR  B. Discussion Of The Prior Art
PAR  U.S. Pat. No. 3,610,894, dated Oct. 5, 1971, proposes a peak analysis
      system wherein the error signals are measured only between maxima and
      minima, without reference to a datum line, which sometimes leads to
      incorrect results. All errors above and below the datum line (which is not
      taken into account by the system disclosed in that patent) are evaluated
      equally, and after a single pass of the survey car over a surveyed track
      section, no direction or trend, i.e. in which direction the error curve
      deviates from the datum line, can be detected. Such a trend can be
      detected only after several passes over the track.
PAR  It is the primary object of this invention to provide apparatus which makes
      it possible to evaluate track position errors according to the direction
      and magnitude of the deviation of the track from a datum line, and to
      record and store this information.
PAC  SUMMARY OF THE INVENTION
PAR  This and other objects are accomplished in accordance with the invention by
      providing an apparatus which is adapted for mounting on a railroad survey
      car to determine the difference between the actual and the desired
      position of the railroad track upon which the survey car travels. The
      apparatus comprises a transducing means functionally coupled to the track
      beneath the car, for generating an analog error signal proportional to the
      deviation of the actual position of the track from a desired position and
      means for generating a reference signal representative of a datum line for
      the desired track position.
PAR  The digital embodiment also includes means for supplying periodic timing
      signals and an analog-to-digital converter connected to and synchronized
      by said signal supplying means for converting the analog output of the
      transducing means into binary form, the reference source defining a
      particular binary output from said analog-to-digital converter as a datum
      line. The second embodiment further includes means, connected to the
      output of the analog-to-digital converter, for comparing successive binary
      output signals from the analog-to-digital converter to reference signals,
      thereby to classify error signal peaks into a number of different
      amplitude ranges. Whenever the error signal changes sign, a counter
      associated with the largest amplitude range in which a peak has registered
      and which is associated with the sign of the error signal producing said
      peak is advanced by one count.
DRWD
PAR  The above and other objects, advantages and features of the present
      invention will become more apparent from the following detailed
      description of certain now preferred embodiments thereof, when taken in
      conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a circuit diagram of a first embodiment of this invention;
PAR  FIG. 2 is a graphical record of a typical input signal to be analyzed;
PAR  FIG. 3 is a portion of the circuit diagram of a second embodiment of the
      invention;
PAR  FIG. 4 is a side elevational schematic view of a track survey car whereon
      the apparatus of the present invention may be mounted;
PAR  FIGS. 5 and 6 are plan views of the track survey car of FIG. 4;
PAR  FIG. 7 shows a circuit diagram of yet another embodiment of the invention;
PAR  FIG. 8 shows one particular circuit element of the circuit of FIG. 7;
PAR  FIG. 9 shows a portion of the circuit diagram of FIG. 7; and
PAR  FIG. 10 shows graphs of specific impulses produced in the circuit of FIG. 7
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is shown a Wheatstone bridge comprising four
      strain gages 1, 2, 3, 4. The strain gages are bent or flexed in response
      to a specified railroad track parameter (as will be further explained in
      connection with FIGS. 4 to 6) to produce reference signals which are a
      direct function of the track parameter, and thus comprise an error signal
      transducer. Direct current is fed to two corners of the Wheatstone bridge
      and the output signal of the bridge is taken from the two other bridge
      corners and fed to signal amplifier 5, the output signal from the bridge
      being proportional to the flexing of the strain gages. The output of
      amplifier 5, on conductor 6, may be either a positive or a negative
      voltage, the value of this voltage being proportional to the flexing of
      the strain gages, i.e. to changes in the specified track parameter. In
      this way, conductor 6, carries error signals produced by the strain gages
      whenever the specified track deviates from a datum line.
PAR  The error signals are fed by conductor 6 into a filter circuit 7 which
      comprises a pair of resistors 8, and 9 and a capacitor 10. The time
      constant of filter circuit 7 is large compared to the rapid changes in the
      input signals coming from line 6. In a typical track survey car, a time
      constant of about one minute is advantageously used. Thus, the high
      frequency component of the error signal is filtered out in filter circuit
      7, and the filtered output of circuit 7 comprises the low frequency
      component of the error signal. The filtered output signal is next fed to a
      signal amplifier 11 having a variable resistance 12 connected thereto
      which is adjusted so that a zero input thereto produces a zero output
      therefrom.
PAR  The direct error signal from line 6 and the reference signal from amplifier
      11 are fed to three voltage dividers 13, 14, 15, each divider having a
      different value of scale corresponding to the scale of three desired error
      bands, and six Schmitt triggers 19 to 24 connected thereto and actuated
      thereby. In this system, the extent of the deviation of the error signal
      on conductor 6 from the filtered reference signal coming from amplifier 11
      may be placed into one of six arbitrary bands, three of these bands being
      above the reference signal and three bands being therebelow. It is also
      desirable to indicate the number of signals in each band.
PAR  If the difference between the error signal and reference signal is of
      sufficient magnitude, each voltage divider will deliver an output signal
      on conductors 16, 17 and 18 connected thereto but differences of minor
      magnitude will not produce such output signals. As will be explained
      below, such minor deviations fall into a dead zone for purposes of
      analysis (see FIG. 2).
PAR  Conductor 16 is connected to input terminals of opposite polarity in
      Schmitt triggers 19, and 20; conductor 17 is connected to input terminals
      of opposite polarity in Schmitt triggers 21, and 22; and line 18 is
      connected to input terminals of opposite polarity in Schmitt triggers 23,
      24. The other input terminals of all the Schmitt triggers 19 to 24 are
      interconnected to receive the reference signal from amplifier 11.
PAR  The output signals of Schmitt triggers 19 and 20 are fed to a logic circuit
      comprising four monostable devices 25, 26, 27 and 28. Furthermore, for
      each of the three positive signal bands, there is provided a flip-flop
      circuit 29, 30 or 31, a NAND gate 32, 33, or 34, an OR gate 35, 36, or 37,
      and a counter 38, 39, or 40, respectively. For each of the three negative
      signal bands, there is provided a flip-flop circuit 41, 42, or 43, a NAND
      gate 44, 45, or 46, an OR gate 47, 48, or 49, and a counter 50, 51, or 52,
      respectively.
PAR  The functioning of the logic circuit will now be described in connection
      with an analysis of the signal illustrated in FIG. 2.
PAR  As shown in FIG. 2, the curve of this signal begins at A on the datum line
      which is defined by the reference voltage from amplifier 11, crosses at
      point B the transition line between the dead zone and signal band 1,
      reaches a peak in this first band at point C, recrosses the transition
      line into the dead zone at point D, reaches a trough in the dead zone at
      point E, rises again to pass into signal band 1 at point F, crosses from
      band 1 into signal band 2 at point G, reaches a peak in band 2 at point H,
      returns into the dead zone at point I, and reaches the reference voltage
      or datum line at point J.
PAR  When the direct, unfiltered error signal is at point A, it is in
      equilibrium with the reference voltage and, therefore, no output signal is
      produced by voltage dividers 13, 14 and 15.
PAR  When the error signal voltage reaches point B, the positive output signal
      from voltage divider 13 causes Schmitt trigger 19 to change its output
      signal from 0 to 1. This sets flip-flop 29, causing a logic 1 to be
      applied to one input of NAND gate 32 which is maintained closed at this
      time by the output signal from monostable device 25 which is a logical 0.
PAR  When the error signal rises to point C, where a change in signal direction
      occurs and, when it later falls to point D, the signal voltage in line 16
      is still sufficient to maintain a logical 1 at the output of Schmitt
      trigger 19. It should be noted that when this output changes to 0, the
      output of monostable device 25 changes for a brief period of time from 0
      to 1. This unlocks NAND gates 32, 33 and 34, which permits the output of
      flip-flops 29, 30 and 31 to reach counters 38, 39, 40. However, since
      flip-flops 30 and 31 have a 0 signal at their outputs, counters 39 and 40
      will not receive any input. However, multivibrator 29 feeds a logical 1 to
      counter 38 which records the same. When the output of monostable device 25
      returns to logical 0, the output of monostable device 26 will be for a
      brief time a logical 1. This acts as a re-set signal for multivibrators
      29, 30, 31 which re-set signal is fed back to the flip-flops by OR gates
      35, 36, and 37 to re-set the outputs of the corresponding flip-flops to 0.
      Thus, the multivibrators are ready for the next analysis.
PAR  At point E, the error signal changes direction again, leaving the dead zone
      at point F when the voltage of the signal on conductor 16 is again of
      sufficient magnitude to change the output of Schmitt trigger 19 from a
      logical 0 to a logical 1.
PAR  At point G, the voltage of the error signal in line 17 becomes of
      sufficient magnitude to change the output of Schmitt trigger 21 from a
      logical 0 to a logical 1. This signal is fed to NAND gate 33 which is
      maintained closed at this point by the logical 0 output of monostable
      device 25. The logical 1 signal of flip-flop 30 also acts a re-set signal
      for flip-flop 29 to which it is fed by OR gate 35 to re-set the output of
      flip-flops 29 to logical 0.
PAR  At point H, the error signal changes direction again, dropping from its
      peak to return the output of Schmitt trigger 19 to a logical 0 when the
      error signal crosses point I. This causes the output of monostable device
      25 to change to a logical 1 for a brief period of time, opening NAND gates
      32, 33 and 34 and making it possible for the output signals from
      flip-flops 29, 30, and 31 to reach counters 38, 39 and 40. However, since
      the output signals of flip-flops 29 and 31 are logical 0 signals, there
      will be no input to counters 38 and 40. However, since the output of
      flip-flop 30 is a logical 1, its signal and its alone will be fed to
      counter 39, thus recording the peak which priorly occurred at point H.
      When the output signal of monostable device 25 changes to logical 0, the
      output signal of monostable device 26 will be a logical 1 for a brief
      period of time. This latter output signal is fed through OR-gates 35, 36,
      37 to flip-flops 29, 30, 31 to re-set the outputs thereof to logical 0.
PAR  When the error signal passes from band 2 to band 3 (which condition is not
      shown in FIG. 2), the output of flip-flop 31 would be set at logical 1,
      and this signal would re-set multivibrator 30 to logical 0, being fed to
      multivibrator 30 by OR gate 36.
PAR  The circuitry operates in a similar manner when the error signal is
      negative with respect of the datum. In this event, Schmitt triggers 20,
      22, and 24, monostable devices 27 and 28, NAND gates 44, 45, 46, OR gates
      47, 48, 49, and counters 50, 51, 52 are used in the same manner as
      hereinabove described.
PAR  In this manner, each peak which occurs in any of the six bands is counted
      independently, the counter being activated each time that the error signal
      returns to the dead zone from its peak; changes which occur in one or more
      bands before the dead zone has been reached are not counted.
PAR  FIG. 3 illustrates another embodiment of the anolog signal input
      arrangement for the logic circuit of FIG. 1, the arrangement and operation
      of all circuit elements connected to the outputs of Schmitt triggers 19 to
      24 being unchanged.
PAR  In this embodiment, the variable track parameter to be analyzed
      mechanically sets four variable resistances 53, 54, 55, 56 arranged into a
      Wheatstone bridge circuit to produce error signal proportional to the
      variable parameter. Suitable mechanical coupling elements (not shown)
      enable resistances 54 and 55 to be rotated clockwise while resistances 53
      and 56 are rotated counterclockwise thereby increasing the sensitivity of
      the bridge. The positive or negative output signals from the bridge, which
      are of course proportional to the variable parameter to be analyzed, are
      fed by conductors 57 and 58 to a differential amplifier 59 whose output
      may be set to zero by a variable resistance 60. Conductors 61 and 62
      receive a negative or a positive output signal from differential amplifier
      59, which signal will vary in amplitude and sign with the variable
      parameter to be analyzed. If the variable reference signal contains high
      as well as low frequencies, the signals in lines 61 and 62 will also
      contain both types of frequencies. These signals are fed to a pair of
      filter circuits each of which has an inductive resistance 63 and a
      capacitor 64. The filter elements are selected such that the filter will
      filter out error signals of high frequency and will pass only error
      signals of low frequency. The filtered error signals are next fed to a
      signal amplifier 65 which produces a reference output signal on conductor
      66.
PAR  The reference signal is fed by conductor 66 to Schmitt triggers 19 to 24,
      on the one hand, and to six voltage dividers 67 to 72, on the other hand.
      The voltage dividers 67, 69 and 71 receive an additional input signal from
      one output of differential amplifier 59 on conductor 61 while dividers 68,
      70 and 72 receive an additional input signal from the other output of
      differential amplifier 59 on conductor 62. The voltage dividers are set at
      different values and feed a triggering signal to their associated Schmitt
      triggers only when the difference between the error signals in lines 61 or
      62 and the reference signal coming from amplifier 65 exceeds a set value.
PAR  The use of the analysis circuits disclosed in FIGS. 1 or 3 in connection
      with a track survey car as illustrated in FIGS. 4 to 6.
PAR  As shown, the track survey car 73 has undercarriages 74 running on track
      rails 75. A series of measuring bogies 76, 77 and 78 are connected to the
      track survey car and run on the track to measure or survey deviations of
      certain track parameters from a predetermined datum line. For example
      grade errors (illustrated in FIG. 4,); track gage errors (FIG. 5); and
      track alignment or ordinate errors (FIG. 6).
PAR  The track survey car carries the computer apparatus of this invention and
      suitable indicating devices, such as a tape recording instrument 79 or an
      automatic writing instrument 80 for recording and storing the measurements
      or survey data.
PAR  The track position errors indicated in FIGS. 4 to 6 by letters A, C, E, H,
      and J correspond to these points in the signal curve of FIG. 2 FIG. 4
      shows how the wheels of the measuring bogies measure or survey errors in
      the track grade or vertical track position, the movements of the wheels on
      the measuring bogies in response to deviations of the track grade from a
      datum line being transmitted to strain gages or potentiometers to produce
      error signals proportional to such deviations. Such apparatus per se forms
      no part of the present invention and has been disclosed, for instance, in
      copending application Ser. No. 155,861, filed June 23, 1971, now U.S. Pat.
      No. 3,816,927, of which two of the present joint inventors Theurer and
      Eglseer are the joint inventors.
PAR  The schematic plan view of FIG. 5 indicates that measuring bogie 78 is
      arranged to measure or survey the track gage, flanged wheel 81 of the
      bogie being pressed against one rail while flanged wheel 82 is pressed
      against the other rail of the track. The distance between the two wheels
      corresponds to the track gage and is measured by strain gages 1 and 2 (see
      FIG. 1), the output signals of the strain gages being fed to the apparatus
      of FIG. 1.
PAR  The measuring bogie 77 measures or surveys the ordinate or alignment of the
      track, the output signals of strain gages 1 and 2 connected thereto again
      being fed to the computer apparatus 83. If desired, the strain gages may
      be replaced by potentiometers, in the manner of FIG. 3.
PAR  FIGS. 7 to 9 illustrate digital apparatus of the type generally described
      hereinabove, wherein high frequencies in the error signals are not
      filtered out to form a reference signal. Rather, a reference voltage is
      used to define the datum line. A specific binary number designates this
      reference voltage, i.e. when a reference voltage signal is fed to the
      analog-to-digital converter, it is converted therein into the specific
      binary number. As the error signal transducers, i.e. rotary
      potentiometers, strain gages, etc., produce different reference voltages
      in response and proportional to track position errors (see FIGS. 4 to 6),
      the different voltage inputs into the A/D converter produce
      correspondingly different binary number outputs therefrom. No adjustment
      of the reference value is required during operation since the reference
      voltage transducer is calibrated with electrical components which
      correspond in value and temperature characteristics with the components of
      the A/D converter. Thus, if any of the circuit elements heat up and change
      value in use and the reference voltage accordingly changes somewhat during
      operation, this has no bearing on the accuracy of the operation since the
      error signals are converted into binary code by the A/D converter and the
      corresponding circuit elements in the A/D converter heat up in the same
      manner.
PAR  Before describing the analysis system of FIGS. 7 to 9, the binary code used
      therein will be explained. To simplify that explanation, the binary code
      described is assumed to be a four-bit binary number although a 10-bit
      binary number has been used in practice.
PAR  The 4-bit binary numbers employed correspond to the decimal numbers 0-15
      and start with 0000 and end with 1111, the highest number. When the datum
      line is defined so that it is between the last binary number starting with
      0 (0111) and the first binary number starting with 1, (1000) the first
      digit or bit of the binary number conveniently indicates the direction of
      the error signal or deviation from the datum line. All binary numbers
      starting with 0 (e.g. 0000 through 0111) would then indicate positive
      errors and those starting with 1 (e.g. 1000 through 1111) would indicate
      negative errors. If a 10-bit binary number were used instead of a 4-bit
      code, the number of error signal which may be indicated in the system,
      i.e. the resolution of the system is correspondingly increased, but the
      principle of operation is identical.
PAR  Ignoring the first or sign bit, the exemplified binary numbers begin with
      decimal 7 (111) in the positive error region and reach their maximum value
      at 0 (000 ), starting at decimal 0 (000) in the negative error region and
      reaching their peak at 7 (111). The three binary bits on each side of the
      datum line are accordingly of identical value, except that an error in the
      positive error region is represented by the inverse of the binary number
      which reflects the identical error in the negative region.
PAR  Such a binary code is very useful in the present invention since the first
      bit in the binary number will always indicate the direction of the error
      and its classification into the correct error region, i.e. either positive
      or negative. However, it involves a small difficulty because, when an
      error occurs in the positive error region, the inverse of the binary
      number must be formed before the error can be classified in the correct
      region. This difficulty is overcome by providing circuit element 105, as
      the following description of the circuit diagram of FIG. 7, in combination
      with the signal conditions therefor shown in FIG. 10 will show.
PAR  A reference voltage is supplied from source 85 to a strain gage 86, this
      voltage being, for instance, 1 volt. Any error or deviation in the track
      position from the datum line will flex a flexible rod 87 on which the
      strain gage is mounted to place the gage under strain and thus to change
      the reference voltage into a different voltage constituting the error
      signal, the voltage change being proportional to the track error or
      deviation. This error signal is then amplified in a signal amplifier 88
      whose output signal is fed by conductor 89 to an analog-to-digital
      converter 97.
PAR  The analysis of the above circuit is, by way of example, to be described at
      point K of FIG. 2, it being assumed that the immediately preceding
      measuring value at point K' was stored in memory 90 as a binary number.
PAR  The entire circuit is controlled by a clock 95. This clock emits a train of
      clock pulses and a programming circuit 96 feeds specifically programmed
      clock pulses from this train to various circuit elements to energize and
      de-energize them.
PAR  Assuming that the analysis of the error signal at point K' has just been
      terminated, the programming circuit 96 will send pulse 4 (see f in FIG.
      10) to A/D converter 97. At the same instant, conductor 89 provides an
      analog measuring input to A/D converter 97 which input is immediately
      converted into a binary code representative of the magnitude of the
      measured error with respect to the datum (i.e. binary signals
      representative of the difference between the voltage of the error signal
      coming from the strain gage and the reference voltage). The A/D converter
      requires a period of time shown at b in FIG. 10 for this conversion
      operation, i.e. the time span between the start of the fourth clock pulse
      and that of the first clock pulse. During the time interval required for
      the analog-to-digital conversion, a signal is sent from A/D converter 97
      to program circuit 96 by conductor 98 to prevent the program circuit from
      sending out an operating signal until the analog input signal has been
      entirely converted into binary code. Thus, conductor 98 has two circuit
      conditions, i.e. logical 1 for conversion proceeding and logical 0  for
      conversion completed. When conductor 98 assumes a logical 0 and the set
      time period has expired, see c in FIG. 10, a first pulse is fed by
      conductor 91 to a first storage unit 99, producing the following result:
PAR  The binary error signal, whose magnitude and direction is determined by the
      A/D converter 97 is transferred to storage unit 99. The first digit of the
      binary number, which indicates the region (positive or negtive) of the
      error, is fed by conductor 100 to an exclusive-or gate 101. The
      exclusive-or gate has the function of determining whether a change in the
      region of error from positive to negative has taken place.
PAR  Since this is not the case at measuring point K, the function of circuit
      element 101 will be described in more detail later. However, the binary
      code is not only fed to element 101 but also to an inverter 105 which
      inverts all binary numbers whose first digit is a 0 (that is, in the case
      of positive errors). When the first digit is 1 (that is, in the case of
      negative errors), the binary code number passes through inverter 105
      without change to conductor 106. Thus, when the error signal at point K is
      analyzed, the inverted value of the corresponding binary number must be
      formed.
PAR  It should be noted that the duration of the individual pulses is very short
      and the sequentially described functions during one pulse are, in fact,
      substantially simultaneously performed.
PAR  The second pulse from program circuit 96 (shown at d in FIG. 10) follows
      immediately upon the first pulse and is fed by conductor 92 to memory
      circuit 90 to trigger the transfer of the inverted binary number on line
      106 into memory circuit 90. This information is substituted in memory unit
      90 for the binary number which was stored there in the preceding
      measurement which preceding number is fed by conductor 107 to three
      comparison circuits 108, 109, and 110. As will be clear from FIG. 2, the
      error information for point K is substituted in memory circuit 90 for the
      preceding error information taken at point K' which, as it so happens was
      still in the dead zone and, therefore, produced no pulse at any of the
      storage units. This condition changes, of course, with the error
      information produced for point K.
PAR  The comparison circuits 108, 109, 110, which have received the binary
      number, are connected to three memory circuits 111, 112, and 113,
      respectively, which store the values delimiting the error bands or
      regions. Thus, the binary number fed into the comparison circuits by
      conductor 107 is compared with the stored values to determine into which
      error band the impulse should be recorded. In the illustrated example,
      memory circuit 111 directs comparison circuit 108 to send a pulse through
      a conductor 114 to memory circuit 115 for the first error band, where the
      pulse is stored. If the error were in the second or third error bands, the
      impulse would be fed to, and stored in, memory circuit 117 or 119.
PAR  At this stage of the operation, the error in band 1 is stored independent
      of whether the error is in the positive or negative error region, since
      the chosen binary code is such that the binary number corresponding to a
      given error is the same in the positive and negative regions, in view of
      the operation of inverter 105. The appropriate classification is effected
      when pulses are transmitted to three band counters 120, 121, 122 (for
      positive errors) and three band counters 123, 124, 125 (for negative
      errors), which will be explained in connection with the analysis of the
      error at point L of FIG. 2, together with the transmission of the second
      pulse from program circuit 96 over conductor 92 and the third pulse over
      conductors 93 and 126 to a re-set element 127, all of which function only
      when the error reaches or passes through the border between the positive
      and the negative error regions.
PAR  So long as the error remains in the same region, the fourth impulse from
      program circuit 96 (see f in FIG. 10) is fed over conductor 94 to the A/D
      converter 97 to inform it to execute the next analysis of the error signal
      corresponding to successive points N.sub.1, N.sub.2, N.sub.3, N.sub.4,
      N.sub.5 and M (see FIG. 2). Each analysis functions in the same manner as
      described hereinabove in connection with the analysis at point K, except
      that the binary code information corresponding to points N.sub.5 and M no
      longer influences the memory circuits for the first and second error band
      since a pulse has already been transmitted to these two memory circuits.
PAR  Assuming that the fourth impulse from circuit 96 is transmitted after the
      analysis of the error information for point M, the functioning of the
      computing apparatus will now be described when the error signal passes
      from the positive into the negative region. As in the analysis for point
      K, the analog measuring value for point L is converted into a binary
      number and this information is transmitted to first memory circuit 99 and
      to inverter 105. Simultaneously, the first digit of the binary code is
      transmitted by conductor 100 to exclusive-or element 101. Since the first
      digit of the binary number is 1 the element 105 has no function and
      transmits the input code unchanged to output line 106. However, the
      exclusive-or element is activated by the transmission of the first binary
      number digit, which has changed from a 0 to a 1 now that we are operating
      below the datum line, the function of this element being to indicate the
      change between the error regions from positive to negative.
PAR  As shown in FIG. 8, this is accomplished by means of three NAND gates 102,
      103, 104 of exclusive-or element 101. The inputs to gates 102 and 103
      carry the direct and/or inverted signals on leads 100 and 128 as will now
      be explained. One input of gates 102 and 103, i.e. input 128 and 128, is
      connected to storage unit 90, while their other inputs 100 and 100 are
      connected to storage unit 99. For producing input impulses 128 and 100,
      conductors 100 and 128 must of course, have incorporated therein circuit
      elements which invert the values of the impulses coming from storage units
      90 and 99. Since such circuit elements are entirely conventional, they
      have not been shown in the already crowded circuit diagram.
PAR  The truth-table for exclusive-or gate 101 is as follows:
TBL  Input                     Output                                          
     ______________________________________                                    
     100   128     100     128         131                                     
     0     0       1       1      =    1                                       
     1     1       0       0      =    1                                       
     1     0       0       1      =    0                                       
     0     1       1       0      =    0                                       
     ______________________________________                                    
PAR  The purpose of the circuit of FIG. 8, is to ascertain whether the input
      digit is the same as that of the first digit of the binary number
      corresponding to the preceding error information transmitted to gate 101
      through line 128, i.e. that of the error at point M, which is still stored
      in memory circuit 90 at this time. Accordingly, in FIG. 8 the third NAND
      gate 104, which is connected to NAND gates 102 and 103 by conductors 129
      and 130, transmits a pulse when logic condition 1 is indicated at input
      100 and condition 0 is indicated at input 128, or vice versa. The inverted
      values are needed only to simplify the electronic operation.
PAR  When the differential value at L is analyzed, exclusive-or element 101
      detects a change in the error regions and transmits a signal through
      conductors 131 and 132 to operate re-set multivibrator 127 for the band
      memory circuits 115, 117 and 119, see also FIG. 9. Simultaneously, circuit
      condition 1 in conductor 131 causes the pulses stored in band memory
      circuits 115, 117, 119 to be transmitted to read-out units 133, 134, 135.
PAR  However, since only the pulse stored in the highest error band is to be
      recorded, the pulses of the band memory circuits are compared on the basis
      of the Johnson code, which is well known in the computer art.
PAR  The read-out units 133 to 135 function on the basis of the Johnson code,
      each comprising a NAND gate and an inverter. As can be seen in FIG. 9, the
      NAND gate of unit 133 is connected to the output of memory circuit 115 and
      the inverted output of memory circuit 117, the NAND gate of unit 134 is
      connected with the output of storage unit 117 and the inverted output of
      storage unit 119, and NAND gate 135 is connected with the output of unit
      119 and the output of unit 115.
PAR  The illustrated circuit makes it possible to transmit an impulse to the
      counters from band storage units 115, 117, 119 when circuit condition 1
      prevails in line 131 and the same circuit condition prevails at the inputs
      of the NAND gates.
PAR  Considering the operation of the apparatus when the value for point L of
      the error graph of FIG. 2 is analyzed, the above-described condition is
      attained at the NAND gate of read-out unit 134 and in conductor 139
      because circuit condition 1 prevails in line 2 as well as in line 3. No
      error is registered in band storage unit 119 because the point H of the
      error curve was in band 2. Because of the inverter gate, this causes line
      139 to be in circuit condition 1.
PAR  The input at unit 133, on the other hand, is 1 at input 1 and 0 at 2, since
      input 2 is at 1, wherefore there is a pulse at the output of the NAND gate
      of the unit, and because of the inverter gate, the circuit condition in
      line 138 is 0. This also holds true for line 140 since input 3 is at 0 and
      input 1 is at 1.
PAR  Pulse 2 from program circuit 96 causes the binary code information to be
      sent through line 106 to memory circuit 90 where it replaces the binary
      code stored from the preceding measurement at point M, with the exception
      of the first binary number digit which is transmitted to an intermediate
      storage unit (such as a flip-flop (not shown) within storage unit 90). The
      transmission of the binary code from unit 90 through line 107 is effected
      in the above-described manner but no pulse is transmitted to the band
      memory circuits since the error signal for the point M is still in the
      dead zone or band. The first binary digit now stored in memory circuit 90
      is transmitted by line 128 to exclusive-or element 101 to set inputs 128
      and 128 properly. The impulse in line 136 is again divided into circuit
      conditions 136 and 136, the effective circuit condition being 136. If line
      136 is in circuit condition 1, the error is in the positive error region
      while it is in the negative region when its circuit condition is 0. The
      read-out is again effected by means of one NAND gate per error band and
      error region. A pulse is transmitted to one of the counters only when both
      inputs of a NAND gate have circuit condition 1. This causes the voltage in
      lines 142 to 147, which lead to the counters, to drop, and the respective
      counter is advanced by one unit. NAND gates 142-147 are herein referred to
      as sign gating means. Furthermore, the change in voltage level, e.g. from
      1 to 0 due to the second pulse in line 92 will cause re-setting of the
      band memory circuits 115, 117, 119 via NAND gate 141 before the next
      binary number is received in comparison circuits 108, 109, 110.
PAR  After this circuit operation has been terminated, the program circuit 96
      will transmit the third impulse again through a change in the voltage
      level from 1 to 0. This impulse causes re-setting of the re-set element
      127.
PAR  After completion of this circuit operation, the fourth impulse is
      transmitted to operate the analog-to-digital converter to convert the next
      analog input signal.
PAR  It will be obvious to those skilled in the art that different binary codes
      than those described herein, as well as different electronic elements, may
      be used to function in an equivalent manner. The time intervals wherein
      the analog input signals are converted may be programmed according to
      desire and may vary, for instance, between 20 and 40 ms.
PAR  It is also possible to use the filtered low frequencies of the error
      signals as controls for lifting the datum line when the ordinates of the
      track are measured in a curve, which requires special circuit elements.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for monitering the deviation in a first or second direction of
      the actual position of a track from a desired position along a
      predetermined length of said track, comprising, in combination, error
      signal means for furnishing an error signal having an amplitude
      corresponding to the amplitude of said deviation and a positive and
      negative sign for deviations in said first or second direction
      respectively; transfer signal furnishing means connected to said error
      signal furnishing means for furnishing a transfer signal in response to a
      change in said sign of said error signal; storage means connected to said
      error signal furnishing means to be reset in response to a reset signal,
      for furnishing a storage signal only if the maximum amplitude of said
      error signal following receipt of one of said reset signals exceeds a
      predetermined amplitude; first and second counting means; activating means
      connected to said transfer signal furnishing means, said storage means and
      said counting means and responsive to said transfer signal for activating
      said first counting means to advance by one count in response to said
      storage signal only when said sign of said error signal is changing from a
      positive to a negative sign and for activating said second counting means
      to advance by one count in response to said storage signal only when said
      sign of said error signal changes from a negative to a positive sign; and
      reset means connected to said transfer signal furnishing means and said
      storage means for furnishing said reset signal to said storage means in
      response to said transfer signal but after a delay time sufficient for
      operation of said counting means, whereby the count on said first and
      second counting means signifies the number of track length intervals
      between successive substantially zero deviations of said track position
      wherein said amplitude of said deviation exceeded an amplitude
      corresponding to said predetermined amplitude of said error signal in said
      first and second direction respectively.
NUM  2.
PAR  2. A system as set forth in claim 1, wherein said storage means comprise
      first and second storage means for furnishing a first and second storage
      signal respectively when the maximum amplitude of said error signal
      exceeds a first and second predetermined amplitude respectively; wherein
      said first and second counting means comprise first and second, and third
      and fourth band counting means respectively; and wherein said activating
      means comprise means for activating said first band counting means to
      advance by one count in the presence of said first storage signal and said
      second band counting means to advance by one step in the presence of said
      second storage signal if said sign of said error signal changes from a
      positive to a negative sign, and to advance said third band counting means
      by one count in the presence of said first storage signal and said fourth
      band counting means by one count in the presence of said second storage
      signal if said sign of said error signal changes from a negative to a
      positive sign.
NUM  3.
PAR  3. A system as set forth in claim 2, wherein said first and second storage
      means comprise, respectively, first and second comparator means for
      comparing said error signal to a first and second predetermined reference
      signal respectively and furnishing, respectively, a first and second
      comparator output signal when said amplitude of said error signal exceeds
      the amplitude of said first and second predetermined reference signal
      respectively, and first and second band storage means respectively
      connected to said first and second comparator means for storing said first
      and second comparator output signal respectively, thereby furnishing said
      first and second storage signal.
NUM  4.
PAR  4. A system as set forth in claim 3, wherein said first and second band
      storage means comprise a first and second storage flip-flop respectively.
NUM  5.
PAR  5. A system as set forth in claim 3, wherein the amplitude of said second
      reference signal exceeds the amplitude of said first reference signal; and
      wherein said reset means further comprise means for resetting said first
      band storage upon setting of said second band storage.
NUM  6.
PAR  6. A system as set forth in claim 3, wherein said amplitude of said second
      reference signal exceeds the amplitude of said first reference signal; and
      wherein said activating means comprise gating means having inputs
      connected to said first and second band storage means and outputs
      connected to said first, second, third and fourth band counting means, for
      applying said first storage signal to said first and third band counting
      means only in the absence of said second storage signal.
NUM  7.
PAR  7. A system as set forth in claim 6, wherein said error signal furnishing
      means comprise means for furnishing an analog error signal, and
      analog-digital converter means, operative under control of converter
      timing signals, for furnishing a sequence of digital error signals, each
      having a sign bit indicative of sign of said error signal, in response to
      said analog error signal; further comprising program control means for
      furnishing timing signals including said converter timing signals, first
      and second memory control signals and third timing signals, first memory
      means connected to said analog-digital converter means for storing one of
      the so-furnished digital error signals under control of said first memory
      control signals, said first memory means having a first sign bit storage
      location for storing said sign bit, and second memory means for storing
      the digital error signal immediately preceding said one of said digital
      error signals, said second memory means having a second sign bit storage
      location for storing the sign bit associated with the digital error
      signals stored therein and a second memory output connected to the said
      comparator means.
NUM  8.
PAR  8. A system as set forth in claim 7, wherein said transfer signal
      furnishing means comprise an exclusive OR gate connected to said first and
      second sign bit storage locations for furnishing said transfer signal only
      in the absence of one of said sign bits and the presence of the other.
NUM  9.
PAR  9. A system as set forth in claim 7, wherein said gating means comprise
      amplitude gating means having a first input connected to said first
      storage means for receiving said first storage signal, a second input
      connected to said second storage means for receiving a signal in the
      absence of said second storage signal, a third input connected to receive
      said transfer signal and a first amplitude gating output, for furnishing a
      first gating output signal in the simultaneous presence of signals at said
      first, second and third input, and first and second sign gating means
      connected to said amplitude gating means and said second sign bit storage
      location, for, respectively, advancing said first and third band counting
      means by one count in response to said gating output signal and in the
      presence and absence of said sign bit in said second sign bit storage
      location respectively.
NUM  10.
PAR  10. A system as set forth in claim 3, wherein said error signal furnishing
      means comprise sensor means coupled to said track and movable along the
      length thereof, bridge circuit means having a plurality of bridge circuit
      elements, means for coupling at least one of said bridge circuit elements,
      to said sensor means in such a manner that an electrical characteristic of
      said bridge elements changes thereby unbalancing said bridge circuit means
      when said position of said track deviates from said desired position, and
      output means connected to said bridge circuit means for furnishing said
      error signal in correspondence with said unbalance of said bridge circuit
      means.
NUM  11.
PAR  11. A system as set forth in claim 10, wherein said error signal has high
      frequency components, and low frequency components resulting from
      undesired drift in circuit components; and wherein said error signal
      furnishing means further comprise means for suppressing said low frequency
      components thereby furnishing a corrected error signal.
NUM  12.
PAR  12. A system as set forth in claim 11, wherein said corrected error signal
      is an analog error signal; wherein said first comparator means comprise a
      first and second threshold stage for furnishing a first and second
      threshold output signal respectively in response to a corrected error
      signal having an amplitude exceeding said first predetermined amplitude
      and having a positive and negative sign respectively; and wherein said
      second comparator means comprise a third and fourth threshold stage for
      furnishing a third and fourth threshold output signal when said amplitude
      of said corrected error signal exceeds said second reference signal and
      said sign is a positive and negative sign respectively.
NUM  13.
PAR  13. A system as set forth in claim 12, wherein said first band storage
      means comprise a first and third flip-flop respectively connected to the
      output of said first and second threshold stage; wherein said second band
      storage means comprise a second and fourth flip-flop respectively
      connected to the output of said third and fourth threshold stage.
NUM  14.
PAR  14. A system as set forth in claim 13, wherein said transfer signal
      furnishing means comprise means connected to the output of said first and
      second threshold stage for furnishing said transfer signal for a
      predetermined time interval following resetting of said first or said
      second threshold stage.
NUM  15.
PAR  15. A system as set forth in claim 14, wherein said means connected to the
      output of said first and second threshold stage comprise at least one
      monostable multivibrator responsive to resetting of said first or second
      threshold stage, for furnishing a pulse constituting said activating
      signal, said pulse having a leading edge substantially coinciding with
      resetting of said first or second threshold stage and a trailing edge
      following said leading edge by said predetermined time interval.
NUM  16.
PAR  16. A system as set forth in claim 15, wherein said reset means comprise a
      reset multivibrator having a stable and unstable stage, connected to the
      output of said monostable multivibrator and adapted to be switched to said
      unstable state when said monostable multivibrator returns to its stable
      state, said reset multivibrator having an output connected to said first,
      second, third and fourth band storage means for resetting said band
      storage means when switching from said unstable to said stable state.
NUM  17.
PAR  17. A system as set forth in claim 13, wherein said activating means
      comprise first, second, third and fourth band gating means each having an
      output connected to corresponding one of said band counting means, a first
      input connected to said transfer signal furnishing means and a second
      input connected to said first, second, third and fourth flip-flops
      respectively, each for furnishing a signal advancing the corresponding one
      of said band counting means by one count in the simultaneous presence of
      signals at said first and said second inputs.
NUM  18.
PAR  18. A system as set forth in claim 16, wherein said activating means
      comprise means for activating said counting means when the amplitude of
      said error signal changes from an amplitude exceeding to an amplitude less
      than said amplitude of said first reference signal.
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ABST
PAL  In a plural scale system such as a parts counter having a minor scale for
      measuring the weight of a known number of sample parts and a major scale
      for measuring the weight of an unknown number of parts to be counted,
      apparatus for indicating when the scales are zeroed. Circuitry is provided
      for automatically correcting the weight outputs from each scale for a
      limited amount of zero errors. A digital display indicates the corrected
      weight on one of the scales. When the corrected weight on any of the other
      scales is on zero, an indicator light associated with such scale is
      illuminated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to weight measuring systems and more particularly to
      apparatus for indicating when each scale in a plural scale system such as
      a parts counter is zeroed.
PAR  Various types of systems involve the use of a plurality of scales for
      supplying weight data. One such system is a parts counter which determines
      a count of the number of parts in a container based upon the total net
      weight of the parts in the container and an average weight for such parts.
      A system of this type is typically provided with a minor or sample scale
      which measures the weight of a predetermined number of such parts and with
      a major scale which measures the weight of the parts to be counted.
      Computing apparatus then computes an average part weight from the total
      weight of the sample parts and the number of sample parts placed on the
      sample scale. Subsequently, the average part weight is divided into the
      net weight of the parts to be counted to obtain a count of the number of
      parts on the major scale. Parts counters of this type are generally
      provided with either a single display for selectively indicating the
      computed count, the weight of the parts to be counted and the weight of
      the sample parts, or the apparatus may be provided with individual
      displays for this data.
PAR  Other types of multiple scale systems also exist. A batch weighing system
      may, for example, include a plurality of weight measuring scales connected
      to a single batch process controller. The controller may include only a
      single indicator for displaying the weight on a selected one of the scales
      or a plurality of indicators for simultaneously indicating several
      weights.
PAR  One problem commonly encountered with plural scale systems is in correcting
      the weight output of each of the scales for zero error under a no load
      condition and in providing suitable means for indicating when one or more
      of the scales is not properly zeroed. There is in particular a problem in
      indicating the presence of zero error when a plurality of scales are
      selectively connected to only a single weight indicator. In systems of
      this type, an indication of whether or not a scale is properly zeroed has
      been provided only for the scale currently connected to the weight
      indicator. In many systems, such as in the piece counting system disclosed
      in U.S. Pat. No. 3,716,706 which issued on Feb. 13, 1973 to Alden J. Gray,
      two separate scales are selectively connected to a digital weight
      indicator on the piece counting apparatus. The individual scales are
      corrected for zero errors under a no load condition by means of a summing
      amplifier and a variable voltage source for each scale. Both the scale
      output and the variable voltage are connected to inputs to the summing
      amplifier. The scale is then connected through the summing amplifier to
      the digital display and the variable voltage source is adjusted until the
      display indicates zero for a no load condition. Each scale must be
      individually zeroed since only one scale is connected to the display at
      any given instant. While a scale is connected to the display, there is no
      indication whether or not a load is present on the other scale and, if a
      load is not present, whether or not the scale is zeroed. Even though a
      scale may have been zeroed at some time in the past, it does not
      necessarily remain zeroed due to changes in temperature, voltage
      fluctuations and changes in the operating parameters of various circuit
      components caused by, for example, component ageing. It is therefore
      desirable to have circuitry for automatically zeroing each of a plurality
      of scales and, at the same time, for indicating whether or not each scale
      is actually zeroed.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, improved apparatus is provided for use
      in a plural scale system, such as a parts counting system having a major
      scale for measuring the gross weight of a number of parts to be counted
      and a minor scale for measuring the weight of a predetermined number of
      sample parts, for automatically zeroing each of the scales and for
      indicating when such scales are zeroed. A digital computer causes the
      scales to be selectively connected to an analog-to-digital converter for
      generating digital weight signals. The computer also automatically
      corrects the digitized weight signals for weight errors caused by
      incorrect zero alignment of the scales. Weight errors are corrected by
      generating a correction factor which, when combined with the gross weight
      output from the scale, brings the scale output to zero when the scale is
      under a no load condition. The system includes a digital display which
      normally indicates the corrected weight on the major scale but may
      selectively indicate the corrected weight from either scale. The corrected
      weight of the minor scale, which is normally not connected to the digital
      display, is compared to zero by the computer. If such corrected weight is
      zero, an indicator light is illuminated to annunciate this fact. Thus, the
      display normally indicates whether or not the major scale is on zero,
      while the indicator light indicates whether the minor scale is on zero.
      When a corrected weight for any scale deviates from zero by less than a
      predetermined small amount, the computer generates a new correction factor
      for zeroing the weight from such scale and combines this factor with the
      output from such scale to produce a new corrected weight. A switch is
      provided for momentarily expanding the range of deviation for which a new
      correction factor is generated from the predetermined small amount for the
      scale connected to the digital display.
PAR  Accordingly, it is the preferred object of the invention to provide
      improved apparatus for indicating when each of a plurality of scales in a
      plural scale system is on zero.
PAR  Another object of the invention is to provide apparatus for indicating when
      the output of a gross weight scale and the output of a sample parts scale
      in a parts counter system having a single weight indicator are on zero.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, with reference being made to the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a schematic block diagram of a parts counter
      incorporating the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the single FIGURE, a block diagram is shown of apparatus 10
      for counting by weight the number of parts in a container which
      incorporates the present invention. The apparatus 10 includes a major
      scale 11 for measuring the weight of an unknown number of parts to be
      counted and a minor scale 12 for measuring the weight of a known number of
      sample parts. The scales 11 and 12 are preferably load cell scales which
      generate analog signals proportional to a weight placed on the load cell.
      Each of the scales 11 and 12 may, for example, be similar to the analog
      portion of the scale disclosed in U.S. Pat. No. 3,709,309 which issued on
      Jan. 9, 1973 to Roger B. Williams, Jr. et al. The analog portion of the
      scale disclosed in such Williams, Jr. et al. patent includes a load cell
      connected through amplifying and modifying circuitry which controls the
      span of the analog weight signal and compensates for thermal effects on
      the amplifying and modifying circuitry. The thermal effects are
      compensated for by periodically interrupting power to the load cell and
      generating an analog signal for bringing any unwanted D.C. output of the
      amplifier to zero. Gap filling circuitry maintains a constant weight
      output while power is interrupted to the load cell.
PAR  A switch 13 selectively connects the major scale 11 which measures the
      weight of the unknown parts to be counted and the minor scale 12 which
      measures the sample parts to an analog-to-digital converter 14. The
      analog-to-digital converter 14 may also be of a conventional design such
      as the converter portion of the circuitry disclosed in the Williams, Jr.
      et al. U.S. Pat. No. 3,709,309. The digitized weight output from the
      converter 14 is applied to a digital data processor 15 which corrects the
      digitized weight outputs from the scales 11 and 12 for zero errors,
      computes an average part weight from the output of the minor scale 12 and
      from such average part weight and the net weight of the parts to be
      counted computes a count of the number of parts on the major scale 11.
      Although the processor 15 may be in the form of a conventional general
      purpose digital computer, it is preferably a fixed program integrated
      circuit microprocessor, such as the MCS-4  microprocessor manufactured by
      Intel Corporation of Santa Clara, Calif. The MCS-4 microprocessor is
      capable of performing arithmetic functions such as addition, subtraction,
      multiplication and division, and of storing the results of such functions
      in internal integrated circuit memories. The MCS-4 microprocessor is
      provided with a fixed program which is readily developed by those skilled
      in the microcomputer programming art using conventional programming
      techniques. The program merely controls the sequence in which the input
      data is operated upon and the sequence in which data is outputed.
PAR  The data processor 15 includes an arithmetic logic unit 16 for performing
      the various arithmetic functions and digital memories. A portion of the
      digital memories forms a controller 17 which stores a fixed program for
      controlling the operating sequence of the data processor 15. The memories
      also include random access memories which are used during arithmetic
      operations by the arithmetic logic unit 16 and also for storing output
      data. The latter portion of the memory includes a register 18 for storing
      the corrected weight from the minor scale 12, a register 19 for storing
      the corrected weight measured by the major scale 11 and a parts count
      register 20 for storing the computed count of the number of parts on the
      major scale 11. The corrected weight output from the arithmetic logic unit
      16 is selectively connected through a switch 21 to the registers 18 and
      19. The controller 17 controls the switches 13 and 21 such that when the
      minor scale 11 is connected to the analog-to-digital converter 14, the
      corrected weight output from the arithmetic logic unit 16 is stored in the
      minor scale corrected weight register 18 and when the major scale 11 is
      connected to the analog-to-digital converter 14, the corrected weight
      output from the arithmetic logic unit 16 is stored in the major scale
      corrected weight register 19.
PAR  The weight outputs from the registers 18 and 19 are supplied from the data
      processor 15 through a switch 22 to a digital display 23. The switch 22
      includes a pair of contacts 22a for selectively connecting the registers
      18 and 19 to the digital display 23. Normally, the weight on the major
      scale 11 is displayed and, therefore, the switch 22 is set to connect the
      major scale corrected weight register 19 to the digital display 23.
      Through visual observation of the display 23, an operator can tell whether
      or not the major scale 11 is properly zeroed when weight is removed from
      the major scale 11. A zero detector 24 continuously compares the contents
      of the minor scale corrected weight register 18 with zero. Upon
      coincidence, the zero detector 24 causes a zero light 25 to become
      illuminated. If either the minor scale 12 is not properly zeroed or
      samples are present on the minor scale 12, the zero light 25 will be
      extinguished. In the event that an operator desires to know the weight of
      the samples on the minor scale 12 or to visually check on the degree of
      uncorrected zero error on the minor scale 12, the switch 22 is actuated to
      connect the minor scale corrected weight register 18 to the digital
      display 23. The parts count register 20 is also connected to the digital
      display 23. The digital display 23 may include a separate portion for
      displaying the parts count stored in the register 20 and the weight stored
      in the register 18 or 19 connected through the switch 22 to the display 23
      or it may be designed to display only weight or a computed parts count at
      one time. In such case, the weight stored in the register connected
      through the switch 22 to the digital display is displayed until a parts
      count is computed and stored in the register 20. After a parts count is
      computed, the controller 17 may cause such count to appear on the display
      23 in place of the weight in the register 19.
PAR  The apparatus 10 is also provided with a keyboard 26 for manually entering
      data into the data processor 15. The keyboard 26 may, for example, be used
      for entering a count of the known number of sample parts on the scale 12
      or, when the sample scale 12 is not used, for entering an average weight
      for the parts on the major scale 11.
PAR  In operation, an unknown number of parts to be counted are placed upon the
      major scale 11 and a known number of sample parts are placed upon the
      minor scale 12. The controller 17 causes the switch 13 to first connect
      one of the scales 11 or 12 to the analog-to-digital converter 14 and then
      to connect the other scale to the converter 14. If the parts on the major
      scale 11 are in a container, a tare weight is entered into the processor
      15 either automatically from the major scale 11 or through the keyboard
      26. The controller 17 causes the arithmetic logic unit 16 to
      arithmetically combine a zero error correction factor and the tare weight
      with the digitized weight output of the major scale 11 to obtain a
      corrected net weight for the parts being counted and to store such
      corrected weight in the register 19. Similarly, the arithmetic logic unit
      16 combines a zero weight error correction factor with the digitized
      output of the scale 12 to obtain a corrected sample part weight and stores
      the result in the register 18. Normally, the corrected net weight of the
      unknown number of parts on the major scale 11 stored in the register 19 is
      indicated on the digital display 23. However, the switch 22 may be set to
      display the corrected weight of the sample parts on the minor scale 12
      stored in the register 18. The operator enters the known number of sample
      parts on the minor scale 12 through the keyboard 26 and hits a "count"
      switch which causes the arithmetic logic unit 16 to compute a count of the
      number of parts on the major scale 11 from the weights stored in the
      registers 18 and 19 and the entered sample part count. The computed part
      count is then stored in the register 20 and appears on the digital display
      23.
PAR  After a part count cycle is completed, the parts are removed from the
      scales 11 and 12. The data processor 15 then goes through a cycle for
      assuring that the weights stored in the registers 18 and 19 are corrected
      for zero errors. The data processor 15 periodically goes through a weight
      correction cycle whenever the contents of the registers 18 or 19 are less
      than a predetermined minimum amount. Typically, the zero error correction
      factor may be recomputed for either scale 11 or 12 whenever the weight
      stored in the register 18 or 19 for such scale is less than one least
      significant weight digit for such scale. Thus, if the major scale 11
      measures from 0.00 to 99.99 pounds in 0.01 pound increments, the zero
      weight correction factor for the major scale will be recomputed whenever
      the contents of the register 19 deviate from zero by less than .+-.0.01
      pound. The zero weight error correction factor is computed by taking the
      difference between the digitized weight from each of the scales 11 and 12
      and zero. Thus, when the correction factor for each scale is
      arithmetically combined with the digitized output of such scale, the
      weight output will be corrected for zero errors caused, for example, by
      changes in the voltage applied to the scale load cell or ageing effects of
      the load cell.
PAR  In some instances, errors will occur which are greater than the
      predetermined small error range for which the zero correction factor is
      updated. This may occur, for example, when the apparatus 10 is initially
      turned on and the registers 18 and 19 may be cleared. Therefore, a switch
      27 is provided for momentarily expanding the capture range in which the
      zero error correction factor is updated. The switch 27 is connected
      through a second set of contacts 22b on the switch 22 to the arithmetic
      logic unit 16. The switch contacts 22b select the scale for which the zero
      error capture range is expanded from the predetermined small amount while
      the switch 27 is closed. Normally, it is desired to have the switch
      contacts 22b expand the zero error capture range for the scale connected
      to the digital display 23. This prevents the operator from accidentally
      expanding the capture range for the scale not connected to the display 23.
      Thus, if an operator observes that the scale connected to the display 23
      is off, for example, by 1.45 pounds which is considerably larger than the
      normal predetermined small capture range of .+-.0.01 pound, he merely
      actuates the switch 27 to expand the capture range, causing the corrected
      weight for the connected scale to go to zero, as will be indicated on the
      display 23. Meanwhile, the zero detector 24 compares the corrected output
      of the other scale to zero and indicates on the light 25 whether or not
      such output is zero. If the zero light 25 is not on, it indicates either
      that there is an excessive zero error for the other scale or that parts
      are present on the other scale.
PAR  Although the zero indicator light 25 and the zero capture range expansion
      switch 27 perform different functions, it may, for simplicity, be
      desirable to combine these elements. A single push button illuminated
      indicator switch may be provided on or adjacent to the keyboard 26. When
      the button is momentarily pushed, the switch 27 is closed. The button also
      includes a legend "zero" which is illuminated by the zero detector 24,
      independently of actuation of the switch 27. Such a combination of
      functions in a single element reduces the complexity of the keyboard 26.
PAR  The apparatus 10 may be modified to indicate when the major scale 11 is on
      zero while the switch 22 is positioned to connect the minor scale
      corrected weight memory 18 to the digital display 23. The modification may
      consist of an additional set of contacts on the switch 22 which connects
      to the zero detector 24 the memory 18 or 19 which is not connected to the
      digital display. Or, a separate zero detector 24 and zero light 25 may be
      provided for indicating when each of the scales 11 and 12 is on zero.
PAR  Although the invention has been described specifically embodied in parts
      counting apparatus 10, it will be appreciated that the invention may be
      adapted to other plural scale systems in which a plurality of scales are
      selectively connected to a single weight display. Each of the scales may
      be connected to a separate zero detector and zero light for indicating
      when each scale is on zero. The weight display will also indicate whether
      or not a connected one of the scales is on zero and, when such scale is
      not on zero, the amount of deviation from zero. In the event that a scale
      does not go to zero when it is empty, the operator may selectively connect
      such scale to the weight display and cause its output to be zeroed by
      momentarily closing the capture range expand switch.
PAR  It will be appreciated that various other modifications and changes may be
      made in the above-described invention without departing from the spirit
      and the scope of the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Weight measuring apparatus comprising, in combination, at least two
      scales, each of said scales generating a weight output signal, a digital
      display, switch means for causing said digital display to selectively
      indicate the weight output from one of said scales, and means for
      indicating when the weight output from the other of said scales is zero.
NUM  2.
PAR  2. Weight measuring apparatus, as set forth in claim 1, and including means
      for correcting the weight output from each of said scales to compensate
      for any zero errors within a predetermined range, wherein said switch
      means for causing said digital display to selectively indicate the weight
      output from one of said scales causes said digital display to selectively
      indicate the corrected weight for such selected one scale, and wherein
      said zero indicating means indicates when the corrected weight output from
      the other os said scales is zero.
NUM  3.
PAR  3. Weight measuring apparatus, as set forth in claim 2, and further
      including a manually actuated switch, and means responsive to actuation of
      said switch for expanding the predetermined range of zero errors for which
      the weight output from the scale connected to said digital display is
      corrected.
NUM  4.
PAR  4. Weight measuring apparatus, as set forth in claim 2, wherein a zero
      indicating means is provided for each of said scales, each of said zero
      indicating means including means for detecting when the corrected weight
      output from a scale is zero, an indicator, and means responsive to said
      detecting means detecting a zero weight for illuminating said indicator.
NUM  5.
PAR  5. In parts counting apparatus having a major scale for generating an
      output signal corresponding to the weight of a plurality of parts to be
      counted, a minor scale for generating an output signal corresponding to
      the weight of a predetermined number of such parts and means responsive to
      such weight output signals and to the predetermined number for determining
      a count of the number of parts on the major scale, apparatus for
      indicating when said major and minor scales are zeroed comprising, in
      combination, a digital display, switch means for causing said digital
      display to selectively indicate the weight output from one of said major
      and minor scales, and means for indicating when the weight output from
      said minor scale is zero, said digital display indicating when the weight
      output from said major scale is zero.
NUM  6.
PAR  6. In parts counting apparatus, apparatus for indicating when major and
      minor scales are zeroed, as set forth in claim 5, wherein said indicating
      means includes means for detecting when the weight output from said minor
      scale is zero, an indicator, and means responsive to said detecting means
      detecting a zero weight for illuminating said indicator.
NUM  7.
PAR  7. In parts counting apparatus, apparatus for indicating when major and
      minor scales are zeroed, as set forth in claim 5, and including means for
      correcting the weight output from said major scale to compensate for any
      zero errors within a predetermined range, means for correcting the weight
      output from said minor scale to compensate for any zero errors within a
      predetermined range, and wherein said digital display selectively
      indicates the corrected weight output from the selected one of said major
      and minor scales and said zero indicating means indicates when the
      corrected weight output from said minor scale is zero.
NUM  8.
PAR  8. In parts counting apparatus, apparatus for indicating when major and
      minor scales are zeroed, as set forth in claim 7, and further including a
      manually actuated switch, and means responsive to actuation of said switch
      for expanding the predetermined range of zero errors for which the weight
      output from the scale connected to said digital display is corrected.
NUM  9.
PAR  9. In parts counting apparatus, apparatus for indicating when major and
      minor scales are zeroed, as set forth in claim 8, wherein said switch has
      a push button and wherein said illuminated indicator forms the push button
      for said switch.
NUM  10.
PAR  10. In parts counting apparatus, apparatus for indicating when major and
      minor scales are zeroed, as set forth in claim 7, and further including
      means for detecting when the corrected weight output from said major scale
      is zero, a second indicator, and means responsive to said major scale
      detecting means detecting a zero weight for illuminating said second
      indicator.
NUM  11.
PAR  11. A weight measuring apparatus comprising, in combination, at least two
      scales, each of said scales being adapted to generate a weight output
      signal, a digital display, switching means for applying the weight output
      signal of one of said scales to said display when said switching means is
      in a first state and for applying the weight output signal from another
      one of said scales to said display when said switching means is in a
      second state, and means for visually indicating the existence of a zero
      weight condition in one of said scales when the weight output signal from
      another of said scales is being applied to said digital display.
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ABST
PAL  The method of storing, without interruption, digital signals having
      asynchronous transitions and reproducing these digital signals upon an
      expanded time scale after the occurrence of a fault.
PAL  The apparatus comprises an input counter, an output counter, an adder
      operated to subtract, and a latched gate by which the adder stops the
      output counter when the outputs of the two counters are equivalent. The
      least-significant-bit of the output counter comprises the output signal,
      which is stored in a register. A second register simultaneously stores an
      output from the adder which signifies that more than one pulse is stored
      in the input counter. After occurrence of a fault the data in the two
      registers are combined in a modulator for display on an oscilloscope. A
      complete unit typically includes several channels for simultaneous
      display; each channel including the apparatus described above.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to measuring, testing and sensing electricity per
      se; automatic, digital, and with energy storage.
PAR  Various devices in current digital art employ adders, counters, gates and
      shift registers, or some of these, to process digital information. The
      combinations of such elements and the purposes for which the combinations
      are made are rather extensive.
PAR  Accordingly, fragmentary combinations from one device in the art may
      duplicate the fragmentary combination of another device, regardless of the
      fact that the functioning and purpose of one device may be far removed
      from that of another device.
PAR  One embodiment of the art has been formed to convert a particular digital
      code arising from altimeter apparatus to another code, and concomitantly
      to provide a flickerless read-out display of altitude.
PAR  The digital input rate from the altimeter apparatus is a predetermined
      value set by the designer. Acceptance of incoming digital data is
      repeatedly interrupted in order to reduce flicker of the readout display.
      The objective of the whole apparatus is to accomplish an "integrated,"  or
      averaged, display that is devoid of jitter in changing from one digit to
      another.
PAR  The apparatus stops upon a state of equality being reached between the
      output of the Gray-to-binary converter and the output of the binary ripple
      counter, regardless of the number of transitions that have occurred in the
      incoming data.
PAR  Another embodiment of the art has been formed by employing a considerable
      amount of digital apparatus for the sole purpose of inhibiting flutter in
      a numerical display.
PAR  A comparison gate is an "exclusive-OR" circuit. The transmission of digital
      information is inhibited upon the occurrence of different polarities of
      the least significant bit, indicating an odd numbered numerical change. An
      "up-dating" function occurs at a relatively slower rate and allows the
      display of odd numbered numerals with delay, thereby inhibiting fluttering
      of the display.
PAR  Still another embodiment of the art has been formed to provide a
      non-flutter display by an averaging technique. An adder sums the outputs
      of two registers. The circuit is employed for calculation purposes. The
      adder contributes an averaging of numerical values.
PAR  The present-day market-place affords certain embodiments within the general
      scope of the art involved.
PAR  One such device detects random logic pulses of very short duration.
      However, a "latch" feature is involved; the use of which in this device
      requires resetting, with a consequent loss of incoming information during
      the rest time, during reset. The latch cannot store more than a single
      incoming pulse before transferring it into longer storage for subsequent
      display.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention involves the method of storing, without interruption, digital
      signals having transitions. Equivalence between an input and an output
      count of the transitions prevents the advance of the output count until a
      new advance of the input count. The lowest order of output count is stored
      continuously until the occurrence of a fault. After the fault the stored
      signals are recirculated, including that portion of the input signal
      containing the abnormality. That portion is subsequently displayed for
      visual analysis under the control of the operator.
PAR  The invention does not have to do with flickerless read-out displays, nor
      is incoming digital information lost during a latch-reset operation.
      Several incoming pulses may be stored without transfer, and then serial
      transfer of each of the pulse transitions may be made into longer storage.
PAR  The apparatus includes an input counter, an output counter, an adder
      operated to subtract, and a latched gate connected between the adder and
      the output counter to stop the output counter when the counts of the two
      counters are equivalent. The output counter is connected to a register
      which continuously stores the states of the lowest order of the output
      counter.
PAR  A second register may be added to store an output of the adder. A modulator
      may then also be added to insert a centrally located pulse of intermediate
      amplitude, which indicates the storage of multiple pulses. The output of
      the modulator is made available to an oscilloscope.
PAR  A second latch gate may also be added to prevent spurious radio frequency
      bursts from over-running the input storage counter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic logic diagram of one channel of the high speed
      counter of this invention, including all output circuits.
PAR  FIG. 2 is a block diagram of a previous events memory device employing
      plural high speed circuits according to this invention.
PAR  FIG. 3 shows digital waveforms pertinent to the operation of this
      invention.
PAR  FIG. 4 shows an "exclusive-OR" gates alternate embodiment of the
      means-to-compare of the high speed counter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, numeral 1 indicates a coaxial input terminal to which one line
      carrying digital data from any device to be tested is attached. Buffer 2
      accepts the digital input and provides current to drive NOR gate 3.
PAR  The output of the buffer passes through latched gate B without encountering
      any gating functioning thereof, save under special situations to be later
      described. Specifically, the buffer output passes into one terminal of a
      two input terminal NOR gate 3, the output of which passes into one input
      of a two-terminal negative-OR gate 4. The former gate may be embodied by a
      Ser. No. 74S02 integrated circuit and the latter gate by a Ser. No. 74S00.
PAR  Flip-flops 5, 6, 7 comprise a high speed input counter, being typically
      embodied in 74S112 integrated circuits. The series connection of these
      three flip-flops to form the counter and provide 2.sup.1, 2.sup.2, &
      2.sup.3 outputs is known. Inverting amplifier 8, a Ser. No. 74S04, is
      connected to the output of gate 4 and provides the 2.sup.0 output.
PAR  The recited power-of-two outputs enter inputs B1 through B4, respectively,
      of adder 9. Since these are in inverse phase with respect to A1 through A4
      inputs to be later described, the adder acts to subtract. A Ser. No. 74283
      integrated circuit embodies the adder. Terminal Co is grounded.
PAR  Phase 1 of a latch clock enters latched gate A, as does also a phase 2
      clock; the former to NAND gate 11 and the latter to negative-OR gate 12.
      Both may be Ser. No. 7400 IC's.
PAR  These clock pulses may originate from a known timing and control circuits
      entity 20. This entity may be externally adjustable as to frequency, so as
      to give various time scales to the reproduced data. A minimum frequency to
      keep known counters and registers operative is required, such as 10
      kilohertz and a maximum of one megahertz, as limited by the response of
      registers 28 and 34.
PAR  Phase 2 pulses follow phase 1 by 180 electrical degrees in order to allow
      settling of the circuits clocked before information is entered therein.
      The several outputs of entity 20 are always at the same frequency although
      this is typically arranged to be adjustable by the operator.
PAR  Latched gate A is significant interconnecting logic that largely controls
      the functioning of the whole device. Besides gates 11 and 12, previously
      mentioning these elements above, the latched gate includes cross-coupled
      negative-OR gates 14 and 15, both of the Ser. No. 7400 type. Additionally,
      the output of gate 11 enters one input of gate 14, and both gates 11 and
      15 receive the same "data clock enable" signal via conductor 16. This
      comes from four-input NAND gate 19, which in turn derives its inputs from
      adder 9. Latching is provided by a connection from the output of gate 14
      to an input of gate 15, and the output of gate 15 to an input of gate 14.
PAR  The output of latched gate A, from gate 12, passes to the input of output
      counter 18. This is typically a Ser. No. 74163 integrated circuit, having
      four outputs that supply 2.sup.0, 2.sup.1, 2.sup.2, and 2.sup.3. These
      outputs form the second group of inputs to adder 9; A1 through A4.
PAR  When new input pulses come in to the high speed counting means 5, 6, 7, a
      non-equivalent state is set up at the output of adder 9; which then
      operates on latched gate A, allowing clock pulses at the input of that
      gate to come through and again advance output counter 18.
PAR  The output of adder 9 appears at four terminals, summation (.SIGMA.) 1
      through 4, and is the output digital number representing the number of
      transitions stored in the input counter 5, 6, 7 that have not yet been
      transferred to output counter 18. All of the summation terminals are
      connected to the input of four-input NAND gate 19, the output of which
      connects to the data-clock-enable conductor 16.
PAR  When all of the transitions stored in the input counter 5, 6, 7 have been
      transferred to output counter 18 the summation signals 1 through 4 are all
      positive, indicating an equivalent state of the two counters. Then NAND
      gate 19 produces a low output state at the line 16 (data-clock-enable).
      This causes latched gate A to close and prevents advancement of the output
      counter. This equivalent state causes the 2.sup.0 output of counter 18 to
      be at the identical digital level as the unknown input level at 1 until
      the input changes again.
PAR  The data output of the essential apparatus according to this invention
      appears at terminal 21, which is the 2.sup.0 output of counter 18.
PAR  The reliability of the basic circuit above-described can be enhanced by
      providing latched gate B. It performs the function of limiting the
      over-run of incoming pulses into high speed counter 5, 6, 7, thus
      prohibiting accidental clearing of this counter between successive pulses
      of the output counter. It is further latching interconnecting logic.
PAR  As an example, with a 4 bit counter on the input, utilizing three
      flip-flops and the original signal as the 4th bit, if exactly 8 pulses
      occurred between output clock pulses and did not therefore appear on the
      output because of this timing, then the input counter would go back to the
      same state in which it was before the 8 pulses entered the input. When the
      next clock pulse occurred the equivalent state would still be valid and
      there would be nothing changing in the output. In this case these 8 pulses
      would never be recorded and would not be available for display.
PAR  A "radio-frequency burst" is an example of an 8 pulse sequence (the first 8
      pulses thereof). Such an abnormality in the device under test is a known
      phenomenon and one that it is very desirable to detect and to subsequently
      eliminate from the device under test by appropriate circuit or operating
      changes.
PAR  The "straight-through" path of incoming digital data through latched gate B
      has been described. The other elements include cross-coupled negative-OR
      gates 23 and 24, which are also embodied and connected as has been
      described with respect to latched gate A.
PAR  The .SIGMA.4 output of adder 9 is returned to latched gate B, via
      high-frequency-load-limit conductor 25. This conductor is shunted to
      ground by capacitor 26, necessary to remove spurious spikes originating in
      adder 9, which would otherwise enter the input signal channel and be
      treated as spikes from the device under test. A capacitance of the order
      of 330 picofarads is satisfactory for the embodiment being considered.
PAR  Conductor 25 is connected to an input of negative-OR gate 23. Thus, when
      the .SIGMA.4 output of adder 9 switches to logic 0, indicating four
      untransferred pulses stored in high-speed-counter 5, 6, 7, gate 23 output
      is jammed to logic 1 and gate 24 output switches to logic 0, which then
      latches gate 23 output to logic 1. Gate 23 output is connected to NOR gate
      3 input. Thus, a logic 1 jams NOR gate 3 and prevents additional input
      signals from over-running the high-speed-counter 5, 6, 7 as described
      earlier.
PAR  Conductor 25 is also connected to one of the inputs of negative-OR gate 4.
      This accomplishes a redundant stoppage of high-speed-counter 5, 6, 7 for
      the minimum propagation time to stop the high-speed-counter. This
      eliminates a possible borderline condition in which extra-fast gates at 3
      and 4 could permit radio-frequency bursts from over-running counter 5, 6,
      7 during the propagation delays of adder 9, as delayed by capacitor 26,
      gate 23 and gate 3.
PAR  The function of the whole latched gate B is to close the input 1 to further
      transitions as soon as a predetermined number, say 8, have occurred. These
      are sufficient to identify the nature of the spurious input, but not
      sufficient to cause an over-run of the high-speed-counter.
PAR  A further enhancement of the basic circuit of this invention involves the
      addition of a first register 28, which may be of the P2405 type capable of
      handling 1024 bits. A typical use for the invention is to supply a display
      of a fault of digital apparatus under test upon an oscilloscope. This
      register, attached to the basic output, assembles additional signals
      together with the basic data for suitable display on an oscilloscope.
PAR  A "load" command is impressed upon register 28 via conductor 29. This
      command originates at the timing and control circuits 20. A logic 1 load
      command enables new data to be loaded into register 28. Upon the detection
      of a fault in the device under test, control circuits 20 switches the
      "load" command to logic 0. This causes register 28 to switch to the
      recirculating mode.
PAR  A shift clock is supplied on conductor 30 to register 28 from timing and
      control circuits entity 20, as shown in FIG. 1. This keeps the register
      activated in a known manner. For the type of register specified the
      frequency of the clock must be at least 10 kilohertz to retain the data in
      the register. It may be up to the order of one megahertz. Selected
      frequencies in this range enable the operator to choose the time scale at
      which the input transitions are at first stored and then reproduced for
      viewing.
PAR  The single output of register 28 is formed from three outputs connected
      together. This is a known output drive configuration peculiar to the P2405
      register. Known power input and ground connections are also provided for
      actuating the register.
PAR  The output of register 28 enters one input of a two-input NOR gate 31,
      which may be a SN74L02, then to isolating inverting amplifier 32, a
      SN74H04, and then to output terminal 33.
PAR  A still further enhancement of the basic circuit of this invention involves
      the addition of a second register 34, which may also be of the P2405 type
      capable of handling 1024 bits. This register, along with certain
      auxiliaries, inserts a "marker" pulse of short duration and intermediate
      amplitude between logic 0 and logic 1 upon certain pulses in the read-out
      of the stored data. This indicates that there was more than one pulse in
      storage at the time pertinent to the display of such pulses, such as would
      occur if a train of radio-frequency pulses had occurred in the input
      signal under analysis.
PAR  The input to register 34 is taken from the output of NAND gate 17. The
      register is actuated when the data bit is 1. This occurs when the
      .SIGMA.2, 3, or 4 output of adder 9 is at logic O. This condition
      indicates a full pulse remaining in the high-speed counter 5, 6, 7 after
      the transfer of the transition due to be clocked into register 28.
      Accordingly, a logic 1 is simultaneously clocked into register 34 to
      record this condition.
PAR  Register 34 is also provided with a shift clock input from conductor 30,
      power input and ground connections, and three terminals to one output; all
      as per prior register 28.
PAR  A "mark" pulse, narrower than the display period, is generated by the
      timing and control circuits 20.
PAR  The output from register 34 passes into one input of two-input NAND gate
      35. The other input to that gate is the "mark" pulse from the timing and
      control circuits 20.
PAR  In the timing and control circuits 20 the phase 1 latch clock ends before
      the phase 2 counter clock to provide time for the latch gate to settle, so
      that a phase 2 counter clock will always be either completely blocked or
      completely transmitted by latched gate A. In other words, "clean" pulses
      will be transmitted therethrough.
PAR  The phase 2 counter clock in turn is timed so that the 2.sup.0 output of
      counter 18 is switched at that point during the shift clock when data
      input to the shift clock may be changed without affecting the data loaded
      therein.
PAR  The "mark" pulse is timed with its leading edge coincident with the
      trailing edge of the shift clock, and may have a duration of the order of
      400 nanoseconds. A capacitor-resistor combination may be used to produce
      this narrower pulse. The phase 1 and 2 outputs may be produced by a
      combination of four one-shots and gates.
PAR  When the output from register 34 is passed by gate 35 it is amplified by
      inverter 36, a Ser. No. 7404, and through resistor 37, which may have a
      resistance of 1,000 ohms, to the base of transistor 38, a 2N 2222. The
      emitter thereof is connected to ground and the collector is connected
      through two serially connected diodes 39 and 40 to data output terminal
      33.
PAR  These elements function to bring down or up the potential of the data
      output terminal to an intermediate amplitude value between the normal
      digital 1 or 0; typically, half-way between these two values. These
      elements comprise digital-level-adjusting-means.
PAR  During the narrow "mark" clock the output of the second shift register 34
      over-rides that of the first shift register 28, forcing the latter to a 1
      state regardless of the original state at data output 33. This occurs
      through the second input to NOR gate 31.
PAR  At the same time, the output from second register 34 causes transistor 38
      to conduct. A voltage drop occurs in diodes 39 and 40, this being such as
      to halve the potential between that representing a digital 1 and 0 (no
      voltage). Such marker pulses are shown at 60 and 61 in FIG. 3. They
      represent modulation to a given state.
PAR  A complete block diagram of an apparatus for employing the essential
      circuit of FIG. 1 is given in FIG. 2.
PAR  Block 44 represents a plurality of the upper row of circuits of FIG. 1, as
      elements 1 through 19. Four such circuits are indicated, with the four
      lines of digital input. The plurality employed depends upon how many
      digital lines are to be monitored at once. The minimum is one, four is
      suitable, as is 12. Block 44 has been colloquially labeled "glitch
      catcher"; a "glitch" being commonly understood as a brief spurious pulse.
PAR  Block 45 represents the same plurality of lower row circuits of FIG. 1, as
      elements 20 through 40.
PAR  In operation, the outputs of block 44 are accepted by block 45 shift
      registers, which store the same in a continuous closed loop fashion as
      long as the device under test is operating in a normal manner. When an
      abnormality occurs and is detected by the timing and control circuits
      entity 20 the registers of block 45 stop loading and switch to
      recirculating mode. The outputs of block 45 may be monitored on an
      oscilloscope during all modes of operation.
PAR  It is to be noted that all of the circuits involved in accepting new data
      do so continuously, without even a nanosecond for reset time, or for any
      other "blind spot" time. However, once a malfunction occurs in the device
      under test, the previous events memory of this invention ceases to accept
      new data and retains the malfunction data for display.
PAR  A malfunction of the device or system under test 50 is considered to have
      happened when the "error input" 57 changes state.
PAR  An alternate known detection mechanism is the sampling of pulses such that
      a delay beyond a fixed time limit established by a retriggerable one-shot
      causes the timing and control circuits entity to generate an error signal.
PAR  Error input 57 is connected to timing and control circuits entity 20 and
      also to a separate register 48 for storage therein. Register 48 may be of
      the P2405 type with the usual known controls. The timing and control
      circuits entity 20 counts past the occurrence of the fault to a
      predetermined count that is selectable by trigger delay select switch 46.
      This is essentially a thumbwheel switch used to select from several
      possible timing points. A counter and a comparator are also used to give
      the switch setting electrical significance.
PAR  Upon reaching the predetermined count the timing and control circuits
      entity 20 switches the load signal on conductor 29 to logic 0. This causes
      all of the P2405 embodied shift registers in the entire apparatus of this
      invention to simultaneously stop loading new data and switch to the
      recirculating mode.
PAR  Additionally, the load signal, via conductor 29, is connected to
      oscilloscope synchronizing gate (scope sync gate) 47, so that the
      synchronizing output represents the error output signal upon recirculation
      of the data. Prior to the occurrence of the fault, the logic 1 load signal
      operated upon the scope sync gate to connect "data 4" output to the sync
      output. The synchronizing output is gated in this manner so that a dynamic
      system signal may be used for convenience in synchronizing an oscilloscope
      during no-fault operation.
PAR  When the system or device under test malfunction occurs, the outputs of
      block 45 become independent of the device under test. Thus, the switch to
      the recirculating error signal provides a continuously useful
      synchronizing pulse for monitoring the signals of the device under test
      throughout the time before and after the fault.
PAR  The method of operation of the previous events memory of this invention is
      set forth further in connection with FIG. 3.
PAR  Input signal waveform 55 represents a single digital signal occurring in
      the device under test, this being in real time and including two
      "glitches" 56 and 57; i.e., very rapid spurious pulses created because of
      a malfunction. These may each have a duration of only a few nanoseconds.
PAR  Data out waveform 58 represents the same digital signal as reproduced; the
      glitches being the now longer-duration pulses 56' and 57'.
PAR  Clock pulses, waveform 59, are in this illustrative set of waveforms 1
      microsecond apart. Thus, a time expansion of perhaps 5 to 1 is obtained.
      For slower clock pulses the time expansion is correspondingly greater.
PAR  In the first example at the left of waveform 55, "glitches" 56 and 57 both
      occur prior to the shift pulse 59 having a leading edge at time 71. This
      causes marker pulses 60 and 61 to be inserted in the dataout waveform 58.
      If there had been four rapid input pulses, as in a "radio-frequency
      burst", a marker pulse would appear on each of the first three output
      pulses of waveform 58, as well as at the logic 0 state after each of the
      three output pulses. Note that at the last output pulse 57' before a state
      of equivalence occurs does not have a marker pulse. Also, shift pulse 59
      is an inverted pulse; as from + 5 v. to 0 v.
PAR  In the second example, "glitch" 56A occurs alone prior to time 72, causing
      an unmarked output pulse 56A'. Further in the example, during the time of
      output pulse 56A', a new "glitch" 57A occurs. This adds two more
      transitions to those in storage. The stored transitions prior to time 73
      are; two in storage (56A) minus one out of storage (56A'), plus two more
      in storage (57A), equals three net transitions stored at clock time 73.
      This results in marker pulse 61A, as previously explained.
PAR  In the third example, "glitches" 56B and 57B, input pulses are shown
      sufficiently separated in time so as to avoid storing more than two
      transitions. Consequently, marker pulses are not supplied to the data-out
      pulses 56B' and 57B'.
PAR  From the above three examples the usefulness of the marker pulses will be
      recognized. The user is able to observe the final output of the previous
      events memory and identify pulses that occurred in rapid succession as
      distinguished from pulses that had greater separation in real time by the
      presence or absence of marker pulses and their locations.
PAR  The waveforms of FIG. 3 illustrate the case of positive pulses rising from
      a normally logic 0 level. This invention works equally well with normally
      logic 1 levels with negative pulses falling to logic 0. Any combination of
      positive and negative pulses is also acceptable to this apparatus.
PAR  An adjunct to the previous events memory device of FIG. 2 is external pulse
      generator 53. This acts as a versatile substitute for a pulse generator
      internal to timing and control circuits entity 20; the internal generator
      typically having only a few fixed pulse frequencies. On the other hand,
      external generator 53 may provide a continuous band of available pulse
      frequencies within the range of the practical example previously given, of
      from 10 kilohertz to 1 megahertz. The duty cycle of the pulse waveform may
      be any desired value within the range of from 10 to 50percent.
PAR  In the alternate embodiment of FIG. 4 a group of four "exclusive-OR" gates
      replaces adder 9 in FIG. 1. The eight inputs designated as powers of two
      and the four summation outputs are directly connected to the group of
      gates in the same way as before. The group of gates may be embodied in a
      type Ser. No. 7486 integrated circuit; designated 77 in FIG. 4.
PAR  The output conductor carrying the 2.sup.0 digital output from the
      highspeed-counter 5, 6, 7 is connected to the (12) terminal of IC 77. In a
      similar way the output conductor carrying the 2.sup.0 digital output from
      output counter 18 is connected to terminal (13). These both enter
      exclusive-OR gate 77A, having an output terminal (11).
PAR  When these inputs are logic 0 and 1, respectively, the output is logic 1.
PAR  In the same manner the 2.sup.1 at input 9 of gate 77B, at logic 0, and
      2.sup.1 at input 10, at logic 1, produce a logic 1 at output 8.
PAR  In the same manner the 2.sup.2 at input 4 of gate 77C, at logic 1, and
      2.sup.2 at input 5, at logic 0, produce a logic 1 at output 6.
PAR  In the same manner the 2.sup.3 at input 1 of gate 77D, at logic 0, and
      2.sup.3 at input 2, at logic 1, produce a logic 1 at output 3.
PAR  These four outputs connect to the inputs of four-input NAND gate 19 in the
      same manner as this gate received inputs in the circuit of FIG. 1. In this
      example all of the inputs are logic 1, therefore the output of gate 19 is
      logic 0.
PAR  Logic 0 at the output of gate 19 is the indicator of the state of
      equivalence. This state stops all output transitions. It occurs only when
      the outputs of output counter 18 is an exact complement of the outputs of
      high-speed-counter 5, 6, 7 and 8.
PAR  If the state is not equivalence, logic 1 appears at the output of gate 19
      and output counter 18 continues to count.
PAR  Both the adder 9 and the exclusive-OR group of gates constitute
      means-to-compare, or, stated differently; comparison means.
PAR  Also, the lowest order of output count mentioned in the Summary of the
      Invention herein may be termed the least significant bit.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of uninterruptedly storing and then retrieving an unlimited
      series of input digital electrical signal transitions subsequent to the
      occurrence of the same in real time, which includes the steps of;
PA1  a. electrically digitally counting the number of transitions of said input
      digital electrical signal,
PA1  b. separately electrically digitally counting internally generated pulses,
PA1  c. comparing the count of said transitions of said input signal with a
      separate digital count of said internally generated pulses to detect
      nonequivalence between these two counts,
PA1  d. periodically advancing the count of said internally generated pulses as
      long as nonequivalence exists between said two counts,
PA1  e. terminating the advance of count of said internally generated pulses as
      soon as said two counts become equivalent, and
PA1  f. utilizing the least significant bit of said count of said internally
      generated pulses as the digital output signal.
NUM  2.
PAR  2. The method of claim 1 which includes the additional steps of;
PA1  a. separately serially storing successive states of said digital output
      signal,
PA1  b. comparing the count of said input transitions with the count of said
      internally generated pulses to detect a preselected minimum number of said
      stored input transitions not yet transferred into said count of said
      internally generated pulses,
PA1  c. storing a given digital state whenever said preselected minimum number
      of untransferred input transitions is detected, and
PA1  d. displaying said least significant bit of said count of said internally
      generated pulses to represent the original signal in real time, modulated
      with an intermediate amplitude state to indicate the preselected minimum
      number of untransferred transitions.
NUM  3.
PAR  3. Apparatus for continuously storing digital data subject to subsequent
      retrieval, comprising;
PA1  a. high speed digital counting means (5, 6, 7) to accumulate a record of
      digital input signal transitions upon a single digital line,
PA1  b. a source of clock pulses,
PA1  c. separate digital counting means (18)  connected to said source of clock
      pulses to provide a series of transitions of its least significant bit to
      constitute the digital output signal representing the original real-time
      input levels,
PA1  d. digital comparison means (9, 19) to produce an output related to an
      equivalence in counts between said high speed digital counting means and
      said separate digital counting means, and
PA1  e. latching interconnecting logic (A) to cause said separate digital
      counting means to stop counting whenever said digital comparison means
      indicates that said high speed digital counting means and said separate
      digital counting means are at an equivalent count.
NUM  4.
PAR  4. The apparatus of claim 3, in which;
PA1  a. said digital comparison means is a digital subtraction means (9).
NUM  5.
PAR  5. The apparatus of claim 3, in which;
PA1  a. said digital comparison means is a group of exclusive-OR gates (77),
PA1  a separate input of each which is connected to corresponding levels of the
      outputs of said high speed digital counting means (5, 6, 7) and of said
      separate digital counting means (18).
NUM  6.
PAR  6. The apparatus of claim 4, which additionally includes;
PA1  a. further latching interconnecting logic (B)
PA1  connected between said digital subtraction means (9) and said high speed
      digital counting means (5, 6, 7)
PA1  to limit the total number represented by the outputs of said digital
      subtraction means
PA1  to a number that is less than the total capacity of said high speed digital
      counting means
PA1  by inhibiting further input thereinto;
PA1  and to remove the inhibition when said number is reduced to a predetermined
      lower number.
NUM  7.
PAR  7. The apparatus of claim 4, which additionally includes;
PA1  a. first register means (28) connected to said least significant bit output
      line (21) of said separate digital counting means
PA1  to store successive states thereof,
PA1  b. second register means (34) connected to said digital subtraction means
      (9) to store digital data relating to the range of digital output states
      thereof, and
PA1  c. modulating means (35 to 40 & 31, 32) to combine the outputs of said
      second register means with that from said first register means
PA1  to provide marker information in the output from said first register means
PA1  that relates to the quantity of untransferred digital transitions stored in
      said high speed digital counting means.
NUM  8.
PAR  8. The apparatus of claim 7, in which said modulating means comprises;
PA1  a. gate and inverter means (31, 32) connected to the outputs of said first
      and second register means
PA1  to selectively establish a digital "one" level at the output of said gate
      and inverter means (31, 32), and
PA1  b. clamping means (38-40)
PA1  to bring the level at the output of said gate and inverter means to a level
      between said "one" level and "zero" level.
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ABST
PAL  A manually operative, programmed (dedicated) calculator that computes the
      nge, bearing, and time of closest point of approach for any number of
      selected target ships, and also their course and speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In prior known collision avoidance systems as for example, the system
      disclosed in U.S. Pat. No. 3,737,902, a highly sophisticated (and costly)
      collision avoidance system is married to a radar system and a large
      computer. This complex system is applicable only to large ships with
      highly sophisticated electronics equipment and requires highly skilled
      personnel for its operation. The present invention provides for a closest
      point of approach calculator that is a small, inexpensive, manually
      operated collision avoidance device that can be operated by unskilled
      personnel, and may be used aboard any ship, military or commercial, having
      a radar or other system of determining the location of target vessels.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides for a small dedicated programmable
      mini-computer that has the capability of rapidly computing the five
      required closest point of approach parameters-range, time, bearing, target
      speed, and target course for up to five target vessels. Radar derived data
      from target ships-range, bearing, and time, for two sets of
      chronologically spaced readings, (Mark 1 and Mark 2), are manually
      programmed into the calculator via a keyboard as well as own ship course
      and speed. From this data, the calculator automatically computes any or
      all of the five closest point of approach selected parameters. The
      calculator can be broken down into three basic subgroups: data storage,
      programming, and a central processing unit. The data group accepts and
      stores target data and own ships data for later processing by the
      programmable calculator processing unit. The processor performs the
      mathematical functions necessary to solve the CPA algorithms. The
      programmer contains a fixed program of instructions for computing the
      algorithms for the determination of the required closest point of approach
      parameters, and means of accessing the data stored in the data group. The
      programmer commands the required data to be inserted into the Programmable
      Central Processing Unit (PCPU) and issues instructions to the PCPU to
      carry out the mathematical, switching, and storage functions to implement
      the algorithm. The final result of each set of algorithms, i.e., range,
      time, etc. is displayed on a digital readout display.
PAR  All operations are under the control of the operator, who can request
      closest point of approach data on any target by pushing appropriate keys
      on the keyboard.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is the provision of a small inexpensive manually
      operated collision avoidance device that can be operated by unskilled
      personnel and may be used aboard any ship, military or commercial, having
      a radar or other system of determining the location of target vessels.
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of the calculator keyboard.
PAR  FIGS. 2A, 2B and 2C are a schematic diagram of the calculator.
PAR  FIG. 3 is a tabulation of the range program for ROM of FIG. 2B.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The keyboard shown in FIG. 1 has two groups of keys, the closest point of
      approach (CPA) keyboard 10 and the numeric keyboard 12. CPA keyboard 10
      may be of the Alcoswitch SBL-6 type while numeric keyboard 12 may be of
      the Alcoswitch SB-033 type. The CPA keyboard 10 contains 20 keys, as
      shown. On the top row are the 5 target keys, labeled TGT-A through TGT-E.
      One of these keys is depressed when data relative to that target is being
      entered, or the CPA parameters for that target is calculated. The second
      row of keys are labeled R, T, B, TGT/SPD, TGT/CSE, pertaining to range,
      time bearing, target speed and target course, respectively. One of these
      keys is depressed when calling for computation of the subject parameters
      or entering the subject parameters into the calculator. Keyboard 10 should
      have a horizontal latch and lockout provision (not shown) such that when a
      key is depressed it stays depressed (latches) and releases all other keys
      in that row.
PAR  The third row of keys pertain to Mark 1, Mark 2, own course, own speed, and
      CPA. The first four keys in the third row are used when entering data, and
      the CPA key is depressed when calculation of the required parameter is
      performed.
PAR  The last row is labelled (CM), Clear Memory, (RST PRG), Reset Program, (ENT
      DTA), Enter Data, (STP), Stop, and (CLR DTA) Clear Data. The CM function
      is self explanatory, the RST PRG key is used to set the program to the
      first instruction of the Range algorithm, the ENT DTA key is depressed
      during data entry, the stop key is used to either stop the program, or
      prevent the program counter from incrementing, and the CLR DTA key is used
      to clear the Data Memory Register.
PAR  The numeric keyboard 12 is used for entering data into memory 14. Each time
      one of these keys is depressed, the number, or decimal point, appears on
      the display 15. It is cleared whenever one of the parameter keys on the
      CPA keyboard 10 is depressed.
PAR  In order to enter data into the data RAM 14 (FIG. 2A) the ENT DTA key is
      depressed, then one of the selected TGT keys followed by MK 1 or MK 2 and
      one of the parameter keys, e.g., range, bearing, etc. Depressing the ENT
      DTA key sets RAM 14 to the "write" mode and the other three keys selects
      the starting address for entry of data. For example, if TGT B, MK1, and
      RANGE keys are depressed, the data address encoder 28 (FIG. 2A) will
      generate the starting address of the range of target B at the first mark.
      This address sets data address counter 30 to the value generated by the
      encoder 28, which in turn sets the data RAM 14 to write in a data word
      (Range) in that address. Subsequently, the first digit of the range word
      (number) is entered via the numeric keyboard 12, and is stored in the RAM
      14 at the specified address. This action causes data address counter 30 to
      advance by one count, thereby preparing the RAM 14 to store the following
      number in the next adjacent address. This process continues until all
      digits of the range word have been entered into succesive memory cells of
      the RAM 14.
PAR  Then, depressing the bearing key causes the data address encoder 28 and
      counter 30 to generate the starting address for the storage of bearing
      data. The process continues until all data for all targets, and own ships
      course and own ships speed have been entered. The calculator is now ready
      to compute and display any CPA parameter for any selected target.
PAR  Read only memory 16 should be programmed to direct PCPU 18 to solve the
      following closest point of approach equations:
      ##EQU1##
      where R.sub.o is range at first mark
PA1  R.sub.1 is range at second mark
PA1  .theta..sub.o is relative bearing at first mark
PA1  .theta..sub.1 is relative bearing at second mark
      ##EQU2##
      where T.sub.o is time of first mark
PA1  T.sub.1 is time of second mark
PA1  .beta. is calculated value
      ##EQU3##
      S = Speed of ownship .gamma. = Course of own ship
      ##EQU4##
      where V.sub.TEW is the East/West component of V.sub.T
PAR  For example, in order to determine the range of CPA for target A, TGT A and
      R keys are depressed and the ENT DTA key is released, by pressing the RST
      PROG key. Depressing the R key sets the program counter 44 to the first
      instruction step of the range algorithm. Then depressing the CPA key
      causes the data RAM 14 to switch to the "read" mode, and initiates the
      program shown in FIG. 3. The program counter 44 (FIG. 2B) steps through a
      sequential number of counts, each count being the address of an
      instruction to the program ROM 16. The ROM 16 is programmed as described
      above to generate a series of control and instruction steps to carry out
      the computation of the range equation. Several types of instructions are
      required to carry out the algorithms, such as generating mathematical,
      switching and storage commands to the Programmable Central Processing Unit
      (PCPU) 18 (FIG. 2C), switching commands to the data MUX 48 (multiplexer),
      data access commands to the CPA MUX 20, and program jump commands to the
      program counter 44. PCPU 18 may be a 15171 NA manufactured by North
      American Microelectronics.
PAR  After the desired parameter has been computed, the result is displayed on
      the digital display 15, and the ROM 16 issues a STOP instruction to stop
      the program.
PAR  The operator then depresses another parameter key, for example, BEARING, on
      the CPA keyboard 10, which cuases the program encoder 42 to generate the
      starting address for that set of instructions for the computation of
      bearing. The program counter 44 is simultaneously set to this value. Then
      depressing the CPA key initiates the program for the computation of
      bearing. The other CPA parameters are similarly generated.
PAR  Referring now the schematic diagram of FIGS. 2A, B and C for a more
      detailed description the programmer for the calculator contains two main
      units; a data memory RAM (Random Access Memory) 14 into which data is
      inserted manually, and a program address ROM (Read Only Memory) 16 into
      which is permanently stored the addresses of a group of instructions which
      control the PCPU 18 and also fetches data from random access memory 14.
      One or more Signetics 25 LOlB's may be used for the RAM 14, while one or
      more Intel 1702's may be used for the ROM 16. The read only memory 16
      contains a specific set of instructions for computing all five closest
      point of approach functions. During the CPA data insertion the selected
      TGT and the ENT DTA keys are depressed. This performs the following
      function: commands MUX 48 to accept data from the numeric keyboard 12
      through the numeric keyboard encoder 34; enables gate 22; enables gate 24;
      and enables gate 26. With CPA key up, MUX 20 accepts data from CPA
      keyboard 10. CPA MUX 20 may be a Signetics 9322 while MUX 48 may be a
      Signetics 8264.
PAR  Depressing own course key of the CPA keyboard 10 enables a line to
      multiplexer 20 which is outputted to data address encoder 28. Data address
      encoder 28 generates a binary output which is the address selected for the
      insertion of the subsequent numeric data. The output of data address
      encoder 28 is fed by means of 8 parallel lines to data address counter 30
      which is set to the particular count selected by data address encoder 28,
      by the load pulse from strobe circuit 32. Data address encoder 28 may be
      one or more Signetics 8223 while data address counter 30 may be one or
      more Signetics 8293. The output of data address counter 30 is fed to RAM
      14, this being the address of the first digit of OWN COURSE data.
PAR  Depressing one NUMBER key on numeric keyboard 12 enables one of the nine
      lines coupling numeric keyboard 12 to numeric keyboard encoder 34. Numeric
      keyboard encoder 34 generates a four bit code and a strobe pulse. The four
      bit code is coupled directly as an input to data memory 14. The strobe
      trigger signal passes through gate 36 and triggers one shot strobe 38.
      After a 1.2 microsecond delay, one shot strobe 38 generates a 0.5
      microsecond pulse which is fed to and causes the output of gate 40 to go
      high. The output of gate 40 is inverted by means of inverting amplifier 42
      and is fed to gate 24. The output of gate 24 is fed to the R/W terminal of
      computer memory 14 and when its output is high it causes data memory 14 to
      write in the data presented to it from keyboard encoder 34. The output of
      gate 40 is also fed to gate 26 whose output is coupled to data address
      counter 30 and causes the counter to increment by one count on the
      trailing edge of the pulse. Counter 30 now has a count which is greater by
      one than that selected by data address encoder 28 and provides an output
      to data memory 14 and causes it to switch to the next higher numbered
      address. Depressing a second button on the numeric keyboard 12 causes the
      code for that key to be written in the next higher address in the data
      memory 14 than the first number. Simultaneously data address counter 30 is
      incremented by another count. This continues until a maximum of three
      digits have been entered into the group of address cells reserved
      specifically for OWN COURSE.
PAR  Depressing the OWN SPEED key on CPA keyboard 10 causes an enabling pulse to
      be fed from keyboard 10 to MUX 20 and data address encoder 28. Data
      address encoder 28 generates a code for the address of the OWN SPEED word.
      This causes data address counter 30 to be set to the same binary number,
      which selects the particular address in the data memory RAM 14 as
      described previously. The strobe pulse from Q strobe terminal of
      multivibrator 39 clears display 15 and disables gate 40 preventing the
      pulse from strobe 38 from passing through gate 24 and writing a "clear"
      command into data memory 14 at the address one count beyond OWN COURSE. To
      write in the first digit of the OWN SPEED word, one of the buttons on
      numeric keyboard 12 is depressed. This causes a number to be written into
      the selected address for that word and increments the address counter 30
      by one count as described above. Subsequent depressions of the number keys
      (the maximum of 2) causes the value of the OWN SPEED to be written into
      the selected address for that function. There are only two digits for OWN
      SPEED.
PAR  The next bit of information to be entered into memory 14 is data-range,
      bearing, and time relative to target vessels. In order to enter target
      data, three keys must be depressed; one of the target keys either range,
      bearing, or time, and First Mark MK 1 or Second Mark MK 2. This
      combination of keys determine the address for the particular data to be
      entered. For example, depressing target B, range, MK 2 selects the address
      of the data for the range of target B for the second sighting.
PAR  The operation for entering target data is as follows: by depressing keys
      target A, First Mark, and range on CPA keyboard 10 in that order enables
      two of the lines to multiplexer 20 which is passed through to data address
      encoder 28. Data address encoder 28 generates an address code for storing
      the first digit of range for target A at the first sighting. There is an
      eight microsecond delay to allow other keys in that row to break before R
      (range) key makes contact. The subsequent operations are the same as
      entering the data for OWN COURSE and OWN SPEED described above. The only
      difference is that there are a maximum of five digits for range (in
      yards).
PAR  To read in the bearing data, the bearing key, B, on CPA keyboard 10 is
      depressed, releasing all other keys on that row that were depressed i.e.,
      R. The three output energized lines resulting from this group of keys
      selects the address for the first digit of target A's bearing at the first
      sighting. Subsequent operation is the same as previously described. There
      are a maximum of three digits for bearing (in degrees) to the nearest
      degree.
PAR  To write in time, the time key, T, is depressed releasing all other keys on
      that row. This group selects the address for the time in hours and
      minutes. At time 17:58 for example, the number 17.58 would be entered. The
      first two numbers are the actual time in hours and the last two are the
      time in minutes. Subsequent operation is the same as previously described.
      There are four digits in time, i.e., to the nearest minute.
PAR  To enter the Second Mark, the Mark 2 key is depressed releasing all other
      keys on that row. This sets up the entry of target data for the second
      sighting of range, bearing, and time for any of the five selected targets.
      To enter data on target B, target B key is depressed releasing all other
      keys on that row. For example, depressing target B, range, and First Mark
      selects a unique address for insertion of the range of target B at the
      first sighting, which is different from that for target A. If during data
      entry a wrong key is depressed, or if it is desired to change any data
      entry, this can be readily accomplished by releasing the parameter key
      (i.e., range), then depressing it again. This sets up the starting address
      for range, and new data is written over the old.
PAR  After all data has been inserted the programmed computation of the required
      parameters is next performed. Because of the limited storage capacity of
      the PCPU 18 the computation of the functions for each target must be
      performed in a given sequence, namely range, time, bearing, target speed
      and target course, in that order. This is in agreement with the layout
      with these functions on the keyboard 10. For example, in order to
      determine the closest point of approach parameters for target A, the
      following sequence of events occur. The program counter 44 is reset to 0
      by depressing and releasing RST PRG key on keyboard 10.
PAR  Depressing target A key then range key in that order initiates signals that
      are fed to program encoder 42 to generate the starting address of the
      range algorithm, which is the start of the program. The output of encoder
      42 is fed to the last five bits of program counters 44. The CPA key is up
      and prevents the CPA multiplex 20 from accepting data from the read only
      memory 16. Depressing the range key on keyboard 10 generates a keyboard
      strobe which passes through gate 46, triggering strobe generator 32 which,
      in turn, generates a low pulse to counter 30, setting it to the starting
      address of Ro (range of selected target at the first mark) for TGT-A.
      Program multiplexer 48 will not accept the data since it is set to receive
      data only from memory 16. To initiate the program for determination of
      range of closest point of approach, CPA key on CPA keyboard 10 is
      depressed. Depression of this key releases all other keys in that row and
      initiates the following actions: Allows CPA multiplexer 20 to accept data
      address information from the read only memory 16. Triggers CPA strobe 70
      which generates a first output Q1, a 0.2 ms pulse, and a second output Q2,
      a 1.3 ms pulse. The 0.2 ms pulse from CPA strobe 70 passes through gate 36
      and triggers strobe 38, which generates a 0.5 ms pulse (Q2) 1.25 ms after
      Q1. This pulse is applied to gate 72 where it is ANDED with Q2 of CPA
      strobe 70 resulting in a 0.3 ms pulse starting at 1.2 ms. This pulse
      passes through gate 74 to the TTL-MOS voltage level shifter 76 and thence
      to the strobe input terminal of PCPU 18. TTL-MOS voltage shifter 76 may be
      of the Fairchild 9624 type. Prior to the arrival of the strobe pulse at
      PCPU 18 the program counter 44 generates the starting address for the
      range algorithm (all o's) and the read only memory 16 generates the first
      instruction. This instruction passes through data program multiplexer 48
      level shifters 76 to the INST/DATA input terminal of PCPU 18 where it
      awaits the strobe pulse. The strobe pulse inputs the data from
      data/program multiplexer 48 to PCPU 18, which then operates on the
      instruction. During this time PCPU 18 generates a busy signal, which is
      fed through MOS-TTL voltage level shifter 78 and to clock 80. MOS-TTL
      voltage level shifter 78 may be of the Fairchild 9625 type. After the
      instruction has been completed, the busy signal is terminated (goes back
      to 0) which then triggers clock 80.
PAR  Clock 80 generates two outputs; Q1 which is 7 ms wide, followed by Q2 which
      is 0.2 ms wide. Q1 is applied to the program counter 44 which is
      incremented by one count which, in turn, causes the read only memory 16 to
      generate the second instruction to PCPU 18. The Q1 output pulse from clock
      80 is also applied to gate 82 but is blocked by read only memory 16 since
      it has not called for a "fetch".
PAR  After termination of Q1 (7 ms) Q2 goes high. Q2 is passed through gate 74,
      voltage level shifters 76 and thence to the strobe input of PCPU 18. The
      following instructions are handled in a similar manner. It should be noted
      that during an instruction word, the code for that instruction is fed to
      CPA multiplexer 20 which accepts it and passes it through to encoder 28,
      which, in turn, generates some meaningless code that is fed to data memory
      14. However, multiplexer 48 will not accept this input since it has been
      commanded to accept data from read only memory 16.
PAR  If, in a succeeding instruction step, the instruction calls for fetching
      data from the data memory 14, for example, the starting address of Ro for
      target A at Mark 1, read only memory 16 output line 7 goes high, and line
      8 goes low, causing gate 88 to go high. This allows multiplexer 48 to
      accept data from data memory 14.
PAR  Since the address of any data word in data memory 14 is determined by which
      keys were activated at the time the data was inserted, the data is
      accessed in the program mode by recreating the same inputs to the data
      address encoder 28. Some of these bits are already supplied by the
      keyboard 10 during the program mode. For example, when the line from the
      target A key is energized, the missing lines that need to be supplied by
      the read only memory 16 is range and First Mark. Since these inputs
      determine the starting address for inserting Ro for target A, for this
      step, the read only memory 16 supplies the signals to CPA multiplexer 20
      which then provides the correct input to data address encoder 28 for
      accessing Ro.
PAR  The outputs of strobe 70 also go to gates 82, 36, and 46 through an
      inverter. Since the Q1 output of CPA strobe 70 is low at this time, the
      output of gate 46 goes high, triggering through gate 90 the load strobe 32
      which loads the starting address of Ro into data address counter 30. The
      data memory 14 thus accesses the first digit of Ro at MK 1 which is
      readout through data program multiplexer 48 to PCPU unit 18. The output of
      gate 88 is ANDED in gate 82 with the 7 ms pulse Q1 of CPA strobe 70 which
      triggers the strobe 38 whose 0.5 ms pulse output is applied to one input
      of gate 40. The output of gate 90 however triggers strobe 39 which
      generates a 2 ms pulse whose inverted output is applied as the second
      input of gate 40, thereby blocking the strobe pulse from strobe 38. The
      data address counter 30 is therefore not incremented during the first
      fetch instruction. After 7 ms, clock 80 generates a strobe pulse which
      reads the data into PCPU 18.
PAR  The outputs of the read only memory 16 do not change in recalling the
      remaining digits of any word stored in the data memory 14. The output of
      gate 88 remains high so that strobe 32 is not triggered. However, the 7 ms
      pulse from clock 80 is gated through gates 82 and 36, thus generating a
      0.5 ms strobe pulse out of strobe 38 delayed by 1.2 ms. Since strobe 39
      has not been triggered, gate 40 is enabled, which passes the strobe pulse
      through gate 26 and increments data address counter 30 on the trailing
      edge of the pulse.
PAR  This new address causes the second digit of Ro to be read out of data
      memory 14 which is then passed on to PCPU 18.
PAR  At the completion of the 7 ms clock pulse, clock 80 generates a 0.2 ms
      pulse which is gated through gate 74 to the strobe input of PCPU 18
      through the level shifters 76, thus strobing in the data, after which the
      busy signal initiates the next instruction by triggering clock 80.
PAR  This process is continued until all digits of Ro have been read out. For
      each data word address, read only memory 16 generates a new word to CPA
      multiplexer 20 only at the start of an address; therefore, a load pulse is
      generated only for this starting address. Subsequent cells are accessed
      simply by incrementing data address counter 30.
PAR  Jump instructions may be required to calculate CPA data. In order to
      execute a jump instruction, read only memory 16 output line 8 goes high
      and line 7 goes low. This causes the output of gate 92 to go high, which
      enables gates 94, 96, and 98. If simultaneously, line 1 on the ROM 16 goes
      high, counter 44 will jump by 2 at the next clock pulse. If line 2 goes
      high the counter will jump by 4, and if line 3 goes high the counter will
      jump by 8. Upon completion of the last instructions for the range
      algorithm, read only memory 16 generates a stop instruction. This is
      accomplished by lines 1, 6, and 7 of memory 16 going high, and line 8
      going low. This causes the output of gate 100 to go high and the inverted
      output to go low. The output of gate 102 then goes low which disables
      clock 80 and prevents counter 44 from incrementing to the next count.
PAR  Time determination is accomplished by releasing CPA key, depressing Time
      key and then depressing the CPA key. This action resets program counter 44
      to the starting address of the time algorithm. This removes the inhibit
      signal from clock 80 and the program for time determination is initiated.
      The actions are the same as for range determination.
PAR  The operation for determination of bearing is the same as above. In the
      determination of target course and target speed, the OWN SHIPS COURSE and
      OWN SHIPS SPEED data needs to be accessed. During the insertion of this
      data, these are the only two keys which are depressed. During readout,
      however, when the closest point of approach calculations are being made,
      one of the target keys is depressed. If this condition were allowed to
      exist at the time when the programmer tried to fetch either OWN SHIP or
      OWN COURSE data, it would go to the wrong register. Therefore in order to
      inhibit the target key input line, the programmer 16 addresses the data
      memory RAM 14 through the CPA MUX 20, the data address encoder 28, and the
      data address counter 30, by line 1 "OWN COURSE" and line 2 "OWN SPEED" on
      the program ROM 16. There, the proper address is accessed. Otherwise the
      operation is the same as for the other parameters.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for computing closest point of approach parameters from target
      and own ship data taken at different times, said apparatus comprising:
PA1  a keyboard for generating signals represent a parameter to be calculated
      and for generating input data signals and including a re-set terminal;
PA1  data encoder circuit means having an input coupled to said keyboard for
      encoding the data signals generated by said keyboard and having an output;
PA1  data storage means having a first input coupled to the output of said data
      encoder for storing data and having second and third inputs and an output;
PA1  data address encoder means having an input coupled to said keyboard for
      encoding data address information and having an output;
PA1  data address counter means having a first input coupled to the output of
      said data address encoder, a second input coupled to the output of said
      keyboard, a third input and an output coupled to the third input of said
      data storage means;
PA1  program encoder circuit means having a first input coupled to the output of
      said keyboard for encoding program information and having an output;
PA1  program counter circuit means having a first input coupled to the output of
      said program encoder for providing an output signal in response to the
      particular parameter signal generated by said keyboard and having an
      output, second, and third, and fourth inputs;
PA1  program read-only memory circuit means having an input coupled to the
      output of said program counter and providing a control and address output,
      an increment counter output coupled to the second input of said data
      address counter, a control output, an instruction output and a jump output
      connected to the second input of said program counter;
PA1  a central processing unit coupled to said control and instruction outputs
      of said program read-only memory and to the output of said data storage
      means for computing a selected parameter in response to the control and
      instruction signals from said program read-only circuit means and
      providing termination signal at a first output of the computation and
      having a second output coupled to a display for displaying the computed
      results;
PA1  clock means having a first input connected to said keyboard and being
      responsive to a start output signal for providing output clock signals to
      a third input to said program counter for starting a computation and for
      discontinuing said clock pulses in response to the termination pulse from
      said control processing unit.
NUM  2.
PAR  2. The calculator of claim 1 further comprising jump circuit means having
      inputs coupled to the jump outputs of said read-only memory and said
      central processing unit and having an output connected to said program
      counter for providing a jump signal to said fourth input of program
      counter in response to read-only memory program signals and central
      processing unit target data.
NUM  3.
PAR  3. The calculator of claim 2 wherein each stage of said program counter is
      a JK flip-flop circuit,
PA1  the first two stages of said counter being connected to said keyboard and
      being preset for each designatd program in response to a signal generated
      by depressing the appropriate keys on said keyboard.
NUM  4.
PAR  4. The calculator of claim 3 wherein said program counter is incremented by
      an output pulse from said central processing unit unless a jump disabling
      signal disables the clock input to the appropriate stage of the program
      counter.
NUM  5.
PAR  5. The calculator of claim 4 wherein said program counter comprises:
PA1  a plurality of flip-flop circuits, two of said flip-flop circuits being
      connected to form the first two stages of said counter, the re-set
      terminals of said first two stages being connected in parallel to the
      re-set terminal of said keyboard;
PA1  the remainder of said flip-flop circuits forming the remaining stages of
      said counter and being connected in parallel to the enter data switch on
      said keyboard.
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ABST
PAL  A greatly simplified calculator circuit implemented, for example, utilizing
      I.sup.2 L technology, is fabricated on a relatively small semiconductor
      chip resulting in high yield. A unique feature of such calculator is a
      universal condition latch which is so connected as to permit the state
      thereof to be determined by multiple sources while reducing the number of
      ROM instructions required and hence the size of the ROM to permit
      fabrication on the smaller chip. The condition latch state is determined,
      for example, by the logical OR of up to four flags after a test flag
      instruction, by the logical OR of up to four keyboard inputs after a test
      key instruction, by the carry output of the adder after any add
      instruction, or by the results of an adder compare after any compare
      instruction.
BSUM
PAR  This invention relates to calculators and, in particular, to digital
      electronic calculators fabricated as integrated circuit systems.
PAR  Integrated circuit technology has advanced to the stage where an entire
      calculator system is fabricated on a single chip of semiconductor material
      including all interface circuitry to an input keyboard, output drivers and
      display and power supply. These integrated circuit chips have been
      farbicated, for example, utilizing MOS technology and, more recently, CMOS
      technology. Reduction of cost in fabricating such integrated calculator
      systems is directly related to yield. Circuitry embodied in the calculator
      system of the present invention which is implemented utilizing injection
      logic I.sup.2 L technology is directly related to yield in that, by
      reducing the circuitry required to perform the calculator system function,
      the chip size is reduced by about 25 percent and hence the yield
      increased. The I.sup.2 L calculator system in addition provides for a
      lower operating voltage supply of 0.7 volt for the chip and 4.5 for the
      LED display and provides for the digit drivers to be provided on the
      single chip.
PAR  It is therefore an object of the present invention to provide a greatly
      simplified calculator circuit on a relatively small semiconductor chip.
PAR  It is another object of the invention to provide a semiconductor integrated
      circuit calculator system in higher yields than presently achieved.
PAR  It is still a further object of the invention to provide a bipolar
      injection logic I.sup.2 L integrated circuit calculator system.
PAR  Still another object of the invention is to provide a universal condition
      latch in a greatly simplified digital electronic calculator.
PAR  These and other objects are provided in accordance with an embodiment of
      the invention in which a greatly simplified calculator circuit is
      implemented, for example, utilizing injection logic I.sup.2 L technology.
      The integrated circuit calculator system is fabricated on a single
      relatively small semiconductor chip resulting in low cost and high yield.
      A unique feature of such calculator is a universal condition latch which
      is so connected as to permit the state thereof to be determined by
      multiple sources while reducing the number of ROM instructions required
      and hence the size of the ROM to permit fabrication on the smaller chip.
      The condition latch state is determined, for example, by the logical OR of
      up to four flags after a test flag instruction, by the logical OR of up to
      four keyboard inputs after a test key instruction, by the carry output of
      the adder after any add instruction, or by the results of an adder compare
      after any compare instruction.
DRWD
PAR  Still further objects and advantages of the invention will become apparent
      from the detailed description and claims when read in conjunction with the
      appended drawings wherein:
PAR  FIG. 1 is a perspective view of a digital electronic calculator employing
      the present invention;
PAR  FIG. 2 is a block diagram of a digital electronic calculator system
      embodying the present invention;
PAR  FIGS. 3A and 3B comprise a block diagram of the circuitry comprising the
      digital electronic calculator of FIG. 2;
PAR  FIGS. 4A-I form a detailed logic diagram of the calculator system; and
PAR  FIG. 5 is a circuit diagram of the digit and segment drivers employed in an
      embodiment of the calculator system.
DETD
PAR  This application discloses subject matter related to that disclosed and
      claimed in the following U.S. patent applications, all filed herewith and
      assigned to Texas Instruments Incorporated, the assignee of this
      invention: Ser. Nos. 527456, 527505, 527506, 527507, 527508 and 527509 all
      filed on Nov. 26, 1974.
PAR  An example of a calculator employing the present invention is illustrated
      in FIG. 1. The calculator includes a display 12A which has, for example,
      seven or nine digit positions for the display of a sign and six or eight
      numeric characters, respectively, and a keyboard 11A comprised of numeric
      keys 0-9 and function keys such as plus, minus, multiply, divide, equal,
      clear, etc. The display 12A and keyboard 11A, as well as a power supply
      13A, comprised of batteries, for example, and a switch which couples the
      batteries to the integrated calculator system are shown in FIG. 2. The
      integrated calculator system 14A is preferably an I.sup.2 L integrated
      circuit system fabricated on a single semiconductor chip of relatively
      small size. The I.sup.2 L circuitry requires lower operating voltages than
      MOS or CMOS circuits. For example, the I.sup.2 L calculator circuits
      described herein require a system operating voltage of approximately 0.7
      volt and the LED display requires an operating voltage of approximately
      4.5 volts.
PAR  The calculator system is illustrated in greater detail with reference to
      the block diagram of FIG. 3 comprised of sections 3A and 3B and in still
      greater detail in the logic diagram of FIG. 4 comprised of sections 4A-I.
      Referring then to FIGS. 3 and 4, the calculator system is controlled by a
      programmed ROM 20A which is coupled to and addressed by program counter
      19A. Program counter 19A provides a 9-bit address BIT.sub.0 -BIT.sub.8 to
      the ROM 20A. The ROM, which in this embodiment, is a five hundred twelve
      word by eleven bit programmed memory with outputs I.sub.0 -I.sub.10, in
      conjunction with the other circuitry of the calculator system, causes the
      system to operate in a particular manner upon activation of each key or
      sequence of keys from keyboard 11A. An example of a ROM program for the
      calculator of FIG. 1 is described in Tables I and II.
PAR  A single set of digit lines D.sub.0 -D.sub.6 are utilized to multiplex the
      display and to scan the keyboard. During the normal display, every digit
      line D.sub.0 -D.sub.6 is scanned and every key input line K.sub.1 -K.sub.4
      is sensed by the key latch 17A. The key latch 17A is comprised of
      cross-coupled NAND gates 804 and 805 and receives inputs from the key
      input lines K.sub.1 -K.sub.4 via NAND gates 800, 1202 and 1203. By means
      of the instruction "test key" which is also fed into the universal
      condition latch 15A, at the end of every six digit times, the key latch is
      tested to determine whether a key is being actuated or not.
PAR  In order to compensate for key bounce which is typically about 8
      milliseconds, the ROM program causes testing of the key latch 17A three
      consecutive times to insure that a key is actually being actuated.
      Scanning at, for example, 72 instructions per cycle provides for
      approximately a 5 millisecond delay. After the key latch 17A has been
      tested for the third time, and it is determined that the key latch is
      still latched, the digit lines beginning with D.sub.6 are scanned and each
      K line is individually tested during each digit time until a positive test
      sets the universal condition latch 15A.
PAR  The universal condition latch 15A, comprised of cross-coupled NAND gates 60
      and 71, is a unique feature of the calculator system described herein. In
      prior art calculators, a condition latch was utilized to test the results
      of a compare operation and/or the carry from the arithmetic unit. The
      state of the universal condition latch disclosed herein is additionally
      set by the logical OR of up to four flags in the RAM after a test flag
      instruction, testing of the RAM for other purposes such as for all 0's,
      and testing the logical OR of the keyboard input lines K.sub.0 -K.sub.3
      after a test key instruction. These additional inputs provided to the
      universal condition latch circuitry 15A saves a large number of
      instructions and contributes to the smaller high yield chip where the
      calculator system is implemented as an integrated circuit. The universal
      condition latch will later be referred to with respect  to the memory
      test, flag test, carry output, compare and other operations carried out
      utilizing the universal condition latch. Referring to FIG. 4, the key
      input lines K.sub.1 -K.sub.4 are coupled to the universal condition latch
      by means of NOT gates 810-813, 56-59, NAND gates 49-52, and NAND gate 53.
      The output of gate 53 is the logical OR of the key inputs K.sub.1 -K.sub.4
      as controlled by gates 45, 46, 55 and 54.
PAR  A positive test determines which of the keys is actuated and the ROM causes
      the calculator to act according to the actuated key. For example, if a
      numerical key is being actuated, the condition latch 15A is set (in this
      particular instance to a 0) and the subroutine register 18A, by means of
      the branch and call logic 16A coupled to the universal condition latch
      15A, cause a branch to the number entry routine and enters the number,
      corresponding to the actuated key, in the next location in RAM 25A. Where
      the actuated key is a function key, the condition latch 15A is set to a
      logical 0 and the subroutine register branches to the particular routine
      to carry out the function for that actuated key. At digit time D.sub.1,
      the key latch is disabled and reset. As can be seen from the above
      description, utilization of the universal condition latch 15A and key
      latch 17A coupled to the key input lines K.sub.1 -K.sub.4 provides for
      less ROM lines to decode an actuated key. Utilization of the key latch
      avoids the necessity of testing each individual K line during each normal
      cycle. The use of the universal condition latch circuitry avoids the
      necessity of a programmed logic array which is utilized in prior art
      calculators in conjunction with additional programming.
PAR  The output of the condition latch circuitry 15A is connected to the branch
      and call logic circuitry 16A. The branch and call logic circuitry 16A
      includes gate 221 which circuitry determines whether the instruction is a
      branch or a call instruction and also checks the condition of condition
      latch 15A to determine whether it is set to a logical 1 or 0. If condition
      latch 15A is set to a logical 1 the branch or call is executed; if it is
      set to a logical 0 it is not executed. With condition latch 15A set to a
      logical 1, gate 897 is forced to input the instruction word ROM address
      BIT.sub.0 -BIT.sub.8 which is the new location to branch to or call to
      into the program counter 19A. The ROM instruction branch or call has two
      bits I.sub.9 and I.sub.10. A logical 1 in I.sub.10 determines that the
      instruction is a branch or a call instruction and a logical 1 in I.sub.9,
      in conjunction with a logical 1 in I.sub.10, determines that it is a call
      rather than a branch. If the instruction is a call instruction, then a
      logical 0 output is provided for gate 221; if it is a branch or a call, a
      logical 1 at the output of gate 229 and if it is a call, then a logical 1
      appears on ROM output line I.sub. 9 to the input of gate 13 along with the
      logical 1 from gate 229. Thus, under normal conditions each of the stages
      of the subroutine register 18A, comprised of a set of gates B.sub.1
      -B.sub.4 for each stage, is loaded with the information contained in a
      previous program counter stage comprised of a set of gates A.sub.1
      -A.sub.4 for each stage so that the next address from that contained in
      program counter 19A is normally being stored in subroutine register 18A.
      When a call occurs, the "load subroutine register" latch, comprised of
      gates 14 and 15, disables the normal loading of the subroutine register
      18A. A branch to the new location occurs and, at the same time, the
      address of the location that next would have been executed is saved in
      subroutine register 18A. Thus, in the call mode, the output of gate 14 is
      coupled to return gate 223. If a return instruction is decoded, then the
      output of gate 223 goes to a logical 0 and through paths 228 and 230
      forces the program counter to be set to the location stored in the
      subroutine register (via gate A.sub.6 on all stages). After that is
      accomplished, it allows the subroutine register to return to its normal
      state and begin loading a new address from the program counter 19A.
PAR  Every call after the initial call is treated as a branch by the called
      program in order to save words in the program. Thus, if a call appears
      within a call, the program returns to the initial return address; this is
      the same as a branch.
PAR  A power up clear latch 21A comprised of cross-coupled NAND gates 17 and 18
      are coupled to program counter 19A by means of gate 19 and program counter
      19A is coupled back to the power up clear latch 21A through reset NAND
      gate 16.
PAR  The power up clear latch is another unique feature of the disclosed
      calculator which provides power up clear to reset the calculator to a 0
      idle state when the calculator power, provided by power supply 13A, is
      initially switched on. The power up clear latch 21A disclosed herein is
      smaller and more reliable than the conventional open loop power up clear
      circuits which rely entirely on an RC time constant. Elimination of the
      relatively large capacitor and other associated circuitry contributes to
      the fabrication of the present system on the smaller semiconductor chip.
      The power up clear latch comprised of cross-coupled gates 17 and 18 forces
      the input to the program counter 19A at the output of gate 19 to a logical
      1. This causes program counter 19A to increment. When an initial logical
      state is reached, as indicated by the output of the program counter (in
      this embodiment all logical 1's), the logical NAND gate 16 coupled to the
      program counter outputs causes the power up clear latch to be reset.
PAR  In the preferred I.sup.2 L embodiment, the gates A13 and 18 automatically
      and accurately power up low (logical 0) when the power is turned on. This
      is accomplished by increasing the size of the injectors of gates A13 and
      18 relative to those of 14 and 17. The injectors are made larger by
      approximately a factor of 4 so that when the power is turned on, the
      output of gate 18 is a logical 0, the output of gate 19 is a logical 1,
      and each stage of the program counter will, in turn, change to a logical
      1. In other MOS or bipolar embodiments, a relatively small capacitor may
      be utilized in lieu of the enlarged gates to power the gates up in a
      particular logic state. When all of the stages of the program counter have
      changed to logical 1's, gate 16 resets the latch comprised of gates 17 and
      18 on the next phase 2 clock pulse and the ROM address is set at an
      initial IFF ready to accept the first key entry.
PAR  Flag data stored in random access memory 25A is tested by flag test
      circuitry 22A comprised of NAND gates 40-44. Gates 40-43 provide the
      logical OR of up to four flags at the output of gate 44 which is utilized
      to set the condition of universal condition latch 15A after a test flag
      instruction. NAND gate 44 is coupled to condition latch gates 60-71 by
      means of gates 47 and 53. Gate 47 is enabled by the decoding of a test
      flag instruction from ROM outputs to gates 45-47.
PAR  Random access memory 25A, in this particular embodiment, is 28 locations by
      4 bits addressed by a 5-bit address word provided by means of address
      selector 26A. The address selector 26A is a unique feature of the
      calculator system described herein in that both direct and indirect RAM
      addressing is provided while the number of ROM instructions required for
      calculator operation is reduced. Thus, by reducing the number of ROM
      instructions required, the direct and indirect addressing feature
      contributes to a reduced size of the ROM to permit fabrication on the
      smaller semiconductor chip. Address selector 26A includes inputs RA.sub.0
      -RA.sub.3 from the RAM address register 33A to apply the address stored in
      the RAM address register to an input of NAND gates 192, 189, 186 and 183.
      The first four bits of the instruction word from ROM 20A is applied to an
      input of NAND gates 190, 188, 184 and 182. NAND gates 191, 187, 185 and
      181 provide the first four bits of the RAM address as either the contents
      of the RAM address register 33A or the first four bits of the instruction
      (I.sub.0 -I.sub.3) contained in the addressed ROM word depending upon the
      logical state of the seventh (I.sub.6) bit of the instruction word
      contained in the ROM. The state of instruction bit I.sub.6 enables either
      the set of gates 192, 189, 186 and 183 or the set of gates 190, 188, 184
      and 182. The fifth bit of the RAM address is always provided by the fith
      bit (I.sub.4) of the ROM instruction word.
PAR  Indirect addressing, that is, enabling RAM address selector 26A to select
      the address from RAM address register 33A, is particularly useful for
      register type adds or shifts where it is desired to use the exact same
      instruction from the ROM but with the address of the RAM incremented by
      one so as to perform the exact same function to each of a series of digits
      by incrementing from digit to digit. Thus, for example, a particular
      operation such as adding digits or shifting may be accomplished by
      initializing the RAM address to 0, performing the function on digit 0,
      incrementing the RAM address register and then testing to determine if the
      RAM address register has reached the last digit (for example, digit 7). If
      the RAM address register does not contain a 7, the operation is performed
      on the addressed digit (which in this case would be digit 1). The digit is
      then incremented, tested for last digit, function performed, incremented,
      etc. Direct addressing, on the other hand, provides for addressing of the
      RAM by the permanently stored contents of the first five bits of the ROM
      instruction. By the use of a single location in the ROM, an operation is
      performed on eight or nine different digits, for example, providing in
      essence the equivalent of eight or nine different instructions. By
      utilization of the indirect addressing feature, the number of ROM
      instructions is thereby decreased. Additionally, the direct addressing is
      directly from the ROM without disturbing the contents of RAM address
      register 33A. A location does not have to be extracted from the ROM and
      loaded into the RAM address register to indirectly address the RAM 25A by
      means of RAM address register 33A as is done in some prior art
      calculators. Testing operations are therefore conveniently carried out by
      utilization of the direct addressing feature. For example, while the RAM
      address register is incrementing from digit to digit, the ROM word may be
      utilized to directly address some known location like the location of the
      first digit without disturbing the contents of the RAM address register.
      The contents of the RAM address register does not have to be temporarily
      stored, reset and restored.
PAR  A further example of the use of the direct and indirect addressing feature
      is illustrated with respect to the multiply routine in which the final
      digit is checked and a binary one is continually subtracted from the least
      significant digit in the multiplier and the multiplicand is continually
      added to the partial product. Once the least significant digit becomes a
      0, the partial product multiplicand and multiplier are shifted and the
      operation continues on the next digit with the adding of the multiplicand
      to the partial product. Each time the least significant digit of the
      multiplier is to be checked, the least significant digit is directly
      addressed without affecting the contents of the RAM address register 33A
      from which a one is continually being subtracted. In division, a one is
      continually added to the quotient and, as long as the dividend can be
      subtracted from the divisor, directly puts the result in the accumulator,
      adds one to it, and returns the result without changing any of the address
      selects.
PAR  The direct and indirect addressing feature is also particularly useful in
      the display cycle, saving additional ROM memory locations. During the
      display cycle, in order to light up the decimal point, for example, the
      condition latch 15A is set to a particular logical level (logical 0) and
      two instructions take place before a load output. With direct addressing,
      the digit being scanned is stored in the accumulator, compared to the
      decimal point value, which value is determined by directly addressing the
      memory at the decimal point location, and on the next instruction taking
      the next digit to be displayed in the particular D time by indirectly
      addressing RAM 25A from the RAM address register 33A and storing the digit
      in the accumulator. On the next instruction "load output" the correct D
      time is stored in RAM address register 33A and the correct digit has been
      loaded in accumulator register 34A.
PAR  Another unique feature of the calculator system is the particular structure
      of the adder 30A. The adder 30A is comprised of four 1-bit adders 32A-D.
      Each 1-bit adder includes first and second half adder stages as shown in
      FIG. 4G. The first half adder stage of first 1-bit adder section 32A is
      comprised of NOT gate 103 which receives the first A input bit from A
      input selector 27A, NOT gate 108 which receives the first B input bit from
      B input selector 28A, NAND gates 104-106 which add the first A input bit
      to the first B input bit, and NOT gate 107 which transfers the carry to
      the second half adder stage of second 1-bit adder 32B. In this particular
      embodiment, first adder section 32A does not include a second half adder
      stage and the output from NAND gate 106 is applied directly to an output
      latch comprised of NOT gate 602 and NAND gates 194-197 which store the
      adder output during a phase 1 clock pulse. A carry input is omitted
      because it eliminates about six gates thereby contributing to the reduced
      size of the semiconductor chip. The input carry function is provided by
      the ROM instruction which adds a one to any constant of the accumulator
      when it is loaded. The first half adder stage of second 1-bit adder
      section 32B is comprised of NOT gate 109 which receives the second A input
      bit from A input selector 27A, NOT gate 117 which receives the second B
      input bit from B input selector 28A, NAND gates 110-112 which add the
      second A input bit to the second B input bit, and NAND gate 141 which
      transfers the C.sub.2 carry to the second half adder stage of third 1-bit
      adder section 32C. The second half adder stage of second 1-bit adder
      section 32B includes NAND gates 142-143 and NOT gates 145 and 146 which
      add the C.sub.1 carry applied from NOT gate 107 of first adder section 32A
      when NAND gate 147 is enabled in accordance with the logical state of
      instruction bit 5 (I.sub.5) from ROM 20A. The first half adder stage of
      third 1-bit adder section 32C is comprised of NOT gate 116 which receives
      the third A input bit from A input selector 27A, NOT gate 118 which
      receives the second B input bit from B input selector 28A, NAND gates
      113-115 which add the third A input bit and the third B input bit and NAND
      gate 134 which transfer the C.sub.4 carry bit to the second half adder
      stage of fourth 1-bit adder section 32D. The second half adder stage of
      third adder section 32C is comprised of gates 135-139 which add the
      C.sub.2 carry applied from NAND gate 141 of second adder section 32B when
      NAND gate 140 is enabled in accordance with the logical state of
      instruction bit 5 as discussed with respect to NAND gate 147. The first
      half adder stage of fourth 1-bit adder section 32D includes NOT gate 119
      for receiving the fourth A input bit from A input selector 27A, NOT gate
      123 for receiving the fourth B input bit from B input selector 28A, NAND
      gates 120-122 for adding the fourth A and B input bits, and NAND gate 124
      for generating the C.sub.8 carry output. The second half adder section of
      fourth adder section 32D is comprised of gates 128-133 which add the
      C.sub.4 carry from adder section 32C. NAND gate 133 is enabled in
      accordance with the logical state of instruction bit 5 from ROM 20A and
      operates in the same manner as gates 140 and 147. The output latch of
      adder sections 32B-D are identical to the output latch of section 32A.
      Thus, adder 30A comprised of sections 32A-D including carry C.sub.1 from
      section 32A to 32B carry C.sub.2 from section 32B to 32C and carry C.sub.4
      from section 32C to 32D when a logical 1 enable signal is applied to NAND
      gates 133, 140 and 147 by instruction bit 5 from ROM 20A. If instruction
      bit 5 is a logical 0 NAND gates 133, 140 and 147 disable the carries from
      adder section to adder section so that the adder sections 32A-32D operate
      as individual non-carry 1-bit adders. In this manner, adder 30A
      selectively functions dually as a multi-bit word adder and also as a
      plurality of single bit adders. The dual function adder is utilized, for
      example, to perform bit operations for use in flagging and 2's complement
      addition for subtraction operation as well as normal multi-bit word
      addition. With the carry disabled, a 1 can be added to any bit without
      having it carry bit to bit so that selected bits are toggled individually
      by adding 1 to those bits. Flags are toggled in this manner. For example,
      utilizing indirect addressing, a particular RAM address is selected by RAM
      address register 33A. The RAM data applied to the A input selector 27A is
      added to selected binary 1's from first four bits of the ROM instruction
      word applied through B input selector 28A with the carry disabled by
      instruction bit 5 to selectively and individually toggle one or more
      flags. The altered RAM flag data is then returned to the RAM at the same
      address without the contents of the accumulator being altered.
PAR  Disabling of the carry is also utilized in this embodiment to perform
      subtraction utilizing 2's complement as indicated above. In order to
      generate the 2's complement of the data in the accumulator, a numerical 15
      from a ROM instruction at the A input selector 27A is added to the
      contents of the accumulator transferred through B input selector 28A with
      carry enable gates 133, 140 and 147 disabled by bit 5 of the instruction.
      In this manner every bit of the accumulator is toggled and a one is added
      to the results to obtain the 2's complement. Feedback of the complement of
      the accumulator and the carry is not required thereby reducing the number
      of interconnects and selector gates on the front end of the adder and
      contributing to the smaller sized chip. Adder 30 also includes NAND gate
      148 for performing a compare of the outputs from the first adder stages to
      generate a C compare output to condition latch 15A.
PAR  As previously mentioned, there are A and B inputs to the adder with the A
      input provided by A input selector 27A and the B input provided by B input
      selector 28A. A input selector 27A selects as the A input to adder 30A
      either the 4-bit data from the RAM (MEM1, MEM2, MEM4, MEM8) or the first
      four bits of the ROM instruction (I.sub.0 -I.sub.3) depending upon the
      state of instruction bit 7. The A input selector is comprised of NAND
      gates 100-102 for selection of the first bit, NAND gates 97-99 for
      selection of the second bit, NAND gates 94-96 for selection of the third
      bit, and 91-93 for selection of the fourth bit to adder 30. B input
      selector 28A selects as the B input to adder 30A either the 4-bit output
      of RAM address register 33A (RA.sub.0 -RA.sub.3) or the four bits of
      accumulator 24A (ACC.sub.1, ACC.sub.2, ACC.sub.4, ACC.sub.8) depending
      upon the logical states of ROM bits 6 and 7 to NAND gate 180 to NOT gate
      179. The input selector 28A includes NAND gates 167-169 for selection of
      the first bit, NAND gates 170-172 for selection of the second bit, NAND
      gates 173-175 for selection of the third bit and 176-178 for selection of
      the fourth bit to adder 30.
PAR  Zero selector 29A comprised of NAND gates 163-166 couples B input selector
      28A to the B inputs of adder 30A. The zero selector provides for the
      generation of all zeros at the B adder inputs in order to load a constant
      from the ROM by means of A input selector 27A to the A adder inputs. The
      zeros are generated when the instruction bit 9 to gates 163-166 is a
      logical 1.
PAR  The 4-bit output Y from adder 30A, which does not include the carry output
      C.sub.8, is stored in either RAM address register 33A or accumulator
      register 34A. In general, RAM address register 33A is utilized to store
      RAM addresses as previously discussed with respect to indirect addressing.
      Four identical sections are provided, one corresponding to each of the
      adder sections, to store the 4 bits. Each of the sections is comprised of
      a latch such as that provided by cross-connected NAND gates 199 and 200
      shown for the first section and input gates such as NAND gates 198 and 201
      also shown only for the first section. The input gates 198-201, etc. are
      controlled by the load address register enable signal (LDR) generated by
      instruction decoder NAND gates 149-151. Decoder NAND gates 149-151 decode
      selected bits from the instruction word and generate the LDR enable signal
      so that the adder output is loaded into RAM address register 33A for
      instructions which cause the calculator system to operate on RAM
      addresses. The outputs RA.sub.0 -RA.sub.3 of RAM address register 33A are
      coupled to RAM address selector 26A for providing the RAM address to RAM
      25A when indirect addressing is selected by instruction bit 6 to RAM
      address selector 26A. The outputs RA.sub.0 -RA.sub.3 are also fed back to
      B input selector 28A to adder 30A so that the RAM address may be
      selectively incremented by the adder. The output bits from the four adder
      sections 32A-32D are also coupled to accumulator register 34A as indicated
      above for storing all other data received from the adder. Each section of
      accumulator register 34A is identical and comprised of two cross-coupled
      NAND gates such as 203 and 204 shown only for the first section and two
      input gates such as 202 and 205 also shown only for the first section. The
      input gates 202 and 205 transfer the data from the adder outputs to the
      latch as controlled by the load accumulator enable signal (LDA)
      transferred from decoder NAND gates 814, 125 and 126 up to the gates 202,
      205, etc. by means of NOT gates 127. The decoder gates 814, 125 and 126
      are coupled to and decode selected bits of the ROM instruction so that the
      input gates of the accumulator are enabled for all instructions requiring
      the adder output to be stored in the accumulator register 34A. The output
      bits ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8 from accumulator
      register 34A are coupled to the corresponding bits of the RAM data input
      (BIT1, BIT2, BIT4 and BIT8, respectively) for the storage of data in RAM
      25A. The accumulator outputs ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8
      are also fed back to adder 30A by means of B input selector 28A so that
      additional operations are carried out on data stored in accumulator
      register 34A by adder 30A.
PAR  The ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8 accumulator register
      outputs are also coupled to segment decoder 35A. Segment decoder 35A is
      illustrated in detail in FIG. 4C as a programmed logic array which accepts
      the 4-bit binary or binary coded decimal output of accumulator register
      34A, stores it in latches and converts it to one of, for example, 7
      segments SA-SG. The SH or DP output is provided for the decimal point. The
      segment decoder of the illustrated embodiment is unique in that the
      segment outputs are latched at the input to the programmed logic array.
      Latching of the segments allows the display to be continuous during the
      time in which the calculator is performing other operations. Latching of
      the decoder at its input rather than at its output reduces the number of
      gates and latches required to perform the function thereby contributing to
      the smaller size of the higher yield semiconductor chip. NAND gates 870,
      873 and NOT gate 874 input the first bit from the accumulator which is
      stored in the first latch comprised of cross-coupled NAND gates 871 and
      872. Gates 870A-874A provide the same function for the second bit, gates
      870B-874B for the third bit, and gates 870C-874C for the fourth bit. The
      output section is comprised of NAND gates 829-846 with inverter drivers
      S.sub.1 -S.sub.17 for the segment outputs SA-SH.
PAR  Digit scanning is provided in the present embodiment by the output state of
      the three output bits RA.sub.0 -RA.sub.2 of RAM address register 33A which
      is decoded by digit decoder 36A. Digit decoder 36A stores the three bits
      and decodes them into one of six, seven or eight unique digit output
      signals D.sub.0 -D.sub.6. The first bit from the RAM address register is
      input to NAND gate 870F and NOT gate 874F to NAND gate 874F and stored in
      the latch comprised of cross-coupled NAND gates 871F and 872F. Gates
      870E-874E provide the same function for the second bit and gates 870D-874D
      for the third bit. The latches allow a digit output to be on while the
      calculator is performing other operations and are provided for the same
      reason as the input latches to the segment decoder 35A. NAND gates 817-825
      and 847-848 provide the unique digit line outputs from the digit decoder
      36A to the inverter drivers 1D-21D for digit outputs D.sub.0 -D.sub.6.
PAR  In the preferred I.sup.2 L single chip integrated circuit embodiment of the
      described calculator system, the inverter drivers 1S-17S and 1D-21D are of
      the grounded emitter type. The segment drivers 8S-14S and 17S are shunt
      type drivers as illustrated in FIG. 5. Each of the light emitting diode
      segments of each digit such as L.sub.1 is coupled to digit line associated
      with that particular digit D.sub.0, D.sub.1, D.sub.2, etc. and to the
      common segment line for that particular segment SA, SB, SC, etc. The digit
      drivers 15D, 16D, 17D, etc. each include an emitter grounded transistor
      Q.sub.2. The segment drivers 8S, 9S, 10S, etc. each include an emitter
      grounded transistor Q.sub.1, a shunt resistor R.sub.2 and a load resistor
      R.sub.1 with load resistor R.sub.1 coupled to power supply 13A (VCC). To
      turn off the segment, transistor Q.sub.1 pulls the voltage down at node
      N.sub.1 to the point where the light emitting diode L.sub.1 is not forward
      biased. It required more current to keep the light emitting diode L.sub.1
      turned off than it does to drive the diode L.sub.1. In accordance with the
      described embodiment, in order to reduce the current drawn by those
      drivers for which the segment is turned off, whenever all segments of a
      particular digit are blank, the digit driver is turned off (even if it
      would otherwise be time for that particular digit to be on) and all of the
      segment drivers are turned off. In that manner, no current flows through
      resistors R.sub.1 and R.sub.2 because the digit is off and the segment
      driver is off thereby conserving a considerable amount of power for blank
      digits.
PAR  With the above scheme, for blank digits, all segments are allowed to be on
      but the digit line turned off, instead of the normal mode in which the
      digit line is turned on and the segments are turned off. Without the digit
      outputs D.sub.0 -D.sub.6 being turned on for the blanked digits, the
      keyboard 11A is checked only by means of the special automatic blanking
      circuit of 38A. The automatic blanking circuit switches back to the normal
      mode for one half of an instruction cycle out of twelve, for example,
      instruction cycles per D (digit) time for the key input to be tested.
PAR  The autoblanking, minus sign and decimal point latch circuitry 38A is shown
      on FIG. 4B and provides several unique functions for the calculator. The
      segment decoder, in addition to decoding the segments, decodes a 15 (1111)
      to determine whether the digit is blank and generates a BLANK signal to
      NAND gate 910 of automatic blanking circuit 38A. A disable latch comprised
      of NAND gates 887 and 888 is controlled by the BLANK signal to NAND gate
      910 and also by inputs from NAND gates 889, 890 and 1202. A disable signal
      is applied to NAND gate 815 and NOT gate 816 by the disable latch to block
      all segment outputs SA-SG at the output side of the segment decoder PLA
      and block all digit outputs D.sub.1 -D.sub.6 at the output side of the
      digit decoder PLA thereby providing blank digits to the display 12A in the
      minimum power mode.
PAR  Gates 890 and 891 decode selected instruction bits and gate 889 detects a
      phase 1 clock pulse (.phi..sub.1) so that on the first phase 1 clock pulse
      of a load output instruction the digit line is activated as in the normal
      mode and all segment outputs are forced to their load state so that the
      display is blank for a blank digit due to the segments being blank. During
      this same half clock pulse, the key latch comprised of NOT gate 802 and
      NAND gates 803-805 is enabled to be set if a key is actuated. Then, at the
      phase 2 clock pulse which is detected by one input of NAND gate 910, if
      the digit is not D.sub.6 (indicating a possible minus sign) and the digit
      is a blank as indicated by the BLANK signal, the output of gate 910 causes
      latch 887, 888 to shut off all of the digit and segment outputs so that
      the drivers are drawing no current for the next eleven instruction cycles
      to take place during the particular D time.
PAR  Circuitry 38A also includes a minus sign latch comprised of NAND gates
      893-901 which is set by negative numbers and a decimal point latch
      comprised of NAND gates 902-905.
PAR  NAND gates 806-808, 822, 24, 26, and 28 provide means for directly
      outputting the contents of RAM 25A, condition latch 17 and ROM instruction
      bits 8-10 via digit decoder gates 848-853 for test purposes. This is
      accomplished by providing a test enable signal (T) to terminal T.sub.14.
      In a like manner, the test enable signal enables gates 840-846 of segment
      decoder 35A to output ROM instruction bits 0-7 for test purposes.
PAR  The I.sup.2 L calculator system as described above is controlled by a two
      phase clock system provided by oscillator 40A. The oscillator is comprised
      of inverter gates C1-C25, NAND output gates C27 and C28, and output
      inverter gates C29-C34. The inverter gates C1-C25 are an odd number so
      that the logic level of gate C27, for example, goes to one at the input
      from gate C1 when the pulse is at gate C1. When the pulse reaches gate
      C14, gate C27 is switched to zero. The pulse continues to travel around
      the loop to gate C1 again and gate C27 is switched back to a logical 1
      thereby providing clock pulses of phase 1 (.phi..sub.1). Gate C28 which
      operates in a similar manner is out of phase with the first phase clock
      pulses, receiving its input from gates C2 and C7 to produce the clock
      pulses of the second phase (.phi..sub.2).
PAR  As mentioned previously, the calculator system operates in accordance with
      a program stored in ROM 20A. The instruction set for the illustrated
      embodiment of the calculator system is given in Table I. An example of a
      specific program for the four function calculator illustrated in FIG. 1 is
      given in its entirety in Table II.
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
      ##SPC7##
      ##SPC8##
      ##SPC9##
      ##SPC10##
      ##SPC11##
      ##SPC12##
PAR  A calculator system embodying the present invention has now been described
      in detail. It is anticipated that various modifications may be made to the
      described system such as increasing its bit capacity, modifying,
      increasing, or decreasing the instruction set given by way of example in
      Table I in order to perform other functions and/or modifying, increasing
      or decreasing the specific program steps stored in ROM 20A as given by way
      of example in Table II in order to cause the system to operate in a
      different manner.
PAR  In addition, the preferred embodiment has been described as utilizing
      I.sup.2 L circuitry; however, it is contemplated that one of ordinary
      skill in the art could easily fabricate the same circuitry utilizing other
      bipolar technology, metal insulator semiconductor technology, CMOS
      technology, etc.
PAR  Since it is obvious that many additional changes and modifications can be
      made in the above described details without departing from the nature and
      spirit of the invention, it is understood that the invention is not to be
      limited to said details except as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a calculator system having data storage means, an arithmetic unit for
      performing operations on data and control circuitry for providing commands
      which define the operation of the system, a condition latch circuit
      arrangement comprising:
PA1  a. a bistable condition latch;
PA1  b. a comparator circuit in said arithmetic unit having inputs for receiving
      sets of data, said comparator circuit for comparing pluralities of said
      sets of data and generating condition signals to set said condition latch
      in accordance with the results of said comparisons;
PA1  c. a plurality of keyboard input terminals arranged to accept input signals
      from a keyboard, said keyboard input terminals being coupled to said
      condition latch for setting said condition latch in accordance with the
      logical OR of input signals from selected ones of said keyboard terminals;
      and
PA1  d. selector means coupling said comparator circuit and said keyboard input
      terminals to said condition latch for the selective setting of said
      condition latch, said selector means being responsive to said control
      circuitry for selecting said condition signal to set said condition latch
      in response to compare commands from said control circuitry and for
      selecting the logical OR of input signals from selected of said keyboard
      input terminals to set said condition latch in response to test key
      commands from said control circuitry.
NUM  2.
PAR  2. The arrangement according to claim 1 wherein said selector means further
      couples said data storage means to said condition latch for selecting the
      logical OR of selected bits of data from said data storage means to set
      said condition latch in response to a test flag command from said control
      circuitry.
NUM  3.
PAR  3. The arrangement according to claim 1 wherein said arithmetic unit
      includes means for generating a carry output bit and wherein said selector
      means includes means coupling said carry output bit to said condition
      latch for selecting the state of said carry output bit to set said
      condition latch in response to an add command from said control circuitry.
NUM  4.
PAR  4. The arrangement according to claim 1 including logic means coupled to
      said control circuitry and responsive to the condition of said condition
      latch for causing said control circuitry to perform a branch.
NUM  5.
PAR  5. The arrangement according to claim 1 wherein said control circuitry
      includes an addressable instruction storage means for storing commands,
      program counter means for generating addresses of said instruction storage
      means and logic means responsive to said control circuitry and to the
      state of said condition latch for causing branch addresses to be generated
      in said program counter means.
NUM  6.
PAR  6. The arrangement according to claim 5 including register means for
      storing return addresses.
NUM  7.
PAR  7. In a calculator system having data storage means, an arithmetic unit for
      performing operations on data and control circuitry for providing commands
      which define the operation of the system, a condition latch circuit
      arrangement comprising:
PA1  a. a bistable condition latch;
PA1  b. a comparator circuit in said arithmetic unit having inputs for receiving
      sets of data, said comparator circuit for comparing pluralities of said
      sets of data and generating condition signals to set said condition latch
      in accordance with the results of said comparisons;
PA1  c. logic gate means coupling said data storage means to said condition
      latch for setting said condition latch in accordance with the logical OR
      of selected bits of data from said data storage means; and
PA1  d. selector means coupling said comparator circuit and said logic gate
      means to said condition latch for the selective setting of said condition
      latch, said selector means being responsive to said control circuitry for
      selecting said condition signal to set said condition latch in response to
      compare commands from said control circuitry and for selecting the logical
      OR of selected bits of data from said data storage means to set said
      condition latch in response to test commands from said control circuitry.
NUM  8.
PAR  8. The arrangement according to claim 7 wherein the bits of data from said
      data storage means are bit flags and wherein said test commands are test
      flag commands.
NUM  9.
PAR  9. The arrangement according to claim 7 wherein the states of selected bits
      of the test commands directly select the particular bits of data from said
      data storage means which are logically ORed to set said condition latch.
NUM  10.
PAR  10. The arrangement according to claim 7 wherein said arithmetic unit
      includes means for generating a carry output bit and wherein said selector
      means includes means coupling said carry output bit to said condition
      latch for selecting the state of said carry output bit to set said
      condition latch in response to add commands from said control circuitry.
NUM  11.
PAR  11. The arrangement according to claim 7 including logic means coupled to
      said control circuitry and responsive to the condition of said condition
      latch for causing said control circuitry to perform a branch.
NUM  12.
PAR  12. The arrangement according to claim 7 wherein said control circuitry
      includes an addressable instruction storage means for storing commands,
      program counter means for generating addresses of said instruction storage
      means and logic means responsive to said control circuitry and to the
      state of said condition latch for causing branch addresses to be generated
      in said program counter means.
NUM  13.
PAR  13. The arrangement according to claim 12 including register means for
      storing return addresses.
NUM  14.
PAR  14. A calculator system comprising:
PA1  a. data storage means;
PA1  b. an arithmetic unit for performing operations on data;
PA1  c. control circuitry for providing commands which define the operation of
      the system, said control circuitry including addressable instruction
      storage means for storing said commands and program counter means for
      selectively generating addresses of said instruction storage means;
PA1  d. a bistable condition latch;
PA1  e. logic means responsive to selected commands from said instruction
      storage means and to the state of said condition latch for causing branch
      addresses to be generated in said program counter means;
PA1  f. a comparator circuit in said arithmetic unit having inputs for receiving
      sets of data, said comparator circuit for comparing pluralities of said
      sets of received data and generating a condition signal to set said
      condition latch in accordance with the results of said comparison;
PA1  g. logic gate means coupling said data storage means to said condition
      latch for setting said condition latch according to the logical OR of
      selected bits of data from said data storage means; and
PA1  h. selector means coupling said comparator circuit and said logic gate
      means to said condition latch for the selective setting of said condition
      latch, said selector means being coupled to said control circuitry for
      selecting said condition signal to set said condition latch in response to
      compare commands from said control circuitry and for selecting the logical
      OR of selected bits of data from said data storage means to set said
      condition latch in response to selected test commands from said control
      circuitry.
NUM  15.
PAR  15. The calculator system according to claim 14 including a plurality of
      keyboard input terminals arranged to accept input signals from a keyboard,
      said selector means coupling said keyboard input terminals to said
      condition latch for selecting the logical OR of input signals from
      selected ones of said keyboard terminals to set the condition of said
      condition latch in response to test key commands from said control
      circuitry.
NUM  16.
PAR  16. The calculator system according to claim 15 including a keyboard
      coupled to said keyboard input terminals for providing numerical and
      functional data for said calculator system and display means coupled to
      said arithmetic for displaying calculated resultant answers generated in
      said arithmetic unit.
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ABST
PAL  An apparatus for analysis of network diagrams, comprising a branch model
      unit wherein the branch models are connected to one another in accordance
      with the topology of the network diagram by means of a patch board, and a
      control unit connected to the branch model unit. Each branch model of said
      branch model unit includes a time interval forming unit, which time
      interval corresponds to the length of the respective branch, and an
      indication unit having three terminals, one of these terminals being
      connected to the output of the time interval forming unit, the second
      terminal being connected to the input of the latter, and the third
      terminal serving as the end point of the respective branch model, the
      starting point of this branch model being the input of the time interval
      forming unit. The control unit includes a calendar device, both the
      calendar device and control subunit being connected to a pulse generator.
PARN
PAR  This continuation-in-part of Ser. No. 432,648 filed Jan. 11, 1974, now
      abandoned, which was a continuation of Ser. No. 316,710 filed Dec. 20,
      1972, now abandoned, which in turn was a continuation of Ser. No. 98,275
      filed Dec. 15, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a computing technique, and more
      particularly to an apparatus for analysis of network diagrams and can be
      used when constructing special-purpose computers for time-saving and
      graphic analysis of network graphs with visual representation of
      situations in various fields of science and technology, in biological
      systems, etc;
PAR  The contents of branches may be different in each particular case (cf.
      Joseph J. Moder, Cecil R. Phillips, Project Management with CPM and PERT,
      Reinhold Publishing Corporation, Chapman and Hall Ltd;, London-New York,
      1964).
PAR  There are known analogue apparatus for the analysis of network diagrams,
      comprising a branch model unit in which the branch models are
      interconnected in accordance with the topology of the network by means of
      a patch board and connected to a control unit. Structurally, a branch
      model of the branch model unit is a device which simulates a predetermined
      time interval corresponding to the length of the respective branch. The
      branch model incorporates a circuit for determining the branch pertaining
      to the longest path from the initial node to a selected node, while the
      configuration of this path is determined by means of an indication circuit
      incorporated in the known apparatus.
PAR  However, the prior art apparatus for analysis of network diagrams suffers
      from serious disadvantages arising from the necessity of connecting, by
      means of the patch board, two input and three output ends of each branch
      model to an equal number of input and output ends of the subsequent branch
      models. This substantially increases the time spent on preparing the
      problem on the patch board; moreover, it calls for a great number of
      commutated channels, whereby the reliability of the preformance of the
      apparatus is affected and the operator's work is hampered.
PAR  The known apparatus fail to provide for determining directly the calender
      terms of the time characteristics, which renders the use of this apparatus
      in man-machine systems inconvenient.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide an apparatus permitting
      the time-saving, graphic and highly accurate analysis of various
      situations occurring at the network.
PAC  SUMMARY OF THE INVENTION
PAR  This and other objects are attained by the apparatus for analysis of
      network diagrams. It comprises a unit of branch models interconnected in
      accordance wth the topology of the network by means of a patch board and a
      control unit associated with the branch model unit. Each branch model of
      said branch model unit includes, according to the invention, a unit for
      forming a time interval corresponding to the length of the respective
      branch and an indication unit having three terminals, one of the terminals
      being connected to the output of said time interval forming unit, the
      second terminal being connected to the input of said time interval forming
      unit, and the third terminal serving as the end point of said respective
      branch model. The starting point of said branch model is the input of said
      time interval forming unit. The control unit includes a calendar device
      and a control subunit connected to said calendar device, said calendar
      device and control subunit being connected to a pulse generator.
PAR  It is advisable that the time interval forming unit of said branch model
      should include a main pulse counter and a time interval forming flip-flop
      whose one input is the input of said time interval forming unit, the other
      input is connected to the output of said main pulse counter, and the
      output is connected via an AND circuit to the input of said counter, the
      other input of the AND circuit being connected to said pulse generator.
PAR  It is also advisable that the time interval forming unit of said branch
      model include at least one auxiliary pulse counter having its input
      connected to the input of said main pulse counter and its output connected
      to the other input of said flip-flop, the output of said time interval
      forming unit being the output of said main pulse counter.
PAR  An apparatus for analysis of network diagrams in accordance with the
      present invention may comprise a node model unit made up of a plurality of
      individual node models in the form of single-terminal devices connected by
      means of said patch board to said branch models in accordance with the
      topology of the network diagram.
PAR  A node model may be in the form of a resistor whose one end serves as the
      terminal of said node model and the other end is connected to a power
      supply.
PAR  A node model may comprise a regeneration counter of the time intervals of
      respective branch models having their end points connected to said node
      model, and a regeneration flip-flop the input whereof is connected to the
      output of said regeneration counter and the output is connected to the
      input of said counter via at least two series-connected AND circuits, the
      free input of the last AND circuit being connected to said pulse generator
      and the output of the first AND circuit being the terminal of said node
      model.
PAR  In the latter case, said time interval forming unit of said branch unit may
      include a main pulse counter and an AND circuit having one of its inputs
      connected to said pulse generator, the other input serving as the input of
      the entire time interval forming unit, and the output being connected to
      the input of said main pulse counter whose output is connected to the
      first terminal of said indication unit.
PAR  The indication unit of said branch model may comprise a flip-flop having
      its first input connected to the output of said time interval forming
      unit, the other input connected via a feedback circuit to the output of
      said branch model and the output connected via a diode to the same branch
      model output, and an AND circuit one input whereof is connected to the
      output of said flip-flop, the other input is connected via an inverter to
      the output of said branch model, and the output is connected via a second
      inverter to the input of said time interval forming unit and to an
      indication element.
PAR  Alternatively, said indication unit may comprise an indication flip-flop
      having one of its inputs connected to the output of said time interval
      forming unit, the other input connected via a feedback circuit to the
      output of said branch model, a time interval termination flip-flop having
      its input connected to the output of the time interval forming unit and
      the output connected to the output of said branch model, and an AND
      circuit one input whereof is connected via an inverter to the output of
      said branch model, the other input is connected to the output of said
      indication flip-flop, and the output is connected via a second inverter to
      the input of the time interval forming unit and to an indication element.
PAR  Alternatively, the indication unit of said branch model may include an
      indication flip-flop having one of its inputs connected to the output of
      said time interval forming unit and the other input connected via an AND
      circuit to said pulse generator, a time interval termination flip-flop
      having its input connected to the output of the time interval forming unit
      and the output connected via a diode to the output of said branch model,
      and a second AND circuit one input whereof is connected to the output of
      said indication flip-flop, the other input is connected via an inverter to
      the output of said branch model and to the second input of the first AND
      circuit, and the output is connected via another inverter to the input of
      the time interval forming unit and to an indication element.
PAR  The calendar device of said control unit may comprise a counter having its
      input connected to the first output of said control subunit, and a decoder
      the inputs whereof are connected to the outputs of said counter and the
      output is connected to the first input of said control subunit.
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PAC  DESCRIPTION OF THE FIGURES
PAR  The invention will now be described in greater detail with reference to
      preferred embodiments thereof, taken in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 illustrates a network diagram;
PAR  FIGS. 2 and 3 are general block diagrams of an apparatus for analysis of
      network diagrams, according to the invention;
PAR  FIG. 4 illustrates a branch model, according to the invention;
PAR  FIG. 5a is an example of a portion of the network diagram;
PAR  FIG. 5b shows an example of connection of branch models by means of a patch
      board in accordance with the topology of the network diagram, as well as
      the connection of the control unit to branch models, the pulse generator
      and patch board terminals, according to the invention;
PAR  FIG. 6 is a block diagram of the control unit, according to the invention;
PAR  FIG. 7 illustrates a node model, according to the invention;
PAR  FIG. 8a is another example of a portion of the network diagram;
PAR  FIG. 8b shows an example of connection of branch models and node models by
      means of a patch board in accordance with the topology of the network
      diagram, as well as the connection of the control unit to branch models,
      node models, patch board terminals and the pulse generator, according to
      the invention;
PAR  FIGS. 9, 10 and 11 show different embodiments of a time interval forming
      unit, according to the invention;
PAR  FIGS. 12 and 13 show different embodiments of a node model, according to
      the invention;
PAR  FIGS. 14, 15 and 16 show different embodiments of a branch model indication
      unit, according to the invention;
PAR  FIG. 17 shows an embodiment of a branch model using the time interval
      forming unit of FIG. 10 and the indication unit of FIG. 16, according to
      the invention;
PAR  FIG. 18 shows an embodiment of a branch model using the time interval
      forming unit of FIG. 11 and the indication unit of FIG. 16, according to
      the invention;
PAR  FIG. 19a is still another example of a portion of the network diagram;
PAR  FIG. 19b shows an example of connection of branch models and a node model
      by means of a patch board in accordance with the topology of the network
      diagram (portion of FIG. 19a) the branch models being arranged as shown in
      FIG. 17 and the node model being arranged as shown in FIG. 13, according
      to the invention;
PAR  FIG. 19c shows another example of connection of branch models and a node
      model by means of a patch board in accordance with the topology of the
      network diagram (portion of FIG. 19a), the branch models being arranged as
      shown in FIG. 18 and the node model being arranged as shown in FIG. 12
      according to the invention;
PAR  FIG. 20 is a block diagram of an embodiment of a calendar unit connected to
      the control subunit, according to the invention;
PAR  FIG. 21 is a block diagram of an embodiment of a control subunit connected
      to a counter and the calendar device according to the invention;
PAR  FIG. 22 is a block diagram of an embodiment of a control subunit connected
      to the calendar device and the counter, according to the invention;
PAR  FIG. 23a is yet another example of a portion of the network diagram; and
PAR  FIG. 23b shows an example of connection of branch models and node models,
      by means of a patch board in accordance with the topology of the network
      diagram (portion of FIG. 23a), to one another and to the control unit, as
      well as the connection of the control unit elements and subunits to one
      another and to the pulse generator, according to the invention.
DETD
PAC  DISCUSSION OF THE PREFERRED EMBODIMENT
PAR  Consider first an example of a network diagram. As can be seen from FIG. 1,
      the network diagram has nodes A, B, C, D, E and F representing different
      events and branches I, II, III, IV, V, VI, VII and VIII representing steps
      of a production process conducted in accordance with this network diagram.
      In the network diagram, all the branches are unidirectional, and the
      events therein perform logical AND functions, i.e. steps whose beginnings
      are associated with a particular event cannot start until all the steps
      whose ends are associated with the same event are completed.
PAR  For example, steps VI and VIII can only be performed after steps III and V
      have been completed, while step V can only be performed, in turn, after
      step I has been completed, etc. Thus, the topology of the network diagram
      is representative of the interrelationship and sequence of the steps being
      performed.
PAR  Given in brackets next to a step number is the duration of the step, i.e.
      the duration of step I is equal to 3 units of time, that of step II is
      equal to 4 units of time, etc.
PAR  Node A is the starting event and node F is the final event in this network
      diagram.
PAR  The minimum duration of the entire cycle of steps of the process conducted
      in accordance with this network diagram is determined by the longest path
      from the starting event A to the final event F.
PAR  Referring now to FIG. 2, the proposed apparatus for analysis of network
      diagrams comprises a pulse generator 1, a branch model unit 2 connected to
      a control unit 3, and a patch board 4 connected to the branch model unit 2
      and control unit 3.
PAR  The apparatus of the present invention may additionally comprise a node
      model unit 5 (FIG. 3) which is connected to the patch board 4 and control
      unit 3.
PAR  The branch model unit 2 is made up of individual branch models 6 (FIG. 4)
      each including a time interval forming unit 7 connected to terminals 8 and
      9 of an indication unit 10. Each branch model 6 has inputs 11, 12, 13, 14,
      15 and an output 16.
PAR  The inputs 11, 14 and 15 serve as the inputs of the time interval forming
      unit 7, the inputs 12 and 13 are the inputs of the indication unit 10, and
      the output 16 is the output of the indication unit 10. The input 15 of
      each branch model 6 is connected to one of terminal jacks 17 of the patch
      board 4 (FIG. 5b), while the output 16 of each branch model 6 is connected
      another terminal jack 17 of the patch board 4. The number of terminal
      jacks 17 is equal to the total number of inputs 15 and outputs 16 of the
      branch models 6 of the apparatus for analysis of network diagrams.
PAR  The branch models 6 are interconnected by their inputs 15 and outputs 16,
      in accordance with the topology of the network diagram, through terminal
      jacks 17 of the patch board 4 with the aid of patch cords 18.
PAR  Branch models P.sub.VI and P.sub.VIII (FIG. 5b) correspond to branches VI
      and VIII of the network diagram portion shown in FIGS. 1 and 5a. The
      terminal jack 17 of the patch board 4, connected to the input 15 of the
      branch model P.sub.VI, forms a node V.sub.C which, being the starting
      point of this portion, is connected to an input 19 of the control unit 3.
PAR  The terminal jacks 17, connected to the output 16 of the branch model
      P.sub.VI and to the input 15 of the branch model P.sub.VIII, are
      interconnected by means of a patch cord 18. Connection V.sub.E of these
      terminal jacks corresponds to node E of the network diagram portion of
      FIG. 5a.
PAR  The terminal jack 17 connected to the output 16 of the branch model
      P.sub.VIII corresponds to node D and, being the end point of this portion,
      is connected to an input 20 of the control unit 3.
PAR  The inputs 14 of all the branch models 6 are connected to one another and
      to an output 21 of the control unit 3. The inputs 11 of all the branch
      models 6 are connected to one another and to an output 22 of the control
      unit 3. The inputs 12 of all the branch models 6 are connected to one
      another and to an output 23 of the control unit 3. The inputs 13 of all
      the branch models 6 are connected to one another and to an output 24 of
      the control unit 3.
PAR  The control unit 3 (FIG. 6) includes a control subunit 25 and a calendar
      unit 26. The inputs 19, 20, 27 and outputs 21, 22, 23, 24 of the control
      unit 3 are connected to the control subunit 25, branch models 6 (FIG. 5b)
      of the branch model unit 2, patch board 4 and pulse generator 1.
PAR  A node model 28 (FIG. 7) of the node model unit 5 has inputs 29, 30 and a
      terminal 31. The number of node models 28 is equal to that of events in
      the network diagram (FIG. 8a)
PAR  The inputs 29 of the node models 28 are connected to one another (FIG. 8b)
      and to the output 21 of the control unit 3. The inputs 30 are connected to
      one another and to the output 22 of the control unit 3. The terminal 31 of
      each node model 28 is connected to a terminal jack 17 of the patch board
      4.
PAR  Used as the time interval forming unit 7 (FIG. 4) may be delay lines, pulse
      counters with logical circuits, shift registers, etc.
PAR  The time interval forming unit 7 includes a main pulse counter 32 (FIG. 9),
      a time interval forming flip-flop 33 and an AND circuit 34. The input of
      the main pulse counter 32 is connected to the "1" output of the time
      interval forming flip-flop 33 via the AND circuit 34 and to the output 21
      of the control unit 3 via the input 14. The output of the main pulse
      counter 32 is connected to the "0" output of the time interval forming
      flip-flop 33 and forms the output terminal 8 of the time interval forming
      unit.
PAR  The 1 input of the flip-flop 33 acts as the input 15 of the branch model 6.
      The terminal 8 of the time interval forming unit 7 is connected to the
      terminal 8 (FIG. 4) of the indication unit 10, whereas the input 15 is
      connected to the terminal 9 of the indication unit 10.
PAR  The input 11 is connected to the output 22 (FIG. 6) of the control unit 3.
PAR  The main pulse counter 32 is intended to store and count the number of
      pulses, corresponding to the duration of a respective process step, i.e.
      to the length of a respective branch.
PAR  In the initial state, the time interval forming flip-flop 33 is in the 0
      state, i.e. in a state when an inhibiting potential is applied to the
      input of the AND circuit 34. The above structure of the time interval
      forming unit is quite simple, but in this case the information formerly
      stored in the pulse counter 32 is erased therefrom after the counter has
      counted down the number of pulses, corresponding to the length of a
      respective branch.
PAR  The time interval forming unit of FIG. 10 differs from that of FIG. 9 in
      that is comprises an auxiliary pulse counter 35.
PAR  The input of the auxiliary pulse counter 35 is connected to the input of
      the main pulse counter 32, while the output of the auxiliary pulse counter
      35 is connected to the 0 input of the time interval forming flip-flop 33,
      and the output of the main pulse counter 32 forms the terminal 8 of the
      time interval forming unit 7. The capacity of the auxiliary pulse counter
      35 is equal to that of the main counter 32.
PAR  The auxiliary pulse counter 35 is intended for regeneration of the
      information introduced into the main counter 32.
PAR  No information is entered in the auxiliary pulse counter 35 in advance.
PAR  The time interval forming unit 7 of the branch model 6 (FIG. 4) may include
      the AND circuit 34 (FIG. 11) and the main pulse counter 32 whose output
      serves as the terminal 8 of the time forming unit 7, while one of the
      inputs of the AND circuit 34 serves as the input 15 of the branch model 6.
PAR  In this case, the node model 28 comprises a counter 36 (FIG. 12) of
      regeneration of the time intervals of AND circuits 37 and 38 and a
      regeneration flip-flop 39.
PAR  The first input of the AND circuit 38 serves as the input 29 connected to
      the output 21 (FIG. 8b) of the control unit 3, the second input serves as
      the terminal 31 connected to a terminal jack 17 of the patch board 4, and
      the output of the AND circuit 38 (FIG. 12) is connected to the input of
      the counter 36.
PAR  The output of the time interval regeneration counter 36 is connected to the
      0 input of the flip-flop 39, the 1 input 30 whereof is connected to the
      output 22 (FIG. 8b) of the control unit 3.
PAR  In case the time interval forming units in the branch models 6 are arranged
      as shown in FIG. 9 or 10, the node model 28 may be in the form of a
      resistor (FIG. 13), one end whereof is connected to a power supply and the
      other end serves as the terminal 31 (FIG. 7) of the node model 28.
PAR  When the time interval forming units 7 of the branch models 6 are arranged
      as shown in FIG. 9 or 10, the indication unit 10 comprises an indication
      flip-flop 40 (FIG. 14), the 1 input whereof serves as the terminal 8 of
      the indication unit 10, the 0 input is connected via a feedback circuit 41
      to the output 16 of the branch model 6, and the output is connected via a
      diode 42 to the output 16 of the branch model 6, and an AND circuit 43,
      the first input whereof is connected to the output of the indication
      flip-flop 40, the second input is connected via an inverter 44 to the
      output 16 of the branch model 6, the third input is connected via the
      input 12 to the output 23 (FIGS. 6 and 7) of the control unit 3, and the
      output (FIG. 14) is connected to an indication element 45 and, via an
      inverter 46 and the terminal 9, to the input 15 (FIG. 8b) of the branch
      model 6.
PAR  The indication unit 10 (FIG. 15) may additionally comprise a time interval
      termination flip-flop 47. The input of the flip-flop 47 is connected to
      the terminal 8 of the indication unit 10, and the output of the flip-flop
      47 is connected via the diode 42 to the output 16 of the branch model 6
      (FIG. 4).
PAR  In the indication unit 10 (FIG. 16), used as the feedback circuit may be an
      AND circuit 48 having one of its inputs connected to the inverter 44, the
      other input connected via the input 13 to the output 24 (FIG. 5b) of the
      control unit 3, and the output connected to the 0 input of the flip-flop
      40.
PAR  The branch model 6 (FIG. 17) may incorporate the time interval forming unit
      7 arranged as shown in FIG. 10 and the indication unit 10 arranged as
      shown in FIG. 16. The terminal 8 of the indication unit 10 is connected to
      the output of the main pulse counter 32 of the time interval forming unit
      7 and the terminal 9 of the indication unit 10 is connected to the input
      15 of the branch model 6.
PAR  In the branch model 6 (FIG. 18), the time interval forming unit 7 may be
      arranged as shown in FIG. 11 and the indication unit 10 may be arranged as
      shown in FIG. 16. In this case, the terminal 8 (FIG. 18) of the indication
      unit 10 is connected to the output of the main pulse counter 32 of the
      time interval forming unit 7 and the terminal 9 of the indication unit 10
      is connected to the input 15 of the branch model 6.
PAR  When the node model 28 is arranged as shown in FIG. 13, for branches
      associated with node D (branches II and VIII, FIG. 19a), the AND circuit
      of the model 28 of node D (FIG. 19b) is formed by the connection of the
      diodes 42 (FIG. 17) of the branch models 6 to the terminal 31 of the node
      model 28 with the aid of terminal jacks 17 (FIG. 19c) of the patch board
      4.
PAR  The calendar device 26 (FIG. 20) comprises a counter 49 and a decoder 50 of
      holiday time.
PAR  The input of the counter 49 is connected to an output 51 of the control
      subunit 25, and the outputs of the counter 49 are connected to the inputs
      of the decoder 50. The output of the decoder 50 is connected to an input
      52 of the control subunit 25.
PAR  The control subunit 25 (FIG. 21) comprises a control block 54 and a pulse
      counter 53 connected thereto. The control block 54 is connected to the
      inputs 19, 20, 27, 52 and outputs 21, 22, 23, 24, 51 of the control
      subunit 25.
PAR  The control block 54 (FIG. 22) includes AND circuits 56, 57, 58 and 60, a
      flip-flop 55, an inverter 59, and a generator 61 of single pulses.
PAR  The first inputs of the AND circuits 57 and 58 are connected to each other
      and to the input 27 which, in turn, is connected to the pulse generator 1
      (FIG. 5b), while the second inputs of the AND circuits 57, 58 and 60 are
      connected to the output of the flip-flop 55; the third input of the AND
      circuit 58 is connected to the input 52 and, further, to the calendar
      device 26. The output of the AND circuit 57 is connected to the output 51
      and, further, to the calendar device 26, while the output of the AND
      circuit 58 is connected to the input of the pulse counter 53 and to the
      output 21 of the control unit 3.
PAR  The input of the generator 61 is connected to the output 27, the first
      output thereof is connected to the output 22, the second output is
      connected to the first input of the AND circuit 56, to the 1 input of the
      flip-flop 55 and to the output 19 of the control unit 3; the 0 input of
      the flip-flop 55 is connected to the input 20 and the 0 output thereof is
      connected to the second input of the AND circuit 56 whose output is
      connected to the output 23 of the control unit 3.
PAR  The apparatus for analysis of the network diagram portion of FIG. 23a
      comprises a pulse genrator 1 (FIG. 2b), a control unit 3, a branch model
      unit 2, a node model unit 5 and a patch board 4.
PAR  The branch model unit 2 is made up of individual branch models 6 equal in
      number to production process steps covered by this portion of network
      diagram. For example, model 6 of branch V.sub.I corresponds to step I of
      the portion of FIG. 23a of the network diagram of FIG. 1, and model 6 of
      branch V.sub.V corresponds to step V.
PAR  Each branch model 6, comprising a time interval forming unit 7 and an
      indication unit 10, has its inputs 11, 12, 13 and 14 connected,
      respectively, to outputs 21, 22, 23 and 24 of the control unit 3, while an
      input 15 and an output 16 of the branch model 6 are connected to
      respective terminal jacks 17 of the patch board 4.
PAR  The time interval forming unit 7 includes a main pulse counter 32 having
      one of its inputs connected via the input 11 to the output 22 of the
      control unit 3 and the output connected via terminal 8 to the indication
      unit 10, an auxiliary pulse counter 35 whose input is connected to the
      second input of the main pulse counter 32, a flip-flop 33 one input
      whereof is connected via the input 15 of the branch model 6 to a terminal
      jack 17 of the patch board 4 and the second input is connected to the
      output of the auxiliary pulse counter 35, an AND circuit one input whereof
      is connected via the input 14 to the output 21 of the control unit 3, the
      other input is connected to the output of a flip-flop 39, and the output
      is connected to the second input of the main pulse counter 32 and to the
      input of the auxiliary pulse counter 35, the capacity of the main pulse
      counter 32 being equal to that of the auxiliary pulse counter 35.
PAR  The indication unit 10 comprises a flip-flop 40 having one of its inputs
      connected via terminal 8 to the time interval forming unit 7, a flip-flop
      47 one input whereof is connected to the first input of the flip-flop 40
      and the other input is connected via the input 12 to the output 23 of the
      control unit 3. Also included is a diode 42 one lead whereof is connected
      to the output of the flip-flop 47 and the other lead is connected via the
      output 16 of the branch model 6 to a terminal jack 17 of the patch board
      4, an inverter 47 whose input is connected to the output 16. Also included
      is an AND circuit 48 one input whereof is connected to the output of the
      inverter 44, the other input is connected via the input 13 to the output
      24 of the control unit 3 and the output is connected to the second input
      of the flip-flop 40, an AND circuit 43 one input whereof is connected to
      the output of the flip-flop 40, the second input is connected to the
      output of the inverter 44, the third input is connected via the input 12
      to the output 23 of the control unit 3. In addition, there is an inverter
      46 whose input is connected to the output of the AND circuit 43 and whose
      output is connected via terminal 9 to the input 15 of the branch model 6,
      and an indication element 45 connected to the output of the AND circuit
      43.
PAR  The control unit 3 comprises a calendar device 26, a control subunit 25
      which is connected via an output 51 to the input of the calendar device
      26, via an input 52 to the output of the calendar device 26, via an input
      27 to the output of the pulse generator 1, via the outputs 21, 22, 23 and
      24 to the branch models 6 of the branch model unit 2, and via the input 20
      and output 19 to those terminal jacks 17 of the patch board 4 which
      correspond to the starting and final event of the network diagram.
PAR  The calendar device 26 includes a pulse counter 49 having its input
      connected to the output 51 of the control subunit 25, and a decoder 50
      whose inputs are connected to the outputs of the pulse counter 49 and
      whose output is connected to the input 52 of the control subunit 23.
PAR  The control subunit 25 comprises a pulse counter 53 and a control block 54
      one output whereof is connected via the output 51 to the calendar device
      26, the other outputs are connected via the outputs 21, 22, 23 and 24 to
      all the branch models 6 of the branch model unit 2, the first input is
      connected via the input 52 to the output of the calendar unit 26 and two
      other inputs are connected via the input 20 and output 19 to the patch
      board 4, the output 21 being also connected to the input of the pulse
      counter 53.
PAR  The control block 54 comprises a flip-flop 55 one input whereof is
      connected to the input 20 and the other input is connected to the output
      19, an AND circuit 56 having one of its inputs connected to the 0 output
      of the flip-flop 55, the other input connected to the output 19 and the
      output connected to the output 23 of the control unit 3. Also there is an
      AND circuit 57 one input whereof is connected to the second output of the
      flip-flop 55, the other input is connected to the input 27, and the output
      is connected to the output 51, an AND circuit 56 one input whereof is
      connected to the input 27, the second input is connected to the input 52,
      the third input is connected to the second input of the flip-flop 55, and
      the output is connected to the output 24, and a generator 61 of single
      pulses, the input whereof is connected to the input 27, the first output
      is connected to the output 19, and the second output is connected to the
      output 22.
PAR  The operation of the proposed apparatus for analysis of network diagrams
      will be considered with reference to FIG. 23b.
PAR  First, information relating to the length of each branch or the duration of
      each production step, of the network diagram is introduced into the branch
      models 6 of the branch model unit 2. Specifically, this information is
      entered in the main counters 32 of the branch models 6 and is
      characterized by the number of pulses from the pulse generator 1, for each
      step; therewith, the auxiliary counters 35 are set to zero, and entered in
      the counter 49 of the calendar device 26 is the date of starting the
      netowrrk diagram. If this date is a working day, a "permitting" potential
      appears across the output of the decoder 50, and if the date is a holiday,
      an "inhibiting" potential appears across the output of the decoder 50.
PAR  On the patch board 4, the inputs 15 and outputs 16 of the branch models 16
      and the terminals 31 of the node models 28 are interconnected, in
      accordance with the topology of the network diagram, with the aid of patch
      cords 18. After the connection by means of the patch board 4 is completed,
      there are formed, at the points of connection, AND circuits, as has been
      mentioned in connection with FIG. 19.
PAR  Serving as the inputs of these AND circuits are the outputs 16 of the
      branch models 6, connected to the terminal 31 of the node model 28. In the
      initial state, the outputs 16 are at the inhibiting potential.
PAR  The longest path in the network diagram is determined as follows.
PAR  Following the arrival of a trigger signal, the generator 61 produces single
      pulses applied to the terminals 22 and 19 and to the 1 input of the
      flip-flop 55. From the terminal 19, the single pulse is delivered to the
      terminal jack 17 of the patch board 4, corresponding to the starting node
      of the network diagram. This signal is then applied through the terminal
      31 to the node model 28 corresponding to the starting node P.sub.A of the
      network diagram and, further, through the inputs 15 of the branch models 6
      associated with this node (model of branch V.sub.I). The single pulse
      appearing at the terminal 19 sets the flip-flop 55 and the flip-flops 33,
      forming the time interval of those branch models which have their inputs
      15 connected to the starting node of the network diagram (model 6 of
      branch V.sub.I), to the 1 state.
PAR  The permitting potential from the 1 output of the flip-flop 55 is applied
      to the inputs of the AND circuits 57, 58 and 60, while the inhibiting
      potential from the 0 output of the flip-flop 55 is applied to the input of
      the AND circuit 56. Thus, the pulses from the generator 1, at the input 27
      of the control unit 3, are permitted to pass, via the AND circuit 57 and
      output 51, to the counter 49 of the calendar device 26 and, via the AND
      circuit 60 and output 21, to the counter 53 and to all the branch models 6
      of the branch model unit 2.
PAR  The permitting potential from the 1 output of the flip-flop 33 forming the
      time interval of the model 6 of branch V.sub.I is applied to the input of
      the coincidence circuit 34, permitting thereby the passage of pulses from
      the input 14 via the AND circuit 34 to the main counter 32 and to the
      auxiliary counter 35.
PAR  Thus, following the trigger signal, pulses from the generator 1 start to be
      applied to the pulse counter 49 of the calendar device 26, to the counter
      53 of the control subunit 25 and to the counters 32 and 35 of those branch
      models 6 whose flip-flops 33 are in the 1 state.
PAR  When the date corresponding to a holiday appears at the outputs of the
      pulse counter 49 of the calendar device 26, an inhibiting potential
      appears across the output of the decoder 50. Thereby, pulses are not
      allowed to pass to the counter 53 and to the counters 32 and 35 of all the
      branch models, which corresponds to holidays being left out. At the same
      time, the counter 49 of the calendar device 26 continues to count pulses
      from the generator 1.
PAR  After the counters 32 and 35 have counted the number of pulses,
      corresponding to the duration of step I, i.e. length of branch I, of the
      network diagram, an overflow pulse appears at the output of the counter
      32. This pulse is applied via terminal 8 to the indication unit 10. Before
      an overflow pulse appears at the output of the counter 35, there should be
      applied to its input a number of pulses equal to the difference between
      the total number of pulses that the counter may receive and the number of
      pulses that have already been applied thereto by the moment an overflow
      pulse appears at the output of the counter 32.
PAR  After the appearance of an overflow pulse at the output of the counter 35,
      the counter 32 stores a number corresponding to the duration of a
      particular step. The overflow pulse of the counter 35 is applied to the
      second input of the flip-flop 39 setting it to the 0 state. Thus, an
      inhibiting potential appears across the output of the flip-flop 33, which
      is applied to the input of the AND circuit 34 and inhibits feeding of
      pulses to the counters 32 and 35.
PAR  The time interval termination pulse appearing at the output 8 of the time
      interval forming unit 7 is applied to the indication unit 10. From the
      terminal 8, this pulse is then fed to the 1 input of the indication
      flip-flop 40 and to the 1 input of the time interval termination flip-flop
      47, setting both flip-flops to the 1 state. Therewith, a permitting
      potential appears across the output of the flip-flop 40, which is applied
      to the input of the AND circuit 43, and the permitting potential appearing
      across the output of the flip-flop 47 is applied to the input of the diode
      42 (in this case, the potential is positive).
PAR  In case a node is associated with one branch (as shown in FIG. 23), a
      permitting signal (in this case, a high positive potential) appears across
      the output of the diode 42 (across the output 16 of the model 6 of branch
      V.sub.I and across the terminal 31 of the model 28 of node P.sub.B
      associated with this branch). This signal is fed to the input of the
      inverter 44 of the model 6 of branch V.sub.I, inverted therein and applied
      to the input of the AND circuit 48, thereby inhibiting feeding of pulses
      from the generator 1, via the inverter 59 of the control unit 3, input 13
      and AND circuit 48, to the 0 input of the flip-flop 40.
PAR  If a node is associated with a plurality of branches, (as shown in FIG.
      19a), a permitting signal at the outputs 16 of the models 6 of branches
      V.sub.II and V.sub.VIII, having their ends connected to the terminal 31 of
      the model 28 of branch P.sub.D, will only appear when permitting
      potentials appear across the outputs of the flip-flops 47 of the models 6
      of branches V.sub.II and V.sub.VIII. This is due to the fact that the
      connection of the diodes 42 of the models 6 of branches V.sub.II and
      V.sub.VIII to the resistor of the model 28 of node P.sub.D forms an AND
      circuit (in this case, for positive signals).
PAR  Should the permitting potential across the output of the flip-flop 47 of
      the model 6 of branch V.sub.VIII appear earlier than across the output of
      the flip-flop 47 of the model 6 of branch V.sub.II, a permitting signal
      will appear at the terminal 31 of the model 28 of node P.sub.D
      simultaneously with the permitting potential across the output of the
      flip-flop 47 of the model 6 of branch V.sub.II, with no inhibiting
      potential appearing therewith across the outputs of the inverters 44 of
      the models 6 of branches V.sub.II and V.sub.III and pulses from the
      generator 1 setting, via the input 27, output 24 (FIG. 23), input 13 and
      AND circuit 48, the flip-flops 40 of the models 6 of branches V.sub.II and
      V.sub.VIII to the 0 state (FIG. 23).
PAR  A permitting signal will appear at the terminal 31 of the model 28 of node
      P.sub.D when a permitting potential appears across the output of the
      flip-flop 47 of the model 6 of branch V.sub.II.
PAR  In this case, across the outputs of the inverters 44 of the models 6 of
      branches V.sub.II and V.sub.VIII there appears an inhibiting potential
      which inhibits feeding of pulses from the generator 1 via the AND circuit
      48 of the models 6 of branches V.sub.II and V.sub.VIII to the 0 inputs of
      the flip-flops 40. Thus, following the appearance of a permitting signal
      at the terminal 31 of the model 28 of node P.sub.D, the flip-flops 40 of
      those branch models whose time intervals have been formed last in the node
      will be in the 1 state. Thus, the state of the flip-flop 40 is indicative
      of the end of a branch associated with a particular node.
PAR  The permitting signal appearing at the terminal 31 of the model 28 of node
      P.sub.B (FIG. 23) is applied via terminal jacks 17 and patch cords 18 of
      the patch board 4 to the inputs 15 of the branch models 6 associated with
      this node (in this case, to the input of the model 6 of branch V.sub.V).
PAR  The process of forming the time interval in the model 6 of branch V.sub.V
      and setting the flip-flops of this model to a respective state is similar
      to the one described above.
PAR  The process of determining the longest path of the network diagram is
      terminated when a permitting signal appears in the final node. This signal
      sets, via the input 20 of the control unit 3, the flip-flop 55 of the
      control block 54 to the 0 state, whereby feeding of pulses from the
      generator 1 to the calendar device 26, pulse counter 53 and branch model
      unit 2 discontinues.
PAR  As a result, the pulse counter 53 stores the number of pulses corresponding
      to the length of the remaining portion of the path.
PAR  If feeding of pulses to the counter 53 is stopped by a signal appearing at
      the input 15 of the selected branch model, one can determine the earliest
      date of starting the selected step of the process in accordance with the
      network diagram.
PAR  If feeding of pulses to the counter 53 is stopped by a signal appearing at
      the output of the flip-flop 47 of the selected branch model, the counter
      53 stores the number of pulses corresponding to the earliest date of
      terminating the selected step of the process in accordance with the
      network diagram.
PAR  Following the appearance of a signal in the final node of the network
      diagram, the counter 49 of the calendar device 26 stores the date of
      termination of the network diagram.
PAR  After the network diagram has been calculated (at the moment of appearance
      of a permitting signal in the final node of the network diagram), the
      flip-flops 40 of the branch models of the network diagram being in the 1
      state determines the branches belonging to the "tree" of the longest paths
      having their starting points in the initial node and end points in one of
      the nodes of the network diagram.
PAR  The branches belonging to the longest path between the initial and final
      nodes of the network diagram are determined in the herein-proposed
      apparatus for analysis of network diagrams as follows.
PAR  After the flip-flop 55 of the control unit 3 has been set to the 0 state,
      an enabling potential should be applied to the third inputs of the AND
      circuit 43 of all the branch models 6 of the network diagram, and an
      inhibiting potential should be applied to the final node P.sub.C.
PAR  The inhibiting potential applied to the final node of the network diagram
      is inverted by the inverters 44 of the branch models having their outputs
      16 associated with the final node P.sub.C of the network diagram. The
      output of the inverters 44 of all the branch models is applied to the
      inputs of the AND circuits 43.
PAR  In case the flip-flop 40 of a branch model is in the 1 state, i.e. this
      particular branch is the last to terminate in the node, an enabling
      potential appears across the output of the AND circuit 43.
PAR  If the flip-flop 40 of a branch model is in the 0 state, i.e. the branch in
      question is not the last to terminate in the node, no enabling potential
      will appear across the output of the AND circuit 43.
PAR  The enabling signal from the output of the AND circuit 43 is applied to an
      indication element, which may be an incandescent lamp or any other
      appropriate indicating means, and to the input of the inverter 46. From
      the output of the latter, the inverted potential (inhibiting potential) is
      applied to the node associated wherewith is the input 15 of the branch
      model under consideration.
PAR  Thus, inhibiting potentials will be applied to those nodes of the network
      diagram which are associated with the final node through branches which
      are the last to terminate in these nodes; these branches are precisely
      those belonging to the longest path.
PAR  Other characteristics of the network diagram are determined in a similar
      fashion.
PAR  The disclosed apparatus for analysis of network diagrams permits the
      following information to be obtained from a network diagram:
PAR  a. the length and configuration of the longest path;
PAR  b. the earliest terms of commencement and termination of any selected step
      of a process;
PAR  c. the latest possible terms of commencement and termination of any
      selected step of a process;
PAR  d. time reserves for the selected steps;
PAR  e. the configuration of the paths of the critical zone corresponding to a
      preset intensity ratio;
PAR  f. the state of affairs of the work being done at any selected moment;
PAR  g. the calendar terms of commencement and termination of work with due
      consideration for the peculiarities of the existing calendar;
PAR  h. visual display of the tree of the maximal paths in the network;
PAR  i. the calculation of the cost and source limitations of the network
      models.
PAR  The apparatus for analysis of network diagrams offers the following
      advantages owing to which it can find extensive application as a technical
      means in various systems of network diagram planning and control.
PAR  -- structural simplicity and physical analogy between the apparatus and
      network diagram;
PAR  -- ease of operation eliminating the necessity of programming and the
      problem of man-machine interaction;
PAR  -- simplicity of variation of the starting data, elimination of the time
      lag between the moment of introduction of the varied data and that of
      obtaining the results, which time lag normally occurs when use is made of
      program-controlled digital computers;
PAR  -- high graphical display of the results, which, together with the
      swiftness of obtaining these results, makes it possible to include the
      investigator with his experience in the feedback of the man-machine system
      when non-formal or hard-to-realize methods of optimization of diagrams are
      practiced;
PAR  -- high degree of automation of data input and output;
PAR  -- possibility to easily combine several such apparatus into a system for
      solving complicated problems.
PAR  The branch models in the herein-disclosed apparatus being functional
      two-terminal devices and the node models being functional single-terminal
      devices, the apparatus can be easily constructed as a solid-state
      structure, and the patch boards thereof are extremely simple.
PAR  The digital way of introducing information into the apparatus does not call
      for incorporation therein of digital-analog or analog-digital converters,
      and the apparatus can be readily built into a D-A system.
PAR  The apparatus can be widely used in various fields of science, technology
      and business activity.
PAR  It can be used either at the stage of elaborating network diagrams, or at
      the stage of controlling a process according to the method of network
      diagram planning and control in the following spheres of activity:
PAR  a. scientific research;
PAR  b. industry;
PAR  c. defence and warfare;
PAR  d. construction;
PAR  e. business and commerce;
PAR  f. education;
PAR  g. biotechnical and medical systems;
PAR  h. transport and communications.
PAR  The apparatus can also be used for solving other kinds of problems related
      to the extreme paths on diagrams.
PAR  The incorporation of interchangeable patch boards in the apparatus saves
      time at planning and control along several diagrams.
PAR  The graphical display of the solutions obtained and the swiftness with
      which they are obtained, in an apparatus embodying the present invention,
      permits of utilizing to the full the advantages inherent in
      special-purpose machines and systems.
PAR  An administrator or an author of a project is offered a possibility of
      viewing directly the results of changes and variations introduced into the
      models of diagrams. In this case, the apparatus serves as a
      counsellor-machine and as a source of reference to the parameters of a
      diagram model.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for analysis of network diagrams, comprising: a pulse
      generator; a branch model unit, the number of branch models wherein is
      equal to that of branches in the network diagram and each branch model
      includes a time interval forming unit having an input (15) which serves as
      the input of said branch model; a branch model state indication unit
      having at least three terminals, one of the terminals being connected to
      the output of said time interval forming unit, the second terminal (9)
      being connected to said input (15) of said branch model, and the third
      terminal serving as the output (16) of said branch model; a patch board
      whose terminal jacks (17) are connected to the inputs (15) and outputs
      (16) of said branch models and, through patch cords (18), to one another
      in accordance with the topology of the network diagram; and a control unit
      including a calendar device (26) and a control subunit (25) connected to
      said calendar device, patch board, pulse generator and branch model unit.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said time interval forming
      unit comprises: a main pulse counter (32); a time interval forming
      flip-flop (33), one input whereof serves as the input (15) of said time
      interval forming unit and as the input (15) of said branch model and is
      connected to one of the terminal jacks (17) of said patch board, while the
      other input is connected to the output of said main pulse counter (32);
      and an AND circuit (34), one input whereof is connected to said control
      unit, the other input is connected to the output of said time interval
      forming flip-flop (33), and the output is connected to the input of said
      main pulse counter (32), the output of the main pulse counter (32) serving
      as the output of the time interval forming unit.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein said time interval forming
      unit comprises: a main pulse counter (32); an auxiliary pulse counter (35)
      whose input is connected to the input of said main pulse counter (32); a
      time interval forming flip-flop (33), one input whereof serves as the
      input (15) of said time interval forming unit and as the input (15) of
      said branch model and is connected to one of the terminal jacks (17) of
      said patch board, while the other input is connected to the output of said
      auxiliary pulse counter (35); and an AND circuit (34), one input whereof
      is connected to said control unit, the other input is connected to the
      output of said time interval forming flip-flop (33), and the output is
      connected to the input of said main pulse counter (32), the output of the
      main pulse counter (32) serving as the output of the time interval forming
      unit.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said indication unit
      comprises: an indication flip-flop (40), one input whereof is connected to
      the output of said time interval forming unit, the other input is
      connected via a feedback circuit (41) to the output (16) of said branch
      model, and the output is connected via a diode (42) is connected to the
      same output (16) of said branch model; an AND circuit (43), one input
      whereof is connected to the output of said indication flip-flop (40), and
      the other input is connected to said control unit; a first inverter (46),
      the input whereof is connected to the output of said AND circuit (43), and
      the output is connected to the input of said time interval forming unit;
      an indication element (45) connected to the output of said AND circuit;
      and a second inverter (44), the input whereof is connected to the output
      (16) of said branch model, and the output is connected to a third input of
      said AND circuit (43).
NUM  5.
PAR  5. An apparatus as claimed in claim 1, wherein said indication unit
      comprises: an indication flip-flop (40), one input whereof is connected to
      the output of said time interval forming unit, and the other input is
      connected via a feedback circuit to the output (16) of said branch model;
      a time interval termination flip-flop (47), one input whereof is connected
      to the output of said time interval forming unit, the other input (12) is
      connected to said control unit, and the output is connected via a diode
      (42) to the output (16) of said branch model; an AND circuit (43), one
      input whereof is connected to the output of said indication flip-flop
      (40), and the other input (12) is connected to said control unit; a first
      inverter (44) having its input connected to the output (16) of said branch
      model and its output connected to the third input of said AND circuit
      (43); a second inverter (46) having its input connected to the output of
      said AND circuit (43) and its output connected to the input of said time
      interval forming unit; and an indication element (45) connected to the
      output of said AND circuit (43).
NUM  6.
PAR  6. An apparatus as claimed in claim 1, wherein said indication unit
      comprises: an indication flip-flop (40), one input whereof is connected to
      the output of said time interval forming unit; a first AND circuit (48),
      one input (13) whereof is connected to said control unit, and the output
      is connected to the second input of said indication flip-flop (40); a time
      interval termination flip-flop (47), one input whereof is connected to the
      output of said time interval forming unit, the other input (12) is
      connected to said control unit, and the output is connected via a diode
      (42) to the output (16) of said branch model; a first inverter 44 having
      its input connected to the output 16 of said branch model and its output
      connected to the third input of said second AND circuit (43) and to the
      second input of said first AND circuit (45); a second inverter (46) having
      its input connected to the output of said second AND circuit (43) and its
      output connected to the input (15) of said time interval forming unit; and
      an indication element (45) connected to the output of said second AND
      circuit (43).
NUM  7.
PAR  7. An apparatus as claimed in claim 1, wherein said calendar device
      comprises: a counter (49) whose input is connected to a first output (51)
      of said control subunit; and a decoder (50), the inputs whereof are
      connected to the inputs of said counter (49), and the output is connected
      to a first input (52) of said control subunit (25).
NUM  8.
PAR  8. An apparatus as claimed in claim 1, wherein said control subunit (25)
      comprises: a generator (61) of single pulses, the input (27) whereof is
      connected to the output of said pulse generator, the first output (22) is
      connected to one of the inputs of the main counter (32) in each said
      branch model (6), and the second output (19) is connected to the terminal
      jack (17) of said patch board (4), corresponding to the initial node of
      the network diagram; a first AND circuit (60) whose output (24) is
      connected to the first input (13) of the first AND circuit (48) of said
      indication unit in each branch model; a second AND circuit (57), one input
      whereof is connected to the first input of said first AND circuit, the
      other input is connected to said pulse generator and to said input (27) of
      said generator (61) of single pulses, and the output (51) is connected to
      the input of said calendar device (26); a third AND circuit (58), one
      input whereof is connected to said pulse generator, the second input is
      connected to the first input of said first AND circuit (60), the third
      input is connected to the input (52) of said control subunit, and the
      output (21) is connected to the second input of the AND circuit (34) of
      said time interval forming unit in each branch model; an inverter (59)
      having its input connected to said pulse generator and to said first input
      of said third AND circuit (58) and its output connected to the second
      input of said first AND circuit (60); a flip-flop (55), one input whereof
      is connected to the second input of said generator (61) of single pulses,
      the other input (20) is connected to the terminal jack (17) of said patch
      board, corresponding to the final node of the network diagram, and a first
      output of the flip-flop (55) is connected to the first input of said first
      AND circuit (60); a fourth AND circuit (56), one input whereof is
      connected to the second output of said generator (61) of single pulses,
      the other input is connected to the second output of said flip-flop (55),
      and the output (23) is connected to the second inputs 12 of said first AND
      circuits (43) of said indication units in each branch model; and a pulse
      counter (53) whose input is connected to the output (21) of said third AND
      circuit (58).
NUM  9.
PAR  9. An apparatus for analysis of network diagrams, comprising; a pulse
      generator; a branch model unit, the number of branch models wherein is
      equal to that of branches in the network diagram and each branch model
      includes a time interval forming unit having an input (15) which serves as
      the input of said branch model; a branch model state indication unit
      having at least three terminals, one terminal being connected to the
      output of said time interval forming unit, the second terminal (9) being
      connected to said input (15) of said branch model, and the third terminal
      serving as the output (16) of said branch model; a node model unit, the
      number of node models wherein is equal to that of nodes in the network
      diagram; a patch board whose terminal jacks (17) are connected to the
      inputs (15) and outputs (16) of said branch models, to terminals (31) of
      said node models (28) and, through patch cords (18), to one another in
      accordance with the topology of the network diagram; and a control unit
      including a calendar device (26) and a control subunit (25) connected to
      said calendar device, patch board, pulse generator, branch model unit and
      node model unit.
NUM  10.
PAR  10. An apparatus as claimed in claim 9, wherein said node model (28) is
      made as a resistor, one end whereof is the terminal (31) of said node
      model and is connected to one of the terminal jacks (17) of said patch
      board, and the other end is connected to a power supply.
NUM  11.
PAR  11. An apparatus as claimed in claim 9, wherein said node model (28)
      comprises: a counter (36) of regeneration of time intervals of said branch
      models having their inputs (15) connected to said node model (28); a
      regeneration flip-flop (39), one input whereof is connected to the ouput
      of said counter (36) of regeneration of time intervals and the other input
      (30) is connected to said control unit; a first AND circuit (37), one
      input whereof is connected to the output of said regeneration flip-flop
      (39) and the output serves as the terminal (31) of said node model (28)
      and is connected to one of the terminal jacks (17) of said patch board;
      and a second AND circuit (38), one input whereof is connected to the
      output of said first AND circuit, the other input (29) is connected to
      said control unit, and the output is connected to the input of said
      counter (36) of regeneration of time intervals.
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ABST
PAL  A lamp assembly wherein the lens portion is secured to the lamp housing by
      means of an electromeric tape. The bonding tape replaces the gasket,
      gasket cement and retaining screws conventionally employed in current lamp
      assemblies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Lamp assemblies must be made available in many varying shapes to
      accommodate modern design as found, for example, in the automotive
      industry. In addition, such lamp designs are changed almost annually wtih
      the result that it is generally not practical to produce such lamps in a
      fully sealed manner such as employed with vehicle headlights. Accordingly,
      lamp assemblies are conventionally manufactured by attaching the lens to
      the housing by first inserting a gasket therebetween, which in turn
      generally necessitates applying gasket cement to the housing to retain the
      gasket and aid in sealing, and then using screws or other fastener to
      mechanically hold the lens and housing in assembled relationship.
PAR  It will be appreciated that the conventional method of interconnecting lamp
      lens and housings requires, in a single assembly facility, many different
      sizes of screws and gaskets which, because of their relatively small size,
      are easily mishandled, dropped during assembly, improperly sorted as to
      size and damaged or stripped in the assembly process itself. All these
      factors give use to increased cost and lowering of production volume.
PAR  The present invention contemplates overcoming the above problems by
      providing a unique lamp structure wherein the lamp lens and housing are
      not joined by mechanical fasteners.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a lamp assembly wherein the lamp lens is secured
      to the lamp housing by means of a permanently pliable and flexible
      elastomeric material such as a butyl based tape. This bonding tape
      replaces the gasket, gasket adhesive and retaining screws commonly
      employed on presently available lamp units.
PAR  The lamp assembly of this invention provides the advantages of cost savings
      through elimination of gaskets, gasket adhesives, screws, and the need for
      designing bosses into the housing to accept the screw fasteners. In
      addition, the lamp assembly herein described has been found to have a
      superior seal with respect to dirt and moisture and to permit greater
      latitude in lamp design since costly bezels can frequently be eliminated.
PAR  A most important advantage of the lamp unit of this invention resides in
      the easier serviceability of broken lens. Thus, the old elastomeric tape
      can simply be peeled from the housing, new tape applied, and a new lens
      placed in contact with the tape.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects, advantages and features of the present invention will be
      made more apparent as this description proceeds, reference being had to
      the accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary perspective view of a tail light assembly in
      exploded position located in an automobile rear quarter panel as embodied
      in the present invention;
PAR  FIG. 2 illustrates the tail lamp components generally shown in FIG. 1 in an
      assembled relationship;
PAR  FIG. 3 is a section taken generally along section 3--3 of FIG. 2 showing
      the relationship of lamp housing, lens and elastomeric strip; and
PAR  FIG. 4 is a view similar to FIG. 3 showing application of the lamp lens to
      the elastomeric strip.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 of the drawing, there is shown fragmentarily a rear
      quarter area of an automotive vehicle which includes a deck lid 10, bumper
      12 and quarter panel 14. The quarter panel 14 is provided with an aperture
      in which a tail lamp assembly 16 can be secured by conventional
      techniques.
PAR  It will be understood that the present invention is not limited to vehicle
      tail lamps and that the tail lamp is merely representative of a typical
      lamp to which the present invention is applicable.
PAR  The tail lamp assembly 16 comprises a cup-shaped housing 18 which is
      provided with a socket for receiving a lamp bulb 20. The housing 18 can be
      fabricated of either metal or a plastic material such as
      acrylo-nitrile-butadiene-styrene polymer and the lamp housing is generally
      formed with a peripheral flange 22. A lens 24 which is generally of a
      plastic material such as an acrylic polymer although it can be of glass,
      covers the housing opening and may include a different colored area such
      as back-up lamp lens 25.
PAR  The lamp assembly of this invention is unique in that the lamp lens and
      housing are joined to form a moisture and dirt proof cavity solely by
      means of an elastomeric material 26. As indicated above, there need be no
      mechanical attachment of the lens to the housing as by screws or clamping
      rings, thereby providing the advantages noted above.
PAR  The elastomeric material 26 used in the lamp assembly of this invention is
      a substantially non-curing permanently pliable material which is available
      on the market from Protective Treatments, Inc. of Dayton, Ohio and
      identified as 9-B-2. In general this material comprises one or more
      elastomers, plasticizers and fillers which may optionally include
      tackifiers and other agents for special purpose. Examples of elastomers
      useful in compounding material suitable for this invention include butyl
      rubber, chlorinated butyl rubber, brominated butyl rubber (for example, as
      described in U.S. Pat. No. 2,903,437 to Van Epp), butadiene-styrene
      rubbers, high molecular weight polyisobutylene rubber (for example,
      Vistanex polybutene B-80, B-100 and B-120), butadiene-nitrile rubbers,
      polychloroprenes, natural rubber, polyisoprene, ethylene-propylene rubber
      (for example, EPR 404, Enjay Chemical Co.) and ethylene-propylene
      terpolymers (for example, EPT 3509, Enjay Chemical Co.), and including
      ethylene-propylene-dicyclopentadiene terpolymers sold by Dutch State
      Mines. Ethylenepropylene terpolymers and ethylene-propylene rubber are
      elastomers which are random polymers of ethylene and propylene, so they
      can contain some block structures of ethylene or propylene in their
      molecular structure. In the terpolymers there is in addition an
      unsaturated side chain which provides a site for vulcanization. The
      various elastomeric polymers may be used in selected mixtures. Suitable
      butyl rubbers are copolymers of an olefin or a diolefin, for example,
      copolymers of (a) isobutylene with (b) butadiene, isoprene, dimethyl
      butadiene, pentadiene or piperylene, in the ratio range of about 70 to
      99.5 parts of weight of (a) and 30 to 0.5 part by weight of (b), having a
      preferred molecular weight range of about 50,000 to 65,000 (Staudinger).
      Various grades of such butyl rubbers containing isobutylene are available
      under the designations GR-I, GR-I-17, GR-I-14, GR-I-15, GR-I-40, GR-I-60
      and GR-I-80. (Examples are Enjay Butyl 365 and Enjay Butyl 218. ) Suitable
      halogenated butyl rubbers above described, for example, as disclosed in
      U.S. Pat. No. 2,944,578, preferably those containing approximately one
      halogen atom for each double bond. Preferred chlorinated butyl rubber
      contains about one chlorine atom for each double bond, and has a molecular
      weight between 300,000 and 500,000, such as Enjay Butyl HT 10-66 of Enjay
      Chemical Co.
PAR  In general the various butyl rubber and chlorinated butyl rubber
      compositions commercially available can produce elastomeric materials
      exhibiting high hysteresis which is a desirable property, and are
      preferred, and this property can be modified by selection of other
      ingredients in the tape. The term butyl rubber identifies copolymers of
      isobutylene with a diene such as butadiene, isoprene, dimethylbutadiene,
      pentadiene or piperylene in the weight ratio range of about 70 to 99.5
      parts isobutylene to 30 to 0.5 part of the diene component.
PAR  It is to be observed that the processing oils and other plasticizers, and
      the large proportion of plasticizer and filler also increase hysteresis.
      The use of natural rubber, butyl rubber cross linked with divinylbenzene,
      or polyisobutylene in the molecular weight range of about 80,000 to
      120,000, polychloroprene ("neoprene" ) as well as other low hysteresis
      elastomers, is desirable. Some of these produce an increase in spring back
      values.
PAR  Plasticizing oils generally increase softness and increase elongation and
      cold flow. Processing oils serve as inexpensive plasticizers. There are
      hundreds of such oils, which are generally naphthenic and paraffinic
      hydrocarbon compounds, commercially available under the trade names of the
      suppliers. They are generally sold as pale or red engine oils, are free of
      additives, and the preferred oils are those having a viscosity range at
      100.degree. F. of about 100-4,000 SUS (Saybolt Universal Seconds).
      Examples of such oils by trade names are, Necton 60, Famax 58, and Coray
      80 and Sun Oil 2280. They may be used in the ratio of about one to two and
      a half times the weight of elastomeric polymer.
PAR  Examples of other suitable plasticizers are certain polychlorinated
      polyphenyls known commercially as "Aroclor" 1254, Aroclor 1268, low
      molecular weight polyisobutylene ("Vistanex" LM-MS), medium viscosity
      propylene polymer (Polypropene C-175 of Amoco Chemicals Corp.), and
      polybutenes (for example, Oronite 128 and Polybutene H 1900). Fibrous
      fillers, such as asbestos and platy talcs and hydrated silicas, reduce or
      retard cold flow, and are present in the ratio of about 30 per cent to 150
      per cent of elastomer polymer.
PAR  It is generally preferred to include tackifiers in the compositions.
      Examples of suitable tackifiers are chlorinated biphenyls illustrated by
      Aroclor 1254, Aroclor 1268 (which Aroclors also function as plasticizers)
      and Aroclor 1260, non-reactive polymethylol phenol resin (commercially
      available under the names Amberol ST-137X; Catalin 8318; and SP-1047 of
      Schenectady Varnish Co.), rosins, hydrogenated rosins and esterified
      rosins (Pentalyn H, Stay-Belite ester 3) and ethyleneglycol monobutyl
      ether pelargonate. Adhesion to glass and metal can be increased by
      incorporating known adhesion promoters, for example, gamma-amino
      propyltriethyloxy silane (Silane A-1100 of Union Carbide Corp.), rosins,
      rosin esters and the like. The silane compound may be supplied to the
      glass as a primer to promote adhesion.
PAR  Any of the known curing agents may be employed with the particular agent
      being determined primarily by the elastomer component.
      Paradinitrosobenzene or para-quinone dioxime with lead dioxide is a
      prepared curative with butyl rubbers. With chlorinated butyl rubber the
      preferred curing agent is zinc oxide. Suitable accelerators may be used in
      each case, and the compositions may include other substances to facilitate
      compounding and treatment such as acid receptors, scorch retardants, roll
      release agents, and cure retarders. In order to maintain the elastomeric
      material in a pliable condition throughout its life, the amount of curing
      agent employed is less than that amount required to effect a full cure.
      The following represents the components of commercially available
      materials used in a formulation suitable for use as the elastomeric
      material of this invention.
TBL  __________________________________________________________________________
     Component        Trade Name Supplier                                      
     __________________________________________________________________________
     1  Chlorinated Butyl Rubber                                               
                      Butyl HT 10-66                                           
                                 Enjay Chemical Co.                            
     2  Nonheat-reactive phenolfor-                                            
        maldehyde resin                                                        
                      Amberol ST-137X                                          
                                 Rohm & Haas Co.                               
     3  Hydrogenated Wood Rosin Ester                                          
                      Staybelite Resin                                         
                                 Hercules Powder Co.                           
     4  Asbestos fiber                                                         
                      7MO6 Grade Johns Manville                                
     5  Hydrated Silica                                                        
                      Hi-Sil     PPG Chemicals                                 
     6  Platy talc    Mistvon Vapor                                            
                                 Sierra Talc & Chemical                        
     7  Processing Oil                                                         
                      Sun Oil 2280-3                                           
                                 Sun Oil Co.                                   
     8  Carbon black  P-33 Carbon black                                        
                                 R.T. Vanderbilt Co.                           
     9  Tall Oil Fatty Acid                                                    
                      Acintol FA2 Tall                                         
                                 Arizona Chemical Co.                          
                      Oil Fatty Acid                                           
     10 Heat-Reactive phenolfor-                                               
        maldehyde resin                                                        
                      B R L 2741 Union Carbide Corp.                           
     11 Di-ortho-tolylguanidine                                                
        salt of dicatechol borate                                              
                      Permalux   DuPont                                        
     __________________________________________________________________________
PAR  The final composition will preferably contain at least 75 parts of oil
      plasticizer per 100 parts of elastomer and 75 parts of particulate filler
      per 100 parts of elastomer.
PAR  The elastomeric material of this invention can be employed in a tape form
      or as a pre-formed gasket wherein the material is packaged or supported on
      release paper which can easily be stripped at the time of application.
      Alternatively, the material can be applied in a bead from a gun type
      applicator. FIG. 1 illustrates elastomeric material 26 in the form of a
      pre-formed gasket which is laid upon the flange 22 of the lamp housing.
      The lens 24 is then pressed against the elastomeric material. In practice,
      the lamp assembly of this invention employing no mechanical fastening of
      the lens to the housing is being employed as a parking lamp of a
      production built automobile, and it has been found that excellent sealed
      units are obtained at room temperature when the lens is pressed against
      the elastomeric material with a pressure of about ten pounds per linear
      inch of bond length for a period of about five to ten seconds. The
      pressure should be sufficient to compress the elastomeric material in the
      area of the lens an amount of about one-half the thickness of the
      material. Specific time and pressures will of course be dependent on the
      tape composition employed.
PAR  The composition of the elastomeric material used in the lamp unit of this
      invention should be chosen so that it remains flexible and soft throughout
      its anticipated service life and should be of a thickness to insure
      sealing contact with both the irregular flange surface 22 of the housing
      and with the lens 24. A thickness of about 0.1 to 0.5 inch with a width of
      0.25 to about 0.5 inch has been found sufficient to allow absorption or
      attenuation of tension forces by deformation without damage to the bond
      between elastomer and lens, or elastomer and housing. If desired, a rib 28
      may be provided about the periphery of the lens as seen in FIGS. 3 and 4
      to engage and embed in the elastomeric material. This has the advantage of
      providing a superior seal as opposed to planar surface contact.
PAR  It will be understood that this invention is not restricted to any
      particular type of lamp and that various changes and modifications may be
      made without departing from the scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A repairable lamp unit comprising a housing having a cavity for location
      therein of a lamp bulb, a lens for covering the open end of said cavity
      and in cooperation with said housing enclosing said lamp bulb, and a
      pliable tacky substantially noncuring elastomeric material having a
      surface in adhering contact with said housing and a second surface portion
      in adhering contact with said lens, said lens and housing being releasably
      held in a sealed and assembled relationship by said elastomeric material
      with said elastomeric material permitting removal of said lens from said
      lamp unit without damage of said lens and housing, said elastomeric
      material forming the sole means by which the lens is joined to said
      housing.
NUM  2.
PAR  2. A lamp unit according to claim 1 wherein said lamp housing is provided
      with a peripheral flange having a face generally parallel to the plane of
      the open end of said cavity and wherein said strip of elastomeric material
      interposed between said lens and said housing is in adhering contact with
      said flange.
NUM  3.
PAR  3. A lamp unit according to claim 1 wherein said strip of elastomeric
      material is a highly viscous, smooth, permanently tacky, putty-like mass
      at the time it is interposed between said lamp lens and housing.
NUM  4.
PAR  4. A lamp unit according to claim 1 where said strip of elastomeric
      material is selected from the group consisting of butyl rubber,
      divinylbenzene cross-linked butyl rubber, and mixtures thereof.
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ABST
PAL  A lamp contains one or more top mounted incandescent lamps which are used
      for illumination in conventional manner. The lamp uses a terrarium as a
      base. The terrarium has a bottom section containing one or more
      incandescent lamps which are always lit and illuminate the terrarium from
      below.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed toward a combined terrarium and lamp which not
      only provides the utilitarian function of illumination but also provides
      the visual beauty and ornamental effect of the terrarium.
PAR  To this end, a transparent bowl containing a terrarium employs a bottom
      section containing one or more incandescent light sources. These sources
      are always lit when the lamp is energized and direct light upward through
      the bowl whereby the terrarium appears to supply its own illumination.
      Light from these sources cannot be directed for any other use and these
      sources are concealed from view.
PAR  A hollow conductor carrying post extends upwardly through the bowl and is
      surmounted by one or more incandescent light sources which can be turned
      on or off by separate switches as desired and which provide conventional
      illumination.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front view of an embodiment of the invention;
PAR  FIG. 2 is a side view thereof; and
PAR  FIGS. 3 and 4 show different detail views of portions of the structure
      shown in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 - 4, a bowl 10 contains terrarium 12. The bowl is
      transparent and formed of glass or plastic. The bottom horizontal portion
      10A of the bowl rests upon a broad shallow hollow cylindrical member 14. A
      retaining ring 16 held in place by screws 18 detachably holds the bowl in
      position on the member.
PAR  A plug 20 is secured to a two conductor cable 22. The cable enters the
      member via grommet 24 in the bottom thereof and is connected directly to
      two sockets 26, each of which contains a removable horizontal tubular
      incandescent light bulb 28. These bulbs are always energized when plug 20
      is connected to a source of electricity and, because of the reflectors 30
      secured to the sockets, always direct light upwardly through portion 10A
      to illuminate the terrarium. Member 14 is opaque and no light escapes
      therethrough.
PAR  A vertical hollow ceramic rod 32 sealid into the center of the bowl by a
      suitable waterproof seal 34 carries the conductor cable 22 upward to
      additional conventional sockets 36 which contain conventional incandescent
      light bulbs 38 and pull type switches 40. A shade 42 is supported by the
      rod. These bulbs 38 can be turned on or off as desired and provide
      conventional illumination.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lamp comprising:
PA1  A transparent bowl containing a terrarium; said bowl having a horizontal
      bottom portion;
PA1  First means supporting the bowl and containing at least one first light
      source positioned to illuminate the terrarium from below, said first means
      including a shallow hollow vertical cylinder open at its top end, said
      portion resting on said top end, and a retaining ring securing said
      portion to said cylinder;
PA1  a hollow vertical rod sealed in the bowl and extending outward therefrom;
PA1  a least one second light source secured to the top of the rod and provided
      with an on-off switch; and
PA1  second means including a two cable conductor extending into the first
      means, connected directly to the first source, extending through said rod
      and connected through said switch to said second source to supply
      electrical energy to all of said sources.
NUM  2.
PAR  2. The lamp of claim 1 wherein said cylinder is opaque.
NUM  3.
PAR  3. The lamp of claim 2 wherein all of said sources are of incandescent
      type.
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ABST
PAL  A system for correction of the orientation of a motor cycle headlamp
      includes a weight which moves in dependence on the centrifugal force
      caused by a turning movement of the motor cycle. In one embodiment, the
      weight is mechanically linked by transmission chains to control the
      correcting movement of the headlamp. In another embodiment, the correcting
      movement is carried out electrically under the control of a transducer
      which senses the extent of movement of the weight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a lighting system for a motor cycle or other
      similar two-wheeled vehicle. When a motor cycle makes a turn, there is a
      substantial deterioration in the illumination provided by a standard
      headlamp, the deterioration magnifying in dependence upon the speed in
      which the turn is made. This is principally due to the fact that during a
      turn the cycle is physically tilted to compensate for the centrifugal
      force due to the turn. Such tilting causes the headlamp to be tilted and,
      as a consequence, the beam is tilted as well. Moreover, the attitude of
      the cycle as a whole varies slightly due to the centrifugal force
      affecting the suspension of the cycle.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the invention is the provision of means by which the
      headlamp of a motor cycle or the like has its orientation corrected to an
      appropriate extent as the vehicle makes a turn in one direction or the
      other.
PAR  In accordance with the invention, a system for the automatic correction of
      the orientation of the beam of light of the headlamp of a motor cycle or
      similar vehicle comprises means for turning at least the optical system of
      the headlamp about an axis of rotation adjacent the optical axis, and a
      transducer detector system adapted to detect the angle of inclination of
      the vehicle while turning, and means for turning the optical system of the
      headlamp being controlled by the transducer detector in such a manner that
      a compensating orientation variation is applied to the headlamp beam when
      the vehicle makes a turn.
PAR  The axis of rotation is preferably situated in the central fore and aft
      plane of the headlamp and is slightly inclined forwardly and downwardly in
      relation to the generally horizontal optical axis.
PAR  The means for turning the optical system of the headlamp may comprise a
      guide ring mounted outside the headlamp reflector perpendicularly to the
      axis of rotation and cooperating with fixed counterpart elements, and a
      driving toothed ring coaxial with the first ring.
PAR  Conveniently, the transducer detector system comprises a weight capable of
      moving under the effect of centrifugal force and acting directly on a
      counteracting spring system, and means may be provided to hold the weight
      in a top position at times when a correction of the orientation of the
      beam of light is not required.
PAR  A mechanical transmission may be provided comprising at least one rack
      secured to the weight and forming the output member of the transducer. Two
      racks may be provided each of which continuously cooperates with a
      transmission chain terminating in a gearwheel adapted to cooperate with
      the driving toothed ring, and means is provided for selective
      disengagement of one of the two transmission chains when the vehicle makes
      a turn. In this case, the selective disengagement means may comprise a
      first circular cam track which is fixed with respect to the vehicle frame,
      the center of the circular cam track lying on the axis of rotation of a
      vehicle fork relatively to said frame, said cam track cooperating with
      rollers associated with each of the two transmission chains.
PAR  Alternatively, in an electrical system, the transducer detector system is
      associated with a potentiometer detector the state of which provides a
      potentiometer value characteristic of the detected centrifugal force, and
      the rotary drive means comprise an electric motor whose travel in relation
      to a mean position is a function of the said potentiometer value. The
      motor is preferably a reversible d.c. motor, the direction of rotation of
      which is determined in dependence on the direction in which the motorcycle
      handlebar turns. In this case, the reversible motor may be associated with
      a second reference potentiometer which it drives with it, and the motor is
      fed by means of an electric circuit including the detector potentiometer
      and the reference potentiometer as long as the two potentiometers are not
      in equilibrium in the said circuit.
PAR  In the light of the above definition, the following remarks should be made:
PAR  Where reference is made herein and in the claims to means for turning at
      least the optical system of the headlamp it must be understood as meaning
      at least the reflector and the associated lamp and, possibly, the optical
      deflectors generally borne by the lens, and it should also be understood
      that the headlamp assembly comprising both an optical system and a shell
      may also be turned;
PAR  Generally, the said axis of rotation will be slightly inclined downwardly
      and forwardly in relation to the optical axis of the headlamp, the angle
      of inclination being, for example, less than 15.degree.. Experiment has
      shown and calculations have confirmed that such an inclination gives
      optimum compensation of the beam in the case of motor-cycles generally
      available on the market today. However, other inclinations are possible in
      specific cases without thereby departing from the scope of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention may be carried into practice in various ways but two specific
      embodiments will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIGS. 1, 2 and 3 are diagrams showing the behaviour of a motor-cycle when
      making a turn, FIG. 1 showing the lighting of the road, FIG. 2 the
      inclination of the motor cycle on a turn, and FIG. 3 a graph of the
      applied forces;
PAR  FIG. 4 is a diagrammatic side view in partial section showing a first
      embodiment of the system according to the invention;
PAR  FIG. 5 is a diagrammatic view of the same system from the rear and in
      partial section;
PAR  FIG. 6 is a top plan view of the transducer detector system and of the
      mechanical transmission system associated therewith;
PAR  FIG. 7 is a diagrammatic perspective view of a transducer detector system
      coupled to a potentiometer in accordance with the second embodiment;
PAR  FIG. 8 diagrammatically illustrates the headlamp control circuit associated
      with the transducer detector system of FIG. 7; and
PAR  FIG. 9 is a diagrammatic rear view of the headllamp showing the rotary
      drive thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It may be generally stated that the lighting of all such vehicles
      deteriorates when the vehicle makes a turn, and such deterioration
      increases with the speed at which the turn is made.
PAR  In a typical example, FIG. 1 shows the phenomena in perspective. On a
      straight road with right-hand traffic a motor-cycle M moving along the
      rectilinear path M-Y illuminates the road (with a dipped beam) with the
      rays of light situated beneath the cut-off limit G.sub.1 -A.sub.1
      -D.sub.1. Such lighting is satisfactory, the headlamp setting having been
      carried out for an upright vehicle. If, now, the same motor cycle M makes
      a turn to the right, as shown by the curved path M-Z, the cut-off limit of
      its beam of light becomes G.sub.2 -A.sub.2 -D.sub.2. It will be seen that
      a beam of light of this kind is very unsatisfactory. Firstly, its range
      has become inadequate. Secondly, its orientation is incorrect. G.sub.3
      -A.sub.3 -D.sub.3 shows the optimum cut-off to be obtained for the beam of
      light of the motor-cycle M in the righthand turn path M-Z.
PAR  Theoretical and experimental studies have been carried out to discover the
      reasons for the phenomenom mentioned. It would appear finally that they
      are due to two main causes:
PAR  Firstly, it appears that all vehicles of the above type in contact with the
      road at only two points and driven at relatively high speeds of several
      tens of kilometers per hour, have the specific characteristic of inclining
      in relation to the plane of the trajectory when making turns in order to
      balance the effect of centrifugal force. FIG. 2 shows the behavior of a
      motor-cycle when making a turn. It will be seen that the central plane
      C--C of the vehicle is inclined by an angle .alpha. to the vertical, the
      angle .alpha. being a function of the centrifugal force. More accurately,
      as will be seem from FIG. 3, which is a force component diagram, when a
      weight P is subjected to the centrifugal force F.sub.c, the force
      component P' defines the angle .alpha. in relation to the vertical. In
      practice, with standard-production motor-cycles and under normal road
      traffic conditions, the angle .alpha. may be as much as 50.degree.. It
      will readily be seen that the inclination of the vehicle to the vertical
      is the main cause of the inadequate illumination mentioned. For example,
      in the case of FIG. 1, the angle .beta. of the two halves of the cut-off
      planes A.sub.1 G.sub.1 -A.sub.2 G.sub.2 is substantially equal to .alpha.
      which corresponds to the inclination of the motor-cycle M.
PAR  From another aspect, motor-cycles are usually provided with a suspension
      and a variation of the suspension attitude is usually observed when the
      vehicle makes turns, and this is due to the effect of the centrifugal
      force applied to the vehicle and results in a relative displacement of the
      suspended part in relation to the wheels. The headlamp of such vehicles is
      rigidly connected to the suspended part, whether mounted on the front
      pivoting fork of the vehicle (the most general case), or on its frame or
      chassis. Under such conditions it appears that the vertical orientation of
      the beam of light from the headlamp follows the variations in the attitude
      of the suspended part, and this second phenomenon also results in a
      modification of the distribution of the light over the road.
PAR  Referring to FIGS. 4 and 5 a headlamp shell 1 closed at the front by a
      transparent lens 2 is mounted on the fork of a motor-cycle adapted to turn
      about an axis A--A (see FIGS. 4 and 6) in relation to its fixed frame. A
      sealed-beam unit 10 having an axis X-X' and comprising a reflector 11, a
      front lens 12 and a lamp (not shown) associated with the reflector, is
      mounted for rotation about an axis Y-Y' disposed in the central median
      plane of the headlamp passing through X-X'. The axes X-X' and Y-Y'
      intersect at a point advantageously situated near the light source
      (filament) of the sealed-beam unit, and Y-Y' is slightly inclined
      forwardly and downwardly in relation to X-X'. To this end, the reflector
      11 bears a movable guide ring 13 lying perpendicular to Y-Y' and
      cooperating with three barrel-shaped rollers 14a, 14b, 14c mounted inside
      the shell 1. Preferably, as illustrated, the three rollers are distributed
      uniformly at 120.degree.  intervals in relation to the axis Y-Y'; the
      rollers 14b and 14c are of fixed axis and the roller 14a is mounted on a
      spring 15 which always tends to push it towards the axis Y-Y'.
PAR  An at least partially toothed ring 16 is also associated with the guide
      ring 11 and is coaxial therewith.
PAR  The transducer detector system 50 will now be described. This system
      comprises a substantially vertical casing 51 inside which a mass 52
      (hereinafter referred to as a weight) is mounted slidably and bears on a
      resilient system consisting of a plurality of springs 53a, 53b, 53c. The
      weight 52 is connectd to two racks 54d and 54g projecting through
      apertures respectively situated on the right and left of the casing 51.
      The springs 53a, 53b, 53c, are connected in cascade so as to successively
      and cumulatively offer their selected resilient resistance to any movement
      of the weight 52 towards the base of the casing 51. Thus when the
      motor-cycle on whose fork the detector 50 is mounted is inclined by an
      angle .alpha. on a turn to counterbalance the centrifugal force, the racks
      54d and 54g undergo a linear displacement substantially proportional to
      .alpha..
PAR  The racks 54d and 54g are designed to cooperate with a transmission chain
      60d, 60g respectively which can in turn cooperate with the toothed ring
      16. The chain 60d will now be described by way of example.
PAR  It is mounted so as to be slidable between two plates 70 and 71 (see FIG.
      6) connected to the casing 51. It comprises essentially a rod 61d provided
      with two shoulders 62d and 63d adapted to abut the plate 70 and 71
      respectively.
PAR  A pinion 64d is mounted at one end of the rod 61d and is adapted to
      cooperate with the toothed ring 16 when the rod 61d is not pushed
      rearwardly in the direction of the plate 71, as will be apparent
      hereinafter. In its central part the chain 60d comprises a gear 65d
      cooperating continuously with the rack 54d for any position of the rod. At
      its rear end the rod 61d is associated with an adjustable link 66d having
      a roller 67d rotatable about a pivot 68d.
PAR  The transmission chain 60g has the same structure and has the same
      references but with the index d amended to g.
PAR  The weight 52 is also provided with a notch 52a adapted to cooperate with a
      point 80 on one end of a rod 81, two springs 82 always tending to push the
      point 80 to the base of the notch 52a. This position is possible only when
      the weight 52 is in the top position corresponding to straight-line
      travel. When it is engaged in the aperture 52a, the point 80 locks the
      weight 52 in position. A support roller 83 is mounted at the end of the
      rod 81 remote from the point 80. The pivots 68d and 68g are connected by a
      link 90 articulated at 91 on the rod 81, the pivots 68d and 68g being
      adapted to slide in slots formed in the link 90.
PAR  All the above elements bearing the references from 60 to 91 are connected
      to the motor-cycle fork which is movable about the axis A--A in relation
      to the frame. The casing 51 is advantageously connected to the shell as
      shown. The two transmission chains 60d and 60g must cooperate respectively
      with the tooth ring 16 only for a predetermined turn situation (to left or
      right). Also, the weight 52 must be free to slide in the casing 51 only
      when the motor-cycle is effectively in a turn.
PAR  To this end, a selective disengagement system 100 is provided which is
      connected to the frame and comprises two circular cam tracks 101 and 102,
      having their centre on the axis A--A. The cam track 101 can cooperate with
      the two rollers 67d and 67g while the cam track 102 cooperates with the
      roller 83. The cam track 101 includes a central part 101a and two side
      parts 101b of smaller radius connected by inclines to the central part.
      The cam track 102 has a notch 102a to receive the roller 83.
PAR  When the motor cycle is travelling in a straight line, with the front wheel
      on the axis of the frame, the system is in the position shown in FIG. 6.
      The weight 52 is locked in position by the point 80. The two pinions 64d,
      64g are in mesh with the toothed ring 16.
PAR  When a turn is started, all the elements 1-91 connected to the fork start
      to pivot about the axis A--A in relation to the elements 100-102 connected
      to the frame.
PAR  The first effect of this relative movement is to cause the roller 83 to
      leave the notch 102a. The point 80 then leaves the notch 52a, thus
      releasing the weight 52. The transducer detector system is thus put into
      operation.
PAR  The second effect of this relative movement is that one of the rollers 67d,
      67g moves towards the centre of the central cam track 101a while the other
      engages one of the side parts 101b. The link 90 then pivots about its
      pivot 91. One of the transmission chains 60b and 60g remains stationary,
      its pinion 64d, 64g remaining in mesh with the toothed ring 16 while the
      other chain recedes, its pinion being disengaged from the toothed ring 16.
PAR  It will be seen that the movement of the racks transmits a rotary movement
      in the required direction to the optical system, the amplitude of such
      movement corresponding, preferably linearly, to the value of the angle
      .alpha. of the inclination of the motor-cycle when the latter is in a
      turn. Thus the beam of light from the headlamp is systematically
      corrected.
PAR  Locking of the weight 52 by the point 80 prevents any accidental operation
      of the system outside turns. According to an auxiliary feature of the
      invention, an auxiliary electromagnetic control may be used to release the
      point 80, such control being actuated only when the headlamp is lit; in
      this way the system according to the invention would remain systematically
      out of operation during the day time and would come into operation only
      when strictly necessary (when turns are made at night).
PAR  The bottom part of the casing 51 (containing the springs 53a, 53b, 53c)
      forms a chamber closed by the bottom part of the weight 52. A small hole
      55 enables air to escape when the weight 52 descends. This system forms a
      pneumatic dash-pot for the movement of the weight 52.
PAR  The embodiment according to FIGS. 7-9 will now be described.
PAR  The transducer detector 150 in FIG. 7 comprises a substantially vertical
      cylindrical casing 151 inside which a weight 152 is mounted. The weight is
      connected to a rack 154 mounted on a rod 154a projecting through the base
      of the casing. A shaft 155 is mounted for rotation on a double frame 156
      and a gearwheel 157 keyed on said shaft cooperates with the rack 154 so
      that any vertical movement of the weight 152 and of the rack 154 results
      in a rotary movement of the shaft 155 which forms the output member of the
      transducer detector 150.
PAR  A drum spring 153a is mounted between the shaft 155 and a fixed point of
      the frame 156 and tends, like the spring 53a, to cause the weight 152
      always to move towards the top part of the cylinder 151.
PAR  In addition, a damper spring 153b (having a similar function to the spring
      53b) may be housed in a recess 152a in the weight 152; said spring 153b
      cooperating with the top surface 151a of the cylinder 151 at the end of
      the upward movement of the weight 152; the effect of the springs 153a and
      153b can therefore be so combined that the angle of rotation of the shaft
      155 is substantially proportional to the angle .alpha. of inclination of
      the motor-cycle in a turn.
PAR  A rotary potentiometer 158 is fixed on the frame 156, its pivot 158a being
      connected to the shaft 155. It will readily be seen that the potentiometer
      158 mounted in this way converts the value of the angle .alpha. into a
      potentiometer value. A potentiometer having a linear travel may be used
      without departing from the scope of the invention.
PAR  The use of the detected potentiometer value for the compensating drive of
      the headlamp sealed-beam unit by means of an electric motor (FIG. 9) will
      now be explained with reference to the circuit diagram shown in FIG. 8.
PAR  As previously was the case, the reflector 11 of the optical system 10 of
      the headlamp mounted inside a shell 1 is movable in respect of rotation
      about an axis Y--Y. To this end, as before, it preferably comprises a
      guide ring 13 cooperating with the rollers 14a, 14b, 14c mounted inside
      the shell 1. The reflector 11 of the sealed-beam unit 10 is again provided
      with a toothed ring 16 as in the first embodiment (FIG. 3).
PAR  The rotary drive of the optical system 10 of the headlamp is by means of an
      electric motor 200 driving the toothed ring 16 by means of a gear 170
      mounted on the shell by means of an assembly yoke 171 (FIG. 9).
PAR  Rotation of the motor 200 must follow the development of the potentiometer
      value of the potentiometer 158, the direction of rotation of the motor
      depending upon the direction (left or right) of inclination of the
      motor-cycle handlebar.
PAR  FIG. 8 shows the control circuit used.
PAR  This Figure shows certain features of the transducer detector system 150 in
      greater detail. The bottom part of the cylinder 151 is formed with an
      aperture 160 controlled by a non-return valve 161. A connecting tube 162
      connects the outlet of the value 161 to the top part of the cylinder 151
      externally. A cylindrical rod 154a extends with practically no leakage
      through the end of the cylinder 151 via a matching aperture 151b; a small
      orifice 151c provides communication between the interior and exterior of
      the cylinder 151. On a downward movement of the weight 152 the valve 161
      is closed and air escapes slowly through the orifice 151c; similarly, the
      top part of the cylinder 151 fills with air only very slowly under the
      effect of the leakage passages formed between the weight 152 and the inner
      wall of the cylinder 151; the descent of the weight 152 is thus damped;
      the upward movement of the weight 152, on the other hand, causes valve 161
      to open and the bottom and top parts of the cylinder 151 to communicate
      via the connecting tube 162. In these conditions there is nothing to
      oppose the upward movement of the weight 152. Such a weight may also be
      mounted in the cylinder 151 by means of ball bearings to reduce friction.
PAR  Means for locking the weight 152 in its top position are also provided.
      Such means comprise a stud 190 resiliently urged by a spring 190a and
      adapted to cooperate by its point 190b with a notch 196 formed in the
      weight 152. The stud is formed by a ferro-magnetic core and can cooperate
      with an electrical winding 191 with which it forms an electromagnet. When
      the winding 191 is energised the stud 190 withdraws and compresses the
      spring 190a, thus releasing the weight 152.
PAR  The circuit operationally connecting the transducer detector 150 to the
      motor 200 is shown completely in FIG. 2 in which reference 300 denotes a
      switch controlling energization of the headlamp and preferably, but not
      necessarily, the motor-cycle dipped/main-beam switch which controls the
      electrical supply to the circuit which is thus put into operation only
      when the motor cycle headlamp is dipped. The d.c. supply voltage is that
      of the motor-cycle. Referring to FIG. 8:
PAR  Ri is a changeover relay;
PAR  158 is the reference potentiometer; to facilitate understanding of the
      invention, it is shown both in its mechanical position in cooperation with
      the rack 156, and in its electrical position in the electrical circuit
      shown in FIG. 8; the total internal resistance of the potentiometer 158 is
      denoted by resistance R.sub.2 ;
PAR  258 is the rotary potentiometer for giving the position reference of the
      motor 200. The rotary spindle of the potentiometer 258 is connected to the
      spindle of the motor 200. The total internal resistance of potentiometer
      258 is denoted by R.sub.6 ;
PAR  R.sub.1, R.sub.3, R.sub.4, R.sub.5, R.sub.7, R.sub.8, R.sub.9, R.sub.10,
      R.sub.11, R.sub.X are resistors;
PAR  C.sub.1 and C.sub.2 are capacitors;
PAR  A.sub.1 and A.sub.2 are amplifiers;
PAR  M.sub.1, M.sub.2, M.sub.3 are microswitches.
PAR  The microswitch M.sub.1 is controlled by a movable abutment stud 198
      extending through the top part of the cylinder 151; when the weight 152 is
      in its top position, it pushes the stud 198 which acts on the microswitch
      M.sub.1 to cause it to open (open circuit).
PAR  Microswitches M.sub.2 and M.sub.3 are controlled by two cam tracks 350 and
      360 connected to a movable control segment 370 adapted to turn with the
      motor-cycle handlebar about the axis A--A. In FIG. 8, segment 370 is shown
      with the angular orientation that it has when the motor-cycle handlebar is
      in its mean position corresponding to straight-ahead travel.
PAR  With the cam track shape shown, it will readily be seen that the
      microswitch M.sub.2 is open only for the middle position of the handlebar
      (as shown), and is closed when the handlebar is turned to the right or
      left. It will also be seen that the microswitch M.sub.3 is open when the
      handlebar is turned to the left (the start of the opening position will be
      apparent from the Figure) and is closed when the handlebar is turned to
      the right.
PAR  Starting from switch 300, a first arm of the circuit enables the winding
      191 to be fed both via microswitch M.sub.1 and via microswitch M.sub.2. In
      this way winding 191 is always fed except when M.sub.1 and M.sub.2 are
      open, i.e., when the weight 152 is in its top position while the handlebar
      is in its middle position for straight-ahead travel. In the latter case,
      the weight is locked. This locking naturally continues when the circuit is
      not supplied, i.e., when the switch 300 is open.
PAR  The arm of the circuit extending to M.sub.3 serves to supply the control
      winding of the change-over relay Ri: when the microswitch M.sub.3 changes
      its state the relay changes over.
PAR  From the switch 300 the main arm of the circuit feeds the changeover relay
      Ri, the two potentiometers 158 and 258 (detector potentiometer and motor
      position reference potentiometer respectively), and the two amplifiers
      A.sub.1 and A.sub.2.
PAR  The potentiometer 158 (total resistance R.sub.2) is connected in series
      with R.sub.1, R.sub.3 and R.sub.4. Potentiometer 258 (resistance R.sub.6)
      is connected in series with R.sub.5 and R.sub.7. The assembly R.sub.1,
      R.sub.2, R.sub.4 is fed via relay Ri in a direction depending on the state
      of changeover of the relay Ri, i.e., the state of microswitch M.sub.3. In
      the first state of the relay Ri, the voltage at the slider C.sub.2 of
      potentiometer 158 varies in a range corresponding to a resistance
      variation ranging from R.sub.1 to R.sub.1 + R.sub.2. In the other state of
      relay Ri, the voltage at slider c.sub.2 varies in a range corresponding to
      a resistance variation ranging from R.sub.3 + R.sub.4 to R.sub.3 + R.sub.4
      + R.sub.2. The values of the resistance are so selected that the said
      ranges are separate and adjacent so that the voltage at the slider c.sub.2
      varies continuously when the motor-cycle handlebar is turned from the
      extreme left to the extreme right. For this R.sub.1 is made equal to
      R.sub.4 and R.sub.3 is made equal to R.sub.2.
PAR  The reference potentiometer 258 is given the same voltage variation band.
      For example, R.sub.6 = R.sub.2 + R.sub.3 and R.sub.5 = R.sub.7 = R.sub.1 =
      R.sub.4.
PAR  The supply to the motor 200, which is a reversible d.c. motor, causes two
      amplifiers A.sub.1 and A.sub.2 to come into operation, each having a
      non-changeover input a and a changeover input b.
PAR  Identical resistors R.sub.8, R.sub.9, R.sub.10 and R.sub.11 are disposed in
      series with each of the said inputs of the two amplifiers.
PAR  The potential difference between the slider c.sub.2 (of 158) and slider
      c.sub.6 (of 258) is applied to the amplifier A.sub.1 via resistors R.sub.8
      and R.sub.9. This same potential difference is also applied, but with an
      opposite sign, to amplifier A.sub.2 via resistors R.sub.10 and R.sub.11.
      In other words, the amplifiers A.sub.1, A.sub.2 are connected similarly
      but with a change of their non-changeover and changeover inputs.
PAR  The capacitors C.sub.1 and C.sub.2 are smoothing capacitors which eliminate
      interference and excess voltage defects, particularly switching surge
      voltages. R.sub.X is a load resistor.
PAR  The outputs of the two amplifiers A.sub.1 and A.sub.2 are fed to the two
      terminals of the d.c. motor 200, which rotates in either direction as long
      as there is a potential difference between C.sub.2 and C.sub.6. As it
      moves, motor 200 drives potentiometer 258 and stops when the two
      potentiometers are in equilibrium. The optical system 10 of the headlamp
      has then undergone an orientation correction corresponding to the
      potentiometer value detected at 158, i.e. corresponding to the angle of
      inclination .alpha. of the motor-cycle.
PAR  Of course the present invention is not limited to embodiments described and
      illustrated, which are only examples.
PAR  More particularly, the correction system may be used in combination with a
      vertical control system operating in dependence upon the vehicle attitude,
      of any type known per se, particularly for motor vehicles, a vertical
      adjustment system of this kind being adapted to control the optical system
      or the shell of the headlamp by adding its movement to the corrective
      rotation according to the invention. In that case, for example, the
      headlamp shell is mounted to pivot about a substantially horizontal axis.
      The system according to the invention is applicable to any type of
      motor-cycle, whether or not its headlamp is connected to the front fork of
      the vehicle. It may be used equally well for correcting main-beam lighting
      and dipped-beam lighting.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A headlight for use with a two-wheeled vehicle, such as a motorcycle,
      having a body and handlebars pivotable with respect to the body, the
      headlight comprising:
PA1  a frame fixed with respect to the handlebars of the vehicle
PA1  light-projecting means carried by said frame, said light projecting means
      having an optical axis along which light is projected therefrom,
PA1  support means for rotatably supporting said light-projecting means with
      respect to said frame, said light-projecting means being rotatable about
      an axis extending in a front-to-rear direction of said light-projecting
      means and at a small acute angle to said optical axis, and
PA1  means operative when the vehicle makes a turn for rotating said
      light-projecting means about its axis of rotation from the position it
      occupies when the vehicle is upright and traveling in a straight line, the
      amount of rotation at any moment being a function of the angle of
      inclination which the vehicle makes at that moment with the vertical.
NUM  2.
PAR  2. A headlight according to claim 1 wherein the axis of rotation of said
      light-projecting means is in the same vertical plane which contains said
      optical axis, and said axis of rotation is inclined forwardly and
      downwardly with respect to said optical axis.
NUM  3.
PAR  3. A headlight according to claim 1 wherein said support means for said
      light-projecting means comprises a guide ring mounted on said frame for
      rotation about said axis of rotation and said means for rotating said
      light-projecting means includes gear teeth carried by said guide ring and
      a driving pinion meshing with said gear teeth.
NUM  4.
PAR  4. A headlight according to claim 1 wherein said operative means is
      responsive to the centrifugal force produced when the vehicle makes a
      turn.
NUM  5.
PAR  5. A headlight according to claim 4 wherein said operative means includes a
      weight slidably mounted with respect to said frame, and resilient means
      for resisting the movement of said weight under the influence of
      centrifugal force.
NUM  6.
PAR  6. A headlight according to claim 5 including locking means for maintaining
      said weight against movement when the vehicle is traveling along a
      straight path.
NUM  7.
PAR  7. A headlight according to claim 5 including a rack movable linearly with
      said weight, and wherein said resilient means resist movement of said
      weight in a manner such that the distance through which said rack moves is
      proportional to the centrifugal force applied to said weight during a turn
      of the vehicle.
NUM  8.
PAR  8. A headlight according to claim 5 including two racks movable linearly
      with said weight, and wherein said means for rotating said
      light-projecting means includes a transmission cooperable with each of
      said racks, and means for disengaging one of said transmissions when the
      vehicle makes a turn.
NUM  9.
PAR  9. A headlight according to claim 8 wherein said disengaging means includes
      an arcuate cam fixed with respect to the vehicle body, the center of
      curvature of said cam lying on the pivot axis of the vehicle handlebars,
      and a pair of follower rollers engaging said cam, each of said follower
      rollers being allocated to one of said transmissions.
NUM  10.
PAR  10. A headlight according to claim 9 including an additional arcuate cam
      fixed with respect to the vehicle body, the center of curvature of said
      additional cam lying on the pivot axis of the vehicle handlebars, locking
      means for maintaining said weight against movement when the vehicle is
      traveling along a straight path, and means for releasing said locking
      means when the vehicle handlebars are turned, said releasing means
      including a follower roller engaging said additional cam.
NUM  11.
PAR  11. A headlight according to claim 1 wherein said operative means includes
      a potentiometer, means for adjusting the value of said potentiometer in
      accordance with the degree of inclination of the vehicle, a motor, and
      electric circuit means for rotating said motor an amount dependent upon
      the adjustment of said potentiometer.
NUM  12.
PAR  12. A headlight according to claim 11 wherein said motor is a reversible
      D.C. motor, and including means responsive to the direction in which the
      vehicle handlebars turn for determining the direction of rotation of said
      motor.
NUM  13.
PAR  13. A headlight according to claim 12 including a reference potentiometer
      arranged to be adjusted by said motor, and wherein said means for rotating
      said motor comprises an electric circuit including both of said
      potentiometers and means for energizing said motor until said
      potentiometers reach equilibrium.
NUM  14.
PAR  14. A headlight according to claim 11 including a member pivotable with the
      vehicle handlebars, and switch means operable by said member for changing
      the polarity of said potentiometer.
NUM  15.
PAR  15. A headlight according to claim 11 including a switch for shifting said
      headlight between a main beam and a dipped beam, and means responsive to
      said switch for controlling the power supply to said electric circuit
      means.
NUM  16.
PAR  16. A headlight according to claim 11 wherein said operative means includes
      a weight slidably mounted with respect to said frame, locking means for
      maintaining said weight against movement when the vehicle is traveling
      along a straight path, and electromagnetic means responsive to turning of
      the vehicle handlebars for releasing said locking means.
NUM  17.
PAR  17. A headlight according to claim 16 including a circuit having a switch
      for controlling energization of said electromagnetic means, and a member
      pivotable with the vehicle handlebars for operating said switch.
NUM  18.
PAR  18. A headlight according to claim 17 including an auxiliary switch for
      controlling energization of said electromagnetic means, said switch being
      operable in response to the presence or absence of said weight in the
      position it occupies when not acted upon by centrifugal force.
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PAL  A foldable reflecting screen for taking photos and the like comprising a
      carrying skeleton defining an inner space of parabolic cross section
      having a base rectangular frame and which is formed of members which are
      articulated to each other and of members which can be connected to each
      other by disengageable means so that the skeleton components can be partly
      disassembled and partly folded so as to occupy a minimum space or
      according to an opposite sequence of operations can be brought in their
      use position, and of an outer covering which comprises a first portion
      made of flexible, opaque sheet material having a white inner surface and a
      dark outer surface and designed to cover the parabolic surface defined by
      said skeleton, and a second portion made of translucent flexible material
      to screen the rectangular base of said skeleton and which is at least
      disconnectably connected with the first portion along their edges said
      base frame comprising two side rods and cross members, near the ends of
      said longitudinal rods of the rectangular frame and at least on one
      intermediate point first fittings being provided to disassemblably receive
      the ends of said cross members and other fittings to disassemblably
      receive the ends of curved centering parabolic rods.
BSUM
PAR  The present invention relates to a diffused light reflecting screen to
      obtain light effects, as photos and the like have to be taken, said screen
      being able to be rapidly folded so as to occupy a minimum space and can be
      also easily unfolded to be brought in its use condition. Said device is
      substantially constituted of a partially foldable and partially
      disassemblable skeleton, and of flexible covering wall which is made of
      plastics, preferably an opaque fabric of synthetic fibres having an inner
      white surface and an outer dark surface, while the wall or screen through
      which pass the rays of light supplied from at least one inner source is
      translucent, or opaline so as to transmit a diffused light therethrough.
PAR  The carrying structure or supporting skeleton comprises a rectangular base
      frame, the longitudinal sides of which are each constituted of a single
      rod and connected to the another by composite cross members i.e. two end
      cross members and at least one intermediate cross member, all said cross
      members being formed of at least three sections, the central section of
      which is disassemblably connected to the end sections. Said skeleton also
      comprises a central upper longitudinal beam on which two sliding bodies
      are slidably mounted, which are each connected respectively to the ends of
      the two longitudinal rods of the base frame by means of a pair of
      double-hinged arms, the axes of said hinges being so positioned as to
      allow the corresponding sliding body to slide along the longitudinal
      central beam so as to cause the two longitudinal rods to move one towards
      the other, after the intermediate sections of the cross members having
      been disassembled so that the said skeleton can be folded so as to occupy
      a minimum space and in this folded condition it may be easily transported
      or stored, or according to an opposite sequence of operations, the
      longitudinal rods can be moved away from one another up to attain their
      predetermined spacing. At the points where the end sections of the cross
      members are connected to the longitudinal rods guiding and fitting means
      are provided to receive the ends of curved centering rods the ends of
      which can be locked by spring locking means and which define together with
      the base frame an inner space having a parabolic cross section and which
      is closed by a covering wall made of an opaque, flexible sheet material
      having a white inner surface and a, preferably, black outer surface. Said
      space is thus defined by a reflecting surface of a conventional parabolic
      shape, on the focal line of which at least a lamp is removably mounted
      which can be supported, through suitable means, by the central upper beam.
      On the contrary the lower opening of said cavity is closed by a
      translucent flexible sheet releasably attached to at least three of the
      peripheral edges of the covering by means of releasable connecting means.
PAR  This invention provides a foldable reflecting device which can be assembled
      by any unskilled person without the use of any tool and which can be also
      readily disassembled.
DRWD
PAR  The accompanying drawings show, merely by way of example and without
      limiting the invention, an embodiment thereof; in the drawings:
PAR  FIG. 1 is a diagrammatic perspective view, taken from below, of the
      assembled device just before the positioning and locking of the lower
      translucent screen wall;
PAR  FIG. 2 is a plan view, partly broken away, of the foldable skeleton, as the
      folding phase is just begun or as the unfolding phase is being to be
      completed; in this Figure the fittings for the curved centering rods have
      been omitted; and
PAR  FIG. 3 is a perspective diagrammatic view of the detail of the corner area
      of the skeleton in its use position.
DETD
PAR  Now referring to the drawings at 1 are marked the longitudinal beams or
      rods which are a part of the carrying skeleton of the reflecting device.
      At the ends and at least at one intermediate point of each longitudinal
      rod 1 the end sections 2 of the cross members are fixedly connected which
      are composed by said end sections 2 and by an intermediate disassemblable
      section 3. The free ends of the sections 2 and 3 are provided with guiding
      sleeves 7 and with spring locking means respectively of an adjustable
      type, which may be, for instance, constituted of a row of notches 4
      arranged on the ends of each section 3 and which are designed to cooperate
      with a locking tooth 5 supported by a strong spring arm 6. Therefore in
      order to cause the rods 1 to approach one another it is sufficient to
      disengage each tooth 5 from the notches 4 letting the central section 3
      move axially until it can come out of engagement of the corresponding
      guiding sleeve 7 of one of the end sections 3, and then letting its other
      end to come out of the other guiding sleeve 7 after having disengaged the
      tooth 5 from the corresponding locking means 4 of the opposite section 2.
      As the skeleton is brought in its work position, it is sufficient to
      insert the ends of the central sections 3 into the sleeves 7 forcing the
      rods 1 to move away from one another, while the teeth snap pass from a
      notch 4 to the other, this locking system being performed according to a
      known solution so that the said locking means 4, 5, 6 enable to readily
      attain the desired extension of the composite cross members 2, 3 and at
      the same time they perform a mutual locking of the sections 2 and 3 in
      their contraction direction, except when it is desired to manually
      disengage the locking teeth acting against the effect of the springs 6,
      from their facing notches.
PAR  At 8 is indicated a strong longitudinal beam preferably of a rectangular
      cross section, and along which are slidably mounted two sliders 9 which
      are made integral with a pair of short side arms 10, each articulated at
      11 to a rod 12 which is in turn, articulated at 13 to another short arm 14
      made integral with the end of the corresponding longitudinal rod 1; the
      pivot axes of the hinges 11 and 13 of each composite arm 10, 12, 14 having
      a double articulation are parallel to one another and are so inclined to
      allow the slider 9 to move along the beam 8 which is located at a level
      higher than that of the rods 1 of the base frame, thus enabling the
      sections 10, 12 and 14 to pass from their coaxial relationship defined by
      stop means 22 and 23, as the carrying skeleton of the device of the
      invention is in its use position (FIGS. 1 and 3 and position of the
      components shown in broken lines at the lower portion of FIG. 2), to the
      position wherein the central sections 12 are substantially parallel to the
      longitudinal rods 1 and to the beam 8, in this position the skeleton
      occupying the minimum space (see the position of the components shown in
      broken lines at the upper portion of the FIG. 2). Of course, in the joint
      points 11 and 13 spherical joints could be also used. At the ends of the
      longitudinal rods 1, preferably where arms 2 are mounted, and at least on
      one intermediate point thereof short arms 15 are fixed forming guiding
      sleeves 16 provided with spring locking means which could be, for
      instance, constituted, as provided in the connection of each section 3 to
      the sections 2, of a tooth 5 mounted on an elastic arm 6, said tooth 5
      being so positioned as to be able to engage one of a row of facing notches
      17 arranged on a curved centering rod 18 so shaped as to define the cross
      section of the inner space of the reflecting device, i.e. a parabolic
      cross section.
PAR  After the curved rods 18 having been mounted on the base frame which has
      been brought in its use position, the carrying skeleton of the reflecting
      device is ready to be used. Then the lamp or lamps are mounted into
      fittings of a disassemblable type (not shown in the drawings) and the
      covering will be then applied about said skeleton; said covering could be
      also permanently connected to at least one of the longitudinal rods 1.
      Said covering is constituted of a parabolic upper portion 19 made of an
      opaque sheet material, as fabric and the like, having a white inner
      surface and a black outer surface and which could be optionally attached
      to the framework through removable fixing means of any suitable type. The
      sheet wall 20 designed to close the lower opening of the skeleton is made
      of a translucent flexible sheet material which could be connected with the
      covering 19 along one of the rods 1 while along the other sides of said
      opening closure means 21, could be provided, as zippers or any other
      equivalent means.
PAR  The carrying skeleton is made preferably of a metal lightweight resistant
      alloy, and is constituted, when possible, of hollow members and with
      eventual portions made of plastics of a resistant and rigid type, while
      the covering is preferably made of a flexible plastic material, of fabric
      or other suitable sheet material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A foldable reflecting screen for taking photos and the like
      characterized by the fact that it is constituted of a carrying skeleton
      defining an inner space of parabolic cross section having a base
      rectangular frame and which is formed of members which are articulated to
      each other and of members which can be connected to each other by
      disengageable means so that the skeleton components can be partly
      disassembled and partly folded so as to occupy a minimum space or
      according to an opposite sequence of operations can be brought in their
      use position, and of an outer covering which comprises a first portion
      made of flexible, opaque sheet material having a white inner surface and a
      dark outer surface and designed to cover the parabolic surface defined by
      said skeleton, and a second portion made of translucent flexible material
      to screen the rectangular base of said skeleton and which is at least
      disconnectably connected with the first portion along their edges, said
      base frame comprising two side rods and cross members, near the ends of
      said longitudinal rods of the rectangular frame and at least on one
      intermediate point first fittings being provided to disassemblably receive
      the ends of said cross members, and other fittings to disassemblably
      receive the ends of curved centering parabolic rods.
NUM  2.
PAR  2. A reflecting screen according to claim 1, wherein the partly foldable
      and partly disassemblable skeleton is constituted of a base rectangular
      frame formed of two longitudinal rods made of a single piece and by three
      composite cross members, each formed by three sections, the central of
      which is disassemblably connected to the other ones which are made
      integral with the longitudinal rods of the said frame, a longitudinal beam
      positioned at a level higher than that of said longitudinal rods being
      carried by the ends of the longitudinal rods of the base frame by two
      pairs of doublehinged arms which are connected respectively to one of two
      sliders slidely mounted on said beam, each of said arms being formed of
      three sections, articulated to each other, the upper end sections being
      integral with the corresponding slider and rod lower end sections being
      integral with said rod ends, while the axes of the hinges connecting the
      adjacent arm sections are so positioned as to allow said sections to be
      arranged either in their aligned relationship or in such a manner that
      their central sections become substantially parallel to the beam and to
      the rods after the sliders being duly slided along said upper beam
      approaching the centre of said beam, stop means being provided adapted to
      define the alignment position of the three sections of each composite arm.
NUM  3.
PAR  3. A reflecting screen according to claim 1, wherein the connections
      between the curved rods and the fittings made integral with the
      longitudinal rods of the base frame and those of the central sections of
      the cross members with the rods are constituted of joints inclunding
      guiding means arranged in the end sections and a row of notches arranged
      in the ends of the disassemblable central section of the cross member or
      the disassemblable curved rods and co-operating with spring locking means,
      manually releasable, thus enabling the sliding and the locking of said
      central sections until the desired position of the rods with respect of
      the end sections thereof fixedly connected to the longitudinal rods.
NUM  4.
PAR  4. A reflecting screen according to claim 1, wherein said first portion of
      said covering is so shaped as to entirely cover the parabolic outer
      surface defined by the skeleton, while the second portion which is
      designed to screen the rectangular base of said skeleton is flexible
      opaline or translucent and is fixedly connected along one longitudinal
      edge to the preceding part, while along the other edges openable closure
      means are provided.
NUM  5.
PAR  5. A reflecting screen according to claim 4, wherein said openable closure
      means comprise zipper means.
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PAL  An improved homodyne receiver for use in wideband optical communications
      systems is disclosed. The invention provides phase-locked homodyne
      reception of non-suppressed carrier or suppressed carrier input signals.
      Novel means are provided in the receiver for generating an error signal to
      provide phase-locked operation in the presence of noise and frequency
      excursions of the received signal.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to wideband communication receivers and more
      specifically to homodyne receivers operable at wavelengths in the
      "optical" region.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the past decode and one-half, many types of communications systems have
      been suggested which use the coherent output of laser oscillators as the
      information carrier. Beginning with the first of such systems which merely
      used amplitude or loss modulation of a laser beam and simple quantum
      detection techniques, such systems have evolved with improvements being
      made to the modulators, detectors, and directing optics of the laser
      beams. The vast spectrum made available by laser communications is, of
      course, well known. At the optical wavelengths of lasers, which includes
      not only the visible region but the infrared region as well, the
      generation of extremely narrow beams is highly conservative of the
      transmitted energy and at the same time provides a great deal of spatial
      security against undesired reception.
PAR  While the potential of wideband laser communication appeared virtually
      limitless, the availability of components necessary to realize such
      systems was limited. Over the intervening years, a great number of laser
      communication systems have been proposed, constructed, and operated.
      Because of the many advantages enjoyed by lasers utilizing carbon dioxide
      as the active laser medium, they have been the focus of much recent
      attention. The improvements which have made such communications systems
      possible have included the development of highly reliable CO.sub.2 lasers,
      the development of wideband optical modulators, the development of
      efficient wideband detectors, and the development of suitable optical
      components and subsystems.
PAR  Borrowing heavily from the radio frequency art, the receivers which have
      been proposed for use with such CO.sub.2 laser communications systems have
      generally operated on the so-called heterodyne principle in which the
      incoming optical signal is mixed with the coherent output of a local
      oscillator to produce a difference or intermediate frequency generally at
      RF. This RF intermediate frequency is then processed using relatively
      straightforward RF techniques.
PAR  While the advantages of receivers operating on the homodyne principle have
      been recognized at optical wavelengths for some time, a practical
      implementation of such a receiving system has not been available. The
      advantages of optical homodyne receivers include a theoretical three
      decibel improvement in noise performance over the heterodyne method. In
      contrast to the heterodyne receiver, the homodyne receiver also makes
      fuller, and therefore more efficient, use of the bandwidth of the optical
      detector. That is, for a given detector bandwidth, the homodyne receiver
      can accept modulation frequencies on the order of three or four times
      higher than those which the heterodyne receiver can accept. And, since the
      optical detector bandwidth is an important technical system constraint,
      homodyne detection offers a significant advantage in system performance
      over heterodyne detection.
PAR  It is, therefore, a general object of the present invention to provide a
      homodyne receiver operable at optical wavelengths.
PAR  It is another object of the present invention to provide an optical
      homodyne receiver capable of being phase-locked to the received signal
      over a wide range of carrier frequencies.
PAR  By way of review, homodyne detection represents a somewhat degenerate case
      of heterodyne detection in which the local oscillator of the receiver is
      at the same frequency as the received signal carrier. In other words, the
      homodyne receiver is much like a heterodyne receiver having an
      intermediate frequency (IF) of zero Hertz. Also, in the context of the
      present invention, the phase of the incoming carrier and the phase of the
      local oscillator must be substantially in phase or antiphase at the
      optical detector. Precise phase alignment on the order of a few degrees,
      of course, requires a phase-tracking loop in the optical receiver.
      Furthermore, this phase-tracking loop must have a substantial bandwidth in
      order to maintain lock on received signals which quite often are
      characterized by undesirable frequency excursions.
PAR  Communication between moving vehicles or between a fixed station and a
      moving vehicle, for example, requires a wide range tracking loop for
      Doppler shift compensation. In addition, noise in the form of unwanted
      excursions of the frequency of the received signal or the receiver local
      oscillator itself requires a tracking loop with wideband response
      characteristics.
PAR  It is, therefore, another object of the present invention to provide a
      phase-locked optical homodyne receiver having the capability to track a
      wide range of incoming carrier frequencies.
PAR  As mentioned, proper operation of a homodyne receiver as contemplated
      herein requires that the local oscillator signal be precisely at the
      frequency of the received signal carrier and either in phase of
      180.degree. out of phase with it. The primary reason that optical homodyne
      receivers have not been employed in the past centers on the fact that no
      suitable means has been available for generating an error signal which can
      be used to provide this phase locking. More fundamentally, this difficulty
      is rooted in the fact that while the output of an optical homodyne
      detector contains a DC term proportional to the cosine of the phase
      difference between the carrier and the local oscillator, this phase error
      signal cannot be distinguished from the other DC components of the
      detector output. In addition, the phase error signal is immersed in other
      low frequency noise components such as those generated by the so-called
      "local oscillator-cross-local oscillator" products, amplifier noise, and
      "1/f" noise and is therefore unsuitable for precise phase tracking.
PAR  It is therefore another object of the present invention to provide an
      optical homodyne receiver having novel means for generating and detecting
      phase error in a phase-locked loop.
PAC  SUMMARY OF THE INVENTION
PAR  In keeping with the principles of the present invention, the technique for
      generating the phase error signal consists of "marking" the received
      optical input signal with an identifying modulation before it is combined
      with the local oscillator signal prior to the input of the optical
      detector. The phase error signal is thereafter recovered from the optical
      detector output at this locally-generated modulation frequency.
PAR  In a first embodiment, the received optical input signal is phase modulated
      by an electro-optic modulator driven by means of a relatively low
      frequency modulation oscillator. The phase modulated input signal is then
      added optically to the local oscillator signal and the combined signals
      coupled to the input of an optical detector. The detected video output is
      amplified in a video amplifier which suppresses the DC and low-frequency
      components while amplifying the information and error signal components. A
      portion of the output from the video amplifier is coupled through a
      bandpass filter tuned to the frequency of the modulation oscillator. The
      error signal component and a portion of the output of the modulation
      oscillator are then compared in a phase detector, used as a synchronous AM
      detector, which provides the signal which controls the frequency and phase
      of the laser local oscillator.
PAR  In a second embodiment of the invention suitable for use with suppressed
      carrier optical input signals, the marking is accomplished by means of a
      phase modulator inserted in the signal path as before. The error signal
      component is therefore superimposed upon the envelope of the modulated
      portion of the received signal. An envelope detector is utilized at the
      output of the video amplifier following the optical detector in order to
      recover the amplitude modulated error signal component. The amplitude
      modulated error signal component and a portion of the output of the
      modulation oscillator are again compared to furnish the control signal for
      the tunable laser local oscillator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be clearly understood and readily carried
      into effect, it will now be described with reference by way of example to
      the accompanying drawings wherein like reference numerals correspond to
      like structural elements and in which:
PAR  FIG. 1 is a block diagram of a first embodiment of the present invention;
      and
PAR  FIG. 2 is a block diagram of a second embodiment of the present invention
      suitable for the reception of suppressed carrier signals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more specifically to the drawings, there is shown in FIG. 1 a
      block diagram of a first preferred embodiment of the present invention. An
      input signal at optical wavelengths, which is meant to include the
      infrared region of the spectrum, is applied to the receive optics 10. The
      receive optics typically includes telescope or other beam collimating
      means and, where appropriate, electromechanical scanning and/or beam
      directing means for acquiring and tracking the incoming signals.
PAR  In modern laser communications systems the received signal consists of an
      optical carrier modulated by information-bearing modulation components
      extending over many tens or hundreds of megahertz. A preferred modulation
      format for which the present embodiment is well adapted is wideband
      amplitude modulation and more specifically biphase modulation with a
      residual carrier. The suppressed carrier format will be mentioned in
      connection with the embodiment of FIG. 2. As mentioned hereinabove, it may
      also be assumed in connection with the present embodiment that the optical
      wavelength of the incoming carrier is in the region of 10.6 microns. This
      corresponds, of course, to a preferred transition of the CO.sub.2 laser
      which, as noted above, is commonly employed in such communications
      systems. It is to be understood, however, that the choice of such an
      operating wavelength is merely exemplary and that other lasers operating
      on other wavelengths can be used with suitable modifications to the
      components of the embodiments to be described.
PAR  Returning to the description of the embodiment of FIG. 1, the optical input
      signal is transmitted through a phase modulator 11 and a beam combiner 12
      to the input of an optical detector 13. A tunable laser local oscillator
      14 also of the CO.sub.2 type operating on the same transition and at a
      nominal wavelength corresponding to that of the carrier of the input
      signal is provided. The output of the tunable laser local oscillator 14 is
      combined with the phase modulated input signal by means of a beam combiner
      12. Beam combiner 12, which can comprise a beam-splitting mirror or other
      suitable device, spatially combines the phase modulated input signal with
      the local oscillator beam. If the two beams are spatially well aligned,
      optical interference will take place on the photodetector surface of
      optical detector 13.
PAR  Phase modulator 11, which can conveniently comprise an electro-optic
      modulator of conventional design and suitable for the frequencies of
      interest, is driven by means of a modulation oscillator 15 coupled through
      a modulator driver 16. In a practical embodiment, the modulation
      oscillator 15 comprises a 12.5 megahertz crystal oscillator and modulator
      driver 16 comprises a narrow band tuned transistor amplifier. A portion of
      the output of modulation oscillator 15 is also coupled to a phase
      adjustment circuit 17 to one input of a phase detector 18.
PAR  The output of optical detector 13 is coupled to a wideband video amplifier
      19 having a response characteristic which matches the bandwidth of the
      baseband information containing components of the input signal. Typically,
      the response of the video amplifier 19 does not include the DC and
      low-frequency components discussed above but does extend to an upper
      cutoff frequency of several hundred megahertz.
PAR  The output of video amplifier 19 comprises the signal or video output of
      the homodyne receiver of FIG. 1. This output signal is supplied to
      appropriate utilization devices not shown for demultiplexing,
      demodulating, and decoding the modulation components of the received
      signals, as required. A portion of the video output from video amplifier
      19 is coupled to an AGC detector 20 and through an AGC filter and
      amplifier 21 to the AGC input of video amplifier 19.
PAR  Another portion of the output from video amplifier 19 is coupled through a
      bandpass amplifier 22 which is tuned to the frequency of modulation
      oscillator 15. The output of bandpass amplifier 22 is, in turn, coupled to
      the second input of phase detector 18. The output of phase detector 18 is
      coupled to a compensation network 23 to the control input of the tunable
      laser local oscillator 14.
PAR  In operation, the incoming optical signal is applied to receive optics 10
      and directed through phase modulator 11 and beam combiner 12. The beam
      from tunable laser local oscillator 14 is also applied to beam combiner 12
      and the superimposed signal and local oscillator beams in turn coupled to
      optical detector 13. In an experimental embodiment, phase modulator 11 was
      adjusted to provide a phase deviation of on the order of 10 milliradians
      at a frequency of 12.5 megahertz. In a practical embodiment, however, a
      phase deviation of one hundred or more milliradians is desirable for
      optimum signal-to-noise ratio for phase tracking.
PAR  The output of optical detector 13 is amplified by the AC-coupled wideband
      video amplifier 19. As mentioned hereinabove, a low-frequency cutoff is
      provided for this amplifier to suppress the DC and low-frequency
      components. The video baseband signal is then coupled out of the video
      amplifier 19 to the radio frequency utilization circuitry not shown. A
      portion of the output signal is also taken from video amplifier 19 and
      detected and filtered to provide the AGC bias for the video amplifier.
PAR  The low frequency cutoff of video amplifier 19 should be chosen high enough
      to suppress the so-called "1/f noise" and the local oscillator-cross-local
      oscillator products, so that the receiver noise performance is largely
      determined by the local oscillator shot noise. At the same time the
      low-frequency cutoff should be sufficiently low to pass the significant
      frequency components of the signal modulation and also to pass the
      frequency of the modulation oscillator. The precise choice of this cutoff
      frequency depends upon the details of the particular signal modulation
      received and upon the frequency of the phase modulation superimposed on
      the laser local oscillator. In a 300 megabit per second biphase-modulated
      system, for example, a lower cutoff frequency of 1 megahertz and an upper
      cutoff frequency on the order of 200 megahertz or more should prove
      satisfactory.
PAR  Returning now to the operation of the homodyne receiver of FIG. 1, the
      portion of the output of video amplifier 19 coupled through bandpass
      amplifier 20 is synchronously detected with respect to a suitably phase
      shifted portion of the output from modulation oscillator 15. The output of
      phase detector 18 is filtered and amplified as necessary in compensation
      network 23 and applied to the tuning element of laser local oscillator 14
      to control its frequency and phase. The phase adjustment circuit 17 serves
      to compensate for fixed phase shifts in bandpass amplifier 22 and the
      other circuitry so that the inputs to the phase detector will have the
      desired nominal phase relation for the type phase detector utilized.
PAR  A tunable laser local oscillator suitable for use in the present invention
      is disclosed in my copending application entitled "Tunable Laser
      Oscillator," Ser. No. 564,569,  filed Apr. 2, 1975,  and assigned to the
      present assignee. That application describes the manner in which wide
      range, wideband tuning can be achieved.
PAR  The bandwidth of bandpass amplifier 22 should be large relative to the
      bandwidth of the phase control loop so that amplifier 22 is able to pass
      the frequencies required to obtain the desired loop dynamic response. In
      general, it is also advantageous to provide sufficient gain in amplifier
      22 to minimize the effects of phase detector offset and the DC gain needed
      in the compensation network 23. In practice, a reasonable bandwidth for
      the phase control loop is on the order of 100 kilohertz. Such a control
      loop bandwidth is expected to be sufficient to "wipe off" the phase noise
      in the received signal and in the receiver local oscillator signal. With
      this loop bandwidth the corresponding bandwidth of bandpass amplifier 22
      would be at least several hundred kilohertz. As mentioned hereinabove, the
      frequency of modulation oscillator 15 in an experimental embodiment was
      selected as 12.5 megahertz. Lower or higher phase modulator frequencies
      can be employed with corresponding modifications to the other circuit
      components.
PAR  One limitation of the phase-locked optical homodyne receiver of FIG. 1 is
      that a residual carrier must be provided at the optical transmitter in
      order to provide the proper generation of the phase error signal in the
      manner described. If, as is generally the case, the peak deviation of the
      phase modulator is to be kept as small as possible, a significant amount
      of the total transmitted power must be kept in the carrier with a
      consequent reduction in the amount of power available for the modulation
      components. For these reasons, a receiver design which would provide a
      suitable phase error signal from a suppressed-carrier optical signal is
      desirable. Such a homodyne receiver is shown in the block diagram of FIG.
      2.
PAR  The embodiment of FIG. 2 is similar to that of FIG. 1 with the exception
      that a wideband detector 31 is employed at the output of video amplifier
      19. This detector is placed between the wideband video amplifier output
      and the input to bandpass amplifier 22 in the phase control loop. In
      practice, detector 31 can be either half-wave or full-wave. A full-wave
      linear envelope detector, however, is preferred since its use results in a
      reduction in the "modulation noise" from the modulation components of the
      signal which may incidentally be coupled into the phase control loop.
      Detector 31 may also be utilized as the AGC detector thereby assuring that
      the receiver gain will be maintained so as to provide the proper signal
      level at the signal output port and that the phase control loop gain will
      be maintained at or very near to its design value. As an alternative, a
      separate AGC detector can be used as shown in the embodiment of FIG. 1.
PAR  It is seen that the essence of the embodiment of FIG. 2 is the addition of
      wideband detector 31 to extract the error signal carrier from the
      modulation superimposed on the envelope of the output signal from video
      amplifier 19. This envelope detection is the means by which the desired AM
      is recovered from the portion of the received signal which is passed by
      video amplifier 19. Thus, all of the signal modulation plays a role in
      generation of the error signal carrier. It follows, therefore, that the
      error signal carrier can be recovered without requiring that an excessive
      portion of the transmitted signal be present as signal carrier. In fact,
      suppressed carrier operation is preferable as it makes full use of the
      transmitted power for the information sidebands and provides the largest
      possible error signal carrier for a given peak phase deviation in phase
      modulator 11.
PAR  Another significant advantage of recovering the error signal carrier from
      the envelope of the modulated signal is that when digital data are
      transmitted in a biphase modulation format, the resulting fluctuations in
      the envelope of the signal at the output of detector 31 are much smaller
      than the fluctuations in the signal at the output of the video amplifier.
      It follows from this fact that the modulation noise at the output of
      detector 31 is greatly reduced relative to that at its input, thereby
      reducing any modulation noise which is incidentally coupled into the
      phase-control loop.
PAR  In the embodiments of FIGS. 1 and 2 the phase modulator 11 is shown in the
      optical input signal path. It should be noted that it is also possible to
      place the phase modulator in the path between the output of tunable laser
      local oscillator 14 and beam combiner 12. As a matter of practice,
      however, the phase modulator may give rise to incidental amplitude
      modulation accompanying the desired phase modulation. If the phase
      modulator is disposed in the local oscillator path, this incidental
      amplitude modulation may result in undesirable spurious modulation
      products in the phase control loop error signal.
PAR  In all cases, however, it is understood that the above-described
      embodiments are merely illustrative of but two of the many possible
      specific embodiments which can represent applications of the principles of
      the present invention. Numerous and varied other arrangements can be
      readily devised in accordance with these principles by those skilled in
      the art without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase-locked optical homodyne receiver comprising, in combination:
PA1  means for receiving an optical input signal, said input signal being
      characterized by a carrier frequency and information-containing modulation
      components;
PA1  controllable means for generating an optical local oscillator signal having
      substantially the same frequency as said carrier frequency;
PA1  modulating means for phase modulating one of said signals with a reference
      modulation signal having a frequency which is substantially low compared
      to said carrier frequency;
PA1  means for combining said phase-modulated signal with the other of said
      signals;
PA1  means for optically detecting said combined signals;
PA1  means for deriving an output signal from said optically detected signals;
      and
PA1  means for synchronously detecting said output signal by providing an error
      signal responsive to said reference modulation signal at said reference
      frequency and a portion of said output signal, said error signal coupled
      to said local oscillator signal generating means to maintain said local
      oscillator signal and said carrier in phase synchronism.
NUM  2.
PAR  2. A phase-locked optical homodyne receiver comprising, in combination:
PA1  means for receiving an optical input signal, said signal being
      characterized by a carrier and at least one sideband;
PA1  controllable means for generating an optical local oscillator signal having
      substantially the same frequency as said carrier;
PA1  modulating means for phase modulating said input signal with a reference
      modulation signal having a frequency which is substantially low compared
      to said carrier frequency;
PA1  means for combining the phase modulated input signal and said local
      oscillator signal;
PA1  means for optically detecting said combined signals;
PA1  means for deriving an output signal from said optically detected signals;
      and
PA1  means for synchronously detecting said output signal by providing an error
      signal responsive to said reference modulation signal at said reference
      frequency and a portion of said output signal, said error signal coupled
      to said local oscillator signal generating means to maintain said local
      oscillator signal and said carrier in phase synchronism.
NUM  3.
PAR  3. The receiver according to claim 2 wherein said local oscillator signal
      generating means comprises a tunable laser oscillator.
NUM  4.
PAR  4. The receiver according to claim 2 wherein said modulating means includes
      a modulation oscillator and an electro-optic phase modulator.
NUM  5.
PAR  5. The receiver according to claim 2 wherein said combining means comprises
      a beam-spltting mirror.
NUM  6.
PAR  6. The receiver according to claim 2 wherein said means for deriving an
      output signal comprises an amplifier.
NUM  7.
PAR  7. A phase-locked optical homodyne receiver comprising, in combination:
PA1  means for receiving an optical input signal, said signal characterized by a
      suppressed carrier of a given frequency and at least one sideband;
PA1  means for phase modulating said input signal with a reference modulation
      signal having a frequency which is substantially low with respect to said
      given frequency;
PA1  controllable means for generating an optical local oscillator signal having
      substantially the same frequency as said given frequency;
PA1  means for combining said phase-modulated input signal with said local
      oscillator signal;
PA1  means for optically detecting said combined signals;
PA1  means for deriving an output signal from said optically detected signals;
PA1  means for envelope detecting a portion of said video output signal; and
PA1  means for synchronously detecting said output signal by providing an error
      signal responsive to said reference modulation signal at said reference
      frequency and the output signal of said envelope detecting means, said
      error signal coupled to said local oscillator signal generating means to
      maintain said local oscillator signal and said suppressed carrier in phase
      synchronism.
NUM  8.
PAR  8. The receiver according to claim 7 wherein said local oscillator signal
      generating means comprises a tunable laser oscillator.
NUM  9.
PAR  9. The receiver according to claim 7 wherein said modulating means includes
      a modulation oscillator and an electro-optic phase modulator.
NUM  10.
PAR  10. The receiver according to claim 7 wherein said combining means
      comprises a beam-splitting mirror.
NUM  11.
PAR  11. The receiver according to claim 7 wherein said means for deriving a
      video output signal comprises an amplifier.
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ABST
PAL  A device for measuring an angular deviation by a space-time modulated
      heterodyne detection comprising a coherent optical radiation transmitter
      pointed at a target, a local transmitter of a coherent optical radiation
      having the same wavelength as the preceding radiation, a photovoltaic
      detector, means for focussing at a point on said detector the radiation
      reflected by the target, and means for converting the radiation of the
      local transmitter into a parallel beam and causing said parallel beam to
      impinge perpendicularly on the surface of said detector, wherein the means
      for space-time modulating the heterodyne detection are interposed in the
      path of the radiation from the local transmitter.
BSUM
PAR  The present invention relates to a device for measuring an angular
      deviation, or a deviationmeter, employing heterodyne detection.
PAR  The heterodyne detector is an apparatus comprising a photovoltaic detector
      which receives simultaneously a coherent signal radiation beam of small
      amplitude and frequency f.sub.1 and a coherent radiation beam of greater
      amplitude and frequency f.sub.2 coming from a local oscillator usually
      constituted by a carbonic gas laser. The photovoltaic detector delivers a
      current which results from the mixture of the two incident radiations with
      a frequency equal to f.sub.1 -f.sub.2 and an amplitude which is
      proportional to the product of the amplitudes of the incident radiations.
PAR  Such a heterodyne detector may be employed for following a mobile target
      with a scanning beam and a local beam having strictly the same wavelength.
      The frequency of the signal transmitted by the target is modified by the
      radial velocity of the target by the Doppler effect so that the output
      signal of the photovoltaic detector contains information on the velocity
      of the target. The radiation reflected by the target constitutes the
      signal, the target being previously brought into the field of reception of
      the photovoltaic detector by direct aiming and manual centering. Although
      known mechanical aiming devices afford good possibilities of precision,
      the precision that an analysis effected by scanning can afford is limited
      and a measurement of the deviation thus achieved does not employ to the
      full the possibilities of the laser radiation.
PAR  Modulation of the incident signal has also been envisaged, for example by
      causing the beam reflected by the target to undergo a rotation about an
      axis and by causing the reflected radiation, thus caused to rotate, to
      impinge on a photovoltaic detector of particular type so that the image of
      the target, in the course of its rotation in the plane of the detector
      passes through a detector surface a plurality of times so that the output
      signal of the photovoltaic detector is modulated as a function of the
      effective position of the target with respect to the aiming axis. This
      system has the drawback of requiring means for rotating the beam reflected
      by the target and is moreover, very sensitive to the actual form of the
      target. The photovoltaic detector must also have a particular form.
PAR  An object of the present invention is to eliminate these drawbacks by means
      of a device in which the signal beam is not treated, the output signal of
      the photovoltaic detector being substantially independent of the form of
      the target.
PAR  For this purpose the invention provides a device wherein the means for
      space-time modulating the heterodyne detection are interposed in the path
      of the radiation from the local transmitter. Preferably, this modulation
      is such that it affords, after heterodyne detection, a frequency-modulated
      video signal.
PAR  The space-time modulating means may be mechanical, electro-optical,
      acousto-optical. There may also be employed a modulation of the transverse
      modes of the local emitter. In the case of mechanical means, there is
      preferably employed a grid formed by alternately transparent and opaque
      sectors which undergo a circular movement of translation.
PAR  As the production of the output signal by the photovoltaic detector
      requires the simultaneous presence of the incident signal and the local
      beam the modulation of the latter permits a precise modulation of the
      signal received by the photovoltaic detector, with no need to give to the
      detector a particular form.
PAR  The device according to the invention may be employed in association with
      appropriate systems of electromechanical means to which the output signal
      of the detector is transmitted to perform the tasks of observation,
      plotting, and automatic aiming on rapid mobile targets, these targets
      being cooperative or, on the contrary, passive etc. . . .
DRWD
PAR  The invention will be understood from the ensuing description with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagram of the principle of one embodiment of the device
      according to the invention;
PAR  FIG. 2 represents the superimposition, in the plane of the detector, of the
      two radiations received simultaneously in respect of the device shown in
      FIG. 1.
DETD
PAR  In the illustrated embodiment, a first coherent radiation transmitter 1
      transmits a radiation 2 which is reflected on a planar mirror 3. The
      reflected radiation 4 encounters a semi-reflecting surface 5 which allows
      through a part of said radiation 4 and reflects the other part thus
      forming the radiation 6 which is directed toward the mobile target (not
      shown). Upon contact with suitable reflectors placed on the target, the
      radiation 6 is reflected onto itself and returns 6a to impinge on the
      semi-reflecting mirror 5. The useful part of this reflected radiation is
      that which passes through the mirror 5 and is propagated in the beam 7
      through optical elements 8 and 9 and a semi-reflecting mirror 10 to a
      radiation detector 11. The optical elements 8 and 9 are such that the
      radiation reflected on the mobile target is focussed at a single point in
      the plane of the surface of the detector. The radiation detector 11 also
      receives on its sensitive surface the radiation transmitted by a local
      radiation transmitter 12. The latter transmits a radiation 13 which has a
      wavelength strictly identical to the wavelength of the radiation
      transmitted by the transmitter 1, this being for example easily obtained
      by known means and in particular those described in French Pat. No.
      2,070,473. The transmitted radiation 13 passes through optical elements 14
      and 15 which are such that said radiation is converted into a beam of
      parallel rays 16. This beam of parallel rays encounters in succession a
      diaphragm 17, a modulator 18 and the semi-transparent mirror 10 which
      reflects the useful part of said beam 16 onto the sensitive surface of the
      radiation detector 11.
PAR  In the plane of the surface of the detector 11 the radiations received are
      as shown in FIG. 2. In this Figure, the radiation reflected on the mobile
      target is represented by the spot 30 and the radiation transmitted by the
      local transmitter 12 is defined by the image 31 of the diaphragm 17.
      Within this image 31 there is reproduced, at a given instant, the image of
      the portion of the modulator 18 located in the path of the radiation beam
      16. This modulator is of a well-known type comprising sectors which are
      alternately transparent and opaque to said radiation and undergo a
      circular movement of translation.
PAR  Owing to the speed of displacement of the mobile target, the laser beam
      which impinges on the sensitive surface after having been reflected on the
      mobile target, has acquired by the Doppler effect a new frequency f.sub.2
      which is different from the frequency f.sub.1 of transmission common to
      the two generators 1 and 12. In the region in which the image 30 of the
      target is formed on the sensitive surface of the element 11 there is
      produced, solely when this region simultaneously receives the flux of the
      local laser, a frequency change which has for result to produce a signal
      of frequency f.sub.1 -f.sub.2. This frequency f.sub.1 -f.sub.2 is a
      function of the radial velocity of the target and may reach high values.
      By way of example, if the mobile target is constituted by a jet aircraft
      viewed from the front, the frequency f.sub.1 -f.sub.2 may reach 70 MHz by
      employing as generators 1 and 12 laser transmitters whose radiation is
      constituted by coherent waves of 10.6 microns.
PAR  This signal of frequency f.sub.1 -f.sub.2 is received at the output
      terminal 9 of the detector 11, which terminal is connected to the input
      terminal 20 of a pre-amplifier 21. The output terminal 22 of this
      pre-amplifier 21 is connected to the input terminal 23 of a detector 24
      whose output terminal 25 is connected to the input terminal 26 of a
      computer unit 27. Received at the output terminals 28 and 29 of the
      computer unit 27 are two voltages indicative of the exact position of the
      mobile target. These two terminals 28 and 29 are the output terminals of
      the device according to the invention.
PAR  In the described embodiment, the mechanical modulator acts to cyclically
      mask the focussed image of the mobile target. It has for effect to permit
      or interrupt the heterodyne detection due to the presence of this image on
      the cell. The output current of the cell is therefore, in its main
      component, a high-frequency alternating current obtained by heterodyne
      detection modulated by a low-frequency subcarrier wave which is related to
      the cyclic movement imparted to the modulator and frequency modulated by
      the circular translation of the modulator.
PAR  It is moreover known how to design the grid so that it is capable of
      ensuring a null value at the angular threshold of indetermination of the
      position of the spot focussed onto the sensitive surface of the cell and
      also capable of ensuring a good protection against noise and giving the
      quasi-linear measurement of the deviation of the spot and therefore the
      true angular deviation between the aiming axis of the device and the
      direction of the target.
PAR  The device according to the invention has the improved qualities of high
      sensitivity resulting from the heterodyne effect of the detection. It will
      be understood that any other suitable system for modulating the local beam
      may be employed.
PAR  The device according to the invention is of utility in many applications:
      the simple location of a moving target, a location with automatic aiming,
      telemetry and remote-control. In all these applications the use of the
      device according to the invention affords many advantages, the main one of
      which is high sensitivity due to the gain afforded by the frequency
      change. It is also very advantageous to be able to obtain by means of the
      device according to the invention a measurement of the radial velocity of
      the target jointly with the measurement of the distance of said target.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for measuring an angular deviation by a space-time modulated
      heterodyne detection comprising a coherent optical radiation transmitter
      pointed at a target, a local transmitter of a coherent optical radiation
      having the same wavelength as the preceding radiation, a photovoltaic
      detector, means for focussing at a point on said detector the radiation
      reflected by the target, and means for converting the radiation of the
      local transmitter into a beam of parallel rays and causing said beam of
      parallel rays to impinge perpendicularly on the surface of said detector,
      wherein the means for space-time modulating the heterodyne detection are
      interposed in the path of the radiation from the local transmitter.
NUM  2.
PAR  2. A device according to the claim 1, wherein said space-time modulation is
      a frequency modulation.
NUM  3.
PAR  3. A device according to the claim 1, wherein the space-time modulation
      means are mechanical.
NUM  4.
PAR  4. A device according to the claim 1, wherein the space-time modulating
      means comprise means for modulating the transverse modes of the local
      transmitter.
NUM  5.
PAR  5. A device according to the claim 3, wherein the modulating means comprise
      alternately transparent and opaque sectors undergoing a circular movement
      of translation.
NUM  6.
PAR  6. A device for measuring an angular deviation by a space-time modulated
      heterodyne detection comprising a coherent optical radiation transmitter
      pointed at a target, a local transmitter of a coherent optical radiation
      having the same wavelength as the preceding radiation, a photovoltaic
      detector, means for focussing at a point on said detector the radiation
      reflected by the target, and means for converting the radiation of the
      local transmitter into a beam of parallel rays and causing said parallel
      beam to impinge perpendicularly on the surface of said detector, wherein
      the means for space-time modulating the heterodyne detection are
      interposed in the path of the radiation from the local transmitter, said
      space-time modulating means comprising mechanical frequency modulation
      means for modulating the transverse modes of the local transmitter, said
      modulating means having alternately transparent and opaque sectors
      undergoing circular movement of translation.
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PAL  An illustrative embodiment of the invention includes methods for
      linearizing the gain of borehole gamma ray energy measurement apparatus. A
      known energy peak (or peaks) which is prominent in the gamma ray energy
      spectra of borehole measurements is monitored and any drift in its
      apparent location in the energy spectrum is used to generate an error
      voltage. The error voltage is applied in an inverse feedback manner to
      control the gain of system amplifiers to cancel the drift.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to radiological well logging methods and apparatus
      for investigating subsurface earth formations traversed by borehole and,
      more particularly to gain control means for use in gamma ray energy
      spectra well logging systems.
PAR  It is well known that oil and gas are more likely to be found in
      commercially recoverable quantities in those earth formations which are
      relatively porous and permeable than in more highly consolidated
      formations. It is also well known that an oil or gas filled earth
      formation or strata may be located by irradiating the earth formations
      surrounding a borehole with neutrons and measuring the intensity of the
      resultant gamma radiations which are produced at various levels in the
      borehole. Various proposals for measuring either the thermal capture gamma
      ray spectra of such earth formations irradiated with neutrons or the
      inelastic scattering spectra of the earth formations so irradiated have
      been proposed in the prior art.
PAR  Typical well logging systems proposed in the prior art for measuring these
      types of gamma ray energy spectra have included neutron generating means
      and gamma ray detecting means suspended via a well logging cable in the
      borehole. Surface processing equipment is also usually provided for
      interpreting electrical pulses produced in response to the gamma rays by
      the detection means. Usually proportional detectors of the scintillation
      type have been proposed for measuring the quantity and energy of gamma
      rays occurring from the resultant neutron irradiation. Electrical pulses
      whose amplitude is representative of the energy of gamma rays passing
      through a detector crystal are sent to the surface via the well logging
      cable. The surface equipment processes these pulses in some manner usually
      in order to determine the numerical distribution of pulses as a function
      of their pulse height.
PAR  It is apparent that in a system of this sort in which both the pulse height
      and the number of pulses contains valuable information, that the linearity
      and repeatability of the system is very important in the accuracy of the
      resultant measurements. It has been proposed, for example, in a copending
      application Ser. No. 82,028 filed Oct. 19, 1970, now abandoned, which is
      assigned to the assignee of the present invention, to utilize a
      compensating circuit which adjusts the gain of the amplification which
      takes place at the surface in response to a known amplitude signal
      generated in the downhole equipment in order to preserve the linearity of
      the system. This known amplitude signal in the above-mentioned copending
      application is provided by a downhole pulse generator designed to generate
      pulses of a desired height, or voltage level, for this purpose.
PAR  Gain compensating circuitry such as that disclosed in the above-mentioned
      copending application has proven to be very useful. The borehole
      temperature varies nonlinearly as a function of depth. Hence any
      temperature compensation techniques used in the downhole circuitry or the
      surface circuitry taken by themselves could be ineffective. Moreover, the
      effect of the temperature distribution on the cable is unpredictable and
      the attenuation therefrom can cause an apparent gain drift in the system.
      In the system described in the above copending application the downhole
      pulser signal is injected into the system at a point subsequent to the
      development of the pulse height information by the downhole
      photomultiplier tube and detector crystal, but before it enters the
      logging cable. Thus surface or cable generated nonlinearities may be
      compensated for. Nonlinearities may be introduced into the measurements by
      the photomultiplier tube itself, however, as opposed to the cable or the
      other electronics in the system. Also, the detector crystal may introduce
      nonlinearities into the measurement if its temperature should vary over an
      extensive range. Nonlinearities introduced from these sources would be
      uncorrectable.
PAR  Accordingly it is an object of the invention to provide a new and improved
      hydrocarbon indicator well logging system which is less sensitive to
      changes in gain than previous such systems in the prior art.
PAR  Another object of the present invention is to provide improved well logging
      systems for obtaining the inelastic gamma ray energy distribution due to
      fast neutron scattering from subsurface earth formations in a manner more
      accurate than heretofore possible.
PAR  The above and other objects, features, and advantages are provided by the
      present invention which includes methods for generating a gain control
      signal voltage for controlling the gain of signal processing and analyzing
      circuitry based on the known position of a particularly recognizable
      energy peak in the gamma ray energy spectra of the subsurface earth
      formation.
PAR  In the invention downhole neutron generator means is provided together with
      gamma ray detection means and amplification means for sending resulting
      electrical pulses to the surface over a well logging cable. At the surface
      the gamma ray pulses are introduced into a pulse height analyzer apparatus
      which includes novel gain control circuitry which is pre-set to observe a
      particular known energy peak or feature occurring in the gamma ray spectra
      of the subsurface earth formations. In a particular embodiment described
      in more detail herein the 2.22 MEV hydrogen gamma ray energy spectrum peak
      is used for this purpose. After an initial set up, the hydrogen peak is
      centered in an energy range which is monitored by the gain control
      circuitry. Any nonlinearity or drift in the gain of the system is
      compensated for by the gain control circuitry which develops an error
      signal proportional in magnitude and whose algebraic sign is proportional
      to the direction of the drift. This error or gain control voltage is
      applied in an inverse feedback manner to compensate and maintain linearity
      of the amplification of the system. In this manner the known energy
      hydrogen peak is kept in the energy window being monitored.
PAR  The foregoing and other objects, features and advantages of the invention
      will appear more fully hereinafter. The detailed description which follows
      together with the accompanying drawings illustrate an embodiment of the
      present invention. It is to be understood, however, that the drawings and
      descriptions herein are for illustrative purposes only and are not to be
      construed as defining the limits of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall simplified block diagram illustrating the principles
      of the present invention in use in a well logging system.
PAR  FIG. 2 is a graphical diagram illustrating the relative position and
      amplitude in a gamma ray energy spectrum of the known 2.22 MEV hydrogen
      peak used for gain control purposes in the invention.
PAR  FIG. 3 is a graphical diagram illustrating energy windows used in an
      inelastic neutron scattering log system in order to optimize gain change
      effects on the accuracy of such a system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there may be seen a simplified functional and
      partly pictorial representation of the basic features of the well logging
      system illustrative of the present invention. More particularly, the
      system may be seen to be composed of a subsurface probe or sonde 2 which
      is suspended at one end of a well logging cable 18 and which provides data
      in the form of electrical signals or pulses to surface instrumentation
      which is connected to the other or upper end of the cable 18.
PAR  Referring to the system in greater detail the sonde 2 is illustrated as
      being composed of a fluid tight elongated steel housing which is adapted
      to be passed longitudinally through a borehole 4 in the earth formations 3
      and which contains a neutron source 6 and a radiation detector 10, which
      for present purposes is preferably a scintillation counter, comprised of a
      photomultiplier 11 and a scintillating crystal 12. As previously
      discussed, the neutron source 6 bombards adjacent sections of the earth
      formations 3 which high energy neutrons such as that produced by the well
      known deuterium-tritium reaction (14 MEV neutrons) as the sonde 2 is moved
      vertically upwards in the borehole 4 by the cable 18. The scintillation
      counter 10 functions to detect a representative number of gamma rays
      emanating from the earth formations 3 as a result of such neutron
      bombardment. A radiation shield 9 of suitable composition is preferably
      interposed between the scintillation counter 10 and the neutron source 6
      to prevent direct irradiation of the counter 10 by the source 6.
PAR  High energy neutrons such as those produced by the neutron generator 6
      easily penetrate the steel casing 19 and its surrounding cement layer 7 to
      enter the surrounding earth formations 3. Either prompt gamma rays
      resulting from inelastic scattering of the neutrons or the later arriving
      capture gamma rays generated by the elements comprising the surrounding
      earth formations may be detected by the passage of the resulting gamma
      radiation through the detector crystal 12 which may be thallium doped
      sodium or cesium iodide or the like. The light flashes resulting therefrom
      are converted to electrical pulses whose height or voltage level is
      proportional to the intensity of the light flashes by the photomultiplier
      tube 11. If desired, an energy discriminator 13 may be used to permit only
      pulses having a pulse height corresponding to gamma ray energies above a
      certain predetermined energy level to be passed to the amplifier 14 and
      the cable driving circuit 15 for transmission to the earth's surface over
      the cable 18.
PAR  The bias level or energy discrimination level set on the discriminator 13
      may be used if desired to appropriately screen out pulses corresponding to
      background gamma rays of energy lower than a predetermined level. Such
      background could be caused by neutron activation of the iodine in the
      crystal itself. This reduces the number of count pulses placed on the
      cable and hence reduces the bandwidth requirements on the cable 18.
PAR  In the above-mentioned copending application, a downhole pulser or
      oscillator generating signal pulses of a known amplitude introduces such
      pulses at the level of the discriminator 13 into the system. These known
      amplitude pulses then traverse the cable 18 to the surface circuitry. It
      will be noted however that all system components which come prior to the
      discriminator 13 in such a system can still generate nonlinearities due to
      environmental condition changes. In the present invention however it is
      proposed to use a known peak which occurs in the gamma ray energy spectrum
      and which has a sufficient amplitude to be discernable and usable in
      nearly every borehole of interest to be logged. Such a peak, for example,
      could be the 2.22 MEV hydrogen capture gamma ray peak caused by
      interaction of the neutrons with hydrogen nuclei in the borehole fluid
      itself and in the surrounding earth formations.
PAR  Usually the borehole 4 is filled with a well fluid 20 during the logging
      operation. The fluid usually comprises an oil, water or drilling mud.
      Either type of fluid will have a substantial hydrogen content and
      therefore will have a predominant 2.22 MEV hydrogen line peak in its gamma
      ray energy spectrum. As the energy of this peak is accurately known, it
      may be used as will be subsequently described to control the overall
      amplification gain factor of the system to maintain the linearity thereof.
PAR  The system of FIG. 1 is further illustrated by the signal processing
      circuitry at the surface. When pulses arrive at gate 21 at the surface if
      they have occurred at a proper time, as determined by timing pulses
      generated by the clock pulse generator 22, they are passed on to the pulse
      height analyzing apparatus for determination of their energy content.
      Pulses from the clock pulse generator 22 are also coupled to the logging
      cable 18 for control of the downhole neutron source via a pulsing circuit
      8 which controls the accelerator portion 16 of the neutron generator. In
      this manner the neutron generator may be turned on and off on the basis of
      timing information provided by the clock pulse generator 22. Thus
      synchronization may be maintained between the surface signal processing
      circuitry and the downhole equipment. For example, the clock pulse
      generator 22 may supply a timing pulse indication to the downhole pulser 8
      to turn on the accelerator 16 for a predetermined duration of time.
      Simultaneously the clock pulse generator 22 may generate a conditioning
      signal to the gate 21 to prevent counts occurring during the generation of
      the neutron pulse by the downhole neutron generator 6 from passing through
      the gate 21 to the surface data processing circuitry. In this manner,
      gamma rays caused by neutron capture events would be the primary data
      source input to the pulse height analyzer and therefore the 2.22 MEV
      capture gamma ray would not have reduced resolution caused by interfering
      gamma rays, such as inelastic gamma rays. Alternatively, gate 21 may be
      used to select only those pulses corresponding to gamma rays occurring
      during a neutron burst. In this event the gamma rays produced by inelastic
      scattering of the fast neutrons would be emphasized. In any event the
      input signals on the line 23 to the pulse height analyzing circuitry
      comprise a series of pulses each of whose amplitude is indicative of the
      energy which the gamma ray causing it lost in the detector crystal. This,
      in turn, is related to the energy of the gamma ray.
PAR  Immediately upon entry into the pulse height analyzer the input signal on
      line 23 is amplified by a gain controlled amplifier 24. The amplifier 24
      is a linear operational amplifier having a wide dynamic range and whose
      gain may be controlled and adjusted by a feedback voltage signal on a line
      25. This feedback voltage signal may be derived in the manner to be
      discussed subsequently. The amplified signal is then coupled to an
      integrator 26 whose functions to generate and temporarily store a voltage
      level proportional to the height of the input pulse. The integrator 26
      immediately supplies on line 27 a conditioning pulse to a gate 28. The
      conditioning pulse permits the gate 28 to pass sharp spike-like voltage
      pulses suitable for digital counting from a high frequency oscillator 29.
      The high frequency oscillator 29 output voltage pulses pass through the
      gate 28 and are summed in a channel address register 30 for the entire
      time that the gate 28 remains open. The channel address register 30
      comprises a binary counting register which keeps a running sum of all the
      counting pulses from the high frequency oscillator 29 which pass through
      the gate 28 when conditioned by the integrator circuit 26. The gate 28
      remains open as long as the integrator 26 provides a voltage on line 27
      which exceeds the conditioning level of the gate 28.
PAR  After initially generating a voltage level proportional to the input pulse
      height the integrator 26 voltage begins to discharge through a bleeder
      resistor (not shown). After a finite length of time (depending on the
      value of the bleeder) the voltage will fall below a predetermined
      threshold level. At this time the integrator ceases to provide a
      conditioning signal on line 27 to the gate 28 and thus the high frequency
      oscillator output counting pulses are cut off from being summed into the
      channel address register 30. Simultaneously with this occurrence the
      integrator circuit 26 provides a reset pulse to the channel address
      register 30 via delay line 50 and a read pulse to the channel read
      register 32. This read pulse causes the channel read register 32 to accept
      the contents of the channel address register 30 as input to itself just
      prior to the resetting of the channel address register 30 to zero by the
      reset pulse provided by the integrator circuit 26. The delay line 50
      delays the reset pulse provided by the integrator 26 for a sufficient time
      to allow the reading operation by the channel read register 32 to occur
      before the channel address register 30 is reset to zero. This binary
      number, which now resides in the channel read register 32 may be thought
      of as the address of a particular energy channel (or energy range), and is
      indicative of the energy of the downhole produced gamma ray data pulse
      just processed. Such a number may be used to index a particular one of a
      plurality of channel registers 31 which are binary memory registers
      comprising the addressable memory of the pulse height analyzer. There are
      N such binary registers having addresses 1 to N comprising this memory
      array. These binary address registers 30 and 32 are n bits in length where
      2.sup.n = N. Thus, for example, if there are a total of 1024 channel
      registers in the pulse height analyzer each address containing register 30
      32 is 10 bits or binary digits in length since 2.sup.10 = 1024. Thus the
      channel registers 31 are directly addressable in an individual sense based
      on the contents of the channel read register 32. The channel read register
      32 is used to examine the contents of the particular channel register 31
      which the binary contents of the channel read register 32 indexes. Upon
      the appearance of a new read pulse from integrator 26 the contents of the
      indexed channel register 31 is read into a channel contents register 51.
      The individual channel registers 31 contain at any given instant in time
      the sum of the number of counts which have occurred in the energy range or
      channel indexed by or corresponding to their address as will be explained.
PAR  As just described, the channel contents register 51 when appropriately
      indexed by the channel read register 32 as indicated by lead line 52
      summons the contents of the indexed channel register 31. A count pulse
      generator 33, which is conditioned by an output pulse from the integrator
      26 which occurs when the gamma ray data pulse has decayed below the
      aforementioned threshold value, generates a count pulse of a predetermined
      amplitude and duration appropriate for binary addition into the contents
      of the channel contents register 51 by a binary adder 34. The contents of
      the channel contents register 51 are thus supplied to the binary adder 34,
      incremented by adding the count pulse supplied from count pulse generator
      33, and the resultant sum is supplied to a channel storage register 35.
      Channel storage register 35 is also indexed (or addressed) by the channel
      add address register 30 via line 36. Upon receipt of a delayed write pulse
      from integrator 26 via delay line 53 the resultant new sum is placed back
      into the same channel register 31 from which the previously unincremented
      sum was located. Delay line 53 functions to delay the write pulse from
      integrator 26 (which occurred when the voltage level on the integrator 26
      fell below the aforementioned threshold value) until the intermediate
      steps just described have had time to occur.
PAR  In this manner whenever a new data pulse appears from downhole on the input
      line 23 its amplitude is measured by the integrator 26, gate circuit 28,
      oscillator 29, channel address register 30 and appears in digital form in
      channel read register 32. This information is used as an index address to
      add one count in adder 34 into the contents of the indexed channel
      register 31 corresponding to the energy range of the input gamma ray data
      pulse. Thus a running sum is kept in each channel register 31 of the
      number of counts occurring in its energy range for a predetermined time
      interval. This information may then be interpreted by display on analog or
      digital plotting means or may be processed further by other signal
      processing circuitry 40 as desired. The resultant data may then be
      recorded as a function of borehole depth by recorder 41 which is
      mechanically or electrically linked with the sheave wheel 42 and driven so
      that the record medium contained thereon is moved as a function of the
      borehole depth of the downhole sonde 2 as it moves through the borehole.
PAR  It will be appreciated by those skilled in the art that the above
      description of a pulse height analyzer describes the operational
      principles of only one type of pulse height analyzer which may be used.
      Other pulse height analyzers such as the Technical Measurements Corp.,
      Model 262 which convert the analog pulse height information into a digital
      number in different manners may be used if desired and the invention is
      not limited to the use of the type just described.
PAR  Referring now to FIG. 2 a gamma ray energy spectrum resulting from the
      pulse height analysis of the pulses generated by the downhole tool of FIG.
      1 is illustrated schematically. In this gamma ray energy spectrum it will
      be noted that a prominent peak occurs at 2.22 MEV. This peak could occur
      in the energy range, for example, corresponding to the three channel
      registers whose addresses are 2, 3 and 4 of FIG. 1, if desired. For
      illustrative purposes, let us assume that channel registers 2, 3 & 4 of
      the pulse height analyzer of FIG. 1 fall within the shaded region of the
      gamma ray spectrum marked "gain adjust window" in FIG. 2 with the peak
      (2.22 MEV) occurring in channel 3. The contents of channel register 2, 3
      and 4 are input on lines 43, 44 and 45 to a signal comparator circuit 46.
      The signal comparator circuit 46 comprises three digital to analog
      converters which convert the digital contents of channel registers 2, 3,
      and 4 into analog voltage levels. The analog voltage levels corresponding
      to the contents of channel registers 2 and 4 are compared with that
      corresponding to channel 3 in signal comparator 46. A voltage signal is
      provided by comparator 46 on line 25 whose amplitude is proportional to
      the difference between the contents of channel register 3 (the peak) and
      the contents of either channel register 2 or channel register 4 whichever
      difference is larger. The algebraic sign of this voltage signal is
      indicative of whether the difference signal so generated results from the
      difference between channel register 3 and channel register 2 or between
      channel register 3 and channel register 4.
PAR  Since channel register 3 is chosen initially to coincide with the 2.22 MEV
      hydrogen peak on the gamma ray energy spectrum of FIG. 2, then if any gain
      drift occurs in the system the peak will tend to drift out of the range of
      channel register 3 and into the range of either channel register 2 or
      channel register 4 due to the resultant nonlinear amplification of the
      pulses generated by the system. When this occurs the signal comparator
      circuit 46 will detect a change in the relative proportion of counts, for
      example in channel register 3 and in channel register 2, and will generate
      an error signal of appropriate sign and amplitude. This error signal is
      fed back via line 25 to the control input of amplifier 24 of the pulse
      height analyzer and will cause a change in the gain of the amplifier 24 to
      compensate for the drift.
PAR  In this manner the 2.22 MEV hydrogen peak will be kept centered in channel
      register 3 and thus the center energy of channel register 3 will be kept
      in correspondence with the reference energy level 2.22 MEV. This principle
      could be extended if desired by monitoring another energy peak or more
      than one energy peak in the gamma ray spectrum in a similar manner. Error
      signals generated by the monitoring of a plurality of such energy peaks in
      the gamma ray spectrum could then be combined by logic circuitry in an
      appropriate manner to determine how the feedback or control voltage should
      effect the gain and/or baseline of the input amplifier stages of the pulse
      height and analysis apparatus. The baseline, of course, is the energy
      level of the lowest energy channel of the system.
PAR  A well logging gain control system as hereinbefore described has been found
      to be particularly useful when employed in conjunction with a logging
      system for hydrocarbon detection such as that described in U.S. Pat.
      3,780,302 which is assigned to the assigneee of the present invention.
      Moreover, a well logging system such as described in the aforementioned
      U.S. Patent for hydrocarbon detection and using a gain control system such
      as that described in the copending U.S. patent application Ser. No.
      322,573, filed Jan. 10, 1973 has also been found to be particularly
      advantageous for operations in very fresh water (or borehole fluid) zones
      in locating and distinguishing hydrocarbon in the pore spaces of such
      zones.
PAR  In the aforementioned hydrocarbon detection system described in U.S. Pat.
      No. 3,780,302 gamma rays produced by the inelastic scattering of fast
      neutrons (14 MEV) are detected during a relatively short time duration
      neutron burst (.about. 7 microseconds duration) which is repeated at a
      very high repetition rate (up to 20,000 bursts/sec.) in four separate
      energy windows (or ranges) in the gamma ray energy spectrum corresponding
      to inelastic gamma rays from carbon, oxygen, silicon and calcium. In the
      system described therein these energy ranges were chosen to be 3.17 to
      4.65 MEV for carbon, 4.86 to 6.34 MEV for oxygen, 1.65 to 1.86 MEV for
      silicon and 2.50 to 3.30 MEV for calcium.
PAR  While the use of these energy ranges have produced excellent results in
      hydrocarbon logging with the above described logging system employing the
      gain control methods hereinbeforee described and those described in the
      aforementioned copending application Ser. No. 322,573, these hydrocarbon
      detection techniques may be even further enhanced by the employment in
      such well logging systems of different energy window (or range) settings
      corresponding to gamma rays produced by the inelastic scattering of fast
      neutrons by carbon, oxygen, silicon and calcium which have been found to
      be less sensitive to any slight system gain errors (from absolute
      linearity), which are possibly still present in such a well logging system
      due, primarily, to temperature variations in the well bore.
PAR  A more optimized set of energy ranges for use in such an application is
      illustrated graphically in FIG. 3. This illustration schematically shows
      the placement of four energy windows (or ranges) in the gamma ray energy
      spectrum which are labelled C window, O window, Ca window and Si window
      and comprise a set of energy ranges which are less sensitive to any
      remaining gain drift (non-linearity) extant after the operation of a gain
      control system such as hereinbefore described. These ranges are 4.86 to
      6.62 MEV for Oxygen inelastic gamma rays, and 1.54-1.94 MEV for silicon.
      The carbon energy window is kept at 3.17 to 4.65 MEV and the calcium
      energy window is kept at 2.50 to 3.30 MEV as described in the
      aforementioned patent. Thus when signals representative of the C/O ratio
      and Ca/Si ratio of counts as a hydrocarbon indicator are made as described
      in the foregoing patent the increased width of these ranges produces a
      more consistent result than those obtainable with the previously disclosed
      systems.
PAR  The above description may make changes and modifications of the disclosed
      principles apparent to those skilled in the art. Such changes as are
      obvious come under the broader aspects of the invention. It is therefore
      the aim in the appended claims to cover all such changes and modifications
      as may fall within the true spirit and scope of the invention.
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STM  We claim:
NUM  1.
PAR  1. A method for controlling and linearizing the gain of an inelastic
      neutron scattering measurement well logging system for the direct
      detection of hydrocarbon in the pore spaces of earth formations in the
      vicinity of a well borehole comprising the steps of:
PA1  passing a well logging sonde containing a pulsed source of fast neutrons
      and a gamma ray detector through a well borehole;
PA1  repetitively irradiating at a repetition rate greater than at least 4000
      bursts/sec. earth formations in the vicinity of the borehole with
      relatively short duration bursts of fast neutrons and detecting,
      essentially during said neutron bursts, gamma rays produced by the
      inelastic scattering of fast neutrons and thermal neutron capture gamma
      rays produced by the capture of thermal neutrons from previous bursts at
      said repetition rate by materials in the vicinity of the borehole;
PA1  developing an energy spectrum of gamma radiation emitted essentially only
      during said neutron irradiating bursts;
PA1  developing a gain control signal proportional to the difference in the
      apparent location in said energy spectrum of gamma radiation attributable
      to the 2.22 MEV hydrogen capture gamma ray photopeak and its predetermined
      known location at 2.22 MEV in said spectrum; and
PA1  controlling the gain of amplification means used in developing said gamma
      ray energy spectrum in response to said gain control signal so as to
      minimize said gain control signal.
NUM  2.
PAR  2. The method of claim 1 wherein the step of developing an energy spectrum
      of gamma radiation emitted essentially during said repetitive irradiation
      periods is performed by gating voltage pulses whose amplitude is
      proportional to the energy of gamma rays causing said pulses, essentially
      only during said neutron bursts into digital energy measurement equipment
      having at least four energy windows corresponding to inelastic gamma rays
      produced by carbon, oxygen, silicon and calcium together with another
      energy window corresponding to a known elemental energy peak which is used
      for developing said gain control signal.
NUM  3.
PAR  3. The method of claim 2 wherein said at least four energy windows comprise
      approximately 4.86 to 6.62 MEV for oxygen, approximately 1.54 to 1.94 MEV
      for silicon, approximately 3.17 to 4.65 MEV for carbon and approximately
      2.50 to 3.30 MEV for calcium.
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ABST
PAL  A multipurpose apparatus is useful in either prefiltering ions or in
      forming ions from residual gases, prior to the analysis of the prefiltered
      or formed ions in a quadrupole type mass spectrometer. The apparatus
      includes a cylindrical grid, an annular entrance aperture wherein a center
      circular baffle has a unidimensional electrode extending along the axis of
      the grid, and a circular exit aperture, the axis of the grid being in line
      with the axis of a quadrupole type mass analyzer. The application of
      appropriate potentials to these members allows only low energy ions to
      pass therethrough and into the quadrupole analyzer. High energy ions or
      neutral particles having an axial trajectory are blocked by the baffle,
      while divergent high energy charged particles are insufficiently deflected
      and hence do not pass through the exit aperture. The apparatus further
      includes a filament positioned outside the grid, which, when energized,
      emits electrons. The electrons are accelerated toward the grid, passing
      therethrough whence they ionize residual gas atoms therein, which ionized
      atoms are extracted through the exit aperture and pass into the quadrupole
      analyzer.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for controlling the passage of ions
      into a quadrupole type mass analyzer.
PAR  2. Description of the Prior Art
PAR  Quadrupole mass analyzers are well known to those desiring to analyze ions
      such as may be sputtered from solid surfaces to allow determination of the
      composition of the surfaces and as may be produced upon electron impact on
      residual gases to allow determination of such gases. The use of such
      analyzers in secondary ion mass spectroscopy is disclosed by R. Schubert
      and J. C. Tracy, "A Simple, Inexpensive SIMS Apparatus", Rev. Sci. Instr.
      Vol. 44, pp 487-491, (1973). Those workers noted that quadrupole mass
      analyzers could most effectively mass analyze those secondary, i.e.,
      sputtered ions having an energy less than about 4 eV, and that in the
      process of producing such low energy sputtered ions, a variety of
      particles including fast neutral atoms, x-rays, fast metastable ions and
      electrons were also produced. In order to prevent these particles from
      confounding the analysis of the low energy sputtered ions, they found it
      desirable to use a 180.degree. segment of a cylindrical mirror analyzer as
      a prefilter in front of the quadrupole analyzer. The mirror analyzer was
      positioned to have its axis at an angle with respect to that of the
      quadrupole analyzer, such that a predominate fraction of the ions passing
      through the second slit in the inner cylinder were in line with the axis
      of the quadrupole analyzer while fast neutral atoms, high energy ions,
      etc. produced at the sample surface were prevented from passing directly
      down the axis of the cylindrical mass analyzer and into the quadrupole
      analyzer. Such a combination of elements is cumbersome and difficult to
      align. Further, the transmission coefficient of cylindrical mirror
      analyzers is low because they pass such a narrow band of energies and have
      relatively small acceptance angles.
PAR  As an adjunct to such secondary ion mass analysis it is often desirable to
      determine the composition of residual gases by ionizing the gases and
      passing the ions into the quadrupole analyzer. Accordingly, electron
      impact ionization chambers are known to provide the requisite ionization.
      However, prior to the present invention, the only known technique for
      performing the dual functions of prefiltering and of ionizing residual
      gases was a tandem arrangement of a prefilter and an ionizer ahead of the
      quadrupole. Such a tandem arrangement was inefficient, in that the
      arrangement requires additional electrical vacuum feedthroughs and special
      attention to prevent the possible deleterious interaction of the two
      assemblies, and in that the two assemblies themselves were required.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention is a simple, axial prefilter/ionizer
      assembly having a large entrance aperture which is useful with quadrupole
      type mass analyzers. By "quadrupole type mass analyzers" is meant that
      class of radio frequency analyzers in which ions of the proper mass to
      charge ratio exhibit stable oscillations as the ions transverse along the
      field generating electrodes. In such analyzers, the stability of the
      trajectories is relatively independent of the ion energy and angle. Such
      analyzers typically have at least one axis of symmetry and include
      quadrupole, having four circular cylindrical electrodes equispaced about a
      common axis parallel to the cylindrical electrodes, monopole, octapole,
      and duodecapole types. Similarly, other analyzers, in which the mean
      trajectory is non-linear but in which stable oscillations in response to
      an RF field nonetheless occur, are included in the class description.
PAR  The apparatus includes an electrically conducting cylindrical grid having
      entrance and exit ends allowing the axial passage of ions therethrough,
      which grid is positioned in front of the input to the quadrupole mass
      analyzer such that the longitudinal axis of the grid is in line with the
      longitudinal axis of the quadrupole analyzer.
PAR  The apparatus further comprises an electrically conducting entrance
      aperture plate and an electrically conducting exit aperture plate, both of
      which are electrically insulated from the grid and from each other. The
      entrance aperture plate is positioned adjacent the entrance end of the
      grid such that the plane of the entrance plate is normal to the axis of
      the grid, while the exit aperture plate is positioned adjacent the exit
      end of the grid and is similarly normal to the axis thereof. The entrance
      aperture plate is provided with an annular opening concentric to the axis
      of the grid through which ions may be admitted into the grid and is
      further provided with a solid center portion forming a baffle, which
      portion is also concentric to the axis of the grid, and which prevents
      ions, neutral atoms and other particles such as may be directed toward the
      entrance end from passing directly along the axis through the grid. A
      substantially unidimensional electrode is attached to the center portion
      and extends within the grid and along the axis thereof substantially the
      full length of the grid. The exit aperture plate is provided with a
      circular opening concentric to the axis to restrict the passage of ions
      out of the grid. The application of predetermined potentials to the grid
      and to the entrance and exit aperture plates respectively causes ions
      entering the grid through said annular opening, and which have a
      relatively low energy, to be selectively transmitted out through said
      opening in the exit aperture plate to the quadrupole analyzer, and causes
      high energy ions, neutral atoms, and other particles, which contribute a
      complicating noise background to a spectrum provided by the quadrupole
      mass analyzer, not to be transmitted to the quadrupole analyzer.
PAR  The apparatus thus effectively filters out high energy ions, neutral atoms,
      photons, and other particles, keeping them from passing through to the
      quadrupole analyzer. The apparatus is significantly superior in
      construction to that of cylindrical mirror analyzers in that it is
      simpler, in that the axial alignment of the respective members facilitates
      assembly, and in that separate focusing lenses may be eliminated, while
      yet providing the required energy filtering at high transmission
      coefficients.
PAR  While cylindrical mirror analyzers are often especially desirable in that
      they are capable of high energy resolution, provided that particular
      ratios of the diameter of the inner and outer cylinder are selected, such
      high resolution attributes are not desired when used as a prefilter where
      it is simply desired only to eliminate all ions having an energy above a
      certain value.
PAR  Further, quadrupole type mass analyzers inherently have wide entrance
      acceptance angles, and are relatively quite tolerant to off-axis directed
      incoming ions. Accordingly, incoming ions deflected onto the optic axis at
      the entrance aperture of the quadrupole type mass analyzer at relatively
      wide angles can still be effectively mass filtered, thus permitting the
      use of the axial/prefilter ionizer apparatus of the present invention.
PAR  The apparatus preferably further includes a source of electrons and an
      electron permeable chamber electrically biased with respect to the source
      of electrons to cause electrons produced by the source to pass into the
      chamber to ionize atoms contained therein. Under such operating
      conditions, other predetermined potentials may be applied to the grid and
      to the entrance and exit aperture plates to cause the ionized atoms to be
      directed through the grid and into the quadrupole mass analyzer to
      determine the mass of the ionized atoms.
PAR  In a particularly preferred embodiment, the electron permeable chamber is
      formed by the combination of the grid and entrance and exit aperture
      plates. An outer cylindrical shell is also positioned concentric to the
      grid, the electron source being between the grid and the shell. When a
      negative voltage is applied to the shell with respect to the filament,
      electrons from the source are repelled from the shell and traverse the
      chamber many times until they collide with an atom or strike the grid.
PAR  The above described preferred embodiment is particularly desirable in that
      a single axial apparatus is now provided which is capable of prefiltering
      incident ions, allowing low energy ions to pass therethrough with high
      transmission, and which is capable of analyzing residual gases. The
      apparatus is capable of providing these dual functions without requiring
      changes in the configuration of the components within an evacuated chamber
      and without requiring a large number of electrical feedthroughs into the
      vacuum chamber. Likewise, special precautions which are otherwise
      necessary to ensure that separate prefilter and ionizer assemblies do not
      interact to reduce the efficiency of ion collection may now be avoided.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross section of a preferred form of the ionizer-prefilter
      apparatus of the present invention;
PAR  FIG. 2 is a break-away cross section of the base portion of the apparatus
      shown in FIG. 1, along another radial line;
PAR  FIG. 3 is a three dimensional view of the entrance aperture plate and
      center electrode assembly used in the apparatus shown in FIG. 1;
PAR  FIG. 4 is a cross sectional view of an apparatus including the
      ionizer-prefilter apparatus depicted in FIG. 1, together with a quadrupole
      mass analyzer;
PAR  FIG. 5 is a block diagram in both pictorial and schematic form of the
      apparatus of FIG. 3 together with associated electrical components;
PAR  FIG. 6 is a typical spectrum obtained when the apparatus of the present
      invention is used as a prefilter; and
PAR  FIG. 7 is a typical spectrum obtained when the apparatus of the present
      invention is used as an ionizer for residual gas analysis.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a preferred embodiment, the present invention combines in a single
      apparatus members capable of functioning both as a prefilter and as an
      ionizer, whereby ions created externally and introduced into the apparatus
      or created within the apparatus may be selectively transmitted into a
      quadrupole type mass analyzer for final analysis.
PAR  In such a preferred embodiment, the ionizer-prefilter apparatus 10, as
      shown in FIG. 1, includes an electrically conductive cylindrical grid 11,
      an electrically conductive entrance aperture plate 16 positioned adjacent
      an entrance end 12 of the grid 11 and an electrically conductive exit
      aperture plate 24 positioned adjacent the exit end 14 of the grid 11,
      thereby defining an electron permeable chamber 27, within which charged
      particles such as electrons and ions may be controlled by the application
      of appropriate potentials to the respective members. The plate 16 includes
      an annular opening 18 which may be covered by a wire mesh through which
      ions may be admitted into the chamber 27. Ions are precluded from entering
      the chamber 27 along the axis of the grid 11 by a circular baffle 20
      centered about the axis of the grid 11. Secured to the center of the
      baffle 20 is an elongate unidimensional electrode 22 which axially extends
      within the grid 11 substantially the full length thereof. The exit
      aperture plate 24 has a circular opening 26 concentric to the axis of the
      grid 11 through which ions may pass out of the grid 11.
PAR  In a preferred construction, the apparatus includes a ceramic base member
      30, preferably made of a machineable ceramic such as aluminum oxide,
      provided with multiple openings through which screws may be inserted to
      secure the various members to the base member 30. Electrical connection to
      the various members is also provided through the openings. Thus as is
      partially shown in FIG. 1, the base member 30 includes at least four pairs
      of holes, two pairs of which are shown as 31a and 31b and 32a and 32b. The
      outer hole of each pair, 31a and 32a, is preferably used to allow
      electrical leads 33a and 33b to be inserted therethrough. The inner holes
      31b and 32b are provided with recesses to receive the heads of screws 36
      to secure additional members such as a support post 34 and a connection
      block 35. The heads of the screws 36 are thus below the surface of the
      base member 30 and hence do not make electrical contact to the exit
      aperture plate 24 when that plate is secured to the bottom surface of the
      base member 30. Additional holes are provided around the member 30 to
      facilitate axial connection of the ionizer-prefilter assembly to a
      quadrupole type mass analyzer.
PAR  In addition to being tapped to receive the mounting screws 36, the support
      post 34 and connection block 35 are provided with openings 37 matching the
      outer holes 31a and 32a in the base member 30 such that leads inserted
      through the outer holes may be received by the openings 37, whence they
      are secured and good electrical contact thereto ensured by the set screws
      38. Preferably, such leads are formed of 0.060 inch (1.52 mm) stainless
      steel rods.
PAR  The cylindrical grid 11 is preferably formed of 16 mesh stainless steel
      screen having approximately 73% open area. The grid preferably has an
      outside diameter of 1.12 inch (2.85 cm) and has an axial length of 1.00
      inch (2.54 cm). The base of the grid 11 is spot welded to a grid support
      ring 28 having an outer flange (not shown) in regions not adjacent the
      support post 34 or a connecting block 35 for positioning the grid 11 on
      top of the base member 30. The flange is removed from the portions of the
      ring 28 adjacent the post 34 and connecting block 35 to ensure electrical
      insulation between the respective members.
PAR  As shown in more detail in the cutaway cross sectional view of FIG. 2, the
      grid support ring 28 has welded thereto a stainless steel tab 39, which
      tab is mechanically secured below a connection block 35'. The block 35' is
      secured to the base member 30 by a recessed screw 36'. An electrical lead
      33c secured to the connecting block 35' completes the electrical
      connection to the grid 11 in the manner previously described.
PAR  The entrance aperture plate 16 is screwed to the support post 34 such that
      the unidimensional electrode 22 is along the axis of the cylindrical grid
      11. Electrical connection to the entrance aperture plate 16 is completed
      via lead 33b through the post 34 to the plate 16. A radial electrical
      field distorted at the entrance and exit plates into an axial retarding
      field may thus be established by the application of a D.C. voltage to the
      respective members.
PAR  The plate 16 preferably comprises an outer stainless steel ring 40, to
      which may be welded a stainless steel screen 42 which, although partially
      restricted, forms the annular opening 18. The baffle 20 is spot welded to
      the screen 42, and the electrode 22 is in turn welded to the baffle 20.
PAR  It is to be understood that while the electrode 22 is preferably as small
      in diameter as practical, thereby decreasing the number of ions colliding
      with the electrode, the electrode may be somewhat larger, as long as the
      field remains substantially radial.
PAR  The exit aperture plate 24 is preferably formed of 0.016 inch (0.36 mm)
      thick stainless steel, and has a circular opening 3/16 inch (4.8 mm) in
      diameter. The plate 24 is secured to the base member 30 by a screw which
      passes through the member 30 to another connection block (not shown). A
      lead completing electrical connection to the plate 24 is passed through
      the member 30 and is secured to the block in the same manner set forth
      hereinabove. Openings are provided about the periphery of the plate 24 to
      avoid shorting out the leads passing through the member 30.
PAR  In a further embodiment of the invention, also shown in FIG. 1, an electron
      source such as a tungsten filament 45 is positioned outside the grid 11.
      The filament is supported by and connected at one end to the support block
      35 via a set screw 43. Electrical connection thereto is completed via lead
      33a. The other end of the filament 45 is supported by and connected to
      another support block 44 in the same manner previously described, which
      block is screwed to the entrance aperture plate 16, one end of the
      filament 45 thus being electrically connected to the plate 16.
PAR  The ionizer-prefilter assembly is enclosed by a stainless steel cylindrical
      shield 46 having an inner diameter the same as the outer diameter of the
      ceramic base member 30. The shield 46 is secured by means of screws
      inserted through the shield 46 into tapped holes on the supporting post
      member 34.
PAR  FIG. 3 shows a detailed perspective view of the entrance aperture plate 16.
      The plate is there shown more clearly to include the outer stainless steel
      ring 40, the stainless steel screen 42 spot welded to the ring 40 and the
      center baffle plate 20 which is spot welded to the screen and which is
      concentric with the outer ring 40. The center electrode 22 is similarly
      spot welded concentric with the center baffle plate 20 and is preferably
      made of 0.006 inch (.150 mm) tungsten wire. The ring 16 is provided with
      holes to facilitate securing the plate 16 to the support post 34 and to
      facilitate securing the connecting block 44 to the plate 16.
PAR  FIG. 4 is illustrative of the operation of the ionizer-prefilter apparatus
      10 together with a quadrupole mass analyzer 50 when used to analyze
      incoming ions. In this figure, ions are produced from a target surface 56
      as a result of bombardment of the target surface by electrons, ions, or
      other neutral energetic particles 58. The bombardment causes ions to be
      ejected from the surface of the target 56, a fraction of which will be
      intercepted by the apparatus 10. As may be seen, certain ions, neutral
      atoms and other particles will have a trajectory such that they will be
      blocked by the center baffle 20. Other ions will have a trajectory such
      that they impinge upon the outer ring 40 and will be blocked from entering
      the prefilter apparatus. Those ions having a trajectory such that they are
      directed toward the screen 42 forming the annular entrance aperture 18
      will thereby pass through the entrance aperture plate 16 and will enter
      the chamber 27. Some of the ions thus entering the chamber 27 have
      relatively high energies and are, therefore, not appreciably deflected by
      the potentials applied to the center electrode 22 and the cylindrical grid
      11. Such high energy ions impinge upon the walls of the grid assembly 11,
      passing therethrough, or impinge on the exit aperture plate 24 and thus do
      not pass into the quadrupole analyzer 50. Similarly, ions of the opposite
      polarity entering the prefilter will be deflected away from the axis
      thereof and will not pass through the exit aperture 26. Only such ions as
      have a relatively low energy and the proper polarity will be deflected in
      response to potentials applied to the cylindrical grid 11, center
      electrode 22 and entrance and exit aperture plate 16 and 24 respectively,
      to pass through the exit aperture 26 and thence into the quadrupole mass
      analyzer 50.
PAR  Upon the application of a high frequency alternating electric field to the
      quadrupole rods 60, only two of which are shown, ions having a
      predetermined mass to charge ratio will be caused to exhibit an
      oscillating path between the quadrupole electrodes 60, thereby passing
      through the quadrupole analyzer and exiting from the analyzer through the
      quadrupole analyzer exit aperture 62. Other ions not having the requisite
      mass to charge ratio will be subjected to various alternating trajectories
      and will thus impinge upon either the quadrupole rods 60 such as shown by
      ray 64 or will impinge upon the outer shield 66 of the quadrupole assembly
      as shown by ray 68. In the embodiment depicted in FIG. 4, the outer shield
      66 is an extension of the outer cylindrical housing 46 shown in FIG. 1.
PAR  While FIG. 4 is primarily illustrative of the use of the ionizer-prefilter
      apparatus 10 as a prefilter, it should also be recognized that the device
      has considerable utility as an ionizer such as for residual gas analysis.
      In such a use, rather than having ions produced external to the assembly
      such as by means of bombardment of the target 56, the filament 45 is
      heated to emit electrons by applying a potential to leads 33a and 33b
      (FIG. 1). The electrons either pass directly through the grid 11 into the
      chamber 27, or are deflected by the outer cylinder 46, and thence pass
      through the grid 11 into the chamber 27. The electrons impinge upon and
      ionize gas atoms contained within the chamber. The resultant ions may then
      be extracted through the exit aperture plate 26 and thereafter be analyzed
      in the quadrupole mass analyzer 50.
PAR  FIG. 5 is a combined cross section and block diagram of a system including
      the ionizer-prefilter apparatus 10 shown in the preceding figures. Such a
      system includes an evacuatable enclosure 69, within which various members
      are positioned. An ion gun 70, such as is described in U.S. Pat. No.
      3,665,182 includes a filament 72, which when energized by the filament
      power supply 74, emits electrons which are accelerated into a first
      ionization region 76. The gun 70 further includes extraction and anode
      plates 78 and 80, respectively, to extract and focus the ions into a beam
      58. A deflection power supply 82 and deflection plates 84 enable
      deflection of the beam 58 to control the impingement of the beam on the
      surface of the target 56. A portion of the ions sputtered or scattered
      from the surface then enter the ionizer-prefilter apparatus 10 whereupon,
      by the application of appropriate potentials from a prefilter power supply
      86 to the grid 11, entrance aperture plate 16 and electrode 22, and exit
      aperture plate 24, only low energy ions pass to the quadrupole mass
      analyzer 50. The quadrupole mass analyzer power supply 88 provides RF
      voltages to the quadrupole plates 60 to further control the passage of
      ions out the exit aperture 62. The emergent ions may alternatively be
      deflected by the member 90 into an ion detector 92, whence they are
      converted into electrons, and collected by the electron collector 94 to
      generate an electronic signal on lead 96 in a manner well known to those
      skilled in the art. If sufficient ion current in present, the member 90
      may be connected directly to lead 96 to provide an output signal.
PAR  When the disclosed device of FIG. 5 is operated as an ionizer for residual
      gas analysis by the quadrupole analyzer 50, the ion source 70 is not
      energized, and thus there are no sputtered ions entering the device.
      Instead, the ionizer filament power supply 98 is energized, thereby
      heating the filament 45 to emit electrons which are accelerated into the
      chamber 27 by an applied potential. Residual gases in the chamber 27 are
      ionized thereby, and are thence extracted through the exit aperture 26 as
      previously set forth.
PAR  In a typical use of the embodiment shown in FIG. 5, the apparatus is used
      to prefilter positive ions. After evacuating the ultrahigh vacuum chamber
      69 to a pressure of less than 10.sup.-.sup.8 Torr, an inert gas (Ne) is
      admitted into the chamber, raising the pressure to approximately 5 .times.
      10.sup.-.sup.5 Torr. The ion gun 70 is then energized, allowing a beam of
      ions 58 (approximately 2 .mu.A total current, 1 diam., 2.5 keV energy) to
      strike the target 56 being analyzed. Ions sputtered therefrom consist of
      both positive and negative ions, and leave the target with a broad range
      of energies. To select the positive ions, the target is placed at +3.0
      volts; the entrance and exit aperture plates 16 and 24 respectively are
      placed at -2.0 volts and the cylindrical grid 11 is placed at +5.0 volts.
      When the respective members are so biased, the only ions exiting through
      the exit aperture 26 are those positive ions having a sufficiently low
      energy such that the quadrupole mass analyzer 50 is capable of unit mass
      resolution. The optimum potential on the respective members within the
      prefilter apparatus 10 is preferably determined by maximizing the signal
      passing through the analyzer 50 without an attendent decrease in mass
      resolution. For analysis of negative sputtered ions, these polarities
      would be reversed, but the magnitudes would be nearly the same.
PAR  FIG. 6 shows a typical positive secondary ion mass spectrum obtained under
      the conditions set forth hereinabove from a stainless steel target showing
      the relative intensity of atoms as a function of atomic mass. As may be
      seen, signals that vary over four orders of magnitudes are easily
      discerned with unit mass resolution. The sensitivity in portions of the
      spectrum differs as noted at the top of the figure.
PAR  In a typical use of the ionizer-prefilter 10 in the ionizer mode to enable
      the analysis of residual gases such as may be present in the chamber 69
      during the pump-down cycle and prior to back filling the chamber with
      inert gas, i.e., at a pressure of approximately 9 .times. 10.sup.-.sup.7
      Torr, the cylindrical grid 11 is placed at +27 volts, the exit aperture
      plate 24 is placed at zero volts, entrance aperture plate 16, which is
      also one end of the filament 45, is placed at -27 volts, and the other end
      of the filament 45 is placed at -32 volts. When so energized, an electron
      current on the order of 2 mA flows into the chamber 27, with an energy of
      54 volts. During the resultant collisions of the electrons with the
      residual gas atoms, some of the atoms are ionized and are extracted
      through the exit aperture 26, passing into the quadrupole mass analyzer 50
      with a maximum energy of approximately 27 volts.
PAR  FIG. 7 shows a typical residual gas analysis spectrum obtained by the
      quadrupole mass analyzer 50 under the conditions set forth hereinabove. As
      may be seen, the peaks are due to residual H.sub.2, H.sub.2 O, CO,
      CO.sub.2 and hydrocarbons. The spectrum exhibits unit mass resolution
      throughout the range of interest and is accompanied by very low noise
      background. Mass 1 and 2 peaks are easily distinguished. Good mass
      resolution and high signal to noise ratios are often difficult to achieve
      for such low masses. This is because of the very high noise signals that
      customarily occur at the lowest mass settings, and is believed to occur
      because extraneous ions having particular energies and trajectories at the
      entrance to the quadrupole filter are not adequately removed by the filter
      when the potentials on the quadrupole rods are near zero.
CLMS
STM  Having thus described the present invention, what is claimed is:
NUM  1.
PAR  1. An apparatus for use with a quadrupole type mass analyzer comprising:
PA1  an electrically conductive cylindrical grid having entrance and exit ends
      allowing the axial passage of ions therethrough, positioned in front of
      the input to the quadrupole mass analyzer such that the longitudinal axis
      of the grid is in line with the longitudinal axis of the quadrupole
      analyzer;
PA1  an electrically conductive entrance aperture plate electrically insulated
      from said grid and positioned adjacent said antrance end thereof such that
      the plane of the entrance plate is normal to said axis of said grid, said
      entrance aperture plate having an annular opening concentric to said axis
      of said grid through which ions may be admitted into said grid, having a
      solid center portion forming a baffle to prevent ions, neutral atoms,
      photons and other particles such as may be directed toward said entrance
      end from passing directly along said axis through said grid, and having a
      substantially unidimensional electrode attached to said center portion and
      extending within said grid and along said axis thereof substantially the
      full length of said grid; and
PA1  an electrically conductive exit aperture plate electrically insulated from
      said grid and positioned adjacent said exit end such that the plane of the
      exit aperture plate is normal to said axis, said exit aperture plate
      having a circular opening concentric to said axis of said grid to restrict
      the passage of ions out of said grid, whereby the application of
      predetermined potentials to said grid and to said entrance and exit
      aperture plates respectively causes ions entering said grid through said
      annular opening and which have a relatively low kinetic energy to be
      selectively transmitted through said opening in said exit aperture plate,
      and causes high kinetic energy ions, neutral atoms, photons and other
      particles not to be transmitted.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the diameter of said center
      portion of said entrance aperture plate, the diameter of said circular
      opening in said exit aperture plate and the distance from the end of the
      unidimensional electrode adjacent said exit aperture plate to said exit
      aperture plate are all approximately equal.
NUM  3.
PAR  3. An apparatus according to claim 1, further comprising a source of
      electrons and an electron permeable chamber whereby the application of an
      electrical bias to said chamber with respect to said source of electrons
      causes electrons produced by said source to be directed toward and to pass
      into the chamber to ionize atoms therein and the application of other
      predetermined potentials to said grid and to said entrance and exit
      aperture plates causes said ionized atoms to be directed through said exit
      aperture plate.
NUM  4.
PAR  4. An apparatus according to claim 3 further comprising an electrostatic
      shield surrounding said chamber, said electron source being positioned
      between said chamber and said electrostatic shield.
NUM  5.
PAR  5. An apparatus according to claim 3, wherein said electron source is a
      filament comprising an elongated helix of a refractory metal, the filament
      being positioned between the shell and grid, the axis of the helix being
      parallel to the common axis of the shell and grid.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein said grid and said entrance
      and exit aperture plates define an electron permeable chamber and said
      apparatus further comprises a cylindrical electrically conductive electron
      impermeable shell concentrically positioned outside said grid and a source
      of electrons between said shell and said grid, whereby the energization of
      said source of electrons and the application of an electrical bias to said
      grid with respect to said source of electrons causes electrons to be
      directed toward and to pass into said chamber and the application of other
      predetermined potentials to said entrance and exit aperture plates with
      respect to said grid causes said ionized atoms to be directed through said
      exit aperture plate.
NUM  7.
PAR  7. A secondary ion mass spectrometer comprising
PA1  an ion gun adapted for bombardment of a material to thereby sputter and
      ionize atoms from said material,
PA1  an ion selection apparatus including an electrically conductive cylindrical
      grid having entrance and exit ends allowing the axial passage of ions
      therethrough, an electrically conductive entrance aperture plate
      electrically insulated from said grid and positioned adjacent the entrance
      end thereof such that the plane of the entrance plate is normal to the
      longitudinal axis of said grid, said entrance aperture plate having an
      annular opening concentric with the longitudinal axis of said grid through
      which ions may be admitted into said grid, the center portion of the
      entrance aperture plate forming a baffle to prevent ions such as may be
      directed toward the entrance end from passing directly along said axis
      through said grid and having a substantially unidimensional electrode
      attached to the center portion and extending within said grid and along
      said axis thereof substantially the full length of said grid, an
      electrically conductive exit aperture plate electrically insulated from
      said grid and positioned adjacent the exit end thereof such that the plane
      of said exit aperture plate is normal to said axis of said grid, said exit
      aperture plate having a circular opening concentric with said axis to
      restrict the passage of ions out of said grid, whereby the application of
      predetermined potentials to said grid and to the entrance and exit
      aperture plates respectively causes ions entering the grid through said
      annular opening and which have a relatively low energy to be selectively
      transmitted out through said opening in said exit aperture plate,
PA1  a quadrupole mass analyzer axially positioned adjacent the exit aperture
      plate, the longitudinal axis of said grid and that of said analyzer being
      in line such that ions transmitted through said exit aperture plate pass
      into the analyzer and are selectively transported therethrough in
      accordance with the mass of said ions and the potentials applied to said
      quadrupole mass analyzer, and
PA1  ion detecting means positioned adjacent said quadrupole analyzer to receive
      ions transmitted therethrough and to generate a signal corresponding to
      such transmitted ions.
NUM  8.
PAR  8. An ion mass spectrometer according to claim 7, further comprising a
      source of electrons and an electron permeable chamber electrically biased
      with respect to said source of electrons to cause electrons produced by
      said source to be directed toward and to pass into said chamber to ionize
      atoms contained therein whereby the application of other predetermined
      potentials to the grid and to said entrance and exit aperture plates
      causes said ionized atoms to be directed through said grid and into said
      quadrupole mass analyzer to determine the mass of said ionized atoms.
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ABST
PAL  An electronradiography imaging chamber providing a visual image at the
      chamber suitable for direct viewing and/or copying. An imaging chamber
      with a first electrode on the x-ray source side, an x-ray absorber in a
      gap between the first electrode and an anisotropic plate, and a liquid
      crystal material in a second gap between the plate and a second
      transparent electrode, with incoming x-radiation providing a charge image
      on the plate at the absorber gap, with the plate transferring the charge
      image to the liquid crystal side and modulating the liquid crystal
      material to produce a visual image of the charge image, which visual image
      is viewable through the second electrode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronradiography and in particular, to a new
      and improved imaging chamber for providing directly viewable and copyable
      images. The conventional electronradiography system has an x-ray absorber
      and electron and positive ion emitter in a gap between electrodes.
      Incoming radiation is absorbed in the gap and the emitted electrons and
      positive ions are attracted toward the corresponding electrodes. A
      dielectric receptor sheet is positioned at one or both of the electrodes
      and electrostatic charge images are formed on the receptor sheets. The
      receptor sheet is removed from the imaging chamber and the electrostatic
      charge image is developed into a visual image by application of toner
      particles following conventional xerographic techniques. This results in a
      hard copy x-ray image which closely resembles the conventional x-ray film
      transparency. An electronradiography system utilizing gas as the absorber
      is shown in U.S. Pat. No. 3,774,029. An electronradiography system
      utilizing liquid absorber is shown in copending application Ser. No.
      456,532, filed Apr. 1, 1974, now U.S. Pat. No. 3,873,833 and assigned to
      the same assignee as the present application.
PAR  The conventional electronradiography machine which produces the hard copy
      requires a number of moving parts for loading the receptor sheet into the
      imaging chamber and transferring the receptor sheet to developing and
      fixing stations, and also utilizes consumables which are replaced at
      intervals.
PAR  It is an object of the present invention to provide a new and improved
      electronradiography system for producing a directly viewable image at the
      imaging chamber utilizing the charge image while omitting the receptor
      sheet and its attendant handling requirements. The visual image may be
      viewed directly, may be photographed, and may be recorded electronically
      for transmission and/or storage. Such an imaging chamber requires no
      moving parts nor any consumable materials.
PAC  SUMMARY OF THE INVENTION
PAR  The imaging chamber of the present invention utilizes a pair of electrodes
      and an x-ray absorber and electron and positive ion emitter, as in the
      conventional electronradiography system. An anisotropic conductive plate
      is positioned between the electrodes defining a first gap between the
      first electrode and the plate for the x-ray absorber, and a second gap
      between the plate and second electrode for a liquid crystal material.
      Conventional liquid crystal materials may be utilized and both dynamic
      scattering type and field effect type are suitable. The second electrode
      is transparent and in operation, the charge image formed at the
      anisotropic conductive plate by the incoming radiation is transferred
      through the plate to the liquid crystal material modulating the material
      and producing a visual image viewable through the transparent second
      electrode, which corresponds to the charge image at the plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic illustration of an electronradiography system with
      an imaging chamber incorporating the presently preferred embodiment of the
      invention with a gas x-ray absorber;
PAR  FIG. 2 is a view similar to that of FIG. 1 utilizing a liquid x-ray
      absorber; and
PAR  FIG. 3 is a view similar to that of FIG. 2 for a system with field effect
      type liquid crystal material rather than the dynamic scattering type
      material of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the electronradiography system of FIG. 1, an x-ray source 10 directs
      radiation through a body 11 to an imaging chamber 12. The imaging chamber
      includes a housing 14 with a cover 15 which serves as one electrode. An
      anisotropic plate 16 is positioned in the housing 14 defining a gap 17
      between the electrode 15 and plate 16. Another electrode 19 is positioned
      in the housing defining another gap 20 between the plate and electrode 19.
      The electrode 19 should be transparent and typically may comprise a thin
      film conductor on a transparent substrate, such as a tin oxide film on a
      glass substrate 21.
PAR  In the embodiment of FIG. 1, a gas is maintained in the gap 17 at super
      atmospheric pressure and a high pressure viewing port is provided in the
      housing 14 with a window 23. An imaging power supply 25 is connected
      across the electrodes 15, 19 by a switch 26, and an erase power supply 27
      may also be connected across the electrodes by another switch 28. An
      imaging gas may be introduced into the gap 17 via a line 30. A liquid
      crystal material is positioned in the gap 20 and a gasket 31 may be
      utilized for sealing purposes.
PAR  The imaging gas in a gap 17 functions as an x-ray absorber and electron and
      positive ion emitter and has an atomic number of at least 36, Xeon being a
      suitable gas. Reference may be made to the aforementioned U.S. Pat. No.
      3,774,029 for further information on the imaging gas and its function. Any
      of the available, suitable liquid crystal materials may be utilized in the
      gap 20 and in the embodiment illustrated, a dynamic scattering type is
      preferred. The anisotropic plate 16 provides for electrostatic charge
      conduction from one surface of the plate to the other surface, with the
      plate separating the x-ray absorbing medium from the liquid crystal
      material. Typically, the anisotropic plate may be a pin matrix, such as an
      array of electrically conductive wires disposed parallel to and spaced
      from each other in a glass body, with the pins extending from one surface
      to the opposite surface. Thus, an electrostatic charge pattern or image
      produced at one surface of the plate will be reproduced at the opposite
      surface of the plate with the fidelity or accuracy limited only by the
      number of conducting pins. Pin matrices may be produced with the number of
      electrical conductors exceeding 10 per linear milimeter, providing a
      minimum resolution of 10 line pairs per milimeter.
PAR  In operation, the imaging power supply 25 is connected across the
      electrodes by the switch 26 and the x-ray source is energized. The
      radiation from the x-ray source entering the gap 17 is absorbed, resulting
      in generation of electrons and positive ions which move toward the
      electrode 15 and the plate 16, with the direction depending upon the
      polarity of the supply. An electrostatic charge image is formed on the
      upper surface of the plate 16 and is transferred through the plate to the
      lower surface. This charge then modulates the liquid crystal material
      producing a image which is viewable through the transparent electrode 19.
      A light source 34 may be directed toward the window 23 for improving the
      image if desired. This visual image may be viewed by the operator, may be
      photographed, and may be electronically copied for storage and/or
      transmission.
PAR  In the case of the dynamic scattering type of liquid crystal material, the
      passage of an electric current through a thin layer of initially well
      oriented material breaks up the single crystal structure into a multitude
      of randomly oriented, rapidly moving domains, which scatter light from
      their boundaries. The dynamic scattering will vary in intensity with the
      magnitude of the current traversing the liquid crystal. In this way, a
      gray scale will be produced in the visual image. Preferably, the ends of
      the conductive pins in the matrix of the anisotropic plate 16 will be
      polished so that they reflect much of the scattered light producing an
      image with good contrast.
PAR  Normally the imaging power supply will be switched off when the x-ray
      exposure terminates. Then the liquid crystal material will begin to relax
      back to its initial, uniformly oriented state. This process is normally
      completed in about 50 to 100 miliseconds, after which the visual image
      will have disappeared and the imaging chamber is ready for the next
      exposure. In the case of a single shot operation, a camera system
      synchronized with the x-ray exposure cycle may be used to record the image
      permanently. Real time or quasi-real time imaging may be obtained by
      repeating the exposure cycle at a frequency which would be limited by the
      switching times of the particular liquid crystal material utilized.
PAR  Liquid crystal materials have a relatively long life if they are operated
      in an ac mode, thus avoiding electrochemical decomposition of the material
      at the electrodes. Thus it is preferable to reverse the polarity of the
      imaging power supply after each exposure so that for one exposure
      electrons will enter the liquid crystal material from the plate 16 and for
      the next exposure electrons will move from the liquid crystal material to
      the plate. This may be achieved by having the power supply 25 and ac
      supply operating at a frequency half the x-ray exposure rate. A typical
      system may operate at ten exposures per second.
PAR  In an alternative embodiment, storage type dynamic scattering liquid
      crystal material may be utilized to preserve a single shot image for
      visual inspection and possible subsequent copying. The image of the
      storage type material may be erased by applying a short pulse of ac
      voltage, typically in the frequency range of a few kilohertz. In this
      configuration, the dc field is applied during the x-ray exposure to
      produce the image and the ac field is then applied to erase the image, as
      by closing switch 28 connecting the power supply 27 across the electrodes.
PAR  An alternative embodiment of the imaging chamber of FIG. 1 is shown in FIG.
      2, with corresponding elements identified by the same reference numerals.
      A liquid absorber is used in the gap 17 rather than a gas absorber and
      reference may be had to the aforesaid copending application Ser. No.
      456,532 for more detailed information on the liquid absorber. The liquid
      absorber is an x-ray absorber and electron and positive ion emitter
      serving the same purpose as the gas absorber of the embodiment of FIG. 1,
      and comprises an x-ray opaque electrically non-conducting liquid having
      atoms with an atomic number of at least 17. The liquid absorber may be
      utilized at atmospheric pressure and therefore the high pressure housing
      and viewing port of the FIG. 1 are not required. The electrode 15 is
      spaced from the plate 16 by a frame member 37, and the plate 16 is spaced
      from the electrode 19 and substrate 21 by another frame member 38. The
      operation of the imaging chamber of FIG. 2 is the same as that of FIG. 1.
PAR  Another alternative embodiment for the imaging chamber is shown in FIG. 3,
      with elements corresponding to those of FIGS. 1 and 2 identified by the
      same reference numerals. In the embodiment of FIG. 3, a field effect type
      liquid crystal material is utilized in the gap 20. The field effect
      material does not require the passage of electricity through the material,
      rather depending upon the establishment of an electric field across the
      layer of material between the plate 16 and electrode 19. This field
      changes the local orientation of the liquid crystal molecules which may be
      rendered visible by utilizing polarized light techniques known to those
      working in the liquid crystal material field. In this embodiment, it is
      desirable to overlay the liquid crystal material side of the plate 16 with
      a thin electrical insulating film in order to avoid injection of electrons
      into the liquid crystal material. Such a film 40 may be of evaporated or
      sputtered silicon monoxide or dioxide or other suitable insulating
      material. Alternatively, it could consist of a broad band dielectric
      mirror, designed to reflect the visible spectrum. The film or layer 40
      should be thin so that the electric field is not degraded by its presence.
      A circular polarizer sheet 41 is positioned at the viewing side of the
      substrate 21 for viewing the image through the polarizer sheet.
PAR  In normal operation, not all of the incident x-radiation in the gap 17 will
      be absorbed. It is desirable to shield the liquid crystal material from
      the unabsorbed radiation and this may be accomplished by suitable choice
      of materials for the plate 16. Typically, the glass insulating body may be
      constructed of a lead glass and the conductive pins of a metal which is
      highly absorbent of radiation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electronradiography imaging chamber providing a visual image
      suitable for direct viewing and/or copying, the combination of:
PA1  a first electrode;
PA1  an anisotropic conductive plate;
PA1  a second transparent electrode;
PA1  means for supporting said electrodes and plate in spaced relation with a
      first x-ray absorber gap between said first electrode and said plate and a
      second liquid crystal material gap between said plate and said second
      electrode;
PA1  means for connecting a power source across said electrodes;
PA1  an x-ray absorber and electron and positive ion emitter in said first gap
      for producing a charge image on said plate; and
PA1  a liquid crystal material in said second gap, with said charge image
      transmitted through said plate towards said second electrode for
      modulating said material producing a visual image of said charge image.
NUM  2.
PAR  2. A chamber as defined in claim 1 wherein said absorber and emitter is an
      x-ray opaque gas at super atmospheric pressure and having an atomic number
      of at least 36.
NUM  3.
PAR  3. A chamber as defined in claim 1 wherein said absorber and emitter is an
      x-ray opaque electrically non-conducting liquid having atoms with an
      atomic number of at least 17.
NUM  4.
PAR  4. A chamber as defined in claim 1 including a source of illumination
      directed towards said second electrode.
NUM  5.
PAR  5. A chamber as defined in claim 1 wherein said liquid crystal material is
      dynamic scattering type material with the charge image on said plate
      producing electric current in said material between said plate and second
      electrode.
NUM  6.
PAR  6. A chamber as defined in claim 1 wherein said liquid crystal material is
      field effect type material with the charge image on said plate producing
      an electric field in said material between said plate and second
      electrode.
NUM  7.
PAR  7. A chamber as defined in claim 6 including an electrical insulating layer
      on said plate at said liquid crystal material.
NUM  8.
PAR  8. A chamber as defined in claim 6 including:
PA1  a source of illumination directed towards said second electrode; and
PA1  a circular polariser sheet on the illuminated side of said second
      electrode.
NUM  9.
PAR  9. A chamber as defined in claim 1 wherein said anisotropic plate comprises
      a plurality of electrical conducting pins spaced from each other in an
      electrical insulating support.
NUM  10.
PAR  10. A chamber as defined in claim 1 including a dc power supply.
NUM  11.
PAR  11. A chamber as defined in claim 1 including an ac power supply.
NUM  12.
PAR  12. A chamber as defined in claim 1 including a first ac power supply
      operating at a lower frequency for forming an image and a second ac power
      supply operating at a higher frequency for erasing the image.
NUM  13.
PAR  13. A chamber as defined in claim 1 including a dc power supply for forming
      an image and an ac power supply for erasing the image.
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PAL  High quantum yields of gain photocurrent provided by sandwiching an
      insulating layer in contact with a photoconductor between two electrodes,
      applying an electrical potential thereacross, and directing excitation
      light upon the photoconductor are increased by simultaneously impinging
      the photoconductor with infrared radiation during exposure to the
      excitation light where the photoconductor comprises selenium or a selenium
      alloy. In cyclical operation of gain photocurrent devices having a
      photoconductive layer comprising selenium or a selenium alloy, fatigue
      effects are overcome by irradiation with infrared radiation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to field induced injection currents across
      insulating layers and high quantum yields thereof when said insulating
      layer is in contact with a photoconductive layer and the photoconductive
      is struck by suitable light; more particularly, this invention relates to
      maintaining such high quantum yields in cyclical operation.
PAR  Light is physically viewed as possessing the characteristics of wave motion
      and energy particles. The characteristic of an energy particle is
      generally attributed to the photon quantum of light. Generally speaking,
      when a photon quantum of light strikes a photoconductive material, one
      pair of charge carriers constituting a negative charge and a positive
      charge is created. Typically, one of the charge carriers of the pair of
      charge carriers moves in the photoconductive material struck by the photon
      quantum of light while the other remains substantially in the location of
      creation. The negative charge carrier is generally referred to as an
      electron while the positive charge carrier is generally referred to as a
      hole. It has been found that when light strikes a photoconductive
      material, one photon quantum of light is required to generate one pair of
      charge carriers. Thus, the maximum quantum efficiency, expressed as number
      of pair of charge carriers created per photon quantum of light, has a
      maximum value of 1. Typically, the quantum efficiency is less than 1.
PAR  In order to obtain photoconductive gain greater than unity, it has been
      generally felt necessary that ohmic contact, e.g., a reservoir of charge
      at the metal-photoconductor interface, be present. It was further
      generally felt that with a blocking contact to the photoconductor, e.g., a
      non-ohmic contact with a Schottky energy barrier at the
      metal-photoconductor interface, photoconductive gains greater than unity
      could not be achieved. See, for example, "Photoconductive Gain Greater
      Than Unity in CdSe Films with Schottky Barriers at the Contacts", R. R.
      Mehta and B. S. Sharma, J. Appl. Phys., Vol. 44, No. 1, January, 1973.
      According to this article, the authors were able to achieve a
      photoconductive gain greater than unity with gold electrodes in contact
      with the photoconductor wherein the gold contacts were determined to be
      non-ohmic with a Schottky energy barrier between the electrode and the
      photoconductor and wherein the radiation utilized was bandgap radiation of
      the photoconductor. No insulating layer was deliberately inserted between
      the gold electrode and photoconductor.
PAR  Conduction through a physical, electrically insulating barrier is reported
      in "Thermally Assisted Tunneling in Dielectric Films", G. G. Roberts and
      J. I. Polanco, Phys. Stat. Sol. (a), 1, 409 (1970). In the latter article,
      the authors reported findings in the characteristic relationship between
      current flow in, and voltage applied to, an insulating organic layer
      sandwiched between two electrodes. No photoconductive layer is utilized
      and no mention is made of gain photocurrent.
PAR  Conduction through a semiconductor layer adjacent a few-atoms-thin layers
      of insulating materials is theoretically presented in The Physical Review
      B, F, Schmidlin, 1, 4, pages 1583-1587 (1970).
PAR  U.S. Pat. No. 3,732,429 discloses the use of an inorganic insulating layer
      in contact with a photoconductor in order to obtain a higher dark
      impedance in conjunction with a liquid crystalline layer. All three layers
      are sandwiched between electrodes.
PAR  U.S. Pat. 3,709,683 discloses the use of infrared radiation in xerography
      to discharge positive charges or holes within vitreous selenium and
      selenium alloy photoconductors.
PAR  In new and growing areas of technology, new methods, apparatus,
      compositions, and articles of manufacture are often discovered for the
      application of the new technology in a new mode. The present invention
      relates to a new and advantageous method for maintaining high yields of
      gain photocurrent in cyclical operation and to a new and advantageous
      method for increasing maximum and equilibrium gain photocurrent in devices
      having photoconductive layers comprising selenium or selenium alloy.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to provide a novel method for
      providing increased maximum gain photocurrent.
PAR  It is another object of this invention to provide a novel method for
      providing increased equilibrium gain photocurrent.
PAR  It is a further object of the invention to provide a novel method for
      cyclically providing gain photocurrent.
PAR  It is another object of this invention to provide a novel method for
      maintaining high yields of gain photocurrent.
PAR  It is still a further object of this invention to provide a gain
      photocurrent method which can be utilized with various imaging layers to
      enhance the imaging of said layers.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by irradiating an insulating layer in contact with a
      photoconductive layer comprising selenium or a selenium alloy, with
      infrared radiation. The ratio of photoconductive layer thickness to
      insulating layer thickness being at least about 10 to 1. Increased maximum
      gain photocurrent and increased equilibrium gain photo current are
      provided when the infrared radiation strikes the photoconductor
      simultaneously with the excitation light normally used to provide gain
      photocurrent.
PAR  Fatigue effects leading to diminishing gain photocurrent in cyclical
      operation of gain photocurrent devices containing selenium or a selenium
      alloy, are overcome by irradiating the device with infrared radiation
      either continuously, or in between cycles of gain photocurrent production.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a schematic illustration of a typical device which provides gain
      photocurrent.
PAR  FIG. 2 is a graphical illustration of a representative plot of the behavior
      of photocurrent versus time in relation to excitation light which occurs
      during the utilization of the gain photocurrent device of FIG. 1.
PAR  FIG. 3 is a schematic illustration of the gain photocurrent device used in
      conjunction with an imaging layer to enhance the imaging of said layer.
PAR  FIG. 4 is a schematic illustration of an embodiment of the present
      invention.
PAR  FIGS. 5a-5c is a graphical illustration of the increase in maximum gain
      photocurrent and of the increase in equilibrium gain photocurrent provided
      by simultaneous exposure of the photoconductor to infrared radiation and
      excitation light as compared to infrared radiation alone and excitation
      alone.
PAR  FIG. 6 is a graphical illustration of the fatigue effect during cyclical
      operation of a gain photocurrent device in the absence of the practice of
      the present invention.
PAR  FIG. 7 is a graphical illustration of the consistently good results
      obtained during cyclical operation of the gain photocurrent device in
      accordance with the practice of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Gain Photocurrent Device
PAR  Referring now to FIG. 1, the gain photocurrent device or electrical
      switching device the operation of which is enhanced by the present
      invention is generally represented as 10. The device comprises electrodes
      1 and 4, insulating layer 2 and photoconductive layer 3, layer 3 being at
      least about ten times as thick as layer 2.
PAR  Electrodes 1 and 4 may comprise any suitable material which allows the
      provisioning from voltage source 5 of a potential across insulating layer
      2 and photoconductive layer 3. Typical suitable materials include metals
      such as platinum, silver, tin, aluminum, gold, copper, indium, gallium;
      conductive metal oxides such as, for example, tin oxide, indium oxide;
      insulating substrates coated with conductive layers such as NESA glass
      comprising a thin coating of tin oxide over glass and commercially
      available from Pittsburgh Plate and Glass Company. Any suitable electrode
      material can be utilized. However, in particularly preferred embodiments
      of the invention the characteristics of the photoconductive layer,
      electrodes and insulating layer are matched in order to provide maximum
      gain in photocurrent, and the work function of the electrode is
      selectively chosen to match the characteristics of the photoconductive
      layer and the insulating layer. "Work function" or derivations thereof is
      used herein in the conventional sense well known to those skilled in the
      art; and "high work function" is used herein to designate materials which
      have a work function at or above 4.5 eV while "low work function" is used
      herein to refer to materials which have a work function below about 4.5
      eV. Any suitable insulating layer can be utilized in the present
      invention. Such layers may include insulating inorganic materials such as,
      for example, metallic oxides which are nonconductive and may include
      insulating organic materials. Any suitable insulating organic material may
      be used. Typical insulating organic materials include:
      poly(2-propene-anthracene), poly(2-vinyl-anthracene),
      poly[1-(2-anthryl)ethylmethacrylate], phenoxy resin -- a high molecular
      weight thermoplastic copolymer of bisphenol A and epichlorohydrin having
      the basic molecular structure -- [OC.sub.6 H.sub.4 C(CH.sub.3).sub.2
      C.sub.6 H.sub. 4 OCH.sub.2 CH(OH)CH.sub.2 ].sub.n where n is equal to
      about 100 (the foregoing material being representative of insulating
      materials having a low ionization potential of below about 8 eV)
      polystyrene, polyvinylcarbazole, polyethylene, polycarbonate resins such
      as, for example, LEXAN -- a thermoplastic carbonate linked polymer
      produced by reacting bisphenol A with phosgene, available from General
      Electric Company, the various parylenes such as poly-para-xylylene and
      poly-monochloro-paraxylylene, a 65/35 weight percent copolymer of styrene
      and n-butylmethacrylate, a 70/30 weight percent copolymer of styrene and
      hexylmethacrylate (the foregoing being representative of insulating
      materials having "high" electron affinity above about 1.5 eV).
PAR  It will be understood, of course, that any suitable insulating layer may be
      used regardless of the value of its ionization potential. However, for
      particularly preferred embodiments mentioned above and which will be
      described below, the ionization characteristics of the material utilized
      in the insulating layer 2 is appropriately matched with the
      characteristics of the photoconductive layer and the work function of the
      electrodes. Other typical suitable insulating material for insulating
      layer 2 include: classes of materials such as poly-styrenes, alkyd
      substituted polystyrenes, polyolefins, styrene acrylic copolymers,
      styrene-olefin copolymers, silicone resins, phenolic resins, and organic
      amorphous glasses. Typical suitable materials include Staybelite Ester 10,
      a partially hydrogenated rosin ester, Foral Ester, a hydrogenated rosin
      triester, and Neolyn 23, an alkyd resin, all from Hercules Powder Co., SR
      82, SR 84, silicone resins, both obtained from General Electric
      Corporation; Velsicol X-37, a polystyrene-olefin copolymer from Velsicol
      Chemical Corp.; hydrogenated Piccopale 100, a highly branched polyolefin,
      HP-100, hydrogenated Piccopale 100, Piccotex 100, a copolymer of methyl
      styrene and vinyl toluene, Piccoelastic A-75, 100 and 125, all
      polystyrenes, Piccodiene 2215, a polystyreneolefin copolymer, all from
      Pennsylvania Industrial Chemical Co., Araldite 6060 and 6071, epoxy resins
      of Ciba; Amoco 18, a poly alpha-methylstyrene from Amoco Chemical Corp.;
      ET-693 and Amberol ST, phenol-formaldehyde resins, ethyl cellulose, and
      Dow C4, a methylphenylsilicone, all from Dow Chemical; R5061A, a
      phenylmethyl silicone resin, from Dow Corning,; Epon 1001, a bisphenol
      epichlorohydrin epoxy resin, from Shell Chemical Corp.; and PS-2, PS-3,
      both polystyrenes, an ET-693, a phenol-formaldehyde resin, from Dow
      Chemical; and Nirex 1085 a polyterpene resin, available from Tenneco
      Corporation under that tradename.
PAR  For the present invention, photoconductive layer 3 may comprise any
      suitable selenium or selenium alloy photoconductive material. Typical
      suitable selenium containing photoconductive materials include selenium,
      selenium alloyed with arsenic such as, for example, arsenic triselenide,
      and selenium alloyed with tellurium, antimony, or bismuth. Typical
      suitable selenium containing photoconductive materials are listed in U.S.
      Pat. No. 3,121,006 to Middleton et al. and in U.S. Pat. No. 3,288,603,
      both of which patents are hereby incorporated by reference. The thickness
      of the photoconductive layer 3 is not critical to the practice of the
      invention and any thickness which provides gained photocurrent may be
      utilized.
PAR  As previously stated, any combination of material for electrodes 1 and 4
      and insulating layer 2 with selenium-containing photoconductive layer 3
      may be utilized to obtain gain photocurrent in accordance with the present
      invention. However, enhanced results are obtained when the characteristics
      of the electrodes and insulating layer are matched to the
      selenium-containing photoconductive layer. Since selenium-containing
      photoconductive materials preferentially conduct positive charge or holes
      to a greater extent than they conduct negative charge or electrons, the
      electrode material is preferentially selected to have a high work function
      greater than about 4 eV and the insulating layer preferentially has a low
      ionization potential of below about 8 eV.
PAR  It has been found through experimentation that gain photocurrent is
      obtained when the thickness ratio of photoconductive layer to insulating
      layer is at least about 10 to 1, or greater. In operation, a voltage is
      applied from voltage source 5 and excitation light 6 is directed upon the
      device.
PAR  FIG. 2 generally illustrates the typical observed photocurrent behavior in
      time in conjunction with the excitation light. At time equal t.sub.o, the
      excitation light is turned on and one observes a steady state primary
      photocurrent. At time equal t.sub.1, the photocurrent goes into the gain
      mode and then grows until it reaches a maximum gain current. At time equal
      t.sub.2, the excitation light is turned off; the current decreases,
      eventually returning back to the dark current level. With repetitive
      experimentation, it was determined that for any particular device, the
      quantity or total charge conducted through the photoconductor before the
      onset of the gain photocurrent or secondary current is substantially
      constant and substantially independent of excitation light and applied
      voltage. Listed below in Table I is a tabulation of the results obtained
      on a device having an about 8.mu.m thick arsenic triselenide
      photoconductive layer and an about 100A phenoxy insulating layer under an
      applied voltage across the device of about 120V. The wavelength of
      excitation light utilized was at about 498 nm. The only parameter varied
      was that of incident light flux.
PAR  As can be seen from Table I, the total charge or quantity of charge
      conducted through the photoconductor prior to onset of the secondary or
      gain photocurrent is substantially constant and is independent of the
      excitation light intensity. It will be appreciated, of course, that the
      excitation light is one having a wavelength within the fundamental
      absorption band of the photoconductor and which excites a primary
      photocurrent in the photoconductor. In addition to being independent of
      the excitation light intensity, the total charge going through the
      photoconductor prior to the onset of the secondary current was also
      determined to be independent of the applied voltage and insulating layer
      thickness. Additionally,
TBL                TABLE I                                                     
     ______________________________________                                    
     Incident Light                  Pre-Gain Total                            
     Flux       Primary Current                                                
                             t.sub.1 - t.sub.o                                 
                                     Charge                                    
     (photons/cm.sup.2 -sec)                                                   
                (.mu.A/cm.sup.2)                                               
                             (sec)   (.mu.C/cm.sup.2)                          
     ______________________________________                                    
     9.26 .times. 10.sup.11                                                    
                0.12         4.90    0.59                                      
     1.77 .times. 10.sup.12                                                    
                0.21         2.84    0.60                                      
     2.80 .times. 10.sup.12                                                    
                0.32         1.82    0.58                                      
     5.33 .times. 10.sup.12                                                    
                0.52         1.10    0.57                                      
     8.45 .times. 10.sup.12                                                    
                0.91         0.67    0.61                                      
     1.61 .times. 10.sup.13                                                    
                1.46         0.42    0.61                                      
     ______________________________________                                    
PAL  this quantity of total charge was found to be only moderately dependent on
      the identity of the photoconductive material in photoconductor layer 3.
      The substantially constant nature of this total charge applied for any one
      given device and is found to vary somewhat from one particular device to
      another, even with identical materials for the insulating layer, electrode
      materials and photoconductive layer.
PAR  As can be seen from the FIG. 2 illustration, the secondary photocurrent
      gives a gain greater than unity. This portion of the photocurrent is
      typically referred to, and is herein denoted, gain photocurrent.
      Phenomenologically, it is theorized that as excitation light excites the
      photoconductor and thereby creates a pair of charge carriers, the positive
      charge moves towards the negative electrode and the negative charge moves
      towards the positive electrode. All charges of one polarity exit from the
      photoconductor into the electrode with which it is in ohmic contact and
      all charges of the other polarity move toward the insulating layer and
      build up at the interface between the photoconductor layer and the
      insulating layer with which it is in contact. At time t.sub.1, the total
      charge at the interface is sufficient to create a critical electrical
      field across the insulating layer. At this point, charge injection into
      the conduction band (or valence band, depending upon charge carrier
      polarity) of the insulating material through thermally assisted tunneling
      becomes significant. The velocity of the tunneling charges is very high,
      so the probability of recombination with charges of opposite polarity is
      small. As the excitation light keeps generating more charges at the
      interfaces, the electrical field across the insulating layer increases.
      This makes the insulating layer more transparent to tunneling charges, and
      the gain current increases until the generation and recombination of
      charges reach equilibrium. Experimental results are in general agreement
      with this theory and revealed that for any particular device the maximum
      gain photocurrent increases proportionally to the square of the voltage
      applied across the device.
PAR  The tabulated data in Table II demonstrates that the maximum gain
      photocurrent varies significantly with the work function of the
      electrodes. These data were taken on a device comprising an about 8.mu.m
      thick layer of arsenic triselenide as the photoconductive layer and an
      about 100A thick phenoxy layer as the insulating layer. The applied
      voltage was at a strength of about 10.sup.5 V/cm, the excitation light
      incident on the device was at a wavelength of about 454 nm and at a flux
      of about 2 .times. 10.sup.12 photons/cm.sup.2 -sec. Table II also further
      illustrates the general statement previously made that the characteristics
      of the photoconductor layer, insulating layer and electrodes should be
      matched in order to obtain even larger gain photocurrents.
TBL                TABLE II                                                    
     ______________________________________                                    
                   Maximum Gain                                                
     Electrode Material                                                        
                   Photocurrent Work Function                                  
                   (A/cm.sup.2) (eV)                                           
     ______________________________________                                    
     Aluminum      2.7 .times. 10.sup..sup.-7                                  
                                4.0                                            
     Silver        5.2 .times. 10.sup..sup.-7                                  
                                4.3                                            
     Copper        6.0 .times. 10.sup..sup.-7                                  
                                4.6                                            
     Tin Oxide     1.5 .times. 10.sup..sup.-6                                  
                                4.8                                            
     Gold          1.6 .times. 10.sup..sup.-6                                  
                                5.0                                            
     ______________________________________                                    
PAR  It will be noted that the photoconductive material utilized in the device
      from which the Table II data was obtained was arsenic triselenide, an
      alloyed photoconductor, which we indicated typically preferentially
      conducts positive charge or holes. Accordingly, we previously indicated
      that where the photoconductive material exhibited this characteristic, the
      electrode material should be selected to have a high work function. From
      Table II it can be seen that the higher the work function of the electrode
      material, the higher the maximum gain, photocurrent.
PAR  Referring again to FIG. 2, it can be seen that operation of gain
      photocurrent device presents an electrical switch in which the gain
      photocurrent is provided subsequent to turn-on of the excitation light and
      is extinguished subsequent to the turn-off of the excitation light.
      Accordingly, the gain photocurrent leads itself very conveniently to the
      utilization of imaging layers, materials and systems which utilize either
      electrical fields, charge injection, or current flow in their imaging
      scheme.
PAR  FIG. 3 schematically illustrates one embodiment wherein the gain
      photocurrent device includes an imaging layer 7. It can be seen from FIG.
      3 that the device structure is in all respects identical with that of FIG.
      1 except that an imaging layer 7 is sandwiched between photoconductor
      layer 3 and electrode 4. In the embodiment schematically illustrated by
      FIG. 3, imaging layer 7 can conveniently by any suitable layer of material
      or combination of materials. For example, imaging layer 7 can be a liquid
      crystalline composition which exhibits dynamic scattering in the areas of
      current flow. In this case, the configuration of the current flow or gain
      photocurrent from the photoconductor and through the liquid crystalline
      material of imaging layer 7 will determine the areas of imaging layer 7
      which exhibit dynamic scattering. Electrodes 1 and 4 can be shaped in
      image configuration in order to provide imagewise configured gained
      photocurrent; or, alternatively, the exciting light can be in imagewise
      configuration thereby causing the gain photocurrent to be exhibited in
      portions of imaging layer 7 corresponding to the portions of
      photoconductive layer 3 struck by the excitation light.
PAR  For a more detailed description of liquid crystalline material, methods,
      apparatus and utilizations wherein light can be diffusely scattered, or
      dynamically scattered to thereby provide imaging, see U.S. Pat. Nos.
      3,592,527; 3,722,998 and 3,761,172, hereby expressly incorporated by
      reference. Speaking generally, such liquid crystalline materials comprise
      nematic mesophases and mixtures of nematic and cholesteric mesophases
      wherein an applied voltage causes the selective diffusing and scattering
      of the selectively transmitted and reflected light.
PAR  Imaging layers and systems suitable for use in conjunction with the gain
      photocurrent device of the present invention include any imaging layer or
      system which can be imaged by application of voltage which subjects the
      layer to either an electrical field, current or charge carrier flow, or
      the capture of charges such as, for example, that of U.S. Pat. No.
      3,645,729, hereby incorporated by reference.
PAR  Imaging layer 7 may comprise any suitable display layer such as, for
      example, electrochromic displays. Such displays are readily known to those
      skilled in the art and will not be described in detail herein. Such
      displays include selective electroplating, pH changes in chemical
      compounds leading to a color change, reduction-oxidation reactions such
      as, for example, the formation of oxides of the transition metals, and a
      whole host of materials the optical properties of which change as a result
      of electric charge being trapped by said materials.
PAR  Typical suitable liquid crystalline fieldeffects include, for example, the
      optically negative to optically positive phase transformation disclosed in
      U.S. Pat. No. 3,652,148 hereby incorporated by reference; the twisted
      nematic to nematic transformation disclosed in U.S. Pat. No. 3,731,986,
      hereby incorporated by reference; the Grandjean to focal-conic texture
      transforamtion disclosed in U.S. Pat. No. 3,642,348, hereby incorporated
      by reference; and, the nematic field-effects such as, for example, the
      uniaxial to biaxial transformation disclosed in U.S. Pat. 3,687,515,
      hereby incorporated by reference. Generally speaking, liquid crystalline
      field-effects are obtained in accordance with the practice of the present
      invention provided (1) the photoconductor has a dark resistance
      sufficiently greater than that of the liquid crystalline material such
      that the electrical field which resides across the liquid crystalline
      material in the dark is below that required for imaging, and (2) in the
      presence of light, the resistance of the photoconductor is decreased to a
      value sufficiently low such that an electrical field is produced across
      the liquid crystalline material sufficient to produce the field-effect.
PAR  It will be readily appreciated by those skilled in the art that the gain
      photocurrent decreases the amount of light otherwise required for the
      imaging of such displays and additionally provides more current during the
      interval t.sub.1 and t.sub.2 than would otherwise be the case in the
      absence of the gain photocurrent provided by the practice of the present
      invention.
PAR  Further, it is noted that the voltage source 5 in FIGS. 1 and 3 is
      schematically illustrated as a D.C. voltage source. The advantageous gain
      photocurrent according to the practice of the present invention is
      provided only by the utilization of a direct current voltage source. An
      alternating current voltage source does not provide the gain photocurrent
      of the present invention because the oscillation of charges does not
      result in the sufficient accumulation of charge and does not yield a
      sufficient electrical field across the insulating layer at t.sub.1 (FIG.
      2) for gain photocurrent. The poles of voltage source 5 are electrically
      connected to the electrodes 1 and 4 in a manner that causes the more
      mobile charge carrier of the charge carrier pairs created by excitation
      light impinging the photoconductive layer to move away from the insulating
      layer. That is, in FIGS. 1 and 3, the polarity is connected such that the
      mobile charge carrier moves away from electrode 1 and towards electrode 4.
      Thus, when the photoconductor utilized preferentially conducts positive
      charge then the negative polarity of voltage source 5 is connected to
      electrode 4.
PAR  The following examples further specifically illustrate various preferred
      embodiments of the gain photocurrent device. Parts and percentages are by
      weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  A gain photocurrent device representative of that of FIG. 1 is prepared as
      follows:
PAR  A glass substrate overcoated with a thin, transparent indium oxide
      conductive layer is utilized as electrode 1. The electrode is prepared by
      cleaning with a solution of Alcanox in an ultrasonic bath for about 30
      minutes. This cleaning is followed by an about 5 minute rinsing in running
      hot water and then in an about 5 minute rinsing in running deionized
      water. The electrodes are subsequently air-dried for 1 hour in an oven at
      about 60.degree.C.
PAR  A phenoxy insulating layer is next applied over the indium oxide layer of
      one of the electrodes by dip coating. The thickness of the phenoxy layer
      is controlled by varying the concentration of a phenoxy resin solution
      comprising 2-methoxyethyl acetate and methyl ethyl ketone. A 1 to 1 volume
      ration of the two solvents is utilized and the phenoxy resin is added in
      an amount which constitutes about 0.3 weight percent of the resulting
      solution. The electrode to be coated is dipped in the solution and
      withdrawn at a rate of about 5.6 centimeters per minute. The resulting
      thickness of the phenoxy insulating layer is determined by multiple beam
      interferrometry, transmission electron microscopy, and U.V. absorption
      measurements to be about 100A.
PAR  An arsenic triselenide photoconductive layer is then deposited over the
      phenoxy insulating layer by vacuum evaporation. The phenoxy coated
      electrode is first baked out in a vacuum of about 1 .times. 10.sup..sup.-5
      Torr by radiation heating at about 85 to about 90.degree.C. for about 1
      hour. The arsenic triselenide is evaporated from a "Knudsen cell" type
      tantalum boat. The thickness of the photoconductor layer is controlled by
      the amount of photoconductive material placed in the boat. A revolving
      wheel to which the phenoxy coated electrode is attached is utilized during
      evaporation to ensure uniform thickness of the resulting photoconductor
      layer. During evaporation of the arsenic triselenide, the temperature of
      the phenoxy coated electrode is maintained at about 45.degree. to about
      50.degree.C in order that the resulting photoconductive layer of arsenic
      triselenide has good appearance and mechanical properties. The amount of
      arsenic triselenide placed in the boat is such that the resulting
      photoconductive layer has a thickness of about 8.mu.m, determined by
      multiple beam interferrometric measurements. Subsequently, a gold
      electrode is evaporated onto the free surface of the arsenic triselenide
      layer. The gold electrode in contact with the photoconductive layer is
      then connected to the negative terminal of a variable D.C. voltage source
      and the positive terminal thereof is connected to the electrode in contact
      with the phenoxy insulating layer.
PAC  EXAMPLE II
PAR  The procedure of Example I was followed to form gain photocurrent devices
      each of which comprised an insulating layer material different from that
      of other sample devices. In each of the sample devices, the electrodes are
      gold with the gold electrode adjacent the insulating layer being
      semi-transparent and about 50% transmissive to light whereas the gold
      electrode in contact with the photoconductive layer has a thickness of
      about 2000A. In all samples, the incident light is at a wavelength of
      about 454 nm and at a flux of about 4.58 .times. 10.sup.11
      photons/cm.sup.2 -sec; the photoconductive layer is arsenic triselenide
      and is about 10 microns thick; the insulating layer thicknesses are
      between about 200 and about 300A.
TBL                TABLE III                                                   
     ______________________________________                                    
     Insulating Layer                                                          
                  E .times. 10.sup..sup.-2 (V/cm).sup.1/2                      
                                   Gain                                        
     Material     where E = field across                                       
                                   Photocurrent                                
                  the insulating layer                                         
                                   (A/cm.sup.2)                                
     ______________________________________                                    
     Phenoxy      5.4              1     .times. 10.sup..sup.-8                
     Phenoxy      9.2              7.5   .times. 10.sup..sup.-8                
     Phenoxy      13.9             4     .times. 10.sup..sup.-7                
     poly(2-propene-2-                                                         
     anthracene)  6.2              3.1   .times. 10.sup..sup.-8                
     poly(2-propene-2-                                                         
     anthracene)  7.8              2.9   .times. 10.sup..sup.-7                
     poly(2-propene-2-                                                         
     anthracene)  8.8              1.3   .times. 10.sup..sup.-6                
     poly(2-vinyl-                                                             
     anthracene)  5.3              3.5   .times. 10.sup..sup.-8                
     poly(2-vinyl-                                                             
     anthracene)  7.9              3.5   .times. 10.sup..sup.-8                
     poly(2-vinyl-                                                             
     anthracene)  8.7              8     .times. 10.sup..sup.-7                
     ______________________________________                                    
PAR  The above data is representative of that obtained from a whole host of
      experiments on the three above-identified materials for the insulating
      layer. It is seen from the above representative data that the gain
      photocurrent does vary with the identity of the insulating material
      utilized in the insulating layer of the gain photocurrent device.
PAC  EXAMPLE III
PAR  The procedure of Example I is followed to produce a gain photocurrent
      device having the gold electrodes of Example II and a phenoxy insulating
      layer of a thicknes of between 200 to about 300A. The gain photocurrent is
      measured as a function of the temperature at which the gain photocurrent
      device is maintained. The following data are representative of the data
      obtained.
TBL                TABLE IV                                                    
     ______________________________________                                    
     E .times. 10.sup..sup.-2 (V/cm).sup.1/2                                   
                  Temperature  Gain Photocurrent                               
                  (.degree.K)  (A/cm.sup.2)                                    
     ______________________________________                                    
      2           277.7        8.5 .times. 10.sup..sup.-10                     
     "            294.1        3.4 .times. 10.sup..sup.-9                      
     "            313.2        1.8 .times. 10.sup..sup.-8                      
     10           277.7        3.7 .times. 10.sup..sup.-8                      
     "            294.1        9.3 .times. 10.sup..sup.-8                      
     "            313.2        2.8 .times. 10.sup..sup.-7                      
     "            330.2        1.4 .times. 10.sup..sup.-6                      
     14           277.7        2.5 .times. 10.sup..sup.-7                      
     "            294.1        4.7 .times. 10.sup..sup.-7                      
     "            313.2        1.1 .times. 10.sup..sup.-6                      
     "            330.2        4.3 .times. 10.sup..sup.-6                      
     ______________________________________                                    
PAR  The above representative data show that the gain photocurrent is dependent
      upon temperature.
PAC  EXAMPLE IV
PAR  The procedure of Example I and the electrodes and photoconductive layer of
      Example III are utilized in fabricating gain photocurrent device samples.
      In each sample, however, the insulating material is varied. An applied
      electrical field of about 1.5 .times. 10.sup.5 V/cm is applied to each
      sample and the excitation light is at a wavelength of 454 nm and at a flux
      of about 1.05 .times. 10.sup.13 photons/cm.sup.2 -sec.
TBL                TABLE V                                                     
     ______________________________________                                    
     Insulating Layer                                                          
                 Insulating Layer                                              
                               Gain Photocurrent                               
      Material   Thickness     (A/cm.sup.2)                                    
                 (A)                                                           
     ______________________________________                                    
     Polyvinyl                                                                 
     carbazole   250                    10.sup..sup.-5                         
     A 70/30 weight                                                            
     percent copolymer                                                         
     of styrene and                                                            
     hexylmethacrylate                                                         
                 913           5.6 .times.                                     
                                        10.sup..sup.-6                         
     A 65/35 weight                                                            
     percent copolymer                                                         
     of styrene and n-                                                         
     butylmethacrylate                                                         
                 653           9 .times.                                       
                                        10.sup..sup.-6                         
     LEXAN       803           4.5 .times.                                     
                                        10.sup..sup.-6                         
     polystyrene 845           4.5 .times.                                     
                                        10.sup..sup.-6                         
     ______________________________________                                    
PAR  The above data demonstrate that the gain photocurrent does vary with the
      identity of the insulating material. A comprehensive review of all of the
      data obtained, however, demonstrates that the amount of gain photocurrent
      is not substantially affected by the thickness of the insulating layer for
      any given identity of insulating material utilized in the insulating
      layer.
PAC  EXAMPLE V
PAR  Experiments were conducted to determine whether the excitation light
      intensity had an effect on the gain photocurrent obtained. The procedure
      of Example I was followed to provide a gain photocurrent device having the
      gold electrodes of Example III and comprising a phenxoy insulating layer
      at a thickness of about 6500A, and a selenium photoconductive layer at a
      thickness of about 25 microns. The excitation light was at a wavelength of
      about 454 nm. The photon flux of the excitation light was varied and the
      primary and gain photocurrents observed were as follows: at a flux of 4
      .times. 10.sup.11 photons/cm.sup.2 -sec the primary current is measured to
      be about 4 .times. 10.sup..sup.-8 amps/cm.sup.2 while the gain
      photocurrent is measured to be about 2.5 .times. 10.sup..sup.-7
      amps/cm.sup.2 ; at a flux of about 1.5 .times. 10.sup.12 photons/cm.sup.2
      -sec the primary current was measured to be about 10.sup..sup.-7
      amps/cm.sup.2 and the gain photocurrent was measured to be about 5 .times.
      10.sup..sup.-7 amps/cm.sup.2 ; at a flux of about 4 .times. 10.sup.12
      photons/cm.sup.2 -sec the primary current was measured to be about 3
      .times. 10.sup..sup.-7 amps/cm.sup.2 and the gain photocurrent was
      measured to be about 1.5 .times. 10.sup..sup.-6 amps/cm.sup.2 ; and, at a
      flux of about 1.2 .times. 10.sup.13 photons/cm.sup.2 -sec the primary
      current was determined to be about 8 .times.  10.sup..sup.-7 amps/cm.sup.2
      and the gain photocurrent was determined to be about 3.5 .times.
      10.sup..sup.-6 amps/cm.sup.2.
PAR  These data show a linear relationship between gain photocurrent and
      excitation light flux for a selenium photoconductive layer.
PAC  EXAMPLE IV
PAR  The procedure of Example I is utilized to provide a gain photocurrent
      device having the gold electrodes of Example III and comprising a phenoxy
      insulating layer at a thickness of about 100A and an arsenic triselenide
      photoconductive layer at a thickness of about 8 microns. The applied
      electrical field is at about 1.5 .times. 10.sup.5 V/cm and the excitation
      light is at a wavelength of about 498 nm. The primary current and gain
      photocurrent were measured as a function of varying excitation light flux.
      The following data are representative of the data obtained: at a flux of
      about 10.sup.12 photons/cm.sup.2 -sec, the primary current was measured to
      be about 1.3 .times. 10.sup..sup.-7 amps/cm.sup.2 and the gain
      photocurrent was measured to be about 1.8 .times. 10.sup..sup.-6
      amps/cm.sup.2 ; at a flux of about 8 .times. 10.sup.12 photons/cm.sup.2
      -sec, the primary current was measured to be about 9 .times.
      10.sup..sup.-7 amps/cm.sup.2 and the gain photocurrent was observed to be
      about 6.5 .times. 10.sup..sup.-6 amps/cm.sup.2 ; and, at a flux of about
      1.6 .times. 10.sup.13 photons/cm.sup.2 -sec the primary current was
      measured to be about 1.5 .times. 10.sup.116 6 amps/cm.sup.2 and the gain
      photocurrent was measured to be about 1.8 .times. 10.sup..sup.-6
      amps/cm.sup.2.
PAR  A comprehensive review of the complete set of data indicates that for
      arsenic selenide the primary current varies linearly with the flux or
      intensity of the excitation light but that the gain photocurrent is
      proportional to the square root of the light intensity. It is further
      indicated, as one skilled in the art might expect, that the gain
      photocurrent varied with the identity of the photoconductive material. For
      example, it is noted that the arsenic triselenide photoconductive layer
      provides about four times as much gain photocurrent as the selenium
      photoconductive layer although its electrical field is only about 1/2 the
      strength of that utilized in the device containing the selenium
      photoconductive layer. This is not attributable to the difference in
      thicknesses between the phenoxy insulating layers utilized in the two gain
      photocurrent devices as will be seen in Example VII, below.
PAC  EXAMPLE VII
PAR  The procedure of Example I is utilized to provide gain photocurrent devices
      having the gold electrodes of Example III, phenoxy insulating layers of
      various thicknesses, and a photoconductive layer thickness of about 6
      microns. Two sets of samples are made wherein the first set comprises
      arsenic triselenide and the second set comprises selenium, as the
      photoconductive layers. Each set of devices contains phenoxy insulating
      layers varying from about 10 to about 7000A in thickness. The first set of
      devices containing the arsenic triselenide photoconductive layer have an
      electrical field applied at a strength of about 1.5 .times. 10.sup.5 V/cm
      whereas the second set of devices comprising the selenium photoconductive
      layers have an electrical field applied at a strength of about 4 .times.
      10.sup.5 V/cm. The excitation light utilized in operating both sets of
      devices is at a wavelength of about 454 nm and at a flux of about 1.05
      .times. 10.sup.13 photons/cm.sup.2 -sec. Gain photocurrent is observed in
      the arsenic triselenide devices for phenoxy layers ranging from about 10
      to about 3000A in thickness and the measured gain photocurrent is observed
      to be within the range from about 4 .times. 10.sup..sup.-6 to about 2
      .times. 10.sup..sup.-5 amps/cm.sup.2 and therefore varies little over a
      wide range of insulator thicknesses. It is especially noteworthy that gain
      photocurrent is observed in the arsenic triselenide devices with an
      insulation layer as thick as 2500A.
PAR  The set of devices containing selenium photoconductive layers exhibit
      photocurrent gain with insulating layers having thicknesses from about 60
      to about 7000A.
PAR  The gain photocurrent is measured for these thicknesses to be within the
      range from about 2.8 .times. 10.sup..sup.-6 to about 7 .times.
      10.sup..sup.-6 amps/cm.sup.2. Again, the gain photocurrent varies little
      over a wide range of insulator thicknesses. Again, it is especially
      noteworthy that gain photocurrent was observed in devices comprising the
      selenium photoconductive layer and having insulating layer thicknesses as
      great as about 7000A.
PAC  EXAMPLE VIII
PAR  The procedure of Example I is followed to provide gain photocurrent devices
      for studying the effect of an applied electrical field on the resulting
      gain photocurrent. The devices comprise an indium oxide coated glass
      substrate as a semi-transparent anode overcoated with an about 400A thick
      phenoxy insulating layer which, in turn, is coated with an about 6.2
      micron thick arsenic triselenide photoconductive layer. The cathode in
      contact with the photoconductive layer is an aluminum electrode. During
      operation of the devices, excitation light at a wavelength of about 454 nm
      and at a flux of about 1.05 .times. 10.sup.13 photons/cm.sup.2 -sec is
      utilized. The voltage, and therefore, the applied field, is set at
      variable settings and at each setting the resulting measured primary
      current and gain photocurrent are measured. The primary current tends to
      saturate at approximately 1.1 .times. 10.sup..sup.-6 amps/cm.sup.2,
      corresponding to a quantum efficiency of about 0.73. The gain photocurrent
      shows no sign of saturation and increases proportionally to the square of
      the applied electrical field. Data representative of the complete set of
      data upon which the foregoing observations were made include the
      following: at an applied field of about 4 .times. 10.sup.4 volts/cm, the
      measured primary current is 7 .times. 10.sup..sup.-7 amps/cm.sup.2 and the
      gain photocurrent is measured to be about 1.3 .times. 10.sup..sup.-6
      amps/cm.sup.2 ; at an applied electrical field strength of about 10.sup.5
      V/cm, the primary current is measured at about 10.sup..sup.-6
      amps/cm.sup.2 and the gain photocurrent is measured to be about 7.5
      .times. 10.sup..sup.-6 amps/cm.sup.2 ; and, at an applied field strength
      of about 2 .times. 10.sup.5 V/cm, the primary current is measured to be
      about 10.sup..sup.-6 amps/cm.sup.2 and the gain photocurrent is measured
      to be about 3 .times. 10.sup..sup.-5 amps/cm.sup.2.
PAC  EXAMPLE IX
PAR  The embodiment in FIG. 3 is prepared by following the procedure of Example
      I to provide an imaging device comprising the indium oxide coated
      electrode of Example VIII overcoated with a phenoxy insulating layer at a
      thickness of about 100A, the phenoxy insulating layer being overcoated
      with an about 8.5 micron thick arsenic triselenide photoconductive layer.
      Another indium oxide coated conductive glass is placed face to face on the
      aforementioned photoconductive layer with an air-gap of about 13.mu.m. The
      air gap is then filled with cholesteric liquid crystal and sealed with
      epoxy resin. A voltage of about 100 volts is applied to the device with
      the second electrode electrically connected to the negative terminal of
      the voltage source and the first indium oxide coated electrode connected
      to the positive terminal of the voltage source. The voltage source is a
      D.C. voltage. The cholesteric liquid crystalline composition utilized in
      the liquid crystalline layer comprises 80 weight precent
      pmethoxy-benzylidene-p-n-butylaniline (MBBA) and 20 weight percent
      cholesterol oleyl carbonate (COC). The device active area is about 4
      cm.sup.2.
PAR  An excitation light having a wavelength of about 545 nm and a flux of about
      9.2 .times. 10.sup.13 photons/cm.sup.2 -sec incident on the phenoxy side
      of the device through the indium oxide coated electrode is utilized. After
      application of the voltage, exposures of about 14 msec pulse duration are
      given at intervals of about 20 seconds, and the current is measured at
      each exposure. The first exposure pulse produces a peak current of about
      13.5 .times. 10.sup..sup.-6 amps which returns to a dark current level of
      below about 0.1 .times. 10.sup..sup.-6 amps within about 100 msec. The
      second, third, and fourth pulse produce no significant change. However, at
      the fifth excitation pulse, the dark current after the light excitation
      begins to show some increase in magnitude and duration prior to returning
      to a level below about 0.1 .times. 10.sup..sup.-6 amps. The sixth
      excitation pulse produces a significant increase in magnitude and duration
      of the dark current. This phenomena indicated that each excitation pulse
      generated trapped electrons at the phenoxy-arsenic triselenide interface
      which are stable under the applied electric field. Apparently, as more
      pulsed exposures are given, trapped electrons accumulate at the
      phenoxy/arsenic triselenide interface; hence the electrical field across
      the phenoxy insulating layer keeps increasing. Eventually, the electrical
      field enhancement becomes high enough for the injection of positive
      charges or holes to become significant. The total negative charge
      accumulated at the phenoxy/arsenic triselenide interface after the fifth
      light pulse as calculated from the total charge flow per light pulse in
      these experiments is found to be about 0.65 .times. 10.sup..sup.-6
      coulomb/cm.sup.2. This value agrees very well with the average critical
      charge, or total charge of primary current prior to the onset of gain
      photocurrent or secondary current, noted in Table I above.
PAR  These observations and correlations made in this Example IX indicate that
      the excitation light need not necessarily be continuously impinging on the
      photoconductive layer prior to onset of secondary current or gain
      photocurrent, but that pulsed light can be utilized to initiate the onset
      of gain photocurrent. Mechanistically, the observations and correlations
      indicate that trapping of charges occurs at the interface between the
      insulating layer and photoconductive layer.
PAC  EXAMPLE X
PAR  The imaging device with the imaging layer of Example IX is subjected to a
      steady relatively low intensity illumination at a wavelength of about 545
      nm and at a flux below 10.sup.12 photons/cm.sup.2 -sec., during the
      application of about 220 D.C. volts. The intensity of the excitation light
      is insufficient to produce a gain photocurrent within a few seconds and
      the primary photocurrent produced is insufficient to cause texture
      transformation of the cholesteric liquid crystalline layer from the
      Grandjean texture to the focal-conic texture. The voltage and excitation
      light are turned off. While the voltage is reapplied, the device is
      exposed to a strobe light pulse at an incident intensity at about 8
      .times. 10.sup.12 photons/cm.sup.2 pulse at about 545 nm. The intensity of
      the strobe light pulse is insufficient to produce a gain photocurrent and
      the primary current produced is insufficient to cause texture
      transformation of the cholesteric liquid crystalline layer. The voltage is
      turned off.
PAR  The voltage is re-applied and the device is then illuminated with the
      steady low intensity illumination and the strobe light is pulsed once, the
      combined illumination providing total incident photons of at least about 9
      .times. 10.sup.12 photons/cm.sup.2. The two exposures together
      substantially immediately (i.e., within a fraction of a second) generate a
      gain photocurrent, and the resultant current is sufficiently high to cause
      a texture transformation in the cholesteric liquid crystalline layer from
      the Grandjean texture to the focal-conic texture.
PAC  EXAMPLE XI
PAR  The device and simultaneous exposure of Example X is followed; however, the
      strobe light pulse is passed through an imagewise configured mask which
      permits only imagewise configured strobe light to impinge the device. The
      cholesteric liquid crystalline layer is transformed in texture from the
      Grandjean to the focal-conic texture in imagewise configuration
      corresponding to the imagewise configured strobe light impinging the
      device.
PAC  EXAMPLE XII
PAR  Example XI is followed except that the steady low intensity illimination is
      provided in imagewise configuration while the strobe light pulse uniformly
      impinges the device.
PAC  IMPROVED GAIN PHOTOCURRENT
PAR  It has now been found that improved gain photocurrent can be obtained by
      irradiating the photoconductor containing selenium alloy with infrared
      radiation. It has been found that exposure of the photoconductor
      containing selenium or a selenium alloy simultaneously to both infrared
      radiation and excitation light provides an increased maximum gain
      photocurrent (M.G.P.) and an increased equilibrium gain photocurrent
      (E.G.P.). It has also been found that fatigue effects resulting from the
      cyclical operation of the gain photocurrent device can be overcome by
      irradiating the device with infrared radiation either in between cycles of
      gain photocurrent production or by continuously irradiating the gain
      photocurrent device, without interruption, throughout the cyclical
      operation thereof.
PAR  Referring now to FIG. 4, there is seen a schematic illustration of one
      embodiment of the present invention which can be utilized to selectively
      irradiate the gain photocurrent device with infrared radiation. In FIG. 4,
      like numerals refer to like elements in FIG. 1. As seen in FIG. 4,
      excitation light source 30 and infrared radiation source 20 provide
      radiation which, respectively, pass through focusing lens 31 and 21 which
      focus the radiation through the aperture of shutters 32 and 22. The
      radiation emerging from the shutters passes through collimating lens 33
      and 23. The excitation light from source 30 strikes a silvered mirror 34
      which is 100% reflecting and is deflected through semi-transparent mirror
      24 which allows approximately 50% of the excitation light 6 to pass
      therethrough and to strike the gain photocurrent device 10. The infrared
      radiation 8 from source 20 strikes the semi-transparent mirror 24 which
      reflects about 50% of infrared radiation 8 onto gain photocurrent device
      10.
PAR  It will be appreciated, of course, that the optical setup depicted in FIG.
      4 is for purposes of illustration only, and that the lenses and shutters
      are optional. Any suitable source of infrared radiation and any suitable
      source of excitation light may be utilized. Further, mirrors 34 and 24 are
      optional and may be dispensed with. In that case, excitation light source
      30 and infrared radiation source 20 are appropriately oriented so as to
      impinge the gain photocurrent device 10. Excitation light 6 may be either
      uniform or in imagewise configuration, as previously described. Infrared
      radiation 8 may likewise uniformly impinge gain photocurrent device 10 or
      be in imagewise configuration. Typically, for gain photocurrent device 10
      depicted in FIG. 1, the excitation light and infrared radiation will
      uniformly impinge device 10 whereas in the imaging layer embodiment of
      FIG. 3, the excitation light and infrared radiation may either be in
      imagewise configuration or uniformly impinge the imaging device for the
      same reasons and under the same conditions as previously described with
      respect to FIG. 3. For example, if imaging layer 7 in FIG. 3 is in
      imagewise configuration, then both the infrared radiation and the
      excitation light can uniformly impinge the imaging device. When imaging
      layer 7 is not in imagewise configuration, excitation light 6 can be in
      imagewise configuration and infrared radiation 8 can uniformly impinge the
      imaging device. In the simultaneous exposure of the present invention,
      both the excitation light and the infrared radiation may be in imagewise
      exposure. In the cyclical operation of the imaging device, the infrared
      radiation need only impinge those areas of the imaging device which are
      cyclically subjected to excitation light but it is preferred as a matter
      of convenience to uniformly impinge the imaging device with infrared
      radiation.
PAR  In the embodiment illustrated in FIG. 4. the orientation and disposition of
      the radiation sources, lenses, shutters and mirrors provide a compact
      arrangement within an overall device housing and allow for the selective
      irradiation with infrared radiation so that any of the method embodiments
      of the present invention can be practiced. In this regard, shutters 32 and
      22 are electrically actuated by suitable programming means to provide for
      the method embodiment of the present invention desired to be practiced.
      Further, in this regard, lenses 21 and 31 are preferably focusing lenses
      which ensure the efficient utilization of radiation emanating from sources
      20 and 30 by passing substantially all of the radiation emanating
      therefrom through the shutters. Lenses 23 and 33 are preferably
      collimating lenses which are adapted to provide parallel rays of radiation
      and, therefore, greater quality control.
PAC  EXAMPLE XIII
PAR  The gain photocurrent device of FIG. 1 is prepared in accordance with
      Example I. The radiation sources and associated optical elements of FIG. 4
      are provided and arranged substantially in accordance with the FIG. 4
      illustration. Excitation light source 30 is a tunable monochrometer which
      is adjusted to provide radiation at a wavelength of about 4540A and
      infrared radiation source 20 is a tunable monochrometer adjusted to
      provide radiation at a wavelength of about 8000A.
PAR  As a first experiment, 80 D.C. volts are applied across the device. During
      application of the voltage, the about 8000A wavelength radiation is
      directed upon the device for about 16 seconds. The resulting photocurrent
      is measured to be about 2 .times. 10.sup..sup.-8 amps/cm.sup.2. This is
      depicted in FIG. 5A.
PAR  As a second experiment, during re-application of the 80 volts, the about
      4540A wavelength radiation is directed upon the device at an intensity of
      about 10.sup.11 photons/cm.sup.2 -sec for about 12 sec. The resulting gain
      photocurrent has a maximum value of about 7.5 .times. 10.sup..sup.-7
      amps/cm.sup.2 which appears about 5 seconds after turn-on of the
      excitation light and gradually diminishes within about 7 seconds after
      reaching maximum to a value of about 2 .times. 10.sup..sup.-7
      amps/cm.sup.2. The excitation light is turned off in this point in time
      and within about 2 seconds the photocurrent drops from 2 .times.
      10.sup..sup.-7 amps/cm.sup.2 to about 1 .times. 10.sup..sup.-7
      amps/cm.sup.2.
PAR  As a third experiment, during re-application of the 80 volts, the gain
      photocurrent device is simultaneously subjected to infrared radiation and
      the excitation light. The infrared radiation is turned on for about 16
      seconds and during the first about 12 seconds thereof the excitation light
      simultaneously impinges the device. The infrared radiation is at a
      wavelength of about 8000A and the excitation light is at a wavelength of
      about 4540A. After about 5 seconds from the simulatneous turn-on infrared
      radiation and excitation light, the gain photocurrent reaches a maximum
      value of about 1.05 times 10.sup..sup.-6 amps/cm.sup.2. About 3 seconds
      after reaching its maximum, the gain photocurrent under the simultaneous
      exposure of infrared radiation and excitation light decreases to a plateau
      gain photocurrent level (equilibrium gain photocurrent) of about 5.8
      .times. 10.sup..sup.-7 amps/cm.sup.2 until the excitation light is
      extinguished. During the remainder about 4 seconds during which the
      infrared radiation alone impinges the device, the photocurrent decreases
      down to a value of about 1.7 .times. 10.sup..sup.-7 amps/cm.sup.2.
PAR  Example XIII demonstrates that when infrared radiation is superimposed over
      excitation light, there results an enhancement of gain photocurrent in
      that the maximum gain photocurrent is significantly increased; and, there
      results an enhancement of equilibrium gain photocurrent in that the
      magnitude of the equilibrium gain photocurrent is increased and the
      duration of equilibrium gain photocurrent is increased. These effects are
      significant for many reasons, principally because a greater maximum gain
      photocurrent will in many imaging embodiments be sufficient to
      substantially instantaneously provide the imaging effect sought in imaging
      layer 7 of FIG. 3 and in other cases the magnitude and duration of the
      equilibrium gain photocurrent will be sufficient to achieve either the
      same or other imaging effects desired in imaging layer 7 of FIG. 3.
PAR  Visual comparison of the three experiments in Example XIII readily indicate
      the significance of simultaneous infrared and excitation light exposure.
      The three experiments are respectively graphically illustrated in FIGS.
      5A, 5B, and 5C.
PAR  As has been noted above, the cyclical operation of the gain photocurrent
      device in FIG. 1 typically results in a decreasing amount of gain
      photocurrents. The fatigue effects and beneficial results provided by
      another embodiment of the practice of the present invention is
      demonstrated in Examples XIV and XV and graphically illustrated in FIGS. 6
      and 7, respectively.
PAC  EXAMPLE XIV
PAR  Example XIII is repeated to the extent of providing the embodiment of FIG.
      4. The excitation light is at a wavelength of about 4540A and its
      intensity upon the device is at about 2 .times. 10.sup.11 photons/cm.sup.2
      -sec. During each cycle the voltage is applied and during application of
      the voltage the device impinges with excitation light. In between cycles
      the applied voltage is turned off. During the first cycle, a maximum gain
      photocurrent of about 5.25 times 10.sup..sup.-7 amps/cm.sup.2 is obtained;
      during the second cycle, a maximum gain photocurrent of about 2.5 .times.
      10.sup..sup.-7 amps/cm.sup.2 is obtained; during the third cycle, a
      maximum gain photocurrent of about 2 .times. 10.sup.116 7 amps/cm.sup.2 is
      obtained; and, during the fourth cycle, a maximum gain photocurrent of
      about 1.5 .times. 10.sup..sup.-7 amps/cm.sup.2 is obtained. This result is
      graphically illustrated in FIG. 6.
PAC  EXAMPLE XV
PAR  Example XIII is followed to the extent of providing the embodiment of FIG.
      4. The excitation light is at about 4540A but its intensity upon the
      device is about 1/2 that of Example XIV, or at about 10.sup.11
      photons/cm.sup.2 -sec. The device is cycled by turning on the applied
      voltage of 80 D.C. volts and during application of such voltage impinging
      the device with excitation light, and then turning off the voltage. Each
      cycle is separated by about 20 seconds interval during which the voltage
      and excitation light remain off. During the about 20 seconds interval, the
      infrared radiation at about 8000A wavelength and at an intensity of about
      10.sup.14 photons/cm.sup.2 -sec uniformly impinges the device. The results
      obtained are graphically illustrated in FIG. 7. The maximum gain
      photocurrent is increased by about 50% and is consistently reproduced
      during each cycle. This is graphically illustrated in FIG. 7.
PAR  A comparison of FIG. 6 to FIG. 7 shows that the dark current in FIG. 6
      steadily rises in magnitude in successive cycles whereas in FIG. 7 the
      dark current remains substantially at the same low magnitude. This
      demonstrates that consistent reproducible and desired enhancement of gain
      photocurrent is provided in accordance with the practice of the present
      invention.
PAR  It will be appreciated, of course, that the intensity and duration of
      exposure of the device to infrared radiation are parameters which are
      interrelated. That is, for example, for any given wavelength of infrared
      time required to obtain the beneficial results of the practice of the
      present invention. Conversely, the less the intensity for any particular
      wavelength of infrared radiation utilized, the greater the duration of
      exposure. Further, it will be appreciated by those skilled in the art that
      the particular wavelength or wavelengths of infrared radiation utilized in
      any particular device will depend on the nature and identity of the
      photoconductor comprising selenium or a selenium alloy. For example, for
      arsenic triselenide it has been experimentally determined that infrared
      radiation within the wavelength band of from about 7000A to 8500A is
      preferred. For an intensity of about 10.sup.14 to about 10.sup.16
      photons/cm.sup.2 -sec of infrared radiation within that wavelength band,
      an optimum exposure time is deemed to be from about 0.1 to about 20 sec.
      Optimum wavelengths for each different photoconductor comprising selenium
      or selenium alloy can be easily and conveniently determined by utilizing
      the embodiment of FIG. 4 and utilizing a tunable monochrometer. For
      simultaneous embodiments of the present invention, the wavelength or
      wavelength band of infrared radiation which consistently provides a
      maximum gain photocurrent and maximum equilibrium photocurrent in
      comparison to the excitation light alone such as, for example, the
      comparison of FIG. 5C to FIG. 5B will indicate the optimum infrared
      radiation wavelength. In the cyclical operation of the gain photocurrent
      device, the optimum infrared radiation wavelength or wavelength bands to
      be utilized with any particular photoconductor containing selenium or a
      selenium alloy can be similarly determined to be that which produces the
      maximum gain photocurrent in a reproducible manner such as depicted in
      FIG. 7.
PAR  While preferred embodiments of the practice of the present invention have
      been described above, it will be appreciated, of course, that the infrared
      radiation may be directed through either side of the gain photocurrent
      device. As previously mentioned above, all elements of the gain
      photocurrent device through which either the infrared radiation of the
      excitation light pass should be at least semi-transparent to such
      radiation or light. The infrared radiation and the excitation light need
      only strike the photoconductor within the gain photocurrent device and
      need not pass through the device.
PAR  It will be appreciated by those skilled in the art that the infrared
      radiation may be be directed continuously upon the gain photocurrent
      device throughout its operation. Or, the infrared radiation may be
      utilized solely during intervals between cycles of gain photocurrent
      production such as is illustrated in FIG. 7. Or, the infrared radiation
      may be utilized simultaneously with excitation light exposure. In the
      simultaneous embodiment, the infrared radiation exposure need not be
      identically coextensive in time with the excitation light exposure, it
      being sufficient that there be some overlap of the two exposures.
      Preferably, the time duration of overlap is sufficient to provide maximum
      gain photocurrent and maximum equilibrium gain photocurrent magnitude and
      duration for the particular intensity of infrared radiation utilized.
PAR  It will be appreciated that other variations and modifications will occur
      to those skilled in the art upon a reading of the present disclosure.
      These are intended to be within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of providing gain photocurrent, comprising:
PA1  a. providing between two electrodes, an insulating layer in contact with a
      photoconductive layer comprising selenium or selenium alloy, the thickness
      ratio of photoconductive layer to insulating layer being at least about 10
      to 1;
PA1  b. applying a D.C. voltage across said photoconductive and insulating
      layers;
PA1  c. impinging said photoconductive layer with light having a wavelength
      within the fundamental absorption band of the selenium or selenium alloy
      within said photoconductive layer and which excites a primary current
      within said photoconductive layer; and
PA1  d. impinging said photoconductive layer with infrared radiation.
NUM  2.
PAR  2. The method of claim 1 wherein said insulating layer comprises an
      insulating material having an ionization potential less than about 8 eV.
NUM  3.
PAR  3. The method of claim 1 wherein at least one of said electrodes comprise a
      material having a work function greater than about 4.5 eV.
NUM  4.
PAR  4. The method of claim 3 wherein said at least one electrode is adjacent
      said insulating layer.
NUM  5.
PAR  5. The method of claim 4 wherein said at least one electrode comprises a
      material selected from the group consisting of platinum, copper, gold, tin
      oxide, and indium oxide.
NUM  6.
PAR  6. The method of claim 2 wherein said insulating layer comprises an
      insulating mateiral selected from the group consisting of phenoxy resin,
      poly(2-propeneanthracene), poly(2-vinyl-anthracene) and
      poly[1-(2-antrile)ethylmethylacrylate].
NUM  7.
PAR  7. The methord of claim 1 wherein the step of impinging said
      photoconductive layer with infrared radiation is performed simultaneously
      with the performance of step (c).
NUM  8.
PAR  8. The method of claim 1 wherein said photoconductive layer comprises
      arsenic triselenide.
NUM  9.
PAR  9. The method of claim 8 wherein said infrared radiation has a wavelength
      from about 7000A to about 8500A.
NUM  10.
PAR  10. The method of claim 9 wherein said infrared radiation has an intensity
      of from about 10.sup.14 to about 10.sup.16 photons/cm.sup.2 -sec.
NUM  11.
PAR  11. The method of claim 10 wherein said infrared radiation impinges said
      photoconductive layer for a period of time from about 0.1 to about 20
      seconds.
NUM  12.
PAR  12. The method of claim 1 further including the step of removing the
      voltage applied in step (b) subsequent to the performance of step (c) and
      prior to the performance of step (d).
NUM  13.
PAR  13. The method of claim 1 wherein the performance of said step (d) is
      continuously performed over a predetermined period of time, further
      including, during said predetermined period of time the performance of
      steps (a), (b) and (c) at least one time.
NUM  14.
PAR  14. The method of claim 13 wherein said predetermined period of time is
      sufficient for the performance of steps (a) through (c), in sequence, at
      least twice; further including the performance of steps (a) through (c),
      in turn, at least twice.
NUM  15.
PAR  15. The method of imaging comprising:
PA1  a. providing between two electrodes a photoconductive layer comprising
      selenium or a selenium alloy and sandwiched between an insulating layer
      and an imaging layer, the ratio of photoconductive layer thickness to
      insulating layer thickness being at least about 10 to 1, said imaging
      layer comprising material having at least one optical property which
      undergoes change when said material is subjected to an applied voltage.
PA1  b. applying a D.C. voltage across said insulating, photoconductive and
      imaging layers;
PA1  c. impinging imagewise said photoconductive layer with light having a
      wavelength within the absorption band of photoconductive material within
      said photoconductive layer and for a period of time wherein gain
      photocurrent is obtained; and
PA1  d. impinging said photoconductive layer with infrared radiation.
NUM  16.
PAR  16. The method of claim 15 wherein said imaging layer is photochromic.
NUM  17.
PAR  17. The method of claim 15 wherein said impinging layer comprises a
      material selected from the group consisting of nematic liquid crystalline
      materials, cholesteric liquid crystalline materials and mixtures thereof.
NUM  18.
PAR  18. The method of claim 17 wherein said imaging layer comprises about 80%
      by weight p-methoxy-benzilidene-p-nbutylaniline and about 20% by weight
      cholesterol oleyl carbonate.
NUM  19.
PAR  19. The method of claim 15 wherein said photoconductive layer comprises
      arsenic triselenide.
NUM  20.
PAR  20. The method of claim 19 wherein the electrode adjacent the insulating
      layer comprises a material having a work function greater than about 4.5
      eV.
NUM  21.
PAR  21. The method of claim 20 wherein the electrode adjacent the insulating
      layer comprises a material selected from the group consisting of platinum,
      copper, gold, tin oxide and indium oxide.
NUM  22.
PAR  22. The method of claim 20 wherein said insulating layer has an ionization
      potential less than about 8 eV.
NUM  23.
PAR  23. The method of claim 20 wherein said infrared radiation comprises
      radiation having a wavelength from about 7000 to about 8500 A.
NUM  24.
PAR  24. The method of claim 23 wherein said infrared radiation has an intensity
      of about 10.sup.14 to about 10.sup.16 photons/cm.sup.2 -sec.
NUM  25.
PAR  25. The method of claim 24 wherein said infrared radiation impinges said
      photoconductive layer for a period of time from about 0.1 to about 20
      seconds.
NUM  26.
PAR  26. The method of claim 15 further including the step of removing the
      voltage applied in step (b) subsequent to performance of step (c) and
      prior to performance of step (d).
NUM  27.
PAR  27. The method of claim 15 wherein said step (d) is performed
      simultaneously with the performance step (c).
NUM  28.
PAR  28. The method of claim 15 wherein in step (c) said light impinging said
      photoconductive layer comprises light from at least two sources, at least
      one of which is in imagewise configuration, the superimposition of the
      light from one source with that from the other source being sufficient to
      substantially immediately initiate gain photocurrent, and the light from
      each source along being insufficient to substantially immediately initiate
      gain photocurrent.
NUM  29.
PAR  29. The method of claim 15 wherein the performance of said step (d) is
      continuously performed over a predetermined period of time, further
      including, during said predetermined period of time the performance of
      steps (a), (b) and (c) at least one time.
NUM  30.
PAR  30. The method of claim 29 wherein said predetermined period of time is
      sufficient for the performance of steps (a) through (c), in sequence, at
      least twice; further including the performance of steps (a) through (c),
      in turn, at least twice.
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ABST
PAL  A contour plotter for testing the response of an infrared detector
       comprig a small, cathode-ray tube with a hidden electron gun for
      generating a flying-hot-spot raster, a refracting, optical lens for
      focussing a reduced image of this raster on the detector under test, an
      oscilloscope, a two-dimensional sweep generator for sweeping the
      oscilloscope and the small, cathode ray tube in synchronism, and an
      electronic amplifier for applying the output of the detector to the Z-axis
      of the oscilloscope so that the intensity of the oscilloscope scanning
      beam is varied in accordance with the detector output response.
PAL  In one embodiment, the small, cathode-ray tube uses an infrared phosphor
      screen to produce a small source of radiation. In a second embodiment, the
      cathode-ray tube uses a thin membrane screen formed by a thin film
      dielectric substrate with a refractory metal film deposited on it for
      producing a flying hot spot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is related generally to radiation imaging systems
      and, in particular, to an apparatus for testing radiation detector
      response.
PAR  2. Description of the Prior Art
PAR  Conventional contour plotters used for testing the response characteristic
      of radiation detectors are cumbersome and difficult to use. Generally,
      they employ a two-dimensional, mechanical-displacement device which is
      operated manually on a point-by-point basis. Such conventional plotters
      use a temperature-calibrated black body as a source for radiation, and a
      readout is performed manually on a meter. Since black bodies, when set at
      a predetermined temperature, send out photon radiation in a known amount,
      the number of photons per unit solid angle may be calculated. Thus the
      detector response versus photon impingement may be determined.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a contour plotter is disclosed which performs automatically many
      of the functions of a conventional plotter, but with improved speed and
      flexibility. The plotter comprises a raster in the form of a flying hot
      spot generated by electron beam interaction with a target plate, an
      optical system for focusing a reduced image of the raster on the infrared
      detector under test, an oscilloscope-type, imaging system, a sweep
      generator for driving the raster and the oscilloscope-type imager, and a
      means for applying the detector output response to the oscilloscope-type
      imager so that the intensity of the scope pattern is modulated by the
      signal level of the detector output. Thus a two-dimensional display is
      produced whose intensity at any point represents the corresponding
      response of the detector to the imaged spot.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to perform the functions of an
      infrared-detector contour plotter automatically.
PAR  A further object is to improve the speed and flexibility of the
      infrared-detector, contour plotters.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the basic 2-dimensional system of the contour
      plotter of the present invention.
PAR  FIG. 2 is a schematic illustration of one embodiment of the cathode-ray
      tube that may be used to implement the present invention.
PAR  FIG. 3 is a schematic illustration of a second embodiment of the
      cathode-ray tube that may be used to implement the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, FIG. 1 shows the basic two-dimensional
      display for testing a radiation detector's response. A raster in the form
      of a flying hot spot is generated by the interaction of an electron beam
      with a target screen in the device 10. This flying hot spot serves as a
      source of radiation which is focussed on the radiation detector 14 under
      test. This focusing may be accomplished by an appropriate refractive lens
      12 (as shown in FIG. 1) or with a reflective focusing system. If a
      refractive-lens focusing system is used, the lens material must be
      suitable for transmitting the wave length band of interest. For example,
      if an infrared detector is to be tested, a silicon lens is appropriate.
PAR  The focusing system is generally positioned so that the radiation is
      focused in a smaller and more intense (minified) spot than the original
      emission from the raster-generating device 10. If a refractive lens 12 is
      used as shown in the figure, then the radiation received at the detector
      is reduced in size and is made more intense than that generated at the
      device 10 by making the distance b between the lens 12 and the detector 14
      smaller than the distance a between the device 10 and the lens 12.
PAR  The detector 14 under test produces an electrical output in response to
      this focused, reduced image of the raster on its radiation-sensing face.
      This electrical output is amplified by a suitable electronic amplifier 16
      and then fed to the Z-axis of a luminous, image-producing device such as
      the oscilloscope 18. This Z-axis connection permits the intensity of the
      scope pattern of the oscilloscope 18 to be modulated by the signal level
      of the detector output.
PAR  A two-dimensional, sweep generator 20 is provided to drive, in synchronism,
      the sweep of oscilloscope 18 via the line 24 and the sweep of the
      raster-generating device 10 via the line 22. In this manner a
      two-dimensional display is produced whose intensity at any point
      represents the corresponding response of the detector to the imaged spot.
      This type of scope display may be easily photographed.
PAR  FIG. 2 illustrates one type of flying-hot-spot raster-generating device 10
      that may be used to implement the system of FIG. 1. It is essentially a
      small, glass-encased, evacuated, cathode-ray tube 30 with an infrared
      phosphor screen 32 and a hidden electron gun 34. The gun is hidden from
      the target screen 32 to prevent a direct view of the hot cathode 36 of the
      gun 34. Electrons are drawn from the hot cathode 36 via the aperture
      electrodes 38 and the extraction electrodes 40 in the conventional manner
      and are turned through an arc by the curved electrodes 42. The electron
      beam then passes through a set of three cylindrical beam-shaping
      electrodes 44, 46 and 48. The electric potentials on these three
      electrodes are chosen so that a focusing of the electron beam is effected.
      The potential on electrode 46 is negative with respect to that on
      electrodes 44 and 48 by an amount necessary to achieve focus at the
      particular accelerating potential used for the electron beam.
PAR  After passing through this set of focusing electrodes, the electron beam
      passes through a set of deflection plates 50 and 52 which, when suitably
      driven by the two-dimensional sweep generator 20, will generate the
      desired raster. Electrodes 50 act as the horizontal deflection plates
      while the electrodes 52 act as the vertical deflection plates.
PAR  A window 54 is located at the end of the tube 30. On this window is
      deposited a layer 32 of a material which, when excited by the electron
      beam, radiates in the desired detector wavelength band. If the detector
      under test is an infrared detector, then an infrared phosphor screen layer
      32 may be deposited on the window. Good candidates for such a phosphor
      deposit are the powdered forms of the III-V compounds that are used to
      make the infrared detectors such as InSb. Cooling of this material might
      be necessary before a significant amount of the desired radiation may be
      extracted from such materials in the 3 to 5 micron band. (Such cooling
      essentially would quench out undesirable radiation). Where such cooling is
      applied, it will be necessary to separate the phosphor screen from the
      window to prevent frosting. The phosphor could be laid down on a
      transparent substrate of good thermal conductivity (such as sapphire) and
      cooled with liquid nitrogen, for example, through double-walled tubing
      which penetrates the wall of the tube. Likewise, the window 54 must be
      chosen so that it transmits the radiation band of interest. Again, if an
      infrared detector is being tested, a silicon window would be suitable.
PAR  Thus, an electron beam is utilized to excite a deposited layer such as
      infrared phosphor to produce a small source of radiation at the point of
      interaction which can be swept over a prescribed area by a corresponding
      sweeping of the electron beam by its deflection plates 50 and 52. The size
      of the radiation-source hot-spot and its intensity are controllable
      through the size and energy of the electron beam. The size and energy of
      the electron beam are in turn controllable by varying the voltages on the
      focussing electrodes 44, 46 and 48 and the aperture and extraction
      electrodes 38 and 40 in the conventional manner. This control over the hot
      spot permits (with optics of good quality) the production of spots small
      enough to achieve the diffraction limit on a minified spot seen by the
      detector 14. This control gives the further advantage that, by being able
      to vary the intensity of the spot, particular features of the detector
      response contours may be brought out. For example, a low-intensity spot
      would show more detail in the more sensitive portions of the detector
      while a high-intensity spot would emphasize less sensitive outlying areas
      so that they may be seen.
PAR  Another advantage to this configuration is that since the area scanned by
      the raster is electronically controllable, there is great flexibility as
      to its size and shape. Thus, detector elements and arrays may be examined
      in virtually unlimited variety.
PAR  FIG. 3 illustrates a second version of the flying-hot-spot
      raster-generating device 10 that may be used to implement the system of
      FIG. 1. As in FIG. 2 the device is essentially a small, cathode ray tube.
      It differs from the device of FIG. 2 only that the hot spot is generated
      through local heating of a membrane 60. This membrane 60 is located just
      inside the window 54. In all other respects the device is similar to that
      of FIG. 2.
PAR  The membrane 60 of FIG. 3 is comprised of two parts: (a) a thin film
      dielectric substrate 62 and (b) a refractory metal film 64 deposited on
      this substrate. Such films are currently manufactured by Hughes Aircraft
      and may comprise, for example, a self-supporting aluminum oxide substrate
      of about 1,000A thick with an evaporated film of molybdenum or tungsten of
      the order of 200A to 500A thick. Both the aluminum oxide substrate and the
      evaporated refractory film are capable of withstanding high operating
      temperatures, possibly as high as 2,000.degree.K. Consequently,
      substantial power levels can be radiated from the membrane. Such high
      temperatures may produce outgassing which eventually could degrade the
      vacuum level within the sealed tube. To pump such undesirable gas, getters
      should be provided within the tube so that upon their activation adequate
      vacuum is restored for a subsequent period of operation.
PAR  When using the tube configuration of FIG. 3, the thin, heated membrane 60
      must be carefully designed to avoid problems with membrane, response speed
      resolution. For instance, since thermal conduction of the metal film
      deposit generally exceeds that of the dielectric substrate, the membrane
      design must be such that the heat lost by radiation is as large as
      possible relative to that lost in other parts of the membrane by thermal
      conduction. To achieve this the metal film deposit must be quite thin (on
      the order of 200A). Dielectric substrates thinner than 1,000A may also be
      necessary to increase the speed of response much beyond one or two frames
      per second (to facilitate better image continuity on the o-cilloscope). In
      the same manner the size of the hot spot on the membrane may be adjusted
      since the effective spot size is a function of the rate at which heat is
      lost by thermal conduction to the surrounding parts of the membrane. Thus
      the same factors which improve speed may be used to improve resolution.
PAR  The proposed contour plotters will operate in a manner different from
      conventional plotters, but to some extent the two types of plotters will
      be complementary. With the proposed devices the contours will be obtained
      quickly and easily so that 100% inspection of completed arrays should be
      practical. On the other hand the proposed sources of radiation are not
      standardized black body radiators with virtually 100% emissivity.
      Consequently, interpreting the contours with respect to some specified D*
      values will not be simple, but will be capable of calibration by
      comparison with parallel conventional procedures. Also, the output will
      not be a contour plot in the conventional manner but will be a display in
      which the intensity varies continuously. Thus, quantitative evaluation
      will be more difficult. On the other hand, comparison of all elements
      within an array will be greatly facilitated.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A detector contour plotter for testing the response of a detector to a
      stimulus comprising:
PA1  thin-film target means including an infra-red phosphor screen for emitting
      infrared radiation when excited;
PA1  means for generating a raster on said thin-film target means so that a
      point source of infrared radiation is emitted from the opposed side of
      said target means and is swept over a prescribed area;
PA1  focusing means for focusing an image of said raster on the detector under
      test;
PA1  cathode-ray imaging means having a two-dimensional scan which is driven in
      synchronism with said raster; and
PA1  means for applying the output response of the detector under test to said
      cathode-ray imaging means to control the intensity of its scanning beam in
      accordance with said detector output response.
NUM  2.
PAR  2. A detector contour plotter as defined in claim 1, wherein said
      raster-generating means further comprises a two-dimensional, sweep
      generator for driving both the cathode-ray imaging system and the raster
      scan in synchronism.
NUM  3.
PAR  3. A detector contour plotter as defined in claim 1, wherein said detector
      output-applying means is an electronic amplifier.
NUM  4.
PAR  4. A detector contour plotter as defined in claim 1, wherein said
      cathode-ray imaging system comprises an oscilloscope.
NUM  5.
PAR  5. A detector contour plotter as defined in claim 1, wherein said focusing
      means is an appropriately positioned refractive lens.
NUM  6.
PAR  6. A cathode-ray tube for generating radiation of the appropriate frequency
      band to test an infrared detector comprising:
PA1  electron-beam generating means;
PA1  beam-curving, electrode plate means for curving the electron beam generated
      by said electron beam generating means;
PA1  beam-shaping electrode means situated so as to focus the beam into a
      desired shape;
PA1  thin, infrared light emissive phosphor screen means;
PA1  deflection means for scanning said electron beam across a prescribed area
      on said phosphor screen means so that a source of infrared radiation is
      swept over a prescribed area on the opposed side of said phosphor screen
      means, and
PA1  window means for transmitting the desired band of frequencies generated by
      the interaction of the electron beam with said phosphor screen means.
NUM  7.
PAR  7. A cathode-ray tube for generating radiation of the appropriate frequency
      band to test an infrared detector comprising:
PA1  electron-beam generating means,
PA1  beam-curving, electrode means for curving the electron beam generated by
      said electron beam-generating means;
PA1  beam-shaping, electrode means situated so as to focus the beam into a
      desired shape;
PA1  thin-membrane, screen means formed by a thin-film dielectric substrate with
      a refractory metal film deposited on it; and
PA1  deflection means for scanning said electron beam across a prescribed area
      on said membrane screen means so that a hot spot of infrared radiation
      generated by said beam on said screen means is swept over a prescribed
      area.
NUM  8.
PAR  8. A detector contour plotter for testing the response of a detector to a
      stimulus comprising:
PA1  means for generating a raster in the form of a flying hot spot of infrared
      radiation on a target, said raster-generating means including a
      cathode-ray tube with a hidden electron gun, said target including a
      thin-film membrane capable of forming a hot spot of infrared radiation in
      the desired region of the spectrum on the opposed side thereof when said
      thin-film membrane is locally heated by the electron beam of said cathode
      ray tube;
PA1  focusing means for focusing an image of said raster on the detector under
      test;
PA1  cathode-ray imaging means having a two-dimensional scan which is driven in
      synchronism with said raster; and
PA1  means for applying the output response of the detector under test to said
      cathode-ray imaging means to control the intensity of its scanning beam in
      accordance with said detector output response.
NUM  9.
PAR  9. A detector contour plotter as defined in claim 8, wherein said thin film
      membrane comprises:
PA1  a thin-film dielectric substrate; and
PA1  a refractory metal film deposited on said dielectric substrate.
NUM  10.
PAR  10. A cathode-ray tube for generating radiation of the appropriate
      frequency band to test an infrared detector comprising:
PA1  electron-beam generating means;
PA1  beam-curving, electrode plate means for curving the electron beam generated
      by said electron beam generating means;
PA1  beam-shaping electrode means situated so as to focus the beam into a
      desired shape;
PA1  infra-red phosphor screen means;
PA1  deflection means for scanning said electron beam across a prescribed area
      on said phosphor screen means so that a source of infrared radiation is
      swept over a prescribed area on the opposed side of said phosphor screen
      means; and
PA1  silicon window means for transmitting the desired band of frequencies
      generated by the interaction of the electron beam with said phosphor
      screen means.
NUM  11.
PAR  11. A method for plotting the contours of a radiation detector under test
      comprising the steps of:
PA1  generating a raster with an electron beam on a thin-membrane screen formed
      by a thin-film dielectric substrate with a refractory metal film deposited
      thereon;
PA1  focusing the radiation from the point source on to the face of the
      radiation detector under test;
PA1  driving a cathode-ray imaging means in synchronism with said raster; and
PA1  applying the output response of the detector under test to said cathode-ray
      imaging means to control the intensity of its scanning beam in accordance
      with said detector output response.
NUM  12.
PAR  12. A method for plotting the contours of a radiation detector under test
      comprising the steps of:
PA1  generating a raster on an extremely thin film infra-red emissive target so
      that a point source of infrared radiation is emitted from the opposed side
      of the film;
PA1  focusing the radiation from the point source on to the face of the
      radiation detector under test;
PA1  driving a cathode-ray imaging means in synchronism with said raster; and
PA1  applying the output response of the detector under test to said cathode-ray
      imaging means to control the intensity of its scanning beam in accordance
      with said detector output response.
NUM  13.
PAR  13. A method for plotting the contours of a radiation detector under test
      as defined in claim 12, wherein said step of generating a raster comprises
      the steps of:
PA1  generating an electron beam; and
PA1  scanning said electron beam across a thin-membrane screen formed by a
      thin-film dielectric substrate with a refractory metal film deposited
      thereon.
NUM  14.
PAR  14. A method for plotting the contours of a radiation detector under test
      as defined in claim 12, wherein said step of generating a raster comprises
      the steps of:
PA1  generating an electron beam; and
PA1  scanning said electron beam across an extremely thin infrared phosphor
      screen.
NUM  15.
PAR  15. A detector contour plotter for testing the response of a detector to a
      stimulus comprising:
PA1  means for generating a raster in the form of a flying hot spot of infrared
      radiation on an infrared, phosphor screen, said raster generating means
      including a cathode-ray tube with a hidden electron gun, said phosphor
      screen having a window on the side opposed to said electron gun for
      transmitting the radiation in the infrared frequency band of the detector
      under test;
PA1  focusing means for focusing an image of said raster on the detector under
      test;
PA1  cathode-ray imaging means having a two-dimensional scan which is driven in
      synchronism with said raster; and
PA1  means for applying the output response of the detector under test to said
      cathode-ray imaging means to control the intensity of its scanning beam in
      accordance with said detector output response.
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ABST
PAL  A method and apparatus for detecting and quantitatively measuring a
      molecular species of gaseous material in a sample to be analyzed are
      provided. Light containing incoherent infrared radiation is collected,
      collimated and transmitted by a light conditioning means to a primary
      filtering means. The primary filtering means selectively transmits light
      having a frequency range in the region of an absorption band for a
      molecular species to be detected. A secondary filtering means, adapted to
      receive the filtered light, transmits light at a plurality of discrete
      frequencies, providing a detectable signal, through the gaseous material.
      The intensity of the signal changes in proportion to the concentration of
      the molecular species. Means are provided for measuring and recording the
      magnitude of the signal intensity change. The intensity of the detectable
      signal is not affected by molecular species other than the species
      appointed for detection, and the intensity differential represents a
      relatively large change in a small signal. Hence, gaseous constituents are
      detected in an accurate and economical manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of infrared gas analysis and more
      particularly to a method and apparatus in which light is transmitted
      through a gas sample at discrete frequencies correlated with the
      absorption spectrum of a gaseous constituent thereof to detect and
      quantitatively measure the constituent.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the apparatus conventionally used for non-dispersive infrared gas
      analysis, a beam of infrared radiation having an emission spectrum
      embracing the absorption spectrum of the gas to be analyzed is directed
      through a gas sample to a transducer. The output signal from the
      transducer is compared with that produced by passing the beam through the
      series combination of the sample and a reference gas of the type appointed
      for analysis. A signal intensity differential, produced by absorption in
      the sample, is converted to a detectable signal and displayed.
PAR  One of the major problems with such analyzers is the difficulty of
      analyzing quantities of gaseous constituents present in the low parts per
      million range. The signal intensity differential representss a relatively
      small change in a large signal and is frequently obscured by spectral
      interference between absorption spectra of the constituent being analyzed
      and absorption spectra of coexistent constituents. Another problem with
      such analyzers is the decreased sensitivity which results unless the
      temperature and pressure of the reference gas are carefully controlled. To
      alleviate these problems, it has been necessary to provide the analyzers
      with highly sensitive forms and combinations of detectors, sources,
      filters, control systems and the like, which are relatively expensive. For
      the above reasons, gas analyzers of the type described have low
      sensitivity and high operating costs.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides apparatus wherein light from the infrared
      frequency region is transmitted through a sample of gaseous material at
      discrete frequencies correlated with the absorption spectrum of a
      molecular species thereof to detect and quantitatively measure the
      species. Briefly stated, the apparatus has light source means for
      generating incoherent infrared radiation. A light conditioning means
      collects, collimates and transmits the light to a primary filtering means.
      The primary filtering means is adapted to receive the light and
      selectively transmit light having a frequency range in the region of an
      absorption band for the molecular species to be detected. A secondary
      filtering means, adapted to receive the filtered light, transmits light at
      a plurality of discrete frequencies forming a plurality of fringes which
      provide a detectable signal. The secondary filtering means has
      interference producing means for providing a plurality of transmission
      windows regularly spaced in frequency. The frequency spacing between
      adjacent windows is adjusted to equal substantially the frequency
      difference between adjacent spectral lines of the absorption spectrum for
      the molecular species to be detected. Under these circumstances, the
      interference producing means forms a comb filter. The secondary filtering
      means also has scanning means for causing the transmission peaks for
      adjacent orders to coincide substantially with the spectral lines of such
      absorption spectrum. Means are provided for transmitting the detectable
      signal through the gaseous material, whereby the intensity of the
      detectable signal changes in proportion to the concentration of the
      molecular species. The intensity change of the detectable signal is
      converted to a measurable form by a signal conditioning means, and the
      magnitude thereof is indicated by detecting means.
PAR  Further, the invention provides a method for detecting and quantitatively
      measuring a molecular species of gaseous material in a samle to be
      analyzed, comprising the steps of generating light in the form of
      incoherent infrared radiation; collecting, collimating and transmitting
      the light; filtering said light so as to selectively transmit light having
      a frequency range in the region of an absorption band for the molecular
      species to be detected; interferometrically filtering said filered light
      and transmitting light at a plurality of discrete frequencies to form a
      plurality of fringes which provide a detectable signal by directing the
      light through a plurality of transmission windows regularly spaced in
      frequency, the frequency spacing between adjacent windows being equal
      substantially to the frequency difference between adjacent spectral lines
      of the absorption spectrum for the molecular species to be detected, and
      scanning said light to cause the trnsmission peaks for adjacent orders to
      coincide substantially with the spectral lines of said absorption
      spectrum, said detectable signal having an intensity substantially equal
      to the sum of said fringes; transmitting the detectable signal through
      said gaseous material, whereby the intensity of the detectable signal
      changes in proportion to the concentration of the molecular species; and
      detecting and indicating the intensity change of the signal.
PAR  Several known filtering means may be adapted for use with the above
      apparatus. Preferably, the secondary filtering means is a Fabry-Perot
      interferometer (FPI) having a mirror separation, d, adjusted to transmit
      the filtered light at a plurality of discrete frequencies correlated with
      the absorption spectrum of a molecular species of the gaseous material.
      This condition is obtained when
EQU  d .congruent. (1/4.mu.B)
PAL  where d is the mirror separation of the FPI, .mu. is the index of
      refraction of the medium between the mirrors and B is the molecular
      rotational constant of the species. For a given molecular species, the
      rotational constant B is a unique quantity. Thus, identification of the
      species having a particular absorption spectrum is made positively by
      adjusting the mirror separation of the FPI such that the discrete
      frequencies transmitted coincide substantially with the absorption lines
      of the molecular species to be detected. Advantageously, the intensity of
      the detectable signal is not affected by molecular species other than the
      species appointed for detection and the intensity differential represents
      a relatively large change in a small signal. Spectral interference is
      minimized and no reference gas is needed. The sensitivity of the apparatus
      is increased and highly sensitive forms and combinations of detectors,
      sources, filters and control systems are unnecessary. As a result, the
      method and apparatus of this invention permits gaseous constituents to be
      detected more accurately and at less expense than systems wherein the
      emission spectrum of light passed through the sample contains a continuum
      of frequencies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood and further advantages will
      become apparent when reference is made to the following detailed
      description of the preferred embodiments of the invention and the
      acccompanying drawings in which:
PAR  FIG. 1 is a block diagram showing apparatus for detecting and
      quantitatively measuring a molecular species of gaseous material;
PAR  FIG. 2 is a schematic diagram of the apparatus of FIG. 1;
PAR  FIG. 3 is a side view, partially cut away, showing means for modulating the
      secondary filtering means of FIGS. 1 and 2;
PAR  FIG. 4 is a schematic diagram showing an alternate embodiment of the
      apparatus of FIG. 1; and
PAR  FIG. 5 illustrates the absorption spectrum of a particular molecular
      species.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, there is shown preferred apparatus for
      detecting and quantitatively measuring a molecular species of gaseous
      material. The apparatus, shown generally at 10, has light source means 12
      for generating light 15 containing incoherent infrared radiation. A light
      conditioning means 14 collects, collimates and transmits the light 15 to a
      primary filtering means 16. The primary filtering means 16 is adapted to
      receive the light 15 and selectively transmit light 17 having a frequency
      range in the region of an absorption band for the molecular species to be
      detected. A secondary filtering means 18, adapted to receive the filtered
      light 17, transmits light at a plurality of discrete frequencies forming a
      plurality of fringes which provide a detectable signal 30. The detectable
      signal 30 is transmitted through gaseous material in sample 20. A signal
      conditioning means 22 converts to measurable form intensity changes
      created in the signal 30 by said molecular species of the sample 20. The
      magnitude of the intensity change is indicated by detecting means 24.
PAR  More specifically, as shown in FIG. 2, the primary filtering means 16 is a
      narrow band pass filter composed of multiple layers of dielectric thin
      films, and the secondary filtering means 18 has interference producing
      means for providing a plurality of transmission windows regularly spaced
      in frequency. In addition, the secondary filtering means 18 has scanning
      means for variably controlling the frequency of each order. The
      interference producing means is adjusted so that the frequency spacing
      between adjacent windows equals substantially the frequency difference
      between adjacent spectral lines of the absorption spectrum for the
      molecular species to be detected. Under these circumstances, the
      detectable signal 30 transmitted by the secondary filtering means 18 has
      an intensity substantially equal to the sum of the fringes. Moreover, the
      intensity of the signal 30 is not affected by molecular species other than
      the species appointed for detection, referred to hereinafter as the
      preselected species.
PAR  Upon transmission of the detectable signal 30 through gaseous material in
      sample 20, its intensity changes in proportion to the concentration of the
      preselected species. Such intensity change is converted to measurable form
      by the signal conditioning means 22. The latter has modulating means 26
      for modulating the phase difference between interfering rays of light
      transmitted by the secondary filtering means 18 so as to shift the
      frequency of each fringe transmitted thereby. Signal conditioning means 22
      also has synchronous (e.g. phase sensitive) detecting means 28 for
      detecting the intensity variation of the signal 30, whereby the magnitude
      of the intensity change can be identified by detecting means 24.
PAR  Several known filtering means may be used as the secondary filtering means
      with the apparatus 10. Preferably, the secondary filtering means is a
      Fabry-Perot interferometer having a mirror separation, d, adjusted to
      transmit filtered light from the primary filtering means 16 at a plurality
      of discrete frequencies correlated with the absorption spectrum of the
      preselected species. The transmission function of an FPI (I.sub.t) can be
      given by the Airy formula: I.sub.t = T.sup.2 [1+R.sup.2
      -2cos.phi.].sup..sup.- 1. I.sub.o where T + R + A = 1, I.sub.o is the
      intensity of the incident light, and the phase difference .phi. is
      expressed as .phi. = 4.pi..mu..omega.d for rays normal to the FPI mirrors.
      The symbols A, R and T represent, respectively, the absorbance,
      reflectance and transmittance of the FPI mirrors, .mu. is the refractive
      index of the medium between the FPI mirrors, d is the FPI mirror
      separation, and .omega. is the frequency of the incident light expressed
      in wavenumbers. When cos .phi. is equal to unity, transmission maxima for
      I.sub.t occur. Hence, .phi. = 2.pi.m, where m takes on integral values and
      represents the order of interference. The transmission maxima for I.sub.t
      are referred to in the specification and claims as transmission windows.
      For a specific value of the mirror separation, d, the FPI provides a
      plurality of transmission windows regularly spaced in frequency. The
      frequency spacing, .DELTA.f, between adjacent windows (or spectral range)
      of the FPI is .DELTA.f = (2.mu.d).sup..sup.-1. By varying the mirror
      spacing, d, of the FPI, .DELTA.f can be adjusted to substantially equal
      the frequency difference between adjacent spectral lines of part or all of
      the absorption spectrum for the preselected species. That is, continuous
      scanning of the FPI in the vicinity of
EQU  d .congruent. (1/4.mu.B)
PAL  produces an absorption interferogram having a plurality of fringes
      corresponding to a superposition of substantially all the absorption lines
      of the preselected species. When .DELTA. f=2B, the transmission peaks for
      adjacent orders coincide substantially with the adjacent spectral lines of
      said absorption spectrum so as to produce a 1-to-1 correspondence
      therewith, and the amplitude of the signal from gas sample 20 is a
      minimum. For values of .DELTA.f slightly different from 2B, the
      transmission peaks for adjacent orders will not perfectly coincide with
      the absorption lines and the amplitude of the signal from gas sample 20
      will increase.
PAR  Use of the apparatus 10 for infrared gas analysis may be exemplified in
      connection with the detection of a diatomic molecule such as carbon
      monoxide. Carbon monoxide (CO) has a vibration-rotation absorption band in
      the wavelength region of about 4.5 - 4.9.mu. with its band center at about
      4.66.mu.. This absorption band corresponds to transitions from the ground
      vibrational state (v = 0) to the first vibrational state (v = 1). As shown
      in FIG. 5, the absorption band consists of two branches: an "R--branch"
      corresponding to rotation-vibration transitions for which the rotational
      quantum number J changes by +1 and a "P=branch" corresponding to
      rotation-vibration transitions for which the rotational quantum number J
      changes by -1. The frequencies, in units of wavenumbers, of the rotational
      transitions for the R and P branches are given by the formulas
EQU  .omega..sub.R = .omega..sub.0 + 2B.sub.1 + (3B.sub.1- B.sub.0)J + (B.sub.1
      - B.sub.0)J.sup.2
PAL  with J = 0, 1, 2, . . .
PAL  and
EQU  .omega..sub.P = .omega..sub.0 - (B.sub.1 +B.sub.0)J + (B.sub.1
      -B.sub.0)J.sup.2
PAL  with J = 1, 2, 3, . . . .
PAL  The quantities .omega..sub.0, B.sub.0 and B.sub.1 represent the absorption
      band center frequency, the ground state rotational constant and the first
      vibrational state rotational constant, respectively. The rotational
      constants B.sub.0 and B.sub.1 are related according to the equation
EQU  B.sub.0 = B.sub.1 + .alpha..sub.e
PAL  where .alpha..sub.e is the rotation-vibration interaction constant Values
      for the rotational constants of carbon monoxide listed in American
      Institute of Physics Handbook, Third Edition, p. 7-173, are:
EQU  B.sub.0 = 1.9225145cm.sup..sup.-1
EQU  B.sub.1 = 1.9050015cm.sup..sup.-1
EQU  .alpha..sub.e = 0.017513cm.sup..sup.-1
PAL  The intensity distribution for the R and P branches is given by the
      equation
      ##EQU1##
      where C.sub.abs is a constant factor, Q.sub.R is the rotational partition
      function (.apprxeq.kT/hcB), .omega. is the frequency, in wavenumbers, of
      the individual rotation-vibration absorption lines, h is Planck's
      constant, c is the speed of light, k is the Boltzmann constant, T is the
      absolute temperature and the line strengths S.sub.J are:
EQU  S.sub.J = J + 1 for the R-branch
EQU  S.sub.J = J for the P-branch
PAL  Using these equations for line positions and intensities, a schematic
      representation of the CO absorption spectrum shown in FIG. 5, was
      constructed. The representation is termed schematic as, in reality, each
      rotational absorption line of the spectrum has a small but finite width.
PAR  In order to utilize a Fabry-Perot interferometer to provide discrete
      frequencies of light at the frequencies of the absorption lines of the
      band, it is necessary to determine the effect of the non-periodic spacing
      of the rotational absorption lines on the operation of the apparatus 10.
      For this purpose the Fabry-Perot interferometer is adjusted such that the
      J = 6 and J = 7 R-branch rotational absorption lines coincide exactly with
      two adjacent discrete frequencies from the Fabry-Perot interferometer.
      These two rotational absorption lines are the strongest lines in the band.
      Their frequencies are:
EQU  .omega..sub.R (J=6) = 2169.169975cm.sup..sup.-1
EQU  .omega..sub.R (J=7) = 2172.734796cm.sup..sup.-1
PAL  The wavenumber difference between these lines is 3.564821cm.sup..sup.-1.
      The free spectral range of the interferometer is adjusted to be equal to
      this wavenumber difference between adjacent lines. In order to determine
      the manner in which the mismatch of the light frequencies from the
      interferometer and the individual rotational absorption lines occur the
      quantity .OMEGA..sub.R =.omega..sub.R (J+1)-.omega..sub.R (J) is
      calculated. The quantity .OMEGA..sub.R may be evaluated as follows:
EQU  .OMEGA..sub.R =.omega..sub.R (J+1)-.omega..sub.R (J)=(3B.sub.1
      -B.sub.0)-.alpha..sub.e [(J+1).sup.2 -J.sup.2 ]=(3B.sub.1
      -B.sub.0)-.alpha..sub.e (2J+1).
PAL  Therefore, the frequency difference between adjacent rotational absorption
      lines in the R-branch changes in direct proportion with the rotational
      quantum number J and the rotation-vibration interaction constant
      .alpha..sub.e. The halfwidth, A, of the Fabry-Perot transmission windows
      is given by the equation
      ##EQU2##
      where R is the reflectivity of the Fabry-Perot mirrors and .mu.d is the
      optical path length between the mirrors. Assuming that the reflectivity
      R.apprxeq.0.85, then A = 0.185cm.sup..sup.-1. The frequency mismatch with
      the .omega..sub.R (J=5) line is 0.035cm.sup..sup.-1, which is well within
      the transmission halfwidth of the Fabry-Perot interferometer. The
      frequency mismatch with the .omega..sub.R (J=3) line is
      0.210cm.sup..sup.-1, which is just slightly larger than the FPI halfwidth.
      The frequency mismatch with the .omega..sub.R (J=10) line is
      0.210cm.sup..sup.-1, which is also just slightly larger than the FPI
      halfwidth. Therefore, the R-branch lines from J=3 to J=10 will coincide
      substantially with the discrete frequencies from the FPI and therefore
      will be most effective in the operation of the apparatus 10. The
      absorption line positions can be determined relative to the FPI
      transmission windows. From the equation for .OMEGA..sub.R, the
      non-periodicity of the absorption line positions is given by the term
      .alpha..sub.e (2J+1). Equating this to the FPI transmission halfwidth
      yields
EQU  A = .alpha..sub.e (2J.sub.R +1)
      ##EQU3##
      Since (1/2.mu.d) .ident. free spectral range, is set to be equal to the
      periodic contribution in the equation for .OMEGA..sub.R, namely, 3B.sub.1
      -B.sub.0,
      ##EQU4##
      Solving for J.sub.R
      ##EQU5##
PAR  The equilibrium value of the rotational constant B.sub.e is given as
EQU  B.sub.e = B.sub.v + .alpha..sub.e (v+1/2)
PAL  where B.sub.v is the rotational constant of the v-th vibrational state.
      Hence 3B.sub.1 -B.sub.0 = 2B.sub.e -4.alpha..sub.e, and
      ##EQU6##
      For CO, B.sub.e = 1.931271cm.sup..sup.-1 and assuming a FPI mirror
      reflectivity of 0.85 yields J.sub.R = 5.107.apprxeq.5. Therefore, the
      first 5 rotational absorption lines of CO would overlap substantially with
      the transmission halfwidths of the FPI.
PAR  Similarly, for the P-branch
EQU  .OMEGA..sub.P = .omega..sub.P (J+1)-.omega..sub.P (J) = -(B.sub.1
      +B.sub.0)-.alpha..sub.e (2J+1)
PAL  and the same reasoning yields
      ##EQU7##
      Since B.sub.e /.alpha..sub.e &gt;&gt; 1, J.sub.R .apprxeq.J.sub.P. The values of
      J.sub.R and J.sub.P can be denoted by J.sub.opt. Therefore, the optimum
      bandwidth of the primary filtering means 16 should be equal to
      approximately 2B.sub.e J.sub.opt and no greater than 4B.sub.e J.sub.opt.
PAR  As previously noted, the modulating means 26 modulates the phase
      difference, .phi., so as to vary the intensity of the transmitted signal
      30. In order to obtain the maximum modulated signal, the modulating range
      is adjusted to approximately one-half the frequency spacing between
      adjacent fringes. The modulating range can, alternatively, be restricted
      to preselected portions of the absorption spectrum of the preselected
      species in order to increase the intensity of the modulated signal.
      Generally speaking, the modulating range should be no greater than the
      frequency spacing between adjacent absorption lines of the preselected
      species.
PAR  The resultant signal 30 from secondary filtering means 18 and gas sample 20
      is focused in the plane of pinhole stop 32 by lens 34. Lens 34 is adjusted
      so that the center of the signal is positioned on the pihole 36. The
      intensity of the portion of signal 30 passing through the pinhole 36 is
      detected by an infrared detector 38. Phase sensitive detection means 28,
      such as a lock-in amplifier, is adapted to receive the signal from
      infrared detector 38 and detect the intensity variation thereof. The
      output of the phase sensitive detection means 28, representing the signal
      intensity change, is displayed by an indicating and recording means 40,
      which can comprise an oscilloscope and a chart recorder.
PAR  In FIG. 3, the secondary filtering means 18 and the modulating means 26 are
      shown in greater detail. The secondary filtering means shown is a
      Fabry-Perot interferometer (FPI) which is scanned by varying the phase
      difference, .phi., between interfering beams of light in a conventional
      way. Scanning methods such as those wherein the pressure of gas between
      the mirrors of the FPI is altered so as to change the optical path
      therebetween can also be used. Accordingly, the secondary filtering means
      18 shown in FIG. 3 should be interpreted as illustrative and not in a
      limiting sense. Such means has cylindrical air bearings 56 and 58 which
      normally operate at about 30 psi and collectively support a hollow metal
      cylinder 60 approximately 35 cm. long and constructed of stainless steel
      or the like. The outer diameter of the cylinder 60 is centerless ground to
      about 4 cm. The inner diameter of the cylinder 60 is about 3.5 cm. Each of
      the air bearings 56 and 58 is about 8 cm. long and has outer and inner
      diameters of about 5 cm. and about 4 cm., respectively. The separation
      between centers of the air bearings is approximately 20 cm. One of the
      mirrors 62 of the secondary filtering means 18 is fixedly mounted on end
      64 of cylinder 60 as by a suitable adhesive or the like. The plane surface
      of the mirror 62 is substantially perpendicular to the translational axis
      of the cylinder. The other mirror 66 is fixedly mounted to the modulating
      means 42 as hereinafter described. Each of the air bearings 56 and 58
      rests in precise v-blocks of a base plate (not shown) treated so as to
      dampen external vibrations. Filtered light 17 from primary filtering means
      16 enters the secondary filtering means 18 at end 68 of cylinder 60. A
      carriage 70 caused to move horizontally by means of a precision screw 72
      and having a coupling arm 82 fixedly secured thereto by mechanical
      fastening means, such as screws 88, and to cylinder 60 as described
      hereinafter provides the cylinder 60 with the linear motion needed to scan
      the secondary filtering means 18. Precision screw 72 is coupled to a
      digital stepping motor 74 through gear assembly 76. The scan rate of the
      interferometer is controlled either by changing the gear ratio of assembly
      76, as by means of magnetic clutches or the like, or by varying the pulse
      rate input to the digital stepping motor 74. With apparatus of the type
      described, the scan rate can be varied over a range as great as 10.sup.6
      to 1; or more.
PAR  In order to transmit precisely the linear motion to cylinder 60, a collar
      78 having glass plate 80 adhesively secured thereto, is fixedly attached
      to the cylinder 60. The coupling arm 82 has a ball 86 comprised of
      stainless steel, or the like, associated with an end 84 thereof. A
      permanent magnet 90 is attached to end 84 of coupling arm 82 near the ball
      86. Due to the magnetic attraction between the collar 78 and the magnet
      90, the ball is held in contact with the glass plate 80. A low friction
      contact point is thereby provided. The contact force produced at such
      contact point by linear movement of the carriage 70 can be adjusted either
      by varying the separation between the magnet 90 and the collar 78, or by
      decreasing the strength of the magnet 90.
PAR  A sectional view of one form of modulating means 26 is shown in FIG. 3.
      Other forms of the modulating means 26 can also be used. Preferably, the
      modulating means 26 has a hollow cylindrical body 92 of piezoelectric
      ceramics. The inner and outer wall 94 and 96 of the cylindrical body 92
      are coated with an electrically conductive material such as silver or the
      like.
PAR  Insulating members 98 and 100 comprised of an insulating material such as
      ceramic or the like are secured to the cylindrical body 92, at ends 102
      and 104, respectively, by a suitable adhesive such as an epoxy resin.
      Mirror 66 is fixedly attached to insulating member 98 by an adhesive of
      the type used to secure mirror 62 to the end 64 of cylinder 60. In order
      that mirror 66 be maintained in parallel with mirror 62, the insulating
      member 100 is adhesively secured to face 106 of holding member 108. The
      outer face 110 of the holding member 108 has connected thereto a plurality
      of differential screw micrometers 112, which can be adjusted in the
      conventional way to provide for precise angular alignment of the mirror
      66. Electrodes 114 and 116 are attached to the inner wall 94 and the outer
      wall 96, respectively. Voltage having a wave form such as a sine wave or a
      square wave impressed thereon is applied from a high voltage low current
      power supply 101 to the electrodes 114 and 116. Upon application of the
      voltage the cylindrical body 92 is caused to modulate in a linear
      direction, whereby the intensity of signal 30 is varied. When the voltage
      applied from power supply 101 to electrodes 114 and 116 has the form of a
      square wave, the voltage limits of the wave form can be adjusted so that
      the intensity of the signal 30 alternates between its maximum and minimum
      values. A synchronous detection means is provided for determining the
      difference in amplitude between the maximum and minimum values of the
      signal 30 for each cycle of the square wave to produce an electrical
      output signal proportional to the maximum and minimum values of the signal
      30. As a result, the accuracy of the detecting means and hence the
      sensitivity of the apparatus 10 is increased by a factor in the order of
      about 100 or more.
PAR  The apparatus 10 which has been disclosed herein can, of course, be
      modified in numerous ways without departing from the scope of the
      invention. For example, secondary filtering means 18 can be a fixed etalon
      tuned by controlling the temperature thereof. One type of fixed etalon
      which is suitable is comprised of optically transparent material, such as
      potassium bromide, potassium chloride, lithium fluoride, magnesium
      fluoride, calcium fluoride, cesium bromide, sodium bromide, cesium iodide,
      barium fluoride, sodium chloride, and the like, having high transmission
      characteristics in the frequency region of the absorption band of the
      preselected species. In addition, such an etalon has opposed surfaces
      which are polished, flat, parallel and coated with silver, dielectric
      material or the like for high reflectivity at a preselected frequency
      region For a preselected species such as carbon monoxide, having an
      absorption spectrum in the frequency region of about 2050 to 2250
      wavenumbers, preferred optically transparent materials include potassium
      bromide, lithium fluoride and magnesium fluoride. The thickness of the
      solid etalon can be chosen so that the free spectral range of the etalon
      corresponds approximately to the frequency difference between spectral
      components of the given absorption spectrum. Fine tuning of the solid
      etalon is affected by providing means for controlling the temperature, and
      hence the optical path length, thereof so as to cause the transmission
      peaks for adjacent orders to coincide with the components of the given
      absorption spectrum. Lenses 14 and 34 can be replaced with off-axis
      parabolic mirrors (not shown) to enhance the optical through-put of the
      apparatus 10. As shown in FIG. 4, the signal intensity change can be
      determined without modulating the phase difference of the secondary
      filtering means 18 by transmitting a second beam of light from source 12'
      through conditioning means 14', primary and secondary filtering means 16'
      and 18', sample 20, lens 34', pinhole 36' of pinhole stop 32' to infrared
      detector 38' and indicating and recording means 40'. In the latter
      embodiment, the secondary filtering means 18 and 18' each receive light
      having the same frequency range and are adjusted to transmit the light at
      two different sets of discrete frequencies, the first set of frequencies
      being shifted from the second set of frequencies by an amount no greater
      than the frequency spacing between adjacent absorption lines of the
      preselected species, and preferably about one-half of such frequency
      spacing. Other similar modifications can be made which fall within the
      scope of the present invention. It is, accordingly, intended that all
      matter contained in the above description and shown in the accompanying
      drawings be interpreted as illustrative and not in a limiting sense.
PAR  In operation, light 15, containing incoherent, infrared radiation, is
      collected, collimated and transmitted by light conditioning means 14 to
      primary filtering means 16. The primary filtering means 16 receives the
      light 15, selectively separates therefrom light 17 having a frequency
      range in the region of an absorption band for the preselected molecular
      species, and sends the separated light 17 to the secondary filtering means
      18. The secondary filtering means 18 receives the light 17 and transmits
      light having a plurality of discrete frequencies which provides a
      detectable signal 30. The detectable signal is transmitted through gaseous
      material in sample 20, whereby the intensity of the signal changes in
      proportion to the concentration of the preselected species. A modulating
      means 26 operates to modulate the phase difference of the secondary
      filtering means so as to vary the intensity of the signal 30. The
      intensity variation of the signal 30 is detected by a phase sensitive
      detection means 28. The resultant signal from the phase sensitive
      detection means 28 is displayed by the indicating and recording means 40.
PAR  Having thus described the invention in rather full detail, it will be
      understood that these details need not be strictly adhered to but that
      various changes and modifications may suggest themselves to one skilled in
      the art, all falling within the scope of the present invention as defined
      by the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for detecting and quantitatively measuring a molecular species
      of gaseous material in a sample to be analyzed, comprising:
PA1  a. light source means for generating incoherent infrared radiation;
PA1  b. light conditioning means for collecting, collimating and transmitting
      said light;
PA1  c. primary filtering means adapted to receive said light and selectively
      transmit light having a frequency range in the region of an absorption
      band for the molecular species to be detected;
PA1  d. secondary filtering means adapted to receive said filtered light and
      transmit light having a plurality of discrete frequencies forming a
      plurality of fringes which provide a detectable signal, said secondary
      filtering means having interference producing means for providing a
      plurality of transmission windows regularly spaced in frequency, the
      frequency spacing between adjacent windows being adjusted to equal
      substantially the frequency difference between adjacent spectral lines of
      the absorption spectrum for the molecular species to be detected, and
      scanning means for causing the transmission peaks for adjacent orders to
      coincide substantially with the spectral lines of said absorption
      spectrum, whereby said detectable signal has an intensity substantially
      equal to the sum of said fringes;
PA1  e. means for transmitting said detectable signal through said gaseous
      material, whereby the intensity of said detectable signal changes in
      proportion to the concentration of said molecular species;
PA1  f. signal conditioning means for converting to measurable form said
      intensity change; and
PA1  g. detecting means for indicating the magnitude of said intensity change.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein said signal conditioning means
      includes modulating means for modulating the phase difference between
      interfering rays of said light so as to shift the frequency of each
      fringe, the modulating range being no greater than the frequency spacing
      between adjacent orders, and synchronous detection means for detecting the
      intensity variation of the signal, whereby the magnitude of the signal
      intensity change can be identified.
NUM  3.
PAR  3. Apparatus as recited in claim 2, wherein said modulating means has a
      modulating range of about one-half the frequency width of each fringe.
NUM  4.
PAR  4. Apparatus as recited in claim 3, including indicating and recording
      means for displaying said signal.
NUM  5.
PAR  5. Apparatus as recited in claim 3, wherein said modulating means is a
      piezoelectric cylinder and said synchronous detection means is a phase
      sensitive detection system.
NUM  6.
PAR  6. Apparatus as recited in claim 1 wherein said secondary filtering means
      is a Fabry-Perot interferometer.
NUM  7.
PAR  7. Apparatus as recited in claim 1 wherein said secondary filtering means
      is a solid etalon having temperature control means associated therewith
      for adjusting the optical path length thereof.
NUM  8.
PAR  8. Apparatus as recited in claim 5 including means for applying to said
      cylinder a voltage having a square wave form, the limits of said voltage
      being adjusted so that the intensity of said detectable signal alternates
      between its maximum and minimum values, means for determining for each
      cycle of said voltage the difference in amplitude between said maximum and
      minimum values of said detectable signal to produce an electrical output
      signal proportional to the maximum and minimum values of the detectable
      signal.
NUM  9.
PAR  9. Apparatus as recited in claim 7 wherein said solid elaton is composed of
      optically transparent material selected from the group consisting of
      potassium bromide, potassium chloride, lithium fluoride, magnesium
      fluoride, calcium fluoride, cesium bromide, cesium iodide, barium
      fluoride, sodium chloride and sodium bromide.
NUM  10.
PAR  10. Apparatus as recited in claim 3, wherein said modulating means is a
      piexoelectric cylinder and said synchronous detection means is a lock-in
      amplifier.
NUM  11.
PAR  11. A method for detecting and quantitatively measuring a molecular species
      of gaseous material in a sample to be analyzed, comprising the steps of
PA1  generating light in the form of incoherent infrared radiation;
PA1  collecting, collimating and transmitting the light;
PA1  filtering said light so as to selectively transmit light having a frequency
      range in the region of an absorption band for the molecular species to be
      detected;
PA1  interferometrically filtering said filtered light and transmitting light at
      a plurality of discrete frequencies to form a plurality of fringes which
      provide a detectable signal by directing the light through a plurality of
      transmission windows regularly spaced in frequency, the frequency spacing
      between adjacent windows being equal substantially to the frequency
      difference between adjacent spectral lines of the absoprtion spectrum for
      the molecular species to be detected, and scanning said light to cause the
      transmission peaks for adjacent orders to coincide substantially with the
      spectral lines of said absorption spectrum, said signal having an
      intensity substantially equal to the sum of said fringes;
PA1  transmitting said detectable signal through said gaseous material, whereby
      the intensity of said detectable signal changes in proportion to the
      concentration of said molecular species; and
PA1  detecting and indicating the intensity change of said signal.
NUM  12.
PAR  12. A method as recited in claim 11, including the steps of modulating the
      phase difference between interfering rays of said light so as to vary the
      intensity of the signal, the modulating range being no greater than the
      frequency spacing between adjacent absorption lines of said molecular
      species.
NUM  13.
PAR  13. Apparatus for detecting and quantitatively measuring a molecular
      species of gaseous material in a sample to be analyzed comprising:
PA1  a. light source means for generating incoherent infrared radiation, said
      light source means being adapted to emit light having a frequency range in
      the region of an absorption band for the molecular species to be detected;
PA1  b. light conditioning means for collecting, collimating and transmitting
      said light;
PA1  c. filtering means adapted to receive said light and transmit light having
      a plurality of discrete frequencies forming a plurality of fringes which
      provide a detectable signal, said filtering means having interference
      producing means for providing a plurality of transmission windows
      regularly spaced in frequency, the frequency spacing between adjacent
      windows being adjusted to equal substantially the frequency difference
      between adjacent spectral lines of the absorption spectrum for the
      molecular species to be detected, and scanning means for causing the
      transmission peaks for adjacent orders to coincide substantially with the
      spectral lines of said absorption spectrum, whereby said detectable signal
      has an intensity substantially equal to the sum of said fringes;
PA1  e. means for transmitting said detectable signal through said gaseous
      material, whereby the intensity of said detectable signal changes in
      proportion to the concentration of said molecular species;
PA1  f. signal conditioning means for converting to measureable form said
      intensity change; and
PA1  g. detecting means for indicating the magnitude of said intensity change.
NUM  14.
PAR  14. Apparatus as recited in claim 13 wherein said light source means is a
      light emitting diode.
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ABST
PAL  During the process of manufacturing tires, vulcanized tires are classified
      by the utilization of radiations into the white tire having a white rubber
      compound layer, or a white ribbon, and the black tire having no such white
      ribbon, while those tires are classified according to the external
      dimensions such as an inside diameter. More specifically, a radiation
      source provided on the side of one wallside of a tire emits radiations to
      the tire at a predetermined angle of inclination, while a radiation
      detector provided on the side of the other wallside of the tire detects
      the intensity of radiations which have passed through the tire, whereby
      the classification of tires is carried out according to the comparison of
      two outputs which the radiation detector produces at two predetermined
      relative positions of the tire and the radiation source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of determining the classification of
      vehicle tires and especially of vulcanized rubber tires according to the
      materials used therein and the external dimensions thereof, during the
      process of manufacturing them, and to a device for practising the method.
      That is, the method and the device are provided for determining whether or
      not a tire has a ring-shaped decorative white ribbon in its sidewall and
      for measuring the inside diameter of a tire.
PAR  There are many classifications of vehicle tires. One of the classifications
      is a so-called "white tire" which has a ring-shaped decorative belt
      (called as "a white ribbon"), on its sidewall. Tires which have no white
      ribbons are called as "black tires".
PAR  The white ribbon is, in general, provided on a tire by the following
      method: when the tire is molded, a white rubber compound layer including a
      white pigment such as titanium oxide or zinc oxide which contains metal
      having a relatively large atomic number is formed in one sidewall of the
      tire; and the white rubber compound layer thus formed is covered by a
      black rubber layer. The tire thus treated is subjected to vulcanization,
      and then the black rubber layer is removed in order to expose the surface
      of the white rubber compound layer.
PAR  Accordingly, the white tire is the same in appearance as the black tire
      unless the black rubber layer is removed from the white tire. That is, it
      is difficult to visually distinguish the white tire from the black tire
      when the white tire including the white rubber compound layer covered by
      the black rubber layer has been vulcanized.
PAR  In general, in a vulcanization process line, which is one of the process
      lines for manufacturing tires, vulcanizing prosses for white tires and
      those for black tires are mixedly provided. Therefore, vulcanized tires to
      be manufactured as white tires are mixed with vulcanized tires to be
      manufactured as black tires when they are conveyed out of the
      valcanization process line. The next process for the vulcanized white
      tires is different from that for the vulcanized black tires. Accordingly,
      when those tires have been conveyed out of the vulcanization process line,
      it is necessary to distinguish the valcanized tires for white tires from
      those for black tires.
PAR  Heretofore, although it is difficult to visually distinguish the valcanized
      tires for white tires from those for black tires, those two kinds of
      vulcanized tires have been distinguished from each other by a visual
      inspection because no method suitable to the distinction has been
      provided, and the vulcanized tires for white tires thus distinguished from
      are delivered to the next process for the removal of the black rubber
      layer.
PAR  However, this visual inspector is liable to make a mistake in the
      classification of the vulcanized tires. That is, the vulcanized tires for
      manufacturing black tires are often delivered to the process of removing
      the black rubber layer as a result of which the black tires are seriously
      damaged.
PAR  Furthermore, since the white rubber compound layer is formed in only one of
      the sidewalls of the white tire, it is necessary to determine which
      sidewall includes the white rubber compound. This determination has been
      also conducted by a visual inspection. However, similarly as in the
      distinction between the white tires and the black tires, it is difficult
      to visually determine which sidewall includes the white rubber compound
      layer; therefore, the white tires have often been damaged.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide a method
      of classifying tires in which it is possible to distinguish between white
      tires and black tires and to determine which sidewall of a white tire
      contains a white ribbon during the process of manufacturing tires, whereby
      all of the above-described difficulties of conventional methods can be
      eliminated.
PAR  Another object of the invention is to provide a simple device for
      automatically classifying tires.
PAR  The foregoing objects and other objects are achieved by utilizing the
      property of x-rays or .gamma.-rays that the intensity of the x-rays or
      .gamma.-rays passing through a substance is decreased, and a degree of
      this intensity decrease is dependent on the density and thickness of the
      substance and is greatly dependent on the atomic numbers of the elements
      constituting the substance.
PAR  Hereinafter, the x-rays or .gamma.-rays will be referred to as
      "radiations". Therefore, the term radiations and "a radiation source" are
      intended to designate x-rays and a source of x-rays or .gamma.-rays,
      respectively. In other words, the term radiations herein used do not
      include .alpha.-rays and .beta.-rays and neutron-beams.
PAR  According to this invention, the classification of tires is conducted as
      follows: Radiations emitted from a radiation source provided on the side
      of one sidewall of a tire are irradiated to the sidewall at a
      predetermined angle of inclination, and the intensity of radiations which
      have penetrated through the tire is detected on the side of the other
      sidewall of the tire, thereby to classify the tire. In this operation, if
      the relative movement of the tire and the radiation source is effected so
      that all parts of the sidewall of the tire are irradiated by the
      radiations, the intensity of radiations which have penetrated through the
      tire (hereinafter referred to as penetrated radiation intensity when
      applicable) vary with time, or with the relative movement. According to
      this variation, the white tires can be distinguished from the black tires,
      and if the tire is known or identified as a white tire, the side-wall
      including a white ribbon can be determined.
PAR  More specifically, if the radiations are irradiated to the tire at an angle
      of inclination with respect to the plane of the sidewall of the tire while
      the relative movement of the tire and the radiation source is effected,
      two periods of time occur during which the radiations pass through the
      upper side wall only and through the lower sidewall only. If the tire to
      be identified or classified is a white tire, one of its sidewalls includes
      the white rubber compound layer, that is, the white ribbon. That is, one
      sidewall of the white tire is different in rubber material from the other
      sidewall. On the other hand, if it is a black tire, both sidewalls thereof
      are the same in rubber material. Accordingly, in the case of the black
      tire, the penetrated radiation intensities measured during the two periods
      of time described above are substantially the same in variation; however,
      in the case of the white tire, the penetrated radiation intensities
      measured during the two period of time are different in variation from
      each other.
PAR  This variation can be read by recording with an oscillograph the penetrated
      radiation intensity detected over the entire tire. Alternately, the
      variation can be read by a method in which the relative position of the
      tire and the radiation source is selected so that the radiations pass
      separately through the sidewalls, the intensity of radiations which have
      passed one sidewall being compared with that which have passed the other
      sidewall. In these methods, the relative variation of the penetrated
      radiation intensity is utilized. Therefore, these methods are advantageous
      in that the classification of tires is not affected by the variation in
      intensity of the radiation source or by the variation in dimension of the
      tire.
PAR  A device for practising the method described above, according to this
      invention, comprises a radiation source provided on the side of one
      sidewall of a tire, for irradiating radiations to the tire at a
      predetermined angle of inclination, the tire being relatively moved with
      respect to the radiation source, radiation detecting means provided on the
      side of the other sidewall, for detecting the intensity of radiations
      which have penetrated through the tire to produce an output signal,
      minimum point detecting means for detecting points where the detection
      signal has a minumum value, to produce detection signals, period detecting
      means for detecting from the detection signals of the minimum point
      detecting means periods of time during which the ratiations penetrate
      separately through the two sidewalls, maximum value measuring circuits for
      measuring two maximum values of the output signal of said radiation
      detecting means, the two maximum values occurring during the periods of
      time detected by said period detecting means, respectively, and a
      comparison circuit for comparing the maximum values with each other,
      thereby to determine the classification of the tire.
PAR  In this device, the relative position of the tire and radiation source is
      detected by processing the detection output signal of the radiation
      detecting means without the employment of a special position detector.
      This contributes to the simplification of the device.
PAR  Furthermore, the device described above may be modified so that the
      comparison circuit comprises an operation circuit which carries out the
      operation for a ratio of one of the maximum values described above to the
      difference between these two maximum values. In the device thus organized,
      the variation, due to the variation in intensity of the radiation source
      and that in dimension of the tire, of the output produced by the
      comparison circuit is reduced, and accordingly the classification of tires
      is not affected by such variations.
PAR  Furthermore, if means for detecting the relative movement speed of the tire
      and the radiation source, and means for measuring a period of time between
      two selectively predetermined minimum points detected by the minimum point
      detecting means are added to the device described above, the inside
      diameter and the outside diameter of the tire can be measured, and
      therefore it is possible to carry out the classification of tires
      according to the external dimensions thereof.
PAR  The nature, utility and principle of this invention will become more
      apparent when read in conjunction with the accompanying drawings, in which
      like parts are designated by like reference numerals or characters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawings:
PAR  FIG. 1(a) is an explanatory schematic diagram illustrating the positions of
      lines along which radiations are emitted to a black tire according to a
      method of this invention;
PAR  FIG. 1(b) is an explanatory schematic diagram illustrating the positions of
      lines along which radiations are emitted to a white tire having a white
      ribbon in its upper sidewall;
PAR  FIG. 1(c) is also an explanatory schematic diagram illustrating the
      positions of lines along which radiations are emitted to a white tire
      having a white ribbon in its lower sidewall;
PAR  FIG. 2(a) is a graphical representation indicating a waveform of the
      intensity of radiations which have penetrated through the black tire shown
      in FIG. 1(a);
PAR  FIG. 2(b) is a graphical representation indicating a waveform of the
      intensity of radiations which have penetrated through the white tire shown
      in FIG. 1(b);
PAR  FIG. 2(c) is also a graphical representation indicating a waveform of the
      intensity of radiation which have penetrated through the white tire shown
      in FIG. 1(c);
PAR  FIG. 3 is a block diagram illustrating a device for classifying tires
      according to this invention;
PAR  FIG. 4 is also a graphical representation illustrating various signals
      which are produced by various circuits of the device shown in FIG. 3; and
PAR  FIG. 5 is also a graphical representation illustrating another waveform
      obtained by plotting the intensity of radiations which have passed through
      a white tire at an angle of inclination different from that in the case of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A first example of a method of classifying tires according to this
      invention will be described.
PAR  Tires are shown in FIG. 1, each of which comprises two sidewalls 11 and 12
      and a tread 13. The tire shown in FIG. 1(a) is a black tire which has no
      white ribbon made of a white rubber compound in its sidewalls. The tire
      shown in FIG. 1(b), is a white tire which has the white ribbon in the
      sidewall 11. The tire shown in FIG. 1 (c) is also a white tire which has
      the white ribbon in the sidewall 12.
PAR  Hereinafter, the sidewalls 11 and 12 will be referred to as an upper
      sidewall 11 and a lower sidewall 12 when applicable, respectively.
PAR  According to this invention, the tire 1 is irradiated by radiations x, that
      is, x-rays or .gamma.-rays which are emitted from a radiation source 2
      located under the lower side wall 12, the radiations forming a
      predetermined angle K with the plane of the side wall of the tire 1. The
      intensity of the radiations x which have penetrated through the tire 1 is
      detected by a radiation detector 3 provided above the upper sidewall 11.
PAR  When the x-rays or .gamma.-rays are applied to the tire, the energy which
      the rays lose by colliding with heavy elements (whose atomic numbers are
      great) which are contained in the material of the tire, is greater than
      that which the rays lose by colliding with light elements (whose atomic
      numbers are small). Accordingly, the energy which the rays lose by
      penetrating through the white ribbon made of a white rubber compound layer
      including a great quantity of metallic elements such as zinc oxide and
      titanium oxide which is heavier than rubber, is greater than that which
      the rays lose by penetrating through a black rubber compound layer only,
      which is a part of the tire 1.
PAR  As was briefly described above, the radiation source 2 provided under the
      lower sidewall 12 of the tire emits the radiations x in a manner such that
      the radiations x thus emitted penetrate through the tire 1 along dotted
      lines A.sub.1 and A.sub.2 and dotted lines B.sub.1 and B.sub.2 as is shown
      in FIG. 1; and the radiation detector 3 provided above the upper sidewall
      11 detects the intensity of radiations which have penetrated through the
      tire 1.
PAR  In this connection, if the radiation angle of the radiation x is selected
      to form an angle within the range of from 30.degree. to 70.degree. or from
      110.degree. to 150.degree. with the plane of the sidewall 11 or 12, the
      radiation detector 3 can detect the intensity of radiations which have
      penetrated through the tire 1 along the lines A.sub.1 and A.sub.2, that
      is, the detector 3 can detect the intensity of the radiations which have
      penetrated through a part of the tread 13 and the upper sidewall 11 and
      through the lower sidewall 12 and a part of the tread 13; and furthermore
      the radiation detector 3 can detect the intensity of the radiations x
      which have penetrated through the tire 1 along the lines B.sub.1 and
      B.sub.2, that is, the detector 3 can detect the intensity of the
      radiations which have penetrated through the lower sidewall 12 only and
      through the upper sidewall 11 only.
PAR  The sidewalls 11 and 12 of the tire shown in FIG. 1(a) include no white
      ribbon, that is, they are made of the black rubber compound only.
      Accordingly, the intensity of the radiations which have penetrated through
      tire (hereinafter referred to as a penetrated radiation intensity, when
      applicable) along the line A.sub.1 is substantially the same as that along
      the line A.sub.2. Similarly, a penetrated radiation intensity along
      B.sub.1 is substantially the same as that along B.sub.2. That is, the
      difference between the penetrated radiation intensity along the line
      A.sub.1 and that along A.sub.2 is very small, and the difference between
      the penetrated radiation intensity along the line B.sub.1 and that along
      B.sub.2 is also very small.
PAR  The upper sidewall 11 of the tire shown in FIG. 1(b) and the lower sidewall
      12 of the tire shown in FIG. 1(c) include the white ribbon 14. That is, in
      each of the tires shown in FIG. 1(b) and (c), one sidewall is made of the
      black rubber compound, while the other sidewall is made of the white
      rubber compound, and therefore two sidewalls are different in radiation
      penetration characteristic. Accordingly, the penetrated radiation
      intensities A.sub.1 and A.sub.2, and B.sub.1 and B.sub.2 are considerably
      different from each other.
PAR  The penetrated radiation intensities measured by the first example of the
      method according to this invention are indicated in the following Table 1.
      In this measurement, plutonium-238 of 30 milli-curies was employed as the
      radiation source 1, which emitted radiations to the lower sidewall 12 of
      the tire 1 at a radiation angle of 49.degree., and a Geiger-Muller counter
      which was disposed 37 cm. above the radiation source 2 detected and
      measured the intensity of radiations which penetrated through the tire 1
      along the lines A.sub.1, A.sub.2, B.sub.1 and B.sub.2.
TBL                Table 1                                                     
     ______________________________________                                    
                   Position of                                                 
                              Measured value: cpm                              
     Kind, Size    measurement                                                 
                              (measured 3 times)                               
     ______________________________________                                    
     Black tire    Line A.sub.1                                                
                              980     1,068 1,021                              
     (6.00-12)     Line A.sub.2                                                
                              1,013   1,053 994                                
                   Line B.sub.1                                                
                              14,650  14,660                                   
                                            14,338                             
      FIG. 1(a)                                                                
                   Line B.sub.2                                                
                              14,090  14,005                                   
                                            13,967                             
     White tire    Line A.sub.1                                                
                              312     271   289                                
     (6.00-12)     Line A.sub.2                                                
                              668     693   684                                
     (with white ribbon                                                        
      on the upper side-                                                       
                   Line B.sub.1                                                
                              14,417  14,376                                   
                                            14,405                             
      wall)                                                                    
      FIG. 1(b)    Line B.sub.2                                                
                              10,763  10,600                                   
                                            10,622                             
     White tire    Line A.sub.1                                                
                              690     687   692                                
     (6.00-12)     Line A.sub.2                                                
                              308     294   276                                
     (With white ribbon in                                                     
      the lower sidewall)                                                      
                   Line B.sub.1                                                
                              10,651  10,711                                   
                                            10,672                             
      FIG. 1(c)    Line B.sub.2                                                
                              14,410  14,383                                   
                                            14,384                             
     ______________________________________                                    
PAR  As is apparent from Table 1, in the measurement of any of the tires, the
      measured values obtained along the lines A.sub.1 and A.sub.2 are smaller
      than those obtained along the lines B.sub.1 and B.sub.2. This is due to
      the following reason. That is, the radiations emitted along the lines
      A.sub.1 and A.sub.2 go through the tread and one sidewall, while those
      emitted along the lines B.sub.1 and B.sub.2 go through one sidewall only.
      In other words, the thickness of a rubber layer which the former
      radiations go through is greater that that which the latter radiations go
      through.
PAR  Furthermore, in the measurement of the black tire, the measured values
      obtained along the lines A.sub.1 and A.sub.2 are approximately equal to
      each other, and the measured values obtained along the lines B.sub.1 and
      B.sub.2 are also approximately equal to each other. On the other hand, in
      the measurement of the white tires, the measured values obtained along the
      lines A.sub.1, A.sub.2, B.sub.1 and B.sub.2 are considerably different
      from one another.
PAR  More specifically, in the case of the white tire shown in FIG. 1(b), the
      radiations emitted along the lines A.sub.1 and B.sub.2 go through the
      upper sidewall 11 including the white rubber compound layer 14, while the
      radiations emitted along the lines A.sub.2 and B.sub.1 go through the
      lower sidewall 12 which does not include the white rubber compound layer
      14. Accordingly, the measured values obtained along the lines A.sub.1 and
      B.sub.2 are smaller than those obtained along the lines A.sub.2 and
      B.sub.1, respectively.
PAR  In addition, in the case of the white tire shown in FIG. 1(c) which
      includes the white rubber compound layer 14 is the lower side-wall 12, the
      radiations emitted along the lines B.sub.1 and A.sub. 2 go through the
      lower sidewall 12 including the white rubber compound layer 14, while the
      radiations emitted along the lines A.sub.1 and B.sub.2 go through the
      upper sidewall 12 which does not include the white rubber compound layer
      14. Accordingly, the measured values obtained along the lines B.sub.1 and
      A.sub.2 are smaller than those obtained along the lines A.sub.1 and
      B.sub.2, respectively.
PAR  It is apparent from Table 1 that the white rubber compound layer reduces
      the energy of radiations more than the black rubber compound layer.
      Accordingly, if the measured values obtained along the lines A.sub.1 and
      A.sub.2 or the lines B.sub.1 and B.sub.2 are compared with one another,
      tires can be classified into the black tire and the white tire according
      to the differences between the measured values, and furthermore, in the
      case where the tire has been known or identified as a white tire, it is
      possible to determine which sidewall includes the white rubber compound
      layer 14.
PAR  This invention has been described in connection with the case where the
      tire 1 is fixedly held while the combination of the radiation source 2 and
      the radiation detector 3 are moved to measure the intensity of radiations
      along the lines A.sub.1, A.sub.2, B.sub.1 and B.sub.2. However, the
      measurement of the pentrated radiation intensity can be achieved by
      continuously changing the relative position of the tire 1 and the
      combination of the radiation source 2 and the radiation detector 3. This
      is a second example of the method according to this invention.
PAR  That is, the measurement of the penetrated radiation intensity can be
      conducted as follows. Similarly as in the previously-described tire
      classifying method, a radiation source (plutonium-238) 2 is provided under
      the lower sidewall 12 of a tire 1 in a manner such that the radiation
      source emits radiations at an angle of 49.degree. with respect to the
      plane of the sidewall, and a radiation detector 3 is provided above the
      upper sidewall so as to detect radiations which have penetrated through
      the tire 1. Furthermore, the radiation source 2 and the radiation detector
      3 are fixedly secured, but the tire 1 is moved from right to left as
      viewed in FIG. 1.
PAR  The intensity of radiations which penetrated through the tire, according to
      the second example, was continuously recorded by an oscillograph as shown
      in FIG. 2.
PAR  FIGS. 2(a), 2(b) and 2(c) show the variation of penetrated radiation
      intensity in the case of the black tire shown in FIG. 1(a), that in the
      case of the white tire shown in FIG. 1(b) which includes the white rubber
      compound layer in the upper sidewall, and that in the case of the white
      tire shown in FIG. 1(c) which includes the white rubber compound layer in
      the lower sidewall, respectively.
PAR  In the case of the black tire, as is apparent from FIG. 2(a) a peak P.sub.1
      occurs at the time instant t.sub.1 when the radiations go through the
      lower sidewall only, and a peak P.sub.2 occurs at the time instant t.sub.2
      when the radiations go through the upper sidewall only. In FIG. 2(a), a
      relatively flat peak P.sub.o occurs when the radiations go through the
      central hole of the tire 1. In the cases of the white tires shown in FIG.
      1(b) and (c), the time instants when peaks P.sub.1 and P.sub.2 occur with
      the white tire shown in FIG. 1(b) are approximately the same as those when
      peak P.sub.1 and P.sub.2 occur with the white tire shown in FIG. 1(c).
PAR  In the case of the black tire (FIG. 1(a) and FIG. 2(a)), the peaks P.sub.1
      and P.sub.2 are approximately the same in height; in the case of the white
      tire having the white rubber compound layer in its upper sidewall (FIG.
      1(b) and FIG. 2(b)), the height of the peak P.sub.1 is taller or greater
      than that of the peak P.sub.2 ; and in the case of the white tire having
      the white rubber compound layer in its lower sidewall (FIG. 1(c) and FIG.
      2(c)), the height of the peak P.sub.1 is smaller than that of the peak
      P.sub.2.
PAR  Thus, according to the pattern of the penetrated radiation intensity thus
      recorded, tires can be classified into the black tire and the white tire,
      and if a tire is classified or known as a white tire it is possible to
      determine which sidewall contains the white rubber compound layer.
PAR  One example of the tire classifying device, according to this invention, to
      practise the above-described methods of identifying tires will be
      described with reference to FIG. 3.
PAR  In this tire classifying device, a tire 1 is moved by conveying means (not
      shown) such as a belt-conveyer from right to left passing between a
      radiation source 2 and a radiation detecror 3. It is preferable to employ
      an x-ray generator or a .gamma.-ray generator as the radiation source 2
      and to employ an ion chamber as the radiation detector 3, so that the
      intensity x.sub.o of radiations which have penetrated through the tire 1
      can be obtained as an electrical signal A.
PAR  The tire classifying device further comprises: a differentiation circuit 31
      for effecting the second differential of the output signal A produced by
      the detector 3; a waveform shaping circuit 32 for shaping only the
      positive pulses of the differentiation output pulses B produced by the
      differentiation circuit 31, thereby to produce a synchronous pulses C; a
      counter circuit 33 for counting the synchronous pulses C; filp-flop
      circuits FF.sub.1 and FF.sub.2 which are set and reset by the outputs I
      through IV produced by the counter circuit 33, to control the operating
      periods of maximum value measuring circuits 34 and 35; a comparison
      circuit 36 for carrying out a substration operation (F - G) in order to
      compare the output F of the circuit 34 with that G of the circuit 35; and
      a decision circuit 37 for deciding the magnitude of a comparison output H
      produced by the comparison circuit 36 thereby to produce a decision
      output.
PAR  In this device, the differentiation circuit 31 is employed for detecting
      minimum points of the output signal A. The method of detecting this
      minimum point will be described in detail later. The detection of the
      minimum points is utilized as a basis to determine the periods of time
      during which the radiations pass through the upper and the lower sidewall.
      Since these periods of time are considerably long, it is not always
      necessary to conduct the detection of the minimum points with accuracy.
      Accordingly, even if the first differential circuit is employed in place
      of the second differential circuit 32 in a manner such that its output
      voltage is detected approximately at a zero point, the minimum points can
      be practically detected.
PAR  The operation of the tire classifying device thus organized will be
      described with reference to FIGS. 3 and 4.
PAR  It is assumed that the white tire 1 including the white rubber compound
      layer 14 is moved at constant speed in the direction of the arrow by
      passing through between the radiation source 2 and the radiation detector
      3.
PAR  In this case, the detector 3 produces an output signal A whose amplitude
      varies with time as is shown in (A), FIG. 4. The output signal A indicates
      the variation of the penetrated radiation intensity and has four minimum
      points P.sub.1a, P.sub.2a, P.sub.3a and P.sub.4a as is shown in (A), FIG.
      4.
PAR  When this signal A is subjected to the second differential by the
      differentiation circuit 31, differentiation pulses B are produced by the
      circuit 31 as is shown in (B), FIG. 4. These pulses B occur at the time
      instants t.sub.1 through t.sub.6 when the signal A changes its amplitude.
      Of the differentiation pulses B, the positive pulses occur at the time
      instants when the signal A changes to increase its amplitude, that is, at
      the time instants corresponding to the minimum points P.sub.1a, P.sub.2a,
      P.sub.3a and P.sub.4a. Accordingly, the rectangular waveform pulses C are
      produced by the waveform shaping circuit 32 by shaping the positive pulses
      of the differentiation pulses B in synchronization with the occurrence of
      the minimum points P.sub.1a, P.sub.2a, P.sub.3a and P.sub.4a,
      respectively.
PAR  The counter circuit 33 counts these synchronous pulses C, and whenever it
      counts a synchronous pulse C, it sequentially applies a count output to
      its output terminals I through IV. More specifically, when the counter 33
      counts one synchronous pulse C, it produces an output I at the output
      terminal I; when it counts two pulses C, it produces an output II at the
      terminal II; when it counts three pulses C, it produces an output III at
      the output terminal III; and so forth.
PAR  The flip-flop circuit FF.sub.1 is set and reset by the output I and the
      output II of the counter circuit 33, respectively. As is shown in (D),
      FIG. 4, the flip-flop circuit FF.sub.1 produces an output signal D for the
      period of time of from the time instant t.sub.2 (when the signal A first
      attains a minimum value) to the time instant t.sub.3 (when the signal A
      next attain a minimum value), thereby to operate the maximum value
      measuring circuit 34.
PAR  The flip-flop circuit FF.sub.2 is set and reset by the output III and the
      output IV, respectively. Similarly as in the operation of the flip-flop
      circuit FF.sub.1, the flip-flop circuit FF.sub.2 produces an output signal
      E for the period of time of from the time instant t.sub.4 to the time
      instant t.sub.5 as is shown in (E), FIG. 4 thereby to operate the maximum
      value measuring circuit 35.
PAR  Thus, the maximum value measuring circuit 34 and 35 measure the maximum
      values of the signal A for the periods of time of from the time instant
      t.sub.2 to the time instant t.sub.3 and from the time instant t.sub.4 to
      the time instant t.sub.5, and produce output signals F and G,
      respectively. Accordingly, these output signals F and G are correspondent
      to the value .alpha. of the peak point P.sub.1 and the value .beta. of the
      peak point P.sub.2, respectively.
PAR  The outputs F and G thus produced are applied to the comparison circuit 36,
      which conducts a subtraction operation (F - G) to compare the output F
      with the output G. The result H of this subtraction operation is applied
      to the decision circuit 37. The decision circuit 37 operates to determine
      if the result of the subtraction operation is H&gt;O or H = O or H&lt;O, and
      produces a decision output signal J. The signal J thus produced is applied
      to one of its output terminals BL, WU and WL. When the signal J is applied
      to the output terminal BL, it means that the tire measured by the tire
      classifying device is a black tire; when the signal J is applied to the
      output terminal WU, it means that the tire measured is a white tire having
      the white rubber compound layer 14 in its upper side-wall; and when the
      signal J appears at the terminal WL, it means that the tire is a white
      tire having the white rubber compound layer in its lower sidewall.
PAR  In the case when, as is shown in FIG. 3, a white tire having the white
      rubber compound layer in its upper sidewall is subjected to the
      measurement, the relationship between the maximum value .alpha. occurring
      between the minimum points P.sub.1a and P.sub.2a of the signal A (FIG. 4)
      and the maximum value .beta. occurring between the minimum points P.sub.3a
      and P.sub.4a is: .alpha.&gt;B. Therefore, the result of the substraction
      operation by the comparison circuit 36 is: H&gt;O. The decision circuit 37
      discriminates this result (H&gt;O) and applies the decision output signal J
      to the output terminal WU, as a result of which the tire measured is
      detected as a white tire having the white rubber compound layer in its
      upper sidewall.
PAR  If the result of the subtraction operation is: H = O, it means that the
      maximum value .alpha. is equal to the maximum value .beta.. This is the
      specific feature attained when the black tire is measured. Accordingly,
      the decision circuit 37 produces the decision output signal J at the
      output terminal BL. Furthermore, if the result of the subtraction
      operation is: H&lt;O, the relationship between the maximum values .alpha. and
      .beta. is: .alpha.&lt;.beta.. This is the specific feature attained in the
      measurement of the white tire having the white rubber compound layer in
      the lower sidewall. Therefore, the decision circuit 37 operates to produce
      the decision output signal J at the output terminal WL.
PAR  In the tire classifying device, the minimum points of the output signal A
      produced by the detector 3 are detected, and two periods of time during
      which the radiations go through the lower sidewall 12 only and the lower
      sidewall 11 only are obtained from the minimum points thus detected, and
      the maximum value of the signal A is measured in each of the two period of
      time, thereby to obtain two maximum values .alpha. and .beta. described
      above for the classification of tires. Accordingly, in this invention, the
      provision of a tire position detector is not necessary for the detection
      of the maximum values .alpha. and .beta..
PAR  In the tire classifying device shown in FIG. 3, the comparison of the
      maximum values .alpha. and .beta. is conducted through a subtraction
      operation. However, in general, the penetrated radiation intensity varies
      almost exponentially with respect to the thickness of a substance through
      which the radiation go. Accordingly, it is unavoidable that the output of
      the comparison circuit 36 greatly varies with the shape and accordingly
      dimensions of a tire to be classified. In order to reduce the variation of
      the output of the comparison circuit, the above-described device may be
      modified so that the comparison circuit obtains a ratio of the difference
      between the maximum values .alpha. and .beta. to the maximum value
      .alpha., that is, (.alpha.-.beta.)/.alpha..
PAR  If the maximum values .alpha. and .beta. are compared with each other by
      the ratio of (.alpha.-.beta.)/.alpha., the variation of the output of the
      comparison circuit can be reduced due to the following reason.
PAR  It is assumed that the thickness of the sidewall of a tire is x.sub.t (mm),
      a ratio of the thickness of a white ribbon to the thickness x.sub.t of the
      sidewall is h (%), the radiation absorption coefficient of rubber is .mu.r
      (mm).sup..sup.-1, the radiation absorption coefficient of the white ribbon
      is .mu.h (mm).sup..sup.-1, and the detected intensity of radiations which
      penetrated through the air is I.sub.o. In addition, if the white ribbon is
      on the .alpha. side, the maximum values .alpha. and .beta. can be
      represented by the following equations (1) and (2), respectively:
EQU  .alpha. = I.sub.o exp { -.mu.r (1-h)xt - .mu.hhxt}         (1)
EQU  .beta. = I.sub.o exp { -.mu.rxt}                           (2)
PAL  Therefore, from equations (1) and (2):
EQU  (.alpha.-.beta.) = I.sub.o exp { -.mu.rxt}  X [exp { -(.mu.h - .mu.r)hxt }
      -1 ]                                                      (3)
      ##EQU1##
PAR  As is apparent from the comparison of these two equations (3) and (4),
      since equation (4) does not include the term I.sub.o exp {-.mu.r xt)} ,
      the variation of the comparison circuit output owing to the variation of
      the thickness xt of the tire, or the variation of the dimensions of the
      tire, can be reduced as much as the term is omitted in equation (4).
PAR  According to another aspect of this invention, the inner circumferential
      edge of the sidewalls of the tire can be detected, because in the tire
      classifying device shown in FIG. 3, the first and the second synchronous
      pulse C are produced by the waveform shaping circuit 32 respectively when
      the radiations x go through the left end of the inner circumference of the
      upper sidewall and that of the lower sidewall, while the third and the
      fourth synchronous pulse C are produced when the radiations x go through
      the right end of the inner circumference of the upper sidewall and that of
      the lower sidewall.
PAR  More specifically, if a speed pulse generator 4 for generating pulses in
      proportion to a tire moving speed, and a pulse counter circuit 5 for
      counting the pulses produced by the generator 4 are added to the device
      shown in FIG. 3 in which a tire 1 is continuously moved as described
      before while its position is adjusted so that the radiations emitted from
      the radiation source go through the center line of the tire 1, and if the
      counting operation of the counter circuit 5 is started by the first signal
      C or the second signal C described above and is suspended by the third
      signal C or the fourth signal C; the counter circuit 5 counts the output
      pulses produced by the speed pulse generator 4 for the period of time of
      from the time instant when the radiations go through the left end of the
      inner circumference of the upper wallside or the lower wallside to the
      time instant when the radiations go through the right end of the same.
      Accordingly, the inside diameter of the tire 1 can be detected from the
      count output of the counter circuit 5. Thus, the tire identifying device
      thus organized can not only identify the black tire and the white tire but
      also classify the tires by the inside diameter thus measured.
PAR  It should be noted that, in the device described above, the radiation angle
      K of the radiations x is so selected that intensity of the radiations
      which have penetrated through the tire is varied to four minimum values.
      Furthermore, the radiation source 2 and the radiation detector 3 are
      fixedly secured so that the radiation angle K is a certain angle within
      the range of from the angle of inclination K.sub.1 (about 45.degree.) of
      the line l.sub.1 formed by connecting the lower edge of the tread 13 to a
      steel ring, or a bead wire 15, provided in the circumferential portion of
      the upper sidewall 11 to the angle of inclination K.sub.2 (about
      30.degree.) of the line l.sub.2 formed by connecting a steel wire 16
      provided in the inner circumferential portion of the lower sidewall 12
      through the center of the tire 1 to the steel wire 15 in the upper
      sidewall 11.
PAR  In addition, the radiation angle K may be selected as 90.degree.&gt;K
      &gt;K.sub.1. In this case, the radiations can simultaneously go through two
      sidewalls 11 and 12 for two periods of time, that is, a period of time of
      from the time instant when the radiations go through the tread 13 (on the
      left side as viewed in FIG. 3) of the tire to the time instant when the
      radiations go through the steel ring 13 (on the left side as viewed in
      FIG. 3) of the upper side-wall, and a period of time of from the time
      instant when the radiations go through the steel ring 16 (on the right
      side in FIG. 3) of the lower sidewall 12 to the time instant when the
      radiations go through the tread (on the right side in FIG. 3) of the tire
      1. Accordingly, in each of these two periods of time, the penetrated
      radiation intensity temporarily increases, that is, the output signal A of
      the radiation detector 3 shows six minimum points P.sub.1b, P.sub.2b,
      P.sub.3b, P.sub.4b, P.sub.5b and P.sub.6b as is illustrated in FIG. 5.
PAR  In this variation of the penetrated radiation intensity x.sub.o, the
      maximum value .alpha..sub.1 between the second minimum point P.sub.2b and
      the third one P.sub.3b represents the intensity of the radiations measured
      when they go through the lower sidewall 12 only, while the maximum value
      .beta..sub.1 between the fourth minimum point P.sub.4b and the fifth one
      P.sub.5b represents the intensity of the radiations measured when they go
      through the upper sidewall 11 only.
PAR  Accordingly, in the measurement of the black tire, the maximum value
      .alpha..sub.1 and .beta..sub.1 are equal to each other; in the measurement
      of the white tire having the white ribbon in its upper sidewall 11, the
      maximum value .alpha..sub.1 is greater than the maximum value .beta..sub.1
      ; and in the measurement of the white tire having the white ribbon in its
      lower sidewall 12, the maximum value .alpha..sub.1 is smaller than the
      maximum value .beta..sub.2.
PAR  In other words, the maximum value of the penetrated radiation intensity
      during the period of time of from the time instant t.sub.3a when the
      minimum point P.sub.2b occurs to the time instant t.sub.4a when the
      minimum point P.sub.3b occurs and that during the period of time of from
      the time instant t.sub.5a when the minimum point P.sub.4b occurs to the
      time instant t.sub.6a when the minimum point P.sub.5b occurs are measured.
      By comparing these maximum values thus measured with each other, the black
      tire and the white tire can be distinguished from each other.
PAR  For the measurement and comparison of the maximum values of the penetrated
      radiation intensity, the device shown in FIG. 3 can be employed, if the
      connection of the counter 33 to the flip-flops FF.sub.1 and FF.sub.2 is
      changed as follows: As was described before, the output terminals I and II
      of the counter 33 have been connected to the set and reset terminals of
      the flip-flop FF.sub.1, while the output terminals III and IV of the same
      have been connected to the set and reset terminals of the flip-flop
      FF.sub.2. In addition to these output terminals, a fifth output terminal V
      is provided in the counter 33 so that when the counter 33 counts five
      pulses, it produces a count output at the output terminal V. Furthermore,
      the connection of these output terminals is changed in such a manner that
      the output terminals II and III are connected to the set and reset input
      terminals of the flip-flop FF.sub.1, while the output terminals IV and V
      are connected to the set and reset input terminals of the flip-flop
      FF.sub.2. As a result, the first maximum value measuring circuit 34 can
      measure the maximum value .alpha..sub.1 of the penetrated radiation
      intensity during the period of time of from the time instant t.sub.3a to
      the time instant t.sub.4a, while the second maximum value measuring
      circuit 35 can measure the maximum value .beta..sub.1 of the penetrated
      radiation intensity during the period of time of from the time instant
      t.sub.5a to the time instant t.sub.6a.
PAR  The maximum values .alpha..sub.1 and .beta..sub.1 are compared with each
      other by the comparison circuit 36. In this operation, similarly as in the
      comparison described before, the penetrated radiation intensity measured
      when the radiations go through the upper sidewall only is compared with
      that obtained when the radiations go through the lower sidewall only.
      Accordingly, in the case where it is necessary to determine the
      classification of tires, the tires can be classified into the black tires
      and the white tires by the device thus organized, and in the case where
      the tire is known as a white tire, it is possible to determine which
      sidewall includes the white ribbon.
PAR  Even if the radiation angle K is selected greater than the radiation angle
      K.sub.1, no trouble will be caused in the classification of tires.
      However, as the radiation angle K approaches 90.degree., the period of
      time during which the radiations penetrates through the upper sidewall
      only or the lower sidewall only becomes short. Therefore, it is not
      preferable that the radiation angle K is greater than a certain angle.
      That is, there is an angular range allowable for the radiation angle K.
      According to the experiments on this angular range, it has been found
      that, when the tire is moved horizontally, the radiation angle within the
      angular range of from 30.degree. to 75.degree. is best for the
      classification of tires with the tire classifying device according to the
      invention.
PAR  As is apparent from the above description, in this invention, tires are
      irradiated by radiations and the intensity of the radiations which have
      penetrated through the tires is measured for the classification of tires
      according to the materials and dimentions thereof. This classification is
      carried out by comparing the intensity of the radiations which have
      penetrated through the upper sidewall with that of the radiations which
      have penetrated through the lower sidewall, instead of comparing the
      radiation intensity with a standard reference value. Accordingly, the
      variation of the penetrated radiation intensity due to the variations in
      radiation intensity of the radiation source and in dimension of the tire
      does not directly affect the accuracy in the classification of tires.
      Accordingly, tires can be accurately classified or identified.
PAR  Furthermore, according to this invention, the penetrated radiation
      intensity can be measured when the radiations go through the upper
      sidewall only or the lower sidewall only, without the detection of the
      position of a tire. Therefore, the provision of a device for detecting the
      positions of a tire is not necessary for the tire classifying device. This
      contributes to the simplification of the tire classifying device.
PAR  Furthermore, according to this invention, if the speed pulse generator for
      detecting the moving speed of a tire is added to the device, not only the
      classification of tires according to the material used therein
      (classification of tires into the white tires and the black tires) but
      also the classification of tires according to the external dimensions
      (classification of tires according to the inside diameters thereof) can be
      achieved.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of classifying a tire which comprises, (a) emitting x-rays and
      .gamma.-rays from a radiation source on the side of a first sidewall of
      said tire and irradiated on said tire sidewall at a predetermined angle of
      inclination relative to the plane of the tire; (b) detecting the intensity
      of said x-rays or .gamma.-rays which have penetrated through said tire on
      the side of a second sidewall of said tire, and (c) comparing with each
      other the values of intensity of said x-rays or .gamma.-rays which have
      penetrated separately through said first sidewall and said second sidewall
      thereby to determine whether said tire is a tire with a white ribbon or
      said tire is a tire without a white ribbon in a sidewall thereof.
NUM  2.
PAR  2. A method as claimed in claim 1 in which said radiation source and said
      tire are relatively moved.
NUM  3.
PAR  3. A device for classifying a tire which comprises: (a) a radiation source
      for irradiating x-rays or .gamma.-rays on a first sidewall of a tire at a
      predetermined angle of inclination relative to the plane of the tire; (b)
      means for moving said tire relatively to said radiation source; (c)
      radiation detecting means provided to receive said rays penetrating a
      second sidewall of said tire, for detecting the intensity of x-rays or
      .gamma.-rays which have penetrated through said tire and having means for
      producing an output signal; (d) minimum point detecting means for
      detecting where said output signal of said radiation detecting means shows
      minimum values, to produce detection signals; (e) period detecting means
      for detecting from said detection signals of the minimum point detecting
      means periods of time during which said x-rays or .gamma.-rays separately
      penetrate through said first sidewall and said second sidewall; (f)
      maximum value measuring circuits for measuring two maximum values of said
      output signal of said radiation detecting means, said two maximum values
      occuring during said periods of time detected by said period detecting
      means, respectively; and (g) a comparison circuit for comparing said
      maximum values with each other, thereby to determine whether said tire is
      a tire with a white ribbon on a sidewall therefore or is a tire without a
      white ribbon.
NUM  4.
PAR  4. A device as claimed in claim 3 in which comparison circuit comprises an
      operation circuit which carries out the operation for a ratio of one of
      said two maximum values to the difference between said two maximum values.
NUM  5.
PAR  5. A device as claimed in claim 3 which further comprises means for
      measuring the inside diameter of said tire from a period of time between
      time instants when two selected detection outputs of said minimum point
      detecting means are produced.
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ABST
PAL  Receptors are employed to which one or more fluroescent molecules are
      bound. When the receptors are bound to the epitopic sites on the surface
      and light of predetermined wave length is directed toward the surface, the
      fluorescing molecules are activated and fluoresce.
PAL  In carrying out an assay, receptor is combined with an unknown suspected of
      containing molecules having the same epitopic sites bound to the surface.
      The receptor will bind to these molecules reducing the number of receptor
      sites available for binding to the epitopic sites on the surface. When the
      assay medium is contacted with the surface, the amount of receptor which
      binds to the surface, will be a function of available binding sites and,
      therefore, to the number of the molecules present in the unknown. Upon
      irradiation of the surface, substantially only the fluoroescent molecules
      bound to the surface will fluoresce. By monitoring the fluorescence, one
      can determine the presence and number of molecules of interest present in
      the unknown.
PAL  The apparatus consists of a transparent solid sheet, conveniently as part
      of or optically connected to a prism, a light source set at an angle to
      provide total internal reflection at the sheet, a cell which includes the
      reflecting surface as a wall, and a fluorescence detector. Various optics
      and filters may be employed to modify the light source beam and the
      fluorescence beam.
PAL  This work was carried out under a grant of the National Science Foundation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  There is a continuing and expanding interest in the ability to measure
      small quantities of naturally occurring and synthetic compounds or
      compositions. A broad category of methods fall in the classification of
      immunoassays. These methods depend on the ability of a receptor, usually
      an antibody, to recognize a particular spatial and polar configuration and
      bind to such configuration. As a result of this binding, the resulting
      complex can be differentiated from molecules which are present, which are
      not bound to the receptor.
PAR  For purposes of convenience, the compound to be determined will be referred
      to a "ligand." In immunoassays, a ligand analog is provided which is
      capable of competing with the ligand for the receptor. That is, the ligand
      analog has a spatial and polar configuration analogous to the ligand and
      is also tagged, so as to allow for its detection. In the immunoassay, any
      ligand present in an unknown and ligand analog compete for the receptor.
      The amount of ligand analog bound to receptor will be related to the
      amount of ligand present in the unknown. Ligand analog bound to receptor
      can be distinguished from ligand analog which is unbound.
PAR  In one technique, referred to as radioimmunoassay, the ligand analog has a
      radioactive atom. Where the receptor is antibody, which is the
      conventional receptor, ligand analog bound to antibody can be separated
      from ligand analog which is unbound. By determining the distribution of
      radioactive labeled ligand, between bound and unbound, one can determine
      the amount of ligand present in the unknown.
PAR  An alternative method employs a stable free radical tag, such as a small
      nitroxide molecule. With small ligands, molecular weights below about
      50,000, the rate of tumbling of the ligand analog in solution is
      sufficiently fast, so as to provide a relatively sharp peak in the EPR
      spectrum of the free radical. When the ligand analog is bound to receptor,
      which is normally of high molecular weight, the peak is broadened to a
      much greater half-width. Therefore, by measuring a point near the maximum
      of the peak, the height at that point can be related to the distribution
      of bound and unbound ligand analog. This in turn can be related to the
      concentration of ligand in an unknown.
PAR  A third technique employs an enzyme as the detector. The technique can be
      carried out homogeneously or heterogeneously. In U.S. Pat. Nos. 3,654,090
      and 3,791,932, heterogeneous systems are described. The heterogeneous
      system requires binding one of the reagents involved in the determination
      to a solid support, for example, the receptor. By allowing competition for
      the receptor bound to solid support between the ligand and the ligand
      analog, and separating the solid support, one can then determine the
      enzyme activity in the supernatant. The amount of ligand analog remaining
      in the supernatant, as determined by the enzyme activity in the solution,
      is related to the amount of ligand present.
PAR  An alternative system is homogeneous. This is based on a reduction in
      enzyme activity, when ligand analog is bound to receptor. The reduction in
      enzyme activity is related to the amount of ligand analog bound to
      receptor. By using standards, which is conventional with the other
      immunoassay techniques, one can relate change in enzyme activity to the
      amount of ligand present in the unknown.
PAR  Each of the above systems have advantages and disadvantages as applied to
      specific situations. In one or more of the systems, expensive equipment is
      required. Working with radioactive materials is undesirable. Furthermore,
      the radioactive materials have only a limited shelf life. The free radical
      technique is limited as to the molecular weight of the ligand. The enzyme
      technique is subject to interfering substances present in the unknown.
      There is, therefore, a continued interest in finding new systems which may
      avoid the deficiencies of the earlier systems, and have substantial
      advantages in particular applications.
PAR  2. Description of the Prior Art
PAR  Radioimmunoassays are described in Murphy, J. Clin. Endocr., 27, 973
      (1967); ibid, 28, 343 (1968). Free radical immunoassays are described in
      U.S. Pat. No. 3,690,834. Enzyme immunoassays are described in U.S. Pat.
      Nos. 3,654,090 and 3,791,932 and U.S. Pat. Application Ser. No. 143,609,
      filed May 14, 1971, now abandoned. Techniques employing total internal
      reflection are described in Herrick, et al., Anal. Chem., 45, 687 (1973)
      and Amer. Laboratories, 5, 63 (1973). See also, Kronick, et al., Bull. of
      the Amer. Physical Society, 18, 782 (1973).
PAC  SUMMARY OF THE INVENTION
PAR  Method and apparatus are provided for carrying out immunoassays, using the
      amount of fluorescence as an indication of the presence of a compound or
      composition ("ligand") to be detected. A ligand, having one or more
      epitopic sites, is bound to the flat surface of an optically transparent
      sheet. The surface is contacted with an aqueous solution--assay
      medium--containing the unknown and antibody to the ligand. The antibody is
      tagged with fluorescing molecules. Depending on the amount of ligand
      present in the solution, the available sites for binding to the surface
      will vary, and the amount of antibody bound to ligand on the surface will
      proportionately vary, when the surface is contacted with the assay medium.
PAR  The sheet is irradiated with light at the wave length of absorption of the
      fluorescing molecule bonded to the antibody. The angle of irradiation
      provides total internal reflection, so that fluorescence can occur within
      only a few hundred Angstroms of the surface. By measuring the amount of
      fluorescence, for example, with a photomultiplier tube, the amount of
      ligand present in the solution can be determined.
PAR  The apparatus is comprised of a light source, an optically transparent
      sheet in appropriate juxtaposition to provide total internal reflection, a
      cell having the transparent sheet as one wall, and a light detector
      situated so as to receive fluorescent light from the cell.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational cross-sectional view of a cell and prism;
PAR  FIG. 2 is a diagrammatic view of an immunoassay apparatus;
PAR  FIG. 3 is a stylized illustrative view of the reaction occurring in the
      cell;
PAR  FIG. 4 is a plot of three curves obtained following the method of this
      invention.
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PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  A method and apparatus are provided for carrying out immunoassays, whereby
      the amount of fluorescence obtained from a sample cell is related to the
      amount of material being determined. In discussing the method, the
      following terminology will be employed. A compound or composition
      recognizable by a single receptor, haptens or antigens, will be referred
      to as ligand. "Receptors" are high molecular weight molecules, usually
      proteins, which are capable of binding to a particular spatial and polar
      organization. For the most part, receptors are antibodies and antibodies
      will be illustrative of receptors.
PAR  The immunoassay is carried out by providing a competition for receptor to
      which fluorescer molecules are bound, between epitopic or determinant
      sites of molecules in an aqueous buffered assay medium and the same
      epitopic sites bound directly or indirectly to a transparent surface. The
      transparent surface serves as one wall of a cell containing the assay
      medium. The assay medium is constituted of an aqueous solvent, normally
      buffered, fluorescer-bound-receptor, unknown to be assayed, and other
      additives which may be appropriate in particular situations.
PAR  By appropriate choice of the material for the transparent surface, a
      material having a refractive index greater than the assay medium, the
      surface can be irradiated with light at an angle which provides total
      internal reflection. Under conditions of total internal reflection, only
      fluorescent molecules within a few hundred Angstroms of the surface will
      be activated and fluoresce. The number of receptor molecules bound to the
      surface, and, therefore, the number of fluorescent molecules sufficiently
      close to the surface to be activated will be proportional to the number of
      molecules to which receptor is bound in the assay medium.
PAR  By measuring the amount of fluorescence upon irradiation, one can obtain a
      determination of the presence of molecules in the unknown having the same
      epitopic sites as the molecules bound to the surface. By using standards
      having known amounts of such molecules, one can prepare a curve relating
      the amount of fluorescence to the amount of such molecules present in the
      assay medium.
PAR  The method employed in the immunoassay depends upon total internal
      reflection. At an interface between two materials of different refractive
      indicies, the angle of incidence is related to the angle of reflection by
      the following formula:
EQU  n.sub.1 sin.theta..sub.1 = n.sub.2 sin.theta..sub.2
PA1  where n.sub.1 and n.sub.2 are the refractive indicies of the two materials
      and .theta..sub.1 and .theta..sub.2 are the angles from the norm which the
      incident radiation makes at the interface. When the sine of the angle of
      incidence is equal to or greater than the ratio of the refractive
      indicies, n.sub.2 /n.sub.1, total internal reflection occurs, and the
      light does not penetrate the second medium.
PAR  Some light energy does in fact penetrate the second medium over relatively
      short distances, usually not exceeding about 1,000A. Depending upon the
      variables involved, the distance of penetration of light energy can be
      diminished to as little as 500A. If a fluorescing molecule is positioned
      at the interface in the second medium, so as to be within the range of
      light energy which penetrates the second medium, when the wave length of
      the light is within the adsorption peak of the fluorescing molecule, the
      fluorescing molecule will fluoresce. Fluorescing molecules that are
      outside this narrow band will not fluoresce.
PAR  The subject immunoassay can be used for detecting a wide variety of
      compounds, both haptenic and antigenic. The significant factor is that a
      receptor can be provided which recognizes a specific spatial and polar
      organization--an eptiopic or determinant site--and is capable of having
      one or more fluorescing molecules bound to it.
PAR  In the subject invention, for the most part, the receptors will be
      macromolecules, which have sites which recognize specific structures. The
      recognition of the specific structures will be based on Van der Waals
      forces, where the receptor provides a specific spatial environment which
      maximizes the Van der Waals forces; dipolar interactions, either by
      permanent or induced dipoles; hydrogen and ionic bonding; coordinate
      covalent bonding; and hydrophobic bonding.
PAR  The macromolecules of greatest interest are proteins and nucleic acids
      which are found in cell membranes, blood, and other biological fluids.
      These compounds include enzymes, antibodies, ribonucleic acid (RNA),
      deoxyribonucleic acid (DNA), and natural receptors. Of particular interest
      are the antibodies, particularly the .gamma.-globulins, which have two
      binding sites or can be split in two so as to have a single binding site.
PAR  The receptors are modified with fluorescing molecules. Methods for linking
      fluorescing molecules to proteins are well-known in the art. Various
      linking groups include activated carboxylic acid groups, for example, by
      employing the mixed anhydride or with carbodiimide, isothiocyanate,
      nitrophenyl or nitrobenzyl esters, or the like. Many of the commercially
      available fluorescing compounds have groups for linking to proteins. The
      preparations are normally carried out under mild conditions in aqueous
      media.
PAR  In choosing the fluorescing compound to be linked to the antibody, a number
      of considerations come into play. If the ligand to be determined
      fluoresces, then the choice of fluorescer will be such as to have a longer
      wave length higher absorption maximum than the ligand. Also, the
      fluorescer should not enhance nonspecific binding to glass surfaces or
      other proteins. In addition, since proteins adsorb at a wave length of
      about 280nm, the fluorescer should have an adsorption maximum above 300nm,
      usually above 350nm and preferably above 400nm. The extinction coefficient
      should be greatly in excess of 10, preferably in excess of 10.sup.3, and
      particularly preferred, in excess of 10.sup.4. The number of fluorescing
      molecules per receptor will be from about 1 to 40, usually from about 1 to
      30, and preferably about 5 to 25.
PAR  A number of different fluorescers are described in Brand, et al., Annual
      Review of Biochemistry, 41, 843-868 (1972) and Stryer, Science, 162, 526
      (1968).
PAR  One group of fluorescers of particular interest are xanthene dyes, which
      include the fluoresceins, derived from 3,6-dihydroxy-9-phenylxanthydrol
      and rosamines and rhodamines, derived from 3,6-diamino-9-phenylxanthydrol.
      The rhodamines and fluoresceins have a 9-o-carboxyphenyl group and are
      derivatives of 9-o-carboxyphenylxanthydrol.
PAR  These compounds are commercially available with substituents on the phenyl
      group which can be used as the site for bonding or as the bonding
      functionality. For example, amino and isothiocyanate substituted
      fluorescein compounds are available.
PAR  Another group of fluorescent compounds are the naphthylamines, having an
      amino group in the alpha or beta position, usually alpha position.
      Included among the naphthylamino compounds are
      1-dimethylaminonaphthyl-5-sulfonate, 1-anilino-8-naphthalene sulfonate and
      2-p-toluidinyl-6-naphthalene sulfonate.
PAR  Methods for conjugating fluorescing molecules for protein may be found in
      Rinderknecht, Nature, 193, 167 (1962); Goldman, Fluorescent Antibody
      Techniques, Academic Press, New York (1968); and Smith, et al., J.
      Bacteriol., 83, 1358 (1962).
PAR  The compounds of interest to be analyzed can be widely varied including
      naturally occurring and synthetic drugs, including drugs of abuse, e.g.
      hypnotics and alkaloids, hormones, metabolites, particularly of diseased
      states, pesticides, vitamins, and the like. Groups of compounds of
      interest include alkaloids, particularly opiates and cocaine, steroids,
      epinephrine and derivatives, proteins, e.g. insulin, human chorionic
      gonadotrophin, CEA, angiotensin and the like, synthetic drugs of abuse,
      e.g. methadone, amphetamine, and barbiturates, amino acids, e.g. tri-or
      tetraiodothyronine, therapeutic drugs, e.g. antibiotics, diphenylhydantoin
      glutethimide, primadone, and the like.
PAR  A particular group of compounds of interest are haptens of from about 125
      to 1,000 molecular weight, usually not more than 750 molecular weight,
      having from 1 to 10, usually 1 to 8 heteroatoms, which are primarily
      oxygen, sulfur, nitrogen, phosphorus, alkali metal cations, e.g. sodium
      and potassium, and halide, e.g. chloride, bromide and iodide. Of
      particular interest are those compounds having oxygen, sulfur, nitrogen,
      and halide.
PAR  Another group of compounds are the poly(amino acids)--polypeptides and
      proteins--usually of from about 1,000 to 10.sup.6 molecular weight, which
      includes antigens, hormones, enzymes and the like.
PAR  The ligand can be either bonded directly or indirectly to the transparent
      surface. Where the transparent surface is a glass, e.g. quartz, the
      surface can be activated with a wide variety of silyl compounds.
      Preferably, silyl esters are employed having one group having a
      silyl-carbon bond. To this group is bonded a functionality, such as
      carboxy, amino, or the like, which may be used directly or modified for
      linking to the ligand. For methods of activating a glass surface, see
      Weetal, Nature, 223, 959 (1969). Illustrative activating groups include
      3-cyanopropyl triethoxysilane, 3-aminopropyl trimethoxysilane,
      4-ethoxycarbonylbutyl triethoxysilane, and the like.
PAR  Where the surface is an organic polymer, the manner of activation will
      depend upon the particular nature of the polymer. For example,
      hydrocarbons can be lightly halogenated and the halogen displaced with
      amino groups, thio groups, or the like, to introduce the functionality
      which can then be bonded to the ligand.
PAR  In many instances, it will be satisfactory to contact the surface with an
      aqueous solution of the antigenic protein or hapten conjugated protein and
      allow the protein to nonspecifically adsorb onto the surface. Where the
      bonding is strong enough, the assay can be carried out, without
      significant desorption of the protein occurring during the period of
      measurement.
PAR  Irrespective of whether the ligand is a protein, it is desirable to have a
      thin protein coat on the transparent surface which serves as the interface
      between the surface and the assay medium. Where the ligand is a protein,
      the ligand itself may serve as the protein coating. Where the ligand is
      other than a protein, the ligand may be bonded to a protein, for example,
      albumin, and the albumin in turn bonded to the transparent surface. The
      amount of ligand bonded to the protein will be at least one ligand per
      50,000 molecular weight, usually at least about one ligand per 20,000
      molecular weight, and more usually at least one ligand per 15,000
      molecular weight.
PAR  The slides which are employed in the invention will appear as follows:
TBL  OSi(X).sub.2 R).sub.m -poly(amino acid)Y.sub.n                            
     OSi(X).sub.2 R).sub.m -poly(amino acid)Y.sub.n                            
     OSi(X).sub.2 R).sub.m -poly(amino acid)Y.sub.n                            
     OSi(X).sub.2 R).sub.m -poly(amino acid)Y.sub.n                            
PAL  The line designates a surface of an optically transparent slide, e.g.
      glass, quartz, or polyolefin, generally of from about 0.5mm to 2mm
      thickness and being regularly shaped having its smallest dimension of
      about 2mm and its largest dimension of about 30mm, generally having
      dimensions ranging from about 5 to 25mm. Either the poly(amino acid) is
      noncovalently bonded to the surface (m=0) or bonded to the surface are a
      plurality of polysiloxane groups which are in turn bonded to the
      poly(amino acid) (m=0).
PAR  X intends an alkoxy group of from one to three carbon atoms.
PAR  R is a linking group, conveniently hydrocarbon, of from 2 to 10 carbon
      atoms, usually 2 to 6 carbon atoms, bonded to the poly(amino acid) by a
      peptide, urea or thiourea linkage;
PAR  poly(amino acid) intends a polypeptide or protein of from about 20,000 to
      300,000, usually 50,000 to 200,000 molecular weight, which will generally
      be an albumin or globulin;
PAR  Y is a hapten of from about 125 to 1,000 molecular weight bonded to the
      poly(amino acid) through a peptide, urea or thiourea group, having from
      about 1 to 10, usually 1 to 8 heteroatoms which are oxygen, sulfur,
      nitrogen, phosphorous, alkali metal cation, e.g. sodium and potassium, and
      halide, i.e., chlorine, bromine and iodine, usually oxygen, sulfur,
      nitrogen and halide; and
PAR  n is 0 when the poly(amino acid) is the ligand, or when Y is the ligand, on
      the average from one to the molecular weight of the poly(amino acid)
      divided 1,000, more usually divided by 2,000, and preferably at least two.
PAR  The slide surface will be substantially completely covered with protein to
      avoid nonspecific binding. The protein may be linked by a single bond to
      the surface depending on the size of the protein, the number of silyl
      groups per unit area and the like.
PAR  Various transparent optical elements may be employed as the light receiving
      element, for example, a prism. While the surface of the prism, which
      serves as the interface or cell wall may be modified for protein bonding,
      it is more convenient to use a small disc or slide which may be optically
      coupled to the prism through a liquid of the same refractive index and
      mechanically held in position abutting the prism surface. The slide then
      serves as the interface between the assay medium and the surface at which
      total internal reflection occurs. The slide surface is activated for
      chemical bonding as previously described, and the ligand or ligand
      modified protein bound to the surface.
PAR  By appropriate masking of the surface, or use of a grid providing a
      plurality of chambers, one can produce a slide to which different ligands
      have been bonded at different sites. In this manner, a single slide can be
      used to detect a number of different ligands in the assay medium
      simultaneously. Furthermore, by using an appropriately thin prism, the
      number of reflections can be multiplied, so that the light rays are
      reflected from the surface a plurality of times. Thus, at each reflection
      site, there will be light energy to activate any fluorescent molecules
      which are present. By appropriate use of slits to limit the light received
      by the fluorescent light receiver, one could scan the various areas to
      determine whether fluorescence is occurring at a specific area. Also, the
      sensitivity of the assay is enhanced by multiple reflection.
PAR  Prior to carrying out an assay, the apparatus is assembled. A slide having
      the appropriate ligand bonded to one side is coated on the other side with
      a fluid having the same refractive index as the slide and prism. The slide
      is then pressed against the bottom of the prism to avoid any air bubbles.
      The prism is mounted on the holder, which will be described subsequently,
      and the cell filled with the assay medium. The light source is then turned
      on in order to irradiate the slide surface and the current from the
      photomultiplier tube recorded until a substantially constant value is
      obtained. The value indicates the amount of fluorescence from the surface.
PAR  For the assay medium, an aqueous buffered solution is provided, normally
      being buffered in the range of about pH 6-9, particularly pH 7-8, where
      the binding of the receptor is maximized. If the assay medium is not
      naturally buffered, various buffers may be employed, such as borate, tris,
      phosphate, carbonate, and the like. Buffer concentrations generally range
      from about 0.01 to 0.5, usually not exceeding about 0.2M.
PAR  The appropriate antibody or antibodies, tagged with fluorescent molecules
      are introduced into the medium. Binding site concentrations (as determined
      for example by radioimmunoassay) will generally range from about
      10.sup.-.sup.2 to 10.sup.-.sup.14, more usually from about 10.sup.-.sup.4
      to 10.sup.-.sup.12 M. The particular binding site concentration will
      depend upon the binding constant of the antibodies, the concentration of
      interest of ligand, the sensitivity desired for the assay, and the like.
      The ligand concentration to be determined will generally vary from
      10.sup.-.sup.2 to 10.sup.-.sup.14 M depending upon the ligand to be
      determined.
PAR  In the assay medium, the ratio of receptor to ligand will vary widely,
      usually being at least about one receptor site per 1,000 ligand molecules,
      more usually one receptor site per 500 ligand molecules, frequently not
      more than about one receptor site per 50 ligand molecules, and not more
      than about 1,000 receptor sites per epitopic site of the ligand.
PAR  While various orders of addition may be employed, the preferred protocol is
      to combine the unknown with receptor in an aqueous buffered medium to
      allow sufficient time for the ligand to bind to the receptor. Depending
      upon the concentrations involved, the time may vary from about 0.5 min to
      1 hour or more. The solution may then be introduced into the cell chamber
      preferably thermostated at a temperature in the range of about
      20.degree.-40.degree.C, and the amount of fluorescence recorded until a
      relatively stable value is obtained. As previously indicated, by use of
      known amounts of the ligand, a standard curve can be obtained to which
      values of fluorescence can be related to concentration of ligand present
      in the unknown.
PAR  For further understanding of the invention, the drawings will now be
      considered. The events of the assay are depicted in FIG. 3. In FIG. 3, a
      portion of a cell 10 is shown. The cell contains an aqueous buffered
      solution 12 which contains antibodies 14 to which have been bonded
      fluorescing groups 16 depicted as F. The cell has a transparent wall 20 to
      which has been bound a plurality of ligands 22, depicted as circles. The
      transparent wall 20 is part of a prism 28 of which only a portion is
      shown. In the solution 12 are a plurality of free ligands 24.
PAR  The antibody 14 present in the solution has two sites for binding to the
      ligand 24. Some antibody 26 in the solution has both sites free, while
      other antibody 30 and 32 have one and two sites filled with ligand,
      respectively. The antibody with both sites free 26 and one site free 32
      are capable of binding to the ligand 22 bound to the surface 20.
      Therefore, at equilibrium, there will be some antibody bound to the ligand
      22, which is proportional to the amount of ligand 24 in solution. In
      effect, ligand 24 limits the concentration of available antibody for
      binding to ligand 22 bound to the surface
PAR  Light ray 34 is of a wave length at or near the adsorption maximum of the
      fluorescing group 16. The light has a sufficiently small incident angle,
      so as to provide total internal reflection at the interface between the
      prism 22 and the aqueous solution 12. Light energy does penetrate a short
      distance past the transparent wall 20 so as to activate fluorescing groups
      36 bound to the wall 20 through ligand 22. The activated fluorescing
      groups 36 emit light rays 40 which pass through transparent wall 42 of the
      cell 10 and are detected by a photomultiplier tube 44. The amount of
      radiation is translated into an electrical signal, which can be recorded.
PAR  By employing known concentrations of ligand and determining the amount of
      fluorescent radiation related to a known amount of ligand, a standard
      curve can be prepared which relates fluorescent radiation to
      concentration. One can then quantitate the amount of ligand in relation to
      the amount of fluorescence observed.
PAR  The type of curves one obtains is depicted in FIG. 4. Time is the abscissa
      and the ordinate is proportional to the amount of fluorescence. Initially
      one observes a null point. As the number of antibodies bound to the
      surface increases, the fluorescence increases with an increasing value
      along the ordinate until an equilibrium is approached, resulting in a
      substantially flat portion of the curve.
PAR  In FIG. 2, a device is depicted diagrammatically. A laser source 46
      provides light of a wave length of the adsorption band of the fluorescer
      molecules. The beam is spread by an optical system 50, so as to provide
      coverage over a wider area. The beam 52 passes through prism 54 and is
      reflected from interface 56. The reflected light beam 58 is then
      transmitted to a light dump 60.
PAR  In those instances where the intensity of the light from the light source
      may fluctuate, a portion of the light beam can be deflected and its
      intensity monitored. By appropriate circuitry, the value obtained from the
      photomultiplier tube monitoring the fluroescence can be divided by the
      fraction obtained by dividing the momentary intensity by a base intensity.
      In this way, the value obtained for the amount of fluorescence is obtained
      independent of fluctuations of intensity in the light source.
PAR  Prism 54 is mounted on housing 62 which has chamber 64 sealed by face 56.
      The housing 62 is transparent or can be supplied with a window behind
      chamber 64 to allow for light transmission.
PAR  A light filter 66 is provided to cut out scattered light other than light
      within the fluorescing band of the fluorescer. A photomultiplier tube 70
      or other light detector can be employed to measure the fluorescent light
      emanating from chamber 64. While the light detector is depicted as
      receiving light from the fluorescing molecules on the side of the slide
      opposite the prism, the light detector can be positioned on the same side
      as the prism or two or more light detectors may be employed to increase
      the fluorescent signal. It is possible to receive fluorescent light
      through the prism.
PAR  In FIG. 1 is depicted a cell housing 72 which has a prism 74 mounted on a
      base 76. The prism is secured in position by frame 80 which is locked to
      base 76 by fasteners 82. A small transparent disc 84 is optically coupled
      to prism 74 by means of a solution having the same refractive index as the
      transparent disc. Base 76 has a stepped cavity to provide a first recess
      86 to accommodate the transparent disc 84 and a chamber 90. An O-ring 92
      is included in the chamber 90, supported by step 88, and presses against
      the transparent disc 84 to provide a watertight seal. Channel 94 provides
      access to the chamber for filling or evacuating the chamber.
PAR  The prism which is employed can be of any optically transparent material,
      such as glass, quartz, polyolefin plastics, e.g. poly-4-methyl-1-pentene,
      etc., so long as it has the appropriate refractive index to permit a
      reasonable angle of incidence to provide total internal reflection. The
      disc which is employed should also be made of the same material. Various
      coupling liquids can be employed, which have the same refractive index as
      the prism and disc. The holder which restrains the prism and provides the
      cell chamber, can be of any convenient material, having the appropriate
      transparency, or can be machined to provide a window.
PAL  Experimental
PAR  The following examples are offered by way of illustration and not by way of
      limitation.
PAR  (All temperatures not otherwise indicated are in Centigrade. All parts and
      percentages not otherwise indicated are by weight.)
PAR  The apparatus employed in the following experiments used a helium-cadmium
      laser. Four lenses were used in tandem to spread the beam. In the order
      extending away from the laser, the lenses were cyl. Rolyn lenses nos.
      14.0050, 14.0100, 10.0050, and 10.0385 respectively, with focal lengths
      22.2mm, 40.0mm, 25.4mm and 200mm respectively. A quartz prism was set at
      an angle to provide total internal reflection. The quartz prism was 1 5/8
      inches long, 1 1/2 inches wide, 1/2 inches high, and had an angle of
      70.degree.. The prism was mounted on a sheet of plexiglass one-quarter
      inch thick, which had a stepped wall chamber. The distance from the
      surface for the successive steps was 0.065, 0.120, 0.170, and 0.250in,
      with the first step having a cross-section 1 5/8 inches by 1 1/2 inches,
      the second step had a cross-section of 1 in by 1 in, with the next steps
      being circular and having radii of seven-sixteenths inch and three-eighths
      inch respectively. The quartz prism resides in the area provided for the
      first step, while the disc resides in the area provided for the second
      step. The third step contains an O-ring which seals the area about the
      disc so as to avoid leakage. The cell volume which contains the assay
      medium is approximately 1ml.
PAR  A Baird-Atomic B-5 barrier filter and a green gelatin filter are placed
      between the plexiglass holder, and the fluorescent light counter so as to
      filter out light of undesired wave lengths. Adjacent to the filter to
      receive the light is an EMI 9558B photomultiplier tube. The current is
      monitored by a 425A HP microvolt ammeter. The light reflected from the
      quartz prism surface is fed to a beam dump.
PAR  Quartz slides 1 by 1 by 1/16 inch in thickness are prepared as follows. The
      slides are cleaned with Alconox cleaning solution, followed by rinsing
      with tap water and then distilled water. The slides are then rinsed with
      ethanol and placed in a rack where they are washed with condensed
      isopropanol vapors. This treatment is maintained for about 5 min. The
      slide is then dipped into a one weight percent aqueous solution of
      3-aminopropyl triethoxy silane at pH 3. After standing in the solution for
      about 10 min, the solution is siphoned off, and the slide is baked in
      vacuo at 60.degree. for 6 hours or more.
PAR  p-Arsanilic acid conjugated to egg albumin by peptide bonds is employed as
      a source of hapten, there being about 20 p-arsanilic acid groups bonded
      per molecule of egg albumin. The slide is placed into a 2.5%
      glutaraldehyde solution at pH 7.0, .05M phosphate having about 1mg/ml egg
      albumin conjugate and allowed to stand overnight.
PAR  The slide is then removed from the solution, rinsed with water, the water
      allowed to drain off, and the top face of the slide wiped clean with
      absorbent paper. A drop of cyclohexanol is placed on the dry surface and
      the slide place against the prism surface.
PAR  A cell is filled with the appropriate assay solution, and the
      photomultiplier tube set at an appropriate voltage. Using different slides
      for each determination, the following conditions were employed. The
      photomultiplier tube was at 1,000 volts. A Hewlett Packard 425A microvolt
      ammeter was employed employing the 10 microamp scale. The normalized
      signal from the ammeter is displayed on an X-Y recorder.
PAR  The antibody employed in the above experiment had an average of about 1.9
      fluorescing molecules per antibody. The antibody was obtained from
      Calbiochem employing Lot No. 539859. Fluorescein isothiocyanate was
      coupled in accordance with the procedure set forth in Rinderknecht, supra.
PAR  The following table indicates the results.
TBL                TABLE I                                                     
     ______________________________________                                    
     Ab             Rp.sup.1 Reading                                           
     M.times.10.sup.-.sup.5                                                    
                    M.times.10.sup.-.sup.6                                     
                             mV                                                
     ______________________________________                                    
     1.2            --       18.5                                              
     0.6            --       10                                                
     0.3            --       7                                                 
     1.1            9        8                                                 
     ______________________________________                                    
      .sup.1 p-arsanilic acid                                                  
PAR  Considering FIG. 4, A and C would be the curves for low and high
      concentrations respectively for antibody without ligand present and B
      would be the curve for substantially the same concentration of antibody as
      employed in C with ligand present, all other things being constant.
PAR  The above results demonstrate that with varying concentrations of antibody
      in the solution, the amount of fluorescence varys proportionately.
      Furthermore, by reducing the amount of available antibody, by adding
      p-arsanilic acid to the solution, the presence of the ligand is detectable
      by a reduction in the amount of fluorescence.
PAR  In accordance with the subject invention, a sensitive assay is provided for
      detecting small amounts of ligand employing a fluorescer technique. The
      apparatus employed is simple and inexpensive. The method is easily carried
      out and enjoys the specificity enjoyed by other immunoassay techniques.
PAR  Although the foregoing invention has been described in some detail by way
      of illustration and example for purposes of clarity of understanding, it
      will be obvious that certain changes and modifications may be practiced
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for determining the presence of a ligand in an unknown
      suspected of containing said ligand, which comprises:
PA1  combining in an aqueous assay medium, said unknown and receptor for said
      ligand, said receptor having at least on the average one fluorescing
      molecule bound to each receptor molecule;
PA1  contacting said assay medium with one side of an optically transparent
      surface having a plurality of ligand analogs bound to said surface in
      contact with said assay medium, wherein the optically transparent surface
      has a refractive index greater than the refractive index of said assay
      medium;
PA1  irradiating said surface with light having a wave length absorbed by said
      fluorescing molecule, on the side of said surface opposite said assay
      medium, and at an angle to said surface to provide total internal
      reflection; and
PA1  measuring the amount of fluorescent light emitted from said surface,
      wherein the amount of fluorescent light is a function of the amount of
      ligand present in said assay medium.
NUM  2.
PAR  2. A method according to claim 1, wherein said optically transparent
      surface is coated with protein on said one side.
NUM  3.
PAR  3. A method according to claim 1, wherein said receptor is an antibody and
      said ligand is of a molecular weight in the range of 125 to 1,000.
NUM  4.
PAR  4. A method according to claim 3, wherein said antibody has from 1 to 40
      fluorescing molecules on the average per antibody molecule.
NUM  5.
PAR  5. A method according to claim 1, wherein said assay medium is buffered in
      the range of 6 to 9, and said ligand is bound to protein which is bound to
      said surface.
NUM  6.
PAR  6. A method according to claim 5, wherein said fluorescing molecule has an
      absorption maximum greater than 300nm.
NUM  7.
PAR  7. A method according to claim 6, wherein said fluorescence is measured
      after sufficient time to provide a substantially constant value for said
      fluorescence.
NUM  8.
PAR  8. A method according to claim 1, wherein said fluorescence is measured
      after sufficient time to provide a substantially constant value for said
      fluorescence.
NUM  9.
PAR  9. A method for determining the presence of a ligand of from about 125 to
      1,000 molecular weight in an unknown which comprises:
PA1  combining in an aqueous assay medium at a pH in the range of 6 to 9 said
      unknown with antiligand having from about 1 to 20 fluorescein molecules
      bound to said antiligand;
PA1  contacting said assay medium with an optically transparent surface to which
      a plurality of ligand analog molecules are bound through poly(amino acid)
      molecules;
PA1  irradiating said surface on the side opposite said assay medium with light
      having a wave length within the absorption peak of said fluorescein; and
PA1  determining the amount of fluorescence which is a function of the amount of
      ligand present in said unknown.
NUM  10.
PAR  10. An apparatus for carrying out immunoassays, whereby the amount of
      material present is a function of the amount of fluorescence comprising:
PA1  a light source;
PA1  an immunoassay cell comprising a housing having a chamber, and an optically
      transparent member having a first surface, to which a plurality of ligands
      are bound, partially enclosing said chamber, said member being in light
      receiving relationship and at an angle to said light source to provide
      total internal reflection, and
PA1  light metering means in light receiving relationship with said member.
NUM  11.
PAR  11. An apparatus for carrying out immunoassays, whereby the amount of
      material being assayed is a function of the amount of fluorescence
      comprising:
PA1  a light source;
PA1  an immunoassay cell comprising a housing having an open top chamber, a
      transparent slide removably covering said opening, wherein said
      transparent slide has a first surface to which a plurality of ligands are
      covalently bound, with said first surface in juxtaposition to said
      opening;
PA1  a prism over and optically coupled to said slide, wherein said prism and
      slide are situated in light receiving relationship and at an angle to said
      light source to provide total internal reflection at said first surface;
      and
PA1  light metering means in light receiving relationship to said slide for
      receiving fluorescent light emitted from said slide.
NUM  12.
PAR  12. An apparatus according to claim 11, wherein said chamber has an
      optically transparent window extending through said housing.
NUM  13.
PAR  13. An apparatus according to claim 11, wherein said housing includes
      recessed supporting means for said slide; and
PA1  means for holding said prism in optical coupling with said slide.
NUM  14.
PAR  14. A method according to claim 1, wherein said optically transparent
      surface has a plurality of zones, each zone having a plurality of ligand
      analogs bound to said surface and wherein the amount of fluorescent light
      emitted from each of said zones is separately measured.
NUM  15.
PAR  15. A method according to claim 1, wherein said ligand is a poly(amino
      acid).
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ABST
PAL  In six-pulse and twelve-pulse X-ray generators, the objectionable ripple at
      double mains frequency caused by the low thermal inertia of the filament
      is here cancelled out by an opposing ripple deliberately introduced by
      unbalancing the three-phase system.
BSUM
PAR  The invention relates to a three-phase X-ray generator comprising a
      three-phase transformer having secondary windings which are connected to
      the X-ray source via a rectifier circuit, the high voltage of the
      transformer not being smoothed.
PAR  The advantage of such a three-phase generator, usually constructed as a
      six-pulse or twelve-pulse generator, over a single-phase generator is that
      the tube voltage exhibits substantially less ripple. Consequently, a
      three-phase generator permits substantially higher loading of the X-ray
      tube, and a larger fraction of the electric power is converted into
      X-radiation.
PAR  FIG. 1 shows an ideal tube voltage versus time wave form using a
      twelve-pulse generator. The reference T denotes a cycle of the mains
      alternating voltage. However, such a wave form of the tube voltage is not
      achieved in practice, because side-effects occur which produce a
      substantially larger ripple as shown in FIG. 2, which is undesirable.
      Particularly disturbing in this respect is a ripple which is superimposed
      on the high voltage at a frequency twice that of the three-phase current
      source.
PAR  The present invention has for its object to provide a three-phase generator
      in which this ripple of double mains frequency either does not occur, or
      is substantially reduced.
PAR  It was found that this ripple is caused by variations in the heating of the
      cathode of the X-ray tube by alternating current. The presently used X-ray
      tubes have directly heated cathodes with filaments of a diameter so small
      that the temperature of the filament substantially follows the amplitude
      of the filament current at alternating currents of mains frequency (50 Hz
      or 60 Hz). This means that the emission current, and hence also the X-ray
      tube current, exhibit two maximum values in each cycle of the alternating
      current through the filament. The X-ray tube current thus modulated causes
      a voltage drop across the internal resistance of the generator which is in
      phase-opposition with the filament current. The high voltage on the X-ray
      tube therefore fluctuates in phase-opposition to the tube current, and at
      double the frequency of the filament current. This effect can in principle
      be avoided by applying a current of substantially higher frequency (for
      example, 150 Hz) to the filament of the X-ray tube. The comparatively
      slight thermal inertia of the filament is then adequate to prevent the
      filament temperature from varying significantly with the filament current
      frequency. However, this solution requires a filament current source of a
      higher frequency, and is therefore comparatively expensive. A less
      expensive solution to this problem is provided according to the invention
      in that in a three-phase X-ray generator of the kind set forth the
      three-phase transformer has an asymmetrical construction and/or is
      asymmetrically connected to the three-phase mains and/or to the X-ray
      source.
PAR  The invention is based on the consideration that any unbalancing of the
      three-phase mains voltages in X-ray generators of the kind set forth
      causes an alternating voltage of double the mains frequency to be
      superimposed on the high voltage of the X-ray tube. If this unbalancing is
      properly formed, this alternating voltage can have the same amplitude as
      but a opposite phase from that of the alternating voltage produced by the
      described modulation of the X-ray current. The ripple on the voltage
      across the X-ray tube which is caused by the latter alternating voltage
      can thus be compensated for.
PAR  The unbalancing means in the three-phase system can in principle consist of
      a voltage asymmetry and/or a resistance asymmetry. The resistance
      asymmetry can be formed by different resistors between the mains voltages
      and the primary windings of the three-phase transformer, or between the
      secondary winding and the rectifier bridge. The voltage asymmetry can be
      formed by different voltage transformation ratios or by the application of
      different voltages to the primary windings of the three-phase transformer.
      The advantage of the resistance asymmetry is that it is independent of the
      tube power or the tube current, respectively. This is because the ripple
      caused by the modulation of the filament current with double the mains
      frequency is larger as the tube current is larger; the same applies to the
      ripple of the high voltage which is in phase-opposition and which is
      caused by the resistance asymmetry, so that compensation is feasible for
      all currents or powers by the suitable proportioning of the asymmetry of
      the three-phase system.
PAR  In a preferred embodiment according to the invention, the resistance
      asymmetry is particularly advantageously realized by the use of mains
      matching resistors of different value. Such mains matching resistors are
      already present in practically all generators any way in order to enable
      adaptation of the three-phase generator to different mains resistances.
DRWD
PAR  One embodiment according to the invention will now be described in detail
      with reference to the drawings, in which:
PAR  FIG. 1 is an ideal tube voltage waveform;
PAR  FIG. 2 is a tube voltage waveform having ripple at double mains frequency;
      and
PAR  FIG. 3 is a diagrammatic representation of a preferred circuit arrangement
      according to this invention.
DETD
PAR  The terminals R, S, T of a three-phase mains are successively connected,
      via adjustable mains matching resistors 7a, 7b, 7c, to windings 8a, 8b and
      8c of an autotransformer 6 which serves for the adjustment of the primary
      voltage of a three-phase transformer 2. Secondary windings 9a, 9b and 9c
      of the autotransformer 6 are successively connected, via resistors 4a, 4b
      and 4c which can be short-circuited by contacts 5a, 5b and 5c, and
      contacts 3a, 3b and 3c, to the known three-phase transformer and rectifier
      circuit 2.
PAR  In order to compensate for the voltage drop which occurs when use is made
      of a power supply with a decreasing load, the voltages generated in the
      secondary windings of the autotransformer are applied to the primary
      windings of the three-phase transformer and rectifier circuit 2 which is
      not shown in detail.
PAR  The contacts 3a, 3b, 3c are then operated by a time switch not shown. The
      secondary windings of the three-phase transformer in circuit 2 are
      connected in known manner to the X-ray tube 1 via a three-phase bridge
      rectifier which is also in circuit 2. Consequently, during an exposure a
      pulsating direct voltage, comprising 6 or 12 pulses per cycle of the
      alternating mains voltage, depending on the connection of the three-phase
      transformer, is applied across the X-ray tube 1. The X-ray generator
      described thus far is of a generally known type.
PAR  In known X-ray generators the mains matching resistors 7a, 7b and 7c are
      proportioned such that the same internal resistance exists on the
      secondary side of the high voltage winding for each phase, but according
      to the invention these resistors are of different value such that the
      internal resistance of the three-phase generator varies at double the
      mains frequency and hence at the same frequency with which the tube
      current is modulated. An optimum choice of the phase of the filament
      alternating current ensures that it is sufficient to vary only one of the
      mains matching resistors 7a, 7b, 7c. Using identical resistors, one of the
      resistors can be varied until optimum phase matching is empirically
      achieved.
PAR  Instead of the mains matching resistors 7a, 7b, 7c, the resistors 4a, 4b,
      4c can alternatively be asymmetrically constructed. These resistors serve
      to compensate for the voltage transient occurring in the case of a
      step-wise decreasing tube current. The voltage-asymmetry method described
      in the preamble can thus be realized by the asymmetrical construction of
      the resistor series 4A, 4b, 4c.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Circuit means for reducing ripple at double mains frequency in the high
      voltage of an X-ray tube, said ripple resulting from variations in
      emission current due to temperature variations of the filament of said
      tube when the filament current is alternating current of mains frequency,
      said circuit means comprising a three-phase transformer and rectifier
      circuit means connected to an X-ray tube for converting three-phase mains
      voltages into an unsmoothed high voltage for the X-ray tube and
      unbalancing means for inducing a ripple on said high voltage at double
      mains frequency so as to cancel the ripple induced by the temperature
      variations of the filament.
NUM  2.
PAR  2. A circuit means as defined in claim 1 wherein said unbalancing means
      comprises resistances adapted for connecting three phase mains voltages to
      said three phase transformer and rectifier circuit, said resistances not
      being equal in order to create an unbalance.
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ABST
PAL  In an X-ray generator, different starting powers may be selected and
      corresponding to each starting power a different reduction instant is
      measured at which time resistors are inserted into the high-voltage and
      the filament circuits to reduce power. Different starting powers may be
      associated with different organ exposures in which case the system has
      advantages similar to those where the load is reduced in several steps
      without the high cost.
BSUM
PAR  The invention relates to an X-ray generator provided with starting load
      control in which a starting power supplied to the X-ray tube at the
      beginning of an exposure can be reduced to a lower value at a given
      instant, hereinafter termed the reduction instant, the reduction instant
      and the starting power being matched with one another according to the
      load capacity of the tube.
PAR  As is known, X-ray generators in which the power supplied to the X-ray tube
      is continuously reduced from a maximum value at the beginning of the
      exposure so that the focal spot temperature has a substantially constant
      just permissible value yield the shortest possible exposure times at a
      given load capacity of the tube. Continuous reduction of the power
      supplied to the X-ray tube at a constant tube voltage requires an
      increased complexity and amount of equipment.
PAR  Hence a procedure has been adopted in which the power supplied to the X-ray
      tube is reduced in steps. Reduction of a power is effected by decreasing
      the current through the X-ray tube. To prevent the voltage across the
      X-ray tube from being increased as a result of the decrease of the tube
      current, resistors are connected in the primary circuit.
DRWD
PAR  FIG. 1 shows diagrammatically part of a prior art circuit diagram of the
      present type.
PAR  FIG. 2 is a curve which shows the variation of the power N supplied to an
      x-ray tube as a function of time t by the circuit of FIG. 1.
PAR  FIG. 3 is a circuit diagram of an X-ray generator according to the
      invention for programmed exposure technology and
PAR  FIG. 4 is a curve which shows the variation of the power N supplied to an
      X-ray tube as a function of time t by the circuit of FIG. 3.
PAR  In the drawings component parts having the same functions are denoted by
      the same reference numberals.
DETD
PAR  The mains voltage set up across terminals 1 is applied to an
      autotransformer 2. The autotransformer 2 has several tappings 3 from which
      different voltages may be derived in operation. One of these tappings is
      connected to the primary of a high-voltage transformer via a contact 4 and
      three series-connected resistors 5, 6 and 7 and a switch 8 operated by a
      timer switch or automatic exposure device. The resistors 5 6 and 7 are
      shunted by contacts 51, 61 and 71 respectively of relays 52, 62 and 72
      respectively which are actuated by timers 53, 63 and 73 respectively.
PAR  At the beginning of an exposure the three contacts 51, 61 and 71 are closed
      and the current flowing through, and hence the power supplied to, the
      X-ray tube are a maximum. At an instant t.sub.0 the current is reduced in
      that a resistor, not shown, is connected in the filament circuit of the
      X-ray tube. To prevent the voltage across the tube from rising owing to
      the reduced voltage drop in the primary circuit and in the secondary
      circuit of the X-ray tube, at this instant the contact 51 of the relay 52
      is opened so that the resistor 5 is included in the primary circuit. At an
      instant t.sub.1 the current is again reduced and the contact 61 is opened,
      so that the resistor 6 also is included in the primary circuit of the
      high-voltage transformer, and finally at an instant t.sub.2 the current is
      reduced a third time and the contact 71 is opened so that from this
      instant all three resistors 5, 6 and 7 are included in the primary circuit
      of the high-voltage transformer.
PAR  The variation of the power N as a function of time t in such an X-ray
      generator is shown in FIG. 2 by a line 10, a curve 11 showing the
      variation of the power with time in an X-ray generator with continuously
      decreasing load. The greater the number of steps, the better the X-ray
      tube is utilised but also the higher are the complexity and the amount of
      equipment required, for each step requires the addition of a resistor and
      of a relay for connecting the resistor into circuit. Such relays are
      comparatively expensive becuase they are required to switch the total
      primary current, which may be in the order of 100 amperes.
PAR  The cost may be maintained low by providing only a single switching step,
      thus requiring only one resistor and one relay for connecting the resistor
      into circuit. However, in order to permit the high short-time power of the
      X-ray tube to be fully utilised the change-over would have to be effected
      within the range of the short exposure times from 0.1 to 0.3 seconds. But
      this means that all the radiographs completed within a period about equal
      to from 1.25 to 7 times the change-over time have their exposure times
      undesirably and unnecessarily lengthened.
PAR  Hence it is an object of the present invention to provide an X-ray
      generator of the type referred to such as to enable the X-ray tube to be
      better utilised at small cost.
PAR  According to the invention this is achieved by the use of different
      reduction instants and associated starting powers. Unlike the known X-ray
      generators which each have only one starting power which is reduced at a
      predetermined instant, the X-ray generator according to the invention has
      a plurality of starting power levels which -- according to the load
      capacity of the tube -- are reduced to a lower level at different
      reduction instants.
PAR  The invention may in principle be used in all X-ray generators provided
      with an automatic exposure device or selective adjustment for the exposure
      data (often referred to as two button operation). In X-ray generators in
      which the high voltage and the mAs product are adjustable, adjustment of
      the high voltage and of the mAs product determines an energy which may be
      associated with a given starting power and reduction instant so that in
      the case of small energies initially a high starting power is used which
      after a short time is reduced to a lower value, whilst in the case of
      large energies initially a low starting power is used which is reduced to
      a lower value after a comparatively long time. However, account must then
      be taken of the fact that owing to the use of different starting powers,
      i.e. different starting currents, the preset primary voltage at the
      high-voltage transformer may produce different high voltages so that the
      preset primary voltage must be corrected in accordance with the starting
      power set.
PAR  Such correction is comparatively expensive, so that any savings due to the
      single-step power reduction according to the invention are partly lost.
      However, the advantages of the invention will be fully manifest if
      according to a further aspect of the invention a presetting device for
      presetting the exposure data for the different organs is provided, for
      this enables the dependence of the secondary voltage upon the starting
      power and the starting current to be taken into account during presetting.
PAR  presetting of the exposure data of different organs is also referred to as
      "programmed exposure technology" or as "automatic organ exposure". If for
      example a stomach exposure is to be made, a selector button inscribed
      "stomach" is depressed which causes exposure data preset for the stomach
      to become operative, i.e. for example the required focal spot (large or
      small), the preset voltage, the starting current and -- in X-ray
      generators having no automatic exposure system -- by means of a separate
      setting member the mAs product are switched on. When an automatic exposure
      system is used the focal spot, the tube voltage, the starting current, the
      measuring field combination and the required dose (density) are set by
      means of the switch together with the organ selection. In X-ray generators
      of the said type the invention can be used either in combination with or
      without the automatic exposure system.
PAR  In general, in order to reduce the starting current and to maintain the
      secondary voltage constant resistors are simultaneously connected into the
      filament circuit and into the primary circuit, and a further aspect of the
      invention is characterized in that this connection is effected by a timer
      having a selectable switching instant depending upon the organ (in X-ray
      generators provided with an "organ-automatic system") and/or the exposure
      energy.
PAR  A preferred embodiment of the invention will now be described, by way of
      example, with reference to the X-ray generator shown in FIG. 3. The mains
      voltage set up across terminals 1 is applied via an autotransformer 2, one
      of the tappings 3 thereof, a contact 4, a contact 8 of an automatic
      exposure device or of a mAs switch and a resistor 12 to the primary
      winding of a high-voltage transformer 9 the secondary circuit of which
      includes an X-ray tube 13 and possibly rectifiers. In a primary circuit of
      a transformer 14 for the filament current of the X-ray tube 13 a setting
      device 15 connected in series with a resistor 16 is provided for setting a
      starting current. The resistor 16 is shunted by a contact 17 of a relay 18
      which has another contact 19 which shunts the resistor 12. The relay
      winding 18 is connected in an output circuit of a timer 20 which enables
      the relay to operate at a predeterminable instant t.sub.0, t.sub.1 or
      t.sub.2 according to which one of contacts 200, 201 or 202 respectively is
      closed. The timer may include timing circuits which consist of RC stages
      and to which, by means of the contacts 200 to 202 which may, for example,
      be selected by the switches of the organ-automatic system, resistors of
      different values may be connected in parallel, resulting in different
      switch-on instants.
PAR  When the voltage and the starting current are adjusted so that at the
      setting of the timer 20 at which change-over is effected at the instant
      t.sub.0 a starting power N.sub.0 is produced and correspondingly at
      reduction instants t.sub.1 and t.sub.2 starting powers N.sub.1 and N.sub.2
      respectively are produced and when then at the instant t.sub.0, t.sub.1 or
      t.sub.2 respectively the contacts 17 and 19 are opened so that, with the
      high voltage remaining constant, the tube current and hence the tube power
      are reduced to a value N.sub.0 ', N.sub.1 ' or N.sub.2 ' respectively, the
      time variation of the power supplied to the X-ray tube 13 shown in FIG. 4
      is obtained. Thus the starting power -- N.sub.0, N.sub.1 or N.sub.2 -- is
      reduced to a final value N.sub.0 ', N.sub.1 ' or N.sub.2 ' respectively
      once only, where N.sub.0 /N.sub.0 ' = N.sub.1 / N.sub.1 ' = N.sub.2
      /N.sub.2 '.
PAR  The various organs of which exposures are to be made by means of the X-ray
      tube can be associated with one of the three systems N.sub.0 /t.sub.0,
      N.sub.1 /t.sub.1 or N.sub.2 /t.sub.2. If for example a large part of all
      the lung exposures can be made with X-ray generators with continuously
      decreasing load and constant tube power -- for example 90% within the time
      ending at t.sub.0 -- in an apparatus according to the invention the
      exposure button inscribed "lung" is associated not only with the high
      voltage etc. but also with the reduction instant t.sub.0 and a starting
      current which together with the high voltage produces the starting power
      N.sub.0. The selector button for exposures of the stomach or the spinal
      column are associated with the reduction instants t.sub.1 and t.sub.2 and
      the powers N.sub.1 and N.sub.2 respectively if it is found, in the case of
      an X-ray generator of continuously decreasing load and with the tube load
      remaining constant, that a major part, for example 90%, of the exposures
      can be completed only in the period ending at t.sub.1 and t.sub.2
      respectively. Thus in an X-ray generator for programmed exposure
      technology exposure durations are achieved which are only slightly longer
      than the exposure durations with a continuously decreasing load.
PAR  Accordingly, in order to preset the exposure data for a lung exposure the
      button inscribed lung is associated with the starting current required for
      the starting power N.sub.0 and with a primary voltage which together with
      the starting current results in the desired secondary voltage, and in the
      timer 20 the contact 200 is preset which is to be closed to achieve the
      exposure duration t - t.sub.0. Similarly the presettings for the exposure
      buttons for other organs (stomach, kidneys, etc.) are effected.
PAR  When the contacts 17 and 19 are opened at the beginning of the exposure, a
      power N.sub.0 ', N.sub.1 ' or N.sub.2 ' is supplied to the X-ray tube and
      the current is not reduced during exposure. Thus various fixed current
      values can simply be set.
PAR  Although in the X-ray generator according to the invention the power can be
      reduced in a single step only, substantially the same results are achieved
      as in an X-ray generator the load of which is reduced in several steps.
      The cost, however, only slightly exceeds that of known X-ray generators
      the load of which is reduced in one step, whilst only a timer is required
      which instead of a fixed predetermined reduction time permits different
      reduction instants to be set at will.
PAR  Although in the aforedescribed embodiment the invention has been described
      with reference to an X-ray generator using a single-phase mains voltage,
      the invention may also be used in multi-phase devices, in which case the
      saving obtainable by the invention is even multiplied.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray generator circuit for an X-ray tube, comprising means for
      starting the X-ray tube at any selected one of a plurality of different
      starting powers, all of which are higher than the maximum continuous power
      at which the X-ray tube may to operated, the load capacity of the X-ray
      tube limiting to different respective time intervals the maximum period
      during which the tube should be operated at said different starting
      powers; timing means for measuring said different respective time
      intervals; and switching means responsive to said timing means for
      automatically reducing the power of the X-ray tube to a suitably lower
      power when the X-ray tube has been operated at the selected starting power
      for the time interval associated with the selected starting power.
NUM  2.
PAR  2. In an X-ray generator wherein exposure data for exposing a body organ
      are automatically preset upon selection of the body organ, an X-ray
      generator circuit as defined in claim 1 wherein the different starting
      powers correspond to different respective organs, the starting power being
      automatically selected and preset upon selection of the body organ.
NUM  3.
PAR  3. An X-ray generator circuit as defined in claim 1 and further comprising
      a first resistor which may be switched by said switching means into the
      high-voltage circuit of the X-ray tube to reduce the high voltage thereto,
      and a second resistor which may be simultaneously switched by said
      switching means into the filament-current circuit of the X-ray tube to
      reduce the filament current thereof, thereby reducing the power of the
      X-ray tube to a suitably lower power.
PATN
WKU  039393534
SRC  5
APN  5663474
APT  1
ART  256
APD  19750409
TTL  Electron microscope specimen mounting apparatus
ISD  19760217
NCL  7
ECL  1
EXA  Anderson; B. C.
EXP  Borchelt; Archie R.
NDR  1
NFG  2
INVT
NAM  Shirai; Shogo
CTY  Yokohama
CNT  JA
INVT
NAM  Uchida; Haruo
CTY  Machida
CNT  JA
ASSG
NAM  Kabushiki Kaisha Akashi Seisakusho
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720522
APN  47-50588
RLAP
COD  71
APN  501802
APD  19740829
PSC  03
RLAP
COD  81
APN  361181
APD  19730517
PSC  03
CLAS
OCL  250441
XCL  250442
XCL  250311
EDF  2
ICL  G21K  506
FSC  250
FSS  442;440;441;398;311
UREF
PNO  2268539
ISD  19411200
NAM  Berries et al.
OCL  250398
UREF
PNO  2356551
ISD  19440800
NAM  Berries et al.
OCL  250442
UREF
PNO  2939955
ISD  19600600
NAM  Rommerts
OCL  250398
UREF
PNO  3308294
ISD  19670300
NAM  Ozasa
OCL  250398
UREF
PNO  3405264
ISD  19681000
NAM  Fairbanks et al.
OCL  250442
LREP
FR2  Burns; Robert E.
FR2  Lobato; Emmanuel J.
FR2  Adams; Bruce L.
ABST
PAL  An apparatus for releasably and adjustably mounting a specimen in an
      electron microscope. A specimen-holding unit is releasably and
      fluidtightly mounted in an evacuatable chamber and abutting the lens of
      the electron microscope in the mounted position. The unit is held in place
      by the pressure differential between the chamber and the atmosphere when
      the chamber is evacuated. The specimen-holding unit comprises a rotatable
      specimen-holding shaft disposed eccentrically within a rotatable support
      member. The specimen is variably positioned under the electron beam by the
      rotation of the member and the rotation of the shaft with respect to the
      member.
PARN
PAR  This is a continuation of application Ser. No. 501,802, filed Aug. 29,
      1974, now abandoned, which was a Continuation of Ser. No. 361,181, filed
      May 17, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for mounting a specimen in an
      electron microscope.
PAR  Generally, with known specimen mounting apparatus of this type, a specimen
      chamber is evacuated while the electron microscope is in use, and is
      returned to atmospheric pressure when the specimen is changed. This
      necessitates that the position of the specimen be adjusted from outside
      the chamber. This has resulted in apparatus that is complicated in
      construction, troublesome to handle, and sensitive to vibrations which
      cause a focusing problem.
PAR  In addition conventional specimen mounting apparatus need complicated
      structure to indicate the position of the electron beam of an electron
      microscope on a specimen during use of the electron microscope.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to solve the aforementioned problems
      in conventional specimen mounting apparatus by providing a specimen
      mounting apparatus capable of simple construction and ease of handling.
PAR  Another object of the present invention is to provide a specimen mounting
      apparatus which is releasably coupled to the electron lens of an electron
      microscope to prevent the relative movement of one with respect to the
      other to ensure proper focusing when the specimen mounting apparatus is
      induced to vibrate.
PAR  A further object of the present invention is to provide a specimen mounting
      apparatus which can easily adjustably position a specimen to be irradiated
      by an electron beam to select a portion of the specimen to be irradiated.
PAR  A still further object of the present invention is to provide a specimen
      mounting apparatus which is capable of indicating the relative position of
      the specimen to be irradiated to thereby indicate the portion of the
      specimen that has been selected to be irradiated.
PAR  Still another object of the present invention is to provide a specimen
      mounting apparatus which can be easily inserted and removed to change the
      specimen.
PAR  These and the other objects of the present invention are carried out by the
      specimen mounting apparatus of the present invention which comprises
      specimen-holding means positionable into an irradiating position wherein a
      portion of the specimen is exposed to the electron beam. The
      specimen-holding means includes means for adjustably positioning the
      specimen, when the specimen-holding means is in the irradiating position,
      to variably select the portion of the specimen exposed to the electron
      beam. The apparatus also includes means for releasably mounting the
      specimen-holding means in the irradiating position and for releasably
      coupling the specimen-holding means to the electron lens, when the
      specimen-holding means is in the irradiating position, to transmit
      vibratory motion from the specimen-holding means to the lens to
      substantially prevent the relative movement of one with respect to the
      other whenever the specimen-holding means is induced to vibrate, thus
      maintaining the focus of the electron beam on the selected portion of the
      specimen.
PAR  The specimen-holding means comprises a rotatable, elongated, cylindrical
      member having means disposed at one end portion thereof for mounting the
      specimen. The elongated member is fluidtightly mounted for rotation about
      its longitudional axis in a rotatable cylindrical support member which has
      a main axis about which it is mounted to rotate. The elongated member is
      inserted in the support member in a throughbore that has an axis parallel
      to the main axis of the support member and disposed eccentrically thereof.
PAR  The means for coupling the specimen-holding means to the electron lens
      comprises means for forcibly abutting a portion of the specimen-holding
      means on the electron lens. In addition, an intermediate member which
      contacts the electron lens may be provided and in this case means are
      provided for forcibly abutting a portion of the specimen-holding means on
      the intermediate member. The means for releasably mounting the
      specimen-holding means comprises an evacuatable specimen chamber that is
      receptive of a negative pressure applied thereto and has means therein
      defining a throughbore for fluidtightly receiving the specimen-holding
      means. Thus the specimen-holding means is forcibly held in the wall of the
      specimen chamber when a pressure differential is developed between the
      chamber and the atmosphere by evacuating the specimen chamber.
PAR  The apparatus further comprises indicating means for indicating the
      relative position of the specimen thereby indicating the portion of the
      specimen exposed to the electron beam. The indicating means comprises a
      pilot member with a pilot area approximately as large as the means for
      mounting the specimen that is disposed at the one end portion of the
      elongated member. The pilot member is attached to the other end portion of
      the elongated member. An indicating member is provided with an indicating
      part that moves in correspondence with the portion of the specimen
      relative to the electron beam. The indicating part is located close to the
      surface of the pilot area.
PAR  Having in mind the above and other objects that will be obvious from an
      understanding of the disclosure, the present invention comprises the
      combinations and arrangements of parts illustrated in the presently
      preferred embodiments of the present invention which is here and after set
      forth in sufficient detail to enable those persons skilled in the art to
      clearly understand the function, operation, construction, and advantages
      of it when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a specimen mounting apparatus, according to
      the present invention for a scanning type electron microscope,
PAR  FIG. 2 is a view of the apparatus of FIG. 1 along the line II--II of FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The embodiments of the present invention, will be described by reference to
      the accompanying drawings. FIG. 1 is a side sectional view of the specimen
      mounting apparatus for a scanning type electron microscope, and FIG. 2 is
      a view looking in the direction of the line II--II of FIG. 1. As shown in
      these drawings, a rotatable cylindrical support member comprising an
      external shaft 3 fluidtightly inserted, like a round-bar-like plug, into
      an aperture 2 of a specimen chamber 1 through an O-ring 4. The aperture 2
      has a round cross-section and is disposed in a wall 1a of the specimen
      chamber 1.
PAR  A rotatable elongated member comprising a round-bar-like internal shaft 6
      has one end thereof directly connected to the bottom of a cylindrical
      specimen stage 5. The shaft 6 is inserted fluidtightly into an aperture in
      shaft 3 through an O-ring 7. The aperture in shaft 3 is parallel to the
      axis about which it rotates and is disposed eccentrically thereof.
PAR  The specimen stage 5 has a flange 5a disposed at the end portion thereof
      which is connected to the shaft 6. Flange 5a engages with a stepped
      portion 2a of said aperture 2 in the specimen chamber wall. The stepped
      portion 2a is in a portion of the specimen chamber which is fixed to a
      magnetic pole 8 of an electron lens of the electron microscope. When the
      inside of said specimen chamber 1 is evacuated the flange 5a is forcibly
      pressed against the stepped portion 2a due to the force on the shaft 6
      caused by the pressure differential between the chamber and the
      atmosphere.
PAR  A pilot member 9 having a pilot area 9a, approximately as large as the
      aperture of the specimen stage 5 for holding a specimen, is fixed by a set
      screw 10 to the external end of the internal shaft 6. Indicating means are
      provided comprising an indicating member 13 having an indicating part 13a
      located close to pilot area 9a and in correspondence with a portion 11a,
      of a specimen 11 mounted on said specimen stage 5, that is irradiated by
      electron beam 12.
PAR  The base of the indicating member 13 comprises a shaft 14 fitted in a
      supporting cylinder 15 which is fixed to the outer surface of the specimen
      chamber wall 1a. The supporting cylinder 15 also has disposed therein a
      spring 16 which contacts the base of said indicating member 13 through a
      die 15a, permitting the indicating member 13 to rotate and move up and
      down.
PAR  In FIG. 1 reference numeral 17 denotes a collector mesh, 18 a scintillater,
      19 a photo-guide, and 20 a photo-multiplier.
PAR  The operation of the specimen mounting apparatus will now be described with
      respect to the structure described above. A desired portion of the
      specimen 11 is scanned with an electron beam 12, and secondary electrons
      generated thereby from the surface of the specimen are collected by said
      collector mesh 17 and fed to the scintillator 18, where they are converted
      into light which is then converted into electricity in the photomultiplier
      20. A enlarged image of the desired portion of said specimen is projected
      on a Braun tube (not shown) through an amplifier (not shown in the
      drawings).
PAR  During the use of the electron microscope when the specimen stage 5 is in a
      position wherein a portion 11a of specimen 11 is irradiated, an adjustment
      of the position of the portion 11a may be desired. The adjustment of the
      portion 11a of specimen 11 which is irradiated by the electron beam 12 is
      effected by turning the external shaft 3 thereby turning shaft 6 and then
      turning the internal shaft 6 with respect to shaft 3, which is
      eccentrically positioned with respect thereto, by holding the upper end of
      said external shaft 3 and pilot member 9. The relative position of
      electron beam on the specimen is changed by this operation and is
      indicated on the pilot area 9a by the indicating part 13a of the
      indicating member 13.
PAR  During this adjustment of the portion of the specimen, the flange 5a of the
      specimen stage 5 is pressed against the stepped portion 2a which is
      coupled to the magnetic pole 8 of the electron lens to transmit vibratory
      motion from one to the other. This keeps the irradiated portion of the
      specimen and the electron beam free from relative movement and thus free
      from the influence of vibrations from the outside. As a result the image
      on said Braun tube does not collapse.
PAR  When a change of the specimen 11 is desired, the inside of the specimen
      chamber 1 is returned to atmospheric pressure and the indicating member 13
      is raised so that the external shaft 3 may be removed together with the
      specimen stage 5 and the internal shaft 6. When the parts are removed, the
      specimen 11 in the specimen stage 5 can be changed.
PAR  The specimen stage 5 can be reinserted into the specimen chamber 1 by
      simply pushing it into aperture 2 in the specimen chamber wall together
      with the internal shaft 6 and the external shaft 3, when the inside of the
      specimen chamber 1 is evacuated, both the internal and external shafts are
      sucked inward to hermetically seal the aperture 2.
PAR  The specimen stage 5 is thus maintained at a predetermined position, with
      the flange 5a thereof forcibly abutting against the stepped portion 2a in
      the aperture, as described above. The position of the electron beam 12 on
      the specimen 11 is indicated by the indicating member 13 and adjustment of
      the position of the specimen by the rotation of the internal and external
      shafts 6 and 3 of the specimen stage are also performed as described
      above.
PAR  As detailed above, the specimen mounting apparatus for an electron
      microscope according to the present invention has a simple construction
      and is easy to insert and remove into the electron microscope. The
      apparatus also makes focusing on a specimen relatively free from
      vibration.
PAR  While preferred embodiments of the invention have been shown by way of
      example in the drawings, it will be understood that the invention is in no
      way limited to these embodiments.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an electron microscope having a specimen chamber evacuated during use
      of the microscope, an electron beam operative during use of the microscope
      to irradiate a portion of a specimen and an electron lens for focusing the
      beam, an apparatus for adjustability and releasably mounting a specimen to
      undergo irradiation during use of the microscope and for substantially
      reducing the effect of vibration on the focusing of the beam, said
      apparatus comprising: specimen-holding means positionable into an
      irradiating position wherein a portion of the specimen is exposed to the
      electron beam and including means for adjustably positioning the specimen
      when said specimen-holding means is in said irradiating position to
      variably select the portion of the specimen exposed to the electron beam,
      means for releasably mounting said specimen-holding means in said
      irradiating position, and means for rigidly releasably coupling said
      specimen-holding means to the electron lens when said specimen-holding
      means is in said irradiating position, said means for releasably mounting
      said specimen-holding means comprising, a cylindrical support member
      having a pair of opposed end surfaces and a lateral surface, means
      mounting said specimen-holding means at one of said end surfaces, means
      defining a circumferential shoulder on a portion of said lateral surface,
      and means defining an annular recess in said lateral surface
      circumferentially of said lateral surface, means defining a throughbore
      between the interior and the exterior of said specimen chamber for
      receiving said cylindrical support member, said means defining a
      throughbore including means defining a second shoulder in a wall of said
      specimen chamber for engaging with said circumferential shoulder on said
      lateral surface of said cylindrical support member when said cylindrical
      support member is disposed within said throughbore, and means disposed
      within said annular recess hermetically sealing said cylindrical support
      member in said throughbore, said cylindrical support member having one of
      said opposed end surfaces exposed to the interior and exterior of said
      specimen chamber respectively whereby said cylindrical support member is
      forced toward the interior of said specimen chamber whenever a pressure
      differential is developed between the interior and the exterior of said
      specimen chamber to engage said shoulders for rigidly releasably coupling
      said specimen-holding means by said cylindrical support member to the
      electron lens to transmit vibratory motion from said specimen-holding
      means to the lens to substantially prevent the relative movement of one
      with respect to the other whenever said specimen-holding means is induced
      to vibrate thereby maintaining the focus of the electron beam on the
      selected portion of the specimen.
NUM  2.
PAR  2. In an electron microscope according to claim 1, wherein said
      specimen-holding means comprises a rotable, elongated cylindrical member
      having means disposed at one end portion thereof for mounting the specimen
      and wherein said cylindrical support member includes means defining a
      throughbore parallel to main axis of said cylindrical support member for
      receiving said elongated member therein for adjustable rotational movement
      about the longitudinal axis thereof.
NUM  3.
PAR  3. In an electron microscope according to claim 2, wherein said throughbore
      has an axis parallel to said main axis and disposed eccentrically thereof,
      and wherein said means for adjustably positioning the specimen further
      comprises means mounting the support member for adjustable rotational
      movement about said main axis.
NUM  4.
PAR  4. In an electron microscope according to claim 1, wherein said means for
      coupling comprises means for forcibly abutting a portion of said
      specimen-holding means on the electron lens.
NUM  5.
PAR  5. In an electron microscope according to claim 1, wherein said means for
      coupling comprises a rigid intermediate member contacting the electron
      lens, and means for forcibly abutting a portion of said specimen-holding
      means on said intermediate member.
NUM  6.
PAR  6. In an electron microscope according to claim 1, wherein said means for
      releasably mounting said specimen-holding means comprises means defining
      an evacuatable specimen chamber receptive of a negative pressure applied
      thereto and having means therein defining a throughbore for fluid tightly
      receiving said specimen-holding means, whereby said specimen-holding means
      is forced towards said chamber whenever a pressure differential is
      developed between said chamber and the atmosphere.
NUM  7.
PAR  7. In an electron microscope according to claim 1, further comprising
      indicating means for indicating the relative position of the specimen
      thereby indicating the portion of the specimen exposed to the electron
      beam.
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ABST
PAL  In a system for isotope separation, method and apparatus empolying
      crossed-field MHD particle accelerating techniques for collecting ions of
      a desired isotope after selective ionization of that isotope. In the
      plasma of electrons and selectively ionized atoms which results from
      selective isotope ionization, the ions are collected by inducing a
      circulation of the plasma electrons to provide a JXB relationship for MHD
      acceleration of the ions. The electron circulation enhances penetration of
      the plasma by the accelerating electric field and avoids the generation of
      large Hall voltages within the system as well as reducing the required
      magnitude of electrode currents.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to method and apparatus for the separation of
      particles in a plasma and in particular to the collection of selectively
      ionized isotopes for isotope enrichment.
PAC  BACKGROUND OF THE INVENTION
PAR  Nearly all fission reactions utilizing the uranium isotope, U.sub.235,
      require a concentration of the U.sub.235 isotope greater than in the
      naturally occurring state. The process of enrichment whereby the
      concentration of U.sub.235 in natural or depleted uranium is raised to a
      desired level has been achieved in the past by many techniques which
      generally operate to separate U.sub.235 from the other uranium isotopes,
      chiefly U.sub.238, on the basis of its slight chemical or mass difference.
      Enrichment according to these techniques often requires cascaded
      processing using a sequence of repeated applications of the same steps,
      each step providing a slight increase in the concentration of the desired
      U.sub.235 isotope.
PAR  A promising new technique for efficient isotope enrichment operates by
      exposing a vapor of uranium to pulsed laser radiation to produce a plasma
      of selectively ionized U.sub.235 atoms and to permit separation of
      U.sub.235 ions based on their electrical charge. Typically, separation of
      the ions resulting from selective ionization is achieved by accelerating
      them out of the vapor toward a collecting surface through pulsed
      application of crossed-field MHD acceleration forces to the plasma just
      after its creation with each pulse of laser radiation. In using this
      process, it has been noted that the plasma, a conducting medium, has
      associated with it a skin depth effect which impedes the penetration and
      correspondingly the effectiveness of the electrical field component of the
      crossed-field MHD acceleration force. Additionally, the electrons in the
      plasma being of much lower mass and more easily accelerated, will
      contribute a substantial electron current distinct from the ion current of
      desired U.sub.235 atoms. The large electron current may result in
      electrode degradation and will lead to the generation of substantial Hall
      voltages which permitted to short circuit will impair the enrichment
      process efficiency.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with a preferred embodiment of the present invention, an
      efficient crossed-field MHD acceleration system is disclosed for
      separating ions from a plasma with reduced effect from the usual impairing
      factors associated with the plasma. In implementing this system a
      plurality of ion separation chambers are provided to receive a radially
      expanding flow of uranium vapor which is selectively ionized to create a
      plasma within each chamber. The chambers are operative to apply to the
      plasma orthogonal electric and magnetic fields to impart a motion to the
      ions which drives them to separate collecting surfaces out of the
      expanding flow. The fields are applied in a configuration which reduces
      skin effect problems, provides a high driving point impedance for the
      electric field with a consequent reduction in current and avoids the
      generation of extraneous Hall voltage problems.
PAR  In accordance with a specific preferred embodiment of the invention for
      uranium enrichment each chamber typically comprises a planar first
      electrode placed plane parallel to the plasma flow. A second electrode in
      an extruded U shape surrounds the first electrode on three sides with the
      open side facing the expanding flow. A plurality of chambers are placed
      side-by-side in an arc surrounding the vapor flow, and a beam of laser
      energy is directed between the electrodes in each chamber to ionize the
      U.sub.235 uranium isotope in the vapor. An axial or lengthwise magnetic
      field is applied to the region between the electrodes and an electric
      field is periodically applied between the first and second electrodes for
      a brief interval. Under the influence of the momentary electric field and
      steady D.C. magnetic field, the electrons are accelerated to assume a
      trajectory circulating about the first electrode while the ions, having a
      mass many orders of magnitude greater than that of the electron, are
      accelerated toward one of the electrodes where they are collected. The
      radius of gyration for the uranium ion in the magnetic field is very much
      larger than the radius of gyration for the electron and its trajectory
      appears almost as a straight line while the path of the electrons can be
      made to close upon itself within the chamber.
PAR  Because the electrons are induced to orbit rather than complete an electric
      circuit between the electrodes, the driving point impedance for the two
      electrodes is substantially increased which not only reduces the current
      that is supplied to the electrodes, but also increases the skin depth of
      the plasma to improve the penetration of the pulsed electric field between
      the electrodes. Because the electrons are circulating on closed paths
      within each chamber, Hall voltages associated with the electron current in
      the magnetic field alternate in direction between each electrode and do
      not accumulate to a large potential which could impair the operation of
      the enrichment process.
PAR  The unaccelerated particles in the vapor flow continue on a trajectory
      towards a separate collection plate where they may be periodically removed
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the present invention will be more fully
      understood by reference to the detailed description of a preferred
      embodiment presented below for purposes of illustration, and not by way of
      limitation, and to the accompanying drawings of which:
PAR  FIG. 1 is an energy level diagram useful in explaining the functioning of
      the enrichment system with which the method and apparatus of the invention
      is associated;
PAR  FIG. 2 is a diagram of enrichment apparatus for use in the invention;
PAR  FIG. 3 is a sectional view of a portion of the apparatus of FIG. 2,
      illustrating details of the ion separation chambers according to the
      present invention and
PAR  FIG. 4 is an expanded view of one chamber in the diagram of FIG. 3 showing
      details useful in explaining the operation of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention contemplates a technique for separating charged
      particles of elemental, molecular or other type from a generally neutral
      environment having particles of at least both charge polarities with
      different mass-charge ratios. The technique contemplates establishing
      significantly different trajectories for the particles of each charge
      polarity.
PAR  The present invention may best be understood by reference to the enrichment
      system with which it is preferably associated in order to separate and
      collect the U.sub.235 isotope of uranium from the other constituents of
      the naturally occurring or depleted element. In accomplishing this
      enrichment, a vapor of uranium is generated and passed through a
      periodically applied radiant energy in a beam of laser radiation having
      one or more frequencies of radiation to produce selective ionization of
      the desired U.sub.235 isotope. Typical energy steps are illustrated in
      FIG. 1 for selective ionization of the U.sub.235 isotope by employing two
      energy steps 12 and 14 which respectively produce selective excitation of
      U.sub.235 atoms to an intermediate energy level 16 and subsequent
      ionization of the excited atoms from the level 16 to above the ionization
      energy level 18.
PAR  As a result of the technique briefly illustrated by reference to FIG. 1,
      there will result a plasma containing, in addition to neutral atoms, a
      plurality of electrons and corresponding ions of which a larger proportion
      are of the U.sub.235 isotope by comparison to the proportion in the
      neutral state. The charge carried by the ionized U.sub.235 atoms provides
      them with a unique characteristic whereby they may be separated from the
      remainder of the plasma. In understanding the method and apparatus for
      accomplishing this separation, it will be beneficial to describe the
      overall enrichment system with which it is associated. A prior enrichment
      system of this type is shown in French Pat. No. 71.14007 granted Jan. 10,
      1972 (Publication No. 2.094.967), incorporated herein by reference. A
      similar system modified in accordance with this invention is shown in FIG.
      2.
PAR  In FIG. 2 a laser system 30 includes a lasing medium 32 which may typically
      be a solution of a lasing dye. Lasing medium 32 is pumped or excited to a
      lasing condition by an excitation source 34 which may typically be a flash
      lamp or another laser. The frequency of radiation from the lasing medium
      32 is controlled by a tuning system 36 and a timing system 38 initiates
      each pulse of an output beam 40. One or more stages of amplification may
      be used to intensify beam 40 as desired. The lasing system 30 may comprise
      a "Dial-A-Line" laser of the Avco Everett Research Laboratory, Everett,
      Mass., as generally disclosed in U.S. Pat. No. 3,684,979. The duration of
      the beam 40 is determined by properties of the laser system and lasing
      medium as is well known in the art. Typical laser pulse duration is a
      substantial fraction of a microsecond.
PAR  The beam 40 is combined with a beam 42 from a second laser system 44. A
      dichroic mirror 46 operates in a conventional mode to combine the beams 40
      and 42 into a composite beam 48.
PAR  The timing system 38 in the laser system 30 and corresponding timing system
      in the laser system 44 are operated in unison by a timer 50 which also
      provides other activation signals in the system as will be described
      below.
PAR  The beam 48 enters a chamber 52 through a window 54 which may be of quartz
      crystal and which extends beyond chamber 52 on a pipe 56 to reduce
      contamination from vapor within chamber 52. Beam 48 traverses the length
      of the chamber 52 exciting through a similar window 58 and pipe 60 for
      subsequent use in one or more additional chambers through a window 62 on a
      pipe 64 to provide as complete utilization of the energy in the beam 48 as
      is possible. The chamber 52 is maintained at a low pressure through a
      vacuum system 66 and conduit 68 to prevent interference with the process
      of selective ionization and collection in chamber 52 from chemical
      reaction or particle collision with extraneous elements.
PAR  Within chamber 52 a uranium vapor source 70 is operative to provide a
      radially expanding uranium vapor flow. The vapor expands into a uranium
      ion collector 72 where it is periodically irradiated with the laser beam
      48 from the respective laser sources to produce selective ionization of
      the desired U.sub.235 isotope in the vapor. Subsequent to ionization, the
      timer 50 activates a voltage pulse source 74 to produce within ion
      separator 72 a short duration electric field. Respective magnetic field
      coils 78, 80 and 82 are energized by a magnetic field source 84 to provide
      a D.C. magnetic field parallel to the beam of laser radiation 48
      throughout the ion collector 72 for interaction with the electric field
      pulse according to crossed-field MHD accelerator principles.
PAR  In FIG. 3, internal structure of the chamber 52 is more clearly shown. The
      vapor source 70 is indicated as including a crucible 86 having cooling
      ducts 88 through the walls thereof to communicate with a cooling and
      circulating system 90 to prevent excessive temperature in the crucible 86.
      The crucible contains a mass of uranium metal 92 in a trough running
      substantially the length of the chamber 52 parallel to the beam 48.
PAR  A line 94 lengthwise along the surface of the uranium mass 92 is irradiated
      with a beam 96 of electrons from a beam source 98 which typically
      comprises a long, heated filament 100 as electron source and collimating
      accelerator plates 102. The beam is focused toward line 94 by magnetic
      field 104 from coils 78, 80 and 82. The intensity of the beam 96 is
      adjusted to provide local heating of the line 94 such that the uranium is
      vaporized in the region of the line to produce a radial expansion of
      uranium vapor directed away from the line toward the uranium ion collector
      72 over a wide angle. The expanding uranium vapor establishes in general a
      locally unique particle direction. At least a portion of the uranium mass
      92 will typically be maintained in the liquid state by heat from beam 96
      and thus replenish the vaporized uranium.
PAR  The ion collector 72 is shown to comprise a plurality of separation
      chambers 106 arranged in an arc about the line 94 to receive the expanding
      vapor flow. A plurality of electrodes 108 emanate toward line 94 from a
      cylindrical arc 110 to define each chamber 106. These electrodes 108 are
      in the local plane of the vapor flow and extend into the page of FIG. 3
      along with the arc 110. A further set of electrodes 112 are placed between
      each electrode 108 running parallel to the local flow direction and
      extending substantially the length of the chamber 52 with electrodes 108.
      The electrodes 112 are placed to permit circulation of electron current
      around the electrodes 112 in each chamber 106. Electrodes 108 and 112 are
      typically supported at their ends. The electrodes 108 are connected in
      common to one output line of the pulse source 74 to receive a voltage
      pulse, typically in the range of 30 to 100 volts, while the electrodes 112
      are tied in common and connected to the other output line of pulse source
      74. The source 74 is activated by the timer system 50 for a short duration
      typically on the order of 2 microseconds or less as will be described
      below.
PAR  To provide illumination of each chamber 106 the laser beam 48 is directed
      by mirror systems 114 and 116 shown in FIG. 2 such that the beam proceeds,
      by way of multiple reflections, through each chamber 106 of the ion
      collector 76. Alternatively, a plurality of laser systems may be utilized
      to provide a separate beam 48 for each chamber 106.
PAR  By reference now to FIG. 4, the details of operation of the ion collector
      76 may be most clearly understood from a single one of the chambers 106
      with the central electrode 112 surrounded by the side electrodes 108.
      After the laser beam is applied to the area between electrodes 108, there
      will exist a substantial number of ions 120 which will include the
      U.sub.235 isotope of uranium in a substantially higher proportion than in
      the neutral state. There will also be a corresponding number of electrons
      122 produced from the ionization process. Many neutral atoms 124 will also
      exist in the region between the electrodes 108 and surrounding the
      electrode 112. The entire environment in that region can be considered a
      plasma.
PAR  Directly subsequent to the ionization produced by simultaneous application
      of the laser beams by the timer 50, the pulse source 74 connects a voltage
      between the electrodes 108 and 112 for a brief interval. The magnetic
      field 104 is produced in the region between the electrodes 108
      continuously so that the application of voltage between the electrodes 108
      and 112 will cause a brief acceleration of the electrons 122 toward the
      positive electrode 108. The electrons will, however, be deflected by the
      magnetic field 104 and ultimately constrained to follow an orbit 126 about
      the electrode 112 on equipotential lines between the electrodes 108 and
      112. The application of the voltage between the electrodes 108 and 112
      also induces motion of the ions 120 toward the negative electrode 112. The
      strength of the magnetic field 104, typically 200 gauss, and the electric
      field between the electrodes 104 and 108 is selected such that the
      resulting radius of gyration for the electrons 122 is relatively small and
      orbital circulation of the electrons about the electrode 112 may be
      achieved, but such that the radius of gyration of the ions 120, due to
      their substantially greater mass, or greater mass to charge ratio is very
      large and the trajectory for the ions 120 will be substantially a straight
      line toward the collection electrode 112. Similar operation may be
      achieved by reversing the polarities of the crossed-field. The size of
      chamber 106 preferably minimizes ion 120 collisions with other particles.
PAR  The duration for the electric field between the electrodes 108 and 112 is
      typically selected to be less than a charge exchange time for an ion 120
      and a neutral atom 124. The resulting ionization of a previously neutral
      atom 124 from the charge exchange reaction will thus occur subsequent to
      the application of the electric field and the undesired atom 124 will not
      be attracted toward the collection electrode 112 but will continue in the
      direction of radial expansion of the uranium vapor toward a rear plate 128
      on the arc 110.
PAR  It can now be appreciated that the induced circulation of the electrons 122
      in orbits 126 about the electrode 112 substantially inhibits their flow in
      the circuit of the electrodes 108 and 112 and source 74 so that a
      relatively high potential can be maintained across the electrodes without
      a substantially high current flow. This relationship creates a high
      driving point impedance for the source 74. The high impedance and
      relatively low current flow also helps to retard electrode degradation
      from particle exchange at the electrode surfaces. This high impedance
      further reduces or eliminates skin depth difficulties which would retard
      penetration of the electric field between the electrodes 108 and 112
      particularly in view of the relatively short duration of the electric
      field.
PAR  It can also be appreciated that the structure indicated in FIG. 5 provides
      in the electron orbits 126 a current density j to satisfy JXB relationship
      which gives an alternative description of the forces which separate the
      charged ions. Since the circulation of electrons in orbits 126 provides an
      opposite current flow on each side of the electrode 112, the Hall voltages
      associated with the JXB relationship are in opposing directions between
      the electrodes 108 such that despite the provision of many electrodes 108
      and 112 in the alternating sequence shown in FIG. 3 there is no cumulative
      generation of a large Hall voltage over the stack of electrodes. Such Hall
      voltages could distort the current flow pattern and cause voltage arcing
      problems.
PAR  Various additional considerations may enter into the fabrication of the
      above indicated structure. In particular it may be desirable to include a
      return path for the magnetic field 104 outside of the coils 78, 80 and 82
      by providing high permeability discs on the end of chamber 52 and bars of
      similar characteristics connecting the discs outside of the coils. The
      material for the chamber 52 vapor source 70, and ion collector 72 are also
      preferable, of a material which will not substantially affect the magnetic
      field 104. It may also be desired to provide collection plates for the
      ions and neutral particles distinct from the electrodes. A source of
      electrons such as filament 130 in FIG. 4 may be provided to offset the
      slight flow of electrons in the circuit of the pulsed electric field or
      the molten uranium 92 may be used as such a source.
PAR  Having described above a preferred embodiment for the present invention, it
      will occur to those skilled in the art that further alternatives and
      modifications to the disclosed system can be devised within the spirit of
      the invention. Accordingly, it is intended to limit the scope of the
      invention only as indicated in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for separating particles of a first charge type from a neutral,
      bounded environment containing at least particles having a second charge
      type and wherein said particles of said first and second charge type have
      different mass-to-charge ratios, said method including the steps of:
PA1  circulating the second charge type particles in said environment on paths
      which generally close within the bounded environment; and
PA1  accelerating said particles of said first charge type toward a collection
      surface in a direction distinct from the circulation of said second charge
      type particles.
NUM  2.
PAR  2. The method of claim 1 wherein said circulating and accelerating steps
      further include the steps of:
PA1  establishing a magnetic field in said environment; and
PA1  applying an electric potential between first and second electrodes to
      attract said particles of said first charge type toward one of said
      electrodes and to circulate said second charge type particles around one
      of said electrodes.
NUM  3.
PAR  3. The method of claim 1 further including the step of producing
      osotopically selective ionization of uranium vapor to achieve said
      environment.
NUM  4.
PAR  4. The method of claim 1 wherein said particles of said first charge type
      include ions and said particles of said second charge type include
      electrons.
NUM  5.
PAR  5. In a system for isotope enrichment a method for separating ions in a
      bounded plasma environment of selectively ionized particles, said method
      comprising the steps of:
PA1  applying a magnetic field to said environment; and
PA1  applying an electric field to said environment in a configuration to
      produce circulation of the plasma electrons on paths which generally close
      within the bounded environment and to accelerate said ions in a
      predetermined direction.
NUM  6.
PAR  6. The method of claim 5 further including the step of providing means for
      collecting the ions accelerated in said predetermined direction.
NUM  7.
PAR  7. The method of claim 5 further including the step of providing a vapor
      flow having selective ionization of one isotope to define ions in said
      environment.
NUM  8.
PAR  8. The method of claim 7 wherein said one isotope is the U.sub.235 isotope
      of uranium.
NUM  9.
PAR  9. The method of claim 5 further including the step of replenishing
      electrons in said environment apart from ions released by ionization.
NUM  10.
PAR  10. The method of claim 5 including the step of applying said electric
      field in a pulse which terminates before said ions undergo substantial
      charge exchange reactions thereby to inhibit acceleration of charged
      particles resulting from charge exchange reactions.
NUM  11.
PAR  11. The method of claim 5 further including the steps of:
PA1  providing a radially expanding vapor having selective ionization of said
      particles to define said plasma environment; and
PA1  establishing a plurality of chambers oriented around the vapor expansion
      and defining the bounds of the environment to receive said vapor expansion
      between a central and plural peripheral electrodes in each of said
      chambers;
PA1  said electric field applying step including applying a voltage between said
      central and peripheral electrodes.
NUM  12.
PAR  12. In a system for isotope enrichment, a method for separating a
      selectively ionized isotope in a plasma which includes ions of said
      selectively ionized isotope and corresponding electrons, said method
      including the steps of:
PA1  applying a magnetic field to said plasma in a preset direction;
PA1  periodically applying an electric field to said plasma between a first
      electrode and an at least partially surrounding second electrode with the
      direction of said electric field between said first and second electrodes
      being different from said preset direction for said magnetic field;
PA1  establishing said magnetic and electric fields to produce an interaction on
      said ions and electrons which accelerates said electrons on closed paths
      around said first electrode and which accelerates said ions to a path
      directed toward one of said first and second electrodes.
NUM  13.
PAR  13. The method for separating an isotope of claim 12 further including the
      step of generating said plasma as a flow having a generally homogeneous
      local particle direction in the vicinity of said first and second
      electrodes with said generally homogeneous direction being substantially
      different from the direction of the path to which said ions are
      accelerated.
PA1  providing a radially expanding vapor having selective ionization of said
      particles to define said plasma environment; and
NUM  14.
PAR  14. In a system for isotope enrichment wherein a plasma is generated
      comprising electrons and ions of said isotope in a substantially greater
      percentage than in the neutral state, a method for separating said ions in
      said plasma including the steps of:
PA1  applying a magnetic field to said plasma;
PA1  applying a pulsed electric field to said plasma between electrodes to
      accelerate said ions and said electrons in opposite directions;
PA1  said magnetic field operating to deflect the accelerated ions and
      electrons; and
PA1  said electric field being established in a configuration to provide a high
      driving point impedance of said electric field in said plasma by impeding
      the flow of electrons between said electrodes and low skin effect of said
      plasma in response to said electric field for rapid penetration of said
      electric field with each pulse.
NUM  15.
PAR  15. In a technique for isotope enrichment apparatus for separating ions of
      one isotope in a plasma environment having selective ionization of said
      one isotope and wherein said plasma environment is bounded, said apparatus
      including:
PA1  means for accelerating said ions and the electrons of said plasma
      environment in different directions;
PA1  means for deflecting the accelerated ions and electrons on curved paths
      having different curvatures representative of the different mass-to-charge
      ratios of said ions and electrons;
PA1  the deflected acceleration of said electrons being on paths generally
      closing within the bounded environment; and
PA1  means for collecting said deflected, accelerated ions.
NUM  16.
PAR  16. The apparatus of claim 15 wherein:
PA1  said accelerating means includes means for applying a pulsed electric field
      to said environment; and
PA1  said deflecting means includes means for applying a magnetic field to said
      environment perpendicular to said electric field.
NUM  17.
PAR  17. The apparatus of claim 15 wherein said accelerating means includes:
PA1  a first electrode;
PA1  a second electrode at least partially surrounding said first electrode; and
PA1  means for applying an electric signal pulse between said first and second
      electrodes.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said electric signal pulse applying
      means includes means for providing a pulse duration sufficiently short to
      accelerate said ions without substantially accelerating charged particles
      resulting from a charge exchange reaction with said ions.
NUM  19.
PAR  19. The apparatus of claim 15 further including means for replenishing
      electrons apart from electrons released by ionization.
NUM  20.
PAR  20. The apparatus of claim 15 wherein said means for collecting said
      accelerated ions are placed to prevent substantial particle collisions in
      the path of said ions to said collecting means.
NUM  21.
PAR  21. Apparatus for collecting particles of a first charge type in an
      environment containing said particles and at least particles of an
      opposite charge type differing in mass-to-charge ratio from said particles
      of said first charge type comprising:
PA1  a first electrode placed within said environment;
PA1  a second electrode placed a distance from said first electrode through said
      environment;
PA1  means for applying a magnetic field to said environment;
PA1  means for applying electric potential to said first and second electrodes
      to induce general circulation of the opposite charge type particles around
      said first electrode and for accelerating said particles of said first
      charge type in a direction distinct from said circulation to permit
      separate collection of said particles of said first charge type.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said potential applying means
      includes means for applying said potential in a pulse which provides
      acceleration of said particles of said first charge type in said distinct
      direction without substantial acceleration of charged particles resulting
      from charge exchange reactions with said particles of said first charge
      type.
NUM  23.
PAR  23. The apparatus of claim 22 further including:
PA1  means for generating a radially expanding vapor of a material containing
      plural isotopes;
PA1  means for selectively ionizing an isotope of the expanding vapor to produce
      said particles of said first charge type and said opposite charge type
      particles and thereby defining said environment.
NUM  24.
PAR  24. The apparatus of claim 23 wherein:
PA1  said vapor comprises uranium;
PA1  said selective ionizing means includes means operative to produce selective
      ionization of the U.sub.235 isotope of uranium without corresponding
      ionization of the U.sub.238 isotope;
PA1  said particles of said first charge type include the ions of said U.sub.235
      isotope.
NUM  25.
PAR  25. In a technique for isotope enrichment, a system for separating a
      selectively ionized isotope in a plasma which includes ions of said
      selectively ionized isotope and corresponding electrons, said system
      comprising:
PA1  a first electrode in said plasma;
PA1  a second electrode at least partially surrounding said first electrode;
PA1  means for applying a magnetic field to said plasma in a preset direction in
      the region between said first and second electrodes;
PA1  means for applying an electric field between said first and second
      electrodes in a direction different from said preset direction; and
PA1  means for collecting ions directed thereto;
PA1  said electric and magnetic fields being established for accelerating said
      electrons into general circulation around said first electrode on
      generally closed paths and for accelerating said ions toward said
      collecting means.
NUM  26.
PAR  26. The system for separating an ionized isotope of claim 25 further
      including:
PA1  means for generating a radially expanding vapor of a material which
      includes said ionized isotope;
PA1  said vapor expansion generating means including means for producing a
      generally homogeneous local particle direction in said vapor expansion
      over a wide angle;
PA1  a plurality of the first and second electrode arrangements placed around
      the wide angle of said vapor expansion to receive said vapor expansion in
      the region between said first and second electrodes.
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ABST
PAL  Radioisotope camera lock, locking the source isotope in a safe, shielded
      position in the camera when not in use. The lock prevents the source
      isotope from being moved to an operative position outside of the camera,
      unless intentionally released by a key and reverse movement of source
      pigtail. A hollow lock casing is secured to and has communication with the
      interior of the radioisotope camera. The source isotope is at the end of a
      source pigtail and is cranked or pushed from the camera and pulled back
      into the camera by the cranking mechanism. A stop on the source pigtail
      cooperates with a lock spool movably mounted in the lock casing. A lock
      lever pivoted in the lock casing is provided to hold the source isotope in
      a shielded condition within the camera upon moving the lock to its locked
      condition. The locking arrangement is such that the source isotope will
      automatically be trapped in the camera as fully withdrawn into the camera
      prior to manual locking. The source isotope also cannot be removed from
      the camera after the key and key cylinder are moved to a release position
      until a pulling action is applied to the source pigtail and stop by the
      conventional cranking mechanism.
BSUM
PAC  BACKGROUND, SUMMARY AND ADVANTAGES OF INVENTION
PAR  Heretofore radioisotope sources have been locked in a shielded condition in
      a camera and have been released to accommodate the isotope source to be
      extended from the camera for use. With such locks, the isotope source may
      be completely removed from the camera when the lock is released and there
      is no indication whether the source is released or locked in the camera.
      The prior locks do not automatically lock the source in the camera when
      retracted and cannot prevent complete removal of the isotope source when
      the lock is released without an additional overt act, and thereby do not
      prevent exposure of the operator of the camera to dangerous rays, if the
      operator or others should mistakenly release the lock by its key.
PAR  The lock of the present invention secures the isotope source in a stored
      shielded condition in the camera until a positive effort has been made to
      open the lock and take the source outside of the camera and prevents
      disconnection of the source pigtail unless the source is locked in a
      shielded condition in the camera. It also gives a visual indication of the
      locked or possible exposed condition of the isotope source and prevents
      the source pigtail from being completely pushed out of the camera, even
      when the lock is released.
PAR  An advantage of the invention, therefore, is that a visual indication is
      given when the isotope source is in an exposed condition.
PAR  A further advantage is that the isotope source is automatically locked in
      the camera as cranked into the camera, thereby providing the operator with
      a physical assurance that the source is in a safe condition.
PAR  Another important advantage of the invention is that the isotope source is
      trapped in a shielded condition in the camera until the lock is
      release-activated by turning of the key for the lock and a further
      intentional pulling action on the source pigtail is exerted to complete
      the unlocking operation.
PAR  A further advantage of the invention is that the source cannot be pulled
      through the camera or be disconnected until the source has been pulled to
      the automatic lock position.
PAR  A still further advantage of the invention is the provision of a lock
      barrel depressed within the lock casing to effect locking of the lock, and
      extended from the lock casing when in a released position, and requiring
      pulling on the source pigtail to fully release the lock prior to pushing
      the source from the camera for use.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings, although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts of the disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view taken through a radioisotope camera showing the
      radioisotope in a shielded condition in the camera;
PAR  FIG. 2 is a longitudinal sectional view taken through the lock casing and
      showing the lock in a locked condition;
PAR  FIG. 3 is a longitudinal sectional view taken through the lock casing,
      showing the lock in a partially released position;
PAR  FIG. 4 is a longitudinal sectional view similar to FIGS. 1 and 2, but
      illustrating the lock in a fully released position;
PAR  FIG. 5 is a longitudinal sectional view similar to FIG. 1, but showing the
      lock barrel extended with the pigtail fully retracted and in an
      automatically locked condition;
PAR  FIG. 6 is a sectional view taken substantially along lines VI--VI of FIG.
      5; and
PAR  FIG. 7 is a sectional view taken substantially along lines VII--VII of FIG.
      5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT OF INVENTION
PAR  In FIG. 1 of the drawings, I have illustrated a radioisotope camera 10
      forming an isotope shield and having an S-shaped shielded passageway 11
      extending from the front to the back of the camera and shielding a
      radioisotope source 13 in the camera when not in use. The camera is of a
      form generally well-known to those skilled in the art, and has bracket
      plates 15,15 at opposite ends of the camera extending above the camera
      proper and forming a support for a handle 16. The handle has an externally
      threaded coupling 17 at one end and an internally threaded coupling 18 at
      its opposite end for respectively detachably holding a safety plug 19 and
      a safety cap 20. The safety plug 19 is adapted to be threaded on a
      coupling 21 in communication with the exit end of the shielded passageway
      11. The safety cap 20 is adapted to be threaded within the enlarged
      diameter end of a passageway 22 (FIG. 2) leading into a lock casing 23 in
      axial alignment with the locked end of the shielded passageway 11, as
      indicated by broken lines in FIG. 1. The handle 16 thus provides a
      convenient means for carrying the safety plug 19 and safety cap 20 to be
      attached to the camera and the lock casing 23, respectively, when the
      radioisotope source is not in use, as well as a carrying means for the
      camera.
PAR  The source 13 is suitably coupled to the end of a flexible pigtail 25,
      shown as being in the form of a tube and extending along the shielded
      passageway 11 and through and to the outside of the lock casing 23. The
      pigtail 25 has a truncated ball 27 (FIG. 2) connected thereto intermediate
      its ends, forming a stop for the pigtail and accommodating turning of the
      pigtail to position a coupling 29 on the end of the pigtail in a
      convenient position to be coupled to its drive cable 29a to extend and
      retract the isotope source from or within the shielded passageway 11. The
      isotope source and pigtail are extensibly and retractably moved by a
      conventional cranking mechanism which is no part of the present invention,
      so need not herein be shown or described.
PAR  The source pigtail 25 and truncated ball 27 extend along a hollow interior
      lock chamber 30 of a lock spool 31 movably mounted in the hollow interior
      portion of the lock casing 23. The lock spool 31 has an interior
      shouldered portion 32 forming a stop for the truncated ball 27 and pigtail
      25. A cooperating stop lever 33 is bifurcated at each end and is pivoted
      to a transverse pivot shaft 34 for movement about an axis transverse to
      axial movement of the pigtail and truncated ball 27. The stop lever 33
      extends through a slotted portion 35 of the lock spool into the hollow
      interior portion thereof and has spaced abutment surfaces 36. The abutment
      surfaces 36 form locking surfaces for the truncated ball 27, to hold said
      ball 27 in its locked position in the lock casing 23. The pivot shaft 34
      is spaced from the end plate 15 of the camera shield by spaced brackets 37
      extending from the end plate 15 into the hollow interior of the lock
      casing. A torsion spring 39 encircles the pivot pin 34 and abuts an
      interior wall 28 of the lock casing 23 and an abutment wall 40 between the
      furcations of the stop lever 33 to bias the stop lever in a clockwise
      direction into the locked position shown in FIG. 2. As shown in the
      drawings, the lock spool 31 has a keyway 41 in its bottom surface for dirt
      passage during compressed air cleaning operations, the compressed air
      exiting through the passageway 22. The lock spool 31 also has a plurality
      of sockets 43 therein for springs 44 biasing said stop spool towards the
      end plate 15.
PAR  The lock casing 23 has a right-angled hollow boss 38 in communication with
      the interior of the lock casing. The hollow interior portion of the boss
      38 forms a chamber for a lock barrel 45. The lock barrel 45 is slidably
      carried in an outwardly opening shell 46 retained to the hollow interior
      portion of the boss 38 as by a set screw 47. The lock barrel 45 is
      slidably guided for rectilinear extensible movement relative to the shell
      46 by a pin 48, which may be a machine screw extending from the lock
      barrel and slidably guided along a slot 49 in the shell, to not only
      accommodate extensible and retractable movement of the lock barrel 45
      along the shell, but also to retain the lock barrel to the shell.
PAR  The lock barrel 45 forms a barrel for a key cylinder 50 (partially shown)
      and turned by a key 51. The key cylinder contains the usual tumblers which
      are effective for withdrawing a pin 53 from an apertured portion 52 in the
      shell 46 to accommodate extension of said lock barrel relative to the
      shell 46 and to hold said lock barrel in an innermost retracted position
      relative to the shell. The key cylinder 50 is a conventional key cylinder
      carrying tumblers (not shown), effective to withdraw the pin 53 from the
      shell 46 by turning movement of the key 51. The lock barrel 45 is biased
      by a plurality of springs 54 to be extended from the shell 46 when the pin
      53 is withdrawn from the shell 46. These springs are stronger than the
      torsion spring 39, to effect release of the lock upon withdrawal of the
      pin 53 from the apertured portion 52, as will hereinafter more clearly
      appear as this specification proceeds. The key 51 and key cylinder 50 form
      no part of the present invention, except to control the pin 53 to form a
      selective lock for locking the lock barrel in its retracted position, so
      need not be shown or described further.
PAR  The lock barrel 45 has a bifurcated hanger 59 extending downwardly
      therefrom into the hollow interior portion of the casing 23, when the lock
      is in its locked position. The hanger 59 forms a mounting for a pivot pin
      60 for a lock hook 61. Said lock hook has a hooklike lower end and extends
      between the furcations of the stop lever 33. A torsion spring 63 turned
      about the pin 60 biases said lock hook in a direction shown in the
      drawings as a counterclockwise direction to engage a downwardly facing
      abutment portion 65 of a trip member 64.
PAR  The trip member 64 is carried by the stop lever 33, between the furcations
      thereof. Said trip member 64 also has an upwardly facing stop portion 66
      on its side opposite from said abutment portion and adapted to engage
      under an abutment 67 in the locking spool 31. This holds the stop lever 33
      from release, as the hook 61 engages beneath the abutment portion 65 of
      the stop lever 33, upon release of the barrel 45 by turning movement of
      the key 51, from the solid line position shown in FIG. 1 to the dotted
      line position shown in this figure and the solid line position shown in
      FIG. 5, until tension is placed on the coupling 29. Movement of the spool
      31 in a direction which, in FIG. 2 is to the right, releases the stop
      portion 66 from the lock spool and accommodates the hook 61 to lift the
      stop lever 33 to its released position upon extensible movement of the
      lock barrel by the springs 54. It should be understood that the springs 54
      are stronger than the torsion spring 39, to assure lifting of the lock
      lever out of registry with the lock spool upon extension of the lock
      barrel 45 relative to the shell 46.
PAR  To release the lock, the pin 53 is released from the aperture 52, by
      turning of the key 51 to the dotted line position shown in FIG. 2. The
      springs 54 (FIG. 3), are stronger than the spring 39, and will then lift
      the lock barrel 45 from the shell 46 and position the lock hook 61 to
      engage under the abutment portion 65. As tension is applied to the
      coupling 29 to release the stop portion 66 from the abutment 67 of the
      lock spool 31, the lock hook 61 will raise the stop lever 33.
PAR  The sequence of releasing the lock, therefore, is that as the key is turned
      to a release position, the lock barrel 45 will rise half of its total
      movement. The hook 61 will then engage the abutment portion 65, the stop
      portion 66 being restrained by the abutment 67 as the spring 54 pushes the
      lock barrel 45 upwards. Tension on the coupling 29 will then move the
      spool 31 to the right. This will allow the stop lever 33 to be raised by
      the hook 61 as springs 54 move the lock barrel 45 upward.
PAR  It may be seen from FIGS. 3 and 4 that as the lock barrel is extended
      relative to its shell and lifts the stop lever 33 into the position shown
      in FIG. 3, the spring 44 biasing the lock spool 31 toward the end plate 15
      of the camera, will move the lock spool 31 into the extreme position to
      the left, as shown in FIG. 4. Upon movement of the lock spool 31 from the
      position shown in FIG. 3 to the position shown in FIG. 4, the lock spool
      31 will cam the lock hook 61 to release said lock hook from the trip
      member 64 and accommodate the trip member 64 to rest on the top surface of
      the lock spool 31, as biased into engagement with said top surface by the
      torsion spring 39. The isotope source 13 and pigtail 25 may then be
      extended from the camera by cranking to a position of use.
PAR  The truncated stop ball 27, however, limits the amount of withdrawal of the
      isotope source and prevents complete withdrawal of the source pigtail 25
      from being drawn to the right through the lock casing and camera.
PAR  It should further be understood from FIG. 5 that the isotope source is
      withdrawn in the camera shield and the truncated stop ball 27 comes into
      engagement with the interior shouldered portion of the stop spool 31 and
      moves said spool 31 against the bias of the spring 44 from the position
      shown in FIG. 4 to the position shown in FIG. 5, that the stop lever 33
      will be released from the spool and the torsion spring 39 will move the
      stop lever 33 into position to place the abutment surfaces 36 thereof to
      stop movement of the stop ball 27 toward the camera. The isotope source
      thereby is automatically locked in the camera, even though the lock barrel
      is extended. This acts as a safeguard to prevent unintentional release of
      the isotope source from the camera shield when once withdrawn.
PAR  As, however, the lock spool 31 is moved to the right by reverse cranking of
      the source pigtail, the stop portion 66 of the trip member 64 will be
      released from the abutment 67. The torsion spring 63, biasing the lock
      hook 61 against the upper inclined surface of the trip member 64, will
      hold the stop member in its locking position as biased in such a position
      by the torsion spring 39 until depression of the lock barrel and then the
      extension of said lock barrel by the springs 54.
PAR  It will further be understood from FIG. 4 that the barrel 45 cannot be
      depressed to a lock position while the ball 27 is in the position shown or
      extended from the camera. Depressing the barrel 45 moves the lock hook 61
      through the stop lever 33 to rest on top of the spool 31. The hook cannot
      engage the abutment portion 65 at this position and the lock barrel 45
      returns to its up position upon pressure release.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a lock assembly for securing an isotope source in a radioisotope
      camera shield,
PA1  a pigtail extending from said source and adapted to extend and withdraw the
      isotope source relative to the camera shield,
PA1  a hollow lock casing adapted to be secured to the radioisotope camera
      shield and having a longitudinal lock chamber opening to the camera
      shield, and a lock barrel chamber extending at right angles with respect
      to said lock casing,
PA1  a stop on the source pigtail,
PA1  a lock barrel in said barrel chamber, and biased in an extended position
      relative to said lock barrel chamber,
PA1  a key cylinder in said lock barrel,
PA1  means operable by turning movement of said key cylinder to hold said lock
      barrel in a retracted position relative to said chamber or release said
      lock barrel to be extended from said chamber, and
PA1  three cooperating movable elements for locking and releasing said stop, two
      being operated by turning of the key cylinder and retracted or extended
      movement of the lock barrel and the third being operated by withdrawal
      tension on the pigtail and requiring an overt act on the pigtail in
      addition to turning of the key cylinder and release of the lock barrel to
      release the pigtail for extension outside of the camera shield for use.
NUM  2.
PAR  2. The lock assembly of claim 1, wherein the first of said three
      cooperating movable elements includes a stop lever pivoted within said
      lock chamber and biased to engage said stop and retain the source pigtail
      within the camera, the second includes hook means pivoted to said lock
      barrel to depend therefrom into said longitudinal lock chamber and biased
      to engage and lift said stop lever out of the path of said stop on the
      source pigtail upon extended movement of the lock barrel with respect to
      the lock chamber, and the third includes a lock spool slidable along said
      lock chamber and biased toward the camera in locking position in the lock
      chamber and moved to release said stop lever by tension on the source
      pigtail and stop.
NUM  3.
PAR  3. The lock assembly of claim 2, wherein the stop lever has a trip member
      thereon disposed intermediate the ends thereof and adapted to be engaged
      by said lock hook upon extensible movement of said lock barrel from said
      lock chamber and lift said stop lever out of the path of said stop on the
      source pigtail upon reverse movement of said lock spool away from the
      camera shield.
NUM  4.
PAR  4. The lock assembly of claim 3, wherein spring means bias said lock hook
      to engage said trip member, second spring means bias said stop lever to
      engage said stop on said source pigtail, and wherein said trip member has
      an upper surface camming said lock hook to engage and lift said trip
      member and stop lever upon extension of said lock barrel relative to said
      lock barrel chamber.
NUM  5.
PAR  5. The lock assembly of claim 4, wherein spring means stronger than the
      spring means biasing said lock lever to engage said truncated ball on the
      source pigtail, lift said lock barrel relative to said lock barrel chamber
      upon release of the lock barrel by the key and move said hook to engage
      said lock lever and move said lock lever upward to its upper limit of
      travel.
NUM  6.
PAR  6. The lock assembly of claim 5, wherein said first and second springs are
      oppositely acting torsion springs and said third spring is at least one
      compression spring.
NUM  7.
PAR  7. The lock assembly of claim 5, wherein the trip member is held from
      upward movement by said lock spool and released by reverse movement of
      said lock spool out of the path of said trip member.
NUM  8.
PAR  8. The lock assembly of claim 7, wherein said trip member has a downwardly
      facing abutment surface adapted to be engaged by said lock hook and has an
      oppositely facing abutment surface adapted to be engaged by said lock
      spool to hold said stop lever in a locking position until reverse pull on
      said source pigtail removing said spool out of registry with said stop
      surface.
NUM  9.
PAR  9. The lock assembly of claim 4, wherein said trip member has a downwardly
      facing abutment surface adapted to be engaged by said lock hook to lift
      said stop member upon extensible movement of said lock barrel, and has an
      oppositely facing abutment surface adapted to be engaged by said lock
      spool, and engaged by said lock spool by the bias of said lock spool
      toward said camera, to hold said stop lever in a locking position until
      reverse pull on the pigtail moving said lock spool out of registry with
      said oppositely facing surface of said trip member to release said trip
      member and lock lever and condition said lock lever to release said stop
      on said source pigtail upon a predetermined reverse pull on the source
      pigtail.
NUM  10.
PAR  10. The lock assembly of claim 9, wherein the first and second spring means
      are oppositely acting torsion springs and at least one compression spring
      stronger than said torsion springs serves to extend said lock barrel upon
      release by the key cylinder.
NUM  11.
PAR  11. The lock assembly of claim 10, wherein the barrel chamber has a shell
      therein forming a liner for said chamber and bearing for said lock barrel,
      wherein a guide connection is provided between said shell and lock barrel
      to guide said lock barrel for rectilinear movement relative to said shell,
      and wherein a pin and aperture lock is provided between said lock barrel
      and shell and retractable by turning movement of the key cylinder to a
      release position.
NUM  12.
PAR  12. The lock assembly of claim 11, wherein stop means are provided
      engageable by said stop spool to prevent complete withdrawal of the source
      pigtail from the camera shield.
NUM  13.
PAR  13. The lock assembly of claim 11, wherein the truncated ball is
      automatically trapped at the full retracted position of the pigtail and
      ball.
NUM  14.
PAR  14. The lock assembly of claim 11, wherein means are provided to prevent
      depression of the barrel while the source pigtail is in exposed position.
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PAL  A hydro-air storage system for generating electricity in which a
      subterranean reservoir containing water is pressurized and the water is
      pumped to a surface reservoir during periods when the demand for
      electricity is low and in which water from the surface reservoir flowing
      into the subterranean reservoir and compressed air released from the
      subterranean reservoir are both utilized to generate electricity during
      periods when the demand for electricity is high.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the generation of electricity and, more
      particularly, to the generation of electricity by a combination water and
      compressed air storage system.
PAR  An underground hydro-pumped storage project may be of interest where
      topography precludes the above-ground construction of two reservoirs of
      suitable size, difference in elevation and proximity to each other. An
      underground lower reservoir can then take the place of one above-ground
      reservoir, if suitable geology makes the required excavation possible and
      economic. Because that part of the output capacity related to a given
      volume of excavation is a direct function of the developed head
      (difference in elevation), the under-ground reservoir will usually be
      placed as deep as plant equipment and optimized design will permit.
PAR  In a hydro-pumped storage system for intermittently generating electricity,
      such as that described in U.S. Pat. No. 1,247,520, a surface water
      reservoir is connected by a vertical conduit to an excavated subterranean
      power plant. Water from the surface reservoir flows through turbines of
      the power plant and electricity is produced. After leaving the turbines
      the water is stored in an excavated subterranean reservoir. An air vent is
      usually provided to allow air to flow to and from the underground
      reservoir to equalize the pressure. Also, the reservoir is normally
      located above the generator in order to avoid cavitation and to assure
      satisfactory operation of the turbines and pumps. Later, wind or
      electricity during low demand periods can be used to pump the water back
      to the surface reservoir. This removal of the water from the subterranean
      reservoir draws air down the vent to replace the water.
PAR  Constant pressure stored-air systems, such as the one described in U.S.
      Pat. No. 3,538,340, may also be used for the intermittent supply of
      electricity. In this type of system, water from a surface reservoir is
      connected to the underside of an excavated subterranean reservoir, which
      contains compressed air. A shaft connects the compressed air at the top of
      the subterranean reservoir with an air motor or other auxiliary prime
      mover which, in turn, drives generating equipment to produce electricity.
      As the compressed air in the subterranean reservoir is forced to the
      surface and is used in a turbine to drive an electric generator, a
      constant pressure is maintained on the air by water entering the
      subterranean reservoir from the surface reservoir. Thus, the air pressure
      in the subterranean reservoir is maintained essentially constant and is
      determined by the hydrostatic head, i.e. difference in elevation, between
      the surface reservoir and the subterranean reservoir. During low demand
      periods electrically driven air compressors at the surface deliver
      compressed air to the subterranean reservoir. This compressed air
      displaces the water and forces it to return to the surface reservoir.
PAR  In U.S. Pat. No. 2,433,896 a combined water and air storage system is
      described. In this system there is a first subterranean reservoir for
      storing combustible gas and a second subterranean reservoir for storing
      air. The surface reservoir is connected through a conduit to a
      pump-turbine also located on the surface. Other conduits lead from the
      pump-turbine to the bottom portions of the two subterranean reservoirs.
      Conduits also lead from the top of the two subterranean reservoirs to air
      compressors and air turbines located on the surface. During periods of
      high load, the water pump is activated to pump water from the surface
      reservoir into the two subterranean reservoirs. This causes air to be
      forced out of one subterranean reservoir and gas to be forced out of the
      second subterranean reservoir, whereupon they are combined and injected
      into a combustion turbine to drive an electrical generator. During periods
      of low load, the air compressors compress the air and gas and inject them
      into their respective subterranean reservoirs. Water in the subterranean
      reservoirs is forced through the hydrostatic head to the surface
      reservoir. In passing from the subterranean reservoirs to the surface
      reservoir the water passes through a turbine for generating electrical
      power.
PAR  The disadvantage with this combined system is that only the combustion
      turbine generates electricity during peak periods, and during low load
      periods the air compressors must use enough power to recharge the
      subterranean reservoirs and force the water to the surface reservoir
      through a turbine, which generates electricity at a time when it is less
      needed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to providing electricity during peak load
      times through the simultaneous use of stored water and air.
PAR  In an illustrative embodiment of the invention, a penstock connects a
      surface reservoir for water to a subterranean power plant which includes a
      hydroelectric generator and a water pump. The hydroelectric generator has
      at least one turbine that may be reversible to act as the water pump or
      the turbine may be connected to the water pump through a common shaft.
      After the water from the surface reservoir leaves the turbines, it is
      passed by a conduit to the bottom of a subterranean reservoir. The top
      part of the subterranean reservoir si filled with compressed air which is
      directed to a surface power plant. The surface plant includes a combustion
      turbine generator and an air compressor on a common shaft.
PAR  During periods of peak demand for electricity, water is released from the
      surface reservoir into the penstock. On reaching the subterranean power
      plant the water drives the turbines of the hydroelectric generator and
      produces electricity. On leaving the turbines the water enters the
      subterranean reservoir displacing a portion of the compressed air. The
      compressed air is then forced to the surface where it is passed through a
      heat exchanger and mixed with fuel in combustion chambers of the surface
      power plant. The hot pressurized gas then drives one or more
      combustion-turbines and exhausts through heat recovery equipment to the
      atmosphere. During electrical generation the combustion-turbine is
      uncoupled from the air compressor, but drives an electric generator. Once
      the operation has begun the pressure on the compressed air in the
      subterranean reservoir is maintained substantially constant to produce the
      desired tailwater pressure on the hydroelectric turbine by controlling
      either or both the release of air that is to be used in the combustion
      turbines or the water used in the hydroelectric turbines.
PAR  During the off-peak hours the system is reversed. In particular, the
      electric generators of the subterranean power plant act as motors and
      drive the water pumps which displace the water from the subterranean
      reservoir to the surface reservoir. In addition, the electric generators
      at the surface power plant are operated as motors, which are uncoupled
      from the turbines, but drive the air compressors. The compressors force
      air through heat exchangers that cool it, down the air shaft to the
      subterranean reservoir. The rate of air compression is controlled in
      relation to the rate of water pumping so that the resulting air pressure
      maintains the desired positive suction head on the water pumps.
PAR  One of the features of this combined system is the savings in time and cost
      over the construction of two separate systems, since the underground
      reservoir of the hydro plant also acts as the reservoir for the air plant.
      Also, unlike the system described in U.S. Pat. No. 2,433,896, the present
      system generates electricity only during the peak hours when it is most
      needed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other features of the present invention will be more
      readily apparent from the following detailed description and drawings in
      which:
PAR  FIG. 1 is a piror art hydro pumped storage system and
PAR  FIG. 2 is an illustrative embodiment of the present invention.
DETD
PAC  DESCRIPTION OF AN EXEMPLARY EMBODIMENT
PAR  The conventional hydro-pumped storage system depicted in FIG. 1 has a
      surface reservoir 10 with its associated outlet and control structures 11.
      Whenever electricity is to be generated by the system, water passes from
      reservoir 10 through the outlet 11 and into penstock 12. Control valve 12a
      permits the water to enter a reversible turbine-pump 14 of a subterranean
      power plant 13. As the water under the pressure created by the hydrostatic
      head A turns the turbine, electrical power is generated. On leaving the
      power plant the water is conducted through conduit 15 to the bottom of a
      subterranean reservoir 16. Air stored in the top of the reservoir is
      displaced through air shaft 17 to the surface. When electrical power is
      not being supplied to a distribution system, such as during low demand
      periods, the system is reversed with turbine 14 acting as an electrically
      driven pump to return the water from underground reservoir 16 to surface
      reservoir 10.
PAR  The reservoir 16 is located above the level of the power plant 13 in order
      to provide a required positive head B on the turbines and pumps. In
      installations in which the head A is large, the head B may be on the order
      of 200 feet. In effect, the head B provides a large positive tail water
      pressure on the turbine and a high positive suction head on the pump. This
      is necessary in order to avoid cavitation and to assure satisfactory
      operation of the turbine and pump.
PAR  The hydro-air storage system of the present invention is illustrated in
      FIG. 2. This system has a surface reservoir 20 connected with a
      subterranean power plant 25 by an outlet control unit 21 and a penstock
      22. The water in penstock 22 contacts turbine-pump units 23, which may be
      either reversible pump-turbines or separate pumps and turbines on single
      shafts. In practice there may be a number of the units 23, each supplied
      by a branch of penstock 22 with its own valve 22A. The turning of the
      turbines by the water causes electrical generators 24 to produce electric
      power which is delivered to a surface power distributor 50 through wires
      51.
PAR  Water leaving the power plant 25 is directed to the bottom of a
      subterranean reservoir 26 by one or more conduits 28. Compressed air is
      stored in the area above the water in reservoir 26 and the entry of the
      water into the reservoir 26 causes this air to be forced to a surface
      power plant 40 through air shaft 27. At the surface the compressed air
      passes through a valve 29 to heat exchanger 41 where it is heated. On
      leaving the heat exchanger 41 the air is mixed in combustion chambers 43
      with fuel from storage tank 42. The hot pressurized gas then drives one or
      more combustion-turbines 44 and exhausts through heat recovery equipment
      48 to the atmosphere. The heat recovery unit may be connected to the heat
      exchanger 41 through a conduit 30 so that the heat removed in unit 48 can
      be used to heat the compressed air in unit 41. When clutch 45 is engaged
      the turbine drives an electric generator 46 which supplies electrical
      power to power distributor 50 over wires 52. Clutch 47, which connects the
      air compressor 49 to the driven shaft, is disengaged at this time.
PAR  The electrical power from power plants 25 and 40 is combined in power
      distributor 50 and is supplied to the power network over lines 53. With
      this combination of plants it is possible to generate more power for the
      same storage volume than the simple hydro plant of FIG. 1, e.g. 50 to 100%
      more or less. This increase in power is achieved with practically the same
      excavation costs since only the surface plant 40 is added. However, if a
      given generating capacity is desired a smaller underground reservoir would
      be needed with the present invention and there is a resulting cost
      savings.
PAR  In off peak hours the system is reversed with unit 23 acting as a pump to
      return the water to surface reservoir 20. This is normally achieved by
      drawing power from the network through lines 51 and 53, and using genertor
      24 as an electrical motor. Acting as a motor, generator 24 will drive the
      turbine as a pump or will drive a pump connected on the same shaft. In
      addition, electrical power is taken from the network over lines 52 in
      order to drive generator 46 as a motor. At that point clutch 45 is
      disengaged and clutch 47 of air compressor 49 is engaged. The compressor
      49 takes air from the atmosphere, compresses it and delivers it to heat
      recovery unit 54 where the air temperature is reduced prior to storage.
      The cooled air then moves through valve 29 and conduit 27 into the
      underground reservoir 26. In this manner both air and water are stored for
      future use in generating electricity.
PAR  As was mentioned in connection with FIG. 1 it is important for the proper
      functioning of the hydraulic devices that a high positive pressure exist
      in the conduits connecting the underground reservoir and the subterranean
      power plant. In FIG. 1 this is achieved by placing the reservoir above the
      pumps and turbines of the underground power plant. However, in such a
      system any water leakage due to equipment malfunction, improper operation,
      earthquake, etc. will flow into the powerhouse and must be drained to a
      sump. Therefore, sump pumps of large capacity would be required to return
      the leakage to the lower reservoir so that reasonably safe operation could
      be expected. In those situations where the pumps could not handle the
      leakage, flooding would result and it could take some time to restore the
      plant because of the relatively large size of the lower reservoir.
PAR  In the system of the present invention shown in FIG. 2 the positive
      pressure on the water is created at least partially by the compressed air
      and, therefore, the head B can be reduced or even made negative, depending
      on the positive pressure required and the pressure supplied by the
      compressed air. While this allows the reservoir to be below the generator
      floor, it is still possible for leakage into the power house to occur
      since the water is under pressure. Normally such leakage can be handled by
      sump pumps. However, if the pumps should prove insufficient, flooding can
      be prevented by rapidly reducing the air pressure. The reduction in air
      pressure can be accomplished by opening appropriate relief valves, such as
      valve 29, and discharging the pressure in reservoir 26 to the atmosphere.
      Even if some flooding does occur, it will only be temporary because the
      water that enters the power plant can drain into the lower reservoir by
      gravity, as soon as the air pressure drops sufficiently. Consequently,
      repair operations can begin almost at once.
PAR  Using electricity from the network to recharge the system is the most
      reliable method; but, it is also possible to use wind power or other
      sources of intermittent power to perform this function. In addition, the
      combustion turbines of FIG. 2 can be replaced with an air motor driven by
      compressed air alone, thereby eliminating the fuel requirement.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydro-air storage system for generating electricity comprising:
PA1  a surface reservoir containing water;
PA1  a subterranean hydroelectric power plant;
PA1  a penstock connecting said surface reservoir with said hydroelectric power
      plant;
PA1  a subterranean reservoir having an upper region containing compressed air
      and a lower region containing water;
PA1  a conduit connecting the lower water containing region of said subterranean
      reservoir with said hydroelectric power plant;
PA1  a surface power plant for generating electrical power from compressed air;
      and
PA1  an air shaft connecting the upper compressed air region of said
      subterranean reservoir with said surface power plant, whereby water from
      the surface reservoir flows through the subterranean power plant to
      generate electricity and compressed air is forced through the surface
      power plant by the water to generate electricity.
NUM  2.
PAR  2. A hydro-air storage system as claimed in claim 1 in which substantially
      all of the water region of the subterranean reservoir is below the level
      of the subterranean hydroelectric power plant.
NUM  3.
PAR  3. A hydro-air storage system as claimed in claim 2 wherein said
      subterranean hydroelectric power plant comprises
PA1  turbine means connected to a branch of said penstock for producing rotary
      motion in response to the flow of water in said penstock;
PA1  first generator means for producing electricity in response to the rotary
      motion of said turbine means;
PA1  first motor means for producing rotary motion in response to an electrical
      current; and
PA1  pump means for pumping water in said penstock to said surface reservoir in
      response to the rotary motion of said motor means, thereby generating
      electricity when the water turns the turbine and restoring the water to
      the surface reservoir when electricity drives the pump.
NUM  4.
PAR  4. A hydro-air storage system as claimed in claim 3 wherein said surface
      power plant is a combination combustion turbine generator and air
      compressor.
NUM  5.
PAR  5. A hydro-air storage system as claimed in claim 4 wherein said surface
      power plant comprises
PA1  a heat exchanger connected to said air shaft for heating compressed air
      forced out of the air shaft;
PA1  a fuel supply;
PA1  a combustion chamber for mising the air from the heat exchanger and the
      fuel;
PA1  a combustion turbine means for producing rotary motion in response to the
      flow of hot gases from said combustion chamber;
PA1  second generator means for producing electricity in response to the rotary
      motion of said combustion turbine means;
PA1  second motor means for producing rotary motion in response to an electrical
      current; and
PA1  air compressor means for injecting compressed air into said air shaft in
      response to the rotary motion of said second motor means, thereby
      generating electricity when the water forces the compressed air into the
      surface plant and restoring the compressed air to the subterranean
      reservoir when electricity drives the compressor.
NUM  6.
PAR  6. A hydro-air storage system as claimed in claim 5 further including:
PA1  a first heat recovery means for cooling the gases leaving said turbine
      means and delivering the cool gases to the atmosphere, said first heat
      recovery means supplying heat to said heat exchanger to heat the air
      forced from said air shaft; and
PA1  a second heat recovery means for cooling the gases leaving said air
      compressor prior to injecting the gases into said air shaft.
NUM  7.
PAR  7. A hydro-air storage system as claimed in claim 5 wherein said first
      generator means and said first motor means are parts of a first
      motor-generator unit, said turbine means and pump means are parts of a
      reversible turbine-pump and said second generator means and said second
      motor means are parts of a second motor-generator unit.
NUM  8.
PAR  8. A hydro-air storage system as claimed in claim 5 further including a
      safety valve on said air shaft adapted to connect the air shaft to the
      atmosphere on command.
NUM  9.
PAR  9. A hydro-air storage system as claimed in claim 1 wherein the maximum
      water level in said subterranean reservoir is lower than the generator
      floor of said subterranean power plant.
NUM  10.
PAR  10. A hydro-air storage system for generating electricity, comprising:
PA1  a surface reservoir for water with suitable outlet and control structures;
PA1  a subterranean combination hydroelectric generator and water pump plant
      having at least one generating unit, each generating unit having a
      hydrualic unit comprising a pump and turbine;
PA1  a penstock connecting said surface reservoir with each hydraulic unit of
      said subterranean plant;
PA1  a subterranean reservoir for air and water;
PA1  a conduit connecting the bottom of said subterranean reservoir with the
      hydraulic units of said subterranean plant;
PA1  a surface combination combustion turbine generator and air compressor
      plant; and
PA1  an air shaft connecting the top of said subterranean reservoir with said
      surface plant.
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ABST
PAL  A carrying structure has a wall which defines a duct. A central structure
      comprising an axial-flow turbine and a generator is disposed in said duct.
      At least two radial arms, which are substantially horizontal, are rigidly
      fixed to said wall and hinged to said central structure.
BSUM
PAR  This invention relates to a duct-installed turbine-generator assembly which
      comprises a central structure, which is surrounded by flowing water. The
      assembly consists of a generator and a turbine and is supported by at
      least two radial arms, which are fixed to the wall of a tunnel or the
      like.
PAR  In the turbine of said assembly, the runner is axially flown through and
      the water is guided along a substantially straight path from the turbine
      inlet to the draft tube outlet.
PAR  A major difficulty arising in such duct-installed turbine-generator
      assemblies relates to the mounting of the central structure. The means by
      which said central structure is supported on the duct wall or generally on
      the carrying structure are important structural elements of any
      duct-installed turbine-generator assembly because these supporting means
      must take up all forces and moments to which the carrying structure is
      subjected. The water for driving the turbine should be supplied to the
      guide vanes of the turbine in a uniform distribution around the entire
      circumference thereof and with a minimum of resistance to flow. The
      assembly should be manufactured economically and should be shipped and
      installed in a simple manner.
PAR  Numerous proposals have been made for the mounting of the central
      structure. According to one proposal, the central structure is supported
      by a central rib of concrete. In that case, all parts of the central
      structure must meet extremely stringent requirements as regards stiffness
      and strength so that this mounting cannot be adopted for large machines.
PAR  Alternatively, the central structure may be supported on the duct wall at
      one end by two wings which extend along a major part of the length of the
      central structure, and at the other end by a plurality of fixed guide
      vanes. These supporting vanes form a part which is large in relation to
      the size of the entire machine, and considerable requirements are to be
      met by the equipment required to manufacture it, e.g., as regards the size
      of the annealing furnace etc. The shipment of said part is also difficult.
PAR  Duct-installed turbines are known, such as disclosed in Austrian Pat. No.
      288,996, which have a central structure that is supported by two vertical
      arms which are interconnected within the central structure and are not
      pivoted to the duct wall by a number of hinged supports. These means for
      supporting the central structure also involve a considerable expenditure
      and, where they are used, the turbine housing with its two arms has
      dimensions which involve difficulties in manufacture and shipment.
      Besides, the use of the previously known supports for the central
      structure requires the latter to be installed in a relatively early phase
      of the overall construction project so that the time available for the
      manufacture of the turbine-generator assembly is relatively short and the
      central structure must be delivered and installed before the construction
      of the duct has been completed.
PAR  In conclusion, it may be observed that all previously known mountings for
      duct-installed turbine-generator assemblies involve a rigid connection
      between the central structure and supporting wings or arms and this
      results in the great disadvantage that moments are transmitted to and must
      be taken up by the central structure. As a result, the housing of the
      central structure must be relatively heavy and expensive so that the
      overall expenditure is uneconomically increased. In this respect the
      specific connections between the supporting arms or wings and the
      duct-confining wall or the carrying structure in general are not highly
      significant.
PAR  It is an object of the invention to eliminate these disadvantages and to
      provide a duct-installed turbine-generator assembly which is of the kind
      described first hereinbefore and whose central structure is supported by
      components which are small relative to the size of the machine and which
      do not heavily load the central structure, whereas they render the
      installation of the machine less dependent on the progress of the carrying
      structure and facilitate said installation, meet all requirements as
      regards strength and flow conditions and for this reason may be used in
      large duct-installed turbine-generator assemblies.
PAR  This object is accomplished according to the invention with a central
      structure hinged to the substantially horizontal arms. The hinges which
      connect the arms to the central structure can transmit forces to the
      central structure but cannot transmit moments thereto. For this reason,
      the central structure may be simple in design and relatively light in
      weight. Besides, such hinges can be made without difficulty. Above all,
      the central structure and the hinges may be manufactured and shipped
      separately from each other and the arms alone can be installed in the
      carrying structure or duct as it its construction progresses whereas the
      central structure or parts thereof are introduced into the duct through
      suitable installation openings and connected to the arms by hinges when
      the carrying structure has been completed. To permit of this subsequent
      installation of the central structure, the arms must extend substantially
      horizontally because the central structure must be inserted into the duct
      from above by means of a crane or the like. Because the arms are
      manufactured as components which are independent of the central structure,
      the dimensions of the components relative to the overall size of the
      machine are reduced so that this arrangement may be used for machines
      having any desired dimensions. It will be understood that the horizontally
      extending arms may have an aerodynamically desirable shape or be provided
      with an aerodynamically desirable fairing so that the arms which are
      disposed in a plane do not obstruct the flow and the desired uniform
      distribution of the flow is obtained before the guide vanes of the
      turbine. Where a plurality of machines are arranged one beside the other,
      the fixation of the arms in the concrete wall which confines the duct may
      be assisted in that the arms of two adjacent machines are interconnected
      in the wall which separates these two machines or the ducts in which they
      are installed.
PAR  Particularly desirable hinges according to the invention between the
      central structure and the arms will be obtained if the central structure
      is provided adjacent to the arms with bearing members which are parallel
      to the longitudinal axis of the machine and have a cylindrical surface
      which is embraced by bearing shells provided on the arms. Such hinges
      permit of a rotation but prevent a vertical or lateral yield of the
      central structure. In this way the central structure is mounted in the
      desired manner so that it is rotatable to some extent but cannot assume an
      oblique orientation. The parts of these hinges are not complicated and can
      be made at low cost.
PAR  In another embodiment of the invention, the hinges between the central
      structure and the arms comprise resilient connecting members, each of
      which consists preferably of a diaphragm which extends transversely to the
      longitudinal axis of the respective arm and is rigidly connected at its
      rim to the arm and at its center to a bracket carried by the central
      structure and which bears on the arm adjacent to the brackets by means of
      a crowned pad. The diaphragm extends transversely to the horizontal
      direction and takes up vertical forces. The pad which bears on the arm
      prevents a lateral movement of the central structure and takes up the
      loads which act in this direction. On the other hand, the central
      structure can rotate to some extent relative to the arms because the
      diaphragm is resilient and the pad is rounded so that the desired hinge is
      provided in this case too.
PAR  It will be particularly desirable to provide pairs of arms which are
      disposed one behind the other in the direction of flow. In such
      arrangement, all forces and moments acting on the central structure can be
      taken up and transmitted well without risk of an oblique orientation of
      the machine axis. The arms themselves may be relatively narrow in that
      case and the hinges need not be excessively large.
PAR  According to the invention, the arms are formed by the duct-confining wall
      in that the arms consist of ribs or noselike projections or the like
      provided on the duct-confining wall. Such an arrangement has the advantage
      that the arms can be made at lower cost because they may be made directly
      with the duct-confining wall from reinforced concrete just as said wall.
DRWD
PAR  The invention is strictly diagrammatically illustrated on the accompanying
      drawings, in which
PAR  FIG. 1 is a vertical axial sectional view showing a duct-installed
      turbine-generator assembly according to the invention,
PAR  FIG. 2 is a sectional view taken on line II--II in FIG. 1,
PAR  FIG. 3 is an enlarged sectional view taken on line III--III in FIG. 2, and
PAR  FIG. 4 is a transverse sectional view showing on a larger scale an
      articulated joint which is provided between the central structure and an
      arm and consists of a resilient connecting member.
DETD
PAR  The duct-installed turbine-generator assembly according to the invention
      comprises a central structure 1, which consists essentially of a generator
      2 and an axial-flow turbine 3. This turbine 3 is of a type in which the
      runner is axially flown through and the water is guided along a
      substantially straight path from the turbine inlet to the draft tube
      outlet. Optionally, as disclosed in prior art Austrian Pat. No. 288,996,
      guide vanes 15 may be included for water flow improvement. The central
      structure 1 is disposed in a duct 5, which is confined by a wall of a
      carrying structure 4 and is supported on the wall by four horizontal arms
      6, which are rigidly anchored in the duct-confining wall of the carrying
      structure 4 and are hinged to the central structure. The hinges between
      the central structure 1 and the arms 6 ensure that the central structure
      remains substantially free of moments because the hinges cannot transmit
      moments to the central structure from the outside. For this reason, the
      housing of the central structure may be relatively simple and does not
      require special carrying elements. Because hinges are provided between the
      arms 6 and the central structure 1, these parts may be made separately
      from each other so that the size of the components remains within
      tolerable limits and the arms and central structure may be separately
      installed. As a result, the turbine-generator assembly need not be
      inserted during the progress of the construction of the duct 5 but may be
      inserted when the entire carrying structure has been completed. Only the
      arms 6 must be embedded in the concrete of the carrying structure 4 during
      the construction of the duct. The central structure 1 or its parts are
      then subsequently introduced into the duct through an installation opening
      7 by means of a crane or the like and in the duct are assembled and
      connected to the arms.
PAR  As is apparent from FIGS. 3 and 4, various forms of hinges may be provided
      between the arms 6 and the central structure 1. FIG. 3 shows a true
      articulated joint because the central structure is provided adjacent to
      the arms 6 with bearing members 8 which extend parallel to the
      longitudinal axis of the machine and have cylindrical surfaces, and the
      arms are provided with bearing shells 9 which embrace the cylindrical
      surfaces of the bearing members 9. These articulated joints permit of a
      rotational movement of the central structure relative to the arms but do
      not permit of vertical and horizontal movements.
PAR  FIG. 4 shows that the hinges between the arms 6 and the central structure 1
      may consist of resilient connecting members. Each resilient connecting
      member consists of a diaphragm 10 which extends transversely to the
      longitudinal axis of the respective arm and which is rigidly connected at
      its rim 11 to the respective arm 6 and at its central portion 12 to a
      bracket 13 of the central structure 1. Adjacent to the bracket 13 the
      diaphragm 10 is provided with a crowned pad 14, which bears on the arm 6
      so that the loads acting in the longitudinal direction of the arm can be
      taken up without stressing the diaphragm. The diaphragm 10 is sufficiently
      resilient only transversely to its surface so that it can readily take up
      forces acting in the plane of the diaphragm and lateral, vertical and
      horizontal movements of the central structure are prevented whereas a
      strictly rotational movement is permitted and is facilitated by the
      crowned pad.
PAR  It is apparent that the hinges between the central structure 1 and the arms
      6 may consist of true articulated joints or of resilient connecting
      members because hinges of both kinds permit of a certain rotational
      movement of the central structure relative to the arms but do not permit
      of any relative movement in the direction of flow or transversely to the
      direction of flow so that an undesired oblique orientation of the machine
      axis is reliably avoided and the central structure is hinged to the arms
      as desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a power plant which comprises
PA1  (1) a carrying structure having a wall defining a duct having an axis,
PA1  (2) a central structure comprising an axial-flow turbine and a generator,
PA2  (a) the central structure being disposed substantially coaxially in the
      duct, and
PA1  (3) a pair of radial arms rigidly fixed to the wall and extending
      diametrically and substantially perpendicularly to the axis, on a
      horizontal plane, the improvement of
PA1  (4) hinge means connecting each of the arms to the central structure for
      pivoting the central structure about an axis substantially parallel to the
      axis of the duct.
NUM  2.
PAR  2. In the power plant defined in claim 1, the hinge means comprising a
      bearing member affixed to the central structure and having a cylindrical
      surface, and a bearing shell affixed to the arm and embracing the
      cylindrical surface of the bearing member.
NUM  3.
PAR  3. In the power plant defined in claim 1, two of said pairs of radial arms,
      the pairs of arms being spaced along the axis of the duct.
NUM  4.
PAR  4. In the power plant defined in claim 1, the arms being integral with the
      wall.
NUM  5.
PAR  5. In a power plant which comprises
PA1  (1) a carrying structure having a wall defining a duct having an axis,
PA1  (2) a central structure comprising an axial-flow turbine and a generator,
PA2  (a) the central structure being disposed substantially coaxially in the
      duct, and
PA1  (3) a pair of radial arms rigidly fixed to the wall and extending
      diametrically and substantially perpendicularly to the axis, on a
      horizontal plane, the improvement of
PA1  (4) hinge means comprising a resilient connecting member connecting each of
      the arms to the central structure for pivoting the central structure about
      an axis substantially parallel to the axis of the duct.
NUM  6.
PAR  6. In the power plant defined in claim 5, the resilient connecting member
      being a diaphragm having a rim and a central portion, the diaphragm
      extending substantially parallel to the axis of the duct and the rim being
      ridigly connected to the arm, the central structure carrying a radial
      bracket substantially coaxial with the arm and rigidly connected to the
      central portion of the diaphragm, and the central portion carrying a
      crowned pad substantially coaxial with the arm and the bracket, the
      crowned pad bearing on the arm.
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ABST
PAL  Two individual lamp loads are mounted on, are support by, and are
      electrically terminated within one plural lamp load housing assembly which
      has a single pair of electrical input terminals. An apparatus within said
      housing, which senses applied A-C electrical energy characteristic and
      applied D-C electrical energy characteristic, is electrically terminated
      between said two lamp loads and said single pair of input terminals
      providing means for individual and selective energization of said two lamp
      loads, with either applied D-C electrical energy being further supplied to
      first lamp load only of said two lamp loads or applied A-C electrical
      energy being further supplied to second lamp load only of said two lamp
      loads, said selection being a function of applied electrical energy
      characteristic. A power source means, which can be actuated to selectively
      supply either D-C electrical energy of said required polarity
      characteristic or A-C electrical energy to said two input terminals,
      controls and supplies said electrical energy to said sensing apparatus and
      further to said two lamp loads.
BSUM
PAR  This invention relates to a circuit and assembly for energizing a plurality
      of loads, and more specifically to an efficient circuit and assembly for
      individually and selectively energizing either one of two loads and/or a
      combination of loads through a single pair of input terminals. Lamp loads
      will be considered throughout this specification as an ideal application
      for this invention, however it is understood that this invention is not
      limited in application for use with loads of lamp types only.
PAR  Typically, when it is desirable to remotely control and energize two lamp
      loads individually and selectively at one physical plural lamp fixture
      location, a minimum of three input terminals are supplied to said plural
      lamp fixture location, with one of the said three input terminals being
      common to said two lamp loads. By connecting an electrical power source
      across one of the not common said input terminals and the said common
      input terminal, the respective one lamp load of the said two lamp loads
      can be energized selectively and individually. While such a three input
      system is satisfactory in many applications, it is oftentimes desirable to
      have the capability of selectively and individually energizing two loads
      remotely through a single pair of input terminals. Such is the case, as an
      example, when it is desirable to selectively and individually energize two
      lamp loads, one being a low intensity decorative type and one being a high
      intensity type, utilizing an existing two input terminal wiring system and
      lamp female receptacle such as are commonly found in most concealed in the
      wall building lighting circuits and associated lighting fixtures.
      Alteration of such an existing concealed two input terminal system, to add
      the ordinarily needed said third input terminal for said two lamp load
      selective and individual energization, is generally very expensive and/or
      inconvenient to the extent of being prohibitive.
PAR  The present invention provides means for two lamp loads, incorporated
      within one plural lamp load assembly, to be selectively and individually
      energized through one two input terminal electrical supply system and one
      two input terminal lamp load female receptacle such as are commonly found
      in standard building lighting circuits. The extent to which this invention
      controls said two lamp loads, utilizing a two input terminal system, is
      described in detail within the circuit description to follow.
PAR  It is one object of this invention to provide a means for selectively and
      individually energizing a pair of loads to the extent of supplying D-C
      electrical energy to a first load only of said pair of loads or A-C
      electrical energy to a second load only of said pair of loads, and to
      provide such control and said energization through a single pair of input
      terminals.
PAR  It is a second object of this invention to provide a means for selectively
      and individually energizing one load only of a plurality of loads with D-C
      electrical energy or the energization of the said plurality of loads with
      A-C electrical energy, and to provide such control and said energization
      through a single pair of input terminals.
PAR  It is a third object of this invention to provide a means for supplying
      pulsating D-C electrical energy to one load only of a plurality of loads
      continuously, independently, and uninterrupted, while maintaining total
      A-C electrical energy control to a second load of said plurality of loads,
      and to provide such control and said energization of said plurality of
      loads through a single pair of input terminals.
PAR  One feature of this invention is a single plural lamp load housing
      assembly, having a single pair of input terminals, in which either of two
      individual lamp loads, integral to said housing assembly, can be remotely
      energized selectively and individually, to the extent herein specified,
      through said single pair of input terminals.
PAR  Another feature of this invention is the provision of a two load
      energization control circuit comprising an electrically controllable
      unidirectional conduction switching means such as a silicon controlled
      rectifier with associated controlling means, and further comprising an
      electrically controllable bidirectional conduction switching means such as
      a triac with associated controlling means. Said two load energization
      control circuit provides means for sensing applied input electrical energy
      characteristics and, dependent on said input electrical energy
      characteristics, further selects and energizes individually the said pair
      of loads. The said two load energization control circuit senses and
      selectively passes applied D-C electrical energy of a required polarity
      characteristic to a first load only of said pair of loads. Said two load
      energization control circuit also senses and selectively passes A-C
      electrical energy only to a second load only of said pair of loads. Said
      A-C electrical energy and said D-C electrical energy is supplied to said
      two load energization control circuit from an actuable source means
      through a two input terminal system.
PAR  Further objects, features, and advantages of this invention will be
      apparent to those skilled in the art from the following description and
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of the general plural load circuit for the
      present invention;
PAR  FIG. 2 schematically illustrates a circuit similar to that shown in FIG. 1,
      but which is slightly changed to allow one load only of a pair of loads to
      be energized by D-C only, regardless of the application of A-C or D-C
      electrical energy characteristic;
PAR  FIG. 3 illustrates a circuit similar to that shown in FIG. 1, but which is
      slightly changed to provide means for further energization control over
      one load only of a pair of loads by an electrically controllable
      unidirectional conduction switching means comprising a silicon controlled
      rectifier and associated control means;
PAR  FIG. 4 is an illustration of the housing assembly for this invention
      showing a plural lamp load arrangement and the physical enclosure of the
      two load energization control circuit within said housing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION DISCLOSED
PAR  Referring to FIG. 1, the drawing schematically illustrates the general
      circuit 25 for the present invention. Single phase A-C electrical energy
      is applied across terminals 23 and 24 from a suitable A-C power source
      serving as the circuit's 25 power supply. An actuable assembly 26,
      comprising SPST switch 1, SPST switch 2, and diode 3, forms the actuable
      controlling means within and for general circuit 25. conductors C1, C2,
      C4, and C9 form means for transmitting electrical energy from said
      actuable assembly 26 to female terminals 4 and 21, male terminals 5 and 20
      respectively, and to the two load energization control circuit 28.
      Terminals 4, 5, 20, and 21 provide means for electrical extention of
      conductors C4 and C9. Male terminals 5 and 20 mate and contact with female
      terminals 4 and 21 respectively and thus provide means for electrical
      energy application through terminals 6, 7, 8, and 9 to a first load 22,
      located electrically within the two load energization control circuit 28.
      Conductors C4 and C9 are further terminated within the said two load
      energization control circuit 28 at a second load controlling assembly 27,
      comprising an electrically controllable bidirectional conduction switching
      means further comprising triac 11, and further comprising resistor 10,
      capacitor 19, resistor 13, diode 12, load 16, male and female terminals
      14, 15, 17, 18, and conductors C5, C6, C7, and C8.
PAR  The operation of the circuit 25 of FIG. 1 is as follows:
PAR  Single phase A-C electrical energy is applied to terminals 23 and 24 from a
      suitable source. When switch 1 is in the open position and switch 2 is in
      the open position, the circuit 25 is totally de-energized.
PAR  Now, closing switch 1 only permits pulsating D-C current to flow through,
      and as a result of, diode 3 and thus energizes first load 22 while said
      pulsating D-C potential is also applied across the second load controlling
      assembly 27 at points A and B. Diode 12 is connected in the triac 11 gate
      terminal 11c conduction path in a direction such that said diode 12 is
      reverse biased, as a function of diode 3, and is thus non-conducting. The
      said applied pulsating D-C potential across triac main terminals 11a and
      11b, via said points A, b, and load 16, does not cause a resulting current
      flow through triac 11 and load 16, since traic gate terminal 11c current
      is not permitted to flow as a result of reverse biased diode 12. With
      switch 1 only closed, triac 11 remains in an `off` state, thus said load
      16 remains deenergized while load 22 is energized by said diode 3 caused
      pulsating D-C applied across said load 22.
PAR  Further, when both switch 1 and switch 2 of FIG. 1 are closed, single phase
      source A-C electrical energy is applied to both first load 22 and second
      load controlling assembly 27 at points A and B. A-C electrical energy is
      present at points A and B and load 22 due to switch 2 shunting diode 3.
      Load 22 receives and is energized by the applied A-C electrical energy
      directly vai conductors C4 and C9. Having said A-C electrical energy
      applied to the second load controlling circuit 27, pulsating D-C current
      flows through resistor 10, diode 12, triac gate terminal 11c, and triac 11
      to triac main terminal 11b, as a rectifying function of diode 12, during
      A-C electrical energy alternations when conductos C4 and C5 are of a
      positive polarity relative to conductors C9 and C7.  The said pulsating
      D-C current flow through, and as a result of, diode 12 further charges
      capacitor 19 via resistor 13, during the first applied positive polarity
      A-C electrical energy source alternation, making conductor C8 positive
      relative to conductor C9. Triac 11 is of a type in which its inherent
      electrical characteristics permit gate trigger firing by either positive
      or negative polarity gate terminal electrical energy characteristics
      applications. At the very beginning of said first applied positive
      polarity A-C electrical energy supply alternation, at which time diode 12
      is forward biased and is conducting, triac 11 is turned `on` by said diode
      12 current flowing through triac gate terminal 11c to triac main terminal
      11b. with triac 11 turned `on`, current flows through triac 11 from main
      terminal 11a to main terminal 11b. The said current flow through triac 11
      must also flow through load 16, thus energizing load 16 during the time
      triac 11 is in the positive polarity said `on` state. Due to triac 11
      electrical characteristics, resistor 13 and capacitor 19 series
      combination receives the same positive and negative electrical energy
      application characteristics as appears across load 16, being fed back via
      gate terminal 11c, after triac 11 is initially turned `on` by the said
      positive polarity diode 12 current. During A-C electrical energy supply
      alternations of opposite polarity to that just described, or negative
      polarity, diode 12 is reverse biased and is thus in a non-conductive
      state, further cutting off diode 12 supplied triac gate terminal 11c
      source current. However, due to capacitor phase shifting qualities,
      capacitor 19 remains charged from the previous said positive polarity A-C
      supply alternation at the time the A-C supply electrical energy passes
      through the zero point of the waveshape, and thus discharges through
      resistor 13, triac gate terminal 11c, and triac 11. The capacitors's 19
      said discharge current through triac terminal 11c again turns triac 11
      `on`, thus again energizing load 16 with A-C electrical supply energy, and
      further charges capacitor 19 negatively during this said negative polarity
      A-C electrical energy supply alternation. During subsequent positive
      polarity A-C electrical energy supply alternations, following the said
      first applied complete A-C electrical energy supply cycle, triac 11 is
      turned `on` by the phase shifted current through triac gate terminal 11c
      as a result of capacitor 19. Also, during subsequent negatively polarized
      A-C electrical energy supply alternations, triac 11 is turned `on` by the
      phase shifted current through triac gate terminal 11c as a result of
      capacitor 19. Resistor 10 and diode 12 are only used to initially turn
      triac 11 `on` when the very first positive polarity A-C electrical energy
      alternation is supplied when switch 2 is first closed. Resistors 10 and
      13, within the second load controlling assembly 27, act as current
      limiters. The above described sequence, involving the operation of the
      second load controlling assembly 27, is repeated each A-C cycle of applied
      A-C electrical energy thus energizing load 16 with full wave A-C
      electrical energy whenever switches 1 and 2 are closed in the circuit of
      FIG. 1.
PAR  Summarizing the action of the circuit shown in FIG. 1, load 22 only is
      energized with pulsating D-C electrical energy when switch 1 only is
      closed; and loads 22 and 16 are energized simultaneously with A-C
      electrical energy when switches 1 and 2 are closed. Thus the second object
      of this invention has been fulfilled within the circuit of FIG. 1.
PAR  With reference now to FIG. 2, through the addition of one diode 30, the
      first load 22 of FIG. 1 is energized with D-C electrical energy regardless
      of the A-C or D-C electrical energy application characteristic. Due to the
      similarities between the circuits of FIG. 1 and FIG. 2, only the
      differences therebetween are herein discussed. In FIG. 2 the basic circuit
      is identical to that shown in FIG. 1, but for the addition of diode 30 in
      series with load 22. Diode 30 does not in any way change the described
      function of the second load controlling assembly 27. The addition of diode
      30 does permit load 22 to be energized continuously with D-C electrical
      energy, switch 1 being closed, while full A-C electrical energization
      control is maintained over load 16. Load 22 sees only pulsating D-C since
      diode 30 simply passes diode 3 rectified pulsating D-C electrical energy
      when switch 1 only is closed, and since diode 30 rectifies the applied A-C
      to pass pulsating D-C electrical energy when switch 1 and switch 2 are
      closed.
PAR  The circuit of FIG. 2 fulfills the third object of this invention.
PAR  With reference now to FIG. 3, an electrically controllable unidirectional
      conduction switching means further comprising a silicon controlled
      rectifier 31 and further comprising resistor 32 have been added to the
      circuit of FIG. 1. Due to the similarities of the circuit of FIG. 1 and
      the circuit of FIG. 3, only the differences therebetween are
      hereindiscussed. In FIG. 3, the basic circuit is identical to that shown
      in FIG. 1, but for the additions of SCR 31 and resistor 32. With reference
      to the previously described second load controlling assembly's 27 action,
      when switch 1 is closed and switch 2 is open, triac 11 is `off` and
      conductor C7 is positively polarized relative to conductor C4. This
      positive polarity permits SCR 31 gate terminal 31a current to flow through
      SCR 31, resistor 32, and load 16, thus turning SCR 31 `on`. When SCR 31 is
      `on`, load 22 is energized by the source pulsating D-C electrical energy,
      being A-C electrical energy supply rectified by diode 3. Load 22 is
      energized by the same current that flows through SCR 31 since load 22 is
      in series with SCR 31.
PAR  When switch 1 and switch 2 are closed in the circuit of FIG. 3, triac 11
      turns `on` by means as was previously described for the circuit of FIG. 1.
      When triac 11 is `on,` triac 11 shunts SCR 31 gate terminal 31a current.
      With SCR 31 gate terminal 31a current shunted, said gate terminal 31a
      current drops to near zero and thus SCR 31 does not turn `on,` further
      removing source energy from load 22. Now, it can be generally stated that
      the circuit of FIG. 3 offers characteristics that de-energize load 22
      whenever A-C electrical energy is supplied by the energy source and the
      actuable assembly 26 means and whenever load 16 is energized through triac
      11; and load 22 is energized only when said required polarized electrical
      energy is applied and whenever load 16 is de-energized.
PAR  The said first object of this invention has been fulfilled by the circuit
      of FIG. 3.
PAR  Referring now to FIG. 4, the housing assembly 40 for this invention is
      illustrated. The housing assembly 40 physically supports a plural lamp
      load arrangement and further encloses the two load energization control
      circuit 28. The plural lamp loads are here illustrated as three light
      producing incandescent male based lamps 35, 36, and 37. Lamps 35 and 36
      are connected in parallel further forming load 22 in the circuits of FIGS.
      1, 2, and 3; and lamp 37 singularly forms load 16 in the circuits of FIGS.
      1, 2, and 3. The housing assembly 40 case 38 is formed in a suitable shape
      and is of a structure suitable in order to physically support lamp sockets
      39, 41, and 42, lamps 35, 36, and 37, and to enclose the two load
      energization control circuit 28. Said housing assembly 40 is attached to
      and is physically supported by male base terminals 5 and 20 means. Base
      terminals 5 and 20 also form the two input terminal means for the two load
      energization control circuit 28. Circuit operation within housing assembly
      40 is identical to the circuits operations of the circuits described in
      FIGS. 1, 2, and 3, therefore explanation of said circuits operations will
      not be duplicated herein.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it is understood that the invention is not limited thereto, as
      many variations will be readily apparent to those skilled in the art and
      the invention is to be given its broadest interpretation within the terms
      of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plural load control system comprising:
PA1  first circuit means further connecting two input terminals to a pair of
      loads and further having internal means for selectively energizing first
      load only of said pair of loads with D-C electrical energy when D-C
      electrical energy of a required polarity characteristic is present across
      said two input terminals and for energizing said pair of loads with A-C
      electrical energy when A-C electrical energy is present across said two
      input terminals; and
PA1  source means for connecting electrical energy through said two input
      terminals, including second circuit means actuable to supply D-C
      electrical energy of said required polarity characteristic and actuable to
      supply A-C electrical energy.
NUM  2.
PAR  2. The plural load control system as recited in claim 1 wherein said first
      circuit means includes:
PA1  one electrically controllable bidirectional conduction switching means
      connected to first input terminal of said pair of input terminals and in
      series with a second load only of said pair of loads, means for rendering
      said electrically controllable bidirectional conduction switching means
      fully conductive whenever A-C electrical energy is applied across said two
      input terminals further supplying said A-C electrical energy to said
      second load, means for rendering said electrically controllable
      bidirectional conduction switching means fully non-conductive whenever D-C
      electrical energy of said required polarity characteristic is applied
      across said two input terminals from said source means, and means for
      connecting said first load only of said pair of loads across said two
      input terminals for electrical energization of said first load with
      electrical energy of a characteristic corresponding to said second circuit
      means supply characteristic, and means for connecting said second load
      terminals to said electrically controllable bidirectional conduction
      switching means and further to second input terminal of said pair of input
      terminals.
NUM  3.
PAR  3. The plural load control system as recited in claim 2 wherein said second
      circuit means includes means actuable in order to supply D-C electrical
      energy of said required polarity characteristic across said two input
      terminals of said first circuit means, and means actuable in order to
      supply A-C electrical energy across said two input terminals of said first
      circuit means.
NUM  4.
PAR  4. The invention as recited in claim 3 and further comprising within said
      first circuit means a poled diode connected between and in series with
      said first load and said first input terminal for providing pulsating D-C
      electrical energy only to said first load, independent of A-C electrical
      energy application or D-C electrical energy of said required polarity
      characteristic application to said two input terminals.
NUM  5.
PAR  5. The plural load control system as recited in claim 3 and further
      comprising within said first circuit means an electrically controllable
      unidirectional conduction switching means connected between and in series
      with said first input terminal and said first load, control means for
      rendering said electrically controllable unidirectional conduction
      switching means fully conductive whenever D-C electrical energy of said
      required polarity characteristic is applied across said two input
      terminals and further energizing first load, and said control means for
      rendering said electrically controllable unidirectional conduction
      switching means fully non-conductive whenever A-C electrical energy is
      applied across said two input terminals and further de-energizing said
      first load.
NUM  6.
PAR  6. The plural load control system as recited in claim 3 and further having
      said electrically controllable bidirectional conduction switching means
      comprising a three electrode solid state electronic triac.
NUM  7.
PAR  7. The plural load control system as recited in claim 5 and further having
      said electrically controllable unidirectional conduction switching means
      comprising a three electrode solid state electronic silicon controlled
      rectifier.
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ABST
PAL  A battery charging and discharging system includes a charging circuit for
      charging a battery from supply mains and a first switching circuit
      responsive to a failure of the supply mains for switching the battery from
      the charging circuit to a discharge circuit which imposes a load thereon.
      A second switching circuit is thereafter responsive to the output of the
      battery to disconnect the load from the battery when the battery output
      falls below a predetermined level.
BSUM
PAR  The present invention relates to battery charging and discharging systems.
      The invention is particularly useful with respect to battery-operated
      lighting systems, and is therefore described below for purposes of example
      with respect to that application.
PAR  Rechargable batteries are commonly used for emergency lighting systems to
      automatically energize the lighting system upon the occurrence of a
      failure or interruption in the supply mains. The system commonly includes
      a charging circuit for charging the battery through the supply mains, a
      discharging circuit discharging the battery by energizing the electrical
      lighting system therefrom, and a switching circuit responsive to a failure
      in the supply mains for switching the battery from the charging circuit to
      the discharging circuit so that the lighting system is energized by the
      battery. It has been found, however, that particularly when nickle-cadmiun
      batteries are used, if the battery voltage during its energization of the
      lighting system drops below a predetermined low value, a polarity reversal
      of one of the cells may occur and the battery cannot be recharged by the
      normal charging current, but requires a much higher charging voltage than
      provided by the supply mains. Thus, it can easily happen that the battery
      in such an emergency lighting system may fail to recharge, which requires
      it to be removed from the system and recharged in a special device
      providing a charging voltage much higher than that provided by the
      charging circuit. This not only increases the maintenance costs of such a
      system, but also can result in a failure of the emergency lighting system
      when needed.
PAR  The present invention provides a battery charging and discharging system
      which cures the above drawback.
PAR  According to a broad aspect of the present invention, there is provided a
      battery charging and discharging system, comprising: a charging circuit
      charging the battery through the supply mains, a discharging circuit
      discharging the battery by energizing an electrical load device therefrom,
      and a switching circuit responsive to failure or interruption in the
      supply mains for switching the battery from the charging circuit to the
      discharging circuit so that the load is energized from the battery,
      characterized in that said discharging circuit includes a control circuit
      sensing the battery voltage during the discharge thereof through the
      electrical load device and interrupting the discharging circuit when the
      battery voltage drops to a pre-determined low value to prevent the further
      discharge of the battery.
PAR  According to a further feature, the control circuit includes a
      current-responsive device and a resistor in series therewith, said device
      and resistor being connected across the discharging circuit such that when
      the current through the current-responsive device drops below the
      predetermined low value as predetermined by the resistor, the device
      interrupts the discharging circuit.
PAR  In the preferred embodiments described below, the current-responsive device
      is a relay having a coil in series with the resistor, and a moveable
      contactor in the discharging circuit connecting the battery to the
      electrical load device.
PAR  Two embodiments of the invention are described below. In one embodiment,
      the load device is a lighting system which is automatically energized by
      the battery in response to the failure of the supply mains, the lighting
      system being automatically disconnected from the battery in response to
      the drop of the battery voltage to the pre-determined low value.
PAR  In the second described embodiment, there is included a presettable device
      enabling the system to be pre-set to operate according to at least two
      different modes, one mode being an automatic mode and effecting the
      automatic energization of the load by the battery in response to the
      failure of the supply mains and also effecting the automatic disconnection
      of the load from the battery in response to the drop of the battery
      voltage to the pre-determined low value, the second mode being a
      non-automatic mode and effecting the said energization of the load by the
      battery only after a control member has been first manipulated.
PAR  Further features of the invention will be apparent from the description
      below.
DRWD
PAR  The invention is herein described, by way of example only, with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a circuit diagram illustrating one embodiment of the invention;
PAR  FIG. 2 is a circuit diagram illustrating a second embodiment of the
      invention; and
PAR  FIG. 3 illustrates the three-position presettable device included in the
      FIG. 2 embodiment.
DETD
PAR  The FIG. 1 embodiment is a fixed emergency lighting system including
      lighting units L1, L2 which are automatically energized by the battery B
      in response to the failure or interruption of the supply mains 2, 4.
      During normal conditions when the supply mains are operating properly, the
      battery is continuously charged by the supply mains through the charging
      circuit. Upon failure of the supply mains, the battery is automatically
      connected to energize the load, and thus discharges through the load. As
      will be more particularly explained below, if the battery voltage drops to
      a predetermined low value while it is discharging through the load, the
      load is automatically disconnected from the battery to prevent the battery
      voltage from dropping further, which, if this occurred, might not enable
      the battery to be subsequently recharged from the supply mains.
PAR  More particularly, the circuit of FIG. 1 includes a relay RL1 whose coil is
      connected across the supply mains, the coil 5 of the relay having a pair
      of movable armatures or contractors RL1-C. The position of the contractors
      when the relay coil 5 is non-energized is shown in full lines in FIG. 1,
      and in broken lines when the relay coil is energized.
PAR  The battery-charging circuit 7 includes a bridge rectifier BR supplied from
      the mains via smoothing capacitor C1 and resistors R1, R2. The rectified
      output of bridge rectifier BR is applied via conductors 6, 8 to a pair of
      contacts 10, 12 which are engageable by relay contactors RL1-C when the
      relay is energized.
PAR  The electrical load devices, namely lighting units L1, L2, are connected to
      a second pair of electrical contacts 14, 16, which are engaged by the
      relay contactors RL1-C in the normal, non-energized condition of the
      relay.
PAR  One of the relay contactors RL1-C is connected via conductor 18 to the
      negative contact of battery B. The other relay contactor is connected via
      conductor 20 to the contactor RL2-C of a second ralay RL2. The coil of
      relay RL2 is connected in series with a resistor R3 across conductors 18,
      20.
PAR  When relay RL2 is non-energized, its contactor RL2-C engages a contact 22
      at the juncture of the coil of the relay and the resistor R3, as shown by
      the full-line position of the contactor in FIG. 1. When relay RL2 is
      energized, however, its contactor is moved to the broken-line position
      illustrated in FIG. 1, wherein it engages a contact 24 connected to the
      plus side of battery B.
PAR  The system of FIG. 1 operates as follows:
PAR  When the mains supply the normal voltage, relay RL1 is energized, and
      therefore its contactors RL1-C are in the broken-line positions
      illustrated in FIG. 1, engaging contacts 10, 12. It will also be noted
      that during this time that the supply mains are operating properly, relay
      RL1 is energized from the supply mains, via the circuit including
      conductors 6, 18, 20, and 8, this circuit also including the coil of relay
      RL2 and resistor R3 in series therewith. Thus, contactor RL2-C of relay
      RL2 will be in its actuated (broken-line) position in engagement with
      contact 24. In this condition battery B is being charged by the supply
      mains.
PAR  The battery B is thus continuously charged from the supply mains via
      conductors 6, 18 to one side of the battery, and conductors 8, 20 and
      contactor RL2-C to the other side of the battery.
PAR  Now should a failure occur in the supply mains, for example by an
      interruption or substantial drop in the supply voltage, relay RL1 will
      become deenergized, whereupon its contactors RL1-C will move to the
      illustrated full line positions, in engagement with contacts 14, 16 of the
      load circuit. One side of battery B is thus directly connected to one
      contact 14 of the load circuit. The other side of the battery is connected
      to the other contact 16 of the load circuit via contactor RL2-C, the
      latter being in its actuated (broken-line) condition, the relay now being
      energized by the battery. Thus, the battery B will energize the lighting
      units L1, L2, this circuit including the actuated condition of contactor
      RL2-C.
PAR  While the battery is discharging through the lighting units, the circuit
      senses when the battery voltage has dropped to a predetermined low value,
      and then interrupts the discharging circuit to the lighting units when
      this low value has been reached, to prevent the further discharge of the
      battery. This is accomplished by the coil of relay RL2 and resistor R3
      connected in series therewith. The circuit including coil RL2 and resistor
      R3 is connected across the output terminals of battery B via contactor
      RL2-C in its actuated condition. Thus, when the output voltage of battery
      B drops below a predetermined value, which is predetermined by the value
      of resistor R3, there will be insufficient current through relay RL2 to
      maintain its contactor RL2-C in the actuated (broken-line) position, and
      the contactor will thereupon move from engagement with contact 24 into
      engagement with contact 22.
PAR  The discharging circuit of the battery B to the lighting units L1, L2 will
      thus be automatically interrupted when this predetermined low voltage is
      senses, to prevent the further discharge of the battery.
PAR  FIG. 2 illustrates a system which may be preset to operate according to the
      automatic mode, as the system of FIG. 1, or according to a non-automatic
      mode. The specific mode is preselected by a presettable switch PSW, which
      has three positions. When set in the first position, the switch effects a
      non-automatic mode of operation, and when preset in the second position,
      it effects an automatic mode of operation, the automatic mode being
      exactly the same as in the FIG. 1 embodiment. The third position of the
      switch is a non-stable position wherein the switch automatically, when
      released, changes from the third position to the second position. The
      third position of the switch is used when it had originally been preset in
      the non-automatic mode (Position 1), and upon the interruption of the
      charging circuit from the supply mains it is desired to manually energize
      the load device (for example lighting units).
PAR  The system of FIG. 2 is particularly useful with portable lighting units,
      where the battery is to be continuously charged from the supply mains when
      the light unit is not used, but the light unit is to be energized by the
      battery only as and when specifically desired, i.e., not necessarily
      automatically as in FIG. 1. The FIG. 2 embodiment permits the
      non-automatic option by presetting the presettable switch PSW to its first
      position. The system also permits the automatic option, by presetting the
      switch to its second position, to enable the lighting units to be used as
      emergency lighting units which are automatically energized upon the
      interruption of the supply mains. In both options, the battery is
      protected from discharging below the predetermined low value, as in the
      system of FIG. 1.
PAR  More particularly, the FIG. 2 system including the means for sensing the
      interruption in the supply mains and for transferring the connections of
      the battery from the supply mains to the load device, operates in the same
      manner as in FIG. 1, and therefore the same reference numerals have been
      used for the same components. The main difference in the system of FIG. 2
      over that of FIG. 1 is the inclusion of the presettable device, namely the
      three-position switch PSW, which determines whether the system will
      operate according to the automatic mode as in FIG. 1, or according to a
      non-automatic mode.
PAR  As shown in FIG. 3, presettable switch PSW may be pivoted to one side
      (called Position 1) which effects a non-automatic mode of operation, or it
      may be pivoted to its middle position (Position 2) for effecting an
      automatic mode of operation. Both of the foregoing two positions are
      stable positions, that is, the switch will remain in that position even
      when released, until it is moved to another position. The switch can also
      be pivoted to its other side, Position 3. This is a non-stable position of
      the switch, which means that when the switch is released it will
      automatically return to the middle -- Position 2.
PAR  Presettable switch PSW comprises a pair of movable contactors PC1 and PC2.
      Contactor PC1 is adapted to connect contacts 50 and 52 when the switch is
      set in Position 1, and contacts 52 and 54 when in either of Positions 2
      and 3. Contactor PC2 is adapted to contact contacts 58 and 60 when in
      Position 1 or Position 2, and contacts 56 and 58 when in Position 3.
      Contacts 52 and 56 are constantly short-circuited, e.g. by conductor 62.
      (Actually, contacts 50 and 60 do not serve any useful function in the
      circuit of FIG. 2, and are merely illustrated since they exist in standard
      switches that are readily adaptable to be employed for the purposes in
      question).
PAR  The low-voltage detecting circuit in the FIG. 2 embodiment also includes
      relay coil RL2 having a movable contactor RL2-C, and a resistor R3, which
      determines the low-voltage point for disconnecting the battery from the
      load. In the FIG. 2 embodiment, however, relay coil RL2 is not connected
      directly to resistor R3, but rather is connected to the resistor R3 via
      contacts 54 and 56. In addition, the plus side of battery B is connected
      not only to contact 24, but also to contact 58 within the presettable
      switch PSW. Also, a diode D is connected between contactor RL2-C and
      contact 24.
PAR  The system of FIG. 2 operates as follows:
PAR  First, if automatic energization of the load device by battery B is desired
      upon interruption of the supply mains voltage, presettable switch PSW is
      set in its Position 2 middle position. In this position, contactor PC1
      engages contact 54, but contactor PC2 is out of engagement with contact
      56. The system of FIG. 2 will then operate exactly as the system of FIG.
      1, as shown by the following explanation:
PAR  When power is being supplied by the mains, relay RL1 is energized,
      whereupon its contactors RL1-C are moved to their actuated positions in
      engagement with contacts 10, 12. In addition, relay RL2 is energized from
      the output of the bridge rectifier BR, this circuit including conductor
      18, the coil of relay RL2, contactor PC1 of the presettable switch PSW,
      contact 56, contactor RL2-C of relay RL2, and contact 12 back to the other
      side of the rectifier. Thus, relay RL2 is energized, and its contactor
      RL2-C is moved to its actuated condition in engagement with contact 24.
      Battery B is thereby charged by the mains supply, the charging circuit
      including contactor RL2-C engaging contact 24, and thereby bypassing diode
      D.
PAR  When the power of the mains supply is interrupted or fails, relay RL2
      remains energized directly from the battery B, this circuit including
      resistor R3 and contactor RL2-C engaging contact 24. However, relay RL1
      become deenergized, whereupon its contactors RL1-C move to their full-line
      positions in FIG. 2, in engagement with contacts 14, 16. Thus, the battery
      is connected across the load L1 through a circuit including conductor 20
      and contactor RL2-C in its actuated condition, in engagement with contact
      24, while relay RL2 is retained energized by the circuit comprising
      resistor R3, and contacts 56, 52 and 54 of switch PSW which is set in
      Position 2. As described in the FIG. 1 embodiment, should the output
      voltage of battery B drop below the predetermined low value, as
      predetermined by resistor R3, relay RL2 will release its contactor RL2-C,
      whereupon the latter will move back to the full-line position of FIG. 2,
      out of engagement with contact 24, thereby interrupting the connection of
      the battery to the load device.
PAR  Thus, when the FIG. 2 system is preset in Position 2, it functions exactly
      as the FIG. 1 system, namely automatically connecting the load to the
      battery upon the interruption of the mains supply, and automatically
      disconnecting the load from the battery should the battery voltage drop
      below a predetermined value.
PAR  If non-automatic operation is desired, presettable switch PSW is preset in
      its Position 1. In this position, contactor PC1 is out of engagement with
      contact 64, and also contactor PC2 is out of engagement with contact 56.
PAR  In this non-automatic mode of operation of the system, when power is
      supplied by the supply mains, relay RL2 is not energized because its
      circuit is interrupted by the fact that contactor PC1 is out of engagement
      with contact 54. Accordingly, contactor RL2-C of relay RL2 will be in its
      non-actuated condition, namely the full-line condition illustrated in FIG.
      2, out of engagement with contact 24. Nevertheless, the battery B is
      charged by the mains supply via conductor B, contact 12, contactor RL1-C,
      conductor 20, and diode D, all connected to one side of the battery, the
      opposite side of the battery being directly connected to the mains supply
      via conductors 6 and 18.
PAR  When the power of the mains supply is interrupted, relay RL1 becomes
      deenergized, returning its contactors RL1-C to their full-line positions
      in engagement with contacts 14, 16. However, battery B is not thereby
      connected across the load, because of the fact that contactor RL2-C is in
      its non-actuated (full-line) position, and therefore the circuit from the
      plus side of the battery through the load is interrupted by the diode D.
PAR  Thus, in this mode of operation, the load is not automatically connected to
      the battery upon the interruption of the mains power supply.
PAR  In order to connect the load to the battery, it is necessary to move switch
      PSW to its position 3, by pivoting same to the other side, whereupon its
      contactor PC2 connected contacts 56 and 58, and its contactor PC1
      connectss contacts 52 and 54. As described earlier, Position 3 of the
      presettable switch is a non-stable position, and as soon as the switch is
      released, it automatically moves to Position 2 (the middle position)
      thereby interrupting the connection between contacts 56 and 58, but
      retaining the contact between contacts 52 and 54.
PAR  When the switch is in its temporary Position 3, relay RL2 is energized by
      battery B via both contactors PC1 and PC2, the latter connecting contact
      58 to one side of the battery. Energization of relay RL2 causes its
      contactor RL2-C to move to the broken-line position, in engagement with
      contact 24. Thus, when the switch is released, and it returns from
      Position 3 to Position 2, moving contactor PC2 out of engagement with
      contact 56, the energization of relay RL2 will still be maintained by
      contactor RL2-C engaging contact 24, via resistor R3, and contactor PC1 of
      the presettable switch.
PAR  The load device L1 is connected across the battery via contactor RL2-C in
      its actuated condition. While the battery is discharging through the load,
      the circuit including relay RL2 and resistor R3 detects the battery
      voltage so that when it drops below a predetermined value, relay RL2 will
      not draw sufficient current to maintain its contactor RL2-C in its
      actuated condition engaging contact 24. When this occurs, contactor RL2-C
      will move to its full-line position, thereby interrupting the connection
      of the battery to the load, and so preventing a further discharge of the
      battery, all in the same manner as described in conjunction with FIG. 1.
PAR  Capacitor C2 is included across relay coil RL2 to peak the current through
      the relay when presettable switch PSW is moved to its Position 3. An
      indicator may also be provided across the load to indicate when the load
      is drawing current from the battery.
PAR  While the invention has been described above particularly with respect to
      controlling lighting systems, it will be appreciated that it could be used
      for other types of electrical load devices, for example motors or the
      like. Further, while electromechanical relays are illustrated, solid-state
      switches or relays could be used. Many other variations, modifications and
      applications of the illustrated embodiments will be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A battery charging and discharging system for normally supplying power
      from an alternate current source as charging power to a battery, for
      disconnecting the battery from the source and connecting the battery to a
      load when said source power fails and the battery current exceeds a
      preselected value, and to disconnect the battery both from source and from
      said load when said source power fails and the battery current fails to
      said value, said system comprising:
PA1  a first pair of terminals adapted for connection to said source;
PA1  a second pair of terminals adapted for connection to said load;
PA1  a third pair of terminals adapted for connection to the battery;
PA1  fourth and fifth pairs of terminals, one of the fifth pair of terminals
      being connected to one of the third pair of terminals;
PA1  a device connected between the interconnected terminals of the third and
      fifth pairs and the others of said third and fifth pair terminals to
      interconnect the said other terminals and supply charging current to said
      battery when charging current is supplied to the fifth pair of terminals,
      to interconnect the said other terminals and cause the battery to supply
      current to said fifth pair of terminals when said charging current is
      absent and said battery current exceeds said value, and to disconnect said
      other terminals from each other and prevent battery current from being
      supplied to said fifth pair of terminals when charging current is absent
      from the fifth pair of terminals and said battery current is absent; and
PA1  a battery charging circuit connected between said first and fourth pairs of
      terminals, said circuit including a first relay having a winding which is
      energized when said source supplies power and deenergized when source
      power fails, said first relay having first contact means connecting said
      fifth pair of terminals to said second pair of terminals when said winding
      is deenergized and connecting said fifth pair of terminals to said fourth
      pair of terminals when said winding is energized, said circuit delivering
      charging current to said fourth pair of terminals when said relay is
      energized.
NUM  2.
PAR  2. The system as set forth in claim 1 wherein said device includes a second
      relay having a winding and second contact means, said second relay winding
      being energized when charging current is supplied to the fifth pair of
      terminals and when the battery current exceeds said value and the charging
      current is absent, said second relay winding being deenergized when
      charging current is absent and the battery current fails to said value,
      said second contact means interconnecting the other third pair terminal to
      the other fifth pair terminal when the second relay winding is energized
      and disconnecting the other pair terminal from the other fifth pair
      terminal when the second relay winding is deenergized.
NUM  3.
PAR  3. The system as set forth in claim 2 wherein said device includes a
      resistance which is connected in series with the second relay winding when
      the other third pair terminal is connected to the other fifth pair
      terminal and which is short circuited when the other third pair terminal
      is disconnected from the other fifth pair terminal.
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ABST
PAL  A system for detecting the fluid level in an intravenous bottle wherein a
      disposable electrode assembly, consisting of a piece of tape having upper,
      middle and lower electrode strips, is adhered to the bottle and connected
      to sensing equipment. The upper strip is longer than the middle strip and
      the middle strip is longer than the lower strip, so that the capacity
      between the upper and middle strips (C.sub.1) is normally greater than
      that between the middle and lower strips (C.sub.2). The sensing equipment
      includes a bias capacity (C.sub.3) connected between the middle and lower
      strips so that C.sub.1 is less than C.sub.2 plus C.sub.3 except when the
      tape is on a bottle with the fluid level in the bottle above the top
      strip. Pulses having a gradually sloped leading edge and a steep trailing
      edge are fed to the centre strip. The received pulses at the top and
      bottom strips are differentiated and fed to the inputs of a differential
      amplifier which produces an output which changes in polarity when the
      fluid drops below the upper electrode strip. A delay circuit generates an
      alarm signal after the changed polarity output signal has persisted for a
      predetermined interval. If the tape falls off the bottle or becomes
      disconnected from the sensing equipment, the alarm signal will be
      produced.
PARN
PAR  This application is a continuation of application Ser. No. 409,631 filed
      Oct. 25, 1973, now abandoned.
BSUM
PAR  This invention relates to a system for detecting the level of liquid in a
      bottle of intravenous fluid, and to a disposable electrode for use in
      connection with such system.
PAR  Patients in hospitals are commonly given fluids intravenously. This
      procedure involves hanging a bottle containing the required fluid with the
      mouth of the bottle down, and plugging a tube into the bottle to conduct
      the fluid to the patient. Administration of the fluid must in all cases be
      terminated before the bottle is empty. It is also necessary in some cases
      to administer a predetermined quantity of fluid from a bottle containing
      more than the required quantity. At the present time, these matters are
      handled by nursing staff, who are supposed to watch closely the level of
      fluid in intravenous bottles. However, this diverts scarce nursing staff
      from other important tasks, and in addition the system is susceptible to
      human failure.
PAR  Various attempts have been made to provide automatic level monitors which
      will detect the level of intravenous fluid in a bottle and will sound an
      alarm if the fluid level becomes too low. These monitors have generally
      proved unusable for various reasons, e.g. requirements to insert devices
      inside the bottle with the risk of introducing contamination, and also
      commonly requiring specially formed bottles. Other types are known
      performing more functions, but at considerably greater cost. For these
      reasons, no intravenous level monitor has, so far as is known, ever been
      successful.
PAR  According to the invention in one of its aspects, the invention provides
      apparatus for detecting the level of fluid in a non-conducting container
      and comprising:
PAR  A. DETECTOR MEANS MOUNTABLE AGAINST THE EXTERIOR SURFACE OF SAID CONTAINER
      AND HAVING THREE SPACED CAPACITANCE PLATE MEMBERS, NAMELY AN UPPER MEMBER,
      A LOWER MEMBER AND A MIDDLE MEMBER BETWEEN SAID UPPER AND LOWER MEMBERS,
      THE CAPACITY BETWEEN SAID UPPER AND MIDDLE MEMBERS BEING C.sub.1, the
      capacity between said lower and middle members being C.sub.2, and the
      value of C.sub.1 being greater than that of C.sub.2 when said detector
      means is located in air and also when said detector means is mounted on
      said container with the fluid level in said container above or below said
      detector means,
PAR  b. circuit means including a bias capacitance of capacity C.sub.3
      detachably connected between said lower and middle members, the value of
      C.sub.3 being such that when said detector means is located in air or on
      said container with the fluid level in said container below said upper
      member, the value of C.sub.1 is less than the combined values of C.sub.2
      and C.sub.3, and when said detector means is on said container with the
      fluid level in said container above said upper member, C.sub.1 is greater
      than the combined values of C.sub.2 and C.sub.3,
PAR  c. said circuit means including means for comparing the value of C.sub.1
      with the combined values of C.sub.2 and C.sub.3 and operative to produce
      an alarm signal when the value of C.sub.1 is less than the combined values
      of C.sub.2 and C.sub.3.
PAR  In another of its aspects, the invention provides a disposable electrode
      assembly for use with apparatus for detecting the level of fluid in a
      nonconducting container and comprising a piece of adhesive tape, three
      flexible electrode strips adhered to said tape, said strips being an upper
      strip, a lower strip, and a middle strip located between said upper and
      lower strips, the capacity between said upper and middle strips being
      greater than that between said middle and lower strips when said assembly
      is located in air or is adhered to said container with the fluid level in
      said container above or below said assembly, and terminal means for
      detachably connecting a lead to each electrode strip.
DRWD
PAR  Further objects and advantages of the invention will appear from the
      following description, taken together with the accompanying drawings, in
      which:
PAR  FIG. 1 is a side view showing an electrode assembly according to the
      invention in place on an intravenous bottle;
PAR  FIG. 2 is a top view of the electrode assembly of FIG. 1;
PAR  FIG. 3 is a side view of the electrode assembly of FIG. 2;
PAR  FIG. 3A shows a connector assembly for use with the electrode assembly of
      FIGS. 2 and 3;
PAR  FIG. 4 shows a typical circuit according to the invention for use with the
      electrode system of FIG. 1;
PAR  FIGS. 5A, 5B, 5C and 5D illustrates wave forms at various locations in the
      circuit of FIG. 4;
PAR  FIG. 6 is a circuit diagram, partly in block form, showing connection of
      the FIG. 4 circuit to a typical hospital alarm system; and
PAR  FIG. 7 is a top view of a modification of the electrode assembly of FIGS. 1
      to 3.
DETD
PAC  BOTTLE AND ELECTRODE STRUCTURE
PAR  Reference is first made to FIG. 1, which shows a conventional glass
      intravenous bottle 2 having a cylindrical body 4, a tapered neck 5, and a
      mouth 8. Level markings 10 on the body indicate the level of fluid in the
      bottle.
PAR  According to the invention, a disposable electrode assembly generally
      indicated at 14 is secured to the bottle at a desired level, to indicate
      when the fluid level in the bottle falls below the desired level. The
      electrode assembly 14 typically includes a strip of pressure-sensitive
      adhesive tape having a base layer 16, an adhesive coating 18, and a set of
      electrodes 20, 21, 22 which may also be self-adhesive placed on the
      surface of the tape and adhered thereto. The electrodes 20, 21, 22 may be
      pieces of aluminum foil or other conductive elements and are provided with
      terminals 24, 25, 26 respectively so that connection can be made to the
      electrodes. Each terminal 24, 25, 26 may typically consist of a
      conventional male dome fastener having a lower ring 28 secured to an upper
      ring 30 and clamping the tape between them. The upper ring 30 has a
      conventional dome 32 adapted to be engaged by a female portion (to be
      described) of the fastener. It will be seen that the upper electrode 20 is
      longer than the centre electrode 21, the latter in turn being longer than
      the bottom electrode 22.
PAR  In use, the electrode assembly 14 will typically have a conventional strip
      of silicone treated release paper 15 protecting its adhesive coating 18.
      The paper 15 is scored through to the adhesive in two places indicated at
      27, 29 to allow easy removal. After the release paper 15 is completely
      removed, the electrode assembly is then adhered to the bottle 2 so that
      the centre line of the upper and longer electrode 20 is at the desired
      alarm level, with the assembly 14 approximately horizontal and with the
      whole area coated with adhesive being adhered to the bottle surface so
      that the tape is not wrinkled.
PAR  A set of three wires 33, 34 and 35 suitably woven, terminated in female
      dome fasteners 36, 37 and 38 matching the male terminals 24, 25 and 26 is
      then clipped on to terminals 24, 25 and 26 and the electrode assembly is
      then ready for use. Preferably the female fasteners 36, 37, 38 are mounted
      as a unit in a piece of plastic or fibre board 38a so that they can be
      connected to and disconnected from the male fasteners.
PAC  ELECTRONIC CIRCUIT -- PULSE GENERATOR AND CAPACITANCE RELATIONSHIP
PAR  The electronic circuit to which the leads 33, 34 and 35 are connected, and
      their respective connections, are shown in FIG. 4. This circuit, which may
      be termed a signal generating and detecting circuit, includes a pair of
      terminals 39 and 40 which supply alternating or direct voltage to the
      circuit from a source to be described later. This current which would
      typically be drawn from a 24 volt a.c. source flows normally through a
      full wave rectifier bridge circuit comprising diodes D1, D2, D3, D4 as
      shown. The output from the bridge feeds lines 41, 42 and typically causes
      line 41 to become 25 volts positive with respect to line 42.
PAR  Capacitors C1 and C2 connect line 42 to terminals 39 and 40 with respect to
      high frequency currents. As will be shown later terminals 39 and 40 will
      have a comparatively high capacity to "ground" if not a direct connection
      and line 42 will therefore also by virtue of capacitors C1 and C2 be
      virtually at "ground" potential with respect to high frequency currents.
      This assists in protecting the signal circuits from the effects of noise.
      Current through line 41 flows normally through resistor R13, which serves
      both to limit the normal current flow and to suppress with the aid of
      capacitor C5 ripple and noise voltages which may otherwise be present on
      line 41. Capacitor C5 bypasses such alternating currents and at the same
      time slows the rate of rise of voltage on line 41 so that the circuits
      connected are not subject to sudden voltage changes which may cause faulty
      operation. Capacitor C5 also acts as a store of power for a short period
      after the circuit is de-energised during operation as described later.
PAR  The power thus supplied through line 41 feeds a free running multivibrator
      50 composed of resistors R9, R10, R11 and R12, capacitors C11 and C12, and
      transistors Q2 and Q3. The multivibrator 50 generates at point 51, i.e. at
      the collector terminal of transistor Q2, the waveform 52 shown in FIG. 5A.
      In waveform 52 the positive going edges 54 rise slowly due to the
      comparatively high time constant of resistor R9 and capacitor C11, when
      transistor Q2 is turned off, and the negative going edges 56 fall very
      rapidly due to the very low time constant of capacitor C11 and the low
      collector resistance of transistor Q2 when transistor Q2 is turned on.
PAR  Pulses are produced at the collector of transistor Q2 at a repetition rate
      or frequency of typically 500 per second and with a duration of typically
      one one-thousandth of a second.
PAR  The collector of transistor Q2 is connected to lead 34 which in turn is
      connected to the centre conductor 21 of the electrode assembly 14 as
      previously described.
PAR  When the electrode assembly 14 is attached to a bottle full of liquid, the
      centre electrode 21 possesses a capacitance to the upper and lower
      electrodes 20 and 22, with a slightly larger capacity to the upper
      electrode 20, since that electrode is larger. While it is true that this
      obtains whether the bottle is full or empty due to the presence of the
      tape material and the glass, the addition of the liquid causes a
      noticeable increase in the two capacitances.
PAR  The capacities thus provided are in series connection between Q2 collector
      resistors R7 and R6 respectively. This causes highly differentiated
      versions of waveform 52 to appear across resistors R7, R6, typically as
      shown at 58 in FIG. 5B. The small, long period, positive going portion 60
      of waveform 58 is due to the partial first derivative of the positive
      going edge of the waveform at Q2 collector and the large negative going
      very short period portion 62 of waveform 58 is due to the partial first
      derivative of the negative going edge of the waveform at Q2 collector.
PAR  The two differentiated waveforms thus obtained are connected to the
      differential inputs of an operational amplifier 64. Amplifier 64 may
      typically be an integrated circuit amplifier made by Motorola under No.
      MC1709CG, and the pin numbers for this amplifier are indicated in the
      drawing. The function of amplifier 64 is to compare the a.c. voltages at
      its two inputs (pins 2,3) and to provide at its output (pin 6) a suitably
      amplified voltage being proportional to the difference between the a.c.
      voltages at the two inputs, such that in the present instance were the
      capacities between transistor Q2 collector and the two input pins 2, 3 the
      same, then the a.c. voltage at the output of amplifier 64 would be zero.
      In this case the d.c. voltage at the output of amplifier 64 would be equal
      to that at the junction of resistors R6, R7, R8 and R9, i.e. typically
      midway in voltage between lines 41, 42. The junction of the above
      resistors is decoupled to line 42 at the high frequencies represented in
      waveform 58 by capacitor C10 which ensures that at all but direct current
      and low frequencies the above junction is at the same potential as line 42
      and that therefore the voltages across resistors R6 and R7 truly represent
      the derivatives shown in FIG. 5B.
PAR  As previously described, it has been arranged that the capacities between
      the transistor Q2 collector and the input terminals of amplifier 64 are
      unequal when the bottle 2 is filled and the fluid level is above that of
      the tape. Since the capacity between electrodes 22, 21 is less than the
      capacity between electrodes 21, 20 under these conditions, therefore, the
      signal on electrode 22 will be less than that on electrode 20 and the
      resulting waveform at the output of amplifier 64 will therefore be
      negative as shown at 64 in FIG. 5C.
PAR  As the bottle empties the fluid level falls gradually to a point below the
      upper edge of electrode 20, thus reducing the capacity between electrodes
      21 and 20 and thereby the signal on electrode 20. When the capacity is
      reduced to the point where the total capacities between the transistor Q2
      collector and resistors R6 and R7 respectively are equal, then the net
      variation in voltage at the output of amplifier 64 is nominally zero,
      i.e., the pulses 64 shown in FIG. 5C are reduced to zero. As the fluid
      level falls further, the signal on electrode 20 reduces below that on
      electrode 22, resulting in waveforms at the output of amplifier 64
      gradually approaching those shown in FIG. 5D, i.e., with large positive
      going signals 66 in place of the large negative going signals 64 obtained
      with a full bottle. This change is used as described later to provide a
      warning signal.
PAR  Means are provided to cause a similar change in the output of amplifier 64
      (and hence to cause an alarm) should the connector 38a shown in FIG. 3A be
      removed from contact with or fall off the electrode assembly taped to the
      bottle. These means comprise a small bias capacitor C9 connected between
      electrodes 21 and 22. Capacitor C9 is made sufficiently small that when
      the bottle 20 is filled with fluid, the total capacitance between
      electrodes 22, 21 (including that of capacitance C9) is still less than
      the capacitance between electrodes 20, 21. However, capacitor C9 is large
      enough so that if the connector 38a falls off the bottle, then the total
      capacitance between wires 35, 34 becomes greater than that between wires
      33, 34. The resulting signal is equivalent to that which occurs when the
      fluid level drops to the level of centre electrode 21 and produces a high
      positive going signal at the output of amplifier 64, again operating the
      alarm. Similarly, should the fluid level fall completely below the
      electrode assembly, the capacitances between electrodes 20 and 21, and 21
      and 22, are both drastically reduced and the additional capacity due to
      capacitor C9 becomes significant and produces the same result. This
      feature provides a measure of protection against accidental misuse or
      patient's displacement of disconnection of the cable to the electronic
      circuit.
PAR  Typical values of the capacities involved (in picofarads or pf) are as
      follows. It will be assumed that the capacity between the centre and upper
      electrodes 21, 20 is C100 and that between the centre and lower electrodes
      is C200 (as shown in FIG. 4 in dotted lines), and of course the bias
      capacitor is C9.
PA0  1. electrode assembly 14 alone, free off the bottle and disconnected from
      clip 38a:
PA1  C100 : 0.8 pf
PA1  C200 : 0.68 pf
PA0  2. Electrode assembly 14 attached to clean, dry, empty bottle and
      disconnected from clip 38a:
PA1  C100 : 1.8 pf
PA1  C200 : 1.5 pf.
PA0  3. Electrode assembly 14 attached to full bottle of pure water, bottle
      having a one-sixteenth inch wall, no connection to clip 38a:
PA1  C100 : 28 pf
PA1  C200 : 22 pf
PAR  The leads 33, 34, 35 and the clip 38a contribute typically an additional 10
      pf of permanent capacity between the electrodes when connected, and when
      the bias capacitor C9 is added, the totals typically are:
PA1  4. Leads 33, 34, 35 not connected to electrode assembly:
PA1  a. capacitance between leads to be connected to centre and upper
      electrodes: 10 pf.
PA1  b. capacitance between leads to be connected to centre and lower electrodes
      plus c9: 14 pf. (Unit shows alarm.)
PA0  5. Leads 33, 34, 35 connected to electrode assembly and electrode assembly
      taped to empty bottle (so that C100, C200 now include the lead
      capacitances):
PA1  C100 : 11.8 pf
PA1  C9 + c200 : 15.5 pf (Unit shows alarm.)
PA0  6. Same as (5) above but bottle full (pure water):
PA1  C100 : 38 pf
PA1  C9 + c200 : 36 pf (Unit resets.)
PA0  7. Same as (6) above but fluid level at centre electrode:
PA1  C100 : 11.8 pf
PA1  C9 + c200 : 36 pf (Unit shows alarm.)
PAR  By way of further description of the operational amplifier 64, frequency
      compensation components R5, C8 and C7 are provided to ensure stable
      operation at high frequencies. Resistor R4 provides conventional negative
      feedback to stabilise the direct output voltage and maintain it close to
      that of the junction of resistors R8 and R9. Since this is about half way
      between the potentials of lines 42 and 43, this permits the negative and
      positive pulses obtained at the output of amplifier 64 to be of roughly
      equal amplitudes although it may be advantageous to increase the
      permissable amplitude of the negative going pulse at the expense of the
      positive.
PAC  ELECTRONIC CIRCUIT -- ALARM TRIGGERING MEANS
PAR  The pulses shown in FIGS. 5C and 5D at the output terminal of amplifier 64
      are applied to the "source" terminal 70 of an N-Channel junction field
      effect transistor Q1 through capacitor C6 provided to block the steady
      D.C. level at the above output terminal. Resistor R3 provides a discharge
      path for capacitor C6. The characteristics of transistor Q1 are such that
      negative voltages between the source terminal 70 and the gate terminal 72
      result in a freeflow of current between these terminals while the opposite
      polarity results in a negligible flow. Thus the negative going waveforms
      only, shown in FIG. 5C, result in a current flow between these terminals
      during the application of the short duration pulses. This current flow
      gradually charges capacitor C4 to a voltage almost equal to the peak
      amplitude, making the gate terminal 72 of transistor Q1 highly negative
      with respect to line 42 and the source and drain terminals of transistor
      Q1. While the gate is thus held negative by a continuous train of such
      pulses, no other current may flow through any terminal of transistor Q1.
      Specifically, no current may flow through the drain terminal 74 which thus
      remains at the potential of line 42 i.e., zero.
PAR  Once the liquid level in the bottle has fallen to the desired alarm level,
      as previously described, the negative output signals decay. Capacitor C4
      then discharges gradually through R2, in typically half of one second if
      so allowed by the rate of decay. At some lower level the characteristics
      of transistor Q1 will allow current to flow through the channel circuit,
      i.e., between the source 70 and the drain 74, when the source 70 becomes
      either positive or negative resulting in similar potentials at the drain
      terminal.
PAR  Negative potentials with respect to line 42 will not be passed by diode D5.
      Although this is not otherwise important this allows all source current
      during negative excursions of transistor Q1 source terminal 70 to flow
      into capacitor C4, thus efficiently building up Q1 gate blocking voltage.
PAR  As the negative output signals of amplifier 64 decay and are replaced by
      positive voltage excursions as shown in FIG. 5D, current will now pass
      through transistor Q1 channel, through diode D5, and through the gate
      cathode circuit of a silicon controlled rectifier SCR1. The anode and
      cathode of rectifier SCR1 are connected respectively to lines 41 and 42.
      When the positive pulses are received at the gate of rectifier SCR1, its
      main terminals will then pass their full current while the anode terminal
      is typically at least 1 volt positive with respect to the cathode
      terminal. Further this current will continue to flow while this condition
      exists regardless of the current or absence of it into the gate terminal.
      The device will thus act as a switch which may only be reset by removal of
      the anode voltage as described later. The switch thus formed effectively
      short circuits the terminals 39 and 40 through diodes D1, D2, D3, D4 so
      long as current continues to flow.
PAR  Where the electronic circuit is activated by alternating current, current
      could cease flowing at every zero of the incoming AC voltage. However, the
      presence of capacitor C5, which is charged at this point, will cause an
      adequate current to be maintained through resistor R13 for a short period
      after the input to terminals 39 and 40 has been removed as later
      described. This maintains the circuit, and rectifier SCR1, operative for
      an adequate period, typically several input cycles.
PAR  When rectifier SCR 1 operates, it effectively places a closed switch across
      terminals 39 and 40 as shown above and operates a typical hospital alarm
      system, as will now be described with reference to FIG. 6.
PAC  HOSPITAL ALARM SYSTEM
PAR  FIG. 6 illustrates a typical hospital alarm system. Such alarm system
      includes a voltage supply V connected through a switch S2 and the coil of
      a relay 80 to a push button 82. When a patient pushes the push button 82,
      bridging its contacts 84, 86, the circuit through the relay 80 is
      completed. Relay 80 then operates and locks operated through its normally
      open contacts 88 (which close upon relay operation), and a set of normally
      open working contacts 90 of the relay 80 also close to energize an alarm.
      As indicated in FIG. 6, the alarm may typically consist of a bell 92 and a
      light 94 connected through a battery or power source 96 to the contacts
      90. After the nurse has responded to the alarm, she opens the switch S2
      momentarily to de-energize the relay 80, thus resetting the circuit.
PAR  When the FIG. 4 circuit is used with the alarm system shown in FIG. 6, then
      terminal 39 is connected together to terminal 84 at one side of the push
      button switch 82 and terminal 40 is connected together to terminal 86 at
      the other side of the push button switch. With the component values
      listed, and with intravenous fluid between the transmitting and receiving
      electrodes so that rectifier SCR 1 is off, the circuit FIG. 4 draws far
      less current (about 2 milliamps) than is required to operate the relay 80
      in most hospital alarm systems, so that relay 80 remains off. Resistor R13
      limits the initial charging current of capacitor C5 to a value below the
      operating current of relay 80 so that the relay 80 will not operate when
      the circuit FIG. 4 is initially energized.
PAR  When the intravenous fluid in the bottle 2 drops below the level of the
      centre electrode 20, turning on rectifier SCR1, that rectifier in effect
      connects terminals 84, 86 together, thus simulating the operation of the
      push button. Relay 80 then operates and locks operated through its contact
      88, operating the bell 92 and lamp 94. It will be noted that when
      rectifier SCR 1 operates, it short circuits the power supply to the
      electronic circuits, but the energy stored in the capacitor C5 allows
      rectifier SCR 1 to remain operated for a sufficient period that it can
      operate relay 80.
PAR  If the hospital alarm system is of the type requiring extremely low current
      for operation, then terminals 39 and 40 of FIG. 4 will remain connected
      across the bell push button 64 but line 41 may be broken at point 43 (FIG.
      4) and external power may be supplied between resistor R13 and line 42.
PAR  It will be realized that rectifier SCR1 may be used to switch on any
      appropriate alarm system and not only that shown in FIG. 6.
PAR  The use of field effect transistor Q1 and its associated circuitry provides
      a substantial degree of protection against faulty although safe operation
      due to local radiated noise. Negative noise pulses will of course have no
      effect, since they will merely have the same effect as pulses 62 of FIG.
      5B. Any positive noise signals having a slow rise time will likewise have
      little effect, for the same reason as the leading edge 54 of waveform 52
      produces only a small positive blip 98 (FIG. 5C); their derivative is
      small. However, positive noise pulses even of small amplitude received by
      electrodes 20, 22 will result in a positive going signal at the output of
      amplifier 64 (just as negative going pulses received by electrodes 20, 22
      results normally in a negative going signal at the amplifier 64 output).
      Since a positive going signal at the output of amplifier 64 is used as an
      alarm condition, a false alarm would therefore be given.
PAR  When transistor Q1 is used, the positive going noise signals will have no
      effect unless the energy that they produce at the inputs to amplifier 64
      exceeds that produced by the combination of waveform 52 and any negative
      going noise signals, and unless they last long enough to allow capacitor
      C4 to discharge. This is an unlikely occurrence, and therefore the
      likelihood of false operation of the alarm is reduced.
PAR  The electronic system described above is capable of detecting minute
      variations in capacity due to the high amplification of amplifier 64 and
      the high degree of discrimination provided by the differential system used
      and has therefore proved suitable for use on fluids of widely varying
      conductivities, viscosities and wetting properties.
PAR  In cases where a film of moisture may form on the outside of the
      intravenous bottle, the exterior surfaces of the electrodes 20, 21 and 22
      may be insulated. This can be achieved by coating the electrodes with a
      film or layer of plastic or silicone or by simply smearing petroleum jelly
      or the like on the outside of the intravenous bottle at the location of
      the electrodes before applying the electrode assembly. If the electrodes
      are aluminum and are connected only at their upper surfaces to the
      terminals 24, 25 and 26, then the lower surface of the aluminum can be
      anodized to act as an insulator.
PAR  The size and shape of the electrodes can be varied, but their size should
      be sufficient to reduce losses in transmission and detection of the
      pulses. In one successful system made in accordance with the invention,
      the area of each electrode was approximately 1 square inch. If the
      electrodes are made too small, then the sensitivity of the circuit must be
      increased, and this increases the susceptibility of the system to
      interference by noise. If they are made too large, they will not readily
      fit on a standard intravenous bottle.
PAR  Other forms of electrode assemblies besides those shown may be used. For
      example, the electrode assembly shown at 102 in FIG. 7 may be used. The
      electrode assembly 102 is the same as electrode assembly 14 except that
      the upper and lower strips 104, 106 are spaced sideways of each other, and
      the centre strip 108 runs below the upper strip 104, up through the
      lateral space between the upper and lower strips as indicated at 110, and
      above the lower strip 106. A disadvantage of this arrangement is that it
      is more difficult to produce than the assembly 14, where the strips are of
      equal width and the spaces between them are of equal width, so that a
      single supply tape can be sliced at alternate 45 degree angles to produce
      a series of assemblies 14 without any wastage.
PAR  Preferred dimensions for the electrode assembly 14 are as follows (with
      reference to FIG. 2):
PA1  d1 (length of assembly at its top): 6 inches
PA1  angle A (angle of cut of ends of tape): 45.degree.
PA1  d3 (width of each electrode strip): 1/4 inch
PA1  d4 (spacing between electrode strips): 1/8 inch
PAL  With this arrangement, an alarm signal will occur when the liquid level in
      the bottle 2 falls below the centre line of the upper electrode 20.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for detecting the level of fluid in a non-conducting container
      and comprising:
PA1  a. detector means mountable against the exterior surface of said container
      and having three spaced capacitance plate members, namely an upper member,
      a lower member and a middle member between said upper and lower members,
      the capacity between said upper and middle members being C.sub.1, the
      capacity between said lower and middle members being C.sub.2, and the
      value of C.sub.1 being greater than that of C.sub.2 when said detector
      means is located in air and also when said detector means is mounted on
      said container with the fluid level in said container above or below said
      detector means,
PA1  b. circuit means including a bias capacitance of capacity C.sub.3
      detachably connected between said lower and middle members, the value of
      C.sub.3 being such that when said detector means is located in air or on
      said container with the fluid level in said container below said upper
      member, the value of C.sub.1 is less than the combined values of C.sub.2
      and C.sub.3, and when said detector means is on said container with the
      fluid level in said container above said upper member, C.sub.1 is greater
      than the combined values of C.sub.2 and C.sub.3,
PA1  c. said circuit means including means for comparing the value of C.sub.1
      with the combined values of C.sub.2 and C.sub.3 and operative to produce
      an alarm signal when the value of C.sub.1 is less than the combined values
      of C.sub.2 and C.sub.3.
NUM  2.
PAR  2. The invention according to claim 1 wherein said detector means is a
      piece of disposable flexible adhesive tape, said plate members being
      flexible electrode strips located on said tape.
NUM  3.
PAR  3. The invention according to claim 2 wherein said electrode strips are all
      strips of uniform and equal width, said upper member being longer than
      said lower member.
NUM  4.
PAR  4. The invention according to claim 3 wherein said tape has a pair of ends
      and said electrode strips extend to said ends, said ends each being cut at
      an angle of 45.degree. and sloping toward each other from top to bottom.
NUM  5.
PAR  5. The invention according to claim 2 wherein said upper member is a strip
      of first length, said lower member is a strip of second length, said upper
      member being spaced above and sideways of said lower member, and said
      middle member is a strip extending below said upper member and then
      upwardly through the lateral space between said upper and lower members
      and then above said lower member.
NUM  6.
PAR  6. The invention according to claim 1 wherein said means for comparing
      includes means for producing an output signal having a first polarity when
      C.sub.1 is greater than C.sub.2 plus C.sub.3, and a second polarity when
      C.sub.1 is less than C.sub.2 plus C.sub.3, and delay means responsive to
      receipt of said output signal when said output signal is of said first
      polarity followed by change of said output signal to said second polarity
      to generate said alarm signal only after said change has endured for a
      predetermined time interval.
NUM  7.
PAR  7. The invention according to claim 6 wherein said means for producing said
      output signal includes means for generating a series of pulses each having
      one edge of gradual slope and a second edge of steep slope, means for
      applying said pulses to said middle member so that said pulses are
      received by said upper and lower members, a differential amplifier having
      a pair of inputs and an output, means for differentiating the signal
      received by said upper member and for applying such derivative to one
      input of said amplifier, and means for differentiating the signal received
      by said lower member and for applying that derivative to the other input
      of said amplifier, said output signal being a differential signal produced
      at said output.
NUM  8.
PAR  8. The invention according to claim 7 wherein said means for generating
      said alarm signal includes a field effect transistor having a gate, source
      and drain, said source being connected to said output of said amplifier,
      trigger means connected to said drain and responsive to receipt of a
      signal therefrom for generating said alarm signal, a bias means comprising
      a parallel resistance and capacitance connected to said gate and
      responsive to signals of said first polarity for blocking transmission of
      signals from said source to said drain and when said output signal changes
      from said first to said second polarity allowing said output signal after
      said predetermined interval to pass from said source to said alarm to
      operate said trigger means.
NUM  9.
PAR  9. A disposable electrode assembly for use with apparatus for detecting the
      level of fluid in a non-conducting container and comprising a piece of
      adhesive tape, three flexible electrode strips adhered to said tape, said
      strips being an upper strip, a lower strip, and a middle strip located
      between said upper and lower strips, the capacity between said upper and
      middle strips being greater than that between said middle and lower strips
      when said assembly is located in air or is adhered to said container with
      the fluid level in said container above or below said assembly, and
      terminal means connected to each strip for detachably connecting a lead to
      each electrode strip.
NUM  10.
PAR  10. An assembly according to claim 9 wherein said strips are each of
      uniform and equal width and the spacing between said upper and middle
      strips is equal to the spacing between said middle and lower strips, said
      tape having a pair of ends and said strips extending to said ends, said
      ends each being cut at an angle of 45.degree. and sloping toward each
      other from top to bottom.
NUM  11.
PAR  11. An assembly according to claim 9 wherein said upper strip is of first
      length, and lower strip is of second length, said upper strip being spaced
      above and sideways of said lower strip, said middle strip extending below
      said upper strip and then upwardly through the lateral space between said
      upper and lower members and then above said lower member, said second
      length being less than said first length.
NUM  12.
PAR  12. A disposable electrode assembly for use with apparatus for detecting
      the level of fluid in a non-conducting container for intravenous fluid,
      said assembly comprising: a flexible backing member, three flexible
      electrode strips mounted on said backing member and spaced apart from each
      other, said strips being an upper strip, a lower strip, and a middle strip
      located between said upper and lower strips, said assembly thus having a
      first capacitance between said upper and middle strips and a second
      capacitance between said middle and lower strips, each said strip
      including means adapted to be detachably connected to a lead, said
      assembly having an adhesive thereon so that said assembly can be adhered
      to the outside surface of said container with said electrode strips in
      close proximity to said outside surface, and so that said assembly may be
      removed from said container after use.
NUM  13.
PAR  13. A disposable electrode assembly according to claim 12 wherein said
      electrode strips are parallel to each other and are all of the same width
      and are equally spaced apart from each other.
NUM  14.
PAR  14. Apparatus according to claim 12 and further including circuit means
      detachably connected to said electrode strips for comparing said first and
      second capacitances and for producing an alarm signal consequent upon a
      selected change in the relative values of said capacitances when the fluid
      level falls to a selected level below the top of said upper strip in a
      container to which said assembly is attached.
NUM  15.
PAR  15. Apparatus for detecting the level of fluid in a non-conducting
      intravenous container and comprising:
PA1  1. a disposable electrode assembly comprising: a flexible backing member,
      three flexible electrode strips mounted on said backing member and spaced
      apart from each other, said strips being an upper strip, a lower strip,
      and a middle strip located between said upper and lower strips, said
      assembly thus having a first capacitance between said upper and middle
      strips and a second capacitance between said middle and lower strips, each
      said strip including connection means adapted to be detachably connected
      to a lead, said assembly having an adhesive thereon and being removably
      adhered to the outside surface of said container with said electrode
      strips in close proximity to said outside surface, and so that said
      assembly may be removed from said container after use,
PA1  2. circuit means, and means detachably connected to said connection means
      and connecting said electrode assembly to said circuit means,
PA1  3. said circuit means including means for comparing said first and second
      capacitances and for producing an alarm signal consequent upon a selected
      change in the relative values of said capacitances when the fluid level in
      said container falls to a selected level below the top of said upper
      strip.
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ABST
PAL  An electronic timer switch adapted for installation in a standard switch
      receptacle and operative in response to applied AC power to provide a
      manually selectable operative duration. The timer switch is manually
      actuable to select an intended time interval and employs electronic
      circuitry for counting pulses derived from the input power frequency and
      to cause activation of a power switch during the selected interval. The
      switch can include indicators denoting selected and remaining time
      intervals and can include circuitry providing a warning indication of the
      approaching end of a selected interval.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to timer switches and more particularly to an
      electronic timer switch adapted for replacement of a standard power switch
      and selectively operative to provide different timing intervals.
PAC  BACKGROUND OF THE INVENTION
PAR  It is often useful to provide a timer switch operative for a selected
      interval of time after which an electrical switch is activated or
      deactivated as desired. Such timers of conventional construction usually
      employ clock or other mechanical or electromechanical mechanisms not
      usually implementable in a manner to suit many intended installation
      requirements. For example, it would often be desirable to install a timer
      switch in a standard switch outlet to convert a switch position in a home,
      office or other facility to one having a timing rather than merely an
      on-off capability.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an electronic timer switch is provided
      of a form readily adapted for packaging in a unit mountable in a
      conventional switch receptacle and which is operative in response to AC
      input power to provide manually selectable operative intervals. The novel
      timer switch includes electronic circuitry for counting pulses derived
      from the input power frequency and for defining a manually selectable time
      interval. Decoding circuitry is employed to provide an output signal at
      the end of the selected interval to deactivate an AC power switch,
      typically an electronic switch. In typical implementation, the timer
      switch employs a predetermined operating interval which can be utilized
      singly or in multiples to provide an overall timing cycle. Intended timing
      is provided for example by a selected number of manual actuations of an
      input control, a single actuation providing a given time interval, two
      actuations providing twice this interval, etc. Circuitry can also be
      provided for indicating the selected and remaining time, and circuitry can
      also be included to provide a warning indication of the impending end of a
      timing cycle.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram representation of a timer switch according to the
      invention; and
PAR  FIG. 2 is a block diagram representation of the control logic and interval
      counter of the embodiment of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 there is shown a power supply circuit 10 which receives
      an AC input voltage, typically a standard 110 volt 60 Hertz input. The
      power supply provides a filtered and rectified DC voltage for energizing
      the timer switch circuitry, and also provides a rectified unfiltered
      signal to a clock generator 12 which provides a square wave signal at the
      60 Hertz or other input frequency. The clock pulses can be derived
      otherwise, such as directly from the AC input or from the secondary of the
      power supply transformer prior to rectification. The clock pulses are
      applied to a divide by N counter 14 which has an output coupled to control
      logic 16 and two outputs coupled to a warning circuit 18. The outputs of
      control logic 16 and warning circuit 18 are coupled to an OR gate 20 the
      output of which is coupled to a driver circuit 22 which, in turn, is
      coupled to an AC power switch 24. The control logic 16 is also coupled to
      driver circuit 26 operative to energize indicators 28, and also provides a
      reset signal for resetting the circuitry at the end of a timing cycle. An
      input control switch 30 is coupled to an interval counter 32 the output of
      which is coupled to control logic 16.
PAR  The counting ratio of counter 14 is selected to provide an intended time
      interval which is employed itself or in multiples. For a one hour
      interval, N equals 216,000 which is the number of clock pulses counted
      over a 1 hour period at the end of which an output signal is provided by
      counter 14 to control logic 16. In the illustrated embodiment the timer is
      operative to provide timing intervals of up to 4 hours in 1 hour
      increments in accordance with the number of times the control switch 30 is
      actuated. It will be appreciated that the particular timing intervals can
      be selected to suit intended requirements.
PAR  In operation, the control switch 30 is actuated to select an intended
      timing interval which is stored by interval counter 32. Counter 14
      accumulates counts representative of the number of received clock pulses
      from clock generator 12 and at the end of each hour, or other selected
      time, provides an output signal to control logic 16. The control logic
      also receives signals from counter 32 representing the intended timing
      interval and upon the end of which control logic 16 provides a signal via
      OR gate 20 to driver 22 which is operative to deactivate the power switch
      24 which was activated upon the first actuation of the control switch 30.
      The power switch typically is a solid state switch and can be of any
      electrical, electronic or electromechanical form operative in response to
      a signal from driver 22. The power switch can also be of various switch
      configurations to suit user requirements. A turnfoff signal can be
      provided to driver 22 to deactivate power switch 24 prior to the end of a
      timing cycle, and such signal can be manually provided by a separate
      control or by a distinguishable command derived by appropriate actuation
      of control switch 30. For example, actuation of control switch 30 beyond
      the timing capacity of the circuit can cause provision of the turnoff
      signal.
PAR  The invention can include one or more indicators to denote the selected
      time interval and which also can denote the time remaining in a particular
      timing cycle. The indicators 28 in the illustrated embodiment are
      typically light emitting diodes each energized by a signal from driver 26
      to denote the time selected via control switch 30. In the illustrated
      embodiment, four indicators are provided, each illuminated in response to
      a corresponding actuation of control switch 30 to denote the selected time
      interval of 1, 2, 3 or 4 hours. At the end of each hour or other selected
      time during a timing cycle, one indicator can be extinguished to denote
      the remaining time within a one hour resolution.
PAR  The invention can also include a warning indication of the approaching
      termination of a timing cycle. As shown in the embodiment of FIG. 1, a
      warning circuit 18 receives a trigger signal from control logic 16 at the
      end of a selected timing interval and provides an output signal via OR
      gate 20 to driver 22 to continue activation of power switch 24 for a
      predetermined remaining interval of time. A warning indication can be
      provided by a momentary interruption in the energization of power switch
      24 such as by momentary discontinuance of the output signal from warning
      circuit 18. Information defining the interruption time and the remaining
      time interval provided as control information for the warning circuit is
      derived from counter 14. Typically, a 1 second interruption is provided
      with the remaining time interval being several minutes. The momentary
      deactivation of power switch 24 provides an output indication of the
      approaching end of a timing cycle such as by blinking lights being
      controlled by the power switch. For some purposes it may be desirable to
      provide a separate warning indication rather than by interruption of
      energy controlling the power switch. It will be appreciated that the
      warning function is not needed in all instances in which case the
      invention can be implemented without this feature.
PAR  The control logic 16 and interval counter 32 are shown more particularly in
      FIG. 2. The control logic includes a multistage shift register 34, four
      stages being shown in the illustrated embodiment to accommodate a four
      hour timing cycle. The output from counter 14 is coupled to the input of
      shift register 34, and the output of each shift register stage is coupled
      to one input of a respective exclusive OR gate 36, 38, 40 and 42. The
      outputs from each gate 36 through 42 are coupled to an OR gate 44 the
      output of which is applied to OR gate 20 (FIG 1). The outputs of gates
      36-42 are also coupled to driver 26 for actuation of respective indicators
      28 such as light emitting diodes 29. The interval counter 32 includes a
      multistage shift register 46, also four stages in the illustrated
      embodiment, and the output of each stage being coupled to the other input
      of respective gates 36-42. Input signals for shift register 46 are
      provided by control switch 30.
PAR  To illustrate operation of the circuitry, assume that a one hour time
      interval is selected by single actuation of control switch 30. The first
      stage of counter 46 is set by the input signal from switch 30 and provides
      a signal which is coupled via gate 36 to gate 44 and thence via gate 20 to
      driver 22 for operation of power switch 24. The output signal from
      exclusive OR gate 36 also causes energization of the indicator 28
      representing the selected 1 hour time interval. At the end of the 1 hour
      interval an output signal is provided by counter 14 to gate 36 to
      discontinue the gate output signal which in turn causes removal of the
      input signal to driver 22, causing deactivation of power switch 24. The
      discontinuance of the output signal from gate 36 also causes deactivation
      of the indicator 28.
PAR  For a selected two hour time interval, control switch 30 is actuated two
      times to cause setting of the first two stages of shift register 46. At
      the end of 1 hour, the output signal from gate 36 is discontinued but an
      output signal is still provided by gate 38 which is activated by a signal
      from the second shift register stage. Thus, an energizing signal is
      conveyed via gates 44 and 20 to driver 22 to continue the energization of
      the power switch until the end of the timing cycle. Operation of the
      circuit is similar for selection of other timing intervals. It will be
      appreciated that the indicator 28 associated with each timing increment is
      energized in response to the signal from the energized gates 36-42, and as
      each of these gates is deenergized upon discontinuance of the associated
      timing increment, the corresponding timing indicator is extinguished.
PAR  As described, a warning circuit can be provided to provide a remaining
      interval during which power switch 24 is actuated prior to deactivation.
      The warning circuit is triggered at the end of the selected timing cycle
      such as by discontinuance of the signal from gate 44 to commence a
      remaining interval.
PAR  The invention is typically implemented in microcircuit form and can be
      housed in a small package of a size and configuration adapted for mounting
      in a standard switch receptacle. The timer switch utilizes very little
      power for control of the operating circuitry and need only include two
      electrical terminals for attachment to a power source, for example, as a
      substitute for a conventional on-off switch. It will be appreciated that
      the invention can be implemented in various ways to suit specific
      requirements. For example, the invention can provide a timing interval in
      which power switch 24 is not active, and after which interval the switch
      is activated. It is not intended to limit the invention by what has been
      particularly shown and described except as indicated in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A timer switch adapted for electrical connection to an alternating
      current source and comprising:
PA1  a manually actuable input control switch;
PA1  first electronic circuit means operative in response to alternating current
      from said source to provide a count representative of the number of
      alternating current cycles received from a reference time, and including
PA2  clock means operative to provide clock pulses in response to and at the
      frequency of said alternating current; and
PA2  counter means operative in response to said clock pulses to provide a first
      signal upon receipt of a predetermined number thereof;
PA1  control circuit means for providing a timing interval for duration
      selectable in successive discrete increments in response to the number of
      manual actuations of said control switch and including
PA2  interval counter means operative in response to each actuation of said
      control switch to provide a second signal of duration corresponding to a
      discrete increment;
PA1  second electronic circuit means operative in response to said first signal
      from said counter means and said second signal from said interval counter
      means to provide an output signal for the duration of said selected timing
      interval; and
PA1  switch means operative in response to and for the duration of said output
      signal.
NUM  2.
PAR  2. A timer switch according to claim 1 wherein said counter means includes:
PA1  a multistage shift register;
PA1  a plurality of first OR gates each having an output coupled to a respective
      stage of said shift register;
PA1  second OR gate means having a plurality of inputs each coupled to the
      output of a respective one of said first OR gates and providing said first
      signal as an input therefrom;
PA1  and wherein said interval counter means includes a multistage shift
      register having an output from each stage thereof coupled to an input of a
      respective one of said first OR gate means.
NUM  3.
PAR  3. A timer switch according to claim 2 including at least one indicator
      means coupled to said first OR gates for denoting the timing interval
      selected.
NUM  4.
PAR  4. A timer switch according to claim 3 wherein said at least one indicator
      means includes means for denoting the remaining extent of said selected
      timing interval.
NUM  5.
PAR  5. A timer switch according to claim 2 including a plurality of indicator
      means each coupled to the output of respective ones of said OR gates and
      operative to denote the timing interval selected by means of said control
      switch and to denote the time remaining in a selected interval.
NUM  6.
PAR  6. A timer switch according to claim 1 including circuit means coupled to
      said counter means and operative to provide an output indication of the
      impending end of said selected timing interval.
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ABST
PAL  A power pack unit includes a casing and cover and a transformer subassembly
      having a molded bobbin of insulating material which receives primary and
      secondary lugs, a selected primary and a secondary winding configuration,
      laminations, A.C. terminals, connecting wiring, and a bobbin-mounted
      switch. This switch is positionable external of the casing for connecting
      selected primary or secondary taps as required to accommodate to a
      particular A.C. supply, i.e., 110 or 220 volt A.C., or to provide a
      selection of A.C. or D.C. output voltages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a small power pack primarily intended for
      reducing an incoming line voltage of either 110 or 220 volts to provide a
      low voltage alternating current supply. With rectification, the pack may
      provide a selected low voltage direct current supply, a low voltage
      battery charger supply, or a choice of A.C. or D.C. supply voltages. The
      device is generally useful for small electrically-powered devices such as
      cordless grass shears, shrub trimmers, calculators, electric razors, and
      the like. The invention is more specifically related to the switch and
      multi-tap winding configurations employed in the pack.
PAR  2. Description of the Prior Art
PAR  The use of power packs is becoming more popular for small appliances where
      it is desired to operate the appliance at a voltage substantially lower
      than the 110/220 volt line voltage or to operate by battery. Power packs
      for small appliances, e.g., calculators, are presently being marketed
      where the 110 volt A.C. line voltage is reduced to 12 volts and can be
      rectified to provide D.C. voltage (see U.S. Pat. No. 3,711,806). Another
      example of power pack usage is where nickel cadmium batteries are employed
      for powering small appliances, e.g., portable grass and hedge shears, and
      a need to recharge the batteries from time to time requires the use of a
      reduced voltage operated battery charger power pack. The reduction of
      voltage to a lower level, e.g., below 30 volts R.M.S., by use of a power
      pack is significant to assist in obtaining Underwriters' Laboratories
      approval on appliances and other world agency approvals.
PAR  While domestically made power packs which are adapted for 110/220 volt
      incoming supply are available, their cost is too high. The main reasons of
      high cost reside in labor costs caused by excessive taping, staking,
      gluing and potting operations and by the nature of the switching devices
      necessitated to provide a power pack unit that will operate on 110 or 220
      volts A.C. and will meet Underwriters' Laboratories approval. The switches
      used to switch from 110 to 220 volt supply or vice versa have been
      conventionally mounted on the casing or cover and have not been
      incorporated in the bobbin structure.
PAR  U.S. Pat. Nos. 3,711,806; 3,371,302 and 3,237,079 are illustrative of
      patents which are related to power pack construction and which illustrate
      related prior art devices and practices.
PAC  SUMMARY OF THE INVENTION
PAR  The power pack of the present invention is unique in that it eliminates
      many of the previously mentioned costly operations, can be used with
      either 110 or 220 volts A.C. incoming line voltage, provides an assembly
      that can be easily put together and one adapted to pass typical
      Underwriters' Laboratories tests.
PAR  While the power pack of the present invention includes a typical
      transformer in a casing, it is unique in construction of the bobbin and
      the method and means of switching from 110 to 220 volt operation. This
      eliminates certain procedures which are costly, while at the same time
      satisfying the rigorous standards of Underwriters' Laboratories. In this
      respect, the bobbin is initially formed to eliminate certain heretofore
      necessary taping.
PAR  The power pack of the invention uses a transformer subassembly assembled
      within a case and cover and from which project the A.C. input terminals. A
      uniquely designed bobbin mounts first and second primary windings, a
      secondary winding, primary and secondary lugs along with the A.C.
      terminals. The bobbin receives the lugs and terminals in such a way as to
      eliminate staking or gluing operations. The molded bobbin also mounts a
      slidable switch assembly which allows external positioning for switching
      from 110 volt to 220 volt operation depending upon which supply voltage is
      available. Finally, the transformer assembly is enclosed within a housing
      to eliminate potting and gluing operations and the housing is constructed
      to permit assembly by use of sonic welding, gluing or riveting. While
      primarily intended as a device for accommodating to either a 110 or 220
      volt A.C. supply to provide a reduced voltage, the improved switch may be
      used with either the primary or secondary windings and may thus be
      employed to switch output as well as input and in various A.C. and D.C.
      configurations as later explained.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the power pack according to the invention
      and illustrating in phantom a grass shear that may be connected to, and
      whose battery pack can be charged by, the invention power pack, as one
      example of usage.
PAR  FIG. 2 is an exploded perspective view of some of the components of the
      transformer portion of the present invention.
PAR  FIG. 3 is a top plan view of the transformer bobbin of the invention.
PAR  FIG. 4 is a bottom plan view of the transformer bobbin.
PAR  FIG. 5 is a front elevation view of the transformer bobbin.
PAR  FIG. 6 is a rear elevation view of the transformer bobbin.
PAR  FIG. 7 is a perspective view of the bobbin with the A.C. terminals and
      secondary lugs in place and with only the secondary winding having been
      wound and connected.
PAR  FIG. 8 is a perspective view of the bobbin similar to FIG. 7 but with the
      primary lugs and first and second primary windings wound and connected.
PAR  FIG. 9 is a perspective view similar to FIG. 8 but with the switch and
      jumper wire connected and with a portion of the bobbin, switch and primary
      windings broken away and with the laminations in dashed lines for clarity.
PAR  FIG. 10 is an exploded perspective view of the switch and contact spring
      used in the invention.
PAR  FIG. 11 is a plan view of the top of the power pack case into which the
      transformer subassembly is placed.
PAR  FIG. 12 is a plan view looking inside the power pack case into which the
      transformer subassembly is placed.
PAR  FIG. 13 is a section view taken generally along line 13--13 of FIG. 11.
PAR  FIG. 14 is a section view taken generally along line 14--14 of FIG. 11.
PAR  FIG. 15 is a top plan view of the cover for the power pack case.
PAR  FIG. 16 is a bottom plan view of the inside of the cover for the power pack
      case.
PAR  FIG. 17 is a side elevation view of the cover for the power pack case.
PAR  FIG. 18 is a section view taken along line 18--18 of FIG. 16.
PAR  FIGS. 19-22 illustrate typical winding configurations with which the
      invention may be employed either for A.C. or D.C. supplies.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and particularly to FIG. 1, the power pack of
      the invention, generally designated by the numeral 20, is illustrated as
      having A.C. terminals 21, 22 (standard North American type being shown)
      adapted to be insertable in a standard electrical wall supply outlet of
      either 110 or 220 volts, and a secondary cord 23 having a plug 24 adapted
      to engage terminals of an electrical apparatus such as a battery operated
      grass shear or a portable electronic calculator. The power pack, when used
      for voltage reduction, functions to reduce the wall outlet voltage to a
      lower voltage which lessens the possibility of incurring dangerous
      electrical shock from or destruction or damage to the device being
      supplied. For example, where the wall outlet voltage is 110 or 220 volts
      A.C., the voltage is typically reduced to under 30 volts R.M.S.
PAR  Power pack 20 of the invention can be applied in various ways and for
      various uses of which the following is illustrative: (1) as an A.C.
      transformer with 110 or 220 volts on the primary, (2) as a battery charger
      by adding a rectifier, not shown, and which can also operate on 110 or 220
      volts A.C., or (3) as a D.C. power supply operating on 110 or 220 volts
      A.C. by adding a rectifier and filter, not shown.
PAR  The power pack construction 20 includes a molded electrical insulating
      plastic case 30 and cover 31 which encloses a transformer subassembly 25.
      The case, generally indicated by the numeral 30, FIGS. 11-14, after having
      transformer subassembly 25, FIGS. 2-9, inserted therein, is closed by
      cover 31, FIGS. 15-18, which is welded, glued, riveted, or otherwise
      secured to case 30.
PAR  Transformer subassembly 25 includes a uniquely formed bobbin 32 molded of a
      suitable electrical insulating plastic, such as nylon, Delrin, or the
      like. Bobbin 32 supports the multiple lugs, transformer windings, the
      transformer laminations (indicated only in FIG. 9 for clarity), secondary
      terminals and primary terminals which will now be discussed in more
      detail. As seen particularly in FIGS. 2-9, bobbin 32 includes a hollow,
      tubular portion 33 of rectangular cross section and having a first flange
      34, a second flange 35 and an intermediate flange 36. The end flanges 34
      and 35 both serve as terminal supports; flange 35 also serves as a switch
      support; and flange 36 serves to physically separate and insulate the
      primary and secondary windings.
PAR  First flange 34 has a pair of outwardly extending shelves 40, 41, between
      which are received the usual laminations forming core 95 indicated in FIG.
      9, but otherwise not shown, for clarity. The upper portion 42 of flange 34
      is thickened down to the point where shelf 40 extends outward therefrom.
      Vertical slots 43, 44, 45, 46, 47 are molded into thickened portion 42 of
      flange 34. Slots 43 and 47 respectively receive a pair of secondary lugs
      48, 49 which are barbed or otherwise formed on their mounted ends such
      that slots 43, 47 receive lugs 48, 49 in a tight press fit to avoid
      gluing, or the like. Of course, additional secondary lugs and slots may be
      employed as needed for the particular application. Space 51 between flange
      34 and flange 36 is, of course, made sufficiently wide and deep for later
      receiving the secondary winding 52. Similarly, space 74 is adapted to
      receive the primary winding, as later described. The flanges collectively
      insulate the core.
PAR  Intermediate flange 36 extends completely around the hollow tube portion 33
      of bobbin 32 and acts to separate and insulate the primary windings from
      the secondary windings. Flange 36 is molded integral with hollow tube
      portion 33 and is shown molded in this particular embodiment substantially
      closer to flange 34 than to flange 35. Such spacing will, of course,
      depend on the particular winding sizes.
PAR  The second flange 35 has shelves 53, 54 between which are mounted the core
      laminations 95 (FIG. 9). Upper shelf 53 is shaped so that it has a top
      portion 55, a bottom portion 56, and closure sides 57, 58 which together
      form a switch receiving cavity 62. Top portion 55 includes an elongated
      slot 59 whose function is later described. In addition to slot 59, a pair
      of holes 60, 61 are formed in top portion 55. Hole 60 is located on one
      end of slot 59 and hole 61 is located on the opposite end of slot 59.
PAR  A series of vertical slots 64, 65, 66, 67, 68 extend into the back of shelf
      53. Slots 64, 66 and 68 are adapted to receive in a locking arrangement
      respectively primary lugs 69, 70, and 71. Another set of adjacent slots
      135, 136 and 137 also extend down into the back of shelf 53 and are
      employed to minimize sink when the plastic cools. As with lugs 48, 49,
      lugs 69, 70 and 71 are barbed or otherwise formed to be tightly
      press-fitted into their respective slots.
PAR  Lower shelf 54 of flange 35 extends outwardly from flange 35. Shelf 54 has,
      made integral with its bottom surface, a downwardly extending portion 75
      which is shaped and molded as illustrated so that it readily receives the
      mounting ends of a pair of A.C. terminals 21, 22 in a sliding, press fit
      relation in appropriate terminal receiving slots 76, 77. Terminals 21, 22
      are, of course, formed in a manner suited to such form of mounting in the
      assembly process.
PAR  Referring now to FIGS. 2, 9 and 10, there is illustrated a slidable contact
      switch 78 and contact spring 79 which mount on bobbin 32 and provide for
      110/220 volt switching. Contact switch 78 is designed and molded as
      illustrated so that contact spring 79 may reside within slot 80 and be
      held therein by retention tabs 81, 82 engaging and being held in retention
      slots 84, 85. It may also be noted that switch 78 has an integral molded
      ramp tab 83 which is slidably received by the elongated slot opening 59.
      Also molded integral with switch 78 are a pair of dimples 86, 87 which,
      when switch 78 is moved to one side a predetermined amount, allow dimple
      86 to reside in hole 60 or, if switch 78 is moved the other way a similar
      amount, allow dimple 87 to reside in hole 61 in a detent-like action.
      Contact spring 79 also has contact surfaces 97, 98 which pass within
      openings 90, 91, 92 so that contact may be made with primary lugs 69, 70,
      71 at surfaces 99, 100, 101 (FIG. 2) as desired for purposes of switching
      as later described.
PAR  The description is next directed to assembly of transformer subassembly 25.
      Referring particularly to FIGS. 2, 9 and 10, the assembly begins with the
      press-fit insertion of the A.C. terminals 21, 22 into the terminal slots
      76, 77 in the downwardly extending portion 75 of flange 35. Primary lugs
      69, 70, 71 are next inserted into slots 64, 66, 68 respectively as found
      in the top portion 55 of flange 35. Secondary lugs 48, 49 are inserted
      into slots 43, 47 in thickened portion 42 of flange 34.
PAR  Secondary coil 52 is wound on the hollow tube portion 33 of bobbin 32 and
      resides between flange 34 and flange 36. The winding of coil 52 starts
      with one coil wire being attached to secondary lug 48. Coil 52 is then
      wound the required number of turns and the end of the last turn is brought
      up and attached to secondary lug 49 which completes the winding of
      secondary coil 52. Of course, with some applications, three lugs and a tap
      may be employed with the secondary and the assembly operation would be
      modified accordingly.
PAR  Next, the first section of the primary coil 93 is wound with start lead 37
      being connected to A.C. terminal 21 and the intermediate leads 38, 39 are
      connected to primary lug 71. The second section of primary coil 93 is
      wound ending with the final lead 94 connected to primary lug 69. All leads
      are dip soldered, and laminated core 95 (FIG. 9) is assembled around
      bobbin 32. Core 95 surrounds bobbin 32 and coils 93 and 52 and also
      extends through the center of hollow rectangular cross section 33 of
      bobbin 32 to magnetically couple the coils 93 and 52 according to
      conventional practices. Core 95 resides between shelves 40, 41 and shelves
      53, 54 and is insulated from coils 93 and 52 on the sides by flanges 34,
      35, 36.
PAR  An important feature of the invention concerns the 110/220 volt switch
      being mounted on the bobbin structure. In this regard, it may be noted
      that contact switch 78 is now assembled by pressing contact spring 79 into
      slot 80 of switch 78. An interference with tabs 81, 82 in retention guides
      84, 85 retains spring 79 in switch 78. The assembled switch 78 and spring
      79 are pressed into the cavity 62 as illustrated in FIGS. 2 and 9. Ramp
      tab 83 is lined up with slot 96, moved inwardly and located in slot 59
      where it locks in place but is now capable of sliding back and forth in
      slot 59 for switching purposes. Jumper wire 102 is attached between lug 70
      and tab 103 on A.C. terminal 22.
PAR  Switch 78 can now be actuated by moving tab 27 in one direction (left to
      right in FIG. 9) for the 110 volt supply mode where switch spring surface
      97 makes contact with lug surface 99 of primary lug 69 and switch surface
      98 makes contact with lug surface 100 of primary lug 70, as illustrated in
      FIGS. 2 and 9. Switch 78 is detented or cocked in place by dimple 86
      fitting into hole 60 of top portion 55 of shelf 53 of flange 35. Tab 27
      can also be moved in the opposite direction (right to left in FIG. 9) for
      the 220 volt supply mode where switch surface 98 makes contact with lug
      surface 101 and switch surface 97 makes contact with lug surface 100.
      Switch 78 is now detented or cocked in place by dimple 87 fitting into
      hole 61 of top portion 55 of shelf 53 of flange 35.
PAR  Secondary cord 23 is attached to transformer subassembly 25 by connecting
      secondary lead 105 to secondary lug 48 and by connecting secondary lead
      107 to secondary lug 49. The subassembly is now essentially complete for
      placement in its case 30. FIGS. 11-18 illustrate the case and cover
      construction.
PAR  Case 30 includes a bottom wall 110, opposite upstanding sidewalls 111, 112
      and front and back walls 113 and 114. Guide slots 115, 116 in sidewalls
      111, 112 are molded as integral parts thereof as in guide slot 117 of back
      wall 114. Upstanding wall 118 adjacent front wall 113 helps to provide,
      along with cord groove 119 of front wall 113, a cord strain relief section
      for secondary cord 23. Cord 23 passes over wall 118 and passes along
      groove 119.
PAR  Cover 31 is essentially flat and provided with a peripheral skirt 120 which
      coacts with a peripheral ledge 121 of case 30 during assembly of cover 31
      onto case 30. A.C. terminal openings 122, 123 are provided in cover 31 and
      through which A.C. terminals 21, 22 extend. Switch opening 130 is molded
      into cover 31 and receives tab 27 of switch 78 when subassembly 25 is
      inserted into case 30 and cover 31 is put into place. Switch 78 even
      though mounted internally on bobbin 32 is, thus, made operable externally
      of the case.
PAR  A mating cord groove 124 is molded into cover 31 as short upstanding wall
      125 mates with wall 118 of case 30. Walls 118 and 125 effectively prevent
      movement of cord 23. A guide wall 126, molded integral with flat cover 31,
      has grooves 127, 128, 129 therein for alignment purposes. As A.C.
      terminals 21, 22 are inserted into terminal openings 122, 123, grooves
      127, 128, 129 respectively receive primary lugs 69, 70, 71. Once
      subassembly 25 has been mounted on cover 31 so that cord 23 rests on wall
      125 and passes over groove 124, case 30 can be placed over subassembly 25
      so that the outside ends of guide wall 126 slide easily into guide slots
      115, 116 in sidewalls 111, 112. Grooves 119 and 124 and walls 118 and 125
      align and cover 31 and case 30 come together as a unit. Finally, cover 31
      and case 30 are secured together by any suitable means such as sonic
      welding, gluing or riveting.
PAR  From the foregoing, it can be seen that many of the usual taping and other
      assembly operations long associated with the manufacture of small power
      packs have been eliminated. Of particular significance is the bobbin
      mounted externally operated switch arrangement which provides a radically
      improved means for switching from one voltage supply input or output level
      to another. While 110 volt and 220 volt input supplies are typical, it
      will, of course, be understood that the invention is useful with any
      conventional dual voltage power pack supply. Further, by adding lugs and
      taps to either the primary or secondary side, the switch arrangement may
      be adapted to select various voltage levels on either the primary or
      secondary side. Typical applications are illustrated in FIGS. 19-22. FIG.
      19 illustrates use of the invention with dual A.C. levels as a primary
      switch. FIG. 20 illustrates use of the invention as a primary switch to
      vary the output. FIG. 21 also illustrates use of the invention as a
      secondary switch but to provide either an A.C. or D.C. output. FIG. 22
      illustrates another application as a secondary switch but for the purpose
      of giving a choice of two A.C. output levels. In all such applications,
      the switch terminals and lugs may be incorporated into the bobbin
      structure as previously explained. Thus, the many advantages of the
      invention are seen to have widespread application for both primary and
      secondary switching. That is, the mating switch cavity-switch assembly may
      be employed on either the primary or secondary side as represented in
      FIGS. 19-22. The locations of the various slots or cavities for receiving
      the lugs, terminals and switch assembly will, of course, vary with the
      application. Also, other types of manual switches and electrical
      contactors could be embodied in the bobbin as taught by the invention. It
      is preferred, however, that the switch operator and primary terminals
      always extend through the cover or a common housing wall which will
      prevent or deter switching except when the pack is removed from the wall
      outlet whenever such an outlet is used as the primary voltage source.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a power pack for use with small electrical appliances to provide an
      operating voltage from a line voltage, comprising:
PA1  a. a case and cover assembly for housing a transformer core and winding
      subassembly;
PA1  b. a transformer subassembly in the housing including:
PA2  1. a bobbin molded of electrical insulating material and formed with a
      plurality of isolated cavities adapted for receiving and mounting
      soldering lugs, primary terminals and a switch assembly and formed with
      the other integral insulating formations for receiving and insulating the
      core from the windings;
PA2  2. primary and secondary windings wound on the bobbin;
PA2  3. primary and secondary soldering lugs secured in respective ones of said
      cavities and connected to selected taps on the windings;
PA2  4. primary terminals secured to the bobbin in other respective said
      cavities and connected to the primary winding, said primary terminals
      projecting from the cover for engaging a wall outlet to connect to the
      line voltage;
PA2  5. a laminated core secured to the bobbin and surrounding the windings and
      being insulated therefrom by said insulating formations;
PA2  6. a switch assembly mounted and retained in said switch assembly cavity
      formed in the bobbin, said switch assembly including a movable switch
      member with an operator member extending through and operable externally
      of said case and cover assembly with an electrically conducting contactor
      member operative in one position to electrically connect a tap on one side
      of said windings with a first circuit configuration on that side and with
      said operator member in an opposite position being operative to
      electrically connect a tap on the same side into a second circuit
      configuration on that side, said circuit configurations being operative in
      conjunction with said core, windings and the circuit configuration of the
      opposite side to provide a particular character of supply voltage for each
      said position.
NUM  2.
PAR  2. In a power pack as claimed in claim 1 wherein said primary lug cavities
      are proximate the switch assembly cavity, selected uninsulated portions of
      said primary lugs are positioned adjacent said switch assembly cavity and
      said contactor member establishes connection with said electrical
      configurations by contacting said uninsulated portions of selected pairs
      of said primary lugs in both said switch positions.
NUM  3.
PAR  3. In a power pack as claimed in claim 1 wherein in one said switch
      position said primary terminals are connected through said contactor
      member to taps associated with a relatively high primary line voltage and
      in the other switch position are connected through said contactor member
      to taps associated with a relatively low primary line voltage such that in
      either position the secondary supply voltage remains the same.
NUM  4.
PAR  4. In a power pack as claimed in claim 1 wherein said secondary lug
      cavities are proximate the switch assembly cavity, selected uninsulated
      portions of said secondary lugs are positioned adjacent said switch
      assembly cavity and said contactor member establishes connection with said
      electrical configurations by contacting said uninsulated portions of
      selected pairs of said secondary lugs in both said switch positions.
NUM  5.
PAR  5. In a power pack as claimed in claim 1 wherein said operator member
      extends through said cover adjacent said primary terminals in a manner
      deterring operation of said operator member except when said terminals are
      removed from said outlet.
NUM  6.
PAR  6. In a power pack for use with an electrical energy consuming device to
      provide an operating supply voltage from a line voltage, comprising:
PA1  a. a housing;
PA1  b. a transformer subassembly in the housing including:
PA2  1. a bobbin molded of electrical insulating material and having a portion
      formed for receiving and mounting a mating switch assembly, having other
      integral insulating formations for receiving and insulating the core from
      the windings and having a plurality of primary and secondary soldering
      lugs secured to the bobbin;
PA2  2. primary and secondary windings wound on the bobbin and having taps
      selectively connected to selected corresponding said lugs;
PA2  3. a switch assembly mounted on said bobbin in said portion formed to
      receive such assembly, said switch assembly including an operator member
      extending through and operable externally of said housing, and with an
      electrically conducting contactor member operative with said operator
      member in one position to electrically connect one side of said windings
      and lugs in one electrical configuration operative to provide a supply
      voltage of selected character and with said operator member in another
      position to electrically connect the same side in another electrical
      configuration operative to provide a supply voltage of another selected
      character.
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ABST
PAL  A pair of Zener diodes having like electrodes interconnected for voltage
      suppressor functions also has a connection to their common point for
      obtaining half wave rectified voltage from an alternating source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical circuitry for surge suppression and
      rectification.
PAR  It is well known to employ two Zener diodes with one pair of common
      electrodes connected together as a voltage surge suppressor for protecting
      some circuitry from excessive AC voltages. As so connected, the Zener
      diodes are said to be in series opposition. When connected across the
      input terminals of a circuit portion to be protected they act, together,
      as practically an open circuit unless and until the AC voltage exceeds the
      Zener breakdown voltage of the diodes.
PAR  One instance in which Zener diode voltage suppressors are used in the
      foregoing manner is where a component, such as thyristor, must be
      protected from large forward and reverse transients in order to avoid
      damage to it. For example, this is the case in ground fault interrupters
      having a sense amplifier and trip circuit energized by the line voltage
      and employing a thyristor in a manner such as that described in copending
      application Ser. No. 302,949, filed Nov. 1, 1972 by the present inventor
      and others now U.S. Pat. No. 3,852,642 issued Dec. 3, 1974. A
      straightforward application of a Zener diode voltage suppressor for the
      protection of a thyristor in such a circuit requires the addition of two
      components, namely the two Zener diodes, with the disadvantages of their
      cost and inherent size. It is the case in ground fault interrupters, as it
      is in many other types of circuits, that the number, cost, and size of
      components must be minimized to achieve a commercially successful product
      yet without detracting from the functioning of the circuit.
PAC  SUMMARY OF THE INVENTION
PAR  While it is apparent that the invention has some wider applicability, a GFI
      sense amplifier and trip circuit of the general type described in the
      referred to application Ser. No. 302,949 is an example of an instance in
      which the application of the invention is advantageous in order to
      minimize the number of components and their cost and size.
PAR  In accordance with this invention a pair of Zener diodes or similar
      devices, having like electrodes interconnected for voltage suppressor
      functions also have a connection to their common point for obtaining half
      wave rectified voltage from an alternating source.
PAR  In circuits as particularly described in Ser. No. 302,949 the operating
      voltage is half wave rectified from the AC line voltage that is inherently
      subject to transients that could result in damage to the thyristor in the
      circuit. Stated differently, effective transient suppression means a lower
      cost thyristor can be used. However, in accordance with this invention,
      the functions of providing a half wave rectified supply and of suppressing
      voltage surges to which the thyristor would otherwise be exposed are
      achieved by only two Zener diodes connected in series opposition. Instead
      of having the pair of Zener diodes in a circuit branch that is connected
      in parallel across the thyristor, that is a "two terminal" combination of
      elements, a "three terminal" combination of elements is used. In the three
      terminal combination common electrodes of the diodes, either anodes or
      cathodes, referred to as first and second terminals, are used for
      connection to the source of line voltage. A third terminal is provided to
      the common point interconnecting the other two diode electrodes, and this
      third terminal as well as one of the first-mentioned terminals are used
      for connection across the thyristor or other circuit portion to be
      protected. Consequently, the desired voltage suppressor functions are
      attained with an increase of only one element in the circuit.
PAR  Zener diodes are referred to herein as they are contemplated for use in
      embodiments of the invention, however it is to be understood other
      elements having the characteristics of providing rectification and voltage
      dependent conduction in the reverse direction, such as a selenium
      rectifier, maay also be employed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general schematic diagram of a voltage suppressor arrangement
      in accordance with the prior art;
PAR  FIG. 2 is a general schematic diagram of a voltage suppressor arrangement
      in accordance with this invention; and
PAR  FIG. 3 is a more particular example of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a general arrangement in accordance with the prior art
      is illustrated. An alternating voltage is applied to a circuit 10 through
      some impedance R that limits current. The circuit 10 may include
      components for modifying the supply voltage such as by producing a half
      wave rectified voltage from a full-wave alternating supply. For protection
      of the circuit 10 from surges, a pair of Zener diodes 12 and 13, or
      equivalent devices that may be referred to as means for rectifying and
      having a voltage dependent reverse blocking characteristic, are connected
      across the circuit to be protected. The voltage suppressor of diodes 12
      and 13 is therefore additional to any components required in the circuit
      10.
PAR  Referring to FIG. 2, a general arrangement in accordance with this
      invention is shown in which the pair of Zener diodes 22 and 23 are
      connected in series opposition but with three available terminals 32, 33,
      and 34 of which two (32 and 33) are connected to the alternating voltage
      source and the second terminal 33 as well as a third terminal 34 at the
      common point between the diodes are connected to a circuit 20 to be
      protected from surges. The first diode 22 is therefore conductive of half
      waves of a polarity in its forward direction at all times during normal
      operation and blocks half waves of opposite polarity. Yet both diodes
      together provide surge suppressing functions as in the combination of FIG.
      1.
PAR  In the circuit of Ser. No. 302,949, which should be referred to for fuller
      description of the context in which application of the present invention
      is particularly desirable, a diode current rectifier is employed because
      it is intended that the sense amplifier be operated with an unfiltered
      half wave rectified voltage, apart from any question of surge suppression.
      Referring to FIG. 3 there is shown an embodiment of the present invention
      for protecting against surges and supplying half wave rectified voltage to
      a circuit such as that of Ser. No. 302,949. Here between a hot line
      conductor L and a neutral conductor N, such as of a conventional
      electrical supply system in household or other use, there is a circuit
      branch that includes a solenoid coil 35, such as for a circuit breaker to
      open the line conductor L upon certain conditions, and a capacitor 36 that
      is provided for suppressing high frequency transients. Coil 35 also acts
      as the current limiting impedance R of FIG. 2 that permits use of a Zener
      diode voltage suppressor. A sense amplifier and trip circuit 20 or other
      circuit portion to be protected is connected to the supply at a point 37
      between the solenoid coil and the capacitor and at the neutral conductor.
      The thyristor 21 of the sense amplifier and trip circuit is illustrated to
      show it is connected to pass positive half cycles as they appear at point
      37.
PAR  A Zener diode three terminal arrangement in accordance with this invention
      is connected as shown with the first Zener diode 22 in a forward
      direction, the same as that of the thyristor, and a second Zener diode 23
      connected in opposition to the first across the thyristor, thus producing
      the three terminals 32, 33 and 34 of which first and second terminals 32
      and 33 at the diode anodes are connected across the capacitor 36 and a
      third terminal 34 is at the common cathode connection of the diodes to one
      side of the thyristor while the second terminal 33 is connected to the
      other side of the thyristor.
PAR  In this way, the cost and size of adding two Zener diodes to the circuit is
      reduced by eliminating the diode current rectifier that would otherwise be
      necessarily present to supply half wave rectified voltage to the circuit.
      The Zener diodes cooperate with each other and the rest of the circuit to
      provide a half wave voltage source at one terminal 34.
PAR  It is possible in the arrangement of FIG. 3 to substitute for the first
      Zener diode 22 a high voltage conventional diode rectifier if preferred.
      The rating of such a conventional diode would probably be of the order of
      1,000 volts. In circuits as described for use in conjunction with that of
      Ser. No. 302,949 it is suitable to employ for each of the diodes 22 and 23
      200 volt breakdown Zener diodes and a capacitor 36 having a value of 0.005
      microfarads; coil 35 has a minimum resistive impedance of about 50 ohms;
      all of which are suitable for protection of a thyristor having a breakdown
      voltage in excess of that of the Zeners.
PAR  The alternative using a conventional diode in place of Zener diode 22
      requires the presence of high frequency bypass capacitor 36. The capacitor
      36, while preferred, is not essential in the arrangement in which both
      elements 22 and 23 are Zener diodes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electrical apparatus comprising:
PA1  a first circuit portion requiring a half wave rectified voltage source and
      including an element to be protected from surge voltages beyond a
      predetermined value;
PA1  a three terminal diode arrangement interconnected with the first circuit
      portion, the diode arrangement including a pair of diodes connected in
      series opposition and having first and second terminals to common
      electrodes of said diodes that are not connected to each other and a third
      terminal at the other pair of common diode electrodes that are connected
      to each other with the first and second terminals available for connection
      to a full wave alternating voltage source and the second and third
      terminals connected across the element to be protected, at least said
      diode between said second and third terminals having rectification and
      voltage dependent conduction characteristics;
PA1  said first circuit portion being a sense amplifier and trip circuit of a
      ground fault interrupter and said first and third terminals of said diode
      arrangement being connected to conductors of a full wave alternating
      voltage supply including a neutral conductor connected to the second diode
      terminal and a hot line conductor connected through a solenoid trip coil
      to the first diode terminal.
NUM  2.
PAR  2. The combination of claim 1 wherein: the element to be protected is a
      thyristor connected in its forward direction from the third to the second
      terminals of the diode combination, a first of the pair of diodes is
      connected in its forward direction between the first and third terminals
      of the combination and the second diode is connected in its forward
      direction from the second to the third terminals of the combination.
NUM  3.
PAR  3. The subject matter of claim 1 wherein: both of the pair of diodes are
      Zener diodes.
NUM  4.
PAR  4. The subject matter of claim 1 wherein: a bypass capacitor is connected
      across the first and second diode terminals.
NUM  5.
PAR  5. The subject matter of claim 1 wherein: at least said diode between said
      second and third terminals is a Zener diode.
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PAL  This relates to a bucket-brigade delay line wherein clock frequency
      dependent modulation of the delayed signal is avoided by inserting at
      least one inverter stage into the delay line. The output of the inverter
      stage contains the inverted modulation signal. This signal is then added
      to the line thereby compensating for the unwanted modulation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a bucket-brigade delay line and more particularly
      deals with the problem which arises when delay lines for analogous signals
      composed of individual stages in accordance with the bucket-brigade delay
      line or the charge-coupled delay line principle are operated at a variable
      clock frequency.
PAR  Bucket brigade delay lines are known, for example, from "IEEE Journal of
      Solid-State Circuits," June 1969, pp. 131 to 136 and consist of a
      plurality of stages of the same kind each comprising a transistor and a
      capacitor arranged between the gate and the collector electrode thereof,
      and which are series-connected in such a way that the collector electrode
      of one transistor is connected to the emitter electrode of the next
      successive transistor. In such arrangements the gates of the even-numbered
      transistors are controlled by a first square-wave clock signal, and the
      gates of the odd-numbered transistors are controlled by a second
      square-wave clock signal of equal frequency, with the effective pulses
      thereof lying in the intervals between the effective pulses of the first
      clock signal.
PAR  Bucket brigade delay lines can be realized either with the aid of bipolar
      monolithic integrated circuits or with the aid of monolithic integrated
      insulated-gate field-effect transistor circuits.
PAR  Delay lines operating on the charge-coupled principle are known, for
      example, from the "Bell System Technical Journal," April 1970, pp. 587 to
      600. The difference between bucket brigade delay lines and delay lines
      operating on the charge-coupled principle resides in that the diffusion
      zones existing in bucket-brigade delay lines, the capacitors and the
      emitter and collector zones are omitted. The delay line thus exclusively
      consists of closely adjacent channel zones controlled by the gate
      electrodes, which are coupled to one another by overlapping of the
      potential wells. Both the charge transfer and the charge storage are taken
      over exclusively by minority carriers.
PAR  In the course of this the semiconductor suface below the electrodes is in
      the so-called deep depletion mode. By means of a third clock signal, care
      is taken that potential barriers will result between three neighboring
      electrodes in the semiconductor body for taking over the charge storage as
      effected in the capacitors in the case of bucket-brigade circuits.
PAR  The problem referred to hereinbefore, as arising in such types of delay
      lines, resides in that during operation at a variable clock frequency, an
      unwanted component of that particular frequency will appear in the delayed
      analog output signal, by which the clock frequency is changed, hence
      modulated. This unwanted modulation is due to a clock frequency dependent
      modulation for which there may be a variety of causes depending on the
      operating conditions.
PAR  Thus, this unwanted modulation may result in cases where the phase position
      of the clock signals is dependent upon the clock frequency and where
      simultaneously there occurs an overlapping of the edges of the pulses or
      an overshooting of the clock signals. By providing for an exact clock
      signal treatment it is possible, however, to avoid this cause to a
      considerable extent even though not completely.
PAR  Secondly, the clock frequency dependent residual charge remaining in the
      capacitor of each stage subsequently to the charge reversal thereof, is
      considered as a further unavoidable cause of unwanted modulations,
      especially in the case of higher clock frequencies.
PAR  Thirdly, in the case of lower clock frequencies and higher temperatures, it
      is likewise unavoidable that an unwanted modulation becomes noticeable by
      the drifting of the d.c. level from stage to stage owing to a charge
      transfer via inverse currents. Fourthly and finally, in the case of delay
      lines which have been realized with the aid of monolithic integrated
      insulated-gate field-effect transistors, hence with the aid of the
      so-called MOS-technique, surface states below the oxide layer of the gate
      electrode of the transistors, because thay are charged during their
      turn-on phase and more or less completely discharged during their turn-off
      phase, lead to cumulative (i.e., number-of-stage-dependent) level drift
      which is dependent upon the frequency and which takes place in a direction
      opposite to that of the aforementioned inverse current dependent drift.
PAR  From the "IEEE Journal of Solid-State Circuits," April 1973, pp. 157 to
      168, especially page 157, FIG. 2, it is known to solve the problem of
      compensating such unwanted modulations, in that a second delay line with
      an equal number of stages is connected in parallel with the delay line
      subjected to the unwanted modulation, with the signal each time being
      inverted before the input and after the output of one of the two lines,
      with the compensated signal finally being obtained by way of addition.
PAR  This solution to the aforementioned problem, however, is very costly and
      thus also involves a great surface requirement of the corresponding
      integrated circuit.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a delay line of the
      bucket-brigade or the drange-coupled type which solves the above mentioned
      problem by simultaneously reducing the circuit investment. According to a
      broad aspect of the invention, there is provided a delay line of the type
      wherein a plurality of stages are coupled together, said delay line having
      an input to which there is applied a d.c. potential and a signal to be
      delayed and wherein clock signals are applied to said stages, comprising:
      at least one inverter stage coupled between two adjacent stages of said
      plurality of stages for inverting the signal potential and thereby
      reducing unwanted modulations with respect to said d.c. input potential.
DRWD
PAR  The above and other objects of the present invention will be more clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a first embodiment of the invention with reference to a bucket
      brigade delay line realized with the aid of MOS-transistors;
PAR  FIG. 2, in a more schematical representation, shows a further development
      of the embodiment according to FIG. 1;
PAR  FIG. 3 shows a potential diagram relating to the arrangement according to
      FIG. 2 and to the case of a symmetrical type of unwanted modulation;
PAR  FIG. 4 shows a potential diagram relating to the arrangement according to
      FIG. 2 and to the case of an asymmetrical type of unwanted modulation;
PAR  FIG. 5 shows a further example of embodiment of the invention; and
PAR  FIG. 6 shows a so-called duplex line based on the principle shown in FIG. 2
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  By using the example of embodiment of the invention shown in FIG. 1, it is
      possible to eliminate the first two of the above-mentioned sources of the
      trouble, as they are independent of the number of stages of the delay
      line, i.e., non-cumulative and equally large in each stage. According to
      the invention, therefore, it is possible to compensate for these two
      unwanted modulations at any arbitrary point within the delay line, so that
      the separate preparation of a correcting signal for compensating the
      unwanted modulations would become superfluous, because the inverted
      unwanted modulation itself is added to the unwanted modulation newly
      originating behind the inverter stage, and would thus lead to a
      compensation of the unwanted modulation independently of its functional
      relationship to the clock frequency.
PAR  As an example of embodiment there is shown in FIG. 1 a delay line VL which
      is based on the bucket-brigade principle. Of the n delaying stages there
      are shown in the drawing the stages 0, 1, 2, 3, 4, n-2, n-1 and n together
      with the transistors T.sub.0, T.sub.1, T.sub.2, T.sub.3, T.sub.4,
      T.sub.n.sub.-2, T.sub.n.sub.-1, T.sub.n, T.sub.y and T.sub.z. The
      transistors T.sub.y, T.sub.z serve to terminate the line VL. The delayed
      signal is taken off the line between the transistors T.sub.n and T.sub.y,
      and fed to the gate terminal of the impedance transformer T.sub.A. R.sub.A
      indicates the load resistance thereof. The output signal u.sub.A is taken
      off at the output A. The capacitors C belonging to the transistors T.sub.1
      to T.sub.n  and to T.sub.y are each connected between the gate terminal
      and the collector electrode of the transistors. The clock signal
      .phi..sub.1 is applied to the gates of the odd-numbered transistors, and
      the clock signal .phi..sub.2 is applied to the gates of the even-numbered
      transistors.
PAR  To the emitter electrode of transistor T.sub.0 there is applied on one
      hand, via the input capacitor C.sub.E0, the input signal u.sub.E to be
      delayed and, on the other hand, if necessary across the resistor R.sub.E0,
      there is applied the input d.c. potential U.sub.0. The capacitor C.sub.0
      belonging to the transistor T.sub.0 is arranged between its collector
      electrode and the zero point of the circuit.
PAR  The collector electrode of the last transistor T.sub.z of the delay line VL
      is connected to its gate, thus forming the d.c. voltage termination of the
      delay line.
PAR  The curve as a function of time of the two clock signals .phi..sub.1,
      .phi..sub.2 is schematically shown in the left-hand bottom part of FIG. 1.
      As already mentioned hereinbefore, the clock signals are of the squarewave
      or rectangular type, with the effective pulses of the one lying in the
      intervals between the effective pulses of the other clock signal. The
      amplitude of the clock signals is indicated by the reference U.sub.C, and
      the frequency is indicated by the reference f.sub.C.
PAR  According to the invention, the delay line VL is now separated between the
      transistors T.sub.n.sub.-1 and T.sub.n, with the inverter stage I being
      inserted at this separating point. It consists of the amplifier transistor
      T.sub.a and of the transistor T.sub.b serving as the operating resistor
      and which, with its controlled current path, is connected in series with
      the controlled current path of transistor T.sub.a. The load transistor
      T.sub.b and, consequently, the entire converter is supplied with supply
      voltage U.sub.B while the d.c. voltage U.sub.c is connected to the gate of
      the load transistor. If necessary, the gain factor of the inverter I may
      be influenced via this d.c. voltage.
PAR  To the connecting point between the collector electrode of transistor
      T.sub.n.sub.-1 and the inverter input there are connected the two bucket
      brigade terminating stages T.sub.y1 and T.sub.z1 which are connected in
      the same way as the terminating transistors T.sub.y and T.sub.z at the
      output of the whole line. The transistors T.sub.y1 and T.sub.z1  serve to
      effect the termination of the line section lying ahead of the separating
      point, hence of the inverter stage I, with respect to direct current.
PAR  Moreover, a normal bucket-brigade input stage is connected between the
      inverter output, hence the collector of transistor T.sub.a, and the
      trnasistor T.sub.n. This input stage consists of the series connection of
      the capacitor C.sub.E1 and the controlled current path of transistor
      T.sub.01, to the common connecting point of which the input d.c. potential
      U.sub.0 is applied across a very high ohmic resistor R.sub.E1 (in the
      order of some megohms). The connecting point between the transistors
      T.sub.01 and T.sub.n is applied via the capacitor C.sub.01 to the zero
      point of the circuit, or to any other fixed potential.
PAR  The time constant R.sub.E1 C.sub.E1 must be greater than the period
      required for one cycle of the disturbing frequency with which the clock
      frequency is modulated. The value of C.sub.E1 will therefore have to
      amount to some nanofarads or more. Therefore, as a rule, C.sub.E1 cannot
      be integrated as well; the terminals for C.sub.E1, therefore, are led to
      the outside.
PAR  The transistors T.sub.y and T.sub.y1 are connected in the same way as
      normal bucket brigade stages, i.e., the gate is connected to that of the
      clock line which is also connected to the gate of the second preceding
      transistor. The gate of transistor T.sub.y is thus applied together with
      that of transistor T.sub.01 to the clock signal .phi..sub.2, while that of
      transistor T.sub.y1 together with that of transistor T.sub.n.sub.-2 is
      applied to the clock signal .phi..sub.1.
PAR  The gates of transistors T.sub.y, T.sub.y1 are moreover still connected
      each via a capacitance C, to the point connecting the transistors T.sub.y
      or T.sub.y1 and T.sub.z or T.sub.z1 respectively. The gates of transistors
      T.sub.z, T.sub.z1 are each connected to the other clock signal and are
      directly connected to the collector electrode of transistor T.sub.z or
      T.sub.z1. Accordingly, transistor T.sub.z is controlled by the clock
      signal .phi..sub.1 and transistor T.sub.z1 is controlled by the clock
      signal .phi..sub.2.
PAR  The output signal is taken off between T.sub.n and T.sub.y. Therefore, the
      connecting point between T.sub.n and T.sub.y is connected to the gate of
      transistor T.sub.A whose collector electrode is connected to the source of
      supply voltage U.sub.B, and whose emitter electrode A is connected to the
      zero point of the circuit across the load resistor R.sub.A. T.sub.A and
      R.sub.A represent an impedance transformer hence, in the case of bipolar
      transistors, an emitter follower. The delayed signal is obtained at the
      output A.
PAR  In the presence of unwanted modulations of the aforementioned first and
      second kind only, the inverter stage may also be arranged between any two
      other kinds of delaying stages.
PAR  In the presence of unwanted modulations of the aforementioned third and
      fourth kind, however, inversion or mirror-inversion is best carried out in
      the center of the line between the stages T.sub.n/2 and T.sub.n/2.sub.+1,
      in which case n is supposed to be even-numbered. Incidentally, the
      unwanted modulation increases from stage to stage, hence in cumulative,
      and reaches in the middle of the line half the output value. By providing
      for an inversion in the center (middle), the unwanted modulation is
      compensated just at the output when the unwanted modulation of each stage
      increases by the same amount, i.e., along the line in a linear fashion.
      This linearity, under certain circumstances, is not always fulfilled, for
      which reason it is appropriate for the gain factor of the inverter to be
      variable; this may be realized by means of the voltage U.sub.c as applied
      to the gate of the load transistor T.sub.b. In this way it is possible to
      equalize any eventually existing asymmetry between the front and the rear
      half of the line with respect to inverse currents or the surface states.
PAR  FIG. 2, as an example relating to this type of embodiment of the invention,
      shows a delay line which is divided into the two halves VL.sub.1 and
      VL.sub.2. The actual delay line, however, is only shown schematically by
      way of the two blocks n/2. The inverter I.sub.1 is arranged between the
      two line halves VL.sub.1 and VL.sub.2. This inverter I.sub.1 consists of
      the transistors T.sub.a1 and T.sub.b1. The gate of the load transistor
      T.sub.b is supplied with the voltage U.sub.c1 + .DELTA. U.sub.c1, with the
      unbalance being compensated by the component .DELTA. U.sub.c1. The rear
      part n/2 of the line is again connected via the RC circuit R.sub.E1,
      C.sub.E1, to the inverter I.sub.1, with the series transistor T.sub.01
      together with the capacitor C.sub.01 according to FIG. 1 not being shown,
      but existing in the circuit.
PAR  In the embodiment according to FIG. 2 there is provided instead of the
      impedance transformer stage including the transistor T.sub.A according to
      FIG. 1, a further inverter I.sub.2 serving as an amplifier, including the
      transistors T.sub.a2 and T.sub.b2. The gate of the load transistor
      T.sub.b2 is being fed with the d.c. voltage U.sub.c2 + .DELTA. U.sub.c2,
      so that via the thus effected gain factor control, it is possible to
      achieve a desired amplification of the delayed output signal u.sub.A. At
      the separating point the front part n/2 of the line is terminated by
      transistors corresponding to the transistors T.sub.y1, T.sub.z1 according
      to FIG. 1 which, however, is not explicitly shown in the drawing.
PAR  FIG. 3, in the form of a potential level diagram, shows the compensation of
      the aforementioned symmetrical unwanted modulations in the case of the
      three different clock frequencies f.sub.C1, f.sub.C2 and f.sub.C3. As may
      be taken from this FIG. 3, an oppositely directed deviation is produced at
      the separating point after n/2 stages from a negatively directed unwanted
      modulation which is increased by the same amount and which, after n
      stages, again returns the unwanted modulation to the output level U.sub.0.
PAR  FIG. 4 shows a further level diagram, i.e., with respect to the case of an
      asymmetrical unwanted modulation. In this particular case, and with the
      aid of the voltage component .DELTA. U.sub.c1, the gain factor of the
      inverter I.sub.1 is to be adjusted to the quotient of the two deviations
      .DELTA.u.sub.2 1.DELTA. u.sub.1.
PAR  In cases where the unwanted modulation, unlike in the former assumptions,
      is composed of a non-cumulative and of a cumulative component with
      different frequency dependencies, the previously proposed steps and
      measures to be taken will no longer be sufficient in the individual case.
      This problem may be solved by carrying out the inversion in accordance
      with the embodiment shown in FIG. 5, first at the beginning of the line
      where the cumulative unwanted modulation is still negligible, hence as
      shown e.g., in FIG. 5, between the first and the second delaying stage.
      Accordingly, the inverter I.sub.1 and the line input circuit including
      C.sub.E1, R.sub.E1, T.sub.01 and C.sub.01 are inserted at this point,
      hence between the transistors T.sub.1 and T.sub.2, and there is also
      provided the line termination of the front part including the transistors
      Ty1, T.sub.z1.
PAR  The inverter stage I.sub.1 serves to compensate the non-cumulative
      component. The remaining cumulative component, as in the example of
      embodiment according to FIG. 2, is compensated almost in the center of the
      line, hence between the stages T.sub.n/2 and T.sub.n/2.sub.+1, in which
      case, if so required, at an existing unbalance of the line halves, also
      the cumulative unwanted modulation can be completely eliminated with the
      aid of the gain factor adjustment by means of the control voltage U.sub.c.
      The inverter stage I.sub.2 consists of the transistors T.sub.a2, T.sub.b2,
      with the output signal thereof, via the RC-circuit R.sub.E2, C.sub.E2,
      being fed to the transistor T.sub.02 with the capacitor C.sub.02, as
      preceding the transistor T.sub.n/2.sub.+1. The center part of the line is
      terminated by the transistors T.sub.y2, T.sub.z2.
PAR  In the case of longer delay lines and a relatively great cumulative
      unwanted modulation, the latter cannot be removed by employing a single
      inversion in the center of the line, especially not in cases where the
      unwanted modulation is comparable to or greater than the modulation shift
      of the line. In such cases it might help to carry out the inversion twice
      or several times. In the case of employing the inversion k times, not
      counting the inversion carried out after the first stage and which is
      intended to eliminate the non-cumulative component, and in the case of a
      delay line comprising n stages, the first inverter stage is to be inserted
      following the stage n/2k, with the remaining k-1 inverter stages each
      being inserted at a spacing of n/k stages. The gain factor adjustment, as
      a rule, only needs to be carried out at the last inverter stage in order
      to remove any eventual residual unwanted modulation which might be due to
      an unequal distribution of the unwanted modulation along the line.
PAR  FIG. 6 shows the example of embodiment according to FIG. 2 as applied to a
      so-called duplex delay line. With the aid of a duplex delay line it is
      possible, by maintaining the same delay time and the same clock frequency
      in comparison with a single line (simplex line), to achieve double the
      signal bandwidth. The characteristic feature of a duplex line resides in
      the fact that identical stages of both lines are each controlled by one of
      the two clock signals, i.e., the stage n of the one line by the clock
      signal .phi..sub.1 and the identical stage of the other line by the clock
      signal .phi..sub.2. This is indicated in the schematical circuit diagram
      shown in FIG. 6, in that the clock signal lines extending to the line
      portions VL.sub.1, VL.sub.2 or VL.sub.1 ', VL.sub.2 ' are crossed between
      the parts VL.sub.1, VL.sub.2 or VL.sub.1 ', VL.sub.2 ' belonging to the
      one half.
PAR  The corresponding inverter stages I.sub.1 and I.sub.1 ' are again inserted
      in the center of the respective half after n/2 stages, as in the example
      of embodiment according to FIG. 2, imagining that the gates of the load
      transistors are again capable of being controlled by a correspondingly
      variable voltage U.sub.c1 + .DELTA. U.sub.c1 or U.sub.c1 ' + .DELTA.
      U.sub.c1 ', that the front portions are correspondingly terminated at the
      oscillating point and that the rear portions are controlled via a stage
      T.sub.01, C.sub.01.
PAR   The further inverter amplifier I.sub.2 or I.sub.2 ' according to FIG. 2 is
      again provided for at each of the outputs of the two duplex line halves,
      with the gain factor thereof likewise capable of being adjusted via the
      voltages U.sub.c2 + .DELTA. U.sub.c2 or U.sub.c2 ' + .DELTA. U.sub.c2 '.
      The two impedance converter stages T.sub.A, T.sub.A ' are connected as an
      adder circuit to the output of the two amplifiers I.sub.2, I.sub.2 ', with
      the outputs thereof extending to the common signal output u.sub.A.
      Moreover, by the two amplifiers I.sub.2, I.sub.2 ' and the adjustable gain
      factors thereof, it is possible to achieve an optimum clock suppression in
      the output signal.
PAR  In the embodiments shown in FIGS. 1, 2, 5 and 6, the transistors are
      indicated as being integrated insulated-gate field-effect transistors and,
      by the omission of the substrate arrow, it is indicated that, in the
      general case, either only p-channel or only n-channel transistors are
      used. Instead of integrated insulated-gate field-effect transistors, of
      course, it is also possible to use bipolar transistors.
PAR  Instead of the shown inverter stages it is also possible to use
      differential amplifiers connected to operate as inverter stages, in which
      case a suitable potential must be applied to the one input thereof.
PAR  By the invention it is thus possible to compensate for the clock-frequency
      dependent modulations of delay lines by involving low expenditure. In
      particular, it is not necessary to provide for a second delay line for
      balancing the disturbed signal as is still being taught by the present
      state of the art.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A delay line of the type wherein a plurality of stages are coupled
      together, said delay line having an input to which there is applied a d.c.
      potential and a signal to be delayed and wherein clock signals are applied
      to said stages, comprising:
PA1  at least one inverter stage coupled between two adjacent stages of said
      plurality of stages for inverting the signal potential; and
PA1  means for adding the output of said at least one inverter stage to said
      delay line thereby reducing unwanted modulations with respect to said d.c.
      input potential.
NUM  2.
PAR  2. A delay line according to claim 1 wherein said delay line comprises n
      stages, where n is an even number, and wherein said at least one inverter
      is coupled between stage n/2 and stage (n/2) + 1.
NUM  3.
PAR  3. A delay line according to claim 1 wherein said dealy line comprises n
      stages, and k inverter stages are inserted, the first after the (n/2k)th
      stage, and the remaining inverters inserted at spaced intervals of
      approximately n/k stages.
NUM  4.
PAR  4. A delay line according to claim 1 wherein said at least one inverter
      stage is inserted between the first and second stages of said plurality of
      stages.
NUM  5.
PAR  5. A delay line according to claim 1 wherein said at least one inverter
      stage comprises an amplifier having an adjustable gain factor.
NUM  6.
PAR  6. A delay line according to claim 1 wherein said delay line is terminated
      at a junction point between said at least one inverter stage and the
      respective preceding delay line stage, as well as being terminated at its
      end.
NUM  7.
PAR  7. A delay line according to claim 1 further comprising an inverting
      amplifier having an adjustable gain factor coupled to the output thereof.
NUM  8.
PAR  8. A delay line according to claim 1 further comprising a non-inverting
      amplifier having an adjustable gain factor coupled to the output thereof.
NUM  9.
PAR  9. A delay line according to claim 1 wherein said at least inverter stage
      comprises a differential amplifier.
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PAL  A pulse peak detector for generating a DC signal proportional to the peak
      amplitude of applied short duration input pulses of a repetitive train,
      includes a signal input circuit to which the pulses are applied, a first
      storage capacitor, a differential comparator connected to the input
      circuit and to the pulse storage capacitor for producing a saturation
      output signal having a time duration equal to the time during which the
      input pulse exceeds the amplitude of the level stored on the capacitor.
      The output pulse thus generated is coupled to an error amplifier and a
      second storage capacitor at the output of that amplifier, the second
      capacitor being DC coupled to the first. The time constants of the
      capacitors and their associated resistive charging circuits are selected
      so that the coupling circuit and the second storage capacitor has a time
      constant which is long relative to the repetition rate of the applied
      signals. The first storage capacitor and its charging circuit has a
      significantly shorter time constant so that the second capacitor tends to
      replenish the charge on the first and also produces a DC output level
      which is representative of the peak amplitude of applied input signals.
BSUM
PAR  This invention relates to pulse detector circuits and, specifically, to
      pulse peak detector circuits.
PAR  It is well known that a simple integrator circuit provides an output signal
      which is representative of some parameter of the input signal, but that
      this parameter is generally the RMS or an average value, regardless of the
      waveform or peak amplitude of the input. While this kind of converter is
      frequently useful, it is also desirable to be able to develop a signal
      which is truly and accurately representative of the peak amplitude of the
      input signal.
PAR  The ultrafast pulse peak converter to be described in detail below produces
      a DC voltage having an amplitude accurately representative of the peak
      amplitude of the applied pulses. This pulse peak converter is particularly
      valuable for use in conjunction with pulses that are encountered in the
      field of pulse-echo and pulse-transmission ultrasonic systems. These
      pulses typically have rise times in the order of 10 ns, (10.sup.-.sup.9
      secs. = 1 ns) pulse widths of 20 ns, and repetition rates of 1 khz.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a waveform diagram showing pulses the peak amplitudes of which
      are to be detected;
PAR  FIG. 2 is a waveform diagram showing a train of pulses the peak amplitudes
      of which are to be detected;
PAR  FIG. 3 is a waveform diagram showing a portion of FIG. 1, enlarged;
PAR  FIG. 4 is a schematic circuit diagram, in block form, of a detector circuit
      according to the invention;
PAR  FIG. 5 is a schematic circuit diagram, partly in block form, of a detector
      circuit according to the invention;
PAR  FIG. 6 is a waveform diagram of a single idealized pulse showing time and
      amplitude characteristics in connection with the circuit of FIG. 5;
PAR  FIG. 7 is a schematic diagram of an equivalent circuit to FIG. 5, shown for
      purposes of explanation; and
PAR  FIG. 8 is a schematic diagram, partly in block form of a buffer amplifier
      output circuit usable with the present invention.
PAR  The somewhat idealized shape of a typical ultrasonic pulse is shown in FIG.
      1 wherein the X axis 11 represents time and is calibrated in nanoseconds
      and the Y axis 12, representing pulse amplitude, is calibrated in voltage
      using arbitrary units. Two complete and identical ultrasonic pulses 3 and
      4 are seen in FIG. 1. The pulses are separated in time by 1/1000 sec. and
      therefore represent, at least for the two pulses shown, a reoccurrence or
      repetition rate of 1 khz. Solid line 15 is a typical idealized waveform
      of, for example, an ultrasonic pulse encountered in the field of
      ultrasonic systems wherein the waveform is a plot of the voltage generated
      by a transducer responding to an impinging pulse of sonic energy. As
      shown, the waveform consists of a first positive going portion having a
      peak amplitude 16, followed by a negative going portion 17, which in turn
      is followed by a much larger positive cycle 18 with a peak amplitude 19.
      It is desired that the converter produce a DC voltage, the amplitude of
      which accurately represents the peak amplitude of the positive peak 16 or
      the positive peak 18 if, in fact, the positive peak 18 exists and has an
      amplitude greater than the peak 16. In FIG. 1, solid line 19 represents
      the amplitude of the DC voltage which is an accurate analog of the peak
      amplitude of the voltage represented by the peak of the waveform 18.
PAR  The discussion to follow describes a converter that produces a positive DC
      voltage that accurately represents the positive peak amplitude of a very
      brief applied signal voltage. The novel technique can be adapted to
      provide negative DC voltages accurately representative of the negative
      going peak pulse or may produce a DC voltage accurately representative of
      the peak to peak amplitude, i.e., a DC voltage equal to the absolute
      magnitude of the maximum positive peak amplitude plus the maximum negative
      peak amplitude. The embodiments producing the negative DC analog or the
      peak to peak analog will be described hereinafter. As used herein the term
      DC voltage or DC analog refers to a voltage characterized by the fact that
      it is continuous and has a constant steady state value for a period of
      time which is long compared with the pulse duration with respect to the
      time measured between cycles, i.e., 1/1000 sec. in the example shown, and
      which is determined by the repetition rate. In fact, the DC voltage
      representative of the peak amplitude will increase as the peak amplitude
      of the pulses increase, if the amplitude of the pulses are increasing with
      time, or the DC voltage will decrease under the control of a predetermined
      time constant if the peak amplitude of the pulses are decreasing with
      time. This is shown in FIG. 2 wherein the first three pulses 31-33, in a
      train of pulses, successively increase in amplitude and are followed by
      two additional pulses 34 and 35 which successively decrease in amplitude
      and which are, finally, followed by pulse 36 which increases in amplitude
      with respect to the last pulse 35.
PAR  The dotted line 37, which represents the DC analog voltage, accurately
      follows the peak amplitude of the first four pulses 31-34. It will be
      observed that the DC voltage as represented by the dotted line 37,
      starting with an amplitude of 0 at the left side of FIG. 2, by action of
      the converter, increases to a new value accurately representative of peak
      39 of pulse 31. Some brief time later and in a similar fashion the
      converter increases the DC analog voltage to a new value accurately
      representative of peak 40 of pulse 31, this new value being illustrated by
      section 41 of dotted line 37. In a similar fashion the converter produces
      a DC analog of greater amplitude as shown by lines 42 and 43 which are
      accurately representative of the peaks 44 and 45 of pulses 32 and 33
      respectively.
PAR  It will be noted that in each of the dotted line segments 41-43, there is a
      slight decrease in the amplitude of the DC analog voltage as a function of
      time, i.e., the line segments have a negative slope, the slope being
      identical for each of the line segments. The magnitude of the slopes is
      determined by a time constant of a preselected value which is manually set
      into the converter. The purpose of the time constant, and the resulting
      negative slope, is to permit the converter to produce a DC analog voltage
      which will follow the peak amplitude of pulses whose peak amplitude is
      decreasing with time. This is illustrated in FIG. 2 with pulses 33-36 and
      dotted line segment 43 and 46.
PAR  In this illustration it will be observed first that the peak amplitude 48
      of pulse 34 is less than the peak amplitude 45 of pulse 33. The time
      constant, which has been preset into the converter, coincidentally matches
      the decrease in the peak amplitude 48 of pulse 34 as compared with the
      peak amplitude 45 of pulse 33. In regard to pulse 35, the peak amplitude
      47 is considerably less than the peak amplitude 48 of pulse 34 and the
      predetermined time constant, which produces a slope of line segment 46,
      does not permit the DC analog voltage to follow the peak 47 of pulse 35.
      The peak amplitude 49 of pulse 36 is greater than the peak amplitude 47 of
      pulse 35 and it will be observed that the action of the converter is such
      that the DC analog voltage will increase to accurately represent the peak
      49 of pulse 36 as illustrated by the dotted line segment 50 signifying an
      increase in the DC analog as represented by segment 46.
PAR  In the operation of the converter the time constant is chosen by
      experience, knowledge of the waveforms encountered, or by choosing the
      time constant to achieve certain characteristics of the DC analog output
      signal.
PAR  FIG. 3 is an enlargement of the first positive going signal portion 16 of
      ultrasonic pulse 13 illustrating the capability of the novel ultrafast
      peak pulse converter. In this figure, solid line 60 represents the first
      positive going portion of the applied input signal having a peak amplitude
      61. Dashed line 62 represents the characteristic of a peak pulse converter
      that does not have sufficient capabilities to accurately follow and hold
      the peak value 61 of the applied pulse as represented by solid line 60.
      Dotted line 63 represents the DC analog voltage produced by the ultrafast
      peak pulse converter which has the capability of accurately sensing and
      holding the peak value 61 of the applied ultrasonic pulse.
PAR  The significant characteristic of this pulse, which determines in part the
      requirements of the converter, are the fast rise time of 10 ns and the
      short duration of 20 ns.
PAR  Rise time is the time interval during which the amplitude of the output
      voltage changes from 10 to 90% of the rising portion of the pulse.
PAR  Pulse width (or pulse duration) is the time duration of the pulse measured
      between 50 % amplitude levels of the rising and falling portions of the
      waveforms.
PAR  These values in combination with the requirements of the converter to
      produce a DC analog voltage accurately representative of the peak values
      61, make it difficult to construct a converter without resorting to
      elaborate and expensive circuitry. For example, the conventional peak
      pulse detector will have a waveform as shown by dashed line 62 (FIG. 3) in
      which the detector is not able to respond to the ultrafast waveform
      illustrated by solid line 60. The simple expedient of trying to improve
      the characteristics of such a detector conventionally results in the
      loading of the input signal circuitry, decreasing the time constant of the
      detector such that the DC analog voltage output of the detector sags, as
      shown by dash line 64 of FIG. 3, or, alternatively, using a combination of
      active circuit elements with high gain and fast rise time and sufficient
      output power to permit their use in conjunction with large storage
      devices, this combination being unattractive from a cost standpoint.
PAR  FIG. 4 is a simplified block diagram of a circuit in accordance with the
      invention, this circuit employing inexpensive and conventional amplifiers
      in conjunction with two inexpensive capacitors used as first and second
      storage means. As shown in the block diagram, input terminals 70 and 71,
      which are connected to a source of ultrasonic pulses not shown, are
      connected to input circuit 74 through conductor 72 and 73. Signals from
      the input circuit 74 are applied to the differential comparator 75 via the
      conductor 76. The output voltage from the differential comparator 75 is
      connected via conductor 79 to both the input of error amplifier 80 and to
      the fast charging circuit comprising diode 77. Signals from the
      differential amplifier pass through diode 77 and via path 78 to both first
      storage means 81 and to the non-inverting input terminal 82 of
      differential comparator 75.
PAR  Differential signals from comparator 75 are applied to the input terminals
      83 of error amplifier via conductor 79 where they are amplified and
      applied to second storage means 84 through conductor 85. Error signals
      from the output of error amplifier 80, which are held in storage by second
      storage means 84, are applied to the input of the DC coupling device 87
      through conductor 86. To complete the circuit as shown in the simplified
      block diagram of FIG. 4, the signal stored by the second storage means 84
      is coupled through the DC coupling device 87 and via path 78 is applied to
      the first storage means 81.
PAR  In operation the input circuit 74 performs first the function of coupling
      the supersonic pulses to the input of differential comparator 75 and
      secondly provides a circuit for establishing the voltage offset for
      differential comparator 75. In the preferred embodiment the differential
      comparator is an inexpensive high speed linear integrated circuit
      operational amplifier. With the operational amplifier connected as a
      differential comparator as shown in FIG. 4, the signal from the input
      circuit connected to the inverting input terminal 88, the output of the
      operational amplifier connected through the fast charging circuit
      comprising diode 77 to the non-inverting terminal, and with storage means
      81 connected to the non-inverting terminal 82, the operational amplifier
      may be operated in its most advantageous mode.
PAR  That is, connected as just described, the oeprational amplifier operates
      with open loop gain and without loss of bandwidth of rise time, its most
      advantageous mode for this application. The only limitation imposed on
      this circuit is that the bandwidth and rise time are degraded if the
      output is loaded with a circuit of low impedance, the output load
      including first storage means 81. Therefore, in previous applications and
      in the application of the present invention, the differential comparator
      75 is used in conjunction with a first storage means 81 which is typically
      a capacitor of very small value, i.e., typically a few picofarads. The
      circuit just described including the input circuit, differential
      comparator, fast charging circuit and first storage means will perform the
      function of detecting a peak pulse but will not perform the function of
      converting the peak amplitude to a DC analog voltage. The reason for this
      is that, if the first storage means is of low value, thus permitting fast
      rise time, the circuit will not function as a converter, and if the first
      storage means has a large value so that the circuit may function as a
      comparator to produce a DC analog voltage, the large value of the first
      storage means will degrade the performance of the operational amplifier so
      that sufficient rise time and bandwidth is not obtained and the peak value
      of the applied waveform will not be detected.
PAR  The addition of the novel circuit including the error amplifier 80, the DC
      coupling circuit 87, and the second storage means 84 overcomes the
      disadvantages just described.
PAR  As shown in FIG. 4, the error signal taken from the differential comparator
      75 is further amplified by the error amplifier 80 and applied to the
      second storage means 84. The signal stored in the second storage means 84
      is then connected through a DC coupling circuit 86 to the first storage
      means and, more significantly, to the non-inverting terminal of the
      operational amplifier differential comparator 75. With this circuit, the
      second storage means may have an extremely large value, for example, one
      microfarad, thus permitting the ultrafast peak pulse converter to produce
      a DC analog accurately representing the peak amplitude of the extremely
      fast ultrasonic pulses. The DC analog output signal which accurately
      represents the peak amplitude of the applied signals is provided at
      terminal 89 which is connected via path 90 to the output of the error
      amplifier 80.
PAR  Two observations regarding this circuit are significant. First, the
      performance requirements of the second operational amplifier performing as
      an error amplifier 80 are not as great as those of the operational
      amplifier used as the differential comparator 75; and, second, the second
      storage means 84 which is connected through the DC coupling circuit 87 to
      the non-inverting terminal 82 of differential comparator 75 does not, in
      the circuit just described, degrade the rise time or bandwidth performance
      of the differential comparator amplifier.
PAR  A detailed discussion of the circuits just described generally in relation
      to the simplified block diagram of FIG. 4, will be provided hereinafter in
      relation to the detailed schematic circuit of FIG. 5.
PAR  FIG. 5 is a complete schematic of the ultrafast peak pulse converter. In
      this circuit the ultrasonic pulses are applied to terminal 70 and via the
      input circuit 74 to the input of terminal 88 of differential comparator
      75. The common side of the applied signal is connected to terminal 71 and
      via path 101 to ground. Input circuit 74 includes an AC coupling capacitor
      102 for preventing DC voltages from the source from being applied to the
      input of the differential comparator. The input circuit 74 also includes
      resistors 103 and 104 which are connected to a source of negative DC
      voltage at terminal 105 and to ground respectively and with the other end
      of resistors 103 and 104 having a common junction point with capacitor 102
      and terminal 88 of differential comparator 75.
PAR  The function of resistors 103 and 104 is to provide a small negative bias
      voltage to the inverting terminal 88 of the differential comparator 75.
      This bias voltage counterbalances the internal voltage generated by the
      operational amplifier, this voltage generally being referred to as the
      offset voltage.
PAR  The output signal from the differential comparator 75 at terminal 106 is
      applied on path 79 to the input terminal 83 of the error amplifier 80 and
      also through diode 77 and resistor 107 to the non-inverting terminal 82 of
      the differential comparator 75. The non-inverting terminal 82 is also
      connected to the first storage means 81 comprising a capacitor of small
      value 108. The function of diode 77 is to unidirectionally couple the
      output terminal 106 to non-inverting input terminal 82 of the differential
      comparator 75. The function of resistor 107 is as a parasitic suppressor
      which helps to eliminate high frequency ringing caused by the transient
      characteristics of the signals applied thereto. Resistor 109 is connected
      to the junction between diode 77 and resistor 107 at one end and to
      terminal 110, which is connected to a positive source of DC voltage V2, at
      the other end. Resistor 109 functions to counteract the static current
      characteristics of an operational amplifier employed as the differential
      comparator 75. This static current is typically called the offset current.
PAR  Error amplifier 80 with the input signal applied to the inverting input
      terminal 83 and with the output signal available at terminal 111 has its
      offset voltage counteracted by the bias produced at the non-inverting
      terminal 112. This bias counteracting the offset voltage is produced by
      resistor 113, connected to a source of positive voltage V2 at terminal 115
      and with the other end of resistor 113 connected in common with one end of
      resistor 114 and terminal 112 of amplifier 80, the other end of resistor
      114 being returned to ground. The output error signal from error amplifier
      80 available at terminal 111 is applied through diode 115 and conductor
      116 to the base of an emitter follower which is comprised of a transistor
      117. The collector of transistor 117 is connected to a source of DC
      potential V2 via terminal 118. Conductor 116 which connects the base of
      transistor 117 to diode 115 is also connected to one side of capacitor 121
      having the other side connected to ground.
PAR  The error signal, which flows from the emitter of transistor 117 through
      resistor 120 to common junction point 119, is applied through the DC
      coupling circuit 87 comprising resistor 122. The signal is then applied
      through conductor 123 to resistor 107 and via paths 78 to first storage
      means 81 and the non-inverting terminal 82 of the differential comparator
      75.
PAR  The error signal from common junction point 119 is also applied to the
      second storage means 84 which is comprised of a capacitor 124 with the
      other end returned to ground. The output error signal available at common
      junction point 119 is also applied to the output terminal 89 and is
      applied through the conductor 126 to the movable contact 127 connected to
      terminal 128 of the time constant adjusting switch shown generally as 129.
PAR  In addition to switch 129 the time constant adjusting circuit includes
      resistors 132 and 133 which are connected to terminals 130 and 131
      respectively, the other ends of resistors 132 and 133 are connected to
      ground. The DC analog output signal representative of the peak pulse
      amplitude from the ultrafast peak pulse converter is available for use
      with other equipment, such as recorders, etc., through terminals 89. The
      return path to ground is provided through terminal 134.
PAR  The function of the components related to the input circuit, the
      differential comparator, the fast charge circuit including diode 77 and
      the first storage means 81 have already been described. Diode 115
      functions to unidirectionally couple the output error signal from the
      error amplifier 80 to the base of transistor 117. Capacitor 121 stretches
      the time constant of the pulse error signal helping to insure that the
      charge which forms on the second storage means 84 accurately represents
      the peak amplitude of the applied signal. Transistor 117 is a booster
      amplifier which provides all of the power necessary to charge capacitor
      124 without significantly loading the output of the operational amplifier
      functioning as the error signal amplifier 80. Resistor 120 in the output
      circuit of the emitter follower 117 functions as a parasitic suppressor
      and reduces the ringing and noise signals resulting from the transient
      nature of the signals. Capacitor 124 provides long time storage for the
      error signal, thus being one of the prime components required in
      converting the pulse signals to DC analog signals. Resistor 122 functions
      to DC couple the signals stored on capacitor 124 to the noninverting input
      terminal 82 via resistor 107 of differential comparator 75. Switch 127 and
      the associated resistors 132 and 133 permit the adjustment of the time
      constant performed by the second storage means 85 including capacitor 124.
PAR  In the preferred embodiment of the peak pulse converter shown in the
      schematic of FIG. 5, typical component values are provided in the listing
      to follow.
TBL  ______________________________________                                    
     Component Values                                                          
     Component         Value                                                   
     Resistor                                                                  
     103               3.3         megohms                                     
     104               470         ohms                                        
     107               100         ohms                                        
     109               3.3         megohms                                     
     113               150,000     ohms                                        
     114               100         ohms                                        
     120               4.7         ohms                                        
     122               47          ohms                                        
     132               10,000      ohms                                        
     133               100,000     ohms                                        
     Capacitors                                                                
     102               .03         uf                                          
     108               10          pf                                          
     121               300         uf                                          
     124               1.0         uf                                          
     Diodes                                                                    
      77               1N4375      --                                          
     115               1N914B      --                                          
     Operational Amplifiers                                                    
      75               UA760       --                                          
      80               UA760       --                                          
     Transistor                                                                
     117               2N4275      --                                          
     ______________________________________                                    
PAR  The prior art portion of the circuit shown in FIG. 5 consists of input
      circuit 74, differential comparator 75, pass charging circuit including
      diode 77 and first storage means 81. The circuit operates to produce a
      signal whose pulse width is proportional to the difference between the
      amplitude of the signal applied to the inverting input terminal 88 and the
      signal stored by first storage means 81. The signal stored by first
      storage means 81 is applied to the non-inverting input terminal 82 of
      differential comparator 75. Referring to FIG. 6, with a signal stored in
      the first storage means 81, having a value represented by the horizontal
      line 151, and with the applied pulse represented by the solid line 60, the
      differential amplifier 75 will produce a signal at the output terminal 106
      at time T1 as represented by the vertical dotted line 153. The output
      signal at terminal 106 will continue until the time T2 as represented by
      vertical dotted line 154 at which time the output signal is terminated.
      Thus, the function of the input circuit 74, the differential comparator
      75, and the first storage means 81 is to provide an output signal at
      terminal 106 for that period of time during which the pulse applied to the
      input terminal 88 exceeds the signal stored by capacitor 108 of first
      storage means 81. The amplitude of the output signal at terminal 106 is
      determined by the maximum output voltage of the differential comparator 75
      and is not determined by the amplitude of the applied signal.
PAR  The operation of the same input circuit 74, differential comparator 75,
      diode 77 and first storage means 81 may be explained in terms of logic
      signals. That is, when a signal is applied to the inverting input terminal
      88, the first storage means connected to the non-inverting terminal 82 is
      charged to the peak value of the signal applied through diode 77. The
      charge stored by the first storage means 81 then provides an input bias
      current at the non-inverting terminal 82, which discharges the first
      storage means to slightly below peak signal. At the peak of the following
      cycle, the input signal at terminal 88 will exceed the stored charge at
      terminal 82, causing the output to go high. With the output signal high,
      diode 77 furnishes an additional charge signal to the first storage means
      81 which then reduces or eliminates the difference signals between the two
      input terminals 82 and 88, which causes the output signal to go low again.
PAR  The novel combination comprising the DC coupling circuit 87 and the first
      and second storage means 81 and 84, respectively, provide unexpected
      results when used in the operation of the present invention and will
      therefore be explained in more detail. FIG. 7 is a schematic of a circuit
      equivalent to that portion of the schematic of FIG. 5 which contains the
      differential comparator 75, diode 77, first storage means 108, parasitic
      suppressor 107, DC coupling resistor 122 and second storage means 84. By
      "equivalent circuit" is meant a circuit which performs the same, both
      theoretically and practically, but lends itself more rapidly to analysis.
PAR  In this equivalent circuit as seen in FIG. 7, signal generator 140
      represents the signal output of differential comparator 75, and resistor
      141 represents the internal impedance of differential comparator 75. All
      other components of FIG. 7 represent the same components of FIG. 5 and
      bear the same identifying numbers.
PAR  The connection to the input of error amplifier 80, which is terminal 83 in
      FIG. 5, is omitted from FIG. 7 since the input impedance of this amplifier
      is very high and has little relation to the operation of the equivalent
      circuit of FIG. 7. Similarly, the input impedance at the noninverting
      terminal 82 has little effect on the operation of the equivalent circuit
      of FIG. 7 in this analysis and the connection is therefore not shown.
      Furthermore, the parasitic suppressor 107 has little effect on the signal
      operation of the converters so has been omitted in FIG. 7.
PAR  In the analysis of the circuit of FIG. 7, an assumption has been made that
      the effective output impedance of differential comparator 75 (generator
      140) as represented by resistor 141 has a value of 141 ohms. This value is
      conveniently chosen because it is exactly three times the value of the DC
      coupling resistor 122, which, as shown in the table, has a value of 47
      ohms. The output impedance of this type of operational amplifier used as a
      differential comparator is typically 150 ohms, so an assumption of 141
      ohms is a reasonably valid assumption.
PAR  Examining the waveform developed at point 142 by a pulse generated by
      signal generator 140 applied to resistor 141, which represents the
      internal impedance of the differential comparator 75. Initially, some
      small part of one nanosecond after the pulse is applied, the voltage at
      point 142 is still zero since the function of both first and second
      storage means, i.e., capacitors 108 and 124, is to resist change. At T =
      10 .times. 141 .times. 10.sup..sup.-15, the time constant of resistor 141
      and capacitor 124, the voltage at point 142 attempts to rise to a value of
      approximately 66% of the applied voltage. However, the time constant of
      capacitor 124 and 122 is so long relative to the time constant of
      capacitor 108 and resistor 141, i.e., the time constant of resistor 122
      and capacitor 124 is 47 .times. 1 .times. 10.sup..sup.-6, that the voltage
      at capacitor 124 will not rise until the pulse applied at the input by way
      of signal generator 140 has risen past its peak and decreased to
      essentially zero value. Since it is not possible, at least initially, for
      the signal applied to capacitor 124 to rise significantly while capacitor
      108 is being charged, the end of resistor 122 connected to the top of
      capacitor 124 may be considered as substantially at ground potential.
PAR  With this end of resistor 122 substantially at ground potential, resistors
      141 and 122 act as a divider, and determine that the voltage applied to
      capacitor 108 is essentially one-fourth, determined by the ratio of the
      resistance value of 122 to the sum of resistor values 141 and 122, is
      applied to charge capacitor 108. Thus, the first observation of note is
      that while resistors 141 and 122 determine the amplitude of the volts
      applied to capacitor 108, capacitor 124 does not prohibit capacitor 108
      from charging to the peak value of the signal applied to the resistor
      network,
PAR  As previously described, the operation of the total circuit of the
      comparator as shown in FIG. 5 is to increase the charge on capacitor 124
      by applying a signal through the error amplifier 80 to point 119. Thus,
      after a number of cycles, i.e., more than one, the charge on capacitor 124
      will build up to the peak value of the applied signal and resistors 141
      and 122 will no longer act as a divider network thus permitting capacitor
      108 to take on the peak value of the applied signal. Again it is noted
      that the operation of the novel coupling circuit of DC coupling resistor
      87 and second storage means 84 does not prohibit the first storage means
      81 from taking on a charge equal to the peak value of the applied signals
      after one or more pulses are applied. It is of course understood that with
      different values of resistors 141 and 122 the circuit will perform in the
      same manner but the ratio of the division of the applied signals will be
      somewhat different at the time of the initial pulse.
PAR  Now assuming that a number of pulses have been applied by signal generator
      140 to bring both first storage means 81 and second storage means 84 up to
      the peak value of the applied signal, the operation of the circuit, FIG.
      7, is again examined. Under this condition the charge on capacitor 124,
      which is many times greater than the charge held in capacitor 108, the
      combined function of storage capacitor 124 and coupling resistor 122 is to
      maintain the charge on capacitor 108 at its normal peak value. In other
      words, the time constant of first storage means 81 is short and the time
      constant of second storage means 84 is very long. Therefore, the charge
      from the second storage means will effectively operate to keep the first
      storage means charged.
PAR  Thus the second significant observation may be made in regard to the
      equivalent circuit shown in FIG. 7. That is, while the function of the
      second storage means does not permit the first storage means from taking
      on the peak value of the applied signal, the function of the second
      storage means is to maintain that peak charge on the first storage means
      after the termination of the applied pulse. It will now be seen that, in
      the circuits of FIGS. 4 or 5, the initial function of the input circuit 74
      and differential comparator 75 in conjunction with the fast storage
      circuit including diode 77 and first storage means 81 is to produce a
      signal at the first storage means 81 representative of the peak value of
      the applied input signal. This same signal is applied from the output of
      the differential comparator 75 to the input terminal of error amplifier 80
      and by means of diode 150, transistor 117 and resistor 120, a signal is
      applied to the second storage means 124 and this same signal is applied
      through the DC coupling resistor 122 and parasitic suppressor 107 to the
      input terminal 82 of comparator amplifier 75 and first storage means 81.
      By means of these circuits a peak charge is obtained on capacitor 108 of
      first storage means 81 which is related to the amplitude of the applied
      peak pulse, and this peak charge is maintained by the action of the second
      storage means and the DC coupling resistor 122. If at any time an error is
      detected between the difference between the peak charge stored in
      capacitor 108 of first storage means 81 and the peak of the applied signal
      at terminal 88 of the differential comparator 75, a signal is produced at
      terminal 106 of the differential comparator which functions to increase
      the charge of both capacitors 108 and 124. Thus, the overall circuit of
      the ultrafast peak pulse detector is to produce at terminal 89 a DC analog
      voltage whose value is accurately related to the peak value of the signal
      which is applied to terminal 70.
PAR  If it is desired, the output signal from terminal 89 may be coupled through
      one or more buffer amplifiers to produce a signal well isolated from the
      output terminal 89. These buffer amplifiers may also include a gain
      adjustment so that the proportionality of the DC analog voltage may be
      adjusted relative to the peak amplitude of the applied input signal at
      terminal 77 of the comparator. The interconnection of two operational
      amplifiers connected as buffers is shown in FIG. 8 without further
      comment.
PAR  While certain advantageous embodiments have been chosen to illustrate the
      invention it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulse peak detector for generating a DC voltage proportional to the
      peak amplitude of an applied input pulse having a short duration and a
      fast rise time comprising:
PA1  an input circuit for receiving the applied pulse signal;
PA1  first storage means connected to said input circuit for storing a signal
      related to the peak amplitude of the applied pulse signal,
PA2  said first storage means and said input circuit having a time constant less
      than the duration of the applied pulse;
PA1  means connected to said input circuit and to said first storage means for
      generating an error signal of predetermined amplitude,
PA2  the time duration of said error signal being proportional to the time
      interval during which the amplitude of the applied signal is greater than
      the amplitude of the signal stored by said first storage means;
PA1  coupling circuit means connected to said means for generating an error
      signal;
PA1  second storage means connected to said coupling means for storing a signal
      whose amplitude is accurately representative of the peak amplitude of the
      applied signal,
PA2  the time constant of said coupling means and said second storage means
      being long relative to the repetition rate of the applied signals; and
PA1  Dc coupling means for coupling said first storage means to said second
      storage means whereby charge is exchanged between said second storage
      means and said first storage means.
NUM  2.
PAR  2. A pulse peak detector according to claim 1 wherein said first and second
      storage means comprise capacitors,
PA1  and wherein the capacitor comprising said second storage means has a value
      approximately two orders of magnitude greater than the capacitor of said
      first storage means.
NUM  3.
PAR  3. A detector according to claim 1 wherein said means for generating an
      error signal comprises a differential amplifier having a first input
      terminal connected to said first storage means and a second input terminal
      connected to said input circuit.
NUM  4.
PAR  4. A detector according to claim 1 wherein said coupling means comprises a
      semiconductor diode.
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ABST
PAL  Radioactive energy is converted to electric energy by irradiating a
      converter body of semiconductor material etc. with radioactive rays to
      produce a number of electron-hole pairs in the converter, applying a
      magnetic field to the converter in a direction perpendicular to the
      direction of diffusion of the electron-hole pairs to separate the
      electrons and the holes in a direction perpendicular to the direction of
      diffusion of the electron-hole pairs and to the direction of application
      of the magnetic field and deriving the electrons and the holes from
      electrodes provided on the respective end faces of the converter body as
      electric energy.
PARN
PAR  This is a continuation, of application Ser. No. 227,545 filed Feb. 18, 1972
      now abandoned.
BSUM
PAR  The present invention relates to a method of converting radioactive energy
      to electric energy and a device for performing the same method.
PAR  There is known a method of atomic energy power generation in which nuclear
      fission energy is converted to thermal energy and thermal energy is
      further converted to electric energy. With the development of such atomic
      energy power generation, there has been a rapid increase in the amount of
      radioactive substance; resulting from the reprocessing of used nuclear
      reactor fuel and in the radioactive fission products of nuclear reactors.
      Research is being carried out to find uses for these radioactive
      substances and, in particular, research is actively being carried out
      toward the development of a device for converting the radioactive energy
      emitted from such substances to electric energy. That is to say efforts
      are being put into the development of an atomic energy battery.
PAR  Heretofore, there have been known a variety of methods for converting the
      radioactive energy emitted from radioactive substances into electric
      energy and, in general, these conventional methods can be classified into
      the following four systems on the basis of the converting mechanism.
PAR  A. Direct converting system:
PAR  Radioactive energy emitted from the radiocative substance is directly
      converted to electric energy. More particularly, in one example of the
      system conversion is accomplished by either (i) inserting a radioactive
      substance (.alpha. radiation source) into a vacuum glass container, the
      inner wall of which is silverplated and is used as the collector electrode
      or (ii) surrounding a radioactive substance (.beta. radiation source)
      disposed in a vacuum container with a solid state dielectric which serves
      as the collector electrode. However, with this system, the conversion
      efficiency is low, being less than 0.05%, and thus this system has not
      been put to practical use.
PAR  B. Two-step type converting system:
PAR  This system utilizes two steps for the energy conversion, i.e., radioactive
      energy emitted from the radioactive substance is used first to induce a
      certain physical phenomenon and then the phenomenon is caused to produce
      electric energy. Examples of this system which have been known are (i) to
      produce electron-hole pairs in a semiconductor by irradiating the
      semiconductor with a radioactive ray from a radioactive substance and then
      to derive electric current resulting from an electric field generated at
      the P-N junction of the semiconductor which causes electrons to move
      toward the N type region thereof and the holes toward the P type region
      thereof, (ii) to produce recoil electrons due to Compton scattering by
      surrounding a radioactive substance (.gamma. radiation source) with an
      insulating material and then to collect the recoil electrons and (iii) to
      polarize a gas introduced into the space between a pair of electrodes of
      metals, whose work functions are different from each other, by irradiating
      the gas with a radioactive ray from a radioactive substance or by
      introducing a gaseous radioactive substance etc. into the space and
      inducing a voltage due to the difference in contact potential difference
      between the polarized gas and the respective metal electrodes. However,
      the energy conversion efficiency of this system is less than 0.4%.
PAR  c. Three-step type converting system:
PAR  In this system, radioactive energy from a radioactive substance is used to
      change the physical state of certain substances through two sequential
      steps and then the resulting state produces electric energy. For example,
      a mixture of a radioactive substance and a fluorescent material is
      sandwiched by a pair of photo-electric cells and the fluorescent material
      is illuminated by the radioactive rays from the radioactive substance. The
      photo-electric cells detect this luminescence and generate an
      electromotive force. In general, this system requires a very complex
      structure but nevertheless provides poor conversion efficiency on the
      order of less than 0.01%.
PAR  d. Heat-engine type converting system:
PAR  This system includes the thermoelectric type converting method, the
      thermionic type converting method and the heat engine type converting
      method, and, in some of these methods, there is provided a conversion
      efficiency as high as 5%. However, the devices used in these converting
      methods require very complex construction and are not economical.
PAR  As mentioned above, conventional converters of relatively simple
      construction generally provide relatively low conversion efficiency. On
      the other hand, conventional converters of more complex construction
      generally provide higher efficiency but are not economical.
PAR  The primary object of the present invention is to provide a two-step type
      converting system for converting radioactive energy to electric energy and
      a device for performing the same with a simple construction and with high
      efficiency.
DRWD
PAR  Other objects and advantages of the present invention will be apparent from
      the following description of the preferred embodiment of the present
      invention with reference to the attached drawings, in which:
PAR  FIG. 1 is an explanatory view of the principle of the present invention;
PAR  FIG. 2 is a partially removed perspective view of an embodiment of the
      present energy converting device;
PAR  FIG. 3 is a perspective view of another embodiment of the converter device
      in accordance with the present invention; and
PAR  FIG. 4 is an enlarged view of the encircled portion of the device in FIG. 3
     .
DETD
PAR  The present conversion system belongs to the above mentioned two-step type
      system in the principle of its operating mechanism. Returning to the
      drawings, in particular, to FIG. 1 when radioactive rays irradiate a
      converter body 1 which is of semiconductor or compound semiconductor and
      which is provided with electrodes 2 and 3 on the opposite ends thereof, in
      a given direction, a number of electron-hole pairs are produced in the
      vicinity of the irradiated surface of the converter body 1 as shown. The
      electron-hole pairs thus produced in the irradiated region of the
      converter body 1 diffuse gradually toward the unirradiated region of the
      converter body 1, as shown by solid arrows, to eliminate the difference in
      density between the electrons and the holes. Under these conditions, when
      a magnetic field is applied to the converter body 1 in a direction
      perpendicular to the direction of diffusion, the paths of the diffusing
      electrons and holes are bent in a direction perpendicular to the direction
      of diffusion of the electron-hole pairs and to the direction of the
      magnetic field, respectively, by Lorentz force, as shown by the broken
      arrows, so that the holes reach the electrode 2 and the electrons reach
      the electrode 3. The radioactive energy is thus converted to electric
      energy which is derived from the electrodes 2 and 3.
PAR  Any semiconductor or compond semiconductor is suitable for use as the
      converter body in the present invention so long as it has a high electric
      charge mobility. For example, Ge, Si, InSb, GaSb, InAs, InAsP, PbSe,
      Bi.sub.2 Te.sub.3 or PbTe etc. are appropriate as the semiconductor
      material.
PAR  The radioactive substance used to irradiate the converter body may be an
      .alpha.-ray source substance such as .sup.210 Po, .sup.241 Am or .sup.238
      Pu etc., or a low energy .beta.-ray source substance such as .sup.14 C,
      .sup.35 S, .sup.36 Cl, .sup.147 Pm or .sup.20 Tl etc. When a high energy
      .beta.-ray source substance is used for this purpose, the tendency for the
      electrons and holes to diffuse is degraded because the electron-hole pairs
      are produced not only in the vicinity of the irradiated converter surface
      but also in the interior of the converter to thereby decrease the total
      difference in density between the irradiated surface and the interior of
      the converter. As an .alpha.-ray source or a low energy .beta.-ray source
      is used as the radioactive ray source in the present invention, the
      problem of radioactive ray leakage is substantially eliminated. For
      example, in the case of an .alpha.-ray source, since the radiation from
      the .alpha.-ray source will be absorbed even by a 5 .about. 6cm sheath of
      air surrounding the converter the radiation shielding can be sufficiently
      accomplished by a casing of thin metal plate. When a .beta.-ray source is
      used, a braking X-ray is emitted from the surface of the converter body
      upon irradiation and a thin metal casing will not be sufficient for
      shielding purposes. However no leakage to the exterior of such braking
      radiation will occur when a casing of lead plate having thickness of 3
      .about. 5mm is used.
PAR  The radioactive substances produced by reprocessing of used nuclear fuel or
      the fission products of nuclear reaction may be used as the radioactive
      source in this invention.
PAR  Although the radioactive substance may be merely positioned in the vicinity
      of the converter body in such a manner that the radioactive rays from it
      irradiate one of the side surfaces of the converter body, the production
      of the electron-hole pairs in the converter body can be increased by
      painting or electrically plating the radioactive substance on the side
      surface of the converter body.
PAR  The magnetic field can be produced by means of a permanent magnet bonded to
      the converter body. A higher magnetic field provides better bending of the
      electrons and the holes produced in the converter body and hence higher
      energy conversion efficiency. It is preferable to use a magnet (such as
      unisotropic ferrite) which can provide relatively high magnetic field in
      order to keep the size of the device at a minimum.
PAR  FIG. 2 shows an embodiment of the present converter in partially removed
      perspective view, in which a converter body 4 is supported on a support 7
      of plastic disposed within a container 8 of brass for shielding the
      radioactive ray. A magnet 6 is provided in order to apply a magnetic field
      to the converter body 4 and another container 5 containing therein a
      radioactive substance is provided on top of the converter body 4. The
      converter body 4 may, by way of example, be a Ge mono-crystaline material
      of 10mm in length, 3mm in width and 2mm in thickness which is
      substantially free from distortion resulting from its production. When
      radioisotope .sup.210 Po at a dose of 10 mCi (vapor deposited radiation
      source), is disposed above the top surface, the distance therebetween
      being 2mm, and a magnetic field, the strength of which is 4800 gausses, is
      applied to the converter body by the pair of magnets, the distance between
      the opposite poles thereof being 5mm, an output electric power of 3.1
      .times. 10.sup..sup.-6 W is obtained across electrodes 9 and 10 of the
      converter body 5. In this example, the efficiency of conversion from
      radioactive energy to electric energy was 1.4%. In this embodiment, by
      using a radioactive substance having a higher radioactivity and providing
      a higher radiation intensity than that of .sup.210 Po, by plating or
      painting the substance on a converter body of a material having a higher
      electric charge mobility than that of Ge and by applying a stronger
      magnetic field thereto etc., the conversion efficiency can be increased.
PAR  FIG. 3 shows another embodiment of the present invention in perspective
      view in which a plurality of converter bodies are used.
PAR  As shown in this figure, three magnetic bodies 11, 12 and 13 are housed in
      a suitable container (not shown), which can prevent the radioactive ray
      from leaking to the exterior.
PAR  The arrangement of these magnetic bodies in the container is such that they
      are juxtaposed and equally spaced with the faces of opposite magnetic
      polarity facing each other.
PAR  Insulating plates 17 of such as mica are provided on the facing surfaces.
      In each of the spaces formed between the insulating plates, a converter
      body 14, an insulating plate 16 of such as mica, a converter body 14, and,
      so on, are stacked vertically and plate-like yoke 18 of material having
      high magnetic permeability is provided on the cuter surfaces of the outer
      most magnetic bodies 11 and 13. By arranging the converter bodies, the
      insulating plates and the radioactive substances in this manner, a
      plurality of very compact converter devices can be readily realized in
      each column, and by connecting the opposite electrodes (not shown)
      provided on the opposite ends of the converter bodies suitably in series
      or in parallel, a compact atomic energy battery having an excellent energy
      conversion efficiency can be obtained. By way of example, in one
      embodiment each unit converter body 14 was an InSb monocrystaline body
      whose size after the distortion due to fabrication was substantially
      removed was 10mm in length, 1.5mm in width and 0.5mm in thickness. Two
      stacks of ten each of such converter bodies (twenty in total) were built
      in the spaces or columns between the adjacent insulating plates 17 and
      .sup.210 Po, 5 mCi, was sandwiched between adjacent converter bodies as
      the radioactive substance 15. The magnetic bodies were of strontium
      ferrite and, when a magnetic field of 1,500 gausses was applied, an
      electric power of 2.7 .times. 10.sup..sup.-5 W was obtained across the
      opposite electrodes of the battery. In this case the conversion efficiency
      from radioactive energy to electric energy was 1.8%. In this case, if the
      radioactive substance is painted or plated on the converter bodies, the
      battery can be further miniaturized.
PAR  In addition, by coating the surface of the magnetic bodies with extremely
      thin mica bodies or nylon coating and using electronic techniques to
      attach thereto semiconductor terminals and leads and then using a mask to
      apply semiconductor material to selected areas and radioactive substance
      between these areas, as shown in FIG. 4, a very compact atomic energy
      battery can be obtained.
PAR  The present invention provides an atomic energy battery which has a
      substantially higher energy conversion efficiency with respect to the
      conventional two-step type energy conversion system, and which is capable
      of being miniaturized because of its very simple construction. It further
      provides a battery of long life and very high reliability since no control
      or regulator mechanism is required and repair and maintainance are made
      unnecessary. The atomic energy battery in accordance with the present
      invention is compact and operable at high or low temperature, at high
      pressure or in a vacuum and even in a nongravity region.
PAR  It will be apparent that this invention is not limited to the specific
      structure described and that the present invention is capable of numerous
      variations within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for converting radioactive energy to electric energy, said
      device comprising in combination, a first, second and third magnetic body,
      a plurality of InSb monocrystalline semi-conductor bodies stacked
      vertically between said first and second and between said second and third
      magnetic body, each stacked plurality of semi-conductor bodies being
      separated from the magnetic body by an insulating plate, a layer of
      .sup.210 Po radioactive substance sandwiched between adjacent
      semi-conductor bodies and disposed to produce electron hole pairs in said
      semi-conductor bodies, wherein said electron hole pairs diffuse toward an
      unirradiated region of said semi-conductor bodies to eleminate the
      differences in density between electrons and holes in each of said
      semiconductor bodies, said magnetic bodies separating said electrons and
      said holes from each other by means of the resultant magnetic field
      wherein said electrons and holes are caused to move in a direction
      perpendicular to the direction of diffusion of the electron-hole pairs,
      and a U-shaped plate member of high magnetic permeability disposed by the
      leg members thereof on the outer surfaces of said first and third magnetic
      bodies, said U-shaped plate member supporting the magnetic bodies and said
      stacked semi-conductor bodies in association, each of said semi-conductor
      bodies having electrodes on opposite sides thereof to receive separated
      electron-hole pairs of electric energy generated within each of the
      semi-conductor bodies.
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ABST
PAL  A permanent magnet and an electromagnet actuated mechanical unit that may
      be secured to an engine block assembly to actuate at least one piston,
      connecting rod, and drive shaft that forms a part of the assembly to
      obtain rotary power.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A magnetically actuated reciprocating engine.
PAR  2. Description of the Prior Art
PAR  In the past, reciprocating engines have been driven by charges of an
      air-fuel mixture being sequentially ignited, and with consequent pollution
      of the ambient atmosphere by exhaust gases resulting from the ignition of
      the air-fuel mixtures being discharged thereto.
PAR  The primary purpose of the present invention is to supply a magnetically
      actuated assembly that may be mounted on a reciprocating engine to power
      the latter, and eliminate the discharge of polluting gases to the ambient
      atmosphere.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a magnetically actuated unit that is removably
      mountable on the block of an internal combustion engine, which block
      includes a crank case, at least one cylinder, a piston clidably mounted in
      the cylinder, a connecting rod extending between the piston and a
      crankshaft that is rotatably supported in the crank case, and a flywheel
      that is mounted on the crankshaft.
PAR  The magnetically actuated unit includes a housing having a base in which a
      first opening is formed. A cylindrical side wall extends upwardly from the
      base, with the upper open end of the side wall being closed by a top. The
      housing is removably secured to the block by bolts or the like, with the
      first opening being in axial alignment with the cylinder.
PAR  First permanent magnets are arranged within the housing in
      circumferentially spaced relationship adjacent the cylindrical side wall.
      Second permanent magnets are situated within the housing and supported by
      a vertically adjustable rod. The first and second permanent magnets define
      an annulus shaped space therebetween. The adjacently disposed ends of the
      first and second magnets are of the same polarity and the annulus shaped
      space at all times has a magnetic field therein.
PAR  A cylindrical shell extends upwardly from the piston through the first
      opening. A pair of oppositely disposed parallel, elongate members extend
      upwardly from the shell through two openings in the top. The upper
      extremities of the elongate members are secured to a transverse yoke that
      slidably engages the rod.
PAR  The elongate members have a solenoid coil rigidly secured thereto, which
      coil may move upwardly and downwardly through the annulus shaped space.
      Commutation means are so operatively associated with the crankshaft that
      the solenoid coil is intermittently energized from a source of electric
      energy. The solenoid coil has upper and lower ends.
PAR  The magnetically actuated unit is started by initially manually or
      otherwise rotating the crankshaft to cause downward movement of the
      piston, and the solenoid coil that moves concurrently therewith. As the
      lower end of the solenoid coil approaches the magnetic field in the
      annulus shaped space, the commutation means effect an electric circuit
      between the source of electric energy and the solenoid coil. The direction
      of current flow of the circuit so established is in a first direction such
      that the lower end of the solenoid coil will have a polarity that tends to
      draw the solenoid coil into the annulus shaped space. This flow of
      electric current should continue until the solenoid coil has moved
      downwardly in the annulus shaped space until just before it assumes a
      locked position relative to the first and second magnets. At this position
      the commutation means breaks the electric circuit to the solenoid coil.
      The angular momentum imparted to the flywheel will cause the solenoid coil
      to continue moving downwardly in the annulus-shaped space. When the
      solenoid coil has moved downwardly in the annulus shaped space to the
      extent that the upper end of the solenoid coil is below the center of the
      magnetic field therein, the commutation means again energizes the solenoid
      coil, with the direction of current flow continuing to be in the same
      direction. The upper end of the solenoid coil is then of a polarity
      different from that of the magnetic field in the annulus shaped space, and
      the solenoid coil is forced downwardly.
PAR  This forceful movement of the solenoid coil results in the downward
      movement of the piston to rotate the crankshaft, for the solenoid coil is
      at all times a fixed distance from the piston. Momentum is imparted to the
      flywheel that causes rotation of the crankshaft and subsequent upward
      movement of the solenoid coil relative to the magnetic field in the
      annulus shaped space. As the upper end of the solenoid coil approaches the
      lower end of the magnetic field in the annulus shaped space, the
      commutation means again completes the electric circuit, but with the
      current flow being in a reverse direction. The polarity of the upper end
      of the solenoid coil is such that the solenoid coil tends to be drawn
      upwardly into the annulus shaped space. Just before the solenoid coil
      reaches a locked position in the annulus shaped space, the commutation
      means breaks the electric circuit. The solenoid coil, due to the momentum
      of the of the flywheel, continues to move upwardly in the annulus shaped
      space.
PAR  When the lower end of the solenoid coil has moved upwardly above the center
      of the magnetic field in the annulus shaped space, the commutation means
      again completes the electric circuit. The polarity of the lower end of the
      solenoid coil is such that the solenoid coil tends to be forced upwardly
      away from the magnetic field. Upon the lower end of the solenoid coil
      moving above the magnetic field, the commutation means again breaks the
      electric circuit. The momentum of the flywheel continues to keep the
      crankshaft rotating and the above described cycle is repeated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-sectional view of an engine block assembly with
      the magnetically actuated power unit removably secured thereto;
PAR  FIG. 2 is an enlarged vertical cross-sectional view of that portion of the
      engine block assembly within the circle shown in phantom line in FIG. 1
      and identified by the numeral 2;
PAR  FIG. 3 is a top plan view of the magnetically actuated power assembly,
      taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is a transverse cross-sectional view of the magnetically actuated
      power assembly, taken on the line 404 of FIG. 1; and
PAR  FIG. 5 is a diagrammatic view of the electric circuit used in conjunction
      with the magnetically actuated power assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An engine block assembly A is shown in FIG. 1 that has the magnetically
      actuated power assembly B removably mounted thereon.
PAR  The engine block assembly A is of conventional design and includes a block
      10 which has at least one cylinder 12 therein, and each cylinder 12 having
      a piston 14 slidably mounted within the confines thereof and sealingly
      engaging the cylinder by rings 16 mounted on the pistons. The block 10 is
      of such shape as to define an oil reservoir 18, with the reservoir being
      closed by a cover 20. Packing 22 seals the cover 20 to the block 10, and
      the cover being held on the block by first bolts 20a, or the like.
PAR  Each piston 14 has a connecting rod 24 pivotally secured thereto, with the
      connecting rod being pivotally connected to a crankshaft 26 situated
      within the block 10. The block 10 includes an oil pan 28 that has a drain
      plub 30 in the lower portion thereof, with the oil pan 28 being secured to
      the block by second bolts 28a, or the like. The oil reservoir 18 is at all
      times in communication with the interior of the portion of the block
      defining the crank case, due to ports 31, as best seen in FIGS. 1 and 2.
PAR  The magnetically actuated power assembly B includes a housing 36 which has
      a flange 38 that is removably secured to the upper portion 34 of block 10
      by a number of third bolts 40. The housing 36 includes a tubular portion
      42, which on the upper end thereof develops into an outwardly extending
      web 44. On the outer extremity thereof the web 44 develops into a
      cylindrical side wall 46 that extends outwardly, as may best be seen in
      FIG. 1. A top 48 is provided that is secured to the upper extremity of the
      side wall 46 by bolts 50. A cylindrical shell 52 is secured to the upper
      portion of the piston 14 by screws 52a, or the like, as can best be seen
      in FIG. 1.
PAR  Two vertical, oppositely disposed rods 54 are secured to the upper portion
      of the shell 52 by bolts, rivets, or the like 54a, and the rods on the
      upper ends thereof being secured to a yoke 56. First and second clamp
      plates 58 and 60 are engaged by bolts 62, which bolts extend through
      openings in the web 44, and the bolts when tightened serving to force the
      first and second clamping plates into pressure contact with a number of
      radially extending, circumferentially spaced, first magnets 64 that are
      situated within the confines of the cylindrical side wall 46.
PAR  A number of second permanent magnets 66 are provided that are radially
      aligned with the first magnets 64, with the second magnets being held in
      fixed positions due to being situated between first and second clamp
      members 68 and 70. Nuts 72 threadedly engage a partially threaded rod 76
      to hold the clamp members 68 and 70 in a fixed magnet clamping position on
      the rod. The threaded portion of rod 76 engages a tapped bore 48a in top
      48. A pair of lock nuts 74 engage the threaded rod 76 to adjustably hold
      the rod and first magnets 66 at a desired longitudinal relationship with
      first magnets 64. The adjacent ends of the first and second magnets 64 and
      66 are of the same polarity and at all times maintain a magnetic field in
      a space 77 defined therebetween. The yoke 56 slidably engages an
      unthreaded portion of the rod 76.
PAR  First and second elongate rigid electrical conductors 80 and 82 are secured
      to the rods 54, as may be seen in FIG. 3, and are electrically insulated
      therefrom by strips of insulation 84 that are bonded to the rods and to
      the members 80 and 82. First and second spring-loaded brushes 86 and 88
      are mounted on the top 48, as shown in FIG. 1, with the brushes 86 and 88
      at all times being in engagement with conductors 80 and 82 as the latter
      reciprocate upwardly and downwardly as will later be explained in detail.
PAR  A solenoid coil C having an upper end C-1 and lower end C-2 is mounted on
      the shell 52, as can be seen in FIG. 1, and in certain portions of the
      cycle of rotation of the crankshaft 26, the solenoid C moves into and out
      of the magnetic field in space 77.
PAR  First and second commutator assemblies D-1 and D-2 are mounted on a shaft
      96 that rotates concurrently with crankshaft 26 and at the same rate of
      rotation. First assembly D-1 includes a first cylindrical spool 78 formed
      of an electrical insulating material that supports first, second, third
      and fourth longitudinally spaced, electrical conducting arcuate segments
      100, 102, 104 and 106. Segments 100, 102, 104 and 106 are engaged by
      first, second, third and fourth carbon brushes 100a, 102a, 104a and 106a.
      First and second segments 100 and 102 are connected by a conductor 108,
      and the segments 104 and 106 by conductor 110.
PAR  A second spool D-2, which is formed from an electrical insulating material,
      is connected to the shaft 96 and rotates concurrently therewith. The
      second spool 112, as may be seen in FIG. 5, has 5th, 6th, 7th and 8th
      longitudinally spaced, circumferentially extending commutator segments
      114, 116, 118, 120 mounted thereon. Fifth, sixth, seventh and eighth
      commutator segments 114, 116, 118 and 120 are engaged by fifth, sixth,
      seventh, and eighth resilient brushes 114a, 116a, 118a and 120a. The fifth
      and eighth commutator segments 114 and 120 are connected by a conductor
      122 and the sixth and seventh by a conductor 124. A source of electric
      power 126 has a first terminal 128 connected to first brush 120a by a
      conductor 130. A second terminal 132 of source of electricity 126 has two
      conductors 134 and 136 extending therefrom. Conductor 134 is connected to
      third brush 134a, with the fourth brush 106a being connected by a
      conductor 138 to a junction point 138a from which a conductor 140 extends
      to the first spring-loaded brush 86. The second spring-loaded brush 88, as
      may be seen in FIG. 5, is connected to a junction point 142 from which a
      conductor 144 extends to the second brush 102a. The first, second, third
      and fourth segments 100, 102, 104 and 106 are so disposed on the first
      spool D-1 that when the crankshaft 26 has rotated in a clockwise direction
      to 45.degree. as shown in FIG. 1, contact is concurrently made with the
      first, second, third and fourth brushes 100a, 102a, 104a, and 106a in a
      clockwise direction.
PAR  During such contact an electric circuit to solenoid C is maintained from
      source of electricity 126 to second terminal 132, conductor 134, third
      brush 104a, third segments 104, conductor 110, fourth segments 106, fourth
      brush 106a, conductor 138, junction point 138a, conductor 140, first
      spring-loaded brush 86, first conductor strip 80, solenoid C, second
      conductor strip 82, second spring-loaded brush 88, junction 142, conductor
      114, second brush 102a, second segment 102, conductor 103, first segment
      100, first brush 100a, conductor 130, and first terminal 128. The flow of
      current so established is in such a direction that the magnetic field
      generated by the solenoid C will tend to move solenoid C in space 77
      towards a locked position therein. Just prior to the locked position being
      reached, the segments 100, 102, 104, and 106 rotate out of contact with
      brushes 100a, 102a, 104a and 106a. The momentum imparted to flywheel 26
      will keep crankshaft 26a rotating. When solenoid C has moved downwardly in
      space 77 to the extent that the upper end C-1 of solenoid C is below the
      center of the magnetic field in space 77, the circuit to solenoid C is
      again established by brushes 100a, 102a, 104a and 106a which contact a
      second set of segments 100', 102', 104' and 106' which are identical to
      segments 100, 102, 104 and 106 but are spaced therefrom. Segments 100',
      102', 104' and 106' are connected to segments 100, 102, 104 and 106 by
      conductors J situated within the interior of spool D-1. End C-1 of
      solenoid C has such polarity that the solenoid is forced downwardly.
PAR  This downward movement of solenoid C will continue until the upper end C-1
      is below the magnetic field in space 77. At that point the electric
      circuit to solenoid C is broken by segments 100', 102', 104' and 106'
      which rotate out of contact with brushes 100a, 102a, 104a and 106a. As
      crankshaft 26 continues to rotate and solenoid C move upwardly, the
      direction of electrical current through the solenoid C is reversed as the
      upper end approaches the magnetic field in space 77 with the solenoid
      generating a magnetic field that tends to draw the solenoid upwardly
      towards a locked position in the space. The first terminal 128 of the
      source of electricity 126 has a conductor 148 extending therefrom to the
      fifth brush 114a. Sixth brush 116a is connected by a conductor 150 to
      junction point 142. The fifth, sixth, seventh and eighth segments 114,
      116, 118 and 120 are so disposed on second spool D-2 that when the
      crankshaft is rotated to approximately 225.degree. as viewed in FIG. 1,
      the segments are in engagement with fifth, sixth, seventh and eighth
      brushes and will so remain until the crankshaft has rotated to a position
      where the solenoid C is almost in a locked position in the magnetic field
      in space 26.
PAR  During the time the fifth, sixth, seventh and eighth segments 114, 116,
      118, 120 are in engagement with the fifth, sixth, seventh and eighth
      brushes 114a, 116a, 118a and 120a, electric current flows from the source
      126 through conductor 136, seventh brush 118a, seventh segment 118,
      conductor 124, sixth segment 116, sixth brush 116a, conductor 150,
      junction point 142, second spring-loaded brush 88, conductor strip 82,
      solenoid C, second conductor strip 80, first spring-loaded brush 86,
      conductor 140, junction point 138a, conductor 152, eighth brush 120a,
      eighth segments 120, conductor 122, fifth segment 113, fifth brush 114a,
      conductor 148 to first terminal 128 of a source of electricity 126.
PAR  Just prior to the solenoid C moving upwardly in space 77 to the locked
      position, the electric circuit thereto is terminated, and after the lower
      edge C-2 of the solenoid has moved above the center of the magnetic field
      in space 77 the circuit is again completed by brushes 114a, 116a, 118a and
      120a contacting segments 114', 116', 118' and 120' in the same manner as
      described in connection with the downstroke of solenoid C. The segments
      114, 116, 118 and 120 and 114', 116', 118' and 120' are circumferentially
      spaced from one another on spool D-2 and connected internally by
      conductors J.
PAR  The spools D-1 and D-2 may be of split construction and the conductors 108,
      110, 122 and 124 being situated within the confines of the spool but in
      engagement with the segments above described. When the current flow
      through the solenoid C in the direction last described the magnetic field
      generated by the solenoid tends to move the solenoid C and piston 14
      upwardly.
PAR  When the engine is operating as above described, the momentum of the
      flywheel 26a causes the crankshaft 26a to continue to operate when the
      solenoid C is not electrically energized.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a crankshaft, a flywheel connected to said
      crankshaft, a connecting rod pivotally connected to said crankshaft, a
      piston pivotally connected to said connecting rod, an engine block that
      rotatably supports said crankshaft and flywheel, said engine block having
      a cylinder therein in which said piston reciprocates when said crankshaft
      and flywheel rotate, a source of electric energy, a magnetically actuated
      device for driving said crankshaft, said device including:
PA1  a. a housing mounted on said block, with the interior of said housing in
      communication with said cylinder;
PA1  b. first and second permanent magnetic means situated in said housing that
      define an annulus shaped space therebetween that has a magnetic field
      therein, with the adjacent portions of said first and second magnetic
      means of the same polarity, and said annulus shaped space axially aligned
      with said cylinder;
PA1  c. a solenoid coil that may reciprocate in said annulus shaped space to
      positions thereabove and below, said solenoid coil having a first end that
      first enters said annulus shaped space when said solenoid coil moves
      downwardly relative thereto and a second end that first enters said
      annulus shaped space when said solenoid coil moves upwardly relative to
      said annulus shaped space;
PA1  d. first means that supports said solenoid coil at a fixed position
      relative to said piston; and
PA1  e. commutation means for intermittently completing an electric circuit to
      said solenoid from said source of energy and reversing the direction of
      flow of current through said solenoid, said commutation means as said
      crankshaft and flywheel rotate to dispose said second end of said solenoid
      in a position to move into said annulus shaped space completing an
      electric circuit from said source of electric energy to said solenoid coil
      that imparts a magnetic polarity to said second end such that said
      solenoid tends to be pulled downwardly towards a locked position in said
      annulus shaped space, said commutation means just prior to said solenoid
      coil moving to said locked position breaking said electric circuit, said
      solenoid coil after said electric circuit has been broken continuing to
      move downwardly in said annulus shaped space due to momentum imparted to
      said flywheel, said solenoid coil after said first end thereof has moved
      downwardly in said annulus shaped space below the center of said magnetic
      field having said electric circuit thereto again completed to energize
      said solenoid coil for said first end thereof to have a polarity that
      tends to force said solenoid coil downwardly out of said annulus shaped
      space, said electric circuit to said solenoid coil being broken by said
      commutation means when said first end of said solenoid coil has moved
      downwardly out of said annulus shaped space, with the momentum imparted to
      said flywheel causing said crankshaft to rotate until said solenoid coil
      starts to move upwardly towards said annulus shaped space, and said
      commutation means intermittently completing said electric circuit in
      reverse order and with reverse current flow as said solenoid moves
      upwardly through said annulus shaped space.
NUM  2.
PAR  2. A device as defined in claim 1 in which said first magnetic means is
      defined by a plurality of circumferentially spaced first magnets that
      define an opening in the interior thereof.
NUM  3.
PAR  3. A device as defined in claim 2 in which said second magnetic means is
      defined by a plurality of circumferentially spaced second magnets that are
      disposed in said opening, and are radially aligned and spaced from said
      plurality of first magnets to provide said annulus shaped space
      therebetween.
NUM  4.
PAR  4. A device as defined in claim 2 in which each of said first magnets is
      defined by a plurality thereof stacked one above the other.
NUM  5.
PAR  5. A device as defined in claim 3 in which each of said second magnets is
      defined by a plurality thereof stacked one above the other.
NUM  6.
PAR  6. A device as defined in claim 1 in which said first means is a
      cylindrical shell secured to said piston that has said solenoid coil
      mounted thereon in an encircling position.
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ABST
PAL  A liquid-cooled rotor is provided for large dynamoelectric machines, such
      as turbine generators, in which a coolant liquid such as water is supplied
      through a shaft bore and radial passages to an annular distribution
      chamber on the surface of the rotor. Water flows from the chamber to the
      rotor winding, and back to the chamber, through insulating hoses which are
      distributed about the circumference of the chamber, and coolant tubes are
      connected to the insulating hoses to carry the liquid to and from the
      rotor winding. The tubes are brought together in groups in a transition
      region from which they extend into slots in the surface of the rotor. The
      tubes are disposed in the transition region so as to minimize the space
      required and are supported against rotational forces in a manner to
      facilitate manufacture and repair. For this purpose, they are formed by
      bending to bring them into groups of the required number of tubes and are
      held in place on the rotor by masses of resin cast in place and subdivided
      so that individual groups of tubes can be removed and replaced
      independently of the other tubes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the cooling of dynamoelectric machines
      such as large turbine generators, and more particularly to the means for
      supplying coolant liquid to the windings of liquid-cooled rotors for such
      machines.
PAR  Large turbine generators are usually of the inner cooled, or direct cooled,
      construction in which a coolant fluid is circulated through duct means in
      the stator and rotor slots in direct thermal relation with the
      current-carrying conductors inside the ground insulation. This type of
      construction provides a very effective cooling system which has made it
      possible to attain very high ratings for large generators. The coolant
      fluid used in these machines heretofore has usually been hydrogen which
      fills the gas-tight housing and is circulated through the ducts of the
      stator and rotor windings and through radial or axial ducts in the stator
      core. As further increases in the maximum capacities of these large
      generators have become necessary, further improvements in cooling have
      been required and have been obtained by the use of more efficient coolant
      fluids such as liquids. A very considerable improvement in cooling has
      been obtained in this way by circulating a liquid coolant such as water
      through the ducts of the stator winding, and a substantial further
      improvement can be obtained by similarly circulating a coolant liquid
      through passages in the rotor winding.
PAR  Coolant liquid such as water is preferably supplied to the rotor of a large
      generator, and discharged therefrom, through the shaft bore so that the
      sealing problem can be minimized by introducing and discharging the liquid
      at locations of minimum radius where the centrifugal force on the liquid
      is at a minimum. When the liquid is thus introduced through the shaft, it
      flows from the bore through radial passages to an annular distribution
      chamber on the surface of the rotor from which it can be distributed to
      the conductors of the rotor winding through suitable tubes or hydraulic
      connectors. After flowing through the rotor conductors, the heated coolant
      may flow through similar tubes and passages at the opposite end of the
      rotor and be discharged through a central bore at that end, or it may
      return to the same end at which it entered to be discharged. Arrangements
      of this general type are shown, for example, in the U.S. Pat. Nos. to
      Curtis et al, 3,733,502 and Gibbs et al, 3,131,321, and in a copending
      application of F.P. Fidei et al (Case WE-43,520), Ser. No. 444,582, filed
      Feb. 21, 1974 and assigned to the Assignee of the present invention.
PAR  In this type of construction, the tubes through which the coolant flows to
      and from the winding are preferably placed in longitudinal slots in the
      rotor shaft and connected to the winding conductors in the end turn
      portions of the winding. The annular distribution chamber extends
      completely around the shaft and insulating hoses or connectors are
      provided for flow of liquid from the chamber and return thereto. The
      insulating hoses correspond in number to the number of coolant tubes and
      are distributed around the circumference of the annular chamber. The
      individual coolant tubes are connected to these insulating hoses and
      extend from the hoses into the axial slots, the necessary number of tubes
      being placed in each slot for connection to the individual winding
      conductors. The tubes must thus be brought inward from the radius of the
      distribution chamber to the radius of the slots, and brought together into
      groups of the appropriate numbers of tubes. The tubes therefore pass
      through a transition region in which they are formed in a manner to bring
      them into the necessary groups, and they must be adequately supported in
      this region against the high rotational forces to which they are subjected
      during operation and in a manner to prevent significant cycling stresses
      which could result in fatigue. The arrangement should also be such that
      the tubes can be manufactured and assembled on the rotor without unusual
      difficulty and at a reasonable cost, and so that possible removal and
      replacement of tubes or groups of tubes for repair purposes is facilitated
      to minimize the time and cost involved. It is also desirable to minimize
      the space required for this transition region in order to avoid any undue
      increase in the length of the rotor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a rotor construction for large liquid-cooled
      turbine generators in which coolant liquid such as water is supplied to
      the rotor winding from an annular distribution chamber through coolant
      tubes arranged and supported in a manner which meets the requirements
      discussed above.
PAR  In accordance with the invention, coolant liquid is supplied to the rotor,
      and preferably also discharged, through the shaft bore at the exciter end
      of the rotor. The liquid flows through the shaft bore and through radial
      passages to and from the annular distribution chamber encircling the
      surface of the rotor. The liquid is directed to and from the individual
      winding conductors by means of coolant tubes which are placed in
      longitudinal slots in the shaft surface and connected to the distribution
      chamber by insulating hoses or connectors. The connectors are spaced
      around the circumference of the distribution chamber and the tubes pass
      through a transition region in which they are brought into spaced groups
      of tubes to be placed in the slots. The tubes are bent and formed in the
      transition region in such a manner that substantially all bends are
      90.degree. bends and that all tubes lie in longitudinal or normal planes
      or in cylindrical surfaces concentric with the shaft axis. In this way,
      the tubes can easily be brought into groups containing the proper number
      of tubes for each of the slots, and the arrangement is such that the space
      required is kept to a minimum. The tubes are supported in position by
      masses of resin which are preferably cast in place around the tubes after
      they have been installed on the rotor. Adjacent sets of tubes in the
      transition region are separated by radial wall members, and the resin is
      cast in the spaces between these walls so that each set of tubes can be
      installed and removed independently of the remaining tubes, thus
      facilitatingg both the original manufacture of the rotor and removal and
      replacement of the tubes if repairs should become necessary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description, taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a view, partly in longitudinal section and partly in elevation,
      of a turbine generator embodying the invention;
PAR  FIG. 2 is a longitudinal sectional view on a larger scale showing one end
      of the rotor;
PAR  FIG. 3 is a partial transverse sectional view of the rotor substantially on
      the line III--III of FIG. 2;
PAR  FIG. 4 is a developed plan view of the portion of the rotor shown in FIG.
      3;
PAR  FIG. 5 is a fragmentary longitudinal sectional view substantially on the
      line V--V of FIG. 3; and
PAR  FIG. 6 is a fragmentary longitudinal sectional view substantially on the
      line VI--VI of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is shown in the drawings embodied in a liquid-cooled rotor
      for use in a large turbine generator of typical construction, although it
      should be understood that the invention may be applied to any desired type
      of dynamoelectric machine.
PAR  Referring first to FIG. 1, there is shown a large generator 10 which has a
      stator core 12 supported in a substantially gas-tight outer housing 14.
      The core 12 is of the usual laminated construction having a generally
      cylindrical bore therethrough, and the laminations are clamped between
      suitable end plates 15 in the usual manner. The stator core 12 has
      longitudinal slots in its inner periphery for reception of a stator
      winding 16 which may be of any suitable or usual type. The winding 16 is
      shown as being a liquid-cooled winding and circular inlet and discharge
      manifolds 17 are provided at opposite ends of the machine for circulating
      a coolant liquid such as water through the coils of the stator winding.
      The housing 14 is filled with coolant gas, preferably hydrogen, which is
      circulated through the interior of the housing in the usual manner and
      suitable baffling of any desired type may be provided in the housing to
      direct the flow of gas therein. The machine has a rotor 18 which is
      disposed in the bore of the stator core 12 and supported in end brackets
      19 at each end of the housing 14 in bearing assemblies of any desired type
      which may include gland seals to prevent leakage of gas from the housing.
PAR  As shown more clearly in FIG. 2, the rotor 18 has a body portion 20 and
      shaft portions 21 which are preferably integral with the body portion and
      extend axially from each end thereof. The body portion 20 is provided with
      peripheral slots in the usual manner for reception of a rotor winding 22.
      The rotor winding 22 constitutes the field winding of the generator 10 and
      may comprise the usual concentric, multi-turn coils disposed to form
      either two or four poles in the usual manner. The coils extend beyond the
      ends of the body portion 20 at each end of the rotor and the end turn
      portions of the coils are supported against rotational forces by the usual
      heavy retaining rigns 23. Excitation current for the winding 22 is
      supplied from a suitable exciter or other direct current source through
      insulated axial conductors 24 disposed in a central bore of the rotor
      shaft 21. Radial leads 25 extend through the shaft 21 and are threaded
      into the conductors 24. The radial leads 25 are connected to the winding
      22 by means of suitable axial leads 26 of any desired type.
PAR  As previously indicated, the rotor winding 22 is cooled by circulation of a
      coolant liquid, preferably water. The water is supplied through the bore
      of the shaft 21 and preferably is both introduced and discharged at the
      same end of the machine. As shown in the drawings, two concentric
      stainless steel tubes 27 and 28 are disposed in the bore of the shaft 21
      on the axis thereof, the tube 27 forming a central passage for entrance of
      water and the tubes 27 and 28 forming an annular passage between them for
      discharge of water. Coolant water entering through the tube 27 flows
      through radial passages 30 in the shaft 21 to an annular distribution
      chamber 32 extending around the shaft on the surface thereof. The passages
      30 are preferably lined with stainless steel liners and the chamber 32 is
      also made of stainless steel, although any suitable corrosion-resistant
      material could be used. Water flows from the chamber 32 through stainless
      steel coolant tubes 35 to the winding 22 as more fully described
      hereinafter. The water flows through the winding 22 and, if desired, may
      flow to the opposite end of the rotor and be discharged through a
      distribution chamber, radial passages and shaft bore similar to those
      shown in FIG. 2. In the preferred embodiment, however, the water returns
      through the winding to the same end of the rotor and is discharged through
      others of the tubes 35 to the annular chamber 32. In this arrangement, as
      more fully disclosed in the above-mentioned copending application, the
      chamber 32 is divided by internal partitions into entrance and discharge
      portions, and the discharged coolant flows through radial passages similar
      to the passages 30 to the annular discharge passage between the tubes 27
      and 28 for discharge from the machine.
PAR  Water flows between the annular distribution chamber 32 and the winding 22
      through axially-extending water connectors 36 which are brazed or
      otherwise secured in the wall of the chamber 32 on the side toward the
      rotor body 20. The connectors 36 are distributed about the circumference
      of the chamber 32 and are arranged in two radially-spaced rows as can be
      seen in FIG. 3, which shows substantially one quadrant of the
      circumference, the other quadrants being similar. Preferably, the
      connectors 36 are disposed in radially-aligned pairs as shown. The
      conducting coolant tubes 35 are connected to the electrically energized
      winding 22 and must, therefore, be insulated from the grounded parts of
      the water system. For this purpose, insulating hoses 37 are provided. The
      hoses 37 may be of any suitable type which provides sufficient insulation
      to ground and which is capable of carrying the desired flow of water while
      withstanding the stresses to which the hoses are subjected. A hose 37 is
      connected to each of the connectors 36 and extends longitudinally in
      alignment therewith. As shown in FIG. 2, the ends of the hoses 37 are
      supported in flanges 38 on the rotor shaft 21. The connectors 36 and hoses
      37 may be supported in position by any desired type of insulating blocks
      in the spaces between the flanges, and retained by a ring 39 shrunk or
      otherwise secured on the rotor and which may be integral with the outer
      wall of the chamber 32 as shown.
PAR  The rotor winding 22 may be either a two pole or four pole winding, as
      mentioned above. The winding 22 preferably consists of the usual
      rectangular coils having longitudinal conductors extending through the
      slots of the rotor body and circumferential end turn portions joining the
      ends of the longitudinal portions beyond the ends of the rotor body. The
      coils are preferably made up of conductors 40 of generally rectangular
      cross section with central passages 41 extending through them for
      circulation of the coolant water, as can be seen in the end turn portions
      which are visible in FIG. 2. Coolant water is supplied through the tubes
      35 to flow through the passages 41 of the winding and the tubes 35 are
      preferably connected to individual conductors 40. For this purpose, the
      tubes 35 are placed in slots 42 extending longitudinally in the surface of
      the shaft 21. The tubes extend under the end turn portions of the winding
      to the body 20 of the rotor and then extend radially outward and may be
      connected to the winding conductors in the manner more fully disclosed and
      claimed in a copending application of F.P. Fidei et al , Ser. No. 479,386,
      filed June 15, 1974, and assigned to the Assignee of the present
      invention. It will be understood, of course, that the tubes 35 may be
      connected to the winding conductors in any desired manner to provide
      circulation of coolant liquid through the conductors.
PAR  Each of the tubes 35 is connected to one of the insulating hoses 37 by a
      suitable joint or connection 43. The tubes 35 thus extend through a
      transition region generally indicated at 44 from the axially-extending
      hoses 37 into the slots 42. Since the tubes 35 are connected to individual
      conductors 40 of the winding, each slot 42 must contain the appropriate
      number of tubes to make the connections in the desired manner. Thus, for
      example, in the preferred embodiment shown in the drawings, the winding 22
      is a two-pole winding having nine coils in each pole, and each coil
      comprises five turns or conductors 40 except the innermost coil which has
      four conductors. This requires the tubes 35 for the coil sides on one side
      of each pole, that is, the tubes on one-fourth of the circumference of the
      two-pole rotor, to be arranged as shown in FIG. 3, with five tubes in each
      of four slots 42 and two tubes in the last slot nearest the pole center.
      This permits connection of the tubes to the conductors in the manner shown
      in the last above-mentioned copending application, in which groups of
      tubes are disposed alternately on opposite sides of the coils except for
      the innermost coil in which two tubes are disposed on each side of the
      four-turn coil.
PAR  It will be seen, therefore, that it is necessary to form the tubes 35 in
      the transition region 44 in such a mannner that the five tubes in each
      slot 42 are connected to circumferentially spaced pairs of insulating
      hoses 37 and in a manner to occupy as little space as possible. This may
      be done in the manner shown in FIGS. 3 and 4 for the particular number and
      arrangement of tubes described above. These figures show the coolant tubes
      for the conductors of the coil sides on one side of one pole of a two-pole
      rotor with a winding as described above, the pole center being at the
      right. The tubes 35a connected to the first two pairs of hoses 37 at the
      outside of the pole are bent radially and circumferentially as shown into
      position to enter the first slot 42a, thus providing four tubes for that
      slot. The next two pairs of tubes 35b are similarly bent to enter slot 42b
      and the adjacent two pairs of tubes 35c are formed to enter slot 42c. Four
      tubes are thus provided in each of the first three slots. The two tubes
      35f connected to the next radial pair of hose connectors are bent in the
      manner shown to extend radially downward and then circumferentially to the
      first two slots 42a and 42b, respectively, to provide the fifth tubes for
      these slots. The next pair of tubes 35g are similarly formed to provide
      the fifth tube for the slots 42c and 42d. The next two pairs of tubes 35d
      are formed as shown to extend circumferentially and radially to provide
      four tubes for the slot 42d. The two tubes 35e for the slot 42e come from
      a single hose connector and from one of the last pair of connectors,
      respectively. The remaining hose connector in the last pair nearest the
      pole center may, if desired, be connected to a tube 45 extending back in
      the opposite direction through a small slot 46 to provide coolant for the
      lead 26.
PAR  It will be seen that the coolant tubes 35 are formed and arranged in the
      transition region 44 in a manner which brings them into groups of the
      desired numbers of tubes at a smaller radius than that of the insulating
      hoses for entrance into the slots 42. The arrangement is such that
      substantially all bends in the tubes are 90.degree.bends, and that all
      portions of the tubes lie in either longitudinal or normal planes with
      respect to the axis of the shaft, or in cylindrical surfaces concentric
      with the axis. In this way, an arrangement is provided in which the
      forming of the tubes is relatively simple and which is easily assembled
      while a minimum amount of space is required for the transition region. A
      particular embodiment has been shown for the purpose of illustration but
      it will be apparent that similar arrangements can be worked out for any
      other number of slots or number of tubes per slot required by any
      particular winding configuration.
PAR  As previously mentioned, it is necessary to rigidly support the tubes 35
      against the high centrifugal forces which occur in operation, but in such
      a manner that the supporting means can be manufactured and assembled
      without undue difficulty and that the tubes can be removed and replaced in
      a reasonable time if repairs should become necessary. The slots 42 are
      closed by wedges 48 and rigid blocks 49 are disposed around the tubes 35
      within the slots 42 to support the tubes against movement. In the
      transition region 44, two types of support may be utilized. In the region
      around the connections 43, blocks 50 of rigid insulating material are
      placed in position around the tubes and joints. These blocks are easily
      made to the proper dimensions since the spaces which they occupy are
      regular and of reasonably uniform dimensions, and a minimum of cutting and
      fitting is required to fit the blocks into place. These blocks 50 are
      utilized in order to permit easy access to the coupling 43 if it should
      become necessary to remove any of the tubes, and the blocks 50 form a
      boundary at one side of the transition region.
PAR  At the other side of the transition region, a ring 51 encircles the rotor
      at the ends of the slots 42. The ring 51, wedges 48 and blocks 49 provide
      a boundary at that side of the transition region. The tubes 35 in the
      transition region are supported in a mass of a suitable resin which is
      cast in place, so as to fill the irregular spaces and openings between and
      around the tubes without requiring cutting and fitting of many small
      irregularly shaped blocks. To facilitate manufacture and replacement, the
      tubes are divided into sets by generally radial wall members 52. It will
      be seen in FIG. 3 that except in one place the tubes can easily be divided
      into sets by the walls 52 which extend radially from the rotor shaft
      surface to the ring 39 and longitudinally to the blocks 50. Where a
      complete wall cannot be utilized because of the position of the tubes, a
      partial wall may be provided. The required supports for the tubes are then
      provided by pouring a suitable resin 54 into the spaces between the walls
      52, bounded by the blocks 50 on one side and by the ring 51, slot wedges
      48 and blocks 49 on the other side, the walls and blocks forming, in
      effect, a series of molds for the resin. Where a partial wall 53 is used,
      the resin 54 is poured in up to the top of the wall and since reasonably
      regular spaces then remain, additional rigid blocks 55 are used to fill
      these spaces. The shrink ring 39, which preferably extends over the
      transition area as shown, engages the molded resin areas and completes the
      support for the tubes.
PAR  The walls 52 may be made of any suitable insulating material which will not
      adhere to the resin or which can be made non-adherent by coating with a
      suitable material such as a silicone oil. The resin 54 itself may be any
      suitable material such as a glass-filled epoxy resin, or a polyurethane
      resin, which can be cast in place. A resin which will cure at room
      temperature is preferred because the size of the rotor makes it difficult
      to cure the resin in an oven. It will be seen that the tubes 35 are thus
      rigidly supported in the transition region by the cast resin and the
      insulating blocks, the support being completed by the retaining ring 39.
      Suitable fillers are used, if necessary, between the resin and the ring.
      The tubes are thus rigidly supported against centrifugal forces, and in a
      manner which prevents cyclical stresses such as might lead to fatigue
      failure since movement of the tubes is prevented. If repair or replacement
      of any of the tubes becomes necessary, they can be removed in small sets
      after removal of the retaining ring 39 and the appropriat blocks 50. The
      corresponding joints 43 can then be opened and the individual sets or
      groups of tubes between walls 52 can be removed without disturbing the
      remaining tubes. Thus, repair is made relatively simple and only the tubes
      involved have to be removed or disturbed.
PAR  It should now be apparent that an arrangement has been provided for the
      coolant tubes of a liquid-cooled rotor in which the tubes are arranged in
      a transition region to bring them into the desired groups for connection
      to the individual conductors of the rotor winding and in a manner which
      permits manufacture without undue difficulty and which requires a minimum
      of space on the rotor. Means are also provided for rigidly supporting the
      tubes in position during operation in a way which makes repair and
      replacement of any of the tubes relatively easy. A specific arrangement
      has been shown and described for the purpose of illustration, but it will
      be apparent that numerous other arrangements and embodiments are possible
      and all such modifications are within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotor for a dynamoelectric machine comprising:
PA1  a shaft portion having an axis extending therethrough and a body portion
      carrying windings, said windings including conductors having passages for
      circulation of a liquid coolant therethrough,
PA1  an annular coolant chamber encircling said shaft portion,
PA1  means for supplying liquid coolant to said chamber,
PA1  a plurality of connectors disposed in radially-spaced circular rows
      extending circumferentially in one wall of the chamber,
PA1  a plurality of insulating hoses being joined to each of said connectors and
      extending axially in alignment therewith,
PA1  means for supporting said connectors and hoses in position on the shaft,
PA1  a plurality of slots extending longitudinally in the surface of the shaft
      portion under the end portions of said windings,
PA1  a plurality of coolant tubes connected to said insulating hoses, said
      coolant tubes having axial portions extending axially from said hoses
      through a transition region, said tubes being disposed in a predetermined
      arrangement in said transition region to bring them into groups at a
      smaller radial distance from the shaft axis than said hoses, each group of
      tubes extending axially in one of said slots for connection of the tubes
      to the winding conductors, and
PA1  means in said transition region for isolating said coolant tubes into sets
      of tubes and for rigidly supporting in position said tubes in each set,
      said isolating and supporting means comprising;
PA2  wall members extending radially in said transition region between said
      coolant tubes to isolate said tubes into said sets, said walls defining
      spaces containing said tubes within each set therebetween, and,
PA2  a mass of resin surrounding and enclosing each set of tubes in said spaces
      between said wall members,
PA2  blocks of rigid insulating material enclosing and supporting said axially
      extending portions of said tubes between said mass of resin and said
      insulating hoses, and,
PA1  rigid insulating blocks supporting said axially extending groups of tubes
      in said slots, said masses of resin being confined between said walls and
      said insulating blocks on both sides thereof.
NUM  2.
PAR  2. A rotor member as defined in claim 1 in which said resin is cast in
      place.
NUM  3.
PAR  3. A rotor member as defined in claim 1, wherein said predetermined
      arrangement simultaneously exhibits the following characteristics:
PA1  a. there is a one-to-one correspondence between coolant tubes located on
      the shaft axially prior to said transition region and between coolant
      tubes grouped into said groups and extending axially within said slots;
PA1  b. all of said coolant tubes are substantially equiangularly disposed about
      the periphery of said shaft at the axial location on said shaft where said
      tubes are connected to said hoses, at least one of said tubes bending
      within said transition region to follow each of a predetermined plurality
      of normal planes within the shaft;
PA1  c. each of said coolant tubes being disposed in one of a plurality of
      radial planes emanating from the axis of the shaft as said tubes extend
      axially from said connectors, and each of said slots in which said tubes
      are grouped being disposed to follow others of said plurality of said
      radial planes; and,
PA1  d. all of said coolant tubes being disposed within the radially outmost and
      the next-radially outmost of a plurality of concentric cylindrical
      surfaces defined within said shaft as said coolant tubes are connected to
      said hoses, all of said coolant tubes beng disposed in others of the
      plurality of concentric cylindrical surfaces as said coolant tubes extend
      axially in said groups in said slots.
NUM  4.
PAR  4. A rotor member as defined in claim 3, wherein said groups of coolant
      tubes are brought together in said slots in numbers corresponding to the
      number of individual conductors of the rotor winding to which the tubes
      are connected.
NUM  5.
PAR  5. A rotor member as defined in claim 3, wherein said insulating hoses and
      said connectors are disposed in radially aligned pairs in said radially
      outmost and said next-radially outmost of said concentric surfaces, and
      wherein,
PA1  at least some of the groups of said coolant tubes in said slots have more
      than two tubes therein.
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ABST
PAL  A housing is provided for hand-held starter motors, such as those commonly
      in use for starting model airplanes by imparting a torque to the spinner
      or nose cone of the airplane. The housing is provided with a guard to
      protect the hand holding the motor during the starting operation, as well
      as means for resting the motor on a horizontal surface without rolling.
      The housing comprises a cylindrical casing and an end plate through which
      the shaft of the starter motor extends. The end plate has a flange which
      extends beyond the circumference of the casing for a distance sufficient
      to prevent the fingers of the hand from sliding past the end plate while
      holding the motor. Extending from the flange of the end plate generally
      parallel to and overlying a portion of the outer surface of the casing is
      a curved protrusion having a surface which approximately fits the curve of
      the hand between the thumb and forefinger when the hand is holding the
      motor. A flat edge on one portion of the flange allows the motor to be
      rested on a horizontal surface without rolling. Preferably, the housing is
      provided with a strip switch for operating the motor, and a projection
      from the casing may serve as both a mounting member for the strip switch
      and a third point for resting the motor on a surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a housing for starter motors. More
      particularly, the present invention is directed to a safe and stable
      housing for hand-held starter motors of the type used for starting model
      airplanes and the like.
PAR  For many years the only way of starting a model airplane engine was to
      flick the propeller of the airplane a number of times with the fingers
      until the motor started. This procedure was rather dangerous not only
      because of the possibility of cuts, scratches and splinters when flicking
      the propeller with the fingers, but also due to the possibility of more
      severe damage to the fingers if not removed quickly enough from the path
      of the propeller when the motor finally started.
PAR  Eventually, starter motors were developed whereby the fingers were replaced
      with a motor driven shaft and rotating cup to provide the torque to the
      airplane engine. Examples of such starter motors are disclosed in U.S.
      Pat. Nos. 2,457,750 and 2,625,143.
PAR  In order to use such starter motors, the model airplanes are provided with
      conical spinners or nose caps which engage the propeller of the airplane.
      By placing the cup of the starter motor in frictional engagement with the
      spinner and rotating the cup by means of the motor shaft, torque is
      provided to the spinner and in turn the propeller in order to start the
      airplane engine. The starter motor is usually run by hooking it up to a
      standard 12 volt storage battery such as those commonly used in
      automobiles.
PAR  Recently, with the tremendous increase in model airplane enthusiasts, there
      has been a great increase in the use of starter motors, and particularly
      hand-held starter motors. Generally, these hand-held starter motors
      comprise simply a small diameter cylindrical motor casing with a
      frictional cup attached to the motor shaft extending from the casing. The
      use of these hand-held motors has resulted in a number of accidents and
      injuries to the hands during the procedure of starting model airplane
      engines. Thus, due to the vibration of the starter motor, the fingers of
      the hand holding the motor tend to slip forward toward the area where the
      motor shaft and frictional cup engage the spinner and propeller of the
      airplane. Hence, there is a great possibility for serious injury to the
      fingers either from the motor shaft or the propeller or both. Moreover,
      due to the cylindrical body of the starter motor casing, the starter motor
      has a tendency to roll away when placed on the ground after starting the
      airplane engine. This can result in further injury to the feet of persons
      standing nearby.
PAR  Accordingly, it would be desirable to have a safe starter motor which is
      simple and inexpensive in construction and would substantially reduce the
      possibility of injury from such starter motors during the starting of
      model airplane engines and the like.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The above and other disadvantages of the prior art may be alleviated by the
      apparatus of the present invention. According to the improved apparatus of
      the invention a housing for hand-held starter motors is provided
      comprising a substantially cylindrical casing for the motor, the
      cylindrical axis of the casing being substantially parallel to the shaft
      of the motor and the diameter of the casing being such that the hand of
      the operator may extend around more than half of the circumference of the
      casing in order to hold the motor, and an end plate for the casing at the
      end of the motor where the shaft extends from the casing, the end plate
      being substantially perpendicular to the shaft and having an opening
      through which the shaft may extend. According to the improvement, the end
      plate is provided with a flange which extends laterally beyond the
      circumference of the casing along at least 180.degree. of the
      circumference, with the lateral extent of the flange beyond the casing
      being sufficient to prevent the fingers of the hand from sliding past the
      end plate while holding the motor. In addition, extending from the flange
      is an arcuate protrusion which extends generally parallel to and overlying
      a portion of the outer surface of the casing. The circumferential and
      axial extent of this protrusion remote from the flange is defined by a
      curved surface which approximately fits the curvature of the hand between
      the thumb and forefinger when the hand is holding the motor. Suitable
      means are provided for fastening the casing, motor and end plate firmly
      together.
PAR  Preferably, the flange extends all of the way around the circumference of
      the casing and has a flat edge for resting the motor on a horizontal
      surface. Also, in the preferred embodiment, the housing is provided with a
      strip switch for operating the starter motor. The strip switch is located
      on generally the same side of the casing as the flat edge of the flange so
      that the tips of the fingers may operate the switch when the curve of the
      hand between the thumb and forefinger is fitted against the curved surface
      of the protrusion.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is a perspective view of a starter motor having a housing according
      to the present invention.
PAR  FIG. 2 is a side elevation view, partially in section, of a starter motor
      having a housing according to the present invention, and shown in
      operating engagement with a model airplane spinner and propeller (in
      phantom).
PAR  FIG. 3 is an end elevation view showing the end plate of the present
      invention and the frictional cup for engaging an airplane spinner.
PAR  FIG. 4 is an exploded perspective view of a frictional cup for a starter
      motor, together with inserts for reducing the size of the cup.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings wherein like numbers indicate like elements
      throughout the figures, there is shown a hand-held starter motor generally
      indicated as 10. The motor itself is conventional, is disposed in casing
      16, and does not per se form any part of the present invention. In
      general, any small motor whose rotor can provide sufficient torque or
      rotational force to start a model airplane engine will be satisfactory.
      Many such motors are commercially available and well known to those of
      ordinary skill in the art.
PAR  The power for the motor may be provided in any suitable manner, such as by
      battery or house current. Since it is generally desirable to start model
      airplanes well away from buildings, it is preferred to use a source of
      battery power. In the embodiment shown, the motor is provided with
      electrical cables 12 and battery clamps 14 for easy attachment to and
      detachment from a storage battery (not shown), such as a conventional 12
      volt automobile battery. Cables 12 lead to a conventional power supply
      circuit (not shown) which is associated with the motor and controlled by a
      switch.
PAR  Aside from the requirement that the motor be capable of producing
      sufficient torque to start a model airplane engine, it is only necessary
      that the engine be sufficiently small in diameter to be easily held in the
      hand. That is, the motor should be sufficiently small so that the diameter
      of the substantially cylindrical casing 16 will be such that the hand of
      the operator may extend around more than 180.degree. of the circumference
      of the casing 16 in order to firmly grip and hold the starter motor 10.
      For example, a suitable casing 16 may have a diameter on the order of
      about 3 inches and a circumference of about 10 inches.
PAR  The casing 16 may be an integral part of the motor as built, or it may
      comprise a hollow cylindrical tube into which a motor may be inserted and
      fastened. In either case, the cylindrical axis of the casing will be
      substantially parallel, and usually concentric, with the rotor or shaft 18
      which is driven by the motor, and the shaft 18 will extend beyond the
      casing, whereby a frictional cup 20 is attached thereto for engagement
      with the spinner of a model airplane or the like. Up to this point, the
      hand-held starter motor is entirely conventional and known in the art.
PAR  According to the invention, an end plate 22, having special features as
      described below, is provided for casing 16. The end plate 22 is
      substantially perpendicular to shaft 18 and the cylindrical axis of casing
      16. End plate 22 has a hole 24 through which shaft 18 and bushing 26
      extend.
PAR  The end plate 22 is fastened to the motor by nuts 28 and bolts (not shown)
      which may extend from the motor. The casing 16 may also be fastened to the
      motor and end plate 22 by means of these nuts and bolts or by other means.
      Alternatively, the end plate 22 may be formed integrally, such as by
      molding, with casing 16. As shown in the drawings, the end plate 22 is a
      separate piece and is mounted with a gap 30 between the inner face of the
      end plate 22 and the end of casing 16. This gap 30 provides ventilation
      for the motor.
PAR  The end plate 22 is of such dimensions or lateral extent that it extends
      beyond the circumference of the outer surface of casing 16 a substantial
      distance. In effect, this lateral extension of end plate 22 forms a flange
      around the end of casing 16. The lateral extent of this flange should be
      sufficient to prevent the fingers of the hand from sliding past the end
      plate 22 when the hand is wrapped around casing 16 to hold the starter
      motor. A flange width (i.e., the distance from the outer surface of the
      casing to the outer edge of end plate 22) of about 3/4 inch to 1 inch
      should generally be sufficient, although greater widths may be used.
PAR  In the preferred embodiment shown in the drawings, the end plate 22 extends
      beyond the outer circumference of casing 16 on all sides (i.e., around
      360.degree. of the circumference). However, one of ordinary skill in the
      art will readily understand that it is only essential that the flange
      extend along at least 180.degree. of the circumference of the casing.
      Thus, in order to firmly hold the starter motor, it is only necessary that
      the hand extend somewhat more than 180.degree. around the circumference of
      the casing 16. Accordingly, the flange which serves to protect the fingers
      and thumb of the hand need only extend around this same portion of the
      casing where the thumb and fingers will lie.
PAR  As shown in FIGS. 1 and 3, the end plate 22 of the preferred embodiment has
      a semi-circular top portion and a rectangular bottom portion with cut-out
      34. This provides the end plate 22 with flat edges 32 on which the starter
      motor 10 may rest when placed on a horizontal surface. Although the
      imaginary line joining flat edges 32 may be tangent to the outer
      circumference of casing 16, it is preferred that this line be spaced
      beyond the outer circumference of casing 16 in order to provide sufficient
      space for the strip switch, which will be described more fully below.
PAR  It will be understood to those of ordinary skill in the art that the bottom
      edge of end plate 22 need not be cut-out as at 34, but may have a number
      of different shapes, as long as the edge is not convex. The purpose of the
      flat edges 32 is to prevent or resist rolling of the starter motor 10 when
      the starter motor 10 is placed on a horizontal surface. Hence, the bottom
      edge may have any shape which will provide two relatively widely spaced
      fulcrum points to provide stability to the starter motor 10 when placed on
      a surface. For example, if desired, flat edges 32 may extend all the way
      across the bottom of end plate 22 (i.e., without cut-out 34). As will be
      described more fully below, additional stability may be provided to the
      starter motor, by providing a third fulcrum point at the opposite end of
      casing 16.
PAR  From the top semi-circular portion of the end plate 22 extends an arcuate
      protrusion 36. This protrusion 36 extends rearwardly from the flange
      formed by end plate 22, and extends generally parallel to and overlying a
      portion of the outer surface of casing 16. The extent of the protrusion 36
      remote from end plate 22 in the axial and circumferential directions (with
      respect to casing 16) is defined by a curved surface 38. This curved
      surface 38 is of such a shape that it will approximately fit the curvature
      of the hand between the thumb and forefinger when the hand is holding the
      starter motor. As a result, the hand will be forced to grip or hold the
      starter motor at a distance from the end plate 22 to minimize the danger
      of accident and injury to the fingers and hand from the moving parts in
      front of end plate 22.
PAR  The axial extent or distance d of the protrusion 36 is not critical and may
      be as long as desired, but sufficient room should be left behind curved
      surface 38 for the hand to grip casing 16. A suitable dimension for
      distance d may be on the order of about 2 inches. Protrusion 36 may be
      molded integrally with end plate 22 or formed as a separate piece and
      bolted or otherwise fastened to end plate 22 and/or casing 16. If desired,
      protrusion 36 may be hollow as shown at 40 in FIGS. 1 and 3, in order to
      save weight and material.
PAR  The switch for operating the motor of starter motor 10 may be placed in any
      convenient position. However, in the preferred embodiment shown in the
      drawings, the starter motor 10 is provided with a strip switch, designated
      generally as 42. Strip switches, also referred to as linear switches, are
      quite well known and readily available commercially. Examples of such
      strip or linear switches are shown in U.S. Pat. Nos. 3,111,185; 3,732,384
      and 1,915,292.
PAR  The particular construction of the strip switch 42 per se forms no part of
      the present invention. However, basically the strip switch shown comprises
      two elongated metal strips 44, made of strips of copper or other
      electrically conductive material, spaced apart by resilient pads 46, which
      may be made of sponge rubber. One or both of the metal strips is provided
      with struck-out portions 48 intermediate resilient pads 46. The metal
      strips 44 and resilient pads 46 are encased in a resilient cover 50, which
      may suitably be made of rubber, to complete the strip switch. These
      details of the strip switch 42 are shown best in the broken away sectional
      view of FIG. 2.
PAR  Wires (not shown) lead from either end of the strip switch to the motor.
      The wires may pass through either mounting member 52 or 54 (preferably 52)
      for the strip switch. The motor is then operated simply by pressing with
      the fingers on the resilient cover 50 of strip switch 42. This pressure
      forces the struck-out portions 48 to form contacts between the two metal
      strips 44 to complete the circuit which supplies power to the motor.
      Release of the pressure with the fingers allows resilient pads 46 to force
      the metal strips 44 apart, thereby breaking the circuit and discontinuing
      operation of the motor. This provides a further safety feature in that the
      starter motor cannot be left running when it is released from the hand and
      placed on a surface.
PAR  As shown in the drawings, the strip switch is preferably located toward the
      bottom of casing 16; that is, on a portion of casing 16 remote from
      protrusion 36. As shown, strip switch 42 extends generally parallel to the
      cylindrical axis of casing 16. In this position, the tips of one or more
      of the fingers of the hand will overlie strip switch 42 when the starter
      motor is held in the hand so that the curvature of the hand between the
      thumb and forefinger fits against curved surface 38. This allows easy and
      comfortable operation of the starter motor.
PAR  It will be noted that in the embodiment shown in the drawings, strip switch
      42 is located for ease of operation by the fingers of the right hand.
      However, it will be understood that strip switch 42 could be located
      slightly to the other side of the bottom of casing 16 for operation by the
      left hand. Alternatively, if the circumference of casing 16 is
      sufficiently small, strip switch 42 may be located exactly on the bottom
      of casing 16 for operation by the fingers of either hand.
PAR  The strip switch 42 may be mounted on the starting motor 10 by mounting
      members 52 and 54. The mounting members 52 and 54 may simply comprise
      blocks having hollowed out portions or recesses into which the ends of
      strip switch 42 will fit. At least one of the mounting members, preferably
      mounting member 52, should be completely hollow to allow passage of lead
      wires from the strip switch 42 to the power supply circuit for the motor.
      As shown, mounting member 52 extends from casing 16 approximately the same
      distance as flat edges 32 of end plate 22. As a result, the bottom edge,
      corner or surface of mounting block 52 provides a third resting point or
      fulcrum, along with the flat edges 32 of end plate 22, thereby providing a
      stable tripod-like resting stand for the starter motor when it is placed
      on a horizontal surface.
PAR  Mounting members 52 and 54 may be attached directly to casing 16, if
      desired. Alternatively, as shown in the drawings, mounting member 52 may
      be attached or formed integrally with a separable end cap portion 56 of
      casing 16. Similarly, the second mounting member 54 may be attached to or
      formed integrally with end plate 22.
PAR  The various portions of the housing (including casing 16, end plate 22,
      protrusion 36, and mounting members 52 and 54) for the starter motor 10
      may be made of any suitable desired materials. Preferably, the pieces are
      molded from a hard, impact resistant plastic, such as polystyrene or any
      of a number of other thermoplastic or thermosetting polymers which may or
      may not be reinforced, such as with glass fibers.
PAR  The starter motor 10 is shown in operation in FIG. 2 of the drawings. A
      frictional cup 20 is attached to shaft 18 by a suitable lock nut
      arrangement 58. The beveled edges 60 of the cylindrical cup 20 are then
      placed in frictional engagement with the spinner or nose cap 62 of a model
      airplane, as shown in phantom in FIG. 2. The spinner 62 in turn engages
      the blades 64 of the propeller of the airplane.
PAR  In FIG. 4 there are shown cylindrical inserts 66 and 68 of decreasing
      diameter. These inserts may be telescoped into frictional cup 20 for use
      in engaging spinners or nose caps 62 of smaller diameter. These inserts 66
      and 68 may be formed of any suitable high friction material, such as
      rubber or the like, which will provide a satisfactory frictional
      engagement with both the spinner and the inside of frictional cup 20.
      Suitable inserts are made of natural latex rubber, and the diameters are
      such that a close frictional fit is provided between the surfaces of cup
      20 and inserts 66 and 68.
PAR  Although the apparatus of the present invention has been described with
      particular reference to starter motors for model airplanes, it will be
      understood that the starter motor 10 could be used to start other
      equipment such as lawn mower engines and the like. Also, the casing 16,
      end plate 22, protrusion 36 and mounting members 52 and 54 could be used
      for other hand-held power tools besides starter motors, as will be evident
      from the above description.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for housing a hand-held starter motor comprising an
      electric motor, a substantially cylindrical casing for said motor, the
      cylindrical axis of said casing being substantially parallel to a shaft
      connected to said motor and extending from the casing, and the diameter of
      said casing being such that the hand may extend around more than
      180.degree. of the circumference of said casing to hold said motor, the
      improvement comprising flange means adjacent the end of said casing where
      said shaft extends from said casing, said flange means extending radially
      outwardly beyond the circumference of said casing along substantially
      360.degree. of said circumference, the radial extent of said flange means
      being sufficient to prevent the user's hand and fingers from sliding past
      said flange means, said flange means having a curved surface, said curved
      surface circumscribing a portion of the outer surface of said casing and
      facing away from the end of said casing from which said shaft extends,
      said curved surface approximately fitting the curve of the hand between
      the thumb and the forefinger when the hand is holding said motor.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein a portion of said flange means is
      provided with two spaced fulcrum points, whereby said motor will resist
      rolling when said motor is placed on a substantially horizontal surface.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said casing is provided on the
      outer surface thereof with a switch for operating said motor.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said switch is a strip switch.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said strip switch extends
      substantially parallel to the cylindrical axis of said casing.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein a strip switch is located on a
      portion of the casing remote from said curved surface, such that the tips
      of one or more fingers of the hand may overlie and operate said strip
      switch when the hand is holding said motor and said curved surface is
      fitted against the curve of the hand between the thumb and forefinger.
NUM  7.
PAR  7. Apparatus according to claim 2 wherein said casing has a projection
      extending from the outer surface thereof, said projection being located
      adjacent the end of said casing remote from said flange means and being on
      generally the same side of the casing as the fulcrum points of said flange
      means, whereby said projection and said fulcrum points provide a stand for
      resting said motor on a horizontal surface.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said projection comprises a
      mounting member for one end of a strip switch for operating said motor.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein a second mounting member for the
      other end of said strip switch extends from said flange means adjacent
      said fulcrum points.
NUM  10.
PAR  10. Apparatus according to claim 7 wherein the end of said casing remote
      from said end plate comprises a cylindrical end cap, said end cap being
      separable from the remainder of said casing, and said projection extending
      from the outer surface of said end cap.
NUM  11.
PAR  11. Apparatus according to claim 1 wherein said casing and said flange
      means are made of hard, impact resistant plastic.
NUM  12.
PAR  12. Apparatus according to claim 1 wherein said shaft is provided on the
      end extending from said casing with a cup-shaped member suitable for
      frictionally engaging the spinner of a model airplane.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said cup-shaped member is
      provided with rubber-like, hollow, cylindrical inserts of decreasing
      diameter, whereby said cup-shaped member may be adapted for engaging
      spinners of smaller diameter.
NUM  14.
PAR  14. Apparatus according to claim 2 wherein said fulcrum points are defined
      by a flat edge on said flange means.
NUM  15.
PAR  15. In an apparatus for housing a hand-held starter motor comprising an
      electric motor, a substantially cylindrical casing for said motor, the
      cylindrical axis of said casing being substantially parallel to a shaft
      connected to said motor and extending from the casing, and the diameter of
      said casing being such that the hand may extend around more than
      180.degree. of the circumference of said casing to hold said motor, the
      improvement comprising flange means adjacent the end of said casing where
      said shaft extends from said casing, said flange means extending radially
      outwardly beyond the circumference of said casing along substantially
      360.degree. of said circumference, the radial extent of said flange means
      being sufficient to prevent a user's fingers and hand from sliding past
      said flange means, said flange means being provided with two spaced
      fulcrum points to resist rolling of the starting motor when placed on a
      substantially horizontal surface, said casing having a projection
      extending from the outer surface thereof and located adjacent the end of
      said casing remote from said flange means and being on generally the same
      side of the casing as said fulcrum points, said projection comprising a
      mounting member for one end of a strip switch for operating said motor,
      and a second mounting member for the other end of said strip switch
      extending from said flange means adjacent said fulcrum points.
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ABST
PAL  The disclosure is of a variable speed three-phase motor with a intermediate
      rotor and inner rotor, where the pack of laminations of the main rotor is
      prolonged as an annular pack of laminations in the direction of the
      longitudinal axis with short-circuit rods extending over the whole length
      of the stator, thereby forming an annular intermediate rotor inside which
      the inner rotor with its short-circuit rods rotates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to variable speed three-phase motors with
      intermediate rotor and inner rotor, and to a method for the production of
      the lamination packs of such three-phase motors.
PAR  2. Description of the Prior Art
PAR  A known variable speed three-phase motor of this kind features as
      intermediate rotor a non-magnetic metallic sleeve which is connected with
      the short-circuit rods of the main rotor or directly keyed to the drive
      output shaft. Such a motor is disclosed in my U.S. Pat. No. 3,749,949.
      This type of motor, however, has the disadvantage that eddy currents in
      the intermediate rotor lead to a buildup of heat in the three-phase motor,
      through which its maximum power output is limited.
PAC  SUMMARY OF THE INVENTION
PAR  In order to avoid these and other disadvantages, the invention suggests
      that the pack of laminations of the main rotor be extended axially as an
      annular pack of laminations with short-circuit rods extending through it
      over a length equal to the length of the stator, so that an annular
      intermediate rotor is formed inside which an inner rotor with
      short-circuit rods rotates. In the method in accordance with the invention
      the lamination packs for such three-phase motors are obtained in such a
      way that a part of the lamination pack for the main rotor is stamped out
      to form the lamination pack for the inner rotor and the annular part of
      the lamination pack which remains extends from the main rotor to serve as
      an intermediate rotor.
PAR  The invention solves the problem of substantially improving a three-phase
      motor of the initially mentioned kind in a simple manner, of simplifying
      its production and of considerably improving its torque in all rotation
      speed ranges, or in the case of equal torque requirements, of
      substantially and favorably changing the other data, such as current
      consumption, efficiency and thermal behaviour, in comparison with other
      motors.
PAR  Some examples of the object of the invention are illustrated
      diagrammatically in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 shows a schematically simplified longitudinal section through the
      stator and the rotating parts of a three-phase motor, without its housing
      bearing plates, and ventilator;
PAR  FIG. 2 shows typical rotor laminations in plan II in FIG. 1,
PAR  FIG. 3 shows a typical rotor laminations in plan III in FIG. 1,
PAR  FIG. 4 shows a possible modification of the outer lamination of FIG. 2
PAR  FIG. 5 shows a performance graph of the motor in comparison with prior art
      three-phase motors.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to FIG. 1, the main rotor 2, mounted on the drive output shaft 5,
      rotates inside the stator 1. The main rotor 2 has attached thereto an
      axial extension serve as an intermediate rotor 11, continuous
      short-circuit rods 3 extending through both rotors in slots or bores 3,
      which rods are connected on both sides with short-circuit rings 4 (the
      left-hand short-circuit rings 4 are not shown for the sake of clarity of
      the drawing). Inside the hollow intermediate rotor 11, that is to say also
      inside the stator 1, is arranged on inner rotor 7 which is seated on the
      hollow shaft 6 which is coaxially arranged with the the output shaft 5 and
      in general drives the ventilating impeller of the three-phase motor. The
      inner rotor 7 has conventional short-circuit rods 8 in its slots which are
      connected with short-circuit rings 9 on both end (shown on only one side
      of the rotor).
PAR  FIG. 2 shows typical rotor laminations of such a motor with the lamination
      of the intermediate rotor 11 having bores for the short-circuit rods 3.
      The inner rotor 7 has similar short-circuit rods 8 extending through bores
      in its laminations. In FIG. 3 the laminations of the main rotor 2
      accommodate the short-circuit rods 3 in the same bores as those that
      extend through the intermediate rotor 11.
PAR  FIG. 4 shows a modification of the laminations of FIG. 2, the bores for the
      short-circuit rods 3 having been replaced with inwardly opening slots.
PAR  The lamination pack of the main rotor 2, which in known variable speed
      motors extends only over a part of the length of the stator 1, is extended
      with its short-circuit rods 3 to the entire length of the stator 1, this
      axial extension being annular and constituting the intermediate rotor 11.
      Thus the latter can be stamped out of the same lamination blanks as the
      main rotor 2, the stamped-out parts being used as laminations for the
      inner rotor 7 and accommodating in their apertures short-circuit rods 8.
      Thus a part of the lamination pack for the main rotor 2 is stamped out to
      form the lamination pack for the inner rotor 7. The remaining annular part
      of the lamination pack of the main rotor 2 thus thus becomes thus the
      annular intermediate rotor 11.
PAR  In the performance graph according to FIG. 5, two three-phase motors with
      equal torques Md are compared with one another, the dotted lines of the
      known embodiment showing its current consumption I.sub.2, its efficiency
      .eta..sub.2 and the thermal torque MD.sub.2 for continuous operation. The
      solid lines are corresponding plots of a motor according to the invention
      with equal torque Md and the parameters I.sub.1 , .eta..sub.1 and Md.sub.1
      for its thermal behaviour.
PAR  From this its appears that in comparison with the known embodiment with its
      non-magnetic intermediate rotor, the current consumption is substantially
      lower, the efficiency is substantially improved and the thermal response
      to load lies substantially more favourably. This is achieved through the
      particular structure of the variable speed three-phase motor according to
      the invention in a simple manner, so that a decisively improved response
      is guaranteed by the advantages thus given and by the characteristics of
      the three-phase motor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A variable speed three-phase short-circuit motor comprising:
PA1  a central drive output shaft defining the longitudinal axis of the motor;
PA1  a main rotor of the short-circuit cage type, fixedly mounted on the output
      shaft for rotation therewith;
PA1  a hollow intermediate rotor axially adjoining the main rotor as an
      extension of its short-circuit cage, thereby forming a continuous outer
      rotor surface therewith, the intermediate rotor being thus solidary with
      the main rotor and disposed coaxially with respect to the output shaft to
      form a cavity that is concentric with respect to the motor axis;
PA1  an inner short-circuit rotor arranged inside said cavity so as to cooperate
      with the surrounding intermediate rotor;
PA1  a secondary shaft arranged coaxially with the drive output shaft on the
      side of the intermediate rotor and inner rotor, said secondary shaft
      carrying the inner rotor for rotation independent of the drive output
      shaft; and
PA1  a stator surrounding both the main rotor and the intermediate rotor for
      dynamoelectric cooperation therewith.
NUM  2.
PAR  2. A motor as defined in claim 1, wherein:
PA1  the main rotor has a body composed of a pack of disc-shaped laminations;
      and
PA1  both the intermediate rotor and the inner rotor have bodies similarly
      composed of packs of laminations, the laminations of the inner rotor being
      stamped-out portions of the laminations of the intermediate rotor.
NUM  3.
PAR  3. A motor as defined in claim 1, wherein
PA1  the main rotor and the intermediate rotor have a common cylindrical outer
      surface and include a series of short-circuit rods extending axially
      through both rotors.
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PAL  A rotary electric machine comprising a plurality of magnets with magnetic
      poles made of different B-H characteristics is disclosed in which a magnet
      with high coercive force is arranged on the portion of each pole where the
      magnetic field is weakened and a magnet with high magnetic flux density on
      the portion of each pole where the magnetic field is strengthened or
      little weakened.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a rotary electric machine having permanent
      magnets, or more in particular to a rotary electric machine with a
      plurality of magnetic poles comprising a plurality of permanent magnets of
      different B-H characteristics so as to increase the amount of magnetic
      fluxes required for the rotary machine and further prevent demagnetization
      as desired, where the demagnetization means that the magnetic field is
      weakened.
PAR  2. Description of the Prior Art
PAR  Permanent magnets are widely used in the field of rotary electric machines.
      Desirable characteristics of magnets used for the electric rotary machines
      include high magnetic flux density B and high coercive force or intensity
      of magnetic field H. Generally, in the rotary electric machine which
      utilizes the amount of magnetic fluxes, a high magnetic flux density B
      leads to the advantage of the possibility of a smaller magnet size to
      obtain the same amount of magnetic fluxes, thereby reducing the size and
      weight of the machine. Also, a high magnetic field intensity H, which has
      the relation to the demagnetization due to the armature reaction,
      contributes to prevention of changes in the rotary machine characteristics
      which otherwise might occur due to the decreased amount of magnetic fluxes
      in operation, thereby maintaining the predetermined characteristics.
PAR  However, there exists no magnet which is high both in magnetic flux density
      B and coercive force H. For example, the anisotropic alnico magnet has a
      low coercive force of 700 Oe in spite of its high magnetic flux density B
      of 13,000 gauss. On the other hand, the anisotropic strontium ferrite
      magnet with a high coercive force of 3,400 Oe is as low as 4,000 gauss in
      magnetic flux density B.
PAR  There is a need for selection between these incompatible features in actual
      operation of a rotary electric machine with magnets. When demagnetization
      is emphasized, for example, magnets with a high coercive force are used,
      with the result that the small size of magnetic flux density B makes it
      necessary to enlarge the size of the magnets to obtain a predetermined
      amount of magnetic fluxes, leading to the disadvantage of the bulkiness of
      the machine. In the event that a high amount of magnetic fluxes is
      preferred, by contrast, magnets with high magnetic flux density are
      employed in spite of the disadvantage that the low coercive force H
      necessitates the incorporation of an exciting coil for demagnetization,
      thus complicating the internal structure and at the same time giving rise
      to the need for restoration of magnetic characteristics by the occasional
      flow of current in the exciting coil.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a rotary electric
      machine which produces a comparatively high output with small
      demagnetization, thus obviating the disadvantages of the prior art.
PAR  According to the invention, one of the magnetic poles, say, N pole
      comprises a magnet with a different B-H characteristics, so that the
      magnet with high coercive force is arranged on the portion where the
      magnetic field is weakened and the magnet with high magnetic flux density
      on the portion where the magnetic field is strengthened or little weakened
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINg
PAR  FIG. 1 is a front sectional view showing a DC machine employing permanent
      magnets for generating a magnetic field according to an embodiment of the
      invention.
PAR  FIG. 2 is a B-H characteristic diagram for magnet 2 shown in FIG. 1.
PAR  FIG. 3 is a diagram showing the distribution of magnetic fluxes on the
      periphery of the armature.
PAR  FIG. 4 is a characteristic diagram showing the distribution of the armature
      reactive magnetomotive force.
PAR  FIG. 5 is a front sectional view of a DC machine with a crescent-shaped
      magnetic material arranged on the surface of each of the magnets shown in
      FIG. 1.
PAR  FIG. 6 is a diagram showing the distribution of magnetic fluxes in FIG. 5.
PAR  FIG. 7 is a front sectional view showing another embodiment of the
      invention.
PAR  FIG. 8 is a B-H characteristic diagram of the magnets employed in the
      embodiment of FIG. 7.
PAR  FIG. 9 is a diagram showing the distribution of magnetic fluxes on the
      armature periphery due to the magnets shown in FIG. 7.
PAR  FIG. 10 is a diagram showing still another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  an embodiment of the invention will be described in detail below by
      reference to the case where magnets are used for the magnetic field of a
      DC machine.
PAR  Referring to FIG. 1 showing a front sectional view of the DC machine,
      reference numeral 1 shows a yoke, and numeral 2 permanent magnets making
      up magnetic poles mounted on the inner periphery of the yoke 1. Numerals
      2a and 2b show N poles and 2c and 2d S poles. The N pole 2a and S pole 2c
      comprise anisotropic alnico magnets, while the other magnets 2b and 2d are
      made of anisotropic strontium ferrite magnets. Numeral 3 shows an
      armature. Numerals 3a to 3h show armature coils (hereinafter referred to
      merely as "the coils"), of which the coils 3a to 3c carry electric current
      coming up from the page and the coils 3d to 3f current going down into the
      page. The remaining coils 3g and 3h are in commutation. Numerals 4a and 4b
      show boundaries between N poles 2a and 2b of the magnet 2 and between the
      S poles 2c and 2d thereof respectively, the position of the boundary 4b
      being determined by the armature reactive magnetomotive force as will be
      described in detail later.
PAR  In the above-mentioned arrangement, main magnetic fluxes flow from N poles
      2a and 2b to S poles 2e and 2d of magnet 2 as shown by arrows on the solid
      lines 5a to 5d, while current as shown flows in the coils 3a to 3f, so
      that the clockwise turning effort occurs in the armature 3 according to
      the well known Flemming's left hand rule. At the same time, armature
      reactive magnetomotive force is generated in the coils 3a to 3f in the
      directions shown by arrows on the dashed lines 6a to 6d. This condition
      will be explained in detail with reference to FIGS. 2 to 4.
PAR  The diagram of FIG. 2 shows the B-H characteristic of the magnet 2 in FIG.
      1, the ordinate and abscissa representing the magnetic flux density B and
      the intensity H of magnetic field respectively. B-H curve 9 (full line)
      illustrates the characteristic of N pole 2a and S pole 2c, and the other
      B-H curve 10 (chain line) the characteristic of N pole 2b and S pole 2d.
PAR  Referring to FIG. 3 showing a development of the magnetic flux distribution
      along the periphery of armature 3 due to magnet 2, the ordinate represents
      magnetic flux density B and the abscissa positions P of armature 3 on the
      periphery. A substantially intermediate point 11a between N poles 2a and
      2b of magnet 2 of FIG. 1 corresponds to 11c, and a substantially
      intermediate point 11b between S poles 2c and 2d to 11d, the solid line
      indicated by 12a to 12d showing the magnetic flux density of N poles 2a,
      2b and S poles 2c and 2d respectively.
PAR  In FIG. 4 showing the distribution of magnetomotive force due to armature
      reaction, the ordinate represents the armature reactive magnetomotive
      force (hereinafter referred to as "the reactive magnetomotive force") and
      the abscissa positions P on the armature periphery as in the case of FIG.
      3. In like manner, the center 11a of the N pole corresponds to 11e, and
      the center 11b of S pole to 11f, the dashed lines 13a to 13d showing the
      distribution of reactive magnetomotive force corresponding to the reactive
      magnetomotive forces 6a to 6d shown in FIG. 1. The reactive magnetomotive
      forces 13a to 13d cause distortions of the magnetic flux density of FIG. 3
      as shown by dashed lines 14a to 14d. The processes of such distortions of
      the magnetic flux density distribution will be explained below with
      reference to FIG. 2.
PAR  In FIG. 2, reference numeral 15a shows a no-load saturation characteristic
      curve of the DC machine, numeral 15b to load saturation characteristic
      curve resulting from demagnetization due to armature reactive
      magnetomotive force in the neighbourhood of the boundary of 4c of the N
      pole 2b or boundary 4d of the S pole 2d.
PAR  Reference numeral 16a shows a magnetic flux density under unloaded
      conditions where there is no reactive magnetomotive force in the
      neighbourhood of the boundary 4a of the N pole 2a or the boundary 4b of
      the pole 2c, and numeral 16b a magnetic flux density under unloaded
      conditions where there is no reactive magnetomotive force in the
      neighbourhood of the boundary 4c or 4d of the N pole 2b or S pole 2d of
      FIG. 1 respectively. Numeral 16c shows the magnetic flux density resulting
      from demagnetization due to the reactive magnetomotive force in the
      neighbourhood of the boundary 4a or 4b of the N pole 2a or S pole 2c of
      FIG. 1 respectively, and numeral 16d the magnetic flux density resulting
      from the demagnetization due to the reactive magnetomotive force in the
      neighbourhood of the boundary 4c or 4d of the N pole 2b or S pole 2d of
      FIG. 1.
PAR  As will be obvious from FIG. 2, the magnetic flux densities 16c and 16d
      which are demagnetized by the reactive magnetomotive force under load do
      not fall below the points of inflection 17a and 17b respectively of the
      demagnetization curves, and therefore the magnetic flux density
      characteristic under no load in the absence of reactive magnetomotive
      force is reversible to regain points 16a and 16b.
PAR  By the way, the boundaries 4a and 4b of the magnetic poles 2a and 2c of
      FIG. 1 are determined in such a manner that the magnetic flux density does
      not fall below the point of inflection 17a of magnetization curve 9 of
      FIG. 2 due to the reactive magnetomotive force.
PAR  It will be noted from the foregoing explanation that a combination of
      demagnetization curves 9 and 10 of FIG. 2 prevents magnetic poles 2a to 2d
      of the permanent magnets of FIG. 1 from being subjected to permanent
      demagnetization even in the presence of reactive magnetomotive force as
      shown in FIG. 4. In addition, the extensive magnetic flux distribution
      characteristics 14a to 14d as shown in FIG. 3 makes possible high output
      from a compact machine as compared with the other DC machines having
      similar magnets, thus providing a superior DC machine without any
      demagnetization.
PAR  Different from the machine with two types of magnet materials as described
      above, the machines shown in FIGS. 7 to 9 include three types of magnet
      materials. In other words, an alnico magnet with a high coercive force of
      1400 Oe and magnetic flux density of 8000 gauss is inserted between the
      anisotropic alnico magnet and the anisotropic strontium ferrite magnet as
      shown in FIG. 1. Reference numeral 2e shows an N pole and numeral 2f a S
      pole. Numeral 21 shows a B-H curve of this alnico magnet with high
      coercive force. The boundary 4e of the N pole of the high coercive force
      alnico magnet facing the anisotropic strontium ferrite magnet and the
      boundary 4f of the S pole of the high coercive force alnico magnet facing
      the anisotropic strontium ferrite magnet are determined in such a manner
      that the magnetic flux density does not fall below the point of inflection
      17c of the B-H curve 21 of FIG. 8 due to the reactive magnetomotive force.
      Numerals 22a and 22b in FIG. 9 are curves showing magnetic flux
      distribution in the absence of reactive magnetomotive force and numerals
      23a and 23b magnetic flux distribution under reactive magnetomotive force.
      This construction enables the amount of magetic fluxes to be increased as
      compared with the embodiment of FIG. 1. Unlike the embodiment under
      consideration where magnets with different materials are combined to form
      a magnetic pole, it is possible to change the B-H curve with the same
      material by changing the cooling speed or agent in the heat treatment for
      the manufacture of the magnets. The same purpose can be also achieved by
      changing the composition of the component elements of the same magnet
      material.
PAR  In still another embodiment shown in FIG. 5, crescent-shaped magnetic
      material 18 tapering on both sides is mounted on the periphery on the
      inner surface of the magnet 2. The provision of this magnetic material 18
      realizes the magnetic flux density distribution as shown by one-dot chains
      19a to 19d of FIG. 6, and also as shown by dashed lines 20a 20d due to the
      reactive magnetomotive force.
PAR  The method of increasing the amount of magnetic fluxes toward the armature
      by mounting a magnetic material on the inner surface of the magnet is well
      known. The machine as disclosed above having a magnet with a different B-H
      curve for a magnetic pole produces a big magnetic sound in actual
      operation as the magnetic flux density undergoes a sudden change at the
      boundary. This disadvantage is prevented by the magnetic material 18
      smoothing the magnetic flux density distribution curve.
PAR  The reason why the magnetic material 18 in FIG. 5 is in the shape of a
      crescent is that magnetic fluxes flow from the magnets 2a and 2c of high
      magnetic flux density to magnets 2b and 2d of low magnetic flux density
      mostly through the boundaries 4a and 4b, while fewer magnetic fluxes flow
      nearer the sides. Of course, the magnetic material 18 may be provided in
      the uniform thickness with equal effect. Rather, if the situation allows
      the magnet 2 to be formed in uniform thickness, the uniform thickness of
      the magnetic material 18 has the advantage of the possibility to
      facilitate manufacture of armature 3 as it may take the form of a circle
      to assure a uniform gap between the armature and the magnetic material.
      Further, a lamination of such magnetic materials permits reduction in eddy
      current loss therein. This advantage is further enhanced by insulating the
      plurality of such materials making up the lamination.
PAR  The above described embodiments are concerned, with clockwise rotation
      only, and if both the clockwise and counterclockwise rotations are
      involved, a magnet with high magnetic flux density may be arranged at the
      center of a magnetic pole, and magnets with progressively high coercive
      force are arranged toward the sides of the pole. The same advantage as
      obtained in the foregoing embodiment may be achieved by providing on the
      magnet a magnetic material similar to that mentioned already.
PAR  Furthermore, the material of the magnet is not limited to those mentioned
      above. Also, the invention is applicable to those machines in which
      magnets are mounted on the rotor or stator as well as the DC electric
      machine.
PAR  It will be easily understood from the above description that the present
      invention is advantageous both in output and demagnetization effect over
      the conventional rotary electric machines employing permanent magnets of
      the same characteristics for their magnetic poles.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary electric machine comprising a rotor, a stator, and at least
      a pair of magnetic poles associated with one of said rotor and stator,
      each of said pair of magnetic poles including at least one magnet having
      different B-H characteristics along the direction of rotation of said
      rotor, said magnet including a portion having the highest coercive force
      where the magnetic field is weakened and a portion having the highest
      magnetic flux density where the magnetic field is strengthened, the
      improvement comprising said magnet including intermediate portions where
      the magnetic flux density and the coercive force are progressively
      substantially increased and decreased respectively.
NUM  2.
PAR  2. A rotary electric machine according to claim 1, further comprising a
      magnetic material covering each of said magnetic poles.
NUM  3.
PAR  3. A rotary electric machine according to claim 2, in which said magnetic
      material comprises a lamination of a plurality of magnetic material
      elements.
NUM  4.
PAR  4. A rotary electric machine according to claim 3, in which each of said
      magnetic materials components making up said lamination is electrically
      insulated.
NUM  5.
PAR  5. A rotary electric machine according to claim 1, further comprising a
      magnetic material covering each of said magnetic poles, said magnetic
      material being progressively thinner toward the opposite ends thereof
      along the periphery.
NUM  6.
PAR  6. A rotary electric machine according to claim 1, wherein each said
      magnetic pole includes two permanent magnets, each of said two permanent
      magnets having different B-H characteristics, and wherein said two
      permanent magnets are contiguous to one another at said intermediate
      portion.
NUM  7.
PAR  7. A rotary electric machine according to claim 1, wherein each said
      magnetic pole includes three permanent magnets, each of said three
      permanent magnets having different B-H characteristics, and wherein said
      three permanent magnets are respectively contiguous to one another at said
      intermediate portions.
NUM  8.
PAR  8. A rotary electric machine according to claim 7, wherein a first of said
      three permanent magnets has the highest magnetic flux density and the
      lowest coercive force, a second of said three permanent magnets along the
      periphery of said magnetic pole has an intermediate magnetic flux density
      and an intermediate coercive force, and a third of said three permanent
      magnets along the periphery of said magnetic pole has the lowest magnetic
      flux density and the highest coercive force.
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ABST
PAL  A contact-free electrical pulse generator, that utilizes a Hall effect
      device and a permanent magnet to generate lines of flux and provides two
      stable output states when cooperating with a flux conducting cam having a
      stepped peripheral circumference mounted on a rotating shaft is disclosed.
      The flux conducting cam enhances the flux density imposed upon the Hall
      effect device when the high portion of the cam becomes proximate the Hall
      device. The concentrated flux lines flowing through the Hall device
      changes the state of the device in accordance with the preselected angular
      positions of the rotary shaft.
PARN
PAR  This is a continuation of application Ser. No. 364,836 filed May 29, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to pulse generators, and in particular to an
      electrical contact-free pulse generator, which uses a Hall effect device
      to provide an output pulse relative to shaft position.
PAR  Electrical pulse generators are frequently used for electromechanical
      control systems to initiate or terminate a mechanical function. Frequently
      a rotating shaft must be synchronized with the control mechanism in order
      to perform the function at a prescribed time of a particular cycle.
      Mechanical position sensors, which sense the position of a rotating shaft
      are subject to fatigue since the moving parts wear out with constant use.
      Static sensing devices which utilize light beams and photoelectric sensors
      have not been entirely satisfactory in areas where the atmosphere is lint
      laden, since the lint and dust in the area cause the sensors to become
      obscured, thereby reducing the sensitivity and accuracy of the sensors and
      requiring frequent maintenance.
PAR  Other known position sensing devices, used on a rotating shaft for
      synchronization thereof, include a permanent magnet affixed or coupled to
      a rotating shaft cooperating with an electromagnet sensor, which provides
      an electrical pulse each time the permanent magnet passes over a gap
      provided in the electromagnet's core. Other pulse generators known in the
      art, utilize a rotating magnet and a stationary Hall effect device to
      sense and provide a pulse each time the permanent magnet becomes proximate
      the Hall device. Still other sensing devices which operate in conjunction
      with a rotating shaft utilize an electromagnet which has a core provided
      with an air gap. A non-flux conducting disc, provided with openings
      therein, is generally affixed or coupled to the shaft and placed in the
      air gap of the electromagnet. When the non-flux conducting portion of the
      disc is within the air gap of the electromagnet the flux lines are broken
      and the inductance of the electromagnet decreases. When the disc rotates
      so that the opening of the disc is within the air gap of the electromagnet
      the inductance of the electromagnet increases. This change of state of the
      electromagnet may be used directly or indirectly, e.g. to control the
      feedback of an oscillator, thereby, yielding an output which is related to
      the position of the shaft. In addition, known in the prior art is a
      spirally shaped permanent magnet, which is affixed to a shaft proximate a
      Hall device. Rotating the shaft changes the output or state of the Hall
      device in varying amounts relative to the position of the shaft upon which
      the magnet is affixed. Generally, the prior art devices require that the
      permanent magnet device be affixed to the rotating shaft, or the flux
      lines of the magnet be cut to effect a change in the state of the sensors.
      All of the pulse generators of which we are aware provide a signal
      responsive to the shaft positions of a rotating member, however, none of
      the prior art systems, to our knowledge, utilize a stationary permanent
      magnet and a stationary Hall effect device, proximate thereto, to provide
      signal pulses responsive to the discrete positions of a rotating member.
PAC  SUMMARY OF THE INVENTION
PAR  A contact-free pulse generator utilizing the principles of the present
      invention overcomes the shortcomings of the prior art by providing a
      synchronizing pulse responsive to discrete positions of a rotating shaft.
      The generator of the present invention is reliable, essentially
      maintenance free and may be utilized in atmospheres which have a high
      concentration of dust and lint.
PAR  A contact-free pulse generator, in accordance with the principles of the
      present invention, comprises a base member, magnetic flux generating means
      secured to the base member, a Hall effect device supported by the base
      member in a predetermined relation with the magnetic flux generating
      means, the Hall effect device has at least two stable states depending on
      the level of flux density imposed thereon, a rotary shaft adapted to be
      journaled relative to the base member, and a magnetic flux density
      influencing disc fixed to the rotary shaft and having a variably shaped
      peripheral contour cooperating with the Hall effect device for changing
      the magnetic flux density imposed by the magnetic flux generating means on
      the Hall effect device in accordance with preselected angular positions of
      the rotary shaft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawing of the preferred embodiment in which:
PAR  FIG. 1 is an elongated perspective view of a pulse generator built in
      accordance with the principles of the present invention; and
PAR  FIG. 2 is a diagrammatic elevational view of the pulse generator showing
      the path of the flux lines.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, and in particular to FIG. 1, in which an enlarged
      perspective view of the preferred embodiment of the pulse generator 10 is
      shown. The pulse generator 10 includes a semi-circular shaped cam 12
      affixed to a shaft 14 and retained thereon by a screw 16. The cam 12 has a
      variable (stepped) peripheral circumference 18. The circumference 18 is
      adapted to cooperate with a Hall effect device 20. The Hall effect device
      20, utilized in the preferred embodiment of the invention, is a standard
      part number 1554 manufactured by the Microswitch Division of Honeywell.
      Included in the Hall device, in addition to a Hall sensing element, is a
      threshold detector that provides a fixed output voltage when the Hall
      sensing element provides a minimum voltage value across its terminals in
      the presence of lines of flux. Hereafter, when reference is made to a Hall
      device it will be understood to include both the Hall sensing element and
      a threshold detector. Thus, the Hall device 20 provides an output voltage
      of approximately 4 volts with the south pole of permanent magnet proximate
      a prescribed portion of the surface 22 of the device 20. Removal of the
      magnet or reducing the lines of flux proximate the surface area 22
      provides a low level output voltage of approximately 0.3 volts. The Hall
      effect device described provides the aforementioned voltages across leads
      24 and 26 when a D.C. voltage of plus 5 volts is provided across input
      leads 28 and 30 with lead 28 being retained at a reference ground
      potential.
PAR  It is to be noted that although the Hall effect device has been described
      in the preferred embodiment of the invention, any solid state phenomena
      such as magnetoresistance, would work equally as well as long as the
      device was able to distinguish between the two flux levels presented by
      the semi-circular shaped cam 12.
PAR  The Hall effect device 20 is retained preferably by an adhesive material
      proximate a permanent magnet 32 which extends the full length of the Hall
      device. The permanent magnet 32 is polarized with its north pole adjacent
      the Hall effect device 20 its south pole adjacent a flux conducting
      mounting base member 34. The mounting base member 34 is provided with two
      holes 36 and 38 which are used to mount the base member to any portion of
      a utilization device, not shown, which is proximate the rotating shaft 14.
      The mounting base member 34 is also provided with an outwardly extending
      portion 40 which is at a right angle to the base member 34 and is adapted
      to cooperate with the circular shaped disc member 44 affixed to the shaft
      14 by a set screw 46. The disc member 44 is made of a flux conducting
      material which is similar to the material of the mounting base member 34,
      the shaft 14 and the cam 12. The disc member 44 is positioned in close
      proximity to the outwardly extending portion 40 of the mounting base
      member 34 as is practical to reduce the air gap therebetween, thereby
      enhancing the flow of flux lines 48 provided by the permanent magnet 32.
PAR  The path of the flux lines 48 emanating from the permanent magnet 32 is
      shown in FIG. 2. The path of the flux lines is from the magnet 32, through
      the base member 34, end portion 40, disc 44, shaft 14, cam 12, and sensor
      20, when the air gap between the cam 12 and the sensor 20 is minimized.
PAR  In operation, an electrical signal pulse is provided each time the cam
      surface 18 enhances or concentrates the lines of flux on the surface 22 of
      the Hall sensor device 20. The output signal pulse obtained across leads
      24 and 26 is maintained as long as the cam surface 18 is in proximity with
      the surface 22 of the Hall sensor device 20. The duration of the pulses
      that may be obtained and the number of pulses per revolution may be varied
      by changing the configuration of the cam 12, by varying the shape of the
      surface such that additional grooves or steps may be incorporated therein.
      The electrical pulse signal obtained from leads 24 and 26 may be coupled
      to any conventional utilization device which requires pulses in
      synchronism with the rotation of the shaft 14. In the position indicated
      in FIG. 1, the air gap between the surface 18 of cam 12 and the Hall
      device 20 is minimized, therefore, the electrical output signal is four
      volts as described earlier and remains at that level until the shaft 14
      completes one-half revolution. When the lower portion of cam 12 becomes
      proximate the surface 22 of Hall device 20 the flux lines are dispersed
      and do not travel through the Hall sensor thereby reducing its output
      voltage, appearing on lines 24 and 26, to approximately 0.3 volts.
PAR  Hereinbefore has been disclosed a contact-free pulse generator that
      provides an electrical signal pulse relative to a shaft position and is
      idealy suited for use in a lint or dust laden atmosphere and may be used
      to synchronize a electromechanical control system with a rotating shaft.
      The disclosed contact-free pulse generator is reliable, requires a minimum
      of maintenance, and may be used in any requirement which requires an
      electrical signal pulse relative to the shaft position.
CLMS
STM  Having thus set forth the nature of the invention, what is claimed herein
      is:
NUM  1.
PAR  1. A contact-free electrical pulse generator, comprising;
PA1  a. a flux conducting base member
PA1  b. permanent magnet means adapted to be affixed to said base member for
      providing a source of flux lines;
PA1  c. a Hall effect sensor device adapted to be mounted juxtaposition said
      magnet means and within the path of said flux lines, said sensor device
      having at least two stable states depending on the level of flux density
      imposed thereon;
PA1  d. a flux conducting rotary shaft means adapted to be journaled in spaced
      relation to said base member and adapted to cooperate with said base
      member to enhance the flow of said flux lines;
PA1  e. flux conducting cam means adapted to be carried by said rotatable shaft
      in a position to cooperate with said Hall sensor device in said flux path,
      said cam means having a stepped peripheral circumference for changing the
      magnetic flux density imposed by said magnet means on said Hall sensor
      device in accordance with preselected angular positions of said rotary
      shaft means;
PA1  f. said base member including a portion at one end extending outwardly
      therefrom toward said rotary shaft means and said rotary shaft means in
      addition to said flux conducting cam means including a circular shaped
      flux conducting disc carried thereon and adapted to rotate in overlapped
      relation proximate said outwardly extending base member portion to provide
      a magnetic flux conducting circuit with the base member through the
      circular disc, the shaft, and the cam means.
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ABST
PAL  A wheel speed sensor for use in an adaptive braking system has a tone wheel
      mounted on the wheel hub and a pick-up secured to a bracket having a
      locating aperture for mounting the bracket on the machined seal surface of
      the spindle. The bracket accurately positions the pick-up relative to the
      tone wheel on the hub so that no adjustment of the pick-up relative to the
      tone wheel is required.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to adaptive braking systems for use on automotive
      vehicles and more particularly to a speed sensor therefor which provides
      the adaptive braking system with information relative to the speed and
      acceleration of the vehicle wheels. An adaptive braking system of the type
      in which the invention may be used is shown and described in U.S. Pat. No.
      3,494,673.
PAC  PRIOR ART
PAR  Wheel speed sensors of the frictionless type as described in U.S. Pat. Nos.
      3,626,226; 3,626,227; and 2,626,228 include a tone wheel mounted for
      rotation with the vehicle wheel and a pick-up closely associated with the
      tone wheel. The relative position of the pick-up and the tone wheel is
      critical and the speed sensors shown and described in the above patents
      require means for making this critical adjustment.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a mounting for the
      pick-up which accurately positions the pick-up relative to the tone wheel
      without adjustment.
PAR  Another object of the invention is to provide a simple means for attaching
      the pick-up to an automotive vehicle without appreciably altering the
      vehicle.
PAR  Another object of the invention is to provide a wheel speed sensor
      particularly adapted for use on the front wheels of a vehicle equipped
      with disc brakes.
PAR  The invention contemplates a device for sensing the speed of a wheel having
      a hub rotating on a spindle, comprising a tone wheel mounted on the hub, a
      pick-up for sensing the speed of rotation of the tone wheel and providing
      signals corresponding thereto, and a bracket for supporting the pick-up
      having a locating aperture for mounting the bracket on the spindle and for
      accurately positioning the pick-up relative to the tone wheel to avoid
      adjustment of the pick-up relative to the tone wheel.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical section showing a wheel speed sensor assembled to the
      front wheel hub and spindle assembly according to the invention.
PAR  FIG. 2 is an end view partly in section showing the structure of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, shown therein is a front wheel suspension
      provided with a speed sensor 2 constructed according to the invention. A
      spindle 4 and splash shield 5 are bolted to a spindle carrier 6 by bolts
      8. A wheel hub 10 is rotatably mounted on spindle 4 by tapered roller
      bearings 12 and 14 secured by the usual washer 16, castellated nut 18 and
      cotter pin 20. A ventilated brake disc 22 including an offset portion 24
      is secured to or made integral with hub 10. A seal 25 is pressed into hub
      10 and engages a concentric machined surface 27 on spindle 4. A wheel (not
      shown) may be secured to the hub by bolts 26 in the usual manner. An outer
      surface of hub 10 is machined at 28 so that it is concentric with the
      bearing diameter.
PAR  Speed sensor 2 includes a ring shaped tone wheel 30 made of magnetic
      material and having a plurality of equally spaced teeth 32 formed in the
      outer surface thereof. A molded adhesive non-magnetic material fills the
      spaces between teeth 32. The inner surface 34 of tone wheel 30 is machined
      to a press fit diameter relative to the machined surface 28 of hub 10 and
      is pressed on the hub.
PAR  A bracket 36 has a locating aperture 38 which is accurately machined for
      mounting the bracket on the seal surface 27 of spindle 4 adjacent spindle
      carrier 6. The bracket has a second aperture 40 for receiving one of the
      bolts 8 which secures the spindle, bracket and splash shield 5 to spindle
      carrier 6. A nest 44 for holding a pick-up 46 is formed at one end of
      bracket 36. The pick-up may include a coil of fine wire 48 wound on a
      rectangular pole piece 54 engaging a cylindrical permanent magnet 56.
      Leads 58 from coil 48 extend through aperture 60 in nest 44 for connection
      to external circuitry. All of the above parts may be permanently secured
      in nest 44 by potting with a suitable epoxy resin as described
      hereinafter. Pole pieces 54 projects through the open end of nest 44 and
      the projecting end is formed with teeth 62 similar in shape and spacing to
      teeth 32 on tone wheel 30.
PAR  Pick-up 46 may be assembled to nest 44 on bracket 36 before assembling the
      bracket to the vehicle by using a stepped plug 64 shown by broken lines in
      the drawing with a diameter 66 mating closely with locating aperture 38 in
      bracket 36 and a surface 68 having a radius corresponding to the radius of
      tone wheel 30 plus a suitable gap between the tone wheel and pick-up 46.
      The diameter 66 of stepped plug 64 is inserted in locating aperture 38 of
      bracket 36 and pole piece 54 of pick-up 46 is clamped securely against the
      surface 68 of the stepped plug and the entire assembly is inserted into a
      potting mold and potting compound is injected into the mold and allowed to
      cure whereupon the assembly is removed. With this arrangement the potted
      assembly is accurately dimensioned.
PAR  Rotation of hub 10 causes teeth 32 of tone wheel 30 to periodically align
      with teeth 62 of pick-up pole piece 54 producing changes in magnetic flux
      in teeth 62 to produce an alternating voltage in coil 48 which is
      transmitted by leads 58 to a suitable conventional computer (not shown) of
      the adaptive braking system.
PAR  Since the bearing inner diameter to outer diameter concentricity is held
      quite closely on commercial bearings for the front wheels of a vehicle and
      since the spindle manufacturer holds the bearing and seal diameters to
      small tolerances for eccentric runout, all the dimensions involved in
      establishing the gap between the pick-up and tone wheel are of small
      tolerances and no gap adjustment is needed to compensate for these
      tolerances.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for sensing the speed of a wheel having a hub rotating on a
      spindle, comprising a tone wheel including a ring shaped member mounted on
      the wheel hub, the member being made of magnetic material with teeth
      formed in the outer periphery and the inner surface of the ring shaped
      member engaging a portion of the wheel hub which is concentric with the
      hub axis, a pick-up for sensing the speed of rotation of the tone wheel
      and providing signals corresponding thereto, a bracket having a nest for
      receiving the pick-up and having a locating aperture for mounting the
      bracket on a hub seal surface on the spindle, the pick-up being potted in
      the nest with a potting compound in a position to provide a suitable gap
      between the tone wheel and pick-up to avoid adjustment of the pick-up
      relative to the tone wheel after assembly of the bracket to the spindle,
      the pick-up being accurately positioned in the nest during potting by
      clamping the pick-up to a surface of a stepped plug having a radius
      corresponding to the radius of the tone wheel plus a suitable gap between
      the tone wheel and pick-up while the locating aperture in the bracket is
      closely mated on a diameter on the stepped plug.
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ABST
PAL  A channel plate electron multiplier having channels which rapidly decrease
      in cross-section away from the input aperture and a conductive structure
      extending across the input aperture to flatten any fringing electrostatic
      field, resulting in an electrostatic field configuration which causes
      secondary emitted electrons to collide with the same side of the channel.
BSUM
PAR  This invention relates to electron multipliers and more particularly to
      electron multipliers of the channel plate type. The invention can be
      applied with particular advantage to channel plates for use in electronic
      imaging and display tube applications.
PAR  The type of device currently known as a "channel plate" can be defined as a
      secondary-emissive electron-multiplier device comprising a matrix in the
      form of a plate having a large number of elongate channels passing through
      its thickness, said plate having a first conductive layer on its input
      face and a separate second conductive layer on its output face to act
      respectively as input and output electrodes.
PAR  The invention relates more particularly to channel plates of the continuous
      dynode type. This is a convenient term for channel plates having what is
      at present the conventional form of construction. Such channel plates can
      be regarded as continuous dynode devices in that the secondary-emissive
      material of the channels is continuous (though not necessarily uniform) in
      the direction of the channels.
PAR  Continuous dynode channel plates are described, for example, in British
      Pat. No. 1,064,073, and in U.S. Pat. No. 3,260,876, 3,337,137, 3,327,151
      and 3,497,759, while methods of manufacture are described in British Pat.
      Nos. 1,064,072 and 1,064,075.
PAR  In the operation of continuous dynode plates a potential difference is
      applied between the two electrode layers of the matrix so as to set up an
      electric field to accelerate the electrons, which field establishes a
      potential gradient created by current flowing through resistive surfaces
      formed inside the channels or (if such channel surfaces are absent)
      through the bulk material of the matrix. Secondary-emissive multiplication
      takes place in the channels and the output electrons may be acted upon by
      a further accelerating field which may be set up between the output
      electrode and a suitable target, for example a luminescent display screen.
PAR  Channel plates can be used in imaging tubes of various kinds, for example
      scanning tubes such as cathode-ray tubes and camera tubes and non-scanning
      image intensifier tubes (this Specification will, for convenience, refer
      to an image intensifier tube in those terms rather than as an "image
      converter" tube even in applications where the primary purpose is a change
      in the wavelength of the radiation of the image).
PAR  In a conventional continuous-dynode channel plate the gain is critically
      dependent on the ratio of channel length to diameter (the "L/D" ratio).
      This results in a number of manufacturing problems, and the solution of
      two of these is particularly desirable. The first is the extremely high
      degree of fibre size control required during the tube drawing processes
      normally used. Fibre diameter variations of little more than .+-. 1% have
      been detected as gain variations over the finished plate. The second
      problem is the need for an L/D ratio of not less than about 40 which
      renders fibre-drawing techniques virtually unavoidable in present
      practice. These problems conspire to render the normal manufacturing
      process both costly and time-consuming, especially for large-area arrays.
PAR  A third problem is the "chicken wire" pattern normally produced around the
      periphery of the multifibre units when a multi-draw fibre system is used
      (channel plates are normally made by fibre drawing techniques similar to
      those used to make fibre optics).
PAR  According to a first aspect the invention provides a modified continuous
      dynode channel plate wherein the channels have
PAR  a. an L/Di ratio (as herein defined) not greater than three;
PAR  b. an Ai/Ae ratio (as herein defined) not less than five; and
PAR  c. a channel form such that each channel has its secondary-emissive
      multiplier surfaces inclined to the normal to the faces of the plate for
      at least two thirds of the axial length of the channel in such a manner
      that said surfaces provide together a tapered channel form with a maximum
      cross-section at its input aperture reducing progressively to a minimum
      cross-section at or near its exit aperture.
PAR  The L/Di ratio is the ratio between the axial length L of a channel and the
      diameter or width Di of its input aperture, said aperture being the
      cross-section of largest area (in the case of a circular aperture the
      diameter is taken as Di; with other shapes, the smallest width is taken as
      Di, e.g. in the case of a square aperture the side is taken as Di rather
      than the diagonal). Since the channels according to this invention are
      tapered, the L/Di ratio is a parameter which conveniently replaces the L/D
      ratio used for conventional (constant-diameter) channels. It is
      significant that the value of L/Di is restricted to a maximum value of 3
      (and can advantageously be as small as 2 or 1, or even less) whereas
      conventional channels have to be very long and narrow, with normal L/D
      ratios of about 40 as aforesaid.
PAR  The Ai/Ae ratio is the ratio between the area of the input aperture (Ai) of
      a channel and the area of its exit aperture (Ae) and, as will be seen,
      this value may advantageously be as much as 25 or more. (In the case of a
      conventional parallel channel this ratio is, of course, equal to unity).
PAR  The criteria (a), (b), (c), which define the first aspect of the invention
      result in very shallow tapered channel forms which permit a channel plate
      to be made by relatively simple and inexpensive processes, e.g. by molding
      or by pressing indentations in a pre-formed sheet.
PAR  The invention permits such methods to be readily applied to large-area
      plates as may be required for X-ray image intensifiers and cathode-ray
      tubes for T.V. display and like purposes.
PAR  The tapered channel form has a concomitant advantage in that its electron
      multiplier surfaces readily conform to angles of inclination which are
      advantageous from the point of view of electron multiplication efficiency.
      Thus, according to a second aspect, the invention provides a modified
      channel plate wherein each channel has at least the major part of its
      electron multiplier surfaces inclined to the normal to the faces of the
      plate at angles .theta. in the range 10.degree. - 60.degree.. From the
      point of view of multiplier efficiency, the angles .theta. are not the
      primary controlling factor, the directly significant factor being the
      angle e that an equipotential surface forms with the respective
      secondary-emissive multiplier surface, and this latter angle may depend
      not only on the channel profile but also on the shape of the electric
      field configuration which prevails outside the input aperture of the
      channel when the channel plate is in operation inside a tube. This will be
      explained in greater detail but meanwhile it may be helpful to note that
      the angle e is preferably in the range 50.degree. - 75.degree., optimum
      values being 60.degree.  - 70.degree. for many applications. Apart from
      assisting in rendering practicable the aforesaid molding and pressing
      methods of manufacture, the use of the selected range of values for the
      angle .theta. has the indirect effect of enabling the equipotential angles
      e to be brought within their preferred range of 50.degree. - 75.degree. or
      at least facilitating such restriction. In some cases the shape of the
      channels (as determined by .theta.  angles within the range 10.degree. -
      60.degree., and preferably 15.degree. - 35.degree.) is sufficient to
      control the form of the equipotentials and maintain their angles e at
      values within the preferred e ranges. In other cases the channel plate may
      have to rely on external means to optimise or control the field
      configuration on the input side, and such control may be exerted e.g. by
      the photo-cathode in the case of an image intensifier of the proximity
      type. In the absence of such means, it may be desirable or necessary to
      combine the channel plate with a conductive grid which, from a
      constructional point of view, is preferably in contact with the input
      electrode of the plate or forms part thereof and preferably is of such
      pitch and position as to ensure that at least one, and preferably several
      grid conductors are present across the input aperture of each channel.
PAR  Examples will be given of conical and pyramidal channel forms in which all
      the multiplier surfaces lie within the preferred .theta. range of
      15.degree. - 35.degree. and the effects of varying the angles e and
      .theta. will be explained.
PAR  Examples of L/Di ranges less than unity will also be given. By contrast, in
      U.s. Pat. No. 3,176,178 it has been proposed to provide an electron
      multiplier device which comprises a nest of closely spaced channels, each
      channel being bounded laterally by a continuous secondary-emissive coating
      surface, each channel having a relatively large length-to-mean-width ratio
      at least equal to 10 and presenting a conical shape over at least a part
      of its length; a common source of primary particles extending near one end
      of said nest and a common collector for multiplied particles extending
      near the other end of said nest. However, the small degree of channel
      taper and relatively high length-to-mean-width ratios envisaged (10 or
      greater) would not permit the kind of cheap and simple mass-production
      methods referred to above, especially in those cases in which the channels
      are parallel for most of their length.
PAR  The present invention may employ a plate configuration wherein each channel
      has a tapered profile in every axial plane (for the purposes of this
      Specification the axis of a channel is normal to the faces of the plate
      and is at the center of a symmetrical channel or at the center of the exit
      aperture in the case of an asymmetrical channel; an axial plane is a plane
      containing said axis and providing an axial section).
PAR  As will be seen, the tapered profile of a channel may be straight as in the
      examples of channels of simple conical or pyramidal form. Alternatively
      each profile may be made up of straight sections having different angles
      of inclination, or curved, as will be explained with the aid of examples.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompaying diagrammatic drawings, in which
PAR  FIG. 1 is a fragmentary axial section of a channel plate having
      straight-sided channels in combination with an input grid and forming part
      of an electron multiplier or image intensifier tube of the proximity type;
PAR  FIG. 2 illustrates the electric field configuration in a conical channel
      having surface conduction and an input grid, and
PAR  FIGS. 3 to 10 illustrate a variety of alternative channel shapes.
PAR  FIGS. 11 to 17 of the accompanying drawings illustrate diagrammatically
      further channel shapes and methods of manufacture.
DETD
PAR  The general characteristics and mode of operation of a modified channel
      plate according to the invention will first be described with reference to
      FIGS. 1 and 2 on the assumption that the channels shown are conical,
      although most of the points made (and the section of FIG. 1) will be the
      same for channels of square pyramidal form having the same angle .theta.
      of inclination.
PAR  The plate shown in FIG. 1 has a matrix M which may be an apertured sheet of
      glass having resistive (i.e. slightly conductive) secondary-emissive
      multiplier surfaces formed on the conical walls of its channels. In this
      example the surfaces extend over the full axial length L (FIG. 1) of the
      channels (a channel axis is shown at 0).
PAR  An input electrode E1 is formed on the input face of the plate and an
      output electrode E2 on its output face.
PAR  A planar photo-cathode is indicated at PC on a transparent support W1 which
      may be a window forming part of the envelope of the tube.
PAR  Similarly, a display screen is shown at S on a transparent support W2 which
      may be also a window forming part of the envelope.
PAR  The screen S includes a conductive layer and appropriate potentials are
      applied to elements PC, E1, E2 and S by HT sources shown schematically at
      Bo-B1-B2.
PAR  In addition, a grid G is provided on and in contact with electrode E1 in
      order to improve the field configuration inside the channels (the
      configuration shown in FIG. 2 is due in part to the presence of such a
      grid). The pitch and position of grid G must be such as to ensure that at
      least one, and preferably several grid conductors are present across the
      input aperture A1 of each channel.
PAR  The angle .theta. of inclination is indicated in both Figures by reference
      to a line N normal to the faces of the plate.
PAR  FIG. 2 is based on the case of an insulating matrix having conical channels
      and resistive surfaces thereon, i.e. on the surface-conduction case (for
      bulk conduction the field configuration differs in a manner which will be
      explained and it depends on the distribution of the volume of bulk matrix
      material around each channel). In FIG. 2 the potential difference applied
      by source B1 is assumed to be 1000V and 100V equipotentials are drawn for
      an axial section of a conical channel. The "zero"-volt surface is set by
      the grid G across the channel entrance. The paths of four secondary
      electrons (e.sub.s) are shown, these being assumed by way of example, and
      for convenience of comparison, to leave the surface at 90.degree. with an
      initial energy of 2 eV.
PAR  In such a conical structure the equipotentials (FIG. 2) are more or less
      parallel to the input and output faces partly as a result of the action of
      grid G. The angles e of the equipotentials are in the preferred range
      60.degree. - 70.degree.. Secondary electrons emitted from the wall are
      therefore attracted down the inclined sides and impact on the wall without
      crossing over the cone. Providing they have acquired sufficient energy,
      these electrons will produce further secondaries and so forth. If the
      conducting grid G were not present, equipotential surfaces would bow out
      of the channel entrance or input aperture, and secondaries from the input
      end would not be accelerated back into the wall soon enough, but would
      travel a long way down the channel, or even right through its exit
      aperture thus lowering the average number of collisions and hence lowering
      the gain.
PAR  The field configuration of FIG. 2 (which is based on surface conduction) is
      advantageous in that the area of highest field gradient is around the exit
      aperture and, since such area will cause most of the collisions and,
      therefore, most of the gain, most of the primary electrons captured by the
      channel will benefit from this high-gain area. Conversely, with bulk
      conduction the equipotentials are crowded near the input aperture of the
      channel and therefore many primary electrons will miss the high-gain area
      by landing farther down the tapered surface.
PAR  To improve the field configuration in respect of angles e it is possible to
      give the grid G (FIG. 1) a slight outward curvature so that the upper
      equipotentials become more convex.
PAR  There is the advantage that ions travelling back through a channel will not
      strike the channel wall and therefore will not produce spurious secondary
      electrons therefrom. However, if a grid G is used on the input side, ions
      can strike the grid and secondaries may be produced which can give rise to
      ionic feedback at high operating voltages. This effect can be minimized by
      both maximizing the transparency of the grid and minimizing its secondary
      emission coefficient. Another problem is that at high gain the
      pulse/height distribution is less peaked than that of comparable
      conventional channels. This is because incoming particles are not confined
      to the input end of a channel and may, instead, strike the wall at any
      point along the length of the multiplying surface. Some output pulses will
      thus be the product of multiplication along only part of the channel
      length, but this does not matter much for the applications mentioned
      below.
PAR  Channel plate constructions according to the invention are at this stage
      mainly suitable for relatively coarse resolution devices because (a)
      manufacturing techniques are difficult with very small conical and
      pyramidal channels and (b) voltage gradients are apt to become excessive
      for very thin plates. At present the main applications are considered to
      be large-area image intensifiers (typically medical X-ray applications)
      and cathode-ray display tubes.
PAR  From the point of view of multiplying efficiency the optimum value of the
      angle e (FIG. 2) appears to be 60.degree. - 70.degree. and for
      straight-sided channel multiplier surfaces this can readily be achieved
      with .theta. angles of 25.degree. to 30.degree.. At smaller values of e
      the secondary electrons return to the wall too soon and do not acquire
      sufficient energy to produce further secondaries. At larger values of e
      the reverse happens and, although secondaries are produced, the average
      number of collisions is reduced thus lowering the gain. As e is increased
      still futher, electrons will cross to the opposite wall and the multiplier
      begins to operate as a conventional channel, in which case it will be less
      efficient owing to the fact that the channel length is so much less than
      that of a comparable conventional parallel channel.
PAR  As with conventional channel plates, the devices may be scaled up or down
      in size without altering the gain.
PAR  Two distinct types of material are given as examples of materials suitable
      for channel plates according to the invention. The first includes
      conducting glasses (either bulk or surface conducting) as used for
      conventional channel multipliers, and conductive ceramics. As was stated
      in the preamble, the required current flows through resistive surfaces
      formed inside the channels ("surface conduction" type of channel plate) or
      through the bulk material of the matrix ("bulk conduction" type). Suitable
      glasses exist for both types. For surface conduction, the usual way of
      obtaining resistive surfaces inside the channels of an insulating matrix
      is to use a lead-glass and, as one of the last steps in the manufacturing
      process, to reduce some of the lead oxide to lead at the channel surfaces.
PAR  The second type of material includes various metals, for example aluminum.
      In this case it is necessary to coat the channels and one or both of the
      end faces of the plate with an insulating material, for example alumina.
      Then each insulated face has a conducting electrode deposited on top of
      the insulation, and a resistive secondary-emitting layer is applied inside
      channels. Such a layer may be in two parts, as is done e.g. by Nillson et
      al (Nuclear Instruments and Methods 84 (1970) 301 - 306) who use a
      semi-conducting Si layer 500A thick superimposed by 60A of alumina as a
      secondary-emitting surface in a parallel-plate multiplier.
PAR  As for methods of channel formation, glass or metal multiplier plates can
      be prepared by molding or pressing, in which case square, triangular or
      hexagonal sectioned pyramidal channels may be preferable to round conical
      ones due to the simpler mould or die construction and greater useful area.
      Thus a mould or die can be formed from a sheet or plate e.g. my machining
      a first set of parallel V-shaped grooves and this procedure can then be
      repeated at 90.degree. so as to leave a regular array of square pyramids
      which can then be used as part of a mould or to press or indent pyramidal
      channels in a sheet of appropriate material. Similarly, if hexagonal
      pyramids are required, the mould or die may be formed by machining three
      sets of V-shaped grooves which intersect each other at 120.degree..
PAR  If a metal sheet is used as the basis for the channel plate matrix as
      mentioned above, spark erosion can also be used and can be carried out
      with the aid of conical, pyramidal or like electrodes.
PAR  Arrays of conical multipliers have been constructed in the laboratory with
      input diameters Di of approximately 0.5 mm., 0.1 mm. exit diameters, and a
      length L of 0.5 mm., and with angles .theta. of about 30.degree.. With a
      grid G and a voltage of 1500V gains of up to 10.sup.4 have been measured.
      The Ai/Ae ratio for such a channel form is 25.
PAR  Having described in some detail (with reference to FIGS. 1 and 2) an
      example in which the channels are conical, i.e. in which the angle of
      inclination .theta. is constant for all the secondary emissive multiplier
      surfaces, other possible forms of channel will now be described with
      reference to FIGS. 3 to 9 assuming that a grid G is provided as in FIGS. 1
      and 2 although such grid is omitted from these further drawings for the
      sake of clarity.
PAR  First, as was indicated earlier, the axial section of FIG. 1 pertains also
      to the case of regular square pyramidal channels. In both the conical and
      square pyramidal cases the profile of a channel is the same in two
      orthogonal axial planes which we may refer to as the X and Y planes. This
      is illustrated in FIG. 3 which shows conical channels (similar to those of
      FIG. 1) in plan view (FIG. 3a) and in an axial section (FIG. 3b) which is
      identical for both the X and Y planes. Both of the planes X and Y (which
      are indicated on FIG. 3a) contain the channel axis 0 in accordance with
      the definition of an axial plane.
PAR  In the equivalent square pyramidal case (FIG. 4) there is a better
      utilization of the area of the channel plate and the channels may have the
      same profile as those of FIG. 3 in both X and Y planes as shown in FIG.
      4b. The angle .theta. is constant for all the multiplier surfaces and is
      the same as for FIG. 3.
PAR  Whereas a regular pyramidal form is preferred for most purposes, it is
      possible to have an irregular pyramidal form e.g. as shown in FIG. 5. Here
      the small square exit aperture A2 of the channel is replaced by a slit
      aperture As and the profile along plane X differs from that taken along
      plane Y as shown in FIGS. 5b and 5c respectively. The operative multiplier
      surfaces of the channel have different inclination angles .theta.1 and
      .theta.2 for the two pairs of sides of the pyramid.
PAR  The form of channel shown in FIG. 5 can be modified further until there are
      only two opposite multiplier surfaces and the exit aperture is extended
      into a slit As' which extends right across a width equal to that of the
      input aperture. This "ridge" form is illustrated in FIG. 6 which shows
      again axial sections taken on the planes X (FIG. 6b) and Y (FIG. 6c). This
      arrangement has the disadvantage that it is more difficult to manufacture
      a plate by the aforesaid pressing, stamping, molding and like techniques.
PAR  As a further variant the channels may have a form corresponding to one half
      of a ridge-type channel such as the channel shown in FIG. 6. Such a
      variant is shown in FIG. 7 and it will be seen that a greater number of
      square channels can be accommodated for the same .theta. angle and plate
      thickness. This arrangement is no longer symmetrical in that the exit slit
      (As") is on one side and there is only one multiplier surface. (The axis 0
      is taken as passing through the center of the exit slit).
PAR  Hitherto the channel forms described have all had straight profiles.
      However, it is possible in each of the above examples to break each
      profile into two or more rectilinear steps. Thus, for example, the
      profiles of FIGS. 3 to 7 can be broken into two sections having differing
      angles of inclination .theta.a and .theta.b (for example 15.degree. and
      35.degree.) and this is illustrated in FIG. 8. This results effectively in
      a concave profile. In the case of FIG. 3 this modification results in a
      channel having the form of two consecutive frusto-conical surfaces having
      different angles. In the case of pyramidal forms such as those of FIGS. 4
      and 5 or the ridge form of FIG. 6, the result is a stepped pyramid or
      ridge in which the two parts of the pyramid or ridge have different
      inclinations.
PAR  Of course, a larger number of inclined sections can be used and the
      principle can be taken further by adopting a smooth curved profile e.g. as
      shown in FIG. 9. This, again, can be applied to any of the forms shown in
      FIGS. 3 to 7, the pyramidal forms being thus changed into forms defined by
      four curved surfaces connecting the edges of the input aperture to an apex
      constituted by a pin-hole or slit exit aperture.
PAR  In those cases in which the channels include orthogonal surfaces (i.e.
      surfaces normal to the faces of the plate) extending between the edges of
      the inclined multiplier surfaces, such orthogonal surfaces are not
      provided as multiplier surfaces although in practice they may incidentally
      provide small gains slightly in excess of unity. This is all the more
      likely as it is usually difficult to apply a secondary-emissive coating to
      the inclined surfaces without the coating material landing also on the
      orthogonal surfaces. Such orthogonal surfaces appear in FIGS. 6 and 7.
PAR  The tube construction of FIG. 1 can be used for imaging or non-imaging
      multiplier applications. As an alternative to such a tube of the
      "proximity" type, it is possible to apply the invention to a tube of the
      "electronoptical diode" or "inverter" type having a conical anode or
      equivalent electrode structure.
PAR  The invention may also be used for imaging tubes other than image
      intensifiers, for example cathode-ray display tubes and camera tubes. In
      particular, the channel plate and grid structure of FIG. 1 may be used to
      intensify a scanning electron beam produced by an electron gun instead of
      the distributed electron emission of photo-cathode PC.
PAR  If a channel plate according to the invention is applied to a color T.V.
      display tube of the indexing type having a tricolor phosphor screen
      composed of vertical stripes, the channel configurations of FIGS. 5 to 7
      are advantageous in that they can provide a spot which is elongated in the
      vertical direction.
PAR  Whereas the examples of FIGS. 1 to 9 relate to tapered forms in which the
      axial sections are straight (FIGS. 1 to 7) or concave (FIGS. 8 and 9) it
      is also possible to use forms having axial sections that are convex. A
      curved example of such a form is shown in FIG. 10 and it will be
      understood that stepped equivalents can also be used, i.e. arrangements in
      which the tapered form is obtained as a succession of two or more
      frusto-conical surfaces analogous to the form shown in FIG. 8.
PAR  The configuration of FIG. 10 may be designed so as to operate efficiently
      without the grid G which is shown in FIG. 1 and assumed to be present in
      the description of FIGS. 2 to 9 for the purpose of controlling the form of
      the equipotentials on the input side. In fact, the type of tapered from
      shown in FIG. 10 can produce equipotential angles e (FIG. 2) within the
      preferred range 60.degree. - 70.degree. at or near the input aperture
      without the need for a grid G or equivalent means.
PAR  Reverting to the earlier examples and their electric field configuration,
      two points are worth making. First, the field configuration of FIG. 2
      (which is based on surface conduction) is advantageous in that the area of
      highest field gradient is around the exit aperture and, since such area
      will cause most of the collisions and, therefore, most of the gain, most
      of the primary electrons captured by the channel will benefit from this
      high-gain area. Conversely, with bulk conduction the equipotentials are
      crowded near the input aperture of the channel and therefore many primary
      electrons will miss the high-gain area by landing farther down the tapered
      surface.
PAR  The second point is that the grid G may be replaced by equivalent field
      controlling means, a typical example being a photo-cathode used when the
      channel plate is employed in an image intensifier tube of the proximity
      type. FIG. 11 of the accompanying drawings illustrates schematically the
      use of channel plates in accordance with the invention in such an imaging
      tube. In the example given a channel plate I (which may be as described
      with reference to any of FIGS. 1 to 9) is shown inside the envelope of an
      image intensifier tube containing also a photo-cathode PC and a
      luminescent screen S. The input and output electrodes of the channel plate
      are shown at E1 and E2 respectively and an object 0 is shown imaged on to
      the photo-cathode.
PAR  By contrast FIG. 12 shows schematically a tube of the "electron optical
      diode" or "inverter" type in which corresponding elements have the same
      reference numerals. The tube employs a conical anode A connected to
      electrode E1 in known manner. In this case the channel plate 1 may be of
      the FIG. 10 type without a grid G. Alternatively, it may be as described
      with reference to any of FIGS. 1 to 9 in which case it may be provided
      with a grid G, or the field-shaping function of such a grid may be
      performed by an electron-permeable conductive film laid across the input
      apertures of the channels to prevent ion feedback in accordance with U.S.
      Pat. No. 3,603,832.
PAR  A third example of imaging tube is given in FIG. 13 which shows a
      cathode-ray display tube comprising an electron gun G (including a cathode
      K) for generating a beam b which is deflected by means d so as to scan a
      channel plate I constructed in accordance with the invention. The plate I
      is followed by a luminescent screen S which may be laid on a flat glass
      window or support W as shown. Alternatively, the screen S may be laid on a
      curved face-plate F forming part of the envelope, in which case the
      channel plate I may be correspondingly curved with the axis of each
      channel normal to the respective part of the channel plate. If the channel
      plate I is as described with reference to FIG. 10 it may not require a
      grid G, but if plate I is in accordance with FIGS. 1 to 9 it will be
      desirable to provide a grid G since no other equivalent field-shaping
      element is present in this example.
PAR  The profiles given in FIGS. 1 to 10 are all shown diagrammatically as
      having sharp edges at the exit apertures. Such sharp edges are not
      required and are unlikely to occur in practice. In the first place, a more
      rounded exit edge will be formed if the output electrode E2 is made to
      penetrate into the exit aperture as described above. Similarly, a more
      rounded or chamfered edge will normally result from the molding and
      pressing manufacturing methods referred to above. However, it may be
      positively desirable for each channel exit to be followed by a diverging
      extension or duct which does not form part of the channel multiplier
      proper. There may be various reasons for such a construction, one being
      the provision of greater rigidity for the channel plate, especially in
      flat large-area applications. Since the flared extension opens out, this
      will normally prevent the landing of output electrons on the extension
      walls. Such walls may be conductive or, alternatively, said walls may be
      resistive so as to set up a field gradient to provide additional
      acceleration for the output electrons from the channel.
PAR  Constructions having such extensions are shown diagrammatically in FIG. 14,
      the aforesaid parameters L, and Di, being indicated in each case and also
      the positions of the input and exit apertures A1-A2 from which the Ai/Ae
      area ratio is determined.
PAR  FIG. 14a shows a profile similar to that of FIG. 1 which may relate to
      conical or square pyramidal channels C in accordance with FIGS. 3 and 4.
      The only modification is the re-entrant edge E2e of the output electrode
      E2 at the exit aperture which, as aforesaid, may permit many of the final
      collisions to take place on the electrode extension so that a relatively
      large part of the required current can be drawn directly from the HT
      supply circuit. For the purpose of measuring the L/Di ratio, the length L
      is the axial length of the resistive and secondary-emissive surface (R) of
      the channel as shown (the examples of FIG. 14 are shown as
      surface-conduction structures with an insulating matrix M or equivalent
      but they may also be applied to a bulk-conductive matrix).
PAR  FIG. 14b shows an arrangement similar to FIG. 14a except that the output
      electrode has been enlarged from a thin layer E2 to an element of plate or
      sheet form E2' having a thickness comparable to that of the matrix M and
      diverging channel extensions or ducts D of a size and form which may be
      similar to that of the channels.
PAR  FIG. 14c shows an arrangement similar to that of FIG. 14b except that the
      matrix proper has been extended to approximately twice its original
      thickness so as to accommodate both the channels C and their extensions D.
      The resistive multiplier layer R1 may be extended by an additional
      resistive layer R2 in series therewith in which case an accelerating field
      is set up in the duct D. Alternatively, the layer R2 may be a good
      conductor. The length L of a channel is as shown and as for FIG. 14b since
      the extension D is not used for multiplication. The matrix M may, if
      desired, be formed by bonding together two identical halves.
PAR  FIG. 14d shows a construction similar to that of FIG. 14c wherein the two
      halves M -- M' of the matrix are bonded together with the aid of the
      output electrode E2; an auxiliary electrode E3 is added if the surfaces R2
      are resistive, in which case an auxiliary source B1a is added to enable
      the elements R1 - E3 to set up an accelerating field inside each duct D
      (if R2 is conductive, E3 and B1a are redundant).
PAR  As an alternative, or in addition to, the conductive and flared exit ducts
      D of FIGS. 14b to 14d each channel may, if desired, have a short parallel
      exit section having resistive-emissive walls provided as a continuation of
      surfaces R or R1. Such a parallel section will have to be taken as being
      within the operative length L of the channel and will therefore have to be
      short enough for the L/Di ratio to be less than 3 as required.
PAR  FIG. 15 shows two examples of the use of a conductor as the principle
      element of the matrix, the other element being a layer of insulating
      material Mi.
PAR  FIG. 15a shows a metal element E2m which acts partly as the output
      electrode and partly as a mechanical substrate for a thin matrix layer Mi
      of insulating material. The input electrode E1 is as before, and the
      resistive-emissive layer R extends from E1 to the exit section of element
      E2m.
PAR  The structure of FIG. 15a can readily be inverted so that the metal
      substrate acts also as input electrode while the output electrode is
      provided separately.
PAR  As a further alternative, the metal substrate may be a plate Mc surrounded
      completely by the layer of insulating material Mi as shown in FIG. 15b,
      the input and output electrodes E1 -- E2 being both provided separately.
PAR  Substrate E2m of FIG. 15a may be formed in two parts, a layer E2 being
      applied separately.
PAR  The structures of FIGS. 15a and b are suitable for the aforesaid use of
      aluminum as the substrate with alumina provided (e.g. by anodization) as
      the insulator Mi.
PAR  In operation it appears that electrons travel only a small distance from
      the emissive surface before they are returned by the field at a shallow
      angle of incidence. This mechanism means that the process of
      multiplication is influenced considerably by any roughness of the emissive
      surface. Secondary electrons may fail to escape from deep cracks or
      craters and the equipotentials generated by a resistive coating on such
      rough surfaces may not favor efficient multiplication. Consequently it is
      desirable for the multiplying surfaces to be as smooth as possible, and
      satisfactory smoothness can be achieved by methods of manufacture which
      employ a master of complementary form to shape the material of the channel
      plate matrix, or of the substrate thereof in the case of a composite
      matrix (examples of composite structures are shown in FIGS. 15a and 15b.
      Such a master may be produced e.g. by machining appropriate grooves in a
      plate as described above, and two examples of methods using such masters
      will now be described with reference to FIGS. 16 and 17. The first is a
      pressing method wherein the master is used as a die, and the second is a
      molding method in which the master is used as a mould.
PAR  Referring to FIG. 16a, the die or pressing tool 1 is shown schematically in
      axial section as a plate having an array of conical, pyramidal or like
      projections 2. A piece of sheet metal 3 is laid on a rubber pad 4 which
      provides resilient support for the metal 3. FIG. 16b shows the die 1
      forced down so as to deform the sheet metal and form therein an array of
      tapered channels. FIG. 16c shows the sheet metal 3 after removal of the
      die, with thin metal protrusions 3A which close the channel exits. The
      next step is to machine the output face of the metal sheet so as to remove
      the protrusions 3A and thus open the channel exit apertures. The metal
      substrate 3 is then coated partly or entirely with an insulating layer
      (e.g. as described with reference to FIGS. 15a or 15b and then an input
      and/or an output electrode layer is deposited on the insulator as
      appropriate.
PAR  Referring now to FIG. 17a, the master is shown schematically as a mold 11
      having, again, an array of appropriate conical, pyramidal or like
      projections 12. Liquid or softened glass 13 is shown resting on a rigid
      base 14 forming part of the mold (the die 11 acts, in effect, as the lid
      in this case). FIG. 17b shows the mold 11 held forced against the base 14
      while the glass solidifies with the channels formed in it. It may then be
      desirable or necessary to etch away any irregularities around the exit
      apertures of the channels, after which input and output electrode layers
      are applied to the two faces of the perforated glass matrix plate.
PAR  In each case, surface reduction may be used as aforesaid to form resistive
      channel surfaces if an insulating glass is used.
PAR  Although the input and output electrodes are continuous layers in the more
      usual applications, such an electrode may be subdivided into parallel
      strips for special applications.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A channel plate electron multiplier, comprising a thin plate having two
      major faces and a plurality of closely spaced substantially identical
      channels interconnecting said two major faces, the axes of said channels
      being parallel to each other and a major part of each of said channels
      having a cross-section which is gradually tapered from an input aperture
      of one cross-section to an exit aperture of smaller cross-section, the
      ratio of the cross-sectional area of said input aperture to the
      cross-sectional area of said exit aperture being no less than five, the
      ratio between the axial distance spacing said input aperture from said
      exit aperture to the smallest linear dimension of said input aperture
      being no greater than three, the surfaces of said channels being resistive
      and secondary emissive at leas over said gradually tapered major part, and
      an electrostatic field controlling conductive structure adjacent to and
      extending across said input aperture for flattening any fringing
      electrostatic field generated within said channels to the extent that
      substantially all equipotential surfaces within said channels intersect
      with the surfaces of said tapered major part at an angle not less than
      fifty degrees nor greater than seventy-five degrees, in order that a major
      portion of secondary emitted electrons are thereby attracted back toward
      and collide with the secondary emissive surface of said tapered major part
      at a point closer to said exit aperture without crossing to and colliding
      with the opposite side of said tapered major part.
NUM  2.
PAR  2. A channel plate electron multiplier as defined in claim 1 wherein said
      electrostatic field controlling conductive structure comprises a
      photo-cathode in close proximity with and covering said input apertures of
      said channels.
NUM  3.
PAR  3. A channel plate electron multiplier as defined in claim 1 wherein said
      electrostatic field controlling conductive structure comprises an electron
      permeable conductive film covering said input apertures of said channels.
NUM  4.
PAR  4. A channel plate electron multiplier as defined in claim 1 wherein said
      electrostatic field controlling conductive structure comprises an
      electrically conductive grid covering said input apertures of said
      channels.
NUM  5.
PAR  5. A channel plate electron multiplier as defined in claim 1 wherein the
      ratio of the cross-sectional area of said input aperture to the
      cross-sectional area of said exit aperture is no less than twenty and the
      ratio between the axial distance spacing said input aperture from said
      exit aperture to the smallest linear dimension of said input aperture is
      no greater than two.
NUM  6.
PAR  6. A channel plate electron multiplier as defined in claim 1 wherein the
      ratio of the cross-sectional area of said input aperture to the
      cross-sectional area of said exit aperture is no less than twenty-five and
      the ratio between the axial distance spacing said input aperture from said
      exit aperture to the smallest linear dimension of said input aperture is
      no greater than one.
NUM  7.
PAR  7. A channel plate electron multiplier as defined in claim 1 wherein
      substantially all of said equipotential surfaces intersect with the
      surfaces of said tapered major part at an angle not less than 60.degree.
      not greater than 70.degree..
NUM  8.
PAR  8. A channel plate electron multiplier as defined in claim 1 wherein said
      gradually tapered major part has the shape of a truncated cone with an
      apical angle between 20.degree. and 120.degree..
NUM  9.
PAR  9. A channel plate electron multiplier as defined in claim 1 wherein said
      gradually tapered major part has the shape of a truncated pyramid.
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PAL  A channel plate with color selection electrodes and color phosphors for use
      an an image display screen in a color television tube.
PAR  This is a division of application Ser. No. 288,597 filed Sept. 13, 1972,
      now U.S. Pat. No. 3,860,849.
BSUM
PAR  This invention relates to colour television display apparatus.
PAR  In conventional colour television display tubes, complex problems of
      registration arise. Thus, for example, the shadow-mask tube (in spite of
      the added cost and complexity of its three gun system) involves accurate
      alignment between the holes in the shadow-mask and the tri-colour phosphor
      triads on the display screen. In the case of the Chromatron there is the
      problem of aligning the colour-selector grid with the phosphor stripes. As
      for the indexing or "Apple" tube, there is no problem of physical
      alignment since the colour phosphor strips and the indexing strips are
      formed on the same screen surface, but there is the need for dynamic
      alignment (at dot frequency) between the instantaneous position of the
      beam and the external colour switching circuitry; also, it is not possible
      or practicable to use an elongated spot (which would be desirable) because
      it cannot be maintained parallel to the stripes at all parts of the
      screen.
PAR  It is an object of the invention to provide cathode-ray colour television
      display means which, while avoiding the complications of a three-gun
      system, permit also the avoidance of alignment problems such as those
      referred to above.
PAR  The invention provides a single-beam colour-television display tube
      comprising:
PAR  A. A CHANNEL PLATE AS HEREIN DEFINED COEXTENSIVE WITH THE DISPLAY AREA,
PAR  B. A PLURALITY OF PHOSPHORS EACH CORRESPONDING TO ONE OF THE COLOURS TO BE
      DISPLAYED, AND
PAR  C. A PLURALITY OF COLOUR-SELECTION ELECTRODES, THE ARRANGEMENT BEING SUCH
      THAT
PAR  D. AT LEAST ONE OF SAID PHOSPHORS AND AT LEAST ONE OF SAID COLOUR-SELECTION
      ELECTRODES IS PROVIDED ON AN ADDITIONAL PERFORATE INSULATING LAYER ON SAID
      CHANNEL PLATE,
PAR  E. ANY TWO PHOSPHORS AND ANY TWO COLOUR-SELECTION ELECTRODES THAT MAY BE
      PROVIDED ON SUCH AN INSULATING LAYER ON THE CHANNEL PLATE ARE SPATIALLY
      SEPARATED
PAR  F. WHEREAS ANY PHOSPHOR AND ANY COLOUR-SELECTION ELECTRODE THAT MAY BE ON A
      SEPARATE SUPPORT NEAR THE OUTPUT FACE OF THE CHANNEL PLATE IS CONTINUOUS
      OR EFFECTIVELY CONTINUOUS AND HAS AN AREA COEXTENSIVE WITH THE DISPLAY
      AREA.
PAR  Such distribution of the phosphors and colour-selection electrodes avoids
      the need for registration or alignment between the channel plate and any
      separate screen that may be used. Such screen is not needed for the
      phosphors if all the phosphors are on the channel plate, and tri-colour
      examples of such an arrangement will be described. Conversely, if two
      phosphors are provided on such a separate screen, they are arranged for
      penetron-type selection as will be explained. Thus other tri-colour
      examples will illustrate (a) the use of a two-phosphor penetron screen in
      combination with a channel plate carrying a third phosphor, and (b) a
      single-phosphor screen in combination with a channel plate carrying two
      other phosphors.
PAR  When it is stated that any phosphor and any colour-selection electrode that
      may be on a separate support near the output face of the channel plate is
      continuous or effectively continuous, what is meant is that the phosphor
      or electrode need only be continuous in the functional sense and in the
      sense of not having any pattern that may require alignment with the
      channels of the channel plate. Thus, for example, an electrode may, if
      desired, have a mesh structure provided that its action is substantially
      the same at all channel outputs without any alignment therewith. On the
      other hand, as a further example, a phosphor providing a particular colour
      could be provided as separate grains provided that the grain size and
      density were such that several grains would always occur at each channel
      exit.
PAR  The colour selection may be effected either at the output of the channel
      plate (in which case relatively high selection potentials have to be
      applied) or at its input, and the aforesaid examples will also illustrate
      these alternatives. Selection electrodoes can also be located inside the
      channel plate at intermediate depths as will be explained by reference to
      the input selection example.
PAR  The channel plate carries on or within itself all the parts that have to be
      mutually aligned and it can therefore be made as a self-contained unit
      which does not require alignment with any dot, stripe, grid or like
      structure on its output side.
PAR  The channel plate can also, by its very nature, provide substantially
      identical independent local sources of electrons at all parts of the
      display area, including the corner areas, tubing or hollow fibre, and the
      Patent Specification referred to above describe principally channel plates
      of this type. However from the point of view of the size of normal colour
      television displays and the high cost of the drawn fibre method of
      manufacturing channel plates, it is preferable to use channel plates made
      up from continuous layers coextensive with the display area. In the
      simplest case such a plate may comprise a single layer or slab of
      insulating (and coated) or highly resistive material with an input
      electrode layer on one face and an output electrode layer on the other.
PAR  However, it may be preferable to use a modification of the conventional
      channel plate constituted by a laminated construction in accordance with
      earlier proposals by J. Burns and M. J. Neumann (Advances in Electronics
      and Electron Physics XII, 1960 pp 97-111). An example of such a
      configuration is given in FIG. 1 of the accompanying diagrammatic drawings
      which corresponds to FIG. 1 of the Burns et al paper. The plate comprises
      a succession of metal sheets M having corresponding arrays of conical
      apertures Ca. Each series of coaxial apertures Ca provides one of the
      multiplier channels, secondary emission being provided mainly by the areas
      Se of the plates M as shown (unlike present conventional channel plates,
      plates of this kind operate on the basis of a finite number of electron
      "jumps" determined by the number and geometry of the plates M).
PAR  One advantage of this type of channel plate is that the increasingly heavy
      standing currents needed towards the output ends of the channels are
      supplied through the metal plates and not through the bulk matrix material
      or channel surfaces of a conventional channel plate. This is all the more
      important in an application such as television display where a very large
      screen area has to be supplied with beam current and where high beam
      current intensities are needed to operate the phosphors at high brightness
      levels.
PAR  The plates M are separated from each other by layers of insulation D and,
      of course, progressively higher accelerating potentials have to be applied
      to successive plates M. In the arrangement shown, Burns et al suggest the
      following relative dimensions:
TBL                TABLE I                                                     
     ______________________________________                                    
                 d1 = 100                                                      
                 d2 = 25                                                       
                 d3 = 50                                                       
                 .gamma. = 75.degree.                                          
     ______________________________________                                    
PAR  Among the methods of manufacture considered by Burns et al were such
      techniques as evaporation of an insulator, electrophoretic deposition of
      an insulator, and coating the screens with a powdered insulator such as
      Al.sub.2 O.sub.3 suspended in a silicate solution. However as Burns
      explained the one which gave the best results was the use of glass enamel.
      A powdered glass of special composition is sifted onto the metal support,
      which is in this case the back or output side of the screen; then the
      temperature is raised to the fusion point of the glass, causing it to form
      a smooth, adherent glaze. When this is done with care and the glass powder
      is fine enough, obstruction of the screen mesh holes and any tendency of
      the glass to creep around onto the slant side of the holes can be avoided.
      The glass must bond well to the metal screen; fortunately, with Cu, Ni, or
      Cu-Ni alloy screens this requirement is not hard to meet. The glass is
      fused in air and the oxide film formed on the metal makes a good bond with
      many glasses. Some care must be exercised in the choice of glass formula:
      it should match the expansion coefficient of the metal reasonably well,
      else the screen will warp as it cools, making accurate registration
      impossible.
PAR  The secondary emission surface used on these screens was a thin film
      magnesium oxide emitter: this was prepared by evaporating a thin layer
      (500 to 1000 A) of magnesium on to the slant sides of the screen holes and
      then baking the screen in an oxidizing atmosphere (O.sub.2 or CO.sub.2)
      until the magnesium was oxidized.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to FIGS. 2 to 15 of the accompanying diagrammatic drawings which
      illustrate a number of tri-colour tube constructions employing channel
      plates of the laminated type. In the drawings:
PAR  FIG. 1 shows a prior art channel plate.
PAR  FIGS. 2 and 3 show a construction in which one phosphor is on the output
      side of the channel plate and the other two are on a separate support and
      form a penetron screen.
PAR  FIGS. 4 to 6 show constructions in which two phosphors are on the output
      side of the channel plate while the third is on a separate support.
PAR  FIGS. 7 to 9 show constructions in which all three phosphors are on the
      output side of the channel plate.
PAR  FIGS. 10 to 12 show a construction in which the three phosphors are again
      on the output side of the channel plate but are provided as enclosed dot
      elements while the colour selection electrodes are transferred to the
      input side of the channel plate.
PAR  FIG. 13 illustrates a modification of the construction of FIGS. 10-12.
PAR  FIGS. 14 and 15 show schematically colour tubes according to the invention
      employing conventional and "flat" Aiken-type layouts respectively.
DETD
PAR  Referring first to FIGS. 2 and 3, FIG. 2 is an axial section while FIG. 3
      is an elevation taken from the line III--III of FIG. 2. The last three
      stages of a channel plate of an improved FIG. 1 type is shown having (at
      its output side) metal plates M(n-2), M(n-1) and M(n) separated from each
      other by insulating layers D. Since the plate M(n) is the last one of the
      series, it constitutes the output electrode of the channel plate.
      Similarly, there is a first plate M(1) which constitutes the input
      electrode. All these plates are fed by a D.C. supply source shown
      schematically at Bm.
PAR  Over the whole of an additional insulating layer Dn there is provided a
      colour selection or colour switching electrode ES1, and over the whole of
      said electrode is laid a phosphor corresponding to one of the three
      primary colours, for example the blue phosphor (PB).
PAR  The other two phosphors are provided all over a separate screen support W
      which may be a separate glass plate or the face-plate of the cathode-ray
      tube. These two phosphors, which may be the red (PR) and green (PG) ones
      as shown, are laid and operated in accordance with the "Penetron"
      principle described in U.S. Pat. No. 2,730,653 and British Pat. No.
      1,272,005. The term "penetron screen" is used herein to denote a screen
      which emits light of different colours depending on the energy (and hence
      depth of penetration) of incident electrons. Such a screen may have a
      multi-layer structure as shown in FIG. 2 or multi-layer grains as will be
      explained.
PAR  Between the green phosphor and the support W there is a transparent
      colour-selection electrode ES2 (for example tin oxide). By appropriate
      changes in the potentials applied to layers ES1 and ES2 it is possible to
      turn the electrons back (e1) to activate the blue phosphor or (e2) to
      strike the red or pass through the red phosphor with minimum activation so
      as to generate green light in the layer PG (of course, layer PG must be
      transparent to light from layers PR and PB and layer PR must be
      transparent to blue light from PB). One possible set of colour selection
      potentials is given below by way of illustration, such potential being
      measured with reference to Plate M(n):
TBL                TABLE II                                                    
     ______________________________________                                    
                 ES1              ES2                                          
     ______________________________________                                    
     for Blue:-    +500 to +1000V     -500V                                    
     for Red:-     OV                 +500V                                    
     for Green:-   OV                 +3000V                                   
     ______________________________________                                    
PAR  The generator and switching means for providing such potentials in a cyclic
      manner are shown schematically as a unit GSW. In most practical cases the
      amplitudes of the potentials and the capacitances of the electrode
      structure will preclude operation of unit SW at dot frequency and it will
      be necessary or desirable to reduce the colour switching frequency to the
      line frequency of the television system.
PAR  If line-frequency switching is adopted at the line frequency of the
      television standard (e.g. PAL or NTSC) there is the problem of "colour
      creep" or line crawl, but this can be overcome by using a system as
      described in British Pat. Nos. 1,331,937 and 1,331,938. Such a system
      employs means for scanning and displaying (as a principal scan) one line
      of the raster at a time line-sequentially in accordance with the
      instantaneous incoming colour video signals, and means for scanning and
      displaying simultaneously (as a secondary scan) two preceding lines of the
      raster in the same colour in accordance with two corresponding stored
      video signals, the arrangement being such that the first stored signal is
      an undecoded composite tricolour video signal delayed by one line period
      through a first delay device and displayed on the first preceding line
      while the second stored signal is an undecoded composite tricolour video
      signal delayed by two line periods through a second delay device and
      displayed on the second preceding line.
PAR  Except for a schematic indication of a cathode K connected via an HT source
      Bk, the single beam gun of the cathode ray tube is omitted from the
      drawing for the sake of simplicity and also because it is not directly
      relevant to the invention, and the same is true of the beam deflection
      means which cause the beam to scan the input element M(1) of the channel
      plate in a line-by-line raster. Broadly speaking, the beam may be supplied
      from a gun arranged in a conventional manner with its axis normal to the
      center of the display screen, or the gun may, for example, be arranged
      below or to one side of the screen in known manner to reduce the depth of
      the display system, the beam being turned through an average angle of,
      say, 90.degree. while also being subjected to raster-scan deflections. As
      a further alternative, the beam may be subjected to two orthogonal
      deflections of about 90.degree. in a "flat" tube arrangement of the Aiken
      type as described in British Pat. No. 801,841 and related Patent
      Specification.
PAR  Since all the three phosphors and both of the colour selection conductors
      are continuous or effectively continuous, it is clear that there are none
      of the registration problems referred to in the preamble. If the red
      phosphor layer (PR) is actually continuous as shown in FIG. 2, it may be
      applied to the exposed face of the green (PG) layer by ion implantation.
      However, it may alternatively be laid on a transparent barrier layer
      provided on layer PG to stop low-energy electrons and thus improve colour
      purity.
PAR  As a further alternative, one of the phosphors on support W (e.g. the green
      phosphor) may be provided in known manner as closely packed grains which
      are coated with the other (e.g. red) phosphor.
PAR  The distance between layers PB and PR in the arrangement of FIG. 2 may for
      example, be 0.4 mm while the other dimensions are in the ratios given in
      Table I, with "100" representing about 200 .mu. and 0.5 mm pitch for the
      channels in the case of a large display. The picture element size can be
      equal to one channel or the channel pitch.
PAR  Referring now to FIG. 4, corresponding elements have the same reference
      numerals as FIG. 1. The same general considerations apply to the
      positioning of the single-beam gun and the scanning means (not shown) and
      the nature of the support W, and the various dimensions of the structure
      may be the same except that the channel pitch relates to the picture
      element size in a different way.
PAR  In this case two of the three phosphors (e.g. red and blue in the example
      shown) are applied to the channel plate and they are shown (in FIG. 5)
      subdivided into interdigitated parallel strips having the same pitch as
      the channels. The first and second colour selection electrodes are
      spatially separated from each other by being formed as corresponding sets
      of parallel strips ESr (for red) and ESb (for blue). The third phosphor
      (e.g. green) is, as before, a continuous layer on the support W backed by
      a transparent colour selection layer (ES3 in this case).
PAR  All the ESr strips are commoned and so are all the ESb strips so as to form
      two interdigitated colour-selection electrodes. Depending on the
      potentials applied to the said strips and to the electrode ES3, three
      colour selection conditions are obtained. For red all the ESr strips are
      given a potential positive with regard to M(n) while all the ESb strips
      are made negative with regard to M(n) and layer ES3 is given a negative
      potential with regard to M(n) so as to repel or reflect the electrons
      emerging from the channels. In this condition each blue phosphor stripe
      will be struck by electrons from two adjacent rows of channels (this is
      illustrated by trajectories e(b). For red the situation is similar, the
      ESr and ESb potentials being exchanged while layer ES3 remains the same.
PAR  For green the ESr and ESb potentials are equalized and reduced while the
      ES3 potential is made positive with regard to M(n) so that the electrons
      strike layer PG (see trajectories e(g)).
PAR  By way of illustration, the potentials used may be as follows:
TBL                TABLE III                                                   
     ______________________________________                                    
            ESr        ESb           ES3                                       
     ______________________________________                                    
     for Red: +500 to 1000V                                                    
                           0V or negative                                      
                                         -500 V                                
     for Blue:                                                                 
              0V or negative                                                   
                           +500 to +1000V                                      
                                         -500 V                                
     for Green:                                                                
              0V           0V            +3000 V                               
     ______________________________________                                    
PAR  The fact that each red or blue phosphor strip is activated by channels from
      either side means that the picture element width (dp) is at least twice
      the channel pitch whereas in the arrangement of FIG. 2 it could be as
      small as the channel pitch. Thus in the case of FIG. 2 each channel can
      represent one picture element whereas the arrangement of FIG. 4 requires
      at least four channels (assuming an orthogonal channel array with channels
      equidistant in both directions as shown in the front elevation of FIG. 5).
      This width dp may, for the sake of illustration, be 0.5 mm with the other
      dimensions in the same proportions as given for FIG. 2.
PAR  As shown in FIG. 6, an alternative arrangement can be used for the red and
      blue phosphor strips, the colour selection conductors ESr and ESb still
      being coextensive with the phosphor stripes as in FIG. 5 (which
      corresponds to FIG. 4). In the FIG. 6 arrangement the electron
      trajectories differ from those of FIG. 4 in that each red phosphor stripe
      is activated by electrons from its own channels.
PAR  The base may be scanned parallel to the red and blue stripes, in which case
      the colour switching may, again, be carried out line-sequentially and the
      system of British Pat. Nos. 1,331,937 and 1,331,938 may again be used to
      prevent line crawl or colour creep. Such scanning arrangements introduce
      an alignment problem as between the lines of the raster and the red and
      blue stripes.
PAR  The problem can be avoided by scanning at right angles to the red and blue
      stripes; this can be done line sequentially so as to avoid the synchronism
      problems present in the normal use of an Apple tube. By this method each
      red line scan produces a series of red dots which are separated by the
      blue stripes which at that stage are charged so as to repel electrons.
      Conversely each blue line scan produces a series of blue dots separated by
      the (inactive) red stripes. In this case a small delay may be used to
      offset the one-stripe shift between blue and red images.
PAR  A third embodiment is shown in FIG. 7 where all three phosphors are applied
      as parallel stripes to the output face of the channel plate.
PAR  Referring now to FIG. 7, corresponding elements have the same reference
      numerals as FIGS. 1 and 4. The same general considerations apply again to
      the positioning of the single-beam gun and the scanning means (not shown)
      and the nature of the support W, and the various dimensions of the
      structure may be the same.
PAR  In this case all of the three phosphors are applied to the channel plate
      and they are shown (in FIG. 8) formed as interdigitated parallel strips
      PR-PG-PB having the same pitch as the channels. The colour selection
      electrodes (which are laid on an additional insulating layer Dn) are
      formed correspondingly as three sets of commoned parallel strips ESr (for
      red), ESg (for green) and ESb (for blue). The separate support W carries
      only a transparent electrode Em (FIG. 7) which in this case does not act
      as a selection electrode.
PAR  In this case the smallest complete picture element corresponds to 3 .times.
      3 = 9 channels.
PAR  For red all the ESr strips are given a potential positive with regard to
      M(n) while all the ESb and ESg strips are made negative with regard to
      M(n). In all three selection conditions layer Em is given a negative
      potential with regard to M(n) so as to repel or reflect the electrons
      emerging from the channels.
PAR  The potentials used may be as given for red and blue in Table III.
PAR  As shown in FIG. 9, the same alternative arrangement can be used for the
      phosphor strips as in FIG. 6, the colour selection conductors ESr, ESg and
      ESb still being coextensive with the phosphor stripes as in FIG. 8 (which
      corresponds to FIG. 7). In the FIG. 9 arrangement the electron
      trajectories differ from those of FIG. 7 in that each phosphor stripe is
      activated by electrons from its own channels.
PAR  As in the case of FIGS. 4-6, the beam may be scanned parallel to the
      phosphor stripes or at right angles thereto.
PAR  Referring now to FIGS. 10-12, corresponding elements have the same
      reference numerals as preceding Figures. The same general considerations
      apply again to the positioning of the single-beam gun and the scanning
      means (not shown) and the nature of the support W, and many dimensions of
      the structure may the the same.
PAR  In this case all of the three phosphors are applied to the channel plate
      but they are contained as rows of dot elements in the exit apertures of
      the channels instead of being interdigitated parallel strips on the face
      of the plate. The colour selection electrode structure is correspondingly
      formed as three sets of commoned parallel strips ESr (for red), ESg (for
      green) and ESb (for blue) and said strips thus form three interdigitated
      electrodes which are provided on the input face of the channel plate
      instead of the output face. Therefore much smaller switching voltages can
      be used, for example about 200V.
PAR  Depending on the potentials applied to the electrode strips by unit GSW,
      three colour selection conditions are obtained. For red all the ESr strips
      are given a potential equal or positive with respect to plate M(1) while
      all the ESb and ESg strips are made negative with respect to M(1).
      Corresponding potentials are used for the other two colours.
PAR  Again, scanning may be carried out parallel to or at right angles to the
      red, green and blue rows of phosphor elements.
PAR  As shown in FIG. 10, the colour phosphors PR, PB, PG are located in
      extensions of the channels which are provided by a thicker additional
      insulating layer Dn. The apertures in layer Dn are larger than the exit
      apertures of plate M(n) so that the latter plate provides a degree of
      overhang. The phosphor elements only occupy the ends of the channel
      extensions in the layer Dn and are in contact with a transparent
      conductive non-switching layer Ea which in this case acts as an
      accelerating electrode to increase the electron velocity and the
      brightness of the display. An accelerating potential for layer Ea is
      provided by a source Ba.
PAR  The front elevation of FIG. 12 is taken as a view through transparent
      electrode Ea while FIG. 11 is a rear elevation. As shown in FIG. 10, the
      additional glass layer D1 is shown removed at the gaps between the
      selection electrodes so as to avoid static charge problems.
PAR  As an alternative to their external (rear) location, the selection
      electrodes of FIGS. 10-11 may be moved one stage inwards (as shown in FIG.
      13) or at any intermediate stage between plate M(1) and plate M(n) of the
      matrix of the channel plate. In any of these cases the colour selection
      electrodes are preferably thicker than they need to be when located
      externally at the input or the output (this is shown in FIG. 13).
PAR  FIG. 14 shows schematically a flat channel plate and support assembly M--W
      according to the invention mounted inside a conventional cathode-ray tube
      having a gun G with cathode K and deflection means d for the beam b.
PAR  FIG. 15 shows a side view of a similar assembly M--W in an Aiken-type
      arrangement comprising a gun with a cathode K(a) providing a beam normal
      to the plane of the drawing. As explained in the aforesaid British Pat.
      No. 801,841 a horizontal series of deflection electrodes d(b) provide the
      horizontal scan and a series of horizontal deflection strips d(a) provide
      the vertical scan of the beam b.
PAR  Although FIGS. 5 and 8 show "square" arrays of channels, it may be
      desirable in some cases to increase the channel spacing in the transverse
      direction to allow for larger phosphor areas.
PAR  A continuous dynode channel plate can be used in place of the sandwich
      structure shown in the drawings, but the latter are advantageous in that
      larger currents can be supplied with consequent higher brightness levels.
PAR  Of course, in special applications where only two colours are required, the
      tubes described and their drive circuits can be correspondingly simplified
      in obvious manner.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An image display screen for use in a color television tube, comprising:
PA1  a channel plate defining a display area and having an input side for
      receiving electrons into channels of said channel plate from a scanning
      electron beam and an output side for delivering electrons from channels of
      said channel plate;
PA1  at least two interdigitated color selection electrodes insulated from and
      substantially covering the output side of said channel plate but shaped so
      as to not block the channels of said channel plate;
PA1  separate phosphor layers covering each of said at least two interdigitated
      electrodes on the side thereof remote from said channel plate; said
      separate phosphor layers corresponding to different colors; and
PA1  a further electrode coextensive with said channel plate and spaced from and
      facing said separate phosphor layers, whereby electrons delivered from a
      channel of said channel plate may be directed toward and be caused to
      collide with the phosphor layer covering a selected one of said electrodes
      in the vicinity of said channel by application of appropriate electrical
      potentials to said electrodes.
NUM  2.
PAR  2. An image display screen as defined in claim 1 wherein said at least two
      interdigitated electrodes each comprise a multiplicity of spaced
      electrically connected parallel strip-like elements.
NUM  3.
PAR  3. An image display screen as defined in claim 2, wherein said strip-like
      elements have a width on the order of the distance between centers of
      adjacent channels of said channel plate.
NUM  4.
PAR  4. An image display screen as defined in claim 3 and further comprising an
      additional phosphor layer corresponding to an additional color
      substantially covering said further electrode on the side thereof facing
      said separate phosphor layers.
NUM  5.
PAR  5. An image display screen as defined in claim 3, wherein the exits of
      channels at the output side of said channel plate are in rows and said
      strip-like elements each substantially cover the area of said output side
      between two adjacent rows of exits.
NUM  6.
PAR  6. An image display screen as defined in claim 3, wherein the exits of
      channels at the output side of said channel plate are in rows and said
      strip-like elements each substantially cover the area of said output side
      surrounding one of said rows.
NUM  7.
PAR  7. An image display screen as defined in claim 3, wherein said at least two
      interdigitated color selection electrodes comprise three such electrodes.
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ABST
PAL  A picture tube containing an electron gun assembly and an attached antenna
      type getter is provided which a spring like support member to maintain
      axial alignment of the electron gun assembly in the picture tube.
BSUM
PAR  The present invention relates to an improved getter assembly for use in
      television picture tubes. More particularly the present invention is
      directed to a getter assembly which maintains axial alignment of an
      electron gun assembly in a picture tube, in particular color television
      picture tubes.
PAR  In the manufacture of television picture tubes the necessary vacuum is
      obtained through the use of getters, ordinarily barium getters, whereby
      barium is flashed or varporized within the picture tube. The vaporized
      getter material, e.g., barium, sorbs and reacts with the residual gases in
      the picture tube and removes them as low vapor pressure solid condensates.
      Also, the barium which is deposited on the interior surfaces of the
      picture tube continues to sorb gases which may be liberated during use of
      the picture tube.
PAR  In the past, getter devices, commonly in the form of ring shaped
      containers, were mounted in the neck portion of the picture tube. However,
      for various practical reasons, it is now the usual practice to position
      the getter container on the inside surface of the funnel portion of the
      picture tube.
PAR  The getter container is so positioned by means of an elongated spring
      member, often called an "antenna", which is attached at one end to the
      electron gun assembly, located in the neck of the picture tube, and at the
      other end to the getter container which is forcibly held against the
      funnel portion of the picture tube. The force of the funnel portion acting
      against the getter container imparts a force on the electron gun which,
      unless compensated, tends to undesirably misalign the electron gun
      assembly in the neck portion of the picture tube.
PAR  It is an object of the present invention to provide an arrangement which
      maintains the axial alignment of the electron gun assembly in a picture
      tube employing an antenna getter.
DRWD
PAR  Other objects will be apparent from the following description and claims
      taken in conjunction with the drawing in which
PAR  FIG. 1 shows a conventional arrangement of an antenna getter in connection
      with an electron gun assembly in a picture tube
PAR  FIG. 2 shows the arrangement of FIG. 1 with the addition of a spring like
      arrangement in accordance with the present invention to maintain axial
      alignment of the electron gun in the neck of the picture tube
PAR  FIG. 2a shows isometrically a portion of the arrangement of FIG. 2
PAR  FIG. 3 shows a further embodiment of the present invention and
PAR  FIG. 4 shows isometrically a portion of the arrangement of FIG. 3.
DETD
PAR  With reference to FIG. 1, a picture tube is indicated at 10 having a funnel
      portion 20 and a cylindrical neck portion 30. An electron gun assembly is
      shown at 40 including a metal convergence cup member 50, lens portion 60
      and glass header 70 having pin leads 80 which electrically connect to the
      electron gun via connectors 90. An antenna type getter 100 is shown
      comprising getter container 110 and extended spring member 120 which is
      fixedly attached to metal cup member 50 and getter container 110. Spring
      member 120 forcibly holds getter container 110 adjacent the funnel portion
      of the picture tube as indicated. Getter container 110 is provided with a
      sled type support as indicated at 115. The force of the tube surface
      against getter container 110, via sled support 115, is indicated at 130,
      with the vertical component of this force being indicated at 140. Force
      component 140 imparts a rotational force to the electron gun assembly 35
      about point 150 which is the contact of spacer spring member 170 with the
      surface of the picture tube envelope. Spacer spring 170 is one of three
      conventional spacer springs, 170, 171, 172, fixedly attached to the
      periphery of cup member 50 which serve to locate cup member 50 centrally
      in the neck portion of the picture tube. However, the vertical force
      component 140 tends to cause the electron gun assembly 40 to rotate about
      point 150 and assume a position indicated by the dotted lines 55 in FIG. 1
      which causes misalignment of the electron gun. This condition occurs prior
      to the sealing of header 70 to the neck of the picture tube which is
      conventionally accomplished by heating the tube adjacent header 70 to fuse
      and seal the header to the cylindrical neck portion 30 of tube 10.
PAR  To prevent electron gun misalignment in accordance with the present
      invention, an extended spring member 200 is attached to cup member 50
      extending toward header member 70 as shown in FIG. 2 to provide a
      rotational force 210 which balances the rotational force component 140 due
      to the antenna getter arrangement as noted hereinabove. The moments forces
      210 and 140 are balanced about fulcrum point 150 noted above. This
      arrangement avoids misalignment of the electron gun assembly 40; however,
      the force acting upward against spacer spring member 170 at point 150 has
      been thus increased and spacer 170 must be of a design which will
      accommodate the increase upward force such that an overall upward vertical
      displacement of electron gun assembly 35 does not occur. One way of
      accomplishing this is to provide two spring spacers 170' and 170" at point
      150 as indicated in FIG. 2(a) in place of the single spring spacer 170 to
      distribute the increased force. Material of appropriate modulus of
      elasticity can be used for spacer 170 to provide the same result.
PAR  FIG. 3, and FIG. 4 which isometrically shows a portion of the arrangement
      of FIG. 3 shows the extended spring member 200' is provided with lateral
      extensions 205 and 206 which provide an additional measure of alignment
      stability.
PAR  Spring member 200 designed as illustrated so that is slidable on the
      surface of the tube neck to facilitate insertion of the assembly into the
      picture tube. Spring member 200 can be an extended portion of the extended
      spring member 120 of the antenna getter; however, it is frequently better
      to have extended spring member 200 as a separate part since increased
      modulus of elasticity can enable the use of a shorter member 200 which is
      important in avoiding contact with lens portion.
PAR  The length and shape of member 200 can be routinely determined by
      measurement of the rotational moment about point 150 due to force 140 for
      a given picture tube-electron gun arrangement and selecting an
      appropriate, moment arm and force required to balance this rotational
      force.
PAR  While the foregoing description has been particularly directed to a sled
      supported getter, the present invention is applicable to other getter
      supporting arrangements known to art, e.g. ceramic disk supports.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a picture tube having a cylindrical neck portion and a conical funnel
      portion and containing an electron gun assembly including a glass header
      member adapted to seal the neck portion, a cylindrical metal cup member
      said cup member being held centrally spaced in said neck portion by
      peripherally attached spring members, a getter assembly attached to said
      cup member by an elongated spring member which forcibly holds said getter
      assembly against the funnel portion of said tube and imparts a rotational
      force on said electron gun assembly, the improvement which comprises at
      least one spring member attached to said cup member and extending toward
      said header member and forcibly contacting said neck portion of said
      picture tube and imparting a force on said electron gun assembly which
      substantially balances said rotational force due to said elongated spring
      member attached to said getter assembly, said peripherally attached spring
      members compensating for the increased force applied to the electron gun
      assembly by said spring member attached to said cup member to maintain
      said electron gun in axial alignment in said neck portion of said picture
      tube.
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PAL  La.sub.2 O.sub.2 S particles are employed as carrier hosts in a
      cathodo-luminescent penetration phosphor composition for cathode ray
      display tubes. Tb and Eu ions are used in low concentrations as activators
      in the control of the red and green optical emission from within a film of
      the activated host material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains generally to the field of cathodoluminescent
      phosphor materials and to cathode ray displays employing them and more
      particularly concerns improved penetration phosphors for use in bright
      color display cathode ray indicators.
PAR  2. Description of the Prior Art
PAR  Cathode ray vacuum tubes satisfactory for application in information
      displays such as air traffic control, radar, data processing, and the like
      systems have particular requirements generally not met by cathode ray
      tubes of the type conventionally available for color television viewing.
      In particular, they do not necessarily require the many colors needed for
      a television screen; for example, the provision of blue may even be
      undesirable. While red and green are readily simultaneously focused by the
      optics of the normal eye at the sensitive high resolution fovea, the blue
      component of the image is normally out of focus and its presence may even
      tire the eye. Further, the very center of the fovea is red and green
      sensitive, but blue is not appreciably sensed there. Since red and green
      light may purposely be mixed so as to yield the sensations of orange or of
      yellow in the eye, a wide range of colors adequate for information
      displays is available without the use of blue.
PAR  Further features are desirable in an information display; a major need is
      to provide brightness and contrast when the display is viewed in a high
      ambient light level, including an light, whereas conventional color
      cathode ray television tubes are useful only at low or medium light
      levels. High resolution, especially in the center of the screen, not
      available in conventional tubes, is also desired. Relatively simple
      electron beam focusing and scanning elements are also desired so that
      either faster scanning or random beam positioning as both often required
      for presenting computer information are easily achieved.
PAR  While several kinds of color television cathode ray tubes are currently
      available, including the older type with a mask with round holes, the
      in-line, slot-mask color tube, and the recent slit mask color tube, all of
      these use multiple guns and complex electron beam focusing and scanning
      arrangements and are generally not suited for use in information displays,
      especially where random deflection is needed. Resolution is poor, and
      sensitivity to stray and earth's magnetic fields is undesirably high.
      Because they require multiple cathode and multiple electrode systems,
      sensitivity to shock and to vibration is also excessive.
PAR  While originally conceived for use in color television receiver displays,
      the penetration phosphor color tube and the principles it employs offer
      several advantages for use in information displays. The penetration
      phosphor color displays of the present invention overcomes the defects of
      prior art color displays, again permitting much more information to be
      displayed effectively simultaneously than by a black and white tube.
      Additionally, recognition of individual data representations in the
      displayed material when colored is much more rapid than in a monochromatic
      or black and white display.
PAR  The conventional penetration phosphor cathode ray tube in its most
      prevalent form has a viewing screen which uses controlled penetration of
      electrons into a series of phosphor layers for producing therein light of
      a corresponding series of colors. For example, the screen may include two
      different phosphor layers, each very thin, uniform, and separated by a
      transparent dielectric layer. When the electron beam is driven by a
      relatively low voltage, the energy of the electrons is not sufficient to
      penetrate the dielectric barrier layer; only the phosphor of the first
      layer is excited and only its corresponding color is produced. At higher
      electron beam voltages and correspondingly higher electron energies, the
      phosphors of both layers are excited, the intensity of the color
      contribution by the second layer phosphor increases as the electron beam
      energy is increased.
PAR  Full use may be made of the penetration phosphor characteristics in
      providing a variable color display while using only one electron beam
      simply by controlling the voltage on the beam acceleration electrode
      adjacent the cathode. With red and green emitting phosphors, successive
      changes in the beam acceleration voltage generate distinct colors; for
      example, red, orange, yellow, or green may thus be generated. Only one
      suitably controlled electron gun is required and the apertured masks of
      prior art color television tubes are eliminated along with other features
      undesirable for use in information displays.
PAR  The prior art provides penetration phosphor display tubes which appear to
      fall in four categories, the principal of these being the aforementioned
      multi-layer type in which several alternating layers of phosphors and
      dielectric barrier layers are placed on the screen of the tube by
      sedimentation. Very thin uniform layers are required for use with
      conveniently low acceleration voltages and they are difficult to form
      because of the many steps involved and of the close tolerances to be held
      on layer thicknesses. It has also been proposed to coat one or more layers
      of very small phosphor particles on larger phosphor particles emitting a
      different light color, the composite particles being built up using
      gelatin to hold them together. Thus, each particle is a multi-layered
      structure and may include alternated barrier layers. Particle size is a
      serious problem since the greater the number of layers added, the greater
      becomes particle size. The very small particles are not easily obtained
      and generally have low luminosity and are inefficient.
PAR  A third prior art approach involves the use of a barrier layer green
      phosphor mixed with a red phosphor. The barrier layers are formed on ZnS
      as a host material, so that only broad band green emission is obtained and
      not the desired line spectral emission. The green phosphor is coated with
      Zn O or Zn S or Co S is diffused into the surface of the ZnS. The green
      light produced by this structure is unsaturated and broad band and the
      colors are not distinct.
PAR  While certain rare earth materials have been proposed for use in display
      devices, the prior art has given only minor attention to rare earth
      materials for application in penetration phosphor displays. It appears
      that one approach to the penetration phosphor display area has been made
      using a rare earth material, but the color at low beam voltages is green
      and at high voltages, red is obtained. Such a particle can not be mixed
      with an additional phosphor, the first emission color being green. The
      saturation of the colors is inferior and color control is difficult since
      the same activator must be used for all light emission.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to electron beam excitable phosphor materials
      for use in cathode ray display tubes and to cathode ray tubes employing
      them; in particular, the invention pertains to improved and efficient
      penetration phosphors overcoming the problems of the prior art and to
      their use in bright color display cathode ray tube indicators. On the
      phosphor display screen, La.sub.2 O.sub.2 S particles are employed as host
      elements, with low concentrations of Tb and Eu ions present within the
      particle material for the desired flexible control of red and green color
      emission from within a thin film of the host particles.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section view of a representative phosphor particle
      according to the invention.
PAR  FIG. 2 is a cross section view of a representative cathode ray vacuum tube
      display in which the novel phosphor may be used.
PAR  FIG. 3 is a magnified cross section view of the screen elements of FIG. 2.
PAR  FIGS. 4A and 4B are graphs useful for explaining the typical nature of
      individual rare earth activators in rare earth hosts.
PAR  FIGS. 5 through 8 are graphs useful in illustrating the nature of the novel
      phosphors.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to one aspect of the present invention, lanthanum oxysulfide or
      La.sub.2 O.sub.2 S is employed as the host material in a
      cathodo-luminescent penetration phosphor composition. As activators,
      terbium (Tb) and europium (Eu) ions are used in the controlled generation
      of green and red optical emission from within the host material. The novel
      phosphor material in a preferrred case is employed in particulate form,
      the Tb ions being supplied as Tb.sub.2 O.sub.2 S within the particles and
      the Eu ions in the form of Eu.sub.2 O.sub.2 S. The activator
      concentrations are preferably very low compared to that of the host. In
      the preferred particle 8 of FIG. 1, the Tb ion concentration is
      substantially homogeneous and the Eu ion concentration is preferably
      increased radially within the particle from substantially the effective
      geometrical center of the latter. In particular, the Eu concentration may
      be substantially zero at the interface 9 and within the central region 5
      and may increase in the outer region 6 from interface 9 toward the surface
      of particle 8. Because the phosphor composition of the particle is
      entirely made up of mutually compatible rare-earth oxysulfides, problems
      due to the often very different chemical and physical properties of prior
      art constituent materials are avoided.
PAR  FIG. 2 illustrates a cathode ray tube in which the invention may be
      employed; the tube 10 consists of a vacuum envelope 11 including a neck
      12, a viewing face plate 13, and a conically shaped transition section 14
      for completing the vacuum envelope 11. An electron gun 15 is supported
      within the neck 12 and is adapted to project an electron beam represented
      by the dotted line 16 toward an inner surface of face plate 13. The neck
      12 is closed at its end opposite face plate 13 by a steam structure 17
      through which a plurality of lead-in wires 18 is sealed. Suitable
      operating potentials may be applied to the electron gun 15 and to its
      associated cathode through the conductors 18. A conducting coating 19 is
      provided on the internal surface of the conical section 14 of envelope 11
      and serves as an accelerating electrode for electron beam 16. A suitable
      high voltage is supplied from a conventional power supply (not shown) to
      the conducting coating 19 by a terminal sealed through the glass cone 14,
      as represented at 20. A magnetic deflection yoke 21 or other conventional
      electron beam deflection means is provided for positioning electron beam
      16 with respect to face plate 13.
PAR  The novel luminescent screen of the present invention is supported on the
      face plate 13 so that the deflected electron beam 16 may excite the
      phosphor particles of screen 22 to luminescence. FIG. 3 illustrates in
      greater detail the luminescent screen 22 which is composed in part of a
      layer 23 of cathodo-luminescent penetration phosphor particles. The layer
      23 is characterized by including many phosphor particles and is
      substantially free of voids. The preferred penetration phosphor particles
      being very small, layer 23 is relatively thin. A light-reflecting metal
      layer 24 is supported upon phosphor layer 23. It is thin and is composed
      of a metal such as aluminum, so that it may be readily penetrated by the
      electrons of beam 16. The display tube 10 may be provided with a mesh grid
      29 disposed transversely within conical section 14. Where mesh grid 29 is
      used, it is connected electrically to the conductive coating 19 so that
      the display tube may operate according to conventional post-acceleration
      principles. A separate lead-in conductor as represented at 30 may be
      supplied for providing a suitable electrical potential to metal layer 24,
      such as post-acceleration potential. Mesh grid 29 may be eliminated
      entirely.
PAR  Operation of the invention may be described with reference to FIGS. 1, 2,
      and 3. Low velocity and hence, low energy, electrons of beam 16, present
      therein when a relatively low voltage is supplied to terminal 20, strike
      the surface of the phosphor article 8 and transfer energy to the emission
      centers provided by the Eu and Tb ions located near the surface of
      particle 8 in region 6 to produce red spectral emission. If the
      acceleration voltage at terminal 20 is increased to a maximum value, the
      high energy electrons of beam 16 strike the phosphor particle 8 and
      penetrate it deeply. Accordingly, the energy of such electrons tends to be
      transferred to both kinds of activators throughout particle 8. Electrons
      of energy intermediate the foregoing two extremum values transfer energy
      substantially to the single type of activator located in the central
      region 5 which is the substantial portion of the volume of particle 8,
      where the Tb ions of region 5 tend to emit green light. The degree of
      generation of red or green light is arbitrarily controlled by the
      concentrations of activators and, in use, is controlled also by a
      conventional type of voltage level programmed power supply coupled to
      terminal 20.
PAR  In the operation of the invention, there is an additional important
      mechanism provided and it causes transfer of energy from the Tb to the Eu
      ions where both are coactivators in region 6, involving an induced change
      in the allowed transitions of electrons in the excited state of the atoms.
      In particular, the manner in which electrons belonging to the excited Tb
      ions are permitted to release their energy is changed in region 6 so that
      there no longer results visible green radiation from the Tb ions in region
      6. At the same time as such a quenching action is effected, the Eu red
      emission mechanism is enhanced. In other words, the energy from electron
      beam 16 which would have been emitted as green light by the Tb ions of
      region 6 is now in part transferred to enhance the red radiation of the Eu
      ions and is in part dissipated in non-radiative electronic transitions.
PAR  The emission produced by the La.sub.2 O.sub.2 S phosphor is sensitive to
      the concentration of its activators. There is a maximum energy conversion
      efficiency for a particular concentration of activator, efficiency
      dropping severely for lower and higher concentrations. As the second
      activator (Eu) of the present invention is added, the additional quenching
      effect appears, only a small amount of Eu being sufficient to quench Tb
      green emission. It is experimentally found that the optimum molar Eu ion
      concentration is about six times as great as the optimum molar Tb
      concentration. In this patent specification, concentrations are cited in
      mole ratios of ions. For example, the Eu ion concentration is in terms of
      Eu.sup..sup.+3 ions per mole of host. In all cases cited, a mole of host
      is one mole of La.sub.2 O.sub.2 S. As is shown in FIGS. 4A and 4B and in
      the typical examples yet to be described, there is a range of values of
      the activator concentration ratios which proves useful in eliminating
      green emission from the Tb ions. In FIGS. 4A and 4B there are plotted
      independent curves of relative brightness on an arbitrary scale as a
      function of the concentration ratio x (moles activator/moles host) for the
      activator materials Eu.sup..sup.+3 and Tb.sup..sup.+3. It is seen that Tb
      is much more sensitive to changes in its concentration than is Eu and that
      the over-all beneficial effect of having Eu ions in the outer section 6 of
      the La.sub.2 O.sub.2 S particles is to eliminate green radiation from the
      Tb ions within region 6. Note the relatively expanded scale of FIG. 4B.
      The total effect of the energy-transfer mechanism, of the preferred
      activator concentration ratios, and of the quenching mechanism is to cause
      region 6 to operate in the same effective manner as the totally different
      inert barrier layers of the prior penetration phosphor art. In such prior
      art inert or non-radiating barriers, energy is simply lost as heat and is
      not usefully or efficiently converted to visible radiation as it is in
      part in the present invention. Commercial penetration phosphors of the
      prior art use non-emitting or dead layers as barrier layers on sulfides
      such as Zn S : Co. In the present invention, the green-emitting rare-earth
      phosphor emits light at a longer wave length at low electron beam
      voltages, green emission occuring only at high electron beam voltages.
PAR  According to the present invention, the material La.sub.2 O.sub.2 S :
      Tb.sub.2 O.sub.2 S : Eu.sub.2 O.sub.2 S may be produced by a novel method
      in which a range of variation in the method steps is possible and in which
      the concentrations of Tb and Eu ions may be varied over certain ranges
      with respect to the optimum concentration ratio. In general, the start of
      the method involves the generation of La.sub.2 O.sub.2 S : Tb.sub.2
      O.sub.2 S by a commercially known process from an ultra-pure mixture of
      La.sub.2 O.sub.3 and Tb Cl.sub.3. A suitable typical proportion is
      approximately 0.025 moles of the Tb ion per mole of La.sub.2 O.sub.2 S.
      The resultant phosphor La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S in powder
      form is then mixed with an ultra pure powdered Eu compound, tumbled, and
      fired in an atmosphere including H.sub.2 S. The part of the resultant
      powder mixture that is passed by a screen of appropriate mesh is ready for
      storage or direct use, as will be further described.
PAR  While the firing temperature and firing times may be varied, not being very
      critical, the usual range is from 800.degree. to 1200.degree. Centigrade,
      with 950.degree..+-. 50.degree. Centigrade for a 30 minute period being
      normal. What is required is that diffusion of the Eu ions into the
      particles of La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S be sufficient, so
      that temperatures lower than 900.degree. Centigrade may successfully be
      used with correspondingly longer firing times. Successful samples have
      been made when fired for several hours at temperatures as low as
      700.degree. Centigrade. The extent of diffusion may be judged, for
      example, by examining the spectral behavior of the product under electron
      bombardment in the usual manner.
PAR  The atmosphere under which the La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S and
      Eu compounds is fired is critical. The La.sub.2 O.sub.2 S is originally
      formed in an inert atmosphere of Ar containing H.sub.2 S and H.sub.2 O; at
      elevated temperatures, the H.sub.2 S and H.sub.2 O present in a closed
      quartz retort of conventional type are in equilibrium concentration with
      SO.sub.2 and H.sub.2 as decomposition products. Thus, the La.sub.2 O.sub.2
      S must, during the Eu diffusion process and afterward as the retort cools,
      be submerged in a similar H.sub.2 S, H.sub.2 O environment or it will
      undesirably convert to oxides or oxysulfates. Additionally, the Tb and Eu
      ions will not be formed at the end of the diffusion program in the form of
      oxysulfides. In one representative example, a flow of H.sub.2 S is bubbled
      through water at about one bubble per second to carry along H.sub.2 O
      vapor and the combination is mixed with Ar gas. The gaseous mixture of Ar,
      H.sub.2 S, and H.sub.2 O is then forced through the furnace retort at
      slightly greater than atmospheric pressure and at a rate of about 50 cc
      per minute, for example. Representative proportions by volume of the gas
      are 60 percent Ar, 38 percent H.sub.2 S, and 2 to 3 percent H.sub.2 O. Air
      must be excluded and reagent grade gasses are used.
PAR  The chemical compound used as a vehicle for carrying the Eu ions for
      diffusion into the La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S phosphor can be
      selected from several commercially available chlorides, oxides, or
      chelates of Eu, including .beta. -diketones, oxalates,
      tetramethylheptanedionates, or pentanedionates. The properties of the
      selected Eu vehicle determine to a degree how effective is the diffusion
      process and the physical properties of the product phosphor, but the
      finished product in the outer region 6 is chemically substantially the
      same La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S : Eu.sub.2 O.sub.2 S, the
      remainder of the vehicle employed having been removed in the firing
      process. The selected vehicle affects the physical properties of the final
      penetration phosphor to be generated by using the La.sub.2 O.sub.2 S :
      Tb.sub.2 O.sub.2 S : Eu.sub.2 O.sub.2 S compounded with other phosphors
      such as YVO.sub.4 : EuVO.sub.4, as will be discussed. Several examples of
      formulae for successfully producing such penetration phosphors may readily
      be demonstrated.
PAC  EXAMPLE (A)
PAR  The phosphor La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S was obtained in powder
      form having, for example, 2 parts by weight of Tb.sub.2 O.sub.2 S for 98
      parts by weight of La.sub.2 O.sub.2 S. To 10.0 grams (0.0292 mole) of the
      La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S composition was added 0.1606 grams
      of Eu Cl.sub.3.6 H.sub.2 O (0.0004 mole). The mixture was ball mill
      tumbled in a polyethylene bottle with 2 to 3 ml. of ethanol for about 12
      hours. Other inert liquids in which the phosphor material is substantially
      insoluble, such as water, methanol, diethylether, or acetone may be used.
      The ethanol or other liquid was then evaporated, leaving a powder mixture
      that was placed in Pt foil and fired in a retort at 950.degree. Centigrade
      for 3 hours in a gently flowing atmosphere of Ar containing H.sub.2 S and
      H.sub.2 O. The furnace was then cooled, the flow of the same atmosphere
      being continued until the powder was cooled to about 25.degree. Centigrade
      before the retort was opened.
PAR  The resultant white powder was a barrier layer phosphor according to the
      present invention and was prepared for further use by being sieved through
      a 400 mesh nylon screen. The average Eu molar concentration ratio with
      respect to the host produced according to the example is 0.015 mole per
      mole of La.sub.2 O.sub.2 S within region 6. The barrier layer phosphor
      particles 8 were then mixed for example, with YVO.sub.4 : Eu VO.sub.4,
      which is a commercially available red-emitting phosphor. The average Eu
      molar concentration ratio with respect to the host YVO.sub.4 was 15 mole
      percent, though it is found by experiment that this ratio may be varied by
      .+-. 5 percent. The novel barrier layer phosphor was mixed with the
      red-emitting phosphor in substantially a 2.3 to 1 ratio; for example, 209
      mg. of the barrier layer phosphor was added to 91 mg. of the red-emitting
      phosphor to produce 300 mg. of the desired penetration phosphor. Other
      red-emitting phosphors may be substituted for YVO.sub.4 : Eu VO.sub.4,
      such as Y.sub.2 O.sub.3 : Eu.sub.2 O.sub.3 or Y.sub.2 O.sub.2 S : Eu.sub.2
      O.sub.2 S.
PAC  EXAMPLE (B)
PAR  To 5 grams (0.0146 mole) of La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S of
      composition generally similar to that of example (A) were added 0.0803
      grams (0.0002 mole) of Eu Cl.sub.3.6H.sub.2 O in a polyethylene bottle
      with 2 to 3 ml. of ethanol. The mixture was ball mill tumbled for 12 to 24
      hours and dried. The powder mixture had an Eu molar concentration ratio of
      0.015 and was fired at 980.degree. Centigrade in platinum foil for 1.5
      hours, again in an Ar atmosphere with H.sub.2 S and H.sub.2 O present, and
      was then cooled to room temperature under the same atmosphere. The
      resulting barrier layer phosphor was sieved through a 400 mesh nylon
      screen. The resultant 215 mg. of powder was mixed with 85 mg. of YVO.sub.4
      : Eu VO.sub.4 of composition substantially similar to that of example (A)
      to produce 300 mg. of useful penetration phosphor.
PAC  EXAMPLE (C)
PAR  In this example, 10.0 grams (2.92 .times. 10.sup..sup.-2 mole) of La.sub.2
      O.sub.2 S : Tb.sub.2 O.sub.2 S as in the foregoing examples were added to
      1.6 grams (2.28 .times. 10.sup..sup.-3 mole) of europium 2, 2, 6, 6 -
      tetramethyl -3, 5 heptanedionate, which is a typical europium chelate. The
      mixture was ball milled in 3 ml. of ethanol for several hours and was then
      dried. The dried powder was fired in platinum foil in a retort at
      950.degree. Centigrade for 60 minutes, again under Ar with H.sub.2 S and
      H.sub.2 O present. The product was cooled under the same atmosphere and
      then sieved through a 400 mesh nylon screen to produce 6 grams (a 60
      percent yield) of a barrier layer green-emitting phosphor with a Eu molar
      concentration of 0.08. The barrier layer phosphors of examples B and C may
      also be used with YVO.sub.4 : Eu VO.sub.4, a commercially available
      phosphor of composition YVO.sub.4 (85 percent) : Eu VO.sub.4 (15 percent),
      or other red-emitting phosphors to produce a desired penetration phosphor.
PAC  EXAMPLE (D)
PAR  In a further example generally similar to example (C), 2.00 grams of
      La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S (5.85 .times. 10.sup..sup.-3 mole)
      were added to 290 ml. of a solution of 1 gram of the europium
      heptanedionate of example (C) in 500 ml. of ethanol. In this case, the
      Eu.sup..sup.+3 to host mole ratio is 0.14. The ethanol was evaporated and
      the resultant powder fired in Pt foil for 5 hours under an atmosphere of
      Ar with H.sub.2 S and H.sub.2 O. Then, 80 mg. of the resulting barrier
      phosphor were mixed with 20 mg. of YVO.sub.4 : Eu VO.sub.4 to yield 100
      mg. of the desired penetration phosphor.
PAC  EXAMPLE (E)
PAR  A further example started with 2.00 grams (5.85 .times. 10.sup..sup.-3
      mole) of La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S with 0.0654 grams (1.79
      .times. 10.sup..sup.-4 mole) of Eu Cl.sub.3.6H.sub.2 O added to produce a
      material wherein the Eu ion to La.sub.2 O.sub.2 S mole concentration ratio
      was 0.031. The powder mixture was then ultrasonically shaken with 5 to 10
      ml. of ethanol. The ethanol was evaporated and the residual powder fired
      in Pt foil for 100 minutes in the previously described protective
      atmosphere. After being sieved, the resulting barrier-layer green phosphor
      was mixed with a red-emitting phosphor such as YVO.sub.4 : Eu VO.sub.4 to
      form penetration phosphor samples having respective barrier-layer green
      phosphor to red phosphor weight ratios of 4 to 1, 3.5 to 1, 3 to 1, 2.5 to
      1, and 2 to 1. Samples produced experimentally according to these ratios,
      though having differently voltage-dependent color characteristics, all
      serve successfully as penetration phosphors.
PAC  EXAMPLE (F)
PAR  Ball milling of the novel phosphor material during its synthesis is found
      to improve greatly the uniformity of the distribution of the Eu ions
      adjacent the surface of the phosphor particles, resulting in a desirably
      more uniform barrier layer for each phosphor article. This improvement is
      illustrated in a representative manner in FIG. 5, wherein the curves 50
      and 51 illustrate the properties of two material samples prepared in the
      same manner, only the sample of curve 51 being extensively ball milled.
      The curves of FIG. 5 show the relative brightness on an arbitrary scale of
      the electron beam excited phosphor as a function of the electron beam
      acceleration voltage.
PAR  The material used to generate the illustrated experimental data of curve 50
      was made by adding 10.00 grams of La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S
      (2.92 .times. 10.sup..sup.-2 mole) to 1.6 grams of europium 2, 2, 6,
      6-tetramethyl -3, 5-heptanedionate (2.28 .times. 10.sup..sup.-3 mole). The
      two materials were mixed in a manner generally described in the foregoing
      in ethanol and were then dried to produce a powder mixture with the ratio
      of moles of Eu.sup..sup.+3 ions to moles of the host La material being
      0.078. The mixture was then fired in the usual manner. The response of
      this material supplied in the form of a thin film on a cathode ray screen
      to electron bombardment is represented by curve 50. A similar phosphor
      powder using the same La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S and
      heptanedionate components was ball milled for 22 hours with 5mm. diameter
      glass beads in a polyethylene bottle, was then similarly fired, and was
      affixed as a thin film to the cathode ray screen. The curve 51 illustrates
      its properties. With ball milling as in curve 51, brightness is somewhat
      decreased, but the turn-on voltage V.sub.ON is 10 kV., as indicated by the
      intercept of the dotted line 52 with the zero relative brightness line.
PAR  What is generally desired in the product penetration phosphor is a high
      turn-on voltage V.sub.ON and at the same time a high relative brightness.
      Voltage V.sub.ON will increase with increasing Eu concentration, but
      brightness decreases; the concentration of Eu is therefore chosen so as to
      strike a reasonable compromise between these two opposing effects. It is
      seen that the mole ratio (moles of Eu.sup..sup.+3 per mole of La.sub.2
      O.sub.2 S) of 0.01 is highly acceptable, producing a 10kV. turn-on voltage
      without substantial reduction of emission brightness. Another acceptable
      Eu ion mole concentration for certain applications is at 0.1, where
      V.sub.ON is high, though there is loss in brightness. It is found that Eu
      ion mole concentrations below 0.001 generally produce barrier layers of
      insufficient quality and that concentrations above 0.1 produce dim,
      inefficient phosphors.
PAC  EXAMPLE (G)
PAR  In each of the foregoing examples, the desirable characteristics of the
      novel phosphor may be enhanced by use of the ball milling, the effect of
      ball milling being to increase the turn-on voltage V.sub.ON to an extent
      that would not normally be expected. It is further found that two or more
      cycles of doping will similarly be beneficial, a process which will be
      called serial-doping hereinafter. Serial doping steps are found reliably
      to provide more uniform exposure of the phosphor particles to the
      activator material. While the ball milling and serial doping steps are
      individually advantageous, they may preferably be used in combination for
      providing desirably high and sharp turn on voltage characteristics. It
      will be understood that the serial doping process includes at least the
      following steps:
PA1  a. mixing of the constituent phosphor and activator,
PA1  b. firing them in H.sub.2 S, Ar, and H.sub.2 O vapor,
PA1  c. cooling in the same or an inert atmosphere,
PA1  d. adding by mixing the desired activator product of step a and repeating
      steps b and c, and
PA1  e. preparing the film after the step c is taken for its final time.
PAL  Step (d) may be repeated several times.
PAR  The progressive increase in the value of V.sub.ON that is achieved by
      multiple serial-doping is illustrated in FIG. 6, where the illustrated
      curves plot electron beam accelaration voltage versus relative brightness
      for the green phosphor La.sub.2 O.sub.2 S : Tb as a standard (curve 52)
      and for a typical phosphor according to the invention. In FIG. 6, the
      curve 58 represents the properties of the novel phosphor when only one
      ball milling step is employed; for curve 58, R = 0.006, indicating a low
      ratio of moles of Eu.sup..sup.+3 to moles of the host La.sub.2 O.sub.2 S.
      Progressing through curves 61, 63, and 64 and observing the respective R
      values of 0.031, 0.043, and 0.056, it is seen that the amount of Eu
      present increases each time that an extra series doping step is added. In
      addition, uniformity of the distribution of Eu at the particle surface is
      achieved, any relatively bare regions at the particle surface after a
      first doping step being substantially eliminated by a subsequent
      serial-doping step. The respective four, five, and six step curves 61, 63,
      and 64 are each seen advantageously to increase V.sub.ON.
PAR  The samples represented by curves 58, 61, 62, 63, and 64 and intermediate
      samples that may be identified as samples 59 and 60 were all synthesized
      in a similar manner and the product of each step was the starting material
      for the immediately following step. In TABLE 1 below, more detailed data
      is given for each of the samples. In all cases, the phosphor and the
      activator chelate were mixed without ball milling and were fired and
      examined in the usual manner.
TBL                TABLE 1                                                     
     ______________________________________                                    
                    PHOSPHOR  CHELATE   R     R                                
     SAMPLE STEP    (moles)   (moles)   step  sum                              
     ______________________________________                                    
     58     1       .0234     1.42 .times. 10.sup..sup.-4                      
                                        .0061 .0061                            
     59     2       .0199     1.50 .times. 10.sup..sup.-4                      
                                        .0075 .0136                            
     60     3       .0176     1.43 .times. 10.sup..sup.-4                      
                                        .0081 .0217                            
     61     4       .0155     1.43 .times. 10.sup..sup.-4                      
                                        .0092 .0309                            
     63     5       .012      1.42 .times. 10.sup..sup.-4                      
                                        .0119 .043                             
     64     6       .011      1.42 .times. 10.sup..sup.-4                      
                                        .0133 .056                             
     ______________________________________                                    
PAC  EXAMPLE (H)
PAR  As observed in the foregoing, cooperative use may advantageously be made of
      ball milling and serial doping in improving the novel phosphor
      characteristics. EXAMPLE (H) is representative of phosphors which may be
      produced in this manner and it will be understood that any of the
      aforementioned examples may be benefited by the use of ball milling or
      serial doping or both.
PAR  For synthesizing a representative phosphor using both types of improvement
      steps, 5.000 grams of La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S (1.46
      .times. 10.sup..sup.-12 mole) was added to 100 mg. of europium 2, 2, 6,
      6-tetramethyl-3, 5-heptanedionate (1.42 .times. 10.sup..sup.-4 mole) in a
      two ounce polyethylene bottle. The two powders were mixed by adding twelve
      5 mm. glass beads and ball mill tumbling them for about 5 hours. The
      powder mixture was then placed in a Pt-lined alumina boat and fired for 1
      hour at 920.degree. Centigrade under the usual atmosphere of H.sub.2 S,
      Ar, and H.sub.2 O vapor. The powder material was then cooled under the
      same atmosphere. Alternatively, such a material might equally well be
      cooled under a completely inert gas such as dry Ar, again to prevent
      formation of the oxysulfate. A sample of this singly-doped material was
      used for comparison purposes to produce a 6 mg./cm..sup.2 film on a
      cathode ray tube screen and the film proved to have the cathodoluminescent
      properties presented by curve 71 of FIG. 7 with respect to the reference
      curve 70 illustrating the voltage versus relative brightness
      characteristic of the green phosphor La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2
      S as a standard. The turn-on voltage V.sub.ON for curve 71 is
      substantially 3 kV.; at 20 kV., the brightness of the novel phosphor of
      curve 71 is 73.5 percent of that of the standard green phosphor.
PAR  A sample of the single-doped end product of the preceeding paragraph was
      next used for serial-doping purposes. To 3.4596 grams of single-doped
      material was added 100 mg. of europium 2, 2, 6, 6-tetramethyl- 3,
      5-heptanedionate (1.42 .times. 10.sup..sup.-4 mole) in a 2 ounce
      polyethylene bottle with eight 5mm. glass beads. The powders were ball
      milled for 2 hours and then fired as previously described. After cooling,
      a 6 mg./cm..sup.2 film of the resulting material, when placed on the
      screen of a cathode ray tube, yielded the characteristics indicated in
      curve 72 of FIG. 7 when excited by electrons of various energies. Voltage
      V.sub.ON, which is about 7.4 kV., is seen to be advantageously increased
      over V.sub.ON for curve 71 (3kV.). Also the relative brightness of the
      series doped material is as great as 55.5 percent of that of the standard.
      It was determined that the Eu ion to host mole ratio R for the material of
      curve 71 is 0.01 and that for the material of curve 72 is 0.024.
PAR  A complete penetration phosphor was produced from the series-doped material
      of curve 72 by mixing 130 mg. of the novel barrier-layer green phosphor
      with 20 mg. of a commercial red phosphor YVO.sub.4 : Eu VO.sub.4. In this
      mixture, the red phosphor was 13 weight percent of the mixture. A 6
      mg./cm..sup.2 layer on a cathode ray tube screen had the following color
      coordinates at various voltages:
TBL                TABLE 2                                                     
     ______________________________________                                    
     kV.        X               Y                                              
     ______________________________________                                    
      5         0.54            0.43                                           
     10         0.52            0.44                                           
     15         0.42            0.53                                           
     ______________________________________                                    
PAL  A second similar penetration phosphor but having 15.3 weight percent of red
      phosphor had the following color coordinates:
TBL                TABLE 3                                                     
     ______________________________________                                    
     kV.        X               Y                                              
     ______________________________________                                    
      5         0.61            0.38                                           
     10         0.53            0.44                                           
     15         0.48            0.49                                           
     18         0.47            0.50                                           
     ______________________________________                                    
PAL  These are standard coordinate values conventionally used for the numerical
      description of colors as in Kelly charts or the C.I.E. chromaticity
      diagrams (refer to Color Science by Wyszecki and Stiles, John Wiley,
      1967).
PAR  It may be noted that the different vehicle compounds used in the diffusion
      of the Eu ions into the phosphor particles produce useful though somewhat
      different results. The preferred vehicle is Eu 2, 2, 6, 6-tetramethyl-3,
      5-heptanedionate as judged by the brightness of the final penetration
      phosphor and by its favorable turn-on voltage, which voltage is defined,
      for present purposes, as the intercept of the extension of the linear part
      of the brightness versus voltage curve (FIG. 5) with the horizontal axis.
      While the aforementioned chlorides, oxides, chelates, et cetera, of Eu are
      found to produce useful results, other compounds in which the ion
      Eu.sup..sup.+3 appears to produce unacceptable or only marginal results.
PAR  In summary, the desirable range of molar concentrations of Eu ions with
      respect to the host material is experimentally established according to
      the foregoing as lying between 0.001  and 0.1 moles per mole of the host
      La.sub.2 O.sub.2 S. Successful barrier phosphors are readily demonstrated
      within such ranges and are found to produce penetration phosphors of
      superior nature when mixed with red-emitting phosphors such as YVO.sub.4 :
      Eu VO.sub.4. The usual range of weight ratios of the barrier phosphor
      La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S : Eu.sub.2 O.sub.2 S to the
      red-emitting phosphor YVO.sub.4 : EuVO.sub.4 lies substantially between 4
      to 1 and 2 to 1. These latter ranges are, of course, very easily
      determined in an ordinary mechanical fashion simply by mixing reasonably
      selected proportions of the barrier and red-emitting phosphors until the
      desired color range under operating voltages is obtained.
PAR  It will be understood that the brightness curves of FIGS. 5, 6, and 7 are
      relative brightness curves of a composite line spectrum where relative
      intensities are changing as relative proportions of Eu and the host are
      altered. Actual spectral energy distributions for a penetration phosphor
      such as that of Example (H) are illustrated in FIG. 8 for 2.5, 5, 10, 15,
      and 20 kV. electrons. The emission is narrow line emission under all
      conditions permitting the use of conventional line filters placed over the
      cathode ray screen to improve contrast, if desired. The red emission is
      always present in about the same degree, whereas the green emission varies
      widely in amplitude. Since the color perceived by the eye is a combination
      of the red and green components, red is seen at 2.5 and 5 kV., yellow at
      10kV., yellow-green at 15kV., and substantially green at 20kV. In
      fabricating the display tube of FIG. 2, the penetration phosphor particles
      are settled from a liquid dispersion in the conventional manner upon the
      inner surface of face plate 13 while the axis of the tube 10 is held
      vertical. The phosphor suspension may be in ethanol with a few drops of
      collodion or potassium silicate as a binder, following conventional
      practice. The thin A1 film 24 is also applied in the usual manner. In
      fact, no significant changes need be made in conventional cathode ray tube
      production methods in order to use the novel penetration phospor.
PAR  Accordingly, it is seen that the invention retains the advantages of prior
      art penetration phosphor display tubes including ease of application of
      the phosphor to the face plate of the display tube, the apertured masks of
      prior color display tubes being no longer needed and only a single
      phosphor layer needs to be supplied to the face plate. Only a single
      electron gun is required, thus reducing cost and complexity of the display
      tube and generally improving its utility in adverse environments.
PAR  As compared to prior art penetration phosphors, the composition of the
      present invention yields line spectral emission at all times, additionally
      permitting the use of filters to enhance contrast. The novel composition
      is constructed entirely of compatible rare-earth materials, so the
      physical and chemical properties of components which interact undesirably
      are readily avoided. Multicolor operation of the novel penetration
      phosphor beneficially depends upon an active barrier layer as opposed to
      inert or non-emitting layers. Multicolor operation is achieved in a single
      composition and the novel barrier material may be used in cooperation with
      other phosphors.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departing from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electron tube including an evacuated envelope, a cathodo-luminescent
      screen therein, and means for exciting said screen within said envelope by
      electrons, said screen including cathodo-luminescent particles each
      comprising:
PA1  a generally central region, and
PA1  a generally peripheral region surrounding said central region in contiguous
      relation therewith,
PA1  said particle being composed of a La phosphor material with a substantially
      uniform distribution of Tb ions, and
PA1  said generally peripheral region having a distribution of Eu ions
      increasing toward the exterior surface of said particle,
PA1  said La phosphor material being La.sub.2 O.sub.2 S,
PA1  said Tb ions being provided by Tb.sub.2 O.sub.2 S,
PA1  said Eu ions being provided by Eu.sub.2 O.sub.2 S, and the respective
      concentrations of Tb.sub.2 O.sub.2 S and Eu.sub.2 O.sub.2 S each being
      substantially smaller than the concentration of La.sub.2 O.sub.2 S.
NUM  2.
PAR  2. An electron tube as described in claim 1 wherein the relative
      concentrations of said Tb and Eu ions are such that relatively low
      velocity electrons striking any one of said particles excite Eu and Tb
      ions in said peripheral region preferentially to produce red line
      emission, and relatively high velocity electrons striking one of said
      particles excite said Tb ions in said central region preferentially to
      produce green line emission.
NUM  3.
PAR  3. An electron tube as described in claim 1 wherein the concentration ratio
      of moles of Eu.sub.2 O.sub.2 S to moles of La.sub.2 O.sub.2 S lies between
      0.001 and 0.1.
NUM  4.
PAR  4. An electron tube as described in claim 3 wherein the concentration ratio
      of moles of Tb.sub.2 O.sub.2 S to moles of La.sub.2 O.sub.2 S lies between
      0.01 and 0.04.
NUM  5.
PAR  5. An electron tube as described in claim 1 wherein said
      cathodo-luminescent particles are produced by:
PA1  selection of La.sub.2 O.sub.2 S particles containing uniformly distributed
      Tb ions provided by Tb.sub.2 O.sub.2 S,
PA1  mixing said selected La.sub.2 O.sub.2 S particles with a powdered organic
      Eu compound to obtain a composite powder,
PA1  ball milling said composite powder in an inert liquid, and
PA1  firing said composite powder and cooling same in an atmosphere containing
      at least H.sub.2 S gas for diffusing said Eu ions into said generally
      peripheral region where said Eu ions provide quenching of electron induced
      spectral green radiation,
PA1  said ball milling process substantially increasing the voltage at which
      perceptible optical emission is instituted by electron bombardment of said
      particles.
NUM  6.
PAR  6. An electron tube as described in claim 5 wherein said composite powder
      is fired at a temperature lying between substantially 800.degree. and
      1200.degree. Centigrade.
NUM  7.
PAR  7. An electron tube as described in claim 5 wherein said composite powder
      is fired at a temperature lying between substantially 900.degree. and
      1000.degree. Centigrade for at least 30 minutes.
NUM  8.
PAR  8. An electron tube as described in claim 5 wherein said atmosphere
      comprises a gas mixture of Ar, H.sub.2 S, and H.sub.2 O.
NUM  9.
PAR  9. An electron tube as described in claim 5 wherein said powdered Eu
      organic compound consists of a pentanedionate of Eu.
NUM  10.
PAR  10. An electron tube as described in claim 5 wherein said powdered Eu
      organic compound consists of a chelate of Eu.
NUM  11.
PAR  11. An electron tube as described in claim 5 wherein said powdered Eu
      organic compound consists of oxalate of Eu.
NUM  12.
PAR  12. An electron tube as described in claim 9 wherein after firing said
      composite powder and cooling same, at least one serial-doping process is
      interposed comprising:
PA1  adding by mixing a further portion powdered Eu organic compound to said
      fired and cooled composite powder to form a further powder mixture,
PA1  firing said further powder mixture and cooling same in said atmosphere
      containing at least H.sub.2 S gas, and
PA1  preparing the said film from said fired and cooled further powder mixture,
PA1  said serial-doping process substantially increasing the voltage at which
      perceptible optical emission is instituted by electron bombardment of said
      particles.
NUM  13.
PAR  13. An electron tube as described in claim 1 wherein said screen
      additionally contains uniformly dispersed particles of a second
      cathodo-luminescent material having uniformly distributed Eu as activator
      ions.
NUM  14.
PAR  14. An electron tube as described in claim 13 wherein said second
      cathodo-luminescent material is a red emitting phosphor.
NUM  15.
PAR  15. An electron tube as described in claim 13 wherein said red emitting
      phosphor is YVO.sub.4.
NUM  16.
PAR  16. An electron tube including an evacuated envelope, a cathodo-luminescent
      screen therein, and means for exciting said screen within said envelope by
      electrons, said screen having cathodo-luminescent particles each
      comprising:
PA1  a generally central region composed of a La.sub.2 O.sub.2 S : Tb.sub.2
      O.sub.2 S phosphor,
PA1  a generally peripheral region surrounding said central region in contiguous
      relation therewith composed of La.sub.2 O.sub.2 S : Tb.sub.2 O.sub.2 S :
      Eu.sub.2 O.sub.2 S phosphor,
PA1  the La.sub.2 O.sub.2 S and Tb.sub.2 O.sub.2 S materials being substantially
      uniformly distributed in said particle and the relative concentrations of
      said Tb.sub.2 O.sub.2 S and said Eu.sub.2 O.sub.2 S being such that
      relatively low velocity electrons striking any one of said particles
      excite said phosphor in said peripheral region preferentially to produce
      red line emission, and relatively high velocity electrons striking one of
      said particles excite said phosphor in said central region preferentially
      to produce green line emission.
NUM  17.
PAR  17. An electron tube as described in claim 16 wherein the concentration
      ratio of moles of Eu.sub.2 O.sub.2 S to moles of La.sub.2 O.sub.2 S lies
      between 0.001 and 0.1.
NUM  18.
PAR  18. An electron tube as described in claim 17 wherein the concentration
      ratio of moles of Tb.sub.2 O.sub.2 S to moles of La.sub.2 O.sub.2 S lies
      between 0.01 and 0.04.
NUM  19.
PAR  19. An electron tube as described in claim 18 wherein said screen
      additionally contains uniformly dispersed particles of a second
      cathodo-luminescent material for producing enhancing line emission falling
      substantially on one of said red or green line emissions.
NUM  20.
PAR  20. An electron tube as described in claim 19 wherein said enhancing line
      emission falls substantially on said red line emission.
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ABST
PAL  A storage cathode-ray-tube having a single off-axis flood gun is described
      including auxiliary coils defining electromagnets placed, one
      electromagnet on either side of the cathode-ray-tube to correct
      non-symmetrical geometry in optical representations produced on the
      fluorescent screen of the cathode-ray tube caused by interaction of the
      conventional principle electron beam under the control of electrical
      signals during storage operation.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of Ser. No. 388,857, filed Aug. 8, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, no storage cathode-ray-tube having therein a single on axis
      writing gun to provide the principle electron beam and a single off-axis
      flood gun to provide the flood electron beam so as to write and store an
      image on the fluorescent screen of the cathode-ray-tube has been provided
      because of non-symmetrical geometry in optical representations caused by
      electron-electron interaction of the flood and writing electron beams
      under the control of electrical signals during storage operation.
PAR  Distortions, as described above, to the image produced on the fluorescent
      screen due to electron-electron interaction are well known. For example,
      in single gun cathode-ray-tubes using electrostatic deflecting devices,
      one cause of such distortions are the effects of a non-uniform electric
      field between one of the pairs of deflecting plates.
PAR  To eliminate the distortions in single gun cathode-ray-tubes conventional
      arrangements including magnet poles arranged adjacent the point of impact
      of the electron beam remote from the point of deflection have been used.
PAR  In storage cathode-ray-tubes, the distortions are eliminated by providing
      within such tubes two flood guns and operated in a conventional manner.
      Another conventional means to eliminate such distortions which is
      applicable to both single gun cathode-ray-tubes and storage cathode-ray
      tubes having a plurality of electron guns is by varying the voltage on a
      wallband electrode coated on the inner surface of the tube envelope and
      positioned between the output ends of the deflection means and the
      fluorescent screen.
PAR  However, the above described means to correct the non-symmetrical geometry
      in optical representations are not effective when using a on axis single
      writing gun and a single off-axis flood gun due to the fact that
      compensation occurs at all times, hence, would cause further distortions.
      For example, if the magnet pole correction means were used as disclosed in
      U.S. Pat. No. 2,258,643 and were applicable to storage cathode-ray-tubes,
      it would be necessary to remove such magnets during storage operation to
      prevent interaction of the field produced by such magnet poles and the
      flood electron beam during storage operation. To remove these means during
      storage operation would be impractical, if not impossible.
PAC  SUMMARY OF INVENTION
PAR  The present invention overcomes the disadvantages of the prior art and
      provides a storage-cathode-ray tube having a single writing electron gun
      and a single off-axis flood electron gun operably connected to means to
      correct for non-symmetrical geometry in optical representations caused by
      electron-electron interaction of the flood and writing electron beams
      under the control of electric signals during storage operation. Auxiliary
      coils defining electromagnets, one electromagnet on either side of the
      storage cathode-ray-tube, placed between the deflection plates and
      fluorescent screen external to the cathode-ray-tube envelope provide
      during storage operation, a non-uniform magnetic field directly
      proportional to the flood gun beam current which compensates for the above
      discussed distortions.
PAR  It is therefore an object of the present invention to provide a storage
      cathode-ray-tube having a single writing electron gun and a single
      off-axis flood electron gun having means to correct non-symmetrical
      geometry in optical representations.
PAR  It is another object of the present invention to provide a means for
      eliminating geometry distortion in an optical representation under the
      control of electrical signals.
PAR  It is yet another object of the present invention to provide a storage
      cathode-ray-tube having non-symmetrical geometry correction means which is
      simple and inexpensive to manufacture.
PAR  It is still another object of the present invention to provide a storage
      cathode-ray-tube having non-symmetrical geometry correction means
      requiring minimum power usage.
PAR  Additional objects and advantages of the present invention may be apparent
      from the following detailed description of the present invention shown in
      the accompanying drawings wherein like characters refer to like elements.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIGS. 1A and 1B are front and side view of a conventional cathode-ray-tube
      having a single electron beam gun;
PAR  FIGS. 2A and 2B are front and side views of a storage cathode-ray-tube
      having a single writing electron beam gun and a single off-axis flood
      electron beam gun;
PAR  FIGS. 3A and 3B are front and side views of a storage cathode-ray-tube
      having a single writing electron beam gun and a single off-axis flood
      electron beam gun including means to correct for distortions according to
      the present invention; and
PAR  FIGS. 4A and 4B are plots of the fields generated by a set of Helmholtz
      coils.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  Referring to the drawings and in particular to FIGS. 1 and 2, there is
      shown two embodiments to describe non-symmetrical geometry. FIG. 1 shows a
      front and side view of a conventional cathode-ray-tube having a single
      electron gun. A conventional faceplate 1 displays the normal horizontally
      deflected writing gun trace 2 as a light image by horizontally deflecting
      an electron beam 3 by deflection means 4 disposed between a writing
      electron gun 5 and the faceplate. Cathode-ray-tube envelope 6 completely
      encloses the deflection means and electron gun as is well-known. Although
      not shown, means to control the writing beam electrons 3 and the
      deflection means 4 are employed. Further, writing gun trace 2 is shown
      horizontal for purposes of clarity and can be deflected vertically by
      applying a vertical deflection signal to vertical deflection means and
      geometrically corrected in a conventional manner. As can be discerned from
      the drawing of FIG. 1 distortionless deflection occurs such as in the
      already discussed U.S. Patent.
PAR  Shown in FIG. 2 is a storage cathode-ray-tube having therein, in addition
      to the elements referred to in the drawing of FIG. 1, a flood electron
      beam gun 7. The faceplate 1' includes a storage target. The flood gun
      during storage operation, emits a plurality of low volocity flood electron
      beams 8 which uniformly bombard the storage target to hold or retain the
      image written on the storage target by bombarding the target with high
      velocity electrons comprising the electron beam 3', such image being the
      writing gun trace 2'. As can be discerned from the drawing and which is
      well-known to those skilled in the art, the trace 2' has been distorted
      due to interaction of the flood electron beams 8 and electron beam 3 when
      the flood gun 7 is turned on (see "Storage Cathode-Ray-Tubes and
      Circuits", Circuit Concepts, Tektronix, Inc. for interactions due to
      simultaneous operation of flood and writing guns); thus, non-symmetrical
      geometry in optical representations.
PAR  Referring now to FIG. 3 and more particularly to FIG. 3A, there is shown a
      storage cathode-ray-tube identical to the storage cathode-ray-tube of FIG.
      2 but including means to correct for the non-symmetrical distortion
      according to the present invention. Auxiliary circular shaped coils 9 and
      10 have been placed beside, one on either side, the cathode-ray-tube
      approximately midway between flood electron gun 7' and faceplate 1". Such
      auxiliary coils are well-known in the art as Helmholtz coils and are fully
      described on pages 59-62 of "Fundamentals of Electricity and Magnetism" by
      Leonard B. Loeb; third edition, Dover Publications, Inc., New York.
      Auxiliary coils 9 and 10 are connected to a current source 11. Although
      shown as a separate current source, current source 11 in the preferred
      embodiment is connected so that when operated in the storage mode all
      flood gun beam current must flow through coils 9 and 10 thereby making the
      correcting field developed by such coils proportional to the flood beam
      current.
PAR  To understand operation of the means to correct for non-symmetrical
      geometry, reference should be made to FIG. 4. Shown in FIG. 4A is the
      field produced by auxiliary coils 9 and 10 when a DC current is sent
      through such coils and FIG. 4B is the resultant field intensity plot of
      the Helmholtz coils. By applying this resultant field intensity produced
      by the Helmholtz to the cathode-ray-tube of FIG. 3, the distorted writing
      beam trace 2' will return to the position of writing beam trace 2". This
      technique straightens the deflected writing beam and compensates for the
      non-symmetrical geometry.
PAR  It should be noted that the two forces acting on the deflected writing beam
      may result in a slight change in the vertical position of the trace. This
      can easily be compensated for electronically as is well-known.
PAR  Thus, use of a non-uniform magnetic field to correct a geometry problem in
      a storage cathode-ray-tube due to non-symmetrical distribution of flood
      electrons is a new and unique solution allowing the use of storage
      cathode-ray-tubes having flood gun configurations that would otherwise
      yield unacceptable geometry appearance of the written optical
      representation.
PAR  While there has been shown and described the preferred embodiment of the
      present invention, it will now be apparent to those skilled in the art
      that many changes and modifications may be made without departing
      therefrom in its broader aspects. Therefore, the appended claim is
      intended to cover all such modifications and changes as fall within the
      true spirit and scope of this invention.
CLMS
STM  The invention is claimed in accordance with the following:
NUM  1.
PAR  1. A storage cathode-ray-tube having auxiliary coils to correct
      non-symmetrical geometry of an image caused by electron-electron
      interaction of writing and storing electron beams, comprising:
PA1  faceplate means including a storage target for providing an image producing
      means;
PA1  means for bombarding said faceplate means with high velocity electrons
      emitted from a single on axis writing electron gun to produce an image on
      said storage target;
PA1  means for simultaneously bombarding said faceplate means with uniformly
      distributed flood beam electrons emitted from a single off axis flood
      electron gun to retain said image; and
PA1  an auxiliary set of "Hemholtz" coils disposed between said faceplate means
      and said flood electron gun and on opposite sides of the cathode-ray-tube,
      said coils connected to receive said flood beam electrons for producing a
      correcting field proportional to said flood beam electrons for
      compensating the electron-electron interaction thereby substantially
      eliminating non-symmetrical geometry of the image.
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PAL  High energy switching device utilizing a gas discharge tube with input and
      output electrodes connected electrically in series with a source and a
      load. A control element is connected to the input electrode, and a trigger
      signal is applied to the control element to initiate firing of the tube to
      pass energy from the source to the load. An electrostatic shield is
      disposed about the output electrode to prevent the tube from self firing
      in the absence of a trigger signal when the potential between the
      electrodes is below a predetermined level.
PARN
PAR  This is a continuation, of application Ser. No. 483,114 filed June 26,
      1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to high energy switching devices and more
      particularly to high energy switching devices utilizing gas discharge
      tubes. will
PAR  Heretofore, Xenon flash tubes and other gas discharge tubes have been
      utilized for switching large amounts of power by connecting the electrodes
      of the tube electrically in series with a source and load and applying a
      trigger pulse to a control terminal to break down the gas and initiate the
      main discharge to transfer energy from the source to the load. Such
      switches willl handle voltages on the order of 10KV and currents on the
      order of several hundred amperes, and they can be switched at very high
      speeds.
PAR  In the past, high energy switches utilizing gas discharge tubes have had a
      serious limitation in that the tubes have erratic hold-off potentials
      which typically range from less than 8KV to more than 25KV. Consequently,
      if the source voltages is 8KV or more, the device may fire by itself, and
      this self-firing cannot be tolerated in many applications, for example,
      defibrillators where the device is used to control the application of a
      defibrillating pulse to a patient's heart.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  In the high energy switching device of the invention, an electrostatic
      shield is placed about the output electrode of the gas discharge tube. It
      has been observed that this shield results in a highly reliable hold-off
      potential on the order of 15KV with Xenon flash tubes which are available
      commercially.
PAR  It is in general an object of the invention to provide a new and improved
      high energy switching device.
PAR  Another object of the invention is to provide a switching device of the
      above character which has a highly reliable hold-off potential and is
      suitable for use in a defibrillator.
PAR  Another objects of the invention is to provide a switching device of the
      above character which is fail safe in operation.
DRWD
PAR  Additional objects and features of the invention will be apparent from the
      following description in which the preferred embodiment is set forth in
      detail in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of one embodiment of a high energy
      switching device according to the invention.
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 in FIG. 1.
PAR  FIG. 3 is a circuit diagram of the switching device of FIG. 1 employed in a
      defibrillator.
PAR  FIG. 4 is a graphical representation of the output voltage produced by the
      switching device in the circuit of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The switching device includes a gas discharge tube 10 having an elongated
      glass envelope 11 in which axially spaced electrodes 12 and 13 are
      enclosed. The envelope is filled with a suitable gas such as Xenon. In the
      preferred embodiment the tube is a Xenon flash tube, and the pressure
      within the tube is slightly less than atmospheric pressure, for example.
PAR  A trigger element 16 is provided for breaking down the gas in tube 10 and
      initiating the main discharge between electrodes 12 and 13. The trigger
      element comprises conductive loops 16a and 16b which are disposed
      coaxially of the electrodes and connected to electrode 12. The loops are
      spaced axially apart, with loop 16a adjacent to electrode 12 and loop 16b
      midway between the electrodes.
PAR  Tube 10 and trigger element 16 are enclosed within a generally cylindrical
      housing 21 fabricated of an electrically insulative material such as
      plastic. The tube and trigger element are disposed coaxially of the
      housing and supported by suitable means, not shown. In the preferred
      embodiment, the tube has a diameter on the order of 1/4 to 3/8 inch, the
      housing has a diameter on the order 1 inch, and loops 16a, 16b are
      slightly smaller in diameter than the housing.
PAR  An electrostatic shield 23 is disposed coaxially about electrode 13. The
      shield is fabricated of an electrically conductive material, and in the
      preferred embodiment it consists of a layer of brass foil having a width
      of 1 inch and a thickness on the order of 0.002 to 0.003 inch wrapped
      about the end of housing 21 at which electrode 13 is located. The shield
      is provided with an air gap 24 to prevent it from being a shorted turn. If
      desired, the shield can be covered by suitable insulating material such as
      a rubber boot.
PAR  In FIG. 3, the switching device is illustrated in connection with a
      defibrillator having output terminals or paddles 26, 27 adapted to be
      placed in contact with a patient's body for delivering a defibrillating
      pulse to the patient's heart. Paddle 26 is connected to electrode 13,
      which serves as an output electrode, and paddle 27 is connected to shield
      24 and to a capacitor 31.
PAR  Capacitor 31 and the secondary winding 32 of a transformer are connected
      electrically in series between paddle 27 and input electrode 12. Capacitor
      31 serves as a storage capacitor for the energy to be delivered to the
      patient's heart, and it is charged from a 24 volt battery 33 to a level on
      the order of 3KV to 7KV by a DC-to-DC converter 34 through a diode 36.
PAR  Winding 32 is the secondary winding of a transformer 37 which also has a
      primary winding 38. In the preferred embodiment, primary winding 38
      consists of four to five turns of copper sheet, secondary winding 32
      consists of several hundred turns of copper wire, and the transformer is
      enclosed in a cylindrical case 39 and mounted coaxially of housing 21
      adjacent to input electrode 12 and trigger element 16.
PAR  Means is provided for applying trigger pulses to trigger element 16 through
      transformer 37. This means includes a capacitor 41 and a silicon
      controlled rectifier 42 which are connected electrically in series with
      primary winding 38. Capacitor 41 is charged to a suitable triggering
      level, such as 200 volts, from battery 33 by a converter 43 similar to
      converter 34. The gate of SCR 42 is connected to a suitable control device
      such as a manually operated switch.
PAR  Operation and use of the switching device can be described briefly.
      Capacitor 41 is charged to a level on the order of 200 volts by converter
      43 when the unit is turned on. When converter 34 is energized, capacitor
      31 is charged to a level on the order of 3KV to 7KV. Paddles 26 and 27 are
      placed in contact with the patient's s body, and SCR 42 is fired when a
      defibrillating pulse is desired. When the SCR fires, capacitor 41
      discharges through primary winding 38, producing a trigger pulse on the
      order of 25KV and 1-2 microseconds duration in secondary winding 32. This
      pulse ionizes the gas in tube 10, initiating the main discharge between
      electrodes 12 and 13 to deliver the energy stored in capacitor 41 to
      paddles 26 and 27.
PAR  Capacitor 31, winding 32 and the patient's body constitute an LCR circuit
      which produces the waveform shown in FIG. 4 when capacitor 31 discharges.
      This waveform is commonly known as a Lown waveform, and it is a slightly
      underdamped sinusoidal waveform which decreases in magnitude at a rate on
      the order of 82% per half cycle. Tube 10 requires a certain minimum
      current to sustain ignition, and it extinguishes on the zero crossing at
      the end of the first or second half cycle of the output voltage, depending
      on the level to which capacitor 31 is initially charged. With an initial
      charge of 7KV, for example, the voltage drop at the first zero crossing is
      very rapid, and the tube does not turn off until the second zero crossing.
      With a smaller initial charge, e.g. 3KV, the tube extinguishes on the
      first zero crossing. The pulse delivered to the patient's heart has a
      duration on the order of 5 to 8 milliseconds and a level depending upon
      the initial charge on capacitor 31.
PAR  It has been found that electrostatic shield 24 is very effective in
      preventing the discharge tube from firing before the trigger pulse is
      applied. With the shield, tubes which otherwise would break down with
      potentials as low as 8KV will consistently and reliably hold off
      potentials on the order of 15KV. Prior to ignition, the shield is
      maintained at substantially the same potential as the output electrode and
      it is believed to perform its function by shaping the electrostatic field
      in the region of the output electrode and relieving the field gradient
      concentration which would otherwise occur in this region due to the
      sharpness of the electrode. This shield has been found to perform its
      function even when the tube is fired in the presence of external metal
      objects.
PAR  The switching device is fail safe in operation in that it will not fire in
      the event that the envelope is broken. Trigger element 16 is spaced a
      substantial distance from electrode 13 and shield 24, and it cannot arc
      over to either of them in the event the tube should break in such a manner
      that the electrode 13 is left exposed. In the event of a leak or crack in
      the envelope, the negative pressure to which the tube is filled will cause
      the Xenon gas to mix with the incoming air which will cause the hold off
      voltage to increase.
PAR  It is apparent from the foregoing that a new and improved high energy
      switching device has been provided. While only the preferred embodiment
      has been described, as will be apparent to those familiar with the art,
      certain changes and modifications can be made without departing from the
      scope of the invention as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a high energy switching device for delivering energy from a source to
      a load: a gas discharge tube having first and second electroder connected
      electrically in series with the source and the load, a control element
      connected to the first electrode, means for applying a trigger signal to
      the control element to initiate firing of the tube to pass energy from the
      source to the load, and means comprising an electrostatic shield disposed
      about the second electrode for preventing the tube from firing in the
      absence of a trigger signal when the potential between the electrodes is
      below a predetermined level.
NUM  2.
PAR  2. The switching device of claim 1 wherein the gas discharge tube is a
      Xenon flash tube.
NUM  3.
PAR  3. The switching device of claim 1 wherein the means for applying the
      trigger signal comprises a transformer having a secondary winding
      connected electrically in series with the source and the first electrode.
NUM  4.
PAR  4. The switching device of claim 1 wherein the pressure within the tube is
      substantially equal to atmospheric pressure.
NUM  5.
PAR  5. The switching device of claim 1 wherein the tube includes an elongated
      envelope, the shield is mounted coaxially of the electrodes toward one end
      of the envelope, and the control element comprises a pair of conductive
      loops disposed coaxially of the electrodes toward the second end of the
      envelope, the loops being of substantially different diameter than the
      tube.
NUM  6.
PAR  6. The switching device of claim 1 wherein the source comprises a storage
      capacitor.
NUM  7.
PAR  7. The switching device of claim 6 further including a battery and means
      for delivering a high energy charge to the capacitor from the battery.
NUM  8.
PAR  8. The switching device of claim 1 wherein the tube comprises an elongated
      envelope with the electrodes spaced toward opposite ends thereof.
NUM  9.
PAR  9. The switching device of claim 8 wherein the control element and the
      electrostatic shield are disposed toward the same ends of the envelope as
      the electrodes with which they are associated.
NUM  10.
PAR  10. The switching device of claim 9 wherein the control element comprises a
      pair of conductive loops disposed coaxially of the electrodes.
NUM  11.
PAR  11. The switching device of claim 10 wherein one of the control element
      loops is positioned adjacent to the first electrode and the second loop is
      positioned between the electrodes.
NUM  12.
PAR  12. In a device for delivering a high energy pulse to a load connected to a
      pair of output terminals: a gas discharge tube having an elongated
      envelope with axially spaced input and output electrodes disposed toward
      the ends of the envelope, means connecting the output electrode to a first
      one of the output terminals, a trigger element connected to the input
      electrode and disposed toward the same end of the envelope as said
      electrode, an electrostatic shield connected to the second output terminal
      and disposed coaxially of the output electrode, an energy storage device,
      means for delivering energy to the storage device, a transformer having
      primary and secondary windings, means connecting the energy storage device
      and the secondary winding of the transformer electrically in series with
      the input electrode and the second output terminal, and means for
      delivering a trigger pulse to the primary winding of the transformer to
      initiate firing of the tube to deliver the energy from the storage device
      to the load connected to the output terminals.
NUM  13.
PAR  13. The device of claim 12 wherein the gas discharge tube is a Xenon flash
      tube.
NUM  14.
PAR  14. The switching device of claim 12 wherein the pressure within the tube
      is substantially equal to atmospheric pressure.
NUM  15.
PAR  15. The device of claim 12 wherein the transformer is disposed coaxially
      about the input electrode.
NUM  16.
PAR  16. The device of claim 12 wherein the means for delivering the trigger
      pulse comprises a capacitor and switching means for delivering energy
      stored in the capacitor to the primary winding.
NUM  17.
PAR  17. The device of claim 12 wherein the output terminals are defibrillator
      paddles.
NUM  18.
PAR  18. The device of claim 12 wherein the energy storage device is a
      capacitor.
NUM  19.
PAR  19. The device of claim 18 wherein the means for delivering energy to the
      capacitor constituting the storage device comprises a battery and a
      converter powered by the battery for delivering a high voltage charge to
      the capacitor.
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ABST
PAL  A class D amplifier, suitable for use as a vertical deflection amplifier in
      a television receiver, includes two transistors coupled to function in a
      push-pull manner. Two diodes are serially coupled with each other in
      parallel with the output transistors and are poled to conduct forward
      current in a direction opposite to the forward current of the two
      transistors. A junction of the two transistors is coupled to a junction of
      the two diodes and forms an output terminal to which a deflection winding
      is coupled. A series of pulses at a first frequency, such as the
      horizontal deflection frequency or a multiple thereof, are pulse width
      modulated in accordance with the amplitude of a sawtooth waveform at a
      second frequency, such as the vertical deflection frequency, in a pulse
      width modulation stage and are coupled to the input terminals of the two
      transistors. The two transistors are alternately enabled for conduction by
      the pulse width modulated signals. During the first half of the vertical
      scan interval when average deflection current is flowing in a first
      direction through the deflection winding, the first transistor conducts
      current in the forward direction and the second transistor and its
      associated diode conduct current in their reverse and forward directions,
      respectively. During the second half of vertical scan with the average
      deflection current flowing in the opposite direction, the second
      transistor conducts current in its forward direction and the first
      transistor and its associated diode conduct current in their reverse and
      forward directions, respectively, for minimizing crossover distortion at
      the middle of the vertical scan interval.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to class D amplifiers.
PAR  The use of semiconductors such as transistors in deflection current
      amplifiers in television receivers has resulted in cost saving and
      increased operating efficiency. In vertical deflection amplifiers
      relatively high efficiency class B output stages have been utilized to
      reduce the power dissipation across the transistors.
PAR  Even more efficiency can be achieved by utilizing a class D output stage in
      which the two output transistors are alternately turned on and off and
      function as switches. With such an arrangement the power dissipated in the
      output stages is primarily saturation and switching loss since the
      transistors are either cutoff or in saturation. The desired scanning
      current required by the vertical deflection coils coupled to an output
      terminal at the junction of the two transistors is essentially a sawtooth
      waveform. In order to operate the vertical deflection amplifier in a class
      D mode, a sawtooth waveform at the vertical deflection rate may be
      utilized to pulse width modulate a train of waveforms at the horizontal
      deflection rate. The modulated horizontal rate waveforms then serve as the
      switching control waveforms for the class D output stage. U.S. Pat. No.
      3,456,150 discloses an arrangement for performing this type modulation
      which results in an average sawtooth current at the vertical deflection
      rate to be driven through the vertical deflection coils.
PAR  Since deflection yoke current must flow in the same direction in the yoke
      during both portions of each horizontal rate cycle to maintain the average
      desired net yoke current, the arrangement in that patent provides a filter
      circuit for the horizontal rate components including energy storage means
      which must be supplied during only one portion of each horizontal cycle.
      Therefore, the peak current conducted by the output stage is about twice
      the peak yoke current requirement. Additionally, the filter circuit
      required to remove the horizontal rate component from the deflection yoke
      and to maintain the desired yoke current flow in the same direction itself
      dissipates substantial power. Therefore, the combined peak current of the
      storage circuit, filter network and yoke greatly exceed the peak yoke
      current, thus requiring higher current capability in the output stage
      transistors and also undesirably increasing the total power consumed by
      the deflection circuit. Because this circuit operates class D, the output
      transistors dissipate less power than their counterparts in a class B
      output stage, but the overall power requirements of the total circuit may
      exceed those of a class B circuit.
PAR  In accordance with the invention, a class D amplifier is provided including
      a current amplifying stage comprising first and second serially coupled
      active current conducting devices. First and second unidirectional
      conducting devices are respectively coupled in parallel with the first and
      second active devices and are poled to conduct forward current in opposite
      directions than the active devices. A junction of the first and second
      active devices and unidirectional conducting devices forms an output
      terminal adapted for supplying current to a load. Means are coupled to the
      control electrodes of the active devices for providing a signal for
      alternately enabling the first and second active devices for conduction
      such that during an amplifying cycle the first active device conducts in
      the forward direction and the second active device conducts in the reverse
      direction, then the second active device conducts in the forward direction
      and the first active device conducts in the reverse direction for
      minimizing crossover distortion in the amplifier.
DRWD
PAR  A more detailed description of the invention is given in the following
      description and accompanying drawings of which:
PAR  FIG. 1 is a circuit diagram of a deflection circuit embodying the
      invention; and
PAR  FIGS. 2a-2g illustrate normalized waveforms obtained in the circuit of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a diagram of a deflection circuit embodying a class D amplifier
      in accordance with the invention. A suitable vertical deflection rate
      sawtooth generator, not shown, provides a series of vertical deflection
      rate sawtooth waveforms 10 AC coupled to a terminal 11 of the deflection
      circuit. These waveforms are coupled to the base of an error amplifier
      transistor 12. The junction of serially coupled resistors 13 and 14
      coupled between a source of positive voltage +V and ground provides a DC
      bias potential for the base of transistor 12. The collector of transistor
      12 is coupled to the base of an amplifying transistor 15. A parallel
      combination of an integrating capacitor 16 and a resistor 17 is coupled
      between the collector of transistor 12 and ground. The emitter of
      transistor 12 is coupled through a resistor 47 to the junction of vertical
      deflection winding 43 and a current sampling feedback resistor 44. The
      emitter of transistor 15 is coupled through a resistor 18 to ground and
      the collector of transistor 15 is coupled through a load resistor 19 to
      the +V voltage source.
PAR  The collector electrode of transistor 15 is coupled to the base electrode
      of a transistor 22 which, in conjunction with transistor 23, serves as a
      pulse width modulator. The collector of transistor 22 is returned to the
      +V source. The emitters of both of transistors 22 and 23 are coupled
      through a common resistor 24 to ground. A series of horizontal deflection
      rate pulses 27 obtained from a suitable source such as a winding of the
      television receiver horizontal output transformer, not shown, is coupled
      through a terminal 28 to the anode of a diode 29. The cathode of diode 29
      is coupled to the base of transistor 23 and through an integrating network
      comprising the parallel combination of a resistor 31 and a capacitor 30
      coupled to ground.
PAR  The collector electrode of transistor 23 is coupled to the base of an
      amplifying transistor 25. The base of transistor 25 is coupled through a
      resistor 26 to the +V source, to which is also coupled the emitter
      electrode. The collector of transistor 25 is coupled through a resistor 34
      to the base of a second amplifying driver transistor 35. The base of
      transistor 35 is coupled through a biasing resistor 36 to the emitter of
      transistor 35 and to a source of negative voltage -V. The collector of
      transistor 35 is coupled through resistors 37 and 40 to a source of
      positive potential B+. In this embodiment, B+ may be in the order of +100
      volts and the +V source may be in the order of +40 volts. The -V source
      may be just several volts negative, the requirement being that it supply
      approximately -0.7V to the base of transistor 39 as described
      subsequently. The junction of resistors 37 and 40 is coupled to the base
      electrodes of transistors 38 and 39.
PAR  Transistors 38 and 39, which are capable of bidirectional conduction, have
      their main current conduction path serially coupled between the +V source
      and ground and are connected in circuit in a push-pull configuration. The
      junction of the emitters of output current amplifying transistors 38 and
      39 forms an output terminal 46 which is coupled to a terminal of a
      vertical deflection winding 43. The other end of winding 43 is coupled
      through current sampling feedback resistor 44 and a DC blocking capacitor
      45 to ground. Two serially coupled diodes 41 and 42 are coupled between
      the +V voltage source and ground and have their junction coupled to output
      terminal 46. Diodes 41 and 42 are poled to conduct forward current in a
      direction opposite to the forward current conduction path of transistors
      38 and 39 to which they are connected in parallel, respectively.
PAR  During operation, the sawtooth vertical deflection rate waveforms 10
      coupled to the base of transistor 12 are of the desired shape for
      producing the desired sawtooth scanning current through deflection winding
      43. The DC potential established by resistors 13 and 14 at the base of
      transistor 12 determines the DC operating potential at the deflection
      winding 43 by virtue of the direct current coupling between these two
      points through the amplifier.
PAR  The horizontal deflection rate pulses 27, the positive portions of which
      are passed by diode 29, are integrated by capacitor 30 to have the
      essentially sawtooth shape illustrated by the waveforms 32 at the base of
      transistor 23. It is the discharge of capacitor 30 through resistor 31
      which forms the sawtooth slope of the waveforms. At the same time that
      these sawtooth waveforms 32 are coupled to the base of transistor 23, an
      error correction voltage 20, obtained by comparing waveform 10 with
      feedback waveform 21 in transistor stage 12 and amplified by transistor
      15, is coupled to the base of transistor 22. Due to the differential
      action of transistors 22 and 23, the higher the positive potential at the
      base of transistor 22, the shorter will be the conduction time of
      transistor 23 during each horizontal waveform interval. Thus, as
      illustrated by the pulse width modulated horizontal rate waveform train 33
      obtained at the collector of transistor 23, the first pulse in the
      waveform train 33 has a higher duty cycle of transistor 23 "off" time
      compared to its "on" time relative to the duty cycle of the last pulse of
      waveform train 33. This is because the higher positive level of the
      beginning portion of the sawtooth slope of vertical deflection rate
      waveform 20 keeps transistor 23 cut off longer than during the less
      positive level portion of waveform 20. The result is that waveforms of
      pulse train 33 comprise a series of horizontal rate pulses which are pulse
      width modulated in accordance with the amplitude of the vertical
      deflection rate sawtooth waveform. Waveform train 33 is periodic at the
      vertical deflection rate.
PAR  The pulse width modulated waveforms 33 are amplified by a first driver
      transistor 25 and are further amplified by the second driver transistor
      amplifier 35 and are then coupled to the commonly connected bases of
      output current amplifying transistors 38 and 39.
PAR  In the remaining discussion of the operation of the class D deflection
      amplifier of FIG. 1, reference will also be made to the waveforms
      contained in FIGS. 2a-2g which illustrate normalized waveforms obtained at
      various points in the circuit of FIG. 1.
PAR  FIG. 2a illustrates the voltage waveform of the pulse width modulated drive
      signals coupled to the base electrodes of transistors 38 and 39. Because
      of the push-pull configuration of the opposite conductivity transistors 38
      and 39, the waveform of FIG. 2a alternately enables transistors 38 and 39
      to conduct, transistor 38 being enabled during the positive portion of the
      waveform and transistor 39 being enabled during the negative portion of
      the waveforms. During the first half of the trace interval of the vertical
      deflection waveforms, as indicated by the time T.sub.0 - T.sub.7 of FIGS.
      2a-2g, the pulse width modulation of the waveform of FIG. 2a is such that
      there is more positive average voltage drive coupled to the bases of
      transistors 38 and 39 than there is negative voltage drive. Positive and
      negative is with respect to the relatively constant voltage across
      capacitor 45. This results in an average positive scanning current flowing
      from the +V supply through transistor 38 through deflection winding 43,
      resistor 44 and capacitor 45 to ground.
PAR  Particularly, during the interval T.sub.0 - T.sub.1, transistor 38 is in
      saturation and positive current is flowing as described. Transistor 39 is
      cut off. The voltage at the junction of diodes 41 and 42 is at +V minus
      the saturation voltage drop across transistor 38. This results in diodes
      41 and 42 being reverse biased and nonconducting during this time. At
      T.sub.1 the voltage drive waveform starts to decrease rapidly, trying to
      cut off transistor 38. The yoke current must continue flowing in
      transistor 38 until an alternate current path is found. Therefore, the
      yoke voltage also decreases to keep transistor 38 conducting. When the
      yoke voltage goes 0.7 volts below ground, diode 42 conducts, clamping the
      yoke voltage to a maximum negative potential of -0.7 volts. Transistor 38
      is then allowed to cut off since an alternate current path was found. As
      the base voltage applied to transistor 39 goes more negative than -0.7
      volts, its collector-base junction becomes forward biased and transistor
      39 is enabled for conduction in the reverse direction. Now the yoke
      current flows from ground through collector to emitter of transistor 39 to
      the deflection winding 43. Diode 41 is reverse biased and nonconducting
      during the reverse conduction time of transistor 39.
PAR  It is noted that diode 42 becomes forward biased and conducts before
      transistor 39 conducts in the reverse direction. This is because the
      voltage drive waveform must drop an amount equal to the base-emitter drop
      of transistor 38 and the forward biasing voltage for the collector-base
      junction of transistor 39, or a total of about 1.4 volts, before
      transistor 39 conducts in the reverse direction.
PAR  When the voltage drive waveform of FIG. 2a changes in a positive direction,
      such as at T.sub.2, transistor 39 is first cutoff from its reverse
      conduction and diode 42 conducts yoke current until the voltage drive
      waveform rises to +0.7 volts and higher to forward bias transistor 38 for
      its forward conduction occurring during the intervals T.sub.0 - T.sub.1,
      T.sub.2 - T.sub.3, etc.
PAR  As can be seen in FIG. 2g, diode 42 conducts for its full conducting
      interval when the yoke current is large enough so that the reverse
      conduction of transistor 39 cannot supply all of the yoke current. This is
      illustrated in the interval T.sub.0 - T.sub.3. Thus, driving the negative
      half cycles occurring in the interval T.sub.0 - T.sub.3, the deflection
      yoke current is shared by the reverse conduction of transistor 39 and
      forward conduction of diode 42, with the negative voltage at output
      terminal 46, FIG. 2c, clamped at -0.7 volts.
PAR  However, this is not the case during the yoke current crossover interval
      occurring between T.sub.4 - T.sub.7. During this interval the yoke current
      is linearly approaching zero and the reverse conduction of transistor 39
      can support the full yoke current with little reverse conduction voltage
      drop as the voltage drop is proportional to yoke current. During this
      interval, there is not enough yoke current through transistor 39 to
      forward bias diode 42, so conduction is not maintained in diode 42 and the
      yoke voltage decreases to -0.1 V. The advantage of this is that there is a
      substantially smooth transition in yoke voltage at the cross-over point
      which results in a substantially linear vertical scan near the center of
      the raster, eliminating crossover distortion. As noted above, the base
      drive voltage must drop to -0.7 V before the collector-base junction of
      transistor 39 becomes forward biased, allowing it to conduct. As the yoke
      voltage forward biases diode 42 before this occurs, diode 42 conducts
      before transistor 39, even during the T.sub.4 - T.sub.7 interval. However,
      as the voltage drive waveform of FIG. 2a changes quite rapidly, the
      conduction of diode 42 during the T.sub.4 - T.sub.7 interval lasts for
      only about a microsecond. The resulting transient on the switched yoke
      voltage, -0.7 V for one microsecond, is not enough to have any noticeable
      effect on yoke current and thus does not create a crossover distortion
      problem.
PAR  During the interval T.sub.1 - T.sub.2, deflection yoke current is positive
      but decreasing slightly as indicated by the waveform in FIG. 2b because
      there is a negative voltage across the yoke. However, the current
      decreases just slightly because the time constant of the yoke is large
      relative to the T.sub.1 - T.sub.2 interval.
PAR  FIG. 2b illustrates the scanning current waveform through deflection
      winding 43. The amplitude of the current perturbations at the top of the
      scanning current is greatly exaggerated to indicate the conduction
      conditions during each horizontal cycle as described above. FIG. 2d
      illustrates the conduction current of transistor 38. It should be noted
      that during the first half of the vertical trace interval T.sub.0 -
      T.sub.7, transistor 38 conducts a switched decreasing positive current.
      FIG. 2e illustrates the conduction current of diode 41. For illustrative
      purposes, the current illustrated is the negative of the actual current
      through diode 41. It should be noted that during the first half of the
      vertical trace interval, diode 41 is not conducting. FIG. 2f illustrates
      the conduction current of transistor 39. For illustrative purposes, the
      negative of this current is shown in FIG. 2f. As described above, it can
      be seen in FIG. 2f that during the first half of the vertical trace
      interval transistor 39 conducts current in the reverse direction. With
      regard to the yoke current crossover interval occurring between T.sub.7 -
      T.sub.8, by referring to FIG. 2c it can be seen that the yoke voltage is
      -0.1 volt at time T.sub.7 and approximately +0.1 volt at time T.sub.8. The
      voltage at T.sub.8, when transistor 39 is conducting in the forward
      direction, is slightly positive with respect to ground as determined by
      forward saturation voltage drop across transistor 39. Without the
      provision of the reverse conduction of the transistor 39, the voltage step
      at the deflection yoke current crossover point would be the voltage drop
      across diode 42 plus the forward saturation voltage of transistor 39. This
      substantial step in voltage at the crossover point would undesirably be
      seen at the center of the picture tube viewing screen as a relatively
      large concentration of the horizontal scanning lines as the beam slows
      down at the crossover point.
PAR  During the first half of the vertical trace interval, transistor 38
      conducts positive current in its forward direction as illustrated by FIG.
      2d in the time periods T.sub.0 - T.sub.1, T.sub.2 - T.sub.3, etc. The
      positive deflection yoke current during the first half of the vertical
      trace interval is conducted in the reverse direction by transistor 39 and
      in the forward direction by diode 42, as illustrated by waveforms in FIGS.
      2f and 2g, respectively, during the time intervals T.sub.1 - T.sub.2,
      T.sub.5 - T.sub.6, etc.
PAR  Thus, the function of the current amplifier including transistors 38 and 39
      and diodes 41 and 42 is to switch the deflection winding 43 voltage at the
      horizontal deflection rate pulse width modulated at a vertical deflection
      rate to generate the required vertical rate sawtooth deflection winding
      current.
PAR  The switching of the deflection yoke voltage at the relatively high
      horizontal deflection rate is accomplished with minimum perturbation of
      the desired sawtooth vertical deflection current by taking advantage of
      the fact that the impedance of typical toroidal vertical deflection
      windings is on the order of 12-80 millihenrys and 4-30 ohms, yielding a
      L-R ratio of approximately 2-3.times.10.sup.-.sup.3 seconds at the 60Hz
      vertical scanning rate. The impedance of the deflection winding is largely
      resistive at the vertical rate but at the much higher horizontal
      deflection rate the impedance is determined primarily by the inductance
      and the impedance is much higher, therefore the impedance of deflection
      winding 43 resists a change in current flow caused by the applied
      horizontal rate voltage switching waveform of FIG. 2c. The current through
      deflection winding 43 then will be governed by the average voltage applied
      across the yoke. The yoke inductance therefore effectively integrates out
      the high frequency horizontal switching current component so that the
      average current in winding 43 is the desired sawtooth-shaped vertical
      deflection rate current.
PAR  During the first half of vertical scan, T.sub.0 - T.sub.7, transistor 38
      serves to connect the yoke to the voltage source +V. Transistor 39 and
      diode 42 serve to provide a low impedance path for yoke current during the
      times transistor 38 is not conducting.
PAR  During the second half of the vertical trace interval illustrated by the
      time period T.sub.8 - T.sub.16 in FIGS. 2a-2g, the conduction roles of
      transistors 38 and 39, diodes 41 and 42, respectively, are reversed. It
      can be seen that transistor 38 conducts current in the reverse direction
      and the difference between total deflection yoke current and the reverse
      current of transistor 38 is conducted in the forward direction by diode 41
      when the drive voltage is positive. This condition is illustrated in the
      time intervals T.sub.10 - T.sub.11 and T.sub.12 - T.sub.13, etc.
PAR  During the second half of the vertical trace interval, transistor 39
      actively controls the yoke current by conducting in its forward direction
      as illustrated by the waveform of FIG. 2f during the time interval T.sub.9
      - T.sub.10 and T.sub.13 - T.sub.14, etc. Transistor 38 and diode 41 now
      provide a current path to recover the yoke current when transistor 39 is
      not conducting. Diode 42 does not conduct during the second half of the
      vertical trace interval. It should be noted that during the second half of
      the vertical trace interval as illustrated in FIG. 2b, the deflection
      current has crossed the crossover point, T.sub.7 - T.sub.8, and is now
      flowing in a negative direction or opposite the direction it flowed during
      the first half of the vertical trace interval. During the second half of
      vertical scan, the negative yoke current is sourced during the interval
      T.sub.13 - T.sub.14 in a manner similar to the positive yoke current
      sourcing in the interval T.sub.0 - T.sub.1. The alternate yoke current
      path is provided during the interval T.sub.14 - T.sub.15 similar to the
      alternate current flow during the interval T.sub.1 - T.sub.2.
PAR  During retrace, which period is illustrated by the time interval T.sub.16 -
      T.sub.17 in FIGS. 2a-2g, the voltage drive waveform of FIG. 2a is at a
      positive level. This results in transistor 38 being saturated and puts the
      +V voltage minus the reverse saturation voltage of transistor 38 or pulse
      the forward drop of diode 41 whichever has the lesser magnitude at output
      terminal 46 for the first retrace portion when the yoke current is
      negative. During the last portion of retrace, when the yoke current has
      reversed and is positive, the voltage at output terminal 46 is +V minus
      the forward saturation voltage of transistor 38. The +V voltage is
      selected high enough to cause the deflection winding current of FIG. 2b to
      reverse itself during the required retrace interval. It can be seen by
      referring to FIGS. 2d and 2e that the deflection winding current during
      the retrace interval is first conducted by the combination of forward
      conducting diode 41 and the reverse conduction of transistor 38 during the
      negative yoke current portion and by transistor 38 alone during the
      positive current portion. During the positive current interval transistor
      38 is again conducting in its forward direction and therefore able to
      conduct the full deflection winding current.
PAR  It is noted that there is a direct current feed-back path from the junction
      of deflection winding 43 and feedback resistor 44 to the emitter of error
      amplifying transistor 12. The ratio of resistor 17 to resistor 47
      determines the gain of the transistor 12 stage for the error signals.
      Transistor 12 compares the desired scanning current waveform coupled to
      its base electrode with a sample of the actual deflection winding current
      applied to its emitter electrode. The difference between these two signals
      is amplified and results in the pulse width modulation drive waveform
      coupled to the output transistors 38 and 39. The relatively small
      horizontal perturbations present on the feedback waveform coupled to the
      emitter of transistor 12 are effectively removed by integration through
      capacitor 16 in the collector circuit of transistor 12.
PAR  It should be noted that since the average current through the deflection
      yoke is zero during a complete vertical deflection cycle, the average
      voltage is zero also. During the retrace interval there is a fully
      positive (+V minus the voltage across capacitor 45) voltage across the
      yoke, necessary to reverse the current in the yoke. Similarly, since there
      is a constant negative slope to the deflection current during scan, there
      must be an average negative voltage across the yoke during the scan
      interval. Since the time integral of yoke voltage during retrace must
      equal the negative of the time integral of the yoke voltage during scan,
      the average duty cycle of the yoke voltage during scan must be selected to
      achieve this condition. This is accomplished by varying the ratio of
      resistor 13 to resistor 14, which, as stated above, sets the direct
      current voltage level across capacitor 45. This direct current voltage,
      along with the +V voltage level determines the average duty cycle during
      scan. The extremes of variation of the duty cycle are determined by the
      peak yoke currents, yoke impedance, the voltage across capacitor 45, and
      the magnitude of the +V supply.
PAR  From the above explanation it has been shown that the current amplifying
      transistors 38 and 39 were either cut off or in saturation either in a
      forward or reverse current conducting condition. The diodes 41 and 42
      function to provide a path for the deflection winding current which is in
      excess of the reverse current capabilities of the transistors 38 and 39.
      Therefore, since the output amplifying stage including the transistors 38
      and 39 and diodes 41 and 42, effectively operated as a switch, the
      dissipation losses across transistors 38 and 39 are greatly diminished. It
      has been determined that the dissipation loss in each of transistors 38
      and 39 is on the order of 50 milliwatts, whereas the dissipation loss in
      each of the transistors of a class B push-pull amplifier stage is on the
      order of 500 milliwatts for the same yoke. The substantially less power
      dissipation of the transistor 38 and 39 in the described class D
      deflection amplifiers embodied in the invention make it feasible to use
      smaller transistors and/or to incorporate the transistors 38 and 39 as
      part of the integrated circuit thereby substantially reducing the cost of
      the vertical deflection circuit in a television receiver.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A class D amplifier comprising:
PA1  first and second serially coupled active current conducting devices;
PA1  first and second unidirectional current conducting devices respectively
      parallelly coupled to said first and second active devices and poled for
      conducting forward current in a direction opposite to forward current
      conduction in said first and second active devices;
PA1  means coupling the junction of said first and second active devices to the
      junction of said first and second unidirectional devices for forming an
      output terminal adapted for supplying current to a load; and
PA1  means coupled to control electrodes of said first and second active devices
      for providing signals for alternately enabling said first and second
      active devices for conduction such that during a first portion of an
      amplifying cycle said first active device conducts in the forward
      direction and said second active device conducts in its reverse direction,
      and during a second portion of said amplifying cycle said second active
      device conducts in its forward direction and said first active device
      conducts in its reverse direction for minimizing crossover distortion in
      said amplifier.
NUM  2.
PAR  2. A class D amplifier according to claim 1 wherein said means coupled to
      said control electrodes includes biasing means for maintaining forward
      conduction of said respective first and second unidirectional devices when
      the reverse current through said respective first and second active
      devices exceeds a predetermined amount.
NUM  3.
PAR  3. A class D deflection amplifier comprising:
PA1  first and second serially coupled active current conducting devices;
PA1  first and second unidirectional current conducting devices respectively
      parallelly coupled to said first and second active devices and poled for
      conducting forward current in a direction opposite to forward current
      conduction in said first and second active devices;
PA1  means coupling the junction of said first and second active devices to the
      junction of said first and second unidirectional devices for forming an
      output terminal adapted for supplying scanning current to a deflection
      winding; and
PA1  means coupled to control electrodes of said first and second active devices
      for providing a pulse width modulated signal having a first frequency,
      said modulation being representative of the amplitude of a second
      frequency signal for alternately enabling said first and second active
      devices for conduction such that during a first portion of said second
      frequency signal said first active device conducts in the forward
      direction and said second active device and said second unidirectional
      device conduct in their reverse and forward directions, respectively, and
      during a second portion of said second frequency signal said second active
      device conducts in its forward direction and said first active device and
      said first unidirectional device conduct in their reverse and forward
      directions, respectively.
NUM  4.
PAR  4. A class D deflection amplifier according to claim 3 wherein said first
      and second active devices comprise first and second transistors having
      their main conduction paths coupled for forming a push-pull amplifier
      configuration, said first frequency signal is a signal at a multiple
      including one of the horizontal deflection rate and said second frequency
      signal is at the vertical deflection rate.
NUM  5.
PAR  5. A class D deflection amplifier according to claim 4 wherein said
      vertical deflection rate signal comprises a sawtooth waveform for
      effecting modulation of said horizontal rate signals coupled to said
      push-pull amplifier such that the average current obtained from said
      output terminal comprises a sawtooth current waveform at the vertical
      deflection rate for application to said deflection winding.
NUM  6.
PAR  6. A class D deflection amplifier comprising:
PA1  first and second active current conducting devices serially coupled between
      first and second terminals of a source of operating current;
PA1  first and second unidirectional current conducting devices each coupled to
      a junction of said first and second active current conducting devices and
      each coupled to a respective one of said first and second terminals of
      said source of current, said first and second unidirectional devices
      respectively being poled for conducting current in their forward direction
      in directions opposite to the forward current paths of said first and
      second active devices, respectively, said junction forming an output
      terminal adapted to supply scanning current to a deflection winding;
PA1  a source of first signals having a first frequency;
PA1  a source of second signals having a second frequency;
PA1  modulating means coupled to said source of first and second signals for
      pulse width modulating said first signals in accordance with the amplitude
      of said second signals, said modulating means being coupled to control
      electrodes of said first and second active devices for enabling conduction
      thereof by said pulse width modulated first signals, such that when
      average current is flowing in a first direction in said deflection winding
      said first active device conducts in its forward direction and said second
      active device and said second unidirectional device conduct in their
      reverse and forward directions, respectively, and when average current is
      flowing in the opposite direction in said deflection winding said second
      active device conducts in its forward direction and said first active
      device and said first unidirectional device conduct in their reverse and
      forward directions, respectively.
NUM  7.
PAR  7. A class D deflection amplifier according to claim 6 wherein said first
      signals comprise signals at a multiple including one of the horizontal
      deflection rate and said second signals comprise sawtooth signals at the
      vertical deflection rate.
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ABST
PAL  A universal burn-in fixture including a printed circuit board having a
      plurality of regularly spaced areas and with each area receiving a
      semiconductor socket and with the socket having lead members for
      connection to the board through a plurality of holes and with the majority
      of the holes surrounded by a conductive pad area which form islands and
      with each pad surrounded by an insulating area and with the remaining
      portion of the printed circuit board forming a conductive land area and
      with substantially the entire printed circuit board covered by a resistive
      coating to produce resistances between each pad and the surrounding land,
      to provide for desired resistances between a socket lead and the land
      area. A voltage is coupled to the land area to supply the desired burn-in
      voltage at the socket leads.
BSUM
PAR  The present invention is directed to a universal burn-in fixture wherein a
      plurality of semiconductors devices may be aged at an accelerated rate.
      The specific structure used to produce the universal burn-in fixture of
      the present invention may also be used to produce printed circuit boards
      having a multiplicity of resistors but with a simpler construction and
      method of production than the prior art printed circuit boards with
      integral resistors.
PAR  It is a constant goal in the semiconductor industry to improve reliability
      of semiconductor devices. Specifically, integrated circuits often fail
      during their initial stage of operation. It would therefore be desirable
      to eliminate these integrated circuits which may fail at a time prior to
      their being installed in equipment. A procedure known as "burn-in" where
      the semiconductor device is aged at an accelerated rate has been employed
      as a means to improve the reliability of the semiconductors by providing
      rapid failure of the defective semiconductor devices.
PAR  Semiconductor devices if properly manufactured do not have any inherent
      "wear out" mechanism. If the semiconductor devices are properly
      manufactured, they should operate indefinitely and are not affected by
      normal operation or by a properly administered "aging" or " burn-in"
      program. Unfortunately, the process of manufacturing the semiconductor
      device introduces several physical mechanisms, any one of which may fail
      during the operation of the semiconductor device to cause the ultimate
      failure of the semiconductor device. Therefore many semiconductor devices,
      auch as integrated circuits, do fail after a short period of operation
      when part of a manufactured device. The particular failure mechanisms in
      the semiconductors devices can be directly affected by a burn-in program
      so as to produce a failure of the semiconductor device if such a failure
      had inherently existed in the device. The burn-in program is therefore
      used to screen out semiconductor devices which would fail in the field
      before the semiconductor device is installed as a part of a manufactured
      item.
PAR  The burn-in of semiconductor devices is therefore desirable because the
      ultimate reliability may be greatly enhanced by using properly designed
      burn-in techniques so as to rapidly age the semiconductor devices and
      thereby prematurely operate the failure mechanisms in the semiconductor
      devices. Generally, a burn-in program for particular semiconductor devices
      should have the following conditions. First, a set of conditions that
      approximate but do not exceed the worse case conditions for the device
      being aged. Secondly, an increased temperature to directly increase the
      rate of the aging reaction. After the burn-in has been accomplished, then,
      of course, the semiconductors must be subjected to properly designed
      measuring equipment using test techniques so as to separate the devices
      that have either failed or show a trend towards failure. Once these steps
      have been performed, the remaining semiconductor devices show a marked
      improvement in reliability since the number of failures in the field are
      greatly decreased.
PAR  Although there are several accepted burn-in methods, the present invention
      will be described with reference to a particularly chosen burn-in method
      which is generally defined as a steady state reverse bias burn-in method.
      Since this particular type of burn-in method meets all of the general, as
      well as most of the worst case requirements of a good burn-in program,
      most independent test laboratories have adopted this method as standard.
      Essentially, this burn-in method requires that all inputs be reversed
      biased and that power be applied to the power terminal and that the ground
      terminal be grounded.
PAR  In order to describe the method and apparatus of the present invention, a
      specific embodiment of a universal burn-in fixture is illustrated for use
      in burning in a specific type integrated circuit. Specifically, the most
      commonly used package for integrated circuits is a package type called a
      dual-in-line or DIP package, and the universal burn-in fixture of the
      present invention will be described with reference to such a DIP package.
      It is to be appreciated, however, that the techniques of the present
      invention are applicable to other types of integrated circuit packages or
      semiconductor device packages and that the techniques of the present
      invention are also applicable for the construction of multiple resistor
      printed circuit boards.
PAR  In order to build a universal burn-in fixture, the common characteristics
      of the pins or package terminals of the DIP packages must be defined.
      These terminals must be one of the following; input, output, ground or
      common terminal, Vcc, or power terminal, or none of the foregoing.
PAR  In order to properly burn-in or age a semiconductor device, the following
      must be provided for each one of the above described terminals. First, as
      to the input terminals which have different pin locations and different
      quantities for different integrated circuits using the same DIP package,
      the Vcc must be applied either directly or through a resistor. Secondly,
      as to the output terminals, which have different pin locations and
      different quantities for different integrated circuits using the same DIP
      package, these terminals must be connected to Vcc through a resistor or
      left open. A further requirement for the output terminals is that the
      outputs must not be connected directly to each other. Third, as to the
      ground terminal which is in the same place for most integrated circuits
      using the same DIP package, this terminal must be either connected to
      ground or to the common terminal of the Vcc supply. Fourth, as to the Vcc
      terminal which is in the same place for most integrated circuits using the
      same DIP package, this terminal must be connected to the Vcc supply.
      Finally, other terminals which do not fall into any of the above
      categories and would result in special handling, are ignored as part of
      the burn-in fixture of the present invention since these other types of
      terminals are infrequently used.
PAR  The above requirements when reduced to their essentials, result in a
      fixture which must have the following characteristics in order to be
      universal to a plurality of types of integrated circuits each packaged in
      a similar housing. First, the ground must be connected to the ground
      terminal, second, Vcc must be connected to the Vcc or supply terminal, and
      third, a resistor to Vcc must be provided for all other terminals.
PAR  Since it is desirable to provide for the aging of as many packages as
      posssible on a single fixture, it is necessary to provide for a relatively
      high density of sockets on each fixture. Present techniques allow for
      approximately 200 sockets per square foot of fixture surface. Since each
      socket would require 12 to 13 resistors for different size DIP packages,
      this results in a requirement of 2,400 to 2,800 resistors per square foot
      for a universal fixture. It can be seen that although such a requirement
      could be met by building a fixture having this number of separate
      resistors, this type of fixture would be relatively expensive, and
      therefore, impractical. Since this type of universal fixture is
      impractical, the more common practice in the testing industry is to build
      a unique fixture for each type of semiconductor device to be aged so as to
      reduce considerably the number of separate resistors. The testing industry
      has therefore avoided the mechanical problems of building a universal
      fixture due to the high resistor density with its resultant mechanical
      difficulties.
PAR  The present invention provides for a universal burn-in fixture by using a
      conductive pattern on a printed circuit board that has a controlled and
      definable distance between separate pads and a surrounding land area and
      with the socket terminals connected to the pads. Such a printed circuit
      board may be made using standard printed circuit techniques. In order to
      provide for the necessary resistors, a resistive coating is applied to
      substantially the entire surface of the printed circuit board including
      the land area, and the individual pads, and this resistive coating
      provides for individual resistors to be formed between each pad and the
      surrounding land area. This structure effectively provides for the
      possibility of a resistor for each terminal and with the value of the
      resistor being a function of the length to width ratio between the pad and
      the surrounding area and the resistance per unit square of the resistive
      material which is applied to the printed circuit board.
PAR  The supply voltage Vcc may be connected to the conductive land area and in
      order to provide for the direct connection of Vcc to the Vcc terminal, a
      direct connection may be provided between the pad and the land area at the
      Vcc terminal. The structure of the universal burn-in fixture of the
      present invention may therefore be visualized as a plurality of pads or
      islands surrounded by conductive material and with the space between the
      pads and the surrounding conductive area bridged by the resistive material
      to form the plurality of resistors. As indicated above, the Vcc terminal
      may be bridged directly to the surrounding conductive area, but with all
      of the other socket terminals connected to Vcc through separate resistors.
      This structure also results in the ground terminal including a useless
      resistor between Vcc and ground but a direct connection to ground may be
      provided by using the opposite side of the printed circuit board and
      including a plurality of ground busses connected to each ground terminal.
      The pad area for the ground terminal may be eliminated so as to greatly
      increase this useless resistance and thereby prevent excess drain of the
      Vcc supply.
PAR  The structure of the present invention has many advantages over prior art
      attempts to build a universal burn-in fixture since it uses standard
      materials and processes such as standard printed circuit techniques
      followed by a coating with a resistive material. This use of standard
      materials and processes provides for a low cost in the building of the
      universal burn-in fixture. The need for such a fixture has been apparent
      to the semiconductor testing industry for a long time and results in a
      considerable cost saving in the burn-in of semiconductor devices.
PAR  As indicated above, the techniques of the present invention may be used not
      only for the production of a universal burn-in fixture, but may also be
      used to provide for a low cost printed circuit board having a multiplicity
      of resistors formed from a single layer of resistive material so as to
      provide for a complete resistive circuit using printed circuit techniques.
DRWD
PAR  The particular embodiment of the present invention for use as a universal
      burn-in fixture and also as a means of providing a printed circuit board
      having a multiplicity of resistors may be seen with reference to the
      following description and drawings wherein,
PAR  FIG. 1 illustrates a front view of a universal burn-in fixture of the
      present invention;
PAR  FIG. 2 illustrates a top view of the universal burn-in fixture of the
      present invention shown in FIG. 1;
PAR  FIG. 2a illustrates a fragmentary portion of the universal burn-in fixture
      of the present invention showing the conductive pattern on the side of the
      printed circuit board which receives the resistive coating;
PAR  FIG. 3 illustrates a fragmentary portion of the bottom of the printed
      circuit board opposite to the portion shown in FIG. 2a;
PAR  FIG. 4 illustrates schematically the equivalent electrical circuit for a
      single socket of the universal burn-in fixture of the present invention;
PAR  FIG. 5 illustrates a flow chart of the method of making the universal
      burn-in fixture of the present invention and specifically, making the
      printed circuit board prior to installation of the sockets;
PAR  FIG. 6 illustrates a schematic of an electrical circuit to be constructed
      in accordance with the teachings of the present invention;
PAR  FIG. 7 illustrates a top view of a printed circuit board forming a
      multiplicity of resistors equivalent to the schematic of FIG. 6;
PAR  FIG. 8 illustrates a bottom view of the printed circuit board of FIG. 7;
      and
PAR  FIG. 9 illustrates a front view of the printed circuit board of FIGS. 7 and
      8 showing the sockets and transistors in position on the printed circuit
      board.
DETD
PAR  In FIG. 1, a front view of a universal burn-in fixture of the present
      invention is shown and it can be seen that the fixture is formed from a
      printed circuit board having a plurality of layers. A central layer of
      insulating material 10 is the basic structural support member and may be
      of the type of insulating material commonly used in printed circuit
      boards. A pair of conductive layers 12 and 14 are disposed on opposite
      sides of the insulating member 10 and these conductive layers are formed
      in predetermined patterns using standard printed circuit techniques.
PAR  Disposed over the conductive layer 12 is a layer of resistive material 16
      and as will be explained at a later portion of this specification, this
      resistive layer substantially covers the entire conductive pattern 12. A
      plurality of sockets 18 are supported on the fixture through the use of
      lead or pin members 21 which extend through openings in the various layers
      forming the universal burn-in fixture. The sockets 18 are of a standard
      type to receive semiconductor devices, such as integrated circuits 20
      packaged in a dual-in-line or DIP configuration. It is to be appreciated
      that other types of sockets may be used to accommodate semiconductor
      devices having other standard package configurations.
PAR  As shown in FIG. 2, the universal burn-in fixture of the present invention
      is divided into a plurality of predetermined areas each of which
      accommodates a socket 18 for receiving an IC chip 20. These areas are
      formed in rows and columns so that a large number of IC circuits may be
      aged at the same time. The burn-in fixture also includes an edge portion
      22 having a plurality of parallel conductive fingers. At least some of the
      fingers are connected to the land portion of the conductive pattern 12 and
      with the area 22 forming a standard printed circuit connector member to be
      received within a socket (not shown) which is used to supply the power and
      ground connection to the burn-in fixture of the present invention.
PAR  It can be seen in FIG. 2 that of each socket lead position on the board, an
      opening 24 extends through the printed board. The openings 24 are plated
      using a standard hole plating process so as to provide a connection
      through the board. Surrounding substantially all of these openings 24 at
      each socket lead position are small pads or islands of conductive material
      26. This may be seen more clearly in FIG. 2a where the plurality of
      openings 24 are shown to be located within these pads or islands of
      conductive material 26. The islands of conductive material 26 are spaced
      from the surrounding conductive layer 12, which is called the land, and
      this spacing 28 would normally be produced by etching away the conductive
      material so that the islands 26 are insulated from the land 12 while at
      the same time protecting the plating in the holes 24.
PAR  It will be noted in the particular example shown in FIG. 2a that two of the
      pad areas have a different configuration from the remaining pads at each
      socket lead position. Specifically, at a pad area 30 the pad and the land
      are interconnected by a bridge 32 so that a positive voltage Vcc supplied
      to the conductive land area 12 is directly connected to the socket at the
      position 30. This is to insure that the Vcc voltage is coupled directly to
      the Vcc lead of the integrated circuit which is standardized to be at the
      position shown as position 30 in FIG. 2a. It is to be appreciated that at
      the position 30 the pad may be eliminated so that the Vcc lead would pass
      directly into the land area.
PAR  Diagonally opposite from the socket position 30 is a socket position 34
      where the entire pad area has been removed. The pad position 34
      corresponds to the standard ground position for an integrated circuit. The
      elimination of the conductive pad area provides for an increase in the
      value of the useless resistor formed between the ground lead and Vcc. An
      increase of this ground resistance reduces energy consumption.
PAR  The resistance provided between the conductive land area 12 and each
      conductive pad 26 is provided by the layer of resistive material 16 shown
      in FIGS. 1 and 2. This resistive material is applied to the entire
      conductive area including the land 12 and pads 26 and the resistive
      material bridges the space 28 between the pads 26 and land 12 to form a
      resistor at each pin position 24. The value of the resistor is a function
      of length to width ratio and resistance per unit square of the resistive
      material which is used. For example, a resistive material such as graphite
      suspended in a binder to form a resistive paint may be used to form the
      resistive layer. It is to be appreciated, however, that other resistive
      materials may be used and the invention is not to be limited to a specific
      resistive material.
PAR  As indicated above, no pad resistor is formed at socket position 30. At
      socket position 34 the resistance is greatly increased since the pad is
      eliminated. These resistances may be seen with reference to FIG. 4 where
      resistors R1 are formed at substantially all of the pin locations 24 but
      with a larger value resistor R2 formed at position 34 and no resistor
      formed at position 30.
PAR  FIG. 3 illustrates the underside of the board opposite to that shown in
      FIG. 2a and it can be seen that the lead members 21 extend through the
      board and are soldered to small soldering areas 36 by standard soldering
      techniques such as flow soldering. This soldering provides for good
      electrical connection between the pins 21 and the pad areas 26 and 30
      shown in FIG. 2a since the holes 24 are plated to provide a connection
      between the pads 26 and 30 and the solder areas 36.
PAR  A ground bus is provided by conductive pattern 14 which ground bus runs
      between the leads for each socket and is connected to the ground pin at
      position 34 for each socket. The ground bus is then coupled through the
      connector edge portion 22 to a ground circuit for grounding the IC devices
      during the aging of the IC devices 20.
PAR  FIG. 5 illustrates a method of producing the universal burn-in fixture of
      the present invention. Initially, a standard double conductive clad PC
      board is formed to the general shape shown in FIG. 2, and the first step
      would be to drill the PC board in a predetermined socket pattern
      corresponding to the plurality of socket positions on the board shown in
      FIG. 2. After the board has been drilled in the predetermined pattern, a
      hole plating operation connects the two sides of the board through the
      holes. The printed circuit board is next coated with photoresist material
      and such coating may be provided on both sides of the board. The
      photoresist on both sides of the board is next exposed with particular
      desired conductive patterns and FIGS. 2, 2a and 3 illustrate specific
      forms of conductive patterns which provide for the desired characteristics
      for a universal burn-in fixture. In addition the pattern provides for
      protection of the hole plating during the etching. The exposed conductive
      pattern is then developed and the printed circuit board is next immersed
      in an acid solution to etch away the unwanted areas to form the pads
      separated from the land on one side of the board and the ground busses on
      the other side of the board and with hole plating to provide connection
      through the board.
PAR  The final step which provides for all of the resistors is merely to coat
      one side of the board and specifically cover the conductive pattern
      including the pads surrounded by the land with a resistive material. This
      layer of resistive material provides for the multitude of resistors
      necessary to form a universal burn-in fixture which fixture would be used
      to test a plurality of different types of semiconductor devices wherein
      the only common characteristics between the semiconductor devices are the
      positions for the Vcc and ground terminals. The remaining terminal
      positions for these different types of semiconductor devices are used for
      different types of inputs and outputs depending upon the particular
      characteristics of the semiconductor device.
PAR  The final steps to making the burn-in fixture would be mount the sockets
      and solder them in position with the mounting shown in FIGS. 1 and 2.
PAR  It is to be appreciated that although one embodiment of the invention has
      been shown with reference to a universal burn-in fixture for a DIP
      integrated circuit package having 16 leads, the invention is not limited
      to this specific package. Other DIP packages having smaller or larger
      numbers of leads and also other types of standard semiconductor packages
      may also have appropriate universal fixtures with similar structure to
      that shown in FIGS. 1 through 4.
PAR  FIGS. 6, 7 and 8 illustrate a second embodiment of the invention and
      specifically illustrate the use of the invention to provide for a
      plurality of resistive elements from a single layer of resistive material
      in combination with a printed circuit board having a particular conductive
      pattern. Specifically, FIG. 6 illustrates a desired electronic circuit
      including a pair of transistors 100 and 102 which are to be intercoupled
      using a resistive divider network. For example, the input to the circuit
      is applied to a voltage divider including a pair of resistors 104 and 106
      and with resistor 104 coupled between a voltage supply Vcc and the input
      terminal and with the resistor 106 coupled between ground and the input
      terminal and with the input terminal also coupled to the base of the
      transistor 100.
PAR  The output from the transistor 100 is taken across a resistor 108 which is
      coupled between the collector of the transistor 100 and Vcc and with this
      output signal also applied to the base of transistor 102. The emitter of
      transistor 100 is coupled to ground through a resistor 110. The emitter of
      transistor 102 is also coupled through a resistor 112 to ground. The
      output of the transistor 102 is taken across resistor 114 which is coupled
      between the collector of transistor 102 and Vcc.
PAR  It can be seen that such a circuit as shown in FIG. 6 includes a plurality
      of resistive elements 104 through 114 and it would be desirable to provide
      for such plurality of resistive elements using a single layer of resistive
      material. FIGS. 7, 8 and 9 illustrate such a structure and include an
      insulating base member 116. In FIG. 7, the insulating base member is shown
      to include a conductive Vcc portion 120 and a conductive ground portion
      122. An input line 124 is connected to the base terminal of transistor 100
      and through a hole plated opening 126. A hole plated opening 128 is
      coupled through a conductive path 130 to a hole plated opening 132 which
      is the base area for the base of transistor 102.
PAR  A hole plated opening 134 is used for the emitter of transistor 100 and a
      hole plated opening 136 is used for the emitter of transistor 102.
      Finally, a hole plated opening 138 for the collector of the transistor 102
      is coupled to an output line 140. The transistors 100 and 102 may be
      coupled either directly to the hole plated openings by soldering the leads
      within the openings on the underside of the board 116, or socket members
      142 and 144 as shown in FIG. 9 may be used to receive the transistors 100
      and 102. If socket members are used, then these socket members are
      soldered to the board in a manner similar to that shown in FIG. 3 for the
      first embodiment of the invention. Specifically, as shown in FIG. 9, lead
      members are shown protruding from the bottom portion of the board which
      lead members represent the positions for the base, emitter and collector
      of the transistors 100 and 102.
PAR  As shown in FIG. 8, a plurality of conductive paths 146 to 154 extend from
      the hole plated openings 126, 128, 134, 136 and 138 to a second group of
      hole plated openings 156 to 166. The second group of hole plated openings
      are surrounded by the Vcc area 120 and the ground area 122 to provide for
      the plurality of resistances when substantially all of the conductive
      areas 120 and 122 of the printed board 116 are covered with a layer of
      resistive material 146. The resistive material 146 bridges the spacings to
      provide for the resistances 104 through 114 shown in FIG. 6 and the
      desired value of resistance may be provided by the appropriate spacing
      between the hole plated openings and the Vcc and ground areas. As
      indicated above, the layer of resistive material may be a material such as
      graphite suspended in a binder so that the resistive material may be
      applied by painting or spraying the resistive material on the conductive
      surface. In order to prevent spraying of the area between the conductive
      areas 120 and 122, this area may be masked using masking tape prior to the
      spraying with the resistive material. This eliminates leakage resistane
      paths since resistances are formed only between the transistor terminals
      and the Vcc and ground areas.
PAR  It can be seen therefore, that the present invention is directed to a
      structure for providing for a plurality of resistances using a single
      layer of resistive material and with the resistances formed between spaced
      conductive areas so that the specific geometry of the conductive areas
      provide for a desired pattern that has controlled and definable distances
      and areas between pads and adjacent land areas and with the resistances
      produced using the single layer of resistive material. Specifically, the
      invention may be used with semiconductor devices to provide for a
      resistance to each lead or substantially all the leads of the
      semiconductor devices so as to produce either a desired electronic circuit
      or in a specific embodiment of the invention, to provide for a universal
      burn-in fixture having substantially all of the lead members including a
      resistance between the lead member and a constant voltage.
PAR  Although the invention has been described with reference to particular
      embodiments, it is to be appreciated that various adaptations and
      modifications may be made and the invention is only to be limited by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A universal burn-in fixture for aging a plurality of semiconductor
      devices at the same time, and wherein the semiconductor devices may be any
      one of a plurality of types which are enclosed in a standard package
      having a plurality of leads in predetermined locations, including,
PA1  a printed circuit board having a layer of conductive material on at least
      one side of the board,
PA1  the printed circuit board subdivided into a plurality of areas each
      conforming in size to receive a semiconductor device of standard
      configuration and with each area containing a plurality of openings
      conforming in location to the predetermined locations of the plurality of
      leads for each standard semiconductor package,
PA1  the layer of conductive material formed in a conductive pattern of pads of
      conductive material spaced from and surrounded by the remaining layer of
      conductive material and with the pads of conductive material surrounding
      predetermined ones of the openings, and
PA1  a unitary layer of resistive material covering substantially all of the
      layer of conductive material and bridging the spacing between the pads of
      conductive material and the surrounding conductive material to form a
      separate resistor between each pad and the surrounding conductive
      material.
NUM  2.
PAR  2. The universal burn-in fixture of claim 1 wherein each of the plurality
      of types of semiconductor devices include a voltage supply lead and a
      ground lead at standard positions and wherein each area of the printed
      circuit board includes openings at locations conforming to the positions
      of the supply lead and the ground lead and wherein the remaining layer of
      conductive material surrounds the opening for the supply lead to provide a
      direct connection and wherein the burn-in fixture includes a ground
      connection to the opening of the locations conforming to the ground leads.
NUM  3.
PAR  3. The universal burn-in fixture of claim 2 wherein the ground connection
      includes at least one ground buss formed as a conductive layer on the side
      of the printed circuit board opposite to the one side.
NUM  4.
PAR  4. The universal burn-in fixture of claim 1 additionally including sockets
      for receiving the semiconductor devices and with each socket located at
      one of the plurality of areas of the printed circuit board and with each
      socket including leads passing through the openings for electrical
      connection to the printed circuit board.
NUM  5.
PAR  5. The universal burn-in fixture of claim 1 wherein the semiconductor
      devices are integrated circuits enclosed in a DIP package and wherein the
      printed circuit board is subdivided into rows and columns.
NUM  6.
PAR  6. A universal burn-in fixture for receiving a plurality of electronic
      elements including,
PA1  a support member of insulating material,
PA1  a conductive layer supported by the insulating material for receiving the
      plurality of electronic elements at predetermined positions,
PA1  the conductive layer including a plurality of pads for connection to the
      electronic elements and with the pads spaced from a surrounding conductive
      land area of the conductive layer, and
PA1  a unitary layer of resistive material covering substantially all of the
      conductive layer and bridging the spacing between the pads and the land
      area to form separate resistors between each pad and the land area.
NUM  7.
PAR  7. The universal burn-in fixture of claim 6 wherein each of the electronic
      elements include a voltage supply lead and a ground lead at standard
      positions and wherein each predetermined position includes openings at
      locations conforming to the positions of the supply lead and the ground
      lead and wherein the land area of conductive material surrounds the
      opening for the supply lead to provide a direct connection and wherein the
      burn-in fixture includes a ground connection to the opening at the
      locations conforming to the ground leads.
NUM  8.
PAR  8. The universal burn-in fixture of claim 7 wherein the ground connection
      includes at least one ground buss formed as a conductive layer on the
      other side of the insulating member.
NUM  9.
PAR  9. The universal burn-in fixture of claim 6 wherein the electronic elements
      include sockets and with each socket located at one of the predetermined
      positions on the conductive layer and with each socket including members
      for electrical connection to the conductive pads.
NUM  10.
PAR  10. The universal burn-in fixture of claim 6 wherein the electronic
      elements include integrated circuits enclosed in a DIP package and wherein
      the predetermined positions are subdivided into rows and columns.
NUM  11.
PAR  11. A support member including a plurality of resistive elements, including
PA1  a support member of insulating material,
PA1  a conductive layer supported by the support member on at least one side of
      the support member,
PA1  the conductive layer including a plurality of pads and with the pads spaced
      from at least one conductive land area forming the remaining portion of
      the conductive layer and with the land area at least partially surrounding
      the pads, and
PA1  a unitary layer of resistive material covering substantially all of the
      conductive layer and bridging the spacing between the pads and the land
      area to form resistors between the pad and the land area.
NUM  12.
PAR  12. The support member of claim 11 additionally including a plurality of
      electronic elements each including a voltage supply lead and a ground lead
      of standard positions and wherein the land area of conductive material
      provides a direct connection to the supply lead and additionally including
      a ground connection to the locations conforming to the ground leads.
NUM  13.
PAR  13. The support member of claim 12 wherein the ground connection includes
      at least one ground buss formed as a conductive layer on the other side of
      the support member.
NUM  14.
PAR  14. The support member of claim 11 additionally including sockets and with
      each socket located on the conductive layer and with each socket including
      members for electrical connection to the conductive pads.
NUM  15.
PAR  15. The support member of claim 11 wherein the land area is formed into a
      voltage supply section and a ground section and wherein the resistors are
      formed between the pads and the voltage supply section and the ground
      section.
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ABST
PAL  The invention relates to a chassis intended to hold electronic modules
      which use printed circuit boards. The chassis includes upper and lower
      supports for the boards which have slide-ways to guide the boards, and
      also serve to align connectors and secure them to front and rear upper and
      lower cross-pieces of the chassis. The supports snap or latch onto the
      cross-pieces by means of mouths which are orientated at right-angles to
      one another. The chassis may be employed in industrial automation control
      systems.
BSUM
PAR  The invention relates to a chassis intended to hold electronic circuits,
      and in particular circuits laid out on printed circuit boards.
PAR  This type of chassis is used, in particular, in equipment such as that
      employing digital techniques and logic circuits for processing data for
      the purposes of process automation, and the automatic control of
      industrial plant and computer systems.
PAR  Chassis intended for holding printed circuit boards are known which consist
      of two side-walls joined together by two upper cross-pieces and two lower
      cross-pieces, each of which has regularly spaced openings along it to
      receive members for aligning or locking detachable horizontal supports.
      The function of the supports is to guide the circuits and their
      connections to connectors which are attached vertically to the rear upper
      cross-piece and the rear lower cross-piece, and to hold them in position
      there.
PAR  In this known arrangement, the openings are usually enclosed, and may be
      square or circular, and are cut out of the walls of the cross-pieces. The
      stresses generated when these openings are made always result in the
      material being stretched locally, and this is often the cause of the
      cross-piece deforming, especially if the openings are not made on the
      neutral axis.
PAR  Also, since the connectors attached to the cross-pieces need to line up
      exactly with the contacts on the printed circuit boards, a second series
      of openings has to be made at a very precise distance from the first
      series of openings to allow the connectors to be attached. All the
      openings have to be made to close tolerances to prevent any misalignment
      which might result from inaccurate assembly.
PAR  It is clear that it will be all the more difficult to fit the various parts
      into the openings when they are made to close tolerances and, if it is
      also borne in mind that the cross-pieces have additional openings to allow
      them to be fixed to the side-walls of the chassis, it will be realised
      this sort of equipment is costly and takes a long time to assemble.
PAR  Therefore, it is an object of the invention to provide a chassis which is
      of similar dimensions, but in which the number of openings to be made is
      considerably reduced, in which alignment between the connectors and the
      printed circuit boards is ensured in a simple but positive fashion, and in
      which the openings which are made are of a form which reduces any
      deformations in the cross-pieces and which allows the openings to be used
      to fix the said cross-pieces to the side-walls of the chassis.
PAR  In accordance with the invention this object is mainly achieved by virtue
      of the fact that the openings are formed by open parallel grooves, the
      fact that the members for aligning each support are represented by two
      ribs which co-operate with the grooves in either the upper or lower
      cross-piece, and the fact that the end of each support adjacent the
      connector incorporates means which, on the one hand, enable it to line the
      connector up with itself and, on the other hand, enable it to press the
      said connector against a rear cross-piece.
PAR  In accordance with additional features which strengthen the cross-pieces
      and economise on the means of attaching them, the grooves are formed
      perpendicularly to the axes of the cross-pieces in the two parallel limbs
      of a shaped member of generally F-section which forms each cross-piece,
      while the same grooves which are intended to align the supports are also
      used to hold brackets having projections, which brackets are fitted
      between the parallel limbs of the cross-pieces with a view to securing the
      latter against the side-walls of the chassis or slide-out rack.
DRWD
PAR  In order that the invention may be more readily understood, reference will
      now be made to the accompanying drawings, in which:
PAR  FIG. 1 is a front view, partly or section, of a chassis or slide-out rack
      according to one embodiment of the invention;
PAR  FIG. 2 shows the same chassis viewed from the left-hand side on FIG. 1, and
      sectioned along line XX' of FIG. 1;
PAR  FIG. 3 is a sectional view of the upper cross-pieces, the rear cross-piece
      being on the left, and the front cross-piece being on the right;
PAR  FIG. 4 is a side-view of the board support which is intended to be attached
      to the parts of the cross-pieces shown therebeneath;
PAR  FIG. 5 shows, in detail, how the rear end of the support aligns the
      connector and holds it in place;
PAR  FIG. 6 is a side and a top view showing the form of the brackets for
      attaching the cross-pieces to the side-wall, and showing how they are
      fitted;
PAR  FIG. 7 shows a modification in which the front and rear cross-pieces are
      identical.
DETD
PAR  In FIG. 1, which shows the rack or chassis in elevation, the space within
      the chassis is defined by two side-walls 1 and 2 which are joined together
      by two parallel upper cross-pieces 3 and 5 and two parallel lower cross
      pieces 4 and 6. In the right-hand half of FIG. 1, the front upper and
      lower cross-pieces 3 and 4 respectively have been broken away to expose
      the corresponding rear upper and lower cross-pieces 5 and 6 respectively
      (see also FIG. 2).
PAR  Indicated at 11 is the front panel of an electronic module which has been
      inserted into the chassis in a direction perpendicular to the plane of
      FIG. 1, and which is guided and held by two supports 7 and 8. Connectors
      such as the connectors 10, shown in the right-hand half of FIG. 1, are
      applied against the rear cross-pieces 5 and 6 in alignment with the
      electronic modules.
PAR  As will be more readily seen from FIG. 2, the front panel 11 of the
      electronic module has two clips 40 and 13 which are secured to a printed
      circuit board 12, whilst the rear section of the circuit board
      incorporates a socket 9 intended to co-operate with the connector 10. On
      its rear or left hand face, the connector 10 has pins intended to be
      connected to the pins of neighbouring connectors. The upper and lower
      supports 7 and 8 are each formed therein with a slide-way 36, shown in
      FIG. 4, to hold one of the opposite edges of the circuit board 12, so as
      to slidably receive and guide the circuit board.
PAR  As can be seen from FIGS. 2 and 3, the cross-pieces 3, 4, 5 and 6 are
      profiled members of generally F-shaped cross-section which are produced,
      for example, by extrusion. The rear upper and lower cross-pieces 5, 6 are
      formed by mutually identical profiled members which have two parallel
      limbs 32 and 33, and a vertical wall 50. The front upper and lower
      cross-pieces 3 and 4 are similar to the other cross-pieces, and have limbs
      32' and 33', and they are so arranged that the channels 20 and 19 formed
      respectively by the limbs of the two cross-pieces 5 and 3 face or open
      towards one another.
PAR  In the limbs 32 and 33, or 32' and 33', are formed regularly spaced
      parallel grooves 18 and 21 respectively, as will also be seen from FIG. 1.
      In a preferred embodiment, these grooves are perpendicular to the axes of
      the cross-pieces and are spaced apart by a distance of 5.08 mm.
PAR  The lower and upper supports (8 and 7 respectively) are so shaped that they
      are substantially symmetrical with respect to a horizontal plane passing
      between them, except for a hook 15 which is provided only on the upper
      support 7. This hook is intended to engage with another hook 14 which is
      secured to the front panel 11 of the module, in order to lock the module
      in place.
PAR  In the following description, only the upper support shown in FIG. 4 will
      be described in detail. This latter support has mouths 22 and 23 at its
      front and rear ends respectively, one of the jaws 24 or 25 respectively of
      which possesses a certain amount of rigidity, while the opposite jaw 26 or
      27 respectively possesses a certain amount of resilience. Each of the two
      latter jaws has a locking catch. It will be noted that the pairs of jaws
      forming these mouths are arranged, or open in directions, at right angles
      to one another. Two ribs 16 and 17 extend across the mouths 22 and 23
      respectively, the width of these ribs being close to that of the grooves
      18, 21. A support 7 or 8 is placed in position, firstly by fitting or
      springing the jaw 22 over the limbs 32 and 33 of an associated upper or
      lower rear cross-piece respectively in such a way that the rib 16 enters a
      groove 18, and by then pivoting the front end of the support 7 upwards (or
      the support 8 downwards) so that jaw 23 will engage around the front
      cross-piece 3 (or 4), and rib 17 will enter a corresponding groove 21. The
      supports remain in position due to the latching action of the resilient
      jaws 26 and 27 on the cross-pieces.
PAR  It will be seen that this method of attachment and guidance allows the
      supports to expand, and thus prevents them from deforming when affected by
      temperature.
PAR  One way of attaching a connector 10, and of aligning it with a module, is
      shown in FIG. 5. In this Figure, on the opposite side from the cross-piece
      5, the rigid jaw 24 has a shoulder 29 which carries a boss or stud 28
      which is preferably cylindrical. The size and position of the stud 28 and
      shoulder 29 are such that, if a connector 10 is placed against the walls
      50 of two rear cross-pieces, fixing apertures 30 in its attachment lug 31
      will be situated opposite the studs. Thus, upon fitting mouth 22 over the
      cross-piece 5, the stud 28 will enter the aperture 30 in the attachment
      lug 31 of the connector 10, and, in addition, the shoulder 29 will press
      the lug 31 against the wall 50.
PAR  There is, therefore, no necessity to provide apertures in the cross-pieces
      for the connectors to be attached to, and the connectors are precisely
      aligned without doing anything further.
PAR  In the modification shown in FIG. 7, identical cross-pieces could be used,
      the angular position of the front cross-pieces with respect to the rear
      cross-pieces being displaced about a longitudinal axis by 90.degree..
PAR  Since the ends of the cross-pieces need to be rigidly attached to the walls
      1, 2, the idea was conceived of taking advantage of the existence of the
      grooves, and of the fact that the cross-pieces form channels 19 and 20.
      For this purpose, brackets 35 and 34 are used which are shown in FIGS. 1
      and 5, and in particular in FIG. 6.
PAR  The size of the brackets 35 and 34 is such that they can be introduced into
      the channels formed between the limbs of the cross-pieces, and these
      brackets have projections 37 and 38, and a threaded aperture 39.
PAR  The top section of FIG. 6 shows that the projections 37 and 38 fit into the
      grooves 21, while FIG. 1, at the top right-hand side, shows how a bracket
      34 is used to attach the end of a cross-piece against the wall 2 by means
      of a clamping screw 51.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rack for mounting circuit boards comprising: a pair of vertically
      spaced side walls, a first pair of vertically spaced cross-pieces attached
      to the respective side walls, a second pair of vertically spaced
      cross-pieces attached to the respective side walls and extending parallel
      to said first pair of cross-pieces, said first and second pairs of
      cross-pieces each having regularly spaced and inwardly facing grooves,
      said second pair of cross-pieces having inwardly facing extensions, a
      connector provided with first and second end projecting tongues, each of
      said projecting tongues being provided with an aperture, a plurality of
      pairs of support members each extending between the first and second pairs
      of cross-pieces, said support members being provided with opposed
      elongated grooves for the reception of circuit card edges and having
      projecting studs which removably engage the said apertures and shoulders
      which press the said projecting tongues against the said inwardly facing
      extensions, said support members further having vertically extending ribs
      which slidably and horizontally engage the grooves of the cross-pieces of
      the second pair and resilient jaws which grasp and hold the cross-pieces
      of the second pair, said support members further having further ribs which
      slidably and vertically engage the grooves of the cross-pieces of the
      first pair and further resilient jaws which grasp and hold the
      cross-pieces of the first pair.
NUM  2.
PAR  2. A rack as claimed in claim 1, wherein each of the said support members
      has at each end thereof first and second jaws forming a clamping means,
      the first jaw being rigid while the second jaw is resilient and terminates
      in a locking catch, the said ribs and further ribs each extending across
      the said first and second jaws.
NUM  3.
PAR  3. A rack as claimed in claim 1, wherein each of the cross-pieces has two
      parallel limbs integrally linked at one end by a bottom wall forming
      therewith a U-shaped channel, said limbs being provided at the other end
      thereof with the said regularly spaced grooves, the bottom walls of the
      cross-pieces of the second pair terminating in the said extensions which
      project from the U--shaped channel.
NUM  4.
PAR  4. A rack as claimed in claim 3, further comprising brackets fitted into
      the said U-shaped channels, said bracket having parallel projections
      fitting into the regularly spaced grooves of the cross-pieces, and
      fastening means for removably  attaching the said brackets to the
      side-walls of the rack.
PATN
WKU  039393836
SRC  5
APN  5460107
APT  1
ART  212
APD  19750131
TTL  Liquid level monitoring device
ISD  19760217
NCL  9
ECL  1
EXA  Moose, Jr.; Harry E.
EXP  Miller; J. D.
NDR  1
NFG  2
INVT
NAM  Alm; Gerald F.
CTY  Grangeville
STA  ID
ASSG
NAM  The Wickes Corporation
CTY  San Diego
STA  CA
COD  02
CLAS
OCL  317123
XCL   73 492
XCL  200 83R
XCL  317DIG3
XCL  340242
EDF  2
ICL  H01H 4700
FSC  317
FSS  DIG.3
FSC  200
FSS  61.04;61.25;83 A;83 S;83 SA;83 W
FSC  340
FSS  242;244
FSC   73
FSS  40;49.2;290;299;303
UREF
PNO  3218856
ISD  19651100
NAM  Bossard
OCL   73 40
UREF
PNO  3460386
ISD  19690800
NAM  Guignard
OCL   73299
UREF
PNO  3538746
ISD  19701100
NAM  Jacobs et al.
OCL   73 49.2
LREP
FRM  Learman & McCulloch
ABST
PAL  A liquid level monitoring device operable either to detect leakage from a
      body of liquid or to detect deviations from a controlled rate of
      withdrawal from a body of liquid. The device employs a pressure responsive
      diaphragm which, in the face of unequalized pressures applied to its
      opposite sides, is operable to actuate a control switch. One side of the
      diaphragm is exposed to a constant pressure, which may be atmospheric,
      while the other side of the diaphragm is connected to an open ended probe
      submerged in the body of liquid. When employed as a leak detector, the
      device is set by opening a solenoid controlled valve connected across a
      diaphragm to equalize pressure at opposite sides of the diaphragm while
      the probe is submerged in the body of liquid. Subsequent dropping of the
      level in the body of liquid after closure of the valve will reduce the
      head pressure sensed by the probe, thus unequalizing the pressure across
      the diaphragm to actuate the control switch which may, for example, be
      connected to trigger an alarm. A second by-pass connected across opposite
      sides of the diaphragm in parallel with the first by-pass includes a
      variable restricted orifice which provides a sensitivity adjustment in the
      leak detecting operation. By opening the orifice in the second by-pass to
      a selected opening, the device may be employed to monitor dropping of the
      liquid level at a selected rate.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is especially designed so that it is equally capable,
      with a single simple adjustment, to function as a leak detector or to
      alternatively monitor a controlled rate of withdrawal of liquid from a
      storage tank or reservoir. An open ended pressure sensing probe is
      submerged within a body of liquid and connected to a chamber having one
      side defined by a flexible diaphragm. Upon a dropping of the liquid level
      of the body of liquid in which the probe is submerged, a corresponding
      drop in pressure in the diaphragm chamber will occur, thus causing the
      diaphragm to flex. The opposite side of the diaphragm is exposed to a
      constant pressure, which most conveniently can be atmospheric pressure. A
      first by-pass conduit is connected from the probe side of the diaphragm to
      the constant pressure side and includes a solenoid controlled valve
      normally closed during operation of the device. Opening of the solenoid
      valve after the probe has been submerged into the body of liquid equalizes
      the pressure on the probe and constant pressure sides of the diaphragm,
      and in this condition a control switch operated by flexure of the
      diaphragm is in a normal closed position. A second by-pass conduit is
      connected between the probe and constant pressure side of the diaphragm
      and has a variable restricted orifice. When the solenoid valve in the
      first by-pass is closed, the orifice may, in a leak detection operation,
      also be closed or, if desired, opened slightly to reduce the sensitivity
      of the system. A reduction in sensitivity is sometimes desirable where
      evaporation losses or other relatively long-term normal decreases in the
      liquid level may be encountered. Where liquid is to be withdrawn at a
      monitored constant rate, the orifice may be opened to a point where it
      provides a rate of pressure equalization across the diaphragm
      corresponding to the rate of withdrawal of liquid from the system.
PAR  Because the device is initially set by equalizing pressure across the
      diaphragm and detecting a change from this equalization, rather than
      measuring a specific magnitude of pressure, the device can readily be
      reset at any given level of liquid or depth of submergence of the probe. A
      mercury valve is in the embodiment to be described, connected from the
      probe to the constant pressure side of the diaphragm to provide a
      cushioning effect in the face of a massive drop of liquid level over a
      short period of time by acting as a double-acting check valve.
PAR  Other objects and features of the invention will become apparent by
      reference to the following specification and to the drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a system embodying the present invention;
      and
PAR  FIG. 2 is a schematic diagram of the electrical circuit employed with the
      system of FIG. 1.
DETD
PAR  Referring first to FIG. 1, a system embodying the present invention is
      employed in a leak detecting operation to detect leaking of liquid from a
      schematically illustrated storage tank 10. The apparatus includes a probe
      conduit 12 open at its lower end 14, the lower end 14 being submerged in
      the body of liquid L contained in tank 10. Probe conduit 12 is connected
      by a branch conduit 16 to a chamber 18 having one side defined by a
      flexible impervious diaphragm 20. A chamber 22 at the opposite side of
      diaphragm 20 is connected by a branch line 24 to a control conduit 26
      which may be connected to a source of constant pressure schematically
      indicated at C. Normally conduit 26 is simply vented to atmosphere. A
      first by-pass conduit 28 is connected across diaphragm 20 between probe
      conduit 12 and control conduit 26. A normally closed solenoid actuated
      valve SV is connected in by-pass conduit 28.
PAR  A second by-pass conduit 30 is likewise connected across diaphragm 20
      between probe conduit 12 and control conduit 26. A variable restriction,
      schematically illustrated at 32, is located in conduit 30.
PAR  A third by-pass conduit 34 is connected between probe conduit 12 and
      control conduit 26 and includes a mercury valve 36 having a trapped pool
      of mercury 38 in a V-shaped passage within valve 36.
PAR  A control switch 40 is fixedly mounted adjacent the diaphragm with its
      actuating leaf 42 in contact with an actuating rod 44 fixedly secured to
      diaphragm 20 and slidably passing through the outer casing of chamber 22.
      As will be developed in further detail below in connection with the
      description of the electrical circuit, switch 40 is normally closed when
      diaphragm 20 senses equalized pressures in chambers 18 and 22 and is
      opened upon deflection of diaphragm 20 to the left as viewed in FIG. 1
      upon a reduction of pressure in chamber 18 to a pressure less than that in
      chamber 22.
PAR  Referring now to FIG. 2, a control relay R-1 is connected across electrical
      supply lines L-1 and L-2 via normal open contacts R-1a and the normally
      closed contacts 40' of switch 40. Manually actuated reset contacts 46 are
      connected in parallel with contacts R-1a, contacts R-1a functioning as
      lock-in contacts to maintain relay R-1 energized upon a momentary
      depression of reset contacts 46, assuming that contacts 40' are closed at
      that time. Relay R-1 is normally energized during operation of the device
      and a green indicator light G may be connected in parallel with relay R-1
      to indicate a no-leak, normal operation condition of the device.
PAR  The control solenoid SOL of solenoid operated valve SV is connected across
      supply lines L-1 and L-2 via normal closed contacts R-1b which are
      operated by relay R-1. When relay R-1 is energized, contacts R-1b are
      open, solenoid SOL is deenergized and solenoid valve SV is closed.
PAR  Relay R-1 is also disclosed as controlling a third set of contacts R-1c,
      connected to control a secondary circuit including electric supply lines
      L-3 and L-4 and a device 48 which may take the form of an audible alarm, a
      shut-off valve or some other device whose operation is desired upon the
      detection of a leak by the system.
PAR  Operation of the system is as follows. With the various contacts of the
      electrical circuits in their respective normal conditions as illustrated
      in FIG. 2, the lower end 14 of probe conduit 12 is submerged into the body
      of liquid L to be monitored. The depth of submergence of the lower end of
      probe conduit 12 is not critical. With the various switch contacts in
      their illustrated normal condition, solenoid SOL of solenoid valve SV is
      energized via normal closed contacts R-1b and solenoid valve SV is open so
      that pressure is equalized on opposite sides of diaphragm 20 in chambers
      18 and 22.
PAR  To condition the device for operation, reset switch contacts 46 are
      manually closed momentarily, thereby energizing relay R-1, via contacts
      40', closed when pressure across diaphragm 20 is equalized. As soon as
      relay R-1 is energized by the closure of reset contacts 46, the relay is
      locked in by the closure of its normally open contacts R-1a and will
      remain energized on subsequent opening of contacts 46.
PAR  Relay R-1 simultaneously, upon energization, opens normal closed contacts
      R-1b to deenergize solenoid SOL, thus closing valve SV to isolate chambers
      18 and 22 from each other.
PAR  In a simple leak detecting operation, variable restriction 32 usually will
      be closed, and thus if the level of liquid L in tank 10 drops, due to
      leakage, a corresponding reduction in head pressure is sensed at the open
      end 14 of probe conduit 12 and the reduced pressure is thus applied to
      chamber 18 to permit diaphragm 20 to flex to the left, as viewed in FIG.
      1, as the pressure in chamber 18 drops below the constant pressure applied
      to chamber 20 via branch conduit 24 and control conduit 26. Movement of
      diaphragm 20 to the left retracts actuating rod 44 which in turn causes
      contacts 40' of switch 40 to open, thus deenergizing relay R-1.
PAR  Upon deenergization of relay R-1, contacts R-1b again close to energize
      solenoid SOL, thereby opening valve SV to again equalize pressure across
      the diaphragm. An indicator light R connected in parallel with solenoid
      SOL becomes energized and, if desired, the device 48 of the auxiliary
      circuit is simultaneously energized by the closure of normal closed
      contacts R-1c.
PAR  Assuming that the leak is repaired, to recondition the system for operation
      at the new liquid level, or any level reflecting the addition of make-up
      liquid to the tank 10, it is only necessary to again press reset button 46
      to deenergize solenoid SOL and to energize relay R-1.
PAR  The system may be set to similarly monitor and control a constant rate of
      withdrawal of liquid L from tank 10 by adjustment of the variable
      restriction 32 in branch conduit 30. When restriction 32 is open, chambers
      18 and 22 are placed in communication with each other via conduit 30 and
      the now open orifice in variable restriction 32. By setting restriction 32
      to bleed pressure from control conduit 26 to probe conduit 12 via
      restriction 32 at rate equal to the constantly decreasing pressure in
      probe conduit 12 occasioned by the steadily dropping level of liquid L,
      the pressure across diaphragm 20 may be maintained equalized as long as
      the desired constant rate of withdrawal of liquid is not exceeded.
PAR  Mercury valve 36 functions to cushion sudden surges of pressure on either
      side of the system by absorbing the suddenly applied pressure in movement
      of the mercury pool. Where a highly sensitive diaphragm 20 is employed,
      the possibility of damage to the diaphragm in the event of a sudden
      massive leakage of liquid is minimized.
PAR  While one embodiment of the invention has been described in detail, it will
      be apparent to those skilled in the art that the disclosed embodiment may
      be modified. Therefore, the foregoing description is to be considered
      exemplary rather than limiting, and the true scope of the invention is
      that defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid level monitoring device comprising flexible pressure responsive
      diaphragm means, first pressure applying means for applying to one side of
      said diaphragm means a pressure variable in response to variations of
      level of a body of liquid being monitored, second pressure applying means
      for applying a constant pressure to the opposite side of said diaphragm
      means, first normally closed by-pass valve means operable in an open
      position to equalize the pressure on the opposite sides of said diaphragm
      means, second by-pass means connected in parallel with said first by-pass
      means establishing communication between opposite sides of said diaphragm
      means, sensitivity adjustment means in said second by-pass means for
      selectively blocking or adjustably restricting flow through said second
      by-pass means, and control means responsive to an unequalized pressure on
      opposite sides of said diaphragm means for opening said first by-pass
      valve means.
NUM  2.
PAR  2. The invention defined in claim 1 wherein said control means comprises an
      electrical power source, an electrically operable control device, and
      electrical switch means connected in circuit with said power source and
      said control device operable by flexure of said diaphragm means to
      selectively energize or deenergize said control device power source.
NUM  3.
PAR  3. The invention defined in claim 1 wherein said first valve means
      comprises a solenoid controlled valve open when deenergized and closed
      when energized, an electrical power source for energizing said solenoid
      controlled valve, and electrical control circuit means connected to said
      source and said solenoid controlled valve operable in a first condition to
      energize said solenoid controlled valve and operable in a second condition
      to deenergize said solenoid controlled valve.
NUM  4.
PAR  4. The invention defined in claim 3 wherein said circuit means comprises
      first switch means operable by said diaphragm means for shifting said
      circuit means from said second condition to said first condition in
      response to the application of unequal pressures to opposite sides of said
      diaphragm means.
NUM  5.
PAR  5. The invention defined in claim 4 further comprising an electrical relay
      connected in series with said first switch means, and a set of normal
      closed contacts controlled by said relay connected in said circuit means
      to establish said first condition when said relay is energized and to
      establish said second condition when said relay is deenergized.
NUM  6.
PAR  6. The invention defined in claim 5 further comprising manually operable
      reset means in said circuit means for shifting said circuit means from
      said first condition to said second condition.
NUM  7.
PAR  7. A liquid level monitoring device comprising differential pressure
      responsive means, first pressure applying means for applying to one side
      of said pressure responsive means a first pressure variable in accordance
      with variations of the level of a body of liquid being monitored, second
      pressure responsive means for applying a constant pressure to the opposite
      side of said pressure responsive means, by-pass conduit means by-passing
      said pressure responsive means operable in a first condition to connect
      said first and said second pressure applying means to each other to
      equalize the opposing pressures applied to said pressure responsive means
      and operable in a second condition to selectively isolate said first and
      second pressure responsive means from each other or to place said first
      and second pressure responsive means in communication with each other via
      variably restricted orifice means, and control means responsive to the
      sensing of a differential pressure by said pressure responsive means for
      establishing said by-pass means in said first condition.
NUM  8.
PAR  8. The invention defined in claim 7 further comprising reset means in said
      control means operable to set said by-pass means in said second condition
      upon equalization of pressure in said first and said second pressure
      applying means.
NUM  9.
PAR  9. A liquid level monitoring device comprising differential pressure
      responsive means, first pressure applying means for applying to one side
      of said pressure responsive means a first pressure variable in accordance
      with variations of the level of a body of liquid being monitored, second
      pressure responsive means for applying a constant pressure to the opposite
      side of said pressure responsive means, by-pass conduit means by-passing
      said pressure responsive means operable in a first condition to connect
      said first and said second pressure applying means to each other to
      equalize the opposing pressures applied to said pressure responsive means
      and operable in a second condition to isolate said first and second
      pressure responsive means from each other, control means responsive to the
      sensing of a differential pressure by said pressure responsive means for
      establishing said by-pass means in said first condition, and reset means
      in said control means operable to establish said by-pass means in said
      second condition when said pressure responsive means senses equalized
      pressures.
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ABST
PAL  An electronic timer switch capable of controlling the operation of a unit,
      such as an air conditioning apparatus, according to a preset time schedule
      even when the unit is switched on.
BSUM
PAR  The invention relates to an electronic timer switch adapted for use in a
      unit requiring a certain period of off time before it is re-started, such
      as an air conditioning apparatus.
PAR  More specifically, the invention is concerned with an electronic timer
      switch capable of controlling the operation of a unit, such as an air
      conditioning apparatus, according to a pre-set time schedule, and has as
      an object the provision of a timer switch preventing the re-starting of
      the unit within a certain time interval.
PAR  In accordance with the present invention the timer switch includes a
      programmable unijunction transistor (hereinafter referred to as PUT),
      having its gate connected to a capacitor through a diode and a resistance,
      so as to energize the PUT through the discharging of the capacitor. The
      switch also includes a transistor having its collector connected to the
      capacitor through a second resistance and a second diode, the emitter of
      the transistor being connected to a power supply. The transistor and the
      capacitor are interconnected such that the capacitor is charged through
      the conduction of the transistor when a load is switched on; whereas, the
      capacitor is discharged through the cut-off of the transistor when the
      load is switched off.
DRWD
PAR  The invention will be more particularly described by way of example, with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 is an electrical diagram of a whole system according to the present
      invention;
PAR  FIG. 2 is an electrical diagram of a preferred modification of the portion
      shown as A in FIG. 1; and
PAR  FIG. 3 is an electrical diagram of a further modification of the portion
      shown as A in FIG. 1.
DETD
PAR  Referring to FIG. 1, the circuit is connected to a power supply through a
      terminal 1 and has a relay-switch 2 connected to the collector of a
      transistor 4. The emitter of transistor 4 is connected to ground at 22.
      The base of the transistor 4 is connected through a pair of resistances 5
      and 6 to the cathode of a programmable unijunction transistor (PUT) 9. In
      parallel with the relay switch 2, there is provided a diode 3 for
      absorbing surges.
PAR  The anode of the PUT 9 is connected to a voltage divider including
      resistances 7 and 8, and the gate thereof is connected to a voltage
      divider including a pair of resistances 13 and 14 through a diode 12.
      Between ground and the gate of the PUT 9 there are a pair of resistances
      10 and 11 connected to a capacitor 19 through a diode 15.
PAR  A transistor 16 has an emitter connected to the power supply terminal 1 and
      a collector connected to the capacitor 19 through a resistance 17 and a
      diode 18. The base is connected to a pair of resistances 20 and 21,
      wherein the resistance 20 is also connected to the terminal 1, while the
      resistance 21 is also connected to the collector of the transistor 4.
PAR  The system thus described operates as follows:
PAR  D.C. power is applied between the terminal 1 and ground 22. Because the
      combined value of the resistances 10 and 11 is larger than that of the
      resistance 14, the gate voltage of the PUT 9 is substantially equal to the
      voltage divided by the resistances 13 and 14; and the anode voltage
      thereof is substantially equal to the voltage divided by the resistances 7
      and 8, provided that the capacitor 19 has not been charged.
PAR  In this situation the PUT 9 is ready for its "ON" position with a higher
      voltage across the anode than the gate. Thus, the PUT 9 is "ON", and its
      base current from the cathode is delivered to the transistor 4 through the
      resistances 5 and 6 so as to turn on same, thereby actuating the relay 2.
PAR  When the transistor 4 is on, it supplies a base current to the transistor
      16 through the resistance 21, thereby energizing same. When the transistor
      16 is energized, the capacitor 19 which is connected to the collector of
      the transistor 16 is charged. The impedance occurring during the charging
      of capacitor 19 is previously adjusted so as to be smaller than that
      across the line from the capacitor 19 to the diode 15; and the charging
      voltage will rise nearly to the level of the line voltage V.sub.c at
      terminal 1. In this situation, when the power supply is cut off, the
      capacitor starts to discharge through the diode 15 and the resistance 11,
      wherein the voltage between the terminals of the capacitor is applied
      across the gate of the PUT 9 through the diode 15 and the resistance 10.
PAR  Here again when DC power is again applied, the transistor 4 is turned on;
      but, unless tha capacitor has discharged up to the level at which the
      anode voltage is higher than the gate voltage, the PUT 9 will remain in
      its OFF position, thereby keeping the OFF position of the transistor 4.
      The relay 2 is equally kept out of operation. At this stage the transistor
      16 is likewise in the OFF position because its base voltage is equal to
      the line voltage.
PAR  In this way the capacitor continues to discharge until the anode voltage
      becomes higher than the gate voltage, where the PUT 9 is energized thereby
      ensuring the conduction of the transistor 4, thus actuating the relay 2.
      This enables the transistor 16 to conduct, through which the capacitor 19
      is charged, ready for the first switching "ON" after power is cut off.
PAR  The timer switch of the present invention can be incoporated in an air
      conditioning unit, particularly as a starting timer of a compressor. The
      advantages of the timer switch are as follows:
PAR  Normally the electric motor of the compressor is subjected to detrimental
      overloading because of an insufficient liquid pressure in the compressor
      when, during the "OFF" period of the compressor, the motor is started
      before a given time interval expires. However, according to the present
      invention the operation of the compressor will be delayed until the time
      interval is safely reached, thereby preventing overloading the motor.
PAR  Referring to FIG. 2, in which the portion A in FIG. 1 is replaced by a
      modified system, the system is featured by a variable resistor 24
      positioned between the resistance 8 and ground 22. The resistor 24 is
      intended to compensate for errors in timing due to possible variations of
      each component. The individual errors are likely to appear, when
      accumulated, as an error in operational time. However, by adjusting the
      variable resistor 24, the anode voltage of the PUT 9 can be pre-set higher
      when the timing is erroneously fast, whereas when the timing is slow its
      anode voltage can be pre-set lower, thus keeping the timing constant.
PAR  Referring to FIG. 3, in which a further modified system is shown, a
      resistance 25 is additionally put between the power supply 1 and the
      resistance 7. The connection 26 of the resistances 7 and 25 is connected
      to a control input terminal 27, which is connected to a control circuit 29
      through a suitable switching means 28. The switching means of contact or
      non-contact type can switch between "open" and "short" with respect to
      ground 22, and it is arranged that when it is switched to "open" the anode
      of the PUT 9 is energized. As evident from the foregoing, by simply
      turning the switching means 28 either to "open" or "short" the same result
      will be obtained as when the system is directly connected or disconnected
      with respect to the power supply.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A timing apparatus comprsing:
PA1  a a programmable unijunction transistor having an anode, a gate and a
      cathode;
PA1  b timing means connected to the gate of said programmable unijunction
      transistor for energizing said programmable unijunction transistor;
PA1  c a power supply; and
PA1  d a second transistor connected to said timing means and to said power
      supply providing energy from said power supply to said timing means.
NUM  2.
PAR  2. A timing apparatus as recited in claim 1 wherein said timing means
      comprises:
PA1  a a capacitor;
PA1  b first unidirectional conductance means connected to said capacitance;
PA1  c second unidirectional conductance means connected to said capacitance;
PA1  d first resistive means connecting said first unidirectional conductance
      means to the gate said programmable unijunction transistor; and
PA1  e second resistive means connecting said second unidirectional conductance
      means to said second transistor, whereby said capacitance is charged by
      conduction of said second transistor;
NUM  3.
PAR  3. A timing apparatus as recited in claim 1 wherein a third transistor is
      connected to said programmable unijunction transistor to receive current
      therefrom, whereby said third transistor is turned on and off by said
      programmable unijunction transistor.
NUM  4.
PAR  4. A timing apparatus as recited in claim 3 wherein said third transistor
      includes a collector for connection to a relay switch for controlling
      same.
NUM  5.
PAR  5. A timing apparatus as recited in claim 4 wherein a diode is connected in
      parallel with said relay switch.
NUM  6.
PAR  6. A timing apparatus as recited in claim 1 wherein a variable resistance
      is connected in the circuit of the programmable unijunction transistor.
NUM  7.
PAR  7. A timing apparatus as recited in claim 1 wherein:
PA1  a a third resistance means is connected to the anode of said programmable
      unijunction transistor for connection to an input terminal; and
PA1  b switching means is connected to said input terminal for grounding said
      input terminal and removing power from said programmable unijunction
      transistor.
NUM  8.
PAR  8. A timing apparatus as recited in claim 4 wherein said second transistor
      comprises a base, said base being connected to said collector of said
      third transistor;
PA1  whereby said second transistor is placed in a conductive state on
      application of voltage from said power supply only if said third
      transistor is in a conducting state.
NUM  9.
PAR  9. A timing apparatus as recited in claim 2 wherein:
PA1  a said first resistive means and said first unidirectional conductance
      means connected thereto are connected to a ground point by a third
      resistive means;
PA1  b said anode of said programmable unijunction transistor is connected by a
      fourth resistive means to said power supply;
PA1  c said anode of said programmable unijunction transistor is connected by a
      fifth resistive means to a ground point, said fifth and fourth resistive
      means forming a first voltage divider for said anode;
PA1  d said gate of said programmable unijunction transistor is connected by a
      third unidirectional conductance means to a second voltage divider
      comprising a sixth and a seventh resistive means, said sixth resistive
      means being connected to a ground point and said seventh resistive means
      being connected to said power supply;
PA1  e said first voltage divider provides a voltage at said anode greater than
      a voltage provided by said second voltage divider to said gate;
PA1  f said third resistive means is substantially greater than said second
      resistive means;
PA1  g said first and third resistive means provide a resistance substantially
      higher than said sixth resistive means;
PA1  whereby said programmable unijunction transistor is caused to be conductive
      in response to an application of voltage from said power supply when said
      capacitor is discharged, and
PA1  whereby said programmable unijunction transistor is caused not to be
      condutive when voltage is applied from said power supply and said
      capacitor is charged and provides said gate of said programmable
      unijunction transistor with a voltage greater than a voltage provided by
      said first voltage divider to said anode of said programmable unijunction
      transistor.
NUM  10.
PAR  10. A timing apparatus comprising:
PA1  a a power supply
PA1  b a programmable unijunction transistor having first, second, and third
      electrodes, said second electrode of said programmable unijunction
      transistor being connected to said power supply;
PA1  c timing means connected to said first electrode of said programmable
      unijunction transistor for energizing said programmable unijunction
      transistor;
PA1  d a second transistor having first, second and third electrodes, said third
      electrode of said second transistor being connected to said timing means
      and said second electrode of said second transistor being connected to
      said power supply for providing energy from said power supply to said
      timing means;
PA1  e a third transistor having first, second and third electrodes,
PA1  said first electrode of said third transistor being connected to said third
      electrode of said programmable unijunction transistor for causing said
      third transistor to be turned on and off,
PA1  said third electrode of said third transistor being connected to a ground
      point, and
PA1  said second terminal of said third transistor being connected to a
      switching means for controlling said switching means;
PA1  said second terminal of said third transistor being further connected to
      said first terminal of said second transistor for providing a feedback
      path for controlling said second transistor and said timing means when
      said power supply is connected to said timing apparatus,
PA1  whereby said third transistor controls said switching means responsive to
      lapsing of a variable amount of time subsequent to the connection of said
      power supply, said variable amount of time being determined by a change in
      charge stored in said timing means, said change in charge being determined
      by a second amount of time lapsing from a previous disconnection of said
      power supply, and whereby charging of said timing means is controlled by
      conductivity of said third transistor.
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PAL  A third relay is provided in a signalling apparatus for ships, the
      apparatus primarily being intended for signalling in poor visibility and
      comprising an electric signalling device connectable to a current source
      by means of a first relay, a plurality of alternatively selectable and
      periodically closable make contacts connected in parallel with each other
      and in series with the first relay to the current source, and a second
      self-holding relay for coupling the motor to the current source. The third
      relay is connected to the current source in series with a plurality of
      parallel-connected switches for manual signalling, has a break contact
      coupled into the holding current path of the second relay and at least one
      make contact for connecting the signalling device to the current source.
BSUM
PAR  The present invention relates to a signalling apparatus for ships, the
      apparatus being primarily intended for signalling in poor visibility and
      comprising an electric signalling device connectable to a current source
      by means of a first relay, a plurality of alternatively selectable make
      contacts which are connected in parallel with each other and in series
      with the first relay to the current source and are periodically closable
      by means of a motor, and a second self-holding relay for coupling the
      motor to the current source.
PAR  In the every-day use of such a signalling apparatus, the motor is started
      by manual connection of the current source to the second relay, whereupon
      a current path can be established through the signalling device by means
      of one of a plurality of manually closable selector switches each
      connected in series with its respective parallel-connected make contact.
      The motor is arranged to close the parallel-connected contacts with
      different predetermined and standardized periodicities thereby to obtain
      signalling patterns of different meaning from the signalling device. These
      signalling patterns are distinguished by the interval between, and
      possibly the length of, the signals emitted from the signalling device.
PAR  Suitably located switches are used to permit operation of the signalling
      device from points on the ship other than where the signalling apparatus
      is mounted The signalling device can be manually energized by means of
      these switches, at the same time as automatic signalling from the
      signalling apparatus is subsequently prevented so that a signalling
      pattern manually triggered from any point on the ship is not immediately
      followed by a further signal triggered from the motor-driven apparatus. To
      this end, these switches conventionally possess both breaking and closing
      functions and are connected to the signalling apparatus via three or
      four-wire lines which, apart from being relatively expensive, have caused
      both installational and operational problems, since these switches
      connected in a series circuit, provide a great many contacts at which
      faults can occur because of oxidation etc.
PAR  The object of the present invention is to provide an apparatus in the
      above-described signalling apparatus, as a result of which the above
      problems can be obviated and the signalling apparatus can be made
      functionally more reliable.
PAR  This object is achieved in that the apparatus is provided with at least one
      third relay which is connected to the current source in series with a
      plurality of parallel-connected switches for manual signalling, has a
      break contact coupled into the holding current path of the second relay
      and at least one make contact for connecting the signalling device to the
      current source.
PAR  Thus, in this manner the three and four-wire lines can be replaced by
      two-wire lines and the switches need only have a closing function for
      manual signalling, thus substantially halving the number of contacts.
DRWD
PAR  The invention will be described in greater detail hereinbelow and with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a prior art signalling apparatus;
PAR  FIG. 2 shows a contact device for periodic establishment  of a current path
      in the prior art signalling apparatus;
PAR  FIG. 3 shows the switches for manual signalling in the prior art signalling
      apparatus, located distally from the signalling apparatus;
PAR  FIG. 4 shows a signalling apparatus including the improvement according to
      the present invention;
PAR  FIG. 5 shows the switches for manual signalling according to the present
      invention, located distally from the signalling apparatus; and
PAR  FIG. 6 shows a modification of the signalling apparatus of FIG. 4.
DETD
PAR  The prior art signalling apparatus shown in FIGS. 1-3 has a signalling
      device 1 which can be of the acoustic type or a combination sound and
      light signalling device. The device 1 is connectable to a current source 2
      by means of a first relay OR, and more precisely by means of the make
      contacts o.sub.1 and o.sub.2 controlled by this relay. A second relay HR
      in the apparatus is connectable to the current source 2 by an
      instantaneously closable manual switch 3 for starting the apparatus. The
      relay HR, with its own contacts h.sub.1 and h.sub.2 in series, establishes
      a holding current path via a manual circuit breaker 4 for cutting out the
      automatic function of the apparatus and a switch unit 5 which is
      schematically shown as a make-and-break contact in FIG. 1, while, in
      reality, having the form illustrated in FIG. 3. As the contact h.sub.1 is
      closed, a motor M is connected to the current source 2, the motor thereby
      starting and actuating a contact means 6 which connects one side of the
      relay OR to the conductor connecting the relay HR and the starting switch
      3. Moreover, said one side of the relay OR is connected to one of the two
      fixed contact members in the make-and-break contact 5, the other side of
      the relay being directly connected to the current source 2.
PAR  As shown in FIG. 2, the contact means 6 is provided with a plurality of cam
      discs 7 driven by the motor M, each of the discs, upon rotation, closing
      its contacts 8a-8c periodically and at different frequencies. The contacts
      8a-8c are connected in parallel with each other and each in series with a
      manually closable selector switch 9a-9c, only one of which can be closed
      at a time. Naturally, more than three cam discs 7 can be provided.
PAR  The prior art switch unit 5 shown in FIG. 3 consists of a plurality of
      switches 10, 11 and 12 placed, for manual signalling, at suitable points
      throughout the ship, the switches being connected to each other and to the
      signalling apparatus by means of three and four-wire lines. Each of the
      switches 10, 11 and 12 has a manually operable movable contact member
      which, in the rest position of the switch, connects two first fixed
      contact members and in the operative position connects two other fixed
      contact members. The fixed contact members of the switches are connected
      to each other and to the signalling apparatus in the manner shown in FIG.
      3 such that, when none of the switches 10, 11 and 12 is operative, the
      conductor from the relay contact h.sub.1 is connected to one of the
      terminals of the current source 2, while when any one of the switches 10,
      11 and 12 is operative, the relay OR is connected to said terminal of the
      current source 2.
PAR  The prior art signalling apparatus illustrated in FIGS. 1-3 operates in the
      following way. The apparatus is activated for automatic signalling by
      temporary closing of the starting switch 3, the relay HR being operated
      and establishing a holding current path via its contacts h.sub.1 and
      h.sub.2. The motor M is energized as a result of the closing of the
      contact h.sub.1 and begins to turn the cam discs 7. Upon closing of any
      one of the selector switches 9a-9c, the relay OR will be energized
      intermittently at intervals determined by the form and speed of rotation
      of the cam discs 7. Thereby, the relay OR will, via its contacts o.sub.1
      and o.sub.2, periodically connect the signalling device 1 to the current
      source 2.
PAR  On actuation of any one of the switches 10, 11 and 12, the holding current
      path for the relay HR passing the first fixed contact members of these
      switches will be broken, so that the relay HR is released, thereby
      stopping the motor M and breaking the circuit through the contact means 6.
      Moreover, the relay OR is connected across the second fixed contact
      members of the actuated switch, these members being now connected directly
      to the current source 2 so that the signalling device 1 is energized as
      long as the switch in question is actuated.
PAR  After manual signalling by means of any one of the switches 10, 11 and 12,
      a renewed energizing of the signalling apparatus by means of the starting
      switch 3 will be necessary for automatic signalling from the apparatus.
PAR  As shown in FIG. 4, the signalling apparatus according to the invention has
      several elements which are the same as those of FIG. 1 and have,
      therefore, been given the same reference numerals as in FIG. 1. These
      elements will not be described further.
PAR  According to the invention, the switch unit 5 of FIG. 4 is replaced by a
      relay AR and a switch unit 13 which are connected in series with the
      current source 2. The relay AR has a break contact a.sub.1 connected into
      the holding current path of the relay HR and a make contact a.sub.2 for
      connection of the relay OR direct to the current source 2.
PAR  The switch unit 13 is as shown in FIG. 5 and thus consists of a plurality
      of parallel-connected and manually closable switches 14, 15 and 16 which,
      like the switches 10, 11 and 12, are placed at suitable points throughout
      the ship while, as opposed to these switches, needing only two conductors
      for mutual connection and for connection to the remainder of the
      signalling apparatus.
PAR  The signalling apparatus of FIG. 4 operates in the same way as that of FIG.
      1 with regard to its actuation for automatic signalling by means of the
      contact means 6. On manual closing of any one of the switches 14, 15 and
      16 the relay AR is energized, its contact a.sub.1 breaking the holding
      current path of the relay HR and stopping the motor M. At the same time,
      its contact a.sub.2 connects the relay OR direct to the current source 2
      instead of via the contact means 6, so that the signalling device 1 is
      also connected to the current source 2 via the contacts o.sub.1  and
      o.sub.2 as long as the switch in question remains closed. Repeated
      activation of the signalling apparatus by means of the starting switch 3
      is necessary for subsequent automatic signalling with the use of the
      contact means 6.
PAR  The signalling device 1 can contain a group of several signal generators of
      different characteristics, for example, varying intensities and/or pitch.
      The desired signal generator or generators can be selected from the
      above-mentioned group by means of manually operable switches, for example
      switches 17 and 18 in the modification, shown in FIG. 6 of the signalling
      apparatus according to FIG. 4. As an example, the signalling device 1 in
      this modification has two signal generators 1a and 1b which are, thus,
      selectively connectable by means of the switches 17 and 18. In order to
      provide, on manual signalling, free choice between signal generators 1a
      and 1b, the relay AR (FIG. 4) is replaced by two relays ARa and ARb which
      are connected in series with switch units 13a, 13b, respectively
      (identical to the switch unit 13) to the current source 2. These two
      relays ARa and ARb each have a break contact aa.sub.1 and ab.sub.1,
      respectively, connected in series to the holding current path of the relay
      HR. The relays ARa and ARb  do not, however, have any make contact for
      connection of the relay OR direct to the current source 2, each having
      instead two make contacts aa.sub.2, aa.sub.3 and ab.sub.2, ab.sub.3,
      respectively, for connection of the signal generators 1a and 1b,
      respectively, direct to the current source 2.
PAR  The modified signalling apparatus of FIG. 6 operates in exactly the same
      way as the apparatus according to FIG. 4, with the exception that the
      relay OR is only used in automatic signalling, choice of the signal
      generator being effected by means of the switches 17 and 18, while, on
      manual signalling, choice of the signal generator is effected by means of
      the switch units 13a and 13b and the selected signal generator or
      generators are directly connected to the current source 2 by means of the
      make contacts aa.sub.2, aa.sub.3 and ab.sub.2, ab.sub.3, respectively, of
      the relays ARa and ARb.
CLMS
STM  What we claim and desire to secure by letters Patent is:
NUM  1.
PAR  1. In a signalling apparatus for ships, said apparatus being primarily
      intended for signalling in poor visibility and comprising
PA1  a current source,
PA1  an electric signalling device,
PA1  a first relay for connecting said signalling device to said current source,
PA1  a motor,
PA1  a plurality of alternatively selectable make contacts which are
      periodically closable by means of said motor and are connected in parallel
      with each other and in series with said first relay to said current
      source, and
PA1  a second self-holding relay for coupling said motor to said current source,
PA1  the improvement comprising a plurality of parallel-connected switches for
      manual signalling and at least one third relay which is connected to said
      current source in series with said parallel-connected switches and has a
      break contact coupled into the holding current path of said second relay,
      and at least one make contact for connecting said signalling device to
      said current source.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein the make contact of said at
      least one third relay is connected in series with said first relay to said
      current source to connect said signalling device to said current source
      indirectly via said first relay.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein said at least one third
      relay has two make contacts which directly connect said signalling device
      to said current source.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 having several of said third relays,
      wherein the make contacts of said third relays each connect one of a
      plurality of signal generators included in said signalling device to said
      current source.
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ABST
PAL  A technique for charging a dielectric surface by corona discharge is
      described in which the voltage applied to a stationary corona wire is
      steadily increased over an initial time period to cause the gradual
      increase in voltage level on the dielectric surface over the same time
      period. The voltage on the stationary dielectric surface increases with
      the wire voltage. The potential difference between wire and plate is kept
      below the sparking voltage, but above the corona current threshold
      voltage.
PAL  After the initial phase, the dielectric surface is moved relative to the
      corona wire (e.g. a rotating xerographic drum). The corona wire can now be
      held at its high voltage without sparking between the wire and the
      dielectric surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reference is hereby made to our copending application Ser. No. 422,050,
      filed Dec. 5, 1973, now U.S. Pat. No. 3,873,895.
PAR  This invention relates generally to the field of electrostatics and
      particularly to a technique for charging dielectric surfaces to high
      voltage levels.
PAR  One application for charging devices is in xerography in which a
      photoconductive dielectric surface is charged with positive or negative
      charges, then exposed to an object whereby the imagewise discharging of
      the photoconductor leaves a latent electrostatic image of the original
      object on the surface.
PAR  One present technique for applying electrostatic charge to a dielectric
      surface is by means of a corona discharge. In such an arrangement, a
      corona generating device is placed near the dielectric surface to be
      charged and ions generated around the corona wire flow to the dielectric
      surface because of potential difference between the wire and the surface.
      Further details regarding present corona charging devices and their
      relation to xerography are available in "Xerography and Related Processes"
      by Dessauer and Clark, published in 1965 by The Focal Press. The relevant
      disclosures in this book are incorporated in this specification by
      reference.
PAR  In corona charging devices typical of the prior art (see FIG. 1), a fixed
      voltage level is applied to a corona wire and charge is deposited and
      accumulated on the nearby dielectric surface or plate. The wire voltage
      must be high enough that the electric field surrounding the wire ionizes
      the air in the immediate vicinity. This minimum voltage, which is required
      to initiate a corona current, is called the threshold voltage (V.sub.O).
      Another factor is that the corona current is dependent upon the voltage
      difference or potential difference between wire and plate. Thus, if a
      corona wire is used to charge a dielectric plate, the current is
      determined by the voltage difference between the wire and the plate. If a
      voltage V.sub.w is applied to the wire, an initial current I.sub.w is
      drawn. This current will charge the dielectric plate and thereby reduce
      the potential difference between the wire and the plate. The corona
      current then decreases along a current-voltage curve until the voltage
      difference between the wire and the plate surface is reduced to the
      threshold voltage V.sub.O as a limit. In other words, the corona current
      asymptotically approaches zero.
PAR  The voltage on the plate, V.sub.p, increases with time during the charging
      and asymptotically approaches the value of the wire voltage less the
      threshold voltage. That is, the limit V.sub.p = V.sub.w - V.sub.O.
PAR  For wire-to-plane coronas, the maximum voltage which corona is finally
      capable of applying to dielectric plates (V.sub.p max) is determined by
      the maximum voltage which can be applied to the wire, which is essentially
      the sparking or arcing voltage V.sub.s. Thus, by extending the foregoing
      equation to its limit, V.sub.p max = V.sub.s - V.sub.O.
PAR  By means of the present invention, the voltage limits inherent in such
      prior art charging methods are removed.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a curve of wire and plate voltages plotted against time in a
      typical prior art charging process, in which the wire-to-plate current is
      dominant.
PAR  FIG. 2 is a curve similar to that shown in FIG. 1 showing the initial phase
      of the process as practiced in the present invention.
PAR  FIG. 3 is a schematic diagram of a stationary xerographic drum and corona
      charging system.
PAR  FIG. 4 is a schematic diagram similar to FIG. 3 showing the drum in motion
      and representing the pattern of charge accumulation thereon.
PAR  FIG. 5 is a curve similar to that in FIG. 2 but showing both the initial
      phase and the equilibrium phase of the process of this invention.
DETD
PAC  DESCRIPTION
PAR  Referring now to FIG. 1, a typical prior art charging process is
      represented including a constant corona wire voltage and an increasing
      plate voltage asymptotically approaching the value of V.sub.w - V.sub.O as
      a limit. Two conditions are observed. First the potential difference
      between wire and plate must be less than the sparking voltage V.sub.s to
      avoid breakdown. Second, the potential difference between wire and plate
      must be greater than the threshold voltage V.sub.O to maintain current
      flow. FIG. 1 represents graphically how these conditions are met. The
      maximum plate voltage V.sub.p max obtainable with this conventional scheme
      is V.sub.s - V.sub.O.
PAR  Referring now to FIG. 2, a charging process used in this invention is
      represented in which the wire voltage V.sub.w is increased steadily during
      the charging process and concurrently with this increase, the plate
      voltage V.sub.p similarly increases. The necessary conditions stated above
      are met. That is, at all times the potential difference between wire and
      plate is less than the sparking voltage Vs  but greater than the threshold
      voltage V.sub.O necessary to maintain current flow. Simply by staying
      within these limits, the wire voltage V.sub.w can be increased to bring
      the plate voltage V.sub.p to any desired level, subject only to other
      limitations, such as breakdown of the dielectric plate, which are not
      material to this invention. This scheme circumvents the usual limitations
      imposed by the arcing voltage. It should be noted that this process is
      primarily relevant to a stationary wire over a stationary dielectric
      substrate.
PAR  Referring now to FIG. 3, the charging concept described in connection with
      FIG. 2, is shown in the environment of a xerographic apparatus. In this
      schematic, a xerographic drum 2 is rotatably mounted relative to an
      exposure station 4 and a charging corona wire 6. The drum 2 is initially
      in a discharged or uncharged conditions. While remaining stationary, the
      drum is charged by means of a corona wire 6 to a desired level following
      the process described in connection with FIG. 2. A charge level is thus
      imparted to the drum 2 in the area directly under the corona wire 6 and in
      adjacent areas on either side. The distribution of this charge level is
      represented by a distribution curve 8 which is illustrated as superimposed
      on the surface of drum 2. The distribution curve 8 shows a maximum charge
      level 10 directly under the corona wire 6, and lower charge levels 12 and
      14 on either side of the maximum, tapering away from the maximum and
      approaching a zero charge level at some relatively remote location from
      the wire 6, exemplified by 16 and 18 in FIG. 3. When this condition is
      reached, the drum 2 can be set in motion as described next.
PAR  Referring now to FIG. 4, the drum 2 is shown without the exposure station
      for simplicity, and is rotating counterclockwise as indicated by the
      arrow. Referring to the distribution curve 8, it will be apparent that the
      area 10 of initial maximum charge has rotated away from the corona wire 6
      and the area 10 of maximum charge has now been extended around a
      substantial arc of the drum connecting the areas of lesser charge 12 and
      14. After the initial maximum charge level 10 (FIG. 3) has been deposited
      on the drum, and the drum is set in motion (FIG. 4), there is a continuous
      advance of the drum, with its areas of zero charge 18 and lesser charge
      14, under the corona wire 6 which imparts to the drum the maximum charge
      level 10 continuously to that area of the drum directly beneath the wire
      6. In other words, there is a continuous process of progressively
      increasing the charge level from the zero charge represented at 18 to the
      maximum charge represented at 10 on the distribution curve. By this
      progressively building up the drum charge level, the two required
      conditions can be observed regardless of the voltage level of the corona
      wire 6. The potential difference between wire and plate (at the location
      directly beneath the wire) is maintained at less than the sparking voltage
      V.sub.s to avoid breakdown, and at greater than the threshold voltage
      V.sub.O to maintain current flow.
PAR  FIG. 5 represents graphically how the required conditions are met, both in
      the initial phase when the drum is stationary and in the equilibrium phase
      when the drum is rotating. By comparing FIG. 5 with FIG. 2, it will be
      observed that the initial (stationary) phase of the present technique is
      the same as that represented in FIG. 2 and disclosed in our application
      Ser. No. 422,050.  The equilibrium phase however has a different basis of
      operation. In this phase, the gradual build-up of charge is accomplished
      by bringing the area 18 to be charged gradually into closer proximity to
      the corona wire 6 so that the charge deposited on the area 18 develops as
      represented on the charge distribution curve to its maximum 10 when that
      area is directly under the corona wire.
PAR  The time required for the initial phase depends on how much greater the
      V.sub.w is than the V.sub.s, the available current, the width of the
      corona current distribution, the drum speed, drum radius, and wire-to-drum
      spacing.
PAR  The foregoing description of the method of this invention is given by way
      of illustration and not of limitation. The curves and the schematics are
      representative only. The concept and scope of the invention are limited
      only by the following claims and equivalents thereof which may occur to
      others skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of applying electrostatic charge to a dielectric surface by
      means of a corona electrode operatively disposed relative to said
      dielectric surface, including the steps of:
PA1  a. applying a voltage to said corona electrode at a level relative to that
      of said dielectric surface above the threshold level required to ionize
      the surrounding atmosphere and generate corona current, and below the
      sparking level at which sparking occurs, so that corona current flows to
      said dielectric surface,
PA1  b. increasing the voltage of said corona electrode in relation to the
      increase of voltage of said dielectric surface according to the condition
      that the potential difference between said corona electrode and said
      dielectric surface remains between said sparking level and said threshold
      level, while the voltage of said corona electrode is increased above the
      sparking level, and
PA1  c. initiating relative movement between said dielectric surface and said
      corona electrode so as to continually bring parts of said dielectric
      surface from remote to proximate position relative to said corona
      electrode, so that any part of said dielectric surface is introduced to
      the distribution field of said corona current progressively,
PA1  whereby the voltage of said dielectric surface may be increased above the
      sparking level.
NUM  2.
PAR  2. A method of applying electrostatic charge to a dielectric surface by
      means of a corona discharge, including the steps of:
PA1  a. applying a voltage to a corona electrode operatively disposed relative
      to said dielectric surface, said voltage being at a level relative to that
      of said dielectric surface above the threshold level required to ionize
      the surrounding atmosphere and generate corona current, and below the
      sparking level at which sparking occurs, so that corona current flows to
      said dielectric surface,
PA1  b. increasing the voltage of said corona electrode in relation to the
      increase of voltage of said dielectric surface according to the condition
      that the potential difference between said corona electrode and said
      dielectric surface remains between said sparking level and said threshold
      level, while the voltage of said corona electrode is increased above the
      sparking level, and
PA1  c. moving said dielectric surface relative to said corona electrode so that
      a given area of said surface passes relative to said electrode from a
      relatively remote to a relatively proximate position so as to introduce
      said given area of said surface to the distribution field of said corona
      current progressively,
PA1  whereby the voltage applied to said corona electrode and said dielectric
      surface may be increased above said sparking level.
NUM  3.
PAR  3. A method of applying electrostatic charge to a dielectric surface by
      means of a corona electrode operatively disposed relative to said
      dielectric surface, including the steps of:
PA1  a. applying a voltage (V.sub.w) to said corona electrode at a level such
      that the difference in potential between said corona electrode and said
      dielectric surface is above the threshold level (V.sub.O) required to
      ionize the surrounding atmosphere and generate corona current, and below
      the sparking level (V.sub.s) at which sparking occurs, so that corona
      current flows to said dielectric surface to accumulate electrostatic
      charge thereon,
PA1  b. increasing the voltage (V.sub.w) of said corona electrode with reference
      to the accumulated voltage (V.sub.p) of said dielectric surface so that
      the difference in potential between said corona electrode and said
      dielectric surface (v.sub.w - V.sub.p) is kept above the threshold level
      (V.sub.O) and below the sparking level (V.sub.s) while the voltage
      (V.sub.w) of said corona electrode is increased above the sparking level
      (V.sub.s) and whereby the voltage (V.sub.p) of said dielectric surface may
      be increased above the sparking level (V.sub.s),
PA1  c. moving said dielectric surface relative to said corona electrode so that
      any given area of said surface passes relative to said electrode from a
      relatively remote to a relatively proximate position so as to introduce
      said given area of said surface to the distribution field of said corona
      current progressively, and
PA1  d. continuing step (c) so as to continually provide such high voltage
      charge to said moving dielectric surface.
NUM  4.
PAR  4. A method as defined in claim 3 in which said dielectric surface is a
      rotatable drum.
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PAL  In a variable frequency power converter of a current type for driving an AC
      motor including a rectifier, an inverter, and a smoothing reactor disposed
      on a DC transmission line between the rectifier and the inverter, there
      are provided a series circuit having a switching circuit and a smoothing
      capacitor on the DC input side of the inverter and a feedback circuit
      having controlled rectifier elements and commutation reactors for feeding
      back the reactive power of the AC motor. The power converter operates as a
      current type converter until the output frequency of the converter reaches
      a predetermined value under the condition that the switching circuit and
      the controlled rectifier elements are non-conductive, and operates as a
      voltage type converter when the output frequency has reached the
      predetermined value under the condition that the switching circuit and the
      controlled rectifier elements are conductive.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a power converter for driving an AC
      electric motor (induction motor, synchronous motor) utilizing an inverter,
      and more particularly to a power converter suitable for an electric motor
      requiring a wide range of speed change.
PAR  2. Description of the Prior Art
PAR  Ordinarily when a speed control of an AC motor is performed with an
      inverter as a driving power source, the inverter is classified into the
      following two types:
PAR  1. An inverter to the DC input side of which a smoothing reactor is
      connected and which functions as a current source to produce a rectangular
      output current. This is called a current type inverter. Since the
      direction of the current of this current type of inverter is always
      constant, the regenerative braking of the motor can easily be performed
      merely by reversing the polarity of the voltage to simplify the control
      circuit of the inverter itself. There is a further advantage that the
      motor can be stably started even from such a very low frequency as several
      Hz or a fraction of Hz. On the contrary, however, since the impedance as
      seen from the load side, i.e., the power source impedance is very high due
      to the fact that it functions as a power source, hunting is liable to
      occur at a steady running time which is the most serious problem to the
      operation of the motor. In particular, the hunting is liable to occur at
      such a high frequency of steady running as several hundreds of Hz. This
      phenomenon is more pronounced when a number of motors are running in
      parallel.
PAR  2. An inverter to the DC input side of which a smoothing capacitor is
      connected and which functions as a voltage source to produce a rectangular
      output voltage. This is called a voltage type inverter. Since this voltage
      type inverter functions as a voltage source, the power source impedance is
      very low, so that it has the advantage that unlike the current type
      inverter the hunting does not occur to enable the motor to run stably. On
      the contrary, however, the inrush current at the starting time of the
      motor cannot be suppressed to hunder a stable start of the motor. In
      particular, a stable start of the motor from such a very low frequency as
      several Hz or a fraction of Hz cannot be done.
PAR  Thus, when the speed control range of the motor, i.e., the output frequency
      range (the ratio of the maximum frequency to the minimum frequency) of the
      inverter is about several times, even the voltage type inverter can
      sufficiently satisfy the specification thereof. However, if the range is
      extended to about several tens of times to start the motor from such a
      very low frequency as several Hz or a fraction of Hz (minimum frequency),
      a stable start cannot be done with the voltage type inverter. In this case
      the current type inverter is preferable also from the standpoint of
      suppressing the inrush current at the starting time. However, the current
      type inverter has the difficulty in the stability of the steady running,
      while the voltage type inverter is preferable from the standpoint of the
      stability of the steady running.
PAR  Consequently, in the past, when the motor was to be run at such a speed
      control range as described above, two inverters of the current type and
      the voltage type had to be prepared so that they could be changed-over as
      required. As a result, the system became expensive.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an inexpensive power
      converter for driving an AC electric motor capable of effecting a stable
      control of an AC motor even at a wide speed control range with one
      inverter having the combined function of the voltage type inverter and the
      current type inverter.
PAR  The feature of the power converter according to the present invention is
      that it comprises a converter connected to an AC power source for
      converting an AC power into a desired DC power, a smoothing reactor for
      smoothing the DC output of the converter, an inverter for receiving the DC
      output smoothed by the smoothing reactor and for producing a rectangular
      output current of a desired frequency, an AC motor driven by the inverter,
      a series circuit connected to the inverter on its DC input side and
      consisting of a switching circuit and a smoothing capacitor which
      operates, when the output frequency of the inverter has reached a
      predetermined value, to compose a smoothing circuit with the smoothing
      reactor, and a feedback circuit consisting of controlled rectifier
      elements and commutation reactors which operates, when the output
      frequency of the inverter has reached the predetermined value, to feedback
      the reactive power of the AC motor.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a schematic diagram of a prior art power converter for driving
      an electric motor utilizing a current type inverter.
PAR  FIG. 1b is a schematic diagram of a prior art power converter for driving
      an electric motor utilizing a voltage type inverter.
PAR  FIG. 2 is an embodiment of the power converter for driving an electric
      motor according to the present invention.
PAR  FIGS. 3 to 8 are modifications of parts of the system of FIG. 2.
PAR  FIG. 9 is a block diagram illustration of a power inverter in accordance
      with the present invention for driving a number of AC motors connected in
      parallel.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As preliminaries to a description of the present invention conventional
      power converters employing a current type inverter and a voltage type
      inverter will first be described with reference to FIGS. 1a and 1b,
      respectively. In FIG. 1a reference numeral 1 designates a three-phase AC
      power source, and reference numeral 100 designates a converter for
      converting the alternating current of the three-phase AC source into a
      desired direct current and composed of, for example, a three-phase bridge
      of thyristors. Reference numeral 2 designates a smoothing reactor for
      smoothing the DC output from the converter 100. Reference numeral 200
      designates a current type of inverter for receiving the DC output smoothed
      by the smoothing reactor 2 and for producing a rectangular output current
      of a desired frequency and composed of, for example, a three-phase bridge
      of thyristors. Refrence numeral 4 designates an AC motor driven by the
      current type inverter 200.
PAR  Also in the power converter shown in FIG. 1b the alternating current from
      the three-phase AC power source 1 is converted into a desired direct
      current by the converter 100 similarly in FIG. 1a.   The DC output of the
      converter 100 is smoothed by a smoothing circuit consisting of the
      smoothing reactor 2 and a smoothing capacitor 3 and converted into an
      alternating current having a desired frequency by the inverter 200 to be
      supplied to the AC motor 4. The inverter 200 is composed of a three-phase
      bridge of thyristors similarly to the inverter 200 in FIG. 1a. A feedback
      circuit 300 is composed of diodes and feeds the reactive power of the
      inverter 200 back to the DC input side of the inverter 200 at the time of
      commutation of the inverter 200. Consequently, though the circuit
      structure of the inverter 200 is similar to that of the current type
      inverter 200 in FIG. 1a, the AC output thereof is a rectangular output
      voltage.
PAR  As described above, though the structures of the inverters 200 in FIGS. 1a
      and 1b are similar to each other, the controlled AC output of the one is a
      current while that of the other is a voltage. This difference results, as
      will be easily understood, from the following differences:
PAR  1. Whether or not the feedback circuit 300 composed of diodes is present,
      and
PAR  2. Whether or not the smoothing capacitor 3 is present.
PAR  A further difference is, though not clearly shown in FIGS. 1a and 1b, the
      difference in the commutation scheme of the inverter, that is, whether or
      not the commutation reactor is present. The current type inverter is a
      kind of parallel inverter and commutates the load current to another
      thyristor by utilizing the energy charged on the commutation capacitor.
      This is commonly called capacitor commutation. In contrast, the voltage
      type inverter commutates the energy charged on the commutation capacitor
      by producing commutation impulses by utilizing an oscillating current due
      to the commutation reactor and the commutation capacitor. This is commonly
      called impulse commutation.
PAR  From these differences in the structure the above-described contradictory
      problems arise when the speed control range of the AC motor is extended.
PAR  The present invention is intended to make an inverter to have both
      functions of the current type and the voltage type to provide the features
      of both types of inverters.
PAR  FIG. 2 is an embodiment of the present invention. In FIG. 2 the parts
      performing the same functions as those in FIGS. 1a and 1b are designated
      by the same reference numerals as in FIGS. 1a and 1b. The converter 100
      consists of six thyristors 101 to 106. By controlling the ignition phases
      of the thyristors 101 to 106 the alternating current from the three-phase
      AC power source can be converted into a desired direct current. The
      smoothing reactor 2 smooths the ripple component of the DC output of the
      converter 100. The smoothing capacitor 3 performing a similar function to
      that of the smoothing reactor 2 is connected to one terminal of the DC
      input side of the inverter 200 through a switching circuit 50. The
      switching circuit 50 is composed of thyristors 51 and 52, a contactor 53
      and a shunt resistor 54. The inverter 200 which shows the detail of the
      inverter 200 in FIGS. 1a and 1b consists of three parallel arms including
      parts 201 to 210, 211 to 220, and 221 to 230, respectively. A first arm is
      composed of series diodes 201 and 208, principal thyristors 202 and 203,
      auxiliary thyristors 204 and 205, a commutation capacitor 207, a power
      source 210 for supplementarily charging the commutation capacitor 207, and
      a reversecurrent checking diode 209. The same is true also with the other
      arms.
PAR  Considering the structure of the inverter 200 per se, when it is to be
      operated as of the voltage type as shown in FIG. 1b, it is sufficient to
      replace the commutation capacitor 207 in FIG. 2 by a commutation reactor
      and a commutation capacitor apart from the feedback circuit 300.
PAR  The feedback circuit 300 for feeding back the reactive power of the AC
      motor 4 consists of thyristors 301 to 306 and commutation reactors 206,
      216, and 226. The commutation reactors 206, 216, and 226 are for the arms
      consisting of the parts 201 to 210, 211 to 220, and 221 to 230,
      respectively, of the inverter 200. The reason why the commutation reactors
      206, 216, and 226 are put on the side of the feedback circuit 300 is due
      to the above-described difference in the commutation scheme of the
      inverter.
PAR  Though the control circuits of the converter 100 and the inverter 200 are
      not diagrammatically illustrated, when the AC motor 4 is an induction
      motor, for example, the converter 100 and the inverter 200 are
      individually controlled so that the ratio between the terminal voltage and
      the operation frequency of the induction motor becomes constant. In this
      case the DC output voltage of the converter 100 determines the terminal
      voltage of the induction motor and the output frequency of the inverter
      200 determines the operation frequency of the motor. For example, a
      controller 400 responsive to signals from detectors 401 and 402 and a
      signal indicative of the output frequency of the inverter 200 may provide
      the control for the circuits as is known in the art.
PAR  Next, how to operate the power converter constructed in this manner as a
      current type inverter at a low speed range of from the start to a
      predetermined frequency, for example a fraction of the maximum frequency,
      and as a voltage type inverter at the succeeding high speed range to make
      the most of the advantages of both types of inverters will be described.
PAR  First, the case in which it is operated as a current type inverter will be
      described. The switching circuit 50 is assumed to be in the off state.
      Then, the thyristors 51 and 52 are non-conductive, and at the same time
      the contactor 53 is in the off state. Also, the thyrstors 301 to 306 of
      the feedback circuit 300 are in the non-conductive state so that the
      feedback circuit 300 is in the off state. Though the smoothing capacitor 3
      is charged through the shunt resistor 54 of the switching circuit 50 with
      a time constant determined by the shunt resistor 54 and the smoothing
      capacitor 3, the current flowing from the smoothing capacitor 3 into the
      inverter 200 can be regarded as zero until the terminal voltage of the
      smoothing capacitor 3 becomes equal to the average value of the DC output
      voltage of the converter 100, that is, the DC input voltage of the
      inverter 200.
PAR  Consequently, if the switching circuit 50 and the feedback circuit 300 are
      in the off state, the power converter of FIG. 2 comes of the same
      construction as that of FIG. 1a so that the inverter 200 operates as the
      current type.
PAR  Here, the commutating operation when the inverter 200 functions as the
      current type will be described as regards the arm on the side of the
      principal thyristors 202 and 203 as an example. It is assumed that the
      principal thyristor 202 is conducting and the commutation capacitor 207 is
      charged positive on the cathode side of the principal thyristor 202 as
      shown in FIG. 2. When the path of the load current to the AC motor 4 is to
      be changed by extinguishing the principal thyristor 202 and by conducting
      the principal thyristor of another arm, the auxiliary thyristor 204 and
      the principal thyristor of the other arm to be conducted are conducted. By
      conducting the auxiliary thyristor 204 the energy charged on the
      commutation capacitor 207 is discharged through the path: principal
      thyristor 202 .fwdarw. auxiliary thyristor 204 .fwdarw. commutation
      capacitor 207 to backwardly bias the principal thyristor 202 so that the
      principal thyristor 202 is extinguished. Then, the load current is shunted
      to the path: auxiliary thyristor 204 .fwdarw. commutation capacitor 207
      .fwdarw. AC motor 4, so that the commutation capacitor 207 is charged in
      the opposite polarity to that illustrated. On the other hand, since the
      principal thyristor of the other arm is conducting simultaneously with the
      conduction of the auxiliary thyristor 204, the load current flows through
      this principal thyristor. Then, the load current flowing through the
      auxiliary thyristor 204 decreases to zero so that the auxiliary thyristor
      204 is extinguished. By the extinction of the auxiliary thyristor 204 the
      load current all flows through the principal thyristor of the other arm to
      complete the commutation. When the charging voltage of the commutation
      capacitor 207 becomes deficient by this commutation, the supplementary
      power source 210 supplementarily charges the commutation capacitor 207 by
      the amount of the deficiency by conducting the auxiliary thyristor 204
      when the principal thyristor 203 becomes conducting.
PAR  Since the power converter of FIG. 2 operates as a current source in this
      manner, the inrush current of the AC motor 4 at the starting time can be
      suppressed and, at the same time, the motor can be stably started even
      from a frequency near zero such as several Hz or a fraction of Hz of the
      minimum starting frequency.
PAR  The case in which the inverter 200 is operated as a voltage type inverter
      will next be described. In this case, since the smoothing capacitor 3 is
      being charged through the shunt resistor 54 while the inverter 200 is
      operating as a current type inverter, the smoothing capacitor 3 is charged
      to the extent that the terminal voltage thereof is approximately equal to
      the average value of the DC input voltage of the inverter 200. Of course
      the time constant of the shunt resistor 54 and the smoothing capacitor 3
      has to be determined considering the timing of switching from the current
      type to the voltage type.
PAR  In this state the switching circuit 50 becomes on, that is, the thyristors
      51 and 52 become conducting to short-circuit the shunt resistor 54, and
      after the lapse of a short time the contactor 53 turns off. As a result,
      the smoothing capacitor 3 is connected in parallel to the DC input side of
      the inverter 200 to compose a smoothing circuit with the smoothing reactor
      2.
PAR  On the other hand, simultaneously with the switching circuit turning on,
      the thyristors 301 to 306 of the feedback circuit 300 become conducting to
      turn on the feedback circuit 300.
PAR  Consequently, the power converter of FIG. 2 becomes the same construction
      as that of the FIG. 1b so that it operates as a voltage source.
PAR  Here, the commutating operation when the inverter 200 functions as the
      voltage type will be described as regards the arm on the side of the
      principal thyristors 202 and 203 as an example. Assume that the principal
      thyristor 202 is conducting and the commutation capacitor 207 is charged
      positive on the cathode side of the principal thyristor 202 as shown in
      FIG. 2. When the path of the load current to the AC motor 4 is to be
      changed by extinguishing the principal thyristor 202 and by conducting the
      principal thyristor of another arm, the auxiliary thyristor 204 and the
      principal thyristor of the other arm to be conducted are conducted. By
      conducting the auxiliary thyristor 204 the energy charged on the
      commutation capacitor 207 is discharged through the path: principal
      thyristor 202 .fwdarw. auxiliary thyristor 204 .fwdarw. commutation
      capacitor 207 to backwardly bias the principal thyristor 202 so that the
      principal thyristor 202 is extinguished. Then, since the thyristors of the
      feedback circuit 300 are conducting, the energy charged on the commutation
      capacitor 207 is discharged through the path: commutation reactor 206
      .fwdarw. thyristor 301 .fwdarw. series diode 201 .fwdarw. auxiliary
      thyristor 204 .fwdarw. commutation capacitor 207, so that the commutation
      capacitor 207 is charged in the opposite polarity to that illustrated. In
      this case the principal thyristor 202 is backwardly biased by the voltage
      drop component due to the commutation reactor 206 and the thyristor 301 of
      the feedback circuit 300. Next, when the commutation current flowing
      through the feedback thyristor 301 becomes zero, the load current comes to
      flow through the thyristor 304 so that the energy stored in the AC motor
      4, i.e., the reactive power is fed back to the converter 100 side. In this
      manner the load current having been flowing through the principal
      thyristor 202 is commutated to the principal thyristor of the other arm to
      complete the commutation. Of course, when the charging voltage of the
      commutation capacitor 207 is deficient, it is supplementarily charged by
      the supplementary power source 210 similarly in the case in which the
      inverter 200 operates as the current type described above.
PAR  Consequently, by operating the power converter of FIG. 2 as a voltage
      source the speed control of the AC motor at the high speed range can be
      performed stably, and the occurrence of such a problem as hunting can be
      prevented.
PAR  In FIG. 2 the switching circuit 50 is provided with the shunt resistor 54
      to gradually charge the smoothing capacitor 3 while the inverter 200 is
      operating as the current type. This is because it is intended to suppress
      the inrush current flowing into the smoothing capacitor 3 when the
      inverter 200 is changed over from the current type to the voltage type and
      to carry out the changeover smoothly by suppressing the momentary drop of
      the DC input voltage of the inverter 200. The number of the shunt resistor
      54 is not necessarily one as in FIG. 2, but a plurality of shunt resistors
      may be connected in parallel so that the value of the resistance can be
      changed with the lapse of time.
PAR  Also, the contactor 53 in the switching circuit 50 is not necessarily
      required, but it is effective to the time rating of the thyristors 51 and
      52 and the anti-sparking property.
PAR  Next, modifications of the switching circuit 50 and the feedback circuit
      300 in FIG. 2 will be described referring to FIGS. 3 to 8.
PAR  FIGS. 3 to 6 are modifications of the switching circuit 50. In FIG. 3 one
      terminal of the shunt resistor 54 which was connected in FIG. 2 between
      the output side of the smoothing reactor 2 and the DC input side of the
      inverter 200 is connected between the DC output side of the converter 100
      and the input side of the smoothing reactor 2. FIG. 4 is an example in
      which the shunt resistor 54 in FIG. 2 is replaced by an inductance 54'.
      FIG. 5 is an example in which the shunt resistor 54 in FIG. 3 is replaced
      by an inductance 54'. As can be seen from the modifications of FIGS. 3 to
      5 the selection of the element and the connection thereof can be made
      arbitrarily so far as the inrush current into the smoothing capacitor 3
      and the momentary drop of the DC input voltage of the inverter 200
      occurring when the inverter 200 is changed over from the current type to
      the voltage type are suppressed.
PAR  FIG. 6 is an example in which the thyristor 52 in the switching circuit 50
      in FIG. 2 in the discharging direction of the energy on the smoothing
      capacitor 3 is replaced by a diode 55 and the contactor 53 is removed.
PAR  FIGS. 7 and 8 are modifications of the feed-back circuit 300 in FIG. 2. In
      FIG. 7 the commutation reactors 206, 216, and 226 are connected between
      the AC output side of the inverter 200 and the AC input side of the AC
      motor 4 so that the effective current flowing into the motor 4 flows
      through the commutation reactors. In FIG. 8 the commutation reactors 206,
      216, and 226 in FIG. 2 are divided into reactors 206a and 206b, 216a and
      216b, 226a and 226b which are connected in series with the thyristors 301
      and 304, 302 and 305, 303 and 306, respectively.
PAR  As has been described above, according to the present invention one
      inverter has both functions of the current type and the voltage type and
      is operated as the current type at the low speed range of the AC motor
      while it is operated as the voltage type at the high speed range so that
      the motor can be operated stably over a wide speed range.
PAR  In enabling one inverter to have both functions of the current type and the
      voltage type the current type function can be had by additionally
      providing a few circuits, while the voltage type function can be had by
      slightly changing the circuits. Consequently, it is less expensive than
      employing two inverters of the current type and the voltage type.
PAR  The circuit structure of the inverter is not limited to the above
      embodiments but other various changes are possible.
PAR  The present invention can be applied also to the case in which a number of
      AC motors are run in parallel as is illustrated in FIG. 9. In particular,
      since, when the inverter is operating as a voltage type one, the impedance
      as seen from the load side of the voltage type inverter is low, the
      hunting phenomenon due to the load fluctuation can be suppressed.
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STM  I claim:
NUM  1.
PAR  1. A power converter for driving an AC electric motor comprising a
      converter connected to an AC power source for converting an AC power into
      a desired DC power, a smoothing reactor for smoothing the DC output of the
      converter, an inverter for receiving the DC output smoothed by the
      smoothing reactor and for producing a rectangular output current of a
      desired frequency, an AC motor driven by the inverter, a series circuit
      connected to the inverter on its DC input side and consisting of a
      switching circuit and a smoothing capacitor which operates, when the
      output frequency of the inverter has reached a predetermined value, to
      compose a smoothing circuit with the smoothing reactor, and a feedback
      circuit consisting of controlled rectifier elements and commutation
      reactors which operates, when the output frequency of the inverter has
      reached the predetermined value, to feedback the reactive power of the AC
      motor.
NUM  2.
PAR  2. A power converter for driving an AC motor according to claim 1, in which
      the switching circuit comprises switching means including controlled
      rectifying elements and an impedance element connected in parallel with
      the switching means and the smoothing capacitor is adapted to be charged
      through the impedance element when the switching means is not operating.
NUM  3.
PAR  3. A power converter for driving an AC motor according to claim 2, in which
      the impedance of the impedance element is selected such that the charging
      voltage of the smoothing capacitor becomes approximately equal to the
      average value of the DC input voltage of the inverter at the operating
      time of the switching means.
NUM  4.
PAR  4. A power converter for driving an AC motor according to claim 1, in which
      one terminal of each of the commutation reactors of the feedback circuit
      is connected to the controlled rectifying element side and the other
      terminal thereof is connected to the AC input side of the AC motor.
NUM  5.
PAR  5. A power converter for driving an AC motor according to claim 1, in which
      one terminal of each of the commutation reactors of the feedback circuit
      is connected to the AC output side of the inverter and the other terminal
      thereof is connected to the AC input side of the AC motor.
NUM  6.
PAR  6. A power converter for driving an AC motor according to claim 1, in which
      a number of AC motors are connected in parallel.
NUM  7.
PAR  7. A power converter for driving an AC electric motor comprising a
      converter connected to an AC power source for converting an AC power into
      a desired DC power, a smoothing reactor for smoothing the DC output of the
      converter, an inverter means for receiving the DC output smoothed by the
      smoothing reactor and for producing the rectangular output current of a
      desired frequency at least during start up of an AC motor, an AC motor
      driven by the inverter means, and control means for controlling the
      inverter means when the output frequency of the inverter means has reached
      a predetermined value so that the inverter means produces a rectangular
      output voltage, the control means including a series circuit connected to
      the inverter means on its DC input side and consisting of a switching
      circuit and a smoothing capacitor for forming a smoothing circuit when the
      output frequency of the inverter means reaches the predetermined value,
      and a feedback circuit consisting of controlled rectifier elements and
      commutation reactors for feeding back the reactive power of the AC motor
      when the output frequency has reached the predetermined value.
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ABST
PAL  A multi-range, self-balancing instrument using a Zener diode circuit and a
      phase compensating circuit is disclosed. The Zener diode circuit is
      capable of generating a white noise, which is effectively applied to the
      self-balancing system whereby the dead zone is maintained constant
      irrespective of the range. The phase compensating circuit, comprising a
      non-inverting input amplifier, is capable of compensating for the phase
      lag of the self-balancing instrument by adjusting the amplification factor
      of the amplifier without affecting the stability of the servo amplifier
      system.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to self-balancing instruments, and more
      particularly, to self-balancing instruments of the multi-range type
      capable of maintaining its dead zone constant and compensating for the
      phase lag of the instrument.
PAR  In self-balancing instruments, it is generally undesirable to have noise
      present in the self-balancing system. If such noise is exceedingly small,
      the dead zone usually increases. However, it is also desirable to have a
      small dead zone. For multi-range type self-balancing instruments, the dead
      zone should be constant irrespective of the range used.
PAR  Also, in self-balancing instruments, hunting usually takes place due to a
      phase lag caused in the servo system. To prevent this hunting, a phase
      compensating circuit is usually used with the feedback circuit.
PAR  2. Description of the Prior Art
PAR  It is well known in the art that a white noise, generated by a Zener diode,
      may be applied as a dither to a balancing motor in order to reduce the
      dead zone. In such self-balancing instruments, the white noise is
      attenuated to a value corresponding to the range used. Hence, the dead
      zone changes according to the range used. In practice, the dead zone must
      be small and constant irrespective of the range used. To realize a
      constant dead zone, the use of a white noise is effective when it is
      applied as a dither to the balancing motor through a pair of range
      changing attenuators of which the combined ratio is constant.
PAR  To prevent hunting, which is caused by a phase lag in the servo system, a
      phase compensating circuit may be used with the feedback circuit. The
      prior art phase compensating circuit comprises a voltage dividing
      resistor, a capacitor, and a fixed resistor. To introduce an adequate
      phase lead into the voltage, the brush position on the voltage dividing
      resistor is suitably adjusted. This type of circuit, however, is
      impractical because the angular frequency changes with change in the brush
      position. Thus, building of servosystems is complicated by the difficulty
      in determining the constants of their components. The importance of the
      phase compensating circuit, when used in servo amplifier systems, is to
      increase the response of the servo amplifier system without affecting
      other characteristics and to simplify construction of servo amplifier
      systems. Furthermore, phase advancing circuits used for the purpose of
      phase compensation should not require complex analysis of the
      characteristics of the constituent elements of the servo amplifier system
      and the determining of their component element constants.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a multi-range type
      self-balancing instrument or apparatus in which the dead zone is
      maintained small and constant irrespective of the range used.
PAR  It is another object of the invention to provide a self-balancing
      instrument having a phase compensating circuit which enables simplified
      construction of servo amplifier systems.
PAR  The foregoing, and other objects of the invention are attained in a
      multi-range, self-balancing apparatus comprising a voltage generating
      means having a pair of interconnected variable resistors, a phase
      compensating means including a noninverting input amplifier, a capacitor,
      a variable resistor and a first range changing attenuator, a white noise
      generator comprising a Zener diode, a difference generator means and DC-AC
      converter means, an output circuit means having a second range changing
      attenuator, and a balancing motor means. The two attenuators are
      interconnected so that the combined attenuation ratio is constant. The
      shaft of the motor is connected to one of the variable resistors of the
      voltage generating means thereby to control the voltage generated and
      ultimately applied to the difference generator means, and hence to the
      motor.
PAR  In operation, a standard voltage is obtained across the variable resistors
      of the voltage generating means and applied to the phase compensating
      means, wherein the voltage is divided by the attenuator and variable
      resistor in a ratio corresponding to the range selected. The voltage from
      the phase compensating means and a measuring voltage are then compared by
      the difference generator means and a difference signal is produced and
      converted from DC to AC by the DC-AC converter means. The AC signal is
      then applied to the output means wherein the signal is attenuated by the
      second range changing attenuator. The signal is then amplified and applied
      to the control phase of the motor, which then moves the variable resistor
      of the voltage generating means until the standard voltage applied to the
      phase compensating means and generated output voltage is the same as the
      measuring voltage in the difference generating means. Concurrently, a
      white noise is generated by the white noise generator means and applied to
      the input or output terminal of the phase compensating means, and
      superposed on the standard voltage. The combined signal then is acted upon
      in the same manner by the difference generator and DC-AC converter, and
      output means. Because the combined attenuation ratio is constant, the peak
      to peak value of envelope change in the voltage applied to the balancing
      motor is constant for all ranges selected. When the envelope variation is
      a small percentage of the rated value of the control phase voltage of the
      motor, the mechanical system of the self-balancing apparatus will respond
      to the low frequency component of the white noise and be constantly
      "shook" from a static state to a dynamic and thus reduce mechanical
      stickiness and minimize the dead zone.
PAR  A feature of the invention is a particular combination of elements wherein
      a phase compensating circuit having a non-inverting input amplifier and a
      voltage divider comprising a resistor and a first range changing
      attenuator, a white noise generator connected to the input or output
      terminal of the phase compensating circuit, a difference signal generator
      and DC-AC converter, and an output circuit having a second range changing
      attenuator interconnected to the first range changing attenuator to have a
      constant combined attenuation ratio, and a motor having a shaft connected
      to a voltage generating circuit, are interconnected in such a manner that
      a phase compensated voltage is generated by the phase compensating circuit
      and compared by the difference generator with a measuring voltage and
      thereupon generates a difference signal which is now in alternating
      current, and which signal is then attenuated by the second attenuator and
      applied to the motor which thereupon causes the voltage generator circuit
      to produce a different voltage to the phase compensating circuit to cause
      the phase compensated output signal to be equal to the measuring voltage
      of the difference signal generator, and wherein the white noise from the
      white noise generator is superposed on the standard voltage which is
      processed by the phase compensating circuit, difference generator and
      DC-AC converter, and output circuit, and supplied to the motor, thereby to
      keep the dead zone small and constant for all ranges selected.
PAR  Another feature of the invention is the noise generator comprising a Zener
      diode, a voltage source, and suitable resistor and which generates a
      signal which is applied either to the input terminal or output terminal of
      the phase compensating circuit.
PAR  A further feature of the invention is a phase compensating means comprising
      a non-inverting input amplifier having a variable amplification factor,
      connected in series to a capacitor and in parallel to a first resistor and
      the amplifier capacitor also being connected in series with a variable
      resistor wherein input voltage is divided by the two resistors and the
      output of the amplifier is superposed on the voltage at the connection
      between the two resistors and whereby the amplification factor may be
      adjusted to obtain the desired phase lead for the input voltage.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram depicting on illustrative embodiment of the
      invention;
PAR  FIG. 2 is a circuit diagram depicting another illustrative embodiment of
      the invention;
PAR  FIGS. 3 and 4 are graphic diagrams, respectively showing the operational
      characteristics of the Zener diode and the motor;
PAR  FIG. 5 is a diagram depicting one prior art phase compensating circuit;
PAR  FIG. 6 is a diagram depicting an illustrative phase compensating circuit
      used in the invention;
PAR  FIG. 7 is a diagram illustrating the operation of the circuit shown in FIG.
      5; and
PAR  FIG. 8 is a diagram showing waveforms for illustrating the operation of the
      circuit shown in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, a circuit diagram is depicted to illustrate a
      self-balancing apparatus of the invention. The illustrative embodiment
      comprises a voltage generating circuit VS, a phase compensating circuit
      PC, a white noise generator HN, a difference generator and DC-AC converter
      circuit CH, an output circuit OUT and a balancing motor BM, all connected
      together in the manner depicted.
PAR  The standard voltage generating circuit VS comprises a constant voltage
      source E1, a fixed resistor RS1, a slide resistor RS2 interlocked with a
      balancing motor BM shaft, which will be described hereinafter, and a
      variable resistor RS3 used when setting the mechanical zero position of a
      recording pen (not shown), for example. The phase compensating circuit PC
      is useful for preventing hunting and comprises a non-inverting input
      amplifier AP, a variable resistor RP1 connected to the output terminal of
      the amplifier AP, a capacitor CP connected to the brush of the resistor
      RP1, a resistor RP2 connected between the input terminal of the amplifier
      AP and the capacitor CP, and a range-changing attenuator ATT1 having one
      end thereof connected to junction X between the resistor RP2 and the
      capacitor CP. The amplifier AP has its input terminal connected to the
      variable resistor RS3 of the standard voltage generating circuit VS. The
      operation of this phase compensating circuit will be described later in
      connection with the functions of the circuits of the invention.
PAR  The difference signal generator and DC-AC converter circuit CH comprises an
      oscillator OSC, a waveform shaping circuit WR, and switches S1 and S2
      which comprise field effect transistors. The switch S1 is connected to
      input terminals and 1X1 and 1X2, between which a voltage Ex to be measured
      is applied. While the switch S2 is connected to the movable contactor of a
      selector switch SW1. The difference signal generator and DC-AC convertor
      circuit CH turns on and off the output voltage of the measuring voltage Ex
      and that of the phase compensating circuit PC, alternately. The resultant
      output is supplied by way of a DC filter capacitor CO an output circuit
      OUT in the succeeding stage. The output circuit OUT comprises amplifiers
      A1 and A2, a capacitor CO which couples the amplifier A1 to the circuit
      CH, and a range-changing attenuator ATT2 connected between the amplifiers
      A1 and A2.
PAR  The attenuator ATT1 in the phase compensating circuit PC and the attenuator
      ATT2 in the output circuit OUT, comprise a plurality of resistors. The
      selector switch SW1 of the attenuator ATT1 is interlocked with the
      selector switch SW2 of the attenuator ATT2 so that the range may be
      switched one after another on taps t.sub.1 ', t.sub.2 ', t.sub.3 ', . . .
      of the switch SW2 as the range is switched one after another on taps
      t.sub.1, t.sub.2, t.sub.3, . . . of the switch SW1. The attenuation ratios
      of the two multiplied together must equal a constant number. Assume that
      the attenuation ratio of the attenuator ATT2 is 1/5 or 1/1 when that of
      the attenuator ATT1 is 1/2 or 1/10. By so determining the attenuation
      ratios of the two attenuators, the combined attenuation ratio, ATT1 (x)
      ATT2, is maintained constant, that is in both cases, 1/10. In other ranges
      also, the combined attenuation ratio is constant. The output of the
      amplifier A2 is supplied to the control phase of the balancing motor BM.
      The rotating shaft of the balancing motor BM is interlocked with the brush
      of the slide resistor RS2 of the standard voltage generating circuit VS.
PAR  The white noise generator HN is used to supply the balancing motor BM with
      a dither. The white noise generator HN comprises a Zener diode DH, a
      transistor TH, resistors RH1 through RH4, a variable resistor RH5, and a
      DC voltage source E2.
PAR  FIG. 3 shows the voltage vs. current characteristics of the Zener diode DH.
      It is known that white noise is generated mostly in the electron avalanche
      region A. The constituent elements of the white noise generator HN are
      determined so that the Zener diode DH is operated in the electron
      avalanche region A. The white noise thus generated may be amplified by
      transistor TH and derived from the brush of the variable resistor RH5 by
      way of the collector electrode of the transistor TH, and then applied
      through the capacitor CH1 to the junction X between the attenuator ATT1
      and the resistor RP2 of the phase compensating circuit PC.
PAR  This self-balancing instrument is operated in the following manner. The
      standard voltage Es obtained between the brush of the variable resistor
      RS3 and the brush of the slide resistor RS2 of the standard voltage
      generating circuit VS is applied to the phase compensating circuit PC in
      which the voltage Es is divided by the resistor RP2 and atenuator ATT1.
      The attenuator ATT1 attenuates the voltage Es into a standard voltage Es'
      in a ratio corresponding to the range selected. The voltage Es' and the
      measuring voltage Ex are applied to the difference signal generator and
      DC-AC converter circuit CH, in which the difference between the two
      voltages in converted into an AC signal. This signal is supplied through
      the capacitor CO and amplifier A1 to the attenuator ATT2 in which the
      signal is attenuated in a ratio corresponding to the range selected. Then
      the signal is amplified by the amplifier A2 and applied to the control
      phase of the balancing motor BM to cause the motor BM to be driven. The
      motor BM rotates to move the brush of the slide resistor RS2 of the
      voltage generating circuit VS, so that the standard voltage Es' becomes
      equal to the measuring voltage Ex.
PAR  Concurrently, a white noise of a given peak-to-peak value, generated by the
      white noise generator HN, is derived from the variable resistor RH5 and
      applied through the capacitor CH1 to the junction X between the resistor
      RP2 and the attenuator ATT1. The white noise is then superposed on the
      standard voltage Es, attenuated by the attenuator ATT1, and applied to the
      attenuator ATT2 by way of the difference signal generator and DC-AC
      converter CH, capacitor CO and amplifier A1. The signal is attenuated by
      the attenuator ATT2, amplified by the amplifier A2, and applied to the
      control phase of the balancing motor BM. Because combined attenuation
      ratio ATT1 (x) ATT2, is constant in any range as described previously, the
      peak to peak value of envelope change in the voltage applied to the
      control phase of the balancing motor BM is constant irrespective of the
      range selected. When the envelope variation is determined to be several
      percent of the rated value of the control phase voltage of the motor BM,
      the mechanical system of the self-balancing instrument will respond to the
      low frequency component (lower than about 5 Hz) of the white noise. Thus,
      the mechanical system is "shook"  from a static state constantly into a
      dynamic state, to make it feasible to reduce mechanical stickiness as
      shown in FIG. 4, and thereby minimize the dead zone of the self-balancing
      system. In FIG. 4, the abscissa stands for the velocity of the balancing
      motor BM; and the ordinate stands for the friction torque T viewed by the
      rotating shaft of the motor BM.
PAR  Therefore, according to the invention, a multi-range type self-balancing
      apparatus in which the dead zone is small and kept constant irrespective
      of the range used, can be realized. To illustrate the invention more
      specifically, the phase compensating circuit PC will hereinafter be
      described in terms of phase advancing circuit in comparison with a prior
      art equivalent.
PAR  Referring to FIG. 5, there is shown a prior art phase advancing circuit
      wherein the symbol Vi denotes an output voltage from a potentiometer used
      in the self-balancing system. (This voltage corresponds to the voltage Es
      between the brushes of resistors RS2 and RS3 in FIG. 1). The voltage Vi is
      supplied to the phase advancing circuit. The output voltage Vo of the
      phase advancing circuit serves as the feedback voltage to the
      self-balancing system. (This voltage corresponds to the voltage Es' in
      FIG. 1) The symbol C1 indicates a capacitor, and R1, R2, R11 and R12
      indicate resistors. The resistors R2 and R11, and a brush "a" constitute a
      voltage divider. By changing the brush position, the input voltage Vi is
      given an adequate phase lead. The resultant voltage Vo is fed back whereby
      the characteristics of the servo amplifier system are improved.
PAR  The transfer function G1(S) of the phase advancing circuit of FIG. 5 is
      given as
      ##EQU1##
      Wherein
      ##EQU2##
      The voltage dividing ratio
      ##EQU3##
      is constant regardless of the brush position. However, when the gain
      characteristic of transfer function G1 (S) is viewed in terms of the Bode
      diagram, the corner frequency .omega.1 (= 1/Td.sub.1) of the numerator in
      Equation (1) and the corner frequency .omega..sub.2 (=.alpha..sub.1
      /Td.sub.1) of the denominator become variable. FIG. 7 shows the transfer
      function G1(S) in Bode diagram where the gain characteristic is obtained
      by segment approximation. FIG. 7 is a semi-logarithmic version of the
      diagram in which the abscissa represents the angular frequency
      .omega.(rad/S) in logarithmic scale in view of the frequency response of
      the transfer function; and the ordinate represents the gain (dB) and the
      phase angle (degree). The Bode diagram shows part of gain characteristic
      and phase angle characteristic depicted when the brush "a" is moved so
      that the value of R2 is increased from approximately zero. These
      characteristics change in succession, (a) .fwdarw. (b) .fwdarw. (c)
      .fwdarw. (d), with the movement of the brush. At the same time, the corner
      frequencies .omega..sub.1 and .omega..sub.2 also change. In this manner,
      the circuit is made able to provide the input voltage Vi with the desired
      phase lead by adjusting the position of the brush. On the other hand,
      however, the corner frequencies .omega..sub.1 and .omega..sub.2 change
      with the movement of the brush, which necessitates extra consideration
      when constructing a servo amplifier system, such as determining the
      constants of its circuit elements.
PAR  An illustrative phase compensating circuit PC, used for the purpose of the
      invention, is shown in FIG. 6 wherein the symbol R1 denotes a resistor
      equivalent to the resistor attenuator ATT1 shown in FIG. 1, R2 is a
      resistor equivalent to the resistor RP2 in FIG. 1 and C1 is a capacitor
      equivalent to the capacitor CP in FIG. 1. The input voltage Vi is divided
      by resistors R1 and R2. The symbol AP denotes a non-inverting input
      amplifier, of which the amplication factor Kp is variable. In FIG. 1, a
      variable resistor RP1 is connected to the output terminal of the amplifier
      AP, and its gain is changed by the use of resistor RP1. The amplifier AP,
      when given the input voltage Vi, generates an output, which is applied to
      the junction between the first and second resistors R1 and R2. The voltage
      Vo appearing across the first resistor R1 is the output of the phase
      advancing circuit. Assume that currents flow as shown inf FIG. 6. Then the
      following relationships are obtained.
      ##EQU4##
PAR  The transfer function G2(S) of the phase advancing circuit is derived from
      the above equations. Thus,
      ##EQU5##
      wherein
      ##EQU6##
PAR  Equation (2) signifies that the DC voltage dividing ratio 1/.alpha..sub.2
      and the corner frequency .omega..sub.2 (=.alpha..sub.2 /Td.sub.2) of the
      denominator are constant against the amplification factor Kp.
PAR  FIG. 8 shows the transfer function G2(S) in Bode diagram drawn in
      semi-logarithmic expression, in which the abscissa stands for the angular
      frequency .omega. (rad/S) in logarithmic scale; and the ordinate stands
      for the gain (dB) and phase angle (degree). The transfer function G2(S) as
      in equation (2) is such that the gain characteristic and the phase angle
      characteristic change from (a) to (b) by adjusting the amplification
      factor Kp. (FIG. 8 shows an instance where Kp is increased) This
      adjustment does not affect the corner frequency .omega..sub.2. In order to
      increase the response of the servo amplifier system, a method is adopted
      in which the phase at frequencies in the neighborhood of the corner
      frequency of the loop gain of the servo amplifier system and at
      frequencies higher than the corner frequency is advanced by the phase
      advancing circuit and thus the phase margin is widened and the loop gain
      is increased. In this case, the feedback voltage (equivalent to the input
      voltage Vi in FIG. 6) to the servo amplifier system is given a phase lead
      by suitably determining the amplification factor Kp of the non-inverting
      input amplifier of the phase advancing circuit. Because the corner
      frequency .omega..sub.2 of the gain characteristic of the phase advancing
      circuit is constant against the amplification factor Kp, the overall
      characteristic variation is made simpler than according to the prior art
      approach based on the transfer function G1(S) as in equation (1). Thus,
      according to this invention, synthesis of servo amplifier systems is much
      simplified.
PAR  As described above, the phase compensating circuit of the invention is of a
      phase advancing circuit in which the input voltage is divided by resistors
      and attenuator ATT1 and at the same time is applied to a non-inverting
      input amplifier of which the amplification factor is variable, the output
      of the amplifier is superposed on the voltage at the dividing point of the
      resistor and attenuator through a capacitor, and the amplification factor
      of the non-inverting input amplifier is adjusted whereby the desired phase
      lead is provided for the input voltage. This use of this phase advancing
      circuit in the feedback circuit of the self-balancing system shown in FIG.
      1 permits the self-balancing instrument of the invention to offer various
      advantages, such as
PAR  (1) The corner frequency .omega..sub.1 can be obtained by adjusting the
      amplification factor in the phase advancing circuit of FIG. 6 where the
      use of a capacitor of small capacity suffices, as opposed to the prior art
      circuit which needs a capacitor of large capacity to obtain the desired
      corner frequency.omega..sub.1. In other words, the size of the phase
      advancing circuit can be reduced, resulting in a compact servo amplifier
      system.
PAR  2. In the phase advancing circuit with the corner frequency .omega..sub.1
      determined, the value of
      ##EQU7##
      can be brought near 1, if the amplification factor is set to be large
      enough. That is, the balancing voltage of the servo amplifier system can
      be used potentiometrically as far as a value in the close proximity of the
      of the standard voltage of the servo amplifier system. This enhances the
      feasibility of a multi-range servo amplifier system.
PAR  3. Phase adjustment can readily be made only by adjusting the amplification
      factor of the non-inverting input amplifier without reducing the stability
      of the servo amplifier system.
PAR  Referring now to FIG. 2, a circuit diagram is shown to illustrate another
      illustrative embodiment of the invention. The white noise generator HN
      used in this embodiment is simpler in construction and lower in cost than
      that shown in FIG. 1. Although the arrangement of the phase compensating
      circuit PC is slightly different from that of the circuit PC shown in FIG.
      1, the operation of this circuit is essentially the same as that of the
      circuit of FIG. 1, as described in reference to FIG. 6. In FIG. 2, the
      white noise generator NH comprises a Zener diode DH, a resistor RH, and a
      voltage source E2. The circuit elements are so determined that the Zener
      diode DH is operated in its electron avalanche region A shown in FIG. 3.
      The symbol PC indicates a phase compensating circuit, in which are
      disclosed a differential amplifier AP, and a variable resistor RP1
      connected to the output terminal of the amplifier AP. A capacitor CP,
      similar to the one shown in FIG. 1, is connected to the brush of the
      variable resistor RP1. The non-inverting input terminal + of the amplifier
      AP is led to the brush of the variable resistor RS3. Also, the brush of
      the variable resistor RS3 is connected through a resistor RP2 to the
      junction X between the capacitor CP and the attenuator ATT1. A feedback
      resistor RP4 is connected between the output terminal and the inverting
      input terminal - of the amplifier AP, and resistors RP5 and RP6 are
      connected serially between the inverting input terminal + and the
      reference potential point. The brush of the resistor RH of white noise
      generator HN is connected to the junction Y between resistors RP5 and RP6.
      The other part of the circuit is the same as the corresponding parts of
      the circuit shown in FIG. 1.
PAR  The self-balancing apparatus of FIG. 2 is operated in the following manner.
      A voltage Es from the standard voltage generator VS is given a suitable
      phase lead by the phase compensating circuit PC and attenuated to a value
      corresponding to the range selected. The resultant voltage is applied to
      the control phase of the balancing motor BM by the way of the difference
      signal generator and DC-AC converter CH, and output circuit OUT.
      Concurrently, a white noise from the white noise generator HN is applied
      to the junction Y and amplified by the amplifier AP of the phase
      compensating circuit PC. The amplified output is applied as a dither to
      the balancing motor BM through the attenuators ATT1 and ATT2.
PAR  Compared with the embodiment of FIG. 1, this embodiment of FIG. 2 is
      advantageous in the following manner. The white noise produced by the
      white noise generator HN is amplified by the use of the amplifier AP which
      is a constituent element of the phase compensating circuit PC. This
      obviates the need for an additional amplifier in the white noise generator
      HN, as required in the embodiment of FIG. 1, with the result that the
      number of circuit elements is reduced and the overall instrument cost is
      reduced.
PAR  As described hereinabove, the invention offers a highly practical
      multi-range, self-balancing apparatus or instrument in which the dead zone
      is small and kept constant regardless of the range selected, and the phase
      can be efficiently adjusted by the use of an improved phase compensating
      circuit.
PAR  While few specific embodiments of the invention have been described, it is
      to be understood that this is for the purpose of illustrating the
      principles of the invention, and should not be construed to be necessarily
      limiting the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-range, self-balancing apparatus, comprising
PA1  a. voltage generating means comprising a slide resistor having a movable
      brush and for generating an output standard voltage corresponding to the
      position of said brush;
PA1  b. phase compensating means comprising is a voltage dividing circuit, a
      first capacitor and a non-inverting input amplifier having a variable
      amplification factor, said voltage dividing circuit comprising a resistor
      and a first range-changing attenuator to divide the output standard
      voltage of said voltage generating means, said output standard voltage
      being applied to said input amplifier and said amplifier providing an
      output signal through said first capacitor to the voltage dividing point
      of said voltage dividing circuit thereby to provide a phase compensated
      output signal;
PA1  c. a difference signal generator and DC-AC converter means for converting
      the difference between said output signal from said phase compensating
      means and a measuring voltage, into an AC signal;  (d) output means having
      a second range-changing attenuator for receiving said AC signal from said
      difference generator and DC-AC converter means and means for interlocking
      said second attenuator with said first attenuator whereby the product of
      the multiplication of the attenuation ratio of said first attenuator and
      the attenuation ratio of said second attenuator is constant, said output
      means supplying an output signal in accordance with the attenuation ratio
      of the said second attenuator;
PA1  e. balancing motor means having a control phase and a shaft, said shaft
      being connected to said brush of said slide resistor of said voltage
      generating means, said output signal from said output means being applied
      to said control phase of said motor; and
PA1  f. white noise generator means comprising a Zener diode and means for
      connecting the output terminals of said white generator to said phase
      compensating means, whereby said white noise output is superposed on said
      phase compensated output signal from said amplifier and thereafter
      operated upon by said difference generator and DC-AC converter means and
      said output means and subsequently applied to said motor means thereby to
      keep the dead zone small and constant for all ranges.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said output terminal of said white
      noise generator means is connected to the input terminal of said phase
      compensating means.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said output terminal of said white
      noise generator means is connected to the output terminal of said phase
      compensating means.
NUM  4.
PAR  4. The apparatus of claim 2, wherein said white noise generator means
      comprises a Zener diode, a resistor and a DC voltage source, all connected
      to each other in parallel circuit configuration.
NUM  5.
PAR  5. The apparatus of claim 3, wherein said white noise generator means
      comprises a Zener diode, a resistor connected in series with said Zener
      diode, a DC voltage source connected across said Zener diode and said
      series connected resistor, and a transistor having its base electrode
      connected to the junction between said Zener diode and said resistor,
      whereby the white noise produced by said Zener diode is amplified by said
      transistor and then applied to the output terminal fo said phase
      compensating means.
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ABST
PAL  A device for positioning a part comprises a signal generator which, upon
      movement of said part within the vicinity of a required position of the
      part, produces a signal value which passes through zero at a point when
      said part is in said required position, and a servo system responsive to
      said signal value to transmit movement to said part until said signal
      value reaches zero. The signal generator may operate to define a
      predetermined stop position into which a part, for example a machine part
      or a workpiece, is to be moved, or, in cooperation with an appropriately
      movable member, it may be used to trace a predetermined pattern of
      movement so that the part to be moved follows said pattern.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a device for positioning a part, more especially a
      slide or table of a machine tool or the like, the device having at least
      one stop.
PAR  2. Discussion of the Prior Art
PAR  In positioning devices of the kind initially referred to, it is known
      practice to provide stops having movable sensors which act on switches
      which in turn switch off the drive for moving the part when the switch is
      actuated by the sensor (see for example German Patent Specification No.
      1,134,915). With this kind of stop there is no certainty as to how rapidly
      the movement will be halted after the stop has responded, i.e. the extent
      to which the part runs past the position preset by means of the stop is
      unknown.
PAR  Although, in the case of digitally controlled machines, it it also known to
      determine electrically a difference between the position reached and a
      required position, and to feed this difference to a control unit for the
      purpose of making a correction (German Patent Specification No. 1,577,485
      as laid open), this type of stop can, however, only be used in conjunction
      with complicated and expensive digitally controlled machines.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a positioning device
      which has stops that act in a very precise manner and which is simple to
      use and is of general application. The device is characterised in that the
      stop is constituted by the combination of a signal generator, which in the
      vicinity of a required position or stop position of the part produces a
      signal value which passes through zero at the stop position, and of a
      servo system which is controlled by this signal value and effects the
      positioning. In this arrangement, the stop may operate electrically or
      pneumatically, or even hydraulically if required. Indeterminate
      overrunning of the stop position is rendered impossible by the servo
      action, whereby a part is always moved into its stop position or required
      position. The accuracy of the position is dependent only upon the
      precision of the signal generator or upon the sensitivity of the servo
      system. The servo system can also be used for actually displacing the part
      by controlling a servo motor either by the signal-generator of the stop,
      or by a program or cycle control means associated with the signal
      generator.
PAR  Other objects and advantages of this invention will become appparent upon
      reading the appended claims in conjunction with the following detailed
      description and the attached drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows diagrammatically the electrical equipment of a stop means
      according to the invention,
PAR  FIG. 2 shows the signals derived from the signal generator and required for
      control purposes,
PAR  FIGS. 3 and 4 show in longitudinal section and cross-section, respectively,
      a stop mechanism according to the invention which includes a mechanical
      stop sensor,
PAR  FIG. 5 shows a positioning device according to the invention actuating a
      copying system,
PAR  FIG. 6 is a diagrammatic cross-section through part of the device shown in
      FIG. 5, and
PAR  FIG. 7 shows diagrammatically a device for controlling a cycle of movements
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred form of the positioning device as illustrated in FIG. 1 has
      an adjustable part, e.g. a machine table 1, which can be displaced, by
      means of a feed screw 2 driven by a spindle of a reversible direct-current
      servo motor 3, in the direction indicated by the arrow X. A signal
      generator part 4 indicated diagrammatically, e.g. a small cylinder made of
      an electrically conductive and/or ferromagnetic material, is provided on
      the part 1 and, upon displacement of the part 1, moves into the zone of
      two symmetrical measuring reactance coils 6 of a measuring bridge which
      are provided on a stationary part 5 of the machine. The measuring bridge
      is supplied with alternating current by a power source 7. The bridge
      output acts on a sum-and-difference amplifier 8, the output of which is
      passed to a demodulator 9. At the output of this demodulator there occurs
      a signal as shown in graph A of FIG. 2, i.e. as long as the signal
      generator part 4 is outside the zone of coils 6, the bridge is balanced
      and no output signal occurs. If the signal generator part 4 moves from one
      side into the zone of a coil 6 and influences the latter, there then
      occurs a signal having a particular direction, until the part 4 is
      disposed symmetrically between the coils 6 in a stop position or required
      position. Upon further displacement in the same direction, a signal a in
      the opposite direction occurs, since the effect on the other coil 6 now
      predominates.
PAR  If the signal A is amplified and passed to the servo motor 3, the motor
      will drive the spindle 2 and will displace the part 1 as long as it
      receives voltage. The direction of movement is so selected that the part 1
      having the signal generator part 4 is on each occasion moved towards the
      stop position, that is the required position in which the part 4 is
      symmetrically disposed between the coils 6 and a signal controlling the
      servo motor 3 no longer occurs. Thus the precise stop position is of
      necessity always achieved by "hunting". Accuracy in the order of magnitude
      of 10.sup.-.sup.3 mm can be readily achieved.
PAR  FIGS. 3 and 4 show a form of construction of a stop mechanism incorporating
      a sensor and in which therefore there is no signal generator part which is
      directly connected to the part to be adjusted and which acts on the
      measuring coils. The stop mechanism is used, for example, for obtaining
      the precise axial position of an end-face or a radial shoulder on a
      workpiece 10 partly shown in outline in FIG. 3. The sensor has a two-part
      arm 11a, 11b with a link 12 between these, and stop pins 13 on both sides.
      The inner part 11b of the arm is secured to a carrier 14 which is mounted
      in the upper part of a casing 15 and is adapted to swing on a pivot 16.
      The lateral movement of the inner cylindrical part 11b of the arm is
      limited by its play in a bore 17 in an end wall of the casing. Secured to
      the carrier 14 is a signal generator part 4' which acts on the other
      signal generator part 5', indicated only diagrammatically in the drawing
      and having laterally opposite measuring coils 6, not shown.
PAR  Connected to the carrier 14 is a rod 18 which projects freely into the
      interior of the casing between two compression springs 19. Inserted
      between each spring 19 and the rod 18 is a disc 20 which is displaceable
      along two guide bars 21. Secured to a rotatable shaft 22, having a knob 23
      actuable on the outside of the apparatus, is an angle element 24 which
      extends between one disc 20 and the rod 18 and thus renders the spring on
      the left of FIG. 4 ineffective, whereas the spring on the right acts on
      the rod 18 by way of the disc 20 and thus holds the rod, the carrier 14
      and the sensor arm 11 in a left-hand end position in which the inner arm
      part 11b bears against the wall of the bore 17. The system is thus biassed
      or unbalanced, since the part 4' is disposed symmetrically with respect to
      the two measuring coils 6 when the sensor arm 11 is disposed symmetrically
      in the bore 17. The signal generator is thus unbalanced in the illustrated
      biassed rest position, and produces an output signal A (FIG. 2) having a
      particular direction.
PAR  The casing 15 with the above-described parts is mounted on a slide 25 which
      can be displaced by a control cylinder, having a piston 26 and by way of
      the piston rod 27, in order to bring the stop device into the zone of the
      workpiece 10 and to remove it again after positioning has been completed.
PAR  As mentioned above, the stop system is biassed in a particular direction
      and is unbalanced, the arrangement being such that under the effect of the
      expected stop pressure of the workpiece against one pin 13, the sensor arm
      is displaced from the illustrated asymmetrical position into the
      symmetrical position, i.e. to the right in FIG. 4. During the measurement,
      the situation is now such that the signal generator in its rest position
      produces an output signal having a specific direction, under the effect of
      which the servo system moves the workpiece 10 towards the sensor. As soon
      as the workpiece encounters the sensor, the latter is moved from the
      biassed asymmetrical position into its symmetrical position. After any
      "hunting" that may occur, precise positioning is achieved with the sensor
      exactly in its median position and the workpiece exactly in its required
      position. If the sensor were not biassed and the signal generator not
      unbalanced, a measuring signal would only occur after the stop position
      has been overrun, and it would then be necessary to make a correction in
      the rearward direction, and the sensor would not follow any rearward
      over-correction that might occur. Reliable and rapid hunting to find the
      zero position or the required position of the workpiece would thus not be
      ensured.
PAR  FIGS. 5 and 6 illustrate diagrammatically the use of the positioning device
      in a tracing or copying control system. A signal generator 33, having
      pairs of measuring coils 34x and 34y arranged crosswise, is connected by
      means of a carrier 32 to a machine table 1 which is displaceable by means
      of two motors 30x and 30y and two spindles 31x and 31y. The signal
      generator 33 is disposed above a disc 36 which can be driven by a motor 37
      (FIG. 6) at a speed that is adjustable with the aid of a regulating means
      38, the signal generator carrying an electrically conductive and/or
      ferromagnetic cylindrical signal generator part 39. Each two coils 34x and
      34y respectively are connected into a bridge, as in FIG. 1, which bridge
      acts on the servo motor 30x and 30y by way of a servo amplifier 40x and
      40y respectively. If firstly the signal generator part 39 is located
      symmetrically within the coils 34x and 34y as in FIG. 5, then each
      movement of the part 39 relative to the coils causes detuning of one or
      both bridges and production of one of both signals A (FIG. 2),
      respectively and thus causes the associated servo motor to start up in the
      direction for effecting correction. The table 1 will therefore precisely
      follow the movement of the part 39, and upon rotation of the disc 39, will
      execute a circular movement as shown by the broken lines in FIG. 5. This
      control of the table 1 can be used, for example, for millng an annular
      groove or for cutting a circular portion from a workpiece. As indicated
      above, very high precision can be achieved in such operations. This device
      can be used for copying other movements. The part 39 can be moved, for
      example, along a template for the purpose of copying any required contour.
PAR  FIG. 7 illustrates diagrammatically a further possible construction; In
      this figure parts equivalent to those illustrated in FIGS. 5 and 6 are
      designated by the same reference symbols and will not be described in
      detail. In the arrangement shown in FIG. 7, signal generator parts and
      stops 39x and 39y made of electrically conductive and/or ferromagnetic
      material are provided on the machine table and are displaceable along
      graduated strips 41x and 41y, respectively, in the directions indicated by
      the arrows. Each of the stops 39 acts on a signal generator part 5x and 5y
      respectively having two measuring coils as shown in FIG. 1, and each
      signal generator part is connected to a servo amplifier 40x and 40y,
      respectively, each of which acts on the associated servo motor 30x and
      30y, respectively. The servo amplifiers are connected to a cycle control
      means 42 which renders the signal generator effective or ineffective.
      Although the signal generators 5x and 5y are illustrated in FIG. 7 as
      though they were fitted on a common machine part, it is clear that the
      signal generator 5x follows the movements of the table 1 in the Y
      direction so that it always remains in the zone of action of the stops
      39x, and that the signal generator 5y follows the table 1 in the X
      direction, so that it remains in the zone of action of the stops 39y.
      Because of these follow-up movements of the signal generators so that they
      always remain in the zone of action of their respective stops, a signal in
      accordance with the waveform of graph B of FIG. 2, produced with the aid
      of logic elements, not illustrated, arises as long as the signal generator
      part, 5x or 5y is within the range of influence by the stops 39x or 39y,
      respectively, and by means of this signal it can be ensured that the servo
      control means is rendered effective only during the occurrence of a signal
      in accordance with graph A of FIG. 2. Furthermore, in this case, the
      conditions at each of the ends of the graph A signal determined by the
      zone of influence of the signal generator can be modified, as indicated by
      graph C of FIG. 2 to provide an extended signal.
PAR  Control proceeds in such a way that a point A on the table moves in the
      direction indicated by the arrows towards B, C and D and then back to A.
      As this happens, the stops each take over control when they come into
      effect and cause the table 1 to find the one position by hunting. Then the
      cycle control system becomes effective again and moves the table into the
      next stop position in which the corresponding stop again becomes effective
      and moves the table into the precise position.
PAR  As indicated previously, the electrical signal generators can, in
      practically all cases, be replaced by pneumatic or hydraulic signal
      generators, which either act directly on a pneumatic or hydraulic servo
      system, or on one or more servo motors by way of electric circuits.
PAR  A considerable advantage of the positioning devices that have been
      described resides in the fact that it is not absolutely necessary for
      precision setting of the stops to be carried out mechanically; instead
      such precision setting can be achieved electrically by appropriate
      adjustment of the bridge. It will be obvious that when the bridge is
      electrically detuned, the part 4 (FIG. 1) does not need to be positioned
      exactly symmetrically between the coils 6 in order to balance the bridge.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A servo type device of the null-seeking type for positioning a part and
      wherein a mechanical sensor is provided for engagement with and movement
      by said positionable part, comprising a reversible motor coupled to said
      part for effecting reversible movement thereof, a two-component servo
      signal generator, one component of said generator being a set of reactance
      coils and the other component being a reactance varying member, one of
      said signal generator components being stationary and the other component
      being mounted on said mechanical sensor for movement in one direction or
      the other from a null signal position in which the coil reactances are
      balanced so as to increase the reactance of one coil and simultaneously
      decrease the reactance of the other, means for resiliently biassing said
      mechanical sensor away from said null signal position in one direction or
      the other (,) comprising end stops between which said mechanical sensor is
      mounted for movement, corresponding springs for biassing said mechanical
      sensor towards each end stop, and means for optionally rendering one or
      the other spring effective, a bridge circuit in which said coils are
      connected in different arms thereof, and means connecting the output
      terminals of said bridge circuit to said motor whereby the bridge output
      signal resulting from an unbalanced condition of said reactance coils
      causes said motor to be actuated to move said part and also said
      mechanical sensor in the direction which will re-establish the null signal
      position.
NUM  2.
PAR  2. A servo device as defined in claim 1 wherein said biassing springs are
      of the compression type and wherein said machanical sensor comprises a rod
      located between said compression springs, there being a disc located
      between each said compression spring and said rod, and an eccentric
      pivoted substantially about the axis of said rod for moving either of said
      discs against the force of its associated spring.
NUM  3.
PAR  3. A servo type positioning device for use in a tracing or copying control
      system comprising a table mounted for displacement in mutually
      perpendicular directions respectively along x and y axes, a first
      reversible motor for positioning said table along the x-axis, a second
      reversible motor for positioning said table along the y-axis, two sets of
      spaced measuring reactance coils arranged in mutually perpendicular
      directions and mounted on a support connected to said table such that one
      set of coils is aligned with the x-axis and the other is aligned with the
      y-axis, a table movement control member positioned in the space between
      and movable relative to both sets of reactance coils for varying the
      reactance thereof, a null-balance type bridge circuit for each set of
      reactance coils and wherein the coils of each set are located in different
      arms of the respective bridge such that the reactance value of one coil is
      increased whilst that of the other coil is simultaneously decreased from
      null point values as said control member is shifted therebetween, and
      circuit means connecting the output from each bridge circuit to the
      correspponding reversible motor.
NUM  4.
PAR  4. A servo type positioning device as defined in claim 3 wherein said table
      movement control member is mounted on a support rotatable about an axis so
      as to describe a circular path.
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ABST
PAL  Numerical control means for controlling the position of a machine tool or
      the like by means of a servomotor are described. A position command signal
      is compared to the signal indicative of the servomotor position, and the
      resultant error signal is added to a speed command signal to control the
      speed of operation of the motor. A follow-up signal is generated whenever
      the amplitude of the error signal exceeds a predetermined level, and the
      latter is added to a digital position signal coupled to the system. A
      constant digital signal generated by said follow up signal is added to
      said error signal instead of said speed signal.
PARN
PAR  This is a continuation of application Ser. No. 46,761, filed June 16, 1970.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for controlling the position and
      speed of a moving part in machine tools or other numerically controlled
      apparatus. In known systems the moving part, positionable along one or
      each of several axes by means of a separate servomotor, travels along a
      predetermined continuous path under the control of a series of successive
      position and speed orders supplied in numerical form by a program unit.
      Each position order is converted into an analogue signal by a
      corresponding digital-to-analogue converter and then supplied as a command
      signal to a position detector adapted to produce an analogue error signal
      equal to the difference between the current position of the moving part
      and the position represented by the position order and which controls the
      speed of the servomotor.
PAR  The servomechanisms which carry out the movement along the shifting axes in
      known systems of this type are normally such as to have a constant error
      in the output from the position detector with a constant speed of the
      moving part. Examples of this type are the positioning servomechanisms
      described in our U.S. Pat. Nos. 3,515,962 and 3,356,994 and U.S. Pat.
      Application No. 575,802. The first of these patents describes a continuous
      positioning system in which the program unit is constituted by a program
      tape on which position orders relating to very closely related positioning
      points are recorded, a tape reader and registers fed by the reader and
      adapted to store the successive orders for a time sufficient for the
      transmission of the respective command to the actuating servomechanism.
      The second of these patents, on the other hand, describes a continuous
      positioning arrangement in which the program tape contains only orders
      relating to discrete points and the tape reader feeds an interpolator
      adapted to supply as output the orders relating to all the intermediate
      points included between two successive discrete points of the program.
PAR  The position error produced by the position detector cannot exceed a
      certain value in order not to obtain inaccurate machining and, especially
      when cyclic position detectors are used, so as not to lose the step
      between nominal positions indicated by the successive positioning orders
      and actual positions successively attained by the moving part during the
      shifting thereof.
PAR  If we describe as K the ratio between speed and error, that is V/.epsilon.,
      in which the speed V may be expressed in mm/sec and the error .epsilon. in
      mm, in known servomechanisms there will be values of the order of 40 for
      K. Since .epsilon. cannot exceed a predetermined value, it is clear that
      the maximum speed of movement with which it is possible to control the
      servomotor is rather limited, that is, in the case where .epsilon. must
      not exceed 0.5 mm, it is of the order of 20 mm/sec. On the other hand, in
      order to obtain higher speeds of movement, it would be necessary to have a
      larger error signal available.
PAR  This disadvantage can be obviated by programming the speed of movement,
      that is the speed order, in a special way. The speed order, instead of
      being a particular function which acts on transmission ratios, thus
      changing the speed of the servomotor, is a numerical value proportional to
      the absolute value of the speed it is desired to obtain. The speed order,
      having also been converted into an analogue signal, is added to the
      analague error signal which commands the servomechanism.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, according to the principles of the invention, there is provided
      herein a description of a preferred embodiment of a numerical control
      system comprising a servomotor for positioning a movable part along a
      continuous path, a program unit adapted to supply a series of successive
      position and speed orders in digital form, first and second digital to
      analogue converters for converting these orders into position and speed
      command analogue signals respectively, means responsive to the difference
      between the position command signal and a feedback analogue signal
      representing the actual position of the movable part along the said path
      to form an error signal, and means for adding the speed command signal to
      the error signal to provide a control signal which controls the speed of
      the servomotor.
PAR  Preferably the system comprises a position register and a speed register
      for storing the said orders, a follow-up register and means for
      transferring a predetermined numerical quantity thereto whenever the
      amplitude of the error signal exceeds predetermined level, means for
      feeding the first converter with the difference between the contents of
      the position register and the follow-up register, and means for applying
      the contents of the follow-up register, when these contents are other than
      zero, to the second converter in lieu of the contents of the speed
      register.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The principles of the invention will be more clearly understood from the
      following description of a preferred embodiment of the invention given by
      way of example, with reference to the accompanying drawing, which shows a
      block diagram of a numerical control system for a machine tool.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The program unit of the machine tool includes a program tape 1 on which
      position and speed orders are recorded. These orders, read by a reader 2,
      are stored in corresponding registers Rp and Rv of a control unit 3 to be
      directly transferred as commands to the actuating servomechanism in the
      case where orders sufficiently close for controlling a movement along a
      continuous path are concerned, or are processed by means of an
      interpolator in the control unit in the case where orders relating to
      discrete points along a continuous path are concerned, in which case the
      calculation of the orders relating to intermediate points between two
      successive discrete points is required.
PAR  The numerical output of the register Rp for the position orders feeds a
      digital-to-analogue converter 5, the analogue output signal of which is
      transferred as command to an error detector or comparison means 7 adapted
      to produce an error signal .epsilon. equal to the difference between the
      actual position of the moving part of the machine signalled over the
      channel 11 and the position represented by the position order currently
      supplied to the detector. The error signal .epsilon., suitably amplified
      by an amplifier 9, is adapted to command the speed of a servomotor 10
      which controls the current position signal on the channel 11.
PAR  In order to obtain high machining speeds, it would be necessary to have a
      high error signal .epsilon. available, but this could cause inaccuracies
      of machining. To eliminate this drawback, there is introduced into the
      system embodying the invention another digital-to-analogue converter 6 fed
      by the numerical value of the speed register Rv and adapted to supply as
      output an analogue signal proportional to the speed programmed for the
      machining. The signal .epsilon.' from the converter 6 is added through an
      adder 8 to the error signal .epsilon., and a signal corresponding to the
      sum of .epsilon. and .epsilon.' is coupled to the servomotor 10. In this
      way, the attainment of high speeds with great precision is rendered
      possible, inasmuch as operation with a position error signal .epsilon.
      which is small and in any case less than the signal corresponding to the
      theoretical maximum error is permitted.
PAR  This position error intervenes to command the servomechanism when the
      programmed speed tends progressively towards zero (deceleration phase) and
      thus guarantees perfect positioning of the moving part at the programmed
      point of arrival.
PAR  The digital-to-analague converter 6 for the speed orders is in general of
      simpler structure than the converter 5 for the position orders, inasmuch
      as it acts by simple linear conversion. The converter 5, on the other
      hand, may be constructed so as to supply at the analogue output particular
      trigonometrical functions of the numerical position with which it is fed,
      this being done in dependence upon the structure of the position error
      detector 7 used in the positioning servomechanism.
PAR  It can be observed that in the construction of the control system which has
      been described so far the closed loop of the servosystem is fed at
      separate points by the output signals of the converters 5 and 6, but no
      feedback action of the servosystem into the control unit 3 has been
      described.
PAR  If it is desired to operate with very rapid movements, that is at a speed,
      for example, of the order of 10 m/min, in the stages of presetting the
      machining, the correction given by the speed signal .epsilon.' would be
      too great with respect to the maximum error signal .epsilon. obtainable
      from the position detector. In fact, assuming that operation is carried
      out with a cyclic position detector with a step of 2 mm, the theoretical
      maximum error is 0.5 mm, while if it is desired to operate at a speed of V
      = 12 m/min = 200 mm/sec, for K = 40 as already assumed hereinbefore, there
      is obtained a speed signal .epsilon.' = V/Rv = 200/40 = 5 mm; that is, the
      position error signal can be at a maximum equal to 10% of the speed
      signal.
PAR  For rapid movements, a different method of operation is therefore used, in
      which the moving part is permitted to lag behind with respect to the
      desired position, even by an amount greater than the maximum theoretical
      error permitted so as not to lose step. This mode of operation requires
      that there be auxiliary means which take account of the value of this
      current position error and allow a readjustment to the programmed nominal
      position in the phase of deceleration and arrival.
PAR  To this end, the system embodying the invention is provided with a special
      follow-up register Ri incorporated in the control unit 3 and to which a
      constant numerical quantity Q is transferred under the control of an error
      meter 13, which monitors the output of error detector 7, whenever the
      amplitude of the position error produced by the position detector 7 along
      the line 12 exceeds a given level predetermined by means of a suitable
      threshold in the error meter 13. Therefore, when the output 14 of the
      meter 13 is activated, the gate 15 is consequently enabled and permits the
      transfer of the constant quantity Q to the register Ri, which totals these
      successively supplied quantities. Furthermore, the error meter 13 is
      adapted, as well, to detect the sign, in addition to the level, of the
      error .epsilon. and, therefore, to control the transfer of the quantity Q
      to Ri correspondingly with a positive or negative sign. For example,
      whenever the position error .epsilon. is positive and exceeds + 0.125 mm,
      a quantity Q = + 0.125 mm is sent to Ri, while if the position error
      .epsilon.  is negative and below -0.125 mm, the quantity Q = -0.125 mm
      will be sent to Ri.
PAR  The contents of the registers Rp and Ri are each applied to an adder 4,
      which forms a difference between the numerical position order contained in
      Rp and the numerical quantity introduced into Ri before feeding the
      digital-to-analogue converter 5.
PAR  The contents of the follow-up register are moreover sent to the converter 6
      in place of the contents of the speed register Rv. This is shown
      schematically in the drawing by means of gates 16 and 17 which,
      respectively, control the outputs of the follow-up register Ri and the
      speed register Rv, as well as one controlled by the program (or
      interpolating) unit 2, so as to enable gate 16 only during rapid movements
      and gate 17 only during the working displacements when the speed should be
      relatively slow and controlled by the programmed (or computed) values
      introduced into the speed register Rv. Additionally the gate 17 is enabled
      by the signal 18 only when the contents of the register Ri are nil, while
      the gate 16 is enabled via line 19 by the presence of a nil speed command
      in the register Rv.
PAR  In this way, there is obtained a position error .epsilon. measured by the
      position error detector 7 which is always small, while the moving part can
      lag behind with respect to the position command even by several steps of
      the detector 7. The follow-up register allows the storage of a measure of
      the current position error to be utilized at the end of the positioning
      phase for arriving correctly at the predetermined target.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for controlling the speed and position of a machine tool or
      the like movable along one or more axes by means of a servometer wherein
      the position and speed information for operating said servometer are
      obtained in the form of digital signals from a record means, said
      apparatus comprising:
PA1  first converter means for converting said position information obtained in
      digital signal form from said record means to a first analogue signal
      corresponding to the desired position of said machine tool,
PA1  second converter means for converting said speed information obtained in
      digital form from said record means to a second analogue signal
      corresponding to the desired speed of said machine tool,
PA1  adder means for adding said error signal to said second analogue signal and
      for producing a resultant analogue signal proportional to the sum thereof,
PA1  means for monitoring the level of said error signal and for producing an
      output signal responsive to the exceeding by said error signal level of a
      predetermined threshold level corresponding to said linear range of
      operation,
PA1  means for subtracting said monitoring means output signal from said digital
      position signal obtained from said record means, the resulting signal
      being converted in said first converter means to an analogue signal to
      replace said first analogue signal in said detector means for maintaining
      the detector means in said linear range,
PA1  means for coupling said output signal from said monitoring means to said
      second converter means to produce an analogue signal to be coupled to said
      adder means instead of said second analogue signal when said speed digital
      signal is nil,
PA1  and means for coupling said speed digital signal to said converter means
      when said output signal from said monitoring means is nil.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said monitoring means is
      adapted to produce an output signal including information as to the
      algebraic sign of the error signal emanating from said detector means.
NUM  3.
PAR  3. Apparatus for controlling the speed and position of a machine tool or
      the like movable along a predetermined path, by means of a servomotor,
      wherein the information as to the desired speed and position are obtained
      from a record member in the form of digital signals, said apparatus
      comprising:
PA1  first register means for receiving and storing digital signals indicative
      of the desired position of said machine tool,
PA1  second register means for receiving and storing digital signals indicative
      of the desired speed of said machine tool,
PA1  first converter means for converting the digital information stored in said
      first register into a first analogue signal proportional thereto,
PA1  second converter means for converting the digital information stored in
      said second register into a second analogue signal proportional thereto,
PA1  error detector means for producing an output error signal indicative of the
      difference between said first analogue signal and an analogue signal
      obtained from and indicative of the position of said servomotor,
PA1  said detector means being of the cyclic type, whereby said error signal
      assumes identical values for any position of said servomotor differing
      from each other by a multiple of a predetermined pitch, and having within
      one pitch a substantially linear range of operation where said error
      signal is proportional to said difference,
PA1  first adder means for producing a control signal indicative of the sum of
      said error signal and said second analogue signal, said control signal
      being coupled to said servomotor to control the speed of operation of
      same,
PA1  third register means for receiving and registering a digital quantity,
PA1  level detector means for producing an output when said error signal exceeds
      a predetermined threshold level corresponding to said linear range of
      operation,
PA1  means for applying said digital quantity to said third register in response
      to said level detector output, second adder means for producing a digital
      signal coupled to said first converter means, which digital signal is the
      sum of the digital position signal stored by said first register means,
      and the digital quantity in said third register means, means for coupling
      the output of said third register to said second converter means when the
      content of said second register means is nil, and means for coupling the
      speed digital signal stored by said second register to said second
      converter means when the content of said third register means is nil.
NUM  4.
PAR  4. The apparatus defined in claim 3 wherein said first converter means is
      adapted to produce an analogue output which is a predetermined
      trigonometrical function of the digital input thereto, and wherein said
      second converter means is adapted to produce an analogue output which is a
      linear function of the digital input thereto.
NUM  5.
PAR  5. The apparatus defined in claim 1 wherein said output signal from said
      monitoring means is in the form of a constant digital quantity.
NUM  6.
PAR  6. The apparatus defined in claim 1, wherein said monitoring means is
      adapted to produce a numerical output signal representing a fixed quantity
      provided with a positive or a negative sign according to the algebraic
      sign of said error signal, and comprising follow-up means for
      algebraically integrating said fixed quantity each time said monitoring
      means produces said output signal.
NUM  7.
PAR  7. The apparatus defined in claim 3, wherein said third register is adapted
      to supply to said first converter said digital quantity and to store up to
      a predetermined multiple of said quantity, and said level detector means
      produces said output with a sign corresponding to the sign of said error
      signal, and comprising means for conditioning said applying means to apply
      said quantity to said third register each time said level detector
      produces said output so as to be algebraically integrated according to the
      sign of said error signal, whereby said second adder means algebraically
      adds to said digital position the content of said third register.
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ABST
PAL  An apparatus for charging an electrical energy source secured within a
      water-tight or hermetically sealed housing. The apparatus includes a
      transformer having a primary and secondary coil. The secondary coil is
      secured within the housing, whereby the housing need not be opened to
      effect charging of the electrical energy source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to an apparatus for charging an electrical
      energy source and more particularly to a battery charger for an underwater
      electro-acoustic measuring or position-finding apparatus, having a
      water-tight housing in which an energy dissipating load is situated
      together with a chargeable battery for current supply.
PAR  An electro-acoustic position-finding transmitter for deep sea use is
      disclosed in "Ocean Master," a catalogue published by Charles Kerr
      Enterprises Inc., beginning on page 118 (1971 Edition). The transmitter
      includes various electrical equipment and a battery secured within a
      hermetically sealed housing. The battery supplies power to the electrical
      equipment. Periodically, the housing is opened and the battery is
      re-charged.
PAR  Opening of the housing permits the unavoidable spillage and seepage of sea
      water onto the delicate electrical equipment. In addition, the sealing
      surfaces of the housing and the sealing arrangement itself are usually
      damaged, causing leakage. When used at sea, even small scratches or hair
      cracks in the sealing element permit entry of sea water into the interior
      chamber of the transmitter housing.
PAR  At page 364 of the same catalogue, a second transmitter is shown wherein
      the electrical load and battery are in separate pressure-resistant
      housings. Electrical contacts in the intermediate space permit
      interconnection of the load and battery. In this constructional form, the
      hermetically sealed housings need not be opened to charge the battery.
      However, the contacts require protection, such as a suitable grease. But
      for deep sea use, this technical solution becomes unworkable without
      constant monitoring and considerable expense.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus an object of the present invention to provide an apparatus for
      charging an electrical energy source secured within a water-tight or
      hermetically sealed housing.
PAR  It is a further object of the present invention to provide a charging
      apparatus for an underwater device, having a water-tight housing and
      battery therein secured, such as an electro-acoustic position-finder,
      whereby penetration of sea water into the housing during and after
      recharging of the battery is substantially avoided.
PAR  It is a further object of the present invention to provide an inexpensive
      and readily manufactured battery charger for underwater use.
PAR  In a principal aspect, the present invention is an electrical charging
      apparatus for use in combination with a sealed, water-tight housing
      including an electrical energy source and energy dissipating load. The
      apparatus generally includes a transformer having a primary and secondary
      coil. The secondary coil is secured within the water-tight housing, e.g.,
      an underwater electro-acoustic transmitter, and is connected to the
      electrical energy device, e.g., a battery. The primary coil is external to
      the housing.
PAR  The primary coil is operable in an electromagnetically coupled state, i.e.,
      electromagnetically coupled to the secondary coil. When excited in this
      state, the primary coil induces a voltage and current in the secondary
      coil and the electrical energy source is thereby charged.
PAR  The invention is based upon the inductive transmission of electrical energy
      into the interior of the hermetically sealed housing. Thus, neither
      exposed electrical contacts nor opening of the housing are required.
PAR  In a preferred constructional form of the present invention, the housing is
      tubular in shape and the primary and secondary coils are arranged
      coaxially relative to the housing. The tubular construction of the housing
      provides satisfactory pressure resistant characteristics and, in addition,
      permits a particularly suitable primary and secondary coil arrangement.
      That is, an effective coupling between the primary and secondary coils is
      achieved. The secondary coil is wound to the maximum possible diameter,
      i.e., a diameter slightly less than the inside diameter of the tubular
      housing.
PAR  In another aspect, the primary coil of the present invention is annular or
      ring-shaped. The inside diameter of the primary coil is slightly larger
      than the outside diameter of the tubular housing, whereby the primary coil
      can be fitted, without resistance, over the tubular housing. An upper and
      lower tubular element, having inside diameters slightly larger than the
      outside diameter of the tubular housing, guide the primary coil into the
      housing, or, conversely, the housing into the coil. The lower tubular
      element includes an end or bottom portion. With the tubular housing at
      rest on the end portion, the secondary coil is positioned within and
      substantially aligns radially with the primary coil.
PAR  These and other features, objects and advantages of the present invention
      will become apparent in the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the present invention will be described, in
      detail, with reference to the drawing wherein FIG. 1 is a partial
      cross-sectional view of an underwater position-finding apparatus
      incorporating a preferred embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown an underwater device 20, such as an
      electro-acoustical position-finding transmitter. The device 20 includes a
      tubular, pressure-resistant housing 1 having an electrical energy
      dissipating apparatus 2 and an electrical energy source 3 secured therein.
      In this preferred embodiment, the energy source 3 is a battery which
      supplies power for the apparatus 2.
PAR  The housing 1 also includes the secondary coil 6 of a transformer,
      generally designated 12. The secondary coil 6 is coaxial with the housing
      1 and substantially engages the internal wall of the housing 1. The
      secondary coil 6 is connected to the battery 3 through a rectifier 7, such
      as a four-way rectifier.
PAR  The primary coil 4 of the transformer 12 is situated outside of the
      hermetically sealed housing 1. In this preferred embodiment, the primary
      coil 4 is annular, having an inside diameter slightly greater than the
      outside diameter of the housing 1.
PAR  The primary coil 4 is wound in a plastic material and is, therefore,
      self-supporting. Without a coil former, the innermost turns of the primary
      coil 4 are situated in close proximity with the external wall of the
      housing 1. As a result, satisfactory electromagnetic coupling with the
      secondary coil 6 is achieved.
PAR  A pair of radially extending flanges 8 cover and adjoin the primary coil 4,
      as shown. Tubular elements 5 and 9, having inside diameters substantially
      equal to the inside diameter of the primary coil 4, extend substantially
      normally from the flanges 8. The lower tubular element 9 has a bottom
      portion 10. The primary coil 4 and tubular elements 5, 9 cooperatively
      define a casing, generally designated 22.
PAR  In operation, the housing is inserted into the casing 22 and rests upon or
      abuts the bottom portion 10. The tubular element 9 has a predetermined
      length, such that the secondary coil 6 is situated substantially within
      and radially aligns with the primary coil 4 when the housing 1 engages the
      bottom portion 10. In this position, the primary and secondary coils 4, 6
      are in an electromagnetically coupled state.
PAR  The primary coil 4 also includes a supply line 11 for connection to a power
      supply (not shown), such as an alternating current source. When excited,
      i.e., driven by an alternating current, the primary coil 4 produces an
      alternating magnetic field and thereby induces a voltage in the secondary
      coil 6. The secondary coil 6, through rectifier 7, charges the battery 3.
PAR  Although a spacing exists between the primary coil 4 and secondary coil 6
      and the housing 1 is situated therein, the electromagnetic coupling of the
      primary and secondary coils 4, 6 produces a sufficiently large induced
      voltage to charge the battery 3. The relatively weak coupling does,
      however, substantially eliminate the need for a charging resistor (not
      shown) in series with the battery 3. Such a resistor would produce a
      substantial amount of heat in the housing 1 during charging.
PAR  As shown, the casing 22 and, more particularly, the primary coil 4 are not
      rigidly fixed or secured to the underwater device 20. Thus, a single
      primary coil 4 can be utilized to charge any number of devices 20 designed
      in accordance with the present invention.
PAR  A single preferred embodiment has been herein disclosed. It is to be
      understood, however, that various changes and modifications could be made
      without departing from the true scope and spirit of the present invention
      as set forth and defined in the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an underwater device for deep sea use of the type including a
      water-tight housing, rechargeable energy storage means and energy
      dissipating means connected thereto, an improved means for charging said
      rechargeable energy storage means comprising, in combination:
PA1  a secondary winding secured within said water-tight housing and
      interconnected with said rechargeable energy storage means, said
      water-tight housing and said secondary winding being substantially
      coaxial;
PA1  a primary winding defining a central opening adapted to receive said
      water-tight housing in a charging state;
PA1  means for positioning said primary winding in substantially radial
      alignment with said secondary winding in said charging state, said primary
      winding substantially enclosing said secondary winding in said charging
      state to define an electromagnetic coupling therebetween; and
PA1  means for exciting said primary winding, whereby a charging current is
      induced in said secondary winding.
NUM  2.
PAR  2. An improved charging means as claimed in claim 1 wherein said
      water-tight housing is substantially tubular.
NUM  3.
PAR  3. An improved charging means as claimed in claim 2 wherein said primary
      winding is substantially annular.
NUM  4.
PAR  4. An improved charging means as claimed in claim 1 further comprising
      rectifier means interposing said secondary winding and said rechargeable
      energy storage means.
NUM  5.
PAR  5. An improved charging means as claimed in claim 1 wherein said primary
      winding is self-supporting, whereby said primary winding is in close
      proximity to said water-tight housing in said charging state.
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ABST
PAL  An electrical inverter comprises first and second supply lines, which in
      use are connected to the positive and negative terminals of a d.c. supply.
      An inverting network is connected between the supply lines and has output
      terminals for connection to the load. A current sensing device is provided
      in one of the supply lines and is operable when the current flow in the
      supply line exceeds a predetermined value, to stop current flowing in the
      load for a predetermined period of time.
BSUM
PAR  This invention relates to inverters.
PAR  An inverter according to the invention comprises in combination first and
      second supply lines, an inverting network connected between the supply
      lines, a plurality of output terminals associated with said inverting
      network and across which in use a load is connected, a current sensing
      device in one supply line, and means operable in use when the current in
      said device reaches a predetermined value for stopping current flowing
      from one supply line to the other, by way of the load, for a predetermined
      period of time.
DRWD
PAR  In the accompanying drawings,
PAR  FIG. 1 is a circuit diagram illustrating an inverter used in one example of
      the invention,
PAR  FIG. 2 illustrates the firing pulses applied to thyristors forming part of
      the inverter of FIG. 1,
PAR  FIG. 3 illustrates one form of firing control circuit,
PAR  FIGS. 4 and 5 illustrate parts of FIG. 1,
PAR  FIGS. 6 to 8 illustrate possible waveforms within FIG. 1, and
PAR  FIG. 9 illustrates another part of the firing control circuit.
DETD
PAR  Referring to FIG. 1, there are provided positive and negative supply lines
      11, 12. Connected to the supply line 11 are the anodes of a pair of
      thyristors 13a, 14a, the cathode of the thyristor 14a being connected to
      the line 11 through the anode-cathode path of a diode 15a. The cathodes of
      the thyristors 13a, 14a are interconnected through an inductor 16a and a
      capacitor 17a in series, and are further connected to the anodes of a pair
      of thyristors 18a, 19a having their cathodes connected to the line 12. The
      anode of the thyristor 19a is connected to the line 12 through the
      cathode-anode path of a diode 21a, and the anode of the thyristor 19a
      provides one input to a three phase load 22. Additionally, conventional
      suppressors may be employed to limit the rate of rise of current and/or
      voltage at various points in the inverter.
PAR  The components thus far described are duplicated for the other two phases,
      and are indicated by the same reference numerals with suffixes b and c
      respectively for the other two phases.
PAR  FIG. 2 shows the gating arrangements for the four thyristors in one of the
      phases. The gate signals applied to the thyristors can be d.c. signals or
      they can consist of a train of pulses. Where a train of pulses is used,
      then preferably the first pulse in the train has a greater amplitude
      and/or pulse length than the remaining pulses. It will be seen that at a
      given point in the cycle of one phase, gate current is supplied to the
      thyristors 14a and 18a so that the capacitor 17a is charged with its
      right-hand plate positive. Gate current is terminated through the
      thyristors 14a, 18a and after a short delay D1 the thyristor 13a is fired,
      causing the capacitor 17a to commutate the thyristor 14a. After a total
      delay D2 which is greater than D1, the thyristor 19a is fired and since
      the thyristors 13a and 19a are now both conducting, the capacitor 17a is
      charged with its left-hand plate positive. Later in the cycle, the gate
      current is removed from the thyristors 13a and 19a and then after another
      short delay D1 the thyristor 18a is fired, followed by firing of the
      thyristor 14a and so on. There is a further delay D3 during which the
      thyristors 18a and 14a are inhibited from firing pulses, so that two
      commutations cannot take place too close together.
PAR  The operation of the other two phases is similar, but of course the firing
      pulses for the various circuits overlap. In a typical arrangement, the
      load 22 is a three phase motor and the shaft of the motor operates any
      convenient form of encoder for producing output pulses in three trains,
      one train for each phase. A typical arrangement is shown in the following
      Table.
TBL  __________________________________________________________________________
     SHAFT ANGLE                                                               
             0.degree.                                                         
                  60.degree.                                                   
                        120.degree.                                            
                              180.degree.                                      
                                    240.degree.                                
                                          300.degree.                          
                                                360.degree.(0.degree.)         
     __________________________________________________________________________
     PHASE A    1     1     1     0     0     0                                
     PHASE B    0     0     1     1     1     0                                
     PHASE C    1     0     0     0     1     1                                
     __________________________________________________________________________
PAR  FIG. 3 shows the firing control circuit which has three input terminals A,
      B, C to which the outputs shown in the Table could be fed to operate the
      inverter in the required manner. For reasons which will become apparent
      later, the outputs are not fed directly to the terminals A, B, C but for
      the moment it will be assumed that they are. FIG. 3 shows 12 AND gates
      which are associated with the 12 thyristors in the inverter respectively.
      Each of the AND gates will, on receipt of two inputs of logical level 1,
      produce an output for operating the firing circuit associated with its
      respective thyristor. It will be seen that the terminal A is connected to
      the input of a bistable circuit 31a having a first output line 32a
      connected to the gates associated with the thyristors 18a and 14a and a
      second output line 33a connected to the gate associated with the
      thyristors 19a and 13a. In one state of the bistable circuit 31a the lines
      32a are at logical 1 and 0 respectively, and in the other state they are
      at logical 0 and 1 respectively. The terminal A is also connected to an
      exclusive OR gate 34a which receives an input from the line 33a and
      provides an output by way of a NAND gate 35 to a delay network 36
      controlling the output on three lines 37, 38, 39. The line 37 provides
      inputs to the gates associated with thyristors 13a and 18a and the line 38
      provides inputs to the gates associated with the thyristors 14a and 19a.
      The terminals B and C have similar sets of components associated with them
      and these are indicated by the same reference numerals with the suffixes b
      and c respectively. The components 35 and 36 and the lines 37, 38 and 39
      are common to all three phases, and it will be seen that the line 39 is
      connected to the bistable circuits 31a, 31b and 31c for a purpose to be
      described.
PAR  Considering the operation of phase A, then at a shaft angle of say
      359.degree. the lines 32a and 33a will be carrying signals 0 and 1
      respectively, the lines 37 and 38 will be carrying signals 1 and the lines
      39 signal 0. It will be seen that in these circumstances the gates of
      thyristors 19a and 13a will be receiving gate signals as required. At the
      360.degree. point, the input at terminals A changes from 0 to 1 and so the
      two input signals to the gate 34a are the same and the gate 34a provides
      an input by way of the gate 35 to trigger the delay network 36. Triggering
      of the delay network 36 drives the lines 37 and 38 to binary 0 and the
      line 39 to binary 1, thereby triggering the bistable circuit 31a so that
      the line 33a carries the signal 0 and the line 32acarries the signal 1.
      The bistable circuits 31a, 31b and 31c are now inhibited by the line 39.
      It will be seen that none of the gates associated with the thyristors 13a,
      14a, 19a, 18a is now producing an output. However, at the end of the delay
      period D1 the signal 1 appears on line 37, so that the gate of thyristor
      18a receives a firing pulse or pulses. At time D2, a signal 1 also appears
      on the line 38 so that firing pulses are fed to the gate of thyristor 14a.
      At time T3 the line 39 reverts to signal 0 and the bistable circuits 31a,
      31b and 31c are in-hibited. The operation is similar for the other two
      phases and can readily be seen from FIG. 3 taken in conjunction with the
      Table indicating the signals which can be fed to terminals A, B and C in
      FIG. 3.
PAR  Whenever the current flowing through the device 23 (FIG. 1) is below a
      predetermined level, the operation of the inverter will be exactly as
      described above, and the voltage and current waveforms in the various
      parts of the circuit will be as shown in FIG. 6. There will in fact be six
      conductive patterns within the inverter during a cycle, and by way of
      example a typical conducting pattern at the time T1 indicated in FIG. 6 is
      shown in FIG. 4. Current flows to the motor through the thyristors 14a and
      14c, the return path being provided by way of the thyristor 19b. The other
      five conducting paths can readily be identified, but for the purposes of
      explaining what happens when the current flowing in the device 23 exceeds
      a predetermined value, it is most convenient to consider simply the
      conducting paths shown in FIG. 4. If at any time the current flowing in
      the device 23 exceeds the predetermined value, then the thyristor 19b is
      turned off for a predetermined fixed period of time, and during this time
      the current flow in the device 23 will fall to zero. This is achieved by
      the normal switching arrangements within the inverter itself. Thus, at the
      instant when the current in the device 23 exceeds the predetermined value,
      the thyristor 18b is fired, so that the thyristor 19b is turned off.
      Shortly afterwards, the thyristor 14b is fired and the capacitor 17b
      completes its charging process by way of the thyristor 18b and the
      thyristor 14b or the diode 15b, after which the thyristor 18b turns off.
      The circuit then has the form shown in FIG. 5 with gate signals applied to
      the thyristors 14b even though the thyristor 14b is not conducting. The
      current flowing through the device 23 now falls to zero. Later, the
      thyristor 13b is fired and the capacitor 17b then discharges resonantly by
      way of the diode 15b. Shortly after the thyristor 19b is fired, and the
      capacitor 17b completes its charging process by way of the thyristors 13b
      and 19b. The circuit now has the form shown in FIG. 4 again, and if the
      current should rise above the predetermined level again, the circuit will
      revert to the condition shown in FIG. 5 for the fixed period of time.
      Similar switching action will occur in any of the six possible conducting
      patterns if the current in the device 23 exceeds the predetermined value.
PAR  It will be seen that the switching action in FIG. 4 and FIG. 5 is exactly
      the same as the switching action when the inverter is operating normally.
      The way in which this is achieved will be described later, but for the
      moment reference should be directed again to FIG. 6. In FIG. 6, the first
      three waveforms show the voltages on the lines 31 to 33 feeding the load
      22, the next waveform shows the voltage between the lines 31, 32 the next
      three waveforms show the current flowing in the three phases of the motor,
      and the last waveform represents the current in the line 12, which is
      below the predetermined limit, indicated by the dotted line. FIG. 7 is
      similar to FIG. 6 and shows what happens when the predetermined level is
      just reached, and FIG. 8 shows what happens when the current is
      endeavouring to exceed the predetermined level by a substantial amount.
PAR  In order to achieve the required operation of the inverter when the current
      exceeds the predetermined level, all that is required is to ensure that
      the signals at the terminals A, B, C in FIG. 3 are modified during the
      aforesaid predetermined period of time so that the circuit operates as
      described with reference to FIGS. 4 and 5. A Table has already been given
      showing what signals are required at the terminals A, B, C during normal
      operation, that is to say when the current is below the predetermined
      level. During the predetermined period of time the Table is modified to
      read as follows:-
TBL  __________________________________________________________________________
     SHAFT ANGLE                                                               
             0.degree.                                                         
                  60.degree.                                                   
                        120.degree.                                            
                              180.degree.                                      
                                    240.degree.                                
                                          300.degree.                          
                                                360.degree. (0.degree.)        
     __________________________________________________________________________
     PHASE A    1     0     1     0     1     0                                
     PHASE B    1     0     1     0     1     0                                
     PHASE C    1     0     1     0     1     0                                
     __________________________________________________________________________
PAR  If a symbol I is defined, such that I is O in normal operation i.e., when
      the current is below the predetermined value and I is 1 during the
      predetermined time after detection of a current above the predetermined
      value, and the outputs from the three shaft encoders associated with the
      phases A, B and C respectively are denoted by the letters A, B and C, then
      the required input at terminal A in FIG. 3 can be expressed as follows.
EQU  Input A = A.I + A.B.C.I + A.B.C.I + A.B.C.I
PAR  The first term in this equation represents the situation when the current
      is below the predetermined limit, because in this case the input to the
      terminal A is the same as the output from the relevant encoder. The other
      three terms are obtained by inspection from the two Tables. Thus, at the
      2.degree. point the encoder produces signals 101 for phases A, B and C,
      and the required input as seen from the second Table is 111. The second
      term in the logical expression for input A indicates this state of
      affairs.
PAR  The expression for input A can be treated by normal mathematical techniques
      to produce the following result.
TBL  ______________________________________                                    
     Input A =     A.I     .   A.C.I  .   A.B.I  .   C.B.I                     
     ______________________________________                                    
PAL  and similarly it can be shown that
TBL  ______________________________________                                    
     Input B =     B.I     .   A.C.I  .   A.B.I  .   B.C.I                     
     and                                                                       
     Input C =     C.I     .   A.C.I  .   A.B.I  .   B.C.I                     
     ______________________________________                                    
PAR  A simple arrangement for achieving this effect is shown in FIG. 9. The
      device 23 is a resistor the voltage across which is fed to an amplifier 41
      the output from which is fed to a comparator 42 which senses the
      predetermined current level by comparison with a reference and then
      provides an input to a delay network 43 the purpose of which is to ensure
      that no regard is taken of very short current peaks above the
      predetermined level. The output from the delay network 43 is fed to a
      timing circuit 44 which provides an input to a logic network. The timing
      circuit 44 sets the aforesaid predetermined time for which the inverter is
      driven from the condition of FIG. 4 (or an equivalent condition) to the
      condition of FIG. 5 (or an equivalent condition).
PAR  The logic network consists of ten NAND gates and two inverters. The input
      from the circuit 44 is fed to three of the NAND gates, and these gates
      also receive inputs from the shaft encoders to produce outputs in the
      required manner as indicated on the drawing. An inverted signal is fed to
      the other three NAND gates from the circuit 44 to produce the other three
      terms in the equation. The three output NAND gates combine the various
      terms as shown to provide the required inputs to the terminals A, B, C of
      FIG. 3.
PAR  It will be understood that the device 23 may be any d.c. current measuring
      device such for instance as a Hall probe.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric inverter comprising in combination, first and second supply
      lines, an inverting network connected between the supply lines, a
      plurality of output terminals associated with said inverting network and
      across which in use a load is connected, a current sensing device in one
      supply line, and means for modifying the operation of the inverting
      network and operable in use when the current in said device reaches a
      predetermined value for stopping current flowing from one supply line to
      the other, by way of the load, for a predetermined period of time, said
      means including a delay network whereby no regard is taken of very short
      current peaks above the predetermined value.
NUM  2.
PAR  2. An inverter as claimed in claim 1 in which said means also includes a
      timer operable to ensure that modification of the operation of the
      inverting network takes place only for said predetermined time.
NUM  3.
PAR  3. An electrical inverter comprising in combination positive and negative
      supply lines, an inverting network including at least two inversion
      networks, each inversion network comprising first and second thyristors
      having their anodes connected to the positive supply lines and their
      cathodes connected respectively to the anodes of third and fourth
      thyristors the cathodes of which are connected to the negative supply
      line, an output line connected to the anode of the fourth thyristor and a
      commutating capacitor connected between the anodes of the third and fourth
      thyristors, the inverter further including a firing circuit which supplies
      gate signals to the thyristors of the inversion networks, the firing
      circuit providing gate signals to the thyristors of each inversion circuit
      in the order first, fourth, third and second, the gate signals supplied to
      the first and fourth thyristors terminating at substantially the same time
      as the commencement of the gate signal to the third thyristor and the gate
      signals supplied to the second and third thyristors terminating at
      substantially the same time as the commencement of the gate signal applied
      to the first thyristor, a current sensing means for sensing the current
      flow in one supply line, control means for supplying control signals to
      the firing circuit so that switching of the output lines to one or the
      other of the supply lines occurs in a prescribed time relationship, said
      control means upon receipt of a signal from said sensing means effecting a
      modification of the control signals to stop for a predetermined period of
      time the flow of current between the supply lines through a load connected
      to said output lines.
NUM  4.
PAR  4. An electrical inverter as claimed in claim 3 in which said sensing means
      includes a delay network operable to delay the supply of said signal to
      said control means whereby no regard is taken of very short current peaks
      above the predetermined value.
NUM  5.
PAR  5. An electrical inverter as claimed in claim 4 in which said sensing means
      includes a timer operable to ensure that said signal lasts only for a
      predetermined time.
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PAL  A high voltage rectifier arrangement for producing a D.C. high voltage
      necessary for the cathode-ray tube in a television receiver in which a
      voltage multiplier rectifier composed of a plurality of rectifiers and
      high voltage condensers is molded with a resin in an insulator case, the
      input terminal which is to be led out of the insulator case is fixed with
      a piece formed of a material having good adherence to the molding
      material, and the led out input terminal and the junction part of the led
      out input terminal and the lead wire of a flyback transformer are covered
      with an insulating rubber cap pressed around the piece.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a high voltage rectifying arrangement
      useful for television receivers, and more particularly, to an arrangement
      for producing a high D.C. voltage necessary for a cathode-ray tube by
      multiply rectifying the output of a flyback transformer with a voltage
      multiplier rectifying circuit consisting of rectifiers and high voltage
      condensers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram of a known horizontal and a voltage trebler
      rectifying circuit.
PAR  FIGS. 2 and 3 are side views, in cross-section, of conventional high
      voltage rectifier arrangements.
PAR  FIG. 4 is an elevational view of a high voltage rectifying arrangement
      according to the present invention.
PAR  FIG. 5 is a cross-section taken along the line V - V' in FIG. 4.
PAR  FIG. 6 is an enlarged view of an important part of FIG. 5.
PAR  FIG. 7 is a cross-section taken along the line of VII - VII' in FIG. 6.
PAR  FIG. 8 is a perspective view showing a connection between the rectifying
      arrangement according to the present invention and a flyback transformer.
PAR  FIG. 9 is a cross-sectional view of another embodiment of the present
      invention.
PAR  FIG. 10 is an enlarged cross-sectional view of an important part of a
      further embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The anode of the cathode-ray tube in television receivers requires a high
      D.C. acceleration voltage of several tens of kilovolts.
PAR  With the tendency of solidification of television receivers the arrangement
      for producing the high D.C. voltage progressed from the half-wave
      rectifier circuit employing a vacuum tube to one employing a selenium
      rectifier and further to one employing a higher ability and higher
      reliability silicon rectifier. However, the half-wave rectifier circuit
      employing the silicon rectifier has the disadvantage that the size of the
      flyback transformer becomes large because the output of the flyback
      transformer must be substantially equal to the working rectified output.
      Consequently, a voltage multiplier rectifying method using a voltage
      doubler rectifying circuit consisting of a plurality of rectifiers and
      high voltage condensers has recently been considered.
PAR  FIG. 1 shows a circuit diagram of a known coupled horizontal deflecting and
      voltage trebler rectifying circuit. A sawtooth wave current is supplied to
      a horizontal deflecting coil 3 by periodically operating a horizontal
      output transistor 1 and a damper diode 2. Pulses produced during the
      flyback period of the sawtooth wave are coupled with the low voltage
      winding 5 of a flyback transformer 4 in the A.C. manner, and a pulse
      voltage stepped-up produced at a high voltage winding 6 is rectified by a
      voltage trebler rectifying circuit 7 consisting of rectifiers 8 and high
      voltage condensers 9 to be supplied to the anode of a cathode-ray tube 10.
PAR  It is known that the rectifiers 8 and the high voltage condensers 9
      constituting the voltage trebler rectifier circuit 7 are entirely molded
      in an insulating resin or immersed in an insulating oil because packaging
      them in a television receiver with their electrode part in the exposed
      state is dangerous due to the possibility of corona discharge or discharge
      between their electrodes.
PAR  FIGS. 2 and 3 show, in a cross-sectional view, high voltage rectifying
      arrangement molded in a resin. Rectifiers 81 and high voltage condensers
      91 constituting a voltage trebler rectifier circuit are molded with a
      molding material 12 of a thermo-setting resin such as epoxy resin in a
      case 11 formed of a thermo-plastic resin such as denatured polyphenylene
      oxide or polycarbonate. An input terminal 13 and an output terminal (not
      shown) are connected with the lead wires 14 from a flyback transformer and
      covered with rubber caps 15.
PAR  However, in the conventional structures shown in FIGS. 2 and 3, since the
      input terminal 13 is mounted directly on the case 11 and exposed, a
      discharge is apt to occur between the input terminal 13 and a chassis 16.
      In order to avoid the discharge it is necessary to make the creeping
      distance A sufficiently large. Moreover, since the case 11 is of a
      thermo-plastic resin and the molding material 12 is of a thermo-setting
      resin, the reliability of adherence between the case 11 and the molding
      material 12 is low. Consequently, in order to avoid the discharge it is
      also necessary to make the interface distances B and C sufficiently large.
      As a result, there has been the disadvantage that the size of the high
      voltage rectifying arrangement cannot be made small, and hence the minimum
      size of the television receiver is limited.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a novel and useful high
      voltage rectifying arrangement.
PAR  Another object of the present invention is to provide a high voltage
      rectifying arrangement of a small size and capable of reducing the size of
      television receivers.
PAR  A further object of the present invention is to provide a high voltage
      rectifying arrangement without a discharge from its input terminal,
      rectifying exactly a necessary voltage, and capable of supplying the
      rectified voltage to a cathode-ray tube.
PAR  A still further object of the present invention is to provide a high
      voltage rectifying arrangement in which the insulation reliability is high
      in the combination of a thermo-plastic resin and a thermo-setting resin.
PAR  To achieve the above objects the high voltage rectifying arrangement
      according to the present invention is characterized in that the input
      terminal thereof is covered with a piece formed of a material having a
      good adherence to the molding material, which is in turn covered with an
      insulating rubber cap.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An embodiment of the present invention will be described with reference to
      FIG. 4. Reference numeral 17 designates a mold case made of a
      thermo-plastic resin, and reference numerals 82 and 92 designate
      rectifiers and high voltage condensers, respectively, constituting a
      voltage trebler circuit 7. One junction point 18 of the junction points
      between the rectifiers and the condensers is connected to an input
      terminal 19, and another junction point 20 is connected with an output
      lead wire 21. The input terminal 19 is fixedly led out by a fixing piece
      22 as shown in FIGS. 5, 6, and 7.
PAR  The fixing piece 22 is of a spigot shape and is formed of the same kind of
      material as the molding material 27, that is, of the molding material 27
      is an epoxy resin, the fixing piece 22 is also of an epoxy resin. A part
      of the fixing piece 22 is molded, together with the rectifiers 82, the
      condensers 92 and the input terminal 19, with the molding material 27 in
      the mold case 17. Since the fixing piece 22 and the molding material 27
      are of the same kind of material, they adhere tightly to each other.
PAR  The input terminal 19 led out through the fixing piece 22 is fitted in a
      terminal cap 25 of a lead wire 23 from a flyback transformer 24 as shown
      in FIG. 8, whereby the high voltage rectifying arrangement and the flyback
      transformer 24 are electrically connected to supply a stepped-up A.C.
      voltage to the high voltage rectifying arrangement. The connection between
      the lead wire 23 and the input terminal 19 may be made by soldering the
      lead wire 23 directly to the input terminal 19. The junction part of the
      input terminal 19 and the lead wire 23 is covered with an insulating
      rubber cap 26 mounted around a part of the fixing piece 22 by pressing
      there-against so that the junction part is not exposed.
PAR  The thus constructed high voltage rectifying arrangement is mounted on a
      chassis 28 to be packaged in a television receiver.
PAR  The feature of the present invention is that in a high voltage rectifying
      arrangement the input terminal is led out in an fixed manner with a fixing
      piece formed of a material of the same kind as and having a good adherence
      to the molding material as described above. Consequently, the input
      terminal 19 can be led out from the mold face in which the fixing piece 22
      is mounted in a floating manner on the molding material 27 as shown in
      FIG. 9.
PAR  To improve the adherence between the fixing piece 22 and the molding
      material 27 and the voltage withstand property, corrugation 29 may be
      given to the surface of the part of the fixing piece 22 embedded in the
      molding material 27 as shown in FIG. 10.
PAR  Since, in the present invention, the input terminal is fixed by the fixing
      piece formed of a material tightly adhesive to the molding material both
      inside and outside the molding material as described above, that is, since
      the fixing piece is tightly adhered to the molding material at the
      interface E, the creeping discharges through the creeping distances B and
      C can be prevented, resulting in an improvement in the breakdown or
      withstand voltage of the mold case and the molding material. As a result,
      the creeping distance can be reduced. For example, it is possible in the
      present invention to reduce the creeping distance by more than 50 mm
      compared with a conventional one.
PAR  Moreover, since the present invention has the dual structure that the input
      terminal, the lead wire from the flyback transformer, and the junction
      thereof are covered with the insulating rubber cap outside the mold case
      in addition to the fixing piece, the discharge between the input terminal
      and the chassis can be prevented. For this reason, the creeping distance A
      can be reduced.
PAR  Thus, according to the present invention discharges between various parts
      can be prevented, enabling the miniaturization of the arrangement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  A high voltage rectifying arrangement for supplying a high D.C. voltage
      to a cathode-ray tube, said arrangement comprising:
PA1  a plurality of rectifiers and high voltage condensers constituting a
      voltage multiplier rectifying circuit;
PA1  a mold case made of an insulating material within which said rectifiers and
      condensers are provided;
PA1  a molding material filled within said mold case so that said rectifiers and
      condensers are embedded in said molding material;
PA1  an input terminal connected at one of its ends to said voltage multiplier
      rectifying circuit within said mold case;
PA1  means for connecting said input terminal at the other of its ends to the
      output of a flyback transformer for supplying a high voltage flyback pulse
      to said rectifying circuit;
PA1  a fixing piece formed of the same kind of material as said molding material
      for fixing said input terminal, said fixing piece having a first part
      buried in the molding material within said mold case, a second part
      projecting out from said molding material, and a bore passing through the
      first and second parts thereof so that said input terminal is embedded in
      and led out from said fixing piece at both of its ends through the bore of
      said fixing piece; and
PA1  an insulating rubber cap pressed around said second part of said fixing
      piece for covering the junction of said input terminal and said output of
      said flyback transformer to thereby eliminate a leakage path at the
      junction between the fixing piece and the molding material.
NUM  2.
PAR  2. A high voltage rectifying arrangement according to claim 1, in which the
      part of the fixing piece embedded in the molding material has a corrugated
      surface so as to increase the adherence between the part of the fixing
      piece with the corrugated surface and the molding material and also to
      increase the voltage withstand property.
NUM  3.
PAR  3. A high voltage rectifying arrangement according to claim 1, in which
      said molding material has a surface exposed out of said mold case, said
      fist part of said fixing piece is secured to and embedded in said molding
      material at the exposed surface thereof without being supported by said
      mold case.
NUM  4.
PAR  4. A high voltage rectifying arrangement according to claim 1, in which
      said first part of the fixing piece is supported by and projected into
      said mold case and said second part of said fixing piece is extended
      outwards from said mold case.
NUM  5.
PAR  5. A high voltage rectifying arrangement according to claim 1, in which,
      said mold case is formed of a material different from that which said
      fixing piece and said molding material are formed.
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ABST
PAL  A power supply circuit using a silicon controlled rectifier to rectify
      alternating voltage and apply the rectified voltage across a capacitor. To
      obtain one polarity of rectified voltage, the cathode of the SCR is
      connected to the AC source and the output circuit of a switching
      transistor is connected in series with the gate of the SCR. The input
      circuit of the transistor is connected in series with a constant voltage
      element across the capacitor. The switching semiconductor only conducts
      when the capacitor discharges to a predetermined level. To obtain the
      opposite polarity rectified voltage the cathode of the SCR is connected to
      one terminal of the capacitor and, instead of the semiconductor switch, a
      constant voltage device is connected between the gate of the SCR and the
      other terminal of the capacitor so that the SCR conducts only when the
      voltage across the capacitor drops below the voltage of the constant
      voltage device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of constant voltage power supply
      circuits and particularly to power supply circuits using silicon
      controlled rectifiers (SCRs) with a constant voltage device to control the
      gating of the rectifiers.
PAC  PRIOR ART
PAR  In constant voltage circuits such as those used in power supplies for
      transistor amplifiers, a diode rectifier is often used. However in the
      case of constant voltage circuits for amplifiers that have a large power
      output, there may be a problem of heat generation in the power supply.
PAR  The use of SCRs in power supply circuits to furnish large load currents is
      also common. However there has heretofore been no proposal of a constant
      voltage circuit using SCRs for large output amplifiers.
PAR  Accordingly it is one object of the present invention to provide an
      improved constant voltage circuit using a thyristor, such as a SCR.
PAR  It is another object of the present invention to provide a thyristor
      constant voltage circuit for an amplifier having high output power.
PAR  Still another object of the present invention is to provide a constant
      voltage power supply circuit in which an SCR serves as a voltage
      controlled device.
PAR  Still another object of the present invention is to provide a constant
      voltage circuit having excellent constant voltage characteristics and a
      low thermal dissipation.
PAR  Other objects, features, and advantages of the present invention will
      become apparent from the following description taken in conjunction with
      the accompanying drawings.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing one embodiment of a constant
      voltage circuit according to the present invention.
PAR  FIG. 2 is a graph used for explanation of the circuit shown in FIG. 1.
PAR  FIG. 3 is a schematic circuit diagram of a two-voltage system according to
      the present invention.
PAR  FIG. 4 is a schematic circuit diagram showing a constant voltage circuit
      according to the invention for providing a positive output voltage.
PAR  FIG. 5 shows a graph used for explanation of the operation of the circuit
      in FIG. 4.
PAR  FIGS. 6A-6C are graphs used for explanation of the operation of the circuit
      in FIG. 3.
PAR  FIG. 7 is a schematic circuit diagram showing another embodiment of the
      present invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 an AC source 1 is connected to the cathode of a SCR 2 and the
      anode of the SCR is connected to a power supply output terminal 3. The
      other terminal of the source 1 is connected to a second power supply
      output terminal 4. A filtering capacitor 5 is connected between the output
      terminals 3 and 4. The gate supply circuit of the SCR 2 includes a
      resistor 6 connected in series with a diode 7 and the output, or
      emitter-collector, circuit of a PNP transistor 8. The emitter of the
      transistor 8 is connected to the output terminal 3 and to one end of the
      capacitor. A constant voltage zener diode 9 is connected between the base
      of the transistor 8 and the other power supply output terminal 4. A series
      circuit comprising a resistor 10 and a diode 11 is connected between the
      terminal of the alternating current source 1 to which the cathode of the
      SCR 2 is connected and the juncture of the base of the transistor 8 and
      the anode of the zener diode 9.
PAR  The operation of the circuit in FIG. 1 will be explained with reference to
      the wave form in FIG. 2. FIG. 2 is a graph of a sinusoidal voltage
      e.sub.1, which is the output voltage of the AC source 1. The zener diode 9
      has a constant voltage V.sub.Z and this voltage is connected between the
      base of the transistor 8 and the power supply terminal 4.
PAR  When the circuit is placed in operation and the voltage e.sub.1 is
      negative, the transistor 8 becomes conductive and supplies gate current to
      the SCR 2 through the resistor 6 and the diode 7. This causes the SCR 2 to
      become conductive and to allow current to flow through it to charge the
      filter capacitor 5.
PAR  The maximum value E of the voltage e.sub.1 is greater than the zener
      voltage V.sub.Z of the zener diode 9. The zener diode is polarized so that
      it operates during a negative part of the cycle of the voltage e.sub.1.
      The diode 11 is polarized to be conductive during negative half-cycles of
      the voltage e.sub.1 to allow the zener voltage V.sub.Z to be produced
      across the zener diode 9. The diode 11 is non-conductive during positive
      half-cycles to prevent inverse voltage from being applied across the zener
      diode 9 and thus to prevent an inverse current from flowing to the zener
      diode or to the base of the transistor 8;
PAR  The transistor 8 can only conduct when its emitter is positive with respect
      to its base. The dotted, sloped line a(-E) represents the voltage at the
      output terminal 3 with respect to the terminal 4 and, therefore,
      represents the discharge curve of the capacitor 5 following its initial
      charge to the value -E. During negative parts of cycles of the voltage
      e.sub.1, the base of the transistor 8 is prevented by the zener diode 9
      from going more negative than the zener voltage V.sub.Z, so for several
      cycles after the charging half-cycle the transistor 8 is kept
      non-conductive. This prevents gate current from reaching the SCR 2 and
      keeps the SCR from conducting. The slope of the line a(-E) is determined
      by the load (not shown) connected across the terminals 3 and 4 and by the
      capacitance of the capacitor 5.
PAR  Eventually the line a(-E) reaches a point that indicates that the terminal
      3 is less negative than the zener voltage V.sub.Z, and so, during the next
      negative part of a cycle of the voltage e.sub.1, the conditions are
      satisfied for making the transistor 8 conduct current to the gate of the
      SCR 2. When this happens, the SCR is again made conductive to recharge the
      capacitor 5. The charging of the capacitor is thus related to the fixed
      value of the zener voltage V.sub.Z.
PAR  Before describing the circuit in FIG. 3, the circuit in FIG. 4 will be
      described, since the circuit in FIG. 3 is basically made up of two
      circuits similar to the one in FIG. 1 and two circuits similar to the one
      in FIG. 4.
PAR  The circuit in FIG. 4 includes an SCR 17 that has its anode connected to
      one terminal of the AC source 1 and its cathode connected to an output
      terminal 18. Thus, the SCR 17 is connected in opposite polarity to the SCR
      2 in FIG. 1. A series circuit consisting of a resistor 19, a diode 20 and
      a zener diode 21 is connected across the terminals of the AC source 1. An
      output terminal 22 is connected to the juncture of the zener diode 21 and
      the second terminal of the AC source 1. A filter capacitor 23 is connected
      across the terminals 18 and 22, as is a load represented by a variable
      resistor R.sub.L.
PAR  In keeping with the polarity of current through the SCR 17, the diode 20
      and the zener diode 21 are connected in opposite polarity from the diode
      11 and the zener diode 9 in FIG. 1. There is no need for a transistor in
      the gate circuit of the SCR 17 in FIG. 4, but instead, the gate of the SCR
      17 is connected to a common circuit point of the series circuit that
      includes the resistor 19, the diode 20 and the zener diode 21.
      Specifically, in FIG. 4 the gate of the SCR 17 is connected to the
      juncture of the diode 20 and the zener diode 21.
PAR  The operation of the circuit in FIG. 4 will be described with reference to
      FIG. 5 in which the sinusoidal wave e.sub.1 again represents the output
      voltage of the source 1 and V.sub.Z is the zener voltage of the zener
      diode 21. With the SCR 17, the diode 20, and the zener diode 21 polarized
      as shown, the output terminal 18 is positive with respect to the terminal
      22. Basically, the gate-cathode circuit of the SCR 17 measures the
      difference between the voltage e.sub.1 and the zener voltage V.sub.Z. The
      gate of the SCR can receive turn-on current only when the gate is positive
      with respect to the cathode. As is shown in FIG. 5, the SCR 17 is
      conductive in the first positive half-cycle of the voltage e.sub.1 and
      charges the capacitor to the maximum value E'. Then the capacitor
      discharges through the load R.sub.L as indicated by the line a'(E').
      Eventually the capacitor voltage represented by the line a'(E') drops
      below the zener voltage V.sub.Z, and the gate of the SCR 17 becomes
      positive with respect to the cathode. On the next positive half-cycle of
      the voltage e.sub.1, current is able to flow through the SCR to recharge
      the capacitor 23.
PAR  FIG. 3 is a two-voltage circuit that is capable of producing a positive
      voltage using two circuits similar to the circuit in FIG. 4 in a full-wave
      rectifier configuration to produce a positive output voltage and two
      circuits similar to the circuit in FIG. 1 in a full-wave rectifier
      configuration to produce a negative voltage. The components that
      correspond to those in FIGS. 1 and 4 are identified by the same reference
      numbers, although most of the reference numbers have either the letter a
      or the letter b as a suffix.
PAR  In FIG. 3 an AC source similar to the source 1 in FIGS. 1 and 4 is
      connected across two terminals 12 and 13 of a transformer 14. The
      terminals 12 and 13 are connected to a primary winding 14a of the
      transformer. The transfomer also has a center-tapped secondary winding 14b
      connected to four rectifier circuits, which are arranged in two pairs.
PAR  The first pair is similar to the single circuit in FIG. 1. The cathodes of
      the SCRs 2a and 2b are connected to opposite ends of the center-tapped
      secondary, which is the equivalent of two AC sources having mutually
      opposite alternating voltages. The two transistors 8a and 8b are both
      connected to the same zener diode 9 by respective diodes 15a and 15b, and
      the zener diode is connected to the center-tap of the secondary 14b. The
      cathode of the diode 15a is connected to a common circuit point between
      the resistor 10a and the diode 11a, and the cathode of the diode 15b is
      similarly connected to a common circuit point between the resistor 10b and
      the diode 11b. A leak resistor 16a is connected between the gate and
      cathode of the SCR 2a and another leak resistor 16b is similarly connected
      to the cathode and gate of the SCR 2b.
PAR  Each of the other two rectifier circuits is similar to the circuit in FIG.
      4. Instead of connecting the anodes of the SCRs 17a and 17b to an AC
      source, they are connected to opposite ends of the transformer secondary
      14b, the same points to which the cathodes of the SCRs 2a and 2b are
      connected. The gates of the two SCRs 17a and 17b are connected to a single
      fixed voltage device, the zener diode 21, which is connected to the
      center-tap of the secondary 14b, and two diodes 23a and 23b connect the
      zener diode to the gate circuits of the SCRs 17a and 17b, respectively.
      The anodes of the diodes 23a and 23b are connected to common circuit
      points between the resistors 19a and 19b and the diodes 20a and 20b,
      respectively. The circuit also includes two leak resistors 24a and 24b,
      each of which is connected between the gate and cathode of the respective
      one of the SCRs 17a and 17b.
PAR  The cathodes of both of the SCRs 17a and 17b are connected together at one
      terminal of a filter capacitor 25a and to a positive voltage output
      terminal 26. The center-tap of the secondary 14b is connected to an
      intermediate voltage output terminal 27, which may be connected to ground.
      The anodes of the SCRs 2a and 2b are connected together to a third output
      terminal 28 that is negative with respect to the terminal 27. Another
      filtering capacitor 25b is connected between the terminals 27 and 28.
PAR  Operation of the circuit in FIG. 3 will be described with reference to
      FIGS. 6A-6C. FIG. 6B shows an alternating voltage e.sub.1 between the
      upper end of the secondary 14b and the center-tap. The SCR 17a connected
      to receive this voltage produces a rectified voltage in exactly the same
      manner as the SCR 17 in FIG. 4. The rectified voltage charges the
      capacitor 25a and the voltage across the capacitor follows the curve
      a.sub.1 (E.sub.1). The diode 23a does not affect the operation of the
      circuit to make any substantial difference from the operation of the
      circuit in FIG. 1. The diode 23a simply prevents reverse current from
      flowing to a zener diode 21.
PAR  At the same time, the SCR 2a is producing a negative half-wave rectified
      voltage that causes the charge on the capacitor 25b to follow the curve
      a.sub.1.sub.' (E.sub.1.sub.') in FIG. 6B. The diode 15a, like the diode
      23a protects the zener diode to which it is connected from receiving
      reverse current.
PAR  While the SCRs 17a and 2a are being energized by voltage of one half of the
      secondary 14b, the SCRs 17b and 2b are being energized by the other half
      of the secondary. The SCRs 17b and 2b, and the respective components
      connected to them respond to the voltage e.sub.2 of the other half of the
      secondary 14b as shown in FIG. 6C, which is identical with FIG. 6B except
      that the voltage e.sub.2 is 180.degree. out of phase with respect to the
      voltage e.sub.1. As a result, the times of conductivity of the SCRs 17a
      and 17b cannot be identical nor can the times of conductivity of the SCRs
      2a and 2b. The combined curves are shown in FIG. 6A in which the curve
      a.sub.0 (E.sub.0) represents the voltage at the terminal 26 controlled by
      the zener diode 21, which is common to and controls both of the SCRs 17a
      and 17b.
PAR  In a similar manner the negative voltages at the anodes of the SCRs 2a and
      2b combine to produce the output voltage a.sub.0.sub.' (E.sub.0.sub.').
PAR  FIG. 7 is a two-voltage circuit similar to FIG. 3 but with a rearrangement
      that simplifies the circuit and reduces the number of components. The
      components in FIG. 7 that correspond to those in FIG. 3 are identified by
      the same reference characters.
PAR  As in FIG. 3 the circuit in FIG. 7 shows the anodes of the SCRs 17a and 17b
      connected to opposite ends of the center-tapped secondary 14b. The circuit
      in FIG. 7 has only a single leak resistor 29 connected across the
      parallel-connected gates and cathodes of both SCRs 17a and 17b and a
      single diode 30 connecting both gates to the cathode of the zener diode
      21. A single resistor 31 is connected to the zener diode, but two diodes
      32 and 33 are still required to allow current to flow toward the zener
      diode only when the voltages at the ends of the secondary have the proper
      polarity with respect to the center-tap.
PAR  The negative voltage section of the circuit has also been simplified. A
      single PNP transistor 34 performs the switching function to control the
      gate turn-on current for both of the SCRs 2a and 2b, and the turn-on
      current flows through a common resistor 35, but two diodes 7a and 7b are
      required to prevent inverse currents from flowing through the gates. A
      leak resistor 36 is connected between the base and emitter of the
      transistor 34.
PAR  A single diode 37 connects the base of the transistor 34 to the zener diode
      9, and a single resistor 38 is connected to the zener diode, but two
      diodes 39 and 40 are required to prevent inverse current from reaching the
      zener diode 9 in the same manner that the diodes 32 and 33 prevent inverse
      currents from reaching the zener diode 21.
PAR  In operation the SCRs 17a and 17b form one full-wave rectifier and the SCRs
      2a and 2b form another of opposite polarity. The voltages at the output
      terminals 26 and 28 are identical to those in the circuit in FIG. 3 and
      are also represented by the curves a.sub.0 (E.sub.0) and a.sub.0.sub.'
      (E.sub.0.sub.') in FIG. 6A. The circuit in FIG. 7 has one less transistor,
      two less diodes, and three less resistors than the circuit in FIG. 3 to
      produce the same results.
PAR  While this invention has been described in terms of specific embodiments,
      it will be understood by those skilled in the art that modifications may
      be made therein without departing from the true scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power supply circuit comprising:
PA1  A. first and second input terminals to be connected to an alternating
      voltage source;
PA1  B. first and second output terminals, said second input terminal being
      connected to said second output terminal;
PA1  C. thyristor switching means comprising a first electrode connected to said
      first input terminal, a second electrode connected to said first output
      terminal, and a third electrode;
PA1  D. semiconductor switching means comprising a first electrode connected to
      said first output terminal, and second and third electrodes;
PA1  E. a first impedance connecting said second electrode of said semiconductor
      switching means to said third electrode of said thyristor switching means;
PA1  F. a second impedance connecting said third electrode of said semiconductor
      switching means to said first input terminal;
PA1  G. a series circuit comprising constant voltage means connecting said third
      electrode of said semiconductor switching means to said second output
      terminal; and
PA1  H. a capacitor connected in series between said output terminals.
NUM  2.
PAR  2. The power supply circuit of claim 1 in which said thyristor switching
      means is a silicon controlled rectifier and said semiconductor switching
      means is a transistor.
NUM  3.
PAR  3. The power supply circuit of claim 1 in which said first impedance
      comprises a diode polarized to carry turn-on current to said third
      electrode of said thyristor switching means.
NUM  4.
PAR  4. The power supply circuit of claim 1 in which said second impedance
      comprises a diode polarized to prevent the flow of inverse current to said
      third electrode of said semi-conductor switching means.
NUM  5.
PAR  5. The power supply circuit of claim 1 comprising, in addition:
PA1  A. a third input terminal to be connected to an alternating voltage source
      of the opposite polarity from said first-named alternating voltage source;
PA1  B. second thyristor switching means comprising a first electrode connected
      to said third input terminal, a second electrode connected to said first
      output terminal, and a third electrode;
PA1  C. second semiconductor switching means comprising a first electrode
      connected to said first output terminal, and second and third electrodes;
PA1  D. a third impedance connecting said second electrode of said second
      semiconductor switching means to said third electrode of said second
      thyristor switching means;
PA1  E. a fourth impedance connecting said third electrode of said second
      semiconductor switching means to said third input terminal; and
PA1  F. a second series circuit connecting said third electrode of said second
      semiconductor switching means to said constant voltage means.
NUM  6.
PAR  6. The power supply circuit of claim 5 in which said first-named series
      circuit further comprises a diode polarized to prevent the flow of inverse
      current through said constant voltage means.
NUM  7.
PAR  7. The power supply circuit of claim 6 in which said second series circuit
      comprises a second diode polarized to prevent the flow of inverse current
      through said constant voltage means.
NUM  8.
PAR  8. The power supply circuit of claim 1 comprising, in addition:
PA1  A. a third input terminal to be connected to an alternating voltage source
      of the opposite polarity from said first-named alternating voltage source;
PA1  B. second thyristor switching means comprising a first electrode connected
      to said third input terminal, a second electrode connected to said first
      output terminal, and a third electrode;
PA1  C. a third impedance connecting said second electrode of said first
      semiconductor switching means to said third electrode of said second
      thyristor switching means; and
PA1  D. a fourth impedance connecting said third electrode of said second
      semiconductor switching means to said third input terminal.
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PAL  The essential elements of the electrical system of a treater, or
      dehydrator, of produced oil well fluids are connected and physically
      oriented as mounted within the shell of the treater. The electrodes of the
      treater are energized from a line supply and establish electrostatic
      fields as a varying load on the electrical system. A control circuit is
      arranged to respond to the current demanded by the varying load and
      disconnect the load from the line supply in a predetermined program
      designed to protect the components of the system, yet reconnect the load
      and supply as frequently as practical.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to control of the generation of a plurality
      of electrostatic fields through which a mixture of water and oil is flowed
      for sequential exposure to the fields as forces for coalescing droplets of
      the water into sizes great enough for their effective gravitation from the
      oil. More particularly, the invention relates to regulation of a form of
      d.c. voltage applied to an electrode system suspended in the mixture to
      generate the plurality of fields which will first function as aa field
      generated by a.c. voltage and secondly as a field generated by d.c.
      voltage which will cause an ordered migration of dispersed water droplets
      relative to the electrodes.
PAR  2. Description of the Prior Art
PAR  The expanded synopsis of the paper titled "Theoretical Basis of Operation
      of Apparatus for Electric Dehydration and Electric Desalting of Oil
      Emulsions" by G. M. Panchenkov, L. K. Tsabek and V. Papko, submitted at
      the VIII World Petroleum Congress in Moscow, makes a state of the art
      declaration which has apparent validity.
PA1  "The world publications--both journals and patents--comprise a vast amount
      of various suggestions for design of electric dehydrators, frequency,
      geometry and intensity of electric fields. But, in most cases, the offered
      designs have no scientific-theoretical base."
PAR  Otherwise, the synopsis is a broad, somewhat confusing, reference to the
      paper. The impression remains that a scientific-theoretical basis may have
      been formulated, but practical suggestions and explanations are lacking in
      this work.
PAR  When it comes to locating simple, comprehensive, satisfactory explanations
      of how coalescence is brought about in electrostatic fields, the
      literature is quite broad and indefinite. The phenomenon seems to be more
      often simply observed rather than comprehensively explained.
PAR  F. G. Cottrell is generally credited with the first practical application
      of electrostatic fields to dehydration (treatment) of crude oil emulsions.
      His pioneer U.S. Pat. 987,115 (1911) claimed the water particles "are
      subject to electrostatic forces dependent upon the relative potentials and
      dielectric constants of the materials in contact and caused to coalesce
      into masses"  easily removed by settling or centrifuging.
PAR  Cottrell set the pattern for explanation of the relation between
      coalescence and emulsions. Most subsequent explanations remained about as
      vague. C. G. Sumner's 5th Edition of Clayton's "The Theory of Emulsions
      and Their Technical Treatment", Chemical Publishing Co., Inc., 212 Fifth
      Avenue, New York, 1954, stated at page 583:
PA1  "The theory underlying the Cottrell process and its modifications is that
      the emulsion serves as a multitude of electrical condensers, the
      electrodes or poles being the water globules and the continuous oil phase
      serving as the dielectric. Under the influence of a high-potential
      alternating field the charged water particles rupture the enveloping oil
      films and coalesce, forming larger drops."
PAR  Subsequent cinematographic observation gave enough backing to this
      explanation to keep it from serious challenge-- and probably much
      additional investigation. In all events, subsequent workers in this field
      usually employed large a.c. voltages, giving little or no practical
      attention to the use of d.c. voltage. This type of limited, parochial,
      views of a phenomenon in oil field technology is not uncommon.
PAR  The configuration of two electrodes within an emulsion, one electrode being
      grounded, has long been assumed to generate a sufficiently effective
      electrostatic field with a.c. voltage applied to the ungrounded electrode.
      Undeniably, the force generated by this field will resolve emulsions;
      however, this force appears inefficient.
PAR  The literature listed in Chapter 9 -- Demulsification -- of Emulsions:
      Theory and Practice, 2nd Edition by Paul Becker, Van Nostrand - Reinhold
      Books, New York, is impressive. However, it now appears, in accordance
      with the expanded synopsis of the Russian paper, the workers in the art
      have only searched empirically for improvement with various electrode-grid
      shapes, horizontal and vertical arrangements for the electrode-grids and
      various voltage levels. The result obtained by the electrostatic fields
      established by a.c. voltage upon water particles suspended in oil
      charging, or polarizing, the water droplets under the Cottrell theory,
      appears to be both random and inefficient. It has now been discovered that
      an electrostatic field generated between electrodes to which d.c. voltage
      is periodically applied brings about a surprising result. The water
      droplets in the field migrate back and forth between the electrodes in a
      well-ordered pattern, growing larger and gravitating to collect below the
      electrodes in a body.
PAR  The work of Siebert and Brady with direct current is evidenced by U.S. Pat.
      1,290,369 (1919). However, d.c. voltage applied periodically to electrodes
      brings about an ordered migration of dispersed water droplets which has
      surprisingly enhanced their coalescence in contrast to the results of
      applying a.c. voltage solely under the Cottrell theory. Specifically,
      voltage applied periodically to a pair of electrodes suspended above a
      grounded water-emulsion interface generates a series of electrostatic
      fields. The field generated between each electrode and the interface is
      quite different from the field generated between the electrodes. The
      oil-water mixture can be moved sequentially through these different fields
      and become thoroughly dehydrated by the effective coalescence of the water
      droplets and their consequent gravitation.
PAR  The theory on which the present disclosure of the electrostatic fields is
      founded includes a specific concept of the structure of a molecule of
      water as a constituent of a droplet of water. It is a generally accepted
      fact that individual molecules within a water droplet have a slight
      electrical dipole, i.e. the negative and positive charges are not
      concentric. Despite the existence of the molecule dipoles, their droplets
      are neutral.
PAR  The present concept includes the usual droplet of water in situ as
      containing ions, or even free electrons. When this droplet is placed
      within the unidirectional electrostatic field between two electrodes to
      which d.c. voltage is applied, the dipoles are accentuated and aligned
      with the field. The alignment is followed by physical movement, or
      migration, toward the near electrode.
PAR  In theory, the water droplet will physically move to the near electrode and
      remain there. However, it has been observed that as these droplets
      approach the electrode, they are suddenly repelled and migrate toward the
      opposite electrode where the attraction-repulsion pattern is repeated. The
      end result is a zig-zag downward course for these droplets during which
      they are directed to collide with other droplets, causing their
      progressive coalescence.
PAR  A first explanation of initial attraction, and subsequent repulsion,
      between droplets and electrodes, relies upon the presence of the ions and
      free electrons in each droplet. As the water molecules align to form a
      stronger dipole, the droplet is attracted to the near electrode, and the
      dipole moment becomes increasingly strong. It is now that the negative
      ions and electrons are attracted to the positive end of the dipole and the
      positive ions to the negative end. These ions and electrons at one end of
      the dipole form a shielding charge on the surface of the droplet with the
      same polarity as the near electrode. This charge on each end shields the
      dipole charge of that end and the droplet is consequently repelled toward
      the opposite electrode.
PAR  The attraction, followed by repulsion, of the water particles, or droplets,
      form an orderly migration from electrode to electrode. Not all droplets go
      the same direction at the same time, and directed collisions occur. With
      the collisions between droplets occurring at the time when opposite
      charges of their dipole face each other, the droplets are attracted to
      each other by their unlike charges into combining, or coalescing.
PAR  A second explanation of initial attraction, and subsequent reupulsion
      between droplets and electrodes, also relies upon the presence of the ions
      and free electrons in each droplet. Because of the electrical dipole, the
      water droplets are orientated and begin to drift because of proximity to
      an electrode of a particular potential and polarity. The strength of the
      electrostatic field on the dipole, because of the charge on the nearest
      electrode, increases so rapidly, relative to the droplet's ability to
      accelerate, that electrons are either added to or stripped from the
      droplet. This change of electron inventory results in the droplet
      developing the same charge as the nearest electrode and, accordingly,
      being repelled.
PAR  This explanation accounts for the initial motion of the water droplets
      toward an electrode and their subsequent repulsion therefrom. Further,
      following this second explanation, the water droplets approaching one
      another would now be oppositely charged and have strong attractive forces
      between them which direct collision and coalescence.
PAR  Both of the foregoing explanations of the movement of water droplets in the
      unidirectional field have been carefully considered. Neither explanation
      appears generally favored, and the validity of the claims to the invention
      would not appear to depend upon a choice between these explanations.
PAR  Under either of the foregoing explanations, or one yet to be developed, the
      results of the disclosure are evident in the actual reduction to practice.
      a unidirectional field contributes to the results. In establishing the
      unidirectional field, certain guidelines should be understood.
PAR  The d.c. voltage is carefully and fully regulated in its periodic
      application to the electrodes. Within this generalization, it is
      understood that the d.c. voltage may be generated by rectifying a.c.
      voltage, either half or full wave. Each of the half cycles of voltage is
      considered aa pulse of voltage. A group of these half cycles, applied at
      intervals, also constitutes a pulse. Further, any form of d.c. voltage
      applied to the electrodes at intervals through a form of switch,
      mechanical or electrical, is within the scope of the definition of
      pulsating. The broad guideline is that the voltage applied to electrodes
      to establish the unidirectional electrostatic field between them is
      applied periodically, at intervals or in pulsations.
PAR  Within the group of power sources available to generate a.c. voltage for
      rectification, two basic control systems have been used to regulate the
      source outputs by use of solid state devices. The first of these systems
      is termed phase shifting, or delayed firing. The second system is termed
      zero-switching with cycle skipping.
PAR  In the first system, a solid state control device (preferably an SCR or
      TRIAC) is placed in series between the power source and the load. These
      solid state electronic switches are caused to conduct (turn on) at some
      time after the beginning of each half cycle of the a.c. voltage passed
      from the source to the load. This interval of time, after the beginning of
      each half cycle, is set by the load demand which applies the control, or
      gate, voltage to turn on the SCR or TRIAC. The longer the interval, the
      less power applied to the load.
PAR  This phase shifting, or delayed firing, system appears ideal, for the gate
      voltage can be generated to turn on the solid state electronic switches
      with great precision. However, there are many problems with this sytem.
PAR  By turning on the solid state switch after the beginning of a half cycle,
      the resulting passed voltage wave form is provided with a steep leading
      edge. When this voltage is applied to the primary of a transformer, large
      spikes of voltage may be generated in the secondary because of this wave
      form. These large spikes often overload the transformer and other
      components, causing their rapid deterioration. This voltage spike
      generation is not the only problem of this approach to regulation, but is
      is one of the more evident and severe. U.S. Pat. 3,535,614 discloses a
      system of regulation of this type, but does not teach how to overcome this
      problem.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention approaches the regulation problem of the prior art by
      simply disconnecting the power source from the load for intervals of time
      demanded by the load conditions. This approach may be viewed as relatively
      unsophisticated, compared with the delayed firing system but the
      simplification in structure to embody this approach is very attractive.
PAR  The present invention contemplates controlling the connection of an a.c.
      voltage power source to a load which varies. The current drawn by the load
      is the index to variations in the load. This current is detected and when
      it exceeds a first predetermined value, disconnection is programmed to
      occur a first time interval thereafter.
PAR  The invention next provides for the disconnection to continue a second time
      interval which is proportional to the magnitude by which the load current
      exceeded that first predetermined value. Reconnection is then programmed
      and the invention may provide that even the first half cycle of the source
      voltage is applied to the load at zero-crossing so a steep transient is
      avoided. Certainly, the invention provides that no continuous series of
      steep transients are applied to the components of the system.
PAR  Upon recommendation, the load current may immediately exceed the first
      predetermined value. Again, the program provided by the invention is
      effectively implemented. A time delay in the program at this point
      maintains the connection to enable the initial output of the load to
      perform a measure of work. Hopefully, this measure of work will reduce the
      load demand. Then, if at the end of the second time interval the load
      current remains above that first predetermined value, disconnection again
      takes place for a length of time proportional to the magnitude of the load
      current above the first value. This program will then repeat until the
      load reduces to the range in which the power can be continuously applied.
PAR  The invention more specifically contemplates conductive fluid between
      electrodes connected to a rectifier system as a load in the output of a
      source of a.c. voltage with an arrangement which responds to the flow of
      current to the electrodes. When this current exceeds a first predetermined
      value, the source is disconnected from the electrodes for an interval of
      time whose length is proportional to the magnitude of the excess current.
      The source is reconnected at the end of the proportional interval of time.
      If the conductive path between the electrodes allows a current flow in
      excess of the first predetermined value established by the components of
      the system, the source is again disconnected for a proportional interval
      of time after the development of an electrostatic field by the electrodes
      which works to reduce the conductivity of the fluid. When the fluid
      between the electrodes limits the current flow to an acceptable range, the
      source and electrodes will remain continuously connected to generate thhe
      electrostatic field.
PAC  EMULSION-MIXTURE-DISPERSION
PAR  In the drawing disclosure, and its description, all reference to emulsion,
      mixtures of oil and water, and water droplets dispersed in a second liquid
      is to basically the same material. Breaking the bond between oil and
      water, and subsequent removal of water, is dehydration of the oil. This
      reduction of water content of mixtures is the ultimate objective of these
      embodiments of the invention.
PAC  "WET" vs. "DRY"
PAR  When referring to emulsions, mixtures or dispersions of water in oil, the
      terms "wet" and "dry" are sometimes used. These are relative terms which I
      wish to define more specifically for use in disclosing the invention.
PAR  The water in emulsions, mixtures or dispersions serves no useful purpose.
      As a matter of fact, water is costly to transport and is the cause of
      corrosion in the equipment of the system. Therefore, it is desirable to
      reduce the water content of produced oil to as low a percent as possible
      before transporting the oil to a refinery. Many customers for produced oil
      carefully specify the maximum percent of water they will accept.
PAR  It is theoretically possible to process all water from the system.
      Generally, it is practical to reduce the water content of produced oil to
      a fraction of a percent or even to a trace. Therefore, oil containing only
      1 percent or less water will herein be termed dry.
PAR  On the other hand, any water above 1 percent in emulsion will be herein
      termed wet. However, the percentage of water in an emulsified condition is
      seldom greater than 10% of the total mixture of oil and water.
PAR  In this disclosure, the term wet emulsion will apply to oil and water
      mixtures in which the dispersed water is greater than one percent. Dry
      emulsion will have less water.
DRWD
PAR  Other objects, advantages and features of this invention will become
      apparent to one skilled in the art upon consideration of the written
      specification, appended claims, and attached drawings, wherein;
PAR  FIG. 1 is a somewhat diagrammatic, partial perspective, view of a portion
      of the flow pattern of production fluids through the shell of a
      dehydrating vessel and the electrical system in which the invention is
      embodied;
PAR  FIGS. 2a and 2b are diagrammatic side views of the electrodes of FIG. 1 and
      lines of force illustrating the electrostatic fields generated by the
      invention;
PAR  FIG. 3 is a graph of the voltage generated between the electrodes by the
      invention;
PAR  FIG. 4 is a schematic of the control for the electrical system in FIG. 1
      and in which the invention is specifically embodied;
PAR  FIGS. 5 and 6 are schematics of alternate forms for circuits of FIG. 4;
PAR  FIG. 7 is a schematic of a fragment of the circuit of FIG. 4 with reactance
      components to modify the output power curve; and
PAR  FIGS. 8 and 9 are power output curves of the circuit of FIG. 7.
DETD
PAC  FIG. 1
PAR  Before specifically disclosing the structure of FIG. 1 in which the present
      invention is embodied, consideration of selected background references
      will be helpful. U.S. Pat. 3,207,686, issued Sept. 21, 1965, to H. R.
      Jarvis et al., discloses the typical container 10 of electric treaters
      which is in the general form of a cylinder horizontally extended. The last
      compartment within this cylinder, through which fluids flow, is chamber
      24. Within chamber 24, electrodes 80 and 81 are mounted, 81 being
      connected to high voltage transformer 90.
PAR  The incoming liquids are distributed by structures 58, along the bottom of
      compartment 24. The oil and water form an interface 70 above the
      distributors and below the electrodes.
PAR  The disclosure of Canadian Pat. 849,307, issued Aug. 18, 1970, to R. L.
      Pettefer, also features an electric treater with vessel 10 through which
      an oil well stream is produced. Treating compartment 30 is the last
      chamber within shell 10 and a part of the flow path.
PAR  The water body 36 has an interface disclosed with the oil-water mixture,
      but all liquids are not distributed with structure as disclosed in the
      Jarvis et al. patent. However, electrode pairs 32,33 and 34,35 are mounted
      above the interface and connected to transformer 31.
PAR  The primary reason for bringing attention to the disclosure of the Pettefer
      patent is the fact that the electrodes are thereby disclosed as extending
      vertically within compartment 30. Both disclosures illustrate the general
      thermal conditioning of the liquids prior to their flowing through the
      electrostatic fields generated by the electrodes energized by
      transformers. In all events, water coalesced and gravitated forms a body
      of water below the electrodes, the surface of which body may itself be
      regarded as an electrode at ground potential.
PAR  In presenting FIG. 1 of the present disclosure, illustration of
      conventional components of the electric treater have not been made because
      their form and function can be readily understood from the disclosure of
      the patents supra. It is even believed, in this particular situation, the
      details would tend to hamper a good perspective of the invention.
PAR  FIG. 1, therefore, has been developed by a somewhat diagrammatic
      representation of structure with which an embodiment of the invention is
      associated. Complete understanding of the invention may not be gained by
      everyone, but FIG. 1 is an adequate beginning for disclosing an overview
      of the invention.
PAR  Electrodes 1 and 2 are shown, arranged vertically and parallel to each
      other and to the flow of fluids, within the treater shell. The emulsion of
      the well stream is directed toward the electrodes along path 3 which is
      generally lower than the electrodes. The flow of the emulsion from path 3
      is then directed upward along path 4. Any water droplets that coalesce to
      a size large enough to gravitate from the emulsion travel downward along
      path 5. After this treatment by exposure to the electrostatic fields
      generated by the invention, the oil of the emulsion continues upward along
      path 6 for delivery as the finished product of the process.
PAR  The water which is separated from the emulsion flowing along path 5,
      collects in a lower body 7. A controlled discharge of water from this body
      7 is indicated as along path 8. The control of discharged water is exerted
      to maintain its upper surface 9 a predetermined distance below the
      electrodes.
PAR  The relative spatial relationship between the electrodes and the upper
      water surface now established, it can be generally appreciated that the
      electrostatic fields are located between the lower edges of the electrodes
      and the grounded surface of the water and between the electrodes. Field
      (A) and field (B) are beneath the electrodes and form an overlapping
      pattern of their lines of force between and beneath the electrodes. Due to
      the nature of the d.c. voltage applied, the overlapping fields midway
      between and beneath the electrodes will produce a field having the
      characteristics of a field similar to one generated by a.c. voltage.
PAR  The field (C), between the electrodes, is simply generated by d.c. voltage
      and behaves as such. However, the nature of the d.c. voltage applied gives
      this field (C) certain desirable characteristics.
PAR  The d.c. voltage applied to the electrodes is generated in pulses. When
      these pulses are applied to the two-electrode, water-surface system, the
      multiple electrostatic fields (A), (B) and (C) are established.
PAR  A generalized showing of a d.c. voltage source could be disclosed. The
      traditional "black box" could be used to represent a battery, a generator
      or a rectified transformer output. However, transformer 10 is presently
      the more practical form for a basic source of potential. Primary winding
      11 is energized by an a.c. voltage and secondary winding 12 has its
      cyclical output rectified for application to electrodes 1 and 2.
PAR  The specific connection between secondary winding 12 and electrodes 1 and 2
      produces the desired electrostatic fields. Through this connection,
      pulsating d.c. voltage is applied to the electrodes.
PAR  The secondary 12 is connected at one end to ground. The second end of the
      secondary is connected to the electrodes 1, 2 in parallel; rectifier 13 is
      one branch and rectifier 14 is the other branch. The rectifiers are
      oppositely poled. Through this arrangement, a voltage pulse is applied
      alternately to the electrodes and of opposite polarity to one another. The
      result is a pulsating d.c. voltage applied to the electrodes and the
      magnitude of this voltage between electrodes 1 and 2 is greater than both
      the RMS and peak voltage input from the secondary of the transformer.
PAC  COMPOSITE FIELDS
PAR  FIG. 1 discloses structure in which the invention is embodied, establishing
      a plurality of electrostatic fields with which water droplets in an
      emulsion are coalesced until they are large enough to gravitate and form a
      lower collection. Surprising success has been obtained in dehydrating oil
      field emulsions by passing them through the composite of fields (A) and
      (B) and then passing the emulsions through (C). A careful study of the
      results has been made and both general and specific conclusions about how
      these results are obtained have been drawn. Although not absolutely
      certain of the precision of the formulated theories, they are based on
      systematic research of the problem, and solution, and represent the best
      thinking on the matter at present.
PAR  It has been observed that coalescence of the water droplets of a wet
      emulsion is most effective under the force of an electrostatic field which
      is generated by voltage of comparatively low magnitude which has both
      directional and magnitude change. In contrast, a dry emulsion is more
      effectively treated by an electrostatic field generated by a steady-state
      voltage of comparatively high magnitude. Between the two extremes of
      emulsion condition, it is desired to have fields applied which vary from
      having an alternating characteristic to having a unidirectional
      characteristic.
PAR  The present disclosure provides a structural arrangement which
      progressively subjects an emulsion to electrostatic fields ranging from
      the alternating type to the unidirectional type. As the wet emulsion
      travels through an alternating type of field, it has its water content
      reduced. When the emulsion is dry, it is then passed through a
      unidirectional type of field for final dehydration. Electrostatic fields
      of both types are provided with the structure disclosed in FIG. 1.
PAC  FIGS. 2a and 2b
PAR  Referring to FIGS. 2a and 2b, the electrodes 1 and 2 of FIG. 1 are
      disclosed from another angle of view. They are oriented in an elevation
      which lends itself to diagrammatic representation of the electrostatic
      fields generated by energizing the electrodes. Specifically, each
      electrode is viewed from its end, above water body 7 with its upper
      surface 9 interfacing with the emulsion flowing from path 3.
PAR  The electrostatic field, or fields, created between electrodes 1 and 2, and
      between the electrodes and water 7, are represented in FIGS. 2a and 2b by
      lines of force 20 and 21. Lines 20 occur in the region below electrodes 1
      and 2 and lines 21 occur in the region between the electrodes.
PAR  Referring specifically to FIG. 2a, when diode 14 conducts, a positive (+)
      charge is developing on electrode 1, and at its peak this charge generates
      a field having lines of force 20. It is assumed that electrode 2 had
      previously acquired a comparable negative (-) charge and that a portion of
      it had leaked off due to leakage conduction in wet emulsion.
PAR  Referring specifically to FIG. 2b, when diode 13 conducts, a negative (-)
      charge is developing on electrode 2 and at its peak this charge generates
      a field having lines of force 20. It is assumed that electrode 1 had
      previously acquired a comparable positive (+) charge and that a portion of
      it had leaked off due to leakage conduction in wet emulsions.
PAR  Consider the lines of force 20 in each of FIGS. 2a and 2b with respect to
      their direction. A water droplet 22 is represented in FIG. 2a as having a
      line of force 20 directed generally downward upon the droplet. In FIG. 2b
      the line of force 20 is directed upon the same droplet, but in a generally
      upward direction.
PAR  An area below the electrodes could be depicted, or outlined, as the one in
      which the directional variation of lines of force 20 is the greatest.
      However, disclosure, in this detail, of the function of the electrostatic
      field does not appear warranted. It is sufficient to point out that water
      droplets, as represented by 22, in the region below electrodes 1 and 2
      will have electrostatic forces placed upon them which vary in direction to
      some extent with the alternate pulsing of the electrodes.
PAR  It should be again emphasized that FIGS. 2a and 2b are not representative
      of a system in which the emulsion is so wet that a reversal of potential
      occurs at the electrode not being pulsed. In such emulsions, the direction
      of electrostatic forces on the water droplets will change nearly
      180.degree.. Additionally, FIGS. 2a and 2b do not illustrate the fact that
      the magnitude of the electrostatic forces at any given location below the
      electrodes may vary considerably between voltage pulse peaks. The
      variations in magnitude are greater, the more wet the emulsion.
PAC  AUTOMATIC ADJUSTMENT OF ALTERNATING FIELD STRENGTH
PAR  FIGS. 2a and 2b also help in understanding another feature of the
      electrostatic field generated beneath the electrodes. This feature is one
      of automatic adjustment relative to the more tightly emulsified oil-water
      which tends to collect in a layer at the interface 9.
PAR  As water droplets gravitate downward, they are expected to simply become
      part of body 7. However, stratification within the emulsion does develop.
      A gradient forms, of the water concentration, right down to the interface
      9.
PAR  The layer at the interface is very conductive because of its high
      concentration of water content. Further, the layer tends to deepen, i.e.
      rise toward the lower edge of the electrodes. As this conductive layer
      thickens, moves upward, it causes the gradient of the field to increase.
      The shortened distance between the layer, effectively the ground
      electrode, increases the strength of the electrostatic field between this
      layer and the electrode above. The result is additional energy directed
      into the tight emulsion. Additional energy into the emulsion increases
      coalescence of the water droplets. This heightened "treating" reduces the
      tendency of the layer to grow. Therefore, automatic adjustment of this
      field strength is gained when required. This feature is a welcome addition
      to the basic function of the invention.
PAC  AUTOMATIC ADJUSTMENT OF UNIDIRECTIONAL FIELD : FIG. 3
PAR  An additional, automatic, adjustment of the fields is provided through the
      particular characteristics of the field between the electrodes. First, it
      is well known that when the emulsions passed between electrodes of
      electric treaters are very wet, they form a highly conductive path for the
      high voltage on the electrodes. Arcing readily takes place over this
      conductive path. To reduce this effect, it is desirable to control the
      voltage level on the electrodes during the period when very wet emulsions
      are passing between the electrodes.
PAR  The application of pulsating d.c. voltage to electrodes provides automatic
      adjustment of the potential between electrodes with wet emulsions between
      the electrodes. FIG. 3 is established to disclose how this regulation
      automatically takes place. As the emulsion becomes more wet, the potential
      between electrodes reduces. An electrostatic field of maximum permissible
      strength remains, continuing to treat, but the voltage magnitude has been
      reduced and the corresponding tendency to arc between electrodes has
      reduced. As the emulsion becomes more dry, the voltage between electrodes
      increases, approaching substantially twice the value of the RMS value of
      the applied voltage.
PAR  With conductive water droplets dispersed in the liquid mixture between the
      electrodes, the voltage applied to the electrodes leaks off at a rate
      depending upon the degree of conductivity of the emulsion. In FIG. 3, the
      variation of voltage on the electrodes is indicated. The applied voltage
      across secondary 12 is, of course, a.c. in form and need not be
      illustrated.
PAR  The rectifiers 13,14 control the application of the a.c. voltage to
      electrodes 1,2. FIG. 3 illustrates the development of this voltage on the
      electrodes.
PAR  FIG. 3 assumes the emulsion between electrodes 1,2 is fairly wet.
      Therefore, the charge, or voltage pulse, leaks off fairly rapidly. If
      there were instantaneous leak-off, the voltage on electrode 1 would
      decrease along dotted lines 30 and the voltage pulse on electrode 2 would
      decrease along dotted lines 31. However, the emulsion is assumed to not be
      conductive to that degree and the voltage follows lines 32 on electrode 1
      and along lines 33 on electrode 2.
PAR  Under the depicted pattern of voltage, the strength of the field (C) is
      directly proportional to the average value of the potential between 1 and
      2. As discussed previously, a somewhat drier emulsion would prevent more
      leak-off of the applied voltage pulses and, therefore, generate a stronger
      field. Therefore, the disclosure provides a unidirectional field which
      adjusts in magnitude to militate against arcing between electrodes with
      wet emulsions. Then, with dry emulsion, the field increases in strength,
      increasing its treating capacity.
PAR  At this point, a restatement is made concerning the variable load of the
      disclosure. A series of fields is provided as a load for treating. Part of
      the load is a relatively weak alternating field for the wetter emulsions
      and a unidirectional field for the drier emulsions. In addition, the
      unidirectional field is self-regulated in strength and thereby avoids
      arcing, but provides enough strength for continued treating. These fields,
      generated by the electrical energy applied to the electrodes, form the
      complete variable load controlled by the present invention.
PAC  INPUT CONTROLLER
PAR  In FIG. 1, transformer 10 may be regarded as either the immediate source of
      a.c. voltage for the load or, more generally, means with which the power
      is connected to the load. More specifically, the output of the secondary
      12 is rectified by 13,14 to supply power to electrodes 1 and 2. Operative
      variation of the d.c. potential between electrodes 1 and 2, due to the
      conductivity changes of the emulsion between the electrodes, has been
      observed. However, the disclosure has not, thus far, contemplated the
      emulsion becoming conductive to the degree that current flow in the
      circuit, and components of the circuit, threaten failure or breakdown of
      the components. Obviously, this overload condition is a threat which must
      be prevented by control of the electrical power supplied to transformer
      10.
PAR  In FIG. 1, a black box 40 is indicated as controlling the connection of
      primary 11 to the line voltage supplied primary 11. Further, resistor 41
      represents a current sensing device in association with the circuit of
      secondary 12 to produce a signal proportional to current flowing in
      secondary 12, to electrodes 1 and 2. As a first function through the
      circuits of 40, 41, the present invention disconnects transformer 10 from
      the line supply after the current in secondary 12 exceeds a first
      predetermined value. Continuous connection is maintained only so long as
      the current remains within a predetermined range.
PAR  It is an object of the present invention to disconnect the transformer from
      its line supply for an interval of time proportional to the magnitude by
      which the load current exceeds the first predetermined value. A section of
      the circuit of 40 is also arranged to automatically reconnect the
      transformer to the line supply at the end of the interval of time. If the
      overload still exists, manifested by the magnitude of the current flow
      detected by 41, disconnection again takes place and, again, for a time
      proportional to the magnitude of the overload current at that time. This
      connection and disconnection program repeats until the conductivity of the
      path between the electrodes reduces, or conversely, the impedance
      increases to within the range which will not destroy the system
      components.
PAR  FIG. 4 discloses the structure of the circuit of controller 40 as it is
      connected between the transformer 10 and a line supply, responsive as it
      is to the current in secondary 12, detected at element 41. The line supply
      is represented by the horizontal lines at the top and bottom of the
      drawing having terminals 42A, 42B. The upper line with terminal 42A is
      connected directly to the upper end of primary 11 of transformer 10. The
      lower line, with terminal 42B, is connected to the lower end of primary 11
      and in series with electronic switch 43. This switch 43 is preferably a
      solid state device. Comparatively recently, there has been developed a
      commercial form of switch designated TRIAC, which is suitable for this
      service.
PAR  All the variations of commercial form for the TRIAC have three terminals by
      which the unit is included in circuits. The control of the conductivity of
      the TRIAC is exerted with voltage applied between the two terminals
      designated T1 and T2. Terminal G is located between these terminals T1 and
      T2 and it is to this "gate" the control voltage is applied.
PAR  In developing nomenclature for the TRIAC, the term triggering voltage has
      been adapted for that voltage applied to the gate. Also, the term gate
      drive signal has been used for this voltage applied to the gate, the
      presence or absence of this voltage rendering the TRIAC on or off
      (conductive or non-conductive).
PAR  The gate drive signal, or triggering voltage, is generated within a
      so-called "drive circuit" within 40. Considered as an individual
      component, this drive circuit may take various forms. When supplying the
      gate voltage of a TRIAC, the circuit may be powered from the source
      voltage of terminals 42A and 42B or an independent source. Once rendered
      conductive by the proper gate voltage, the TRIAC will conduct at least one
      complete half cycle of the a.c. voltage of terminals 42A, 42B. If the gate
      voltage is applied for a time beyond a first half cycle of the a.c.
      voltage, the second half cycle conducted by the TRIAC will be of a
      polarity opposite to the first half cycle. The TRIAC will conduct for at
      least the complete second half cycle. Therefore, the TRIAC conducts for a
      one half and multiples of one half cycle of the a.c. source voltage. This
      is an inherent function of the TRIAC. However, to insure that the initial
      half cycle of the a.c. voltage passed to the load begins at zero-crossing,
      the invention also provides the gate voltage from the line supply of
      terminals 42A, 42B.
PAR  The specific form of drive circuit disclosed in FIG. 4 is presently
      preferred because its power requirements are relatively inexpensive and it
      is relatively simple to attain and maintain phase between the gate voltage
      and source to apply the source to the load at zero-crossing.
PAR  The immediate and specific generator of the gate drive signal for TRIAC 43
      is transformer 44. The secondary of this transformer 44 is connected to
      the gate electrode, or terminal, of TRIAC 43. This generator-transformer
      is connected by its primary to a power source. IN FIG. 4, that power
      source is that of terminals 42A, 42B. Large resistance 45 is connected in
      series between the line and transformer primary. Thus, when the generator
      is effectively disconnected from the gate electrode, the full line voltage
      will appear across resistance 45.
PAR  When transformer 44 is employed as a generator of the gate drive signal,
      its primary is simply shorted to remove the signal. There is more than one
      circuit available to disconnect the generator from the gate electrode. The
      disconnect circuit of FIG. 4 comprises full-wave rectifier bridge 46 and
      electronic switch 47 for this function. This disconnect circuit
      effectively disconnects the generator from the gate electrode in response
      to an electrical signal from the delay section of the drive circuit.
PAR  Switch 47 is disclosed in the form of a silicon controlled rectifier (SCR)
      which has a gate to which an electrical signal in the form of a d.c.
      voltage is applied to render the SCR conductive (on). As disclosed, when
      SCR 47 is conductive, the primary of transformer 44 is shorted. The
      cascaded result is removal of the gate drive signal applied to the gate of
      TRIAC 43. Therefore, the control of the drive circuit, the output of
      transformer 44, and the connection-disconnection of transformer 10 to the
      line, rests upon generation of the d.c. voltage applied to the gate of SCR
      47.
PAR  As previously pointed out, the basic function of the drive circuit is to
      provide a gate voltage for TRIAC 43. If the gate voltage is phased with
      the line voltage, as in FIG. 4, the TRIAC 43 connects the line voltage to
      the load (transformer 10) only at the beginning of a half cycle of the
      line voltage i.e. at zero. Thus, the electronic switch 43 will always
      zero-switch the connection between the line supply and the load
      transformer 11. The intervals of time the line and load are connected and
      disconnected are varied; the number of cycles of the source voltage
      skipped is established by other means. But, when the initial connection is
      made, it is made to present a sinusoidal form of line voltage to
      transformer 10 and obviate any destructive voltage spikes as found in the
      phase-shifting system.
PAR  The d.c. voltage applied to the gate of SCR 47 is generated in a time delay
      section of the drive circuit which, in turn, is supplied an input signal
      in the form of a rectified output of a transformer. Specifically,
      transformer 48 is disclosed as connected to primary element 41 which
      senses the current applied to the load on transformer 10. Of course, it is
      immaterial to the present invention whether the load current is sensed in
      the primary or secondary of load transformer 10. In either event, the load
      current is sensed and the voltage representative of this current applied
      to transformer 48. The output of transformer 48 is rectified by bridge 49
      and applied across potentiometer 50.
PAR  The time delay section completes the electrical connection between
      transformer 48-bridge 49 and SCR 47. This delay circuit is to be consider
      in its two sub-sections and their necessary functions to achieve the
      control required over the TRIAC 43.
PAR  The first sub-section of the delay circuit is an inductive-capacitive type
      of circuit. This section is disclosed as comprising an inductance
      component 51 and a capacitor component 52. These components are
      specifically sized to delay the generation of the gate signal (voltage for
      the SCR 47) long enough to permit development of the charge voltage for
      the initial electrostatic field which is developed between the electrodes
      1,2, connected to the secondary of transformer 10. Functionally, the
      greater the current in the secondary, the more quickly the gate voltage
      for the SCR 47 is attained.
PAR  The second sub-section of the delay circuit is resistive-capacitive type of
      circuit and is disclosed as comprising capacitor 52 and resistor 53. These
      components, as a unit, are sized to maintain the gate voltage for a length
      of time desirably proportioned to the magnitude of the feedback voltage,
      and current of the secondary of transformer 10. Functionally, the greater
      the secondary current, the longer the TRIAC 43 is turned off (the SCR 47
      is on).
PAR  Specifically, the indicator 51 is connected by one end to potentiometer 50
      and connected in series with capacitor 52. The resistor 53 is connected in
      series with capacitor at thhe junction of indicator 51 and capacitor 52,
      the other end of resistor 53 being connected to switch 47 to provide the
      electrical signal for switch 47.
PAR  The combined functions of the delay circuit subsections in reaction to the
      overload conditions of transformer 10 is that of turning off the power to
      transformer 10 for a length of time proportional to the magnitude of an
      overload, and, after reconnecting the power to transformer 10, maintaining
      the connection long enough to develop the load fully before a subsequent
      disconnection because of overload.
PAC  OPERATION OF THE CONTROLLER
PAR  Continuing reference to FIG. 4, the normal operative condition of the
      circuit is initially considered as having no overload applied to the
      system. The a.c. voltage power source is connected to transformer 10
      through TRIAC 43.
PAR  At the beginning of each half cycle of source voltage, a portion of this
      voltage is applied through resistor 45 to the primary of transformer 44.
      This voltage is coupled to the secondary of transformer 44 and, therefore,
      appears on the gate terminal G of TRIAC 43. THis gate voltage is phased to
      cause TRIAC 43 to conduct and apply the voltage of the source to the
      primary of transformer 10. Power is thus applied to the load and the
      resulting load current passes through resistor 41 as also disclosed in
      FIG. 1.
PAR  The power applied to the load is represented by the voltage developed
      across resistor 41 and is proportional to the current through the load in
      providing this measure of the load current to the delay circuit. This
      voltage is coupled through transformer 48, rectified by bridge 49 and
      applied across potentiometer 50.
PAR  Potentiometer 50 provides an important adjustment function in the system.
      By means of this adjustment, any portion of the voltage can be selected
      for the control of the gate voltage of TRIAC 43. This structure enables an
      operator to predetermine the load current value at which disconnection of
      the source is initiated.
PAR  The voltage selected with potentiometer 50 is ultimately applied to control
      SCR 47. This voltage is characterized by circuit units 51, 52 and 53
      which, in this combination, provide a programming function in this art.
PAR  As they are arranged in the FIG. 4 circuit, inductor 51 and capacitor 52
      limit the rate at which a voltage develops and appears across capacitor
      52. Once this voltage is developed across capacitor 52, it is stored, to
      discharge at a rate limited by the size of resistance 53.
PAR  The overview of circuit function at this point is that the potentiometer 50
      voltage is developed as a gate, or control signal, voltage by the combined
      functions of 51, 52, 53 for SCR 47. The development is at a desired rate.
      The voltage is stored and maintained in storage for a length of time
      dependent upon the all-important magnitude by which the load current
      exceeded its so-called first predetermined upper value.
PAR  The gate voltage for SCR 47 is developed, as described supra, above its
      firing threshold value. Once SCR 47 begins to fire, or conduct, bridge 46
      is shorted. As the output of bridge 46 is a reflection of the shorting of
      its input, the primary of triggering transformer 44 is shorted and the
      gate voltage of TRIAC 43 removed. The result is disconnection of the
      source from transformer 10.
PAR  Disconnection continues for an interval of time dependent upon the
      magnitude of the overload current. The potentiometer 50 voltage developed
      across capacitor 52 bleeds through resistance 53 as set forth supra. Now
      it is emphasized that this reduction of the gate voltage for SCR 47 may be
      for one or more cycles of the source voltage. However, this embodiment of
      the invention insures that when reconnection does take place, it occurs at
      the beginning of a half cycle of the wave form of the source voltage so
      that high voltage spikes across the transformer 10 are obviated.
PAR  When the voltage value for the gate signal of SCR 47 decays below the
      triggering level, the SCR will cease conducting at or near the zero
      voltage crossing point of the existing half cycle of line voltage. Then,
      at the beginning of the subsequent half cycle of the source voltage, SCR
      47 will be non-conductive, bridge 46 and transformer 44 will no longer be
      shorted and TRIAC 43 gate voltage will be developed for normal,
      steady-state operation of the circuit.
PAR  If the overload current across resistance 41 still exists at the time of
      reconnection, the foregoing sequence of circuit functions of the
      embodiment will repeat. During each series of these overload sequences,
      the electrostatic field, as the load between the electrodes, will be
      developed for the finite period insured by the characteristics of inductor
      51. A certain amount of work results on the cconductive fluid between the
      electrodes; there will be a degree of coalescing and removal of some water
      which will reduce the conductivity of the fluid. The connection and
      disconnection sequence continues automatically until either the work
      intervals are effective to reduce the conduction of the fluid or some
      other operating condition is altered to reduce conductivity to the level
      at which a steady, or operative, electrostatic field can be maintained.
PAR  It was stipulated, supra, that more than one circuit was available to
      "drive" the electronic switch 43. FIG. 5 is used to disclose a resistance
      network which could be substituted for trigger transformer 44. In FIG. 5,
      large resistor 60 and small resistor 61 are connected in series across the
      line supply and the gate of TRIAC 43 connected between them. This
      arrangement meets the basic requirements for properly phased voltage on
      the gate. However, the power loss in resistor 60 may be at least a severe
      thermal limitation of this drive circuit.
PAR  The drive section can also be given forms of shorting structure alternate
      to that specifically disclosed in FIG. 4. FIG. 6 discloses how a second
      TRIAC 62 can be connected across the primary of trigger transformer 44
      which is a source of gate voltage for TRIAC 43. TRIAC 62 becomes an
      alternate to bridge 46 and SCR 47 in control of the output of transformer
      44. Specifically, the gate of TRIAC 62 is connected to the output of the
      delay section circuit and therefore controls the conductivity of TRIAC 43.
      The disclosure of alternate forms for sections of the gate drive circuit
      provides a basis for a broad definition of this structure within the
      unique combination whose function is to connect and disconnect the line
      supply to the load circuit without the disadvantages of the phase shifting
      type of power control.
PAR  All of the foregoing embodiments of the invention are disclosed with the
      gate of TRIAC 43 connected to a circuit section which generates an a.c.
      voltage. There are advantages to using an a.c. voltage for this purpose,
      phased to the line supply of terminals 42A, 42B. At least one advantage is
      that connection of the line voltage to the load will be initiated only at
      the beginning of a half cycle of the line voltage i.e. at zero. Therefore,
      zero switching will be insured.
PAR  However, a d.c. voltage can be generated and applied to the gate of TRIAC
      43. If the connection is not timed to the beginning of a half cycle of the
      a.c. voltage of the source, the connection during the half cycle will
      produce a voltage spike. If disconnection and reconnection take place
      rapidly under the automatic function of the controller 40, a destructive
      number of voltage spikes could result. If the disconnection and
      reconnection take place with relative infrequency, the number of voltage
      spikes may not seriously threaten the load transformer.
PAR  The point to be made is that the present disclosure is not to be viewed as
      limited to generation of an a.c. voltage for the gate of TRIAC 43. A
      specific illustration of a d.c. source is not employed, and for the
      purposes of disclosing the present invention, this illustration is not
      necessary.
PAR  Finally, let us turn to consideration of the output of controller 40 as
      connecting the load transformer 10 to the line supply of terminals 42A,
      42B. It is well known that if transformer 10 itself is built to utilize
      reactance as a protective limitation of primary current, the power
      available to the load on the transformer is severely limited. It is not
      uncommon for this limitation to be 50% of the transformer rating. Thus, a
      50KVA rated transformer may be necessary to supply a 25KVA load.
PAR  Ideally, it obviously is desirable to provide the standard distribution
      transformer to insure a close match between the rated KVA of the
      transformer and its actual KVA output. Without the automatic protection of
      reactance, it is necessary to disconnect this transformer from the line
      supply when the load requirement of the transformer exceeds the
      transformer rating. It is conventional to supply a circuit breaker for
      this disconnection. Unfortunately, for automatic operation, the circuit
      breaker must be reset manually.
PAR  The functions of controller 40 include those of a circuit breaker and
      provide "automatic resetting". However, it may be desirable, in the
      emperical assembly of these systems, to provide a modification to the
      power output of the load transformer with selected use of reactance units.
      The output circuit of controller 10 adapts well to incorporation of
      reactance units to give a wide choice of characteristics to the
      operational power cuve.
PAR  Referring specifically to FIG. 7, there is disclosed a fragment of the
      circuit of FIG. 4 to which has been added reactors 70 and 71 in series
      with the primary 11 of transformer 10. Controller 40 is connected in
      parallel with reactor 71.
PAR  During the period when the transformer 10 is connected to the source
      through the controller 40, the power curve is characterized by the size of
      reactance 70. The curves A, B and C of FIG. 8 illustrate a family of
      possible curves dependent upon specific sizes for reactance 70.
PAR  When the TRIAC 43 of controller 40 is rendered non-conductive by its gate
      signal, the current of the supply flows in series through reactors 70, 71
      and primary 11 of transformer 10. The curve of FIG. 9 then illustrates the
      effect on the power curve shape when controller 40 becomes non-conductive
      at the current value at D. Curve portion E represents the influence of
      reactor 70 on the power curve and curve portion F represents the effect of
      both 70 and 71 on the power curve. Therefore, to one skilled in this art,
      it is evident that the curve of FIG. 9 can be changed by establishing
      specific values for 70 and 71 and the values of current at which
      controller 40 becomes non-conductive. Thus, the circuit designer has a
      tool with which the power curve can be given an indefinite number of
      shapes, or characteristics, to meet a wide range of load requirements.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and inherent to the method and
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      invention.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted in an
      illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. A system for supplying electrical power to a varying load, including,
PA1  a pair of a.c. power source terminals;
PA1  means adapted to connect the terminals to the load;
PA1  an electronic switch means in circuit between the terminals and the
      connecting means and having a gate electrode, the electronic switch
      responding to a gate drive signal generated from the a.c. power source to
      disconnect the terminals and connecting means for one half and multiples
      of one half cycle of alternate polarity of the a.c. source voltage and
      connect the terminals and connecting means at zero crossing of the a.c.
      source voltage for one half and multiples of one half cycle of alternate
      polarity of the source voltage;
PA1  a drive circuit generating and programming the gate drive signal and
      connected to the gate electrode of the electronic switch, including:
PA2  a. A generator of the gate drive signal connected to the gate electrode and
      adapted to be connected to the a.c. power source,
PA2  b. A disconnect circuit for effectively disconnecting the generator from
      the gate electrode in response to an electrical signal, the disconnect
      circuit connected to the generator and a source of power,
PA2  c. And a delay section circuit to generate the programmed electrical signal
      to the disconnect circuit and connected to receive an input signal;
PA1  and means for sensing the current applied to the load as an input signal
      and connected to provide the input signal to the delay section of the
      drive circuit, whereby the source terminals are connected to the load at
      zero crossing of the a.c. source voltage for those intervals in which the
      power demanded by the load is within the continuous operative range of the
      components of the system and disconnected for one half and multiples of
      one half cycle of alternate polarity of the source voltage.
NUM  2.
PAR  2. The system of claim 1, wherein,
PA1  the delay section of the drive circuit also includes:
PA2  a. A potentiometer connected to the means for sensing the current applied
      to the load to receive the input signal with which to predetermine that
      magnitude of load current which will prevent generation of the gate drive
      signal and thereby disconnect the source terminals from the load,
PA2  b. And inductor-capacitance and resistor-capacitance combinations connected
      between the potentiometer and the disconnect circuit and sized to
      predetermine the rate of generation of the electrical signal, the rate
      permitting development of a charge voltage for the load and to maintain
      the electrical signal generated for a length of time proportional to the
      magnitude of the sensed load current.
NUM  3.
PAR  3. The system of claim 2, wherein,
PA1  the inductor has one end connected to the potentiometer and is in series
      with the capacitor and the resistor is connected in series with the
      capacitor at the junction of the inductor and the capacitor with its other
      end connected to the disconnect circuit for providing the gate drive
      signal.
NUM  4.
PAR  4. The system of claim 2, wherein,
PA1  the means for sensing the load current includes:
PA2  a. A resistor connected in series with the connecting means to develop a
      voltage across the resistor indicative of the load current,
PA2  b. and conductor means including a full wave rectifier connecting the delay
      section circuit to apply the sensed current in the form of a d.c. voltage
      as the input signal.
NUM  5.
PAR  5. The system of claim 1, wherein,
PA1  the generator of the drive circuit is a transformer with its primary
      operatively connected to the a.c. power source terminals and its secondary
      connected to the gate electrode of the electronic switch means for
      generating the gate drive signal in phase with the a.c. source.
NUM  6.
PAR  6. The system of claim 5, wherein,
PA1  the generator-transformer is short circuited by the disconnect circuit
      which includes a second electronic switch means connected in parallel with
      the primary of the generator-transformer.
NUM  7.
PAR  7. The system of claim 6, wherein,
PA1  the second electronic switch means is a silicon controlled rectifier and
      the short circuiting means further includes a full wave rectifier bridge
      connected intermediate the silicon controlled rectifier and the primary of
      the generator-transformer.
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ABST
PAL  A semiconductor switching device is connected in shunt with an A.C. voltage
      source to be regulated. A modified full-wave bridge rectifier is connected
      across the voltage source by a first pair of diagonally opposite nodes. A
      control circuit including a capacitor is connected across the output
      between a second pair of diagonally opposite nodes of the bridge rectifier
      to control a gate electrode of the switching device to control the
      triggering of the switching device in response to the voltage across the
      bridge rectifier output. The triggering of the switching device regulates
      the voltage supplied by the voltage source. The bridge rectifier includes
      an impedance network comprising first and second resistors branching from
      one of the nodes of the second diagonal pair, each resistor being
      connected via a diode to a different node of the first diagonal pair. The
      impedance network also includes a third resistor coupled between the
      junction of the first resistor and corresponding diode and the junction of
      the second resistor and corresponding diode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a voltage regulator for use with current limited
      A.C. voltage sources.
PAR  Various types of smaller size passenger-carrying vehicles such as, for
      example, motorcycles, trail bikes. snowmobiles, garden tractors and the
      like employ magneto type voltage generators for generating the vehicle
      ignition voltage. Where such vehicles are equipped with headlights, tail
      lights, brake lights, horns and the like, it is common practice to also
      use the magneto generated voltage to operate the auxiliary devices. One
      problem associated with this practice is that the output voltage of a
      magneto varies over a relatively wide range as the speed of the vehicle
      motor is varied. As a consequence, it is difficult to provide headlights,
      tail lights and the like which give desired brightness levels at lower
      operating speeds and yet which are not damaged or blown out by the larger
      voltages which occur throughout the higher operating speeds.
PAR  A number of possible solutions have been suggested for limiting the magneto
      output voltage to some predetermined level. Both peak level voltage
      regulators for limiting the peak value of the magneto output voltage and
      root-mean-square (R.M.S.) voltage regulators for limiting the R.M.S. value
      of the magneto output voltage have been suggested. It has been found,
      however, that peak level voltage regulators cause a noticeable flickering
      of the light at some operating speeds. Also, the lights do not provide the
      desired brightness at all the different operating speeds using a peak
      level voltage regulator. Although R.M.S. voltage regulators overcome some
      of the problems of the peak level voltage regulators, R.M.S. voltage
      regulators require an R.M.S. voltage sensing means such as a lamp or
      heater element and for this reason are rather expensive and subject to a
      higher than desirable failure rate.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simple, inexpensive
      and reliable voltage regulator for use with current limited A.C. voltage
      sources.
PAR  It is also an object of the present invention to provide a voltage
      regulator which is compatible with A.C. voltage sources having differing
      output characteristics.
PAR  It is another object of the present invention to provide a voltage
      regulator whose operating characteristics are substantially immune from
      ambient temperature variations.
PAR  These and other objects of the present invention are realized in a specific
      illustrative embodiment which includes a semiconductor switching device
      having a control electrode, and two power electrodes connected in shunt
      with an A.C. voltage source to be regulated. A modified full-wave bridge
      rectifier is also connected by a pair of diagonally opposite nodes in
      shunt with the voltage source and by a second pair of diagonally opposite
      nodes to a control circuit which, in response to the voltage impressed
      across the second pair of nodes, applies control signals to the control
      electrode of the semiconductor switching device to control the
      conductivity between the power electrodes thereof. In accordance with one
      aspect of the invention, the rectifier includes an impedance network which
      presents a first impedance for current flowing in one direction through
      the rectifier and for presenting a second impedance for current flowing in
      the other direction through the rectifier. The impedance network thus
      determines the voltage impressed across the second pair of nodes of the
      rectifier and therefore the generation of the control signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the present invention will
      best be understood by reference to the following description of a
      preferred embodiment of the present invention taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic circuit diagram showing a voltage regulator made in
      accordance with the principles of the present invention;
PAR  FIGS. 2A and 2B are wave-forms used in explaining the operation on the
      circuit of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is shown a voltage regulator 1 for regulating
      the output of an A.C. voltage source represented by winding 2. Winding 2
      could, for example, be the field winding of a magneto type voltage
      generator in which case the permanent magnet rotor (not shown) of the
      magneto would be mechanically coupled to the motor of a motor vehicle. The
      regulated output of the winding 2 is applied to a load 16 which might, for
      example, be some auxiliary device or devices on the motor vehicle such as
      a healight, tail light or tachometer.
PAR  The voltage regulator 1 is a shunt type voltage regulator which operates to
      limit the voltage applied to the load 16 while at the same time enabling
      sufficient electrical power to be supplied thereto to properly operate the
      load. As will be understood from the discussion below, the voltage
      regulator 1 periodically places a short circuit across the winding 2. This
      will be done, if at all, at some point in time (angle) in every other half
      cycle of the output voltage of the winding 2. In this manner, the average
      power supplied by the winding 2 is regulated.
PAR  The voltage regulator 1 includes a semiconductor switching device Q3 having
      a pair of power electrodes 20 and 24 and a control electrode or gate
      electrode 28. The semiconductor switching device Q3 shown in FIG. 1 is
      preferably a silicon controlled rectifier (SCR) but may be a switching
      transistor. The switching device Q3 is connected by its power electrodes
      20 and 24 and by way of conductors 30 and 34 in shunt with the winding 2.
PAR  The voltage regulator 1 also includes a full-wave bridge rectifier 4 also
      connected in shunt with the winding 2 by way of a first pair of diagonally
      opposite nodes n1 and n2. The rectifier 4 includes four diodes 6, 8, 10
      and 12, each connected in a predetermined, well-known manner in one of
      four arms of the bridge rectifier. An impedance network, including
      resistors R1 and R2 and an adjustable resistor R3, comprises a
      modification of the bridge rectifier 4. Resistor R1 is connected in series
      with the diode 10 between nodes n1 and n3. Resistor R2 is connected in
      series with the diode 12 between nodes n2 and n3. The adjustable resistor
      R3 interconnects the junction between the resistor R2 and the diode 12 and
      the junction between the resistor R1 and the diode 10.
PAR  By ajustment of the adjustable resistor R3, the impedance presented by the
      rectifier 4 can be varied. Also, by appropriate selection of the
      resistance values of resistors R1 and R2, the impedance in one direction
      through the rectifier 4 can be made different from that in the other
      direction.
PAR  Finally, the voltage regulator 1 includes a control circuit 14 connected
      across the nodes n3 and n4 of the bridge rectifier 4 and coupled to the
      control electrode 28 of the semiconductor switching device Q3. The control
      circuit 14 includes a capacitor C1 connected across the nodes n3 and n4, a
      transistor Q2 whose collector is coupled to the control electrode 28 and
      whose emitter is coupled to one side of the capacitor C1, and a
      semiconductor avalanche device Q1 coupled between the base of the
      transistor Q2 and one side of the capacitor C1. The device Q1 shown in
      FIG. 1 comprises simply a transistor whose base is connected to one side
      of the capacitor C1 and whose emitter is connected to the base of the
      transistor Q2. The collector electrode of the transistor Q1 is
      unconnected. A Zener diode (for example) could be used in place of the
      transistor Q1 as the avalanche device, but the transistor is inexpensive
      and, has a much sharper reverse knee characteristic. A resistor R4 is
      connected across the base-emitter junction of the transistor Q2.
PAR  As briefly indicated earlier, the voltage regulator 1 operates as a shunt
      type regulator to place a short circuit across the voltage source or
      winding 2 for a controlled fraction of every other half cycle of the A.C.
      voltage developed across the winding provided the voltage developed by the
      winding 2 is sufficient. Assume that for the first half cycle of the A.C.
      voltage output of winding 2 conductor 30 is positive with respect to
      conductor 34. As the voltage on the conductor 30 increases, current flows
      via diode 6 to the capacitor C1, and via the impedance network comprising
      resistors R1, R2 and R3, and through the diode 12 to conductor 34. The
      rate at which the capacitor C1 is charged of course, depends, upon the
      constant of the RC circuit composed of resistors R1, R2 and R3 and
      capacitor C1 and upon the voltage output of winding 2. The resistance
      presented by the resistors during this half cycle of the output of the
      winding 2 is
      ##EQU1##
      Where r1, r2 and r3 represent the resistances respectively of resistors
      R1, R2 and R3. Because the resistance of the resistor R3 may be adjusted,
      the previously mentioned time constant can be varied.
PAR  As the capacitor C1 charges, the voltage thereacross increases until it
      exceeds the avalanche level of the base-emitter junction of the transistor
      Q1. When this occurs, current flows through the resistor R4. When the
      voltage drop thereby created across the resistor R4 reaches some
      predetermined level, the transistor Q2 is caused to turn on and apply
      current to the control electrode 28 of the switching device Q3. The
      switching device Q3 is thus triggered into a conductive condition to short
      circuit the winding 2. The switching device Q3 continues in its conductive
      condition until the end of the half cycle of the output of the winding 2.
      i.e., until the voltage applied to conductor 30 becomes negative.
PAR  FIG. 2A shows a portion of the waveform of the voltage appearing between
      conductors 30 and 34, and FIG. 2B shows a portion of the waveform of the
      voltage appearing across the capacitor C1. As can be seen in FIG. 2A, at
      some point in the positive half cycle (indicated by reference numeral 50),
      the switching device Q3 becomes conductive to provide a short circuit
      between conductors 30 and 34; when this occurs, the source voltage for
      charging the capacitor C1 is removed and, as shown in FIG. 2B, the voltage
      across the capacitor C1 begins to decrease (portion 56 of the curve) as
      the capacitor discharges.
PAR  The dotted line curve 52 of FIG. 2A represents the voltage output of the
      winding 2 when no load is placed across the winding and when no shunting
      occurs. As a result of shunting the winding 2 in the positive half cycle
      and because of the characteristics of megnetos, a time lag (represented by
      portion 54 of the FIG. 2A curve) occurs in the negative half cycle. The
      capacitor C1 continues to discharge until a negative voltage is placed on
      conductor 30 at which time the capacitor begins to charge as represented
      by portion 58 of the FIG. 2B curve. Although not specifically indicated in
      FIG. 2B, the voltage across the capacitor C1 generally remains near the
      avalanche voltage of the base emitter junction of transistor Q1.
PAR  During the negative half cycle, current is applied from the conductor 34
      via diode 8 to the capacitor C1 and via the impedance network of the
      rectifier 4 and the diode 10 to the conductor 30. As before, the rate at
      which the capacitor C1 is charged is dependent upon the RC time constant
      of the circuit composed of resistors R1, R2 and R3 and capacitor C1 and
      upon the voltage output of winding 2. The impedance presented by the
      impedance network during the negative half cycle is
      ##EQU2##
      As can be seen from this expression, unless the value of the resistors R1
      and R2 are the same, different impedances will be presented by the
      rectifier 4 for opposite half cycles of the voltage output of the winding
      2. The specific impedances presented, of course, can be varied by
      adjusting the adjustable resistor R3. The advantage of providing different
      impedances for opposite half cycles and thus different capacitor C1
      charging times for opposite half cycles is that amplitude differences
      between the positive and negative half cycles of the output of the winding
      2 can be utilized to control the turn-on point of the switching device Q3.
      The amplitude and waveform differences between the positive and negative
      half-cycles of the applied voltage is determined by the magneto 2, the
      motor speed and the load. The time lag 54 (FIG. 2A) varies for different
      types of magneto construction and magnetic materials. Thus, by changing
      the ratio between the resistors R1 and R2, optimum output voltage
      regulation for a particular magneto construction can be obtained.
PAR  When, during a negative half cycle, the current through the resistor R4
      exceeds the avalanche of Q1, the transistor Q2 becomes conductive and
      supplies current to the gate electrode 28 of the switching device Q3.
      However, because the switching device Q3 of FIG. 1 is an SCR, during this
      half cycle of the output of the winding 2, the switching device Q3 is
      backed baised and does not become conductive to short circuit the
      conductors 30 and 34. This is illustrated in FIG. 2A by portion 55 of the
      curve. Rather, the voltage across the capacitor C1, increases until the
      output voltage of the winding 2 reaches its negative-most level after
      which the capacitor voltage begins to decrease.
PAR  The voltage regulator 1 continues to operate for successive half cycles in
      the same manner as described above. At some point in each positive half
      cycle, the switching device Q3 is triggered to conduct current and thus
      short circuit the output of the winding 2. During each negative half
      cycle, no shunting occurs. As the voltage output of the winding 2 is
      increased (for example, because the RPM of the magneto represented by
      winding 2 increases), the switching device Q3 triggers earlier in the
      positive half cycle (because the capacitor C1 charges more quickly) so
      that the average voltage applied to the load 16 remains constant, i.e.,
      the increase in voltage output of the winding 2 is compensated by shunting
      earlier in each positive half cycle. As the voltage output of the winding
      2 decreases, the triggering of the switching device Q3 occurs later in
      each positive half cycle (because of increased charging times of the
      capacitor C1) to again maintain substantially constant the average voltage
      applied to the load 16.
PAR  The combination of the capacitor C1 and the transistors Q1 and Q2 further
      provides temperature compensation for the regulator 1.
PAR  The voltage across a forward-biased P-N junction, such as the base-emitter
      junction of the transistor Q2, decreases with increasing temperature, thus
      displaying a negative temperature coefficient. Conversely, a
      reverse-biased P-N junction, for example the base-emitter junction of the
      transistor Q1, which is in an avalanche breakdown condition, displays a
      positive temperature coefficient, that is, the voltage across the junction
      increases as the temperature increases. Thus, the combination of a
      forward-biased junction and a reversed-biased junction can achieve
      temperature compensation.
PAR  In the voltage regulator 1 of FIG. 1, small voltage variations caused by
      changes in temperature are compared against the much higher voltage across
      capacitor C1. If the capacitor C1 was merely connected across the resistor
      R4 as in some prior art voltage regulators, the voltage change with
      temperature would be compared the relatively small voltage required to
      bias the transistor Q2 into conduction, thus having a greater effect upon
      the performance of the voltage regulator. It may be desirable to provide a
      capacitor C2 across 24, as shown in phantom in FIG. 1, to filter out
      voltage spikes which might otherwise cause the premature "turn on" of the
      transistor Q2.
PAR  Although the invention has been described with respect to a particular
      preferred embodiment thereof, various changes and modifications will
      become apparent to those skilled in the art which come within the spirit
      and scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage regulator for a current limited A.C. voltage source
      comprising:
PA1  a semiconductor switching device having a pair of power electrodes and a
      control electrode;
PA1  means for connecting the switching device by its power electrodes in shunt
      with the voltage source;
PA1  means for connecting a load in shunt with said switching device;
PA1  a full-wave bridge rectifier, a first node of which is connected to one of
      said power electrodes and a second node of which is connected to the other
      of said power electrodes, said first and second nodes being located
      diagonally opposite each other in said rectifier, said rectifier including
PA2  a first diode, one electrode of which is connected to said first node,
PA2  a first impedance means connected in series between the other electrode of
      said first diode and a third node of the rectifier,
PA2  a second diode, one electrode of which is connected to said second node,
PA2  a second impedance means connected in series between the other electrode of
      said second diode and said third node,
PA2  a third impedance means interconnecting the junction of said first diode
      and said first impedance means with the junction of said second diode and
      said second impedance means,
PA2  a third diode connected between said first node and a fourth node,
PA2  a fourth diode connected between said second node and said fourth node, and
PA1  central circuit means connected across said third node and said fourth node
      of said bridge rectifier and responsive to the voltage impressed across
      said third and fourth nodes for applying a control signal to the control
      electrode of the switching device to thereby cause the switching device to
      become conductive when the potential across its power electrodes is of the
      proper polarity, said control circuit means including
PA2  a transistor whose emitter-collector circuit is coupled in series between
      the control electrode of the switching device and the fourth node of said
      rectifier,
PA2  a semiconductor avalanche device coupled between the third node of said
      rectifier and the base of said transistor,
PA2  fourth impedance means coupled between the base and the emitter of said
      transistor, and
PA2  a capacitor coupled between the fourth node of said rectifier and either
      the third node of said rectifier or the base of said transistor.
NUM  2.
PAR  2. A voltage regulator as in claim 1 wherein said third impedance means
      comprises an adjustable impedance means.
NUM  3.
PAR  3. A voltage regulator as in claim 1 wherein said capacitor is connected
      between the third and fourth nodes of said rectifier.
NUM  4.
PAR  4. A voltage regulator as in claim 1 wherein said switching device
      comprises a silicon control rectifier, said transistor comprises a PNP
      type transistor whose emitter is connected to said one side of said
      capacitor and whose collector is connected to the control electrode of the
      silicon controlled rectifier, and said breakover device comprises an NPN
      type transistor whose emitter is connected to the base of the PNP type
      transistor and whose base is connected to said other side of said
      capacitor.
NUM  5.
PAR  5. A voltage regulator for a current limited A.C. voltage source
      comprising:
PA1  a semiconductor switching device having a pair of power electrodes and a
      control electrode;
PA1  means for connecting the switching device by its power electrodes in shunt
      with the voltage source;
PA1  means for connecting a load in shunt with said switching device;
PA1  a full-wave bridge rectifier, a first node of which is connected to one of
      said power electrodes and a second node of which is connected to the other
      of said power electrodes, said first and second nodes being located
      diagonally opposite each other in said rectifier, said rectifier including
PA2  a first diode, one electrode of which is connected to said first node,
PA2  a first impedance means connected in series between the other electrode of
      said first diode and a third node of the rectifier,
PA2  a second diode, one electrode of which is connected to said second node,
PA2  a second impedance means connected in series between the other electrode of
      said second diode and said third node,
PA2  a third impedance means interconnecting the junction of said first diode
      and said first impedance means with the junction of said second diode and
      said second impedance means,
PA2  a third diode connected between said first node and a fourth node,
PA2  a fourth diode connected between said second node and said fourth node,
PA1  control circuit means connected across said third node and said fourth node
      of said bridge rectifier and responsive to the voltage impressed across
      said third and fourth nodes for applying a control signal to the control
      electrode of the switching device to thereby cause the switching device to
      become conductive when the potential across its power electrodes is of the
      proper polarity, said control circuit means including
PA2  a capacitor connected across the third and fourth nodes of said bridge
      rectifier,
PA2  a semiconductor avalanche device,
PA1  means connecting the avalanche device across said capacitor to cause said
      avalanche device to switch to the low impedance state when the charge on
      the capacitor attains a level equal to the avalanche voltage of the
      avalanche device, and
PA1  means responsive to said avalanche device switching to the low impedance
      state for applying a control signal to the control electrode of the
      switching device.
NUM  6.
PAR  6. A voltage regulator for an A.C. voltage source comprising
PA1  a semiconductor switching device having a pair of power electrodes and
      control electrode,
PA1  means for connecting the switching device by its power electrodes in shunt
      with said voltage source,
PA1  means for connecting a load in shunt with said switching device,
PA1  a full-wave bridge rectifier coupled by a first pair of diagonally opposite
      nodes in shunt with the voltage source,
PA1  a capacitor coupled across a second pair of diagonally opposite nodes of
      the rectifier,
PA1  first impedance means connected in said bridge rectifier for controlling
      the charge rate of said capacitor,
PA1  a transistor whose emitter-collector circuit is coupled in series between
      one plate of said capacitor and the control electrode of the switching
      device,
PA1  a semiconductor avalanche device coupled between the other plate of said
      capacitor and the base of said transistor, and
PA1  second impedance means coupled between the base and the emitter of said
      transistor,
PA1  said avalanche device being switched to a low impedance state when the
      charge on the capacitor attains a level equal to the avalanche voltage of
      the of the avalanche device permitting flow of current to bias the
      transistor to a more conductive state and apply a current thru the
      emitter-collector circuit of the transistor to the control electrode of
      the switching device causing the switching device to switch to the low
      impedance state when the voltage across its power electrode is of the
      proper polarity.
NUM  7.
PAR  7. A voltage regulator as in claim 6 wherein said switching device
      comprises a silicon controlled rectifier, and said avalanche device
      comprises a transistor whose emitter is connected to the base of the other
      transistor and whose base is connected to said other side of said
      capacitor.
NUM  8.
PAR  8. A voltage regulator as in claim 6 further including a second capacitor
      connected in parallel with said second impedance means.
NUM  9.
PAR  9. A voltage regulator as in claim 6 wherein said first impedance means
      includes a plurality of resistors connected in said bridge rectifier for
      presenting an impedance of
      ##EQU3##
      between a first node n1 of said first pair of nodes and a node n3 of said
      second pair of nodes and for presenting an impedance of
      ##EQU4##
      between a second node n2 of said first pair of nodes and said node n3,
      where r1, r2 and r3 each represent value of electrical resistance.
NUM  10.
PAR  10. A voltage regulator as in claim 9 wherein said first impedance means
      includes
PA1  a first resistor having a resistance r1 connected between said node n3 and
      a first diode of the rectifier, said first diode being coupled to said
      node n1,
PA1  a second resistor having a resistance r2 connected between said node n3 and
      a second diode of the rectifier, said second diode being coupled to said
      node n2, and
PA1  a third resistor having a resistance r3 connected between the junction of
      said first resistor and first diode and the junction of said second
      resistor and said second diode.
NUM  11.
PAR  11. A voltage regulator as in claim 10 wherein said third resistor
      comprises an adjustable resistor.
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ABST
PAL  This application discloses a method and apparatus for measuring and/or
      adjusting the timing angle of internal combustion engines. The method of
      measuring the timing angle comprises the steps of running the engine and
      producing voltage pulsations of uniform time frequency against which are
      simultaneously taken measurements of two values: first, the measurements
      of engine speed by counting the number of pulsations for one full and
      precise revolution of the engine from top dead center to top dead center
      of one selected cylinder, and simultaneously counting the number of
      pulsations from the moment the spark plug of the selected cylinder fires
      to the top dead center (for advanced firing), or from the top dead center
      to the moment of firing of the spark plug (for retarded firing). Counting
      two of such values enables the testing personnel to express the timing
      angle in degrees and to have the RPM of the engine at the time of testing,
      neither of which would be available if only one of such two values was
      measured. The disclosed test apparatus also provides a mechanism
      responsive to such measurements, which mechanism gives a readout of the
      revealed timing angle and compares it with the set range of timing angles,
      and a servo-mechanism which automatically adjusts the obtained timing
      angle to the desired value within such set angle. In one of its aspects,
      the application discloses a test stand which may be conveniently used for
      tests, and a conveyor connecting into a single system a plurality of such
      stands to test the engines, particularly but not exclusively automobile
      engines under production conditions, as the system may also be used to
      test engines when operating in an automobile.
PAL  Also disclosed is a modification of the apparatus mentioned above, whereby
      said apparatus can be used to find the timing angle of each cylinder of
      the engine being tested, add the values so obtained, and divide the value
      so obtained by the number of cylinders in the engine, thereby finding the
      true average timing angle over all of the cylinders of the engine.
PARN
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 200,974, entitled now U.S. Pat. No. 3,763,420, "Method and
      Apparatus for Testing Internal Combustion Engines", filed Nov. 22, 1971.
BSUM
PAR  The invention disclosed herein relates to internal combustion engines, such
      as automobile engines, and more particularly to an improved method and
      apparatus for measuring and/or adjusting the timing angle of the engine,
      i.e., the angle of occurrence of igniting spark in the cylinder of the
      engine with respect to the top dead center position of the pistons of the
      respective cylinders. In one of its aspects, the invention relates to
      providing an improved automatic testing system, such as a conveyor serving
      a plurality of test stands, with each of said stands adapted to receive a
      test engine and to operate such engine in a manner to reveal the time of
      occurrence of the ignition spark with respect to the top dead center
      position of the engine piston, and to set or adjust such time, usually
      referred to as "timing angle", at a predetermined or desired point.
PAR  A patent application of Richard L. Smith and Dennis F. Sauerbrey, now U.S.
      Pat. No. 3,697,865, discloses a method and apparatus for adjusting the
      timing angle with the use of encoder producing fast pulsations, such as
      3600 pulsations per one revolution of the engine, or 10 pulsations per
      degree. The basis of that system is counting, in effect, degrees. By such
      count, this system gives timing angle and brings the desired result.
PAR  Such system produces good results and is particularly adaptable to certain
      conditions. However, it cannot be economically used under all conditions.
      Encoder is a rather expensive device and, in addition, it is very fragile.
      It is very sensitive to shocks and can become unusable after receiving
      relatively mild shocks. Furthermore, the encoder has to be connected to
      the engine in a test system. It cannot be easily connected to the engine
      of a vehicle in such condition as in the parking lot.
PAR  One of the objects of the present invention is to devise a method and
      apparatus for measuring and/or adjusting the timing angle of the engine
      without requiring the use of an encoder.
PAR  Another object of the present invention is to provide an improved test
      system to measure the timing angle of an internal combustion engine
      irrespective of whether or not the engine is in a test stand or is
      operating in a motor vehicle or is installed for test in any other
      suitable condition.
PAR  Another object of the present invention is to provide an improved engine
      testing system to have the engine reveal its timing angle, which system
      can be conveniently used in repair garages with the limitations of
      equipment and personnel present in such garages.
PAR  Another object of the invention is to provide an improved test stand
      adapted to receive and to operate a test engine to reveal its timing
      angle, but without producing actual ignition in the cylinders thereof,
      thus eliminating the necessity of operating the engine on gasoline or on
      any inflammable gas, such as butane gas, as well as eliminating the
      inconveniences and complications connected therewith.
PAR  Another object of the invention is to provide an improved testing system
      for automobile engines, said system including a plurality of test stands
      receiving test engines from loading stations to have each engine securely
      installed in a respective stand for the test, to run the engine in a
      manner to reveal correctly its timing angle, to adjust the distributor
      automatically to produce a desired timing angle, to remove the test engine
      from the respective test stand, and to deliver the tested engine to the
      unloading station.
PAR  A further object of the invention is to provide an improved engine test
      stand adapted to receive and to run the test engine to reveal its timing
      angle, all without requiring cooling the engine with water or removing
      exhaust gases.
PAR  A still further object of the invention is to provide an improved engine
      testing system adapted to run the engine to reveal its timing angle, to
      release its distributor fixing means, such as distributor hold down bolt,
      to adjust the distributor to produce a predetermined timing angle, and
      thereupon to retighten said fixing means.
PAR  A still further object of the present invention is to provide an improved
      engine testing system of the foregoing character, and including a spark
      plug operated by the ignition system of the engine, as related to a
      selected cylinder, means to produce pulsations of uniform time frequency,
      means to count simultaneously the number of pulsations so produced for one
      complete revolution of the engine and, therefore, also for one degree of
      engine rotation, and at the same time count the number of such uniform
      pulsations that take place from the moment the spark plug of the selected
      cylinder fires until the moment the piston of the selected cylinder
      reaches the top dead center. The timing angle is then obtained by dividing
      the time of the last value by the time for one degree of engine rotation.
PAR  It is a further object of the invention to provide an improved timing angle
      measuring and/or adjusting system in which the uniform pulsations are
      produced by a crystal oscillator of known and uniform time frequency.
PAR  It is a further object of the invention to provide an improved timing angle
      measuring and/or adjusting system in which the signal is received from a
      magnetic pickup activated by the harmonic damper and is given at the
      beginning and at the end of one revolution of the engine at top dead
      center.
PAR  A still further object of the present invention is to provide a second
      signal at the moment the spark plug of the selected cylinder fires.
PAR  A still further object of the present invention is to pass the two signals
      through a signal conditioner which converts each of the signals into a low
      voltage pulse compatible with the system.
PAR  A still further object of the present invention is to provide an improved
      method and apparatus for measuring and/or adjusting timing angle of
      internal combustion engines, in which method and apparatus there is taken
      simultaneously a count of two values with respect to the same uniform time
      pulsations. First, the count of pulsations per one full and precise
      revolution of the engine, which gives also the number of pulsations per
      one degree of engine rotation; and, second, the number of pulsations from
      the moment the spark plug in the selected cylinder fires to the moment
      when the piston in the selected cylinder reaches the top dead center (for
      advanced firing). It can be understood that having received the values for
      both of these counts, the timing angle may be easily computed. On the
      other hand, if only one system of value is counted, the timing angle is
      not obtainable since if number of pulsations in the timing angle is
      obtained, there is no way of expressing it with relation to the degrees of
      rotation of the engine since the value of the pulsations in the timing
      angle not being expressed with relation to rotation of the engine is
      meaningless.
PAR  A still further object of the present invention is to provide an improved
      method and apparatus for measuring and adjusting the timing angle of an
      internal combustion engine which also gives the values for RPM of the
      engine during the time the measurements are taken.
PAR  A still further object of the present invention is to produce an improved
      method and apparatus for measuring and/or adjusting the timing angle of
      internal combustion engines, which timing angle measurement can be used to
      adjust the distributor and to compare the obtained results with the high
      and the low limits of the established range of such angle.
PAR  A still further object of the invention is to provide an improved method
      and apparatus for measuring and/or adjusting the timing angle of the
      engine, in which there is provided a servo-mechanism to adjust the
      distributor.
PAR  A still further object of the present invention is to provide an improved
      method and apparatus for measuring and/or adjusting the timing angle of
      internal combustion engines wherein the necessary mathematical
      calculations are performed with the use of binary mathematics.
PAR  A further object of the present invention is to provide an improved method
      and apparatus for measuring and/or adjusting the true average timing angle
      of an internal combustion engine.
PAR  Another object of the present invention is to provide an improved method
      and apparatus for measuring and/or adjusting both, the timing angle of one
      selected cylinder in an internal combustion engine, or the true average
      timing angle over all the cylinders of an internal combustion engine.
PAR  It is an added object of the present invention to provide an improved test
      system of the above nature which is relatively simple in construction,
      dependable in operation, is operated with the minimum of personnel, and is
      relatively easy to repair and service.
DRWD
PAR  Further objects and advantages of this invention will be apparent from the
      following description and appended claims, reference being had to the
      accompanying drawings forming a part of this specification, wherein like
      reference characters designate corresponding parts in the several views.
PAR  FIG. 1 is a perspective view of the control box for operating the system of
      the present invention.
PAR  FIG. 2 is a side view of the construction of FIG. 1 with one side panel
      removed.
PAR  FIG. 3 is a plan view of the system as it may be used in a plurality of
      test stands connected by a conveyor for measuring and/or adjusting the
      timing angle of internal combustion engines in quantity production.
PAR  FIG. 4 is a side view of one test stand with the engine shown in said
      stand.
PAR  FIG. 5 is a diagram showing one system as it may be used on an engine
      outside a test stand.
PAR  FIG. 6 is a diagram showing one system with a multiplying counter, binary
      timing counter and timing binary coded decimal counter.
PAR  FIG. 7 is a diagram showing a complete system with the multiplying counter,
      timing binary counter, timing binary coded decimal counter, RPM binary
      counter, and RPM binary coded decimal counter.
PAR  FIG. 8 is a diagrammatic view of the complete system, including the
      apparatus necessary to compute the timing angle and RPM of the engine, to
      compare the timing angle obtained with a predetermined range of timing
      angles, for the predetermined range of RPM and automatically adjust the
      distributor to produce a desired value of timing angle, and further
      including means to internally test the system to insure its correct
      operation.
PAR  FIG. 9 is a modification of means for producing the top dead center signal
      by using a slot in the harmonic damper.
PAR  FIG. 10 is still another modification of means for producing a top dead
      center signal by using a hole in the harmonic damper.
PAR  FIG. 11 shows another method of picking up a signal when the spark plug
      fires by a non-inductive means.
PAR  FIG. 12 shows a method of picking up said spark signal without the use of a
      spark plug.
PAR  FIG. 13 shows an inductive method of picking up a spark signal.
PAR  FIG. 14 shows a method whereby the spark signal can be picked up from the
      distributor of the internal combustion engine.
PAR  FIG. 15 is a diagram showing one system as it may be used on an engine
      outside a test stand to determine either the timing angle of one selected
      cylinder or the true average timing angle over all the cylinders of said
      engine.
PAR  FIG. 16 is a graph illustrating the operation of the present invention in
      calculating the true average timing angle of an internal combustion engine
      running in the advanced ignition condition.
PAR  FIG. 17 is a graph illustrating the operation of the present invention in
      calculating the true average timing angle of an internal combustion engine
      running in the retarded ignition condition.
PAR  FIG. 18 is a diagrammatic illustration of a complete system set up to find
      the true average timing angle over all the cylinders of an internal
      combustion engine regardless of whether it is running in the advanced or
      retarded spark condition.
PAR  FIG. 19 is a diagrammatic illustration of a complete system set up to find
      either the true spark advance of one selected cylinder or the true average
      timing angle over all the cylinders in an internal combustion engine and
      including the apparatus necessary to compute the timing angle and RPM of
      the engine, to compare the timing angle obtained with a predetermined
      range of timing angles, for the predetermined range of RPM, and
      automatically adjust the distributor to produce a desired value of timing
      angle, and further including means to internally test the system to insure
      its correct operation.
PAR  FIG. 20 is an illustration of how the system shown in FIG. 19 may be used
      with an engine having a solid state ignition system.
DETD
PAR  It is to be understood that the invention is not limited in its application
      to the details of construction and arrangement of parts illustrated in the
      accompanying drawings, since the invention is capable of other embodiments
      and of being practiced or carried out in various ways within the scope of
      the claims. Also, it is to be understood that the phraseology and
      terminology employed herein is for the purpose of description and not of
      limitation.
PAR  The co-pending application of Richard L. Smith and Dennis F. Sauerbrey
      discloses a method and apparatus of measuring and adjusting the timing
      angle of an internal combustion engine by measuring, in effect, the
      degrees of the angle through which the spark is advanced. With the use of
      such a method and apparatus, only one set of values is being measured and
      after the answer in terms of such a value, namely the size of the timing
      angle, is received, the process is, in effect, completed.
PAR  In accordance with my invention, I measure simultaneously two values.
      First, I measure the time for one full and precise revolution of the
      engine from top dead center of the selected cylinder to the top dead
      center thereof. I make such measurements against uniform pulsations
      produced with the device capable of producing pulsations of sufficient
      frequency, which frequency must be uniform. While such pulsations are
      produced, I also measure the number of pulsations occurring from the
      moment the spark in the selected cylinder fires to the moment the piston
      in the selected cylinder of the engine reaches the top dead center (for
      advanced timing). Measuring both values at the same time, I receive values
      which enable me to compute the timing angle of the engine.
PAR  It can be easily understood that if I would count only one value, such as
      the pulsations from the moment the spark plug of the selected cylinder
      fires to the moment the piston in the selected cylinder reaches top dead
      center, I would receive only the time which elapsed between these two
      moments but would have no way of expressing this time in terms of the
      angle, that is timing angle, since in order to do that I would need to
      know the time the engine takes to rotate through one degree. Since I count
      at the same time the number of pulsations through one full and exact
      revolution, I can compute the number of pulsations per one degree by
      dividing the number of pulsations for one revolution by 360. Thereupon, I
      divide the number of pulsations which occurred between the moment of the
      spark plug firing to the moment the piston in the selected cylinder
      reaches the top dead center position by the number of pulsations for one
      degree. In such a manner I obtain the timing angle expressed in degrees.
PAR  Since we are concerned primarily with automobile engines which operate on
      the principle of four-stroke cycle, the engine makes two full revolutions
      during which the spark plug fires once. Therefore, I prefer to count the
      number of pulsations for two full and exact revolutions.
PAR  The above-described method of simultaneously counting two values, namely
      first the number of pulsations with respect to revolutions of the engine
      and thereupon number of pulsations which take place while the engine
      rotates through the timing angle. I obtain a definite answer which could
      not be received counting only one value.
PAR  Any device producing known and uniform pulsations can be used for the
      purposes of the present invention. Since counting of pulsations is done
      simultaneously, only one device producing pulsations may be used, and both
      values be counted against pulsations produced by such device.
PAR  For the purposes of producing pulsations, I prefer to use a crystal
      oscillator since such a device can be selected to produce known and
      uniform pulsations of exceedingly high frequency, such as two million
      pulsations per second.
PAR  In order to define the limits of one revolution or two revolutions, I use
      indications of top dead center, which indications can be produced with
      magnetic pickup cooperating with such a device as harmonic damper provided
      on the engine.
PAR  Spark plug firing in one selected cylinder is used, and such spark plug may
      be either within the cylinder or outside. The indication of the piston in
      the same selected cylinder reaching the top dead center may be the same as
      that used to designate the limit of the revolutions.
PAR  In the drawings, there is shown an embodiment of the invention operating in
      a manner as required for measuring and/or revealing the timing angle of
      one or more automobile engines in production testing of such engines.
PAR  I adapt my system to production requirements in an automobile plant. The
      engine may be tested in any suitable condition it is found in production
      without any special stands or conveyors, or the test may be made in one
      stand, or in a large number of stands connected by a conveyor into one
      system adapted to receive the engines from loading stations and to
      distribute them to unoccupied stands of the conveyor for test, and after
      the test to receive them from the test stands and direct them to an
      unloading station.
PAR  It should be understood that it is possible to produce and use a signal
      other than that of true top dead center as long as the exact relationship
      between the signal and true top dead center is known so that the resulting
      answer may be corrected by this difference. Similarly, it is possible to
      use a signal other than the number one spak plug as long as the exact
      relationship between the signal and the firing of the number one spark
      plug is known so that the resulting answer may be corrected by this
      difference. For example, the number two spark plug could be used.
PAR  It should be further understood that it is possible to produce and use a
      signal other than from a pre-selected spark plug, such as from the coil,
      or the impulses generated by the distributor.
PAR  Referring specifically to FIG. 3, the same shows a test installation
      including a plurality of test stands 10 interconnected with the aid of a
      conveyor 11, which may be such as those disclosed in the co-pending
      applications of V. G. Converse III, et al., Ser. No. 707,033, filed on
      Feb. 21, 1968 for Accumulator Conveyor System, now U.S. Pat. No.
      3,631,967, and Ser. No. 717,103, filed on Mar. 29, 1968 for Automated
      engine Test Conveyor, now U.S. Pat. No. 3,527,087. The conveyor 11 is
      adapted to serve such stands 10 by delivering the test engines, such as
      12, (see FIG. 4) from the loading station 13 to the respective stands. The
      test stand which is empty would receive for test the first passing
      untested engine, and upon completion of the test return the tested engine
      to the conveyor for delivery to the station 13 for unloading. The tested
      engine would not be received by any other stands, even if the stand is
      empty.
PAR  The test performed in each stand depends on the requirements set therefor,
      and the engines may be run on gasoline, butane gas, or may be operated by
      compressed air or by an electric or fluid (gas or liquid) motor. Use of
      compressed air or an electric or fluid motor insures maintenance of a
      predetermined speed and does not require cooling of the engine, although
      water may be used in the engine to perform leak tests such as to determine
      leakage from water cavity to atmosphere. Oil pressure can also be
      conveniently checked in this test by being continuously monitored while
      the engine is running, with a view of stopping the engine should oil
      pressure fail. A visual and audible check for noise can also be done.
PAR  FIG. 4 illustrates one test stand showing a test engine 12 received by the
      stand and operatively positioned therein to be driven with the aid of a
      motor 14 connected to the engine 12 by the coupling 16. The control box 17
      is provided in the stand 10 for the purposes explained below.
PAR  Now turning to the computation of the timing angle, this is accomplished by
      measuring the time in seconds between the moment of firing of the number
      one spark plug (assuming advanced timing) and the moment the piston of the
      selected cylinder reaches top dead center, and dividing this number by the
      time in seconds per one degree of engine revolution. This can be
      represented by the mathematical formula: Timing Angle = 720 Y/X, where Y
      equals time in seconds between spark plug firing and top dead center and X
      equals the time in seconds for two revolutions of the engine.
PAR  In order to be able to get values for Y and X, two signals from the engine
      are needed, the top dead center (TDC) signal and the spark firing signal.
PAR  Referring to FIG. 4, the TDC (top dead center) signal is produced as
      follows: On the front end of the engine 12 there is operatively mounted a
      hamonic damper 15 provided on its periphery with a slot or notch 18
      related to the top dead center position of the piston of number one
      cylinder. A magnetic pickup 20 is operatively installed in the stand in
      such a manner that when the piston of number one cylinder is at its top
      dead center position, the notch 18 cooperates with said magentic pickup 20
      in such a manner that an electrical impulse is produced each time the
      number one cylinder is at its top dead center position. This is the TDC
      signal, the use of which will be explained below.
PAR  Referring to FIG. 5, the distributor 38 supplies high voltage through the
      spak plug wire 26 to fire the spark plug 31. The spark firing signal is
      produced by a wire loop, coil, or clip 32 surrounding the spark plug wire
      26, a current being induced in said wire loop, coil, or clip 32 each time
      the high voltage passes through the spark plug wire 26. This induced
      current is the spark firing signal whose purpose will be explained in
      detail below. It should be understood that in accordance with the
      invention, the spark plug 31 does not need to be mounted in the engine 12
      but can be mounted externally thereto, or the spark firing signal may be
      produced without the use of any spark plug.
PAR  Referring to FIGS. 6, 7 and 8, the TDC signal obtained in the above manner
      from the magnetic pickup 20 is then passed through a signal conditioner 22
      which transforms the input signal into a short duration pulse
      (approximately 10 microseconds), which is compatible with the rest of the
      system. This signal is then used to turn on the RPM binary counter 23 to
      start counting pulsations being produced by the crystal oscillator 24. The
      circuit will then measure the time interval for two complete revolutions
      of the harmonic damper 15 which is equivalent of two revolutions of the
      engine. This is accomplished by a control unit 27 which turns on the RPM
      binary counter 23 when a top dead center signal is sensed. The counter
      continues to count pulsations of the frequency produced from a frequency
      divider 28 which is driven by the crystal oscillator 24, until two
      revolutions of the harmonic damper are completed, the completion of which
      is signaled by another top dead center signal. The result of this count of
      pulsations is stored in the RPM binary counter 23 and is proportional to
      the value of X above.
PAR  Since we are concerned with a four-stroke cycle engine, during the two
      revolutions of the engine just measured, the number one spark plug must
      have fired once. For an advanced ignition system, the spark firing signal
      will occur slightly before top dead center, and for a retarded ignition
      system the spark firing signal will occur slightly after top dead center.
      The circuit measures the number of pulsations occurring between the spark
      plug firing and top dead center (for advanced timing). This is
      accomplished by the control unit 27 which turns on the timing binary
      counter 30 when the spark firing signal from the wire loop, coil, or clip
      32 is sensed, and turns the timing binary counter 30 off when the top dead
      center signal is sensed. During the interval that the timing binary
      counter 30 is turned on, it counts the pulsations of the frequency
      produced from the frequency divider 28 which is driven by the crystal
      oscillator 24. This count of pulsations is proportional to the value of Y
      needed in the above formula.
PAR  The actual timing angle computation in this embodiment of the invention is
      then performed. The register 29 is cleared, the contents of the timing
      binary counter 30 is applied to the input of the adder 33. This number is
      added a number of times proportional to 720 to the contents of the
      register 29 via the adder 33 and the resulting new answer is placed in the
      register 29, the number of additions being counted by the multiplying
      counter 34. The previously stored contents of the RPM binary counter 23 is
      applied to the input of the adder 33 in its negated form. This number is
      added to the contents of the register 29 via the adder 33 with the result
      being placed in the register 29. If the register 29 now contains a
      positive non-zero number, one pulse is counted by the timing binary coded
      decimal (BCD) counter 35. This process is repeated as long as the register
      29 contains a positive number. When this process stops, the timing BCD
      counter 35 then contains the result of the multiplication of the constant
      by Y and then that quantity being divided by X which then equals  720 Y/X,
      which is the timing angle. A timing angle display 36 is provided to give a
      visual readout of the timing angle so obtained.
PAR  If the spark plug fires before top dead center, the positive indicator
      light on the timing angle display 36 will show the engine as running in an
      advanced spark condition. If the top dead center signal comes before the
      spark plug fires, the engine is running in a retarded condition and the
      negative indicator light will signal this condition.
PAR  If it is desired to time the engine in a retarded condition, the time
      duration between top dead center and spark plug firing is still a positive
      number and the calculations are all performed in exactly the same manner
      as above.
PAR  Now, referring specifically to FIG. 7, this figure shows the same system as
      shown in FIG. 6 with the additional apparatus needed to calculate the RPM.
PAR  The RPM of the engine is calculated by dividing 60 (the number of seconds
      in a minute) by the time in seconds for one revolution of the engine. This
      can be represented by the mathematical equation: RPM = 120/X, where X
      represents the time for two revolutions of the engine.
PAR  In the present embodiment of the invention, the actual RPM calculation
      using the above formula is done as follows: The register 29 is cleared and
      a number proportional to the constant 120 is added to the register 29 via
      the adder 33, with the resulting answer being put back in the register 29.
      The previously stored contents of the RPM binary counter 23 is applied to
      the adder 33 in its negated form. This negated number is added to the
      register 29 via the adder 33, with the resulting answer placed in the
      register 29. If the register 29 now contains a positive, non-zero number,
      one pulse is counted in the RPM binary coded decimal (BCD) counter. This
      process is repeated as long as the register 29 contains a positive number.
      The RPM BCD counter 39 will now contain the result of the division of the
      constant divided by the contents of the RPM binary counter 23 which is
      equal to 120/X, which is the RPM of the engine.
PAR  It should be understood that in both of these calculations, the actual
      circuitry and numbers used therein have been scaled to minimize the amount
      of circuitry and approximately maintain the same degree of resolution
      throughout the circuit. Therefore, numbers that are proportional to the
      constants in the previously cited formulas are used rather than the actual
      numbers.
PAR  Referring specifically to FIG. 8, an RPM display 41 is provided to give a
      visual readout of the RPM of the engine. Also, the results of the RPM
      calculation are applied to the RPM comparator 42 which compares the
      contents of the RPM BCD counter 39 to predetermined lower and upper
      limits. If the number is not within these limits, the timing comparator 43
      is disabled by the lockout relay 40 and the timing angle display is
      blanked out. If the RPM is within predetermined limits, a timing angle
      comparator 43 compares the contents of the timing BCD counter 35 to lower
      and upper limits and illuminates one of the appropriate indicator lights
      44 to indicate whether the timing is high, low, or in band, and if needed
      also energizes one of the appropriate relays to drive the servo-mechanism
      37 in the appropriate direction to adjust the distributor 38 to produce a
      desired value of the timing angle.
PAR  One of two relays would be energized. If the timing angle were too high,
      the high value relay 45 would be activated and would activate the
      servo-mechanism 37 so as to rotate the distributor 38 in the appropriate
      direction to lower the timing angle, at which time the calculation and
      comparison process would start anew to see whether the new value of the
      timing angle is in band. If the timing angle is too low, the low value
      relay 46 would be activated in such a manner as to have the
      servo-mechanism 37 rotate the distributor in the opposite direction, thus
      raising the timing angle, with the same recalculation and recomparison
      process again following.
PAR  The above process, when complete, has calculated the timing angle and RPM,
      compared the RPM with a desired range and if the RPM is in the desired
      range, used the value of the timing angle to adjust the distributor to
      obtain a desired timing angle.
PAR  The servo-mechanism and its control circuitry may be eliminated and the
      adjustment done by hand if the system is used manually.
PAR  An engine simulation test which can be selected by the mode switch 47
      supplies through the frequency divider pulses representing top dead center
      and spark to be used in place of the signals coming from the signal
      conditioners 22. Under these conditions, specific numbers should be
      displayed on the timing angle display 36 and on the RPM display 41. THis
      provides for an easy internal self test to check the operation of the
      unit.
PAR  Also, if a more stable result from the system is desired, instead of
      performing the timing and RPM calculation over two revolutions of the
      engine, it may be performed over a larger number of revolutions. I prefer
      to use powers of the number 2 (i.e., 2.sup.z, where z = 0, 1, 2, . . . )
      since the system performs its mathematical computations in the binary
      system, which is based on the number 2. A number of averages, such as 4 or
      8, can be selected by the number of averages switch 48.
PAR  It should be understood that measuring the number of pulsations through two
      full and exact revolutions of the engine may be done between spark
      firings, since that equals two revolutions of the engine.
PAR  FIG. 9 shows the damper 50 provided with the slot 51, and having a bulb 52
      providing a light signal to affect a light sensor, such as a
      phototransistor 53, to provide a top dead center signal.
PAR  FIG. 10 shows another modification of the harmonic damper. The damper 54 is
      provided with a hole 55 having an electric light 56 on one side and a
      light sensor on the other side.
PAR  FIG. 11 shows the spark plug 31 having a metal tube 60 provided on the top
      of the spark plug to non-inductively receive the spark signal and convey
      it to the signal conditioner 22 through the wire 61.
PAR  FIG. 12 shows use of a resistor 62 to take the place of the spark plug, one
      side of the resistor 62 being grounded, the signal being transmitted to
      the signal conditioner through the wire 63.
PAR  FIG. 13 shows a wire loop, clip, or coil 32 around the spark plug wire 26
      to inductively produce the spark firing signal when the spark plug 31
      fires.
PAR  FIG. 14 shows the distributor points 64 producing the signal to the signal
      conditioner 22.
PAR  Applicant has also found that in many cases it is desired to have the true
      average timing angle over all the cylinders of an internal combustion
      engine. This is due to the fact that it has been found as a result of the
      extensive testing done on internal combustion engines due to recent
      emissions control laws, that even though you have the number one piston
      set at its top dead center position, due to tolerance stack-up, the
      journals of the crankshaft, and, therefore, the pistons in the other
      cylinders will not be exactly 90.degree. apart, thereby causing the spark
      firings in the other cylinders to occur at other than their ideal times.
      This is further aggravated by tolerance stack-ups in other engine parts,
      such as the distributor, etc.
PAR  I have found that the difference between the average timing angle of all
      the cylinders in a V-8 internal combustion engine, and that of the number
      one cylinder alone, can be as much as 1.degree.. This can be a significant
      factor in the amount of emissions produced in any given engine, and
      therefore the true average timing angle has become an important piece of
      information in the art.
PAR  While attempts to find the true average timing angle are old in the art,
      and many devices are on the market which purport to find the true average
      timing angle over all the cylinders of an internal combustion engine, none
      of them can meet the present day requirements for accuracy.
PAR  This stems from the fact that all such devices until the present time have
      had an inherent inaccuracy built in to them because they assume engine
      speed constant, which as mentioned previously, it never is.
PAR  I have adapted the method and apparatus just described for finding the true
      spark advance in one selected cylinder, to find the true average spark
      advance over all the cylinders of an internal combustion engine, all
      without assuming engine speed constant.
PAR  I do this by obtaining a time value for the true spark advance of each
      cylinder in the selected engine. I then add these time values together and
      divide by the number of cylinders involved to get a true average spark
      advance time; dividing the time just obtained by the time the engine takes
      to rotate one degree gives you the true average spark advance over all the
      cylinders in the selected engine in degrees.
PAR  It should be understood that while for purposes of illustration a V-8
      engine is shown, my invention will work equally as well on a 4 or 6 or
      other number cylinder engine, whether reciprocating or rotary, with
      appropriate changes in the equations discussed below, and will do so
      irregardless of whether the engine is equipped with a conventional spark
      ignition system or any of the great variety of solid state ignition
      systems now being installed on engines as standard equipment or sold as an
      after-market replacement. It should also be understood that, although for
      convenience in keeping the circuitry involved to a minimum, Applicant
      chooses to pick up a signal from the coil wire, the measurement of the
      true average timing angle may be performed just as well by picking a
      signal up from each spark plug on the engine as it fires or any other
      appropriate place, depending on the particular engine being tested.
PAR  Referring to FIG. 16 which shows graphically how Applicant's invention is
      applied to a V-8 engine running in an advanced spark condition, it can be
      seen that during two (2) revolutions of the engine, each spark plug of the
      V-8 engine must have fired at least once. Each firing of a spark plug is
      represented as a coil pulse, as shown in FIG. 16.
PAR  It should be understood that while the coil pulses are numbered from one to
      eight, in this case the number does not represent the number of the
      cylinder where the spark firing occurred as it did when we were concerned
      with the true spark advance of one cylinder, but instead it represents the
      order of the spark firings during the two revolutions I chose to measure.
      For example, the number one coil pulse would represent the spark firing of
      the first cylinder I chose to measure, even though, using the standard
      numbering system for a V-8 engine it might have occurred in the number
      four cylinder.
PAR  When you are finding an average spark advance over all eight cylinders, as
      long as you measure the spark advance of all the cylinders once during two
      revolutions, it makes no difference where you start.
PAR  Since, during two (2) revolutions of engine, which equals 720.degree. of
      rotation, each spark plug must have fired once, it is easily seen that
      this means that in a V-8 engine a spark plug will ideally fire every
      90.degree.. Therefore, the distance between each coil pulse shown in FIG.
      16 represents the time the engine takes to rotate 90.degree..
PAR  Since each coil pulse represents a spark plug firing, it can be seen that
      for the situation where the engine is running in a condition such that the
      ignition is advanced, the time interval between the last coil pulse
      occurring during the previous two revolutions of the engine, indicated by
      the numeral eight, since there are eight spark occurrences in two
      revolutions, and the first top dead center (TDC) pulse indicated by the
      numeral 1 in FIG. 16 represents the time interval between the last spark
      plug firing and the piston in the respective cylinder reaching its top
      dead center position or, in other words, this time represents the spark
      advance of the last spark plug to fire in the previous two revolutions. I
      now chose this time interval as one of eight time intervals which I will
      measure during two revolutions of the engine. Therefore, to measure the
      spark advance of all eight cylinders I must find the values of A.sub.1,
      A.sub.2, A.sub.3, A.sub.4, A.sub.5, A.sub.6, A.sub.7 and A.sub.8.
PAR  While I could have an apparatus which would measure a value for the time
      which the engine takes to rotate until each spark plug fires, measured
      from a selected starting point, and then subtract from the value so
      measured for each cylinder, the time the engine took to rotate from the
      last occurring TDC pulse, to the spark firing in question and thereby
      obtain the values for A.sub.1, A.sub.2, A.sub.3, A.sub.4, A.sub.5,
      A.sub.6, A.sub.7 and A.sub.8, means to do this are somewhat complicated,
      and not necessary, when by looking at the mathematical equations which can
      be derived from FIG. 16, it can be seen that much simpler formula can be
      used, with no loss of accuracy.
PAR  The value of A.sub.1 can also be represented by the time the engine takes
      to rotate 90.degree., minus the time interval between the first TDC pulse
      and the time the engine takes to rotate to the first spark plug firing, or
      A.sub.1 = 90.degree. - t.sub.1, or by substituting the time the engine
      takes to rotate two (2) revolutions, represented by the capital letter X,
      A.sub.1 = X/8 - t.sub.1.
PAR  Since the second spark firing will ideally occur at a time when the engine
      has rotated to a position 90.degree. farther than when the first spark
      firing occurred, it can be seen that this second spark firing (represented
      by the number 2 coil pulse in FIG. 16) takes place at a time 180.degree. -
      t.sub.2, or as in a manner similar to above, is equal to 2X/8 - t.sub.2,
      which equals A.sub.2, the true spark advance of the second cylinder to
      fire.
PAR  In a similar fashion, the spark advance for each cylinder can be found by
      performing similar steps to get the value of A.sub.3, A.sub.4, A.sub.5,
      A.sub.6 and A.sub.7, and finally arriving with the value of A.sub.8 equal
      to 4X/8 - t.sub.8. If we let Z equal the average spark advance for all
      eight (8) spark plug firings, then:
PAR  1. Timing Angle = Z/X(720.degree.). With X = time for two revolutions of
      the engine, as before.
PAR  Substituting the value of Z in this formula and simplifying wherever
      possible we arrive with the formula:
PAR  2. Z = [(X/8 - t.sub.1) + (2X/8 - t.sub.2) + (3X/8 - t.sub.3) + (4X/8 -
      t.sub.4) + (X/8 - t.sub.5) + (2X/8 - t.sub.6) + (3X/8 - t.sub.7) + (4X/8 -
      t.sub.8)]/8.
PAL  Simplifying further we arrive at the formula:
PAR  3. Z = - (t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5 + t.sub.6 +
      t.sub.7 + t.sub.8)/8 + (20X/8)/8
PAL  Substituting this value of Z in our formula (1) above we arrive at:
PAR  4. Timing Angle = [ - (t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5 +
      t.sub.6 + t.sub.7 + t.sub.8)/8 + 5X/16]720.0/X
PAL  After simplification we come up with the formula:
PAR  5. Timing Angle = - (t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5 +
      t.sub.6 + t.sub.7 + t.sub.8)90/X + 225.00.
PAR  The formula will remain exactly the same should the engine be running in a
      retarded spark condition, except the value of the timing angle in the
      formula:
PAR  5. Timing Angle = - (t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5 +
      t.sub.6 + t.sub.7 + t.sub.8)90/X + 225.0 would turn out to be a negative
      number.
PAR  It can now be seen that only one set of values, the values of t.sub.1,
      t.sub.2, t.sub.3, t.sub.4, t.sub.5, t.sub.6, t.sub.7 and t.sub.8 need now
      be measured, rather than the two sets mentioned above.
PAR  Similar equations can be derived for six cylinder and four cylinder
      engines, such that only the values of t need be found.
PAR  If the graphs were to be set up and the formulas derived in a manner
      similar to that followed above, for a six cylinder engine having a
      star-shaped crankshaft, you would derive the following formula for timing
      angle:
PAR  6. Timing Angle = - (t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5 +
      t.sub.6)120/X + 240
PAR  If the formula for a four cylinder engine having a flat crankshaft were
      desired, you would arrive at:
PAR  7. Timing Angle = - (t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4)180X + 270
PAR  Other formulas may be worked out for engines with other cylinder
      arrangements, or for rotary engines.
PAR  It should be understood that although the various values for spark advances
      A.sub.1, A.sub.2, A.sub.3, A.sub.4, A.sub.5 , A.sub.6, A.sub.7 and A.sub.8
      appear to be exactly identical in the graphs of FIGS. 16 and 17, in
      reality, due to tolerance stack-ups and the like, each of these values
      will be slightly different. However, this value is impossible to show
      accurately on drawings of the present scale.
PAR  Referring to FIGS. 18 and 19, the TDC signal obtained in a manner similar
      to that just described for measuring the timing angle of one cylinder,
      from the magnetic pick-up 20, is passed through the signal conditioner 22,
      which transforms the signal into a short duration pulse (approximately 10
      micro-seconds) which is compatible with the rest of the system.
PAR  This signal is then used to turn on the RPM binary counter 23 to start
      counting pulsations being produced by the crystal oscillator 24. The
      circuit will then measure the time interval for two (2) complete
      revolutions of the harmonic damper 15, which is equivalent to two (2)
      complete revolutions of the engine. This is accomplished by a control unit
      27 which turns on the RPM binary counter 23 when a top dead center signal
      is sensed. The counter continues to count pulsations of the frequency
      produced from a frequency divider 28, which is driven by the crystal
      oscillator 24 until two (2) revolutions of the harmonic damper are
      completed, the completion of which is signaled by another top dead center
      signal. The result of this count of pulsations is stored in the RPM binary
      counter 23. When measuring the true average timing angle over all eight
      cylinders of an internal combustion engine, the circuitry is set up as
      shown in FIG. 18 and includes a second register 68 and a second timing
      binary counter 70 which were not present when performing the measurement
      of the timing angle for a single cylinder, but are necessary in finding
      the true average timing angle over all eight (8) cylinders for the reasons
      which will be explained below.
PAR  Since we are concerned here with a V-8 four-stroke cycle engine with an
      advanced ignition system, the TDC pulse from the magnetic sensor 20 also
      turns on the timing binary counter 30. At the occurrence of the first coil
      pulse, the contents of the timing binary counter 30 are transferred to the
      second register 68. Note that timing binary counter 30 has not been turned
      off, but continues to operate and has just been read at a certain point in
      time. This number obtained is added to the contents of register 29, via
      the adder 33, with the result being placed in the register 29. This now
      gives us the value of t.sub.1.
PAR  For the 2nd, 3rd and 4th spark plug firings, which are represented by the
      numbers 2, 3 and 4 in FIG. 16, the same process is repeated. At the
      occurrence of the second coil pulse, the contents of the timing binary
      counter 30 are again transferred to the second register 68, the contents
      of the second register 68 are added to the contents of the register 29,
      via the adder 33, with the resulting answer placed in register 29. This
      now gives us the sum of t.sub.1 + t.sub.2.
PAR  At the occurrence of the third spark firing, represented by the number 3 in
      the graph of FIG. 16, the contents of the timing binary counter 30 are
      again transferred to the second register 68. The contents of the second
      register 68 are added to the contents of register 29, via the adder 33,
      with the resulting answer again placed in register 29. This now gives us
      the sum of t.sub.1 + t.sub.2 + t.sub.3.
PAR  When the fourth spark firing occurs, represented by the number 4 coil pulse
      in FIG. 16, the contents of the timing binary counter 30 are again
      transferred to the second register 68, the contents of the second register
      68 are added to the contents of register 29, via the adder 33, with the
      resulting answer placed in register 29. This now gives us the sum of
      t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4. The timing binary counter 30 is now
      turned off.
PAR  The second TDC pulse from the magnetic pick-up 20 (see FIG. 18) now occurs
      and turns on the second timing binary counter 70. The same process just
      described for obtaining the sum of t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4
      is now repeated to obtain the sum of t.sub.5 + t.sub.6 + t.sub.7 +
      t.sub.8, except that the second timing binary counter 70 is used, instead
      of the timing binary counter 30. Therefore, the register 29 now contains
      the sum of t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5 + t.sub.6 +
      t.sub.7 + t.sub.8.
PAR  If engines were always found to be running in an advanced spark condition,
      the use of the second timing binary counter 70 would not be needed, and
      all the values of t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5 +
      t.sub.6 + t.sub.7 + t.sub.8 could be found using timing binary counter 30.
      However, the use of the second timing binary counter 70 is necessitated by
      the conditions brought about if the engine happens to be running in a
      retarded spark condition. As shown in FIG. 17, the fact that the second
      TDC pulse will now occur before the 4th coil pulse, will cause the time
      interval t.sub.4 to be completed after the measurement of the time
      intervals t.sub.5, t.sub.6, t.sub.7, t.sub.8 has already started, and it
      can be seen that if only one timing binary counter was used, you would
      have the impossible situation where one timing binary counter would be
      attempting to count two different values simultaneously. Therefore, the
      use of two timing binary counters is desirable in order to enable my
      invention to be operable regardless of the condition in which the test
      engine is found, and still get the optimum accuracy. Any change in the
      starting point of the measurement of the time intervals t.sub.1, t.sub.2,
      t.sub.3, t.sub.4, t.sub.5, t.sub.6, t.sub.7 and t.sub.8 would decrease the
      accuracy of the system.
PAR  The next step in the performance of the calculation is to preset the timing
      BCD counter 35 to a + 225 to account for the constant in the timing angle
      formula. It should be understood that in this embodiment of the invention,
      an up-down (bi-directional) timing BCD counter is used, that is, a counter
      which has the capability of counting either up or down, and also has the
      capability of being reset to zero, or being preset to some non-zero
      number, in this case + 225. Counters such as this are well known in the
      art and need not be described in detail herein.
PAR  Now that we have the sum of t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 + t.sub.5
      + t.sub.6 + t.sub.7 + t.sub.8, it can be seen that the next step in the
      equation is to multiply the sum of t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 +
      t.sub.5 + t.sub.6 + t.sub.7 + t.sub.8 by the constant 90. This is
      accomplished by transferring the contents of the register 29 to the second
      register 68. The register 29 is then reset to zero. The contents of the
      second register 68 is added to the contents of register 29 via the adder
      33, with the resulting value placed in register 29. This operation is
      repeated 90 times, at which time the multiplying counter 34 signals its
      completion.
PAR  We have thus added the sum of t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 +
      t.sub.5 + t.sub.6 + t.sub.7 + t.sub.8 to itself 90 times, or in other
      words, we have multiplied it by 90.
PAR  The next step is to divide this result by the time the engine takes to
      rotate 720.degree., represented by the letter X. This number is now
      contained in the RPM binary counter 23. The contents of the RPM binary
      counter 23 are applied to the input of the adder 33 in its negated form.
      This number is added to the contents of the register 29, via the adder 33,
      with the result being placed in the register 29. If register 29 now
      contains a positive non-zero number, one pulse is counted by the timing
      binary coded decimal (BCD) counter 35, this process is repeated as long as
      the register 29 contains a positive number. When this process stops, we
      have completed the division by the variable X. The timing BCD counter 35
      counted down this number of pulses, which represents the division.
PAR  Since the timing BCD counter 35 was originally preset to + 225, when we
      have counted down the number of pulses equal to the division first
      performed, we have then completed the calculations involved in the
      equation: Timing Angle = - (t.sub.1 + t.sub.2 + t.sub.3 + t.sub.4 +
      t.sub.5 + t.sub.6 + t.sub.7 + t.sub.8)90/X + 225.0 and now have the true
      average timing angle over the eight cylinders of a V-8 internal combustion
      engine. In a manner similar to that described in the method for finding
      the true timing angle in one selected cylinder, a timing angle display 36
      is provided to give a visual readout of the timing angle so obtained.
PAR  The RPM of the engine is calculated by dividing 60 (the number of seconds
      in a minute) by the time in seconds for one revolution of the engine.
      Again, this is represented by the mathematical equation RPM = 120/X, where
      X represents the time for two revolutions of the engine.
PAR  In the present embodiment of the invention, the actual RPM calculation
      using the above formula is done as follows: The register 29 is cleared,
      and a number proportional to the constant 120 is added to the register 29,
      via the adder 33, with the resulting answer put back in the register 29.
      The previously stored contents of the RPM binary counter 23 is applied to
      the adder 33 in its negated form. This negated number is added to the
      register 29, via the adder 33, with the resulting answer placed in the
      register 29. If the register 29 now contains a positive non-zero number,
      one pulse is counted in the RPM binary coded decimal (BCD) counter 39.
      This process is repeated as long as the register 29 contains a positive
      number. The RPM BCD counter 39 will now contain the result of the division
      of the constant, divided by the contents of the RPM binary counter 23,
      which is equal to 120/X, which is the RPM of the engine.
PAR  As was the case in the previously described calculation of RPM in the
      system which found the timing angle of one selected cylinder of an
      internal combustion engine, the actual circuitry and numbers used herein
      have been scaled to minimize the amount of circuitry required, and
      maintain approximately the same degree of resolution throughout the
      circuit. Therefore, numbers that are proportional to the constant in the
      previously cited formula are again used, rather than the actual numbers.
PAR  Referring specifically to FIG. 19, in a manner similar to that described
      before, an RPM display 41 is provided to give a visual readout of the RPM
      of the engine. Also the results of the RPM calculation are compared by the
      RPM comparator 42 which compares the contents of the RPM BCD counter 39 to
      predetermined lower and upper limits. As before, if the number is not
      within these limits, the timing comparator 43 is disabled by the lock-out
      relay 40, and the timing angle display is blanked out. If the RPM is
      within predetermined limits, a timing angle comparator 43 compares the
      contents of the timing BCD counter 35 to lower and upper limits and
      illuminates one of the appropriate indicator lights 44 to indicate whether
      the timing is high, low, or in band, and, if needed, also energizes one of
      the appropriate relays to drive the servo-mechanism 37 in the appropriate
      direction to adjust the distributor 38 to produce a desired value of the
      timing angle.
PAR  One of two relays would be energized. If the timing angle were too high,
      the high value relay 45 would be energized and would activate the
      servo-mechanism 37 so as to rotate the distributor 38 in the appropriate
      direction to decrease the timing angle, at which time the calculation and
      comparison process would state anew to see whether the new value of the
      timing value is in band. If the timing angle is too low, the low value
      relay 46 would be energized in such a manner as to have the
      servo-mechanism 37 rotate the distributor in the opposite direction, thus
      increasing the timing angle, with the same recalculation and recomparison
      process again following.
PAR  The above process, when complete, has calculated the true average timing
      angle and RPM, compared the RPM with a desired range, and if the RPM is in
      the desired range, used the value of the timing angle to adjust the
      distributor to obtain a desired timing angle.
PAR  As was the case in the apparatus previously described for finding the
      timing angle of one selected cylinder, the servo-mechanism and its control
      circuitry may be eliminated and the adjustment done by hand if the system
      is used manually.
PAR  The circuitry in FIG. 19 also shows the necessary apparatus needed if it is
      desired to have a system which can operate either to find the timing angle
      in one selected cylinder, or to find the true average timing angle over
      all cylinders of an internal combustion engine. In order to accomplish
      such dual operation, an additional switch 75 is provided, which will adapt
      the system either for accepting an impulse from the number one spark plug
      through the lead wire 76, or accepting an impulse from the coil wire 77,
      when the lead 76 is placed thereon, instead of on the spark plug 26. When
      the switch is in the position marked coil, the lead wire 76 must be placed
      on the coil wire 77, and when the switch 75 is in the number one plug
      position, the lead wire 76 must be attached to the spark plug wire 26,
      leading to the number one spark plug 31.
PAR  Also provided in the dual system shown in FIG. 19 is the mode switch 47 to
      select between the run mode and test mode for the purposes previously
      described.
PAR  The number of averages switch 48 is again provided. However, in the system
      which can find the timing angle of one selected cylinder, and also the
      true average timing angle over all the cylinders, its operation is
      somewhat different than that previously described.
PAR  When the switch 75 shown in FIG. 19 is set to its number one plug position,
      the number of averages switch 48 works exactly in the same manner as
      previously described.
PAR  However, when the switch 75 is in the coil position, the number of averages
      switch finds the timing angle value by averaging not readings of a single
      cylinder, as before, but by averaging 2, 4, 8, etc. complete cycles of the
      machine. In other words, the apparatus would find the true average timing
      angle of the test engine 2 or more separate times, it would then average
      the different values obtained and display this number on the timing angle
      display.
PAR  As before, the apparatus shown in FIG. 19 may be used manually, outside an
      automated stand, as shown in FIG. 15, or may be incorporated into a stand
      similar to FIG. 4.
PAR  The present invention may also be used on engines which have a solid state
      ignition system. Although many variations of solid state ignition systems
      are available today, and all of them cannot be shown here, a solid state
      system which is in wide use today may be illustrated as shown in FIG. 20,
      with the box numbered 85, representing the various components of the solid
      state system, which are well known in the art and need not be described in
      detail herein.
PAR  The solid state ignition system 85 has a coil wire 77 connected to the
      distributor 38. A spark firing signal is picked up from the coil wire 77
      by the lead wire 76, with the remaining operation of the system identical
      with that just described. The contents of the cabinet of FIG. 20 are
      identical with that shown in the dotted-line portion labeled cabinet in
      FIG. 19.
PAR  If the solid state ignition system is not of the type illustrated in FIG.
      20, the lead wire 76 would be attached to the system in a suitable
      position to pick up a spark firing signal, and would use such signal in
      the manner previously described. Suitable changes in the control circuitry
      may be made if necessitated by the particular nature of the spark firing
      signal picked up.
PAR  There is thus provided an improved testing system for internal combustion
      engines whereby the objects of the present invention listed above and
      numerous additional advantages are attained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of revealing the average timing angle over all the cylinders of
      an internal combustion engine with reference to a single predetermined top
      dead center position, said engine including a distributor, a plurality of
      cylinders each having a piston, a spark plug, and a crankshaft connected
      to said piston; said method including measuring the time the engine takes
      to rotate two full and exact revolutions from top dead center to top dead
      center from said predetermined top dead center position, determining
      simultaneously with the measurement of the time taken by the engine to
      rotate said two revolutions the time of advance with reference to said top
      dead center position for each individual cylinder in the engine summing
      these time intervals for each individual cylinder, dividing the values so
      obtained by the number of cylinders in said engine, thereby obtaining an
      average time of advance, determining the time said engine takes to rotate
      one degree during said two revolutions, and dividing the average time
      value just obtained by the time the engine takes to rotate one degree,
      thereby obtaining the true average timing angle.
NUM  2.
PAR  2. The method defined in claim 1, with said internal combustion engine
      being equipped with a solid state ignition system.
NUM  3.
PAR  3. The method defined in claim 1, with the summation being obtained by
      measuring the time which the engine takes to rotate to the point of spark
      firing in each respective individual cylinder, said time being measured
      from the time of occurrence of the spark firing closest preceding the time
      the engine was last at a top dead center position, and subtracting from
      each individual time so recorded, the time since the engine was last at a
      top dead center position, thereby obtaining a true spark advance for each
      cylinder, and summing the values so obtained, thereby obtaining said
      summation.
NUM  4.
PAR  4. The method defined in claim 1, with the time required for one degree of
      engine rotation being determined by producing electrical pulsations of a
      uniform frequency by means of an oscillator, counting the pulsations so
      produced by the oscillator during two revolutions of the engine, relating
      the number of pulsations so counted to the time elapsed, and dividing the
      elapsed time by 720 to determine said time for one degree of rotation.
NUM  5.
PAR  5. The method as defined in claim 1, with the engine running in a retarded
      spark condition, measuring the time which the engine takes to rotate two
      full and exact revolutions from top dead center to top dead center,
      simultaneously measuring for each individual cylinder in said engine the
      time the engine takes to rotate from the moment the piston in each
      respective individual cylinder reaches its top dead center position to the
      time of occurrence of spark firing in the respective individual cylinder,
      summing the individual time intervals so obtained for each individual
      cylinder, dividing the value so obtained by the number of cylinders in
      said engine to obtain an average time, determining from the number of
      pulses just counted for two revolutions the time the engine takes for one
      degree of rotation, and dividing said average time just obtained by the
      time the engine takes to rotate one degree, thereby obtaining the true
      average timing angle over all the cylinders of said engine.
NUM  6.
PAR  6. The method defined in claim 5, with said summation being obtained by
      measuring and recording for each individual cylinder in said engine the
      time the engine takes to rotate to the point of spark firing for each
      individual cylinder, said time being measured from the time of occurrence
      of the spark firing closest succeeding the time the engine was last at a
      top dead center position, and subtracting from each individual time so
      recorded the time since the engine last reached said top dead center
      position, thereby obtaining a true spark advance for each cylinder, and
      summing the values so obtained, thereby obtaining said summation.
NUM  7.
PAR  7. The method defined in claim 5, with the time required for one degree of
      engine rotation being determined by producing electrical pulsations of a
      uniform frequency by means of an oscillator, counting the pulsations so
      produced by the oscillator during two revolutions of the engine, relating
      the number of pulsations so counted to the time elapsed, and dividing the
      elapsed time by 720 to determine said time for one degree of rotation.
NUM  8.
PAR  8. A method of revealing the average timing angle over all the cylinders of
      an internal combustion engine with reference to a single predetermined top
      dead center position, said engine including a distributor, a plurality of
      cylinders each having a piston, a spark plug, and a crankshaft connected
      to said piston, said method including running or rotating the engine and
      producing, with the aid of an oscillator, voltage pulsations of a
      predetermined frequency, counting said pulsations for two full and exact
      revolutions of the engine from top dead center to top dead center from
      said predetermined top dead center position, determining simultaneously
      with the counting of pulsations for said two revolutions of the engine the
      timing advance for each individual cylinder in the engine with reference
      to said predetermined top dead center position by determining the
      difference between the number of pulsations occurring during the time the
      engine takes to rotate from the time of occurrence of the spark firing
      closest preceding the time the engine was last at a top dead center
      position to the spark firing in each individual cylinder being measured,
      and the number of pulsations occurring from the time the engine was last
      at a top dead center position until said spark firing, summing the count
      of pulses so obtained for each cylinder, dividing said sum by the number
      of individual cylinders in said engine, determining from the number of
      pulses just counted for two revolutions the number of pulses occurring
      during one degree of engine rotation, and dividing the number of pulses
      just obtained by said division by the number of pulses occurring during
      one degree of engine rotation, thereby determining the true average timing
      angle over all the cylinders in said internal combustion engine as related
      to said predetermined top dead center position.
NUM  9.
PAR  9. The method as defined in claim 8, with said engine running in a retarded
      spark condition, said method including running or rotating the engine and
      producing, with the aid of an oscillator, voltage pulsations of a
      predetermined frequency, counting said pulsations for two full and exact
      revolutions of the engine from top dead center to top dead center from
      said predetermined top dead center position, determining simultaneously
      with the counting of pulsations for said two revolutions of the engine the
      timing advance for each individual cylinder in the engine with reference
      to said predetermined top dead center position by determining the
      difference between the number of pulsations occurring during the time the
      engine takes to rotate from the time of occurrence of the spark firing
      closest succeeding the time the engine was last at a top dead center
      position to the spark firing in each individual cylinder being measured,
      and the number of pulsations occurring from the time the engine was last
      at a top dead center position until said spark firing, summing the
      differences so recorded for each individual cylinder, dividing said sum by
      the number of individual cylinders in said engine, determining from the
      number of pulses just counted for two revolutions the number of pulses
      occurring during one degree of engine rotation, and dividing the number of
      pulses obtained by said division by the number of pulses occurring during
      one degree of engine rotation, thereby determining the true average timing
      angle over all the cylinders in said internal combustion engine as related
      to said predetermined top dead center position.
NUM  10.
PAR  10. The method defined in claim 8, with the time required for one degree of
      engine rotation being determined by producing electrical pulsations of a
      fixed frequency by means of a crystal oscillator, counting the pulsations
      so produced by the crystal oscillator during two revolutions of the
      engine, relating the number of pulsations so counted to the time elapsed,
      and dividing the elapsed time by 720 to determine said time for one degree
      of rotation.
NUM  11.
PAR  11. The method defined in claim 9, with the time required for one degree of
      engine rotation being determined by producing electrical pulsations of a
      fixed frequency by means of a crystal oscillator, counting the pulsations
      so produced by the crystal oscillator during two revolutions of the
      engine, relating the number of pulsations so counted to the time elapsed,
      and dividing the elapsed time by 720 to determine said time for one degree
      of rotation.
NUM  12.
PAR  12. A method of revealing the timing angle of a V-8 internal combustion
      engine including a distributor, a coil, a plurality of cylinders each
      having a piston, a spark plug, and a crankshaft connected to said piston,
      said method including running or rotating the engine and producing with
      the aid of an oscillator, voltage pulsations of a predetermined frequency,
      producing with the aid of a magnetic pickup a signal each time the piston
      of a predetermined cylinder is at its top dead center position, counting
      said pulsations for two full and exact revolutions of the engine,
      beginning from a first top dead center signal and ending at a second
      subsequent top dead center signal, having said first top dead center
      signal simultaneously start a counting device to continuously count and
      record the number of pulsations being produced, recording the reading on
      such counting device each time a spark firing signal is produced,
      obtaining a summation of the eight values so obtained, multiplying said
      summation by the number ninety, dividing the result of such multiplication
      by the number of pulses counted for two full and exact revolutions of the
      engine, making the result of such division negative, and adding to the
      result of such division the number 225, thereby obtaining the true average
      timing angle of said engine in degrees.
NUM  13.
PAR  13. A method of revealing the timing angle of a six cylinder internal
      combustion engine having a distributor, a coil, a plurality of cylinders
      each having a piston, a spark plug, and a crankshaft connected to said
      piston, said method including running or rotating the engine and producing
      with the aid of an oscillator, voltage pulsations of a predetermined
      frequency, producing with the aid of a magnetic pickup a signal each time
      the piston of a predetermined cylinder is at its top dead center position,
      counting said pulsations for two full and exact revolutions of the engine,
      beginning from a first top dead center signal and ending at a second
      subsequent top dead center signal, having said first top dead center
      signal simultaneously start a counting device to continuously count and
      record the number of pulsations being produced, recording the reading on
      such counting device each time a spark firing signal is produced,
      obtaining a summation of the six values so obtained, multiplying said
      summation by the number 120, dividing the result of such multiplication by
      the number of pulses counted for two full and exact revolutions of the
      engine, making the result of such division negative, and adding to the
      result of such division the number 240, thereby obtaining the true average
      timing angle of said engine in degrees.
NUM  14.
PAR  14. A method of revealing the timing angle of a four cylinder internal
      combustion engine having a flat crankshaft and including a distributor, a
      coil, a plurality of cylinders each having a piston, a spark plug, and a
      crankshaft connected to said piston, said method including running or
      rotating the engine and producing with the aid of an oscillator, voltage
      pulsations of a predetermined frequency, producing with the aid of a
      magnetic pickup a signal each time the piston of a predetermined cylinder
      is at its top dead center position, counting said pulsations for two full
      and exact revolutions of the engine, beginning from a first top dead
      center signal and ending at a second subsequent top dead center signal,
      having said first top dead center signal simultaneously starting a
      counting device to continuously count and record the number of pulsations
      being produced, recording the reading on such counting device each time
      spark firing signal is produced, obtaining a summation of the four values
      so obtained, multiplying said summation by the number 180, dividing the
      result of such multiplication by the number of pulses counted for two full
      and exact revolutions of the engine, making the result of such division
      negative, and adding to the result of such division the number 270,
      thereby obtaining the true average timing angle of said engine in degrees.
NUM  15.
PAR  15. A method of revealing the timing angle of a V-8 internal combustion
      engine running in the advanced spark condition including a distributor, a
      coil, a plurality of cylinders each having a piston, a spark plug, and a
      crankshaft connected to said piston, said method including running or
      rotating the engine and producing with the aid of an oscillator, voltage
      pulsations of a predetermined frequency, producing with the aid of a wire
      loop, coil, or clip around the coil wire, a signal each time a spark
      firing occurs within a cylinder of said V-8 engine, producing with the aid
      of a magnetic pickup a signal each time the piston of a predetermined
      cylinder of said engine is at its top dead center position, counting said
      pulsations for two full and exact revolutions of said engine beginning
      from a predetermined top dead center signal, continuing through a first
      subsequent top dead center signal and ending at a second subsequent top
      dead center signal, having said predetermined top dead center signal
      simultaneously start a counting device to continuously count and record
      the number of pulsations being produced since the occurrence of said
      predetermined top dead center signal, recording the reading on said device
      each time a spark firing signal is produced, thereby recording the number
      of pulses occurring for the first four spark firings, at said first
      subsequent top dead center signal turning on a second counting device to
      count and record the number of pulsations being produced, recording the
      reading on said second counting device each time a spark firing signal is
      produced and thereby obtain the number of pulses occurring between said
      spark firing and the last occurring top dead center pulse for each
      cylinder in said V-8 internal combustion engine, and subtracting each
      value so obtained from the time interval elapsed from the time of
      occurrence of the spark firing closest preceding the time the engine was
      last at a top dead center position, to the occurrence of the respective
      spark firing, thereby obtaining the spark advance of each cylinder in said
      engine, summing the individual count of pulses so obtained for each
      individual cylinder, dividing the value so obtained by the number of
      cylinders in said engine to obtain an average count of pulses, converting
      said count of pulses into a time value, determining the time the engine
      takes for one degree of rotation, and dividing said average time just
      obtained by the time the engine takes to rotate one degree, thereby
      obtaining the true average timing angle of all the cylinders of said
      engine.
NUM  16.
PAR  16. The method defined in claim 15, with the time required for one degree
      of engine rotation being determined by producing electrical pulsations of
      a uniform frequency by means of an oscillator, counting the pulsations so
      produced by the oscillator during two revolutions of the engine, relating
      the number of pulsations so counted to the time elapsed, and dividing the
      elapsed time by 720 to determine said time for one degree of rotation.
NUM  17.
PAR  17. A method of revealing the timing angle of a V-8 internal combustion
      engine running in the retarded spark condition and including a
      distributor, a coil, a plurality of cylinders each having a piston, a
      spark plug, and a crankshaft connected to said piston, said method
      including running or rotating the engine and producing with the aid of an
      oscillator, voltage pulsations of a predetermined frequency, producing
      with the aid of a wire loop, coil, or clip around the coil wire, a signal
      each time a spark firing occurs within a cylinder of said V-8 engine,
      producing with the aid of a magnetic pickup a signal each time a piston of
      a predetermined cylinder of said engine is at its top dead center
      position, counting said pulsations for two full and exact revolutions of
      said engine beginning from a predetermined top dead center signal and
      ending at a second subsequent top dead center signal, having said
      predetermined top dead center signal simultaneously start a counting
      device to continuously count and record the number of pulsations being
      produced since the occurrence of said predetermined top dead center
      signal, recording the reading on said device each time a spark firing
      signal is produced by a spark plug firing, thereby recording the number of
      pulses occurring for the first four spark firings, at said first
      subsequent top dead center signal turning on a second counting device to
      count and record the number of pulsations being produced, recording the
      reading on said second counting device each time a spark firing signal is
      produced, and thereby obtaining the number of pulses occurring between
      said spark firing and the last occurring top dead center pulse for each
      cylinder in said V-8 internal combustion engine, and subtracting each
      value so obtained from the interval elapsed from the time of occurrence of
      the spark firing closest succeeding the time the engine was last at a top
      dead center position to the occurrence of the respective spark firing,
      thereby obtaining the spark advance of each cylinder in said engine,
      summing the individual count of pulses so obtained for each individual
      cylinder, dividing the value so obtained by the number of cylinders in
      said engine to obtain an average count of pulses, converting said count of
      pulses into a time value, determining the time the engine takes for one
      degree of rotation, and dividing said average time just obtained by the
      time the engine takes to rotate one degree, thereby obtaining the true
      average timing angle over all the cylinders of said engine.
NUM  18.
PAR  18. The method defined in claim 17, with the time required for one degree
      of engine rotation being determined by producing electrical pulsations of
      a uniform frequency by means of an oscillator, counting the pulsations so
      produced by the oscillator during two revolutions of the engine, relating
      the number of pulsations so counted to the time elapsed, and dividing the
      elapsed time by 720 to determine said time for one degree of rotation.
NUM  19.
PAR  19. A device for measuring the average timing angle of a V-8 internal
      combustion engine, said device including an oscillator adapted to produce
      by means of a frequency divider, electrical pulsations of a uniform
      frequency, means to produce an electrical signal at the moment of spark
      occurrence for each individual cylinder in said engine, means to produce
      an electrical signal at the moment the piston of a predetermined cylinder
      reaches its top dead center position, means responsive to said electrical
      signal to begin a first count of said pulsations from the moment said
      piston reaches its top dead center position and continuing said first
      count through a first subsequent top dead center signal and ending at a
      second subsequent top dead center signal, thereby continuing said first
      count for two full and exact revolutions of said engine, a first counting
      means responsive to said top dead center signal to continuously count the
      number of pulsations being produced since the occurrence of said top dead
      center signal, means responsive to said spark firing signals to record the
      reading on said first counting means each time a spark firing signal is
      produced, a second counting means, means responsive to said first
      subsequent top dead center signal to turn on said second counting means,
      means responsive to said spark firing pulses to record the reading on said
      second counting means each time a spark firing signal is produced, and
      thereby obtaining the number of pulses occurring between said spark firing
      signal and the last occurring top dead center pulse for each individual
      cylinder in said internal combustion engine, means to obtain a summation
      of the values so obtained for each individual cylinder, means to multiply
      said summation by the number ninety and divide the result of such
      multiplication by the number of pulses counted for two full and exact
      revolutions of the engine, and means to subtract from the number 225 the
      result of such division, thereby obtaining the true average timing angle
      of said engine in degrees.
NUM  20.
PAR  20. The device defined in claim 19, wherein said signal responsive means
      include signal conditioners to convert the electrical pulses into signals
      compatible with the system, a control unit connected to said signal
      conditioners to receive these signals, a timing binary counter and a
      second timing binary counter connected to said control unit, an RPM binary
      counter also connected to said control unit and a multiplying counter also
      connected to said control unit, a second register connected to said
      control unit, an arithmetic unit consisting of an adder and a register
      connected to said RPM and binary counters and receiving a signal from said
      multiplying counter, and a timing binary coded decimal counter connected
      to said arithmetic unit and adapted to count said pulses and store the
      result.
NUM  21.
PAR  21. The device defined in claim 20 and including a display unit to give a
      visual read-out of the timing angle.
NUM  22.
PAR  22. The device defined in claim 21, and including a selector switch
      connected to said control unit and adapted to select whether the timing
      angle will be calculated for one cylinder or over all the cylinders of
      said engine.
NUM  23.
PAR  23. The device divided in claim 21 and including a selector switch
      connected to said control unit and adapted to select the number of cycles
      the timing angle will be calculated over.
NUM  24.
PAR  24. The device defined in claim 23 and including a mode switch connected to
      the control unit and adapted to perform an internal test of the system.
NUM  25.
PAR  25. The device defined in claim 20 and including an RPM binary coded
      decimal counter.
NUM  26.
PAR  26. The device defined in claim 25 and including a display unit to give a
      visual readout of the RPM of the engine being tested.
NUM  27.
PAR  27. The device defined in claim 26 and including a timing comparator to
      compare the calculated timing angle with a predetermined range of timing
      angles and display the results of the comparison.
NUM  28.
PAR  28. The device defined in claim 27 and including an RPM comparator to
      compare the calculated RPM with a predetermined range of RPM and blank out
      the timing angle display if the RPM is not within the predetermined range.
NUM  29.
PAR  29. The device defined in claim 28 and including a servo-mechanism
      connected to said timing angle comparator and adapted to adjust the
      distributor to produce a desired timing angle.
NUM  30.
PAR  30. The device defined in claim 29 and adapted to find the timing angle of
      a V-8 internal combustion engine equipped with a solid state ignition
      system.
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ABST
PAL  A circuit, having protection against current feedback when a component
      fails, for testing indicator lights whereby multiple lights may be tested
      simultaneously by pressing one pushbutton and closing one set of normally
      open contacts. The test pushbutton and the indicator signal operate at a
      higher voltage such as 120 volts AC and the indicator lamp is operated at
      a low voltage such as 6 volts, providing safety and allowing the use of
      inexpensive incandescent indicator bulbs. Only one indicator transformer
      is required for each indicator light. In one embodiment of the invention a
      pair of diodes are provided on the high voltage connection to indicator
      transformer to permit a test signal or a normal operating signal to
      activate the indicator bulb without affecting the rest of the circuit. A
      single common return line is used to provide a return line for the test
      circuit and the operating signal circuit. A transformer diode is connected
      across the primary of the indicator transformer, and fuses are disposed in
      series with each of the pair of diode provided on the high voltage side
      connection to the indicator transformer. When a signal diode or a test
      diode failure occurs a surge of current flows through the transformer
      diode and blows the appropriate fuse. The fuse blowing isolates the test
      circuit from the signal circuit. In another embodiment of the invention a
      single fuse is provided in the signal line connection to the high voltage
      side of the indicator transformer. A Zener diode is also provided in
      series with the transformer diode in a back-to-back relationship. This
      allows kick back to flow in the primary winding of the transformer which
      is less than the Zener breakdown level. It is important to allow this
      inductive kick back to flow for two reasons. One is that transformed to
      the secondary, it contributes to overall greater brilliance in the lamp
      and; second is that it tends to demagnetize the iron in the transformer
      core. However, when either the test or signal diode fails, the potential
      rises to a value greater than the Zener breakdown level, across the Zener
      diode and transformer diode which conduct, blowing the associated fuse.
      This then isolates the test circuit from the signal circuit. The disclosed
      invention prevents a failure of the test or signal diode from adversely
      affecting other circuits connected to the signal lamp test circuit.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a test circuit for indicator lamps and more
      particularly to an improved circuit for simultaneously testing indicator
      lamps including builtin protection against current feedback upon component
      failure.
PAR  2. Description of the Prior Art
PAR  On modern machinery there are many applications where multiple indicator
      lights are used. It is advantageous to be able to rapidly test many
      indicator lamps by depressing a single pushbutton. A problem with some of
      the prior art test circuits is that many relays or multi-pole pushbuttons
      are required in the test circuit. In some of the prior art indicator
      circuits, the normal signal circuits, the test circuit, and the indicator
      lamp circuits are all operated at the same potential. It is desirable to
      have a circuit in which the test pushbutton and the indicator signal are
      at a higher normal operating voltage such as 120 volts AC while the
      indicator lamp is maintained at a low voltage such as 6 volts for system
      safety and cost.
PAR  In prior art U.S. Pat. No. 3,040,243 issued June 19, 1962 to I. F. Weiss, a
      test circuit for an indicator system utilizing a single test pushbutton is
      disclosed. A problem with this circuit as disclosed in Weiss is that a
      separate transformer is required for the test circuit. The separate test
      transformer can cause polarity and installation difficulties. In this
      prior art circuit the diodes are disposed on the low voltage side of the
      transformers. In a low voltage indicator circuit the voltage drop across
      the diodes can be significant.
PAR  It is also desirable to have a high reliable fail safe test circuit. The
      test circuit disclosed in U.S. Patent application Ser. No. 398,353 now
      U.S. Pat. No. 3,840,801 overcomes many of the problems associated with
      prior art test circuits. Normally, an indicating light is wired in
      parallel with a relay coil to indicate an energized condition. For bulb
      test, rectified AC is fed into the primary of the transformer which is
      normally blocked by a rectifier on the line between the transformer and
      relay coil. If one or both rectifiers should short and let current pass in
      the reverse direction, it would be possible that the relay coil would
      become energized. The circuit as disclosed in copending U.S. application
      Ser. No. 398,353 now U.S. Pat. No. 3,840,801 can possibly have an
      isolation problem between the tests circuit and the signal circuit upon
      component failure. It is desirable to have a signal and test circuit
      combination which is highly reliable and not susceptible to showing
      erroneous indications. It is desirable that a malfunction of one component
      of the indicator lamp circuit will not cause erroneous signal lamp
      lighting or remote device activation. It is also desirable that isolation
      between the test circuit and the signal circuits be maintained upon
      failure of some of the isolating components.
PAC  SUMMARY OF THE INVENTION
PAR  An improved indicator lamp circuit is provided which gives positive
      protection against feedback of power during testing. The indicator lamp
      circuit provided has a disconnecting device which operates upon failure of
      the isolating components between the test and signal circuits.
PAR  In the disclosed indicator lamp circuit each indicator lamp is directly
      connected to the low voltage side of an indicator transformer. A test
      circuit and a normal signal indicator circuit are connected to one leg of
      the primary high voltage side of the indicator transformer. The other leg
      of the indicator transformer is connected to a common line utilized by the
      test and indicator signal circuit. A transformer diode is connected across
      the primary high voltage side of the indicator transformer. Isolating
      elements are provided for isolating the test and indicator signal
      circuits. A disconnecting element is disclosed in series with the
      isolating elements and is activated by current flow through the
      transformer diode. Thus, if an isolating element fails, the disconnecting
      element operates to disconnect the test circuit and the indicator signal
      circuit.
PAR  In one embodiment of the invention a test circuit diode is disposed in the
      test circuit connection to the indicator transformer and a signal circuit
      diode is disposed in the signal circuit connection to the indicator
      transformer. Each indicated transformer has one leg of the primary side
      connected to a common line used by the test circuit. A first fuse is
      connected in series with the signal circuit diode and a second fuse can be
      connected in series with the test circuit diode. Upon failure of either
      the test circuit diode or the signal circuit diode a short circuit current
      flows through the transformer diode causing the appropriate fuse to open.
      The transformer diode passes current to rapidly blow the fuse, which would
      not occur with the fuse alone. The transformer diode is connected to pass
      current of a polarity which is normally blocked by the test circuit diode
      and the signal circuit diode. Thus, as long as the test circuit diode and
      the signal circuit diode are operating normally, no excess current will be
      permitted to pass through the fuses and the fuses will not open. However,
      when either of the test circuit diode or the signal circuit diode fail,
      short circuit current will pass through the fuses opening the appropriate
      fuse and isolating the test circuit from the signal circuit.
PAR  In another embodiment of the invention a test circuit diode is disposed in
      the test circuit connection to the indicator transformer and a signal
      circit diode is disposed in the signal circuit connection to the same leg
      of the indicator transformer. A fuse is disposed in series with the signal
      circuit diode. A transformer diode is connected across the inputs of the
      indicator transformer. A Zener diode is connected in back-to-back
      relationship with the transformer diode to prevent current flow through
      transformer diode until a predetermined voltage, determined by the Zener
      breakdown level, is exceeded. Thus, during normal operation with 120V AC
      is a 100 volt breakdown Zener diode is utilized the normal voltage is only
      equal to 70 volts peaks which is induced by the transformer's field
      collapsing during the non-conducting half cycle and this is blocked by the
      Zener diode. When either the test circuit diode or the signal circuit
      diode fails the voltage imposed across the Zener diode rises to around 140
      volts peak at this level the Zener diode conducts causing the fuse to
      open.
PAR  It is an object of this invention to provide an inexpensive highly reliable
      circuit for indicator lamp test having a disconnecting element which is
      activated in the event of isolating component failure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiment exemplary of the invention shown in the accompanying
      drawings, in which:
PAR  FIG. 1 illustrates a test circuit utilizing the teaching of the present
      invention; and,
PAR  FIG. 2 illustrates a test circuit utilizing another embodiment of the
      invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is shown an indicator light circuit utilizing
      the teaching of the present invention. A plurality of indicator lights are
      connected to the low voltage side 12 of an indicator transformer 14. Each
      indicator lamp 10 is supplied power from a single indicator transformer
      14. Operation of the indicating lamp 10 is at a low voltage, such as for
      example 6 volts, allowing for the use of inexpensive bulbs and providing
      for safe operation. The high voltage side 16 of transformer 14 can be
      supplied from a higher voltage level, such as 120 volts AC. One leg 18 of
      the primary connection of each indicator transformer 14 is connected to a
      common line 20. Indicator signals are supplied from various devices to the
      primary of transformer 14 through signal wires 22, 23, and 24. A diode 26
      is disposed in each of signal wires circuit 22, 23 and 24. An alternating
      current indicator signal is sent along indicator wire 22, 23, or 24 when
      various signal devices (not shown) are activated. Diode 26 rectifies the
      current which flows through indicating transformer 14 to illuminate signal
      light 10. The test signal line 28 is connected between the primary of
      transformer 14 and a common test line 30. A diode 32 is disposed in each
      test signal line 28. A single pole normally open pushbutton 34 is disposed
      in common test signal line 30. When pushbutton 34 is depressed an
      alternating current test signal is sent along line 30 into lines 28
      through diode 32 and indicator transformers 14 to light indicators 10.
      Diode 26 in the operating signal circuit prevents the test signal from
      flowing into operator signal lines 22, 23, or 24. Diode 32 in the test
      signal line 28 prevents operating signals from flowing into the common
      test signal line 30. Thus each indicator light 10 can be activated by
      either a test signal or an operating signal. Each indicator 10 can be
      energized by an operating signal without energizing any other indicator
      light 10. Common line 20 connected to primary leg 18 of transformer 14
      acts as a common return for test signals and for indicator signals. Since
      diodes 32 and 26 are disposed on the high voltage primary side of
      transformer 14, any small voltage drop across then is not significant. A
      signal line fuse 40 is disposed in series with the signal circuit diode
      26. A test circuit fuse 42 is disposed in series with the test circuit
      diode 32. Fuses 40 or 42 will open, disconnecting the test circuit line 28
      from the appropriate signal circuit line 22, 23, or 24 if current flow
      therethrough is excessive. A transformer diode 44 is connected across the
      primary of transformer 14. Transformer diode 44 is disposed facing test
      circuit diode 32 and signal circuit diode 26 so that a blocking path to
      normal operating current is formed. Upon a failure of an isolating
      component 26, 32 transformer diode 44 permits current to flow and rapidly
      blow the appropriate fuse 40, 42 isolating the test circuit and the
      indicator circuit. Without transformer diode 44 isolation would be too
      slow. That is, when diode 26, 32 and 44 are operating normally, diode pair
      44 and 26 forms a blocking current path and diode pair 44 and 32 forms a
      blocking current path. If, however, diode 32 or 26 should fail a short
      circuit path is formed through diode 26 or 32 and the appropriate fuse.
      This will melt fuse 40 or 42 opening the circuit and isolating the test
      indicating circuit from the signal indicating circuit.
PAR  Referring now to FIG. 2 there is shown another embodiment of an indicator
      light circuit utilizing the teaching of the present invention. A plurality
      of indicator lights 10 are connected to the low voltage side 12 of an
      indicator transformer 14. Each indicator lamp 10 is supplied power from
      indicator transformer 14. Diode 32 is disposed in a test signal line 28
      and diode 26 is disposed in the associated signal indicator line. Each
      indicator light 10 can be activated by either test signal or an operating
      signal. A transformer diode 44 is disposed across the primary of
      transformer 14. A Zener diode 46 is disposed in back-to-back relationship
      with the transformer diode 44. During normal operation a one-half
      rectified wave is supplied to the primary of transformer 14 through either
      diode 32 or 26. Zener diode 46 prevents transformer demagnitizing current
      from flowing through diode 44 during each non-conducting half cycle.
      During each half cycle Zener diode 46 is subject to around 70 volts peak,
      if a 120 volt AC power supply 47 is used. Zener diode 46 is selected to
      conduct at a voltage greater than 100 volts so during normal operation no
      current will flow through diode 44. However, if either diode 32 or 26
      should fail, Zener diode 46 is subject to a voltage around 140 volts and
      if the breakdown level of Zener diode 46 is selected around 100 volts,
      then excessive current will flow through diode 44. This will cause fuse 40
      to melt, isolating the test circuit from the indicator signal circuit.
PAR  The disclosed indicator lamp circuit is an improvement on prior art test
      circuits and protects against feedback when an isolating rectifier fails.
      When a diode 32 or 26 failure occurs a surge of current passes through and
      blows the appropriate fuse 40 or 42 which opens the circuit between the
      test and signal connection. This invention provides for an improvement
      indicator lamp circuit to give positive protection against feedback power
      during testing. Normally, the indicating lamp 10 is wired in parallel with
      a relay (not shown) to indicate energized condition. For bulb tests a
      rectified AC wave is fed into the primary of the transformer 14 which is
      normally blocked by a rectifier 26 on a line between the transformer 14
      and the relay coil. If one or both of the rectifiers 26 or 32 should short
      and let current pass in a reverse direction, it would be possible that the
      relay coil could become energized. To protect against this, fuses 40 or 42
      have been added along with the transformer rectifier 44. This will cause
      the appropriate fuse 40 or 42 to blow in a relatively short time to
      prevent energizing a relay coil. It is not possible to adequately protect
      the circuit from feedback current by using only a fuse, since in some
      circuits even a small amount of feedback for a short time can cause a
      problem. Another problem exists in that it takes AC to operate a
      transformer. Normally, with just diodes 26 and 32 a demagnetizing kick
      from the primary winding of transformer 14 which would amount to about 70
      volts, is present; however, this is shorted by diode 44 so Zener diode 46
      can be added to block current flow through diode 44 unless the voltage
      imposed is 100 volts or more. Thus, normally no current flows through
      diode 44. When failure occurs in diode 32 or 26 available current is
      supplied at a potential of over 140 volts peak across the Zener diode 46.
      Thus upon isolating diode 26 or 32 failure Zener diode 46 breaks down and
      diode 44 conducts blowing the fuse.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An indicator light circuit comprising:
PA1  a plurality of indicator lights;
PA1  a transformer associated with each of said indicator lights having a
      primary side and a secondary side with only said associated indicator
      light being connected across the secondary of said transformer;
PA1  test circuit means connected to the primary of each of said transformers
      for supplying a test current to the primary of all of said transformers
      when a check of said plurality of indicator lights is required;
PA1  signal circuit means associated with each of said plurality of transformers
      for supplying current to the primary of said associated transformer in
      response to operation of an external component;
PA1  isolating means disposed in the primary connection to each of said
      transformers for preventing current flow from said signal circuit means
      through said test circuit means to the primary of any other transformer;
PA1  a transformer diode connected across the primary of said transformer; and,
PA1  fuse means disposed in series with said isolating means to disconnect said
      signal circuit means from said test circuit means upon failure of said
      isolating means.
NUM  2.
PAR  2. An indicator light circuit as claimed in claim 1 wherein:
PA1  a first diode is disposed in the test circuit means connected to each of
      said transformers; and,
PA1  said signal circuit means and said test circuit means share a common return
      line; and,
PA1  a first fuse is disposed in series with said first diode.
NUM  3.
PAR  3. An indicator light circuit as claimed in claim 2 including:
PA1  a second diode connected in the signal circuit connection to each of said
      plurality of transformers and being disposed to pass current of the same
      polarity as the current which can pass through said first diode;
PA1  said transformer diode which is connected across the primary of said
      transformer is disposed to pass current of the opposite polarity as the
      current which can pass through said first diode; and,
PA1  a second fuse disposed in series with said second diode.
NUM  4.
PAR  4. An indicator light circuit comprising:
PA1  a plurality of transformers having a primary side and a secondary side;
PA1  a plurality of indicator lights each being connected across the secondary
      of one of said plurality of transformers;
PA1  a plurality of signal circuits each being connected to the primary of one
      of said plurality of transformers;
PA1  a test circuit for testing the operability of said plurality of indicator
      lights connected to the primary of all of said plurality of transformers;
      and
PA1  isolating means disposed in the primary connection to each of said
      transformers for preventing current flow from one of said plurality of
      signal circuits to another of said plurality of signal circuits;
PA1  a first plurality of unidirectional conducting devices each being connected
      across the primary of one of said plurality of transformers in
      back-to-back relationship with said isolating means; and,
PA1  fuse means disposed in series with said isolating means.
NUM  5.
PAR  5. An indicator light circuit as claimed in claim 4 wherein said isolating
      means comprises:
PA1  a second plurality of unidirectional current conductors each being disposed
      in the connection of said test circuit to the primary of each of said
      plurality of transformers; and,
PA1  said fuse means comprises a first plurality of fuses disposed in series
      with said second plurality of unidirectional current conductors.
NUM  6.
PAR  6. An indicator light circuit as claimed in claim 5 wherein said isolating
      means comprises:
PA1  a third plurality of unidirectional current conductors each being disposed
      in the connection of one of said plurality of signal circuits to one of
      said transformers;
PA1  each of said secnd plurality of unidirectional current conductors oriented
      so as to pass current of a polarity which will be blocked by one of said
      first plurality of unidirectional current conductors disposed in the
      connection of said test circuit to the primary of said transformer;
PA1  each of said second plurality of unidirectional current conductors oriented
      so as to pass current of polarity which will be blocked by one of said
      first plurality of unidirectional current conductors disposed across the
      primary of said transformer; and,
PA1  said fuse means comprises a second plurality of fuses each being connected
      in series with one of said third plurality of unidirectional current
      conductors.
NUM  7.
PAR  7. An indicator light circuit as claimed in claim 6 including:
PA1  a common return line forming a part of said plurality of signal circuits
      and a part of said test circuits.
NUM  8.
PAR  8. An indicator light and test circuit for use on an alternating current
      system comprising:
PA1  a plurality of indicator lights;
PA1  a plurality of indicator transformer for said plurality of indicator lights
      having a high voltage side and a low voltage side;
PA1  each of said indicator lights being connected to the low voltage side of
      one of said indicator transformer;
PA1  each of said indicator transformers having a first high voltage side leg
      and a second high voltage side leg;
PA1  a normally open pushbutton having an input connection, connected to the
      alternating current system, and an output connection;
PA1  a test line for each indicator transformer disposed between and connected
      to the first high voltage side leg of said indicator transformer and the
      output connection of said normally open pushbutton;
PA1  a diode disposed in each of said test lines limiting current flow to one
      direction;
PA1  a fuse disposed in each of said test lines for opening the associated test
      line when the current flow therethrough exceeds a predetermined value;
PA1  an operating signal light connected to the first high voltage side leg of
      each of said indicator transformers;
PA1  signal indicator means for energizing each of said signal lines with an
      alternating current in response to external signals; and,
PA1  a transformer diode connected across the high voltage side of said
      indicator transformer.
NUM  9.
PAR  9. An indicator light circuit as claimed in claim 8 comprising:
PA1  a common conductor;
PA1  conducting means connecting the second high voltage leg of each of said
      indicator transformers to said common conductor; and,
PA1  said transformer diode disposed to pass current of an opposite polarity as
      the current passed by said diode.
NUM  10.
PAR  10. An indicator light circuit as claimed in claim 9 comprising:
PA1  a signal circuit diode disposed in each of said signal conductors;
PA1  a second fuse disposed in series with said signal circuit diode; and,
PA1  each of said signal circuit diodes being oriented so as to permit current
      flow through the high voltage side of said indicator transformer in the
      same direction as that permitted by the associated test circuit diode.
NUM  11.
PAR  11. A test and indicator circuit for use on an alternating current system
      comprising:
PA1  an indicator transformer having a high voltage side and a low voltage side;
PA1  an indicator light connected across the low voltage side of said indicator
      transformer;
PA1  a test circuit connected to the high voltage side of said indicator
      transformer for supplying power to said indicator transformer when a test
      of the indicator light is desired;
PA1  a first unidirectional current conducting device disposed in said test
      circuit;
PA1  an indicator circuit connected to the high voltage side of said indicator
      transformer for supplying power to said indicator transformer in response
      to operation of a remote device;
PA1  a second unidirectional current conducting device disposed in said
      indicator circuit;
PA1  a first fuse disposed in series with said second unidirectional current
      conducting device; and,
PA1  a third unidirectional current conducting device connected across the high
      voltage side of said indicator transformer.
NUM  12.
PAR  12. A test and indicator circuit as claimed in claim 11 comprising:
PA1  a second fuse disposed in series with said first unidirectional current
      conducting device.
NUM  13.
PAR  13. A test and indicator circuit as claimed in claim 11 comprising:
PA1  a unidirectional breakdown device disposed in series with said third
      unidirectional current conducting device.
NUM  14.
PAR  14. A test and indicator circuit as claimed in claim 13 wherein said
      unidirectional breakdown device comprises a Zener diode.
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PAL  A power circuit is comprised of a control transistor connected in series
      between one terminal of a power source and one terminal of a load, an
      error detecting amplifier circuit for detecting and amplifying changes of
      the load voltage, a drive transistor for driving the control transistor in
      response to the output current from the error detecting amplifier circuit,
      an input-output voltage difference detecting transistor which conducts
      when the difference between the input and the output voltages of the
      control transistor decreases to below a predetermined value, and a shunt
      transistor for shunting the current supplied to the drive transistor when
      it is activated by the output current of the input-output voltage
      difference detecting transistor. The power circuit operates as a constant
      voltage circuit when the input voltage is not lower than the predetermined
      value, while it operates as a ripple filter with a wide operable range
      when the input voltage decreases to below the predetermined value.
BSUM
PAR  The present invention relates to a power circuit serving as a constant
      voltage circuit when the input voltage thereto is not lower than a
      determined value while serving as a ripple filter when the input voltage
      is lower than such value.
PAR  The power circuit according to the present invention is well adapted for
      electronic apparatus, particularly for a television receiver.
DRWD
PAR  The present invention will be described in detail along with prior art with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a circuit diagram of a conventional power circuit; and
PAR  FIG. 2 shows a circuit diagram of a preferred embodiment of the power
      circuit according to the present invention.
PAR  Referring now to FIG. 1, there is shown a conventional power circuit. In
      the figure, the reference numeral 1 designates a control transistor, and
      its emitter is connected to an input terminal 2 while its collector is
      connected to one terminal of a load 3. An error detecting amplifier
      circuit is constituted by two pairs of transistors 5 and 6, and 7 and 8,
      resistors 9, 10, 11, and 12, and a Zener diode 13. In the error detecting
      amplifier circuit, the voltage divided through the resistors 9 and 10 is
      compared with the voltage across the Zener diode 13 thereby to detect
      change of the output voltage through the resistors 9 and 10 which in turn
      is amplified and then supplied to a drive transistor 14. The drive
      transistor 14 amplifies the error signal from the error detecting
      amplifier circuit and then supplies it to the control transistor 1 for the
      control thereof. A bias resistor 15 is connected at one end to the emitter
      of the transistor 14 and connected at the other end to an input terminal
      4. A resistor 16 and a constant current circuit 17 being connected in
      series are connected between the terminals 2 and 4. A smoothing capacitor
      18 is connected across the constant current circuit 17. A transistor 19 is
      for detecting the difference between the input voltage and the output
      voltage, and its base electrode is connected to the junction between the
      resistor 16 and the constant current circuit 17, its emitter electrode to
      the collector electrode of the control transistor 1, and its collector
      electrode to the junction between the resistors 9 and 10. V.sub.i
      designates the voltage between the terminals 2 and 4, V.sub.o the voltage
      across the load 3.
PAR  In the circuit of FIG. 1, a constant current I.sub.o always flows through
      the resistor 16 and thus the voltage across the resistor 16 is kept
      constant. The emitter-collector voltage of the control transistor 1
      increases with increase of the input voltage V.sub.i. That is, the
      collector voltage of the control transistor 1 is kept constant when the
      input voltage V.sub.i is not lower than a predetermined value, while, when
      the input voltage is lower than the predetermined value, it decreases as
      the input voltage V.sub.i decreases. Accordingly, the resistance for the
      resistor 16 and the current I.sub.o in the constant current circuit 17 are
      selected such that the voltage at the junction between the resistor 16 and
      the constant current circuit 17 is higher than the collector voltage of
      the control transistor 1 when the input voltage V.sub.i is not lower than
      the predetermined value, while the voltage at the said junction is lower
      than the said collector voltage when the input voltage is lower than the
      predetermined value. Thereby, the transistor 19 is turned off when the
      input voltage V.sub.i is not lower than the predetermined value, and it is
      turned on when the input voltage is reduced to a value lower than the
      predetermined value.
PAR  In the circuit shown in FIG. 1, and as described above, the transistor 19
      is turned off when the input voltage V.sub.i is not lower than the
      predetermined value. In this case, when the output voltage V.sub.o
      increases, the collector current of the transistor 5 decreases but the
      collector current of the transistor 6 increases. The base voltage of the
      transistors 7 and 8, is the same as the collector voltage of the
      transistor 6. The collector voltage increases when the collector current
      of the transistor 6 increases so that the collector current of the
      transistor 7 also increases. The collector current of the transistor 5 is
      divided into a collector current of the transistor 7 and a base current of
      the transistor 14. However, when the output voltage (or the load voltage)
      V.sub.o increases, the collector current of the transistor 5 decreases and
      the collector current of the transistor 7 increases as described above. As
      a result, the base current of the transistor 14 decreases considerably.
      This reduction of the base current of the transistor 14 causes the
      collector currents of the transistors 1 and 14 to decrease and thus the
      current flowing through the load 3, too, is reduced. Thus, the output
      voltage V.sub.o is kept constant. When the output voltage V.sub.o
      decreases, the collector current of the transistor 5 increases but the
      collector current of the transistor 7 decreases, thereby resulting in an
      increase of the base current of the transistor 14. As a result, the
      collector current of the transistor 14 increases and then the collector
      current of the transistor 1 also increases, and the output voltage V.sub.o
      increases. Therefore, the output voltage V.sub.o is held constant.
PAR  When the input voltage V.sub.i is reduced to below the predetermined
      voltage, the emitter to collector voltage of the control transistor 1 is
      lowered so that the emitter voltage of the transistor 19 becomes higher
      than the base voltage thereof, resulting in the conduction of the
      transistor 19. Since the transistor 19 is coupled with the resistor 9 in
      parallel, under this state of the transistor 19, the impedance across the
      junction between the resistors 9 and 10 and the collector of the
      transistor 1 is reduced so that the voltage at the junction between the
      resistors 9 and 10 rises. For this, the collector currents of the
      transistor 5, 14 and 1 decreases and thus the transistor 1 continues to
      function as an amplifier without being saturated. Thus, in this case, the
      circuit shown in FIG. 1 serves as a ripple filter so that the ripple
      components of the output voltage are removed, although the output voltage
      V.sub.o decreases.
PAR  As described above, the circuit of FIG. 1 serves as a constant voltage
      circuit when the input voltage V.sub.i is not lower than the predetermined
      value of voltage, while it serves as the ripple filter for the power
      source when the input voltage V.sub.i is lower than the predetermined
      value. This circuit of the prior art, however, suffers from disadvantages
      described below.
PAR  The lower limit of the input voltage V.sub.i at which the circuit loses the
      function of a ripple filter for the power source, is determined by the
      voltage at which the Zener diode 13 is cut off due to decreasing of the
      output voltage V.sub.o. More precisely, when the Zener diode 13 is cut
      off, the transistor 6 is turned off and the maximum collector current
      flows through the collector of the transistor 5 with the result that the
      control transistor 1 is saturated to lose the function of a ripple filter.
      Therefore, in the circuit of FIG. 1, if the output voltage is made low by
      selecting the resistor 9 to be smaller than the resistor 10 in the
      resistance, the Zener diode is apt to be cut off, and the difference
      between the upper limit of the input voltage permitting this circuit to
      sustain the function of a ripple filter and the lower limit of the input
      voltage permitting this circuit to lose the function of a ripple filter,
      i.e., the operable range of the ripple filter is narrowed.
PAR  One object of the present invention is to provided an improved and
      effective power circuit.
PAR  Another object of the present invention is to provide an improved and
      effective power circuit which serves as a constant voltage circuit when
      the input voltage is not lower than a predetermined value while serves as
      a ripple filter when the input voltage is lower than that.
PAR  Still another object of the present invention is to provide a power circuit
      in which the operable range as a ripple filter may be widened independent
      of the set voltage of the constant voltage circuit.
PAR  According to a feature of the present invention, a power circuit is
      provided which comprises: a control transistor connected in series between
      one terminal of the power source circuit and one terminal of a load; an
      error detecting amplifier circuit connected across the load for detecting
      and amplifying changes of the load voltage; a drive transistor for
      amplifying the output current from the error detecting amplifier circuit
      and supplying it to the control transistor; a transistor for detecting the
      difference between the input and output voltages of the control
      transistor, which conducts to produce an output current in accordance with
      the voltage difference when said voltage difference decreases to below a
      predetermined value; and a shunt transistor which conducts in response to
      the output of the transistor and provides a shunt path for the output
      current supplied from the error detecting amplifier circuit to said drive
      transistor.
PAR  The power circuit of the present invention functions as a constant voltage
      circuit when the input voltage is not lower than a predetermined value,
      while the circuit functions as a ripple filter when the input voltage is
      reduced to below that value. Furthermore, in the power circuit of the
      present invention, the output current of the error detecting amplifier
      circuit is shunted by the shunt transistor, and the lower limit voltage
      within which the power circuit operates as the ripple filter, corresponds
      to the input voltage at which the shunt transistor is saturated.
      Therefore, the input voltage is determined independently of the set output
      voltage of the power circuit operating with the constant voltage circuit,
      or independently of the error detecting amplifier circuit. As a result,
      the power circuit of the present invention permits the widening of the
      range of the input voltages responsive to which the power circuit operates
      as the ripple filter.
PAR  An explanation of the present invention will be made hereinafter using an
      embodiment of a power circuit according to the present invention, with
      reference to FIG. 2.
PAR  The power circuit shown in FIG. 2 is different from that in FIG. 1 in that
      the collector of the transistor 19 is connected to the base of a
      transistor 20 whose collector is connected to the base of the transistor
      14 and whose emitter is connected to the input terminal 4, and a resistor
      21 is placed between the collector of the transistor 5 and the base of the
      transistor 14. This circuit also operates as a constant voltage circuit,
      as in the power circuit in FIG. 1, since, when the input voltage V.sub.i
      is not lower than a predetermined value, the transistor 19 is cut off and
      thus the transistor 20 is also cut off.
PAR  When the input voltage V.sub.i is reduced to below the predetermined value,
      the transistor 19 is activitated to supply the base current to the
      transistor 20, thereby causing the transistor 20 to be turned on. When the
      transistor 20 is conductive, the collector current of the transistor 5 is
      shunted to the transistor 20 so that the base current of the transistor 14
      decreases and thus the base current and the collector current of the
      control transistor 1 also decrease. Therefore, the control transistor 1
      may maintain its function of amplification without being saturated. In
      this case, the power circuit of FIG. 2 functions as the ripple filter. In
      this circuit shown in FIG. 2, when the transistor 20 loses its function of
      amplification due to its saturation, the transistor 20 can not afford to
      accept the current from the transistor 5, so that the transistor 14 and 1
      loses its amplifying function. For this, the circuit of FIG. 2 does not
      serve as the ripple filter. More precisely, this circuit loses its
      function of amplifying when the base voltage of the transistor 14 is equal
      to the collector voltage at which the transistor 20 loses its amplifying
      function. The base current of the transistor 14 is determined by the
      emitter current of the transistor 14 and the resistor 15. The emitter
      current of the transistor 14 is substantially equal to its collector
      current. By the way, the collector current of the transistor 14 is the
      base current of the transistor 1 and its collector current also is the
      product of the base current and the current amplification factor thereof.
      The collector current of the transistor 1 is substantially equal to the
      load current I.sub.L. Therefore, the base current of the transistor 14 is
      determined by the load current I.sub.L and the resistor 15. Thus, if the
      value of the resistor 15 is selected such that the collector-emitter
      voltage of the transistor 20 is within the operable range thereof even
      when the input voltage is low. The range of the input voltages within
      which this circuit operates as the ripple filter, i.e., the operable range
      of the ripple filter, can be widened. In other words, the circuit of FIG.
      2 may operate as a ripple filter even in the state of low input voltage,
      if a high resistance is adopted for the resistor 15.
PAR  Thus, the lower limit of the input voltage V.sub.i permitting the circuit
      to sustain a ripple filter is determined by the resistance value of the
      error detecting amplifier circuit. For this, widening the operable range
      of the ripple filter is possible.
PAR  The equivalent resistance value of the transistor 20 is large under a
      condition that the circuit shown in FIG. 2 operates as the ripple filter,
      and the transistor 5 is not yet saturated but with a relatively high input
      voltage V.sub.i. Accordingly, the loop gain of the control circuit
      consisting of the transistors 1, 14, 19, and 20, is high, and there exists
      a high possibility of the occurrence of oscillation therein. The resistor
      21 is used for preventing this oscillation therein. That is, the
      connection of the resistor 21 between the collector of the transistor 5
      and the base of the transistor 14 causes the collector load of the
      transistor 5 to increase, thereby resulting in the saturation of the
      transistor 5. Therefore, such use of the resistor 21 also reduces the
      collector load of the transistor 20, with the result that the loop gain of
      the control circuit comprising the transistors 1, 14, 19, and 20, is
      reduced thereby to prevent oscillation therein.
PAR  From the foregoing description, it may be seen that the present invention
      successfully provides a power circuit that, when the input voltage is not
      lower than a predetermined value, it functions as a constant voltage
      circuit, while, when the input voltage is lower than the predetermined
      one, it also functions as a ripple filter with a wide operable range.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A power circuit comprising:
PA1  a control transistor having a control terminal, an input terminal and an
      output terminal, said input terminal being connected with one terminal of
      the power source while said output terminal being connected with one
      terminal of a load;
PA1  an error detecting amplifier circuit connected across the load, for
      detecting and amplifying changes of the load voltage;
PA1  a drive transistor having a control terminal being connected with the
      output terminal of said error detecting amplifier circuit, a common
      terminal being connected with the other terminals of the power source and
      of the load, and an output terminal, which is for amplifying the output
      current of said error detecting amplifier circuit and supplying it to said
      control transistor;
PA1  a transistor for detecting the difference between the input voltage to and
      the output voltage from said control transistor, which conducts to produce
      at an output terminal an output current in accordance with said voltage
      difference when said voltage difference decreases to below a predetermined
      value of voltage; and
PA1  a shunt transistor having an input terminal connecting with the control
      terminal of said drive transistor, an output terminal connected with the
      other terminals of the power source and the load, and a control terminal
      connected with the output terminal of said difference detecting transistor
      to shunt the current supplied from said error detecting amplifier circuit
      to said drive transistor in accordance with the output current from said
      difference detecting transistor.
NUM  2.
PAR  2. A power circuit according to claim 1, in which a resistor is connected
      between the output terminal of said error detecting amplifier circuit and
      the control terminal of said drive transistor, thereby to prevent the
      occurrence of oscillation in the circuit consisting of said control
      transistor, said difference detecting transistor, said shunt transistor,
      and said drive transistor.
NUM  3.
PAR  3. A power circuit according to claim 1, in which a resistor is connected
      between the common terminal of said drive transistor and the other
      terminals of the power source and the load.
NUM  4.
PAR  4. A power circuit according to claim 1, in which a series-connected
      circuit consisting of a resistor and a constant current source being
      connected between the input terminal of said control transistor and the
      other terminal of the power source, the control terminal of said
      difference detecting transistor is connected to the junction between said
      resistor and said constant current source, the input terminal of said
      difference detecting transistor is connected to the output terminal of
      said control transistor, and the collector is connected to the control
      terminal of said shunt transistor.
NUM  5.
PAR  5. A power circuit comprising:
PA1  a control transistor whose emitter is connected to one terminal of the
      power source circuit, and whose collector is connected to one terminal of
      a load;
PA1  an error detecting amplifier circuit connected across the load for
      detecting the change of the load voltage and amplifying it;
PA1  a drive transistor whose base is connected to the output terminal of said
      error detecting amplifier circuit, whose emitter is connected to the other
      terminals of the power source circuit and the load, and whose collector is
      connected to the base of said control transistor for supplying the output
      current of said error detecting amplifier circuit to the base of said
      control transistor;
PA1  a series-connected circuit consisting of a resistor and a constant current
      source being connected across the power source circuit;
PA1  a detecting transistor whose emitter is connected to the collector of said
      control transistor whose base is connected to the connecting point of said
      resistor and said constant current source, which produces the output
      current at its collector in accordance with the emitter-collector voltage
      of said control transistor, when the emitter-collector voltage thereof
      reduces to below a predetermined value; and
PA1  a shunt transistor whose collector is connected to the base of said drive
      transistor, whose emitter electrode is connected to the other terminal of
      the power source circuit, and whose base is connected to the collector of
      said detecting transistor, which is for shunting the output current from
      said error detecting amplifier in accordance with the output current of
      said transistor.
NUM  6.
PAR  6. A power circuit according to claim 5, in which a resistor is connected
      between the base of said drive transistor and the other terminal of the
      power source circuit for establishing the lower limit of the input voltage
      to permit the said power circuit to operate as a ripple filter.
NUM  7.
PAR  7. A power circuit according to claim 6, in which a resistor is connected
      between the output terminal of said error detecting amplifier circuit and
      the control terminal of said drive transistor, thereby to prevent the
      occurrence of oscillation.
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PAL  A battery test unit for testing batteries while stored in a cassette-type
      package having an electrically conductive base sheet and a housing,
      mounted on the base sheet, forming a plurality of individual battery
      compartments. Each compartment stores an individual battery and has a
      contact access opening in its cover. The housing and the base sheet are
      arranged to store each battery with one terminal in electrical contact
      with the base sheet and the other terminal accessible through the contact
      access opening in the cover of each compartment.
PAL  The battery test unit of this invention is a handheld, manually operated
      device comprising a body having a receptacle region for receiving the
      cassette-type package, a selector switch for selectively individually
      making electrical connection through the cassette access openings with one
      terminal of each stored battery in the corresponding cassette
      compartments, a meter for testing each battery selectively connected by
      the selector switch, and a main contact for making electrical connection
      with the cassette base sheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a battery test unit for testing batteries while
      stored in a cassette-type package.
PAR  Disk-shaped batteries B, typically smaller in diameter than a dime, used to
      power hearing aids, electrical or electronic watches, flash attachments
      for cameras, and other small battery powered devices are often packaged
      for sale and subsequently stored in cassette-type packages such as those
      shown in FIG. 2. Each battery B has a positive and a negative terminal, b+
      and b-, on opposite faces of the disk structure. The cassette-type package
      generally comprises a housing 2 which includes a cylindrical base 4 and a
      cover 6 which is formed with a number of individual battery storage
      compartments 8 arranged in a circular pattern. The cover 6 is free to
      rotate with respect to the cylindrical base 4 on a central stud 10 so that
      each battery storage compartment 8 in succession may be positioned over a
      suitable trap door 12 in the base 4 which permits removal of the stored
      battery. This trap door 12 is illustrated in detail in FIG. 4. The cover
      of each storage compartment 8 is provided with a contact access opening 14
      which exposes one terminal of the stored battery B.
PAR  A conductive base sheet 16 which contacts one terminal of each stored
      battery is positioned between the assembled cylindrical base 4 and the
      housing cover 6 and is provided with a tab 18 that projects away from the
      housing 2. This base sheet 16 may be a cardboard sheet having a coating of
      aluminum or other conductive metal. Thus, when individual batteries B are
      stored in this cassette-type package one terminal of each is accessible
      through the contact access opening in the cover of the corresponding
      housing compartment and the other terminal of each makes electrical
      contact with the conductive base sheet 16. An electrical test circuit may
      then be completed by contacting one terminal of each stored battery
      through the corresponding contact access opening and by contacting the
      base sheet tab 18.
PAR  The battery test unit of the present invention may be used to quickly,
      conveniently test batteries while stored in such a cassette-type package
      at the operator's home or office or at any other location where desired.
      This case of operation and convenience and the mobility of this battery
      test unit is particularly important for older persons who must replace
      dead batteries in hearing aids in order to effectively communicate with
      other people and who wish to be assured that the replacement battery is
      fully charged.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A variety of devices are presently known for testing batteries of various
      sizes and shapes. For example, battery testing apparatus are disclosed in
      U.S. Pat. Nos. 2,480,063 - Wall, 2,093,983 - Rothenberg, 2,640,099 - Hull,
      3,586,962 - Rebstock, and 3,038,121 - Gray et al. U.S. Pat. No. 1,887,656
      - Myers discloses one use of a rotary switch in connection with a battery
      water-level test unit.
PAR  In addition, cassette-type packages, and various aspects of them, for
      storing small disk-type batteries are disclosed in U.S. Pat. Nos.
      2,542,575; 2,542,710; and 2,712,565.
PAR  However, none of these prior art patents discloses a handheld, manually
      operated battery test unit for testing batteries while stored in a
      cassette-type package.
PAC  SUMMARY OF THE INVENTION
PAC  SUMMARY OF THE INVENTION
PAR  In a preferred embodiment to be described in detail below, the battery test
      unit of the present invention for testing batteries while stored in a
      cassette-type package, such as that described above, is a handheld,
      manually operated device which may be easily, conveniently used in the
      operator's home or office or at any location convenient to the operator.
      This battery test unit comprises a body having a receptacle region for
      receiving the cassette-type package and a contact head mounted in this
      receptacle region. The contact head has a plurality of contacts, each
      positioned for simultaneous insertion through different cassette
      compartment access openings 14 to make electrical connection with one
      terminal of each battery B stored in the corresponding cassette housing
      compartment 8, when the cassette-type package is received in the
      receptacle region. This battery tester further comprises a selector switch
      for selectively individually making electrical connection with each of the
      plurality of contacts in the contact head. This selector switch may be of
      the rotary type which includes a shaft mounted in the battery test unit
      body, a rotary blade mounted on the shaft for selectively, individually
      contacting each of the contacts, and a knob mounted on the shaft
      permitting manual rotation of the blade. A voltmeter for testing each
      battery and calibrated to indicate battery charge is mounted in the
      battery test unit body and is connected electrically to the selector
      switch. A main contact is positioned in the battery test unit body to make
      electrical connection with the cassette base sheet when the cassette-type
      package is received in the receptacle region. This main contact is also
      electrically connected to the voltmeter. Thus, when the cassette-type
      package is received in the battery test unit, and the selector switch is
      positioned so that its blade contacts one of the contacts in the contact
      head, a series circuit is formed comprising the selector switch, the
      voltmeter, the cassette base sheet, and the battery.
PAR  In addition, two contacts are positioned on the exterior of the battery
      test unit and are connected to the voltmeter. These contacts are mounted
      in appropriately spaced relation to receive an individual disk-shaped
      battery for auxiliary testing outside of the cassette-type package.
PAR  The cassette-type package is positioned in the receptacle region by a
      contour recess having a shape the same as the cassette-type package cover
      6. In addition, a hinged door on the bottom of the battery test unit
      provides access for this package to the receptacle region.
PAR  Accordingly, it is an object of the present invention to provide an unique
      and novel battery test unit for testing disk-shaped batteries while stored
      in a cassette-type package.
PAR  Other objects, aspects, and advantages of the present invention will be
      pointed out in or will be understood from the following detailed
      description when considered in conjunction with the accompanying drawings,
      which are briefly described below and show the presently preferred mode of
      putting the invention into practice.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the battery test unit of the present
      invention for testing disk-shaped batteries while stored in a
      cassette-type package. This view illustrates the knob for selecting which
      battery in the cassette-type package is to be tested and the indication
      panel on the voltmeter which indicates the battery's charge;
PAR  FIG. 2 is a perspective view of the cassette-type package used for storing
      disk-shaped batteries described in detail above;
PAR  FIG. 3 is a cross-sectional view of this battery test unit taken through
      plane 3--3 in FIG. 1 looking toward the right which illustrates in detail
      its various components and shows how the cassette-type package is received
      in the receptacle region;
PAR  FIG. 4 is a cross-sectional view of this battery test unit taken through
      discontinuous plane 4--4 of FIG. 3 looking toward the left, and
      illustrating various features of the cassette-type package;
PAR  FIG. 5 is a bottom plan view of this battery test unit partly broken away
      to show the correct position of the cassette-type package when received in
      the body receptacle region;
PAR  FIG. 6 is a top plan view of this battery test unit; and
PAR  FIG. 7 is a perspective view of this battery test unit illustrating how the
      cassette-type package is received into the body receptacle region through
      the bottom-opening receptacle door.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE PRESENT INVENTION
PAR  FIGS. 1, 3, 4 and 5 illustrate the preferred embodiment of the battery test
      unit of the present invention with a cassette-type package in position for
      testing the batteries stored in it. This battery test unit includes a body
      20 formed with an upper and a lower section, 22 and 24 respectively, which
      are integrated to form a gentle obtuse angle as shown in FIG. 3. This
      construction comfortably fits the palm and fingers of the hand to
      facilitate manual operation of this battery test unit. Additionally, the
      unit is assembled from top and bottom pieces, 26 and 28 respectively,
      which may be taken apart to provide access to the unit's inner components.
PAR  As shown in detail in FIGS. 3 and 4, the lower section 24 of the body 20
      houses a receptacle region 30 into which the cassette-type package is
      inserted. A receptacle door 32, mounted on a hinge 34 (FIG. 3) on the
      bottom of the lower body section 24 provides access to this receptacle
      region 30 for the cassette-type package. The door is held in a closed
      position by a pair of spring loaded plugs 36 (FIG. 3) which engage a
      corresponding depression 38 on the inside of a lip on the door 32.
PAR  As shown in FIG. 7, the receptacle door 32 swings downwardly to accept the
      cassette-type package for insertion into the body receptacle region.
PAR  Also as shown in detail in FIGS. 3 and 4, a contact head 40 forms the roof
      of the receptacle region. This contact head 40 comprises a partition 42
      which spans the interior of the lower body section 24. Six passages 44 are
      disposed in a circular pattern in the partition 42 in order to align with
      the pattern of the contact access openings 14 in the cover 6 of the
      cassette-type package. Contact means comprising a cap 46, having a spring
      48 attached to this cap, and a contact ball 50 also attached to the
      spring, are disposed in each hole 44. The cap, the spring, and the contact
      ball are all made of electrically conductive material such as brass or
      spring steel, and are arranged so that each contact ball 50 projects
      through the corresponding cassette-type package access opening to make
      firm contact with one terminal of each stored battery B when the package
      is received and properly positioned in the receptacle region.
PAR  The partition 42 of the contact head 40 is formed with a bottom recess 52
      (FIGS. 4 and 5) having the same shape as the cover of the cassette-type
      package. This recess, then, serves to align the cover so that all of the
      respective contact balls 50 simultaneously become inserted through their
      corresponding contact access openings. All batteries stored in the
      cassette-type package are thus contacted simultaneously when the package
      is inserted into the receptacle region.
PAR  A rotary selector switch is mounted in the lower section 24 of the body 20.
      This switch includes a shaft 54 mounted for rotation in the upper wall 56
      of this lower body section. A knob 58 is secured to the top of the shaft
      54 to permit manual rotation of it. A rotary blade arm 60 is carried at
      the lower end of the shaft 54 and extends radially away from the shaft
      axis. This arm is made of a resilient conductive material such as spring
      steel or copper and is of length sufficient to make contact with each of
      the contact caps 46 which are arranged in a circular pattern and
      consequently are located on the circumference of the circle described by
      the rotary blade. As shown in FIG. 3, this blade arm is making contact
      with the left-most contact cap. The operator of the battery test unit of
      the present invention may select the battery to be tested by rotating the
      knob 58, thereby rotating the blade arm 60 to make contact individually
      with each contact cap 46.
PAR  A contact bar 62 (FIG. 3) is seated on the selector switch shaft 54 to
      permit rotation of this shaft and extends through the rear wall 64 of the
      lower section of the body. Spacer sleeves 66 and 68 (FIGS. 3 and 4),
      mounted on the selector shaft 54 sandwich this contact bar on the shaft
      and insure firm electrical contact with it.
PAR  A main contact 67 is mounted in the lower body section and is positioned to
      make electrical connection with the conducting upper surface of the base
      sheet tab 16. This main contact may have a barb 69 to insure firm
      electrical connection with the conducting tab.
PAR  As shown in detail in FIG. 3, the contact bar 62 is provided with an
      extension portion 70 which forms an upper or first exposed accessible
      contact on the exterior of the body. A lower or second exposed accessible
      contact 72, is mounted on the body surface and is spaced apart from the
      first exposed contact 70. This second contact is connected to the main
      contact 67. These exposed contacts 70, 72 form an external testing station
      for conveniently testing an individual battery not stored in the
      cassette-type package. The battery test unit of the present invention
      further includes a voltmeter 74 mounted in the upper body section 22 held
      by four positioning screws 76. One terminal of the voltmeter 74 is
      connected to the main contact 67 by means of a lead 78 and the other
      terminal connected to the contact bar 62 by means of a second lead 80.
      Thus, when a cassette-type package is received in the receptacle region, a
      series circuit may be completed through one terminal of a battery, a ball
      contact 50, a spring 48, a contact cap 46, the blade arm 60, the shaft 54,
      the contact bar 62, lead 80, the voltmeter 74, lead 78 the main contact 67
      and through the conductive surface of the base sheet tab 18, to the other
      terminal of the battery.
PAR  Alternatively, a series test circuit may be completed with the terminals of
      a battery inserted in the external test station 70, 72. This series
      circuit can be traced in FIG. 3 from one battery terminal through the
      upper exposed contact 70, the lead 80, the voltmeter 74, the lead 78, the
      main contact 67 and through lower exposed contact 72, to the other
      terminal of the battery.
PAR  As shown in FIG. 3, the selector switch knob 58 is provided with a pointer
      82 which points in the same direction as does the blade arm 60. An
      indicator 84 (FIG. 6) is mounted on the top of the lower body section 22
      and is provided with numbers one through six. Accordingly, when the
      pointer 82 indicates that the blade arm is in position 1, as shown in FIG.
      6, the battery stored in the cassette-type package in compartment 1 will
      be tested. Similarly, the operator may test any of the other batteries
      stored in compartments 2 through 6 by rotating the knob until the pointer
      indicates the number corresponding with the compartment containing the
      battery which the operator wishes to test.
PAR  Also as shown in FIG. 6, the voltmeter may be provided with an easily
      understandable scale 86 so that an operator having no knowledge of
      electricity or electronics will nevertheless be able to determine whether
      or not a particular battery is adequately charged. For example, the scale
      may have "smile faces" such as those illustrated. The face bearing a frown
      88 indicates the inadequate battery charge; the neutral face 90 indicates
      poor battery charge; and the smiling face 92 indicates adequate battery
      charge.
PAR  The battery test unit of the present invention is operated as follows: The
      receptacle door 32 is opened. The operator inserts the cassette-type
      package as shown in FIG. 7 into the receptacle region 30 of the battery
      test unit. The cover 6 of the cassette-type package should be aligned with
      the recess 52 in the contact head 40. In this fashion, all contact balls
      50 are simultaneously aligned to become inserted through the corresponding
      contact access openings 14 in this cover to make contact with one terminal
      of each stored battery, when the receptacle door 32 is fully closed with
      the detents 36 snapped into the sockets 38. The receptacle door 32 has a
      clearance opening 93 (FIG. 4) to accommodate the trap door 12 in the base
      of the cassette.
PAR  After the receptacle door is fully closed, the operator then selects which
      battery he wishes to test by rotating the knob 58 to the appropriately
      indicated position. The voltmeter automatically responds upon completion
      of the circuit by positioning of the selector switch knob. The operator
      may then test sequentially each of the stored batteries to determine if
      each has adequate charge.
PAR  As shown in FIG. 1, a series of manually movable reminder levers 94 may be
      provided which can be pivoted into different positions. Accordingly, if
      any battery tested is found to be inadequately charged, the operator may
      throw the appropriate reminder lever 94 into a different position to
      remind him of the battery's weakness. An individual battery may be tested
      by inserting it into the exposed test station between the first and second
      exposed contacts 70 and 72. Again, the voltmeter will automatically
      respond to indicate the charge condition of the battery.
PAR  After the testing operation is completed, the cassette-type package
      containing the tested batteries may be removed merely by opening the
      hinged receptacle door and dropping the cassette-type package out of the
      receptacle region 30.
PAR  The battery test unit of the present invention for testing batteries while
      stored in a cassette-type package provides several unique advantages. It
      is handheld and manually operated for convenience. It may be easily
      operated by anyone with or without knowledge of electricity or
      electronics. It is designed to indicate in readily understandable fashion
      whether or not small disk-shaped batteries stored in such cassette-type
      packages are adequately charged or not. This is particularly important for
      operators who are older and use such batteries in hearing aids, for
      example. Replacement batteries are often needed quickly and it is most
      assuring to such a person that the batteries used for replacement are
      adequately charged. Additionally, the battery test unit of the present
      invention provides an easy means for testing individual batteries in the
      form of the exposed test station.
PAR  Although a specific embodiment of the present invention has been disclosed
      in detail above, it is to be understood that this is for purposes of
      illustration. This disclosure is not to be construed as limiting the scope
      of the invention, since the described structure may be changed in details
      by those skilled in the art in order to adapt the battery test unit of the
      present invention to special applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A battery test unit for testing batteries while stored in a
      cassette-type package having an electrically conductive sheet base and a
      housing mounted on the base, with said electrically conductive sheet base
      being accessible at the outside of said housing, said housing forming a
      plurality of individual compartments each for storing an individual
      battery and having a contact access opening in each compartment, the
      housing and base being arranged to store each battery with one terminal in
      electrical contact with the conductive sheet base and the other terminal
      accessible through the contact access opening, said battery test unit
      comprising:
PA1  a body having a receptacle region for receiving the cassette-type package;
PA1  main contact means in said unit and being positioned near said receptacle
      region for making electrical connection with the electrically conductive
      sheet base of a cassette-type package received in said body receptacle
      region for simultaneously making electrical connection to the one terminal
      of each battery in said package which is in electrical contact with said
      conducting base sheet;
PA1  movable selector means in said unit for selectively individually making
      electrical connection through the cassette compartment access openings
      with one terminal of each battery stored in the corresponding cassette
      housing compartments of the cassette-type package received in said body
      receptacle region;
PA1  meter means in said unit for testing each battery for metering the charge
      condition of the battery, said meter means being electrically connected to
      said selector means and to said main contact means; and
PA1  indicator means in said unit associated with said meter means for
      indicating the charge condition of the individual battery with which said
      selector means is making electrical connection.
NUM  2.
PAR  2. A battery test unit for testing batteries while stored in a
      cassette-type package as claimed in claim 1, in which:
PA1  said movable selector means in said test unit is rotatable into different
      positions for individually making electrical connection with one terminal
      of each battery by a manually operable knob on the outside of said unit,
      and
PA1  position indicating means on the outside of said test unit for indicating
      which one of the individual batteries is being tested corresponding to
      each different position of said knob.
NUM  3.
PAR  3. A battery test unit for testing batteries while stored in a
      cassette-type package having an electrically conductive base and a housing
      mounted on the base, with said electrically conductive base being
      accessible at the outside of said cassette-type package, said housing
      forming a plurality of compartments each for storing an individual battery
      and having a contact access opening in each compartment, the housing and
      base being arranged to store each battery with one terminal in electrical
      contact with the conductive sheet base and with the other terminal
      accessible through the contact access opening, said battery tester
      comprising:
PA1  a body having a receptacle region for receiving the cassette-type package;
PA1  main contact means being positioned in said unit near said receptacle
      region for making electrical connection at the outside of said
      cassette-type package with the electrically conductive base of the package
      inserted into said body receptacle region for simultaneously making
      electrical connection to the terminals of each of the batteries in said
      package which are in electrical contact with said base,
PA1  contact head, mounted in said body receptacle region, having a plurality of
      contacts each positioned for simultaneous insertion through a difference
      cassette compartment access opening to make electrical connection with one
      terminal of each battery stored in the corresponding cassette housing
      compartment when the cassette-type package is inserted into said body
      receptacle region;
PA1  movable selector means in said unit manually movable into different
      positions for selectively individually making electrical connection with
      each contact of said contact head;
PA1  meter means in said unit for testing each battery for metering the charge
      condition of the battery, said meter means being electrically connected to
      said movable selector means and to said main contact means; and
PA1  indicator means in said unit associated with said meter means for
      indicating the charge condition of the individual battery with which said
      selector means is making electrical connection.
NUM  4.
PAR  4. A battery test unit for testing batteries while stored in a
      cassette-type package, as claimed in claim 1, further comprising:
PA1  hinged door means mounted on said body providing access for the
      cassette-type package to be inserted into said receptacle region.
NUM  5.
PAR  5. A battery test unit for testing batteries while stored in a
      cassette-type package, as claimed in claim 3, further comprising:
PA1  a first exposed contact on the exterior of said body electrically connected
      to said meter means; and
PA1  a second exposed contact on the exterior of said body also electrically
      connected to said meter means spaced from said first contact for accepting
      an individual battery, between said first and second exposed contacts for
      testing.
NUM  6.
PAR  6. A battery test unit for testing batteries while stored in a
      cassette-type package, as claimed in claim 3, in which:
PA1  said contact head is provided with an alignment recess having the same
      shape as the cassette-type package housing for positioning said package
      with respect to said contact head such that the respective contacts of
      said contact head are inserted through the respective access openings of
      the housing when the cassette-type package is inserted into said body
      receptacle region.
NUM  7.
PAR  7. A battery test unit for testing batteries while stored in a
      cassette-type package, as claimed in claim 3, in which:
PA1  said contact head includes a partition having one side located near said
      receptacle region mounting a plurality of spring-biased contacts
      accessible on said side of the partition for simultaneous insertion
      through the respective access openings of a cassette-type package inserted
      into said receptacle region to make electrical connection with the
      respective terminals of the individual batteries;
PA1  said partition also mounting a plurality of electrically conductive
      elements on the opposite side thereof from said receptacle region;
PA1  each of said elements being electrically connected to a respective one of
      said spring-biased contacts; and
PA1  said movable selector means includes a manually movable conductive member
      individually engageable with each of said elements.
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ABST
PAL  An electrode housing for a fluid conductivity cell contains a chamber in
      which electrodes are securely positioned, the walls of the housing being
      electrically nonconducting and having at least one chamber duct
      penetrating the walls of the housing for the ingress and egress of fluid
      to be measured. The chamber duct is located relative to the electrodes
      such that it is substantially coincident with at least a portion of a line
      of equipotential established at the inside surface of the chamber in
      response to a voltage applied to the electrodes. The chamber duct is a
      size and shape to provide a negligible voltage drop across any dimension
      thereby substantially confining a conduction of current between the
      electrodes to the chamber of the electrode housing.
PARN
PAR  This application is a continuation of copending prior application Ser. No.
      50,278 filed June 26, 1970, which has become abandonded.
BSUM
PAR  The present invention relates to conductivity cells and more particularly
      to conductivity cell enclosures for confining current conduction to the
      interior of the enclosure.
PAR  In the field of fluid conductivity measurement, it has been the general
      practice to employ a pair of electrodes which are inserted in the fluid to
      be measured to perform the conductivity measurement. An electrical bias is
      applied to the electrodes resulting in an electric field being established
      in the fluid between the electrodes. This electric field causes the ions
      in the solution to migrate toward one of the electrodes depending upon the
      polarity of the electrode and the polarity of the ion thereby establishing
      a current in the fluid. Although such devices have served the purpose,
      they have not proved entirely satisfactory under all conditions of service
      for the reason that considerable difficulty has been experienced in that
      the current between the electrodes is affected by the proximity of objects
      and surfaces near the electrodes. These objects and surfaces intercept the
      electric field and prevent the flow of current between the electrodes in
      the region of the objects and surfaces thereby altering the measurement of
      conductivity. Although the electrodes are generally held in a cell-like
      structure, the openings into the cell have either been of such dimensions
      as to permit current conductivity exterior to the cell or the openings
      have been asymmetrically located resulting in the conduction of current
      out of one opening and into another exterior to the cell.
PAR  Heretofore dip-type conductivity cells, which are inserted into the fluids
      to be measured, with cell constants greater than about 0.3/cm were
      designed in such a way that some of the current conducted from one
      electrode to the other passed through the electrolyte surrounding and
      exterior to the conductivity cell. This type of conduction resulted
      because the electrodes were spaced apart and located asymmetrically to the
      cell openings. Therefore the cell was sensitive to the proximity of
      external objects and surfaces. If such a cell is brought too close to the
      bottom of a nonconducting container, some of the external current will be
      blocked by the surface of the container and the conductivity of the
      solution will appear lower than that measurement obtained by an
      unobstructed measurement. Conversely, if the cell were to be brought too
      close to an electrical conductor such as a piece of metal, the external
      current path would be lower in resistance, and the apparent conductivity
      as measured under these circumstances would be greater than the true
      value.
PAR  Those concerned with the development of conductivity cells have long
      recognized the need for electrode enclosures which permit conductivity
      measurements insensitive to the proximity of external objects and
      surfaces. The present invention fulfills this need.
PAR  The general purpose of this invention is to provide a conductivity cell
      which embraces all the advantages of similarly employed conductivity
      measurement cells and possesses none of the aforedescribed disadvantages.
      To attain this, the present invention contemplates a unique electrode
      enclosure having openings into the enclosure of a size and shape and
      specifically located with respect to the electrodes whereby current
      conduction external to the enclosure is avoided.
PAR  An object of the present invention is the provision of an electrode
      enclosure for conductivity cells in which the conduction of current is
      confined to the interior of the enclosure.
PAR  Another object is to provide a conductivity cell which has cell openings
      located in such a way that no electrical current will flow externally
      between the openings.
PAR  A further object of the invention is the provision of an electrode
      enclosure for a conductivity cell which has openings therein for the
      ingress and egress of fluids to be measured which openings are located
      with respect to the electrodes at equipotential points thereby preventing
      the conduction of electrical current from opening to opening exterior to
      the enclosure.
PAR  Still another object is to provide a conductivity cell for the measurement
      of conductivity of fluids which is entirely independent of its position
      relative to external conducting and nonconducting surfaces and objects.
PAR  Yet another object of the present invention is the provision of a
      conductivity cell electrode enclosure having a multiplicity of openings
      therein for the ingress and egress of fluids to be measured which openings
      are located with respect to the electrodes at equipotential points such
      that no electrical current will flow external to the enclosure from
      opening to opening and which openings are sufficiently small that the
      fluid will be held within the electrode enclosure by the surface tension
      of the fluid at the openings thereby enabling the conductivity cell
      electrode enclosure to be removed entirely from the fluid without changing
      the conductivity measurement reading thereby isolating interference from
      the measurement that may be caused by such factors as temperature,
      cavitation caused by ultrasonic agitation in the fluid, gas bubbles,
      electrical currents, and other electrical paths which may be present in
      the main body of the fluid.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawing in which like reference numerals designate like
      parts throughout the figures thereof and wherein:
PAR  FIGS. 1(a) and 1(b) illustrate orthogonal cross-sectional views of a
      conductivity cell electrode enclosure embodiment in accord with the
      teachings of the present invention;
PAR  FIGS. 2(a) and 2(b) illustrate a pictorial view and a cross-sectional view
      of another embodiment of the conductivity cell electrode enclosure;
PAR  FIG. 3 illustrates a cup electrode enclosure with an interchangeable
      threaded screw-on top; and
PAR  FIGS. 4(a) and 4(b) show a pictorial and a cross-sectional view of another
      embodiment of the present invention having an interchangeable snap-on top.
DETD
PAR  Turning now to FIG. 1(a), a body member 7, which may be in the form of a
      cylinder or a section of tubing having any desirable cross-sectional
      shape, is divided into a lower chamber 9 and an upper chamber 11 by a thin
      walled member 12. Body member 7 may be composed of an electrical
      insulating material such as glass, plastic or other materials having
      similar characteristics. It will also become apparent that body member 7
      may be formed from a conducting material provided that the interior of
      chamber 9 is coated with an electrical insulating material such as that
      described above.
PAR  The walls of chamber 9 are penetrated by a chamber duct or opening 17,
      which may be formed by tapering the walls of a glass cylinder into an
      opening of desired size, and a pair of oppositely disposed chamber ducts
      or openings 15 of which only one appears in FIG. 1(a). Conductivity
      electrodes 13 are securely positioned within chamber 9 by conducting
      supports 10 which penetrate through thin walled member 12 into chamber 11.
PAR  FIG. 1(b) illustrates the relative positions of electrodes 13, holes 15 and
      opening 17. The lines 19 show the position of lines of equipotential
      established when an electrical bias is applied between electrodes 13.
      Opening 17 and the pair of oppositely disposed openings 15 are located to
      be coincident with at least a portion of a line of equipotential
      established at the inside surface of chamber 9. Although only a pair of
      openings 15 are illustrated, a multiplicity of small holes located along
      the line of equipotential may be employed.
PAR  Another embodiment of the present invention is illustrated in FIG. 2(a).
      Body member 7 is illustrated having a slot 21 penetrating the walls of
      chamber 9 instead of holes 15 and 17.
PAR  FIG. 2(b) illustrates the relative position of slot 21 and pair of
      electrodes 13. Slot 21 is located to coincide with a line of equipotential
      established at the inside surface of chamber 9 as discussed above in
      connection with FIG. 1(b).
PAR  The cross-sectional view of FIG. 3 illustrates an embodiment of the present
      invention where body member 23 is in the shape of a cup having a screw top
      25 and mating threads 27 by which top 25 and body 23 may be screwed
      together. Body member 23 may be composed of an electrical conducting
      material such as stainless steel or other chemically inert electrical
      conductors, which is coated on the inside by an electrical insulation 29.
      Top cover 25 also is coated with insulation 29 such that when the top is
      assembled with the body 23, the interior surface of the enclosure is
      entirely covered with electrical insulation. Body 23 is penetrated by a
      pair of oppositely disposed holes 15 of which one is shown. Cover 25
      contains opening 17 the size of which may be varied by interchanging with
      other covers having different sized openings.
PAR  There is illustrated in FIG. 4(a) a pictorial view of body member 7 having
      a snap-on cover 31 in which opening 17 is located.
PAR  FIG. 4(b) further illustrates in a cross-sectional view the relative
      position of electrodes 13 and openings 15 and 17 with snap-on cover 31
      affixed to body member 7. The openings again must fall on a line of
      equipotential established at the inside surface of the enclosure by a
      voltage applied between the electrodes. Snap-on cover 31 with opening 17
      may be easily removed and replaced by another cover having a different
      sized opening 17.
PAR  Turning now to FIGS. 1(a) and 1(b), body member 7 with chamber 9 and
      openings 15 and 17 function to confine current conduction between
      electrodes 13 to the interior of chamber 9. Openings 17 and 15 allow the
      fluid being measured to enter into chamber 9 and surround the electrodes
      13. The size of the openings 15 and 17 can be made sufficiently small that
      when the electrode enclosure is removed from the fluid, the fluid is
      retained in chamber 9 by the surface tension across openings 15 and 17. As
      shown in the drawing the openings or apertures 15 and 17 are relatively
      small in diameter or in width in comparison with the spacing between the
      electrodes 13, and there is appreciable spacing between the outer edges of
      the apertures 15 and 17 and projections of the inner surfaces of the
      electrodes 13. In FIG. 2 the narrow dimension or the width is the
      dimension transverse to the planar electrodes 13 and to the lines of
      equipotential 19. Where surface tension is used to confine the fluid to
      chamber 9, the fluid can be made to enter or to leave the chamber by
      rapidly shaking the electrode enclosure in the fluid and out of the fluid
      respectively. As will be understood by those skilled in the art, the
      surface tension of a fluid determines the maximum diameter of a circular
      opening or the width of a rectangular opening across which a surface film
      of sufficient strength will be formed to retain the fluid in the aperture
      and overcome the pressure to which the film is subjected by the fluid
      column above the aperture.
PAR  Since openings 15 and 17 are located along a line of equipotential between
      electrodes 13, there is substantially no conduction of current exterior to
      body member 7, all of the openings being essentially at the same
      potential. Therefore, exterior objects or surfaces do not affect the
      conductivity measurement being made interior to body member 7 and confined
      to chamber 9.
PAR  Turning to FIGS. 2(a) and 2(b), an opening such as slot 21 can satisfy the
      requirement of no conduction exterior to body member 7, if such a slot
      lies along a line of equipotential between the electrodes 13. Since there
      is no voltage difference along the slot, there will be substantially no
      electric field external to body member 7 and hence no current conduction.
      By making the narrow dimension of slot 21 sufficiently small, surface
      tension of the fluid can be made to retain the fluid in chamber 9 when the
      electrode enclosure is removed from the fluid being measured similar to
      the surface tension employed with respect to openings 15 and 17 discussed
      in connection with FIGS. 1(a) and 1(b). Fluid again can be made to enter
      and exit from chamber 9 by rapidly shaking the electrode enclosure as
      already discussed.
PAR  Depending upon the viscosities of the fluids being measured, it may be
      desirable from time to time to change the size of at least one of the
      openings into the electrode enclosure. Since openings 15 into the
      enclosure may be considered vent openings, it may be sufficient from most
      applications to change the size of opening 17 alone. As illustrated in
      FIG. 4, this may be performed by providing the electrode enclosure with a
      screw-on cover such as cover 25. Another way to accomplish the changing of
      opening 17 is by snap-on cover 31 illustrated in FIG. 5. Cover 31 is
      readily removed and replaced by snapping it on and off from body member 7.
PAR  It now should be apparent that the present invention provides a
      conductivity cell electrode enclosure which is unaffected by its exterior
      environment and which retains fluid in its interior even when removed from
      the fluid being measured providing a conductivity measurement which is
      isolated from interferences in the main body of the fluid being measured.
      Although particular components, structure and form have been discussed in
      connection with a specific embodiment of an electrode enclosure
      constructed in accordance with the teachings of the present invention,
      others may be utilized. Furthermore, it will be understood that although
      an exemplary embodiment of the present invention has been disclosed and
      discussed, other applications and circuit arrangements are possible and
      that the embodiments disclosed may be subjected to various changes,
      modifications and substitutions without necessarily departing from the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cell for measuring the conductivity of fluids having two parallel
      planar electrodes mounted interior to the cell comprising; a section of
      glass tubing separated into first and second volumes by an interior glass
      divider, said first volume having two vent holes oppositely disposed and
      symmetrically located in the walls of said first volume, the end of said
      section of glass tubing associated with said first volume being tapered to
      form a third vent hole, the electrodes being mounted within said first
      volume such that all three vent holes are bisected by a plane of
      equipotential formed in response to a voltage potential applied to the
      planar electrodes thereby substantially confining conduction of current to
      the interior of said first volume.
NUM  2.
PAR  2. An electrode enclosure for a fluid conductivity cell in which a current
      is passed between electrodes proportional to the conductivity of fluid
      introduced into the enclosure comprising a housing having a chamber, a
      pair of electrodes securely positioned in said chamber with a
      predetermined spacing, said chamber having electrically nonconductive
      walls having at least one aperture formed in a wall of said chamber for
      the ingress and egress of fluid, with said aperture in the chamber being
      located relative to said electrodes to be substantially coincident with at
      least a portion of a line of equipotential established at the inside
      surface of said chamber when a voltage is applied to the electrode and
      said aperture having a dimension measured transverse to such line of
      equipotential, which dimension is small in comparison with the electrode
      spacing to provide a negligible voltage drop across any dimension of said
      aperture, thereby substantially confining the conduction of current to the
      chamber of said housing.
NUM  3.
PAR  3. The electrode enclosure of claim 2 wherein one aperture is formed as a
      rectangular slot having the longest dimension along said line of
      equipotential.
NUM  4.
PAR  4. The electrode enclosure of claim 2 wherein a multiplicity of small holes
      are formed in said walls, aligned along said line of equipotential.
NUM  5.
PAR  5. A conductivity cell for current measurement in a fluid having a given
      surface tension, the cell comprising:
PA1  a pair of electrodes spaced from each other having lines of equipotential
      between them when voltage is applied thereto;
PA1  means connected to said electrodes for providing mechanical support and
      electrical conduction thereto;
PA1  an enclosure having electrically nonconducting walls penetrated by and
      secured to the means to support and conduct, said enclosure having at
      least one aperture formed therein located symmetrically with respect to
      each of said pair of electrodes to confine to the interior of said
      enclosure the conduction of current between said electrodes in response to
      a voltage potential impressed upon said means to support and conduct, with
      said aperture having a width less than the width of film capable of
      supporting the column of fluid determined by the dimensions of the
      enclosure for a fluid of such surface tension, thereby containing fluid in
      said enclosure by surface tension of said fluid across said aperture.
NUM  6.
PAR  6. The conductivity cell defined in claim 5 wherein said enclosure is a
      cylinder of glass having one end tapered to a rounded surface, the
      interior of the cylinder being separated into two volumes by a glass
      divider through which said means to support and conduct is mounted to
      support said electrodes in the volume defined by said one end and said
      divider.
NUM  7.
PAR  7. The conductivity cell defined in claim 5 wherein said enclosure
      comprises:
PA1  a cup having cylindrical side walls and a base at one end and an opening at
      the other end, the base being penetrated by and secured to said means for
      supporting and conducting; and
PA1  a cup cover including at least one aperture formed therein, said aperture
      being symmetrically located on said cover with respect to said electrodes,
      said cover being removably attached to the opening of said cup.
NUM  8.
PAR  8. The conductivity cell defined in claim 5 wherein the electrodes have
      inner surfaces lying along parallel planes and the apertures are spaced
      from the projections of the inner surfaces of the electrodes and small in
      area in comparison with the area of the electrode inner surfaces.
NUM  9.
PAR  9. An electrode enclosure for a fluid conductive cell for measuring
      conductivity of a fluid having a given surface tension, in which enclosure
      a current is passed between electrodes proportional to the conductivity of
      fluid introduced into the enclosure, comprising
PA1  a housing having a chamber,
PA1  a pair of spaced electrodes positioned in said chamber, said chamber having
      electrically nonconducting walls and having at least one aperture formed
      in a wall of said chamber for the ingress and egress of fluid, with said
      aperture in a wall being located relative to said electrodes to be
      substantially coincident with at least a portion of a line of
      equipotential established at the inside surface of said chamber when a
      voltage is applied to the electrodes, to provide a negligible voltage drop
      across any dimension of said aperture and the width of said aperture
      measured transverse to such lines of equipotential is no greater than the
      width of a surface film capable of supporting fluid of such surface
      tension in said aperture, thereby substantially confining the conduction
      of current to the chamber of said housing and containing the fluid in said
      chamber.
NUM  10.
PAR  10. A conductivity cell for current measurement in a fluid having a given
      surface tension, the cell comprising:
PA1  a pair of electrodes;
PA1  means connected to said electrodes for providing mechanical support and
      electrical conduction thereto;
PA1  an enclosure having electrically nonconducting walls penetrated by and
      secured to the means to support and conduct, said enclosure surrounding
      said electrodes and having at least one aperture formed therein located
      symmetrically with respect to each of said pair of electrodes to confine
      to the interior of said enclosure the conduction of current between said
      electrodes in response to a voltage potential impressed on said means to
      support and conduct, with said aperture sufficiently narrow to contain
      fluid in said enclosure by surface tension of said fluid across said
      aperture.
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ABST
PAL  An oscillographic ferrometer comprising a magnetizing means including a
      step-down transformer and a single-layer ellipsoidal solenoid connected to
      a single-turn secondary winding of said step-down transformer and having a
      constant turns density along the generatrix thereof, said solenoid being
      adapted for receiving a test sample, and magnetization and magnetizing
      field measuring channels cooperating with said magnetizing means, wherein
      said ellipsoidal solenoid is made with rectangular turns and has the
      geometrical dimensions thereof selected in agreement with the following
      relationship:
      ##EQU1##
      where K is the contraction coefficient of the solenoid generatrix,
      2B.sub.L is the width of the linear rectangular profile representing the
      geometrical locus of the cross section centers of said solenoid end turns,
PAL  2a is the height of the linear rectangular profile representing the
      geometrical locus of the cross section centers of said solenoid end turns,
PAL  2L is the solenoid length between the cross section centers of said end
      turns.
BSUM
PAR  The present invention relates to devices for measuring magnetic values,
      and, more particularly, to the instruments known as oscillographic
      ferrometers. It may find application in rapid magnetic testing of samples
      and ferromagnetic units.
PAR  There are known oscillographic ferrometers comprising a magnetizing means
      and magnetization and magnetizing field measuring channels cooperating
      with the magnetizing means.
PAR  The magnetizing means includes a step-down transformer and a single-layer
      ellipsoidal solenoid connected to a single-turn secondary winding of the
      step-down transformer and having a constant turn density along its
      generatrix.
PAR  In the case of measuring the magnetic properties of thin steel sheets or
      plates of a considerable length at various steps of the production
      process, the utility factor of the solenoid inner volume is rather low,
      thus bringing about a drastic increase in the magnetizing means energy
      consumption.
PAR  The use of the prior art solenoids having rectangular turns would reduce
      the magnetizing means energy power consumption in this case, yet the field
      uniformity of such solenoids is low in comparison with the ellipsoidal
      ones wherein the field homogeneity improvement is achieved by selecting
      such functionally related geometrical dimensions of the solenoid that
      partially compensate for the field decay at the solenoid ends or poles,
      caused by the pole trancation, at the expense of the field augmentation at
      the solenoid ends gained by winding the solenoid coil with a constant turn
      pitch along the ellipsoid generatrix so that the turns axial density grows
      towards the solenoid ends.
PAR  It is an object of the present invention to provide an oscillographic
      ferrometer having a magnetizing means wherein the shape of turns and the
      relationship between the geometrical dimensions of the ellipsoidal
      solenoid are selected so as to ensure the mutual compensation of the end
      field decay caused by the solenoid pole truncation and the end field
      augmentation gained due to the ampere-turns density axial component
      growing from the solenoid center towards the poles, whereby the utility
      factor of the solenoid inner volume may be improved.
PAR  This object is attained in an oscillographic ferrometer comprising a
      magnetizing means including a step-down transformer and a single-layer
      ellipsoidal solenoid connected to a single-turn secondary winding of said
      step-down transformer and having a constant turn density along the
      generatrix thereof, said solenoid being adapted for receiving a test
      sample, and magnetization and magnetizing field measuring channels
      cooperating with said magnetizing means, wherein, according to the
      invention, said ellipsoidal solenoid is made with rectangular turns and
      has the geometrical dimensions thereof selected in agreement with the
      following relationship:
      ##EQU2##
      where K is the contraction coefficient of the solenoid generatrix,
PAR  2b.sub.L is the width of the linear rectangular profile representing the
      geometrical locus of the cross section centers of said solenoid end turns,
PAR  2a is the height of the linear rectangular profile representing the
      geometrical locus of the cross section centers of said solenoid end turns,
PAR  2L is the solenoid length between the cross section centers of said end
      turns.
DRWD
PAR  Further objects and advantages of the present invention will become
      apparent to those skilled in the art upon a further reading of this
      disclosure particularly when viewed in the light of the attached drawings,
      wherein:
PAR  FIG. 1 is an electric block diagram of an oscillographic ferrometer made in
      accordance with the invention;
PAR  FIG. 2 is a sectional view of the solenoid according to the invention taken
      along line II--II of FIG. 1;
PAR  FIG. 3 is the magnetic field topography illustrating the compensation
      effect at various relationships of the geometrical dimensions of the
      solenoid according to the invention;
PAR  FIG. 4 is a graph showing the curves characterizing the optimum contraction
      coefficient values for the solenoid having rectangle-shaped turns, the
      field homogeneity zones of the solenoids having rectangular and round
      turns, and the form function ratio of the solenoids having rectangular and
      round turns.
DETD
PAR  Referring now to the drawings, the oscillographic ferrometer comprises a
      magnetizing means and magnetization and magnetizing field measuring
      channels.
PAR  The magnetizing device includes a step-down transformer 1 (FIG. 1) having a
      single-turn secondary winding 2, and an ellipsoidal solenoid 5 (FIGS. 1
      and 2) connected to the single-turn secondary winding 2 by means of
      current-carrying members in the form of hollow studs 3,4. The solenoid 5
      has rectangular turns of a hollow conductor wound at a constant pitch
      along the ellipsoid generatrix and is cooled down in series with the
      winding 2 by a liquid flowing through branches 6. The length 2L, the width
      2b.sub.L and the height 2a of the working opening and the ellipsoid
      generatrix contraction coefficient K of the solenoid are selected so as to
      be in agreement with the following functional relationship:
      ##EQU3##
PAR  The solenoid 5 (FIG. 1) has a magnetization measuring coil 7 mounted within
      the inner space thereof coaxially with the field and connected in an
      opposed series relationship to a toroidal compensation coil 8 linked with
      the current-carrying member field and whose constant .omega. S is equal to
      that of the measuring coil 7. A non-magnetic frame 9 of the coil 8 is
      mounted coaxially with the adjacent current-carrying member. A test sample
      10 is placed into the measuring coil and oriented so that it is coaxial
      with the magnetic field of the solenoid 5. A field pick-up coil 11 is
      wound on the same non-magnetic frame 9 together with the compensation coil
      8. The magnetizing device components and assemblies are enclosed in a
      housing 12. The measuring and compensation coils 7 and 8, respectively,
      are connected in an opposed series relationship to the input of the
      magnetization channel including an integrating amplifier 13, a phase
      corrector 14 and a calibrator 15.
PAR  The field pick-up coil 11 is connected to the input of an integrator 16 of
      the magnetizing field measuring channel including also a phase corrector
      17 and a calibrator 18. The outputs of the phase correctors 14 and 17 are
      fed to vertical deflection plates 19 and horizontal deflection plates 20,
      respectively, of a cathode-ray tube 21.
PAR  The operation of the oscillographic ferrometer is as follows:
PAR  The relationship of the geometrical dimensions of the ellipsoidal solenoid
      having rectangle-shaped turns provides for a mutual compensation effect at
      the central region thereof with respect to the end field decay caused by
      the solenoid pole truncation and a field augmentation gained due to the
      ampere-turns density axial component growing from the solenoid center
      towards the pole ends. This permits the expansion of the field homogeneity
      zone. The above-mentioned relationship is found in the following way.
PAR  The field axial component in the solenoid:
      ##EQU4##
      where
      ##EQU5##
      is the spatial angle at which an elementary rectangular linear profile
      having coordinate dimensions a .times. b (with the coordinate center
      coinciding with the solenoid center) can be seen at the point x of the
      axis.
PAR  dI = jS . dS is the current in the elementary profile, j.sub.S = .omega.
      I/S is the ampere-turns density along the ellipsoid generatrix S, I is the
      solenoid current.
PAR  After transforming, we get H.sub.x (x,o,o) = 0.2j.sub.S G, where the
      dimensionless function is dependent only on the solenoid shape and
      ##EQU6##
      This function hereinafter referred to as the form function cannot be
      expressed in terms of the elementary functions
EQU  .psi.(.xi. ) = a.sup.2 + b.sup.2 - K.sup.2 .xi..sup.2 (x - .xi. ).sup.2
EQU  b.sub.2 = K.sup.2 + b.sub.L.sup.2,
PAL  where K is the ellipsoid generatrix contraction coefficient.
PAR  Solving the equation x.sub.opt (b.sub.L, a, K) = max in the region x
      .epsilon. 0 to xH where the condition
      ##EQU7##
      is met, we can find the relationship for the optimum dimensions measured
      at the turns end cross sections along the axis lines according to the
      principle of the mean geometrical distances
      ##EQU8##
      at which the compensation effect will be attained.
PAR  FIG. 3 presents an example of the field topography plotted on the basis of
      the computer calculated data illustrating the compensation effect at
      various dimension relationships. The curves of distribution of the form
      function G along the axis X at a fixed value of b.sub.L /L = const and a
      contraction coefficient value of K = 0.33, 0.31, 0.30, 0.28, 0.23
      demonstrate that the upward slope of a curve 22 (K=0.33) is steeper than
      that of a curve 23 (K = 0.31) and it is continuously diminishing in the
      case of curves 24 (K = 0.30) and 25 (K = 0.28), while the curve 26 (K .+-.
      0.23) lacks the ascent. Hence, the compensation effect makes itself
      prominent within the range of values K .epsilon. 0.23 to 0.28, and the
      optimum value of K.sub.opt may be determined the more accurately, the
      lesser the step of K realized with the aid of a digital computer.
PAR  The pick-up signals dJ/dt and dH/dt are fed to the channels J and H where
      they are integrated and phase corrected within the frequency range
      starting from the magnetization frequency. Then the signals are fed to the
      plates of the cathode-ray tube for displaying the dynamic magnetization or
      hysteresis curve J (H).
PAR  The advantageous features of the oscillographic ferrometer according to the
      invention are characterized by the qualitative data of the preproduction
      model, which are illustrated in FIG. 4 as follows.
PAR  For the contraction coefficient optimum values of the solenoid having
      rectangular turns, K.sub.opt   (b.sub.L /L), which are represented by the
      curve 27, the field homogeneity zone is not worse than .+-.0.005; the
      rectangular turn solenoids, x.sub.opt   (curve 28) always have greater
      homogeneity zones than the round-turn solenoids, x.sub.opt o, (curve 29)
      having the same value of K.sub.opt, and x.sub.opt   /x.sub.opt o .epsilon.
      1.06 to 1.27 when the working opening diameter 2R.sub.L of the round turn
      solenoid equals to the working opening width of the rectangular turn
      solenoid (R.sub.L = b.sub.L).
PAR  The curve 30 charcterizing the relationship between the form functions
      G.sub.opt   of the rectangular turn solenoids and the form functions
      G.sub.opt o of the round turn solenoids at K.sub.opt and R.sub.L = 6.sub.L
      shows that
EQU  G.sub.opt   /G.sub.opt o .epsilon. 1.65 to 2.01.
PAR  Since the form function is proportional to the solenoid magnetic efficiency
      in a first approximation, the advantages of the ellipsoidal solenoid
      having rectangle-shaped turns will be quite apparent to those skilled in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oscillographic ferrometer comprising: a magnetizing means producing a
      magnetic field for placing a test sample thereinto; a magnetization
      measuring channel cooperating with said magnetizing means; a magnetizing
      field measuring channel cooperating with said magnetizing means and
      effecting together with said magnetization measuring channel the
      measurements of dynamic magnetization loop parameters of said test sample;
      said magnetizing means including a step-down transformer having a
      single-turn secondary winding, a single-layer ellipsoidal solenoid
      connected to said secondary winding and having a constant density of
      rectangle-shaped turns along the generatrix thereof, said solenoid being
      adapted for receiving a test sample and having the geometrical dimensions
      thereof selected in agreement with the following relationship:
      ##EQU9##
      where K is the contraction coefficient of said solenoid generatrix,
      2b.sub.L is the width of the linear rectangular profile representing the
      geometrical locus of the cross section centers of said solenoid end turns;
PA1  2a is the height of the linear rectangular profile representing the
      geometrical locus of the cross section centers of said solenoid end turns,
PA1  2L is the length of said solenoid between the cross section centers of said
      end turns.
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ABST
PAL  A measuring coil comprises two windings, each being formed by winding
      simultaneously two insulated wires having the same size, the two wires of
      each winding extending side by side. The windings formed by the single
      turns of the wires in each winding are interconnected in such a way that
      the magnetic effects are additive in the wires of a first of said windings
      and subtractive in the wires of the second winding. The single turns of
      the first wire in each of the two windings form the measuring coil to be
      fed by an alternating current and the single turns of the second wire in
      each of said two windings form both a sensing element for measuring the
      temperature of the measuring coil and/or a heating element to be fed by an
      adjustable direct current for maintaining the coil temperature at a
      predetermined value with a high accuracy.
BSUM
PAR  This invention relates to a device which permits to maintain constant, with
      a high accuracy, the temperature of a measuring coil fed by a variable
      electrical current thereby to maintain the characteristics of said coil at
      the desired levels whatever the environmental conditions may be. The
      invention also relates to the realization of a measuring coil adapted for
      the temperature stabilization according to the invention.
PAR  When using coils fed by an alternating current for the purpose of making
      measurements on conducting materials by the Eddy current method for
      instance, the impedance of these coils is sensitive to the nature of the
      material, the distance existing between the material and the coils, and
      the temperature of the coils themselves.
PAR  By choosing the electrical phase angle according to which the coil
      impedance or the current flowing therethrough is measured, the measurement
      can be made independent of the coil temperature but then it is generally
      very sensitive to the distance between the material and the coils, and
      variations of said distance, due to vibrations for instance, lead to wrong
      measurements.
PAR  By choosing another electrical phase angle according to which the coil
      impedance is measured, it is also possible to make the measurement
      independent of variations of the distance between the material and the
      coils, but then the measurement is very sensitive to the coil temperature
      and if correct and reliable measurements are desirable, it is advisable to
      stabilize the coil temperature with a high accuracy.
PAR  The object of the invention is a device for permitting the temperature of a
      coil to be maintained constant with a high accuracy while avoiding the
      disadvantages of the known arrangements.
PAR  In the device according to the invention, the coil the temperature of which
      is to be maintained constant comprises two windings (A and B) made of two
      insulated and same sized wires, wound side by side and having each a first
      and a second end, these two windings having the same number of single
      turns wound in the same direction.
PAR  The second end of the first wire (a.sub.1) of the first winding (A) is
      connected to the first end of the first wire (a.sub.2) of the second
      winding (B), and the second end of the second wire (b.sub.1) of the first
      winding is connected to the second end of the second wire (b.sub.2) of the
      second winding. The first end of the first wire (a.sub.1) of the first
      winding and the second end of the first wire (a.sub.2) of the second
      winding are connected across an electrical alternating current source, the
      first end of the second wire (b.sub.1) of the first winding and the first
      end of the second wire (b.sub.2) of the second winding being connected
      across an adjustable electrical direct current source.
PAR  In one illustrative embodiment, the first end of the second wire (b.sub.1)
      of the first winding and the first end of the second wire (b.sub.2) of the
      second winding are coupled to two homologous terminals of two arms of a
      Wheatstone bridge network in such a way that the winding comprising the
      single turns of the second wire (b.sub.1 b.sub.2) in said first and second
      windings forms an arm of the bridge network. The latter has a first
      crossarm including a controlled direct current generator having an input
      to accept a control signal for adjusting the direct current, and the two
      terminals of the second crossarm of the bridge network are connected to
      two respective inputs of a differential amplifier, the output of which is
      connected to the control input of said direct current generator for
      adjusting the generated direct current in response to the differences
      between the voltages at the two inputs of said differential amplifier.
DRWD
PAR  The objects and features of the invention will be more clearly understood
      from a reading of the following description with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic representation of the coil realization according to
      the invention;
PAR  FIG. 2 is a schematic block diagram of one embodiment of the device
      according to the invention.
DETD
PAR  According to the invention, the coil 10 the temperature of which has to be
      stabilized is realized as schematically shown in FIG. 1.
PAR  The coil comprises two identical windings A and B made of two insulated
      wires a and b having the same size and simultaneously wound side by side.
      Although the two windings A and B shown only comprise three single turns
      each, it is obvious that they may comprise any number of single turns.
PAR  In winding A the two wires are designated as a.sub.1 and b.sub.1, in
      winding B the two wires are designated as a.sub.2 and b.sub.2. The ends of
      the two wires a.sub.1 and b.sub.1 of winding A are connected to the
      terminals 1, 3 and 2, 4 respectively, and the ends of the two wires
      a.sub.2 and b.sub.2 of winding B are connected to the terminals 5, 7 and
      6, 8 respectively.
PAR  Terminal 3 is connected to terminal 5 and terminal 4 is connected to
      terminal 8 so that an electrical current flowing through the single turns
      of wire a induces a magnetic field having the same direction in the two
      windings A and B whereas an electrical current flowing through the single
      turns of wire b induces a magnetic field of opposite directions in the two
      windings A and B.
PAR  The single turns of wire a in the two windings A and B form effectively the
      measuring coil. The single turns of wire b form both a heating element and
      a probe for measuring the coil temperature.
PAR  The terminals 1 and 7 are connected across an alternating current source 20
      and the terminals 2 and 6 are connected across a direct current source 30.
      Owing to the respective directions of the single turns a.sub.1, a.sub.2
      and b.sub.1, b.sub.2 in the two windings A and B, an alternating current
      flowing through the measuring coil a.sub.1 a.sub.2 induces in the single
      turns b.sub.1 belonging to winding A a voltage opposing to the induced
      voltage in the single turns b.sub.2 belonging to winding B. The numbers of
      single turns being identical in the two windings A and B, the opposing
      induced voltages have the same value and the resulting voltage between the
      terminals 2 and 6 is substantially zero.
PAR  On the other hand, a direct current flowing through the single turns
      b.sub.1 and b.sub.2 will not affect the alternating current flowing
      through the single turns of the measuring coil a.sub.1 a.sub.2 and this
      alternating current will neither be affected by the presence of any
      impedance which might be connected across terminals 2 and 6.
PAR  Thanks to the close coupling existing between the single turns of wire a
      and the single turns of wire b in both windings A and B as a result of the
      simultaneous winding of these two wires side by side, the temperature of
      the winding comprised of the single turns b.sub.1 and b.sub.2 is the same
      as the temperature of the measuring coil comprised of the single turns
      a.sub.1 and a.sub.2.
PAR  In order to maintain constant the temperature of coil 10, the latter is
      connected in a regulating circuit arrangement as schematically shown in
      FIG. 2. The arrangement comprises a Wheatstone bridge network; three arms
      of said network include resistors 41, 42 and 43, respectively, and the
      fourth arm includes the winding formed by the single turns b.sub.1 and
      b.sub.2 between the terminals 2 and 6. One crossarm of the bridge network
      includes a controlled direct current generator 44 adapted to be responsive
      to an external control signal applied to its control input 45. Said
      control input is coupled to the output of a differential amplifier 46 the
      two inputs of which are connected to the terminals 47 and 48 of the second
      crossarm of said bridge network. The direct current generated by the
      generator 44 will then be regulated in response to the voltage differences
      occurring between the terminals 47 and 48.
PAR  Designating the resistances of the four arms of the bridge network as
      Z.sub.b, Z.sub.41, Z.sub.42 and Z.sub.43 respectively and assuming t.sub.1
      is the temperature at which the coil 10 has to be maintained, then the
      resistance Z.sub.b of the winding b.sub.1 b.sub.2 at said temperature
      t.sub.1 has a value Z.sub.bt.sbsb.1 given by the equation
EQU  Z.sub.bt.sbsb.1 = Rl/s (1 + ct.sub.1)
PAL  where R is the resistivity of wire b
PA1  1 is the length of wire b
PA1  s is the cross-section of wire b
PA1  c is the temperature coefficient of wire b.
PAR  If the values Z.sub.41, Z.sub.42 and Z.sub.43 are chosen in such a way as
      to meet the equation
      ##EQU1##
      then the voltage difference between the terminals 47 and 48 will be
      substantially zero when the coil 10 is at the required temperature
      t.sub.1. For any temperature deviation relative to t.sub.1, a voltage
      difference will appear between the terminals 47 and 48 and a signal will
      appear then at the output of differential amplifier 46. This signal causes
      the direct current produced by the generator 44 to be adjusted so as to
      reduce the sensed temperature deviation to zero. If the differential
      amplifier 46 has a sufficient gain, the temperature t.sub.1 can be
      maintained with a high accuracy.
PAR  The current flowing through wire b causes heating of the latter by Joule
      effect. The resistors 41 to 43 also get heated by the current flow, but
      when taking care to limit said heatings by a suitable choice of the
      resistor values and/or by choosing resistors having a very small
      temperature coeffeicient, the values Z.sub.41 to Z.sub.43 will remain
      substantially constant whatever the ambiant conditions may be.
PAR  The regulating circuit should have a sufficient time constant to avoid too
      rapid variations of the direct current produced by the generator 44 to
      occur inasmuch such rapid variations of the current in wire b would induce
      extraneous voltages in wire a.
PAR  It is to be understood that the embodiment shown is just an example serving
      to illustrate the principles of the invention and that many variations can
      be made by one skilled in the art without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a device for maintaining constant the temperature of a coil fed by an
      electrical alternating current source, said coil comprising two windings
      (A and B), each of said windings being formed by winding simultaneously
      two insulated wires (a.sub.1, b.sub.1 and a.sub.2, b.sub.2 respectively)
      having the same size, said two wires of each winding extending side by
      side and having each a first and a second end, said two windings having
      the same number of single turns wound in the same direction, means
      connecting the second end of the first wire (a.sub.1) of the first winding
      (A) to the first end of the first wire (a.sub.2) of the second winding
      (B), means connecting the second end of the second wire (b.sub.1) of the
      first winding to the second end of the second wire (b.sub.2) of the second
      winding, and means connecting the first end of the first wire (a.sub.1) of
      the first winding and the second end of the first wire (a.sub.2) of the
      second winding across said electrical alternating current source, the
      improvement comprising:
PA1  a. a Wheatstone bridge comprising four arms,  the first end of the second
      wire (b.sub.1) of the first winding (A), and the first end of the second
      wire (b.sub.2) of the second winding (B) being connected into the bridge
      to form one leg thereof, the other three legs consisting of resistors,
      such that said second wires are traversed by an electric current in
      opposite directions and that the resistances of said second wires
      (b.sub.1, b.sub.2) are balanced by said resistors,
PA1  b. a differential amplifier having two inputs, said inputs being connected
      to the end terminals of a first crossarm of said bridge, and
PA1  c. a voltage-controlled direct source having two terminals and a control
      input, said two terminals being connected to the end terminals of the
      second crossarm of said bridge and said control input being connected to
      the output of said differential amplifier.
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PAL  In a method of testing for and preventing the possibility of cracking,
      spalling or like defects in a rolling mill roll surface the surface is
      scanned to provide a representation of the hardness and/or the magnetic
      conductivity. The presence at a location of a rate of change of this
      characteristic of greater than a predetermined amount foreshadows the
      possibility of the occurrence of such a defect at this location. The roll
      is then subjected to an operation consisting of removal of the surface
      portion or heat treatment until the rate of change is below another
      predetermined amount. Preferably the method used to measure magnetic
      conductivity is eddy current testing. The removal operation may take place
      in steps until the rate of charge is below the another rate of charge.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with a method of testing for and
      preventing the possibility of cracking, spalling or like defects in the
      rolls of a rolling mill.
PAC  Review of the Prior Art
PAR  A roll such as is used in a rolling mill constitutes a special example of a
      body having a surface that in use is subjected to intense mechanical
      forces. Such rolls are very expensive to manufacture and clearly it is
      desirable that they should have as long a working life as possible. A new
      roll has the maximum diameter usable in its mill housing and must be
      discarded after the diameter has been reduced to a specific minimum value.
      This reduction in diameter is inevitable owing to the need for periodic
      redressing and retruing of the cylindrical roll surface as it becomes worn
      and misshapen by the intense forces to which it is subjected.
PAR  It is well known that if stress is applied to a body surface of crystalline
      materials, particularly metals, the material adjacent to and including the
      surface becomes "work hardened" and embrittled. Thus, the stresses to
      which the rolls of a rolling mill are subjected during operation causes
      work hardening of the roll surface, with the possibility of fatigue and
      spalling of the metal. A "spall" or "spawl" is the name applied in the
      steel industry to a surface defect, wherein a metal segment separates from
      the roll surface to leave a corresponding shallow recess. A "shelf crack"
      is another form of defect wherein two adjacent segments of the roll appear
      to move radially relative to one another to form a crack bounded by a
      radially-protruding shelf. Such defects can only be eliminated by removal
      of the part of the roll periphery, including the defect, e.g. by cutting
      or grinding on a lathe, and the amount that must be removed is usually
      many times that required for normal re-dressing, and may be sufficient to
      prevent further use of the roll, considerably shortening the useful life
      of the rolls, e.g. by as much as 50%. The need for more frequent roll
      changes, and the production of marked rolled product when a roll spalls or
      cracks, also adversely affects the mill output.
PAR  The hardening that takes place with a rolling mill roll usually is found to
      occur in circular bands around the roll periphery, and usually (though not
      necessarily) is greatest towards its ends immediately adjacent the parts
      of the roll surface contacted by the edges of the strips that are rolled
      thereby. Eddy current conductivity testing is a well known non-destructive
      testing technique for obtaining an indication of the hardness of
      materials, since usually the magnetic conductivity of metals decreases as
      the hardness increases. It must be noted however that this particular
      method can be the subject of gross error, since some possible variables
      may affect the conductivity but not the hardness, and vice versa. The
      readings obtained with this particular non-destructive testing method are
      therefore qualitative and not quantitative.
PAC  Definition of the Invention
PAR  It is the principal object of the present invention to provide a method of
      testing for the possibility of cracking, spalling or like defects in the
      surface of a rolling mill roll.
PAR  It is also an object to provide a method of testing for and thereafter at
      least reducing the possibility of the occurrence of cracking, spalling or
      like defects in the surface of a rolling mill roll.
PAR  In accordance with the present invention there is provided a method of
      testing for and at least reducing the possibility of the occurrence of
      cracking, spalling or like defects in the exterior cylindrical surface of
      a cylindrical steel rolling mill roll, the method including the steps of:
PAR  a. determining the rate of change of hardness along a reference direction
      for at least a part of the roll surface to find locations therealong
      having rates of change greater than a predetermined maximum value known to
      foreshadow the possibility of the occurrence of defects for the roll and
      the conditions to which it is subjected in operation, and
PAR  b. when the rate of change of hardness along the reference direction
      exceeds the said maximum value removing material from the roll including
      the tested surface until the rate of change of hardness is below another
      predetermined maximum value.
PAR  Also in accordance with the invention there is provided a method of testing
      for and at least reducing the possibility of the occurrence of cracking,
      spalling or like defects in the exterior cylindrical surface of a
      cylindrical steel rolling mill roll, the method including the steps of:
PAR  a. determining by means of an eddy current detector the rate of change of
      magnetic conductivity along a reference direction for at least a part of
      the roll surface to find locations therealong having rates of change
      greater than a predetermined maximum value known to foreshadow the
      possibility of the occurrence of defects for the roll and the conditions
      to which it is subjected in operation, and
PAR  b. when the rate of change along the reference direction exceeds the said
      maximum value removing material from the roll including the tested surface
      until the rate of change is below another predetermined maximum value.
PAR  Further in accordance with the present invention there is provided a method
      of testing for and at least reducing the possibility of the occurrence of
      cracking, spalling or like defects in the exterior cylindrical surface of
      a cylindrical steel rolling mill roll, the method including the steps of:
PAR  a. determining the rate of change of hardness along a reference direction
      for at least a part of the roll surface to find locations therealong
      having rates of change greater than a predetermined maximum value known to
      foreshadow the possibility of the occurrence of defects for the roll and
      the conditions to which it is subjected in operation, and
PAR  b. when the rate of change of hardness along the reference direction
      exceeds the said maximum value heat-treating the roll,
PAR  c. determining the rate of change along the reference direction on the
      heat-treated roll, and
PAR  d. repeating the steps b and c as necessary until the rate of change is
      below another prederermined maximum value.
PAR  Still further in accordance with the present invention there is provided a
      method of testing for and at least reducing the possibility of the
      occurrence of cracking, spalling or like defects in the exterior
      cylindrical surface of a cylindrical steel rolling mill roll, the method
      including the steps of:
PA1  a. determining by means of an eddy current detector the rate of change of
      magnetic conductivity along a reference direction for at least a part of
      the roll surface to find locations therealong having rates of change
      greater than a predetermined maximum value known to foreshadow the
      possibility of the occurrence of defects for the roll and the conditions
      to which it is subjected in operation, and
PAR  b. when the rate of change along the reference direction exceeds the said
      maximum value heat-treating the roll,
PAR  c. determining the rate of change along the reference direction on the
      heat-treated roll, and
PAR  d. repeating the steps b and c as necessary until the rate of change is
      below another predetermined maximum value.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Particular preferred embodiments of the invention will now be described, by
      way of example, with reference to the accompanying diagrammatic drawings
      wherein:
PAR  FIG. 1 is a perspective illustration of a steel roll for a rolling mill and
      showing also schematically apparatus used for measuring and producing a
      graphical representation of the surface hardness thereof,
PAR  FIG. 2 is a perspective view of a detail of the apparatus of FIG. 1, drawn
      to a larger scale,
PAR  FIG. 3 is a plot across the width of a rolling mill roll comparing shore
      hardness readings and eddy current readings (magnetic permeability) for a
      typical rolling mill roll,
PAR  FIG. 4 is a plot across the width of another roll showing the eddy current
      readings before and during the performance thereon of a mechanical
      operation consisting of successive removal of layers of the roll
      periphery,
PAR  FIG. 5 is another plot similar to FIG. 3 showing the eddy current readings
      across the respective roll, the shore hardness readings adjacent the ends
      of the roll, and showing the location of a spawl that developed with this
      specific roll, and
PAR  FIG. 6 is a further plot of eddy current readings only taken with a further
      respective roll, and showing also the location of a spawl that developed
      with this specific roll.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now particularly to FIGS. 1 and 2 a roll 10 is illustrated
      schematically as being mounted for rotation about its axis 12 by means of
      upright standards 14, which are in turn mounted on a rigid base which is
      not shown. In view of the weight of the roll some mechanical means of
      turning it about its axis on the standards may be required, such as a
      grinder- or lathe-type drive of appropriate size.
PAR  Another pair of upright standards 16 mount a carriage 18 for movement
      parallel to the axis 12, the carriage sliding on a rod 20 extending
      between the standards and being driven in such sliding movement by a
      threaded rod 22, which is rotated by an electric motor 24 through a gear
      reduction box 26. An arm 28 is fastened securely to the carriage 18 and
      has at one end a slidably mounted rod 30, which carries at one end a
      bearing pad 32, and is urged by a spring 34 in the direction to press the
      pad against the roll periphery. An eddy current detection device 36 is
      mounted by a suitable adjustment assembly 38 on the end of the rod 30 and
      is adjusted in position thereon, so that the pad 32 just maintains it in
      sufficient contact with the roll periphery as it is scanned over that
      periphery. Other types of traversing mountings for the same purpose, such
      as the cross-feed table of a grinder or lathe in which the roll is
      mounted, will be apparent to those skilled in the art.
PAR  The detection device 36 is connected as by a cable 40 to a combined eddy
      current tester and chart recorder 42, the motor 24 being controlled in
      known manner via the recorder portion of the apparatus so that the plot or
      graph drawn by the device 36 corresponds to a scan across the full width
      of the roll 10, the device thereby producing directly plots or graphs such
      as those shown in FIGS. 3 to 6.
PAR  I have discovered that the possibility of a metal roll surface developing a
      defect, such as a crack or spall, upon the application thereto of
      mechanical forces it will encounter in normal operation, can be predicted
      with high accuracy by the use of the methods of the present invention.
PAR  In the preferred manner of operation a non-destructive testing method is
      used to obtain information that will correspond directly to, or be
      representative of, certain physical parameters of the material of the body
      as measured at and immediately adjacent the surface along a suitable
      reference direction. Any part of the surface along the reference line
      which has a rate of change of these parameters of greater than a
      predetermined maximum amount, for the particular material and the
      particular testing conditions to which it is subjected, is found to have a
      high probability as the potential site for the occurrence of a defect,
      such as a spall or crack. Once having found such a potential site then
      appropriate action can be taken to reduce the rate of change to below the
      said predetermined maximum level.
PAR  It is known at the present time that the rate of change of hardness is the
      principal physical parameter to be considered, but others are also
      believed to be involved such as crystal lattice distortion and
      dislocations and effective differences in heat treatment.
PAR  This invention has been applied to date to the testing of back-up rolls for
      a hot rolling mill in order to predict the possibility of them becoming
      defective in use by reason of cracking or spalling. It has been found
      possible by application of the invention to take action which will
      substantially reduce, even if it will not completely eliminate, the
      possibility of such defects occurring in the future use of the rolls. It
      has also been used very successfully to provide a specification for new
      rolls which are pre-tested before being put into operation, suitable
      preventative action being taken if the testing step shows a rate of change
      of hardness of more than the said maximum amount. The testing step can be
      applied at any time during the operation of the mill, and conveniently it
      is routinely applied when the rolls have been removed for re-truing.
PAR  Such a roll is a specific example of a body having a surface that in normal
      usage is subjected to high mechanical forces, and typically has a width of
      66 inches and a diameter when new of 52.5 inches. These particular rolls
      are discarded when in normal operation their diameter has been reduced by
      wear and repeated re-dressing to 48.5 inches. Minor spalls are usually
      removed by grinding while larger spalls and cracks usually require
      recutting of the roll on a lathe and, if sufficiently deep, may result in
      the complete discard of the roll for further use. The invention may also
      be employed for the accurate determination when required of the depth of
      grind or cut that is necessary to reduce the possibility of defects in a
      roll predicted to become defective and, in the case of a defective roll,
      for complete elimination of the defect and prevention, as far as possible,
      of its recurrence.
PAR  I found that in the case of a steel body, such as a rolling-mill roll, the
      measurement of the magnetic permeability or conductivity of the metal with
      an eddy current measuring device is a particularly suitable
      non-destructive testing method for obtaining measurements that can be
      correlated with the said physical parameters, particularly with the
      hardness of the material comprising the roll surface. Reference may be
      made to FIG. 3 of the drawings, which shows clearly the close correlation
      that is obtainable between eddy current conductivity and hardness, which
      in this example is shore hardness. Thus, since the chemical composition
      and the heat treatment of such a roll normally are substantially uniform,
      it is found as shown by FIG. 3 that eddy current variations can be related
      directly to hardness. Since however, as explained above, eddy current
      readings may be affected by other parameters, such as crystal orientation,
      which do not necessarily foreshadow the possibility of the appearance of
      defects, differences are always possible. The tests made to date show a
      correlation of about 95%. It is found moreover that the specific relation
      between eddy current readings and absolute values of hardness differs from
      roll to roll and must be established for each roll. Other known methods of
      measuring magnetic permeability could of course be used, but an eddy
      current device is particularly preferred for simplicity, accuracy and
      robustness.
PAR  Other forms of non-destructive testing that will give readings correlating
      with hardness can also be employed in the method of this invention, such
      as ultrasonic, infra-red examinations of the heated roll, and holographic.
      Apparatus is also known which will give direct readings of hardness on a
      meter or recorder, but they generally are not suited for use with rolls
      since they inherently mark the surface under test, and this is undesirable
      with the highly polished surfaces of such rolls.
PAR  The testing scan shown in FIG. 3 as made by use of the apparatus of FIGS. 1
      and 2, was taken along a line parallel to the roll axis, the abscissa
      being the roll width in inches while the ordinate is the hardness in shore
      measurement and the eddy current conductivity in arbitrary units. In this
      particular figure the eddy current scan or profile as produced by the
      apparatus 42 is shown as a solid line, while the corresponding shore
      hardness, as measured by direct testing means, is shown as a broken line.
      The close correspondence between the two measurements is very apparent.
      The corresponding rate of change of eddy current readings or hardness per
      linear inch of the roll width is indicated by the slope of the respective
      profile line. As will be apparent to those skilled in the art the
      apparatus 42 could be arranged to produce the corresponding plot of rate
      of change directly by inclusion therein of a suitable differentiation
      circuit.
PAR  The reference line for the measurement could instead be a helix around the
      roll surface coaxial with the roll axis but since, as described above in
      the case of a steel rolling mill roll, the predominant parameter to be
      considered is the hardness and different zones of hardness usually are
      present in the form of circular bands, a linear plot of the kind
      illustrated is found in this instance to provide the required information.
      If desired the plot can be repeated on axial lines spaced around the
      circumference of the roll.
PAR  By way of example, in the case of a typical new steel hot rolling mill
      back-up roll of the type described above, I found with the testing
      equipment employed (Automation Industries Model U.M. 1500) operated at a
      frequency of 5 KH that the possibility of cracking or spalling was
      sufficiently low for the roll to be acceptable if the rate of change of
      eddy current readings per linear inch was less than about 10 or 11 per
      linear inch, though a value of less than 8 was preferred. The hardness
      and/or eddy current profile of a roll is not static, but changes
      considerably during its lifetime owing principally to the work hardening
      during operation. The measurement on a used roll should therefore be made
      at regular intervals and particularly when the roll has been removed and
      the surface re-trued to the required rolling shape.
PAR  It will be understood that the methods of the invention can only show the
      level of probability that a particular roll will or will not become
      defective in normal usage, and there can be no guarantee therefore that
      any particular roll which gives low rate of change readings will not
      become defective. With the testing arrangement described above I found
      that rolls giving a rate of change of eddy current readings of more than
      15 per linear inch had a high probability of defects, while those with
      readings less than 10 had a low probability. These readings can be
      categorised in more detail as follows:
PAR  a. Less than 5 per linear inch. A standard to be obtained if possible with
      new rolls and an excellent indication that the roll will be satisfactory
      throughout its life.
PAR  b. Between 5 and 8. A good standard for new rolls and an excellent standard
      for a used roll.
PAR  c. Between 8 and 11. A poor standard for a new roll and an acceptable one
      for a used roll.
PAR  d. Between 11 and 14. Completely unacceptable for a new roll and
      sufficiently unacceptable for a used roll to justify lathe cutting or
      grinding until more acceptable values have been achieved.
PAR  e. Above 14. The probability of spalling is so high that corrective action
      is essential before further use of the roll.
PAR  One special effect which I have noted that may modify the values quoted
      above (it must again be emphasized that they are obtained with a
      particular test arrangement) is when a high but otherwise acceptable rate
      of change is immediately followed by another high rate of change in the
      opposite direction. Although individually each rate of change may be
      acceptable their close juxtaposition indicates an undesirable situation
      for which corrective action should be undertaken.
PAR  If rates of change of shore values are to be considered then it can be
      stated that with rolling mill roll as described a rate of change of less
      than 2.5 units per linear inch was preferred for a new roll, while 2.5 to
      3.6 was considered acceptable for a used roll, and any reading over 3.6
      indicated that corrective action was required. These figures cannot be
      used directly for other surfaces, since the acceptable values will differ
      substantially with the average hardness; thus a rate of change that is
      acceptable for a body of average shore hardness 65 may be completely
      unacceptable if the shore hardness is only about 50.
PAR  FIG. 4 illustrates very clearly the effect of work hardening on the
      peripheral part of a steel roll, and the changes that are obtained by
      removing the surface layers thereof. Test scan No. 1 was made at a
      diameter of 52.335 inches and demonstrates a section of most rapid change
      of eddy current readings between the points A and B, although the actual
      rate of change is only 5 which is well within the required value for a new
      roll, let alone a used work-hardened roll. Tests No. 2, 3, and 4 were
      taken upon removal respectively of 0.035 inch, 0.075 inch and 0.135 inch
      show a progressive change in characteristic as the work-hardened portion
      of the roll material is removed, and the roll surface reverts to what was
      almost certainly its original characteristic. Test No. 5 with 0.191 inch
      removed is sufficiently similar to test No. 4 to show that there is no
      point in the removal of further material.
PAR  At the present time the preferred mechanical operation performed on the
      body to reduce the rate of change of hardness to below the required
      maximum value is cutting or grinding away the outer portion of the body to
      expose parts thereof having less hardness variation. It has now been found
      with hot rolling mill back-up rolls that produce a characteristic which
      indicates the possibility of a defect, that the amount of up to 0.040 inch
      previously removed by grinding for truing purposes is not sufficient, and
      an amount of 0.70 .+-. 0.20 inch should be removed. The removal of this
      larger amount however compares very favourably with the 2 inches or more
      that may require removal to eliminate a spall or crack that has actually
      occurred. Other operations that can be employed are, for example, suitable
      heat treatments and surface anneals.
PAR  Reference is now made to FIGS. 5 and 6 which show two graphs obtained with
      respective rolls that spawled, the locations of the spawls along the axis
      being indicated to show their location relative to parts of the graphs of
      high rates of change.
PAR  In the graph of FIG. 5 a complete plot of eddy current readings is given
      but only a partial plot of shore hardness. The spawl is located in the
      neighbourhood where there is a change of eddy current units of about 26
      per inch, the corresponding change of shore hardness units in this
      instance being about 3.5 per inch. As described above with rolling mill
      rolls it is the parts thereof adjacent the ends that are subjected to the
      greatest stresses and most spalls and cracks appear in these parts, so
      that a hardness and/or eddy current plot confined to the edge parts may
      give all the information required.
PAR  In the graph of FIG. 6 only eddy current units are plotted. It will be
      noted that two spawls occurred at an axial location at which a rate of
      change of about 32 units per inch was obtained.
PAR  The values of hardness are specified in this specification in terms of
      Shore values, and the corresponding values in any other system of
      measurement, such as Vickers and Brinell will be readily apparent to those
      skilled in the art. Many different tables are available giving rapid
      conversion from one system to another.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of testing for and at least reducing the possibility of the
      occurrence of cracking, spalling or like defects in the exterior
      cylindrical surface of a cylindrical steel rolling mill roll, the method
      including the steps of:
PA1  a. determining the rate of change of hardness along a reference direction
      for at least a part of the roll surface to find locations therealong
      having rates of change greater than a predetermined maximum value known to
      foreshadow the possibility of the occurrence of defects for the roll and
      the conditions to which it is subjected in operation, and
PA1  b. when the rate of change of hardness along the reference direction
      exceeds the said maximum value removing material from the roll including
      the tested surface until the rate of change of hardness is below another
      predetermined maximum value.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the reference direction is a
      straight line parallel to the roll axis.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the said rate of change of
      hardness is less than 2.5 units of shore hardness per linear inch.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the first-mentioned
      predetermined rate of change of hardness is about 2.5 units of shore
      hardness per linear inch, and the said another predetermined maximum value
      applicable after the removal of the material is about 3.6 units of shore
      hardness per linear inch.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein the said removal of material is
      performed as a series of successive steps, and including the further steps
      of determining the rate of change of hardness along the reference
      direction between each two immediately successive steps, and terminating
      the removal of material when the preceding determination shows that the
      rate of change of hardness is less than the said another predetermined
      value.
NUM  6.
PAR  6. A method of testing for and at least reducing the possibility of the
      occurrence of cracking, spalling or like defects in the exterior
      cylindrical surface of a cylindrical steel rolling mill roll, the method
      including the steps of:
PA1  a. determining by means of an eddy current detector the rate of change of
      magnetic conductivity along a reference direction for at least a part of
      the roll surface to find locations therealong having rates of change
      greater than a predetermined maximum value known to foreshadow the
      possibility of the occurrence of defects for the roll and the conditions
      to which it is subjected in operation, and
PA1  b. when the rate of change along the reference direction exceeds the said
      maximum value removing material from the roll including the tested surface
      until the rate of change is below another predetermined maximum value.
NUM  7.
PAR  7. A method as claimed in claim 6, wherein the reference direction is a
      straight line parallel to the roll axis.
NUM  8.
PAR  8. A method as claimed in claim 6, wherein the said removal of material is
      performed as a series of successive steps, and including the further steps
      of determining the rate of change along the reference direction between
      each two immediately successive steps, and terminating the removal when
      the preceding determination shows that the rate of change is less than the
      said another predetermined value.
NUM  9.
PAR  9. A method of testing for and at least reducing the possibility of the
      occurrence of cracking, spalling or like defects in the exterior
      cylindrical surface of a cylindrical steel rolling mill roll, the method
      including the steps of:
PA1  a. determining the rate of change of hardness along a reference direction
      for at least a part of the roll surface to find locations therealong
      having rates of change greater than a predetermined maximum value known to
      foreshadow the possibility of the occurrence of defects for the roll and
      the conditions to which it is subjected in operation, and
PA1  b. when the rate of change of hardness along the reference direction
      exceeds the said maximum value heat-treating the roll,
PA1  c. determining the rate of change along the reference direction on the
      heat-treated roll, and
PA1  d. repeating the steps b and c as necessary until the rate of change is
      below another predetermined maximum value.
NUM  10.
PAR  10. A method as claimed in claim 9, wherein the reference direction is a
      straight line parallel to the roll axis.
NUM  11.
PAR  11. A method as claimed in claim 9, wherein the said rate of change of
      hardness is less than 2.5 units of shore hardness per linear inch.
NUM  12.
PAR  12. A method of testing for and at least reducing the possibility of the
      occurrence of cracking, spalling or like defects in the exterior
      cylindrical surface of a cylindrical steel rolling mill roll, the method
      including the steps of:
PA1  a. determining by means of an eddy current detector the rate of change of
      magnetic conductivity along a reference direction for at least a part of
      the roll surface to find locations therealong having rates of change
      greater than a predetermined maximum value known to foreshadow the
      possibility of the occurrence of defects for the roll and the conditions
      to which it is subjected in operation, and
PA1  b. when the rate of change along the reference direction exceeds the said
      maximum value heat-treating the roll,
PA1  c. determining the rate of change along the reference direction on the
      heat-treated roll, and
PA1  d. repeating the steps b and c as necessary until the rate of change is
      below another predetermined maximum value.
NUM  13.
PAR  13. A method as claimed in claim 12, wherein the reference direction is a
      straight line parallel to the roll axis.
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ABST
PAL  An apparatus and method is described for automatically measuring the rate
      of decay of oscillation in mechanical structures, acoustical enclosures,
      and electrical circuits which have been suitably excited. The apparatus
      includes a source of excitation energy being applied by a transducer to
      one point to produce oscillation in the form of vibrations, sound, or
      electrical pulsations. To initiate measurement, the excitation is
      terminated, a dual trace oscilloscope is triggered, a data processing
      circuit is operationalized, and a reference decay rate signal is
      generated. A pickup transducer at a second point converts the decaying
      oscillation into an input signal which the data processing circuit
      absolute-values and log-converts to provide a decaying data signal for
      display as a slope on the oscilloscope. The reference decay rate signal is
      generated from an adjustable reference signal by integration and is
      displayed as a slope on the oscilloscope. By adjusting the reference
      signal, the reference decay rate signal slope is adjusted to match the
      slope of the decaying data signal and then the rate of decay which is the
      value of the slope is determined directly from the value of the reference
      signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to measuring the response of a
      system to an applied excitation signal and more specifically to measuring
      the rate of decay of oscillation in mechanical structures, acoustical
      enclosures, and electrical circuits. Since the rate of decay generally
      follows an exponential curve, a composite linear slope display on an
      oscilloscope may be obtained for a wide dynamic range by log conversion of
      the exponential decay data.
PAR  In the past, decay rate meters have been designed to terminate the
      excitation energy and to initiate alternate production of the logarithms
      of the decaying data signal and then of an adjustable reference decay rate
      signal. The operator then adjusted the reference decay rate signal in an
      iterative process until its slope on the oscilloscope appeared to coincide
      with that of the alternatively displayed decaying data signal. The
      operator then read the decay rate of the adjusted reference decay rate
      signal from an indicator dial.
PAR  Further, previous decay rate meters have been subject to nonlinear
      inaccuracies in the reference decay rate signals. The signals were
      generated by logarithmic means from a reference signal subject to
      intrinsic minor fluctuations which caused the generated reference decay
      rate signals to vary from the ideal signal.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide for
      simultaneous, rather than alternate, presentation of the decaying data
      signal and the reference decay rate signal.
PAR  It is a subsidary object to provide a decay rate meter wherein the
      electronic reference decay rate signal generation function is achieved
      using integration to provide greater accuracy than achieved by logarithmic
      means.
PAR  These and other objects will become apparent from the ensuing description
      and the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a typical test setup for measuring decay rate.
PAR  FIG. 2 is a partial schematic and partial block diagram of the data
      processing, triggering, excitation, and reference decay rate signal
      generating circuits of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 shows a block diagram of a typical test
      setup including an excitation source 10 which can be a device for
      producing any physical phenomena signal including, but not restricted to,
      a random noise generator, sine wave oscillator, or a stationary signal
      generator. The source 10 is connected to a decay rate meter 12 by an IN
      lead 14 and to an exciting transducer 16 by an OUT lead 18. The exciting
      transducer 16 produces mechanical, acoustical, or electrical excitations
      from the signals produced by the excitation source 10 so as to excite a
      test object 20 at one point.
PAR  The decay characteristics of the test object 20 are picked up at a second
      point and are converted into an input data signal by a pickup transducer
      22. The input data signal is transmitted to the decay rate meter 12 by a
      data IN lead 24. The input data signal is processed by the decay rate
      meter 12 and a decaying data output signal is sent to an indicator means
      which may be a dual trace oscilloscope 26 through a data OUT lead 28.
      Within the decay rate meter 12 a reference decay rate signal, hereinafter
      referred to as the ramp signal, is generated, as will hereinafter be
      explained, and is transmitted to the oscilloscope 26 by a ramp OUT lead
      30. To trigger the oscilloscope 26 to provide simultaneous traces of the
      decaying data signal and the ramp signal, the decay rate meter 12 and the
      oscilloscope 26 are connected by a trigger OUT lead 32, as will be
      hereinafter explained.
PAR  Illustrated in FIG. 2 is the electrical schematic and block diagram of the
      decay meter 12 wherein the IN lead 14 is connected to a first excitation
      lead 34. The first excitation lead 34 is interconnected by a three-pole,
      two-position excitation switch 36 containing an excite pin 37b and a decay
      pin 37a with a second excitation lead 38. The second excitation lead 38 in
      turn is connected to the exciting transducer 16 by the OUT lead 18.
PAR  An oscilloscope triggering circuit within the decay rate meter 12 includes
      a first trigger lead 40 which is connected between a constant potential
      source 42 and to a trigger pin 37c in the excitation switch 36. The
      excitation switch 36 interconnects the first trigger lead 40 or an open
      circuit pin 37d with a second trigger lead 46. The second trigger lead 46
      is connected to ground through a resistor 48 and also to a capacitor 50.
      The capacitor 50 is connected by a third trigger lead 54 to ground through
      a resistor 52 and to the trigger OUT lead 32.
PAR  The decay rate meter 12 also includes a ramp generator circuit to which the
      constant potential source 42 is applied as a reference signal at a
      potentiometer 60. A wiper 61 of the potentiometer 60 moves relative to a
      ramp dial 62 which is calibrated in decibels per second so as to indicate
      the proportionality between the value of the adjustable reference signal
      produced by adjusting the potentiometer 60 and the ramp signal produced.
      The wiper 61 of potentiometer 60 is further connected to a ramp input
      buffer amplifier 64. The output of the ramp input buffer amplifier 64 is
      selectively connected by a multiplier range switch 68 with either resistor
      70, 72, or 74. The resistors 70, 72, and 74 are connected to a first ramp
      lead 76 which is connected to a ramp pin 37e in the excitation switch 36.
      The first ramp lead 76 is interconnected by the excitation switch 36 to an
      integrator circuit 80 such as commonly known in the art. The excitation
      switch 36 also interconnects the integrator circuit 80 through a reset pin
      37f with an integrator reset and ramp start circuit 81 which is of known
      circuit configuration. The integrator reset and ramp start circuit 81 is
      additionally connected by a lead 79 to the integrator circuit 80. The
      output of the intgrator circuit 80 is connected by a second ramp lead 82
      to the ramp OUT lead 30 and thence to the oscilloscope 26.
PAR  The decay rate meter 12 further includes a data processing circuit to which
      the input data signal is transmitted by the pickup transducer 22 and data
      IN lead 24. The input signal is received by a first data lead 84 which is
      connected to ground by a resistor 86 and to a data input buffer amplifier
      88. The output of data input buffer amplifier 88 is connected to a
      capacitor 90 which is further connected to a level set variable resistor
      92. The data signal from the level set variable resistor 92 is fed into an
      absolute-value circuit 94 of known circuit configuration which is
      connected by a second data lead 96 to a log-converter circuit 98 which is
      also of known circuit configuration. A third data lead 102 connects the
      log-conveter 98 to the data OUT lead 28 and thence to the oscilloscope 26.
PAR  In the description of operation, the effect of the resistors will be
      ignored, but those skilled in the art will be readily able to determine
      the appropriate values of the resistances required to provide the desired
      ranges for optimum operation.
PAR  In setting up a test to determine the decay characteristics of a test
      object 20, the excitation source 10 produces electrical excitation energy
      which is transmitted through the excitation pin 37b to the exciting
      transducer 16 which converts the electrical excitation energy into the
      desired oscillations, for example vibration, sound, or electrical pulses.
      The test object 20 oscillates in response to the exciting transducer 16,
      and the effects of the oscillation are detected by the pickup transducer
      22 which coverts the oscillation into an electrical input data signal. The
      input data signal is supplied to the data input buffer amplifier 88 and
      through to the level set variable resistor 92 which allows adjustment of
      the input signal to produce data peaks near the optimum voltage for
      application to the absolute-value circuit 94 which produces an
      absolute-value data signal. The absolute-value data signal is then
      supplied to the log-converter circuit 98 which has been internally
      corrected for zero drift of both the absolute-Value circuit 94 and the
      log-converter circuit 98 to produce a logarithmic value signal of the
      instantaneous linear absolute value of the input data signal. The
      logarithmic value signal which is the decaying data signal is then
      supplied to the osciloscope 26.
PAR  With the excitation switch in the excite position as shown, the integrator
      reset and ramp start circuit 81 is connected to reset the integrator 80 to
      the initial value and to position the ramp starting point on the
      oscilloscope 26 at some value above the value of the expected decaying
      data signal.
PAR  To take a test measurement, the excitation switch 36 is switched from the
      excite pin 37b to the decay pin 37a which terminates the excitation on the
      test object. The decay rate of the oscillations generally follows an
      exponential curve or series of overlapping exponential curves for complex
      test objects. The decaying data is processed by the pickup transducer 22
      to produce the input data signal which is absolute-valued and
      log-converted to produce a trace of decreasing amplitude versus increasing
      time having a slope or composite slopes measurable in decibels per second
      on the oscilloscope 26.
PAR  The switching of the excitation switch 36 to the decay pin 37a
      simultaneously activates the triggering circuit and the ramp generator
      circuit. In the triggering circuit, this causes a signal to be supplied
      through the trigger OUT lead 32 to the oscilloscope 26 which triggers a
      sweep of the trace so that immediate traces of the decaying data and the
      ramp are formed.
PAR  In the ramp generator circuit, the wiper 61 is manipulated to place the
      potentiometer 60 at the center of its range, and the range multiplier
      switch 68 has been set on a range setting appropriate to the value of the
      decaying data signal. When the excitation switch 36 is moved from the
      excite pin 37f to the decay pin 37e, the reference signal applied to the
      potentiometer 60 is conducted through the circuit to the integrator
      circuit 80 where the signal is integrated with respect to time and then
      supplied to the oscilloscope 26 through the ramp OUT lead 30. On the
      oscilloscope, the integrated ramp signal appears as a trace in decibels
      decreasing in amplitude with respect to time and appears simultaneously
      with the decaying data signal.
PAR  The decay rate of the oscillation is found by an iterative process in which
      the excitation switch 36 is moved repetitively between the excite pin 36a
      and the decay pin 36b while the wiper 61 and the range multiplier switch
      68 are adjusted to produce a ramp trace with a slope in decibels per
      second equal to the slope of the decaying data signal trace. Once the ramp
      slope coincides with the decaying data signal slope, the decay rate is
      then read directly from the ramp dial 62 in decibels per second.
PAR  The oscilloscope sweep time can be set for best visual definition because
      the ramp and decaying data signals are presented simultaneously, and the
      ramp slope is precisely determined from the calibrated ramp dial 62.
PAR  Having thus described the construction and the operation of the preferred
      embodiment of the invention, various modifications within the spirit and
      the scope of the invention will become apparent to those skilled in the
      art and can be made without departing from the underlying principles of
      the invention as defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for indicating the exponential rate of decay of oscillation in
      test objects such as mechanical structures, acoustical enclosures, or
      electrical circuits which have been excited and providing simultaneous
      indication of an adjustable reference decay rate signal for comparison
      comprising: means for exciting the test object and terminating the
      excitation; means for detecting the excitation response and providing a
      signal proportional thereto; means for receiving and processing the
      excitation response signal to produce an absolute-valued, log-converted
      decaying data signal; means for producing a variable, integrated reference
      decay rate signal simultaneously with the decaying data signal; indicator
      means for simultaneously presenting the reference decay rate signal and
      decaying data signal for comparison.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 including means for simultaneously
      terminating the excitation, producing the reference decay rate signal, and
      presenting the reference decay rate signal and the decaying data signal on
      the indicator means.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 including range multiplier means
      proportionately changing the reference signal within a predetermined range
      so as to provide a wider range of adjustment for the variable reference
      decay rate signal.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein the indicator means is dual
      trace visual recorder with one trace responsive to the decaying data
      signal and the other trace to the variable reference decay rate signal.
NUM  5.
PAR  5. Apparatus for indicating the rate of decay of oscillation in test
      objects such as mechanical structures, acoustical enclosures, and
      electrical circuits which have been suitably excited and providing
      simultaneous presentation of an adjustable reference decay rate signal for
      comparison comprising: a source of excitation energy for exciting a test
      object with the excitation energy in such forms as acoustical, mechanical,
      or electrical energy at a first predetermined point; means for terminating
      the excitation energy; means for detecting the excitation response of the
      test object at a second predetermined point and providing an input signal
      representative of the excitation response of the test object; means for
      receiving the input signal and producing a signal which is the absolute
      value of the input signal; means for log-converting the absolute-value
      signal and producing a decaying data signal which is the logarithmic value
      of the absolute-value signal; means for generating and varying a reference
      signal within a predetermined amplitude range and providing an indication
      of the value of the amplitude; means for integrating the reference signal
      and producing a reference decay rate signal made variable by varying the
      reference signal; means responsive to the means for terminating the
      excitation energy for triggering indicator means responsive to the
      decaying data signal and the reference decay rate signal for producing an
      indication representative of the decaying data signal from the test object
      and the variable decay rate for simultaneous comparison.
NUM  6.
PAR  6. A method of determining the exponential decay rate of a test object
      which comprises the steps of: exciting the test object at a first selected
      point; terminating the excitation imposed on the test object; converting
      the decay response of the test object due to the termination of the
      excitation into an electrical input signal at a second selected point;
      absolute valuing of the electrical input signal to obtain an
      absolute-value electrical signal; log converting the absolute value
      electrical signal to obtain a decaying data electrical signal which is a
      logarithmic value of the absolute-value signal; generating an adjustable
      reference signal upon the termination of the excitation; integrating the
      adjustable reference signal to produce a variable reference decay rate
      electrical signal; adjusting the reference signal to produce a reference
      decay rate electrical signal which coincides with the decaying data
      electrical signal whereby the decay rate of the test object may be
      determined from the value of the adjusted reference signal.
NUM  7.
PAR  7. The method as claimed in claim 6 wherein the terminating of the
      excitation is done simultaneously with the integrating of the adjustable
      reference signal.
NUM  8.
PAR  8. The method of determining the exponential electrical decay rate in a
      circuit which comprises the steps of: exciting the electrical circuit with
      an oscillating electrical signal at a first selected point; terminating
      the electrical signal imposed on the circuit; detecting the electrical
      decay response signal of the circuit due to the termination of the
      electrical signal at a second selected point; absolute valuing the
      electrical decay response signal to obtain an absolute-value electrical
      signal; log converting the absolute-value electrical signal to obtain a
      decaying data signal which is a logarithmic value of the absolute-value
      electrical signal; generating an adjustable reference signal upon the
      termination of the electrical signal; processing the adjustable reference
      signal to produce a variable reference decay rate electrical signal;
      adjusting the adjustable reference signal until the variable reference
      decay rate electrical signal coincides with the decaying data electrical
      signal whereby the electrical decay rate characteristics of the circuit
      may be determined from the value of the adjusted reference signal.
NUM  9.
PAR  9. The method of determining sound decay rate of an enclosure which
      comprises the steps of: exciting the enclosure with sound at a first
      selected point; terminating the excitation sound imposed on the enclosure;
      converting the sound decay of the enclosure due to the termination of the
      excitation sound into an electrical input signal at a second selected
      point; absolute valuing the electrical input signal to obtain an
      absolute-value electrical signal; log converting the absolute-value
      electrical signal to obtain a decaying data electrical signal which is a
      logarithmic value of the absolute-value signal; generating an adjustable
      reference signal upon the termination of the excitation sound; processing
      the adjustable reference signal to produce a variable reference decay rate
      electrical signal; adjusting the reference signal to produce a reference
      decay rate electrical signal which coincides with the decaying data
      electrical signal whereby the decay rate characteristics of the enclosure
      may be determined from the value of the adjusted reference signal.
NUM  10.
PAR  10. The method of determining the exponential vibration decay rate of a
      structure which comprises the steps of: exciting the structure with
      vibration at a first selected point; terminating the excitation vibration
      imposed on the structure; converting the vibration decay of the structure
      due to the termination of the excitation vibration into an electrical
      input signal at a second selected point; absolute valuing the electrical
      input signal to obtain an absolute-value electrical signal; log converting
      the absolute-value electrical signal to obtain a decaying electrical
      signal which is a logarithmic valve of the absolute value signal;
      generating an adjustable reference signal upon the termination of the
      exciting vibration; processing the adjustable reference signal to produce
      a variable reference decay rate electrical signal; adjusting the reference
      signal to produce a reference decay rate electrical signal which coincides
      with the decaying data electrical signal whereby the vibration decay rate
      of the structure may be determined from the value of the adjusted
      reference signal.
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ABST
PAL  A microwave fluid flow meter is described utilizing two spaced microwave
      sensors positioned along a fluid flow path. Each sensor includes a
      microwave cavity having a frequency of resonance dependent upon the static
      pressure of the fluid at the sensor locations. The resonant response of
      each cavity with respect to a variation in pressure of the monitored fluid
      is represented by a corresponding electrical output which can be
      calibrated into a direct pressure reading. The pressure drop between
      sensor locations is then correlated as a measure of fluid velocity.
PAL  In the preferred embodiment the individual sensor cavities are
      strategically positioned outside the path of fluid flow and are designed
      to resonate in two distinct frequency modes yielding a measure of
      temperature as well as pressure. The temperature response can then be used
      in correcting for pressure responses of the microwave cavity encountered
      due to temperature fluctuations.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the U.S. Atomic Energy Commission and pertains generally to
      fluid flow meters and more particularly to such meters that employ
      microwave measuring techniques.
BSUM
PAR  The advent of the fast breeder reactor employing liquid metal technology
      has generated a need for apparatus capable of determining the sodium flow
      rate encountered through the individual fuel subassemblies, process
      channels and closed loop test assemblies. Design limitations require such
      sensors to operate in a very limited space under severe environmental
      conditions of temperature, pressure and radiation levels. When necessary,
      installation, removal or replacement of the sensor must be achieved with a
      minimum of effort and time.
PAR  State-of-the-art flow sensors presently available are unable to meet the
      aforedescribed specifications. In fact, presently proposed sensors
      partially obstruct flow of the fluid during the measurement process. This
      obstruction causes turbulent flow, a pressure drop due to the flow meters,
      and even a possible coolant blockage if failures occur.
PAR  A critical need exists for better methods of coolant flow detection in all
      nuclear reactors. A flow restriction through one or more fuel channels in
      the core can result in a failure or melting of the fuel. To monitor for
      such occurrences, flow or coolant temperature detection equipment have
      been used in the past. Temperature detection methods are limited because
      of the corresponding time lag between blockage and increased coolant
      temperature. Flow monitors are ideal since they detect immediately any
      change in flow. Immediate detection is vital if one ever hopes to avert
      fuel melting or at least minimize fuel damage. Unfortunately, reliable and
      accurate flow meters are not a common feature in reactors today. Many of
      the problems occur because of the requirement for several, usually
      mechanical, devices prone to frequent failure as well as numerous
      instrumentation leads and connectors, also prone to failure.
PAR  Accordingly, apparatus is desired having the capability of providing such
      measurements without disturbing the flow monitored. Additionally, such
      sensors must exhibit the ability to maintain a high degree of sensitivity
      and stability under severe environmental conditions as well as provide a
      fast response time as required in liquid metal applications.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention employs a plurality of spaced microwave sensors
      positioned along a fluid flow path to provide a measurement of fluid
      velocity. The individual sensors include a microwave cavity having a
      resonant frequency response dependent upon the static pressure of the
      fluid monitored. The respective cavity resonant frequencies are translated
      into representative electrical outputs calibrated into a pressure
      response. The pressure drop between sensors is then interpreted as a
      measure of the fluid's velocity between monitoring locations.
PAR  The sensor microwave cavity can be designed to resonate in two distinct
      frequency modes having a specific dependence on the fluid parameters that
      will yield a measure of temperature as well as pressure. The temperature
      response can then be employed in correcting for temperature dependent
      pressure responses of the microwave cavity.
PAR  In the preferred embodiment the sensors are positioned outside the fluid
      path to avoid flow obstructions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiment, exemplary of the invention, shown in the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of an exemplary flow rate metering system
      contemplated by this invention shown in a fast breeder reactor environment
      monitoring one of the external coolant loops; and
PAR  FIG. 2 is a sectional view of the dual property sensor and waveguide
      assembly employed in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus of this invention utilizes a pair of spaced microwave sensors
      positioned along a fluid flow path to measure the fluid's velocity. The
      preferred embodiment to follow is illustrated an extremely adverse fast
      breeder reactor environment which particularly points out the versatility
      and specific benefits provided by the inventive concepts presented.
PAR  A liquid metal fast breeder reactor vessel and head enclosure 10 are
      illustrated in FIG. 1 having a heat generative core 12 and coolant flow
      inlet and outlet means 14 and 16 formed integral with and through the
      vessel walls. The coolant flow outlet pipe 16, commonly called the hot-leg
      of the primary loop of the reactor, conducts the heated coolant to
      intermediate heat exchange means, not shown, commonly employed to create
      steam which is used to drive apparatus designed for the production of
      electricity. The cooled coolant exiting the heat exchanger is returned
      through cool-leg conduit 14 to the core region of the reactor for
      recirculation. The sensors of this invention, 18 and 20, are illustrated
      positioned at two-spaced locations along the hot-leg of the coolant piping
      16 to monitor the static pressure of the fluid sodium at the two sensor
      locations. The corresponding pressure measurements obtained are then
      compared to give an indication of the fluid coolant flow rate within the
      conduit 16.
PAR  In its preferred form the sensors 18 and 20 respectively include individual
      metal cavities 22 of particular internal dimensions designed to resonate
      at microwave frequencies. The specific design of the cavities, as well as
      the sensor waveguide assembly 26 is illustrated is more detail in FIG. 2.
      Of importance to this embodiment, there are specific values of
      (2a//L).sup.2 for a cylindrical cavity (where a = the inside radius and L
      = the side length of the cylinder) for which the cavity resonates in two
      distinct (degenerate) modes collectively dependent upon both pressure and
      temperature for the same exciting frequency. Simultaneous and independent
      excitation and detection of these modes can be achieved, as fully
      described in copending application Ser. No. 328,220, filed Jan. 31, 1973,
      to allow simultaneous detection of both pressure and temperature.
PAR  The embodiment illustrated in FIG. 2 shows the resonant cavity 22 as having
      a flexible end wall 24 formed as an integral part of the piping wall 16. A
      change in pressure within the piping will result in a displacement of the
      end wall 24, effectively changing the longitudinal dimension L of the
      cavity and thus altering the resonant frequency of the pressure dependent
      mode. The resonant energy is communicated to the processing electronics 28
      shown in block form coupled to the waveguide 26 in FIG. 1. The electronics
      function to convert the microwave energy to a corresponding electrical
      output representative of the monitored coolant's pressure as indicated by
      block 30. The pressure responses obtained in monitoring the sensor
      locations are then compared and analyzed, as schematically shown by block
      32, to obtain a measurement of the flow rate of the fluid within the
      conduit 16. A separate temperature measurement 34 can be obtained, as
      explained in the aforecited reference, from the corresponding response of
      the temperature dependent mode to provide a correction for temperature
      responsive pressure readings of the cavity. A more detailed understanding
      of the specific apparatus employed can be had from the aforecited
      reference and a comparison of pressure responses can be obtained by a
      simple implementation of differential amplifier circuitry presently within
      the state of the art.
PAR  After the pressure responses are obtained they are correlated using a
      mathematical relationship relating the pressure drop between sensors to
      the fluid flow rate as illustrated by the following example.
PAR  Assuming a 4 inch diameter pipe or tube containing flowing liquid sodium at
      700.degree.F, the Reynolds number for different velocities of flow can be
      calculated from the relationship:
      ##EQU1##
PAR  For velocities of 10 feet/second, 15 feet/second, and 20 feet/second, the
      corresponding Reynolds numbers calculated are R.sub.10 = 9.6 .times.
      10.sup.5, R.sub.15 = 14.4 .times. 10.sup.5, and R.sub.20 = 19.2 .times.
      10.sup.5. Given a relative roughness for a standard commercial pipe of
      .epsilon./D of 0.0004, a Moody diagram determines the friction factor to
      be f.sub.10 = 0.0164, f.sub.15 = 0.0162, and f.sub.20 = 0.0161 for the
      above velocities, respectively.
PAR  The pressure drop along the pipe can be related to velocity using the
      relationship:
      ##EQU2##
      where: .rho. = density
PA1  f = friction factor
PA1  L = the spacing between sensors
PA1  g = the force of gravity.
PAR  Again, assuming a fluid of liquid sodium at 700.degree.F, and with the
      pressure sensors along the pipe spaced 10 feet apart, the calculated
      pressure drop for different velocities of flow are illustrated by the
      following table.
TBL  ______________________________________                                    
                              For 10%                                          
     Velocity   Pressure Drop Change in Flow Rates                             
     ______________________________________                                    
     6 ft/sec   0.11 psi                                                       
     10 ft/sec  0.29 psi      0.06 psi                                         
     11 ft/sec  0.35 psi                                                       
     15 ft/sec  0.64 psi      0.13 psi                                         
     16.5 ft/sec                                                               
                0.77 psi                                                       
     20 ft/sec  1.12 psi      0.24 psi                                         
     22 ft/sec  1.36 psi                                                       
     ______________________________________                                    
PAR  Thus, detection sensitivity, depending upon the allowed spacing between
      sensors, will be greater at higher velocities. For sensors spaced 10 feet
      apart, pressure resolution will be approached at the lower limit of 6
      feet/second, which is within the design specifications for liquid metal
      fast breeder reactors. The above calculations prove that the apparatus of
      this invention will readily be applicable to monitoring the flow at the
      core sodium inlet and outlet locations. Alternate applications to the
      individual subassemblies comprising the core appear similarly feasible.
      Tables compiled in the same manner as that presented above can form a
      basis for calibrating the readout electronics according to the pressure
      drop between sensors to provide a direct readout of the flow rate as
      indicated by reference character 32.
PAR  Thus, while the embodiment illustrated as being exemplary of this invention
      has been shown positioned external to the coolant loop piping of the
      reactor with the sensor cavity having one wall formed integral with the
      pipe walls to avoid obstructions to the fluid flow, it should be
      understood that the sensors can be positioned at any desired location
      along the fluid flow path, either internal or external to the reactor
      vessel. For example, in monitoring for coolant flow blockage within the
      core it is desirable to position the sensors directly along the path of
      flow within the fuel assemblies, so that an immediate response can be
      obtained and acted upon to limit damage to the fuel.
PAR  Accordingly, a liquid flow rate monitor has been described which in its
      preferred form will yield output signals proportional to both temperature
      and static pressure, and therefore can be employed to sense those fluid
      physical properties as well as flow. Inasmuch as two sensors are employed
      to measure three parameters, flow rate, pressure and temperature,
      additional reliability is achieved in obtaining the added parameter
      responses. Calibration and operational conditions of the pressure sensors
      when immersed in the monitored fluid can be ascertained simply by
      providing appropriate valving and specific reference gas pressures as
      taught in the aforecited reference.
PAR  Furthermore, experimental results have verified the indicated pressure
      resolution and time responses for given pressure variations, and the
      sensors have been shown to be applicable to the severe environments
      encountered in a fast breeder application. Of particular significance, the
      upper operational temperature limit for the sensor exceeds the
      1200.degree.F requirement for this specific application, while the sensor
      remains insensitive to thermal instability and thermal drift when the
      simultaneous temperature response is employed for compensation. The few
      components necessary for sensor fabrication (cavity, diaphragm and
      waveguide) will simplify instrumentation, while component material choices
      will insure provision of a sensor relatively insensitive to decalibrations
      due to the severe environment. Finally, the pressure sensors can be placed
      outside the path of flow, reducing turbulence which might otherwise
      contribute to inaccurate static pressure readings as well as affect fluid
      performance within the monitored system.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. Apparatus for measuring the rate of liquid flow within a fluid conduit
      comprising:
PA1  a first microwave sensor having a resonant microwave cavity directly
      responsive to the fluid pressure internal of the conduit to provide a
      representative electrical output indicative thereof, said microwave cavity
      being exposed to the interior of the fluid conduit at a first given fixed
      location therealong outside the path of fluid flow;
PA1  a second microwave sensor having a second resonant microwave cavity
      directly responsive to the fluid pressure internal of the conduit to
      provide a representative electrical output indicative thereof, said second
      microwave cavity being exposed to the interior of the fluid conduit at a
      second given fixed location therealong outside the path of fluid flow and
      spaced from said first location; and
PA1  means for comparing the respective outputs from said first and second
      sensors and responsive thereto to provide a measurement of fluid flow
      within the conduit.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first and second microwave
      cavities are respectively formed, in part, integral with the wall of the
      fluid conduit.
NUM  3.
PAR  3. The apparatus of claim 2 wherein at least a portion of the fluid conduit
      wall at said first and second locations respectively form at least a
      section of one wall of said corresponding first and second microwave
      cavities, the remaining walls of said first and second cavities being
      maintained exterior of the fluid conduit.
NUM  4.
PAR  4. The apparatus of claim 2 wherein corresponding portions of the conduit
      wall common to said first and second microwave cavities are constructed in
      a manner to change one geometric dimension of said first and second
      cavities in response to a pressure gradient across said common wall
      portions.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first and second cavities
      respectively comprise a single hollow member having a wall section
      responsive to pressure to move in a manner to change the effective
      dimension of the hollow member along a prescribed axis, said first and
      second cavities being designed to resonate at two resonant frequency modes
      respectively dependent upon a unique combination or permutation of and
      collectively dependent on both the temperature and pressure of the fluid
      measured, and wherein said first and second sensors are responsive to the
      two resonant modes of said corresponding first and second cavities to
      provide electrical outputs indicative of both pressure and temperature so
      that the respective pressure measurements can be compensated for
      variations in the corresponding cavity temperatures.
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ABST
PAL  A system for communicating a data channel composed of a multiplicity of
      telephone-type messages wherein the invention incorporates circuitry for
      modulating service channel data onto a carrier of the telephone channel
      data and for demodulating the service data without interfering with the
      telephone data. An inverse modulator driven by detected telephone data is
      utilized to recover a carrier which is then tracked by a tracking filter
      to recover the service data.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One commonly used system for communicating a multiplicity of telephonic
      messages includes multiplexing techniques wherein samples of a plurality
      of telephone circuits are rapidly sampled with the samples being
      interleaved in time sequence in a well-known fashion which permits these
      samples to be demultiplexed whereupon the original telephonic messages can
      be recovered. The multiplexed messages are often transmitted by a wireless
      transmission link at a suitable carrier frequency such as an X-band
      carrier frequency.
PAR  A problem arises in that it is frequently desirable to inject an additional
      data channel into the communication link at a point removed from the
      location of the aforesaid multiplexing and for removing this additional
      data at a point distant from the location of the aforesaid demultiplexing.
      Such a data channel is frequently referred to as a service channel and
      serves the function of allowing operators of the telephone equipment to
      communicate with each other without interfering with the multiplexed
      telephonic messages.
PAC  SUMMARY OF THE INVENTION
PAR  The aforesaid problem is overcome and other features are provided by a
      system which, in accordance with the invention, provides for a frequency
      or phase modulation of service channel data onto a carrier, such as an
      X-band carrier, which has a frequency much greater than the frequencies of
      the service channel which may be a multiplexed data channel, and means for
      modulating multiplexed telephonic data or other data having a bandwidth
      similar to that of multiplexed telephonic data of a multiplicity of
      telephone circuits onto the carrier which has been previously modulated
      with the service channel data. The bandwidth of the service channel is
      very much smaller than the bandwidth of the multiplexed data channel so
      that the modulation of the carrier with the service channel data does not
      interfere with the spectrum of the multiplexed data. Demodulation of the
      service channel data is accomplished by inverse modulation of the X-band
      signal, this inverse modulation being done preferably at a suitable
      intermediate frequency, this inverse modulation being done in a feedback
      loop utilizing detected multiplexed data to recover the carrier of this
      data. Such recovery permits the utilization of quadrature phase shift
      keying techniques in the modulation of the multiplexed data upon its
      carrier. A tracking filter comprising an inductor-capacitor circuit in
      which the capacitance is adjustably provided by a varactor is utilized in
      the preferred embodiment of the invention to provide a tracking filter
      capability with a reduced number of components and increased reliability.
      A phase detector compares the input and output signals of the tracking
      filter for developing a control signal which adjusts the capacitance of
      the varactor. This control signal contains the service channel data.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned aspects and other advantages of the invention are
      explained in the following description taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a system employing the inverse modulator and
      tracking filter of the invention;
PAR  FIG. 2 is a block diagram of a signal processor of FIG. 1 further
      describing the inverse modulation and the tracking filter; and
PAR  FIG. 3 is a block diagram of an alternative filter for the signal processor
      of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is seen a system 20 which, in accordance
      with the invention, provides for the modulation of data of a first channel
      22 upon a carrier which is modulated with data of a second channel 24. The
      first channel is seen to comprise, by way of example, a plurality of
      telephone hand sets 26 which are coupled to a multiplexer 28. The
      multiplexer 28 comprises well-known sampling circuitry which sequentially
      samples the signals of the individual hand sets 26 and interleaves these
      samples in a predetermined order to provide on line 30 a digital signal at
      a rate of 40 megabits per second. The signal on line 30 is then modulated
      by a modulator 32 onto a 70 megahertz carrier provided by an oscillator
      34, the modulator 32 providing a 4-phase or quadrature phase shift keying
      modulation. Such a modulation is described in the book "Data Transmission"
      by William R. Bennett and James R. Davey which was published by
      McGraw-Hill Book Company in 1965. A feature of this modulation technique
      is good utilization of the available spectrum while the spectral line
      representing the carrier frequency is absent. The output of the modulator
      32 is coupled along line 36 to a mixer 38.
PAR  The second channel 24 is seen to comprise, by way of example, a multiplexer
      40 and an X-band oscillator 42. The oscillator 42 includes means for
      varying the frequency of the oscillations, and the multiplexer 40 provides
      a modulating voltage on line 44 for modulating the frequency of the
      oscillations. The output signal of the oscillator 42 is coupled by line 46
      to the mixer 38 and serves as a carrier upon which the signal of line 36
      is modulated by the mixer 38. The multiplexer 40 operates in a manner
      similar to that of the multiplexer 28 and includes well-known circuitry
      such as a digital-to-analog converter or delta modulator (not shown) for
      converting analog service data signals on lines 48 to digital signals at a
      100 kilobits per second rate on line 44.
PAR  It is noted that the bandwidth of the signal on line 44 is very much
      smaller than the 70 megahertz frequency of the oscillator 34. Accordingly,
      the signal on line 46 may be considered as a carrier with a relatively
      slow modulation, the modulation being at a sufficiently slow rate to
      permit the signal of line 36 to be modulated onto the X-band signal of
      line 46 by the mixer 38 as if there were no modulation of the oscillator
      42. The mixer 38 is understood to include an output filter which passes
      only one side band of the mixing operation so that a signal sent on a
      carrier of, for example, 11 gigahertz frequency, is provided on line 50.
PAR  The signal on line 50 is typically coupled via a wireless transmission path
      52 which begins at a transmitting antenna 54, coupled to line 50, and
      terminates at a receiving antenna 56 which is coupled via line 58 to a
      receiver 60. The receiver 60 amplifies the signal on line 58 and
      translates it to an intermediate frequency, the translated signal being
      coupled via line 62 to a signal processor 64 which will be described with
      reference to FIG. 2. The signal processor 64 separates the service data of
      the second channel 24 from the telephonic data of the first channel 22,
      the first channel data appearing on line 66 and the second channel data
      appearing on line 68.
PAR  The service data provided on the lines 48 is typically telephonic
      communication between operators of the system 20 as well as other signals
      giving information on the availability of telephone circuits for the first
      channel 22. A feature of the invention is that the system 20 provides for
      the combining of the second channel 24 with the first channel 22 at a
      point that may be geographically removed from the multiplexer 28 and the
      modulator 32. This combining of the two channels, and the subsequent
      separation of the two channels by the signal processor 64, is accomplished
      without the utilization of any of the telephone circuits coupled to the
      multiplexer 28 and without creating any substantial interference with the
      spectrum of the modulated signal appearing on line 36 at the output of the
      modulator 32. And, as will be seen with reference to FIG. 2, the
      separation of the two channels 22 and 24 is accomplished in a manner which
      is relatively free of equipment complexity.
PAR  Referring to FIG. 2 there is seen a block diagram of the signal processor
      64, the figure showing the lines 62, 66 and 68 which were previously seen
      in FIG. 1 and represent, respectively, the coupling of the signal from the
      receiver 60, the telephonic communications of the first channel 22 and the
      service data of the second channel 24. The signal processor 64 is seen to
      comprise a delay unit 70, an inverse modulator 72, a tracking filter 74,
      phase detectors 76 and 78, low-pass filters 80 and 82, amplifiers 84 and
      86, demultiplexers 88 and 90 and a phase shifter 92 providing 90.degree.
      of phase shift. The inverse modulator 72 comprises phase modulators 94 and
      96, a phase shifter 98 similar to the phase shifter 92, and a summer 100
      for summing together the outputs of the phase modulator 94 and the phase
      shifter 98. The tracking filter 74 comprises a bandpass filter 102 which
      includes means for varying the center frequency of the pass band, an
      amplifier 104 and a phase detector 106. The filter 102 comprises, in the
      preferred embodiment of the invention, a varactor having a capacitance
      which is varied in response to the amplitude of a signal on line 108, the
      varactor serving to tune an inductor (not shown) of the filter 102 to
      provide the variable passband.
PAR  As was mentioned with reference to FIG. 1, the quadrature phase modulation
      of the modulator 32 provides for a spectrum in which the carrier line is
      absent. The inverse modulator 72 regenerates the carrier frequency and
      passes the regenerated frequency signal via line 110 to the tracking
      filter 74. The tracking filter 74 tracks the frequency of the signal on
      line 110 and recovers the modulation associated with the second channel 24
      of FIG. 1. The recovered modulation appears on line 112. The carrier,
      after having been filtered by the tracking filter 74, appears on line 114
      and is utilized as a reference signal for operating the phase detector 76
      and, via the phase shifter 92, for operating the phase detector 78.
PAR  It is noted that two feedback signals are provided along lines 116 and 118
      which couple signals, respectively, from the amplifier 84 to the phase
      modulator 94, and from the amplifier 86 to the phase modulator 96. With
      respect to the feedback path on line 116, the phase detector 76
      demodulates the signal on line 62 to provide, in cooperation with the
      low-pass filter 80, a digital waveform signal on line 120 having a
      sequence of voltage states corresponding to a logic 1 or a logic 0; these
      voltage states on line 120 correspond sequentially to alternate ones of
      the voltage states appearing on line 30 of FIG. 1. Similar comments apply
      to the action of the phase detector 78 and the low-pass filter 82 in
      providing a signal on line 122 in which the successive values of voltage
      or logic states correspond sequentially to the remaining ones of the logic
      states on line 30. As noted in FIG. 2, the line 116 is labelled "in-phase
      data" while the line 118 is labelled "quadrature data." This difference in
      the detected output results because of the 90.degree. phase shift
      introduced by the phase shifter 92 in the reference signal of the phase
      detector 78 relative to the reference signal of the phase detector 76.
PAR  The use of the in-phase and quadrature signals on lines 116 and 118 in the
      inverse modulation by the modulator 72 corresponds to the quadrature phase
      shift keying by the modulator 32 of FIG. 1. Such modulation is typically
      accomplished by taking alternate bits of the bit stream on line 30 and
      applying them to in-phase and quadrature portions of the modulator 32, the
      in-phase portion providing either 0.degree. or 180.degree. phase shift
      while the quadrature portion provides .+-. 90.degree. phase shift.
PAR  The inverse modulator 72 and the tracking filter 74 introduce a phase shift
      which is substantially invariant with the frequency modulation of the
      carrier on line 110. Thus, the phase modulators 94 and 96 as well as the
      summer 100 employ circuitry which is relatively wide-band as compared to
      the bandwidth of the modulation provided by the second channel 24 of FIG.
      1. The phase shifter 98, the phase detector 106 and the amplifier 104 are
      of similarly wide bandwidth. The bandwidth of the variable filter 102 is
      of relatively narrow bandwidth as compared to the modulation of the second
      channel 24; however, the variable filter 102 is continuously tuned in
      response to a signal of the phase detector 106 so that, with the exception
      of a small phase shift which is typically less than approximately
      2.degree. as is required to generate a correction signal by the phase
      detector 106, the phase shift introduced by the variable filter 102 is
      essentially invariant with the frequency modulation introduced by the
      second channel 24.
PAR  The low-pass filters 80 and 82, in addition to the aforementioned filtering
      of the sidebands produced by the phase detectors 76 and 78, also introduce
      phase shifts to their respective digital signals. The low-pass filter 80
      and its amplifier 84, as well as the low-pass filter 82 and its amplifier
      86, are adjusted to provide a phase shift and loop gain to signals passing
      through the feedback paths on lines 116 and 118 to provide stable
      operation of the feedback loops in a manner well-known to feedback control
      theory. The adjustment of this phase shift is readily accomplished since
      substantially all of the phase shift in each of the feedback loops is
      accomplished respectively by the low-pass filters 80 and 82, the other
      components, namely, the inverse modulator 72, the tracking filter 74, the
      phase detectors 76 and 78, the phase shifter 92 and the amplifiers 84 and
      86 being of sufficiently wide band to introduce substantially no phase
      shift at the carrier frequency. And, furthermore, as will now be
      explained, the digital modulation is absent on the line 110 so that the
      tracking filter 94 introduces no phase shift to the digital modulation.
PAR  In order to insure that the digital signals on lines 116 and 118 are in
      step with the respective portions of the digital signal on line 124 which
      are applied respectively to the phase modulators 94 and 96, the delay
      introduced by the delay unit 70 is adjusted to equal the delays introduced
      by the low-pass filters 80 and 82.
PAR  In operation, therefore, signals received from the receiver 16 of FIG. 1
      along line 62 are applied by the delay unit 70 along line 124 to the phase
      modulators 94 and 96. The signal on line 124 comprises an intermediary
      frequency carrier which is phase modulated at the phases 0.degree.,
      90.degree., 180.degree. and 270.degree.. The 0.degree. and 180.degree.
      phases represent the digital signals of the in-phase data while the
      90.degree. and 270.degree. phases represent digital signals of the
      quadrature data. The signal voltage on line 116 causes the phase modulator
      94 to apply a phase shift of 0.degree. or -180.degree., thereby canceling
      the in-phase modulation present on the line 124. Similarly, the signal
      voltage on line 118 causes the phase modulator 96 to apply a -90.degree.
      phase shift and a -270.degree. phase shift thereby nulling out the
      quadrature digital signal on line 124. The residue of uncanceled
      modulation components from the phase modulator 94 are then summed together
      by the summer 100 with a residue of uncanceled phase shift components from
      the phase modulator 96 as passed by the phase shifter 98 to result in a
      carrier at the intermediary frequency which is void of the digital
      modulation associated with the first channel 22 of FIG. 1. Inverse
      modulators such as the inverse modulator 72 are further described in
      Chapter 8 of "Theory of Synchronous Communications" by J. Stiffler which
      was published by Prentice Hall in 1971.
PAR  The carrier on line 110 is then stripped of the frequency modulation
      associated with the second channel 24 of FIG. 1, as will be further
      described, so that an unmodulated carrier appears on line 114. The carrier
      on line 114 then serves as a reference in the phase detection of the
      digital signals on line 62 by means of the phase detectors 76 and 78.
      These signals are then filtered by the low-pass filters 80 and 82 and fed
      back via the lines 116 and 118 to accomplish the inverse modulation by the
      modulator 72. It is noted that prior to the reception of a signal on line
      62, the signal processor 64 is in an oscillatory or hunting mode which
      then locks in upon the signal at line 62 when the signal on line 62
      appears. It is noted that at the inception of the lock on, there is a
      double ambiguity for the signals on lines 116 and 118, namely, either line
      may actually have the in-phase component while the other line has the
      quadrature component and, furthermore, the signals may be at a logic state
      of 0 or 1 depending on the phase of the reference on line 114.
      Accordingly, differential incoding (as described in chapter 10-3 of the
      aforementioned book by Bennett and Davey) is utilized at the input of the
      modulator 32 and at the input of the demultiplexer 88 to resolve these
      ambiguities. The digital signals in the two feedback branches on the lines
      116 and 118 are recombined in the demultiplexer 88 so that they have the
      same form as was originally presented on line 30 of FIG. 1. The individual
      samples of the multiplexed data are separated out by the demultiplexer 88
      to reform the original telephonic messages associated with each of the
      hand sets 26 of FIG. 1, this being done in a manner well-known in the art
      of demultiplexing. Similar comments apply to the operation of the
      demultiplexer 90 in utilizing the data samples on line 112 to regenerate
      the service data on line 68.
PAR  With respect to the operation of the variable bandpass filter 102, it is
      noted that, in a simple form of such filter employing an inductor and a
      capacitor which resonate at the center frequency of the passband, the
      phase shift varies in a well-known manner across the passband such that a
      positive phase shift is imparted to signals having a frequency at one side
      of the center frequency while a negative phase shift is imparted to
      signals having a frequency at the other side of the center frequency. The
      resultant phase shift is sensed by the phase detector 106 and amplified by
      the amplifier 104, as was previously mentioned, to provide a voltage which
      operates a varactor to alter the capacitance for continuously varying the
      center frequency of the passband.
PAR  Referring now to FIG. 3, there is shown a filter 74A which is an
      alternative embodiment to the tracking filter 74 of FIG. 2. In the filter
      74A, a bandpass filter 126 is utilized to filter the signal on line 110 to
      attenuate modulation transients which may occur at the phase modulators 94
      and 96. The discriminator 128 demodulates the frequency modulation of the
      signal on line 110 to provide the samples of service data on line 112. The
      filter 74A offers simplicity over the tracking filter 74, however, the
      passband of the filter 126 is fixed tuned and is wider than the passband
      of the filter 102 to provide a small shift of the carrier as a function of
      the frequency changes of the frequency modulated signal of the second
      channel 24.
PAR  It is understood that the above-described embodiments of the invention are
      illustrative only and that modifications thereof will occur to those
      skilled in the art. Accordingly, it is desired that this invention is not
      to be limited to the embodiments disclosed herein but is to be limited
      only as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for communicating a first signal and a second signal, said
      second signal having a spectrum wherein a carrier is present, said system
      comprising:
PA1  means for mixing said first signal with said second signal;
PA1  means coupled to said mixing means for transmitting said mixed signals from
      a first location to a second location;
PA1  means at said second location coupled to said transmitting means for
      modulating said transmitted signal with a first and a second demodulated
      replica of said first signal to produce first and second modulator output
      signals, said modulating means including means for combining said first
      and second output signals to produce said second signal;
PA1  means coupled to said modulating means for filtering a carrier of said
      second signal resulting from said modulating; and
PA1  first and second means coupled to said transmitting means and responsive to
      said carrier of said filtering means for demodulating said transmitted
      signal to provide said first and said second demodulated replica of said
      first signal, one of said demodulating means including means for shifting
      the phase of a carrier coupled to said one demodulating means relative to
      the phase of a carrier coupled to the other of said demodulating means,
      said demodulating means coupling said demodulated replica of said first
      signal to said modulating means.
NUM  2.
PAR  2. A system according to claim 1 wherein said first signal is phase
      modulated signal having in-phase and quadrature modulation components.
NUM  3.
PAR  3. A system according to claim 2 wherein said second signal is a frequency
      modulated signal.
NUM  4.
PAR  4. A system according to claim 1 wherein said filtering means comprises a
      variable element, and means responsive to the input and the output of said
      filter for generating a control signal for controlling said variable
      element.
NUM  5.
PAR  5. A system according to claim 4 wherein said first signal is a phase
      modulated signal having in-phase and quadrature modulation components,
      said second signal is a frequency modulated signal, said transmission
      means is a wireless transmission link, and said modulating means comprises
      an in-phase modulator and a quadrature phase modulator for modulating said
      transmitted signal.
NUM  6.
PAR  6. A system according to claim 5 wherein said demodulating means comprises
      an in-phase detector and a quadrature phase detector for recovering the
      in-phase and the quadrature components of said first signal.
NUM  7.
PAR  7. A system according to claim 6 wherein the output of said in-phase
      detector is coupled to said in-phase modulator, and the output of said
      quadrature phase detector is coupled to said quadrature phase modulator.
NUM  8.
PAR  8. A system according to claim 7 wherein said controlling means of said
      filtering means provides said second signal.
NUM  9.
PAR  9. A system utilizing a first signal and a second signal, said second
      signal having a spectrum wherein a carrier is present, said first signal
      being mixed with said second signal, said system comprising:
PA1  means coupled to said mixed signals for modulating said mixed signals with
      a first and a second demodulated replicaa of said first signal to produce
      first and second modulator output signals, said modulating means including
      means for combining said first and second output signals to produce said
      second signal;
PA1  means coupled to said modulating means for filtering a carrier of said
      second signal resulting from said modulating; and
PA1  first and second means coupled to said transmitting means and responsive to
      said carrier of said filtering means for demodulating said transmitted
      signal to provide said first and said second demodulated replica of said
      first signal, one of said demodulating means including means for shifting
      the phase of a carrier coupled to said one demodulating means relative to
      the phase of a carrier coupled to the other of said demodulating means,
      said demodulating means coupling said demodulated replica of said first
      signal to said modulating means.
NUM  10.
PAR  10. A system according to claim 9 including means for demodulating said
      second signal.
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ABST
PAL  A four electrode T-shaped conductivity cell has one pair of external
       elecdes affixed to opposite sides of the stem member and one pair of
      internal electrodes affixed to diametrically opposite arcuated portions of
      the inner wall surface of an open-ended tube which serves as the crosshead
      member of the T. The "voltage" electrodes of the cells are connected in
      the input circuit of a high gain amplifier which has a negative feedback
      loop in which the "current" electrodes are connected. An AC reference
      signal is coupled to this input circuit and is canceled by the voltage
      developed across the "voltage" electrodes. The feedback current, which is
      responsible for this condition and is proportional to the conductivity of
      the electrolyte, is converted to an output voltage whose magnitude with
      respect to that of the reference signal yields a ratio which is linearly
      proportional to the conductivity.
BSUM
PAR  The present invention relates generally to apparatus for measuring
      conductivity and, more particularly, to an improved conductivity sensing
      cell and control circuit for providing highly precise measurements at a
      relatively high data rate.
PAR  Surveys made with existing oceanographic instruments have revealed the
      presence of pressure, temperature and salinity variations in the ocean
      that are much finer than those anticipated. To investigate these
      microstructures, extremely accurate temperature, pressure and conductivity
      measurements must be made.
PAR  There are two general types of sensors normally utilized for performing
      conductivity measurements. One, the inductive type, employs a toroidal
      input transformer for inducing an accurate voltage into the electrolyte
      and a toroidal co-axially spaced output transformer for measuring the
      induced current in the electrolyte. This system, thus, requires a
      precision voltage ratio transformer and current ratio transformer.
PAR  The intrinsic properties of transformers as well as the various materials
      suitable for their construction are such that the current and voltage
      ratio errors increase very rapidly as the size of the transformer is
      diminished. Thus, most inductively coupled conductivity systems are
      comparatively large and unsuitable for microstructure work. For the same
      reason, these sensors have relatively slow response times, and this
      characteristic precludes their use where rapid conductivity measurements
      must be made.
PAR  The other class of conductivity sensors is the electrode type. However, the
      conventional two electrode cell when designed to exhibit reasonable
      flushing characteristics, unfortunately, suffers badly from electrode
      polarization. This condition creates an additional unpredictable impedance
      in series with the electrolyte resistance and introduces unacceptable
      errors into the conductivity measurement.
PAR  Four electrode conductivity cells having one pair serving as the "current"
      electrodes and the other pair as the "voltage" electrodes have been
      mentioned in the scientific literature. The measuring technique employed
      with this type of cell is analogous to the four terminal method of
      measuring low value resistors where lead resistance is a significant
      fraction of the total resistance present. In the conductivity cell,
      polarization impedance is equivalent to this lead resistance. The
      resistance of a four terminal resistor is defined as the ratio of the open
      circuit voltage at the "voltage" electrodes to the current flowing at the
      "current" electrodes. The resistance defined in this way is independent of
      the lead resistance which is external to the junction point between the
      current and voltage connections. For the same reason, the resistance or
      conductance of a four terminal conductivity cell is independent of the
      polarization impedance at the various electrode-electrolyte interfaces.
PAR  It is, accordingly, a primary object of the present invention to provide a
      four electrode conductivity cell which has a fast response time and an
      improved spatial resolution capability.
PAR  Another object of the present invention is to provide a four electrode
      conductivity cell which has excellent immunity to the effects of
      non-uniform electrode fouling.
PAR  Another object of the present invention is to provide a conductivity
      measuring circuit in which the ratio of the output voltage to the input
      voltage is linearly proportional to conductivity of the electrolyte.
PAR  Another object of the present invention is to provide a conductivity
      measuring arrangement wherein the accuracy of the measurement is not
      degraded by the polarization impedances created at the
      electrode-electrolyte interfaces.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 illustrates the general configuration of the four electrode
      conductivity cell of the present invention;
PAR  FIG. 2 is a section through the stem of the cell showing the disposition of
      the four electrode leads;
PAR  FIG. 3 shows the relationship between the four electrodes;
PAR  FIG. 4 is the electrical equivalent of the conductivity cell; and
PAR  FIG. 5 is the schematic diagram of the conductivity measuring system.
DETD
PAR  Briefly, the above objects of invention are accomplished by utilizing as
      the conductivity sensor a four electrode conductivity cell which has a
      T-shaped configuration. A first pair of external vertical electrodes are
      positioned on opposite sides of the stem of the T. A second pair of curved
      internal electrodes are positioned on diametrically opposite arcuated
      portions of an open-ended tubular member which serves as the crosspiece of
      the T. All of the electrodes are in a common vertical plane. The
      dimensions of the stem and crosspiece are such that the distance between
      the external electrodes is greater than the distance between the internal
      electrodes. The reasons for this is to minimize the response of the cell
      to changes in the conductivity of the electrolyte in the vicinity of the
      external electrodes. Since the external electrodes are in the open and
      further apart than the internal electrodes, the effective cell constant is
      fairly insensitive to small changes or apparent changes in the position of
      these electrodes.
PAR  The "voltage" electrodes of the cell, which may be one of the internal
      electrodes, and that external electrode, which is the nearer thereto, are
      connected in the secondary circuit of a transformer whose primary is
      energized with an AC input reference signal of known amplitude. In series
      with these voltage electrodes is the primary winding of an input
      transformer which feeds a tuned high gain amplifier. The output of this
      amplifier supplies a feedback current to the "current" electrodes of the
      conductivity cell such that the voltage developed across the "voltage"
      electrodes opposes and cancels that appearing across the secondary winding
      of the input transformer. This feedback current, which is proportional to
      the conductivity of the electrolyte in which the cell is immersed, is
      converted to an output voltage whose ratio to the input voltage is a
      linear function of the conductivity of the electrolyte.
PAR  Referring now to FIG. 1 of the drawings, it will be seen that the
      conductivity cell 10 of the present invention, which has a T-shaped
      configuration, consists of a rectangular stem 11 and an open-ended tubular
      crosshead 12. Stem 11 is a solid ceramic piece which has the various
      electrode leads 13, 14, 15 and 16 embedded therein. These leads, as best
      shown in FIG. 2, may be flat strips of tungsten enlarged at their ends to
      form electrodes. They are introduced into the material prior to its
      firing, and, this can be done, for example, by fabricating the stem from
      three separate units such as 17, 18 and 19, with the leads pressed into
      the opposite surfaces of the central piece prior to the transformation of
      the material into ceramic form.
PAR  Stem 11 has an opening near its top of sufficient size to accommodate the
      crosshead 12, which is also of ceramic composition. Any suitable bonding
      arrangement may be employed to join the crosshead 12 and stem 11 into a
      unitary assembly.
PAR  Affixed to the outer surface of stem 11 at opposite sides thereof, as
      perhaps best shown in FIG. 3, are a pair of external vertical electrodes
      20 and 21. These electrodes, as mentioned hereinbefore, are the enlarged
      ends of leads 14 and 16. A platinum coating may be applied to the tungsten
      so as to improve its performance when the cell is being used in a salt
      water environment. Electrodes 20 and 21, it will be appreciated, make
      contact with the electrolyte when the conductivity cell is immersed
      therein.
PAR  A pair of curved internal electrodes 22 and 23 of similar construction are
      affixed to diametrically opposite arcuated portions of the inner wall
      surface of crosshead 12 as shown in FIG. 3. These electrodes are the
      enlarged terminal portions of leads 13 and 15, and like their
      counterparts, they may have platinum coatings applied to their exposed
      surfaces.
PAR  Both the internal and external electrodes are disposed in the same vertical
      plane which is perpendicular to the central axis of crosshead 12 and
      contains the longitudinal axis of symmetry of stem 11. As mentioned
      hereinbefore, the dimensions of stem 11 are such that the distance between
      electrodes 20 and 21 is greater than the distance between electrodes 22
      and 23. The reason for this is to make the conductivity cell more
      sensitive to the conductivity of the electrolyte within the crosshead as
      compared to the conductivity of the electrolyte in the open area around
      the stem of the cell. Also, the symmetry of the external electrodes plus
      their wider separation results in the cell exhibiting a high degree of
      immunity to non-uniform contamination of the electrodes.
PAR  In one preferred embodiment, ceramic tube 12 was 8mm long with a 3mm
      outside diameter and a 2mm inside diameter.
PAR  As an alternative construction, stem 11 may have the electrode leads
      embedded in layers of glass which are sandwiched between pieces 17 and 19.
      Also, the external leads 20 and 21 may project outwardly in horizontal
      alignment instead of being disposed along the outer wall surface of the
      stem.
PAR  In the operation of the conductivity cell, electrodes 20 and 22 perform as
      the "voltage" electrodes and electrodes 21 and 23 as the "current"
      electrodes. However, since the cell is symmetrical, these pairs may be
      interchanged, if desired.
PAR  The current and voltage field distribution inside head 12 is shown in FIG.
      4. This distribution is such that the cell is sensitive essentially only
      to the conductivity of the electrolyte inside the tube and for several mm
      away from each end thereof. Consequently, it has only a very slight
      response to changes in conductivity which occur in the vicinity of the
      external electrodes. This, likewise, means that the effective cell
      constant is fairly insensitive to small changes or apparent changes in the
      position of these external electrodes.
PAR  Non-uniform fouling of the electrodes can cause a change in the current and
      voltage fields and, particularly, the one in the vicinity of the current
      electrodes. This condition produces the same effects as a change in the
      position of these electrodes. This apparent change can result in an
      apparent change in the cell constant. However, with the electrode
      arrangement of the present invention, this source of error is minimized.
      This is seen from an examination of FIG. 4 where the equipotential lines
      in the vicinity of the voltage electrodes are parallel to the surface of
      the electrodes, that is, there is no longitudinal gradient in the vicinity
      of the voltage electrode. Because of this, real or apparent small changes
      in the position of the electrode will not be accompanied by a voltage
      change.
PAR  The equivalent electrical circuit of the conductivity cell is shown in FIG.
      5. In this illustration, C.sub.1 and C.sub.2 are the "current" electrodes
      and V.sub.1 and V.sub.2 the "voltage" electrodes mentioned hereinbefore.
      The impedances Z.sub.1, Z.sub.2, Z.sub.3 and Z.sub.4 represent the
      polarization impedances which vary in magnitude and phase with frequency
      and electrode surface condition. Resistors R.sub.1 and R.sub.2 represent
      the electrolyte or, in the present case, the sea water resistance from the
      current electrodes to the points in the sea water paths having the same
      potential as the voltage electrodes. Resistors R.sub.3 and R.sub.4
      represent the two paths from the internal current electrode out each end
      of the tubular head to the external current electrode. These paths go from
      C.sub.1 to C.sub.2. These two resistances, which are in parallel, are
      independent of the electrode-electrolyte effects. For most purposes, they
      may be considered equal, and their parallel equivalent R.sub.W may be
      readily determined by measuring the ratio of the open circuit voltage
      across V.sub.1 and V.sub.2 (E.sub.c) to the current (I.sub.c) through the
      current electrodes.
PAL  Thus
      ##EQU1##
      or
      ##EQU2##
      i.e.,
      ##EQU3##
      where
EQU  G.sub.W = conductance (in mhos)
      ##EQU4##
EQU  g = specific conductivity (mmhos/cm)
PA1  K = cell constant
      ##EQU5##
PAR  FIG. 6 shows the conductivity measuring circuit with the conductivity cell
      represented by box 30. In this system, a 10 KC reference signal of known
      amplitude E.sub.g is coupled to the primary winding 31 of an input
      transformer 32. The voltage appearing across its secondary winding 33 is
      designated E.sub.i. The lower end of the secondary winding 33 is connected
      to one of the voltage electrodes V.sub.2 of the four electrode
      conductivity cell. The other end of this winding is connected to one side
      of a primary winding 34 of a transformer 35, the other side of which is
      connected to V.sub.1, the other voltage electrode of the cell. Transformer
      35 feeds a high gain amplifier 36 which has a transformer 37 in its output
      circuit which develops a feedback current I.sub.c flowing through the
      current electrodes C.sub.1 and C.sub.2 of the cell whose amplitude is
      exactly proportional to the conductivity of the electrolyte, as will be
      seen hereinafter.
PAR  This current I.sub.c also flows through the primary winding 40 of a
      transformer 41 which feeds a second high gain amplifier 42 which also
      employs a negative feedback curcuit in its operation. This feedback
      involves output transformer 43 having an inductively coupled winding 44
      that is connected via resistor 45 to the inverting terminal of the
      amplifier. This arrangement, it will be shown, develops an output voltage
      E.sub.o across winding 46 of transformer 43, whose ratio to the input
      voltage E.sub.g is a linear function of the conductivity of the
      electrolyte being measured.
PAR  The operation of the circuit of FIG. 6 is as follows. The 10 KC signal
      E.sub.g, the input reference signal, provides an input signal to amplifier
      36 whose magnitude is equal to the difference between the reference signal
      and the voltage existing across the "voltage" electrodes V.sub.1 and
      V.sub.2 of the conductivity cell. If one assumes that amplifier 36 has
      infinite gain then by the negative feedback action, this amplifier will
      automatically feed back a current I.sub.c through the "current" electrodes
      C.sub.1 and C.sub.2 such that the input to the amplifier is zero.
PAL  Thus
EQU  E.sub.c = E.sub.i
PAL  Therefore
      ##EQU6##
PAR  The feedback current I.sub.c also flows through the primary winding W.sub.1
      of the current transformer 41. If it is also assumed that amplifier 42 has
      infinite gain then the negative feedback action will again cause the
      feedback current I.sub.F to flow through the secondary winding of this
      transformer W.sub.2 such that the voltage across this winding is zero.
      This means that
      ##EQU7##
      and
      ##EQU8##
      therefore
      ##EQU9##
      Thus, the circuit just described provides an output voltage whose ratio to
      the input voltage is a linear function of the conductivity of the
      electrolyte.
PAR  It would be mentioned that the two amplifiers 36 and 42 must possess very
      high gain stability under closed loop conditions. To achieve this with the
      very high feedback required, the system takes advantage of the fact that
      this performance need only be obtained at a single frequency, namely the
      10 kHz frequency of the input signal. Thus, each amplifier may, for
      example, contain two amplifying stages with at least one of the stages
      containing a parallel LC circuit tuned to resonate at the 10 kHz frequency
      with an appropriate resistor in series therewith. With such an arrangement
      and with the proper choice of parameters, each amplifier may be designed
      to have a phase shift less than 18.degree. at those frequencies at which
      the feedback factor is greater than unity. This insures that the complete
      amplifying circuit including the input and output transformers will be
      stable under the closed loop conditions encountered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A conductivity cell comprising in combination
PA1  a T-shaped structure having as its crosshead an open-ended tube made of
      electrically non-conducting material;
PA1  a pair of external electrodes affixed to opposite sides of the stem of said
      T-shaped structure;
PA1  a pair of internal electrodes affixed to diametrically opposite arcuated
      portions of the inner wall surface of said tube,
PA2  said external and internal electrodes being in the same vertical plane
      which is perpendicular to the central axis of said tube.
NUM  2.
PAR  2. In an arrangement as defined in claim 1 wherein the distance between
      said external electrodes is greater than the distance between said
      internal electrodes.
NUM  3.
PAR  3. In an arrangement as defined in claim 1 wherein the distances from each
      of said external electrodes to the nearer internal electrode are equal.
NUM  4.
PAR  4. In an arrangement as defined in claim 1 wherein said external electrodes
      are parallel and in horizontal alignment.
NUM  5.
PAR  5. In an arrangement as defined in claim 1 wherein said internal electrodes
      are at the midpoint of said tube.
NUM  6.
PAR  6. In an arrangement as defined in claim 1 wherein said T-shaped structure
      is made of ceramic material.
NUM  7.
PAR  7. In an arrangement as defined in claim 1 wherein said internal electrodes
      are symmetrically positioned with respect to the horizontal diameter
      through the center of said tube.
NUM  8.
PAR  8. In a system for measuring the conductivity of an electrolyte, the
      combination of
PA1  a four electrode conductivity cell having one pair of voltage electrodes
      and one pair of current electrodes which are adapted to make contact with
      the electrolyte when said cell is immersed therein;
PA1  an amplifier having a high gain at a reference signal frequency and a
      negative feedback loop in which said current electrodes are connected,
PA2  the input of said amplifier and the voltage electrodes of said cell being
      connected in a series circuit;
PA1  means for coupling a reference signal of known amplitude across said series
      circuit,
PA2  the feedback current flowing through said current electrodes being such
      that the voltage appearing across said voltage electrodes equals and
      opposes said reference signal whereby the magnitude of this feedback
      current is proportional to the conductivity of said electrolyte.
NUM  9.
PAR  9. In an arrangement as defined in claim 8 wherein said conductivity cell
      has a T-shaped configuration with the head portion consisting of an
      open-ended tube made of electrically non-conducting material;
PA1  a pair of internal electrodes affixed to diametrically opposite arcuate
      portions of the inner wall surface of said tube at the longitudinal center
      thereof; and
PA1  a pair of external horizontally aligned electrodes affixed to opposite
      sides of the stem of said T-shaped member, said stem also being made of
      electrically non-conducting material.
NUM  10.
PAR  10. In an arrangement as defined in claim 9 wherein the distance between
      said external electrodes is greater than the distance between internal
      electrodes.
NUM  11.
PAR  11. In an arrangement as defined in claim 9 wherein said internal and
      external electrodes are all in the same vertical plane which is
      perpendicular to the central axis of said tube.
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ABST
PAL  A particle study device includes a sample metering device having an input
      for receiving a sample of particulate matter, a drain for expelling the
      sample of particulate matter, an ejection port, and means for trapping a
      volume of sample within the device. The sample metering device also
      includes an ejecting device operative to eject a predetermined amount of
      the trapped sample through the ejecting port. A coupling device coupled to
      the sample metering device, a source of diluent and the sensing zone in
      the particle study device, combines the ejected predetermined amount of
      particulate matter and diluent to form a liquid suspension and couples the
      liquid suspension to the sensing zone.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to U.S. patent application Ser. No. 279,436
      filed Aug. 10, 1972, now U.S. Pat. No. 3,859,012, issued Jan. 7, 1975,
      which is, to the extent necessary, to be considered incorporated herein by
      this reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to particle study devices and more specifically to a
      device for ejecting a specific amount of particulate matter into a diluent
      stream leading to a sensing zone.
PAR  In the field of particle analysis and study, particles to be counted and
      sized are passed through a sensing zone in a particle study device such as
      a Coulter type particle study device which operates on the Coulter sensing
      principle disclosed in U.S. Pat. No. 2,656,508, issued Oct. 20, 1953 to
      Wallace H. Coulter.
PAR  In a Coulter type particle study device an electrode extends into an
      electrolyte on each side of an insulating wall. The insulating wall has a
      minute aperture formed therein, commonly referred to as a Coulter
      aperture. An electrical excitation is applied causing electric current to
      flow between the electrodes through the Coulter aperture. According to the
      Coulter principle, particles passing through the aperture from one body of
      electrolyte to the other body of electrolyte will change the impedance of
      the electrolyte contained within the aperture. This change in impedance
      coacting with the electrical excitation causes a particle pulse to be
      developed. The particle pulse is coupled to a particle analyzer in the
      particle study device in order to provide a particle count and in order to
      provide an indication of the particle size or volume.
PAR  Heretofore, it has been common practice to employ the fluid electrolyte for
      diluting a sample of particles to be studied. The dilution is necessary
      because the particles to be studied most often exist in a very high
      concentration. The amount of particles in a small sample is most often so
      great that a small quantity, passing through the sensing zone, would pass
      through so quickly that they could not be accurately counted and sized.
      Furthermore, it is generally only necessary to study or analyze a very
      small amount of particulate matter in order to be able to ascertain the
      number in a specific volume and the size of the particulate matter. For
      example, blood generally has approximately 5,000,000 cells per cubic
      millimeter, and it is only necessary to study or analyze one hundredth of
      that amount, namely, a volume of 0.01 cubic millimeters.
PAR  The dilution of particulate matter to be studied has most commonly been
      performed by trained technicians. This process of diluting a specific
      amount of particulate matter in a specific volume of diluent was time
      consuming and had to be performed in an extremely careful fashion in order
      to provide an accurate count. This time consuming, tedious task prevented
      the trained technician from engaging in other, more profitable activities.
PAR  Recently, an ejecting mechanism has been developed, such as is described in
      the above mentioned incorporated by reference patent application, which
      ejects a predetermined amount of particulate matter into an electrolyte
      diluent leading to the sensing zone in the particle study device. This
      ejecting mechanism, although eliminating the necessity for precisely
      diluting a sample of particulate matter to be studied, has the
      disadvantage that it must first be manually loaded with a sample of
      particulate matter via an input port, then inserted into the particle
      study device and operated for ejecting a portion of the particles. After
      operation, the ejecting mechanism must again be removed, cleaned of
      remaining sample and manually refilled. This procedure, although it
      eliminates the precise dilution process previously required, is still
      unnecessarily time consuming and tedious.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing this invention a particle study device is provided wherein
      particulate matter in fluid suspension is passed through a sensing zone
      for counting and sizing the particulate matter. The particle study device
      includes a sample metering mechanism having an input for receiving a
      sample of particulate matter, a drain for expelling the sample of
      particulate matter, an ejection port and means for trapping a volume of
      sample within the metering mechanism. The sample metering mechanism also
      includes an ejecting mechanism operative to eject a predetermined amount
      of the trapped sample through the ejecting port. A coupling structure,
      coupled to the sample metering mechanism to a source of electrolyte
      diluent and a sensing zone allows combination of the ejected predetermined
      amount of particulate matter and diluent to form the liquid suspension.
      The coupling mechanism also couples the fluid suspension to the sensing
      zone.
PAR  In one embodiment a sample metering mechanism in the particle study device
      includes a stopcock assembly. The stopcock assembly has a stopcock valve
      rotatably mounted therein. The valve has a sample accumulation chamber
      formed in it, an input port, a drain port and an ejection port are also
      formed in the valve and are in communication with the sample accumulation
      chamber. The input and drains previously noted are formed in the assembly.
      The stopcock valve is rotatable to a first position for aligning the input
      and input port and the drain and drain port for receiving and expelling a
      sample of particulate matter. The stopcock valve is also rotatable to a
      second position for blocking the input and the drain ports and trapping a
      volume of sample in the accumulation chamber.
PAR  In all embodiments, the ejecting mechanism includes a thermal expansion
      device such as is shown and described in the patent application which is
      incorporated by reference herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a section view of the sample metering device and sensing zone
      structure of this invention;
PAR  FIG. 2 is a perspective view of the electrolyte flow assembly shown in FIG.
      1;
PAR  FIG. 3 is a block diagram of the improved particle study device of this
      invention showing the sample metering device and structure of the sensing
      zone as a block within the block diagram.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the specific embodiment of the sample metering
      structure shown is a stopcock assembly 10 and includes a housing 12 formed
      from glass or other insulating material. The housing includes a truncated
      cone shaped chamber 14. Pipes 16 and 18 are formed onto housing 12 and
      include a conduit 20 passing therethrough and connecting with chamber 14.
      These pipes constitute input and output ports respectively.
PAR  A stopcock valve 24 is fitted into chamber 14 and rotates therein. Stopcock
      valve 24 has a conduit 26 passing therethrough which connects with conduit
      20 in pipes 16 and 18 when stopcock valve 24 is rotated to a first
      position. Conduit 26 connects with a sample accumulation chamber 28 formed
      substantially in the center of stopcock valve 24. A minute opening 30 is
      formed in sidewall 32 of stopcock valve 24 and connects with chamber 28
      thereby providing three separate openings to chamber 28 in stopcock valve
      24.
PAR  Positioned in chamber 28 of stopcock valve 24 is an expansive element 34
      such as is shown and described in U.S. Patent application Ser. No. 279,436
      which is incorporated by reference. Expansive element 34 includes an
      elastic outer member 36 surrounding a thermal expansion element 37. A
      resistor 38 is embedded in the thermal expansion element 37. Wires 40
      secured to the terminals of resistor 38 pass through thermal expansion
      element 37 and elastic outer member 36 and extend through an aperture 42
      formed in handle 44 of stopcock valve 24. Handle 44 is inserted into end
      of chamber 28 after insertion of the expansive element 34 in order to seal
      the chamber from the external environment. After expansive element 34 is
      inserted, the aperture 42 is filled with a sealant 43. Wires 40 then are
      connected to contact terminals 46 on portion 48 of handle 44 in order to
      provide a convenient means of connecting expansive element 34 with the
      equipment with which it is associated.
PAR  The stopcock assembly 10 is positioned adjacent and bears against a
      coupling means which, in the embodiment shown, takes the form of a
      ring-shaped electrolyte flow assembly 52, which is shown in perspective in
      FIG. 2. In the preferred embodiment, electrolyte flow assembly 52 can be
      formed primarily from stainless steel or some other equally effective
      noncorrosive conductive member so as to eliminate the need for a separate
      electrode in this portion of the particle study device. However it can be
      formed from an insulating material such as glass with a separate electrode
      provided. The electrolyte flow assembly 52 includes a ring shaped housing
      member 54 which is formed from one of the conductive or insulating
      material as noted. A tube 56 is formed in the sidewall 58 of ring shaped
      housing member 54 and extends radially therefrom. Annular groves 60 are
      formed at the corners of the inner surface 62 of housing member 54 and
      rings 64 and 66 are seated in these annular groves 60.
PAR  The electrolyte flow assembly 52 is seated on a wall or plate 70 formed
      from glass or other insulating material and forms a chamber 69 above plate
      70. A minute aperture 72 is formed in the center of plate 70 and a ruby or
      sapphire wafer 74 having a microscopic aperture therethrough is secured to
      plate 70 surrounding aperture 72 in order to form what is commonly known
      in the art as a Coulter aperture. An annular ring 71 is formed of glass,
      is positioned on and secured to the top surface of plate 70.
PAR  Plate 70 is seated on a cylindrically shaped housing 78, formed of glass or
      other insulating material and having cylindrical sidewalls 80 and a bottom
      wall 82. Housing 78 defines a suspension accumulation chamber. A conduit
      tube 84 is formed in the center of bottom wall 82 and extends downwardly
      perpendicular to the plane of bottom wall 82. The top edges of sidewall 80
      have an annular groove 86 formed therein and an O-ring 88 is seated in
      annular groove 86 in order to provide a seal between housing 78 and plate
      70.
PAR  The entire assembly consisting of electrolyte flow assembly 52, plate 70
      and cylindrical shaped housing 78 is held together via clamps 90. A second
      electrode 94 is positioned in the chamber 81 formed by sidewall 80 and
      bottom wall 82 of cylindrical shaped housing 78. A conductor 96 connects
      electrode 94 to the external particle analyzing apparatus in the same
      manner as conductor 98, secured to sidewall 58 of ring-shaped housing 54
      is connected to the particle analyzing apparatus.
PAR  In operation, handle 44 of stopcock valve 24 is turned to a first position,
      either manually or via an automatic control mechanism such as a pneumatic
      control mechanism. In the first position, conduit 20 is connected directly
      to conduit 26 and chamber 28 allowing a sample of blood or some other
      particulate laden matter to be analyzed to be entered into chamber 28. The
      sample of blood or other particulate matter may be forced into chamber 28
      via suction drawing on conduit 20, or via pressure forcing the fluid into
      conduit 20 and chamber 28. When the sample has been entered into chamber
      28, handle 44 is moved to its second position, turning stopcock valve 24
      and breaking the connection between conduit 26 and conduit 20. The entire
      stopcock assembly 10, if not presently in position, may be placed on
      electrolyte flow assembly 52 such as is shown in FIG. 1 with O-ring 66
      forming the seal so as to prevent the escape of any electrolyte or sample
      diluted in the electrolyte.
PAR  If the chamber 28 in stopcock assembly 10 is filled while in position on
      electrolyte flow assembly 52, all fluid connections to chambers 69 and 81
      therein including connections not shown such as, for example, connections
      to provide fluid to flush the chambers, must be closed off by appropriate
      valves creating a pressure differential to prevent flow through aperture
      30 into chamber 28. This forces chamber 28 to be filled only with the
      sample of blood via conduit 20. If the chamber 28 is not in position on
      electrolyte flow assembly 52 when it is filled opening 30 can be plugged
      with an appropriate device to prevent entry of air into chamber 28 via
      opening 30. Alternatively, if the sample is forced into chamber 28 slowly
      the low pressure will not create sufficient suction to draw air into
      chamber 28 through opening 30, since surface tension provides a fairly
      effective barrier against flow through a microscopic passageway which is
      wet on one side only.
PAR  Electrolyte is allowed to enter the electrolyte flow assembly 52 via tube
      56 and fill the center area or coupling chamber of electrolyte flow
      assembly 52. Trapped air may be avoided by filling chambers 69 and 81
      before affixing stopcock valve 24 or by other means known in the art. The
      electrolyte is forced to flow around annular ring 71 causing the fluid to
      flow past opening 30. The electrolyte will pass through aperture 72 in
      plate 70 filling the cavity formed by cylindrical shaped housing 78 and
      providing a conductive current path between the electrode formed from
      ring-shaped housing member 54 and conductor 98 and electrode 94 and
      conductor 96.
PAR  The electrodes 46 in portion 48 of handle 44 are connected to the control
      mechanism previously noted which will be explained in greater detail in a
      subsequent portion of this application. The control mechanism generates a
      control signal which may be a voltage, or current, that is coupled to the
      electrodes 46 and, via conductors 40 to resistor 38 in expansive element
      34. The heat generated by resistor 38 will cause thermal expansion element
      37 to expand and force a minute, precise quantity of sample from chamber
      28 through aperture 30. This minute, precise amount of sample will proceed
      directly to the aperture surrounded by the electrolyte in electrolyte flow
      assembly 52. The sample particles in electrolyte solution in electrolyte
      flow assembly 52 will pass through the aperture in wafer 74 causing a
      change in impedance between electrode 94 and the electrode formed by
      housing member 54 of electrolyte flow assembly 52. This change in
      impedance will be sensed by the particle analyzing device for counting the
      particles and analyzing various characteristics of the particles.
PAR  Referring now to FIG. 3, the entire apparatus shown in FIG. 1, consisting
      of stopcock assembly 10, ring shaped flow assembly 52, aperture plate 70,
      and cylindrically shaped housing 78 is shown generally as 100 and will
      hereinafter be referred to as sensing zone and sample metering device 100.
      A particle analyzer 102 of the Coulter type, such as shown and described
      in U.S. Pat. No. 2,656,508, is coupled to sensing zone and sample metering
      device 100 via conductors 96 and 98. The terminations of conductors 96 and
      98 are shown in greater detail in FIG. 1. Particle analyzer 102 supplies
      electrical excitation to electrodes 94 and the electrode formed by housing
      member 54 in FIG. 1 via conductors 96 and 98. The passage of particles
      through the sensing zone in sensing zone and sample metering device 100
      will cause a modulation of the electrical excitation which will be
      detected by particle analyzer 102 and can be used for counting and sizing
      the particles.
PAR  A control circuit 104 is shown as being coupled to sensing zone and sample
      metering device 100. Control conduit 104 includes circuitry for developing
      a control signal which is coupled via conductor 106 to terminals 46 on
      handle portion 48 of stopcock valve 24. This control signal will cause
      resistor 38 in expansive element 34 to heat up and cause an expansion of
      the thermal expansion element 37. Control circuit 104 may also include a
      solenoid mechanism and logic circuit. The solenoid mechanism will be
      coupled to handle portion 48 of stopcock valve 24 and is operative to
      rotate handle portion 48 so as to move stopcock valve 24 to its first or
      second position. The logic circuit in control circuit 104 is operative
      when stopcock valve 24 has been moved to its second position to develop
      the control signal which is coupled to expansive element 34. Control
      circuit 104 may be programmed to switch from the first to second position
      at certain intervals or may be manually actuated. The control signal may
      also be coupled to particle analyzer 102 via conductor 105 for initiating
      operation thereof when the sample is ejected. Particle analyzer 102 can
      include a pulse rate meter which develops a rate signal in response to a
      reduction in the pulse rate, thus indicating the ejection and counting of
      substantially all particles in the sample. The rate signal can stop
      operation of analyzer 102 and can be coupled to additional logic circuitry
      in control circuit 104 via conductor 105 or another appropriate conductor.
      Control circuit 104 will operate in response to the rate signal to either
      terminate the control signal or initiate another operation cycle
      immediately or after a timed interval.
PAR  Pipe 84 shown in FIG. 1, couples sensing zone and sample metering device
      100 to a drip chamber 108. Drip chamber 108 is of the type shown and
      described in U.S. Pat. Nos. 3,340,470 and 3,340,471, assigned to the same
      assignee as this application. The output of drip chamber 108 is coupled to
      the input of a pump 110 and the output of pump 110 is coupled to a filter
      112. The output of filter 112 is coupled to pipe 16.
PAR  In operation, the particle laden diluent electrolyte, which has passed
      through the sensing zone and sample metering device 100, passes via pipe
      18 to drip chamber 108. Drip chamber 108 breaks any electrical connection
      caused by the electrolyte diluent thus preventing the short-circuiting of
      signals away from the input of the particle analyzer 102. The electrolyte
      diluent passing through drip chamber 108 is pumped by pump 110 to filter
      112 which removes the particulate matter. The output of filter 112 is,
      therefore, filtered diluent electrolyte which is pumped to pipette 16 and
      is reused in the operation of the sample metering device.
PAR  Although the particle study device has been shown and described with a
      stopcock assembly, it is to be understood that other device
      implementations are also envisioned as being within the scope of this
      application. For example, rather than a stopcock assembly, a tube with
      chamber therein may be substituted. On each side of the chamber could be
      situated two pneumatically controlled valves having a first and second
      position for allowing passage of the particulate laden matter through the
      tube and chamber or for sealing the tube and chamber so as to trap a
      predetermined quantity of particulate matter within the chamber. The
      chamber will include an expansive element similar to expansive element 34
      and an aperture similar to aperture 30 such that the entire above
      described apparatus can be secured to electrolyte flow assembly 52 in
      place of the stopcock assembly as shown in FIG. 1.
PAR  Additionally, the stopcock assembly 10 shown in FIG. 1 can be constructed
      so as to be initially positioned between a hypodermic needle and syringe
      such that when a blood sample is drawn, it will be drawn through pipe 16,
      chamber 28 and pipe 18 into the syringe. The entrance of air through
      aperture 30 is prevented by means of a soft rubber cap, covering aperture
      30 held in place by suitable clamps. When the full blood sample is drawn,
      the chamber 28 would be filled and the stopcock valve 24 would be turned
      to its second position sealing the blood sample in the chamber. The
      hypodermic needle, syringe and stopcock assembly can be disassembled, the
      needle discarded, the blood sample in the syringe sent to a laboratory for
      full analysis, and the stopcock assembly 10 sent to the laboratory where
      it is attached to the mechanism as shown in FIGS. 1, 2 and 3 for immediate
      analysis of a small portion of the blood sample. Upon completion of the
      testing, the entire stopcock assembly 10 can be sterilized and reused. Use
      of the assembly in this fashion will, of course, eliminate the need for
      complex, separate dilution of blood samples, or other particulate matter
      samples prior to usage in a particle study device of the Coulter type.
CLMS
STM  What it is desired to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. In a particle study device wherein particulate matter in liquid
      suspension is passed through a sensing zone the improvement comprising a
      sample metering means having an input for receiving a sample of
      particulate matter, a drain for expelling a sample of particulate matter,
      an ejection port, and means for trapping a volume of sample therein, said
      sample metering means further including an ejecting means operative to
      eject a predetermined amount of said trapped volume of sample through said
      ejecting port, and coupling means coupled to said sample metering means
      to, a source of diluent and to said sensing zone for combining said
      ejected predetermined amount of said trapped sample and diluent to form
      said liquid suspension and for coupling said liquid suspension to said
      sensing zone.
NUM  2.
PAR  2. The device of claim 1 wherein said ejecting means includes thermal
      expansion means operative in response to a control signal to expand and
      eject said predetermined amount of said trapped sample.
NUM  3.
PAR  3. The device of claim 2 wherein said thermal expansion device includes an
      electric heating element, an expandable element surrounding said heating
      element and having a given thermal-coefficient of expansion, and an
      insulating jacket surrounding said expandable element and said heating
      element and expandable therewith.
NUM  4.
PAR  4. The device of claim 1 wherein said means for trapping a volume of sample
      therein includes a sample accumulation chamber formed in said sample
      metering means.
NUM  5.
PAR  5. The device of claim 4 wherein said means for trapping a volume of sample
      therein, further includes shutoff means coupling said sample accumulation
      chamber to said input and to said drain, said shutoff means being
      operative in a first position to allow sample to pass through said
      accumulation chamber from input to drain and operative in a second
      position to trap said volume of sample within said chamber.
NUM  6.
PAR  6. The device of claim 5 wherein said ejecting means is operative to eject
      said predetermined amount of said trapped sample when said shutoff means
      is in said second position.
NUM  7.
PAR  7. The device of claim 5 wherein said ejecting means includes
      thermal-expansion means operative when said shutoff means is in said
      second position to expand and eject said predetermined amount of said
      trapped sample.
NUM  8.
PAR  8. The device of claim 5 wherein said shutoff means includes a first
      shutoff valve coupling said sample accumulation chamber to said input and
      a second shutoff valve coupling said sample accumulation chamber to said
      drain.
NUM  9.
PAR  9. The device of claim 8 wherein said first and second shutoff valves are
      electrically operated shutoff valves.
NUM  10.
PAR  10. The device of claim 8 wherein said first and second shutoff valves are
      manually operated shutoff valves.
NUM  11.
PAR  11. The device of claim 1 wherein said sample metering means includes a
      stopcock assembly having a stopcock valve rotatably mounted therein, said
      stopcock assembly forming said means for trapping a volume of sample
      therein, said stopcock valve having a sample accumulation chamber formed
      therein and an input port, drain port and ejection port formed therein and
      in communication with said sample accumulation chamber, said input port
      being said sample input, said output port being said output, said assembly
      having said input and drain formed therein, said stopcock valve being
      rotatable to a first position for aligning said input and input port and
      drain and drain port for receiving and expelling said sample, said
      stopcock valve being rotatable to a second position for blocking said
      input and drain port and trapping said volume of sample in said
      accumulation chamber.
NUM  12.
PAR  12. The device of claim 11 wherein said ejecting means is positioned in
      said sample accumulation chamber.
NUM  13.
PAR  13. The device of claim 11 wherein said ejecting means includes
      thermal-expansion means positioned in said sample accumulation chamber.
NUM  14.
PAR  14. The device of claim 1 wherein said coupling means includes, a housing
      defining a coupling chamber and a conduit coupled to said coupling chamber
      and said source of diluent for coupling said diluent to said coupling
      chamber, said coupling chamber being in communication with said ejecting
      port and said sensing zone for combining said ejected predetermined amount
      of said trapped sample and diluent to form said liquid suspension and for
      coupling same to said sensing zone.
NUM  15.
PAR  15. The device of claim 14 wherein said housing is formed from an
      electrically conductive material.
NUM  16.
PAR  16. The device of claim 1 wherein said sensing zone includes a wall in
      communication with said coupling means and an aperture formed in said wall
      for allowing said liquid suspension therethrough, said device further
      including a suspension accumulation chamber coupled to said wall for
      receiving said liquid suspension passing through said aperture, a first
      electrode positioned on one side of said wall and a second electrode
      positioned on the other side of said wall in said suspension chamber.
NUM  17.
PAR  17. The device of claim 16 wherein said coupling means forms said first
      electrode.
NUM  18.
PAR  18. A sample metering device for use in a particle study device wherein
      particulate matter is passed through a sensing zone including in
      combination, an input for receiving a sample of particulate matter, a
      drain for expelling the sample of particulate matter, an ejection port and
      means for trapping a volume of sample therein, said device further
      including an ejecting means operative to eject a predetermined amount of
      said trapped sample through said ejecting port.
NUM  19.
PAR  19. The sample metering device of claim 18 wherein said ejecting means
      includes thermal-expansion means operative in response to a control signal
      to expand and eject said predetermined amount of said trapped sample.
NUM  20.
PAR  20. The sample metering device of claim 19 wherein said thermal-expansion
      device includes an electric heating element, an expandable element
      surrounding said heating element and having a given thermal-coefficient of
      expansion, and an insulating jacket surrounding said expandable element
      and said electric heating element and expandable therewith.
NUM  21.
PAR  21. The sample metering device of claim 18 wherein said means for trapping
      a volume of sample therein includes a sample accumulation chamber formed
      in said sample metering device.
NUM  22.
PAR  22. The sample metering device of claim 21 further including shutoff means
      coupling said sample accumulation chamber to said input and to said drain,
      said shutoff means being operative in a first position to allow sample to
      pass through said accumulation chamber from input to drain and operative
      in a second position to trap said volume of sample within said chamber.
NUM  23.
PAR  23. The sample metering device of claim 22 wherein said ejecting means is
      operative to eject said predetermined amount of said trapped sample when
      said shutoff means is in said second position.
NUM  24.
PAR  24. The sample metering device of claim 22 wherein said ejecting means
      includes thermal-expansion means operative when said shutoff means is in
      said second position to expand and eject said predetermined amount of said
      trapped sample.
NUM  25.
PAR  25. The sample metering device of claim 22 wherein said shutoff means
      includes, a first shutoff valve coupling said sample accumulation chamber
      to said input and a second shutoff valve coupling said sample accumulation
      chamber to said drain.
NUM  26.
PAR  26. The sample metering device of claim 25 wherein said first and second
      shutoff valves are electrically operated shutoff valves.
NUM  27.
PAR  27. The sample metering device of claim 25 wherein said first and second
      shutoff valves are manually operated shutoff valves.
NUM  28.
PAR  28. The sample metering device of claim 22 wherein said shutoff means and
      accumulation chamber are formed in a stopcock assembly.
NUM  29.
PAR  29. In the sample metering device of claim 18, a stopcock assembly having a
      stopcock valve rotatably mounted therein, said stopcock assembly forming
      said means for trapping a volume of sample therein, said stopcock valve
      having a sample accumulation chamber formed therein, an input port, drain
      port and ejection port formed in said stopcock valve and in communication
      with said sample accumulation chamber, said input port being said sample
      input, said output port being said output, said assembly having said input
      and drain formed therein, said stopcock valve being rotatable to a first
      position for aligning said input and input port and drain and drain port
      for receiving and expelling said sample, said stopcock valve being
      rotatable to a second position for blocking said input and drain ports and
      trapping a volume of sample in said accumulation chamber.
NUM  30.
PAR  30. The sample metering device of claim 29 wherein said ejecting means is
      positioned in said sample accumulation chamber.
NUM  31.
PAR  31. The device of claim 29 wherein said ejecting means includes
      thermal-expansion means positioned in said sample accumulation chamber.
NUM  32.
PAR  32. In a particle study device wherein particulate matter in fluid
      suspension is passed through a sensing zone the improvement comprising,
      sample metering means including an accumulation chamber having an input
      port, an output port and an ejection port, shutoff means coupling said
      input port to a source of particulate matter and said output port to a
      drain, said shutoff means being operative in a first position to allow
      particulate matter to pass through said accumulation chamber from said
      source to said drain and operative in a second position to trap a volume
      of said particulate matter within said accumulation chamber, said
      accumulation chamber having an ejecting means positioned therein including
      a thermal-expansion device operative in response to a control signal to
      expand and eject a predetermined amount of said trapped particulate
      matter.
NUM  33.
PAR  33. The device of claim 32 further including coupling means coupled to said
      sample metering means, a source of diluent and said sensing zone for
      combining said ejected predetermined amount of said particulate matter and
      diluent to form said liquid suspension and for coupling same to said
      sensing zone.
NUM  34.
PAR  34. The device of claim 32 further including control means coupled to said
      shutoff means and said thermal expansion device and operative to
      automatically force a volume of particulate matter into said accumulation
      chamber when said shutoff means is in said first position and to switch
      said shutoff means between said first and second positions, said control
      means being further operative to develop said control signal when said
      shutoff means is in said second position.
PATN
WKU  039394107
SRC  5
APN  474652&
APT  1
ART  252
APD  19740530
TTL  Arrangement for testing metal-clad, high-voltage installations
ISD  19760217
NCL  6
ECL  1
EXA  Tokar; Michael J.
EXP  Rolinec; R. V.
NDR  2
NFG  2
INVT
NAM  Bitsch; Rainer
CTY  Berlin
CNT  DT
INVT
NAM  Diessner; Armin
CTY  Berlin
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730530
APN  2328120
CLAS
OCL  324 72
XCL  324 54
XCL  324133
XCL  324157
EDF  2
ICL  G01R 3102
FSC  324
FSS  54;72;157;133
FSC  317
FSS  51
UREF
PNO  2329098
ISD  19430900
NAM  Browning
OCL  324 54
UREF
PNO  2333532
ISD  19431100
NAM  Frakes et al.
OCL  324 54
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  An arrangement for testing metal-clad, high-voltage installations includes
      an equipment unit having a separate encapsulation for accommodating the
      apparatus for making the tests. The separate encapsulation can be flanged
      as a unit to the installation to be tested. The arrangement is
      particularly suited for detecting partial discharges in metal-clad,
      high-voltage installations which are filled with an insulating gas, such
      as sulfur hexafluoride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an arrangement for testing metal-clad,
      high-voltage installations, particularly for detecting partial discharges,
      in which the metal encapsulation serves at the same time as shielding. An
      arrangement of this type is disclosed in Deutsche Auslegeschrift No.
      1,591,853. The detection and measurement of partial discharges are
      important particularly in switching installations which are filled with an
      insulating gas, for example, sulfur hexafluoride, as this permits
      conclusions to be made as to the freedom from defects and the operational
      safety of the installation.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to facilitate the practical use of the
      testing apparatus in existing switching installations as well as in
      installations to be newly constructed, so that the tests, and particularly
      the partial discharge measurements, can be performed without extensive
      preparations.
PAR  According to the invention, the apparatus is housed in a separate
      enclosure, which is constructed as a unit that can be flanged to the
      installation to be tested. In existing installations, the equipment unit
      can be connected to any desired flange which has the width required for
      the test voltage provided. For this purpose can be considered, for
      instance, the connecting flange for an inductive voltage transformer,
      which is removed for the duration of the voltage test.
PAR  In a further embodiment of the invention, however, the metal-clad,
      high-voltage installation can also be equipped with a separate flange for
      connecting the equipment unit. The separate flange is closed off in normal
      operation. The labor required for performing a test is kept particularly
      low in this manner.
PAR  Particularly universal utility of the equipment unit can be achieved by
      constructing the equipment unit of individual housing elements which are
      provided with flanges and each contains individual circuit elements of the
      measuring circuit. The equipment unit can thereby be adapted very quickly
      to particular measurement problems.
PAR  The general applicability of the equipment unit to high-voltage
      installations of different kinds, such as metal-clad switching
      installations or pressurized-gas insulated tubular conductors, can further
      be enhanced by providing a transition which is provided with flanges and
      establishes the electrical and mechanical connection of the equipment unit
      with the installation to be tested. The equipment unit can further contain
      a grounding switch which is arranged between an element for feeding-in the
      voltage and a coupling element. In this way, partial discharge
      measurements as well as voltage tests can be performed with the equipment
      unit.
PAR  Although the invention is illustrated and described herein as an
      arrangement for testing metal-clad, high-voltage installations, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein within the scope and the range
      of the claims. The invention, however, together with additional objects
      and advantages will be best understood from the following description and
      in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating the arrangement according to the
      invention set up for making tests on a metal-clad, high-voltage
      installation filled with insulating gas such as sulfur hexafluoride.
PAR  FIG. 2 is a schematic diagram showing details of the equipment unit of the
      arrangement according to the invention. The equipment unit is depicted
      schematically as being flange-connected to the high-voltage installation
      whereon measurements are to be performed, particularly, tests for
      detecting partial discharges. Tests for the dielectric strength can also
      be performed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The metal-clad, high-voltage switching installation in FIG. 1 is designated
      with reference numeral 1 and has a flange 2 provided exclusively for
      connecting the equipment unit 3. Terminals 4 are on unit 3 for a measuring
      instrument such as an indicating or recording instrument. The equipment
      unit 3 is arranged in horizontal position next to the cable termination
      and is supported by a support element 9. The construction of the equipment
      unit 3 may be seen in detail in FIG. 2.
PAR  The equipment unit 3 comprises a number of individual housing elements,
      namely, a transition piece 5, a voltage feed-in member 6, a voltage
      measuring element 7, a disconnect element 8 as well as a coupling element
      10 and a pickup element 11, which carries the terminal 4. All of the
      housing elements mentioned have flanges, so that it is possible to
      disassemble the equipment unit and to select another combination if
      required or to replace defective elements. Likewise, appropriate elements
      can be held in readiness for different measuring ranges or special
      measurement problems and inserted into the equipment arrangement. The
      coupling element 10 is provided with a flange cover 12 which is
      constructed to be gas-tight and pressure-resistant.
PAR  The transition 5 has a contact pin 13 which can be brought into conducting
      contact with a bus bar located in the switching installation. The voltage
      feed-in 6 is provided with a high-voltage bushing 14 as well as with an
      interchangeable filter member 15 for adapting to different ranges of
      partial discharge frequencies. Voltage is fed to the installation to be
      tested during the measurement through the high-voltage bushing 14. The
      voltage measuring element 7, which follows the voltage feed-in 6, contains
      a capacitive transformer, to which an indicating instrument 16 is
      connected. The disconnect element 8, which follows, contains a grounding
      switch 17, so that the succeeding elements can be disconnected and
      grounded. In the coupling element there is a coupling capacitor, whose
      capacity is determined in accordance with the measuring specifications.
      This coupling element is equipped with the flange cover 12, which thus
      terminates the gas space of the installation to be tested.
PAR  In the pickup unit 11 following the coupling element 10, a partial
      discharge pickup element 20 is located in atmospheric air. The evaluation
      is performed by means of a partial discharge measuring equipment 21, for
      which several configurations are known.
PAR  The equipment unit 3 is at the same time usable for voltage tests. For this
      purpose, the coupling element 10 and the circuit elements following it can
      be disconnected and grounded by means of the grounding switch 17. The
      voltage feed-in 6 and the voltage measuring element 7 remain connected to
      the installation.
PAR  As shown in FIG. 2, the equipment unit 3 consists of largely similar units,
      which are equipped with the required individual elements. The equipment
      arrangement can therefore be disassembled and reassembled in a desired
      different configuration. It is thereby possible to adapt it to a
      multiplicity of measurement and testing problems. The connection to the
      installation to be tested is facilitated in every case by the transition
      member 5. If the equipment unit is to be used in switching installations
      whose connecting flange has different dimensions, it suffices to replace
      the transition 5 with another transition of appropriate configuration.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for making tests on a metal-clad, high-voltage
      installation filled with insulating gas, particularly tests for detecting
      partial discharges, comprising a flange formed on the metal enclosure of
      the installation and defining an access opening in the same; an equipment
      unit having a metal encapsulation for accommodating the apparatus for
      making the tests, said metal encapsulation having a flange for removably
      engaging said flange of the metal enclosure of the installation; and,
      cover means for covering said access opening when said equipment unit is
      not attached to the metal enclosure of the installation.
NUM  2.
PAR  2. The arrangement of claim 1, said equipment unit comprising a flanged
      transition element for electrically and mechanically connecting said
      equipment unit to the installation at said structure means.
NUM  3.
PAR  3. The arrangement of claim 1, said encapsulation being made up of a
      plurality of individual housing elements one adjacent the other for
      accommodating respective components of the apparatus, each of said housing
      elements having respective longitudinal flanged ends for mutually
      connecting each two mutually adjacent ones of said housing elements.
NUM  4.
PAR  4. An arrangement for making tests on a metal-clad, high-voltage
      installation filled with insulating gas, particularly tests for detecting
      partial discharges, comprising structure means defining an access opening
      formed on the metal enclosure of the installation; and, an equipment unit
      having a metal encapsulation for accommodating the apparatus for making
      the tests, said encapsulation having a flange for removably engaging said
      structure means of the metal enclosure of the installation and said
      encapsulation being made up of a plurality of individual housing elements
      one adjacent the other for accommodating respective components of the
      apparatus, each of said housing elements having respective longitudinal
      flanged ends for mutually connecting each two mutually adjacent ones of
      said housing elements, a first one of said housing elements being adjacent
      the metal enclosure of the installation, the component contained therein
      being voltage feed-in means for supplying voltage to the installation when
      conducting the tests thereon; a second one of said housing elements being
      disposed away from said first housing element, the component contained in
      said second housing element being coupling means for coupling an
      instrument to the installation for measuring the partial discharges; and a
      third one of said housing elements being disposed intermediate said first
      and second housing elements, the component contained in said third housing
      element being a grounding-disconnect switch for grounding said coupling
      means and disconnecting the same from the installation.
NUM  5.
PAR  5. The arrangement of claim 4 comprising a fourth housing element disposed
      between said first housing element and said third housing element, the
      component contained therein being voltage measurement means for measuring
      the voltage in the installation during the tests thereon.
NUM  6.
PAR  6. The arrangement of claim 5 comprising a flanged transition element for
      mechanically connecting said equipment unit to the installation at said
      structure means thereof; and, contact means contained in said transition
      element for connecting said voltage feed-in means to a high-voltage
      bus-bar contained in the installation.
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PAL  An improved instantaneous frequency measurement system which can measure
       se signals of differing frequencies emitted simultaneously by a single
      source. A conventional instantaneous frequency measurement detector is
      preceded by a gating device and a dispersive delay line which cooperate to
      transform the simultaneous signals into time sequential signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is very often desirable, in the field of electronic countermeasure
      warfare, to determine the frequency of a received signal as, for example,
      when one wishes to produce a jamming signal of the same frequency as a
      signal being emitted by an enemy. These emitted signals are not always
      merely of a single, constant frequency, but often vary in frequency in a
      predetermined manner. Therefore, in order to effectively jam such signals,
      one must accurately and quickly determine the frequency of the originally
      emitted signal. There have been developed in the past various forms of
      panoramic scanning receivers which scan the frequency spectrum of interest
      in search of the frequency of the emitted signal which is desired to be
      jammed. Obviously, such frequency scanning is relatively slow and this
      time lag may often prove fatal to attempts at producing effective jamming
      signals.
PAR  There is now currently in use a different technique for determining the
      unknown frequency of a received signal, this technique has the descriptive
      title of instantaneous frequency measurement. Equipment utilizing this
      well-known technique can provide frequency information in such a short
      period of time that highly effective jamming signals may be produced and
      transmitted. This instantaneous frequency measurement technique utilizes a
      detector having a signal delay element, i.e., a frequency sensitive phase
      shifter, and a radio frequency phase difference sensor. An emitted signal
      is received and divided into two equal components. One signal component is
      fed through the delay line, and the other signal component is fed to the
      phase sensor. The phase difference between the two components is then
      measured. The magnitude of the measured phase difference is related by a
      known amount to the unknown frequency of the received signal. Since this
      relationship between a frequency and its attendant phase shift in the
      delay line is known, the phase difference signal can be processed and then
      fed to a voltage controlled oscillator to produce a jamming signal having
      an identical frequency to that of the originally received signal.
PAR  While the instantaneous frequency measurement technique has many
      advantages, unfortunately, a conventional system cannot properly handle
      simultaneously received pulse signals. It is fairly common for many modern
      radars to simultaneously emit pulse signals of two or more frequencies,
      resulting in their arriving simultaneously at an intercept receiver. This
      reception of two simultaneously emitted pulse signals of different
      frequencies causes the instantaneous frequency measurement unit to become
      hopelessly confused, and it cannot even determine the frequency of either
      of the two signals, provided they are of relatively equal strength. One
      solution to this problem is to precede the instantaneous frequency
      measurement detector with a conventional, electrically tuned, YIG
      rejection filter. This YIG filter is swept at a fixed rate across the band
      suspected to contain a dual frequency emitter signal. By properly
      selecting the filter bandwidth and the sweep rate, it should be possible
      to see individually each frequency of the two simultaneously received
      signals at least once each sweep. This filter sweeping concept is similar
      to the sweeping heterodyne panoramic receiver and hence contains the
      deficiencies of these past systems. There are other problems which are
      also introduced in the solving of the original dual signal problem which
      make this sweeping filter solution less than the best possible solution.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improvement for use on an instantaneous
      frequency measurement system. More particularly, it permits such system to
      accept and properly interpret two or more pulse signals of different
      frequency which have been simultaneously received. The invention provides
      apparatus which precedes the instantaneous frequency measurement detector,
      and which serves to separate multiple frequency pulse signals into time
      sequential signals. The invention employs a dispersive microwave delay
      line to accomplish this signal separation. As is well-known, a dispersive
      delay line performs the function of delaying or phase shifting low
      frequencies for a time which is not equal to the phase shift for higher
      frequencies. A typical dispersive delay line might comprise a tapped delay
      line with each tap being connected to a filter having a different narrow
      frequency pass band. It is possible then to obtain a dispersive delay line
      which will delay low frequencies longer than it will delay higher
      frequencies, or conversely, one which operates such that higher
      frequencies are delayed longer than lower frequencies. Such a dispersive
      delay line is taught by U.S. Pat. No. 2,882,395. As that reference
      discloses, the dispersive delay line performs two operations. First, it
      separates the component frequencies of a multiple frequency signal and,
      second, transmits each separated frequency component at a delayed time
      determined by the component's frequency.
PAR  Upon receiving a dual frequency emitter signal containing frequencies,
      e.g., f.sub.1 and f.sub.2, if only the first 100 nanoseconds of the signal
      is permitted to enter the delay line, and the delay line is such that
      f.sub.1 requires 150 nanoseconds longer to be fed through the dispersive
      delay line than does f.sub.2, then the instantaneous frequency measurement
      detector will produce two time sequential outputs, one for each frequency,
      and each output will be correct for its associated frequency. Single
      frequency and high-multiple frequency signals can be processed
      satisfactorily if the delay line is chosen with the appropriate dispersion
      characteristics. The addition of the apparatus provided by the invention
      to a conventional instantaneous frequency measurement system will not
      affect any of the other desirable features of the measurement system.
PAR  It is therefore an object of the present invention to provide an improved
      instantaneous frequency measurement system which can accept and accurately
      measure multiple, simultaneously received signals of differing
      frequencies.
PAR  It is another object of the present invention to provide an improved
      instantaneous frequency measurement system which will separate multiple
      frequency signals received simultaneously into time sequential signals.
PAR  It is a further object of the present invention to provide a dispersive
      delay line which precedes a conventional instantaneous frequency
      measurement detector to permit accurate measurement of multiple
      simultaneously received pulse signals of different frequencies.
PAR  It is still a further object of the present invention to provide a gating
      device which allows only a small portion of a received pulse signal to
      enter a dispersive delay line which precedes a conventional instantaneous
      frequency measurement detector to permit accurate measurement of multiple
      simultaneously emitted signals of different frequencies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing the preferred embodiment of the
      invention.
PAR  FIG. 2 shows the invention in detail with pulse processing steps described.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the preferred embodiment of the invention is shown
      in block diagram form. Simultaneously received pulse signals of different
      frequencies are received by a standard omni antenna 10 and increased in
      amplitude by amplifier 12. The amplified signal is fed on line 14 to a
      fast detector 16 which detects the leading edge of the pulse signal and
      produces an on-off signal on line 18. Such leading edge detection is
      well-known in pulse radar technology and is discussed in paragraph 25-57
      in Fink's Electronic Engineers' Handbook, McGraw-Hill, First Edition,
      1957. It is also discussed in paragraphs 21-41 and 21-42 of the Radar
      Handbook by Skolnick, 1970. Simply stated, the fast detector is a
      threshold switching device which turns on when a given voltage level is
      reached and off again when a controlled period of time has passed. This
      on-off signal on line 18 is used to control a solid-state switch or gate
      20, which is also connected to receive the amplified input signal on line
      14. The on-off signal on line 18 turns on the gate 20 so that only a small
      portion of the input signal on line 14 is passed onto line 22 by the gate
      20. Typically, the first 100 nanoseconds of the signal will be permitted
      to pass onto line 22.
PAR  This short portion, which may represent one-tenth of a pulse of each
      frequency component in the input signal, is then fed on line 22 to a
      dispersive delay line 24 which operates in the conventional manner as
      previously described in the Summary of the Invention. Functionally, this
      portion must be short enough to insure that there is no overlap in the
      delay line, but long enough to permit recognition of the frequency. If,
      for example, only the first 100 nanoseconds of a dual frequency signal was
      permitted by the gate 20 to enter the delay line 24, and the delay line is
      constructed so that the first frequency required 150 nanoseconds longer to
      transmit than did the second frequency, then the dual frequency signals
      would now be in time sequence with no overlap See FIG. 2. The time
      sequential signals are fed on line 26 to a conventional instantaneous
      frequency measurement detector 28.
PAR  The instantaneous frequency measurement detector 28 operates in the
      aforementioned manner to produce two time sequential output pulses on line
      30, one pulse for each frequency, with each pulse containing the correct
      information, i.e., amplitude, for its associated frequency. The signals on
      line 30 are fed to a double pulse detector device 32 which merely detects
      the presence of two pulses in close sequence. The double pulse detector 32
      then produces a signal on line 34, which is indicative of the simultaneous
      receipt of a dual frequency signal, and which is fed to a digital computer
      36. The signals on line 30 are also fed to a signal processor 38 where
      they are adjusted in amplitude and shape. The cleaned-up signals are then
      fed on line 40 to a parameter digitizer unit 42 which serves to translate
      the analog information of interest, i.e., that containing the values of
      the frequencies, into digital form suitable for use by a computer. The
      signal processor, 38, and digitizer 42, can be of the form of the
      Digitizer/Processor built by ARGO Systems and described in a paper
      presented by Richard Keenly at the "Microwave '73" Conference in Brighton,
      England.
PAR  This digital information is then fed on line 44 to the digital computer 36
      where it becomes available for use by the computer 36 in determining the
      actual frequencies of the received signals. The computer 36 has already
      been advised by signals on line 34 from the double pulse detector 32, that
      a dual frequency signal is being processed. The computer 36 then arrives
      at the correct number for the frequencies and transmits, on line 46, these
      values to suitable display and control units 48. The display and control
      units 48 may display the information to an operator or may be connected to
      a jammer control unit for producing signals of identical frequency to
      those received at the antenna 10.
PAR  Various other modifications, adaptations and alterations are of course
      possible in light of the above teachings. Therefore, it should be
      understood at this time that within the scope of the appended claims the
      invention may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring the frequencies of a plurality of simultaneously
      received pulse signals, comprising:
PA1  sampling means having an input connected to receive said plurality of
      simultaneously received pulse signals for sampling a portion substantially
      less than one pulse of each of said input signals,
PA1  phase shifting means connected to receive said sampled signals from said
      sampling means for producing output signals each shifted in phase by an
      amount related to the magnitude of its corresponding frequency, and
PA1  instantaneous frequency measurement means connected to receive said output
      signals from said phase shifting means for producing an output signal
      having a measurement of the frequency of each of said plurality of
      simultaneously received pulse signals encoded therein.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said sampling means comprises:
PA1  detector means for producing an output signal upon the detection of the
      leading edge of each of said plurality of simultaneously received pulse
      signals, and
PA1  gate means connected to receive said output signal from said detector means
      for gating said plurality of simultaneously received signals upon the
      occurrence of said output signal from said detector means.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said phase shifting means comprises a
      dispersive delay line.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said dispersive delay line provides a
      phase shift of magnitude directly proportional to the magnitude of the
      frequency of said input signal.
NUM  5.
PAR  5. In an instantaneous frequency measurement system adapted for receiving
      pulse signals, the improvement, whereby a plurality of pulse signals of
      unequal frequency may be simultaneously received and measured, comprising:
PA1  sampling means connected to receive said plurality of signals for producing
      therefrom sampled signals being substantially less than one pulse of each
      of said plurality of signals, and
PA1  phase shifting means connected to receive said sampled signals from said
      sampling means for producing output signals representing output signals
      from said sampling means shifted in phase by an amount related to their
      frequency with said output signals from said pulse shifting means being
      connected to the input of said instantaneous frequency measurement system.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said sampling means comprises,
PA1  detector means for producing an output signal upon the detection of the
      leading edge of a pulse of each of said plurality of pulse signals of
      unequal frequency, and
PA1  gate means connected to receive said output signal from said sampling means
      for producing said output signal from said sampling means each time said
      output signal from said detector means occurs.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said phase shifting means comprises a
      dispersive delay line.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said dispersive delay line produces a
      phase shift directly proportional to frequency.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said output signals from said sampling
      means comprises one-tenth of one pulse of each of said plurality of
      signals.
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ABST
PAL  A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube. The measuring device includes means for widening the
      outer tube, thereby providing a space for locating certain portions of the
      measuring device. Positioned in the space formed by the widening means is
      an auxiliary electrode means, insulated from the outer tube, which forms a
      capacitor with the inner conductor. Measuring means and servo-indicating
      means are connected in various ways to the capacitor formed by the
      auxiliary electrode means and the inner conductor. These measuring means
      respond to variations in the electrical characteristics of the capacitor
      thus formed to thereby give an indication of the voltage of the inner
      conductor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a voltage measuring device, which is particularly
      adapted for measuring high-voltages on encapsulated switching
      installations containing an inner conductor within a grounded metallic
      outer tube.
PAR  2. Description of the Prior Art
PAR  Previous methods for monitoring the voltage of high-voltage switching
      installations generally employed voltage transformers. A typical system is
      described in Deutsche Auslegungschrift No.  1,807,997. There a
      high-voltage system is described which employs a voltage transformer where
      the high voltage coil is located inside an insulating body, with core and
      the coils of the transformer located in a hermetically sealed, pressurized
      tank. The tank is filled with insulating gas and is secured to the
      metallic outer tube of the switching installation by a suitably flanged,
      gas-tight connection. The principal mode of operation for the transformer
      type measuring device is, of course, essentially inductive.
PAR  A voltage transformer of the type described in Deutsche Auslegungschrift
      No. 807,997 is only suitable for voltage ratings below a certain level.
      Higher voltages would require transformer designs which would need too
      much space. Split iron core transformers, alternately, although possibly
      handling the higher voltages, are relatively poor performing devices.
      Further, transformers for higher voltage rating installations become
      expensive when they must be designed to be made surge proof and free of
      partial discharge. A voltage transformer for completely insulated, metal
      clad high-voltage switching installations is described in Deutsche
      Offenlegungsschrift No. 2,125,297.
PAR  It is therefore a primary object of this invention to provide a voltage
      measuring device for application in high-voltage switching installations
      which is relatively simple in construction and consequently favorably
      cost.
PAC  SUMMARY OF THE INVENTION
PAR  A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube. The measuring device includes means for widening the
      outer tube, thereby providing a space for locating certain portions of the
      measuring device. Positioned in the space formed by the widening means is
      an auxiliary electrode means, insulated from the outer tube, which forms a
      capacitor with the inner conductor. Measuring means and servo-indicating
      means are connected in various ways to the capacitor formed by the
      auxiliary electrode means and the inner conductor. These measuring means
      respond to the variations in the electrical characteristics of the
      capacitor thus formed to thereby give an indication of the inner
      conductor.
PAR  In one embodiment, the auxiliary electrode means comprises an electrode
      which is arranged in the space formed by the widening means which is
      insulated from the outer tube and located at a distance which is
      approximately the same as the distance between the inner conductor and the
      outer tube. The measuring means operatively connected to the electrode
      include a capacitor which together with the effective capactior formed
      between the inner conductor and the auxiliary electrode, forms a voltage
      dividing network for the voltage between the inner tube and the outer
      tube. The voltage developed across the capacitor connected between the
      auxiliary electrode and the outer tube is monitored by various means. The
      various measuring devices may include an indicating, glow-discharge lamp
      connected in parallel across the capacitor which lights when the voltage
      on the capacitor, and thus the voltage on the inner conductor, is at its
      proper value. An observation window can be provided in the area of the
      widening which allows the lamp to be observed. Further, the voltage on the
      capacitor can be supplied to remote indicating devices which enable a
      central monitoring of various readings from various points in the
      installation. These remote devices can include a cathode-ray oscilloscope
      with sufficiently high impedance. Also, analog or digital computers can be
      connected through suitable matching amplifiers, to the capacitor to
      thereby provide a continuous monitoring and processing of data from the
      various devices in the installation. In the case of the remotely located
      monitoring devices, a feedthrough is provided in the widening means to
      enable suitable connections to the capacitor.
PAR  Other embodiments described, responsive to the voltage developed across the
      capacitor, include the use of an electro-optical instrument which is
      operatively connected to the capacitor. A source of polarized light is
      directed to the instrument which shifts the plane of polarization as a
      function of the voltage on the capacitor. An evaluation device receives
      the light exiting from the instrument and produced a current proportional
      to the shifting of the plane of polarization and thus the voltage on the
      capacitor. Two such instruments capable of operation with the embodiment
      described are the Kerr cell and the Pockels cell. The size of the
      equipment involved employing the electro-optical instrument are such that
      they can be positioned within the space defined by the widening means.
      This affords a protection for these delicate instruments. However, where
      space limitations restrict the size of the widening device, the polarized
      light source and the optical evaluation device can be positioned outside
      the widening and the light from the source entering the widening and the
      light exiting from the instrument and directed towards the evaluation
      device can be brought into the area of the widening through two windows.
PAR   Two alternate embodiments employing the principals of invention are also
      described. In one of these, the auxiliary electrode includes an opening,
      the electrode forming a part of an electrostatic voltage measuring device,
      well known in art. A metal disc is pivotally mounted in the opening.
      Attached to the back side of the disc is a mirror which reflects light
      from a suitable light source onto a calibrated scale positioned in a
      suitable location in the space defined by the widening means. Through the
      electrostatic forces generated between the inner conductor and the metal
      disc affixed to the auxilliary electrode, the disc rotates in proportion
      thereto and thus the voltage on the inner conductor. The reflected light
      moves along the calibrated scale to give an indication of the voltage. The
      basic design for such an electrostatic voltage measuring device is
      described in a book, authored by A. J. Schwab in 1969 and entitled
      "Hochspannungsmesstechnik" (High-Voltage Measuring Technology), see page
      82.
PAR  In the other embodiment, the auxiliary electrode forms one of the
      stationary electrodes of a generator volt meter whose operation is also
      known in the art. The other stationary electrode which is required by this
      technique is formed by a supplementary electrode housed in the widening.
      The required rotating electrode is formed by a sector disc which is
      mounted on the shaft of a synchronous motor housed in the space defined by
      the widening means. The basic design and operation of such a device is
      described in the aforementioned book by A. J. Schwab at page 121.
PAR  The widening means employed would comprise a stub which is secured to the
      grounded metallic outer tube and which is accessible to the outside
      through an opening which under normal circumstances is closed off by a
      suitably shaped flange.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings for a better
      understanding of the nature and objects of the invention. The drawings
      illustrate the best mode presently employed for carrying out the objects
      of the invention and its principles, and are not to be construed as
      restrictions or limitations on its scope.
PAR  FIG. 1 is an electric schematic diagram of a voltage measuring device
      according to the invention wherein an auxiliary electrode is arranged at a
      metal stub. An indicator in the form of a glow-discharge lamp is connected
      to the auxiliary electrode.
PAR  FIG. 2 illustrates an alternate embodiment of the invention wherein a
      synchronous motor is utilized to afford an indication of the voltage
      potential on the inner conductor of the high-voltage installation.
PAR  FIG. 3 illustrates still another embodiment of the invention wherein a
      rotatable disc is mounted on the auxiliary elctrode on which, in turn, is
      mounted a mirror. The rotation of the disc and mirror is indicative of the
      voltage appearing between the inner conductor and enclosure of the
      high-voltage installation.
PAR  FIG. 4 is a further embodiment of the invention wherein an electro-optical
      device is used to afford an indication of the voltage on the inner
      conductor of the high-voltage installation.
PAR  FIG. 5 is another embodiment of the invention wherein an electro-optical
      device such as a Kerr cell is utilized for providing an indication of the
      voltage on the inner conductor of the high-voltage installation.
DETD
PAR  FIG. 1 describes one embodiment employing the principles of the invention.
      The drawing shows a high-voltage switching installation which comprises an
      inner conductor 2 concentrically disposed within a metallic outer tube 3.
      Secured to the outer tube 3 is a widening means 4 which is also metallic
      and which is secured to the outer tube in a suitable manner. The widening
      means 4 defines a space 6 which communicates with the interior space 7
      between the inner conductor and the outer tube. Positioned in the space 6
      is auxiliary electrode means which, in FIG. 1, is an electrode 8 which is
      mounted in the space 6 at a distance from the conductor 2 approximately
      equal to the distance between the conductor 2 and the tube 3. The
      electrode 8 is insulated from the tube 3 by its mounting. The method of
      mounting the electrode 8 can be done in many ways, known in the art, which
      are not illustrated for purposes of clarity.
PAR  The auxiliary electrode 8 and the conductor 2 form a first capacitor.
      Electrically connected to the auxiliary electrode 8 is a second capacitor
      9. The other end of the capacitor 9 is connected to the metallic tube 3
      via a connection to a flange 5 which seals off the widening means or stub
      4 from the outside. Since the flange 5, the stub 4 and the tube 3 are all
      metal, the necessary connection of the remaining side of capacitor 9 to
      the metal tube 3 is effected.
PAR  The second capacitor 9, and the capacitor formed by the inner conductor 2
      and the auxiliary electrode 8, in effect, have the voltage appearing on
      conductor 2, relative to the grounded tube 3 appearing across themselves.
      They form, in effect, a capacitive voltage divider. The value of capacitor
      9 is selected such that the voltage dropped across its terminals is lower
      than the voltage across the capacitor formed by the electrode 8 and the
      inner conductor 2.
PAR  Various means can be employed to measure the voltage across the capacitor
      9, and thereby give an indication of the voltage of the inner conductor 2
      relative to the tube 3. Such an indicating device is the glow-discharge
      lamp 10 shown connected in parallel across the terminals of capacitor 9.
      The stub 4 is provided with a viewing window 11 through which an observer
      can detect whether or not the lamp is illuminated. Thus the voltage of the
      installation can be monitored without the necessity of providing
      additional equipment external to the space 6 provided by the stub 4.
PAR  Alternatively, if it is desired to monitor the voltage across the terminals
      of capacitor 9 at some remote location, the flange 5 or the stub 4 can be
      provided with the feedthrough 13 which enables an electrical conductor to
      be connected from the junction of the capacitor 9 and the electrode 8 to
      the outside. This conductor, 12, would terminate in an external terminal
      14. Alternate monitoring means such as a cathode-ray oscilloscope having
      suitably high input impedance or other measuring devices having their
      input impedance raised through suitable matching amplifiers, can be
      connected to terminal 14.
PAR  FIGS. 4 and 5 disclose a variation of the embodiment of FIG. 1 wherein the
      indicating means is an electro-optical device. Referring to FIG. 4,
      auxiliary electrode 51 positioned in space 50, defined by stub 55 and
      flange 56, forms a first capacitor with the inner tube 52. A second
      capacitor 54 is connected between the electrode 51 and the flange 56,
      which is, in effect, electrically connected to tube 53. Again, capacitor
      54 has a value such that it forms the low voltage leg of a capacitive
      voltage divider formed by the capacitor between the electrode 51 and the
      inner conductor 52 and the capacitor 54.
PAR  In this embodiment, the junction between the two capacitors is connected to
      an electro-optical instrument. A source of polarized light is supplied by
      a light source 59. Such a source might be, for instance, a laser. The
      light beam 58 is directed into the instrument 57 which might be a Pockel
      cell, well known in the art. The exiting light beam 60 is shifted in its
      plane of polarization by the cell 57. This shifting depends on the voltage
      across the capacitor 54 and is effected within the cell 57 in a manner
      known in the art. The exiting beam 60 is directed by a deflection mirror
      61 into an optical evaluation device 62 which, also, is well known in the
      art. The evaluation device 62 provides an electrical output which is
      proportional to the shift in the plane of polarization of the light
      emanating from light source 59 and is thus proportional to the voltage
      across the capacitor 54 and in turn the high voltage of conductor 52
      relative to the grounded tube 63. The electrical output of the evaluation
      device 62 can be provided to monitoring equipment external to the 50
      through appropriate feedthrough terminals positioned in the stud 55. These
      have not been shown for purposes of clarity but would be similar in nature
      to item 13 in FIG. 1.
PAR  A similar arrangement employing an electro-optical instrument is shown in
      FIG. 5. There the auxiliary electrode 70 forms the first capacitor with
      inner conductor 76 and a second capacitor 77 is connected between the
      electrode 70 and the flange 75 which is electrically common to outer tube
      72 via its conection through stub 74. In this embodiment, only the
      electro-optical instrument, such as a Kerr cell 78 is positioned in the
      space 71 defined by the stub 74. Deflection mirrors 80 and 82 direct the
      polarized light entering and exiting from the instrument 78 from outside
      of the space 71. The polarized light source 81 supplies a beam of light
      through a window 79 in the flange 75. The beam is deflected from the
      mirror 80 into the instrument 78. The exiting light beam from the
      instrument 78, shifted in its plane of polarization by an amount which is
      a function of the voltage across the capacitor 77, is deflected out of the
      area of the space 71 by the mirror 82. The exiting, deflected beam passes
      through a second window 83 and is then received by the evaluation device
      84. The device 84, again, produces at its terminals 85 an electrical
      quantity proportional to the voltage on the capacitor 77 and in turn, the
      voltage on the conductor 76 relative to ground.
PAR  FIG. 2 represents an alternate approach to the capacitive voltage divider
      schemes of FIGS. 1, 4 and 5. In FIG. 2, a synchronous motor 23 is
      positioned in the space 20 formed in a manner similar to that described
      with the aforementioned embodiments. The synchronous motor 23 has attached
      to its shaft 24 a rotating sector disc 25. An auxiliary electrode 26 is
      positioned in the opening or space 20 and is mounted, but insulated from,
      the outer tube 21. A supplementary electrode 28, connected to the outer
      tube and hence grounded, is interposed between the rotating sector disc 25
      and the auxiliary electrode 26. The electrode 26 and 28 include openings
      suitable to allow passage of the shaft 24 therethrough.
PAR  The auxiliary electrode 26 and the supplementary electrode 28 form the
      stationary electrodes associated with a measuring device known as a
      measuring generator. The basic design of such a device, not shown, is in
      accordance with the description of a high-voltage meter setforth in the
      aforementioned book by A. J. Schwab, page 121. Further details of the
      measuring generator device which are known in the art, and which are not
      shown for purposes of clarity, include a tapping resistor as well as an
      amplifier and indicating instrument connected thereto. These all would be
      connected to the stationary electrodes 26 and 28, as well as current
      connections for the synchronous motor 23, through suitable feedthrough
      contacts not shown.
PAR  To understand the mode of operation of the embodiment of FIG. 2, it should
      be understood that the electrode 26 and inner conductor 29 form a
      capacitor. The capacity of this capacitor formed by the electrode 26 and
      the conductor 29 changes in a periodic manner due to the rotation of the
      sector disc 25 at the synchronous speed of the motor 23. The change in
      capacity is also a function of the voltage potential of the conductor 29.
      The periodic change in capacity results in a proportional current flowing
      in the tapping resistor not shown. This current through the tapping
      resistor is processed by a suitably adapted amplifier and indicating
      instrument to thereby give an indication of the voltage potential of the
      conductor 29.
PAR  FIG. 3 represents yet another embodiment employing the principles of the
      invention. There an auxiliary electrode 31 is positioned in space 30 and
      includes an opening 32. Pivotally mounted to the electrode 31, behind the
      electrode, is a metallic disc 33. Secured to the back side of the disc 33
      is a mirror 35. Located external to the space 30 is a light source 39
      which directs its beam through window 36 in flange 38 at the mirror 35.
      The mirror 35 deflects the beam emanating from source 39 towards a
      calibrated scale 40 which is disposed in the flange 38. The scale
      generally is transparent, which allows for a reading thereof from outside
      the space 30. The rotational mounting of the disc 33 is such that it
      rotates in proportion to the force exerted on the metal disc due to the
      electric field between the conductor 41 and the auxiliary electrode 31.
      The electric field is a function of the voltage between the inner
      conductor 41 and the electrode 31 which is electrically connected to the
      outer tube 43. Again, the amount of rotation of the disc 33 is
      proportional to the voltage. Of course, the mirror rotates as the disc
      rotates such that the beam from source 39 moves along the calibrated scale
      40 in a manner which reflects the amount of rotation of the disc 33. Thus,
      a means is established for detecting the voltage potential of the
      conductor 41 relative to the tube 43.
PAR  It is to be appreciated that changes in the above embodiments can be made
      without departing from the scope of the present invention. Variations of
      the specific construction disclosed can be made by those skilled in the
      art, but these must be considered within the scope of the claims appended
      hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube, which comprises:
PA1  a. means for widening said outer tube to thereby form a space for locating
      certain portions of said measuring device;
PA1  b. auxiliary electrode means positioned in said space so as to separate
      said space from an inner space defined by the outer tube and the inner
      conductor electrically insulated from the outer tube, said auxiliary
      electrode means and said inner conductor forming a first capacitor; and,
PA1  c. means operatively connected to said first capacitor for responding to
      electrical characteristics of said first capacitor to thereby give an
      indication of the voltage of said installation.
NUM  2.
PAR  2. The voltage measuring device of claim 1, wherein said auxiliary
      electrode means is positioned at approximately the same distance from said
      inner conductor as is said outer tube.
NUM  3.
PAR  3. A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube, which comprises:
PA1  a. means for widening said outer tube to thereby form a space for locating
      certain portions of said measuring device;
PA1  b. auxiliary electrode means positioned in said space, said auxiliary
      electrode means and said inner conductor forming a first capacitor; and,
PA1  c. means operatively connected to said first capacitor and adapted to
      respond to electrical characteristics of said first capacitor to thereby
      give an indication of the voltage of said installation, said operatively
      connected means including: a second capacitor connected between said
      auxiliary electrode means and said metallic outer tube, said first and
      second capacitor forming a voltage divider between said inner conductor
      and said grounded metallic tube, said second capacitor having a
      capacitance value such that the voltage across said second capacitor is
      lower than that across said first capacitor; and, indicating means
      connected to said second capacitor and adapted to respond to the voltage
      developed across said second capacitor.
NUM  4.
PAR  4. The voltage measuring device of claim 3, wherein said indicating means
      consists of a glow - discharge lamp connected in parallel across said
      second capacitor.
NUM  5.
PAR  5. The voltage measuring device of claim 4, wherein said glow - discharge
      lamp is positioned in said space and wherein said widening means includes
      an observation window for viewing said lamp.
NUM  6.
PAR  6. The voltage measuring device of claim 3, wherein said indicating means
      is positioned outside said outer tube and wherein said widening means
      further includes feedthrough means through which said indicating means is
      connected to said second capacitor.
NUM  7.
PAR  7. The voltage measuring device of claim 1, wherein said auxiliary
      electrode means includes:
PA1  a. an electrode having an opening;
PA1  b. a metal disc pivotally mounted to said electrode and positioned such
      that said disc rotates in response to the electric field forces exerted
      between said inner conductor and said disc, and
PA1  c. means for measuring the rotational movement of said disc to thereby give
      an indication of the voltage between said inner conductor and said outer
      tube.
NUM  8.
PAR  8. A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube, which comprises:
PA1  a. means for widening said outer tube to thereby form a space for locating
      certain portions of said measuring device;
PA1  b. auxiliary electrode means positioned in said space, said auxiliary
      electrode means and said inner conductor forming a capacitor, said
      auxiliary electrode means including: an electrode having an opening; and,
      a metal disc pivotally mounted to said electrode and positioned such that
      said disc rotates in response to the electric field forces exerted between
      said inner conductor and said disc; and,
PA1  c. means for measuring the rotational movement of said disc to thereby give
      an indication of the voltage between said inner conductor and said outer
      tube, said means for measuring the rotational movement includes: a mirror
      secured to said disc; a source of light directed at said mirror; and
      calibrated scale means onto which light reflected from said mirror is
      displayed.
NUM  9.
PAR  9. The voltage measuring device of claim 1, wherein said means operatively
      connected to said first capacitor include a voltage measuring generator
      having first and second stationary electrodes and a rotating electrode,
      said first stationary electrode forming said first capacitor with said
      inner conductor, said rotating electrode causing a periodic change in the
      capacity of said first capacitor which varies the output current of said
      generator in proportion thereto.
NUM  10.
PAR  10. The voltage measuring device of claim 3, wherein said indicating means
      includes:
PA1  a. an electro-optical instrument operatively connected to said second
      capacitor;
PA1  b. a source of polarized light directed towards said instrument, said
      instrument shifting the plane of polarization of said light in proportion
      to the voltage of said second capacitor; and
PA1  c. an optical evaluation device for monitoring the polarized light exiting
      from said instrument, said evaluation device producing an indication
      proportional to the shifting of the plane of polarization of said light.
NUM  11.
PAR  11. The voltage measuring device of claim 10, wherein said instrument is a
      Kerr cell.
NUM  12.
PAR  12. The voltage measuring device of claim 10, wherein said instrument is a
      Pockels cell.
NUM  13.
PAR  13. The voltage measuring device of claim 10, wherein said instrument, said
      source of polarized light and said evaluation device are positioned in
      said space.
NUM  14.
PAR  14. The voltage measuring device of claim 1, wherein said means for
      widening said outer tube comprises a metallic stub positioned in said
      outer tube and a metal flange, connected to said stub to thereby seal the
      stub from the outside.
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PAL  A digital electrical pulse filter which provides output electrical pulses
      directly corresponding to input electrical pulses when the input pulses
      have a repetition rate greater than a predetermined repetition rate and
      which provides no output pulses when the input pulses have a repetition
      rate less than the predetermined repetition rate. An electronic energy
      consumption meter employing such a low cutoff digital pulse filter is also
      disclosed as well as a specific circuit for the filter employing
      complimentary pairs of C-MOS active elements in an arrangement which
      facilitates construction of the entire filtering circuit according to
      C-MOS integrated circuit construction techniques and which enhances the
      overall operation of such an integrated circuit filter.
BSUM
PAR  This invention relates to an improvement in electronic energy consumption
      meters and, more particularly, to a digital electrical pulse filter having
      a low frequency cutoff characteristic that is especially useful in
      electronic energy consumption meters.
PAR  The general structure and characteristics of electronic energy consumption
      meters is provided in detail in my earlier copending U.S. applications,
      Ser. No. 361,030 filed May 17, 1973 now U.S. Pat. No. 3,875,509 and Ser.
      No. 395,142, filed Sept. 7, 1973 now Pat. No. 3,875,508. The entire
      disclosure of these earlier copending applications is hereby incorporated
      by reference. The entire right, title and interest in and to the
      inventions described in the aforesaid patent applications and the entire
      right, title and interest in and to the invention herein disclosed, as
      well as in and to the patent application of which this specification is a
      part, are assigned to the same assignee.
PAR  The electronic energy consumption meter as described in my earlier
      copending applications basically involves the analog multiplication of
      signals representing electrical voltage and current variables to produce
      an analog signal representative of instantaneous power consumption in an
      electrical circuit. Such a power comsumption signal is then converted to
      digital form whereby an electrical pulse is produced every time a
      predetermined unit of energy is consumed. Accordingly, the repetition rate
      of the resulting digital pulse train is proportional to power consumption
      while the accumulated number of such pulses in the train is proportional
      to total energy consumption. However, at very low power consumption rates
      the output from the analog to digital converter may be in error.
      Accordingly, it is desired to ignore pulses in the digital pulse train
      which recur at a repetition rate less than some predetermined value. To
      this end, I have now provided an improved form of low cutoff pulse filter
      unit for the energy consumption meters disclosed in my earlier referenced
      copending applications. For instance, the details of the low cutoff pulse
      filter unit 66 disclosed in my copending application Ser. No. 361,030, now
      U.S. Pat. No. 3,875,509 are disclosed in FIGS. 28 and 30 as explained on
      pages 26-27 of the specification of that application.
PAR  The present invention provides an improved low cutoff pulse filter unit and
      hence an improved overall electronic energy consumption meter of the
      general type described in my earlier referenced copending applications.
PAR  The digital electrical pulse filter of this invention provides output
      electrical pulses directly corresponding to input electrical pulses when
      the input pulses have a repetition rate greater than a predetermined
      repetition rate. However, the filter provides no output pulses when the
      input pulses have a repetition rate less than the predetermined repetition
      rate.
PAR  According to this invention, the input pulses to the filter are passed to
      the output by a logic gate only when that logic gate is enabled by an
      enabling signal. This enabling signal is, in turn, produced at the output
      of a level sensitive trigger circuit which is controlled by an averaged
      signal representing a relatively short-term average of the number of input
      pulses per unit time (i.e. the repetition rate). Accordingly, when the
      repetition rate of the input pulses reaches some predetermined value, this
      averaged signal will have sufficient magnitude to trigger the level
      sensitive trigger and to thus enable the logic gate to provide output
      pulses corresponding directly to the input pulses. On the other hand, when
      the repetition rate of the input pulses falls below the predetermined
      repetition rate, the magnitude of the averaged signal will fall below the
      magnitude necessary to trigger the level sensitive trigger thus removing
      the enabling signal from the logic gate and blocking the flow of pulses
      from the filter output.
PAR  The possible effect of variations in the amplitude of input pulses to the
      filter on the overall filter operation is minimized by using the input
      signal only to control an electronic switch, which, in turn, controls the
      application of a reference voltage or other source of electrical energy to
      a short-term storage and dissipation or averaging circuit. In the
      preferred embodiment, a reference voltage source is switched by the input
      pulses to charge an RC network. The average or DC component of the voltage
      appearing at the output of this RC network is then proportional to the
      repetition rate of the input pulses and is utilized for triggering the
      level sensitive trigger circuit.
PAR  Since the RC network in the preferred embodiment receives an impulse of
      input energy in response to each input pulse occurrence, there will be a
      certain AC component or "ripple voltage" also present and superposed on
      the average or DC component at the output of the RC filter. To prevent
      possible jitter of the level sensitive trigger circuit due to this ripple
      voltage component when operating near the cutoff frequency of the filter,
      a special regenerative trigger circuit having bistable characteristics is
      employed. In effect, this special regenerative trigger circuit has a
      switching hysteresis characteristic of such a magnitude that the normally
      expected magnitude of ripple voltage at the RC network output will not
      cause jitter at the output of the trigger circuit.
PAR  In addition, the exemplary and preferred embodiment of this invention
      incorporates pairs of complementary C-MOS active elements which greatly
      facilitates the construction of the entire filter circuit using C-MOS
      integrated circuit construction techniques. Furthermore, the preferred
      exemplary embodiment is arranged to enhance the operation of such an
      integrated circuit C-MOS structure.
DRWD
PAR  These and other objects and advantages of the invention will be better
      appreciated by reading the following detailed disclosure of the invention
      in conjunction with the accompanying drawings, of which:
PAR  FIG. 1 is a generalized block diagram of the digital electrical pulse
      filter of this invention;
PAR  FIG. 2 is a generalized block diagram of an improved electronic consumption
      meter according to this invention employing the low cutoff digital pulse
      filter shown in FIG. 1;
PAR  FIG. 3 is a detailed circuit diagram of a preferred exemplary embodiment
      for the improved digital electrical pulse filter shown in FIG. 1; and
PAR  FIG. 4 is a set of wave form diagrams useful in explaining the operation of
      the circuitry shown in FIG. 3.
DETD
PAR  The improved filter of this invention is shown generally in FIG. 1. Digital
      input pulses having a variable repetition rate are provided at an input
      10. The digital output pulse train appearing at the output 12 has exactly
      the same repetition rate as the input pulse train so long as that
      repetition rate is above some predetermined value. If the input pulse
      train at 10 has a repetition rate below that predetermined value, then no
      output pulses at all are provided at 12.
PAR  In the electronic energy consumption meters described in my earlier
      referenced copending applications, the input pulse rates may typically
      vary from 20 Hz to 4 KHz and a typical desired cutoff frequency for the
      filter of FIG. 1 would be, for example, 35 Hz. Accordingly, as may be seen
      in FIG. 4, the input pulse train V.sub.1 presented to the input 10 may
      comprise a first segment of pulses having a width T.sub.1 and spaced at
      intervals T.sub.2 such that the frequency f or repetition rate is greater
      than the predetermined cutoff value (e.g., 35 Hz). On the other hand, the
      same input pulse train may have another segment occurring at a later time
      (after t') wherein the interpulse intervals T.sub.2 are so greatly
      increased that the frequency or repetition rate of such pulses falls below
      the predetermined value (e.g., 35 Hz).
PAR  The input pulse train applied to 10 is applied to control an electronic
      switch 14 which, in response to each input pulse, provides an impulse of
      electrical energy at its output 16 from a source such as the reference
      voltage V.sub.R shown in FIG. 1. These impulses of energy appearing on
      line 16 in response to each input electrical pulse at 10 are averaged over
      a relatively short term interval by an averaging circuit 18 which actually
      constitutes an energy storage and dissipation means for storing the energy
      presented at input 16 for a short term and eventually dissipating such
      stored energy at a predetermined rate thus providing an average signal
      V.sub.2 at its output representing the amount of energy stored at any
      given time, and, hence, having a DC component proportional to the
      repetition rate of the input pulses appearing at terminal 10.
PAR  The averaged signal V.sub.2 having a DC component proportional to the
      repetition rate of the input pulses is then presented to the input of a
      level sensitive trigger circuit 20. The trigger circuit 20 has two stable
      states. One state provides an enabling signal to the second input B of the
      logic gate 22 and the other state does not provide such an enabling
      signal. The trigger 20 is switched between its two possible output states
      in dependence upon the level of the input signal V.sub.2. When V.sub.2
      rises above a predetermined trigger level, then the output signal V.sub.3
      from the trigger circuit 20 changes states to provide an enabling signal
      to the input B of the logic gate 22 thus enabling the logic gate 22 to
      pass the input pulses from 10 applied thereto through input A of the logic
      gate.
PAR  Accordingly, as shown in FIG. 4, the averaged signal V.sub.2 has a DC
      component which varies with the frequency or repetition rate of the input
      pulses V.sub.1. When the DC component of V.sub.2 falls below the trigger
      level, such as at time t' shown in FIG. 4, the output V.sub.3 from the
      trigger circuit 20 falls to a low level, thus disabling the logic gate 22
      and preventing the appearance of any further output pulses V.sub.4.
      However, prior to t', the DC component of V.sub.2 is above the trigger
      level thus causing the output V.sub.3 of the trigger 20 to have a high
      voltage level which, in turn enables the logic gate 22 via input B to pass
      output pulses V.sub.4 corresponding directly to the input electrical
      impulses at terminal 10.
PAR  A block diagram of the improved electronic energy consumption meter
      according to this invention is shown in FIG. 2. Here, analog variables
      from a current signal source 30 and a voltage signal source 32 are
      multiplied in a multiplier 34 to provide an output analog signal at 36
      having a component representative of the instantaneous power consumption
      in an electrical circuit having current and voltage flowing therein as
      represented by the current and voltage variables produced by the sources
      30 and 32, respectively. As explained in my earlier referenced copending
      applications, similar analog signals can be produced at the output of
      other multipliers corresponding to other phases of a multiphase electrical
      circuit, etc. In this latter instance, such further signals would be
      presented as at 38 and added to the output of multiplier 34. Typically, in
      the preferred embodiment, the multiplier 34 constitutes a time division
      type of four quadrant multiplier which produces a signal at 36 having a DC
      component proportional to the instantaneous power consumption and a higher
      frequency AC component which is to be disregarded. Accordingly, it is
      usually desirable to include a low pass filter 40 or its equivalent
      function to insure that only the desired DC component of the multiplier
      output at 36 is passed on to an A/D converter 42. The A/D converter 42, as
      explained in my earlier referenced copending applications, effectively
      integrates the DC component of the multiplier output and produces an
      output pulse from the A/D converter each time a predetermined unit of
      energy has been consumed. It is these pulses from the A/D converter 42
      which are then presented to the input 10 of the low cutoff digital pulse
      filter 44. The internal structure of the filter 44 is shown in FIGS. 1 and
      3. Below some minimum power consumption level, the output from the A/D
      converter 42 may become erroneous such that pulses are produced after long
      intervals of time even though no power is being consumed. To prevent such
      errors from accumulating in the overall measurement of energy consumption,
      the low filter 44 is provided to insure that only pulses above a
      predetermined repetition rate from the A/D converter 42 are passed on to
      an energy consumption accumulator 46. Thus, the digital filter 44
      according to this invention is one which provides absolutely no output
      pulses at its output 12 unless the input pulses at 10 rise above a
      predetermined repetition rate. However, when this predetermined repetition
      rate is met or exceeded, then the output at 12 from the filter 44
      corresponds exactly with the input at 10 such that there is a one-to-one
      correspondence between such input and output pulses above the
      predetermined repetition rate.
PAR  A detailed circuit diagram for the preferred exemplary embodiment of the
      digital pulse filter according to this invention is shown in FIG. 3. The
      circuit is formed mostly from active elements which can be readily
      produced in integrated circuit form according to C-MOS integrated circuit
      construction techniques. As shown in FIG. 3, the circuit comprises active
      elements Q.sub.1 - Q.sub.14 wherein half of the elements are of the
      P-channel type of MOS transistors (signified by a "P" reference character
      in FIG. 3) and the other half of the active elements are N-channel type of
      MOS transistors (signified by a "N" reference character in FIG. 3).
PAR  In the preferred exemplary embodiment, the electronic switch 14 actually
      comprises an inverter (Q.sub.1 and Q.sub.2) in combination with a
      complementary pair of electronic switches (Q.sub.3 and Q.sub.4). In the
      normal or quiescent condition, the voltage V.sub.1 is low thus causing
      Q.sub.2, Q.sub.3 and Q.sub.4 to be normally "off" while Q.sub.1 is
      normally "on". When V.sub.1 is raised to a high level, such as during the
      duration of an input pulse, Q.sub.1 is turned "off" while Q.sub.2, Q.sub.3
      and Q.sub.4 are all turned "on". The net result is that the reference
      voltage V.sub.R is connected through resistor R.sub.1 to the output 16 of
      the switch for the duration T.sub.1 of each input pulse appearing at input
      10. It should be appreciated that a simpler form of controlled electronic
      switch might be utilized for performing this function. However, the
      preferred embodiment just described has a preferred switching
      characteristic in that C-MOS elements Q.sub.3 and Q.sub.4 of opposite
      polarity types are connected in parallel to perform the switching
      functions.
PAR  The energy storage and dissipation means or averaging circuit 18 and the
      preferred embodiment comprise resistor R.sub.2 and capacitor C.sub.1
      connected in parallel as shown in FIG. 3. As should be appreciated, the
      capacitor C.sub.1 acts as an energy storage element for storing the energy
      impulses presented over line 16 while the resistor R.sub.2 acts as a
      dissipation means which dissipates the energy stored in capacitor C.sub.1
      at a predetermined rate. Accordingly, the voltage V.sub.2 appearing at the
      output of the averaging circuit 18 will represent the amount of energy
      stored at any given time in capacitor C.sub.1. As should now be
      appreciated, the average or DC component of such stored energy will be
      proportional to the number of input pulses per unit time assuming that
      each input pulse is of uniform duration. In other words, the DC component
      of voltage V.sub.2 will be proportional to the repetition rate of input
      pulses V.sub.1 appearing at 10.
PAR  The level sensitive trigger circuit 20 shown in FIG. 3 comprises three
      serially connected inverters: Q.sub.5, Q.sub.6 ; Q.sub.7, Q.sub.8 ; and
      Q.sub.9, Q.sub.10. Each inverter (such as Q.sub.5 and Q.sub.6) comprises a
      pair of complementary type C-MOS active elements with the inputs (gates)
      being controlled in common and with the controlled leads (source-drain)
      being connected in series. It requires approximately one-half the supply
      voltage +V.sub.CC to switch such an inverter element so that this is the
      approximate threshold level of the trigger circuit 20. When V.sub.2 is
      below this treshold level, Q.sub.5 is "on" while Q.sub.6 is "off". This
      presents a "high" level at 50 which, in turn, becomes a "low" level at 52
      and, in turn a "high" level at 54. The "low" level present at 52 is taken
      as the output V.sub.3. As will be explained in more detail below, such a
      low output disables the logic gate (NAND) circuit 22. When the input
      voltage V.sub.2 increases above the trigger level (approximately 1/2.sup.2
      +V.sub.CC), then Q.sub.6 switches "on" causing the level at point 50 to go
      "low" which, in turn, produces a "high" level at 52 and a "low" level at
      54 as should now be apparent. As will also be explained in further detail
      below, a "high" signal at V.sub.3 presented to the B input of NAND gate 22
      will enable this gate to pass pulses from the input 10 to the output 12 of
      the filter circuit.
PAR  As shown in FIG. 3, the voltage V.sub.2 in the exemplary embodiment will
      have some AC ripple component. As will be appreciated, unless some steps
      are taken to eliminate the possible influence of such a ripple component
      on the trigger circuit 20, such a ripple component might produce jitter at
      the output signal V.sub.3 of the trigger circuit when V.sub.2 is at a
      level approximating the trigger level. In the preferred exemplary
      embodiment, the possible jitter problem is overcome by causing the trigger
      20 to have a switching hysteresis characteristic greater than the expected
      ripple component. The preferred embodiment for achieving this hysteresis
      switching characteristic is the provision of positive feedback via
      positive feedback resistor R.sub.3 coupled from the output of the third
      inverter (Q.sub.9, Q.sub.10) to the input of the preceding or second
      inverter (Q.sub.7, Q.sub.8) as shown in FIG. 3. The exact value for
      R.sub.3 may, of course, vary within considerable limits so long as the
      amount of positive feedback is sufficient to avoid the potential jitter in
      the output voltage V.sub.3.
PAR  When V.sub.3 is low, the input B to NAND gate 22 causes Q.sub.11 to remain
      in its "off" condition and Q.sub.14 to be in its "on" state, thus causing
      the output voltage V.sub.4 at 12 to be "high" (approximately +V.sub.CC)
      regardless of what pulses may be presented at input A of the NAND gate 22.
      On the other hand, when the voltage V.sub.3 goes "high" at the input B of
      NAND gate 22, then Q.sub.11 is constantly "on" and Q.sub.14 is turned
      "off". This permits transistor Q.sub.12 to be turned "on" and Q.sub.13 to
      be turned "off" in response to each input pulse appearing at 10 while
      Q.sub.12 and Q.sub.13 have opposite "off" and "on" states respectively in
      the absence of such pulses. Accordingly, as should now be appreciated, an
      output train of pulses V.sub.4 will be produced at 12 which directly
      corresponds to the input train of pulses V.sub.1  so long as the
      repetition rate of the input pulses is above the predetermined threshold
      value. Whenever the repetition rate of the input pulses at V.sub.1 falls
      below this predetermined value, then no pulses at all will appear at the
      output 12 of the filter.
PAR  In the preferred exemplary embodiment the input pulse train consists of
      pulses of a constant width of about 60  .mu.sec at a variable pulse rate
      of 20 Hz to 4kHz. The input pulses are fed to one input of the two input
      NAND gate formed by the MOS transistors Q.sub.11 to Q.sub.14. Input B of
      NAND gate 22 is controlled by a regenerative trigger circuit formed by
      transistors Q.sub.5 to Q.sub.10 and resistor R.sub.3 respectively. The
      output voltage V.sub.3 has thus only two states; it is equal to zero or
      +V.sub.CC when the voltage V.sub.2 approaches 1/2 V.sub.CC, which is the
      approximate threshold level of the trigger circuit. The voltage V.sub.2 is
      developed across R.sub.2 and C.sub.1 by charging pulses through the analog
      switch Q.sub.3 and Q.sub.4, resistor R.sub.1 and the reference voltage
      V.sub.R. The switch itself is controlled by the input pulse train and the
      inverter Q.sub.1 and Q.sub.2.
PAR  The threshold frequency f.sub.lT can be calculated for T.sub.2 &gt;&gt;T.sub.1
      from:
      ##EQU1##
      Here T.sub.1 is the individual input pulse length or duration, V.sub.R is
      a constant reference voltage. V.sub.T is the threshold voltage of the
      regenerative trigger circuit (usually .sup.V.sub.CC/2) The ripple voltage
      .DELTA.V.sub.2 across C.sub.1 at f.sub.lT can be calculated for T.sub.2
      &gt;&gt;T.sub.1 from:
      ##EQU2##
      one gets f.sub.1T = 35H.sub.z and .DELTA.V.sub.2 = 15mV. (C.sub.1 =
      1.mu.f). While only one detailed exemplary embodiment of this invention
      has been described, those skilled in the art will recognize that it will
      be possible to modify many features of this exemplary embodiment without
      departing from the improved teachings and features of this invention.
      Accordingly, all such modifications are intended to be incorporated within
      the scope of this invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic energy consumption meter comprising sources of signal
      variables representing voltage and current flowing in a monitored
      electrical circuit, a time-division multiplier for multiplying said
      variables and producing an analog power consumption signal, an A/D
      converter for producing digital pulses each representing the consumption
      of a predetermined unit of energy, and means for accumulating the number
      of digital pulses as an indication of total energy consumption, the
      improvement comprising a low cut-off pulse filter interposed between said
      A/D converter and said means for accumulating for passing only those
      digital pulses occurring above a predetermined cut-off repetition rate,
      said filter comprising:
PA1  logic gate means having a first input connected to respond to said digital
      electrical pulses, a second input and an output for providing output
      electrical pulses directly corresponding to said digital pulses only when
      enabled by an enabling signal being applied to said second input,
PA1  energy storage and dissipation means connected for short term storage and
      eventual dissipation at a predetermined rate of electrical energy applied
      thereto and for providing an averaged signal representing the amount of
      energy stored at any given time,
PA1  a source of electrical energy,
PA1  switch means connected between said source and said energy storage and
      dissipation means and connected for control by said digital electrical
      pulses for providing input pulses of energy to said energy storage and
      dissipation means corresponding to the occurrences of said digital
      electrical pulses whereby the value of said averaged signal corresponds to
      the repetition rate of said digital electrical signal, and
PA1  trigger circuit means connected to receive said averaged signal and to
      provide said enabling input to the second input of said logic gate means
      only during the time when said averaged signal exceeds a predetermined
      threshold value corresponding to said predetermined repetition rate.
NUM  2.
PAR  2. An improvement as in claim 1 wherein said energy storage and dissipation
      means comprises a capacitive and resistive element.
NUM  3.
PAR  3. An improvement as in claim 1 wherein said switch means comprises:
PA1  an inverter means connected for inverting the polarity of said digital
      electrical pulses, and
PA1  a pair of complementary C-MOS active switch elements having opposite
      polarities, said switch elements being separately controlled by said
      digital electrical pulses and by the inverted electrical pulses
      respectively, said switch elements having controlled load leads connected
      in parallel between said source and said energy storage and dissipation
      means.
NUM  4.
PAR  4. An improvement as in claim 3 wherein said inverter means comprises a
      pair of series connected complementary C-MOS active elements having
      opposite polarities, and being controlled by said digital electrical
      pulses with the inverted polarity electrical pulses being provided at the
      series connection between the active elements.
NUM  5.
PAR  5. An improvement as in claim 1 wherein said trigger circuit means
      comprises:
PA1  a bistable circuit having a switching hysteresis characteristic which
      precludes jitter in the enabling signal caused by short term fluctuations
      or ripple in the averaged signal.
NUM  6.
PAR  6. An improvement as in claim 5 wherein said bistable circuit includes
      positive feedback means providing said switching hysteresis
      characteristic.
NUM  7.
PAR  7. An improvement as in claim 6 wherein said bistable circuit and said
      positive feedback means comprise:
PA1  a plurality of serially connected inverter circuits with an electrical
      feedback path extending from the output of one such inverter back to the
      input of a preceeding inverter.
NUM  8.
PAR  8. An improvement as in claim 7 wherein said feedback path comprises a
      resistive element.
NUM  9.
PAR  9. An improvement as in claim 7 wherein said inverter circuits each
      comprise a pair of series connected complementary C-MOS active elements
      having opposite polarities, both elements being controlled by a common
      input and providing an output at the series connection between the active
      elements.
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ABST
PAL  Testing of integrated circuit components of the silicon wafer type is
      accomplished by a test probe assembly mounted on a support table, the
      latter being spaced vertically with respect to a platform on which the
      circuit components are placed. The test probe assembly, which includes a
      probe test unit, is mounted on the support in such a fashion that the test
      probe may be moved to a precise predetermined position corresponding to
      the precise location of that portion of the integrated circuit to be
      tested. This is accomplished by mounting the assembly housing such that it
      moves arcuately with respect to its support structure, while providing a
      slide unit within the housing which is movable vertically as well as
      axially with respect to the housing. Once the proper predetermined
      position has been determined and the test probe assembly adjusted such
      that the probe is properly aligned with the particular portion of the
      integrated circuit to be tested, the entire assembly is maintained in
      proper position. Thereafter, by computer control, the platform supporting
      the integrated circuits to be tested is indexed in accordance with the
      predetermined program and each of the particular circuits of the
      integrated circuit units is tested in the desired sequence. The test probe
      assembly housing includes separate rotatable adjusting members which
      independently bring about axial and vertical movement of the slide member
      upon which the test probe is mounted. The probe test unit, supported by
      the slide, is connected by means of a cable to a suitable external control
      circuit for testing the individual circuits on the integrated circuit
      wafer. Also described is an improved probe arm assembly having a needle
      tip which operates to reduce the capacitive effect between closely spaced
      probe arms.
BSUM
PAC  RELATED APPLICATION
PAR  Reference is made to U.S. application Ser. No. 366,421 filed June 4, 1973,
      now U.S. Pat. No. 3,851,249, and assigned to the same assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  In the current art of electronic circuits, integrated circuits or
      micro-circuits are fabricated in such a manner that thin semiconductor
      slices having a multiplicity of individual matrices or micro-circuits are
      formed. In the usual practice in the art, the slices contain multiple
      identical repeating matrices of the same type of micro-circuit or
      integrated circuit unit. The individual unit is sometimes referred to as
      an integrated circuit chip.
PAR  The present practice is to test each of the circuits of each integrated
      circuit chip formed on the semiconductor wafer prior to separating the
      wafer into the desired individual integrated circuit components. In some
      instances, the individual integrated circuit unit may contain multiple
      circuits, and it is therefore desirable to test each of the circuits of
      the integrated circuit unit before the wafer is cut into individual
      integrated circuit units.
PAR  Since each micro-circuit of each wafer is normally in a predetermined
      precise relationship with respect to the adjacent circuit units, it is
      possible to test the circuitry if a probe can be accurately located on
      each preselected point corresponding to the circuit to be tested. It is
      possible, for example, to test several different circuits at the same
      time, or the same circuit of several different integrated circuit units.
      Thus, it is possible that adjacent probe arms may be positioned relatively
      closely to each other, in which event any capacitive coupling between
      adjacent probes should be avoided in order to obtain reliable test data.
PAR  Obviously, the positioning of the probes must be quite accurate and
      adjustable such that different integrated circuit units may be tested.
      Once the probes have been properly oriented, the wafer may be stepped from
      position to position so that each micro-circuit is properly located
      relative to the cooperative probe units for appropriate testing.
PAR  One of the difficulties which has occurred in prior art devices is the
      accurate positioning of the probe such that meaningful test data may be
      obtained. For example, if the predetermined position of the probe varies
      during the test of any specific wafer which includes a multiple of circuit
      units, the probe may not contact the proper circuit point resulting in a
      "reject". In fact, the particular component being tested may be quite
      operative, and the reject signal is generated simply because of improper
      contact between the test probe and circuit under analysis. Similarly
      capacitive effects may adversely affect the reliability of the data.
PAR  Accordingly, it is desirable to provide an assembly for testing integrated
      circuit components in which the assembly includes a test probe asembly
      made up of a housing and a test probe, the probe assembly being adjustable
      in a controlled accurate manner such that the probe tip may be oriented
      precisely in a predetermined position.
PAR  The orientation in a predetermined position may be defined as a precise
      location referenced by XY coordinates, and a vertical position defined by
      a Z coordinate. Since the wafer is generally planar, the proper vertical
      position if the probes used in testing must be closely controlled in order
      to obtain uniform contact pressure between each probe tip and each
      circuit.
PAR  After the predetermined position of the test probe has been established, it
      is desirable to provide some way of maintaining the test probe assembly in
      the proper orientation such that the test probe will not vary from its
      preselected position from one test to another in a particular series.
PAR  It is also desirable to be able to provide for rapid accurate adjustment of
      the test probe position as may be needed when different types of wafers
      are being tested in which there are differences in the circuits of one
      wafer to the next wafer.
PAR  Another desirable objective is to provide a probe arm assembly in which
      possible capacitive coupling between adjacent probes is substantially
      reduced or eliminated thereby enabling close positioning of the probes, or
      if in spaced relation, being assured that there is little, if any,
      capacitive coupling.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved assembly for testing integrated
      circuits in which an improved probe assembly may be oriented in a
      predetermined position relative to a desired point easily, accurately, and
      maintained in that predetermined position.
PAR  In accordance with the present invention, the assembly for testing the
      integrated circuit components includes a platform which supports the
      integrated circuit components, the platform being normally movable in an
      XY coordinate step by step movement, with a vertical movement following
      each indexing movement. The vertical movement of the platform, the latter
      accurately positioned and controlled in a horizontal plane, brings the
      supported integrated circuit component to be tested into contact with a
      probe test unit mounted on a probe assembly supported by a ring positioned
      around the outer perimeter of the platform. The ring may support one or
      more probe assemblies, each of which must be precisely positioned such
      that the probe test unit may contact the precise portion of the circuit
      being tested in each component of the wafer.
PAR  The probe assembly includes a housing which is adjustable arcuately with
      respect to the support, the housing including a slide member movable
      axially and vertically with respect to the housing, i.e. radially with
      respect to the ring, the slide assembly carrying on it a test probe which
      contacts the appropriate point of each integrated circuit component.
PAR  Axial and vertical movement of the slide is effected by rotating means
      supported by the housing, with separate rotating means controlling
      independently the axial and vertical movement. The housing itself may be
      moved arcuately by a rotatable member which causes arcuate movement of the
      housing with respect to a particular pivot point.
PAR  Cooperating with the slide is a slide retaining spring which maintains the
      pressure on the slide, and retains it within the housing, such that once
      the probe tip has been accurately and precisely positioned, the slide is
      held relatively immovable until such time as it is necessary to re-orient
      the probe tip with respect to a different location for testing different
      integrated circuits.
PAR  The improved probe arm assembly incorporates a needle probe tip mounted on
      a flexure arm supported by a dielectric support arm. The flexure arm is
      preloaded to control contact pressure between the needle probe and the
      tested substrate, especially if there is some overtravel during the
      vertical movement of the platform. The use of a needle probe, of
      substantially reduced surface area also reduces substantially any
      capacitive coupling between adjacent probes.
PAR  It will be apparent to those skilled in the art that the apparatus of the
      present invention is not to be considered to be limited to the specific
      constructions illustrated and described herein. Rather, the specific
      construction shown and described herein is illustrative of a preferred
      form of the present invention, and other embodiments and modifications
      will become apparent to those skilled in the art upon reading the
      following detailed description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat diagrammatic plan view of the platform and support
      means upon which the probe assemblies are mounted in accordance with the
      present invention;
PAR  FIG. 2 is a side view, partly in section and partly elevation, illustrating
      the relative position of the probe assembly as mounted on the support ring
      and its relative position with respect to the platform in accordance with
      the present invention;
PAR  FIG. 3 is an enlarged view, partly in section and partly in elevation of
      the probe assembly in accordance with the present invention;
PAR  FIG. 4 is a plan view, partly in section, of the top of the housing in
      accordance with the present invention;
PAR  FIG. 5 is an end view of the cam assembly used for arcuate adjustment of
      the housing in accordance with the present invention;
PAR  FIG. 6 is a view, partly in section and partly in elevation taken along the
      line 6 -- 6 of FIG. 3;
PAR  FIG. 7 is a view partly in section and partly in elevation taken along the
      line 7 -- 7 of FIG. 3;
PAR  FIG. 8 is a view partly in section and partly in elevation taken along the
      line 8 -- 8 of FIG. 3;
PAR  FIG. 9 is a view in perspective of an improved probe arm assembly in
      accordance with this invention in which a needle probe tip is used; and
PAR  FIG. 10 is a view in section taken along the line 10 -- 10 of FIG. 9 with
      the needle tip removed.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings which illustrate an exemplary form of a preferred
      embodiment of the present invention, FIG. 1 shows an assembly 10 for
      testing integrated circuit components. A support ring 11 is mounted
      vertically above a generally circular platform 13, the latter being
      positioned within a bore 14 provided in the interior of the ring 11 as
      shown. Thus, the platform 13, whose orientation in a horizontal plane is
      accurately controlled, may be moved vertically without interference from
      the ring 11.
PAR  Platform 13 functions as a work table upon which may be mounted a wafer
      generally indicated 15, the latter formed with a grid pattern on its upper
      surface, the space between each grid, one of which is illustrated at 17,
      is provided with a micro-circuit of any desired type, formed by means well
      known in the art.
PAR  The work table 13 is normally moved in a direction parallel to the
      vertically oriented columns of the wafer, and parallel to the horizontally
      oriented rows of the wafer in a step-by-step indexing movement which is
      precise and accurate. Thus, each of the integrated circuit components
      illustrated for example at 17, may be located in a predetermined relative
      position such that each micro-circuit may be brought into position beneath
      the test probes supported by the ring. The work table generally is then
      moved vertically in order to bring the wafer in and out of vertical
      alignment with the probes as each micro-circuit is brought into testing
      position illustrated, for example, in FIG. 2.
PAR  Again referring to FIG. 1, the ring supports one or more test probe
      assemblies 20, the test probe assemblies being positioned radially with
      respect to the platform which is concentrically disposed with respect to
      the ring assembly 11. Each test probe assembly 20 includes a cooperating
      probe test unit 21 which makes contact with a predetermined selected
      component of the integrated circuit chip within a particular grid space.
      Thus, it becomes apparent that precise accurate control of the position of
      the probe test unit is needed in order to make proper contact with the
      particular circuit being tested. Accordingly, by the step wise indexing
      movement providing for an XY orientation of the platform 13, followed by a
      vertically upward movement thereof, a particular test probe may be
      precisely positioned with respect to any circuit component being tested.
PAR  One of the features of the present invention, is a structure which permits
      accurate alignment of the test probe with respect to a preselected
      position in each micro-circuit 17. From examination of FIGS. 1 and 2, it
      becomes apparent that the tip of the probe assembly must be precisely
      oriented at some point in space defined by three coordinates, X, Y and Z.
      In general, and in accordance with the present invention, the proper
      positioning of the probe with respect to the predetermined XY coordinates
      is accomplished by arcuate movement of the test probe assembly with
      respect to a pivot point located on the radial and movement axially
      towards and away from the center point of the platform. Controlled
      vertical movement is also accomplished such that the tip of each probe is
      disposed in the proper horizontal plane, the Z coordinate, such that as
      the platform is moved vertically, each probe contacts the proper circuit.
PAR  Referring to FIGS. 2 and 3, each test probe assembly 20 includes a housing
      22 which incorporates a mounting for a probe test unit 21 such that the
      probe test unit 21 may be moved axially and vertically with respect to the
      housing. As illustrated, the probe test unit 21 is mounted on an arm 24,
      as illustrated, which extends from the housing. The arm 24 forms a
      continuation of a slide element 25, the latter being a portion of a slide
      assembly which also includes a slide retaining spring 27 resiliently
      bearing against the slide element 25, the slide element 25 and arm 24
      being movable axially and vertically with respect to the housing 22.
PAR  Referring to FIG. 2, the housing 22 of the test assembly is mounted on the
      underside of the support ring 11 and so positioned that it does not
      interfere with the stepwise movement of the platform during the testing
      sequence. The probe test unit 21 includes cables 28 which plug into a
      terminal, as illustrated, the latter being connected to the test unit, as
      is known in the art. The probe test unit 21 may be of the type described
      more fully in application Ser. No. 366,421, previously identified, whose
      disclosure is incorporated herein by reference.
PAR  Orientation of the tip 29 of the probe test unit is accomplished by
      manipulating various rotatable control knobs which include an arcuate
      adjustment knob 30, a knob 31 for adjustment of axial positioning of the
      tip 29, and knobs 32 and 33 which effect vertical movement of the tip as
      will be described hereinafter. By manipulation of control knob 30, the
      housing 22 is caused to move arcuately about a pivot point 35 formed by a
      pin 36 accurately positioned in an aperture 36a provided in the ring 11.
PAR  As illustrated in FIGS. 1, 2 and 3, the support ring 11 is provided with
      several apertures, in alignment, and disposed on a line which corresponds
      approximately to a line extending radially from the center of the platform
      13 outwardly towards the ring 11. Thus, as shown, support ring 11 is
      provided with apertures 30a, 31a, 32a and 33a, cooperating with the
      respective control knobs as will be described in more detail.
PAR  The housing 22 is supported by pressure pads 38 (FIG. 4) which engage the
      underside of the support ring 11, the pads operating as frictional
      surfaces to permit the controlled arcuate movement of the housing with
      respect to the support ring. The principal attaching means for the housing
      is formed by a mounting screw 40 which passes through an aperture 40a in
      the support ring 11. Between the underside of the screw head and the upper
      surface of the support ring 11, there is positioned a washer 42 whose
      periphery extends beyond the opening 40a, as seen in FIG. 3. Disposed
      between the washer 42 and the head of the screw 40 are a pair of spring
      washers indicated 43, the spring washers acting to urge the housing
      resiliently into engagement with the support ring 11.
PAR  In assembling the unit, the mounting screw 40 is tightened sufficiently to
      maintain the housing in a fixed position while permitting controlled
      arcuate movement.
PAR  Referring to FIG. 3, it will be seen that arcuate control knob 30 includes
      a shank 44, the latter provided with a groove which receives a generally
      toroidal split spring element 46. The outer portion of the spring element
      operates to maintain the shank centered and positioned within the aperture
      30a.
PAR  As seen in FIG. 4, the upper surface of the housing includes a guideway 48
      which cooperates with a bearing 49 received on an eccentrically mounted
      stub 50. The stub 50 is eccentrically positioned with respect to the shaft
      44 of control knob 30, as illustrated in FIG. 5, for example. Thus, as the
      control knob 30 is rotated, the eccentric stub causes axial movement of
      the bearing 49 in the guideway 48 resulting in arcuate movement of the
      housing. As will be noted, the shaft 44 is maintained fixed relative to
      the support ring 11 by virtue of the spring 46 which engages the wall 30a.
      Thus, the effect of rotating the knob 30 is to provide arcuate movement of
      the housing relative to the pivot point 35. The sidewalls of the guideway
      48 are proportioned with respect to the outer surface of the bearing 49 so
      as to permit arcuate movement without any axial movement of the housing,
      axial movement being prevented by the pivot pin 36. As earlier noted,
      since there is frictional engagement between the upper portion of the
      housing and the underside of the support ring, the tension on the mounting
      screw is preferably adjusted to permit movement of the housing while
      maintaining the housing in fixed position once the proper arcuate position
      has been achieved.
PAR  Referring to FIGS. 3 and 7, it will be noted that the mounting screw
      includes a shank 52 which is in intimate contact with the housing, as
      indicated at 53, the remaining portion of the shank being threaded and
      received within a threaded section 54 provided in the housing. Once the
      proper pressure has been set in the housing mounting, the position of the
      mounting screw 40 is locked by a set screw 56 (FIG. 7) such that the
      desired adjustment may be maintained.
PAR  Referring to FIGS. 3 and 8, axial movement of the slide 25 relative to the
      housing 22 is provided by the axial control knob 31, the latter including
      a shaft 57 received within the housing 22 and secured thereto by a pin 59
      received within a groove. Thus, the shaft 57 is rotatable within its
      corresponding bore 57a but is not free to move axially.
PAR  The lower end of the bore 57a includes an enlarged generally circular
      counter bore 63, while the shank 57 of the axial control knob 31 includes
      an eccentric stud 64 which cooperates with a slide bearing 65 received on
      the stud. The slide, as indicated, includes a slot 66 which receives the
      bearing 65.
PAR  In operation, rotation of the knob 31 brings about eccentric motion of the
      stud 64 with generally circular motion of the cam bearing 65. Since the
      bearing is received within a slot 66 of the slide 25, the net effect is to
      bring about axial movement of the slide from a rearward position, to a
      forward axial position relative to the housing and to a rearward position.
      Thus, for each half revolution of the knob, the slide is advanced its full
      distance from the retracted to the forward position or from the forward to
      the retracted position, with a null point corresponding roughly to the
      180.degree. rotation of the control knob 31.
PAR  As illustrated in FIGS. 3, 6 and 7, the slide 25 is mounted for
      reciprocating axial movement with respect to the housing. To effect such
      sliding movement, the housing 22 is provided with a generally rectangular
      passageway 70 running the full length along the bottom portion thereof. As
      shown, the slide 25 is generally rectangular and includes a depending leg
      portion 71 running the full length of the slide. One face, 72 of the slide
      is beveled along the full length thereof and cooperates with the beveled
      face portion 74 of the spring 27.
PAR  The spring itself is formed with a center boss section 76 apertured to
      receive a retaining bolt 77, the spring including two legs generally
      indicated 77 and 78. Cooperating with each leg is a pad face 81 and 82,
      respectively, the pad face being inclined to match the beveled face 72 of
      the slide. Since the spring is held fixed at its center, and is free to
      flex at each end, the spring resiliently forces the slide in an upward
      direction with respect to the housing and operates as a biasing means to
      maintain both the axial and vertical positioning of the slide.
PAR  Vertical adjustment of the slide within the housing, and against the
      pressure of spring 27 is accomplished by the vertical slide adjusting
      mechanism composed of vertical adjusting knobs 32 and 33, the latter being
      in the nature of a gross adjustment mechanism, while knob 32 effects final
      controlled, accurate, vertical positioning of the arm.
PAR  To this end, the housing 22 includes two threaded bores 83 and 84 for
      vertical adjusting knobs 32 and 33 respectively, each bore being provided
      with a spring mounted pressure slide assembly 86 and 87, respectively,
      which bears against the threaded shank of the respective adjusting screws
      to maintain their position once they have been set. Vertical motion of the
      slide is achieved against the pressure of spring 27 which continually
      tends to urge the slide in a vertically upward direction.
PAR  In normal operation, the housing is mounted and adjusted arcuately, as
      described, and thereafter, the slide is adjusted axially with respect to
      the housing and vertically with respect to the housing such that the tip
      29 of the probe is positioned at that point in space corresponding to a
      predetermined X, Y and Z coordinate. Once the final precise adjustment has
      been accomplished, the housing and the probe are maintained in the
      relative set position by means of the friction locks and biasing means
      described. If it is desired thereafter to vary the position of the tip
      point 29, this is easily accomplished by the accessible control knobs
      described.
PAR  One aspect of the present invention is an improved probe arm assembly which
      substantially reduces the capacitance between adjacent probe arm
      assemblies. Referring to FIGS. 9 and 10, a probe assembly 90 is
      illustrated, and includes a dielectric support member 91 which carries a
      flexure arm 93 in the form of an electrically conductive metal member
      which is generally U-shaped as indicated, including legs 96 and 97. The
      flexure member 93 includes a nose portion designated 98 which forms a
      mounting surface for a needle tip probe unit 100. As illustrated, the nose
      portion 98 is an essentially flat mounting surface included with respect
      to the horizontal.
PAR  The needle tip 100 is affixed to the mounting surface 98 in electrical
      contact therewith and is supported by the mounting surface and moves with
      the flexure member 93. By way of example, the needle is a carbide alloy or
      other selected alloy, the needle element itself being approximately 0.013
      inch in diameter and plated with nickel so that it may be soldered to the
      mounting surface 98. The point 105 of the needle is approximately 1 mil.
      in diameter and forms the contact point for the circuit component to be
      tested, the current being carried through the point, through the legs 96
      and 97 to a pair of contact terminals 103 and 104 electrically connected
      respectively to the legs 96 and 97, as illustrated. The free ends of the
      legs are fixed to the support body 91 by epoxy cement, and the support
      body includes mounting apertures 106 and 107 for mounting the probe
      assembly to a suitable movable support arm of the type previously
      described for effecting positioning of the point 105 at a predetermined
      point in space defined by X, Y and Z coordinates.
PAR  As illustrated, the support body includes an extending portion 110 disposed
      between legs 96 and 97 to limit the pivotal movement thereof, the
      extending portion 110 including a shoulder 111 at the tip end thereof to
      limit the downward rotation of the flexure member 93.
PAR  As shown in FIG. 9, each of the legs 96 and 97 of the flexure member 93 is
      tapered such that the transverse dimension thereof decreases. Accordingly,
      the transverse dimension of the mounting surface 98 is less than that of
      the adjacent legs. Likewise, the shape of the extending portion 110 of the
      support body is proportioned such that it is likewise tapered, as
      illustrated in the drawings.
PAR  In the form illustrated, the assembly achieves several singular advantages,
      the principal advantage being the reduction of capacitance between
      adjacent probe tips. By way of example, the probe tip illustrated in FIG.
      2 is formed by a flat sheet, and where probe tips are positioned adjacent
      to each other, there may be adverse capacitance effects which may
      interfere with the testing procedure. Accordingly, by use of the tip
      illustrated in FIGS. 9 and 10, the capacitance effect is substantially
      reduced by significantly reducing the exposed lateral surface area of
      adjacent tips.
PAR  Moreover, the legs 96 and 97 of the flexure member 93 are preloaded to
      reduce the variation in contact pressure between the tip and the
      semiconductor device being tested.
PAR  By way of example, if the vertical movement of the platform is such that
      there is a slight amount of overtravel, for example several mils, the
      affect is to rotate the tip through a very minute arc which would in
      effect cause an axial displacement of the position of the tip with respect
      to its desired predetermined position. By preloading the tip, proper
      alignment is maintained until the vertical movement of the semiconductor
      is sufficient to overcome the preloading at which time there may be some
      small vertical movement of the tip point. However, since the tip is
      preloaded, the affect of overtravel is minimized in terms of the pressure
      which is applied against the semiconductor to be tested, and thus, there
      is little if any tendency to scratch or mar the surface of the chip.
PAR  The tip assembly of the type illustrated in FIGS. 9 and 10 may be preloaded
      to approximately 4.5 grams, and if one assumes that the added pressure
      created by overtravel is approximately 0.5 grams per mil, an overtravel of
      approximately 2.5 mils would produce an additional 1.5 grams of pressure.
      Thus, for a 2.5 mil overtravel, the total pressure is approximately 6
      grams, a desirable pressure at the time of computer readout of the
      particular circuit being tested. Absent the preloading feature, the
      contact pressure may vary depending on the overtravel, and it is also
      possible to damage the component being tested because of the movement in
      the X, Y coordinate brought about by the axial overtravel of the platform
      and the circuit components carried thereon.
PAR  Preloading is accomplished by prestressing the legs such that in their
      normal state, they tend to curve downwardly as viewed in FIG. 10 at the
      free ends thereof, that is, the end opposite the nose portion 98. Thus,
      the preloading operates to maintain the one leg 96 in contact with the
      shoulder 111 which limits the downward movement and provides the
      preloading feature such that as the needle is moved in an upward
      direction, vertical movement of the needle does not occur until such time
      as the pressure exceeds the preloading point. The total vertical movement
      of the needle is limited by portion 110 which extends through the legs.
PAR  It will be apparent to those skilled in the arm from the foregoing
      description that an improved test probe assembly and probe arm assembly
      have been provided which offer singular advantages over the assemblies
      heretofore used in the art. The simplicity of adjustment to bring the test
      point into its predetermined position as well as the ease with which the
      position may be varied, as desired, are all practical advantages which
      have been sought after in prior art devices. Moreover, once adjusted in
      its proper predetermined position, the assemblies herein described tend to
      maintain their relative position until varied by an affirmative adjustment
      of the various control knobs, described.
PAR  Further, the improved probe assembly is a desirable structure in that it
      tends to reduce the capacitance effect between adjacent probe units and
      permits closer positioning of the probe arms than may be accomplished with
      some of the prior devices described.
PAR  While the above description and the accompanying drawings illustrate an
      exemplary embodiment of the preferred form of this invention, it will be
      understood by those skilled in the art that changes and modifications may
      be made to the various forms illustrated and described without departing
      from the scope of the invention as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An assembly for testing integrated circuit components comprising:
PA1  platform means supporting integrated circuit components to be tested,
PA1  support means cooperating with said platform for mounting at least one test
      probe assembly in a predetermined position relative to said platform
      means,
PA1  said probe assembly including a housing mounted on said support means for
      controlled arcuate movement with respect to said support means and said
      platform means,
PA1  said housing including slide means mounting a probe test unit for
      controlled axial movement with respect to said housing,
PA1  means assoociated with said housing for effecting controlled rotational
      movement of said slide means and said probe test unit and for effecting
      controlled rotational movement of said slide means about at least one of
      two points producing effecting vertical movement with respect to said
      housing with respect to said housing, and
PA1  means to maintain said predetermined position of said housing and probe
      test unit with respect to said platform means.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein:
PA1  slide means are mounted for controlled movement relative to said housing,
PA1  said slide means being movable axially and vertically with respect to said
      housing, and
PA1  said probe test unit being mounted for movement with said slide means.
NUM  3.
PAR  3. An assembly as set forth in claim 2 wherein said slide means includes a
      movable slide arm and biasing means cooperating to maintain axial and
      vertical orientation of said slide arm.
NUM  4.
PAR  4. An assembly as set forth in claim 1 wherein said housing includes means
      defining a pivot for arcuate movement, said pivot being at one end portion
      of said housing, and
PA1  means in axial alignment with said pivot means and at the other end of said
      housing for effecting controlled arcuate movement of said housing about
      said pivot.
NUM  5.
PAR  5. An assembly as set forth in claim 4 further including means cooperating
      with said housing and said support means to lock said housing in a
      predetermined arcuate orientation.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein
PA1  said slide means are supported within said housing for axial and vertical
      movement with respect thereto.
NUM  7.
PAR  7. An assembly as set forth in claim 2 wherein:
PA1  said means for controlled movement includes slide actuating means
      cooperating to effect movement of said slide means, and
PA1  rotary movement of said slide actuating means effecting said movement of
      said slide means with respect to said housing.
NUM  8.
PAR  8. An assembly as set forth in claim 7 wherein slide actuating means
      includes separately operable means to effect axial and vertical movement
      of said slide.
NUM  9.
PAR  9. An assembly as set forth in claim 8 wherein said means to effect
      vertical movement of said slide includes means independently operable to
      effect vertical movement of opposite ends of said slide whereby said slide
      may be oriented angularly with respect to said housing.
NUM  10.
PAR  10. An assembly as set forth in claim 6 wherein arcuate, vertical and axial
      movement of said housing and slide are independently adjustable, said
      independent adjustment being effected by separate control means, and said
      separate control means being rotatable with respect to said housing.
NUM  11.
PAR  11. An assembly as set forth in claim 10 wherein said support means
      includes means forming aligned apertures through which said separate
      control means extend.
NUM  12.
PAR  12. A test probe assembly for use in testing microcircuits comprising:
PA1  a housing,
PA1  means to effect arcuate movement of said housing,
PA1  slide means mounted for axial and vertical movement with respect to said
      housing,
PA1  rotatable means cooperating with said housing to effect axial movement of
      said slide with respect to said housing and for effecting controlled
      rotational movement of said slide means about at least one of two points
      producing effective vertical movement with respect to said housing, and
PA1  said slide including means for mounting a probe thereon for movement
      therewith.
NUM  13.
PAR  13. A test probe assembly as set forth in claim 12 further including
      resilient means cooperating to maintain said slide means within said
      housing.
NUM  14.
PAR  14. A test probe assembly as set forth in claim 12 wherein said rotatable
      means includes separate means for effecting vertical and axial movement of
      said slide,
PA1  one of said separate means including a shaft rotatable within said housing,
PA1  bearing means in driving relation with said slide, and
PA1  means interconnecting said shaft and said bearing whereby rotation of said
      shaft effects axial movement of said slide.
NUM  15.
PAR  15. A test probe assembly as set forth in claim 12 wherein the surface of
      said housing adapted to contact a support member includes spaced ribs.
NUM  16.
PAR  16. A test probe assembly as set forth in claim 14 wherein the other of
      said separate means includes means movable into and out of said housing to
      effect vertical movement of said slide.
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ABST
PAL  There is disclosed a method of and device for measuring characteristics of
      a semiconductor by way of a microwave. The variation with time in the
      concentration of carriers which are produced in the semiconductor by
      applying an energy thereto from an external energy source such as light
      source is measured by way of a reflected microwave of an incident
      microwave directed to a portion of the semiconductor through a tapering
      antenna, whereby the life time of carriers in the semiconductor is
      determined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to measurement of characteristics of a
      semiconductor, especially of the life time of carriers thereof.
PAR  2. Brief Description of the Prior Art
PAR  The manufacturing processes of semiconductor elements, for example, power
      diodes or thyristors include cutting a bar-shaped N-type silicon starting
      substrate to a desired thickness (for example, of the order of several
      hundred microns) and diffusing a P-type impurity such as galium into a cut
      N-type silicon wafer to produce a PNP wafer. However, after such PNP
      wafers are prepared, the life time of carriers often reduces to below a
      standard value, thereby providing poor or bad wafers.
PAR  For this reason, it is necessary to measure the life time of carriers of
      PNP wafers for the purpose of picking out poor wafers.
PAR  A diode method has generally been used for measuring the life time of
      carriers. In accordance with the diode method, several sheets of PNP
      wafers are picked up from several tens of sheets of PNP wafers and one of
      the P-type layers of a PNP wafer is removed by etching to form a PN
      junction, that, is a diode. Thereafter, a forward current of square
      waveform is passed through the diode and the life time of carriers is
      determined from the variation with time in a voltage drop across the anode
      and cathode of the diode after the interruption of the forward current. In
      this method, however, even when only one of the picked-up PNP wafer of
      semiconductor samples has life time below a standard value, the total
      number of PNP wafers of that particular lot are condemned and thus an
      improvement in productivity cannot be expected. This method has further a
      disadvantage that a destructive measurement of PNP wafers prevents the
      measurement for total number of samples, resulting in an inaccurate
      measurement.
PAR  A method capable of measuring the characteristics of the total number of
      samples non-destructively has been proposed wherein a sample is inserted
      into a microwave-guide and a microwave is utilized for the measurement. In
      this method, however, measurement of characteristics of semiconductors
      such as diodes and thyristors is impossible since these semiconductor
      samples have a thickness of about 200 to 1000 microns and a diameter of
      about 10 to 50 millimeters. Because of large size, they cannot be inserted
      into the waveguide.
PAC  SUMMARY OF THE INVENTION
PAR  A main object of this invention is to provide a method and a device capable
      of measuring, by way of a microwave, the life time of carriers of all
      semiconductor samples non-destructively without depending upon the
      configuration of the semiconductor samples.
PAR  Another object of this invention is to provide a method and a device
      capable of measuring the life time of carriers of a semiconductor sample
      in a small portion thereof.
PAR  A main feature of this invention lies in that a microwave is directed to a
      small portion of the semiconductor sample through an antenna of a
      waveguide whose one end portion is tapered and has an opening of a drawing
      pen shape, the semiconductor sample is applied with an energy from an
      external energy source and the variation with time in the concentration of
      carriers produced in the semiconductor sample is measured by way of a
      reflected microwave of the incident microwave directed to a portion of the
      semiconductor sample, whereby the life time of carriers of the
      semiconductor specimen is determined.
PAR  Other objects and features of the invention will become apparent from the
      following description taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 are diagramatic representations for explaining a basic
      principle of the invention,
PAR  FIG. 1 being a front view and
PAR  FIG. 2 being a side view.
PAR  FIG. 3 is a waveform diagram to show the principle of the invention.
PAR  FIG. 4 is a block diagram of a device for measuring the life time of
      carriers of a semiconductor by way of a microwave embodying the invention.
PAR  FIGS. 5a and 5b are diagramatic representations of a semiconductor wafer
      for explaining an application example of the invention.
PAR  FIGS. 6 and 7 are graphs showing characteristics of semiconductor samples.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 are to show the basic principle of the invention. In the
      figures, reference numeral 1 designates an antenna of, for example, a
      rectangular waveguide of TE.sub.10 mode, whose side walls parallel to the
      waveguide are tapered at their one-ends to terminate with a width W.sub.p
      as shown in FIG. 1, a distance between the opposed side walls being
      gradually narrowed toward their ends to take the shape of a "drawing pen"
      which has an opening of a gap D.sub.p as shown in FIG. 2. Numeral 2
      designates a semiconductor sample to be measured. The end of the antenna 1
      is positioned upon the surface of the semiconductor sample 2.
PAR  The effective area to be measured by the antenna 1 was determined by
      comparing the detected voltages of the reflected microwaves between two
      cases when either the surface of the semiconductor sample was covered or
      not by a metal sheet with a hole having the same area as the opening of
      the antenna end. The area of this opening is W.sub.p .times. D.sub.p as
      denoted in FIGS. 1 and 2. The antenna was constructed in such a way that
      the difference between the detected voltages of the deflected microwaves
      in those two cases was smaller than ten percents. The experiments show
      that the effective area to be measured can be minimized to approximately
      W.sub.p .times. D.sub.p =  0.01 to 0.1 mm.sup.2.
PAR  In measuring the life time of carriers of the semiconductor sample 2, a
      light pulse as shown in (b) of FIG. 3 or of a square waveform is directed
      to semiconductor sample 2 so as to produce carriers therein.
PAR  The life time .tau. of carriers of the semiconductor sample 2 is given by
      the following equation:
      ##EQU1##
      Here, P(z) represents an average value of the concentration of carriers
      produced by the light irradiation. This shows that the life time .tau. of
      carriers can be determined by measuring the attenuation with time in the
      concentration of carriers produced by the light irradiation, which
      attenuation may be caused by recombination of the carriers.
PAR  On the other hand, since the variation in a microwave detection voltage
      .DELTA.V.mu. obtained by detecting a reflected microwave of a microwave
      incident to the semiconductor sample 2 through the antenna 1 has a
      relation to the variation in the concentration of carriers produced by the
      light irradiation, equation (1) can be transformed into the following
      equation:
      ##EQU2##
      Here, a represents a constant which is determined by a relation between
      the concentration of carriers of the semiconductor sample and the
      variation in the microwave detection voltage.
PAR  Accordingly, when the attenuation with time in the concentration of
      carriers which are produced by directing a light pulse as shown in (b) of
      FIG. 3 to the semiconductor sample 2 is illustrated in terms of the
      variation with time in the microwave detection voltage, a waveform as
      shown in (a) of FIG. 3 is obtained. By calculating the right term of
      equation (2) by way of the gradient between points A and B of the waveform
      shown in (a) of FIG. 3, the life time .tau. of carriers of the
      semiconductor sample 2 can be determined.
PAR  Reference is now made to FIG. 4 in which like reference numerals show like
      parts of FIGS. 1 and 2. In FIG. 4, reference numeral 1 designates an
      antenna, numeral 2 a semiconductor sample, numeral 3 a klystron, numeral 4
      an isolator, numeral 5 a resistance attenuator, numeral 6 a magic tee (T),
      numeral 7 a detector, and numeral 8 a resistive terminator. These
      components are well known and no description thereof is given. Numeral 9
      designates a light pulse generator which irradiates a light pulse as shown
      in (b) of FIG. 3 on the semiconductor sample 2 at the vicinity of a
      portion thereof to which the end of the antenna 1 engages. The light pulse
      generator 9 may be a spark gap, xenon lamp, Kerr cell, light emitting
      diode or the like. Numeral 10 designates a photodetector for detecting the
      shape of the light pulse emanated from the light pulse generator 9 to the
      semiconductor sample 2. Numeral 11 designates a synchroscope whose input
      terminal A is connected to an output side of the detector diode 7 and
      whose input terminal B is connected to an output side of the photodetector
      10. The synchroscope 11 displays on its screen a signal of the microwave
      detection voltage waveform as shown in (a) of FIG. 3 when receiving it at
      the input terminal A and a signal of the light pulse waveform as shown in
      (b) of FIG. 3 when receiving it at the input terminal B, respectively.
PAR  The photodetector 10 is unnecessary for measuring the life time of carriers
      of the semiconductor sample 2 and it may be omitted.
PAR  In operation, a microwave Ei generated at the klystron 3 is applied to the
      magic tee 6 through the isolator 4 and the resistance attenuator 5. The
      microwave Ei is propagated to the antenna 1 and the resistive terminator 8
      by the aid of the magic tee 6. The microwave Ei propagating through the
      antenna 1 impinges upon the semiconductor sample 2 which engages with a
      tapering end portion of the antenna 1. A reflected wave Er of the
      microwave Ei also propagates through the antenna 1 and returns to the
      magic tee 6. The reflected wave Er is directed by the aid of the magic tee
      6 to the detector 7 at which it is detected. On the other hand, a portion
      of the incident microwave Ei directed to the resistive terminator 8 is
      naturally attenuated therein.
PAR  Thus, by observing the variation with time in a detection voltage of the
      reflected microwave Er by the synchroscope 11, it is possible to measure
      the variation with time in the concentration of carriers which are
      produced in the semiconductor sample 2 by the irradiation of a light pulse
      emanated from the light pulse generator 9, thereby determining the life
      time of carriers of the semiconductor sample 2.
PAR  Incidentally, in the case where the life time of carriers of a PNP wafer
      produced by diffusing an impurity such as gallium into a N-type silicon
      wafer is to be measured in the process of manufacturing such elements as
      power diodes or thyristors, the measurement can be accomplished by
      substituting the PNP wafer for the semiconductor sample 2 of FIG. 4. In
      measurement of the life time of carriers in the N-type layer, if the
      P-type layer is thick or the resistivity thereof is small, a light pulse
      and a microwave cannot reach the N-type layer to be measured, with the
      result that the measurement of the life time of carriers is sometimes
      prevented.
PAR  Accordingly, in such a case, a portion of the periphery of the PNP wafer is
      removed at the P-type layer by etching as shown in FIG. 5a and then at a
      thus obtained space the tapering end portion of the antenna 1 is engaged
      with the N-type layer so that a light pulse is irradiated on the N-type
      layer in order to measure the life time of carriers. It is apparent that
      this solves the problem mentioned above. Further, it should be understood
      that the volume of the P-type layer to be removed by etching is needed to
      be as large as the end portion of the antenna adapted to engage with the
      N-type layer and it corresponds to a small area of 0.005 to 0.1 mm.sup.2
      approximately equal to the area of the antenna end. Usually, the
      peripheral portion of the PNP wafer is removed at the final step for
      completing an element, and accordingly no adverse effect arises from the
      removal of a portion or the P-type layer by etching as shown in FIG. 5.
PAR  Turning now to FIGS. 6 and 7, the life time characteristics of carriers of
      the semiconductor sample 2 (PNP wafer) thus obtained will be explained. In
      FIG. 6, the abscissa represents a radial distance r (mm) starting from the
      periphery of the semiconductor sample 2 and the ordinate represents life
      time .tau.(.mu.sec.). As seen from FIG. 6, the measured values of life
      time are approximately equal irrespective of the distance r. This means,
      as described in the foregoing, that the life time of carriers can be
      determined without depending upon positions of the antenna.
PAR  Further, as seen from FIG. 7 illustrating a relation between the thickness
      Wn (mm) of the N-type layer of the semiconductor sample 2 (PNP wafer) and
      life time .tau.(.mu.sec.), the life time .tau. can be measured
      irrespective of the thickness Wn of the N-type layer.
PAR  It should be understood that the semiconductor sample is not limited to the
      PNP wafer, but it may be a N-type wafer alone such as a N-type silicon
      wafer without undergoing diffusion of an impurity such as gallium, P-type
      wafer, NPN wafer, or NPNP wafer.
PAR  Further, while in the foregoing description a light pulse has been used for
      producing carriers in the semiconductor sample other electromagnetic waves
      such as X-rays or .gamma.-rays and beams of particles such as .alpha.-rays
      may be used.
PAR  As has been described, according to the invention, since a microwave is
      radiated upon a very small area of the surface of the semiconductor sample
      through the antenna having a tapering end portion with a drawing pen
      shaped opening, carriers are produced in the semiconductor sample by
      energy irradiation from a separate energy source and attenuation with time
      in the concentration of carriers is measured by way of a reflected
      microwave of the incident microwave so that the life time of carriers of
      the semiconductor sample is determined nondestructively irrespective of
      the configuration of the semiconductor sample in a fashion of total number
      inspection. This also improves productivity.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of measuring the life time of carriers of a semiconductor,
      comprising the steps of supplying energy to a sample of a semiconductor to
      produce carriers therein, directing a microwave signal to a portion of
      said semiconductor through an antenna to obtain a microwave signal
      reflected therefrom, said antenna being a waveguide whose one end portion
      is tapered and has a drawing pen shaped opening, and detecting the
      reflected microwave signal from said semiconductor portion representative
      of the variation in the concentration of said carriers with respect to
      time which variation has a predetermined relationship to the life time of
      said carriers.
NUM  2.
PAR  2. A method according to claim 1, wherein said energy is a light pulse.
NUM  3.
PAR  3. A method according to claim 2, wherein said light pulse is directed to
      the vicinity of said semiconductor portion.
NUM  4.
PAR  4. A method according to claim 3, wherein said semiconductor is a PNP wafer
      in which one end portion of one of two P-type layers of said PNP wafer is
      removed exposing that portion of the N type layer of said PNP wafer which
      provides said semiconductor portion.
NUM  5.
PAR  5. A device for measuring the life time of carriers of a semiconductor,
      comprising an energy source for supplying energy to a sample of a
      semiconductor to produce carriers therein, a microwave signal generating
      means, an antenna of a waveguide whose one end portion is tapered and has
      a drawing pen shaped opening, a microwave signal from said microwave
      signal generating means being directed to a portion of said semiconductor
      through said antenna to obtain a microwave signal reflected therefrom, a
      detector means for detecting the reflected microwave signal representative
      of the variation in the concentration of said carriers with respect to
      time which variation has a predetermined relationship to the life time of
      said carriers.
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ABST
PAL  This disclosure relates to a vehicle speed signal pulse generator employing
      a multi-limbed magnetic stator structure and a rotatable magnetic rotor.
      The multi-limbed magnetic structure includes a pair of magnetic core
      members about which are wound a primary and secondary winding. A permanent
      magnet is located in the multi-limbed magnetic structure to cause
      polarized magnetic flux to flow through each of the magnetic core members.
      A source of oscillating signals is connected to the input terminals of the
      primary winding to produce a.c. oscillations in the secondary winding when
      the vehicle is at rest. The magnetizable rotor includes a plurality of
      circumferential teeth disposed adjacent the magnetic stator structure to
      modulate the a.c. oscillations so that the modulated signals developed on
      the output terminals of the secondary winding will be indicative of the
      speed of the moving vehicle.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved vehicle speed signal pulse source and
      more particularly to a speed sensing device having a multi-limbed
      electromagnetic structure including a primary and a secondary winding
      wherein the primary winding is arranged to receive oscillating signals
      which are modulated by the rotation of a toothed wheel so that modulated
      signals proportional to the speed of the vehicle are induced into the
      secondary winding when the vehicle is moving and unmodulated signals are
      induced into the secondary winding when the vehicle is not in motion or
      when a failure occurs.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, various types of speed sensing devices, such as, electrical,
      electromagnetic and optical signal generators have been employed to
      measure the velocity of different ground vehicles, for example,
      automobiles, buses, transit cars and railroad trains. Generally, these
      previous types of signal generators included a rotor coupled to the
      vehicle axle which moved past a stator to produce signals which are
      directly proportional to the velocity or speed of the moving vehicle. It
      will be appreciated that while these conventional speed sensing devices
      have operated satisfactorily to varying degrees, there are certain aspects
      which must be carefully considered and effectively dealt with in order to
      maximize the velocity measuring operation. An acceptable speed measuring
      device must be capable of withstanding extreme shock and vibrations which
      are ever present in a roadway vehicular milieu. The violent and irregular
      agitation has a detrimental effect on any speed signal generator which
      utilizes frangible or unstable elements. Such previous apparatus is
      susceptible to breakage and misalignment of parts which either totally
      destroys or markedly reduces the signal generating ability of the speed
      sensing device. It is generally desirable to insure that a vehicle carried
      speed sensing generator includes inbuilt impedance matching and amplifying
      characteristics to minimize losses and to enhance the quality of the speed
      indicating signals. In addition, it is highly advantageous to provide a
      distinct type of positive signal when the vehicle is not moving or stopped
      and also when a failure has occurred in the speed sensing device.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved
      vehicle speed signal generator for sensing the movement of vehicles.
PAR  Another object of this invention is to provide a unique signal pulse source
      having a multi-limbed electromagnetic stator structure and a toothed rotor
      for producing modulated signals which are indicative of the speed of a
      moving vehicle.
PAR  A further object of this invention is to provide a novel vehicle speed
      signal pulse source which is economical in cost, simple in construction,
      easy to install, reliable in operation and efficient and durable in use.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a vehicle speed signal
      pulse source including a completed signal path between a pair of input
      terminals and a pair of output terminals. There are magnetic circuit
      elements having a primary winding for receiving oscillating signals at
      said input terminals to generate magnetic fluxes in each of the two
      magnetic elements and having a secondary winding connected to said output
      terminals. Each magnetic element forms a branch of a magnetic circuit
      which is polarized by a source of permanent magnetic flux. The magnetic
      circuit includes a magnetizable member which is movable to complete the
      magnetic circuit through one branch at a time at a rate dependent on the
      speed of the vehicle.
PAR  Each of the magnetic circuit elements may take the form of annular or ring
      core members. The primary winding may include one or more turns which may
      be wound about both of the annular cores. The secondary winding may
      include a plurality of turns which may be wound about a selected one of
      the annular cores.
PAR  The completion of the magnetic circuit through the branch including said
      one core member reduces the magnetic flux produced by the primary winding
      in the one core member and also the amount of flux linking the secondary
      winding. Conversely, the completion of the magnetic circuit through the
      branch including the other core member increases the magnetic flux
      produced by the primary winding in the one core and also the amount of
      flux linking with the secondary winding.
PAR  The magnetizable member may take the form of multi-toothed wheel or rotor
      which is driven by the axle of the vehicle. Thus, the teeth of the rotor
      move adjacent to the circumferentially spaced pole-pieces of each branch
      and a common pole-piece which form a part of the magnetic circuit. The
      pole-pieces of each branch may be spaced apart by an odd number of
      half-pitches of the teeth of the wheel while the common pole-piece may
      extend over a whole tooth-pitch.
PAR  A source of oscillations or oscillating signals may be connected to the
      input terminals and an amplitude detector may be connected to the output
      terminals. The detector is preferably responsive to the variations in
      amplitude or modulation envelope of oscillations passing along the
      completed path resulting from the movement of the rotor to indicate
      whether or not the vehicle is moving and also to determine the speed of
      movement of the vehicle. The percentage of the modulation is dependent
      upon the source of magnetic flux as well as the magnetic characteristic of
      the material of the circuit elements.
PAR  The source of magnetic flux may take the form of a permanent type of bar
      magnet.
PAR  If desired, there may be two electromagnetic structures or separate pulse
      sources connected to the axle of the vehicle which are mechanically
      displaced 90.degree. apart from each other. Thus, the pulse signals
      developed across the output terminals will have a relative phase
      indicating the direction of movement of the vehicle.
PAR  The foregoing objects and other attendant features and advantages of this
      invention will become more fully apparent from the ensuing detailed
      description when considered in conjunction with the accompanying drawing
      therein.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawing wherein the single FIGURE is a partial schematic and block diagram
      of a preferred embodiment of the magnetic structure and the electrical
      apparatus forming the vehicle speed signals pulse source.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in the single FIGURE of the drawing, there is illustrated a
      substantially E-shaped magnetic circuit which includes a source of
      magnetic flux in the form of permanent bar magnet 10 which may be
      constructed of hardened steel or other magnetic material having a high
      magnetic retentivity characteristic. It will be noted that the south pole
      S of the permanent magnet 10 is provided with an arcuate soft-iron
      pole-piece 11 which is shaped to extend adjacent to a whole pitch of the
      teeth 21 of a toothed wheel or circular rotor 20. The rotor 20 is
      constructed of suitable magnetizable material, such as, silicon steel or
      soft-iron. As shown, the north pole N of the permanent magnet 10 is joined
      to one end of an elongated soft-iron backstrap member 12. It will be seen
      that transverse magnetic members or pieces 13 and 14 are located at the
      other end and at the intermediate portion, respectively, on the backstrap
      member 12. The free ends of members 13 and 14 are concaved or arcuately
      shaped to match outer peripheral surface of annular core members 17 and
      18, respectively. Thus, the core members effectively convey the magnetic
      flux or lines of forces emanating from permanent magnet 10 to the
      respective annular or ring-like core members 17 and 18. These latter two
      individual branches of the magnetic circuit including annular or ring
      cores 17 and 18 are further provided with soft-iron pole-pieces 15 and 16,
      respectively which concentrate magnetic flux of the respective branches at
      the circumference of wheel or rotor 20. As shown, the upper ends of the
      pole-pieces 15 and 16 are concaved or arcuately shaped or match the outer
      peripheral surface of core members 17 and 18. The lower ends of the
      pole-pieces 15 and 16 are spaced apart an odd number of half-pitches of
      teeth 21, for example, one half-pitch as viewed in the drawing. It will be
      noted that both of the annular cores or magnetic rings 17 and 18 carry
      primary winding 31. As shown, a few turns, for example, two or three coils
      are wound around one limb or a portion of both of core members 17 and 18.
      It will be seen that the free ends of primary winding 31 are connected to
      input terminals 35a and 35b which in turn are connected to a suitable
      oscillator 38 via leads 37a and 37b. A secondary winding 32 is
      appropriately wound on another limb or portion core member 18. It will be
      appreciated that the secondary winding 32 has a larger number of turns to
      match a high-impedance load which is connected to output terminals 36a and
      36b. As shown, the output terminals are connected by leads 39a and 39b to
      a suitable detector 40 the operation of which will be described
      hereinafter. It will be appreciated that the entire magnetic structure or
      circuit may be encapsulated in a suitable epoxy material or the like,
      depicted in phantom by numeral 41 to provide a stable and rigid mechanized
      stator assembly. It will be noted that the magnetizable toothed wheel or
      rotor 20 is disposed adjacent to and in close proximity to the stator
      structure. As mentioned above, the rotor 20 may be constructed of
      magnetizable material, such as, silicon steel or soft-iron and includes a
      plurality of evenly spaced teeth 21 located about the outer peripheral
      surface. The rotor 20 is suitably coupled through a gear train or the like
      to the axle of a wheel of the vehicle under surveillance. Thus, the
      movement of the vehicle on which the signal generator source is mounted
      produces discreet signals which are at a rate proportional to the speed of
      the vehicle. As mentioned above, input terminals 35a and 35b may be
      connected to a conventional oscillator 38, such as, a suitable oscillating
      signal generator having a frequency of 40KHz. The output terminals 36a and
      36b may be connected to a suitable amplitude modulation type of detection
      circuit 40.
PAR  In describing the operation of the signal pulse generator source, it will
      be assumed that the generator has been properly mounted on the vehicle and
      that it is functioning properly. It will be appreciated that magnetic flux
      in a given branch of the magnetic circuit will be higher when its
      pole-piece is adjacent a tooth 21 of rotor 20 than when the respective
      pole-piece is adjacent to the gap between teeth 21 of rotor 20. With the
      connection of the 40KHz frequency signal to the input terminals 35a and
      35b, an appropriate magnetic flux will be produced in each of annular
      cores 17 and 18. By suitably designing the annular cores and by properly
      choosing the impedance of the frequency source or oscillator 38 the total
      or maximum flux density can be maintained below the saturation level of
      each core so that fluctuations will occur on the linear part of the
      magnetization characteristic curve where the reluctance changes
      significantly with flux level.
PAR  Thus, when tooth 21 is situated adjacent either of pole-piece 15 or 16, a
      complete magnetic circuit extends through the respective branch which will
      cause the magnetic flux from permanent magnet 10 to increase the flux
      level in one of the annular cores 17 and 18. If it is assumed that core
      member 17 is the one in which the flux level is increased, the reluctance
      in this branch also increases. Hence, it will be appreciated that the
      amount of magnetic flux in the core 17 produced by the primary winding 31
      proportionally decreases. As a result more magnetic flux is diverted into
      the annular core 18 to maintain the total flux of the primary winding
      constant. The increase of the magnetic flux in core 18 increases the
      output signal induced into secondary winding 32.
PAR  Conversely, when the annular core 18 is the one in which the flux level is
      increased by the completion of the magnetic circuit through that branch
      then the flux produced by the primary winding 31 in the core member 18
      decreases while an appropriate increase occurs in core member 17. Hence,
      the decrease in the magnetic flux in annular core 18 reduces the output
      signal induced in the secondary winding 32.
PAR  Accordingly the effect of the alternate completion of the magnetic circuit
      through the two branches of the respective annular core members causes a
      modulation effect in the amplitude of the oscillations or oscillator
      signals that are transferred along the said signal path between input
      terminals 35a and 35b and output terminals 36a and 36b.
PAR  It will be appreciated that the percentage modulation is determined by the
      amount of magnetic flux provided by permanent magnet 10 which can be
      readily adjusted by setting the size of the air-gaps existing between pole
      faces 11, 15 and 16 of the stator and teeth 21 of the rotor. The
      transformer arrangement of magnetic core members 17 and 18 and the primary
      and secondary windings 31 and 32 can be designed to give the nominal
      output signal required in the absence of modulation.
PAR  It will be apparent that the rate of the modulation is proportional to the
      speed of the toothed wheel or rotor 20 and that this rate can be
      conveniently determined by the amplitude modulation detector 40. Thus, the
      detected signals may be used as speed indication for a vehicle speed
      control system in, for example, a railway train operation.
PAR  The present source provides several advantages over known speed signal
      pulse sources. Firstly, there is a distinct output signal even when the
      vehicle is stopped at rest. Since the pole-pieces 15 and 16 are a
      half-pitch apart, the output signals appearing on terminals 36a and 36b
      when the vehicle is at rest will always be between the maximum and minimum
      of the modulation. Secondly, the provision of two magnet core members
      ensures that the occurrence of a short-circuited turn in the primary or
      secondary winding will materially affect the output signal. It will be
      appreciated that the preferred arrangement would have a single turn
      primary winding linking both of the annular cores 17 and 18. A shorted
      primary or secondary turn will then reduce the output below the lower or
      minimum modulation percentage. The preferred arrangement can be considered
      as an inductor in series with the primary of a current transformer wound
      on one core so that neither can operate properly in the event of a failure
      of the other. Thirdly, the regulation of the secondary output voltage is
      good.
PAR  In the preferred embodiment, the frequency of the input oscillations from
      oscillator 38 is selected at 40KHz and the minimum and maximum output
      modulation levels are chosen at 50% and 100%, respectively.
PAR  If it is necessary to sense the direction of movement of the vehicle, it is
      possible to employ two sources of output oscillations having phase angles
      displaced 90.degree. apart to determine the direction of rotation of rotor
      20. Thus, two magnetic circuits can be mounted near one wheel and spaced,
      say, 90.degree. apart so that the phase relationship of the outputs will
      indicate direction of rotation.
PAR  It will be appreciated that various changes and modifications may be made
      to the presently described speed signal pulse generator without departing
      from the spirit and scope of the subject invention. For example, the core
      members 17 and 18 may take the form of square, rectangular, oval or the
      like configuration rather than annular or ring members. The frequency of
      the input signals produced by oscillator 38 may obviously be varied and
      the pitch and number of teeth of rotor 20 may increase or decrease
      dependent the needs and the desired characteristics which are necessary to
      obtain optimum operation. Other changes, alterations and modifications may
      be made in practicing the present invention. Thus, it will be appreciated
      that the showing and description of the present invention should be taken
      in an illustrative and diagrammatic sense only.
CLMS
STM  Having now described the invention, what I claim as new and desire to
      secure by Letters Patent, is:
NUM  1.
PAR  1. A vehicle speed signal pulse source comprising, input and output
      terminals, a substantially E-shaped magnetic structure wherein two legs of
      the E form a pair of magnetic circuit branches, a common primary winding
      wound about both of said pair of magnetic circuit branches and connected
      to said input terminals, a second winding wound about one of said pair of
      magnetic circuit branches and connected to said output terminals, a signal
      connected to said input terminals to produce magnetic fluxes in both of
      said pair of magnetic circuit branches, the last leg of the E including a
      permanent magnet forming another magnetic circuit branching of said
      substantially E shaped magnetic structure and causing magnetic flux to
      pass through both of said pair of magnetic circuit branches, and a
      rotatable magnetizable member positioned adjacent the legs of the E for
      increasing the reluctance in one of said pair of magnetic circuit branches
      at a time at a rate dependent upon the speed of rotation of said
      magnetizable member.
NUM  2.
PAR  2. A vehicle speed signal pulse source as defined in claim 1, wherein each
      of said pair of magnetic circuit branches includes an annular core member.
NUM  3.
PAR  3. A vehicle speed signal pulse source as defined in claim 2, wherein said
      common primary winding is wound about both of said annular core members.
NUM  4.
PAR  4. A vehicle speed signal pulse source as defined in claim 2, wherein said
      secondary winding is wound about one of said annular core members.
NUM  5.
PAR  5. A vehicle speed signal pulse source as defined in claim 4, wherein the
      increase in the reluctance in said one of said annular core members
      reduces the magnetic flux produced by said primary winding in said one
      annular core member and decreases the amount of magnetic flux linking said
      secondary winding.
NUM  6.
PAR  6. A vehicle speed signal pulse source as defined in claim 4, wherein the
      increase in the reluctance of said other of said annular core members
      increases the magnetic flux produced by said primary winding in said one
      annular core member and increases the amount of magnetic flux linking said
      secondary winding.
NUM  7.
PAR  7. A vehicle speed signal pulse source as defined in claim 4, wherein said
      magnetizable member is a tooth wheel rotor which is disposed adjacent to
      circumferentially spaced pole-pieces cooperatively associated with each of
      said pair of magnetic circuit branches and a common pole-piece
      cooperatively associated with said permanent magnet.
NUM  8.
PAR  8. A vehicle speed signal pulse source as defined in claim 7, wherein said
      pole-pieces of each of said pair of magnetic circuit branches are spaced
      apart by an odd multiple of one-half to the tooth pitch of said rotor.
NUM  9.
PAR  9. A vehicle speed signal pulse source as defined in claim 7, wherein said
      common pole-piece is arranged to extend over a whole tooth pitch.
NUM  10.
PAR  10. A vehicle speed signal pulse source as defined in claim 1, wherein
      signals induced in said secondary winding and appearing across said output
      terminals are amplitude modulated to determine the speed of movement of a
      vehicle as well as the lack of movement of the vehicle.
PATN
WKU  039394174
SRC  5
APN  4259084
APT  1
ART  233
APD  19731218
TTL  Emergency communications system
ISD  19760217
NCL  11
ECL  1
EXA  Bookbinder; Marc E.
EXP  Mayer; Albert J.
NDR  5
NFG  6
INVT
NAM  Cannalte; Gary A.
CTY  Hoffman Estates
STA  IL
INVT
NAM  Crouse; Richard J.
CTY  Palatine
STA  IL
INVT
NAM  Koenig; Richard D.
CTY  Elgin
STA  IL
INVT
NAM  Rollins; Thomas J.
CTY  Arlington Heights
STA  IL
INVT
NAM  Walker; Donald L.
CTY  Addison
STA  IL
ASSG
NAM  Motorola, Inc.
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  325  5
XCL  325 53
XCL  325 55
XCL  325 64
XCL  3402132
XCL  340224
XCL  340226
XCL  340408
XCL  343176
XCL  343177
XCL  343200
EDF  2
ICL  H04B  714
ICL  H04B  140
FSC  325
FSS  3;5;16;51;53;55;64;113;117;302
FSC  340
FSS  31;213.1;213.2;224;226;408
FSC  343
FSS  176;177;200
FSC  179
FSS  1 MN;1 NE;2 A;2 B;2 E;2 DP;5 R;5.5;17 A;17 B;17 R;27 FF;41 A
UREF
PNO  2803744
ISD  19570800
NAM  Berger et al.
OCL  343177
UREF
PNO  3154642
ISD  19641000
NAM  Hall et al.
OCL  179 17B
UREF
PNO  3376509
ISD  19680400
NAM  Willcox et al.
OCL  325 53
UREF
PNO  3384714
ISD  19680500
NAM  Weld et al.
OCL  179  5R
UREF
PNO  3492426
ISD  19700100
NAM  Foreman et al.
OCL  179  5R
UREF
PNO  3581019
ISD  19710500
NAM  Ryan
OCL  179 41A
UREF
PNO  3586978
ISD  19710600
NAM  Van Gorder
OCL  325 64
UREF
PNO  3632890
ISD  19720100
NAM  Hugenholtz
OCL  179 17A
UREF
PNO  3800089
ISD  19740300
NAM  Reddick
OCL  179  5R
LREP
FR2  Gillman; James W.
FR2  Parsons; Eugene A.
ABST
PAL  A control console including a transceiver, a plurality of terminal stations
      positioned at spaced apart locations remote from the console and each
      including a transceiver connected to the console by RF or a wire line, and
      a plurality of call boxes positioned at spaced apart locations adjacent to
      each terminal station and including a transceiver in communication with
      the terminal station. When the hand set of a call box is lifted from the
      cradle a tone is transmitted through the adjacent terminal station to the
      console which then keys on all terminal station transmitters to indicate a
      busy line at other call boxes and to provide a ringing signal at the call
      box being used. Subsequent to transmission of the tone, a signal
      indicative of the address of the box and the condition of predetermined
      portions of the box is automatically transmitted to the console. When the
      console operator answers, full duplex communication is provided between
      the call box and the console.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Many modern highways are extremely busy but pass through relatively remote
      areas so that a motorist on the highway having difficulty with his
      automobile may have to travel a great distance to find help. Generally,
      the motorist walking along the highway is in great danger from the
      traffic, other motorists who might pick him or her up, the weather (if
      severe), etc.
PAR  2. Description of the Prior Art
PAR  Some prior art emergency call boxes have been provided and these generally
      fall into two classes. The first class is the box which is hard-wired into
      the desired position and cannot be moved, which class generally includes
      actual telephones, and the second class includes boxes simply having
      buttons therein, which buttons are to be depressed for certain types of
      emergencies, for example, fire, police, tow truck, etc. The former type of
      boxes are unsatisfactory because they are not portable and the positions
      of the boxes cannot be altered as conditions on the highways vary. The
      latter type of box is highly unsatisfactory because the motorist
      depressing a button in the box has no indication whether the box is
      working until help arrives at some subsequent time. With no indication as
      to whether the box is operating properly, a motorist could stand for hours
      waiting for help that had not been summoned.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to an emergency communications system
      including a control console with a transceiver, a plurality of terminal
      stations positioned at spaced apart locations each having a transceiver in
      communication with said console and a plurality of call boxes positioned
      at spaced apart locations adjacent to each terminal station, each call box
      including a transceiver tuned for full duplex communications with the
      transceiver in the adjacent terminal station. Each call box includes a
      hand set which upon being uncradled causes the transmitter to transmit a
      tone to the console and the console keys the transmitter in each of the
      terminal stations to provide an indication in the remaining call boxes
      that the primary channel is being used. Subsequent to the transmission of
      the tone the call box automatically transmits a signal indicative of the
      address of the call box and the condition of certain predetermined
      portions of the call box. Periodically the receiver is turned on in each
      call box and the console has the capability of sending an interrogate
      signal which will key the transmitter in any desired call box to transmit
      a signal indicative of the condition of predetermined portions of the call
      box. If the primary channel is busy a second caller is automatically
      switched to a second channel whch provides an indication at the console of
      the second caller and when the console operator terminates the first call
      the second caller is automatically connected into the primary channel.
PAR  It is an object of the present invention to provide an improved emergency
      communications system.
PAR  It is a further object of the present invention to provide an emergency
      communications system including a plurality of call boxes positionable
      along a highway or the like and capable of being easily moved as traffic
      patterns or conditions are altered or capable of being readily exchanged
      for servicing and the like.
PAR  It is a further object of the present invention to provide an emergency
      communications system wherein each call box provides an indication of its
      condition each time it is used and any or all of the call boxes can be
      interrogated from a main console whenever desired.
PAR  It is a further object of the present invention to provide an emergency
      communications system which automatically provides a check on the
      operation of the system when a motorist raises the hand set of one of the
      call boxes.
PAR  These and other objects of this invention will become apparent to those
      skilled in the art upon consideration of the accompanying specification,
      claims and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, wherein like characters indicate like parts
      throughout the figures:
PAR  FIG. 1 is a block diagram of an embodiment of the emergency communications
      system;
PAR  FIG. 2 is a view in perspective of a single call box utilized in the
      system, with the access door open;
PAR  FIG. 3 is a view in perspective of the call box illustrated in FIG. 2 with
      the inner door open;
PAR  FIGS. 4a and 4b are block diagrams of an embodiment of the logic
      electronics utilized in a single call box; and
PAR  FIG. 5 is a block diagram of the electronics utilized in the console of the
      system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to FIG. 1, a control console 10 is wire connected to
      an RF repeater 11, which is in communication with an RF repeater 12, RF
      repeater 12 being in communication with an RF repeater 13. The repeaters
      11, 12 and 13 are in spaced apart relation to cover a predetermined area,
      such as a highway or the like. Further, the repeaters 11, 12 and 13 form a
      backbone for communication with the control console 10 and it should be
      understood that while RF repeaters are illustrated the backbone could
      consist of telephone lines, cables, or any other means of conveying
      information over relatively long distances. Further, while repeaters are
      illustrated in block form it should be understood that these might be
      replaced by simple terminal boxes if the backbone is a wire or cable
      system.
PAR  The repeater 12 is connected to a terminal station generally designated 15
      by means of a wire, cable or the like. The terminal station 15 includes a
      transmitter 16 and two receivers 17 and 18, each tuned to a separate
      frequency. A pair of call boxes, generally designated 20 and 21, are
      positioned in spaced apart relationship adjacent to the terminal station
      15 so as to be in communication therewith at all times. The call box 20
      includes a transmitter 22 tunable to either of the two frequencies of the
      receivers 17 and 18 in the adjacent terminal station 15, a receiver 23
      tuned to the frequency of the transmitter 16 in the adjacent terminal
      station 15, and a duplexer 24 for providing full duplex communication
      between the call box 20 and the terminal station 15. The call box 21 is
      similar to the call box 20 and is in full duplex communication with the
      terminal station 15.
PAR  The repeater 13 has a terminal station generally designated 25 connected
      thereto by means of wires, cable, etc., which terminal station 25 includes
      a transmitter 26 and two receivers 27 and 28 tuned to two different
      frequencies. The terminal station 25 is spaced from the terminal station
      15 but the frequencies of the transmitter 26 and receivers 27 and 28
      differ from the frequencies of the transmitter 16 and receivers 17 and 18
      to prevent any cross-communication between the receivers of the
      transmitter 26 and the receivers of the transmitter 16. A pair of similar
      call boxes 29 and 30 are positioned in spaced apart relation adjacent to
      the terminal station 25 and are in full duplex communication therewith
      similar to the call box 20 previously described. While only two call boxes
      are associated with each of the terminal stations 15 and 25 in the present
      embodiment, it should be understood that any convenient number may be
      utilized, depending upon the spacing of the call boxes, the type of
      terrain, the strength of the transmitters and sensitivity of the
      receivers. Further, as will become apparent presently, the number of call
      boxes per terminal station can be quickly and easily changed to comply
      with changing conditions, e.g., seasonal traffic patterns.
PAR  Referring to FIGS. 2 and 3, a single call box is illustrated having an
      outer weatherproof housing 35 with an access door 36 forming the front
      wall thereof. The door 36 is normally held closed by a magnet 37 and a
      switch 38 is activated when the door 36 is opened, the operation of which
      will be described in more detail presently. Inside the housing 35 an inner
      door 40 is normally locked in the closed position, illustrated in FIG. 2,
      but may be opened to the position illustrated in FIG. 3 for maintenance or
      repair. The inner door 40 has a cradle 41 thereon for receiving a hand set
      42, which hand set 42 includes a microphone and speaker similar to the
      hand set on a telephone. The cradke 41 has a switch therein which is
      operated by the normal cradling of the hand set 42 therein, which
      operation will be described in more detail presently.
PAR  Referring more specifically to FIG. 3, the electronic circuitry is
      contained in a package 45, which package 45 has a plug in address card 46
      engaged at one side thereof. The entire electronics package 45 is quickly
      and easily replaceable, for maintenance or repair purposes, and a new
      package positioned in the housing 35 will maintain the same address by
      simply removing the address card 46 from the old package and plugging it
      into the new package. The duplexer for the transceiver in the package 45
      is affixed to the front of the package 45 in a unit designated 47. Power
      for the call box is provided by a rechargeable battery 48 positioned in
      the bottom of the housing 35. A charger unit 49 is illustrated adjacent to
      the battery 48 and may be incorporated in the housing 35 if power is
      readily available therefor. A sensor for indicating the condition of the
      battery 48 is located in the electronics package 45. In general, the
      housing 35 will be affixed to a vertical pole 50 and the antenna for the
      transceiver in the package 45 will be affixed near the top of the pole 50
      in some convenient manner.
PAR  Referring to FIGS. 4a and 4b, it should be noted that this is a single
      block diagram illustrated on two sheets because of the size and connected
      at the points indicated. A battery 55 is connected between ground and a
      terminal, designated A+, which is connected to a 5 volt supply circuit 56.
      The battery 55 is approximately 13 volts but may vary a few volts with the
      ambient temperature. The 5 volt supply circuit 56 simply reduces the
      battery A+ voltage the desired amount. The 5 volt supply 56 is turned on
      by means of a send/stop switch 57 connected thereto, which switch 57 also
      turns on a 5 volt encoder switch 58 so that the 5 volts from the supply 56
      can be applied therethrough on a terminal, designated 5V, to various other
      circuits which will be described presently. The send/stop switch 57
      receives an input from a send/stop timer 59 and a NAND gate 60, and
      receives an activating voltage on a terminal designated V.sub.3. The
      send/stop timer receives activating voltages on terminals designated
      V.sub.1 and V.sub.3 and also supplies a signal to a 1 KHz astable circuit
      61. The astable circuit 61 supplies a signal through a divide by 4 circuit
      62 to one terminal of a NOR gate 63, a second terminal of which is
      connected to the output of the NAND gate 60. Two inputs of the NAND gate
      60 are supplied by a 32 bit counter 65 wich is connected to the 5V
      terminal of the encoder switch 58 and starts when the switch 58 is
      operated and which receives clock pulses from the output of the NOR gate
      63. The output of the NOR gate 63 is applied to a bistable circuit 66,
      which is also placed in an operating mode by application of voltage to a
      terminal designated V.sub.3. A second input of the bistable 66 is received
      from a data selector circuit 67 which in turn receives an input from a
      data multiplexer circuit 68. The data selector circuit 67 may be, for
      example, an MC9309, MTTL integrated circuit manufactured by Motorola, Inc.
      which consists of two 4-channel data selectors with common control lines,
      constructed from high level AND-OR-INVERT gates with active pull-up
      outputs and low level inverters on the control inputs. The multiplexer
      circuit 68 receives a first signal from the address card 46 (see the plug
      in address card 46 of FIG. 3) and a second input signal from an alarm
      detector circuit 69. The astable circuit 61, data selector 67 and
      multiplexer 68 are all connected to the 5 V terminal of the encoder switch
      58 and cease operation when the voltage is removed therefrom. An astable
      multivibrator 70 operates at a center frequency of 1500 Hz whenever a
      voltage is applied to the terminal V.sub.3 connected thereto. The
      frequency of the astable 70 is varied .+-.300 Hz about the center
      frequency by the output of the tone gate 66. The output of the astable 70
      is converted to a sine wave by an LC filter 71 and applied to the
      transmitter modulator (not shown) and the audio high lead of the
      microphone.
PAR  A battery alarm circuit 73 is rendered active by the application of the
      voltage to the terminal V.sub.3, connected to the circuit 73. The battery
      alarm circuit 73 provides an indication of the condition of the battery
      and contains a circuit which automatically compensates for changes in
      ambient temperature. For example, if the temperature is a -40.degree.C the
      battery output can drop to 11 volts before an alarm is sounded and if the
      temperature rises to 80.degree.C the voltage of the battery must exceed 14
      volts or the circuit 73 will provide an alarm. The output of the circuit
      73 is applied to the alarm detector circuit 69. A hand set alarm circuit
      74 also supplies an output signal to the alarm detector circuit 69 and
      receives power from the A+ terminal of the battery 55. The alarm circuit
      74 is rendered operative by the application of a voltage to the terminal
      V.sub.5 connected thereto and receives alarm signals from a switch 75 on
      the inner door 40 and a sensor or switch in the hand set 42 (not shown).
      The hand set alarm 74 provides an indication to the detector 69 if the
      cable to the hand set 42 is cut or if the inner door 40 is open. The
      voltage on the terminal V.sub.5 is also applied to the detector 69 and to
      a control monostable circuit 77. The switch 38, which is operated whenever
      the access door 36 is opened, supplies a ground connection to the alarm
      detector 69, the control monostable 77 and a transmit/receive V.sub.4
      start circuit 78. Whenever the hand set 42 is removed from the cradle 41 a
      switch 79 is closed connecting the A+ terminal of the battery 55 to all
      terminals designated V.sub.2 of FIG. 4 and to the control monostable 77.
      The control monostable 77 supplies a voltage to all terminals designated
      V.sub.3 of FIG. 4 in accordance with a signal received from a revert
      bistable circuit 80 (see FIG. 4b).
PAR  An inverter 85, which is made operative by a voltage appearing on the
      terminal V.sub.1 connected thereto, receives an input signal from the
      receiver (not shown) which indicates whether the receiver is squelched or
      unsquelched. The inverter 85 supplies an output to a lockout bistable
      circuit 86, a connect tone bistable No. 1 circuit 87, a second caller
      revert circuit 88 and an F.sub.1 /F.sub.2 select circuit 89. The lockout
      bistable circuit 86 also receives an input from a second caller bistable
      circuit 90 and is activated by the application of a voltage to the
      terminal V.sub.2 and V.sub.3. The lockout bistable circuit 86 provides a
      signal to the transmit/receive V.sub.4 start circuit 78 and to a ringer
      astable circuit 91. An output from the receiver discriminator (not shown)
      is supplied through a clipper amplifier 95 to a gated emitter follower 96.
      The amplifier 95 is rendered operable by the application of a voltage to
      the terminal V.sub.1 connected thereto, which terminal is also connected
      to the emitter follower 96. The second caller bistable 90 also supplies an
      input to the gated emitter follower 96 and to an F.sub.2 select circuit
      97. The output of the gated emitter follower circuit 96 is applied to a
      connect tone decoder circuit 98. The output of the decoder circuit 98 is
      applied to the bistable No. 1 circuit 87, a bistable No. 2 circuit 99 and
      a reset monostable circuit 100. The application of a voltage to the
      terminal V.sub.2, which is connected to the decoder 98 is also necessary
      to the operation thereof. The application of a voltage to the terminal
      V.sub.2, which is connected to the monostable 100, is necessary to the
      operation thereof. Reset signals from the monostable 100 are connected to
      a time out timer 101 which receives voltage for the operation thereof from
      the V.sub.4 start circuit 78. The time out timer 101 operates to disable
      the V.sub.4 start circuit 78 2 minutes after the timer 101 is started by
      applying ground to one of a pair of transmitter terminals, designated
      F.sub.1 ground and F.sub.2 ground, and to the timer 101. Operation of the
      transmitter is started by grounding one of the terminals, F.sub.1 ground
      or F.sub.2 ground, through a circuit F.sub.1 select 102 or the F.sub.2
      select circuit 97, respectively. Both of the circuits 97 and 102 are
      rendered operative by the application of a voltage to the 5V terminal
      which is connected thereto. The F.sub.1 select circuit 102 receives an
      input from the F.sub.2 select circuit 97 and from the bistable No. 1
      circuit 87. The F.sub.2 select circuit 97 receives an input from the
      second caller bistable circuit 90. The second caller bistable circuit 90
      also supplies an input to a busy lamp switch 105, which also receives an
      input from the ringer astable circuit 91. The ringer astable circuit 91
      also supplies an input to the second caller revert circuit 88. The output
      of the busy lamp switch circuit 105 is applied to a busy lamp driver
      circuit 106 which upon being actuated causes a busy lamp 107, visibly
      mounted in the inner door 40, to operate by way of a voltage applied to
      the terminal V.sub.2 connected thereto.
PAR  The ringer astable circuit 91, which is rendered operative by the
      application of a voltage to the terminal V.sub.2 connected thereto,
      supplies an output signal to a regulator switch circuit 110, which
      receives a regulated voltage from the terminal V.sub.2 by way of a
      regulator circuit 111. The regulator switch circuit 110 controls the
      operation of a ringer oscillator circuit 112, the output of which is
      supplied to the earpiece, or speaker, in the hand set 42. The output of an
      audio gate circuit 113 is also connected to the earpiece and one input
      thereof is connected to the receiver audio output. The gate circuit 113 is
      operated by an output from the bistable No. 1 circuit 87. In addition to
      the above, the earpiece receives a signal from a side tone amplifier 114,
      the input of which comes from the microphone audio high lead and which is
      rendered operative by the application of a voltage to the terminal V.sub.2
      connected thereto.
PAR  The output of the bistable No. 1 circuit 87 is connected to a microphone
      audio high switch 115, the output of which goes to the microphone audio
      high lead and the operation of which is dependent upon the application of
      a voltage to the terminal V.sub.2 connected thereto. A timer circuit 116
      is maintained operative by connection to the A+ terminal of the battery
      55. The output of the timer circuit 116 is connected to a monostable
      circuit 117 which also receives its operating voltage from the battery
      terminal A+. The monostable 117 is controlled by a signal from the V.sub.4
      start circuit 78 and supplies V.sub.1 voltage to all V.sub.1 terminals as
      well as to the receiver for operation thereof. The timer circuit 116
      provides trigger pulses to turn on the monostable circuit 117 every 30
      seconds, which in turn supplies a voltage to the terminal V.sub.1 for 1/2
      second. This circuit allows an operator at the console 10 to interrogate
      the call box by periodically turning on the receiver to receive
      instructions from the console 10.
PAR  In the operation of the call box circuitry illustrated in FIG. 4, a
      motorist in trouble opens the access door 36 of the call box, which
      automatically operates switch 38 and grounds the transmit/receive V.sub.4
      start circuit 78 which supplies power to the transmitter and the time out
      timer 101 and gates on the monostable circuit 117 which in turn applies
      power to the receiver and to all terminals designated V.sub.1.
PAR  The motorist then removes the hand set 42 from the cradle 41 which operates
      the switch 79 and applies battery voltage to all of the terminals
      designated V.sub.2 and to the control monostable circuit 77 which applies
      power to all of the terminals designated V.sub.3. If the receiver is
      squelched, that is, no signal is being received from the terminal station,
      the bistable No. 1 circuit 87 operates the F.sub.1 select circuit 102 to
      supply a ground to the F.sub.1 ground terminal of the transmitter and
      allow transmission on the primary frequency. The V.sub.3 voltage provided
      by the control monostable 77 starts the send/stop timer circuit 59 and the
      astable circuit 70. The send/stop timer 59 provides a 500  millisecond
      output, during which time the astable circuit 70 modulates the transmitter
      with a 1500 Hz center tone. After 500 milliseconds the output of the
      send/stop timer 59 drops and turns on the 1 KHz astable circuit 61 which
      causes the bistable circuit 66 to operate at a 250 Hz rate.
PAR  The operation of the bistable 66 is further controlled by the output of the
      selector 67 which provides 20 bits of information, the first 16 of which
      are the address of the call box (dictated by the address card 46) and the
      last 4 of which are indications of the condition of the call box,
      including the condition of the battery 55, the hand set 42, the inner door
      40 and the access door 36. In the present embodiment the apparatus
      actually has a data encoding information signalling capability of up to 31
      binary data bits, although only 20 are used. The additional 11 bits could
      be used for external sensing devices to report other forms of status which
      can be indicative of the environment or application of the individual
      boxes. Subsequent to the transmission of the 20 bits of data the send/stop
      timer 59 applies a low signal to the send/stop switch 57, which in
      combination with a low signal from the NAND gate 60, combines to operate
      the switch 57 and turn off the 5 volt supply 56 and the encoder switch 58.
      Turning off the encoder switch 58 removes power from the encoder (astable
      61, counter 65, multiplexer 68 and selector 67) and from the F.sub.1 and
      F.sub.2 select circuits 102 and 97.
PAR  The control monostable 77 is initially turned on for one second by
      operation of the switch 79 and, upon turn off of the encoder switch 58
      approximately 380 milliseconds of time still remain before the monostable
      77 turns off. If the receiver is not unsquelched (a signal received from
      the terminal station) before the monostable 77 turns off, power is removed
      from the V.sub.3 terminal and the lockout bistable circuit 86 operates to
      deactivate the ringer astable circuit 91 and shut off the transmit/receive
      V.sub.4 start circuit 78, thereby removing power from the receiver and the
      transmitter. The hand set 42 must then be cradled to deactivate the switch
      79 and removed from the cradle 41 to restart the procedure.
PAR  If the 1500 Hz center tone transmitted for 500 milliseconds reaches the
      console 10, the console automatically keys all of the terminal station
      transmitters, 16 and 26 in FIG. 1, which provides a busy signal to all of
      the call boxes being operated after activation of the first box and
      provides an unsquelch signal to the inverter 85 of the activated box. The
      receiver unsquelch signal is applied from the inverter 85 to the lockout
      bistable circuit 86 to prevent the operation thereof and the consequent
      removal of power from the receiver and transmitter of the call box. The
      V.sub.2 voltage, which originated with the operation of switch 79, turns
      on the ringer astable circuit 91 and, consequently, the ringer oscillator
      112 to provide a telephone type ringing in the hand set earpiece. The
      ringing continues until the console operator acknowledges the call by
      transmitting a 1950 Hz connect tone burst. The 1950 Hz connect tone is
      received by the call box receiver and coupled from the receiver
      discriminator (not shown) through the clipper amplifier 95 and gated
      emitter follower 96 to the connect tone decoder circuit 98. The connect
      tone decoder 98 turns on the bistables 87 and 99. Bistable 99 disables the
      ringer astable 91 to remove the ringing tone from the earpiece. Bistable
      87 supplies a signal to turn on the audio gate 113 and allow audio from
      the receiver to pass therethrough to the earpiece. The bistable 87 also
      applies a signal to the F.sub.1 select circuit 102, which in turn grounds
      the F.sub.1 ground terminal of the transmitter to allow transmission on
      the F.sub.1 channel. The F.sub.1 select circuit 102 also applies the
      ground to the time out timer 101 which starts the operation thereof.
PAR  The motorist at the call box is now in full duplex communication with the
      operator at the console 10 and will remain in communication until one of
      three occurrences. Communications are broken by the motorist cradling the
      hand set, the time out timer 101 operating to disable the V.sub.4 start
      circuit 78 and stop the transmitter two minutes after the transmitter is
      started by the F.sub.1 select circuit 102, or the console operator
      unkeying the terminal station transmitters to provide a squelch signal
      through the inverter 85 to operate the lockout bistable circuit 86. The
      console operator can send additional 1950 Hz connect tone bursts, which
      tone is applied to the reset monostable circuit 100 from the connect tone
      decoder 98. Each time the reset monostable circuit 100 receives a tone
      from the decoder 98 it resets the time out timer 101 for another 2 minute
      time period.
PAR  If the F.sub.1 channel is already in use when the motorist lifts the hand
      set 42 an unsquelch signal will be provided through the inverter 85 to the
      F.sub.1 /F.sub.2 select circuit 89 and to the bistable circuit 87. The
      output of the select circuit 89 will operate the second caller bistable
      circuit 90 which will activate the F.sub.2 select circuit 97 to ground the
      F.sub.2 ground terminal of the transmitter and place the transmitter in
      the F.sub.2 channel. The unsquelch signal applied to the bistable circuit
      87 will maintain the F.sub.1 select circuit 102 inoperative. An output
      from the second caller bistable 90 will also be applied to the lockout
      bistable 86 to prevent the operation thereof and the consequent removal of
      power from the transmitter and receiver. Also, the second caller bistable
      circuit 90 will operate the busy lamp switch 105 and the ringer astable
      circuit 91 will drive the busy lamp 107 through the busy lamp driver 106
      at the ringing frequency. The blinking of the busy lamp 107 will indicate
      to the motorist that the line is busy (another call is in progress).
PAR  As soon as the console operator unkeys the terminal stations after
      concluding with the first caller, the receiver at the call box being
      described squelches. The squelch signal from the receiver is applied
      through the inverter 85 to the second call revert circuit 88 which sets
      the revert bistable 80. The revert bistable 80 turns on the control
      monostable 77 to simulate the uncradling of the hand set 42, or the
      closing of the switch 79. The circuitry then begins operation as if the
      motorist had just removed the hand set 42 from the cradle 41.
PAR  Thus, the entire system is checked out each time a motorist uses a call box
      and the motorist is given clear indications if the system is operating
      properly or if the main channel is busy. When the system is not operating
      properly the motorist can quickly determine that fact and move to another
      call box. Also, if the main channel is busy the second channel provides
      the console operator with an indication of a second caller and the second
      caller is automatically switched to the main channel when the first caller
      is finished. A timer in the second caller revert circuit 88 samples the
      output of the inverter 85 for 5 milliseconds every 5 to 6 seconds so that
      the second caller will quickly be connected into the main channel when the
      first caller is finished but, in the event that several callers are
      waiting, they will not all be connected to the main channel
      simultaneously.
PAR  Referring to FIG. 5 a block diagram of the console 10 is illustrated. The
      console 10 includes a primary caller receiver 150 which is tuned to
      receive signals when the transmitter of a call box is on the F.sub.1
      channel and a second caller receiver 151 tuned to receive signals when a
      call box is on the F.sub.2 channel. The primary caller receiver 150 is
      connected to a tone amplifier decoder 152 which supplies receiver audio
      signals to a hand set 153 and through a speaker audio amplifier 154 to a
      speaker 155. When the receiver 150 receives the 1500 Hz tone transmitted
      by the call box a logic circuit 160 provides a primary caller indicate
      signal to a printer sequencing and control circuit 161. The tone amplifier
      decoder 152 is also connected to a tone generator and line driver circuit
      175. Upon receiving the primary caller indicate signal, the tone generator
      and line driver circuit 175 keys all terminal stations, the printer
      sequencing and control circuit 161 applies a control pulse to a digital
      printer and printer logic circuitry 162. A digital clock 163 provides the
      printer logic with digital information representative of the time, which
      is printed upon the reception of a print command from a logic interface
      circuit 165. Calendar selection switches 166, which may simply be thumb
      wheel type settings or the like, are connected to the digital clock 163 to
      provide indications of the day and month.
PAR  Subsequent to the transmission of the 1500 Hz tone, the call box transmits
      20 bits of information, which information is representative of the address
      and status, or condition, of the call box. The address and status
      information is supplied by the decoder logic circuit 160 to a data gating
      circuit 167 and to a primary caller address and status display device 168.
      The display device 168 provides a visual display of the address and status
      to the console operator. The printer sequencing and control circuit 161
      supplies a timing control signal to the data gating circuit 167 which then
      supplies the address and status information to the digital printer and
      printer logic 162.
PAR  The digital printer and printer logic 162, the printer sequencing and
      control 161 and the data gating 167 all interact to convert digital
      information into a readable form and to print the information in a desired
      format. Equipment such as this can be purchased commercially from a number
      of sources. An example of such equipment is included in the system
      disclosed in U.S. Pat. No. 2,905,390 entitled "Data Transfer System",
      although much less expensive and simpler equipment would be used in the
      present system. Somewhat simpler equipment is disclosed in U.S. Pat. No.
      3,419,678 entitled "Data Printing System".
PAR  Transmissions by the operator of the console 10 to the call box are
      controlled by the logic interface circuit 165. A normally closed access
      switch 170 is connected in series with a hook, or cradle, switch 171
      between ground and the logic interface 165. When the hand set 153 is
      uncradled, or raised, to answer a call request, the hook switch 171 is
      closed and a signal is applied to the tone generator and line driver
      circuit 175. The tone generator and line driver circuit 175 supplies a
      connect tone of 1950 Hz to a transmitter 176, which connect tone is
      supplied through the backbone to the terminal stations 15 and 25 and,
      thus, to the call boxes. When the burst of connect tone is completed the
      operator can talk into the hand set 153 and the audio is connected through
      the tone generator and line driver circuit 175 to the transmitter 176 from
      which it is communicated to the correct call box.
PAR  The logic interface 165 contains a time out timer which operates for 1.75
      minutes and at 1.75 minutes an alert tone is connected from the logic
      interface 165 to the hand set. Upon hearing the alert tone the operator
      now should make a decision to either extend the console and box timing
      circuits, or complete communication with the calling box within
      approximately 15 seconds. The operator can terminate the call by hanging
      up the hand set and opening the hook switch 171, or by depressing access
      switch 170, or he can depress a reset switch 180, connected between ground
      and the logic interface circuit 165, which will reset the time out timer
      to provide another 2 minutes of communications. Depressing the reset
      switch 180 automatically causes the tone generator and line driver 175 to
      send another burst of connect tone from the transmitter 176 to the call
      box, which resets the time out timer in the call box as previously
      described. In addition, activation of reset switch 180 will also reset the
      console 1.75 minute alert tone timer in the logic interface 165.
PAR  If a second caller activates a call box while a primary caller is still
      communicating with the operator, the second caller receiver 151 supplies
      the tone and data through a tone amplifier decoder 185 to a decoder logic
      circuit 186. A second caller indicate signal is connected from the decoder
      logic circuit 186 to the sequencing and control circuit 161 which supplies
      a timing control signal to the data gating circuit 167. Upon receiving the
      second caller indicate signal the sequencing and control circuit 161
      causes the digital printer 162 to print out the time and date. The address
      and status data is supplied from the decoder logic circuitry 186 to the
      data gating 167 which supplies it to the digital printer 162 upon
      receiving a timing control signal from the sequencing and control circuit
      161. The address and status data is also supplied to a second caller
      address and status display device 187 which provides a visual display of
      the information on the second caller to the operator. A reset signal is
      supplied to the decoder logic 186 from the logic interface 165 when the
      second caller is switched to the primary channel, where primary calling
      information takes place as already described.
PAR  The console operator has the option of interrogating any or all of the call
      boxes to determine the status or condition thereof at any time during the
      day. An interrogation switch 190 applies ground to an interrogation
      control logic circuit 191 upon the closing thereof. The interrogation
      control logic circuit 191 causes the tone generator 175 to provide a
      center tone, by way of the transmitter 176, to the terminal stations. The
      timer 116 (FIG. 4) in each of the call boxes is turned on for 1/2 second
      each 30 seconds and the interrogate tone is transmitted by the transmitter
      176 for 45 seconds so that each call box will turn on during the
      transmission. Prior to the transmission the console operator selects the
      address of a specific call box by adjusting interrogation address
      selection mode control switches 192. The switches 192 can be thumb wheel
      switches or any other convenient switches for selecting desired digits in
      a multidigit number. The switches 192 are connected to an address
      generator and data comparator 193, the output of which is applied to an
      interrogation data encoder 194 and to the control logic 191. The present
      system is set up so that the operator may sequentially call all of the
      call boxes by adjusting all of the switches 192 to zero. The system will
      then sequentially interrogate each call box in the system.
PAR  The interrogation data encoder 194 supplies an output to the tone generator
      and line driver 175 which causes the transmitter 176 to send the address
      information to the call boxes. Each call box has an interrogate board
      operatively connected therein (not shown), powered by the monostable 117,
      which receives the address information by way of the call box receiver and
      compares the information to an address card connected thereto. The call
      box having the correct address then retransmits its address and the four
      binary bits designating the condition or status of the box. The address
      and status signals transmitted by the call box are received in the
      receiver 150 and passed through the amplifier decoder 152 and decoder
      logic 160 to the address generator and data comparator 193. The address
      generator and data comparator 193 compares the received information with
      the transmitted address and supplies an output to the printer sequencing
      and control circuit 161 which causes the data gating circuit 167 to supply
      the information to the digital printer and printer logic circuit 162. If
      the address is correct and the status signals are all normal the address
      and pluses for the status are printed. If the address is wrong the printer
      prints out all zeros and an asterisk. If any of the status signals are
      abnormal the printer prints a minus in the position of the abnormal
      reading and an asterisk after the twenty bits are complete. Once every 24
      hours the digital clock and gating circuit 163 supplies a signal to the
      interrogation control logic 191 causing all of the call boxes to be
      interrogated, regardless of the manual interrogate switch 192.
PAR  Thus, an emergency communications system is disclosed which is always
      readily available to persons requiring emergency aid and which provides
      the person with familiar indications of the operation thereof. Further,
      each time a call box is used an indication of the status or condition of
      the call box is transmitted to the console operation and, in addition, the
      console operator has the option of interrogating call boxes individually
      or interrogating all of the call boxes sequentially. Further, because the
      call boxes are in communication with terminal stations by a radio link,
      the number and position of call boxes can be readily altered without
      affecting the overall system. In addition to the communications link
      described above, the system can be used as a remote sign control and for
      gathering traffic data. Further, by including a transceiver in each
      automobile and some relatively simple control circuitry the present system
      could be used for direct communications from the automobile.
PAR  While we have shown and described a specific embodiment of this invention,
      further modifications and improvements will occur to those skilled in the
      art. We desire it to be understood, therefore, that this invention is not
      limited to the particular form shown and we intend in the appended claims
      to cover all modifications which do not depart from the spirit and scope
      of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An emergency communications system comprising:
PA1  a. a control console including a transceiver with a transmitter and
      receiver portion;
PA1  b. a plurality of terminal stations positioned at spaced apart locations
      remote from said console, each including a transceiver with a transmitter
      and receiver portion in communication with said console;
PA1  c. a plurality of call boxes fixedly positioned at spaced apart locations
      adjacent to each terminal station, each of said call boxes including a
      transceiver tuned for full duplex communications with the transceiver in
      said adjacent terminal station;
PA1  d. switch means positioned in each of said call boxes for operation by a
      person in an emergency;
PA1  e. first circuit means positioned in each of said call boxes and connected
      to said switch means and said call box transceiver for causing said call
      box transceiver to transmit a first signal of predetermined duration to
      the transceiver of said console through the transceiver in said adjacent
      terminal station upon actuation of said switch means;
PA1  f. first circuit means positioned in said console and connected to the
      console transceiver for causing to be transmitted a signal to said
      terminal stations, upon reception of the first signal from one of said
      call boxes, for keying the transmitter portion of the transceiver in each
      of said terminal stations to provide a busy signal to all remaining call
      boxes;
PA1  g. ringing circuit means positioned in each of said call boxes and
      connected to said call box transceiver for providing a ringing signal to
      the person operating said one of said call boxes upon reception of a
      signal from the keyed transmitter portion of the transceiver in its
      respective adjacent terminal station responsive to said signal;
PA1  h. transmitted from said console second circuit means positioned in each of
      said call boxes and connected to said first circuit means for
      automatically causing to be transmitted by said call box transceiver
      subsequent to the first signal, a second signal indicative of the address
      of said call box and condition of predetermined portions of the call box;
PA1  i. second circuit means positioned in said console and connected to the
      console transceiver for indicating the address and condition of said
      calling call box upon reception of the second signal from said call box
      transceiver by way of the transceiver in its respective adjacent terminal;
PA1  j. station busy signal indicating means positioned in each of said call
      boxes and connected to receive busy signals from said adjacent terminal
      stations for indicating one of said call boxes in the system is in use
      upon reception of a busy signal; and
PA1  k. transducer means mounted in each of said call boxes and in said control
      console and operatively connected to the transceivers therein for voice
      communication between any of said call boxes and said control console.
NUM  2.
PAR  2. An emergency communications system as claimed in claim 1 wherein the
      terminal stations are connected to the console through a wire line.
NUM  3.
PAR  3. An emergency communications system as claimed in claim 1 wherein the
      transducer means includes a hand set having a microphone and a speaker
      therein connected to the transceiver in each call box and positioned to
      activate the switch means when said hand set is raised from a cradled
      position.
NUM  4.
PAR  4. An emergency communications system as claimed in claim 3 wherein each of
      the call boxes includes a weatherproof housing having an access door
      therein.
NUM  5.
PAR  5. An emergency communications system as claimed in claim 4 having in
      addition second switch means positioned in each of said call boxes and
      mounted for activation when the access door is opened, each of said second
      switches being connected to the call box transceiver for applying power
      thereto upon activation of said second switch.
NUM  6.
PAR  6. An emergency communications system as claimed in claim 5 wherein each of
      the call boxes includes an internal battery connected to power the
      circuitry therein.
NUM  7.
PAR  7. An emergency communications system as claimed in claim 6 wherein each of
      the call boxes includes sensing means connected to the second circuit
      means for indicating normal and abnormal conditions of the internal
      battery, the access door, the hand set and an internal enclosure of the
      electronics components, and the second signal transmitted by the call box
      transceiver includes an indication of the sensing means output.
NUM  8.
PAR  8. An emergency communications system as claimed in claim 1 including in
      addition timing means connected to the transceiver in each call box for
      automatically turning off the transmitter portion thereof after a
      predetermined period of time.
NUM  9.
PAR  9. An emergency communications system as claimed in claim 1 wherein the
      console includes circuitry for interrogating each call box as to the
      condition of predetermined portions thereof and each call box includes
      circuitry for periodically activating the receiver portion of the
      transceiver therein and for activating the transmitter portion of the
      transceiver therein in response to a received interrogation signal from
      the console.
NUM  10.
PAR  10. An emergency communications system as claimed in claim 1 wherein the
      transmitter portion of the transceiver in each call box includes a primary
      and secondary channel and a selection circuit for activating the unused
      channel during operation of the transceiver and each terminal station has
      a second receiver portion associated with the transceiver therein, tuned
      to the secondary channel for providing the console with an indication of a
      second caller when the primary channel is being used.
NUM  11.
PAR  11. An emergency communications system as claimed in claim 1 including in
      addition a plug in address card for each call box connected to the second
      circuit means to provide each call box with a predetermined address.
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ABST
PAL  A walkie-talkie unit having a speaker connected to a radio transceiver for
      normal transmitting and receiving functions, plus a selectively actuatable
      audio signal generator. The generator generates one of a plurality of
      distinct signals of different frequency in response to a hand
      manipulatable actuator. When the walkie-talkie is in a transmitting mode
      the signal is transmitted to another walkie-talkie. When the walkie-talkie
      is in a receiving mode the signal is amplified by the generating
      walkie-talkie.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to transceivers and particularly to signal
      generators to be used in association with transceivers.
PAR  Walkie-talkies or transceivers are known in the art. Ordinarily, a
      walkie-talkie includes a speaker connected to a radio transceiver. The
      transceiver is changeable from a transmitting mode to a receiving mode and
      vice versa.
PAR  Walkie-talkies have enjoyed increasing popularity as amusement devices for
      children where the children simulate different play situations employing a
      plurality of walkie-talkies.
PAR  It is a principal object of the present invention to provide a
      walkie-talkie unit having sound and action associated therewith in order
      to make it more appealing to children.
PAR  One form of the invention currently contemplated provides a walkie-talkie
      unit which includes a speaker connected to a radio transceiver for normal
      transmitting and receiving functions. A selectively actuatable signal
      generator also is connected to the transceiver for generating an audio
      signal of at least one frequency. The walkie-talkie transmits the signal
      to another walkie-talkie when in a transmitting mode and generates sound
      from its own speaker when in a receiving mode. A hand manipulatable
      actuator is provided to selectively actuate the signal generator.
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed description taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the walkie-talkie unit of the present
      invention;
PAR  FIG. 2 is a sectional view, on an enlarged scale, taken generally along the
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged perspective view of a portion of the signal actuator
      used in the walkie-talkie unit of the present invention; and
PAR  FIG. 5 is a schematic electrical diagram of the circuitry of the
      walkie-talkie unit of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIGS. 1-3 in greater detail, the walkie-talkie unit,
      generally designated 10, of the present invention is shown to include a
      housing, generally designated 12, made of plastic or other suitable
      material. The housing 12 includes a front wall 14, a back wall 15, a side
      wall 16, an opposite side wall 17, a top wall 18, and a bottom wall 19.
      The front wall 14 has a speaker grill 20 formed therein along with a
      square opening 22 and two upper hinge receiving recesses 24 (FIGS. 1 and
      3).
PAR  The walkie-talkie unit 10 contains a transceiver 26 (FIG. 5) which includes
      an antenna 28 mounted along the inside of side wall 17 in mounting bosses
      29 (FIG. 2), and a microphone/speaker 30 (FIG. 3) mounted along the inside
      of front wall 14 in back of the speaker grill 20. The transceiver 26 also
      includes an on-off volume dial 32 (FIG. 2) extending partially outside of
      side wall 16 and a transmit-receive button 34 also extending outside of
      side wall 16.
PAR  The transceiver 26 of the walkie-talkie of the present invention works in
      the normal conventional manner. The transceiver is actuated when dial 32
      is rotated to an on position. When the transmit-receive button 34 is in a
      normal position, the transceiver is in a receiving mode. When an operator
      depresses button 34 toward side wall 16, the transceiver is changed into a
      transmitting mode whereby sound directed into microphone/speaker 30 is
      transmitted to another walkie-talkie unit.
PAR  However, unlike conventional walkie-talkie units, the one of the present
      invention also includes an electrical signal generator, generally
      designated 36 (FIG. 5), which is incorporated into transceiver 26. The
      signal generator generates one of a plurality of distinct signals of
      different frequency so that the walkie-talkie unit transmits a signal to
      another walkie-talkie unit when in a transmitting mode, or generates sound
      from the speaker 30 of the same unit when in a receiving mode.
PAR  The signal generator 36 has a hand manipulatable signal actuator associated
      therewith including a finger engaging button 38 extending through an
      opening 40 in the side wall 16. The finger engaging button 38 has two
      distinguishable portions 42a and 42b, for instance different colors. A
      "first frequency position" is defined when the button 38 is depressed
      inwardly toward side wall 16 an amount to cover only the portion of 42a
      and a first frequency is emitted from the signal generator 36. A "second
      frequency position" is attained upon further depression of button 38,
      resulting in a second, higher frequency being emitted.
PAR  The walkie-talkie unit 10 has a snap open cover 44 mounted to normally
      cover the speaker grill 20 of the front wall 14. The cover 44 is
      associated with the signal actuator so that movement of the button 38 to
      the second frequency position will cause the cover 44 to snap open.
PAR  More particularly, looking at FIGS. 1 and 3, the cover 44 is seen to
      include two hinges 46 at the top thereof which are rotatably mounted on a
      pair of shafts 48 formed in the recesses 24. A leaf spring 50 is wound
      around each shaft 48 so that the cover 44 is biased in an open position.
      The cover 44 has a hook 52 formed near the free end thereof which is
      receivable through the opening 22 in the front wall 14 to engage a portion
      of the signal actuator, as will be described in greater detail
      hereinafter. Pressing the button 38 inwardly causes disengagement of the
      hook 52 thereby allowing springs 50 to snap the cover 44 to its open
      position (FIG. 1).
PAR  The signal actuator generally includes switch means, generally designated
      54, and a horizontal reciprocally mounted member, generally designated 56
      (see FIGS. 2 and 4). Looking at FIG. 4, the horizontal member 56 has a
      contact receiving slot 58, a guide slot 60, an upstanding cover holding
      portion 62 and the finger engaging button 38 which extends outside of the
      housing 12. The horizontal member 56 is reciprocally mounted to the
      interior of the front wall 14 by means of a fastener 64 having a washer 66
      at the head thereof being received through guide slot 6 and secured to the
      front wall 14.
PAR  When in the position shown in FIGS. 2 and 3, the upstanding cover holding
      portion 62 engages the cover hook 52 thereby holding the cover 44 in its
      closed position (FIG. 3). Whenever the horizontal member 56 is moved
      inwardly in the direction indicated by arrow A in FIG. 2 by depressing the
      button 38 to the second frequency, cover holding portion 62 will move out
      of engagement with cover hook 52 to allow the cover 44 to flip open as
      described above.
PAR  The switch means 54 generally comprises a common contact 68, a first
      frequency contact 72 and a second frequency contact 74. All three contacts
      68, 72 and 74 are vertically orientated and are normally spaced apart,
      generally parallel with respect to each other, and mounted in a mounting
      block 76 secured between the front wall 14, the side wall 17 and the
      bottom wall 19 (see FIGS. 2 and 3). The common contact 68 is longer than
      contacts 72 and 74 and extends upwardly to be received within the contact
      receiving slot 58 formed in the horizontal member 56. All three contacts
      68, 72 and 74 are relatively flexible so that when the horizontal member
      56 is moved in the direction indicated by arrow A in FIG. 2, common
      contact 68 will move into touching relationship with the first frequency
      contact 72 and, upon further movement, all three contacts will become in
      touching relationship with each other.
PAR  When the button 38 is depressed to its first frequency position, the common
      contact 68 and the first frequency contact 72 touch each other and a low
      frequency signal is generated. When button 38 is moved to its second
      frequency position, all three contacts 68, 72 and 74 touch each other and
      a higher frequency signal is generated.
PAR  Turning now to FIG. 5 in greater detail, the electrical circuit comprising
      the transceiver 26 is shown schematically. The transceiver portion 26 is a
      common, well known commercially available three transistor walkie-talkie
      circuit. The transceiver circuit is shown only to illustrate the typical
      connection points for the signal generator 36 which is electrically
      connected to the transceiver 26, as well as the antenna 28,
      microphone/speaker 30, on-off volume dial 32 and transmit-receiver button
      34.
PAR  The signal generator 36 is a dual frequency oscillator comprising two
      unijunction transistors Q1 and Q2, along with four resistors R1-R4. The
      switch means 54 serves to selectively connect the combination of
      transistors Q1 and Q2 to the transceiver 26 with or without resistor R4 in
      circuit. Transistor Q1 is of a lower frequency than transistor Q2. When
      both are functional together, one modulates the other and a "warbling"
      signal is created.
PAR  Whenever the switch means 54 is such that all three contacts 68, 72 and 74
      are in their normal spaced apart relationship as shown in FIGS. 2 and 5,
      no signal is fed into the transceiver 26. Thus, an operator can use the
      walkie-talkie unit 10 just as any customary walkie-talkie unit to transmit
      or receive. However, when the switch means 54 is activated so that contact
      68 touches contact 72, the combined modulated signal generated by both
      transistors Q1 and Q2 is added to the transceiver circuit so that that
      signal is either transmitted to another walkie-talkie or fed through the
      speaker 30 of the generating unit depending on whether the
      transmit-receive button 34 is in a transmit mode or a receive mode,
      respectively. Additionally, if the switch means 54 is such that all three
      contacts 68, 72 and 74 are in touching relationship with one another
      simultaneously, both transistors Q1 and Q2 as well as resistor R4 will be
      connected to the transceiver circuit so that a different higher "warbling"
      frequency will be either transmitted or amplified as the case may be. This
      is effected by adding resistor R4 in circuit in parallel with resistor R1.
      Resistor R4 has a lesser resistance than resistor R1 and thus raises the
      frequency.
PAR  In use, the walkie-talkie unit 10 of the present invention has special
      interest to children. For example, the first signal can represent a
      "warning" signal whereas the second signal represents a "communicate"
      signal. To alert another operator of the intention to transmit a message
      he would depress the button 38 to its second frequency position causing
      the high frequency "communicate" signal to be generated while the
      transceiver is in a transmitting mode. Simultaneously with the
      transmission of the "communicate" signal, the cover 44 would flip open
      preparatory to receiving a response or sending a message. Depression of
      button 38 to its first frequency position will cause the transmittal or
      amplification of the warning signal. As a result, the pleasure of playing
      with walkie-talkie units will be enhanced especially in simulated action
      situations.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations should be understood
      therefrom as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a walkie-talkie unit including a microphone/speaker connected to a
      radio transceiver including an RF source, a power supply, a modulator, an
      audio amplifier, an antenna, a detector for transmitting and receiving
      audio signals and switch means for selectively operating in either a
      transmit or receive mode, the improvement comprising:
PA1  a selectively actuatable audio signal generator connected to said
      transceiver for generating an audio signal of at least one frequency for
      transmission to another walkie-talkie when in a transmitting mode as well
      as generating sound from its speaker when in a receiving mode; and
PA1  a hand manipulatable actuator to selectively actuate said signal generator
      in either of said modes.
NUM  2.
PAR  2. The walkie-talkie unit of claim 1 wherein said signal generator
      comprises at least one electronic oscillator.
NUM  3.
PAR  3. The walkie-talkie unit of claim 1 wherein said walkie-talkie includes a
      housing with a cover member pivotally mounted on said housing over said
      speaker, said cover member being movable from a normally shut position to
      an open position in response to the manipulation of the actuator.
NUM  4.
PAR  4. The walkie-talkie unit of claim 2 wherein the electronic oscillator is a
      relaxation oscillator including at least one capacitor and one resistor
      connected to the power supply and at least one transistor to cyclically
      discharge the capacitator to produce the audio frequency signal.
NUM  5.
PAR  5. The walkie-talkie unit of claim 11 wherein said oscillator includes at
      least one unijunction transistor.
NUM  6.
PAR  6. The walkie-talkie unit of claim 2 wherein said signal generator
      comprises a pair of electronic oscillators connected in parallel across
      the power source to interact with one another when actuated to generate a
      warbling audio frequency signal.
NUM  7.
PAR  7. In a walkie-talkie unit including a microphone/speaker connected to a
      radio transceiver including an RF source, a power supply, a modulator, an
      audio amplifier, an antenna, a detector for transmitting and receiving
      audio signals and switch means for selectively operating in either a
      transmit or receive mode, the improvement comprising:
PA1  a selectively actuatable signal generator connected to said transceiver for
      generating one of a plurality of distinct signals of different frequency
      for transmitting a signal of one frequency to another walkie-talkie when
      in a transmitting mode and generating a signal of another frequency from
      the speaker when in a receiving mode; and
PA1  a hand manipulatable actuator to selectively actuate said signal generator
      for generating one of the frequencies.
NUM  8.
PAR  8. The walkie-talkie unit of claim 7 wherein said signal generator is a
      multifrequency electronic oscillator.
NUM  9.
PAR  9. The walkie-talkie unit of claim 7 wherein said walkie-talkie includes a
      housing with a cover pivotally mounted over said speaker, said cover being
      movable from a normally shut position to an open position in response to
      manipulation of the actuator.
NUM  10.
PAR  10. The walkie-talkie unit of claim 6 wherein the electronic oscillator is
      a relaxation oscillator including at least two capacitors and two
      resistors connected to the power supply and at least two transistors to
      cyclically discharge the capacitors to produce the audio frequency signal.
NUM  11.
PAR  11. The walkie-talkie unit of claim 10 wherein said oscillator includes a
      plurality of unijunction transistors.
NUM  12.
PAR  12. The walkie-talkie unit of claim 10 wherein said actuator includes
      switch means connected to said oscillator and a resistor for selectively
      producing a signal of a different frequency.
NUM  13.
PAR  13. The walkie-talkie unit of claim 12 wherein said oscillator includes a
      pair of resistors of different values connected in parallel to one of said
      transistors, and said switch means is connected to said transistors and
      resistors for selectively adding one of the parallel resistors to the
      circuit to vary the frequency of said one transistor.
NUM  14.
PAR  14. The walkie-talkie unit of claim 8 wherein said signal generator
      comprises a pair of electronic oscillators connected in parallel across
      the power source to interact with one another when actuated to generate a
      warbling audio frequency signal.
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ABST
PAL  1. A security remote control system comprising a pair of carrier
       generato means for balance modulating both the carriers from said
      generators by a single source of noise at a first station and means for
      transmitting only the side bands, a receiver at a second station for said
      side bands, means for combining the side bands of said pair of carriers to
      provide a beat frequency signal corresponding to the frequency difference
      of said pair of carriers, narrow band filter means to isolate said signal,
      and means responsive to said signal for controlling an operation at said
      second station.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAR  This invention relates to correlation systems of remote control. In the
      remote control of detonators it is necessary to assure operation at a
      desired time and yet avoid accidental operation. The use of correlation of
      apparently random noise is admirably suited to such a requirement since
      the noise signal can be very complex and therefore provides a wide band
      signal which is very difficult to jam or even to analyze and protects the
      system against failure of operation or accidental operation. Furthermore,
      extremely simple systems in the controlled station can be used for economy
      in production.
PAR  In the present invention the same noise source is used to modulate a
      plurality of suppressed carrier transmitters and the side bands
      corresponding to a pair of the carriers are combined at the receiver to
      produce a signal having a frequency equal to the difference in frequency
      between the pair of carriers from which the side bands had been derived.
      Further protection against accidental operation is normally accomplished
      by providing noise side bands corresponding to a plurality of pairs of
      such carriers and the resultant difference frequency signals in the
      receiver corresponding to each pair are further combined for the actual
      control of the detonator.
PAR  Such a system has many of the advantages of the device disclosed in my
      prior application for "Synchronization for Maximum Correlation", Filed: 12
      June 1956, Ser. No. 590,999, now U.S. Pat. No. 3,016,519, but avoids the
      need for identical noise generators at both the transmitter and the remote
      control station. The ncessary delay involved in the synchronization of the
      prior device is also eliminated since the same noise source is supplied to
      the various suppressed carrier transmitters and therefore is inherently
      synchronized. The receiver of the new system is also made passive in
      nature except for necessary amplification since it is not necessary to
      have a continuously running noise generator in the receiving apparatus.
PAR  The choice of the particular one of the detonator systems will depend on
      the particular installation, the degree of security required, and various
      other factors involved in military operations.
PAR  The object of this invention is to simplify expendable remote control
      devices without losing the desired control of the operation in failing to
      operate when desired or operating when not desired.
DRWD
PAR  Further objects of the invention will become apparent in the following
      description of the invention in connection with the accompanying drawing,
      in which:
PAR  FIG. 1 shows one simple embodiment of the invention using a single noise
      source at the first station modulating a plurality of suppressed carrier
      transmitters;
PAR  And FIG. 2 illustrates use of a conventional heterodyne circuit to assure
      the same known difference in frequency between two pairs of carriers,
      which may be used in the system of FIG. 1.
DETD
PAR  In FIG. 1 the transmission system 11 includes a plurality of carrier
      oscillators 13a to d and a single random noise source 15 providing the
      inputs to a plurality of balanced modulators 17a to d used as suppressed
      carrier modulators and transmitters. In this embodiment of the invention
      the difference in frequency between the outputs of oscillators 13a to b is
      exactly equal to the difference in frequency between the outputs of
      oscillators 13c and d. In this invention it is not necessary that the
      noise source should be pre-scheduled since there is no corresponding
      circuit in the receiver which must be matched to the noise source.
      Therefore, any available source of noise in the desired frequency range
      can be utilized. As more fully analyzed in applicant's copending
      application for "Communication Security Method and System", filed April
      16, 1956,  Ser. No. 580,158, the transmitter in effect multiplies the two
      inputs together and transmits the product over transmitting medium 29.
      When the random noise source is applied the carrier would be reversed in
      phase one half of the time and therefore only the side bands would be
      actually transmitted.
PAR  In the receiving system 31 the transmitted side bands corresponding to the
      respective carriers are received on RF amplifiers 37a to d. The outputs of
      amplifiers 37a and b. are combined in multiplier 39a then supplied to a
      filter 33a sharply tuned to a frequency equal to the difference between
      the frequencies of the carriers supplied by the oscillators 13a and b.
      Similarly the outputs of receiver amplifiers 37c and d are combined in
      multiplier 39c then supplied to a filter 33c sharply tuned to a frequency
      equal to the difference between the frequencies of the carriers supplied
      by the oscillators 13c and d.
PAR  The outputs to filters 33a and c are also supplied to a phase coincidence
      circuit 41. Since the difference in frequency between the carriers
      supplied to balanced modulators 17a and b is exactly equal to the
      difference in frequency between the carriers supplied to balanced
      modulators 17c and d, the filter outputs will also be of identical
      frequency and therefore the output of phase coincidence circuit 41 will be
      continuous. It will be realized that the two filter outputs must be in a
      suitable phase relation for effective operation of the phase coincidence
      circuit 41; this ordinarily would be arranged in the original adjustment
      of the circuits. The reason why the output of filters 33a and c would
      correspond exactly to the difference in frequency between the oscillators
      13a and b and 13c and d respectively will be apparent from the analysis in
      the prior application, U.S. Ser. No. 580,158. It is well known that two
      different frequencies supplied to a balanced modulator provide strong
      signal outputs of the sum and difference frequency, actually reversals in
      phase of the original carrier by the original modulation (or even
      reversals of the modulation by the carrier). Since the balanced modulator
      is actually a multiplier, it will also be apparent that even when the
      original carriers have both been inverted in phase by the same simple or
      complex wave in the balanced modulators of the transmitting system the
      output of the receiver multiplier will be unchanged since both signals
      have been reversed in polarity and therefore their product has the same
      algebraic sign as before.
PAR  Preferably the bandwidth of the various sets of side bands should be less
      than the frequency difference of the respective pairs of carriers to avoid
      overlapping and consequent broadening of the energy distribution versus
      frequency in the output from the multipliers to the filters relative to
      the energy at the difference frequency of the two carriers. Similarly the
      RF amplifiers would each be designed to receive the side bands of a single
      carrier.
PAR  In FIG. 2 one suitable substitute for the four oscillators 13a to d (to
      assure identical frequency differences between the pairs of carriers) is
      shown in elementary form as a pair of oscillators 13a and c, an additional
      oscillator 13e, and a pair of heterodyne mixers 14b and D. Identifying the
      frequencies by the corresponding letters the mere addition of voltages in
      14b would give frequency components Fa .+-. Fe and similarly in 14d would
      give Fc .+-. Fe due to circuit non-linearities. The difference or beat
      frequency is apparent as an envelope of the combined wave and is normally
      selected as the output; the sum frequency is less apparent but may be
      selected instead (in both mixers). Thus the output frequencies would be Fa
      in 13a, Fa- fe in 14b, Fc in 13c and Fc - Fe in 14d; the difference
      between 13a and 14b would be F2 - (Fa - F e), or Fe, and the difference
      between 13c and 14d would be Fc (Fc - Fe), also Fe. This difference
      frequency Fe generated in the transmitter system will also occur at the
      filters of the receiver system. It may be helpful to an understanding of
      the operation to recognize that the differences might be equal even if
      some of the inputs were not steady state signals. However, in some cases
      the circuitry might not be suitable; for example, if oscillator 13e did
      not match filters 13a and c operation might fail. While other techniques
      might be used this is one of the simplest in operation, explanation and
      apparatus requirements; even if somewhat separate oscillators were used
      the necessary frequency control normally would be based on heterodyne
      mixer techniques.
PAR  In some situations the output of one of the filters 33a or c could be used
      directly for control of the detonator. However, the use of two filter
      outputs derived from the side bands corresponding to four carriers
      provides greater security against the possibility that random signals from
      some other source might cause an undesired operation of the output
      circuit.
PAR  As indicated in application Ser. No. 580,158 the sharpness of tuning of the
      filters is limited only by the desired time of buildup. Since systems of
      this nature would normally be used over a fairly short range any potential
      difficulty from differences in propagation of the various frequency
      components would be minimized.
PAR  There are too many variables for any effective operation by an enemy since
      such operation would require the approximate carrier frequency, exact
      difference frequencies, and phase relation of the two different
      frequencies. These variables may be even further extended by the use of
      unequal difference frequencies, merely requiring modification of the phase
      coincidence circuit, and a different noise source for each pair of
      carriers. Furthermore, the actual use of the system is effectively
      concealed by suppressing the carriers and transmitting only the noise
      modulation side bands which are very difficult to analyze, particularly
      during the brief period required for detonation.
PAR  One typical application of the invention has been described to facilitate
      an understanding of the operation but many variations will be apparent to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A security remote control system comprising a pair of carrier
      generators, means for balance modulating both the carriers from said
      generators by a single source of noise at a first station and means for
      transmitting only the side bands, a receiver at a second station for said
      side bands, means for combining the side bands of said pair of carriers to
      provide a beat frequency signal corresponding to the frequency difference
      of said pair of carriers, narrow band filter means to isolate said signal,
      and means responsive to said signal for controlling an operation at said
      second station.
NUM  2.
PAR  2. A security remote control system comprising a plurality of carrier
      generators, means for modulating the carriers from said generators by
      noise at a first station and transmitting only the side bands, a receiver
      for said side bands at a second station, means for combining the side
      bands of one pair of said carriers both modulated by the same source of
      noise to provide a beat frequency signal corresponding to the frequency
      difference of said one pair of carriers, means for combining the side
      bands of a second pair of said carriers also both modulated by the same
      source of noise to provide a second beat frequency signal corresponding to
      the frequency difference of said second pair of carriers, narrow band
      filter means to isolate each of said signals, and means responsive to a
      combination of said signals for controlling an operation at said second
      station.
NUM  3.
PAR  3. A security remote control system comprising a plurality of carrier
      generators, means for modulating the carriers from said generators by
      noise at a first station and transmitting only the side bands, a receiver
      at a second station for the side bands of said carriers, means for
      combining the side bands of one pair of said carriers both modulated by
      the same source of noise to provide one beat frequency signal
      corresponding to the frequency difference of said one pair of carriers,
      means for combining the side bands of a second pair of said carriers also
      both modulated by the same source of noise to provide a second beat
      frequency signal corresponding to the frequency difference of said second
      pair of carriers, said frequency differences being maintained equal at
      said first station, narrow band filter means to isolate each of said
      signals and means responsive to the combination of said equal frequency
      signals for controlling an operation at said second station.
NUM  4.
PAR  4. A security remote control system comprising a plurality of carrier
      generators, means for modulating the carriers from said generators by a
      single source of noise at a first station and transmitting only the side
      bands, a receiver at a second station for said side bands, means for
      combining the side bands of one pair of said carriers to provide a beat
      frequency signal corresponding to the frequency difference of said one
      pair of carriers, means for combining the side bands of a second pair of
      said carriers to provide a second beat frequency signal corresponding to
      the frequency difference of said second pair of carriers, said frequency
      differences being maintained equal at said first station, narrow band
      filter means to isolate each of said signals and means responsive to the
      combination of said equal frequency signals for controlling an operation
      at said second station.
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ABST
PAL  Method and apparatus for detecting the presence of a surreptitiously placed
      radio transmitter or bug. An audio tone signal is transmitted within the
      confined space containing the bug, and the tone signal has a predetermined
      frequency and a predetermined amplitude. The tone signal energizes the
      microphone of the bug, causing it to transmit a radio frequency signal
      which is modulated according to the tone signal. The radio frequency is
      then demodulated and the resulting demodulated signal is applied to a
      narrow pass band filter which is tuned to the audio tone signal. The
      output of the filter is sensed to determine the presence of the bug.
BSUM
PAR  Small radio transmitters with microphones, which secretly have been placed
      in office rooms, conference halls etc., to record and transmit conferences
      and conversation, are contemplated to become common, and detecting
      arrangements for discovering the presence of such transmitters are in both
      the public and private interest. The present invention relates to a method
      and apparatus for discovering such transmitters or "bugs" within a
      confined area, by transmitting one or several search tones within or
      closely above the audiable frequency range. No debugging arrangement using
      search signals is previously known.
DRWD
PAR  In the drawings, FIG. 1 schematically shows a bug and a debugging
      arrangement according to the invention, and FIGS. 2-4 schematically show
      alternative embodiments of the radio receiver of the arrangement shown in
      FIG. 1.
DETD
PAR  In FIG. 1 there is shown a bug comprising a microphone M and a radio
      transmitter TRM. The arrangement for discovering the presence of the bug
      comprises a low frequency generator LFG connected to a loudspeaker L
      generating one or more low frequency signals of well defined frequency,
      and a superheterodyne radio receiver having wide-band sensitivity or being
      tunable. The receiver comprises local oscillator LO, mixer MIX,
      intermediate frequency amplifier IF, detector and frequency discriminator
      DISC and DEC, low frequency amplifier LF AMD, filter FILT, having a
      pass-band less than 1 Hz wide, low frequency detector LF and DET signal
      level indicator I. An oscillator having saw-tooth shaped frequency
      modulation may be used as local oscillator LO in case of a wide band
      receiver in order to make the receiver more sensitive to both AM and FM
      modulated signals. This kind of comb-spectrum generation gives much less
      conversion loss in the mixer than pulsed harmonic generation.
PAR  The filter FILT has a very narrow pass-band for passing signals having the
      frequency of the low frequency generator LFG. The indicator I may comprise
      a pointer instrument or a lamp preceeded by a comparator. The low
      frequency generator LFG with loudspeaker L may be mechanically connected
      to the receiver into a single, portable unit. Alternatively it is possible
      to have a separate receiver, whereby the search tone may be transmitted
      simultaneously to several rooms by means of an intercom system.
PAR  During debugging operation, the tone generated by the low frequency
      generator LFG is transmitted by means of the loudspeaker L into the room
      to be checked. The tone from the loudspeaker L energizes the microphone M,
      and the transmitter TRM transmits a signal which is modulated with said
      tone. The receiver receives and demodulates the signal, which thus is able
      to pass the filter FILT, whereby the indicator I is energized, indicating
      the presence of a bug.
PAR  In FIG. 2 there is schematically shown another embodiment of the radio
      receiver of FIG. 1. Between the low frequency detector LF DET and the
      indicator I a signal duration discriminator SDD, is connected which is
      designed to let through only such filtered and rectified signals which
      have a longer duration than the short transient signals caused by
      narrow-band filtered talk or music. Thereby interfering influence false
      alarm from broadcasting or communication transmitters is reduced.
PAR  It is also possible to arrange the low frequency generator LFG to produce
      two separate frequencies. An embodiment of the receiver to be used
      together with such a generator LFG is shown in FIG. 3. The low frequency
      part of the receiver is provided with two parallel connected filters FILT
      1 and FILT 2 each having a narrow pass-band corresponding to a respective
      one of said two separate frequencies. The outputs of the filters FILT 1
      and FILT 2 are connected through low frequency detectors LF DET 1 and LF
      DET 2, respectively, and through a common AND-gate to the indicator I.
      Thus, the indicator is activated only when the two frequencies are present
      simultaneously. It is also possible to connect further filter circuits in
      parallel between the low frequency amplifier LF AMP and the AND-gate,
      whereby the low frequency generator LFG is arranged to generate the
      corresponding number of separate frequencies. Said frequencies are
      preselected to minimize the probability of their simultaneous occurring in
      talk and music by choosing the frequencies in such a way that the
      difference between any two tones is less than the lowest fundamental tone
      in normal speech and so that the frequencies do not coincide with any tone
      in the music scale. Thereby interfering influence from broadcasting and
      communication transmitters is reduced.
PAR  In FIG. 4 there is shown another embodiment of the receiver of FIG. 1
      provided with two parallel intermediate frequency amplifiers IF 1 and IF 2
      having slightly different mean frequencies each being connected through a
      frequency discriminator DISC & DEC 1 and DISC & DEC 2, respectively, and
      through a common adding circuit ADD to the low frequency amplifier LF AMP.
      Thereby, the narrow gaps in frequency coverage at FM-reception is
      eliminated, which gaps inherently are present in an ordinary receiver.
PAR  By providing means for transposing the audio frequency band in a radio
      transmitter bug hidden in a room, the bug becomes undiscoverable by means
      of a single search tone, the price to be paid being increased size,
      current consumption and complexity. To be able to discover such bugs two
      separate frequencies are generated in the low frequency generator LFG, and
      the filter in the low frequency unit of the receiver is designed for the
      difference between said two frequencies. A signal with said difference
      frequency is generated either in the unlinear part of the ordinary
      frequency discriminator and detector or in a separate unlinear device
      preceding the narrow band filter. Another way to discover such a bug is to
      apply a modulation upon said search tone, whereby the receiver is arranged
      to detect said modulation.
PAR  If it is desirable to avoid warning the listening intruder by sending an
      audiable tone, the frequency of the signal generated by the audio
      frequency generator may be slightly higher than the audio band. In case
      the microphone M of the radio transmitter bug is not responsive to such
      high frequencies, the transmitter may be modulated by direct acoustical
      influence upon frequency determining elements of the transmitter
      (microphonism).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for detecting the presence within a confined space of a covert
      radio transmitter or "bug" having a microphone comprising the steps of:
PA1  transmitting within said confined space at least one audio tone signal
      having a predetermined frequency and a predetermined amplitude,
PA1  receiving radio frequency signals generated by said bug and modulated by
      said audio signal,
PA1  demodulating said received radio frequency signals and applying said
      demodulated signals to a narrow pass-band filter which is tuned to said
      audio tone signal,
PA1  and sensing the output of said filter to provide a distinctive indication
      of the presence of a bug.
NUM  2.
PAR  2. Apparatus responsive to the presence of a covert radio transmitter or
      "bug" within a confined space having a microphone including:
PA1  tone generating means for generating a tone with a predetermined frequency,
PA1  a loudspeaker for transmitting said tone within said confined space with a
      predetermined amplitude,
PA1  a receiver responsive to radio frequency including a low-frequency
      amplifier for amplifying said tone and a narrow band-pass filter tuned to
      pass said tone signal,
PA1  and means responsive to the amplitude of the output of said filter.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said receiver has a wide-band
      sensitivity.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said receiver is tunable.
NUM  5.
PAR  5. The apparatus of claim 2 which further includes a signal duration
      discriminator, said discriminator including means effective to pass only
      those signals which have a duration longer than transient signals caused
      by normal conversation or music and passed through said filter.
NUM  6.
PAR  6. The apparatus of claim 2 wherein said tone generating means produces at
      least two discrete frequencies, said receiver being provided with at least
      two filters connected in parallel, each of said filters having a narrow
      pass-band for passing signals of a respective one of said discrete
      frequencies, the outputs of said filters being connected through
      low-frequency-detectors and an AND-gate to said responsive means, whereby
      said frequencies are preselected to minimize the probability of their
      simultaneous occurrence in talk or music.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said receiver includes two parallel
      intermediate frequency amplifiers, each being connected to a separate
      frequency discriminator, the outputs of said intermediate amplifier being
      connected through an adding circuit and through a low-frequency amplifier
      to said responsive means.
NUM  8.
PAR  8. The apparatus of claim 2 wherein said tone generating means produces two
      discrete frequencies, said narrow pass-band filter passing signals having
      a frequency corresponding to the difference between said two discrete
      frequencies.
NUM  9.
PAR  9. The apparatus of claim 2 wherein said tone generating means produces a
      frequency which is higher than audio frequency.
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ABST
PAL  A single indicator lamp is provided on a personal or portable, battery
      powered radio transmitter to indicate when the transmitter is operated.
      The lamp is connected to a circuit which senses the battery voltage (and
      hence charge), which causes the lamp to be energized constantly if the
      battery voltage is high, and which causes the lamp to be energized
      intermittently at a rate which decreases as the battery voltage decreases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Our invention relates to an indicator circuit, and particularly to an
      indicator circuit that shows the operation and battery voltage of a radio
      transmitter by a single lamp.
PAR  Users of battery powered personal or portable radio transmitters need to
      know the condition or state of the battery charge so that the battery can
      be replaced or recharged at the proper time. While a voltmeter can be used
      to indicate the battery voltage and hence its charge condition, such a
      meter is relatively expensive and fragile.
PAR  Accordingly, a primary object of our invention is to provide a new and
      improved circuit for indicating the condition or state of battery charge
      in a personal or portable radio transmitter.
PAR  The Federal Communications Commission requires that an indicator lamp be
      provided in some applications of personal or portable radio transmitters
      so that the user will have a visual indication of when the transmitter is
      operated.
PAR  Accordingly, another object of our invention is to provide a new circuit
      that utilizes the required operating indicator lamp of a personal or
      portable radio transmitter to further indicate the state or condition of
      the transmitter battery charge.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, these and other objects are achieved in accordance with our
      invention by a circuit which can be connected to the required operating
      indicator lamp of a personal or portable radio transmitter. The circuit
      includes means which energize the lamp constantly when the transmitter is
      operated and when the battery voltage, and hence charge, is above a
      predetermined magnitude. The circuit further includes a timer which
      operates at a rate related to the battery voltage, and which
      intermittently energizes the lamp at this rate when the radio transmitter
      is operated. Thus, a user will see the lamp energized when the radio
      transmitter is operated, and will see the lamp energized at a rate related
      to the battery voltage and hence charge. As the battery charge decreases,
      the lamp is intermittently energized at a decreasing rate so that the user
      gets a visual indication of both the transmitter operation and the battery
      voltage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The subject matter which we regard as our invention is particularly pointed
      out and distinctly claimed in the claims. The structure and operation of
      our invention, together with further objects and advantages, may be better
      understood from the following description given in connection with the
      accompanying drawing, in which:
PAR  FIG. 1 shows an electrical circuit diagram of an indicator circuit in
      accordance with our invention; and
PAR  FIG. 2 shows wave forms for illustrating the operation of our circuit of
      FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1, we have shown our circuit connected to a personal or portable
      radio transmitter battery 10. The positive terminal of the battery 10 is
      connected to a positive bus 11, and the negative terminal of the battery
      10 is connected to a negative or reference bus 12. The negative bus 12 may
      be connected to ground as shown. The battery 10 is also connected to the
      radio transmitter through suitable switches, not shown, for energizing the
      transmitter. Our circuit is also connected to an indicator lamp 15 which,
      as mentioned, may be and preferably is the already existing and required
      operating lamp for the transmitter. We have shown the lamp 15 to be a
      light emitting diode because of its low power requirements, although the
      lamp 15 may be any type, such as an incandescent lamp. The upper terminal
      of the lamp 15 is connected to the positive bus 11. The lower terminal of
      the lamp 15 is connected through two parallel energizing paths to a line
      16 and the negative bus 12. The first energizing path comprises a resistor
      R1 and the collector-emitter path of an NPN type transistor Q1. The
      emitter of the transistor Q1 is connected to the line 16 which, in turn,
      is connected through a radio frequency choke RFC-1 and a push-to-talk
      button 17 to the negative bus 12. The push-to-talk button 17 provides a
      normally open current path, and when the transmitter is operated, the
      normally open path is closed. Such a push-to-talk button is usually
      provided on the microphone switch of the transmitter. This button 17 may
      also operate other contacts, not shown, for connecting the battery 10 to
      the transmitter and for operating other circuits in the radio equipment.
      The transistor Q1 is provided with a bypass capacitor C1, and is also
      provided with a bias circuit comprising two resistors R2, R3 connected in
      series between the bus 11 and the line 16. The junction of the resistors
      R2, R3 is connected to the base of the transistor Q1. The relative
      magnitudes of the resistors R2, R3 are selected in conjunction with the
      voltage of the battery 10 so that when the battery voltage exceeds a
      selected magnitude, indicating a high battery charge condition, the
      transistor Q1 will be turned on when the push-to-talk button 17 is closed.
      When the transistor Q1 is turned on, current flows from the bus 11 through
      the lamp 15, through the resistor R1, and through the collector-emitter
      path of the transistor Q1 to the line 16 and the negative bus 12. Thus,
      when the battery voltage is sufficiently high, and when the transmitter is
      operated, the lamp 15 is energized steadily.
PAR  The second energizing path for the lamp 15 comprises a resistor R4
      connected in series with the collector-emitter path of an NPN type
      transistor Q2. The transistor Q2 is controlled by a timer circuit which
      provides an intermittent turn-on signal at a rate which varies as a
      function of the battery voltage. The timing element in the timer circuit
      is a capacitor C2 which receives a charging current through a charging
      path comprising the emitter-collector path of a PNP type transistor Q3.
      This charging path also comprises one or more voltage dropping diodes D1
      connected between the bus 11 and the emitter of the transistor Q3, and a
      charging resistor R6 connected between the collector of the transistor Q3
      and the upper terminal of the timing capacitor C2. The lower terminal of
      the capacitor C2 is connected to the line 16. The charge condition of the
      capacitor C2 is sensed by a resistor R5 and a zener diode ZD connected
      between the upper terminal of the capacitor C2 and the base of the
      transistor Q2. As will be explained, when the capacitor C2 receives
      sufficient charge, its voltage causes the zener diode ZD to break down
      which, in turn, causes the transistor Q2 to conduct. The capacitor C2
      discharges through the base and emitter path of the transistor Q2, after
      which the transistor Q2 is turned off. During the time the transistor Q2
      conducts, the lamp 15 is energized.
PAR  The charging current supplied by the transistor Q3 is determined by its
      base voltage which, in turn, is determined by the voltage supplied by the
      transmitter battery 10 with respect to a reference voltage indicated by a
      battery 20. This reference voltage supplied by the battery 20 is compared
      with the voltage supplied by the transmitter battery 10 through a circuit
      comprising serially connected resistors R7, R8 and a radio frequency choke
      RFC-2. The junction of the resistors R7, R8 is connected to the base of
      the transmitter Q3. Bypass capacitors C3, C4 may be provided. The
      magnitude of current conducted by the transistor Q3 is determined by its
      base voltage. This base voltage is determined by the amount by which the
      voltage of the battery 10 exceeds the voltage of the reference source 20.
      As the voltage of the transmitter battery 10 decreases, the base voltage
      of the transistor Q3 decreases. This decreased base voltage causes the
      current flow through the transistor Q3 to also decrease, so that the
      timing capacitor C2 receives less charging current, and hence requires a
      greater length of time to reach the charge voltage needed to turn on the
      transistor Q2.
PAR  The operation of our circuit of FIG. 1 can be better understood by
      reference to the following explanation in connection with the wave forms
      shown in FIG. 2. From left to right, FIG. 2 shows three conditions of
      battery charge, namely a high charge, a medium charge, and a low charge.
      FIG. 2a shows when the transistor Q1 is turned on and off for these three
      charge conditions, FIG. 2b shows the voltage across the timer capacitor C2
      for these three charge conditions, and FIG. 2c shows when the timer
      transistor Q2 is on and off for these three charge conditions. With
      respect to the left wave forms of FIG. 2, when the transmitter battery 10
      has a relatively high charge, the voltage produced at the junction of the
      resistors R2, R3 is sufficient to cause the transistor Q1 to be turned on.
      Consequently, when the button 17 is closed, the lamp 15 is turned on
      steadily. However, even though the lamp 15 is on steadily, the capacitor
      C2 is charged and discharged so that our timer circuit operates during the
      high charge condition, when the button 17 is closed. Under this condition,
      the transistor Q3 supplies a relatively large amount of current that
      causes the capacitor C2 to charge relatively rapidly. When the voltage
      across the capacitor C2 reaches the magnitude determined by the zener
      diode ZD, the capacitor C2 discharges through the base and emitter of the
      transistor Q2, turning the transistor Q2 on so that current also flows
      through the lamp 15 and the second path comprising the resistor R4 and the
      collector-emitter path of the transistor Q2. After the capacitor C2
      discharges, the transistor Q2 is turned off and the capacitor C2 begins to
      charge again. Hence, the transistor Q2 is turned on at a relatively rapid
      rate as indicated in FIG. 2c for the high charge condition, even though
      the lamp 15 does not show this because the transistor Q1 is on.
PAR  In the middle of FIG. 2, we have assumed that the battery has been
      discharged until it only has a medium charge which results in a voltage
      which is insufficient to cause the transistor Q1 to be turned on when the
      button 17 is closed. Hence, for the medium charge wave forms, the
      transistor Q1 remains turned off when the button 17 is closed, as shown in
      FIG. 2a. However, when the button 17 is closed, the transistor Q3
      conducts, but at a lower current magnitude, so that the capacitor C2 takes
      longer to charge as indicated in FIG. 2b. When the capacitor voltage C2
      reaches the needed breakdown magnitude, it turns the transistor Q2 on and
      this in turn energizes the lamp 15. The capacitor C2 then discharges,
      after which the cycle is repeated. The cycles continue at the rate
      indicated in FIG. 2b for the medium charge condition, and this in turn
      turns the transistor Q2 and the lamp 15 on and off at the rate indicated.
      This rate is slower than the high charge rate as will be seen by comparing
      the wave forms in FIG. 2c.
PAR  At the right of FIG. 2, we have assumed a low charge condition so that the
      current supplied by the transistor Q3 is sufficiently low that the
      capacitor C2 requires a very long period of time to receive sufficient
      charge to cause the transistor Q2 to conduct. The transistor Q1 remains
      off. This long period is indicated by the relatively low slope of the
      charging voltage for the capacitor C2. When the voltage reaches the needed
      magnitude, it causes the transistor Q2 to conduct and discharge the
      capacitor C2. When this occurs, the lamp 15 is energized. However, it will
      be seen that the rate at which the transistor Q2 and the lamp 15 are
      energized is relatively slow. This cycle continues at the indicated rate.
PAR  It will thus be seen that we provide an indicator circuit which uses an
      existing indicator lamp, with its advantages over a meter or comparable
      device, which energizes this lamp at a rate which is proportinal to or
      varies as a function of the battery voltage and charge. When a person uses
      his personal or portable radio transmitter, the indicator lamp will not
      only tell him that his transmitter is operating, but the rate at which the
      lamp flashes or turns on and off tells the user the battery condition. As
      this rate decreases, the person will understand or know that his battery
      voltage and hence charge is decreasing. While we have shown only one
      embodiment, persons skilled in the art will appreciate that the circuit of
      FIG. 1 may be modified. For example, various timing circuits may be
      utilized in place of the capacitor C2 and the zener diode ZD. In
      particular, it may be preferable to use existing and relatively
      inexpensive microelectronic circuits, such as timer 555 manufactured by
      the Signetics Company of Sunnyvale, California. Such a timer is relatively
      small and inexpensive, and may be connected to the capacitor C2 to provide
      the desired timing signals for the transistor Q2. And of course the bypass
      capacitors C1, C3, C4 and the radio frequency chokes RFC-1, RFC-2 may be
      omitted, or may be supplemented. Various circuits may be used to provide
      the reference voltage of the battery 20. Therefore, while our invention
      has been described with reference to one preferred embodiment, it is to be
      understood that modifications may be made without departing from the
      spirit of the invention or from the scope of the claims.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A circuit for indicating the operation of a radio transmitter and the
      voltage of a battery that powers said transmitter comprising:
PA1  a. a first main terminal for connection to a first terminal of a battery;
PA1  b. a second main terminal;
PA1  c. a switch connected to said second main terminal for connecting said
      second main terminal to a second terminal of said battery in response to
      said transmitter being operated;
PA1  d. a light emitting device;
PA1  e. a first current control device having a first current path and a control
      electrode;
PA1  f. means connecting said light emitting device and said first current path
      of said current control device in series between said first and second
      main terminals;
PA1  g. a first voltage sensing circuit connected between said first and second
      main terminals and connected to said control electrode of said first
      current control device for closing said first current path in response to
      a voltage of selected magnitude between said first and second main
      terminals;
PA1  h. a second current control device having a second current path and a
      control electrode;
PA1  i. means connecting said second current path in parallel with said first
      current path;
PA1  j. a timing circuit having a capacitor and charging circuit connected
      between said first and second main terminals, said capacitor being charged
      at a rate which varies as a function of the magnitude of voltage between
      said first and second main terminals;
PA1  k. a second voltage sensing circuit for supplying charging current to said
      charge circuit comprising means for comparing the voltage of said battery
      and a predetermined voltage for providing said charging current and
PA1  l. means connecting said capacitor to said control electrode of said second
      current control device for closing said second current path in response to
      a selected charge voltage on said capacitor, said capacitor being
      discharged by said closed second current path and said second current path
      being opened in response to said capacitor being discharged;
PAL  whereby said light emitting device is energized steadily by said closed
      first current path in response to a voltage that exceeds said selected
      magnitude, and whereby, when said first current path is open, said light
      emitting device is energized and de-energized by said second current path
      at a rate determined by the charge and discharge rate of said capacitor.
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ABST
PAL  Disclosed is a dynamic antenna tuning system which may be employed with a
      high powered transmitter and a very narrow band antenna. An input signal
      may be applied to the transmitter so as to frequency modulate the
      transmitter. A unique and compact tuner circuit is connected in series
      with the antenna whereby inductance changes therefor can be varied by a
      predetermined amount by means of a plurality of discrete inductances to be
      selectively switched into the resonant circuit to produce a desired change
      in the resonant frequency of the antenna sufficient to compensate for
      deviations in the operating frequency of the transmitter.
BSUM
PAC  CROSS REFERENCES TO RELATED PATENTS AND APPLICATIONS
PAR  This invention is an improvement over U.S. Pat. Nos. 2,989,624 to M. I.
      Jacob and 3,319,168 to W. R. Olson, both of which are assigned to the
      present assignee.
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  The militray services use high power VLF (very low frequency) transmitters
      for reliable long range communications. Very low frequencies of the radio
      spectrum are customarily utilized for such transmitters with frequency
      shift keying as a common mode of transmission, because ground waves in
      which the energy is transmitted are only slightly subject to fading and to
      daily and seasonably variations.
PAR  However, the antennas which have been commonly used often have such a
      narrow bandwidth that during keying, the transmitter frequency is so far
      off antenna resonance that radiated power is reduced and the transmitter
      is operated inefficiently into a highly reactive load. One effective
      method of overcoming the foregoing problem has been to dynamically tune
      the antenna in synchronism with the transmitter frequency. A conventional
      technique for dynamic tuning of the antenna has been to inductively couple
      a number of inductance coils to part of a coil comprising the antenna
      tuner circuit and thus form what is known to those skilled in the art as a
      Tuner Coil. By shorting the coupled inductance coils with electronic
      switching devices, the Tuner Coil inductance has been changed by a single
      fixed amount from L to L-.DELTA. L, and as a result the antenna resonant
      frequency may be changed from f to F+.DELTA. f. However, for practical
      purposes the antenna system inductance decreases with increasing frequency
      and the same .DELTA. L has been known to produce a larger .DELTA. f in the
      antenna resonant frequency at higher frequencies. As a result, the
      frequency range is limited for which a conventional Tuner Coil could
      present an acceptable load phase angle to a transmitter. Extending the
      frequency range necessitated additionally switching one or more relatively
      large, space consuming coils in shunt across the Tuner Coil. The shunt
      coil can cause the same Tuner Coil .DELTA. L of the antenna system to make
      a lesser .DELTA. f change in the antenna resonant frequency at higher
      frequency ranges by effectively reducing the value of inductance of the
      tuner circuit.
PAR  Other examples of prior art antenna tuning devices include U.S. Pat. No.
      2,989,624 to Mark I. Jacob, issued June 20, 1961 and U.S. Pat. No.
      3,319,168 to Wayne R. Olson, issued May 9, 1967, both patents being
      assigned to the present assignee. U.S. Pat. No. 2,989,624, which discloses
      apparatus for resonantly tuning an antenna system, utilizes thyratron tube
      switches to short circuit a plurality of normally open circuited
      inductance coils to vary the amount of inductance reflected into the
      antenna resonant load circuit. The disadvantages of employing tube
      switches include the amount of space consumed by the switches, the heat
      generated and the relative slowness in which the switches can respond to
      the rapid keying rate in order to short circuit the normally open circuit
      inductance coils. In U.S. Pat. No. 3,319,168, this problem is remedied by
      the use of pairs of Silicon Controlled Rectifiers as switching components.
      However, both of the aforementioned patents include the inherent
      shortcoming of changing the center tuning operating frequency of an
      antenna by utilizing the same, single tuning coil or serially connected
      tapped segments thereof. Utilizing the same tuning coil or segments
      thereof has been found to be impractical, because if the system were
      employed with a relatively high powered transmitter, conventional Silicon
      Controlled Rectifiers cannot efficiently sustain the resulting power load
      thereon as a consequence of the present coupling arrangements of the
      shorted inductance coils to the single coil comprising the conventional
      tuner circuit.
PAR  Accordingly, it is an object of the instant invention to provide improved
      arrangements for changing the resonant frequency of a very narrow band
      antenna to compensate for deviations in operating frequency of the
      transmitter and at a rate in synchronism with the transmitter frequency.
      It is also an object of the invention to set the deviation of antenna
      resonant frequency to correspond to the transmitter frequency deviation by
      the utilization of a unique Tuner Coil arrangement connected in series
      with the main antenna tuning coil. It is a further object of the instant
      invention to provide a dynamic antenna tuner which uses the same
      inductively coupled normally open circuited inductance coils to obtain
      several different values of inductance change in a relatively small amount
      of space and without necessitating the use of a conventional space
      consuming shunt coil. It is a still further object of the invention to
      employ a Tuner Coil of unique configuration which can have desired self
      and mutual inductances and proper inductive coupling within a minimum of
      space.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a system for dynamically tuning an antenna to the
      operating frequency of a transmitter. The system includes a tuner circuit
      connected in series with the antenna to be tuned, magnetic coupling of the
      transmitter to the tuner circuit and a plurality of normally open
      circuited inductances to be inductively coupled to the tuner circuit. Each
      of these inductances has a respective solid state switch means associated
      therewith, which in the instant invention may be a Silicon Controlled
      Rectifier arrangement. The switches are adapted to be operated to short
      circuit the normally open circuited inductances to thereby reflect an
      inductance into the load circuit and shift the normal resonant frequency
      of the antenna.
PAR  In accordance with the instant invention, the tuner circuit is comprised of
      a plurality of discrete inductance coils, each coil having a different
      value of inductance. Each of the coils has a respective normally opened,
      manually operated switch associated therewith, which may be for example, a
      relay contactor. The switches are adapted to be operated to connect a
      respective inductance coil into the tuner circuit in order to provide
      inductive coupling between at least one of the discrete inductance coils
      and the plurality of normally open circuited inductances whereby
      inductance changes for the tuner circuit caused by adding or subtracting a
      number of inductance coils therein can be varied by a predetermined amount
      to produce a desired change in the resonant frequency of the antenna which
      is sufficient to compensate for changes occuring in any operating
      frequency of the transmitter.
PAR  In one embodiment of the instant invention, the variable inductance tuner
      circuit may be formed from a plurality of the discrete inductance coils
      concentrically arranged with respect to one another. The normally open
      circuited inductances may each comprise coils of one or more turns which
      may be wound concentrically as a single layer over the discrete variable
      inductance coil arrangement in the same unitary structure to thereby
      provide a Tuner Coil assembly which will occupy a relatively small amount
      of space and be suitable for transportable systems where space is limited.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 1a are an electrical schematic and respective equivalent
      circuit generally representative of the prior art;
PAR  FIG. 2 is an electrical schematic of the dynamic antenna tuning arrangement
      of the instant invention; and
PAR  FIG. 3, 3a, 4 and 4a show different embodiments for arranging a plurality
      of discrete inductances of the antenna resonant circuit being inductively
      coupled to a plurality of normally open circuited inductance coils in
      accordance with the instant invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 1a of the drawings, an electrical schematic and
      its equivalent circuit are presented to show one form of the prior art of
      a system for dynamically tuning a sharply resonant radiating antenna 10,
      such as that having a very narrow bandwidth. A high power, very low
      frequency (VLF) transmitter 2 including therein an RF power amplifier for
      delivering RF energy output through the system and to antenna 10 is shown
      which is to receive an input signal 1 with frequency shift keying as the
      transmission mode to effectively frequency modulate the transmitter 2.
      This type of keying is commonly applied to a transmitter when it may be
      desirable to transmit information coming, for example, from a teletype
      unit. It has also been known to apply a signal so as to frequency modulate
      an FM transmitter when it would be desirable to transmit audio or visual
      information. As illustrated, input signal 1 repeatedly changes voltage
      levels designated for convenience as -V volts and +V volts, represented by
      the numerals 1a and 1b respectively. As signal 1 repeatedly cycles from
      the -V volt level to the + V volt level at the keying rate, a change will
      occur in the operating frequency of the transmitter 2 which may cause
      radiated power to be reduced.
PAR  The radiating antenna 10 must be returned at a very high rate such as that
      corresponding to the keying rate of input signal 1 to account for the
      frequency shift of transmitter 2. Retuning in prior art devices, such as
      that shown, has been accomplished by a tuner circuit 5 which is
      magnetically coupled to transmitter 2 by a suitable and conventional
      transmitter power amplifier RF output coil 7. Tuner circuit 5 is also
      connected in series with the antenna 10 through a variable main antenna
      tuning coil 9, which may be manually operated mechanical variometer. Tuner
      circuit 5, as is common to known prior art tuning assemblies, includes a
      single tuner coil 18, which may be representative of a transformer primary
      coil, and additionally may include a shunt coil 20. A plurality, although
      any suitable number may be used, of normally open circuited inductance
      coils, which may be representative of a transformer secondary coil, are
      arranged so as to be inductively coupled to the single tuner primary coil
      18 of tuner circuit 5. By shorting each normally opened secondary coil 12
      by the operation of a respective pair of gate controlled switches 14 such
      as solid state Silicon Controlled Rectifiers (SCRs) connected in an
      inverse parallel relation in conventional fashion, an inductance can be
      reflected into the tuner circuit 5 and to tuner coil 18 to thus change the
      inductance for the tuner circuit 5 by a single fixed amount. As the tuner
      circuit 5 inductance is changed, the normal antenna resonant frequency
      will also be changed. An example of the foregoing may be found in U.S.
      Pat. No. 2,989,624, issued to M. I. Jacobs and assigned to the present
      assignee. The frequency range for which the tuner coil 18 can present an
      acceptable load phase angle to transmitter 2 can be extended but has
      necessitated the addition of one or more optional but space consuming
      shunt coils 20 arranged in parallel with the tuner coil which causes a
      lesser change in the antenna resonant frequency. It has been customary for
      shunt coil 20, when used, to be a variometer.
PAR  In operation, keying signal 1 is applied both to transmitter 2 and to a
      conventional SCR gate control apparatus 16 which may be a transformer (not
      shown) coupled to the gates 15 of switches 14 and is adapted to supply a
      synchronous trigger signal consisting of alternate positive and negative
      pulses for firing of the SCR devices in a desired fashion as disclosed,
      for example, in U.S. Pat. No. 3,319,168 to W. R. Olson, assigned to the
      present assignee. Only a few milliwatts of power is required at the gate
      electrode 15 of one respective SCR device of each pair of inverse parallel
      connected SCR switches 14 so that one switch of the pair arrangement will
      be conducting or gated on alternate half cycles of the system current
      which will have an RF frequency and essentially take the form of a sine
      wave. When an SCR device is conducting it will have a very low forward
      voltage drop from anode to cathode and therefore can be ideally suited to
      act as a shorting device. For example, a gate signal from control 16 will
      first be applied to the gate electrode 15 of one SCR switch 14-2 of each
      inverse pair of switches 14 during the first half cycle of current when
      current will be flowing in a direction such that it would pass from anode
      to cathode when switch 14-2 is rendered conductive to short circuit
      current through an associated normally open circuited induction coil 12.
      At the end of the first half cycle, the current flow through switch 14-2
      is reduced such that the required turn on or breakover voltage of the SCR
      can no longer be maintained, and switch 14-2 is consequently shut off or
      returned to its non-conducting state. At the instant during the beginning
      of the opposite half cycle, a gate signal will be applied to the gate
      electrode 14 of SCR switch 14-1 to render it conductive to short circuit
      current through its associated normally open circuited coil 12 until the
      end of the opposite half cycle when the breakover voltage can no longer be
      maintained and switch 14-1 is consequently returned to its non-conducting
      state. Short circuiting a current through an inductance coil 12 as in the
      manner described will have a maximum inductive effect on the inductively
      coupled coil 18 of tuner circuit 5 by reflecting back an inductance from
      coils 12 into the circuit 5 to reduce the overall inductance therein by a
      single fixed amount and therefore, change the center tuning operating
      frequency of antenna 10. When an SCR device is non-conducting because the
      gate drive has been turned off, its associated inductance switch coil 12
      will again be open circuited to have minimum inductive effect on the tuner
      circuit 5, as no current will pass through the switch and into an
      associated coil 12. Therefore, in the event an inconsequential inductive
      effect is desired from coils 12, the keyed input signal 1 is removed from
      gate control 16, and the gate drive may be turned off from SCR pairs 14 so
      that both devices will remain inoperative to cause tuner circuit 25 to
      have a lower resonant frequency than would result had the switches of
      pairs 14 been alternately triggered into conduction.
PAR  In accordance with the instant invention and now relating to FIG. 2 of the
      drawings, a unique tuner circuit 25 has been devised which is both more
      practical and compatible for coupling a relatively high powered
      transmitter 21 thereto. The prior art circuit arrangement previously
      described, which utilized a single tuning coil to be inductively coupled
      to a plurality of normally open circuited inductance coils, has been found
      not totally suitable for this purpose, because by using a single tuning
      coil without a conventional shunt coil, the inductance of the conventional
      tuner circuit is limited to a single fixed change, as previously
      disclosed, and presently known SCR switch devices cannot be effectively
      operated to sustain the resulting power loading thereon if such as a high
      powered transmitter were to be employed because of the excessive currents
      and voltages which the SCR switches would have to sustain due to the
      conventional coupling arrangements between the normally open circuited
      coils 12 and the tuning coil 18 of FIG. 1.
PAR  Circuit 25 has been found to dynamically retune the antenna 10 in
      synchronism with the keying rate as the transmitter operating frequency is
      shifted. The novel tuner circuit includes a plurality of discrete primary
      inductance coils 22, 22-1, 22-2, 22-3 to be electrically connected in
      parallel with respect to one another. Each of the inductance coils 22 -
      22-3, which in the instant invention may have several different values of
      inductance, has a respective normally open switch 24, 24-1, 24-2, 24-3
      connected in series therewith. The switches 24 - 24-3 are manually
      operated switches, such as a relay actuated contactor, so that a human
      operator may select which of the plurality of coils 22 - 22-3 having the
      proper coupling factors and inductances. Depending upon the particular
      operating frequency of the transmitter they are to be connected into the
      tuner circuit 25 by closing the correct switches to provide inductive
      coupling between at least one of the inductance coils 22 - 22-3 and the
      plurality of normally open circuited secondary inductances 12. Although
      only four inductance coils 22 - 22-3 and respective switches 24 - 24-3 are
      shown, any suitable number may be used to allow inductance changes of the
      tuner circuit 25 to be varied by a predetermined amount using the same
      inductively coupled coils 12 to produce a desired change in the resonant
      frequency of the antenna 10 which is sufficient to compensate for any
      change in the operating frequency of the transmitter 21. Thus, with the
      tuner circuit of this invention, any one of the switches 24 - 24-3 may be
      selected in order that respective primary coils 22 - 22-3 may be
      inductively related to the secondary coils 12 in place of using both the
      conventional tuning coil 18 and the conventional space consuming shunt
      coil 20, as is common to the prior art. Additionally, the Tuner Coil
      arrangement of the instant invention thus formed will cause an acceptable
      load to be presented to the transmitter over a wider band of frequencies
      than was possible with prior art tuning devices not so using a shunt coil
      so that the entire operating frequency range might be covered without
      using the shunt coils as required in prior art construction and with the
      effect of allowing a more flexible coupling between the coils 12 and coils
      22 - 22-3 so that the currents and voltages impressed upon the SCR switch
      devices 14 can now be more readily adjusted by the predetermined selection
      of the proper number of discrete coils 22 - 22-3 to be coupled to coils
      12.
PAR  FIGS. 3 to 4 of the drawings show different arrangements for coupling the
      normally open circuited coils to the discrete inductance coils of the
      instant invention to thereby eliminate the difficulties, as previously
      discussed, which arise with conventional coupling arrangements. In FIGS. 3
      and 3a, an assembly 30 is shown including a plurality of concentrically
      wound discrete inductance coils 31 and 32 each which may have a different
      inductance as previously disclosed. Although only two such coils are
      shown, any suitable number may be employed. The normally open circuited
      inductance switch coils 34 comprise generally from 20 to 100 coils of one
      or more turns each that are wound as a single layer over the inductance
      coils 31 and 32 so as to form a unitary structure therewith, as
      illustrated, which occupies a relatively small amount of space. Inductance
      coil 31 is most closely coupled to the normally open circuited switch
      coils 34 and may therefore be used for the lower frequency bands. For
      higher frequency bands, inductance coil 32 or succeeding coils, when
      employed, would be used.
PAR  In a tuning assembly 36 to be employed in a large system the voltage
      induced in any one turn of the normally open circuited coils 40 shown in
      FIGS. 4 and 4a may exceed the rating of its associated SCR switch device.
      For this case, the coils 40 may be wound as sectors of a circle such as
      90.degree. sector coils as illustrated. The discrete inductance coils 37
      and 28 are wound over the outside of coils 40 so as to be part of the same
      unitary structure and thereby occupy a relatively small amount of space.
      Inductance coil 38 with a lesser inductive coupling to the normally open
      circuited coils 40 would be used for a higher frequency band, while
      closely coupled inductance coil 37 would be used for the lower frequency
      bands.
PAR  The tuning assemblies formed in accordance with the instant invention can
      provide increased antenna tuning capabilities over an extended frequency
      range while maintaining a fairly compact construction making it suitable
      for transportable systems where space is limited.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use with a transmitter of the type employing frequency shift keying
      modulation, a system for dynamically tuning the resonant frequency of the
      transmitter antenna to alternate between resonant frequencies in
      synchronism with the repetitive shifts in frequency caused by frequency
      shift keying modulation, said transmitter having a range of RF output
      signal operating frequencies which is large relative to the frequency
      shift caused by frequency shift key modulation, said system comprising:
PA1  a dynamic tuning circuit operatively connected to the transmitter antenna
      in series circuit therewith,
PA1  means for coupling the transmitter RF output signal into the series circuit
      of said antenna and dynamic tuning circuit,
PA1  said dynamic tuning circuit comprising a first plurality of inductance and
      switch pairs, each pair comprising a discrete helical coil and a
      connect-disconnect switch, each connect-disconnect switch being
      individually controllable to selectively establish either one or the other
      of: (A) a connect condition of the helical coil in which the coil is
      connected into said dynamic tuning circuit so that at least a portion of
      the transmitter RF output signal is flowing therethrough, and (B) a
      disconnect condition of the helical coil in which the coil is disconnected
      from said dynamic tuning circuit with none of the transmitter RF output
      signal flowing therethrough,
PA1  all of the helical coils of the first plurality of inductance and switch
      pairs being disposed in concentric relationship with respect to one
      another;
PA1  a second plurality of inductor and switch pairs, each pair comprising an
      inductive loop element and a short circuit-open circuit switch, each short
      circuit-open circuit switch being operative to establish either one or the
      other of: (i) a short circuit condition of the paired inductive loop
      element, and (ii) an open circuit condition of the paired inductive loop
      element,
PA1  the inductive loop elements of said second plurality of inductor and switch
      pairs being in inductively coupled relationship with the concentric
      arrangement of helical coils of the first plurality of inductance and
      switch pairs; and
PA1  means for commonly operating all of the short circuit-open circuit switches
      of said second plurality of inductance and switch pairs in synchronous
      relationship with the frequency shift keying modulation to alternately
      short circuit and open circuit all of the inductive loop elements, said
      inductive loop elements of the second plurality of inductor and switch
      pairs when in their short circuited condition being operative to reflect a
      decrease of inductance into any helical coil which is connected into said
      dynamic tuning circuit.
NUM  2.
PAR  2. The system of claim 1, wherein each of said discrete helical coils of
      the first plurality of inductor and switch pairs has a different value of
      inductance.
NUM  3.
PAR  3. The system of claim 1, wherein the inductive loop elements of the second
      plurality of inductor and switch pairs are arranged in a row disposed in a
      concentric relationship to the concentric arrangement of helical coils of
      the first plurality of inductor and switch pairs.
NUM  4.
PAR  4. The system of claim 1, wherein said inductive loop elements of said
      second plurality of inductor and switch pairs are formed of conductor
      loops shaped as sectors of a geometric reference circle disposed within
      the central cavity of the concentric arrangement of helical coils of the
      first plurality of inductor and switch pairs, said geometric reference
      circle being concentric with said concentric arrangement of helical coils
      of said first plurality of inductor and switch pairs, said conductor loops
      shaped as sectors of geometric reference circles being arranged in at
      least one row of conductor loops linearly aligned along a direction
      parallel to the axis of said concentric arrangement of helical coils of
      the first plurality of inductor and switch pairs.
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PAL  An automobile active receiving broadcast band antenna having a bandpass
      filter input circuit capacitor formed by a metal member insulated from the
      automobile body and arranged in close vicinity to the windshield and by an
      automobile body structural element, an antenna body having arranged
      therein a bandpass filter, a frequency-modulated signal amplifier, an
      amplitude-modulated signal amplifier, a frequency correcting network, an
      interference filter, a frequency separation filter, said antenna body
      being mounted within the automobile interior. The effect of external
      mechanical and climatic factors on the antenna elements are minimized
      during operation, while the use of automobile radio receivers for the
      driver and passengers is made more convenient, without affecting the
      automobile's aerodynamic characteristics nor impairing the automobile's
      outside appearance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to antenna systems, and more particularly to
      an automobile active receiving antenna which is suitable for use in
      automobile broadcast band receiving equipment.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is common now to use passive networks in the form of rod or frame
      antennas (including those arranged at the windshield) in automobiles, as
      well as active receiving antennas of a "shortened" type in the form of rod
      or telescopic antennas, or antennas mounted at the wind mirror.
PAR  One prior art automobile active receiving antenna comprises a bandpass
      filter having a capacitor comprised of a structural element formed by the
      automobile metal hood (or metal wing) and the wing mirror metal frame or
      external shortened rod insulated therefrom, an antenna body which houses
      the bandpass filter, a frequency-modulated signal amplifier connected to
      the bandpass filter, a frequency correcting network, an
      amplitude-modulated signal amplifier connected with the bandpass filter
      via the frequency correcting network, an interference filter connected to
      power supply circuits of the frequency-modulated and amplitude-modulated
      signal amplifiers, a frequency separation filter through which the outputs
      of the frequency-modulated and amplitude-modulated signal amplifiers are
      connected to the radio receiver common feeder. The body of this prior art
      automobile receiving antenna is generally mounted outside of the
      automobile interior.
PAR  The electromagnetic energy is received by the capacitor. The received
      signals are fed to the bandpass filter and frequency correcting network
      for separating ultrashort-wave bands (frequency-modulated signals) from
      long-, medium- and short-wave bands (amplitude-modulated signals) and for
      shaping the desired frequency response of the ultrashort-wave band
      channel. Then, the signals are amplified and directed to the radio
      receiver input via the frequency separation filter.
PAR  In such antennas, the capacitance of the bandpass filter input circuit
      capacitor is determined by the effective height or electric length of the
      antenna rod, or the distance from the wing mirror metal frame to the car
      wing.
PAR  These prior art antennas, including passive rod and frame antennas, have
      the following disadvantages:
PA1  It is necessary to seal the antenna's electric components (active elements)
      for their protection from moisture and dust;
PA1  The requirement of complex antenna electric circuitry necessary for
      stabilization of the antenna parameters within the wide range of diverse
      automobile running conditions;
PA1  a high probability of incurring mechanical damage to the antenna in various
      emergency situations, as a result of strong vibrations due to rough roads
      and as a result of ill-intentioned acts of vandalism;
PA1  the hindrance of the antenna to the servicing of cars (i.e. washing,
      polishing, garaging, etc.);
PA1  the inconvenience in setting up its antenna to the working position, poor
      reliability of telescopic antenna automatic drives, restricted field of
      vision due to the frame antenna being mounted on the windshield, etc.;
PA1  the inconsistency of external passive and active antennas with the injury
      saftey requirements as regards the car's outside configuration (i.e.,
      there should be no projecting, sharp or pointed parts on the car body,
      hood, wings, etc.).
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a principal object of the present invention to provide an
      automobile active receiving broadcast band antenna for radio receivers
      which has minimum exposure to the effect of external mechanical and
      climatic factors during operation, which is arranged within the automobile
      interior, is which easy, simple and reliable to use, and which does not
      restrict the driver's field of vision during driving.
PAR  The foregoing and other objects are attained in accordance with one aspect
      of the present invention through the provision of that in an automobile
      active receiving broadcast band antenna comprising a bandpass filter input
      circuit capacitor, an antenna body having arranged therein a bandpass
      filter, a frequency-modulated signal amplifier connected to said bandpass
      filter, a frequency correcting network, an amplitude-modulated signal
      amplifier connected with said bandpass filter via said frequency
      correcting network, an interference filter connected into the power supply
      circuits of said frequency-modulated and amplitude-modulated signal
      amplifiers, and a frequency separation filter through which the outputs of
      said frequency-modulated and amplitude-modulated signal amplifiers are
      connected to the radio receiver common feeder. The bandpass filter input
      circuit capacitor is formed by a metal member insulated from the
      automobile body and arranged within the automobile interior in close
      vicinity to the windshield and by an automobile body part, which antenna
      body is also mounted within the automobile interior.
PAR  The antenna body is preferably made in the form of a rear-view mirror
      bracket.
PAR  Further, the antenna body in the form of the rear-view mirror bracket
      comprises a dielectric.
PAR  The automobile active receiving broadcast band antenna according to the
      invention has an almost round directional pattern and a sensitivity which
      is on the average by 3 to 5 decibels better than the sensitivity of a
      conventional rod passive antenna 1.07 meters high.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a combination block and schematic diagram of an automobile active
      receiving antenna according to a preferred embodiment of the present
      invention;
PAR  FIG. 2 is a side view showing the arrangement of the automobile active
      receiving antenna, according to the invention, within the car interior;
PAR  FIG. 3 is a side view in partial section of the automobile active receiving
      antenna according to the invention;
PAR  FIG. 4 is a directional voltage diagram of the automobile active receiving
      antenna in accordance with the invention;
PAR  FIG. 5 is a graph showing the broadcast band sensitivity curves of the
      active receiving antenna arranged within the automobile interior,
      according to the invention, relative to the sensitivity of the prior art
      outside mounted passive rod antenna.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The automobile active receiving antenna comprises a bandpass filter 1 (FIG.
      1) whose input circuit 2 includes a capacitor 3 made in the form of a
      structural element, a capacitor 4 which is a conventional capacitor, and
      an inductor 5. Another circuit 6 comprises an inductor 7 and a capacitor
      8. Both circuits 2 and 6 are coupled by means of a capacitor 9 which is an
      isolating capacitor. The bandpass filter 1 has a frequency-modulated
      signal amplifier 11 connected to its output via a capacitor 10. The
      amplifier 11 comprises a bipolar transistor 12 with a loading coil 13, and
      a resistor 14 and a capacitor 15 in an automatic bias circuit. The base of
      transistor 12 is connected to a voltage divider including resistors 16,
      17. The output of the frequency-modulated signal amplifier 11 is connected
      to a feeder 19 of a radio receiver 20 via an isolating capacitor 18.
PAR  The capacitor 3 has an amplitude-modulated signal amplifier 22 connected
      thereto via a frequency separation filter 21. The frequency separation
      filter 21 comprises a choke 23 and a capacitor 24. The first stage of the
      amplifier 22 includes a field-effect transistor 26 with resistors 26, 27
      and a capacitor 28 in an automatic bias circuit with a load resistor 29.
      The second stage of the amplifier 22 is connected to the resistor 29 via
      an isolating capacitor 30 and uses a bipolar transistor 21 with a load
      resistor 32, and a negative feedback resistor 33, a resistor 34 and a
      capacitor 35 in an automatic bias circuit. The base of a transistor 31 is
      connected to the voltage divider consisting of resistors 36, 37, 38 and a
      capacitor 39. Connected to the load resistor 32 via a frequency correcting
      network 40 including a choke 41, capacitors 42 and 18 is the feeder 19 of
      the radio receiver 20.
PAR  The amplifiers 11 and 22 are powered from a power supply unit 44 of the
      car's electrical equipment (not shown) via an interference filter 43. The
      interference filter 43 comprises resistors 45, 46, capacitors 47, 48, 49
      and a choke 50.
PAR  In accordance with the invention, the above-mentioned structural capacitor
      is formed by a metal member insulated from the body of a car 51 (FIG. 2)
      and is arranged in close vicinity to a windshield 52, and by a body
      structural part of the car 51, e.g. by the roof 53 of the car 51.
PAR  The metal member includes a metal backing 54 (FIG. 3) of a rear-view mirror
      55 and a metal plate 56 through which the rear-view mirror 55 is
      articulated to an antenna body 57.
PAR  This metal member insulated from the body of the car 51 (FIG. 2) is mounted
      in close vicinity to the windshield 52 because the intensity of the
      electromagnetic field is maximum in this area.
PAR  The antenna body 57 (FIG. 3) is mounted in the interior 58 (FIG. 2) of the
      car 51 in close vicinity to the windshield 52 and also comprises the
      bracket of the rear-view mirror 55. This antenna body 57 in the form of
      the bracket of rear-view mirror 55 is made of a dielectric.
PAR  The antenna body 57 is rigidly secured to a front edge 59 (FIG. 3) of the
      cabin roof 53 of the car 51 (FIG. 2) by means of a lock 60 (FIG. 3).
PAR  The rear-view mirror 55 is articulated to the antenna body 57 by means of a
      metal plate 56 and a fastening assembly 61.
PAR  The antenna body 57 contains a printed circuit board 62 having mounted
      thereon the bandpass filter 1, the frequency-modulated signal amplifier
      11, the amplitude-modulated signal amplifier 22, the frequency correcting
      network 40, the interference filter 43 and the frequency separation filter
      21. The automobile active receiving antenna units are powered from the
      power supply unit 44 of the car's electrical equipment.
PAR  The operation of the automobile active receiving antenna is as follows:
PAR  The capacitor 3 (FIG. 1) which constitutes the aforedescribed structural
      element forms part of two receiving oscillatory circuits: one including
      the capacitor 3, and the choke 23 in the amplitude-modulated signal
      circuit, the other being the input circuit 2 of the bandpass filter 1 in
      the frequency-modulated signal circuit which comprises a capacitor 3,
      capacitor 4 and inductor 5.
PAR  The electromagnetic field drives both of the above-said receiving
      oscillatory circuits.
PAR  The oscillatory circuit including the capacitor 3 and choke 23 has a
      resonance frequency in the center of the amplitude-modulated signal band
      and is a source of the amplitude-modulated input signal voltage which is
      fed to the input of the amplifier 22 via an isolating capacitor 24.
PAR  The input oscillatory circuit 2 is a source of the frequency-modulated
      input signal alternating voltage, since the capacitor 4 offers high
      resistance to amplitude-modulated signals.
PAR  From the divider formed by the inductor 5 of the input circuit 2, the
      frequency-modulated signal voltage drives, via the coupling capacitor 9,
      the bandpass filter oscillatory circuit 6 including the inductor 7 and
      capacitor 8. The resonant frequencies of the circuits 6 and 2 and
      capacitance of the capacitor 9 determine the desired frequency response of
      the bandpass filter 1 thus ensuring optimum noise resistance for the
      transistor 12, rejection of all signals outside the bandwidth and thereby
      reducing the intermodulation distortion of the frequency-modulated signal
      amplifier 11.
PAR  From the bandpass filter 1, the frequency-modulated signal alternating
      voltage is fed to the base of the transistor 12 via the isolating
      capacitor 10. The linear operation of the transistor 12, as well as the
      match of its input impedance with the output impedance of the bandpass
      filter 1, is achieved by using the resistors 14, 16, 17 and capacitor 15.
      From the loading coil 13, the alternating voltage is fed via the isolating
      capacitor 18, to the feeder 19 of the radio receiver 20.
PAR  The amplitude-modulated signal alternating voltage is fed to the
      amplitude-modulated signal amplifier 22 from the filter 21 via the
      isolating capacitor 24.
PAR  The first stage of the amplifier 22 has a high-impedance input and
      comprises the common-source field-effect transistor 25. The operating
      conditions of the transistor 25 are determined by the resistors 26, 27 and
      capacitor 28. From the load resistor 29, the alternating voltage is fed,
      via the isolating capacitor 30, to the second stage of the amplifier 22
      comprising a common-emitter bipolar transistor 31. The operating
      conditions of the transistor 31 are determined by the resistors 34, 36,
      37, 38 and capacitors 35, 39. The resistor 33 improves the linearity of
      the amplifier 22 without any losses in the sensitivity. From the load
      resistor 32, the amplified signals are directed to the input of the
      frequency correcting network 40 for associating the inputs of the
      amplifiers 11 and 22 with the feeder 19 of the radio receiver 20. The
      choke 41 allows amplitude-modulated signals pass to the feeder 19 via the
      isolating capacitor 42 and prevents frequency-modulated signals from
      reaching the amplifier 22. The capacitor 18 prevents amplitude-modulated
      signals from reaching the amplifier 11. From the power supply unit 44, the
      voltage, having noise produced by the car electric equipment, is fed to
      the interference filter 43 including series-connected L-networks
      consisting of the resistors 45, 46, capacitors 47, 48, 49, and choke 50.
      The d-c output voltage of the filter 43 is used as a power source for the
      amplifiers 11 and 22.
PAR  The automobile active receiving broadcast band antenna made in accordance
      with the present invention has an almost round directional pattern, as can
      be seen in FIG. 4.
PAR  FIG. 5 shows the relative sensitivity curves of the automobile active
      receiving antenna according to the invention in the broadcast frequency
      bands (zero decibel level corresponds to the sensitivity of the
      conventional external passive rod antenna 1.07 meters high).
PAR  The automobile active receiving antenna of the present invention may be
      used in automobiles of practically all types.
PAR  The present invention minimizes the effect of external mechanical and
      climatic factors on the antenna elements during operation, provides for
      more convenience in use of automobile radio receivers for the driver and
      passengers, does not affect the automobile aerodynamic characteristics,
      and does not impair the automobile outside appearance.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An active receiving broadcast band antenna for an automobile radio
      receiver of amplitude and frequency modulated signals having a common
      feeder, comprising: an antenna body mounted within the automobile
      interior; a bandpass filter having an input circuit including a capacitor,
      said capacitor comprising a metal member insulated from the automobile
      body and arranged in close vicinity to the automobile windshield and a
      structural member of said automobile body, said bandpass filter being
      included within said antenna body; a frequency-modulated signal amplifier
      positioned within said antenna body having an input connected to said
      bandpass filter and having an output; a power supply circuit for said
      frequency-modulated signal amplifier; a frequency correcting network
      positioned within said antenna body; an amplitude-modulated signal
      amplifier positioned within said antenna body and having an input
      connected to said bandpass filter via said frequency correcting network
      and an output; a power supply circuit for said amplitude-modulated signal
      amplifier; an interference filter connected to said power supply circuits
      of said frequency-modulated and amplitude-modulated signal amplifiers; and
      a frequency separation filter, said outputs of said frequency-modulated
      and amplitude-modulated signal amplifiers being connected to said common
      feeder of said radio receiver via said frequency separation filter.
NUM  2.
PAR  2. An automobile active receiving antenna as claimed in claim 1, wherein
      said antenna body comprises and is structurally configured as a rear-view
      mirror bracket.
NUM  3.
PAR  3. An automobile receiving antenna as claimed in claim 2, wherein said
      antenna body structurally configured as a rear-view mirror bracket
      comprises a dielectric.
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PAL  A radio receiver with a phase-locked loop demodulator is described. The
      phase-locked loop includes a phase comparator, a variable frequency
      (voltage-controlled) oscillator, and a low pass filter. The capture range
      and lock range of the phase-locked loop are controlled in response to the
      tuning of the loop. In an AM receiver with a phase-locked loop the
      variable frequency oscillator of the loop supplies a reference carrier for
      a synchronous detector which is phase-locked to a modulated carrier. A
      band pass filter eliminates undesired modulation of the variable frequency
      oscillator by an undesired received signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a radio receiver with a
      phase-locked loop (PLL) for a demodulator and, more particularly, to a
      radio receiver with a phase-locked loop demodulator in which a desired
      signal is easily tuned even in the presence of an adjacent undesired
      signal with high electric field intensity during a tuning operation.
PAR  2. The Prior Art
PAR  There has been proposed in the art a radio receiver with a phase-locked
      loop as a demodulator. However, generally speaking, since a
      voltage-controlled oscillator (VCO) used in the phase-locked loop is
      changed in accordance with fluctuations of ambient temperature and source
      voltage, in order to perform stable reception of signals, the lock range,
      which is the frequency range at which the phase lock of the phase-locked
      loop is released by a shift of the frequency of an input signal after the
      phase-locked loop has been phase locked to an input signal, must be
      relatively wide. However, there is a proportional relationship between the
      lock range and the capture range, which is the frequency range at which
      the voltage controlled oscillator of the phase-locked loop is captured by
      the frequency of the input signal from its free-running frequency, so that
      if the lock range is wide, the capture range is also wide.
PAR  Generally speaking, if an undesired radio-frequency signal with high
      electric field intensity is too close in frequency to a desired signal
      that is supposed to be selected by a radio receiver, it is difficult to
      detect the desired signal. In a radio receiver in which a phase-locking
      loop is used as a demodulator, the phase-locking loop may be locked to the
      undesired, or jamming signal that has a high electric field intensity,
      thereby preventing reception of the desired signal by the receiver. This
      often occurs in the case of a phase-locked loop with a wide capture range.
PAR  Further, it is noted that in a radio receiver that uses a phase-locked loop
      as a demodulator, the voltage controlled oscillator of the phase-locked
      loop is subjected to a modulation operation by a beat component between a
      desired signal and a jamming signal. As a result, the modulated carrier or
      component is demodulated by the demodulator and adversely affects the
      signal-to-noise (S/N) ratio of the audio output signal. This is generally
      referred to as two-signal jamming characteristics. For example, if the
      desired selected signal having an angular frequency of .OMEGA..sub.c from
      the intermediate frequency amplifier circuit of a radio receiver contains
      a crosstalk signal with an angular frequency of .OMEGA..sub.x, the output
      signal from the phase comparator circuit of the phase-locked loop will
      include beat components with angular frequencies of .OMEGA..sub.c +
      .OMEGA..sub.x and .OMEGA..sub.c - .OMEGA..sub.x. In this case, the beat
      component with the angular frequency of .OMEGA..sub.c + .OMEGA..sub.x is
      eliminated by a low-pass filter in the phase-locked loop, but the beat
      component with the angular frequency of .OMEGA..sub. c - .OMEGA..sub.x is
      not eliminated by the low-pass filter and is applied to the voltage
      controlled oscillator as a control signal. As a result, the oscillation
      frequency of the voltage controlled oscillator is subjected to
      frequency-modulation operation by the beat component of .OMEGA..sub.c -
      .OMEGA..sub.x. Thus, the voltage controlled oscillator may produce signal
      components with angular frequencies of .OMEGA..sub.c + (.OMEGA..sub.c -
      .OMEGA..sub.x), .OMEGA..sub.c - (.OMEGA..sub.c - .OMEGA..sub.x) and so on
      in addition to the necessary oscillation signal with an angular frequency
      of .OMEGA..sub.c. These signal components are applied to the synchronous
      detector circuit of an AM demodulator and hence the crosstalk signal is
      demodulated or the demodulated signal from the crosstalk signal is
      contained in a demodulated signal as a whole to deteriorate the two-signal
      jamming characteristics.
PAR  To reduce such a defect, it is sufficient to narrow the pass band of the IF
      amplifier, but this causes the high frequency component of the demodulated
      signal to be attenuated, which deteriorates the reproduced sound.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a radio receiver with a
      phase-locked loop demodulator free from the above defects of the prior
      art.
PAR  Another object of the invention is to provide a receiver with a
      phase-locked loop for a demodulator in which the capture range and lock
      range of the phase-locked loop are so controlled that the receiver can be
      tuned to a selected low level signal even in the presence of a jamming
      signal with high field intensity.
PAR  A further object of the invention is to provide a receiver with a
      phase-locked loop for a demodulator in which the capture range and lock
      range of the phase-locked loop can be made small during a tuning
      operation, and both the ranges are increased after the tuning operation is
      finished to achieve the same easily and to produce an output signal with
      good S/N ratio.
PAR  A still further object of the invention is to provide a receiver with a
      phase-locked loop for a synchronous demodulator in which the capture range
      and lock range of the phase-locked loop are controlled in accordance with
      a tuning operation and the voltage controlled oscillator of the
      phase-locked loop is prevented from being undesirably modulated by a
      jamming signal.
PAR  The other objects, features, and advantages of the invention will become
      apparent from the following description taken in conjuction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing an embodiment of the present invention.
PAR  FIGS. 2 and 4 are block diagrams showing other embodiments of the
      invention, respectively.
PAR  FIG. 3 is a graph showing characteristics of a phase-locked loop used in
      the invention.
PAR  FIG. 5 is a block diagram showing a further embodiment of the invention.
PAR  FIGS. 6 and 7 are graphs used for the explanation thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before describing the present invention, a fundamental construction of an
      AM demodulator will be now described as an example of a phase-locked loop
      which may be used in a radio receiver of the invention as a demodulator
      circuit. If it is assumed that a carrier signal is represented
      mathematically by Ac cos(.OMEGA..sub.c t + .theta. c) and a demodulation
      carrier signal S(t), an AM modulated carrier signal Em(t) is expressed as
      follows:
EQU  Em(t) = Ac[1 + S(t) ] cos(.OMEGA..sub.c t +  .theta. c)    (1)
PAL  If a certain signal Eo(t) is represented by:
EQU  Eo(t) = Ao  cos(.OMEGA..sub.o t + .theta..sub.o)           (2)
PAL  the product Ep(t) of the signals Eo(t) and Em(t) is expressed as follows:
EQU  Ep(t) = Eo(t) X Em(t) = 1/2AcAo[1 + S(t) ][cos{(.OMEGA..sub.c +
      .OMEGA..sub.o)t + .theta..sub.c + .theta..sub.o)}+ cos{ (.OMEGA..sub.c -
      .OMEGA..sub.o)t + .theta..sub.c - .theta..sub.o }         (3)
PAR  If it is assumed that .OMEGA..sub.o = .OMEGA..sub.c, the following equation
      (4) can be obtained.
EQU  Ep(t) = 1/2AcAo[ 1 + S(t)] cos(2.OMEGA..sub.c t + .theta..sub.c +
      .theta..sub.o) + 1/2AcAo cos(.theta..sub.c - .theta..sub.o) + 1/2AcAo S(t)
      cos(.theta..sub.c - .theta..sub.o)                        (4)
PAR  In equation (4), the first term is an AM modulated signal component with an
      angular frequency of 2.OMEGA..sub.c, the second term is a DC signal
      component and the third term is a component of the original modulated
      signal S(t).
PAR  If the signal Ep(t) is applied to a low pass filter to eliminate its first
      and second signal components, the output signal Ep(t) from the low pass
      filter is expressed by the following equation (5).
EQU  Ep(t) = 1/2 AcAo S(t) cos(.theta..sub.c - .theta..sub.o) = k.S(t) (5)
PAL  where k = 1/2  AcAo cos(.theta..sub.c - .theta..sub.o ). That is, the
      original modulated signal S(t) can be derived from the low pass filter, if
      the factor k is constant. In other words, if the AM modulation signal
      Em(t) is multiplied by the signal Eo(t) which has an angular frequency
      equal to.OMEGA. .sub.c of the former and has the same phase, and the
      product signal Ep(t) is applied to the low pass filter, the original
      modulated signal S(t) can be demodulated.
PAR  FIG. 1 shows an embodiment of the radio receiver which, in accordance with
      the invention, achieves the above mentioned demodulation. With the
      embodiment shown in FIG. 1, an IF signal Em(t) is derived from the
      receiver input circuit 1, which includes an RF amplifier and a mixer, and
      is then applied through a relatively wide band IF amplifier 2 to a
      multiplier 3 and to a phase comparator 5 through a phase shifter 4 for
      phase adjustment. The phase comparator 5 together with a low pass filter 6
      and a voltage controlled oscillator 7 form a phase-locked loop. That is,
      the signal Em(t) is applied to the phase comparator 5 through the phase
      shifter 4 and an output signal from the voltage controlled oscillator 7 is
      also applied to the phase comparator 5. The comparator 5 compares the
      phase of the applied signals and applies an output signal through the low
      pass filter 6 to the oscillator 7 as a control signal for the oscillator.
      Thus, the voltage controlled oscillator 7 produces an oscillation signal
      which has the same frequency as the signal Em(t) from the phase shifter 4,
      that is, the signal Eo(t). The signal Eo(t) is applied to the multiplier 3
      which then produces the signal Ep(t) which is the product of the signals
      Em(t) and Eo(t). This signal Ep(t) is applied to a low pass filter 8 which
      delivers the original signal S(t) to an output terminal 9. In the
      illustrated embodiment of the invention, a control 10 is provided between
      the IF amplifier 2 and the phase shifter 4 for controlling the level of
      the input signal (modulated signal) in accordance with a tuning operation.
PAR  Another embodiment of of the invention is shown in FIG. 2 in which parts
      corresponding to those of FIG. 1 are identified by corresponding reference
      numerals. In the embodiment of FIG. 2, the control 10 is a variable
      attenuator which is inserted in to path of the signal Em(t) between the IF
      amplifier 2 and the phase shifter 4 or the phase comparator 5. This
      variable attenuator includes a resistor 11 connected in series between the
      output terminal of the IF amplifier 2 and the input terminal of the phase
      shifter 4. The attenuator also includes a resistor 12 connected between
      the input terminal of the phase shifter 4 and ground, and a switch 13
      connected in parallel with the resistor 11.
PAR  In the embodiment in FIG. 2, when a tuning operation is carried out, the
      switch 13 is opened, as shown. Thus, the level of the signal Em(t) applied
      from the IF amplifier 2 to the phase shifter 4 or phase comparator 5 is
      attenuated by the resistors 11 and 12. Accordingly, both the capture range
      and the lock range are narrowed. The capture range represents a frequency
      range in which the oscillation frequency of the voltage controlled
      oscillator 7 is brought into synchronous operation by an input signal to
      the phase comparator 5, and the lock range represents a frequency range in
      which the phase-locked loop remains phase-locked, but outside of which it
      is released from the locked condition. Accordingly, by narrowing the
      ranges by means of the attenuator 10, it is possible, even in the case
      where two broadcasting signals are present in close frequencies, for a low
      level broadcasting signal to be received without having control of the
      voltage-controlled oscillator 7 captured by a high level broadcasting
      signal. Further, since the capture range is narrowed, the tuning operation
      is achieved at a correct tuning point.
PAR  After the tuning operation has been carried out, the switch 13 is closed.
      Then, the signal Em(t) will no longer be attenuated by the resistors 11
      and 12 in level but will be applied to the phase shifter 4 at its original
      amplitude. Such level shown by Eb in FIG. 3. As a result, the lock range
      will be wide again, and hence the broadcasting signal to which the circuit
      is locked can be stably received even if the local oscillation frequency
      is changed. In other words, the tuning operation can be correctly carried
      out without having to exercise extreme care in operating the tuning
      control in the input, or front end, circuit 1, and the reception after the
      tuning operation will be stable. In addition, the circuit for achieving
      this result is simple in construction and is inexpensive.
PAR  FIG. 4 shows a further embodiment of the invention in which the reference
      numerals corresponding to those used in FIGS. 1 and 2 indicate the
      corresponding elements. In the embodiment of FIG. 4, in place of the
      resistor 12 shown in FIG. 2, the collector-emitter of a transistor 15,
      which is one type of variable impedance element, is used, and a rectifier
      circuit 21 is connected between the IF amplifier 2 and the base of the
      transistor 15. The rectifier 21 receives the signal Em(t) from the IF
      amplifier 2 and produces an output signal with a low level when the signal
      Em(t) has a high level. Conversely, the output signal of the rectifier has
      a high level when the signal Em(t) has a low level. The output signal of
      the rectifier 21 is applied to the base of the transistor 15.
PAR  With the embodiment shown in FIG. 4, since the level of the signal Em(t) is
      zero or low when the receiver is not tuned to an incoming signal but is
      undergoing a tuning operation, the level of the output signal from the
      rectifier 21 will be high and hence the impedance between the collector
      and emitter of the transistor 15 will be low. As a result, the level of
      the signal Em(t) applied through the resistor 11 to the phase shifter 4
      will be high and the capture range will be narrow. Thus, the tuning
      operation can be performed easily and accurately. On the other hand, when
      a signal is tuned in, the level of the signal Em(t) will become high and
      the level of the output signal from the rectifier 21 will become low,
      causing the impedance between the collector and emitter of the transistor
      15 to become high and the level of the signal Em(t) applied through the
      resistor 11 to the phase shifter 4 to be kept high with the result that
      the lock range becomes wide and, consequently, the signal reception is
      stable.
PAR  The impedance between the collector and emitter of the transistor 15 is
      controlled in response to the level of the signal Em(t) from the IF
      amplifier 2 and hence the level of the signal Em(t) applied to the phase
      shifter 4 is made substantially constant regardless of the level of the
      received signal. As a result, the capture range becomes substantially
      constant and the tuning control in the front end circuit 1 is easier to
      use.
PAR  In place of the circuits 1 and 2 a high frequency amplified circuit and a
      tuning circuit may be provided to apply a high frequency signal to the
      multiplier 3 and the attenuator 10 and to apply a bias voltage with a
      level in response to a received frequency to the oscillator 7 as its
      control signal, thereby making the oscillation center frequency coincide
      with the received frequency.
PAR  A further embodiment of the invention will be described with reference to
      FIG. 5 in which the elements corresponding to those used in FIGS. 1, 2,
      and 4 are identified by corresponding reference numerals. In the
      embodiment of FIG. 5 a band pass filter 16 is connected in the signal path
      of the signal Em(t) between the IF amplifier 2 and the phase shifter 4 or
      the phase comparator 5. The filter 16 has a narrow pass band which may
      permit a signal with an angular frequency .OMEGA..sub.c to pass through.
PAR  With the embodiment of FIG. 5, even if a crosstalk signal component (beat
      component) is contained in the signal Em(t) from the IF amplifier 2, the
      phase comparator 5 is supplied by the band pass filter 16 with only a
      carrier component of the angular frequency .OMEGA..sub.c. As a result, the
      oscillator 7 produces only the signal Eo(t) with the angular frequency
      .OMEGA..sub.c to be applied to the multiplier 3. Thus, even if some
      crosstalk component is contained in the signal Em(t) applied from the IF
      amplifier 2 to the multiplier 3, this crosstalk component is not
      demodulated with the signal Eo(t). As a result, the signal S(t) obtained
      at the terminal 9 is free from crosstalk.
PAR  Thus, it will be apparent that when the band pass filter 16 is provided, as
      in the case of FIG. 5, demodulation without crosstalk is carried out. In
      addition, if the band of the IF amplifier 2 is made wide, the band of the
      signal Em(t) applied from the IF amplifier 2 to the multiplier 3 is not
      limited and hence the high frequency component of the demodulated signal
      S(t) is not attenuated so that the sounds are not deteriorated. Since only
      the band pass filter 16 is added for this purpose, the construction is
      rather simple and inexpensive.
PAR  FIGS. 6 and 7 are graphs showing measured two-signal jamming, or
      interference, characteristics. The graph of FIG. 6 shows the circuit
      response when the band pass filter 16 is not used, while the graph of FIG.
      7 shows the case when the band pass filter 16 is used. The graphs show the
      result which is measured as follows: Firstly, the modulated desired signal
      Em(t) is applied with a predetermined amplitude or level (for example,
      90dB/m) and the level of the signal S(t) at that time is taken as a
      reference level (0dB in the ordinate of the graphs). The input level of
      the signal Em(t) is chosen for the parameters (60, 75 and 90db) in the
      graphs. Next, the modulation of the signal Em(t) is cut off and then the
      modulated jamming signal is applied. The frequency difference between the
      jamming signal and the signal Em(t) at this time is shown on the abscissa
      of the graph in KHz. The input level of the jamming signal is adjusted so
      as to lower the demodulated level of the jamming signal by a certain S/N
      ratio (in the illustrated graph, -30dB). The ratio between the input level
      of the jamming signal and the input level (90dB/m) of the desired signal
      at this time is plotted for the ordinate. Thus, the graphs shown in FIGS.
      6 and 7 are obtained.
PAR  By way of example, in the graph of FIG. 6, if the input level of the
      desired signal Em(t) is 90dB/m and the frequency of the jamming signal is
      +20KHz, the input level of the jamming signal is smaller than that of the
      desired signal Em(t) by 3dB. Accordingly, the input level of the jamming
      signal is 87dB/m in this case. In other words, if the band pass filter 16
      is not provided, when the input level of the desired signal Em(t) is
      90dB/m, the S/N ratio of 30dB is obtained even if the input level of the
      jamming signal separated from the desired frequency by only +20KHz is
      87dB/m.
PAR  However, if the band pass filter 16 is provided, it is apparent from the
      graph of FIG. 7 that when the input level of the desired signal Em(t) is
      90dB/m, the S/N ratio of 30dB is obtained, even if the input level of the
      jamming signal separated from the desired frequency by only +20KHz
      increases to 117dB/m. Including the band pass filter 16 in the circuit
      imprives the characteristics by 26dB/m. That is, when the band pass filter
      16 is employed, the two-signal interference characteristics are improved
      much, and the high frequency component of the demodulated signal S(t) is
      not deteriorate, and yet the circuit still is of simple construction.
PAR  If a band pass filter similar to the filter 16 is inserted in the signal
      path of the signal Eo(t) between the oscillator 7 and the phase comparator
      5, the two-signal interference characteristics can be improved still
      further.
PAR  It may be obvious that many modifications and variations could be effected
      by those skilled in the art without departing from the spirits and scope
      of the novel concepts of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A radio receiver with a phase-locked loop for a demodulator, said
      receiver comprising:
PA1  A. means for receiving a plurality of modulated carrier signals;
PA1  B. means for tuning to a predetermined one of the modulated carrier
      signals;
PA1  C. means for demodulating the predetermined carrier signal from said tuning
      means, said demodulating means comprising a phase-locked loop which
      includes a phase comparator, a low pass filter receiving the output from
      said comparator to provide a control voltage and a variable oscillator
      controllable by said control voltage, said phase comparator receiving said
      predetermined modulated carrier signal and the output signal of said
      variable oscillator, and means for synchronously detecting the output
      signal of said variable oscillator with said predetermined modulated
      carrier signal to produce a demodulated signal; and
PA1  D. means for controlling the amplitude of the predetermined modulated
      carrier signal received by said phase comparator in such a way that the
      capture range and lock range of said phase-locked loop are controlled in
      response to the tuning operation of said tuning means.
NUM  2.
PAR  2. A radio receiver with a phase-locked loop for a demodulator according to
      claim 1, wherein said controlling means comprises an attenuator to reduce
      the amplitude of the predetermined modulated carrier signal, as received
      by said phase comparator, when said tuning means is being tuned and to
      increase the amplitude of the modulated carrier signal, as received by
      said phase comparator, after said tuning means has been tuned to the
      predetermined modulated carrier signal.
NUM  3.
PAR  3. A radio receiver with a phase-locked loop for a demodulator comprising:
PA1  A. means for receiving a plurality of modulated carrier signals;
PA1  B. means for tuning to a predetermined one of the modulated carrier
      signals;
PA1  C. synchronous detecting means comprising a multiplier circuit and a low
      pass filter receiving the output of said multiplier circuit for
      demodulating an audio output signal from the predetermined modulated
      carrier signal in accordance with the product of the modulated carrier
      signal and a reference carrier signal;
PA1  D. a phase locked loop including a phase comparator, a low pass filter
      receiving the output from said comparator to provide a control voltage and
      a variable oscillator controllable by said control voltage for producing
      said reference carrier signal, said phase comparator receiving said
      predetermined modulated carrier signal and said reference carrier signal
      from the variable oscillator so that the reference carrier signal is
      phase-locked to the center frequency of said predetermined modulated
      carrier signal; and
PA1  E. means for controlling the amplitude of the predetermined modulated
      carrier signal, as received by said phase comparator, to control the
      capture range and lock range of the phase-locked loop in response to the
      tuning operation of said tuning means.
NUM  4.
PAR  4. A radio receiver with a phase-locked loop for a demodulator according to
      claim 3, wherein said controlling means comprises an attenuator to reduce
      the amplitude of the predetermined modulated carrier signal, as received
      by said phase comparator, when said tuning means is being tuned, and to
      increase the amplitude of the predetermined modulated carrier signal, as
      received by said phase comparator, after the tuning operation has been
      performed.
NUM  5.
PAR  5. A radio receiver with a phase-locked loop for a demodulator according to
      claim 3, wherein said means for controlling the amplitude of the
      predetermined modulated carrier signal, as received by said phase
      comparator, comprises a rectifier to rectify the predetermined modulated
      carrier signal, and signal level control means controlled by the rectified
      signal from said rectifier.
NUM  6.
PAR  6. A radio receiver with a phase-locked loop for a demodulator according to
      claim 3, further comprising a band pass filter through which said
      modulated carrier signal is supplied to said phase comparator, said band
      pass filter being tuned in respect to an undesirable modulated signal to
      prevent said undesirable signal from being supplied to said variable
      oscillator.
NUM  7.
PAR  7. A radio receiver with a phase-locked loop for a demodulator according to
      claim 2, in which said modulated carrier signals are AM signals, and said
      means for synchronously detecting includes multiplying means for
      multiplying said predetermined modulated carrier signal by said output
      signal of the variable oscillator, and low pass filter means receiving the
      output of said multiplying means and passing only said demodulated signal
      therein.
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ABST
PAL  A noise-squelching circuit in which a phase-locked loop supplies an
      identifiable output signal that distinguishes between those times when the
      voltage-controlled oscillator in the loop is locked onto an incoming
      carrier, and those times when it is not. This identifiable signal controls
      a muting circuit to allow the information modulated onto the incoming
      carrier to pass through the muting circuit to an output terminal only when
      the loop is locked to an incoming signal but not when the loop is not
      locked onto a carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a noise-squelcing circuit for use with a signal
      receiving system that includes a phase-locked loop for demodulation of
      incoming modulated carrier signals. More particularly, the invention is
      directed to a noise-squelching circuit for an amplitude modulation (AM)
      receiver with a phase-locked loop to provide a demodulation carrier, the
      loop also provides an output signal from a low pass filter to control a
      muting circuit and allow demodulated signals to pass through the muting
      circuit only when the signal from the filter indicates a phase-locked
      condition with respect to an incoming signal.
PAR  2. The Prior Art
PAR  AM receivers have been known heretofore in which a phase-locked loop is
      used as a demodulator. In such receivers a voltage controlled oscillator
      included in the phase-locked loop produces a reference carrier signal that
      is locked to the frequency of an incoming modulated carrier signal. The
      reference carrier signal is applied to a synchronous detector with the
      modulated carrier signal to effect demodulation of the incoming signal. It
      has also been known to provide a muting circuit in such receivers to mute
      the noise that would otherwise pass through the demodulator as the
      receiver was being tuned from one station to another. Such muting circuits
      have been provided at the demodulated output signal side of the
      demodulator and have been controlled by a signal obtained by rectifying
      the intermediate frequency (IF) signal in the receiver. However, such
      circuits cannot positively discriminate between a noise signal in the IF
      amplifier and an information signal. Furthermore, it is not easy to adjust
      the muting level of the muting circuit due to the fact that the level
      adjustment cannot be done smoothly.
PAR  Accordingly, it is one object of the present invention to provide a
      noise-squelching circuit that includes a phase-locked loop in the
      demodulation section of a receiver to provide an identifiable signal to
      control a muting circuit.
PAR  Another object of the invention is to provide an AM receiver with a
      demodulator that includes a phase-locked loop that produces a reference
      carrier signal for synchronous detection of an incoming signal and further
      includes a low pass filter that produces an identifiable output signal for
      use as a muting signal when the loop is in phase-locked condition with
      respect to an incoming carrier signal.
PAR  Further objects, features, and advantages of the present invention will be
      apparent from the following description taken in connection with the
      accompanying drawing.
PAC  SUMMARY OF THE INVENTION
PAR  IN accordance with the invention a phase-locked loop that includes a phase
      comparator, a voltage-controlled oscillator, and a low pass filter is
      connected to receive an incoming carrier signal at the phase comparator.
      In the customary way, the voltage-controlled oscillator is locked in step
      with the incoming carrier signal by means of a signal produced by the
      phase comparator and filtered by the low pass filter. The locked signal
      from the voltage-controlled oscillator is used as a local carrier signal
      and applied to a synchronous detector to detect the incoming modulated
      signal. The detected signal is filtered and applied to a muting circuit to
      control the latter to allow signals to pass therethrough only when the
      output signal of the filter is such as to indicate that the loop is in
      phase-locked condition. The output signal of the filter may be amplified
      and detected and its amplitude compared with a standard voltage to improve
      the control of the muting circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing an embodiment of a noise-squelching
      circuit based on an AM receiver and incorporating the features of the
      present invention.
PAR  FIG. 2 is a graph used for explanation of the circuit in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before describing the present invention, the use of a phase-locked loop
      (PLL) in an AM receiver will be described.
PAR  If it is assumed that a carrier signal is expressed as A.sub.c cos
      (.OMEGA..sub.c t + .theta..sub.c), and a modulating signal by the
      expression S(t), an amplitude modulated signal E.sub.m (t) may be
      expressed as follows:
EQU  E.sub.m (t) = A.sub.c [1 + S(t)]  cos (.OMEGA..sub.c t + .theta..sub.c)(1)
PAR  A reference carrier signal for synchronous detecting of the signal E.sub.m
      (t) is E.sub.o (t) = A.sub.o cos (.OMEGA..sub.o t + .theta..sub.o), and
      the product E.sub.p (t) of the reference carrier signal E.sub.o (t) and
      the carrier signal E.sub.m (t) is expressed as follows:
EQU  Ep(t) = E.sub.o (t) X E.sub.m (t) = 1/2 A.sub.c A.sub.o [1 + S(t)][cos
      (.OMEGA..sub.c + .OMEGA..sub.o)t + .theta..sub.c + .theta..sub.o + cos
      (.OMEGA..sub.c -.OMEGA..sub.o)t + .theta..sub.c - .theta..sub.o ](2)
PAR  In equation (2), if .OMEGA..sub.c = .OMEGA..sub.o, the product E.sub.p (t)
      in equation (2) becomes:
EQU  E.sub.p (t) = 1/2 A.sub.c A.sub.o [1 + S(t)] cos (2.OMEGA..sub.c t +
      .theta..sub.c + .theta..sub.o) + 1/2 A.sub.c A.sub.o cos (.theta..sub.c -
      .theta..sub.o) + 1/2 A.sub.c A.sub.o S(t) cos (.theta..sub.c -
      .theta..sub.o)                                            (3)
PAR  In equation (3) the first term is an AM signal component with an angular
      frequency of 2.OMEGA..sub.c, the second term is a DC component, and the
      third term includes the original signal S(t).
PAR  If the product signal E.sub.p (t) is passed through a low pass filter that
      does not pass DC, the first and second terms can be eliminated so that the
      product signal E.sub.p (t) can be expressed by the following equation:
EQU  E.sub.p (t) = 1/2 A.sub.c A.sub.o S(t) cos (.theta..sub.c - .theta..sub.o)
      = k.S(t)                                                  (4)
PAL  where k = 1/2 A.sub.c A.sub.o cos (.theta..sub.c - .theta..sub.o), which is
      a constant. Thus, the original modulating signal S(t) can be derived from
      the low pass filter. This corresponds to saying that if the AM signal
      E.sub.m (t) is multiplied by the signal E.sub.o (t) that has a frequency
      equal to the angular frequency .OMEGA..sub.c of the carrier, and if the
      product signal E.sub.p (t) is passed through a low pass filter, the
      original modulating signal S(t) can be recovered, or demodulated, from the
      carrier.
PAR  FIG. 1 shows an embodiment of an AM receiver with a phase-locked loop to
      provide a local carrier for demodulation by means of synchronous detection
      and to provide a signal for controlling a muting circuit. The receiving
      system has an input terminal 1 to which a modulated carrier signal is
      applied, normally at the IF signal frequency. This incoming signal, which
      is the amplitude modulated signal E.sub.m (t), is applied to a multiplier
      circuit, or synchronous detector, 2 and to an amplitude limiter 3. By
      virtue of the limiting operation, the output signal of the limiter 3
      includes the carrier frequency component at a substantially constant
      amplitude. The limiter 3 is connected to a phase shifter 4, the output of
      which is connected to a phase comparator 5 in a phase-locked loop 20. The
      output signal of the phase comparator 5 is connected to a low pass filter
      6 that supplies this signal in filtered form to a voltage-controlled
      oscillator 7. The output of the oscillator 7 is connected to the phase
      comparator 5 and to the synchronous detector 2, as the signal E.sub.o (t).
      By virtue of the standard locking operation of the loop 20, the signal
      from the oscillator 7 has the same frequency as the signal E.sub.m (t),
      and the product of these signals in the synchronous detector 2 produces a
      product signal E.sub.p (t) to be applied to a low pass filter 8.
PAR  The output signal of the low pass filter 6 is also connected to an
      amplifier 9 in a control circuit 30. The amplifier 9 is connected to a
      detector 10 and the detector is connected to a voltage comparison circuit
      11. The output of the voltage comparison circuit 11 is connected to a
      muting circuit 12 that also receives the demodulated, filtered signal from
      the low pass filter 8.
PAR  The muting circuit 12 is connected between the filter 8 and an output
      terminal 13.
PAR  As the tuning of the receiver is changed in the customary way from the
      frequency of one station to another, the loop 20 is not in phase-locked
      condition because there is no incoming information signal between
      stations, only noise signals. However, when the receiver is tuned to the
      frequency of the next station, an incoming signal E.sub.m (t) is supplied
      with the angular frequency .OMEGA..sub.c of the carrier of the incoming
      signal. According to the standard operation of phase-locked loops, the
      voltage controlled oscillator 7 is captured by the carrier frequency
      .OMEGA..sub.c of the signal E.sub.m (t) so that the angular frequency
      .OMEGA..sub.c of the oscillator 7 is locked into the angular frequency of
      the carrier of the signal E.sub.m (t). The frequency range within which
      the oscillation of the voltage controlled oscillator 7 can be captured by
      the carrier frequency of the signal E.sub.m (t) is called the capture
      range and, as is shown in FIG. 2, is wider if the amplitude of the signal
      E.sub.m (t) applied to the phase comparator 5 is high than if it is low.
      FIG. 2 shows both the capture range and the lock range. As may be seen,
      the lock range is greater than the capture range and is the range of
      frequencies over which the voltage controlled oscillator 7 will remain in
      lock once it has been captured.
PAR  If the phase-locked loop 20 is locked as a result of having the receiver
      tuned to an incoming carrier signal, no output signal is available from
      the low pass filter 6 because there is no phase difference between the
      incoming carrier signal and the signal from the oscillator 7. As a result,
      there is no signal through the amplifier 9 and the detector 10, and so the
      voltage comparison circuit 11 produces no output signal to make the muting
      circuit 12 nonconductive. Accordingly, the demodulated information signal
      from the incoming carrier as produced by the synchronous detector 2 and
      filtered by the low pass filter 8 is transmitted through the muting
      circuit 12 to the output terminal 13.
PAR  When the phase-locked loop 20 is not in its locked condition, there is a
      different signal condition at the output of the low pass filter 6. This
      different signal condition may be a beat signal between the signal of the
      oscillator 7 prior to locking and the incoming signal applied to the input
      terminal 1 and passed through the limiter 3 and phase shifter 4 to the
      phase comparator 5. The beat signal is amplified by the amplifier 9 and
      detected by the detector 10 and applied to the voltage comparator 11. When
      the signal applied to the voltage detector 11 exceeds a predetermined
      value, it produces an output signal and applies this output signal to the
      muting circuit 12 to make the latter nonconductuve to signals from the low
      pass filter 8 so that such signals cannot reach the output terminal 13. In
      the absence of the locked state, the only signal that would be present at
      the terminal 13 would be a noise signal, which it is desired to squelch.
PAR  The amplitude limiter 3 causes the carrier signal component of the incoming
      signal to have a constant amplitude so that there is no modulated
      component in the output signal of the low pass filter 6. As a result,
      noise is eliminated in a stable manner when the receiver is de-tuned from
      a station. The limiter 3 also allows the capture and lock ranges of the
      phase-locked loop 20 to be constant and independent of the field strength
      of the incoming signals. This makes the tuning operation smoother.
      Furthermore, since the level of the modulated level applied to the
      phase-locked loop 20 is made constant, the output level of the signal from
      the phase-locked loop 20 does not vary with the strength of the incoming
      signal at the terminal 1. Thus, the muting level can be easily set.
PAR  Although this invention has been described with relation to a specific
      embodiment, it will be apparent to those skilled in the art that other
      embodiments can be used without departing from the true scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A noise-squelching circuit comprising:
PA1  A. receiving means for receiving a modulated carrier signal within a
      predetermined frequency band;
PA1  B. a phase-locked loop comprising a phase comparator, a low pass filter,
      and a voltage-controlled oscillator, said oscillator being controlled by
      an output signal from said filter to provide a carrier signal having a
      predetermined frequency related to the frequency of said modulated carrier
      signal when a modulated carrier signal is applied to said phase
      comparator;
PA1  C. a demodulated signal path; and
PA1  D. a muting circuit connected to said filter to be controlled by the output
      signal thereof and connected to said signal path to permit the passage of
      signals along said path only in response to a predetermined output signal
      level from said filter corresponding to a phase-locked condition of said
      loop.
NUM  2.
PAR  2. The noise-squelching circuit of claim 1 in which said demodulated signal
      path comprises a synchronous detector connected to said receiving means
      for receiving a modulated carrier signal and connected to said
      voltage-controlled oscillator to receive a reference carrier signal
      therefrom to produce a demodulated output signal.
NUM  3.
PAR  3. The noise-squelching circuit of claim 2 in which said receiving means
      comprises a phase-shifting circuit having an output connected to said
      phase comparator to transmit said amplitude modulated carrier signal to
      said comparator to equalize the phase difference between the modulated
      carrier signal and the reference carrier signal from said volage
      controlled oscillator.
NUM  4.
PAR  4. The noise-squelching circuit of claim 2 comprising, in addition:
PA1  A. an amplitude detector connected to said low pass filter to be energized
      by output signals therefrom; and
PA1  B. a voltage comparison circuit connected to said amplitude detector to
      compare the output voltage thereof with a standard voltage to produce a
      muting control signal, said voltage comparison circuit being connected to
      said muting circuit to apply said control signal thereto.
NUM  5.
PAR  5. The noise-squelching circuit of claim 2 comprising, in addition, a
      second low pass filter connected to the output of said synchronous
      detector.
NUM  6.
PAR  6. The noise-squelching circuit of claim 2 in which said receiving means
      comprises an amplitude limiter having an output connected to said phase
      comparator to transmit said amplitude modulated carrier signal to said
      comparator at a substantially constant level, whereby the output signal of
      said low pass filter can maintain a substantially constant level in the
      phase-locked condition of said loop.
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PAL  Received signal is filtered by a filter tuned to a predetermined harmonic
       the modulation frequency lying outside of the modulation region of the
      received signal. Such harmonic results from modulation distortion due to
      multipath reception. Output of filter is irregularly occurring pulse
      sequence which is converted to a constant signal which in turn energizes
      an indicator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and arrangement for indicating multipath
      reception in a high frequency receiver receiving frequency modulated mono
      and/or stereophonic signals. In such a receiver, a frequency discriminator
      has an output from which, because of modulation distortion resulting from
      multipath reception, a signal indicating such multipath reception may be
      derived.
PAR  A known solution to this problem is based on phase modulation resulting
      from multipath reception. Such multipath reception causes a phase
      variation which results in a greater low frequency output voltage from the
      ratio detector then does the maximum frequency variation of 75kHz present
      in the transmitted signal.
PAR  However, in the above-mentioned type of arrangement, phase modulation
      resulting from pulse interference and through remainders of AM signal
      which are not sufficiently suppressed when the input voltages are small,
      are also indicated. This indication results for all frequencies which lie
      within the transmission band (0 to at least 53 kHz).
PAR  Another known method utilizes the amplitude modulation resulting from
      multipath reception. In this method, care must be taken that the
      synchronous characteristic amplitude modulation resulting from damping in
      the intermediate frequency amplifier during the transmission of frequency
      modulated oscillations does not enter into the indication. This means that
      the intermediate frequency amplifier must have a constant amplification at
      least within the region of the modulation spectrum.
PAR  It is a disadvantage of the above-explained method that AM interference is
      indicated which is not caused by multipath reception. Furthermore, if the
      indicator is to indicate the degree of modulation resulting from multipath
      amplitude modulation, a variable gain amplifier must precede the
      indicator. This variable gain amplifier must furnish a substantially
      constant output voltage for rectification of input voltages ranging from
      the smallest to the largest possible VHF antenna voltage. In simpler
      indicating circuits which do not indicate the intensity of the multipath
      amplitude modulation, the low frequency voltage required for the indicator
      is generally derived by rectification from each stage of the intermediate
      frequency amplifier. The resulting low frequency voltages are then
      furnished to the indicator by way of an adder. Thus the indicator is
      effective over the whole range of antenna input voltages.
PAC  SUMMARY OF THE INVENTION
PAR  In the method and arrangement of the present invention, it is assumed that
      the radiated modulation signal for monaural reproduction emcompasses the
      usual range of at the most zero to 15 kHz and for stereo reproduction the
      range of 0 to 15 kHz, 23 to 53 kHz, and including a pilot tone of 19 kHz.
      The modulation signal is distorted through phase modulation resulting from
      the simultaneous presence of signals received both on the direct path and
      in the indirect path. The mono or stereo receiver which receives the
      frequency modulated signals has a frequency discriminator. A signal is
      filtered from this discriminator which lies outside of the modulation
      region of the received signal and is a harmonic of a modulation frequency.
      This harmonic usually and preferably appears as an irregular pulse
      sequence. This irregular pulse sequence is converted to a substantially
      steady signal which indicates the modulation distortion resulting from
      multipath reception on an indicator.
PAR  In theory, any harmonic which is not within the region of the modulation
      band being transmitted, may be used for this purpose. That is, any
      harmonic lying between 15 and 18 kHz, 20 through 23 kHz and above 53 kHz,
      may be utilized for this purpose.
PAR  Since a multipath indicator in accordance with the present invention would
      only be used for extremely high qualitity, modern hi-fi receivers, it can
      further be assumed that an AM suppression of more than 60 dB, a
      characteristic coefficient of non-linear distortion of less than 0.5% as
      well as a negligible characteristic phase modulation resulting through
      amplitude modulation, is present in the equipment. Under these conditions,
      the method and arrangement of the present invention has a number of
      advantages:
PAR  The low frequency signals appearing at the output of the FM demodulator in
      the empty frequency ranges almost always are the result of distortion due
      to multipath reception. The magnitude of these signals is therefore a
      direct measure of the subjective effect and the strength of the perceived
      distortion.
PAR  The indicator can be made sufficiently sensitive that, for a correct
      amplification, distortions through multipath reception of approximately 1%
      can be indicated, that is, the indication approaches that of the
      coefficient of non-linear distortion of the receiver itself.
PAR  The distortion, which increases with increasing difference between the
      direct and the indirect path length, also increases proportionally with
      the modulation frequency. Therefore, the amount of distortion is dependent
      upon the height of the modulation frequency. Therefore, for a small
      difference in path length between the direct and the indirect path and
      during the transmission of low to medium modulation frequencies, no
      perceivable distortion results. Therefore, the filtering of harmonics of
      higher frequencies which fall into the gaps in the modulation frequency
      spectrum, cause an indication which corresponds to the actual perceived
      distortion.
PAR  If, as is the case in high qualitity receivers, the low frequency output
      voltage of the discriminator remains constant for a predetermined range of
      antenna signals ranging from the smallest to the largest signal to be
      received, then the interference voltage caused by multipath reception may
      be compared to the normal low frequency of the output voltage of the
      discriminator and the percentage of interference voltage may be indicated
      as a coefficient of distortion on suitable indicator means.
PAR  Since the signal which is to furnish the indication is derived from the
      output of the frequency discriminator, the high frequency part of the
      receiver (intermediate frequency) is left untouched. The arrangement in
      accordance with this invention can be packaged as a unit and can be
      inserted into any suitable receiver.
PAR  The indicator signal is derived prior to de-emphasis or to the stero
      decoder, so that a relatively high signal to noise level exists for the
      subsequent high amplification. If this were not the case, the
      amplification of the indicator amplifier would have to be considerably
      higher, for example for 17 kHz it would have to be approximately 15 dB
      higher. Furthermore, corresponding to the de-emphasis curve, the selection
      between, for example, 17 kHz and 8.5 kHz, would be worsened. This would
      have to be at least 60 dB for an indication of a 1% coefficient of
      distortion.
PAR  Since the degree of distortion is increased for stereo reception relative
      to monaural reception, the indicator sensitivity can be increased
      automatically when stereo reception is being used, so that the indication
      coincides with the different distortion reception occuring between "mono"
      and "stereo" reception. Furthermore, the indicator circuit can be
      controlled by the received field strength in such a manner that for very
      weak field strength, the indicator does not operate. The indicator may
      also be prevented from operating in the presence of noise or interference
      frequencies occurring between the transmitted frequencies. Furthermore,
      the indicator sensitivity may be made dependent upon exact tuning to the
      carrier of the received signal thereby preventing distortion due to
      mis-tuning to the erroneously indicated as multipath reception.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of an arrangement, in accordance with the present
      invention;
PAR  FIG. 2 is a circuit showing pulse stretchers, in accordance with the
      present invention;
PAR  FIG. 3 shows another embodiment of a pulse stretcher;
PAR  FIG. 4 is a circuit diagram of the switching and indicator amplifiers; and
PAR  FIG. 5 is a circuit diagram showing the high input impedance stage 5, the
      selective amplifier 7 and detector 12a as shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments of the present invention will now be described
      with reference to the drawing.
PAR  FIG. 1 shows a first voltage divider means comprising a resistor 2, 3 and
      4, which are connected to the output of a frequency discriminator (not
      illustrated), via a capacitor 1. This voltage divider permits a selection
      of sensitivity for the circuit. A high input impedance stage 5 having a
      transistor 6 is connected to the output of the voltage divider by means of
      a capacitor. This stage has a high input impedance to prevent loading of
      the voltage divider and the output of the frequency discriminator. It is
      shown in more detail in FIG. 5. As this Figure illustrates, it comprises a
      transistor 6 having a collector connected to the positive supply terminal,
      an emitter connected to a reference potential, as for instance, ground, by
      means of a resistor. A voltage divider is connected from the positive to
      the reference terminal and has a voltage divider tap which is connected
      via a capacitor to the emitter of transistors 6 and by means of two series
      resistors to the base of transistor 6. The output of the voltage divider
      is fed to the common point of these two resistors by means of a capacitor.
PAR  The output of stage 5 is derived from the collector of transistor 6 and is
      fed to a selective amplifier stage 7. This amplifier, whose detailed
      circuit diagram is also shown in FIG. 5, serves to filter the 17 kHz
      harmonic which appeared due to multipath reception from the remainder of
      the signal and also serves to amplify this harmonic. The selection is
      accomplished by a selector filter 10. This filter comprises two parallel
      resonant circuits comprising, respectively, a capacitor C.sub.1 and an
      inductor L.sub.2, and a capacitor C.sub.2 and an inductor L.sub.3. These
      are connected by means of a capacitor. Both resonant circuits are tuned to
      a frequency of 17 kHz. Further present are inductivities L.sub.1 and
      L.sub.4, respectively, representing feedback coils deriving their signals
      from the first and second resonant circuits. Specifically, coil L.sub.1 is
      connected from ground via a resistance and a capacitor to the tap of a
      voltage divider connected from the positive terminal to ground. The base
      of transistor 8 is connected to this tap by means of a resistance, while
      its emitter is connected to ground via another resistance. The resistance
      values indicated on this and other drawings represent values found to
      operate satisfactorily in one particular embodiment but are not meant to
      limit the invention in any way.
PAR  Coil L.sub.4 is connected from ground to the emitter of a transistor 9 via
      a resistance. The base of transistor 9 is connected to the tank circuit of
      capacitor C.sub.2 and inductance L.sub.3 via a resistance and a capacitor,
      while the common point of said resistor and said capacitor is connected
      via a resistance to the voltage tap of still another voltage divider whose
      voltage divider tap is also connected to the emitter of transistor 9 via a
      capacitor. The collector of transistor 9 is connected to the positive
      terminal by means of a resistance. The mono/stereo switching voltage is
      applied to a collector of transistor 9. The high selection resulting from
      the use of amplifier 7 is required in order to prevent the operating
      frequencies (0-15 kHz, 19kHz, 23-53 kHz) from activating the multipath
      reception indicator. Further, the amplification of transistor 9 is
      increased by means of the mono/stero switching voltage applied at 11, in
      order to increase the sensitivity automatically for stereo reception.
PAR  The output signal is taken from the collector of transistor 9 and fed to
      stage 12a which, as shown in FIG. 5, comprises a detector stage which
      generates a DC voltage from the 17 kHz oscillations. This DC voltage is
      applied to pulse stretcher stage 13. It is the function of this pulse
      stretcher stage to prevent flickering of the indicator lamp during
      multipath reception. Since distortion during multipath reception is a
      function of frequency deviation, the 17 kHz oscillations tend to appear as
      only very short pulses during reception of for example speech or musical
      selections. The pulse stretcher stage 13 is so constructed that each pulse
      starts the pulse stretching anew. Thus for a pulse sequence with
      sufficiently high repetition frequency, the indicator lamp will glow
      steadily, while for short individual pulses, the lamp will light for a
      time determined by the pulse stretch stage. The particular embodiments of
      two pulse stretch stages will be described in detail below.
PAR  The pulse stretcher stage 13 is followed by the switching and indicator
      amplifier 17 which comprises transistors 18,19 and 20 and operates as a
      trigger circuit which only becomes operative when a DC voltage 21 causes
      the transistor 19 to be blocked. This, as previously explained, avoids
      having a multipath indication resulting from noise or interference
      frequencies during low high frequency received signal levels. A lamp 22 is
      arranged in the output circuit of transistor 20. This lamp serves as
      indicator.
PAR  Pulse stretcher stages of conventional design generally are embodied in
      monostable multivibrators which are switched to the unstable state by an
      input pulse and furnish at their output a rectangular pulse of
      predetermined length. Pulses which are applied to the input while the
      monostable multivibrator is in the unstable state do not exert any
      influence upon the length of the output pulse.
PAR  Even when the input pulses have a rapid repetition rate, the multivibrator
      returns into its stable state after a time interval determined by its own
      time constant and can only be switched back into the unstable state after
      another determined time interval depending upon its operating conditions.
PAR  For the present invention, it is desirable to construct a multivibrator
      which furnishes an output pulse of predetermined length in response to a
      short input pulse and which further is reset to the beginning of the time
      interval in the unstable state by each pulse reaching its input while it
      is in said unstable state. Therefore, if the pulse repetition frequency is
      greater than the inverse of the time interval for which the multivibrator
      is in the unstable state, the multivibrator will remain in the unstable
      state throughout the whole pulse sequence and will furnish a steady output
      signal for a time equal to the duration of the pulse sequence increased by
      the time interval in which the multivibrator is in the unstable state.
PAR  One embodiment of such as pulse stretcher stage is shown in FIG. 2. FIG. 2
      shows a circuit embodying a pulse stretch stage 13 (FIG. 1). The circuit
      shown in FIG. 2 has a first pnp transistor 14 to whose base the pulses are
      applied and a collector connected to the circuit point C which is one node
      of a .tau. section whose legs are resistors 34 and 36 and whose transverse
      member is a capacitor C which connects node C to node B. The emitter of
      transistor 14 is connected to the positive terminal of the power supply.
      Transistor 14 is hereinafter referred to as the third transistor and
      constitutes part of additional circuit means. A transistor 15, hereinafter
      referred to as a first transistor, has its collector connected to node B,
      its emitter connected to the positive terminal via a resistance 38 in
      parallel with a capacitance 37, while its base is connected to the
      positive terminal via a resistance 32 and via a resistance 33 to the
      output terminal denoted by A in FIG. 2. Further connected to this output
      terminal is the collector of the transistor 16 whose emitter is connected
      directly to the emitter of transistor 15. Transistor 16 is herein referred
      to as the second transistor. The output terminal A is connected to ground
      via a resistance 39. The base of transistor 16 is connected to terminal C
      via a resistance 36a.
PAR  In the quiescent condition, pnp transistor 16 is conductive, since
      transistor 14 is blocked and the base of transistor 16 is connected to
      ground via resistance 36 and 36a. The collector voltage of transistor 16
      (ptA) is then at a voltage only slightly less than the common emitter
      voltage of transistors 15 and 16. Thus the base voltage of transistor 15
      is positive relative to the emitter voltage, since this base voltage is
      derived from the voltage divider 32,33. Transistor 15 is blocked. A DC
      voltage appears at point A whose magnitude is determined by the
      relationship of resistors 38 and 39. Point B is connected to ground via
      resistance 34. If positive pulses or 17 kHz oscillations of sufficient
      amplitude are applied to the base of transistor 12 which is operating as a
      detector (FIG. 1), then this transistor becomes conductive causing pnp
      transistor 14 to become conductive also due to its base connection to
      resistors 30 and 31 which are in the collector circuit of transistor 12.
      Condenser 35 is then charged to the operating voltage via transistor 14
      and transistor 16 is blocked. The collector of transistor 16 (point A) is
      thus switched to essentially ground potential causing transistor 15 to be
      blocked via resistor 33. The voltage appearing at that point, point B, is
      a DC voltage whose magnitude in the symmetrical multivibrator shown in
      this Figure is again determined by the relationship of resistors 39 and
      38. After the input pulses have ceased (or the 17 kHZ oscillations have
      stopped), transistor 14 is again blocked and capacitor 35 discharges via
      resistance 36 until the voltage across it is such that transistor 16
      becomes conductive and the multivibrator switches back to its stable
      state. If however pulses or 17 kHz oscillations re-occur while the
      multivibrator is still in the unstable state (that is, during the
      discharge phase of capacitor 35), then capacitor 35 is recharged to the
      operating voltage and the pulse stretching process begins anew. The
      duration of the output pulse is derived, for example, from point A depends
      first upon the RC time constant (35/36) and further upon the base voltage
      required to cause transistor 16 to become conductive. The latter is
      determined by the emitter voltage which, for a conductive transistor 15,
      depends upon the relationship of the resistors 34 and 38. The lower the
      ratio of resistor 34 to resistor 38, the longer the length of the output
      pulses.
PAR  Pulses of negative polarity may be derived from circuit point A of FIG. 2,
      but positive pulses may be derived from point B of FIG. 2.
PAR  FIG. 3 shows a pulse stretching circuit which meets all the above
      requirements but requires considerably less equipment. However, this
      circuit does not furnish rectangular pulses at its output. Therefore, it
      is necessary that the indicator amplifier is a trigger circuit. This
      however does not actually require additional equipment since a trigger
      circuit is already available in the indicator amplifier in order to
      achieve the control of the indicator circuit based on the high frequency
      level of the received signal. This will be described further below.
PAR  FIG. 3 shows this above-described circuit. It comprises a first npn
      transistor 40 which operates as a detector. The pulses at 17 kHz
      oscillations are applied to its base, its emitter is connected to ground
      potential via a resistor 50, while its collector is connected to the
      positive terminal of the supply voltage via a resistance 41 and is further
      connected to the base of a second npn transistor 47 via a resistance 42.
      The collector of the transistor 47 is directly connected to the positive
      voltage terminal, while its emitter is connected to a first node C.sub.1
      of a .tau. section comprising a diode 49 in parallel with a resistance 44
      connecting the two legs comprising respectively a resistance 43 and a
      capacitor 48.
PAR  As mentioned above, transistor 40 operates as a detector, while transistor
      47 operates as an emitter-follower stage. In the absence of a signal at
      its base, transistor 40 is blocked and transistor 47 is conductive so that
      capacitor 48 charges to a percentage of the emitter voltage of the
      transistor 47 determined by the ratio of resistors 44,45 and 46. If now a
      17 kHz oscillation of sufficient amplitude is applied to the base of
      transistor 40, transistor 40 becomes conductive, transistor 47 blocks, and
      capacitor 48 discharges with a very short time constant via diode 49 and
      the low emitter output impedance of transistor 47. At the end of the
      oscillation or pulse at the input of transistor 40, this transistor again
      blocks causing transistor 47 to become conductive so that capacitor 48
      charges via the high ohmic resistance 44, diode 49 now being in the
      blocked direction. Therefore, a pulse appears at output A.sub.1 which is a
      negative pulse having a relatively steep leading edge and a slowly
      increasing trailing edge. This pulse must be converted into an exact
      switching pulse by the subsequent trigger circuit in the indicator
      amplifier. The length of these switching pulses depends upon the size of
      capacitor 48 and of resistors 44,45 and 46, the input resistance of the
      trigger circuit, the relationship of these various resistors, as well as
      upon the operating voltage and the sensitivity of the trigger. Since each
      input pulse occurring during the charging phase of capacitor 48 causes
      this capacitor to discharge again, the requirement is met that each
      incoming pulse starts the pulse stretching process over again.
PAR  The circuits shown in FIGS. 2, 3 and 5 need of course not be restricted to
      the particular types of transistors shown.
PAR  FIG. 4 is a circuit diagram showing the switching and indicator amplifier
      17 (FIG. 1). Transistors 18,19 and 20 are connected to the reference or
      ground potential via a common emitter resistance 23. A voltage 21, which
      depends upon the level of the high frequency received signal, is applied
      to the base of transistor 19. This transistor is blocked when the voltage
      21 is of sufficient magnitude. Transistor 18 is conductive in the
      quiescent condition, transistor 20 is blocked, and indicator lamp is
      extinguished. When a negative pulse as derived from point A of the circuit
      shown in FIG. 2 is applied to the base of transistor 18, this transistor
      is blocked causing transistor 20 to become conductive and the indicator
      lamp to light.
PAR  While the invention has been illustrated and described as embodied this
      specific circuitry, it is not intended to be limited to the details shown,
      since various modifications and circuit changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a frequency modulation receiver having discriminator means furnishing
      a discriminator output signal having a plurality of desired frequency
      signals in the absence of multipath reception and at least one harmonic of
      one of said desired frequency signals in the presence of multipath
      reception, the frequency of said harmonic differing from the frequencies
      of said desired frequency signals, an arrangement for furnishing an
      indicator signal indicative of said multipath reception, comprising, in
      combination, narrow bandwidth filtering means connected to said
      discriminator means for passing said harmonic when present, while
      rejecting signals of frequencies both higher and lower than said harmonic,
      thereby furnishing filtered harmonic signals occuring only during
      multipath reception, said narrow bandwidth filtering means comprising
      selective amplifier means tuned to a frequency between 15 kHv and 19 kHv;
      indicator means connected to said narrow bandwidth filtering means for
      furnishing said indicator signal in response to said filtered harmonic
      signals; further comprising rectifier means connected to said narrow
      bandwidth filtering means, for furnishing a pulse sequence in response to
      said filtered harmonic signals; and converter means connected between said
      rectifier means and said indicator means for converting said pulse
      sequence into a substantially constant voltage for activating said
      indicator means.
NUM  2.
PAR  2. An arrangement as set forth in claim 1, further comprising means for
      changing the amplification of said selective amplifier means as a function
      of mono or stereo reception.
NUM  3.
PAR  3. In a frequency modulation receiver having discriminator means furnishing
      a discriminator output signal having a plurality of desired frequency
      signals in the absence of multipath reception and at least one harmonic of
      one of said desired frequency signals in the presence of multipath
      reception, the frequency of said harmonic differing from the frequencies
      of said desired frequency signals, an arrangement for furnishing an
      indicator signal indicative of said multipath reception, comprising, in
      combination, narrow bandwidth filtering means connected to said
      discriminator means for passing said harmonic when present, while
      rejecting signals of frequencies both higher and lower than said harmonic,
      thereby furnishing filtered harmonic signals occuring only during
      multipath reception; indicator means connected to said narrow bandwidth
      filtering means, for furnishing said indicator signals in response to said
      filtered harmonic signals; further comprising rectifier means connected to
      said narrow bandwidth filtering means, for furnishing a pulse sequence in
      response to said filtering harmonic signals; and converter means connected
      between said rectifier means and said indicator means for converting said
      pulse sequence into a substantially constant voltage for activating said
      indicator means, said converter means comprising pulse stretch means
      including monostable multivibrator means having a stable and an unstable
      state, and time constant means determining the time interval said
      monostable multivibrator means remain in said unstable state, and
      additional circuit means for restarting said time constant means in
      response to subsequent pulses in said pulse sequence thereby causing said
      monostable multivibrator means to remain in said unstable state for a time
      corresponding to the duration of said pulse sequence.
NUM  4.
PAR  4. An arrangement as set forth in claim 3, wherein said monostable
      multivibrator means comprise a voltage source having a positive terminal
      and a ground terminal; a first transistor having an emitter connected to
      said positive terminal by means of a resistor; a collector connected to
      said ground terminal by means of a second resistor; a base connected to
      said positive terminal by means of a third resistor and further connected
      to a first output terminal by means of a fourth resistor; wherein said
      time constant means comprise a series-resistor circuit connected from said
      collector of said first transistor to said ground terminal and having a
      common point; and wherein said monostable multivibrator means further
      comprise a second transistor having an emitter connected to the emitter of
      said first transistor, a collector connected to said output terminal, and
      to said ground terminal via a fifth resistor, and a base connected to said
      common point via a sixth resistor.
NUM  5.
PAR  5. In a frequency modulation receiver having discriminator means furnishing
      a discriminator output signal having a plurality of desired frequency
      signals in the absence of multipath reception and at least one harmonic of
      one of said desired frequency signals in the presence of multipath
      reception, the frequency of said harmonic differing from the frequencies
      of said desired frequency signals, an arrangement for furnishing an
      indicator signal indicative of said multipath reception, comprising, in
      combination, narrow bandwidth filtering means connected to said
      discriminator means for passing said harmonic when present, while
      rejecting signals of frequencies both higher and lower than said harmonic,
      thereby furnishing filtered harmonic signals occurring only during
      multipath reception; indicator means connected to said narrow bandwidth
      filtering means, for furnishing said indicator signals in response to said
      filtered harmonic signals; further comprising rectifier means connected to
      said narrow bandwidth filtering means for furnishing a pulse sequence in
      response to said filtered harmonic signals, said converter means
      comprising pulse stretch means including a charging capacitor, and further
      circuit means for discharging said capacitor rapidly in response to each
      pulse in said pulse sequence and charging said capacitor slowly in the
      absence of pulses in said pulse sequence; and converter means connected
      between said rectifier means and said indicator means for converting said
      pulse sequence into a substantially constant voltage for activating said
      indicator means.
NUM  6.
PAR  6. An arrangement as set forth in claim 5, wherein said further circuit
      means comprise a detector circuit connected to receive said pulse sequence
      and having a detector output; a voltage source having a positive terminal
      and a ground terminal; an emitter-follower stage having a fourth
      transistor, said fourth transistor having a base connected to said
      detector output, a collector connected to said positive terminal, and an
      emitter connected to said ground terminal by means of a second resistor
      and further connected to said ground terminal by means of a third voltage
      divider means having a first voltage divider tap constituting a pulse
      stretch output terminal and a second voltage divider tap; wherein said
      charging capacitor is connected from said second voltage divider tap to
      said ground terminal; wherein said second voltage divider tap is connected
      to the emitter of said fourth transistor by means of a diode.
NUM  7.
PAR  7. An arrangement as set forth in claim 6, wherein said detector circuit
      comprise a fifth transistor having a collector connected to said positive
      terminal by means of a ninth resistor, an emitter connected to said ground
      terminal by means of a tenth resistor, a base connected to said ground
      terminal by means of fourth voltage divider means having a voltage divider
      tap; and capacitor means coupling said voltage divider tap to the output
      of said collector filtering means.
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PAL  An automatic fine tuning defeat circuit disables the application of an
      automatic fine tuning or automatic frequency control correction voltage to
      the voltage-controlled tuners of a television receiver during switching
      from one channel to another. The tuning voltage for a selected channel is
      coupled in series with the automatic frequency control voltage to provide
      a composite tuning voltage for the tuners. During a channel change, a
      switch is rendered conductive to shunt or short-circuit the output of the
      automatic frequency control circuit, thereby rendering its output
      ineffective for control of the tuners during channel change. Upon
      completion of the channel change, the automatic frequency control circuit
      output voltage again is applied in series with the tuning voltage to form
      the composite tuning voltage for the tuners.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most television receivers include automatic frequency control (AFC) or
      automatic fine tuning (AFT) systems for maintaining the fine tuning of the
      receiver for a selected channel during the operation of the receiver,
      thereby improving the quality of the received picture. These systems are
      particularly desirable in color television receivers where relatively
      slight mistuning can result in a loss of the color portion of the picture
      or in distortion of the color portion.
PAR  A problem exists with AFC or AFT systems, however, during changing of the
      tuning of the receiver from one channel to another. It is possible for the
      AFC circuit to lock to a frequency other than the desired frequency for
      the new channel, and no useable picture or sound will be reproduced. This
      condition is called "lock-out". Because of this, it is often desirable to
      disable the AFC circuits during channel change. In the past this has been
      accomplished by an AFC defeat switch operated by the mechanical motion of
      the television tuner shaft during the channel change. Other techniques
      used with remote control receivers have sensed the operation of the remote
      control tuning motor to defeat or remove the AFC voltage during the
      channel changing.
PAR  The advent of electronic tuning, however, has resulted in a situation where
      mechanical motion is not necessarily present during a channel change.
      Electronic tuning systems can use rotary switches similar to those
      previously used in television receivers for effecting channel change, but
      this is not necessary. As a consequence, it is desirable to disable the
      AFC or AFT circuit during channel change in an electronically tuned
      receiver in response to a condition of the tuning voltage which occurs
      during such channel change. Then AFC defeat would not be dependent upon
      mechanical movement for its operation, but would operate directly in
      response to the condition of the tuning voltage for the receiver.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved
      system to disable the automatic frequency control circuit of a wave signal
      receiver during changes in the tuning of the receiver.
PAR  It is an additional object of this invention to provide an improved
      automatic frequency control defeat system.
PAR  It is another object of this invention to provide an improved tuning system
      for an electronically tuned receiver.
PAR  It is a further object of this invention to provide an AFC defeat system
      which is operated in response to variations in the tuning voltage for an
      electronically tuned receiver.
PAR  In accordance with a preferred embodiment of this invention an AFC defeat
      system for the voltage responsive tuner stages of a television receiver
      operates to supply the tuning voltage and the automatic frequency control
      voltage in series to form a composite tuning voltage for the tuner under
      normal conditions of operation. When selection of a new channel is being
      effected, the tuning voltage changes to a predetermined value and causes a
      shunting switch connected across the output of the AFC circuit to be
      rendered conductive, thereby effectively removing the AFC voltage from the
      composite voltage applied to the tuner. As soon as a normal tuning voltage
      is again supplied by the tuning voltage supply circuit, the shunting
      switch is rendered nonconductive; and the AFC voltage once again is
      combined with the tuning voltage to form the composite tuning voltage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE of the drawing is a schematic diagram, partially in block
      form, of a preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, there is shown a television receiver
      including an antenna 10 for receiving transmitted television signals. The
      antenna 10 is coupled with a circuit 11 including the VHF tuner and RF
      stages of the receiver. A UHF tuner 12 also is coupled with the RF stages
      of the circuit 11 and tuning of the receiver is accomplished by the tuner
      components of the stages 11 and 12 in accordance with tuning selection of
      either a VHF or UHF channel.
PAR  The intermediate frequency (IF) signals from the stage 11 are supplied to
      an IF amplifier 13 which provides sound signals to a sound system 14 for
      conventional processing and amplification, with the sound being reproduced
      by a loudspeaker 15. The video signals from the IF amplifier 13 also are
      supplied in a conventional manner to video stages 17 of the television
      receiver, are amplified by a video amplifier 18, and are reproduced as
      pictures in a cathode ray tube 20, which may be either a black and white
      or color television cathode ray tube.
PAR  It is conventional in most television receivers to employ an automatic gain
      control (AGC) circuit 21, and the AGC circuit 21 responds to the signal
      variations from the video amplifier 18 to produce an AGC control voltage
      which is applied back to the IF amplifier 13 over a lead 23. The AGC
      voltage also is applied over a lead 24 to the base of a transistor 26 in
      an amplifier circuit 25. The emitter of the transistor 26 is connected
      through an emitter resistor 27 to ground and its collector is connected
      through a collector load resistor 28 to a source of B+ potential on a
      terminal 30. The terminal 30 also is connected to the circuit 11 to supply
      the RF B+ potential for the RF stages of the circuit 11. The AGC voltage
      for the circuit 11 and the UHF tuner 12 is obtained from the collector of
      the transistor 26 and appears across a resistor 32 connected between the
      collector of the transistor 26 and ground.
PAR  The television receiver circuit which has been described thus far is
      representative of a conventional television receiver and also can include
      other conventional functions which have not been illustrated.
PAR  The VHF and UHF tuners of the stages 11 and 12 are conventional
      electronically tuned tuners. That is, these tuners operate in response to
      a varying DC control voltage to establish tuning to a selected channel.
      Typically, such tuners employ varactor diodes or voltage variable
      capacitors as the tuning elements. The particular channel to which the
      receiver is being tuned is dependent upon whether the VHF or UHF tuner is
      operative and also is dependent upon the magnitude of the tuning voltage
      applied to the operative tuner.
PAR  Channel selection is illustrated as accomplished under control of a wafer
      switch 35 having two contact banks 36 and 37. Each bank has fixed contacts
      equal in number to the number of channels which can be selected by the
      receiver, and each bank 36, 37 has a single moveable wiper contact. As
      shown, the wiper contacts for the banks 36 and 37 are ganged to move
      together. Not all of the fixed contacts necessary for a television
      receiver capable of receiving all of the VHF and UHF channels have been
      shown on the switch 35, since to show such a large number of contacts
      merely would unnecessarily clutter the drawing. It is to be understood,
      however, that the banks 36 and 37 of the switch 35 do include fixed
      contacts for each of the channels which the receiver is capable of
      receiving.
PAR  The fixed contacts of the bank 36 of the switch 35 are interconnected
      together in three groups corresponding (1) to the low-band VHF channels,
      the contacts for which are coupled in common to a lead 38; (2) the
      high-band VHF channels, the fixed contacts of which are coupled in common
      to a lead 39; and (3) the UHF channels, the fixed contacts of which are
      coupled in common to a lead 40. The moveable wiper contact of the switch
      bank 36 is coupled to a source of positive (B+) potential; so that
      whenever the wiper engages one of the fixed contacts of the bank 36, that
      fixed contact and only that fixed contact of the bank 36 has B+ potential
      applied to it.
PAR  Whenever a low-band VHF channel is selected, the lead 38 has B+ potential
      applied to it. This enables for operation the VHF tuner stages of the
      receiver; and since the potential on the lead 39 at such time is a
      negative potential, as applied through a resistor 41, the band switch for
      the VHF tuner selects the low-band range of the tuner. Similarly, when the
      moveable contact of the bank 36 engages any one of the fixed contacts
      connected to the lead 39, B+ potential is applied to the lead 39. This
      then causes a B+ potential rather than a negative potential to be applied
      to the band switch input to the VHF tuner to select its high-band range. A
      coupling diode 43 also applies this B+ potential to the VHF B+ lead 38.
PAR  Thus, whenever either a low-band or a high-band VHF channel is selected, B+
      potential is present on the lead 38. When a low-band VHF channel is
      selected, the lead 39 is at a low or negative potential. When a high-band
      VHF channel is selected, the lead 39 is at a high or positive potential
      and this can be sensed by conventional band switching circuitry within the
      VHF tuner stages of the circuit 11.
PAR  In a similar manner, whenever the moveable wiper of the band 36 of the
      switch 35 engages one of the fixed contacts connected to the UHF lead 40,
      B+ potential is applied to the UHF tuner to energize that tuner for
      supplying the signals to the RF stages of the circuit 11. At the same
      time, no positive potential appears on either of the leads 38 or 39; so
      that the VHF B+ signal is removed, thereby disabling the VHF tuner portion
      of the circuit 11.
PAR  For each channel, a tuning potentiometer 43 is provided and is connected
      between a source of B+ potential, applied on a terminal 44, and ground.
      The taps on the potentiometers 43 are each connected to a different one of
      the fixed contacts of the bank 37 of the switch 35. There is a
      potentiometer 43 and a fixed contact on the switch bank 37 for each of the
      VHF and UHF channels which the receiver is capable of receiving. The fixed
      contacts on the switch banks 36 and 37 are interrelated with one another
      to tune the desired station in the proper band for each of the positions
      of the switch 35.
PAR  The tuning voltage present on the tap of the selected potentiometer is
      applied through the wiper contact of the switch bank 37 to the base of an
      NPN emitter-follower transistor 50, the collector of which is connected to
      a source of positive potential (not shown) through a resistor 51, and the
      emitter of which is connected to a source of negative potential (not
      shown) through an emitter resistor 52. The conductivity of the transistor
      50 varies according to the voltage which is applied to it from the
      selected potentiometer 43. This voltage is intermediate the voltages
      applied to its collector and emitter electrodes. The emitter-follower
      transistor 50 has an input impedance which is several megohms to reduce
      the loading on the potentiometers 43 as much as possible. The emitter of
      the transistor 50 is connected to the base of a PNP emitter follower
      transistor 54, the collector of which is connected to ground and the
      emitter of which is connected to a B++ voltage supply terminal 75 through
      a resistor 76. The voltage on the emitter of the transistor 54 comprises
      the desired tuning voltage for application to the VHF and UHF tuner stages
      11 and 12.
PAR  As is common with most television receivers, the receiver shown in the
      drawing includes an automatic frequency control (AFC or AFT) circuit 55
      which responds to the IF frequency from the IF amplifier 13. The AFC
      circuit 55 supplies the amplified IF signal to a conventional frequency
      discriminator 56, which has a pair of output terminals 58 and 59, floating
      with respect to ground. This permits the output of the discriminator to
      vary between positive and negative voltages (typically plus or minus 0 to
      1.6 volts DC), causing the AFC circuit connected between the terminals 58
      and 59, to appear as either a positive or negative battery or varying
      voltage depending upon the degree of mistuning sensed by the AFC circuit
      55, 56.
PAR  The output terminals 58 and 59 of the AFC discriminator 56 are connected in
      series circuit with the emitter follower transistor 54 to supply a
      composite tuning voltage to the tuners 11 and 12. This series path extends
      from the emitter of the transistor 54, the terminal 58, the AFC
      discriminator 56, the terminal 59 over a lead 61 to the VHF tuner stages
      of the circuit 11 through an RC filter 62.
PAR  Since the change in frequency for a given change in voltage for the UHF
      tuner typically is larger than the frequency change for the same change in
      voltage for a VHF tuner, the AFC correction voltage appearing between the
      terminals 58 and 59 is divided down by a voltage divider comprising a pair
      of resistors 64 and 65 to reduce the amount of AFC pull-in on the UHF
      tuner 12. The junction between the resistors 64 and 65 is coupled to the
      UHF tuner 12 to supply this divided down AFC voltage to it.
PAR  The operation of the circuit under a steady-state condition where it is
      tuned to a channel is such that the tuning voltage present on the emitter
      of the transistor 54 is applied over the lead 61 to the VHF and UHF tuners
      12 in series with the AFC voltage appearing across the terminals 58 and
      59. This AFC voltage can either add to, subtract from, or not change at
      all the tuning voltage on the emitter of the transistor 54 depending upon
      the tuning variations which take place at any given instant of time.
PAR  Most television receivers include a manually operated circuit for defeating
      the AFC circuit to permit initial fine tuning adjustments of the receiver
      or the like. Such an AFC defeat switch 65 is shown in its normally open
      position and coupled to a source of positive potential (not shown) on a
      terminal 66. When the switch 65 is closed, the positive potential on the
      terminal 66 is applied through a diode 68 to the base of an NPN switch
      transistor 69 which has its collector-emitter path connected in shunt
      across the terminals 58 and 59. The transistor 69 is normally
      non-conductive and is rendered conductive by closure of the switch 65 to
      short-circuit the terminals 58 and 59. This renders the operation of the
      AFC discriminator circuit 56 ineffective so far as the voltage appearing
      on the lead 61 is concerned. Whenever the transistor 69 is conductive, the
      voltage on the lead 61 is solely determined by the tuning control voltage
      appearing on the emitter of the transistor 54 unaffected by any AFC
      voltages supplied by the discriminator 56. When the switch 65 is opened,
      the transistor 69 becomes non-conductive and normal operation of the
      circuit resumes.
PAR  A similar effect is obtained whenever the switch 35 is moved from one
      channel to another. When this occurs, the wiper of the bank 37 moves from
      one fixed contact to another; and in the intermediate movement, it is
      temporarily connected to an open circuit. This causes the transistor 50 to
      become non-conductive. As a result, the transistor 54 is driven hard into
      conduction by the negative potential applied to its base through the
      resistor 52, and the tuning voltage on the emitter of the transistor 54
      drops to a low level. This drives a normally conductive NPN control
      transistor 71 non-conductive since the base of the transistor 71 is
      connected to the terminal 58 through a coupling resistor 73.
PAR  Whenever tuning voltages in the normal range of such voltages appear on the
      emitter of the transistor 54, these voltages are of sufficiently positive
      potential to bias the transistor 71 into conduction. The B++ potential on
      the terminal 75 also is supplied through a resistor 78 to the collector of
      the transistor 71; but when the transistor 71 is conductive, its collector
      is at near ground potential which reverse biases the diode 68; and the
      transistor 69 is non-conductive.
PAR  Between channels, however, when the wiper of the switch 37 is not engaging
      any of the fixed contacts of the switch bank 37, the transistor 71 becomes
      non-conductive. This causes the potential on its collector to rise to a
      point where the diode 68 is forward biased. The transistor 69 then is
      rendered conductive to shunt the output of the AFC discriminator 56 in the
      same manner as occurs when the switch 65 is closed. This condition lasts
      only momentarily until the moveable wiper of the switch bank 37 once again
      engages a fixed contact, causing a normal tuning voltage to appear on the
      emitter of the transistor 54. When this happens, the transistor 69 once
      again becomes non-conductive and resumption of AFC control takes place.
      This is delayed for a short time by a capacitor 80 connected across the
      terminals 58 and 59 to slow down the application of the AFC voltage enough
      to prevent the AFC circuit 55, 56 from locking on the wrong carrier when a
      new channel is selected.
PAR  The circuit which has been described is an effective AFC defeat or
      disabling circuit operating in response to the tuning voltages in an
      electronically tuned receiver.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for a wave signal receiver including in combination:
PA1  a voltage responsive tuner stage tunable to different frequencies within at
      least one band of frequencies in response to a tuning voltage applied
      thereto;
PA1  automatic frequency control means coupled with the output of said tuner
      stage for producing an automatic frequency control voltage indicative of
      the tuning of said tuner stage;
PA1  tuning voltage supply means for supplying a voltage;
PA1  means for coupling said tuning voltage supply means and the output of said
      automatic frequency control means to said voltage responsive tuner stage
      to supply said tuning voltage thereto, said tuning voltage being a
      composite of the voltage supplied by said tuning voltage supply means and
      the automatic frequency control voltage from said automatic frequency
      control means; and
PA1  switch means coupled to said automatic frequency control means and to said
      tuning voltage supply means for sensing a predetermined voltage supplied
      by said tuning voltage supply means, said switch means being operative in
      response to said predetermined voltage to remove the effect of said
      automatic frequency control voltage from said composite tuning voltage.
NUM  2.
PAR  2. The combination according to claim 1 wherein the output voltage of said
      automatic frequency control means is floating with respect to ground and
      has a magnitude and polarity indicative of the tuning of said tuner stage.
NUM  3.
PAR  3. The combination according to claim 1 wherein said switch means is
      normally non-conductive and is coupled in shunt across the output of said
      automatic frequency control means and is rendered conductive in response
      to said predetermined voltage.
NUM  4.
PAR  4. The combination according to claim 3 wherein said automatic frequency
      control means comprises a discriminator having first and second output
      terminals across which said output voltage of said automatic frequency
      control means appears, said switch means is coupled in shunt across said
      output terminals of said automatic frequency control means, said tuner
      stage is coupled to said first output terminal, and said tuning voltage
      supply means is coupled with said second output terminal.
NUM  5.
PAR  5. The combination according to claim 3 wherein said switch means comprises
      a transistor, the collector-emitter electrodes of which are coupled in
      shunt across the output of said automatic frequency control means, and the
      base electrode of which is coupled with said tuning voltage supply means
      for sensing the voltage supplied thereby, said transistor being rendered
      conductive in response to said predetermined voltage.
NUM  6.
PAR  6. The combination according to claim 5 wherein said tuning voltage supply
      means includes a plurality of potentiometers connected across a source of
      potential; a wafer switch having a plurality of fixed contacts, each
      connected to the tap of a different one of said plurality potentiometers,
      and having a wiper contact connectable to only one of said fixed contacts
      at any given time; and said predetermined voltage is applied to said
      switch means when the wiper contact of said wafer switch is positioned
      between two of said fixed contacts, causing an open circuit to appear on
      said wiper contact.
NUM  7.
PAR  7. In a television receiver, a system including in combination:
PA1  a voltage responsive tuner stage tunable to different frequencies within at
      least one band of frequencies in response to a tuning voltage applied
      thereto;
PA1  an automatic frequency control circuit including a discriminator having
      first and second output terminals floating with respect to ground for
      producing across such output terminals an automatic frequency control
      voltage having a magnitude and polarity indicative of the tuning of said
      tuner stage;
PA1  tuning voltage supply means coupled to one of the output terminals of said
      automatic frequency control circuit, the other output terminal of said
      automatic frequency control circuit coupled to said tuner stage, forming a
      series circuit supplying said tuning voltage to said tuner stage, said
      tuning voltage being a composite of a voltage supplied by said tuning
      voltage supply means and said automatic frequency control voltage from
      said automatic frequency control circuit;
PA1  a normally nonconductive transistor switch, the emitter-collector path of
      which is connected across said first and second output terminals of said
      discriminator and the base of which is coupled to the output of said
      tuning voltage supply means for sensing a predetermined voltage supplied
      thereby, said transistor switch rendered conductive in response to said
      predetermined voltage to shunt the output terminals of said automatic
      frequency control discriminator, rendering the automatic frequency control
      voltage ineffective while said transistor switch is conductive.
NUM  8.
PAR  8. The combination according to claim 7 further including a capacitor
      coupled in parallel with the emitter-collector path of said transistor
      switch across said first and second output terminals of said automatic
      frequency control discriminator for delaying the application of said
      automatic frequency control voltage for a predetermined time after said
      transistor switch is rendered nonconductive after being conductive.
NUM  9.
PAR  9. The combination according to claim 8 further including a control
      transistor, the collector of which is coupled through a collector resistor
      to a source of operating potential, the emitter of which is coupled with a
      point of reference potential, and the base of which is coupled to the
      output of said tuning voltage supply means, the base of said transistor
      switch being coupled with the collector of said control transistor, and
      said control transistor being rendered conductive in response to the
      presence of a tuning voltage on the output of said tuning voltage supply
      means to thereby render said transistor switch nonconductive, and said
      control transistor being rendered nonconductive in response to the absence
      of a tuning voltage from said tuning voltage supply means to render said
      transistor switch conductive.
NUM  10.
PAR  10. The combination according to claim 9 wherein said transistor switch and
      said control transistor are of the same conductivity type.
NUM  11.
PAR  11. The combination according to claim 10 wherein said transistor switch
      and said control transistor both are NPN transistors, said point of
      reference potential is ground potential, said source of operating
      potential is a positive potential, and the collector of said transistor
      switch and the base of said control transistor are coupled with the output
      of said tuning voltage supply means.
NUM  12.
PAR  12. The combination according to claim 11 wherein the base of said
      transistor switch is coupled through a diode with the collector of said
      control transistor, said diode preventing emitter-base breakdown of said
      transistor switch when it is nonconductive.
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ABST
PAL  A receiver having a circuit producing a control signal that has an
      amplitude proportional to the intensity of an input signal, and a control
      circuit permitting the passage of high frequency components of a low
      frequency signal therethrough or preventing the passage thereof, as
      determined by the control signal. The receiver further includes a control
      circuit that permits passage of low frequency components of the low
      frequency signal or prevents passage thereof, as determined by the control
      signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a receiver, and more
      particularly is directed to a receiver that includes a circuit to control
      the pass band of a demodulated signal.
PAR  2. Description of the Prior Art
PAR  In prior art radio receivers when the electric field intensity of a
      received broadcasting wave is low, noise components of relatively high
      frequency are included in sound reproduced from the speaker. As a result,
      the reproduced sound is less intelligible or is less pleasant to listen to
      or both. This is caused by the fact that an intermediate frequency
      amplifier stage or low frequency amplifier stage has a fixed pass band.
PAR  It has already been proposed to control the pass band of the intermediate
      frequency signal stage in response to the electric field intensity of the
      desired signal. The intermediate frequency stage was designed to have a
      pass band of a certain width in response to a strong signal but to have a
      narrower pass band in response to a weak signal. Accordingly, noise
      contained in the high frequency band components of the demodulated signal
      was partially eliminated when a weak signal was being received, but the
      improvement in the signal-to-noise (S/N) ratio was not good enough.
PAC  SUMMARY OF THE INVENTION
PAR  A receiver according to the present invention has a frequency
      characteristic control circuit in its audio channel. The signal strength
      of the received signal is measured at the detector circuit that also
      rectifies the signal, and the rectified signal is connected to the control
      circuit to control the frequency response of the audio channel.
PAR  Accordingly, it is an object of the present invention to provide a receiver
      in which, when the signal strength of a received broadcasting wave is low,
      the high frequency band components of the detected audio signal are
      attenuated to provide reproduced sound with less noise components in it.
PAR  It is a further object of the present invention to provide a receiver in
      which a frequency characteristic control circuit connected to an audio
      stage is controlled to remove the low and high frequency band components
      of an audio frequency signal obtained by rectifying a weak incoming signal
      and to reproduce the audio signal with good S/N ratio.
PAR  It is a still further object of the present invention to provide a receiver
      in which a frequency characteristic control circuit connected to an audio
      stage and a variable filter circuit connected to an IF stage are both
      controlled at the same time in response to the signal strength of the
      incoming signal to reproduce an audio signal with high S/N ratio.
PAR  It is a still further object of the present invention to provide a receiver
      with the aforementioned characteristics but requiring only a smaller
      number of parts and, therefore, capable of being produced at low cost.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing an embodiment of the receiver according
      to the present invention.
PAR  FIG. 2 is a graph illustrating certain operating characteristics of the
      receiver shown in FIG. 1.
PAR  FIG. 3 is a circuit diagram showing another embodiment of the receiver of
      the present invention.
PAR  FIG. 4 is a circuit diagram showing a part of a further embodiment of the
      receiver of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the embodiment in which the present invention is applied to an
      AM radio receiver. The circuit includes, in the usual order along a signal
      path: an antenna coil 1, an input terminal 2 to which a heterodyne signal
      from a local oscillator (not shown) is applied, a mixer 3, an intermediate
      frequency signal amplifier stage 4 that includes a circuit resonant to an
      intermediate frequency signal, a detector circuit 5, a volume control
      resistor 19, a pre-amplifier circuit 26, an output signal amplifier
      circuit 27, and a speaker SP. The mixer 3 includes a transistor Q.sub.1.
      The transistors Q.sub.2 and Q.sub.3 are connected in successive stages of
      the intermediate frequency amplifier circuit 4, and tuned transformers
      T.sub.1 - T.sub.3 are used as coupling circuits between the stages of the
      mixer 3 and the intermediate frequency signal amplifier circuit 4.
PAR  The detector circuit 5 includes a diode D for detection and a capacitor 6
      for smoothing. The cathode of the diode D is connected to one end of the
      secondary winding of the transformer T.sub.3, and the primary winding of
      this transformer is connected to the output circuit of the transistor
      Q.sub.3. The other end of the secondary winding of the transformer T.sub.3
      is grounded. The capacitor 6 is connected between the anode of the diode D
      and ground. A circuit point P.sub.1 is connected to the anode of the diode
      D. This point P.sub.1 is also connected through a series circuit
      comprising a resistor 9 and a resistor 7, to the base of the transistor
      Q.sub.1 in the mixer 3 and, through an additional resistor 8 and the
      secondary winding of the transformer T.sub.1, to the base of the
      transistor Q.sub.2 to form an automatic gain control (AGC) circuit. A
      connection point P.sub.2 is located between the resistors 7 and 8. A
      voltage source +B.sub.1 is provided for the mixer 3 and the intermediate
      frequency signal amplifier circuit 4, and another voltage source +B.sub.2
      is provided for the output signal amplifier circuit 26.
PAR  The receiver also includes a frequency characteristic control circuit 15,
      which is a variable filter and is formed of resistors 10, 16, 18, 24,
      capacitors 17, 25, and a transistor Q.sub.5. The diode D is connected
      through the series-connected resistors 16 and 24 to one end of the volume
      control 19, the other end of which is grounded. The resistors 16 and 24
      and the caapacitors 17 and 25 form a low pass filter circuit as part of
      the control circuit 15. The capacitors 17 and 25 are connected together to
      ground through a series circuit that includes the resistor 18 and the
      emitter-collector path of the transistor Q.sub.5. A circuit point P.sub.3
      between the resistors 9 and 10, is connected to the point P.sub.2 through
      resistors and is connected to the base of the transistor Q.sub.5 through
      the resistor 10.
PAR  The operation of the receiver shown in FIG. 1 will be now described. The
      detector 5 serves to detect the level of a high frequency input signal
      applied to the antenna coil 1 and processed through the transistors
      Q.sub.1 - Q.sub.3. The detected output from the detector circuit 5 is
      applied to the base of the transistor Q.sub.5. When the signal strength of
      the received broadcasting wave is sufficiently great, the detector circuit
      5 produces a negative detected output signal that causes the transistor to
      be non-conductive, so that the output from the detector circuit 5 can be
      supplied through the resistors 16 and 24 to the volume control 19.
PAR  On the other hand, when the strength of the received broadcasting signal is
      low, the output signal from the detector 5 has a low amplitude. The bias
      voltage applied at the base of the transistor Q.sub.1 is also connected to
      the base of the transistor Q.sub.5 and causes the base voltage of the
      transistor Q.sub.5 to be positive. This makes the latter transistor
      conductive. As a result, the frequency characteristic control circuit 15
      operates as a low pass filter with the result that the amplitude of the
      high frequency components of the output signal from the detector circuit 5
      is reduced.
PAR  FIG. 2 is a graph showing the measured result when the level of the audio
      signal applied to the speaker SP is varied as a result of variations in
      the signal strength of the received broadcasting signal. In the graph the
      abscissa is calibrated in KHz according to the frequency of the audio
      signal, and the ordinate is calibrated in dB according to the output level
      of the audio signal applied to the speaker SP. Curves S.sub.1, S.sub.2,
      S.sub.3, and S.sub.4 show the frequency characteristics of the audio
      signal when the signal strength is 75dB/m, 65dB/m 45dB/m, and 35dB/m,
      respectively. The resistance values of the resistors 16 and 24 in the
      frequency characteristic control circuit 15 are 10K .OMEGA. and
      1.6K.OMEGA., the capacity values of the capacitors 17 and 25 are 0.015
      .mu.F and 0.056 .mu.F, and the input impedance of the speaker SP is 8
      .OMEGA., respectively.
PAR  As may be apparent from the graph of FIG. 2, when the signal strength of
      the received broadcasting wave is less than 65dB/m, the high frequency
      band of the audio signal is attenuated more than frequencies lower than
      about 1KHz.
PAR  In the receiver shown in FIG. 1, when the signal strength of the received
      broadcasting wave is low, only the high frequency components of the audio
      signal are lowered. In comparison, the lower frequency components are
      emphasized exaggeratedly and hence the clarity of the sound from the
      speaker SP is deteriorated.
PAR  A receiver shown in FIG. 3 avoids the latter defect. In FIG. 3, the
      elements that are the same as those used in FIG. 1 are identified by the
      same reference numerals and symbols, and their description will be
      omitted. With the receiver shown in FIG. 3, when the signal strength of
      the received broadcasting wave is low, the high frequency components
      higher than, for example, 1KHz are attenuated as described previously in
      connection with FIG. 1. However, the low frequency components lower than,
      for example, 300--400Hz are also attenuated. Since the level of the audio
      signal is reduced, as a whole, due to the attenuation of both the high and
      low frequency components, the gain of the pre-amplifier 26 is increased
      when the signal strength of the received broadcasting wave is low as
      compared with the gain when the signal strength of the received
      broadcasting wave is high.
PAR  The frequency characteristic control circuit 15 is similar to that in FIG.
      1, but it includes only the resistor 16, the capacitor 17, the resistor
      18, the transistor Q.sub.5 and the resistor 10.
PAR  The embodiment of FIG. 3 also includes a second frequency characteristic
      control circuit 22 which is formed of a capacitor 13a, a field effect
      transistor (FET) Q.sub.8, a resistor 14, a transistor Q.sub.6, and a
      resistor 11. The anode of the diode D is connected through the capacitor
      13a to the source of the FET Q.sub.8 which is connected through a
      capacitor 13b to the drain of the same FET. The drain of the FET Q.sub.8
      is connected through the resistor 16 to one end of the volume control 19.
      The voltage source +B.sub.1 is connected through the resistor 14 to the
      gate of the FET Q.sub.8. The collector-emitter path of the transistor
      Q.sub.6 is connected in series between the gate of the FET and ground. A
      point P.sub.4 connected directly to the point P.sub.3 is also connected
      through the resistor 11 to the base of the transistor Q.sub.6. In this
      case, a bias circuit is provided for connecting the source and drain of
      the FET Q.sub.8 to the same DC potential to avoid any adverse effect that
      the control signal applied to the gate of the FET Q.sub.8 may exert on the
      audio signal.
PAR  A gain control circuit 23 is connected to the pre-amplifier 26. The gain
      control circuit is formed so that the emitter of the amplifying transistor
      Q.sub.4 is grounded through a resistor 20 and is also grounded through a
      series circuit that includes a resistor 21 and the emitter-collector path
      of a transistor Q.sub.7. The base of the latter is connected by a resistor
      12 to a point P.sub.5 that is short-circuited to the points P.sub.3 and
      P.sub.4.
PAR  The operation of the receiver shown in FIG. 3 will be now described. When
      the signal strength of the received broadcasting wave is sufficiently
      high, the detected negative, output signal from the detector circuit 5 is
      great enough to bias all of the transistors Q.sub.5, Q.sub.6, and Q.sub.7
      to be non-conductive. Hence the audio signal from the detector circuit 5
      is applied to the pre-amplifier 26 with a substantially flat frequency
      response characteristic. The gain of the pre-amplifier 26 is maintained at
      a predetermined value.
PAR  When the signal strength of the received broadcasting wave becomes lower
      than a certain value, the negative detected output signal from the
      detector circuit 5 also becomes small. However, the base voltages of the
      transistors Q.sub.5, Q.sub.6, Q.sub.7 are made positive by the base
      voltage of the transistor Q.sub.1 and hence all the transistors Q.sub.5,
      Q.sub.6, and Q.sub.7 become conductive. As a result, in the first
      frequency characteristic control circuit 15, the high frequency components
      of the detected audio signal from the detector circuit 5 are attenuated,
      and in the second frequency characteristic control circuit 22, the FET
      Q.sub.8 is made conductive to short-circuit the capacitor 13b. This
      attenuates the low frequency components of the audio signal. At the same
      time, the gain of the pre-amplifier 26 is increased. As a result, both the
      low and high frequency components of sound reproduced from the speaker SP
      are attenuated.
PAR  According to the present invention described as above, the frequency
      characteristic control circuit is provided in the audio signal system and
      the detector circuit is provided which detects the level of the received
      signal and variably controls the frequency characteristic of the frequency
      characteristic control circuit. Thus, when the level of the received
      signal becomes low, the frequency characteristic of the frequency
      characteristic control circuit is varied to attenuate at least high
      frequency components of the audio signal demodulated from the received
      signal. Therefore, even in the case where the signal strength of the
      received broadcasting wave is small, high frequency noise is not so
      conspicuous and accordingly the reproduced sound is more intelligible.
      Further, since the noise is eliminated during the time interval when the
      tuning is not completed, the discomfort due to harsh sounds while tuning
      from one station to another are avoided.
PAR  If the second frequency characteristic control circuit is provided as shown
      in the embodiment of FIG. 3 for attenuating the low frequency band
      components of the audio signal when the level of the high frequency input
      signal is low, the clarity of the reproduced sound is improved.
PAR  Further, if the gain of the amplifier circuit for amplifying the audio
      signal is increased when the level of the high frequency input signal
      drops, as shown in FIG. 3, the reproduced sound is not attenuated as
      compared with the case where the level of the high frequency input signal
      is high.
PAR  FIG. 4 shows the main part of a further embodiment of the present
      invention. In the embodiment of FIG. 4, the intermediate frequency signal
      amplifier circuit includes two ceramic filters 31 and 32 and a variable
      capacitor 33 connected therebetween. The cathode of the variable capacitor
      33 is connected through a resistor 34 to the detector circuit 5 and,
      specifically, to a point P.sub.6 of the AGC loop. In this case, the
      transistors Q.sub.5, Q.sub.6, and Q.sub.7 are controlled in response to
      the signal strength of the received signal, as in the above embodiments,
      to vary the audio band. At the same time, the capacitance of the variable
      capacitor 33 is varied, so that the pass band of the IF signal is also
      varied. For example, the pass band of the intermediate frequency signal
      amplifier circuit becomes narrow when the signal strength is low, thus
      eliminating jamming waves and noises.
PAR  With any of the above embodiments of the present invention, the control
      signal which varies the band is obtained from the audio detector circuit,
      but it may be possible to provide the control signal by separately
      rectifying the intermediate frequency signal.
PAR  Further, in place of the variable capacitor 33 in FIG. 4, another variable
      capacitance element or a passive circuit including a switching circuit can
      be used with the same effect.
PAR  It may be apparent that many modifications and variations could be effected
      by one skilled in the art without departing from the true scope of the
      present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a receiver for modulated information signals the combination for
      attenuating higher frequency noise as a function of reduced signal
      strength comprising:
PA1  a detector circuit for demodulating received signals, the output of said
      detector circuit representing said information and being indicative of the
      strength of said received signals;
PA1  amplifying means for amplifying said detector circuit output to thereby
      recover said information;
PA1  circuit means coupled to said detector circuit and responsive to said
      detector circuit output indicative of said received signal strength for
      producing a control signal which is a function of said received signal
      strength; and
PA1  coupling means for interconnecting said detector circuit and said
      amplifying means, said coupling means including: first actuable filter
      means for attenuating frequency components above a predetermined range in
      said detector circuit output, said first actuable filter means being
      actuated by said control signal; and second actuable filter means for
      attenuating frequency components below said predetermined range in said
      detector circuit output, said second actuable filter means being actuated
      by said control signal and being connected in cascade with said first
      actuable filter means.
NUM  2.
PAR  2. The combination of claim 1 wherein said circuit means is included in an
      automatic gain control circuit connected to receive the output of said
      detector circuit; and wherein said first actuable filter means comprises a
      resistor connected in series between said detector circuit and said
      amplifying means; a first capacitor adapted to be connected in shunt
      relationship with said resistor; and first switch means responsive to said
      control signal for electrically connecting said first capacitor to said
      resistor when said received signal strength is relatively low and for
      electrically disconnecting said first capacitor from said resistor when
      said received signal strength is relatively high.
NUM  3.
PAR  3. The combination of claim 2 wherein said second actuable filter means
      comprises a second capacitor connected in series with said resistor; and
      second switch means responsive to said control signal for short circuiting
      said second capacitor when said received signal strength is relatively
      low.
NUM  4.
PAR  4. The combination of claim 3 wherein said first switch means comprises a
      first transistor having its collector-emitter circuit connected in series
      with said first capacitor.
NUM  5.
PAR  5. The combination of claim 4 wherein said second switch means comprises a
      field effect transistor having its source-drain circuit connected in
      parallel with said second capacitor and its gate electrode coupled to the
      output of a second transistor.
NUM  6.
PAR  6. The combination of claim 3 wherein said information is audio information
      and said amplifying means comprises an audio amplifier; and a gain control
      circuit coupled to said circuit means and responsive to said control
      signal for varying the gain of said audio amplifier inversely with respect
      to said received signal strength.
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PAL  The IC television tuner has a tunable oscillator and a fixed oscillator,
      two mixer stages and a filter in between. This tuner operates at two
      intermediate frequencies the first of which lies in the GHz range. The two
      oscillators are coupled through hybrid rings.
BSUM
PAR  The invention relates to a tunable high frequency input circuit for a
      television receiver suitable for the reception of television signals in
      the VHF and/or the UHF range in which circuit the television signal with
      the desired reception frequency is filtered out and brought to the
      required intermediate frequency by means of a tuning oscillator in a mixer
      behind a preamplifier stage which is common for all ranges, said
      television signal being available at the output of said input circuit.
PAR  Such known tunable high frequency input circuits are also denoted as tuners
      and consist mainly of a so-called high frequency circuit or a high
      frequency amplifier stage and a mixer stage. An embodiment is the
      presently commercially available channel selector built in the apparatus
      made by the Applicant which selector consists in these apparatus of two
      separate units, namely one channel for the reception of television signals
      in the UHF range and the other for the reception of television signals in
      the VHF range. The two channel selectors mainly consist of an input stage
      which in this embodiment is formed for a narrow band. However, there are
      also other embodiments in which a further transistorized stage having a
      so-called aperiodic preamplifier is arranged before this input stage. As
      is common practice in the radio reception technique the channel selectors
      or tuners of the television receivers are equipped with mainly two or more
      resonant circuits having discrete elements at least one of which must be
      variable in value. Whereas in prior applications variable capacitors were
      used to vary the frequency determining capacitance in the high frequency
      circuits, the inductance was later varied by movable cores. Recently it
      has become however, again the capacitance which is varied as frequency
      determining element in the resonant circuit because variable capacity
      diodes can be built in in a very simple manner in the high frequency
      circuits and only a voltage variation varies the capacitance of such
      diodes which are used in the blocking range. In this manner it is very
      easy to tune the relevant resonant circuit. A drawback of this
      conventional apparatus is, however, that the so-called high frequency
      resonant circuit and the so-called oscillator circuit must be tuned
      simultaneously and equally so that strict requirements are imposed on the
      precision of the tuning curves, i.e. as a function of the tuning voltage
      the capacitances of the variable capacity diodes in the high frequency
      circuit and in the oscillator circuit must be equally varied relatively to
      each other, or else tracking differences and hence unwanted modulation
      products in the mixer stage are produced.
PAR  A further drawback of channel selectors constructed in this manner is that
      the separate elements are formed as discrete structural elements, i.e.
      transistors, resistors, coils and capacitors as well as the tuning diodes
      are to be arranged separately as discrete structural elements while the
      circuit-capacities must of course be taken into account. However, since
      small changes in position of a structural element result in very large
      differences in the circuit capacity it would be desirable to change over
      to other production methods in this case too.
PAR  Thus this invention had for its object to provide a channel selector or
      tuner or generally a tunable high frequency input circuit for a television
      receiver which is eminently suitable for mass production. To achieve this
      object the experiences of the complete high frequency technique were
      available for those skilled in the art, particularly the steps which were
      used partly in the measuring apparatus technique and the steps used in the
      field of the so-called integrated switching technique. It was, however,
      difficult to provide a solution which on the one hand is adapted to the
      requirements for the channel selectors of a television receiver and does
      not present further difficulties relative to the production, but actually
      results in a simplification and furthermore provides a structural element
      which can be remotely tuned in such a manner as is now common practice in
      television receivers, i.e. for example, simple use of the so-called
      technique of preset transmitter tuning.
PAR  The starting point is a tunable high frequency input circuit for a
      television receiver suitable for the reception of television signals in
      the VHF and/or UHF range, which receiver may have, for example, a
      preamplifier giving a common amplification for all ranges, and a tunable
      oscillator circuit. A large frequency band of television signals from the
      aerial is present at the input of this so-called channel selector and the
      desired intermediate frequency must appear at the output which is further
      amplified in a conventional manner in intermediate frequency stages. The
      latter does not, however, form part of the invention.
PAR  The above-mentioned object is achieved in a tunable high frequency input
      circuit for a television receiver according to the invention in that the
      mixer consists of two mixer stages, two oscillators and a gyromagnetic
      filter, for example, a YIG filter while the first mixer stage converts the
      desired reception frequency by means of a first tunable oscillator by
      mixing up to a first intermediate frequency band located above the upper
      limit of the range from which the gyromagnetic filter only filters out a
      first intermediate frequency and of which the second mixer stage converts
      the first intermediate frequency by means of a second fixed frequency
      oscillator down to a second intermediate frequency located below the lower
      limit of the range.
PAR  For the further elaboration of the invention each component in this novel
      television channel selector must be specially adapted and the
      characteristic features of the further claims state one or more
      embodiments for further elaboration of the invention.
PAR  The advantage of the circuit according to the invention is that the
      difficulties which have hitherto occurred due to the so-called tracking
      problems in the channel selectors are no longer present because only a
      single element, i.e. a single oscillator must be tuned. Since in addition
      a conversion to a very high intermediate frequency is effected, the
      components may be proportionally small. The total so-called conductor
      plate for the channel selector may have maximum dimensions of
      approximately 2 to 6 sq.cm. and the most important advantage of the
      circuit is that the separate components are no longer formed as discrete
      structural elements, but the greater part of the structural elements is
      manufactured in accordance with the so-called IC technique, i.e. the most
      important parts of such a channel selector may be made automatically.
DRWD
PAR  Embodiments of the invention are further shown in the drawings and will be
      hereinafter described in greater detail.
PAR  FIG. 1 shows a block schematic diagram of a channel selector according to
      the invention.
PAR  FIG. 2 shows a further detail of the block schematic diagram according to
      FIG. 1.
PAR  FIG. 3 shows an embodiment of a hybrid ring according to the invention with
      its connections.
PAR  FIG. 4 shows an embodiment of a hybrid ring in the thin film technique.
PAR  FIG. 5 shows the diode ring for the mixer stages with the associated
      circuits.
PAR  FIG. 6 shows an embodiment of the tuning oscillator.
PAR  FIG. 7 shows a further elaborated embodiment of the tuning oscillator
      according to FIG. 6.
PAR  FIG. 8 shows a further embodiment of a tuning oscillator.
PAR  FIG. 9 shows an embodiment of the fixed oscillator with a single oscillator
      and micro-strip leads.
DETD
PAR  FIG. 1 diagrammatically shows the tunable high frequency input circuit or
      channel selector according to the invention. Reference numeral 1 denotes
      the aerial supply line, 2 is an input broadband amplifier, which is formed
      for example for the range of 47 to 960 MHz.
PAR  The most important parts of this invention are shown in FIG. 1 in the box
      within broken lines denoted by the reference numeral 3, namely a first
      mixer stage 4 with the associated tuning oscillator 5 for the frequency
      of, for example, 2040 to 2953 MHz. This first mixer stage 4 is followed by
      a filter 6 for the first intermediate frequency at approximately 3000 MHz.
      The filter precedes the second mixer stage 7 which is connected to a fixed
      oscillator 8 oscillating at, for example, the frequency of 3035 MHz and
      the output of the second mixer stage 7 precedes the second intermediate
      frequency stage or the conventionally used intermediate frequency stage of
      a television recevier. This stage is denoted by 9 and as is known the
      intermediate frequency is 35 MHz.
PAR  In the first mixer stage the desired reception frequency is converted up to
      a first intermediate frequency band located above the upper limit of the
      range with the aid of the first tunable oscillator. The filter connected
      for the first intermediate frequency, i.e. filter 6, passes a certain
      bandwidth in the vicinity of the high first intermediate frequency and the
      second mixer stage 7 connected to the fixed frequency oscillator 8 is
      intended to convert the first very high intermediate frequency, i.e. the
      intermediate frequency in the GHz range down to the second intermediate
      frequency located below the lower limit of the range.
PAR  The total arrangement of the channel selector according to this invention
      thus has the properties as already mentioned and in addition, as is
      apparent from the description of the separate components, it has also the
      advantage that no mirror frequencies occur in the reception band. This is
      why operation without input selectivity, thus without a tunable input
      filter is possible. No problems relating to tracking exist and hence the
      provision of controlling or trimming elements may be avoided.
PAR  The tuning range of the tuning oscillator is relatively small due to the
      introduction of the high intermediate frequency so that all ranges can be
      tuned without band conversion with a single oscillator, i.e. the channel
      selector according to the invention may be continuously tunable from the
      VHF band up to the highest UHF band
PAR  All inductors and capacitors are so small that they can be realized by the
      microwave IC technique so that miniaturization and a decrease in costs can
      be realized.
PAR  FIG. 2 shows the separate elements in greater detail in which the reference
      numeral 1 denotes the aerial supply line and 2 denotes the input broadband
      amplifier for the frequencies of, for example, 47 to 960 MHz. However,
      this input broadband amplifier 2 is formed in such a manner that instead
      of an asymetric output -- as hitherto common practice -- a symmetric
      output leads from this amplifier to the first mixer stage 4 and this
      symmetric output is denoted by 12 in FIG. 2. Thus the input frequency
      f.sub.e is applied in balance to the first mixer stage 4. However,, the
      signal also leaves the first mixer stage 4 symmetrically instead of
      asymmetrically through the line 13 to a so-called first hybrid ring
      denoted by 10. This first hybrid ring is connected through lead 14 to the
      tuning oscillator 5 which can be tuned, for example, to the frequency of
      from 2040 to 2953 MHz. The tuning oscillator frequency f.sub.A reaches
      through lead 14 the first hybrid ring 10 and the tuning oscillator
      frequency f.sub.A on the symmetric line circuit 13 is in an odd mode,
      while the first intermediate frequency, i.e. at approximately 3000 MHz is
      in an even mode. The first intermediate frequency leaves the first hybrid
      ring 10 through the lead 15 in FIG. 2 and then reaches a YIG filter, i.e.
      the filter 6 for the first intermediate frequency of 3000 MHz. An
      asymmetric lead namely lead 16 is present behind this YIG filter where
      only the narrow filtered out first intermediate frequency band of for
      example 3000 MHz .+-. 3 MHz is present and reaches the second hybrid ring
      11 through the lead 16. This hybrid ring 11 is connected through an
      asymmetric lead 17 to a fixed frequency oscillator 8. This fixed frequency
      oscillator 8 oscillates at for example the frequency of 3035 MHz. The
      fixed oscillator frequency f.sub.o reaches the hybrid ring 11 through the
      asymmetric lead 17. This ring receives through lead 16 the first
      intermediate frequency of for example 3000 MHz and the fixed oscillator
      frequency f.sub.o is applied in an odd mode through lead 18 from the
      second hybrid ring 11 and the first intermediate frequency is applied in
      an even mode to the second mixer stage 7. From the stage the second
      intermediate frequency in the order of 35 MHz reaches in an odd mode the
      second intermediate frequency stage through the symmetric lead 19. This
      stage is likewise denoted by 9 in FIG. 1 and has a symmetric input in this
      embodiment adapted to the invention and an asymmetric output. This
      asymmetric output is connected to the conventionally used intermediate
      frequency stages in television receivers, namely the further intermediate
      frequency stages.
PAR  The further Figures show embodiments for the separate components of the
      parts of the invention shown within the box 3 denoted by broken lines in
      FIGS. 1 and 2.
PAR  FIG. 3 shows the hybrid ring. Firstly the subdivision is important because
      the hybrid ring is formed in principle in such a manner that 6/4 .lambda.
      are realized on the circumference, hence over 360.degree.. (.lambda. is
      the wavelength relating to the centre of the tuning range of the
      oscillator 5, thus approximately 2.5 GHz). The connection terminals of
      this hybrid ring are shown in FIG. 2 for the first hybrid ring 10. The
      first mixer stage 4 is connected to the connection terminals 20 and 21,
      i.e. the symmetrical input of the hybrid ring 10, which means that the
      symmetric output of the first mixer stage 4 at the terminals 20 and 21 is
      .lambda./2 apart. The asymmetric output of the first hybrid ring 10 with
      the terminal 22 is located between the two connection terminals, so this
      is lead 15 passing to the filter 6 for the first intermediate frequency.
      This connection is located in the centre between the two terminals 20 and
      21 hence of equal distances of .lambda./4. The connection for the tuning
      oscillator to the terminal 23, also an asymmetrical lead, is shifted over
      .lambda./4 relative to connection terminal 21 and over 3/4 .lambda.
      relative to terminal 20.
PAR  This circuit is known per se (see for example Meinke-Gundlach: Taschenbuch
      der Hochfrequenztechnik, Springer 1962, Kap.E 14) as a replacement of a
      differential transmitter in the microwave technique, i.e. for separating
      signals having equal and opposite phases.
PAR  The hybrid ring according to FIG. 3 may consist of separate line sections
      with a uniform wave resistance, or each line section of the hybrid ring
      may be formed as a .pi. or as a T element of concentrated inductors and
      capacitors or as high impedance or low impedance line sections as is shown
      in FIG. 3. Such steps serve to reduce resonances of the higher harmonics
      in the hybrid ring.
PAR  A further embodiment of such a hybrid ring 10 or 11 according to FIG. 2 is
      shown in FIG. 4. FIG. 4 shows an embodiment in a micro-strip technique in
      which the shifts over the given distances as can be seen from FIG. 3 are
      taken into account. Such an arrangement has the advantage of the very
      small and space-saving construction.
PAR  FIG. 5 shows a known diode ring arranged as a mixer stage for the mixer
      stage 4, hence for the first mixer stage and for the mixer stage 7, hence
      for the second mixer stage. The diode ring itself in principle always
      consists of four diodes 24, 25, 26 and 27 as arranged in FIG. 5. The
      example shown is a special and further elaborate embodiment because two
      diodes are arranged after each other in each branch while the branch of
      the diode 24 accommodates a second diode 28, the branch of the diode 25
      accommodates as a second diode the diode 29, the branch of the diode 26
      accommodates the diode 30 and the branch of the diode 27 accommodates the
      diode 31. The diode ring is formed in such a manner that all mixing
      products which are not produced by odd harmonics of the input signal and
      of the oscillator frequency are suppressed in these so-called balanced
      mixers. Such mixers are known and necessary when there is no input
      selection. Due to the extra diodes 28 to 31 and the optional extra
      resistors 42 to 45 (FIG. 5) the mixer can process larger signals.
PAR  This diode ring has the connections 32, 33, 34 and 35. The left-hand part
      of FIG. 5 shows the arrangement of such a diode ring for use of the first
      mixer stage 4. The terminals 32 and 33 are connected through a lowpass
      filter to the symmetrical output of the input broadband amplifier which
      might thus be connected to the terminals 36 and 37. Such a lowpass filter
      consists of for example a .pi. element with the capacitors C.sub.1 and
      C.sub.2 where C.sub.1 and C.sub.2 have approximately a value of 5 pF and
      with an inductor L.sub.1 of approximately 9 nH.
PAR  As regards the diode ring it may be noted that each branch between the two
      diodes accommodates resistors, in this case denoted by the reference
      numerals 42 to 45. These resistors have for example values of 1 to 30 ohms
      and the effect that relative to simple diode rings larger signals can be
      processed at the same cross modulation performance. Such steps are
      important when there is no input selection because adjacent transmitters
      in the mixer may become more strongly apparent than the desired useful
      transmitter. Due to the choice of these resistors 42, 43, 44 and 45 the
      minimum cross modulation can be adjusted for a given oscillator power.
PAR  The lowpass filter consisting of the capacitors C.sub.1, C.sub.2 and the
      inductor L.sub.1 must reflect the symmetrical first intermediate frequency
      hence that at 3000 MHz and not freely pass it to the input broadband
      amplifier and in addition this filter must keep the high oscillator
      voltage of the tuning oscillator 5 away from the output of the input
      broadband amplifier 2.
PAR  For use in the first mixer stage 4 the terminals 34 and 35 of the diode
      ring are connected to the terminals 20 and 21 as is shown in FIGS. 2 and
      3, respectively.
PAR  The right-hand part of FIG. 5 shows by way of example an arrangement for
      use of such a diode ring as a second mixer stage 7. Here the terminals 32
      and 33 are connected to an absorption circuit for the first intermediate
      frequency of 3000 MHz and a second absorption circuit for the frequency of
      the fixed oscillator f.sub.o and from there they lead to the symmetrical
      input of the second intermediate frequency stage at 35 MHz denoted by 9 in
      the FIGS. 1 and 2. This stage is connected to terminals 38 and 39.
PAR  When the diode ring shown in FIG. 5 is used in the second mixer stage 7,
      the connections or connection leads 40 and 41 denoted by broken lines on
      the righthand side are used, and on the left-hand side, as shown in FIG.
      5, there are no line connections so that the connections denoted by 20 and
      21 at the bottom of FIG. 5 serve as the two connection terminals to the
      lead 18 for the second hybrid ring 11 analogously as for the connections
      for the first hybrid ring 10. The absorption circuit for the first
      intermediate frequency at 3000 MHz, as shown in the right-hand part of
      FIG. 5 by L.sub.3 C.sub.3 consists in practice of an open line section
      with the electrical length of 25 mm (.lambda./4 at 3000 MHz). The second
      absorption circuit L.sub.4 C.sub.4 for the frequency f.sub.o, hence for
      the fixed oscillator frequency consists of a corresponding open line
      section of .lambda./4 at the oscillator frequency.
PAR  The two absorption circuits prevent said frequencies from passing to the
      second intermediate frequency stage 9. In addition in case of correct
      proportioning effects may occur which may be substantially considered as a
      reflexion of these signals into the second diode mixer, i.e. the second
      mixer stage 7.
PAR  FIGS. 6, 7, 8 and 9 show oscillators which can be used either as tuning
      oscillators 5 or as fixed oscillators 8 in the circuit arrangements
      according to the invention.
PAR  FIG. 6 shows a principle circuit diagram of a tunable microwave pushpull
      transistor oscillator with transistors 46 and 47 whose
      collector-emitter-paths are shunted for feedback by capacitors 48 and 49.
      The load resistor is denoted by 50 and the actual oscillator circuit
      consists of the inductors and coils 51 and 52 which may have a value of
      approximately 10 nH and the variable capacitors 53 and 54 which can be
      varied between approximately 10 and 11/2 pF.
PAR  The following aspects have to be taken into account: microwave circuits
      that can be integrated consist of discrete semiconductor chips, thin film
      metal structures and discrete passive elements, if any, which are provided
      on a low-loss substrate. Such novel circuit techniques should also be
      realized for this oscillator. The oscillator is a higher harmonic
      oscillator where only the first higher harmonic produced by
      non-linearities, thus the second harmonic, is coupled out on the output.
      In the pushpull oscillator according to FIG. 6 the two currents flow in
      the branch comprising capacitor 53 and inductor 51 to the branch
      comprising capacitor 54 and inductor 52 with a phase shift of 180.degree..
      When these two currents are separated in accordance with their harmonics,
      it is found that the odd harmonics are always in opposite phase and the
      even harmonics always have the same phase. When the load 50 is connected
      to the point shown, the even harmonics can flow therethrough with an equal
      phase while the odd harmonics eliminate each other. However, since the
      amplitude of the second harmonic or of the first higher harmonic is much
      larger than that of the other even harmonics, this harmonic is preferably
      coupled out.
PAR  A further improvement and an actual realization of the circuit arrangement
      according to FIG. 6 is shown in FIG. 7 in a completely integrated form.
      The variable capacity diode which can be varied by the tuning voltage
      serves as a tuning capacitor which is denoted by 55 in one oscillator
      branch and by 56 in the other. These diodes may alternatively be replaced
      by for example the push-pull circuit or the series circuit of two separate
      diodes. The inductors 51 and 52 are constituted by thin film strips or
      thin film spirals or by a piece of strip lead. The supply of the diode
      voltage (KA) to these variable capacity diodes 55 and 56 is effected
      through a resistor 57 and the two thin film chokes 58 and 59. These chokes
      58 and 59 may alternatively be replaced by resistors having a sufficiently
      high value. To avoid the shunt of the variable capacity diodes 55 and 56
      through the load resistor or through the load 50 and for a better matching
      of this load an interdigital thin film capacitor 60 is included.
PAR  The thin film chokes 61 and 62 at the bases of the transistors 46 and 47
      have a high micro-wave impedance and only separate the actual oscillator
      section from the supply section for the transistor, i.e. from the
      resistors 63, 64, 65 and 66 as well as 67 and 68. The thin film coils 69
      and 70 accommodated in the emitter supply line of the transistors 46 and
      47 are formed in such a manner that they constitute the capacitors 48 and
      49 of FIG. 6 with the aid of their parasitic capacitance relative to
      ground and on the other hand fulfil a separating function due to their
      high impedance likewise as the base coils 61 and 62. Further capacity
      diodes 71 and 72 having values of approximately 30 pF are present between
      the transistors 46 and 47 and the variable capacity diodes 55 and 56.
      These diodes thus have relatively higher capacitances and hence a small
      micro-wave impedance. These capacity diodes 71 and 72 are biassed by the
      base voltage of the transistors 46 and 47 and operate as isolation
      capacitors for maintaining the transistor potential and the potential of
      the capacity diodes independent of each other.
PAR  In one embodiment transistors BFW 16 are arranged. The oscillator operates
      in the frequency range between 2 and 3 GHz with output powers of more than
      100 mW. For the capacity diodes 55 and 56 for example the types BB 105
      were used. The great advantage of this arrangement is that with the aid of
      capacitively acting DC conveying thin film coils as well as by the use of
      potential-separating capacity diodes a push-pull micro-wave oscillator is
      obtained which can be constructed completely in accordance with the
      integrated circuit technique and therefore has extremely small dimensions.
      All extra semiconductors, i.e. the discrete structural elements may be
      combined in a single chip. The circuit arrangement can be formed in such a
      manner that it need not be adjusted at a later stage and it is therefore
      specially suitable for mass production in an integrated technique.
PAR  FIG. 8 shows a further embodiment of a higher harmonic oscillator in which
      a micro-wave oscillator is shown which can be tuned between 2 and 3 GHz
      and can be completely integrated based on the use of so-called coupled
      leads and capacity diodes.
PAR  Among the possibilities of building tunable micro-wave oscillators an
      eminent embodiment is the one in which circuit arrangements are realized
      with semiconductor chips and strip leads. The circuit arrangement
      according to FIG. 8 uses these known possibilities. The arrangement
      consists of an active circuit element or of two active circuit elements
      namely a transistor pair denoted by 73 and 74 in the push-pull arrangement
      according to FIG. 8. The associated supply resistors for the DC supply are
      denoted by 75, 76, 77 and 78. The supply is effected through different
      lowpass filters formed in the strip line technique in such a manner that
      they constitute a high impedance for the oscillator frequencies and load
      the two emitters capacitively. A strip line configuration 102 together
      with the capacity diodes operates in the circuit arrangement likewise as
      the inductors 51 and 52 and the capacitors 53 and 54 of FIG. 6. In
      addition the strip line configuration 102 may be used as a matching
      transformer for the load which is denoted by 79 in FIG. 8. A special
      aspect of this oscillator circuit is that with the aid of an active
      element or a number of active elements and with the aid of coupled
      micro-wave lines an oscillator is built up which can be completely
      integrated and is eminently suitable for mass production. Likewise as
      described above the reference to the other Figures the capacity diodes 80,
      81, and 82, 83 are used which are biassed by a supply source 86 through
      the resistors 84 and 85. The balanced arrangement of the diodes may
      alternatively be replaced by a separate diode or by two or more diodes in
      series. Due to the DC separation of base and tuning circuit isolation
      capacitors such as the two capacity diodes 71 and 62 according to FIG. 7
      are not necessary.
PAR  The above-mentioned lowpass filters are denoted by 87, 88 and 89. These
      likewise lead to the corresponding DC connections 90 and 91 for the
      emitter voltage of the transistors and the low-pass filter 88 through the
      resistors 77 and 78 operating as a potential divider to a supply terminal
      92 for the base voltage of the transistors 73 and 74.
PAR  FIG. 9 shows an embodiment of a fixed single oscillator realizing the
      principle of connecting in a very simple manner a negative resistance
      element to a resonator or a tunable transformer and coupling it with a
      load. All elements used can be completely integrated or can be formed as a
      strip line structure in a bidimensional way. The resonator and the
      transformer are denoted in the embodiment of FIG. 9 by 93 and the
      associated amplification transistor is denoted by 94. The base lead of the
      amplifier element 94, i.e. of the transistor incorporates a .lambda./4
      lead 95 constituting a complete shortcircuit for a frequency, notably the
      oscillation frequency so that the resonator is effectively earthed on this
      side. Furthermore a .lambda./2 structure 96 is present on the emitter of
      the amplifier element 94 which structure constitutes a high impedance for
      the same frequency and substantially replaces a choke which should
      normally be arranged at this point. The coupling structure 93 behaves as
      an inductor parallel to a transformer and a load resistor. Together with
      the input capacitance of a transistor this structure constitutes the
      resonator and simultaneously the load while a special resistor 97 is shown
      as a load and the other resistors 98, 99 and 100 serve as supply resistors
      for adjusting the relevant biasses of the amplifier element 94 and are
      connected to a common voltage supply source 101.
PAR  The special aspect of the oscillator according to FIG. 9 is that so-called
      coupled micro-strip lines are used. They may be formed on an Al.sub.2
      O.sub.3 substrate creating the possibility of influencing, i.e. improving
      the drift properties of the total oscillator by means of the known
      temperature dependency of this material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit arrangement for tuning both VHF and UHF television signals
      between upper and lower frequency limits, said circuit comprising a first
      mixer stage having a first input means for receiving said television
      signals, a second input, and an output means for providing a signal at a
      first intermediate frequency which is higher than twice said upper
      frequency limit; a first oscillator coupled to said second input and
      tunable in a range below said first intermediate frequency; a gyromagnetic
      filter tuned to said first intermediate frequency and having an input
      coupled to said first mixer output and an output; a second mixer stage
      having a first input coupled to said filter output, a second input, and an
      output means for providing a signal at a second intermediate frequency
      lower than said lower frequency limit; and a second oscillator coupled to
      said second mixer second input and fixed tuned to a frequency above said
      first intermediate frequency.
NUM  2.
PAR  2. A circuit arrangement as claimed in claim 1, wherein each of the two
      mixer stages comprises a double balanced diode circuit.
NUM  3.
PAR  3. A circuit arrangement as claimed in claim 1, further comprising a first
      hybrid ring coupled to the first mixer stage, the first tunable
      oscillator, and the input of the gyromagnetic filter; and a second hybrid
      ring coupled to the second mixer stage, the second fixed frequency
      oscillator, and the output of the filter.
NUM  4.
PAR  4. A circuit arrangement as claimed in claim 3, wherein the hybrid rings
      are each formed in a micro-strip technique and each have a circumference
      of 6/4 .lambda. and four taps, two of said taps being .lambda./2 apart and
      coupled to the respective Mixer stage, one being coupled at half the
      distance .lambda./4 therebetween to the gyromagnetic filter and one being
      coupled at a distance of .lambda./4 relative to one tap and 3/4 .lambda.
      relative to the other of the said taps to the tunable oscillator and to
      the fixed frequency oscillator, respectively.
NUM  5.
PAR  5. A circuit arrangement as claimed in claim 4, wherein each hybrid ring
      comprises lead circuits folded in a meander-shaped manner.
NUM  6.
PAR  6. A circuit arrangement as claimed in claim 4, wherein each lead section
      of a hybrid ring comprises a .pi. or T element of concentrated inductors
      and capacitors or of high resistive and low resistive lead sections.
NUM  7.
PAR  7. A circuit arrangement as claimed in claim 2, further comprising a
      broadband amplifier having an input means for receiving said television
      signals and a symmetrical output and wherein the first mixer stage
      comprises at least four annular and electrically coupled diodes, the diode
      ring thus obtained has four connection terminals, a low pass filter
      coupled to two opposed terminals and to the symmetrical output of the
      input broadband amplifier and the two remaining terminals are coupled to
      the first hybrid ring.
NUM  8.
PAR  8. A circuit arrangement as claimed in claim 2, further comprising means
      for amplifying said second intermediate frequency signal having a
      symmetrical input, and wherein the second mixer stage comprises at least
      four annular and electrically coupled diodes and that the diode ring thus
      obtained has four connection terminals, two of said terminals opposing
      each other, an absorption circuit for the first intermediate frequency and
      for the fixed oscillator frequency coupled to said two opposing terminals
      and to the symmetrical input of the second intermediate frequency
      amplifier and the two remaining terminals are coupled to the second hybrid
      ring.
NUM  9.
PAR  9. A circuit arrangement as claimed in claim 7, wherein the diode ring
      comprises eight diodes, two of said diodes being arranged in series with
      equal polarity into each branch.
NUM  10.
PAR  10. a circuit arrangement as claimed in claim 9, wherein each branch
      comprises a resistor in series with the two diodes.
NUM  11.
PAR  11. A circuit arrangement as claimed in claim 1, wherein the tunable
      oscillator comprises a transistorized push-pull oscillator oscillating at
      the half of the desired frequency and having variable capacity tuning
      diodes and means for symmetrically providing output at the second
      harmonic.
NUM  12.
PAR  12. A circuit arrangement as claimed in claim 11, wherein the emitter
      circuits of the transistors include coils having parasitic capacitance.
NUM  13.
PAR  13. A circuit arrangement as claimed in claim 11 further comprising
      capacity diodes biassed by the base potential and used for DC separating
      transistor-and capacity-diode-potentials are coupled in the base supply
      lead of the transistors.
NUM  14.
PAR  14. A circuit arrangement as claimed in claim 1, wherein said first
      oscillator comprises transistors, a tuning circuit, and means for coupling
      the tuning circuit with the transistors comprising coupled microstrip
      lines.
NUM  15.
PAR  15. A circuit arrangement as claimed in claim 1, wherein the second fixed
      oscillator comprises a transistorized basic wave oscillator having coupled
      micro-strip lines means for the frequency adjustment and for coupling the
      load.
NUM  16.
PAR  16. A circuit as claimed in claim 1 wherein said filter comprises a YIG
      filter.
NUM  17.
PAR  17. A circuit as claimed in claim 1 further comprising a preamplifier means
      for amplifying signals between said frequency limits and having an input
      means for receiving said signals and an output coupled to said first mixer
      first input.
NUM  18.
PAR  18. A circuit as claimed in claim 8 wherein the diode ring comprises eight
      diodes, two of said diodes being arranged in series in with each polarity
      into each branch.
NUM  19.
PAR  19. A circuit as claimed in claim 18, wherein each branch comprises a
      resistor in series with the two diodes.
NUM  20.
PAR  20. A circuit arrangement for tuning both VHF and UHF television signals
      between upper and lower frequency limits, said circuit comprising a first
      mixer stage having a first input means for receiving said television
      signals, a second input, and an output means for providing a signal at a
      first intermediate frequency which is higher than said upper frequency
      limit; a first oscillator coupled to said second input; a gyromagnetic
      filter tuned to said first intermediate frequency and having an input
      coupled to said first mixer output and an output; a second mixer stage
      having a first input coupled to said filter output, a second input, and an
      output means for providing a signal at a second intermediate frequency
      lower than said lower frequency limit; and a second oscillator coupled to
      said second mixer second input, at least one of said mixers comprising a
      diode ring having eight diodes, each leg having two series coupled diodes
      with equal polarity.
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ABST
PAL  A balanced microwave diode mixing circuit utilizes the junction of a slot
      transmission line and a coplanar strip transmission line as the point of
      diode modulation to provide heterodyne mixing. By the use of slot line
      type elements formed on one side of a dielectric substrate and strip line
      type elements formed on the other side, the following features are
      achieved: (A) input of the local oscillator (LO) signal and output of the
      intermediate frequency (I.F.) signal are achieved through a common
      coupling to and from the coplanar strip line at the end of the latter
      which is remote from the hybrid junction; (B) low reactance at the "sum
      frequency" is presented at the hybrid junction; (C) low reactance at the
      image frequency is presented at the hybrid junction; and (D) high
      impedance at the input signal frequency is presented at the hybrid
      junction.
GOVT
PAR  The invention herein described was made in the course of or under contract
      with the Department of the Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a microwave diode balanced mixer circuit.
      More particularly, it relates to such a circuit of the type which embodies
      the techniques sometimes called image and sum enhancement, which are
      employed in order to minimize conversion loss. It also relates to such a
      circuit of the type which utilizes a coplanar strip transmission line-slot
      transmission line hybrid junction for balanced semiconductor diode
      modulation. The present invention is of special utility in operation at
      frequencies as high as the K band or higher.
PAR  Well known are the image and sum enhancement techniques for control of the
      impedance at each of the mixer terminals and of each of the frequencies of
      importance. The frequencies of importance are the modulation products
      which exist according to the heterodyne principle by which the mixer
      operates. The received signal at frequency.omega..sub.S, together with a
      higher level signal from a local oscillator (LO), is applied to a mixer
      diode to derive an intermediate frequency, equal to the difference between
      the received signal frequency and the LO frequency. Harmonics of the LO
      frequency (.omega..sub.LO) are also important. However, as the harmonic
      amplitude falls off approximately as 1/n.sup.2 (where n is the harmonic
      number), the power in the third harmonic and higher is quite small. Thus,
      only the effects of the fundamental and second harmonic are significant.
      The signal is mixed with .omega..sub.LO and 2.omega..sub.LO, producing the
      sum frequency .omega..sub.LO + .omega..sub.S, the difference (or
      intermediate) frequency.omega..sub.LO - .omega..sub.S, and the image
      frequency 2.omega..sub.LO = .omega. .sub.S.
PAR  Prior art integrated circuit forms of image and sum enhanced mixers are
      known and described in publications. For example, see H. A. Watson,
      "Microwave Semiconductor Devices And Their Circuit Application", New York,
      McGraw-Hill, 1969; and J. B. Cahalan et al, "An Integrated, X-Band, Image
      And Sum Frequency Enhanced Mixer With 1 GHz IF", 1971 G-MTT Symposium
      Digest, pp. 16-17. However, prior to the present invention, the only such
      circuits which have achieved general acceptance have been single ended
      (unbalanced) mixers as opposed to balanced mixers. These are inherently
      subject to limitation of narrow band operation imposed by use of a narrow
      band filter for image termination control.
PAR  The publication, L. E. Dickens, "Low Conversion Loss Millimeter Wave
      Mixers", 1973 G-MTT Symposium Digest, June 1973, pp. 66-68, describes and
      explains design considerations for operation of microwave mixer diode for
      lowest conversion loss. Use of these considerations in conjunction with
      those described and explained in M. R. Barber, "Noise Figure And
      Conversion Loss Of The Schottky Barrier Mixer Diode", IEEE Transactions on
      MTT, Vol. MTT-15, No. 11, pp. 629-635, November 1967, enables a
      theoretical calculation of comparative minimum mixer conversion losses for
      the image and sum enhanced mixer and the broadband mixer, respectively. It
      can be shown that such theoretically calculated minimum conversion losses
      for the case of a signal frequency center at 9.3 GHz using gallium
      arsenide (GaAs) Schottky barrier diodes for high frequency operation are
      about 1.0dB for the image and sum enhanced mixer and about 3.5dB for the
      broadband mixer. Thus, there is about a 2.5dB theoretically calculated
      advantage which potentially may be gained by image and sum enhancement
      techniques with balanced diode mixers.
PAR  Balanced semiconductor diode modulation utilizing the hybrid junction
      formed by the intersection of a slot transmission line with a coplanar
      strip transmission line is known. An example of such utilization is
      disclosed in U.S. Pat. No. 3,678,395, Hunton et al. Other prior art
      references disclosing use of slot-type distributed transmission line
      characteristics in providing balanced mixer circuit operation which are
      worthy of note are: U.S. Pat. No. 3,735,267 Napoli; U.S. Pat. No.
      3,772,599 Ernst and Yuan.
PAL  However, none of these employ image and sum enhancement techniques.
PAR  There is also a continuing need for improvements in integrated circuit
      balance mixer circuits to provide better electrical performance, improved
      reproducibility and lower production cost.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus is disclosed for producing an integrated circuit balanced mixer
      employing techniques of enhancement of mixer operation by control of
      impedances of the image and sum frequencies at mixer circuit ports. A
      coplanar strip transmission line is formed on one side of an integrated
      circuit substrate. One end of the coplanar strip line cooperates with an
      input signal slot line to form a hybrid junction. This hybrid junction is
      utilized in conjunction with mixer diode modulation. An arrangement for
      input and output coupling of the local oscillator (LO) and intermediate
      frequency (I.F.) signals is provided at the other end of the coplanar
      strip line. Transverse slot stubs are formed at the LO and I.F. input and
      output coupling end of the coplanar strip line. The slot stubs and the
      coplanar strip line section cooperate to present desired sum frequency and
      receive signal frequency impedances at the hybrid junction. Microstrip
      elements formed on the other side of the substrate cooperate with the
      input signal slot line to present desired image frequency impedances at
      the hybrid junction. Both the LO and I.F. signals are diplexed to and from
      the coplanar strip line by a single strip transmission line. The strip
      line is formed on the other side of the substrate and couples to the
      coplanar strip line via a feedthrough pin extending through the substrate.
      The diplexing action of the single strip line is made possible by
      employing a traveling wave loop directional filter element as the coupling
      link between the LO signal input and the single strip line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of a microwave integrated circuit (MIC)
      embodiment of a mixer circuit, with a small area cut away to better show
      the underlying substrate;
PAR  FIG. 2 is a bottom plan view of the circuit of FIG. 1;
PAR  FIG. 3 is an enlarged detail of FIG. 1;
PAR  FIG. 4 is a schematic diagram of an electrical equivalent circuit which
      depicts a theory of operation of the circuit of FIGS. 1-3;
PAR  FIG. 5 is a plot of test data obtained from an actual embodiment of the
      circuit of FIGS. 1-3; and
PAR  FIG. 6 is an enlarged detail like that of FIG. 3, but of a modified form of
      the invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIGS. 1 and 2 in
      conjunction with one another, an enhanced image and sum type microwave
      integrated circuit (MIC) mixer 10 is fabricated on a single MIC card 12.
      The card is a laminal construction of conducting metal upon opposite
      surfaces of a single dielectric (alumina) substrate 14. FIG. 1 is a top
      plan view which shows the ground plane conducting film 16 in which
      slot-type MIC circuit elements are formed by selected masking or etching
      or a continuous deposit on the substrate. FIG. 2 is the bottom plan view
      showing MIC metal film elements which are formed as discrete strips and
      other geometric forms. The electrically conducting films forming the
      elements on the ground plane side and the elements on the opposite side,
      respectively, may consist, for example, of chromium-gold.
PAR  Referring specifically to FIG. 1, a slot transmission line 18, to which a
      received signal is coupled as hereinafter described, intersects with a
      coplanar strip transmission line and slot stub organization 20. The linear
      axis A of slot line 18 constitutes a longitudinal axis of symmetry of slot
      line 18 and organization 20. Organization 20 comprises a center strip
      portion 22 made of conductor film aligned with axis A and separated along
      all four edges thereof by a gap in the film. The portions of the ground
      plane conductor film 16 which form the lateral outside bounds of the gap
      constitute ground side conductors, which together with center strip 22
      define a pair of longitudinally extending slots or gaps 23 and 24. Center
      strip 22 and the longitudinal gaps 23 and 24 function as a coplanar strip
      transmission line arrangement along which microwave energy is propagated
      in accordance with conventional theory. The function of coplanar strip
      line and slot stub organization 20 in conjunction with the slot line 18 is
      to form a microwave hybrid junction 25 in the region of the end of center
      strip 22 confronting the slot line 18. At the other end 26 of organization
      20, the end gap is formed between the end of strip 22 and the ground plane
      conductor. Also forming a part of coplanar strip line and slot stub
      organization 20 are a pair of slot line resonator stubs 27 and 28 which
      originate at and form right angled appendages of longitudinal gaps 23 and
      24, respectively, at end 26. Slot stubs 27 and 28 extend transversely into
      the respective adjacent ground side conductor portions of film 16 and are
      aligned along a common transverse axis B. A pair of diodes 29 and 30,
      which will hereinafter be described in considerable detail, are
      operatively associated with hybrid junction 25. The hybrid junction 25
      formed by organization 20 and slot line 18, and diodes 29 and 30,
      constitute an arrangement which enables the operation of semiconductor
      diode modulation in a manner providing enhanced sum and image mixing, as
      will become apparent as other components with which organization 20
      cooperates will be described.
PAR  While ground plane conductor film 16 has been shown as a continuous deposit
      on the substrate, the portions thereof which bound the sides of the
      coplanar strip line arrangement and the sides of slot line 18 may in
      theory be treated as discrete conductors, and these portions are sometimes
      hereinafter, and in the claims appended hereto, described or delineated as
      though they are discrete conductors.
PAR  Reference is now made to FIG. 2, which is a bottom plan view of card 12,
      taken from a perspective corresponding to the card having been flipped
      about one of its longitudinal edges (so that the order or the element from
      top to bottom are reversed from that of FIG. 1). A signal input strip
      transmission line 31 extends inwardly from a lateral edge of the card in
      parallel to axis A, and thence forms a right angle bend in the direction
      toward slot line 18 (which is on the opposite side of card). Extending
      from the right angle bend is a conventional strip transmission line
      transition element 32 which passes transversely across slot line 18 to
      couple the input signal into slot line 18. A series of three conductor
      strips 34, 36 and 38 also extend transversely across and couple with slot
      line 18 at predetermined axial positions along axis A. Conductor strips
      34, 36 and 38 cooperates with slot line 18 to form a coupled microstrip
      element-slot line filter 40, to be hereinafter described in greater
      detail.
PAR  A local oscillator (LO) signal and intermediate frequency (I.F.) signal
      strip transmission line 42 extends inwardly from the other lateral edge of
      the card and is aligned along axis A. It extends from the card edge to a
      position juxtaposed with a portion of center strip 22 at end 26 of
      coplanar strip line and slot stub organization 20. A feedthrough conductor
      pin 44 extends through an aperture in substrate 14 to provide a broadband
      transition between the LO and I.F. strip line 42 and the end 26 of
      coplanar strip line and slot stub organization 20. An LO signal input
      strip transmission line 46 extends inwardly from a longitudinal edge of
      the card and forms a right angle bend with a section thereof extending
      parallel to the LO and I.F. strip line 42. A matching stub 48 is formed at
      a short distance from where the LO input port is formed. LO input strip
      line 46 terminates in a transmission line impedance termination element
      50. One suitable construction of element 50 consists of a conventional
      chip resistor element connected between the LO input strip line 46 and a
      ground plane conductor film portion 51 formed as an extension of film 16
      and wrapped around the edge of the card. The LO signal is coupled from LO
      input strip line 46 to the LO and I.F. strip line 42 by means of a
      traveling wave loop directional filter element 52, which is interposed
      between lines 42 and 46. The use of this type of element as a signal
      coupling is conventional. For a more detailed description and explanation
      concerning such use of traveling wave loop elements, reference is made to
      G. L. Matthaei et al, "Microwave Filters, Impedance Matching Networks, And
      Coupling Structures", McGraw-Hill Book Company, New York, 1964.
PAR  Diodes 29 and 30, FIGS. 1 and 3, are of the gallium arsenide (GaAs)
      Schottky barrier type. The primary reason for the Schottky barrier in the
      present mixer application is to employ the variable resistance property of
      its junction, and thus the Schottky diode is sometimes commonly referred
      to as a "varistor" in relation to the present type of mixer application.
      The variation of resistance of a varistor as a function of applied voltage
      is substantial. The reverse bias resistance is of the order of many
      megohms. The resistance decreases rapidly with increasing forward bias
      until the forward bias series resistance, R.sub.S, dominates over the
      effect of the junction resistance. The junction resistance is in parallel
      with a junction capacitance, C.sub.j, which is also a voltage variable
      component. The varistor must be designed such that the junction
      capacitance is minimum for a given series-limiting resistance. To compare
      varistors of different R.sub.S and C.sub.j values, it is useful to define
      a cutoff frequency, f.sub.co = (2.pi..sub.j C.sub.j R.sub.S).sup.-.sup.1.
      For this comparison, the zero bias value for f.sub.co is used. GaAs
      Schottky diodes can have an f.sub.co as high as 1000 Ghz or more. One
      suitable method of fabricating the diode connections in the disclosed MIC
      circuit embodiment is to employ conventional semiconductor die bonding and
      wire bonding techniques.
PAR  Referring now to FIG. 3, coplanar strip line and slot stub organization 20
      will now be described more sepcifically in its relation to providing a
      hybrid junction for balanced modulation of diodes 29 and 30. The hybrid
      junction 25 is formed where slot line 18 intersects the gap between the
      ground plane conductor portions and the confronting end of center strip 22
      forming laterally extending gaps 54 and 56 which at their outer ends
      intersect with longitudinally extending gaps 23 and 24, respectively, and
      which at their inner ends intersect with one another and slot line 18. As
      indicated by the symbolical representations of diode polarity shown on the
      drawing, diode 29 is coupled across gap 54 with its anode electrically
      connected to center strip 22 and its cathode connected via a wire lead 58
      to a portion of the ground plane conductor film conductor adjoining the
      gap 54. Diode 30 is coupled across gap 56 with its anode connected to a
      portion of the ground plane conductor adjoining gap 56 and its cathode
      connected to center strip 22 via a wire lead 60. Thus, diodes 29 and 30
      are in parallel to one another with opposed polarity from the standpoint
      of termination of the coplanar strip line comprised of center strip 22 and
      longitudinally extending gaps 23 and 24. However, from the standpoint of
      termination of slot line 18 diodes 29 and 30 are in a series circuit and
      so poled to connect in the same direction of circuit current flow.
PAR  Reference is again made to FIG. 3, to describe certain dimensional
      characteristics of coplanar strip line and slot stub organization 20 which
      serve functions related to controlling impedances at the mixer terminals.
      Slot line stubs 27 and 28 each have a length L.sub.1 which is
      approximately equal to one-quarter (1/4) of the wavelength at the sum
      frequency resulting from heterodyning the LO and received signals. The
      length L.sub.2 of the coplanar strip line comprised of center strip 22 and
      longitudinal gap 23 and 24 is so chosen that the length L.sub.1 plus
      L.sub.2 is approximately equal to one-quarter of a wavelength at the
      signal center frequency (i.e., the center frequency of the received
      signal). Further, the geometry of coplanar line organization 20 and the
      local oscillator frequency are so chosen that distance L.sub.2 is also
      approximately one-quarter wavelength at the sum frequency. It will be
      appreciated that the foregoing wavelength relationships are electrical
      equivalent lengths, and the physical dimensions somewhat differ, as will
      be seen in the drawing in which L.sub.1 and L.sub.2 are not physically
      equal. The coplanar line center strip 22 and the width of the gaps 23 and
      24 are so chosen to provide a coplanar strip transmission line
      characteristic impedance equal to the desired I.F. signal impedance, which
      is conventionally 50 ohms. Slot line stubs 27 and 28 and the coplanar
      strip line serve two functions. First, the length of each slot stub and of
      the coplanar strip line, L.sub.1 and L.sub.2, respectively are one-quarter
      of a wavelength at the sum frequency, and they therefore have the effect
      of transforming a short circuit to the sum frequency at the end of each
      slot line stub to an open circuit at the region of the feedthrough
      conductor pin 44, and thence transforming the open circuit at pin 44 to a
      short circuit at hybrid junction 25, across which diodes 54 and 56 are
      coupled. Second, the length L.sub.1 plus L.sub.2 is approximately
      one-quarter of a wavelength at the signal frequency, and therefore the
      slot stubs 27 and 28 and the coplanar strip line arrangement function with
      combined effect to transform the short circuit to signal frequency of the
      end of each slot line stub to an open circuit at the signal frequency at
      hybrid junction 25, so that their impedance does not interfere with the
      operation of the diodes at the signal frequency.
PAR  In accordance with the well known principles of a short circuited image and
      sum frequency mixer, it is necessary that the signal impedance at each
      diode equal the I.F. impedance. Since the diodes 29 and 30 are in parallel
      across the coplanar strip line comprised of center strip 22 and gaps 23
      and 24, the respective diode impedances must be 100 ohms so that the two
      in parallel will match the 50 ohm I.F. line characteristic impedance. As
      is conventional and well known, the diode impedance may be preselected by
      choice of the diode parameters and LO drive level.
PAR  Referring again to FIGS. 1 and 2, the functions of elements associated with
      slot line 18 related to controlling impedances at mixer terminals will now
      be described in greater detail. The input signal carried by signal input
      strip 31 and strip transition element 32 is coupled into slot line 18.
      Conductor strips 34, 36 and 38 form a two-section, three-element, shunt
      coupled microstrip filter, with the pair of mixer diodes 29 and 30
      terminating the filter. In accordance with known and conventional theory,
      the dimensions and spacing of these strips are chosen to serve as an image
      band reject-signal band pass filter in conjunction with the signal carried
      in signal slot 18. As such, filter 40 presents a short circuit to the
      image frequency signals at diodes 29 and 30 and also tends to stop image
      frequencies from passing back out from the diodes to the signal input
      strip line 31. Input strip line 31 conventionally has a 50 ohm
      characteristic impedance, and slot line 18 can readily be made with a
      characteristic impedance of nominally 100 ohms. The transition provided by
      transition element 32 can be readily achieved with a bandwidth in excess
      of 10 percent (10%). As previously described, the signal impedances of
      diodes 29 and 30 are 100 ohms each. Accordingly, the microstrip
      element-slot line filter 40 is required to provide the impedance
      transformation to match the 200 ohms of diode impedance to the 100 ohm
      slot line impedance. This also is done in accordance with conventional
      techniques of selection of the geometry of strip elements 34, 36 and 38.
      It will be appreciated that since the combined length, L.sub.1 and
      L.sub.2, of line stubs 27 and 28, and of the coplanar strip line comprised
      of center strip 22 and longitudinal gaps 23 and 24, are a quarter of a
      wavelength at the received signal center frequency, L.sub.1 plus L.sub.2
      will at the image frequency represent only a further reduction of the
      already low image terminating reactance at hybrid junction 25.
PAR  Continuing with reference to FIGS. 1 and 2, the LO and I.F. strip line 42
      and the elements associated with the LO signal input will now be described
      in greater detail. The local oscillator signal is coupled from LO input
      line 46 to Lo and I.F. signal strip line 42 via directional filter element
      52. In accordance with well known and conventional theory, filter element
      52 is of predetermined geometry chosen to operate as a resonant coupling
      at the LO frequency to provide narrow band but high coupling performance
      so that there is no significant loss of local oscillator power in using
      this coupling link. Further, because of the wide frequency separation of
      the Lo and I.F. signals, the frequency selective properties of element 52
      make it a directional filter to allow diplexing of the Lo and I.F. signals
      along strip line 42 with an essential zero bandwidth limitation upon use
      of strip line 42 as an I.F. output port. The LO signal propagates along
      strip 42 and is coupled to end 26 of coplanar strip line and slot stub
      organization 20 via feedthrough conductor 44, which serves as a broadband
      strip-to-coplanar-line transition element. The coplanar strip line
      comprised of center strip 22 and longitudinal gaps 23 and 24 serves to
      inject the LO signal into diodes 29 and 30. The I.F. signal alternately
      energizes each diode in the manner of balance mixer operation. In
      accordance with the heterodyne principle, the received signal applied in
      series to diodes 29 and 30 produces the I.F. signal. The coplanar strip
      line transfers the I.F. signal from the diodes to feedthrough conductor
      pin 44, from which it propagates through I.F. and LO strip to the circuit
      output port.
PAR  FIG. 4 represents an equivalent circuit for purposes of representing what
      is believed to be the theory of operation of MIC mixer circuit 10. The
      corresponding components are represented by primes of like reference
      characters. The coplanar strip line 22', 23' and 24' couples the LO signal
      from feedthrough conductor pin 44' to the hybrid junction 25' impressing
      same upon diodes 29' and 30' in parallel. The input signal is passed by
      filter 40' and impressed upon the diodes in series. In accordance with
      well known theory of balanced modulation, the diodes act as non-linear
      devices under energization by the input and LO signals. The image stop
      action of the microstrip element-slot line filter 40' provides the desired
      shorting of the image signal at hybrid junction 25'. The effective short
      circuiting of the sum signal is provided by slot stub filter 27', 28' as
      transformed to hybrid junction 25' by the coplanar strip line arrangement
      22', 23' and 24'. It will be apparent that these conditions provide
      enhanced image and sum frequency balanced circuit operation.
PAR  Table I following gives the operating information concerning one successful
      embodiment of circuit 10.
TBL  ______________________________________                                    
     Signal frequency     9.4 GHz                                              
     LO frequency         7.8 GHz                                              
     Signal Bandwidth     1.0 GHz                                              
     Conversion Loss (1.0 GHz band)                                            
                          .ltoreq.3.15dB                                       
     Conversion Loss (0.5 GHz band)                                            
                          .ltoreq.2.8dB                                        
     Conversion Loss (best point)                                              
                          2.6dB                                                
     LO Power             .apprxeq.40 mW                                       
     Dynamic Range (Input signal                                               
                          +13 dBm                                              
      for 1.0dB compression)                                                   
     Image Band Isolation &gt;25 dB                                               
     VSWR (across Signal Band)                                                 
                          &lt; 1.4:1                                              
     ______________________________________                                    
PAL  Fig. 5 is a plot of conversion loss vs. signal frequency for this
      embodiment.
PAR  It will be apparent to those skilled in the art that diodes 29 and 30 are
      d.c. short circuited, and therefore require a relatively large value of LO
      signal drive power. FIG. 6 shows a modification which circumvents this
      problem. The conductor film on the ground plane side of the substrate
      forms d.c. bias pads 62 and 64 to one and the other sides of signal slot
      line 18" adjacent to the lateral gaps 54" and 56" of the hybrid junction
      25". The diodes 29" and 30" are coupled between the respective adjacent
      d.c. bias pad and center strip 22". The d.c. bias pads are bounded by
      slots which isolate them from the remainder of the conductor film (ground
      plane), and each is connected to a source of d.c. bias potential chosen to
      forward bias the diodes. A plurality of beam leaded coupling capacitors
      66a, 66b, 66c and 66d provide a low impedance path between the d.c. bias
      pads and the ground plane conductor film for I.F., LO, and received signal
      currents. A small amount of forward bias, thusly applied will allow
      significant reductions in the required value of LO power.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Microwave mixer apparatus, comprising;
PA1  a. a dielectric substrate,
PA1  b. a layer of conductor material affixed to one surface of said substrate,
PA1  c. a slot line formed in said layer of conductor material, the axis of said
      slot line establishing a longitudinal reference axis,
PA1  d. means for coupling a first signal at a first frequency into said slot
      line,
PA1  e. a coplanar strip line comprising said layer of conductor material
      forming a center strip aligned along said reference axis, and said layer
      of conductor material forming a first side conductor laterally spaced from
      one side of the center strip by a first longitudinal gap and forming a
      second side conductor laterally spaced from the other side of the center
      strip by a second longitudinal gap,
PA1  f. means for coupling a second signal at a second frequency into said
      coplanar strip line,
PA1  g. said slot line and said coplanar strip line being disposed in end-to-end
      relationship and at their adjacent ends cooperating to form a hybrid
      junction,
PA1  h. heterodyne circuit means operatively associated with said hybrid
      junction to derive a third signal at a frequency different from either
      that of the first and second frequencies,
PA1  i. means cooperative with said coplanar strip line to suppress derivation
      of a fourth signal at a fourth frequency different from any of the first,
      second and third frequencies,
PA1  j. means cooperative with said slot line to suppress derivation of a fifth
      signal at a fifth frequency different from any of the first, second, third
      and fourth frequencies,
PA1  k. said means cooperative with said coplanar strip line comprising a pair
      of first and second transversely aligned outwardly extending slot stubs of
      equal predetermined length formed in said side conductors of the coplanar
      strip line, said first and second slot stubs being formed at right angled
      appendages to the first longitudinal gap and to the second longitudinal
      gap, respectively, said slot stubs being formed at a longitudinal location
      along the coplanar strip line which is spaced from the hybrid junction end
      thereof by a predetermined distance,
PA1  l. said means cooperative with said slot line comprising a plurality of
      strips of conductor material affixed to the opposite side of said
      dielectric substrate, each strip of said plurality of strips passing
      transversely across said slot line, said plurality of strips being
      collectively constructed and arranged to present a relatively low
      impedance to said fifth frequency at said hybrid junction, and
PA1  m. said first, second, third, fourth and fifth signals are a set of signals
      composed of first and second input signals and related modulation product
      signals derived from combining the input signals in accordance with the
      heterodyne principle, the first, second, third, fourth and fifth signals
      respectively comprising a received signal, a local oscillator signal, an
      intermediate frequency signal, a sum frequency signal, and an image
      frequency signal.
NUM  2.
PAR  2. Microwave mixer apparatus, comprising:
PA1  a. a dielectric substrate,
PA1  b. a layer of conductor material affixed to one surface of said substrate,
PA1  c. a slot line formed in said layer of conductor material, the axis of said
      slot line establishing a longitudinal reference axis,
PA1  d. means for coupling a first signal at a first frequency into said slot
      line,
PA1  e. a coplanar strip line comprising said layer of conductor material
      forming a center strip aligned along said reference axis, and said layer
      of conductor material forming a first side conductor laterally spaced from
      one side of the center strip by a first longitudinal gap and forming a
      second side conductor laterally spaced from the other side of the center
      strip by a second longitudinal gap,
PA1  f. means for coupling a second signal at a second frequency into said
      coplanar strip line,
PA1  g. said slot line and said coplanar strip line being disposed in end-to-end
      relationship and at their adjacent ends cooperating to form a hybrid
      junction,
PA1  h. heterodyne circuit means operatively associated with said hybrid
      junction to derive a third signal at a frequency different from either
      that of the first and second frequencies,
PA1  i. means cooperative with said coplanar strip line to suppress derivation
      of a fourth signal at a fourth frequency different from any of the first,
      second and third frequencies,
PA1  j. means cooperative with said slot line to suppress derivation of a fifth
      signal at a fifth frequency different from any of the first, second, third
      and fourth frequencies,
PA1  k. said means for coupling said second signal being operative to couple
      same into the coplanar strip line at the end thereof remote from its
      hybrid junction end, and
PA1  l. means for coupling said third signal from said coplanar strip line to a
      signal utilization means, said means for coupling said third signal being
      operative to couple same from said coplanar strip line at the end thereof
      remote from its hybrid junction end.
NUM  3.
PAR  3. Apparatus in accordance with claim 2, wherein;
PA1  a. said means cooperative with said coplanar strip line comprises the side
      conductors of the coplanar strip line forming a pair of first and second
      transversely aligned outwardly extending slot stubs of equal predetermined
      length, the remote end of the coplanar strip line being spaced from the
      hybrid junction end thereof by a predetermined distance, said first and
      second slot stubs being formed as right angled appendages to the first
      longitudinal gap and to the second longitudinal gap, respectively, at said
      remote end of the coplanar strip line.
NUM  4.
PAR  4. Microwave mixer apparatus, comprising:
PA1  a. a dielectric substrate,
PA1  b. a layer of conductor material affixed to one surface of said substrate,
PA1  c. a slot line formed in said layer of conductor material, the axis of said
      slot line establishing a longitudinal reference axis,
PA1  d. means for coupling a first signal at a first frequency into said slot
      line,
PA1  e. a coplanar strip line comprising said layer of conductor material
      forming a center strip aligned along said reference axis, said layer of
      conductor material forming a first side conductor laterally spaced from
      one side of the center strip by a first longitudinal gap and forming a
      second side conductor laterally spaced from the other side of the center
      strip by a second longitudinal gap,
PA1  f. means for coupling a second signal at a second frequency into said
      coplanar strip line,
PA1  g. said slot line and said coplanar strip line being disposed in end-to-end
      relationship and at their adjacent ends cooperating to form a hybrid
      junction,
PA1  h. heterodyne circuit means operatively associated with said hybrid
      junction to derive a third signal at a frequency different from either
      that of the first and second frequencies,
PA1  i. means cooperative with said coplanar strip line to suppress derivation
      of a fourth signal at a fourth frequency different from any of the first,
      second and third frequencies,
PA1  j. means cooperative with said slot line to suppress derivation of a fifth
      signal at a fifth frequency different from any of the first, second, third
      and fourth frequencies,
PA1  k. said hybrid junction being comprised of said adjacent ends of said slot
      line and said coplanar strip line cooperating to form first and second
      generally lateral gaps which at their inner ends intersect with one
      another and the slot line and which at their outer ends intersect
      respectively with said first and second longitudinal gaps,
PA1  l. a first d.c. bias pad formed in said layer of conductor material as a
      portion thereof isolated from all adjacent portions of said layer by a gap
      in conductor material, said first d.c. bias pad being disposed adjacent to
      said first lateral gap,
PA1  m. a second d.c. bias pad formed in said layer of conductor material as a
      portion thereof isolated from all adjacent portions of said layer by a gap
      in conductor material, said second d.c. bias pad being disposed adjacent
      to said second lateral gap,
PA1  n. said heterodyne means comprises first and second unidirectional current
      devices having nonlinear impedance characteristics, said first device
      being connected between the first d.c. bias pad and said center strip and
      said second device being connected between said second d.c. bias pad and
      said center strip, said devices being so connected to form a series
      circuit between the first and second d.c. bias pads with the devices poled
      to conduct in the same circuit direction,
PA1  o. first and second bias sources respectively operatively connected to said
      first d.c. bias pad to forward bias the first unidirectional current
      device, and operatively connected to said second d.c. bias pad to forward
      bias the second unidirectional current device, and
PA1  p. first and second a.c. short circuiting means respectively connected
      between said first d.c. bias pad and an adjacent nonisolated portion of
      the layer of conductor material, and connected between said second d.c.
      bias pad and an adjacent nonisolated portion of the layer of conductor
      material.
NUM  5.
PAR  5. Microwave mixer apparatus, comprising:
PA1  a. a dielectric substrate,
PA1  b. a layer of conductor material affixed to one surface of said substrate,
PA1  c. a slot line formed in said layer of conductor material, the axis of said
      slot line establishing a longitudinal reference axis,
PA1  d. means for coupling a first signal at a first frequency ratio into said
      slot line,
PA1  e. a coplanar strip line comprising said layer of conductor material
      forming a center strip aligned along said reference axis, and said layer
      of conductor material forming a first side conductor laterally spaced from
      one side of the center strip by a first longitudinal gap and forming a
      second side conductor laterally spaced from the other side of the center
      strip by a second longitudinal gap,
PA1  f. means for coupling a second signal at a second frequency into said
      coplanar strip line,
PA1  g. said slot line and said coplanar strip line being disposed in end-to-end
      relationship with their adjacent ends cooperating to form first and second
      generally lateral gaps which at their inner ends intersect with one
      another and the slot line and which at their outer ends intersect
      respectively with said first and second longitudinal gaps,
PA1  h. a first unidirectional current device having nonlinear impedance
      characteristics connected between the center strip and one portion of the
      layer of conductor material which is disposed across said first lateral
      gap, and a second unidirectional device having nonlinear impedance
      characteristics connected between the center strip and another portion of
      the layer of conductor material which is disposed across said second
      lateral gap, said one and another portions of said layer of conductor
      material being on opposite sides of said slot line, said devices being so
      poled to provide heterodyne mixing of the first and second signals to
      derive a third signal at a third frequency,
PA1  i. means cooperative with said coplanar strip line to present a relatively
      low impedance to a fourth signal at an undesired fourth frequency in the
      region at which said slot line and said lateral gaps intersect and in
      shunt relation to both of said unidirectional current devices,
PA1  j. said means for coupling said second signal being operative to couple
      same into the coplanar strip line at the end thereof remote from the end
      adjacent to the slot line, and
PA1  k. means for coupling said third signal from said coplanar strip line to a
      signal utilization means, said means for coupling said third signal being
      operative to couple same from said coplanar strip line at the end thereof
      which is remote from the end adjacent to the slot line.
NUM  6.
PAR  6. Apparatus in accordance with claim 5, wherein;
PA1  a. said means cooperative with said coplanar strip line comprises a pair of
      first and second transversely aligned outwardly extending slot stubs of
      equal predetermined length formed in said first and second side
      conductors, respectively, of the coplanar strip line, the end of the
      coplanar strip line adjacent to the slot line and the remote end of the
      coplanar strip line being spaced apart by a predetermined distance, said
      first and second slot stubs being formed as right angled appendages to the
      first longitudinal gap and to the second longitudinal gap, respectively,
      at said remote end of the coplanar slot line.
NUM  7.
PAR  7. Apparatus in accordance with claim 6, wherein;
PA1  a. said predetermined length of said slot stubs and said predetermined
      distance between the end of the coplanar strip line adjacent to the slot
      line and the remote end of the coplanar strip line each being one-quarter
      of a wavelength at said fourth frequency.
NUM  8.
PAR  8. Apparatus in accordance with claim 6, wherein;
PA1  a. said first predetermined length of said slot stubs and said
      predetermined distance between the end of the coplanar strip line adjacent
      to the slot line and the remote end of the coplanar strip line are such
      that their combined length is approximately one-quarter of a wavelength at
      said first frequency.
NUM  9.
PAR  9. Apparatus in accordance with claim 8, wherein;
PA1  1. said first, second, third and fourth signals are a set of signals
      composed of first and second input signals and related modulation product
      signals derived from combining the input signals in accordance with the
      heterodyne principle, the first, second, third and fourth signals
      respectively comprising a received signal, a local oscillator signal, an
      intermediate frequency signal, and a sum frequency signal.
NUM  10.
PAR  10. Microwave mixer apparatus, comprising:
PA1  a. a dielectric substrate,
PA1  b. a layer of conductor material affixed to one surface of said substrate,
PA1  c. a slot line formed in said layer of conductor material, the axis of said
      slot line establishing a longitudinal reference axis,
PA1  d. means for coupling a received signal at a first frequency into said slot
      line,
PA1  e. a coplanar strip line comprising said layer of conductor material
      forming a center strip line aligned along said reference axis, and said
      layer of conductor material forming a first side conductor laterally
      spaced from one side of the center strip by a first longitudinal gap and
      forming a second side conductor laterally spaced from the other side of
      the center strip by a second longitudinal gap,
PA1  f. means for coupling a local oscillator signal at a second frequency into
      said coplanar strip line,
PA1  g. said slot line and said coplanar strip line being disposed in end-to-end
      relationship with their adjacent ends cooperating to form first and second
      generally lateral gaps which at their inner ends intersect with one
      another and the slot line and which at their outer ends intersect
      respectively with said first and second longitudinal gaps,
PA1  h. a first unidirectional current device having nonlinear impedance
      characteristics connected between the center strip and one portion of the
      layer of conductor material which is disposed across said first lateral
      gap, and a second unidirectional current device having nonlinear impedance
      characteristics connected between the center strip and another portion of
      the layer of conductor material which is disposed across said second
      lateral gap, said one and another portions of said layer of conductor
      material being on opposite sides of said slot line, said devices being so
      connected to form a series circuit between the one and another portions of
      the layer of conductor material with the devices poled to conduct in the
      same direction of circuit current flow,
PA1  i. means cooperative with said slot line to present a relatively low
      impedance to an undesired image signal modulation product in the region at
      which said slot line and said lateral gaps intersect and in shunt
      relationship to said series circuit of unidirectional devices between the
      one and another portions of the layer of conductor material, said image
      signal modulation product being derived from the application of both the
      received signal and the local oscillator signal across each of the first
      unidirectional device and the second unidirectional device in accordance
      with the heterodyne principle,
PA1  j. said means for coupling said local oscillator signal being operative to
      couple same into the coplanar strip line at the end thereof remote from
      the end adjacent to the slot line, and
PA1  k. means for coupling the intermediate frequency signal modulation product
      from said coplanar strip line to a signal utilization means, said
      intermediate frequency signal being derived in accordance with the
      heterodyne principle from the application of both the received signal and
      the local oscillator signal across each of the first unidirectional
      current device and the second unidirectional current device said means for
      coupling said intermediate frequency being operative to couple same from
      said coplanar strip line at the end thereof which is remote from the end
      adjacent to the slot line.
NUM  11.
PAR  11. Mixer apparatus, comprising:
PA1  a. a dielectric substrate,
PA1  b. a layer of conductor material affixed to one surface of said substrate,
PA1  c. a slot line formed in said layer of conductor material, the axis of said
      slot line establishing a longitudinal reference axis,
PA1  d. a coplanar strip line comprising said layer of conductor material
      forming a center strip aligned along said reference axis, and said layer
      of conductor material forming a first side conductor laterally spaced from
      one side of the center strip by a first longitudinal gap and forming a
      second side conductor laterally spaced from the other side of the center
      strip by a second longitudinal gap,
PA1  e. said slot line and said coplanar strip line being disposed in end-to-end
      relationship, and having their adjacent ends cooperating to form first and
      second generally lateral gaps which at their inner ends intersect with one
      another and the slot line and which at their outer ends intersect
      respectively with said first and second longitudinal gaps, forming a
      hybrid junction,
PA1  f. a first unidirectional current device having nonlinear impedance
      characteristics connected between the center strip and one portion of the
      layer of conductor material which is disposed across said first lateral
      gap, and a second unidirectional current device having nonlinear impedance
      characteristics connected between the center strip and another portion of
      the layer of conductor material which is disposed across said second
      lateral gap, said one and another portions of said layer of conductor
      material being on opposite sides of said slot line, said devices being so
      connected to form a series circuit between the one and another portions of
      the layer of conductor material with the devices poled to conduct in the
      same direction of circuit current flow,
PA1  g. means for coupling a received signal into said slot line to apply same
      across the series circuit of first and second unidirectional current
      devices, and
PA1  h. common coupling means electrically connected to said coplanar strip
      line, said common coupling means being operative to introduce a local
      oscillator signal into said coplanar strip line for propagation therealong
      to apply same across said first unidirectional current device and across
      said second unidirectional current device, and said common coupling means
      being operative to receive intermediate frequency signal energy which
      emanates from said first unidirectional current device and propagates
      along said coplanar strip line and which emanates from said second
      unidirectional current device and propagates along said coplanar strip
      line and operative to couple such intermediate frequency signal energy
      from the coplanar strip line to a signal utilization means.
NUM  12.
PAR  12. Apparatus in accordance with claim 11, wherein;
PA1  a. said common coupling means is electrically connected to said coplanar
      strip line at the end thereof remote from the hybrid junction.
NUM  13.
PAR  13. Apparatus in accordance with claim 11, wherein;
PA1  a. said common coupling means comprises a strip line, an aperture formed in
      said substrate, and a conductor element,
PA1  b. said strip line being formed of a strip of conductor material affixed to
      the opposite side of said substrate with an end portion thereof disposed
      in juxtaposed relation to said center strip at the end portion remote
      thereof from the hybrid junction end of the coplanar strip line,
PA1  c. said aperture extending between the juxtaposed end portions of the
      center strip and of the strip of conductor material, and
PA1  d. said conductor element extending through said aperture and electrically
      coupling said end portions of the center strip and the strip line.
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ABST
PAL  A zero crossing detector and one shot circuit connected to receive audio
      frequency signals from a receiver and provide a pulse each time the signal
      crosses a reference level, first and second one shot timers connected to
      receive the pulses and provide pulses in response thereto which coincide
      with the zero crossing of a predetermined signal it is desired to mute,
      coincidence gates receiving the one shot pulses and the delayed pulses and
      cooperating with a missing pulse detector and a relay in the receiver to
      mute the receiver whenever the pulses from either of the one shot timers
      coincide with the pulses from the zero crossing detector, which
      coincidence indicates a signal of the frequency it is desired to mute.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In communications systems which transmit data for visual display, by some
      means such as phase shift keyed sequences, and which also transmit voice
      messages it is desirable to mute the receiver during the transmission of
      the phase shift keyed data sequences so that the tones produced by these
      sequences are not audibly reproduced in the receiver. A system of this
      type is described in U.S. Pat. No. 3,906,445, entitled "Alphanumeric
      Terminal for a Communications System" and assigned to the same assignee.
      In this system the phase shift keyed data is transmitted first and is
      followed in the same transmission by any voice messages it is desired to
      transmit. Since the tones produced by the phase shift keyed data can be
      extremely irritable, many attempts have been made to mute the receiver
      during the data sequence without losing any of the voice message. Prior
      art structures include general data/voice discriminators which operate on
      the use of the fast Fourier transform. However, these circuits take a
      minimum of a few seconds to make a positive identification of either voice
      or data. Therefore, annoying tone bursts may still occur before muting and
      portions of the voice message may be muted.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to a circuit for muting a radio receiver
      during the reception of data of a predetermined frequency including means
      providing pulses each time the data crosses a reference level and means
      triggered by the pulses for providing delayed windows or timing pulses at
      a subsequent time when the data will cross the reference level if it is a
      predetermined frequency and, thus, the data which it is desired to mute,
      the pulses and the timing pulses are applied to a coincidence gate and, if
      they coincide, the receiver is muted.
PAR  It is an object of the present invention to provide a circuit for muting a
      radio receiver during the reception of data or signals of a predetermined
      frequency.
PAR  It is a further object of the present invention to provide a circuit for
      muting a radio receiver during the reception of data of a predetermined
      frequency, which muting circuit is less complicated than prior art
      circuits and extremely fast at determining the existence of data or voice
      messages.
PAR  These and other objects of this invention will become apparent to those
      skilled in the art upon consideration of the accompanying specification,
      claims and drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings:
PAR  FIG. 1 is a block diagram of a circuit for muting a radio receiver
      embodying the present invention; and
PAR  FIG. 2 illustrates a variety of waveforms, present in FIG. 1, and the time
      relationship therebetween.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to FIG. 1, input means including an input terminal
      11 and a variable gain amplifier 12 are connected to supply audio
      frequency signals to the input of a zero crossing detector 13. The input
      terminal 11 is connected to a radio receiver (not shown) to receive audio
      frequency signals therefrom, which audio frequency signals include data of
      a predetermined frequency or repetition rate and voice signals. In
      general, as set forth in the above described co-pending application, the
      voice signals will follow the data signals in the same transmission,
      however this is not essential to the present invention. The waveform of a
      typical transmission including a data signal followed by a voice signal is
      illustrated in FIG. 2 waveform A.
PAR  The zero crossing detector 13 may be any circuit which will provide an
      indication each time the audio frequency signal applied thereto crosses a
      reference level, such as zero. In the present embodiment the zero crossing
      detector 13 is an amplifier and limiter which converts the audio frequency
      signal to a series of square waves, shown inverted in FIG. 2B. Referring
      to FIG. 2, waveforms A and B, it can be seen that the zero crossings of
      the data (approximately the first half of the waveform) have a
      predetermined repetition rate. That is, the positive portions of the cycle
      are always of the same duration and the negative portions of the cycle are
      always of the same duration. It should be understood that the waveform
      illustrated is not essential to the present invention and any waveform
      having a predictable or reoccurring portion may be utilized.
PAR  The output of the zero crossing detector 13 is applied to a one shot
      circuit 14 which is constructed to supply a relatively sharp output pulse
      on the leading and trailing edges of the square waves received from the
      zero crossing detector 13, as illustrated in FIG. 2, waveform C. In the
      present embodiment the one shot circuit 14 is two one shot multi-vibrators
      one of which is connected to trigger on the leading edge of the square
      waves applied thereto and the other of which is constructed to trigger on
      the trailing edge of the square waves. The pulses supplied from the one
      shot circuit 14 thus appear at each zero crossing of the audio frequency
      signal applied to the circuit. The zero indicating pulses from the one
      shot circuit 14 are applied to a first one shot timer 20, a second one
      shot timer 21, one input of a first coincidence gate or AND circuit 22 and
      one input of a second coincidence gate or AND circuit 23.
PAR  The one shot timers 20 and 21 are each resettable timers which provide an
      output pulse a predetermined time after an input pulse is applied to the
      input thereof. Since the timers 20 and 21 are resettable, an output pulse
      will not appear if a second input pulse is supplied after a first input
      pulse and before the predetermined time has elapsed. Referring to FIG. 2,
      waveforms D and E, the output pulses of one shot timers 20 and 21,
      respectively, are illustrated. From these waveforms it can be seen that
      the one shot timer 20 supplies a pulse a predetermined time after a pulse
      (waveform C) is applied to the input thereof, which predetermined time is
      equal to the width of the negative portions of the data having the
      predetermined frequency, or the time between the leading and lagging edges
      of the positive going portion of the first three square waves in waveform
      B. The one shot timer 21 supplies an output pulse, illustrated in waveform
      E. a predetermined time after a pulse (waveform C) is applied to the input
      thereof, which predetermined time is equal to the width of the positive
      portions of the data having the predetermined frequency, or the time
      between the leading and lagging edges of the negative going portions
      between the first three square waves of the waveform B. The dotted lines
      in waveforms D and E indicate the time elapsed after a pulse is applied to
      the input of the one shot timers 20 and 21 and, if a second pulse is
      applied before the predetermined times for each of the timers 20 and 21
      have elapsed, the timers 20 or 21 are reset without supplying an output
      pulse.
PAR  In the present embodiment the one shot timers 20 and 21 include two one
      shot multi-vibrators connected in series with the first multi-vibrator
      determining the delay and the second multi-vibrator determining the width
      of the output pulse. The output pulses from the one shot timers 20 and 21
      are applied to the AND circuits 22 and 23, respectively, and act as
      windows to allow the AND circuits 22 and 23 to pass pulses from the one
      shot circuit 14 if they occur during one of the windows. Since the window
      or pulse supplied by the one shot timer 20 is delayed a time equal the
      duration of the negative portion of the data desired to be muted, pulses
      corresponding to the trailing edges of the first three positive square
      waves of waveform B will pass through AND circuit 22. Similarly, since the
      window or pulse produced by the one shot timer 21 is delayed a time equal
      to the duration of the positive portion of the data desired to be muted,
      pulses corresponding with the trailing edges of the two negative going
      portions between the first three positive square waves in the waveform B
      will pass through the AND circuit 23. Thus, the two one shot timers 20 and
      21 and the coincidence gates or AND circuits 22 and 23 cooperate to sense
      the frequency or repetition rate of the pulses from the one shot circuit
      14 and pass only pulses which correspond with the predetermined frequency
      or repetition rate of the data to be muted. While the one shot timers 20
      and 21 provide a delay equal to the negative and positive portions of the
      data, it should be understood that a single one shot timer might be
      utilized to sense either the positive portion, the negative portion, an
      entire cycle, or any desired number of cycles if accuracy is not
      important. Further, more than two one shot timers might be utilized with
      additional AND gates to sense data having a different frequency if it is
      desired to mute more than one type of data. It will be noted from the
      waveforms of FIG. 2 that the one shot timers are triggered by input pulses
      to supply windows, on various occasions other than during the data desired
      to be eliminated, but there is no chance of a pulse appearing at the
      output of the one shot circuit 14 in coincidence with the windows unless
      the frequency of the signal applied to the one shot circuit 14 is the same
      as the data. The width of the output pulses or windows from the one shot
      timers 20 and 21 can be reduced to increase the accuracy or reliability of
      the circuit and reduce the possibility of passing pulses of the wrong
      frequency.
PAR  The output pulses from the AND circuits 22 and 23 are applied to an OR gate
      25 which supplies a pulse to a missing pulse detector 26 whenever a pulse
      is applied to either of the inputs of the OR gate 25. Waveform F of FIG. 2
      illustrates the pulses applied to the missing pulse detector 26 from the
      OR gate 25. The missing pulse detector 26 is in essence a timer which is
      continuously reset by incoming pulses as long as the pulses occur before
      the missing pulse detector 26 times out. The delay of the missing pulse
      detector 26 should be greater than the maximum time between pulses applied
      thereto (greater than the delay in the one shot timer 21) and may be
      several times greater to allow for the possibility of a missing pulse
      occurring because of improper processing, signal fading, etc. Once the
      missing pulse detector 26 times out, a signal is supplied through an OR
      gate 27 to energize a relay 28 and unmute the receiver, for example by
      connecting the speaker to the audio output.
PAR  The missing pulse detector 26 also contains a latch circuit 30 which
      receives an input from an activity and quieting detector 31. The activity
      and quieting detector 31 is connected to receive signals from the zero
      crossing detector 13 and to further receive a quieting indication from the
      radio receiver. As is well known by those skilled in the art, a
      communications receiver can supply a quieting signal or indication
      whenever signals, other than noise, are being received thereby. In the
      present embodiment, this quieting indication is supplied through the
      activity and quieting detector 31 to the latch 30. The missing pulse
      detector 26 is latched in the unmuted mode once it has timed out and the
      receiver is still receiving a signal, but the squelching of the receiver
      unlatches the detector 26. When the RF carrier is no longer present at the
      receiver (no signal being received) the receiver goes into a squelched
      condition and the quieting signal goes high. The rise of the quieting
      signal produces a single pulse in the activity and quieting detector,
      which includes for example a simple edge detector, and the single pulse
      opens the latch to allow the receiver to be muted. Thus, for signals such
      as that illustrated in waveform A of FIG. 2, the present circuit mutes the
      receiver during the data portion of the receiver and for the voice portion
      of the signal following the data, the missing pulse detector 26 is latched
      to prevent inadvertent muting of the receiver. The activity and quieting
      detector 31 also supplies a signal to the OR gate 27 to prevent operation
      of the relay 28 when no quieting or activity indication is supplied
      thereto, so that the receiver is muted when no signal is being received.
      The activity and quieting detector 31 receives an activity indication
      (signals) from the zero crossing detector 13 and quieting signals from the
      quieting indication input. A simple integrating circuit may be included in
      the detector 31 which provides a DC level at the output in response to any
      signals at the inputs. Thus, any activity or quieting indications result
      in a DC level at the input to the OR gate 27 which essentially opens the
      gate and allows a high signal from the detector 31 to pass therethrough
      and operate the relay 28 to unmute the receiver. If neither of the
      activity or quieting indications are present the output of the detector 31
      is zero or low and the OR gate 27 is closed so that extraneous signals
      from the detector 26, caused by discriminator noise or the like in the
      receiver, cannot pass therethrough to unmute the receiver.
PAR  Thus, a circuit for muting a radio receiver has been disclosed, which
      circuit senses the reception of a predetermined signal and mutes the
      receiver during the reception to eliminate annoying bursts of noise from
      the receiver. Further, the circuit is extremely fast because it senses
      half cycles of the signal to be muted and does not require a long time to
      recognize the signal. Further, the speed and accuracy of the present
      circuit can be adjusted by adjusting the various delays in the circuitry
      to correspond with the requirements of the equipment to which it is
      attached. While I have shown and described a specific embodiment of this
      invention, further modifications and improvements will occur to those
      skilled in the art. I desire it to be understood, therefore, that this
      invention is not limited to the particular form shown and I intend in the
      appended claims to cover all modifications which do not depart from the
      spirit and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of muting a radio receiver during the reception of audio
      frequency data or signals of a predetermined frequency, including the
      steps of:
PA1  a. monitoring the audio frequency signals in the receiver and providing a
      pulse for each zero crossing thereof;
PA1  b. using the pulses provided to produce a delayed window subsequent to each
      pulse, which window is delayed a period equal to the time between zero
      crossings of data of the predetermined frequency; and
PA1  c. comparing the occurrence of the pulses and the windows and muting the
      receiver for a period longer than the delay between windows each time a
      pulse and a window coincide.
NUM  2.
PAR  2. A circuit for muting a radio receiver during the reception of data or
      signals of a predetermined frequency, said circuit comprising:
PA1  a. input means for receiving audio frequency signals from the radio
      receiver;
PA1  b. zero crossing detector means connected to receive the audio frequency
      signals from said input means and supply an indicating pulse each time the
      amplitude of the audio frequency signals passes through a reference level;
PA1  c. one shot timer means connected to receive the indicating pulses from the
      zero crossing detector means and supply a timing pulse a first
      predetermined time after the reception of each indicating pulse, the first
      predetermined time corresponding with a period between zero crossings of
      the predetermined frequency, and the timer means being reset when a second
      indicating pulse is applied thereto subsequent to a first indicating pulse
      and before the first predetermined time has elapsed;
PA1  d. coincidence gate means coupled to said zero crossing detector means and
      said timer means for supplying an output pulse each time an indicating
      pulse and a timing pulse are coincidentally supplied thereto;
PA1  e. missing pulse detector means connected to receive the output pulses from
      said coincidence gate means and supply a muting signal during the
      reception of a series of the output pulses, said missing pulse detector
      means providing an unmuting signal a second predetermined time after the
      reception of the last output pulse in the series, said second
      predetermined time being longer than said first predetermined time; and
PA1  f. switch means coupled to said missing pulse detector means and said
      receiver for receiving the muting and unmuting signals and muting the
      receiver in response to the muting signal and unmuting the receiver in
      response to the unmuting signal.
NUM  3.
PAR  3. A circuit for muting a radio receiver as claimed in claim 2 including an
      activity and quieting detector connected to receive indicating pulses from
      the zero crossing detector and quieting signals from the receiver and
      supply an output signal in the absence of both the pulses and the quieting
      signals, and an OR gate connected to receive the output signal from said
      activity and quieting detector and the muting signal from the missing
      pulse detector means and supply a muting signal to the switch means.
NUM  4.
PAR  4. A circuit for muting a radio receiver as claimed in claim 2 including in
      addition latch means associated with the missing pulse detector means and
      coupled to receive a quieting signal from the receiver, said latch means
      operating to prevent said missing pulse detector from supplying a second
      muting signal subsequent to a first muting signal and during the presence
      of a quieting signal.
NUM  5.
PAR  5. A circuit for muting a radio receiver as claimed in claim 2 wherein the
      switch means includes a relay.
NUM  6.
PAR  6. A circuit for muting a radio receiver as claimed in claim 2 wherein the
      zero crossing detector means includes an amplifier and limiter for
      converting the audio frequency signals to square wave signals.
NUM  7.
PAR  7. A circuit for muting a radio receiver as claimed in claim 6 wherein the
      zero crossing detector means includes in addition a one shot circuit that
      provides a relatively short indicating pulse at the beginning and end of
      each square wave and which supplies the indicating pulses to the one shot
      timer means.
NUM  8.
PAR  8. A circuit for muting a radio receiver as claimed in claim 2 wherein the
      one shot timer means includes a first and a second one shot timer each
      having an input coupled to receive indicating pulses from the zero
      crossing detector means and an output supplying timing pulses to the
      coincidence gate means, the first timer supplying a timing pulse
      subsequent to receiving an indicating pulse a period of time equal to the
      time between the first and second zero crossings of a cycle of the signal
      having the predetermined frequency, and the second timer supplying a
      timing pulse subsequent to receiving an indicating pulse a period of time
      equal to the time between the second and third zero crossings of a cycle
      of the signal having the predetermined frequency.
NUM  9.
PAR  9. A circuit for muting a radio receiver as claimed in claim 8 wherein the
      coincidence gate means includes first and second AND gates and an OR gate,
      said first AND gate being connected to receive timing pulses from the
      first timer and indicating pulses and supplying coincidence pulses to said
      OR gate, said second AND gate being connected to receive timing pulses
      from the second timer and indicating pulses and supplying coincidence
      pulses to said OR gate, and said OR gate supplying output pulses to the
      missing pulse detector means.
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PAL  A system for limiting an FM signal to produce outputs which are TTL
      compatible, yet retain the zero crossings of the incoming FM signal as
      long as the amplitude of that signal remains above a chosen minimum and
      the frequency remains less than a chosen amount.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 360,519 filed May 15, 1973, now U.S. Pat. No. 3,863,264.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In Sequence Color and Memory Television Systems, hereinafter referred to as
      SECAM, the transmitted color subcarrier alternates between two color
      difference signals from line to line. For this reason SECAM color
      difference signals, D'.sub.B and D'.sub.R, alternately modulate the
      subcarrier. As a result of this frequency modulation, the color signal is
      less sensitive to differential phase and differential gain. However, since
      only one color difference signal is transmitted at one particular time,
      some memory device must be used so that such color difference signals are
      available simultaneously, say, in the receiver or image producing device
      such as a color picture tube. Herein then, lies a disadvantage of the
      prior art, namely non-ideal delay line.
PAR  As is well-known, the last color information to enter the SECAM delay line
      prior to the viewed line was the opposite color difference signal, any
      reflections due to such non-ideal delay line termination or construction
      will appear as cross colors at the output of the delay line. This cross
      color may be present from multiple reflections, with its amplitude
      reflecting the amount of time it has been present in the delay line. Some
      direct transmission through the delay line may also be present, but this
      is principally a property of the delay line construction. Such cross color
      represents a deterioration of a theoretical advantage over other systems
      of color television transmission which is basic to SECAM.
PAR  A second disadvantage is that in steering the alternating lines of color
      information from the output of the delay line and direct transmission to
      the input of the D'.sub.R and D'.sub.B demodulators, some cross talk must
      occur in the switch. Where the signals transmitted are analog, this
      represents a noticeable degradation of the chrominace signals.
PAR  Following the adding together of the previously mentioned color difference
      signals, such signals must be amplitude limited and frequency detected due
      to frequency modulation as discussed. The frequency detector, or modulator
      as hereinafter referred, produces an output dependent upon how much an
      input signal differs in frequency from an undiviated or rest frequency. In
      other words, amplitude variations of the color difference signals are
      derived in response to frequency variations. Thus, another disadvantage of
      the prior art.
PAR  As is well-known by those skilled in the art, many means of demodulation of
      a frequency modulated signal are known, one of which is the phase lock
      loop. In SECAM color systems large frequency deviations of the color
      subcarrier occur at a very fast rate. Because of this, it is very
      difficult to build a phase lock loop demodulator. Inherent in the
      construction of such demodulator is high loop gain and large loop
      bandwidth which tend to decrease the advantage of a phase lock loop
      demodulator over known methods of frequency detection.
PAR  In an article written by C. J. Byrne entitled "Properties and Design of the
      Phase Controlled Oscillator with a Sawtooth Comparator" and published in
      the Bell System Technical Journal, March 1962, means including a sawtooth
      phase comparator are discussed to overcome the disadvantages of the more
      common sinusoidal phase comparators and thereby construct a phase locked
      loop which would be improved in some respects over phase locked loops
      mentioned above. Such improvement, if carried further, could be used to
      make a more improved phase lock loop demodulator for a SECAM color system.
PAR  The disadvantages of the prior art were overcome by the invention described
      in U.S. Pat. No. 3,863,264 in that the color difference signals are
      digitized at the incoming subcarrier level prior to being applied to the
      delay line. Digitizing of such signals eliminates the effect of cross talk
      within the switch. Further, routing of the color difference signals
      through multiple delay lines reduce reflections below any desired level.
      These two advantages combine to provide virtually no cross color, a
      theoretical advantage of the SECAM system. A further advantage is that the
      digitizing of the color difference signals at the incoming subcarrier
      level provides better equivalent noise bandwidth because of the digital
      phase detector which enables a lower bandwidth phase lock loop to be used.
PAR  The invention described in U.S. Pat. No. 3,863,264 further overcame the
      disadvantage of the prior art in that any switching before or after the
      delay line(s) can consist of simple logic gates. Also, by using digital
      signals corresponding to the color difference signal subcarrier and
      decoding such signals based upon both a positive and a negative
      transition, a very appreciable increase in decoder accuracy, speed, and
      equivalent noise bandwidth can be obtained.
PAR  As is well known, the trigger points of the Schmitt trigger used for the
      waveform squaring circuit described in U.S. Pat. No. 3,863,264 must be
      chosen at a sufficiently high level to ensure enough delay between the
      modulator-demodulator transition and the Schmitt trigger transistion to
      obtain a clock pulse of usable width. To produce a usable width clock
      pulse for the highest level input signal which can be expected, the trip
      points of the Schmitt trigger must be selected at an amplitude, say 10
      percent of the expected input peak value. This sets the lowest level input
      signal for which the waveform squaring circuit will produce an output. A
      disadvantage, however, is that frequently the level selected is not low
      enough for reasonable fluctuations in input signal level.
PAC  BRIEF SUMMARY OF INVENTION
PAR  The present invention overcomes the disadvantage of the waveform squaring
      circuit by providing an improved circuit that operates with very high
      level input signals and low level input signals selected independently. It
      provides for limiting an FM signal to produce outputs which are TTL
      compatible, yet retain the zero crossings of the incoming FM signal as
      long as the amplitude of that signal remains above a chosen minimum and
      the frequency remains less than a chosen amount.
PAR  It is therefore an object of the present invention to provide an improved
      FM limiter with input level sensing and TTL level output.
PAR  It is still another object of the present invention to provide an improved
      FM limiter with input level sensing and TTL level output whereby color
      difference subcarrier signals are digitized.
PAR  It is still yet another object of the present invention to provide an
      improved FM limiter with input level sensing and TTL level output having a
      substantial dynamic range.
PAR  The subject matter of the present invention is particularly pointed out and
      distinctly claimed in the concluding portion of this specification. The
      invention, however, both as to organization and method of operation
      together with further advantages and objects thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings wherein like reference characters refer to
      like elements. It is to be understood, however, that these embodiments are
      not intending to be exhausting nor limiting of the invention but are given
      for purposes of illustration in order that others skilled in the art may
      fully understand the invention and principles thereof and the manner of
      applying it in particular use so that they may modify it in various forms,
      each as may best be suited to the conditions of the particular use.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a block diagram of a conventional SECAM decoder;
PAR  FIG. 2 is a block diagram of a SECAM decoder according to U.S. Pat. No.
      3,863,264
PAR  FIG. 3 is a schematic drawing of the waveform squaring circuit shown in
      FIG. 2;
PAR  FIG. 4 is a schematic drawing of the improved waveform squaring circuit
      having improved dynamic range in accordance with the subject invention.
PAR  FIG. 5 is a voltage VS time graph for the waveform squaring circuit of FIG.
      3; and
PAR  FIG. 6 is a voltage VS time graph for the waveform squaring circuit of FIG.
      4.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  FIG. 1 shows a block diagram of a conventional SECAM decoder. Composite
      video, consisting of a luminance signal portion, a chrominance signal
      subcarrier portion, and a synchronization signal portion, all of which are
      added together in a conventional manner, is applied to a Band Pass Filter
      and "Bell" stage 1 and a video amplifier and delay stage 2. In a
      conventional matter, the luminance and synchronization portions of the
      composite video signal are separated from the chrominance portion of the
      composite video signal. The luminance and synchronization signals are
      passed through the video amplifier and delay stage 2 which separates the
      synchronization information from the luminance, delays the luminance, then
      applies it to a picture tube 3. Although not shown, the synchronization
      portion of the signal is used to synchronize the deflection and timing
      circuits as is well-known.
PAR  The chrominance portion of the signal is then applied to a Bell having
      characteristics opposite to the Bell of the encoder. Thus, the chrominance
      signal has its modulated subcarrier re-established to the correct
      amplitude. As is well-known, the chrominance portion of the composite
      video signal leaving the band pass filter and bell stage 1 consists of two
      color difference signals corresponding to the color red minus luminance
      and the color blue minus luminance, hereinafter referred to as D'.sub.R
      and D'.sub.B. As previously mentioned, D'.sub.R and D'.sub.B are
      transmitted sequential i.e., a line of D'.sub.R, where line refers to the
      time required between synchronization pulses, is transmitted followed by a
      line of D'.sub.B, etc.
PAR  The decoder is equipped with a memory 4, hereinafter referred to as Delay
      Line, to continuously record the color difference signal transmitted,
      either D'.sub.R or D'.sub.B, and repeating the one transmitted the line
      before. Using this method, two chrominance difference signals, one
      restored by the delay line 4 and the other directly, are obtained
      simultaneously. An electronic double switch 5, controlled by a switch
      control 6, is provided so that in a first position, the direct color
      difference signal is applied to a first limited 7 and the memorized color
      difference signal is applied to a second limited 8, and reversing the
      direction of switching during the next line so that in a second position,
      the direct color difference signal is applied to the second limiter 8 and
      the memorized color difference signal is applied to the first limited 7.
      As can be discerned from the above, the output to either the first limiter
      7 or the second limiter 8 will be the two color difference signals
      simultaneously.
PAR  Limiters 7 and 8 are used to limit any amplitude variations in either the
      D'.sub.R or D'.sub.B signals occuring during the transmitting process.
      Following limiters 7 and 8, the color difference signals are demodulated
      by demodulators 9 and 10. In principle, the demodulator supplies an output
      signal which is proportional to the deviation in the instantaneous
      frequency of the D'.sub.R and D'.sub.B subcarrier received. As is
      well-known, the demodulator which may be used is the standard phased
      locked loop to produce a signal which follows the incoming FM signal with
      its voltage controlled oscillator. The phase comparator of the phase
      locked loop is the error detector of the loop and, as usually constructed,
      produces an output voltage which is proportional to the sine of the phase
      difference of the voltage controlled oscillator, Vco as hereinafter
      referred, and the incoming FM signal.
PAR  The voltages which drive the Vco corresponding to D'.sub.R and D'.sub.B are
      applied to de-emphasis stages 11 and 12 having characteristics opposite to
      the pre-emphasis of the encoder wherein the high frequency components are
      returned to their original value for reasons well-known. The output of
      each de-emphasis stage is applied to matrix 13 wherein the combination of
      D'.sub.R and D'.sub.B produce a third color difference signal E'.sub.g -
      E'.sub.y i.e., green minus luminance. The three signals, obtained by
      matricing from the chrominance signals previously described, are applied
      to the proper electrodes of picture tube 3. Hence, if picture tube 3 is a
      color picture tube, the currents of the beams caused by luminance E'.sub.y
      are proportional to the signals red, green, and blue.
PAR  FIG. 2 is a block diagram of the SECAM decoder according to U.S. Pat. No.
      3,863,264. As can be seen from this block diagram, a first waveform
      squaring stage 14 and a plurality of second waveform squaring stages 15,
      15', 15" and 15'" have been added. In addition, first logic stage 16 and
      second logic stage 17 have been added. Replacing delay line 4 of FIG. 1 is
      a plurality of delay lines 4', 4", 4'", and 4"". It should be noted that
      at least two delay lines and second waveform squaring stages 4' - 15 and
      4" - 15' respectively must be used, but in no way should the idea of more
      than two such sets of stages be disregarded. In addition, double switch 5,
      limiters 7 and 8 and demodulators 9 and 10 of FIG. 1 have been replaced by
      dual demodulators 9' and 10' respectively.
PAR  Basically, the improvement comprises means to convert the frequency
      modulated color difference signals D'.sub.R and D'.sub.B subcarrier into
      digital signals. These digital signals are more easily switched and
      enables the use of a special phase comparator which decreases equivalent
      noise bandwidth. By using digital signals it is now feasible to completely
      eliminate any cross talk due to delay lines and switching. Second waveform
      squaring circuits 15, 15', 15" and 15'" must be used to convert the signal
      at the delay line outputs back to a digital signal. This is because the
      digital signal passing down the delay lines, which in reality is a band
      pass filter, produces an analog signal. As the present invention uses
      digital signals, the delayed signal must be reconverted. For simplicity,
      all the waveform squaring circuits are identical. Logic stages 16 and 17
      are required for routing the digital signals into and out of the delay
      lines in proper sequence. Logic stages 16 and 17 have circuitry therein
      which is determined by the number of delay line-waveform squaring sets
      used.
PAR  As only digital signals are present, such logic stages can be a simple
      logic function as is well-known. The output of logic stage 17 routes the
      signals to the dual demodulators. Finally, dual demodulators 9' and 10'
      have replaced limiters 7 and 8 and demodulators 9 and 10 respectively. By
      digitizing and using sawtooth phase detectors, there is no need of
      separate limiters which were required for best performance of the prior
      art. Demodulators 9' and 10' have the advantage over conventional
      demodulators in that its phase detector output is linear for larger values
      of phase error. However, even though phase errors can be detected very
      quickly and over a large range of phase errors using the sawtooth phase
      comparator in the phase locked loop, described by C. J. Byrne and
      previously discussed, it is limited in that the time required to
      distinguish a phase error is determined by the time between the input
      positive leading edges. This is because the flip-flops, operation will be
      discussed later in the specification, used have their set input controlled
      by positive leading edges of pulses digitally derived from input signals,
      originally sinusoids. In the case of SECAM, the deviation of the
      subcarrier is not a small percentage of the undeviated subcarrier
      frequency. To adapt this type of phase comparator to use, the present
      invention uses two such flip-flops. The positive edges are used as before,
      however, the negative leading edges of the input signal and the negative
      leading edges of the Vco signal are also used to drive a second flip-flop.
      This doubles the gain of the phase comparators and reduces time between
      the input phase change and the output response of the phase comparators so
      that in effect a sample is taken at each zero crossing of an input signal
      rather than only the positive zero crossings. Further, the output of the
      phase detector flip-flops are uniquely combined to enhance the
      capabilities of the phase locked loop. The output of the dual demodulators
      are then applied to the remaining stages as discussed previously for the
      prior art.
PAR  The operation of the present invention, especially with regard to
      digitizing the color difference signals E'.sub.R and E'.sub.B subcarrier
      can best be understood by referring to FIGS. 3 and 5 taken in conjunction
      with FIG. 2, As shown in FIG. 3, the waveform squaring circuit 14 takes as
      an input the FM signal corresponding to the color difference signals
      D'.sub.R or D'.sub.B and produces a digital output signal. The digital
      output signal W4, shown in FIG. 5, has been obtained from the zero
      crossings of the input sinusoid.
PAR  The input FM signal, a sinusoid, is simultaneously applied to a Schmitt
      trigger stage 20 and the base electrode of transistor 21. As the Schmitt
      trigger is well-known by those skilled in the art, it will suffice to know
      that waveform W.sub.1 of FIG. 4 is produced provided the trigger points +
      V.sub.1 and -V.sub.1 as shown in FIG. 4 are exceeded at its input.
PAR  The emitter electrode of transistor 21 is connected to the emitter
      electrode of transistor 22 and to a source of proper electrical potential
      -Vee (current sources are indicated by the arrows within the small
      circles.) The base electrode of transistor 22 is connected to a source of
      proper electrical potential, ground. The collector electrodes of
      transistors 21 and 22 are directly connected to transistor pairs 23, 24
      and transistor pairs 25, 26 wherein each transistor pair has their emitter
      electrodes connected together and to said collector electrodes of
      transistors 21 and 22 respectively. The base electrode of transistor 24
      and the base electrode of transistor 25 and the collector electrode of
      transistor 23 and the collector electrode of transistor 25 are connected
      together respectively, and are then connected to a source of proper
      electrical potential -V.sub.BB and + V.sub.CC respectively. The base
      electrodes of transistors 23 and 26 are connected together and connected
      to the output of said Schmitt trigger 20. The collector electrodes of
      transistors 24 and 26 are connected together and to a source of proper
      electrical potential + V.sub.CC ' via a dropping resistor 27. Also,
      connected directly to the collector electrodes of transistors 24 and 26 is
      the base electrode of an inverting transistor 28 whose emitter electrode
      is connected directly to a source of proper electrical potential + V.sub.e
      and whose collector electrode is connected to a source of proper
      electrical potential, ground, via a dropping resistor 29. An edge
      triggered flip-flop 30 has its data input D also connected to the output
      of the Schmitt trigger 20 and a clock input C connected directly to the
      collector electrode of transistor 28. The output waveform W4 of the
      completed circuit is taken at the logic 1 output of said flip-flop 30.
PAR  To further understand circuit operation, consider the following circuit
      conditions exist at a time just prior to time t.sub.o. At such time, the
      input FM signal is assumed to be crossing the zero axis in a positive
      direction, hence, has reset the Schmitt trigger to produce the waveform W1
      when it passed negatively through the trip point -V.sub.1. Transistors 21,
      23, and 26 are reversed biased; transistors 22, 24, and 25 are forward
      biased. As a result, a current passes via transistors 22 and 25 from the +
      Vcc supply to the -Vee supply. The voltage drop across the resistor 27
      will be zero so that waveform W3 is at a "high" level. Transistor 28 is
      reversed biased and no voltage is developed across the resistor 29. The
      waveform W3 is therefore at a low level. The low level of waveform W3
      being applied to the clock input of the flip-flop 30 inhibits change of
      state of the flip-flop 30 and the waveform W4 at a high level is available
      at the 1 output of such flip-flop.
PAR  At time t.sub.o, transistor 21 is forward biased by the input FM signal as
      such signal crosses the zero axis. As a result, current now passes through
      transistors 21 and 24 from + Vcc' through resistor 27 to -Vee. The voltage
      drop across the resistor 27 forward biases transistor 28. Current via
      resistor 29 due to the conduction of transistor 28 produces a voltage drop
      across such resistor which is applied to the flip-flop 30 clock input. The
      transition from the "low" level to the high level of waveform W3 transfers
      the level of waveform w1 to the output, hence waveform W4 is low.
PAR  At a next time T1, the Schmitt trigger 20 is tripped by the input FM signal
      reaching a second trip voltage + V.sub.1. Transistors 23 and 26 become
      forward biased; transistors 24 and 25 are reversed biased. As transistor
      22 is now reversed biased, no current is passed through the resistor 27.
      As a result, transistor 28 is reversed biased to produce the waveform W3.
      Output waveform W4 therefore remains at the low level. At a next time T2,
      it becomes obvious that the waveform W4 goes to a high level. As can be
      discerned from the above discussion, the output waveform W4 changes from
      the high to low state or vice-versa at each zero crossing of the input FM
      signal. The zero crossings are thus preserved as is required for proper
      operation of the dual demodulator which will be covered in detail later in
      the specification.
PAR  It should be noted that transistors 21, 22, 23, 24, and 25 are connected in
      a manner well-known as a modulator-demodulator circuit and may be of
      discrete components or an integrated circuit, as shown by the dashed
      lines, such as a Motorola, Inc. MC 14966 Modulator-Demodulator. Further,
      the waveform squaring circuits 15, 15', 15" and 15'" following the delay
      lines are identical to that shown in FIG. 3 and is incorporated for
      reasons already discussed.
PAR  As is well-known, the trigger points +V.sub.1 and -V.sub.1 of the Schmitt
      trigger must be chosen at a sufficiently high level to insure enough delay
      between the modulator-demodulator transition and the Schmitt trigger
      transistion to obtain a clock pulse of usuable width. To produce a usuable
      width clock pulse for the highest level input signal which can be
      expected, the trip points .+-. V.sub.1 of the Schmitt trigger must be
      selected at an amplitude, say 10 percent of the expected input peak value.
      This sets the lowest level input signal for which the waveform squaring
      circuit will produce an output. The level selected frequently is not low
      enough for reasonable fluctuations in input signal level. The embodiment
      in FIG. 4 overcomes this limitation by allowing selection of the Schmitt
      trigger levels .+-. V.sub.1 for the lowest level input and establishing
      the clock pulse width for the highest level input by a fixed delay.
PAR  The operation of the FIG. 4 embodiment, especially with regard to
      digitizing the color difference signals D'.sub.R and D'.sub.B subcarrier
      can best be understood by referring to FIG. 6 in conjunction with FIG. 4.
      As shown, the waveform squaring circuit 14' takes as an input the FM
      signal corresponding to the color difference signals D'.sub.R and D'.sub.B
      and produces a digital output signal. The digital output signal W9, shown
      in FIG. 6, has been obtained from the zero crossings of the input
      sinusoid.
PAR  The input FM signal, a sinusoid, is simultaneously applied to a Schmitt
      trigger stage 20' and the input to a comparator stage 250. Again, as the
      Schmitt trigger is well-known by those skilled in the art, it will surfice
      to know that the waveform W5 of FIG. 6 is produced provided the trigger
      points .+-. V.sub.1 ' as shown are exceeded at its input. The output of
      the Schmitt trigger, waveform W5, is applied to the data input D of an
      edge triggered flip-flop 30' via a plurality of series connected delay
      means 225 and 226, such for example, as a conventional "exclusive OR
      gate". Such logic is well-known and will not be described in detail. The
      data input to edge triggered flip-flop 30' is therefore the waveform W6,
      delayed by T, hereinafter referred to as tau, dependent upon the number of
      delay means used. In the embodiment of FIG. 4 the delay between the
      waveforms W5 and W6 defines 2 times tau. Similarly, the output of the
      comparator 250 is the waveform W7 including comparator delay T.sub.2 and
      is used to generate the waveform W8 applied to clock input C of edge
      triggered flip-flop 30' via the gate 227, also shown as an exclusive OR
      gate. Gate 227 is also driven by the waveform W6.
PAR  The comparator 250 (comparator 250 can be a conventional comparator such as
      the Signetics NE529) retains the zero crossing of the input signal because
      of its extremely high gain and the Schmitt trigger determines if the input
      signal is of sufficient amplitude to be a valid input. Thus, if the input
      signal is above the amplitude of the upper and lower trip points of the
      Schmitt trigger 20', the Schmitt trigger output will follow the zero
      crossings of the incoming signal but will have its transitions delayed an
      amount which depends upon the input signal amplitude. For very high
      amplitude inputs, the Schmitt trigger transitions will occur practically
      simultaneously with the comparator transitions with an ensured minimum
      time delay between the output transitions of the Schmitt trigger and the
      output of the comparator as shown in FIG. 6 due to the delay means.
PAR  Because the clock pulse width to edge triggered flip-flop 30' are
      determined by the difference in time between the input signal zero
      crossings and the Schmitt trigger transition, a minimum pulse width
      independent of input signal amplitude sufficient to clock the data input D
      of the edge triggered flip-flop 30' is assured. The leading edge of the
      waveform W8, generated by exclusively oring the waveforms W6 and W7,
      transfers the data to the output of the waveform squaring circuit and as
      discerned from waveform W9, follows the input signal zero crossings with
      slight delay which is caused by the delay of the comparator 250. If,
      however, the input signal falls below the level of the upper or lower trip
      points of the Schmitt trigger, the data input to the edge triggered
      flip-flop 30' will not change. This then provides a clear indication as to
      whether the FM subcarrier is not present, or is too low a level.
PAR  The improved circuit will therefore operate with very high level input
      signals and low level input signals selected independently which is the
      essence of the improvement over the previous embodiment. It should be
      pointed out however, that the amount of delay which is added directly
      limits the frequency range over which the circuit retains the full dynamic
      range which is selected. As an example, the maximum clock pulse width of
      the embodiment using two delay means would be
EQU  W = .pi./2 radians + 2 T.sub.1 - T.sub.2
PAL  at the lowest frequency and level which would produce an output. This
      imposes the limitation that
EQU  2 T.sub.1 - T.sub.2 &lt; .pi./2 radians
PAL  at the highest frequency and level which will produce an output. Thus, with
      two exclusive OR gate delay means and the comparator having typical delay
      times of 15 ns and 10ns respectively, the maximum input frequency would be
      approximately equal to 12 MHz as mathematically found by
EQU  2 (15ns) - 10ns .ltoreq.1/4f
PAL  or
EQU  f .ltoreq. (1/80 ms) .apprxeq. 12 MHz.
CLMS
STM  The invention is claimed in accordance with the following:
NUM  1.
PAR  1. An analog limiter with input level sensing and TTL level output,
      comprising:
PA1  Schmitt trigger means responsive to the amplitude of an analog signal
      applied thereto for providing a first square wave;
PA1  comparator means responsive to the zero crossings of an analog signal
      applied thereto for providing a second square wave;
PA1  means responsive to said first and second square waves for providing a data
      signal and a timing signal; and
PA1  means responsive to both said data and timing signals for providing an
      output square wave having the zero crossings of said analog signal.
NUM  2.
PAR  2. The method of deriving a digital output signal in response to an analog
      input signal where the output signal maintains the zero crossings of the
      analog input comprising the steps of:
PA1  applying the analog input signal to a means responsive to the amplitude of
      the analog input signal;
PA1  applying the analog input signal to a means responsive to the zero
      crossings of the analog input signal;
PA1  generating a first output square wave defining a data signal in response to
      the amplitude of the analog input signal;
PA1  generating a second output square wave in response to the zero crossings of
      the analog input signal;
PA1  applying said first and second output square waves to a means responsive to
      both said first and second output square waves;
PA1  generating a clock signal in response to the anticoincidence of both said
      first and second output square waves;
PA1  applying both said data and clock signals to a means responsive to said
      data signal and said clock signal; and
PA1  generating the digital output signal in response to said data signal and
      said clock signal.
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ABST
PAL  A feedback circuit for feeding back the output voltage of a comparing
      amplifier to the input circuit of the comparing amplifier for causing a
      steep change in the output voltage so as to stabilize the operation of the
      succeeding circuit. The feedback circuit includes means for applying the
      feedback voltage to a low potential portion of the input circuit of the
      comparing amplifier.
BSUM
PAR  This invention relates to feedback circuits and more particularly to a
      feedback circuit which is suitable for use with a comparing amplifier so
      that a steeply changing output voltage can appear at the output terminal
      of the comparing amplifier.
PAR  An operational amplifier is frequently used without any negative power
      supply. When a switching circuit having a low operating level is connected
      to the output terminal of such operational amplifier, the operational
      amplifier tends to operate instably even when a feedback circuit is added
      thereto. A level detector utilizing an operational amplifier is frequently
      operated in such a manner that a reference potential which is positive
      relative to the ground potential is applied to the (-) input terminal of
      the operational amplifier, a detected potential is applied to the (+)
      input terminal of the operational amplifier, and an output voltage
      obtained as a result of comparison between these two potentials is used to
      cause operation of a switching circuit connected to the output terminal of
      the operational amplifier. In such a case, it is common practice to apply
      positive feedback in order that the output voltage of the operational
      amplifier can make a steep change. However, in case the reference
      potential applied to the operational amplifier is obtained by dividing the
      voltage of a power supply, a sufficient feedback function cannot be
      obtained when the operating level of the succeeding circuit connected to
      the output terminal of the operational amplifier is low as above
      described. Suppose that V.sub.1A, V.sub.1B and V.sub.1C  are the reference
      voltage, detected voltage and output voltage respectively. Then, the
      output voltage V.sub.1C appears from the operational amplifier in the
      region in which V.sub.1A &lt; V.sub.1B. This output voltage V.sub.1C is low
      when the difference betwen V.sub.1A and V.sub.1B is very small. The
      relation V.sub.1A &lt; V.sub.1C must hold for the feedback of this output
      voltage V.sub.1C to the input circuit of the operational amplifier.
      However, when the operating level V.sub.B of the succeeding circuit
      connected to the output terminal of the operational amplifier is lower
      than V.sub.1A or V.sub.1A &lt; V.sub.B, the succeeding circuit would operate
      before the feedback is started resulting in an unstable operation.
PAR  It is therefore an object of the present invention to provide a feedback
      circuit for use with an operational amplifier which can reliably operate
      even when a network having a low operating level may be connected to the
      output terminal of the operational amplifier.
PAR  Another object of the present invention is to provide a feedback circuit
      which is suitable for use with an operational amplifier of the kind which
      operates without any negative power supply.
PAR  In accordance with the present invention, there is provided a feedback
      circuit for use in a level detector having a comparing amplifier, means
      for applying a reference voltage and a detected signal voltage to the
      input terminal circuit of said comparing amplifier, and means for feeding
      the output voltage of said comparing amplifier back to the input terminal
      circuit of said comparing amplifier, said feedback circuit comprising
      feedback means connected at one end thereof to the output terminal of said
      comparing amplifier and at the other end thereof to a portion of said
      input terminal circuit where the voltage is lower than said reference
      voltage.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1a is a circuit diagram of an embodiment of the present invention;
PAR  FIGS. 1b and 1c are graphic illustrations of the operation of the circuit
      shown in FIG. 1a;
PAR  FIG. 2a is a circuit diagram of another embodiment of the present
      invention; and
PAR  FIGS. 2b and 2c are graphic illustrations of the operation of the circuit
      shown in FIG. 2a.
PAR  An embodiment of the present invention will be described with reference to
      a level detector of the kind in which a reference potential is applied to
      the (-) input terminal of an operational amplifier as shown in FIG. 1a.
PAR  Referring to FIG. 1a, the (-) input terminal 1A of an operational amplifier
      1 is connected to a positive power supply terminal 2 so that a reference
      voltage obtained by dividing the power supply voltage by voltage dividing
      resistors 3 and 4 can be applied to the input terminal 1A. The (+) input
      terminal 1B of the operational amplifier 1 is connected to a detected
      signal input terminal 6 through a resistor 5 and a reverse current
      blocking diode 10, and voltage dividing resistors 11 and 12 are connected
      across this input terminal 1B and ground. The output terminal 1C of the
      operational amplifier 1 is connected to an input terminal 7A of a
      switching circuit 7 including a switching transistor. This output terminal
      1C is further connected through a resistor 8 and a diode 9 to the voltage
      dividing point 12A between the voltage dividing resistors 11 and 12 to
      constitute a feedback circuit. The voltage V.sub.12 appearing at this
      voltage dividing point 12A is selected to be lower than the triggering
      input voltage V.sub.B for the transistor type switching circuit 7 at the
      level of the input terminal voltage V.sub.1B appearing before the
      switching circuit 7 is actuated.
PAR  When the voltage V.sub.1B applied to the input terminal 1B of the
      operational amplifier 1 is increased to a level above the reference
      voltage V.sub.1A as shown in FIG. 1b, an output voltage V.sub.1C appears
      at the output terminal 1C of the operational amplifier 1 as shown in FIG.
      1C. With this increase of this output voltage V.sub.1C to a level above
      the voltage V.sub.12 appearing at the voltage dividing point 12A, the
      output voltage V.sub.1C makes a steep increase due to the voltage feedback
      action. Therefore, when the relation between the triggering voltage
      V.sub.B for the transistor type switching circuit 7 and the voltage
      V.sub.12 appearing at the voltage dividing point 12A is selected to be
      V.sub.B &gt; V.sub.12, the transistor type switching circuit 7 can be
      triggered by the steep change of the output voltage V.sub.1C and can
      operate stably.
PAR  Another embodiment of the present invention will be described with
      reference to a level detector of the kind in which a reference potential
      is applied to the (+) input terminal of an operational amplifier as shown
      in FIG. 2a.
PAR  Referring to FIG. 2a, a reference voltage V.sub.1B obtained by dividing a
      power supply voltage by voltage dividing resistors 3, 4A and 4B is applied
      to the (+) input terminal 1B of an operational amplifier 1. The (-) input
      terminal 1A of the operational amplifier 1 is connected through a resistor
      5 to a detected signal input terminal 6, and the output terminal 1C of the
      operational amplifier 1 is connected to the voltage dividing point between
      the voltage dividing resistors 4A and 4B through a feedback circuit
      including a resistor 8 and a diode 9. The voltage V.sub.4B appearing at
      this voltage dividing point is selected to be lower than the triggering
      input voltage V.sub.B for a transistor type switching circuit 7 which is
      connected to the output terminal 1C of the operational amplifier 1.
PAR  As shown in FIGS. 2b and 2c, the full output voltage is delivered from the
      operational amplifier 1 in the region in which the input voltage V.sub.1A
      applied to the input voltage 1A is sufficiently low compared with the
      reference voltage V.sub.1B and the output voltage V.sub.1C is maintained
      in a saturated state. However, in the region except this saturation
      region, the feedback circuit is actuated to reduce the output voltage
      V.sub.1C to zero. Then, when the input voltage V.sub.1A is reduced to a
      level which provides the relation V.sub.1A &lt; V.sub.1B, the output voltage
      V.sub.1C appears again. This output voltage V.sub.1C is applied to the
      reference voltage circuit through the feedback circuit, and when the
      relation V.sub.1C &gt; V.sub.4B is established, the output voltage V.sub.1C
      makes a steep increase due to the feedback action. In this embodiment too,
      the voltage V.sub.4B appearing at the voltage dividing point between the
      voltage dividing resistors 4A and 4B can be very easily selected to be
      lower than the triggering input voltage V.sub.B for the transistor type
      switching circuit 7 as in the preceding embodiment. Therefore, the
      transistor type switching circuit 7 can deliver a stable output.
PAR  It will be understood that the foregoing description that the present
      invention can ensure stable feedback of voltage to a level detector even
      when the operating voltage level of a circuit network connected to the
      output terminal of the level detector is low. Thus, the present invention
      can be very advantageously applied to a level detector network utilizing
      means such as existing integrated circuits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feedback circuit for use in a level detector having a comparing
      amplifier, means for applying a reference voltage to a first input
      terminal circuit of said comparing amplifier, means for applying a
      detected signal voltage to a second input terminal circuit of said
      comparing amplifier, and switching circuit connected to an output terminal
      circuit of said comparing amplifier and having a triggering input voltage
      level lower than said reference voltage, said feedback circuit comprising
      voltage dividing means for dividing the voltage of said second input
      terminal circuit to obtain a voltage lower than the triggering input
      voltage for said switching circuit in the region in which the voltage
      appearing at said output terminal circuit is lower than said triggering
      input voltage, and feedback means connected at one end thereof to said
      ouput terminal of said comparing amplifier and at the other end thereof to
      the voltage dividing point of said voltage dividing means.
NUM  2.
PAR  2. A feedback circuit for use in a level detector comprising a comparing
      amplifier, a switching circuit connected to an output terminal of said
      comparing amplifier and having a triggering input voltage level lower than
      a reference voltage, voltage dividing resistor means connected to a
      positive power supply and a applying the reference voltage to the (-)
      input terminal of said comparing amplifier, an input terminal for applying
      a detected signal voltage to the (+) input terminal of said comparing
      amplifier, voltage dividing resistor means connected to said detected
      signal voltage input terminal, and a resistor and a diode connected in
      series between said last-mentioned voltage dividing resistor means and the
      output terminal of said comparing amplifier.
NUM  3.
PAR  3. A feedback circuit for use in a level detector comprising a comparing
      amplifier, a switching circuit connected to an output terminal of said
      comparing amplifier and having a triggering input voltage level lower than
      a reference voltage, voltage dividing resistor means connected to a
      positive power supply for applying the reference voltage to the (+) input
      terminal of said comparing amplifier, an input terminal for applying a
      detected signal voltage to the (-) input terminal of said comparing
      amplifier, and a resistor and a diode connected in series between a point
      in said voltage dividing resistor means where the voltage is lower than
      said reference voltage and the output terminal of said comparing
      amplifier.
NUM  4.
PAR  4. A feedback circuit for use in a level detector having a comparing
      amplifier, means for applying a reference voltage to a first input
      terminal circuit of said comparing amplifier, means for applying a
      detected signal voltage to a second input terminal circuit of said
      comparing amplifier, one of said first and second input terminals being a
      (+) input terminal and the other of said first and second input terminals
      being a (-) input terminal, and a switching circuit connected to an output
      terminal circuit of said comparing amplifier and having a triggering input
      voltage level lower than said reference voltage, said feedback circuit
      including means providing a positive feedback of the output of the
      comparing amplifier to the (+) input terminal of the comparing amplifier
      prior to the output of the comparing amplifier attaining the level of the
      triggering input voltage for said switching circuit.
NUM  5.
PAR  5. A feedback circuit according to claim 4 wherein said means providing a
      positive feedback includes a voltage dividing means for dividing the
      voltage of said second input terminal circuit to obtain a voltage lower
      than the triggering input voltage for said switching circuit in the region
      in which the voltage appearing at said output terminal circuit is lower
      than said triggering input voltage, and said feedback means being
      connected at one end thereof to said output terminal of said comparing
      amplifier and at the other end thereof to the voltage dividing point of
      said voltage dividing means.
NUM  6.
PAR  6. A feedback circuit according to claim 4, wherein said means for applying
      a reference voltage to a first input terminal circuit of said comparing
      amplifier includes first voltage dividing resistor means connected to a
      positive power supply for applying the reference voltage to the (-) input
      terminal of said comparing amplifier, said detected signal voltage being
      applied to the (+) input terminal of said comparing amplifier, said
      positive feedback means including voltage dividing resistor means
      connected to said detected signal voltage input terminal, and a resistor
      and a diode connected in series between said second voltage dividing
      resistor means and the output terminal of said comparing amplifier.
NUM  7.
PAR  7. A feedback circuit according to claim 4 wherein said means for applying
      a reference voltage to a first input terminal circuit of said comparing
      amplifier includes voltage dividing resistor means connected to a positive
      power supply for applying the reference voltage to the (+) input terminal
      of said comparing amplifier, said detected signal voltage being applied to
      he (-) input terminal of said comparing amplifier, said means providing a
      positive feedback including a resistor and a diode connected in series
      between a point in said voltage dividing resistor means where the voltage
      is lower than said reference voltage in the output terminal of said
      comparing amplifier.
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PAL  A wideband DC current amplifier comprising a pair of transducers, the
      collector of the input transistor being connected to it's base through a
      compensating resistance and directly to the base of a second transistor is
      provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known to those in the art that the most difficult problems
      associated with DC current amplifiers or wideband DC current amplifiers
      are the gain and drift variations which occur as functions of temperature
      and other parameters. Gain variations can practically be eliminated by
      various known feedback arrangements, but drift variation such as operating
      point instability poses a more difficult problem. Transistor type
      amplifiers amplify the problem of drift variation due to the temperature
      dependence of the transistor parameters such as for example, current gain
      (h.sub.FE), base-emitter voltage (V.sub.BE) and leakage current
      (I.sub.CBO). In precision electronic equipment such as a
      cathode-ray-oscilloscope which is a measuring device having
      characteristics to display an analogue of an electrical event, it is
      essential that circuits associated with, say, the horizontal deflectionn
      system in the measuring device provide accurate and stabilized signals so
      that equal increments of horizontal distance represent equal increments of
      time. Obviously, some compensation technique must be used to reduce
      jitter, etc. In accordance with prior art, a number of techniques are
      available to lower the drift variation and include chopper stabilization,
      individual temperature compensation, and temperature stabilization. These
      techniques, however, have limitations such as complexity, not being suited
      to volume production and require high quality temperature stable parts
      making them quite expensive. Several of the compensation schemes presently
      used are fully described in "Amplifier Handbook," Richard F. Shea,
      Editor-in-Chief, McGraw-Hill Book Company, copyright 1966.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement over prior art compensation schemes
      in that a resistor is used to provide compensation for the variation in
      base to collector current ratios. Accordingly, a pair of transistors
      comprising the wideband DC current amplifier are connected so that the
      collector of the input transistor is connected to its base through a
      series compensating resistance and directly to the base of the second
      transistor. As the result of such improvement, input current is mirrored
      to the output and provides optimum performance. In addition, the produced
      variation increases the bandwidth of such.
PAR  It is therefore an object of the present invention to provide an improved
      wideband DC current amplifier.
PAR  It is another object of the present invention to provide an improved
      wideband DC current amplifier suitable for volume production.
PAR  It is another object of the present invention to provide an improved
      wideband DC current amplifier which is extremely simple and economical.
PAR  The foregoing and numerous other objects, advantages, and inherent
      functions of the present invention will become apparent as the same is
      more fully understood from the following description and drawings wherein
      like characters refer to like elements and which describes the preferred
      embodiment of the invention; it is to be understood, however, that this
      embodiment is not intended to be exhausting nor limiting of the invention
      but is given for purposes of illustration in order that others skilled in
      the art may fully understand the invention and principles thereof and the
      manner of applying it in practical use so that they may modify it in
      various forms, each as may be best suited to the conditions of the
      particular use.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of a display apparatus to illustrate the use of a
      DC current amplifier;
PAR  FIG. 2 is a schematic diagram of one embodiment of a DC current amplifier
      in accordance with the prior art; and
PAR  FIG. 3 is a schematic diagram of the DC current amplifier in accordance
      with the present invention.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  Referring now to the drawings and in particular FIG. 1, there is shown in
      block diagram form a display apparatus including a display means 2 such as
      a cathode-ray-tube for displaying an analogue of an electrical event in
      response to an electrical input signal applied to the apparatus by way of
      input terminal 4. The analogue of the electrical input signal is provided
      by applying signal waveforms generated by a vertical deflection system 6
      and a horizontal deflection system 8 to vertical and horizontal deflection
      plates 10 within the display means 2. The aforementioned deflection means
      are referenced to set sources of suitable electrical potential defining
      reference supply A and reference supply B hereinafter referred to as
      supply 12 and 14, respectively. Disposed between each set of supply 12, 14
      is a DC current amplifier 16 to be hereinafter discussed. DC current
      amplifier 16 senses any change in current of say, the supply 12 and forces
      an identical change in the supply 14 or viceversa, thus keeping the two
      supplies at the same point relative to each other. As a result of such
      conventional technique, circuits which are included to form the vertical
      and horizontal deflection systems disposed between the supplies are
      inhibited from changing operating points and gain. For a complete detailed
      description of such an apparatus just described, reference should be made
      to a series of reference material books under the general title of
      "Circuit Concepts," Tektronix, Inc.
PAR  Referring now to FIG. 2 there is shown a schematic diagram of the DC
      current amplifier in accordance with the prior art which has been
      heretofore used as the DC current amplifier 16 of the FIG. 1 embodiment. A
      pair of transistors Q.sub.1, Q.sub.2 which can be discrete or in the form
      of an integrated circuit have their emitters connected to a source of
      potential (shown as ground for purposes of explanation only) via resistors
      R.sub.2 and R.sub.3, respectively. The base of transistor Q.sub.1 is
      directly connected to the collector of same and as such is commonly
      referred to as being diode connected and operated. The diode-connected
      transistor Q.sub.1 therefore provides the bias voltage for a current
      source transistor Q.sub.2 in that the collector of Q.sub.1 is also
      directly connected to the base of the transistor Q.sub.2. If R.sub.2 =
      R.sub.3, the bases of both Q.sub.1 and Q.sub.2 will be at the same
      potential since they are both connected together. Assuming both
      transistors are closely located on an integrated chip, have areas
      proportional to the current flowing through them, etc., the current
      I.sub.in is reproduced at the collector of Q.sub.2 as I.sub.out. However,
      it can be shown or which is described in previously mentioned handbook
      that the mirror current Iout is virtually independent of current gains,
      etc., provided that the Beta's (B) of the transistors are quite large.
      Additionally, as is well known, the frequency response of such a circuit
      is also very much Beta dependent.
PAR  The embodiment of FIG. 3, which is the preferred embodiment of the present
      invention also includes a pair of transistors Q.sub.1, Q.sub.2 and emitter
      resistors R.sub.2 and R.sub.3. The base of Q.sub.1 is connected via series
      resistor R.sub.1 to the collector of same. The collector of Q.sub.1 is
      also directly connected to the base of Q.sub.2. As can be discerned from
      the FIG. 3 embodiment, an additional resistance means R.sub.1 has been
      added and such resistor defines a compensating means which greatly
      improves the prior art DC current amplifiers. In addition, the use of a
      resistor rather than an additional transistor makes such improvement much
      less expensive. Additionally, it is obvious that fabrication of such in an
      integrated circuit is quite easily accomplished which tends to make volume
      production a way of being.
PAR  Understanding circuit operation requires that the ratio of base current to
      collector current is zero for both Q.sub.1 and Q.sub.2. Thus, current Iout
      would obviously be defined by the ratio of R.sub.2 : R.sub.3 multiplied by
      Iin, since collector current in each transistor is equal to the emitter
      current, and the voltage drops across R.sub.2 and R.sub.3 are equal. If
      the ratio of base current to collector current assumes a finite value
      substantially less than unity and such ratio is the same for each
      transistor, a voltage will be developed across the resistor R.sub.1. If
      Iout equals a number M multiplied by Iin, the ratio of R.sub.2 : R.sub.3
      equals M, and the ratio of R.sub.1 : R.sub.2 defines M + 1, it can be
      shown using Kirchoff's laws that a decrease of voltage across R.sub.2
      equal to the base current of Q.sub.2 multiplied by the resistance R.sub.2
      will be produced. Furthermore, the voltage at the base of Q.sub.2 will
      increase causing the emitter current of Q.sub.2 to increase by an amount
      necessary to keep the current Iout constant. As the current Iin is
      repeated as Iout, and since Beta (B) of the transistors have less effect
      than prior art circuitry, the overall drift and/or stability, and
      frequency response of the amplifier will be greatly improved.
PAR  Tests conducted on the inventive feature of the present invention have
      indicated that a change in alpha (.alpha. easily converts to .beta. as is
      well known) from 0.995 to 0.999 for typical transistors in shielded
      conditions have indicated output changes (A.sub.I) from 4.999152846 to
      5.000561347 with R.sub.1 = 115 K.OMEGA., R.sub.2 = 18.7 K.OMEGA. and
      R.sub.3 = 3.74K.OMEGA., whereas the same circuit with R.sub.1 = 0
      (shorted) have shown output changes from 4.929595828 to 5.049481245. Thus
      an improvement of only about 0.05 percent, mathematically, representa a
      usable display verses an unusable display, when say the horizontal
      deflection system of the FIG. 1 embodiment must operate at X50
      magnification.
PAR  While there has been shown and described the preferred embodiment of the
      present invention it will be apparent to those skilled in the art that
      many changes and modifications may be made thereon or the use thereof. For
      example, the circuit can be used in instances where, say F.sub.T is 1 GH,
      and a frequency of 100 MHz is desirable. Therefore, the appended claims
      are intended to cover all changes and modifications that fall within the
      true spirit and scope of the invention.
CLMS
STM  The invention is claimed in accordance with the following:
NUM  1.
PAR  1. A current amplifier, comprising:
PA1  a first and second transistor means, each of said transistor means having a
      base, a collector, and an emitter;
PA1  means directly connecting the collector of said first transistor means to
      the base of said second transistor means, said means having a resistive
      value of substantially zero ohms;
PA1  first and second resistor means serially connected between the emitters of
      said first and second transistor means, respectively, and a reference
      potential;
PA1  third resistor means serially connected between the base and collector of
      said first transistor means, wherein the ratio of said first resistor
      means to said second resistor means plus unity equals the ratio of said
      third resistor means to said second resistor means;
PA1  means for applying input current to the collector of said first transistor
      means; and
PA1  means for applying a repeated input current to the collector of said second
      transistor means.
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ABST
PAL  A power amplifier device comprised of at least two amplifying circuits,
      each including an input, at least one voltage amplifier stage, at least
      one power amplifier stage adapted for signal impedance conversion, and an
      output, all connected in series, and further including a signal input
      terminal and a signal output terminal. Plural switch means are provided
      for selectively interconnecting the voltage amplifier stages and the power
      amplifier stages of the amplifying circuits for selectively establishing a
      parallel connected amplifying circuit, individual amplifying circuits and
      a balanced transformerless connection across the signal output terminals.
      In the parallel connected amplifying circuit, the plural switch means are
      operated to connect the amplifying circuit inputs in parallel, the
      amplifying circuit outputs in parallel and the respective amplifier stages
      and the respective power amplifier stages of the amplifying circuits in
      parallel. In the individual amplifying circuits, the plural switch means
      are operated to connect the amplifying circuit inputs and the amplifying
      outputs to corresponding signal input terminals and signal output
      terminals, respectively. In the balanced transformerless connection, the
      plural switch means are operated to connect a first amplifying circuit
      output to a second amplifying circuit input and to connect the amplifying
      circuit outputs to respective signal output terminals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to power amplifiers and, in particular, to an
      improved power amplifying device capable of assuming selected circuit
      configurations.
PAR  In general, a typical power amplifier may consist of a series circuit
      comprised of a voltage amplifying stage for increasing the level of a
      signal applied thereto from a signal source and an impedance converting
      stage for changing the impedance presented to the amplified signal. In
      some instances, the impedance converting stage preferably has a high input
      impedance and relatively low output impedance. A typical example of such
      impedance converting stage is the emitter-follower amplifier. Since the
      gain of conventional voltage amplifying stage as well as the gain of a
      conventional impedance converting stage are susceptible to variations, the
      output signal level and output impedance of the power amplifier might
      correspondingly vary. Accordingly, if two power amplifiers are connected
      in parallel relation, the possible mismatch in gains and output impedance
      of the amplifiers might result in undesirable loading effects. In many
      applications, the output impedance of a power amplifier is selected to be
      relatively low. Thus, if two such power amplifiers are connected in
      parallel relation, the low output impedance of one such amplifier may
      present a load to the other amplifier thereby creating the possibility of
      an overload condition which could result in deleterious operation of the
      parallel configuration and quite possibly, serious damage to the
      overloaded power amplifier.
PAR  In other applications, the amplified signal produced by one conventional
      power amplifier might be supplied as an input signal to the other
      conventional power amplifier. The two power amplifiers operate upon the
      signals applied thereto so as to produce a pair output amplified signals
      admitting of opposite phases. If a load is coupled across the respective
      output terminals of the two power amplifiers, the resulting configuration
      is the so-called balanced transformer less connection. In the balanced
      transformerless connection, the load is connected in series to both power
      amplifiers. Accordingly, the load is provided with oppositely phased
      amplfied signals. The effective load applied to each power amplifier may
      be considered to be one-half of the total load. Hence, a balanced
      transformerless connection across a load is a useful circuit configuration
      for supplying an amplified signal to the load for those applications
      wherein the load is large. However, if the load coupled to the balanced
      transformerless connection is relatively small, the power amplifiers may
      then be subjected to undesirable loading effects which could result in
      damage to the amplifiers.
PAR  In those power amplifiers that include a voltage amplifyihng stage and a
      power amplifying or impedance converting stage, the voltage amplifying
      stage generally operates as a class A amplifier and the impedance
      converting stage that converts the impedance presented to the amplified
      signal from a high value to a low value generally operates as a Class B
      amplifier.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide a
      multi-purpose power amplifier.
PAR  It is another object of the present invention to provide a power amplifier
      including at least two power amplifying circuits adapted for
      interconnection wherein one of such interconnected power amplifying
      circuits does not load the other power amplifying circuit.
PAR  A further object of the invention is to provide a power amplifier having a
      plurality of amplifying stages and a plurality of selecting switches for
      selectively interconnecting the amplifying stages to selectively establish
      plural circuit configurations.
PAR  Yet another object of the present invention is to provide a power amplifier
      having plural stages and plural selecting switches capable of
      interconnecting the amplifier stages to selectively establish plural
      individual amplifying circuits, a parallel connected amplifying circuit
      and a balanced transformerless load supplying circuit.
PAR  It is further object of the instant invention to provide a power amplifier
      that may be effectively and safely operated with high and low impedance
      loads.
PAR  An additional object of the present invention is to provide a power
      amplifier admitting of relatively simple construction and uncomplicated
      connections.
PAR  A still further object of the present invention is to provide a low cost
      power amplifier that may be selectively operated in any of plural circuit
      configurations in the absence of adverse loading effects thereon.
PAR  Various other objects, advantages of the invention will become clear from
      the detailed description set forth hereinbelow.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a power amplifier is provided
      including a plurality of voltage amplifying means and a like plurality of
      signal impedance converting means; a plurality of selecting means is
      provided to selectively interconnect the voltage amplifying means and the
      signal impedance converting means in any one of a plurality of circuit
      configurations to selectively establish independent power amplifiers, a
      parallel connected power amplifier and a balanced transformerless
      connection for supplying a load impedance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The detailed description set forth hereinbelow will be readily understood
      by referring to the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of a power
      amplifier in accordance with this invention;
PAR  FIG. 2 is a schematic diagram representing one of the circuit
      configurations obtainable in accordance with the reachings of the present
      invention;
PAR  FIG. 3 is a schematic diagram of another circuit configuration which is
      obtainable by the power amplifier of the present invention;
PAR  FIG. 4 is a schematic diagram representing a portion of one embodiment of
      the power amplifier of the present invention; and
PAR  FIG. 5 is a schematic diagram of a still further circuit configuration
      obtainable by the power amplifier in accordance with the teachings of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a power amplifying device is schematically illustrated
      comprised of at least two amplifying circuits 3A and 3B. To simplify the
      following description, only two amplifying circuits are depicted. However,
      it should be readily apparent that any convenient number of amplifying
      circuits may be employed. The amplifying circuits 3A and 3B are
      substantialy identical, each including at least one voltage amplifier
      stage 4A and 4B, respectively, having a high output impedance and a series
      connected impedance converting stage 5A and 5B, respectively. The voltage
      amplifier stage, also referred to as a driver stage, may comprise a
      conventional class A amplifier. The voltage amplifier stage may be a
      conventional operational amplifier including a common emitter output to
      thereby provide the preferably high output impedance. The impedance
      converting stage 5A, 5B is also referred to as a power amplifier stage and
      preferably has a high input impedance and a low output impedance to
      thereby convert the effective impedance presented to the amplified signal
      from a high level to a low level. The impedance converting stage may
      comprise a conventional class B amplifier and, as will soon be described
      hereinbelow, may comprise an emitter-follower amplifier. Signal input
      terminals 6A and 6B are provided to receive signals for amplification and
      are adapted to supply the received signals to the respective amplifying
      circuits 3A and 3B, respectively. Signal input terminal 6A is connected to
      the voltage amplifier stage 4A and, as will soon be described, may be
      selectively connected to the voltage amplifying stage 4B. If the voltage
      amplifier stage 4A is comprised of a conventional operational amplifier
      having inverting and noninverting input terminals, the signal input
      terminal 6A is preferably coupled to the noninverting input terminal of
      the voltage amplifying stage. Similarly, if voltage amplifying stage 4B
      comprises a conventional operational amplifier having inverting and
      noninverting input terminals, the signal input terminal 6B is selectively
      coupled to the noninverting input terminal.
PAR  Each amplifying circuit 3A and 3B is provided with a feedback resistor 8A
      and 8B, respectively, for intercoupling the output of the respective
      impedance converting stages 5A and 5B with the respective inputs to the
      voltage amplifying stages 4A and 4B. If the voltage amplifying stages
      comprise conventional operational amplifiers, as aforenoted, the feedback
      resistors 8A and 8B are preferably coupled to the inverting input
      terminals thereof. Additionally, each inverting input terminal is coupled
      to a reference potential, such as ground through respective resistors 9A
      and 9B. Additionally, signal output terminals 7A and 7B are coupled to the
      respective amplifying circuits 3A and 3B. More particularly, the output of
      impedance converting stage 5A is coupled to signal output terminal 7A and
      the output of the impedance converting stage 5B is selectively coupled to
      the signal output terminal 7B in a manner soon to be described.
PAR  Individual loads may be coupled between signal output terminal 7A and
      ground and between signal output terminal 7B and ground, respectively.
      When each amplifying circuit 3A and 3B is disposed for independent
      operation, an input signal supplied to a signal input terminal 6A or 6B is
      amplified by a voltage amplifying stage 4A or 4B and the signal impedance,
      i.e., the impedance presented to the amplified signal, is converted from a
      high value to a lower value by the impedance converting stage 5A or 5B and
      the low impedance signal is then applied to an appropriate load coupled to
      a signal output terminal 7A or 7B.
PAR  In accordance with a preferred embodiment of the present invention,
      selecting switches 11-14 are provided, together with appropriate
      connecting leads, to permit plural circuit configurations to be
      selectively established between the various stages of the amplifying
      circuits 3a and 3B. As illustrated, selecting switch 11, which may
      comprise a conventional multi-position rotary switch, is provided with a
      stationary contact a coupled to signal input terminal 6B, a stationary
      contact b coupled to signal input terminal 6A and a stationary contact c
      coupled to ground. A movable contact m, adapted to selectively engage each
      of the stationary contacts, is coupled to an input of the voltage
      amplifying stage 4B. Preferably, if the voltage amplifying stage comprises
      a conventional operational amplifier, the movable contact m is coupled to
      the noninverting input terminal of the operational amplifier.
PAR  Selecting switch 12 is substantially similar to the aforedescribed
      selecting switch 11 and includes an electrically isolated stationary
      contact a, a stationary contact b coupled to an input of the voltage
      amplifying stage 4A and a stationary contact c coupled to the output of
      the impedance converting stage 5A through a resistor 8C. Although
      stationary contact a is here not connected to further apparatus, it is
      appreciated that the stationary contact may be effectively electrically
      isolated by coupling such contact to ground through a very large resistor.
      If the voltage amplifying stage 4A comprises a conventional operational
      amplifier, stationary contact b is preferably coupled to the inverting
      input terminal of the operational amplifier. The resistor 8C to which the
      stationary contact c of selecting switch 12 is coupled is preferably of
      the same impedance value as the feedback resistor 8A or 8B. Selecting
      switch 12 further includes a movable contact m, adapted to selectively
      engage each of the stationary contacts, coupled to an input of the voltage
      amplifying stage 4B. If the voltage amplifying stage is comprised of a
      conventional operational amplifier, movable contact m is preferably
      coupled to the inverting input terminal of the operational amplifier.
PAR  Selecting switch 13 is similar to aforedescribed selecting switch 11 and,
      accordingly, includes stationary contacts a, b and c and a movable contact
      m. Stationary contacts a and c are electrically isolated in a manner
      similar to that describe hereinabove with respect to stationary contact a
      of selecting switch 12. The stationary contact b of selecting switch 13 is
      coupled to the junction defined by the series connection of the voltage
      amplifying stage 4A and the impedance converting stage 5A. The movable
      contact m of selecting switch 13 is coupled to the junction defined by the
      series connection of the voltage amplifying stage 4B and the impedance
      converting stage 5B. It is appreciated that selecting switch 13 is adapted
      to selectively shunt the outputs of the voltage amplifying stages included
      in the amplifying circuits 3A and 3B. Stated otherwise, the selecting
      switch 13 is adapted to selectively shunt the inputs of the impedance
      converting stages included in the amplifying circuits 3A and 3B.
PAR  The selecting switch 14 is similar to aforedescribed selecting switch 11
      and, therefore, includes a plurality of stationary contacts a, band c and
      a movable contact m. Stationary contacts a and c are connected in common
      relation to the signal output terminal 7B. The stationary contact b of the
      selecting switch 14 is coupled to the signal output terminal 7A. It is
      apparent that the stationary contact b is thus coupled to the output of
      the amplifying circuit 3A. The movable contact m of the selecting switch
      14 is adapted to selectively engage each of the stationary contacts and is
      coupled to the output of the amplifying circuit 3B.
PAR  The selecting switches 11-14 are adapted to selectively interconnect the
      voltage amplifying stages and the impedance converting stages of the
      amplifying circuits in accordance with the selective operation thereof. In
      one embodiment the selecting switches 11-14 are adapted for manual
      operation. However, as may be readily appreciated by those of ordinary
      skill in the art, the selecting switches may be electronic switches
      adapted to be regulated by conventional controlling apparatus, not shown.
      In the preferred embodiment illustrated herein, selecting switches 11-14
      are operated in unison and, therefore, are ganged for the simultaneous
      operation thereof. In an alternative embodiment, the selecting switches
      are individually operated. In the simultaneous operation of the selecting
      switches, it is recognized that the movable contact m of each selecting
      switch engages a similarly identified stationary contact in accordance
      with the selective operation thereof. More particularly, if movable
      contact m of selecting switch 11 is positioned to engage stationary
      contact a, then the movable contact m of each of selecting switches 12,
      13, and 14 is similarly positioned to engage a corresponding stationary
      contact a. Similarly, if the movable contact m of a selecting switch is
      positioned to engage the stationary contact b then the movable contacts of
      the remaining selecting switches likewise engage their corresponding
      stationary contacts b. And if the movable contact m of a selecting switch
      is positioned to engage its stationary contact c, the movable contacts m
      of the remaining selecting switches likewise engage their corresponding
      stationary contacts c. Of course, manual or electronic control may be
      provided to effect the selective positioning of the movable contacts.
PAR  In a first example let it be assumed that the movable contacts m of the
      selecting switches 11-14 are positioned to engage their corresponding
      stationary contacts a. Accordingly, individual amplifying circuits are
      provided such that the signal input terminal 6A is connected in series
      with the voltage amplifying stage 4A and the impedance converting stage
      5A, the output of the impedance converting stage 5A being connected in
      series with the signal output terminal 7A. Similarly, a series circuit may
      be established from the signal input terminal 6B to stationary contact a
      of the selecting switch 11, to the voltage amplifying stage 4B by the
      movable contact m of the selecting switch 11, to the impedance converting
      stage 5B and to the signal output terminal 7B by the movable contact m and
      stationary contact a of the selecting switch 14. Since selecting switches
      12 and 13 are here electrically isolated in accordance with the
      positioning of their respective movable contacts m at the isolated
      stationary contacts a, a representative schematic diagram of the resulting
      circuit configuration comprised of individual amplifying circuits may be
      depicted as in FIG. 2. As there illustrated, amplifying circuits 3A and 3B
      are electrically isolated, thus establishing individual series connected
      amplifying circuits from respective signal input terminals 6A and 6B
      through respective voltage amplifying stages and impedance converting
      stages to the respective signal output terminals 7A and 7B. The individual
      amplifying circuits are seen to be independently operable so as to find
      ready application as a stereophonic signal power amplifier operable upon
      the left channel signal (L-signal) and the right channel signal
      (R-signal). Thus, if the power amplifying device in accordance with the
      present invention is to be utilized as a stereophonic signal power
      amplifier, it is appreciated that the L-signal may be applied to signal
      input terminal 6A and the R-signal may be applied to the signal input
      terminal 6B. Appropriate load impedances, such as loudspeaker coils, or
      the like, may be provided at the signal output terminals 7A and 7B to
      receive the amplified L-signal and R-signal, respectively.
PAR  In a further example, let it be assumed that the movable contacts m of the
      selecting switches 11-14 are positioned to engage their corresponding
      stationary contacts b. In this configuration the inputs to each of
      amplifying circuits 3A and 3B are connected in parallel by selecting
      switch 11 and the outputs of the amplifying circuits are likewise
      connected in parallel by the selecting switch 14. The parallel connected
      amplifying circuit advantageously provides an increase in the power that
      may be supplied to a load. A representative schematic diagram of this
      configuration wherein a parallel connected amplifying circuit is
      established is depicted in FIG. 3. The selecting switch 13 serves to
      connect the outputs of the voltage amplifying stages 4A and 4B (or the
      inputs of the impedance converting stages 5A and 5B) of the respective
      amplifying circuits 3A and 3B in parallel. If each of the voltage
      amplifying stages is comprised of a conventional operational amplifier, it
      may be appreciated that the selecting switch 11 serves to connect the
      noninverting input terminals thereof in parallel and the selecting switch
      12 serves to connect the inverting input terminals thereof in parallel.
      Thus, a signal provided at signal input terminal 6A is coupled in common
      to the voltage amplifying stages 4A and 4B and the respective amplified
      signals produced at the output of the amplifying circuits 3A and 3B are
      combined and supplied to the signal output terminal 7A. The selective
      positioning of the selecting switches 11 and 14 effectively removes the
      signal input terminal 6B and the signal output terminal 7B from the
      amplifying circuit 3B.
PAR  It is recalled that the output impedances of the respective voltage
      amplifying stages 4A and 4B are preferably high. Accordingly, the parallel
      connection of the outputs of the voltage amplifying stages does not
      present an undesired loading of one stage by the other parallel connected
      stage. The amplified signals produced by each voltage amplifying stage are
      coupled to the corresponding impedance converting stages in the absence of
      significant loading effects which could otherwise present a hazard to the
      operation of the parallel connected amplifying circuits.
PAR  The parallel connection between the outputs of the impedance converting
      stages 5A and 5B, effected by selecting switch 14, is not accompanied by
      serious loading effects. This obtains because, preferably, each impedance
      converting stage admits of a high input impedance and a low output
      impedance. One typical embodiment of an impedance converting stage that
      may be employed with the present invention is depicted in FIG. 4 which
      schematically illustrates a portion of the parallel connected amplifying
      circuit comprised essentially of the parallel connections between the
      impedance converting stages 5A and 5B. The conventional emitter-follower
      is a satisfactory device that may be readily used as an impedance
      converting stage. The emitter-follower configuration is illustratively
      comprised of a power transistor supplied by a drive transistor. More
      particularly, the impedance converting stage 5A is provided with power
      transistor 51A having an emitter resistor 53A and a drive transistor 52A.
      The collectors of the respective transistors are connected in common to a
      suitable source of energizing potential + V.sub.cc and the emitter of the
      drive transistor 52A is coupled to the base electrode of the power
      transistor 51A in the recognized Darlington configuration. The base
      electrode of the drive transistor 52A is supplied with the signal
      amplified by the voltage amplifying stage 4A.
PAR  The impedance converting stage 5B is similarly comprised of a power
      transistor 51B having an emitter resistor 53B and being driven by drive
      transistor 52B. The latter transistor is supplied with the amplified
      signal produced by the voltage amplifying stage 4B and, additionally, is
      connected in parallel to the base electrode of the drive transistor 52A of
      impedance convertings stage 5A. The output of each emitter-follower
      circuit is supplied to a load depicted as an impedance R.sub.L coupled to
      signal output terminal 7A.
PAR  It is appreciated that the parallel connected outputs of the voltage
      amplifying stages assures that the base-emitter voltage applied to each of
      the illustrated emitter-follower circuits is substantially the same. The
      particular transistors and emitter resistors of the impedance converting
      stages may be properly selected so that the corresponding voltage drops
      thereacross in each emitter-follower circuit are substantially the same.
      Consequently, the emitter current flowing through the power transistor 51A
      and emitter resistor 53A to the signal output terminal 7A is
      substantially, the same as the emitter current flowing through the power
      transistor 51B and the emitter resistor 53B to the signal output terminal.
      It may therefore be appreciated that neither of the impedance converting
      circuits 5A and 5B presents an undesirable load to the other impedance
      converting stage. Thus, the load impedance R.sub.L may be supplied with
      relatively large amounts of power by the parallel connected power
      amplifying circuit in the absence of undersirable loading effects
      heretofore present in prior art power amplifier devices.
PAR  In yet another example let it be assumed that the movable contacts m of the
      selecting switches 11-14 are selectively positioned at their corresponding
      stationary contacts c. The resulting circuit includes the output of
      amplifying circuit 3A coupled to the input of amplifying circuit 3B by
      selecting switch 12 and selecting switch 14 couples the the output of
      amplifying circuit 3B to the signal output terminal 7B. Additionally, if
      the voltage amplifying stage 4B comprises a conventional amplifier, the
      noninverting input terminal thereof is coupled to ground potential by the
      selecting switch 11 and the inverting input terminal thereof is coupled to
      the output of the impedance converting stage 5A by the selecting switch
      12. This circuit configuration may be seen to comprise a balanced
      transformerless connection that is clearly represented in the schematic
      diagram of FIG. 5. As illustrated, the output of amplifying circuit 3A is
      connected to the input of amplifying circuit 3B in a manner that permits a
      phase reversal of the signal amplified by circuit 3A. More particularly,
      if a signal 60 is supplied to the signal input terminal 6A it is
      appreciated that the voltage amplifying stage 4A and the impedance
      converting stage 5A sufficiently amplify the input signal to produce an
      amplified signal 61 at the signal output terminal 7A. Amplifying circuit
      3A preferably provides no phase reversal to the amplified signal.
      Accordingly, if the voltage amplifying stage 4A is comprised of a
      conventional operational amplifier, the input signal 60 is applied to the
      noninverting input terminal of the operational amplifier to thus avoid any
      phase reversal therein.
PAR  Resistor 8C couples amplified signal 61 to the voltage amplifying stage 4B
      and, together with resistor 9B, sufficiently attenuates signal 61 such
      that the voltage amplifier stage 4B is provided with an input signal
      having a magnitude that is substantially the same as the magnitude of
      input signal 60. If the voltage amplifying stage 4B is comprised of a
      conventional operational amplifier, the attenuated signal 61 is applied to
      the inverting input terminal thereof to thus permit a phase reversal
      therein. Alternatively, if the voltage amplifying stage 4B is not provided
      with an inverting input terminal, it is appreciated that a conventional
      phase reversing circuit may be provided so as to be selectively connected
      to the voltage amplifying stage 4B when the selecting switch 12 assumes
      position c. In either event, the voltage amplifying stage 4B together with
      the impedance converting stage 5B produces a phase reversed, amplified
      signal 62 having a magnitude that is substantially the same as the
      magnitude of the amplified signal 61 but admits of an opposite phase with
      respect thereto. The amplified signal 62 is applied to the signal output
      terminal 7B. Accordingly, if a suitable load is connected across the
      respective signal output terminals 7A and 7B, it is appreciated that the
      power amplifying device thus coupled to the load admits of a balanced
      transformerless connection. More particularly, when a maximum positive
      signal is applied to one side of the load connected to the signal output
      terminal 7A, a maximum negative signal is applied to the other side of the
      load connected to the signal output terminal 7B. Consequently, the load
      impedance may be readily supplied with a large amount of power.
PAR  A comparison of the power transfer capability of the exemplary
      configurations which may be adopted by the power amplifying device in
      accordance with the present invention is set forth hereinbelow in table A.
      The horizontal legend of the table represents typical impedances exhibited
      by a load supplied by the power amplifying device. The vertical legend of
      the table designates the three exemplary configurations that may be
      selected by the appropriate operation of the selecting switches 11-14,
      viz., individual amplifying circuits (i.e., 2-channel amplifier), a
      parallel connected amplifier and a balanced transformerless connection
      (BTL).
TBL                TABLE A                                                     
     ______________________________________                                    
                LOADING IMPEDANCE (OHMS)                                       
     Configuration                                                             
                  2        4        8      16                                  
     ______________________________________                                    
                           40X2     30X2   25X2                                
     2 - Channel  --       Watts    Watts  Watts                               
                  80       60       50                                         
     Parallel     Watts    Watts    Watts  --                                  
                                    80     60                                  
     BTL          --       --       Watts  Watts                               
     ______________________________________                                    
PAR  While the invention has been particularly shown and described with
      reference to a specific embodiment thereof capable of being selectively
      configured in exemplary amplifying circuits, it will be obivious to those
      skilled in the art that various changes and modifications in form and
      details may be made without departing from the spirit and scope of the
      invention. For example, the power amplifying device may be provided with
      multiple amplifying circuits 3A, 3B, 3C, ..., and need not be limited
      merely to the two illustrated amplifying circuits. Similarly, plural
      voltage amplifying stages and plural signal impedance converting stages
      may be provided in each amplifying circuit. Furthermore, each voltage
      amplifying stage as well as each impedance converting stage may be
      comprised of plural amplifying means and impedance converting means,
      respectively. Also, although the impedance converting means are described
      in an exemplary embodiment as emitter-follower circuits. It is appreciated
      that other circuits capable of performing the function described above for
      the impedance converting means may be readily employed. Thus, other class
      B amplifiers, power amplifiers and the like may be used.
PAR  Additionally, although FIG. 1 illustrates each of the selecting switches as
      comprising a movable contact connected to the amplifying circuit 3B and
      plural stationary contacts connected to the amplifying circuits 3A, it
      should be appreciated that the particular circuits to which the respective
      contacts are connected may be readily reversed. Also, and as described
      hereinabove the use of the illustrated selecting switches is merely
      exemplary. Other appropriate switch means may be provided such as
      mechanical switches, electronic switches, electromechanical switches, and
      the like. These switches may be manually operated or may be automatically
      controlled by further apparatus, not shown. It is, therefore, intended
      that appended claims be interpreted as including all of the foregoing and
      equivalent changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power amplifier comprising; a plurality of voltage amplifying means
      each having at least one input terminal and an output terminal; a like
      plurality of signal impedance converting means, each coupled to an output
      terminal of a corresponding one of said voltage amplifying means; and a
      plurality of switching means having plural operable conditions for
      selectively interconnecting the input terminals of said voltage amplifying
      means to each other, for selectively interconnecting the output terminals
      of said voltage amplifying means to each other and for selectively
      interconnecting the outputs of said signal impedance converting means to
      each other, respectively, said switching means selectively establishing in
      a first condition, independent series circuits each comprised of a voltage
      amplifying means and a corresponding signal impedance converting means; in
      a second condition, parallel connected voltage amplifying means and signal
      impedance converting means; and in a third condition, balanced
      transformerless connections between a first voltage amplifying means and a
      first signal impedance converting means and a second voltage amplifying
      means and a second signal impedance converting means.
NUM  2.
PAR  2. A power amplifier in accordance with claim 1 wherein said signal
      impedance converting means comprises emitter-follower amplifying means.
NUM  3.
PAR  3. A power amplifier in accordance with claim 1 wherein said voltage
      amplifying means has a high output impedance.
NUM  4.
PAR  4. A power amplifier comprising; a plurality of voltage amplifying means
      each having at least one input terminal and an output terminal; a like
      plurality of signal impedance converting means, each coupled to an output
      terminal of a corresponding one of said voltage amplifying means; a first
      switch exhibiting at least a first state for selectively coupling the
      input terminals of a first voltage amplifying means and a second voltage
      amplifying means in common relation to a signal input terminal and
      exhibiting at least a second state for selectively coupling the respective
      input terminals of said first and second voltage amplifying means in
      independent relation to separate signal input terminals; a second switch
      for selectively interconnecting the output terminals of said first and
      second voltage amplifying means and a third switch exhibiting at least a
      first state for selectively coupling the outputs of a first signal
      impedance converting means and a second signal impedance converting means
      in common relation to a signal output terminal and exhibiting at least a
      second state for selectively coupling said outputs of said first and
      second signal impedance converting means in independent relation to
      separate signal output terminals.
NUM  5.
PAR  5. A power amplifier in accordance with claim 4 further comprising a fourth
      switch for selectively coupling the output of said first signal impedance
      converting means to an input terminal of said second voltage amplifying
      means.
NUM  6.
PAR  6. A power amplifier in accordance with claim 5 wherein said first, second,
      third and fourth switches are adapted to be operated in unison such that
      when said first switch couples the input terminals of said first and
      second voltage amplifying means to the separate signal input terminals,
      said third switch couples the outputs of said first and second signal
      impedance converting means to the separate signal output terminals to
      thereby establish independent series circuits each comprised of a voltage
      amplifying means and a signal impedance converting means, and when said
      first switch couples the input terminals of said first and second voltage
      amplifying means in common relation to a signal input terminal, said
      second switch interconnects the output terminals of said first and second
      voltage amplifying means and said third switch couples the outputs of said
      first and second signal impedance converting means in common relation to a
      signal output terminal to thereby establish parallel connected voltage
      amplifying means and signal impedance converting means, and when said
      fourth switch couples the output of said first signal impedance converting
      means to an input of said second voltage amplifying means, said third
      switch couples the outputs of said first and second signal impedance
      converting means to the separate signal output terminals to thereby
      establish a balanced transformerless connection across said signal output
      terminals.
NUM  7.
PAR  7. A power amplifier in accordance with claim 6 wherein said first switch
      comprises a first stationary contact coupled to a separate signal input
      terminal, a second stationary contact coupled to the input terminal of
      said first voltage amplifying means, a third stationary contact coupled a
      reference voltage and a movable contact coupled to a non-inverting input
      terminal of said second voltage amplifying means; said second switch
      comprises a first electrically isolated stationary contact, a stationary
      contact coupled to the output terminal of said first voltage amplifying
      means, a second electrically isolated stationary contact and a movable
      contact coupled to the output terminal of said second voltage amplifying
      means; and said third switch comprises a first stationary contact coupled
      to a separate signal output terminal, a second stationary contact coupled
      to the output of said first signal impedance converting means, a third
      stationary contact coupled to said separate signal output terminal, and a
      movable contact coupled to the output of said second signal impedance
      converting means.
NUM  8.
PAR  8. A power amplifying device comprised of at least first and second
      amplifying circuits, each of said amplifying circuits including an input,
      at least one voltage amplifier stage, at least one power amplifier stage
      and an output, all connected in series; first and second signal input
      terminals and first and second signal output terminals; and multistate
      switch means coupled to said amplifying circuits for selectively
      interconnecting the stages of said amplifying circuits said switch means
      having a first state in which said first and second amplifying circuits
      are connected independently of each other between said first signal input
      and output terminals and between said second signal input and output
      terminals, respectively, and a second state in which said inputs of the
      first and second amplifying circuits are connected in parallel to one of
      said first and second signal input terminals and said outputs of the first
      and second amplifying circuits are connected in parallel to one of said
      first and second signal output terminals.
NUM  9.
PAR  9. A power amplifying device in accordance with claim 8; wherein said
      switch means further has a third state for selectively connecting said
      output of the first amplifying circuit to an input of said second
      amplifying circuit and connecting the amplifying circuit outputs to
      respective signal output terminals to thereby selectively establish a
      balanced transformerless connection across said signal output terminals.
NUM  10.
PAR  10. A power amplifying device in accordance with claim 9 wherein each
      voltage amplifier stage has a relatively high output impedance.
NUM  11.
PAR  11. A power amplifying device in accordance with claim 10 wherein each
      power amplifier stage has a relatively high input impedance and a
      relatively low output impedance.
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PAL  A reverberation device is provided with a delay line in series with an
      amplifier which is designed to compensate for the inherent frequency
      dependent attenuation of the delay line. The output of the compensating
      amplifier is fed back directly to the delay line input.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to reverberation devices and more
      particularly to such devices having a feedback delay line.
PAR  2. Description of the Prior Art
PAR  Electronic reverberation devices are used for achieving special effects in
      generating, recording or reproducing sound events, at least approximately
      simulating the reverberant sound effects of a larger room. Such
      reverberation devices are used, for example, in electronic organs.
PAR  As disclosed in an article by M. R. Schroeder in the "Journal of the Audio
      Engineering Society" (July, 1962), Vol. 10, No. 3, pp. 219 to 223, a
      simple electronic reverberation device according to FIG. 1 can be formed
      in such a way that the signal which is intended to die away, is fed to a
      delay line D, and that the output signal, via an amplifier with the gain g
      &lt; 1 and a linear adder circuit A, is re-applied to the input of the line.
      The degree of amplification g is determined by the required reverberation
      time and by the delay time of the employed delay line.
PAR  It is described by M. R. Schroeder that the frequency-dependent phase
      position of the output signal of the delay line in a reverberation device
      according to FIG. 2, causes the reverberation device to have an
      interdigitated filter characteristic. The author, without actually
      implying same, proceeds in his considerations from the fact that the
      amount of the line attenuation .vertline.g.sub.d .vertline. = 1. This,
      however, is not the case in practice, in fact, known types of delay lines,
      whether mechanical, acoustic, electromagnetic or electronic, all have a
      frequency-dependent attenuation .vertline.g.sub.d .vertline. = .phi. (f).
      Therefore, in the circuit arrangement as disclosed by M. R. Schroeder, the
      output signal of the reverberation device as well as the reverberation
      time will show an unwanted frequency response.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the invention relates to a reverberation device employing a
      delay line the output of which is fed back. By the invention, the
      aforementioned problem is solved in that before the output of the
      reverberation device and in series with the delay line, an amplifier is
      connected for at least partly compensating the frequency-dependent amount
      of the line attenuation, and in that no amplifier is connected into the
      feedback path between the output and the input of the delay line.
PAR  For compensating the frequency-dependent attenuation, the
      frequency-dependent amplification (gain) g.sub.x = .phi. (f), in the
      optimum case, is chosen thus that the relationship
EQU  1 &gt; g.sub.d . g.sub.x .noteq. .phi. (f)
PAL  Is met, and that the product will become frequency-independent.
PAR  It is an object of the invention to avoid the unwanted frequency
      characteristics displayed by reverberation devices of the prior art.
PAR  The foregoing and other objectives and advantages of the present invention
      will become more apparent from the following description and the
      accompanying drawings wherein one embodiment of the present invention is
      described.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a known type of reverberation device.
PAR  FIGS. 2 and 3 are block diagrams of two alternative solutions relating to a
      reverberation device according to the invention.
PAR  FIG. 4 is a block diagram of a further type of embodiment employing a
      divided delay line and a divided amplifier in series.
PAR  FIGS. 5 and 6 are block diagrams of further embodiments relating to a
      reverberation device according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the reverberation device shown in FIG. 2, the amplifier X, unlike the
      amplifier in the above-mentioned article shown in FIG. 1, is not arranged
      in the feedback path, but in series with the delay line D before the
      output O of the reverberation device. The output of amplifier X is fed
      back to a first input of an adding circuit A which has a second input
      connected to the reverberation device input I. Adding circuit A has an
      output connected to the input of delay line D.
PAR  Additional embodiments of the series arrangement of both the delay line D
      and the amplifier X are possible, of which some examples are shown in
      FIGS. 3 and 4.
PAR  In the types of embodiment according to FIGS. 2 and 3, the amplifier X,
      when looked at from the input I, is connected either behind or before the
      delay line D.
PAR  In the case of a divided delay line D as shown in FIG. 4, i.e. divided into
      the partial lines D.sub.1, D.sub.2 ... D.sub.n, and by dividing the
      amplifier X into partial amplifiers X.sub.1, X.sub.2 . . . X.sub.m, it is
      possible to introduce from the output of one of the partial lines D.sub.1,
      D.sub.2 . . . D.sub.n or from the output of one of the partial amplifiers
      X.sub.1, X.sub.2 . . . X.sub.m, also additional feedback paths, as is
      indicated by the broken line 1. It is also possible for the amplifier X
      alone to be divided into partial amplifiers X.sub.1, X.sub.2 . . .
      X.sub.m, without the delay line D having to be divided, or else also the
      delay line D alone may be divided into partial lines D.sub.1, D.sub.2 . .
      . D.sub.n, without the amplifier X having to be divided.
PAR  According to M. R. Schroeder's description, and owing to the interdigitated
      filter characteristics, resonance points of low density will appear at the
      output of a simple reverberation device within the frequency range, which
      are likely to falsify the sound impression to a considerable extent and,
      for the compensation of which, it will be necessary to enlarge the circuit
      by one attenuating stage Y having the "gain" g.sub.y = 1-g.sup.2, an
      inverter stage Z having the "gain" g.sub.z = -g, as well as a further
      adder stage A.sub.2.
PAR  Also in the already described reverberation devices according to the
      invention it is possible for the resonance points to be compensated by
      means of additional stages; for this purpose, of course, in a first
      further embodiment of the invention, the attenuating stage Y is not
      connected, in the known manner, between the delay line D and the amplifier
      X, but behind the series arrangement of both (FIG. 5), and with respect to
      the optimal case, the stages are dimensioned in such a way as to satisfy
      the relationship
      ##EQU1##
PAR  In the reverberation device according to FIG. 5, the signal as conducted
      via the delay line D and the amplifier X, is fed to a second adder stage
      A.sub.2 to the further input of which there is moreover applied the input
      signal of the reverberation device via an additional amplifier Z. Behind
      the series arrangement of both the delay line D and the amplifier X, and
      before the adder stage A.sub.2 it is possible to insert an attenuator Y.
PAR  In a second further embodiment of the reverberation device according to the
      invention, and as shown in FIG. 6, the attenuator Y is saved completely,
      i.e., g.sub.y is adjusted = 1, and
      ##EQU2##
PAR  The additional amplifier Z in the reverberation device according to FIG. 6
      or the additional amplifier Z and the attenuator Y in the reverberation
      device according to FIG. 5 are normally laid out for an optimal
      compensation or, for the purpose of achieving special sound effects, for a
      partial compensation of the interdigitated filter characteristic of the
      reverberation device.
PAR  In the reverberation device according to the invention it is possible to
      use either a mechanical, accoustic or electro-magnetic delay line.
      Particularly favorable and space-saving, however, is the use of an
      electronic delay line in the shape of an integrated circuit manufactured
      in accordance with the known MOS-technique. Apart from the stages of the
      delay line, also the series-arranged amplifier, the adder stage(s) and/or
      the additional amplifier, as well as, if necessary, the attenuator, may
      all be included in the integrated circuit.
PAR  The parts of the reverberation may also be designed in the form of at least
      two integrated circuits. This is advisable in cases where the integrated
      circuits are manufactured in accordance with different technologies. Thus,
      for example, it is favorable for the integrated delay line to be
      manufactured in accordance with the MOS-technique, and the further
      electronic parts of the reverberation device, in accordance with the
      bipolar-technique.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reverberation device, comprising:
PA1  an input terminal;
PA1  a first adding circuit having first and second inputs and an output, the
      first being connected to the input terminal;
PA1  a delay line having an input and an output, said delay line having
      predetermined frequency dependent gain characteristics;
PA1  a compensating amplifier having an input and an output, said amplifier
      having frequency dependent gain characteristics corresponding to the
      characteristics of the delay line, said delay line and compensating
      amplifier being connected in series;
PA1  an output terminal, said series connected delay line and compensating
      amplifier being disposed between the output of the first adding circuit
      and the output terminal; and
PA1  a feedback line connecting the output of the series connected delay line
      and compensating amplifier to the second input of the first adding
      circuit.
NUM  2.
PAR  2. A reverberation device as described in claim 1, wherein the input of the
      compensating amplifier is connected to the output of the delay line.
NUM  3.
PAR  3. A reverberation device as described in claim 1, wherein the output of
      the compensating amplifier is connected to the input of the delay line.
NUM  4.
PAR  4. A reverberation device as described in claim 1, wherein the delay line
      comprises a plurality of delay lines and the compensating amplifier
      comprises a plurality of amplifiers.
NUM  5.
PAR  5. A reverberation device as described in claim 4, additionally comprising,
      an additional feedback line is connected from the output of one of said
      delay lines and amplifiers to a third input of the adding circuit.
NUM  6.
PAR  6. A reverberation device as described in claim 1, additionally comprising:
PA1  a second adding circuit having first and second inputs and an output said
      output being connected to the output terminal and said first input being
      connected to the output of the series connected delay line and
      compensating amplifier; and
PA1  a second amplifier having an input connected to the input terminal and an
      output connected to the second input of the second adding circuit.
NUM  7.
PAR  7. A reverberation device as described in claim 6, additionally comprising:
PA1  an attenuator disposed between the output of the series connected delay
      line and compensating amplifier and the first input of the second adding
      circuit.
NUM  8.
PAR  8. A reverberation device as described in claim 7, wherein the delay line
      has a gain of g.sub.d, the compensating amplifier has a gain of g.sub.x,
      the attenuator has a gain of g.sub.y and the second amplifier has a gain
      of g.sub.z, said gains are dimensioned to satisfy the relationship
      ##EQU3##
NUM  9.
PAR  9. A reverberation device as described in claim 8, wherein the gain g.sub.y
      is adjusted to equal substantially 1 and the gain
      ##EQU4##
      whereby the attenuator may be a conductor.
NUM  10.
PAR  10. A reverberation device as described in claim 1, having an electronic
      delay line.
NUM  11.
PAR  11. A reverberation device as described in claim 10, wherein the electronic
      delay line is an MOS device.
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ABST
PAL  The invention provides a circuit for an all-pass reverberator with an MOS
      delay line and feed back amplifier. The circuit compensates for the
      frequency-dependent attenuation of the delay line. Two amplifiers of the
      prior art circuit are replaced by resistors and a third one has specific
      characteristics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an all-pass reverberator and more
      particularly to a reverberator having an MOS delay line.
PAR  2. Description of the Prior Art
PAR  The present invention starts from an article by M. R. Schroeder entitled
      "Natural Sounding Artificial Reverberation" and published in "Journal of
      the Audio Engineering Society," 10/3, (July 1962), pp. 219 to 223. That
      article deals with a basic circuit for an all-pass reverberator with a
      delay line fed back via a feedback amplifier and a first adding circuit at
      the input of the basic circuit and connected in series with an output
      amplifier between the output of the first adding circuit and a first input
      of a second adding circuit connected to the output of the basic circuit
      the second input of which second adding circuit is connected to the output
      of a signal amplifier whose input is connected to the input of the first
      adding circuit.
PAR  In the aforementioned article a delay line is required which has neither
      any gain nor attenuation nor frequency response, i.e. with g.sub.d = 1,
      whereby the attenuation of the delay line will be designated in the
      following. Another teaching of that article is that three amplifiers or
      attenuators with definite gains or attenuation factors are necessary to
      achieve all-pass characteristics. By contrast, the present invention
      relates to a basic circuit for an all-pass reverberator which uses as the
      delay line an MOS delay line as known from, e.g., the journal "Elektor"
      (January 1973), pp. 112 to 117. Such use presents special problems
      regarding the design and alignment of the amplifiers, whose gain must be
      frequency-dependent.
PAR  In practice, an MOS delay line has a frequency-dependent attenuation given
      by
      ##EQU1##
      WHERE F = SIGNAL FREQUENCY
PA1  f.sub.c = clock frequency
PA1  n.sub.d = number of stages (determining the time delay .tau.)
PA1  .delta..sub.m = maximum stage attenuation at f = f.sub.c /2.
PAR  For a large n.sub.d .delta..sub.m, therefore, appreciable deviations from
      the all-pass behavior are to be expected. To fulfill Schroeder's
      requirement g.sub.d = 1, two measures must be taken:
PA1  1. Use must be made of a delay line employing signal regeneration, whereby
      the exponential factor in (1) is made to be equal to 1 to a good
      approximation. For this purpose, well-proven signal regeneration circuits
      are available.
PA1  2. g.sub.o must be made to be equal to 1.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a basic circuit for an all-pass
      reverberator with an MOS delay line which is fed back via a feed back
      amplifier and the first input of an adding circuit at the output of the
      feedback amplifier and is connected in series with an output amplifier
      between the output of the first adding circuit and a first input of a
      second adding circuit which is connected to the output of the basic
      circuit and whose second input is connected to the output of a signal
      amplifier whose input is connected to the second input of the first adding
      circuit, the latter input forming the input of the basic circuit.
PAR  According to the invention, the aforementioned problem of designing and
      aligning the necessary amplifiers is considerably simplified by replacing
      two of the three amplifiers by a direct connection and designing the third
      amplifier according to the equation
      ##EQU2##
      where g.sub.d is the attenuation of the MOS delay line,
PA1  g.sub.x is the gain of the feed back amplifier,
PA1  g.sub.y is the gain of the output amplifier, and
PA1  g.sub.z is the gain of the signal amplifier.
PAR  The foregoing and other objectives and advantages of the present invention
      will become more apparent from the following description and the
      accompanying drawings wherein one embodiment of the present invention is
      described.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing a prior art circuit.
PAR  FIGS. 2 to 4 are block diagrams of three embodiments of a circuit according
      to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a block diagram of a prior art
      reverberation circuit as taught in the previously mentioned article of M.
      R. Schroeder. The circuit has an input terminal 10 and an output terminal
      12. The input terminal 10 is connected to a first input of an adding
      circuit 14 which has an output connected to an input of MOS delay line 16.
      The MOS delay line has an attenuation g.sub.d which is schematically
      represented by a separate amplifier 18 connected in series with the output
      of the delay line 16. The output of amplifier 18 is connected to the input
      of another amplifier 20 having a gain of g.sub.y. The output of amplifier
      20 is connected to a second adding circuit 22 having an output connected
      to output terminal 12. The output of amplifier 18 is further connected
      through a feedback amplifier 24 to a second input of adding circuit 14.
      Amplifier 24 has a gain g.sub.x. Input terminal 10 is connected through a
      signal amplifier 26 to a second input of adding circuit 22. Amplifier 26
      has a gain of g.sub.z.
PAR  Instead of making g.sub.o to be equal to 1 as in the prior art, the
      invention proceeds from the problem of how large the gains g.sub.x,
      g.sub.y and g.sub.z must be if
EQU  g.sub.d = g.sub.o .noteq. 1,
PAL  i.e., if the line loss has any given constant value.
PAR  This general case can be dealt with analogously to the special case in the
      Schroeder article. For a Dirac's delta function h.sub.e (t) = .delta. (t)
      at the input with the amplitude function H.sub.e (.omega.) = 1 one obtains
      the amplitude function at the output of the basic unit of FIG. 1:
      ##EQU3##
      From the all-pass condition that the amplitude of H.sub.a should be
      independent of the frequency .omega., i.e.,
EQU  .vertline.H.sub.a (.omega.).vertline. = constant,
PAL  one obtains
      ##EQU4##
PAR  The basic circuit according to the invention relates to three cases of gain
      combinations which are shown in the following table besides the general
      case of FIG. 1.
TBL  FIG.   Gain       Relationships                                           
     No.    Combination                                                        
                       between gains                                           
     ______________________________________                                    
                              g.sub.d.sup.2 g.sub.x g.sub.y                    
     1      g.sub.d g.sub.x g.sub.y g.sub.z                                    
                        g.sub.z =                                              
                              1 - g.sub.x.sup.2 g.sub.d.sup.2                  
                              1                                                
     2      g.sub.d 1 1 g.sub.z                                                
                        g.sub.z =                                              
                              1 - 1/g.sub.d.sup.2                              
     3      g.sub.d 1 g.sub.y 1                                                
                       g.sub.y =                                               
                              1 - 1/g.sub.d.sup.2                              
                              1         1       1                              
     4      g.sub.d g.sub.x 1 1                                                
                       g.sub.x =  - .sqroot.                                   
                                            +                                  
                              2         4       g.sub.d.sup.2                  
     ______________________________________                                    
PAR  In the table, relationships between g.sub.d (attenuation factor), g.sub.x,
      g.sub.y and g.sub.z (gains) are given.
PAR  FIGS. 2 to 4 show three embodiments of the basic circuit according to the
      invention with only one amplifier each, which must be adapted to the
      frequency-dependent attenuation of the MOS delay line.
PAR  FIG. 2 shows an embodiment of the invention wherein amplifiers 20 and 24
      have been omitted so that g.sub.x and g.sub.y have values equal to one in
      the basic gain formula and the gain g.sub.z of amplifier 26 is equal to
      ##EQU5##
      as shown in the previous table for FIG. 2.
PAR  FIG. 3 shows an embodiment of the invention wherein amplifiers 24 and 26
      have been omitted and the gain g.sub.y of amplifier 20 is
      1-l/g.sub.d.sup.2 as shown in the previous table.
PAR  FIG. 4 shows another embodiment of the present invention wherein amplifiers
      20 and 26 have been omitted and amplifier 24 has a gain g.sub.x equal to
      ##EQU6##
      as shown in the previous table.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An all-pass reverberator, comprising:
PA1  an input terminal;
PA1  a first adding circuit having first and second inputs and an output, said
      first input connected to the input terminal;
PA1  an MOS delay line having an input and an output and an attenuation of
      g.sub.d, said input being connected to the output of the first adding
      circuit;
PA1  a second adding circuit having first and second inputs and an output;
PA1  an output terminal connected to the output of the second adding circuit;
PA1  first circuit means for connecting the output of the delay line to the
      first input of the second adding circuit, said first circuit means having
      a gain of g.sub.y ;
PA1  second circuit means for connecting the output of the delay line to the
      second input of the first adding means, said second circuit means having a
      gain of g.sub.x ; and
PA1  third circuit means for connecting the input terminal to the second input
      of the second adding circuit, said third circuit means having a gain of
      g.sub.z, wherein the gain
      ##EQU7##
NUM  2.
PAR  2. An all-pass reverberator as described in claim 1, wherein the first
      circuit means and second circuit means have gains substantially equal to 1
      and the third circuit means has a gain
      ##EQU8##
NUM  3.
PAR  3. An all-pass reverberator as described in claim 1, wherein the second
      circuit means and third circuit means have gains substantially equal to 1
      and the first circuit means has a gain g.sub.y = 1-l/g.sub.d.sup.2.
NUM  4.
PAR  4. An all-pass reverberator as described in claim 1, wherein the first
      circuit means and third circuit means have gains substantially equal to 1
      and the second circuit means has a gain
      ##EQU9##
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PAL  In a phase locked oscillator (PLO), the frequency of a voltage controlled
      oscillator (VCO) is changed in response to error signals indicating the
      phase error between the individual pulses of a stream of input pulses and
      the output pulses of the PLO. The running of the PLO is temporarily
      interrupted whenever the phase error exceeds a predetermined amount, and
      is restarted in phase with the next input pulse from the stream of pulses.
      A residual part of the error signal causing the interruption is
      accumulated so that after each interruption the frequency of the
      oscillator is closer to the frequency of the input stream of pulses. The
      process is repeated as required until phase lock is achieved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a frequency controlled phase locked oscillator.
PAR  2. Description of the Prior Art
PAR  The phase locked oscillator (PLO) disclosed in this application, has been
      developed in particular to meet the requirements of a magnetic disk file
      in which the position of data transducers are controlled during "read" and
      "write" operations by a closed loop servo system which derives servo
      position information from servo tracks previously recorded on an available
      disk surface in the file.
PAR  A function of the PLO is to supply clock pulses of an appropriate frequency
      to the "write" channel of the disk file to control "write" operations.
      Synchronization of the PLO is achieved by controlling its frequency so as
      to be in phase with servo clock pulses derived from the servo tracks.
      Since the clock pulse frequency supplied to the write channel is
      considerably greater than the servo clock frequency, the actual
      synchronizing process is conducted by using a signal which is a
      subharmonic of the actual PLO signal. The clock pulses supplied by the PLO
      to the "write" channel are required to be of a stable frequency, and
      ideally there should be no short term variations in frequency due to
      slight misalignment of the servo clock pulses on the disk. Essentially
      this requirement means that the PLO should have a low bandwidth only
      responding to the long term variations produced by speed changes of the
      disk, for example.
PAC  Summary of the Invention
PAR  A phase locked oscillator circuit, according to the invention, comprises a
      voltage controlled oscillator (VCO) arranged to be controlled by an
      incoming controlling signal consisting of a stream of pulses of
      substantially constant repetition rate; means for comparing the phase of
      the output from the oscillator with the phase of the controlling signal
      and arranged to produce, on receipt of each pulse of the controlling
      signal, an error signal indicative of any phase error existing between the
      incoming pulse and the oscillator output; means for converting each phase
      error signal to a corresponding voltage and accumulating the voltages in a
      store which has a predetermined decay rate, the resulting error voltage
      being applied to the input of the oscillator so as to reduce the phase
      error; means for interrupting the oscillator output to the comparing means
      on detection of a phase error exceeding a predetermined amount and
      thereafter for resupplying the oscillator output to the comparing means in
      phase with a subsequent incoming control pulse, the arrangement being such
      that voltage is accumulated in the store until it is of sufficient
      magnitude to bring the frequency of the oscillator to the desired value to
      hold the phase lock.
DRWD
PAC  Brief Description of the Drawing
PAR  The invention will be described in further detail with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of the phase locked oscillator, according to the
      invention;
PAR  FIGS. 2a-i depict waveforms generated at various parts of the phase locked
      oscillator running in synchronism with the input controlling pulses;
PAR  FIG. 3 is a block diagram of a phase compare circuit, forming part of the
      phase locked oscillator in FIG. 1;
PAR  FIG. 4 is a block diagram of the logic circuitry for generating "missing"
      servo clock pulses;
PAR  FIGS. 5a-f depict waveforms illustrating the initial synchronization of the
      phase locked oscillator in FIG. 1; and
PAR  FIG. 6 is a block diagram of additional logic circuitry for controlling the
      operation of the phase locked oscillator in FIG. 1.
DETD
PAC  Description of the Preferred Embodiment
PAR  The PLO loop block diagram shown in FIG. 1 includes a voltage controlled
      oscillator 1 which has a free-running frequency of 14.2 MHz, for example,
      which is to be synchronized with input pulses having a nominal frequency
      of 445 KHz supplied to input terminal 2. The oscillator output is
      initially divided by two by counter 3 and signals defined as the 1F and 2F
      write clock signals are taken from output terminals 4 and 5 respectively
      and used by the data channel of the disk file to control writing of data
      on the disk.
PAR  The source of synchronizing pulses applied as input to the terminal 2 of
      the circuit need not be described for the understanding of the invention.
      However, the controlling pulses in this particular apparatus are derived
      from servo information used to control the operation of a magnetic disk
      file. Servo information may be derived from servo tracks that are encoded
      on a magnetic disk surface by a servo head scanning the servo tracks.
      Essentially, the waveform derived from the servo pattern consists of
      negative clock pulses separated by positive position pulses, by way of
      example. The clock pulses are of constant amplitude, while the amplitude
      of the position pulses varies as an indication of the degree of offset
      from the desired position over the servo tracks. The clock pulses are not
      a continuous uninterrupted stream, but occasionally some are deliberately
      omitted to provide reference marks for the data channel of the file.
      Although only one clock pulse is omitted at any one time the possibility
      of occasional loss of a clock pulse due perhaps to a fault in the disk
      surface or to masking by noise cannot be ruled out. The PLO must be
      capable therefore of disregarding up to two missing clock pulses from the
      stream of clock pulses but to indicate a fault condition should three
      consecutive missing pulses be detected. This is achieved by logic
      circuitry which will be described in detail later.
PAR  Before a phase comparison can be made, the oscillator output is further
      divided by 16 to produce a signal of similar frequency to the 445 KHz
      servo clock signal. This is achieved by four conventional "divide by two"
      binary counters 6, 7, 8 and 9 which as a result of the division, supply
      F/2, F/4, F/8 and F/16 signals on their respective output terminals. A
      reset line 10 from terminal 11 is provided to set the counters 6, 7, 8 and
      9 into logic states 0010 respectively. These are the states that the
      counters are in when the PLO is running in synchronization and a servo
      clock pulse is received at input terminal 2. Therefore, if the reset
      condition is removed on receipt of a servo clock pulse, the PLO will
      instantaneously be in phase with the input signal at terminal 2.
PAR  The input servo clock pulses supplied to input terminal 2 are not directly
      compared with the divided PLO signal but are applied to the input of
      single shot 12. Each negative going clock pulse fires the single shot
      producing a signal of approximately 600 nanosecs. duration on output line
      13. The back edges of these signal shot pulses are used as reference for
      the synchronizing operation. The duration of the single shot is chosen so
      that when the PLO is running in synchronization with the input, the F/16
      signal changes state midway between the occurrence of two servo position
      pulses.
PAR  The phase comparison between the pulses representing the input on line 13
      and the F/16 oscillator pulses on output line 14 from counter 9 takes
      place in phase comparator 15. The comparison is started on receipt of a
      PLO run signal on line 16 from input terminal 17. The PLO run signal is
      obtained from a PLO start latch, referred to later with respect to FIG. 6,
      which is set whenever a synchronizing operation is to take place. The PLo
      run signal is also used to release the counters in their preset condition
      so that the PLO is initially in phase with the input. When the PLO run
      signal is dropped, the comparator is deselected and the counters 6, 7, 8
      and 9 once more reset to binary states 0010.
PAR  It is convenient to use the F/8 signal appearing from counter 8 on output
      line 18 to perform the comparison since this signal always changes state
      midway through each pulse of the F/16 signal. Oscillator early and late
      pulses can therefore be obtained by logically comparing the occurrence of
      the F/8 signal edges with the single shot edges. In fact, oscillator early
      pulses are derived in this way, but oscillator late pulses are derived by
      comparing the occurrence of single shot edges with a slightly delayed F/8
      signal. Accordingly, the F/8 signal on line 18 from counter 8 is also
      supplied to delay circuit 19, and the resulting delayed F/8 signal which
      will hereafter be referred to as the .DELTA.F/8 signal is supplied to the
      comparator on input line 20. By using the .DELTA.F/8 signal a small
      overlap of early and late pulses is obtained which avoids a small dead
      band in the response otherwise caused by logic delays.
PAR  Oscillator early pulses are supplied on output lines 21 and are arranged to
      switch on a current source 22 to draw current in the direction shown for
      the duration of the oscillator early pulse, thereby reducing the voltage
      on capacitor 23. This capacitor 23 forms a part of an integrating phase
      lead/lag network including a further capacitor 24 and resistor 25.
      Oscillator late pulses are supplied on output line 26 and switch on a
      second current source 27 which causes current to flow in the direction
      shown for the duration of the oscillator late pulse and increases the
      voltage on capacitor 23. The resulting voltage V appearing at terminal 28
      is applied to the input of oscillator 1 through high impedance voltage
      buffer 29. The buffer 29 limits the leakage of current from capacitor 23
      and the voltage changes the oscillator frequency in the appropriate
      direction to reduce the phase error. The component values of the circuitry
      are such that a voltage of approximately 50 mV changes the frequency of
      the oscillator by 1 percent.
PAR  The waveforms in FIG. 2 represent the case when the PLO is running in
      synchronism with the servo input signal. Reference to these waveforms
      shows the logical requirements of the comparator 15 to produce the
      oscillator early and late pulses. Waveform 2a shows the input servo signal
      derived from the disk and is seen to consist of negative clock pulses 30
      and positive position pulses 31. The particular section of the servo
      signal chosen for illustration includes a normal servo cell 32 containing
      a clock pulse 30 and two position pulses 31 and a missing clock cell 33
      with, as the name implies, no clock pulse and no position pulses either.
PAR  The output from single shot 12 is shown as waveform 2b in FIG. 2. The F/8
      oscillator signal appearing on line 18 is shown as waveform 2c. The
      .DELTA.F/8 on line 20 is shown as waveform 2d. The F/16 signal appearing
      on line 14 is shown as waveform 2e. Although these waveforms represent the
      PLO running in synchronization with the input, in practice the oscillator
      is either slightly late or slightly early. In this example, it is seen
      that the oscillator is initially slightly late compared with the servo
      clock and the resulting oscillator late pulse 34 shown in waveform 2f. The
      resulting error voltage V used for correcting the frequency of the
      oscillator 1 is shown in waveform 2g. The effect of the frequency change
      in the example chosen is to overcorrect the oscillator frequency so that
      an occurrence of the next clock pulse, the oscillator signal is slightly
      early. The resulting oscillator early pulse 48 is also shown in waveform
      2f. This waveform is shown broken, since in practice the oscillator early
      and late pulses appear from the phase comparator 15 on separate output
      lines 21 and 26 respectively. The resulting error voltage changes
      occurring at terminal 28 are again shown in waveform 2g. The voltage is
      seen to have changed from a positive to a smaller negative level in this
      waveform thus effecting the required "fine" correction to the oscillator
      frequency.
PAR  The logical requirements of the comparator 15 to produce these oscillator
      early and late pulses are shown in FIG. 3. Reference to the waveforms in
      FIG. 2 show that oscillator early pulses are defined by the Boolean
      representation SS.F/8.F/16. PLO where SS represents the positive level of
      the single shot output on line 13, F/8 the positive level of the F/8
      signal on line 18, F/16 the negative level of the F/16 signal on line 14,
      and PLO the positive level of the PLO signal on line 16. This condition is
      detected by positive AND gate 35 supplied with the inputs shown. The F/16
      signal on line 14 is inverted by inverter 36 before being supplied to the
      AND gate 35. Oscillator early pulses will be supplied on output line 21 in
      response to the signal levels defined above. Further reference to the
      waveforms of FIG. 2 shows that oscillator late pulses are defined by the
      Boolean representation SS..DELTA.F/8.F/16. PLO. This condition is detected
      by positive AND gate 85 with the .DELTA.F/8 signal supplied on line 20
      being inverted by inverter 37 and the single shot signal SS on line 13
      being inverted by inverter 38. Oscillator late pulses are supplied on
      output line 26 in response to the signal levels defined by the oscillator
      late Boolean representation.
PAR  The remaining two waveforms 2h and 2i illustrate the operation of part of
      the logic circuitry used to indicate that a servo cell with a missing
      clock pulse has occurred and will not be described with reference to FIG.
      4.
PAR  In FIG. 4 the single shot output on line 13 is inverted by inverter 39
      before being supplied as input on line 40 to a clock latch 41. The
      arrangement is such that a negative signal on output line 42 to one input
      of positive AND gate 43. The F/8 signal on line 18 also supplied as input
      to AND gate 43 and a third input, the F/16 signal on line 14 is inverted
      by inverter 44 and is supplied on line 45. The F/16 signal on line 14 is
      also supplied direct on line 46 to the reset of latch 41.
PAR  The AND gate 43 is conditioned to produce a negative output indicating a
      missing clock pulse when the output from the clock latch 41 is positive,
      that is, when the latch has not been set, the F/8 signal on line 18 is
      positive, and the F/16 signal on line 14 is negative and consequently the
      F/16 signal on line 45 is positive. The output from the clock latch 41 is
      shown as waveform 2h in FIG. 2. When a servo cell occurs with a "missing
      clock" pulse as shown in waveform 2a, the output from the single shot 12
      is down and a positive input is applied on line 40 to the clock latch 41
      which remains reset. The output on line 47 from AND gate 43 goes positive
      as a result indicating the occurrence of a "missing clock" pulse. The
      resulting missing clock pulse is shown as waveform 2i and remains positive
      for the duration of the negative level of the F/16 signal. The clock latch
      is set by the occurrence of the next single shot pulse.
PAR  The situation just described is when the oscillator is inphase with the
      input signals and only small correction pulses are required to maintain
      this condition. In practice, the synchronization process is allowed to
      continue until the oscillator signal is 90.degree. out of phase with the
      input servo signal. That is, there is more than a quarter of a clock cell
      separating the synchronizing edges of the oscillator signal and the single
      show output. When this condition, known as the "out of window" condition
      occurs, the PLO run latch is reset and the synchronization process is
      temporarily interrupted. Inspection of the waveforms in FIG. 2 will show
      that the "window" is defined by the down level of the F/16 waveform 2e.
PAR  The first two cycles of the initial synchronizing process of the PLO will
      now be described with reference to FIGS. 5a-f. When the file is first
      switched on there can be up to 10 percent difference in frequency between
      the oscillator 1 and the input servo clock.
PAR  The synchronization process is started by raising the voltage on a PLO gate
      line which will be referred to later with reference to FIG. 6. The PLO
      gate line waveform is shown in waveform 5a. The PLO gate line signal is
      the reset to a start latch also shown in FIG. 6, the output of which is
      known as the PLO run and which controls the resetting of the four counters
      6, 7, 8 and 9 to the preset condition 0010 as described previously, and
      also conditions the comparator 15 to compare the phase of the PLO and
      input signals. The output from the single shot 12 is shown as waveform 5b
      and the F/16 signal representing the PLO signal as waveform 5c. The start
      latch (FIG. 6) is set on occurrence of the first trailing edge of the
      single shot output and the resulting output known as PLO run is shown as
      waveform 5d. This releases the counters 6, 7, 8 and 9 starting the PLO
      initially in phase with the servo clock input. In this example, the PLO is
      initially running too fast and oscillator early pulses 48 are produced as
      previously described, which slow down the oscillator. The oscillator early
      pulses are shown in the first part of waveform 5d and the resulting error
      voltage V which appears at terminal 28 (FIG. 1) is shown below in waveform
      5e. Each oscillator early pulse produces a change in voltage, the
      magnitude of which is proportional to the duration of the pulse and which
      decays at a rate determined by the RC of the lead/lag circuit described
      with reference to FIG. 1.
PAR  After four servo cells, a phase error of more than 90.degree. has
      accumulated. There is of course the possibility that a servo clock may
      occur "out of window" due to a fault condition and accordingly the
      synchronization process is not interrupted until two consecutive servo
      pulses are detected "out of window." The logic circuitry for detecting
      this condition is shown in FIG. 6 and will be described in detail later.
      The effect of the detection is to reset the PLO run latch at the trailing
      edge of the single shot output from the fifth servo cell. The voltage on
      the PLO run line is therefore dropped and the counters 6, 7, 8 and 9 are
      reset to the binary values 0100 respectively. The second cycle of the
      synchronization process is commenced on the receipt of the single shot
      trailing edge from the sixth servo cell. The oscillator frequency is now
      nearer, as a result of the accomulated voltage on capacitor 23 resulting
      from the correction applied by the three oscillator early pulses. The plot
      of the error voltage V shown in FIG. 5e can be regarded as a graph of the
      oscillator frequency. As the second cycle of the synchronizing process
      continues, three more oscillator early pulses are produced before a phase
      error in excess of 90.degree. is once again detected. Thus on occurrence
      of the eleventh cell the "out of window" detector logic causes the PLO
      gate to be dropped, the counters are once again reset and the process
      again started on occurrence of the trailing edge of the single shot output
      from the 12th cell. The process is repeated as many times as is necessary
      to build up the required voltage on capacitor 23 to bring the oscillator
      into synchronization with the input.
PAR  The logic circuitry for detecting two consecutive pulses "out of window" is
      shown in the upper part of FIG. 6. One input to AND gate 52 is the Select
      PLO signal supplied on line 51 which goes to a positive level when the
      file is switched on. The output line 49 from AND gate 52 is called the PLO
      gate line and is connected to a Data Input D and "reset" input of
      flip-flop 50 known as the PLO Run Latch. This latch has additionally a
      clock input P and two outputs Q and Q. The arrangement of this type of
      flip-flop is such that the polarity on the data input D is transferred to
      the Q output, and its inverse to the Q output, on receipt of a positive
      going pulse applied to the clock input P. The latch is reset by a negative
      level on the reset input whereupon the Q output goes negative and Q goes
      positive. Several other flip-flops are included in the logic shown in FIG.
      6 and all operate in this manner.
PAR  Prior to start-up of the file the PLO gate line 49 is negative and the PLO
      run latch 50 is in a reset condition. On start up, the select PLO line 51
      is raised and, since no fault condition can exist at this time, the other
      two inputs to AND gate 52 are positive and its output, the PLO gate line
      49 also goes positive. The inverted single shot pulses on line 40 (FIG. 4)
      are supplied to the clock input P of PLO run latch 50. On receipt of the
      trailing edge of the first single shot pulse which, being inverted is
      positive going, the polarity on the data input D is transferred to the Q
      output. The Q output line is connected to the reset terminal 11 of the PLO
      counters 6, 7, 8 and 9, and when at a negative level resets them to the
      state 0010 as explained earlier. As soon as the Q output from the PLO run
      latch 50 goes positive, the counters are released and the PLO oscillator
      starts running initially in phase with the servo clock input. The Q output
      line also provides the positive PLO run signal shown in waveform 5d.
PAR  The occurrence of two consecutive servo clock pulses "out of window" is
      detected by the two flip-flops 53 and 54 and the AND/INVERT Gate 55. The
      inverted single shot pulses on line 40 are applied to the clock input P of
      flip-flop 53. The F/16 oscillator signal on line 14 is applied to the data
      input D and also to the reset terminal of flip-flop 53. When the F/16
      signal on line 14 goes positive, that is, during the "out of window"
      period, the data input to flip-flop 53 is at a positive level. Thus, when
      the inverted single shot output to input P goes positive, that is, on
      arrival of the trailing edge of the single shot, the Q output of flip-flop
      53 goes positive and the Q output goes negative. Now, when the F/16 signal
      goes negative again, at the end of the "window," flip-flop 53 is reset and
      the Q output goes negative and the Q output goes positive. The Q output
      from flip-flop 53 is applied to the clock input P of flip-flop 54 which
      has its data input D permanently tied to a positive level. Accordingly,
      the Q output of flip-flop 54 goes positive and supplies a positive signal
      on one input 56 to positive AND/INVERT gate 55 indicating that one servo
      clock pulse has arrived "out of window." When the next servo clock pulse
      arrives "out of window" the Q output from flip-flop 53 once again goes
      positive and supplies a second input on line 57 to the two input gate 55.
      The output from AND gate 55 changes from a positive to a negative level
      indicating that two consecutive servo clocks have been detected "out of
      window" and that the oscillator is more than 90  inches out of phase with
      the input. Positive AND gate 52 is inhibited and the PLO gate line 49
      drops resetting the PLO Run Latch 50, which on receipt of the next
      positive-going edge from the inverted single shot pulse applied to the
      clock input P causes the PLO run output line 11 to drop and the PLO
      counters to be reset.
PAR  The Q output from PLO run latch 50 will remain positive and after inversion
      by OR/INVERT gate 58 will reset flip-flop 54. A second input 86 is applied
      to the gate 58 to enable periodic reset of the flip-flop 54 so that
      spurious noise which caused pulses to be "out of window" are not
      accumulated.
PAR  If the servo clock input pulse is lost due to an electronic failure or
      partial servo track erasure, then one or more missing clock pulses will be
      generated as described with reference to FIG. 4. If there has been no
      input for three servo cells it is assumed that the input is lost and if
      nothing is done the PLO will drift out of synchronization. The remainder
      of the logic in FIG. 6 detects this condition and indicates the occurrence
      of a fault.
PAR  The logic in this case consists of two flip-flops 59 and 60 and an
      AND/INVERT gate 61. The flip-flops 59 and 60 are both reset by the
      negative edge of the inverted single shot pulse on line 40. That is, they
      are reset by the leading edge of the pulse and in this state the Q outputs
      will be negative and the Q outputs positive. The Q outputs from each
      flip-flop are connected back to their own data inputs D so that under
      normal conditions these are positive also. The missing clock pulses
      generated as explained with reference to FIG. 4 and supplied on line 47
      are applied to the clock input P of flip-flop 59. The positive edge of the
      first missing clock pulse causes the positive signal at the Data input D
      of flip-flop 59 to be transferred to its Q output and accordingly the Q
      output and D input of flip-flop 59 both go negative. The Q output from
      flip-flop 59 is connected as the clock input P to flip-flop 60 which does
      not respond to the change from a positive to a negative level. The second
      missing clock pulse applied to the P input of flip-flop 59 causes the now
      negative level at D to be transferred to Q and Q to go positive. The
      positive signal now on the P input of flip-flop 60 causes the positive
      level at D to be transferred to the Q output of flip-flop 60. The third
      missing clock pulse applied to the P input of flip-flop 59 causes the Q
      output to go positive. The two inputs to the AND/INVERT gate 61 are now
      positive and its output on line 62 drops inhibiting the AND gate 52
      indicating the fault condition. Again the PLO gate line 49 is dropped and
      the PLO run latch 50 is reset causing the PLO run line 11 to drop also.
      The PLO counters are reset to enable the oscillator to be started again in
      phase when the next clock pulse arrives.
PAR  While the phase locked oscillator, subject of this invention, has been
      described in relation to magnetic disk storage apparatus it will be
      apparent to those skilled in the art that its use is not so restricted.
      The invention may be used in any apparatus where synchronization of the
      frequency of a voltage controlled oscillator is required with a
      controlling signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phase locked oscillator comprising:
PA1  a voltage controlled oscillator arranged to be controlled by an incoming
      controlliing signal consisting of a stream of pulses of substantially
      constant repetition rate;
PA1  means for comparing the phase of the output from the voltage controlled
      oscillator with the phase of the controlling signal and for producing on
      receipt of each pulse of the controlling signal, an error signal
      indicative of any phase error existing between the incoming pulse and the
      oscillator output;
PA1  means for converting each phase error signal to a corresponding voltage and
      for accumulating the voltages in a store which has a predetermined decay
      rate, the resulting error voltage being applied to the input of the
      oscillator so as to reduce the phase error;
PA1  means for interrupting the oscillator output to the comparing means on
      detection of a phase error exceeding a predetermined amount and for
      resupplying the oscillator output to the comparing means in phase with a
      subsequent incoming control pulse, such that voltage is accumulated in the
      store until it is of sufficient magnitude to bring the frequency of the
      oscillator to the desired value to hold the phase lock.
NUM  2.
PAR  2. A phase locked oscillator as in claim 1, in which error signals
      representing phase lead conditions are produced on one output line from
      the comparing means, and error signals representing phase lag conditions
      are produced on another output line from the comparator, the duration of
      the error signals being directly proportional to the phase error detected.
NUM  3.
PAR  3. A phase locked oscillator as in claim 1, in which the phase error
      converting means includes at least one current source adapted to cause
      current to flow in one direction through an associated circuit for the
      duration of phase lead error signals applied thereto and in the other
      direction in response to phase lag error signals applied thereto, the
      associated circuit including a charge storage device which generates a
      voltage proportional to the phase error in response to the current flow.
NUM  4.
PAR  4. A phase locked oscillator as in claim 1, including means for supplying
      said error signals representing phase lead conditions to a first current
      source, adapted to cause current flow in one direction through a circuit,
      said circuit including a capacitor, by an amount proportional to the
      magnitude of each phase lead error; and means for supplying said error
      signals representing phase lag conditions to a second current source,
      adapted to cause current flow in the opposite direction through said
      circuit, so as to change the voltage across said capacitor by an amount
      proportional to the magnitude of each phase lag error, the error voltage
      applied to the input of the oscillator being derived from the voltage
      appearing across said capacitor.
NUM  5.
PAR  5. A phase locked oscillator as in claim 1, in which the frequency of the
      oscillator output signal is substantially greater than the frequency of
      the incoming controlling signal including a number of binary counters for
      dividing the oscillator signal so as to produce a signal of similar
      frequency to that of the controlling signal prior to its application to
      the controlling means.
NUM  6.
PAR  6. A phase locked oscillator as in claim 5, including means for
      interrupting said oscillator output signal, including means for holding
      said counters in a preset condition.
NUM  7.
PAR  7. A phase locked oscillator as in claim 6, including means for restarting
      said counters on occurrence of a subsequent incoming pulse, the pre-set
      condition of said counters being such that the divided oscillator output
      supplied to the comparing means is in phase with said subsequent incoming
      pulse.
NUM  8.
PAR  8. A phase locked oscillator as in claim 6, in which the oscillator output
      to the comparing means is interrupted on detection of a phase error
      exceeding .+-. 90.degree..
NUM  9.
PAR  9. A phase locked oscillator as in claim 6, in which the oscillator output
      to the comparing means is interrupted on detection of two succeeding input
      pulses more than .+-. 90.degree. out of phase with the oscillator output.
NUM  10.
PAR  10. A phase locked oscillator as in claim 1, in which the stream of pulses
      of substantially constant repetition rate has one or more pulses omitted
      at intervals, comprising means for detecting and indicating when a pulse
      has been omitted from the stream.
NUM  11.
PAR  11. A phase locked oscillator as in claim 10, including further circuitry
      responsive to indication of omitted pulses from said detecting and
      indicating means for inhibiting the interruption of the oscillator output
      to said comparing means until a predetermined number of consecutive
      omitted pulses have been detected.
NUM  12.
PAR  12. A phase locked oscillator as in claim 1, including source means for
      deriving a stream of pulses of substantially constant repetition rate from
      information recorded on the surface of a movable recording medium.
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PAL  For use in a waveguide gas laser a capillary tube of glass or ceramic has
      an inner surface defining a longitudinal capillary opening through which
      the laser gas flows. At least a portion of the inner surface is corrugated
      with corrugations or channels with a periodicity .LAMBDA. where .LAMBDA. =
      1/2.lambda., .lambda. being the laser gas wavelength. The tube includes a
      diffused region extending outwardly from the opening. The diffused region
      of a depth d on the order of 1.lambda. to 3.lambda. acts as a waveguide
      for the waves, with the corrugations producing distributed feedback. The
      evanescent component of the waves travelling in the diffused region
      interact with the laser gas in the opening, gaining energy therefrom, and
      thereby amplifying the waves travelling in the diffused region, which exit
      the diffused region, surrounding the opening, as a beam of wavelength
      .lambda..
GOVT
PAC  ORIGIN OF INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to gas lasers and, more
      particularly, to a new tube structure for a mirrorless gas laser.
PAR  2. Description of the Prior Art
PAR  In a conventional waveguide gas laser, a capillary tube with a hollow
      opening through which a laser active gas is made to propagate at high
      pressure is used. End mirrors are employed to reflect the energy back and
      forth through the opening to achieve the desired amplification and the
      lasing action. As is known, these mirrors reduce the overall gain and
      increase the laser complexity and maintenance since the mirrors have to be
      aligned very precisely, and are subject to damage, requiring periodic
      replacement.
PAR  In recent years, mirrorless distributed feedback lasers have been proposed
      and described in the literature. In such lasers, distributed feedback,
      which eliminates the need for the mirrors, is achieved by providing a
      periodically corrugated surface along the length of the amplifying medium.
      Distributed feedback is achieved when the corrugation periodicity is a
      function of the desired wavelength of emission.
PAR  In a recent article by Dietrich Marcuse, entitled "Hollow Dielectric
      Waveguides for Distributed Feedback Lasers", IEEE Journal of Quantum
      Electronics, Volume QE-8 No. 7, July 1972, page 661, the performance of a
      dielectric capillary tube with a hollow opening that fulfills the dual
      role of a guidance structure for the gas laser and provides distributed
      feedback so as to eliminate the need for the external mirrors is analyzed.
      The feedback is achieved by means of periodic ripples or corrugation of
      the inner surface of the hollow opening of the tube. In the article it is
      recognized that some waves propagating in the tube opening will strike the
      tube inner surface. Since the tube has a higher index of refraction than
      that in the opening (which can be assumed to be equal to one), some of the
      energy of the waves striking the opening inner surface will be transmitted
      through the tube wall, resulting in lower efficiency which is most
      undesirable. However, in the article based on theoretical analysis, it is
      contended that despite these losses the tube with the corrugated opening
      which produces the distributed feedback is still more efficient than the
      conventional tube requiring the use of external mirrors.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved tube
      structure for a mirrorless gas laser.
PAR  Another object of the invention is to provide a tube structure for a
      mirrorless gas laser in which the distributed feedback is achieved without
      the energy losses characterizing the prior art.
PAR  These and other objects of the invention are achieved by providing a tube
      with a hollow opening with a periodically corrugated inner surface to
      produce the desired distributed feedback. The tube's region surrounding
      the opening is diffused to produce a diffused region around the opening
      whose index of refraction is higher than the rest of the tube. Thus, the
      diffused region acts as a waveguide confining all the energy waves to
      travel therein. The evanescent component of the energy wave at the
      corrugated surface interacts with the high pressure gas in the opening
      absorbing energy therefrom to attain the energy amplification which is
      finally emitted out of the diffused region.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are diagrams useful in describing the prior art capillary
      tube with a corrugated surface;
PAR  FIGS. 3 and 4 are diagrams useful in explaining the improved tube in
      accordance with the present invention;
PAR  FIGS. 5 and 6 are diagrams of one embodiment of the invention and the
      manner of fabricating it.
PAR  FIG. 7 is an end view of an embodiment of the invention with a
      semi-circular opening;
PAR  FIG. 8 is an end view of an embodiment with corrugations on two opposite
      surfaces forming the tube opening; and
PAR  FIGS. 9 and 10 are graphs of calculation results for tubes with different
      openings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is first directed to FIGS. 1 and 2 in connection with which the
      prior art of waveguide gas lasers and its advantages and disadvantages
      will first be discussed. FIG. 1 is an isometric view of a capillary tube
      structure or simply tube 10 of a length L with a hollow opening 12
      extending therethrough. For explanatory purposes, opening 12 is shown as a
      rectangular opening, defined by inner walls or surfaces 15-18 which
      together define the inner surface of the opening. The opening provides a
      path for an active laser gas, e.g., CO.sub.2 at a high pressure. Such
      tubes made of a dielectric material, such as glass or ceramic, are quite
      conventional in any gas laser utilizing end mirrors.
PAR  If one of the surfaces defining the opening 12, such as surface 18 is
      properly corrugated along its length as shown in FIG. 2, distributed
      feedback is achieved and therefore the end mirrors can be eliminated.
      Surface 18, can be corrugated by machining or milling channels 22 therein.
      The channel periodicity is designated as .LAMBDA.. For proper distributed
      feedback to occur, .LAMBDA. = n(.lambda./2), where n is an integer and
      .lambda. is the wavelength of emission of the particular gas. For
      CO.sub.2, .lambda. = 10.2.mu. and therefore .LAMBDA. should be 5.1.mu..
      The distributed energy feedback eliminates the need for the external
      mirrors. Thus, tube 10 with corrugated surface 18 can be used without the
      mirrors to serve as the gas laser amplifying structure.
PAR  One of the major disadvantages, which was recognized in the prior art, is
      that in such a tube significant losses occur due to the transmission of
      energy through the tube material, thereby resulting in reduced efficiency.
      Some of the energy waves which travel back and forth in the opening 12,
      due to the distributed feedback, strike the corrugated surface 18 as well
      as the other surfaces 15-17.
PAR  Since the index of refraction of the tube material is greater than that in
      the opening some of the energy of the wave striking one of the surfaces
      forming the opening inner surface is transmitted through the tube
      material. The index of refraction in the opening 12 designated n.sub.1 can
      be assumed to be equal to 1 (n.sub.1 =1), while the index of refraction of
      the tube material designated n.sub.2 is always greater than 1. For glass
      or ceramic it can be assumed that n.sub.2 = 1.5.
PAR  Thus, since n.sub.2 &gt; n.sub.1, when the wave 25 travelling in the opening
      12 strikes any of the surfaces 15-18, e.g., surface 18, part of it,
      designated by 26, is reflected back into the opening while a portion of it
      designated 27 is transmitted through the tube material. The energy of the
      transmitted wave 27 reduces the gain of the system. This gain reduction or
      loss is recognized in prior art theoretical analysis, including the
      above-referred to Marcuse article. However, therein, it is contended that
      despite such a gain reduction the tube with the corrugated surface in the
      opening is more efficient, i.e., is capable of higher gain than that
      realizable with a conventional tube with external mirrors.
PAR  The present invention is directed to an improved tube with a corrugated
      opening and one in which the losses, due to waves transmitted through the
      tube material, are practically eliminated. In accordance with the present
      invention the region of the tube material surrounding the opening 12 has a
      higher index of refraction than the rest of the tube material beyond that
      region. Thus, this region serves as a waveguide for the waves which
      propagate back and forth due to the distributed feedback provided by the
      corrugated surface, thereby eliminating the losses inherent in the prior
      art tubes.
PAR  In accordance with the present invention as shown in FIGS. 3 and 4, the
      opening 12 is surrounded by a region 25 with an index of refraction
      n.sub.3 which is greater than the index of refraction n.sub.2 = 1.5 of the
      tube material. This may be achieved by infusing into the tube material gas
      or metal molecules so as to produce diffused region 25 to a selected depth
      designated d, with n.sub.3 &gt; n.sub.2.
PAR  For explanatory purposes, let n.sub.3 = 1.6. Since the indices of
      refraction above and below the diffused region 25 are less than n.sub.3
      since n.sub.1 = 1 in the opening 12 and n.sub.2 = 1.5, the diffused region
      acts as an excellent waveguide. The depth d of the diffused region is
      generally limited, in order to confine the wave propagation to take place
      near the channels 22 which produce the distributed feedback. In practice
      the depth d should preferably be not less than 1.lambda. and preferably on
      the order of 3.lambda.. As is appreciated by those familiar with the art
      the waves travelling in the diffused region 25 which act as the waveguide
      include a wave component, known as the evanescent component, which in the
      present invention, though guided in the diffused region extends into the
      opening 12. This component which decays exponentially from the diffused
      region outer surface is designated in FIG. 4 by numeral 30. Since it
      extends into the opening 12, though for all practical purposes it is
      guided by the diffused region 25, it interacts with the laser gas in the
      opening and thereby gains energy therefrom. Thus, the waves travelling in
      the diffused region are amplified and finally exit the diffused region as
      beam 32. It should be pointed out that the waves are guided in the entire
      diffused region surrounding the opening 12 even though the channels 22
      providing the distributed feedback, are only on surface 18 of the opening.
      In the present invention, the beam exits the diffused region surrounding
      the opening 12 rather than through the opening 12. In practice however,
      the opening cross-sectional dimension is very small, on the order of
      1.lambda. to 7.lambda..
PAR  The depth of each channel, designated .eta., is not very critical. It can
      be less as well as more than 1.mu.. From a fabrication or machining point
      of view the channel depth is limited by the channel with w, which is
      generally in the micron range. The channel width w may be equal to
      .LAMBDA./2 although it is not limited thereto, as long as, the channel
      periodicity .LAMBDA. is equal to 1/2.lambda..
PAR  It should be pointed out that for proper operation of the novel tube of the
      invention the entire region surrounding opening 12 has to have a higher
      index of refraction than the rest of the tube material in order to serve
      as the waveguide. However, the corrugations 22 need not be on the entire
      inner surface of the opening. As previously shown, the corrugations
      (channels 22) are only on surface 18. If desired, the corrugations can be
      on one or more of the other sides 15-17. It should however be pointed out
      that in such a case, the channels on the different sides must be
      accurately aligned with one another along the length L of the tube 10.
PAR  The tube with the rectangular opening 10 as shown in FIG. 3 can be easily
      fabricated by first diffusing four pieces of glass or the like designated
      by numerals 41-44 in FIG. 5 to the desired depth d through their
      respective surfaces 45-48, to form in each a diffused region 25.
PAR  Thereafter, channels 22 are milled in block 41 to corrugate surface 45.
      Thereafter, blocks 42 and 43 may be aligned on surface 41 and block 44
      placed thereon. After fusing the four blocks to form an integral unit,
      surfaces 45-48 would define the inner surface of a rectangular opening 50
      as shown in FIG. 6.
PAR  It should be pointed out that the novel tube is not limited to one with a
      rectangular opening. It may have a circular opening with spaced apart
      channels over the entire inner circumference. Similarly, it may consist of
      an opening with a semicircular cross section as shown in FIG. 7 in which
      the channels may be on the flat surface 51 and/or the semicircular surface
      52, as long as the entire opening is surrounded by a diffused region 25 of
      an index of refraction which is greater than that of the rest of the tube
      material so as to confine wave propagation in the diffused region which
      acts as the waveguide.
PAR  It should further be pointed out that the index of refraction of the
      diffused region 25 need not be uniform across its depth, the diffusion may
      be controlled to vary the index of refraction exponentially from a higher
      value at the exposed surface to the value of the tube material at the
      deepest point of the diffused region. Thus, in such a case, the tube can
      be viewed as an exponentially inhomogenous tube with a hollow opening in
      which the index of refraction varies exponentially from a value at the
      opening inner surface to a lower value at a selected depth from said inner
      surface.
PAR  Calculations were performed for a rectangular opening, such as shown in
      FIG. 8, except that channels were assumed to be present in the opposite
      surfaces 16 and 18 spaced apart a distance 2W for 0 (even) - 0 (even) mode
      coupling with W/d = 0.3, L/d = 5000, n/W = 0.05 and a diffused region 25
      with the index of refraction n.sub.3 varying exponentially from 1.6 at the
      surfaces of the opening 12 to 1.5 at the depth d. The dimension between
      uncorrugated surfaces 15 and 17 was assumed to be very large as compared
      with 2W and therefore was ignored in the calculations. The results of the
      calculations are summarized in FIG. 9 in graph form, where the abscissa is
      in terms of 2.pi.d/.lambda. and the ordinate in terms of the gain (GL) of
      the active material (laser gas) in the opening 12. As seen therefrom the
      required gain of the laser gas to be used decreases with increased
      diffused region depth. For example, when 2.pi.d/.lambda. is equal to 15
      the required gain (GL) of the laser gas is on the order of 2.5. As the
      diffused region decreases, i.e., 2.pi.d/.lambda. decreases, high laser gas
      gain is required.
PAR  Calculations were also performed for an opening 12 such as the one shown in
      FIGS. 3 and 4 in which the corrugations are only one on a side or surface,
      such as surface 18. The results are shown in graph form in FIG. 10.
      Therefrom, it should be apparent that if only one surface is corrugated
      rather than two surfaces, for the same conditions a laser gas with a
      slightly higher gain factor is required. However, the difference is not
      great.
PAR  The present invention can therefore be summarized as consisting of an
      elongated tube structure with an inner surface defining an elongated
      capillary opening extending from one side of the tube to the opposite
      side. The tube has to be of sufficient thickness to withstand the high
      pressure of the laser gas flowing in the opening. At least a portion of
      the inner surface of the tube, which defines the opening, is corrugated
      along the opening length with corrugations or channels with a periodicity
      .LAMBDA. where .LAMBDA. = 1/2.lambda.. .lambda. designates the laser gas
      wavelength. The index of refraction n.sub.1 in the opening containing the
      gas can be assumed to be equal to 1. The tube material which is generally
      glass or a ceramic has an index of refraction n.sub.2 on the order of 1.5.
      The tube includes a diffused region 25 surrounding the opening and
      extending outwardly from the opening inner surface to a desired depth d.
      The diffused region acts as a waveguide for waves propagating therein,
      while the channels on the corrugated surface produce distributed feedback
      to thereby eliminate the need for external mirrors. The cross-sectional
      dimension of the opening from the corrugated inner surface to the opposite
      surface is in the micron range, generally between 1.lambda. and 7.lambda..
      The evanescent component of the waves, travelling in the diffused region,
      which serves as the waveguide, interact with the laser gas in the opening
      thereby gaining energy therefrom and amplifying the waves travelling in
      the diffused region, which exit as a beam therefrom. The opening
      cross-section may be circular, rectangular or of any other desired shape
      to simplify the formation of the channels over the entire inner surface,
      defining the opening, or any portion thereof.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a waveguide gas laser, a tube structure comprising:
PA1  an elongated capillary tube having an outer surface extending from a first
      end to a second opposite end of said tube, said tube further having an
      inner surface, defining an elongated opening extending between said ends,
      at least a portion of said inner surface defining corrugations along the
      length of said opening with a periodicity .LAMBDA., where .LAMBDA. is
      equal to one half of a selected wavelength .lambda., said tube being of a
      material with an index of refraction definable as n.sub.2, said tube
      further including a diffused region surrounding said opening with an index
      of refraction, definable as n.sub.3, where n.sub.3 &gt; n.sub.2 the depth of
      said diffused region around said opening, definable as d, being less than
      the thickness of said tube between its outer and inner surfaces.
NUM  2.
PAR  2. The tube as described in claim 1 wherein the index of refraction n.sub.3
      of said diffused region decreases from a first value at said inner
      surface, defining said opening, to a lower value at the depth d from said
      inner surface.
NUM  3.
PAR  3. The tube as described in claim 1 wherein the depth of the diffused
      region d is not less than 1.lambda..
NUM  4.
PAR  4. The tube as described in claim 3 wherein the depth of the diffused
      region d is on the order of 3.lambda..
NUM  5.
PAR  5. The tube as described in claim 4 wherein the index of refraction n.sub.3
      of said diffused region is on the order of n.sub.2 + 0.1 at substantially
      the inner surface defining said opening and decreases to a value
      substantially equal but not less than n.sub.2 at the depth d.
NUM  6.
PAR  6. The tube as described in claim 1 wherein at least two opposite portions
      of the inner surface, defining said opening, are corrugated with the
      corrugations on the two opposite portions of said inner surface, the
      corrugations being aligned along the length of said opening.
NUM  7.
PAR  7. The tube as described in claim 6 wherein the depth of the diffused
      region is not less than 1.lambda. and up to about 3.lambda., and the
      distance between the two corrugated opposite portions of said inner
      surface is on the order of 1.lambda. to 7.lambda..
NUM  8.
PAR  8. The tube as described in claim 7 wherein the index of refraction n.sub.3
      of said diffused region is on the order of n.sub.2 + 0.1 at substantially
      the inner surface, defining said opening, and decreases to a value
      substantially equal but not less than n.sub.2 at the depth d.
NUM  9.
PAR  9. The tube as described in claim 6 wherein said opening is characterized
      by a rectangular cross-section in a direction perpendicular to its length
      with the corrugated opposite sides forming two opposite sides of the
      rectangular opening.
NUM  10.
PAR  10. The tube as described in claim 9 wherein the depth of the diffused
      region is not less than 1.lambda. and up to about 3.lambda., and the
      distance between the two corrugated opposite portions of said inner
      surface is on the order of 1.lambda. to 7.lambda..
NUM  11.
PAR  11. The tube as described in claim 10 wherein the index of refraction
      n.sub.3 of said diffused region is on the order of n.sub.2 + 0.1 at
      substantially the inner surface defining said opening and decreases to a
      value substantially equal but not less than n.sub.2 at the depth d.
NUM  12.
PAR  12. In a gas laser of the type including a capillary tube defining an
      elongated capillary opening formed by an inner surface of said tube, said
      opening providing a path for the gas which lases therein to provide a
      laser beam at a wavelength .lambda., the tube being characterized with at
      least a portion of the inner surface being corrugated by corrugations with
      a periodicity .LAMBDA., where 2.LAMBDA. = q.lambda., q being an integer to
      provide distributed feedback in said tube, the tube material being
      characterized by an index of refraction definable as n.sub.2 with the
      index of refraction in said opening being definable as n.sub.1 = 1, the
      improvement comprising:
PA1  a diffused region in said tube surrounding said opening and extending to a
      depth d therefrom, the diffused region index of refraction being n.sub.3
      which is greater than the index of refraction of the tube material,
      n.sub.2, which extends beyond the diffused region to the tube's outer
      surface, said diffused region serving as a waveguide for waves guided
      therein, with the evanescent component of said waves interacting with the
      lasing gas in said opening, gaining energy therefrom to amplify the waves
      travelling in said diffused region.
NUM  13.
PAR  13. The tube as described in claim 12 wherein the index of refraction
      n.sub.3 of said diffused region decreases from a first value at the tube's
      inner surface which is greater than n.sub.2 to a value which is
      substantially equal but not less than n.sub.2 at the depth d of said
      diffused region.
NUM  14.
PAR  14. The tube as described in claim 13 wherein the diffusion depth d is not
      less than 1.lambda., the opening is a rectangular opening with the
      corrugation, producing said distributed feedback, being on at least one
      side of said rectangular opening.
NUM  15.
PAR  15. The tube as described in claim 14 wherein two opposite sides of said
      rectangular opening are corrugated with the distance between said two
      opposite corrugated surfces being on the order of not less than 1.lambda..
NUM  16.
PAR  16. The tube as described in claim 15 wherein the diffused region depth is
      on the order of 3.lambda..
NUM  17.
PAR  17. The tube as described in claim 16 wherein the distance between the two
      opposite corrugated surfaces is on the order of 1.lambda. to 7.lambda..
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ABST
PAL  A wound resistor-capacitor network having stable frequency response over a
      wide frequency range (e.g., 60 cycles to 100 kilohertz), is produced by
      forming a pair of aligned circumferentially extending resistance paths in
      one of two strips of metallized dielectric film. Forming of the resistance
      paths is accomplished as the two metallized strips are being wound to form
      an R-C network roll, by removing metal from the one strip along a first
      line to produce a gap in the metal layer in parallel spaced relationship
      to an adjacent edge of the film. Subsequently, removal of metal from the
      first strip also is initiated along a second line spaced inward from the
      first line, to produce another gap in the metal layer, thereby forming an
      elongated first path of desired resistance between the two lines. Metal
      removal along the first line then is temporarily interrupted to provide a
      lead termination area and a current steering path at the adjacent end of
      the network roll, on either side of the strip midpoint. Metal removal
      along a third line in alignment with the first line then is continued
      until an elongated second path of desired resistance has been formed
      between the second and third lines, at which time metal removal along the
      second line is terminated. Lines of metal also may be removed from the
      second dielectric film to provide a lead termination area and a current
      steering path at the opposite end of the wound network roll. Preferably,
      the metal is removed with the split beam of a single laser and the lines
      of removal are symmetrical on opposite sides of each strip's longitudinal
      midpoint.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a wound R-C network, and more particularly to a
      wound R-C network which has a stable frequency response over a wide
      frequency range, and which is compact in size, easy to fabricate and
      inexpensive to manufacture.
PAR  2. Description of the Prior Art
PAR  In various types of electrical and electronic circuits, such as telephone
      switching systems, resistor-capacitor networks have proven to be very
      effective in protecting relay contacts against degradation due to arcing
      as a result of electrical surges in the equipment. Typically, in a basic
      form of relay contact protection, an R-C network is connected across the
      contacts of a relay coil so that when the contacts open to de-energize the
      coil, the network shunts the high frequency energy induced by the
      collapsing electric field of the coil about the contacts, and the energy
      is absorbed by the capacitor of the network to prevent arcing across the
      contacts. When the contacts are reclosed to energize the coil, the
      resistor of the network limits the low frequency energy flow from the
      capacitor through the contacts, whereby the network again prevents arcing
      across the contacts.
PAR  One form of a wound R-C network which is suited for this basic type of
      relay contact protection is disclosed in the U.S. pat. No. 3,786,322,
      issued Jan. 15, 1974, to D. R. Brown et al, in which the network is
      fabricated so as to have a frequency dependent impedance, in that it
      exhibits a high impedance at low frequency to limit the energy flow from
      the capacitor when associated relay contacts close, and a low impedance at
      high frequency to facilitate absorption of the electrical energy by the
      capacitor when the contacts open. In this patent, as two metallized
      dielectric strips are wound to form a resistor-capacitor roll, a
      serpentine resistance path is formed in the metal layer of each strip by
      removing lines of metal therefrom. Subsequently, the ends of the network
      roll are spray soldered, the network roll is wax-impregnated, and
      electrical lead connections are made at the opposite ends of the roll with
      end portions of respective ones of the conductive paths, to form the R-C
      network.
PAR  In certain electronic switching system applications, however, the
      resistor-capacitor networks perform the additional function of generating
      a waveform which is compared with an optimum waveform to self-test the
      system continuously during its operation, to insure that the system is
      functioning properly. Further, because of the high speed at which the
      electronic system operates, contact protection networks which do not
      respond electrically in a uniform manner over a wide frequency range, such
      as 60 cycles to 100 kilohertz, could adversely affect contact
      make-and-break times, causing the system to malfunction. Accordingly, it
      is essential that R-C networks for these applications exhibit a uniform
      degree of capacitance at least at the lower frequencies (e.g., up to 10
      kilohertz), where the networks are primarily reactive, and a uniform
      effective series resistance at the higher frequencies (e.g., above 10
      kilohertz), where the networks are primarily resistive.
PAR  A highly stable R-C network suitable for this purpose in electronic
      switching systems is disclosed in the U.S. pat. No. 3,534,248 issued Oct.
      13, 1970 to J. C. Houda, Jr. et al, in which the resistance of the network
      is provided by a prefabricated discrete resistor. The resistor is manually
      disposed within an elongated aluminum cylinder with a terminating lead of
      the resistor projecting axially from the cylinder, while the other lead of
      the resistor is dressed along the outer periphery of the cylinder. A
      capacitor then is formed about the cylinder by winding layers of
      dielectric and electrically conductive material about the cylinder, with a
      first layer of electrically conducting material in electrical contact with
      the dressed resistor lead. During the winding of the final turns of the
      capacitor, after the first layer of electrically conducting layers has
      been terminated, a second terminating lead is manually inserted and
      secured between adjacent turns of the dielectric material in electrical
      contact with a second electrically conductive layer of material. A primary
      object of the subject invention is to provide a wound R-C network which
      has electrical stability comparable to this discrete resistor-type
      network, and which is compact in size, easy to fabricate and inexpensive
      to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a resistorcapacitor network of the type
      in which alternate layers of dielectric and electrically conductive
      material are wound in overlapping relationship to form a roll, includes
      resistance paths formed in at least a first of two layers of convoluted
      electrically conductive material. The resistance paths extend
      circumferentially in opposite directions from a lead termination area at
      one end (layer edge) of the network roll and connect this lead termination
      area to an inwardly spaced capacitance forming portion of the first layer
      of electrically conducting material.
PAR  Preferably, the resistance paths are formed in a portion of the first layer
      of electrically conducting material which is in non-overlapped
      relationship to the second layer of electrically conducting material
      adjacent the one end of the network roll. A current steering path also is
      formed in intermediate convolutions of the first layer of electrically
      conducting material adjacent the one end of the network roll in radially
      spaced relationship to the center and the outer periphery of the roll, to
      connect the lead termination area to the resistance paths. Further, the
      resistance paths are in circumferential alignment, have resistances of
      equal value, and are of equal length and width. If desired, another
      current steering path also may be formed in intermediate convolutions of
      the second layer of electrically conducting material adjacent a second
      opposite end (layer edge) of the network roll in radially spaced
      relationship to the center and the outer periphery of the roll.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the configuration of conductive paths on each of two
      layers of dielectric material employed in fabricating an R-C network in
      accordance with the invention;
PAR  FIG. 2 illustrates the relative positions of layers of dielectric and
      electrically conducting material in a wound R-C network roll in accordance
      with the invention;
PAR  FIG. 3 is a schematic end view of a wound R-C network roll in accordance
      with the invention, masked for a spray soldering operation;
PAR  FIG. 4 is an isometric view of a wound R-C network in accordance with the
      invention;
PAR  FIG. 5 is an electrical circuit equivalent of the wound R-C network shown
      in FIG. 4;
PAR  FIG. 6 is a schematic view of apparatus for fabricating R-C networks in
      accordance with the invention;
PAR  FIG. 7 is a schematic view of a portion of the apparatus shown in FIG. 6,
      in a second operating position;
PAR  FIG. 8 is an enlarged cross-sectional view of a portion of the apparatus
      shown in FIG. 6, taken along the line 8--8;
PAR  FIG. 9 is a block diagram of a control circuit for the apparatus shown in
      FIG. 6;
PAR  FIGS. 10, 11 and 12 are schematic views illustrating the manner in which a
      possible shorted condition in an R-C network of the type shown in FIGS.
      1-4, is precluded in accordance with the subject invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1 to 4, this invention relates to the fabrication of an
      R-C network 20 of the type in which alternate first and second strips 21
      and 22 of dielectric material and first and second layers 23 and 24 of
      electrically conductive metal are wound into a network roll 20r. The
      strips 21 and 22 may be of any flexible dielectric material, such as a
      polycarbonate, polystyrene or polyester plastic sold under the tradename
      "Mylar," and the electrically conductive layers 23 and 24 may be any
      electrically conductive metal such as aluminum, silver, zinc or alloys
      thereof. Preferably, the metal layers 23 and 24 have been formed directly
      on the dielectric strips 21 and 22 using metal vapor deposition or
      sputtering techniques in a known manner, and the disclosed embodiment of
      the invention is directed to this type of metallized dielectric strip
      construction. By way of illustration, the dielectric strips 21 and 22 may
      be polyester plastic film on the order of 250/1,000,000 of an inch thick,
      having metallized zinc coatings 23 and 24 on the order of 1/1,000,000 of
      an inch thick.
PAR  The metallized dielectric strips 21 and 22 preferably are formed in a known
      manner from a single metallized strip (not shown) which has been slit
      longitudinally along a central metallized portion to form the strips, so
      that the physical and electrical characteristics of both strips are
      essentially identical, with the metal layers on the strips being uniform
      in thickness adjacent metallized edges 21m and 22m thereof. In addition,
      each of the metallized dielectric strips 21 and 22 includes a
      nonmetallized border 21n and 22n along one edge to preclude the
      possibility of short circuiting between the metallized portions of the
      strips when the strips are wound together into the network roll 20r. As a
      further precaution against shorting between the metallized portions of the
      dielectric strips 21 and 22, the strips are offset with respect to one
      another during the winding operation, as is illustrated in FIG. 2.
PAR  After the metallized dielectric strips 21 and 22 have been formed into the
      network roll 20r, the outer turns or convolutions of the network roll 20r
      are masked adjacent its opposite ends by mask members 25, as illustrated
      in FIG. 3, and the ends are spray soldered to form porous solder blocks
      20s (FIG. 4). The roll 20r then is vacuum impregnated with wax through the
      porous solder blocks 20s to prevent oxidation of the metal layers 23 and
      24 and to fill a center hole 20h in the roll left by a winding arbor.
      Suitable terminal leads 20t also are attached to the solder blocks 20s in
      a known manner, as shown in FIG. 4, after which the network 20 may be
      suitably encapsulated.
PAR  During the forming of the network roll 20r, a system of three demetallized
      lines or gaps 26, 27 and 28 are formed in the first metal layer 23 on the
      first dielectric strip 21 adjacent the metallized edge 21m thereof, and
      thus, adjacent one end of the network roll, to define a lead termination
      area TA-1, a pair of elongated resistance paths R.sub.1 and R.sub.2, and a
      current steering path CS-1 connecting the lead termination area and the
      resistance paths. The resistance paths R.sub.1 and R.sub.2 extend
      circumferentially from the current steering path CS-1 in opposite
      directions and connect the lead termination area TA-1 to an inwardly
      spaced capacitance forming portion 23C of the metal layer 23.
PAR  Preferably, the first and third lines or gaps 26 and 28 extend from
      respective opposite ends of the metal layer 23 in circumferential
      alignment and are spaced apart substantially equally (i.e., symmetrically)
      on opposite sides of the layer's longitudinal midpoint or transverse
      centerline 23mp to define the lead termination area TA-1 and the current
      steering path CS-1. Similarly, the second line or gap 27 preferably
      extends from points which are spaced substantially equally from the
      opposite ends of the metal layer 23 and thus essentially symmetrically on
      opposite sides of the layer's longitudinal midpoint 23mp, parallel to
      portions of the first and third lines 26 and 28 and opposite the current
      steering path CS-1, to define the resistance paths R.sub.1 and R.sub.2. As
      a result, the resistance paths R.sub.1 and R.sub.2 are equal in length and
      width and, assuming uniform resistivity in the first metal layer 23 along
      its length, have resistances of equal value. In this regard, the
      resistance value of each of the resistance paths R.sub.1 and R.sub.2
      depends upon the resistivity of the metal in the metal layer 23, and the
      thickness, width and length of the metal path. Accordingly, since in any
      particular instance a selected width and thickness of the metal layer 23
      will have a certain resistivity for a unit of length, which can be readily
      computed or measured, the length of the resistance path R.sub.1 or R.sub.2
      needed to produce a resistance of a desired value can readily be
      determined in a manner apparent to those skilled in the art.
PAR  Where extremely stable electrical response at high frequencies is required,
      it also may be necessary to provide the second metal layer 24 on the
      second dielectric strip 22 with a lead termination area TA-2 and a current
      steering path CS-2 corresponding to the lead termination area TA-1 and the
      current steering path CS-1, respectively, in the first metal layer 23. In
      the disclosed embodiment of the invention, this is accomplished by forming
      two lines or gaps 29 and 31 in the second metal layer 24, corresponding to
      the lines or gaps 26 and 28 formed in the first metal layer 23, as above
      described.
PAR  The electrical circuit equivalent of the resultant R-C network 10 is
      illustrated schematically in FIG. 5, with the equal resistances R.sub.1
      and R.sub.2 in parallel, and with a third resistance R.sub.3, representing
      the resistance of the first metal layer 23 inward of the lines or gaps 26,
      27 and 28, in series with these resistances and capacitively coupled to a
      fourth resistance R.sub.4, representing the resistance of the portion of
      the second metal layer 24 inward of the lines or gaps 29 and 31. The
      resistances R.sub.1 and R.sub.2 also are connected to the lead 20t for the
      first lead termination area TA-1 in series with a resistance R.sub.5
      representing the current steering path CS-1, and a termination resistance
      R.sub.t between the lead termination area and its solder block 20s.
      Similarly, the resistance R.sub.4 is connected to the second lead 20t at
      the opposite end of the network 20 in series with a resistance R.sub.6
      representing the current steering path CS-2 and a second termination
      resistance R.sub.t. The resistances R.sub.3 and R.sub.4 are small in
      comparison to the resistances R.sub.1 and R.sub.2 so that, while
      representing surface areas of slightly different size, from a practical
      standpoint they are equal in value. The resistances R.sub.5 and R.sub.6
      also are of equal value, but are negligible in comparison to the combined
      resistance of the resistances R.sub.1 -R.sub.4. Further, the termination
      resistances R.sub.t also are of equal but negligible value, providing the
      solder blocks 20s have been properly formed on the network roll 20r, as
      above described.
PAR  Referring to FIG. 3, it is seen that in the illustrated embodiment of the
      invention, when the dielectric strips 21 and 22 and the metal layers 23
      and 24 are wound into the network roll 20r, the lead termination areas
      TA-1 and TA-2 defined by the lines or gaps 26, 27, 28 and 29, 31 (FIG. 1)
      become located in radially spaced intermediate relationship to the center
      and the outer periphery of the roll. This is desirable from the standpoint
      of attaining good electrical connections between the solder blocks 20s and
      the lead termination areas TA-1 and TA-2, as compared to a construction in
      which the lead termination areas are located at the center of the network
      roll, which consists essentially of the arbor hole 20h impregnated with
      wax, as described hereinabove. Similarly, if the lead termination areas
      TA-1 and TA-2 are located at the outer periphery of the network roll 20r,
      since the outer turns of the roll are covered during the above-described
      solder spraying operation by the mask 25, and thus have no solder
      deposited thereon, it is difficult to achieve good electrical connections
      between the solder blocks 20 s and the convolutions of the metal layers 23
      and 24 at the outer periphery of the roll. Thus, the disclosed embodiment
      of the of the invention is compatible with known processes for the
      manufacture of R-C networks, with the resistance pattern as disclosed in
      FIG. 1 inherently providing an arrangement for achieving good electrical
      connections between the metal layers 23 and 24 of the network 20 and the
      solder blocks 20s, so that the termination resistances R.sub.t are
      insignificant in value.
PAR  The resistance paths R.sub.1 and R.sub.2 also are preferably located
      adjacent the metallized edge 21m of the dielectric strip 21, and thus
      adjacent one end of the network roll 20r, as illustrated in FIGS. 1 and 2,
      to insure that when the roll is wax impregnated the resistance paths will
      be covered with the anti-oxidant impregnating material. This insures that
      the metal forming the resistance paths R.sub.1 and R.sub.2 is protected
      against subsequent oxidation which could affect their resistance value so
      as to change the value of resistance in the finished R-C network 20. This
      also enables the resistance paths R.sub.1 and R.sub.2 to be located over
      the nonmetallized border portion 22n of the second dielectric strip 22 so
      that the metal forming the resistance paths has no capacitance effect in
      the circuit of the R-C network 20. Similarly, where the lines or gaps 29
      and 31 in the second metal layer 24 on the second dielectric strip 22 are
      utilized, the metal in this metal layer outside these gaps (i.e., between
      the gaps and the adjacent metallized strip edge 22m) have no capacitance
      effect on the circuit of the R-C network 20, and the capacitance forming
      portions 23C and 24C of the metal layers 23 and 24 are located completely
      between the line or gap 27 on the first dielectric strip 21 and the lines
      or gaps 29 and 31 on the second dielectric strip 22. Further, the total
      resistance in the network 20 then is defined by the equal resistances
      R.sub.1 and R.sub.2, the smaller equal resistances R.sub.3 and R.sub.4,
      the equal but negligible resistances R.sub.5 and R.sub.6, and the equal
      but negligible termination resistances R.sub.t, with the portions of the
      metal layers 23 and 24 between the lines or gaps 26, 28 and 29, 31 and the
      adjacent metallized edges 21m and 22m having no resistive effect in the
      network. Accordingly, a precise and stable resistance-capacitance series
      circuit, as illustrated in FIG. 5, is attained.
PAR  Apparatus for winding the R-C network 20 in accordance with this invention
      may be of a conventional type, as illustrated schematically in FIG. 6,
      such as the Model 2Bd21 capacitor winder of the Metar Company, Fribourg,
      Switzerland, or the Model SAM 2901A capacitor winder of the E. W. Barton
      Company, San Fernando, California. Thus, in the disclosed apparatus the
      pair of metallized dielectric strips 21 and 22 are fed from respective
      supplies 32 and 33 about suitable guide rollers 34 and are initially wound
      upon a small diameter (0.080 inches) first arbor 36 of a split type
      wherein retractable opposed halves of the arbor have semicircular end
      portions which define a strip-receiving slot when in closed overlapping
      relationship. The retractable halves of the split arbor 36 are mounted on
      respective disc members (only one shown) of a rotatable turret 37, which
      also carries an identical retractable second split arbor 38. After a
      length of the strips 21 and 22 has been wound on the first arbor 36 to
      produce a network roll 20r of desired capacitance, the turret 37 is
      rotated 180.degree. into the position shown in FIG. 7, and the arbor 38
      closes to receive the strips in this arbor's slot. After the arbor 38 has
      made an initial winding turn to capture the strips 21 and 22 thereon
      against slippage through the arbor's slot, the strips 21 and 22 are cut by
      a blade 39. Winding of the trailing end of the network roll 20r on the
      arbor 36 then is completed, with the roll being wrapped in a plastic tape
      (not shown) to form an external insulating barrier for the strips 21 and
      22, after which the arbor opens to strip the wound network roll therefrom.
PAR  In the disclosed embodiment of the invention, the lines 26-31 are removed
      from the metallized dielectric strips 21 and 22 by a laser system
      including a pulsed laser 41. The laser 41 may be of any suitable type
      capable of producing a beam which will heat, melt and evaporate the metal
      of the metal layers 23 and 24 up to the diameter of the beam (such as 6
      mils), with the majority of the beam energy being transmitted through the
      dielectric strips 21 and 22, rather than being absorbed thereby. For
      example, where the dielectric strips 21 and 22 are of polyester plastic,
      which has a light energy transmission rate in excess of 90 percent at a
      wavelength on the order of 1.0 microns, a neodymium-doped yttrium aluminum
      garnet (Nd:YAG) laser, which has a wavelength of 1.06 microns, may be
      used. By then controlling the time period that the metallized dielectric
      strips 21 and 22 are exposed to the energy from the laser 41, the lines
      26-31 of removed metal can be formed thereon without cutting through the
      strips.
PAR  To form the lines 26-31 of removed metal, a plurality of laser beams 42, 43
      and 44, which may be selectively blocked by reciprocable shutters 46 and
      47, are produced by directing the beam output of the laser 41 to a first
      beam-splitter mirror 48. The beam-splitter mirror 48 reflects a portion of
      the beam energy from the laser 41 to produce the laser beam 42, and passes
      a portion of the beam energy to a second beamsplitter mirror 49. The
      beam-splitter mirror 49 reflects a portion of the passed beam energy to
      produce the laser beam 43 and passes another portion of the beam energy to
      produce the laser beam 44.
PAR  The laser beams 42 and 43 are reflected by a mirror 51 through opposite
      sides of a beam converging lens 52. As is best shown in FIG. 8, the lens
      52 then converges the two laser beams 42 and 43 toward a common focal
      point 53, with the lens 52 being located relative to the metallized
      dielectric strip 21 so that the focal point is on the opposite side of the
      strip. As a result, the laser beams 42 and 43 strike the metal layer 23 on
      the dielectric strip 21 in spaced relationship for the cutting of the
      lines or gaps 26, 27 and 28, and by adjusting the lens 52 toward and away
      from the strip the spacing of the line 27 from the lines 26 and 28 can be
      varied as desired. Laser beam energy passing through the dielectric strip
      21 is absorbed by a suitable ceramic-gold diffusor 54.
PAR  The laser beam 44 is directed against the second metal layer 24 on the
      dielectric strip 22 through a system of reflecting mirrors 56, and is
      concentrated for forming the lines 29 and 31 in the metal layer by a
      suitable lens 57. As in the case of the dielectric strip 21, laser beam
      energy passing through the dielectric strip 22 is dissipated by a suitable
      ceramic-gold diffusor 58.
PAR  To avoid clouding the optic system (mirrors 48, 49, 51 and 56 and lenses
      52, 57) of the apparatus by fumes produced as a result of the removal of
      metal from the metal layers 23 and 24, as is best shown in FIG. 8, the
      metallized dielectric strip 21 passes adjacent a cylindrical exhaust
      chamber 59 at the points of metal removal from the metal layer 23. The
      laser beams 42 and 43 then are directed against the metal layer 23 through
      upper and lower openings 59o in the exhaust chamber 59, and the resultant
      fumes are drawn into the exhaust chamber through the lower opening and out
      of the chamber by an exhaust line 61. Similarly, the dielectric strip 22
      passes adjacent a cylindrical exhaust chamber 62 (FIG. 6), with the laser
      beam 44 being directed against the metal layer 24, through upper and lower
      aligned openings in this exhaust chamber.
PAR  Operation of the blocking shutters 46 and 47 to control the laser beams 42,
      43 and 44, and thus the forming of the lines or gaps 26-31 in the metal
      layers 23 and 24, may be accomplished in any suitable manner, such as by a
      control system responsive to the travel of the metallized dielectric
      strips 21 and 22. For example, as is illustrated schematically in FIG. 6,
      the control apparatus may include a pulse generator or encoder 63 which is
      mechanically linked to the travel of the dielectric film 22, such as by
      being connected to one of the guide rollers 34 so as to be driven by the
      film through friction, to produce pulses in accordance with the speed of
      travel of the film. These pulses are transmitted to a laser pulse control
      circuit 64, which feeds corresponding pulse signals to a lasing counter
      system 66. The lasing counter system 66 may be of any conventional type
      capable of producing control signals to the reciprocable shutters 46 and
      47 upon reaching preselected counts in response to the pulses, but
      preferably includes a "down-up" type counter 67, a "unit length" switch
      68, and a "first line" or "lead termination path length" switch 69, and a
      "second line" or "resistance path length" switch 71. Since the capacitance
      value of the network 20 being wound is dependent upon the amount of film
      wound into the network, the "unit length" switch 68 controls the
      capacitance of the network. Further, the "first line" switch 69 determines
      the size of the lead termination areas TA-1 and TA-2 for the metallized
      dielectric films 21 and 22, and the "second line" switch 71 controls the
      resistance values R.sub.1 and R.sub.2.
PAR  More specifically, referring to FIGS. 6 and 9, upon actuation of a start
      circuit 72S (FIG. 9) which energizes a winding circuit 72W (FIG. 9) in a
      winding machine control circuit 72, a signal from the start circuit also
      causes a "unit length" count number (e.g., 140) corresponding to 1/2 the
      total unit length desired, and which has been manually preset in the
      switch 68, to be loaded from the switch into the down-up counter 67, and
      the counter begins counting from this number down toward zero. The laser
      41 also is then energized by pulses from the encoder 63, through the laser
      pulse control circuit 64, and the laser beam 43 begins removal of metal
      along the first line 26 (FIG. 1) of the first dielectric strip 21. At the
      same time, the laser beam 44, when utilized, begins metal removal along
      the line 29 of the second dielectric strip 22.
PAR  When the counter 67 goes below a second intermediate preset count number
      (e.g., 100) in the resistance path control switch 71, as determined by a
      comparator circuit in the counter, removal of metal from the first
      dielectric strip 21 is initiated along the second line 27 (FIG. 1) by this
      switch operating to cause retraction of the shutter 47 so that the laser
      beam 42 strikes the strip, thus beginning the forming of the first
      resistance path R.sub.1. When the counter 67 goes below a subsequent lower
      preset number (e.g., 30) in the lead termination path switch 69, as
      determined by a second comparator circuit in the counter, the shutter 46
      is advanced by operation of this switch to block the laser beams 43 and
      44, and metal removal along the lines 26 and 29 (FIG. 1) is temporarily
      interrupted to begin forming of the lead termination areas TA-1 and TA-2.
PAR  When the counter 67 reaches a zero count level it automatically reverses
      its counting direction and counts upward towards the initial preset number
      (140) in the "unit length" switch 68. When the count of the counter 67
      becomes greater than the lower preset count number (30) in the switch 69,
      the shutter 46 now is retracted in response to operation of this switch to
      permit the laser beams 43 and 44 to resume metal removal from the
      dielectric strips 21 and 22 along the lines 28 and 31, and thus the
      forming of the second resistance path R.sub.2. When the counter 67 again
      passes above the intermediate preset count number (100) in the switch 71,
      metal removal along the line 27 is terminated by operation of this switch
      and the resultant advancing of the shutter 47 back into blocking position
      with respect to the laser beam 42. Finally, when the pulse count again
      reaches the initial loaded number (140) in the "unit length" switch 68, as
      determined by a third comparator circuit in the counter, the counter
      generates an output to the winding circuit 72W (FIG. 9) and an indexing
      circuit 72I (FIG. 9) of the winding machine control circuit 72, to
      terminate winding of the dielectric strips 21 and 22 and to cause indexing
      of the turret 37. The turret indexing circuit 72I then applies a "restart"
      signal to the start circuit 72, and the cycle is repeated, with the
      winding circuit 72W, immediately after the arbor 38 has captured the
      strips 21 and 22 as above described, actuating a strip out relay 72R in a
      conventional manner.
PAR  An advantage of the counter system 66, in which the counter 67 counts down
      through zero and then back up to the initial starting count, in comparison
      to a system in which the counter always starts at zero, is that is
      requires only three control switches (68, 69 and 71) and control settings
      to achieve the desired control functions described, resulting in a system
      which is relatively simple and easy to use. The system also permits the
      setting of any one of the switches 68, 69 and 71 to be changed
      independently to vary the capacitance or resistance of the network 20,
      without having to change the settings of the other switches.
PAR  Referring to FIGS. 6 and 7, it is seen that in the removal of metal from
      the dielectric strips 21 and 22 by the laser beams 43 and 44, the lasing
      of the lines 26 and 29 on each cycle starts to the right of the point at
      which the strips are cut by the blade 39. Accordingly, the lased lines
      26-31 are not exactly symmetrical with respect to the longitudinal
      midpoints 23mp and 24mp (FIG. 1) of the metal layers 23 and 24; however,
      the discrepancy with respect to the total length of the wound network 20
      is so minor as to be immaterial from a practical standpoint.
PAR  Instead of manually presetting a fixed count number into a switch such as
      the resistance control switch 71, the resistivity of the metal layer 23 on
      the first dielectric strip 21 can be determined on line prior to the
      winding of each network unit 20, and this value then used to control the
      removal of metal along the second line 27 of the strip. For example, this
      can be accomplished by engaging the metal layer 23 of the strip 21 with a
      pair of spaced roller contacts, and measuring the resistivity of the metal
      layer using a digital voltmeter, the output of which can be equated to the
      length of the resistance paths R.sub.1 and R.sub.2 which should be formed
      in the strip to obtain a desired resistance. The voltmeter, through
      suitable circuitry, then can generate a number which can be loaded
      directly into a comparator circuit in the counter 67 and utilized in the
      same manner as the number preset in the switch 71, to control the
      operation of the shutter 47 and thus obtain the desired metal removal from
      the dielectric strip 21.
PAR  With reference to FIG. 6, the speed of advancement of the metallized
      plastic strips 21 and 22 varies from zero to winding speed on each winding
      cycle. Thus, since point exposure of one of the plastic strips 21 or 22 to
      laser energy for an excessive time period will cause burning through the
      strip, the laser control circuit 64 synchronizes the pulsing of the laser
      41 with the speed of the strips, to overlap the laser pulses on the order
      of 60 percent, so as to remove the lines of metal 26-31 from the strips
      without this occurring.
PAR  Accordingly, referring to FIG. 9, during a network forming operation the
      output pulses of the encoder 63 feed to a digital filter clock 73, which
      passes low frequency pulses while filtering out extraneous high frequency
      signals which could have an adverse effect on the system. The digital
      filter clock 73 sequentially triggers a pulse shaper in the form of a
      one-shot multivibrator 74, the square wave output of which splits to
      energize the lasing counter system 66, as above-described, and a laser
      Q-switch driver 76 (e.g., NAND gate). The driver 76, through an
      isolator-amplifier 77, as for example of a type known in the art as an
      optical photocoupler level shifter, then triggers a Q-switch 78 of the
      laser 41, to synchronize pulsing of the laser with the speed of the
      metallized dielectric strips 21 and 22.
PAR  During a lasing operation, the square wave output of the multivibrator 74
      also is applied to a pulse monitor circuit 79, which verifies that the
      multivibrator is functioning properly. Further, since the laser 41 cannot
      properly remove metal from the metallized dielectric strips 21 and 22 if
      the strips are being advanced at an excessive speed, the pulse monitor
      detects when this condition has occurred. For this purpose, the digital
      filter clock 73 is set so that it does not pass frequency signals above a
      preselected value (e.g., 15,000 cps for a metal layer 1/1,000,000 inch
      thick) corresponding to the maximum permissible speed of the strips 21 and
      22. Thus, if for some reason the speed of the strips 21 and 22 should
      reach a point where the pulse frequency from the encoder 63 exceeds this
      value, the output of the digital filter clock 73 drops to zero. The pulse
      monitor 79, upon receiving no input signals from the one-shot
      multivibrator 74, then produces an output signal which inhibits operation
      of the laser Q-switch driver 76 and energizes a stop latching relay (not
      shown) in the winding circuit 72W of the winding machine control circuit
      72 to shut down the apparatus. In order that the winding machine 32-39 can
      begin each winding cycle to deliver pulses to the pulse monitor circuit
      79, the start circuit 72S is of a type which locks in for a sufficient
      time period at the beginning of each cycle for this to occur, in a manner
      well known to those skilled in the art.
PAR  Preferably, in order to provide a control on whether the solder blocks 20s
      are subsequently being attached to the wound network rolls 20r so that the
      termination resistances R.sub.t are below a preselected maximum limit, it
      is desirable to wind network rolls periodically without performing any
      lasing of the metallized dielectric strips 21 and 22. Accordingly, at the
      beginning of each winding cycle the winding machine start circuit 72S
      feeds a pulse to an R.sub.t sample counter 82. The R.sub.t sample counter
      82, upon reaching a preselected count, applies an inhibit signal to the
      laser Q-switch driver 76, whereby the laser 41 is not pulsed on that
      winding cycle and no lasing of the network roll 20r being wound takes
      place. The resultant blank network roll 20r, after having its solder
      blocks 20s subsequently spray soldered thereon, then can be tested for
      effective series resistance and if this resistance is excessive,
      indicating that a poor electrical connection probably exists between the
      spray soldered blocks and the termination areas TA-1 and TA-2 of the roll,
      corrective action can be taken at this phase of the manufacturing
      operation, as required.
PAR  Referring to FIG. 10, in the disclosed embodiment of the invention, in
      which the metallized dielectric strips 21 and 22 are wound metal side in
      on the winding arbors 36 or 38, when leading end portions 21a and 22a of
      the strips between the functional arbor and the cutter blade 39 are
      reverse-lapped on the arbor, an adjacent portion 22b of the dielectric
      strip 22 subsequently becomes wrapped around and lapped over the leading
      end portion 22a with portions of the metal layer 24 in direct engagement.
      (If the strips 21 and 22 are wound metal side out, a similar condition
      occurs with leading end portions 21a and 21b of the strip 21 and the metal
      layer 23 thereon.) Thus, as if illustrated in planar unrolled relationship
      in the left-hand portion of FIG. 11, unless sections 29a and 29b of the
      lased line 29 in the engaged and overlapped strip portions 22a and 22b
      exactly coincide, a portion 24a of the metal layer 24 between the lased
      line and the edge of the strip may overlap and engage a capacitance
      forming portion 24b of the layer to form an electrical short S
      therebetween. Accordingly, referring to FIGS. 6, 10 and 12, a pivotable
      mirror 83 is mounted adjacent the path of the laser beam 44, and as the
      winding machine begins its index cycle the mirror is temporarily pivoted
      by a suitable actuating device 84 in response to a signal from the
      indexing circuit 72I, to intercept and deflect the laser beam transversely
      across the strip 22, as illustrated by the broken line 44d in FIG. 12.
      This removes a zig-zag line 29z of metal from the strip 22, as illustrated
      in FIG. 11, to electrically isolate the portion of the metal layer 24
      extending between the lased zig-zag line and the cutter blade 39 from the
      remainder of the metal layer. Since this isolated metal layer portion is
      short relative to the entire length of the wound network roll 20r,
      however, its removal electrically from the network roll has no significant
      effect upon the capacitance value of the finished R-C network 20.
PAR  It is known that as the pulse rate of a laser increases, the peak power of
      the pulses decreases, whereby the width of the lines of metal 26, 27 and
      28 removed from the metallized strip 21 also will decrease slightly, thus
      changing the width of the resistance paths R.sub.1 and R.sub.2 (FIGS. 1
      and 2) formed therebetween. In certain instances, where the resistance
      paths R.sub.1 and R.sub.2 are very narrow, this variation in width could
      have an adverse effect upon their final resistance values. Accordingly,
      suitable circuitry (not shown) also may be provided to vary the power
      input to the laser 41 in response to changes in its pulse frequency, to
      maintain the beam output of the laser constant so that the lines 26 and 27
      of removed metal will be of constant width.
PAR  In summary, a new and improved wound R-C network 20 having stable frequency
      response over a wide frequency range (e.g., 60 cycles to 100 kilohertz),
      in that it exhibits a uniform degree of capacitance at least at the lower
      frequencies (e.g., up to 10 kilohertz) and a uniform effective series
      resistance at the higher frequencies (e.g., above 10 kilohertz), has been
      provided. Forming the wound R-C network 20 of the wound metallized
      dielectric strips 21 and 22 while scribing the lines or gaps 26, 27, 28,
      29 and 31 in the metal layers 23 and 24 to form the resistance paths
      R.sub.1 and R.sub.2 and the lead termination areas TA-1 and TA-2, also
      produces a network which is compact in size and which can readily be
      fabricated at low cost.
PAR  More specifically, forming the demetallized lines 26, 27 and 28 in the
      metal layer 23 on the dielectric strip 21 so that the resistance paths
      R.sub.1 and R.sub.2 extend circumferentially on opposite sides of the
      strip's longitudinal midpoint 23mp, with the resistance paths of equal
      length and width, and thus essentially of equal resistance value, produces
      a symmetrical configuration which facilitates uniform effective series
      resistance at high frequencies. This resistance pattern configuration also
      produces the lead termination area TA-1 in radially spaced intermediate
      relationship to the center and outer periphery of the network roll 20,
      thus inherently providing an arrangement for achieving a good electrical
      connection between the metal layer 23 of the network roll and the
      associated solder block 20s. Locating the resistance paths R.sub.1 and
      R.sub.2 adjacent one side of the metallized dielectric strip 21 also helps
      insure that the paths are covered with impregnating material to protect
      the metal forming the paths against subsequent oxidation which could
      affect their resistance value and thereby change the value of resistance
      in the finished network 20. This also enables the resistance paths R.sub.1
      and R.sub.2 to be located over the non-metallized border portion 22n of
      the second dielectric strip 22 so that the metal forming the resistance
      paths has no capacitance effect on the circuit of the R-C network 20.
PAR  Similarly, where the lines or gaps 29 and 31 in the second metal layer 24
      on the second dielectric strip 22 are utilized to obtain more stable
      electrical response at high frequencies, the forming of these lines in
      opposed parallel relationship to the lines 26 and 28 in the metal layer 23
      of the dielectric strip 21, provides the second termination area TA-2 in
      opposed symmetry to the first termination area TA-1 and facilitates the
      establishing of a good electrical connection between the metal layer 24
      and its associated solder block 20s. Locating the lines or gaps 29 and 31
      adjacent the edge of the second dielectric strip over the nonmetallized
      border portion 21n of the first strip, also provides a construction in
      which only the internal portions 23C and 24C of the metal layers 23 and 24
      (between the resistance forming line 27 on the first dielectric strip 21
      and the current steering path lines 29 and 31 on the second dielectric
      strip 22) contribute to the capacitance of the network 20. The total
      resistance in the network 20 also is defined only by the equal resistances
      R.sub.1 and R.sub.2 , the relatively small and thus essentially equal
      resistances R.sub.3 and R.sub.4, the equal but insignificant resistances
      R.sub.5 and R.sub.6, and the equal but insignificant termination
      resistances R.sub.t, with the portions of the metal layers 23 and 24
      outside the current steering path forming lines or gaps 26, 28 and 29, 31
      (i.e., between these lines and the adjacent layer edges) having no
      resistive effect in the network. Further, forming the zig-zag line 29z, as
      illustrated in FIGS. 10, 11 and 12, to isolate the metallized strip
      portions 22a and 22b from the remainder of the strip, precludes the
      possibility of the short S (FIG. 11) being formed between the metal
      portions 24a and 24b as a result of a mismatch of the laser scribed
      sections 29a and 29b. Accordingly, a precise and stable
      resistance-capacitance series circuit, as illustrated in FIG. 5, is
      attained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A resistor-capacitor network in the form of a roll having first and
      second layers of convoluted electrically conducting material separated by
      first and second layers of convoluted dielectric material to define a
      capacitance, which comprises:
PA1  first and second elongated resistance paths in said first layer of
      electrically conducting material extending from a lead termination area
      defined by said first layer of electrically conducting material at one end
      of the network roll, circumferentially in opposite directions to connect
      said lead termination area to an inwardly spaced capacitance-reforming
      portion of said first layer of electrically conducting material.
NUM  2.
PAR  2. A resistor-capacitor network as recited in claim 1, in which:
PA1  said resistance paths are located in a portion of said first layer of
      electrically conducting material which is in non-overlapped relationship
      to said second layer of electrically conducting material.
NUM  3.
PAR  3. A resistor-capacitor network as recited in claim 1, which further
      comprises:
PA1  a current steering path connecting said lead termination area to said first
      and second resistance paths, said current steering path and said lead
      termination area being located on intermediate convolutions of said first
      layer of electrically conducting material in radially spaced relationship
      to the center and the outer periphery of the network roll.
NUM  4.
PAR  4. A resistor-capacitor network as recited in claim 3, in which:
PA1  said first and second resistance paths have resistances of equal value.
NUM  5.
PAR  5. A resistor-capacitor network as recited in claim 3, in which:
PA1  said first and second resistance paths are of equal length and width.
NUM  6.
PAR  6. A resistor-capacitor network as recited in claim 3, which further
      comprises:
PA1  a second lead termination area and a second current steering path each
      located on intermediate convolutions of said second layer of electrically
      conducting material adjacent an opposite end of the network roll in
      radially spaced relationship to the center and the outer periphery of the
      network roll, said second current steering path connecting said second
      lead termination area to an inwardly spaced capacitance-forming portion of
      said second layer of electrically conducting material.
NUM  7.
PAR  7. A resistor-capacitor network as recited in claim 6 having inner end
      portions of fone of said layers of electrically conducting material in
      reverse-lapped engagement with one another, in which:
PA1  said reverse-lapped and engaged inner end portions of said layer of
      electrically conducting material are electrically isolated from
      substantially the entire remainder of said layer.
NUM  8.
PAR  8. A resistor-capacitor network roll in which alternate layers of
      dielectric and electrically conductive material and convoluted to produce
      a capacitance, characterized in that:
PA1  at least one layer of the convoluted electrically conductive material has
      first and second continuous elongated gaps extending lengthwise from
      adjacent respective ends of the electrically conductive material and
      terminating at points intermediate the ends of the material in spaced
      relationship to define a current steering path between the gaps; and
PA1  said one layer of electrically conductive material has a third continuous
      elongated gap extending lengthwise between points spaced inward from the
      ends of the material, in parallel spaced relationship with respect to
      portions of the first and second gaps in the material and the current
      steering path defined by the spaced ends of the first and second gaps, to
      define first and second elongated resistance paths of desired resistance
      values in said one layer of electrically conductive material.
NUM  9.
PAR  9. A resistor-capacitor network roll as recited in claim 8, in which:
PA1  the first and second continuous gaps in said one layer of convoluted
      electrically conductive material are in circumferential alignment.
NUM  10.
PAR  10. A resistor-capacitor network roll as recited in claim 8, in which:
PA1  said one layer of convoluted electrically conductive material extends to
      one end of the network roll and is spaced inward from the opposite end of
      the network roll; and
PA1  the first, second and third continuous gaps in said one layer of convoluted
      electrically conductive material are located closer to the one end of the
      network roll than to the opposite end of the network roll.
NUM  11.
PAR  11. A resistor-capacitor network roll as recited in claim 10, in which:
PA1  the first and second continuous gaps in said one layer of convoluted
      electrically conductive material are spaced inward from the one end of the
      network roll; and
PA1  the third continuous gap in said one layer of electrically conductive
      material is spaced further inward from the first and second continuous
      gaps in the electrically conductive material.
NUM  12.
PAR  12. A resistor-capacitor network roll as recited in claim 11, in which:
PA1  said first, second and third continuous gaps in said one layer of
      electrically conductive material are substantially symmetrical on opposite
      sides of the midpoint of the layer.
NUM  13.
PAR  13. A resistor-capacitor network roll as recited in claim 11, further
      characterized in that:
PA1  a second layer of the convoluted electrically conductive material, which is
      spaced from the one end of the network roll and which extends to the
      opposite end of the network roll, has first and second continuous gaps
      extending lengthwise from adjacent respective ends of the electrically
      conductive material in generally circumferential alignment and closely
      spaced relationship to the second end of the network roll and terminating
      at points intermediate the ends of the material in spaced relationship to
      define a current path between the gaps adjacent the second end of the
      network roll.
NUM  14.
PAR  14. A resistor-capacitor network roll as recited in claim 13, wherein inner
      end portions of one of said layers of electrically conducting material are
      in reverse-lapped engagement, further characterized in that:
PA1  said one layer of electrically conducting material has a gap extending
      transversely across said layer to electrically isolate the inner end
      portions of said layer from substantially the entire remainder of said
      layer.
NUM  15.
PAR  15. The method of forming a wound resistor-capacitor network roll, wherein
      alternate layers of dielectric and electrically conductive material are
      advanced and wound into a convoluted configuration to form a capacitance,
      which comprises:
PA1  initially forming an elongated first gap in at least one layer of the
      advancing electrically conductive material during the winding of the
      alternate layers of dielectric and electrically conductive material;
PA1  subsequently initiating the forming of an elongated second gap in the one
      layer of advancing electrically conductive material, in spaced parallel
      relationship to the first gap, to define a first resistance path in the
      one layer of electrically conductive material;
PA1  terminating the forming of the first gap in the one layer of advancing
      electrically conductive material while continuing to form the second gap
      in the material, to provide the first resistance path with a resistance of
      a desired value;
PA1  initiating the forming of a third gap in the one layer of advancing
      electrically conductive material in spaced parallel relationship to the
      second gap and on the same side of the second gap as the first gap, to
      define a second resistance path in the material; and
PA1  terminating the forming of the second gap in the one layer of advancing
      electrically conductive material, to provide the second resistance path
      with a resistance of a desired value.
NUM  16.
PAR  16. The method of forming a wound resistor-capacitor network roll, as
      recited in claim 15, in which:
PA1  the first and third gaps are formed in the one layer of the advancing
      electrically conductive material in closely spaced parallel relationship
      to one edge of the layer so that the portion between the gaps defines a
      current path and a lead termination area for the adjacent end of the wound
      network roll; and
PA1  the second gap is formed in the one layer of electrically conductive
      material along a line spaced inward from the first and third gaps.
NUM  17.
PAR  17. The method of forming a wound resistor-capacitor network roll, as
      recited in claim 16, in which:
PA1  the gaps are formed in the one layer of advancing electrically conductive
      material substantially symmetrically on opposite sides of the longitudinal
      midpoint of the material.
NUM  18.
PAR  18. The method of forming a wound resistor-capacitor network roll, as
      recited in claim 16, which further comprises:
PA1  forming gaps in a second layer of the advancing electrically conductive
      material simultaneously with the forming of the first and third gaps in
      the first layer of advancing electrically conductive material, and
      co-extensively with the first and third gaps in the first layer of
      material, but in closely spaced relationship to an outer edge of the
      second layer on an opposite side of the advancing layers, to produce a
      lead termination area on the opposite end of the wound network roll.
NUM  19.
PAR  19. The method of forming a wound resistor-capacitor network roll, as
      recited in claim 17, wherein inner end portions of one of said layers of
      electrically conducting material are reverse-lapped into engagement with
      one another, which further comprises:
PA1  forming a gap in said layer of electrically conducting material
      transversely across the layer to electrically isolate the inner end
      portions of said layer from substantially the entire remainder of said
      layer.
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ABST
PAL  An electronic module designed for maximum switching speeds is described. It
      contains parallel strip conductors having spacings much smaller than their
      widths and serving as two-dimensional outgoing line and two-dimensional
      return line of the direct-current supply. The strip conductors are bridged
      by one or more additional capacitors, particular spacings being provided
      between the individual additional capacitors and between such additional
      capacitors and the edge of the strip conductors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electronic module, more particularly a flat
      module comprising parallel strip conductors, i.e., flat electric
      conductors whose spacings from one another are much smaller than their
      widths. The strip conductors can, for example, serve as two-dimensional
      outgoing lines and two-dimensional return lines for a direct-current
      supply.
PAR  The knowledge of the manufacture and application of modules of this type,
      more particularly flat modules, has already substantially matured, but the
      invention described herein does offer significant improvement.
PAR  It is generally known that multilayer flat modules may contain several
      transmission line planes, one of said planes being a two-dimensional
      out-going line and another of the planes a two-dimensional return line
      for, e.g., a direct-current supply. The lines thus constitute strip
      conductors over which current-consuming components, e.g., specific gates,
      disposed on the module are supplied with the necessary direct voltage.
PAR  Such a module is, for example, described in the periodical publication
      "Computer Design," of February 1965, pp. 28-39, where the strip conductors
      of the direct-current supply constitute two adjoining planes D and C. By
      means of the two-dimensional construction of the direct-current supply a
      shielding effect is additionally desired between the timing pulse line
      accommodated in the plane D and the signal line planes mounted on the
      other transmission line plane C.
PAR  Similar arrangements are widely known, see e.g., "Electronics," May 13,
      1960, pages 77-78, West German Unexamined Pat. application 1,132,202,
      FIGS. 2a and 4b; U.S. Pat. No. 3,300,686, FIGS. 10 and 11. The latter
      patent describes a module (large card 19) containing neighborning parallel
      transmission line planes disposed at regularly spaced distances from one
      another, of which the two outermost are the signal line planes and the two
      innermost the strip conductors for the direct-current supply. Here, too,
      the shielding function of the strip conductors is also utilized, namely,
      in conjunction with rapidly switching elements mounted on the module, of
      which interfering voltages are produced in the signal line planes due to
      the extraordinarily rapid switching of the elements, e.g., by switching
      processes lasting about 5 nanoseconds.
PAR  The interfering voltages produced by such rapid switching processes in the
      signal line planes of the module have also been investigated in the
      article published in the NTZ 1971, pp. 541-544, in particular as to the
      strength of the crosstalk between the signal lines of such a module.
PAR  In "Elektronische Rechenanlagen,"  10, 1968, No. 4, pages 177-179, the
      influence of interfering voltages of a different kind is investigated by
      means of examination methods usually applied in high frequency
      engineering. These voltages are of a type which in the direct-current
      supply of flat modules in the event the components to be switched rapidly
      are accommodated in or on the flat module at great distance from the
      terminals on the module over which the direct-current supply for it is
      provided. It was at the same time assumed that the interfering voltages
      would depend on variations of the resistances of the direct-current supply
      inputs of the switching component. It was recommended as a remedial step
      that in the area of the terminals of the module a shunt capacitor be
      inserted between the strip conductors and a series resistance into one of
      the conductors of these strip conductors, namely in the area of the
      bridging capacitance. The series resistance is matched to the
      characteristic impedance of the strip conductors. This series resistance
      absorbs, because of its matching, the interfering voltage waves generated
      by the component and traveling along the strip conductors to the series
      resistance. To avoid excessive direct-current dissipation on this series
      resistance, it is, likewise, recommended that the characteristic impedance
      of the direct-current supply lines be made small so that the resistance
      valve of the series resistance can be made small. Apparently, particular
      attention was paid to cross sections of these direct-current supply lines
      which are illustrated in FIG. 3 of this publication and which already have
      a comparatively small characteristic impedance referred to lines normally
      employed in high-frequency engineering. Therefore, in this case the
      interfering voltages on the direct-current supply line are not already
      suppressed in the area of the switching element, but they are only
      prevented from being reflected and thereby from from frequently traveling
      back and forth between the component and the terminals or between the
      component and the battery. Thus, in this publication the interfering
      voltage travels only once from the component where it is generated to the
      series resistance which absorbs the interfering voltage. Hence, the
      remedial step of absorption in the area of the direct-current supply
      terminals of the module recommended here cannot prevent the interfering
      voltage from causing unwanted interferences in other components connected
      to the same direct-current line during its non-recurring travel from the
      component to the series resistance. What is prevented is that the
      interfering voltage remains active on the directcurrent supply line for a
      prolonged period in the absence of absorption.
PAR  It is furthermore to be noted that the strip conductors of the
      directcurrent supply shown in FIGS. 10 and 11 of U.S. Pat. No. 3,300,686
      apparently have a still lower characteristic impedance than the lines
      recommended in FIG. 3 of the publication "Elektronische Rechenanlagen",
      10. Thus, in the module shown in the U.S. patent referred to above a shunt
      capacitor could, where necessary, be placed in the area of the terminals
      along with a series resistance whose resistance value could be made still
      smaller than that which must be provided in the direct-current supply
      lines recommended in the publication "Elektronische Rechenanlagen,"  10.
PAR  AEU 24, 1970, pages 263 to 268 reports on measurements which confirm that
      at the moment of switching a component connected to the directcurrent
      supply there arises extremely high, short-time interfering voltages on the
      direct-current supply lines. It is true that in this reference these
      interfering voltages are attributed to the saturation of the modules
      provided in the gate and connected with the edge steepness of the
      direct-current change in the direct-current supply for the electronc
      components, particularly the transistors, provided in the gate. This, of
      course, contradicts the investigations reported in the above mentioned
      publication "Elektronishe Rechenanlagen," 10, where such interfering
      voltages are attributed to the change in the resistance of the
      direct-current supply inputs of the component upon the switching thereof.
      The difference between the two reasons for the generation of such
      interfering voltages is relatively small, because also the relevant edge
      steepness of the direct-current variation caused by the saturation can be
      interpreted as a time-controlled, even if continuous, variation of the
      resistances at the direct-current supply inputs of the component.
PAR  The investigations referred to in the above identified publication "AEU"
      have shown that the interfering voltages would, above all, also depend on
      the inductance of the direct-current supply lines. It is particularly
      disturbing, according to this publication, if this inductance is large,
      i.e., if the length of the direct-current supply lines is comparatively
      large. The remedial measure recommended therein consists in connecting
      shunt capacitors of very high capacitance C1, C2, C3 directly to the
      direct-current supply inputs of the component part (see FIG. 15). These
      cause a rapid attenuation of the interfering voltages in conjunction with
      resistors R disposed in the component (see particularly page 268,
      left-hand column, last paragraph, to the end of the right-hand column).
      The interfering voltages then scarcely diffuse to the direct-current
      supply lines but are largely suppressed on the site where they are
      generated.
PAR  There are also flat modules comprising parallel strip conductors with
      spacings much small than the widths thereof, whereby the strip conductors
      constitute the two-dimensional outgoing line and return line of the
      directcurrent supply. In this case, the strip conductors are bridged by
      shunt capacitors of very high capacitance, e.g., several uF, at specific
      points lying not directly at the direct-current supply inputs of the
      components and also not only in the area of the terminals of the
      component. In this case, not only one of the two strip conductors, but
      also the other strip conductor serves to diffuse reference potentials to
      which the signals of the signal lines are referred. Due to the shunt
      capacitors of extremely high capacitance, practically none of the
      high-frequency interfering voltages can be diffused  without hindrance,
      because these bridged strip conductors constitute a low-pass filter with
      too low a cut-off frequency. The low-pass filter in this case essentially
      consists of series inductances produced by the self-inductance of the
      strip conductor segments between the shunt capacitors or between strip
      conductor edge and neighboring shunt capacitor, and of shunt capacitances
      produced essentially by the shunt capacitors.
PAR  It is, therefore, an object of the invention to provide means for
      suppressing interfering voltages that appear and could diffuse to the
      direct-current supply strip conductors in the course of switching
      processes in component parts, e.g., in gates, without the necessity of
      additionally providing the above mentioned remedial measures, namely,
      attenuated shunt capacitors of very high capacitance connected directly to
      the direct-current supply inputs of the switching elements and/or one or
      more shunt capacitors of very high capacitance in conjunction with a
      series resistance matched to the characteristic impedance of the
      direct-current supply strip conductors and located in the area of the
      terminals of the module. Such shunt capacitors of very high capacitance
      shall, as well, not be provided alongside the strip conductors. However,
      the solution in accordance with the invention shall in special cases
      permit the additional provision of at least the two prior art remedial
      measures first mentioned whereby, however, the shunt capacitors to be
      provided need only have smaller capacitances than would otherwise be
      necessary if said prior art remedial measures are applied. Moreover, it
      must also be possible to employ the direct-current strip conductors at the
      same time and at least partly for the shielding between different signal
      planes.
PAC  SUMMARY OF THE INVENTION:
PAR  In accordance with the invention, the foregoing and other objects are
      achieved by the provision of a module equipped with parallel strip
      conductors, whose spacings are much smaller than the width thereof, and
      serving as two-dimensional outgoing line and two-dimensional return line,
      direct-current supply. The module within the framework of the invention is
      characterized by the fact that on the strip conductors bridged by one or
      more additional capacitors, the spacings of neighboring additional
      capacitors from one another and the particular spacing of the edge of the
      strip conductors to the next additional capacitors are so small that
      low-pass filters formed by two adjacent additional capacitors and the
      segment of the strip conductors lying between said two additional
      capacitors and low-pass filters formed by the additional capacitor lying
      next to the edge of the strip conductors and the segment of the strip
      conductors lying between said additional capacitor and the edge of the
      strip conductors have a larger cut-off frequency than the maximum
      frequency of the frequency components (produced parasitically with high
      energy) of the interfering voltages on the strip conductors which are
      generated in the strip conductors upon the switching of electronic
      components connected to the direct-current supply.
PAR  In addition, according to the invention, in the module the characteristic
      impedance of the direct-current supply lines is quite small -- it may be
      substantially below 1 ohm, e.g., 0.1 ohm, and even much less --, because
      the additional capacitors provided reduce the characteristic impedance of
      the strip conductors.
PAR  Further reducction of the characteristic impedance of the strip conductors
      is possible because the mutual spacing of the strip conductors is reduced
      to a minimum, e.g., 0.2 mm if the width is 100 mm. Further details will be
      given hereinbelow of the special importance of the extremely low
      characteristic impedance of the strip conductors of the direct-current
      supply of the module according to the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The principles of the invention will be more readily understood by
      reference to the description of a preferred embodiment given hereinbelow
      in in conjunction with the accompanying drawing, wherein:
PAR  FIG. 1 is a side cross section of the embodiment of the module according to
      the invention, and
PAR  FIG. 2 is an oblique view of said embodiment, and
PAR  FIGS. 3 and 4 are direct-current timing diagrams.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The sectional view of the FIG. 1 module according to the invention, which
      is a flat module, comprises four contiguous parallel transmission-line
      planes 2, 3, 4 and 5, of which the two outermost transmission line planes
      2 and 5 are the signal line planes, and the two innermost transmission
      line planes 3 and 4 are the strip conductors for the direct-current
      supply. In this embodiment, the conductor 4 of the strip conductors has
      the same width 16 as the entire flat module (see FIG. 2), whereas the
      other conductor 3 of said flat module, as drawn in broken line, is
      considerably narrower, and, strictly speaking, consists of two different
      parallel strip conductors of the direct-current supply linked together at
      the beginning and at the end. However, the form of the strip conductors
      may also be selected completely differently, e.g., the strip conductor 3
      may be as wide as the strip conductor 4. Instead of these four
      transmission line planes, only three transmission line planes, for
      example, 2, 3, and 4, or also more than four transmissionline planes, for
      example, also 14 and 15, may be provided.
PAR  The strip conductors 3 and 4 are connected to several terminals 6 of the
      module over which the direct-current supply of the module is provided. The
      current paths of the signal line planes 2 and 5, not shown in the drawing
      in the interest of clarity, are connected over other such terminals 6.
PAR  Upon operating the components disposed in or on the module, there normally
      occurs in the strip conductors 3 and 4 interfering voltages whose time
      waveform can be divided into frequency components through the Fourier
      analysis. With such operations many of the frequency components are
      produced with such energy that the sum of them causes significant
      interferences. Other frequency components do appear but they have so
      little energy that their sum is negligible as far as interferences are
      concerned. Further, there is a maximum frequency value for the high energy
      frequency components.
PAR  Each of two additional capacitors 7, adjoining each other, produce a
      low-pass filter with a specific cut-off frequency in conjunction with a
      segment 12 (FIG. 2) of the strip conductors 3 and 4 lying therebetween
      (see FIG. 2). Likewise, an additional capacitor 7 adjacent to the edge of
      the strip conductors 3 and 4 also produces, in conjunction with a setment
      12, a low-pass filter with a given cutcut-off frequency between said
      additional capacitor 7 and the edge of the strip conductors 3 and 4.
      Provision is made within the scope of the invention, whereby the spacings
      12 of the additional capacitors 7 adjoining each other and the particular
      spacing 13 of the outer border of the strip conductors 3, 4 to the
      additional capacitor 7 disposed nearby are so small that the low-pass
      filters have clearly larger cut-off frequencies than the upper frequencies
      of the higher energy frequency components of the interfering voltages
      generated upon the switching of the switching elements 16.
PAR  Thus, in this embodiment the cut-off frequencies of the low-pass filters
      are at so high a value that the relatively low interfering voltages
      generated by the switching element 16 are not reflected at these low-pass
      filters, which may be resonant circuits, but can spread out without
      hindrance over the strip conductors 3, 4 of the direct-current supply, as
      if a homogeneous strip conductor 3, 4, i.e., as if no such resonant
      circuits were present in the strip conductor. Resonant circuits whose
      cut-off frequencies are too low so that the remaining interfering voltages
      cannot spread out without hindrance over the strip conductors 3, 4 of the
      direct-current supply can cause at least the partial storing and
      relatively slow decay of the energy of the interfering voltages in the
      low-pass filters forming such resonant circuits, thereby increasing in
      very unfavorable cases the danger that interfering voltages act
      parasitically on the other electronic components disposed on the module.
PAR  Thus, as a result of the measure taken within the scope of the invention,
      the local storing of interfering voltage energies which is practically
      concentrated on a small resonant circuit/strip conductor segment, is
      avoided so that the danger of interference of components disposed nearby
      is avoided.
PAR  The very low characteristics impedance, discussed hereinabove, of the strip
      conductors of the direct-current supply of the module according to the
      invention has an additional interference-reducing influence. It is caused
      by the design of the lines as strip conductors and by the additional
      capacitors 7 provided according to the invention and bridging the strip
      conductors (see also FIG. 1). The characteristic impedance of the strip
      conductors 3, 4, which are bridged with additional capacitors 7, yields
      the unexpected result that the special interfering voltages referenced
      hereinabove, which otherwise arise in the direct-current supply during
      switching processes of switching elements disposed on the module and
      supplied with direct current, e.g. the inversion gate 16 indicated only
      symbolically in the figures, are at least largely avoided for the reasons
      stated hereinbelow, even if no special shunt capacitors of high
      capacitance are provided.
PAR  As shown by the research methods customary in high frequency engineering,
      interfering voltages are generated between the strip conductors 3, 4 shown
      in FIG. 1 in the event the switching elements, e.g. the inversion gate 16,
      disposed in or on the module switch from the first to the second switching
      condition. The direct voltage of the direct-current supply can be
      considered as an electromagnetic "wave" having zero frequency, whereby
      such a wave travels from the direct-current generator to the component and
      produces a reflected wave there which travels back to the direct-current
      generator. Thus, a forward wave and a reflected backward wave are
      superimposed upon the strip conductors. The interfering voltages can first
      be viewed as an irregularly starting direct-current "wave," which is
      produced by the switching element 16 through the switching process thereof
      and which travels along the strip conductors 3, 4 to the terminals where
      these interfering voltages are frequently reflected once again.
PAR  These interfering voltages can be computed approximately by means of the
      reflection factor of the direct-current supply inputs of the switching
      element, as shown likewise for a special case reported in "Elektronische
      Rechenanlagen" 10. In this special case, it was assumed that the component
      had an infinitely large resistance in one of its two switching states.
      Special investigations of a general nature, i.e., with arbitrarily large
      resistances at the direct-current supply inputs in the two switching
      states, have shown that in the first switching state, a fixed amplitude
      Ur1 of the reflected wave is produced in accordance with the reflection
      factor r1 caused by the component. However, immediately after the
      switching of the component, i.e., in the second switching state, during
      the period that the resistance at the direct-current supply inputs of the
      component comes to the other extreme value, another reflection factor r2
      and, with it, another fixed amplitude Ur2 of the reflected wave is
      produced before the amplitude of the forward wave could change. The
      difference between the amplitudes of the reflected waves Ur1-Ur2
      represents the interfering voltage produced by the component. This
      amplitude of the interfering voltage is -- aside from a factor independent
      of the reflection factor r2 -- proportional to the difference of the
      reflection factors .DELTA.r = .vertline.r1-r2.vertline. of the two
      switching states. Thus, strictly speaking, the amplitude of the direct
      voltage wave or interfering voltages produced depends on the change of the
      reflection factor r caused by the switching of the component 16; the
      reflection factor r of this switching element is defined by the equation r
      = (R-Z)/(R+Z), where R stands for the resistance between the
      direct-current supply inputs of the switching element 16 and Z the
      characteristic impedance of the direct-current supply strip conductors 3,
      4.
PAR  The change .DELTA.r of the reflection factor, dependent upon the
      characteristic impedance, upon the switching of the component 16, thus
      causes the unwanted interfering voltage. In principle, this result also
      holds true if, instead of the sudden transition, a more continuous, but
      also rapid, transition, from the first to the second switching state is
      assumed such that during the switching process the forward wave still
      could not attain the amplitude appearing in the transient state. One has
      to substitute the maximum value, which may amount to .DELTA.r during the
      switching process, in order to determine the approximate maximum amplitude
      of the interfering voltage.
PAR  The invention takes as a basis, among other things, that by reducing the
      characteristic impedance Z between the direct-current supply strip
      conductors 3, 4, it can be achieved that the resistance R between the
      direct-current supply inputs of the switching element is made largely
      independent of the switching condition of the element -- namely, always
      very large as compared to the characteristic impedance Z of the strip
      conductors 3, 4: Z&lt;&lt;R with Z =.sqroot.1/c; 1 = inherent series inductance
      of the strip conductors; c = the sum of the inherent shunt capacitance of
      the strip conductors and the capacitance of the additional capacitors.
      Thus, the reflection factor r, independent of the switching condition of
      the switching element, invariably approximates 1, in accordance with r =
      (R-Z)/(R+Z).apprxeq.1 - 2Z/R.apprxeq.1, so that the reflection factor r1
      in the first switching condition of the switching element differs only
      slightly from the reflection factor r2 in the second switching condition
      of the switching element, so that also .DELTA.r.apprxeq.O. Therefore, due
      to the switching of the element, practically no more interfering voltages
      are produced, or the interfering voltages generated by the switching
      element are so insignificant that they no longer interfere with other
      electronic elements which are likewise connected to the direct-current
      supply over the direct-current supply strip conductors 3, 4. This is true
      even if the prior art remedial measures, namely, specific shunt capacitors
      of very high capacitance, are not provided for eliminating such
      interfering voltages. The measure according to the invention thus
      comprises making the reflection factors of the switching elements disposed
      on the flat module practically independent of the switching state of the
      switching elements by reducing to a minimum the characteristic impedance
      of the direct-current supply strip conductors. The latter reduction is
      accomplished by means of the additional capacitors, because during the
      switching substantially no more interfering voltages are generated, i.e.,
      no interfering voltages are to be suppressed subsequently, either on the
      site of their appearance or in the vicinity of the terminals 6 of the
      module. In addition, as a result of the measure according to the
      invention, the cut-off frequency of the low-pass filters producing the
      strip conductors is made so large that the remaining interfering-voltage
      energies generated are not stored locally in such low-pass filters. There
      is no need for installing expensive high-capacitance, short-circuit
      producing shunt capacitors, for the additional capacitors to be mounted
      within the framework of the invention can have much lower capacitances.
PAR  If only a single additional capacitor is installed which reduces the
      characteristic impedance, it can be provided in the center of the module
      so that its capacitance can be extremely low.
PAR  Any additional capacitor(s) can also be mounted subsequently in modules
      containing strip conductors for the direct-currrent supply.
PAR  Furthermore, according to the invention, the reduction in characteristic
      impedance permits the additional provision of the prior art remedial
      measures, namely, the installation of particular shunt capacitors 10 of
      very high capacitance in the area of the terminals 6 of the module and/or
      directly at the direct-current supply inputs of the components, should
      this prove to be necessary in special cases. However, the capacitance of
      said shunt capacitors can also be made relatively low, due to the much
      smaller amplitude of the interfering voltage in the module according to
      the invention in comparison with prior art modules.
PAR  In a further development of the module construction according to the
      invention, provision is made whereby the resistance between the inputs for
      the direct-current supply of electronic components to be switched, e.g.
      16, is made much larger than the characteristic impedance of the strip
      conductors bridged by the additional capacitors independently of their
      particular switching condition. To achieve this purpose, the switching
      element may, for example, be made in accordance with the metallic oxide
      (MOS) technique, by which, even in the conductive state, it generally
      still has a very high resistance so that input resistance for the
      direct-current supply of the component, even if the latter is of low
      resistance, is extremely large compared with the characteristic impedance
      of the strip conductors. The ratio of the input resistance for the
      direct-current supply in its low-resistance condition to the
      characteristic impedance of the strip conductors for the direct-current
      supply can then readily exceed the factor 100, so that the amplitude of
      the interfering voltages generated by the switching element cannot be more
      than a small percentage of the direct-current supply voltage applied to
      the terminals. The interfering voltage amplitude is particularly low due
      to the extremely small reflection factor change .DELTA.r then prevailing.
      Normally, an amplitude of interfering voltage of this value is harmless
      even then, if a large number of switching elements disposed on the same
      module are switched concurrently, the individual interfering voltages
      generated thereby are superimposed in the same direction. Only in special
      cases is it necessary to provide the prior art remedial measures, namely
      the particular shunt capacitors, in order to suppress the effects of the
      interfering voltages.
PAR  As mentioned herinabove, it is normally not necessary in the module
      designed according to the invention to insert a series resistance between
      the terminals for the feeding of the direct-current supply and the strip
      conductors, so as to bring about a subsequent absorption of the
      interfering voltages produced, as recommended in "Elektronischen
      Rechenanlagen" 10.
PAR  In order to improve the constancy of the direct-current supply, one or more
      shunt capacitors of very high capacitance may be provided on the module,
      for example, in the area of the terminals 6, so as largely to reduce the
      fluctuations of the direct voltage.
PAR  Furthermore, the series resistance provided in the prior art remedial
      measures may also be inserted into the strip conductors 3, 4 so as to
      absorb interference voltages.
PAR  In the embodiment shown in the drawings, the high-capacitance shunt
      capacitor 10 causes the equilization of the variations in the voltage of
      the battery, or at the terminal 6 over which the direct-supply is fed to
      the module, even if in and of themselves certain variations of the
      direct-current supply voltages would be caused by other modules connected
      to the same battery. At the same time, by means of the shunt capacitor 10
      which produces a short circuit, interfering voltages generated in the
      module according to the invention no longer interfere -- over the
      terminals 6 -- with other modules connected to the same battery. Thus, a
      series resistance (not shown) provided additionally would serve to absorb
      the interfering voltages.
PAR  In a further development of the embodiment having the shunt capacitor, e.g.
      10, a provision is made whereby instead of the aforementioned series
      resistance the internal resistance 11 of the shunt capacitor 10 is
      selected or adjusted through additional steps such that the internal
      resistance 11 is matched to the characteristic impedance of the strip
      conductors 3, 4 for the subsequent absorption of interfering voltages
      produced. Thus, in this embodiment it is avoided that the aforementioned
      series resistances are inserted into the strip conductors 3, 4 for the
      series resistances in such modules are not only frequently accompanied by
      certain production engineering difficulties, but they also cause great
      losses in the direct-current power, in particular by reason of the hearing
      brought about by direct current from the direct-current supply. However,
      there is no power loss in the direct-current supply on the internal
      resistance 11 of the shunt capacitor, because only the interfering
      voltages are absorbed in the relevant internal resistance, and there is no
      direct-current flow therein from the direct-current supply. Since the
      internal resistance 11 of the high-capacitance shunt capacitors 10 is
      often more strongly variable with frequency, care should be exercised that
      the matching of the internal resistance 11 to the normally
      frequency-independent characteristic impedance of the strip conductors 3,
      4 is optimal, at least in the area of the frequency components of the
      interfering voltages generated with high energy, as determined by Fourier
      analysis.
PAR  In another further development, there is provided at the end of the strip
      conductors 3, 4 facing the terminals 6 of the module one or more
      high-capacitance shunt capacitors 8, where necessary also with internal
      resistances 9 matched to the characteristic impedance of the strip
      conductors 3, 4, so as to reduce fluctuations of the direct voltage there
      appearing or -- upon matching the internal resistances 9 -- to absorb such
      interfering voltage waves which initially travel to an end of the strip
      conductors 3, 4.
PAR  In a further development of the invention, there are provided in the module
      several strip conductors bridged by additional capacitors for purposes of
      the direct-current supply instead of only one single strip conductor 3, 4.
      Such an embodiment of this further development is shown dotted in FIG. 2,
      where two different strip conductors 3 are provided and are arranged
      parallel to one another and extending from the terminals 6 to the end of
      the module facing these terminals. In addition, the two strip conductors 3
      are intermeshed in the embodiment shown in FIG. 2 in that they are linked
      together conductively within the module both in the area of the terminals
      6 and in the area of the oppositely lying end of the module.
PAR  Because in the module there are provided for the direct -current supply
      several strip conductors bridged by additional capacitors, the interspaces
      between the strip conductors in the plane thereof can be utilized for
      other purposes, for example, for the feeding of an additional
      direct-current supply having different potentials. As a result of the
      intermeshing of the strip conductors, it is achieved that voltage
      differences between the various intermeshed strip conductors can largely
      be avoided along the entire length thereof or that the heat of the various
      strip conductors provided is distributed more evenly throughout the entire
      module than is the case without intermeshing.
PAR  In a further development of the invention, a provision is made whereby the
      mutual spacings (see 12) of adjacent additional capacitors and the
      spacings (see 13) from the edge of the strip conductors 3, 4 to each
      adjacent additional capacitor are made substantially smaller (e.g. 20
      percent) than the theoretical length which the interfering voltage would
      travel along the strip conductors bridged by additional capacitors during
      the switching process of the switching elements, if said bridged strip
      conductors were sufficiently long for this purpose. Thus, if the switching
      process lasts 5 nanoseconds, the interfering voltage on the strip
      conductors bridged by the additional capacitors during this period of the
      switching process would pass through a specified theoretical length if the
      conductors were adequately long for this purpose. Thus, the theoretical
      length over which the interfering voltage would travel during the
      switching process of the switching element shall be substantially greater
      than the distance between two adjacent additional capacitors 7 and also
      substantially greater than the distance of each point of the edge of the
      strip conductors to the adjacent additional capacitor. Investigations have
      shown that the amplitudes of the interfering voltages then become still
      smaller, as when the special design is not yet provided. The
      investigations have likewise shown that the interfering voltages can even
      be made smaller if not only the distance 12 between additional capacitors
      7, but the entire length of the strip conductors 3, 4 within the module is
      made substantially smaller than said theoretical length.
PAR  Admittedly, in the embodiment shown in FIGS. 1 and 2, involves a multilayer
      flat module requiring very little space, in which the two-dimensional
      strip conductors are provided in two adjacent conductor planes. Moreover,
      such a design can be made very simply. In particular, it is easy to make
      the distance between the strip conductors 3, 4 relatively small, e.g.,
      0.2mm and less, so that the characteristic impedance of the strip
      conductors 3, 4 is also reduced advantageously thereby. However, the
      module according to the invention and the further developments thereof can
      also be designed differently, for example, they can be slide-in units
      having any desired external form.
PAR  Provision is made in a further development, whereby the direct current
      appearing at the input for the direct-current supply of switchable
      component disposed on the module is at least largely independent of the
      particular switching condition of the component. This will be more readily
      understood by reference to FIG. 3.
PAR  Thus, this step is characterized by the fact that the direct current at the
      input for the direct-current supply of the switchable component 16, for
      example, a gate or a flip-flop circuit, is independent of the permanent
      switching condition of the component, or at least largely independent
      thereof (see also FIG. 3). As a result, no load variations, or at least no
      significant load variations, occur on the lines 3, 4 for the
      direct-current supply of the module during the switching of the component
      16. The interferences caused by such load variations which are
      particularly disagreeable when there are very rapid transitions from one
      switching condition to the other switching condition of the module are
      thus largely avoided, since the directcurrent consumption in each
      switching condition is equally large, so that a reliable operation of all
      components 16 disposed on the module is largely assured even at very high
      switching frequencies or with very rapid transitions between the different
      switching conditions of the components. Thus, the static input resistance
      for the direct-current supply of the switchable component(s) 16 is
      generally independent of the switching condition.
PAR  Components, whose inputs for the direct-current supply exhibit a switching
      condition independent of the input resistance, are abundantly known in the
      prior art. See, for example, West German Examined Pat. application
      1,196,241 and "Elektronische Rechenanlagen" 1 (1959(, No. 1, pages 20-22,
      particularly FIG. 4, as well as the current-mode-switch components in the
      extensive publication "Transistor Circuit Design," Texas Instruments,
      Inc., 1963. In addition, C-MOS components have recently been introduced
      which likewise, independently of their switching condition, consume nearly
      always the same direct current, i.e., virtually no direct-current. See,
      for example, Proc. IEE, 55 (1967), pages 1121-1122; further, Elektronik
      1971, No. 4, pages 111-116, and RCA, Application Note ICAN 5593 of
      December 1967.
PAR  If all components of the module are constructed in this manner, there is
      considerable protection against interference in the module.
PAR  It is of particular advantage if, in addition, the input resistance of the
      relevant components 16 is made as large as possible in comparison with the
      characteristic impedance of the lines 3, 4 for the direct-current supply
      of the module, because the power dissipation is reduced, but, above all,
      also because then slight variations of the direct current required by the
      relevant component in the different switching conditions are too
      insignificant for the variations to produce greater interferences on the
      lines for the direct-current supply of the module. The C-MOS components
      referenced hereinabove are particularly suited for these steps for
      purposes of further improvements.
PAR  Insofar as during the switching process, despite the use of the invention,
      transitory strong peaks (developed, e.g., in the manner shown in FIG. 4)
      are still superimposed on the direct-current supply input of the component
      16, particularly due to transfer of line capacitances (in C-MOS components
      the switching operation itself is the only time when the direct-current
      power can still exhibit considerable magnitude, whereas otherwise these
      components hardly consume any power at all for the direct-current supply),
      a low capacitance can, if necessary, be provided additionally at the input
      of the component 16. Low-capacitance shunt capacitors, e.g., 10 or 100 pF,
      which only require very little space, are suitable for this purpose. In
      this case, not only the static, but also the dynamic, input resistance of
      the direct-current supply for the component is largely independent of the
      switching condition.
PAR  The description of preferred embodiments of the invention given hereinabove
      is only exemplary of the principles of the invention and does not define
      the scope of the invention. The scope of the invention is defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic module of flat construction having a plurality of parallel
      strip conductors with spacing between said strip conductors being less
      than the width of those conductorrs, at least a pair of said strip
      conductors having terminals at ends thereof for connection to a source of
      current and being constructed to form two dimensional outgoing and
      incoming lines for a current supply to operating components mounted on
      said module comprising:
PA1  a plurality of adjacent first capacitors connected between said outgoing
      and incoming lines and
PA1  low pass filter means formed by pairs of said adjacent first capacitors and
      the segments of said incoming and outgoing lines lying between said pairs
      of first capacitors and formed by those of said first capacitors lying
      closest to any edge points of said strip conductors and segments of said
      incoming and outgoing lines lying between said edge points and said first
      capacitors lying closest to said edge points,
PA1  said adjacent first capacitors being spaced one from the other and the
      distance from edge points of said incoming and outgoing lines to said
      first capacitors, respectively, lying closest to said edge points being
      sufficiently small as to form a said low pass filter means having a
      greater cut off frequency than the highest frequency component of
      interfering voltages occurring on said incoming and outgoing lines upon
      operating electronic components connected to said current supply.
NUM  2.
PAR  2. The module defined in claim 1 wherein the impedances between inputs of
      said current supply to said strip conductors are made greater than the
      characteristic impedances of said strip conductors.
NUM  3.
PAR  3. The module defined in claim 1 further comprising: at least a second
      capacitor having a capacitance value relatively greater than a said first
      capacitor connected between said strip conductors adjacent said terminals
      thereon forming a shunt capacitance.
NUM  4.
PAR  4. The module defined in claim 3 wherein said shunt capacitance has an
      internal resistance matched to the characteristic impedance of said strip
      conductors.
NUM  5.
PAR  5. The module defined in claim 1 wherein said strip conductors are
      intermeshed.
NUM  6.
PAR  6. The module defined in claim 1 wherein said spacing of said first
      capacitors and said distance of an edge point of said incoming and
      outgoing lines to the one of said first capacitors lying closest thereto
      is substantially less than the theoretical length which an interfering
      voltage would travel along said strip conductors when shunted by said
      first capacitors.
NUM  7.
PAR  7. The module defined in claim 1 wherein the characteristic impedance of
      said strip conductors is less than 0.10 ohm.
NUM  8.
PAR  8. The module defined in claim 1 wherein said current source is directly
      connected to said terminals, whereby no resistors are interposed in the
      direction of current flow through said incoming and outgoing lines.
NUM  9.
PAR  9. The module defined in claim 1 wherein said strip conductors are arranged
      to form a multilayer, generally flat assembly.
NUM  10.
PAR  10. The module defined in claim 1 wherein the remainder of said strip
      conductors are signal lines and wherein the distance between said outgoing
      and incoming lines is small in relation to the distance between said
      outgoing and incoming lines and said signal lines.
NUM  11.
PAR  11. An electronic module having parallel strip conductors and a pair of
      said strip conductors forming two dimensional incoming and outgoing lines
      for current supply, the spacing between said parallel strip conductors
      being smaller than the widths of said incoming and outgoing lines,
      comprising:
PA1  a plurality of terminals for making connections to components on said
      module and
PA1  a plurality of shunt capacitors connected between pairs of said strip
      conductors, said connection being made in portions of said module adjacent
      said terminals, said shunt capacitors having internal resistance values
      matched to the characteristic impedance of said strip conductors.
NUM  12.
PAR  12. The module defined in claim 11 wherein said shunt capacitors are
      connected between said strip conductors at the ends of said strip
      conductors connected to said terminals.
NUM  13.
PAR  13. An electronic module of flat construction having a plurality of
      parallel strip conductors with spacing between said strip conductors being
      less than the width of those conductors, at least a pair of said strip
      conductors having terminals at ends thereof for connection to a source of
      current and being constructed to form two-dimensional outgoing and
      incoming lines for a current supply to operating components mounted on
      said module, comprising:
PA1  a first capacitor connected between said outgoing and incoming lines and
PA1  low pass filter means formed by said first capacitor and segments of said
      incoming and outgoing lines extending between those edge points of said
      incoming and outgoing lines closest to said first capacitor and said first
      capacitor,
PA1  the distance between said first capacitor and said edge points being
      sufficiently small as to form said low pass filter means to have a greater
      cut off frequency than the highest frequency component of interfering
      voltages occurring on said incoming and outgoing lines upon operating
      electronic components connected to said current supply.
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ABST
PAL  Reactance networks are connected just before and just after the ceramic
      filter element to adjust the linearity of the phase characteristic
      thereof, thereby reducing distortion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a ceramic filter circuit for a band pass filter
      in an IF circuit of a radio receiver.
PAR  2. Description of the Prior Art
PAR  In most case, a ceramic filter circuit comprises a symmetrical T-shape
      connection of three ceramic vibrator elements, a symmetrical .pi.-shape
      connection of three ceramic vibrators, or a cascade connection thereof, or
      a single ceramic vibrator having asymmetrically divided electrodes. There
      are some references, as shown in FIG. 1a, wherein a relatively high
      resistance resistor R1 is provided in series at the input side of the
      ceramic vibrator CF and a resistor R2 is in shunt at the output side,
      thereby forming a low-pass filter together with an input stray capacitor
      C1 and an output stray capacitor C2, or as shown in FIG. 1b wherein a
      tuning coil T (which serves also as an impedance converter) is provided
      between a series resistor R1 and the ceramic filter element CF.
PAR  However in the circuit as shown in FIG. 1(a), a distortion occurring upon
      passing of the frequency modulated waves through the ceramic filter
      becomes larger towards the higher frequency range as shown by the curve a
      in FIG. 2, and differs considerably from one circuit to another due to
      non-uniformity of characteristics of ceramic filter elements.
PAR  With the circuit shown in FIG. 1(b), it is possible to provide a good
      linearity in phase characteristic of the driving impedance of the ceramic
      filter by a slight adjustment of the tuning coil T, but the Q factor of
      the tuning coil T must be set at a relatively high value to provide a
      compensation amount covering a characteristic fluctuation from one ceramic
      filter element to another, which as a result brings poor linearity in the
      phase characteristic of the tuning coil itself at both ends of the pass
      band thereby providing such a characteristic as shown by the curve b in
      FIG. 2. Furthermore, it is hard to secure a good safety stability against
      temperature since the coil is used under a condition of Q being high.
PAR  FIG. 3 shows a diagram wherein variable resistors VR1 and VR2 are connected
      in series at the input and output ends of the ceramic filter CF. After
      adjusting the variable resistors so as to provide a minimum distortion at
      the modulation frequency of 1kHz, the modulation frequency is sequentially
      varied from 40Hz to 50kHz to measure the distortion factor exhibiting a
      result as shown in FIG. 4. From this figure, it is observed that the
      distortion factor is almost flat within the range of the modulation
      frequency from 100Hz to 700Hz and its value is below 0.1%, but the
      distortion factor gradually increases as the modulation frequency goes
      above 1kHz, representing a value of 0.25-0.42% at 10kHz of the modulation
      frequency. Curves A, and B in FIG. 4 show respectively the distortions
      when the ceramic filters are changed, from which it is understood that
      there are considerable fluctuations in characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a ceramic filter circuit used for a band pass
      filter in a tuner IF circuit, more particulary relates to a ceramic filter
      circuit wherein reactance networks are provided at input and output sides
      of the ceramic vibrator element, thereby permiting a linear zone of a
      phase characteristic thereof to be widened and also permiting to decrease
      its distortion of the frequency modulation wave caused by its passing
      through the ceramic filter element. The inventor found that the defects of
      the conventional ceramic filter circuit were caused by the value changes
      of the impedance observed at the input terminal, and herein resolve that
      problem.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANIED DRAWING
PAR  FIGS. 1-4 are constitutional diagrams of the conventional ceramic filter
      circuits and operational characteristics of the conventional circuits;
PAR  FIGS. 5(a), 5(b) and 7 are constitutional diagrams showing preferred
      embodiments of this invention; and
PAR  FIGS. 6 and 8 are charts showing operational characteristics.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A constitutional diagram of a ceramic filter circuit according to this
      invention is shown in FIG. 5(a) wherein a parallel connection of a
      resistor R1 and a capacitor C are connected in series to the input side of
      the ceramic filter CF in trapped energy mode, and inductor L1 is connected
      in shunt thereto, an inductor L2 and a resistor R2 are connected in shunt
      at the output side. FIG. 5(b) is an equivalent circuit of the circuit of
      FIG. 5 (a), r1 representing internal resistance of the coil L1 and r2 of
      the coil L2. The network consisting of the resistor R1, the capacitor C
      and the inductor L1 is observed as a parallel resonance circuit when
      viewed back from the input side of the ceramic filter element CF. The
      resonance frequency is set as slightly deviated from the center frequency
      of the ceramic vibrator element CF (10.7 MHz), whereby the network
      exhibits a reactance (either capacitive or inductive) against the ceramic
      element CF.
PAR  After the experiments by the inventor, in the above circuit, the inductors
      L1 and L2 are acceptable of a fixed value type. Adjustment of only the
      capacitor C and the resistor R1 brings a distortion factor below 0.1% at
      30Hz - 10 kHz as shown in FIG. 6, the distortion factor curve being almost
      flat within the modulation frequency range of 40Hz - 7kHz. The curves A
      and B show the characteristics with the different ceramic filters showing
      only little difference only in high frequency region. The carrier
      frequency in IF stages is usually 10.7 MHz.
PAR  FIG. 7 shows another emebodiment of this invention wherein a resistor R1 in
      series and an inductor in parallel L1 are connected at an input side of
      the ceramic filter CF, a resistor R2 in series and an inductor L2 in
      parallel are connected at an output side of the filter element CF thereby
      permitting both resistors R1 and R2 to be adjusted. The ceramic filter CF
      is the same one as used in FIG. 5.
PAR  Thus, a ceramic filter circuit is obtained wherein its distortion factor is
      below 0.1% at 40Hz - 4kHz of the modulation frequency. This circuit
      provides a slightly inferior characteristic to the one shown in the
      circuit of FIG. 5 but provide still superior characteristic to the
      conventional filters.
PAR  As was abovedescribed, this invention is utilized to decrease the
      distortion factor of the frequency modulation wave caused by its passing
      through the ceramic filter and to adjust the ceramic filters having
      different distortion factors to approximately the same characteristics.
PAR  The foregoing description has included specific examples of this invention,
      but it will be apparent that various modifications can be made without
      departing from the scope of the invention as set forth in the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A filter circuit for a wide band system comprising in combination a
      ceramic filter element having a wide pass band, said filter element having
      an input and an output, first circuit means connected to said input of
      said ceramic filter element for decreasing the distortion factor of a wide
      band signal passing through said ceramic filter, said first circuit means
      including a resistor connected in series with said ceramic filter element
      and connected to the input thereof, an inductor connected to the input of
      said ceramic filter element and in shunt with said ceramic filter element,
      and second circuit means connected to said output of said ceramic filter
      element for decreasing the distortion factor of a signal passing through
      said ceramic filter element, said second circuit means including a
      resistor connected in series with the output of said ceramic filter
      element and an inductor connected to the output of said ceramic filter
      element and in shunt therewith.
NUM  2.
PAR  2. A filter circuit according to claim 1 wherein both resistors are of an
      adjustable type.
NUM  3.
PAR  3. A filter circuit for a wide band system comprising
PA1  a ceramic vibrational filter element having an input and an output, said
      ceramic filter element having a relatively wide bandwidth and relatively
      large phase distortion,
PA1  a first resonant circuit means connected to the input of said ceramic
      filter element for decreasing the phase distortion of a wide band signal
      passing through said filter element, and
PA1  a second resonant circuit means connected to the output of said filter
      element for decreasing the phase distortion of a wide band signal passing
      through said filter element.
NUM  4.
PAR  4. A filter circuit for a wide band system comprising in combination a
      ceramic filter element having a wide pass band, said filter element having
      an input and an output, first circuit means connected to said input of
      said ceramic filter element for decreasing the distortion factor of a wide
      band signal passing through said ceramic filter, said first circuit means
      including a parallel connection of a first resistor and a capacitor
      connected in series to said input of said ceramic filter element, and a
      first inductor connected to said input of said ceramic filter element in
      shunt therewith, and second circuit means connected to said output of said
      ceramic filter element for decreasing the distortion factor of a signal
      passing through said ceramic filter element, said second circuit means
      including an inductor and a resistor both connected in shunt to said
      output of said ceramic filter element.
NUM  5.
PAR  5. A filter circuit according to claim 1 wherein said capacitor is of an
      adjustable type.
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ABST
PAL  Two microwave circuits are interconnected through a plurality of juxtaposed
      but physically separated modular units each consisting of a substantially
      cylindrical grounded conductive shell and a central conductor extending
      axially within that shell, the latter being open at one or both ends. The
      central conductor, which may be straight or helically coiled, has a length
      equal to one or more quarter wavelengths, with points separated by odd
      numbers of quarter wavelengths alternately grounded to the shell and
      ungrounded. The central conductors of adjoining modular units confront
      each other through the open shell ends, the confronting extremities of
      each juxtaposed pair being either both grounded or both ungrounded for
      inductive or capacitive coupling. To tune the resulting microwave filter,
      the juxtaposed units can be relatively shifted or rotated.
PARN
PAC  CROSS-REFERENCE TO THE RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 317,259 filed Dec. 21, 1972  and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a frequency-selective coupling for
      high-frequency electromagnetic waves, designed to serve as a microwave
      filter inserted between an input and an output circuit.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to construct band-pass filters for high-frequency waves, in the
      UHF and VHF ranges (e.g. in the band of 50 to 1000 MHz), as cavity
      resonators with distributed reactances representing an antiresonant
      network at a predetermined operating frequency. Such a resonator generally
      consists of a grounded metallic shell, usually cylindrical, and a central
      conductor coaxial therewith. The central conductor, which may be linear or
      helically coiled, has an effective length of .lambda./4 where .lambda. is
      the wavelength at the predetermined operating frequency. One end of this
      conductor is grounded to the shell whereas the other, a quarter wavelength
      away, is ungrounded. The conductor thus constitutes an inductance
      terminating at a capacitance at its ungrounded end. It has also been
      proposed (see U.S. Pat. No. 3,538,463) to dispose two such conductors in a
      common shell, with their ungrounded ends confronting each other to form a
      capacitance flanked by two inductances.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of our present invention is to provide a high-frequency
      coupling of this type which, when inserted between an input and an output
      circuit, can be conveniently tuned for selective filtering of the
      transmitted microwaves.
PAR  Another object is to provide a filter structure of this nature which can be
      built up from a plurality of basic modular units and can therefore be
      easily extended to permit selection of various response characteristics
      with flat or undulating (Tchebyscheff-type) attenuation peaks.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are realized, in accordance with our present
      invention, by the provision of a plurality of juxtaposed but physically
      separated antiresonant units of the general character described above,
      i.e. with a substantially cylindrical grounded conductive shell and a
      generally axial conductor, the latter having at least one point grounded
      to the shell and at least one ungrounded point spaced therefrom by a
      quarter wavelength or, more generally, an odd number of quarter
      wavelengths. Corresponding points, either grounded or ungrounded, at
      confronting extremities of a pair of such central conductors approach
      close to each other through open ends of their respective shells whereby
      these conductors are reactively coupled with each other, either
      capacitively (if the extremities are ungrounded) or inductively (if they
      are grounded). Two or more such units may thus be cascaded in a group
      provided with input means coupled to the central conductor of one terminal
      unit and output means coupled to the central conductor of another terminal
      unit. The physical separation of the juxtaposed units enables variation of
      the reactive coupling between their confronting conductor extremities for
      tuning purposes.
PAR  Preferably, pursuant to a further feature of our invention, the tuning is
      accomplished by mounting the shells of juxtaposed units with freedom of
      relative displacement, either linear or angular. In a particular
      advantageous embodiment, the juxtaposed units are relatively rotatable
      about a common axis and their conductors are designed as coaxial helices,
      the ends of the helices being subject to a greater or lesser degree of
      disalignment upon such relative rotation. In principle, however the
      coupling could also be modified by the selective interposition of
      electrically conductive or magnetically permeable inserts between the
      confronting extremities to alter their capacitance or mutual inductance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1a is an axial sectional view of a conventional cavity resonator;
PAR  FIG. 1b is an equivalent circuit diagram for the resonator of FIG. 1a;
PAR  FIG. 2a shows a similar cavity resonator of known construction;
PAR  FIGS. 2b and 2c are voltage and current diagrams relating to the resonator
      of FIG. 2a;
PAR  FIG. 3a shows a prior-art coupling between a pair of resonators of the type
      illustrated in FIG. 1a;
PAR  FIG. 3b shows the equivalent circuit for the system of FIG. 3a;
PAR  FIG. 4a is an axial sectional view of a two-unit microwave filter embodying
      our invention;
PAR  FIG. 4b shows the equivalent circuit for the filter of FIG. 4a;
PAR  FIG. 5a is a view similar to FIG. 4a, illustrating a modification;
PAR  FIG. 5b is the equivalent circuit diagram for the structure of FIG. 5a;
PAR  FIG. 6 is an axial sectional view of another modular unit adapted to be
      used in a system according to our invention;
PAR  FIG. 7a shows a microwave filter composed of four units of the general type
      shown in FIG. 6;
PAR  FIG. 7b is the equivalent circuit diagram for the filter of FIG. 7a;
PAR  FIG. 8 is an axial sectional view of a unit divided into two generally
      mirror-symmetrical halves each similar to that of FIG. 6;
PAR  FIG. 9 is a similar view showing an assembly of a pair of units of the type
      illustrated in FIG. 6;
PAR  FIG. 10 is an axial sectional view of a three-unit filter according to our
      invention; and
PAR  FIG. 11 is a similar view of another three-unit filter according to the
      invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1a we have shown a conventional cavity resonator comprising a
      cylindrical shell 1, a coupling loop 2 and a helical central conductor 3,
      the latter having a free extremity 3x and a grounded extremity 3y
      connected to the shell 1. As indicated in the equivalent circuit diagram
      of FIG. 1b, loop 2 forms an inductance L.sub.2 electromagnetically coupled
      with an inductance L.sub.3 constituted by the helix 3. A capacitance
      C.sub.1,3 is defined by the conductor 3 and the grounded shell 1.
      Inductance L.sub.3 and capacitance C.sub.1,3 constitute an antiresonant
      circuit tuned to a frequency of wavelength .lambda., the physical length
      of conductor 3 between extremities 3x and 3y being substantially equal to
      .lambda./4.
PAR  In FIG. 2a we have shown a generally similar resonator whose shell 1' has a
      substantially closed end on the side of input or output coupling 2'; the
      conductor 3' is here shown as an elbow-shaped wire whose axially extending
      main portion is straight rather than coiled. FIG. 2b graphically indicates
      the distribution of voltage V, at resonance, over the length l of
      conductor 3'; FIG. 2c indicates the corresponding distribution of current
      I and of the accompanying magnetic field H. In both graphs the origin (l =
      0) is located to the left of the grounded end of conductor 3' in FIG. 2a,
      in order to take into account the additional length of the radial
      conductor portion.
PAR  The voltage V, FIG. 2b, rises substantially along a sine curve from zero at
      the origin to its peak at .lambda./4. The current I, FIG. 2c, drops
      substantially along a cosine curve from a peak at the origin to zero at
      .lambda./4. A generally similar law of distribution applies to helical
      conductors of the type shown in FIG. 1a.
PAR  In FIG. 3a we have illustrated a conventional coupling between two
      helicoidal conductors 3a and 3b forming part of two resonators of the type
      shown in FIG. 1a, these resonators having a common shell 1" divided into
      two compartments by a central partition 5. A gap 4 in that partition, near
      the free ends of the two coils 3a and 3b, reactively couples these coils
      to each other, thereby enabling the transmission of wave energy from an
      input loop 2a to an output loop 2b via a filter network whose equivalent
      circuit is shown in FIG. 3b. This network has four inductances L.sub.2a,
      L.sub.3a and L.sub.2b, L.sub.3b, input and output capacitances C.sub.a and
      C.sub.b defined by the shell 1" with conductors 3a and 3b, and a coupling
      capacitor C.sub.ab formed by these conductors across the gap 4; the
      reactive coupling between the conductors also has an inductive component
      M.sub.ab which increases, at the expense of the capacitive component
      C.sub.ab, with progressive shifting of the gap 4 toward the grounded ends
      of the coils. Such a system, therefore, provides a mixed capacitive and
      inductive coupling which, moreover, cannot be readily adjusted to provide
      a desired attenuation characteristic.
PAR  In FIG. 4a we have shown a coupling according to our invention, effective
      as a band-pass filter, which comprises a pair of coaxially juxtaposed
      shells 101a, 101b with open ends facing each other, each of these shells
      containing a helical conductor 103a, 103b and an associated input or
      output loop 102a, 102b inductively coupled therewith. The free ends of the
      two helices 103a, 103b, separated by a quarter wavelength (or possibly by
      an odd multiple thereof) from the grounded opposite ends anchored to the
      shell structure, are capacitively coupled to each other. This has been
      symbolized in FIG. 4b by a capacitance C.sub.ab interlinking the two
      parallel-resonant networks defined by inductances L.sub.3a, C.sub.a and
      L.sub.3b, C.sub.b which are electromagnetically coupled to the respective
      input and output inductances L.sub.2a, L.sub.2b. The shells are
      mechanically interconnected by a sleeve mounting enabling their relative
      displacement, either axial or rotary, to vary the spacing of their free
      extremities and thereby to change the magnitude of the coupling
      capacitance C.sub. ab. The selected coupling capacitance may be maintained
      by suitable fastening means, not shown, such as one or more setscrews on
      sleeve 6 engaging the movable shell or shells.
PAR  In an analogous manner, FIGS. 5a and 5b show the physical structure and the
      equivalent circuit of a coupling comprising shells 201a, 201b with input
      and output loops 202a, 202b and central conductors 203a, 203b which differ
      from coils 103a and 103b of FIG. 4a by the fact that both extremities of
      each coil are grounded to the shell structure, the effective length of
      each coil being .lambda./2 (or possibly a multiple thereof) so that the
      ungrounded midpoint of the coil is spaced from each of its grounded
      extremities by .lambda./4 (or, possibly, n.lambda./4 where n is an odd
      integer greater than 1). In this instance the reactive coupling between
      the confronting extremities of the coils is inductive, as indicated at
      M.sub.ab in FIG. 5b. Again, the magnitude of the coupling and therefore
      the tuning of the filter can be varied by sliding or rotating one of the
      shells relatively to the other within sleeve mounting 6. Naturally, the
      selected adjustment can again be maintained with the aid of fastening
      means as mentioned above.
PAR  In FIG. 6 we have shown a modified coil 303 coaxially disposed in an
      open-ended shell 301, the coil being secured at one extremity 303y to the
      shell which is assumed to be grounded. In contradistinction to the coils
      shown in FIGS. 1a, 3a and 4a, this coil 303 has its free extremity 303x
      bent back into a radial plane of the shell so that the pitch angle of this
      extremity is practically zero. As will be apparent from FIG. 7a, in which
      several such coils 303a - 303d have been shown juxtaposed, the confronting
      extremities 303x of capacitively coupled coil pairs lie parallel to each
      other for more effective coupling in a position in which these extremities
      are aligned as shown. Upon a relative rotation of two units so coupled,
      the capacitance and therefore the resonance frequency of the filter
      changes more gradually than in the system of FIG. 4a, thus enabling a
      finer tuning.
PAR  The modular group shown in FIG. 7a comprises a terminal unit with a shell
      301a, an input loop 302a and a coil 303a, another terminal unit with a
      shell 301b, an output loop 302b and a coil 303b, and two intermediate
      units with shells 301c, 301d and coils 303c, 303d. The shells are
      coaxially mounted, with freedom of relative rotary and possibly axial
      adjustment, in a set of sleeves 6ac, 6cd and 6db which again may be
      provided with fastening means for immobilizing same in their selected
      relative positions. The adjustable coupling capacitances have been shown
      in FIG. 7b at C.sub.ac and C.sub.db ; this Figure also depicts the input
      and output inductances L.sub.2a, L.sub.2b, the coil inductances L.sub.3a -
      L.sub.3d and the fixed internal capacitances C.sub.a - C.sub.d.
PAR  In FIG. 8 we have shown a coil 403 which is centrally grounded by a stem
      403y supporting it on a shell 401 with two open ends, a free extremity
      403x', 403x" being located close to each of these ends and having the
      shape of extremity 303x in FIG. 6. Each half of coil 403 is thus a
      substantial duplicate of coil 303 of FIG. 6, the two halves being
      generally mirror-symmetrical except that the pitch angle of the helix is
      the same on both sides of the stem 403y. A unit such as that shown in FIG.
      8 may thus be used in the system of FIG. 7a, being interposed between the
      two terminal units thereof in lieu of intermediate units 301c, 303c and
      301d, 303d.
PAR  In FIG. 9 we have illustrated a pair of coaxial units 301a - 303a and 301b
      - 303b, substantially identical with the similarly designated terminal
      units of FIG. 7a, whose mounting comprises a pair of rings 7a, 7b forming
      races for a ball of a 7 so as to facilitate relative rotation of the two
      units. Such a bearing enables not only the selection of desired resonance
      frequency but also a continuous tuning of the filter between selected
      frequency limits, e.g. for a periodic shifting or "wobbling" of a test
      frequency passed by the filter. The parallel extremities 303x (FIG. 6) of
      the coils 303a, 303b, which may have arc lengths up to about 180.degree.,
      allow for a substantially linear capacitance change in the course of a
      half-revolution.
PAR  FIG. 10 shows an assembly of three units, i.e. two terminal units with
      shells 501a, 501b and an intermediate unit with a shell 501c, in which the
      helical conductors of the preceding embodiments have been replaced by
      linear conductors 503a, 503b, 503c generally similar to conductor 3' of
      FIG. 2a. The conductor 503 c of the middle unit is T-shaped, with a
      central stem 503y, in a manner analogous to that of conductor 403 in FIG.
      8; its length, accordingly, equals .lambda./2 or possibly a multiple
      thereof. The elbow-shaped terminal conductors 503a, 503b have input and
      output connections in the form of leads 502a, 502b galvanically connected
      thereto at locations spaced from their grounded extremities. Sleeves 6ac
      and 6cb again permit a relative displacement of the units for tuning
      purposes, such displacement being here an axial shift since relative
      rotation would not alter the capacitance between the central conductors.
PAR  In FIG. 11 we have shown an assembly of two laterally juxtaposed units,
      with shells 601a, 601b and linear conductors 603a, 603b, and an opposite
      unit with a shell 601c and a linear conductor 603c, the diameter of shell
      601c being substantially larger than that of each shell 601a, 601b and
      almost as large as the combined diameter of these latter shells. The free
      end of conductor 603c, which also is substantially heavier than each
      conductor 603a, 603b confronting it, is capacitively coupled to the free
      ends of these confronting conductors so as to form a bridge between an
      input lead 602a engaging the conductor 603a and an output lead 602b
      engaging the conductor 603b. The axis of shell 601c is seen to be parallel
      to and midway between the axes of shells 601a and 601b. Upon a relative
      shifting of the two components of this system within a mounting 606, as
      indicated by an arrow 8, the effective coupling capacitance between the
      three central conductors can be varied.
CLMS
STM  We claim:
NUM  1.
PAR  1. A frequency-selective coupling for high-frequency electromagnetic waves,
      comprising a cascaded group of juxtaposed but physically separated units
      antiresonant at a predetermined operating frequency, each unit including a
      substantially cylindrical grounded conductive shell with at least one open
      end and a central conductor extending generally axially within said shell,
      said central conductor having at least one point grounded to said shell
      and at least one ungrounded point spaced from said grounded point by an
      odd number of quarter wavlengths at said operating frequency, one of said
      points being an extremity of said central conductor terminating close to
      said open end within said shell, the shells of said units confronting one
      another by their open ends with the corresponding extremities of their
      central conductors closely spaced from one another in reactively coupled
      relationship, said shells being provided with tuning means for varying the
      reactive coupling between said corresponding extremities; input means
      coupled to the central conductor of one terminal unit; and output means
      coupled to the central conductor of another terminal unit, said units
      including a pair of laterally adjoining units of relatively small shell
      diameter and an opposite unit of relatively large shell diameter, the
      central conductor of said opposite unit confronting the central conductors
      of said laterally adjoining units, the axis of said opposite unit being
      parallel to the axes of said laterally adjoining units and lying
      substantially midway between the latter.
NUM  2.
PAR  2. A frequency-selective coupling for high-frequency electromagnetic waves,
      comprising a cascaded group of coaxially juxtaposed but physically
      separated units including two terminal units and at least one intermediate
      unit antiresonant at a predetermined operating frequency, each unit
      including a substantially cylindrical grounded conductive shell with at
      least one open end in the case of each terminal unit and two open ends in
      the case of each intermediate unit and a central conductor extending
      generally axially within said shell, said central conductor having at
      least one point grounded to said shell and at least one ungrounded point
      spaced from said grounded point by an odd number of quarter wavelengths at
      said operating frequency, one of said points of each terminal unit and two
      of said points of each intermediate unit being extremities of the central
      conductors thereof terminating within their shells close to their open
      ends, the shells of said units confronting one another by their open ends
      with the corresponding extremities of their central conductors closely
      spaced from one another in reactively coupled relationship, said shells
      being provided with tuning means for varying the reactive coupling between
      said corresponding extremities; input means coupled to the central
      conductor of one terminal unit; and output means coupled to the central
      conductor of the other terminal unit.
NUM  3.
PAR  3. A coupling as defined in claim 2 wherein said tuning means comprises a
      mounting for holding said shells with freedom of relative movement.
NUM  4.
PAR  4. A coupling as defined in claim 2 wherein said intermediate unit has a
      central conductor divided into a pair of generally mirror-symmetrical
      sections each an odd number of quarter wavelengths long.
NUM  5.
PAR  5. A frequency-selective coupling for high-frequency electromagnetic waves,
      comprising a pair of juxtaposed units antiresonant at a predetermined
      operating frequency and provided with mounting means enabling their
      relative rotation about a common axis, each unit including a substantially
      cylindrical grounded conductive shell centered on said axis with at least
      one open end and a central helical conductor extending generally axially
      within said shell, said central conductor having at least one point
      grounded to said shell and an ungrounded extremity spaced from said
      grounded point by a quarter wavelength at said operating frequency, said
      extremity terminating close to said open end within said shell, the shells
      of said units being of like diameters and confronting one another by their
      open ends with the corresponding extremities of their central conductors
      closely spaced from one another, said extremities lying in parallel planes
      transverse to said axes and forming a capacitive coupling variable upon
      relative rotation of said units.
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ABST
PAL  The disclosure relates to a filter module which is self groundable when
      mounted on a printed circuit board. The filter modules include a pair of
      ground planes mounted normal to each other and each secured to the ground
      sleeves of the filters and also to a ground plane on the printed circuit
      board.
BSUM
PAR  This invention relates to a filter module and, more specifically, to a
      filter module having ground planes connected thereto which will improve
      filter performance when connected on a printed circuit board to better
      approximate ideal operation thereof, as if connected in a coaxial
      environment.
PAR  Standard subminiature lossy ceramic filters have found great utility in the
      art. Normally, filters of this type have been connected in a substantially
      infinite ground plane environment so that leakage from input to output
      terminals was minimal. However, when it is necessary to mount such filters
      on printed circuit boards, there is no available infinite ground plane as
      found when used with coaxial cables annd typically bulkhead mounted
      techniques or the like. For this reason, such filters, when mounted on
      printed circuit boards, have been subject to high leakage and often
      rendered substantially useless filtering characteristics. It has also been
      difficult, if at all possible, to readily provide an infinite ground plane
      on a printed circuit board.
PAR  In accordance with the present invention, there is provided a ceramic
      filter assembly which is mountable on a printed circuit board and also
      closely approximates the filtering performance of such filters having a
      substantially infinite ground plane, this being provided as an integral
      part of the filter assembly in a relatively inexpensive and simple manner.
PAR  Briefly, the above is accomplished by mounting the filters on a header and
      mounting a ground plane on a surface of the header in contact with the
      filter sleeves. A second ground plane normal to the first ground plane is
      connected to the first ground plane and/or the filter sleeves, both ground
      planes being connected to a third ground plane on the surface of a printed
      circuit board via pins or the like when the filter assembly is mounted in
      the printed circuit board. One or more adjacent filters can be mounted in
      a package. Each of the ground planes extends beyond all of the filters of
      the assembly at both ends. The entire assembly can be encapsulated and, if
      desired, one of the ground planes can extend to the surface of the
      encapsulating material for connection to a further ground plane.
PAR  It is therefore an object of this invention to provide a printed circuit
      mountable ceramic filter module having minimized leakage across its
      terminals.
PAR  It is a further object of this invention to provide a printed circuit
      mountable ceramic filter having a substantially infinite ground plane
      equivalent between its terminals.
PAR  It is a further object of this invention to provide a printed circuit
      mountable ceramic filter module which closely approximates the insertion
      loss characteristics of the filter module when mounted in a coaxial
      environment.
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiment thereof, which is
      provided by way of example and not by way of limitation, wherein:
PAR  FIG. 1 is a three dimensional view of a filter assembly in accordance with
      the present invention;
PAR  FIG. 2 is a view of the assembly of FIG. 1 prior to encapsulation;
PAR  FIG. 3 is a view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a graph showing insertion loss as a function of frequency for a
      filter in three different environments.
DETD
PAR  Referring now to FIG. 1, there is shown a filter assembly in accordance
      with the present invention. The assembly includes a housing 12 preferably
      of rigid plastic, within which the filters are mounted. An epoxy or other
      appropriate potting material 14 is placed in the housing 12 and
      encapsulates the filters and other components as will be described
      hereinbelow. Filter pins 2 and grounding pins 4 extend from the housing
      12.
PAR  The filters 10 are mounted on a header 16 which, if desired, can be
      integral with housing 12 as shown in FIGS. 2 and 3. The header includes
      apertures which accept the leads 2 and 4. A ground plane 18 is formed on
      the upper surface of a printed circuit board 22 and a second ground plane
      20 is formed on the lower surface of board 22. Either of the ground planes
      18 and 20 could be eliminated. A ground plane 6 is secured to the
      grounding area of the filter sleeves of the filters 10 as by solder 11 and
      a ground plane 8 is secured to said sleeves as by solder and/or said
      ground plane 6 and positioned normal to the plane 6. As stated above,
      plane 8 can extend to the upper surface of the material 14 as shown in
      FIG. 1. The ground leads 4, which are connected to the ground planes 6 and
      8, are also connected to the ground planes 18 and/or 20 when the assembly
      of FIG. 1 is mounted on the printed circuit board.
PAR  Referring now to FIG. 4, there is shown curves of insertion loss in db as a
      function of frequency in various filter assemblies. The curve A shows the
      characteristics of a ceramic filter, such as shown in U.S. Pat. No.
      3,743,978 to William Baird Fritz, when mounted in ideal fashion for
      maximum performance, this being a substantially coaxial environment. The
      curve B shows the same filter as curve A when mounted on a printed circuit
      board and having a ground plane 8 but no ground plane 6 as shown in FIG.
      2. The curve C shows the same filter as in curve B but with ground plane 6
      included. It can be seen that the insertion loss in curve C shows about a
      10 db improvement over curve B and is also relatively flat across the
      entire measured range.
PAR  Though the invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filter assembly, comprising:
PA1  a header having a first ground plane thereon,
PA1  a plurality of ceramic filter elements positioned in side-by-side relation
      overlying said first ground plane,
PA1  electrical leads on said filters projecting outwardly through said header,
PA1  a second ground plane normal to said first ground plane and electrically
      engaged upon and overlying said filters,
PA1  a printed circuit board having a ground plane thereon, and
PA1  electrically conducting pins connected to said frist and said second ground
      planes and projecting through said header for pluggable connection to the
      ground plane of said printed circuit board.
NUM  2.
PAR  2. A filter assembly, comprising:
PA1  a header,
PA1  a first ground plane on said header,
PA1  a plurality of ceramic filters positioned on said header and having
      grounding sleeves overlying said first ground plane,
PA1  a second ground plane normal to said first ground plane and overlying said
      grounding sleeves,
PA1  said first and said second ground planes being electrically connected to
      opposed sides of said grounding sleeves,
PA1  a housing containing said first and said second ground planes and said
      filters,
PA1  potting material filling said housing,
PA1  said potting material extending to but not covering the upper edge portion
      of said second ground plane,
PA1  a printed circuit board having a ground plane thereon,
PA1  said filters having electrical leads projecting outwardly through said
      header and said housing for electrical connection to said printed circuit
      board, and
PA1  electrical connector means within said housing connecting said first and
      said second ground planes and projecting outwardly through said header and
      said housing for electrical connection to said ground plane of said
      printed circuit board.
NUM  3.
PAR  3. A filter assembly, comprising:
PA1  a header,
PA1  a first ground plane member mounted on said header,
PA1  a plurality of ceramic filters overlying said first ground plane member and
      being electrically connected thereto,
PA1  a second ground plane member projecting normal to said first ground plane
      member and electrically engaging and overlying said ceramic filters,
PA1  a printed circuit board having a ground plane means thereon,
PA1  a plurality of pins connecting said first and said second ground plane
      members and said ground plane means and mounting said ground plane members
      to said printed circuit board,
PA1  said pins being adapted for pluggable connection to said printed circuit
      board, and said second ground plane member encircling said pins which
      project normally through said frist ground plane member.
NUM  4.
PAR  4. A filter assembly, comprising:
PA1  a header,
PA1  a first ground plane member mounted on said header,
PA1  a second ground plane member,
PA1  a plurality of ceramic filters disposed between said first and said second
      ground plane members and being electrically grounded to said first and
      said second ground plane members,
PA1  a printed circuit board having a ground plane means thereon,
PA1  a plurality of pins connecting said first and said second ground plane
      members and said ground plane means and mounting said ground plane members
      to said printed circuit board,
PA1  said pins being adapted for pluggable connection to said printed circuit
      board,
PA1  a housing,
PA1  said header being at one end of said housing,
PA1  said filters being within said housing and having electrical leads
      protruding through said header,
PA1  said mounting means being within said housing and protruding through said
      header, and
PA1  potting material filling said housing, said leads and said mounting means
      protruding from said housing and being pluggably connected to said printed
      circuit board.
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ABST
PAL  A ball universal joint for wave guides comprising a package of plates, each
      of which having therein a rectangular cross-section hole a quarter-wave
      length, the plates being compressed on one another by interposing balls
      separating and restraining the plates and being rotably carried in a rigid
      framework. Intermediate these plates, a rigid body is positioned and is
      fast with the framework and provides a curved intermediate step, in which
      a curved rectangular cross-section hole of average half-wave length is
      formed. The two end faces of the rigid body lie on planes forming a
      90.degree. angle therebetween, so that the axes of the end plates in the
      plate package form a 90.degree. angle therebetween.
BSUM
PAR  This invention relates to a ball univeral joint for wave guides.
PAR  It is known that aircraft radar antennas are supported by universal joints
      provided with ball bearings, the shafts of which having coaxial cables
      therein coupled by transitions to the wave guides, and it is also known
      that both coaxial cables and transitions are very bad passages for radar
      microwaves.
PAR  U.S. Pat. No. 3,786,378, assigned to the same assignee of this invention,
      discloses a rotary stepped joint for wave guides without both coaxial
      cables and transitions and which for its own nature forms also an actual
      dual thrust and journal ball bearing.
PAR  However, in order to best perform in aircraft radar antennas the functions
      of both ball bearing and wave guide, such a joint would require
      substantial improvements.
PAR  In an aircraft universal joint wave guide, wherein the reduction in overall
      size and weight should be maximized, it is very important that the
      universal joint spider be small and rugged.
PAR  In the rotary joint of the above mentioned U.S. patent, each plate
      comprising each of the joint steps is passed through by a number of
      cylindrical holes, generally three holes, each of such holes accomodating
      a ball of a diameter slightly larger than the thickness of said plates,
      such balls separating and restraining the adjacent plates to one another.
      This involves that the diameter of each plate should be comparatively
      large, having to be equal to the diagonal of the cross-section for the
      rectangular hole comprising the wave guide, plus twice the diameter of the
      balls, plus the size of the material required for holding the whole
      together, that is for providing the plate with the wave guide hole and the
      cylindrical holes for accomodating the balls. In addition, should the
      above mentioned joint be remarkably thrust loaded, each of the plates, as
      urged by the adjacent plate only at a few (generally three) bearing
      locations for the balls, could become undulated and however carry only a
      light weight.
PAR  It is the main object of the present invention to provide a ball universal
      joint for wave guides, which is of minimized size and very rugged.
PAR  It is another object of the invention to provide a wave guide of the above
      design, which exhibits very good electrical and mechanical performances
      and can be coupled as a unit with further wave guides of the same design.
PAR  These and still other objects are accomplished by a ball universal joint
      for wave guides, comprising a stack or pack of plates overlapping one
      another, each plate provided with a hole of rectangular cross-section
      forming the wave guide length for a single step, an end plate at each end
      of said plate stack or pack, a rigid framework retaining said plates
      compressed on one another by rings of balls arranged between said
      framework and end plates, a plurality of rings of balls located between
      said framework and the outer peripheral edge of circular cross-section for
      said plates, and cylindrical holes of a circular cross-section formed in
      the plates between said end plates, balls being accomodated in such
      cylindrical holes and having substantially the same diameter as that of
      the holes, but a diameter slightly larger than the thickness of the plates
      at the zones where said holes are provided, the wave guide being
      characterized in that a rigid body intermediate the plates of said plate
      stack or pack is fast with said framework, that the end surfaces of the
      rigid body facing the plates adjacent thereto lie on planes forming a
      90.degree. angle therebetween, that in said rigid body a hole of
      rectangular cross-section is provided having 90.degree. bent axis, said
      rigid body forming a curved step with curved wave guide length, that each
      plate intermediate said end plates has an edge of less thickness than that
      of the plate and that in this edge said cylindrical holes are provided, in
      which said balls are accomodated, that said cylindrical holes are arranged
      according to a circular ring, the circular rings along which said
      cylindrical holes and balls are distributed having a different diameter in
      one plate relative to the plate adjacent thereto, between each plate and
      the plate adjacent thereto at least one rigid ring being positioned and
      abutting on one of the two plates and on the balls accomodated in the
      holes of the other plate, respectively.
DRWD
PAR  For a better understanding of the structure and features of a ball
      universal joint for wave guides according to the present invention, an
      embodiment thereof will now be described by mere way of not limiting
      example, reference being had to the accompanying drawings, in which:
PAR  FIG. 1 is an axial sectional and partially exploded view showing a unit
      comprising two separate ball universal joint wave guides;
PAR  FIG. 2 is a side elevational view for the joint, seen from the right in
      FIG. 1, wherein the plates of a guide are rotated relative one another;
PAR  FIG. 3 is a plan view of the joint, and more particularly a view from top
      to bottom for the joint of FIG. 1, also in this case the joint plates
      being rotated to one another; and
PAR  FIGS. 4 through 7 are plan views showing four of the plates forming part of
      the wave guides for the unit of FIG. 1.
DETD
PAR  In order to understand the operation and structure of the ball univeral
      joint for wave guides according to the present invention, particular
      reference will not be had to FIG. 1, showing an axial sectional and
      partially exploded view of a unit comprising two separate wave guides.
PAR  The unit of FIG. 1 comprises a rigid framework 11 defining four cylindrical
      seats, therein accomodating plates making up four distinct plate stacks or
      packs. Each of the two wave guides forming part of the unit comprise a
      stack or pack of plates formed of plates 12 and 13 and a stack or pack of
      plates formed of plates 14, 15, 16 and 17, respectively. The plates in
      each assembly of plates of the involved joint are held compressed on one
      another through ball rings 18 by means of conical forcing ring nuts 19 and
      washers 20; the washers 20 directly act (through the ball rings 18) on the
      end plates 12 and 17, respectively, and identical to each other. The
      plates in said two plate assemblies are freely rotable relative to the
      rigid structure owing to a plurality of ball rings 21 located between said
      framework and the outer peripheral edge of circular cross-section of the
      plates. Each of the plates in the two plate assemblies are provided with a
      hole 22 of rectangular cross-section forming the wave guide length of a
      single step.
PAR  As shown in FIG. 1 and FIGS. 5, 6 and 7, each intermediate plate between
      the end plates 12 and 17, respectively, for a wave guide (that is, the
      intermediate plates 13, 14, 15 and 16) has an edge of less thickness than
      that of the plates, in said edge cylindrical holes being provided, all of
      which have been designated for simplicity by reference numeral 23, having
      accomodated therein balls 24 substantially of the same diameter as the
      holes, but of a slightly larger diameter than the thickness of the plates
      at said reduced thickness edges. All of the several plates 12, 13, 14, 15,
      16 and 17 are restrained to one another by rings 25, 26, 27, 28, 29 and
      30, respectively, which when the joint is assembled will each abut on one
      of the two adjacent plates and respectively on the balls 24 accomodated
      within the holes 23 of the plate adjacent to that being considered. A
      rigid body 31 forms part of the rigid framework 11 and is positioned
      intermediate the above described two stacks or packs of plates and has the
      end surfaces facing the plates 13 and 14, respectively, lying on planes
      forming a 90.degree. angle therebetween. In the rigid body 31 there are
      provided two holes 32 (one for each of the two wave guides forming part of
      the unit shown in the drawing) having a rectangular cross-section and
      90.degree. bent axis, this rigid body forming a curved step with curved
      wave guide length. The thickness of the steps or plates is a quarter-wave
      and the average length for the curved holes of rectangular cross-section
      32 is half-wave, the whole appearing as a wideband filter. In all the band
      ranging from 9 to 12.4 GHz, this universal joint wave has at any angle a
      standing wave ratio lower than 1.05. The wave guide components are made of
      steel, which is silver-plated at the guides, thus providing that the
      insertion losses are lower than 0.05 db.
PAR  Owing to the provision of the balls 24, on operation the several plates of
      the joint proportionally rotate in the same manner (as described in detail
      in the U.S. Pat. No. 3,786,378 to the same applicant), as between two
      rings rotates the ball carrying cage of any thrust ball bearing.
PAR  In any ball step joint, each of the plates perform two functions both as a
      ball carrying cage and as a ring, and thus all of the plates in a same
      stack or pack of plates are interconnected and proportionally rotate; for
      example, should the plate 17 rotate through 40.degree., as a result plate
      16 would rotate through 30.degree., plate 15 through 20.degree. and plate
      14 through 10.degree., while the curved central step 31 would be
      stationary. Obviously, the plates in each stack or pack of plates can be
      readily provided with stop members restricting the amplitude of the
      maximum rotation, generally for a rotation of .+-. 60.degree. for the
      horizontal movements effected by the stack or pack comprising the plates
      14 through 17, and for a rotation of .+-. 40.degree. for the vertical
      movements effected by the plates 12 and 13.
PAR  In FIGS. 1, 5, 6 and 8, it will be seen that the circular rings, along
      which the cylindrical holes 23 are distributed, are of different diameter
      in one plate relative to the plate adjacent thereto in the joint. While in
      FIG. 1 the plates in each of the plate stacks or packs are not rotated
      relative to one another, in FIGS. 2 and 3 such plates have been shown
      rotated so that the wave guides defined thereby take a spiral step
      pattern. As apparent, instead of comprising two separate ball universal
      joint wave guides, as shown in FIG. 1 (where one of the two wave guides
      has been shown in exploded view, while the other has been shown assembled
      and ready for operation), provision could be made for only one wave guide
      having all of the above mentioned features.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A ball universal joint for waveguides comprising:
PA1  a stack of circular plates including end plates on each end of said stack
      and intermediate plates between said end plates, each of said circular
      plates having a hole of rectangular cross-section extending therethrough
      and forming a waveguide step, each of said intermediate plates having a
      thin peripheral portion with a plurality of cylindrical holes extending
      therethrough arranged in a circular ring around the axis of its respective
      intermediate plate, the diameters of said circular rings on adjacent
      intermediate plates being different from each other;
PA1  a rigid body positioned between two of said intermediate plates and having
      at least one pair of end surfaces lying in planes at 90.degree. to each
      other and facing respective ones of said two intermediate plates, said
      rigid body having at least one curved hole of rectangular cross-section
      extending between said two end surfaces and forming a curved waveguide
      step;
PA1  a rigid framework fast with said body and coupled to said end plates to
      hold said circular plates and said body in stacked compressed relation one
      on another;
PA1  rings of end balls between said framework and said end plates for axially
      coupling said framework to said end plates while permitting axial rotation
      of said circular plates;
PA1  rings of peripheral balls between the outer circular periphery of said
      circular plates for radially coupling said framework to said circular
      plates while permitting axial rotation of said circular plates;
PA1  an intermediate plate ball located in each of said cylindrical holes, said
      intermediate plate balls having substantially the same diameter as said
      cylindrical holes but having a larger diameter than the thickness of its
      respective thin peripheral portion; and
PA1  at least one rigid ring between adjacent ones of said circular plates, said
      ring abutting one of said adjacent plates and said intermediate plate
      balls in the cylindrical holes of the other of said adjacent ones of said
      circular plates.
NUM  2.
PAR  2. The ball universal joint as claimed in claim 1, wherein said rigid body
      has two of said curved holes of rectangular cross-section and two pairs of
      said end surfaces coupled to two stacks of said circular plates with
      associated framework, balls, and rings, whereby two distinct ball
      universal are provided in said rigid body.
NUM  3.
PAR  3. The ball universal joint as claimed in claim 2, wherein the thickness of
      each of said circular plates is one quarter wave, and the length of said
      curved holes is one half wave.
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ABST
PAL  An extra high frequency (EHF or millimeter wave length) translating device
      for detecting, multiplying frequency or mixing waves includes an extra
      high frequency cut off input transmission line mechanically joined by a
      housing in which there is a cavity loaded with a removable insert. The
      insert contains a wave coupling element such as a diode mixer, multiplier,
      detector, etc. and is so mounted in the insert that it couples with the
      electric field of waves in the input line and is electrically connected
      with the relatively lower cut off frequency line output line. The insert
      also contains a choke so disposed that the extra high frequency waves
      conducted by the input line do not couple to the output line and so the
      output taken from the relatively low frequency cut off output line is
      substantially free of extra high frequency signals.
PARN
PAR  This is a continuation of application Ser. No. 245,930, filed Apr. 20,
      1972, which is a division of application Ser. No. 875,755, filed Nov. 12,
      1969, now U.S. Pat. No. 3,681,718.
BSUM
PAR  This invention relates to millimeter wave translating devices for coupling
      signals carried by extra high frequency waves in the millimeter wave
      length range to an output transmission line and more particularly to such
      a device for measuring, mixing, monitoring, detecting or multiplying
      millimeter wave signals.
PAR  Heretofore, translating devices for detecting extra high frequency waves in
      the millimeter wave length range which are generally defined as a few
      millimeters to a fraction of a millimeter in length have included a
      semiconductor or crystal detector element mounted in a waveguide so that
      the electric field of waves in the guide are most effective to energize
      the element. The output from such a device is obtained from a lead
      connected to the element. The element is located in the waveguide so as to
      produce the least reflection and the waveguide is terminated with an
      impedance matching device which may be a tuning piston and/or reactance
      matching screws in the waveguide. The complete structure including the
      input waveguide transmission line and the output line and the element is a
      fixed structure in which the element cannot be readily changed or replaced
      without destroying the structure. Furthermore, an undesirable amount of
      millimeter wave energy is coupled to the output line and appears in the
      output signal.
PAR  It is one object of the present invention to provide a millimeter wave
      translating device of the sort described above and in which the element is
      readily removed and replaced.
PAR  It is another object of the present invention to provide a millimeter wave
      translating device of the sort described above in which a negligible
      amount of millimeter wave frequency signal appears in the output.
PAR  It is another object of the present invention to provide a millimeter wave
      translating device of the sort described above and including a choke which
      prevents the millimeter wave frequency energy from being conducted by the
      output line.
PAR  A further object of the invention is to provide such a choke which is
      readily removed and replaced.
PAR  In a preferred embodiment of the invention, a waveguide transmission line
      for conducting millimeter wave frequency signals and an output coaxial
      transmission line are connected by a housing which contains a removable
      insert loaded with a nonlinear wave coupling element such as a diode
      detector, multiplier, mixer, square law detector, thermistor, etc. The
      element is so mounted in the insert that the electric field of the
      millimeter waves couple strongly with it and the element connects
      electrically to the output line. In one embodiment called herein a
      replaceable in-line detector, the insert is cartridge-shaped and the
      output line is a coaxial line which extends from one end of the cartridge
      and has a radial quarter wave choke structure in between which provides a
      non-reflective termination for selected millimeter wave frequencies
      thereby eliminating the selected frequencies from the output line. The
      cartridge is generally cylindrical in shape in axial alignment with the
      output line and the choke is formed when the housing is assembled.
PAR  In another embodiment called herein a replaceable wafer mounted detector,
      the insert is wafer-shaped and the detector element is mounted in a wafer
      which also contains the output coaxial line and choke. The wafer is
      designed to be readily removed and replaced by sliding it in or out of a
      slot in the housing in a direction transverse to both the axis of the
      waveguide and the output coaxial line.
DRWD
PAR  Other objects and features of the present invention will be apparent from
      the following specific description of embodiments of the invention taken
      in conjunction with the figures in which:
PAR  FIG. 1 is a front section view taken through the axis of the replaceable
      coaxial in-line translating device;
PAR  FIG. 2 is a front view of the in-line device;
PAR  FIG. 3 is a side view of the in-line device;
PAR  FIGS. 4 and 5 are front and side views of the in-line device cartridge;
PAR  FIG. 6 is a front section view of the cartridge;
PAR  FIG. 7 is a top section view of the cartridge showing the slot;
PAR  FIG. 8 is a front section view of another embodiment of the cartridge;
PAR  FIG. 9 is a side view of the replaceable wafer translating device;
PAR  FIG. 10 is a partially sectioned top view of the replaceable wafer device;
PAR  FIG. 11 is a side section view of the wafer;
PAR  FIGS. 12, 13 and 14 are side, front end and top views of the wafer; and
PAR  FIG. 15 is a partial sectional side view of another embodiment of the wafer
     .
DETD
PAR  The replaceable coaxial in-line detector translating device is generally a
      figure of revolution about the axis of the output coaxial line. The
      arrangement of parts is revealed by the sectional view shown in FIG. 1 and
      includes five principal subassemblies which are the output coaxial line
      connector 2, the coaxial line choke 3, the cylindrical cartridge 4, the
      waveguide 5 and the cartridge/waveguide holder 6.
PAR  The coaxial line connector 2 includes the connector shell 7 enclosing
      insulator 8 and center conductor 9. The ends of the center conductor 9 are
      bored at the lower end to accept the probe from the cylindrical cartridge
      and at the upper end to accept the center conductor of a coaxial line (not
      shown). The coaxial connector 2 threadably attaches to the holder assembly
      6 by the coax connector adapter 10 which is attached to the holder
      assembly housing 11. This attachment may be by force fit along line 12 or
      the housing and adapter may be brazed together.
PAR  The waveguide 5 is fixed and held within the housing 11 by the threaded
      bushing 13 which is fixed to the housing 11 by force fit along line 14 or
      by brazing. Both the housing and bushing are generally figures of
      revolution about the axis 1 except for slots formed in them transverse to
      the axis 1 to accommodate the waveguide which extends out the front and
      back of the detector as shown in side view FIG. 3. Thus, the holder
      assembly 6 is formed by attaching the adapter 10, the choke housing 11,
      the waveguide bushing 13 and the waveguide 5 fixedly together before the
      choke 3 and cartridge 4 are assembled with the holder assembly. Next, the
      choke assembly 3 including the choke bushing 16 and dielectric plug 17 are
      fit into the housing 11 and the device is ready for the cartridge 4.
PAR  The cartridge 4 is inserted from the bottom into a cylindrical opening
      through the bushing 13, waveguide 5 and housing 11 as shown in FIG. 1 with
      the cartridge center probe 15 projecting through the choke assembly 3
      beyond the housing 11 as shown. Registration tabs 33a at the cartridge
      head fit into a slot in the head of bushing 13 and so insure proper
      positioning of the cartridge. Then the cartridge cover 18 is screwed on
      the bushing 13 so as to securely hold the cartridge in place. Next, the
      coax connector 2 is screwed into the adapter 10 so that the cartridge
      probe 15 fits into the bore at the lower end of the coaxial connector
      center conductor 9. Thereafter, a coaxial transmission line can connect to
      the fitting 19 of the coax connector with the center conductor of the line
      fitting into the bore 20 of center conductor 9.
PAR  The opening 21 in the cartridge is preferably the same size and in registry
      with the inside 22 of the waveguide when the cartridge and waveguide are
      assembled. Since the dimensions of the inside of the waveguide determine
      the cut off frequency of the waveguide, each cartridge is tailored for a
      selected useful frequency range. However, the cartridge diameter may be
      the same for a number of frequency bands. That is, cartridges of the same
      diameter may have different size openings 21 as required to match the
      inside of the corresponding waveguide. Full advantage is taken of this
      feature to provide a family of wave translating devices for which the
      outside dimensions of all waveguides and cartridges are the same and so
      the rest of the parts into which the waveguide and cartridge fit are
      interchangeable. The inside dimensions of a waveguide are selected in view
      of the frequency band of operation. The openings 21 in the cartridge
      substantially match the inside of the waveguide and are preferably
      slightly larger to avoid mismatch. The choke assembly 3 including the
      choke bushing 16 and dielectric 17 which may be a disc-shaped piece and
      form a radial choke. A choke bushing and dielectric piece in combination
      are each designed for a particular operating frequency band associated
      with a given cartridge opening 21 and waveguide opening 22. Thus, after a
      given cartridge is assembled with the holder assembly 6, a choke assembly
      3 particularly suited for that cartridge is selected and assembled over
      the probe 15 with the disc-shaped dielectric piece 17 abutting the end of
      the cartridge insert. The coaxial connector assembly 2 is interchangeable
      and a given assembly may be used with a number of cartridge types for the
      same frequency band. Each coax connector assembly 2 must be dimensioned
      only to accommodate the adapter 10 of the holder assembly 6 and the probe
      15 of the cartridge and since a range of different cartridges have the
      same size probe, this poses no difficulty.
PAR  FIG. 2 is a front view of the detector assembly taken as shown in FIG. 3
      and FIG. 3 is a side view showing the detector assembly with the major
      subassemblies revealed by broken line and also showing the waveguide
      flange 23 at one end of the waveguide and a waveguide termination assembly
      24 at the other end of the waveguide. The termination 24 may be a tuner as
      shown which provides a variable position reflective surface at the
      termination of the waveguide or it may be a non-reflective termination or
      a continuing waveguide to other high frequency equipment. The position of
      the reflective termination 25 in the waveguide is adjusted by adjusting
      screw 26 to insure an impedance match between the waveguide and the
      opening 21 in the cartridge 4. It also reduces the effect of stray
      reflections from the element loaded in the cartridge. The broken lines in
      FIG. 3 reveal the outline of the subassemblies which are the coaxial
      connector 2 and the cartridge/waveguide holder 6, the cartridge 4,
      waveguide 5 and the choke 3. It is clearly an advantage to employ as many
      interchangeable or standard parts as possible in the manufacture of a line
      of detectors for different frequency bands. The subassembly of most
      limited use is the choke 3, because the radial dimension of the inside of
      the bushing 16 must be a quarter wave length of the millimeter wave
      frequency which the choke is designed to short circuit. Thus, cartridges
      designed for different frequency bands must be assembled with different
      chokes to achieve an effective device. Likewise, the waveguide opening
      determines the lower millimeter wave frequency cut off of the whole
      device, but, a single waveguide can generally be used over a wider range
      of frequency bands than a given choke assembly and a given cartridge is at
      least as versatile as a given waveguide. And so in a given translator
      device, the choke can be changed readily to selectively eliminate
      undesirable high frequencies in the output coaxial connector 2 and the
      cartridge can be readily removed and replaced with one of the same kind or
      another kind. For example, a cartridge loaded with a detector can be
      replaced by a cartridge loaded with a mixer or a multiplier diode,
      thermistor or a bolometer or any sort of element which couples with the
      millimeter waves conducted by the waveguide to detect or produce the
      output signal. And so a line of different kinds of wave translator devices
      of the type shown in FIGS. 1 to 3 for different frequency bands can be
      provided with a number of interchangeable parts. There results a reduced
      number of different parts which much be fabricated and corresponding
      reduced costs.
PAR  FIGS. 4 to 7 reveal the details of the cartridge 4. A cylindrical shell 31
      is slotted to define the opening 21 of the same shape and size (or
      slightly larger than) the inside 22 of the waveguide. This may be
      accomplished by cutting in the front and back of the shell 31 as shown in
      FIGS. 5 and 7. FIG. 7 is a cross section view of the cartridge taken as
      indicated by line 7--7 in FIG. 5. Above the cut, the shell is loaded with
      the probe dielectric 32 and the probe 15. Below the slot, the shell is
      loaded with the tab base plug 33 which is metal and threaded to
      accommodate the element adjusting screw 34 which is also metal. The
      element 35 is mounted to one end of the adjusting screw 34 on a pedestal
      36 and a wire or whisker 37 makes electrical connection from the element
      to the probe 15. This connection may be adjusted by rotating the adjusting
      screw 34 to move the element up or down within the opening 21. The screw
      34 and the plug 33 define a conductive wall of the opening 21 and this
      wall aligns with the corresponding inside wall of the waveguide. This
      alignment is accomplished by adjusting the screw 34 within the cartridge
      and by adjusting the position of the cartridge in the waveguide by turning
      the cartridge cover 18. Tightening or loosening the cover 18 moves the
      whole cartridge 4 up or down inside the waveguide 5. Thus, registration of
      the cartridge opening 21 with the inside of the waveguide 22 is adjusted.
PAR  As already mentioned, the element may be a detector diode, a multiplier
      diode, a mixing diode or crystal, a Wollastan wire bolometer which is a
      square law detector, or a thermistor. These elements are well known in the
      art and their use in conjunction with high frequency waves is well known.
      They all respond to millimeter wave frequencies to produce low signals of
      known kind. For example, the diode detector will produce a dc level
      indicative of the amplitude of the millimeter wave frequency conducted in
      the waveguide and a semiconductor diode or crystal mixer will produce the
      mixed frequency of two millimeter wave frequencies conducted by the
      waveguide. A multiplier diode will provide a higher frequency than the
      frequency conducted by the input or fundamental in the waveguide. In any
      of these, it is desirable that a designated waveguide frequency not pass
      through to the coaxial connector and it is the function of the choke to
      block that frequency.
PAR  An alternate embodiment of the cylindrical cartridge shown in FIG. 8
      includes between the adjusting screw 34 and the tab base plug 33 an
      insulative sleeve 38 which threadably attaches to both and insulates one
      end of the element from the rest of the detector. In this embodiment, a
      control voltage from source 39 can be applied to the element for
      modulating or controlling its operation.
PAR  Turning next to FIGS. 9 and 10 there is shown another embodiment including
      a replaceable wafer rather than a cylindrical cartridge. Here, the
      detector housing 41 is a substantially rectangular block which contains an
      extension 44 of the waveguide 42. Within the block is a transverse wafer
      slot 43 which cuts across the waveguide 44 contained in the block,
      substantially transverse thereto. A side view of the structure is shown in
      FIG. 9 looking into the slot 43 and the top view is shown in FIG. 10 with
      the block partially broken away to reveal the slot which extends across
      the block, and also reveals the double ended female coaxial connector 45
      fixed to the block. The connector includes a threaded shell 46, dielectric
      47 and double ended female center conductor 50 into which the probe 48
      from the wafer 49 projects. At assembly, the wafer 49 is inserted into the
      slot 43 so that the wafer probe 48 projects into the connector 45 and is
      held in place by waveguide section 51 which is pressed against the wafer
      by the combination waveguide locking and tuning mechanism 52.
PAR  The mechanism 52 is mounted to the plate 53 that covers the back end of the
      device. The mechanism includes a threaded sleeve 54 fixed within a hole in
      the plate 53. The waveguide locking nut 55 threadably fits the sleeve and
      screws in to press against one end of the waveguide section causing it to
      press against and secure the wafer. The nut 55 is bored and threaded to
      accommodate tuning screw 56 from which projects the pair of shorting
      blocks 57 and 58 into the waveguide section 51. The blocks are spaced 1/4
      wavelength apart and tune the waveguide section 51 so that the section in
      combination with the wafer matches the impedance of the input waveguide
      42. Tuning is accomplished after the wafer is inserted and locked by
      waveguide section 51. The knob 59 at the end of the tuning screw is turned
      to tune and then locked by running lock nut 60 against nut 55.
PAR  The wafer is shown in side sectional view in FIG. 11 and side front and top
      views are shown in FIGS. 12, 13 and 14. The wafer is a conductive plate 61
      containing a rectangular transverse opening (waveguide slot) 62 which
      matches the inside of the waveguide 44 and is in registry with the inside
      of the waveguide when the wafer is in place in the block 41. It is
      convenient to make the height of the waveguide slot 62 the same as the
      height of the inside of the waveguide, but to make the slot wider than the
      inside of the waveguide so that lateral displacement can result in
      impedance matching. Tuning screws may then be added to bring about further
      electrical match between the slot and the waveguide.
PAR  The output coaxial line from the slot 62 is defined by two holes drilled in
      the wafer. One hole 65 is drilled from the top of the wafer down to the
      slot and the other 66, is drilled from the front of the wafer to hole 65.
      A transverse hole 67 is drilled at the intersection of holes 65 and 66 to
      enable access to the center conductors 68 and 69 mounted in the holes 65
      and 66 and enclosed therein by dielectric plugs 71 and 72, respectively.
      When these center conductors are joined, the hole 67 is filled with
      dielectric 73. The top end of hole 65 is threaded and plug 74 screwed in
      to complete the coaxial output line from the wafer. A radial choke 75 is
      formed in the wafer coupled to the coaxial output line. This choke is
      preferably located close to the waveguide slot 62. The choke is formed by
      radial cavity 76 of suitable dimensions, loaded with high dielectric
      constant material 77. A choke could also be formed by a transverse
      rectangular opening which would provide a portion of a radial choke and
      would be effective for some applications.
PAR  The non-linear element 78 is mounted in the waveguide slot 62 at the end of
      adjusting screw 79 which is screwed into a threaded hole 80 in the bottom
      of the wafer. A wire or whisker 81 from the element is pressed against the
      center conductor 68 when the screw is adjusted.
PAR  The wafer as shown and described is conveniently made by first cutting
      transverse slots in a blank wafer plate to define the slot 62 and a larger
      window slot 82 that extends to the bottom side of the wafer blank. Then a
      hole 83 is drilled from the bottom of the wafer blank, centered in the
      slots 62 and 82, to the diameter of the radial cavity 76. Then holes 65
      and 66 are drilled as described and a ring consisting of ring conductive
      plug 84 and dielectric 77 is pressed into the hole 83 above slot 62 so
      that the plug 84 defines part of the top inside surface of the slot 62 and
      the dielectric ring 77 defines the choke cavity. Next the window plug 85
      is fitted into the slot 82 and brazed in place. This plug contains the
      threaded hole to accommodate the adjusting screw 79. Then the coaxial line
      center conductors 68 and 69 encased in dielectric plugs 71 and 72 are
      loaded in the holes 65 and 66, respectively, and these are joined by
      welding or other suitable bonding technique, at the access hole 67 which
      is then filled with dielectric 73. Then plug 74 is screwed in to seal the
      coaxial line. Finally the screw 79 with the element 78 mounted to the end
      is screwed into the window plug 85 so that the wire 81 from the element
      contacts the end of center conductor 68.
PAR  The center conductor 68 may be shaped to provide a transformer coaxial line
      section between the waveguide slot 62 and the coaxial line that connects
      to the connector 45. For this purpose, the dimensions of the hole 66 and
      center conductor 69 are such that the impedance of this section of the
      coaxial line in the wafer matches the impedance of the connector 45 and
      the line which connects to it. The upper end of center conductor 68 is the
      same diameter as center conductor 69 and conductor 68 tapers to a
      substantially smaller diameter where it contacts the element in slot 62.
      The taper may be continuous from one end to the other of conductor 68 or
      it may be in 1/4 wavelength steps as shown in FIG. 11. By this technique,
      the impedance of the coaxial line can be varied substantially from one end
      to the other from 50 ohmes at the end which connects to connector 45 to
      over 200 ohms at the end coupled to the waveguide slot 62.
PAR  An alternate embodiment which is electrically similar to the cylindrical
      cartridge shown in FIG. 8 is shown in FIG. 15. It includes a threaded
      insulative sleeve 91 which is screwed into the tapped hole in plug 85 and
      contains a conductive adjustment screw 92 to which the element 78 is
      mounted and so one end of the element is electrically insulated from the
      waver and may be coupled to a control voltage source 93 for controlling
      operation or bias of the element.
PAR  A single housing 41 and waveguide 42 can accommodate a great number of
      different wafers loaded with different types of elements and/or containing
      different chokes 75 and the wafer is readily removed and replaced. It is
      removed by merely loosening the waveguide locknut 55 and removing the
      wafer 49 from the slot 43. Furthermore, the element 78 in a given wafer
      can be changed by removing the adjustment screw 79 which also removes the
      wafer and substituting another adjustment screw with a different element
      mounted on it. In this manner a single wafer can be loaded with a detector
      diode, a multiplier diode, a bolometer, a thermistor, etc.
PAR  Specific embodiments of the invention described herein include a removeable
      insert (cartridge or wafer) that is loaded with a wave translating element
      of selected type and the insert is designed for operation over a frequency
      band which may be the same or more narrow than the operating band of the
      input waveguide. Thus, each device may accommodate a number of different
      inserts containing different sorts of elements and designed for operation
      over different frequency bands. Furthermore each insert may accommodate a
      number of different elements and so the devices provided are versatile and
      a number of translating devices can be provided for different translating
      functions and different frequency bands using many of the same parts. The
      disclosed embodiments are particularly illustrative and many modifications
      will be apparent to those skilled in the art within the scope of the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a high frequency wave translating device including an input waveguide
      transmission line structure designed for conducting millimeter waves and
      an output coaxial transmission line structure, means coupling said input
      and output structure comprising,
PA1  a housing which contains the input waveguide structure,
PA1  a slot in the housing extending perpendicular to the input waveguide,
PA1  an electrically conductive flat plate insert which fits into the slot and
      contains the output coaxial line structures,
PA1  an opening through the plate transverse to the plane thereof, in
      registration with and forming a continuation of the input waveguide,
PA1  a wave translating element mounted in said opening for coupling
      electrically with both the input and output structures by electrically
      connecting to the waveguide and to the center conductor of the coaxial
      line, and
PA1  a high frequency wave choke defined by a coaxial cavity in the plate
      adjacent the opening between the opening and the output coaxial line
      structure, concentric with and along said output line for preventing
      millimeter waves conducted by the input structure from being conducted to
      the output structure,
PA1  an electrically conductive ring plug in the coaxial cavity completing the
      choke coaxial cavity and partially defining the plate opening and
PA1  an electrically conductive window plug in an edge of the plate completing
      the plate opening.
NUM  2.
PAR  2. A device as in claim 1 wherein,
PA1  the window plug contains an opening in registration with the position of
      the mounted element, and
PA1  an adjusting member fits into the window plug opening carrying the element
      at one end thereof.
NUM  3.
PAR  3. A device as in claim 2 wherein,
PA1  the adjusting member is electrically conductive.
NUM  4.
PAR  4. A device as in claim 2 wherein,
PA1  the adjusting member is electrically insulating.
NUM  5.
PAR  5. A device as in claim 4 wherein,
PA1  the adjusting member includes an electrically conductive center portion
      that connects to the element, extends to said edge of the plate and is
      insulated from the plate,
PA1  whereby, a voltage different from the voltage of the plate may be applied
      to the element.
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PAL  The mount includes a plurality of springs interconnecting a yoke to a
      cathode-ray tube. The springs may be formed on a yoke housing and
      connected to a platform attached to the tube or connected directly to the
      tube. Alternately, the springs may be formed in the platform connected to
      the yoke housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for mounting a magnetic deflection yoke on
      the neck of a cathode-ray tube and particularly to an adjustable mount
      utilizing a plurality of springs.
PAR  Cathode-ray tubes, such as color television picture tubes, require a
      magnetic-deflection yoke mounted on the outside of the tube envelope. The
      yoke comprises horizontal and vertical deflection coils together with a
      suitable core. During operation of the tube, the yoke field deflects
      electron beams within the tube in both the vertical and horizontal
      directions thereby causing the beams to scan the viewing screen of the
      tube.
PAR  Several structures have been proposed for mounting and holding the yoke in
      a desired position on the tube. In one structure, the yoke is placed in a
      housing which is in turn positioned and glued to the tube. In another
      structure, the housing is clamped on the tube and the yoke is positioned
      within the housing and clamped in place. In a third structure, first a
      platform is glued to the outside of the tube and then the yoke and housing
      are positioned over the tube and clamped to the platform. An improved
      structure is presented in U.S. Pat. No. 3,786,185 issued to T. M. Shrader
      on Jan. 15, 1974. This patent discloses a combination including a platform
      affixed to a cathode-ray tube by an adhesive and a yoke housing enclosing
      a portion of the yoke. The platform has a plurality of projections which
      are secured (e.g. gluing) within indentations in the housing.
PAR  Although this later yoke mount provides adequate mounting means for
      permanently affixing a yoke to a tube, it is desirable to further simlify
      the construction of such mounts.
PAC  SUMMARY OF THE INVENTION
PAR  A yoke mount for a cathode-ray tube comprises a plurality of springs
      interconnecting and supporting the yoke in spaced relationship to the
      tube. The mount permits universal alignment of the yoke relative to the
      tube prior to interconnection of the springs to the tube and after
      interconnection provides immobilization of the yoke.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially cutaway side elevational view of a cathode-ray tube.
PAR  FIG. 2 is a perspective view of a portion of the cathode-ray tube of FIG. 1
      showing a yoke mount in greater detail.
PAR  FIG. 3 is a top plan view of a platform of the yoke mount of FIG. 2.
PAR  FIG. 4 is a sectional side view of the platform taken at line 4--4 of FIG.
      3.
PAR  FIG. 5 is a top plan view of a housing of the yoke mount of FIG. 2.
PAR  FIG. 6 is a sectional side view of the housing taken at line 6--6 of FIG.
      5.
PAR  FIG. 7 is a perspective view of a portion of a cathode-ray tube having a
      second yoke mount embodiment thereon.
PAR  FIG. 8 is a top plan view of a platform of the second yoke mount embodiment
      of FIG. 7.
PAR  FIG. 9 is a sectional side view of the platform taken at line 9--9 of FIG.
      8.
PAR  FIG. 10 is a top plan view of a housing of the second yoke mounting
      embodiment of FIG. 7.
PAR  FIG. 11 is a sectional side view of the housing taken at line 11--11 of
      FIG. 10.
PAR  FIGS. 12 and 13 are respective perspective and plan views of a portion of a
      cathode-ray tube having a third yoke mount embodiment thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a color television picture tube 20 of the apertured-mask
      type comprising an evacuated glass envelope 22. The envelope 22 includes a
      faceplate panel 24, a funnel 26 and a neck 28. A three-color emitting
      phosphor viewing screen 30 is supported on the inner surface 32 of the
      faceplate panel 24. A preferred viewing screen 30 is of a known line type.
      An electron gun assembly 34 positioned in the neck 28 includes three
      electron guns (not shown) one for each of the three color phosphors on the
      viewing screen 30. An apertured mask 36 is positioned in the envelope 22
      adjacent the viewing screen 30. The apertured mask 36, used with the line
      type viewing screen 30, includes slot-shaped apertures. The electron gun
      assembly 34 is adapted to project three electron beams toward the
      faceplate panel 24 through the apertured mask 36 to strike the viewing
      screen 30. The preferred electron-gun assembly 34 is of an inline type,
      that is, a type which projects a plurality of electron beams from a common
      plane toward the screen 30.
PAR  Attached to the outside of the tube 20 is a yoke mount 38 comprising a
      platform 40 and a yoke housing 42. The platform 40 is permanently fixed to
      the outside surface of the funnel 26, and the housing 42, shown with a
      yoke 44 mounted thereon, is positioned on the platform 40 near the
      intersection of the funnel 26 and neck 28. A preferred yoke 44 is
      comprised of two pairs of opposed magnetic field producing coils (not
      shown) having toroidal windings. The housing 42 with the yoke 44 thereon
      is mounted on the platform 40, as will be described.
PAR  The platform 40 comprises an annular ring 46 having an inside surface 47
      that substantially conforms to the shape of the funnel to which it might
      be attached. In the present embodiment, four spaced springs 48 extend in a
      cantilevered-fashion toward a common point from the outer periphery of the
      ring 46. The circular area within the unbent springs 48 is smaller than
      the outer diameter of the housing 42 so that the springs 48 must be bent
      outwardly to accomodate the housing 42. Such construction ensures that the
      ends of the springs 48 will always contact the housing 42 regardless of
      movement of the housing 42 relative to the platform during yoke alignment.
PAR  In order to facilitate attachment to a tube, the inner surface 47 of the
      annular ring 46 may have a plurality of recesses (not shown) therein for
      receiving a suitable adhesive material. Preferably, a hot-melt
      thermoplastic, such as the following may be used for the adhesive.
TBL  ______________________________________                                    
     Material                     Melting                                      
     Designation Marketed By      Temperature                                  
     ______________________________________                                    
     Versalon 1300                                                             
                 General Mills    92.degree.C.                                 
                 Chemical Co.,                                                 
                 Minneapolis, Minn.                                            
     Versalon 1138                                                             
                 "                125.degree.C.                                
     Versalon 1165                                                             
                 "                134.degree.C.                                
     Resyln 34-2927                                                            
                 National Starch and                                           
                                  58.degree.C.                                 
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                 York, N.Y.                                                    
     ______________________________________                                    
PAR  The housing 42 is cylindrically shaped and includes an annular inner ledge
      50 with indentations 52 therein to facilitate attachment of a yoke by
      clips (not shown), gluing or ultrasonic welding.
PAR  The mount 38 is assembled by first attaching the platform 40 to the tube
      20. The position of this platform 40 is not critical but it must be
      positioned within reasonable tolerances to permit full motion of the
      housing 42 during adjustment of the yoke 44.
PAR  Separate from the tube 20, the yoke 44 is mounted in the housing 42. The
      housing 42 and yoke 44 are next placed within the springs 48 of the
      platform 40, and the yoke 44 and tube 20 are operated. The yoke 44 and
      housing 42 are then positioned so that yoke 44 is aligned with the
      electron beams within the tube 20. Once the correct alignment is achieved,
      the springs 48 are attached to the housing 42 by suitable means, such as
      by gluing, mechanically fastening or by ultrasonic welding. It should be
      noted that only the housing is movable before welding and that the point
      on each spring 48 that contacts the housing 42 will always be the same.
      Therefore, an ultrasonic welding step can be easily performed by a fixed
      four headed ultrasonic welding device. Such device is desirable over hand
      held welding devices which may not always produce a repeatable weld.
PAR  A second embodiment of the present invention is shown in FIGS. 7 through
      11. This second mount 54 is much like the one previously described except
      that springs 60 are formed on the mount housing 58 instead of on the mount
      platform 56. In this embodiment, the platform 56 is a simple hollow
      truncated cone 62 and the housing 58 is modified to include three springs
      60 extending outwardly therefrom in cantilever-fashion.
PAR  Assembly of this second mount 54 is similar to that of the first mount 38
      except that, when used, ultrasonic welding heads will remain fixed
      relative to an edge of the platform 56 to account for variable locations
      of the springs. In this embodiment, the springs 60 keep pressure on the
      platform 56 while the housing 58 is being adjusted.
PAR  In both of the foregoing mount embodiments, once the springs are attached
      to either the housing or platform, the assembled mount permanently
      maintains the position of the yoke relative to the tube.
PAR  A third mount embodiment of the present invention that eliminates the need
      for a separate platform is shown in FIGS. 12 and 13. In this mount 66, a
      yoke housing 68 includes four cantilever springs 70 extending therefrom
      into direct contact with the tube funnel 26. Each spring 70 has a hollow
      post 72 thereon. The centers of these posts 72 provide conduits 74 for the
      insertion of an adhesive once the yoke 44 is properly aligned with the
      tube.
PAR  In attaching the mount 66 to the tube, the mount 66 is placed against the
      funnel 26 so that the springs 70 are slightly bent. Thereafter, the mount
      66 can be moved universally in any direction until the yoke 44 is aligned
      with electron beams within the tube. Once the mount 66 is properly
      positioned, adhesives are inserted through the conduits 74 to affix the
      springs 70 and mount 66 to the tube. Since the springs 70 may be under
      some strain when attached, auxilliary coil springs 76 may be attached
      between the posts 72 and tube mounting means (not shown) to minimize any
      shearing force between the springs 70 and the tube funnel 26 caused by the
      pressure of the springs 70.
PAR  The material for the foregoing embodiments may be any nonconductive
      material that can be formed with sufficient strength. Various plastics may
      be used for both the platforms and housings. However, because of the heat
      encountered in an operational tube, a material should be selected that
      will not deform substantially with increased temperature. Materials that
      have been found suitable for this purpose are manufactured by the G. E.
      Corporation under the brand names Lexan 2014 and Noryl SEO-225.
CLMS
STM  I claim:
NUM  1.
PAR  1. A yoke mount for a cathode-ray tube comprising,
PA1  a first portion adapted for receiving a yoke,
PA1  a second portion adapted for connection to a cathode-ray tube, and
PA1  a plurality of springs interconnecting said first and second portions, said
      springs providing the sole support of said first portion relative to said
      second portion, said springs being bendable to accomodate alignment of a
      yoke with a cathode-ray tube.
NUM  2.
PAR  2. The yoke mount as defined in claim 1 wherein,
PA1  said second portion comprises an annular platform having an inner surface
      conforming to a portion of a cathode-ray tube and includes said plurality
      of springs cantilevered therefrom, and
PA1  said first portion comprises a housing including means for mounting a yoke
      thereon, said housing being attached to free ends of said springs.
NUM  3.
PAR  3. The yoke mount as defined in claim 2, wherein said housing is connected
      to said springs by ultrasonic welds.
NUM  4.
PAR  4. The yoke mount as defined in claim 1 wherein,
PA1  said second portion comprises an annular platform having an inner surface
      conforming to a portion of a cathode-ray tube, and
PA1  said first portion comprises a housing including means for mounting a yoke
      thereon, said housing including said plurality of springs cantilevered
      therefrom into contact with and attachment to said platform.
NUM  5.
PAR  5. The yoke mount as defined in claim 4, wherein free ends of said
      cantilevered springs are connected to said platform by ultrasonic welds.
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ABST
PAL  Mechanically controllable magnet made of a magnetostrictive, circularly
      magnetically anisotropic, circularly magnetized rod. There is no apparent
      magnetism externally. When rod is twisted, circular anisotropy becomes
      helical and circular magnetization also becomes helical to produce an
      axial field component and hence externally apparent magnetism. When rod
      untwists, it restores itself to its apparently non-magnetic condition.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to four other applications filed by me of even
      date and entitled ELECTROMECHANICAL TRANSDUCERS, Ser. No. 488,219,
      ELECTROMAGNETIC ANISOTROPIC DEVICES, Ser. No. 488,209, MAGNETOELASTIC,
      REMANENT, HYSTERITIC DEVICES, Ser. No. 488,208, and METHOD AND APPARATUS
      FOR CIRCULARLY MAGNETIZING A HELICAL ROD, Ser. No. 488,220. The contents
      of all four of these applications are hereby incorporated by reference in
      their entireties.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to magnets and particularly to magnets that are
      controlled as to field strength and plurality by mechanical twisting.
PAR  2. Description of the Prior Art
PAR  For many years the so-called Wiedemann Effect has been well known. The
      Wiedemann Effect is a twist produced in a wire that exhibits
      magnetostriction when that wire is placed in a longitudinal magnetic field
      and current flows through the wire. The converse or inverse of this has
      also been long recognized and is commonly called the Inverse Wiedemann
      Effect. In the Inverse Wiedemann Effect axial magnetization is produced by
      a magnetostrictive wire that carries current therethrough when the wire is
      twisted.
PAR  There have been a number of attempts to employ the effect outside of the
      rod as the entire magnetic field produced by the anisotropic remanence is
      wholly within the rod and hence is not externally apparent. However, if
      the rod is twisted, the direction of anisotropy will be shifted from the
      circular to a helical direction whereby to cause the magnetic induction to
      align with a new direction of anisotropy and thus have a longitudinal
      component. This will cause longitudinally extending magnetic flux to
      appear at the ends of the rod and thereby exhibit magnetism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings
PAR  FIG. 1 is a top plan view of a mechanical magnet embodying the present
      invention;
PAR  FIG. 2 is a front elevational view thereof;
PAR  FIG. 3 is a bottom view of the pole pieces thereof;
PAR  FIG. 4 is a top plan view of a modified form of mechanical magnet embodying
      the present invention;
PAR  FIG. 5 is a view partly in vertical section and partly in elevation of the
      mechanical magnet of FIG. 4;
PAR  FIG. 6 is a bottom view of the pole pieces of the magnet of FIGS. 4 and 5;
      and
PAR  FIG. 7 is a front elevational view of yet another modification of this
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail and particularly to FIGS. 1-3
      thereof, a mechanical magnet embodying the present invention is generally
      designated by the reference numeral 10. The mechanical magnet 10 includes
      a T shaped support member 12 wherein the horizontal portion 14 thereof,
      hereinafter referred to as the bearing portion, is made of a suitable
      ferro-magnetic material such as, for example, soft iron and the vertically
      extending portion 16 is made of a non-magnetic material such as, for
      example, an austenitic stainless steel. Provided in the bearing piece 14
      are a pair of vertically extending apertures 18 and 20 through which
      vertically extending rods 22 and 24 pass with close clearance to permit
      rotation thereof relative to the cross piece 14. Fixed to the bottoms of
      the rods 22 and 24 are magnetic pole pieces 26 and 28 which are spaced
      apart by the bottom 30 of the non-magnetic vertical member 16 which
      provides the "air gap" between the pole pieces 26 and 28. Pole pieces 26
      and 28 are firmly secured to the piece 30 as by soldering, welding or the
      like so that the assembly is mechanically unitary and can resist the
      substantial torques to which the rods 22 and 24 will be subjected as will
      be described hereinafter.
PAR  Slightly above the upper surface of the magnetic bearing portion 14, the
      rods 22 and 24 are bent at right angles and the right angle or horizontal
      portions thereof are secured to suitable horizontally extending handles 32
      and 34, respectively. As shown herein the manner of securing is by way of
      a press fit of the ends of the rods 22 and 24 into complementary cavities
      36 and 38 in the ends of the handles 32 and 34, respectively.
PAR  The rods 22 and 24 are made of magnetostrictive magnetically remanent,
      circularly anisotropic material that has been circularly magnetized as by
      passing a direct current through the rod. The size of that current is
      dependent on the nature of the material and may vary anwhere from an order
      of magnitude of one ampere to hundreds of amperes. Generally speaking, to
      avoid significant heating effects, if large currents are employed to
      impart circular magnetization to the rods 22 and 24, a single half cycle
      of an alternating current is passed through each rod to impart the
      circular magnetization thereto.
PAR  Suitable materials from which the rods 22 and 24 can be made are maraging
      steels, and an iron-colbalt alloy sold by Carpenter Steel Company under
      the trademark REMENDUR. Other materials that may be employed, although not
      as effectively as those heretofor mentioned are Martensitic chrome steels
      and other Martensitic steels such as stainless steels in the AlSl 300 and
      400 series that have been put through a martensitic transformation.
      However, it has been found that when many of these steels that are less
      desirable are employed, as the rods 22 and 24 go through successive
      twisting there is an attenuation of the remanent magnetism within the rod
      which results in a fall off of the magnetic effect produced, as will be
      described hereinafter.
PAR  As already noted the rods 22 and 24 are fixed at their pole pieces by the
      securement of the pole pieces 26 and 28 to the intervening non-magnetic
      member 30, but are rotatable relative to the bearing portion 14 of the T
      shaped support. Thus, when handles 32 and 34 are grasped out at their
      arcuate portions and are pressed toward one another, the vertical portions
      of rods 22 and 24 which, for example, may have a diameter of about 1/8
      inch, will be twisted through a small angle of the order of magnitude of
      2.degree. through a length of about 2 inches or a twist of about 1.degree.
      per inch. Upon twisting the rods 22 and 24, and it should be noted that
      the direction of twisting is opposite for each of the two rods, the
      circular anisotropy of the rods 22 and 24 will be shifted into a helical
      anisotropy. Thus, the circular remanence will become a helical remanence
      and therefore inherently have a longitudinal component in each of the rods
      22 and 24. Since both rods 22 and 24 have been circularly magnetized in
      the same circular direction, when they are twisted in opposite directions,
      that helices of the anisotropy (and hence of the magnetic remanence) will
      be in opposite directions and therefore the polarity of the external
      fields being exhibited at the pole pieces 26 and 28 will be opposite one
      another, that is one being a north pole and the other being a south pole.
      Thus, a complete magnet from the exterior of the device is now present.
PAR  It will be obvious that the reason for the bearing piece 14 to be made of
      ferromagnetic material is that it serves as a magnetic bridge in the
      magnetic circuit which runs from one of the pole pieces 26, through the
      rod 22, through the horizontal bearing member 14, down through the rod 24
      to the opposed pole piece 28. Thus a true horseshoe shaped magnet is
      observed. However, when the handles are released, the elasticity of the
      rods 22 and 24 will restore them to a zero twist condition whereby to
      restore the magnetic anisotropy in the rods to a circular anisotropy and
      the longitudinal field will disappear. The device will then again be
      apparently non-magnetic.
PAR  It should be noted that on each of the handles 32 and 34 there is a small
      protuberance 40 and 42 which protuberances move into engagement with one
      another when the handles are grasped and squeezed towards one another.
      These protuberances 40 and 42 serve as stops to limit the amount of twist
      to which the rods 22 and 24 are subjected in order to avoid exceeding the
      elastic limit of the rods. If the elastic limit is exceeded, then the rods
      will become permanently helically anisotropic and will continuously
      exhibit an external magnetic field. At that point it will not be possible
      to "shut the magnet off" by releasing the handles. However so long as the
      elastic limit of the rods is not exceeded, the magnet can be turned on and
      off merely by operating the handles to twist within the elastic limit.
PAR  It has previously been suggested in this application and it should be noted
      that certain other materials previously mentioned gradually lose their
      remanent magnetization as they go through a series of twists whereby to
      cause the phenomenon heretofor described to disappear after a number of
      operations. However, as also described maraging steels and REMENDUR do not
      appear to exhibit this phenomenon of attenuation of remanence and have
      been successfully operated in the above described fashion for many
      thousands of operations.
PAR  In connection with the materials from which the rods 22 and 24 are made, it
      should be pointed out that it is desirable for the material to be as
      non-hysteritic as possible and yet yield the other properties heretfor
      described. By hysteritic we mean a hysterisis curve that appears when
      axial magnetic induction is plotted against angle of twist. However, it is
      conceivable that for certain applications a substantial hysterisis might
      be desirable thereby to have a remanent exterior magnetization persist
      even after the handles have been released. In any event, if it is
      desirable to overcome any hysterisis that may be present, all that need be
      done is to grasp the handles and slightly force them away from one another
      beyond the normal position assumed by the elasticity of the rods 22 and
      24, whereby to torsionally strain the rods slightly in the opposite
      direction and thus bring the longitudinal field to zero.
PAR  A modified form of mechanical magnet is shown in FIGS. 4, 5 and 6, wherein
      the pole pieces are coaxial rather than spaced apart and paralled as in
      the FIG. 1 embodiment. Specifically, referring now to FIGS. 2, 5 and 6, a
      modified form of mechanical magnet 50 is shown which mechanical magnet
      comprises an external hollow cylindrical member 52 and an internal
      longitudinally extending rod 54, both of which are made of
      magnetostrictive, magnetically remanent, circularly magnetically
      anisotropic, circularly magnetized materials which may be identical to the
      materials from which the rods 22 and 24 of the FIG. 1 embodiment have been
      made. The tube 52 has secured thereto a handle 56 and the rod 54 is fixed
      to a bearing plug 58 that is rotatably mounted within the top of the tube
      52. The means of connecting rod 54 to plug 58 may be any suitable means
      such as, for example, a pressed fit, welding, soldering or the like. Plug
      58 is made of a ferromagnetic material such as, for example, soft iron.
      Fixed to the portion of plug 58 extending above the upper edge of the tube
      52 is a second handle 60, the two handles describing an approximate "C"
      shape much like a pair of pliers or a scissors or the like.
PAR  The tube 52 and the rod 54 are both going to be subjected to torsion by the
      squeezing of the handles 56 and 60 toward one another. In order for the
      torsion to appear, the lower ends of the rod and tube must be secured to
      one another against relative movement. This is achieved by means of a
      non-magnetic washer 62, preferably made of a non-magnetic metal such as an
      austenitic stainless steel, which is fixed to the internal surface of the
      tube 52 and to the outer surface of the rod 54 at the bottom thereof by
      any suitable means such as solder, welding or the like. The washer 62 will
      serve to define an air gap between the pole pieces which are the bottoms
      of the rod and tube. To limit the amount of twist, a stop 64 is secured to
      one of the handles for engagement with the other of the handles as they
      are brought toward one another. As shown the stop 64 is a pin that is
      fixed to the handle 56 and is engagable with a side of the handle 60.
PAR  When the handles 56 and 60 are moved toward one another as by squeezing,
      the twist on the rod 54 will be clockwise whereas the twist on the tube 52
      will he counter-clockwise. As both the rod and the tube are preferably
      circularly magnetized in the same circular direction, these opposite
      twists will give a rise to an opposite polarity at the pole pieces, that
      is at the bottoms of the tube and rod. The magnetic path may be traced
      from the bottom of the tube 52, upwardly through the tube, through the
      ferromagnetic plug 58 and thence downwardly through the rod 54.
PAR  It will be obvious to those skilled in the art that the amount of twist
      imposed on the tube 52 and the rod 54 will be different due to the
      differences in geometry of these two members. This being the case, if the
      tube and rod are made of the same material they will contribute different
      amounts of axial magnetic flux to the gross magnetic phenomenon produced
      by the squeezing of the handles. It is generally desirable that they make
      equal contributions of axial flux. In order to accomplish this, it may be
      desirable that the materials in which they tube and rod are made are
      different. The differences that should be built in are generally either in
      the property of magnetostrictive coefficient or the amount of magnetic
      remanence which the material is capable of exhibiting. Thus, in one
      embodiment which I have constructed, both the tube 52 and the rod 54 were
      made up of the same martensitic chrome steel which was heated to
      1000.degree.C and then air cooled. Subsequent to air cooling the rod was
      annealed at 600.degree.C and tube at 700.degree.C thereby to make the tube
      52 more susceptible to twist than the rod 54 to produce approximately the
      same shift in anisotropy upon the squeezing of the handles 56 and 60.
PAR  Referring now to FIG. 7 still another form of mechanical magnet is shown
      which mechanical magnet is in the form of a simple lock washer. However,
      the material from which the lock washer is made must be a material that
      exhibits magnetostriction, is circularly magnetically remanent, is
      magnetically anisotropic in the circular direction and has been circularly
      magnetized. As is well known, the ends of a lock washer are not coplanar
      but are displaced relative to one another out of the plane of the washer.
      Thus, in effect, a lock washer is a segment of a helical spring. This
      being the case, if a suitable pliers 70 is brought into engagement with
      the non-magnetic washers 71 and 73 overlying and underlying ends 72 and 74
      of the lock washer 76 and the pliers are squeezed to bring the ends 72 and
      74 into alignment with one another, the washer 76 is being twisted and
      this twisting will shift the anisotropy of the material from circular to
      helical and thereby cause some longitudinal component of magnetic flux to
      appear at the pole pieces 72 and 74. If desired, the pole pieces 72 and 74
      can be shaped in well known ways to maximize the magnetic field in the air
      gap therebetween.
PAR  It will be recognized that the mechanical magnetic phenomenon heretofor
      described can be achieved with a single straight rod similar to the rod 22
      or 24 of the FIG. 1 embodiment. Clearly, one end of the rod must be held
      whereas the other end is twisted. One end will become north and the other
      end will become south much in the way of a bar magnet. However, as is true
      of bar magnets, the overall magnetic effect is relatively inefficient due
      to the great spacing of the two poles. The embodiments heretofor described
      puts the poles in close proximity to one another and therefor are
      generally more desirable.
PAR  While I have herein shown and described the preferred form of the present
      invention, and have suggested modifications thereof, other changes and
      modifications may be made therein within the scope of the appended claims
      without departing from the spirit and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanical magnet, comprising a rod of magnetostrictive, remanent,
      circularly magnetically anisotropic, circularly magnetized material, and
      means for twisting said rod, whereby to alter said circular anisotropy to
      helical anisotropy and thus reorient the circular magnetic field to a
      helical field with an axial component.
NUM  2.
PAR  2. The mechanical magnet of claim 1, further comprising a second
      magnetostrictive, remanent, circularly magnetically anisotropic,
      circularly magnetized rod parallel to the first, both said rods being
      circularly magnetized in the same direction, and means for twisting said
      second rod in a direction opposite to the direction of twist for said
      first rod.
NUM  3.
PAR  3. The mechanical magnet of claim 2, wherein said means for twisting said
      rods comprises non-magnetic means for fixing one end of each rod against
      rotation, and oppositely operable handle means secured to the other ends
      of said rods for imparting opposite twist thereto.
NUM  4.
PAR  4. The mechanical magnet of claim 3, further comprising a ferromagnetic
      bearing member adjacent said other end of said rods having parallel
      apertures through which said rods extend.
NUM  5.
PAR  5. The mechanical magnet of claim 4, further comprising means for
      preventing the twist of said rods beyond their elastic limit.
NUM  6.
PAR  6. The mechanical magnet of claim 2, wherein one of said rods is tubular
      and the second rod is coaxial with said first rod.
NUM  7.
PAR  7. The mechanical magnet of claim 6, wherein said means for twisting said
      rods comprises non-magnetic means for fixing one end of each rod against
      rotation, and oppositely operable handle means secured to the other ends
      of said rods for imparting opposite twist thereto.
NUM  8.
PAR  8. The mechanical magnet of claim 7, further comprising a ferromagnetic
      plug rotatably mounted in said tubular rod and having said second rod
      fixedly secured thereto.
NUM  9.
PAR  9. The mechanical magnet of claim 8, wherein said tubular rod is made of
      more twistable material than said second rod.
NUM  10.
PAR  10. The mechanical magnet of claim 9, further comprising means for
      preventing the twist of said rods beyond their elastic limit.
NUM  11.
PAR  11. The mechanical magnet of claim 1, wherein said rod is shaped into the
      form of a lock washer.
NUM  12.
PAR  12. The mechanical magnet of claim 1, further comprising a second
      magnetostrictive, remanent, circularly magnetically anisotropic,
      circularly magnetized rod having an end in spaced relation to an end of
      said first rod, both said rods being circularly magnetized in the same
      direction, and means for twisting said second rod in a direction opposite
      to the direction of twist of said first rod, whereby to alter the circular
      anisotrop of said second rod to helical anisotrop having an axial
      component extending opposite to the axial component of said first rod and
      thus reorient the circular magnetic field of said second rod to a helical
      field with an axial component extending opposite to the axial component of
      said helical field in said twisted first rod, whereby to form said spaced
      ends of said two rods into magnetic pole pieces of opposite polarity.
NUM  13.
PAR  13. The mechanical magnet of claim 1, further comprising a second
      magnetostrictive, remanent, circularly magnetically anisotropic,
      circularly magnetized rod having an end in spaced relation to an end of
      said first rod, both said rods being circularly magnetized, and means for
      twisting said second rod in a direction to alter the circular anisotrop of
      said second rod to helical anisotrop having an axial component extending
      opposite to the axial component of said first rod and thus reorient the
      circular magnetic field of said second rod to a helical field with an
      axial component extending opposite to the axial component of said helical
      field in said twisted first rod, whereby to form said spaced ends of said
      two rods into magnetic pole pieces of opposite polarity.
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ABST
PAL  Distribution transformer having inner and outer low-voltage winding
      sections and a high-voltage winding section disposed therebetween.
      Insulation structures separate the various winding sections and include a
      relatively small thickness of solid insulating material and a liquid
      dielectric duct. Some of the solid insulating material is axially extended
      to increase the creep resistance of the winding. The insulation structures
      are also void of any metallic electrostatic shield or any other member
      which would hamper adequate processing of the insulation structure during
      the construction of the transformer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates, in general, to electrical inductive apparatus and,
      more specifically, to insulation structures for transformer windings.
PAR  2. Description of the Prior Art:
PAR  Electrical distribution transformers are usually manufactured in relatively
      large quantities on a production assembly line. The manner in which these
      transformers are constructed makes it desirable to have a transformer
      design which may be manufacutred on an assembly line in the shortest
      possible time. It has always been important to transformer engineers to
      design the insulation system of a transformer with this objective in mind.
PAR  The insulation system is important in controlling the transformed
      properties and the manufacturing time of distribution transformers. Enough
      insulation between the transformer winding turns and other components of
      the transformer must be provided to give the transformer the ability to
      withstand normal and overvoltage operating conditions and impulse
      voltages. However, the amount of insulation must be kept to a minimum
      amount possible in order to save space, material, and manufacturing time.
      Generally, more insulation in the transformers requires longer degassing
      and liquid dielectric impregnating cycles during construction.
      Consequently, it has always been the desire of transformer engineers to
      keep the amount of insulation in transformers, and in particular the
      thickness of the insulation, at a practicable minimum.
PAR  Various methods have been used to reduce the amount and thickness of
      insulation in transformers apart from any change in the composition of the
      insulating material itself. Devices or members which more evenly
      distribute the voltage stresses along or across the insulation structures
      have been used to permit more efficient use of the transformer insulation.
      Other types of grading or distributing arrangements have been used to
      shape the voltage stresses to change the insulation failure patterns
      between creep failure and puncture failure to achieve the greatest overall
      benefit of the insulation material contained within the transformer.
PAR  While the methods used to enhance the ability of the solid insulation to
      perform properly in a transformer system are numerous, almost universally
      it has been the tendency of transformer engineers to either increase the
      amount of insulation or change the voltage stress in a region where the
      insulation was known to be failing under actual field use or during
      laboratory testing. With either approach, the problems of complexity and
      economy are detrimentally affected. Therefore, it is desirable, and it is
      an object of this invention, to provide a transformer insulation structure
      which performs satisfactorily with a minimum of solid insulating material
      and stress grading or shaping members.
PAC  SUMMARY OF THE INVENTION
PAR  There is disclosed herein a new and useful distribution transformer winding
      structure which exhibits several advantages over prior art structures. The
      winding structure includes an inner low-voltage winding section, an outer
      low-voltage winding section, and a high-voltage winding section disposed
      therebetween. The conductors of the low-voltage winding sections are
      insulated from each other by layers of solid insulation. Similarly, the
      layers of conductors of the high-voltage winding section are insulated
      from each other by layers of solid insulation. The various winding
      sections are insulated from each other by winding-to-winding insulation
      structures positioned between the inner low-voltage winding section and
      the high-voltage winding section, and between the high-voltage winding
      section and the outer low-voltage winding section.
PAR  The winding-to-winding insulation structures contain a plurality of layers
      of solid insulation. The total thickness of these layers is substantially
      less than that of prior art winding-to-winding insulation structures. Some
      of the layers are axially extended to increase the creepage path between
      the low-voltage winding sections and the high-voltage winding section. An
      "all-around" duct is positioned in each of the winding-to-winding
      insulation structures to increase the insulation strength thereof and to
      improve the effectiveness of the sold insulation with normal manufacturing
      techniques.
PAR  Each of the winding-to-winding insulation structures is free of any
      metallic foil shield which is normally used according to the prior art
      with the intention of improving the effectiveness of the solid insulating
      material by better voltage stress distribution. The unique combination of
      elements in the winding-to-winding insulation structure allows the solid
      insulating material to perform economically as an insulator and permits
      the construction of high BIL distribution transformers with less solid
      insulating material than has been used according to the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and uses of this invention will become more apparent
      when considered in view of the following detailed description and drawing,
      in which:
PAR  FIG. 1 is a view of a transformer core and winding assembly constructed
      according to this invention;
PAR  FIG. 2 is a cross-sectional view of the winding assembly shown in FIG. 1;
      and
PAR  FIG. 3 is a partial cross-sectional view of a prior art winding assembly
      showing the winding-to-winding insulation structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Throughout the following description, similar reference characters refer to
      similar elements or members in all of the figures of the drawing.
PAR  Referring to the drawing, and to FIG. 1 in particular, there is shown a
      transformer having a winding structure constructed according to this
      invention. The transformer 10 includes the magnetic cores 12 and 14 and
      the winding structure 16. The winding structure 16 is positioned in
      inductive relationship with the magnetic cores and includes an inner
      low-voltage winding section 18, an outer low-voltage winding section 20,
      and a high-voltage winding section 22. The low-voltage winding leads 24,
      26, 28 and 30 are connected to the conductors within the inner and outer
      low-voltage winding sections, and the high-voltage winding leads 32 and 34
      are connected to the conductors within the high-voltage winding section
      22.
PAR  The conductors of the various winding sections are insulated from each
      other and from the conductors of adjacent winding sections by an
      arrangement of solid insulating members and liquid dielectric ducts. For
      example, the extended insulating member 36 provides part of the insulation
      between the high-voltage winding section 22 and the outer low-voltage
      winding section 20. The extended insulating member 36 projects axially
      beyond the boundaries of most of the other insulating members in the
      winding structure 16. The extended insulating member 36 is folded down
      upon the other insulating members at the positions where the insulating
      member 36 enters the opening in the magnetic core, such as at the position
      38, to reduce the size of the magnetic core opening necessary to contain
      the winding structure 16.
PAR  The winding structure 16 includes liquid dielectric ducts which are formed
      by spacing members, such as the members 40, which extend through the
      insulation structure with the axis of the members 40 aligned substantially
      parallel with the axis of the winding structure 16. When the ducts which
      are formed by the members 40 extend around the entire circumference of the
      winding structure 16, they are known as "all-around" ducts. When the
      members 40 are positioned only in the portions of the winding structure 16
      which extend from the magentic cores 12 and 14, the ducts are referred to
      as "end" ducts.
PAR  FIG. 2 is a cross-sectional view of the winding structure 16 illustrating
      the various layers of conductors, insulation, and liquid dielectric ducts
      used in the novel winding structure of this invention. The description of
      FIG. 2 will be better understood by referring to both FIGS. 1 and 2.
PAR  The inner low-voltage winding section 18 is positioned around a winding
      tube 44 which is adjacent to the magnetic core 12. While the thickness
      dimensions of the components of the winding structure 16 are not to be
      considered limiting to the scope of the invention as claimed herein,
      typical thicknesses will be indicated for the transformer 10 when having a
      rating of 150 KV BIL and 37.5 KVA, with a high-voltage winding rating of
      34500 Grd Y/19920 volts and a low-voltage winding rating of 240/120 volts.
      With such ratings, the winding tube 44 would be constructed of 0.056 inch
      (1.42 millimeter) pressboard solid insulating material. The layer
      insulation 46 is positioned between the conductors 48 of the inner
      low-voltage winding section 18. The number of conductors 48 illustrated in
      the winding section 18 is less than that which would normally be used in
      order to simplify the drawing. The layer insulation 46 may be a suitable
      solid insulating material, such as treated kraft paper which is known
      commercially by the trademark "Insuldur."
PAR  The conductors 48 shown in FIG. 2 are foil or sheet conductors of a
      suitable electrical conducting material, such as copper or aluminum. In
      other embodiments of the invention, these conductors could be round wires
      or rectangular straps which are suitably insulated to withstand
      turn-to-turn voltages. For the transformer ratings specified herein, the
      thickness of the layer insulation 46 would be approximately 0.005 inch
      (0.127 millimeter). The layer insulation 46 extends axially beyond the
      edges of the conductors 48 to provide increased creepage insulation
      between adjacent conductors.
PAR  The outer low-voltage winding section 20 is constructed similar to the
      winding section 18. Thus, the layer insulation 50 is substantially the
      same as the layer insulation 46, and the electrical conductors 52 are
      substantially the same as the conductors 48. The winding leads 24, 26, 28
      and 30, which are shown in FIG. 1, are not illustrated in FIG. 2 since
      they would normally be connected to the low-voltage winding sections at
      the other end of the winding structure than the end shown in FIG. 2. The
      insulating sleeves 54, which are also shown in FIG. 1, extend into the
      regions between the layer insulation 46 and 50 to provide insulation for
      the winding leads. The extension of the insulating sleeves 54 above the
      top of the extended insulating members insures that a sufficient creepage
      path will exist around the extended insulation 36. If the insulating
      sleeves 54 were not positioned in such a manner on the winding leads, it
      is possible that the winding lead could come into contact with the top
      edge of the extended insulating members, thereby decreasing the creepage
      path by approximately one-half that which would normally be provided when
      the low-voltage winding leads are not touching the extended insulating
      members.
PAR  The high-voltage winding section 22 includes a plurality of circular
      conductors 60 which are wound in a plurality of conductor layers
      throughout the high-voltage winding 22. The axial ends of the conductor
      layers in the high-voltage winding structure 22 progressively move farther
      away from the surface 62 of the insulating structure, thus providing a
      sufficient creep distance between the high-voltage conductor and the outer
      low-voltage winding conductor. The high-voltage winding section 22 also
      includes an end duct 40 which allows a liquid dielectric to flow through
      the winding section 22. The high-voltage winding leads 32 and 34 are also
      insulated by the sleeves 68 and 70 which also insure that the creepage
      path provided by the extended insulating members will be maintained even
      if the leads are pulled over against the extended insulating members.
PAR  For the transformer ratings described herein, the layer insulation 72 which
      is located between the high-voltage conductor layers would be
      approximately 0.025 inch (0.635 millimeter) thick and would be constructed
      of a suitable solid insulation material, such as that used for the layer
      insulation 46 and 50. The high-voltage layer insulation 72 includes
      "cuffs" at the ends thereof to aid the person winding the coil in
      maintaining the space between the surface 62 and the axial ends of the
      conductor, and to help provide mechanical support for the turns within the
      high-voltage winding 22.
PAR  The various winding sections are separated from each other by
      winding-to-winding insulation structures. More specifically, the inner
      low-voltage winding section 18 and the high-voltage winding section 22 are
      separated by the winding-to-winding insulation structure 74, and the
      low-voltage winding section 20 and the high-voltage winding section 22 are
      separated by the winding-to-winding insulation structure 76. The
      winding-to-winding insulation structures 74 and 76 are similarly
      constructed of solid insulating material and liquid dielectric ducts.
PAR  The winding-to-winding insulation structure 74 includes three layers 78 of
      0.015 inch (0.381 millimeter) cellulosic paper, such as Insuldur, which is
      wrapped around the inner low-voltage winding section 18. The insulation
      structure 74 also includes a plurality of insulating layers 80, each of
      which is 0.015 inch thick and constructed of a material similar to that
      used for the insulating layers 78. Hence, in this specific embodiment, the
      total or aggregate thickness of the solid insulating material in each
      winding-to-winding insulation structure is only approximately three to
      five times the thickness of the layer insulation in the high-voltage
      winding structure. The layers 80 extend beyond the surface 62 of the
      insulating structure. An all-around duct 82 is positioned between the
      insulating layers 78 and 80 to permit cooling dielectric liquid to flow
      through the insulation structure 74, to increase the insulating strength
      of the insulation structure 74, and to permit satisfactory processing of
      the insulation structure 74 during the construction of the transformer.
PAR  The insulating layers 84 and 86, and the all-around duct 88 of the
      winding-to-winding insulation structure 76 are similar to the
      corresponding members in the insulation structure 74. The total or
      aggregate thickness of the winding-to-winding insulation structures 74 and
      76 is sufficient to prevent any failure of the insulation structure due to
      puncture thereof caused by the voltage stresses developed therein. As will
      be discussed in more detail hereinafter, the relative thickness of the
      insulation structures 74 and 76 is much smaller than that of prior art
      arrangements.
PAR  FIG. 3 is a partial cross-sectional view of a winding insulation structure
      constructed according to the prior art. The inner low-voltage winding
      structure 18', the winding-to-winding insulation structure 74', the
      high-voltage winding conductors 60', and the high-voltage winding lead 32'
      perform substantially the same functions as the corresponding members in
      FIG. 2. However, as is clearly indicated by FIG. 3, the amount of solid
      insulating material contained within the winding-to-winding insulation
      structure 74' is much greater than the corresponding structure of this
      invention. In addition to the additional thickness of insulation, the
      winding-to-winding insulation structure 74' contains a static plate or
      electrostatic shield 92 which is constructed of a suitable conducting
      material, such as metallic foil or sheet. The shield 92 is connected to
      the lead 32' of the high-voltage winding for the purpose of more evenly
      distributing the voltage stresses across the insulation structure 74' upon
      the application of an impulse voltage to the high-voltage winding.
PAR  The arrangement of the insulation structure 74' shown in FIG. 3 is the
      result of years of insulation testing and analysis. When the BIL level of
      the transformer is sufficiently low, a reasonable thickness of the
      winding-to-winding insulation structure would normally provide the amount
      of insulation necessary to properly protect the winding structure.
      However, as the BIL level of transformers increased, it was found that
      additional dielectric strength was required between the low-voltage
      sections and the high-voltage winding section.
PAR  The obvious solution to a solid insulation breakdown problem is to either
      increase the amount of insulation, thereby decreasing the voltage stress
      on a particular segment of the insulation, and/or by changing the voltage
      stress field relative to the insulation structures to prevent any region
      of excessive voltage stress. Consequently, for the higher BIL levels, it
      was found necessary to place a shield, such as the shield 92, within the
      insulation structure 74' to evenly distribute the voltage stress along the
      axial length of the insulating layers 94 which are constructed of a
      suitable solid insulating paper such as Insuldur. In addition, it has been
      found that, to obtain satisfactory dielectric strength, the thickness of
      the insulation structure 74' must be increased proportionately more than
      the BIL level.
PAR  In a standard 150 KV BIL transformer presently constructed for commercial
      use, it has been found necessary to have an insulation thickness of
      approximately 0.32 inch (8.128 millimeters) for the insulation structure
      74'. This is over sixty times the thickness of the layer insulation in the
      low-voltage winding section and approximately twelve times the thickness
      of the layer insulation in the high-voltage winding section. The use of
      such an amount of insulating material is considered disadvantageous for
      several reasons. The amount of solid insulating material required to
      construct the transformer is a significant portion of the cost of
      manufacturing the transformer. The additional radial build of the winding
      structure requires that the tank or enclosure which surrounds the core and
      winding assembly have larger dimensions, thus requiring more space and
      liquid dielectric. Also, more core and winding material is required. In
      addition, processing of the coil insulation is more complicated. It has
      been found that a considerable length of time must be used to degas and
      remove moisture from the insulating layers 94 to provide a
      winding-to-winding insulation structure which provides sufficient
      dielectric strength.
PAR  Referring again to FIG. 2, it can be seen that the winding-to-winding
      insulation structures 74 and 76 of the present invention are relatively
      less complicated and contain less material than the winding-to-winding
      insulation structure 74' shown in FIG. 3. In addition, the insulation
      structures 74 and 76 contain "all-around" liquid dielectric ducts,
      extended insulation above the surface of the insulation structure, and are
      free of any electrostatic shield. This unique combination of construction
      permits the insulation structures 74 and 76 to perform as well as the
      insulation structure 74' even without excessive moisture and gas
      elimination procedures during the construction of the transformer.
PAR  The arrangement of components according to this invention, as shown in FIG.
      2, are contrary to the conventional beliefs of what is necessary to
      improve the puncture resistance of winding-to-winding transformer
      insulation structures. For example, electrostatic shields adjacent to the
      high-voltage windings are placed in the insulation structure for the
      purpose of improving the stress distribution of the insulating members to
      permit the insulation to satisfactorily handle the voltage stress or, as
      is sometimes the case, to permit a reduction in the solid insulating
      material while still providing adequate dielectric strength. Thus, when
      insulation failure due to puncture is prevalent, the removal of any stress
      shaping shield would seem contrary to the accepted practices used by
      transformer engineers. In addition, when the dielectric strength of the
      solid insulating material is not sufficient to prevent failure due to
      puncture, the natural tendency is to increase the amount of insulation in
      order to increase the dielectric strength across the aggregate of the
      insulating layers. Therefore, without hindsight, the development of the
      winding-to-winding insulation structures 74 and 76 shown in FIG. 2 runs
      contrary to what has conventionally been considered as obvious solutions
      to an insulation problem.
PAR  The winding-to-winding insulation structures 74 and 76 shown in FIG. 2 are
      believed to provide adequate insulating properties because of several
      reasons. First of all, the elimination of the shield eliminates an
      impregnable barrier which herebefore has prevented the proper degassing
      and demoisturizing of the solid insulating materials during construction
      of the transformer. Thus, many failures herebefore regarded as a result of
      insufficient thicknesses of solid insulating material have been caused by
      a poor dielectric strength for the total insulating structure due to
      improper and insufficient elimination of moisture and gases from the solid
      insulating material. The processing of the solid insulating materials is
      also compounded, according to the thick prior art arrangements, by the
      bulk or thickness of the insulating material. Thus, reducing the amount of
      solid insulating material as shown in FIG. 2 allows the degassing and
      demoisturizing processes to more adequately remove the foreign
      contaminants from the insulating structure, thereby insuring that the
      dielectric strength is substantially a linear relationship between the
      amount of solid insulating material used. In addition, the elimination of
      the shield, which, being constructed of a thin conductive foil, usually
      develops folds and wrinkles when wound into the coil, allows the
      elimination of the stress concentrations occurring at the sharp edges of
      the folds and wrinkles.
PAR  The all-around ducts 82 and 88 between the insulating layers also enhance
      the ability of the solid insulating material to expel its contaminants
      during the manufacturing process. The all-around ducts also provide a
      degree of insulation between the winding sections by the mere separation
      of the winding sections, without increasing the amount of solid insulating
      material.
PAR  Since the radial distances between the high-voltage winding section and the
      outer low-voltage winding sections decrease with a decrease in thickness
      of the insulating structures 74 and 76, it is necessary to increase the
      creepage paths between the electrical elements of these structures to
      maintain adequate electrical insulation. This is provided by the extension
      of the insulating layers 80 and 84 beyond the surface 62 of the insulating
      structure. Thus, the creepage paths traverse the extended sides and tops
      of the extended insulation layers of the insulation structures 74 and 76.
PAR  The resulting insulation structures 74 and 76 use solid insulating members
      whose aggregate thickness is not much greater than the thickness of the
      insulating layers between the various conductors and is much less than the
      aggregate thickness of solid insulation herebefore used, use extended
      layers of insulation to provide adequate creepage resistance, use
      dielectric ducts to assure adequate processing of the solid insulating
      materials and to provide an overall reduction in the stress gradient on
      the insulating structures, and avoid the use of any other member which
      would trap moisture or gases within the solid insulating material which
      would degrade the dielectric strength thereof.
PAR  Since numerous changes may be made in the above described apparatus, and
      since different embodiments of the invention may be made without departing
      from the spirit thereof, it is intended that all of the matter contained
      in the foregoing description, or shown in the accompanying drawing, shall
      be interpreted as illustrative rather than limiting.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A transformer comprising;
PA1  a magnetic core structure;
PA1  an inner low-voltage winding structure having conductor layers disposed in
      inductive relationship with the magnetic core, said winding structure
      including at least one layer of a solid insulating material between each
      of said conductor layers;
PA1  a high-voltage winding structure having conductor layers disposed around
      the outside of the inner low-voltage winding structure, said winding
      structure including at least one layer of a solid insulating material
      between each of said conductor layers;
PA1  a first winding-to-winding insulation structure disposed between the inner
      low-voltage winding and the high-voltage winding structures;
PA1  an outer low-voltage winding structure having conductor layers disposed
      around the high-voltage winding structure, said winding structure
      including at least one layer of a solid insulating material between each
      of said conductor layers; and
PA1  a second winding-to-winding insulation structure disposed between the
      high-voltage winding and the outer low-voltage winding structures;
PA1  said first and second winding-to-winding insulation structures each having
      ducts which permit the flow of liquid dielectric through the insulation
      structure, having layers of a solid insulating material which extend
      axially beyond the axial ends of all of the layered insulating material in
      all of said winding structures, and not having a conventional metallic
      foil electrostatic shield which extends substantially the entire axial
      length of the high-voltage winding structure.
NUM  2.
PAR  2. The transformer of claim 1 wherein the ducts in the winding-to-winding
      insulation structures extend around the entire circumference of the
      insulation structures.
NUM  3.
PAR  3. The transformer of claim 1 wherein the first and second
      winding-to-winding insulation structures each contain a plurality of
      layers of a solid insulating material, with the aggregate thickness of the
      solid insulating material in each insulation structure being less than
      five times greater than the a layer of thickness of the insulation in the
      high-voltage winding structure.
NUM  4.
PAR  4. The transformer of claim 1 wherein the winding-to-winding insulation
      structures contain a plurality of layers of a solid insulating material,
      with the aggregate thickness of the solid insulating material being
      greater than a first predetermined thickness which prevents breakdown of
      said insulation before the breakdown of any other insulation in the
      transformer upon the application of an impulse voltage, and being less
      than a second predetermined thickness which is sufficiently thick to trap
      a significant amount of moisture within the insulation structure.
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ABST
PAL  A bobbin wound electrical coil assembly wherein external leads connected to
      the coil ends are secured in the flanges of the bobbin. Connector
      terminals connecting external lead ends and coil ends are fixed in sockets
      formed in one bobbin flange to preclude pulling stress on the coil end
      connections, and slots in the periphery of the other bobbin flange receive
      portions of the external leads spaced from their connected ends. A snap-on
      insulating cover having tabs which engage holes in the flanges of the
      bobbin extends between the bobbin flanges and over the external leads to
      cover the connections and to retain the external lead portions in the
      slots in the bobbin flange.
BSUM
PAR   This invention relates to bobbin wound electrical coil assemblies and
      particularly to improved means for securing external leads to the bobbin
      so as to preclude strain on their connections with the coil ends and for
      electrically insulating the connections of the external leads to the coil
      ends from surrounding equipment.
PAC  BACKGROUND OF INVENTION
PAR  Electrical coil assemblies, particularly coil assemblies for transformers
      used in electrical control devices, require that external lead connections
      to the coil ends be electrically insulated from surrounding equipment and
      that the construction be such that a pull on the external leads will not
      be transmitted to the coil ends. To accomplish this, common prior art
      structures utilize insulative tape, rigid insulative strips, or
      encapsulation with an epoxy resin, or combinations thereof. Such
      arrangements are relatively complex and expensive to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention, therefore, to provide a generally new
      and improved bobbin wound electrical coil assembly having simple and
      inexpensive means for electrically insulating the connections between
      external leads and the coil ends and for securing the external leads to
      the bobbin to preclude stresses on the coil ends.
PAR  A further object is to provide a bobbin wound electrical coil assembly in
      which members connecting external leads to their associated coil ends are
      secured in the flanges of the bobbin and which includes an insulative
      snap-on cover operative to effectively insulate the coil end and lead
      connections from surrounding equipment and to retain the external leads in
      a secure position in the bobbin flanges.
DRWD
PAR  Further objects and advantages will become apparent from the following
      description when read in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a coil assembly constructed in accordance
      with the present invention;
PAR  FIG. 2 is a perspective view of the coil assembly of FIG. 1 shown prior to
      connection of the external leads to the coil ends and with the snap-on
      cover removed;
PAR  FIG. 3 is a perspective view of the winding assembly of FIG. 2 with the
      external leads connected to the coil ends and showing the connector
      terminals and the external leads secured in the flanges of the bobbin;
PAR  FIG. 4 is an enlarged top plan view of the connector terminal used in the
      preferred embodiment of the invention;
PAR  FIG. 5 is a front elevation view of the connector terminal of FIG. 4;
PAR  FIG. 6 is a top plan view of the coil assembly of FIG. 3;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 6 showing
      the tapered surface and the hole in an end flange of the bobbin to
      facilitate installing the snap-on cover;
PAR  FIG. 8 is a top plan view of the cover of the present invention;
PAR  FIG. 9 is a front elevation view of the cover of FIG. 8;
PAR  FIG. 10 is a cross-sectional view of the tapered tab of the cover taken
      along line 10--10 of FIG. 8;
PAR  FIG. 11 is a perspective view of another form of the invention wherein
      external lead connections on the bobbin are made above and below the
      longitudinal axis of the bobbin and two snap-on covers are provided;
PAR  FIG. 12 is a perspective view of yet another form of in invention, similar
      to that shown in FIG. 11 except that the two snap-on covers are
      sufficiently extensive to completely surround the coils; and
PAR  FIG. 13 is a front elevation view of the cover for use with the coil
      assembly of FIG. 12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, the invention is illustrated as applied to an electrical
      coil assembly for use in a voltage step-down transformer such as the type
      utilized in many electrical control devices. It will be apparent to those
      skilled in the art that the principles of the present invention, which are
      hereinafter more fully described, may be utilized in various types of
      electrical coil assemblies such as in multi-coil transformers, inductors,
      relays, and solenoids.
PAR  Referring now to the drawings, in FIG. 2 there is shown a coil assembly 10
      comprising an insulative bobbin 11 around which a high voltage primary
      coil 12 and a low voltage secondary coil 13 are wound in axial spaced
      relationship. Disposed at right angles to the longitudinal axis 14 of
      bobbin 11 and integral therewith are end flanges 15 and 16 and a
      relatively smaller intermediate flange 17, flange 17 serving to separate
      coils 12 and 13. Bobbin 11 has a core opening 18 which extends between end
      flanges 15 and 16 for receiving therein a leg of a magnetic core (not
      shown).
PAR  Secondary coil 13 is wound on bobbin 11 so that the start end 19 and the
      finish end 20 extend generally radially outwardly from bobbin 11 and
      adjacent the inside wall 21 of end flange 16. Any suitable means, such as
      a piece of insulative tape 22, can be used to electrically insulate start
      end 19 from the remainder of coil 13. A layer of insulative tape 23 may be
      wrapped around coil 13 to prevent unraveling of the turns of wire in coil
      13 and to protect the top layer of wire from physical damage.
PAR  There is a ledge 25 formed on the inside of end flange 16 by a reduction in
      the thickness of a peripheral portion 24 of flange 16 and there are spaced
      rectangular sockets 26 in ledge 25 extending parallel to flange 16.
      Sockets 26 receive the barbed end portions 27 of connector terminals 28,
      shown in FIGS. 4 and 5, in force fit relationship so that once the
      terminals 28 have been forcibly inserted into sockets 26, the barbed end
      portions 27 prevent terminals 28 from being removed. As shown in FIGS. 4
      and 5, connector terminal 28 consists of barbed end portion 27, a
      relatively narrow midportion 29, and an opposite end portion 30 having
      parallel spaced legs 31 extending perpendicularly therefrom. After the
      barbed end portion 27 of a connector terminal 28 has been pushed into a
      socket 26, the coil start end 19 and the stripped end of an insulated
      external lead 32 are inserted between legs 31 and the legs 31 are then
      crimped over the coil start end 19 and the stripped end of external lead
      32. Connector terminal 28 is then bent, near narrow midportion 29, so that
      connector terminal end portion 30 and external lead 32 extend generally
      parallel to the axis 14 of coils 12 and 13 as shown in FIG. 3. In a
      similar manner, the finish end 20 of coil 13 is connected to another
      external lead 33. With this arrangement, a considerable pulling force on
      leads 32 and 33 in a direction parallel to axis 14 is resisted, thereby
      preventing such pulling force from being transmitted to coil ends 19 and
      20.
PAR  The axially extending leads 32 and 33, which are insulated with a slightly
      compressible insulation such as a thermoplastic, are then pushed into
      slots 34, spaced from each other, in the periphery of opposite end flange
      15. Slots 34 are narrower than the diameter of insulated leads 32 and 33
      so that the insulation thereon is compressed as they are forcibly inserted
      into slots 34. The amount of compression is sufficient to enable leads 32
      and 33 to resist a considerable pulling force tending to remove leads 32
      and 33 from slots 34, such pulling force being due to handling of the coil
      assembly during the remainder of the assembly operation. Because leads 32
      and 33 are retained in slots 34 against such a pulling force, connector
      terminals 28 are subjected to only a pulling force in a direction parallel
      to axis 14, thereby preventing undesirable forces on connector terminals
      28 which would tend to twist or pull the terminals out of sockets 26 and
      thus cause a pulling force to be applied to coil ends 19 and 20. Cover
      means, as will be described later, retain leads 32 and 33 within slots 34
      against a greater pulling force which is likely to be encountered when the
      coil assembly is installed in the final end product.
PAR  External leads indicated at 35 and 36 are connected to the ends 37 and 38
      of the primary coil 12, which is preferably covered with a layer of
      insulating tape 23, in the same manner as leads 32 and 33 are connected to
      the ends 19 and 20 of the secondary coil 13. Referring to FIG. 6, end
      flange 15 has a peripheral portion 39 similar to peripheral portion 24 in
      flange 16, a ledge 40 similar to ledge 25 in flange 16, and spaced
      rectangular sockets 41 in ledge 40 identical to sockets 26 in ledge 25.
      Sockets 41 are, however, spaced further apart than sockets 26, see FIG. 6.
      As seen in FIGS. 1, 2, and 3, end flange 16 also has spaced slots 42 in
      the periphery thereof, identical to slots 34 but spaced further apart, for
      receiving insulated portions of external leads 35 and 36.
PAR  The inside walls 43 and 21 of end flanges 15 and 16 are provided with
      tapered surfaces 44 extending from their peripheries to holes 45, as more
      clearly shown for end flange 16 in FIG. 7, to facilitate receiving a
      snap-on cover. Referring to FIGS. 8, 9 and 10, there is provided a
      generally flat rectangular cover 46, made of a suitable insulating
      material such as nylon, having a central section 47 and end sections 48
      spaced from central section 47 by intermediate sections 49 of reduced
      thickness. Cover 46 is secured to bobbin 11 by means of tapered tabs 50
      which project from opposite sides of end sections 48. The width of end
      sections 48 is the same as the width of bobbin 11 between inside walls 43
      and 21 of end flanges 15 and 16 but tabs 50 project sufficiently so that
      outer flanges 15 and 16, in the vicinity of tapered surfaces 44, are
      caused to deflect outwardly a small amount when tabs 50 are pressed
      downwardly along the tapered surfaces 44 to be entered into holes 45. When
      tabs 50 are seated in holes 45, outer flanges 15 and 16 return to their
      normal position thus confining tabs 50 in holes 45.
PAR  The sections 49 of reduced thickness permit cover 46 to be bent along these
      sections, as shown in FIG. 1, so that end sections 48 of cover 46
      generally follow the perimeter of coils 12 and 13 so as to more adequately
      protect these coils from physical damage due to external forces. Central
      section 47 is wider than sections 48 and extends between the thinner
      peripheral portions 24 and 35 of flanges 15 and 16 over the ledges 25 and
      40. As shown in FIG. 1, when cover 46 is installed, the central section 47
      is generally on the same plane as the plane defined by the edges of
      peripheral portions 24 and 39. Thus, snap-on cover 46 electrically
      insulates the connections between external leads 32, 33, 35 and 36 and
      coil ends 19, 20, 37 and 38 from surrounding equipment and retains leads
      32 and 33 in slots 34 and leads 35 and 36 in slots 42, such retention
      insuring that external leads 32, 33, 35 and 36 will resist a considerable
      pulling force in any direction and thus prevent stress on coil ends 19,
      20, 37 and 38.
PAR  A second form of the invention is illustrated in FIG. 11. In this form of
      the invention, the portions of end flanges 51 and 52 above axis 14 are
      identical to the portions of previously described end flanges 15 and 16
      above axis 14, and the portions of end flanges 51 and 52 below axis 14 are
      symmetrical with the portions of end flanges 51 and 52 above axis 14.
      Thus, the external leads 32 and 33 connected to the ends of coil 13 can
      extend through any two slots 34 in end flange 51 above or below axis 14 or
      one slot 34 above axis 14 and one slot 34 below axis 14, and the external
      leads 35 and 36 connected to the ends of coil 12 can extend through any
      two slots 42 in end flange 52 above or below axis 14 or one slot 42 above
      axis 14 and one slot 42 below axis 14.
PAR  Although not shown in FIG. 11, it is to be understood that connector
      terminals 28 are secured in the appropriate portions of end flanges 51 and
      52, above or below axis 14, as determined by the location of the slots 34
      and 42 that are utilized, and that the connector terminals 28 are secured
      in sockets 26 and 41 in the same manner as previously described. For
      example, with leads 32 and 33 retained in slots 34 in flange 51 below axis
      14, as shown in FIG. 11, the connector terminals 28 connecting leads 32
      and 33 with ends 19 and 20 of coil 13 are secured in sockets 26 in ledge
      25 of flange 52 below axis 14. Similarly, with leads 35 and 36 retained in
      slots 42 in flange 52 above axis 14, the connector terminals 28 connecting
      leads 35 and 36 with the ends 37 and 38 of coil 12 are secured in sockets
      41 in ledge 40 of flange 51 above axis 14. With this form of the
      invention, snap-on cover 46 cooperates with end flanges 51 and 52 above
      axis 14 and below axis 14 in the same manner as cover 46 cooperates with
      end flanges 15 and 16 above axis 14, as previously described. An advantage
      of this form of the invention is that desired external lead locations in
      flanges 51 and 52, as dictated by the electrical wiring requirements of
      any particular electrical control device, can be obtained simply by
      altering the method of manufacturing rather than requiring different
      parts.
PAR  Yet another form of the invention is shown in FIGS. 12 and 13 wherein two
      snap-on covers 53 cooperate with the previously described end flanges 51
      and 52 to completely surround coils 12 and 13. Referring to FIG. 13, cover
      53 is the same as previously described cover 46 except it has additional
      sections 54 spaced from sections previously described as end sections 48
      by additional intermediate sections 55 of reduced thickness. Referring to
      FIG. 12, the intermediate sections 55 permit cover 53 to be bent along
      these sections so that the additional sections 54 can generally follow the
      perimeter of coils 12 and 13.
PAR  The additional sections 54 extend sufficiently from the intermediate
      sections 55 so that when covers 53 are installed and the additional
      sections 54 are prevented from moving outwardly from coils 12 and 13 by a
      piece of tape 56 or by surrounding equipment such as a leg of a magnetic
      core (not shown), covers 53 completely surround the perimeters of coils 12
      and 13 thereby more adequately protecting coils 12 and 13 against physical
      damage due to external forces. Covers 53 also prevent any turns of wire in
      coils 12 and 13 from touching any surrounding equipment so that it is
      unnecessary to wrap a layer of tape 23, as shown in FIG. 2, around coils
      12 and 13, thereby reducing the cost of the coil assembly.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, it will be recognized that many
      changes and modifications will occur to those skilled in the art. It is
      therefore intended, by the appended claims, to cover any such changes and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical coil assembly comprising a bobbin having a pair of end
      flanges, a coil wound on said bobbin between said flanges and having a
      start end and a finish end, insulated external leads, means for connecting
      said insulated leads at their ends to said coil ends intermediate said
      flanges, said connecting means being secured to the inside wall of one of
      said flanges, the other of said flanges having slot means open to a
      peripheral edge thereof receiving therein an insulated portion of said
      insulated leads spaced from their connected ends, relatively rigid
      insulative cover means attached to said flanges and overlying said
      insulated leads adjacent said slot means for confining said insulated
      leads within said slot means, said cover means also extending between said
      flanges and overlying said connecting means thereby insulatingly covering
      said connecting means, and interengaging means on said cover means and on
      said flanges for providing snap-on attachment therebetween.
NUM  2.
PAR  2. The electrical coil assembly of claim 1 in which said cover means
      comprises a cover having a plurality of sections spaced from each other by
      relatively thin intermediate sections extending transversely across said
      coil, said cover being bent at said intermediate sections so that said
      cover generally follows the perimeter of said coil.
NUM  3.
PAR  3. The electrical coil assembly of claim 1 in which said cover means
      comprises two covers which extend end to end around the perimeter of said
      coil thereby insulatingly covering said coil.
NUM  4.
PAR  4. An electrical coil assembly comprising a bobbin having a pair of end
      flanges, a coil wound on said bobbin between said flanges and having a
      start and a finish end, insulated external leads, means for connecting
      said insulated leads at their ends to said coil ends intermediate said
      flanges, said connecting means being secured to the inside wall of one of
      said flanges, the other of said flanges having slot means open to a
      peripheral edge thereof receiving therein an insulated portion of said
      insulated leads spaced from their connected ends, and means attached to
      said flanges and overlying said insulated leads adjacent said slot means
      for confining said insulated leads within said slot means, said flanges
      having a plurality of tapered surfaces extending inwardly from said
      peripheral edges and terminating in holes in said flanges, said confining
      means comprising a cover having tapered tabs projecting outwardly
      therefrom which cooperate with said tapered surfaces and said holes for
      providing said attachment therebetween.
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ABST
PAL  A balance control comprises a box-type frame, a plurality of variable
      resistors individually mounted on each side wall of the frame, the upper
      plate of the frame having a large hole, a pair of auxiliary plates
      attached to the surface opposite the upper plate, each auxiliary plates
      having a receiving hole, the large hole and the two receiving holes
      forming a space receiving a ball provided with an operating rod. Either of
      the auxiliary plates is biased by a resilient member to exert a frictional
      resistance on the ball. Each pair of shafts of the resistors is ganged by
      a strip having a slot and the end portion of the operating rod is inserted
      into a hole defined by the slots of the overlapped strips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a balance control for use in four-channel
      stereophonic systems or the like. The primary objective of the present
      invention is to provide a balance control which is quite in its movements
      and which operates smoothly. It is a further objective that the operating
      rod of the balance control is reliable. It is a further objective of the
      present invention to provide a control which is readily and accurately
      assembled.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a balance control is provided
      which comprises a frame having a large hole on the upper surface thereof,
      a first auxiliary plate having a receiving hole and a second auxiliary
      plate having a receiving hole. The auxiliary plates are attached to the
      respective surfaces opposite the upper portion of said frame. An operation
      rod is provided attached to a ball, with the rod protruding from opposite
      ends of the ball. The ball is situated in a space defined by said large
      hole and the receiving holes of the auxiliary plates. A fixed plate is
      fitted with a resilient member, either of said auxiliary plates being
      biased by said resilient member to said ball.
PAR  In accordance with another aspect of the present invention, a balance
      control is provided which comprises a box-type frame and a plurality of
      variable resistors having rotary shafts of insulating synthetic resin. The
      resistors are mounted on the side walls of said box-type frame. The
      resistor shafts are interconnected by ganging strips, each having a slot
      and each strip ganging two of the shafts. An operation rod has one end
      coated with a synthetic resin such as nylon etc., that end being inserted
      into a hole defined by the slots of said overlapped strips.
PAR  According to another aspect of the present invention, a balance control is
      provided which comprises a box-type frame, a plurality of variable
      resistors having rotary shafts mounted on the side walls of said frame,
      and ganging strips which have suitable holes in their end portions, each
      of said shafts having stepped end portions, said stepped end portions
      being fitted to corresponding ones of said holes.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the present
      invention will be better understood from the following detailed
      description with reference to the attached drawings in which;
PAR  FIG. 1 is a perspective view of a balance control of the present invention;
PAR  FIG. 2 is a cross sectional side view of the balance control shown in FIG.
      1;
PAR  FIG. 3 is an exploded perspective view of the balance control shown in FIG.
      1;
PAR  FIG. 4 is an exploded perspective view of the balance control showing the
      relationship between the operation rod and the ganging strips; and
PAR  FIGS. 5A, 5B, 5C and 5D are perspective views showing the coupling of the
      ganging strips to the rotary shafts, in which FIGS. 5A and 5D are exploded
      views, FIG. 5B shows the mounting of the ganging strips having small holes
      at their end portions and FIG. 5C shows the mounting of the ganging strip
      having large holes at their end portions.
DETD
PAC  DESCRIPTION OF ONE EMBODIMENT OF THE INVENTION
PAR  In the embodiment of the present invention shown in FIGS. 1 through 5,
      reference number 1 is the box-type frame i.e., in the form of box which is
      constructed of sheet metal which is pressed into a substantially cubic
      shape having side walls 2 and an upper portion. A substantial portion of
      the upper portion is recessed as shown by reference number 3. The side
      walls have circular holes 4 and rectangular slots 5 are provided on each
      side of each hole 4. The recessed portion 3 of the upper portion has a
      large hole 6 in the center thereof and small holes 7 surrounding the
      center hole.
PAR  A first auxiliary plate 8, which is of synthetic plastic resin such as
      nylon, Delrin (T.M. of DuPont), etc., has a concave receiving hole 9 in
      the center thereof. The contour of the first auxiliary plate 8 is shaped
      in such a manner that it can be fitted in the recessed portion 3 of the
      frame 1 and secured thereto by pins 21 or rivets passing through holes 10
      provided in positions corresponding to those of holes 7 of the recessed
      portion 3. The outer surface of the first auxiliary plate 8 has an annular
      protrusions 11 at the center portion thereof and the center of the
      protrusion 11 is a hole 9, the size of the protrusions being sufficient to
      form a receiving hole. Reference number 12 shows a second auxiliary plate
      which is attached to the frame 1 in a fashion similar to the first
      auxiliary plate 8, i.e., holes 14 are provided in positions corresponding
      to those of holes 10 of the first auxiliary plate 8. The second auxiliary
      plate 12 is of the same material as that of the first auxiliary plate 8
      and a protrusion 15 (see FIG. 2) to form a central receiving hole 13, as
      in the case of the first auxiliary plate 8.
PAR  Reference number 16 is a fixed plate of synthetic resin such as nylon;
      Derlin (T.M of DuPont), etc., which is provided at substantially its
      center with a square hole 17 and near the circumference of the hole 17,
      has an annular groove 18. The area and depth of the portion surrounded by
      the annular groove 18 are selected to be large enough to receive the
      protrusion 15 of the second auxiliary plate 12. The fixed plate 16 is
      further provided with holes 12 in positions corresponding to these holes
      19 of the second auxiliary plate 12.
PAR  Reference number 20 shows a resilient element such as a wavy metal spring
      having a suitable resiliency; the resilient element 20 is fitted within
      the annular groove 18 of the fixed plate 16 to bias the second auxiliary
      plate 12 upwardly. The first and second auxiliary plates 8 and 12 and the
      fixed plate 16 are stacked and fastened in line with the recessed portion
      3 of the frame 1 as shown in FIG. 2 by inserting the pins 21 through the
      holes 10 of the first auxiliary plate 8, the holes 7 of the recessed
      portion 3, the holes 14 of the second auxiliary plate 12 and the holes 19
      of the fixed plate 16.
PAR  In the embodiment of the present invention at FIGS. 1 and 2, reference
      number 22 shows a metal operation rod. A ball 23 which acts as the fulcrum
      of the rod 22, is fixed to rod 22 at approximately the mid point of the
      rod 22, for example by an adhesive. One end portion 24 of the rod 22 is
      insulated by an electrically insulating synthetic resin tube (sleeve) of
      nylon, etc.. The pivotal ball 23 is received and slidably held within a
      spherical space formed by the concave receiving holes 9 and 13 of
      respectively the first and second auxiliary plates 8 and 12 and the hole 6
      of the recessed portion 3 of the frame 1. As the second auxiliary plate 12
      is biased upwardly by the resilient element 20, a suitable friction is
      provided between the ball 23 and the receiving holes 9 and 13 of the first
      and second auxiliary 8 and 12 to thereby permit the operation rod 22 to be
      held at any desirable position to which it is moved.
PAR  In the exploded view in FIG. 4 reference number 26 illustrates a variable
      resistor. The variable resistor 26 is comprised of an insulating plate 27
      on which a resistor element and terminals, etc. are disposed, a rotary
      shaft 28, a mounting plate 29 and an internal slider (not shown). The
      rotary shaft 28 is of insulating synthetic resin such as polycarbonate,
      etc. and in the form of a frustrum cone. Along the surface of the front
      portion of the frustrum cone a plurality of axially extending grooves 31
      are provided. The front portion is cut-away to form stepped stages 30 and
      30'. The mounting plate 29 of the variable resistor 26 is provided with a
      pair of nails 32 and a pair of protrusions 33 to position the variable
      resistor 26 in place with respect to the side wall 2 of the frame 1. In
      order to mount the variable resistors 26 on the frame 1, the nails 32 of
      each variable resistor 26 are inserted into the rectangular holes 5
      provided in the corresponding side walls 2 of the frame 1 until the
      protrusions 33 make contact with the side wall surface and then the nails
      32 are bent. At this time the rotary shaft 28 passes through the hole 4
      provided in the side wall 2 and extends inwardly of the frame 1.
PAR  Reference number 34 and 34' illustrate generally U-shaped strips (like
      ganging plates) which are provided with slots 35 and 35' respectively
      extending along the strips almost the full lengths thereof. In the
      opposite ends 36 and 36' of the strips 34 and 34', holes 37 and 37' each
      in the form of a four cross are provided respectively. This shape is
      selected to match the cross sectional shape of the front portion of the
      rotary shaft 28. The size of the hole 37 of the strip 34 is slightly
      smaller than that of the hole 37' of the strip 34'.
PAR  In order to couple the strips 34 and 34' to the oppositely disposed pairs
      of variable resistors 26, the holes 37 of the strip 34 are fitted to the
      stages 30' on the front portion of the rotary shafts 28 of one part of
      resistors and the holes 37' of the strip 34' which are smaller than those
      of the strip 34 are fitted to the stages 30 on the front portion of the
      shafts 28 of the other pair of resistors which are correspondingly smaller
      than the stages 30', as shown in FIGS. 5A, 5B and 5C. The fitting (land)
      portions 38 of the holes 37 and 37' are fitted to the grooves 31 of the
      rotary shafts 28. The curvatures of the strips 34 and 34' are different
      and maintained correspondingly by the stages 30 and 30' respectively so
      that the said strips are not in contact with each other. The end portion
      24 of the operation rod 22 which is coated with an insulating synthetic
      resin is inserted into an opening defined by portions of the slots 35 and
      35' of the strips 34 and 34' which are overlapped with a slight space in
      between.
PAR  In the operation of the present balance control, it is assumed that the
      operation rod 22 is at the position shown in FIG. 2. When the operation
      rod 22 is moved to any position, such as shown by the dotted line, it
      pivots the ball 23, which acts as the fulcrum, and to which a suitable
      frictional resistance is exerted by the resilient member 20. As a result,
      the end portion 24 of the operation rod 22 causes the ganging strips 34
      and 34' to be pivotted and thereby rotate the shafts 28 of the variable
      resistors 26 to regulate the balance thereof.
PAR  In the balance control of the present invention as described herein above,
      because the frictional resistance exerted on the ball 23 of the operation
      rod 22 is suitably maintained by the resilient member 20, which biases the
      auxiliary plate 12 upwardly, the operation rod 22 can reliably and
      smoothly be universally pivotted. In addition, the assembly of the device
      is simply performed by fitting the opposite ends of the strips 34 and 34'
      to the insulated shafts 28 of the variable resistors 26; the insulation of
      the shafts results in a substantial reduction of noise.
PAR  In addition to this effect, since the insulation of the end portion 24 of
      the operation rod 22 is a synthetic resin, such as nylon, etc., the noise
      produced during the pivotal movement of the operation rod 22 is very
      small. Furthermore, as the strips 34 and 34' are fitted to and supported
      by the stepped stages 30 and 30' formed on the shafts 28, the curvatures
      of the strips can be maintained so that the two strips are never in
      contact with each other ensuring smooth pivotal movement of the operation
      rod 22.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a balance control of the type wherein a
      substantially cubic frame having an upper wall and side walls extending
      downwardly from the upper wall is provided with a plurality of variable
      resistors provided with rotary shafts fixed to the side walls, the rotary
      shafts extending inwardly into the frame, ganging strips secured to the
      rotary shafts, each of the ganging strips in the shape of an arc and
      having a longitudinal slot, an operation rod provided with a ball, the
      ball mounted on the upper wall, the operating rod being inserted through
      the slots of the ganging strips to move the strips and thereby rotate one
      or more of the rotary shafts of the variable resistors, the improvement
      which comprises:
PA1  a. the opposite ends of each of the ganging strips provided with holes, the
      holes of each ganging strip being of a size different from the holes of
      the other remaining ganging strips;
PA1  b. the end portion of each of the rotary shafts being inclined so as to be
      smaller toward its outer end;
PA1  c. the ganging strips being secured to the rotary shafts by inserting the
      end portion of the rotary shafts into the holes of the ganging strips to
      the extent allowed by the size of the hole, whereby the radius of the arc
      of each ganging strip will be determined by the size of the hole of the
      ganging strip thereby permitting each ganging strip to have an arc of a
      different radius so that the ganging strips do not come into physical
      contact with each other although the end portions are the same.
NUM  2.
PAR  2. The balancing control of claim 1 and further provided with first and
      second auxiliary plates formed of synthetic plastic resin attached to
      opposite surfaces of the upper wall of the frame, the upper wall of the
      frame having a hole, the first and second auxiliary plates each having an
      opening for receiving the ball of the operation rod, the ball being
      received in a space defined by the upper wall hole and the openings in the
      auxiliary plates, a fixed plate, and a resilient member fitted between the
      fixed plate and one of the auxiliary plates, such that one of the
      resilient plates is biased by the resilient member toward the ball.
NUM  3.
PAR  3. The balancing control of claim 1 wherein the holes at the end of each
      ganging strip are cross-shaped and the end portion of each rotary shaft is
      a core provided with radially extending flanges.
NUM  4.
PAR  4. The balancing control of claim 1 wherein the inclined end portion of
      each rotary shaft has a plurality of steps.
PATN
WKU  039394522
SRC  5
APN  3783545
APT  1
ART  237
APD  19730711
TTL  Desk-top electronic computer with MOS circuit logic
ISD  19760217
NCL  10
ECL  1
EXA  Thomas; James D.
EXP  Shaw; Gareth D.
NDR  11
NFG  15
INVT
NAM  Faggian; Gian Franco
CTY  Ivrea (Turin)
CNT  IT
ASSG
NAM  Ing. C. Olivetti & C., S.p.A.
CTY  Ivrea (Turin)
CNT  IT
COD  03
CLAS
OCL  3401725
EDF  2
ICL  G06F 1520
ICL  G06F 1300
ICL  G06F  906
ICL  G06F  916
FSC  340
FSS  172.5
FSC  235
FSS  156
UREF
PNO  3462742
ISD  19690800
NAM  Miller
OCL  340172.5
UREF
PNO  3475732
ISD  19691000
NAM  Ausan
OCL  340172.5
UREF
PNO  3579201
ISD  19710500
NAM  Langley
OCL  340172.5
UREF
PNO  3593313
ISD  19710700
NAM  Tomaszewski
OCL  340172.5
UREF
PNO  3646522
ISD  19720200
NAM  Furman
OCL  340172.5
UREF
PNO  3676656
ISD  19720700
NAM  Schmidt
OCL  235156
UREF
PNO  3702988
ISD  19721100
NAM  Haney
OCL  340172.5
UREF
PNO  3716843
ISD  19730200
NAM  Schmitt
OCL  340172.5
UREF
PNO  3757306
ISD  19730900
NAM  Boone
OCL  340172.5
UREF
PNO  3757308
ISD  19730900
NAM  Fosnick
OCL  340172.5
UREF
PNO  3760370
ISD  19730900
NAM  Cochran
OCL  340172.5
UREF
PNO  3800129
ISD  19740300
NAM  Umstatto
OCL  340172.5
OREF
PAL  Publication, "Intel MCS-4 Micro-Computer Set" Jan. 1972, Intel Corporation,
      No. 72/02/2.
LREP
FR2  Schaefer; I. J.
ABST
PAL  A desk-top electronic computer with MOS circuit logic comprising an input
      device, an output device and a logic unit adapted to carry out the various
      operations of the computer. The logic unit is disposed on at least two MOS
      circuit chips synchronized by a main oscillator. Each MOS chip is provided
      with a corresponding timing circuit adapted to generate mutually
      coordinated timing signals. The logic unit includes a read only memory or
      ROM for storing the microinstructions commanding the various functions, a
      computing unit and a control unit adapted to permit the selection of the
      microinstructions from the ROM by addressed access for the purpose of
      supplying a sequence of microinstructions to the computing unit, access of
      the address and output of the microinstructions taking place through a
      single connection between the ROM and the control unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a desk-top electronic computer with MOS
      circuit logic, comprising an input device, an output device, and a logic
      unit adapted to carry out the various operations of the machine, the logic
      unit being disposed on at least two MOS circuit chips.
PAR  Known electronic computers are generally provided with logic circuits
      comprising discrete components and integrated circuit components. They
      include static stores, for example core stores, or dynamic stores, for
      example delay line stores, which make construction of the machine
      relatively costly and operation thereof delicate.
PAR  Electronic computers have also already been proposed in which the logic
      circuits are obtained by large scale integration in accordance with MOS
      circuit logic, thus achieving high miniaturization with the minimum use of
      labor. The MOS circuits are generally distributed on one or more chips
      controlled by a timing circuit which becomes relatively complicated.
PAR  Moreover, known computers comprise a read-only memory (ROM) in which the
      microinstructions are recorded and which is connected to the computing
      unit by means of a plurality of channels for input into the store and
      output from the store. Therefore, even electronic computers employing MOS
      circuits are still relatively complicated.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention consists in producing an electronic computer
      having a very simple and efficient timing system for the MOS circuit
      chips.
PAR  According to the present invention, there is provided a desk-top electronic
      computer with MOS circuit logic, comprising an input device, an output
      device, and a logic unit adapted to carry out the various operations of
      the machine, the logic unit being disposed on at least two MOS circuit
      chips, each of which is provided with its own timing circuit adapted to
      generate mutually coordinated timing signals, the timing circuits being
      interconnected with each other.
PAR  A subsidiary object of the invention consists in producing an electronic
      computer having a ROM for storing the microinstructions which is connected
      to a computing unit and a control unit in a manner which is simple and
      such as to profit to the maximum from the advantages of the dynamic logic
      of the MOS circuits.
PAR  This is achieved in a computer according to the invention which further
      includes a ROM for storing the microinstructions commanding the various
      functions, a computing unit and a control unit adapted to permit the
      selection of the microinstructions from the ROM by addressed access for
      the purpose of supplying a sequence of microinstructions to the computing
      unit, access of the address and output of the microinstructions taking
      place through a single connection between the ROM and the control unit.
PAR  Preferably, the logic unit comprises dynamic counters for counting
      cyclically from 0 to a predetermined number in consequence of a
      microinstruction in the ROM, and comparison means controlled by the
      counters for producing the input of numbers into the computing unit by
      means of the input device in accordance with the pre-established decimal
      order and at a predetermined instant of the logical operation.
PAR  The electronic computer thus permits the maximum flexibility for adaptation
      of the logic to a range of different services by merely replacing the ROM
      and allows easy integration of the machine in more complex systems by
      means of the addition of further chips, the timing of which is interlaced
      with that of the chips of the basic logic unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The following is a description of a preferred embodiment of the invention
      given by way of example, with the aid of the accompanying drawings, in
      which:
PAR  FIG. 1 is a block diagram of an electronic computer embodying the
      invention;
PAR  FIG. 2 is a diagram of the MOS circuit chips of the logic unit of the
      computer;
PAR  FIG. 3 is a detailed diagram of a timing circuit of the computer;
PAR  FIG. 4 is a diagram of the basic timing of the computer;
PAR  FIG. 5 is a diagram of the timing of the registers of the computer;
PAR  FIG. 6 is a detailed diagram of another timing circuit of the computer;
PAR  FIG. 7 is a diagram of the input and output circuit of the ROM;
PAR  FIGS. 8, 8a and 8b are a detailed diagram of the control unit of the
      computer;
PAR  FIG. 9 is a diagram of the adder of the computer;
PAR  FIG. 10 is a detailed diagram of two registers and the corresponding
      control circuit of the computer;
PAR  FIG. 11 is a diagram of a comparator for the registers of the computer;
PAR  FIG. 12 is a detailed diagram of a decimal point store of the computer;
PAR  FIG. 13 is a diagram of another two comparators for the decimal register of
      the computer.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAC  Introduction
PAR  The electronic computer embodying the invention essentially comprises an
      input device constituted by a keyboard 20 (FIG. 1) which enables the data
      to be introduced and the instructions relating to the data a logic unit 21
      which enabled the data provided by the keyboard to be stored and the
      instructions provided by the keyboard to be executed, and an output device
      constituted by a printer 22 which receives the commands from the
      electronic assembly and prints the results.
PAR  The logic unit 21 is composed of a single printed circuit board on which
      are mounted three MOS circuit chips 23, 24 and 25. The chip 23 (FIG. 2)
      constitutes the program unit and essentially comprises a ROM 26 in which
      the microinstructions of the machine are recorded. The chip 24 constitutes
      the arithmetic unit and contains essentially four registers A, M, R and T1
      and the computing unit S. It moreover comprises the two end cells of a
      register T2, the other cells of which are disposed on the chip 23. The
      chip 25 constitutes the control and interface unit with the input and
      output and essentially contains an input circuit 27 having a buffer 28
      into which the data introduced from the keyboard 20 (FIG. 1) are loaded, a
      decimal point store 29 (FIG. 2) for storing the number of decimals, an
      output circuit 31 and a control unit 32 which comprises an address
      register 33 for supplying the addresses to the ROM 26, and a
      microinstruction register 34 which stores the microinstructions. The
      microinstructions, suitably decoded by a decoder 35, command the
      operations of the circuits of the chip 25. The logic unit 21 (FIG. 1)
      moreover comprises an oscillator 36, an automatic reset circuit 37, a
      printing command circuit 38 and a circuit 39 commanding the return of the
      printing head. The addresses are formed in the register 33 of the control
      unit 32 either automatically through progressive selection, that is by
      adding a +1 to the code of the preceding one, or they are taken from the
      keyboard 20 (FIG. 1) or are taken from the ROM 26 itself (FIG. 2) by means
      of so-called jumps.
PAR  The microinstructions are also stored in a register 34' similar to the
      register 34, and included in the chip 24. The register 34' is associated
      with a corresponding decoder 35' which commands the various operations of
      the circuits of the chip 24. The address is formed by ten bits in binary
      code, which is expressed in decimal code, while the microinstruction is
      composed of eight bits translated into hexadecimal code.
PAR  The electronic computer can operate algebraically both with a floating
      point and with a fixed point. With a floating point, it operates and
      prints all the decimals entered, while the result is printed with the
      number of decimals preselected. With a fixed point, it operates and prints
      only the number of decimals which is preselected from the keyboard 20
      (FIG. 1) and variable from zero to seven. To this end there is provided on
      the keyboard 20 a small wheel having ten positions, the first eight of
      which serve in two conditions which will be called "red two" and "red
      three", respectively, and for commanding the discarding of two and three
      digits, respectively. With a floating point, the number of decimals
      preselected can be varied continuously, while with a fixed point they can
      be varied only by operating the usual reset key, since with the first
      entry following the reset the number of decimals which is preselected is
      stored in the register 29 (FIG. 2).
PAR  Each of the five registers A, M, R, T1 and T2 has a capacity of 25
      characters, seven of which are for the decimal digits, seventeen for the
      whole digits and the 25th for the sign of the number contained in the
      register. The maximum number of whole digits storable is 16, since the
      seventeenth serves as a signal that capacity has been exceeded. A
      capacity-exceeded signal is also obtained when the decimal digits and the
      whole digits together form a number greater than 16. One of the two
      signals can be inhibited permanently so as to enable the same chip to be
      used for two different models of computer with two different register
      capacities.
PAR  All the digits introduced from the keyboard 20 are stored in the register
      A, from which they are taken for printing thereof when necessary. With
      fixed point, the register T2 is used solely for storing the constant and
      is not accessible from outside, while with floating point the constant can
      be modified from outside by a relative addition on or substraction in a
      manner known per se.
PAR  Every possible addition or substraction which utilizes the register T1 or
      T2 takes place between the data contained in the register A and the
      contents of the register concerned, in which the result will be then
      located in manner known per se. The operations of accumulation of products
      and quotients are executed with the register T1. The registers M and R are
      used in various complex operations and the register R is used as an
      auxiliary result register.
PAR  At the end of each operation the register R contains the following: in
      multiplication, the complete result; in division, the remainder; in
      accumulation of products, the complete result of the multiplication; in
      computation of square, the corresponding result; in accumulation of
      quotients, the remainder of the division; in calculation of percentage, if
      with floating point, the capital, if with fixed point, the interest. In
      extraction of a root, on the other hand, the register R is zeroized.
PAR  The keyboard 20 moreover includes a second wheel which permits rounding off
      to 0, +5 and "all 9's" of the least significant digit of the decimals of
      the result of the multiplication, accumulation of products, percentage and
      square. Moreover, by setting the decimals wheel in the red two or three
      decimal digits, respectively, the rounding off of the first two or three
      useful digits in accordance with the setting of the second wheel is
      obtained.
PAC  Timing
PAR  The MOS circuits of the machine are controlled by a suitable timing system
      comprising a timing circuit for each chip, the three circuits being driven
      by the oscillator 36 (FIG. 1).
PAR  More particularly, thhe oscillator 36 (FIG. 3) supplies a signal .phi. (see
      also FIG. 4) having a period of 1.6 us. The signal .phi., in turn, through
      the medium of a MOS flip-flop cell 40 including an inverter 41, generates
      two signals .phi.A and .phi.B in phase opposition with each other and
      having the same period.
PAR  Since the inverter 41 has a certain delay due to the switching time, when
      the signal .phi. changes to one the signal .phi.A follows it after two
      delay increments and the signal .phi.B changes to zero after three delay
      increments. When the signal .phi. changes to zero, the signal .phi.B
      changes to one after one delay increment and the signal .phi.A changes to
      zero after two delay increments. Since the signal .phi.B is inside the
      signal .phi.A in this way the result is obtained that the signals .phi.A
      and .phi.B will never be simultaneously at zero.
PAR  The signals .phi.A and .phi.B, in turn, control a first timing circuit 42
      (FIG. 2) contained in the chip 25. In fact, through the medium of a MOS
      circuit comprising a series of five inverters 43 to 47 (FIG. 3) and two
      NAND circuits 48 and 49, the signals .phi.A and .phi.B generate two
      signals .phi.1 and .phi.2. The circuit 42 is moreover controlled by a
      signal SHB (FIG. 3) which, as will be seen better hereinafter, goes to
      zero during the first signal .phi.B and then remains always at one. The
      signal SHB at zero causes a MOS element 51 to conduct, transferring the
      one to the input of the inverter 44. Since the signals .phi.A and .phi.B
      change alternately to zero and with SHB at zero we have .phi.B at zero,
      the following Table which analyzes all the truths of the inverters 43 to
      47 and of the NAND circuit 48 and 49 after each signal .phi.B and .phi.A
      can be completed.
TBL  ______________________________________                                    
     .phi.B    .phi.A .phi.B .phi.A                                            
                                  .phi.B                                       
                                       .phi.A                                  
                                            .phi.B                             
     ______________________________________                                    
     SHB    O      1      1    1    1    1    1                                
     43     0      0      0    0    1    1    0                                
     44     0      1      1    1    1    0    0    .fwdarw..phi.2              
     45     1      1      0    0    0    0    1                                
     46     0      1      1    0    0    0    0                                
     47     1      1      0    0    1    1    1    .fwdarw..phi. 1             
     48     1      0      0    1    1    1    1                                
     49     1      1      1    0    0    1    1                                
     ______________________________________                                    
PAR  It can be observed from the Table that after three signals .phi.B and three
      signals .phi.A the state of the seven outputs is exactly the same as the
      initial state and therefore from this point the cycle will be repeated
      continuously with the period of .phi.A = .phi.B being 1.6 .mu.s and the
      period of the machine signals .phi.1 and .phi.2 is 1.6 .mu.s .times. 3 =
      4.8 .mu.s, as indicated in FIG. 4.
PAR  The signal SHB can be generated by a synchronizing signal SYNE (FIGS. 3 and
      4) which can be used to drive one or more machines by means of a test
      apparatus. The signal SYNE in reality is, therefore, not a machine signal,
      but an external signal which is introduced to the circuit to synchronize
      the start of the cycle. In the absence of the signal SYNE, the machine,
      however, runs with an arbitrary start to the cycle, without nevertheless,
      impairing the operation thereof.
PAR  For simplicity of explanation, let us consider the case of the presence of
      the signal SYNE. This signal initially at zero through an inverter 52,
      driven by the signal .phi.B, maintains at one an input 1 of the NAND
      circuit 53 driven in turn by the signal .phi.A and therefore maintains at
      one the signal SHB which determines the exact beginning of the timing of
      the machine. Since the signal SYNE is applied with the leading edge of the
      signal .phi., as soon as it changes to one the signal SHB changes to zero
      through the other input 2 and will remain at zero throughout the signal
      .phi.B. In fact, the input 1 of the NAND circuit 53 will go to zero only
      with the beginning of .phi.A and, therefore, with the end of .phi.B,
      sending SHB back to one and keeping it in this situation, as indicated in
      FIG. 4.
PAR  A similar circuit comprising an inverter 54 and a NAND circuit 56, but
      driven by the signals .phi.1 and .phi.2, generates a signal SHT which
      remains at zero until the decline of .phi.2 and serves to position the
      shifts of the timing of the registers A, M, R, T1 and T2 (FIG. 2) of the
      machine.
PAR  Since each of these registers is composed of 25 characters and each
      character is formed by four weighted bits to give a total of 100 bits, it
      is necessary to be able to count and identify them as they shift to
      identify the weights and a counter is required for the characters.
PAR  The shifting of the weight obtained bits is counted by a counter 57 (FIG.
      3) having four dynamic MOS cells 58, 59, 60 and 61, clocked by signals
      .phi.1 and .phi.2 and with automatic regeneration through a NAND circuit
      62 and an inverter 63, the outputs TMA, TMB, TMC, TMD of the four cells 58
      to 61 of this counter corresponding respectively to the weights 1, 2, 4,
      8.
PAR  The signal SHT, going to zero, sets the cells 58, 59 and 60 at zero, while
      the cell 61, being connected to the cell 60 through an inverter 64, sends
      to one the inverted output TMD. Since TMA, TMB, TMC are at one, there is a
      one at the input of the cell 58 and, with the first signal .phi.1, TMA
      will go to one and TMD to zero. The four cells 58, 59, 60 and 61 being
      dynamic, there will always be one cell at one and the remaining cells will
      be at zero, as indicated in FIGS. 4 and 5.
PAR  To count the 25 characters, there is used a counter 65 having five dynamic
      MOS cells 66, 67, 68, 69 and 70 (FIG. 3), the outputs P, Q, R, S and T of
      which give corresponding signals (FIG. 5). This counter 65 comprises a
      particular input function given by the equation:
EQU  M = PR + PR + PQRST + PQRST.
PAR  At the beginning, the signal SHT at zero sends the cells 67, 68, 69 and 70
      (FIG. 3) to zero, while the cell 66, connected to the cell 67 by means of
      an inverter, sends to one the inverted output P. This situation is
      regarded as that relating to the 25th and last character. Remembering that
      the shifting of the weighted bits is defined by the signal TMD, it may be
      said that with the signal SHT the machine is in the state T25-TMD, that is
      on the one hundredth and last bit.
PAR  At each signal TMD, driving the signal .phi.1 through an inverter 72, a
      signal .phi.4 (FIG. 4) is generated and causes all the cells 67 to 70
      (FIG. 3) to shift to the left by one place. The contents of the cell 66
      are therefore lost and there is introduced into the cell 70 a new digit
      which depends on the value of the function M. Considering only the first
      two addends of the function M, it can be seen that these are the
      exclusive-OR of the signals P and R. That is, if P and R are equal in the
      preceding configuration, a one will be introduced into the cell 70 with
      the signal .phi.4; if they are different, a zero will be introduced, so
      that in the first case, with P = 1 and R = 1, we have
EQU  M = PR + PR = 1. 0 + 0.1 = 0 + 0 = 1
PAL  and in the second case, with P = 0 and R = 1, we have
EQU  M = PR + PR = 0.0 + 1.1 = 0 + 1 = 0
PAR  Starting from the initial situation (10000), the abovementioned rule
      enables the following Table of the 25 characters defined by the position
      of the signals P, Q, R, S, T of the five cells 66 to 70 to be compiled.
TBL  ______________________________________                                    
     Character                                                                 
            P     Q     R   S   T    Character                                 
                                            P   Q   R   S   T                  
     ______________________________________                                    
     T25    1     0     0   0   0    T13    0   0   1   0   1                  
     T01    0     0     0   0   0    T14    0   1   0   1   0                  
     T02    0     0     0   0   1    T15    1   0   1   0   1                  
     T03    0     0     0   1   1    T16    0   1   0   1   1                  
     T04    0     0     1   1   1    T17    1   0   1   1   1                  
     T05    0     1     1   1   0    T18    0   1   1   1   1                  
     T06    1     1     1   0   0    T19    1   1   1   1   0                  
     T07    1     1     0   0   1    T20    1   1   1   0   1                  
     T08    1     0     0   1   0    T21    1   1   0   1   1                  
     T09    0     0     1   0   0    T22    1   0   1   1   0                  
     T10    0     1     0   0   0    T23    0   1   1   0   0                  
     T11    1     0     0   0   1    T24    1   1   0   0   0                  
     T12    0     0     0   1   0    T25    1   0   0   0   0                  
     ______________________________________                                    
PAR  The third addend of the function M is PQRST and this is used when this
      configuration (10110) is reached, that is for the character T22. In fact,
      in the time T23, instead of introducing a one into the cell 70, a zero is
      introduced by jumping seven configurations. This jump is made in order to
      use only 25 of the 32 positions obtainable with this type of counter 65.
PAR  The fourth addend of the function M is PQRST, which corresponds to all ones
      in the cells 66 to 70 and is used in switching on in the absence of the
      signal SYNE. In fact, it may happen that all the cells 66 to 70 are set at
      one and in this case the counter would remain blocked in this position.
      The addend PQRST then introduces a zero into the cell 70, in spite of the
      bits P and R being equal, sending the counter back to the character T19
      (11110), from which the timing will begin. In this way there are generated
      in any case the 100 bits, which will be indicated by the references B1, B2
      . . . B100 and which identify a machine cycle. By these bits there can be
      identified all those particular times in which the machines performs given
      operations.
PAR  By way of example, there will be analyzed here the case of the bits
      B10-B17, which represents the time between the instant at which the bit 10
      is at one and that at which the bit 17 is at one. All the other times are
      analyzed in a similar manner. Since each character is formed by four bits,
      the bits B10, B11 and B12 are comprised in the third character and since
      the bit B9 is not concerned an AND is produced between the code of the
      third character and the signal TMA, that is excluding TMA, which is the
      first bit time of the character. The fourth character (00111) is wholly
      concerned by the signals B13-B16. Of the fifth character, only the first
      bit time is used, that is TMA, which will be in AND relationship with the
      code of the fifth character (01110). The resulting equation will therefore
      be:
EQU  B10-B17 = 00011.sup.. TMA + 00111 + 01110.sup.. TMA
PAR  In the chip 24 (FIG. 2) there is provided a timing circuit 73 similar to
      the circuit 42 which has just been described, so that it is not described
      in detail here. The same timings are repeated in the circuit 73 with the
      same logic as that of the circuit 42. The differences with respect to the
      circuit 42 are related only to the output P, which is now direct, and to
      the function M, which is without addend PQRST.
PAR  The reset of the circuit 73 is given by a signal SYN, which is sent by the
      circuit 42 on receiving the bit B20. The signal B20 sends to zero the nine
      cells defining the 100 bits, the cell of the signal TMD which is inverted
      and therefore goes to one being excluded.
PAR  We therefore have the following configuration:
TBL  P   Q     R     S   T    TMA     TMB   TMC     TMD                        
     0   0     0     0   0    0       0     0       1                          
PAL  which is considered as B20 in the circuit 72.
PAR  All the bit times will therefore be delayed by 20 places, that is by five
      characters, with respect to the circuit 42 of the chip 25. This creates a
      difference in the decoding of those particular times which are used by the
      machine, but the operation remains unchanged.
PAR  In the chip 23 there is provided another timing circuit 74 which is also
      commanded by the signal B20 of the circuit 42 in correspondence with the
      bit B20. The circuit 74 (FIG. 6) comprises a series of ten cells 76 the
      first of which is connected to a NAND circuit 77 which generates a signal
      .phi.3 (FIG. 5) through an inverter 78. Moreover, a second NAND circuit 79
      (FIG. 6) connected to the first two cells 76 and driven by a signal .phi.2
      drives at its output a MOS cell .phi.1 to generate a signal .phi.1A which
      copies the signal .phi.1 excluding the period from B21-B22 (FIG. 5
      indicates the period in which the signals .phi.1A occur). The cells 76,
      with the exclusion of the first, are connected to a NAND circuit 80 (FIG.
      6), the output of which therefore supplies the signals B23-B30.
PAR  It is therefore clear that each chip 23, 24, 25 is provided with its own
      timing circuit 74, 73, 42, respectively, adapted to generate mutually
      coordinated timing signals in each chip and that the timing circuits 74,
      73 and 42 are interconnected. This arrangement reduces the number of
      connections between the various chips to the minimum.
PAC  Interface unit
PAR  The chip 25 (FIG. 2) is called the interface chip since it receives as
      input the command signals from outside, carries out an operative
      conversation with the other two chips 23 and 24 and sends the printing
      commands to the printer 22 (FIG. 1).
PAR  The keyboard 20 sends the information already coded over six channels to
      six set-reset flip-flops which give the signals AI, BI, CI, DI, EI and IST
      (FIG. 2). The signal IST serves to recognize whether a function key
      (IST=1) or a numeric key (IST=0) is concerned.
PAR  By operating any key there is also generated a signal which serves to reset
      the six flip-flops, while a second signal STB loads the code, obtained
      from the positioning of the six flip-flops, into the buffer 28, which is
      constituted by 10 series parallel dynamic MOS cells. The address which is
      formed in the buffer 28 is formed by 10 bits, four of which, that is the
      first three (001) and the last (0), are fixed, while the others are
      positioned by the six flip-flops. During the 100 bits after the loading of
      the code, the address recirculates along the cells of the buffer 28.
PAR  The output circuit 31 indicates to the printer 22 (FIG. 1) which symbol is
      to be printed. This task is performed by a comparator 146 (FIG. 2) adapted
      to generate a signal USC following upon the comparison of a buffer 147, in
      which the code of the symbol to be printed is loaded, with a counter 148
      for synchronizing signals of the type-bearing element, in a manner known
      per se. The signal USC then commands a striking command circuit.
PAC  Program unit
PAR  The operation of the machine is based on the continuous dialogue between
      the control unit 32 (FIG. 2) and the ROM 26. An address is sent to the
      address register or of input to the memory 33 in the time B1-B10 and from
      here, through a conductor 82, to the ROM 26. The ROM 26 always replies
      through the same conductor 82 with the corresponding microinstruction,
      which is stored in the register 34 and decoded by the decoder 35 to
      command a given function of the machine.
PAR  The ROM 26 comprises 960 addresses to which there correspond 960
      microinstructions each comprising eight bits. While each address is
      constituted by ten bits, the register 33 (FIG. 8a) is composed of eight
      dynamic cells 83. The remaining two cells constitute in one case an input
      circuit 84 of the register 33 and in the other case an output circuit 85
      of the register 33. The 10 dynamic cells 83, 84 and 85 of the register 33
      are timed by the signal .phi.1 and .phi.2, the indication of which is
      omitted in the cells 83 and in all the other cells driven by the same
      signals.
PAR  More particularly, the address of the microinstruction from which the
      operation is to begin is entered on the keyboard and is then introduced
      into the buffer 28 (FIG. 2). From this buffer 28 the address BFF is sent
      to the register 33 in the time B1-B10 under the command of a
      microinstruction BFF .fwdarw., which is automatically prearranged for
      operation on the switching-on of the machine in a manner known per se.
PAR  During the time B11-B20, the address, coming from the register 33 through
      the conductor 82, enters the 10 cells of a parallelizing shift register 86
      (FIG. 7). The address is shifted by the signal .phi.1A which, copying
      .phi.1, excluding the period B21-B22 (FIG. 5), avoids the address being
      lost during the selection of the microinstruction.
PAR  In the time B21-B22, the address enters the ROM 26 through a decoder 87
      (FIG. 7) controlled by the signal .phi.3 and selects the corresponding
      microinstruction in manner known per se. At the beginning of the time B23,
      the microinstruction composed of eight bits enters eight cells of a
      serializing register 88. The loading is enabled by the signal .phi.3 which
      goes to 0 in the time B23 (FIG. 5). The register 88 is connected to the
      conductor 82 through a pair of NAND circuits 89 adapted to connect the
      conductor 82 to the register 87 in the time B23-B30 and to render this
      connection inoperative in the absence of the signals B23-B30. In the time
      B23-B30, therefore, the microinstruction issues from the register 88
      through the conductor 82 and, under the control of the signal .phi.2,
      enters a pair of shift registers 115 and 115' (FIG. 2) which act as a
      buffer for the microinstructions which are to enter the register 34'. Thus
      the ROM 26 disposed on the chip 23 is accessible by means of input
      addresses to supply microinstructions. The addresses (in the period
      B11-B20) and the microinstructions being able to circulate serially
      alternately through the single conductor 82 with the logic unit 25
      (contained in the other chips 24 and 25).
PAR  The previous address is not lost, but circulates normally through the
      register 33 throughout the cycle along a line 90. At each cycle, the
      address is increased by one through the medium of a circuit 92 and
      re-enters the register 33, so that in the absence of particular
      microinstructions the reading of the ROM 26 is effected sequentially.
PAR  In the reading of the ROM 26 (FIG. 2) jumps may be made, so is it is
      possible to pass to an address which is not the following one, by means of
      an address-modifying circuit 93. Return to the address departed from
      constitutes a particular type of jump which is commanded by a
      microinstruction SV. There is then performed first a jump and the
      respective function associated therewith, which prearranges a further jump
      to the previous address stored in an old-address circuit 91. The addition
      of the +1 in the register 33 is effected at the beginning of each cycle,
      except in the presence of the microinstruction BFF .fwdarw. and the
      microinstruction SV for the return jump to the old address.
PAR  The address can therefore enter the register 33 through the three different
      paths, one for the input of the contents BFF of the buffer 28, another for
      the input of the contents which issue from the register 33 increased by
      one by the circuit 92, and another for the input of the contents of the
      register 91 which effects return to the old address stored therein.
PAC  Sequential reading of the ROM
PAR  More particularly, the contents of the register 33 normally circulate
      through two NAND circuits 100 and 105 (FIG. 8a), the line 90 and a NAND
      circuit 120. For introduction of a new address, the microinstruction BFF
      activates an input circuit of the register 33, constituted by a NAND
      circuit 94 which enables the address in the buffer 28 (FIG. 2) to enter
      the cell 84 (FIG. 8a) of the register 33. Owing to incrementing of the
      address by one, in the time B2 the output of a NAND circuit 96 goes to
      zero and the output of a second NAND circuit 97 of the circuit 92,
      connected to another NAND circuit 98 and a dynamic cell 99 of the circuit
      92, goes to one. At this instant there arrives from a NAND circuit 101 of
      the cell 84 the bit of weight one of the address to which + 1 is to be
      added. If the bit of weight one of the address is at zero, the output of
      the NAND circuit 120 is at one, the output of the NAND is zero and,
      through the medium of an inverter 102, sends the output of a NAND circuit
      103 to zero, as a result of which, through another NAND circuit 104, there
      will be a one at the input of the first cell 83 of the register 33. At the
      same instant, the input of the cell 99 is at one, so that at the end of
      B2, that is in the time B3, the output of the NAND circuit 96 and of the
      cell 99 goes to one and the output of the NAND circuit 97 goes to zero.
      This last-mentioned circuit remains at zero until the following cycle, so
      that through the medium of an inverter 106 and another NAND circuit 107 it
      permits the passage of the remaining part of the address without producing
      further changes.
PAR  If, on the other hand, during the time B2, the bit of weight one of the
      address is at one, the outputs of the NAND circuits 103 and 107 go to one
      and, through the NAND circuit 104, there is a zero at the input of the
      first cell 83, while the input of the cell 99 is at zero. In the time B3,
      the cell 99, has a carry function, maintains the output of the NAND
      circuit 97 at one, as in the preceding case and changing thus the bit of
      weight two. At the following cycles the preceding operations will be
      repeated until the output of the NAND 101 will be zero, sending then to
      zero the output of the NAND 97. In such manner, the circuit 92 counts the
      less significant portion of the ROM address and in every memory cycle such
      portion of a unity for selecting a following address of the memory in the
      ROM. The input register 33 of the ROM is accessible selectively by means
      of an input circuit comprising the NAND 94 by the keyboard. The register
      33, through the circuit comprising the NAND 103, 104 and 107, is connected
      to the counting circuit 92 and through the circuit comprising the NAND 100
      and 105, is connected to the address varying circuit 93.
PAR  In the time B10, the address is in the ten cells of the register 33 ready
      to enter the ROM 26 (FIG. 2) through the line 82. As already mentioned, in
      the time B11-B20 (FIG. 8b), through the medium of the two NAND circuits
      100 and 105 of the cell 85, a pair of NAND circuits 108 connected in a
      similar manner to the NAND circuit 89 of FIG. 7, and the line 82, the
      input of the address into the read-only store 26 (FIG. 7) is enabled and
      takes place through the parallelizing register 86. In the time B21-B22,
      the ROM 26 selects the microinstruction formed by eight bits which
      corresponds to the address. This microinstruction is thus extracted into a
      serializing register 88 and is sent, through the NAND circuit 89 and the
      conductor 82, to a shift register 115 which is formed by eight cells 112
      and a group of another two cells 116 and 117.
PAR  More particularly, in the time B23-B30, the microinstruction enters the
      eight cells 112 of the register 115 through a NAND circuit 109 and a NAND
      circuit 111 (FIG. 8b). Afterwards, the microinstruction issuing from the
      last cell 112 of the register 115 passes through an enabled gate 113,
      since the time B23-B30 has elapsed, and through a gate 114 enters the
      other two cells 116 and 117 of the register 115. From the last cell 117,
      passing through a gate 118, it re-enters the cells 112. This cycle is
      repeated until the time B22 of the following cycle, when a new
      microinstruction will arrive from the conductor 82. During the time B99,
      in the seventh cell 112 of the register 115 there is contained the first
      bit of the address, that is the one which has entered the register 115 in
      the time B23. The six preceding cells 112 and the cell 117 contain the
      other seven bits of the address.
PAR  When the time B100 is entered, the information has not yet been shifted and
      it will be shifted by the signal .phi.1 of B100. Simultaneously with the
      signal .phi.1 which effects the shift, a NAND circuit 119 generates a
      signal .phi.1SP, since we have the signal T25-TMD, as a result of which
      the contents of the first seven cells 112 and of the cell 117 are
      transferred to a corresponding series of eight cells A, B, C, D, E, F, G,
      H of the microinstruction register 34. A signal .phi.6 generated in known
      manner by the signal .phi.1 to the exclusion of the time T25 is applied to
      the register 34 and serves to carry back as an input to each cell of this
      register the contents of the output throughout the cycle, excluding the
      time T25 during which a new microinstruction is loaded, as a result of
      which the microinstruction remains staticized and can be decoded by the
      decoder 35 (FIG. 2) to command the operations of the machine.
PAR  During the time B22 (FIG. 8b), the cells 116 and 117 contain the first two
      bits of the preceding microinstruction, which recirculate through a NAND
      circuit 120 during the time B23-B30. In the time B31, they will begin to
      recirculate together with the other eight bits of the new
      microinstruction, while the remaining six bits of the preceding
      microinstruction are lost, the NAND circuit 113 being kept at one in the
      time B23-B30, as a result of which part of the new instruction is now in
      the register 34.
PAC  Jump procedures
PAR  As has already been mentioned, jumps are made in order to pass from one
      address to another address which is not the following one. The following
      four types of jump are provided: the single-character jump SM commanded by
      the code (101), the conditional jump SC commanded by the code (100), the
      unconditional jump SI commanded by the code (110) and the
      address-reserving SR commanded by the code (111). The jumps SC, SI, SR are
      two-character jumps, that is they comprise two microinstructions.
PAR  The object of the jump SM is to cause the operative flow to be continued at
      brief intervals. It is therefore sufficient to modify the address entering
      the ROM 26 (FIG. 7) by five bits, while the other three bits present the
      code of the jump SM. There will therefore now be obtained a jump within
      the range of 2.sup.5 = 32 cells of the read-only memory 26.
PAR  When, at the end of a certain cycle, the codes stored in the cells H, G, F
      of the register 34 (FIG. 8b) are respectively 1, 0, 1, the signal SM is
      generated and energizes a NAND circuit 121 (FIG. 8a) of the address
      modifying circuit 93. In the cycle following in time B10-B14, the output
      of the NAND circuit 121 is zero. The output of a NAND circuit 122 being at
      one, input of the first five codes of the register 33 is permitted through
      a NAND circuit 123. These five codes are sent in the time B11-B15 through
      the two NAND circuits 123 and 105, the two NAND circuits 108 (FIG. 8b) and
      the line 82 to the ROM 26 (FIG. 7).
PAR  In the time B15-B19 the output of the NAND circuit 121 (FIG. 8a) returns to
      zero, as a result of which the cells of the register 115 are blocked
      through the medium of the NAND circuit 122. In the time B16-B20, the last
      five codes of the preceding address contained in the register 33 enter the
      ROM 26 (FIG. 7), so that the jump takes place in one of the adjacent cells
      of the group of 32 cells of the ROM 26.
PAR  The conditional jump SC is formed by a first microinstruction, in which
      there are contained the recognition code (100) and the jump condition, and
      a second microinstruction containing the address to which a jump is to be
      made. This jump is used when, having arrived at a certain point of the
      operative flow, two paths can be taken according to whether the code of
      the condition of the jump is formed by all zeros or is different from
      zero.
PAR  If the code of the condition is zero, the operative flow continues without
      making the jump; if, on the other hand, it is different from zero, the
      jump is made. The conditional jump has 2.sup.8 = 256 jump possibilities.
      When, at the end of a certain cycle, the codes stored in the cells H, G, F
      of the register 34 (FIG. 8b) are respectively 1, 0, 0, two signals SB, SC
      are generated in known manner. Since the jump signals are an AND between
      the code contained in the register 34 and the jump condition, if the
      condition is different from zero there is generated a third signal SSL = 1
      which is an OR of all the two character jumps (SC+SI+SR), while if the
      condition is at zero this signal is not generated.
PAR  Through a flip-flop 125, the signal SSL = 1 sends the input of a cell 126
      to one, taking into account that the other two inputs of a NAND circuit
      127 are normally at one. Through a NAND circuit 128, the output of the
      cell 126 then enables the NAND circuit 122. In the meantime, the contents
      of the register 33 have been automatically incremented by +1 by the
      circuit 92. The new address is sent in the time B11-B20 through the NAND
      circuits 100, 105, 108 (FIG. 8b) and the line 82 to the ROM 26 (FIG. 7),
      which responds in the time B23-B30 with the second microinstruction of the
      jump, that is the address as has been hereinbefore described. With the
      signal .phi.1 of the time B100 arises a signal .phi.IR equal to .phi.ISP
      which shifts on the output the signal one of the cell 126. Since TMD, T25,
      SB are at one, a zero enters the register 34 (FIG. 8b) through a NAND
      circuit 130. With the signal .phi.2 of TOI there is introduced an all
      zeros code into the register 34, whereby at the end of T25, the signals
      SB, SC and SSL are sent to zero.
PAR  In the third cycle in the time B10-B17, the signal given by the cell 126
      (FIG. 8a) puts the output of the NAND circuit 122 at zero through a NAND
      circuit 129. Since the output of the NAND circuit 121 is at zero, input of
      the eight bits USMI contained in the register 115 is permitted through the
      NAND circuit 123 and they are sent in the time B11-B18 to the ROM 26 as
      jump address. Since the output of the NAND circuit 129 returns to zero in
      the time B18-B19, the transfer of the content of the register 115 is
      blocked and in the time B19-B20 the last two codes of the preceding
      address contained in the register 33 enter the ROM 26. The flow will then
      resume from this new address. It is to be noted that a third input of the
      NAND 100 and 123 is constantly at one during the normal operation. This
      input goes into zero during the cycles where the reset circuit 37 is
      operating. In this last case only zeros are inserted in the cells of the
      input register 86 of the ROM 26.
PAR  In the unconditional jump SI, in addition to the first part of the
      two-character instruction containing the code (110) of the unconditional
      jump, it contains two address digits in the last significant places of the
      character corresponding to the cells A and B of the register 34 (FIG. 8b).
      In the second part of the two-character instruction there are contained
      the other eight digits of the address. In all, the new address is composed
      of 10 digits. There are therefore 2.sup.10 = 1024 jump possibilities.
      Since the total capacity of the ROM 26 (FIG. 7) is 960 microinstructions
      by using an unconditional jump it is possible to cover the entire ROM 26.
PAR  In the first cycle of the jump SI, at the time B23-B30, the ROM 26 sends
      the first character of the instruction SI, which is staticized and the
      decoding of which causes the signals SB and SL to be generated in known
      manner. In the second cycle, the preceding address, increased by one, is
      sent to the ROM 26 and at the time B23-B30 the microinstruction containing
      the second character of the instruction SI enters the register 34 (FIG.
      8b). In fact, at the time B23-B30, the two least significant digits of the
      first microinstruction circulate through the cells 116 and 117 of the
      register 115 and, at the time B31, will be in code at the address formed
      by the second part of the two-character instruction. At the time B100, the
      NAND circuit 130 zeroizes the register 34 and the right output of the cell
      12 present the cell 128.
PAR  In the third cycle, at the time B10-B19, the output of the NAND circuit 128
      (FIG. 8a) is at zero, because as the signal SC is not generated the cell
      131 is at one. The output of the NAND circuit 122 is therefore at one,
      thus permitting the input of the 10 codes contained in the register 115,
      which are sent to the ROM 26 (FIG. 7) in the time B11-B20.
PAR  The address-reserving jump SR is like the unconditional jump SI, but in
      contrast to the latter maintains the old address and, after the jump has
      been made, returns to the departure point.
PAR  At the end of the first cycle, the code 111 of the jump SR sends the
      signals SB, SL and SR which inverted signal enters a cell 132 (FIG. 8a)
      equal to the cell 126. At the end of the second cycle, the signal issuing
      from the cell 132 goes to zero. In the third cycle, the old address, that
      is the address containing the second part of the two-character
      instruction, already increased by one, passes through a cell 133, which
      makes up in this case. In the time B11-B20, by way of two NAND circuits
      134 and 136, the address enters a shift register 137 of supply address of
      the old-address circuit 91. From B21 onwards, the output of a NAND circuit
      139 is kept at one by the signal issuing from the cell 132. Consequently,
      the contents of the register 137 can recirculate through a NAND circuit
      138 under the control of the NAND circuit 139, through the agency of the
      signals B11-B20, and in the other cases through the agency of the signal
      of the cell 133. This will be repeated until such time as a code SV
      indicating the old-address jump appears in the staticizing register 34.
PAR  In the cycle, following in time B1-B10, the code SV, by way of a NAND
      circuit 141 and the NAND circuit 101, enables the input of the old address
      into the register 33 and, at the same time, by way of the NAND circuits 96
      and 97, holds the output of the latter at zero, which thus blocks
      incrementing by +1 by the circuit 92.
PAR  As cited above it results thus apparent that the varying addresses circuit
      93 is controlled by logical conditions SM, SC, SR for selecting on the ROM
      26 an address different from that selected by the counting means 92. The
      linkage circuit includes the NAND 100 and 105 and enables the entry to the
      cell 85 of the register 33 of the data contained in the varying address
      circuit 93.
PAC  Computing unit
PAR  The computing unit S (FIG. 2) is adapted to effect the addition of the
      contents of the registers A and M. These registers, having a capacity of
      25 characters are constituted by 100 dynamic shifting cells shifted by the
      signals .phi.1 and .phi.2. The sign of the registers is therefore
      contained in the last four cells relevant to the time T25.
PAR  The computing unit S effects the addition A+M, and incrementing of the
      contents of the register A, that is the addition A+1. The computing unit S
      can also effect the subtractions A-M and A-1, modifying the inputs by the
      negative addend and giving the negative result at the end of the addition.
      This distinction is provided by a signal XSD (FIG. 9) which is at one in
      cases of addition and at zero in cases of subtraction.
PAR  Since the digits are coded in the binary decimal system, the computing unit
      S (FIG. 2) is binary, so that the following cases may occur:
PA1  result of the addition between 0 and 9, in which the result is already in
      place and can be written in the register A;
PA1  result of the addition between 10 and 15, in which the result does not
      represent any number in code and must be corrected by adding +6;
PA1  result of the addition between 16 and 19, in which a carry appears during
      the bit of weight 8 and in which the result may be corrected by adding +6.
PAR  The computing unit S includes a first adder S1 (FIG. 9) connected to an
      input circuit 150 and a second adder S2 connected to an output circuit
      151. The input circuit 150 decides what the inputs XA and YA of the adder
      S1 must be in relation to the microinstruction which is being developed.
      The values arriving at the inputs XA and YA are added together and, in the
      event of a carry being generated, a carry circuit 152 inputs to the adder
      S1 the carry ZA, which is added on the following bit together with the
      values of XA and YA.
PAR  The result of the adder S1 passes through a circuit 153, which serves to
      identify the cases in which it is necessary to make the correction by +6.
      The same result of the adder S1 enters the adder S2, where it is added to
      the possible correction of the +6 generated by a circuit 154, which will
      be seen better hereinafter. In this case also, the possible carry is sent
      back by a corresponding carry circuit 156 as input on the following weight
      bit of the adder S2. The output of the adder S2, possibly negated in the
      case of subtraction, gives, through the output circuit 151, the result XSC
      of the operation, which, as will be seen, enters the register A.
PAR  More particularly, the microinstructions corresponding to the operations
      A+M and A+1 generate in known manner a signal INA which enables the
      passage of the contents of the register A, indicated by LRA, through two
      NAND circuits 157 and 158 connected in series in the input circuit 150.
      The signal INA, on the other hand, is at one with the microinstructions
      A-M and A-1. In this case, the negated contents of the register A pass
      into the NAND circuit 158 through another NAND circuit 159.
PAR  Moreover, the microinstruction A+M and A-M generate a signal INM, thus
      enabling the contents of the register M, indicated by LRM, to enter the
      adder S1 through two NAND circuits 161 and 162 connected in series in the
      circuit 150. With the microinstruction M-A, the signal INM goes to zero
      and enables the input of the negated contents of the register M into the
      adder S1 through a NAND 163, the NAND circuit 162 and the input YA.
PAR  With the microinstruction A+1 there is generated a signal IN1, the negation
      of which, through a NAND circuit 164 and the NAND circuit 162, sends a one
      to the input YA of the adder S1 during the first bit T01-TMA (FIG. 5),
      that is adds a one on the bit of weight one of the least significant
      character of the register A. With the microinstruction A-1, the process is
      similar to the preceding one, since A-1 = A+1. It is to be noted that in
      these two cases the signal IN1 at zero blocks the NAND circuit 161 (FIG.
      9) and therefore prevents the contents of the register M entering the
      adder S1 in the period B2-B100 and falsifying the result.
PAR  While the addend to be added to the contents of the register A enters the
      adder S1 always through the input YA, the sign never enters the adder S1,
      since it is prevented by the signal T25 which acts on the NAND circuits
      157, 159, 161, 163, so that the adder S1 carries out the addition bit by
      bit commencing at T01-TMA and ending with T24-TMD. It is to be noted that
      in any case, because of the timing signals .phi.1 and .phi.2, the input
      circuit 150 delays the information by one bit time.
PAR  The output XS of the adder S1 goes to one when there is an old number of
      terms at one being input. When there are two or three terms at one being
      input, a carry is generated in the adder S1 through the agency of a signal
      RBA equal to zero, which produces the carry signal ZA through a NAND
      circuit 165 and a MOS cell 166 of the circuit 152. This signal is also
      generated in the case of a sum between 10 and 15. In this situation, the
      signal RBA is not generated at the time TMD, but, as will be seen
      hereinafter, the circuit 154 generated a signal RD equal to zero which
      replaces the signal RBA in the activation of the NAND circuit 165.
PAR  The correction by means of the addition of +6 is made only when an addition
      is being carried out, that is with the microinstructions A+M and A+1. This
      correction is produced in the circuit 154 by the signal XSD, which in
      these two cases is at one. If the result of the addition is between 10 and
      15, the contents of the weights 2, 4, 8 of the character being examined
      are analyzed. Since in this case the weight 8, that is TMD (FIG. 5), is
      always at one, the OR between the bit of weight 4, that is TMC, and the
      bit of weight 2, that is TMB, must also be at one. As soon as the bit time
      TMA of the character following that being examined is reached, because of
      the circulation of the signals, at the output XS (FIG. 9) of the adder S1
      there is the content of TMD, in a first cell 167 of the circuit 153 there
      is the negation of TMC, while in a second cell 168 of the circuit 153
      there is the negation of TMB. At the output of a NAND circuit 169 there is
      a one if the result of the addition is between 10 and 15.
PAR  Since XSD is at one, when XS is at one and the output of the NAND circuit
      169 is also at one, the output of a NAND circuit 171 of the circuit 154
      goes to zero and the output of a second NAND circuit 172 of the circuit
      154 goes to one. Since we are at the time TMA, the output of a NAND
      circuit 173 generates the signal RD equal to zero, while the output of a
      further NAND circuit 174 fed also by a MOS cell and by the same signal RD,
      but delayed by one phase, generates a correction signal CR which remains
      at one also in the following bit time. As has been seen, at the instant
      under examination the code of TMB is at the output of the cell 168 and
      this will be added to the bit CR, while in the following time CR is added
      to TMC, thus producing the addition of the code 6 which corresponds to the
      configuration 0110.
PAR  The carry signal RBA of the adder S1 which acts on the input of the NAND
      circuit 172 serves to generate the signal CR when the result of the
      addition is between 16 and 19. In fact, in this case, the output of the
      NAND circuit 171 is at one, since XS is always at zero. As the addition of
      the contents of the cell TMD always generates a carry, the signal RBA
      causes the NAND circuit 174 to generate the correction signal CR.
PAR  The adder S2 is exactly similar to the adder S1 and provides for adding the
      correction +6 with a result between 10 and 19. The result corrected is
      negated by an inverter 177 and delayed by a cell 178, both of these being
      included in the adder S2. When the addition effected by the adder S2
      generates a carry, a carry signal RBB is generated and sends the output of
      a NAND circuit 179 of the carry circuit 156 to zero. The signal output
      through a cell 181 in the following bit time sends the input RS of the
      adder S2 to one, so that RS is added to CR and to the signal output by the
      cell 168. During the addition of the bit of weight 8, on the other hand,
      this carry is blocked by means of the signal TMC because the corrections
      are only referred to the cypher examined. With the microinstructions A+1
      and A+M, a signal XSD being at one, the information contained at the
      output of the cell 178 of the adder S2 is transferred through a NAND
      circuit 182 and a further NAND circuit 183 to the output circuit 151
      without undergoing any changes. With the microinstructions A-M, M-A and
      A-1, the signal XSD is at zero and, through a NAND circuit 184, the
      negation of the output of the adder S2 appears at the output of the NAND
      circuit 183.
PAC  Transfer of the contents of the registers
PAR  The machine comprises a multiplexer circuit 187 (FIG. 2) which is an OR
      circuit for various situations which may arise in the machine and deriving
      both from the microinstructions being carried out and from other
      conditioning factors. Normally this circuit is used for reading the
      contents of the register A or M when there is a particular
      microinstruction. Moreover, it serves to see if the machine is operating
      in fixed point or floating point, if there is rounding off to 5 or to 9.
PAR  Analogously the registers A and M and also the registers R, T1 and T2 (FIG.
      2) are formed by 100 dynamic cells having as clock signals the machine
      signals .phi.1 and .phi.2 and connected in shift register fashion. The
      information contained in the registers M, R, T1, T2 can be exchanged only
      with that in the register A through a control circuit 186, which will be
      referred to hereinafter.
PAR  To transfer the contents of the register A to the register M, a
      microinstruction M .revreaction. A (FIG. 10) is extracted from the ROM 26.
      Normally, in the absence of the microinstruction M .revreaction. A, M
      .revreaction. A is at one. Therefore, the output signal LRM of the
      register M, with the next signal .phi.1, through two NAND circuits 188 and
      189 included in the circuit 186 (see also FIG. 2), causes the information
      to re-enter the first cell of the register M.
PAR  When the microinstruction M .revreaction. A arrives, in B23 that is
      considered the times beginning of the chip 24, the output of the NAND
      circuit 188 is always at one, while the signal LRA enables the input of
      the contents of the register A through a NAND circuit 190 and the NAND
      circuit 189. After a store cycle, the contents of the register A will be
      in the register M. The transfer of the contents of the register A to the
      registers R, T1 and T2 is identical to that to the register M and will
      therefore not be repeated.
PAR  When it is not desired to modify the contents of the register A the
      respective microinstruction gives a signal BRA at one and the information
      present at the output LRA of the register A can re-enter the cell
      corresponding to the 100th bit of the register A through a NAND circuit
      193 and a NAND circuit SRA which are included in the circuit 186.
      Therefore, the contents of the register A circulate through the register
      itself and at the end of the cycle is found again unchanged in the
      register A.
PAR  When it is desired to insert the contents of the register M in the register
      A, a microinstruction M .revreaction. A is at one and enables a NAND
      circuit 193 connected to the NAND circuit SRA, as a result of which the
      output LRM of the register M enters the register A. It is to be noted that
      in the meantime the signal BRA goes to one, the negation of which signal
      blocks, through the NAND circuit 192, the re-input of the contents of the
      register A.
PAR  What has been said with regard to the register M is also valid for the
      registers R, T1, T2, the outputs LRR, LRT1, LRT2 of which are introduced
      by means of corresponding microinstructions R .revreaction. A, T1
      .revreaction. A, T2 .revreaction. A into the register A through NAND
      circuits 194, 195 and 196 and the NAND circuit SRA.
PAR  With a microinstruction A .fwdarw. A, the contents of the register A are
      negated and, through a NAND circuit 197 and the NAND circuit SRA the
      signals LRA enter the cell corresponding to the 100th bit. The signal BRA
      is also at one in these cases.
PAR  As has already been seen, the sign of the contents of the register A is in
      the cell of character T25, that is to say in the cells of the last four
      bits. If the number is positive, the four bits which identify the sign are
      at zero. When the minus sign must be introduced, a microinstruction (-)
      .fwdarw. A is at one and in the time of the character T25 the output of a
      NAND circuit 198 is at zero, so that four cells of the character T25.
      Another NAND circuit 199 sends to the NAND circuit SRA a signal which is
      always at one in the situations seen so far.
PAR  An algebraic addition or substraction is commanded by a microinstruction
      X+Y .fwdarw. A. At the beginning of the cycle in which this operation is
      executed, the signal X+Y .fwdarw. A is at zero and in turn, through a NAND
      circuit 200, sends its output signal to one. This enables the passage of
      the four bits of the cells of character T25 through the NAND circuit 199
      to the NAND circuit SRA and, through its negation, blocks a NAND circuit
      201, excluding the character T25 from the normal cycle. In this way, the
      sign contained in the register A is not modified and constitutes the sign
      of the result.
PAR  The signal X+Y .fwdarw. A at zero enables the value XSC of the result
      obtained and given by the adder S2 (FIG. 9) to enter the register A
      through two NAND circuits 202 and 203 (FIG. 10). In the following cycle
      (X+Y .fwdarw. A) returns to one and the normal cycle is resumed.
PAR  To advance the register A, the contents are shifted by one place to the
      right under the control of a microinstruction A .fwdarw. A. This also
      sends to one the signal BRA which, through the NAND circuit 192, blocks
      the normal recirculation of the contents LRA of the register A. These
      contents re-enter the register A through two NAND circuits 204 and 205 and
      the NAND circuit 203. During the time R01, the NAND circuit 205 now causes
      four zeros to enter the register A in place of the code contained in T01.
      After 96 shifts, that is at the end of the cycle, the four zeros issue
      from the register A and are lost, while in location T01 there will be the
      code which was previously in T02. The sign is also not modified in this
      case, since the output of the NAND circuit 200 enables the recirculation
      thereof through the NAND circuit 199 and the NAND circuit SRA.
PAR  To delay the register A, the contents are shifted by one place to the left
      under the control of a microinstruction A .fwdarw. A. This sends to one
      the signal BRA which, through the NAND circuit 192, blocks the normal
      recirculation of the contents LRA of the register A. These contents
      re-enter a shift auxiliary register 206 which is formed by eight dynamic
      cells similar to those of the other registers. Previously, the cells of
      the register 206 were all at one, because in the preceding cycle the
      signal A .fwdarw. A and the output of a NAND circuit 207 were both at one.
      The contents of the register A with the eight ones of the register 206 at
      the head thereof re-enter the register A, through a NAND circuit 208 and
      the NAND circuit 203, delayed by eight bits.
PAR  Since a store cycle is constituted by 100 bit times and 96 cells are used
      in the register A, as the other four relating to the cell T25 contain the
      sign, the information which was in the cell T01 at the beginning is
      delayed by four bits and is now in the cell T02. In the cell T01 there are
      four zeros, while in the last four cells of the register 206 there is the
      information previously contained in the cell T24.
PAR  In the time T01 of the following cycle, the input signals LRA at the NAND
      circuit 192 represent the information of the cell T24 contained in the
      register 206, which replaces the four zeros present in the register A. In
      the following times T02 . . . T25, the signals LRA represent the
      information in the register A shifted to the left by one character, after
      which a return is made to the normal cycle. Also in this case, the sign of
      the contents of the register A remains unchanged in the cell T25.
PAC  Function comparators
PAR  The machine comprises in the chip 25 a first comparator 211 (FIG. 2) for
      commanding the operations in series on the registers, indicating from time
      to time the register cell in which operation is being carried out. To this
      end, the machine is provided with a function counter 212 which counts from
      0 to 25. This is constituted by five static cells SA, SB, SC, SD, SE (FIG.
      11) arranged in ascending fashion which have as their reset means a
      microinstruction indicated by the reference CS .fwdarw. 0. When this
      microinstruction issues from the ROM 26 (FIG. 7), the five cells of the
      counter 212 are all at zero. The contents of the cells of the counter 212
      (FIG. 11) shift downward under the control of a signal .phi.5 which is
      generated at the signal .phi.1 of the first bit (T01-TMA) when the code of
      a microinstruction indicated by CS+1 is present in the microinstruction
      register 34 (FIG. 8b).
PAR  The contents of the cells of the service counter 212 are then maintained by
      a signal .phi.8 (FIG. 5) which remains at zero throughout the cycle
      excluding the character T01. At each shift, the contents of the last cell
      SE (FIG. 8b) on the right of the counter 212 are eliminated and a new bit
      is introduced into the first cell SA through a function fs = CSE . CSC +
      CSE . CSC + CSA . . CSB . CSB . CSD . CSE such as to cause only 25 of the
      32 places obtainable with this type of counter to be utilized.
PAR  Leaving from the initial situation, in the subsequent cycles, the situation
      of the various cells will be the following:
TBL  Position                                                                  
     CS        SA     SB         SC   SD       SE                              
     ______________________________________                                    
     CS0       0      0          0    0        0                               
     CS1       1      0          0    0        0                               
     CS2       1      1          0    0        0                               
     CS3       1      1          1    0        0                               
     CS4       0      1          1    1        0                               
     CS5       0      0          1    1        1                               
     CS6       1      0          0    1        1                               
     CS7       0      1          0    0        1                               
     CS8       0      0          1    0        0                               
     CS9       0      0          0    1        0                               
     CS10      1      0          0    0        1                               
     CS11      0      1          0    0        0                               
     CS12      1      0          1    0        0                               
     CS13      0      1          0    1        0                               
     CS14      1      0          1    0        1                               
     CS15      1      1          0    1        0                               
     CS16      1      1          1    0        1                               
     CS17      1      1          1    1        0                               
     CS18      0      1          1    1        1                               
     CS19      1      0          1    1        1                               
     CS20      1      1          0    1        1                               
     CS21      0      1          1    0        1                               
     CS22      0      0          1    1        0                               
     CS23      0      0          0    1        1                               
     CS24      0      0          0    0        1                               
     CS0       0      0          0    0        0                               
     ______________________________________                                    
PAR  The comparator 211 (FIG. 2) compares the character counter 65 (FIG. 3) for
      the characters T01 to T25 with the service counter 212 (FIG. 11). The
      comparator 211 comprises a NAND circuit 124 (FIG. 11) having 10 inputs
      connected in turn to the outputs of an equal number of NAND circuits 216
      to which the signals of the counters are applied. The comparator 211 is
      moreover connected through an inverter to a cell 213. When there is
      equality of the signals SA=T, SB=S, SC=R, SD=Q, SE=P, the 10 inputs of the
      NAND circuit 214 are all at one and the output signal UGT from the cell
      213 goes to one with a delay of one bit and remains in this state for one
      character. The comparator 211 thus generates in the cell 213 a signal
      which for each cycle gives an output UGT which goes to one for a given
      character, while UGT remains at zero for the remaining characters. If, at
      each cycle, the counter 212 is incremented making CS+1, the output signal
      UGT of the cell 213 is shifted moving from character to character. The
      signal UGT can thus be used to command the operations in series on the
      registers, such as introduction of data, reading of data, addition and
      transfer of data, in a manner known per se.
PAR  The machine is moreover provided with a pair of comparator 216 and 217
      (FIG. 2) for commanding the preselection of the decimals and the
      discarding of the decimals, which are preset by the decimals selection
      wheel. For each of the 10 positions, this sends to the decimals register
      29 (FIG. 2) four signals DA, DB, DC, DD (FIG. 12) which vary with the
      position selected in accordance with the Table on the next page. These
      signals, which are negated in turn, are the inputs of four cells 218 which
      store the code.
PAR  For discarding two and three decimal digits, respectively, the wheel is
      brought to red two and red three. The codes 1000 and 1001, respectively,
      (that is the decimal digits 8 and 9), arrive from the wheel, while the
      logic of the machine needs the codes 2 and 3, respectively, and a signal
      which distinguishes these codes from the normal 2 and 3.
TBL  ______________________________________                                    
     POSITION                                                                  
     OF                                                                        
     WHEEL    DD     DC     DB   DA   ED   EC   EB   EA                        
     ______________________________________                                    
     0        0      0      0    0    0    0    0    0                         
     1        0      0      0    1    0    0    0    1                         
     2        0      0      1    0    0    0    1    0                         
     3        0      0      1    1    0    0    1    1                         
     4        0      1      0    0    0    1    0    0                         
     5        0      1      0    1    0    1    0    1                         
     6        0      1      1    0    0    1    1    0                         
     7        0      1      1    1    0    1    1    1                         
     red 2    1      0      0    0    1    0    1    0                         
     red 3    1      0      0    1    1    0    1    1                         
     ______________________________________                                    
PAR  The signal DD=1 indicates this anomalous condition, while a NAND circuit
      219 connected to the cells of the signals DD and DB inverts the signal, so
      that the signals to be sent to the logic are the signals EA, EB, EC and ED
      output by four cells 221. These cells are loaded at the signal .phi.1D,
      which goes to zero by operating the usual reset key of the machine and
      returns to one by operating another command key, in a manner known per se.
      Therefore, the number of decimals can be entered after operation of the
      reset key and the corresponding code is stored with the following entry.
PAR  Two signals UGV and UGC (FIG. 2) generated by the two comparators 216 and
      217 serve to define the position of the decimals in the various stages of
      computation and printing. The comparator 216 (FIG. 13) compares the
      positioning of the decimal loading cells 221 of the register 29 with that
      of the function counter 212, while the comparator 217 compares the inverse
      of the cells 221 with the counter 212.
PAR  The decimal point equality signal UGV goes to that of the decimals entered,
      while the complementary decimal point equality signal UGC goes to one when
      the counter 212 reaches the value of the complement to 7 of the decimals
      entered. The circuit 217 which generates UGC is therefore similar to the
      circuit 216 generating UGV, but has input to it the configuration of the
      counter 212 inverted.
PAR  The signal UGC is used to identify the position of the first decimal digit
      after the point to be used, for example for printing. Therefore, by
      causing the contents of a register to shift until the signal UGC is
      generated the decimal digits to be discarded are eliminated.
PAR  The signal UGV is used, for example, for identifying the number of decimal
      digits which are to be discarded after each multiplication operation for
      the purpose of always keeping the same number of decimals in the register.
      To this end, since the number of decimals is doubled in multiplication,
      the contents of the register are shifted until the signal UGV is
      generated, thus eliminating half of the decimals of the product.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a desk-top electronic computer disposed on at least three
      semiconductor chips:
PA1  input-output means disposed on at least the first of the three
      semiconductor chips for receiving data signals applied thereto and for
      feeding data signals therefrom to the remaining semiconductor chips;
PA1  processing means receptive of data signals fed from said input-output means
      for processing the data signals, said processing means including
      arithmetic means disposed on the second semiconductor chip and receptive
      of data signals from said input-output means for performing arithmetic
      operations thereon, a memory instruction register and a memory address
      register both disposed on the first semiconductor chip, control means
      disposed on the third semiconductor chip and receptive of data signals
      from said input-output means for controlling the arithmetic means to
      perform selected arithmetic operations and comprising a read-only memory
      having addressable microinstructions stored therein and circuit means
      disposed on the three semiconductor chips for transferring over a first
      single signal conductor between the three semiconductor chips both the
      data signals from the memory address register to address the read-only
      memory and the data signals of the addressed microinstruction from the
      read-only memory to the memory instruction register; and
PA1  timing means disposed on the three semiconductor chips and interconnected
      by a second single signal conductor for synchronizing the data signal flow
      on the three semiconductor chips.
NUM  2.
PAR  2. A desk-top electronic computer according to claim 1, wherein said
      processing means comprises a plurality of registers each having a
      plurality of cells for storing different characters and disposed on said
      second chip and wherein said timing means comprises a first pair of
      counters disposed on said first chip and including a character counter
      developing signals defining character time periods for identifying the
      various characters in said cells of said registers and a bit weight
      counter developing signals defining bit weight time periods for each
      character time period for identifying the various bits for each character
      in said cells.
NUM  3.
PAR  3. A desk-top computer according to claim 2, wherein said timing means
      further comprises a second pair of counters disposed on said second chip
      and wherein said one pair of counters comprises self synchronizing circuit
      means for identifying a starting state of said first pair of counters upon
      the starting of the computer, and means for applying one character signal
      on said second single signal conductor to define a synchronizing time
      period and wherein said second pair of counters has means receptive of the
      character signal over said second single signal conductor for
      synchronizing the count therein to the character signal.
NUM  4.
PAR  4. A desk-top computer according to claim 2, wherein said timing means has
      means defining two clock signals, wherein said registers have means
      receptive of the two clock signals for shifting said registers and wherein
      said bit weight counter has means receptive of said two clock signals for
      enabling same to count and wherein said character counter is responsive to
      one output line of said bit weight counter for enabling same to count.
NUM  5.
PAR  5. A desk-top computer according to claim 4, wherein said timing means
      comprises a second pair of character and bit weight counters each
      including shift registers and wherein the bit weight counter of said
      second pair of counters has means receptive of said two clock signals for
      shifting same and the character counter of said second pair of counters
      has means receptive of another shift signal developed by the bit weight
      counter of said second pair of counters, a synchronizing circuit for
      identifying a first state of the shift register of said first pair of
      counters, a decoder circuit coactive with said first pair of counters to
      define a synchronizing time period applied to said second single signal
      conductor to connect the first pair of counters to the shift register of
      said second pair of counters for synchronizing said second pair of
      counters therewith.
NUM  6.
PAR  6. A desk-top electronic computer according to claim 2, wherein said
      processing means comprises an increasing circuit connected to said address
      register for selecting in each timing cycle a new successive address and
      an address varying circuit for selectively varying the address stored in
      said address register for selecting a memory address different from that
      to be selected by said increasing circuit, said address varying circuit
      comprising means for varying a portion of said address for selecting a new
      address within a given partial address range of said read-only memory and
      means for completely replacing said address with a new address for
      selecting any address within the full address range of said read-only
      memory.
NUM  7.
PAR  7. A computer according to claim 1, wherein said processing means
      comprises, a plurality of accumulating registers receptive of data signals
      to be processed, a circuit responsive to a given microinstruction for
      shifting the data of at least one accumulating register in one direction,
      a two-character auxiliary register connected to the one accumulating
      register and means responsive to a given microinstruction and the data in
      said two-character register to cause the shifting of the data in the
      opposite direction to said one direction.
NUM  8.
PAR  8. A computer according to claim 1, wherein said timing means has means
      defining timing cycles and wherein said processing means comprises
      accumulating registers each receptive of data to be processed, counting
      means for counting each timing cycle from 0 to a predetermined number in
      response to a given microinstruction, and comparison means receptive of
      the output of said counting means and the output of said character counter
      to identify in each cycle the cell of the accumulating register being
      operated on.
NUM  9.
PAR  9. A computer according to claim 8, comprising a decimal point register for
      storing the coded position of the decimal point, a first comparator
      receptive of the data from said counting means and the data of the decimal
      point register for comparing the two and a second comparator receptive of
      the complement of the data of said decimal point register and the data
      from said counting means for comparing the two.
NUM  10.
PAR  10. A computer according to claim 1, wherein said circuit means comprises a
      first gate for enabling a memory address to pass through said first single
      signal conductor during a first period of time and a second gate for
      enabling a microinstruction to pass through said first single signal
      conductor during a second period of time.
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PAL  A sequence controller for an automatic grinding machine or the like for
      controlling a sequence of machine functions and for providing a display of
      digital information which explicitly directs an operator through manual or
      semi-manual functions and which also provides diagnostic information.
      Diagnostic information is displayed on two levels, the first level is
      defined as "input code" which represents signals generated by a
      programmable controller to define the machine requirements due at any
      given time. These signals are normally compared with "requirements met"
      signals from input devices to determine whether or not the sequence should
      be advanced. The second level of signals are termed "cycle step commands"
      which represent signals sequentially generated in the controller to
      actuate specific machine functions. The controller may advance
      sequentially or non-sequentially. Circuit boards are correlated in
      physical location to cycle step command codes.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to machine function sequence controllers for
      semiautomated machines and particularly to a controller which provides
      multilevel diagnostic and operator-directive information.
PAC  BACKGROUND OF THE INVENTION
PAR  Many large and relative complicated machines, such as milling machines,
      grinders, and the like, require highly-skilled operators to properly
      organize and execute the various machine functions necessary to the
      realization of satisfactory end results. In a grinder or multiaxis milling
      machine, care must be taken to avoid possible physical interference
      between working elements having catastrophe potential and to otherwise
      properly program the sequence of machine functions so that the particular
      machine produces its best performance. Accordingly, automatic sequencers
      have been developed to relieve the operator of some portion of the
      responsibility for machine function programming.
PAR  Such sequencer devices typically involve a fair amount of complicated
      control circuitry which must be properly interfaced with mechanical and
      other electrical components in the controlled machine. Accordingly,
      malfunctions can occur not only in the machine itself, but also in the
      control system, the net result being the complication and aggravation of
      an already difficult problem of machine malfunction diagnosis.
PAR  One approach to machine malfunction diagnosis is disclosed in U.S Pat. No.
      3,719,931, issued Mar. 6, 1973, on an "Apparatus For Controlling Machine
      Functions". That patent discloses a sequence controller for industrial
      machinery, such as a grinder, and including a solid-state sequencer which
      operates as a logical stepping switch. The controller further comprises
      two programmable matrices for producing output signal combinations of
      selected permutations in response to sequencer inputs, one matrix being
      arranged to control the actual execution of machine functions and the
      other being arranged to produce coded inputs to a comparator thereby to
      indicate machine function requirements which are due. Additional means are
      provided to generate input signals as machine functions are actually
      carried out and, accordingly, the comparator produces an output signal to
      advance the sequence only as the requirements due are actually met. Paired
      lights on a control-display panel indicate the machine status during any
      running sequence. Accordingly an operator, in the event of a machine
      malfunction, may look at the paired light display to determine whether a
      machine requirement due has not been properly met or that some machine
      function has been executed in advance of its proper point in the sequence.
      Either way, the operator is given at least some information which is of
      value in diagnosing a machine malfunction.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a sequence controller for a
      complex multifunction machine is provided for programming and controlling
      a sequence of machine functions and, in addition, for providing
      conveniently displayed information which explicity directs an operator
      through manually or semimanually performed functions and which also
      provides diagnostic information. As hereinafter set forth in greater
      detail, the preferred embodiment of the invention comprises a numeric
      display which at all times provides operator directive and/or diagnostic
      information to the operator. This is usable in combination with a look-up
      table of specific advisories giving further information with respect to
      the numeric display to (a) instruct the operator with respect to machine
      functions which he must perform and (b) to point the operator to specific
      portions of the machine controller for trouble-shooting and diagnostic
      assistance.
PAR  In accordance with the invention, diagnostic information is displayed on
      two levels, the first of which relates to what are typically broadly
      defined machine functions or functional requirements which are due at any
      given point in the programmed sequence. These coded representations are
      hereinafter referred to as "input code" representations and are typically
      generated by a programmable sequence controller, such as a read only
      memory to generate the "requirements due" signals for advancing or
      preventing the advance of the sequencer much as is described in my
      aforementioned U.S. Pat. No. 3,719,931. At the operator's election,
      however, a second level of diagnostic information is displayed, this level
      corresponding to the actual specific cycle step commands which are
      sequentially generated in the controller to actuate specific machine
      functions. In the illustrative embodiment hereinafter described in greater
      detail, the numeric display continues to display the last input code
      representation which is received by it even though the programmer may have
      advanced through one of sequentially organized cycle steps which follow a
      given input code and which are involved in the actual execution of the
      functions which are implicit in the input code. Thus, the operator, if he
      is not fully advised by the input code of the source of a malfunction, may
      selectively display the cycle step command last generated. Since the
      controller has not advanced, the operator can immediately conclude that
      the last cycle step command generated (and displayed) has not been
      executed. This is of substantial assistance in malfunction diagnosis.
PAR  In accordance with a still further feature of the invention, the cycle step
      command and input code information which is displayed not only correlates
      with a location, number, page, or series of pages of numerically arranged
      advisories, but also correlates with circuit card organization in the
      physical circuit support system for the controller electronics. More
      specifically, the various electrical components and subsystems of the
      controller are placed on circuit cards or the like which are arranged, for
      example, biaxially, to produce a coordinate location code which is either
      directly or indirectly related to the numeric display. Accordingly, the
      numeric display leads the operator or trouble-shooting technician directly
      to the physical source of the machine malfunction. As hereinafter
      described with reference to the preferred embodiment of the invention,
      active subsystems and circuit arrangements on the circuit cards are
      equipped with lamps to display the actual status of the circuit such that
      the operator or trouble-shooting technician, once he has located the
      specific circuit card, can immediately tell whether the card or circuit on
      the card is defective or operative. This provides the operator or
      technician with further information as to whether the malfunction lies in
      the controller or in the mechanical components of the machine itself.
PAR  The preferred embodiment of the invention is more fully described in the
      following specification which is to be taken with the accompanying
      drawings as representative of the best known mode of practicing the
      invention. It is to be understood, however, that the preferred embodiment
      is only illustrative and that the invention may be embodied in other
      physical and electrical arrangements as required by the specific
      application thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram partly in schematic detail of a sequence
      controller embodying the present invention;
PAR  FIG. 2 is a block diagram partly in schematic detail of the counter circuit
      which is part of the diagram of FIG. 1;
PAR  FIG. 3 is a block diagram partly in schematic detail of a comparator
      circuit in the arrangement of FIG. 1; and
PAR  FIG. 4 is a simplified representative drawing of a circuit card
      organization and display scheme in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  Referring to FIG. 1 there is shown a sequence controller for a large
      industrial grinding machine, such as the Bryant "Centa-Lign" manufactured
      by the Bryant Grinder Corporation of Springfield, Vermont. While a large
      industrial grinding machine is given as an illustrative embodiment, it is
      to be understood that the sequence controller, as shown in FIG. 1 and as
      generally described herein, can be applied to many other multi-function
      industrial machines. The sequence controller of FIG. 1 comprises a
      sequence command section 10 which generates several classes of digitally
      coded control signal sequences defining the specific functional and
      analytical steps to be performed in the course of a grinding operation.
      The sequence controller further comprises an output section 12 which is
      connected to receive a sequence of output signals representing specific
      machine functions to be actuated and to perform those functions by way of
      specific output function generators. The sequence controller further
      comprises a feedback signal generator section 14 which responds to the
      performance of specific machine functions to produce signals representing
      performance or nonperformance, as the case may be, and for transmitting
      these signals back to the sequence control section 10 to control the
      advance of the sequence; i.e., the sequence is advanced only as long as
      the required functions designed by the output code signals are being
      performed in a timely and proper fashion. The sequence controller further
      comprises a display section 16 which provides specific advisories to an
      operator regarding functions to be performed and which further provides
      diagnostic information in the event of a malfunction.
PAR  The sequence control section 10 comprises a fixed frequency clock 18 to
      provide basic timing signals. Clock 18 is connected through a coincidence
      gate 20 to an ordinary digital counter 22 to advance the counter at the
      clock rate but only if the machine functions being called for are
      performed. The counter 22 produces at the outputs 24 thereof a parallel
      digital representation hereinafter referred to as a cycle step command,
      these commands representing the specific machine cycle steps which are to
      be executed in a sequential fashion. Typically the counter is advanced
      digitally from 000 to 001, 002, 003, and so forth in a numerically
      sequential fashion. It is possible, however, as hereinafter described for
      the counter 22 to jump to certain specified subroutines having digital
      cycle step commands which are numerically nonsequential; i.e., out of
      numerical order with respect to the cycle step commands just previously
      being executed. Following such a numerically nonsequential subroutine,
      counter 22 jumps back to the sequential numerical order to be advanced by
      clock 18 as the commanded cycle steps are performed.
PAR  Output bus 24 of counter 22 is connected to a sequence programmer 26 which
      may be implemented in the form of an electronic read-only memory. The
      sequence programmer 26 responds to the numerical cycle step commands from
      the counter 22 to generate a numerically more complex sequence of specific
      codes including output codes which are applied by way of multiconductor
      bus 28 to an output decoder 30. The function of the output decoder is to
      decode the multibit output codes received from the sequence programmer 26
      and to select for actuation one of the several output channels represented
      in FIG. 1 by output converters 32, 34, and 36. It is to be understood that
      many more than three output channels are found in the typical controlled
      machine since there are more than three controlled machine functions. The
      output converters 32, 34, and 36 function to increase the electrical
      signal power level from the output decoder 30 to a higher power level for
      actuation of an output function controller, such as solenoid coil 38 or
      motor 40.
PAR  The output converters are more fully described in my previously issued U.S.
      Pat. No. 3,719,931. Each of the output converters 32, 34, and 36 has
      associated therewith a small neon lamp 42a, 42b, and 42c, respectively,
      which is lighted as the output converter associated therewith is selected
      for actuation by the programmer 26 and the output decoder 30. As
      hereinafter described, the output converter electronics are typically
      placed on a single circuit board along with the associated neon lamp 42 so
      that at any time the lighted or unlighted state of the neon lamp
      represents the actuated or nonactuated state of the associated output
      converter.
PAR  Sequence programmer 26 also produces a sequence of input codes. The input
      codes may be thought of as generalized machine function advisories which
      are produced in an intermittent fashion, many input codes being
      immediately followed by a subsection of one or more numerical cycle step
      commands representing specific machine steps to be executed within the
      broad category or subroutine represented by the initial input code. The
      input codes are applied via cable 44 to unit 46.
PAR  The encoder portion encoder-comparator 46 is also connected to receive
      feedback signals representing the status of certain machine functions from
      input section 14. This section comprises a plurality of power step-down
      devices in the form of input converters 48, 50, 52, 54, and 56. Whereas
      the output converters of section 12 are typically employed to step up from
      a 5-volt dc logic level to a 115-volt ac power level, the input converters
      of section 14 are used to step down from the 115-volt ac level to the
      5-volt input logic level. These numbers are given purely by way of
      example.
PAR  Each input converter in section 14 has associated therewith a signal
      generating device, such as hard contact push-button switches 66 and 68 and
      hard contact limit switches 70, 72, and 74. In the embodiment of FIG. 1,
      push-button switch 66 is a "master start" switch which, through input
      converter 48, is capable of satisfying one of the early running conditions
      in any typical grinding operation. Switch 68 is shown in FIG. 1 as a
      "cycle start" button and, in accordance with the program of sequence
      programmer 26, must typically be depressed to restart any sequence of part
      production. Switches 70, 72, and 74 may be taken as representative of
      machine element position measuring limit switches, rotation switches,
      speed sensors, pressure sensors, etc. Each input converter 48, 50, 52, 54,
      and 56 has associated therewith a small neon indicator lamp 76a, 76b, 76c,
      76d, and 76e, respectively, indicating the actuated or nonactuated status
      of the input channel represented by the associated input converter. Again,
      the specific nature of the input converters in section 14 are more fully
      described in my U.S. Pat. No. 3,719,931. All of the input converters are
      connected via lines 110 to the encoder-comparator 46.
PAR  As previously described, the sequence programmer 26 produces a sequence of
      input codes on cable 44 which are presented to the input selector portion
      of comparator 46 to represent a sequence of machine function requirements
      which are being called for at given times. Conversely, the signals
      produced by the input converters 48, 50, 52, 54, and 56 are applied to the
      input selector portion of encoder comparator 46 where they represent the
      machine functions that are actually met; i.e., executed in or by the
      machine. The input code from programmer 26 is compared to the
      "requirements met" code from the encoder and, if the signals match to
      indicate that the required functions have been performed, an "advance"
      signal is produced on line 58 and applied to the coincidence gate 20 to
      advance the counter 22 upon the occurrence of the next clock signal from
      clock 18. In this fashion, the entire sequence is advanced only as the
      functions required are met. If no advance signal appears on line 58 for a
      predetermined time, the signal applied to a delay device 62 through an
      inverter 130 lights a lamp 64 which may be located on the machine to
      signal the fact that the machine requires attention. Delay 62 may be a
      suitably timed monostable multivibrator or "one-shot" device.
PAR  Sequence programmer 26 generates not only the output codes on line 28 and
      the input codes on lines 44, but also a subroutine address code on line 78
      in the form of a sequence of cycle step commands which are applied to the
      counter 22 whenever it is necessary or desirable to execute a subroutine
      having cycle step commands which are out of the normal numerical sequence
      generated by the signals from clock 18. Counter 22 is capable of
      temporarily storing the last generated numerically sequential cycle step
      command while the subroutine cycle step commands are generated and
      executed. The last generated numerical cycle step command is then
      retrieved from temporary storage, incremented by one, and placed back in
      the main counter portion for ongoing sequence control. The subroutine
      cycle step commands appear on line 78 which is connected between the
      programmer 26 and the counter 22.
PAR  Looking now to the display section 16, the input codes are applied by way
      of line 80 and the cycle step commands are applied by way of line 82 to a
      display select switch 84 which typically comprises a spring-biased
      push-button 86 biased in such a direction as to normally transmit the
      input code signals on line 80 to a three-digit, numerical display unit 88.
      The unit 88 may take a variety of forms including Nixie tubes, liquid
      crystal displays, cathode ray tube display, and so forth. Its function is
      to display in three digits a coded representation of the input codes as
      they are generated and applied by the sequence programmer 26 to the
      comparator 46. The three-digit display 88 is typically used by the
      operator in conjunction with a look-up table 19 which may take the form of
      one or more sheets of listed input codes and advisories which more fully
      explain the significance and/or functions required in connection with the
      input codes generated by the three-digit display 88. The display select
      switch 84 may be moved by manually depressing the push-button 86 over to
      the terminal contact of the cycle step command line 82 to display the more
      specific cycle step commands generated in sequence following the typical
      input code. Accordingly, the three-digital display device 88 is capable of
      presenting advisories in a two-level mode, the input codes presenting
      general information and the cycle step command codes presenting specific
      information regarding the actual machine function which is being performed
      or which should be performed at a given time. In any event, the display 88
      presents the last generated code, whether it be an input code or a cycle
      step command; therefore, upon occurrence of a code sequence interruption,
      the last presented code represents the function which is either being
      performed or should be performed by the grinder machine. If the last
      presented input code does not fully advise the operator of his diagnosis,
      repair, or progress steps, he switches to the cycle step command for more
      specific information.
PAR  Summarizing, it can be seen that the sequence control section 10 produces a
      sequence of coded signals in accordance with the program in the read-only
      memory programmer 26 to (1) direct the machien to execute specific
      functions by way of the output section 12, (2) compare input codes to
      signals which are generated by the actual performance of machine
      functions, as indicated by signals from section 14, (3) advance the
      sequence, if the input codes from programmer 26 compare to the input codes
      from the input section 14, and (4) display the status of the machine
      functions and machine function commands at all times by way of the
      three-digit display 88.
PAR  Referring to FIG. 2, the details of the counter circuit 22 in the system of
      FIG. 1 will be described. Counter 22 comprises a main storage portion
      consisting of two, identical four-bit counters 22a and 22b, and a
      temporary storage section consisting of two identical four-bit counters
      22c and 22d. The counters 22a and 22b are connected to receive the clock
      signals from clock 18 through AND gate 20 upon the occurrence of both
      "advance" signals on input line 58 and an output from gate 96 which is
      connected to receive the parallel lines of bus 78. Gates 98 and 99 and
      inverters 101 and 103 establish a signal transfer relation between the
      counter "jump" signal on line 78, the advance signal on line 58 and the
      "load" and "clock" inputs to counter portions 22a and 22b according to the
      following truth table:
TBL  ADVANCE    G96         G98     G99                                        
     1          1           0       1                                          
     1          0           1       0                                          
     0          1           1       0                                          
     0          0           0       1                                          
PAR  Signals applied by the main memory counters 22a and 22b to the display unit
      18 are also applied to the temporary storage counters 22c and 22d.
      However, in the absence of a sub-routine load signal on address line 78a,
      no actual signal retension occurs and the temporary storage counters 22c
      and 22d remain substantially empty.
PAR  In the event a subroutine address or "jump" signal appears on lines 78 from
      the sequence programmer 26 along with a subroutine load signal on line
      78a, the last-generated cycle step command from counter 22a,  22b is
      loaded into temporary storage counters 22c and 22d and incremented or
      advanced by one by the clock signal on line 92 so that as the stored cycle
      step command signal is transferred back to the counter 22a, 22b at the end
      of the non-numerically sequential subroutine, it will be "up to date". At
      the same time, the signals on lines 78 actuate multiplexers 90 to cut off
      communication between the counters 22c and 22d and the main storage
      counters 22a and 22b by way of the return line 94. Accordingly, the
      signals on lines 78 are loaded into counters 22a and 22b for application
      to the sequencer programmer 26 and for application to the display.
PAR  Referring now to FIG. 3, the details of the input selector and comparator
      unit 46 from FIG. 1 will be described in greater detail.
PAR  As indicated with reference to FIG. 1, the function of unit 46 is to
      compare input codes representing "requirements due" to signals
      representing contemporaneous "requirements met" and to generate an
      "advance" signal on line 58 if the two signals agree. Unit 46 comprises a
      multiplexer-selector 112 connected to receive as inputs the lines 110 from
      the input converters. The particular line 110 selected is a function of
      the input code on lines 44 from the sequence programmer 26. The output of
      selector 112 is connected as the B input to gate 116. The A input to gate
      116 is a signal, either high or low, representing the most significant bit
      or sign bit of the particular input code; i.e., some input codes call for
      a high sign on the signal from the input converter and others call for a
      low sign to represent the requirement met. The sign bit appears on line
      114 from the programmer 26. The truth table for gate 116 is as follows,
      the C signal being the output of the gate:
TBL  A            0       1       0     1                                      
     B            0       0       1     1                                      
     C            1       0       0     1                                      
PAL  Gate 118 receives four more significant bits of the input code from
      sequencer 26 to identify the particular area of the unit 46 to be enabled;
      i.e., many comparator-selectors such as 112 may be required in a large
      machine. The output from gate 118 is inverted at 120 and applied to output
      gate 124. A low output from 124 indicates coincidence; hence, the need for
      inverter 130 in the signal line to delay 62 in FIG. 1. Inverter 122
      receives an expander signal from other comparator cards. When all inputs
      to gate 124 are high, a low output condition is produced to indicate the
      advance is permitted.
PAR  Referring now to FIG. 4, a further feature of the diagnostic capabilities
      of the subject invention will be described. FIG. 4 illustrates a portion
      of the electronics support cabinet 200 having upper and lower slide-in
      circuit board connectors 201 and 202 disposed in spaced parallel
      relationship to one another within the cabinet 200. Connectors 201 and 202
      are adapted to receive a plurality of rigid circuit boards 204, 206, 208,
      210, 212, 214, and 216 each carrying the printed circuit and active
      components of a given electronics module; for example, one or more
      discrete subsystems or subassemblies in the control circuitry of FIG. 1.
      Circuit board 204 comprises eight channels numbered 0 through 7 which may,
      for example, represent eight input converters in input section 14 of FIG.
      1. By way of further example, circuit board 206 also having eight channels
      may represent eight of the output converters of output section 12 of FIG.
      1. It will further be noted that each circuit board is assigned a "card
      number"; e.g., circuit board 204 is assigned card number 00, circuit board
      206 is assigned card number 01, circuit board 208 is assigned card number
      02, and so forth. The channels of the various circuit boards are also
      numbered along the vertical axis to the left side of the cabinet opening,
      the channel numbers being aligned with the physical position of the neon
      lamps 215 which are physically mounted on the circuit boards 204 etc. The
      neon lamps 215 shown in FIG. 4 correspond to the neon lamps 42 and 76
      which are shown as specific examples in FIG. 1. Accordingly, the lamps 215
      are lighted or unlighted in accordance with the actuated or nonactuated
      status or condition of the electronic subsystem which is represented
      thereby.
PAR  The card number and channel number code of the physical mounting apparatus
      of FIG. 4 is selected to correlate with the cycle step numbers which are
      displayed by way of the three-digit display 88. Accordingly, the display
      of cycle step number 015 indicates that the cycle step command calls for
      the energization of the electrical subsystem whose circuit is carried in
      channel number 5 of card number 01 (also card number 206 in FIG. 4). This
      light should be lighted to indicate that the circuitry at this card
      location is active. If it is lighted, but the machine function represented
      by the cycle step number is not being executed, then the fault, in all
      probability, lies in some mechanical feature of the machine. If, on the
      other hand, the lamp is not lighted but the cycle step number is
      nevertheless being displayed, the machine malfunction lies, in all
      probability, with the circuitry and circuit card 206 must be replaced. In
      this fashion, diagnosis is facilitated.
PAR  As a further operating feature, the representation of a nonactuated card
      condition for a given cycle step command may be represented by adding 400
      to the cycle step number displayed by way of unit 88. Thus, the display of
      415, rather than 015, would indicate that the lamp in channel 5 of card
      number 206 sould be unlighted by generation of the cycle step command.
      Other equivalent approaches may also be followed.
PAR  The look-up sheet 19 may include information as to input codes, cycle step
      commands, and advisories according to the following format:
TBL  DIAGNOSTICS                                                               
     INPUT                                                                     
          CYCLE                                                                
     CODE STEP THE CONTROL SYSTEM IS WAITING FOR THE FOLLOWING:                
     __________________________________________________________________________
     001       2LS Should Be Actuated By Cams At Rough Or Finish               
                 Grind Position - Check Cycle Step                             
          103   Rough Grind                                                    
          154   Finish Grind                                                   
          324   Cam Position Check During Cam Reset                            
          350   Continuous Dress                                               
          365   New Wheel Dress                                                
     002       3LS Should Be Actuated By Cams At Dress Start Or                
                 Chuck Open Position - Check Cycle Step                        
          127   Auto Cycle Dress                                               
          310   Chuck Open During Cycle                                        
          323   Cam Position Check During Cam Reset                            
          325   Chuck Open During Cam Reset                                    
          352   Continuous Dress                                               
          367   New Wheel Dress                                                
     003       1LS Should Be Actuated By Cams At Start Of New                  
                 Wheel Dress Stroke Or Close Chuck Position -                  
                 Check Cycle Step                                              
          066   Start Dress Position During New Wheel Dress                    
          201   Load Stroke Check Position During Cycle                        
          327   Load Stroke Check Position During Cam Reset                    
          356   Continuous Dress                                               
     004       9LS Should Be Actuated By Loader Entering Chuck                 
     Check Cycle Step                                                          
          267   Unloading Part After Grind                                     
          330   Unloading Part After Cam Reset                                 
     012       Waiting For Master Start Pushbutton - Check                     
                 Cycle Step                                                    
     000       Initial Startup After Closing Disconnect                        
          215   Waiting For New Wheel To Be Installed                          
          224   Broken Wheel Or No Part In Chuck                               
          313   Unloader Arm Jammed                                            
          321   Limit Of Size Correction - Reset The Dresser,                  
                Or Change Size Correction Limits                               
     015       Wheel Should Be Running                                         
     016       Work Should Be Running                                          
     017       Waiting For Cycle Start Button                                  
     . . .                                                                     
     101       Waiting For 5M Starter To Pull In To Start Dress                
                 Motor                                                         
     102       Waiting For Brake Timer (Card 22)                               
     103       Controller Scanning - Check Cycle Step                          
          050   Waiting For Feed To Reach New Wheel Install                    
                Position                                                       
          105   Rough Quick Approach - Waiting For Feed                        
                Position Or Stock Censor                                       
          112   Rough Grind One                                                
          121   Waiting For Rough Sparkout Timer Or API Meter                  
                To Drop To Rough Sparkout Level                                
          167   Finish Sparkout                                                
          273   Waiting For 4LS or 5LS During Cam Reset                        
     104       Waiting For Feed To Reach New Wheel Install                     
                 Position - Check Cycle Step                                   
          040   Following Cycle Start                                          
          212   Prior To Worn Wheel Shutdown                                   
          216   Prior To Broken Wheel Shutdown                                 
     __________________________________________________________________________
PAR  An example of machine operation with reference to specific input codes and
      cycle step commands is given in a simplified way in the following
      paragraph.
PAR  The digital display unit 88 normally and regularly displays input codes to
      the operator. The typical input code display is an advisory regarding an
      operator function which must be performed before the counter 22 will
      advance to the next input code. The input code can, however, indicate that
      the machine function required is not met. All operations are started by
      pressing the "cycle start" switch push button 68. The need to press this
      button is always indicated by the display of input code 017. If pressing
      the cycle start button produces another input code display but does not
      start the machine, the operator looks to the input code sheet and performs
      the indicated function. For example, if pressing the cycle start button
      causes a 015 display, the operator looks to the look-up table 19 to
      determine that the wheel should be running. If it is not running, the
      operator presses the "start wheel" push button and then presses the cycle
      start button. The machine should start at this point. If it does not
      start, another input code will be displayed giving the operator further
      advice. It may, for example, indicate that the dresser wheel should be
      started. When all conditions are satisfied, pressing the cycle start
      button will start the machine and all functions are performed
      automatically from that time on, assuming no malfunction occurs. If the
      machine stops, the input code display might say, for example, 104. This
      means "waiting for feed to reach new wheel install position". This input
      code advisory on the look-up table sheet 19 also includes the very
      important advice "check cycle step". The operator then switches the
      selector switch 84 to the "cycle step" display position to draw data from
      the sequencer 26 to determine exactly what machine function is being
      called for. This may result in the display of a machine function which
      should be going on but which, because of a circuit failure or machine
      failure, is not occurring. The cycle step may also include dummy numbers
      to tell the operator to do something, like replacing a worn wheel. Once a
      shutdown occurs, the machine must be restarted by the operator in a
      step-by-step manner. For example, depletion of work pieces for automatic
      feed in causes the grinder wheel to be shut off and the wheel must be
      restarted, as described above, even after the new workpiece load has been
      placed in the input hopper.
PAR  It is to be understood that the invention has been described with reference
      to a specific embodiment and that various modifications may be made to the
      embodiment as described. Accordingly, the foregoing description is not to
      be construed in a limiting sense.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a sequence controller and diagnostic display system for a machine
      having means for performing a plurality of controlled functions in a cycle
      of programmed steps: means for producing a sequence of signals
      representing increments of advancement from one of said steps to another;
      sequence programmer means including data storage means connected to
      receive said signals for intermittently producing in response to each said
      signal a plurality of input codes defining known machine conditions to be
      met before performing subsequent steps and digital cycle step commands
      defining machine steps to be performed sequentially; means for advancing
      the means for producing said sequence of signals only as said machine
      conditions are met; and display means connected to selectively display
      coded digital representations of said cycle step commands and input codes
      as they are produced.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said display means comprises
      visual indicator means and selector means connected to receive said cycle
      step commands and said input codes and to apply said commands and codes to
      said visual indicator means, said selector means being biased to normally
      apply to the indicator means the last input code received thereby, but
      manually actuable to apply to said indicator means the subsequent step
      command.
NUM  3.
PAR  3. Apparatus as defined in claim 2 further including input signal generator
      means for generating discrete input signals representing respective
      machine conditions, said means for advancing comprising comparator means
      for comparing representations of selected ones of said input signals to
      said input codes and for generating a counter advance signal when the
      comparison indicates that the commanded conditions are met.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said programmer means is
      responsive to certain of said cycle step commands to shift said counter to
      and from non-sequential cycle step command routines, said counter having
      means for holding the last sequential step command produced and for
      returning to the next sequential step command at the completion of the
      machine functions represented by the non-sequential step command routines.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said counter comprises a main
      storage portion and a temporary storage portion, the main storage portion
      being connected to normally receive the sequence of cycle step commands,
      means for transferring sequential cycle step commands from the main
      portion to the temporary portion just prior to receipt of a non-sequential
      cycle step command, and means to transfer sequential cycle step commands
      back to the main portion after execution of the non-sequential cycle step
      command.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein the counter includes means for
      incrementing the transferred cycle step command code by one.
NUM  7.
PAR  7. Apparatus as defined in claim 5 including clock means for advancing the
      counter at the clock rate but only as said machine conditions are met.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein said sequence programmer means
      comprises a read-only memory.
NUM  9.
PAR  9. Apparatus as defined in claim 1 further including output decoder means
      connected to receive coded signals from the sequence programmer
      representing distinct machine function controllers to be actuated, and a
      plurality of machine function controllers connected to be selectively
      actuated by the output decoder means.
NUM  10.
PAR  10. Apparatus as defined in claim 9 including a plurality of output
      converters connected between said machine function controllers and said
      output decoder means for converting the signals from the decoder means to
      a higher electrical power level.
NUM  11.
PAR  11. Apparatus as defined in claim 3 further including input converter means
      connected between said input signal generator means and said comparator
      means for converting the signals from the input signal generator means to
      a lower electrical power level.
NUM  12.
PAR  12. Apparatus as defined in claim 11 wherein said input converter means
      comprise a plurality of electrical circuit support means, each of said
      converter means having mounted on said support means a visual display
      device for indicating the actuated and nonactuated states thereof.
NUM  13.
PAR  13. Apparatus as defined in claim 12 including container means for said
      circuit support means, the circuit support means being arranged in said
      container means in a code which corresponds to the visual representation
      of the cycle step commands applied to said display means.
NUM  14.
PAR  14. Apparatus as defined in claim 10 wherein each of said output converters
      comprises circuit support means and a visual indicator means mounted on
      said support means for indicating the actuated and nonactuated states of
      the respective converters.
NUM  15.
PAR  15. Apparatus as defined in claim 14 further including container means for
      said support means, said support means being physically organized within
      said container means in accordance with a code which is correlated to the
      cycle step command applied to the display means.
NUM  16.
PAR  16. Apparatus as defined in claim 15 wherein said visual indicator means
      comprises a plurality of neon lamps.
NUM  17.
PAR  17. Apparatus as defined in claim 11 wherein one of said input signal
      generators is a push button for initiating the generation of cycle step
      commands in said counter.
NUM  18.
PAR  18. Apparatus as defined in claim 1 including display selector means
      connected to receive said cycle step commands and input codes, the display
      selector means including an output switch selectively connectable to
      transfer one of said cycle step commands and input codes to the display
      means.
NUM  19.
PAR  19. Apparatus as defined in claim 1 further including means for providing a
      static display of readable advisories related to the input code numbers
      and cycle step command numbers displayed by said display means.
NUM  20.
PAR  20. Apparatus as defined in claim 19 wherein said display means comprises a
      three-digit display.
NUM  21.
PAR  21. In a machine function sequence controller for controlling the sequence
      of executed functions of a multi-function machine in accordance with a
      predetermined program: means for simultaneously generating a sequence of
      machine function instruction codes having performance significance to a
      human operator and machine function requirements codes which are to be met
      before advancing through said sequence, means connected to receive the
      requirement codes for execution of the machine functions represented
      thereby, means for simultaneously presenting a running visual display of
      the instruction codes as presented, said execution means including
      discrete subsections of electronic circuitry and support means therefor,
      the discrete subsections being physically arranged in accordance with a
      coordinate location convention correlated to the instruction code whereby
      the instruction code presented identifies the physical location of the
      electronics subsystem required to execute the code.
NUM  22.
PAR  22. Apparatus as defined in claim 21 further including indicator means
      associated with the electronic subsystem for visually indicating the
      actuated and nonactuated status thereof.
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ABST
PAL  A system for reading out information in a plasma display memory panel
      having a set of X and a set of Y electrodes is disclosed in which a
      forward current is conducted through unidirectional conducting devices
      having a charge storage effect, for example, charge storage diodes,
      connected to the X or Y electrodes; a read voltage is applied to one of a
      selected one of the Y sets of and X electrodes; a charging current due to
      the read voltage is conducted through the charge storage diodes in a
      backward direction making use of their backward recovery time; a gas
      discharge current, after the charging current terminates, flows in the
      stray capacitance of the selected X or Y electrode, raising its potential
      relative to the ground potential; and the potential rise is detected to
      thereby effect read-out of the information.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a gas discharge panel information read-out
      system, and more particularly to a system for reading out information in a
      gas discharge panel by detection of current flowing in discharge cells of
      the panel.
PAR  2. Description of the Prior Art
PAR  A gas discharge panel commonly referred to as a plasma display memory panel
      has heretofore been developed as an information display device. As is
      well-known in the art, the gas discharge panel has such a construction
      that electrodes arranged in a matrix form facing towards a gas discharge
      space are covered with a thin dielectric layer thereby to be insulated
      from the discharge gas. It is also well-known that the gas discharge panel
      is driven with an AC voltage and that, at a discharge point where a
      discharge is once produced in accordance with input information, the
      information is stored in the form of a wall charge. Accordingly, the gas
      discharge panel can be used not only as a display device but also as a
      memory device. In the case of employing the gas discharge panel of this
      kind as a display terminal of a graphic display system, it is necessary to
      read out information being displayed, since a high value is set on
      man-machine communication.
PAR  A variety of systems have been proposed for reading out the content of a
      display on the plasma display memory panel. For example, FIG. 1 shows one
      of them. In the plasma display memory panel indicated generally by PDM in
      FIG. 1, discharge cells are formed at intersecting points of electrodes y1
      to yn and electrodes x1 to xm; an alternating sustain voltage is applied
      to each discharge cell through the electrodes Y1 to yn and X1 to Xm; and a
      discharge spot is produced in the discharge cell supplied with a write
      voltage. In the case of reading out the firing cell, i.e., a cell
      undergoing discharge, and thus at which the discharge spot is produced,
      for example, in the case of reading out a firing cell at the intersecting
      point of the electrodes y1 and x1, a terminal Y1 is grounded and a
      positive read voltage is applied to the electrode x1. At this time, the
      impedance of a saturable reactor L is held low and the electrode y1 is
      grounded through a diode D2 and the reactor L at terminal Y1.
PAR  If the read voltage is such as indicated by V in FIG. 2, a current flowing
      in the electrode y1 is as indicated by I. Since the discharge cell is a
      capacitive load, a charging current Ic flows at an early stage of rise of
      the voltage V and then a gas discharge current Ig flows when the voltage V
      has sufficiently risen up to its predetermined level. Further, a small
      backward discharge current Id flows at an instant of fall of the voltage
      V. This charging current Ic flows in all of the discharge cells regardless
      of whether they are firing or non-firing cells, and the gas discharge
      current Ig flows only in the firing cell, so that read-out is achieved by
      detecting the gas discharge current Ig.
PAR  To this end, the reactor L is controlled to increase its impedance at an
      instant when the gas discharge current Ig flows after flowing of the
      charging current Ic, thereby to cut off a current flowing in the diode D2.
      Consequently, since a diode D1 is connected in a backward direction, the
      gas discharge current Ig flows in a stray capacitance of the electrode y1
      to raise its potential relative to the ground potential and the potential
      change is amplified by an amplifier AMP1 to derive a read-out output at a
      terminal YR1.
PAR  Assuming that the aforementioned charging current Ic starts to flow at an
      instant t0, reaches its maximum value at an instant t1 and then becomes
      substantially zero at an instant t2 and that the gas discharge current Ig
      flows following the charging current Ic and reaches its maximum value at
      an instant t3, it is necessary to control the reactor L at the instant t2
      to cut off the current flowing in the diode D2. Since the time interval
      between t0 to t2 is as short as about less than 0.5.mu.S, control of the
      reactor L is difficult. Such timing control is also subject to the
      influence of the characteristics of the discharge cells and the rise-up,
      or leading edge characteristic of the read voltage, and hence is further
      difficult, introducing possibilities of inaccurate read-out.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a gas discharge panel information read-out system
      which is free from the aforementioned defect of the prior art and in which
      such timing control as mentioned above is achieved by making use of the
      backward recovery time of a charge storage diode to thereby facilitate
      read-out of information.
PAR  To attain the above object, the system of this invention is characterized
      in that when display information of a gas discharge panel having X and Y
      electrodes is read out, a forward current is conducted through
      unidirectional conducting devices having a charge storage effect, for
      example, charge storage diodes, connected with the X or Y electrodes; a
      read voltage is applied to a selected one of the Y or X electrodes; a
      charging current flowing due to the read voltage is conducted through the
      unidirectional conducting devices in a backward direction, utilizing their
      backward recovery time; a gas discharge current, flowing after the
      charging current, is conducted in the stray capacitance of the selected X
      or Y electrode to change its potential relative to a reference potential;
      and the potential change is detected to thereby achieve read-out of the
      display information.
PAR  Other objects, features and advantages of this invention will become more
      apparent from the following description taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing the principal part of a conventional
      plasma display memory panel;
PAR  FIG. 2 shows waveforms, for explaining the relation between a read voltage
      and currents;
PAR  FIG. 3 is a circuit diagram showing the principal part of one embodiment of
      this invention; and
PAR  FIG. 4 is a waveform diagram, for explaining voltages to be applied to
      electrodes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 3, there is illustrated a circuit diagram of the principal part of
      one embodiment of this invention. Reference character PDM indicates a
      plasma display memory panel; y1 to yn and x1 to xm designate its
      electrodes; AMP1 to AMPn identify amplifiers; CSD1 to CSDn denote
      unidirectional conducting devices connected to corresponding electrodes Y1
      to Yn, each having a charge storage effect, for example, charge storage
      diodes; R1 to Rn represent resistors; and Q1 to Qn, QC and QR show
      transistors. The transistor QC is turned on at the time of applying a
      voltage to the electrodes x1 to xm except during read-out, thereby
      clamping the electrodes y1 to yn at the ground potential. The charge
      storage diodes employed may be ordinary diodes having a charge storage
      effect and can also be easily selected from diodes for relatively
      low-frequency use on the market.
PAR  During read-out, the transistors QC and Q1 to Qn are turned on thereby to
      conduct a forward current in the charge storage diodes CSD1 to CSDn. This
      current, as to its level or amplitude and the time during which it flows,
      are selected so that the amount of charge stored in each of the charge
      storage diodes CSD1 to CSDn corresponds to the charging current Ic shown
      in FIG. 2. The current level can be set by the resistors R1 to Rn.
PAR  Then, the transistors QC and Q1 to Qn are turned off and, at the same time,
      the transistor QR is turned on and a read voltage is applied to a selected
      one of the electrodes x1 to xm, for example, x1. The waveform of this read
      voltage can be made identical with that of a sustain voltage.
PAR  With the application of the read voltage, the charging current Ic depicted
      in FIG. 2 flows through the electrodes y1 to yn, the charge storage diodes
      CSD1 to CSDn and the transistor QR. At this time, the current flowing in
      the charge storage diodes CSD1 to CSDn is backward and since the backward
      conducting time interval of the charge storage diodes is dependent upon
      the amount of the aforesaid forward current and the resulting amount of
      charge stored therein, the amount of the forward current is selected so
      that the charge storage diodes are held in their backward conducting state
      until the charging current Ic stops flowing.
PAR  With respect to the gas discharge current Ig which flows after flowing of
      the charging current Ic, the charge storage diodes CSD1 to CSDn are in
      their off state. Accordingly, assuming that the discharge cell at the
      intersecting point of the electrodes, for example, y1 and x1 is a firing
      cell, the potential of the electrode y1 rises several volts relative to a
      reference potential, i.e., the ground potential, corresponding to flowing
      of the gas discharge current Ig into the stray capacitance of the
      electrode Y1. The gas discharge current does not flow in the non-firing
      cells, so that the potentials of the electrodes Y2 to Yn for this example,
      corresponding to the non-firing cells, remain equal to the ground
      potential. Such potential changes of the electrodes y1 to yn are amplified
      by the amplifiers AMP1 to AMPn and read-out outputs are derived at the
      respective output terminals YR1 to YRn  corresponding to the potential
      rises.
PAR  FIG. 4 is a waveform diagram, for explaining the operation described above.
      Reference characters VX and VY indicate voltages to be applied to the
      electrodes x1 to xn and y1 to yn, respectively. In the period T1, the
      voltages VX and VY are alternately applied to the electrodes x1 to xn and
      y1 to yn, respectively, to sustain a display. The period T2 is a read-out
      period. Reference characters X1 and X2 indicate read voltages to be
      applied to the electrodes x1 and x2, respectively and .tau. shows the
      period of time during which the forward current flows in the charge
      storage diodes CSD1 to CSDn. The period T3 is also a display period as is
      the case with the period T1. The current I depicted in FIG. 2 flows due to
      the read voltage in the read-out period T2 and the charging current Ic
      flows in the backward direction during the backward recovery time of the
      charge storage diodes CSD1 to CSDn and the gas discharge current Ig raises
      the potentials of the electrodes y1 to yn as indicated by Y1 and Y2, since
      the charge storage diodes CSD1 to CSDn are turned off. By detecting the
      potential rise, read-out can be achieved.
PAR  As has been described in the foregoing, in the present invention, when the
      plasma display memory panel is read out, the timing for the detection of
      the gas discharge current Ig due to the fact that the charging current Ic
      and the gas discharge current Ig are close in time to each other is based
      on the backward recovery time of unidirectional conducting devices having
      a charge storage effect, for example, charge storage diodes, so that such
      a timing control as in the prior art is not required and a read-out
      control is simple. Further, since a saturable reactor or the like is not
      used, the circuit construction can be reduced in size, and the read-out is
      not affected by detection of light, and hence is not affected by
      surrounding light. Thus, accurate read-out can be achieved.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for reading out information from a gas discharge panel having
      first and second sets of plural electrodes each, each said set being
      covered with an insulating layer and disposed in spaced relation from the
      other to define a gas discharge space therebetween and containing a
      gaseous medium within the said space, the electrodes of said first and
      second sets being disposed to intersect one another and thereby define
      discharge cells at the respective intersections of individual electrodes
      of said first and second sets and including a plurality of unidirectional
      conducting devices connected in circuit with respectively associated ones
      of said electrodes of said first set, information being stored in said
      panel as selectively established discharges in said cells and producing a
      wall charge in association with each information storing cell, said method
      comprising
PA1  producing a forward current flow in each of said unidirectional conducting
      devices to store an electric charge in each thereof,
PA1  applying a read voltage to each of said electrodes of said first set to
      produce a gas discharge in said cells and to cause a charging current to
      flow in the electrodes of said first set in a backward direction through
      said unidirectional conducting charge storage devices and of a level in
      accordance with the backward recovery time of the unidirectional
      conducting charge storage devices to terminate further backward conduction
      thereof,
PA1  an information storing discharge cell, following the termination of the
      backward direction charging current, producing a gas discharge current in
      accordance with the wall charge therein and causing a potential change in
      the electrode of said first set associated with the said information
      storing discharge cell, and
PA1  detecting selectively, a potential change of an electrode of said first set
      occurring due to the gas discharge current thereby to read out the
      information stored in an information storing discharge cell associated
      with the said electrode of said first set.
NUM  2.
PAR  2. A system for reading out information stored in a gas discharge panel
      comprising first and second sets of electrodes, the electrodes of each set
      being covered by an insulating layer and spaced apart from each other to
      define a gas discharge space therebetween and arranged in intersecting
      relationship to define at the points of intersection of an electrode of
      each of said sets a corresponding gas discharge cell, information being
      stored in said panel as selectively established discharges in said cells
      said system for reading out information comprising:
PA1  a plurality of unidirectional conducting, charge storage devices each
      connected to at least one of the electrodes of said first set;
PA1  means for supplying a forward current to each of said unidirectional
      conducting, charge storing devices to store an electric charge in each
      thereof;
PA1  means for supplying a read voltage to each of said electrodes of said
      second set to produce a gas discharge in said cells of said panel and to
      cause a charging current to flow in the electrodes of said first set and
      in a backward direction through said unidirectional conducting charge
      storage devices, said backward direction charging current being of a level
      in accordance with the backward recovery time of said devices to terminate
      further backward conduction thereof,
PA1  an information storing discharge cell, following termination of the
      backward direction charging current, producing a gas discharge current in
      accordance with the wall charge storage therein and causing a potential
      change in the electrode of said first set associated with the said
      information storing discharge cell; and
PA1  means connected to at least one of the electrodes of said first set for
      detecting a potential change in the said at least one electrode caused by
      a gas discharge current in a discharge cell associated with the said at
      least one electrode.
NUM  3.
PAR  3. A system as recited in claim 2 wherein said unidirectional conducting
      charge storage devices comprise charge storage diodes.
NUM  4.
PAR  4. A system as recited in claim 2 wherein:
PA1  said means for supplying a forward current comprises:
PA2  a forward current power source terminal and a reference terminal;
PA2  a plurality of first transistors connected in common to said power source
      and at corresponding junctions to respectively associated ones of said
      unidirectional conducting charge storage devices;
PA2  a second transistor connected to said reference terminal,
PA2  a plurality of diodes connected in common to said second transistor and
      connected to respectively associated ones of said plurality of
      unidirectional conducting charge storage devices, said plurality of first
      transistors, said unidirectional conducting devices, said plurality of
      diodes, and said second transistor being poled for conduction of current
      therethrough from said power source and to said reference terminal for
      developing a said charge in each of said unidirectional conducting
      devices, and
PA1  said means for producing charging current to flow in a backward direction
      comprising:
PA2  a second plurality of diodes respectively connected to said corresponding
      junctions of said plurality of first transistors and the respectively
      associated unidirectional conducting devices,
PA2  a third transistor connected in common to said second plurality of diodes,
      and
PA2  said second plurality of diodes and said third transistor are poled for
      conducting the backward current through said unidirectional conducting
      devices.
NUM  5.
PAR  5. A system as recited in claim 4 wherein said detecting means comprise
      amplifiers connected to respectively associated ones of said electrodes of
      said first set for producing an output corresponding to a change of
      potential on the respectively associated electrode.
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ABST
PAL  A program-controlled microprocessor of the microprogramming type adapted to
      be incorporated in a system including external circuit devices. The
      microprocessor is provided with an interface arrangement for connecting
      the microprocessor to the external circuit device wherein the interface
      arrangement includes data buses which are an extension of at least a
      portion of the data buses of the arithmetic section in the microprocessor.
      The interface arrangement also includes a control bus arrangement adapted
      to provide outputs relating to the contents in a read-only-memory register
      for microprogramming and an address bus arrangement which is adapted, when
      the external circuit device receives a microprocessing instruction through
      the control bus arrangement, to provide the external circuit device
      connected thereto with means for designating an address of the next
      micro-programming instruction to be executed.
PARN
     This is a continuation of application Ser. No. 293,051, filed Sept. 28,
      1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a microprocessor.
PAR  2. Description of the Prior Art
PAR  The use of a relatively small computer called "minicomputer" has been
      extended widely in recent years, mainly because of the advantage of
      incorporating the minicomputer into a system or device as one of its
      elements. The extension of the use of the minicomputer has been
      accelarated by its low cost. Another reason for this rapid spread of the
      minicomputer use is its applicability to general purposes which permit its
      utilization as a control element of a wide variety of relatively
      complicated systems each produced only in a small quantity. In other
      words, the minicomputer can be used more effectively, the more complicated
      the functions of the control element with which it is used. The present
      trend toward further extension of this type of computer demands a lower
      cost thereof, which in turn is leading to the advent of a microprocessor
      lower in grade than the minicomputer.
PAR  The microprocessor is intended to be incorporated in a device and it is not
      practical to be employed independently. It is necessary that the
      microprocessor, when incorporated in a device, provides a sufficiently
      superior matching with the other components of the device so that it
      competes well with a conventional control element. Therefore, the
      requirements of the microprocessor are the low cost and high flexibility
      or adaptability to other various component elements, which are
      contradictory to each other.
PAR  In an ordinary microprocessor, one word processesd therein consists of 8 to
      12 bits and has a core memory of only 8K (8000) words or less. Such a
      microprocessor is used mainly as a programmable sequence control circuit
      for terminal equipment, automatic testing apparatus and sequence control
      device. The conventional microprocessors have no significant
      characteristics but have been constructed with the art similar to the one
      used for the minicomputers.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a low-cost, flexible
      microprocessor, or more in particular to provide a microprocessor which
      provides a good matching with the other component elements of a device
      thereby to contribute to an integral arrangement of the component elements
      of the device.
PAR  Another object of the present invention is to provide a program-controlled
      microprocessor adapted to be incorporated in a system or device,
      comprising a plurality of interface bus bars including at least a data
      bus, control bus and address bus by which said microprocessor is connected
      with the other circuits of the system or device and to which a plurality
      of external circuits are adapted to be connected in parallel, said data
      bus being an extension of the whole or part of the data bus of the data
      flow section in the microprocessor, said control bus producing an output
      which is a modification in whole or part of the information stored in a
      fixed-memory register for microprogramming, said address bus providing
      means through which the external circuit designates an address for
      microprogramming instructions to be executed next to certain other
      microprogramming instructions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagram showing the interface between the microprocessor and
      external device.
PAR  FIG. 2 shows a data flow of the microprocessor.
PAR  FIG. 3 shows formats of the microprogramming instructions.
PAR  FIG. 4 is a diagram showing the sequence control section for
      microprogramming.
PAR  FIG. 5 is a diagram showing formats of instruction words.
PAR  FIG. 6 is a microprogramming flow chart showing an instruction fetch cycle.
PAR  FIG. 7 is a flow chart showing the microprogramming of an ADD operation.
PAR  FIG. 8 is a block diagram showing the functions of a CRT display adaptor.
PAR  FIG. 9 is a microprogramming flow chart for CG sequence.
PAR  FIG. 10 is a block diagram showing the functions of transmission control
      adaptor.
PAR  FIG. 11 is an instruction chart for control of an external device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The interface between the microprocessor and other devices is shown in FIG.
      1. This interface greatly difers from the conventional I/O channel in that
      in the present interface a part of the microprocessor is open to an
      external device so that the external device may operate as a part of the
      microprocessor.
PAR  The data flow for the microprocessor is by means of bus bars through which
      data flows from one register to another. An 8-bit data bus extends from
      the microprocessor for connection with the external device, while a total
      of 13 data buses enter the microprocessor from the external device.
PAR  Another group of signal lines in the interface is concerned with control
      operations and is called a control bus. The control bus is the result of
      taking out 16 lines from the memory register (ROMR) of a control memory
      for the microprocessor, i.e. a fixed memory (ROM) which houses a
      microprogram. These signal lines are used also for control in the
      microprocessor after application through an appropriate decoder.
PAR  There is the third group of signal lines in the interface which is called
      an address bus and led from an external device into the microprocessor.
      The address bus which consists of five signal lines is provided for the
      purpose of permitting an external device to designate an address of the
      next microprogramming instruction to be executed when a certain
      microprogramming instruction is issued.
PAR  In addition to the buses mentioned above, the interface contains other
      several special signal lines for mutual communication of information on
      the status of the microprocessor and external device.
PAR  The data flow in the microprocessor is shown in FIG. 2. The input bus I is
      for connecting the register A with the arithmetic unit (ALU) and consists
      of eight lines. The input bus II which also consists of eight signal lines
      connects the memory register (MR), function register (F) and the low order
      section (PL) of the program counter thereby to lead them to one of the
      entrances of the arithmetic unit (ALU). The input bus III connects the
      register T and the high-order section (PU) of the program counter, so as
      to join the input bus II in an OR mode at the entrance of ALU. These input
      buses II and III are taken out to make up input data buses for the
      interface. The output bus is provided for the purpose of distributing data
      among the registers in response to a signal from ALU and is also taken out
      to make up an output data bus for the interface. The core memory has the
      depth of one byte, i.e. a number of bits corresponding to one byte, and is
      connected with the memory register MR.
PAR  The functions of each register performed in the data flow are as described
      below.
PA1  Register A (8 bits): arithmetic register
PA1  Mr (8 bits): memory register
PA1  T (5 bits): temporary register in which a section of an indirect address
      designating the page is temporarily stored.
PA1  F (8 bits): function register or instruction register
PA1  P (13 bits): program counter comprising the two portions PU and PL for
      designating the page and an address within the page respectively.
PA1  Ar (13 bits): memory address register
PA1  L (1 bit) : LINK flip-flop which is set or reset depending on whether the
      carry of the most significant digit occurs or not when carrying out an add
      instruction. LINK and register A are shifted round in combination
      according to a shift instruction.
PAR  With reference to the above-described data flow, a few examples of
      operation will be explained below.
PA1  Operation 1 "Add to register A the information stored in the designated
      address of the core memory."
PAR  The address of the core memory is given to the memory address register AR,
      whereupon the information stored in the designated address is produced in
      the memory register MR. It takes only one machine cycle or less until the
      memory register MR produces an output after the energization of the core
      memory. During the next machine cycle, register A and memory register MR
      send data onto the input buses I and II respectively, followed by an add
      operation in the arithmetic circuit ALU, and the result thereof is sent
      into register A through the output bus.
PA1  Operation 2 "Read out the information stored in the core memory designated
      by an external device and transfer it to that external device."
PAR  The address information from the external device is given through the input
      buses II and III and at the same time the core memory is energized. During
      the next machine cycle, the information applied to the memory register MR
      from the memory is delivered to the external device through the input bus
      II, arithmetic circuit ALU and the output bus.
PAR  Explanation will be made now of how the route of the above-mentioned data
      transfer is established as a control operation.
PAR  The microprocessor according to the present invention employs what is
      called microprogramming control system with a microprogram contained in a
      read-only-memory (ROM) of 16-bit depth. This read-only-memory has the
      cycle time of 1.08 .mu.s and access time of 0.7 .mu.s, the former agreeing
      with a one machine cycle. As shown in FIG. 3, the microprogramming
      instructions are divided into four types O, 1, 2 and 3. Types 0, 1 and 2
      are used for the controlling of the operation of the microprocessor
      itself, and type 3 for the controlling of data communication between the
      microprocessor proper and the external device as well as the operation of
      the external device. These types are classified by the two bits 0 and 1 of
      the microprogramming instructions.
PAR  Each field of the types 0, 1 and 2 of microprogramming instructions will be
      now explained. Bits 2 to 4 show the functions of the microprogramming
      instructions and play a role similar to the one of the operation section
      of the instructions. Bits 5 to 7 are for the designation of a source
      register in the operations using the data bus, while bits 8 to 10
      designate another source register and a destination register for
      containing the operation results. For certain functions, however, the
      field of the source register is used to indicate a variation of the
      functions.
PAR  The functions of bits 11 to 15 differ according to the type of
      microprogramming instructions, type 0 designating the control function of
      the high three bits 11 to 13. The control function does not use the data
      bus and therefore permits simultaneous operation with the bus operation.
      The last two bits 14 and 15 of the microprogramming instructions are
      provided for designating the next microprogramming instruction to be
      executed and divided into the four types as described in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Bit 14  Bit 15        Instructions                                        
     ______________________________________                                    
                       jump to the first microprogramming                      
     0       0         instruction of the instruction fetch                    
                       cycle                                                   
                       microprogramming instruction of next                    
     0       1         address                                                 
                       microprogramming instruction two                        
     1       0         addresses ahead                                         
                       microprogramming instruction three                      
     1       1         addresses ahead                                         
     ______________________________________                                    
PAR  In type 1 of the microprogramming instructions, bits 11 to 15 determine
      whether or not the next microprogramming instruction is to be skipped
      depending upon the internal condition of the microprocessor or the
      operating results. For this purpose, this field is capable of a maximum of
      32 different skip operations. An example of such operations will be
      illustrated below.
PAR  When carry is made after the addition of one byte, this condition is stored
      in the LINK flip-flop. But if the next microprogramming instruction is
      detected in the LINK flip-flop by means of type 1, this microprogramming
      instruction effects a skip operation so that a carry is made to a higher
      byte in the following steps. In other words, this type of microprogramming
      instruction is necessary to change the sequence of microprogram according
      to the operating results and other internal conditions of the
      microprocessor, and thereby to take appropriate action suitable to the
      situation.
PAR  Out of the 32 skip conditions, three are unique and are capable of being
      distributed as required regardless of the internal conditions. They will
      be explained in detail later with reference to the microprogram for each
      instruction.
PAR  Bits 11 and 15 of type 2 are for designating the next microprogramming
      instruction, i.e. a relative address with respect to the address of the
      read-only-memory. In other words, bit 11 is a code of a relative address,
      and when it is 1, it indicates a negative number, thus jumping to a lower
      address. When bit 11 is zero, by contrast, a positive relative address is
      indicated with the result that a jump is made to a higher address. The
      distance covered by the jump is determined by the four bits 12 to 15,
      which may range from 0 to 15.
PAR  Type 3 is the same as the other types in format but greatly different from
      them in the function of each field. Bits 2 to 7 of type 3 represent the
      functions concerning the bus operation of the microprocessor which are
      different from those of types 0 to 2. Bits 8 to 15 are concerned with the
      operation of the external device. among them, bits 8 to 10 designate the
      number of the external device, and bits 11 to 15 the operations of the
      external device. These operations not only include the bus operation
      associated with the microprocessor and the operation of the external
      device but are based on the information for controlling the sequence of
      execution of the microprogram. The decoding of the information is left to
      the external device, so that the codes unique to the external device are
      allotted when it is connected with the microprocessor.
PAR  To explain what code should be allotted to each microprogramming
      instruction is to clarify the operation of microprogram control. Detailed
      explanation about the code allotment is omitted since it is rather well
      known and does not constitute the object of the present invention. Part of
      the information contained in the microprogramming instruction will become
      apparent from the microprogram flow chart concerning a few major functions
      which will be explained later.
PAR  The information contained in the microprogramming instructions is roughly
      divided into the information for controlling the data flow section and the
      one for controlling the sequence of execution of the microprogram. A block
      diagram of a hardward for handling the latter is shown in FIG. 4. It will
      be noted from this figure that the sequence of microprogram is regulated
      by the read-only-memory address register ROMAR, and there are five routes
      for determining this order:
PA1  1. One is added on ROMAR as a normal route.
PA1  2. Two is added on ROMAR as a skip operation.
PA1  3. The number designated by the microprogramming instruction is added or
      subtracted on ROMAR.
PA1  4. the number designated by an external device is added or subtracted on
      ROMAR.
PA1  5. romar is set at a specified address according to a given state occurred,
      for example, when a jump is made to an interruption sequence.
PAR  The formats of the instruction word for the microprocessor are as shown in
      FIG. 5. Among these formats, the memory reference instruction is 2 bytes
      long, while all the other instructions include one byte. The functions of
      these instruction words are roughly described in Table 2. The detailed
      explanation of the functions of the instruction words is not necessarily
      needed for the description of the present invention, and the outline of
      the functions may be known from the naming of each instruction word.
      Therefore, no detailed explanation will be made here about their
      functions. At least the instruction words listed in Table 2 are required
      for the operation of the microprocessor only. If there are any other
      functions required, a microprogram is prepared in accordance with a newly
      added instruction code, whereby it is relatively easy to add a new
      instruction. This process is required especially when an external device
      is arranged to operate in combination with the microprocessor. The
      flexibility in adding an instruction is a great advantage of the
      microprogramming control system.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Basic Instructions for Microprocessor                                     
     Item                                                                      
        Instruction                                                            
     No.                                                                       
        Words      Functions    Remarks                                        
     __________________________________________________________________________
     1    LOAD     (n) .fwdarw. A                                              
                                (n):                                           
                                   Infor-                                      
                                   mation                                      
     2    AND      (n).(A) .fwdarw. A                                          
                                   stored                                      
                                   in ad-                                      
     3  EXCLUSIVE  (n) + (A) .fwdarw. A                                        
                                   dress                                       
                                   n of                                        
          OR                       memory                                      
     4    ADD      (n) + (A) .fwdarw. A                                        
     5   STORE     (A) .fwdarw. address n                                      
     6  INCREMENT  (n) + 1 .fwdarw. address n                                  
        & SKIP ON ZERO                                                         
                   Skip if (n) + 1 = 0                                         
     7  JUMP       n .fwdarw. PL                                               
                                n: Address                                     
                                   value                                       
     8  LOAD IMMEDIATE                                                         
                   n .fwdarw. A                                                
     9  AND IMMEDIATE                                                          
                   n.(A) .fwdarw. A                                            
     10 EXOR IMMEDIATE                                                         
                   n + (A) .fwdarw. A                                          
     11 ADD IMMEDIATE                                                          
                   n + (A) .fwdarw. A                                          
     12   STOP     operation stopped                                           
     13 NO OPERATION                                                           
     14 CLEAR LINK 0 .fwdarw. L L: LINK                                        
                                   flip-                                       
     15 SET LINK   1 .fwdarw. L    flop                                        
     16 SKIP LINK  Skip if (L) = 1                                             
     17 SKIP A-ZERO                                                            
                   Skip if (A) = 0                                             
     18 SHIFT LEFT Shift round                                                 
                   left or right                                               
     19 SHIFT RIGHT                                                            
                   respectively                                                
                   register A and LINK                                         
     20 I/O START  Start I/O operation                                         
     21 I/O READ   Read I/O data                                               
     22 I/O WRITE  Write in I/O data                                           
     __________________________________________________________________________
PAR  It is to be noted here, however, that in the conventional minicomputer new
      instructions concerning the inputs and outputs were provided with
      comparative ease by adding an external circuit, while on the other hand in
      the microprogramming system an instruction associated with the internal
      operation of the microprocessor can be generally achieved by changing the
      microprogram. Explanation will be made now of the mechanism of
      microprogramming control with reference to a few instructions on the
      operation processes of the microprocessor. The instruction processes are
      roughly divided into an instruction fetch cycle and an execution cycle.
      The former is common to all instructions, while the latter is different
      for different instructions. The fetch cycle will be explained first as an
      operation of the microgram routine which may be best represented with the
      aid of a microprogram flow chart as shown in FIG. 6. In this figure, each
      expression without any semicolon shows one function and those expressions
      with a semicolon a plurality of functions defined by the semicolon which
      can be performed simultaneously.
PAR  A route leading to the next microprogramming instruction is indicated by an
      arrow. Where there are more than one route to be followed, one of them is
      selected according to the condition marked beside the arrow. FIG. 6 is a
      flow chart showing an essential part of microprogramming in the
      instruction fetch cycle for the miicroprocessor. The omitted portion
      includes the step of page designation, which may be included in the chart
      without any special effect on the flow.
PAR  This microprogram flow chart will be explained below with reference to the
      data flow of FIG. 2.
PA1  Step 1: The memory is energized with P counter as an address. At the same
      time, +1 is added on (PL).
PA1  Step 2: Information or instruction word read out which is stored in
      register MR is transferred to register F.
PA1  Step 3: For a two-byte instruction, the memory is energized to read the
      second word of instruction. As noted in FIG. 6, neither the memory is
      energized nor addition made on P counter in the case of one-byte
      instruction. The route is branched for the selection of the next
      microprogramming instruction. Especially for a one-byte instruction, the
      route is branched at once into a routine corresponding to each instruction
      code. In the case of a two-byte instruction, the operations are different
      for JUMP and other instructions which are branched separately.
PA1  Step 4: In the case of JUMP instruction or one-byte instruction, the first
      microprogramming instruction of the execution cycle is executed. For
      two-byte instructions other than JUMP, indirect and direct addresses have
      different routes, the route for the latter being branched into a routine
      corresponding to an instruction code.
PA1  Step 5: The memory is energized by means of the address data on the second
      instruction word read out on the register MR.
PA1  Step 6: Page information out of the address information read out of the
      memory is transferred to register T. At the same time, +1 is added on
      register AR.
PA1  Step 7: The memory is energized. Information stored in register AR is used
      as an address without any designation by the register. The address within
      the page is produced from the memory.
PA1  Step 8: The route is branched into a routine corresponding to a two-byte
      instruction code.
PAR  Explanation will be made now of the sequence after the fetch cycle with
      reference to an ADD instruction as a typical example in the execution
      cycle. A microprogram flow chart of the sequence is shown in FIG. 7. The
      point to which a jump is made in the execution cycle is somewhat different
      for direct and indirect addressing, in both cases of which a necessary
      operand taken out is added to the information stored in register A and the
      result is housed therein. When a carry is made from the highest order, the
      LINK flip-flop is set accordingly. When no carry is made, by contrast,
      LINK is reset. In this last-mentioned microprogramming instruction, a
      designation is necessary to the effect that the last stage of the
      execution cycle has been reached for various operations. This is followed
      by a fetch cycle of the next instruction or the interruption sequence
      which is not executed until the completion of an instruction in the
      presence of an interruption factor. An instruction is executed again after
      the interruption routine.
PAR  Explanation will be made now of the features of the present invention in
      connection with character display function utilizing a cathode-ray tube,
      as an example of the operations associated with an external device. An
      object of the present invention is to provide an integrated cathode-ray
      tube display unit by adding to the microprocessor minimum required
      circuits for the cathode-ray tube display.
PAR  In the conventional system, there was a disadvantage that the greater part
      of minicomputer time is consumed for refreshing of the display unless the
      external circuit is provided with a refreshing buffer memory, when a
      cathode-ray tube is added to the I/O channel for display. According to the
      present invention, however, the memory for the microprocessor is usable as
      a refreshing memory, eliminating the need for an independent external
      buffer memory. Also, the present invention is so arranged that the maximum
      processing ability of the microprocessor is achieved.
PAR  The block diagram of FIG. 8 shows the functions of the attachment for
      display. The following are the register functions associated with the data
      flow of the figure:
PA1  Q (10 bits) . . . . Character position counter holding 10 bits for
      indication of 1024 characters.
PA1  C (10 bits) . . . Cursor register for indication of cursor position.
PA1  D (8 bits) . . . Stroke data register for storing stroke data and
      delivering data to the character generator CG.
PA1  S (10 bits) . . . Stroke counter for designating the address of a stroke to
      be indicated on the character pattern memory with the ability of 1024
      bytes.
PAR  All of these registers are connected not only to the data bus but the
      circuit of each register itself. An agreement circuit is provided for the
      purpose of comparison between counters C and Q for cursor indication and
      provides an output for setting the cursor flip-flop FC at an appropriate
      timing. The character generator is a circuit for generating a stroke of
      character element from the stroke data and also for effecting appropriate
      control by reading information indicating unblank of the Cathode-ray tube,
      character-end, or the like. The output of counter Q designates the
      character position on the CRT through a D-A converter circuit. In addition
      to these circuits, a processor-interface circuit is provided for
      interchange of control information with the microprocessor.
PAR  A microprogram flow chart for character generation is shown in FIG. 9. This
      is called a character generating (CG) sequence and on principle is
      executed alternately with the instruction sequence of the microprocessor.
      In a special case or during the fly back for CRT display, for example,
      only the instruction sequence is executed with the CG sequence damped. The
      CG sequence is inserted in the microprocessor at the end of an instruction
      as in the interruption. In this connection, it is necessary to provide the
      microprocessor with a means for receiving the CG sequence. The operation
      of each step will be explained below with reference to the microprogram
      flow chart and the block diagram.
PA1  Step 1: The memory is energized with the information stored in the
      character position counter Q as a memory address. Symbols Q and * in FIG.
      9 denote a qualification for matching the value on counter Q with the
      refresh memory area of the microprocessor. In addition, the information
      stored in counters C and Q agree with other, the cursor flip-flop (FC) is
      triggered, i.e. the flip-flop is reversed.
PA1  Step 2: Character code information in the refresh memory which has been
      read by the memory register is properly modified and transferred to
      register S of the external device. At this time, the information stored in
      register S indicates the first address of the pattern data corresponding
      to a character involved.
PA1  Step 3: The memory is energized with the information stored in the register
      S as a memory address. As a result, the first address of the character
      pattern routine is obtained.
PA1  Step 4: In this step, two different operations are performed according to
      the value of the cursor flip-flop FC. In other words, when FC is zero, the
      first address of the character pattern which has been read by MR is
      transferred to register S. When FC is 1, on the other hand, (C) = (Q), and
      therefore the first address of the cursor pattern is registered in the
      register S.
PA1  Step 5: The memory is energized with the information stored in counter S as
      an address, while at the same time adding +1 on the register S.
PA1  Step 6: The stroke data read out is transferred to register D, the output
      of which is generated as a character through the stroke generator.
PA1  Step 7: When the stroke is not completed, the same operation as step 5 is
      performed and a return is made to step 6. When the stroke is completed,
      the CG sequence is left after adding +1 on counter Q except when FC = 0.
PAR  Among the above-described steps, a special reference must be made to the
      function of cursor indication. When the condition on which an indication
      is made on the cursor is met, that is, when (C) = (Q), it will be noted
      that the CG sequence is operating in a somewhat different manner. If the
      CG sequence is entered when such a condition is met, a cursor pattern is
      first indicated at the character position. As will be clear from step 7,
      on the other hand, +1 is not added on counter Q, which functions to
      indicate a character when the CG sequence is entered for the second time.
      This switching is effected by the cursor flip-flop FC.
PAR  There is considerable freedom for selection on how a microprogramming
      instruction is given to each step. Since different steps have different
      operations, it will be enough if codes are allotted to each step as
      desired. Steps 5 and 7 may appear to be identical with each other in their
      operations but different from each other in the manner in which a transfer
      is made to the next microprogramming instruction, and therefore there is
      no way but to classify them as different microprogramming instructions. As
      a result, the functions of this sequence are capable of being performed by
      providing eight microprogramming instructions.
PAR  It will be understood that the adaptors used with the CRT display unit are
      much fewer than when a computer is connected with a CRT display unit
      through the I/O channel. In other words, in the microprocessor according
      to the present invention, the external circuits are minimized. Especially,
      sequence information concerning control functions is given by the
      microprocessor, so that the adaptor has only to execute a designeated
      program during a cycle involved. This enables a very simple construction
      of the microprocessor interface comprising only a decoder and a few timing
      circuits without any special sequence control for storing an internal
      condition.
PAR  As a second embodiment, a transmission control adaptor integral with the
      microprocessor and connected with a communications line will be explained.
      Because of this function, the microprocessor not only is capable of
      meeting a variety of requirements of terminal equipment or terminal
      processing device but has the advantage of the cost being as low as a
      single-purpose terminal control. The operation of the transmission control
      adaptor which is closely related to the program of the microprocessor
      should preferably be program-controlled. This is because it is necessary
      to closely relate the hardware with a program in advance since the
      operation of the adaptor as hardware always comes to be related to the
      program of the microprocessor. This is a situation similar to the case in
      which the system control is effected by an I/O instruction through a
      programmed I/O channel of the minicomputer, the only difference being that
      according to the method of connection in the present invention the
      microprocessor is more concerned with the control of the I/O devices and
      therefore the interface and other circuits become more economical.
PAR  A block diagram illustrating the functions of the transmission adaptor is
      shown in FIG. 10. The data bus for data flow holds 3 bits, of which only
      the lowest one is used for data communication with the transmission line.
      Following are the instruction words for controlling the adaptor:
PAL  1. Transmission and Reception Mode Switch
PAR  The transmission and reception mode of the adaptor is switched. That is to
      say, a transfer of mode from transmission to reception or from reception
      to transmission is ordered.
PAL  2. READ DATA (1 bit)
PAR  One bit of data from the adaptor is read into the lowest-order bit of
      register A.
PAL  3. write data (1 bit)
PAR  One bit of data from the lowest-order bit of register A is delivered to the
      adaptor.
PAL  4. READ STATUS (3 bits)
PAR  A status of the adaptor or transmission control is read into the lowest 3
      bits of register A.
PAL  5. write status (3 bits)
PAR  The lowest 3 bits of register A are written into the status register of the
      adaptor.
PAL  6. Completion of Character Communication
PAR  Completion of transmission and reception of a character of data is
      indicated.
PAR  The adaptor should preferably have such an interface function that an
      interruption is made in the microprocessor each time of transmission and
      reception of one bit.
PAR  The above-described instructions all indicate an operation almost as simple
      as a microprogramming instruction. In spite of this, the advantages
      derived from the control operation through a microprogram routine consist
      in the facts that great convenience is achieved in adding new instructions
      and that the microprocessor shares a considerable portion of the functions
      of the adaptor control. As a result, the microprocessor is more closely
      associated with the adaptor than when as in the case of an I/O instruction
      the reading of instructions and the control are left to an external
      device.
PAR  The transmission and reception section as shown in FIG. 10 acts as an agent
      to maintain the relationship between the 1-bit buffer register and the
      transmission line, and it does nothing but synchronization of the
      transmission and reception. The above-mentioned instruction on Completion
      of Character Communication is needed to instruct the transmission and
      reception section in the bit order to perform an operation of start-stop
      synchronization.
PAR  The status register S is concerned with the functions to make necessary
      indications as an adaptor and has the following modes of operation:
PA1  1. 2 bits: Indication of the reception mode, write mode, transmission mode
      and local mode.
PA1  2. 1 bit : Indication of an error at the time of reception.
PAR  The information stored in register S is changed not by hardware but by a
      program.
PAR  The processor interface is constructed in substantially the same way as the
      CRT display adaptor, except for an interruption function which is required
      of the former, whereby it is necessary to establish such a program so as
      to make an access to the data buffer each time of transmission and
      reception of a bit.
PAR  Also, it is necessary to provide the following-mentioned functions of a
      microprogramming instruction in order to relate it to an instruction for
      controlling the adaptor:
PAR  As a variation of the type 3 of a microprogramming instruction, the
      lowest-order 8 bits should be substituted on register F when all the
      lowest-5 bits of the operation codes for the external device are 00000. In
      this case, the substitution must be made in such a manner that the
      external device number of control information agrees with its format. In
      other words, the information stored in register F must replace the
      lowest-order 8 bits on the memory register ROMR with one bit shifted
      leftward. Provision of this variation makes it easy to relate the I/O
      instruction to a microprogramming instruction. As an example, the
      instruction READ DATA, a microprogramming instruction making up an
      execution cycle thereof and a control instruction to be delivered outside
      are shown in FIG. 11.
PAR  Bits 1 to 3 of the I/O instruction show the machine number of the external
      device which is 1 in the present case. Bits 4 to 7 show the operation code
      for the external device, code 2 showing READ DATA. Bits 0 and 1 of the
      microprogramming instruction show type 3, and the next 3 bits the
      operation within the microprocessor, code 0 indicating a transfer from
      input to output bus without any change. Code 1 of the next 3 bits
      indicates that register A is involved, so that bits 0 to 7 issue an
      instruction to set the data from the input bus in register A.
PAR  Bits 8 to 15 are all zero, indicating a variation of the type 3 of
      microprogramming instruction which is ultimately sent out to the external
      device. The I/O instruction and microprogramming instruction combine to
      make a control instruction for completion of the required information.
PAR  As can be seen from the above explanation, the I/O instruction and the
      microprogramming instruction can be matched with each other very easily.
      As microprogramming instructions for the adaptor, it is enough to prepare,
      in addition to the 6 digits directly connected with the I/O instruction, a
      microprogramming instruction to search an interruption machine number
      required for an interruption program. This additional microprogramming
      instruction functions in such a manner as to ask the external device
      "whether or not an interruption is made" and, if so, add +2 through the
      address bus.
CLMS
STM  I claim:
NUM  1.
PAR  1. A program-controlled microprocessor of the microprogramming type for
      incorporation in a system having at least one external device for
      operating as a part of said microprocessor, said microprocessor having an
      arithmetic section including a plurality of data buses, a control section
      including a read-only-memory register, and interface means connecting said
      microprocessor to said at least one external device, said interface means
      comprising data bus means including at least predetermined ones of said
      plurality of data buses of said arithmetic section of said microprocessor,
      control bus means connecting said read-only-memory register with said at
      least one external device and for providing outputs from said
      read-only-memory register indicative of microprogramming instructions to
      said at least one external device, and address bus means connecting said
      control section of said microprocessor with said at least one external
      device, said address bus means being responsive to an output of said at
      least one external device for supplying the output to said control section
      of said microprocessor whereby the output of said at least one external
      device designates an address of the next microprogramming instruction to
      be executed, the output of said at least one external device being
      provided in response to a microprogramming instruction supplied through
      said control bus means to said at least one external device.
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ABST
PAL  A heating plant monitor system for visually signalling the presence and
      location of a malfunction or abnormal condition is disclosed. The system
      is particularly adapted for use with residential or mobile home heating
      systems and includes a visual display panel with indicator lights with
      each indicator light corresponding to a particular system condition or
      component to be monitored. The arrangement of the light sequence on the
      panel corresponds to the order in which each component should be checked
      by a serviceman so that the condition of the entire panel, when one or
      more malfunctions occurs, will indicate which component should first be
      checked for malfunction and which other components need not be inspected.
      Other household components, spaces or services can also be monitored for
      the presence of an operating abnormality or for water, smoke, etc., by
      adding monitors and indicator lights to the basic heating plant system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a simple and effective monitor or warning system
      particularly adapted for use with small heating systems, such as
      residential or mobile home systems. More particularly, it relates to a
      monitor and warning device which is effective to visually or otherwise
      indicate the malfunction of each of a number of monitored system
      components and will effectively act as an aid in servicing the furnace by
      indicating, through the sequence of indicating devices, the exact point at
      which the serviceman should make his initial inspection.
PAR  Complex combustion systems, such as boiler and burner controls for electric
      utilities and other industrial melting furnaces incorporate sophisticated
      monitoring systems for indicating the status of various parts of the
      system, such as temperature, water level, turbine speed, steam pressure,
      etc. In such installations, the large industrial furnace is usually
      equipped with a central control room having an operating panel in which
      visual lights, meters or audible warning devices are used to assist a
      highly trained operator in correctly running the installation and in
      servicing component malfunctions or operating abnormalities. The hardware
      for such systems is well developed and is disclosed, for example, in U.S.
      Pats. Nos. 2,807,318, 3,566,398 or 3,641,539.
PAR  Apart from these types of installations in which a very large number of
      components in complex operating systems are monitored by skilled operators
      whose prime function is to keep the system operating and to make necessary
      repairs, simple systems such as household or mobile home heating plants
      have heretofore not been commercially equipped with any such control or
      warning systems. Because of the price of sophisticated controls, it has
      been felt that a monitor system of the type described above would be
      uneconomical with a simple heating system. In addition, the average
      householder or trailer owner would not be trained to recognize a signalled
      malfunction and be able to detect the malfunctioning component. Thus in
      the past, when a component of a residential furnace malfunctions, the
      householder either, through lack of heat, noise in the furnace, or other
      obvious failure would be led to place a service call with a local
      repairman who is presumably trained to service such systems. The time
      taken by the serviceman to locate the trouble will depend entirely upon
      his individual level of training, ingenuity and familiarity with the
      specific equipment involved.  as humidifying and possibly electrostatic
      air cleaning units, the need for a monitoring and indicating device has
      become real. Not only should the device be able to indicate to the
      householder that there is a malfunction, it should also be able to assist
      the householder or the local repairman to locate and identify the source
      of the malfunction. It is for this important purpose that the control
      system of this invention is designed as will be more fully set forth
      below.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The instant monitoring and indicating system is particularly designed for
      use with a residential or mobile home heating systems and includes a panel
      containing a plurality of individual warning lights, each connected to
      monitor a particular component or operating condition of the system. In
      normal operation, that is, when all of the components and conditions of
      the heating system are functioning normally, all of the lights are in a
      first state of conduction or condition, for example, all are illuminated.
      In the event of a malfunction of a monitored component, the light
      corresponding to that component is extinguished. Furthermore, the
      sequential display of the lights is such that any component which is
      dependent upon another component for its normal operation will likewise be
      extinguished and other independently operating components will not be
      affected. Accordingly, upon the malfunction of any component, the
      householder or repairman can, by inspection of the display panel,
      eliminate as a source of trouble all sensed components in which the light
      is in the normal condition and immediately initiate his servicing
      procedure with the first sensed component whose light is extinguished. For
      example, as shown in the specific embodiment below, if there are eight
      monitored components and there occurs a malfunction of the component
      monitored by the fifth light in the panel display, all lights above the
      fifth will remain in normal operation, (on) , while the fifth and any
      lights below it which correspond to components dependent upon that
      monitored by the fifth light will be in abnormal condition, (off). The
      serviceman will be advised, by printed indicia on the panel display, to
      first check the component corresponding to the fifth light. If this
      component is restored to normal operation, the fifth light will likewise
      return to its normal state of energization, (on), along with all other
      lights dependent upon it, unless there is some additional abnormal
      function affecting another component "downstream" of the fifth light. In
      addition to the identification provided by the printed indicia, each of
      the component indicators may be color coded to correspond with the paint
      color on the individual monitored components to further assist the
      serviceman in locating a given component.
PAR  It is contemplated by this invention that more than one sequence or array
      of monitored components can be used, that is, the light panel may include
      a plurality of rows of component-monitor lights, with each light within a
      given row being dependent upon one another, but with the lights of one row
      being of independent operation with those of other rows. It is also
      contemplated that other household components or conditions may be
      monitored and presented on the display which are independent of the
      heating system. For example, a smoke or carbon monoxide level sensor
      placed either within the furnace area or outside thereof, a moisture
      sensor sensitive to abnormally high or low moisture content in the ambient
      air, a water level sensor in connection with a basement sump pump, or
      other type of sensed condition can be included in the basic panel without
      unduly complicating the circuitry.
PAR  It is contemplated that the light display panel would be mounted adjacent
      to or upon the furnace itself, which is usually located in the basement of
      the house. It may be desirable to provide, in addition to the panel
      display of indicator lights, a master caution or warning light or audible
      signal which is mounted remote from the furnace and in the general living
      space of the household, such as adjacent the thermostat which is usually
      in a first floor room or hallway. In this event,, the master caution or
      warning indicator would be operably connected to the indicator panel such
      that the master indicator would be in its normal state of operation, e.g.,
      off or with no audible sound, when all of the monitored components are
      operating normally. When any single monitored component malfunctions and
      is sensed and indicated by the panel display, the master warning indicator
      would shift its position, that is, be energized to emit a light or warning
      sound, to indicate the homeowner that there is a malfunction somewhere and
      that he or a serviceman should inspect the panel to identify the
      malfunctioning component.
PAR  The system of this invention has the further advantage in that its
      installation and use does not disturb or otherwise affect existing furance
      controls and will not require any modification thereof.
PAR  Finally, an important criteria in the design of the instant invention is
      cost and reliability. This criteria is met by the embodiment described
      below which requires no additional electrical power supply, uses long life
      electrical/optical components, and can be easily installed in existing
      installations as a retrofit.
PAR  Other objects and advantages of the invention will be apparent to those
      skilled in the art from the following detailed description of a preferred
      embodiment.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view in perspective showing the manner in which the
      indicator panel of the system of this invention would be associated with a
      residential furnace and schematically illustrating the connection to a
      remote master warning indicator adjacent the thermostat, if such is
      included in the system;
PAR  FIG. 2 is a view in perspective showing the indicator panel of the system
      of this invention with its sequence of indicator lights and the
      identifying indicia associated therewith;
PAR  FIG. 3 is a schematic circuit diagram of a portion of the circuitry which
      would be used with the master warning indicator if used with the system;
      and
PAR  FIG. 4 is a schematic circuit diagram of the monitoring and indicating
      system of this invention, showing how the warning devices of the display
      panel would be connected to various monitored components within a heating
      system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, a general outline of a residential-type forced
      air heating furnace 10 is shown with the indicator panel 11 forming a part
      of the invention attached to one side thereof. The indicator panel 11 is
      attached to the side of a conventional furnace 10 as would be the case if
      the control system of this invention were installed as a retrofit upon an
      existing furnace installation. However, it should be appreciated that the
      control system of this invention can be included as optional or auxiliary
      equipment with a new furnace, in which case the indicator panel would
      probably be mounted within the frame or confines of the furnace housing
      itself. If installed as an optional item on original equipment, the
      various sensors and internal connections could be provided by the
      manufacturer with a suitable plug connection for the later to be added
      indicator panel. Schematically shown in FIG. 1 is the thermostat 12 which
      will normally be mounted in a living space remote from the furnace 11 and
      which may contain, in certain embodiments of the invention, a master
      warning indicator as will be explained below.
PAR  FIG. 2 is an enlarged view in perspective of the indicator panel 11 shown
      in FIG. 1 and in which includes an elongate sheet metal housing 13 having
      a front panel 14 which displays a series of indicator lights 15-23. The
      panel housing 13 itself can be otherwise fabricated and the components
      therein can be conventionally-wired solid state items which are potted or
      otherwise protected from injury or contamination; the circuitry can also
      utilize printed circuit boards and components if desired. Below each of
      the indicator lights 15-23 is a printed legend or other indicia such as
      the aforementioned color coding which identifies to the observer the
      particular furnace component or operating condition which that particular
      light is connected to monitor. For example, the light number 15 at the top
      of the indicator panel 11 is operably connected to the electrical power
      supply circuit for the furnace; the second light 16 is operably connected
      to a temperature sensing device in the furnace heat exchanger to indicate
      an improper operating condition in that area, etc. The function of the
      other lights and the importance of their sequence or positioning on the
      panel will be more fully explained with reference to the circuitry for the
      system shown in FIGS. 3 and 4.
PAR  In the embodiment illustrated in FIG. 2, eight furnace components or
      operating conditions of a natural gas, forced air furnace have been
      selected to be monitored by the control system of this invention.
      Equivalent functions for oil fired furnaces will be apparent to those
      skilled in the art. It should be emphasized here that the concept of the
      invention is not limited to the monitoring or selection of these
      particular eight items but is more concerned with the monitoring of those
      functions which represent the components or operating levels which are
      most likely to malfunction and require servicing. More particularly, it is
      the arrangement and sequencing of the monitored functions which forms an
      important part of this invention, as explained above, so that the visual
      display on the indicator panel 11 will not only indicate the malfunction
      of a particular monitored component but will also indicate to the
      serviceman or owner which components are not malfunctioning so that the
      sequence of repair investigations or component checks is predetermined by
      the monitor system.
PAR  In the illustrated embodiment, the eight monitored functions are briefly
      described as follows:
PAR  1. Electrical power or "Fuse": indicator No. 15 is so connected to change
      its state of conduction to indicate the failure of electrical power to the
      furnace, which is most commonly caused by blown fuse or open circuit
      breaker.
PAR  2. The maximum temperature in the heat exchanger area or "High Temp": the
      second indicator light 16 is operably connected to a temperature sensing
      element, such as a bimetallic switch, which is placed near the furnace
      heat exchanger. The switch is normally closed and is set to open if the
      monitored temperature exceeds a predetermined maximum value, for example,
      200.degree.F.
PAR  3. The low voltage or "Transformer" output monitor: the third indicator 17
      is connected to monitor the output of the low voltage electrical circuit
      within the furnace which is typically a transformer having a 24-volt
      secondary output. In the event of a transformer failure, this indicator
      will change its state of conduction to indicate no transformer output.
PAR  4. The fourth indicator 18 is connected across the leads of the
      solenoid-operated fuel valve, such as the gas valve which is controlled by
      a low voltage signal from the thermostat. This indicator is labeled "Gas
      Valve". In the event that there is no low voltage signal from the
      thermostat to the gas valve, this indicator will change its state of
      conduction to indicate malfunction.
PAR  5. The fifth indicator 19 is connected to detect the presence or absence of
      actual fuel flow in the furnace downstream of the control valve but
      upstream of the burner, and is thus labeled "Gas Flow". A pressure
      actuated-type switch is placed to detect abnormally low gas pressure and
      will cause this indicator light to shift its position when the monitored
      gas pressure falls below a predetermined value.
PAR  6. The sixth indicator 20 is electrically connected across the power input
      to the furnace blower motor which is in series with a temperature
      responsive switch placed just upstream of the heat exchanger which is
      normally turned on when the monitored temperature reaches about
      150.degree.F and is again turned off when the monitored temperature drops
      to about 110.degree.F. This indicator, labeled "Fan Switch", is a common
      source of malfunction and will shift its state of energization as the
      switch shifts its position in accordance with the monitored temperature or
      with any other parameter which the switch is set to follow. In some
      instances, temperature responsive fan switches have been replaced by timed
      switches which will connect power to the blower motor a predetermined time
      after the burner has been ignited; in either case, the function of the
      sixth indicator is the same and to indicate that the switch is functioning
      properly, to apply power to the input leads to the blower motor.
PAR  7. The seventh indicator 21, is operably connected to a pressure responsive
      switch in the return air duct and is thus labeled "Air Flow". This switch
      will change its condition to indicate malfunction if the fan is not
      operating to create normal forced air pressure in the plenum or if the
      forced air pressure does not exceed a predetermined minimum, as might be
      caused by an obstruction or even a very dirty air filter in the furnace.
PAR  8. The eighth indicator 22 is electrically connected to the thermostat and
      will indicate if the "Cooling Switch" which actuates an air conditioning
      unit has been erroneously placed in "on" position. The switch is
      electrically connected in parallel with the condensor of the air
      conditioning unit so that, during the heating season, if someone
      inadvertently changes the thermostat control to its summer cooling
      function, the eighth indicator will shift its state to indicate this.
PAR  9. Also shown in FIG. 2 is an "Auxiliary" indicator 23 light which can be
      used to monitor other furnace components or operating standards. The
      auxiliary indicator can also be used to monitor other household functions,
      such as abnormal humidity within the heating system, abnormally high
      humidity in the basement area, smoke or carbon monoxide level, high wind
      or water level in the sump pump area, etc. It is to be understood that a
      plurality of auxiliary units could be operationally connected to and
      displayed on the panel with the selection of each unit depending upon the
      type of installation to which the panel is to be made.
PAR  Referring to FIG. 4, a schematic diagram of the electrical connections for
      the eight monitored functions described above is shown. In this schematic
      diagram, the outline of the indicator panel 11 is shown in phantom with
      each of the indicator lights 15-23 and their electrical connections
      presented in the same sequence as the indicator lights are shown in FIG. 2
      and described above. Each of the indicator lights 15-23 in this
      embodiment, is a light emitting diode, (LED). The light emitting diodes
      15-23 are selected in this embodiment because of their low cost, long life
      and reliability. It might be desirable in some instances to utilize
      electrical lamps of the incandescent variety or other electrical devices
      giving a visual indication of their state of energization and the concept
      of the invention is not limited to the use of any particular type of
      visual indicating device.
PAR  Each of the array of light emitting diodes 15-22 is operationally connected
      to a source of power through a monitoring circuit which will be briefly
      described as follows. (The Auxiliary light 23 is shown but not described
      herein.) A source of 115-volt power is provided in lines 24 and 25, with
      one side of each of the indicators or LED's 15-22 through a resistor 26-33
      to the line 25 or to a low voltage current line. Resistors 26, 27, 30-32
      will be of a relatively high value so that the 115-volt power applied
      across the circuits will be reduced in voltage to that required by the
      LED. The three resistors 28, 29, 33 will be of a lower resistance because
      their corresponding LED's 17, 18, 22 are subjected to a lower voltage as
      will be seen below. In parallel with each of the LED's 15-22 is a reversed
      biased diode 34-41 which serves to bypass the reverse or negative voltage
      around the LED's 15-22 in a conventional manner.
PAR  The first indicator LED 15 is directly connected across the 115-volt supply
      circuit by a line 42 extending from the left side of the diode 15 to the
      power line 24 through a tie line 43. The second indicator LED 16 is also
      connected across the 115-volt supply by a line 44 which extends to the
      power line 24 through a normally closed temperature sensitive switch 45
      positioned in the heat exchanger of the furnace. This switch 45 is set to
      open when the monitored temperature exceeds a predetermined value, such as
      200.degree.F and, when opened from its normally closed position, breaks
      the circuit through the line 44 to the second indicator LED 16 to thus
      change its state of operation. Connected in series with the normally
      closed switch 45 is one terminal of the primary of a transformer 46 whose
      other terminal is connected to a branch line 25a of the power line 25 so
      that the transformer 46 has the normal supply voltage of 110 volts across
      its primary so long as the normally closed switch 45 remains closed. Thus
      the opening of the switch 45, in addition to changing the state of
      conduction of the second indicator light 16, will cut off all power to the
      transformer 46 and will consequently shut off the operation of all
      components including the thermostat which are dependent upon the output
      from the transformer secondary.
PAR  The third indicator LED 17 is connected across the secondary of the
      transformer 46, with its right-hand side connected through the low
      resistance resistor 28, through a branch line 47 connected to the
      right-hand side of the transformer 46 secondary and the left side of the
      indicator 17 is connected by a line 48 to the left-hand side of the
      transformer 46 secondary through a connector line 49. The line 48 also
      connects to a thermostat, schematically shown. The transformer 46 has a
      nominal output of 24 volts as is conventional for the output voltage used
      to power the thermostat circuitry and other furnace components as will be
      described below. Should the transformer 46 fail and have no output
      voltage, the third indicator or LED 17 will change its state of operation.
PAR  The fourth indicator LED 18 has one side connected through the resistor 29
      to the branch line 47 and thus to the left side of the transformer
      secondary 46 with the other side connected by a line 50 to the solenoid of
      a fuel valve 51 to a line 52 connected to the right-hand side of the
      transformer 46 secondary. The fuel valve 51 is a voltage controlled device
      turned on or off by the thermostat connected through a line 53 as shown.
      If the thermostat's low voltage signal is not applied to the solenoid of
      the valve 51, the connection between the secondary of the transformer 46
      and the fourth indicator LED 18 is broken so that this indicator will
      change its state of conduction.
PAR  The fifth indicator LED 19 is connected through the resistor 30 on one side
      to the power line 25 connected to the 115-volt source and on the other
      side is connected to the other power line 24 by a branch line 54 to one
      contact of a pressure responsive switch 55 which has its other contact
      connected to the tie line 43 leading to the supply line 24. As previously
      pointed out, the pressure responsive switch 55 is placed within the fuel
      manifold downstream of the gas valve 51 and, in the case of a natural gas
      furnace, is usually set to open when the pressure falls below a
      predetermined value, such as 31/2 inches of water. In the case of a LP gas
      unit, the predetermined pressure would be about 12 inches of water; in the
      case of a liquid fuel, a suitable pressure sensitive or flow sensitive
      valve would be used. Thus when the pressure in the manifold falls below
      the predetermined value, the switch 55 opens, thus changing the state of
      operation of the fifth indicator LED 19.
PAR  The sixth indicator LED 20 has one side connected through a high resistance
      resistor 31 to the power line 25 and its other side connected by a line 56
      to the other power supply line 24 through a temperature responsive switch
      57 placed just upstream of the heat exchange unit of the furnace. As
      previously pointed, in connection with a forced flow gas furnace, this
      temperature responsive switch is set to close at a predetermined
      temperature, for example, 150.degree.F. Other installations may use a
      timed switch or other on and off temperature limits. If the switch is
      closed, as when the temperature is above 150.degree.F, the circuit through
      the indicator light 20 is closed and this light will be energized. The
      indicator light, when in normal operation, indicates that power is being
      supplied to the blower motor from one supply line 24, through the closed
      switch 57, through a line 58 connected to one motor terminal and returning
      to the other supply line 25 through a line 59 from the other motor
      terminal.
PAR  The seventh indicator LED 21 has one side connected through the resistor 32
      to power line 25 and the other side connected to the tie line 43 and power
      line 24 through a line 60 and through a pressure responsive switch 61 as
      schematically shown. As previously explained, in a forced air furnace
      system, the switch 61 would be positioned in the return air duct
      downstream of the blower and will be closed when the blower is on in
      normal operation. If the blower should not have any output, due to a motor
      malfunction or a broken drive belt, or have insufficient output to reach a
      predetermined pressure, the switch 61 will open, thus interrupting the
      circuit to the indicator 21 and changing its state of conduction.
PAR  Finally, the eighth indicator LED 22 has one side connected through the low
      resistance resistor 33 to the line 47 connected to the left-hand terminal
      of the transformer 46 secondary. The other side of the LED 22 is connected
      by a line 62 to the cooling terminal 63 on the thermostat which is
      connected to the other side of the transformer 46 secondary and also to
      the thermostat. In the event that the thermostat is erroneously switched
      to its cooling function, thus placing power across the cooling unit 63,
      the eighth indicator or LED will switch its state of conduction.
PAR  Operation of the unit thus described is briefly summarized as follows. With
      all furnace heating components in normal operation, each of the indicator
      LED's 15-21 are in their energized or "on" condition, receiving either
      directly 115 volts from the supply lines 24 and 25 or 24 volts from the
      transformer 46 secondary. The indicator LED 22 monitoring cooling will
      remain off in heating operation. The difference in condition of this LED
      22 can be highlighted to the serviceman by providing a different colored
      indicator from that color of the other LED's. If the power to the furnace
      system fails, such as from a blown fuse, whose position is indicated by
      reference numeral 64, the first indicator 15 is extinguished, along with
      every other indicator on the panel. Accordingly, in this situation the
      serviceman observes that every indicator has been extinguished and starts
      his servicing procedure by checking the fuse 64. In each case, the
      serviceman is instructed to check the component corresponding to the
      uppermost indicator light which shows a malfunction.
PAR  In the event that the power supply indicator 15 light remains on but the
      subsequent lights are extinguished, the serviceman will know to next check
      the normally closed high-limit switch 45 which directly controls the
      second indicator LED 16. Opening of this normally closed switch 45 breaks
      the connection to the primary of the transformer 46 and thus all
      components dependent upon the transformer output are inoperable. In
      addition, because there is no power to the gas valve 51, there will be no
      gas flow in the manifold so that the pressure responsive fuel switch 55
      will open, thus extinguishing the fifth indicator LED 19. In this case,
      with no gas flow and no combustion, the temperature sensing fan switch 57
      will remain in open position so that its indicator LED 20 will be off and,
      with the fan off and no air flow across the heat exchanger, the seventh
      indicator 21 will be extinguished by the pressure responsive switch 61. It
      should be noted here that many commerically available furnace systems
      include a manually operated switch for bypassing the temperature sensing
      fan switch 57 so that the blower can be manually run for purposes of
      circulating air or cooling down the unit to a temperature below that in
      which the fan switch will open. This circuit is schematically shown in
      FIG. 4 with a manually operated switch 65 which controls a pair of
      contacts 66 and 67, with the remote control being indicated by the broken
      line. The contacts 66 are normally closed and in series with the
      temperature responsive switch 57 while the contacts 67 are normally open
      and in parallel with the temperature responsive switch 57. Accordingly,
      when the manual switch 65 is changed to turn the fan on, the normally open
      contacts 67 close to bypass the temperature responsive switch 57, applying
      power directly to the fan motor through the line 68 as shown.
PAR  Continuing in the sequence, if the first and second indicators remain
      illuminated but the third indicator 17 goes out, indicating a failure in
      the transformer 46, all subsequent indicators will be extinguished as
      previously explained. Continuing the sequence, each indicator in series,
      progressing down the panel, is effective to monitor its function and all
      subsequent indicators are monitoring functions depending upon the proper
      operation of that first indicator above them in sequence, as previously
      explained.
PAR  In the embodiment described in detail with reference to FIG. 4, it should
      be noted that, in normal operation, each of the indicators 15-22 is
      energized and that an abnormal operation of a monitored component is
      indicated by an indicator which is not energized. Accordingly, each of the
      LED's could be selected to have a green color, as would be a conventional
      indication for normal operation. For reasons of economy, any other color
      can be used. It is also noted that, through appropriate logic controls and
      an auxiliary power supply, each of the indicators could remain in an
      unenergized state during normal operation and, when abnormality is
      detected, would be switched to the energized state.
PAR  As previously stated, it may be desirable in certain installations to
      provide the system with a master warning indicator, such as a light
      positioned remote from the furnace itself or a audible alarm which would
      tell the resident or serviceman that some malfunction has occurred and
      indicate that he should proceed to the area of the indicator panel 11 to
      detect which component has malfunctioned. FIG. 3 is illustrative of a
      simple circuit diagram which could be used for this purpose. FIG. 3 shows
      only a portion of the indicators of the panel 11, including the first and
      second LED's 15 and 16 and their reversed biased diodes 34 and 35.
      Connected in series with the LED's 15 and 16 are optical isolators 69 and
      70 which function as a normally open switch when the LED's 15 and 16 are
      in their normal state of energization. A low voltage direct current power
      supply, labeled as VCC, has an input line to each of the optical isolators
      69 and 70 and an output line 71 and 72 therefrom extending to an OR gate.
      As known to those skilled in the art, if a signal appears at the OR gate
      in either of lines 71 and 72, the OR gate conducts through a line 73 to a
      time delay latching device provided to filter out momentary voltage
      fluctuations. The output of the time delay latch is applied to a red LED
      74. In series with the red LED 74 is an amplifier 75. As shown, when all
      of the furnace components are in normal operation, the indicating LED's 15
      and 16 are energized, the optical isolators 69 and 70 act as normally open
      switches so that there is no signal applied to the OR gate and thus the
      red LED 74 is de-energized. If the component monitored by either of the
      indicator lights 15 and 16 fails, a signal applied to the OR gate will
      energize the red or warning LED 74, thus indicating to the homeowner that
      there is a furnace malfunction and he should check the indicator panel 11.
      Optical isolation devices of the type described with reference to FIG. 3
      are commerically available from the General Electric Semi-Conductor
      Products Department, the General Electric Company, Syracuse, New York,
      from Monsanto Commercial Products Company, Palo Alto, California, or from
      Motorola Semi-Conductor Division, Phoenix, Arizona.
PAR  It will be apparent to those skilled in the art that various other types of
      circuitry for the master warning light if desired, can be used, using a
      single master warning LED which remains energized during normal operation
      and is extinguished by any furnace abnormality. Also, a suitable audible
      alarm can be used in place of or with a visual indicator. In addition, the
      signal to the master warning light could be applied to a central control
      station for monitoring a plurality of apartment units or otherwise be used
      in telecommunication systems, etc., to alert service personnel of the
      location of the malfunctioning furnace.
PAR  From the above detailed description of a preferred embodiment, it will be
      seen that the instant invention provides a monitoring system of an
      economic and reliable nature which is particularly adapted for use with
      residential or mobile home heating units and which can be conveniently
      expanded to monitor such residential functions as may be desired. In
      addition to the monitor function, the unit is also extremely valuable in
      assisting a serviceman in the procedure of detecting and fixing the
      malfunctioning component because it eliminates unnecessary steps or checks
      due to the unique sequencing of the lights on the panel display unit.
PAR  Other objects and advantages of the invention will be apparent to those
      skilled in the art and variations may be made without departing from the
      spirit and scope of the attached claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A visual monitor device for monitoring predetermined components in an
      operating system, at least some of such monitored components being
      dependent upon the other monitored components functioning normally, said
      device comprising, in combination, a visual display panel including a
      plurality of selectively energizable indicators positioned on said panel,
      a printed indicia associated with each of said indicators which identifies
      the system component monitored by each indicator, electrical power supply
      means connected to said indicators for maintaining all of said indicators
      in a first state of energization when all system components are in normal
      operation, a plurality of component sensing means for sensing the
      operating condition of each system component to be monitored, means
      connecting each of said sensing means to the correspondingly labeled
      indicator and to said power supply for causing in the event of a sensed
      malfunction of one component (a) its correspondingly labeled indicator to
      shift to a second state of energization and (b) other indicators to shift
      to said second state if their corresponding monitored components are
      dependent upon normal operation of said one component, and wherein said
      plurality of indicators are positioned on said panel in a prearranged
      linear sequence wherein the malfunction of a given component effective to
      shift the state of energization of its corresponding indicator will
      likewise shift the state of energization of said other indicator lights
      which are all subsequent in such prearranged sequence to the given
      corresponding indicator.
NUM  2.
PAR  2. The visual monitor device of claim 1 which further includes a master
      warning indicator positioned remote from said panel and means connecting
      said master warning indicator to said power supply for maintaining and
      master indicator in a first state of energization when all monitored
      system components are in normal operation and for shifting said master
      indicator to a second state of energization when any one of said monitored
      components malfunction.
NUM  3.
PAR  3. The visual monitor device of claim 1 which further includes at least one
      other monitored component independent of all other monitored components,
      wherein said indicators includes an indicator for said one other
      component, and wherein said connecting means causes said indicator for
      said one other component to shift to such second state independently of
      the other of said indicators and only upon a malfunction of said other
      component.
NUM  4.
PAR  4. The visual monitor device of claim 1 wherein said sequentially arranged
      indicators are arranged in at least two groups, and wherein the sequence
      of component malfunction within each group is independent of the sequence
      of component malfunction within the other group.
NUM  5.
PAR  5. A visual monitor device for a hot air furnace system for detecting
      component malfunction, at least some of such monitored components being
      dependent upon other monitored components functioning normally, said
      device comprising, in combination, a plurality of indicator lights
      positioned in a prearranged linear sequence on a visual display panel,
      printed indicia means adjacent each of said lights for identifying the
      system component monitored by each light, electrical power supply means
      connected to said lights for maintaining all of said lights in a first
      state of energization when all system components are in normal operation,
      first sensor means for monitoring and power supply means, means connecting
      said first sensor means to said plurality of lights for causing all of
      said lights to shift to a second state of conduction upon failure of said
      power supply means, component sensor means associated with each furnace
      component to be monitored and including second sensor means for monitoring
      furnace heat exchanger temperature, third sensor means for monitoring
      output of the secondary of a power transformer, fourth sensor means for
      monitoring the condition of a furnace fuel valve and fifth sensor means
      for monitoring fuel pressure within said furnace, and means connecting
      said second, third, fourth and fifth sensor means each to correspondingly
      labeled second, third, fourth and fifth ones of said lights and to said
      power supply means, said connecting means including means for causing said
      labeled second, third, fourth and fifth lights to shift to a second state
      of conduction in response to a malfunction sensed by said second sensor,
      means for causing said third, fourth and fifth lights to shift to a second
      state of conduction in response to a malfunction sensed by said third
      sensor means, means for causing said fourth and fifth lights to switch to
      a second state of conduction in response to a malfunction sensed by said
      fourth sensor means and means for causing said fifth light to switch to a
      second state of conduction in response to a malfunction sensed by said
      fifth sensor means, the malfunction of any component having no effect upon
      the condition of lights above its corresponding light in said prearranged
      linear sequence.
NUM  6.
PAR  6. The visual monitor device of claim 5 which further includes sixth sensor
      means for monitoring the power across the motor of a furnace blower,
      seventh sensor means for detecting air flow from said blower and wherein
      said connecting means includes means responsive to a sensed malfunction by
      said sixth sensor means for causing a correspondingly labeled sixth light
      to shift to a second state of conduction and a seventh light corresponding
      to said seventh sensor means to shift to a second state of conduction and
      responsive to a sensed malfunction by said seventh sensor means for
      causing said seventh light to shift to a second state of conduction, the
      malfunction of each component having no affect upon the condition of
      lights above its corresponding light in said prearranged linear sequence.
NUM  7.
PAR  7. The visual monitor device of claim 5 which further includes sixth sensor
      means for monitoring the condition of a furnace thermostat, a
      corresponding sixth light in said prearranged sequence, and means for
      shifting said sixth light to said second state of conduction if said
      thermostat is set for other than a normal heating function and wherein a
      thermostat abnormality will not affect the condition of lights above its
      corresponding light in said prearranged sequence.
NUM  8.
PAR  8. The visual monitor device of claim 5 which further includes a master
      warning indicator positioned remote from said panel and means connecting
      said master warning indicator to said power supply for maintaining said
      master indicator in a first state of energization when all of said
      monitored system components are in normal operation and for shifting said
      master indicator to a second state of energization when any one of said
      monitored components malfunctions.
NUM  9.
PAR  9. The visual monitor device of claim 8 wherein said master warning
      indicator is a light and wherein said master warning indicator is off when
      in said first state of energization.
NUM  10.
PAR  10. The visual monitor device of claim 5 wherein said indicator lights are
      light emitting diodes which are illuminated in said first state of
      energization.
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ABST
PAL  An air filter restriction detection device communicating with the air
      stream passing from an air filter to the air intake of an internal
      combustion engine sensing a decrease in the supply of air being drawn
      through said air filter by said engine and the same being indicated by the
      linear movement of an indicating member in said device, said device
      indicating also when said air filter requires cleaning or replacement for
      lack of a sufficient supply of air being drawn therethrough.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The device herein is used in connection with an air filter for an internal
      combustion engine. Said device indicates when said air filter has become
      so loaded with contaminants that the supply of air required by the engine
      for operating efficiency is not being drawn through the filter by the
      engine and that the filter requires cleaning or replacement.
PAR  Said device gives a continuous reading to indicate the build up of
      contaminants within the air filter to inform the operator of the condition
      of the filter. However, said device does away with guess work as to the
      time when cleaning or replacement of the air filter is necessary and thus
      provides for maximum use of the air filter. As to the same for cleaning or
      replacement of the air filter, the device herein gives a positive
      indication.
PAR  It is an object of the invention herein therefore to provide a device in
      connection with an air filter for an internal combustion engine to give a
      positive indication as to the need for cleaning or replacing the air
      filter.
PAR  It is another object of this invention to provide a device in connection
      with an air filter for an internal combustion engine to give a continuous
      visual reading as to the build up of contaminants within the air filter
      and to indicate the remaining use period of said air filter prior to
      cleaning or replacement.
PAR  It is another object of this invention to provide a device in communication
      with the air stream passing from an air filter to the air intake of an
      internal combustion engine to indicate the degree of contamination of said
      air filter with said device being readily adjusted to respond to the
      varying air requirements of different internal combustion engines.
PAR  It is also an object of this invention to provide a device as above
      indicated which is of simple construction and which is readily installed
      in operating position. More particularly stated, said device comprises a
      housing having an indicating member therein which is colored to be readily
      seen through the housing and which is carried upon a diaphragm which is of
      inverted cup shape in form with said diaphragm being supported in extended
      position by a helical spring adjusted to balance the pressure differential
      between atmospheric pressure upon the diaphragm and the partial vacuum
      drawn upon the other side of said diaphragm by the air intake stream
      passing from the air filter to the air intake of an internal combustion
      engine whereby when a sufficient supply of air is passing into the air
      intake of the engine from said filter the device gives such an indication
      by being inoperative and when an air restriction develops in the air
      filter resulting from a build up of contaminants therein said partial
      vacuum on the air line passing to the device from the filter increases
      causing the diaphragm to collapse or fold in upon itself and draw
      downwardly the indicator which it carries to give a visual reading of the
      build up of contaminants within the air filter and when said air filter is
      fully contaminated to the point that sufficient air supply cannot be drawn
      therethrough, then said diaphragm becomes fully folded in upon itself and
      said device gives such a reading indicating the need for cleaning or
      replacing the air filter.
DRWD
PAR  These and other objects and advantages of the invention will be set forth
      in the following description made in connection with the accompanying
      drawings in which like reference characters refer to similar parts
      throughout the several views and in which:
PAR  FIG. 1 is a broken view in side elevation showing the device herein in
      operating position;
PAR  FIG. 2 is a broken view in side elevation showing the device herein on an
      enlarged scale;
PAR  FIG. 3 is a view in vertical section on a further enlarged scale taken on
      line 3--3 of FIG. 2 as indicated;
PAR  FIG. 4 is a view similar to FIG. 2 showing portions thereof in a different
      position;
PAR  FIG. 5 is a view in vertical section on an enlarged scale taken on line
      5--5 of FIG. 4 as indicated;
PAR  FIG. 6 is a view similar to FIG. 5 showing a modification thereof;
PAR  FIG. 7 is a broken view in horizontal section taken on line 7--7 of FIG. 6
      as indicated;
PAR  FIG. 8 is a view similar to FIG. 5 showing another modification thereof;
PAR  FIG. 9 is a top plan view with reference to FIG. 8;
PAR  FIG. 10 is a view similar to FIG. 8 showing a modification thereof;
PAR  FIG. 11 is a view in vertical section taken on line 11--11 of FIG. 10 as
      indicated, and
PAR  FIG. 12 is a view in horizontal section taken on line 12--12 of FIG. 11 as
      indicated.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings, the device 10 forming an air filter restriction
      detection device and comprising the subject matter of the invention herein
      is shown in operating position connected by a pipe 12 to communicate with
      the air stream 15 passing through the stack 16 extending to the air filter
      17 from the air intake 18 of an internal combustion engine 20 of which
      only a fragment is shown.
PAR  Referring to the FIGS. 2-5, said device 10 is shown comprising a
      cylindrical housing 25 preferably formed of a suitable plastic transparent
      material. Said housing has depending from its bottom wall 33 a tubular hub
      portion 27 internally threaded to receive said pipe 12 therein which pipe
      at its other end will be threaded into the stack 16.
PAR  Said housing is shown having a top wall 29 having an annular stepped flange
      portion 30 overlying the upper edge of the annular side wall 32 of said
      housing 25 and being suitably secured thereto as with an appropriate
      adhesive. Said housing has formed therein a chamber 35.
PAR  Said top wall 29 has a central tubular hub portion 37 depending therefrom
      into said housing 35 and having a portion 39 extending outwardly above
      said top wall 29 and having a bore 40 therein with a counter bore 42 being
      formed in the upper portion thereof. Seated within said counter bore is a
      porous air filter member 45 which may be suitably formed as of sintered
      bronze.
PAR  Disposed within said housing seated on the bottom of said chamber 35 is an
      inverted cup shaped diaphragm 47 made of a suitable flexible rubber
      material and having a rigid ring member 49 about the lower edge portion
      thereof integral therewith and in turn said ring member is suitably
      secured as by an adhesive to the adjacent bottom inner wall portion of
      said wall 32 as illustrated in FIG. 3.
PAR  Carried on said diaphragm 47 is a rigid flared cup shaped member 50 which
      has its upper edge portion bearing against the inner surface 29a of said
      top wall 29 as shown. As will be further described, said member 50 forms
      an air restriction indicating member.
PAR  Hence, said diaphragm 47 and said member 50 as shown in FIG. 3 extend from
      the bottom to the top of the chamber 35 within said housing 25. Supporting
      said diaphragm in extended position is a helical spring 52 having its
      largest coil resting on the bottom wall 33 of said housing and its
      smallest coil being retained within a shallow recessed cup like member 55
      which abuts against the upper inner surface of said diaphragm 47. Threaded
      centrally through said member 50 and through said member 55 which is a
      bolt 60 having its upper slotted head portion 61 extending upwardly into
      said bore 40. Said bolt 60 secures together said diaphragm 47 and the
      upper cup member 50 carried thereon. Formed within said diaphragm is a
      chamber 47a.
PAR  Extending through the inner wall of said bore 40 is a slot or groove 62
      forming an air passage to bypass said head 61 of said bolt 60.
PAR  One of the distinctive features of said cup member 50 is brightly colored
      as being a bright green. The significance of these colored portions will
      be described hereinafter. Said cup member is of such a height that it may
      be fully seated within the diaphragm with only the red rim portion visible
      as shown in FIGS. 4 and 5.
PAR  Said chamber 47a of said diaphragm 47 will be subjected to a partial vacuum
      drawn thereon as a result of its communication with the air stream 15
      being drawn through the air filter 17 by the suction of the air intake
      member 18 of the engine 20.
PAR  The chamber 50a within said cup shaped member 50 is under atmospheric
      pressure with the passage of air through the filter 45 and the groove 62.
PAR  Said coil spring 52 is designed to have a compression factor to equalize
      the differential in pressure between that in chamber 50a and that in
      chamber 47a. It will be noted that this pressure differential may vary
      between different engines depending upon the vacuum which is drawn on the
      air filter 17 under a normal operating condition.
PAC  OPERATION
PAR  As above described, when the device 10 herein is initially installed, the
      coil spring 52 will be adapted to offset the pressure differential between
      the chamber 50a and the chamber 47a to hold the diaphragm 47 in its
      upwardly extended position as shown in FIGS. 2 and 3.
PAR  As the air filter 17 becomes loaded with contaminants, the contaminants
      restrict the flow of air drawn therethrough and as this restriction
      increases, the partial vacuum or suction upon the chamber 47a will
      increase upsetting the equilibrium initially established between said
      chambers 47a and 50a. Hence, as said restriction or clogging action
      increases, the suction on said chamber 50a will increase to cause a
      pressure drop in said chamber which will result in the collapse of the
      diaphragm which is drawn inwardly to fold upon itself. The restriction
      indicator 50 being carried by said diaphragm is drawn downwardly to be
      seated into the diaphragm to correspond with the downward inward folding
      movement of said diaphragm as shown in FIG. 5.
PAR  The operator will know that sufficient air is being drawn through the air
      filter 17 so long as a portion of the green body of said restriction
      indicator 40 is visible through the housing. The operator can gauge the
      length of useful life of the filter by the visible extent of the green
      area of said restriction indicator.
PAR  At such time as the air filter is so loaded with contaminants that
      insufficient air is being drawn therethrough to efficiently support
      combustion, the suction upon the chamber 47a will be such that the
      diaphragm will become fully collapsed or fully folded within itself down
      to the upper edge of the ring 49 extending thereabout. When this occurs,
      the indicator member 50 will have the entire extent of its green body
      portion drawn into said diaphragm and the only visible portion of said
      indicator will be the red band about its upper edge portion. Thus, when
      said green body portion of said indicator member 50 is fully drawn within
      the diaphragm and only the upper red edge or rim portion of said indicator
      is visible, this is the signal or the indication to the operator that it
      is time to check the air filter for cleaning or replacement of the same.
PAR  The use of an inverted cup-type diaphragm collapsing or folding in upon
      itself as controlled by the coil spring 52 permits a substantial linear
      movement of the indicating member 50 within a compact and relatively small
      housing.
PAC  MODIFICATION
PAR  Referring to FIGS. 6 and 7, a modification 80 of the device above described
      is shown in which the modification consists of the inclusion of an
      electrical circuit with said circuit embodying a signal located in such a
      place as to be readily visible and/or audible to the operator.
PAR  Said device will have its various elements corresponding to those above
      described bearing like reference numerals with primes added and the
      additional description herein will relate to the electrical circuit added.
PAR  A circuit 85 is provided having a pair of terminals 86 and 87 angled to
      extend through the top wall member 29' and having their lower end portions
      86a and 87a underlie and extend inwardly of the bottom of said hub 37' and
      somewhat inwardly of said bore 40 whereby when said bolt 60' is drawn
      downwardly to the point that the diaphragm 47' is fully collapsed or
      folded inwardly upon itself, the head portion 61' of said bolt will engage
      said terminal portions 86a and 87a to energize the circuit 85.
PAR  Running from said terminals 86 and 87 are lines 90 and 91 which will
      include an electrical source 92 such as a convenient battery and mounted
      upon the vehicle such as upon the dash thereof there will be a signal 93
      shown here as a lamp but which may be a lamp and/or an audible alarm,
      whichever may be desired.
PAR  Thus here in the modification, the operator may either visually detect the
      need for cleaning or replacing an air filter by visual inspection of the
      device itself or in the alternative he may rely upon the signal 93 being
      actuated at such time as the filter requires cleaning or replacement. The
      visual inspection of the device itself will give the operator an
      indication of the condition of the filter by the extent to which the
      indicating member 50' is drawn into the diaphragm 47' and the alarm or
      signal may be used to indicate that time at which the air filter requires
      the operator's attention.
PAC  SECOND MODIFICATION
PAR  Referring to FIGS. 8 and 9, another modification of the device first above
      described is here shown and indicated by the reference numeral 100. Said
      device 100 comprises a lower cylindrical housing portion 102 having a side
      wall 103 and a bottom wall 104 having a central opening 105 therein and
      having an outwardly extending annular flange 106 about its upper edge
      portion, said flange having an upstanding edge or rim portion 108.
PAR  Secured to said bottom wall and depending therefrom is an externally
      threaded boss 112 having a passage 113 therethrough communicating through
      a restricted inlet 114 with the chamber 109 of said housing portion 102.
PAR  Said device 100 has an upper cylindrical housing portion 110 having a
      chamber 111 therein and being formed preferably of a transparent plastic
      material and comprising a side wall 115 having a top wall 116 and here
      shown having a central portion stepped domed raised portion 117 having a
      plurality of circularly arranged apertures 118 therethrough about a
      central domed portion 119.
PAR  Depending from the central portion 119 of said raised portion as shown from
      within said circle defined by said apertures is cylindrical boss 120
      having a tubular chamber 121 therein open at its bottom end.
PAR  An annular air filter 122 is disposed about said boss 120 to underlie said
      apertures 118.
PAR  The lower end portion of said wall 115 is formed into an annular outwardly
      extending flange 124 which will rest upon said flange 106.
PAR  An inverted cup shaped diaphragm 125 is disposed within said housing
      portion 110, said diaphragm having at its lower end an outwardly extending
      annular flange 127 which is disposed between the flanges 106 and 124. Said
      outer rim portion 108 is crimped as at 108a to overlie the flange 124 and
      is pressed in place to securely engage said diaphragm flange 127 between
      the flanges 106 and 124.
PAR  Holding said diaphragm in upwardly extended position is a helical coiled
      spring 130 having its larger end supported by said bottom wall 104 about
      its perimeter and having its smaller end portion bearing against the upper
      end of said diaphragm and interposed between it and said diaphragm is a
      disc or plate member 132.
PAR  Supported on said diaphragm is an air filter restriction indicating member
      135 shown here to be of a flared cup shape in form not unlike the member
      50 above described having a brightly colored upper outer rim portion 137
      such as being red, a body portion 139 of a contrasting bright color such
      as green and having a bottom wall 141.
PAR  Disposed within said upper boss 120 is a cylindrical bolt like member 145
      forming a vertically movable guide member having a reduced threaded lower
      end portion 146 which extends through an accommodating aperture 141a of
      said bottom wall 141 and through the aperture 125a in said diaphragm to be
      threaded through said plate member 132 to secure together said diaphragm
      125 and said indicating member 139. Said threaded portion 146 extends
      through said plate member 132 sufficiently to retain the upper reduced end
      of said coil spring 130 as shown.
PAR  The operation of the device 100 is in accord with the operation first above
      described and represents an economy in its manufacturer as compared to the
      device first above described.
PAC  THIRD MODIFICATION
PAR  Referring to FIGS. 10-12, another modification of the device herein is
      shown and is indicated generally by the reference numeral 150. This device
      is similar to what is shown in FIGS. 8 and 9 with an electrical signal
      added.
PAR  Said device comprises a lower cylindrical housing portion 152 having an
      annular side wall 153 and a bottom wall 154 having a central opening 155
      therein and having an outwardly extending annular flange 156 about its
      upper edge portion, said flange having an upstanding edge or rim portion
      158.
PAR  Secured to said bottom wall and depending therefrom is an internally
      threaded boss 162 having a passage 163 therethrough communicating through
      a restricted inlet 164 with the chamber 169 of said housing portion 152.
PAR  Said device 150 has an upper cylindrical housing portion 170 having a
      chamber 171 therein on the order of the housing portion 110 above
      described and having an annular side wall 173 having a top wall 174 having
      a stepped dome portion 176 having a plurality of circularly arranged
      apertures 175 therethrough forming air vents.
PAR  Depending from the central portion of said raised dome portion 176 is a
      cylindrical boss 180 having a cylindrical chamber 181 therein open at its
      bottom end and formed in said chamber at the rear thereof is one form of a
      guide means here shown or a vertical keyway 182.
PAR  An annular air filter 183 is disposed about said boss 180 to underlie said
      apertures 175.
PAR  The lower end portion of said wall 173 is formed into an annular outwardly
      extending flange 184 which will rest upon said flange 156.
PAR  A diaphragm 185 similar to the diaphragm 125 above described is provided
      having an outwardly extending flange 187 disposed between the flanges 184
      and 156 and the edge portion 158 is crimped over said flange 184 as shown.
      Holding said diaphragm in extended position is a coil spring 186 as above
      described in connection with the spring 130.
PAR  Supported in said diaphragm 185 is an air filter restriction indicating
      member 187 similar to the member 135 above described having a colored
      outer upper rim portion 188 and a contrasting colored body portion 189 and
      having a bottom wall 191.
PAR  Disposed within said chamber 181 is a cylindrical bolt-like guide member
      195 having means engaging said guide means here shown as a key 196
      received in said keyway 182 forming a vertically movable guide member and
      having a reduced lower end portion 197 which extends through an
      accommodating central aperture 191a of said bottom wall 191 and through an
      aligned aperture 185a in said diaphragm to be secured by a lock nut 198.
PAR  A transverse slot 200 is formed within the upper portion of said guide
      member 195 having an electrically conductive ball 202 therein with a coil
      spring 203 disposed in said slot behind said ball. Said slot faces
      oppositely of said key 196. A vertical slot 206 is formed in said boss to
      retain said ball within said slot 200 permitting a partial projection
      thereof.
PAR  A pair of terminals 210 and 211 extend through said dome portion 176 which
      will be appropriately apertured and said terminals having their lower end
      portions 212 and 214 angled toward one another through slots 216 and 217
      formed in said boss 180 with the adjacent ends of said terminals being
      spaced apart and disposed within the bottom of said vertical slot 206.
PAR  Said terminals will be included in a circuit such as circuit 85 above
      described.
PAR  The operation of this modification is as described above in connection with
      FIGS. 1-5 taken with the description of FIGS. 6 and 7.
PAR  When the diaphragm because of restriction in the air filter is pulled down
      to its lowered position as shown in FIG. 11, the ball 202 will contact the
      terminal portions 212 and 214 to open a circuit which will alert the
      operator by energizing a signal such as a light or an audible alarm on the
      dash of the vehicle. The ball 202 and the contacts 212 and 214 are sealed
      within the boss 180 to be free from contamination or corrosion.
PAR  In the various forms of the invention above described, a coil spring is
      shown supporting the respective diaphrams in extended position. It will be
      understood that although not here illustrated, it is within the scope of
      this invention to arrange and construct the respective cup-shaped
      indicators and diaphragms to balance the atmospheric pressure at one side
      of the diaphragm and the partial vacuum at the other side thereof without
      the use of resilient means such as a coil spring.
PAR  Thus it is seen that I have provided a simply constructed, efficiently
      operating air filter detection device which gives both a clear indication
      of the remaining usefulness of an air filter and also positively indicates
      the time at which the filter requires attention for cleaning or
      replacement.
PAR  It will of course be understood that various changes may be made in form,
      details, arrangement and proportions of the parts without departing from
      the scope of the invention herein which, generally stated, consists in an
      apparatus capable of carrying out the objects above set forth, in the
      parts and combinations of parts disclosed and defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air filter restriction indicating device, having in combination
PA1  a housing having a top and bottom wall, and having an air filter in
      connection therewith,
PA1  an inverted upstanding cup-shaped diaphragm having an upwardly disposed end
      wall,
PA1  a flange secured about the open end portion of said diaphragm,
PA1  means securing said flange to said housing thereabout,
PA1  a flared cup shaped indicating member upstanding from said end wall of said
      diaphragm and secured thereto, said member bearing indicia upon its outer
      wall indicating the condition of restriction of said filter,
PA1  apertures through said housing at one side of said diaphragm for
      communication of said indicating member with the atmosphere,
PA1  a passage at the other side of said diaphragm through said housing
      communicating with the air stream passing from said air filter to an
      internal engine,
PA1  a tapered helical coil spring upstanding from the bottom wall of said
      housing holding said diaphragm in upward extended position,
PA1  said coil spring being arranged to have a compressive force representing
      the differential between atmospheric pressure and the partial vacuum drawn
      by said air stream on the other side of said diaphragm with the air filter
      being in a normally clean operating condition,
PA1  a cylindrical boss extending downwardly into said indicating member from
      the top wall of said housing,
PA1  a guide member upstanding within and secured to said indicating member
      freely moveable axially within said boss, and
PA1  said housing being transparent to disclose said indicating member to show
      the progressive degree of restriction in said air filter and to indicate
      when said air filter requires replacement.
NUM  2.
PAR  2. An air filter restriction indicating device, having in combination
PA1  a housing having a top and bottom wall and having an air filter in
      connection therewith,
PA1  a diaphragm of inverted cup shape disposed in said housing and having an
      upwardly disposed end wall,
PA1  a spring member upstanding from the bottom wall of said housing holding
      said diaphragm in upwardly extended position,
PA1  an indicating member upstanding from said end wall of said diaphram and
      carried thereabove,
PA1  a passage through said housing at one side of said diaphragm venting said
      indicating member to the atmosphere,
PA1  a passage at the other side of said diaphragm through said housing for
      connection between said other side of said diaphragm and the air stream
      passing from side air filter to an internal combustion engine, said air
      stream drawing a partial vacuum on said other side of said diaphragm,
PA1  a cylindrical boss depending from the top wall of said housing into said
      indicating member, said boss having an open bottom chamber axially
      thereof,
PA1  a cylindrical member upstanding from the end wall of said diaphragm
      moveably axially within said chamber,
PA1  a transverse slot within said cylindrical member adjacent the upper portion
      thereof,
PA1  a spring loaded ball in said slot,
PA1  a pair of terminals carried by said boss adjacent the bottom thereof, said
      terminals having spaced adjacent end portions,
PA1  said terminals having portions extending outwardly of said housing in
      circuit with a signal circuit,
PA1  an aperture in said boss adjacent said terminals, said aperture being of
      such size as to permit said ball to extend there through sufficiently to
      engage said adjacent end portions of said terminals, and
PA1  said diaphragm under sufficient partial vacuum drawn thereon by said air
      stream under restriction in said air filter moving said cylindrical member
      downwardly sufficiently for said ball to be in alignment with and extend
      through said aperture in said boss to open a signal circuit by engaging
      said adjacent terminals.
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ABST
PAL  A method and apparatus for effecting the display of symbols, in tabulated
      form, on the screen of a data-video device, utilizing a data source, an
      image repetition store and a symbol generator, in which data is fed by the
      data source identifying the area of the screen in which a tabulator mark
      is to be depicted, with the symbol generator releasing signals operative
      to effect the desired display of the tabulator mark. Control may be
      effected by means of control words from the data source for "tabulator
      set", "tabulator cancel", and "tabulator advance", as well as for
      cancellation of tabulator marks of a line, or cancellation of all symbols
      with the exception of tabulator marks. A writing mark may be employed in
      connection with the designation and display of a tabulator mark, and the
      tabulator marks may be disposed in areas with or without the display of
      symbols therewith. The invention is particularly adapted to applications
      involving the so-called "rolling-page method" of display.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is directed to a method and apparatus for the illustration of
      symbols, in tabulated arrangement, on the screen of a data-video device,
      in which symbol words corresponding to the symbols to be illustrated, are
      released by a data source, and, in conjunction with an image repetition
      store and a symbol generator, subsequently illustrated.
PAR  Tabulator mechanisms are generally known in conjunction with typewriters,
      by operation of which mechanism writing of columns of data is facilitated.
      In such mechanism, initially a tabulator indicator or its equivalent is
      adjustably adjusted exteriorly of the writing area, to the corresponding
      point at which the second column is to form. Following the writing of a
      word or symbol in a first column, a tabulator key may be actuated, as a
      result of which the carriage transporting the writing surface, or
      transporting the type mechanism, advances in a single jump, movement, to
      the desired tabulated position, whereby the entry into the second column
      can immediately take place without an undesirable loss of time.
PAR  The invention is directed to the problem of achieving a method and
      apparatus for achieving a similar tabulator operation with respect to the
      illustration of symbols on the screen of a data-video device, particularly
      wherein such symbols are supplied and written in accordance with the
      so-called rolling-page method in which the data depicted on the screen
      appears to be continuously moving in a vertical direction, usually
      upwardly.
PAC  SUMMARY OF THE INVENTION
PAR  In the practice of the invention, electronically produced tabulator marks
      are depicted on the screen of the data-video device which considerably
      facilitate the writing of symbols on such screen. In accordance with the
      invention, data is fed by the data source employed which indicates in
      which area of the screen a tabulator mark is to be depicted. In addition,
      signals are released by a symbol generator which effect the desired
      display of the tabulator mark.
PAR  In order to achieve a relatively rapid tabulated writing of the symbols, it
      is advantageous to feed an order or control word "tabulator advance" from
      the data source, which causes a continuous increase in the address of a
      writing mark in column direction. By the utilization of a decoder, a
      signal may be derived which terminates the continuous increase of the
      address when the tabulator mark is displayed.
PAR  To enable display of a tabulator mark with a minimum technical expenditure,
      it is advisable to feed, with the data, a tabulator word corresponding to
      the tabulator mark which is to be displayed into the image repeat storer.
      The symbol word and the tabulator word are thus conducted from the image
      repetition store to the symbol generator and the respective symbols or the
      respective tabulator mark, are displayed on the screen.
PAR  If the symbols are written in accordance with the rolling-page method, it
      is advisable to display the tabulator mark during the writing in of the
      last line as well as in the first line. The tabulator marks remain visible
      in the first line as long as desired, if shortly prior to the writing of
      the symbols into the line located above, all tabulator words are fed at
      those points of the image repetition store which correspond to the second
      line.
PAR  If the area available on the screen is to be especially effectively
      utilized, and in an area which is normally only available for
      alphanumerical symbols, tabulator marks are to be additionally written in,
      it is advisable to provide a tabulator store which contains information as
      to which areas of the screen, tabulator marks are to be inserted. Such a
      tabulator store preferably is designed as a circulating memory so that its
      data synchronously circulates with the words released by the image
      repetition store. The electronbeam is thereafter deflected, by utilization
      of a symbol generator, along the points of the alphanumerical symbol to be
      written, as well as along the point of the tabulator mark, and the
      light-scanning of the cathode beam is effected during the writing of the
      tabulator marks by means of the tabulator storer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like reference characters indicate like or
      corresponding elements:
PAR  FIG. 1 illustrates, in block form, a circuit arrangement for the display of
      symbols in tabulated arrangement on the screen of a data-video device, in
      which, for each area, either a symbol or a tabulator mark may be
      illustrated;
PAR  FIG. 2 illustrates the screen of a data-video device.
PAR  FIG. 3 illustrates in greater detail the control stage, illustrated, in
      block form, in FIG. 1;
PAR  FIG. 4 illustrates a circuit arrangement, similar to FIG. 1, for the
      illustration of symbols, in tabulated arrangement, on the screen of a
      data-video device, in which the individual area of the screen may
      illustrate either alphanumerical symbols or tabulator marks, or
      alphanumerical symbols in addition to tabulator marks;
PAR  FIG. 5 illustrates a single individual area illustrating a symbol and
      tabulator mark therein;
PAR  FIG. 6 is a circuit diagram, in block form, of a symbol generator; and
PAR  FIG. 7 illustrates in greater detail the control stage illustrated, in
      block form, in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The circuit arrangement illustrated in FIG. 1 comprises a data source 9, a
      register 2, a decoder 3, control stage 4, gates 5, 6, 7 and 8, image
      repetition store 10, symbol generator 11, cathode beam tube 12, timing
      generator 13, register 14, counters 15, 16 and 17, registers 18, 24 and
      25, comparators 19 and 20, switching stages 22 and 23, decoder 26, symbol
      positioning circuit or device 27, and a digital-analog converter 28.
PAR  Data is supplied from the data source 9 and fed, either parallel or in
      series, over the input a into the register 2, in the form of words with
      seven bits each, in the CCITT No. 5 code. In the presence of a signal at
      the input b, contents of register 2 are cancelled. If a fed word
      characterizes a specific symbol which is to be illustrated on the screen
      of the cathode beam tube 12, such work will be referred to in the
      following description as a "symbol word", by means of which alphanumerical
      and graphic symbols can be depicted. In addition to such symbol words,
      order or control words are also fed from the data source 9 which have an
      influence on the symbol to be depicted. For example, by means of such
      control words, individual symbols can be cancelled and rewritten at a
      different point on the screen of the cathode beam tube 12. While a data
      processing arrangement can be employed as the data source 9, it will be
      apparent that other supply arrangements can be employed, for example,
      those employing a keyboard to release the desired data.
PAR  The output of the register 2 is operatively connected with the decoder 3
      which releases signals to the control stage 4 upon receipt of control
      signals.
PAR  The gates 5, 6, 7 and 8 are operative to effect respective operable
      conductive connections between the input a and the output c thereof in
      dependency upon a signal which is supplied to the input b of such gate.
      Binary values of the respective signals are referred to as 0-values and
      1-values. The 0-signals or 1-signals thus correspond to the 0-value or the
      1-value respectively, and the gates 5, 6, 7 and 8 are conductive in the
      presence of a 1-signal at the corresponding input b.
PAR  A circulating memory, for example, can be provided as an image repetition
      store 10, which continuously releases words over the output 10c thereof
      and restores them over the input 10a thereof, with circulation taking
      place synchronously with the timing pulses released by the timing
      generator 13.
PAR  FIG. 2 schematically illustrates a screen whose area is subdivided into
      respective columns S1, S2, S3, S4 . . . S78, S79, S80, S81 and into lines
      Z1, Z2, Z3 . . . Z16. The columns S and lines Z thus define individual
      areas, each of which are adapted to display a single symbol. For example,
      the symbol a is illustrated in the area S1/Z2, which area is then defined
      by the column S1 and by the line Z2. Thus 81.sup.. 16 symbols can be
      displayed on the screen, with its 81 columns and 16 lines. Since each
      symbol is displayed approximately 50 times per second, 81.sup.. 16 symbol
      words are released in each 50th of a second over the output 10c, each of
      which characterizes one of the symbols to be displayed. Such words are
      conducted to the symbol generator 11 which creates the necessary control
      signals associated with the particular symbol and which then so control
      the cathode beam of the tube 12 that the desired symbol, for example, the
      symbol A is actually displayed.
PAR  The counter 15, illustrated in FIG. 1, counts from 1 to 81 and then
      releases a pulse to the counter 16 which counts from 1 to 16. The timing
      pulses of the timing generator 13 are conducted to the image repetition
      store 10 as well as to the counter 15, and with each timing pulse a symbol
      word is released and the counter reading of at least one counter 15, 16,
      is correspondingly altered. The counter readings of the counter 15
      characterize the column S while the counter readings of the counter 16 the
      line Z, and both counter readings indicate the address of the cell of the
      image repetition store 10, which, at this time, releases a symbol word
      over the output 10c. Such address is assigned to an area within which the
      symbols are to be displayed. The addresses of the cells of the image
      repetition store 10 thus can also be considered as addresses of the area
      S/Z of the screen illustrated in FIG. 2. If for example the counter 15 has
      reached 1, and the counter 16 has reached the reading of 2, the address of
      the cell is stored in the two counters 15 and 16, which thus are assigned
      to the area S1/Z2 for display of the symbol A.
PAR  The counter 17 counts from 1 to 81 and releases data over the output 17c
      thereof, which characterize the respective counter reading. Signals are
      conducted to the input a thereof which effect a change in individual
      counter readings while reset signals are adapted to be supplied to the
      input 17b thereof for effecting resetting of the counter.
PAR  The registers 18, 24 or 25 respectively release data which characterizes
      the numbers 16 or 1 or 2 respectively and the individual addresses of
      lines thus can be changed by means of the counter 17 and registers 18, 24
      and 25.
PAR  The switching stage 22 is adapted to set any one of the switch positions
      22a, 22b and 22c. More specifically, the switch position 22a, 22b or 22c,
      are respectively set if a signal is received over a corresponding input
      22a, 22b or 22c. Likewise, the switching stage 23 can be set in either of
      two switch positions 23a or 23b, either of the positions being set when a
      signal is received on the corresponding input 23a or 23b, with the signals
      being supplied to either switching stage from the control stage 4.
      Suitable electronic switches may be employed for the respective switching
      stages 22 and 23.
PAR  Each of the comparators 19 and 20 is operated to release a signal at its
      output c in the event coinciding addresses are supplied at the inputs a
      and b thereof. If the switch positions 22a and 23a are set, a signal is
      released over the contact 23b if the cell of the image repeat storer 10 is
      connected with the output 10c assigned to one single addressed area of the
      last line Z16. If the switch positions 22b and 23a are set, a signal is
      released over contact 23d, if the cell of the image repetition store 10 is
      connected with the output 10c assigned to a signal address area of the
      first line Z1. In the event the switch positions 22c and 23a are set, a
      signal is released over the contact 23d, if the cell of the image
      repetition store 10 is connected with the output 10c which is assigned to
      one single addressed area of the second line Z2. With a setting of switch
      position 23b, signals are released over contact 23d, only if the addresses
      of the lines coincide which are set, on one hand by the counter 16, and on
      the other hand by the registers 18, 24 or 25 respectively. Thus the
      address of the line Z16, Z1 or Z2 respectively can be set by the various
      switch positions 22a, 22b or 22c.
PAR  In considering the operation of the arrangement illustrated in FIG. 1, it
      is initially assumed that the symbols are displayed according to the known
      rolling-page method, beginning with the bottom line Z16 of FIG. 2. The
      address of the area S1/Z16 is set by the counter 17 and the register 18
      with the writing marking word corresponding to the writing mark SM being
      stored in the register 2. With switch positions 22a and 23a being set, a
      signal is conducted to the control stage 4, utilizing comparators 19, 20
      and the gate 21. The control stage 4 thus blocks the gate 6 and opens the
      gate 5 so that the writing marking word from register 2 is stored in the
      addressed cell of the image repetition store 10. The writing marker SM
      will thereby be displayed in the area S1/Z16. A subsequently fed symbol
      word is automatically stored into the cell in the image repetition store
      10 in which the writing marking word was stored. For this purpose, the
      gate 6 is blocked for a brief period and the gate 5 opened, whereby the
      writing mark SM is shifted automatically, area by area towards the right.
      Thus, one symbol can be displayed in each of the zones of the line Z16,
      one after the other, in which previously the writing mark was displayed.
PAR  In the rolling-page method the symbols of the last line Z16 are displayed
      in the line Z15 located directly thereabove, and symbols can then be
      displayed in line Z16. In like manner, with such method, the symbols of
      line Z15 and Z16 are respectively displayed in lines Z14 and Z15 located
      directly above the same. In like manner a line of symbols eventually
      displayed in line Z1 and thereafter cancelled with the symbols displayed
      in line Z2 to Z16 thus being displayed in lines Z1 to Z15 respectively.
      Thus the symbols are always displayed in the last line Z16 and
      subsequently automatically entered into the preceding lines.
PAR  FIG. 2, in addition to illustrating symbols A, B, C, D, and the writing
      marks SM, illustrates tabulator marks HT, which are therein illustrated as
      each consisting of three interrupted lines. Such tabulator marks can also
      be displayed in line 16, as well as in line 1, and while such tabulator
      marks can be carried over into line Z/16 at any time, they remain
      continuously in line Z1 and facilitate the column-like writing of the
      symbols. Up to 80 tabulator marks can thus be displayed in the line Z1.
PAR  In connection with the feeding of the data, it is assumed that such data is
      supplied by the use of a keyboard whereby the tabulator marks can be
      determined by three keys, which may be respectively designated as
      "tabulator setting" key, "tabulator actuation" key and "tabulator
      cancellation" key. For the feed of the tabulator words, initially the
      writing mark SM is displayed in the area in which the tabulator mark HT is
      to appear, with the setting of the writing mark SM taking place in the
      manner previously described. At this point the tabulator set key is
      actuated whereby there is fed from the data source 1 the control word
      corresponding to the order tabulator set which is stored in the register
      2, decoded by the decoder 3 and a signal conducted to the control stage 4
      over the line designated HT. Thereafter the tabulator word is entered in
      the cell of the image repetition store 10 in which the writing marking
      word was previously stored, in a manner correspond to that for the symbol
      words. Thereafter, the tabulator mark is also displayed in line Z1. For
      this purpose, switch positions 22 b, 23a, are set and signals are released
      to the control stage 4 which causes a blocking of gate 6 and opening of
      the gate 5 whereby the tabulator mark is displayed in the area of the line
      Z1.
PAR  In order to insure that the tabulator mark HT will always be visible in the
      first line Z1, during operation in accordance with the rolling-page
      method, the address in line Z1 is set by means of the counter 17 and the
      register 24. During switch positions 22b and 23a, the control stage 4
      causes the gate 7 to open and the tabulator words corresponding to the
      line Z1 are written word by word into the register 14. The switch position
      22c is then set and a restoring of the tabulator words stored in the
      register 14 is effected in the image repetition store 10. The tabulator
      words are thus stored at the cell assigned to the line Z2. Subsequently,
      in the course of the rolling-page method, all symbols are illustrated in
      the previous line so that now the tabulator marks HT will again be visible
      in line Z1.
PAR  If additional tabulator marks are to be displayed, the writing mark SM is
      shifted in line Z16 towards the right until the desired area is reached,
      following which the storage of the tabulator word in the manner previously
      described, is repeated.
PAR  To effect cancellation of individual tabulator marks, the writing mark SM
      is shifted along the line Z16 to the specific column in which is located
      the tabulator mark HT which is to be cancelled. The tabular key tabulator
      cancel is actuated and a corresponding order is thereby supplied to the
      register 2. Thereafter, by means of the counter 17 and register 18, while
      switch positions 22b and 23 are set, a signal is supplied to the control
      stage 4 which effects cancellation of the tabulator word within the cells
      of the image repetition store 10. Cancellation of the tabulator word is
      effected as a result of the release of signals over the contact 23d
      whereby the two gates 5 and 6 are blocked. Consequently during this time
      period no new symbol word is written into the image repetition store.
PAR  In the event it is desired that all tabulated marks be cancelled, in
      addition to a key tabulator cancel, a key "tabulator line" may be
      actuated. Switch positions 22b or 23b are thereby set whereby during the
      release of signals over contact 23b, the two gates 5 and 6 are blocked,
      thus preventing tabulator words from being displayed in the first line Z1.
PAR  Occasionally it is desirable to effect a cancellation of all symbols A, B,
      C, D, etc. displayed on the screen, with the exception of the tabulator
      marks. For this purpose, the keyboard may be provided with a key "picture
      cancellation" which, when activated, effects a cancellation of all symbols
      illustrated in the lines Z2 to Z16 while retaining display of the
      tabulator marks in line Z1. For this purpose, the switch positions 22b and
      23b are set whereby the signal released over contact 23d prevents
      cancellation of the tabulator marks displayed in line Z1.
PAR  FIG. 3 illustrates details of the control stage 4 of FIG. 1, in which for
      simplicity, illustration of only those components which are pertinent to
      the present invention are included, and which include counters 30, 31, 32,
      pulse generator 33, AND gates 34 to 43, NOT gate 44, and OR gates 44, 46,
      47 and 49. The decoder 3 continuously checks whether special order words
      HT, NL, TS are fed from the register 2 (illustrated in FIG. 1) and
      releases signals over the outputs designated HT, NL, TS. In addition,
      signals are continuously released by the timing generator 13.
PAR  Initially, there is described the situation in which the tabulator marks
      are displayed in the first line Z1 as well as in the line Z16 of the
      screen illustrated in FIG. 2. With this prerequisite, the decoder 3
      releases a signal over the output HT and in conjunction with the signal
      supplied by the timing generator 13, the gate 34 releases a signal to the
      counter 30, in response to which the latter releases signals over the
      outputs a, b, c and d.
PAR  The signal released over the output 30a is conducted over gates 45 or 47
      respectively to the inputs 22a or 23a respectively, whereby as previously
      described, the switch positions 22a or 23a respectively are set and a
      single area of line Z16 addressed. In the event the addresses which are
      set, on the one hand by the means of counters 15 and 16, and on the other
      hand by means of counter 17 and the register 18, coincide, a signal is
      released over contact 23d to gate 37 (illustrated in FIG. 3) and a signal
      is conducted to the input 5b which opens gate 5 and enables the storage,
      of the tabulator words in register 2, into the image repetition store 10.
      It is here and subsequently impliedly assumed that the other gates are
      closed and special signals are not released effecting their opening.
      Consequently, the tabulator mark is displayed in a predetermined area of
      the screen of the cathode beam tube.
PAR  When releasing a signal over the output 30b to the gates 46 or 47
      respectively, the switch positions 22b or 23a respectively are set. The
      address of the area is thereby set which, on the one hand is located in
      the line Z1, and on the other hand on the column which is set by means of
      counter 17. If both addresses coincide, a signal is directed over the
      contact 23d and gate 38 to the input 5b so that gate 5 is open and the
      tabulator word is entered in the image repetition store 10 which
      corresponds to an area in line Z1 and in the column which has thus been
      set. Consequently, the tabulator mark is displayed in one area of each of
      the lines Z16 and Z1.
PAR  With the release of a signal over the output 30c, the switch position 22a
      or 23a respectively will be set over gate 45 or 47 respectively, whereby
      the area in line Z16 is addressed.
PAR  The pulse generator 33 is also connected to the output 30c, whereby the
      generator releases counting pulses to the input 17a of the counter 17, as
      long as the signal is supplied to the input 33a. The signal released over
      the output 30c effects the release of a counting pulse to the input 17a
      whereby the counter reading of the counter 17 is increased by one unit.
      The writing mark thus is shifted, by one area, to the right. A signal is
      released over gate 39, to open gate 5 if the addressed area is reached. In
      addition, a signal is released over the counter 48, which, is a generally
      known way, displays a writing mark in the next area.
PAR  The tabulator words stored in register 2 are cancelled in the presence of a
      signal at the output 30d. A tabulator mark is illustrated in lines Z1 and
      Z16, and in addition, in line Z16, the writing mark SM is illustrated next
      to the tabulator mark at the right side thereof.
PAR  There will now be explained in greater detail, the manner in which all
      tabulator words correspond to the tabulator marks are stored at those
      points of the image repetition store 10 which correspond to the second
      line Z2, prior to the display of the symbols in the preceding line. Under
      these circumstances, a signal is released over the output NL of the
      decoder 3 and over the output of the pulse generator 13, which are
      conducted to the gate 35, which in turn supplies a signal to the input of
      the counter 31. The counter 31 thereafter consecutively releases signals
      automatically over the output a, b, c, d, e, f and g, which perform
      control functions in a similar manner to the signals released by the
      counter 30. The presence of a signal at the output 31a effects, over gates
      46 and 47, a setting of switch positions 22b and 23a. Simultaneously, the
      counter 17 is reset over input 17b, the area S1/Z1 thus is addressed and
      by utilizing the signal which appears at contact 23d, a signal is directed
      over gate 42 to the input 7b whereby a tabulator word is stored in a
      register 14, corresponding to the address of area S1/Z1.
PAR  A signal appearing at the output 31b effects a setting of switch positions
      22c and 23a whereby the area S1/Z2 is addressed. Utilizing a signal
      appearing at contact 23d and gate 41, opening of gate 8 is effected and a
      tabulator word which might be stored in register 14 is entered in the
      image repetition store 10.
PAR  A signal appearing at output 31c is conducted to gates 46 and 47, effecting
      a setting of swich positions 22b and 23a. In addition, pulse generator 33
      receives a signal and releases a counting pulse at the input 17a so that
      the area S2/Z1 is now addressed. Further, the signals at the output 31c
      and contact 23d, by means of the gate 40 releases a signal over terminal
      7b, whereby gate 7 is opened so that a tabulator word possibly stored in
      the image repeat storer is entered over gate 7 into the register 14.
PAR  The signals released over the outputs 31d, 31e or 31f respectively, are in
      each case directed back to the lines which are connected with the output
      31a, 31b and 31c respectively so that all operations are repeated with
      increased addresses.
PAR  As a result of the signals released over the outputs 31d, 31e and 31f, and
      the signals which are released over further outputs, not provided with
      designations, all tabulator words of the line Z1 are temporarily stored in
      sequence in the register 14 and are subsequently stored in the cells of
      the image repetition store 10 which correspond to the line Z2. Each of the
      columns S1, S2, S3 . . . S80, is provided with an output of the counter
      31. After the signal has been conducted back to the output 31g to the line
      which is connected with the output 31c, and after the control associated
      therewith have been effected, the last signal is released over output 31h,
      which is conducted to the input 2b whereby the tabulator word, thus far
      stored in register 2, is cancelled and the latter is ready for the
      acceptance of additional words.
PAR  When the key "tabulator advance" is actuated, the address of the cell of
      the image repetition store 10, corresponding to the next tabulator mark in
      line Z1, is searched. For this purpose a signal is released at the output
      TS of the decoder 3 which, in conjunction with a pulse from the timing
      generator 13, provides a signal over gate 36 at the switching stage 32
      whereby the latter releases signals over the outputs 32a and 32b thereof
      in timed sequence.
PAR  A signal at the output 32a sets switch positions 22b and 23a, and in
      addition, the pulse generator 33 receives a signal over gate 49, whereby
      counter 17 continuously receives counting pulses over input a. A released
      tabulator word is determined by the decoder 26 and a corresponding signal
      is released from terminal 26c to gate 44. If a signal is also present at
      point 23d, a signal is released at gate 43 which indicates that in the
      line Z1 a tabulator mark has been reached. In addition thereto, the signal
      released over gate 43 is conducted to input a of counter 17, thereby
      stopping the supply of counting pulses. The contents of register 2 is
      subsequently cancelled by a signal conducted from the output 32b.
      Thereafter, the writing mark SM is automatically shifted within the line
      Z16 up to the column in which the tabulator mark in line Z1 is displayed.
      This operation is effected by the setting of switch position 22a and
      displaying the writing mark SM, as previously described on the screen of
      the cathode beam tube 12.
PAR  The tabulator marks HT, illustrated in FIG. 2, can be displayed
      continuously in line Z1 and temporarily in line Z16. In connection with
      this alteration of the method, it would be feasible to write the tabulator
      marks in line Z16 and to carry them over, one by one, into the preceding
      lines. In this case, the tabulator marks HT each require an area S/Z of
      the screen and each a corresponding storage space in the image repetition
      store 10. Consequently, this method can, in particular, be enlarged if the
      screen is relatively large and if the image repetition store 10 has a
      sufficiently large capacity as to the number of words which can be stored.
PAR  If the symbols are not displayed according to the rolling-page method but
      for example, linewise consecutively from the top to the bottom, the
      tabulator marks HT can also be displayed. For example, the upper line Z1
      or the bottom line Z16 can be reserved for the tabulator marks HT or the
      tabulator marks can, if desired, be written in all lines.
PAR  Thus far it has been assumed that the symbol generator, illustrated in FIG.
      1, can write, in a generally known manner, either a symbol, for example
      the symbols A, B, C, D, or a tabulator mark HT. In order to conserve space
      on the screen, it may be desirable to display in one of the areas S/Z
      symbols as well as tabulator marks HT. FIG. 4 illustrates a block diagram
      of a circuit arrangement which makes this possible.
PAR  The circuit of FIG. 4 generally corresponds to that of FIG. 1, but instead
      of the symbol generator 11, there is provided a symbol generator 51 which
      is capable of so controlling the cathode beam 12, that in one area an
      alphanumerical sign, as well as a tabulator mark, can be displayed. In
      addition, FIG. 4 includes a register 52, gate 53, and employes a control
      stage 59 in lieu of control stage 4 of FIG. 1.
PAR  The register 52 enables the storage of 81 bits, which are released over the
      output c thereof, in a manner similar to a shift register, and conducted
      back to the input a thereof with the input b thereof being supplied with
      pulses from timing generator 13, which function as shift pulses. The bits
      stored in the register 52 are each assigned to one column of the screen
      illustrated in FIG. 2 and each have a 1-value if a tabulator word is to be
      displayed in the assigned column. The gate 53 is controlled over input b
      and in unblocked condition conducts signals from input a to output c. The
      gate 53 can be opened over input 52b, in particular during the duration of
      individual lines, during the duration of all lines, or also only during
      the duration of individual areas, with the control signals necessary
      therefor being supplied over the input 53b.
PAR  Before discussing the circuit of the symbol generator 51 in detail, it is
      believed that an explanation of the display of a symbol on the screen of
      tube 12 be presented, utilizing the disclosure of FIG. 5, which
      illustrates one of the areas S/Z, disclosed in FIG. 2, with the symbol A
      and the tabulator mark HT being displayed in such area. Beginning with the
      reference point 54, which is assigned to the illustrated area, the
      distances 1x, 2x, 3x, 4x, 5x, up to the next reference point 55 are
      depicted on the abscissa and in like manner, the distances 1y, 2y, 3y, 4y,
      5y, 6y, 7y, are depicted on the ordinate.
PAR  The desired symbol is written by the electron beam along the indicated
      lines, point to point, beginning with the point 60, from which it is
      directed sequentially to the points 61, 62, 63, 64, 61, 62, 67, 68, 69,
      71. The next symbol will then be written, with reference to point 55.
PAR  FIG. 6 illustrates a circuit diagram, in block form, of the symbol
      generator 51, illustrated in FIG. 4, which comprises a selection stage 56,
      stores 73, 74, 75 and 76, switching stages 77, 78 and 79, registers 81x,
      81y, counting registers 82x, 82y, comparator circuits 83x, 83y, and
      additional counting register 85, comparator circuit 84, gates 98, 99, and
      a plurality of connecting lines. For the purposes of simplicity and
      clarity, parallel connecting lines are illustrated merely by a single line
      which is circled and accompanied by Roman numerals, adjacent the circles,
      which indicate the number of individual parallel lines involved.
PAR  The stores 73-76 are provided with address stages (not illustrated) which
      select certain words in dependency upon the data initially supplied. The
      first 32 words of each of the stores 73-76 are each assigned to a symbol
      and store substitution addresses, among which additional data is stored
      for the illustration of the respective symbols.
PAR  The following table illustrates the designation of respective substitution
      addresses.
TBL  ______________________________________                                    
                4x    2x    1x  4y  2y  1y  H   T                              
     61a        0     0     0   1   0   0   1   1                              
     62a        1     0     0   1   0   0   1   1                              
     63a        1     0     0   1   0   1   1   1                              
     64a        0     0     1   1   1   0   1   1                              
     65a        0     0     0   1   0   0   1   1                              
     66a        1     0     0   1   0   0   0   1                              
     67a        1     0     0   0   1   0   1   1                              
     68a        1     0     1   0   1   0   0   1                              
     69a        1     0     1   0   1   1   1   1                              
     70a        1     0     1   0   1   0   0   1                              
     71a        1     1     0   0   1   0   0   0                              
     ______________________________________                                    
PAR  Reference numeral 61a designates such a substitution address, with
      reference numerals 62a, 63a, 64a, 65a, 67a, 68a, 69a, 70a, and 71a
      referring to further addresses which are formed from the initial
      substitution address by successive step-like increases of one. The columns
      4x, 2x, 1x, 4y, 2y and 1y refer to the coordinates depicted in FIG. 5. The
      column designated H refers to the brightness or intensity of the cathode
      beam, and the column designated T refers to control signals. The 0-values
      and 1-values which are stored under the substitution address 61a as set
      forth in the table, are the desired coordinates of point 61, in digital
      representation. The outputs of the stores 76--76 (FIG. 6) are designated
      by the letters T, H, Y and X as these outputs respectively control the
      signal T, the brightness signal H, and the coordinates Y and X which are
      released, as data, in binary form.
PAR  The switching stages 77, 78 and 79 include control stages for the control
      of the illustrated switches and receive control pulses over the terminal
      points 86, 87 and 88. Registers 81x, 81y and the counting registers 82x,
      82y may be designed for three bits each and thus contain three stages, and
      store three digital binary numbers. The comparators 83x and 83y compare
      the binary numbers supplied to them and release signals over their outputs
      which contain the information that one of the two binary numbers is
      smaller, equal to, or larger, respectively, than the other binary number.
PAR  The functioning of the symbol generator illustrated in FIG. 6 will now be
      explained on the basis that the symbol word, supplied by the image
      repetition storer 10 is that assigned to the symbol A. With a first pulse,
      the store 75 is selected by means of selection stage 56 and is prepared
      for the entry of additional data. In addition, with such first pulse, the
      five bits, characterizing the symbol A, are supplied over lines 89, 90 and
      91 to the input of the storer 75. Also, with such first pulse, three
      0-signals are conducted over terminal point 72. The addressing stage of
      the store 75 recognizes by the 0-signals that one of the first 32
      addresses is concerned, and by means of the additional five bits,
      recognizes that the symbol A is involved.
PAR  Based upon this symbol address, the substitution address 61a (see table) is
      released as the first word over the outputs of the store 75. This
      substitution address 61a is conducted from the outputs of the store 75 to
      the inputs thereof over switching stage 77, switching stage 79 and
      counting register 85. With the third pulse, the second word which is
      stored under the substitution address 61a is released, together with the
      data, which can be ascertained from the table, over the outputs of the
      store 75 and is conducted over switches of the switching stage 77, set in
      positions fully illustrated in FIG. 6.
PAR  From the third pulse on, the substitution address 61a is always increased
      by one, employing the counting register 85, so that during the following
      pulses the addresses 62a to 71a are directed to the input of the store 75.
      Correspondingly, the words, as ascertained from the table, are
      successively released one after the other to the registers 81x and 81y. By
      means of the registers 81x and 81y, counting registers 82x, 82y,
      comparators 83x, 83y, and the digital-analog converter 28 (illustrated in
      FIG. 4), the symbol A is written from point 61 to point 67 while the
      tabulator mark HT is written from point 68 to point 69.
PAR  The brightness or intensity of the cathode beam of the tube 12 is
      controlled by a brightness signal which is conducted from output c of the
      symbol generator 51 over a suitable amplifier (not illustrated), thereby
      suitably controlling the intensity of the cathode beam. Thus, on the one
      hand, in the event a 1-signal is released over the outputs H of the stores
      73 to 76 to the OR-gate 98, the beam will as at high intensity to display
      the symbol A, is illustrated in FIG. 5, or any of the other alphanumerical
      and possibly also graphic symbols are displayed. On the other hand, a line
      is always written at high intensity if a 1-signal is present at the output
      of the AND-gate 99 and supplied to the second input of the OR-gate 98.
      Thus, the display of the tabulator mark HT is displayed from point 68 to
      point 69. The AND-gate 99 always releases a 1-signal if a 1-signal is
      present at the output c at the gate 53 (see FIG. 4) and simultaneously a
      1-signal is conducted over terminal point 57. A pulse signal appears at
      such point periodically during the time in which the cathode beam travels
      in each area from point 68 to point 69.
PAR  By utilization of the circuit arrangement illustrated in FIG. 4, the
      symbols and tabulator marks can basically be written in accordance with
      the rolling-page method. However, the symbols also can be written linewise
      successively from top to bottom, whereby, in particular, in the individual
      areas of the screen only tabulator marks but no other alphanumerical
      symbols can be written. This can be effected by releasing a tabulator word
      from the image repetition store 10, which merely causes the beam of the
      cathode beam tube 12 to write the line from point 68 to point 69.
PAR  FIG. 7 illustrates, in detail, the control stage 29, schematically
      illustrated in FIG. 4. It comprises gates 100 to 106, bistable flip-flops
      107, 108, counter 109, and pulse generator 33. Only those elements are
      illustrated which are pertinent to the present invention. The decoder 3
      continuously checks whether special order words HT1, HT2, TS are released
      by the register 2 (illustrated in FIG. 4), and releases signals over the
      correspondingly designated outputs.
PAR  Initially will be described the case in which the tabulator marks are to be
      written in all areas of a particular column, for example, column S4. It is
      assumed that the tabulator store 52 (illustrated in FIG. 4) is suitably
      filled and that the fourth of its 81 bistable flip-flops exhibits a "1"
      condition, whereas all other flip-flops exhibit a "0" condition. With the
      presence of the order signal HT1 a signal is conducted to the flip-flop
      107 over the output of gate 100, whereby the output of the flip-flop is
      changed from its 0 condition to its 1 condition and releases at its output
      a 1-signal which is conducted to the input 53b of gate 53. As the
      information stored in the tabulator store 52 circulates linewise, all
      1-values are conducted to the symbol generator 51 when the cathode beam is
      directed into areas of column S4. Cancellation of such tabulator marks
      takes place if flip-flop 107 is, in generally known manner, reset into its
      0 condition so that a 0-signal is conducted to the input 53b of blocking
      gate 53.
PAR  If tabulator marks are to be displayed only in one line, for example line
      Z1, a signal is conducted from output HT2 of the decoder 3 over gate 101
      to the flip-flop 108, initially in its 0 condition, and which is thereby
      shifted into its 1 condition to release a signal over gate 105, whereby
      switch positions 22b and 23b are set. Thus, the line Z1 is addressed and
      gate 53 is opened over gate 104 during the writing of the line Z1.
      Cancellation of such tabulator marks may again be effected by resetting
      the flip-flop 108, in generally known manner, to its original 0 condition.
PAR  Automatic tabulator-transport of the writing mark of the order word
      tabulator advance TS is supplied from the corresponding output of the
      decoder 3 to the counter 109 over gate 102, with the counter 109
      thereafter releasing signals over its outputs 109a and 109b in timed
      sequence. The signal released over output 109a is operative to set switch
      positions 22b and 23a whereby the individual areas of the line Z1 are
      addressed in a timed sequence. A corresponding signal is also conducted
      over contact 23d to gate 106 and in addition a signal is supplied from
      output 53c over the NOT gate 103 to the gate 106, which indicates that no
      1-value is supplied to the symbol generator 51. In addition, the output
      109a is connected to the third input of the gate 106 whereby a signal is
      released at the output of gate 106 in the event 1-signals are present at
      all three inputs of such gate, with the output signal being conducted to
      pulse generator 33 which, over input 17a, effects an increase in the
      counting reading of the counter 17, thus effecting an address increase in
      column direction and thereby effecting a setting of the address of the
      next area, for display of the following symbol. The contents of the
      register 2 are cancelled over the output 109b.
PAR  Having thus described my invention, it will be obvious that various minor
      modifications might be suggested by those versed in the art, and it should
      be understood that I wish to embody within the scope of the patent
      warranted hereon all such embodiments as reasonably and properly come
      within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for the display of symbols, in tabulated form, on the screen of
      a data-video device whereby symbol words, corresponding to the symbols,
      are released by a data source, and display of the symbols effected by
      utilization of an image repetition store and a symbol generator,
      comprising the successive steps of:
PA1  I. inserting a writing mark word from the data source in the image
      repetition store and displaying a writing mark corresponding to the
      writing mark word upon the picture screen,
PA1  Ii. inserting an order word tabulator set from the data source in the form
      of a tabulator word, into that cell of the image repetition store in which
      the previously inserted writing mark word was stored,
PA1  Iii. continuously supplying data from the picture repetition store to the
      symbol generator whereby the latter provides symbols and a tabulator mark
      corresponding to the tabulator word, to the picture screen for display
      thereon,
PA1  Iv. feeding an order word tabulator advance from the data source, and with
      utilization of a decoded ascertaining the location in the image repetition
      store of the next tabulator mark, and thereafter displaying a writing mark
      in the corresponding column so ascertained.
NUM  2.
PAR  2. A method according to claim 1, wherein said next tabulator mark is
      located by effecting a continuous increase of the address of one writing
      mark in column direction, and deriving a signal terminating the continuous
      increase of the address by a signal at the displayed tabulator mark.
NUM  3.
PAR  3. In a circuit arrangement for selectively depicting symbols in tabulated
      arrangement upon the picture screen of a data-video device, utilizing
      tabulator marks visually displayed on such picture screen, the combination
      of a data source, a continuously operating image repetition store, a
      symbol generator, means in the data source for storing data by means of
      which designation may be effected of an area of the screen in which a
      tubular mark is to be displayed, a register in which is received data from
      the data source and from which data may be supplied to the image
      repetition store, counting means operatively connected to said image
      repetition store for counting lines and columns of the picture screen,
      representing the addresses of the storage point of the image repetition
      store, further counting means in which the counting results are
      adjustable, and means for effecting a comparison between the counting
      results of said first mentioned counting means and said adjustable
      counting means, operative over a gate, upon the existence of coinciding
      counting results to release an address signal for effecting entry of the
      corresponding tabulator word into the image repetition store, from which
      display of the tabulator mark may be effected.
NUM  4.
PAR  4. A circuit arrangement according to claim 3, comprising in further
      combination, a program unit, an additional decoder to which the symbol
      words and the order words from the register are supplied, operative, in
      the presence of an existing tabulator order to release a tabulator signal
      to said program unit, whereby the latter controls the timing of the
      writing of the tabulator words in dependency upon the address signal.
NUM  5.
PAR  5. A circuit arrangement according to claim 4, comprising in further
      combination, a further program unit operatively connected to the image
      repetition store and said further decoder operative to control the timing
      of the tabulator words from the point of the image repetition store,
      corresponding to the first line, to the point corresponding to the second
      line, said further decoder being operable to supply a signal to said
      further program unit operative to effect a restorage of the tabulator
      word.
NUM  6.
PAR  6. A circuit arrangement according to claim 5, comprising a tabulator store
      in the form of a circulating memory, in which is stored information for
      all areas of the video screen in which a tabulator mark may be displayed,
      with the data in such store being circulated with the words released by
      the image repetition store.
NUM  7.
PAR  7. A circuit arrangement according to claim 6, wherein a symbol generator
      is operative to create deflection signals for effecting travel of the
      cathode beam along the points defining a symbol, and also along the points
      defining a tabulator mark, and fixed value store means for controlling the
      intensity of the cathode beam during the writing of the symbols, and also
      for storing the coordinates of the symbols to be written, said tabulator
      store being operative to control the intensity of the cathode beam during
      the writing of the tabulator marks.
NUM  8.
PAR  8. A circuit arrangement according to claim 6, wherein the output of the
      tabulator store is connected over a gate with the symbol generator,
      operative to determine the line into which the tabulator mark is written.
NUM  9.
PAR  9. A method for the display of symbols, in tabulated form, on the screen of
      a data-video device whereby symbol words, corresponding to the symbols,
      are released by a data source, and display of the symbols effected by
      utilization of an image repetition store and a symbol generator, in which
      the symbols are shifted upwardly, line-by-line, in accordance with the
      rolling-page method, with new symbols being written into the last line of
      the picture screen, comprising the steps of:
PA1  I. inserting a writing mark word, from the data source, in the image
      repetition store and displaying a writing mark corresponding to the
      writing mark word upon the picture screen,
PA1  Ii. inserting an order word tabulator set from the data source, in the form
      of a tabulator word, into that cell of the image repetition store in which
      the previously inserted writing mark word was stored,
PA1  Iii. continuously supplying data from the picture repetition store to the
      symbol generator, whereby the latter provides symbols, and a tabulator
      mark corresponding to the tabulator word, displaying such tabulator mark
      in the last line as well as in the first line of the picture screen,
PA1  Iv. storing, shortly before the transfer of the symbols into the next
      higher line, the then existing tabulator values into those locations
      corresponding to the then second line,
PA1  V. displaying all symbols of the second through the last line in the
      respective next line thereabove,
PA1  Vi. feeding an order word tabulator advance from the data source, and with
      utilization of a decoder, ascertaining the location, in the image
      repetition store of the next tabulator mark, and thereafter displaying a
      writing mark in the corresponding column so ascertained.
NUM  10.
PAR  10. A method according to claim 9, comprising feeding the tabulator words
      from the data source into a register, and counting means, the counting
      readings of which correspond to the addresses of the storage points of the
      image repetition store, further counting means being provided in which the
      count is adjusted, by means of which with said first counting means the
      addresses of the last line are set and the tabulator word is fed from the
      register into the image repetition store and setting the address of the
      first line, by means of said first and second counting means, and writing
      the tabulator word into the storage cell of the image repetition store
      which corresponds to the first line of the screen.
NUM  11.
PAR  11. A method according to claim 9 comprising effecting a storage of the
      tabulator words in a further register which is connected over a gate with
      the output of the image repetition store, and storing the tabulator words
      in the further register at those points of the image repeat storer
      corresponding to the second line.
NUM  12.
PAR  12. A method according to claim 9, comprising storing information for all
      areas of the video screen, in which a tabulator mark may be displayed, in
      a tabulator store in the form of a circulating memory, and circulating the
      data in the tabulator store with the words released by the image
      repetition store.
NUM  13.
PAR  13. A method according to claim 12, comprising deflecting the cathode beam
      to effect travel thereof along the points defining a symbol, and also
      along the points of a tabulator mark, in accordance with signals created
      in the symbol generator, controlling the intensity of the cathode beam
      during the writing of the symbols by fixed value store means, which also
      stores the coordinates of the symbols to be written, and controlling the
      intensity of the cathode beam during the writing of tabulator marks by
      means of the tabulator.
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ABST
PAL  A digital signal linearizer for obtaining a linear digital output from a
      non-linear input. The output voltage of a thermocouple is converted to a
      train of pulses by a dual slope analog to digital converter. The number of
      pulses in the pulse train is proportional to the voltage and is linearized
      by a pulse rate multiplier programmed to vary over successive ranges of
      pulse counts corresponding to linear segments approximating the non-linear
      characteristic relating temperature and voltage. The linearized pulse
      train out of the multiplier is counted and displayed directly in
      temperature units.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to signal converting apparatus. More specifically,
      it relates to an apparatus for converting an analog or digital signal
      which varies in a non-linear relationship to the value of a particular
      variable to a digital signal which varies in a linear relationship.
PAR  The measurement and display of variables such as temperature, pressure,
      density, etc., are frequently desired in the form of a digital display. In
      carrying out these measurements, it is sometimes necessary to use sensing
      elements which provide an electrical signal (such as voltage or current)
      the magnitude of which varies in response to the quantity being measured.
      Thus, for example, thermocouples may be used to measure temperature in
      that they produce an output voltage which is related to temperature. That
      voltage can be suitably processed and displayed in digital form to give a
      direct indication of the magnitude of that particular variable. The
      thermocouple, however, as with many other sensors, produces a voltage
      output which is non-linearly related to the magnitude of the quantity
      being measured. Thus, a plot of the output voltage of the thermocouple
      against the temperature being measured by the thermocouple is not a
      straight line over the normal range of interest.
PAR  Various means have been utilized for linearizing the digital signals
      provided, upon conversion of the analog output of the thermocouple, for
      example, to digital form so as to provide a digital display which is
      directly readable as temperature in degrees Fahrenheit or Centigrade. An
      example of one form of linearization is to be found in U.S. Pat. No.
      3,686,665 to Elias et al, assigned to the assignee of this invention. In
      the disclosure of that patent there is set forth a method which utilizes
      an identification cycle which identifies the instantaneous value of the
      input, identifies a particular segment of the function on which that
      instantaneous value of the input is located, and identifies one or more
      count modifiers corresponding to the identified segment of the function. A
      register is then cleared and the readout cycle is begun during which a
      digital count accumulates in the register and is modified by one or more
      count modifiers to give the digital output in linearized form. That system
      has as a disadvantage, the requirement of using alternating identification
      and readout cycles, thus requiring a longer time period to accomplish the
      linearization than is the case with the present invention.
PAR  Other forms of linearization which have been used include those which
      utilize the count of pulses out of a frequency divider as a basis for
      modifying the division factor. Such systems are inherently more difficult
      to program for different ranges and different primary measuring elements.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a general object of this invention to provide an improved
      electronic digital signal linearizer. It is a more specific object of this
      invention to provide a signal conversion apparatus which provides an
      output pulse train which can be counted and displayed as a digital
      quantity which is linearized with respect to the quantity being measured
      where the quantity being measured is being measured by a sensing element
      which produces an electrical signal whose magnitude is not linearly
      related to the magnitude of the quantity itself.
PAR  In accordance with the present invention there is provided a digital signal
      linearizer for linearizing a pulse count which has a non-linear
      relationship to a particular variable so that there may be presented to an
      output counter a pulse count which is linearly related to the variable.
      The linearizer comprises a programmable multiplier operable to receive the
      input train of pulses to be counted and for providing an output train of
      pulses which represents a modification of the input train in accordance
      with a control signal. The control signal is produced by a counter-decoder
      which is operable to receive the input train of pulses and to provide said
      control signal to said multiplier so that the control signal varies with
      the input train count in a manner which will linearize, by means of the
      multiplier, the pulse count so that the output pulse train has a linear
      relationship to the variable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plot showing the non-linear relationship between temperature
      and the voltage produced by a thermocouple.
PAR  FIG. 2 is a block diagram illustrating a dual slope analog to digital
      converting system which utilizes a linearizer.
PAR  FIG. 3 is a block diagram showing a preferred form of the linearizer shown
      as a single block in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, the curve 10, shown as a solid line, represents the
      temperature-millivolt relationship of a conventional thermocouple with
      temperature being plotted linearly along the ordinate and the output
      voltage of the thermocouple being plotted linearly along the abscissa. It
      will be evident that the temperature-voltage function as illustrated by
      characteristic curve 10 is non-linear in form.
PAR  In order to linearize the relationship between temperature and the voltage
      output of the thermocouple in millivolts, the curve 10 has been divided
      into sections such as the first section between the breakpoints A and B
      which are then connected by a straight line shown in dashed form as line
      12 to represent a linear relationship between temperature and voltage over
      the span between those breakpoints. Similarly, that portion of the
      characteristic which follows breakpoint B up to the indicated breakpoint C
      can be linearized by the straight line segment shown connecting the
      breakpoints B and C and identified by the reference character 14.
      Following breakpoint C, a longer section of the characteristic up to
      breakpoint D may be represented by the line segment shown as dashed line
      16 whereas a shorter segment 18 follows breakpoint D and connects with
      breakpoint E. In the curve of FIG. 1 a long segment connects breakpoints E
      and F and is shown as the dashed line 20, which linearizes that portion of
      the characteristic. From the above it will be evident that the
      thermocouple characteristic of FIG. 1 has been divided into five linear
      segments which may be considered as replacing the non-linear
      characteristics for the necessary degree of accuracy required for the
      measurement.
PAR  In FIG. 2 there is shown an analog to digital converter of the type
      generally known as a dual slope ADC in which there is incorporated a
      linearization to provide a display in terms of temperature in response to
      measurements made by a thermocouple. Thus, the thermocouple 30 provides
      the input voltage V.sub.I which is compared to a reference voltage
      V.sub.R, such as that supplied by the battery 32 in the manner
      characteristic of dual slope analog to digital converters in order to
      produce a digital signal which in turn actuates a digital display
      indicative of the temperature measured by the thermocouple 30. The dual
      slope analog to digital converter of FIG. 2 is one form of converter which
      can be used advantageously with the digital signal linearizer of the
      present invention. It produces, during the measuring portion of its
      conversion period, a pulse train from a gated clock source with the number
      of pulses in the pulse train being directly proportional to the voltage
      output of thermocouple 30 (V.sub.I). The particular form of converter
      shown in FIG. 2 will now be described in more detail as an example of one
      of the uses of the digital linearizer.
PAR  It will be assumed that the input switching means shown in FIG. 2 has a
      movable contact 36a which is in contact with fixed contact 36b (as shown)
      when the output of the flip-flop 40 (Q) indicates that the flip-flop has
      been reset and that the switch contact 36a will be operated to be in
      contact with fixed contact 36c upon the triggering of the flip-flop 40.
PAR  A specific means of operating the switch contact 36 is not shown. The form
      of such a means will depend upon the form which the switch takes. It
      could, for example, be a form of switch operator which would mechanically
      operate the movable contact 36a or the switch could be in the form of an
      electronic switch. In that case, the output of the flip-flop (Q) would
      electronically switch the input to an integrator 44 from the input voltage
      V.sub.1 to the reference voltage V.sub.R so that the integrator 44 would,
      when the flip-flop has been reset, receive an input from the thermocouple
      30 whereas the input to the integrator 44 would be from the reference
      voltage supplied by battery 32 upon a triggering of flip-flop 40.
PAR  The integrator 44 is shown as including an input resistor 46 which is
      connected to the inverting input of an operational amplifier 48 whose
      output is connected through the feedback capacitor 50 to the inverting
      input so as to provide the integrating function. The non-inverting input
      of the amplifier 48 is connected to ground.
PAR  With the input switching means making the circuit connections shown in FIG.
      2 the voltage produced by the thermocouple 30, V.sub.I, is integrated by
      the integrator 44 to produce at the output line 52, of the integrator 44,
      a negative potential of constantly increasing magnitude. That negative
      potential is introduced as an input to the non-inverting input of the
      differential amplifier 54 which serves in this circuit as a comparator.
      The inverting input of amplifier 54 is, as shown, connected to ground. The
      output of the comparator 54 will also be a negative going potential while
      the movable switch contact 36a is connected to the contact 36b.
PAR  During the period that switch contact 36a is connected to the contact 36b
      (the sampling period of the conversion cycle) the clock 60 is continually
      supplying clock pulses through a gating means directly to a counter 70
      whereas during the period when contact 36a is connected to contact 36c
      (the measuring period of the cycle) the clock pulses are being gated
      through the linearizer 62 by way of the pulse input line 64 so as to
      produce on the pulse output line 66 a train of pulses which is related to
      the input train on line 64 in a manner to be described subsequently. The
      linearizer 62 is thus effective, during the measuring period of the cycle
      of the dual slope converter in FIG. 2, to supply a train of pulses on line
      66 which will have a linear relationship to the temperature being measured
      by thermocouple 30. The gating means for gating the clock pulses
      selectively either directly to the counter 70 or through linearizer 62 to
      counter 70 are shown in FIG. 2 as including a linearizer input switch and
      a linearizer output switch. The input switch has a movable contact 59a
      which is shown in contact with a fixed contact 59b which connects the
      clock 60 through lead 61 to the fixed contact 63b which is shown in
      contact with movable contact 63a which connects to counter 70 through lead
      72. Thus, the switch configuration for the sampling period is shown in
      FIG. 2.
PAR  During the measuring period of the conversion cycle of the ADC the movable
      contacts 59a and 63a will be actuated to respectively contact the fixed
      contacts 59c and 63c. That arrangement of the linearizer switches will, of
      course, cause the clock pulses to be introduced into the linearizer over
      line 64 and the output pulses from the linearizer on line 66 will then go
      to counter 70.
PAR  The switching of the movable contacts 59a and 63a from the positions shown
      in FIG. 2 for the sampling period to the other state for the measuring
      period will occur in response to a signal on line 73 from flip-flop 40
      indicating that 40 has been triggered. That same output from flip-flop 40
      is introduced into linearizer 62 as a reset signal on line 78 so that the
      linearizer is reset for the measuring portion of the analog to digital
      conversion period.
PAR  The pulse train from the clock through lines 61 and 72 during the sampling
      period is counted by the counter 70 until a full count has been reached,
      at which time a signal appears on line 80 showing the counter has reached
      its full count and, of course, the counter goes to its zero state. The
      signal on line 80 is introduced as the triggering input to flip-flop 40
      which is effective to cause switch contact 36a to contact the fixed
      contact 36c and is also effective to cause the switch contacts 59a and 63a
      to contact the fixed contact 59c and 63c to insert linearizer 62 between
      the clock and the counter 70 as mentioned. At the same time, the
      linearizer is reset by the introduction of the reset signal on line 78.
      The analog to digital converter of FIG. 2 is then in the measuring period
      of the conversion cycle of the dual slope converter since the input to the
      integrator 44 is now a voltage V.sub.R, which is a reference voltage of
      opposite polarity to that introduced to the integrator during the sampling
      period. As the measuring period progresses the integrator output on line
      52 becomes less negative and upon crossing ground potential the comparator
      54 will cause the one shot 84 to produce a pulse output on line 86 as a
      result of its output signal on line 88 indicating that the potential on
      line 52 has crossed the ground potential in a positive going direction.
PAR  During the period before the one shot 84 produces a pulse on line 86, the
      counter 70 accumulates from the clock 60 a count which is related to the
      period of time required to return the integrator output on line 52 to
      ground potential from its peak negative value which was reached at the
      time when the counter 70 reached a full count as a result of counting the
      pulse train on line 66 during the sampling period. The count in counter 70
      at the time of the appearance of the pulse from one shot 84 on line 86 is
      thus directly related to the magnitude of the input voltage V.sub.I since
      the integrator 44 integrated to the negative peak over a fixed period of
      time and then integrated back to a ground potential along a fixed slope in
      accordance with the principles followed by dual slope analog to digital
      converters. Thus the count in counter 70 is indicative of the temperature
      measured by the thermocouple 30, for the count accumulated during the
      mesauring period was linearized to be related directly to temperature.
PAR  The strobe pulse appearing on line 86 is introduced into register 90
      causing a readout of the count from counter 70 which results in a
      subsequent decoding of the count in decoder 92 and a display of the
      temperature or any other variable being measured in the display device 94.
PAR  The output of the one shot 84 on line 86 is also effective as an input to
      the one shot 96 to produce a reset signal on the output line 98 which
      serves to reset the counter 70 after the accumulated count has been
      properly stored in the register 90 and also to begin a new conversion
      cycle by switching the switch contacts 36a, 59a and 63a to the positions
      shown in FIG. 2.
PAR  It will be evident from the above description of the analog to digital
      conversion that the pulse train produced on input line 64 to linearizer 62
      between the triggering of flip-flop 40 and the production of an output
      signal from one shot 84 will contain pulses in number directly
      proportional to the input signal V.sub.I such as the millivolt output of
      thermocouple 30. Thus, the abscissa of the plot in FIG. 1 is linearly
      calibrated in regard to the number of pulses from the clock during the
      measuring period. Thus, segment 12 when projected onto the abscissa is 128
      pulses long as are segments BC and CD while DE is 64 pulses long and EF is
      512 pulses long. The consecutive pulse counts corresponding to successive
      segments of the linearized characteristic can be considered a
      predetermined range of pulses of the total count whatever the extent of
      the total count during a measuring period. Each of the ranges corresponds
      to a line segment which establishes the linear relationship between the
      number of pulses and each unit on the ordinate, or in other words, each
      unit of temperature.
PAR  The linearization carried out by the linearizer 62 can be best understood
      by reference to FIG. 3 where the pulse input line 64 receives an input
      pulse train from the clock with the number of pulses in the train being
      related to a variable such as millivolts. The input pulse train must be
      modified by the binary rate multiplier 100 so as to provide on the output
      line 66 an output pulse train which will, during the particular period
      that the pulses on line 66 are being counted, provide a pulse count having
      a linear relationship to the particular variable represented by the pulse
      count in the period they are supplied on line 64. The manner in which the
      linearization is accomplished will be more fully understood by a
      description of the operation of the linearizer of FIG. 3.
PAR  The pulse train appearing on input line 64 is introduced to the trigger
      input of flip-flop 102 which is the first of a string of flip-flops
      102-107 which make up a ripple-through counter 110 providing a 4-bit
      output on the output lines 112-115 as inputs to the segment length
      selector 120. A signal on any one of the output lines 112-115 when
      representing a binary 1 indicates an associated range of pulses may be
      selected as the span of the line segment of FIG. 1 being followed in the
      linearization.
PAR  The segment length selector 120 is used for the purpose of selecting the
      range of pulses, or in other words, the length of the linear segment such
      as segment AB of FIG. 1, which is shown as being 128 pulses long.
PAR  The segment length selector 120 includes the four AND gates 122-125 which,
      respectively, receive as one of their inputs the signal on one of the
      output lines 112-115 from the counter 110 and which provide on the output
      lines, inputs to the OR gate 128, whose output on line 130 will be
      indicative of the segment length selected for purposes of linearization.
PAR  The selection of the segment lengths by means of the AND gates 122-125 is
      effected by the 2-bit segment length selecting input supplied to the
      selector 120 on lines 131 and 132. The signals on those segment select
      lines may be any one of the four possible combinations 00, 01, 10 or 11.
      The segment length selecting bits on lines 131 and 132 are effective
      through the inverting amplifiers 140-143 to provide the necessary gating
      signals to the AND gates 122-125 for selection of the appropriate range or
      segment in coordination with the signals on output lines 112-115 from the
      counter 110 to select the desired segment length or range.
PAR  It will be evident from the arrangement of binary counter 110 that a pulse
      will appear on line 112 for every 8 pulses received on line 64, whereas, a
      pulse will appear on line 113 for every 16 pulses on line 64. Similarly,
      on lines 114 and 115, respectively, a pulse will appear for every 32
      pulses and every 64 pulses on line 64. Thus, if a "select" signal appears
      on line 150 as well as line 151 which will be effective with the
      appearance of an output signal representing a binary 1 on line 112
      indicative of 8 pulses received on line 64, then the AND gate 122 will be
      enabled to produce a signal to OR gate 128 and will provide a signal on
      line 130 in the form of a pulse which will appear for every 8 pulses
      received on line 64. Thus, there is made a pulse length selection in
      response to the signals on lines 131 and 132 as necessary to provide the
      above mentioned signals on lines 150 and 151 at the output of amplifiers
      140 and 141.
PAR  There will, thus, appear under the previously mentioned circumstances a
      trigger signal to the flip-flop 154 which is in turn connected with the
      flip-flops 155-161 to form a binary counter 164 which provides a 5-bit
      output on lines 165-169 as an address to a read-only memory 170. If, for
      example, as mentioned above a pulse appears on line 130 for every 8 pulses
      appearing on line 64, there will then appear the leading edge of a pulse
      on line 165 for every 64 pulses received on line 64. Due to the interposed
      flip-flops 154-157 between line 130 and line 165 a signal may appear on
      line 165 for every 128 pulses received on line 64 if the segment length
      selector bits on lines 131 and 132 select the range or segment length
      associated with counter output line 113. Likewise, a selection by the
      selector signal on lines 131 and 132 which will enable the AND gate 124 to
      be effective to produce on line 165 a signal for every 256 pulses on line
      64 indicating the selection of a segment length corresponding to 256
      pulses. There can similarly be selected a range or segment length of 512
      pulses, when for example, the bits on the segment select line 115
      coordinate with signals from amplifiers 142 and 143 for the appropriate
      gate 125.
PAR  The 5-bit address input to the read-only memory 170, which acts as a
      decoder, is shown as appearing on lines 165-169 as an output from counter
      164. That address establishes the slopes of the several segments for the
      characteristic shown in FIG. 1. The address is a 5-bit binary number as
      shown along the abscissa as appearing at the particular segments AB, BC,
      CD, DE, and EF. For each combination of address bits on the lines 165-169
      representing the segment number there is produced at the output of the
      decoder shown as a read-only memory 170 on the control lines 180-185, a
      6-bit binary signal which serves as a control signal for the binary rate
      multiplier 100 and there is supplied at the same time, selection bits on
      lines 131 and 132 for selecting the length of the range of pulses from the
      clock over which a particular segment of the characteristic is effective.
PAR  Each of the input lines supplying the control signal to the binary rate
      multiplier 100 has the bits appearing on those lines weighted differently,
      thus, a particular signal level representing a bit on line 180 is
      effective to provide at the pulse output 66, 32 pulses for each 64 input
      pulses on line 64. Likewise, the appearance of a signal level indicating
      bits on lines 181-185 are respectively effective to produce 16, 8, 4, 2
      and 1 pulse output on line 66 for every 64 pulses in on line 64. It will,
      therefore, be evident that the pulse output on line 66 for every 64 pulses
      in on line 64 can range all the way from 1 up to 63 pulses, the latter of
      which would be the situation when all the lines 181-185 are at a level
      indicating a bit in the binary control signal for the multiplier 100.
PAR  Thus, the multiplier 100 multiplies the number of pulses in by the factor
      (N/64) where N is the weighted total of the binary digits present in the
      control signal to the multiplier.
PAR  Upon the occurrence of a reset signal into the linearizer as, for example,
      on the reset line 190 all of the flip-flops in the counter string 110 as
      well as count string 104 will be reset as will the binary rate multiplier.
      Following a reset pulse on line 78 the linearizer of FIG. 3 is then in
      condition for linearization of the next sample, or in other words, the
      next series of pulses supplied on line 64.
PAR  If, for example, the thermocouple 30 of FIG. 2 is responding to a
      temperature T.sub.1 as shown along the ordinate of the characteristic
      curve of FIG. 1, the input to the integrator 44 will be a voltage equal to
      V.sub.I as shown along the linear millivolt calibration of the abscissa in
      FIG. 1. Thus, the point X on the characteristic 10 will be effective to
      define the measurement parameters. Since the temperature T.sub.1 will
      represent a fairly high temperature on the range shown in FIG. 1, the
      integrator 44 will produce on its output line 52 a large negative signal
      at the end of the sampling period, that is, at the time there appears a
      full count of 4000 pulses, for example, in the counter 70 and hence a
      signal on line 80 to trigger the flip-flop 40. With the high value for the
      output on line 52 resulting from the sampling of the temperature T.sub.1,
      the period during which it is necessary to integrate the reference voltage
      V.sub.R to bring the signal on line 52 back to zero potential will be
      great, and therefore, a considerable number of clock pulses will form the
      input pulse train received by the linearizer 62 to accumulate a count in
      the counter 70 indicative of the temperature T.sub.1. The total number of
      pulses from clock 60 which are received by the linearizer 62 during that
      measuring period of the dual slope ADC cycle will be proportional to the
      number of millivolts which appeared at the input (V.sub.I) during the
      sampling period.
PAR  As the pulses are received at the linearizer from the clock 60 the control
      signal to the binary rate multiplier will vary sequentially from that
      which is applicable to the range of pulses spanned by segment 12 to that
      which is applicable respectively to the ranges consecutively spanned by
      segments 14, 16, 18 and 20. Thus, at the beginning of the measuring period
      the initial 128 pulses define the length of the first segment 12, since
      the address to the read-only memory, namely 00000, supplied on lines
      165-169 produces an output on the segment length select lines 131 and 132
      which will enable AND gate 123 so that the address to the read-only memory
      170 will change by one count after 128 pulses have been received on line
      64.
PAR  During the period when the initial 128 pulses are being received on line
      64, the binary rate multiplier is receiving from the read-only memory on
      lines 180-185 a 6-bit binary control signal 100000 which may, for example,
      cause 32 pulses to be put out on line 66 for every 64 pulses received on
      line 64. After 128 clock pulses have been received on line 64 the address
      to the read-only memory will be increased by one count to 00001 and the
      next segment will be selected. In the example shown in FIG. 1, that
      segment likewise has a length of 128 counts which is spanned by the linear
      segment 14. Since the linear segment 14 has a steeper slope than linear
      segment 12, the output of the read-only memory 170 on lines 180-185, which
      provides the 6-bit binary control signal to the binary rate multiplier
      100, may be increased by several counts to 100100,  for example, if a
      signal representing a binary one has appeared on line 180 and line 183
      with the other lines 181, 182, 184 and 185 being at levels representing
      zero. With such a control signal there will be a pulse output of 36 pulses
      for each 64 pulses in on line 64 to the binary rate multiplier.
PAR  After the second group of 128 pulses have been received by the line 64 the
      segment number counter will then change the address of the read-only
      memory on lines 165-169 by one count to 00010 so that it will represent
      the binary segment number shown in FIG. 1 as being applicable to the
      binary segment 16 of the characteristic. Since this segment is 128 pulses
      long the AND gate 123 continues to be enabled by the segment length select
      signals on lines 131 and 132, however, the control signal to the binary
      rate multiplier is changed to reflect the much steeper slope of the
      segment 16 so that the control signal on lines 180-185 may, for example,
      represent an input to the binary rate multiplier 100 which will provide an
      output of 48 pulses for every 64 pulses received on line 64. The control
      signal will then be 110000.
PAR  After the third group of 128 pulses has been received on line 64, or in
      other words, a total of 384 pulses, the segment number counter 164 is
      effective to provide on the address lines 165-169 the binary segment
      number address 00011 shown in FIG. 1 as applying to the segment 18. Since
      that segment desirably has a length of only 64 pulses the appearance of
      that segment number on the address lines causes a change in the signal
      appearing on lines 131 and 132 to that signal combination necessary to
      enable gate 122 of the segment length selector. Likewise, the address
      lines 165-169 are effective during that period of 64 pulses to provide on
      lines 180-185 a control signal which is effective to cause the binary rate
      multiplier to provide a decreasing number of pulses for every 64 pulses
      into the linearizer since the segment 18 obviously has a decreasing slope
      as compared with the segment 16. Thus, over the span of segment 18 the
      binary rate multiplier may put out 33 pulses for every 64 pulses in on
      line 64 in response to a control signal of 100001.
PAR  At the end of the fourth segment in this characteristic, namely, after
      having received a total of 448 pulses, the segment number counter produces
      an address 00100 on lines 165-169 to the read-only memory 170. That binary
      address is effective to cause the signal on lines 131 and 132 to enable
      the gate 125, thus selecting a segment length of 512 pulses. Over the
      range of those 512 pulses the control signal appearing on lines 180-185
      has a considerably diminished slope as compared with that of segment 18 as
      is evidenced by the slope of segment 20, thus, the control signal to the
      binary rate multiplier may, for example, be 010000 to cause that unit to
      put out on line 66 a total of 16 pulses for every 64 pulses received on
      line 64.
PAR  Since the point X on the characteristic 10 is located about half way
      between the beginning and end of the last segment (512 pulses in length)
      it will be assumed that it represents an accumulation of 256 pulses after
      the end of the fourth segment, or in other words, 256 pulses into the
      fifth segment, making a total accumulation of 704 pulses from the
      beginning of the measuring period. Those 704 pulses will be effective to
      bring us to a point Y on the linear segment 20 which will correspond to a
      temperature T.sub.2 with the difference between T.sub.2 and T.sub.1
      representing the temperature error due to linearization as accomplished by
      the approximation of characteristic 10 with the segments 12, 14, 16, 18
      and 20.
PAR  While the above description is given by way of example only, it should be
      pointed out that the linearizer will go through the process outlined above
      during each linearization. In other words, the segments representing the
      characteristic are followed to the point representing the value of the
      variable each time the variable is measured.
PAR  It will be understood that the present invention may be embodied in a
      system which does not employ a dual slope ADC. For example, it may be
      utilized to linearize any digital pulse train which appears during a
      particular period defined by the period between when the pulses are first
      received and the time when the reset signal is received on line 78.
PAR  In the linearizer of FIG. 3 the several elements shown in block diagram
      form represent well known circuits for accomplishing the functions
      described for those elements. Thus, for example, the counters 110 and 164
      which comprise a series of interconnected flip-flops with the
      interconnections being such as to provide normal ripple-through counters
      may be made up of four of the 4-bit binary counters presently produced by
      Texas Instruments, Inc. under the catalog number SN7493. Similarly, the
      segment length selector 120 may be provided by using a Texas Instruments
      unit catalog number SN74153 in which case only half of that dual
      4-line-to-1 Data Selector is used.
PAR  The read-only memory 170 may be formed with a Signetics unit catalog number
      8223 which is a 256-bit-Bipolar Field Programmable Read Only Memory.
PAR  The binary rate multiplier 100 of FIG. 3 may be a Texas Instruments unit
      catalog number SN7497.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digital signal linearizer comprising:
PA1  a programmable pulse rate multiplier for receiving an input pulse train
      whose total pulse count represents the value of a particular variable and
      has a non-linear relationship to the value of said variable, said
      multiplier being operable in accordance with a control signal to produce
      from said input pulse train an output pulse train at an instantaneous
      pulse rate which is a predetermined multiple of the instantaneous pulse
      rate of said input pulse train, and
PA1  a counter-decoder operable to count the pulses of said input train and
      supply in response to the progression of said count through successive
      predetermined ranges to the total count a control signal for each of said
      ranges for programming said multiplier to provide over each of the ranges
      a predetermined linear relationship between the number of pulses supplied
      to the output train and the corresponding change in value of said
      variable, said counter-decoder including:
PA1  a first resettable binary counter for counting the pulses of said input
      pulse train and for producing on the output lines from its separate stages
      binary states representing the selectable spans of said successive ranges
      following the reset of said first counter,
PA1  gating means for selectively gating signals from said output lines in
      response to gating signals to select said successive ranges,
PA1  a second binary counter reset simultaneously with said first counter and
      operable to count said gated signals for producing on the output lines
      from its separate stages a binary address indicative of the count of the
      number of said successive ranges following reset passed by the input pulse
      train, and
PA1  decoding means connected to the output lines of said second counter and
      responsive to said binary address to produce said gating signal on output
      lines to said gating means for selecting said successive ranges and to
      produce said control signal for each of said successive ranges as required
      to establish the necessary multiple for said pulse rate multiplier to
      provide said desired predetermined linear relationships over each of said
      ranges.
NUM  2.
PAR  2. A system for producing a digital output which is a linear function of a
      variable measured by analog means which produces an analog signal having a
      non-linear relationship to said variable, comprising:
PA1  a dual slope analog to digital converter having means for gating its clock
      pulses through a linearizer to a counter during the measuring portion of
      its conversion period, said linearizer including:
PA1  a programmable pulse rate multiplier for receiving said pulses at its input
      and producing from said input pulses, output pulses at an instantaneous
      pulse rate which is a predetermined multiple of the instantaneous pulse
      rate of said input pulses, said rate being determined by a control signal
      input to said multiplier, and
PA1  a counter-decoder operable to count said input pulses during said measuring
      period and supply in response to the progression of said count through
      successive predetermined ranges to the total count accumulated during said
      measuring period a control signal for each of said ranges for programming
      said multiplier to provide over each of the ranges a predetermined linear
      relationship between the number of pulses supplied as output pulses and
      the corresponding change in value of said variable, said counter-decoder
      including:
PA1  a first resettable binary counter for counting the input pulses and for
      producing on the output lines from its separate stages binary states
      representing the selectable spans of said successive ranges following the
      reset of said first counter,
PA1  additional gating means for selectively gating a signal from one of said
      output lines in response to a gating signal to select said successive
      ranges,
PA1  a second binary counter reset simultaneously with said first counter and
      responsive to count said gated signals for producing on the output lines
      from its separate stages a binary address indicative of the count of the
      number of said successive ranges following reset passed by the number of
      input pulses received, and
PA1  decoding means connected to the output lines of said second counter and
      responsive to said binary address to produce said control signal for each
      of said successive ranges as required to establish the necessary multiple
      for said pulse rate multiplier to provide said desired predetermined
      linear relationship over each of said ranges and to produce said gating
      signal on output lines to said additional gating means for selecting said
      successive ranges.
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PAL  Fire alarm and intrusion alarm conductors are wired from a plurality of
      dwellings to a nearby data transmitter circuit which is linked by a single
      pair of conductors to a remote data receiver circuit. The alarm conductors
      are sequentially scanned in the data transmitter circuit by a binary
      counter which sequentially enables or opens gates that are coupled to the
      alarm conductors. When an alarm condition is detected on one of the alarm
      conductors, the scanning counter is stopped and the counter number is
      converted from parallel form to serial form. The serial number is
      transmitted from the data transmitter circuit to the data receiver
      circuit. The least significant bit of the number signifies whether the
      alarm is a fire or an intrusion. The remaining bits signify the location.
      In the receiver circuit, the received data is converted back to parallel
      form and is printed out on a printer. The transmitted data includes a
      first bit which is always a binary 1 and a last bit which is always a
      binary zero. The first bit starts the serial to parallel converter in the
      receiver circuit and the last bit insures that the output of the parallel
      to serial converter in the transmitter circuit is left in the low state
      after the transmission is completed. The data is preferably transmitted
      from the transmitter circuit to the receiver circuit by frequency shift
      keying. The data is clocked out of the parallel to serial converter and
      into the serial to parallel converter by clock pulses which are derived by
      dividing down the frequency of the frequency shift keying carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, fire alarm and intrusion devices have been wired from the
      premises served thereby to a central station over telephone lines. The
      cost of the telephone lines is based on mileage and can be considerable in
      locations on the outskirts of the city. The cost factor is particularly
      important in residential alarm systems, since individuals cannot afford to
      pay the same amount as a commercial establishment for fire protection and
      burglar protection.
PAR  The principal object of this invention is to provide a novel security alarm
      system having a significantly reduced cost. Other objects, advantages, and
      features of the invention will be apparent to those skilled in the art
      from the description which follows.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the above object is attained by
      providing a security alarm system in which alarm conductors are wired from
      a plurality of premises such as in an apartment house to a nearby data
      transmitter circuit which is linked by a telephone line or radio link to a
      remote data receiver circuit. The alarm conductors are sequentially
      scanned in the data transmitter circuit by a binary counter which
      sequentially enables gates that are coupled to the alarm conductors. When
      an alarm condition is detected on one of the alarm conductors, the
      scanning counter is stopped and the counter number is converted from
      parallel form to serial form. The serial number is transmitted from the
      data transmitter circuit to the data receiver circuit. The first bit of
      the number signifies the type of alarm. The remaining bits signify the
      location, i.e., the particular apartment. In the receiver, the received
      data is converted back to parallel form and is displayed on a display
      device such as a printer or the like. The transmitted data preferably
      includes a first bit which is always a binary 1 and a last bit which is
      always a binary zero. The first bit starts the serial to parallel
      converter in the receiver circuit and the last bit insures that the output
      of the parallel to serial converter in the transmitter circuit is left in
      the low state after the transmission is completed. The data is preferably
      clocked out of the parallel to serial converter and into the serial to
      parallel converter by clock pulses which are derived by dividing down the
      frequency of the frequency shift keying carrier.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of one illustrative security alarm system of this
      invention.
PAR  FIG. 2 is a detailed block diagram of one illustrative data transmitter
      circuit of this invention.
PAR  FIG. 3 is a detailed block diagram of one illustrative data receiver
      circuit of this invention.
PAR  FIG. 4 is a detailed block diagram of the binary counter shown in FIG. 2.
PAR  FIG. 5 is a detailed block diagram of the input selector multiplexer shown
      in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The security alarm system of this invention may be used in any type of
      building, but it is particularly useful in apartment buildings or
      condominiums and will be described in connection with an apartment
      building installation.
PAR  Referring to FIG. 1, a plurality of apartments 10 are equipped with
      conventional intrusion detection circuits and fire detection circuits
      which are not shown in the drawing. The particular system disclosed herein
      can handle up to 128 apartments, although larger or smaller numbers of
      installations may be encountered in other embodiments of the invention.
      One or more alarm conductors 12 are wired from each apartment in the
      system to a data transmitter 13 in or near the apartment building. The
      input of the data transmitter 13 is a sequential scanning circuit 14 which
      scans the conductors 12 in sequence and actuates an alarm detector 16 when
      an alarm condition is detected on any one of the alarm conductors 12. When
      actuated, the alarm detector circuit 16 applies a stop signal to
      sequential scanning circuit 14 and stops the scanning action. At the same
      time, a parallel to serial converter 18 is started by a start signal from
      alarm detector circuit 16. Parallel to serial converter 18 converts the
      number at which the sequential scanning circuit 14 is stopped from
      parallel binary form to serial binary form. The number is an 8 bit binary
      number which signifies an apartment or installation number from 1 to 128
      (7 bits) and an indication of whether the alarm is for fire or intrusion
      (1 bit). This number is fed in serial form to a modulation circuit 20
      which transmits the number over a telephone line or radio link 22 to a
      demodulation circuit 24 in a data receiver 25 located in an office that
      may be many miles away from the apartment house in which the security
      alarm and data transmitter are located. The received data is converted
      from serial form back into parallel form in a serial to parallel converter
      26 and is then displayed in an output circuit 28 which may include a
      printer and/or display tubes.
PAR  FIG. 2 shows the data transmitter circuit in greater detail. Two conductors
      from each of 128 apartments are wired to an input selector multiplexer 30,
      which is a part of the sequential scanning circuit 14. The other portion
      of the sequential scanning circuit 14 includes an 8 bit binary counter 32
      and a digital clock circuit 34. The preferred form of eight bit counter 32
      is shown in FIG. 4. Referring to FIG. 4, the output of clock circuit 34 is
      applied to a first four bit counter 36 whose serial output signal is
      applied to the input of a second four bit counter 38. The parallel output
      of counter 36 is applied to a first four bit decoder 40 which sequentially
      energizes 16 enable lines E.sub.0 -E.sub.15. The parallel output of
      counter 38 is applied to a second 4 -bit counter 42 which sequentially
      enables 16 scan lines S.sub.0 -S.sub.15. The enable lines E.sub.0
      -E.sub.15 and scan lines S.sub.0 -S.sub.15 are used to sequentially gate
      the 256 input conductors on to a common output conductor 44 which is shown
      in FIG. 5.
PAR  Referring to FIG. 5, a plurality of multiplexer gate cards IC-1 through
      IC-N are provided for sequentially gating the inputs. In this particular
      embodiment, 16 cards are provided, each of which furnishes the gating for
      16 input conductors. Three input conductors are provided for each
      apartment; an intrusion alarm conductor, designated as conductor A in FIG.
      5, a fire alarm conductor, designated as conductor F in FIG. 5, and a
      common or ground conductor which is not shown in FIG. 5 but is connected
      to the system ground at some convenient location. Two of the integrated
      circuit cards IC-1 and IC-2 are shown in FIG. 5 to illustrate the
      multiplexing action. On each card, the intrusion alarm conductors A and
      fire alarm conductors F are arranged in sequence by apartment number with
      the two conductors from each apartment being adjacent to each other. This
      arrangement forms a code in which the least significant binary bit of each
      step number in the sequence indicates whether the alarm is actuated by a
      fire or by an intrusion. The sequence of the code is set by the enable
      lines E.sub.0 -E.sub.16 and the scan lines S.sub.0 -S.sub.15. In the
      counting sequence, the enable lines E.sub.0 -E.sub.16 are activated one at
      a time in numerical sequence. Enable lines E.sub.0 -E.sub.16 are coupled
      in parallel to all of the cards IC-1 through IC-16. But the output of each
      card is gated by the scan lines S.sub.0 -S.sub.15 so that the output of
      only one card at a time is gated onto output conductor 44. In the counting
      sequence, the gates G1 through G16 are first gated onto output conductor
      44 in sequence. When binary numbers are applied to the steps of the
      sequence, each of the sequence numbers for the intrusion alarm conductors
      A will end in a binary number 1 while each of the fire alarm conductors
      will end in a binary zero, or vice versa, depending upon the polarity of
      signals employed. The same would be true of the inputs for the other cards
      IC-2 through IC-16. Thus the least significant bit of the binary step
      number in the sequence denotes whether the alarm is a fire alarm or an
      intrusion alarm and the next 7 bits form a sequence of 128 binary numbers,
      each of which is associated with the alarm signals of one and only one
      apartment. Thus if the clock circuit 34 is stopped at a certain point in
      its count, the numbers in the counters 36 and 38 (FIG. 4) will indicate a
      certain type of alarm and a specific apartment number for that alarm.
PAR  In this particular embodiment, the intrusion alarm conductors A are each
      normally a binary zero and go to a binary 1 to signal an intrusion.
      However, the fire alarm conductors F are each normally a binary 1 and go
      to a binary zero to indicate a fire. Therefore, the signal on each fire
      alarm conductor F is inverted by a corresponding amplifier B.
PAR  To illustrate the operation of the above-described sequential scanning
      circuit, assume that there is an intrusion alarm actuated in apartment No.
      7. This means that there will be a binary 1 on conductor A.sub.7 (See FIG.
      5). On the 15th step of the counting sequence, enable line E.sub.14 will
      be activated, and an output signal will be developed on gate G15. Since
      scan line S.sub.0 is enabled on the 15th step of the counting sequence,
      the output of gate G15 will be passed through G17 to output line 44. This
      triggers one shot multivibrator 46, which applies a stop signal to clock
      circuit 34 and stops the counting sequence on the 15th step (binary number
      1111). During the time that one shot multivibrator 46 is on, the binary
      number 00001111 is then present at the input to the parallel to serial
      converter 48 (see FIG. 2) and binary to B.C.D. converter 50. The output of
      the latter is a visual display which includes a condition display 52 which
      indicates whether the alarm is for an intrusion or a fire, and a three
      digit number display 54-58 which indicates the apartment number. The least
      significant bit of the binary number 00001111 indicates that the alarm is
      an intrusion and the remaining seven bits form the binary number 7
      indicating that the alarm is for apartment No. 7.
PAR  The serial to parallel converter 48 (FIG. 2) receives an 8-bit binary
      number from counter 32, which, in the example given above, would be
      00001111. Serial to parallel converter 48 has a first digit which is wired
      to always be a binary 1 and a last digit which is wired to always be a
      binary 0. The 8 input bits fit between the first and last bits to form a
      ten bit binary number which, in the example given above would be
      0000011111. The first bit of this 10-bit number is used to start a serial
      to parallel conversion circuit in the data receiver, described
      hereinafter, and the last bit insures that the data transmitter circuit is
      left in the low state after the data transmission is completed.
PAR  The serial output of parallel to serial converter 48 is applied to a
      suitable voltage controlled oscillator 60 which operates as a frequency
      shift keying circuit. The carrier output frequency of voltage controlled
      oscillator 60 is divided by 16 in a counter circuit 62 and is applied to
      the clock input of parallel to serial converter 48, whose conversion
      action is initiated by a start signal from one shot multivibrator 46 and
      terminates automatically after the tenth bit is shifted out into voltage
      controlled oscillator 60.
PAR  The frequency shift output signals from voltage controlled oscillator 60
      are conveyed over telephone lines or radio link 22 to the input amplifier
      64 (see FIG. 3) of the data receiver circuit. The output of amplifier 64
      is applied to a low pass filter circuit 66 which is tuned to pass the
      signal frequencies but not higher frequencies. This removes a large share
      of the noise that is developed in the transmission link. The output of
      filter circuit 66 is applied in parallel to a carrier monitor 68, a
      frequency discriminator 70, and a frequency division counter 72. The
      carrier monitor 62 is tuned to the carrier frequency of the signals from
      voltage controlled oscillator 60. If the carrier frequency should cease,
      or shift its frequency for more than 200 milliseconds, the carrier monitor
      actuates a trouble indicator 74, which may be a light or alarm tone or
      both. The frequency discriminator 70 changes the frequency shift keyed
      input signals into amplitude pulses which are compatible with the input to
      serial to parallel converter 26. A phase locked loop circuit is preferably
      used for the frequency discriminator 70. The frequency division counter 72
      provides the clock signal for the serial to parallel converter 26.
PAR  The serial data coming from the frequency discriminator 70 is shifted into
      serial to parallel converter 26. When the last bit of the input data is
      shifted in, the first bit, which is always a binary 1, triggers a binary 1
      detector 76, which is coupled to the first bit position of serial to
      parallel converter 26. First bit detector 76 applies a strobe signal to
      buffer memory 78 which causes the contents of serial to parallel converter
      26 to be shifted in parallel into buffer memory 78. The trailing edge of
      the strobe signal is used as a reset signal to clear serial to parallel
      converter 26 so that it is in a condition to receive another data word
      input. The data stored in buffer memory 78 is printed out on printer 80
      when the printer is free to print it out, which is indicated by a control
      signal from the printer 80 to buffer memory 78. Because of the buffer
      memory 78, which may temporarily store a number of alarm numbers, the
      printer 80 may be used to serve a plurality of data receiver circuits.
PAR  The above-described data transmission process is completed during the time
      that one shot multivibrator 46 (see FIG. 2) is on, which may be 1 or 2
      seconds. When one shot multivibrator 46 returns to its original state, the
      clock circuit 34 restarts, which restarts the input scanning procedure. If
      another alarm condition is detected, the above-described process will be
      repeated, and so on until the scan has been completed. The scan is then
      repeated, with the scanning being arrested on every step number which
      coincides with an alarm condition as described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A security alarm system comprising a plurality of alarm conductors each
      wired to corresponding premises, a sequential scanning circuit coupled to
      said alarm conductors for sequentially scanning the same, an alarm
      detector circuit coupled to the output of said sequential scanning circuit
      and operable to detect an alarm condition on said alarm conductors as they
      are scanned, a parallel to serial converter coupled to said sequential
      scanning circuit, means for initiating the operation of said parallel to
      serial converter when an alarm condition is detected on one of said alarm
      conductors, means for transmitting the output of said parallel to serial
      converter to a remote location, means in said remote location for
      receiving the transmitted data, a serial to parallel converter in said
      remote location for translating the received data from serial to parallel
      form, and an output circuit coupled to the output of said serial to
      parallel converter for utilizing the received data, said transmitting
      means including a voltage controlled oscillator coupled to the output of
      said parallel to serial converter, and further comprising a frequency
      divider counter coupled to the output of said voltage controlled
      oscillator, the output of said frequency divider counter being coupled to
      said parallel to serial converter and serving as clock pulses therefor.
NUM  2.
PAR  2. The security alarm system defined in claim 1 and further comprising a
      second frequency division counter coupled to said means in said remote
      location for receiving said transmitted data, the output of said second
      frequency division counter being coupled to said serial to parallel
      converter and serving as the clock pulses therefor.
NUM  3.
PAR  3. The security alarm system defined in claim 1 wherein said means for
      receiving said transmitted data includes a frequency discriminator, means
      coupling the input of said frequency discriminator to said means for
      receiving the transmitted data, and means coupling the output of said
      frequency discriminator to the input of said serial to parallel converter.
NUM  4.
PAR  4. The security alarm system defined in claim 1 and further comprising a
      low pass filter coupled in series with the input to said serial to
      parallel converter.
NUM  5.
PAR  5. A security alarm system comprising a plurality of alarm conductors each
      wired to corresponding premises, a sequential scanning circuit coupled to
      said alarm conductors for sequentially scanning the same, an alarm
      detector circuit coupled to the output of said sequential scanning circuit
      and operable to detect an alarm condition on said alarm conductors as they
      are scanned, a parallel to serial converter coupled to said sequential
      scanning circuit, means for initiating the operation of said parallel to
      serial converter when an alarm condition is detected on one of said alarm
      conductors, means for transmitting the output of said parallel to serial
      converter to a remote location, means in said remote location for
      receiving said transmitted data, a serial to parallel converter in said
      remote location for translating the received data from serial to parallel
      form, and an output circuit coupled to the output of said serial to
      parallel converter for utilizing the received data, said output circuit
      including a memory unit coupled to the output of said serial to parallel
      converter and display means coupled to the output of said memory unit, and
      wherein the first bit of the output of said parallel to serial converter
      is always a binary 1, and further comprising a binary 1 detector coupled
      to the first bit position of said serial to parallel converter, the output
      of said binary 1 detector being coupled to said memory unit to cause the
      data in said serial to parallel converter to be transferred into said
      memory unit when said binary 1 detector is actuated.
NUM  6.
PAR  6. The security alarm system defined in claim 5 and further comprising a
      binary to B.C.D. converter coupled to the output of said binary counter
      and display means coupled to the output of said binary to B.C.D.
      converter.
NUM  7.
PAR  7. A security alarm system comprising a plurality of alarm conductors each
      wired to corresponding premises, a sequential scanning circuit coupled to
      said alarm conductors for sequentially scanning the same, an alarm
      detector circuit coupled to the output of said sequential scanning circuit
      and operable to detect an alarm condition on said alarm conductors as they
      are scanned, a parallel to serial converter coupled to said sequential
      scanning circuit, means for initiating the operation of said parallel to
      serial converter when an alarm condition is detected on one of said alarm
      conductors, means for transmitting the output of said parallel to serial
      converter to a remote location, means in said remote location for
      receiving said transmitted data, a serial to parallel converter in said
      remote location for translating the received data from serial to parallel
      form, and an output circuit coupled to the output of said serial to
      parallel converter for utilizing the received data, said sequential
      scanning circuit including a binary counter, a digital clock circuit
      coupled to the input of said binary counter for driving the same, an input
      selector multiplexer coupled to the output of said binary counter and to
      said alarm conductors for scanning the same, and wherein there are two
      alarm conductors for each premises in the system, one of said alarm
      conductors corresponding to a first type of alarm condition and the other
      alarm conductor corresponding to a second type of alarm condition, and the
      two alarm conductors for each premises being coupled adjacent to each
      other in the scanning sequence of said input selector multiplexer, whereby
      a binary 1 in the least significant bit of the counter output signifies
      one type of alarm condition and a binary zero in said least significant
      bit signifies the other type of alarm condition.
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PAL  4. A signal-reconstitution method for signals transmitted through a bounded
      medium comprising the steps of:
PAL  Propagating a first signal from one point in said bounded medium;
PAL  Receiving the propagated signal at another point in said bounded medium;
PAL  Propagating the received signal from one of said points;
PAL  Receiving the second propagated signal at the other of said points;
PAL  Reversing the second received signal with respect to time;
PAL  Propagating said reversed signal from one of said points in said bounded
      medium; and,
PAL  When a reflecting object is present at the other of said points, receiving
      an echo signal at the point at which the reversed signal was propagated,
      the form of said echo signal approximating the form of said first signal.
BSUM
PAR  This invention relates to a method and means for reconstituting a signal
      which has been propagated through a bounded medium so that an
      approximation of the original signal is recovered, and especially to a
      method and means utilizing matching techniques for correlating signals
      propagated through a bounded medium.
PAR  The invention may be utilized with either electromagnetic or sonic
      radiation although it will be described herein with respect to sonic
      applications.
PAR  A signal, such as an impulse, which is transmitted through a bounded medium
      is subjected to distortion because of reflections from the boundaries and
      other objects within the medium, refraction within the medium, and other
      physical factors related to the medium. A particular bounded medium
      configuration possesses a particular characteristic response to signals
      propagated between any two fixed points within the medium, the response
      being different for different sets of points. This characteristic response
      is termed its impulse response (mathematically known as Green's Function)
      when the input signal is an impulse (i.e., Dirac delta function). It is
      evident that the bounded medium may be considered to be analogous to a
      filter network (or simply a filter) to which an input signal is applied
      and from which an output signal is derived, and will be so considered
      herein.
PAR  In order that the signal arriving at the receiving point shall be a
      reasonable approximation of the original signal waveform (in this instance
      an impulse), it is necessary to remove the distorting effect of the
      bounded medium. This can be done by passing the signal through another
      filter which is the "inverse" of the bounded medium filter. Another
      method, which recovers the original signal in an approximate rather than
      exact form, is to pass the output of the first filter network through the
      output of a second filter which is "matched" to the characteristic of the
      first filter network (i.e., the curves representing the impulse responses
      of the two filters with respect to time are mirror images of each other,
      or if the impulse response of the bounded medium is P(t), the impulse
      response of the matched filter will be P(-t) ). However, design of a
      matched filter for a complex medium such as the ocean is too complicated
      to be attempted successfully in practice.
PAR  The method employed by the present invention is to use the same filter
      network (viz., the same path between the same two fixed points in the
      bounded medium) for the matched filter, and to obtain matching by means of
      a signal matched to the output of the filter network (i.e., the filter
      output signal reversed in time). This is accomplished by sending an
      impulse signal between the two fixed points, as from point A to point B in
      the bounded medium, recording the signal received at point B, reversing
      the recorded signal with respect to time, and transmitting the reversed
      signal (the matched signal) from either point to the other, where it is
      received as an impulse or, speaking more strictly, where it is
      reconstituted as a correlation-function signal having a peak at the center
      which approximates a short pulse.
PAR  An object of the invention is to overcome the distortion introduced into a
      signal transmitted through a bounded medium, especially the "phase
      distortion" which changes a brief strong pulse into a long, weak signal.
PAR  Another object is to reduce to the maximum the undesirable effects of
      echoes, multipath propagation, diffraction and random noise upon a signal
      transmitted through a bounded medium and, in so doing, to utilize all the
      energy that arrives at the receiver.
PAR  A further object is to produce at a chosen point in a bounded medium a
      signal which is of as brief a duration as possible, as strong as possible
      and as limited to the immediate vicinity of the chosen point as possible
      within the limitations of the characteristic response of the bounded
      medium between the sending point and the chosen receiving point.
PAR  Yet another object is to permit communication between fixed points in a
      bounded medium, said communication being optimally insensitive to
      interference and optimally secure from interception.
PAR  Still another object is to permit the design and construction of a
      surveillance system such as might utilize echo-ranging techniques, which
      is optimally insensitive to jamming, optimally directed to a specific
      region of the space under surveillance, optimally insensitive to ambient
      noise and will produce stronger returns from targets for the same output
      power than present surveillance systems.
PAR  A further object is to provide a system which permits the determination of
      the rate and manner of changes in the propagation properties of a bounded
      medium, such as changes in the propagation properties of the ocean caused
      by tide, weather and other influences.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a schematic block diagram illustrating the propagation of an
      impulse through a bounded medium;
PAR  FIG. 2 is a schematic block diagram illustrating the use of an inverse
      filter to recover the original propagated signal;
PAR  FIG. 3 is a schematic block diagram illustrating the use of a matched
      filter in place of the inverse filter of FIG. 2;
PAR  FIG. 4 is a schematic block diagram illustrating the principle of one
      embodiment of the present invention;
PAR  FIG. 5 is a schematic block diagram illustrating one embodiment of the
      invention;
PAR  FIG. 6 is a chart illustrating a second embodiment of the invention, which
      is useful for surveillance systems;
PAR  FIG. 7 is a simplified representation showing the reconstitution of an
      impulse signal by the single-match technique of this invention; and
PAR  FIG. 8 is a simplified representation of the reconstitution of an impulse
      signal by the double-match technique of this invention, as the invention
      is applied to target detection.
DETD
PAR  FIG. 1 illustrates the situation which exists when an impulse (ideally, the
      delta function, .delta.(t), is propagated through a bounded medium 10.
      (Hereinafter the time symbol (t) will be understood for any function in
      which it is omitted, so that the delta function may be written simply as
      .delta..) The bounded medium 10 may, for instance, be a room in which a
      microwave (electromagnetic) transmitter and receiver are located, or an
      ocean in which sonic transmitting and receiving transducers are immersed.
PAR  The bounded medium has certain characteristic modes of reflecting and
      refracting signals which lead to a distortion of the propagated signal. If
      the transmitting and receiving points are at specific fixed locations, it
      may be said that the bounded medium 10 acts as though it were a network
      with a certain response characteristic, P(t), which is called its impulse
      response (the symbol P(t) denotes some function, P, of time). The signal
      received at the receiver 12, p(t), is then equal to the convolution of the
      transmitted impulse .delta.(t), and the impulse response of the medium,
      i.e., P * .delta.. (This is a shorthand notation for the more formal
      expression for the convolution integral,
      ##EQU1##
      For an explanation of the convolution integral, see Scott, "Linear
      Circuits", Part 1, Pgs. 431-448, 1960 ed., published by Addison-Wesley
      Publishing Co., Inc., Reading, Mass.
PAR  A more general form of the convolution integral is
      ##EQU2##
      This form also expresses a measure of the correlation between two
      functions-autocorrelation if f.sub.1 and f.sub.2 are the same function and
      cross-correlation if f.sub.1 and f.sub.2 are different functions. The type
      of signal which this integral provides will hereinafter be designated as a
      correlation-function signal.
PAR  At the receiver 12, it is desired to operate upon the received signal,
      p(t), so that the waveshape of the transmitted signal, .delta.(t), is
      obtained. To. recover the transmitted impulse exactly, as illustrated in
      FIG. 2, the receiver must operate upon the received waveform, p(t), with a
      detector having an impulse response, X(t), such that X(t) * p(t) =
      .delta.(t). This means that X(t) P(t)* .delta.(t)= .delta.(t), from which
      it is obvious that [X(t) * P(t) ] should equal unity and that, therefore,
      X(t) must in some sense be the inverse of P(t).
PAR  A filter having a response X(t) such that [X * P] = 1 is called the "ideal
      inverse" of a filter having the impulse response characteristic P(t). An
      ideal inverse exists and no information is lost in the transmission and
      detection processes if, and only if, the operator P(t) is isentropic. To
      synthesize such a filter to match the complex characteristics of the
      ocean, for example, is an extremely complicated, if not impossible, task.
PAR  It may be noted that since the convolution operation is commutative, P*
      (X*.delta.) = X* (P*.delta.). This means that the inverse filter may be
      employed at the transmitter end to operate on the impulse function before
      it is transmitted, as well as at the receiver end to operate on the
      response function. This has the advantage that the transmitter can now
      send a really long signal carrying a great deal of energy, thereby
      enhancing the detectability of the propagated signal.
PAR  As shown in FIG. 3, a matched filter 11 can be substituted for the ideal
      inverse filter 12 to recover an approximation of the input impulse signal,
      .delta.(t). The filter 11 is said to be matched to the signal p(t) if its
      characteristic is the same as that of the impulse response but reversed in
      time, namely P(-t). The ideal inverse filter compensates for all
      distortions of the input signal by the bounded medium and the matched
      filter compensates only for the phase distortion introduced, but since the
      major part of signal distortion in a bounded medium is phase distortion,
      the matched filter is a reasonable approximation of the ideal inverse
      filter.
PAR  It has been observed that synthesis of a matched filter is an extremely
      complicated (in the case of oceanic transmission, at any rate), if not
      impossible, task. This synthesis can be avoided by utilizing the bounded
      medium itself in place of the matched filter and employing a matched
      signal (i.e., a signal matched to the characteristics of the bounded
      medium, so that when it is transmitted through the bounded medium, it will
      be received as a correlation-function signal at the receiver location.
      Since the correlation-function signal is more or less symmetrical about a
      central pulse, it may be said that the central pulse approximates an
      impulse).
PAR  The mathematics for FIG. 3 is as follows, it being understood that the
      limits for the integrals are -.infin. to +.infin., that the convolution
      integral is commutative, that P(t) is the impulse response of the bounded
      medium, and that changes (e.g., from t to x and y) in variables are
      intended to make the integration operations simpler:
EQU  p(t) = .intg. f.sub.1 (x) P(x-t) dx                        I
EQU  f.sub.2 (t) = .intg. p(y) P(t-y)dy                         II
PAL  Now, let t-y = w; then y = t-w and dy = - dw.
EQU  f.sub.2 (t) = - .intg. p(t-w)P(w) dw                       III
EQU   10  = - .intg. P(w) dw .intg. f.sub.1 (x)P (x -t+w) dx    IV
EQU     = - .intg. f.sub.1 (x) dx .intg. P(w) P (w + x-tdw      V
EQU     = - .intg. f.sub.1 (x) .rho. (x-t) dx                   VI
PAL  Since P(w) is the impulse response of the bounded medium, .intg. P(w)
      P(w+x-t) dw gives a correlation-function signal which approximates an
      impulse, i.e., .rho. (x-t) .apprxeq. .delta. (x). Therefore equation VI
      becomes:
EQU  f.sub.2 (t) .apprxeq. -.intg.f.sub.1 (x) .delta.(x) dx .apprxeq.  f.sub.1
      (t).apprxeq. .delta.(t)                                   VII
PAR  A convolution theorem states that:
EQU  .intg.a(t) b(-t) dt = .intg. a (-t) b(t) dt.               VIII
PAR  Applying this theorem to equation II:
EQU  f.sub.2 (t) = .intg.p(y) P(t-y)dy =.intg..rho.(y) P [ -(y-t)]dy IX
EQU     =.intg.p(-y) Py-t) dy                                   X
PAR  Realizing the equivalence of the signal p(t) to a signal p(y) (i.e., the
      signal is the same even though the variable has been changed for
      mathematical purposes), equation X states that a matched signal, p(-y),
      (i.e., a signal matched to the impulse response characteristic of the
      bounded medium 10) can be passed through the bounded medium itself and the
      output signal, f.sub.2 (t), will be approximately the same as the input
      signal, f.sub.1 (t). Thus, there is no need to build a matched filter; the
      identical filter can be employed to recover the original signal, f.sub.1
      (t), if a matched signal, p(-t), is used. The matched signal, p(-t), is
      easily obtained by reversing p(t) with respect to time. This principle is
      schematically illustrated in FIG. 4.
PAR  FIG. 5 illustrates a method of practicing the invention. Let a receiver 18
      be placed at location 14 in a bounded medium 10, such as the ocean. A
      signal, preferably a sonic impulse, is transmitted from a location 16. The
      impulse is received at location 14 as a set of distorted impulses (due to
      the response characteristic of the bounded medium, which results from
      echoes, diffraction, etc.), the received waveform being called the impulse
      response, p(t). The impulse response, p(t), is recorded by recording means
      20 such as a tape recorder, for example. If the tape is played back in
      reverse (this results in reversal of p(t) with respect to time) and the
      reversed waveform is now transmitted by a transmitter 22 through the
      bounded medium 10, a correlation-function signal approximating a sonic
      impulse is received at location 16. This approximation of an impulse has
      greater power than is present in any one of the set of distorted impulses
      which comprised the signal sent from location 14. Returning to equation
      IV, if f.sub.1 (t) is an impulse signal, .delta.(t), then f.sub.2
      (t).apprxeq..intg.P(.tau.-t)P[-(.tau.-t)]dt; this is the convolution of
      two signals P and therefore, as has been mentioned before, is an
      autocorrelation which results in this case in a correlation-function
      signal approximating an impulse. If f.sub.1 (t) is some signal other than
      an impulse, the output f.sub.2 (t) approximates the form of f.sub.1 (t)
      (i.e., f.sub.2 (t) is a correlation-function signal approximating the form
      of f.sub.1 (t)).
PAR  The multipath effect of the bounded medium upon the signal at any other
      location than location 16 will be different from that along the path from
      14 to 16 and the recombination of the echoes will be greatly impaired if
      not completely lost. Thus, it can be said that the matched signal
      transmitted from location 14 is focused at location 16 in both time and
      space.
PAR  The original impulse signal may be obtained by exploding a charge of
      dynamite at location 16, or one of many types of underseas sonic pulse
      generators may be used, for example. The signal received at location 14 is
      recorded on a recording medium such as a magnetic tape if the recording
      means is a tape recorder.
PAR  The tape is played back in reverse to obtain a matched signal which is
      transmitted from location 14 each time it is desired to generate an
      impulse at location 16 from location 14. Messages can be sent in this
      manner to location 16 by utilizing a code consisting of various
      combinations of pulses, or reception of echoes at location 14 will
      indicate the presence of a reflecting target such as a submarine at
      location 16. This latter mode of utilization of the invention is indicated
      schematically in FIG. 6. The return echoes from a submarine will also be
      distorted by P(t) of the bounded medium. The recombination of the target
      return echoes into an approximation of a single pulse requires correlation
      with the same reference function P(t) and can be accomplished either by
      the ordinary correlation technique of multiplication of the signals at one
      fixed delay, or by transmitting a doubly matched signal.
PAR  A technique which can be utilized to practice the invention in what might
      be termed its single-match mode is illustrated in FIG. 7. Here an impulse
      signal is transmitted from a location 16 and received at another location
      14 within a bounded medium. The received signal will be a group of spaced
      echoes usually immersed in a background of noise which is not shown for
      the sake of clarity. There will usually be more echoes than shown, but the
      three which are shown are sufficient to illustrate the principle.
PAR  The received signal is matched to the characteristic of the bounded medium
      by reversing it with respect to time. The matched signal is then
      transmitted either from location 14 or location 16. As shown in FIG. 7,
      the matched signal is transmitted from location 14 and the reconstituted
      signal (correlation-function signal) at location 16 shows a distinct
      impulse at the center, the ratio of the center impulse to the side echoes
      being 3 to 1.
PAR  The transmission of what hereafter are designated as doubly matched signals
      is the method for practising the invention illustrated in FIG. 6. Here a
      signal is propagated through the medium twice before being reversed in
      time, so that an echo reflected from a target appears at the sending
      location as a correlation-function signal approximating an impulse. In
      this method, an impulse signal is sent from location 16 to location 14 and
      recorded at the latter location. The recorded signal which may, for
      example, be a group of three spaced, pulse-type echoes (see line marked
      "1st transmission" in FIG. 8.) is then transmitted from location 16 to
      location 14. (In the ocean, there would actually be a great many more than
      three echoes.) The nine echoes which result from this transmission add at
      the receiving location to form a group of six echoes not all of which are
      of the same amplitude (i.e., some are of larger amplitude than would
      result from a single impulse transmission from location 14). This is
      indicated in FIG. 8, by the sequence 1 22121 which denotes echoes of
      single and double amplitude comprising the additive signal received at
      location 16. (It should be noted that, to avoid confusion, no account is
      taken in FIG. 8 of the fact that transmission through the medium will
      reduce the amplitude of echoes received at location 16, so that the
      numbers used are significant only as relative, not absolute, amplitudes.)
      The received group of six pulse-type echoes is recorded at location 14 and
      the waveform of this recording, when reversed, constitutes the matched
      signal. If the matched signal is transmitted from location 14, and a
      target is present at location 16, the target return at location 14 is a
      correlation-function signal with a pulse at the center which has an
      amplitude sufficiently greater than the other pulses of which it is
      constituted to permit the center pulse to be considered an approximation
      of the original impulse signal. This central pulse is quite definite and
      permits easy identification of the target return even under high ambient
      noise conditions.
PAR  It should be noted that although the original was said to have been
      propagated from location 16 to location 14, it could just as well have
      been propagated from location 14 to 16 since the characteristic response
      of the bounded medium is the same regardless of the direction in which the
      signal is transmitted as long as it is sent between the same two fixed
      points.
PAR  One important advantage of this method of detecting targets is that the
      power of the target return impulse received at location 14 is much greater
      than can be obtained by conventional methods of sonar or radar detection
      if a transmitter of the same output power is employed in both instances.
      This is because of the addition of pulses that occurs.
PAR  Other advantages of the present invention are the focusing of the
      transmitted signal at a specific point in the propagating medium, the
      automatic utilization of the optimum transmission rate permitted by the
      propagating medium, the provision of optimum insensitivity to random noise
      and the security of the signals from interception by any receivers except
      those in the immediate vicinity of the predetermined receiving location.
PAR  Nothing in this invention precludes the use of pulse compression techniques
      of the usual types in addition to the pulse compression which is inherent
      in the addition of individual spaced echoes as shown in FIG. 7.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for reconstituting a signal which must be propagated between
      two points in a bounded physical medium so that an approximation of said
      signal is recoverable comprising the steps of:
PA1  propagating said signal from one point to another point within said bounded
      medium;
PA1  receiving the propagated signal at said other point;
PA1  reversing said received signal with respect to time so that it constitutes
      a signal matched to the characteristic response of the bounded medium
      between said two points; and
PA1  propagating said matched signal through said bounded physical medium from
      one of said points when a signal approximating said originally propagated
      signal is desired at the other of said points.
NUM  2.
PAR  2. A method for reconstituting an impulse signal which must be propagated
      between two points in a bounded physical medium so that an approximation
      of the original signal is recoverable comprising the steps of:
PA1  propagating an impulse signal from one point to another point within said
      bounded medium;
PA1  receiving the propagated signal at said other point;
PA1  reversing said received signal with respect to time so that it constitutes
      a signal matched to the characteristic response of the bounded medium
      between said two points; and
PA1  propagating said matched signal through said bounded physical medium from
      one of said points when a signal approximating an impulse signal is
      desired at the other of said points.
NUM  3.
PAR  3. A method for obtaining as an output a correlation-function signal
      approximating the input signal when an impulse must be propagated between
      two points in a bounded physical medium, said method comprising the steps
      of:
PA1  propagating said impulse from one point to another point within said
      bounded medium;
PA1  obtaining as an output the signal received at said other point;
PA1  converting said received signal into a signal reversed in time with respect
      to said received signal; and
PA1  propagating said reversed signal through said bounded physical medium from
      one of said points when a signal approximating an impulse signal is
      desired at the other of said points.
NUM  4.
PAR  4. A signal-reconstitution method for signals transmitted through a bounded
      medium comprising the steps of:
PA1  propagating a first signal from one point in said bounded medium;
PA1  receiving the propagated signal at another point in said bounded medium;
PA1  propagating the received signal from one of said points;
PA1  receiving the second propagated signal at the other of said points;
PA1  reversing the second received signal with respect to time;
PA1  propagating said reversed signal from one of said points in said bounded
      medium; and,
PA1  when a reflecting object is present at the other of said points, receiving
      an echo signal at the point at which the reversed signal was propagated,
      the form of said echo signal approximating the form of said first signal.
NUM  5.
PAR  5. A signal-reconstitution method for signals transmitted through a bounded
      medium comprising the steps of:
PA1  propagating an impulse signal from one point in said bounded medium;
PA1  receiving the propagated signal at another point in said bounded medium;
PA1  propagating the received signal from one of said points;
PA1  receiving the second propagated signal at the other of said points;
PA1  reversing the second received signal with respect to time;
PA1  propagating said reversed signal from one of said points in said bounded
      medium; and,
PA1  when a reflecting object is present at the other of said points, receiving
      an echo signal at the point at which the reversed signal was propagated,
      the form of said echo signal being that of a correlation-function signal
      having a peak at the center which approximates an impulse.
NUM  6.
PAR  6. A method for reconstituting a signal which must be propagated through a
      filter network and will be distorted by the characteristics thereof
      comprising the steps of:
PA1  propagating said signal through said filter network and deriving a
      doubly-matched signal therefrom, the matching of the signal being to the
      characteristic response of said network; and
PA1  propagating said matched signal twice through said network, a signal
      approximating the originally propagated signal being derivable at the end
      of said second propagation.
NUM  7.
PAR  7. A method for reconstituting an impulse signal which must be propagated
      through a filter network and will be distorted by the characteristics
      thereof comprising the steps of:
PA1  propagating said impulse signal through said filter network and deriving a
      signal doubly-matched to the impulse response of said network; and
PA1  propagating said matched signal twice through said network, a signal
      approximating said impulse signal being derivable at the end of said
      second propagation.
NUM  8.
PAR  8. A method for reconstituting a signal which must be propagated between
      two points in a bounded medium so that an approximation of said signal is
      recoverable comprising the steps of:
PA1  propagating said signal from one point to another within said bounded
      medium and receiving said signal at said other point;
PA1  propagating the received signal between said two points and receiving the
      second propagated signal;
PA1  deriving a doubly-matched signal from the signal received as a result of
      the second propagation;
PA1  propagating said doubly-matched signal twice between said two points, the
      form of the signal at the end of said double propagation approximating the
      form of a signal to be reconstituted.
NUM  9.
PAR  9. A method for reconstituting an impulse signal which must be propagated
      between two points on a bounded medium so that an approximation of said
      signal is recoverable comprising the steps of:
PA1  propagating said impulse signal from one point to another within said
      bounded medium and receiving said signal at said other point;
PA1  propagating the received signal between said two points and receiving the
      second propagated signal;
PA1  deriving a doubly-matched signal from the second received signal;
PA1  propagating said doubly-matched signal twice between said two points, the
      form of the signal at the end of said double propagation approximating the
      form of the signal to be reconstituted.
NUM  10.
PAR  10. A system for the correlation of signals propagated through a bounded
      physical medium comprising:
PA1  signal propagating means in said medium at one location;
PA1  receiving means in said medium at another location;
PA1  means to record a signal received by said receiving means from said
      propagating means;
PA1  means to reverse said recorded signal whereby a matched signal is derived;
      and
PA1  means to propagate the matched signal through said bounded physical medium
      between said locations.
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ABST
PAL  The closed feedback loop of an oscillator contains a network (i.e. a
       resot circuit or filter) which has a distinct phase-frequency
      characteristic so as to cause an overall in-phase condition. In the
      subject feedback loop, shifting the phase of the feedback wave in the
      filter, the frequency of the oscillator will shift due to its double
      heterodyning circuit to reestablish a net zero phase shift around the
      loop. This oscillator is particularly adapted to shift a sonar signal
      frequency to simulate true doppler shift where this shift is a fixed
      percentage of the frequency.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a variable frequency oscillator of a type
      suitable for simulating doppler frequency changes in a repeater or
      transponder and is particularly directed to means for shifting a frequency
      even though the frequency to be repeated may vary widely within a broad
      range.
PAR  In prior art sonar training devices and in sonar decoys, it has been found
      comparatively easy to receive, amplify and retransmit sonar signals to
      simulate an enemy submarine. Also, it has been easy to give a constant
      frequency shift to the received frequency to simulate relative motion
      between the observer and the decoy. But, if a constant doppler shift is
      given a frequency modulated signal, the targets will have an apparent
      velocity which is different for each frequency and hence would be
      unrealistic since true doppler is a fixed percentage of the frequency.
      With the advent of frequency modulated sonar signals and other variable
      frequency sonars where there is a rapid change in frequency, a system was
      required in which doppler frequency shift was a fixed percentage, or a
      slowly changing percentage, of the signal frequency.
PAC  SUMMARY
PAR  The object of this invention is to provide an improved frequency changer in
      which a given or controllable percentage change in signal frequency is
      effected regardless of the instantaneous value of the signal frequency.
PAR  The object of this invention is attained in a closed regenerative loop with
      sufficient amplifier gain to generate self-sustained oscillations.
      Frequency determining means in the loop comprise a reactive filter network
      of a type having a known, preferably linear, functional relationship
      between the operating frequency and the phase shift through the filter.
      Means is provided for shifting the phase of the wave applied to the
      filter, whereupon the frequency of self-sustained oscillations in the loop
      automatically adjusts to bring the total shift in the loop back to zero.
DRWD
PAR  Other objects and features of this invention will become apparent to those
      skilled in the art by referring to the preferred embodiment described in
      the following specification and shown in the accompanying drawings in
      which:
PAR  FIG. 1 is a block diagram of one phase-controlled dopplerizer utilizing the
      oscillator of this invention;
PAR  FIG. 2 shows a phase-frequency characteristic of a linear phase shifter
      employed in FIG. 1; and
PAR  FIG. 3 shows the impedance and phase characteristics of a bandpass filter
      network employed in the system of FIG. 1.
DETD
PAR  The closed loop shown generally at 10 contains a feedback circuit for
      self-sustained oscillation and includes one or more sections or stages of
      amplifiers such as those shown at 12, 14 and 16. It is contemplated that
      the total gain of the amplifiers is sufficient to overcome the losses of
      the loop and to provide the necessary energy for the desired
      self-sustained oscillation. The frequency determining element of the loop
      is, according to this invention, the reactive filter network 18. This is
      in conjunction with phase shifter 26 in that the frequency shift is such
      that the phase shift in filter 18 cancels that of phase shifter 26. The
      network may conveniently comprise a bandpass filter with a substantially
      linear phase-frequency characteristic over a substantial range of
      frequencies. The characteristics shown in FIG. 3 of a resonant circuit,
      which could be used at 18, includes the usual bell-shaped impedance curve,
      and the S-shaped phase curve. In the conventional parallel resonant
      circuit, the phase varies substantially linearly with frequency changes
      from +0.5 to -0.5 for the valve of Q times the cycles off resonance
      divided by the resonant frequency of the circuit. Bandpass filters are
      designed where the phase varies quite linearly with frequency over the
      bandpass region. The novel feature of this invention is based on the
      principal that the oscillations of a closed loop will build up to a
      frequency which satisfies the in-phase condition for an oscillator. That
      is, there must be a net zero phase shift around the loop at the operating
      frequency, and a phase shift in either direction at any point in the loop
      will cause a corresponding frequency shift. In the embodiment shown, the
      operating frequency is shifted in phase at the input of filter 18 which
      phase shift can be made a dependent variable of any outside controllable
      quantity to be measured. The filter 18 may, typically, comprise a bandpass
      network or a parallel resonant circuit having the general characteristics
      illustrated in FIG. 3. As usual, the impedance across the network is
      maximum and the reactance is zero at resonance. Off resonance the current
      lags or leads the voltage depending on the sign of the predominant
      reactance. In network 18, it is contemplated that phase shall be the
      independent variable, and that frequency shall be the dependent variable.
PAR  In FIG. 1 means is shown for causing the frequency of oscillation in the
      loop 10 to follow instantaneous changes in frequency of the input signal,
      f.sub.i, at the input source or terminal 12. It is convenient then to
      provide at output terminal 11 the frequency f.sub.i plus a fixed
      percentage change, k, of the input frequency. That is, the signal at
      output terminal 11 is f.sub.i .+-. kf.sub.i. If the input frequency
      f.sub.i is a sonar frequency the output frequency at 11 could, for
      example, be 1.02 of the input frequency to represent a 0.2 of one percent
      range rate change of three knots per hour, based on two way doppler for an
      echo and a sound velocity of 5000 ft./sec.
PAR  In the loop are connected the balanced modulators 20 and 24. Modulator 20
      has inputs 21 and 22, and modulator 24 has inputs 24A and 24B. It has been
      established that the output signal of a balanced modulator has a phase
      which follows any phase change in either of the input signals. It will
      facilitate this disclosure to assume that no phase shift occurs except in
      filters provided for that purpose. The input frequency f.sub.i in FIG. 1
      is fed to both balanced modulators, the connection to modulator 20 being
      made through the reactance network 26. Network 26 passes the input band
      f.sub.i but shifts the phase of f.sub.i an amount proportional to the
      frequency of the f.sub.i. Preferably, the phase shift is a linear function
      of frequency which characteristic can be obtained in such filters as the
      lowpass filter. The input frequency f.sub.i to the phase shifter 26 is
      thus shifted and may be designated f.sub.i (.theta.), at terminal 21 of
      modulator 20.
PAR  If now, the self-sustained frequency of the loop is f.sub.f, then the
      output of modulator 20 contains f.sub.f as well as f.sub.i (.theta.). As
      will appear below, this f.sub.i (.theta.) factor will effectively control
      the frequency of the loop.
PAR  One input 24A to the balanced modulator 24 contains the f.sub.f frequency
      of the loop, and the other input 24B contains the f.sub.i frequency of the
      input signal. The bandpass filter 28 is provided in the output of the
      modulator selecting one of the two sidebands of the modulation. It is
      assumed that modulation is effected with complete suppression of both of
      the two input signals and that only the sidebands f.sub.f .+-. f.sub.i
      appear at the output. It is found expedient to select the upper sideband,
      f.sub.f + f.sub.i. After amplification of at least 40 or 50 db in
      amplifier 12 and 14 the signal is limited in limiter 15 and applied to the
      modulator 20, in the output of which will be found (f.sub.f + f.sub.i)
      .+-. f.sub.i (.theta.). If filter 23 selects the lower sideband product,
      the output of filter 23 will be f.sub.f alone but at the new phase angle
      .theta. established by the phase shifter 26. If in practice filter 18 has
      a bandwidth which selects the lower sideband, filter 23 is not required.
PAR  The reactive network 18 may be conveniently a conventional bandpass filter
      or a parallel resonant circuit so designed that the center of the passband
      is at or near f.sub.f of the loop. The bandpass network phase shift varies
      from - .pi. radians to + .pi. radians over the band passed. The response
      of the filter is made linear in order to follow the response of the phase
      shifter 26. As the phase of the input of modulator 20 shifts in response
      to shifting frequency f.sub.i then the frequency of the feedback loop
      builds up to a frequency dependent upon the phase characteristics of the
      bandpass filter 18 in the loop. It is necessary, of course, to correlate
      the phase shifts in 26 and 18 with the desired phase shift which equals
      the doppler shift over the input bandwidth. If the doppler shift is to be
      linear with frequency the two filters 26 and 18 must "track" over the
      band. To facilitate this they can both be linear. Other responses can be
      obtained by modifying the response of either or both.
PAR  Where it is desired to eliminate the local frequency f.sub.f from the
      output at terminal 11 it is convenient to cancel that frequency by the
      local oscillator 30 which can be made to beat with the loop frequency in
      the balanced modulator 32. If the frequency f.sub.o of oscillator 30 is
      the same as the resonant frequency of the filter 18, which is the loop
      operating frequency when there is no phase shift, then the output at
      terminal 11 will be precisely the input frequency f.sub.i. If the loop
      frequency is shifted from this then the shift appears at terminal 11 as
      the same frequency shift in f.sub.i.
PAR  The phase-frequency characteristic desired for the phase shifter 26 is the
      type shown in FIG. 2, where the family of curves represent the
      characteristics of a series resonant circuit is for various values of Q.
      It will be noted that the straight section thus constructed will linearly
      shift phase over a frequency range from 0.1 to 10 times resonant
      frequency. Several filter sections may be cascaded to obtain the amount of
      phase shift required.
PAR  As a typical example, if the phase shift is 30.degree. at 1 kc/s and
      150.degree. at 5 kc/s in filter 26, then for a 2 cps doppler at 1 kc/s
      (which is 0.2 of one percent) the bandpass filter 18 in the feedback must
      have a 30.degree. shift for a frequency of 2 cps. from the center of the
      band or frequency corresponding to zero phase shift in the bandpass
      filter. The relation must extend rather linearly to the point where for a
      10 cps. doppler at 5 kc/s, the bandpass filter must have a 150.degree.
      shift for a frequency of 10 cps. from the center of the band. These
      figures would indicate a bandpass requirement in the filter 18 of about 24
      cps. corresponding to 360.degree. phase shift. As the doppler shift
      increases the stringency of the filter requirements eases since a greater
      number of cycles per second correspond to the same 360.degree.. Further,
      it is desirable to have a relatively wide passband for filter 18 to pass
      short sonar "pings". The widest bandwidth obtainable using crystals in
      filter 18 was 600 cps. at an f.sub.o or 100 kc/s frequency. This passes
      pulses as short as the reciprocal of this frequency or 1.6 milliseconds,
      f.sub.o is high in frequency compared to f.sub.i.
PAR  The device, in summary, converts phase change that is a function of the
      received signal into a frequency shift. If the factor k is a constant, the
      device is a frequency multiplier by a factor of 1 + k. This factor k is a
      function of the frequency and can be varied greatly because it is
      determined by the frequency as phase response of two filters, 26 and 18
      and there is a wide choice for both in modern network designs.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transponder for shifting all frequancy components of signal frequency,
      f.sub.i, by a factor K, to simulate a true doppler frequency shift in a
      complex signal, said transponder comprising;
PA1  means for receiving said signal, f.sub.i,
PA1  a closed loop comprising an amplifier with a feedback circuit, the gain of
      said amplifier being sufficient to generate self-sustained oscillations in
      the loop,
PA1  said loop including a first balanced modulator, a second balanced
      modulator, a band pass filter, and two side band selector means connected,
      respectively, in the outputs of said modulators for selecting one side
      band at the output of each of said modulators,
PA1  said band pass filter having a center resonant frequency, f.sub.f, and
      having an extended substantially linear phase-frequency characteristic
      extending above and below the zero phase at said resonant frequency,
PA1  a linear phase shifter,
PA1  means for applying said signal, respectively, to said first balanced
      modulator, and to said second balanced modulator, the signal circuit to
      said second modulator including said linear phase shifter so that the
      phase of the selected side band at the output of said second modulator
      shifts as the frequency f.sub.i shifts, so that the reactive network of
      said band pass filter will shift the frequency of oscillation, f.sub.f, of
      said loop as the frequency of said input signal f.sub.i is shifted to
      kf.sub.i, and
PA1  means for extracting the frequency f.sub.i + kf.sub.i in said loop
      comprising a fixed frequency oscillator of frequency f.sub.o equal to said
      center frequency, f.sub.f, of the band pass filter and means for adding
      said f.sub.o to f.sub.f + f.sub.i in said loop to yield true doppler
      frequency shift, f.sub.i + kf.sub.i.
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PAL  1. In combination in an acoustic obstacle detection and navigating system;
PA1  A transmitting station comprising a variable frequency oscillator, a
       sawth generator coupled to said oscillator for sweeping the frequency of
      oscillations through the range of frequencies from f.sub.1 to f.sub.2, a
      submersible projection transducer coupled to said oscillator for
      continuously ensonifying a sector of water about said transducer with
      sonic energy varying between f.sub.1 and f.sub.2,
PA1  A fixed frequency oscillator of frequency f.sub.3 at said station,
PA1  A sonar receiver at said station including a mixer for combining the
      frequencies f.sub.1 to f.sub.2 of said oscillator with the echo
      frequencies reflected from a passive target, so that the difference at any
      instant between the reflected frequency and the transmitted frequency is a
      frequency proportional to the rate of change of said variable frequency
      and target range,
PA1  A remote transponder station including a receiving hydrophone coupled to a
      transmitting transducer, a mixer coupled between said hydrophone and
      transmitting transducer, a local oscillator of fixed frequency, f.sub.3,
      coupled to said mixer for shifting received frequencies from the range of
      f .sub.1 to f.sub.2, to the range of f.sub.1 +  f.sub.3 to f.sub.2 +
      f.sub.3, and
PA1  A second receiver at said transmitting station including a mixer for
      combining signals repeated from said remote transponder with the
      frequencies, f.sub.1 to f.sub.2 of said variable oscillator displaced by
      the frequency f.sub.3, of said fixed frequency oscillator, and a common
      display for both mentioned receivers.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  This invention relates to a system for the detection of and navigation
      among obstacles and is particularly directed to the combination of a
      ship-carried echo system and bottom anchored transponders for beacons
      which are responsive to sonar signals.
PAR  While peaceful uses of the system of this invention are comtemplated, the
      military aspects thereof will be referred to here. In offensive naval
      operations in minable waters, as in narrow channels or harbor entrances,
      it is necessary not only to search out a safe course through hidden shoals
      and hidden explosive mines, but to mark the course so that it can
      thereafter be easily and rapidly retraced. Similar problems are presented
      in plotting a navigable course under the polar ice cap.
PAR  The general object of this invention is to provide an improved system for
      detecting hidden submarine obstacles and for marking a navigable course
      through such obstacles.
PAR  A more specific object of this invenion is to provide an improved sonar
      system which will respond to both echo signals from passive hunted
      submerged objects as well as signals from underwater transponders and
      simultaneously display both signals on a common display screen.
PAR  In the evolvement of the sonar system of this invention it was first
      recognized that the ship-to-target ranges to be measured were often much
      too short to be measured accurately with the conventional bursts of high
      power, high frequency sonic energy.
PAR  To attain the objects of this invention a continuously transmitted
      frequency modulated signal is employed. The system comprises a shipborne
      transmitter-receiver station and one or more transponders which are
      anchored to the bottom and, like beacons, will respond to interrogations
      from the ship station. The ship station comprises a transmitter with a
      variable frequency oscillator and a sawtooth generator coupled to the
      oscillator for sweeping the frequency of oscillations through a range of
      frequencies from F.sub.1 to F.sub.2 and repeating the sweep at the
      repetition rate of the sawtooth wave. Such frequency modulated waves are
      applied after power amplification to a projection transducer for
      ensonifying a predetermined horizontal sector of water about the carrying
      ship.
PAR  The shipborne station also includes two sonic receivers. One receiver
      includes a mixer for combining the frequency modulated signal of the
      transmitter with the echo signal received from any passive object which is
      large enough to reflect energy of the ensonified environment. Since the
      projected energy is continuously and preferably linearly sweeping in
      frequency the combined output product of the mixer then contains a
      frequency component which is a function of the round trip travel time of
      the FM wave. That is, the mixer product is a function of range which,
      after proper amplification, may be applied directly to the Z-axis of a
      display screen for indicating the range of the reflecting object.
PAR  The shipborne station includes a second receiver including a mixer for
      mixing reflected signals with the locally generated frequency F.sub.1 to
      F.sub.2 of the frequency modulated local oscillator, this F.sub.1 +
      F.sub.2 frequency being displaced by a third frequency F.sub.3. Frequency
      F.sub.3 corresponds to a crystal controlled frequency of the transponder
      station remotely located. The output of the mixer at the shipborne station
      is also a function of the range of the transponder from the ship.
      Consequently, the output product of both mixers at the shipborne station
      may be displayed on the same display screen, and according to this
      invention are both displayed on the screen simultaneously or separately,
      under the control of the operator.
PAR  The transponder comprises a hydrophone transducer coupled to a projector
      transducer through a mixer. Into the mixer is injected the output of a
      crystal controlled oscillator, set at frequency F.sub.3. The local
      oscillator F.sub.3 is at a sufficiently high frequency such that the
      projected frequency is far enough from the frequency of the received
      energy of the transponder to effectively prevent ringing within the
      transducer circuits. Filters of high quality are used in the circuit
      before and after the mixer stage to increase the isolation between the
      input and output frequencies of the transponder.
PAR  According to an additional feature of this invention novel analyzer means
      are provided at the ship's station for efficiently converting the
      frequency information in the mixer products of either receiver into
      meaningful range information.
DRWD
PAR  Other objects and features of this invention will become apparent to those
      skilled in this art by referring to the specific embodiment described in
      the following specification and shown in the accompanying drawing in
      which:
PAR  FIG. 1 is a block diagram of the shipborne station including a sonic
      transmitter and two receivers,
PAR  FIG. 2 is a block diagram of a transponder of the type which cooperates
      effectively with the transmitter-receiver of the ship's station of FIG. 1,
PAR  FIG. 3 is a time-frequency diagram of the frequencies employed in the
      transmitting and receiving channels of the system of this invention,
PAR  FIG. 4 is a block diagram of a frequency-to-range analyzer of the type
      which may be employed in the ship's station of FIG. 1, and
PAR  FIG. 5 is a quarter sectional view of the preferred physical embodiment of
      the transponder of this invention.
DETD
PAR  The station shown in block diagram in FIG. 1 will normally be shipboard
      mounted while the transponder shown in block diagram in FIG. 2 will, in
      operation, be floated on or near the bottom of the ocean. The ship's
      station comprises the sonar transmitter 10 and two sonar receivers shown,
      respectively, at 20 and 30. Receiver 20 will be termed the sonar receiver
      while receiver 30 will be termed the transponder receiver. The operator
      controlled switch 40 will permit the audio output of either receiver or
      both receivers simultaneously to be applied to the display 50. As will
      appear, the mine detecting and mine field navigating functions of the
      carrying ship require separate analysis of the two receiver outputs as
      well as comparison of the two outputs at one time.
PAR  Details of construction of the projection transducer 11 are not important
      to this invention, the only requirement being that considerable power can
      be radiated into the water environment about the ship and that the
      direction of propagation can be determined. A training motor, not shown,
      preferably continuously rotates the directional beam. The power amplifier
      12 energizes the transducer and is, in turn, driven by the oscillator 13.
      The frequency of oscillation of oscillator 13 is not fixed but instead is
      driven by a sawtooth wave from sawtooth generator 13A so that the
      frequency of the oscillator changes linearly with time so that the
      frequency of oscillation moves gradually between two predetermined
      frequency limits and then abruptly starts over. The fly-back time of the
      sawtooth modulated oscillator is blanked from the output of the
      transducer. The oscillator 13 may, for example, vary between 75 kilocycles
      per second and 65 kilocycles per second as shown in FIG. 3, where the
      sawtooth trace A has a sawtooth period determined by the modulator of the
      oscillator 13.
PAR  In operation the transmitted sawtooth wave is reflected back from any
      reflecting object and is received by the sonar transducer 21 of sonar
      receiver 20. After amplification in amplifier 22 the received echo signals
      are combined with the transmitted frequencies in mixer 23. It will now
      become apparent that, since the velocity of propagation of the ensonified
      waves through the water is finite, there is a definite relationship
      between the distance traveled by the wave and the difference between the
      frequency of the wave at the instant it is transmitted outwardly and the
      same instant the wave is received from the echo. On the time-frequency
      diagram of FIG. 3 it is apparent that the distance the wave has traveled
      from the projection transducer out to a reflecting object and back to the
      sonar transducer becomes a function of the difference frequency which in
      FIG. 3 is the frequency difference B. For reflecting objects of less
      distance, the transient time is less. For echo number 1, for example, the
      frequency difference B' will be analagous to the range of that echo
      object.
PAR  Conveniently, this frequency difference is obtained in mixer 23, FIG. 1,
      which combines the transmitted frequency from oscillator 13 with the
      received frequency at the output of the receiver pre-amplifier 22. Since
      the frequency difference found by mixer 23 may vary down to 0 for 0 range,
      the output of the mixer is passed through the broad lowpass filter 24. The
      cut-off for the filter is determined only by the range and maximum
      frequency difference that will be encountered in the system. Where the
      transmitted frequencies are in the range suggested in FIG. 3, that is
      below 100 kilocycles per second, the difference frequency is normally in
      the audio range and the output of the audio amplifier 25 will be clearly
      audible tones, the higher the tone the greater being the distance of the
      reflecting object.
PAR  The output of the sonar receiver 20 is connected through switch armature 41
      to the input of the analyzer 51 where the specific frequency of the tone
      is determined, is amplified by amplifier 52 and applied to the control
      grid, or Z-axis, of the display cathode ray tube 53. By employing a sweep
      from sweep generator 54, through a sine-cosine potentiometer, driven by
      the transducer training motor, a conventional position indicator (PPI)
      display is obtained. A PPI is ideally suited for presenting and displaying
      the range and direction information of the sonar signals of this
      invention. The timing device 55 synchronizes the display circuits.
PAR  One analyzer, 51, for converting frequency information to range is shown in
      FIG. 4. Thirty equal-width bandpass filters 51A, about 50 cps wide, are
      tuned to adjacent bands to cover the entire frequency range passed by
      filters 24 or 35. Each filter output is detected at 51B, is momentarily
      stored at 51C, and applied to switch contacts 51D. The contacts are
      rapidly sampled in synchronism with the PPI radial trace.
PAR  The second receiver 30 is similar in all important respects to the first
      receiver 20. Transducer 31, which is highly directional, is connected into
      the bandpass filter 32 the output of which, in turn, is coupled through
      the preamplifier 33 into mixer 34. The output of mixer 34 is connected
      through the lowpass filter 35 which has the same broad pass
      characteristics as filter 24 of receiver 20. The low frequency amplifier
      36 is connected to the "transponder" terminal of switch 40 so that
      armature 41 can select the output of receiver 30 to the exclusion of the
      other receiver.
PAR  Receiver 30 differs from receiver 20 in the matter of the injection
      frequency to the mixer 34. The sawtooth variable frequency of the local
      oscillator 13 is displaced a fixed amount by the frequency of the fixed
      frequency oscillator 14. It may be noted here that the frequency of the
      fixed frequency oscillator 14 is identical to a local oscillator found in
      the transponder referred to below in connection with FIG. 2. The output of
      oscillator 14 is added algebraically in mixer 15 to the output of
      frequency modulated oscillator 13. In the example considered here the
      combined frequencies are added rather than subtracted. The upper side band
      of the mixer products of mixer 15 are selected, in the example considered,
      by the bandpass filter 16, which is, in turn, amplified by the untuned
      amplifier 17 before injection in the receiver mixer 34. As will appear
      after consideration of the transponder of FIG. 2 the two inputs to mixer
      34 differ from the two inputs to mixer 23 but the differences are the same
      so that the product output of the two mixers is the same. This means then
      that the outputs of the two receivers may be displayed on the same cathode
      ray display tube. This means, in turn, that a transponder at the same
      range as a passive reflecting target will appear at the same range on the
      display tube.
PAR  One physical embodiment of the transponder is shown in FIG. 5 where the
      watertight sealed container 60 is a full-drawn stainless steel bucket
      closed at its upper end with the relatively thick plate 61. Inside the
      container is the insulating platform 62 which supports the various
      electrical components of FIG. 2. Beneath the platform are dry cells 63 for
      powering the transponder. The transducer stem extending vertically upward
      contains the receiving hydrophone 64 end to end and coaxial with the
      transmitting transducer 65. Both transducers are of the piezoelectric type
      and comprise, in one successful embodiment, coaxial cylinders of ceramic
      barium titanite with vacuum deposited silver on the interior and exterior
      surfaces of the piezoelectric cylinders. When connected to the
      transmitting circuits the ceramic vibrates in the radial mode so that
      energy is propagated from the exterior surfaces of the cylinders. When
      vibrated by a received acoustic wave, a voltage is developed which is
      taken from the silver and amplified in the receiver. The diameters of the
      cylinders determine the mechanical frequency of vibration of the crystal.
      The crystals are insulted one from another by suitable, rubber-like
      spacer-washers. Not shown are buoy attachment mechanisms for sinking the
      transducer container to or near to the bottom where it will stand in the
      vertical position of FIG. 5. A roll bar may be fixed over the antenna
      pedestal to prevent damage from drag chains of unfriendly craft.
PAR  The receiving hydrophone transducer 64 is coupled through the preamplifier
      66 to the bandpass filters 67 for passing the band of frequencies received
      from the projector transducer 11 of the ship's station, FIG. 1. The output
      of the filter 67 is combined with the fixed frequency of oscillator 69 in
      mixer 68. It is significant that the frequency of oscillator 69 is
      identical to the fixed frequency oscillator 14 of the ship's station. The
      bandpass filter 70 selects the same sideband of mixer 68 as the filter 16
      selects of mixer 15 of the ship's station. The selected sideband drives
      driver 71 and power amplifier 72 and energizes the projector transducer
      65. It will be noted that there is no product detection in the transponder
      system of FIG. 2 but instead the frequencies received at transducer 64 are
      shifted in frequency in mixer 68 and are directly transmitted from
      transducer 65. It appears now since the frequency shift caused by
      oscillator 14, FIG. 1 and oscillator 69, FIG. 2 are the same, the product
      of mixer 34 at the ship's receiver is the same as the product of the
      unshifted link involving projector 11 and sonar receiver 20.
PAR  Many modifications may be made in the embodiment described above without
      departing from the scope of the invention defined in the appended claims.
      The specific frequencies mentioned for example, may be widely changed
      without altering the operation of the system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in an acoustic obstacle detection and navigating system;
PA1  a transmitting station comprising a variable frequency oscillator, a
      sawtooth generator coupled to said oscillator for sweeping the frequency
      of oscillations through the range of frequencies from f.sub.1 to f.sub.2,
      a submersible projection transducer coupled to said oscillator for
      continuously ensonifying a sector of water about said transducer with
      sonic energy varying between f.sub.1 and f.sub.2,
PA1  a fixed frequency oscillator of frequency f.sub.3 at said station,
PA1  a sonar receiver at said station including a mixer for combining the
      frequencies f.sub.1 to f.sub.2 of said oscillator with the echo
      frequencies reflected from a passive target, so that the difference at any
      instant between the reflected frequency and the transmitted frequency is a
      frequency proportional to the rate of change of said variable frequency
      and target range,
PA1  a remote transponder station including a receiving hydrophone coupled to a
      transmitting transducer, a mixer coupled between said hydrophone and
      transmitting transducer, a local oscillator of fixed frequency, f.sub.3,
      coupled to said mixer for shifting received frequencies from the range of
      f.sub.1 to f.sub.2, to the range of f.sub.1 + f.sub.3 to f.sub.2 +
      f.sub.3, and
PA1  a second receiver at said transmitting station including a mixer for
      combining signals repeated from said remote transponder with the
      frequencies, f.sub.1 to f.sub.2 of said variable oscillator displaced by
      the frequency f.sub.3, of said fixed frequency oscillator, and a common
      display for both mentioned receivers.
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PAL  A faired cage, forming part of a sensor array has conical shaped pieces at
     pposite ends and a plurality of grooved parallel bars secured therebetween.
      A chamber formed within the parallel bars is suitable for containing a
      sensor. The cage is utilized in conjunction with a parallel element
      synthetic strength member electromechanical cable. The conical shaped
      pieces comprise flexible boots having cavities for containing electrical
      wires and strength members. This configuration provided on each end of the
      cage enable the cable to bend smoothly over the cage.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to sonar systems and more
      particularly to housings for sensors such as hydrophones in sonar arrays.
PAR  Sonar array assemblies comprise of plurality of hydrophones spaced from
      each other and generally towed from the aft end of a ship or suspended in
      any altitude in the ocean. The hydrophone may be a passive listening
      device used primarily for surveillance or scientific application.
      Additionally hydrophones may be active devices suitable for transmitting
      as well as receiving acoustic signals.
PAR  In the past it has been common for hydrophones to be mounted coaxially in
      steel cables utilizing various types of brackets. In such an arrangement
      the steel cable must be cut, all electrical wires remolded and the cable
      end-fitted on both ends. This hinders deployment and also results in an
      increase in weight, complexity, noise and cost.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general purpose and object of the present invention to
      provide an improved in line acoustic sensor assembly. It is a further
      object to provide an improved mounting for the sensor. Another object is
      that the mounting will have bypass grooves for strength members and
      conductors not connected to the particular sensor within the mounting.
      This eliminates the requirement to cut these elements. Other objects are
      that the installation will be small for reduction in weight and improved
      handling characteristics. These and other objects of the invention and the
      various features and details of construction and operation will become
      apparent from the specification and drawings.
PAR  The above objects are obtained by providing an in-line mounting suitable
      for holding the required sensor. The housing is provided with external
      grooves for holding conductors and strength members so that they may
      by-pass the sensor within the mounting uninterrupted. In addition means
      are provided for receiving the conductors associated with the particular
      sensor. A double conical shape adds to the streamlining and suitability of
      the array for handling purposes. The interior of the housing itself is
      cylindrical in shape with the bottoms of the cones forming the walls at
      either end. A plurality of parallel bars spaced on the circumference of
      the bottoms of the cones form the sidewalls of the housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of a line array sensing unit in accordance with the
      present invention suitable for deployment in an array system;
PAR  FIG. 2 is an exploded view of the sensor mount of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the cable of FIG. 1; and
PAR  FIG. 4 is a cutaway view of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the figures and particularly to FIG. 1 there is shown a
      portion of a sonar system. The system includes a synthetic braided
      parallel element cable 10 which encapsulates sensor mount 12. In the
      present embodiment the cable has the mount 12 inserted in it, followed by
      over braiding.
PAR  FIG. 2 shows an exploded view of the mount 12 used for housing a sensor
      such as a hydrophone. The mount 12 has a split cylindrical cage 14 formed
      by a split ring 16 at either end and four slotted strongbacks 18 connected
      there between. The split rings 16 have apertures 20 for the insertion of
      screws 22.
PAR  Rings 24 are connected to each end of split ring 16 by means of screws 22.
      The rings 24 have on their outer circumference, slotted extensions 26 of
      the strongbacks 18. The split cylindrical cage 14 and rings 24 can be made
      of stainless steel or other suitable material.
PAR  Flexible fairings 28 made of polyurethane are connected at either end to
      rings 24. The fairings are in the form of slotted conical-shaped boots
      giving a streamline appearance to the mount 12. The fairings 28 are a
      solid material and each fairing has eight grooves alternately marked 30
      and 38 extending along its lateral surface. Four apertures 32 extend from
      four of the grooves 30 to the cone's base 34. The purpose of grooves 30
      and 38 will be explained later in conjunction with FIG. 4.
PAR  FIG. 3 shows a cross-sectional view of cable 10. Four sections of aramid
      fiber 40, selected for its high strength, low stretch and bending
      characteristics form the center of cable 10. A covering 41 surrounds each
      of the fiber sections 40. Sixteen conductors 42 are arranged in quadrature
      in groups of four conductors 44. The groups of conductors 44 fit within
      the interstices formed by the sections of fiber 40. Each group of four
      conductors 44 has its conductors 42 helically wound around an elastic
      member 46. A covering 45 surrounds each group of conductors 44 and an
      overall braided covering 48 encloses the cable 10.
PAR  Referring now to FIG. 2 and to FIG. 4, there is shown in FIG. 4 the manner
      in which the cable 10 is fitted with cage 14. A sensor 50 with extended
      portion 52 may comprise a hydrophone that is inserted within cage 14. Four
      leads 62 from sensor 50 pass through apertures 32 and connect in a
      watertight manner with the conductors 42 that form one of the groups of
      four conductors 44. The connection of leads 62 with conductors 42 may be
      by means of watertight connectors or a watertight molding over the
      connection itself. The conductors 42 individually extend down four of the
      grooves 30. The remaining bundles of conductors 44 and the fibers 40 pass
      on the outside of cage 12 through grooves 38, extensions 26 and
      strongbacks 18.
PAR  The fibers 40 provide the tensile strength to hold the system together and
      are not terminated throughout the entire length of cable 10. In addition
      the system is formed with the required tension to enable fibers 40 to hold
      mount 12 in place.
PAR  The system by providing for the conductors 42 in bundles 44 in unison with
      fibers 40 along the outer surface of mount 12 enable the conductors 42 to
      be terminated only at the individual sensor 50 for which they are
      intended.
PAR  In manufacture the cable 10 is completed without mount 12 or sensor 50
      inserted. The jacket 48 of the cable is then cut and the mount 12 with
      sensor 50 is inserted. The connection of appropriate wires 42 and the
      proper alignment in grooves 38, extension 26 and strongback 18 of fibers
      40 and remaining wires 42 is then made. The jacket 48 is then rebraided or
      served with yarn to give the appearance as shown in FIG. 1.
PAR  The above system provides an economical streamlined sensor system. Further
      advantages are that when this system is utilized the multi-system array in
      which it is used will show an increase in performance both from the
      quality of data and deployment ease. In addition the invention provides a
      more reliable system and when not in use can be easily coiled.
PAR  It will be understood that various changes in the details, materials, steps
      and arrangement of parts, which have been herein described and illustrated
      in order to explain the nature of the invention, may be made by those
      skilled in the art within the principal and scope of the invention as
      expressed in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sensor mount comprising:
PA1  a sensor cage having a cylindrical shape with a split ring at both ends and
      a plurality of grooved strongbacks connected there between; and
PA1  conically shaped flexible fairings connected at both ends of said sensor
      cage and each of said fairings having grooves aligned with the strongback
      grooves and at least one additional groove having an aperture at the base
      of said fairing.
NUM  2.
PAR  2. A sensor mount according to claim 1 further comprising a pair of rings
      with each ring mounted at opposite ends of said cage between said cage and
      said fairing, said rings having a plurality of grooved extensions of said
      strongback adapted to be inserted in said fairing grooves.
NUM  3.
PAR  3. A sensor mount according to claim 2 wherein said plurality of grooved
      strongbacks are four in number and are arranged in quadrature on the
      circumference of said cylindrically shaped sensor cage.
NUM  4.
PAR  4. A line array sensing system comprising:
PA1  a sensor mount including a sensor cage having a  cylindrical shape with a
      split ring at both ends, a plurality of grooved strongbacks connected
      therebetween, and a pair of conically shaped flexible fairings connected
      at each end of said sensor cage, each of said pair of fairings having
      grooves aligned with the strongback grooves and at least one additional
      groove having an aperture at the base of said fairing;
PA1  a sensor mounted in said sensor cage, said sensor having a plurality of
      leads extending through said one additional groove; and
PA1  a cable having a first and second plurality of conductors and a plurality
      of strength members with each of said first plurality of conductors
      connected respectively to one of said plurality of leads, said cable being
      axially aligned with said sensor mount and having said second plurality of
      conductors and said plurality of strength members inserted in respective
      grooves of said strongbacks and fairings.
NUM  5.
PAR  5. A line array sensing system according to claim 4 wherein said cable
      further comprises a covering enclosing said sensor mount.
NUM  6.
PAR  6. A line array sensing system according to claim 5 wherein said sensor
      mount further comprises a pair of rings with each ring mounted at opposite
      ends of said cage between said cage and said fairing, said rings having a
      plurality of grooved extensions of said strongback adapted to be inserted
      in said fairing grooves.
NUM  7.
PAR  7. A line array sensing system according to claim 6 wherein said plurality
      of grooved strongbacks are four in number and are arranged in quadrature
      on the circumference of said cylindrically shaped sensor cage.
NUM  8.
PAR  8. A line array sensing system according to claim 7 wherein said cable
      further comprises:
PA1  a plurality of aramid fiber sections having instices formed therebetween;
PA1  a plurality of conductor bundles arranged in quadrature and located within
      the interstices of said fibers; each of said bundles having an elastic
      members on which said conductors are helically wound; and
PA1  a jacket enclosing said fiber sections and said conductors.
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ABST
PAL  An apparatus for activating a remote underwater device comprising detecting
      means responsive to incident acoustic waves provides signal indication of
      the presence or absence of predetermined frequencies thereof. A logic
      arrangement decodes only those signal indications indicating a joint
      presence of some of the pre-selected frequencies and the absence of others
      of the pre-selected frequencies. This discriminates signals against
      broad-band acoustic noise. The logic arrangement further includes means
      for activating the remote underwater device only if the decoded successive
      signal indications match a predetermined pattern. This further
      discriminates between a present received acoustic wave and a prior
      transmitted acoustic wave present because of multipath or reverberation.
      Lastly, a timing and gating means responsive to a first decoded signal
      indication couples the detecting means to the logic arrangement only at
      periodic intervals thereafter. The time gating also reduces the chances of
      obtaining a prior multipath and reverberation signal because the pulse
      repetition period of the successive acoustic waves is predetermined.
PARN
PAR  This application is a continuation of application Ser. No. 824,477, filed
      May 14, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for activating a remote underwater
      device, and more particularly, for activating said device only upon
      receipt of a properly coded acoustic wave even though it is in the
      presence of reverberation, acoustic noise, and multipath.
PAR  The activation and control of remote underwater devices by transmitting
      acoustic waves from a transmitter through the water is limited by the
      constraints of this acoustic medium and its boundaries. Typically, an
      acoustic transmitter acts as a point source such that an acoustic wave
      spreads out ideally in a spherical pattern. Portions of the wave incident
      upon the air-water boundary and the water-seabed boundary are reflected
      back into the water medium. These reflections appear at the remote
      underwater device later in time than that portion of the spherical wave
      connected by a direct path from the underwater device to the acoustic
      source. Additionally, portions of the spherical wave are refracted as a
      function of the salinity, temperature, and depth of the water. The
      refracted waves also travel a longer distance than the direct path and may
      appear at the device before or after the direct path wave.
PAR  One prior art technique for discriminating between the direct path acoustic
      wave from the various other portions of the spherical wave was by
      lengthening the period between successive transmissions until the
      reflectons, refractions, and reverberations had died out. This naturally
      lowered the data rate to unacceptable limits.
PAR  The actual undersea environment is a mix of natural and manmade noise as
      well as the multipath and reverberation caused by transmitting acoustic
      waves therein. Consequently, successive coded acoustic signals may be
      embedded in acoustic noise such as that caused by ocean wave motion or
      rain. The signals may be subject to fading due to the refraction and
      propagation changes of undersea turbulence. Additionally, substitution of
      a present signal may be made by a prior signal time delayed by the medium.
      This signal substitution is sometimes termed "leak through".
PAR  Reference is made to U.S. Pat. No. 3,422,397 issued to J. A. Lagoe et al.
      on Jan. 14, 1969. This reference describes a remote underwater device
      actuated by an incident acoustic wave containing predetermined frequencies
      including an activating frequency. Such a device is responsive to
      frequency diversity transmission and space diversity reception to detect
      the control signals and to reduce the effects of fading. This reference
      further teaches that a Hamming type digital error detecting code can be
      used to at least partially protect transmissions from error.
PAR  Hamming codes when used in this environment require substantial and complex
      terminal equipment at both the transmitter and receiver. In this regard,
      reference may be made to "Logical Design of Digital Computers" by
      Montgomery Phister, Jr., published by John Wiley & Sons, Feb. 1959, at
      pages 329 through 336. Additionally, the system of the Lagoe et al. patent
      appears susceptible to "leak through" and otherwise insensitive to a
      substitution of one frequency by another with the consequent error effects
      at the receiver. Lastly, the system of this reference may be falsely
      actuated by broad-band noise or by intentional frequency sweeping at least
      on the character if not the word basis.
PAR  It is, accordingly, an object of this invention to devise a remote
      underwater device activating system responsive only to error free received
      signals and having a substantial capability of discriminating each
      received acoustic wave from noise, multipath, and reverberation.
      Relatedly, the activating system should discriminate also between
      successive groups of received signals and predetermined patterns.
PAR  It is, accordingly, another object of this invention to utilize the
      exclusive frequency diversity form of underwater acoustic signal reception
      to uniquely distinguish a coded acoustic wave from broad-band noise.
PAR  It is a related object of this invention to devise a remote underwater
      device activating system, which activating system may detect acoustic
      waves at some distance from the device communicating therewith by some
      fixed wire means.
PAR  Lastly, it is yet another object of this invention to devise an activating
      system responsive only to successive acoustic waves coded so as to
      minimize the effects of frequency changes in the encoded signals due to
      some form of intersymbol influence such as crossmodulation.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned objects of the invention are satisfied in an embodiment
      used in combination with a remote underwater device, which embodiment
      comprises detecting means responsive to each incident acoustic wave, a
      logic arrangement for decoding successive acoustic waves and activating
      the remote underwater device, and a timing and gating means for coupling
      the detector to the logic arrangement at predetermined times. The
      invention may be housed separately from the remote underwater device and
      connected thereto by an appropriate coupling means such as fixed wire.
PAR  The detecting means provides signal indication of the presence or absence
      of predetermined frequencies in each incident acoustic wave. The logic
      arrangement decodes only those signal indications showing a joint presence
      of specific pre-selected frequencies and the absence of other specific
      pre-selected frequencies. The logic arrangement further includes means
      responsive to successive decoded signal indications for activating the
      underwater device only if the decoded successive signal indications match
      a predetermined pattern. Finally, the timing and gating means are made
      responsive to a first decoded signal indication and essentially connect
      the detecting means to the logic arrangement only at periodic intervals
      thereafter. In this regard, the underwater device is sensitive to
      transmissions of a predetermined pulse repetition frequency.
PAR  This device utilizes the "exclusive frequency diversity" technique
      described in co-pending U.S. patent application Ser. No. 679,785, filed
      Nov. 1, 1967, now abandoned, by Stanley L. Ehrlich et al., entitled "A
      System for Activating a Remote Underwater Device". This technique consists
      of activating a remote underwater device by transmitting certain
      pre-selected frequencies. The remote underwater device becomes activated
      by detecting the joint presence of the transmitted frequencies and the
      specific absence of other frequencies. Most systems require only the joint
      presence of pre-selected frequencies and thus do not discriminate against
      broad-band noise.
PAR  In the instant invention a unique code may be built up from the presence or
      absence of a predetermined number of different frequencies and transmitted
      to the remote underwater device. The logic arrangement is made responsive
      only to pairs of successive transmissions, each of which designates a
      unique one out of r possible code elements. Now, q such code elements form
      a word where q&lt;r. There are, however, only r(r-1) (r-2) . . . (r-q+1)/q!
      different non-ordered words usable to activate the remote device. This
      prevents the substitution of one code letter for another which although
      valid on an individual letter basis would be out of place when looking at
      a sequence.
PAR  Another significant aspect of the invention derives from "time gating".
      This includes connecting the detector to the logic arrangement at periodic
      intervals corresponding to the known pulse repetition period after a first
      transmission. A momentary signal outage caused by multipath interference
      will not cause an error if both frequencies of a transmission are, for
      example, simultaneously present at any time during the time interval the
      detector is connected to the logic arrangement.
PAR  Another aspect of the invention arises from the use of clipper type
      amplifiers to provide independence from absolute received signal intensity
      levels. This provides constant input level to the logic arrangement.
PAR  These and other features and aspects of the invention are described in
      further detail and are apparent when taken together with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is a block diagram representation of an acoustic transmitter and
      acoustic receiver located at the remote underwater device.
PAR  FIG. 1B is a typical logic representation of combinations of the presence
      and absence of pre-selected frequencies as viewed by the detecting means
      in combination with the remote underwater device.
PAR  FIG. 1C shows a relative amplitude versus frequency curve exhibiting
      presence and absence of signal frequencies.
PAR  FIG. 2 exhibits a general logic level block diagram of the activating
      system in combination with the underwater device.
PAR  FIG. 3A is a detailed logic level block diagram of the activating device as
      shown in FIG. 2.
PAR  FIG. 3B is a block diagram representation of the transmitter shown in FIG.
      1A
PAR  FIG. 4A is a typical transmission frequency set.
PAR  FIG. 4B is a time sequence of transmission.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1A of the drawings, there is shown an acoustic
      transmitter on the left and a receiver remote from the transmitter on the
      right. The transmitter produces a frequency coded acoustic wave. The
      frequency encoding consists of simultaneously transmitting two out of four
      different frequencies. The specification of what frequencies are to be
      transmitted or omitted is obtained from code source 6. The code source
      forms a selection as a binary number representation of "ones" and "zeros".
      This in turn is sent to the selection circuits 5. Selection circuits and
      oscillators 5 are responsive to the binary code and generate the specific
      frequencies. These frequencies are applied simultaneously to amplifier 2.
      The amplifier drives corresponding transmitting transducer 1.
PAR  If the acoustic wave is incident upon receiving transducer 500, then the
      converted electrical signal is applied to detecting means 550. Timing,
      gating and verification logic arrangement 700 will decode the output from
      the detection means 550 and will apply an output from the detection means
      550 and will apply an activating signal to utilization circuit 100 if a
      predetermined number of successively decoded signals match a predetermined
      pattern stored in the logic.
PAR  Referring now to FIG. 1C, there is shown a transmission spectrum of
      relative amplitude versus frequency of the system shown in FIG. 1A. For
      purposes of illustration and description of the preferred embodiment, four
      frequencies will be used. The preferred embodiment utilizes a two out of
      four frequency code. That is, only two out of four frequencies are
      transmitted. The receiver will, depending upon the frequencies received,
      look for the absence of certain other frequencies. The notches in the
      transmission spectrum shown in FIG. 1C are represented by frequencies
      f.sub.B and f.sub.C. The transmission frequencies are illustratively
      represented as f.sub.A and f.sub.D. The frequencies are spaced from
      f.sub.A, being the lowest frequency, through f.sub.D, being the highest
      frequency.
PAR  The transducers 1 and 500 shown in FIG. 1A preferably comprise pressure
      proof lead zirconate titanate spheres tested to 2,000 pounds per square
      inch. The pass bands may in one embodiment be between 24 kilohertz to 46
      kilohertz with a transmitting source level of +87db/microbar and a
      receiving sensitivity of -90db/1 volt/microbar.
PAR  Referring now to FIG. 2 of the drawing, there is shown a general logic
      level block diagram of the activating system in combination with the
      underwater device emphasizing the receiving system. As pointed out in the
      description of FIG. 1A, waves generated by transducer 1 impinge upon
      transducer 500 by a number of different paths. There is the direct path,
      refracted paths and reflected paths. As previously mentioned, noise and
      reverberating signals may be impressed upon or replace one or more
      successive transmissions.
PAR  Detection means 550 comprise a high-pass and low-pass band width channel
      filters 553 and 551. These are driven in parallel by the signal output of
      transducer 500. Clipper amplifiers 552 and 554 respectively normalize the
      varying signal amplitudes derived from the corresponding low-pass and
      high-pass channel filter outputs. The band widths of the channels are
      arranged such that the low-pass band width may be from about 24 kilohertz
      to about 35 kilohertz. Likewise, the high-pass band may be from about 36
      kilohertz to about 46 kilohertz. In the four-frequency code described with
      regard to the preferred embodiment, two of the four frequencies, f.sub.A
      and f.sub.B, lie in the low-pass band while the other two of the four
      frequencies, f.sub.C and f.sub.D, lie in the highpass band. Also the
      frequencies are related such that f.sub.A &lt;f.sub.B &lt;f.sub.C &lt;f.sub.D. The
      output of clipper amplifiers 552 and 554 comprises constant energy
      signals. As is well known, the output signal amplitude from such a clipper
      amplifier is a function of the ratio of the band widths of the two filters
      and of the signal to noise ratio. It is, however, independent of absolute
      level.
PAR  The detection means further comprises a first plurality of narrow band
      filters 560 and 570 driven by clipper amplifier output 552 tuned to
      corresponding ones of the pre-selected frequencies f.sub.A and f.sub.B. A
      second plurality of narrow band filters 580 and 590 driven by clipper
      amplifier output 554 are tuned to the corresponding frequencies f.sub.C
      and f.sub.D. The signal outputs of these filters represent the presence or
      absence of the frequencies in an incident acoustic wave.
PAR  Detection means 550 drives timing, gating and verification logic 700. Logic
      700 comprises an arrangement shown in greater detail in FIG. 3A for the
      logic decoding of letters and gating. It is driven by the output of
      filters 560, 570, 580, and 590.
PAR  Signals or successive groups of signals represent letters of an alphabetic
      code; the details of this code will hereinafter be described with
      reference to FIG. 4. The decoded letters are applied to an arrangement 850
      for logically decoding letter sequences called code words. If the decoded
      sequences match predetermined patterns, then any one of the output signal
      lines 1 through 56 can be activated, thereby energizing some portion of
      utilization circuit 100.
PAR  Referring now to FIG. 3B, there is shown a detailed view of the
      transmitter. Code source 6 may comprise code matrix 7 driving an encoder
      8. The code matrix may consist of any one of a number of well-known memory
      media, such as magnetic cores, ferrites, or magnetic tape with suitable
      reading electronics. In the preferred embodiment, the code matrix is a
      simple electronic readout from a conventional bistable multivibrator
      driving the encoder and comprising suitable and well-known pulse shaping
      and timing circuitry. If the code matrix or other memory medium is serial,
      then the encoder must necessarily convert the information in an
      appropriate register so that the information may be applied in parallel on
      corresponding lines 20, 21, 22, and 23.
PAR  The selection circuits and oscillators 5 comprise illustratively four
      oscillators A, B, C, and D, having four different resonance frequencies of
      which f.sub.A is the lowest and f.sub.D is the highest. The oscillators
      should preferably be of the crystal frequency controlled type with their
      operating resonance frequency in the range between 24 to 46 kilohertz for
      one embodiment.
PAR  AND gates 28, 29, 30, and 31 terminate the respective corresponding
      oscillators A, B, C, and D. Amplifier 2 terminates AND gates 28 and 29.
      Similarly, amplifier 4 terminates AND gates 30 and 31. Selection circuits
      32 turn the AND gate on and off by application of a suitable binary
      signal. Thus, a voltage impressed respectively on lines 24, 25, 26, or 27
      would gate through a signal at the respective frequencies from oscillators
      A, B, C, or D through to the corresponding AND gates 28, 29, 30, or 31.
PAR  When an appropriately coded binary signal from code source 6, such as 1010,
      is applied in parallel to lines 20, 21, 22, and 23, the selection circuits
      32 will apply a voltage on lines 24 and 26. This in turn will actuate AND
      gates 28 and 30. Consequently, a frequency f.sub.A and f.sub.C will be
      applied to respective amplifiers 2 and 4. Similarly, 0101 would cause
      frequencies f.sub.B and f.sub.D to be applied through respectively AND
      gates 29 and 31 to amplifiers 2 and 4.
PAR  The system of activating a remote underwater device only upon the detection
      of the joint presence of some frequencies and the absence of other
      frequencies is termed "exclusive frequency diversity" coding. Reference
      may be made to co-pending U.S. patent application Ser. No. 679,785 filed
      on Nov. 1, 1967, now abandoned, in the name of Stanley L. Ehrlich et al.
PAR  Each transmission from the transmitter may comprise a long pulse in the
      order of 120 milliseconds consisting of two of the four frequencies. The
      receiver must detect the presence of the two transmitted frequencies and
      simultaneously the absence of the two other frequencies in order to accept
      a transmission. Each code letter used in the system consists of two
      transmissions. In order to increase security, the detecting means is only
      responsible to a first transmission in which there is an absence of a
      frequency between the two transmitting frequencies. Illustratively, if
      f.sub.A and f.sub.C are two detected present frequencies, then f.sub.B
      must not be present where f.sub.A &lt;f.sub.B &lt;f.sub.C &lt;f.sub.D.
PAR  The following Table 1 is a typical set of letter codes. Each code letter is
      formed from two transmissions labelled respectively first and second
      transmission. A "1" designates the presence of a frequency while "0"
      denotes its absence.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Letter Codes                                                              
     No.  Letter  First Transmission                                           
                                   Second Transmission                         
     ______________________________________                                    
                  f.sub.A f.sub.B                                              
                              f.sub.C                                          
                                    f.sub.D                                    
                                        f.sub.A                                
                                               f.sub.B                         
                                                  f.sub.C                      
                                                        f.sub.D                
     1.   A       1       0   1     0   1     0   1     0                      
     2.   B       1       0   1     0   0     1   0     1                      
     3.   C       1       0   1     0   1     0   0     1                      
     4.   D       1       0   1     0   0     1   1     0                      
     5.   E       0       1   0     1   1     0   1     0                      
     6.   F       0       1   0     1   0     1   0     1                      
     7.   G       0       1   0     1   1     0   0     1                      
     8.   H       0       1   0     1   0     1   1     0                      
     ______________________________________                                    
PAR  Three different eight-letter sets may be used. The eight sets of
      frequencies are available and provide a total of 24 sets of eight letters
      each. These sets are mutually non-interfering in the sense that any single
      error either of frequency dropout or of interfering reverberation will not
      produce an error command.
PAR  A code word can consist of three code letters. The letter combinations for
      the code words are chosen non-ordered. This means that no individual
      letter may be used more than once in a code word. Furthermore, no set of
      three letters may be used in another code by rearrangement. The total
      number of commands available from one eight-letter set is then;
EQU  N = 8!/3!5! = 56
PAR  Referring now to FIG. 4B of the drawing, there is shown a single code word.
      It consists of six consecutive transmissions in which each transmission
      consists of two frequencies. Each two-frequency transmission has a pulse
      length of 120 milliseconds and an interpulse interval of 380 milliseconds
      for minimizing intersymbol interference due to multipath and
      reverberation.
PAR  Let us digress for a moment to consider the data rate so as to appreciate
      the quantitative aspects of the system. It has been found that a typical
      total transmission time for a command is 2.62 seconds. Assuming that there
      are 56 equally probable commands, then the information content per command
      is log.sub.2 1/P bits = log.sub.2 1/1/56 = log.sub.2 56 = 5.807 bits per
      command. This results in a data rate of 2.2 bits per second for one
      embodiment.
PAR  It is necessary to choose frequencies that ensure a dead band or a zero
      frequency spectrum hole between two adjacent frequencies. This provides
      immunity from false triggering due to broad-band noise sources. The
      frequencies are chosen in the order of lowest to highest, i.e., f.sub.A,
      f.sub.B, f.sub.C, and f.sub.D. Accordingly, there are three very secure
      code frequency combinations as set forth in Table 2. In this table, "1" is
      the presence of the frequency and "0" is the absence of the frequency.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Secure                                                                    
     Frequency                                                                 
     Combination                                                               
              f.sub.A       f.sub.B                                            
                                  f.sub.C     f.sub.D                          
     ______________________________________                                    
     I        0             1     0           1                                
     II       1             0     1           0                                
     III      1             0     0           1                                
     ______________________________________                                    
PAR  As previously mentioned, each code word consists of six consecutive
      transmissions. The six transmissions are ordered in the following manner.
      The first, third, and fifth transmissions always consist of one of the
      three secure frequency combinations set forth in Table 2. The second,
      fourth, and sixth transmissions are chosen so as to provide four
      additional code choices. The result is that, of the six transmissions,
      taken two at a time, the first two transmissions give a choice of one of
      eight possible letters. The second group of two transmissions represents
      another letter out of the set of eight that are available. Lastly, the
      third set of two transmissions represents the third letter out of a set of
      eight. No letter is repeated within any one code word. Thus, there are
      eight possible ways to select the first transmission, seven possible ways
      to choose the second transmission, and six possible ways to choose the
      third transmission. A further feature is that the code sets are chosen to
      be nonordered. This reduces the number of allowable codes by 1/3!. In
      other words, referring to Table 1 the code CAB would be the same as the
      code letters ABC. This in turn would be the same as the code letters BAC.
      Thus, the number of possible sets is 8.times.7.times.6/3! = 56. This is
      the combinatorial rather than a permutative grouping.
PAR  Of course, additional codes can be formed by changing the initial
      four-frequency code set. There is a limitation in that the proper
      operation of the remote unit requires that the frequency band of interest
      be divided into two sections such that in any two-frequency transmission,
      one frequency lies in the lower half of the band and the other frequency
      lies in the upper half. This prevents mutual interference of the two
      frequencies in the clipper amplifiers described with reference to FIG. 2.
PAR  Summarizing then with respect to the transmission codes and with reference
      to Tables 1 and 2 and FIGS. 4A and 4B, there is an initial choice of four
      frequencies out of a group of 16 possible frequency combinations. A code
      word is seen to consist of six successive transmissions in which each
      transmission consists of two out of four frequencies. Eight
      non-interfering four-frequency sets can be generated from these 16
      frequencies. Thus, eight remote underwater units can simultaneously
      operate in the same field, each having 56 channels with no mutual
      interference.
PAR  Referring now to FIG. 3A of the drawing, there is shown a detailed block
      diagram of the detector 550 and the logic decoding arrangement 710 and 810
      of the apparatus shown in FIG. 2. The output of detector 550 appears on
      conductors 600, 610, 620, and 630 and is correspondingly applied to
      corresponding detectors 720, 730, 740, and 750. An output upon any of the
      respective lines having an amplitude exceeding a predetermined minimum is
      rectified and filtered and applied as a DC level or pulse to the
      corresponding inverters 760, 770, 780, and 790 at their corresponding
      input nodes 860, 870, 880, and 890. Two AND gates 800 and 801 terminate
      the inverters.
PAR  Illustratively, AND gate 800 in combination with inverters 760, 770, 780,
      and 790 is wired to pass a 1010 input. This corresponds at detector 720,
      730, 740, and 750 to the simultaneous presence of frequencies f.sub.A and
      f.sub.C and the absence of frequencies f.sub.B and f.sub.D. Similarly, AND
      gate 801 in combination with the inhibit gates is wired to pass the input
      0101. This represents the simultaneous absence of frequencies f.sub.A and
      f.sub.C and the presence of frequencies f.sub.B and f.sub.D. Two
      additional gates (not shown in FIG. 3A) may be coupled to the invertors
      760, 770, 780 and 790, and to the input nodes 860, 870, 880, and 890 in a
      manner analagous to the coupling of the AND gates 800 and 801 to detect
      the 1001 and the 0110 signal shown herein above at line 3 and 4 of Table
      1. The timing and gating logic as shown in block 810 comprises AND gate
      840 being driven by the conjunctive input of AND gates 800 and 801. This
      arrangement further includes two one-shot multi-vibrators 820 and 830 in
      series connection therewith.
PAC  ADDITIONAL ASPECTS OF THE SYSTEM
PAR  The remote underwater unit and the activating apparatus should preferably
      be maintained in standby status so as to minimize power drain. That is,
      the system will be turned on only in response to a first transmission.
      After reception of the first transmission the power is turned on through
      OR gate 855 and power turn on circuitry 864, and the logic circuits are
      inhibited until the time of arrival of the next pulse. This may be
      accomplished illustratively as follows. At the time of the next pulse, a
      gate (not shown) is opened for a short period of time and this gate is
      chosen to lie completely within the pulse length. During this gate period
      the thresholds are interrogated. If the signal should exceed the threshold
      at any time during the gate, a bistable circuit will be set. Thus, should
      the signal fade out during the time of this gate, this will no longer
      affect the condition of such circuit. Relatedly, any threshold crossing
      during the gate period will set the bistable.
PAR  On detection of a second transmission of a code word, another delay gate is
      set to inhibit the inputs to the first gate. The result is that each
      transmission initiates a gating circuit for the following transmission.
      Thus, the logic arrangement is only opened to receive a signal from the
      detection means at the time at which we expect the transmission to be
      present. This serves to lock out the multipath interference and minimize
      susceptibility to transient noise pulses. An alternative embodiment could
      make use of an accurately timed clock to control the gating interval after
      reception of the first signal.
PAR  A decoding matrix takes each pair of transmissions which have been decoded
      and passed into logic decoding arrangement 850 and combine these into a
      three-letter code word. A test is then performed to match the code word
      against one of the permissible 56 possible commands and secondly to lock
      out non-complete codes or false codes.
PAC  CONCLUSION
PAR  A system for activating a remote apparatus has been described which
      prevents false actuation due to broad-band noise, and is secure against
      the effects of multipath and reverberation. The ability to overcome
      multipath and reverberation is achieved through the use of time gating,
      exclusive frequency diversity coding, a dual channel clipper receiver, and
      the use of an encoding pattern in which the code elements are mutually
      non-interfering.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for activating a submerged device, the apparatus comprising:
PA1  detecting means responsive to incident acoustic waves which communicate a
      succession of signal pulses for detecting said signal pulses to provide
      signal indications of the presence or absence of predetermined frequencies
      therein;
PA1  a logic arrangement coupled to said detecting means for the coding only
      those signal indications manifesting a joint presence of certain
      preselected frequencies and the absence of other preselected frequencies,
      said logic arrangement further including means responsive to successive
      decoded signal indications, said logic arrangement including a delay means
      and a gate responsive to said delay means to permit activation of said
      submerged device only if a second one of said signal indications occurs a
      predetermined time after the occurence of a first one of said signal
      indications; and
PA1  said detecting means further comprising a first wideband filter for passing
      a first of said present preselected frequencies and a second wide band
      filter for passing a second of said present preselected frequencies, and a
      first and a second limiting means coupled respectively to said first
      wide-band filter and said second wide-band filter, the output of said
      first limiting means being coupled to a pair of band-pass filters tuned to
      a pair of said preselected frequencies, said second limiting means being
      coupled to a second pair of band-pass filters tuned to a second pair of
      frequencies of said preselected frequencies.
NUM  2.
PAR  2. Apparatus for activating a submerged device, the apparatus comprising:
PA1  detecting means responsive to incident acoustic waves for detecting
      successive pulse signals communicated by said waves, said detecting means
      including:
PA1  a low pass and a high pass band width channel, and limiting means within
      each channel for normalizing various varying input signal levels so as to
      provide a constant output level signal;
PA1  a first plurality of narrow band-pass filters responsive to the low-pass
      band normalizing means output signal for providing signal indication of
      the presence of corresponding preselected frequencies such as f.sub.A and
      f.sub.B ;
PA1  a second plurality of narrow band-pass filters responsive to the high-pass
      band normalizing means output signal for providing signal indication of
      the presence of other preselected frequencies such as f.sub.C and f.sub.D,
      where f.sub.A &lt;f.sub.B &lt;f.sub.C &lt;f.sub.D ;
PA1  a logic arrangement for detecting only those signal indications manifesting
      the joint presence of preselected ones of the frequencies such as f.sub.A
      and f.sub.D and the absence of other preselected frequencies such as
      f.sub.B and f.sub.C, said logic arrangement further including means
      responsive to successive decoded signals for activating the submerged
      device only if the decoded successive signals match a predetermined
      pattern, said activating means including delay means and gating means
      responsive to a first of said signal indications for gating a second of
      said signal indications only if said second signal indication occurs at a
      predetermined time after the occurence of said first signal indication.
NUM  3.
PAR  3. A system for activating a remote underwater device comprising:
PA1  a transmitter for generating acoustic waves which communicate a succession
      of signal pulses, said waves having predetermined frequencies therein;
PA1  detecting means responsive to incident ones of said generated acoustic
      waves for detecting said signal pulses to provide signal indications of
      the presence or absence of predetermined frequencies therein;
PA1  a logic arrangement for decoding only those signal indications manifesting
      a joint presence of m out of n preselected frequencies and the absence of
      n-m other preselected frequencies, said logic arrangement further
      including delay means and gating means responsive to a first of said
      signal indications for gating a second of said signal indications only if
      said second signal indication occurs a predetermined time after said first
      signal indication for activating said remote underwater device; and
PA1  said detecting means comprising a first and a second band pass filter for
      passing respectively a first portion and a second portion of said
      predetermined spectrum, a first and a second limiting means coupled to
      output terminals of respectively said first and said second band pass
      filters, one of said present frequencies passing through said first band
      pass filter and a second of said present frequencies passing through said
      second band pass filter.
NUM  4.
PAR  4. In combination:
PA1  means for generating a sequence of signal pulses, having a predetermined
      spectrum in which certain predetermined frequencies are present and in
      which other predetermined frequencies are absent;
PA1  means responsive to said sequence of signal pulses for detecting the
      presence and absence of said predetermined frequencies of said spectrum
      and providing a first signal indicating such presence and such absence of
      said frequencies;
PA1  means responsive to said first signal of said detecting means for providing
      a second signal at a predetermined time subsequent to said first signal;
PA1  means responsive to the temporal concurrence of said second signal with
      said first signal in response to a subsequent one of said sequence of said
      signal pulses, for providing a signal indicating the simultaneous presence
      of said second signal and said subsequent first signal of said detecting
      means; and
PA1  said detecting means comprising a first and a second band-pass filter for
      passing respectively a first portion and a second portion of said
      predetermined spectrum, a first and a second limiting means coupled to
      output terminals of respectively said first and said second band-pass
      filters, one of said present frequencies passing through said first
      band-pass filter and a second of said present frequencies passing through
      said second band-pass filter.
NUM  5.
PAR  5. A secure communication system comprising:
PA1  means for radiating pulse train signals into a medium, said pulse train
      signals having a predetermined frequency spectrum in which a plurality of
      predetermined frequencies are present and which a plurality of
      predetermined frequencies are absent;
PA1  means spaced from said radiating means in said medium for receiving said
      pulse train signals;
PA1  means fed by said receiving means and responsive to said pulse train
      signals for decoding said pulse train signals, said decoding means having
      logic means responsive to the relative spectral positions of said present
      frequencies and said absent frequencies in said spectrum for providing a
      signal, if, and only if, there is an absence of each of said absent
      frequencies and if, and only if, there is a presence of each of said
      present frequencies; and
PA1  said receiving means comprises a first and a second band-pass filter for
      passing the frequencies respectively in a first portion and in a second
      portion of said spectrum, and a first and a second limiting means coupled
      respectively to first and said second band-pass filters, the output of
      said limiting means being coupled to filters tuned to individual ones of
      the frequencies of said spectrum.
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PAL  Transducers based on the variable reluctance concept, employing
       magnetiza, soft, plastic materials. These materials serve as the isolator
      between the conductors of a coaxial cable. Such materials exist in
      considerable variety. The magnetization is azimuthal, such as can be
      generated by electrical currents flowing through the coaxial cable. Any
      isolated section of the coaxial cable constitutes a transducer, the
      conductors at one end of which form the terminals, while those at the
      other end are connected together to provide a closed electrical circuit.
      Pressure changes, caused, for example, by acoustic signals, on the outer
      surface of this transducer produce changes in volume, which in turn induce
      electrical signals due to changes of the magnetic flux. The conductors of
      the cable transducer can be in the form of wire braids or metal films,
      neither of which will significantly change the elastic characteristics of
      the magnetizable plastic material.
PAL  Transducers of this type exhibit an electrical source impedance which is
      essentially equal to the resistance of the conductors. This eliminates the
      need of impedance changing preamplifiers. The output signals can be,
      therefore, transmitted directly over long distances by simple wires placed
      in the interior of the central, hollow, inner conductor.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A prior art towed array, used for a similar purpose, comprises a hose of an
      elastomeric material, for example rubber, having an outside diameter of
      about 2 to 4 inches, which may be several miles long, and may be towed by
      a submarine. It was heavy and unwieldy.
PAR  Inside the hose, or cable, are many transducers, perhaps as many as 2,000.
      There are many wires because the transduced acoustic energy must transmit
      the corresponding electrical signals to the support vessel. Since one wire
      for each transducer is impractical, the towed array includes a coaxial
      cable and telemetering equipment, including amplifiers for amplifying the
      signals. The prior art array is a high-impedance device, which precludes
      the use of long wires. In contrast, the towed array of this invention is a
      low-impedance device.
PAR  Prior art towed arrays are plagued by other problems. One problem is
      boundary-layer noise, another one is internal noise caused by waves
      propagating inside the array from one transducer to another, caused by
      flow through the hose that the towed array is made of, or by "cable
      strumming" caused by towing the cable through the water. Towing the cable
      may cause the cable to vibrate, and the vibration is coupled into the
      array, and picked up by the transducers in the array.
PAR  Distributed transducers, on the other hand, are inherently insensitive to
      internal vibrations because of their large size.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a spatially distributed in-line array of
      pressure-to-magnetic transducers, suitable for use in a towed line array,
      the line array having uniform surface impedance over the total length of
      the array and capable of having a specific buoyancy within wide limits,
      including neutral buoyancy, comprising a plurality of line transducers,
      each of which may have a random length as compared to the other line
      transducers in the linear array, each line transducer comprising a section
      of a coaxial cable. The cable in turn comprises a central, hollow,
      flexible, metallic conductor; a magnetizable, plastic, material, for
      example polyethylene, which is azimuthally magnetized to saturation before
      operation, surrounding the central conductor; and a flexible, segmented,
      shielding conductor surrounding the magnetized material, one end of each
      segment being connected to the central conductor, the other end of each
      segment, and a corresponding point on the inner conductor, being
      connectable to measuring equipment by leads traversing the hollow inner
      conductor. The result is that variations in pressure, for example due to
      an acoustic signal, along the towed line array are transduced to
      electrical signals and may be measured, for example by a spectrum
      analyzer.
PAR  The freedom to choose transducer sizes and spacings (with or without
      outer-shield overlap) allows signal processing schemes to be incorporated
      into the line array which by far excels those present in current systems
      having similar objectives. These signal processing schemes relate to
      spatial-temporal, spatial-frequency, and wavevector-frequency filtering
      that the line array must perform in order to achieve high signal-to-noise
      ratios.
PAR  Due to the uniformity with which such an array can be constructed, no
      wavevector conversion will take place. This will abate the increase in
      noise in those regions of spectral space which the signals may occupy.
PAR  The wide variety of magnetizable plastic materials allows for judicious
      selection of elastic properties in order to reduce the effects of
      undesirable mechanical vibrations.
PAR  A central core within the hollow central conductor can be utilized to
      provide, if necessary, longitudinal tensile strength.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide spatially distributed line
      transducers, useful for towed line arrays.
PAR  Another object of the invention is to provide line transducers having
      uniform surface impedance over the total array consisting of a cascade of
      such transducers.
PAR  Yet another object is to provide line transducers having no restriction on
      the axial dimension of the transducer elements. Sizes of individual
      transducers within the array can be selected as desired.
PAR  Still another object is to provide line transducers having no restriction
      in the axial spacing among transducers. Overlap of transducers within the
      array can be accomodated.
PAR  A further object of the invention is to provide line transducers wherein
      the mechanical properties of the line array consisting of such transducers
      can be chosen to meet specific requirements. For example, a line array
      consisting of these transducers can be constructed to possess a specific
      buoyancy within wide limits, including neutral buoyancy.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention, when
      considered in conjunction with the accompanying drawings, wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of the acoustoreluctance coaxial cable of
      this invention.
PAR  FIG. 2 is a set of graphs showing the amplitude response of the array of
      this invention plotted versus the wave number.
PAR  FIG. 3 is a diagrammatic view of the method of using the coaxial cable of
      this invention in a towed array.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, this figure shows a coaxial cable 10, suitable for
      use in a towed line array, with one end 10T trailing in the water when in
      use, comprising a central, flexible, hollow, metallic conductor 12 which
      serves the function of a common ground for the cable. A magnetizable,
      plastic, material 14, for example polyethylene, which is azimuthally
      magnetized to saturation before being put into use, surrounds the central
      conductor 12. A segmented shield 16 surrounds the plastic material 14, one
      end 16T, which corresponds to the trailing end 10T of the cable, of each
      segment being connected to the central conductor 12, which serves as a
      common ground, the other end 16NT of each segment being connected to an
      insulated lead 18, which is fed through the hollow central conductor to
      the non-trailing end 10NT of the cable, where it may be connected to
      measuring equipment.
PAR  The central conductor 12, the magnetized, plastic, material 14, and the
      segmented shield 16 form a series of spatially distributed
      pressure-to-magnetic transducers, with the result that variations in
      pressure, for example due to an acoustic signal, along the cable 10 may be
      measured, for example by a spectrum analyzer.
PAR  In the coaxial cable 10, the segments, for example 22 and 24, of the
      segmented shield 16 may have a random length with respect to each other,
      whereas in other embodiments all segments of the shield may have the same
      length.
PAR  In many embodiments, it would be desirable that the cable 10 be neutrally
      buoyant.
PAR  Discussing now in more detail the components of the cable 10, the outer
      diameter of the inner conductor 12 is in the range of one-half the
      diameter of the outside shield 16. If the diameter of the inner conductor
      12 is too great, then there will not be enough room to place the plastic
      magnetic material 14, and the developed, transduced, signal will not have
      enough amplitude. If the inner conductor 12 has too small a diameter, then
      there will not be enough room for all of the signal transmitting wires 18
      to fit within.
PAR  The plastic matrix 14 may be a polyethylene impregnated with magnetic
      particles. The transducer is a variable-inductance type transducer, which
      when compressed, by an acoustic wave, for example, changes its
      magnetization.
PAR  The magnetic plastic 14 may be forced into a saturated magnetic state by a
      pulse of energy from a charged capacitor. A pressure acting on any part of
      the cable generates a voltage.
PAR  The plastic material 14 in the cable 10 may also be magnetized by passing a
      direct current between the central conductor 12 and the outer shield 16.
      This magnetizes the previously unmagnetized particles in the plastic
      matrix 14.
PAR  As shown in FIG. 1, the outer shield or braid 16 is segmented. An
      embodiment using an overlapping shield has reduced flow noise. Each
      segment, for example third segment 24, must be insulated from adjacent
      segments.
PAR  The signal transmitting wires 18 may be of as small a diameter as
      practicable, inasmuch as the amount of energy transmitted is very small.
PAR  As may be seen in FIG. 1, the length of an individual transducer is "a",
      the spacing between two adjacent transducers is "b", and the overall
      length of the array is equal to L. Generally, it may be assumed that all
      of the transducers are of the same length a and that the spacing b between
      any two adjacent transducers is the same.
PAR  In FIG. 2, the wavenumber response 30 is seen to comprise a main lobe 32
      and several minor lobes, for example 34L and 34R, on each side of the main
      lobe. The zero-power points, 36L and 36R, of the envelope 37 have a spread
      of 2.pi./a. As is shown the distance from the center of the main lobe 32
      to the center of the first minor lobe 34L is .pi./b. The zero-power point
      of an individual lobe is equal to 2.pi.1L, that is, 2.pi. divided by the
      length of the overall array.
PAR  The longer the length L of the array, or cable 10 in FIG. 1, the narrower
      are the lobes, 34L or 38L. The smaller the length a of the individual
      transducer elements the more nearly horizontal does the envelope 37
      become. The greater the distance b between adjacent transducer elements,
      the closer together do the lobes 34R and 38R get.
PAR  Now, the desired acoustic response is in the main lobe 32. Therefore, it is
      desired to suppress the side lobes (or grating lobes) 38L, 34L, 34R and
      38R. One way of suppressing the side lobes is by making the envelope 37
      less of a horizontal line, and one way of doing this is by making a, the
      length of each individual transducer, longer, since the zero-power points
      of the envelope are located at the points .+-. .pi./a.
PAR  The relative response of the main lobe 32 is improved also by making the
      spacing b between adjacent transducers as small as possible, resulting in
      a closely packed array.
PAR  The shielded sections 16 of two adjacent transducer segments may even be
      made to overlap, resulting in an even smaller value for the distance
      between the two zero-power points, 36L and 36R.
PAR  Referring now to FIG. 3, therein is shown an apparatus 40 for determining
      the presence of a source of acoustic signals, which generates the wave
      front 42, in an ocean environment through the use of a towed line array,
      comprising the cable 10 shown in FIG. 1, including the insulated leads, 18
      in FIG. 1, one from each of the N segments, the apparatus to be used in a
      way such that the cable trails in a manner so that the acoustic signals
      impinge first in time upon the trailing end 10T of the cable.
PAR  The apparatus 40 also includes a plurality of N-1 time delay units, 44-1
      through 44-4, one for each segment except that segment at the non-trailing
      end 10NT of the cable 10, the input end of each filter being connected to
      the insulated lead 18 for its associated segment, the delay time of the
      filter associated with the segment at the trailing end 10T being (N-1)T,
      the delay time of the filter associated with the segment adjacent to it
      being (N-2)T, through a delay time of T for the last filter associated
      with the segment adjacent to the non-trailing end;
PAR  A signal summer 46 has inputs, which are connected to the outputs of the
      N-1 filters, 44-1 through 44-4, and to the insulated lead 18 which is
      associated with the segment at the non-trailing end 10NT of the cable 10,
      the summed output signal varying according to the amplitudes and phases of
      the acoustic signals generated by the signal source.
PAR  A spectrum analyzer 48 has its input connected to the output of the signal
      summer 46, for analyzing the spectra of the acoustic signals generated by
      the signal source.
PAR  Referring still to FIG. 3, therein is shown transducer array 10 consisting
      of five segments for simplicity, intersected by a wave front, 42 forming
      an angle .theta. with the axis of the linear array. The wave front
      represents an acoustic pressure field which sweeps across the transducers,
      24, 23, 22 of FIG. 1, for example, of the array 10, one after the other.
      The outputs of all of the transducers are fed into a beam former 46 where
      the beam is steered perpendicularly to the wave front 42.
PAR  Let us just take one wave front, 42-1. It strikes the left transducer, at
      the trailing end 10T, first, then the one next to it, etc. The outputs of
      each of the transducers except that transducer, at the non-trailing end
      10NT, which receives the wave front 42 the latest in time are fed to
      separate delay lines, 44-1 through 44-4, before being fed to the signal
      summer 46 and then to the spectrum analyzer 48.
PAR  The amount of delay in the delay line 44-4 which is connected to the
      transducer which is next to the right transducer, at the non-trailing end
      10NT, is equal to the transit time of the wave front between those two
      adjacent transducers. The same transit time is involved between any two
      other adjacent transducers, provided all transducers are of equal length
      a.
PAR  The various signals with their different delays are summed in the summer
      46. Therefore, any variation in the wave front 42, and hence in the
      acoustic pressure field, will be detected by the signal summer. In
      particular, any maxima in the acoustic pressure field may be detected.
PAR  Different delays T.sub.n may be used, since the phase of the wave front 42
      along the array 10 changes with incident angle .theta.. Inserting
      different time delays permits "listening to different directions" of the
      acoustic wave.
PAR  If it is desired to detect a broadside signal, then no time delays are
      required.
PAR  The detected signal is fed into a spectrum analyzer 48 where the frequency
      components may be analyzed. The spectrum analyzer 48 would be a broad band
      analyzer capable of detecting any signal components above a predetermined
      threshold value.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coaxial cable, suitable for use in a towed line array, with one end
      trailing in the water when in use, comprising:
PA1  a central, flexible, hollow, metallic conductor;
PA1  a magnetizable, plastic, material, which is azimuthally magnetized to
      saturation before being put into use, surrounding the central conductor;
PA1  a segmented shield, consisting of N segments, surrounding the magnetic
      material, one end, which corresponds to the trailing end of the cable, of
      each segment being connected to the central conductor, which serves as a
      common ground, the other end of each segment being connected to an
      insulated lead which is fed through the hollow central conductor to the
      non-trailing end of the cable;
PA1  the central conductor, the magnetized material and the segmented shield
      forming a linear series of spatially distributed pressure-to-magnetic
      transducers;
PA1  with the result that variations in pressure, for example due to an acoustic
      signal, along the cable, may be measured, for example by a spectrum
      analyzer.
NUM  2.
PAR  2. The cable according to claim 1, wherein
PA1  the segments of the segmented shield have a random length with respect to
      each other.
NUM  3.
PAR  3. The cable according to claim 1, wherein
PA1  all segments of the segmented shield have the same length.
NUM  4.
PAR  4. The transducer according to claim 2, wherein
PA1  the cable is neutrally buoyant.
NUM  5.
PAR  5. The cable according to claim 3, wherein
PA1  the cable is neutrally buoyant.
NUM  6.
PAR  6. Apparatus for determining the presence of a source of acoustic signals
      in an ocean environment through the use of a towed line array, comprising:
PA1  the cable according to claim 5, including the insulated leads, one from
      each of the N segments, the apparatus to be used in a way such that the
      cable trails in a manner so that the acoustic signals impinge first in
      time upon the trailing end of the cable;
PA1  a plurality of N-1 filters, one for each segment except that segment at the
      non-trailing end of the cable, the input end of each filter being
      connected to the insulated lead for its associated segment, the delay time
      of the filter associated with the segment at the trailing end being
      (N-1)T, the delay time of the filter associated with the segment adjacent
      to it being (N-2)T, through a delay time of T for the last filter
      associated with the segment adjacent to the non-trailing end;
PA1  a signal summer, whose inputs are connected to the outputs of the N-1
      filters and to the insulated lead which is associated with the segment at
      the non-trailing end of the cable, the summed output signal varying
      according to the amplitudes and phases of the acoustic signals generated
      by the signal source; and
PA1  a spectrum analyzer, whose input is connected to the output of the signal
      summer, for analyzing the spectra of the acoustic signals generated by the
      signal source.
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ABST
PAL  An electroacoustical transducer is disclosed as incorporating a metallic
       sing having an aperture located in the wall thereof. A plurality of
      shutters are rotatably mounted on said housing for effectively and timely
      opening and closing predetermined portions of said aperture. A plastic
      support member is disposed within said housing, and a slot is located
      therein in alignment with said aperture. A wooden frame is disposed in
      said slot in such manner as to effect a semi-resilient lining therefor,
      and an electroacoustical energy converter element is disposed within said
      frame lining. A shutter actuator, either programmed or manually operated,
      is connected to said plurality of shutters for respectively moving them in
      such manner as to effect predetermined openings and closings of the
      aforesaid aperture. A utilization apparatus, such as for example, a sonar
      transceiver, is connected to the aforesaid energy converter element for
      energization thereof and for response thereto during transmit and receive
      modes of operation, respectively.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for Governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates, in general, to energy converters and is, in
      particular, a transducer for converting electrical energy into acoustical
      energy proportional thereto and vice versa. In even greater particularity,
      the subject invention is an electroacoustical transducer that may be
      deployed underwater and used in conjunction with signal generators, sonar
      transmitters and receivers (transceivers) and other utilization apparatus.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, numerous electroacoustical transducers have been invented and
      patented which convert electrical energy to acoustical energy and vice
      versa. In fact, the number thereof is too numerous to discuss in any great
      detail; hence, it would not appear to be unreasonable to presume that the
      electroacoustical transducer art is crowded, indeed.
PAR  As examples of some of the prior art, U.S. Pat. No. 2,716,708 to Bradfield,
      U.S. Pat. No. 3,243,766 to Walther, U.S. Pat. No. 3,478,309 to Massa, Jr.,
      and U.S. Pat. No. 3,603,921 to Dreisback are hereby mentioned, especially
      since they ostensively incorporate various and sundry piezoelectric energy
      converting elements mounted in various and sundry housing means,
      respectively. Of course, none thereof (and none known to the Inventors)
      contain the new combination of elements incorporated in the subject
      claimed invention, nor does any thereof appear to produce the new,
      improved, and useful results effected thereby. Moreover, there appears to
      be no simple teaching in the prior art of any method and means for
      selectively "playing" an electroacoustical transducer in such manner that
      different signal frequencies or different combinations of acoustical and
      electrical signal frequencies are operative therein, either individually
      or collectively, in predetermined harmony or disharmony, or otherwise, as
      desired. Therefore, the electroacoustical transducers of the prior art
      appear to be limited in their operational capabilities, as compared to
      that claimed herein.
PAC  SUMMARY OF THE INVENTION
PAR  Obviously, for many practical purposes, the electroacoustical transducers
      of the prior art are quite satisfactory; however, for some practical
      purposes they ostensively leave something to be desired. Accordingly, for
      some purposes the instant invention overcomes the disadvantages of the
      devices of the prior art.
PAR  Briefly, the invention comprises one or more substantially comb-like shaped
      piezoelectric elements of varying "teeth" design and dimensions, and, with
      the exception of the projection-reception "window" thereof, is framed by a
      balsa wood support that is suitably mounted as a lining within a slot
      within a plastic body that is preferably housed within an appropriate
      metallic housing in such manner that the aforementioned window also exists
      therethrough in alignment therewith.
PAR  In front of said projection-reception window -- and, hence, in front of the
      projection-reception surfaces of said piezoelectric elements -- are a
      plurality of shutters, each of which are movably connected by hinge means
      to the aforesaid housing in such manner that they may be adjusted to open
      and close desired portions of the aforesaid "window", thereby, in effect,
      allowing the entire electroacoustical to be "played" or tuned, as the case
      may be.
PAR  The aforementioned shutters may be any number desired for any given
      operational situation; moreover, they may be opened and closed by any
      suitable conventional actuator, programmed or manual, as desired.
PAR  It is, therefore, an object of this invention to provide an improved
      transducer.
PAR  Another object of this invention is to provide an improved method and means
      for tuning an electroacoustical transducer, so that the broadcast and
      reception patterns thereof may be varied to suit operational circumstances
      without withdrawing the transducer from the environmental medium within
      which it is working.
PAR  Still another object of this invention is to provide an improved adjustable
      -- that is, broadband to narrow band and vice versa -- electroacoustical
      transducer.
PAR  A further object of this invention is to provide an electroacoustical
      transducer that has a predetermined substantially flat frequency response
      (transmitting voltage) curve within the one hundred to one thousand
      kilocycles per second frequency range.
PAR  Another object of this invention is to provide an electroacoustical
      transducer which will selectively broadcast and receive two or more
      separated signal frequencies simultaneously.
PAR  Still another object of this invention is to provide an electroacoustical
      transducer which will selectively broadcast and receive two or more signal
      frequency ranges simultaneously.
PAR  A further object of this invention is to provide an improved sonar
      transducer, the operative frequencies and broadcast and response patterns
      of which may be adjusted, tuned, or played -- either individually or in
      predetermined concert -- by a programmed actuator or manually by a human
      operator, as desired, while it is deployed under water or within any other
      compatible environmental medium.
PAR  Other objects and many of the attendant advantages will be readily
      appreciated as the subject invention becomes better understood by
      reference to the following detailed description, when considered in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of a piezoelectric energy converter element
      having a predetermined solid wedge geometrical configuration;
PAR  FIG. 2 is an elevational view of a piezoelectric energy converter element
      having another predetermined solid wedge geometrical configuration;
PAR  FIG. 3 is an elevational view of a piezoelectric element having a grooved
      wedge geometrical configuration;
PAR  FIG. 4 is an elevational view of another piezoelectric element having a
      grooved wedge geometrical configuration that is different from that
      depicted in FIG. 3;
PAR  FIG. 5 is an elevational view of another piezoelectric element having a
      combination grooved wedge and convex operative surface geometrical
      configuration;
PAR  FIG. 6 is an elevational view of another piezoelectric element having a
      combination grooved wedge and concave operative surface geometrical
      configuration;
PAR  FIG. 7 is a front view of a piezoelectric element having grooves
      incorporated therein in such manner as to effectively make it
      representative of the piezoelectric elements of FIGS. 3 through 6, as well
      as others not shown;
PAR  FIG. 8 is a very generalized elevational view of a piezoelectric element
      showing that the various and sundry dimensions thereof may be varied in
      accordance with the design choice of the artisan;
PAR  FIG. 9 is a schematic perspective view of a diced piezoelectric element in
      combination with a sonar or other transceiver apparatus;
PAR  FIG. 10 is a front elevational view of the turnable electroacoustical
      transducer of this invention;
PAR  FIG. 11 is one representative cross-sectional view of the transducer of
      FIG. 10, taken at A--A thereof;
PAR  FIG. 12 is another possible cross-sectional view of the transducer of FIG.
      10, taken at A--A thereof;
PAR  FIG. 13 is still another typical cross-sectional view of the transducer of
      FIG. 10, taken at A--A thereof;
PAR  FIGS. 14 and 15 depict typical broadcasting and receiving acoustical
      patterns in the vertical and horizontal positions, respectively; and
PAR  FIG. 16 discloses a representative frequency response curve for the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a solid wedge-shaped piezoelectric
      electroacoustical energy converter element 11 having a planer
      projector-receptor surface 12 that is perpendicular to the left and right
      edges 13 and 14 thereof. The rear surface 15 of element 11 is disposed at
      an angle wih said left and right edges 13 and 14 and, hence, would also
      make a predetermined angle with front edge 12, if extended sufficiently to
      intersect therewith, thereby effecting an overall tapered or wedge-shaped
      structural configuration. A nominal slope of, say, 6.degree. has been
      found to be quite satisfactory for many practical purposes; however, it
      should be understood that any desired angle therefor may be used that
      would optimize piezoelectric element 11 for any given operational
      situation.
PAR  As seen in FIG. 2, another solid wedge-shaped piezoelectric
      electroacoustical energy converter element 17 is shown as having a tapered
      projector front surface 18, left and right ends 19 and 21, and rear or
      back surface 22. Of course, piezoelectric element 17 differs from element
      11 because the taper thereof is effected by front surface 18 being angled
      with respect to sides 19 and 21. Again, although 6.degree. is suitable for
      said taper, other angles (including the compounding of said tapers) may be
      employed if so desired.
PAR  Of course, it is well known in the art that tapered piezoelectric crystals
      per se have been used for various and sundry purposes. For example,
      expired U.S. Pat. No. 2,485,722 to W. S. Erwin discloses that
      piezoelectric crystals have a natural resonant frequency may be employed
      to accurately control the frequencies of oscillators, and that tapered or
      wedge-shaped piezoelectric crystals may be "tuned" and used to vibrate
      various structures at frequencies other than their resonant frequency,
      because they have no particular resonant frequency due to their
      geometrical configurations. On the other hand, there appears to be no
      specific teaching in said patent to Erwin of the unique combination of
      elements incorporated in the instant claimed invention, which includes the
      incorporation therein of wedge and other shaped piezoelectric elements.
PAR  FIG. 3 illustrates a grooved wedge-shaped piezoelectric element 24. The
      front surface, as may readily be seen, is cut in such manner that a
      plurality of posts 25 separated by a plurality of grooves 26 are effected.
      As also may readily be seen, a tapered base or spine 27 is effected
      because the back surface 27 is angled with respect to left and right ends
      28 and 29. The resulting geometrical configuration consists of a plurality
      of alternate posts and grooves having decreasing dimensions, respectively,
      thereby producing predetermined broadband operational characteristics, as
      will be discussed more fully subsequently. Of some significance perhaps,
      is the fact that the forward (top) operational projector-receptor faces of
      posts 25 are normal to their sides and to the aforesaid end surfaces 28
      and 29, while grooves 26 are of different angular dimensions or lengths at
      the bottom portions 31 and 32 thereof. Of course, the different length
      posts 25 and grooves 26 occur as a result of the tapering of backing or
      spine 27 integrally connected thereto.
PAR  The piezoelectric element 35 of FIG. 4, is somewhat similar to that of FIG.
      3, with the exception that the forward (top) operated faces of posts 36
      are slanted or tapered in such manner as to successively decrease in
      length, while being integrally connected to and extending perpendicularly
      from spine or backing 37. Of course, a plurality of grooves 38
      respectively separate said posts 36. In this embodiment, ends 39 and 41
      are normal to spine 37, too.
PAR  FIGS. 5 and 6 illustrate piezoelectric crystal elements 43 and 44 that are
      somewhat similar to those of FIGS. 3 and 4, respectively, with the
      exception that the respective projector-receptor front post surfaces 45
      and 46 thereof are curved in predetermined convex and concave manners.
      Because the remaining structures thereof are ostensively obvious from the
      drawing, for the purpose of keeping this disclosure as simple as possible,
      no further discussion thereof will be presented at this time.
PAR  Referring now to FIG. 7, there is shown a top view of a piezoelectric
      element 51 that may be considered as being representated of the top
      projector-receptor surfaces of each of the piezoelectric elements of FIGS.
      3 through 6. Also shown therein, is a pair of electrodes 52 and 53 which
      may be of any conventional type and which are connected to the sides of
      piezoelectric element 51, thereby causing the electric field to be applied
      to the faces or sides thereof that are normal to the length dimension of
      the transducer post elements thereof.
PAR  Although the piezoelectric element of FIG. 7 merely depicts a single row of
      alternately disposed energy converter posts 54 and grooves 56, it should
      be understood that there may be several rows thereof, and, furthermore,
      that the piezoelectric elements thereof may be diced as shown in expired
      U.S. Pat. No. 2,543,500 to C. F. Kettering et al or in U.S. Pat. No.
      3,470,394 to R. L. Cook and L. D. Whatley, Jr., with the groove and post
      dimensions being selected by the artisan to fit the operational
      circumstances.
PAR  As may readily be seen, transducer energy converter element 51 of FIG. 7
      may have any desired length L and any desired thickness T, as well as many
      posts and grooves as are necessary for any given operational situation.
PAR  FIG. 8 illustrates a piezoelectric element 61 which contains various and
      sundry shaped and dimensioned posts, grooves, spines, and the like.
      Accordingly, dimensions A, B, C, D, E, F, G, H, I, and J, as well as all
      other possible dimensions, may be varied and design selected as necessary
      by the artisan, in order to produce the geometrical configuration and
      projector-receptor patterns desired for any given operational
      circumstances.
PAR  Referring now to FIG. 9, another simplified embodiment of a piezoelectric
      transducer element 71 is shown as containing a plurality of posts 72
      connected to a common spine 73, with said posts 72 decreasing in length
      from left to right and separated by decreasing length grooves 74,
      respectively. Electrodes 75 and 76 are respectively attached in any
      conventional manner to the sides of posts 72 and/or spine 73.
PAR  Connected to electrodes 75 and 76 are a pair of electrical conductors 77
      and 78, the other ends of which are connected to the inputs-outputs of any
      appropriate compatible utilization apparatus 79.
PAR  Of course, utilization apparatus 79 may be generally described as being a
      transceiver or a signal generator, or it may be defined more specifically
      as being a sonar system.
PAR  A front view of a generalized preferred embodiment of the electroacoustical
      transducer constituting this invention is depicted in FIG. 10, while
      several possible cross-sectional configurations therefor are illustrated
      in FIGS. 11, 12, and 13. Therefore, for purpose of simplicity of
      disclosure, like parts of FIGS. 10 through 13 will be referenced by like
      numerals.
PAR  Accordingly, referring now to FIGS. 10 through 13, there is shown a
      metallic housing 101, with a plastic support member 102 disposed in tight
      fit relationship therein. A slot 103 is located in plastic support member
      102, and disposed therein is a three-sided, box-like balsa wood frame 104
      which, in turn, has a piezoelectric energy converter element 105 mounted
      therein.
PAR  Piezoelectric element 105 may be made of lead zirconate or other
      piezoelectric material and may be identical to or similar in configuration
      to any one of the piezoelectric elements depicted in FIGS. 1 through 9;
      however, for the purpose of disclosing a preferred embodiment herein,
      piezoelectric element 24, having a comb-like configuration, will be
      selected therefor.
PAR  Housing 101 has hinges 106, 107, and 108 (the latter two of which are shown
      only in FIG. 10) connected thereto as by weldings 109, 111, and 112, or
      any other suitable conventional means, to which a like number of shutters
      113, 114, and 115 are respectively connected thereto, again as by welding
      117, 118, and 119, or any other suitable conventional means. Shutters 113,
      114, and 115 are preferably made of stainless steel and are, of course,
      designed to be rotated on their respective hinges in such manner as to
      open and close acoustical windows 121, 122, and 123 which are effectively
      in alignment with predetermined ones of the projector-receptor surfaces of
      the aforesaid piezoelectric energy converter 105.
PAR  A shutters actuator 124 is connected by suitable rods, levers,
      servomechanisms 125, 126, and 127, or the like, to shutters 113, 114, and
      115, respectively, in order to properly and timely effect movement thereof
      in such manner as to open and close the acoustical windows of which they
      are in front.
PAR  Shutters actuator 124 may be of the type which is manually operated by a
      human operator, or it may be of the type that moves the acoustic window
      shutters automatically and in accordance with a predetermined program. In
      either case, it allows the piezoelectric energy converters to be "played"
      as one might play a musical instrument, viz., one frequency (or tone) at a
      time, several frequencies (or tones) at a time, or all frequencies (or
      tones) at the same time.
PAR  Although only three shutters are disclosed herein in conjunction with
      actuator 124, any number thereof may be incorporated in the invention.
      Obviously, it would be well within the purview of one skilled in the art
      having the benefit of the teachings presented herewith to select whatever
      number of shutters, shutter actuators, and piezoelectric electroacoustical
      elements necessary to meet any predetermined operational requirements.
PAR  Connected to both sides of piezoelectric element 105 are electrodes 131 and
      132, to which electrical lead conductors 133 and 134 are connected, the
      latter of which are adapted for being connected to a transceiver or other
      utilization apparatus.
PAR  Disposed in front of piezoelectric element 105 is the aforementioned
      acoustically clear window material 121. The material thereof may be
      polyurethane and, if desired, may also be used as a potting for filling
      the grooves thereof and all other spaces not occupied thereby. Hence, ends
      135 and 136 (of FIG. 10) may be of such potting polyurethane material (or
      balsa wood, if preferred).
PAR  As best seen in FIG. 10, several different size and configuration
      piezoelectric elements may be optionally included in the same transducer.
      Hence, another of such elements 137 supported in another balsa wood frame
      138 may be included in slot 103 of plastic support member 102. In such
      case, electrodes 139 and 141 are or may be connected to electrical
      conductors 133 and 134, respectively.
PAR  Inspection of FIG. 12, will disclose that the embodiment depicted therein
      has a metallic backing-loading plate 151 disposed between the rear end of
      piezoelectric element 105 and balsa wood box frame 103. Backing-loading
      plate 151 should, of course, be designed, and configured for the proper
      support of the spine of said piezoelectric element 105, regardless of its
      particular geometrical configuration.
PAR  Also, as indicated in FIG. 12, window material 121 may be a thin film of
      acoustically clear plastic that is used for sealing the forward surfaces
      of piezoelectric element 105, so that they are watertight when the subject
      transducer is being used as an underwater transducer.
PAR  Connected to housing 101 of each of the embodiments of FIGS. 11, 12, and 13
      is a mounting strut 152 which is adapted to be connected to any suitable
      carrier vehicle or other mounting means (not shown).
PAR  In phantom, shutter 113 of the device of FIG. 11 is shown in a hinged open
      condition. All of the other shutters open and close likewise.
PAR  As is undoubtedly evident by now, the housing designs of FIGS. 11, 12, and
      13 are somewhat different, one of which is circular in cross-section, one
      of which is streamlined in cross-section, and one of which is
      substantially square in cross-section. Obviously, other cross-sectional
      configurations may be substituted therefor by the artisan. In any event,
      the cross-sections thereof, although each is different from the others,
      may be considered as having been taken at A--A of FIG. 10.
PAR  FIGS. 14 and 15 disclose typical broadcasting and receiving acoustical
      patterns of the invention in the vertical and horizontal positions,
      respectively; and FIG. 16 is a representative frequency response -- that
      is, transmitting voltage response -- curve therefor. Because their
      inclusion herein is functional, rather than structural, they will be
      discussed below in connection with the explanation of the operation of the
      invention.
PAC  MODE OF OPERATION
PAR  The operation of the invention will now be discussed briefly in conjunction
      with all of the figures of the drawing.
PAR  The operation of the invention is very simple. Electrical energy is either
      supplied to piezoelectric element 105 (of FIG. 10) by, say, a sonar (FIG.
      9) or is received thereby therefrom. Hence, the device of FIG. 10 may be
      said to be operationally reversible.
PAR  As acoustical energy is being received or broadcast by element 105,
      shutters 113, 114, and/or 115 are timely opened and closed by shutters
      actuator 124, to thereby effect the playing or tuning thereof. In the
      alternative, all of the aforesaid shutters may be opened at the same time,
      in which case the instant transducer becomes broadband, has a frequency
      response curve similar to that shown in FIG. 16 if the embodiment of the
      piezoelectric element of FIG. 3, for example is incorporated therein, and,
      thus, may have vertical and horizontal response pattern (in water) similar
      to those shown in FIGS. 14 and 15.
PAR  At this time, it would appear to be noteworthy that any one of the
      embodiments of the piezoelectric elements of FIGS. 1 through 8 may be
      incorporated as elements 105 and/or 137 in the electroacoustical
      transducer of FIG. 10, depending on the transmission and reception
      frequency band characteristics and radiation and response patterns desired
      for any given operational circumstances. Moreover, the structural design
      thereof may be varied, as far as width, length, depth, post configuration,
      element intermingling, etc., are concerned. Hence, for instance, FIG. 10
      depicts piezoelectric elements 105 and 137 as having different widths and
      lengths, with shutters 113 and 114 operative to effectively tune the
      former, while shutter 115 is shown as being operative to effectively tune
      the latter. Therefore, it may readily be seen that the available and
      disclosed unique combinations of tuned and tuning methods and means of
      this invention plays a very important part therein. Hence, while it is
      recognized that some of the individual elements thereof may be well known
      and conventional per se, it should be readily apparent that, although
      relatively simple, their respective new and useful combinations and
      interactions constitute an invention of unique structural character and
      operational results. Of course, the particular frequency response curve of
      FIG. 16 and the radiation and response patterns of FIGS. 14 and 15 are and
      of themselves certainly indicate the improved electroacoustical operations
      that may be obtained from the invention, and, as such, are of considerable
      importance in the underwater transducer art.
PAR  As a general rule, but without limitation, the electroacoustical transducer
      of the subject invention is deployed within water, sea water, or the like,
      and in such instances is combined with a sonar transceiver or some other
      appropriate utilization apparatus, as best portrayed in the system of FIG.
      9. Of course, in such arrangement, the invention has many useful purposes
      -- such as, for example, the hunting, detection, and indication of various
      and sundry target objects located within said water or sea water and/or
      laying on or buried in the bottom or floor thereof. As such, then, the
      instant invention is an exceedingly useful component of a target location
      and identification sonar system. And the fact that it may be tuned or made
      broad band facilitates the acquiring of such targets and responding to
      them with considerable image resolution and electroacoustical fidelity.
      Accordingly, it ostensively constitutes an advance in the
      electroacoustical transducer art.
PAR  Although not shown, the subject transducer may be mounted by means of strut
      152 (see FIGS. 11, 12, and 13) on any suitable mobile vehicle or stable
      platform as operational circumstances warrant. Hence, its physical
      deployment may be considered as being unlimited, as far as the mounting
      thereof is concerned.
PAR  Again, for purpose of emphasis, in the event it is desired to "play" the
      subject transducer in accordance with some particular program, the
      shutters thereof may be attached to a shutters actuator of either the
      programmed or manual type (such as actuator 124 of FIG. 10). Obviously, it
      could be "played", too, by applying appropriate electrical signals to
      electrical leads 133 and 134 during the transmission mode of operation or
      receiving only those electrical signals emanating therefrom that are
      desired during the reception mode of operation.
PAR  Because the types of utilization apparatus that are operationally
      compatible with the subject transducer are exceedingly numerous, only
      several -- transceiver, signal generator, and sonar -- are mentioned
      herein; however, it should be understood that it is not limited to only
      being combined therewith.
PAR  Obviously, other embodiments and modifications of the subject invention
      will readily come to the mind of one skilled in the art having the benefit
      of the teachings presented in the foregoing description and the drawings.
      It is, therefore, to be understood that this invention is not to be
      limited thereto and that said modifications and embodiments are intended
      to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tunable electroacoustical transducer system adapted for broadcasting
      acoustical energy to and receiving acoustical energy from an aqueous
      environmental medium, comprising in combination:
PA1  a plurality of piezoelectric posts, each of which has an active forward end
      face for broadcasting and receiving acoustical energy to and from the
      aforesaid aqueous environmental medium, each of which has a rearward end,
      each of which is spatially disposed from adjacent ones thereof, and all of
      which are disposed in a single row of predetermined configuration with
      predetermined successively decreasing lengths from one end of said row to
      the other;
PA1  a piezoelectric spine, with the forward end thereof integrally connected to
      the rearward end of each of said piezoelectric posts;
PA1  a pair of electrodes connected to predetermined surfaces of said plurality
      of piezoelectric posts and said piezoelectric spine for receiving
      electrical energy therefrom and supplying electrical energy thereto;
PA1  a plastic support member having a slot therein within which said single row
      of piezoelectric posts, and piezoelectric spine, and said pair of
      electrodes are contained in such manner that the forward active end faces
      of said piezoelectric posts face outwardly therefrom and that said
      piezoelectric spine is located adjacent to but spatially disposed from the
      inner end of said slot;
PA1  a predetermined backing-loading plate dispose in abutment with the rearward
      end of the aforesaid spine;
PA1  a balsa wood frame disposed between the inside surface of the slot of said
      plastic support member and the outside of predetermined ones of those
      surfaces of said piezoelectric spine and posts consisting of the
      effectively inactive surfaces thereof, the rearward surface of said
      predetermined backing-loading plate, and the effective outside surfaces of
      said pair of electrodes;
PA1  encasement means having a wall of predetermined geometrical configuration
      with an elongated aperture located therein, with said encasement means
      surrounding the aforesaid plastic support in such manner that the
      aforesaid aperture thereof is located adjacent to the active forward end
      faces of said plurality of piezoelectric posts;
PA1  an acoustically clear plate means located within the end of and connected
      to said balsa wood frame in contiguous disposition with the active forward
      end faces of said plurality of piezoelectric posts for passing acoustical
      energy therethrough;
PA1  means connected to said encasement means for the mounting thereof on a
      predetermined platform;
PA1  a plurality of acoustically opaque shutters hinged to said encasement means
      in such manner that each one thereof may be rotated to effect the closure
      of predetermined portions of the aforesaid elongated aperture, thereby
      effectively inactivating predetermined ones of said single row of
      piezoelectric posts while permitting activation of the remaining ones
      thereof;
PA1  means connected to said plurality of acoustically opaque shutters for
      effecting the rotation thereof in such manner as to cause the timely
      opening and closing of predetermined portions of the aforesaid elongated
      aperture in accordance with a predetermined program, so as to permit the
      playing of the aforesaid tunable electroacoustical transducer system in
      accordance with said predetermined program; and
PA1  a sonar system connected to said pair of electrodes.
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PAL  A differential charge amplifier for use in towed marine seismic streamers
      and the like involving towed hydrophone arrays wherein the hydrophone
      outputs are conducted by long twisted pairs of leads to signal processing
      equipment, the differential charge amplifier including operational
      amplifiers connected to form charge amplifier stages having
      resistance-capacitance feedback circuits and a differential amplifier
      stage coupled to the charge amplifier outputs providing cancellation of
      common mode signals.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The present invention relates in general to charge amplifier circuitry for
      use with capacitive transducers arranged for example in a towed hydrophone
      array as in a marine seismic streamer or an anti-submarine warfare
      streamer or the like, and more particularly to a differential charge
      amplifier for use in marine seismic streamer or anti-submarine warfare
      streamer applications involving towed hydrophone arrays for passive
      underwater detection, wherein the hydrophones drive long twisted pairs of
      leads or conductors for transmission through the streamer to shipboard
      signal processing stations.
PAR  Heretofore, a number of marine seismic detection cables or streamers, the
      terms being used interchangeably, have been devised for making seismic
      surveys of terrestrial sub-surface structures disposed beneath sea water.
      In general, the marine seismic streamers have included a lead-in cable and
      a long series of serially connected active streamer sections each usually
      formed of an oil filled plastic tube surrounding an array of hydrophones,
      strain cables, structural spacers, transformers, and mechanical and
      electrical leads or connectors, such as, for example the marine seismic
      streamer sections of the type disclosed in U.S. Pat. No. 2,465,696 issued
      Mar. 29, 1949 to Leroy C. Paslay or U.S. Pat. No. 3,371,739 issued Mar. 5,
      1968 to Raymond H. Pearson. Inactive streamer sections are also often
      interspersed in the string of serially connected so called "active"
      sections having the sound pressure responsive hydrophones. Such marine
      seismic streamers or cables may in many cases be a mile or more in length,
      a typical streamer system being about 7,000 with each section being
      typical a hundred feet or more in length. During seismic survey or
      prospecting operations, such streamers are towed by the seismic survey
      vessel at a selected depth below the surface of the sea, by any of several
      conventional means for maintaining the seismic cable at the desired
      underwater depth. Typically, the cables may be provided with a plurality
      of weights at spaced intervals to make them negatively buoyant and
      flotation means or ring boom means may be associated with the cable to
      assist in maintaining it at the desired depth. Alternatively, regulation
      of the buoyancy of the streamer may be achieved by introducing into the
      streamer or withdrawing from it a fluid which will vary the buoyancy of
      the streamer, or paravane type structures may be used having adjustable
      diving planes which maintain the streamer at the appropriate depth.
PAR  Similarly, long towed hydrophone arrays have been employed as underwater
      listening devices for detecting submarines or underwater vessels used in
      warfare, such towed hydrophone arrays being employed as passive underwater
      detection systems in what are referred to as ASW streamers.
PAR  In towed underwater hydrophone arrays of either of the types described
      above, piezoelectric ceramic capacitance transducers are customarily used
      as hydrophones to respond to the underwater sound pressure waves or
      phenomena to be detected by the hydrophones and convert such phenomena to
      electrical information. Such transducers produce an output voltage that is
      proportional to the applied acoustic pressure and present day streamer
      applications typically employ up to one hundred groups of hydrophones
      towed in a single streamer, spaced from 500 to 10,000 feet behind a marine
      geophysical boat. In order to transmit the hydrophone output signals or
      output voltages to the signal processing equipment on the geophysical boat
      or the towing vessel, it has been the practice to connect a transformer to
      each hydrophone group as means of overcoming the change of signal loss
      over such a long line with variations in the cable length. In such a
      streamer systems involving transformers connected to the hydrophone
      groups, the transformer basically lowered the source impedance allowing
      the hydrophone group to drive a long twisted pair of cables for coupling
      the output signals from the hydrophone group to the processing equipment
      on the towing vessel. Such a system, however, has well recognized
      disadvantages, in that the output voltage from the hydrophone group is
      substantially reduced, in some cases by as much as 10 to 1. While a
      typical multidyne hydrophone may have an output of about 56 uv/ubar, at
      the transformer output in such a system this may be reduced to about 5-10
      uv/ubar depending on the number of phones and transformer design, thus
      resulting in a serious loss of sensitivity of the hydrophone system and
      rendering it extremely difficult to obtain adequate signal-to-noise ratios
      where long lines are required to conduct the signals from a streamer to
      the towing vessel.
PAR  Charge amplifiers have been previously employed for certain types of
      transducers, such as capacitance microphones and some types of
      accelerometers, where the transducers operate on the principle of
      conversion of some mechanical, thermal, chemical, etc. phenomenon to an
      equivalent electrical charge. To complete the charge amplifier circuit, an
      Operational Amplifier is connected with its inverting input or negative
      input connected to the transducer, and with a feedback circuit including a
      capacitor and a resistor in parallel connected between the output and the
      negative input of the Operational Amplifier. It has been found that such a
      circuit has the desirable property of being virtually independent of shunt
      capacitance across the input of the Operational Amplifier. When using
      negative feedback, the Operational Amplifier will work in such a manner as
      to keep the two inputs at the same potential, and since the + input is
      connected to ground, the - input is also kept at ground potential by the
      negative feedback. Therefore, adding shunt capacitance across the input
      has no effect because no voltage is developed across the shunt
      capacitance.
PAR  Such a conventional charge amplifier, if employed in a towed hydrophone
      array application of the type described, wherein piezoelectric ceramic
      capacitance transducers are used as hydrophones, would seem to offer hope
      of eliminating the use of transformers associated with the hydrophone
      groups and the resultant loss of sensitivity, because of the independence
      of the charge amplifier of shunt capacitance across the input. However, if
      a charge amplifier were connected to the hydrophone transducers in
      conventional fashion, a number of problems are presented rendering the
      conventional charge amplifier apparently unsuitable for such an
      application, including particularly the property that, because of the
      unbalanced input present in the basic conventional operational charge
      amplifier circuit, the circuit has no common mode signal rejection
      capability.
PAR  An object of the present invention is the provision of a differential
      charge amplifier circuit to be connected to a group of hydrophones in a
      towed hydrophone array employing long twisted pairs of cable leads or
      conductors for conducting the electrical signals to the towing vessel,
      which circuit allows the array of hydrophones to drive the long twisted
      pairs of leads without the need for a transformer and the resulting loss
      of sensitivity.
PAR  Another object of the present invention is the provision of the novel
      differential charge amplifier circuit for use with hydrophones of a towed
      array of hydrophones of the piezoelectric ceramic capacitance transducer
      type, arranged for example in a towed underwater marine streamer for
      seismic or ASW applications and the like, which provides a balanced input
      to the differential amplifier providing common mode signal rejection
      capability, and which provides good frequency response characteristics
      over the band of frequencies appropriate for seismic prospecting and ASW
      detection applications.
PAR  Another object of the present invention is the provision of a differential
      charge amplifier circuit as described in the immediately preceding
      paragraph, which minimizes changes in frequency response or phase shift
      resulting from electrical leakage in the streamer sections where the
      hydrophones are located or resulting from sea water intrusion and the
      like, minimizing the need for removal and replacement of the hydrophone
      sections.
PAR  Other objects, advantages and capabilities of the present invention will
      become apparent from the following detailed description, taken in
      conjunction with the accompanying drawings illustrating a preferred
      embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a diagrammatic view of a marine seismic streamer having a towed
      hydrophone array, showing a type of towed streamer application in which
      the differential charge amplifier of the present invention may be used;
PAR  FIG. 2 is a block diagram of a conventional charge amplifier using an
      operational amplifier connected to the equivalent circuit of a capacitance
      transducer;
PAR  FIG. 3 is a block diagram of a differential charge amplifier connected to
      an equivalent circuit representing a hydrophone or hydrophone group
      driving a long twisted pair of leads or conductors, embodying the present
      invention;
PAR  FIG. 4 is a schematic diagram of a differential charge amplifier connected
      to the equivalent circuit of a piezoelectric ceramic hydrophone and a long
      twisted-pair line to the hydrophone, showing a satisfactory embodiment of
      an arrangement of transistors amplifiers, and associated components;
PAR  FIGS. 5A and 5B are graphic representations of measurements of frequency
      response characteristics plotted against frequency and phase shift plotted
      against frequency, respectively, for a conventional hydrophone array
      employing a conventional transformer circuit for driving long twisted
      leads;
PAR  FIGS. 6A and 6B are graphic representations plotting frequency response
      characteristics and phase shift against frequency, respectively, for a
      hydrophone array employing a differential charge amplifier in accordance
      with the present invention; and
PAR  FIG. 7 is a block diagram of an alternative differential charge amplifier
      which may be used instead of the circuit of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings, wherein like reference characters designate
      corresponding parts throughout the several figures, there is illustrated
      in FIG. 1 in diagrammatic form a seismic detection streamer cable 10
      coupled to a drum or similar device diagrammatically indicated at 10A on a
      towing vessel 11, so that the seismic detection streamer can be towed in
      normal fashion at a preselected depth through fresh water or sea water by
      the towing vessel 11. It is to be understood that the streamer may be
      either a seismic detection streamer to be employed in seismic prospecting,
      or may be a passive detection streamer for detecting sounds from
      underwater equipment or vessels as used in anti-submarine warefare
      detection systems and the like. The detection streamer 10 includes a
      lead-in cable 12 which may have fairings and contains, typically, the
      signal wires leading from hydrophones in what are termined active sections
      of the streamer, as well as strain cables and other connection elements
      required for operation. The lead-in cable typically is followed by, for
      example, an elastic section 13 and the active sections 14, separated at
      desired locations in a conventional streamer by inactive streamer sections
      15 interspersed between the active sections 14. Conventional depth control
      means are associated with the streamer, which may take the form of
      paravane depth control devices or pressure sensing means for regulating
      the buoyancy of the streamer in a known manner to maintain the desired
      depth. The general method of operation of such detection streamers when
      employed in seismic exploration is described in the prior Paslay U.S. Pat.
      No. 2,465,696 and a typical construction of the streamer sections may be
      similar to that illustrated in the prior Pearson U.S. Pat. No. 3,371,739.
      The streamer sections 14, many of which are arranged in serial relation
      along the streamer cable and are coupled together by various types of
      coupling devices, typically may form a streamer of about 1 mile or more in
      length, with each of the active streamer sections containing an array or
      group of hydrophones spaced in a selected arrangement along the associated
      active streamer sections. Heretofore, the outputs of the hydrophones in a
      single section have been typically connected in parallel to an impedance
      matching transformer to couple the electrical voltage signals from the
      hydrophones produced responsive to the acoustic pressure variations sensed
      by the hydrophones to signal processing equipment, indicated
      diagrammatically by the reference character 16, on the marine geophysical
      towing vessel 11. The streamer formed by the elastic section 13, the
      active sections 14, and the inactive sections 15, may be spaced from about
      500 to 10,000 feet behind the geophysical vessel 11, employing a very long
      lead-in cable 12, housing the signal wires through which the electrical
      voltage signals from the hydrophones must be conducted to the processing
      equipment 16, as well as the strain cables and other connection elements.
PAR  A conventional prior art charge amplifier as used heretofore in connection
      with capacitive transducers such as piezoelectric accelerometers and the
      like is shown in block diagram form in FIG. 2. The transducer is
      represented by the broken line block, indicated by the reference character
      t. The equivalent circuit of the transducer t can be represented by a low
      impedance voltage source e.sub.1 and capacitor C.sub.1 in series. The
      charge on this circuit is Q = C.sub.1 e.sub.1, and either a change of
      capacitance or a change or voltage will cause a change in charge. The
      resistance R.sub.1 represents the line resistance from the transducer t to
      the operational amplifier A.sub.1, the capacitance C.sub.x shown in broken
      lines represents the shunt capacitance along the lines from the transducer
      to the amplifier input. An analysis of the circuit will reveal that
      because i.sub.1 = i.sub.2, since no current is assumed to flow into the
      negative input terminal of the amplifier A.sub.1, the following response
      equation applies:
      ##EQU1##
PAR  This response equation relates the output voltage both to a change in
      capacitance and to a change in the equivalent series voltage. Note that
      either or both, a change in C.sub.1, or a change in e.sub.1, will cause a
      change in output voltage e.sub.o, because either will change in charge . .
      . hence, the name "charge amplifier".
PAR  The gain in the charge amplifiers circuit is the ratio of the transducer
      capacitance C.sub.1 to the amplifier feedback capacitance C.sub.2. This
      circuit has the desirable feature of being independent of shunt
      capacitance across the input of the amplifier. When using negative
      feedback, the operational amplifier will work in such a manner as to keep
      the two inputs at the same potential. Since the + input is connected to
      ground, the - input is also kept at ground potential by the negative
      feedback. Therefore, adding shunt capacitance across the input has no
      effect because no voltage is developed across the shunt C.sub.x.
PAR  The resistance R.sub.1 limits the high frequency response of the amplifier
      to
      ##EQU2##
      The feedback resistance R.sub.2 is required to produce a DC input bias
      current path for the negative input to the amplifier A.sub.1. The parallel
      combination of R.sub.2 and C.sub.2 limits the low frequency response of
      the circuit to
      ##EQU3##
      Because a large value is required for the resistance R.sub.2 (typically in
      the megohm range,) for low frequency operation, amplifiers with low noise
      and bias currents need to be used. Also, because of the unbalanced input,
      this circuit has no common mode signal rejection capability. The
      differential charge amplifier circuit of the present invention was
      developed to overcome these limitations and allow the use of a charge type
      amplifier on long unshielded twisted pair cables.
PAR  Referring to FIG. 3, illustrating the differential charge amplifier circuit
      in block diagram form, the hydrophone or hydrophones of the towed
      hydrophone array, such as piezoelectric ceramic capacitance hydrophones in
      the towed underwater detection streamer, such as a seismic or ASW
      streamer, are represented by the broken line block T, and the equivalent
      circuit of the hydrophone is represented by the voltage source E1 and
      capacitor C1 in series. The line resistance from the hydrophone T to the
      operational amplifiers A1 and A2 is represented by the resistance R1, and
      the parallel combination of resistance and capacitance in the feedback
      circuits for the operational amplifiers A1 and A2 is indicated by R2 and
      C2 or R2' and C2' respectively. The input current I1 produced by the
      voltage source E1 of the hydrophone flows into node A and out of node B.
      Since this current is the same at both nodes A and B, the output voltage
      of operational amplifier A1 and A2 is the same magnitude but opposite in
      polarity. The gain of amplifiers A1 and A2 is
      ##EQU4##
      The differential amplifier A3 has a gain of
      ##EQU5##
      The total circuit gain equals
      ##EQU6##
PAR  If the feedback capacitors C2 and C2' are equal, common mode current
      signals appearing at the input nodes A and B are cancelled by the
      differential amplifier A3. The resistance R1 represents the round trip
      line resistance in the twisted pair of leads extending from the hydrophone
      to the differential amplifier circuit and the high frequency response of
      the circuit is determined by
      ##EQU7##
      The high frequency cutoff is also related to the distributed effect of the
      line resistance R1 and the shunt line capacitance Cx as with the
      previously described prior art charge amplifier. The shunt capacitance has
      no effect when there is zero voltage across the effective shunt capacitor
      Cx, which is true only, in a precise sense, at the amplifier input nodes
      or terminals A and B. In practical application, the round trip line
      resistance R1 and the shunt capacitance Cx are distributed along the total
      length of the cable, and therefore small increasing voltages are developed
      across the distributed shunt capacitance Cx by the current I1 and
      distributed line resistance R1. In a twisted pair cable 10,000 feet long,
      the cutoff frequency is still above the seismic band, and the low
      frequency cutoff is determined by the equation
      ##EQU8##
PAR  FIG. 4 illustrates in schematic form the detail schematic circuit for a
      practical embodiment of a differential charge amplifier used with a towed
      hydrophone array in accordance with the present invention. The hydrophone,
      or group of hydrophones, to be connected by the long twisted pair of leads
      to the differential charge amplifier is again indicated by the broken line
      block T and represented by the capacitor C1 and voltage source E1 as the
      equivalent circuit for the hydrophone. In FIG. 4, the transistors Q1 and
      Q2, the amplifier A1 and the associated components function as the block
      diagram operational amplifier A1 of FIG. 3. The transistors Q3 and Q4,
      amplifier A2, and the associated components function as the block diagram
      operational amplifier A2 in FIG. 3. The amplifier A3 and its associated
      components in FIG. 4 function as the block diagram amplifier A3 in FIG. 3.
      Since the operation of the circuitry associated with the amplifier A2 is
      identical to the function of the circuitry associated with amplifier A1,
      the circuitry of amplifier A2 will not be explained in detailed.
PAR  Resistors R1 and R2, appearing in upper and lower input circuits, represent
      resistance of wire in each half of the twistedpair line to the hydrophone
      T. The hydrophone capacitance is shown as C1. Capacitors C4 and C5 form a
      non-polarized capacitor which passes low-frequency AC signals, but block
      DC signals. The maximum input voltage is limited to approximately 0.6 volt
      peak by diodes CR1 and CR2 for protection of the circuit. The input signal
      is applied to the gate of field-effect transistor Q1A, which forms
      one-half of a differential amplifier. Resistors R5 and R6 are the load
      resistors for this amplifier, and bias current is supplied by transistor
      Q2 through resistors R8 and R9. Bias current is fixed by the constant
      voltage from resistor R17 and zener diode CR5 in the base circuit of
      transistor Q2, so transistor Q2 collector current is constant. As input
      signal voltage becomes more positive, source/drain current in transistor
      Q1A increases. Consequently, source/drain current in transistor Q1B
      decreases. The result is a rising voltage at the minus input of
      operational amplifier A1, and a decreasing voltage at the positive input
      of amplifier A1. Resistor R7 and capacitor C8 limit the output frequency
      of differential amplifier Q1. The increasing input signal causes reduced
      output from amplifier A1 and, at the same time, increased output from
      operational amplifier A2.
PAR  Amplifier A1 output is coupled back to the positive input through resistor
      R3 and capacitor C2. Amplifier A2 output is coupled back through to the
      negative input through resistor R4 and capacitor C3. The gain of amplifier
      A1 is set by the ratio of the hydrophone capacitance C1 to the feedback
      capacitor C2. Resistor R3 provides a DC bias current path for the gate of
      transistor Q1A. Capacitor C6 is for frequency compensation of operational
      amplifier A1. Use of field-effect transistor input stages for amplifiers
      A1 and A2 reduces the input bias current and noise such that resistors R3
      and R4 can be made very large for low frequency response without
      increasing amplifier noise and DC temperature drift. Output from
      amplifiers A1 and A2 is routed to differential-input amplifier A3 through
      resistors R19 and R20.
PAR  Amplifier A3 and resistors R19, R20, R21, R22, R23 and R24 form a
      differential amplifier which responds only to a differential voltage as
      produced by the hydrophone. Common-mode voltage introduced into the
      twisted input wire are rejected by amplifier A3. Variable resistors R22
      and R24 are used to set the gain and common-mode rejection of amplifier
      A3. Capacitor C12 provides frequency compensation for amplifier A3.
PAR  FIG. 7 illustrates in block diagram form another differential charge
      amplifier circuit which may be used and provides the desired common mode
      signal rejection. A standard prior art charge amplifier such as that shown
      in FIG. 2 differs significantly in operation from the circuit of FIG. 7
      because the charge amplifier of FIG. 2 does not have common mode signal
      rejection. The FIG. 2 type circuit provides an output from the amplifier
      stage A1 which is proportional to the voltage e.sub.1 across the low
      impedance voltage source in the equivalent circuit of the transducer. The
      circuit of FIG. 7 comprises an operational amplifier, indicated by the
      triangle, like the operational amplifier A1 of FIG. 2, but includes
      resistors R.sub.2 and R'.sub.2 which provide a DC bias return path for the
      plus and minus inputs of the operational amplifier. These resistors
      provide functions similar to the resistors R4 and R4' of the circuit of
      FIG. 3. The two capacitors C2 and C'2 are equal, and thus common mode
      signals appearing at the two conductors are cancelled by the differential
      charge amplifier.
PAR  The use of the differential charge amplifier connected to the long
      twisted-pair of leads from the hydrophone or hydrophone group in the
      underwater detecting array in the streamer allows the hydrophones to drive
      the twisted-pair of leads and thereby transmit the electrical voltage
      signals from the hydrophones to the processing equipment on the towed
      vessel without the need for the transformer previously customarily
      employed in the seismic art. Also, additional significant advantages arise
      from the use of the differential charge amplifier in such an arrangement.
      It will be appreciated that accidental sea-water intrusion into the
      seismic streamer is a persistant problem. The shunting of the hydrophone
      or hydrophone group with reasonable values of resistance which would
      result from such sea-water intrusion severely reduces the frequency
      response in conventional seismic streamers with transformers between the
      hydrophones and the long twisted-pair of leads in the most critical
      frequency band for seismic devices. With a conventional transformer
      circuit, a loss of over 12 db at 10 Hz is possible with a 10 K ohm shunt
      resistance. The plot in FIG. 5A shows the significant change in frequency
      response which occurs with a conventional transformer circuit coupled to
      the hydrophones, for various values of resistance representing sea-water
      intrusion, as compared with the dramatic improvement in frequency response
      for similar leakage resistance across the hydrophone with the differential
      charge amplifier of the present invention, as plotted in FIG. 6A.
      Similarly, the dramatic improvement in phase shift with various leakage
      resistance across the hydrophone from sea-water intrusion or the like is
      shown by comparing the graphs of FIG. 5B for a conventional transformer
      circuit and FIG. 6B for a differential charge amplifier circuit of the
      present invention. It will be noted from FIG. 6A that the loss due to a
      10K ohm shunt resistant across the hydrophone amounts to only 1.5 db and
      does not change the roll-off characteristics of the circuit. As shown in
      FIG. 6B, a 5K shunt resistance across the hydrophone produces no phase
      shift change below about 10 Hz and very little change above 10 Hz.
PAR  The upper curve in FIG. 5A with R.sub.s (the damping resistance) equal to
      62K ohm is representative of a marine seismic towed array having a low
      frequency cutoff of 9 Hz (minus 3 db). The curve just below the upper
      curve on FIG. 5A shows the response through 10,000 feet of wire, and the
      other curves for leakage resistances of 10K and 5K ohms show the effect of
      extreme electrical leakage in the section where the hydrophones are
      located. In actual use this is not unusual, and when such leakages occur
      that hydrophone section must be removed and replaced. Comparing this with
      the data shown in FIG. 6A, using the differential charge amplifier, it
      would be noted that dramatic improvement in frequency response and phase
      shift with leakage resistance is realized, so that the change of frequency
      response or phase shift is not enough to require the expensive removal and
      replacement of the hydrophone section when such leakage resistances arise.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marine hydrophone assembly for an elongated streamer designed to be
      towed underwater for passive underwater sound detection of acoustic
      pressure variations and the like, comprising a marine hydrophone of the
      capacitive transducer type responsive to varying acoustic pressure to
      produce a varying electrical charge output that is proportional to the
      acoustic pressure to which the hydrophone is subjected, an electrical
      conductor pair connected to the hydrophone to conduct the output from the
      hydrophone to signal processing equipment spaced therefrom, and a
      differential charge amplifier connected to the pair of conductors to
      respond to the varying electrical charge output from the hydrophone and
      produce amplified output voltage signals representative of said varying
      electric charge output, the differential charge amplifier comprising a
      pair of amplifier circuits each having negative and positive polarity
      inputs and an output arranged to form a pair of charge amplifier stages,
      each including a paralleled resistance-capacitance combination connected
      from the outputs of each of the respective amplifier circuits to the
      respective negative input thereof forming negative feedback circuits
      having equal capacitance to keep the two inputs of each respective
      amplifier circuit at the same potential, means connecting the pair of
      conductors respectively to the negative polarity inputs of the two
      respective amplifiers to feed said varying electric charge output thereto,
      and a differential amplifier having negative and positive polarity inputs
      and means connecting the outputs from said two charge amplifiers to said
      last-mentioned inputs for cancelling common mode signals appearing at the
      negative polarity inputs of said two charge amplifiers.
NUM  2.
PAR  2. A marine hydrophone assembly as defined in claim 1, wherein a pair of
      operational amplifiers form said amplifier circuits and the positive
      polarity inputs for each of said pair of operational amplifiers are
      connected to ground potential and the negative feedback circuits
      associated with each of said operational amplifiers are operative to keep
      the negative polarity inputs of said operational amplifiers at ground
      potential, whereby variations in shunt capacitance between the negative
      polarity inputs of said two amplifiers has no effect on signal response
      since no voltage is developed across the two negative polarity inputs.
NUM  3.
PAR  3. A marine hydrophone assembly as defined in claim 1, including means
      connected to said positive polarity inputs to said pair of amplifier
      circuits forming said charge amplifier stages to maintain them at a
      selected common potential level, and said negative feedback circuits
      associated with the respective amplifier circuits being operative to
      maintain the negative polarity inputs to said amplifier circuits at the
      same potential level as said positive input terminals by the negative
      feedback voltages coupled therethrough, thereby preventing any voltage
      from developing across shunt capacitance existing between the negative
      polarity inputs of the two amplifier circuits whereby adding shunt
      capacitance across said negative polarity inputs has negligible effect on
      signal characteristics of the charge amplifier stages.
NUM  4.
PAR  4. A marine hydrophone assembly as defined in claim 1, wherein a pair of
      operational amplifiers form said amplifier circuits and connection of said
      electrical conductor pair to said negative polarity inputs of said
      operational amplifiers causes the same current to be produced at both said
      negative polarity inputs and causes the output voltages of said two
      operational amplifiers to be of the same magnitude and opposite in
      polarity.
NUM  5.
PAR  5. A marine hydrophone assembly as defined in claim 3, wherein a pair of
      operational amplifiers form said amplifier circuits and connection of said
      electrical conductor pair to said negative polarity inputs of said
      operational amplifiers forming said charge amplifier stages causes the
      same current to be produced at both said negative polarity inputs and
      causes the output voltages of said two operational amplifiers to be of the
      same magnitude and opposite in polarity.
NUM  6.
PAR  6. A marine hydrophone assembly as defined in claim 1, including a
      differential amplifier input stage associated with each of said amplifier
      circuits having a pair of field-effect transistors each forming one-half
      of a dual transistor device in the respective differential amplifier input
      stages, means connecting said varying electrical charge on said electrical
      conductor pair from said hydrophone to the gates of the field-effect
      transistors forming a corresponding one-half of the dual transistor
      devices in the differential amplifier input stages selectively paired with
      said amplifier circuits in said charge amplifier stages and means
      intercoupling the field-effect transistors forming the two halves of each
      of the dual transistor devices and connecting such devices to two
      amplifier sub-circuits in said amplifier circuits, the negative feedback
      fed through said feedback circuits being applied upstream of said dual
      transistor devices.
NUM  7.
PAR  7. A marine hydrophone assembly as defined in claim 1, including a
      differential amplifier input stage associated with each of said amplifier
      circuits having a pair of field-effect transistors each forming one-half
      of a dual transistor device in the respective differential amplifier input
      stages, means connecting said varying electrical charge on said electrical
      conductor pair from said hydrophone to the gates of the field-effect
      transistors forming a corresponding one-half of the dual transistor
      devices in the differential amplifier input stages selectively paired with
      said amplifier circuits in said charge amplifier stages, means connecting
      the gate of another field-effect transistor in each of said differential
      amplifier input stages to a selected constant potential level, and means
      intercoupling the field-effect transistors forming the two halves of each
      of the dual transistor devices in the two differential amplifier input
      stages and connecting the collectors of the transistors forming each of
      the two halves of each respective dual transistor device with the negative
      and positive inputs respectively of an amplifier sub-circuit, and means
      connecting the output of said amplifier sub-circuit by said
      resistance-capacitance negative feedback circuit to the gate of said
      first-mentioned field-effect transistor associated with each of said
      charge amplifier stages.
NUM  8.
PAR  8. A marine hydrophone assembly as defined in claim 7, including means
      connecting the emitters of each of said dual transistor devices in the
      emitter-collector circuits respectively of another pair of transistors
      having a zener diode connected to its base to maintain constant collector
      current in said lastmentioned pair of transistors.
NUM  9.
PAR  9. A hydrophone hydrophoen assembly as defined in claim 8, including means
      connected to said positive polarity inputs to said pair of amplifier
      circuits forming said charge amplifier stages to maintain them at a
      selected common potential level, and said negative feedback circuits
      associated with the respective amplifier circuits being operative to
      maintain the negative polarity inputs to said amplifier circuits at the
      same potential level as said positive input terminals by the negative
      feedback voltages coupled therethrough, thereby preventing any voltage
      from developing across shunt capacitance existing between the negative
      polarity inputs of the two amplifier circuits whereby adding shunt
      capacitance across said negative polarity inputs has negligible effect on
      the charge amplifier stages.
NUM  10.
PAR  10. A marine hydrophone assembly as defined in claim 3, including a
      differential amplifier input stage associated with each of said amplifier
      circuits having a pair of field-effect transistors each forming one-half
      of a dual transistor device in the respective differential amplifier input
      stages, means connecting said varying electrical charge on said electrical
      conductor pair from said hydrophone to the gates of the field-effect
      transistors forming a corresponding one-half of the dual transistor
      devices in the differential amplifier input stages selectively paired with
      said amplifier circuits in said charge amplifier stages, means connecting
      the gate of another field-effect transistor in each of said differential
      amplifier input stages to a selected constant potential level, and means
      intercoupling the field-effect transistors forming the two halves of each
      of the dual transistor devices in the two differential amplifier input
      stages and connecting the collectors of the transistors forming each of
      the two halves of each respective dual transistor device with the negative
      and positive inputs respectively of an amplifier sub-circuit, and means
      connecting the output of said amplifier sub-circuit by said
      resistance-capacitance negative feedback circuit to the gate of said
      first-mentioned field-effect transistor associated with each of said
      charge amplifier stages.
NUM  11.
PAR  11. A marine hydrophone assembly as defined in claim 10, including means
      connecting the emitters of each of said dual transistor devices in the
      emitter-collector circuits respectively of another pair of transistors
      having a zener diode connected to its base to maintain constant collector
      current in said last-mentioned pair of transistors.
NUM  12.
PAR  12. A marine seismic streamer assembly forming an elongated streamer
      designed to be towed underwater for passive underwater sound detection of
      acoustic pressure variations and production of electrical signals to be
      transmitted through a long pair of twisted conductors to signal processing
      equipment on a towing vessel, comprising an elongated seismic streamer
      formed of plural, serially interconnected streamer sections, a plurality
      of the streamer sections each containing an array of marine hydrophones of
      the capacitive transducer type each responsive to varying acoustic
      pressure to produce a varying electrical charge output that is
      proportional to the acoustic pressures to which the hydrophones in the
      array are subjected, means directly connecting the long pair of twisted
      electrical conductors to the hydrophone array at an input end of the
      conductors to conduct the varying electric charge output from the
      hydrophone array to the signal processing equipment, and a differential
      charge amplifier connected to an output end of said pair of conductors at
      a location remote from said hydrophone array to respond to the varying
      electrical charge output from the hydrophone array and produce amplified
      output voltage signals representative of said varying electrical charge
      output, the differential charge amplifier comprising a pair of charge
      amplifier stages forming a pair of parallel signal processing channels
      each having an operational amplifier therein having negative and positive
      polarity inputs and an output and parallel combinations of resistance and
      capacitance connected from the outputs of each respective charge amplifier
      to the respective negative inputs thereof forming negative feedback
      circuits to keep the two inputs of each respective charge amplifier at the
      same potential level, the capacitance in each of said negative feedback
      circuits being the same value, means connecting the pair of conductors to
      the negative polarity inputs of the two respective charge amplifiers, and
      a differential amplifier having negative and positive polarity inputs and
      means connecting the outputs from said two charge amplifiers to said
      last-mentioned inputs for cancelling common mode signals appearing at the
      negative polarity inputs of said two charge amplifiers.
NUM  13.
PAR  13. A marine hydrophone assembly as defined in claim 12, including means
      connected to said positive polarity inputs to said pair of operational
      amplifiers forming said charge amplifier stages to maintain them at a
      selected common potential level, and said negative feedback circuits
      associated with the respective operational amplifiers being operative to
      maintain the negative polarity inputs to said operational amplifiers at
      the same potential level as said positive input terminals by the negative
      feedback voltages coupled therethrough, thereby preventing any voltage
      from developing across shunt capacitance existing between the negative
      polarity inputs of the two operational amplifiers whereby adding shunt
      capacitance across said negative polarity inputs has negligible effect on
      the charge amplifier stages.
NUM  14.
PAR  14. A marine hydrophone assembly as defined in claim 12, wherein connection
      of said electrical conductor pair to said negative polarity inputs of said
      operational amplifiers forming said charge amplifier stages causes the
      same current to be produced at both said negative polarity inputs and
      causes the output voltage of said two operational amplifiers to be of the
      same magnitude and opposite in polarity.
NUM  15.
PAR  15. A marine hydrophone assembly as defined in claim 12, including a pair
      of differential amplifier input stages respectively coupled to each of
      said operational amplifiers each having a dual transistor set formed of
      first and second halves providing a pair of field-effect transistors in
      the respective differential amplifier input stages, means connecting said
      varying electrical charge on said electrical conductor pair from said
      hydrophones to the gates of the field-effect transistors forming a first
      half of the dual transistor sets in the differential amplifier input
      stages selectively paired with the operational amplifiers forming said
      charge amplifier stages, and means intercoupling the field-effect
      transistors forming the two halves of each of the dual transistor sets and
      connecting both halves of each set to the two respective operational
      amplifiers, the negative feedback fed through said feedback circuits being
      applied to the inputs of said first halves.
NUM  16.
PAR  16. A marine hydrophone assembly as defined in claim 12, including a pair
      of differential amplifier input stages respectively coupled to each of
      said operational amplifiers having a pair of field-effect transistors each
      forming a first half of a dual transistor set in the respective
      differential amplifier input stages, each said set having a second half
      intercoupled with its first half also forming a field-effect transistor,
      means connecting said varying electrical charge on said electrical
      conductor pair from said hydrophones to the gates of the field-effect
      transistors forming a said first half of the dual transistor sets in the
      differential amplifier input stages selectively paired with the
      operational amplifiers forming said charge amplifier stages, means
      connecting the gate of the second half field-effect transistor in each of
      said differential amplifier input stages to a selected constant potential
      level, and means connecting the collectors of the transistors forming each
      of the two halves of each respective dual transistor sets with the
      negative and positive inputs respectively of the associated operational
      amplifier and means connecting the output of said associated operational
      amplifier by said resistance-capacitance negative feedback circuit to the
      gate of said first half field-effect transistor associated with each of
      said charge amplifier stages.
NUM  17.
PAR  17. A marine hydrophone assembly as defined in claim 16, including means
      connecting the emitters of each of the halves of said respective dual
      transistor sets in the emitter-collector circuits respectively of another
      pair of transistors having a zener diode connected to the base of each to
      maintain constant collector current in said last-mentioned pair of
      transistors.
NUM  18.
PAR  18. A marine hydrophone assembly for passive under-water sound detection of
      acoustic pressure variations and production of electrical signals to be
      transmitted through a pair of twisted conductors to signal processing
      equipment at a processing station spaced from an underwater listening
      station comprising a marine hydrophone of the capacitive transducer type
      at the underwater listening station responsive to varying acoustic
      pressure to produce a varying electrical charge output that is
      proportional to the acoustic pressures to which the hydrophone is
      subjected, means directly connecting the pair of twisted electrical
      conductors to the hydrophone at an input end of the conductors to conduct
      the varying electric charge output from the hydrophone to the signal
      processing equipment, and a differential charge amplifier connected to an
      output end of said pair of conductors at the processing station remote
      from said hydrophone to respond to the varying electrical charge output
      from the hydrophone and produce amplified output voltage signals
      representative of said varying electrical charge output, the differential
      charge amplifier comprising a pair of charge amplifier stages forming a
      pair of parallel signal processing channels each having an operational
      amplifier therein having negative and positive polarity inputs and an
      output and parallel combinations of resistance and capacitance connected
      from the outputs of each respective charge amplifier to the respective
      negative inputs thereof forming negative feedback circuits to keep the two
      inputs of each respective charge amplifier at the same potential level,
      the capacitance in each of said negative feedback circuits being the same
      value, means connecting the pair of conductors to the negative polarity
      inputs of the two respective charge amplifiers, and a differential
      amplifier having negative and positive polarity inputs and means
      connecting the outputs from said two charge amplifiers to said
      last-mentioned inputs for cancelling common mode signals appearing at the
      negative polarity inputs of said two charge amplifiers.
NUM  19.
PAR  19. A marine hydrophone assembly as defined in claim 18, including means
      connected to said positive polarity inputs to said pair of operational
      amplifiers forming said charge amplifier stages to maintain them at a
      selected common potential level, and said negative feedback circuits
      associated with the respective operational amplifiers being operative to
      maintain the negative polarity inputs to said operational amplifiers at
      the same potential level as said positive input terminals by the negative
      feedback voltages coupled therethrough, thereby preventing any voltage
      from developing across shunt capacitance existing between the negative
      polarity inputs of the two operational amplifiers whereby adding shunt
      capacitance across said negative polarity inputs has negligible effect on
      the charge amplifier stages.
NUM  20.
PAR  20. A marine hydrophone assembly as defined in claim 18, wherein connection
      of said electrical conductor pair to said negative polarity inputs of said
      operational amplifiers forming said charge amplifier stages causes the
      same current to be produced at both said negative polarity inputs and
      causes the output voltages of said two operational amplifiers to be of the
      same magnitude and opposite in polarity.
NUM  21.
PAR  21. A marine hydrophone assembly as defined in claim 18, including a pair
      of differential amplifier input stages respectively coupled to each of
      said operational amplifiers each having a dual transistor set formed of
      first and second halves providing a pair of field-effect transistors in
      the respective differential amplifier input stages, means connecting said
      varying electrical charge on said electrical conductor pair from said
      hydrophone to the gates of the field-effect transistors forming a first
      half of the dual transistor sets in the differential amplifier input
      stages selectively paired with the operational amplifiers forming said
      charge amplifier stages, and means intercoupling the field-effect
      transistors forming the two halves of each of the dual transistor sets and
      connecting both halves of each set to the two respective operational
      amplifiers, the negative feedback fed through said feedback circuits being
      applied to the inputs of said first halves.
NUM  22.
PAR  22. A marine hydrophone assembly as defined in claim 18, including a pair
      of differential amplifier input stages respectively coupled to each of
      said operational amplifiers having a pair of field-effect transistors each
      forming a first half of a dual transistor set in the respective
      differential amplifier input stages, each said set having a second half
      intercoupled with its first half also forming a field-effect transistor,
      means connecting said varying electrical charge on said electrical
      conductor pair from said hydrophone to the gates of the field-effect
      transistors forming a said first half of the dual transistor sets in the
      differential amplifier input stages selectively paired with the
      operational amplifiers forming said charge amplifier stages, means
      connecting the gate of the second half field-effect transistor in each of
      said differential amplifier input stages to a selected constant potential
      level, and means connecting the collectors of the transistors forming each
      of the two halves of each respective dual transistor sets with the
      negative and positive inputs respectively of the associated operational
      amplifier and means connecting the output of said associated operational
      amplifier by said resistance-capacitance negative feedback circuit to the
      gate of said first half field-effect transistor associated with each of
      said charge amplifier stages.
NUM  23.
PAR  23. A marine hydrophone assembly as defined in claim 22, including means
      connecting the emitters of each of the halves of said respective dual
      transistor sets in the emitter-collector circuits respectively of another
      pair of transistors having a zener diode connected to the base of each to
      maintain constant collector current in said last-mentioned pair of
      transistors.
NUM  24.
PAR  24. A marine hydrophone assembly for passive underwater sound detection of
      acoustic pressure variations and production of electrical signals to be
      transmitted through a pair of ungrounded twisted conductors to signal
      processing equipment at a processing station spaced from an underwater
      listening station comprising a marine hydrophone of the capacitive
      transducer type at the underwater listening station responsive to varying
      acoustic pressure to produce a varying electrical charge output that is
      proportional to the acoustic pressures to which the hydrophone is
      subjected, means directly connecting the pair of twisted electrical
      conductors to the hydrophone at an input end of the conductors to conduct
      the varying electric charge output from the hydrophone to the signal
      processing equipment, and a differential charge amplifier coupled to an
      output end of said pair of conductors at the processing station remote
      from said hydrophone to respond to the varying electrical charge output
      from the hydrophone and produce amplified output voltage signals
      representative of said varying electrical charge output, the differential
      charge amplifier comprising an operational amplifier having negative and
      positive polarity ungrounded inputs and an output, circuit means providing
      a negative feedback circuit comprising a parallel combination of
      resistance and capacitance coupling feedback voltage to the negative input
      of the operational amplifier to form a charge amplifier circuit having the
      property of operating substantially independent of shunt capacitance
      variations across its input, means coupling signals from said pair of
      conductors to the two inputs of the operational amplifier, and a branch
      circuit having a parallel combination of resistance and capacitance
      connected between said positive polarity input and electrical ground and
      having the same resistance and capacitance values as said negative
      feedback circuit, said last-mentioned branch circuit and said negative
      feedback circuit being connected directly to the positive and negative
      polarity inputs respectively of said operational amplifier for causing
      cancellation of common mode signals appearing at the inputs of said
      operational amplifier.
NUM  25.
PAR  25. A seismic detection system for geophysical prospecting and the like by
      detection of acoustic pressure variations forming seismic signals and
      production of electrical signals to be transmitted through a pair of
      ungrounded twisted conductors to signal processing equipment at a
      processing station spaced from a seismic signal detection station,
      comprising a seismic sensor of the capacitive transducer type at the
      detection station responsive to varying acoustic pressure to produce a
      varying electrical charge output that is proportional to the acoustic
      pressures to which the sensor is subjected, means directly connecting the
      pair of twisted electrical conductors to the sensor at an input end of the
      conductors to conduct the varying electric charge output from the sensor
      to the signal processing equipment, and a differential charge amplifier
      coupled to an output end of said pair of conductors at the processing
      station remote from said sensor to respond to the varying electrical
      charge output from the sensor and produce amplified output voltage signals
      representative of said varying electrical charge output, the differential
      charge amplifier comprising an operational amplifier having negative and
      positive polarity ungrounded inputs and an output, circuit means providing
      a negative feedback circuit comprising a parallel combination of
      resistance and capacitance coupling feedback voltage to the negative input
      of the operational amplifier to form a charge amplifier circuit having the
      property of operating substantially independent of shunt capacitance
      variations across its input, means coupling signals from said pair of
      conductors to the two inputs of the operational amplifier, and a branch
      circuit having a parallel combination of resistance and capacitance
      connected between said positive polarity input and electrical ground and
      having the same resistance and capacitance values as said negative
      feedback circuit, said lastmentioned branch circuit and said negative
      feedback circuit being connected directly to the positive and negative
      polarity inputs respectively of said operational amplifier for causing
      cancellation of common mode signals appearing at the inputs of said
      operational amplifier.
NUM  26.
PAR  26. A seismic detection system for geophysical prospecting by sound
      detection of acoustic pressure variations forming seismic signals and
      production of electrical signals to be transmitted through a pair of
      twisted conductors to signal processing equipment at a processing station
      spaced from a seismic signal detection station comprising a seismic sensor
      of the capacitive transducer type at the detection station responsive to
      varying acoustic pressure to produce a varying electrical charge output
      that is proportional to the acoustic pressures to which the sensor is
      subjected, means directly connecting the pair of twisted electrical
      conductors to the sensor at an input end of the conductors to conduct the
      varying electric charge output from the sensor to the signal processing
      equipment, and a differential charge amplifier connected to an output end
      of said pair of conductors at the processing station remote from said
      sensor to respond to the varying electrical charge output from the sensor
      and produce amplified output voltage signals representative of said
      varying electrical charge output, the differential charge amplifier
      comprising a pair of charge amplifier stages forming a pair of parallel
      signal processing channels each having an operational amplifier therein
      having negative and positive polarity inputs and an output and parallel
      combinations of resistance and capacitance connected from the outputs of
      each respective charge amplifier to the respective negative inputs thereof
      forming negative feedback circuits to keep the two inputs of each
      respective charge amplifier at the same potential level, the capacitance
      in each of said negative feedback circuits being the same value, means
      connecting the pair of conductors to the negative polarity inputs of the
      two respective charge amplifiers, and a differential amplifier having
      negative and positive polarity inputs and means connecting the outputs
      from said two charge amplifiers to said last-mentioned inputs for
      cancelling common mode signals appearing at the negative polarity inputs
      of said two charge amplifiers.
NUM  27.
PAR  27. A seismic detection system as defined in claim 26, including means
      connected to said positive polarity inputs to said pair of operational
      amplifiers forming said charge amplifier stages to maintain them at a
      selected common potential level, and said negative feedback circuits
      associated with the respective operational amplifiers being operative to
      maintain the negative polarity inputs to said operational amplifiers at
      the same potential level as said positive input terminals by the negative
      feedback voltages coupled therethrough, thereby preventing any voltage
      from developing across shunt capacitance existing between the negative
      polarity inputs of the two operational amplifiers whereby adding shunt
      capacitance across said negative polarity inputs has negligible effect on
      the charge amplifier stages.
NUM  28.
PAR  28. A seismic detection system as defined in claim 26, wherein connection
      of said electrical conductor pair to said negative polarity inputs of said
      operational amplifiers forming said charge amplifier stages causes the
      same current to be produced at both said negative polarity inputs and
      causes the output voltages of said two operational amplifiers to be of the
      same magnitude and opposite in polarity.
NUM  29.
PAR  29. A seismic detection system as defined in claim 26, including a pair of
      differential amplifier input stages respectively coupled to each of said
      operational amplifiers each having a dual transistor set formed of first
      and second halves providing a pair of field-effect transistors in the
      respective differential amplifier input stages, means connecting said
      varying electrical charge on said electrical conductor pair from said
      sensor to the gates of the field-effect transistors forming a first half
      of the dual transistor sets in the differential amplifier input stages
      selectively paired with the operational amplifiers forming said charge
      amplifier stages, and means intercoupling the fieldeffect transistors
      forming the two halves of each of the dual transistor sets and connecting
      both halves of each set to the two respective operational amplifiers, the
      negative feedback fed through said feedback circuits being applied to the
      inputs of said first halves.
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PAL  This invention relates to detecting devices and more particularly to a new
     nd improved torpedo detection streamer having a plurality of microphonic
      detecting devices arranged therein in such a manner as to render the
      detection streamer substantially directionally and uniformly responsive to
      sound signals received from torpedoes passing above or below the streamer
      at any point along the length thereof.
PARN
PAR  This application is a division of a joint application of Robert H. Park et
      al., Ser. No. 526,624, filed Mar. 15, 1944.
BSUM
PAR  The invention is particularly suited for use with the arrangement described
      and claimed in the copending application of Nelson N. Estes for
      Anti-Torpedo System, Ser. No. 517,201, filed Jan. 6, 1944, now U.S. Pat.
      No. 2,979,015, in which a plurality of explosive streamers disposed at
      different distances beyond a detection streamer within the path of travel
      of a torpedo are selectively fired in predetermined time delayed relation
      to the transit or instant of passage of the torpedo with respect to the
      detection streamer by means of a control mechanism adapted to operate in
      closely timed relation to the maximum response of the detection streamer
      to signals received from the torpedo moving with respect thereto, the
      transit of the torpedo with respect to the detection streamer being
      substantially synchronized with the maximum response sensitivity of the
      streamer thereby providing a datum point from which accurately to time the
      selective firing of the explosive streamers in accordance with the time of
      travel of the torpedo in moving from the detection streamer into a
      predetermined position with respect to the explosive streamers.
PAR  It has been observed in microphonic devices employed with anti-torpedo
      systems prior to the system disclosed in the aforesaid application of
      Nelson N. Estes that the changes of received intensity of the torpedo
      signal, introduced by the azimuthal variations of the sensitivity of the
      microphonic devices, produce a signal effect in advance of the principal
      signal effect produced by the torpedo's propellers. This condition is
      particularly true of a torpedo passing the microphonic devices at a
      relatively great distance above or below the same. Accordingly, in the
      prior systems, response of the control mechanism to an advanced signal
      results in anticipatory firing of the explosive charge, which condition is
      compensated for by means of an interposed filter giving a time delay,
      thereby to prevent premature firing of the charge. However, in the case of
      the prior systems, when the microphonic devices respond to the principal
      signal, in the case of a torpedo passing relatively near to the
      microphonic devices, the time delay inherent in the filter and the control
      mechanism may be sufficient to cause firing of the charge far in arrears
      of the torpedo thereby only to urge it additionally onward toward its
      mission of destruction.
PAR  The detection streamer of the present invention comprises an elongated
      hose-like member having a plurality of electrically interconnected
      microphonic devices integrally formed therein and disposed at intervals
      along the length thereof. Each microphonic device, thus employed,
      comprises transducer means of a type adapted alternately to expand and
      contract upon application of an alternating electric or pressure signal
      thereto, and each transducer means is arranged in vibration transmitting
      relation with respect to a pair of diametrically disposed windows or wall
      portions of the hose-like member, vibration transmitting liquid having
      substantially the same acoustic impedance as sea water being interposed
      between the transducer means and the windows, and the windows being formed
      of material also having the same acoustic impedance as sea water whereby
      pressure pulses received through the surrounding water are transmitted,
      substantially unchanged, through the windows and liquid to the transducer
      means. By reason of this design, each microphonic device provides a smooth
      response pattern which is substantially in the form of a vertical dumbbell
      of sufficient size to produce an overlapping of the response patterns of
      adjacent devices thereby to render the detection streamer substantially
      uniformly responsive to signals received from a torpedo passing above or
      below the streamer at any point along the length thereof. Furthermore, the
      vertical dumbbell response patterns, being free of extreme azimuthal
      variations provide a maximum sensitivity for the microphonic devices in a
      vertical direction, which direction is substantially maintained throughout
      the length of the streamer by the addition thereto of suitable material
      adapted to be influenced by gravity in a manner to produce the desired
      orientation of the streamer. Morever, the dumbbell patterns give the
      maximum sensitivity in a vertical plane above and below the streamer and
      cause the signal intensity from the torpedo to increase more rapidly as
      the torpedo passes through the vertical plane of the detection streamer,
      thereby substantially reducing variations in the electrical output of the
      streamer prior to the transit of the torpedo with respect thereto. The
      construction of the microphonic devices also renders the same responsive
      to a frequency suitable for the purpose such, for example, as a frequency
      substantially within the range of 47 to 55 kilocycles per second. This
      frequency range is well adapted for operation of an acoustically
      responsive torpedo detection device of the type disclosed herein since the
      discrimination of the dumbbell patterns of the microphones against ship
      noise with respect to the transit torpedo noise substantially obviates the
      danger of spurious response of the device to the noise of the vessel.
PAR  Accordingly, by use of the directionally supported microphonic devices of
      the above described type, a closely defined relation or datum point is
      established between the transit of a torpedo with respect to the detection
      streamer and the maximum response sensitivity thereof, the maximum
      response of the streamer to signals received from the torpedo occurring at
      the moment that the torpedo's propellers pass the streamer. Such a
      detection streamer, therefore, is well adapted to initiate the operation
      of a control mechanism such, for example, as the mechanism employed in the
      system of the aforesaid application of Nelson N. Estes in which the
      effective operation of the system necessitates a datum point from which
      predetermined time delays are interposed by the mechanism upon operation
      thereof.
PAR  A broad object of this invention is to provide new and improved means for
      detecting the approach of a torpedo.
PAR  Another object of the invention is the provision of a new and improved
      detection streamer in which the maximum response sensitivity of the
      streamer is closely related to the transit of a torpedo with respect
      thereto.
PAR  Another object of the invention is the provision of a new and improved
      detection streamer which is substantially directionally and uniformly
      responsive to torpedoes passing above or below the same at any point along
      the length thereof.
PAR  Another object of the invention is the provision of a new and improved
      detection streamer having novel means for maintaining a desired
      orientation thereof.
PAR  An additional object of the invention is the provision of an elongated
      flexible tube having a plurality of transducer means disposed therein at
      intervals along the length thereof and in vibration transmitting relation
      with a plurality of pairs of diametrically disposed wall portions or
      windows of the tube respectively.
DRWD
PAR  Still other objects of the present invention are those inherent in the
      novel construction, combination, and arrangement of parts which will
      become manifest upon examination of the following specification, reference
      being had to the accompanying drawings wherein:
PAR  FIG. 1 shows in diagrammatic form a plan view of a detection streamer and
      the response patterns of the microphonic devices thereof according to a
      preferred embodiment of the invention;
PAR  FIG. 2 is a view in elevation of the arrangement shown in FIG. 1;
PAR  FIG. 3 is an enlarged sectional view of the towing head for the detection
      streamer shown in FIGS. 1 and 2 and illustrates the manner of attachment
      thereof to a suitable tow cable therefor;
PAR  FIG. 4 is a fragmentary vertical sectional view of the short streamer
      section and the standard streamer section attached thereto taken
      substantially through the center thereof;
PAR  FIG. 5 is an enlarged view in section of the microphone unit shown in FIG.
      4;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a plan view of a portion of the detection streamer containing the
      microphone unit;
PAR  FIG. 8 is a sectional view taken along the line 8--8 of FIG. 4;
PAR  FIG. 9 is a vertical sectional view partly broken away of the tail portion
      of the detection streamer taken substantially along the center thereof;
PAR  FIG. 10 is a sectional view taken along the line 10--10 of FIG. 9;
PAR  FIG. 11 is a diagrammatic view of the vertical dumbbell response pattern of
      the detection streamer as viewed from the end of the streamer; and,
PAR  FIG. 12 illustrates in diagrammatic form the electrical circuit of the
      detection streamer according to the preferred embodiment of the invention.
DETD
PAR  Referring now to the drawings in which like reference characters are used
      to designate like or similar parts, and more particularly to FIGS. 1 and 2
      thereof, there is shown thereon in diagrammatic for, an elongated flexible
      tubular or hose-like member indicated generally by the numeral 12 and
      hereinafter generally referred to as a detection or acoustic streamer. The
      acoustic streamer comprises a towing head 57, FIG. 3, a buffer section 15,
      a short intermediate section 16, a plurality of standard sections 17, and
      a streamlined tail cap 173 coupled end to end to form a single streamer.
PAR  The short section 16 and each of the standard sections 17 has integrally
      molded therein near the trailing end thereof a microphonic device
      generally designated by the numeral 18 and hereinafter generally referred
      to as a microphone unit. Each microphone unit is designed to provide a
      substantially dumbbell-shaped response pattern 149 to a sound signal
      received from a torpedo passing above or below the microphone unit, the
      detection streamer, during the operation thereof within a body of water,
      being maintained therein at a predetermined depth of submergence such, for
      example, as 20 feet as illustrated in FIG. 11.
PAR  The response patterns 149 are of such a size as to produce an overlapping
      of the patterns of adjacent units sufficient to provide a substantially
      uniform field of reception to a signal received from a torpedo moving
      transversely with respect to the detection streamer at any point along the
      length thereof, and the dumbbell-shaped cross section of the field gives
      the maximum sensitivity of the streamer to the signal received thereby in
      a vertical plane above and below the streamer, the maximum response of the
      streamer occurring at the moment that the torpedo's propellers pass
      through the vertical plane. Thus, a close relation is established between
      the maximum response of the detection streamer and the transit or instant
      of passage of the torpedo with respect thereto.
PAR  The maximum sensitivity of the detection streamer is maintained in the
      vertical direction by means of the eccentric loading 14 on the underside
      of each of the standard sections 17, and the streamer, except for the
      buffer section thereof, is hermetically sealed and adapted to receive air
      under pressure therein thereby to maintain the streamer substantially
      neutrally buoyant and to prevent the collapse thereof at a predetermined
      depth of submergence within the water as will appear in greater detail as
      the description proceeds.
PAR  When the detection streamer 12 is employed in a system for protecting a
      moving vessel against torpedo attack, the streamer is adapted to be towed
      through the water by means of a suitable tow cable 19 therefor having a
      coupling member 20 to which the towing head 57 of the streamer is adapted
      to be coupled upon launching the streamer within the water, the towing
      head being provided with connecting devices adapted to engage
      interfittingly corresponding devices carried by the tow cable thereby to
      establish electrical and air connections therewith when the towing head is
      mechanically secured to the tow cable.
PAR  The towing cable 19 may be of any type suitable for the purpose such, for
      example, as the towing cable disclosed in the copending application of
      Harold W. Klas, for Faired Towing Means For Anti-Torpedo Device, Ser. No.
      483,105, filed Apr. 15, 1943, which towing cable is adapted to serve as a
      pneumatic supply line and a short electrical transmission line for
      connecting the streamers secured thereto to a source of air under pressure
      and an electrical control mechanism respectively, the air source and
      control mechanism being carried on the towing vessel.
PAR  Referring now to FIG. 3, it will be seen that the coupling 20 is provided
      with a projection 47 which extends in a direction generally parallel to
      the course of the towing vessel. Extending through the projection 47 is a
      bore 48, the inner end of which is reduced at 49 to serve as a seat for a
      plug 50. The plug 50 may be of any suitable material such, for example, as
      hard rubber having embedded therein an air fitting 51 and a plurality of
      terminal prongs 52. The fitting 51 is connected to the air line within the
      towing cable 19 by means of a flexible tube 53 connected therebetween, and
      each of the terminal prongs 52 is secured as by soldering to one of the
      plurality of conductors 43 comprising the short transmission line also
      disposed within the towing cable. The wall of the bore 48 is provided with
      diametrically arranged slots or grooves 55 and 56 which extend inwardly
      along the bore to a point slightly beyond the plug 50, the opening
      provided by the bore and slots being adapted interfittingly to receive the
      towing head 57.
PAR  Referring now to FIG. 3, it will be seen that the towing head has a
      cylindrical portion 58 and projections 59 and 60 laterally extended
      therefrom which conform to the bore 48 and grooves 55 and 56 respectively
      of the coupling 20. The projections 59 and 60 are partially cut away to
      receive a pair of tapered and threaded pins 61 carried by the coupling 20,
      the cut surfaces 62 and 63 being inclined to conform to the taper in the
      pins. Thus, when the towing head is inserted into the opening in the
      projection 47 of the coupling 20 and the pins 61 are drawn up tight, the
      towing head is forced into watertight connection with the plug 50 and
      secured in locked relation with the coupling 20.
PAR  The cylindrical portion 58 is provided with a bore 65 which generally
      extends in alignment with the bore 48 of the projection 47. Inserted
      within the bore 65 is a plug 66 which may be of hard rubber, for example,
      having embedded therein an air fitting and a plurality of terminal prongs
      68 adapted to be received interfittingly by the fitting 51 and the
      plurality of prongs 52 respectively when the towing head is locked to the
      coupling 20.
PAR  A microphone unit 18 comprising a casting or rigid sleeve member of
      substantially tubular configuration is integrally molded in the hose 123
      at a point relatively near the trailing end thereof. The casting includes
      a vertical diametrically extending tubular portion or moisture-proof
      housing 128 substantially of rectangular cross section. In alinement with
      the portion 128 and exterior of the casting are diametrically opposed
      flanges 129 which extend to the outer surface of the hose in flushed
      relation therewith. Each flange 129 has a bore or opening 130 concentric
      therewith which communicates with the interior of the tubular portion 128.
      A ring 131 adapted to be received into each bore 130 in pressed relation
      therewith contains a plug or window 132 of material suitable for the
      purpose such, for example, as rubber having the same acoustic impedance as
      sea water. The plugs may be formed in the rings in any convenient manner,
      preferably by being molded therein.
PAR  Located within the chamber provided by the portion 128 and the plugs 132 is
      a shell 133 which may be molded of any suitable plastic such as bakelite.
      The shell is snugly held within this chamber by a reduction in the
      internal cross section of the portion 128 at 134 which conforms to the
      periphery of the shell. Disposed within the shell is a transducer device
      or microphone comprising a pair of piezo-electric crystal elements or salt
      crystals 135 which preferably are of the type known in the art as Rochelle
      salt crystals. The crystals are cemented together with an electrode 136
      interposed therebetween which may be of metal foil and which serves as the
      positive electrode of the microphone. A portion of the electrode 136 is
      brought out into electrical contact with a metallic contact strip 137. The
      contact strip 137 is yieldably engaged by a terminal 138 carried by the
      portion 128 of the casting. The terminal has a yieldable contact 139 which
      extends thru a slot 140 in the shell to contact the strip under pressure.
PAR  The sides of the crystals opposite the electrode 136 similarly carry metal
      foil electrodes 141 which form the negative electrode of the microphone.
      Two plates 142 of suitable metal are disposed between the electrodes 141
      and the shell 133 and are electrically joined by a contact strip 143 of
      the same material, the contact strip 143 being yieldably engaged by a
      terminal 138 in the same manner as the terminal strip 137.
PAR  The other sides of the crystal assembly are lined with pads 144 of a cork
      and synthetic rubber composition suitable for the purpose, the thickness
      of the pads being such as freely to admit the crystal assembly into the
      shell 133 without producing variations in the transverse static loading of
      the crystals, as would result should any wedging action occur. The crystal
      assembly is maintained in a position equi-distant between the windows 132
      by means of a button 145 of the same material as the pads 144, the button
      being inserted through an aperture 146 in the shell 133 into cemented
      contact with the pad adjacent thereto.
PAR  The space between the windows 132 and crystals and between the shell 133
      and the portion 128 of the casting provides a chamber into which a
      vibration transmitting oil is inserted under pressure. The pressure of the
      oil is made slightly greater than that of the air in the streamer thereby
      to prevent air from leaking into the chamber, it being understood that the
      presence of air in the chamber would also introduce variations in the
      received sensitivity of the crystals by creating dead spots or areas
      between the windows and crystals. The oil may be of any type which is
      non-injurious to the action of the transducer means or crystal elements
      and having an acoustic impedance approximately equal to that of sea water
      such, for example, as castor oil, whereby sound waves which impinge upon
      the windows 132 produce the same effect as though the waves contacted the
      ends of the crystals directly.
PAR  The oil is admitted into the chamber through a check valve 147 which enters
      the chamber at a domed shaped surface 148 thereof. In practice, in order
      to insure that all air has been excluded from the chamber, the chamber is
      first evacuated to approximately 200 microns and then is filled with oil
      under pressure, the hose being positioned so that the valve 147 is
      uppermost thereby to force any air bubbles through the valve. The oil
      pressure within the chamber causes the windows to bulge and thus provides
      a means for visually checking the extent of pressure within the chamber.
PAR  A microphone unit, of the construction as disclosed above, and fabricated
      in the manner disclosed, is substantially free of azimuthal variations in
      the received sensitivity thereof and provides the aforesaid smooth
      response pattern 149. Since the pattern is substantially in the form of a
      vertical dumbbell having a maximum sensitivity along a vertical line
      extending through the axis of the windows 132, the response of the
      microphone may be considered to be directional. However, the dumbbell form
      of the pattern is sufficiently non-directional as to provide the aforesaid
      overlapping of response patterns of adjacent microphones thereby to
      provide a substantially uniform field of response or reception to signals
      received by the acoustic streamer. Accordingly, the maximum sensitivity
      occurs within a vertical plane passing through the axis of the acoustic
      streamer at any point throughout the length thereof. This plane of maximum
      sensitivity is utilized as a datum point from which to time the firing of
      the explosive streamers associated with the detection streamer when the
      detection streamer is employed, for example, in the system disclosed in
      the aforesaid application of Nelson N. Estes. For this purpose it is
      important to maintain the plane of maximum sensitivity perpendicular to
      the surface of the water as illustrated in FIG. 17.
PAR  In order to safeguard the acoustic streamer against a twisting action while
      being towed through the water which would defeat the above purpose, each
      hose 150 of each of the standard sections 17 of the acoustic streamer is
      provided with an outer wall 151, FIGS. 10, 15, and 16, on the underside
      thereof which houses a mixture of high gravity stock 152 such as a mixture
      of lead oxide and rubber. This mixture, being inherently flexible, does
      not impair the flexible character of the streamer. Accordingly, the
      streamer is capable of being wound on a suitable reel therefor, preferably
      with the axis of the phone windows perpendicular to the axis of the reel.
PAR  It will be understood that the resonant frequency of the microphone units
      depends upon the length of the crystal, the size and shape of the
      microphone unit generally, and other physical characteristics thereof.
PAR  The terminals 138 are connected as by soldering to a pair of conductors
      153, FIGS. 10, 11, and 15. The conductors are protected by a pair of
      flexible tubes 154 which, together with the conductor tape 104, extend
      through and are supported by, a pair of rubber plugs 155 and 156 carried
      by the microphone casting and coupling 127 respectively, and a suitable
      cushion filler 157, such as sponge rubber, which is disposed within the
      hose 123 between the plugs. It will be understood that the plug 155 is
      also conveniently formed to receive the terminals 138 and valve 147 and is
      provided with portions 158 which project along the sides of the vertical
      portion 128 of the microphone casting, FIG. 14. The portions 158 have
      grooves 159 through one of which the conductor tape 104 is passed, as
      clearly appears in FIG. 14.
PAR  The conductor tape 104 extends through the axial bore 160 of a suitable
      plug 161 which is inserted into the trailing end of the intermediate
      coupling 127 and secured therein by means of pins 162. The portion of the
      tape extending beyond the plug is split and the separated conductors 163
      thereof are extended one each through a pair of off-set bores 164 in the
      plug to a point adjacent to the conductors 153. A second conductor tape
      165 disposed within the hose 150 is passed through the bore 160, and the
      conductors 166 thereof are similarly carried back through the bores 164
      and forwardly again through the axial bore 160 to a point adjacent to the
      conductors 153 and 163. The conductors are bared and spliced, the
      connection being first bound with rubber tape, not shown, and then
      conveniently bound with friction tape 167 to provide an air tight splice.
      By means of the above anchoring arrangement it will be readily understood
      that any strain in the conductor tapes 104 and 165 is taken up by the plug
      161 rather than by the splice between the conductors thereof. As a further
      precaution to prevent strains in the conductors generally throughout the
      streamers which result from a flexing thereof, the conductors and cables
      are provided with sufficient slack as appears, for example, in FIG. 10,
      the slack or looped portion of the cable being secured in any suitable
      manner as by the cord 179.
PAR  By reason of the foregoing arrangement and construction of the electrical
      connections between the several microphone units and the cushioning
      supports for the connections, the detection streamer is capable of
      receiving shocks applied thereto without impairing the effectiveness of
      the connections, such shocks being caused, for example, by the explosion
      of the explosive streamers associated with the detection streamer when the
      streamer is employed, for example, in an anti-torpedo system of the type
      disclosed in the aforesaid application of Nelson N. Estes.
PAR  It will be seen that the hose 150, which may be of the same material as
      that of the hose 123, is similarly secured to the coupling 127. The
      coupling has a centrally disposed groove 168 into which a ring 169 is
      inserted, and the gap between the hoses 123 and 150 is closed by a
      clamping device 170 to provide a smooth outer surface and thereby prevent
      the development of supersonic noises as the streamer is towed through the
      water.
PAR  It will be understood that the construction of each standard section 17 of
      the acoustic streamer, except for the weighted underside thereof and the
      difference in length, is identical to that of the short section 16 of the
      streamer. The standard sections are all identical except that the trailing
      section contains a cup-shaped tail plug, FIG. 15, 171, rather than an
      intermediate coupling 127, and the conductors 166 of the conductor tape
      165 are connected directly to the conductors 153 of the hydrophone by a
      splice 172 similar to that of 167. The check valve 82 in the end plug 171
      is covered by a tapered tail cap 173 which is secured to the tail plug 171
      by means of a bolt 174, the tail cap being streamlined thereby to prevent
      turbulence of the water and the development of supersonic noises as the
      streamer is towed through the water.
PAR  From the foregoing it should now be obvious that the orientation of the
      maximum sensitivity of the microphone patterns within the vertical plane
      of the detection streamer is determined by the disposition of the crystal
      assemblies within the respective hose sections, the orientation of the
      several hose sections with respect to each other and to the towing head of
      the streamer, and the effectiveness of the eccentric loading in overcoming
      the inherent tendency of the streamer to twist.
PAR  In practice, for example, in order to obtain the desired orientation of the
      streamer, each standard or ballasted section is eccentrically loaded with
      an amount of the high gravity ballast 152 sufficient to overcome or
      balance one half of an estimated inherent tendency of the section to
      twist, and the section thereafter is floated in water to determine the
      deviation of the plane of the microphone windows from the true vertical
      plane of the section. In assembling the streamer, the short or unballasted
      section 16 and the standard section 17 connected thereto are oriented so
      that the microphone windows thereof lie in a plane perpendicular to the
      plane of the projections on the towing head, and the standard sections are
      coupled end to end in such a manner as to compensate from section to
      section for the aforesaid deviations in the sections.
PAR  By reason of the aforedescribed electrical connections of the detection
      streamer, the microphone units 18 thereof are connected in parallel to the
      primary winding 175 of transformer 103 and the secondary winding 176 of
      the transformer is connected to a pair of terminal prongs 68, the other
      pair of prongs being connected to the detonators 106 as illustrated
      diagramatically in FIG. 18. Thus, the microphone units and the detonators
      are adapted to be electrically coupled to a suitable control mechanism
      therefor by way of the short transmission line 43 within the towing cable
      19 when the streamer is mechanically coupled thereto, the transformer 103
      being adapted to match the high impedance of the microphone circuits to
      the low impedance of the transmission line. The transformer preferably is
      provided with an electrostatic shield 177 which may be connected to the
      metallic sheath of the transmission line, which sheath may be grounded to
      the coupling 20, for example, and the connection completed by means of a
      metallic sheath 178 on the cable connections between the terminal prongs
      68 and the transformer, the sheath 178 being grounded to the transformer
      and to the towing head 57, for example.
PAR  From the foregoing, it should now be apparent that a detection streamer has
      been provided which is well adapted to fulfill the aforesaid objects of
      the invention. Morever, it will be further obvious that although the
      invention has been described in particularity with respect to the
      detection of torpedoes moving transversely thereto, it will be understood
      that use of the invention need not be so limited, but also may be employed
      advantageously in the detection of other automotive devices adapted to be
      operated on land, sea, or in the air.
PAR  While the invention has been described with reference to but a single
      embodiment thereof which gives satisfactory results, it will be obvious to
      those skilled in the art to which the invention appertains, after
      understanding the invention, that the same is susceptible of additional
      embodiments, modifications, and variations thereof without departing from
      the spirit and scope of the invention as defined by the appended claims.
PAR  The invention herein described and claimed may be manufactured and used by
      or for the Government of the United States of America for governmental
      purposes without payment of any royalties thereon or therefor.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In combination with a long flexible tube having two diametrically
      disposed wall portions adapted to transmit vibrations and sealed at both
      ends whereby it may be immersed in water, a rigid sleeve member within
      said flexible tube and supporting a portion of said tube throughout its
      circumference, said rigid sleeve member having two diametrically disposed
      openings adjacent said vibration transmitting portions of said tube,
      transducer means of the type adapted to alternately expand and contract
      upon the application of an alternating electric or pressure signal, and
      means for mounting said transducer means within said sleeve member with
      the end faces thereof in a spaced relationship for hydraulically coupled
      vibration transmission through said two sleeve openings with the
      diametrically disposed vibration transmitting wall portions of said
      flexible tube, said transducer mounting means comprising a substantially
      moisture-proof housing which extends across said sleeve member between
      said two openings therein, said transducer means comprising piezo-electric
      crystal element means flexibly mounted within said substantially
      moisture-proof housing, the opposite signal sensitive end faces of said
      piezo-electric crystal element means being spaced from the vibration
      transmitting wall portions of said flexible tube, and said housing being
      filled under pressure with vibration transmitting liquid of the same
      acoustic impedance as the vibration transmitting wall portions which is
      non-injurious to the action of said piezo-electric crystal element means
      for acoustically coupling said piezo-electric crystal element means to
      said vibration transmitting portions of said flexible tube and providing a
      predetermined constant preloading for said crystal element.
NUM  2.
PAR  2. In combination with an air-filled flexible tube having two diametrically
      disposed wall portions adapted to transmit vibrations and sealed at both
      ends whereby it may be immersed in water, a hydrophone having a
      substantially uniform dumbbell shaped response pattern, comprising a rigid
      sleeve member within said flexible tube and arranged to support a portion
      of said tube throughout its circumference, said rigid sleeve member having
      two diametrically disposed openings adjacent said vibration transmitting
      portions of said tube, a substantially moisture-proof housing formed
      integrally with said sleeve member and extended thereacross between said
      two openings therein, piezo-electric crystal element means disposed within
      said substantially moisture-proof housing with both the signal sensitive
      end faces thereof respectively arranged in predetermined spaced relation
      with respect to the vibration transmitting wall portions of said tube,
      resilient means for mounting said piezo-electric element means within said
      housing without introducing variations in the transverse static loading
      thereof, resilient means secured to the housing and to said mounting means
      for maintaining the crystal element means in said predetermined spaced
      relation with respect to said wall portions of the tube, and a quantity of
      vibration transmitting liquid therein which has the same acoustic
      impedance as the surrounding water and which fills said housing for
      coupling the pressure sensitive ends of said crystal element means to said
      vibration transmitting portions of said flexible tube, said vibration
      transmitting liquid being inserted in the housing under pressure which
      exceeds the pressure of the air in said tube thereby to prevent air
      pockets in said liquid and to avoid azimuthal variations in the dumb-bell
      shaped response pattern of the hydrophone.
NUM  3.
PAR  3. In combination with a long flexible tube, a hydrophone within the tube
      as an integral part thereof and constructed and arranged to provide a
      uniform dumbbell-shaped response pattern which extends transversely of the
      tube from diametrically opposed openings therein, said hydrophone
      comprising an elongated sleeve member disposed within said tube and having
      a transversely disposed sleeve portion which terminates in a pair of
      diametrically opposed flanges disposed respectively within said openings
      in the tube in flushed relation with respect to the outer peripheral wall
      thereof, a pair of ring members respectively pressed within said flanges,
      a pair of plugs respectively molded within said ring members and composed
      of resilient material having the same acoustic impedance as the
      surrounding water, a plastic tube disposed within said transverse sleeve
      and having the ends thereof arranged respectively in abutting engagement
      with respect to said ring members, an elongated piezo-electric crystal
      element disposed transversely within said plastic tube, crystal element
      mounting means interposed between said crystal element and said plastic
      tube for maintaining the element with the end faces thereof disposed in
      predetermined spaced relation with respect to said plugs, electrical
      terminal means operatively connected to said crystal element and extended
      outwardly of said transversely disposed sleeve portion in sealed relation
      with respect thereto, and a quantity of vibration transmitting liquid
      under pressure disposed within said transverse sleeve portion and having
      the same acoustic impedance as said plugs for coupling the end faces of
      said crystal element adjacent the plugs acoustically through the plugs to
      the surrounding water, said liquid being inserted within said transversely
      disposed sleeve portion under pressure therein in excess of the pressure
      of the air within the tube thereby to avoid air pockets in the liquid and
      azimuthal variations in said dumbbell-shaped response pattern of the
      hydrophone, said mounting means for the crystal element being composed of
      material having sufficient resiliency to prevent transverse static loading
      of the crystal element.
NUM  4.
PAR  4. A microphone unit of the type disclosed comprising, in combination, a
      substantially cylindrical casting, said casting having a tubular portion
      diammetrically disposed therein, a crystal microphone arranged within said
      tubular portion, pair of flexible windows respectively mounted in
      predetermined spaced relationship with the microphone and sealed in water
      tight relation in the ends of said tubular portion, and a signal
      transmissive fluid of the same acoustic impedance as the windows contained
      under pressure within said tubular portion and between the microphone and
      said windows whereby sound signals impinging on said windows are
      transmitted undiminished in phase relationship to said microphone at
      substantially the same frequency as characterize the signals in water.
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ABST
PAL  An improved liquid level detecting and indicating system for vehicles
      comprising a pair of liquid level detecting elements which are arranged in
      opposite positions on the detecting level of a liquid in a liquid
      container installed in a vehicle, whereby when each of the liquid level
      detecting elements sends a signal indicating that the liquid level has
      dropped below a reference liquid level, an indicator is brought into
      operation. In this way, the level of liquid can be accurately detected and
      indicated without being influenced by the inclination or vibration of a
      vehicle body.
BSUM
PAR  The present invention relates to a liquid level detecting and indicating
      system for vehicles which is capable of accurately detecting and
      indicating the level of liquid, e.g., engine oil in a vehicle.
PAR  Liquid level detecting systems for detecting the liquid level of for
      example vehicle engine oil have been proposed in the art wherein the
      self-heating property of an element such as thermistor whose resistance
      value varies with temperature is utilized. A disadvantage of such system
      is that a vehicle running on a road is always subject to inclination or
      vibration depending on the road surfaces and therefore the conventional
      system employing a single thermal variable resistance element is subject
      to frequent misoperation due to the inclination or vibration of the
      vehicle body.
PAR  With a view to overcoming the foregoing difficulty, it is an object of the
      present invention to provide a liquid level detecting and indicating
      system for vehicles comprising a pair of liquid level detecting elements
      (e.g., posistors i.e. positive temperature coefficient transistors,
      thermistors or reed switches actuated by magnet floats) which are arranged
      in opposite positions on the detecting level of a liquid in a liquid
      container of the vehicle, whereby when each of the liquid level detecting
      elements sends a signal indicating that the liquid level in the liquid
      container has dropped below the detecting liquid level, an indicator is
      brought into operation, thereby accurately detecting and indicating the
      liquid level without being affected by for example the inclination or
      vibration of the vehicle body.
PAR  The system according to this invention has among its remarkable advantages
      the fact that by virtue of the use of a pair of liquid level detecting
      elements which are arranged in opposite positions on the detecting level
      of a liquid in a vehicle liquid container so that an indicator is actuated
      when each of the two liquid level detecting elements produces a signal
      indicating that the liquid level in the liquid container has dropped below
      the detecting liquid level, the liquid level can be accurately detected
      and indicated without being affected by the inclination or vibration of
      the vehicle body.
PAR  Another remarkable advantage of the system of this invention is the fact
      that each of the liquid level detecting elements comprises a thermal
      variable resistance element, a discriminating circuit for discriminating
      the resistance level of each thermal variable resistance element comprises
      a Schmitt trigger circuit whose input terminal is connected through a
      diode to the junction point of the thermal variable resistance element and
      a resistor connected in series therewith, and a resistor is connected
      between a power supply and the emitters of the transistors in the Schmitt
      trigger circuit so that the transition points of the Schmitt trigger
      circuit are set by a bridge circuit, whereby to minimize the effects due
      to temperature and variation of the power supply voltage.
DRWD
PAR  Other objects, features and advantages of this invention will become
      readily apparent from the following detailed description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a wiring diagram showing an embodiment of a liquid level
      detecting and indicating system according to the present invention;
PAR  FIG. 2 is a perspective view of a liquid container for explaining the
      positions where the thermal variable resistance elements are mounted on
      the liquid container;
PAR  FIG. 3 is a sectional view of an exemplary mounting structure for
      explaining the manner in which the thermal variable resistance elements
      are mounted; and
PAR  FIGS. 4 and 5 are wiring diagrams showing further embodiments of the system
      according to the present invention.
DETD
PAR  The present invention will now be described in greater detail with
      reference to the illustrated embodiments.
PAR  Referring first to FIGS. 1 and 2, numerals 1 and 2 designate thermal
      variable resistance elements for detecting liquid level, e.g., posistors
      (positive temperature coefficient transistors) having a positive
      resistance-temperature characteristic. As shown in FIG. 2, the two thermal
      variable resistance elements 1 and 2 are arranged in opposite positions on
      the detecting liquid level in a liquid container 3, e.g., oil pan
      installed in a vehicle. In the exemplary arrangement shown in FIG. 2, the
      thermal variable resistance element 1 is mounted on the left front portion
      of the liquid container 3 and the thermal variable resistance element 2 is
      mounted on the right rear portion of the liquid container 3 so that they
      are arranged in opposite positions on the detecting level of a liquid and
      along a straight line inclined relative to the direction of movement of
      the vehicle. However, it is possible to mount the thermal variable
      resistance element 1 on the right front portion of the liquid container 3
      and the thermal variable resistance element 2 on the left rear portion of
      the liquid container 3 so that the elements 1 and 2 are arranged in
      opposite positions along a diagonal line on the plane of the detecting
      liquid level. Numerals 4 and 5 designate resistors connected respectively
      in series with the thermal variable resistance elements 1 and 2, 6 and 7
      discrimination circuits for respectively discriminating the resistance
      level of the thermal variable resistance elements 1 and 2 each of which
      comprises a Schmitt trigger circuit employing transistors. Numerals 8 and
      9 designate diodes respectively connected between the respective junction
      points a and b of the thermal variable resistance elements 1 and 2 and
      their series resistors 4 and 5 and input terminals c  and d of the
      discrimination circuits 6 and 7, whereby to effect the level shifting of
      the potentials at the input terminals c and d of the Schmitt trigger
      circuits 6 and 7 to the potentials at the respective output terminals a
      and b of the thermal variable resistance elements 1 and 2 and to prevent
      the passage of the current from the thermal variable resistance elements 1
      and 2 into the Schmitt trigger circuits 6 and 7. Numerals 10, 11, 12 and
      13 designate transistors, 14 and 15 base resistors, 16 and 17 temperature
      compensating resistors for collector cutoff current I.sub.CBO, 18 and 19
      collector resistors of the transistors 10 and 12 respectively, 20 and 21
      common emitter resistors, 22 and 23 level shifting diodes, 24 and 25
      temperature compensating resistors for collector cutoff current I.sub.CBO,
      26 and 27 collector resistors of the transistors 11 and 13, 28 and 29
      voltage characteristic compensating resistors connected respectively
      between the junction point of the emitters of the transistors 10 and 11
      and a power supply 30 and the junction point of the emitters of the
      transistors 12 and 13 and the power supply 30. Numeral 31 designates an
      AND circuit for performing the AND operation on the outputs of the
      discrimination circuits 6 and 7, 32 and 33 diodes, 34 a level shifting
      Zener diode for decreasing the level of the outputs of the discrimination
      circuits 6 and 7. Numeral 35 designates a temperature compensating
      resistor for collector cutoff current I.sub.CBO, 36 a transistor, 37 a
      collector resistor. Numeral 38 designates an indicator driving circuit
      comprising a level shifting diode 39, a temperature compensating resistor
      40 for collector cutoff current I.sub.CBO, a transistor 41 and a
      protective resistor against lamp rush current. Numeral 43 designates an
      indicator comprising a lamp mounted on an instrument panel installed at
      the front part of the driver's compartment in the vehicle.
PAR  In FIG. 3 showing an exemplary structure for mounting the thermal variable
      resistance elements 1 and 2 on the liquid container 3, the thermal
      variable resistance element 1 or 2 is soldered to metallic (brass)
      supporting conductors 44 and 45 which are held in an insulating support 46
      comprising a molded resin insulation. Numeral 47 designates welds between
      the thermal variable resistance element 1 or 2 and the supporting
      conductors 44 and 45. Numeral 48 designates an iron fixture caulked and
      fixedly mounted on the insulating support 46 and comprising a mounting
      threaded portion 48a that engages with an internal threaded portion on the
      side wall of the liquid container 3 (oil pan), and a cylindrical portion
      48b enclosing the thermal variable resistance element 1 or 2. The
      cylindrical portion 48b is formed with an open forward end 48c to permit
      the engine oil in the liquid container 3 to go in and out of the
      cylindrical portion 48b freely and thereby to prevent the splash of the
      engine oil from depositing on the thermal variable resistance element 1 or
      2. Numerals 49 and 50 designate lead wires having the ends thereof
      respectively attached to the supporting conductors 44 and 45 by soldering.
      Numerals 51 and 52 designate the soldered welds, 53 a rubber cover, 54 an
      impregnated resin material filled in the cover 53.
PAR  With the construction described above, the operation of the first
      embodiment is as follows. Each of the thermal variable resistance elements
      1 and 2 comprising a posistor is normally energized by the power supply 30
      to self-heat, and its radiation rate differs considerably depending on
      whether it is in the liquid or out of the liquid in the liquid container 3
      and hence the resistance value of the element itself changes to vary its
      resistance value. Consequently, when the amount of the engine oil in the
      liquid container 3 is normal and both of the thermal variable resistance
      elements 1 and 2 are in the engine oil, they have a high radiation rate to
      decrease the temperatures thereof with resultant drop in their resistance
      values. Thus, the potentials at the junction points a and b in FIG. 1 rise
      so that the potentials at the input terminals c and d of the
      discrimination circuits 6 and 7 also rise to render the transistors 10 and
      12 conductive. When this occurs, the transistors 11 and 13 are rendered
      nonconductive and the power supply voltage is applied to the Zener diode
      34 through the diodes 32 and 33 to render the Zener diode 34 conductive.
      The conduction of the Zener diode 34 renders the transistor 36 conductive
      with the result that the collector potential of the transistor 36, i.e.,
      the output potential of the AND circuit 31 becomes equal to the ground
      potential to cut off the transistor 41 in the indicator driving circuit
      38. As a result, the indicator 43 is not operated thus indicating that the
      liquid level of the engine oil is normal.
PAR  On the other hand, when the amount of the engine oil decreases so that the
      level of the engine oil drops below the detecting liquid level, both of
      the thermal variable resistance elements 1 and 2 come out of the engine
      oil and hence the radiation rates of the elements 1 and 2 decrease with
      resultant rise in the temperatures of the elements 1 and 2 which increases
      their resistance values. As a result, the potentials at the output
      terminals a and b of the elements 1 and 2 decreases and hence the
      potentials at the input terminals c and d of the discrimination circuits 6
      and 7 decrease to switch the transistors 10 and 12 to the nonconductive
      state. This renders the transistors 11 and 13 conductive and their
      collector potentials decrease to render the diodes 32 and 33 and the Zener
      diode 34 nonconductive. Consequently, the transistor 36 is rendered
      nonconductive and the power supply voltage is applied to its collector
      with the result that the base current flows through the diode 39 to the
      transistor 41 to render it conductive. When this occurs, the indicator 48
      is operated to give an indication to the driver that the engine oil has
      decreased below a predetermined amount.
PAR  Next, the operation of the system when the body of a vehicle ascending or
      descending a slope or running on a curved road is inclined will be
      described. Firstly, when the vehicle body is inclined in the longitudinal
      direction so that the thermal variable resistance element 1, for example,
      is brought out of the liquid level of the engine oil, although the
      resultant increase in the resistance value of the transistor 11 of the
      discrimination circuit 6 conductive, the other thermal variable resistance
      element 2 remains below the level of the engine oil and hence the
      transistor 13 of the discrimination circuit 7 is retained in the
      nonconductive state. Consequently, the indicator 43 remains off and in
      this way the longitudinal inclination of the vehicle body is prevented
      from causing the system to operate erroneously. Secondly, when the vehicle
      body is inclined sideways, only one of the thermal variable resistance
      elements, e.g., the element 1 comes out of the liquid level of the engine
      oil and the other thermal variable resistance element 2 is remaining below
      the level of the engine oil. Thus, as in the previously mentioned case,
      the indicator 43 remains off and thus no misoperation takes place. In
      other words, in the system according to this invention, the thermal
      variable resistance elements 1 and 2 are arranged in opposite positions on
      the detecting level of a liquid in the liquid container 3, whereby the
      indicator 43 is actuated in accordance with the logical product of the
      outputs from the elements 1 and 2 to prevent the occurrence of any
      misoperation due to the inclination of the vehicle body.
PAR  Another important feature of the present invention is the construction of
      the discrimination circuits 6 and 7 which are identical with each other.
      The discrimination circuit 6 will now be described in greater detail. If
      the resistance values of the thermal variable resistance element 1 and the
      resistors 4, 14, 18, 20, 24, 26 and 28 are respectively represented as
      R.sub.x, r.sub.4, r.sub.14, r.sub.16, r.sub.18, r.sub.20, r.sub.24,
      r.sub.26 and r.sub.28 and if the voltage of the power supply 30 is
      represented as E, then the two transition input voltages at a junction
      point e for the Schmitt trigger circuit constituting the discrimination
      circuit 6 are given by the following equations:
PAR  A. A transition input voltage V.sub..theta..sub.1 for switching the
      transistor 10 from the conductive state to the nonconductive state is
      given as follows:
      ##EQU1##
      In the above equation (1), the resistance value r.sub.14 of the resistor
      14 is not included since it is extremely large.
PAR  B. A transition input voltage V.sub..theta..sub.2 for switching the
      transistor 10 from the nonconductive state to the conductive state is
      given as follows:
      ##EQU2##
PAR  On the other hand, the base-emitter voltage V.sub.BE of the transistor 10
      is substantially equal to the forward voltage drop of the diode 8 and
      therefore they cancel each other. As a result, the transition input
      voltages at the junction point a become equal to those at the junction
      point e
      ##EQU3##
      ##EQU4##
      In the above equations (3) and (4), R.sub.x1 and R.sub.x2 represent
      respectively the resistance values of the thermal variable resistance
      element 1 at the two transition points of the Schmitt trigger circuit. In
      fact, the values of r.sub.18 and r.sub.26 are preselected sufficiently
      large as compared with r.sub.28 and therefore the above equations (1) and
      (2) may be approximately rewritten as follows:
      ##EQU5##
      ##EQU6##
      where r.sub.28 &gt;r.sub.28 '
PAR  we obtain from equations (1)' and (3)
      ##EQU7##
PAR  we also obtain from equations (2)' and (4)
      ##EQU8##
PAR  As will be seen from the above equations (5) and (6), in the device
      according to the present invention the thermal variable resistance element
      1 and the resistors 4, 28 and 20 constitute a bridge circuit so that the
      effects due to temperature and variation of the supply voltage can be
      minimized by the action of this bridge circuit. Further, the variation
      with temperature of the base-emitter voltage V.sub.BE of the transistor 10
      itself can be cancelled by the forward voltage drop of the diode 8.
PAR  Furthermore, the hysteresis range of the Schmitt trigger circuit is
      obtained as follows from the above equations (5) and (6)
      ##EQU9##
      Thus, its value may be selected depending on the values of the resistors
      4, 20 and 28.
PAR  The embodiment described hereinbefore is a preferred exemplary embodiment
      of the present invention and therefore this invention is not intended to
      be limited to the details shown, since many modifications and changes may
      be made without departing from the spirit of the present invention. For
      example, the thermal variable resistance elements 1 and 2 may for example
      be thermistors having a negative temperature coefficient characteristic
      instead of posistors having a positive temperature coefficient
      characteristic, and the indicator 43 may for example be a buzzer instead
      of a lamp.
PAR  FIG. 4 illustrates another embodiment of the invention in which the thermal
      variable resistance elements 1 and 2 comprise thermistors having a
      negative temperature-coefficient characteristic. Also in the AND circuit
      31, a PNP transistor 55 performs the required level shifting function
      instead of the Zener diode 34 in the embodiment of FIG. 1. Numerals 56, 57
      and 58 designate the base biasing resistors and the collector resistor of
      the transistor 55. Excepting these component parts, this embodiment is
      identical with the first embodiment of FIG. 1.
PAR  FIG. 5 illustrates still another embodiment of the present invention
      wherein instead of the thermal variable resistance elements 1 and 2 used
      in the first and second embodiments, reed switches 1a and 2a respectively
      actuated by magnet floats 1b and 2b are used. As with the thermal variable
      resistance elements 1 and 2, the reed switches 1a and 2a are arranged in
      opposite positions on the detecting liquid level of a liquid in the liquid
      container 3. In the normal conditions (where the liquid level is above the
      detecting liquid level), the reed switches 1a and 2a are respectively
      closed by the magnetic flux of the floats 1b and 2b. In other words, the
      uppermost positions of the floats 1b and 2b are limited by the associated
      stoppers which are not shown, so that the reed switches 1a and 2a are
      normally closed.
PAR  With the reed switches 1a and 2a being normally closed as mentioned above,
      a transistor 60 is rendered nonconductive and its collector potential
      substantially equals the power supply potential thus passing no current to
      a diode 61. Consequently, the current flowing through a resistor 62 flows
      through the base and the emitter of a transistor 36 by way of level
      shifting diodes 34a and 34b to render the transistor 36 conductive. As a
      result, a transistor 41 in an indicator driving circuit 38 is rendered
      nonconductive and hence an indicator 43 is not operated.  During this time
      interval, a capacitor 63 is charged in the polarity shown.
PAR  Then, when the liquid level becomes lower than a detecting liquid level so
      that both of the reed switches 1a and 2a are opened, the transistor 60 is
      rendered conductive. In this case, however, the transistor 36 is not
      immediately rendered nonconductive. The reason is that for a time period
      of for example 3 seconds during which the capacitor 63 discharges its
      stored charge through a resistor 64, the collector potential of the
      transistor 60 does not drop to a level that renders the transistor 36
      nonconductive. The purpose of the delay time provided by the capacitor 63
      and the resistor 64 is to prevent the occurrence of misoperation that may
      be caused by a momentary change in the liquid level due to vibration of
      the vehicle body or the like. After the expiration of this delay time, the
      transistor 36 is rendered nonconductive so that the transistor 41 is
      rendered conductive to actuate the indicator 43. In FIG. 5, numeral 65
      designates a terminal to which a positive is applied to check the presence
      of a fault in the indicator 43.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A liquid level detecting and indicating system for a vehicle having a
      liquid container comprising a pair of liquid level detecting elements
      arranged spaced apart in opposite positions on a detecting level of a
      liquid in said liquid container and along a straight line inclined with
      respect to the direction of movement of said vehicle, circuit means for
      generating an output signal when each of said liquid level detecting
      elements generates a signal indicating that the level of said liquid in
      said liquid container has dropped below said detecting liquid level, and
      an indicator actuated by said output signal from said circuit means.
NUM  2.
PAR  2. A system according to claim 1, wherein each of said liquid level
      detecting elements comprises a thermal variable resistance element whose
      resistance value varies with temperature.
NUM  3.
PAR  3. A system according to claim 1, wherein each of said liquid level
      detecting elements comprises a reed switch opened and closed by a magnet
      float.
NUM  4.
PAR  4. A system according to claim 2 further comprising fitting means for
      mounting each of said thermal variable resistance elements on the side
      wall of said liquid container, said fitting means including a cylindrical
      member enclosing said thermal variable resistance element.
NUM  5.
PAR  5. A liquid level detecting and indicating system for a vehicle having a
      liquid container comprising a pair of thermal variable resistance elements
      arranged in opposite positions on a detecting level of a liquid in said
      liquid container, a discrimination circuit connected to each of said
      thermal variable resistance elements for discriminating the resistance
      level thereof, each said discrimination circuit comprising a Schmitt
      trigger circuit having a pair of transistors, an AND circuit for
      generating an output signal when each of said discrimination circuits
      generates an output signal, and an indicator actuated by said output
      signal from said AND circuit.
NUM  6.
PAR  6. A system according to claim 5 further comprising a resistor connected in
      series with each of said thermal variable resistance elements, a diode for
      connecting the input terminal of each said Schmitt trigger circuit to the
      junction point of said thermal variable resistance element and said series
      resistance, a common emitter resistor for said pair of transistors in each
      said Schmitt trigger circuit, and a resistor connected in series with each
      of said common emitter resistors.
NUM  7.
PAR  7. A liquid level detecting and indicating system for a vehicle having a
      liquid container comprising:
PA1  a pair of reed switches arranged with a space in opposite positions on a
      detecting level of a liquid in said liquid container for detecting that
      the level of the liquid in said liquid container is dropped below said
      detecting liquid level, each of said reed switches adapted to be opened
      and closed by a magnet float,
PA1  a Miller integrator circuit connected to said pair of reed switches for
      generating an output signal when said Miller integrator circuit detects
      that both of said pair of reed switches keep to operate over a
      predetermined period of time,
PA1  a switching circuit connected to said Miller integrator circuit and
      actuated to generate another output signal in response to said output
      signal from said Miller integrator circuit, and
PA1  an indicator connected to said switching circuit and actuated by said
      another output signal from said switching circuit for indicating that the
      level of the liquid in said liquid container is dropped below said
      detecting liquid level.
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ABST
PAL  A liquid level transducer actuates a relay to sound an alarm when there is
      a change in a liquid level in a tank. A bridge circuit is balanced at an
      existing liquid level to maintain the relay normally deenergized. A change
      in the liquid level unbalances the bridge circuit causing the relay to be
      energized. The system may be applied to stationary storage tanks or to
      vehicle fuel tanks to warn of theft of fuel. In a vehicle application an
      unauthorized movement of the vehicle would also cause sufficient shifting
      of the fuel in the tank to sound the horn and give warning.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a liquid level tamper alarm and is of particular
      advantage in discouraging the theft of fuel from storage tanks or
      automobile fuel tanks.
PAR  Heretofore, attempts to prevent or discourage the theft of fuel have
      generally been directed to the provision of locking caps for the tanks or
      obstructing devices to prevent access to the fuel through the filler
      opening. Such devices are often ineffective because they are obvious and
      can usually be removed or circumvented in one way or another. For many
      purposes, a concealed alarm mechanism is more effective because of the
      element of surprise to the thief and because it cannot be anticipated and
      overcome before its function has been accomplished if its existence is
      unknown to the thief.
PAR  Objects of the invention are, therefore, to provide a liquid level tamper
      alarm, to provide an operating mechanism for such an alarm which is
      entirely concealed, to provide an alarm which will respond either to the
      lowering or the raising of a liquid level in a tank, to provide an alarm
      of the type described which is especially suitable for either stationary
      fuel storage tanks or fuel tanks on vehicles, to provide an alarm system
      of the type described which is adapted to utilize the conventional fuel
      transducer in an automobile fuel tank without the use of any attachments
      to the tank itself, and to provide an alarm which will warn of theft of an
      automobile as well as the theft of its fuel.
PAC  SUMMARY OF THE INVENTION
PAR  In the present system a liquid level transducer actuates a relay to sound
      an alarm when there is a change in a liquid level in a tank. A bridge
      circuit is balanced at an existing liquid level to maintain the relay
      normally deenergized. Either raising or lowering the liquid level
      unbalances the bridge circuit, causing the relay to be energized.
PAR  The system may be applied to stationary storage tanks or to vehicle fuel
      tanks to warn of theft of fuel. The system is readily applicable to an
      automobile electrical system utilizing the conventional fuel gauge
      transducer to sound the horn in case of tampering. In an automobile
      application, the fuel transducer also responds to shifting of the fuel in
      the tank to warn of unauthorized movement of the vehicle after it has been
      parked. Thus, the device also functions as a vehicle theft alarm.
PAR  The invention will be better understood and the foregoing and other objects
      and advantages will become apparent from the following description of the
      preferred embodiment illustrated on the accompanying drawing. Various
      changes may be made, however, in the details of the system and certain
      features may be used without others. All such modifications within the
      scope of the appended claims are included in the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of drawing is a wiring diagram illustrating the
      application of the invention to an automobile.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the automobile application shown in the drawing, the battery 10 operates
      the fuel gauge 11 through a fuel sensor or transducer 12 when the
      accessory section of ignition switch 13 is closed. Numeral 14 designates
      the usual traffic warning horn 14. The battery and fuel gauge circuit are
      grounded to the frame of the vehicle at 15 and the horn is similarly
      grounded at 16. These instruments are all a part of conventional
      automobile equipment to which the present invention is adapted.
PAR  A relay 20, preferably including a sensitivity control rheostat 21, is
      energized through a wire 22 connected at point 23 in the fuel gauge
      circuit between fuel gauge 11 and transducer 12. The relay energizing
      circuit further includes a wire 24 connected at point 25 in a branch
      circuit, between a fixed resistance 26 and a variable resistance 27. The
      other side of variable resistance 27 is connected to a ground wire 30 and
      the other side of fixed resistance 26 is connected to branch circuit wire
      31, the latter being connected at 32 to a wire 33 which connects fuel
      gauge 11 with ignition switch 13.
PAR  It will be apparent that the circuit elements just described form a bridge
      circuit which is effective to energize relay 20 when the circuit is
      unbalanced and which will deenergize the relay when the circuit is
      balanced. In order to obtain the desired balance, the value of resistance
      26 is made equal to the fixed resistance of fuel gauge 11 and the range of
      variable resistance 27 is made comparable to the range of the variable
      resistance of transducer 12. When variable resistance 27 is adjusted to
      the same value as transducer resistance 12 at any existing fuel level,
      equal voltages exist at points 23 and 25 and the relay 20 is deenergized.
      When transducer resistance 12 is either increased or decreased, the bridge
      circuit will be unbalanced producing different voltages at points 23 and
      25 which will energize the relay 20.
PAR  Energization of relay 20 closes relay switch 35 to energize wire 36 through
      wire 31 and connection 32 when ignition switch 13 is closed. Wire 36 is
      connected to switch arm 37 in a double pole, double throw switch 40. The
      other switch arm 41 is connected to battery wire 42. When switch 40 is
      closed on its lower contacts 43 and 44, the switch arm 41 shunts ignition
      switch 13 to energize wire 31 directly from battery wire 42.
PAR  When switch 40 is closed in its lower position with switch arm 37 engaging
      contact 44, the energization of wire 36 completes a circuit through wire
      45 to indicator lamp 46 and ground wire 30 whereby this lamp signals the
      closing of relay switch 35 in response to unbalance of the bridge circuit.
PAR  When switch 40 is closed in its upper position, its arm 37 engages a
      contact 50 and its arm 41 engages a contact 51. Contact 50 is connected to
      horn wire 52 and contact 51 is connected through a wire 53 with contact
      43. This upper position of switch 40 may be referred to as the alarm
      position and the lower position described above may be referred to as the
      indicator position. When switch 40 is open, the circuits are broken to
      both horn 14 and signal light 46.
PAR  The components of the system are preferably contained in a case 60 having
      external connections with the automobile electrical system for convenient
      installation as an accessory device. Thus, the case 60 is equipped with
      external connections 61, 62, 63, 64 and 65 for the wires 22, 30, 31, 42
      and 52, respectively.
PAR  In order to set the alarm after the automobile is parked, the switch 40 is
      first closed in its lower or signal position with ignition switch 13
      either closed or open. If signal light 46 is glowing, variable resistance
      27 is adjusted until the light is extinguished. The open circuit at
      contact 50 prevents sounding of the horn while resistance 27 is being
      adjusted. The extinguising of light 46 indicates that the bridge circuit
      is balanced with relay 20 deenergized and relay switch 35 in open
      position. Then switch 40 is shifted to its upper or alarm position.
PAR  If fuel should be removed or if liquid should be added to the fuel tank,
      the resistance of transducer 12 will be changed, unbalancing the bridge
      circuit and creating a difference in potential between points 23 and 25.
      Such difference in potential, depending on the setting of sensitivity
      control 21, will energize relay 20 to close relay switch 35 to complete a
      circuit to horn 14 through battery wire 42, switch arm 41, contact 51,
      wire 53, relay switch 35, wire 36, switch arm 37, contact 50 and wire 52,
      causing sounding of the horn 14. Also, if the automobile is stolen the
      movement of the vehicle will shift the fuel back and forth in the tank
      producing the same effect on transducer 12 as though liquid were being
      removed from the tank or added thereto, causing intermittent sounding of
      the horn.
PAR  The details of the system may be modified within the spirit of the
      invention and solid state diodes and transistors may be used to produce
      the described functions, if desired. The signal lamp 46 may be a light
      emitting diode.
PAR  Also, with slight modification, the present system is adapted to warn of
      theft from stationary storage tanks. Very little modification would be
      necessary if the stationary tank were equipped with a liquid level
      transducer similar to transducer 12 and an electric gauge corresponding to
      fuel gauge 11. For tanks not so equipped, the system may include a
      transducer 12 which is insertable in the tank and either a gauge 11 or an
      equivalent fixed resistance to complete the bridge circuit as will be
      readily understood by persons skilled in the art.
PAR  In either stationary or vehicle tanks the existence of the present system
      is not apparent to a thief until his tampering has put the alarm into
      operation. In an automobile installation there is no attachment or
      connection to the fuel tank which might be observed by the thief. Thus,
      the thief does not have an opportunity to circumvent or disable the
      warning system preliminary to the theft of the fuel or other liquid or
      before proceeding to steal a vehicle equipped with the present system.
      Locking tank caps and other devices preventing access to the interior of a
      tank lack the element of surprise to the thief and may often be removed
      without too much difficulty or merely quietly circumvented as by punching
      a hole in the tank.
CLMS
STM  Having now described my invention and in what manner the same may be used,
      what I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. In a vehicle having a liquid fuel tank containing a variable resistance
      depth gauge transducer, an electric fuel gauge, an ignition switch, an
      electric traffic warning horn, and a battery, said transducer, fuel gauge
      and ignition switch being connected in series circuit across said battery;
      the improvement comprising a fixed resistance and an adjustable resistance
      connected in series between a terminal of said transducer which is
      connected to one terminal of said battery and a terminal of said fuel
      gauge which is connected to said ignition switch, a relay having one
      terminal connected between said fixed and adjustable resistances and
      another terminal connected between said transducer and fuel gauge to form
      a bridge circuit which may be balanced by said adjustable resistance at
      any existing quiescent fuel level to maintain said relay normally
      deenergized and wherein any upward or downward movement of the fuel level
      will change the resistance of said transducer to unbalance said bridge
      circuit and energize said relay, and circuit means operable by
      energization of said relay to sound said horn, a signal lamp arranged to
      indicate a balanced or unbalanced condition of said bridge circuit; said
      circuit means comprising a relay switch which is closed by energization of
      said relay, and a three position manual switch, said manual switch having
      an open position disconnecting both said horn and said signal lamp to
      prevent the energization thereof, said manual switch having a first closed
      position connecting said signal lamp in series with said relay switch to
      energize said lamp when said relay switch is closed, and said manual
      switch having a second closed position connecting said horn in series with
      said relay switch to energize said horn when said relay switch is closed.
NUM  2.
PAR  2. In a vehicle having a liquid fuel tank containing a variable resistance
      depth gauge transducer, an electric fuel gauge, an ignition switch, an
      electric traffic warning horn, and a battery, said transducer, fuel gauge
      and ignition switch being connected in series circuit across said battery;
      the improvement comprising a fixed resistance and an adjustable resistance
      connected in series between a terminal of said transducer which is
      connected to one terminal of said battery and a terminal of said fuel
      gauge which is connected to said ignition switch, a relay having one
      terminal connected between said fixed and adjustable resistances and
      another terminal connected between said transducer and fuel gauge to form
      a bridge circuit which may be balanced by said adjustable resistance at
      any existing quiescent fuel level to maintain said relay normally
      deenergized, any increase or decrease in the resistance of said transducer
      resulting from upward or downward movement of the fuel level unbalancing
      said bridge circuit and energizing said relay, and circuit means operable
      by energization of said relay to sound said horn.
NUM  3.
PAR  3. The invention of claim 2 including a sensitivity control for said relay.
NUM  4.
PAR  4. The invention of claim 3, said sensitivity control comprising an
      adjustable resistance.
NUM  5.
PAR  5. The invention of claim 2 including a signal lamp arranged to indicate a
      balanced or unbalanced condition of said bridge circuit.
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ABST
PAL  In a navigation system in which a beam of radiation is utilized for
      communicating information to a vehicle, such as an aircraft approaching a
      landing strip, there is provided a pseudo-noise generated binary code
      having sequentially generated bits ordered in a sequence of nonrepeating
      subsequences with each of these bits uniquely representing a value of a
      coordinate describing the position of the beam of radiation. For example,
      with an azimuthally scanned beam of radiation, each bit in the code
      represents an increment in the azimuth angle while the digits of one of
      the subsequences is sufficient to uniquely determine the azimuth angle. An
      encoder and a decoder, each similarly structured with a shift register and
      feedback logic, are disclosed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 280,320, filed Aug. 14, 1972 and
      now U.S. Pat. No. 3,818,478.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Navigation systems such as instrument landing systems (ILS) are often used
      for guiding vehicles, particularly aircraft in the vicinity of an aircraft
      runway. It has been found that the use of scanning beams of radiation have
      an advantage over fixedly oriented beams of radiation for communicating
      with aircraft at low elevations since the scanning procedure tends to
      average out perturbations in the directivity pattern of such radiation
      caused by fluctuations in the terrain in the vicinity of an antenna
      providing a scanning beam. Furthermore, a scanned beam can communicate
      with aircraft having differing azimuthal directions around an antenna
      radiating this beam, thereby greatly increasing the capacity of an
      instrument landing system in simultaneously guiding many aircraft. An
      aircraft illuminated by a beam of radiation in the typical instrument
      landing system needs position data of the beam, and in the situation where
      the beam is being scanned, such position data must be continuously and
      accurately updated at a rate commensurate with the rate of motion of the
      beam. A problem arises in that modern aircraft fly at high speeds thereby
      requiring a high rate of position data with great accuracy. Obtaining the
      necessary accuracy has heretofore been hindered by bandwidth limitations
      and the desirability of maintaining relative simplicity of equipment on
      board the vehicle which is being navigated.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing problems of the prior art are overcome and other advantages
      are provided by a navigation system which, in accordance with the
      invention, provides for a coding of a scanning beam of radiation with a
      sequence of nonrepeating subsequences of binary coded signals each of
      which consists of only one bit. An encoder and a decoder are operated in
      synchronism with the motion of the scanning beam such that each bit of the
      code corresponds to a particular position of the beam and the signals
      contained within any one subsequence of the code are sufficient to
      uniquely determine the position of the beam. The encoder is typically
      placed within the ground equipment utilized in generating the scanning
      beam of radiation, with modulation equipment being provided for modulating
      the code onto the carrier of the radiation. The decoder is typically
      carried by the vehicle within navigation equipment which receives the
      radiant energy of the beam when the beam is illuminating the vehicle. In
      one embodiment of the invention, a synchronization signal such as a tone
      modulated on the carrier synchronizes clock signals of the encoder and of
      the decoder with the position of the beam. Alternatively, synchronization
      can be attained by utilizing a signal waveform wherein, in a sequence of
      digital signals each of which represents a logic state of 1, a succession
      of individual pulses may be provided in which the value of the waveform
      returns to zero between each pulse in the manner of clock pulses. The
      invention provides for simplicity of equipment in that the encoder and the
      decoder comprise substantially the same equipment, namely, a shift
      register and logic circuitry with the logic circuitry accepting parallel
      outputs from the shift register and feeding back to the shift register a
      single bit having a value depending on the preceding state of data stored
      within the shift register. The shift register in the decoder, in the
      preferred embodiment of the invention, is of a bidirectional form, in
      which data is advanced through the shift register in a first direction
      during an acquisition phase of the signal processing, the shift register
      being operated in a reverse direction during the decoding operation. An
      additional logic circuit is coupled to the shift register of the decoder
      to provide for a prediction or correlation type circuitry during the
      acquisition phase of the signal processing, this providing a many-fold
      increase in the accuracy and precision of the measurement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned aspects and other features of the invention are
      explained in the following description taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a pictorial view, partially in block diagram form, of a
      navigation system utilized in guiding an aircraft towards an airport
      runway;
PAR  FIG. 2 is a block diagram of a simplified model of a code generator
      generating a 4-bit code of which any sequence of four adjacent bits is
      nonrepeating;
PAR  FIG. 3 is a diagrammatic representation showing individual angles of
      orientation of the antenna of FIG. 1 with corresponding bits of the code
      of FIG. 2;
PAR  FIG. 4 is a block diagram of an encoder utilized in the system of FIG. 1;
PAR  FIG. 5 is a block diagram of a decoder utilized in the navigation equipment
      carried onboard the aircraft of FIG. 1; and
PAR  FIG. 6 is a timing diagram useful in exploring the operation of the
      navigation equipment of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a system 20 which provides for the
      navigation of vehicles such as the guiding of an aircraft 22 to a runway
      24. The system 20 comprises ground-based equipment in the form of an
      antenna 26 which radiates a beam 28 of radiation towards the aircraft 22,
      the beam 28 being incident upon an antenna 30 via which electrical signals
      carried by the beam 28 are communicated to navigation equipment 32 on
      board the aircraft 22. The antenna 26 is seen scanning the beam 28 in an
      azimuthal direction, as indicated by the arrow 34, for providing azimuthal
      data to the aircraft 22.
PAR  The system 20 further comprises a frequency synthesizer 36, two modulators
      38 and 40, a tone generator 42, an encoder 44 for generating a code on
      line 45, an oscillator 46, and a transmitter 48 and shaft angle encoder 50
      both of which are well known in the radar art. The shaft angle encoder 50
      is mechanically coupled via line 52 to the antenna 26 and provides a
      series of pulses as the antenna 26 rotates, each of these pulses being
      synchronized with a particular position of the antenna 26 and serving as
      clock pulses indicated by the legend "clock (1)"  on line 54. The shaft
      angle encoder 50 also provides a start pulse on line 56 to the encoder 44
      to synchronize the beginning of a code generated by the encoder 44 with a
      predetermined position of the antenna 26.
PAR  The oscillator 46 is locked to the clock signal on line 54. The oscillator
      46 drives the frequency synthesizer 36 and the tone generator 42. The
      frequency synthesizer 36 provides on line 58 a carrier frequency which is
      applied via the modulator 38 to the transmitter 48 which, in turn,
      transmits energy at the carrier frequency to the antenna 26. While it is
      understood that there are a number of suitable methods for modulating
      information upon a carrier, the modulation in a preferred embodiment of
      the system 20 is accomplished with the aid of a subcarrier generated by
      the frequency synthesizer 36 on line 60 and applied to the modulator 40.
      The code of encoder 44 is first modulated by modulator 40 onto the
      subcarrier of line 60, and the modulated subcarrier is, in turn, modulated
      by modulator 38 onto the carrier of line 60. A timing signal provided by
      the tone generator 42 on line 62 in the form of a tone is also modulated
      by the modulator 38 onto the carrier of line 58. Thus the complete signal
      transmitted by the transmitter 48 comprises the code of line 45 and the
      tone of line 62 modulated on the carrier of line 58.
PAR  The frequency of the subcarrier on line 60 differs sufficiently from the
      frequency of the tone on line 62 so that the spectrum of the code on line
      45 can be separated from the tone on line 62, in a manner to be described,
      by the navigation equipment 32 in the aircraft 22. The tone on line 62
      will be utilized for synchronizing the navigation equipment 32 with the
      position of the antenna 26 as will be seen in the description of the
      navigation equipment 32 in FIG. 5. The synchronizing of the code on line
      45 as well as specific details in the generation of this code will be
      described hereinafter with reference to FIGS. 2, 3 and 4. The utilization
      of the code to provide the azimuthal angular orientation of the antenna 26
      will be seen in the description of the navigation equipment 32 with
      reference to FIG. 5. The modulation provided by the modulators 38 and 40
      is typically a phase modulation of the carrier and subcarrier
      respectively. It should also be understood that while the antenna 26 is
      seen scanning in azimuth, the invention alaso contemplates the utilization
      of the encoder 44 with an antenna (not shown) scanning in elevation.
PAR  In accordance with the invention, the code of the encoder 44 is a sequence
      of binary signals having a logic 1 or a logic 0, this sequence comprising
      a series of nonrepeating subsequences which are of equal length. Each of
      these binary signals has a one-to-one correspondence with each increment
      in the angle of antenna 26, and each subsequence uniquely identifies the
      angle of the antenna 26. This code is more readily described by reference
      to a simplified form of this code presented in FIGS. 2 and 3, while the
      code utilized in the preferred embodiment is a longer code and is
      generated by the equipment disclosed in FIG. 4.
PAR  Referring now to FIGS. 2 and 3 there are shown respectively a simplified
      code generator 64 and a sector scan by the antenna 26 of FIG. 1. The code
      sequence shown in both FIGS. 2 and 3 consists of 15 bits, and is of the
      class of sequences known as a maximal length binary shift register
      sequence. The code generator 64 is seen comprising a shift register 66, a
      modulo-2-adder 68 (equivalent logically to an exclusive OR circuit), a
      switch 70 and a delay 72. As a practical matter, the delay 72 is usually
      incorporated into commercially available shift registers in the form of a
      master slave circuit connected to the input terminal of the shift
      register. This enables the shift register 66 to read the output of the
      modulo-2-adder 68 in response to the leading edge of a clock signal on
      line 74 before shifting the contents of the shift register 66 in response
      to the trailing edge of the clock signal on line 74. The code is generated
      by first loading the number 1000 by the switch 70 into the cells
      respectively 1, 2, 3 and 4 of the shift register 66 and then placing the
      switch 70 in the RUN position. The outputs of the modulo-2-adder are then
      successively clocked into the first cell of the shift register 66 while
      the contents of the fourth cell are permitted to overflow. Different codes
      having the uniqueness requisite can be obtained by utilizing a shift
      register and one or more modulo-2 adders, the particular code of FIG. 2
      being obtained by a single modulo-2 adder connected to the cells 1 and 4
      of the shift register 66. The output of the code generator 64 may be taken
      from any cell of the shift register 66, the difference in outputs being
      merely a difference in phase. It is readily verified by examination of the
      output sequence that any group of four digits completely locates that
      group or subsequence of digits within the complete sequence. The same
      comment applies to the sector diagram of FIG. 3 in which case, by way of
      example, the four bracketed digits identify the angle 48.degree..
PAR  As can be seen in FIG. 3, a new bit of the digital code is generated every
      time the beam moves a fixed angular increment. As was seen in the
      mechanical scanning arrangement of FIG. 1, the incrementing of the bits of
      the code sequence is synchronized to an incrementing in the angular
      orientation of the antenna 26 by virtue of the physical connection of the
      shaft angle encoder 50 the antenna 26. In the case of an electronic
      scanning antenna (not shown in the figures), the encoder and electronic
      circuitry utilized in positioning the beam are both driven by clock pulses
      obtained from a single clock thereby maintaining the required synchronism
      between the code and the beam position.
PAR  The codes provided by the encoders 44 and 64 of FIGS. 1 and 2 are
      frequently referred to as a pseudo-noise (PN) code since the occurrences
      of the digits in the code sequence resemble the occurrences of digits in a
      random sequence; and similarly, the spectral distribution of the code
      sequence resembles that of a random sequence. This permits more efficient
      use of the spectrum than is provided by, for example, an analog swept
      frequency signal of the prior art although the informational bandwidth is
      the same for both signals. The format of the code as demonstrated in FIG.
      3 represents a significant advantage over the use of multibit codes
      provided by standard optical shaft encoders wherein a multibit binary
      number is provided for each increment of antenna angle while, here, a
      single bit suffices to identify each such increment in antenna angle. This
      utilization of the code permits a substantial reduction in the required
      bit rate for transmission of data by the system 20 while retaining the
      same accuracy and resolution as is obtained with the multibit numbers
      provided by the standard optical shaft encoder. Further properties of this
      type of code are described by Golomb, Shift Register Sequences,
      Holding-Day, Inc., San Francisco, 1967.
PAR  Referring now to FIG. 4, there is seen a block diagram of the encoder 44
      utilized in the preferred embodiment of the invention. The encoder 44
      utilizes a 12-bit shift register 76 for generating a PN code having 12-bit
      subsequences rather than the 4-bit subsequence of FIGS. 2 and 3. The total
      length of the sequence is 4095 bits which provide coding for 360.degree.
      of scanning in increments of less than one-tenth of a degree. In the
      preferred embodiment the bit rate transmitted by the transmitter 48 of
      FIG. 1 is 50,000 bits per second. The PN code contains a great deal of
      internal redundancy since each bit is related to the previous subsequence
      of bits by the feedback logic function as was described earlier with
      reference to the modulo-2 adder of FIG. 2. In FIG. 4 a 12-bit feedback
      logic function is provided by gate 78 and switch 80, the gate 78 being an
      exclusive OR gate having a truth table as is shown in the figure. The
      operation of the shift register 76, the gate 78 and the switch 80 of FIG.
      4 is similar to that of the corresponding components of FIG. 2, namely,
      the shift register 66, the modulo-2 adder 68 and the switch 70 except for
      the fact that the sequence provided by FIG. 2 is 15 bits long while that
      of FIG. 4 is 4095 bits long.
PAR  The code of FIG. 4, like that of FIG. 2, is a sequence composed of
      nonrepeating subsequences (of 12-bit lengths in FIG. 4) and has the form
      of a maximal length binary shift register sequence. Since these maximal
      length binary sequences are formed in a manner wherein any one bit is
      produced from the preceding subsequence of bits, a 12-bit sequence from
      the code of FIG. 4 can be utilized to predict the value of the next bit,
      and similarly the next bit can be utilized in the prediction of the values
      of still further bits. A prediction circuit utilizing this feature of the
      maximal length binary code will be described hereinafter with reference to
      the navigation equipment of FIG. 5. In particular, it is noted that such a
      prediction circuit provides for a correlation type of detection in which
      each bit received at the aircraft 22 of FIG. 1 can be correlated with the
      predicted value of that bit thereby providing a great precision of
      detection.
PAR  There are a number of possible 12-bit codes that could serve as an angle
      code. The code utilized in FIG. 4 is obtained by connecting only the shift
      register cells labeled B, C, E, G, H, I, J and L to the gate 78. In the
      preferred embodiment, the width of the beam 28 of FIG. 1 is sufficiently
      wide such that at least 20  bits will be received between the 3 dB
      (decibels) points on the directivity pattern of the beam.
PAR  Continuing with the description of FIG. 4, there is seen a memory 82 and a
      clock 84, the memory 82 being a read-only memory connected via the switch
      80 to the input of the shift register 76. The clock 84 is connected via
      this switch 80 and an OR gate 86 to the clock input of the shift register
      76. In operation, the shift register 76 is loaded with an initial sequence
      of binary digits in response to the start signal on line 56 of FIG. 1. The
      start signal operates the switch 80 and places the switch contacts in the
      positions as shown in FIG. 4 for loading the shift register 76. During the
      start signal, the clock 84 provides clock pulse signals which sequentially
      shift each binary digit from the memory 82 into the successive cells of
      the shift register 76. The clock 84 provides clock pulses at a much higher
      pulse repetition rate than that of the clock signal on line 54 so that
      this loading or initializing of the shift register 76 can be accomplished
      before the antenna 26 of FIG. 1 rotates one angular increment. At the
      termination of the start signal on line 56, the switch 80 reverts to its
      alternate state wherein the clock 84 and the memory 82 are disconnected
      from the shift register 76, and the output signal of the gate 78 is
      connected to the input of the shift register 76. Thereafter, with each
      succeeding clock (1) signal coupled via the OR gate 86 to the shift
      register 76, successive bits of the code appear on line 45.
PAR  Referring now to FIG. 5, there is shown a block diagram of the navigation
      equipment 32, also seen in FIG. 1. The navigation equipment 32 comprises a
      receiver 88 which is coupled to the antenna 30 of FIG. 1 and converts the
      radio frequency signal of the antenna 30 to an intermediate frequency
      signal which appears on line 90. The intermediate frequency signal on line
      90 is filtered by filters 92 and 94 and then demodulated by demodulators
      96 and 98 to extract respectively the tone on line 100 and the code on
      line 102 which were originally generated by the tone generator 42 and the
      encoder 44 of FIG. 1. The tone on line 100 is applied to a timing unit 104
      which provides on line 106 a clock pulse signal having the same frequency
      and being phase locked to the pulse train signal on line 54 of FIG. 1, and
      is accordingly labeled clock (1) in FIG. 5. A clock 107, which may
      comprise a high frequency oscillator, provides a high frequency clock
      signal via line 108 and AND gate 110. The clock signal on line 108 is of a
      higher frequency than the clock signal on line 106 and is indicated in the
      figure by the legend clock (2). The clock signal on line 106 is also
      applied to a frequency divider 112, such as a flip-flop circuit, which
      divides the repetition rate by a factor of two to provide a clock pulse
      signal which has half the frequency of the clock (1) signal and is
      indicated by the legend clock (3). The frequency divider 112 also delays
      the clock (3) signal relative to the clock (1) signal so that the two
      signals can be applied respectively to the DOWN and UP terminals of an
      angle counter to be described, hereinafter.
PAR  The intermediate frequency signal on line 90 is also applied to a detector
      114 which detects the amplitude of the signal on line 90 and applies the
      amplitude to a comparator 116 which compares this amplitude against a
      reference threshold signal provided on line 118 by a threshold signal
      source 120. The comparator 116 provides a signal labeled "Dwell" on line
      122 having a logic level of 1 when the amplitude of the signal on line 90
      is greater than the threshold on 118 and a logic level of 0 when the
      signal on line 90 has a lower amplitude than the threshold signal on line
      118. The threshold signal source 120 is set to provide a threshold which
      equals the amplitude of the signal on line 90 when the aircraft 22 of FIG.
      1 flies through a region of the beam 28 having a preset amplitude, such as
      the 3 dB points. Thus the logic 1 state of the dwell time signal on line
      122 represents the amount of time that the aircraft 22 dwells within the
      beam 28.
PAR  The navigation equipment 32 includes a predicting and correlating circuit
      which comprises a bidirectional shift register 124, such as type SN7495N
      by Texas Instruments, gate 78A which is the same as gate 78 previously
      described with reference to FIG. 4, a coincidence detector 126, a counter
      128 and a pair of AND gates 130 and 132. The operation of the prediction
      circuitry closely approximates that of the encoder circuit 44 of FIG. 4.
      The prediction circuitry begins operation as the aircraft 22 of FIG. 1
      enters the beam 28 at which time the dwell time signal on line 122 enables
      the coincidence detector 126. At this time the AND gates 130 and 132 are
      conducting the code of line 102 and the clock (1) signals to the shift
      register 124. The shift register 124 is now shifting binary signals from
      its left end towards the right. At this time, the AND gate 110 is closed
      so that no clock (2) pulses appear at the shift register 124.
PAR  With reference to the timing diagram of FIG. 6, it is seen that the entry
      of the aircraft 22 into the beam 28 of FIG. 1, the beginning of the dwell
      time signal on line 122 of FIG. 5, and the beginning of the prediction
      operation are seen to occur at a time indicated by the legend A. Reference
      will be made to this timing diagram during the ensuing discussion on the
      operation of the navigation equipment 32.
PAR  The prediction operation continues in a manner analogous to the operation
      of the encoder 44 of FIG. 4. At the beginning of the prediction operation
      the shift register 124 has the same contents as appears in the shift
      register 76 of FIG. 4, except for the possibility of some incorrect binary
      digits due to noise caused by a relatively weak signal when the aircraft
      22 of FIG. 1 is in a portion of the beam having only moderate signal
      strength. However, as the aircraft enters a region of the beam 28 having
      adequate signal strength, the effect of noise is diminished sufficiently
      so that the shift register 124 has, to a very high probability, the same
      contents as the shift register 76 of FIG. 4. The high signal region is
      presumed to occur when the dwell time signal appears on line 122.
PAR  During the prediction or acquisition operation of the navigation equipment
      32, the gate 78A provides the next output pulse of the code sequence in
      the same manner as does the gate 78 of FIG. 4 since these two gates are
      coupled to their respective shift registers 124 and 76 in the identical
      manner. The coincidence detector 126 is presumed to have a master slave
      input which momentarily stores the predicted pulse provided by the gate
      78A until the next pulse generated by the encoder 44 arrives at the
      aircraft 22 and then makes a comparison of these two signals, namely, the
      output of gate 78A on line 134 and the next code pulse on line 102A. If
      these two signals agree, a logic 1 state appears at the Q output while a
      logic state of zero appears at the Q output of the coincidence detector
      126. If the signals on the lines 102A and 134 are not the same, then the
      output signals of the coincidence detector 126 are reversed. The counter
      128 counts each logic 1 signal appearing from terminal Q and is cleared to
      a state of all zeros whenever a logic  1 is applied from the Q output of
      the coincidence detector 126 to the counter 128 via OR gate 136.
PAR  With respect to the counting of the counter 128, it is noted that while as
      a matter of chance, from time to time the pulse on line 134 may equal the
      pulse on line l02A, a succession of these equalities can only occur if the
      code signal on line 102 and 102A is substantially noise free in which case
      the contents of the shift register 124 of FIG. 5 is substantially the same
      as the contents of the shift register 76 of FIG. 4. The counter 128 is a
      modulo-8 counter which provides a signal on line 138 whenever a succession
      of eight equalities appear on the pair of lines 102A and 134. Since one
      inequality is sufficient to clear the counter 128, it is apparent that a
      count of 8 can only occur during a condition of high signal strength at
      the receiver 88 in which case the contents of the shift register 124 are
      equal to the contents of the shift register 76. This occurs at the time B
      on the timing diagram of FIG. 6.
PAR  Since the prediction circuitry provides for a comparison of a predicted
      signal on line 134 with the incoming signal on line 102A, it is apparent
      that this operation is equivalent to that of a correlation receiver and
      produces a very high accuracy and precision in accordance with the length
      of the correlating interval or sequence. Since the timing unit 104 of FIG.
      5 is synchronized with the timing signal on line 54 of FIG. 4 and the
      encoder 44, this correlation is readily accomplished independently of the
      speed of rotation of the antenna 26 of FIG. 1 and also independently of
      any perturbations in the speed of its rotation. The length of the
      correlating interval or sequence can be increased by increasing the
      maximum count of the counter 128; however, it has been found that with a
      12-bit subsequence to the code, a count of eight by the counter 128
      produces such a high accuracy and precision that a higher count is not
      required.
PAR  The presence of the signal on line 138 indicates not only that eight
      correct predictions have been made, but furthermore, that at the first
      prediction the contents of the two shift registers 124 and 44 of FIGS. 5
      and 4 must have been equal thus indicating that a total of 12 plus 8,
      namely, 20 successive bits were correctly received. In the event that the
      aircraft 22 of FIG. 1 happens to be off course and misses the high signal
      region of beam 28, well known circuitry (not shown in the figures) is
      preferably connected to the prediction circuitry to provide an indication
      warning the pilot of the aircraft 22 that the signal strength is too low.
      For example, such a warning indicator circuit may comprise a counter of
      dwell time signals which is reset by the modulo-8 counter 128 and which
      triggers a warning light if the dwell time count becomes excessively high.
PAR  With the appearance of the signal on line 138, the prediction or
      acquisition phase is terminated as is indicated at time B in the timing
      diagram of FIG. 6. The signal on line 138 has a logic value of 1 and is
      applied to the complemented inputs of the AND gates 130 and 132 thereby
      shutting off the flow of further code pulses on line 102A and the pulses
      of the clock (1) signal.
PAR  The next step in the operation of the navigation equipment 32 is the
      establishing of a point of reference (typically on the centerline) within
      the beam 28 of FIG. 1 at which point the beam angle measurement, to be
      described subsequently, will be made. The reference point takes the form
      of a numerical correction added to the beam angle measurement. This
      correction is made by obtaining a measure of the width of the beam 28 of
      FIG. 1, scaling this width measurement, and subtracting it from the angle
      subtended by the portion ofthe beam 28 passing by the aircraft 22 of FIG.
      1 between the times B and C on the timing diagram. The width measurement
      is accomplished by counting the clock (3) pulses during the dwell time
      interval between times A and C on the timing diagram. The width
      measurement is scaled by a factor of 1/2 since the clock (3) frequency is
      half the clock (1) frequency. The angle subtended by the portion of the
      beam 28 passing by the aircraft 22 between the times B and C is measured
      by counting the clock (1) pulses occurring during the interval between
      times B and C. The counting of clock (1) pulses provides the point
      relative to the trailing edge of the beam (as indicated by the end of the
      dwell time) where the angle measurement is made. In order to reference the
      beam angle measurement to the center of the beam rather than to the
      trailing edge of the beam, one-half the beam width, as measured by the
      counting of the clock (3) pulses, is subtracted from the clock (1)
      measurement. The subtraction of these two counts gives the numerical
      correction which is to be added to the angle measurement. The two counting
      operations as well as the subtraction operation, and the beam angle
      measurement are accomplished by the use of a single UP/DOWN counter, shown
      as angle counter 140, in the following manner.
PAR  The reference point is established by means of the angle counter 140 which
      counts DOWN the clock (3) signal and counts UP the clock (1) signal to
      give a resultant count which is the difference between the two counts.
      During the interval between times B and C, the clock (1) signal is passed
      by AND gate 142 in response to the presence of both the dwell time signal
      and the signal on line 138. During the interval between times A and C, the
      clock (3) signal is passed by AND gate 144 in response to the presence of
      the dwell time signal. The clock (3) signal passed by AND gate 144 is
      coupled directly to the DOWN terminal of the angle counter 140, and the
      clock (1) signal passed by the AND gate 142 is coupled via OR gate 146 to
      the UP terminal of the angle counter 140. The angle counter 140 increments
      its count for each clock pulse received at its UP terminal while
      decrementing its count for each clock pulse received at it DOWN terminal.
      The aforementioned delay of the frequency divider 112 ensures that pulses
      do not arrive simultaneously at both the UP and DOWN terminals thereby
      permitting the angle counter 140 to count both UP and DOWN. The resultant
      count accumulated by the counter 140 during the interval from time A to
      time C represents an angular increment to be added to the beam angle
      measurement so that this measurement is relative to the center of the beam
      28 of FIG. 1. At time C on the timing diagram, the aircraft 22 passes the
      second 3 dB point of the beam 28 whereupon the dwell time signal on line
      122 terminates thereby shutting off the flow of the clock pulses of the
      clock (1) and the clock (3) signals to the counter 140.
PAR  The third phase of the operation of the navigation equipment 32 is the
      decoding phase in which a measurement of the angular orientation of the
      beam 28 is obtained. The decoding circuitry comprises the shift register
      124 which was described previously with reference to the prediction
      circuitry, a gate 78B which is identical to the gate 78A except for its
      interconnections with the individual cells of the shift register 124, a
      detector 148, a flip-flop 150, a monostable multivibrator often referred
      to as a "one shot" flip-flop 151 which resets itself a fixed time delay
      after being triggered by the flip-flop 150, a delay unit 152, a storage
      unit 154 and a display 156 which may have, by way of example, a numeric
      readout comprised of light emitting diodes. The decoding operation begins
      at time C on the timing diagram of FIG. 6 and terminates at time D. The
      trailing edge of the dwell time signal which occurs at time C triggers the
      flip-flop 150 to provide, via flip-flop 151, a decode signal having a
      logic state of 1 on line 158, the decode signal in combination with a
      signal, to be described hereinafter, on line 160 enabling the AND gate 110
      to pass the clock pulses of the clock (2) signal to the shift register
      124. Due to the bidirectional characteristic of the shift register 124,
      the presence of the clock (2) signal shifts data from the second input
      terminal towards the left. It is noted that the output of the gate 78B is
      connected via line 162 to the second input of the shift register 124 in an
      analogous manner to the connection of the output of the gate 78 of FIG. 4
      to the shift register 76. The result of this interconnection is that, upon
      the occurrence of the trailing edge of the dwell time signal at time C,
      the shift register 124 in cooperation with the gate 78B proceeds to
      generate the maximal length code in reverse order such that the sequence
      of binary digits appearing at a cell of the shift register 124 is exactly
      the reverse of the sequence of digits appearing at the corresponding cell
      of the shift register 76 of FIG. 4.
PAR  This feature of the invention wherein the shift register 124 is operated in
      a reverse direction permits a decoding of the maximal length shift
      register code without the use of a storage medium storing all 4095 digits
      of the code sequence. The decoding is accomplished by stopping the reverse
      operation when the initial subsequence is present in the cells of the
      shift register 124, and then counting the number of shifts applied to the
      shift register 124 by the clock (2) signal in bringing the code
      subsequence down to its initial set of digits from the set of digits
      present in the shift register 124 at the time C of the timing diagram in
      FIG. 6. The detector 148 is coupled to each of the cells of the shift
      register 124 and provides an output signal on line 160 having a logic
      state of 1 if and only if the set of digits corresponding to the initial
      subsequence is present in the cells of the shift register 124. The
      detector 148 typically comprises, for example, a multiple input AND gate
      in which selected inputs are complemented. The signal on line 160
      indicating the initial values of the subsequence occurs at time D on the
      timing diagram.
PAR  The counting of the number of shifts applied to the shift register 124 by
      the clock (2) signal is accomplished by feeding the clock (2) signal via
      the OR gate 146 to the UP terminal of the counter 140 during the interval
      of time between time C and time D. Thus, as has already been mentioned,
      the clock (2) signal is enabled by the decode signal at time C. The clock
      (2) signal is terminated by the appearance of the initial value signal on
      line 160 which is applied to the complemented input of the AND gate 110.
      The initial value signal on line 160 also strobes the storage unit 154 to
      read the contents of the counter 140 at time D, and to present this count
      to the display 156, the display 156 including a suitable scale factor so
      that the number displayed is equal to the angle of orientation of the beam
      28 of FIG. 1 at time C.
PAR  The delay unit 152, in response to the initial value signal on line 160,
      provides a reset signal a fixed time delay after the initial value signal.
      The delay is the interval of time between the times D and E on the timing
      diagram and is slightly less than the scanning period of the beam 28 of
      FIG. 1 so that no new data will appear on the display 156 from spurious
      radiation such as a sidelobe of the radiation pattern of the antenna 26.
      The delay unit 152 applies the reset signal to the flip-flop 150 and to
      the OR gate 136. It is noted that the application of the dwell time signal
      to the coincidence detector 126 insures that both the coincidence detector
      126 as well as the counter 128 will remain inactive during the decoding
      interval since the termination of the dwell time signal at the inception
      of the decoding interval deactivates the coincidence detector 126. Thus,
      there can be no change in the value of the signal on line 138 until such
      time as either the dwell time signal reappears or the reset signal applied
      via the OR gate 136 clears the counter 128. The resetting of the flip-flop
      150 permits the dwell time signal, upon its next occurrence, to trigger
      the flip-flop 150 which in turn triggers the one-shot flip-flop 151 to
      provide the decode signal.
PAR  It is understood that the above-described embodiment of the invention is
      illustrative only and that modifications thereof will occur to those
      skilled in the art. Accordingly, it is desired that this invention is not
      to be limited to the embodiment disclosed disclosed herein but is to be
      limited only as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  means for providing a sequence of signals;
PA1  means coupled to said sequence providing means and responsive to signals of
      said sequence for forming an additional signal;
PA1  a source of position data;
PA1  means, synchronized with said source of position data and coupled to said
      sequence providing means, for inserting said additional signal at an end
      of said sequence to provide a longer sequence;
PA1  means coupled to said sequence providing means and responsive to signals of
      a subsequence of said longer sequence for establishing the value of a
      signal external to said subsequence but contained within said longer
      sequence; and
PA1  means for replacing a signal of said subsequence with said signal which is
      external to said subsequence to recover said original sequence.
NUM  2.
PAR  2. The combination according to claim 1 wherein said value establishing
      means includes means for actvating said value establishing means to
      provide the value of an additional signal external to said subsequence,
      the combination further comprising means coupled to said signal replacing
      means for counting the number of said signals external to said
      subsequence, the count of said counting means providing data relative to
      said source of position data.
NUM  3.
PAR  3. In combination:
PA1  means for sequentially storing signals of an original sequence of bits of
      data in a first order;
PA1  means including logic circuitry coupled to signals of said ordered signals
      for calculating an additional signal;
PA1  means adapted to be synchronized to a first clock signal for inserting said
      additional signal in said first order in said storage means;
PA1  means coupled to signals of a subsequence of a sequence of said signals in
      said storage means for calculating another additional signal; and
PA1  means responsive to clock signals of a second source of clock signals for
      shifting said data in a second order through said storage means, said
      shifting means inserting said other additional signal at an end of said
      sequence, said shifting means including means for indicating the number of
      shifts provided by said shifting means to obtain said original sequence.
NUM  4.
PAR  4. A signal sequence analyzer comprising:
PA1  means for sequentially storing signals of an original sequence of bits of
      data in a first order;
PA1  means coupled to signals of said ordered signals for calculating an
      additional signal;
PA1  means coupled to said storing means and to said calculating means for
      comparing said calculated additional signal with a subsequent signal of
      said sequentially stored signals;
PA1  means triggered by said comparing means and coupled to said storing means
      for deriving an earlier signal of said sequence of stored signals; and
PA1  means for shifting said data in a second order through said storage means,
      said shifting means including means for inserting said earlier signal at
      an end of said sequence, said shifting means including means for
      indicating the number of shifts provided by said shifting means to obtain
      said original sequence.
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PAL  A method for correcting signal distortions in frequency-modulated data
      signals is described. A rectangular binary signal is derived from a faulty
      demodulated signal, and, using a corrected demodulated signal and the
      rectangular binary signal, a correction signal is formed. A differential
      signal is formed from the corrected demodulated signal; the differential
      signal has zero transitions which coincide with the extreme values of the
      corrected demodulated signal. A difference signal is formed from the
      corrected demodulated signal and from the rectangular binary signal. The
      amplitudes of the difference signal in the time intervals coinciding with
      the zero transitions of the differentiated signal are equal to the
      amplitude difference between the rectangular binary signal and the
      corrected demodulated signal. The correcting signal is obtained from those
      signal components of the difference signal which occur during the
      aforementioned time intervals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for correcting signal distortions which
      occur in frequency-modulated data transmission when a rectangular binary
      signal is derived from a faulty, demodulated signal. In this process a
      correcting signal is formed using a corrected demodulated signal and the
      rectangular binary signal and thus the signal distortions are
      counteracted.
PAR  The telegraphy transmission devices operated with frequency modulations,
      frequency drifts on the transmission path cause distortions of the
      telegraphy signals at the receiver. As is known, such distortions may be
      corrected if a correcting signal is formed with the aid of the demodulated
      signal. Using such a correcting signal, it is possible either to change
      the d.c. voltage component of the demodulated signal or to carry out a
      frequency conversion of the signal transmitted across the transmission
      path in such manner that a substantially fault-free, demodulated signal is
      emitted. These known processes only operate satisfactorily if the
      amplitude range of the demodulated signal is equal to a given theoretical
      value for the duration of individual telegraphy signals.
PAR  An object of the invention, therefore, is to provide a process for
      correcting signal distortions which provides a satisfactory correction
      even when the amplitude range of the demodulated signal is smaller than
      the afore-mentioned given theoretical value for the duration of individual
      pulses of the rectangular binary signal.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention in a process of the type described
      hereinabove, from the corrected demodulated signal, there is formed a
      differentiated signal, the zero transitions of which coincide with the
      extreme values of the corrected demodulated signal. From the corrected
      demodulated signal and from the rectangular binary signal, there is formed
      a difference signal, the amplitudes of which, in time intervals in the
      region of the zero transitions of the differentiated signal are equal to
      the amplitude difference of the binary signal and the corrected
      demodulated signal. The correcting signal is then obtained from those
      signal components of the difference signal which occur during the time
      interval.
PAR  The process in accordance with the invention is characterized in that
      satisfactory correction of the signal distortions is effected even when
      the amplitude range of the demodulated signal is less than the theoretical
      amplitude range for the duration of individual pulses of the rectangular
      binary signal. This type of low amplitude range of the demodulated signal
      in relation to the theoretical amplitude range occurs in particular when
      the telegraphy speed is considerably increased. The process in accordance
      with the invention thus enables an increase in the telegraphy speed with a
      simultaneous satisfactory correction of the signal distortions.
PAR  It is advantageous to form a binary control signal which, for the duration
      of the time intervals, assumes a first of its two binary values. Using a
      switch controlled with the control signal, one uses those parts of the
      difference signal which occur during the time intervals, in order to
      obtain the correcting signal.
PAR  In order to form the control signal, an amplitude-limited signal is
      obtained from the differentiated signal. The limited signal is composed
      only from those components of the differentiated signal whose amplitudes
      are greater or smaller than two given threshold values. Then the control
      signal can be obtained by amplification and overmodulation, from this
      amplitude-limited signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following is a description of preferred embodiments of the invention
      making reference to FIGS. 1 to 6, identical components appearing in
      several figures being marked with the same references.
PAR  FIG. 1 is a block circuit diagram of a frequency-modulated data
      transmission system in which the d.c. voltage of the demodulated signal is
      corrected,
PAR  FIG. 2 is a block circuit diagram of a frequency-modulated data
      transmission system in which the transmitted signal is frequency
      converted, using a correcting signal in such manner that signal
      distortions are avoided,
PAR  FIG. 3 is a time-waveform diagram illustrating signals which occur in the
      systems illustrated in FIGS. 1 and 2,
PAR  FIG. 4 is a block circuit diagram of the frequency correcting circuit
      illustrated in FIGS. 1 and 2,
PAR  FIG. 5 is a detailed schematic diagram of a differentiating element and a
      threshold value circuit from the frequency correcting circuit illustrated
      in FIG. 4, and
PAR  FIG. 6 is a detailed schematic diagram of a comparator, a switch and an
      integrator from the frequency correcting circuit represented in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In accordance with FIG. 1, data signals are emitted from a data source DQ
      with the aid of a binary signal, the binary values of which are
      characterized by two amplitudes which in the following will be referred to
      as 0 and 1. The binary signal, for example a telegraphy signal, will be
      assumed to be one whose individual bits lie within a given bit pattern.
      This binary signal is conducted to a transmitter SE and via the
      transmission path ST a frequency-modulated signal is transmitted. The
      transmitted signal has characteristic frequencies which correspond to the
      binary values of the binary signal emitted by the data source DQ. The
      transmission path ST generally gives rise to frequency drifts.
PAR  In the demodulator DEM a signal A is formed from the frequency-modulated
      signal. The signal has amplitudes corresponding to the binary values.
PAR  FIG. 3 depicts the signal A, whose levels A0 and A1 characterize the two
      binary values which are to be transmitted. As a result of the frequency
      drifts occurring in the transmission path, these levels A0 and A1 differ
      from the levels which are assigned to the binary values 0 and 1. For
      example, the level A1 differs from the level assigned to the binary value
      1 by the amount A2. These levels A0 and A1 would give rise to one-sided
      drifts and are therefore corrected.
PAR  Using adder SU in FIG. 1 and the frequency correcting circuit FK, the d.c.
      voltage of the signal A is corrected in such manner that the signal B
      illustrated in FIG. 3 is formed. This signal B is conducted to the
      threshold value stage SCH which effects a pulse regeneration and feeds the
      rectangular signal C to a data sink DS. The data sink DS can for example
      take the form of a teleprinter.
PAR  The circuit arrangement illustrated in FIG. 2 differs from that shown in
      FIG. 1 only in respect of the correction of the signal transmitted across
      the transmission path ST. As shown in FIG. 2, at the receiver, the
      demodulator DEM is preceded by a frequency converter FU which is supplied
      with the correcting signal L for effecting a frequency correction. In this
      way the correcting signal L serves to eliminate deviations of the
      Characteristic frequencies from the theoretical frequencies so that the
      demodulator DEM emits the corrected, demodulated signal B.
PAR  FIG. 4 shows in more detail the frequency correcting circuit FK which is
      schematically illustrated in FIG. 1 and 2. This circuit includes a
      differentiator element DIFF, a threshold value stage SCHW, a comparator
      VER, a switch SCH and an integrator INT.
PAR  In the following the mode of operation of the frequency correcting circuit
      illustrated in FIG. 4 is explained making reference to the signals
      represented in FIG. 3. Using the differentiator stage DIFF, the signal E
      is obtained from the signal B. By means of amplitude limitation, those
      signal components of the signal E whose amplitudes are greater than the
      amplitude E1 and smaller than the amplitude E0 are further processed. In
      this way the signal F is formed and, by total forming, the signal G.  By
      means of amplification and overmodulation, the signal H is formed from
      signal G; signal H controls the switch SCH represented in FIG. 4. The
      0-value of the signal H causes the switch SCH to establish a conductive
      connection, whereas the 1-value brings the switch into the illustrated
      switching position.
PAR  The comparator VER is supplied with the signals B and C, and the difference
      of the signals C-B is formed so that the signal D is produced. In the
      steady state the level Do is assigned a d.c. voltage of zero volts,
      whereas in the transient state the d.c. component of the signal D is
      displaced in such manner that the level D1 is assigned the amount 0 V.
      During the length of time in which the signal H assumes the 0-values,
      signal components of the signal D are transmitted via the switch SCH so
      that the signal K is produced. When this signal has been integrated in the
      integration stage INT, the signal L is formed from the signal K. The d.c.
      voltage of signal L is displaced by the amount L2 in relation to the zero
      line L0. It is to be noted that it is only the direct current component of
      signal L which is of significance herein; it will be understood that this
      d.c. value will have a negligibly small interfering voltage superimposed
      thereon.
PAR  The signal A and the singal L are conducted to the adder SU depicted in
      FIG. 1, and by addition, the d.c. voltage of the signal A is reduced so
      that the signal B is produced. The amounts A2 and L2 are thus
      approximately equal. In accordance with FIG. 2 the oscillator frequency of
      the frequency converter FU is adjusted with the signal L.
PAR  It is only in the case of a fully built-up signal that the actual values 0
      and 1 and the theoretical values A0 and A1 agree with one another. In the
      case of a signal which is not fully built up, these theoretical values are
      never reached. Since the signals K and L are only obtained from signal
      components of the signal D, which are obtained during the times E2, E3, E4
      during the zero transitions of the signal E, the described frequency
      correcting circuit proves valuable even when the actual amplitudes of the
      signal A do not agree with the theoretical amplitudes and the signal A
      thus does not fully build up. Experiments have shown that even when the
      actual amplitudes of the signal A only reach the theoretical amplitudes by
      up to 75%, frequency fault correction is possible. Under otherwise
      identical circumstances, it is thus possible to increase the telegraphy
      speed.
PAR  FIG. 5 shows details of the differentiating element DIFF and of the
      threshold value stage SCHW. The differentiator element DIFF comprises a
      transistor 2, resistors 3, 4 and capacitor 5. One end of resistor 3 is
      connected to the negative operating voltage -UB, and one end of resistor 4
      is connected to the positive operating voltage +UB. The base of the
      transistor 2 is connected to earth, the potential of which lies in the
      center between the negative operating voltage -UB and the positive
      operating voltage +UB.
PAR  The threshold value stage SCHW includes transistors 6, 7, 8, 9, 10, 11, 12,
      resistors 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 and capacitor
      26. In this embodiment the transistors 6, and 7, the resistors 13 to 20
      and the capacitor 26 form a push-pull amplifier.
PAR  FIG. 6 shows details of the comparator VER, of the switch SCH and of the
      integrator INT. The comparator VER comprises operational amplifier 30 and
      resistors 31 and 32. Signals which are conducted via the input a of the
      operational amplifier 30 produce at the output c, amplified signals whose
      phase is rotated by 180.degree.. Signals which are conducted to the input
      b produce at the output c amplified signals whose phase is unchanged.
PAR  The switch SCH comprises a field effect transistor 33 and a resistor 34.
      The field effect transistor 33 is controlled with the signal H in such
      manner that the parts D2, D3, D4 of the signal entered in FIG. 3 are
      allowed through, thus resulting in the signal K.
PAR  The integrator INT comprises an operational amplifier 35, resistors 36, 37
      and the capacitors 38, 39. The operational amplifier 35 operates like the
      operational amplifier 30 of the comparator VER.
PAR  The preferred embodiments described hereinabove are intended only to be
      exemplary of the principles of the invention. It is contemplated that the
      described embodiments can be modified or changed while remaining within
      the scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for correcting signal distortions occurring in
      frequency-modulated data signals by deriving a rectangular binary signal
      from a defective demodulated signal using a correction signal, comprising
      the steps of:
PA1  differentiating the corrected demodulated signal to form a differential
      signal having zero transitions coinciding with the extreme values of the
      corrected demodulated signal,
PA1  forming a difference signal having amplitudes equal to the amplitude
      difference between the rectangular binary signal and the corrected
      demodulated signal at points in time coinciding with the time regions of
      the zero transitions of the differentiated signal and
PA1  producing said correcting signal from those components of said difference
      signal which occur at said points in time.
NUM  2.
PAR  2. The method defined in claim 1 comprising the additional step of:
PA1  forming a binary control signal which for the duration of said points in
      time assumes a first binary value, and wherein:
PA1  said producing step includes coupling said difference signal through a
      switch means to an integration means from which said correction signal is
      emitted, said switching means being controlled with said binary control
      signal to pass the components of said difference signal occurring at said
      points in time.
NUM  3.
PAR  3. The method defined in claim 2 comprising the additional step of:
PA1  generating an amplitude limited signal constituted by those components of
      said differentiated signal having amplitudes greater than or less than two
      predetermined values of said differentiated signal and wherein the step of
      forming said binary control signal comprises amplification and
      over-modulation of said amplitude limited signal.
NUM  4.
PAR  4. The method defined in claim 1 wherein said defective demodulated signal
      and said correcting signal are added to form a corrected demodulated
      signal.
NUM  5.
PAR  5. The method defined in claim 1 comprising the additional step of:
PA1  effecting a frequency shift of the signal to be demodulated.
NUM  6.
PAR  6. The method defined in claim 1 wherein the step of forming the difference
      signal comprises compairing the corrected demodulated signal with a signal
      of a predetermined value to produce said difference signal.
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PAL  A multiple frequency radar system having improved signal-to-clutter
      performance. A transmitter responsively coupled to a spacing frequency
      generator transmits a plurality of mutually coherent frequencies
      uniformally spaced apart in frequency. An associated non-linear receiver
      includes a phase detector responsive to the spacing frequency generator
      for coherent processing of receiver signals provided in response to echoes
      of the transmitted signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been discovered that the signal-to-clutter ratio for small targets
      (e.g., targets having a transverse extent less than the antenna beamwidth,
      and presenting a radial extent less than that represented by the
      transmitted pulsewidth) may be substantially and significantly enhanced by
      the pulsed transmission of a plurality of discrete carrier frequencies,
      representing a plurality of successively increased frequencies, the
      frequency difference between successive frequencies being not less than
      that bandwidth corresponding to the recriprocal of the transmitted
      pulsewidth; and then combining the echoes thereof received from a given
      target direction and range. A discussion of this technique is more fully
      discussed in copending U.S. application Ser. No. 430,141 for a Radar
      System Having Improved Response to Small Targets, filed Feb. 3, 1965, now
      U.S. Pat. No. 3,500,404, by James O. Anderson et al., assignors to North
      American Aviation, Inc., assignee of the subject invention, and in
      copending U.S. application Ser. No. 476,630 for a Multiple Frequency Radar
      System Having Improved Response to Small Targets, filed Aug. 2, 1965, now
      U.S. Pat. No. 3,745,578, by Carl R. Barrett, Jr., et al., assignors to
      North American Aviation, Inc., assignee of the subject invention.
PAR  By means of the above-described technique, those components of the received
      echoes from a small target tend to correlate or cummulatively combine to
      provide an enhanced signal indicative of the presence of such small
      target; while the components of the received echoes from a clutter
      background in the vicinity of the target tend to mutually de-correlate (1)
      over the duration of the pulsewidth echo for each discrete frequency and
      (2) as between the received echoes of two discrete frequencies, as to
      provide an attenuated clutter return, even though the target echo spectra
      may be contained within the clutter spectra.
PAR  While the above-referenced patent applications described several means for
      implementing such technique, the several embodiments disclosed and
      illustrated therein employ a noncoherent receiver, whereby the enhancement
      of the target-to-clutter ratio is less effective. Further, such
      embodiments do not readily lend themselves to clutter-referenced airborne
      moving target indication, whereby one discrete target may be identified
      and distinguished from another by spectral discrimination or differences
      in doppler shift due to relative velocity differences between them. Such
      limitation in the noncoherent multiple frequency receiving technique is
      due to the increased spectral spread in the several spectral components of
      the received signal, whereby the spectral components for targets of
      different relative radial velocities (and located in the same general
      direction and range) tend to overlap in frequency. Accordingly, it is a
      general object of the subject invention to employ a mutually-coherent
      multiple-frequency transmission and reception technique for further
      enhancing the signal-to-noise ratio and target-to-clutter signal ratio in
      a multiple frequency radar, and which better lends itself to doppler data
      processing.
PAR  In the prior art of doppler radar data processing or moving target
      indicating (MTI), as applied to a single frequency pulsed radar, several
      coherent radar techniques have been employed with limited effectiveness,
      for distinguishing a moving taget relative to a stationary target or a
      ground clutter return. Such methods have employed means responsive to the
      relative spectral difference between, or difference in the doppler shifted
      radar returns for each of, such targets. Where the utilizing radar is
      mounted on a moving platform such as a high-speed aircraft, the received
      clutter spectra undergoes a doppler shift in a manner similar to any other
      target which maintains a relative velocity relative to the radar platform.
      In other words, both the clutter spectra and moving target spectra will be
      commonly frequency-translated, or additionally doppler-shifted, as a
      function of the platform velocity.
PAR  In the prior art of airborne moving target indicator (AMTI) systems
      employing coherent single-frequency radars (in which the receiver
      comprises a phase detector responsive to the phase of the transmitted
      single-frequency energy), the frequency of a coherent oscillator (COHO) is
      shifted in order to compensate for the doppler shift of the clutter
      spectra (and the target spectra) due to platform (vehicle) velocity and
      antenna orientation, whereby zero-frequency rejection (i.e., high-pass or
      doppler) filters may continue to be employed for clutter rejection. Such
      compensatory frequency shift is accomplished by mixing the output of the
      COHO with a signal from a tunable oscillator, the frequency of which is
      controlled by calibrated control source responsive to vehicle speed and
      antenna orientation. Alternatively, a tunable rejection filter is required
      to be controlled by the control signal source to reject the
      doppler-shifted clutter spectra.
PAR  In the prior art of noncoherent AMTI systems, advantage is taken of the
      fact that, in the presence of substantial clutter, the video detected
      noncoherent receiver signal is clutter referenced, (i.e., the video
      detected received spectra is folded about a clutter component thereof at
      zero frequency), regardless of the velocity or changes in motion of the
      radar platform, whereby a doppler processor having a zero-frequency
      rejection, or high pass doppler, filter may be employed for clutter
      rejection. Such prior art single-frequency radar MTI and AMTI Techniques
      are reviewed more fully in U.S. patent application Ser. No. 391,073 for an
      AMTI Radar System, filed Aug. 18, 1964, by Forest J. Dynan et al.,
      assignors to North American Aviation, Inc., assignee of the subject
      invention, and in the text of Chapter 4 of Radar Systems by Skolnik,
      published by McGraw-Hill (1962).
PAR  A disadvantage of the prior art clutter-referenced doppler techniques is
      that the unipolar video amplitude detection employed provides an output
      signal which reflects the receiver-gain compression characteristics. Such
      gain compression, achieved by means of logarithmic receivers or AGC
      controlled receivers, is conventionally used to overcome the effects of
      range and the like upon the signal strength of the received signal.
      However, any compression in the receiver gain characteristics similarly
      compresses the prior art clutter-referenced doppler video modulation and
      results in a reduced doppler detection sensitivety.
PAR  Recapitulating, a single-frequency noncoherent radar system may directly
      provide a clutter-referenced video-detected signal for AMTI purposes,
      while a single-frequency coherent radar system requires the addition of
      radar-platform velocity-compensation in order to provide a
      clutter-referenced signal conveniently adapted for AMTI processing.
      However, such noncoherent technique does not provide the signal-to-noise
      advantages of coherent data receivers. Also, neither of such single
      frequency radar techniques provides the enhancement of discrete
      target-to-clutter ratio provided by multiple frequency radar techniques.
      Further, such noncoherent clutter-reference signalling technique does not
      lend itself to use with multiple-frequency radar systems for the reason
      that the increased spread of each of the resultant beat-frequency clutter
      and target components of the doppler-shifted spectra tends to result in an
      overlapping of such spectra as to make difficult the spectral
      discrimination of a selected moving target from other moving targets or
      ground clutter proximate thereto and between which a relative radial
      velocity exists. Moreover, prior art unipolar video amplitude detection of
      the moving target IF signal results in reduced doppler video output
      sensitivity due to the gain compression characteristics of the IF
      amplifier stage preceding the video stage.
PAR  By means of the concept of the subject invention, the above-described
      limitations of the prior art are avoided, and a mutually-coherent multiple
      frequency radar having a coherent receiver is utilized to provide a
      substantially clutter-referenced signal inherently adapted for AMTI
      processing without the necessity of radar platform-motion compensation
      means, and having an enhanced signal-to-clutter ratio and extended dynamic
      signal range performance.
PAR  In a preferred embodiment of the invention, there is provided multiple
      radar frequency transmission means responsively coupled to a single
      modulating frequency source for providing a plurality of concomitant,
      mutually-coherent transmittted frequencies, uniformly spaced apart in
      frequency by the amount of such modulating frequency. The source of the
      modulating frequency, which frequency is preferrably greater than that
      represented by the reciprocal of the transmitted pulsewidth of the
      transmitted energy, is also operatively connected as a time coherent, or
      phase, reference input to a phase detector of a receiver responsive to the
      beat frequencies between the received echoes of the transmitted energy.
PAR  In normal operation of the above-described arrangement, echoes of the
      transmitted plurality of uniformly frequency-spaced, mutually-coherent
      frequencies are received and nonlinearly detected, or beat together, to
      provide a beat frequency spectra. Such beat frequency spectra, when band
      pass-limited about a center frequency corresponding to the modulating
      frequency and then phase-detected relative to such modulating frequency,
      provides a suppressed clutter beat frequency spectrum and an enhanced
      clutter-target beat frequency spectrum, due to the clutter decorrelation
      effect manifested by the detected beat-frequency effect among the received
      echoes of the mutually coherent transmitted frequencies. Further, although
      the target-to-clutter beat frequency spectrum for each target is displaced
      in frequency by the amount of the relative doppler shift or difference
      between the clutter and such target occurring for the transmitted RF
      frequencies, yet the displacement of the phase-detected clutter spectrum
      has been discovered not to be similarly shifted by a doppler frequency
      corresponding to that expected to be associated with the effect of the
      radar platform velocity upon the transmitted frequencies. Instead, a first
      component or centroid of the phase-detected clutter spectrum (occurring
      due to the beat frequencies difference between the component frequencies
      of the multiple-frequency clutter return and corresponding to the uniform
      spacing frequency) occurs at a very low frequency approacing d-c or zero
      frequency, manifesting the effect of the ratio of the spacing frequency to
      the transmitted frequencies upon the observed doppler shift. Accordingly,
      such coherently-detected beat frequency signals may be doppler-processed
      in the manner of clutter-referenced AMTI signals by means of
      doppler-bandpass or low-frequency rejection means, and without the
      necessity of the platform motion compensation means associated with
      prior-art coherent AMTI receiver apparatus. Moreover, because a coherent
      reference frequency is utilized to phase-detect the IF receiver signals,
      the resultant video output is therefore less sensitive to the effects of
      IF receiver gain-compression, the video output being primarily sensitive
      to the phase difference between the coherent reference and the beat
      frequencies of the multiple frequency returns.
PAR  In other words, the invention provides the advantages of a coherent radar
      system and of noncoherent AMTI processing, without the normally associated
      disadvantages of each, by employing a fully-coherent multiple frequency
      radar system which further provides signal-to-clutter amplitude
      enhancement, whereby the target signal spectra may be distinguished from
      the skirt of the clutter spectra at lower target minimum velocities.
      Accordingly, it is an object of the invention to provide an improved
      multiple-frequency radar system.
PAR  It is another object of the invention to provide a fully coherent multiple
      frequency radar system.
PAR  It is yet another object of the invention to provide a coherent radar
      system having an enhanced target-to-clutter and signal-to-noise response.
PAR  It is still another object of the invention to provide a coherent radar
      system for a moving platform and providing a substantially
      clutter-referenced, coherently detected receiver signal without the
      necessity of radar platform motion compensating means.
DRWD
PAR  These and other objects of the invention will become apparent from the
      following description, taken together with the accompanying drawings in
      which:
PAR  FIG. 1 is a block diagram of a system embodying the concept of the
      invention.
PAR  FIGS. 2a and 2b are a family of spectral diagrams illustrating the spectrum
      transmitted by the system of FIG. 1 and the associated received spectrum
      in response to a detected target moving relative to a clutter background.
PAR  FIG. 3 is a family of time histories of the transmitted waveform provided
      by the mutually-coherent, multiple-frequency transmitter of FIG. 1.
PAR  FIG. 4 is a spectral diagram of the received spectrum of FIG. 2b after
      having been nonlinearly detected and bandpass limited, the bandpass center
      frequency being equal to the transmitter spacing frequency;
PAR  FIG. 5 is a spectral diagram of the detected and bandpass limited receiver
      spectra of FIG. 3 after having been phase-detected relative to the
      transmitter spacing frequency, and demonstrating the substantially
      clutter-referenced resultant moving-target spectrum; and
PAR  FIG. 6 is an alternate embodiment of the mutually-coherent
      multiple-frequency generator of FIG. 1.
PAR  In the FIGURES, like reference characters refer to like parts.
DETD
PAR  Referring now to FIG. 1, there is illustrated in block diagram form a radar
      system embodying the concept of the invention. There is provided an
      antenna 10 in cooperation with transmit-receive means 11, such as a
      ferrite circulator. A source of pulsed radio frequency energy comprising a
      pulse modulator 12, is coupled to a transmit terminal 15 of circulator 11;
      and an intermediate frequency receiver comprises a nonlinear or square-law
      detector 13 having an output coupled to the input of a tuned intermediate
      frequency amplifier 14, and further having an input coupled to a receiver
      terminal 16 of circulator 11. The construction and arrangement of elements
      10, 11, 12, 13 and 14 are well understood in the art. Therefore, these
      elements are shown in FIG. 1 in block form only for convenience in
      exposition.
PAR  There is further provided a multiple frequency generator or closedloop
      radio frequency single side band modulation means 17 in cooperation with a
      spacing frequency oscillator 18 for generating a concomitant plurality of
      mutually-coherent frequencies uniformly spaced apart in frequency by the
      frequency of oscillator 18. Such spacing frequency, provided by oscillator
      18, is selected as being less than that represented by the reciprocal of
      the system pulsewidth provided by modulator 12 and represents the center
      frequency of IF receiver-amplifier 14, for reasons which will be more
      fully explained hereinafter.
PAR  Closed loop single side band modulation means 17 comprises a radio
      frequency single side band modulator 19 having one input 26 responsively
      connected to a source 20 of radio frequency energy, and further having a
      second input 27 coupled to the output of modulating frequency source 18,
      for providing one of an upper and lower side band signal at a first output
      28 thereof, and may provide a corresponding second side band signal at a
      second output 29. Magic tee 21, or like signal combining means, is
      provided for combining one of the single side band output signals as a
      feedback signal with the radio frequency input 26 to modulator 19, a
      second output terminal 30 of magic tee 21 extracting such single side band
      signal as a radio frequency input to pulse modulator 12. Alternatively,
      the other of the single side band output signals may be fed to pulse
      modulator 12. Also included in the feedback arrangement of modulator 19 is
      a bandpass limited amplifier stage 22 for the purpose of limiting the
      spectral content of the modulation envelopes of the single side band
      outputs of moudlator 19 to a selected number (n) of frequencies, spaced
      apart by the spacing frequency, f.sub.m, provided by oscillator 18. The
      construction and arrangement of single side band modulation means 19 is
      known in the art, an exemplary embodiment thereof being more fully
      described for example in the above noted U.S. application Ser. No. 476,630
      filed Aug. 2, 1965, now U.S. Pat. No. 3,745,578, by Carl R. Barrett, Jr.,
      et al.
PAR  In normal operation of the closed loop arrangement of single side band
      modulator of FIG. 1, only one set of side bands is used to provide a
      multiple frequency coherent transmission source, (the other set may be
      terminated in a load impedance), as may be more fully appreciated from
      FIGS. 2a and 2b.
PAR  Referring to FIGS. 2a and 2b, there is illustrated a family of spectral
      diagrams, illustrating the spectrum transmitted by the system of FIG. 1,
      and the associated received spectrum in response to a detected target
      moving radially relative to a clutter background.
PAR  The mixing of the modulation frequency f.sub.m (from spacing oscillator 18
      of FIG. 1) with the radio frequency f.sub.o (from RF source 20 of FIG. 1)
      produces a first upper side band component (f.sub.o + f.sub.m), at output
      terminal 28 (in FIG. 1) and a first lower side band component, (f.sub.o -
      f.sub.m) at output terminals 29 (in FIG. 1). The feedback of one of the
      single side band outputs to the RF input of modulation means 19 produces a
      subsequent modulation of such first component signal by the modulating
      frequency from spacing oscillator 18, resulting in an additional component
      frequency in the single side band output, such additional component
      differing in frequency from the first component by the amount of the
      spacing frequency, f.sub.m. The result of such feedback cooperation is a
      plurality of concomitant discrete frequencies, uniformly spaced apart in
      frequency by the spacing frequency, f.sub.m, the number, n, of such
      component frequencies of the single side band output being limited by the
      bandwidth (n - 1) of the feedback amplifier stage 22 (of FIG. 1), which
      bandwidth is indicated as curve 38 in FIG. 2a.
PAR  For example, where the upper side band is employed as the feedback signal,
      the first component output frequency is (f.sub.o + f.sub.m). The feedback
      of such component frequency, and the modulation thereof by spacing
      frequency f.sub.m, produces a second component frequency (f.sub.o +
      2f.sub.m). The feedback and modulation of such successive frequency
      produces successively higher frequencies, all spaced apart in frequency by
      the modulating frequency, f.sub.m. A bandpass limited feedback amplifier
      having a bandwidth of at least (n - 1)f.sub.m, the lower bandpass limit of
      which includes the first or lowest component side band frequency, (f.sub.o
      + f.sub.m), as represented by curve 38 in FIG. 2a, is thus seen to limit
      the number of concomitant discrete frequencies so generated to the number
      n. Moreover, because the plurality of discrete input radio frequencies to
      modulator 19 are synchronously modulated by a single common modulating
      signal of frequency f.sub.m, the resulting concomitant discrete output
      frequencies are mutually coherent or cyclically cophasal, as shown more
      particularly in FIG. 3.
PAR  Referring to FIG. 3, there is illustrated a family of time histories of the
      system of FIG. 1. Curve 40 is a representative history of the output on
      line 30 of closed loop multiple frequency generator 17, which is fed as an
      input to the pulse modulator 12 of FIG. 1; curve 41 is representative time
      history of the pulsewidth or pulse modulation envelope cyclically
      generated by pulse modulator 12 at the system pulse repetition rate; curve
      42 represents the transmitted waveform or pulsewidth modulated output from
      modulator 12 which is transmitted by antenna 10 (of FIG. 1); and curve 43
      represents the time history of a representative video detected response of
      receiver 14 to a discrete target in the presence of clutter.
PAR  Curve 40 indicates the periodic cophasal relationship or periodic
      cumulative amplitude effect of the mutually-coherent, multiple frequency
      output generated by generator 17, while curve 42 indicates the modulation
      of curve 40 by curve 41. The envelope of the transmitted multiple
      frequency energy shown in curve 42 of FIG. 3, is seen to differ from that
      of a pulsewidth modulated single frequency source in that the envelope of
      curve 42 substantially represents a pulsewidth train, or succession, of
      extremely short impulses, rather than a fixed magnitude envelope (such as,
      for example, curve 41 in FIG. 3). Such periodic impulses occur within the
      pulsewidth interval at a repetition interval equal to the reciprocal of
      the spacing frequency, f.sub.m, due to the mutual coherence of the
      multiple frequencies transmitted.
PAR  Although the mutual-coherent multiple frequency means 17 of FIG. 1 has been
      described and illustrated as employing a single side-band modulator in
      closed loop cooperation with spacing oscillator 18, an open loop
      arrangement may be employed, as shown in FIG. 6.
PAR  Referring to FIG. 6, there is illustrated in block diagram form an
      alternative arrangement of the source 17 of mutually coherent multiple
      transmitter frequencies. There is provided a step recovery diode stage 37
      responsively coupled to spacing oscillator 18 for generating a plurality
      of RF harmonic frequencies. Because such frequencies are harmonics of the
      output of oscillator 18, such frequencies are, therefore, mutually
      coherent. The output of the step recovery diode stage 37 may then be
      suitably bandpass limited as desired by a bandpass-limited amplifier 22
      prior to being applied as an input to RF pulse modulator 12 of FIG. 1.
PAR  Referring again to FIG. 2b, the received echoes of the transmitted multiple
      frequencies, reflected from a radar target and received by antenna 10 and
      applied to the input of first detector 13 (of FIG. 1), are represented by
      the spectral diagram of FIG. 2b. The spectral lines of the received RF
      energy are seen to be illustrated generally by two groups of envelopes.
      The first group represents the return due to a substantial amount of
      ground clutter, each member of the group having a center frequency or main
      cusp 45 corresponding to an associated one of the transmitted spectral
      lines of FIG. 2a and shifted in frequency therefrom by an amount
      (f.sub.CD) corresponding to the doppler shift provided by the radar
      platform motion (vehicle speed) relative to the clutter-producing point
      scatterers of the terrain. A cusp of frequency spread occurs about the
      clutter spectral lines due to the variation of doppler shift contributed
      by variations in direction of all the terrestial point scatterers within
      the beamwidth of the antenna.
PAR  Also shown in FIG. 2b is a group of lesser and narrower envelopes 46
      representing the lesser energy return from a small moving target occurring
      within the beamwidth of the antenna 10 of FIG. 1, each envelope having a
      center spectral line corresponding to the center of an associated cusp of
      the clutter envelope, but shifted in frequency therefrom by an amount
      (f.sub.TD) corresponding to the doppler-shift occurring due to the motion
      of the target relative to the ground. The spectral elements 46 comprising
      the moving target spectral envelope are shown as lines, and not cusps,
      because the narrow angular extent of the small moving target relative to
      that of the antenna beamwidth limits the spectral response resulting from
      the target echo, relative to that provided by the clutter return from the
      ground.
PAR  The received echoes of the transmitted multiple frequencies, illustrated in
      FIG. 2b, are beat together or mutually mixed in nonlinear detector 13
      (FIG. 1), resulting in a plurality of beat frequencies at integer
      multiples of the uniform spacing frequency, f.sub.m, the corresponding
      beat frequency spectral content and representative time domain history of
      which are respectively shown in FIG. 2b and as curve 43 in FIG. 3.
      Receiver-mixer 13 may be comprised of a diode mixer or square-law
      detector, comprising a terminated straight waveguide section, across the
      narrow dimension of which a diode is inserted, and having a probe for
      extracting the detected mixed signals for further bandpass-limited
      processing by IF receiver 14. The construction and arrangement of such
      mixers or detectors are well known in the art, as indicated, for example
      at page 257 of the text, "The Spectral Energy Domain," by Davenport and
      Root, and published by McGraw-Hill (1958); and at pages 385-387 of
      "Introduction to Radar Systems" by Skolnik, published by McGraw-Hill
      (1963).
PAR  Referring again to FIG. 1, the output of IF amplifier 14 is phase-detected
      by means of a phase-detector 23 employing the output of spacing oscillator
      18 as a phase reference. The spacing frequency f.sub.m of oscillator 18,
      representing the spacing frequency between the plurality of transmitted
      frequencies, also therefore corresponds to a beat frequency obtained by
      the nonlinear detection of the received echoes of the transmitted energy.
      Accordingly, IF amplifier 14 is designed to have a center frequency equal
      to a selected one of the beat frequencies, corresponding to an integer
      multiple (preferrably unity) of the spacing frequency f.sub.m, and has a
      bandwidth preferrably no larger than that represented by the reciprocal of
      the transmitted pulsewidth, indicated by curve 39 of FIG. 4, so as to
      optimize the signal-to-noise response thereof.
PAR  Because the echoes produced by a small or discrete target will tend to
      preserve the coherence between the transmitted multiple frequencies, like
      beat frequencies between such discrete transmitted frequencies, produced
      in first detector 13 (of FIG. 1) will tend to be coherent, resulting in a
      cumulative amplitude envelope. On the other hand, return echoes received
      from a clutter patch of extended radial and angular extent will
      demonstrate a somewhat random appearing phase relationship between returns
      occurring of like frequency within a pulsewidth interval, and as between
      different ones of the transmitted frequencies, whereby the amplitude
      envelope of the beat frequency components due to the ground clutter tend
      to be suppressed or mutually cancelling. The input to phase-detector 23
      from amplifier 14 is seen from FIG. 4 to be comprised of four spectral
      components contained within that bandwidth 39 having a center frequency,
      f.sub.m : a first spectral distribution or cusp (curve 47 in FIG. 4),
      provided by the beating of the doppler-shifted clutter frequencies against
      each other and corresponding to cusps 45 in FIG. 2b; a narrow spectral
      line (curve 48 in FIG. 4) provided by the beat frequency or frequency
      difference between the doppler-shifted discrete target signals (shown as
      lines 46 in FIG. 2b); and two spectral distributions (curves 49 and 50 in
      FIG. 4) corresponding to the upper and lower sidebands provided by the
      beating of each clutter cusp 45 and an adjacent moving-target spectral
      line 46 of FIG. 2b.
PAR  The associated doppler-shift effect upon such beat frequency spectral
      distributions relative to the spacing frequency f.sub.m (employed as a
      phase reference by phase detector 23), is much less than that experienced
      by the received echoes of the discrete frequencies transmitted relative to
      such discrete frequencies. The reason for this is that the resultant beat
      frequency manifests only the difference between the doppler-shifted
      discrete frequencies.
PAR  for example, for a radar platform, or vehicle, having a relative velocity
      v.sub.r, the doppler shift f.sub.d for a selected one of the transmitted
      discrete frequencies may be determined (from Equation 1.3 at page 3 of
      "Introduction to Radar Systems" by Skolnik, published by McGraw-Hill,
      1963), as follows:
      ##EQU1##
      where .lambda. = wavelength of such selected one of the discrete
      frequencies transmitted
PAL  Hence, the beat frequency or frequency difference (f.sub.2 ' - f.sub.1 ')
      between the respective doppler-shifted echoes of each of two transmitted
      frequencies, f.sub.1 and f.sub.2, spaced apart in frequency by the spacing
      frequency f.sub.m, would not be the spacing frequency, f.sub.m, itself:
EQU  (f.sub.2 ' - f.sub.1 ') = (f.sub.2 + f.sub.d.sbsb.2) - (f.sub.1 +
      f.sub.d.sbsb.1) TM(2)
PAL  Where:
PA1  f.sub.d.sbsb.1 = the doppler shift associated with the transmitted
      frequency f.sub.1.
PAL  and
PA1  f.sub.d.sbsb.2= the doppler shift associated with the transmitted frequency
      f.sub.2.
PA1  .lambda..sub.1 = the wavelength associated with transmitted frequency
      f.sub.1.
PA1  .lambda..sub.2 = the wavelength associated with the transmitted frequency
      f.sub.2.
PAL  Substituting (f.sub.1 + f.sub.m) for f.sub.2, and employing the
      relationship of Equation (1) for f.sub.d.sbsb.1 and f.sub.d.sbsb.2 :
      ##EQU2##
      Rearranging the right hand member of Equation (3):
      ##EQU3##
      Accordingly, the centroid 51 of the spectral output of receiver amplifier
      14 of FIG. 1, in response to a doppler-shifted clutter return (for
      example) will be frequency-shifted only slightly relative to the amplifier
      center frequency (which corresponds to the spacing frequency f.sub.m), as
      seen from curve 47 of FIG. 4. Such doppler effect is very much less than
      the doppler shifts associated with each of the discrete transmitted
      frequencies, and represents the difference (f.sub.d.sbsb.2 -
      f.sub.d.sbsb.2) between such doppler shifts. In a practical device such
      effect can be made negligibly small. For example, for a spacing frequency
      of 10mc between discrete transmitter frequencies in the X-band region, and
      a relative clutter velocity of 200 knots, the doppler effect upon the
      clutter-clutter beat frequency component within the illustrated IF
      amplifier bandpass 39 (in FIG. 4) will be only 6 cps spread of the clutter
      spectrum. A similar effect occurs for the target-target beat frequency
      spectra, shown as curve 48 in FIG. 4.
PAR  However, the beat frequency spectra resulting from the mixing of the
      moving-target spectra and the clutter spectra will yet be that doppler
      difference frequency indicative of the velocity of the moving target
      relative to the clutter patch. Now, because the centroid frequency 51 of
      the clutter patch beat-frequency spectra is substantially identical with
      the spacing frequency f.sub.m for practical transmitted frequencies and
      ususl aircraft velocities, phase-detection of the output of amplifier 14
      by phase-detector 23 (in FIG. 1), using the spacing frequency source 18 as
      a phase reference, results in a substantially clutter-referenced signal,
      as shown in FIG. 5. In other words, the phase-detection of the signal
      spectra of FIG. 4, relative to the spacing frequency f.sub.m, folds the
      spectra about such reference frequency, which reference is translated to
      zero frequency in FIG. 5. The centroid 51 of the phase detected clutter
      spectra (curve 52 in FIG. 5) is substantially invariant with changes in
      vehicle velocity, while the phase-detected target-to-clutter spectra
      (curve 54 in FIG. 5) is indicative of the sensed motion of the target
      relative to the clutter background.
PAR  Because the output of phase detector 23 (in FIG. 1) is substantially
      clutter-referenced, conventional doppler processing, such as selected
      bandpass filtering, may be directly utilized by element 24 to reject that
      low frequency spectrum representing the clutter return. In other words,
      because the frequency shift of the clutter signal component in the output
      of phase-detector 23, associated with changes in the radar platform
      velocity, is so inconsequential, no vehicle-velocity
      frequency-compensation means need be employed in the system of FIG. 1.
PAR  Further, because coherent data processing, or phase-detection, is employed,
      the spectral distributions of the clutter-clutter beat frequencies and of
      the target-clutter is not further spread so as to more readily overlap,
      which overlap would make more difficult the filtering or spectral
      distinction of the moving target signal from the clutter return. In other
      words, to attempt to simply video-detect the output of amplifier 14 (in
      FIG. 1) would result in a clutter-reference signal for which a further
      frequency-beating of the clutter and moving target spectral cusps would
      arise, due to the incidental nonlinearities in a video detector, resulting
      in an undesirably wider spectral distribution of the clutter and moving
      target signal components and in consequent overlapping of the two spectral
      components. Moreover, because phase-detection is empolyed, the video
      moving target signal component is less subject to the gain compression
      effects of the IF receiver amplifier 14.
PAR  The doppler data processing element 24 of FIG. 1 may combine the functions
      of range-coherent integration and doppler filtering by employing the
      structure described in copending U.S. application Ser. No. 391,073 filed
      Aug. 18, 1964, by Dynan et al., assignors to North American Aviation, Inc.
      assignee of the subject invention.
PAR  Because of the amplitude enhancement of the discrete target signal relative
      to the clutter return by means of the device of the invention, a moving
      target signal target located in or near the skirt of the clutter spectra
      (in FIG. 5) may be more readily distinguished from the clutter spectra. In
      other words, moving targets may be distinguished at lower target
      velocities.
PAR  Accordingly, there has been described a new and useful fully coherent
      multiple frequency radar system having improved signal-to-clutter
      characteristics, inherent platform velocity compensation, and improved
      sensitivety over a wide dynamic signal range as to provide extended
      airborne moving target indication capability.
PAR  Although the device has been described in terms of a radar system for
      transmitting and receiving signals having a plurality of radio
      frequencies, the concept of the invention is not so limited, being equally
      applicable to energy transmission systems employing other forms of energy,
      such as for example sonar systems. Further, although the concept of the
      invention has been described as having utility to airborne systems, it is
      clearly understood to refer to any vehicle or moving platform, such as for
      example a submerged submarine, moving with respect to a sonar clutter
      patch such as the sea-bottom and mounting a sonar system utilizing the
      concept of the invention.
PAR  Although the invention has been described and illustrated in detail it is
      to be clearly understood that the same is by way of illustration and
      example only and is not to be taken by way of limitation, the spirit and
      scope of this invention being limited only by the terms of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination comprising
PA1  a system for transmitting a plurality of mutually coherent frequencies
      uniformly spaced apart in frequency by a preselected spacing frequency and
      for receiving echoes of said transmitted frequencies, and having a spacing
      frequency oscillator for generating said spacing frequency; and
PA1  coherent signal processing means responsive to said oscillator of said
      system and the beat frequencies between received echoes for providing a
      phase-detected receiver signal.
NUM  2.
PAR  2. The device of claim 1 in which there is further provided doppler filter
      means responsively coupled to the output of said coherent processing means
      for suppressing that spectral content thereof which is indicative of the
      clutter return in a substantially clutter-referenced signal.
NUM  3.
PAR  3. The device of claim 1 in which there is further provided moving target
      indicating means responsive to said coherent processing means comprising
      high frequency bandpass means the upper frequency limit of the bandpass of
      which does not exceed one-half the pulse repetition frequency of a
      sampled-data system utilizing said device.
NUM  4.
PAR  4. The device of claim 1 in which said signal processing means comprises
PA1  frequency mixing means responsive to said received echoes for providing an
      intermediate frequency signal indicative of the frequency differences
      therebetween;
PA1  intermediate frequency means having a center frequency corresponding to an
      integer multiple of said spacing frequency and a bandpass limited to the
      reciprocal of the transmitted pulsewidth for amplifying a selected one of
      said beat frequencies; and
PA1  a phase-sensitive detector having a first and second input respectively
      coupled to the output of a respective one of said spacing oscillator and
      intermediate frequency means.
NUM  5.
PAR  5. A pulsed energy system including a pulse modulator, and comprising
PA1  a source of a modulating frequency at least as high as that represented by
      the reciprocal of the pulsewidth provided by said pulsed energy system;
PA1  multiple frequency generating means responsive to said modulating frequency
      for generating at least two mutually coherent, concomitant and discrete
      frequencies, spaced apart in frequency by said modulating frequency, and
      being modulated by said pulse modulator for transmission by said pulsed
      energy system; and
PA1  phase sensitive detection means having a first input responsive to selected
      ones of the beat frequencies between received echoes of signals
      transmitted by said system and further having a reference input responsive
      to said source of a modulating frequency for providing a phase-detected
      output signal.
NUM  6.
PAR  6. A pulsed radar system including a pulse modulator and comprising
PA1  a source of a modulating frequency at least as high as that represented by
      the reciprocal of the pulsewidth provided by said pulsed radar system;
PA1  closed loop radio frequency single side band modulating means responsive to
      said modulating frequency for generating a side band signal representing
      at least two mutually coherent, concomitant and discrete frequencies,
      uniformly spaced apart in frequency by said modulating frequency, said
      side band signal being fed to said pulse modulator for transmission by
      said pulsed radar system; and
PA1  phase sensitive detection means having a first input responsive to selected
      ones of the beat frequencies between received echoes of said transmitted
      signals and further having a reference input responsive to said modulating
      frequency for providing a phase-detected output signal.
NUM  7.
PAR  7. In a radar system having enhanced small target response and including
      means having an input for concomitantly transmitting radio frequency
      energy at a plurality of mutually-coherent discrete frequencies and
      receiving means responsive to received echoes of said energy reflected
      from a target, the combination comprising
PA1  generating means for generating a reference modulating frequency at least
      as high as the reciprocal of the pulsewidth of said pulsed energy and
      representing an integer submultiple of a preselected intermediate
      frequency;
PA1  radio frequency single side band modulator mixing means having an input
      coupled to an output of said generating means and providing a side band
      signal;
PA1  magic tee radio frequency signal combining means interposed at said output
      of said single side band modulator for combining said side band signal as
      a feedback signal with said output of said generating means and for
      extracting said side band signal for transmission purposes, said extracted
      signal being fed to said input of said transmitting means; and
PA1  coherent intermediate frequency receiver means responsive to said
      modulating frequency and selected ones of the beat frequencies between
      said received echoes providing a receiver output signal.
NUM  8.
PAR  8. In a pulsed radar system having enhanced small target response and
      including means having an input for concomitantly transmitting pulsed
      energy at a plurality of discrete frequencies uniformly spaced apart in
      frequency the combination comprising
PA1  generating means for generating a reference modulating frequency at least
      as large as the reciprocal of the pulsewidth of said pulsed energy and
      representing an integer submultiple of a preselected intermediate
      frequency;
PA1  radio frequency single side band modulator mixing means having an input
      coupled to an output of said generating means and providing an upper and a
      lower side band signal;
PA1  magic-tee radio frequency signal combining means interposed at said input
      of said mixing means for combining one of said side band signals as a
      feedback signal with the output of said generating means and for
      extracting said side band signal for transmission purposes, said extracted
      signal being fed to said input of said transmitting means
PA1  non-linear detection means responsive to received echoes of said
      transmitted frequencies for providing signals at the beat frequency
      differences therebetween;
PA1  bandpass limited means responsively coupled to said detection means and
      having a center frequency equal to an integer multiple of said modulating
      frequency; and
PA1  a phase-sensitive detector having a first and second input, each
      responsively coupled to the output of a exclusive one of said generating
      means and said bandpass limited means.
NUM  9.
PAR  9. In a pulsed radar system having enhanced small target response and
      including means having an input for concomitantly transmitting pulsed
      energy at a plurality of mutually-coherent frequencies uniformly spaced
      apart in frequency, and receiving means responsive to received echoes of
      said pulsed energy reflected from a target, the combination comprising
PA1  a source of a spacing frequency at least as high as the reciprocal of the
      pulsewidth of said pulsed energy and representing a preselected
      intermediate frequency;
PA1  radio frequency single side band modulation means coupled to said source
      and providing a single side band signal;
PA1  bandpass limited means responsive to said side band signal for providing a
      feedback signal;
PA1  radio frequency signal combining means interposed between said source and
      said modulation means for combining said feedback signal with an input of
      said source and for extracting said feedback signal for transmission
      purposes, said extracted signal being fed to said input of said
      transmitting means; and
PA1  coherent intermediate frequency receiver means including phase sensitive
      detection means responsive to said spacing frequency and to selected ones
      of the beat frequencies between said received echoes for providing a
      coherently-detected receiver signal.
NUM  10.
PAR  10. In a moving target indicating system for a platform moving relative to
      a clutter patch, means for enhancing the response of said system to a
      target moving relative to both said clutter patch and said platform, and
      having enhanced small target response and including means having a spacing
      frequency input for concomitantly transmitting pulsed energy at a
      plurality of mutually coherent frequency uniformly spaced apart in
      frequency and receiving means responsive to received echoes of said pulsed
      energy reflected from a target, the combination comprising
PA1  a source of a spacing frequency at least as high as the reciprocal of the
      pulsewidth of said pulsed energy and representing a preselected
      intermediate frequency;
PA1  single side band modulation means coupled to said source and providing a
      single side band signal;
PA1  bandpass limited means responsive to said side band signal for providing a
      feedback signal;
PA1  signal combining means interposed at said input of said single side band
      modulation means for combining said feedback signal with the output of
      said source and for extracting said feedback signal for energy
      transmission purposes, said transmitting means having an input responsive
      to said extracted signal;
PA1  coherent intermediate frequency receiver means including phase sensitive
      detection means responsive to said spacing frequency and to the beat
      frequencies between said received echoes for providing a coherently
      detected receiver signal, and
PA1  doppler processing means responsive to said coherently detected receiver
      signal for providing an output indicative of said detected target.
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ABST
PAL  Measurement of the range of a detected target is accomplished through
       utiation of a large bistatic-angle radar system having two transmitters
      used in conjunction with a receiver indicating the duration of received
      target forward-scattered signals from each transmitter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to radar systems and more particularly to
      large bistatic-angle range-determining radar systems.
PAR  Bistatic-angle radar systems utilize a radar receiver spaced at a large
      angle from the transmitter when viewed from the target.
PAR  Forward-scattering of radar energy by the target is the fundamental basis
      of large bistatic-angle radar systems, in contrast to the more common
      backscatter-based radar systems. The forward-scattering gain for a given
      target is generally much larger than the backscatter gain. Because of the
      greater gain, forward-scattering systems are capable of detecting targets
      at greater distances and with less power than conventional backscatter
      systems. Generally, prior types of forward-scattering systems cannot
      determine the range or location of a detected target. Obviously this is a
      very critical deficiency, and one that has limited the utility of
      forward-scatter systems.
PAR  The present invention provides a range-determining capability to
      forward-scattering radar systems, thus allowing utilization of these
      systems in a more meaningful and useful manner than heretofore possible.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a large bistatic-angle radar system utilizing two
      transmitters and a receiver distantly spaced along a line or arc of a
      great circle.
PAR  Energy simultaneously transmitted from each transmitter is
      forward-scattered by a target into two corresponding beams. These beams
      are received at the receiver during overlapping periods of time. The
      distance of the target from the receiver is then determined from the known
      distances between receiver and transmitters in combination with the
      measured time duration over which each signal is received.
PAR  It is therefore an object of the present invention to determine the range
      of a detected target by use of a large bistatic-angle radar system.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts in pictorial fashion an embodiment of the present invention.
PAR  FIG. 2 is a top view of the embodiment of the present invention depicted in
      FIG. 1.
PAR  FIG. 3 depicts in pictorial fashion a beam-pattern resulting from a target
      forward-scattering an incident radar beam.
PAR  FIG. 4 depicts in functional block diagram typical arrangement for
      performing a portion of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, a radar receiver station 10 has an associated
      radar antenna 12. Located at a distance from receiver station 10 are two
      radar transmitter stations 14, 18. The first radar transmitter station 14
      (farthest from receiver station 10) has a transmitting antenna 16, while
      the second transmitter station 18 (nearest the receiver station 10), has a
      transmitting antenna 20. First transmitting antenna 16 is spaced at a
      distance R.sub.1, typically 70-150 miles, from receiver antenna 12, while
      second transmitting antenna 20 is spaced at a distance R.sub.2, typically
      50-100 miles, from antenna 12. These typical distances are adequate for
      obtaining a useful target range accuracy. For greater accuracy, the
      stations 10, 14, and 18 must be spaced farther apart.
PAR  A flying target 22 is shown located between radar receiver station 10 and
      the second transmitter antenna 20.
PAR  FIG. 2 shows a top view of the arrangement of elements of the embodiment of
      the present invention depicted in FIG. 1. All antennas 12, 16, and 20 are
      spaced along a base line 24. Base line 24 may, for example, be an arc of a
      great circle on the surface of the earth. Target 22 is spaced at a
      distance R from receiver antenna 12, and is moving with a velocity
      component v in a direction perpendicular to base line 24.
PAR  In operation, first and second transmitting stations 14, 18 each
      simultaneously transmit a radar signal respectively denoted as 30 and 40.
      These signals have essentially the same frequency (having a wavelength
      .lambda.), but are coded in a manner as to allow the receiving station 10
      to readily distinguish between the two signals and to separately process
      them. Coding may be accomplished, for example, by having one signal
      different from the other by a few Hz.
PAR  An azimuthal angle .theta..sub.1 is formed between the first signal beam 30
      (from first transmitter antenna 16 to the target 22) and base line 24.
      Similarly, an azimuthal angle .theta..sub.2 is formed between the second
      signal beam 40 (from second transmitter antenna 20 to the target 22) and
      the base line 24.
PAR  When the first signal-beam 30 impinges on the target 22, a first
      forward-scattered signal 32 results. The beam-pattern of this
      forward-scattered signal 32 is depicted in FIG. 3 (FIG. 2 shows the beam
      horizontal cross-section). Forward-scattering beam-pattern characteristics
      are a well-known function of the target cross-sectional area intercepting
      the impinging energy beam and the wavelength .lambda. of that energy.
      Explanation of the forward-scattering of energy is described in various
      textbooks dealing with diffraction of electromagnetic energy such as
      "Methods of Radar Cross-section Analysis" by J. Crispin and M. Siegel,
      Academic Press, 1968, at page 176, and will not be further explained.
PAR  The target 22 presents a cross-section having a dimension L in the
      horizontal direction and a dimension H in the vertical direction. The
      forward-scattered beam 32 has an angular elevation beamwidth
      ##EQU1##
      and an angular horizontal beamwidth of
      ##EQU2##
      The forward-scattered beam 32 will move with the target 22, causing the
      beam 32 to sweep past the receiver antenna 12.
PAR  In order to detect targets 22 at an elevation up to 45.degree.  above the
      horizontal from receiving station 10, the frequency of operation is chosen
      so that the angular elevation beamwidth .phi..sub.H .perspectiveto.
      90.degree.. This requires that
      ##EQU3##
      yielding .lambda..perspectiveto.H.
PAR  For a typical target having a length L = 10H, the angular horizontal
      beamwidth
      ##EQU4##
EQU  .phi..sub.L .perspectiveto. 6.degree..
PAR  It is well known that the angular distance between 3 dB points in a
      beam-pattern is approximately the same as the angular distance between the
      peak and first null. Thus, the distance between 3 dB points in the
      horizontal plane of the beam-pattern is also approximately equal to
      ##EQU5##
PAR  Referring again to FIG. 2, the beam 32 has an angular velocity
      .theta..sub.1. When viewed from first transmitter station 14, the target
      22 is at an angle .theta..sub.1 with base line 24. The angular rate of
      change .theta..sub.1 of the target 22 is
      ##EQU6##
PAR  The time during which the beam 32 is received at a signal strength no less
      than 3 dB down from the peak received signal strength is denoted as dwell
      time T.sub.1. One method of measuring T.sub.1 is to record the received
      signal intensity as a function of time. After the forward-scattering
      signal has swept past the receiver antenna 12, the signal is examined to
      ascertain the point of peak signal strength and the 3 dB down points to
      either side. The duration corresponding to the time T.sub.1 between the 3
      dB points is then noted.
PAR  The period T.sub.1 is also equal to .theta..sub.1 /.theta..sub.1.
      Substituting for .theta..sub.1 and .theta..sub.1 from above,
      ##EQU7##
      For .lambda./L .ltoreq.  0.5 (i.e., target length at least twice the
      wavelength .lambda.), if   and utilizing small angle approximations where
      arc sin .alpha.   arc tan.alpha.  .alpha. for .alpha..ltoreq.0.5, then,
      ##EQU8##
PAR  In a fashion similar to that described above, the signal beam 40 from the
      second transmitter station 16 is scattered by target 22 to form a second
      forward-scattered beam-pattern 42. By virtually identical calculations, it
      is seen that T.sub.2, the time during which the second forward-scattered
      signal is received between 3 dB signal strength points at receiving
      station 12, is:
      ##EQU9##
      Then, forming the ratio T.sub.1 /T.sub.2 yields
      ##EQU10##
      Solving for R then yields:
      ##EQU11##
      Since R.sub.1 and R.sub.2 are the known distances between transmitters and
      receivers, and since T.sub.1 and T.sub.2 are known measurements made as
      previously described, R is readily calculated.
PAR  Of many obvious ways of implementing the above description in order to
      determine time periods T.sub.1 and T.sub.2, and to calculate R, the design
      depicted in FIG. 4 is one. It should be noted that one skilled in the art
      could readily arrive at this or equivalent circuits and thus this
      particular design arrangement does not form a part of the present
      invention, other than to be one of many equivalent ways to implement a
      portion of the invention.
PAR  The receiver antenna 12 is connected to a narrow band receiver 100. A first
      bandpass filter 102 (for passing the receiver frequency F1 signal from
      transmitter No. 1), and a second bandpass filter 104 (for passing the
      frequency F2 signal from transmitter No. 2) both have their input
      terminals connected to the output of narrow-band receiver 100. A limiter
      and detector device 106 has its input connected to the output of filter
      102, while a second limiter and detector device 108 has its input coupled
      to the output of filter 104. A start-stop counter 110 has both its input
      and control terminals connected to the output of detector 106. Similarly a
      start-stop counter 112 has its input and control terminals coupled to the
      output of detector 108. Signals indicative of the time T.sub.1 and time
      T.sub.2 are respectively provided at the output of counters 110 and 112. A
      logic device 114 receives the input signals T.sub.1 and T.sub.2 and
      combines them with the ranges R.sub.1 and R.sub.2 in accordance with the
      prior described method to produce the range value R.
PAR  It should be noted that elevation of the target 22 can also be determined
      by simply utilizing a set of stacked receiver beams in the conventional
      manner to determine the angle of incoming target signal.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A large bistatic-angle radar system for determining the distance, R, of
      a target from a receiving means comprising:
PA1  first and second transmitting means each adapted to transmit a radar signal
      of essentially the same frequency;
PA1  said receiving means receiving and separately processing target
      forward-scattered signals from said first and second transmitting means,
      and for measuring the time durations T.sub.1 and T.sub.2 during which each
      said respective forward-scattered signal is received at a signal strength
      greater than a predetermined level below its maximum received signal
      strength; and,
PA1  each said first and second transmitting means being spaced at a large
      bistatic-angle from said receiving means, said first transmitting means
      being spaced at a distance R.sub.1 from said receiving means, and said
      second transmitting means being spaced at a distance R.sub.2 from said
      receiving means wherein R.sub.1 is greater than R.sub.2 ;
PA1  whereby the distance R is computed from the equation
      ##EQU12##
NUM  2.
PAR  2. The large bistatic-angle radar system of claim 1, wherein all said means
      are arranged in a generally collinear fashion, said second transmitting
      means arranged between said first transmitting means and said receiving
      means.
NUM  3.
PAR  3. The large bistatic-angle radar system of claim 2, wherein said
      bistatic-angle is in the range between 160.degree. and 200.degree..
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ABST
PAL  1. A system for passively measuring the range between a given point and a
      second point from which detectable radiations having distinguishable
      characteristics are emanating, comprising means for receiving at said
      given point direct radiations from said second point and indirect
      radiations from said second point which have been reflected from a
      reflecting surface, means for measuring the angle of elevation of said
      second point from said given point, means for measuring the altitude of
      said given point relative to said reflecting surface, a gate circuit for
      rejecting all direct signals which are not followed by a reflecting signal
      within a predetermined time span, and computing means for determining the
      range from said given point to said second point as a function of said
      direct and reflected signal, said angle of elevation, and said altitude of
      said given point.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  The present invention relates to a passive range measuring and warning
      device and more particularly to a passive range measuring and warning
      device wherein the range is determined by means of radiant energy emitted
      from a point and observing both a signal received directly from the point
      and the reflection of the signal from another surface.
PAR  There are at present three systems in use for warning a pilot of other
      aircraft in vicinity. They are passive, transponder, and tail warning. The
      passive system consists of a receiver which detects signals from the radar
      transmitter in another aircraft and causes an alarm to be actuated. The
      transponder system requires a cooperating transponder to be located in the
      unknown aircraft which is interrogated by the pilot in the aircraft being
      protected. The radar tail warning system employs radar echoes and
      indicates position and range of other aircraft located in a cone off the
      tail of the protected aircraft.
PAR  The disadvantages of the above mentioned systems are: the passive system
      furnishes an indication of all radar signals within the frequency range of
      the device, but due to the differing power and pulse characteristics of
      the various types of radar employed by different aircraft, no accurate
      determination of range is possible. Further, the system is triggered by
      ground radar pulses and there is no means of distinguishing the latter
      from the airborne radar radiations. The transponder system requires an
      electronic interrogating device in each aircraft and, thus, is not a
      fail-safe system. Also the receiver is plagued by ground reflected pulse
      signals which cause confusion. And the radar tail warning system requires
      very expensive equipment whose range is limited due to the extremely small
      radar cross section area of modern fighter aircraft and the confusion of
      ground echoes.
PAR  Accordingly an object of the present invention is to overcome the above
      mentioned disadvantages of known systems.
PAR  Another object of the invention is the provision of a system which will
      provide the pilot of an aircraft with an accurate reliable warning of the
      presence of other aircraft in the vicinity and to provide information in a
      passive manner.
PAR  A further object is to provide a system which will provide a warning of the
      presence of other aircraft in the vicinity to provide range information in
      a passive manner without the necessity of cooperative transmitting and
      receiving means.
PAR  Still another object is to provide a system whereby one aircraft in flight
      can determine the distance to a second aircraft in flight without
      disclosing its presence to the second aircraft.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a diagram representing the relations between two aircraft, the
      ground, and the direct and reflected paths of electromagnetic energy;
PAR  FIG. 2 is a diagram showing by graphical representations the relationships
      between range and reflected pulse delay time for two aircraft at the same
      altitude;
PAR  FIG. 3 is a simplified block diagram showing a range measuring system in
      accordance with one embodiment of the invention;
PAR  FIG. 4 is a block diagram illustrative of a time delay indicator for use
      with the system of FIG. 3;
PAR  FIG. 5 is a simplified block diagram of a tail warning device with passive
      ranging in accordance with still another embodiment of the invention;
PAR  FIG. 6 is a block diagram of a tail warning device with accurate range and
      position information in accordance with a further embodiment of the
      invention;
PAR  FIG. 7 is a block diagram showing a passive proximity warning device in
      accordance with still a further embodiment of the invention.
PAR  FIG. 8 is an illustration of the information presented by the time delay
      indicator of FIG. 4.
DETD
PAR  Referring now to the drawings, wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 two aircrafts 10 and 11 separated from each other by range, X,
      and at altitudes a1 and a2 respectively. A pulse transmitted from aircraft
      10 will be received at aircraft 11 along two paths, direct and ground
      reflected. The direct path is X and the reflected ground path is X + .rho.
      . If the altitudes of both aircraft are known, an expression for the
      range, X, can be derived in terms of the altitudes and the differences in
      the path length traveled by the direct and the reflected pulses. This
      difference in path length is readily determined from the difference in the
      time of arrival of the two pulses at aircraft 11. By Pythagoras theorem
      and from FIG. 1;
EQU  X.sup.2 = BF.sup.2 + AF.sup.2 = (BE - FE).sup.2 + DE.sup.2 = (a.sub.2 -
      a.sub.1) + DE.sup.2                                       (1)
PAL  also, by construction and the same theorem,
EQU  (X + .rho. ).sup.2 = AC.sup.2 = FC.sup.2 + AF.sup.2 = (a.sub.2 +
      a.sub.1).sup.2 +  DE.sup.2 TM(2)
PAL  Subtracting (1) from (2)
EQU  (X + .rho. ).sup.2 - X.sup.2 = (a.sub.2 + a.sub.1).sup.2 + DE.sup.2 - [
      (a.sub.2 - a.sub.1).sup.2 + DE.sup.2 ]
EQU  2X.rho. = 4a.sub.1 a.sub.2 - .rho..sup.2
      ##EQU1##
PAR  The altitudes of both aircraft are known in certain types of operations but
      in others this information is not available. In this case an expression
      can be derived in terms of the difference in path length, .rho. , the
      protected aircraft altitude and the angle .phi. shown in FIG. 1.
      ##EQU2##
      Solving, a.sub.1 = a.sub.2 - X sin .phi. Substituting this value of
      a.sub.1 in the above expression for X [ eq. (3) ] :
      ##EQU3##
      Again solving for X, we obtain:
      ##EQU4##
PAR  FIG. 2 relates time delay of received pulses for various altitudes of both
      aircraft to range separation, X, in nautical miles. These relationships
      were determined by measuring at aircraft 11 the lag time of a reflected
      pulse over a direct pulse. FIG. 3 shows such a system for measuring the
      time lag.
PAR  The system of FIG. 3 is suitable for use in measuring the distance to an
      airborne pulse type radar such as may be used for navigational purposes or
      for aircraft detection and tracking. Antenna 15 is adapted to receive both
      direct and reflected pulses. Pulse signals received at antenna 15 are
      amplified and detected by receiver 16 which passes a video output to a
      time measuring device 17, which may be a precision cathode ray
      oscilloscope whose sweep is calibrated directly in microseconds. The
      operation of time measuring device 17 is shown in FIG. 4. The video output
      of receiver 16 is also amplified in amplifier 18 and coupled to indicator
      unit 19 which may be the usual plan position indicator. An antenna
      position signal is coupled from antenna drive 20 to indicator unit 19 to
      provide a horizontal scanning voltage.
PAR  Referring now to FIG. 4, pulse signals received at antenna 15 are detected
      in receiver 16 and amplified in video amplifier 23. Amplifier 23 applies
      the amplified video signal to delay line 24 and a synchronizing pulse
      simultaneously to trigger generator 25. The signal applied to delay line
      24 is delayed with respect to the synchronous signal applied to trigger
      generator 25. The delayed signal is applied as the video input to the
      vertical plates of cathode ray oscilloscope 26. Positive triggers from
      trigger generator 25 are applied to buffer amplifier 27 which inverts the
      trigger and applies it to gate generator 29 through triggering diode 28.
      Gate generator 29 provides a negative gate which is applied to the input
      of sweep generator 30 and a positive gate which is applied to triggering
      generator 31 and cathode follower 32. Gate generator 33 responds to the
      negative triggers from trigger generator 31 and provides a negative gate
      which is fed back to buffer amplifier 27. Triggering generator 31 and gate
      generator 33 together form a lockout circuit. The negative gate from gate
      generator 33 is coupled back to synchronous buffer amplifier 27 to reject
      all unwanted initiating triggers during the recovery time of the sweep.
      Cathode follower 32 provides an unblanking gate which is coupled to the
      grid of cathode ray tube 26.
PAR  The output of sweep generator 30 is coupled to the input of cathode coupled
      amplifier 34. Through conventional amplifier and phase splitting action,
      amplifier 34 provides sweep voltages to the horizontal plates of cathode
      ray tube 26. A direct received pulse and a reflected pulse would appear on
      the face of cathode ray tube 26 as shown in FIG. 8. The distance between
      the pulses is the time lag, and knowing the relationships between time lag
      and range, tube 26 is calibrated to read range directly.
PAR  FIG. 5 shows a system similar to that shown in FIG. 3. This system employs
      an antenna 50, wideband radio frequency amplifier 51, crystal video
      receiver 52, computer 53, radio altimeter 54, range alarm 55, and range
      meter 56. Computer 53 includes a gate circuit 68, sweep circuit 69 and
      lock on and ranging circuit 70. Computer 53 may be of the airborne radar
      range computer type shown and described in Navy publication
      AN16-30APG-30-3. That range computer may be modified by changing the sweep
      circuit to produce an output voltage varying in the approximate form of
      the curves of FIG. 2. The output from altimeter 54 is coupled as an input
      to sweep circuit 69 and causes the sweep to be shifted right and left and
      the sweep speed to be changed to make altitude corrections for the
      aircraft in which the device is installed. Gate circuit 68 rejects all
      signals not followed within a predetermined interval by another pulse,
      thus rejecting ground based and distant radar transmitter signals. This
      may be done by well known conventional circuits.
PAR  Range alarm 55 is actuated when the detected aircraft or object closes to a
      preset range. Range meter 56 may be a voltmeter calibrated in nautical
      miles.
PAR  In operation the altitude of the transmitting aircraft is ignored, since
      this is a tail warning device and furnishes correct range information only
      for other aircraft at the same altitude. If the other aircraft is at a
      lower altitude, the indicated range will be too great, since the delay
      will be less than for two aircraft at the same altitude. Conversely, if
      the other aircraft is at a higher altitude, the true range will be less
      than that indicated. When the "enemy" is at a disadvantage, at a lower
      altitude, the warning comes late and when the "enemy" has the advantage at
      a higher altitude, the warning comes early.
PAR  The system of FIG. 6 is a tail warning device having antenna 80 adapted for
      mounting in the tail of the protected aircraft. Received pulses are
      amplified in radio frequency amplifier 81 which may be a low noise
      traveling wave tube, parametric or other extremely low noise radio
      frequency amplifier stage, and coupled to crystal video receiver 82,
      preferably of the "wide open" frequency type. The detected output of
      receiver 82 is coupled to the input of range computer 83. Range computer
      83 provides outputs to range meter 84, range alarm 85 and elevator and
      azimuth indicator 86. Antenna positioner 87 furnishes antenna position
      information to range computer 83 and azimuth and elevation information to
      indicator 86 in the well known manner of using either synchros or
      potentiometer circuits. Altitude information is furnished to range
      computer 83 by radio altimeter 88.
PAR  Range computer 83 includes gate circuit 89, sweep circuit 90, lock on and
      ranging circuit 91, maximum signal discriminator 92, and altitude and
      antenna elevation angle insertion circuit 93.
PAR  In operation, antenna 80 passes the intercepted pulse signals to amplifier
      81 which accepts a wide band of frequencies. Receiver 82 detects the
      signal received from amplifier 81 and passes it as an input to gate
      circuit 89 of range computer 83. Gate circuit 89 rejects all signals not
      followed by a reflected path pulse within 100 microseconds, which is the
      approximate time required for a pulse to be transmitted to the earth's
      surface directly below an airplane at an altitude of 50,000 feet and
      return. The accepted signals are passed to sweep circuit 90 and lock-on
      and ranging unit 91. The voltage reference level and the rate of sweep are
      modified by the inputs from altitude and angle of elevation insertion
      circuit 93 to make the sweep correction for the aircraft's own altitude
      and the elevation angle of the antenna (corresponding to the other
      airplane's altitude).
PAR  Maximum signal discriminator 92 contains a memory circuit which remembers
      the amplitude of the maximum signal received during each complete azimuth
      and elevation sweep cycle and the position (in azimuth and elevation) of
      the antenna at the time the maximum signal was received. It must be
      remembered that the maximum signal via the direct path is normally
      received when the antenna is pointed directly at the "enemy" airplane,
      whereas the maximum reflected signal is received with the antenna pointed
      below the horizon. Thus, the range information is received at a time in
      the antenna sweep cycle different from the time of receiving the maximum
      signal which is normally received via the direct path. At the end of each
      antenna sweep cycle, the memory circuit applies a sweep modification
      voltage to change the range sweep reference level and its rate of sweep to
      correspond to the elevation angle of the "enemy" airplane. In addition,
      this information is placed on the vertical and horizontal deflection
      plates of the cathode ray tube azimuth and elevation indicator 86,
      together with a momentary intensifying voltage. In addition, an
      alternating voltage is superimposed on the horizontal deflection plates to
      indicate to the pilot which signal is maximum, which is assumed to be the
      nearest transmitting airplane.
PAR  Altitude and antenna elevation angle insertion circuit 93 generates a
      voltage proportional to the altitude of the protected aircraft, which
      together with the output of the maximum signal discriminator results in
      the total modifying voltages for the range sweep to correct for the
      altitudes of the two aircraft. These voltages are then transmitted to the
      sweep circuit, resulting in modification of the range sweep rate and the
      range sweep reference level. This circuit is activated only during cycles
      that a signal is passed by gate circuit 89.
PAR  The system of FIG. 7 is a passive proximity warning device for use by
      aircraft in collision avoidance. The system comprises a receiver antenna
      101, antenna drive unit 102, a fixed frequency superhetrodyne receiver
      103, range computer 104, azimuth indicator 105, range alarm 106, range
      meter 107, radio altimeter 108, aneroid altimeter 109, transmitter 110 and
      transmitting antenna 111. Range computer 104 includes altitude gate
      circuit 112, sweep circuit 113, lock-on and ranging unit 114, and altitude
      insertion circuit 115.
PAR  In operation, this system requires a transmitter in the other aircraft and
      is shown as transmitter 110 on the protected aircraft. Transmitter 110
      employs a horizontally polarized antenna 111 and has a crystal controlled
      frequency, common with all cooperating aircraft, and pulse characteristics
      specified by regulating agencies. The repetition frequency of the pulse
      transmitted is varied inversely proportional to the altitude. This control
      is provided by altimeter 109 as described below.
PAR  Antenna 101 rotates 360.degree. and is preferably of the high gain
      parabolic dish antenna type. The elevation is fixed in a position
      approximately 15.degree. below the horizontal to give preference to the
      signal arriving via the reflected path. Antenna drive unit 102 drives
      antenna 101 and furnishes azimuth information to azimuth indicator 105.
      Receiver 103 is made inactive during the transmission period of
      transmitter 110 by applying in any well known manner a suppression pulse
      from transmitter 110 to receiver 103.
PAR  Range computer 104 is essentially the same as computer 83 of FIG. 6 except
      that gate circuit 89 accepts signals of only the repetition rate
      corresponding to the altitude set into it by the output from aneroid
      altimeter 109. Radio altimeter 108 furnishes an output proportional to the
      terrain clearance of the airplane, from which a voltage is generated by
      altitude insertion circuit 115 and coupled to correct the output of range
      sweep 113.
PAR  The pulse repetition frequency may be varied by means of a potentiometer
      driven by ameroid altimeter 109; the same output as that employed by
      altitude coincidence circuit 112. To prevent warning failure due to pulse
      trains, the pulse train is interrupted momentarily and shifted randomly in
      phase of the pulse repetition frequency at frequent intervals. This may be
      accomplished in the transmitter mechanically by means of a motor driven
      cam arrangement. The shift of phase of the pulse train should occur 5 to
      10 times per minute.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for passively measuring the range between a given point and a
      second point from which detectable radiations having distinguishable
      characteristics are emanating, comprising means for receiving at said
      given point direct radiations from said second point and indirect
      radiations from said second point which have been reflected from a
      reflecting surface, means for measuring the angle of elevation of said
      second point from said given point, means for measuring the altitude of
      said given point relative to said reflecting surface, a gate circuit for
      rejecting all direct signals which are not followed by a reflecting signal
      within a predetermined time span, and computing means for determining the
      range from said given point to said second point as a function of said
      direct and reflected signal, said angle of elevation, and said altitude of
      said given point.
NUM  2.
PAR  2. A system for measuring the range between a given point and a second
      point from which detectable radiations having distinguishable
      characteristics are emanating, said system comprising means for receiving
      at said given point direct radiations from said second point and indirect
      radiations from said second point which have been reflected from a
      reflecting surface, means for measuring the angle of elevation of said
      second point from said given point, means for measuring the altitude of
      said given point relative to said reflecting surface, means for splitting
      the received signals into two paths, a delay line located in one of the
      paths, gate and triggering generators located in the other path, and time
      delay indicator means connected between the two paths responsive to said
      direct and reflected radiations for indicating the range between said
      given point and said second point.
NUM  3.
PAR  3. The system of claim 2 wherein said time delay indicator means is a
      cathode ray oscilloscope whose sweep is calibrated directly in
      microseconds.
NUM  4.
PAR  4. A system for measuring the range between a first aircraft and a second
      aircraft from which detectable radiations having distinguishable
      characteristics are emanating, comprising means for receiving at said
      first aircraft direct radiations from said second aircraft and indirect
      radiations from said second aircraft which have been reflected from a
      reflecting surface, means for measuring the angle of elevation of said
      second aircraft from said first aircraft, an altimeter, a gate circuit for
      rejecting all signals not followed within a predetermined interval by
      another signal, a ranging circuit combining the output of the altimeter
      and the gate circuits for providing an output signal proportional to the
      range between said first and second aircraft, and alarm means responsive
      to said ranging circuit output for warning the pilot of said first
      aircraft when the range between the two aircraft closes to a predetermined
      value.
NUM  5.
PAR  5. A system for passively measuring the range between a given point and a
      second point from which detectable radiations having distinguishable
      characteristics are emanating, comprising means for receiving at said
      given point direct radiations from said second point and indirect
      radiations from said second point which have been reflected from a
      reflecting surface, means for measuring the altitude of said given point
      relative to said reflecting surface, means for measuring the angle of
      elevation between the second point and the given point, a gate circuit for
      rejecting all signals not followed within a predetermined interval by
      another signal, and a ranging circuit combining the outputs of the
      altitude measuring means and the gate circuit for providing an output
      voltage proportional to the range from said given point to said second
      point in response to said direct and reflected signals and said altitude
      of said given point.
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PAL  A plurality of dipoles is arranged and connected to form a quadrupole
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      to define a direction finder system of which two embodiments are
      disclosed. The system responds to any transmitter to be located.
BSUM
PAC  PRIOR ART
PAR  British Pat. No. 130,490, Adcock, Frank, Aug. 7, 1919.
PAR  Breuninger, H, W., "The Limits of Usefulness of the Adcock Direction Finder
      with `N` Masts", Hoch: tech. u. Elek: akus, vol. 59, pp. 50-57, February,
      1942.
PAR  Redgment, P. G. Struszynski, W., and Phillips, G. J., "An Analysis of the
      Performance of Multi-Aerial Adcock Direction-Finding System," JIEE, vol.
      94, IIIA, pp. 751-756, March, 1947.
PAR  British Pat. No. 498,417, Wagstaffe, C.F.A., July 1937.
PAR  British patent application No. 29088/45, Wright, Sir C. S., Redgment, P.
      G., and Rocke, A. F. L.
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein described was made in the course of a contract with
      the Department of the Navy.
PAR  In direction finding systems, the quality of data is in large part
      dependent on the DF antenna characteristics, i.e. pattern quality,
      apertures, directivity, and so on. Antenna patterns suitable for direction
      finding purposes are easily obtained in theory, but practical problems
      arise which degrade the antenna pattern theoretically given. For example,
      the antenna may be located near objects which cause re-radiation. Other
      problems may arise in the implementation of a direction finding system.
      The Adcock antenna is particularly advantageous for use in a direction
      finding system. The Adcock antenna was first introduced in 1919, and has
      been substantially perfected since that time. This original Adcock antenna
      has an azimuthal response to vertical polarization which is characterized
      by two nulls, separated 180.degree. from each other. The present invention
      has four nulls in the azimuthal response to vertical polarization which
      are separated 90.degree. one from another. This property gives the present
      invention the name "Quadrupole Adcock". The original Adcock shall be
      distinguished as "Dipole Adcock".
PAR  The present invention and the dipole Adcock have similar properties which
      lead the present invention to likewise be named Adcock. They are the use
      of dipole elements and insensitivity to horizontally polarized radiation.
PAR  The quadrupole Adcock antenna system which is formed of a plurality of
      appropriately connected invididual dipole elements is particularly
      advantageous over many DF antenna systems such as those utilizing loop
      elements. The polarization of the incident signal may vary significantly
      dependent on the transmitter to the receiving antenna. Direction finding
      antennas using loop elements have antenna patterns which vary with the
      incident signal polarization. By contrast, the quadrupole Adcock antenna
      pattern on the other hand is polarization independent at least to the
      degree provided in the conventional dipole Adcock.
PAR  The quadrupole Adcock antenna system of the present invention preferably
      utilizes a number of dipole elements. The summations required by the
      interconnection of various dipole elements can be utilized to obtain sine
      2.phi. or cosine 2.phi. azimuth response data for use in a direction
      finding system.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a first arrangement of dipole elements in a
      quadrupole Adcock antenna pattern arrangement;
PAR  FIG. 2 is a perspective view of a second arrangement using twice the number
      of elements, thus obtaining reduced spacing error at high frequencies;
PAR  FIG. 3 is a perspective view of an antenna arrangement that can be on a
      ground plane;
PAR  FIG. 4 schematically shows the manner in which the elements of FIG. 1, FIG.
      2, and FIG. 3 are interconnected;
PAR  FIG. 5 defines the azimuth and incidence angles;
PAR  FIG. 6 shows the azimuthal antenna pattern of a quadrupole Adcock antenna
      system;
PAR  FIG. 7 shows the incidence plane of the antenna pattern of a quadrupole
      Adcock antenna system;
PAR  FIG. 8 illustrates a quadrupole Adcock antenna system providing both sine
      2.phi. and cosine 2.phi. outputs;
PAR  FIG. 9 schematically illustrates one manner of interconnection of the
      antenna system of FIG. 8;
PAR  FIG. 10 schematically represents a plan view of quadrupole and dipole
      Adcock antennas arranged for use in a direction finder system;
PAR  FIG. 11 is a schematic block diagram of a direction finding system
      utilizing the antenna system of FIG. 10;
PAR  FIG. 12 is an alternative direction finding antenna system utilizing the
      antennas of FIG. 10;
PAR  FIG. 13 is an alternate direction finding system using only one quadrupole
      Adcock antenna and one dipole Adcock antenna which are rotated together;
      and
PAR  FIG. 14 is an alternate direction finding antenna system using only eight
      dipole elements arranged as shown in FIG. 8, for example, to obtain
      signals from the antenna which are a function of sin 2.phi., cos 2.phi.,
      sin .phi. and cos .phi..
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is first directed to FIG. 1 showing a quadrupole Adcock antenna
      system 10 formed of a plurality of vertically oriented dipole elements.
      Four vertically arranged dipole elements are split and connected in the
      manner of the quadrupole Adcock antenna system. The preferred locations of
      the dipole elements 11, 12, 13 and 14 are at the four points of an
      imaginary square in the horizontal plane. The eight outputs 1 through 8 of
      the four split dipoles are then combined in the manner shown in FIG. 4.
PAR  In FIG. 2 a quadrupole Adcock antenna system 15 is formed of eight vertical
      dipole elements. The upper halves 16, 17, 18, 19, 20, 21, 22, 23 of the
      eight dipoles are connected together in pairs 16 and 17, 18 and 19, 20 and
      21, 22 and 23 (preferably spaced 90.degree. apart in azimuth) as are the
      lower halves 24 and 25, 26 and 27, 28 and 29, 30 and 31. The eight outputs
      are also combined in the manner shown in FIG. 4. The eight element
      quadrupole Adcock has the advantage of reduced spacing error at the high
      frequency end of the spectrum which is of interest for the antenna.
PAR  The arrangement of FIG. 3 illustrates the implementation of a quadrupole
      Adcock 32 on or relative to the earth or other ground plane. This
      arrangement employs four vertical antenna elements 33, 34, 35 and 36. The
      image elements seen in the ground plane are connected to the horizontal
      conductors. The horizontal conductors provide the necessary symmetry to
      cancel the pick up of the horizontal component of the incident radiation.
      The preferred locations of the four vertical elements are again at the
      four points of an imaginary square in the horizontal plane. The eight
      outputs are also combined in the manner shown in FIG. 4. The antenna
      system of FIG. 3 is advantageous in that the vertical elements are reduced
      in height by one-half.
PAR  In FIG. 4, the eight conductors are grouped so that two groups of four each
      are summed together by the circuit means 37 and 38, typically through
      isolation transformers. A difference circuit 39 is provided with the
      output signals from the circuits 37 and 38 and forms an output which is a
      function of the azimuth of the target, or more specifically, the function
      cosine 2.phi.. As desired, the isolation transformers can have a
      one-to-one ratio, or any other ratio deemed appropriate.
PAR  The antenna systems of FIGS. 1, 2 and 3 combined with the combining means
      of FIG. 4 respond only to the vertically polarized components of the
      received signals. Incident radiation horizontally polarized does not
      provide an output response. The output signal of the antenna 10 or 15 is
      given by the Equation 1:
EQU  e .varies. E.sub.v Sin.sup.3 .theta. cos 2.phi.            (1)
PAL  Where
PAR  .theta. = Incidence angle, graphically defined in FIG. 5.
PAR  .phi. = Azimuth angle, graphically defined in FIG. 5.
PAR  E.sub.v = Vertically polarized portion of incident radiation.
PAR  As observed in Equation 1, the quadrupole Adcock antenna system has a
      large, deep null for high angle (.theta. approaching 0.degree.) incident
      signals.
PAR  The quadrupole azimuthal response of the antenna systems is limited in
      upper frequency by the relative spacing of the individual dipole elements
      in comparison with the incident signal wave length. The low end of the
      frequency band width in the quadrupole Adcock antenna system is determined
      in practice only by the degree to which appropriate design principles can
      be adhered to.
PAR  Attention is next directed to FIGS. 6 and 7 jointly which illustrate the
      azimuth response of the antenna system of the present invention to the
      vertically polarized components of the incident signals. The response to
      horizontally polarized radiation is theoretically zero, and is so small as
      to be insignificant in all regards.
PAR  FIG. 8 shows two quadrupole Adcock antenna systems grouped together. An
      arrangement of eight dipole elements which forms two quadrupole Adcock
      antenna systems spaced from one another by 45.degree. is shown. On viewing
      the antenna system 40, there are eight individual dipole elements which
      are vertically arranged about a central axis. The referenced azimuth
      direction of 0.degree. is indicated, and one dipole is located at that
      azimuth. Additional dipole elements are located every 45.degree. around
      the circle and relative to a central reference axis. The antenna system
      provides sixteen conductors grouped in four groups of four. The four
      groups of conductors are supplied to summing circuits 41, 42 43 and 44
      shown in FIG. 9. The summing circuits 41 and 42 are connected to a
      difference circuit 45. The summing circuits 43 and 44 are connected to a
      similar difference circuit 46. The difference circuit 45 provides an
      output signal which is a function of cosine 2.phi. while the difference
      circuit 46 provides an output signal which is a function of sine 2.phi..
PAR  Attention is directed to FIG. 10 which schematically represents four
      antennas 50. The four antennas preferably utilize two quadrupole Adcock
      systems 51, 52 as taught by the present invention and two dipole Adcock
      antennas 53, 54. The quadrupole Adcocks are symbolically represented in
      FIG. 10, rotated from one another by 45.degree. so as to respond to the
      sine and cosine of twice the azimuth angle of the target. Dipole Adcocks
      provide output signals which are a function of the sine and cosine of the
      azimuth angle, not the double angle as in the case for the quadrupole
      systems. The central dot on the antenna elements represent the electrical
      phase center, which normally coincides with the physical center. The
      combination of the quadrupole and dipole Adcock antennas can be arranged
      for direction finding purposes in the following configurations:
PAR  1. Electrical phase centers arranged coaxially along a vertical axis. The
      quadrupole Adcock antenna element centers can be coplanar (as shown in
      FIG. 8) and separated along the vertical axis from the dipole Adcock
      element centers which can also be coplanar.
PAR  2. With a common electrical phase center, where all antenna element centers
      are coplanar.
PAR  3. Arranged with a separation of quadrupole Adcock and dipole Adcock
      electrical phase centers. The coplanar arrangement of quadrupole Adcock
      antennas can be separated in the horizontal plane from the coplanar dipole
      Adcock antennas.
PAR  4. A combination of configurations 1 and 3 to provide separation of the
      quadrupole and dipole Adcock electrical phase centers in any direction.
PAR  5. Arranged with a separation of each functional antenna (i.e. sin 2.phi.,
      cos 2.phi., sin .phi., and cos .phi.) electrical phase center in any
      direction.
PAR  Configurations 1 and 2 above are the preferred embodiment providing the
      simplest direction finding application and solution. Configurations 3, 4,
      and 5 may be required when siting constraints or different direction
      finding parameters are required. The four antennas 50 are all passive in
      the sense that they respond to any transmitted signal from a target of
      interest. They can be used, for example, to respond to voice transmissions
      from an aircraft pilot requesting landing instructions from a control
      facility. The antenna system 50 responds to the transmitted signal and
      forms output signals which are a function of the antenna field patterns of
      the four antenna elements 50. This can be used in the direction finding
      systems to be described hereinafter.
PAR  Attention is next directed to FIG. 11 where a first direction finding
      system 55 is shown. The dual channel direction finding system 55 is
      greater in detail in copending patent application Ser. No. 292,533,
      assigned to a common assignee of the present invention, and which is
      incorporated by reference as a disclosure of a passive direction finding
      system which uses quadrupole and dipole antennas.
PAR  FIG. 12 shows an alternative direction finding system 56. The two dipole
      Adcock antennas are connected to a goniometer 57, and the two quadrupole
      Adcock antennas are connected to a second goniometer 58. A drive motor 59
      drives the movable element of both goniometers and resolver 60, and the
      outputs from the goniometers are provided to a quadrature summing circuit
      61. The summing circuit is then connected to a signle channel receiver 62
      and then to a display circuit 63 through a sweep circuit 64. The display
      circuit 63 forms an output indicating the direction or bearing of a
      particular target.
PAR  For a bandwidth of 5 or 6 to 1, the spacing of the antennas 51 and 52 is
      about 1.3 times the wavelength of the highest frequency of interest. This
      gives a spacing error of approximately 4.5.degree. in this fixed antenna
      application. Spacing error is defined and can be calculated from the
      generalized antenna field equations. Spacing error represents a deviation
      in observed bearing from actual bearing. So long as the deviation is
      unambigious, the deviation can be corrected. However, the deviation
      becomes ambigious at a diametrical spacing of 21/2 times the wave length.
      At this size of Adcock antenna system or greater, the deviation is both
      significant and ambigious. By contrast, a diametrical spacing of 1.3 times
      the wave length yields a maximum deviation of approximately 4.5.degree.,
      which is also unambigious.
PAR  Another method if direction finding is shown in FIG. 13 which uses rotating
      antennas. The preferred embodiment uses one quadrupole Adcock 65 and one
      dipole Adcock antenna 66, or any quadrupole/dipole Adcock embodiment
      desired herein. The dipole antenna could be a dipole Adcock as shown in
      FIG. 13. The two antennas are rotated by a motor means 67 which is also
      coupled with a resolver 68. The RF output from the quadrupole Adcock goes
      directly to a quadruture summer 69 while the dipole output goes to the
      summer 69 through RF switch 70. The switch allows the dipole RF to be
      combined with quadrupole RF when sense resolution is desired to resolve
      the four way ambiguity of the quadrupole Adcock. The output from the
      quadrature summer 69 is applied to the input of single channel receiver
      71. The output of receiver 71 and the output of resolver 68 are connected
      to the sweep circuit and display and/or computer indicated at 72.
PAR  This type of DF system has no spacing error and can be used up to the
      frequency where the quadrupole Adcock antenna has a diametrical spacing of
      21/2 times the wavelength of the observed transmitter, whereas,
      ambiguities occur at higher frequencies.
PAR  One of the quadrupole Adcock antenna functions and both of the dipole
      Adcock antenna functions can also be obtained simultaneously from a
      coplanar arrangement of four dipole elements as shown in FIG. 1. FIG. 14
      shows the hybrid configuration where antennas 11, 12, 13 and 14 are fed to
      power dividers 73-80 which in turn are terminated in summers 81, 82, 84,
      85, 87, and 88. The quadrupole Adcock function cos 2.phi. is obtained at
      the difference transformer 83 output while the dipole Adcock functions cos
      .phi. and sin .phi. are obtained by difference transformers 86 and 89,
      respectively. Four additional dipole elements offset by 45.degree. are
      required to obtain the remaining quadrupole Adcock function sin 2.phi. as
      shown in FIG. 8 and FIG. 9. The power dividers 73-80 could be replaced by
      relays to provide a sequential (upon demand) antenna functional output.
      This hybrid arrangement eliminates the need for a separate dipole Adcock
      antenna system.
PAR  The scope of the present invention is determined by the claims which are
      appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna system comprising a plurality of dipole elements arranged as
      an electric field sampling antenna system, wherein output signals of said
      dipole elements are summed into two groups such that the signal difference
      of said two groups forms a quadrupole azimuth response.
NUM  2.
PAR  2. The apparatus of claim 1 wherein matched network circuit means are
      connected to individual dipoles, and are also connected to a summing
      network circuit means to provide an antenna output signal.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the number of dipoles is four N where N
      is a whole positive integer.
NUM  4.
PAR  4. The apparatus of claim 1 wherein four or more similar dipole elements
      are cross-connected with one another to provide two signal sums, and the
      signal difference of the two signal sums represents the quadrupole antenna
      output signal.
NUM  5.
PAR  5. The apparatus of claim 1 wherein eight antenna elements are arranged as
      four vertically oriented dipoles with their respective centers in a common
      plane and located at 90.degree. points around a central axis of the
      antenna system.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the antenna system forms an output
      signal given by E = E.sub.v max sin.sup.3 .theta. cos 2.phi., where .phi.
      is the azimuthal angle, .theta. is the incidence angle, and E.sub.v is the
      vertical component of the incident signal.
NUM  7.
PAR  7. The apparatus of claim 1 including a first and a second such antenna
      system which share a common electrical phase center and the second antenna
      system is offset from the first antenna system by a specified azimuth
      angle to define a direction finding system utilizing sin 2.phi. and cos
      2.phi. signals formed by such antenna systems where .phi. is the azimuth
      angle.
NUM  8.
PAR  8. The apparatus of claim 7 where said first and second antenna systems
      include a common electrical phase center and are azimuthally oriented
      45.degree. from one another.
NUM  9.
PAR  9. The apparatus of claim 8 where said first and second antenna systems
      have their respective electrical phase centers separated.
NUM  10.
PAR  10. The apparatus of claim 1 including four spaced, dipole antenna
      elements.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said dipole antenna elements are
      split at their respective midpoints and a conductor means is connected to
      each half of said elements, said conductor means being connected to a pair
      of summing circuits which form cumulative output signals which are then
      supplied to a difference circuit.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said dipole elements are arranged at
      90.degree. intervals about a reference axis.
NUM  13.
PAR  13. The apparatus of claim 1 including four vertical dipole elements
      arranged at 0.degree., 90.degree., 180.degree. and 270.degree. with
      respect to a reference, and said dipoles are divided at their midpoints to
      define halves of the dipole elements and the halves are respectively
      denoted as 1 and 2, 3 and 4, 5 and 6, and 7 and 8, from top to bottom, and
      a summing circuit sums signals from the halves 1, 4, 5 and 8, and a second
      summing circuit sums signals from the halves 2, 3, 6 and 7, and a
      difference circuit is connected to both of said summing circuits and forms
      an output related to the difference therein.
NUM  14.
PAR  14. The apparatus of claim 10 wherein the diametrical spacing of said
      dipole elements arranged in a square is up to 21/2 times the longest wave
      length of interest.
NUM  15.
PAR  15. The apparatus of claim 10 wherein said dipole elements are spaced at
      corners of a square.
NUM  16.
PAR  16. The apparatus of claim 1 including four groups of two dipole elements
      each, said two dipole elements being connected and arranged in parallel
      sum.
NUM  17.
PAR  17. The apparatus of claim 16 where said four groups are arranged at
      90.degree. intervals about a reference axis.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said four groups each have two output
      conductors which are connected in such a manner as to form a quadrupole
      Adcock antenna.
NUM  19.
PAR  19. The apparatus of claim 1 including two such antenna systems arranged
      relative to a reference axis such that one forms output signals which are
      a function of cos2.phi.sin.sup.3 .theta. and the other forms output
      signals which are a function of sin2.phi.sin.sup.3 .theta. where .phi.to
      is the azimuth and .theta. is the incidence angle of a target of interest
      and said antenna systems respond passively to some broadcast from such
      target.
NUM  20.
PAR  20. The apparatus of claim 19 including additional antenna means forming
      output signals which are a function of sine .phi. and cosine .phi..
NUM  21.
PAR  21. The apparatus of claim 20 wherein four antenna systems have an
      electrical phase center separated vertically or horizontally and where the
      quadrupole antenna systems are azimuthally oriented 45.degree. from one
      another and the dipole antenna systems are azimuthally oriented 90.degree.
      from one another.
NUM  22.
PAR  22. The apparatus of claim 19 including a direction finding display means
      operatively connected to said antenna means for forming an indication of
      such a target and its azimuth.
NUM  23.
PAR  23. The apparatus of claim 19 including a goniometer means provided with
      the outputs thereof, and said means forms an indication of the bearing of
      such a target.
NUM  24.
PAR  24. The apparatus of claim 20 including goniometer means provided with the
      signals which are a function of sine 2.phi. and cosine 2.phi., and a
      second goniometer means provided with the signals which are a function of
      sine .phi. and cosine .phi., and circuit means connected to both of said
      goniometer means for forming an indication of azimuth of such a target.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said circuit means includes a display
      means.
NUM  26.
PAR  26. The apparatus of claim 19 including a dual channel receiver means
      provided with the antenna outputs thereof, and said means forms an
      indication of the bearing of such a target.
NUM  27.
PAR  27. The apparatus of claim 26 including antenna sequencing relays provided
      with the signals which are a function of sin 2.phi., cos 2.phi., sin
      .phi., and cos .phi., and circuit means connected to said dual channel
      receiver means and logic sense detector means for forming an indication of
      the azimuth of such a target.
NUM  28.
PAR  28. The apparatus of claim 27 where said circuit means includes a display
      means.
NUM  29.
PAR  29. The apparatus of claim 1 including means for rotating said antenna
      system.
NUM  30.
PAR  30. The apparatus of claim 29 including a generally vertical shaft on which
      said antenna system is supported and further including a motive means for
      rotating said shaft.
NUM  31.
PAR  31. The apparatus of claim 29 including a dipole Adcock antenna
      cooperatively supported with parallel axis relative to said antenna
      system.
NUM  32.
PAR  32. The apparatus of claim 30 including a dipole Adcock antenna mounted on
      said shaft.
NUM  33.
PAR  33. The apparatus of claim 32 wherein said dipole Adcock antenna is
      azimuthally oriented wth respect to said antenna system.
NUM  34.
PAR  34. The apparatus of claim 33 wherein said dipole Adcock antenna and said
      antenna system are connected to a summing means which is in turn connected
      to an amplifier means and to an output means.
NUM  35.
PAR  35. The apparatus of claim 1 wherein said antenna system response to
      horizontally polarized radiation is substantially zero.
NUM  36.
PAR  36. The apparatus of claim 1 wherein said antenna system includes vertical
      dipole elements.
NUM  37.
PAR  37. The apparatus of claim 36 wherein said dipole elements are mounted and
      movable as a group.
NUM  38.
PAR  38. An antenna system comprised of dipole elements which are constructed
      and arranged to form an output signal given by
PA1  E = e.sub.max sin.sup.3 .theta. cos 2.phi.
PA1  Where E.sub.max = vertically polarized portion of incident radiation
PA1  .theta. = incidence angle
PA1  .phi. = azimuth angle
NUM  39.
PAR  39. The apparatus of claim 1 including two such quadrupole antenna systems
      arranged relative to a referenced axis and connected to a summation and
      difference circuit means to provide sin 2.phi., cos 2.phi., sin .phi., and
      cos .phi. antenna functions where .phi. is the azimuth of a target of
      interest and said antenna systems respond passively to some broadcast from
      such a target.
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ABST
PAL  A decorative mobile formed of interconnected planar members arranged for
      relative movement and normally supported from a single point on the
      ceiling of a room, or other supporting location. The individual planar
      members are of laminated construction, including a centrally disposed base
      having a printed circuit on at least one surface thereof, the conductors
      of which extend outwardly on elongated tabs to provide electrical
      connections to adjacent mechanically interconnected planar members.
      Mechanical elongated linkage means is provided performing the dual
      function of completely enclosing the electrical communication between
      adjacent members, and providing for relative movement about the principal
      axis of the linkage. At least some of the planar members are provided with
      incandescent lamps engaging sockets or otherwise communicating with the
      printed circuitry of the respective planar member. In normal use, the
      mobile is supported from an electrical outlet communicating with the
      circuitry. Power transmission by inductive means is also contemplated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Planar mobile structures are known in the art, and harnesses for holding a
      plurality of incandescent bulbs for such applications as Christmas tree
      illumination and the like are also well known. The traditional chandelier
      used for illumination of a room is generally of rigid structure, albeit it
      is sometimes interconnected by flexible linkage from a ceiling outlet, and
      is therefore of limited utility as a medium of expression for abstract and
      contemporary art forms as well as illumnation purposes.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the invention contemplates the provision of a mobile
      adapted to be supported from a ceiling outlet, the mobile being comprised
      of a plurality of planar forms interconnected for relative pivotal
      movement under the influence of air currents or other impetus, the
      interconnecting linkage providing not only mechanical connection between
      the parts, but electrical communication as well, the latter being
      completely shielded within the former in such manner as to be undisburbed
      by the relative movement between the interconnecting parts. The planar
      parts are formed in laminated fashion, and enclose a printed circuitry
      adapted at predetermined points to communicate with incandescent lamp
      sockets, light-emitting diodes or other luminous devices. When the
      structure is not used as a chandelier, and a self-contained source of
      power is not feasible, the printed circuitry may be so configured as to
      serve as an antenna for the reception of power transmitted by radio
      frequency inductive means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, to which reference will be made in the specification,
      similar reference characters have been employed to designate corresponding
      parts throughout the several views.
PAR  FIG. 1 is a fragmentary view in elevation, somewhat schematic of a first
      embodiment of the invention.
PAR  FIG. 2 is an enlarged exploded end elevational view of one of the planar
      mobile members comprising parts of the embodiment.
PAR  FIG. 3 is an enlarged fragmentary view in elevation of unitary printed
      circuitry forming a part of the embodiment.
PAR  FIG. 4 is a view in elevation of an elongated hollow tube forming part of
      linkage means for interconnecting a pair of adjacent planar members.
PAR  FIG. 5 is a bottom plan view as seen from the lower portion of FIG. 4.
PAR  FIG. 6 is a view in elevation of part of a junction member used for
      interconnecting the linkage tube of FIG. 4 with a planar member.
PAR  FIG. 7 is a view in elevation as seen from the left hand portion of FIG. 6.
PAR  FIG. 8 is a bottom plan view as seen from the lower portion of FIG. 7.
PAR  FIG. 9 is an enlarged fragmentary view in elevation corresponding to the
      lower left hand portion of FIG. 1.
PAR  FIG. 10 is an end elevational view as seen from the right portion of FIG.
      9.
PAR  FIG. 11 is an enlarged fragmentary sectional view, partly in elevation,
      corresponding to the upper right hand portion of FIG. 9, as showing the
      communication of printed circuitry means through the linkage shown in FIG.
      10.
PAR  FIG. 12 is a fragmentary view in elevation, partly in section, as seen from
      the left portion of FIG. 11.
PAR  FIG. 13 is a fragmentary view in elevation, corresponding to that seen in
      FIG. 3, but showing an alternate form of construction.
PAR  FIG. 14 is a view in elevation of a second embodiment of the invention.
PAR  FIG. 15 is a schematic view showing a third embodiment of the invention.
PAR  FIG. 16 is a fragmentary schematic view showing a fourth embodiment of the
      invention.
PAR  FIG. 17 is a fragmentary schematic view showing a fifth embodiment of the
      invention.
PAR  FIG. 18 is a fragmentary schematic view showing a sixth embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS
PAR  In accordance with the first embodiment of the invention, the device,
      generally indicated by reference character 10 is illustrated in FIG. 1 in
      the drawings interconnected to a conventional electrical outlet box 11
      mounted in a ceiling 12 of a room. The outlet box supports and
      electrically communicates with a conventional cord (not shown) in well
      known manner, the cord being interconnected with printed circuitry to be
      described hereinbelow. The device 10 may be of any desired configuration,
      depending upon considerations of artistic expression and desired size, and
      includes a first planar member 14 interconnected by linkages 15 to second,
      third, fourth and fifth members 16, 17, 18 and 19, respectively. It will
      be understood that the configuration illustrated in FIG. 1 is purely
      exemplary, and may be varied at will by those skilled in the art.
PAR  Referring to FIG. 2, each of the members 14 and 16 to 19, inclusive, is
      generally similar, including a centrally disposed planar member 20 of
      synthetic resinous material and being mounted by first and second surfaces
      21 and 22, either or both of which carry a printed electrically conductive
      circuit of well known type. The circuit may be formed in any desired
      manner, including vacuum deposition, etching, and the like. Overlying and
      protecting the surfaces 21 and 22 are a pair of outer decorative members
      23, the inner surface 24 of each being adhered to the member 20, and the
      outer surfaces 25 being suitable decorated, by metallizing or the like.
      Where the printed circuitry has been suitably insulated, the outer members
      22 may be formed of metal. Referring to FIG. 3 in the drawings, the planar
      members 24 each of the members 14 and 16-19, inclusive, may be formed
      integrally to include interconnecting sections 28 each having a pair of
      conductors 29 on either or both surfaces to establish communication
      between adjacent members 20. The circuitry printed on the members 20,
      generally indicated by reference character 30, may be of any desired
      configuration, and may communicate with lamp sockets 31 disposed in
      congruent relation with corresponding openings in the outer members 23.
      Where the members 23 are of metallic construction, a suitable insulative
      coating (not shown) is employed to cover the conductors to prevent short
      circuiting.
PAR  Referring to FIGS. 4 to 10, inclusive, there is illustrated in detail
      linkage means 33 employed for interconnecting the planar decorative
      members 13, and 15 through 19, inclusive. Each linkage element includes an
      elongated tube 34 of split configuration including first and second parts
      35 and 36. The outer surface 37 mounts a pair of key protuberances 37, and
      38. The inner surface 40 is cylindrical bore which accommodates the
      interconnecting sections 28 in spiralled or coiled form. Each tube 34
      engages at each end thereof first and second junction members 41 and 42,
      respectively, which are generally similar and symmetrical. Each member is
      bounded by an outer surface 43 and cylindrical surface 44 which forms a
      bearing to permit relative rotation of the tube 34. The first member 41
      includes a key way which engages one of the protuberances 38-39, while the
      second member 42 is devoid of this construction. Thus, when fully
      assembled, the protuberances 38-39 move within a respective key way,
      permitting slightly less than 180.degree. relative rotation at each end of
      the linkage. The limits of pivotal rotation can be increased, by suitable
      modification of the length of the key ways to slightly less than
      360.degree. each, but it will be understood that some limitations on
      pivotal rotation must be made in order to prevent damage to the
      interconnecting sections 38 disposed within the tubes 34. FIGS. 11 and 12
      show the installation of the interconnecting section 28 within the tube 34
      of a single linkage element. The device may be assembled after laminations
      of the members 14 and 16-19, inclusive, by twisting the sections 28 to
      spiral form, and placing them between the first and second parts 35 and 36
      of the tube 34. The members 41 and 42 are then assembled, to engage the
      tube 34 at each end and form an interstice into which an edge of the
      planar member is inserted, following which a screw or rivet 48 is inserted
      into co-axially aligned bores 47. Commencing with the uppermost linkage,
      this process is repeated to establish communication with each successive
      pendant member therebelow until the entire device is assembled.
PAR  During the lamination of the members 14 and 16-19, inclusive, position of
      the support of illumination means is made by having an exposed portion 51
      of the sockets communicating with the printed circuit means project
      outwardly of the outer surfaces 25 of the members 23. In the alternate
      form of the first embodiment shown in FIG. 13, lamp sockets are
      elimminated, and wires communicating with the printed circuitry project
      outwardly of the outer surfaces 23 to interconnect with light emitting
      diodes which are mounted on said outer surfaces.
PAR  Turning now to the second embodiment of the invention, illustrated in FIG.
      14, and generally indicated by reference character 54, this embodiment
      differs from the first embodiment in the illumination of electrical
      communication between the planar decorative members, and the shaping of
      the printed circuit means to act as an antenna for the reception of
      radiant radio frequency energy. This embodiment is particularly suitable
      when the device 54 is not used as a chandelier, but as a mobile supported
      from a point which does not communicate with a source of electrical
      energy. A radio frequency transmitter (not shown) is disposed in the area
      of the embodiment, and with movement of the component parts, the amount of
      energy transmitted will vary as a function of the angle of the printed
      circuit which serves as an antenna with respect to the direction of the
      waves of transmitted energy emanating from the transmitter. As disclosed
      in FIG. 14, the antenna 55 for each light emitting diode 56 is in the form
      of a simple dipole, although other configurations may be used if desired.
PAR  Turning now to the third embodiment, generally indicated by reference
      character 58, and illustrated in FIG. 15, this embodiment is particularly
      suitable for use in installations where direct connection to a power
      source is not possible or convenient. The planar members are in the form
      of metallized leaves 59, the uppermost one being connected to an earth
      ground at 60. The wires serve both as electrical and mechanical
      interconnection between the leaves 59, and at least some of the same are
      provided with series connected neon lamps 62. A radio frequency
      transmitter 63 has one power line 64 also earth grounded at 66.
PAR  In the fourth embodiment illustrated in FIG. 16, and generally indicated by
      reference character 66, the neon glow devices 67 are mounted directly upon
      a metalized leaf 68, and insulated therefrom by a grommet 64, for those
      installations where it is desired to have the illumination directly on the
      leaf, rather than between adjacent leaves.
PAR  In the fifth embodiment, generally indicated by reference character 71, is
      illustrated in FIG. 17. A radio frequency trasmitter 72 is suspended
      directly from a ceiling 73 which forms an earth ground, leaving only a
      power line 74 exposed. A "hot" radio frequency terminal 75 supports the
      uppermost leaf 76 connected to the remaining leaves 77 as in the third
      embodiment.
PAR  The sixth embodiment, illustrated in FIG. 18, and generally indicated by
      reference character 78 employs an earth ground 79, a plurality of leaves
      80 and a plurality of neon glow devices 81 which may be interconnected in
      any desired manner of series power connection. Should any noen glow device
      become inoperative, the remaining devices will remain illuminated so long
      as ther is at least one connection to the earth ground.
PAR  I wish it to be understood that I do not consider the invention limited to
      the precise details of structure shown and set forth in this
      specification, for obvious modifications will occur to those skilled in
      the art to which the invention pertains.
CLMS
STM  I claim:
NUM  1.
PAR  1. As a new article of manufacture, an illuminated mobile comprising: a
      plurality of generally planar mobile members, one of said members having
      means for pendant attachment from a relatively fixed point, linkage means
      interconnecting said planar members for relative orbital movement about
      said point, at least some of said planar members being of laminated
      configuration, and including a medially disposed layer having electrically
      conductive circuit means thereon and means communicating with electrically
      conductive circuit means on at least one other of said planar mobile
      members, said last mentioned means being co-axially disposed with respect
      to a linkage means interconnecting to adjacent planar members.
NUM  2.
PAR  2. Structure in accordance with claim 1, in which said last mentioned means
      is spirally disposed within said linkage means.
NUM  3.
PAR  3. Structure in accordance with claim 1, in which said linkage means
      includes an elongated hollow tube having first and second ends, at least
      one of said ends having thereon a junction member mounted for pivotal
      movement relative to said tube, and having means for engaging at least one
      planar surface of a mobile member in an area adjacent an edge thereof.
NUM  4.
PAR  4. Structure in accordance with claim 3, in which said junction member and
      shaft include cooperating means for limiting the degree of pivotal
      rotation.
NUM  5.
PAR  5. Structure in accordance with claim 3, in which said junction member
      includes a pair of symmetrically disposed portions defining an interstice
      into which an edge of a mobile member is inserted, and screw means
      bridging said interstice and penetrating said mobile member.
NUM  6.
PAR  6. In a mobile including a pair of members interconnected for relative
      pivotal movement in accordance with claim 1, the improvement comprising:
      at least one of said members being of generally planar configuration, and
      including antenna means thereon for the reception of radiant radio
      frequency energy; and luminescent means interconnected to said antenna
      means and powered by said energy.
PATN
WKU  039394794
SRC  5
APN  4879481
APT  1
ART  256
APD  19740712
TTL  Wavefront flattener
ISD  19760217
NCL  1
ECL  1
EXP  Lieberman; Eli
NDR  1
NFG  3
INVT
NAM  Redman; Charles M.
CTY  Las Cruces
STA  NM
ASSG
NAM  The United States of America as represented by the Secretary of the Army
CTY  Washington
STA  DC
COD  06
CLAS
OCL  343753
XCL  343911R
EDF  2
ICL  H01Q 1906
FSC  343
FSS  753;754;755;909;911 R
UREF
PNO  2705753
ISD  19550400
NAM  Jaffe
OCL  343755
UREF
PNO  3331073
ISD  19670700
NAM  Horst
OCL  343755
LREP
FR2  Edelberg; Nathan
FR2  Gibson; Robert P.
FR2  Elbaum; Saul
ABST
PAL  A wavefront flattener comprising an input surface, an output surface
       paral to said input surface, said input surface and said output surface
      comprising concentric rings of dielectric material, said concentric rings
      having a high dielectric constant at the center thereof dropping to a low
      dielectric constant at the outermost rings whereby electromagnetic
      radiation is crowded into the center of said input and output surfaces to
      cause a flattening of a curved electromagnetic radiation wavefront.
GOVT
PAC  RIGHTS OF GOVERNMENT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government of the United States for governmental purposes without
      the payment to me of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a wavefront flattener and, more particularly, to
      a unique and novel wavefront flattener which may be used in a radar test
      chamber which requires a very large angle simulation test array with
      thousands of RF elements wherein each element must radiate a wave which
      becomes essentially flat at a distance of 100 feet over an area of 450
      square feet.
PAR  2. Description of the Prior Art
PAR  RF anechoic chambers are widely used for antenna pattern measuring and to a
      lesser extent for RF quiet areas for test and evaluation of missiles and
      radars which utilize antennas. These chambers are excellent test areas for
      smaller antenna systems. However, for larger and higher frequency devices,
      there is a serious limitation, i.e., a c-band 8 foot diameter antenna
      system would require a building 800 or more feet long. This problem is
      caused primarily by the curvature of the wavefront. Generally, the
      wavefront is flat enough when the range does not exceed two times the
      square of the diameter of the antenna divided by the wave length of the
      RF. In some instances, it is possible to use a very large lens or a
      parabolic section to collimate the wavefront to flatten it. However, these
      solutions are not satisfactory where a large device is not possible or is
      objectionable.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, a primary object of the present invention to provide a
      wavefront flattener which can be used in an environment where a very large
      lens or a parabolic section is not desirable.
PAR  Another object of the present invention is to provide a wavefront flattener
      which can be used in a radar test chamber.
PAR  A further object of the present invention is to provide a wavefront
      flattener which is of simple and uncomplicated construction and which can,
      when used in combination with an RF element, generate a flat wave at a
      distance of 100 feet over an area of 450 square feet.
PAR  The foregoing and other objects are obtained in accordance with the present
      invention with a wavefront flattener comprising an input surface, an
      output surface parallel to the input surface, the input surface and the
      output surface comprising concentric rings of dielectric material, the
      rings having a high dielectric constant at the center thereof which drops
      to a low dielectric constant at the outermost rings whereby
      electromagnetic radiation is crowded into the center of the input and
      output surfaces to cause a flattening of a curved electromagnetic
      radiation wavefront.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various objects, features and attendant advantages of the present invention
      will be more fully appreciated as the same becomes better understood from
      the following detailed description of the present invention when
      considered in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of an angle simulation test array comprised of
      pyramids of RF absorber material.
PAR  FIG. 2 is a view taken along lines A--A of FIG. 1 and shows a waveform
      flattener in accordance with the present invention.
PAR  FIG. 3 is a top view of the waveform flattener of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As mentioned above, in some instances, a very large lens or a parabolic
      section can be used to collimate a wavefront in order to flatten it.
      However, these solutions are not satisfactory in those instances where a
      large device is impossible or is objectionable. One such instance where a
      large parabolic section or a large lens is not a satisfactory solution is
      the radar test chamber. The radar test chamber requires a very large angle
      simulation test array which includes thousands of RF elements. Each
      element must radiate a wave which is essentially flat at a distance of 100
      feet over an area of 450 square feet.
PAR  FIG. 1 shows a section of an angle simulation test array generally
      designated as 10. Array 10 is built of pyramids of RF absorber material
      three feet high and one foot square at the base such as pyramid 11 which
      has a base comprised of sides 12, 14, 16 and 18 and has a peak designated
      as 20. The pyramids are mounted base to base in rows and columns as shown
      in FIG. 1 wherein peaks 20, 22, 24, 26, 28, 30, 32 and 34 are designated.
      At those points where four pyramids come together, such as 36, 38, 40, 42,
      and 44, a circular cone is cut into each of the pyramids with the large
      end of the cone at the base of the pyramids. These sections which have
      been cut out for microwave transmission are identified in FIG. 1 by the
      designations 46, 48, 50, 52 and 54. The infrared microwave lenses are
      shown in FIG. 1 through the use of dashed lines.
PAR  FIG. 2 is a view of the angle simulation test array of FIG. 1 along line
      AA. Two RF absorber pyramids designated 56 and 58 are shown in FIG. 2. At
      the apex of pyramids 56 and 58 is disposed infrared microwave lens 60.
      Sections 62 and 64 indicate the cross section of the pyramids for
      microwave transmission. Microwave energy originates at points 72, 74 and
      76, however, only the microwave energy originating at point 74 is shown in
      detail.
PAR  The waveform flattener is generally designated as 78 and comprises input
      surface 80 and output surface 82. A reflective backing 84 is attached to
      output surface 82. Four rays 86, 88, 90 and 92 are shown being reflected
      by waveform flattener 78. The reflective backing and the waveform
      flattener converge the RF energy to a point 94. Similar points 96 and 98
      exist with respect to RF signals radiated from points 76 and 72
      respectively. The four rays diverge from point 94 to the infrared
      microwave lens 60 as shown in FIG. 2. As shown in FIG. 2, as rays 86, 88,
      90 and 92 pass through lens 60 they are caused to diminish their
      respective divergences. The divergence from lens 60 is such that energy
      through this 1 foot square lens 60 expands to cover 450 square feet at a
      distance of 100 feet. Without the waveform flattener, the wavefront at 100
      feet from the lens 60 would be curved to such an extent that an antenna
      pattern would be erroneous.
PAR  A top view of waveform flattener 78 is shown in FIG. 3. Waveform flattener
      78 is shown as comprised of dielectric material comprised of concentric
      rings 100, 102, 104, 106 and 108. The material circumscribed by ring 100
      is of a high dielectric constant. The material found between rings 106 and
      108 is of a much lower dielectric constant. The dielectric constant
      becomes less the further the distance from the center of waveform
      flattener 78. This is similar to a slab cut from the center of a lunberg
      lens.
PAR  Since the dielectric at the center of waveform flattener 78 has a high
      constant when compared to that of the edge, the center portion of waveform
      flattener 78 contains more cycles of the microwave signal than does the
      edge, i.e. about 2.5 wave lengths more than the edge. A wave length at
      5,450 MHz is 0.1805 feet so that it is necessary for waveform flattener 78
      to have considerable thickness as well as dielectric change. The actual
      thickness may be reduced because of recognition of the fact that the RF
      signal goes through waveform flattener 78 twice.
PAR  Although the wavefront flattener of the present invention has been
      disclosed with respect to an infrared microwave transponder, it will be
      clear to those in the art that the waveform flattener of the present
      invention may be used with any other microwave sources or receivers where
      a curved wavefront is a problem. Further, although the wavefront flattener
      of the present invention has been disclosed as having curved faces, flat
      faces may be utilized for some applications. Still further, although the
      wavefront flattener of the present invention has been disclosed as a
      "twice through" element with a reflective backing, the present invention
      also contemplates a wavefront flattener wherein the signal passes only
      once therethrough.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications can
      be made by a person skilled in the art.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A wavefront flattener comprising:
PA1  an input surface,
PA1  an output surface parallel to said input surface,
PA1  said input surface and said output surface being dish shaped,
PA1  said input surface and said output surface comprising concentric rings of
      dielectric material,
PA1  said concentric rings having a high dielectric constant at the center
      thereof dropping to a low dielectric constant at the outermost rings, a
      reflective backing mounted on said output surface
PA1  whereby electromagnetic radiation is crowded into the center of said input
      and output surfaces to cause a flattening of a curved electromagnetic
      radiation wavefront.
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ABST
PAL  Rotation of a search radar antenna primary focusing structure about both
        elevation and optical axes provides stabilization of the radiated beam
      in both level and cross-level respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Search radar systems of the type considered here employ a rotating fan beam
      to locate targets in azimuth and elevation. In order to obtain maximum
      range and accuracy, it is important to stabilize the beam in its spacial
      orientation.
PAR  Radar antennas generally utilize a primary focusing structure which
      radiates energy onto a secondary focusing structure. The primary focusing
      structure defines the general beam-shape and acts as a source of energy
      illuminating the secondary focusing structure. The secondary focusing
      structure in turn collimates the incident energy and forms a beam which is
      an image of the source at infinity.
PAR  The primary focusing structure is generally small and lightweight. In
      contrast, the secondary focusing structure typically is rather large and
      massive.
PAR  Search radar antennas are often placed on a moveable vehicle such as an
      airplane, ship or ground vehicle. The vehicle will generally be
      non-stationary, and in general will be given to roll, pitch, and yaw. This
      motion must be compensated for in order to stabilize the beam.
PAR  Prior methods of stabilization involved mounting of the entire antenna
      structure on a stabilized platform. Unfortunately, stabilization of large
      antennas in this manner not only adds undesirable additional weight to the
      carrying vehicle and requires a high-power system to manipulate the
      stabilizing platform, but results in poor antenna-stabilization bandwidth
      characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention stabilizes a radar beam in both elevation and
      cross-level by rotating only the primary focusing structure of a radar
      antenna about its elevation and optical axes respectively.
PAR  A downward shift of the radar beam caused by antenna platform motion is
      compensated for by causing an upward angular displacement of the primary
      feed structure. Similarly, an angular shift of the radar beam about its
      optical axis is compensated for by causing an opposite angular
      displacement of the primary feed structure. In this way, the radar beam
      may be stabilized without moving the large secondary focusing structure.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to stabilize the beam of a search
      radar antenna system without stabilization of the secondary focusing
      structure.
PAR  It is another object of the present invention to achieve a high
      stabilization bandwidth when stabilizing the beam of a search radar.
PAR  It is a further object of the present invention to stabilize the beam of a
      search radar antenna through utilization of only a small amount of power.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts a typical beam pattern of a search radar.
PAR  FIG. 2 depicts a search radar antenna system embodying the present
      invention.
PAR  FIG. 3 is a graph showing the relationship between the Beam Deviation
      factor and the focal length-to-diameter ratio for a paraboloidal
      reflector.
PAR  FIG. 4 illustrates in greater detail a mechanism for accomplishing
      independent rotation about the elevation and optical axis of the preferred
      embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 depicts a ship 10 carrying a search radar antenna 12. The radar
      antenna pattern generally consists of a fan-shaped beam 14 orientated in
      an essentially vertical plane. Beam 14 is rotated about a generally
      vertical axis 15 to form a scan in azimuth. Beam 14 generally assumes a
      fan-blade like shape having a cosecantsquared intensity distribution
      function.
PAR  Antenna 12 searches over a generally horizontal plane 18, defined by
      orthogonal X and Y axis intersecting at the center of antenna 12. An
      optical axis 16 is defined to pass from the center of the antenna through
      the maximum intensity point of the beam 14. Rotation (in the direction of
      arrows 17) about the optical axis 16 is termed cross-level. An elevation
      axis 20 perpendicular to the optical axis 16 is contained in horizontal
      plane 18. The angle formed between optical axis 16 and the horizontal
      plane 18 is termed elevation angle 0. Rotation (in the direction of arrows
      23) about the elevation axis 20 is termed level.
PAR  It should be noted that the present invention may be used in conjunction
      with a wide range of specific primary and secondary focusing structures.
      For example, the secondary focusing structure may be a parabolic
      reflector, lens, or other suitable collimating means, while the primary
      focusing structure may be a simple feed horn, array of dipoles, or other
      radiating means used either without or in conjunction with a suitable
      subreflector element.
PAR  One embodiment of the present invention is depicted in FIG. 2 and FIG. 3.
      Search radar antenna 12 has a feed horn 30 directed towards a subreflector
      32 which in turn is directed towards a parabolic shaped main reflecting,
      or focusing element 34. In this embodiment of the present invention, feed
      horn 30 taken together with subreflector 32 form a primary feed structure
      50, while main reflecting element 34 forms the secondary focusing
      strucuture.
PAR  Subreflector 32 is located at the focus of the main reflecting element 34
      and is supported by rods 36 attached to feed horn 30. Main reflecting
      element 34 is supported by support members 35 attached to antenna support
      platform 46, and has an opening 33 at its center to accomodate the
      radiating end of feed horn 30 positioned there.
PAR  An orienting means 40 is comprised of a primary focusingstructure
      cross-level rotating assembly 42 and a primary focusingstructure elevation
      rotating assembly 44. Orienting means 40 supports the primary feed
      structure 50 and is itself attached to, and supported by, antenna support
      platform 46.
PAR  Basically, the mechanical orienting means 40 is in the nature of that found
      in a common backyard cement mixer, with the feed horn 30 and attached
      subreflector 32 in place of the mixing chamber. Cross-level orienting
      assembly 42 is like the mechanism that spins the mixing chamber (generally
      about axis 16), while elevation assembly 44 is like the mechanism that
      pivots the mixing chamber (about axis 40) to allow the cement to pour out.
      The rotation and pivoting motion is made with respect to the relatively
      fixed main reflector 34.
PAR  A particular mechanical implementation of spinning (rotation about axis 16)
      and pivoting (rotation about axis 40) of the described embodiment as
      depicted in FIG. 2 may be readily accomplished by one skilled in
      mechanical arts of this nature and will therefore not be further
      described.
PAR  A position-error sensor/controller 52 is adapted to sense motion of antenna
      support platform 46 and to provide signals to orienting means 40
      indicating necessary corrective antenna position changes. Output terminal
      53 of sensor/controller 52 provides an optical-axis 16 correction signal
      while output terminal 54 provides an elevation-axis 20 correction signal.
      These output terminals are respectively connected to cross-level elevation
      rotating assembly 42 and to elevation rotating assembly 44.
PAR  Motion of antenna platform 46 will generally cause antenna beam 14 to be
      directed away from its intended orientation. Beam 14 may thus be caused to
      shift from the desired elevation angle .theta. by an angular amount
      .alpha., and rotate by an angular amount .gamma. about its optical axis.
PAR  In operation, stabilization of the radar beam 14 is accomplished by
      orienting means 40 utilized in conjunction with position-error
      sensor/controller 52.
PAR  Controller 52 senses motion (with respect to an inertial reference system)
      of antenna support platform 46, attached antenna structure 12 and beam 14.
      The sensed motion is resolved by sensor/controller 52 into two signal
      components. The first component represents the direction and magnitude of
      angular displacement .alpha. of beam 14 about elevation axis 20. The
      second component represents the magnitude of angular displacement .gamma.
      of beam 14 about optical axis 16, but indicates the direction opposite to
      that actually encountered. These resolved component values are then
      respectively multiplied in controller 52 by a constant, termed the beam
      deviation factor. Multiplication by the beam deviation factor adjusts the
      magnitude of each component so as to provide an appropriate valued
      corrective signal to respective cross-level and elevation rotating
      assemblies 42 and 44 respectively.
PAR  Orienting means 40 then accomplishes stabilization of the antenna system 12
      by rotating the primary focusing structure 50 about either or both the
      elevation axis 20 or the optical axis 16 by an amount directly
      proportional to the corrective signal received from sensor/controller 52.
PAR  Motion of antenna platform 46 may cause the entire antenna assembly 12 to
      tilt upwards about the elevation axis 20 in a manner causing the beam 14
      to shift upwards. To compensate for this upward shift, the
      subreflector-feed assembly must be tilted upwards (in the same direction)
      about the elevation axis 20. Also, platform 46 motion may cause the
      antenna 12 to rotate about the optical axis 16, resulting in the beam 14
      being rotated. To compensate for this rotation, the primary focusing
      structure 50 must be rotated about the optical axis 16 in the opposite
      direction.
PAR  In this manner, stabilization of beam 14 is accomplished while the
      generally massive secondary focusing structure 34 is allowed to move in an
      uncontrolled manner with antenna platform 46.
PAR  The amount of rotation about a particular axis of the primary focusing
      structure 50 necessary to compensate for the motion of platform 46 is
      dependent only upon what is termed the beam deviation factor related to
      the secondary focusing structure 34. The beam deviation factor is
      considered with respect to the axis that the primary feed structure 50 is
      to be rotated about. The beam deviation factor is defined as the ratio of
      the angular shift of the beam 14 to the angular displacement of the
      primary focusing structure 50 (which provides the source of the beam 14).
      The beam deviation factor is a function of the geometry of the secondary
      focusing structure 34, and is discussed in various texts, including "Radar
      Handbook" (p. 10.10) by M. Sholnik, McGraw-Hill, 1970.
PAR  FIG. 3 depicts the beam deviation factor as a function of the focal
      length-to-diameter ratio (f/D) for the type of secondary focusing
      structure 34 utilized in the embodiment of the present invention.
PAR  Main reflecting element 34 has a typical shape comprising a section of a
      paraboloid having a larger width than height. In the present embodiment
      the focal length-to-width (f/D.sub.w) ratio of the reflector 34 is 0.25,
      while the focal length-to-height (f/D.sub.h) ratio is 0.75. This results
      in the beam deviation factor (determined from FIG. 3) in the horizontal
      plane having a value of 0.75 while the corresponding factor in the
      vertical plane is 0.97.
PAR  The effect of these beam deviation factors is that to compensate for motion
      of the beam in the vertical direction, each shift of 0.97.degree. must be
      compensated for by a shifting of the primary focusing structure 50 of
      1.degree. in the vertical direction. On the other hand, rotation of the
      beam about the optical axis 16 typically results in an essentially
      horizontal shift, where each shift of 0.75.degree. of the beam must be
      compensated for by a shifting of the primary focusing structure 50 by
      1.degree..
PAR  The present invention allows position stabilization of a high frequency
      antenna, typically having a large and massive secondary focusing
      structure, by moving the relatively small primary focusing structure. In
      this manner improved stabilization bandwidth can be achieved, while
      stabilization of the antenna is accomplished with less energy required to
      move the smaller.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A motion stabilized high-frequency antenna system comprising;
PA1  an antenna platform;
PA1  a high frequency antenna having a primary focusing structure moveable about
      both elevation and optical axes of said antenna, and a secondary focusing
      structure rigidly mounted on said antenna platform wherein said primary
      focusing structure is comprised of a high frequency feedhorn directed at
      an attached subreflector, said feed horn and subreflector movable in
      unison with respect to said secondary focusing structure;
PA1  means for sensing the position of said secondary focusing structure with
      respect to a desired position and for generating rotating means
      positioning signals proportional to the elevation axis and optical axis
      components of the position difference between said sensed position and
      said desired position, said optical axis positioning signal indicating a
      direction of motion opposite to said sensed position difference, and said
      elevation axis positioning signal indicating the same direction of motion
      as said sensed position difference; and
PA1  means connected to said sensing means for rotating said primary focusing
      structure separately and independently about said optical axis and said
      elevation axis of said antenna, whereby a change proportional to said
      sensed position difference as indicated by said positioning signals is
      produced in the position of said primary focusing structure.
NUM  2.
PAR  2. The antenna system of claim 1 wherein said secondary focusing structure
      has a maximum vertical dimension and a maximum horizontal dimension, and
      wherein said signals corresponding to the optical axis and elevation axis
      respectively are proportional to the Beam Deviation Factor corresponding
      to said vertical and horizontal dimensions.
NUM  3.
PAR  3. The antenna system of claim 2 wherein said primary focusing structure is
      comprised of a high frequency feed horn directed at an attached
      subreflector, and therein said secondary focusing structure is a parabolic
      reflector.
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ABST
PAL  In a facsimile receiver wherein the printing bar is mounted for reciprocal
      movement between an operative position against the drum carrying the
      printing helix and an inactive position remote therefrom, means is
      provided for automatically displacing the printing bar toward its
      operative position upon rotation of said drum. In this regard a mechanical
      locking means is included for maintaining said printing bar in its
      operative position and a release mechanism serves to release the printing
      bar upon termination of the printing operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a facsimile receiver and more particularly to a
      continuously moving device carrying a printing bar.
PAR  In this type of apparatus, the printing takes place generally on
      electrolytic paper. It results from the passage of current between the
      printing bar and a helix arranged across the paper. The helix is supported
      by a rotating drum and its movement relative to the printing bar ensures
      the scanning of the paper.
PAR  The present invention is applied to a facsimile receiver having a chassis
      carrying a drum provided with a printing helix; a printing bar arranged
      between a supply roller and a drive roller; a guide roller for guiding a
      web of paper to be printed between the drum and the printing bar; a
      support for the printing bar and a pressure-roller for pressing the paper
      web against the drive roller. The chassis is pivotally mounted about an
      axis parallel to the axis of the drum so as to be displaceable between two
      positions, a first position in which the web of paper is held against the
      guide roller, between the drum and the printing bar, and between the drive
      roller and the presser-roller, and a second position giving free access to
      the supply roller and to the printing bar, thereby facilitating
      replacement of the paper roll and printing bar.
PAR  With such an apparatus, in order to avoid the risk of damaging the paper,
      the printing bar is only in contact with the paper, and the paper with the
      helix, during the actual time of transmission. Generally, with this type
      of apparatus, an electromagnet is used to automatically place the printing
      bar, the paper, and the helix into contact with each other, but this has
      the disadvantage of requiring the electromagnet coil to be continuously
      energized. Furthermore, in the case of coil failure, the various elements
      are not placed in contact with each other as required.
PAR  Preferably, in accordance with the present invention, a locking finger is
      supported by a locking lever articulated about an axis and provided with a
      spring tending to return the finger to the control shaft and against a
      stop, the axis of the finger being arranged parallel to the control shaft.
      This serves to maintain the chassis in its first position, whereby the
      printing bar is disposed in contact with the paper and the paper in
      contact with the helix. Furthermore, the locking finger may cooperate with
      a nib arranged at the end of the locking lever.
DRWD
PAR  The invention will now be described in more detail, by way of example only,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a portion of a facsimile receiver embodying
      the present invention;
PAR  FIG. 2 is a diagrammatic view in profile of a facsimile receiver with the
      control device removed.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The facsimile receiver has a mechanical module 1 normally contained in a
      case 10, the latter being shown only in FIG. 2. The module comprises a
      drum 2, a drive roller 3, a supply roller 4, and a frame 5.
PAR  The drum 2 is arranged between the drive roller 3 and the roller 4, and is
      provided with a drive arrangement constituted by a motor 20 carrying a
      worm gear 21 engaging a tangential gear wheel 22 keyed on a shaft 26 of
      the drum 2. The cam 24 is arranged on one end of the shaft 26, and a
      conducting helix 25 is arranged on the surface of the drum 2.
PAR  The drive roller 3 is provided with a reduction motor 31 and a hand wheel
      32.
PAR  The supply roller rests via its core 40 on two open supports carried by the
      frame 5 and forming bearings 41 and 42, arranged along the same axis of
      symmetry 46 as the core 40. One of the bearings is provided with a brake
      which is not shown. The axes of the drum 2 of the supply roller 4 and of
      the drive roller are parallel and are mounted on the frame 5 of the
      module.
PAR  The frame 5 comprises two sidewalls 50 and 50' between which are mounted
      parallel to the drum axis, a presser-roller 6, a guide roller 7, and a
      support 8 on which is fixed a printing bar 9. The frame assembly is
      articulated on the bearings 41 and 42 around the axis of the roller 4. On
      the framework of the module are mounted two V-shaped pieces 11 for
      receiving the shaft 7' of the guide roller 7.
PAR  The support 8 comprises a yoke 80 having sides 81 articulated about the
      axis 7' of the guide roller 7. Only the side 81 is visible in FIG. 1. The
      base of the yoke 80 comprises a slideway 82 which carries a sliding part
      90 on which is fixed the printing bar 9. The sliding part 90 is also
      provided with a slider 91, which rides in a groove 70 in the guide roller
      7 so as to reciprocate the yoke 80 in the manner described in the
      abovementioned copending application. The side 81 is connected by a
      regulating spring 84 to a cheek 83 disposed between the side 81 and the
      side 50 of the frame 5. The cheek 83 is itself articulated about the axis
      7' of the guide roller 7 and connected to the sidewall 50 by a
      disengagement spring 51. The regulating spring 84 tends to bias the yoke
      80 towards the drum 2 by about 7.degree. to 8.degree.. The spring 51, on
      the other hand, biases the cheek 83 away from the drum by about
      15.degree..
PAR  A web of paper 44 from the supply roller 4 passes against the guide roller
      7, then between the printing bar 9 and the helix 25, and finally between
      the drive rollers 3 and the presser-roller 6. The articulation movement of
      the support 8 and of the bar 9 is controlled by a return lever 71 disposed
      in front of the rear part 84 of the cheek 83. This return lever is
      articulated around the axis of a control shaft 72 to which it is rigidly
      fixed. The control shaft 72 is itself connected to a control lever 73,
      mounted on an axle 74 disposed transverse to the axis of the control shaft
      72, as seen in FIG. 2. The lever 73 is subjected to the force of a bias
      spring 75, which tends to maintain the lever 73 in a position
      perpendicular to the axis of shaft 72. The lever 73 is also biased by a
      return spring 76 arranged between the control lever 73 and a fixed
      abutment 77 providing a rest stop for this lever, so as to hold the lever
      in a standby position.
PAR  The control lever 73 may occupy a first or locking position in which it may
      be locked adjacent and in the plane of the cam 24 under the action of the
      spring 76, as seen at 73' in FIG. 2. The control lever 73 may also occupy
      a second position situated outside the plane of the cam in which it can be
      displaced laterally towards the left, as seen in FIG. 2, by pivoting in
      the direction of the arrow F shown in FIG. 1 about the axle 74. This
      second position is the unlocked position.
PAR  It can be seen in FIG. 2 that when the drum 2 is driven in rotation, the
      cam 24 passes from its initial position shown in full lines to an end
      position 24' shown in dashed outline, which causes the rotation of the
      control lever 73 in a clockwise direction from its rest position in full
      lines to its working position 73', shown in dashed lines. This also causes
      rotation of the control shaft 72, as will be described hereinafter.
PAR  The end of the control lever 73 is provided with a nib 15 having inclined
      surfaces 78 and 79. During the course of the rotation of the control lever
      73 with rotation of the cam 24, the inclined surface 78 contacts a locking
      finger 11 arranged in the plane of the cam 24 at the end of a locking
      lever 12 and causes the locking finger 11 to ride up over the end of the
      control lever 73. The lever 12 is articulated about the axis 14 and is
      provided with an opposing spring 13, which tends to rotate the locking
      lever 12 in the clockwise direction. As the cam 24 approaches the extreme
      position 24', the finger 11 is forced up by the inclined surface 78 until
      it passes the end of the nib 15. At this moment the opposing spring 13
      causes the finger 11 to fly over the inclined surface 79 so that the
      control lever 73 is swung away from the cam 24'. The control lever 73
      therefore escapes the action of the cam 24 and finds itself locked in the
      work position 73' by the lever 12, which abuts a stop 16 so as to be held
      in position by the force of spring 13.
PAR  In its rotation toward the work position 73', the control lever 73 drives
      the control shaft 72 and the return lever 71, which bears on the rear part
      85 of the cheek 83 and causes the support 8 of the printing bar to pivot
      about the axis of the guide roller 7. The printing bar 7 pushes the paper
      web 44 into contact with the helix 25. The paper web 44 is then driven by
      the roller 33 and can therefore be printed on by the passage of current
      controlled by the facsimile signal from the transmitter. This current
      flows through the paper from the printing bar 9 to the helix 25, which
      effects a periodic scanning of the paper when the drum 2 is rotated by the
      motor 20. The contact pressure of the printing bar 9 against the web of
      paper 44 and the helix 25 of the drum 2 is automatically adjusted as a
      function of the wear of the bar 9, owing to the action of the regulating
      spring 84.
PAR  The paper web 44 does not remain in contact with the printing bar and the
      helix when transmission is not in progress. In order to interrupt this
      contact at the end of a transmission, the control lever is moved from the
      locking position to the unlocking position and the end of the control
      lever disengages the finger 11. To this end, the electromagnet 18 is
      briefly energized which causes a rod 17 to act on the control lever 73, as
      seen in FIG. 1. The end of the control lever 73 pivots sideways towards
      the left around the axis 74 in the direction indicated by the arrow F, and
      this causes the inclined surface 79 to disengage from the locking finger
      11. Under the effect of the return spring 76, the control lever 73, which
      is no longer in the plane of the cam 74, is returned to the abutment 77.
      The return lever 71 is then returned backwards under the action of the
      spring 51 by the cheek 83.
PAR  After the action of the electromagnet 18, the biasing spring 75 tends to
      return the control lever 73 in the direction of the arrow F' into the
      plane of the cam 24. Indeed, the return of the lever into the plane of the
      cam is possible only when the latter is disposed behind the lever 73. This
      condition can be realized according to the position occupied by the cam,
      either at the end of a transmission, or at the beginning of a transmission
      during the initial rotation of the cam.
PAR  Thanks to the control device in accordance with the present invention, the
      printing bar is automatically put in contact with the paper as soon as the
      drum starts to rotate, and it is maintained in contact by a mechanical
      locking device. The function of the device is not completely at the mercy
      of an electric failure.
PAR  Indeed, the operator of the apparatus can very easily overcome a failure of
      the electromagnet and manually unlock the control lever 73. It is merely
      necessary to give a brief tap on the control lever 73 in the direction of
      the arrow F, for example, with the aid of a pusher 19 acting on the rod 17
      of the electromagnet 18.
PAR  While we have shown and described an embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a facsimile receiver including a printing bar and a rotatable drum
      carrying a printing helix adapted to cooperate with said printing bar to
      electrically print on a paper disposed therebetween, the improvement
      comprising printing bar support means for pivotably supporting said
      printing bar for movement from a rest position remote from said drum to an
      operative position where the printing bar bears on the helix, a control
      shaft mounted for axial rotation in parallel with said drum, a return
      lever mounted on said control shaft and bearing at one end against said
      printing bar support means so as to shift said printing bar support means
      to place said printing bar in its operative position upon rotation of said
      control shaft, bias means for normally biasing said printing bar support
      means to place said printing bar in its rest position, and control means
      responsive to rotation of said drum for rotating said control shaft, said
      control means including a cam mounted on the shaft of said drum for
      rotation therewith, a control lever mounted on said control shaft in the
      plane of said cam so as to be displaced by said cam from a standby
      position to a locking position upon rotation of said drum thereby rotating
      said control shaft to force said return lever against said printing bar
      support means to shift said printing bar to its operative position,
      locking means for locking said control lever in its locking position
      during the initial rotation of said cam, and means for normally biasing
      said control lever toward its standby position, said locking means
      including a locking lever carrying a locking finger disposed in the plane
      of said cam and being biased into a position in the path of movement of
      said control lever, the end of said control lever being provided with a
      nib so as to permit said locking finger to ride up over the end of said
      control lever only when said control lever moves from its standby position
      to its locking position in response to rotation of said cam, said locking
      finger preventing return movement of said control lever.
NUM  2.
PAR  2. A facsimile receiver as defined in claim 1 wherein said control lever is
      mounted on said control shaft so as to be pivotable thereon about an axis
      transverse to the axis of said control shaft, said control means further
      including unlocking means responsive to a control signal for pivoting said
      control lever out of the plane of said locking finger so that said control
      lever may pass from its locking position to its standby position around
      said locking finger.
NUM  3.
PAR  3. A facsimile receiver as defined in claim 2 wherein said unlocking means
      is an electromagnet positioned to act transversely on said control lever.
NUM  4.
PAR  4. A facsimile receiver as defined in claim 2 further including spring
      means mounted on said control shaft in contact with said control lever to
      normally bias said control lever into the plane of said cam.
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ABST
PAL  An apparatus that may be used in an automatic drawing system for recording,
      for example, with pencil lead or ink. In one embodiment using a pencil
      lead, a push rod connects to a piston which is slideable in a cylinder
      which has a retaining tube for the lead extending therefrom. Air pressure
      may be selectively applied to the piston for urging the rod against the
      lead which is in turn contacting the medium for recording thereon.
      Retraction of the lead from contact with the medium is performed by a
      mechanism that moves the cylinder and retaining tube toward the medium
      after the air pressure has been removed so that the lead slides into the
      tube, and thereafter moves the cylinder and tube away from the medium to
      retract the lead from contact with the medium. Detection means are also
      provided to detect the expending of the lead and a multi-lead holder is
      indexed so that a new piece of lead is registered with the push rod.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a recording apparatus and associated
      method of recording data on a recording medium. In general, the invention
      may be used where it is desired to selectively apply a recording material
      or substance to a recording medium under preferably constant pressure.
PAR  The recording material in the preferred embodiment comprises a pencil lead,
      but the techniques disclosed herein are equally applicable with other
      recording materials such as with an electronic stylii as may be used in
      facsimile recording or an ink stylii as used in constant pressure
      recording techniques.
PAC  BACKGROUND OF THE INVENTION
PAR  There are many instances in the recording field where it is desirable to
      apply a recording material to a recording medium such that the recording
      material contacts the medium with constant pressure even though the
      recording material is expended during the recording process. It is
      desirable that the contact between the recording material and medium be
      selectively interrupted so that the recording device may pass over areas
      of the recording medium where no recording or marking is to take place.
PAR  The prior art discloses many devices that teach techniques for obtaining
      the above desired operation. These prior art techniques vary depending on
      the recording material used. Where the recording material is a pencil lead
      various mechanical techniques have been used including mechanisms for
      chucking the lead and then feeding the lead under spring tension or using
      a special chucking mechanism with a screw arrangement or motor to feed the
      lead.
PAR  In the facsimile field where the recording material is an electronic
      stylus, similar problems occur as the tip of the stylus wears and must be
      fed at a constant pressure to obtain long life. In that application
      similar techniques have been used such as spring tension to maintain
      constant pressure contact. These techniques suffer from mechanical
      complexity and other disadvantages. If spring tension is used to maintain
      constant pressure contact then either the throw of the spring must be
      limited or the spring tension must be released when it is desirable to
      remove contact with the recording medium. In addition, where it is desired
      to have a long travel of the recording material, such as when using lead
      which wears rapidly, springs have a limited travel length for a constant
      pressure application. Where mechanical means are used to advance the lead
      such as a screw-motor arrangement, a major disadvantage is that only one
      lead may be placed in the mechanism at a time. The thin leads used in
      automatic drawing applications wear at an extremely high rate, and the
      number of feet of drawn line is limited especially when softer leads are
      used.
PAR  Accordingly, one object of the present invention is to provide an apparatus
      which allows for long periods of unattended operation and that
      accommodates multiple pieces of lead. The apparatus of the present
      invention automatically changes to a new lead as the previous lead is
      expended.
PAR  Another object of the present invention is to provide an apparatus and
      method for feeding a recording material onto a recording medium under
      constant pressure.
PAR  A further object of the present invention is to provide means for
      selectively removing contact between the recording material and medium.
      This object is performed in accordance with the present invention without
      undue mechanical complexity.
PAR  Another object of the present invention is to provide an apparatus for
      feeding pencil lead that permits the use of a plurality of pieces of lead
      to thereby provide long unattended operation.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention there is
      provided an apparatus for writing or marking on a medium by means of a
      marking material. The apparatus comprises means for retaining the marking
      material, means contacting the marking material for urging the marking
      material against the medium, means for supporting the contacting means,
      and means for applying a constant pressure to the contacting means to in
      turn apply a constant pressure to the marking material. To interrupt the
      writing or marking process means are provided for selectively moving the
      support means toward and away from the medium to withdraw the marking
      material from the medium.
PAR  In one embodiment utilizing pencil lead, the lead is retained in a long
      tube with an inside diameter slightly larger than the lead diameter. A
      pushrod contacts the lead and is slideable in the tube. This rod connects
      to a piston enclosed in a penumatic cylinder. If pressure is applied to
      the end of the piston opposite the pushrod, the rod is urged against the
      lead in the retaining tube and the lead is expelled from the other end of
      the tube until it comes into contact with the recording medium. The rod
      maintains a pressure against the tip of the recording material; the
      pressure being a product of the pneumatic pressure in the cylinder and the
      piston area. As the lead wears, the piston advances maintaining a constant
      pressure of the lead tip. This condition prevails regardless of wear rate
      as both the cylinder pressure and piston area are maintained constant
      regardless of the position of the piston in the cylinder.
PAR  To retract the lead from the recording surface the pressure on the piston
      is released. As the cylinder pressure approaches atmospheric pressure both
      the lead retaining tube and cylinder are advanced by a solenoid toward the
      recording medium. The lead tip is already in contact with the recording
      surface and thus as the solenoid advances the retaining tube and cylinder
      toward the recording medium the lead and piston slide into the retaining
      tube and cylinder respectively, an amount equal to the forward motion.
      When the solenoid returns to its original position frictional forces
      within the tube and cylinder cause both the lead and piston to move with
      the retaining tube and cylinder to their original position. In this manner
      the lead is retracted from the recording medium by an amount equal to the
      solenoid travel.
PAR  In accordance with another aspect of the present invention a holder is
      provided including a plurality of retaining tubes disposed in a
      predetermined pattern. With this arrangement the piston and pushrod are
      forceably withdrawn so that the pushrod no longer engages in the retaining
      tube. The holder is then rotated or moved so that the pushrod comes into
      alignment with another retaining tube containing a new piece of lead.
PAR  In accordance with another aspect of the present invention there is
      provided a similar piston and cylinder arrangement in conjunction with an
      ink feed system including an ink reservoir and a column of ink against
      which the piston and pushrod is urged.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention should now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is one embodiment of the invention for use with a pencil lead;
PAR  FIG. 2A shows an alternate embodiment also for pencil lead and similar to
      the one shown in FIG. 1 but also including a multiple lead holder;
PAR  FIG. 2B is an enlarged view of a portion of the holder shown in FIG 2;
PAR  FIG. 2C is a cross-sectional view taken along line 2C--2C of FIG. 2A;
PAR  FIG. 3A shows another embodiment of the invention for use with an ink
      recording material; and
PAR  FIG. 3B is an enlarged view of a portion of the apparatus shown in FIG. 3A.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 depicts one embodiment of the invention using a single pencil lead
      as a recording material. A pressurized fluid supply 10 is attached by way
      of a conventional three-way valve 11 to a cylinder 13 which contains a
      piston 12. The area 12A above the piston 12 may communicate by operation
      of valve 11 with either the pressurized supply 10 or the atmosphere by way
      of vent 11B.
PAR  The piston 12 is mounted to a pushrod 16 which has one end inside the
      retaining tube 15. This retaining tube contains the pencil lead 14. If
      pressure is applied to the piston by means of the operation of valve 11
      this pressure is transmitted from the piston through the connecting rod 16
      to the pencil lead 14. The valve 11 may be operated electrically from
      leads 11A. The pencil lead is advanced until it contacts the recording
      medium 17 which is supported by supporting surface 19. The force on the
      lead tip is a product of the supply pressure and the piston area and the
      pressurized fluid supply 10 may be adjusted depending upon the type of
      lead used or other conditions.
PAR  In use, either the recording medium is moved under the lead or the lead
      feeding mechanism is moved over the recording medium. In either case, as
      motion proceeds the lead wears and becomes shorter. As this wearing occurs
      the lead is continuously kept in constant pressure contact with the
      recording medium. As the lead wears, the piston moves down the cylinder.
PAR  In the embodiment shown in FIG. 1 it is also desirable to provide an
      indication when the lead is nearly expended. For this purpose there is
      provided a light source 21 which is attached to the cylinder 13 and
      extends preferably through a hole in the side of the cylinder as shown in
      FIG. 1. A photo-sensitive detector 20 is disposed on the other side of the
      cylinder in an opposite hole. When the lead is of reasonable length the
      piston is high enough in the cylinder so that light from source 21
      activates detector 20. As the lead length wears below a predetermined
      length the piston advances down the cylinder until it passes between the
      light source and detector. When this occurs the detector no longer is
      activated. This condition is sensed by techniques well known in the art to
      establish an excess wear condition.
PAR  In accordance with the present invention and in order to construct a
      practical apparatus, it is necessary that contact between the lead and the
      recording medium be selectively interrupted. To break contact or retract
      the lead, the valve 11 is operated so that the pressurized supply is no
      longer connected to the cylinder. When the valve 11 is operated to this
      new state then the pressure on the piston is relieved. Thereafter,
      solenoid 18 is energized. Solenoid 18 may be a push-type electrical
      solenoid or pneumatic cylinder or similar device to accomplish the
      required task. The frame of solenoid 8 is attached to a frame reference
      ground. When solenoid 18 is energized it pushes against the bias of spring
      22 and interconnecting member 23 causes the cylinder 13 to move in unison
      with the output shaft of the solenoid. The retaining tube 15 which is
      connecting to the bottom end of the cylinder also moves in the downward
      direction as depicted in FIG. 1. Thus, the cylinder and lead retaining
      tube are both advanced toward the recording medium as the lead is already
      in contact with the recording surface and the pushrod and piston in turn
      are in contact with the lead. The lead retaining tube and cylinder must
      slide down over the lead by an amount equal to the travel of the solenoid.
      The only forces applied to the lead, pushrod and piston at this time are
      low frictional forces as the cylinder is subjected to only atmospheric
      pressure by way of valve 11.
PAR  When the solenoid is deactivated the spring 22 returns the solenoid,
      cylinder 13 and retaining tube 15 to their original position. Because of
      the frictional forces previously mentioned, the lead, rod 16 and piston 12
      travel with the cylinder and retaining tube. The lead tip is thus removed
      from contact with the recording medium by an amount equal to the solenoid
      travel.
PAR  Because of rapid lead wear it is desirable to provide a method of using
      multiple leads in a preferred embodiment. FIG. 2A shows an apparatus for
      accomplishing this which allows multiple leads to be used without manual
      intervention. In FIG. 2A like reference characters have been used to
      identify the parts that are the same as those shown in FIG. 1. In FIG. 2A
      the pressure applying means, cylinder, piston, rod and short lead detector
      are similar to those depicted in FIG. 1.
PAR  In FIG. 2A the cylinder 13 has been modified to include a bottom fluid
      input port 24 for preferably coupling compressed air from the fluid supply
      10 by way of a second valve 25 to the bottom section 12B of the cylinder.
      Also, the lead retaining tube 15 shown in FIG. 1 has been replaced by a
      plurality of such tubes arranged in a predetermined pattern which is a
      circular pattern shown in FIG. 2 and identified as an indexing assembly 27
      comprised of a top-plate 28 a plurality of lead retaining tubes 15, a
      lower plate and gear 30, gear 32, stepping motor 34, and shaft 35. The
      lead retaining tubes 15 serve the same purpose as previously explained
      with respect to the embodiment shown in FIG. 1. Stepping motor 34 is
      coupled to and directly rotates gear 32 which in turn meshes and rotates
      bottom plate and gear 30. By selective operation of stepping motor 34 by
      electrical signals the assembly 27 is rotated about shaft 35 which may
      extend between plate 28 and plate 30. The retaining tubes 15 are located
      on the circumferential line passing directly under pushrod 16. The
      stepping motor step angle is designed along with the gears so that the
      stepping motor will rotate the assembly 27 through an angle a for one or
      more steps of the motor. Under static conditions, of course, only one
      retaining tube is located directly under the pushrod 16.
PAR  In operation, pressure is applied to piston 12 by way of valve 11 as
      previously explained so as to push the piston 12 and its connected pushrod
      16 downwardly. As indicated in FIG. 2B the rod 16 enters the upper end of
      the retaining tube 15 which is positioned under the rod, until contact is
      made with the lead 14. The lead is then pushed down until it contacts the
      recording medium 17. The retraction of the lead from the surface is
      accomplished in basically the same fashion as discussed with reference to
      FIG. 1. The plunger of solenoid 18 is connected by way of members 23 and
      36 to the cylinder 13 and the lead indexing assembly 27, respectively.
      Activation of solenoid 18 causes the cylinder 13 and assembly 27 to move
      down toward the recording medium as previously explained, because the lead
      is against the recording medium it, as well as the rod and piston, push up
      into the lead retaining tube and cylinder. When the solenoid deactivates,
      the assembly 27 and cylinder are returned to their normal position by
      spring 22 moving the lead away from the recording medium. This cycle of
      operation continues as required by operation of valve 11 and activation of
      solenoid 18 until the "low lead" detector which comprises light source 21
      and photo-sensitive detector 20 senses that the piston has travelled to a
      predetermined position close to the bottom of the cylinder. On the
      completion of the next lead retraction operation by means of suitable
      control circuitry well known to those versed in the art, valve 25 is
      activated. Valve 25 may be controlled by means of input electrical control
      leads 25A. Valve 25 may be identical to valve 11 and also includes a
      venting port 25B. When valve 25 is operated pressure is applied from
      supply 10 to the lower side 12B of the cylinder and against the bottom end
      of piston 12 causing the piston and its connecting rod 16 to move upward
      in the cylinder 13. The operation of valve 25 may be for a relatively
      short period until the rod 16 has been removed from the lead retaining
      tube 15. When the rod is clear of the retaining tube a single or multiple
      pulses are applied to the stepping motor 34 causing the motor by way of
      the gearing arrangement shown in FIG. 2C to rotate the indexing assembly
      27 through the angle a. This places a new lead retaining tube and a new
      piece of lead under rod 16. The normal activation and retracting cycle for
      recording may now be resumed. The cycles of operation under proper
      programming control may continue unattended until all of the lead in the
      assembly 27 has been exausted. One system in which the apparatus of the
      present invention may be used is the system shown in my copending
      application Ser. No. 395,822, now U.S. Pat. No. 3,873,769.
PAR  In one application a pyroelectric stylus is used for recording by contact
      with a sensitized paper. This type of a stylus is a thin wire through
      which a current is passed to cause recording on the sensitized medium. The
      operating requirements for the stylus are similar to the pencil lead
      described above. The stylus is to be maintained in constant pressure
      contact with the recording medium and must also be retracted from the
      recording medium. The retraction of the stylus in this case may be
      considered a long stroke. To accomplish long stroke retraction, the stylus
      is physically tied to the piston and the retraction is accomplished by use
      of the second valve as shown in FIG. 2A as valve 25.
PAR  Other recording materials may also be used with the principals of the
      present invention such as inks or viscous pastes. FIG. 3A shows an
      embodiment which may be used for liquid or ink recording. In FIG. 3A like
      reference characters have been used for identical parts to those shown in
      FIGS. 1 and 2A. In FIG. 3 the cylinder and piston arrangement and the
      pushrod 16 may be identical to those shown in FIGS. 1 and 2A. Also, the
      means for sensing the position of the piston may also be of the same type
      as shown in FIGS. 1 and 2A. In FIG. 3A instead of the lead retaining tube
      there is provided a fluid tube 40 having the pushrod 16 extending into the
      top end thereof. The tube 40 terminates in a small orifice 42 shown more
      clearly in the enlarged view of FIG. 3B. This embodiment also includes a
      side tube 44 coupling between tube 40 and a fluid or ink reservoir 46.
      When the valve 11 is energized the piston in cylinder 13 moves the pushrod
      16 in contact with the liquid column 41. The pressure is transmitted
      through this liquid column causing a miniscus 43 to form at the end of
      orifice 42. This miniscus contacts the recording medium and causes the
      recording material to flow onto the recording medium. The flow rate is
      controlled by the pressure on the column 41 as well as any viscous damping
      which may be applied to the piston.
PAR  The pushrod 16 cannot be drawn away from the recording material because in
      doing so there would be created a low pressure pocket between the rod tip
      and the column 41. Thus, when it is necessary to remove contact from the
      writing surface a short pulse of pressurized fluid is applied by
      controlling valve 25. This is applied to the lower side of the piston 12,
      moving the piston and connecting rod up a short distance. Because of the
      low pressure condition which exists when the connecting rod begins to lose
      contact with the column 41, the miniscus 43 will be drawn back into the
      tip, out of contact with the medium. Reapplication of pressure to the
      upper side of the piston forms the miniscus and allows writing to proceed.
PAR  When the low level detector 20 senses that the piston is in its lower
      predetermined position valve 25 is energized. This energizing of valve 25
      is for a longer period than when just withdrawing the miniscus so that the
      cylinder and connecting rod move to a point above the feed tube 44. When
      this happens an additional supply of recording material is fed into the
      column 41 from reservoir 46. Valve 11 may then be energized to begin a new
      writing cycle.
PAR  Having described a limited number of embodiments of the present invention
      is should now become apparent to those skilled in the art that there are
      numerous other embodiments and modifications of the ones disclosed herein
      all of which are contemplated as falling within the spirit and scope of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for writing or marking on a medium by means of an
      expendable piece of recording material said apparatus comprising;
PA1  means for retaining and guiding the piece of recording material having one
      end from which the piece of recording material is expelled,
PA1  movable means including means contacting the piece of recording material
      and means for selectively urging the contacting means,
PA1  means for commonly supporting said retaining means and movable means,
PA1  said means for selectively urging being operable to urge the contacting
      means against the recording material and to interrupt the urging force
      preparatory to retracting the piece,
PA1  and means for retracting the piece from contact with the medium comprising
      bidirectional means connecting to said supporting means and means for
      selectively operating said bidirectional means to move said supporting
      means and retaining means toward the medium and relative to the stationary
      piece to thereby cause the piece to be retracted into the retaining means,
      and to thereafter move said supporting means and retaining means away from
      the medium to retract the piece from contact with the medium.
NUM  2.
PAR  2. An apparatus for writing or marking on a medium by means of an
      expendable piece of recording material, said apparatus comprising:
PA1  a supply of pressurized fluid which may be maintained at a constant
      predetermined pressure,
PA1  movable means having means contacting the piece of recording material,
PA1  means for retaining the piece of recording material having one end from
      which the piece of recording material is expelled and another end for
      receiving the contacting means,
PA1  support means for the movable means and including means for receiving the
      fluid,
PA1  means selectively operable to couple the pressurized fluid to the support
      means for urging the contacting means against the material, and to
      uncouple the pressurized fluid preparatory to retracting the piece from
      contact with medium,
PA1  and means for retracting the piece from contact with the medium comprising
      bidirectional means connecting to said supporting means and means for
      selectively operating said bidirectional means to move said supporting
      means and retaining means toward the medium and relative to the stationary
      piece to thereby cause the piece to be retracted into the retaining means,
      and to thereafter move said supporting means and retaining means away from
      the medium to retract the piece from contact with the medium.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said support means includes a cylinder
      and said moveable means includes a piston slideable in the cylinder, the
      fluid being applied against one end of the piston and the means contacting
      extending from the opposite end of the piston.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said cylinder has another means for
      receiving pressurized fluid and means for selectively coupling the fluid
      to said another means for withdrawing the contacting means.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said retaining means includes a
      multiple material retaining means, and second means selectively operable
      to move the contacting means away from the recording material and out of
      the retaining means.
NUM  6.
PAR  6. The apparatus of claim 5 including selection means operable after the
      contacting means has withdrawn from the retaining means to register a new
      recording material with the contacting means.
NUM  7.
PAR  7. The apparatus of claim 2 wherein the recording material includes a
      pencil lead.
NUM  8.
PAR  8. The apparatus of claim 2 wherein the recording material includes an
      electronic stylus.
NUM  9.
PAR  9. Apparatus for writing or marking on a medium by means of a marking
      material, said apparatus comprising;
PA1  means for retaining in spaced relationship a plurality of individual pieces
      of said marking material,
PA1  means contacting one of said pieces of marking material for urging the
      piece of marking material against the medium,
PA1  means for supporting said contacting means,
PA1  means for selectively applying a constant pressure to said contacting means
      to in turn apply a constant pressure to the marking material,
PA1  means for withdrawing the piece from contact with the medium comprising
      means for selectively moving said supporting means and retaining means
      toward the medium to retract the piece into the retaining means, and away
      from said medium to withdraw the marking material from the medium,
PA1  means for detecting the expending of the piece being used for writing or
      marking,
PA1  means responsive to said detecting means for retracting said contacting
      means out of said retaining means,
PA1  and means responsive to retraction of said contacting means for moving said
      retaining means so that said contacting means is in alignment with another
      piece of marking material.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said retaining means comprises a
      holder including a plurality of retaining tubes for accommodating
      individual pieces of marking material, said marking material being of
      elongated rigid shape.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said means contacting the marking
      material includes an elongated push rod of approximately the same
      cross-sectional size as the elongated marking material and in alignment
      with the marking material.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said means for moving said retaining
      means includes a stepping motor and gear arrangement, said retaining tubes
      being arranged along a circular locus.
NUM  13.
PAR  13. The apparatus of claim 9, including means for detecting the expending
      of the marking material by detecting the position of said contacting means
      relative to said supporting means.
NUM  14.
PAR  14. The apparatus of claim 9 wherein said retaining means and supporting
      means are constructed in one piece and move together.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said means for selectively moving
      said support means and retaining means includes bidirectional rectilinear
      motion means connecting to said supporting means and means for energizing
      said motion means after pressure is removed from said contacting means to
      move in a first direction to cause said retaining means to move relative
      to the stationary marking means, and thereafter to move in the opposite
      direction to retract the retaining means, supporting means and marking
      material away from the medium.
NUM  16.
PAR  16. The apparatus of claim 9 wherein said marking material includes a lead
      or graphite rod.
NUM  17.
PAR  17. The apparatus of claim 9 wherein said means for applying a constant
      pressure includes a fluid source.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said means contacting the marking
      material includes a piston and push rod which is in alignment with the
      marking material, said rod and material being of about the same
      cross-sectional size and both being elongated, said fluid source directing
      fluid against said piston to urge said push rod against said marking
      material.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said means for supporting includes a
      cylinder in which said piston moves.
NUM  20.
PAR  20. The apparatus of claim 19 including first means for selectively
      controlling said fluid source to move said push rod against said marking
      material, and second means for selectively controlling said fluid source
      to retract said push rod from contact with said marking material.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said first means coupled to one end
      of said cylinder for moving the piston in one direction, and said second
      means coupled to the other end of said cylinder for moving the piston in
      the opposite direction.
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PAL  A self-processing camera is adapted to receive a film magazine containing a
      plurality of film units mounted in a line upon an elongated leader paper
      and equally spaced therealong. Each of the film units includes an image
      recording unit consisting of a photosensitive sheet overlying an image
      receiving sheet and separable therefrom, and a rupturable portion,
      containing processing fluid, disposed at one side of the image recording
      unit. The leader paper is folded to dispose the film units in a superposed
      stack within the film magazine and the latter has a take-up reel to which
      is secured one end of the leader paper and is adapted to wind thereon a
      film unit excluding the image recording unit. After exposure of the
      foremost film unit, the leader paper is wound upon the take-up reel,
      drawing the exposed film unit between pressure rollers which rupture the
      portion containing processing fluid and distribute the latter over the
      exposed film unit to develop the same, whereafter the film unit is
      separated from the leader paper and discharged from the camera. The camera
      includes a rotating member which automatically rotates the take-up reel of
      the magazine at a controlled rate in response to the termination of
      exposure and also insures that the take-up reel is rotated to a precise
      extent sufficient to wind the leader paper thereon by a length
      corresponding to the distance between the leading edge of one film unit
      and the leading edge of the next film unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,636,845, there is shown a self-processing camera adapted
      to receive a plurality of film units, each consisting of an image
      recording unit which is composed of an integral, paired image receiving
      sheet and a photosensitive sheet, a processing-fluid-containing portion
      disposed on one side of the image recording unit and a trap adapted to
      retain excess processing fluid therein which film units are attached to a
      leader paper at a given equal spacing, whereby after exposure of the
      leading image recording unit, a reel or spool is rotated to wind the
      leader paper therearound and carry the leading, exposed image recording
      unit to a position in which its processing-fluid-containing portion is
      ruptured, so that the processing fluid is supplied to the exposed image
      recording unit. Thereafter, the image recording unit thus processed is
      stripped from the leader paper for discharging same to the exterior of the
      camera to provide a finished print.
PAR  The aforementioned self-processing camera of the prior art presents a
      disadvantage in that since winding of a take-up reel is effected manually
      or such a take-up means is incomplete in function, a considerable effort
      is required to confirm whether the image recording unit of the succeeeding
      film unit is accurately positioned in the exposure station, after winding
      of the leader paper. In addition, unstable and uncontrolled manual
      manipulation during winding of the take-up reel results in uneven
      processing of an image print and possible damage to the film unit,
      including the image recording unit being processed.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a
      self-processing camera of the aforementioned type in which the camera is
      provided with automatic winding means which is driven in a stable manner
      and which is capable of winding the leader paper by a length corresponding
      to one film unit.
PAR  It is another object of the invention to provide a self-processing camera
      of the type described, in which a drive source, adapted to operate in
      association with the termination of exposure, drives a rotating member
      adapted to cooperate with a take-up reel in such a manner that the
      aforesaid rotating member is rotated at a controlled rotational speed when
      the leader paper of a length corresponding to one film unit is being wound
      around the take-up reel.
PAR  It is a further object of the present invention to provide a
      self-processing camera of the type described, in which a rotating member,
      adapted to operate in association with the take-up reel, is provided with
      an indexing disk which is adapted to control the accurate positioning of
      the succeeding unexposed image recording unit in the exposure station when
      the take-up reel is rotated and, as a result, the processing fluid is
      supplied to the preceding exposed image recording unit.
PAR  These and other objects and features of the present invention will be
      apparent during the course of the following specification, when taken in
      conjunction with the accompanying drawings which indicate the preferred
      embodiments of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a self-processing
      camera, in which a plurality of film units each consisting of an image
      recording unit, a processing-fluid-containing portion disposed on one side
      of said image recording unit and an excess processing fluid trap are
      attached to a leader paper along the length thereof and in an equally
      spaced relation one from the other, with one end of the aforesaid leader
      paper secured to a take-up reel or spool. After exposure of the leading
      image recording unit, the take-up reel is rotated, so that the processing
      fluid is supplied to the exposed image recording unit, after which the
      image recording unit is stripped from the leader paper and discharged to
      the exterior of the camera, while the succeeding unexposed image recording
      unit is positioned in the exposure station of a camera. Said camera is
      characterized in that a drive source, adapted to rotate the aforesaid
      take-up reel in one direction in response to the termination of exposure,
      drives the rotating member so as to wind the leader paper by a length
      corresponding to one film unit.
PAR  According to one aspect of the present invention, the aforesaid drive
      source is cocked manually by means of a cocking member and is locked in
      position by means of a locking member which is adapted to release the
      cocked drive source from its locked condition in response to termination
      of the exposure due to a shutter being released.
PAR  The drive source, which has been thus released from its locked condition,
      drives a rotating member which is adapted to rotate the take-up reel only
      in one direction.
PAR  According to another aspect of the present invention, the aforesaid
      rotating member is provided with a governor member for controlling or
      selectively limiting the rate of rotation of the rotating member.
PAR  According to a further aspect of the present invention, there is provided
      an indexing member for controlling the extent of rotational movement of
      said rotating member under the force of the aforesaid drive source,
      thereby controlling the supply of processing fluid to the exposed image
      recording unit as well as the subsequent discharge of the image recording
      unit to the exterior of the camera and further winding of a given length
      of the leader paper for bringing the succeeding unexposed image recording
      unit to an accurate position for exposure within the camera.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 and FIG. 2 are perspective views of a film unit magazine as used in
      the present invention with portions broken away to show therewithin a
      folded leader paper mounting a plurality of film units which are partially
      broken away, and wherein FIG. 1 shows an image recording unit positioned
      in the exposure station, while FIG. 2 shows the condition of the image
      recording unit as it is transported from the exposure station to the
      discharge opening of a camera, as the leader paper is wound around the
      take-up reel;
PAR  FIG. 3 and FIG. 4 are perspective views of the essential interior
      structural portions of a first embodiment of the self-processing camera of
      the present invention, in which FIG. 3 illustrates the condition of a
      drive source of a take-up means which is locked, while FIG. 4 shows the
      condition of the take-up means as it is being driven by the drive source;
      and
PAR  FIG. 5 is a perspective view showing the essential parts of a second
      embodiment of self-processing camera according to the present invention,
      showing the condition of the drive source of a take-up means which is
      locked.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring in detail to the drawings, there is shown in FIGS. 1 and 2, a
      film magazine 6 housing a plurality of film units 5 and constructed for
      insertion into the interior of a camera.
PAR  As shown in FIG. 1, a film unit 5 according to the present invention
      comprises an image recording unit 1 composed of a photosensitive sheet 1a
      integrally paired with an image receiving sheet 1b, a rupturable portion
      2, which contains processing-fluid, disposed on one side of the image
      recording unit 1, and a fluid trap 3 for receiving excess processing
      fluid. Also shown is a leader paper 4, to which are attached image
      recording units 1, processing-fluid-containing portions 2 and traps 3. A
      plurality of those film units 5 are disposed linearly in equally spaced
      relation on leader paper 4. Thus, after exposure, a film unit 5 is
      transported by the lead paper to cause the rupture of the
      processing-fluid-containing portion 2, thereby distributing the processing
      fluid between photosensitive sheet 1a and image receiving sheet 1b for
      processing, after which only the image recording unit 1 is stripped from
      the leader paper 4 to obtain a finished print. In this respect, the film
      units themselves are well known.
PAR  In addition, a film magazine 6 as shown in FIG. 1 of the known type in
      which a plurality of film units are stacked in superposed relation, with
      leader paper 4 folded to arrange a set of film units 5 in an aligned stack
      and in such manner that the image recording unit 1 of top film unit 5
      faces an exposure frame 6a, and is urged thereagainst by means of a spring
      6b. Rotatably mounted in the film magazine is a reel 6f adapted to hold
      one end of the leader paper 4 and wind the same therearound, whereby the
      rotation of the reel 6f will transport the exposed film unit 5. In
      addition, the film magazine is provided with an opening 6c disposed
      parallel to the exposure frame 6a and housing a pressure roller 7 therein,
      a receiving member 6d for receiving the aforesaid pressure roller 7, a
      discharge opening 6e through which is to be discharged an exposed image
      recording unit 1 which has been subjected to the processing, and a ratchet
      portion 6g adapted to transmit a rotating force to reel 6f.
PAR  One embodiment of a self-processing camera according to the present
      invention is illustrated in FIGS. 3 and 4, the camera having a body 8
      mounting therein an inserted film magazine 6. The camera body 8 has an
      exposure station 8a and a discharge opening 8b, which are located in
      registry with the respective exposure frame 6a and discharge opening 6e of
      the inserted film magazine 6, while the pressure roller 7 fitted in
      opening 6c is rotatably journalled on a rotary shaft 7a, while being urged
      against the receiving portion 6d under the force of a spring 10b acting on
      a lever 10, as well as the force of a spring 7b acting on the rotary shaft
      7a. Rigidly mounted coaxially on rotary shaft 7a is a gear 7c, whereby the
      rotation of pressure roller 7 is transmitted, by means of a train of
      reduction gears 9, 9b, 11 meshing with gear 7c, to a shaft 11a of a gear
      11. The shaft 9a of gears 9 and 9b is journalled in lever 10 which is
      rotatably journalled on shaft 11a. As a result, even if the shaft 7a of
      pressure roller 7 is somewhat deflected when a film unit 5 passes through
      the gap between the roller 7 and the receiving portion 6d, the proper
      meshing relationship of the train of gears 9, 9b and 11 will be
      maintained. Rigidly mounted on shaft 11a are an indexing disk 12 having a
      locking portion 12a and a cam plate 13 for self-cocking of the shutter.
      Furthermore, the gear 11 is so designed as to complete one full turn, when
      the roller 7 is rotated to an extent corresponding to the length of one
      film unit 5.
PAR  Provided in the front of the camera body 8 is a lens shutter assembly 18
      having an objective lens disposed with its optical axis at a right angle
      to the exposure station at its center. The lens shutter assembly 18
      includes a shutter release lever 18a and a shutter cocking lever 18b.
PAR  A cocking coupling lever 14, is rotatably mounted relative to the camera
      body by means of a shaft 14a and is biased for counterclockwise rotational
      movement by a spring 14b. One end of lever 14 is in engagement with the
      cam plate 13, and its other end engages the shutter cocking lever 18b,
      such that when the cam plate 13 is rotated by one turn, the cocking
      coupling lever 14 will reciprocate by advancing in a clockwise direction
      and returning in the counterclockwise direction. In this respect, cocking
      coupling lever 14 will operate shutter cocking lever 18b to effect the
      cocking operation of shutter 18.
PAR  A winding-stopping lever 15 has three arms and is rotatably journalled in
      the camera body by means of a shaft 15a, being imparted a
      counter-clockwise rotational tendency by means of the spring 15b. When the
      lever 15 is thus turned in a counter-clockwise direction, a ratchet tooth
      15c formed on one arm thereof will engage the indexing disk 12 in its
      locking portion 12a, while a projection 15d formed on the second arm will
      engage an escape wheel 28 of a governor to be described later, when the
      ratchet tooth 15c engages the locking portion 12a, so that the rotation of
      escape wheel 28 will be interrupted. Furthermore, the third arm 15e
      engages a lever 16 to be described hereinafter.
PAR  A drive gear 22 is rotatably journalled on a shaft 22a in the camera body,
      while a drive spring 22b, serving as a drive source, is provided between
      the shaft 22a and the camera body, loading drive gear 22 so as to rotate
      in a counter-clockwise direction.
PAR  A gear 21 meshing with the aforesaid drive gear 22 is loosely fitted on a
      shaft 20a of a drive source cocking lever 20, with an engaging piece 21a
      secured to the face of the gear 21.
PAR  The drive source cocking lever 20 is spring loaded so as to rotate in a
      clockwise direction by means of a weak spring 20b which is wound around
      the shaft 20a, the lever 20 normally abutting a stop member 20e, while a
      sector-shaped ratchet gear portion 20d having a center at shaft 20a is
      formed along the edge of an arm of lever 20. Anchored in the undersurface
      of the lever 20 is a pin 20c which is adapted to engage the locking piece
      21a, when gear portion 20d is rotated in a counter-clockwise direction
      against the action of spring 20b.
PAR  A ratchet member 19 engageable with ratchet gear portion 20d is journalled
      on a shaft 15a of the winding-stopping lever 15, being loaded so as to
      rotate in the direction toward the shaft 20a under the action of spring
      19a. Thus, when drive source cocking lever 20 is in an inoperative
      position in which it abuts the stop member 20e,  the ratchet member 19 is
      directed toward the shaft 20a to a position in which ratchet member 19
      contacts the right hand end of ratchet gear portion 20d. A coupling pin
      19b projects downwardly from ratchet 19, and in said inoperative position,
      the coupling pin 19b contacts the right hand edge (in the
      counter-clockwise direction) of the winding-stopping lever 15 which is in
      the counter-clockwise rotating position.
PAR  The locking lever 16 is journalled on a shaft 16a, having three arms, one
      of which has a ratchet tooth 16c engageable with the engaging piece 21a on
      gear 21, the second of which has a bent portion 16d engageable with the
      third arm 15e of winding-stopping lever 15. The lever 16 is loaded by
      means of a weak spring 16b so as to rotate in a clockwise direction, with
      the ratchet 16c being engageable with the engaging piece 21a which is in
      the cocked position. The third arm 16f of locking lever 16 is engageable
      with a pin 17a on a release lever 17 and a projection 16e engageable with
      a projection 33b on a release-stopping member 33 to be described
      hereinafter.
PAR  The release lever 17 is rotatably journalled on the shaft 16a of locking
      lever 16, with a strong spring 17b confined between lever 17 and the arm
      16f of locking lever 16, while the tip of lever 17 is engageable with the
      shutter cocking lever 18b. Thus, when the shutter is released to cause the
      shutter cocking lever 18b to rotate in a clockwise direction, then the
      lever 17 will rotate locking lever 16 through the medium of spring 17b
      against the action of spring 16b as shown in FIG. 4, thereby releasing the
      engagement of ratchet tooth 16c with engaging piece 21a, whereupon bent
      portion 16d will rotate the winding-stopping lever 15 in a clockwise
      direction against the action of spring 15b, thereby releasing the
      engagement of ratchet tooth 15c with locking portion 12a. At the same
      time, the projection 15d will be retracted from its engaging position with
      escape wheel 28, thereby releasing the locked condition of drive gear 22
      and freeing it to rotate under action of spring 22b.
PAR  An operating gear 24 meshes with a gear 23b which is mounted on a shaft 23a
      concentrically and integrally with a smaller gear 23, the latter meshing
      with drive gear 22, so that operative gear 24 is driven by drive gear 22.
      The operating gear 24 is provided with a pawl 25 journalled on a shaft
      25a, the pawl 25 being in engagement with a ratchet wheel 26 rigidly
      mounted on shaft 26a upon which is loosely mounted the aforesaid operating
      gear 24. The pawl 25 thus permits the counter-clockwise rotation of the
      operating gear 24 to be transmitted to ratchet wheel 26, while restraining
      clockwise rotation of ratchet wheel 26. The shaft 26a of ratchet wheel 26
      is formed with a coupling portion (not shown) engaging the ratchet 6g of
      magazine 6.
PAR  The operating gear 24 also meshes with a gear 27 and a gear 30, while
      escape wheel 28 is mounted on a shaft 28a in integral and coaxial relation
      to gear 27. An anchor 29, cooperating with escape wheel 28, is mounted on
      a friction transmitting member 31 wound around shaft 30a of gear 30. Thus,
      when the operating gear 24 rotates in a counter-clockwise direction to
      operate ratchet wheel 26, the anchor 29 engages escape wheel 28, acting as
      a governor. On the other hand, when the operating gear 24 rotates in a
      clockwise direction, the anchor 29 is moved by member 31 in a
      counter-clockwise direction until it abuts stop 32, thus retracting from
      escape wheel 28, and rendering its action as a governor inoperable.
PAR  The release-stopping member 33 is slideable on the outer casing of the
      camera body by means of its guide groove and a guide pin which projects
      from the outer casing of the camera. The release stopping member 33 has a
      manipulating piece 33a and a pointer which is to be alinged with a release
      index 34 and a stop index 35. The projection 33b, formed on the
      release-stopping member 33, faces the projection 16e on the locking lever
      16. Thus, when release-stopping member 33 is set upon the index 34, both
      the projections 33b and 16e will be disengaged from each other, allowing
      the clockwise rotation of locking lever 16. On the other hand, when the
      member 33 is aligned with the stop index 35, both the projections 33b and
      16e will be engaged to stop the clockwise rotation of locking lever 16.
PAR  With such an arrangement, when the shutter release lever 18a is manually
      depressed, with the release-stopping member 33 aligned with release index
      34 and with the shutter in the cocked condition, then the shutter 18 will
      be released so as to expose the image recording unit 1 of film unit 5
      facing the exposure station 8a. Upon completion of exposure by means of
      the shutter, shutter-cocking lever 18b will rotate in the clockwise
      direction to engage release lever 17, thereby rotating locking lever 16,
      by means of spring 17b, in the counter-clockwise direction, so as to
      disengage ratchet tooth 16c from locking piece 21a. At this time, bent
      portion 16d will rotate winding-stopping lever 15 in a clockwise
      direction, so that projection 15d will be disengaged from escape wheel 28.
      As a result, the drive gear 22 will drive the operating gear 24 in a
      counter-clockwise direction, while pawl 25 engages ratchet wheel 26 to
      thereby rotate the latter in a counter-clockwise direction. Thereupon,
      anchor 29 will cooperate with escape wheel 28, and the rotation of the
      operating gear 24 will be controlled or braked to a desired speed by the
      governor action of escape wheel 28, while reel 6f will wind leader paper 4
      therearound. This then causes the exposed film unit 5 to be introduced
      between pressure roller 7 and its receiving member 6d and, as a result,
      the processing-fluid-containing portion 2 will be ruptured, so that the
      processing fluid will be distributed over photosensitive sheet 1a and
      image receiving sheet 1b by means of roller 7. Thereafter, the image
      recording unit 1 will be stripped from the leader paper 4 and then
      introduced through the discharge opening 6e in magazine 6 as well as the
      discharge opening 8b in a camera body 8, followed by discharge to the
      exterior of camera body. On the other hand, the excess self-processing
      materials other than the aforesaid image recording unit 1 will remain on
      the leader paper 4 and will be wound therewith around reel 6f.
PAR  During the aforesaid step, the gear 7c will rotate along with the rotating
      pressure roller 7, while gear 11 will rotate in a clockwise direction as
      shown in FIG. 4, together with the indexing disk 12, while the ratchet
      tooth 15c of winding-stopping lever 15 will engage a portion of indexing
      disk 12 remote from locking portion 12a, and projection 15d will release
      the escape wheel 28 from its locked condition. On the other hand, cam
      plate 13 will rotate to cause cocking-coupling lever 14 to reciprocate in
      such a manner as to move shutter cocking lever 18b to its shutter-cocking
      position. The moment that one exposed film unit is shifted and the
      succeeding film unit comes to a position to face the exposure frame 8a,
      the indexing disk 12 will rotate to cause ratchet tooth 15c to engage the
      locking portion 12a, while locking piece 21 a, adapted to rotate in the
      clockwise direction together with disk 12, will abut and engage pin 20c.
PAR  Subsequently, when the drive-source-cocking lever 20 is rotated in a
      counter-clockwise direction, pin 20c will rotate the engaged locking piece
      21a in a counter-clockwise direction and cock drive spring 22b, during
      which time ratchet gear portion 20d will rotate ratchet member 19 in a
      clockwise direction. On the other hand, coupling pin 19b will rotate
      winding-stopping lever 15 in a clockwise direction to thereby cause
      projection 15d to retract from escape wheel 28, releasing gear 21 for
      rotation. At this time, gear 30 will rotate in a counter-clockwise
      direction to retract anchor 29 from escape wheel 28, thus rendering the
      governor inoperative, so that the cocking of the drive spring 22b will be
      effected rapidly. The reverse movement of the cocking lever 20 during the
      cocking operation of the aforesaid drive spring 22b is stopped by means of
      the engagement of ratchet gear portion 20d and ratchet member 19, while
      the ratchet tooth 16c of locking lever 16 engages locking piece 21a, thus
      completing the cocking of the drive spring 22b. Then, ratchet gear 20d
      will be disengaged from ratchet member 19, thus allowing
      drive-source-cocking lever 20 to return, under tension of spring 20b, to
      the position in which it abuts stop member 20e, as shown in FIG. 3.
PAR  Thereupon the ratchet tooth 15c of winding-stopping lever 15 will engage
      the locking portion 12a on indexing disk 12, while projection 15d will
      lock escape wheel 28 against rotation, thus returning to the condition as
      shown in FIG. 3.
PAR  In case exposed image recording unit 1 is not processed immediately after
      the exposure, as for example, where the exposed image recording unit 1 is
      to be subjected to a multiple exposure, release-stopping member 33 is
      manually slid into alignment with stop index 35. Under such a condition,
      when the shutter is released, the shutter cocking lever 18b will rotate in
      a clockwise direction to terminate the exposure, and the release lever 17
      will be urged in a counter-clockwise direction. However, even if locking
      lever 16 is urged to rotate in the counter-clockwise direction by means of
      the spring 17b, projection 16e will engage projection 33b, thereby
      preventing the rotation of locking lever 16, and spring 17b will be merely
      expanded, so that the locking will not be released, and no processing of
      the exposed film unit will be effected. Thereafter, double exposure may be
      effected by manually moving shutter-cocking lever 18b in a
      counter-clockwise direction to cock the shutter.
PAR  In embodiment shown in FIG. 5, like parts are designated by the same
      reference numerals as in the previous embodiment. In the embodiment of
      FIG. 5, the locking lever 16 is eliminated and the locking of the parts
      under the tension of loaded drive spring 22b is effected, solely by the
      winding-stopping lever 15, ratchet gear portion 20d and ratchet member 19.
      In this embodiment, a release lever 17' is rotatably journalled on a shaft
      17'a and is biased by a spring 17'b so as to rotate in a counter-clockwise
      direction, while the end of its arm engages a shutter cocking lever 18b at
      the side toward which lever 18b is cocked. Furthermore, because of the
      absence of the locking lever, a drive-source-cocking gear 21' is provided
      with an interlocking piece 21'a in place of the locking piece 21a. On the
      other hand, release lever 17' is provided with a projection 17'e facing
      the projection 33b on release-stopping member 33, and a bent portion 17'd,
      which is engageable with arm 15e of lever 15, for the purpose of releasing
      the locked condition due to winding-stopping lever 15, upon completion of
      the release of a shutter.
PAR  Under a condition where the shutter shown in FIG. 5 is cocked, release
      lever 17' has been rotated in a clockwise direction, by shutter cocking
      lever 18b, about shaft 17'a against the action of spring 17'b, the bent
      portion 17'd has been retracted from arm 15e, winding-stopping lever 15
      has been rotated in a counter-clockwise direction by means of spring 15b,
      ratchet tooth 15c has been fitted in the locking portion 12a of indexing
      disk 12 to thereby stop the rotation of gears 7c and 11, and projection
      15d has engaged escape wheel 28 to stop the rotation of drive gear 22 and
      operating gear 24. Under such a condition, when the shutter is released,
      shutter-cocking lever 18b will rotate in a clockwise direction, thereby
      freeing release lever 17' for rotation in a counter-clockwise direction
      under the action of spring 17'b, and the bent piece 17'd, will engage arm
      15e, upon the completion of the exposure of the shutter, to thereby rotate
      the winding-stopping lever 15 in a clockwise direction. This movement of
      lever 15 brings its ratchet tooth 15c out of engagement with indexing disk
      12 and releases the latter from its locked condition.
PAR  In addition, the projection 15d is retracted from escape wheel 28, so that
      drive gear 22 will commence rotating in a counterclockwise direction by
      means of drive spring 22b, thus effecting the automatic processing of a
      film unit as in the previous embodiment. Thus, upon completion of the
      winding of reel 6f to advance one film unit, the ratchet tooth 15c will
      again engage locking portion 12a which has completed its one full turn,
      thereby stopping its rotation, while projection 15d will again engage
      escape wheel 28 to interrupt its rotation. When the drive-source-cocking
      lever 20 is rotated in the counter-clockwise direction, the locking
      condition provided by winding-stopping lever 15 will be released due to
      the clockwise rotation of ratchet member 19, which causes its mounted
      coupling pin 19b to rotate the winding-stopping lever 15 in a clockwise
      direction. The clockwise rotation of gear 21 will be interrupted by means
      of ratchet gear portion 20d and ratchet member 19, and thus the
      counter-clockwise rotation of drive gear 22 will also be stopped, with the
      result that the counter-clockwise rotation of operating gear 24 and
      ratchet wheel 26 is also prevented and the winding operation of reel 6f
      will not be effected. When the cocking of drive spring 22b has been
      completed, and the clockwise rotation of ratchet member 19 by means of
      ratchet gear portion 20d has been completed, ratchet 19 will be rotated in
      a counter-clockwise direction by means of spring 19a, while the
      winding-stopping lever 15 will rotate in a counter-clockwise direction
      under the action of spring 15b, so that ratchet tooth 15c thereof will
      again engage locking portion 12a which has been stopped. At the same time,
      the projection 15d will engage escape wheel 28 to lock same, with drive
      spring 22b in the cocked condition.
PAR  While the described embodiments represent the preferred forms of the
      present invention, it is to be understood that modifications will occur to
      those skilled in the art without departing from the spirit of the
      invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self processing camera having a shutter and an exposure station and
      adapted to receive a film magazine containing a plurality of
      self-processing film units arranged linearly and at equal spacing along a
      leader paper which is folded to stack said film units in superposed
      relation, each of said film units comprising an image recording unit, a
      processing fluid containing portion disposed at one side of said image
      recording unit, and a trap for excess processing fluid disposed on the
      other side of said image recording unit, said film magazine having an
      exposure frame which the top image recording unit is positioned to face,
      said film magazine also having a rotatable take-up reel to which one end
      of said leader paper is secured and said film magazine further having a
      guide member for guiding the leader paper and exposed film units; said
      self processing camera comprising:
PA1  means for mounting said film magazine in said camera with the exposure
      frame of said magazine in facing relation to the exposure station of said
      camera;
PA1  a rotating member adapted to rotate uni-directionally for rotating the
      take-up reel of said film magazine to wind said leader paper around said
      take-up reel in a direction to move the exposed top image recording unit
      to a developing position at the termination of exposure of the camera
      shutter;
PA1  means including a spring driven member and a drive spring for turning said
      rotating member;
PA1  means for operating said spring driven member in a direction to charge said
      drive spring;
PA1  means for restraining said spring driven member in its spring charged
      position thereof;
PA1  means for releasing said spring driven member from its restrained position
      in response to the termination of an exposure of the camera shutter to
      rotate said rotating member;
PA1  means for regulating the speed of said rotating member;
PA1  a roller rotatably mounted on said camera body and biased relative to the
      guide member of the film magazine so that said roller is rotated by the
      movement of the leader paper and the film unit by an amount proportional
      to the extent of advance of the leader paper through said roller and said
      guide member;
PA1  a cam member rotatable in response to the rotation of said roller;
PA1  means for bringing said restraining means to its restraining position when
      said cam member rotates to an extent which corresponds to the movement of
      the leader paper to completely discharge an exposed image recording unit.
NUM  2.
PAR  2. A self-processing camera as set forth in claim 1 further comprising a
      second cam member rotatable in response to the rotation of said roller and
      means for cocking the camera shutter with the rotation of said second cam
      member.
NUM  3.
PAR  3. A self-processing camera as set forth in claim 1 further comprising a
      release stopping member mounted for manual movement between first position
      and second positions, said release stopping member in its first position
      being adapted to stop said releasing means from releasing said spring
      driven member from its restrained position in response to said termination
      of exposure of the camera shutter, said release stopping member in its
      second position being free of such stopping effect of said releasing
      means.
NUM  4.
PAR  4. A self-processing camera as set forth in claim 1, wherein said cam
      member has a notched indexing portion and comprising a rockable lever
      including first, second and third lever arms and swingable between first
      and second positions, said first lever arm being moveable into positions
      locking and releasing said rotatable member in response to said lever
      first and second positions, said second lever arm terminating in a
      follower engaging and disengaging said indexing portion when said lever is
      in its first and second positions respectively, said releasing means being
      responsive to the position of said third lever arm at the first position
      of said lever for actuating said restraining means to its restraining
      position, and means engaging said third lever arm for swinging said lever
      to its second position in response to the uncocking of said shutter.
NUM  5.
PAR  5. A self-processing camera as set forth in claim 4, wherein said speed
      regulating means includes a ratchet gear rotatable in response to the
      movement of said spring driven member and further includes a ratchet
      engageable with said ratchet gear, and said first lever arm of said triple
      arm lever is engageable with said ratchet gear.
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ABST
PAL  A still camera wherein the main section of the housing contains a shutter,
      a pivotable shutter cocking member, a normally open switch which must be
      closed to terminate an exposure, and a release for opening the shutter and
      for closing the switch. A second section of the housing is reciprocable
      with respect to the main section between an extended position in which the
      camera is ready to make an exposure and a depressed position in which the
      second section conceals the picture taking lens and the view finder in the
      main section. When the second section is moved to its depressed position,
      it directly or indirectly prevents the movement of release from a starting
      position and/or from closing of the switch. The shutter is cocked and the
      film is transported by the length of a frame in response to movement of
      the second section to its depressed position. A first spring biases the
      second section to its extended position and a second spring tends to close
      the switch but is prevented from establishing an electrical connection
      between two fixed contacts of the switch as long as the second section
      remains in the depressed position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to photographic apparatus in general,
      especially to still cameras, and more particularly to improvements in
      photographic apparatus of the type wherein a section of the housing is
      movable with respect to the main section or vice versa to thereby cock the
      shutter and/or to transport the film by the length of a frame.
PAR  U.S. Pat. No. 3,864,705 of Winkler discloses a still camera wherein a
      housing section or cover member is reciprocable with respect to a main
      section to thereby cock the shutter and/or to transport the film by the
      length of a frame. The arrangement is such that, after each exposure, the
      cover member must be depressed to reduce the overall size of the housing
      and is thereupon released to the action of a spring to reassume an
      extended position whereby the camera is ready to make a further exposure.
      The film can be transported and the shutter can be cocked while the cover
      member moves to its depressed or extended position. When moved to its
      depressed position, the cover member preferably overlies the picture
      taking lens and/or the front and/or rear optical element of the view
      finder. The camera further comprises a locking device which can be
      actuated to hold the cover member in the depressed position so that the
      cover member cannot be returned to its extended position while the camera
      is stored in a small carrying case, in a pocket or in a purse.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved photographic apparatus
      of the type wherein the housing must be allowed or caused to expand prior
      to the making of an exposure, and more particularly to provide such
      photographic apparatus with novel and improved means for preventing the
      operation of release means and/or shutter when the apparatus is not ready
      to make an exposure, for example, because the size of its housing has been
      reduced so that the picture taking lens and/or the view finder is
      concealed.
PAR  Another object of the invention is to provide the above outlined
      photographic apparatus with novel and improved means for cocking the
      shutter simultaneously or substantially with the transport of photographic
      film by the length of a frame.
PAR  A further object of the invention is to provide the photographic apparatus
      with novel and improved means for preventing the making of double exposure
      and with novel and improved means for cocking a shutter of the type which
      is closed in response to a signal furnished by an electric circuit.
PAR  An additional object of the invention is to provide a photographic
      apparatus of the type wherein the closing of shutter takes place in
      response to actuation of a switch by the camera release and to provide
      such apparatus with novel and improved means for preventing the actuation
      of switch when the camera is not in an optimum condition for the making of
      exposures.
PAR  The invention is embodied in a photographic apparatus, especially in a
      miniature still camera, which comprises a housing having a first or main
      section and a second section or cover member movable between a first or
      depressed and a second or extended position, release means mounted in the
      first section and being movable from a starting position to an operative
      position to thereby open a shutter in the first section, a normally open
      shutteractuating switch (this switch can close the shutter in response to
      its closing by the release means to thereby terminate an exposure) mounted
      in the first section, means (e.g., a plate-like holder which is pivotably
      mounted in the first section) for closing the switch in immediate or
      delayed response to movement of release means to the operative position in
      the second position of the second housing section, and blocking means
      which is responsive to movement of the second section to prevent the
      closing of switch by the release means in the first position of the second
      section and to preferably prevent a movement of the release means from the
      starting position except when the second housing section assumes its
      second position.
PAR  The switch may comprise a first contact, a second contact which is spaced
      apart from the first contact, and a third contact which permanently
      engages the first contact and engages the second contact to thereby close
      the switch in response to movement of the closing means from a first to a
      second position. The blocking means comprises a member (e.g., a link)
      which maintains the closing means in the first position as long as the
      second housing section remains in its first position.
PAR  Alternatively, the switch may comprise a plurality of contacts which are
      conductively connected to each other when the switch is closed, and the
      blocking means may comprise a device (e.g., an integral portion of the
      second housing section) for moving one of the contacts to a position in
      which the one contact cannot be engaged by the other contact or contacts
      in response to movement of the release means to its operative position as
      long as the second housing section dwells in the first or depressed
      position. The second housing section causes or allows the one contact to
      move to a different position in which the one contact can be electrically
      connected with the other contact or contacts in response to movement of
      the release means to its operative position provided that the second
      housing section is caused or allowed to assume its second or extended
      position.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved
      photographic apparatus itself, however, both as to its construction and
      its mode of operation, together with additional features and advantages
      thereof, will be best understood upon perusal of the following detailed
      description of certain specific embodiments with reference to the
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic fragmentary vertical section through the main section
      of the housing of a photographic apparatus which embodies the invention,
      the shutter being shown in cocked position and the apparatus being ready
      for the making of an exposure;
PAR  FIG. 2 is a similar view but showing the shutter in the open position;
PAR  FIG. 3 is a similar view with the shutter again shown in cocked position
      but with the camera release locked in starting position; and
PAR  FIG. 4 is a smaller-scale schematic plan view of the photographic
      apparatus, the extended position of the movable housing section being
      indicated by phantom lines.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 4, there are shown certain parts of a still camera
      which is similar to that disclosed in the commonly owned copending
      application Ser. No. 344,366. The camera comprises a housing or body
      including a first or main section 1 containing a picture taking lens 20,
      the front and rear optical elements 21, 22 of a view finder, a chamber
      (not shown) for a cassette containing a supply of photographic film, a
      door (not shown) which affords access to the chamber, a shutter of the
      type shown in FIGS. 1 to 3, a camera release of the type shown in FIGS.
      1-3, a film transporting mechanism (not shown) and a cocking device for
      the shutter. The housing or body of the still camera further comprises a
      reciprocable second section or cover member 2 movable between a first or
      depressed position (shown by solid lines) in which a portion 2b thereof
      overlies the lens 20 and the front element 21 of the view finder, and a
      second or extended position 2' (indicated by phantom lines) in which the
      picture taking lens 20 is not concealed and an opening (not shown) in the
      front portion 2b registers with the optical element 21. The camera is
      ready for the making of an exposure when the section 2 assumes the
      extended position 2'. During movement from the position 2' to the
      depressed position which is shown by solid lines, the section 2 advances
      in the direction indicated by arrow 14 to thereby cock the shutter and to
      simultaneously actuate the film transporting mechanism so that the film in
      a cassette which is properly mounted in the aforementioned chamber is
      advanced by the length of a frame and the foremost unexposed film frame is
      located behind the lens 20. The camera further comprises a locking device
      of the type disclosed in the copending application Ser. No. 344,366 which
      can be operated to lock the section 2 in the solidline position of FIG. 4
      whereby the size of the housing is reduced to a minimum so that the camera
      can be stored in a pocket, in a purse or in a miniature carrying case and
      the front portion 2b of the section 2 conceals and protects the picture
      taking lens 20 and a view finder. When the locking device is deactivated,
      the section 2 is automatically moved to the extended position 2' (see the
      arrow 114) under the action of a spring 23 which reacts against the
      section 1 and bears against a portion of the section 2.
PAR  FIG. 1 shows the shutter and the release means of the camera which embodies
      the structure of FIG. 4. The section 2 (not shown in its entirety) is
      assumed to be in the extended position 2' whereby a portion 22 of this
      section dwells in the position of FIG. 1. The light-admitting opening 1a
      for the lens 20 is overlapped by a first blade 5d of the shutter, i.e.,
      the shutter is cocked. The section 2 is assumed to have been moved in the
      direction indicated by arrow 14 and thereupon released so that the spring
      23 of FIG. 4 was free to expand and to return the section 2 to the
      extended position 2'. The blade 5d is rigid or integral with a carrier 5a
      which is pivotable on a pin 5e of the section 1 and is biased clockwise,
      as viewed in FIG. 1, by a torsion spring 5. The blade 5d cannot move to
      the open position of FIG. 2 because a follower or projection 5b of the
      carrier 5a is engaged and held by a projection or lobe 4b of a cocking
      member 4 which is pivotable in the housing section 1, as at 15, and is
      held in the angular position of FIG. 1 by a lever 3 operatively connected
      with the camera release 10 by a link train 103. The lever 3 is pivotable
      on a pin 3a of the housing section 1 and is biased clockwise by a helical
      spring 3b so that it normally assumes the position of FIG. 1. The cocking
      member 4 is biased counterclockwise, as viewed in FIG. 1, by a torsion
      spring 16 one leg of which bears against a retainer 4a.
PAR  The camera release 10 is a lever which is pivotably mounted on a pin 10a of
      the housing section 1 and is biased against a stop 11 by a torsion spring
      12. The direction in which the release 10 must be pivoted by the user from
      the starting position of FIG. 1 to the operative position of FIG. 2 in
      order to make an exposure (when the shutter is cocked) is indicated by an
      arrow A. When the release 10 is pivoted away from the stop 11, the link
      train 103 pivots the lever 3 counterclockwise (see FIG. 2) whereby the
      cocking member 4 pivots counterclockwise under the action of the spring 16
      and the spring 5 is free to propel the front blade 5d to the open position
      of FIG. 2 in which the foremost unexposed film frame receives scene light
      through the opening 1a. The illustrated release is but one of many means
      which can be used in the camera to release the blade 5d to the action of
      the spring 5 at the will of the user.
PAR  The cocking member 4 further comprises a convex cam face 4c whose center of
      curvature is located on the axis of the pivot pin 15.
PAR  The shutter further comprises a second or trailing blade 5c which is
      pivoted clockwise to overlie the opening 1a with a preselected or
      predetermined delay following the movement of front blade 5d to the open
      position of FIG. 2 to thereby determine the exposure time. It is assumed
      that the camera embodies a conventional electronic exposure control system
      including a circuit 108 shown in FIG. 2 which causes the trailing blade 5c
      to pivot clockwise with a delay which is a function of scene brightness.
      The circuit 108 allows or causes the blade 5c to pivot clockwise in
      response to closing of a normally open switch which includes two
      stationary contacts 8a, 8b and a movable contact 9 here shown as a torsion
      spring one leg of which is in permanent engagement with the contact 8b.
      The other leg of the spring 9 abuts against a projection or stop 7a on a
      switch closing member or holder 7 which is pivotable on a pin 7d of the
      housing section 1 and is articulately connected with one end of a blocking
      link 6 by means of a pin 17. The holder 7 further comprises a second
      projection 7c which defines with the projection 7a a space for the free
      end of the release 10. When the release 10 is pivoted clockwise (arrow A),
      the movable contact or spring 9 can pivot the holder 7 counterclockwise,
      as viewed in FIG. 1, whereby the left-hand leg of the spring 9 bears
      against the contact 8a and causes the circuit 108 to effect a pivotal
      movement of the shutter blade 5c in a clockwise direction to thereby
      terminate the exposure.
PAR  The right-hand end portion of the blocking link 6 has a pin 6b which
      extends into a slot 18a in the bifurcated left-hand end portion of a lever
      18 which is pivotable on a pin 18b of the housing section 1 and has a
      cutout or notch 18d for the pin 15. The right-hand end portion of the link
      6 is further formed with a shoulder 6a which faces toward the release 10
      and cooperates with the cocking member 4 to prevent the opening of shutter
      and/or the closing of switch 8a, 8b, 9 when the section 2 is held in the
      solid-line position of FIG. 4.
PAR  The operation is as follows:
PAR  In FIG. 1, the cocking of the shutter including the blades 5c, 5d has been
      completed because the user is assumed to have moved the section 2 from the
      position 2' to the solid-line position of FIG. 4 and to have thereupon
      released the section 2 so that the spring 23 was free to return the
      section 2 to the extended position 2'. As mentioned above, such movement
      of the section 2 (first in the direction of arrow 14 and thereupon in the
      direction of arrow 114) is necessary in order to transport the film by the
      length of a frame, to cock the shutter, to permit the lens 20 to admit
      scene light to the opening 1a, and to enable the user to observe the scene
      by looking through the view finder 21, 22.
PAR  If the user wishes to make an exposure, the release 10 is pivoted clockwise
      (arrow A) to stress the spring 12 whereby the linkage 103 pivots the lever
      3 against the opposition of the spring 3b and the lever 3 moves away from
      a shoulder 4e of the cocking member 4. The member 4 is pivoted
      counterclockwise by the spring 16 so that its lobe 4b moves away from the
      follower 5b of the carrier 5a. The spring 5 is free to immediately propel
      the blade 5d to the open position of FIG. 2 in which the opening 1a admits
      scene light to the film frame behind the lens 20.
PAR  The holder 7 is free to pivot under the action of the springy contact 9
      simultaneously with (or even prior to) disengagement of the lever 3 from
      the shoulder 4e so that the contact 9 engages the stationary contact 8a
      (as mentioned above, the contact 9 permanently engages with the stationary
      contact 8b) whereby the switch 8a, 8b, 9 is closed and the circuit 108 is
      energized to effect a movement of the trailing shutter blade 5c behind the
      opening 1a with a delay which is a function of scene brightness or of
      another parameter selected by the user to determine the exposure time.
PAR  It is clear that the camera which is shown in the drawing may be equipped
      with a more sophisticated shutter or with a diaphragm shutter which not
      only determines the exposure time but also the size of the aperture
      through which scene light passing via opening 1a can reach the film frame
      behind the lens 20.
PAR  When the making of an exposure is completed, the parts of the camera assume
      the positions which are shown in FIG. 2 except that the trailing blade 5c
      overlies the opening 1a. In order to make a second exposure, the user must
      depress the section 2 from the extended position 2' to the solid-line
      position of FIG. 4. Such movement of the section 2 is shared by its
      portion 2a which then moves in the direction indicated by arrow 14 and
      assumes the depressed position shown in FIG. 3. During movement in the
      direction indicated by arrow 14, the head of the portion 2a engages and
      pivots the cocking member 4 which is rotated in a clockwise direction
      (from the position of FIG. 2 to that shown in FIG. 3) whereby the lobe 4b
      engages the follower 5b and pivots the front blade 5d (and through the
      medium of this blade also the trailing blade 5c) back to the position of
      FIG. 1 which corresponds to the position shown in FIG. 3. During such
      counterclockwise pivoting of the blades 5d, 5c, the shutter overlies the
      opening 1a so that the latter cannot admit scene light against the film
      portion behind the lens 20.
PAR  The cocking of the shutter is completed before the portion 2a of the
      housing section 2 reaches the position of FIG. 3. As soon as the shutter
      is cocked, the follower 5b is engaged by the cam face 4c of the cocking
      member 4 which continues to pivot clockwise (i.e., to move beyond an
      intermediate position in which the cocking of the shutter is completed)
      and, since the center of curvature of the cam face 4c is located on the
      axis of the pivot pin 15 for the member 4, the blades 5d, 5c remain in the
      positions of FIG. 3 while the member 4 moves to the second end position of
      FIG. 3. Shortly before the member 4 reaches the position of FIG. 3, its
      lobe 4b engages the shoulder 6a and moves the blocking link 6 in a
      direction to the right to thereby pivot the holder 7 clockwise and to move
      the left-hand leg of the contact 9 away from the stationary contact 8a.
      Thus, the switch including the contacts 8a, 8b, 9 is open. The
      displacement of the link 6 to the position of FIG. 3 enables the spring 12
      to return the release 10 into abutment with the stop 11 whereby the free
      end of the release 10 abuts against the projection 7c and retains the
      holder 7 in the angular position of FIG. 1 or 3, even if the lobe 4b moves
      away from the shoulder 6a, because the spring 12 is stronger than the
      springy contact 9.
PAR  When the user completes the movement of housing section 2 from the extended
      position 2' to the solid-line position of FIG. 4, the cocking member 4 is
      held in the position of FIG. 3 because the portion 2a is fully depressed.
      The spring 3b is free to contact and returns the lever 3 into abutment
      with a fixed stop 3d. The user thereupon releases the section 2 to the
      action of the spring 23 which returns the section 2 to the extended
      position 2' of FIG. 4. Consequently, the portion 2a is retracted to the
      position of FIG. 1 (by moving in the direction indicated by arrow 114)
      whereby the spring 16 pivots the cocking member 4 counterclockwise. The
      shutter remains cocked because the cocking member 4 is intercepted by the
      lever 3 which abuts against the stop 3d. This completes the manipulation
      which must precede the making of the second exposure. The second exposure
      is made by pivoting the release 10 in a clockwise direction.
PAR  The lever 18 serves as a simple guide for the blocking link 6 while the
      latter moves under the action of the lobe 4b or springy contact 9. It will
      be noted that the release 10 cannot be pivoted away from the stop 11 when
      the section 2 assumes the solid-line position of FIG. 4 (i.e., when the
      portion 2a assumes the position shown in FIG. 3) because the link 6 is
      then positively held by the lobe 4b (which abuts against the shoulder 6a)
      and the projection 7a holds the release 10 against pivotal movement in the
      direction indicated by arrow A. When the portion 2a of the housing section
      2 moves from the position of FIG. 3 to that shown in FIG. 1, the springy
      contact 9 is free to pivot the holder 7 counterclockwise through a certain
      angle; however, such angle is too small to allow the contact 9 to engage
      the stationary contact 8a so that the switch remains open.
PAR  An important advantage of the illustrated camera is that, by the simple
      expedient of moving the cocking member 4 beyond the (intermediate)
      position (FIG. 1) in which the shutter is cocked (i.e., to the second end
      position of FIG. 3), the member 4 can prevent an actuation of the release
      10 and/or a closing of the switch 8a, 8b, 9 as long as the section 2
      remains in the solid-line position of FIG. 4, either because the section 2
      is held by hand or because it is held in such position by the
      aforementioned locking device. Such mounting of the cocking member 4
      contributes to compactness of the section 1.
PAR  The improved camera is susceptible of many modifications. For example, the
      portion 2a can be made longer or configurated in such a way that it can
      act directly against the switch closing holder 7 when the section 2 is
      moved to the solid-line position of FIG. 4. Thus, a integral part (2a) of
      the section 2 (or a part which is directly connected to the section 2)
      then prevents a closing of the switch (and an actuation of the release) as
      long as the section 2 remains in the solid-line position of FIG. 4. In
      such camera, the link 6 (or an analogous direct connection between the
      holder 7 and the cocking member 4) can be dispensed with. The just
      described modification is of particular advantage when the shutter is an
      automatic shutter which need not be mechanically cocked so that the
      movement of section 2 in the direction indicated by arrow 14 merely serves
      to transport the film by the length of a frame and preferably to prevent
      the actuation of camera release as long as the section 2 remains in the
      solid-line position of FIG. 4.
PAR  It is also possible to use the portion 2a of the section 2 as a means for
      moving one of the contacts 8a, 8b (e.g., the contact 8a) away from the
      position shown in FIGS. 1 to 3 in response to movement of the section 2 to
      the solid-line position of FIG. 4 so that the switch cannot be closed if
      the release 10 is actuated by mistake while the overall size of the camera
      housing is reduced because the section 2 is held in the solid-line
      position of FIG. 4, either by hand or by the aforementioned locking
      device.
PAR  The shutter device 5 for instance can work according to U.S. Pat. No.
      3,302,544.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. In a photographic apparatus, a combination comprising a housing having a
      first section and a second section, said second section being reciprocable
      with respect to said first section between first and second positions;
      release means mounted in said first section and having a first member
      movable between starting and operative positions; a normally open
      shutter-actuating switch mounted in said first section; means for closing
      said switch, including a second member movable between starting and
      operative positions in which said switch is respectively open and closed,
      said second member being located in the path of movement of said first
      member at least when said second member assumes said starting position;
      and means for blocking the movement of at least one of said members while
      said second section assumes said first position, including a device which
      is movable by said second position and is arranged to move said one member
      to its respective starting position to thereby open said switch and to
      hold said one member against movement to the respective operative position
      when said second position assumes said first position but to permit the
      movement of said one member to the respective operative position in
      response to movement of said second section from said first to said second
      position so that each closing of said switch in response to movement of
      said first member from said starting to said operative position thereof
      must be preceded by a movement of said second section from said second to
      said first and back to said second position thereof.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said switch comprises a
      first contact, a second contact which is spaced apart from said first
      contact, and a third contact engaging said first contact and being mounted
      on said closing means, said third contact engaging said second contact to
      thereby close said switch in the operative position of said second member.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said switch comprises a
      plurality of contacts which are conductively connected to each other in
      the closed position of said switch, said device having means for moving
      one of said contacts to a position in which said switch is open when said
      second section moves to said first position thereof.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said switch comprises means
      for biasing said second member to said operative position.
NUM  5.
PAR  5. A combination as defined in claim 1, further comprising a shutter
      mounted in said first section, said blocking means further comprising a
      shutter cocking member movable in said first section from a first toward a
      second position in response to movement of said second section to said
      first position thereof whereby said shutter cocking member cocks said
      shutter, said device being arranged to retain said one member in said
      starting position in the second position of said cocking member.
NUM  6.
PAR  6. A combination as defined in claim 5, further comprising means for
      biasing said cocking member to said first position thereof.
NUM  7.
PAR  7. A combination as defined in claim 5, wherein said shutter is cocked when
      said cocking member assumes an intermediate position between said first
      and second positions thereof and said device is engaged by said cocking
      member while the latter moves beyond said intermediate and to said second
      position thereof during the last stage of movement of said second section
      to said first position.
NUM  8.
PAR  8. A combination as defined in claim 7, wherein said cocking member
      comprises means for maintaining said shutter in cocked position during
      movement of said cocking member from said intermediate to said second
      position thereof.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein said cocking member is
      pivotable about a fixed axis and said means for maintaining said shutter
      in cocked position comprises a cam including an arcuate cam face having a
      center of curvature on said axis.
NUM  10.
PAR  10. A combination as defined in claim 1, further comprising a shutter
      mounted in said first section, said release means being arranged to open
      said shutter in response to movement of said first member to said
      operative position and said switch being arranged to effect the closing of
      said shutter in response to closing of said switch by said closing means.
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PAL  In a system in which the polarity of the frequency converted chrominance
      signal or carrier is reversed during alternate lines of alternate fields
      recorded on alternate tracks on a recording medium and not reversed during
      the lines that make up the remaining alternate fields recorded in
      h-alignment on the remaining alternate tracks positioned in interleaving
      relationship with the first-mentioned tracks, logic-controlled switching
      means are provided to select the field intervals during which the
      plurality of the chrominance subcarrier will be reversed in alternate
      lines. The same logic circuits can be used to control the switching during
      both recording and reproducing so that the alternate plurality reversal of
      the chrominance subcarrier will take place during the proper fields during
      reproduction of the recorded signals. Furthermore, the flip-flop that
      controls the switching circuit to reverse polarity of the chrominance
      signal or carrier is, itself, controlled to start always in the correct
      polarity in those field intervals when it is operative.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to means for controlling the switching operation of
      apparatus of the type disclosed in co-pending applications Ser. No.
      492,330, filed July 26, 1974 and Ser. No. 542,697, filed Jan. 21, 1975,
      both assigned to the assignee of the present case. In particular, the
      invention relates to means for controlling the operation of switching
      circuits so that, during both recording and reproducing, the polarity of
      the chrominance subcarrier will be reversed or not reversed during
      corresponding line intervals.
PAR  2. The Prior Art
PAR  In the system disclosed in the previously mentioned application Ser. No.
      492,330, a switching circuit is provided to reverse the polarity of the
      chrominance signal when a color television signal is recorded. The
      polarity reversal takes place during alternate line intervals of signals
      recorded on alternate tracks on a recording medium. The polarity of the
      chrominance signal recorded on the interleaving tracks is not reversed
      during any line interval. The signals are also recorded in h-alignment
      which means that the synchronizing signals at the end of each line
      interval of each track are recorded so as to be aligned side by side with
      the recordings of synchronizing signals at the end of each of the line
      intervals of the next adjacent track.
PAR  Due to h-alignment and to the sequence of polarity reversals of the
      chrominance signals in alternate lines, the undesired cross-talk signal
      picked up from the next adjacent track when playing back the desired track
      can be minimized by passing the combined desired and cross-talk signals
      through a switching circuit that alternately reverses the polarity of
      successive line intervals of the chrominance signal and then passing the
      output signal of the switching circuit through a comb filter that adds the
      chrominance signals of two successive line intervals at a time. The
      switching circuit must be actuated so that it will reverse the polarity of
      alternate line intervals only during the reproduction of those tracks in
      which the polarity of the signals was reversed during recording and will
      not reverse the polarity of alternate line interval signals during the
      reproduction of those tracks in which the polarity was not reversed during
      recording.
PAR  In the system disclosed in the previously mentioned application Ser. No.
      542,697, the switching circuit is connected to switch the polarity of only
      the chrominance subcarrier and not of the entire chrominance signal. The
      pattern of switching, whereby the polarity of the chrominance subcarrier
      is reversed at the end of each line interval during the recording of one
      track but not reversed during the recording of the next track, is still
      the same as in the apparatus disclosed in application Ser. No. 492,330.
PAR  It is one of the objects of the present invention to provide a circuit that
      responds automatically to the synchronizing signals and signals obtained
      due to rotation of the rotating transducer to select specific field
      intervals in which the polarity reversal is to take place. Polarity
      reversal during the remaining field intervals recorded on interleaving
      tracks will automatically be avoided.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a fixed transducer located
      adjacent the rotating structure in the recording apparatus picks up
      signals timed to be synchronous with the rotation. In recording, the
      vertical synchronizing signals are separated from the composite television
      signal and are applied to a flip-flop that produces a square wave signal
      having a repetition rate 1/2 the repetition rate of the vertical field
      synchronizing signals. This square wave signal is then used to control
      another flip-flop that is supplied with signals recurring at the
      horizontal repetition rate. The combination of these signals supplied to
      the latter flip-flop causes it to produce an output signal that generates
      a square wave at one-half the repetition rate of the line, or horizontal,
      synchronizing signals during alternate field intervals and to remain at
      one polarity during the remaining alternate field intervals. This signal
      controls a switching circuit to produce the required sequence of polarity
      reversal of the chrominance signal or chrominance subcarrier in the
      recording apparatus.
PAR  In reproducing apparatus to reproduce signals recorded by the aforesaid
      recording apparatus, the same control circuit configuration is used as in
      the recording apparatus and is controlled by signals picked up from the
      rotating mechanism and by synchronizing signals derived from the
      reproduced television signal. If these reproduced synchrnozing signals
      occur at the proper time with respect to signals picked up from the
      rotating apparatus, the curcuit will contine to operate without any
      further effect on the switching circuit in the reproducing apparatus.
      However, if the reproduced vertical synchronizing signals do not properly
      coincide with signals picked up from the rotating apparatus, the flip-flop
      connected to be actuated by vertical synchronizing signals will be reset
      so as to reverse the times that the controlled flip-flop was in its
      respective high and low output conditions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a short length of magnetic tape and illustrates the location
      of several adjacent tracks of video signals recorded thereon.
PAR  FIGS. 2A and 2B show the surfaces of two magnetic transducers of the type
      used in recording the tracks illustrated in FIG. 1.
PAR  FIG. 3 is a prior art circuit of apparatus for recording video information
      with a certain sequence of reversals of polarity of the chrominance
      signal.
PAR  FIG. 4 shows a short length of magnetic tape with two tracks of recorded
      chrominance signals diagrammatically illustrated thereon.
PAR  FIG. 5 is a schematic circuit illustrating apparatus for reproducing
      television signals recorded by the apparatus in FIG. 3.
PAR  FIGS. 6A-6C are waveform diagrams illustrating voltages that occur in the
      operation of the apparatus in FIGS. 3 and 5.
PAR  FIGS. 7A-7G represent spectra that occur in the operation of the apparatus
      in FIGS. 3 and 5.
PAR  FIGS. 8A-8E represent voltage waveforms that can be obtained in the
      switch-controlling circuits in FIGS. 3, 5, and 9.
PAR  FIGS. 9A-9C show vectors representative of signal polarities that may be
      obtained in the operation of the circuits in FIGS. 3, 5, and 9.
PAR  FIG. 10 shows apparatus for recording and reproducing video signals in
      accordance with the present invention.
PAR  FIGS. 11A-11F illustrate voltage wavoeforms that occur in the operation of
      the apparatus in FIG. 10.
PAR  FIG. 12 is a schematic diagram of a modified embodiment of a circuit to
      control the operation of switching circuits in the apparatus in FIG. 10 in
      accordance with this invention.
PAR  FIGS. 13A-13F illustrate voltage waveforms that occur in the operation of
      the circuit in FIG. 12.
PAR  FIGS. 14A-14G are vector and voltage waveform representations for a PAL
      color television signal.
PAR  FIG. 15 is a modified embodiment of a circuit to control the switching
      operation in the apparatus in FIG. 10 to accommodate PAL color television
      signals in accordance with this invention.
PAR  FIG. 16 is another embodiment of a circuit to control the switching
      operation of the apparatus in FIG. 10 to accommodate PAL color television
      signals in accordance with this invention.
PAR  FIGS. 17A and 17B show voltage waveforms representative of the operation of
      the switching circuit during PAL color television recording and
      reproducing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The short length of tape 11 shown in FIG. 1 has six tracks 12-17 recorded
      on it. These tracks are shown as being recorded in abutting relationship,
      and the tracks are shown divided into small subsections, each of which
      represents the small area on which the entire video signal corresponding
      to one line of a complete television image is recorded. The smaller
      sections at the ends of the tracks represent half-line intervals for
      interlaced scanning.
PAR  The lines marking the ends of each of the subsections in each of the tracks
      12-17 may be considered to represent the locations at which the horizontal
      synchronizing signals are recorded. The recording is said to be h-aligned
      since the horizontal signal, sometimes referred to as the h signals, are
      recorded in alignment with corresponding signals on adjacent tracks. This
      is a well-known technique for reducing the type of cross-talk that would
      otherwise occur between adjacent tracks if the recorded horizontal
      synchronizing signals were not aligned.
PAR  The lines representing the location of recording of the horizontal
      synchronizing signals in the tracks 12, 14, and 16 are represented as
      being perpendicular to the longitudinal direction of such tracks whereas
      the lines representing the location of recording of horizontal
      synchronizing signals in the tracks 13, 15, and 17 are at a different
      angle with respect to the longitudinal direction of those tracks. This
      difference in angle is produced by the air gap in the recording
      transducers as shown in FIGS. 2A and 2B. The air gap g.sub.1 in the
      transducer 19 in FIG. 2A has an angle .theta..sub.1 with respect to the
      line representing the direction of movement of the tape relative to the
      transducer 19. The angle .theta..sub.1 is represented as a right angle and
      thus the transducer 19 would be used to record the tracks 12, 14, and 16.
      The transducer 21 in FIG. 2B has an air gap g.sub.2 at an angle
      .theta..sub.2 with respect to the line representing the direction of
      relative movement between the tape and the transducer. The transducer 21
      is the one that would be used to record the tracks 13, 15, and 17. The
      angles .theta..sub.1 and .theta..sub.2 are known as the azimuth angles,
      and it is not necessary that either of them be perpendicular to the
      direction of relative movement between the transducer and the tape.
PAR  The recording of information at different azimuth angles reduces cross-talk
      between adjacent tracks not only from horizontal synchronizing signals but
      also from other signals. In order to pick up the highest frequency
      components recorded on a magnetic medium it is important that the azimuth
      angle of the reproducing transducer correspond exactly to the aximuth
      angle of the transducer used to record that information. Any discrepancy
      in the azimuth angles of the recording and reproducing transducers reduces
      the highest frequency signals that could otherwise be reproduced.
      Deliberately choosing widely different azimuth angles in recording
      adjacent tracks 12-17 in FIG. 1 substantially reduces any cross-talk from
      high frequency, and even medium frequency, components recorded on adjacent
      tracks. Only the cross-talk between relatively low frequency components
      remains a problem.
PAR  The aforesaid prior application provided several techniques to reduce
      cross-talk of low frequency components between adjacent tracks, even
      though the tracks were recorded in abutting or even slightly overlapping
      relationship. FIG. 3 shows a block diagram of one type of recording
      apparatus described in the aforesaid prior application.
PAR  In FIG. 3 a composite video signal is applied to an input terminal 22. From
      there the signal branches out into four paths, one of which leads to a low
      pass filter 23 that passes luminance signal components up to about 2.5 MHz
      or so. The output of the low pass filter is applied to a delay circuit 24
      that equalizes the signal delay in other parts of the branched circuit.
      The luminance signal output of the delay circuit 24 is connected to a
      frequency modulator 26 to frequency modulate a carrier signal in
      accordance with standard video tape recording practice. The output signal
      of the frequency modulator is filtered by a high pass filter 27 and
      applied to a mixing circuit 28.
PAR  The composite video signal is also applied to a comb filter 29 which passes
      the chrominance signal components to a balanced modulator 31. An
      oscillator 32 is also connected to the balanced modulator 31. The
      modulator 31 has two output terminals connected to the fixed terminals of
      a single-pole double-throw switch, or selecting device 33 and the arm of
      this switch is connected to a low pass filter 34 which is connected, in
      turn, to the mixer 28.
PAR  The composite video signal is also supplied from the input terminal 22 to a
      horizontal synchronizing, or sync, signal separator 36 and to a vertical
      sync signal separator 37. The horizontal sync separator 36 is connected to
      a flip-flop 38 and the vertical sync separator 37 is connected to a
      flip-flop 39. Both of these flip-flops are connected to an AND gate 41 the
      output of which is connected to control the switching, or selecting,
      circuit 43. The flip-flop 39 is also connected to a servo-circuit 43 and
      to a control signal transducer 44 to record control signals along one edge
      of the tape 11.
PAR  The tape 11 wrapped helically part of the way around a drum 46. This drum
      comprises an upper portion 47 and a lower portion 48 with a slot 49
      therebetween. The two transducers 19 and 21 are located at opposite ends
      of an arm 51 affixed to the end of a shaft 52 driven by a motor 53. The
      motor is controlled by the servo-circuit 43. An amplifier 54 connects the
      mixer 28 to the transducers 19 and 21. The recording apparatus also
      includes a servo-circuit 56 connected to the motor 53 to control the
      operation of the motor and connected to the output of the flip-flop 39 to
      be controlled by signals therefrom. The flip-flop 39 is also connected to
      a fixed transducer 57 to record the output pulses of the flip-flop along
      one edge of the tape 11 to serve as control pulses to govern the speed of
      the tape during playback.
PAR  In the operation of the apparatus shown in FIG. 3, the oscillator 32
      generates a signal having a fixed frequency f.sub.c = f.sub.s + f.sub.a,
      and this signal combines, in the balanced modulator 31, with the
      chrominance signal components that pass through the comb filter 29. The
      balanced modulator 31 substracts the frequencies of the signals supplied
      thereto, produces two output signals indicated as C.sub.a and -C.sub.a
      which are of opposite polarity. Each of these signals has the same
      frequency converted carrier frequency f.sub.a, when considered
      instantaneously, and they are selected alternately by the switching
      circuit 33 to be applied to the low pass filter 34 that eliminated
      undesired side bands and applies only the proper frequency converted
      chrominance component signal to the mixer 28.
PAR  The operation of the switching circuit 33 to select either signal C.sub.a
      or the signal -C.sub.a is controlled by the AND gate 41 in response to
      output signals from the flip-flops 38 and 39. The selected pattern of
      recording of the signals C.sub.a and -C.sub.a is illustrated in FIG. 3
      which shows a short length of the tape 11 with two adjacent tracks 58 and
      59 recorded on it. The track 58 is shown with four line areas, or
      increments 61-64 and the track 59 is shown with four line areas, or
      increments, 66-69 h-aligned with the adjacent line areas 61-64
      respectively, of the track 58. Each of the line areas 61-64 and 66-69 has
      two arrows in it, the larger of which indicates the polarity of the
      frequency converted chrominance component recorded therein, and the
      smaller of which indicates the polarity of the cross-talk interference
      signal, which is the frequency converted chrominance component signal in
      the next adjacent line area of the adjacent track.
PAR  All of the frequency converted chrominance component signals recorded on
      the track 58 have a carrier of the same polarity. This may be either the
      polarity of the signal C.sub.a or of the signal -C.sub.a. For the sake of
      simplifying the explanation it will be assumed that the polarity of the
      larger arrows in the track 58 indicates that the signal C.sub.a is
      recorded in all of the line increments 61-64. In the track 59 the polarity
      of the signal is reversed in alternate line areas of increments, that is,
      in line areas 66 and 68, the signal C.sub.a is recorded and in line areas
      67 and 69 the signal -C.sub.a is recorded. However, the effect of
      alternately switching back and forth between the signals C.sub.a and
      -C.sub.a is not as simple as it seems. As will be described hereinafter,
      the signal in the track 59 may be considered to be a new signal C.sub.b
      having frequency components offset with respect to the components of the
      signal C.sub.a (or -C.sub.a) to interleave therewith.
PAR  In order to record the signals C.sub.a and -C.sub.a in the pattern set
      forth in FIG. 3, the simple logic circuit involving the AND gate 41 is
      used. Line A of FIG. 6 shows the output signal P.sub.h of the flip-flop 38
      as being a square wave having high and low intervals, each having a
      duration of one line interval, of 1h. One complete cycle of the signal in
      line A of FIG. 6 thus has a fundamental frequency 1/2(f.sub.h). The output
      signal of the flip-flop 39 is shown in line B of FIG. 6 as a square wave
      P.sub.v having high and low intervals each equal to 1v, where v is a field
      interval.
PAR  Since the AND gate 41 can produce a high output only when both of the
      applied signals P.sub.h and P.sub.v are high, the output of the AND gate,
      as is shown in line C of FIG. 6, remains low during one entire field
      interval T.sub.a and goes high only during alternate line intervals of the
      alternate field interval T.sub.b. This is based on the assumption that
      each track records one complete field interval. The pattern shown in FIG.
      3 corresponds to having the arm of the switching circuit 33 apply the
      signal C.sub.a to the low pass filter 34 when the output of the AND gate
      41 is low and having the arm apply the signal -C.sub.a to the low pass
      filter 34 when the output of the AND gate 41 is high.
PAR  FIG. 5 shows a playback apparatus for reproducing video signals recorded by
      the apparatus of FIG. 3. Many of the components in FIG. 5 are identical
      with those in FIG. 3 and such identical components are indicated by the
      same reference numerals as in the earlier figures and descriptions of such
      elements. The description of their operation will not be unnecessarily
      repeated.
PAR  The reproduced signals from the transducers 19 and 21, which are also used
      in playing back recorded signals, are amplified in an amplifier 71 and are
      applied to a high pass filter 72 and a low pass filter 73. The high pass
      filter 72 passes the frequency modulated signal that includes the
      luminance components. This signal is limited in a limiter 74 and
      demodulated in a demodulator 76. The re-created luminance signal is then
      amplified in an amplifier 77 and applied to a mixer 78.
PAR  The frequency converted chrominance signal separated by the low pass filter
      73 is applied to the balanced modulator 31 along with a signal from an
      oscillator 79. The signal from the oscillator 79 has a frequency f.sub.c =
      f.sub.s + f.sub.a and is constant during all line and field intervals. Two
      output terminals of the balanced modulator 31 are connected to the fixed
      terminals of the switching circuit 33, and the output of the latter is
      applied to a comb filter 81. The output of the comb filter is connected to
      the mixer 78 and to a burst gate 82. The burst gate and the output of an
      oscillator 83 are connected to a phase comparison circuit 84 that is
      connected to the oscillator 79. A waveform circuit 86, which may be a
      rectified, is connected to the transducer 57 to receive reproduced control
      signals therefrom, and its output is connected to a resetting terminal of
      the flip-flop 39.
PAR  The operation of the system in FIG. 5, insofar as the chrominance component
      signal is concerned, consists in applying the signal having the frequency
      f.sub.c = f.sub.s + f.sub.a from the oscillator 79 to the balanced
      modulator 31 to convert the frequency f.sub.a of the signals C.sub.a and
      C.sub.b, which are applied alternatively to the balanced modulator 31 back
      to the original chrominance carrier frequency f.sub.s. The two output
      terminals of the balanced modulator 31 provide signals of opposite
      polarity. One of them includes the desired signal C.sub.sa and the
      undesired or cross-talk signal C.sub.sb ', while the other includes the
      desired signal -C.sub.sa and the undesired or cross-talk signal -C.sub.sb
      '. The designation C.sub.sa indicates that the carrier frequency of the
      frequency converted chrominance signal C.sub.a has been reconverted to the
      original frequency f.sub.s. The designation C.sub.sb ' indicates that the
      signal C.sub.b, which consisted of alternate line intervals of the signals
      C.sub.a and -C.sub. a has been reconverted by the same converting signal
      having the frequency f.sub.c = f.sub.s + f.sub.a.
PAR  The switching circuit 33 is controlled by the AND gate 41 to produce
      exactly the same switching pattern as is shown in line C of FIG. 6. The
      waveform circuit 86 assures that the operation of the flip-flop 39 in the
      playback unit properly relates to the operation of the flip-flop 39 in the
      recording system of FIG. 3.
PAR  The output of the switching circuit 33 is applied to the comb filter 81. It
      will be recalled that the comb filter includes both a direct signal and a
      path in which the signal is delayed by one horizontal line interval. In
      the comb filter 81 the output of the direct path is added to the delayed
      output of the other path. Thus, when the chrominance component signals of
      the track 58 in FIG. 4 are being reproduced, the desired reconverted
      chrominance component signals C.sub.sa corresponding to the signals
      C.sub.a indicated by the long arrows in two successive line areas 61 and
      62 or 62 and 63 or 63 and 64 are combined, with the polarities of their
      carriers being the same, at the output of the comb filter. However, the
      undesired, or cross-talk, components C.sub.sb ' corresponding to the
      signals C.sub.b ' indicated by the small arrows in the line increments
      have carriers of opposite polarities in successive pairs of lines, and
      thus cancel each other when combined at the output of the comb filter 81.
      As a result, the output signal of the comb filter 81 in FIG. 5 during the
      reproduction of the track 58 consists substantially only of the desired
      chrominance components C.sub.s having the proper carrier frequency
      f.sub.s. During the reproduction of the track 58, the switching circuit 33
      does not switch back and forth between its two input terminals but remains
      on only one terminal as indicated during the interval T.sub.a in FIG. 6.
PAR  During the reproduction of the track 59, the switching circuit 33 does
      switch back and forth at the end of each line interval of time in
      accordance with the output signal of the AND gate 41 during the interval
      T.sub.b as indicated by the long arrows in line areas 66-69 in FIG. 4. The
      switching signal is indicated in line C of FIG. 6. Thus, the comb filter
      81 receives the signals C.sub.sb and C.sub.sa ' during group of line
      intervals recorded along the track 59.
PAR  Considering the signals on a line-by-line basis, since the chrominance
      signal components recorded in line areas 66 and 67 have opposite
      polarities, inversion of the signal reproduced from line area 67 causes
      the chrominance components signal to be combined, in phase, with the
      delayed chrominance component signal reproduced from line area 66 at the
      output of comb filter 81. However, since the chrominance component signals
      are recorded in all liine areas of the next adjacent track 58 with
      carriers of the same polarity, the reconverted cross-talk signals C.sub.sa
      ' from track 58, which are reproduced with the chrominance component
      signals recorded in the successive line areas of the track 59 also have
      the same polarity. Therefore, the above-mentioned inverting of the signal
      reproduced from line area 67 of track 59 causes the cross-talk signal
      C.sub.a ' reproduced with the signal recorded in line area 67 to be
      combined, with its phase or polarity reversed, with the delayed cross-talk
      signal reproduced with the signal recorded in line area 66, whereby the
      combfined cross-talk signals cancel each other at the output of comb
      filter 81.
PAR  The reason why inversion of polarity of the signal C.sub.a at the end of
      each line interval changes the signal frequency may be explained by
      considering a simplified situation in which signals C.sub.a and -C.sub.a,
      both of which have the carrier frequency f.sub.a, are not modulated by
      chrominance components but are available at the two output terminals of
      the balanced modulator 31 in FIG. 3 as pure sine waves of opposite
      polarity. During the field interval T.sub.b when signals C.sub.a and
      -C.sub.a are selected alternately by the switching circuit 33, the output
      signal of the switching circuit is no longer a single signal but is a sine
      wave whose polarity reverses, or whose phase shifts 180.degree., at a
      repetition rate of 1/2(f.sub.h). When a Fourier analysis is made of such a
      signal over a complete cycle of the interval of two horizontal lines, it
      will be found that the carrier frequency f.sub.a is no longer present, but
      has been replaced by first upper and lower side bands spaced by
      .+-.1/2(f.sub.h) from the original carrier frequency and by additional
      upper and lower side bands spaced from the first mentioned side bands and
      from each other, in order, by f.sub.h. Therefore, in effect, the
      single-pole, double-throw switching circuit 33 operates as a balanced
      modulator, and the modulating signal is the switching signal P.sub.k in
      line C of FIG. 6. During the interval T.sub.b, this signal changes its
      level at a rate that takes two horizontal line intervals for a complete
      cycle and therefore has a frequency of 1/2(f.sub.h). Being, in effect, a
      balanced modulator, the switching circuit 33 produces a balanced output
      signal without a carrier. This balanced output signal, since it
      interleaves with the signal C.sub.a may be referred to as the signal
      C.sub.b, and thus there is, in fact, an interleaving relationship between
      the carriers of the frequency converted carrier components of the signal
      recorded on the track 58 and that recorded on the track 59 in FIG. 4. Such
      interleaving relationship provides for an interleaving relationship
      between the previously referred to cross-talk or interference signals
      C.sub.sb and -C.sub.sb and the desired signals C.sub.s which further
      improves the cancellation of the cross-talk signals.
PAR  FIG. 7 shows the interleaving frequency relationship of the chrominance
      signals in the circuits in FIGS. 3 and 5. FIG. 7A shows a portion of the
      spectrum of the frequency converted signal C.sub.a which comprises a
      central carrier frequency f.sub.a with principal harmonics spaced from it
      .+-.nf.sub.h and with subsidiary harmonics spaced from the carrier
      frequency f.sub.a and from each of the principal harmonics by the field
      repetition frequency of the system. The signal C.sub.a is generated in the
      balanced modulator 31 in FIG. 3 during the recording of the track 58 in
      FIG. 4.
PAR  FIG. 7B shows a spectrum similar to that in FIG. 7A, except that its
      components are offset 1/2(f.sub.h) with respect to the frequencies in FIG.
      7A. The signal in FIG. 7B is the desired chrominance signal C.sub.b
      recorded in the track 59 in FIG. 4.
PAR  As indicated by the double arrows in each of the line interval areas in the
      tracks 58 and 59 in FIG. 4, each of the desired chrominance signals is
      unavoidably mixed with a cross-talk signal. These cross-talk signals are
      illustrated in the spectra in FIGS. 7C and 7D which correspond,
      respectively, to the spectra in FIGS. 7A and 7B. In FIG. 7C the cross-talk
      signal is actually an attenuated version of the signal C.sub.b, and is
      therefore designated as C.sub.b '. In FIG. 7D the cross-talk signal is an
      attenuated version of the signal C.sub.a, and is therefore designated as
      C.sub.a '.
PAR  FIGS. 7E and 7F show the spectra of the chrominance signals at the output
      of the switching circuit 33 in FIG. 5. Although the signals C.sub.a and
      C.sub.b are converted in the balanced modulator 31 by the signal f.sub.c =
      f.sub.s + f.sub.a from the oscillator 79, and, as converted, are
      designated as signals C.sub.sa and C.sub.sb, the fact that the arm of the
      switching circuit is held fixed in one position during the playback of the
      track 58 in FIG. 4 but is switched from one of its positions to the other
      at the end of each line interval during the playback of the track 59 in
      FIG. 4, results in eliminating the 1/2(h) offset of the signal C.sub.b.
      Thus, the reconverted signals C.sub.sa and C.sub.sb both have the same
      carrier frequency f.sub.s, which is the original chrominance sub-carrier
      frequency of the television system. In the spectra shown in FIGS. 7E and
      7F the undesired cross-talk signals C.sub.sa ' and C.sub.sb ' are spaced
      midway between the principal side bands of the deisred signals C.sub.sa
      and C.sub.sb and can be eliminated by the comb filter 81 to yield the
      desired signal C.sub.s, which is shown in FIG. 7G and is free of
      cross-talk components.
PAR  In the above-described magnetic recording apparatus in FIG. 3 and the
      reproducing apparatus in FIG. 5, the simple logic circuit comprising the
      horizontal and vertical sync separators 36 and 37, the flip-flops 38 and
      39, and the AND gate 41 is used to form the switching signal P.sub.k.
      However, during recording or reproducing of the track T.sub.b, it is
      equally possible for the flip-flop 38 to generate a signal having the
      polarity shown in FIG. 8C or a signal having the opposite polarity.
PAR  Now assume that during playback, when the polarity of the signal from the
      flip-flop 38 is such that the switching circuit 33 is switched by the
      correct switching signal S.sub.C in FIG. 8D. The chrominance signal that
      has a different polarity at every line interval in the alternate field
      intervals V.sub.E, as shown in FIG. 9A, will have its polarity reversed
      during the correct lines to coincide with the polarity in the remaining
      field intervals, as shown in FIG. 9B. However, it will be apparent that,
      if the signal S.sub.H produced by the flip-flop 38 has a polarity opposite
      to that in FIG. 8C and therefore the switching signal S.sub.C ' as shown
      in FIG. 8E is applied to the switching circuit 33, the polarity of the
      chrominance signal obtained therefrom will be different by 180.degree. at
      every field interval V.sub.E and V.sub.O, as shown in FIG. 9C.
PAR  The conventional magnetic video recording and reproducing apparatus is
      provided with an automatic phase control circuit, referred to as an A.P.C.
      circuit, in which the frequency of the carrier signal applied to the
      modulator is controlled in response to the burst signal contained in the
      reproduced chrominance signal.
PAR  As shown in FIG. 5, the embodiment according to the present invention is
      also provided with an A.P.C. circuit, which comprises the burst gate
      circuit 82 that receives the burst signal from the reproduced chrominance
      signal, the oscillator 83 that generates the reference signal having a
      constant phase, and the phase comparator 84 in which the phase of the
      reproduced burst signal and the phase of the reference signal are compared
      to each other. A control signal is produced by the comparator 84 to
      control the phase of the oscillator 79 so that the A.P.C. loop will be
      operative to hold the chrominance signal obtained at the output of the
      comb filter 81 at a constant phase regardless of the field interval.
      However, for a short time after the phase of the carrier signal of the
      reproduced chrominance signal changes, as shown in FIG. 9C, the A.P.C.
      circuit cannot follow the rapid change immediately. As a result, the hue
      balanced of the chrominance signal will be distrubed at initial parts of
      each field interval.
PAR  FIG. 10 shows an improved embodiment according to this invention, including
      both recording and reproducing sections, to overcome the above-described
      defect. The recording section includes many components found in the
      recording apparatus shown in FIG. 3 and the playback section includes some
      components found in the playback apparatus of FIG. 5. The description of
      these components and their operation will not be unnecessarily repeated.
PAR  Between the input terminal 22 and the horizontal and vertical synchronizing
      separators 36 and 37 are two double throw switches 91 and 92. The arm of
      another double throw switch 93 is connected to the transducers 19 and 21.
      The arm of each of the switches 91-93 makes contact either with a pole
      identified R or a pole identified P, depending upon whether the apparatus
      is to be used for recording or playback. In practice the arms of the three
      switches 91-93 would be mechanically linked together to operate as a
      three-pole double-throw switch.
PAR  The chrominance components of the video signal applied to the input
      terminal 22 to be recorded are separated out by the comb filter 29 and
      applied to a balanced modulator 31, which also receives signals that
      originate in an oscillator 32. The modulator 31 has two output terminals
      of opposite polarity. These output terminals are connected to two fixed
      terminals of a switching circuit 33, and the arm of the switching circuit
      is connected through a low pass filter 34 to the mixing circuit 54.
PAR  In this embodiment, the logic circuit controlling the switching circuit 33
      is constructed in such manner that the output from the logic circuit
      forces the movable arm of the switching circuit 33 to connect to one pole
      at certain predetermined horizontal intervals. The logic circuit is
      provided with a pulse generator 101, that generates pulse signals S.sub.P,
      as shown in FIG. 11A, having a frequency of 30Hz, and a monostable
      multivibrator 102 triggered by the pulse signals S.sub.P to generate a
      rectangular signal S.sub.M , as shown in FIG. 11B. The signal S.sub.M has
      a D.C. level of [0] during the recording of the track by the head 19 on
      the tape 11 and a D.C. level of [1] during the recording of the track by
      the head 21 on the tape 11. The rectangular signal S.sub.M is supplied to
      the D-terminal of a D-type flip-flop 103, whereas the vertical sync signal
      V.sub.S shown in FIG. 11C which is separated from the composite signal of
      the vertical sync signal separator 37 is supplied to the timing terminal
      of the flip-flop 103. With the flip-flop 103 being thus connected, the
      output signal obtained from the Q-terminal thereof will be a rectangular
      signal S.sub.D shown in FIG. 11E, which goes up at the time when the
      vertical sync signal V.sub.S is supplied thereto during the signal S.sub.M
      has a D.C. level [1] and goes down in response to the following vertical
      sync signal V.sub.S. The rectangular signal S.sub.D is supplied to the
      J-terminal of the J-K flip-flop 104, whereas the signal P.sub.H shown in
      FIG. 11D, which is formed by separating the horizontal sync signal from
      the composite sync signal by the horizontal sync separator 36 and applying
      them to a monostable multivibrator 105, is also supplied to the timing
      terminal thereof. The output signal S.sub.C obtained from the Q-terminal
      of the J-K flip-flop 104 is supplied to the switching circuit 33 as the
      switching signal. It will be apparent that the signal S.sub.C has a D.C.
      level of [0] while the signal S.sub.D is [0], but changes from the D.C.
      level [0] or from the level [1] to [0] at the end of every horizontal
      interval during the time that the signal S.sub.D is [1]. In addition, it
      should be noted that the switching signal S.sub.C goes up at the time when
      the first horizontal rate sync signal P.sub.H is supplied thereto after
      the rectangular signal S.sub.D goes up to [1]. This means that, if the
      time relation between the horizontal rate sync signal P.sub.H and the
      signal S.sub.D is as shown in FIG. 11, the signal S.sub.C will always be
      [1] in the even horizontal intervals of the even field intervals during
      recording. As a result, the switching circuit will be switched to the
      opposite pole from that in FIG. 10 during the even horizontal line
      interval of the even field intervals, so that the chrominance signal
      C.sub.A having the opposite polarity will be supplied to the mixing
      circuit 28 in only the above-described intervals. In the remaining
      intervals, the switching circuit 33 is in the state shown in FIG. 10, so
      that the chrominance signal C.sub.A having the positive polarity is
      supplied to the mixing circuit 28.
PAR  During playback, the time relation between the signal P.sub.H and the
      signal S.sub.D is the same as that in recording. Accordingly, during the
      even horizontal line intervals of the even field intervals, the switching
      circuit 33 is switched to the opposite state from that in FIG. 10, so that
      the chrominance signal C.sub.A having the positive polarity will be
      obtained therefrom. During the remaining intervals, the switching circuit
      33 is in the state in FIG. 10, so that the chrominance signal C.sub.A will
      be obtained as it was recorded. Thus, the chrominance signal obtained from
      the switching circuit 33 will have a constant polarity for every field
      interval.
PAR  Also, it will be apparent that the apparatus will produce a similar result
      if the signal S.sub.D has a DC level of [1] during odd field intervals and
      a DC level of [0] during even field intervals.
PAR  FIG. 12 shows another embodiment of the logic circuit according to this
      invention, in which a T-type flip-flop (106) is used instead of the J-K
      flip-flop 104. In FIG. 12, the rectangular wave signal S.sub.M is supplied
      to the D-terminal of the flip-flop 103, whereas the vertical sync signal
      V.sub.SD, as shown in FIG. 13D, which is separated out of the composite
      synchronizing signal Q.sub.S, as shown in FIG. 13C, by the vertical sync
      separator 37, is supplied to the timing terminal of the flip-flop 106. The
      rectangular wave signal S.sub.DD, as shown in FIG. 13E, obtained from the
      Q-output terminal of the flip-flop 103 goes up at the trailing edge of the
      signal V.sub.SD and goes down at the trailing edge of the following signal
      V.sub.SD. The signal S.sub.DD is supplied to the reset terminal R.sub.D of
      the T-type flip-flop 106 and the composite synchronizing signal Q.sub.S is
      supplied to the T-input terminal of the flip-flop 106.
PAR  With the logic circuit constructed in this way, the output signal S.sub.C
      obtained from the Q-output terminal of the flip-flop 106 will always be
      [0] when the signal S.sub.DD is [0], and will be [0] or [1] alternatively
      during the correct horizontal intervals. Further, it will be apparent that
      the signal S.sub.C has DC level [1] during even horizontal intervals of
      the even field intervals. Accordingly, the logic circuit shown in FIG. 12
      has the same effect and operation as the logic section of the circuit
      shown in FIG. 10.
PAR  The magnetic recording and/or reproducing apparatus according to the
      present invention can be used not only for NTSC signals, but also for PAL
      signals. In the apparatus for PAL signals, the switching circuit 33 is
      switched at every second horizontal interval and the comb filter 81 is
      constructed in such a manner that the chrominance signal during each line
      interval and the chrominance signal from the second preceeding line
      interval are combined.
PAR  As shown in FIG. 14A, a PAL signal is characterized by the reversal of
      polarity (or 180.degree. phase shift) of the sub-carrier of one
      chrominance component at line repetition rate. The sub-carrier to be
      reversed is the one on which the red color difference signal is modulated.
      This signal is represented by the vector V and is sometimes referred to as
      the (R-Y) signal. The blue color difference signal referred to by the
      vector U, and sometimes referred to as the (B-Y) signal is modulated on a
      sub-carrier that has the same frequency as that on which the red color
      difference signal is modulated but has a constant phase. The vector sum of
      the V and U components during alternate line intervals H.sub.1, H.sub.3,
      H.sub.5 . . . , is the signal U + jV. During the remaining alternate line
      intervals H.sub.2, H.sub.4, H.sub.6 . . . , when the carrier for the V
      signal is inverted, the vector sum is U-jV.
PAR  In order to allow a PAL signal to be properly decoded, the burst signal
      used to synchronize the local sub-carrier oscillator in the playback unit,
      or receiver, has two phase relationships. During line intervals H.sub.1,
      H.sub.3, H.sub.5 . . . , the burst signal is illustrated by the vector B+,
      which is 135.degree. counterclockwise from the axis of the sub-carrier on
      which the V signal is modulated. During the remaining alternate line
      intervals H.sub.2, H.sub.4, H.sub.6 . . . , the burst signal has a phase
      relationship illustrated by the vector B-, which is 90.degree. removed
      from the angle of the B+ vector and is 225.degree. counterclockwise from
      the axis of the U signal. Assuming that the switching signal S.sub.CP
      shown in FIG. 14B, which is reversed during alternate pairs of horizontal
      intervals H.sub.3 -H.sub.4, H.sub.7 -H.sub.8 . . . , is supplied to the
      switching circuit 33 during recording, the phase of the chrominance
      carrier signal is reversed during those intervals as shown in FIG. 14C.
      Accordingly, the switching signal to be supplied to the switching circuit
      33 in the reproducing section has to correspond to the signal S.sub.CP in
      the recording section. If the switching signal S.sub.CP in the reproducing
      section has the opposite polarity from that in the recording section, as
      shown in FIG. 14D, the chrominance signal obtained from the switching
      circuit 33 will be reversed in phase from the original one. Further, if
      the switching signal S.sub.CP in the reproducing section is different by
      90.degree. from that in the recording section, as shown in FIG. 14F, the
      switched chrominance signal shown in FIG. 14G will be a quite different
      signal from the correct PAL signal.
PAR  However, according to the present invention, it is possible to obtain the
      desired chrominance signal easily in the case of a PAL signal. To achieve
      this, the logic circuit shown in FIG. 10 is further provided with another
      J-K flip-flop 107 in which the switching signal S.sub.C supplied from the
      Q-output terminal of the J-K flip-flop 104 is frequency divided to
      one-half the frequency of the switching signal S.sub.C. In order to
      perform this frequency division, the output signal S.sub.C is supplied to
      the timing terminal of the flip-flop 107, and the output signal S.sub.D
      from the D-type flip-flop 103 is supplied to the J-input terminal of the
      flip-flop 107. The frequency divided switching signal S.sub.CP shown in
      FIG. 17B is obtained from the Q-output terminal of the flip-flop 107.
PAR  In a similar way, the logic circuit in FIG. 16, which corresponds to that
      in FIG. 12, can also be provided with another T-type flip-flop 108, in
      which the signal S.sub.C from the flip-flop 106 is frequency divided.
PAR  With the logic circuit for a PAL signal thus constructed, the switching
      signal S.sub.CP, which is obtained by frequency dividing the signal
      S.sub.C having the value [1] during the even (or odd) line intervals of
      the even (or odd) field intervals and [0] in the remaining intervals, will
      be [1] in the even (or odd) numbers of the succeeding two line intervals
      of the even (or odd) field intervals and [0] in the remaining intervals.
      As a result, when the switching circuit 33 in the recording and
      reproducing sections are controlled by the switching signal S.sub.CP, the
      phase of the chrominance signal during playback will be the same as during
      recording.
PAR  Further, although in the above-described embodiment, the switching circuit
      is inserted in the transmission line of the chrominance signal, it might
      be connected, instead, after the carrier oscillator 32 so that the phase
      of the carrier signal is reversed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system in which television signals comprising line intervals and
      field intervals are recorded on a recording medium by rotary transducer
      means, the television signal including chrominance components, the system
      including switching means to cause at least selected ones of the
      chrominance components to have one polarity in every line interval in
      alternate field intervals and to change from the one polarity to the
      opposite polarity at the end of selected line intervals of the remaining
      alternate field intervals, switch controlling means comprising:
PA1  A. a first flip-flop responsive to a first timing signal at the field
      repetition rate;
PA1  B. a signal generator to generate signals synchronous with rotation of the
      transducer means, said signal generator being connected to a control
      terminal of said flip-flop to control the polarity of the output signal
      therefrom to have a specific polarity during even fields and reverse
      polarity during odd fields;
PA1  C. a second flip-flop responsive to a second timing signal at the line
      repetition rate; and
PA1  D. a connection from an output terminal of said first flip-flop to a
      controlling input terminal of said second flip-flop to allow said second
      flip-flop to operate only during those alternate fields when the output
      signal of said first flip-flop has a predetermined one of said polarities,
      said second flip-flop having an output signal of predetermined polarity
      for the first line interval of each of the fields in which the second
      flip-flop operates.
NUM  2.
PAR  2. The system of claim 1 in which said first flip-flop is a D-type
      flip-flop having a timing input terminal to receive the first timing
      signal and a control input terminal connected to receive signals from said
      signal generator, and said second flip-flop is a J-K flip-flop having a
      timing input terminal to receive the second timing signal and a control
      input terminal connected to an output terminal of said first flip-flop to
      be controlled thereby.
NUM  3.
PAR  3. The system of claim 1 in which said first flip-flop is a D-type
      flip-flop having a timing input terminal to receive the first timing
      signal and a control input terminal connected to receive signals from said
      signal generator, and said second flip-flop is a T-type flip-flop having a
      timing input terminal to receive the second timing signal and a control
      input terminal connected to an output terminal of said first flip-flop to
      be controlled thereby.
NUM  4.
PAR  4. The system of claim 3 comprising means to generate said first timing
      signal from the field synchronizing signal, said first timing signal
      having a trailing edge preceding the first line synchronizing signal in
      the next field interval, and said T-type flip-flop being controlled by
      said trailing edge.
NUM  5.
PAR  5. The system of claim 2 comprising a second J-K flip-flop comprising a
      timing input terminal connected to an output terminal of the first J-K
      flip-flop and a control input terminal connected to said output terminal
      of said D-type flip-flop to generate, only during those alternate fields
      when the first J-K flip-flop operates, a square wave having a repetition
      rate equal to one-half the line repetition rate.
NUM  6.
PAR  6. The system of claim 3 comprising a second T-type flip-flop comprising a
      timing input terminal connected to an output terminal of the first T-type
      flip-flop and a control input terminal connected to said output terminal
      of said D-type flip-flop to generate, only during those alternate fields
      when the first T-type flip-flop operates, a square wave having a
      repetition rate equal to one-half the line repetition rate.
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ABST
PAL  A cathode ray tube for use with color image signal processing system, which
      comprises: an evacuated envelope having a transparent faceplate; an
      electron gun positioned within the envelope for emitting an electron beam
      toward the faceplate; a deflection means for deflecting the electron beam
      so that the electron beam vertically and horizontally scans the faceplate;
      and an index strip member including a plurality of successively arranged
      index strips positioned at an upper or lower surface of the faceplate,
      each of the index strips extending in a direction perpendicular to the
      horizontal scanning direction of the electron beam, and a pair of start
      and stop index strips each positioned at one side portion of the faceplate
      and elongated in parallel with the index strips and in substantially the
      same extent as that of the vertical deflection of the electron beam.
PARN
PAR  This is a continuation, of application Ser. No. 256,164, filed May 23, 1972
      now abandoned.
BSUM
PAR  The present invention relates to cathode ray tubes and, more particularly,
      to a cathode ray for use with a color video system such as color image
      pick-up, color facsimile and color image printing systems. The specific
      purpose of the invention is to provide an improved cathode ray tube which
      is useful for correctly converting a color image into a color video signal
      or for correctly reconverting the color video signal into a color image.
PAR  Generally the cathode ray tube of the invention includes a comb-shaped
      index strip including a plurality of successively arranged index strips
      positioned at an either upper or lower portion of the faceplate and a pair
      of start and stop index strips each positioned to extend at one side
      portion of the faceplate. The index strip electrode is scanned by an
      electron beam so as to produce an index signal which is used for
      separating color components contained in an image signal produced by the
      cathode ray tube and for correcting the scanning speed of the electron
      beam.
PAR  According to this invention, there is provided a cathode ray tube for use
      with color image signal processing system, which comprises: an evacuated
      envelope having a transparent faceplate; an electron gun positioned within
      the envelope for emitting an electron beam toward the faceplate; a
      deflection means for deflecting the electron beam so that the electron
      beam vertically and horizontally scans the faceplate; and an index strip
      member including a plurality of successively arranged index strips
      positioned at an upper or lower surface of the faceplate, each of the
      index strips extending in a direction perpendicular to the horizontal
      scanning direction of the electron beam, and a pair of start and stop
      index strips each positioned at one side portion of the faceplate and
      elongated in parallel with the index strips and in substantially the same
      extent as that of the vertical deflection of the electron beam.
DRWD
PAR  The specific structure of the invention will be understood when the
      detailed description is read in conjunction with the drawings wherein:
PAR  FIG. 1A is a fragmentary view of a faceplate of a conventional color image
      display tube.
PAR  FIG. 1B is a diagram showing an index signal produced by the display tube.
PAR  FIG. 2A is a sectional view of a conventional color image pick-up system.
PAR  FIG. 2B is a diagram showing a color strip filter employed for the system
      of FIG. 2A.
PAR  FIG. 2C is a diagram showing a waveform of an image signal produced by the
      system of FIG. 2A.
PAR  FIG. 3 is a front view of a faceplate of a cathode ray tube according to
      the invention.
PAR  FIG. 4 is a sectional view taken along a line 5--5 in FIG. 3.
PAR  FIG. 5 is a sectional view showing a display tube according to the
      invention.
PAR  FIG. 6 is a sectional view taken along a line 7-7' shown in FIG. 5.
PAR  FIG. 7 is a fragmentary elevational view of an encircled portion in FIG. 6.
PAR  FIG. 8 is a preferred embodiment of a color image reproducing system using
      the display tube of FIG. 5.
PAR  FIGS. 9A and 9B are explanatory views showing relationship between an index
      strip member formed on the faceplate of the display tube of FIG. 5 and an
      index signal produced by the display tube.
PAR  FIGS. 10A through 10B are explanatory view of operation of a one-field
      memory circuit in the system of FIG. 6.
PAR  FIG. 11 is a diagram showing waveforms of white pulses and synchronizing
      pulses produced in the system of FIG. 8.
PAR  FIG. 12 is a simplified front view showing a preferred embodiment of a
      faceplate of a camera tube according to the invention, its
      photo-conductive layer not being shown for the sake of clarity.
PAR  FIG. 13 is a sectional view taken along a line 13-13' in FIG. 12, a
      photo-conductive layer being added but not shown in FIG. 12.
PAR  FIG. 14 is a sectional view taken along a line 14-14' in FIG. 12, a
      photo-conductive layer being added but not shown in FIG. 12.
PAR  FIG. 15 is a sectional view taken along a line 15-15' in FIG. 12.
PAR  FIG. 16 is a simplified front view showing another embodiment of a
      faceplate of a camera tube according to the invention, its
      photo-conductive layer not being shown for the sake of clarity.
PAR  FIG. 17 is a sectional view taken along a line 17-17' in FIG. 16, a
      photo-conductive layer being added but not shown in FIG. 16.
PAR  FIG. 18 is a sectional view taken along a line 18-18' in FIG. 16, a
      photo-conductive layer being added but not shown in FIG. 16.
PAR  FIG. 19 is a sectional view taken along a line 19-19' in FIG. 16.
PAR  FIG. 20 is a schematic block diagram of a color image pick-up system using
      the camera tube shown in FIGS. 12 to 19.
PAR  FIG. 21 is an image signal appearing in the system of FIG. 20.
PAR  FIGS. 22A through 22C are explanatory views showing relationship between
      the position of the index strip member formed on the faceplate of the tube
      in FIG. 20 and an index signal produced in the system of FIG. 20.
PAR  FIGS. 22D through 22H are views showing various waveforms appearing in the
      system of FIG. 20.
PAR  FIG. 23 is a schematic block diagram of another embodiment of a color image
      pick-up system using the camera tube shown in FIGS. 12 to 19.
PAR  Corresponding parts are similarly numbered in the views.
DETD
PAR  Referring now to the drawings and more specifically to FIG. 1A, where are
      diagrammatically shown red, green and blue color strips 20, 21 and 22, and
      index strips 23 on the faceplate of a conventional color picture tube. The
      color strips 20, 21 and 22 are successively arranged in a certain order
      and the index strips 23 are positioned at a certain pitch among the color
      strips 20, 21 and 22. The index strips are made of a phosphorous material
      or a secondary electron emissive material. When the strips are scanned by
      an electron beam emitted from the electron gun of the picture tube and
      having a constant intensity in a direction indicated by an arrow A, the
      index strips radiate ultra-violet rays or emit secondary electrons. The
      ultra-violet rays or secondary electrons are converted into an index pulse
      signal as shown in FIG. 1B.
PAR  When, in operation, a color signal including the three primary color
      components in the form of pulse trains which are delayed from one another
      by predetermined time intervals is applied to the electron gun, the color
      strips 20, 21 and 22 are successively excited to respectively radiate the
      color lights. At the same time, the index strips 23 are excited and the
      index signal is produced by the picture tube. The index signal is utilized
      for correcting the scanning speed of the electron beam so that the
      electron beam scans the color strips in synchronism with the appearing
      timing of the color components in the color video signal. It is, in this
      instance, pointed out that the electron beam generated in the picture tube
      should have at least a minimum intensity for producing the index signal,
      so that, a reproduced color image has a degraded contrast. Furthermore,
      when a color composite video signal produced by a color image pick-up
      system is converted into the color image signal to be applied to the
      picture tube, a component of the color composite video signal having the
      same frequency as the index signal should be removed so as to reproduce a
      color image on the faceplate of the picture tube without influence of the
      index strips. As a result, the reproduced color image has a degraded
      resolution power.
PAR  Referring to FIG. 2A, there is shown a typical conventional color image
      pick-up system which comprises a color strip filter 30, an object lens 31
      for focusing an object 32 onto the surface of the color strip filter 30 so
      that an optical image of the object 32 is formed on the surface of the
      strip filter 30. The strip filter 30 includes index strips and red, green
      and blue strips which are arranged in order, so that, the optical image is
      spatially modulated when passing through the strip filter 30. The index
      strips is, for example, made of a fluorescent material and excited by
      illumination from a light source 33 positioned in the vicinity of the
      strip filter 30. The spatially modulated optical image is irradiated onto
      the faceplate 34 of a vidicon 35 which has a target assembly including a
      transparent electric conductive layer 36 disposed on the back surface of
      the faceplate 34 and a photo-conductive layer 37. The photo-conductive
      layer 37 is scanned by an electron beam 38 emitted from an electron gun 19
      positioned within an envelope 40 of the vidicon 35. Since the spatially
      modulated optical image is irradiated on the photo-conductive layer 37,
      electric charges are stored in dependence on the conductivity of a point
      the electron beam 38 strikes. The electric charges flow through a resistor
      41 to the ground thereby to generate a voltage signal at a joint 42. The
      voltage signal is picked up through a coupling capacitor 43 by a suitable
      signal processing means.
PAR  In FIG. 2B, the color strip filter 30 used in the system in FIG. 2A is
      illustrated in an enlarged scale, in which the red, green and blue colored
      strips and the index strips are designated by 44, 45, 46 and 47,
      respectively.
PAR  In FIG. 2C, a waveform of the voltage signal produced by the vidicon in
      FIG. 1A is shown, which includes index signal I.sub.s, red, green and blue
      color signals R.sub.s, G.sub.s and B.sub.s.
PAR  However, the provision of indexing strips in alternate relationship with
      the recurrent groups of color filters intercept part of the image light,
      and thus reduces the total amount of usable light. In addition, inherent
      nonlinerity of the circuit parameters in the line sweep generator would
      introduce error in beam alignment, thus resulting in poor fidelity in the
      reproduction of color television signal.
PAR  In order to avoid the above stated problems, a novel cathode ray tube
      usable for a color picture tube or a color camera tube is provided by the
      present invention, which has a comb-shaped index strip member formed on an
      upper or lower portion of the faceplate thereof. In FIG. 3, a faceplate 50
      of a cathode ray tube according to the invention is illustrated, which has
      a comb-shaped index strip member 51. The strip member 51 includes a
      plurality of index strips having a uniform height and a pair of start and
      stop strips at the utmost ends. The start and stop strips have heights
      substantially equal to the height of the effective area of the faceplate
      50 and extend at side portions of the faceplate 50. The start and stop
      strips are useful for producing start and stop signals. The strip member
      51 is, for example, deposited on the inner surface of the faceplate 50 as
      shown in FIG. 4. The strip member may be made of either a conductive,
      phosphorous or secondary electron emissive material.
PAR  In FIG. 5, a color picture tube or a cathode ray tube according to the
      invention is shown, which comprises an evacuated envelope 60 having a
      faceplate 61 and a neck 62. On the inner surface of the faceplate 61 are
      deposited red, green and blue color phospsor strips 63 successively
      arranged in a certain order. A comb-shaped index strip member 64 is formed
      on the inner surface of the faceplate 61 about the phosphor strips 63. A
      metal 65 is formed on the color strips 63 in such a manner as to expose
      the index strip member 64. A usual electron gun 66 is placed in the neck
      62, which emits an electron beam toward the faceplate 61. A horizontal
      deflecting coil 67 surrounds the neck 62, for deflecting the electron beam
      emitted from the electron gun 66 so that the electron beam scans the index
      strip member 64 and the metalback 65 in a direction perpendicular to the
      longitudinal direction of the color phosphor strips 63. A pair of
      additional horizontally deflecting plates 68 and 68' are positioned within
      the neck 62. A vertical deflection coil (not shown) is placed around the
      neck 62.
PAR  In FIG. 6, the inner portion of the faceplate 61 is shown in more detail,
      wherein the index strip member includes a plurality of index strips having
      a uniform height and a pair of start and stop strips 71 and 71' at the
      opposite edges of the faceplate 61. The start and stop strips extend
      sideways of the phosphor strips 63.
PAR  FIG. 7 shows in an enlarged scale a portion encircled by a circle B in FIG.
      6.
PAR  In FIG. 8, a color image reproducing system using the picture tube shown in
      FIGS. 5 to 7. The image reproducing system comprises a vertical driving
      pulse (VD pulse) generator 80 and a horizontal driving pulse (HD pulse)
      generator 81. The VD and HD pulse generators 80 and 81 respectively
      generate VD and HD pulse trains which in known manner effect rectangular
      scanning of the electron beam emitted from the electron gun 66 by means of
      respective deflection voltage generators and associated tube apparatus
      (not shown). Thus, the electron beam emitted from the electron gun 66
      scans the index strip member made of, in this case, an electrically
      conductive material and the metalback 65 in a manner of, for example,
      interlacing. The electron beam is deflected to provide a line scan
      transverse to the index strips 70 during the vertical blanking time period
      and subsequently scan the start index strip 71, the metalback 65 and stop
      index strip 71' in the order named. When the electron beam scans the index
      strip 70, the intensity of the electron beam is increased to a white level
      by an intensity controller 91 which is, at this instant, energized by a
      white pulse produced by a first white pulse generator 90. The first white
      pulse generator 90 produces the white pulses by using the VD and HD pulses
      from the VD and HD pulse generators 80 and 81. When the index strips 70
      are scanned by the electron beam as indicated by an arrow C as shown in
      FIG. 9A, an index pulse signal appears in the index strip member 64 having
      a waveform shown in FIG. 9B. It is, in this instance, seen from FIGS. 9A
      and 9B that the index pulses appear at time positions deviated from those
      corresponding to the positions of the index strip 70 and the start and
      stop strips 71 and 71' because the scanning speed of the electron beam
      varies due to non-linearlity of the horizontal deflection voltage, etc.
      The index signal is picked up and amplified by a pre-amplifier 84. The
      amplified index signal is delivered to a wave shaper 85 which wave-shapes
      the index signal by removing higher harmonics contained in the index
      signal. The wave-shaped index signal is applied to one input of a 1-field
      memory circuit 86 which memorize the wave-shaped index signal during a
      time period corresponding to one field usually equal to 1/60 seconds. The
      VD pulse train is, on the other hand, delivered to a differentiator 87
      which then produces the reset and clear pulses. When the VD pulses
      successively appears as shown by rectangular pulses D in FIG. 10A, the
      reset and clear pulses are spike pulses E and F as shown in FIG. 10B. The
      reset and clear pulses are then applied to another input of the 1-field
      memory circuit 86. The 1-field memory circuit 86 repeatedly produces a
      signal having a frequency equal to that of the index signal during a time
      from the reset pulse to the clear pulse. The signal from the 1-field
      memory circuit 86 is delivered to one input of a discriminator 88. A
      reference pulse generator 89 produces a reference pulse train having a
      constant repetition frequency. The reference pulses are applied to another
      input of the discriminator 88 which produces a correction signal having a
      polarity and amplitude according to difference between the phases of the
      signal from the 1-field memory circuit 88 and the reference pulses from
      the reference pulse generator 89. The correction signal is applied to a
      horizontal correction voltage generator 82 which then modulates the
      amplitude of the horizontal deflection correction voltage in accordance
      with the correction signal. The horizontal deflection correction voltage
      is amplified by an amplifier 83 and delivered to the additional electrodes
      68 and 68'. It is to be noted that the scanning speed of the electron beam
      is controlled so that the beam is repositioned as it scans along the line
      path. The electron beam is therefore deflected at a constant rate as it
      provides line scanning.
PAR  The HD pulse from the generator 81 is, on the other hand, applied to a
      second white pulse generator 98 which then produces white pulses as
      indicated by G in FIG. 11. The white pulses are synchronized with the
      horizontal driving pulses as indicated by J in FIG. 11. The white pulses
      are delivered to an intensity controller 91 which increases the intensity
      of the electron beam to a white level. As the electron beam scans the
      start strip 71 of the index strip member 64, a white pulse is generated to
      increase the beam intensity to a sufficient level to produce a start
      signal. The start signal is amplified by the pre-amplifier 84, wave-shaped
      by the wave shaper 85 and is used to trigger a gate pulse generator 92
      which then starts to produce a gate pulse signal having a repetition
      frequency corresponding to a space frequency of the color phosphor strips
      63 on the faceplate 61. The gate pulse signal is applied to a first gate
      93 which receives a green color signal and passes therethrough the color
      signal when triggered by gate pulses of the gate signal. The gate signal
      is also applied to a first delaying circuit 94 which delays the gate
      signal in phase by 2.pi./3. The delayed gate signal is applied to a second
      gate 95 which receives a blue color signal and passes therethrough the
      blue color signal when triggered by pulses of the delayed gate signal. The
      delayed gate signal is also applied to a second delaying circuit 96 which
      further delays the delayed gate signal by 2.pi./3. The further delayed
      gate signal from the second delaying circuit 96 is applied to a third gate
      97 which receives a red color signal and passed therethrough when
      triggered by gate pulses of the further delayed gate signal applied
      thereto. The green, blue and red color signals passed through the first,
      second and third gates 93, 95 and 97 are applied to the intensity
      controller 91, which controls the intensity of the electron beam in
      accordance with the magnitudes of the color signals.
PAR  In FIGS. 12 to 15, a faceplate of a camera tube of the invention is shown,
      on which a color strip filter 101 is disposed. The color strip filter 101
      includes a plurality of red, green and blue color strips R, G and B which
      are successively arranged in a certain order. A transparent conductive
      layer 102 is formed on the strip filter 101 and the faceplate 100. The
      conductive layer 102 is removed in a mosaic pattern as shown in black in
      FIG. 12, so that the transparent conductive layer 102 acts as an index
      strip member. A photo-conductive layer 103 is disposed on a portion of the
      conductive layer 102 corresponding to the strip filter 101.
PAR  In FIGS. 16 to 19, another faceplate of a camera tube according to the
      invention is shown, on which a color strip filter 101 is disposed. A
      transparent conductive layer 102 is disposed on the strip filter 101 and
      the faceplate 100. A photoconductive photo-conductive 103 is formed on a
      portion of the strip filter 101. The conductive layer 102 is removed in a
      similar manner as in FIG. 12.
PAR  In FIG. 20, a color image pick-up system using a camera tube having a
      faceplate with a target as shown in FIGS. 12 to 19. The camera tube
      generally designated by 110 includes an evactuated envelope 111 having a
      faceplate 100. On the inner surface of the faceplate 100 is formed a
      target which includes a color strip filter 101, transparent conductive
      layer 102 and a photo-conductive layer 103. The filter 101, conductive
      layer 102 and the photo-conductive layer 103 are constructed in the same
      manner as shown in FIGS. 12 to 19. A color optical image 112 to be picked
      up is focussed by an optical arrangement such as an object 113 onto the
      faceplate 100. The thus focussed optical image is spatially modulated by
      the color strip filter 101 and builds up a pattern of electrostatic
      charges on the photo-conductive layer 103. An electron gun 114 is placed
      within the opposite end of the envelope 111 to the faceplate 100, so that,
      an electron beam having a constant intensity emitted from the electron gun
      114 is directed to and bombarded onto the photo-conductive layer 103 as
      indicated by an arrow 115. Horizontal and vertical deflection coils 116
      are disposed along the beam path between the faceplate 100 and the
      electron gun 114 energized by currents so as to vertically and
      horizontally deflect the electron beam whereby the photo-conductive layer
      103 is scanned in rectangular form. The intensity of the current flowing
      through the conductive layer 102 is varied due to the electric pattern
      stored in the layer 103. Since the conductive layer 102 is connected
      through a resistor R to a battery B, a potential variation proportional to
      the intensity variation of the electron beam appears at a joint J. The
      potential variation at the joint J is picked up through a coupling
      capacitor C by a pre-amplifier 117. When the electron beam scans the
      photo-conductive layer 103, an image signal appears on an output of the
      pre-amplifier 117, having a waveform shown in FIG. 21. It is seen
      horizontal from the waveform that the image signal includes start and stop
      pulses indicated by K and K' and spaced from one another by a time
      interval corresponding to 1H. An HD pulse generator 118, on the other
      hand, produces an HD pulse signal which is applied to a first gate pulse
      generator 119. The gate pulse generator 119 produces first gate pulses
      appearing in synchronism with the HD pulse from the HD pulse generator
      118. The gate pulses are applied to a first gate 120 which then
      selectively passes therethrough start pulses contained in the image signal
      from the pre-amplifier 117. The start pulses passed through the first gate
      120 is applied to a period detector 121 which produces a voltage signal
      having a voltage proportional to the period of the start pulses. The
      voltage signal from the detector 121 is delivered to a modulator 122 which
      then modulates in amplitude a horizontal deflection voltage signal from a
      horizontal deflection voltage generator 123. The thus modulated orizontal
      deflection voltage is applied to the deflection coils 116 whereby the
      electron beam from the electron gun 112 is deflected through a constant
      deflection angle.
PAR  During the vertical blanking interval, the electron beam is swept across
      the index strips as shown by arrow in FIG. 22A. An index signal appears on
      the output of the pre-amplifier 117, having a waveform as shown in FIG.
      22B. As seen from FIGS. 22A and 22B, time positions of the index pulses
      are deviated from time positions corresponding to the positions of the
      index strips, since the scanning speed of the electron beam on the
      photo-conductive layer 103 varies due to the non-linearlity of the
      horizontal deflection voltage, etc. The VD pulses from the VD pulse
      generator 124 is, on the other hand, applied to a second gate pulse
      generator 125 which then produces second gate pulses synchronized with the
      VD pulses and having a pulse width equal to 1 H. The second gate pulse
      generator 125 also produces reset pulses appearing just before the leading
      edge of each second gate pulse and having a pulse width much shorter than
      that of the second gate pulses. The second gate pulses are applied to a
      second gate 126 when then selectively passes therethrough the index signal
      from the pre-amplifier 117. The index signal passed through the second
      gate 126 is applied to a 1-field memory circuit 127 which memorizes the
      index signal and repeatedly produces the index signal until the memory
      circuit 127 is energized by the reset signal from the second gate pulse
      generator 125. A reference pulse generator 128 produces a reference pulse
      signal which would be produced when the electron beam scans at a constant
      scanning speed on the index strips. The reference pulse signal and the
      index signal are applied to a discriminator 129 which then produces a
      control signal having a polarity and an amplitude representing difference
      in phase between the index and reference pulse signals, as shown in FIG.
      22D. The voltage signal from the discriminator 129 is amplified by an
      amplifier 130 and applied to a high frequency oscillator (VCO) 131 which
      then produces a signal (FIG. 22E) having three times the frequency of the
      color signal delivered from pre-amplifier 117. The signal from the
      oscillator 131 is delivered to a 3-stage ring counter 132 which is, for
      example, constituted by three flip-flop circuits sequentially distributes
      on its three output terminals three pulse signals as shown in FIGS. 22F,
      22G and 22H. The three pulse signals are applied to third, fourth and
      fifth gates 133, 134 and 135, respectively to gate on the primary three
      color signal components in serial form. The color contents are converted
      by an encoder 136, which encodes the gated signals into a composite color
      video signal of a desired form.
PAR  In FIG. 23, another form of color image pickup system employing the camera
      tube shown in FIGS. 12 to 19 is shown, which includes the same elements as
      the system of FIG. 20 for correcting the horizontal scanning speed of an
      electron beam emitted from the electron gun 114 although those elements
      are not shown in this figure. A 1-field memory circuit 127 repeatedly
      produces the index signal during one field while being controlled by the
      same elements as that of FIG. 20 although those elements are not shown in
      this case. The color strips of the strip filter 101 have, in this case, a
      common space frequency and accordingly an image signal from the
      pre-amplifier 117 contains color contents having a common frequency
      (f.sub.c). The color contents in the image signal is separated by a first
      filter 140 having a central frequency (f.sub.c). The separated color
      contents are applied to a first mixer 141 which mixes the color contents
      with the index signal having, in this case, a frequency (f.sub.i). The
      mixed signal from the first mixer 141 contains a component having a
      frequency equal to (f.sub.i + f.sub.c). The component of the frequency
      (f.sub.i + f.sub.c) passes through a second filter 142 of a central
      frequency (f.sub.i + f.sub.c) and mixed with the image signal from the
      preamplifier 117 by the second mixer 143. An output signal of the second
      mixer 143 includes a component having a frequency (f.sub.i) and an
      amplitude equal to that of the color component in the image signal. The
      component of the frequency (f.sub.i) passes through a third filter 144
      having a central frequency (f.sub.i) and undergoes synchronizing detection
      by first, second and third synchronizing detectors 145, 146 and 147. The
      thus detected color components are applied to an encoder 136 which
      converts the color contents into a color video signal of a desired form.
      The output signal from the third filter 144 is utilized in the encoder 136
      for making a luminance content to be contained in the output video signal
      of the encoder 136.
PAR  It should be apparent from the above description that an improved cathode
      ray tube for a color camera tube or color picture tube has been provided.
PAR  It will be understood that the invention is not to be limited to the exact
      construction shown and described and that various changes and
      modifications may be made without departing from the spirit and scope of
      the invention, as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color television camera tube comprising in combination: an evacuated
      envelope having a faceplate at one end thereof and an electron gun at the
      other end for emitting an electron beam toward said faceplate, a color
      filter on said faceplate and having recurrent groups of successively
      arranged vertically extending strips for passing light of different
      colors, a photoelectrical layer inwardly from said filter, means for
      scanning said electron beam in a horizontal direction, means for
      deflecting said beam in a vertical direction to scan a given rectangular
      area of said photoelectrical layer, a comb-like electrode disposed on said
      faceplate outside of said given rectangular area and adjacent to one
      horizontal edge of said scanned area and having a plurality of vertically
      extending, horizontally equally spaced apart teeth, and a pair of
      electrodes disposed within said scanned area and extending along the
      opposite vertical edges of said scanned area.
NUM  2.
PAR  2. A color television camera tube as claimed in claim 1, wherein said teeth
      are in alignment with said color filter strips.
NUM  3.
PAR  3. A cathode ray tube comprising in combination: an evacuated envelope
      having a faceplate at one end thereof, an electron gun at the other end
      for emitting an electron beam toward said faceplate, a phosphor screen on
      said faceplate, means for scanning said electron beam in a horizontal
      direction, means for deflecting said electron beam in a vertical direction
      to form a rectangular raster on said phosphor screen, said phosphor screen
      having recurrent groups of successively arranged vertically extending
      color emitting strips, a comb-like electrode disposed on said faceplate
      outside of said raster adjacent to one horizontal edge of said raster and
      having a plurality of vertically extending, horizontally equally spaced
      apart teeth, and at least one elongated electrode disposed in said raster
      and extending along a vertical edge of said raster.
NUM  4.
PAR  4. A cathode ray tube as claimed in claim 3, further comprising an
      auxiliary electrode disposed adjacent said electron gun.
NUM  5.
PAR  5. A cathode ray tube as claimed in claim 3, wherein said teeth are in
      alignment with said color emitting strips.
NUM  6.
PAR  6. The improvement of claim 5, wherein said at least one elongated
      electrode comprises two elongated electrodes disposed in said raster and
      extending respectively along opposite vertical edges of said raster.
NUM  7.
PAR  7. The improvement of claim 6, wherein said two vertical electrodes are
      integral with said comb-like electrode.
NUM  8.
PAR  8. In a color television receiver adapted to receive a composite color
      television signal including a color video signal interleaved with a
      vertical blanking pulse, comprising a cathode ray tube having a faceplate
      at one end thereof, an electron gun at the other end for emission of an
      electron beam toward said faceplate, means for modulating in intensity
      said electron beam in accordance with the color video signal, a phosphor
      screen on said faceplate, means for scanning said beam in a first
      direction, means for deflecting said beam in a second direction normal to
      said first direction to form a rectangular raster on said phosphor screen,
      said phosphor screen having recurrent groups of successively arranged
      color emitting strips extending parallel to said second direction, the
      improvement comprising:
PA1  a. a comb-like electrode arranged on said faceplate outside of said raster
      and having a plurality of teeth successively arranged at equal spacing
      along one edge of said raster parallel with said first direction;
PA1  b. an elongated electrode arranged on said faceplate such that said
      electron beam impinges thereon at the start of each scanning to produce a
      start signal;
PA1  c. an auxiliary electrode adjacent said electron gun;
PA1  d. circuit means for causing said deflecting means to deflect said electron
      beam to said comb-like electrode to scan thereacross during the interval
      of said vertical blanking pulse to produce an indexing signal;
PA1  e. memory means coupled to said comb-like electrode for storing said
      indexing signal for the duration of one field scan;
PA1  f. a signal source producing a constant frequency signal;
PA1  g. means connected to said memory means and to said signal source for
      comparing said indexing signal and said constant frequency signal to
      produce a control signal, said control signal being applied to said
      auxiliary electrode;
PA1  h. means coupled to said elongated electrode for generating trains of
      regularly occurring pulses; and
PA1  i. gating means energized by said pulses and adapted to receive said color
      video signal for sequentially gating on said video signal to said
      modulating means.
NUM  9.
PAR  9. The improvement of claim 8, further comprising means for intensifying
      said electron beam while said comb-like electrode is scanned.
NUM  10.
PAR  10. The improvement of claim 8, wherein said teeth are in alignment with
      said color emitting strips.
NUM  11.
PAR  11. A color television transmitter including a color camera tube having a
      faceplate at one end thereof, an electron gun at the other end for
      emission of an electron beam toward said faceplate, a color filter on said
      faceplate and having recurrent groups of successively arranged strips
      extending in a first direction for passing light of different colors, a
      photoelectrical layer inwardly from said filter, means for scanning said
      electron beam in a second direction normal to said first direction, means
      for deflecting said beam in a direction parallel with said first direction
      whereby said photoelectrical layer is scanned in a rectangular form, said
      scanning and deflecting means thereby cooperating with one another to
      produce a video signal which will contain a vertical blanking pulse at an
      output terminal of said tube, the improvement comprising:
PA1  a. a comb-like electrode arranged on said faceplate outside of the
      rectangular scanned area and having a plurality of teeth successively
      arranged at equal spacing along one edge of said rectangular form parallel
      with said second direction;
PA1  b. circuit means for causing said deflecting means to deflect said electron
      beam to said comb-like electrode to scan thereacross during the interval
      of said vertical blanking pulse to produce an indexing signal;
PA1  c. memory means coupled to said comb-like electrode for storing said
      indexing signal for the duration of one field scan;
PA1  d. means coupled to said memory means for generating trains of pulses
      representative of the instantaneous freqencies of said indexing signal,
      said pulse trains being equally spaced from each other; and
PA1  e. gating means energized by said pulses and adapted to receive said video
      signal for sequentially gating on each color signal component of said
      video signal.
NUM  12.
PAR  12. The improvement of claim 11, wherein said pulse generating means
      comprises a signal source producing a signal having a constant frequency,
      comparing means for comparing the frequencies of said indexing signal and
      said constant frequency signal to produce a control signal, an oscillator
      producing a signal having a frequency three times higher than that of each
      color signal component contained in a single line scan period, modulating
      means coupled to said comparing means for modulating the frequency of said
      signal in accordance with said control signal, and means for sequentially
      separating said modulated signal.
NUM  13.
PAR  13. The improvement of claim 12, wherein said comparing means is a
      discriminator.
NUM  14.
PAR  14. The improvement of claim 12, wherein said separating means is a
      three-stage ring counter.
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PAL  A circuit arrangement for developing composite video signals used in color
      TV transmission using digital techniques. A plurality of N color select
      channels are gated by appropriate digital-type control signals. Each of
      the channels includes means for establishing the chroma amplitude and
      phase of the signal associated with a particular color. The phase and
      amplitude of each of the channels, which represents chrominance
      information, is developed by time shifting, gating, and phase shifting the
      basic 3,579,545 hz square wave. The chrominance information of each
      channel is combined at an appropriate LC filter. Luminance amplitude
      information is separately developed for each channel. Chrominance
      information, luminance information, and other video information (composite
      sync, combined video) are resistively added at a common node summing
      point. Other gating signals are also utilized so that the summed signal
      represents full chroma transmission information, such as is necessary for
      a standard TV signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to color TV transmissions and more
      particularly, to a circuit arrangement for developing all of the chroma
      video signals, which are necessary for TV transmission, particularly when
      displaying alphanumeric information using primarily digital techniques.
PAR  When one or more sources of alphanumeric information are displayed on the
      same picture, it is desired that a different color be used to identify
      each information area of the picture. In prior art transmission
      techniques, this encoding of color background levels for alphanumeric
      display utilized complex analog circuitry to create the appropriate "I"
      and "Q" signals. As with most analog circuitry, prior art arrangements had
      problems of size, drift, and reliability associated therewith.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention, all of the
      appropriate signals necessary for alphanumeric encoding can be generated
      by the use of circuits employing digital techniques. This arrangement
      allows for a substantial simplification in the circuitry as well as
      avoiding the usual limitations of analog approaches. In addition, an
      important consideration is that the entire circuit may readily be reduced
      to integrated circuit form with its attendant enormous reduction in size.
PAR  It is, therefore, an object of the present invention to provide a novel
      arrangement for the generation of color video signals for TV transmission
      using primarily digital techniques.
PAR  It is a further object of the present invention to provide an arrangement
      for the generation of color video signals for TV transmission which is
      readily converted to integrated circuit form.
PAR  It is another object of the present invention to provide an arrangement for
      the generation of color video signals for TV transmission which avoids the
      complexity, cost, and unreliability of prior analog arrangements.
PAR  It is still another object of the present invention to provide an
      arrangement for the generation of color signals which provides complete
      flexibility in the TV transmission of quantities of alphanumeric
      information which are required to be displayed.
PAR  In accordance with the present invention, therefore, color video signal
      generating apparatus for providing video signals for TV transmission
      pruposes comprises means for providing a master siganl of predetermined
      frequency. Also included are a plurality of means responsive to the master
      signal, each for providing a chrominance signal having a predetermined
      amplitude and phase associated with a different predetermined color and a
      plurality of gating means, each corresponding to a different one of the
      chrominance signal means and responsive to predetermined command signals
      for selectively activating predetermined ones of the chrominance signal
      means. The gating means also includes means for providing a luminance
      signal having a preselected amplitude associated with a different
      predetermined color.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      description and drawing while the scope of the invention is pointed out in
      the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the Drawings:
PAR  FIG. 1 is overall block diagram of the present invention;
PAR  FIG. 2 represents a detailed schematic representation of the principal
      embodiment of the present invention.
DETD
PAC  DESCRIPTION AND OPERATION OF THE INVENTION
PAR  Referring initially to FIG. 1, the basic components of the present
      invention are disclosed. Means for providing a master signal of a
      predetermined frequency is shown as master oscillator 10. Oscillator 10
      provides a color subcarrier at a frequency of 3,579,545 hertz.
PAR  The output of the oscillator 10 is coupled to a plurality of means each for
      providing a chrominance signal having a predetermined amplitude and phase
      associated with a different predetermined color-shown in FIG. 1 as
      chrominance amplitude and phase networks 11A-11N. A plurality of gating
      means each corresponding to a different one of the chrominance signal
      means and responsive to predetermined command signals for selectively
      activating predetermined ones of the chrominance signal means are
      indicated as gating channel and luminance networks 13A-13N. These elements
      13A-13N also include means for providing a luminance signal having a
      preselected amplitude associated with a different predetermined color.
PAR  The chrominance output signals of networks 11A-11N are combined at filter
      and summing network 12 and then are supplied to output summing network 14.
      A burst signal circuit 15, upon receipt of an appropriate command signal
      and responsive to the oscillator 10 also couples a signal to filter and
      summing network 12 which is combined with the chrominance network signals.
      The filter portion of component 12 operates to extract the 3,579,545 hertz
      fundamental of the combined signal.
PAR  The outputs of the luminance networks 13A-13N are combined and also summed
      at output summing network 14. A composite sync signal and combined video
      signal are also combined at output summing network 14.
PAR  Now referring to FIG. 2, a more complete explanation of the present
      invention will be presented. The basic command signals for determining
      which colors and picture areas will be selected for display of
      alphanumeric color information are generated externally for the
      arrangement of the present invention and are coupled to the output as
      signals "Color A Select"-"Color N Select". These signals are each coupled
      to gates 20A-20N which are used to activate the particular chrominance
      networks.
PAR  The master oscillator, of standard construction as shown in FIG. 2,
      provides a 3,579,545 hertz square wave signal. The circuit shown employs a
      pair of logic gates biased as inverting amplifiers 41 and 42 with an
      appropriate frequency crystal in the feedback path. The oscillator output
      is applied to a pair of inverters 43 and 44, the outputs of which provide
      180.degree. out of phase signals for use by the chrominance amplitude and
      phase shift networks. Each of the chrominance networks such as, for
      example, network A, includes a selector arrangement, shown as a switch Sa,
      a pair of "NAND" gates 30A and 31A, phase shift elements, resistive
      element 32A and reactive element 33A, output level adjust Ra, and current
      source resistor rA. The circuitry in each of the other channels is
      identical. Gate elements 30A and 31A are controlled by the output of gate
      20A which is activated by the "Color A Select" signal.
PAR  When gates 30A and 31A are enabled, the signal at the output of nand gate
      30A is applied to the resistive element 32A and to the input of nand gate
      31A is applied to the reactive component 33A of the phase shift network.
      It will be understood that as the resistive and reactive components are
      thus supplied with equal amplitude but electrically (180.degree.) out of
      phase signals, the phase of the signal at the common junction of the
      resistor and the reactive component can be varied by the ratio of the
      reactance of the reactive component (typically capacitive) to the
      resistance of the resistive component. By proper choice of the value of
      these components an almost complete 180.degree. change in phase can be
      achieved. The inclusion of switch Sa enables virtually a complete
      360.degree. phase shift with respect to the basic oscillator signal.
      Switch Sa operates to select either the output of inverter 43 or 44 which
      provides signals 180.degree. out of phase to the chrominance phase shift
      network.
PAR  At the common node of resistive element 32A and reactive component 33A, the
      phase of the signal is thus adjustable and applied to variable resistor Ra
      which adjusts the level of the chrominance signal for that channel.
      R.sub.A is then connected via rA to a filter and summing network
      comprising a resonant circuit, L1, C1. The wave shape of the signal
      applied to R.sub.A is square wave in shape. The resonant circuit is tuned
      to 3,579,545 which extracts the fundamental frequency component of the
      circuit which will appear as a sign wave across the tuned circuit. Similar
      "color select" signals are used to create other phased signals for the
      other channels. This phased signal is gated into the tuned circuit during
      the time that "Color A Select" is applied.
PAR  The chrominance information of the displayed color is thus determined by
      the ratio of R to X (giving the phase angle with respect to the "color
      burst" phase, and the setting of R.sub.A the chroma amplitude).
PAR  In addition to gating the individual chrominance networks, the outputs of
      gating elements 20A through 20N are applied, via inverting elements 21A
      through 21N to variable resistors Ra-Rn. These variable resistors are
      adjustable and have a setting which determines the video luminance level
      as will be explained further below.
PAR  The color video information is required to be gated with various
      synchronization information as is customary in TV broadcasting. In this
      regard, a standard synchronizing pulse generator (not shown) is used to
      create the required synchronizing pulses. The "burst flag" pulse which is
      used to gate a portion of the color subcarrier on the output wave form for
      the purpose of synchronizing the color circuits of receiving sets is
      applied to nand gate 35, which when enabled, causes a current to flow in
      resistor RBF. This signal will be a square wave as applied to RBF but will
      have its fundamental extracted by tuned circuit LC. Thus, an additive sine
      wave will appear across LC when the burst flag signal is applied and, if
      the circuit Q of LC is properly chosen, will stop when the burst flag
      ends. Resistor RBF can be made variable if desired so that the amplitude
      of the resultant sinusidal signal across the tuned circuit will be
      adjustable.
PAR  Other synchronizing and command signals are also applied to the gates
      20A-20N. In particular, a composite blanking signal and a video overide
      signal "video A-Video N", are also applied to these gates. The composite
      blanking signal is used to turn off all picture information, e.g., chroma
      and luminance, when the synchronizing pulses are being presented. This
      insures that picture information does not affect picture synchronization
      on the receiving television system. Further, when the white character
      video is being displayed with properly defined gate signals, the resultant
      signal at the tuned circuit LC will be turned off to prevent color from
      appearing in the desired white character. The outputs of the gating
      luminance channels are applied through resistors Ra-Rn to a single summing
      point at summing resistor, Re. To this summing point is also applied the
      output of tuned circuit LC if desired, through buffer amplifier 34 and
      resistor Rchr, which may be made adjustable. Thus, it is seen that the
      signal applied to the variable resistors in the gating and luminance
      channels, e.g. to Ra, is a combination of Color A Select, Video A
      (inverted) and Composite Blanking. When the signal is not to be blanked
      and Video A is not present and Color A Select is present, a logical 1 will
      appear at each input to the appropriate gate, 20A-20N, and current will
      flow through Ra and be applied to the summing resistor Re. This current
      will determine the DC voltage developed across Re and hence the DC
      luminance level corresponding to the AC color component appearing at the
      input to resistor Rchr.
PAR  In addition to the color signals containing luminance and chrominance
      information which appears at Re, the composite sync signal and the
      combined digital video signals are also supplied to Re via variable
      resistors Res and Rev so that the voltage across Re is the composite video
      output signal. The composite sync signal, which is derived by standard
      means from a synchronizing signal generator, will enable the receiving
      television system to present a stable picture. The composite sync signal
      is combined with the color signals derived as above to create a standard
      television signal using the NTSC format and conforming to EIA standard
      RS-170. This signal is then applied to amplifier 22 for final buffering
      before being coupled to an external modulator, monitor or other
      appropriate devices.
PAR  In a practical embodiment of the invention, the primary frequency is
      14,318,181 hertz and is divided by 4 to arrive at the 3,579,545 hertz
      master oscillator 10 output signal. The 14,318,181 hertz signal is
      required for the sync generator and to keep the sync signal compatable
      with EIA Standard RS-170 in standard existing systems. Accordingly, it
      would be possible to derive the 3,579,545 from and utilize the invention
      with existing systems as an add-on colorizer.
PAR  It should be understood that a particularly advantageous and simple
      arrangement has been described above, which enables the development of
      complete color video information adapted for including preselectable
      alphanumeric information using digital circuit techniques.
PAR  It should be pointed out that the present invention may be used in an
      additional application as a standard color bar test generator by applying
      appropriate gating signals to create bar patterns. In such an application,
      the arrangement set forth in FIGS. 1 and 2 are applicable with the
      exception that there is no "combined video" or alphanumeric character
      information to create the "white" video.
PAR  While the foregoing specification and drawings represent the preferred
      embodiment of the present invention, it will be obvious to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the true spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Color video signal generating apparatus for providing video signals for
      TV transmission purposes, comprising:
PA1  means for providing a master square wave signal of at least 3,579,535 hertz
      to at most 3,579,555 hertz;
PA1  means responsive to said master signal for providing an intermediate signal
      being selectable between 0 or 180.degree. phase;
PA1  means for providing a plurality of digital command signals;
PA1  a plurality of means, responsive to said master square wave signal, each
      for providing a chrominance signal having a predetermined amplitude and
      phase associated with a different predetermined color and including a
      resistive means responsive to said intermediate signal, an inverting logic
      element responsive to said intermediate signals, and a reactive impedance
      means responsive to the output of said inverting logic means and whose
      output is combined with the output of said resistive means;
PA1  a plurality of digital gating means, each corresponding to a different one
      of said chrominance signal means and responsive to said digital command
      signals, for selectively activating predetermined ones of said chrominance
      signal means, and each including means for providing a luminance signal
      having a preselected amplitude associated with a different predetermined
      color;
PA1  means for adjusting the amplitude of the combined output of said resistive
      means and reactive ampedance means to produce for each chrominance signal
      means a chrominance channel signal associated with a particular color;
PA1  means for combining the chrominance channel signals and for filtering said
      combined signal including an LC circuit tuned to 3,579,545 hertz for
      extracting the fundamental frequency of said combined chrominance channel
      signals; and
PA1  gating means responsive to a composite blanking signal, said master signal
      and a burst flag signal for providing a gated 3,579,545 hertz for
      combining with said combined chrominance channel signal.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the luminance signal output of each
      channel of said gating means for said chrominance means is combined at a
      summing node; and wherein the combined chrominance signal, a combined
      video signal, and a composite sync are also summed at said summing node to
      develop a composite video output signal.
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PAL  In sealing at least a semiconductor element portion of a semiconductor
      device by the use of a resin, the semiconductor element is covered with a
      stabilizer or with a resin containing the stabilizer. The stabilizer is
      adapted to check the migration of a mobile substance such as hydrochloric
      acid and a mobile ion such as chlorine ion existent within the resin.
      Owing to the fixation of the ion, the electrical characteristics of the
      semiconductor device are prevented from being degraded, and constituent
      parts in the semiconductor device are prevented from being corroded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the manufacturing of a semiconductor
      device, and more particularly to a method of sealing the semiconductor
      device and the resulting sealed product.
PAR  2. Description of the Prior Art
PAR  As is well known, when a semiconductor device is used in a high temperature
      atmosphere or a high humidity atmosphere, it suffers such adverse effects
      that the electrical characteristics are degraded or that the electrode or
      connector is disconnected.
PAR  For example, when water adheres to an electrode 2 on a semiconductor
      substrate 1 as shown in FIG. 1, it is ionized on account of the
      temperature of the atmosphere in which the semiconductor device is used.
      Under the action of the ions, the bent protruding portion 3 of the
      electrode 2 or the connecting portion 5 between a bonding wire (connector)
      4 and the electrode 2 is corroded.
PAR  The portion thus corroded is thinner than the other portions, and generates
      heat by the flow of a current. Finally, it is disconnected to render the
      device inferior.
PAR  When the ions accumulate on an exposed protective film (SiO.sub.2)
      designated by reference numeral 6, they gradually invert the conductivity
      type in the surface portion of a collector region 7 from the side of a
      base region 8 and thus form a channel. As the ions accumulating on the
      protective film 6 increase, the channel grows. Eventually, it reaches the
      peripheral wall of the semiconductor substrate 1, and a leakage current
      flows to degrade the characteristics of the semiconductor device.
PAR  In order to prevent the adverse effects noted above, there has been adopted
      a method in which the semiconductor element is covered with a resin. With
      this method, however, the adverse effects cannot be perfectly eliminated.
PAR  In this respect, the inventors analyzed the states within the resins in
      resin-sealed type semiconductor devices, and have found the following
      facts:
PAR  Notwithstanding that an epoxy resin, a silicone resin or the like, which is
      generally employed, contains no chlorine (Cl) in its molecular structure,
      chlorine ions (Cl.sup.-) are found in such resin coverings.
PAR  Since chlorine exists in any place in the form of a simple substance or
      compounds, chlorine will adhere to a mix into the resin in the process of
      producing each resin or in the process of assembling the semiconductor
      device.
PAR  The chlorine is ionized under the influence of, for example, an electric
      field. The chlorine ions migrate within the resin, accumulate in an
      electrode portion or a bonding wire, and corrode it. Further, the ions
      accumulate on a protective film, generate a leakage current by the
      foregoing phenomenon, and cause the degradation of the characteristics of
      the semiconductor device.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a sealing method by which
      the degradation of the semiconductor characteristics of a semiconductor
      device can be prevented even where the semiconductor device is used in a
      high temperature and high humidity atmosphere.
PAR  Another object of the present invention is to provide a sealing method by
      which the corrosion of constituent components within a semiconductor
      device can be prevented even where the semiconductor device is used in a
      high temperature and high humidity atmosphere.
PAR  In order to accomplish such objects, the present invention provides that a
      stabilizer adapted to check the migration of a mobile substance and a
      mobile ion is contained in a resin for covering a semiconductor element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This invention will be further understood from the following detailed
      description and the accompanying drawing wherein:
PAR  FIG. 1 is an enlarged view of a portion of a semiconductor device
      illustrating constituent parts subject to corrosion;
PAR  FIG. 2 is a structural view of a first embodiment of the present invention;
PAR  FIGS. 3a and 3b are graphs illustrating the leakage current value and the
      rate of corrosion of a sealed type semiconductor device manufactured
      according to the first embodiment, respectively; and
PAR  FIGS. 4a to 4c are structural views each showing a further embodiment
      applying the techniques of first embodiment shown in FIG. 2.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAC  EMBODIMENT 1
PAR  As shown in FIG. 2, a semiconductor element 13, i.e. a transistor, on a
      collector lead wire 12 and bonding wires 16 connecting the emitter region
      and the base region of the semiconductor element 13 with an emitter lead
      wire 14 and a base lead wire 15, respectively, are sealed by the use of a
      resin 11 in which 1% by weight of zinc mercaptide is added to an acid
      anhydride setting-type epoxy resin, i.e. ECN 1273 (a product of Ciba,
      Led., Switzerland). It will be understood that resins having epoxy radical
      and including acid anhydride are generally referred to as acid anhydride
      epoxy resins. The fore ends of the respective lead wires 12, 14 and 15 are
      caused to protrude from the resin 11.
PAR  By the addition of zinc mercaptide (stabilizer) into the resin, ions and
      substances migrating within the resin, such as Cl.sup.- and HCl, react
      with the stabilizer. Thus, the ions and substance stop migration and
      become chemically stable.
PAR  FIGS. 3a and 3b are graphs which illustrate the test results of the
      semiconductor device described above. FIG. 3a gives the results in the
      case where the transistors were operated at a rated voltage in an
      atmosphere at 125.degree.C. and where the reverse leakage currents I (on
      the axis of ordinates in the graph, in .mu.A) of the transistors were
      measured every 100 hours (on the axis of abscissas, in hours). A curve 17
      indicates the measured results for a prior-art resin-sealed type
      semiconductor device, employing a similar epoxy resin containing no
      stabilizer while a curve 18 represents the measured values for the
      semiconductor device of the embodiment of this invention.
PAR  As apparent from the graph, the time in which the semiconductor device
      becomes unusable due to the degradation of the electric characteristic is
      prolonged with a leap, i.e. with a substantial increase. Except in the
      case of too severe environments, the semiconductor device can accordingly
      be used for a very long period without any substantial degradation of the
      characteristics.
PAR  On the other hand, FIG. 3b illustrates the results in the case where the
      rates of generation (on the axis of ordinates in the graph, in %) of the
      corrosion of electrodes were tested for the semiconductor device of the
      foregoing structure and the prior-art semiconductor device at a
      temperature of 80.degree.C. and a humidity of 90%. The axis of abscissas
      in the figure represents the time T. A curve 19 indicates the measured
      values for the prior-art device, while a curve 20 denotes those for the
      embodiment of this invention.
PAR  As apparent from this graph, the rate of generation of the electrode
      corrosion is lower in the semiconductor device of the present invention
      than in the prior-art semiconductor device.
PAR  In this manner, owing to the addition of 1 part of zinc mercaptide to 100
      parts of the acid anhydride setting-type epoxy resin, the ions migrating
      within the resin, for example, the chlorine ions react with the stabilizer
      and become chemically stable, so that they do not corrode the electrode
      portion or the connecting part between the bonding wire and the electrode
      portion. Furthermore, the existence of the ions on the protective film is
      avoided, so that the inversion of the semiconductor region is prevented
      and the generation of a leakage current is prevented.
PAR  FIGS. 4a to 4c show different sealing structures. The sealing structure in
      FIG. 4a is a double structure in which after the semiconductor element 13
      is sealed by a covering layer 21 made of only the stabilizer (zinc
      mercaptide) or of the stabilizer and the previously-mentioned resin, the
      whole device is sealed by an epoxy resin 22. This structure is suitable
      where the stabilizer is expansive.
PAR  The structure in FIG. 4b takes account of the case where any adverse effect
      arises from the contact of the stabilizer (zinc mercaptide) with the
      semiconductor element 13. This embodiment is a triple structure in which
      the semiconductor element 13 is enveloped in a stable protective resin
      (e.g., epoxy resin) layer 23, the device is subsequently covered with the
      covering layer 21 made of only the stabilizer (zinc mercaptide) or of the
      stabilizer and the acid anhydride setting-type epoxy resin, and the
      resultant device is further sealed by an epoxy resin 22.
PAR  The structure in FIG. 4c is applied to a can-sealed type semiconductor
      device. The semiconductor element 13 is sealed by the covering layer 21
      made of only zinc mercaptide or of the zinc mercaptide and the acid
      anhydride setting-type epoxy resin.
PAR  As regards the structures in FIGS. 4a to 4c, the principal effects are the
      same as in the structure in FIG. 2, and are not again explained here.
PAC  EMBODIMENT 2
PAR  Using an acid anhydride setting-type epoxy resin, i.e. the one used in
      Embodiment 1 with 1% of zinc salicylate added thereto, a semiconductor
      element is molded as in Embodiment 1.
PAR  The results are substantially the same as in Embodiment 1 and hence,
      further explanation is omitted.
PAC  EMBODIMENT 3
PAR  Using an acid anhydride setting-type epoxy resin, i.e. the one used in
      Embodiment 1 with 1% of an organic lead compound, i.e. lead phthalate,
      added thereto, a semiconductor element is molded as in Embodiment 1.
PAR  The results are substantially the same as in Embodiment 1, and further
      explanation is omitted.
PAR  Although, in the foregoing embodiments, the acid anhydride setting-type
      epoxy resin is employed as the principal component resin, there may also
      be used different epoxy resins, silicone resins, phenol resins, polyimide
      resins, polyamide resins, etc., which resins are conventionally used as
      protective coverings for semiconductors.
PAR  The stabilizers in the embodiments are not restrictive, and others may be
      used, for example, the carbonate, salt of organic or inorganic acid, e.g.
      hydrochloric, nitric and acetic acid, alcoholate, phenolate, mercaptide or
      organic metal compound, e.g. phthalate of calcium (Ca), magnesium (Mg),
      strontium (Sr), cadmium (Cd), zinc (Zn), tin (Sn) or lead (Pb).
PAR  As stated above, according to the method of the present invention for
      manufacturing a semiconductor device, mobile charge carriers within a
      resin are fixed by a stabilizer, so that the degradation of semiconductor
      characteristics, such as increase of the leakage current, fluctuation of
      the withstand voltage, fluctuation of the current again (h.sub.fe) and
      increase of the noise, can be prevented.
PAR  Moreover, according to the method of the present invention, corrosive
      mobile substances within a resin, such as hydrochloric acid and organic
      acid, e.g. phthalic acid and oleic acid, are fixed by the stabilizer and
      become chemically stable, so that the corrosion of constituent parts
      within the semiconductor device can be prevented.
PAR  Furthermore, according to the method of the present invention,
      semiconductor devices of infrequent troubles can be manufactured.
PAR  It will be appreciated from the foregoing examples of the invention that
      various amounts of stabilizer may be admixed with the protective resin. In
      general, the amount of stabilizer uniformly dispersed throughout the resin
      ranges from 0.1 to 10% by weight of the weight of the resin.
PAR  Also, the thickness of a protective resin covering layer containing a
      stabilizer or of the layer of stabilizer alone may range from 1.mu. to 1
      millimeter.
PAR  While the novel principles of the invention have been described, it will be
      understood that various omissions, modifications and changes in these
      principles may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for sealing a semiconductor device comprising covering a
      semiconductor element with a protective covering layer containing a
      metal-containing stabilizer which prevents the migration of mobile
      substances and mobile ions within the protective covering layer, said
      metal-containing stabilizer comprising a salt of an organic acid, an
      alcoholate, a phenolate or mercaptide, the metal component of said
      metal-containing stabilizer being selected from the group consisting of
      Ca, Mg, Sr, Cd, Zn, Sn and Pb.
NUM  2.
PAR  2. The method of claim 1, wherein said stabilizer is selected from the
      group consisting of zinc mercaptide, zinc salicylate and lead phthalate.
NUM  3.
PAR  3. The method of claim 2, wherein said layer is synthetic resin containing
      from 0.1 to 10% by weight of said stabilizer.
NUM  4.
PAR  4. The method of claim 3, wherein the protective layer has a thickness
      ranging from 1.mu. to 1 mm.
NUM  5.
PAR  5. The method of claim 2, wherein the protective layer has a thickness
      ranging from 1.mu. to 1 mm.
NUM  6.
PAR  6. The method of claim 1, wherein said stabilizer is zinc mercaptide.
NUM  7.
PAR  7. The method of claim 1, wherein said stabilizer is zinc salicylate.
NUM  8.
PAR  8. The method of claim 1, wherein said stabilizer is lead phthalate.
NUM  9.
PAR  9. The method of claim 1, wherein said layer is synthetic resin containing
      from 0.1 to 10% by weight of said stabilizer.
NUM  10.
PAR  10. The method of claim 1, wherein the protective layer has a thickness
      ranging from 1.mu. to 1 mm.
NUM  11.
PAR  11. A sealed semiconductor device comprising a semiconductor element having
      a protective covering layer covering a portion thereof, said protective
      covering layer containing a metal-containing stabilizer which prevents the
      migration of mobile substances and mobile ions within the protective
      covering layer, said metal-containing stabilizer comprising a salt of an
      organic acid, an alcoholate, a phenolate or mercaptide, the metal
      component of said metal-containing stabilizer being selected from the
      group consisting of Ca, Mg, Sr, Cd, Zn, Sn and Pb.
NUM  12.
PAR  12. The device of claim 2, wherein said stabilizer is selected from the
      group consisting of zinc mercaptide, zinc salicylate and lead phthalate.
NUM  13.
PAR  13. The device of claim 12, wherein said layer is synthetic resin
      containing from 0.1 to 10% by weight of said stabilizer.
NUM  14.
PAR  14. The device of claim 11, wherein said stabilizer is zinc mercaptide.
NUM  15.
PAR  15. The device of claim 11, wherein said stabilizer is zinc salicylate.
NUM  16.
PAR  16. The device of claim 11, wherein said stabilizer is lead phthalate.
NUM  17.
PAR  17. The device of claim 11, wherein said layer is synthetic resin
      containing from 0.1 to 10% by weight of said stabilizer.
NUM  18.
PAR  18. The device of claim 11, wherein the protective layer has a thickness
      ranging from 1.mu. to 1 mm.
NUM  19.
PAR  19. The device of claim 13, wherein the protective layer has a thickness
      ranging from 1.mu. to 1 mm.
NUM  20.
PAR  20. The device of claim 12, wherein the protective layer has a thickness
      ranging from 1.mu. to 1 mm.
NUM  21.
PAR  21. The device of claim 12, wherein said protective covering layer includes
      a member selected from the group consisting of epoxy resin, silicon resin,
      phenol resin, polyimide resin and polyamide resin.
NUM  22.
PAR  22. The device of claim 11, wherein said protective covering layer includes
      a member selected from the group consisting of epoxy resin, silicon resin,
      phenol resin, polyimide resin and polyamide resin.
NUM  23.
PAR  23. The method of claim 2, wherein said protective covering layer includes
      a member selected from the group consisting of epoxy resin, silicon resin,
      phenol resin, polyimide resin and polyamide resin.
NUM  24.
PAR  24. The method of claim 1, wherein said protective covering layer includes
      a member selected from the group consisting of epoxy resin, silicon resin,
      phenol resin, polyimide resin and polyamide resin.
PATN
WKU  039394891
SRC  5
APN  5002575
APT  1
ART  235
APD  19740826
TTL  Recording and reproducing apparatus
ISD  19760217
NCL  20
ECL  1
EXP  Canney; Vincent P.
NDR  1
NFG  1
INVT
NAM  Kawashima; Norifumi
CTY  Chigasaki
CNT  JA
INVT
NAM  Kamijima; Kiyokazu
CTY  Tachikawa
CNT  JA
INVT
NAM  Yakeuchi; Yoshiaki
CTY  Ichikawa
CNT  JA
ASSG
NAM  Sony Corporation
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730830
APN  48-101822
CLAS
OCL  360 13
XCL  360 68
EDF  2
ICL  G11B 2702
FSC  360
FSS  61;63;68;13;24
UREF
PNO  3604858
ISD  19710900
NAM  Doi
OCL  360 13
UREF
PNO  3831190
ISD  19740800
NAM  Werb
OCL  360 13
LREP
FR2  Eslinger; Lewis H.
FR2  Sinderbrand; Alvin
ABST
PAL  Recording and reproducing apparatus is disclosed wherein stereo signal
      components which include a monaural signal component are supplied to a
      signal processing circuit. The signal processing circuit replaces the
      supplied monaural signal component with a further monaural signal
      component. The thus processed stereo signal components, including the
      further monaural signal component, are supplied to a first recording head
      for recording on a medium. The supplied stereo signal components including
      the supplied monaural signal component are coupled to a second recording
      head for recording on the medium. The recorded stereo signal components
      including the further monaural signal component and the recorded stereo
      signal components including the supplied monaural signal component are
      reproduced from the medium and sounds corresponding to the reproduced
      signals are generated. The reproduced sounds thus include the stereo
      signal components, the further monaural signal component and the supplied
      monaural signal component so that both monaural signal components can be
      audibly compared. In one embodiment, reproduction of the supplied monaural
      signal component can be supressed, whereby the generated sounds represent
      the further monaural signal component in combination with the supplied
      stereo components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to recording and reproducing apparatus and, in
      particular, to such apparatus wherein an original speech signal can be
      replaced by a further speech signal to thereby perform the so-called
      voice-changing function.
PAR  Sound reproduction apparatus, known as a "voice changer," is known whereby
      prerecorded signals, such as stereophonic music signals, are processed to
      replace a particular prerecorded signal with a further signal.
PAR  This apparatus finds application where speech signals, such as signals
      corresponding to a vocal musical performance, are replaced by further
      speech signals. In particular, if the prerecorded stereophonic signals
      include stereo signal components corresponding to musical sounds generated
      by musical instruments, such as an orchestra, and voice signals
      corresponding to the spoken lyrics of a song, as sung by a performer, the
      voice changer apparatus permits an operator thereof to substitute his
      singing for the prerecorded singing while processing the stereo signal
      components. Hence, the prerecorded instrumental sounds, as by the
      orchestra, are processed and can be used to accompany the vocal utterances
      of the operator.
PAR  The ability to replace a prerecorded vocal performance with the singing of
      an operator has resulted in the use of such voice changer apparatus as a
      teaching instrument. Voice training is readily obtained, and the apparatus
      can be adapted to derive an improvement in singing technique.
PAR  However, it has been found that beneficial use of voice changer apparatus
      is attained if the vocal performance by the operator can be compared with
      the original, prerecorded performance. Stated otherwise, it is desirable
      for one, such as an operator, to be able to simultaneously listen to the
      original vocal performance, as prerecorded, with the vocal performance
      corresponding to the operator's singing. Unfortunately, the typical prior
      art voice changer apparatus does not have the capability of reproducing
      simultaneously the original performance and the substitute performance so
      that an audible comparison can be made. Hence, the prior art apparatus
      cannot be fully exploited to achieve the most favorable results.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide improved
      recording and reproducing apparatus wherein original voice signals can be
      replaced by further voice signals, the original and further signals being
      adapted for simultaneous comparison.
PAR  It is another object of this invention to provide improved voice changer
      apparatus wherein an original vocal performance can be replaced by an
      operator's vocal performance.
PAR  Yet another object of the present invention is to provide improved
      recording and reproducing apparatus wherein an original vocal rendition
      which is accompanied by an instrumental performance is processed such that
      the original vocal rendition is replaced by a further vocal rendition
      derived from an operator.
PAR  An additional object of this invention is to provide improved recording and
      reproducing apparatus wherein only voice signals are extracted from an
      original combination of voice signals accompanied by music signals.
PAR  A still further object of this invention is to provide improved recording
      and reproducing apparatus wherein original stereo signal components
      including a monaural signal component are recorded and wherein such
      original stereo signal components are processed so as to replace the
      original monaural component with a further monaural component and the
      processed stereo signal components together with the further monaural
      component also are recorded.
PAR  Another object of this invention is to provide improved apparatus wherein
      an original musical performance, consisting of a vocal performance and an
      instrumental performance, together with a modified musical performance,
      having a substituted vocal performance are simultaneously recorded and are
      simultaneously reproduced.
PAR  Various other objects and advantages of the present invention will become
      clear from the ensuing detailed description of a preferred embodiment
      thereof, and the novel features will be particularly pointed out in the
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, recording and reproducing
      apparatus are provided including signal processing apparatus for replacing
      the supplied monaural signal component included in original stereo
      components with a further monaural signal component; a first recording
      head for recording the processed stereo signal components including the
      further monaural signal component; a second recording head for recording
      the original stereo signal components including the supplied monaural
      signal component; a reproducing device for reproducing the recorded stereo
      signal components including both the supplied and further monaural signal
      components; and a sound generator for generating sounds corresponding to
      the respective reproduced signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The following description of a preferred embodiment will best be understood
      in conjunction with the accompanying drawing which is a partial block,
      partial schematic illustration of one embodiment of recording and
      reproducing apparatus in accordance with the teachings of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF A CERTAIN PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is illustrated in partial schematic,
      partial block form, a preferred embodiment of recording and reproducing
      apparatus for recording processed signals on a record medium and for
      reproducing audible sounds in response thereto. In particular, the
      recording apparatus is comprised of a signal processing circuit including
      amplifiers 2 and 7 and adder circuit 12. This signal processing circuit is
      adapted to receive stereophonic signal components including a monaural
      signal component therein and to eleminate such monaural signal component
      from the stereo signal components. Accordingly, a first amplifier 2
      includes an input terminal 1; and the other amplifier 7 includes an input
      terminal 6. Input terminal 1 is adapted to receive, for example, the right
      component R of a stereo signal. Similarly, the input terminal 6 is adapted
      to receive the left component L of a stereo signal. The source of such
      stereo signal components forms no part of the present invention per se
      and, as is recognized, may comprise prerecorded signals derived from any
      conventional record medium, such as phonograph discs, magnetic tape, or
      the like. Alternatively, such stereo components can be supplied to the
      left and right signal input terminals by conventional broadcast and radio
      reception techniques.
PAR  For the present discussion it will be assumed that the supplied stereo
      signals are derived from a musical performance and thus include signals
      corresponding to the musical sounds generated by musical instruments,
      together with signals corresponding to speech signals as might be produced
      by a vocal performance. It is recognized by those of ordinary skill in the
      art that the right and left signals derived from an instrumental
      performance differ in phase and/or frequency. Hence, these signals
      contribute to the stereophonic sound effects that are obtained during
      signal reproduction. However, right and left speech signals that are
      derived from a vocal performance are substantially the same in both
      frequency and phase. Consequently, such speech signals are herein referred
      to as the monaural signal component. It should thus be appreciated that
      the right input terminal 1 is supplied with the right channel stereo
      signal components, including the aforenoted monaural signal component, and
      the left input terminal 6 is supplied with the left channel stereo signal
      components, including such monaural signal component. The monaural signal
      components supplied to the left and right input terminals, i.e., the
      supplied speech signals corresponding to a vocal performance, are
      substantially equal in frequency and phase.
PAR  For purposes of illustration, the right channel amplifier 2 is comprised of
      an amplifying transistor Q.sub.1 having its base electrode connected to
      the right input terminal 1, its collector electrode connected to a source
      of operating potential +B via a load resistor 3 and its emitter coupled to
      a reference potential, such as ground, via emitter resistor 5. This
      amplifying transistor is adapted to operate as an emitter-follower. Of
      course, the schematic representation of the right channel amplifier 2 is
      merely illustrative and other alternative embodiments can be readily used.
PAR  The left channel amplifier 7 is similar and is seen to include an
      amplifying transistor Q.sub.2 having its base electrode connected to the
      left input terminal 6, its collector electrode coupled to the source of
      operating potential +B via load resistor 8 and its emitter electrode
      coupled to a reference potential, such as ground, by an emitter resistor
      10. The amplifying transistor Q.sub.2 is adapted to operate as an
      emitter-follower and, alternatively, as an inverting amplifier, such as in
      common-emitter configuration. Accordingly, the left channel amplifier 7
      includes first and second output terminals. The first output terminal is
      coupled to the collector electrode of the amplifying transistor Q.sub.2
      and is coupled to a fixed contact b of a change-over switch SW.sub.1. The
      second output terminal is coupled, via resistor 9, to the emitter
      electrode of the amplifying transistor Q.sub.2 and is connected to the
      fixed contact c of the change-over switch. The change-over switch SW.sub.1
      further includes a movable contact a which is adapted to selectively
      engage either of its fixed contacts b, c, and is connected to the adding
      circuit 12. It should be apparent that the illustrated change-over switch
      is merely representative and any conventional switching devices that are
      adapted to perform the change-over switching function, as soon to be
      described, can be used.
PAR  The adding circuit 12 is a conventional analog adding device and includes a
      further input adapted to be supplied with signals derived from the right
      channel amplifier 2. Accordingly, the output terminal of the right channel
      amplifier is coupled via resistor 4 to the emitter electrode of the
      amplifying transistor Q.sub.1 and is connected to an input of an adding
      circuit 11. The adding circuits 11 and 12 are substantially similar and,
      as is illustrated, the output of the adding circuit 11 is connected to the
      remaining input of the adding circuit 12. A further input of the adding
      circuit 11 is connected to a transducer M so as to be provided with
      electrical signals derived from vocal sounds. Accordingly, the transducer
      M comprises a conventional microphone for converting speech to
      corresponding electrical manifestations which are, in turn, supplied to
      the adding circuit 11.
PAR  Yet another adding circuit 13 is provided for receiving the signals
      supplied to the output terminal of the right channel amplifier 2 and the
      signals supplied to the second output terminal of the left channel
      amplifier 7.
PAR  The adding circuits 12 and 13 are connected to amplifiers 14 and 15,
      respectively. These respective amplifiers are, in turn, connected to
      recording devices H.sub.1 and H.sub.2. Preferably, such recording devices
      are formed of conventional magnetic recording heads for recording the
      respective signals supplied thereto on a magnetic medium, such as magnetic
      tape T. The magnetic recording heads H.sub.1 and H.sub.2 are arranged to
      record signals in individual tracks on the record medium.
PAR  Before describing the operation of the recording apparatus, the reproducing
      apparatus will be described. As is apparent, the reproducing apparatus is
      adapted to reproduce signals previously recorded on the record medium and
      to derive audible sounds in response thereto. Accordingly, playback heads
      H.sub.3 and H.sub.4 are provided to reproduce the signals previously
      recorded in individual tracks. For the embodiment wherein the record
      medium comprises a magnetic tape T, the playback heads H.sub.3 and H.sub.4
      comprise conventional magnetic reproducing heads. As is recognized by
      those of ordinary skill in the art, the recording and reproducing function
      of a magnetic head can be combined in a single device, whereby the
      playback heads H.sub.3 and H.sub.4 can be included in the aforenoted heads
      H.sub.1 and H.sub.2, respectively.
PAR  The respective playback heads are connected to respective pre-amplifiers 17
      and 18 which, in turn, are coupled to respective change-over switches
      SW.sub.2 and SW.sub.3.
PAR  Each of the change-over switches SW.sub.2 and SW.sub.3 is similar to the
      aforedescribed change-over switch SW.sub.1 and, as is illustrated, each
      includes first and second fixed contacts and a movable contact selectively
      engagable with one of the fixed contacts. In particular, the change-over
      switch SW.sub.2 includes a fixed contact c connected to the pre-amplifier
      17. A movable contact a is selectively engagable with the fixed contact c
      and is connected through an amplifier 19 to an electroacoustic transducer
      21. As is recognized, an electroacoustic transducer is adapted to convert
      electrical signals into corresponding sounds. Accordingly, the
      electroacoustic transducer 21 may comprise a conventional loud speaker
      system, ear phones, head-phones, and the like.
PAR  The movable contact a of the change-over switch SW.sub.2 is additionally
      connected to the fixed contact b of the change-over switch SW.sub.3. This
      change-over switch includes a further fixed contact c which is connected
      to the pre-amplifier 18. The movable contact a of the change-over switch
      SW.sub.3 is selectively engagable with either of its fixed contacts b, c
      and is connected through the amplifier 20 to the electroacoustic
      transducer 22. This latter electroacoustic transducer is substantially
      similar to the aforedescribed electroacoustic transducer 21.
PAR  As is further shown, the fixed contact b of the change-over switch SW.sub.2
      is connected with the amplifier 14 by a further amplifier 16. As will soon
      be described, this further connection of the change-over switch SW.sub.2
      permits the simultaneous audible monitoring of signals as such signals are
      recorded on the record medium.
PAR  The operation of the illustrated recording and reproducing apparatus
      exhibiting the voice-changing capabilities will now be described. The
      right and left channel components of the stereo signals, including the
      monaural signal component, are applied to the right and left input
      terminals 1 and 6, respectively. It may be assumed that the right and left
      channel components are substantially in phase. Accordingly, after suitable
      amplification, the right channel component, including the monaural signal
      component which, for example, is a voice signal corresponding to a vocal
      performance, is produced at the output terminal of the amplifier 2 and is
      supplied to the respective adding circuits 11 and 13. Similarly, the left
      channel stereo signal component, including the monaural vocal signal
      component, is amplified by the left channel amplifier 7. As is
      appreciated, the resultant amplified signal produced at the collector
      electrode of the amplifying transistor Q.sub.2 is supplied to the first
      output terminal of the amplifier 7 and is inverted in phase. Hence, this
      first output terminal can be considered to be the inverting output
      terminal of the left channel amplifier 7. Also, the amplified signal
      provided at the emitter electrode of the amplifying transistor Q.sub.2 is
      applied to the second output terminal of the amplifier 7 and is seen to
      exhibit a non-inverted phase. Hence, this second output terminal can be
      considered to be a non-inverting output terminal of the left channel
      amplifier 7.
PAR  The adding circuit 13 is supplied with the amplified right channel stereo
      signal component and the amplified left channel stereo signal component at
      its respective inputs. As is fully appreciated, the amplified monaural
      vocal signal included in the stereo signal components is also applied in
      adding relationship to the adding circuit 13. The resultant output signal
      produced by this adding circuit is seen to be the sum of the right and
      left channel stereo components, including the monaural signal component,
      which may be represented as R+L. Thus, it is appreciated that the adding
      circuit 13 acts to change the stereo signal to a monaural signal. The
      changed stereo signal produced by the adding circuit also includes the
      originally supplied monaural vocal signal component.
PAR  Let it be assumed that the change-over switch SW.sub.1 is operated whereby
      the movable contact a thereof is in engagment with the fixed contact b.
      Consequently, the adding circuit 12 is supplied with the amplified right
      channel stereo signal component, including the original monaural signal
      component, and the phase-inverted left channel stereo signal component
      derived at the phase inverting output terminal of the left channel
      amplifier 7. This phase-inverted stereo signal component also includes the
      phase-inverted monaural vocal signal component. The adding circuit 12 thus
      produces the stereo signal components R-L. In addition, the monaural
      signal components applied to the adding circuit 12 are seen to be applied
      thereto in phase cancelling relation. That is, these monaural signal
      components, although initially admitting of substantially the same
      frequency and phase, are now out-of-phase with each other. Hence, the
      original monaural signal component that was included in the stereo signal
      components has now been removed, and the stereo signal components produced
      by the adding circuit 12 now merely correspond to the musical instrumental
      performance. That is, once the vocal signals have been eliminated, the
      resultant stereo signal components merely represent the musical
      accompaniment.
PAR  Now, if the microphone M is operated by an operator to thereby generate
      electrical manifestations of the operator's speech, such generated vocal
      signals are supplied to the adding circuit 11. Such vocal signals are seen
      to correspond to a further monaural signal component and are combined with
      the amplified right channel stereo component in the adding circuit 11 and
      then further combined with the resultant stereo signal components produced
      by the adding circuit 12. Hence, at the output of the adding circuit 12,
      which is the output of the signal processing circuit 25, the original
      monaural signal component included in the original stereo signal
      components is replaced by the further monaural signal component derived
      from the operator's speech. Stated otherwise, the voice signals originally
      received at the input terminals 1 and 6 are changed to the voice signals
      derived at the microphone M. Consequently the original singer's
      performance is here electrically replaced with the operator's performance.
PAR  The resultant stereophonic signal components including the further monaural
      signal component as derived from the microphone M, which is produced by
      the adding circuit 12, is supplied through the amplifier 14 to the
      recording head H.sub.1. Simultaneously therewith, the added right and left
      channel stereo signal components produced by the adding circuit 13, and
      including the original monaural signal component, are supplied through the
      amplifier 15 to the recording head H.sub.2. The signals supplied to the
      respective recording heads are recorded in individual tracks on the record
      medium. Thus, signals representing the voice-changed performance are
      recorded by the recording head H.sub.1 simultaneously with the recording
      by the recording head H.sub.2 of the signals representing the original
      performance.
PAR  It is appreciated that, if the movable contact a of the change-over switch
      SW.sub.2 is operated to engage its fixed contact b, the voice-changed
      stereo signals are additionally supplied by the amplifier 14 through the
      preamplifier 16 to the electroacoustic transducer 21 via the amplifier 19.
      Hence, the voice-changed performance can be monitored simultaneously with
      the recording thereof. That is, the substituted monaural vocal signal
      component included in the stereo signal components R-L are converted to
      corresponding sounds by the electroacoustic transducer 21 as such signals
      are recorded.
PAR  If the change-over switch SW.sub.1 had been operated whereby the movable
      contact a is in engagment with the fixed contact c, the non-inverted left
      channel stereo signal component, including the original monaural signal
      component, would be supplied from the non-inverting output terminal of the
      left channel amplifier 7 to the adding circuit 12. Adding circuit 12 would
      then produce an output signal R+L which is substantially similar to the
      output signal produced by the adding circuit 13. Hence, with this
      operation of the change-over switch SW.sub.1, the original monaural vocal
      signal would not be removed from the stereo signal components.
      Consequently, the aforedescribed voice-changing function would not be
      performed.
PAR  Now, during reproduction, the signals recorded in the respective tracks on
      the record medium are reproduced by the respective reproducing heads
      H.sub.3 and H.sub.4. The reproducing head H.sub.3 reproduces the
      voice-changed signals comprised of the stereo signal components R-L, and
      including the substituted monaural signal component derived from the
      microphone M. The reproducing head H.sub.4 reproduces the stereo signal
      components R+L and including the original monaural signal component. These
      respective reproduced signals are supplied, by the preamplifiers 17 and
      18, to the fixed contacts c of the changeover switches SW.sub.2 and
      SW.sub.3, respectively.
PAR  If the change-over switches are operated such that each movable contact a
      is in engagement with its fixed contact c, the reproduced signals are
      coupled through the amplifiers 19 and 20 to the electroacoustic
      transducers 21 and 22, respectively. Accordingly, the voice-changed
      musical performance is reproduced by the transducer 21, whereas the
      original performance is substantially reproduced by the transducer 22. In
      this manner, the operator's rendition of a vocal performance can be
      simultaneously audibly compared with the original vocal performance. If
      the change-over switch SW.sub.3 is operated such that the movable contact
      a is in engagment with the fixed contact b, it is appreciated that both
      the electroacoustic transducers 21 and 22 are supplied with the
      voice-changed signals and thus reproduce the voice-changed vocal
      performance.
PAR  In typical applications of the aforedescribed apparatus, the performance of
      an operator's song can be compared with the performance of an original
      song with instrumental accompaniment for both. Such audible comparison can
      be avoided merely by the suitable operation of the change-over switch
      SW.sub.3, whereby the voice-changed performance will be reproduced by both
      transducers 21 and 22. Thus, the apparatus in accordance with the present
      invention is seen to be readily adapted for use as a teaching aide whereby
      a vocal performance can be readily improved and an operator's singing
      technique can be advanced.
PAR  In one embodiment of the aforedescribed apparatus, signals corresponding to
      the musical instrumentation accompaniment can be deleted from the
      composite stereo signals such that only the speech signals, or vocal
      arrangment, can be reproduced. In this embodiment a band pass filter 26 is
      provided in, for example, the circuit interconnecting the adding circuit
      13 with the recording head H.sub.2. This filter has a band pass range
      corresponding to the frequency range of speech signals. In particular, the
      band pass filter 26 admits of a frequency pass band from about several Hz
      to 15 KHz. Since the signals R+L, and including the original monaural
      signal component, produced by the adding circuit 13 include frequencies
      derived from musical instruments, which frequencies are above the pass
      band of the filter 26, such higher frequencies will not be transmitted to
      the recording head H.sub.2. Consequently, only the vocal frequencies
      representing a vocal arrangement in the absence of musical accompaniment
      will be recorded on the record medium. During reproduction, this monaural
      signal component is reproduced by the reproducing head H.sub.4 and, if the
      change-over switch SW.sub.3 interconnects the reproducing head with the
      transducer 22, the original vocal rendition will be reproduced in the
      absence of musical accompaniment.
PAR  Similarly, if the band pass filter 26 is inserted in the circuit which
      connects the adding circuit 12 and the recording head H.sub.1, the further
      monaural signal component provided by the microphone M will be recorded on
      the record medium but the signals corresponding to the instrumental
      accompaniment, and included in the stereo signal components R-L, will be
      removed. Thus, the operator's vocal rendition will be recorded but the
      musical accompaniment therefor, as produced at the output of the adding
      circuit 12, will be removed. Thus, only the operator's singing voice is
      reproduced by the transducer 21 when the change-over switch SW.sub.2 is
      operated to interconnect the preamplifier 16 with the transducer. Also,
      during signal reproduction, the operator's singing voice, in the absence
      of musical accompaniment, will be reproduced by the transducer 21 when the
      change-over switch SW.sub.2 is operated to interconnect the preamplifier
      17 with the transducer. Furthermore, and as is recognized, the operator's
      voice, without musical accompanyment, will be reproduced by both
      transducers 21 and 22 when the change-over switch SW.sub.2 is operated to
      connect the preamplifier 17 with the transducer 21 and when the changeover
      switch SW.sub.3 is operated to connect the preamplifier 17 with the
      transducer 22.
PAR  While the invention has been particularly shown and described with
      reference to a certain preferred embodiment thereof, it will be obvious to
      those skilled in the art that various changes and modifications in form
      and details may be made without departing from the spirit and scope of the
      invention. For example, the illustrated right and left channel amplifiers
      can be readily interchanged. Furthermore, it should be appreciated that
      the structure of the amplifiers 2 and 7, as shown herein, is merely
      illustrative. Various additional components can be provided, in
      conventional manner, to comprise the respective amplifying circuits. It
      is, therefore, intended that the appended claims be interpreted as
      including the foregoing and other such changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Recording and reproducing apparatus comprising:
PA1  means for supplying stereo signal components including a monaural signal
      component;
PA1  signal processing means for replacing said supplied monaural signal
      component included in said stereo signal components with a further
      monaural signal component;
PA1  first recording means for recording said processed stereo signal components
      including said further monaural signal component;
PA1  second recording means for recording said supplied stereo signal components
      including said supplied monaural signal component;
PA1  reproducing means for reproducing the recorded stereo signal components
      including said further monaural signal component and the recorded stereo
      signal components including said supplied monaural signal component; and
PA1  sound generating means coupled to said reproducing means for generating
      sounds corresponding to said respective reproduced signals.
NUM  2.
PAR  2. Recording and reproducing apparatus in accordance with claim 1 wherein
      said sound generating means comprises a first electroacoustic transducer
      for generating sounds corresponding to the stereo signal components
      including said further monaural signal component; and a second
      electroacoustic transducer for generating sounds corresponding to the
      stereo signal components including said supplied monaural signal
      component.
NUM  3.
PAR  3. Recording and reproducing apparatus in accordance with claim 2 wherein
      said reproducing means comprises first reproducing means for reproducing
      the recorded stereo signal components including said further monaural
      signal component; and second reproducing means for reproducing the
      recorded stereo signal components including said supplied monaural signal
      component.
NUM  4.
PAR  4. Recording and reproducing apparatus in accordance with claim 3
      comprising first switch means included in a first circuit for connecting
      said first reproducing means with said first electroacoustic transducer;
      and second switch means included in a second circuit for connecting said
      second reproducing means with said second electroacoustic transducer; said
      first and second switch means being selectively operable such that the
      signals reproduced by said first and second reproducing means are supplied
      to said first and second electroacoustic transducers, respectively, and
      the signals reproduced by said first reproducing means are supplied to
      both said first and second electroacoustic transducers.
NUM  5.
PAR  5. Recording and reproducing apparatus in accordance with claim 4 wherein
      one of said first and second switch means is further operable to
      selectively couple an associated one of said first and second
      electroacoustic transducers to said signal processing means such that said
      selectively coupled electroacoustic transducer is supplied with said
      processed stereo signal components including said further monaural signal.
NUM  6.
PAR  6. Recording and reproducing apparatus in accordance with claim 1 wherein
      each of said first and second recording means comprises a magnetic
      recording head for recording signals on a respective track of a magnetic
      record medium; and wherein said reproducing means comprises first and
      second magnetic reproducing heads for reproducing signals from respective
      tracks on said magnetic record medium.
NUM  7.
PAR  7. Recording and reproducing apparatus in accordance with claim 1 wherein
      said signal processing means comprises combining means for combining a
      first stereo signal component including said supplied monaural signal
      component with a second stereo signal component including said supplied
      monaural signal component in cancelling relation to thereby cancel said
      supplied monaural signal component; and means for inserting said further
      monaural signal component to said combined stereo signal components.
NUM  8.
PAR  8. Recording and reproducing apparatus in accordance with claim 7 wherein
      said signal processing means further comprises phase inverting means for
      inverting the phase of one of said first and second stereo signal
      components including said supplied monaural signal component, the
      phase-inverted signal components being supplied to said combining means
      together with the non-phase-inverted signal components.
NUM  9.
PAR  9. Recording and reproducing apparatus in accordance with claim 8 further
      comprising second combining means for combining said first stereo signal
      component including said supplied monaural signal component with said
      second stereo signal component including said supplied monaural signal
      component in non-cancelling relation; the combined signals produced by
      said second combining means being coupled to said second recording means.
NUM  10.
PAR  10. Recording and reproducing apparatus in accordance with claim 9 wherein
      said first-mentioned combining means and said second combining means
      comprise first and second adding means respectively.
NUM  11.
PAR  11. Recording and reproducing apparatus in accordance with claim 10 further
      comprising first amplifying means for receiving said first stereo signal
      component including said supplied monaural signal component, said first
      amplifying means having an output terminal; and wherein said phase
      inverting means comprises second amplifying means for receiving said
      second stereo signal component including said supplied monaural signal
      component, said second amplifying means having a phase inverting output
      terminal and a non-inverting output terminal; said non-inverting output
      terminal and said first amplifying means output terminal being connected
      to said second adding means.
NUM  12.
PAR  12. Recording and reproducing apparatus in accordance with claim 11 further
      comprising switch means for selectively connecting said inverting and
      non-inverting output terminals to said first adding means; said first
      adding means being further connected to said first amplifying means output
      terminal.
NUM  13.
PAR  13. Recording and reproducing apparatus in accordance with claim 12 wherein
      said signal processing means further comprises transducer means for
      generating said further monaural signal component in response to a voice
      signal; said generated further monaural signal component being coupled to
      said first adding means.
NUM  14.
PAR  14. Recording and reproducing apparatus in accordance with claim 1 wherein
      said supplied stereo signal components include components representing
      musical sounds; and said supplied and further monaural components
      represent speech sounds.
NUM  15.
PAR  15. Recording and reproducing apparatus in accordance with claim 14 further
      comprising filter means coupled to one of said first and second recording
      means for removing those components representing musical sounds from the
      signals supplied thereto.
NUM  16.
PAR  16. Voice changing apparatus for replacing the original voice signals
      included in combination with musical signals with further voice signals,
      comprising:
PA1  first means for supplying a first portion of said combined musical and
      original voice signals;
PA1  second means for supplying a second portion of said combined musical and
      original voice signals;
PA1  first combining means coupled to said first and second means for combining
      said first and second portions of signals in voice signal cancelling
      relation to thereby produce said first portion of musical signals in first
      combination with said second portion of musical signals;
PA1  voice signal generating means for generating said further voice signals;
PA1  inserting means coupled to said voice signal generating means for inserting
      said further voice signals into said first combination of first and second
      portions of musical signals;
PA1  second combining means coupled to said first and second means for combining
      said first and second portions of signals in a second combination, said
      second combination including said first and second portions of musical
      signals and said original voice signals;
PA1  a first electroacoustic transducer responsive to said first combination of
      musical signals including said inserted further voice signals for
      generating corresponding voice and music sounds; and
PA1  a second electroacoustic transducer responsive to said second combination
      of musical signals including said original voice signals for generating
      corresponding voice and music sounds.
NUM  17.
PAR  17. Voice changing apparatus in accordance with claim 16 wherein said
      original voice signals included in said first and second portions of
      signals are of substantially the same frequency and phase and said musical
      signals included in said first and second portions of signals differ in
      frequency and phase; and wherein said first combining means combines one
      of said first and second portions of signals with a phase-inverted
      representation of the other of said first and second portions.
NUM  18.
PAR  18. Voice changing apparatus in accordance with claim 17, and further
      comprising a record medium for recording the signals produced by said
      first and second combining means, respectively; a first recording head for
      receiving said first combination of musical signals including said
      inserted further voice signals and for recording same in a track on said
      record medium; a second recording head for receiving said second
      combination of musical signals including said original voice signals and
      for recording same in a separate track on said record medium; a first
      reproducing head for recovering signals recorded in said first-mentioned
      track and for supplying said recovered signals to said first
      electroacoustic transducer; and a second reproducing head for recovering
      signals recorded in said separate track and for supplying said recovered
      signals to said second electroacoustic transducer.
NUM  19.
PAR  19. Voice changing apparatus in accordance with claim 18, further
      comprising first change-over switch means for selectively supplying to
      said first combining means said second portion of signals or a
      phase-inverted representation of said second portion of signals; second
      changeover switch means for selectively enabling the audible monitoring of
      said first combination of musical signals including said inserted further
      voice signals as said first combination is recorded or the sound
      reproduction of the recovered first combination of musical signals
      including said inserted further voice signals; and third change-over
      switch means for selectively enabling the audible comparison of said first
      combination of musical signals including said inserted further voice
      signals with said second combination of musical signals including said
      original voice signals.
NUM  20.
PAR  20. Voice changing apparatus in accordance with claim 19 wherein said
      second means includes phase-inverting means for phase inverting said
      supplied second portion of said combined musical and original voice
      signals; said first combining means comprises adding means for adding said
      first portion of signals to said second portion of signals or said
      phase-inverted second portion of signals selectively supplied thereto; and
      said second combining means comprises adding means for adding said first
      and second portions of signals.
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ABST
PAL  An apparatus is provided for recording on videotape to insure the absence
       phase error between different sequences in the assembling mode. The
      apparatus includes a reference pulse source and circuitry to apply
      reference pulses from the source to a first recording of the tape through
      a fixed transducer head for recording and playback. The reference pulses
      also control the speed of the motor driving the tape through a servo
      mechanism. A tachometer-generator is operatively connected to the motor to
      produce a train of pulses related to the motor speed at a frequency
      comprising a fixed integer multiple of the frequency of the reference
      pulses. The output of the tachometer is fed to a counter which divides the
      tachometer pulses by the fixed integer so that the output of the counter
      represents a train of pulses, the frequency of which is equal to that of
      the reference pulses. The present apparatus further includes a first
      circuit interconnecting the transducer head and the counter when the
      recorded reference pulses of the first recording are played back so as to
      bring the output of the counter into phase synchronization with the
      recorded reference pulses. The apparatus also includes a second circuit
      interconnecting the output of the counter and the transducer head and
      disconnecting the reference pulse source from the transducer head when
      assembling of an additional sequence so as to produce reference pulses for
      the additional sequence from the counter and hence in phase
      synchronization with the reference pulses on the first sequence.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to videotape recording and more particularly
      to an apparatus to insure the proper phase synchronization between
      adjacent sequences.
PAR  Magnetic videotape recordings are frequently produced by the so-called
      diagonal track process. In accordance with this process, the magnetic tape
      is helically wound about a cylindrical drum while a video head or series
      of heads rotate in a gap perpendicular to the drum axis. As a result,
      diagonal tracks are recorded on the tape which are parallel to one another
      and extend diagonally across the tape. Each diagonal track may contain a
      video frame or field. The video heads rotate at a constant velocity and
      hence the angle of the diagonal track depends on the tape speed. Thus, to
      insure proper reproduction, it is essential that the tape speed be
      precisely maintained during both recording and playback.
PAR  To insure the proper maintenance of the tape speed, it has heretofore been
      proposed to provide a synchronizing track directly on the tape. The
      synchronizing track is generally recorded at an edge of the tape and is
      produced by a special fixed head independent of the image head during the
      recording process. During playback, the synchronizing track is sensed by
      the fixed head and a synchronizing signal is fed to a servo mechanism for
      controlling the speed of the tape transport to insure playback at the
      proper speed.
PAR  This prior art arrangement is shown in FIG. 1. In this figure, the magnetic
      tape 1 is transoorted by shaft 2 which in turn is driven by motor 3. A
      reference pulse source (not shown) is connected to terminal 4 which in
      turn is connected to a special transducer head 6 fixed with respect to the
      tape for recording the reference pulses onto tape 1 when switch 5 is in
      the "record" position. The frequency of the reference pulses is generally
      equal to the field frequency so that a one to one relationship exists
      between reference pulses and vertical synchronizing signals on the tape.
      The video recording head, which plays no part in the present invention is
      not shown in the drawings.
PAR  The reference pulses at terminal 4 are also connected to a servo mechanism
      7 which controls the speed of motor 3. A tachometer-generator 8 is
      operatively coupled to the motor or shaft so as to respond to the speed of
      the tape transport by producing a train of pulses indicative of the speed
      of the motor. The tachometer pulses are fed through switch 9 to the servo
      mechanism 7 where the tachometer pulses are compared with the reference
      pulses and the motor is adjusted as required to minimize any error between
      the two.
PAR  When switches 5 and 9 are switched to their "playback" position, the mode
      of operation of transducer head 6 is changed to enable it to sense the
      pre-recorded pulses on a tape being played back. These pulses are
      amplified through amplifier 10 and fed to the servo control 7 through
      switch 9 where they are compared with the reference pulses so that the
      speed of the motor may be adjusted as required to insure playback at the
      recording speed.
PAR  As a result of mechanical tolerances in the tape 1 and head 6 some
      misalignment of the head and tape may occur between "recording" and
      "playback." Accordingly, phase shifting means 11 is provided to compensate
      for any such misalignment. Circuit 11 permits manual (or automatic) slight
      adjustment or shifting of the phase of the output of the transducer head
      to obtain the best signal-to-noise ratio of the output signal.
PAR  The above described system works adequately where uncorrelated sequences
      are recorded. However, synchronization problems arise if after a first
      sequence a second or more sequences have to be assembled and later
      reproduced without interruption. In this case the first reference pulse
      recorded with the additional sequence will be at a random location with
      respect to the last reference pulse on the first sequence. Thus, when the
      two sequences are played back together, a distortion or disturbance of the
      recorded image will occur at the splice point. Also, when the assembling
      point is reached in playback, the phase shifter has to be reset to
      compensate for track errors of the second sequence.
PAR  Heretofore, various schemes have been proposed to avoid this problem. One
      such prior art scheme is disclosed in German application DT-OS 2,339,406
      which utilizes complicated and expensive components requiring counters,
      memory devices, auxiliary signal sources, comparison circuits and the
      like. In addition, calibration and monitoring of the different parts of
      the prior art circuit are critical and require a high degree of precision.
PAR  In view of the above, it is a principal object of the present invention to
      provide a simplified and relatively inexpensive system for recording and
      playing back video sequences in phase synchronization with one another.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by providing an apparatus which
      includes a reference pulse source for applying reference pulses to the
      tape through a fixed transducer head for recording and playback. The
      reference pulses also control the speed of the motor driving the tape
      through a servo mechanism. A tachometer-generator is operatively connected
      to the motor to produce a train of pulses related to the motor speed at a
      frequency comprising a fixed integer multiple of the frequency of the
      reference pulses. The output of the tachometer is fed to a counter which
      divides the tachometer pulses by the fixed integer so that the output of
      the counter represents a train of pulses the frequency of which is equal
      to that of the reference pulses. The present apparatus further includes
      first circuit means interconnecting the transducer head and the counter
      when the recorded reference pulses are played back so as to bring the
      output of the counter into phase synchronization with the recorded
      reference pulses. The apparatus also includes second circuit means
      interconnecting the output of the counter and the transducer head and
      disconnecting the reference pulse source from the transducer head when
      recording an additional sequence in the assembling mode so as to produce
      reference pulses for the additional sequence from the counter and hence in
      phase synchronization with the reference pulses of the first sequence.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic circuit drawing representative of the prior art; and
PAR  FIG. 2 is a schematic circuit drawing of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIG. 2 wherein the present invention is depicted.
      Where components of the present invention as depicted in FIG. 2 correspond
      with components known in the prior art as exemplified by FIG. 1, the same
      reference numeral will be used. Accordingly, in FIG. 2 as in FIG. 1
      reference pulses from a reference pulse source are brought to a terminal 4
      and fed to a servo mechanism 7 for use in controlling the speed of drive
      motor 3 which in turn drives the transport 2 for tape 1. A
      tachometer-generator 8 is provided which generates a train of pulses the
      frequency of which corresponds to the rotational speed of the motor and
      hence comprises fixed integer multiple of the reference pulse frequency.
      Thus, if f represents the reference pulse frequency, n.f represents the
      frequency of the output pulses of tachometer-generator 8. For reasons to
      be described forthwith, it is desirable that n be as large an integer as
      possible.
PAR  The output of the tachometer-generator is fed to a counter 12 which is
      permanently set to divide the input pulses fed to it by n. Thus, a train
      of pulses, the frequency of which is f (the same frequency as the
      reference pulse frequency) is available at the output of counter 12.
PAR  The output of counter 12 is connected through a circuit including switches
      5 and 13 to transducer head 6. It should be noted that switch 13 has two
      sets of contacts, one set of contacts connects the output of counter 12
      with switch 5 and the other set of contacts connects the reference pulse
      terminal 4 with switch 5. The output of counter 12 is also connected
      through switch 14 with phase shifter 11 which in turn forms a second input
      to servo mechanism 7. Thus, the same motor speed error adjustment through
      the servo control is provided for in the present apparatus as in the prior
      art.
PAR  Switch 5, when in the playback position, also serves to connect the
      transducer head 6 with amplifier 10. The output of the amplifier is fed to
      counter 12 and also fed to one contact of switch 14. Thus, when switch 14
      is in the playback position, phase shifter 11 receives recorded reference
      pulses from tape 1 through switch 14 and amplifier 10. When switch 14 is
      in the record position, phase shifter 11 received output pulses from the
      counter.
PAR  In operation, when the first sequence is to be recorded, switches 5, 13 and
      14 are each set to the record position. As a result, while video signals
      are being recorded on the tape, reference pulses are recorded as a
      synchronizing track on the edge of tape 1 through head 6. In this initial
      record mode, the rotational speed of motor 3 is controlled by comparing
      the output of counter 12 and the reference pulses in the servo mechanism
      which controls the speed of the motor to reduce any difference between the
      two during this mode of operation. Phase shifter 11 and phase of the
      output of counter 12 are without any importance.
PAR  When it is desired to assemble a second sequence to the first, switches 5
      and 14 are switched over to the playback position. The position of switch
      13 is irrelevant. During playback, reference pulses sensed by head 6 are
      fed through amplifier 10, switch 14, and phase shifter 11 to servo control
      7. As with the prior art device, phase shifter 11 is manually or
      automatically set to obtain the optimum output signal (i.e. the best
      image). The reference pulses sensed by head 6 are also fed through
      amplifier 10 to counter 12. Counter 12 is thereby brought into
      synchronization (within small tolerances) with the reference pulses
      pre-recorded on the reference track of the first sequence. The frequency
      of the pulses available at the output of counter 12 will correlate exactly
      with the frequency of the reference pulses. The phase of these pulses
      available at the output of counter 12 may deviate from the phase of the
      pre-recorded reference pulses by l/n. Thus, by making n large enough, this
      deviation becomes insignificant.
PAR  If an additional sequence is now assembled to the first sequence for
      additional video recording, switches 5, 13 and 14 are switched to the
      "assemble" position. In this regard it should be noted that for switches 5
      and 14 the assemble and "record" positions are the same. However, the
      position of switch 13 changes so as to disconnect the reference pulse
      source from the recording head and interconnect the output of counter 12
      with the recording head. Thus, the reference pulses for the new sequence
      becomes the output pulses from counter 12. The frequency of these pulses
      is precisely the same as the frequency of the reference pulses of the
      first sequence and the phase deviation, if any, is tolerable. The servo
      control 7 operates in the assemble mode as before and when the combined
      tape is played back, no adjustment of the phase shifter 11 is required at
      the splice. Therefore it is very advantageous to lock the phase shifter 11
      during the record and assemble mode.
PAR  Thus, in accordance with the above, the aforementioned objects are
      effectively attained.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. Apparatus for recording and reproducing video signals on and from a
      magnetic tape respectively comprising one or more video heads rotating in
      a cylindrical drum surrounded helically by said video tape and comprising
      a fixed magnetic head to record or reproduce synchronizing signals on or
      from a longitudinal track of said magnetic tape; comprising further a tape
      transport mechanism to drive said tape at a constant speed, a motor of
      said tape transport mechanism, a servo mechanism to feed said motor, a
      tacho-generator coupled to said motor, a counter connected to the output
      of said tacho-generator, first and second inputs of said servo mechanism,
      adjustable phase shifting means with an output connected to said first
      input of said servo mechanism, a source of reference pulses connected to
      said second input of said servo mechanism to provide means to drive said
      servo mechanism at nominal tape speed; said tacho-generator producing at
      nominal tape speed pulses with a repetition rate surpassing the frequency
      of said reference pulses by a large fixed integer and the frequency of
      said tacho-generated pulses being divided in said counter by said same
      fixed integer; said servo mechanism comparing the frequencies of said
      first and second inputs and generating an error signal to minimize
      differences between nominal and actual tape speed; and switching means to
      provide normal record, playback and assemble modes of said apparatus
      whereby in the normal record mode said reference pulses are additionally
      fed to said fixed head and recorded thereby on said longitudinal track as
      synchronizing signals and the output of said counter is fed through said
      phase shifting means to said first input of said servo mechanism for
      comparison with said reference pulses in said servo mechanism; in the play
      back mode said synchronizing signals are reproduced by said fixed head
      from said longitudinal track and are fed through said phase shifting means
      to said first input of said servo mechanism and compared with said
      reference pulses in said servo mechanism, said phase shifting means being
      adjustable to the phase of said synchronizing pulses to provide the best
      tracking of said rotating video heads; said synchronizing pulses being
      additionally fed to said counter to set the phase of the divided
      tacho-generated pulses in said counter output; and in the assemble mode
      the preset output pulses of said counter are fed to said phase shifting
      means to said first input of said servo mechanism for comparison with said
      reference pulses in said servo mechanism and, at the same time, are fed to
      said fixed head and recorded there on said longitudinal track.
NUM  2.
PAR  2. Apparatus for recording and reproducing video signals on and from a
      magnetic tape respectively comprising one or more video heads rotating in
      a cylindrical drum surrounded helically by said video tape and comprising
      a fixed magnetic head to record or reproduce synchronizing signals on or
      from a longitudinal track of said magnetic tape; comprising further a tape
      transport mechanism to drive said tape at a constant speed, a motor of
      said tape transport mechanism, a servo mechanism to feed said motor, a
      tacho-generator coupled to said motor, a counter connected to the output
      of said tacho-generator, first and second inputs of said servo mechanism,
      phase shifting means with an output connected to said first input of said
      servo mechanism, a source of reference pulses connected to said second
      input of said servo mechanism to provide means to drive said servo
      mechanism at nominal tape speed; said tacho-generator producing at nominal
      tape speed pulses with a repetition rate surpassing the frequency of said
      reference pulses by a large fixed integer and the frequency of said
      tacho-generated pulses being divided in said counter by said same fixed
      integer; said servo mechanism comparing the frequencies of said first and
      second inputs and generating an error signal to minimize differences
      between nominal and actual tape speed; and switching means to provide
      normal record, playback and assemble modes of said apparatus whereby in
      the normal record mode said reference pulses are additionally fed to said
      fixed head and recorded thereby on said longitudinal track as
      synchronizing signals and the output of said counter is fed through said
      phase shifting means to said first input of said servo mechanism for
      comparison with said reference pulses in said servo mechanism; in the play
      back mode said synchronizing signals are reproduced by said fixed head
      from said longitudinal track and are fed through said phase shifting means
      to said first input of said servo mechanism and compared with said
      reference pulses in said servo mechanism, means for adjusting said phase
      shifting means to the phase of said synchronizing pulses to provide the
      best tracking of said rotating video heads when in the play back mode;
      said synchronizing pulses being additionally fed to said counter to set
      the phase of the divided tacho-generated pulses in said counter output;
      and in the assemble mode the preset output pulses of said counter are fed
      to said phase shifting means to said first input of said servo mechanism
      for comparison with said reference pulses in said servo mechanism and, at
      the same time, are fed to said fixed head and recorded there on said
      longitudinal track.
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ABST
PAL  Video tape apparatus using a cassette with a tape running between reels. A
      short loop of tape is drawn out and follows a path past an erase head.
      This short path offers low friction and permits fast tape movement in Fast
      Forward and Rewind modes while allowing the erase head to pick up tape
      synchronizing pulses. A counter counts these pulses to indicate the length
      of tape passing the head during the count, thus facilitating reaching a
      predetermined point quickly for editing tape. The short loop also more
      correctly aligns the tape to facilitate withdrawing it from either reel
      and feeding it onto the other. At slower tape speed for Playback and
      Record modes, pulses to be counted can be derived from the video signal,
      from a control head, or from a generator that responds to speed of the
      recording head shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to video tape apparatus, for example,
      video tape recorders (VTR), and particularly to means for counting pulses
      related to the length of tape used to record a specific video signal
      interval, such counting means being responsive at least during Fast
      Forward and Rewind modes of operation to count previously recorded tape
      synchronizing pulses.
PAR  2. The Prior Art
PAR  Video tape apparatus recording or reproducing video signals has been
      designed to be used with cassettes in which the tape is wound on one or
      more reels contained in a housing. When video signals are to be recorded
      on, or reproduced from, the tape by means of the apparatus, a cassette is
      placed in the apparatus in an operative position in which rotatable
      members extend through respective apertures in the cassette housing and
      engage the reels therein. The apparatus also includes magnetic heads, or
      transducers, which are usually rotatably associated with a guide drum
      mounted on the chassis of the apparatus and spaced from the cassette when
      the latter is in its operative position. A tape loading device is provided
      for engaging the tape still within the cassette housing and withdrawing a
      loop of the tape from the housing and wrapping the withdrawn loop about a
      portion of the guide drum to be scanned by the rotary magnetic heads along
      oblique, or skewed, tracks on the tape.
PAR  One example of such apparatus is disclosed in detail in U.S. Pat. Ser. No.
      3,740,495. In such automatic tape loading and unloading apparatus, a
      rotatable support member in the form of a ring encircles the rotary guide
      drum and carries a number of tape guide that define an arcuate tape guide
      path spaced from the drum. A tape engaging member is also mounted on the
      rotatable support member and is movable with respect to the latter into
      and out of the arcuate guide path. In an inactive, or starting, condition
      of the device, the tape engaging member is displaced out of the guide path
      so as to engage the tape between the take-up and supply reels of the
      cassette. The tape engaging member is then moved into the guide path in
      response to rotation of the support member during the loading operation to
      draw a loop of tape from one or both of the reels and to wrap one side of
      the loop about the guide drum while the tape guides move into the loop and
      engage the other side of the loop to maintain the latter side spaced from
      the surface of the guide drum. During the tape unloading operation in
      which the loop is allowed to retract back into the cassette, the tape
      engaging member remains in the guide path during the major portion of its
      movement with the rotatable support member for unwrapping the tape from
      around the guide drum and, at the conclusion of the tape unloading
      operation, the tape engaging member is moved out of the guide path so as
      to permit the loop of tape to be rewound on one or both of the reels.
PAR  In still another previously proposed automatic tape loading and unloading
      device disclosed in U.S. Pat. application Ser. No. 354,992, filed Apr. 27,
      1973, now U.S. Pat. No. 3,821,805 and having a common assignee herewith,
      the support ring is turnable around the guide drum along an arcuate path
      that extends under the cassette when the latter is in its operative
      position. A tape engaging assembly that includes a pinch roller is carried
      by the support ring and extends into an opening of the cassette for
      engagement with the tape therein when the ring is in an inactive or
      starting, position. The tape engaging assembly draws a loop of the tape
      from the cassette and wraps one side of the loop part of the way around
      the guide drum and between the pinch roller and a capstan that is
      positioned to be adjacent the location of the pinch roller after the ring
      has turned to its operative position during the tape loading operation. A
      tape guiding member mounted on the support ring and a separate, pivotally
      mounted tape guiding member are moved from respective inner positions, at
      which these members extend into the cassette opening when the support ring
      is at its starting position, to respective outer positions during the
      loading operation, whereby these tape guiding members wrap one side of the
      loop part way around the drum and hold the other side of the tape loop
      away from the guide drum.
PAR  Related apparatus is also shown in U.S. Pat. application Ser. No. 399,049,
      filed Sept. 20, 1973, now U.S. Pat. No. 3,869,099, and U.S. Pat.
      application Ser. No. 415,220, filed Nov. 12, 1973, both assigned to the
      same assignee as the present application.
PAR  In all of the existing apparatus, the tape is withdrawn from the cassette
      as a loop that is brought around the guide drum and into the position for
      either recording or playing back video signals. When the tape is to be
      rewound at high speed from the take-up reel to the supply reel or is to be
      moved forward at high speed, it is entirely returned to the cassette for
      the high speed operations. One disadvantage of doing this is that the tape
      does not move past any head that could pick up signals. Also, the reels
      may not be on the same level and, if not, there is a tendency for the edge
      of the tape to rub against the flanges of the reels and thereby stretch
      the tape nonuniformly.
PAR  An important use of video tape apparatus and the like is in editing tape.
      If a scene, or batch of information, is to be added to an existing tape or
      to be deleted from the tape without leaving an area in which there is no
      signal, it is common to transfer the recorded information from one tape to
      another. This requires that the tape be played up to the point where the
      change is to take place and then be stopped. Even if it is known that the
      change is to take place at some specific point in the recorded video
      signal, for example 23 minutes and 15 seconds after the beginning of the
      tape, it is difficult to move the tape to that position without playing
      out all of the 23 minutes and 15 seconds in the Playback mode of operation
      and then stopping the tape. When the tape is entirely within the cassette
      during the Fast Forward mode or the Rewind mode there has heretofore been
      no way of knowing how much tape has been transferred from one reel to the
      other except by rough guess.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the intermediate position of the
      tape, in which a short loop is withdrawn from the cassette, is arranged to
      place the tape in a position where it is in contact with a transducer that
      may also operate as the erase head for erasing video information from the
      entire width of the tape. This transducer, even if its gap extends
      entirely across the tape, can read tape synchronizing signals recorded
      along one edge and supply these signals to a counter. Thus the tape can be
      moved at a rapid speed and the counter can still determine that an amount
      of tape has been transferred from one reel to the other such that the
      equivalent of 23 minutes and 15 seconds has elapsed. The actual time
      elapsed would, of course, be much shorter than that. If there is still
      some doubt as to the exact scene recorded on the tape when the timer
      reaches the predetermined numerical indication, only a short length of the
      tape need by played back to confirm that the right point has been reached.
      Alternatively, the counter can be made to read not only elapsed time, but
      can be made accurate to the number of fields or frames within a selected
      one second interval. Thus, the count can determine the exact location of
      the tape on the apparatus, thereby making the editing very precise and
      allowing it to be accomplished quickly.
PAR  The counter can also be arranged to count pulses derived from the incoming
      signal, in the case of operation of the apparatus in its Record mode. By
      means of a control transduceer, control signals recorded along the edge of
      the tape as tape synchronizing signals can be counted. As a further
      alternative during Playback and Recording, signals derived from rotary
      movement of the rotary video recording or playback head can be counted. In
      any of these cases it is to be understood that the signals counted would
      correspond exactly to a certain length of tape that had moved through the
      apparatus from the time the counting was started. In the case of counting
      during the Rewind operation, the counter would, of course, have to be
      capable of counting down as opposed to the counting up that would take
      place at times corresponding to forward movement of the tape, either at
      the relatively slow controlled speed of the Recording or Playback modes,
      or at the high speed of the Fast Forward mode.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified plan view of the mechanical section of tape
      apparatus constructed according to the present invention.
PAR  FIG. 2 is a cross-sectional view of a cassette of the type to be used in
      conjunction with the apparatus in FIG. 1.
PAR  FIG. 3 is a block diagram of an electronic circuit used with the mechanical
      apparatus in FIG. 1.
PAR  FIG. 4 shows waveforms of signals that occur in the operation of the
      circuit in FIG. 3.
PAR  FIG. 5 is one form of a transducer for use as an erase head and a control
      signal pick-up head in the apparatus in FIG. 3.
PAR  FIG. 6 is an alternative electronic circuit that may be used in conjunction
      with the mechanical apparatus in FIG. 1 in place of the circuit in FIG. 3.
PAR  FIG. 7 is one embodiment of a counter used in the circuits of FIGS. 3 and
      5.
PAR  FIG. 8 is an improved counter used in the circuits in FIGS. 3 and 5.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The apparatus shown in FIG. 1 includes the basic mechanical components of a
      machine capable of recording and playing back video information on
      magnetic tape. The machine has four modes of operation: Record, during
      which information is to be recorded on the tape; Playback, during which
      previously recorded information is reproduced with the tape running at the
      same, controlled speed as during the Record mode; Fast Forward, during
      which the tape is running in the same direction as in Playback or Record
      but is running much faster; and Rewind, during which the tape is running
      rapidly in reverse. The machine is arranged to use tape enclosed in a
      cassette 11, which is shown with its top removed so that the internal
      structural features that enter into the operation of the present invention
      can be seen. The cassette includes a supply reel 12 with a pancake-shaped
      coil 13 of tape T wound on it. The tape T is looped over a guide pin 14 at
      one side of an opening 16 in the front wall 17 of the cassette. When the
      cassette is not in use, the tape follows a run T.sub.1 illustrated in
      broken lines across the opening 16 to another guide pin 8 and from there
      to a coil built up on the hub 19 of a take-up reel 21. The direction of
      movement of the tape onto the reel 21 is indicated by an arrow 22.
PAR  Behind the opening 16 in the front wall 17 of the cassette 11 is a V-shaped
      wall 23 that forms a recess in the front side of the cassette.
PAR  When the cassette 11 is placed in position for use with the main part of
      the apparatus, two guide pins 24 and 26 fit between the tape run T.sub.1
      and the recessed wall 23. The guide pin 24 is mounted near the end of an
      arm 27, pivoted on a pin 28 while the guide pin 26 is mounted on a
      generally similar arm 29, pivoted on a pin 31. Both of these arms may be
      actuated by means (not shown) to swing from their initial positions
      illustrated in broken lines to their operative positions shown in solid
      lines. The initial positions are those occupied when the apparatus is
      ready to receive a cassette or to release a cassette, and the operative
      positions are the positions occupied by the arms 27 and 29 during all four
      modes of operation of the apparatus, that is the Record, Playback, Fast
      Forward, and Rewind modes. In order for the arm 27 to reach its operative
      position the guide pin 24 is moved along an arcuate path 32. Similarly,
      the guide pin 26 moves along an arcuate path 33 in going from its initial
      position to its operative position.
PAR  In all four of the modes, a loop of tape is drawn out through the opening
      16 past a fixed guide pin 34 and along a run T.sub.2 to the guide pin 26.
      At an intermediate point along this run there is, in accordance with the
      present invention, at least one transducer 36, which not only is capable
      of operating as an erase head but is also capable, when so connected, of
      operating as a pick-up head to pick up synchronizing pulse signals
      recorded by the tape T.
PAR  After passing around the guide pin 26, the tape contacts another guide pin
      37 that adjusts the running angle of the tape to facilitate longitudinal
      movement of the tape along the loop. In a run T.sub.3 of the tape between
      the guide member 37 and the guide pin 24, the tape T contacts a small
      section of the perimeter of a rotary guide drum 38 that contains one or
      more video heads mounted for rotation and capable of recording or playing
      back video information on slant lines along the tape T in accordance with
      standard video tape recorder practice. Between the area of contact with
      the drum 38 and the guide pin 24, the run T.sub.3 of the tape T is shown
      as a dotted line in accordance with the fact that the tape follows this
      part of the loop only during the Fast Forward and Rewind modes of
      operation. After passing around the guide pin 24, the tape follows another
      run T.sub.4 to a guide pin 39 mounted on an arm 41 attached beneath the
      cassette 11. After passing around the guide pin 39, the tape enters the
      cassette and is wound up on the reel 21.
PAR  The loop of tape defined by the runs T.sub.2 -T.sub.4 is referred to as the
      short loop. Rapid movement of the tape T along the runs T.sub.2 -T.sub.4
      of the short loop is facilitated by the minimal friction presented by the
      relatively few guide pins 14, 34, 26, 37, 24, and 39 that engage the tape
      in the short loop. In particular, the fact that the tape T does not
      contact a substantial length of the arcuate surface of the drum 38 keeps
      the friction low. The tape reels 12 and 21 may be rotated at relatively
      high speeds during the Rewind and Fast Forward modes by drive means
      indicated by shafts 35 and 40 in accordance with standard practice.
PAR  A long loop of the tape T is drawn from the short loop by additional
      loading means of the apparatus. Such additional loading means include a
      support member in the form of a ring 42 on which there is a guide pin 43
      and a pinch roller assembly 44 that includes an arm 46 pivotally mounted
      on a pin 47 affixed to the ring 42 and having a pinch roller 48 rotatably
      mounted at one end. Additional guide means on the support ring 42 are
      guide pins 49 and 51. The ring 42 also has a projection 52 that engages a
      stop 53 at one limiting position of rotation, and it is mounted on three
      rollers 54-56 with V-shaped surfaces to guide the inner perimeter of the
      ring 42. It is standard practice to rotate a ring such as the ring 42 on
      such rollers by means of an electric motor (not shown) to turn the ring in
      one direction as indicated by the arrow 58 to load the tape T into the
      long loop used in the Playback and Record modes and to turn the ring 42 in
      the opposite direction indicated by the arrow 59 to unload the tape T. The
      ring 42 rotates about 240.degree. between its rest position and its
      operative position in which the apparatus is ready for recording and
      playing back video information.
PAR  In the operative position the tape T is wrapped, in this embodiment,
      slightly more than half way around the drum 38, which is slightly tilted
      as indicated by the arrow 57 so that the tape contacts the drum along a
      helical path, as is standard practice in video tape recording apparatus.
      Beyond the drum 38, the tape bends around a guide pin 58 and, in a run
      T.sub.5, passes at least one transducer 59 and perhaps a second transducer
      61. At the end of the run T.sub.5, the tape bends around another guide pin
      62 and initially around the guide pin 43 when the pinch roller assembly is
      in the position indicated by reference numeral 44a. In that position, the
      pivot pin 47 is in the position that it occupies during the Playback and
      Record modes, but the main part of the pinch roller assembly is still
      approximately in line with the ring 42. The pinch roller assembly is
      resiliently biased to the position 44a by a spring 63 that encircles the
      pivot pin 47 and has one end looped over an extension 64 of the arm 46 and
      the other end hooked behind the guide pin 43. The pinch roller assembly is
      pressed out of the position 44a and into the position 44b indicated in
      solid lines by a member 66 that can be moved in any suitable manner, such
      as by a solenoid (not shown) in the manner carried out heretofore. When
      the member 66 presses the pinch roller assembly to the position 44b, the
      pinch roller 48 presses the tape T against a capstan 67 that drives the
      tape at a constant speed suitable for recording and playing back video
      signals.
PAR  FIG. 2 shows a cross-sectional view of the cassette 11 taken along the line
      2--2' in FIG. 1. One of the reels 12 has a hub 68 and two flanges 69 and
      70. Between the flange 69 and the bottom surface of the cassette 11 is a
      shoulder 71 that spaces the flange 69 from the lower surface 72 of the
      cassette.
PAR  The other reel 21 also has two flanges 73 and 74 spaced the same distance
      apart as the flanges 69 and 70, but no shoulder comparable to the shoulder
      71. Thus, the flange 74 is slightly closer to the surface 72 than is the
      flange 69. The difference in height is indicated by the letter h.
PAR  This slight difference in the height of the reels 12 and 21 facilitates
      proper travel of the tape T around the guide drum 38 in FIG. 1, but in
      order to wind the tape T properly and smoothly on either of the reels 12
      or 21, it is advantageous to draw out the short loop defined by the runs
      T.sub.2 -T.sub.4 in FIG. 1, so that the tape can be pulled off of one reel
      12 or 21 almost perpendicularly to the axis thereof and can be wound upon
      the other reel almost perpendicularly to the axis thereof.
PAR  FIG. 3 shows the electronic components basically required to control the
      operation of the apparatus in FIG. 1. These include a video signal input
      terminal 75 connected to a frequency modulator 76 from which the signal to
      be recorded is applied to recording terminals R of a double-pole
      double-throw switch 77. The arms of the switch are attached to transducers
      78 and 79 attached to opposite ends of an arm 81 mounted on a shaft 82 to
      be rotated by a motor 83. In accordance with standard video tape recorder
      practice the rotational speed of the motor 83 is held constant and even
      the precise angular position of the transducers 78 and 79 is held constant
      by a control circuit (not shown) that responds to pulses generated by a
      magnet 84 in a manner well known in the art. The drum 38 has a slot 86 in
      the same plane in which the transducers 78 and 79 rotate. As is indicated,
      the tape T is wrapped along an inclined path part way around the drum 38
      so that as the tape T moves longitudinally, the rotating transducers 78
      and 79 trace out skewed tracks either to record or to playback previously
      recorded video information on the tape.
PAR  The video signal applied to the input terminal 75 during the Record mode of
      operation of the system in FIG. 3 is also directed to a synchronizing
      signal separator circuit 88 connected to a monostable multivibrator 89.
      One output of the multivibrator 89 is in turn connected to a
      differentiating circuit 91 and another output is connected to a
      single-pole, single-throw switch 92. This switch is connected to the
      transducer 59 that operates as a control pulse transducer capable of
      recording or playing back tape synchronizing pulses along the edge of the
      tape. The switch 92 is also connected to an amplifier 93.
PAR  The erase head 36, which extends across the width of the tape T, is capable
      of erasing all signals recorded thereon before the tape reaches the guide
      drum 38, is shown in FIG. 3 as being connected to an amplifier 94 and thus
      as being used as a pick-up head rather than as an erase head. The outputs
      of the differentiating circuit 91 and the amplifiers 93 and 94 are
      applied, respectively, to separate rectifier circuits 96-98, and the
      outputs of these rectifier circuits are connected to three stationary
      terminals of a switch 99. These terminals are indicated, respectively, as
      the R terminal, corresponding to its use during the Record mode, the P
      terminal, corresponding to its use during the Playback mode, and the
      FF/REW terminal, corresponding to its use during either Fast Forward or
      Rewind modes.
PAR  The arm of the switch 99 is connected to a counter 101 and the output of
      the counter is connected to a driver 102, which is connected, in turn, to
      an indicator 103.
PAR  The switch 77 also has two terminals marked P which are used when the
      apparatus is in its Playback mode. These terminals are connected to an
      amplifier 104 the output of which is connected to frequency demodulator
      106 that supplies signals to another amplifier 107. The output terminal of
      the system in its Playback mode is the terminal 108 connected to the
      amplifier 107.
PAR  The operation of the circuit in FIG. 3 will be described in conjunction
      with some of the waveforms in FIG. 4. It will be assumed first that the
      circuit is to be used in its Record mode. In that mode, composite video
      signals are applied to the input terminal 75 and the synchronizing
      signals, referred to as sync signals, are separated from the video portion
      of the signals in the sync signal separator 88. The output signals of the
      sync separator 88 are shown in FIG. 4 as a series of negative-going pulses
      109. These are vertical sync pulses, and thus have a repetition rate of 60
      pulses per second. Each of these pulses is applied to the monostable
      multivibrator 89, but the time constant of this multivibrator is such
      that, when it is triggered, it remains in its unstable state for slightly
      longer than 1/60 of a second. Thus, if it is triggered by the first pulse
      109, it will not be in condition to be triggered by the second pulse.
      However, the multivibrator 89 will have returned to its stable state by
      the time the the third pulse 109 is applied to it. This causes the
      multivibrator 89 to produce an output signal 111 indicated in FIG. 4 as a
      series of pulses that have almost equal ON and OFF intervals. In effect,
      the multivibrator 89 divides the repetition rate of the pulses 109 by two.
PAR  The output pulse signal 111 of the monostable multivibrator 89 is applied
      to the differentiating circuit 91 to produce a differentiated pulse wave
      112 as shown in FIG. 4. This differentiated pulse wave is applied to the
      rectifier circuit 96 which passes only the positive pulses 113 shown in
      FIG. 4. These positive pulses are applied to the terminal R of the switch
      99. If the arm of this switch is connected to the R terminal, the pulses
      113 will be applied to the counter 101 which counts the pulses either as
      individual pulses or in terms of the interval of time during which the
      pulses are applied to the counter. The driver circuit 102 utilizes the
      count signal obtained from the counter 101 to actuate an indicator 103 to
      indicate either the number of pulses that have been applied or the time
      over which the pulses have been applied or a combination of both time and
      the number of pulses.
PAR  The pulses 111 from the monostable multivibrator 89 are also applied
      through the closed switch 92 during the Record mode to the transducer 59
      located adjacent one edge of the tape T. This transducer records the
      pulses 111 as tape synchronizing pulses along the edge of the tape. The
      control transducer 59 is located at a specific point along the path
      traveled by the tape T, and since the tape is moved at a specific rate and
      the transducers 78 and 79 are also rotated at a specific rate and are
      located at a certain distance from the transducer 59, the tape
      synchronizing pulses recorded along the edge of the tape have a specific
      relationship to each of the skewed tracks of video information recorded on
      the tape by the transducers 78 and 79.
PAR  When the apparatus in FIG. 3 is in its Playback mode, the sync separator 88
      and the monostable multivibrator 89 are inoperative and the switch 92 is
      open. Furthermore, the arm of the switch 99 makes connection with the P
      contact connected to the output of the rectifier 97. The switch 77 is also
      arranged so that its arms are in connection with the contacts P. As a
      result,, the transducers 78 and 79 pick up video information recorded on
      the tape T and apply this information through the amplifier 104 to the
      frequency demodulator 106 where it is demodulated back into a video signal
      to be amplified by the amplifier 107 in the usual way.
PAR  In the Playback mode, the transducer 59 may pick up and differentiate
      control pulses or tape synchronizing pulses, 114 from the edge of the tape
      T. The differentiated pulses produced from the tape synchronizing pulses
      114 are the pulses 116 in FIG. 4. These pulses are applied to the
      amplifier 93, and the amplified versions of the pulses are then applied to
      the rectifier 97 which transmits only a series of positive-going pulses
      117 as shown in FIG. 4. Assuming the arm of the switch 99 is connected to
      the P terminal during the Playback mode, the pulses 117 are transmitted to
      the counter 101 to be counted therein in the same manner as the pulses 113
      in the Record mode.
PAR  As an alternative, when the apparatus in FIG. 1 is being used to playback
      previously recorded signals, the erasing head 36 may be used instead of
      the transducer 59 to pick up the tape synchronizing signal pulses 114 and
      differentiate them. Such pulses are applied to the amplifier 94, and the
      amplified pulses are then applied to the rectifier 98 that allows only the
      positive-going pulses 117 to pass through to the switch 99. In order to
      use the pulses from the rectifier 98, the arm of the switch 99 must be
      connected to the terminal identified as FF/REW. This permits the pulses
      from the rectifier 98 to pass through to the counter 101 and to be
      utilized therein.
PAR  Tape synchronizing signal pulses 114 can also be picked up by the erase
      head 36 even when the apparatus in FIG. 1 is in either the Fast Forward or
      Rewind mode. As stated previously, in either of these modes, as well as
      the Record and Playback modes, the erase head 36 is in operative contact
      with the tape T. The pulses picked up by the erase head 36 in either of
      the Fast Forward or Rewind modes are still the pulses 117 and are
      differentiated to become the pulses 116 and are rectified to become the
      pulses 117. They still correspond to the movement of the same length of
      tape T passed the head 36, but since the movement is so much more rapid in
      either of the Fast Forward or Rewind modes of operation, the repetition
      rate of the pulses 115-117 is much greater than during the Record or
      Playback mode.
PAR  The erase head 36 shown in FIG. 3 is a unitary structure with a gap that
      extends across the entire width of the tape T. Thus, it is exposed to the
      video information recorded on slant, or skewed, tracks on the tape as well
      as to the tape synchronizing signal pulses 114 recorded along one edge of
      the tape. The head 36 is able to distinguish between the information on
      the slant tracks and that along the edge because the tape synchronizing
      signal pulses 114 are recorded by the control head 59 that has a vertical
      air-gap and the magnetic domains in the tape T are, therefore, oriented
      accordingly. This is the orientation to which the air-gap in the erase
      head 36 is also oriented and to which it responds most efficiently. On the
      other hand, the skewed tracks of video information are recorded with
      different orientations and thus do not excite the erase head 36 in the
      same way. Moreover, there are at any one location on the tape T, several
      slant tracks crossing the air-gap of the erase head 36, and to the extend
      that these signals are reproduced, they do not interfere greatly with the
      tape synchronizing signals recorded along the edge.
PAR  FIG. 5 shows a modified form of erase head 118 that has a main erase
      section 119 with an energizing coil 121 wound thereon and a secondary
      section 122 with a separate coil that is not shown except for the
      terminals 123 and 124 at its ends. The section 119 has an air-gap 126 and
      the section 122 has an air-gap 127 in line with the air-gap 126. The
      relative dimensions of the section 119 and 122 are such that the sections
      119 covers the area of the tape T on which video information would be
      recorded along slant tracks, and also covers the upper edge along which
      audio signals may be recorded by the head 61 in FIG. 1. The lower, small
      section 122 covers the section of the tape T on which the tape
      synchronizing signals are recorded by the transducer 59 in FIG. 3. The
      terminals 123 and 124 of the lower section 122 can also be connected to be
      energized by erasing signals so that the entire width of the tape T can be
      erased by the combined structure 118.
PAR  FIG. 6 shows an electronic circuit that may be used as an alternative to
      the circuit in FIG. 3. Corresponding elements are given the same reference
      numerals in these two figures and will not be described again except to
      the extent necessary to point out differences. In FIG. 6 there is no
      direct connection during the Record mode of operation from the input
      terminals 75 via the sync separator 88 and the monostable multivibrator 89
      to the counter 101. Instead, the monostable multivibrator 89 is
      permanently connected to the transducer 59 to record tape synchronizing
      pulses along the edge of the tape T as the latter travels in the direction
      indicated by the arrow 87.
PAR  A transducer 128 is located adjacent the magnet 84 on the shaft 82 and is
      connected to an amplifier 129. The output of the amplifier 129 is
      connected to a terminal marked R/P on a switch 131, the arm of which is
      connected to an input terminal of the counter 101.
PAR  The erase head 36 may be connected to the amplifier 93 as in the case of
      FIG. 3, or the modified combined structure 118 of FIG. 5 may be used
      instead. In the latter case the amplifier 93 would be connected to the
      terminals 123 and 124 of the lower section 122 of the combined structure
      118. As a further alternative shown in dotted lines in FIG. 6, a separate
      control transducer 132 may be located adjacent the erase head 36 so as to
      be in operative relationship with the tape T in all four modes of
      operation. If the transducer 132 is used, it may be connected to an
      amplifier 133 which is connected in turn to a rectifier 134. The latter
      would be connected to the terminal marked FF/REW of the switch 131.
PAR  The operation of those parts of the circuit in FIG. 5 that corresponds to
      components in FIG. 3 concerned only with the recording and playback of
      video information on the tape T will not be repeated. As the arm 81
      rotates to record information on the tape T by means of the transducers 78
      and 79, the magnet 84 generates pulses 136 as shown in FIG. 4. These
      pulses are of the correct timing and wave shape to actuate the counter 101
      and are simply passed through the amplifier 129 and the switch 131 to the
      counter. In order for the signals to pass to the counter, the arm of the
      switch 131 must connect with the contact R/P. These pulses 136 are
      directly related to the rotational speed of the shaft 82, which rotates
      synchronously with the television signal. Thus, the pulses 136 are as
      directly related to the incoming synchronizing pulses at the input
      terminal 75 as if the amplifier 129 were connected to the monostable
      multivibrator 89 by a suitable differentiating means.
PAR  If the erase head 36 is to reproduce pulse signals recorded along the edge
      of the tape T, it can do so by way of the amplifier 94 and the rectifier
      98 in exactly the same manner as in FIG. 3. Alternatively, the extra
      transducer 132 may be used instead of the erase head 36 to pick up the
      pulses 114 recorded along the edge of the tape T. Like the erase head 36
      and the control transducer 59, the transducer 132 is reactive and thus
      differentiates pulses 114 to the form 116. These pulses are passed through
      the rectifier 134, which allows only the positive-going pulses 17 to be
      transmitted to the FF/REW terminal of the switch 131.
PAR  Either the erase head 36 or the additional transducer 132 could be used to
      derive signals during Playback, Fast Forward, or Rewind modes of
      operation, since both the erase head 36 and the additional transducer 132
      located very close to it are in position to pick up signals from the tape
      T when the tape is in the short loop defined by the runs T.sub.2 -T.sub.4
      in FIG. 1. One of the advantages of the circuit shown in FIG. 6 is that
      the switch 131 need only have two input terminals instead of the three
      input terminals of the swtich 99 in FIG. 3.
PAR  FIG. 7 shows one embodiment of the counter 101, driver 102, and indicator
      103 of FIGS. 3 and 6. The circuit has an input terminal 137 that can be
      connected to the arm of either the switch 99 in FIG. 3 or the switch 131
      in FIG. 6. The input terminal 137 is connected to a divide-by-three
      counter section 138 in the counter 101 and the output terminal of this
      counter section is connected to one of the input terminals 139 of the
      driver 102 and to a second counter section 141. The output of the counter
      section 141 is also connected to an input terminal 142 of the driver 102
      and to a third counter section 143. The output terminal of the counter
      section 143 is connected to a third input terminal 144 of the driver
      section 102 and to another counter section 146. In a similar manner the
      output terminal of the counter section 146 is connected to a fourth input
      terminal 147 of the driver 102 and to another counter section 148, which,
      in the present embodiment is the final counter section and is connected to
      a fifth input terminal 149 of the driver 102. Each of the counter sections
      138, 141, 143, 146, and 148 has a second input terminal connected to a
      reset signal input terminal 151. The counter 101 also has two other input
      terminals 152 and 153 to receive, respectively, UP and DOWN control
      signals. The counter 102 has a plurality of output terminals, each of
      which is connected to control a respective digit indicator section of the
      indicator 103.
PAR  The operation of the circuit in FIG. 7 may be considered to begin with the
      application of one of the input pulse signal waves 113, 117, or 136 shown
      in FIG. 4 to the input terminal 137. In the case of a tape recorder system
      operating to record a video signal having 60 fields per second, the
      repetition rate of any of these three pulse signals 113, 117, or 136 will
      be 30 pulses per second. This repetition rate is divided in the
      divide-by-three counter section 138 so that the output signal applied by
      that counter section to the first input terminal of the driver 102 is a
      pulse wave of ten pulses per second. This signal is connected by the
      driver 102 to control the least significant digit in the indicator 103.
      The counter 138 is arranged to divide the rate of the incoming signal by
      three so that the pulse repetition rate of the output signal will be a
      decimal fraction of a second, in this instance one-tenth of a second. Thus
      each pulse from the counter 138 applied to the terminal 139 causes a known
      type of decoder in the circuit 102 to advance the last number in the
      indicator 103 one unit. This unit corresponds to one-tenth of a second.
PAR  The output signal of the counter section 138 at a repetition rate of ten
      pulses per second is then counted by the counter section 141 and applied
      to the input terminal 142 of the driver 102 to advance the next-to-the
      last digit section of the indicator 103 one unit, corresponding to one
      second. The advancement of the next-to-the-last digit section one unit
      each second means that this section is advancing at one-tenth the rate of
      the last digit section. The counter section 141 is thus a decade counter
      and is equivalent to a step-down rate connection of 10:1 between the last
      digit and the next-to-the-last digit.
PAR  The third counter section 143 advances one count for each ten steps of the
      counter section 141 and applies one pulse to the input terminal 144 for
      each 100 pulses applied to the terminal 139. These pulses occur once each
      ten seconds and control the second-from-the-last section of the indicator
      103. The same pulses are applied to the counter section 146. Because there
      are sixty seconds in each minute, the second-from-the-last section of the
      indicator 103 returns to its zero indication after each six steps, and the
      counter 146 counts six steps instead of ten before it supplies a pulse to
      the input terminal 147 and to the final counter section 148. The latter
      two counter sections control, respectively, one minute and ten minute
      indications on the indicator 103.
PAR  As an example, the indicator 103 is shown indicating the passage of 95
      minutes and 15.7 seconds since the zero counting location on the tape T in
      FIG. 3 or FIG. 6. This count may have been accumulated by the pulses
      supplied to the switch 99 in FIG. 3 or the switch 131 in FIG. 6.
      Furthermore, the count can go up or down, depending on whether a signal is
      applied to the terminal 152 or 153 and the counting can be at high speed
      if pulses are picked up by the head 36 in FIG. 3 or FIG. 6 or the head 132
      in FIG. 6.
PAR  The count can be returned abruptly to zero at any time by applying a signal
      to the reset terminal 151. This means that an editor can run any desired
      length of tape T through the apparatus, make whatever editing changes are
      desired, reset the counter to zero, and begin counting again from that
      point.
PAR  In FIG. 7 the count is only accurate to one-tenth of a second. At 30 frames
      per second, that is three frames or six fields. The circuit in FIG. 8
      permits any desired field to be selected.
PAR  The circuit in FIG. 8 can be used with the circuits in FIGS. 3 and 6 but
      requires certain modifications. In place of the single-ended, or
      half-wave, rectifiers 96-98 in FIG. 3, the circuit in FIG. 8 has three
      full-wave rectifiers 96a-98a to receive signals from the differentiating
      circuit 91 and the amplifiers 93 and 94, respectively. The output
      terminals of the rectifier circuits 96a-98a are connected to three fixed
      terminals marked R, P, and FF/REW of a switch 99a. These connections are
      similar to those in FIG. 3, but the substitution of two of the full-wave
      rectifiers 97a and 98a for the half-wave rectifiers 97 and 134 in FIG. 6
      is obvious.
PAR  Since the circuit in FIG. 8 is to count each tape synchronizing pulse
      instead of every third one, as does the circuit in FIG. 7, the arm of the
      switch 99a is connected directly to a first counter section 154 of a
      counter 101a. The counter 101a comprises six counter sections 154-159. The
      arm of the switch 99a is also connected directly to one input terminal 161
      of a driver, or decoder, circuit 102a that has six other input terminals
      162-167 connected to output terminals of the counter sections 154-159,
      respectively. Each of the seven input terminals of the driver circuit 102a
      is connected to a decoding section that drives one of seven
      digit-indicating sections of an indicator 103a.
PAR  The counter 101a has a reset signal input terminal 151a and UP and DOWN
      control terminals 152a and 153a similar to those in FIG. 7.
PAR  The operation of the circuit in FIG. 8 will be described in relation to the
      waveforms shown in FIG. 4. The differentiated signal 112 is applied to the
      full-wave rectifier 96a. As a result, both the positive-going and
      negative-going pulses of the signal 112 pass through the rectifier 96a,
      but the negative-going pulses are inverted. The output signal of the
      rectifier 96a is the pulse signal 168, which has twice the repetition rate
      of the signal 113.
PAR  In a similar manner the signal 116 from the control signal transducer 59
      can be full-wave rectified by the rectifier 97a to produce a signal 169 at
      the terminal P of the switch 99a. The signal 169 can also be derived from
      the erase head 36 by way of the full-wave rectifier 98a.
PAR  In any mode, each pulse applied to the counter circuit 101a corresponds to
      a specific field of the recorded video signal. Since there are sixty
      fields per second, the first sixty pulses of each one-second interval
      applied to the counter circuit 101a are applied to the input terminals 161
      and 162 of the driver circuit 102a to actuate the last two digits of the
      indicator 103a. The counter 154 counts to ten, but the counter 155 counts
      only to six so that the last two digits in the indicator 103a read from 00
      to 59, corresponding to any one of the fields of any one-second interval.
PAR  The output of the counter section 155 applied to the terminal 163 and the
      outputs of the remaining counter sections 156-159 applied to the terminals
      164-169 of the driver circuit 102a control, respectively, the one-second,
      ten-second, one-minute, ten-minute, and hour indicating sections of the
      indicator 103a. For this purpose, the counter sections 156 and 158 are
      decade counters, while the counters 155, 157, and 159 count to six.
PAR  The indicator 103a is shown as reading 1 hour, 35 minutes, 28 seconds and
      the 21st frame in that 28th second. This corresponds to the reading of 95
      minutes and 28.3 seconds on the indicator 103 in FIG. 7 but is obviously
      more accurate, since the 21st frame occurs between 0.3 and 0.4 of a second
      after the one-second interval begins.
PAR  While the invention has been described in specific terms, it will be
      obvious to those skilled in the art that modifications may be made within
      the true scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In video tape apparatus comprising a rotatable head drum, means for
      loading tape on said apparatus in a first position in which a loop of said
      tape is wrapped around a portion of said rotatable head drum and engages
      an arcuate surface of said drum, and means for moving said tape lengthwise
      along said loop at a controlled speed suitable for signal recording and
      playback when said tape is in said first position, the combination
      comprising:
PA1  A. means for loading said tape on said apparatus in a second position in
      which a shorter loop of said tape does not substantially engage said
      rotatable head drum;
PA1  B. means for moving said tape along its length at a higher speed than said
      controlled speed when said tape is in said second position;
PA1  C. timing pulse transducing means located adjacent said tape in said second
      position to generate pulses synchronous with tape synchronizing signals
      recorded on said tape; and
PA1  D. a counter for counting said pulses from said timing pulse transducing
      means.
NUM  2.
PAR  2. The invention according to claim 1 comprising, in addition, an indicator
      connected to said counter to indicate a number which is a function of the
      number of said pulses counted from a selected point on said tape.
NUM  3.
PAR  3. The invention according to claim 1 in which said timing pulse
      transducing means comprising a magnetic head that extends at least
      substantially across the width of said tape, said apparatus comprising
      means to apply an erasing signal to said magnetic head selectively, to use
      said magnetic head means alternatively as an erasing head or as a tape
      synchronizing signal pick-up head.
NUM  4.
PAR  4. The invention according to claim 1 in which said timing pulse
      transducing means comprises a control pulse transducer, and said vide tape
      apparatus comprises, in addition, an erasing head, said control pulse
      transducer and said erasing head being physically connected together and
      each having a gap, said gaps being substantially aligned with each other.
NUM  5.
PAR  5. The invention according to claim 1, comprising, in addition, connecting
      means to connect said counter to be actuated by pulses synchronous with
      synchronizing signals in video signals recorded on said tape.
NUM  6.
PAR  6. The invention according to claim 5 in which the connecting means recited
      therein comprises means to derive said pulses synchronously with said
      synchronizing signals from composite video signals applied to said
      apparatus to be recorded on said tape.
NUM  7.
PAR  7. The invention according to claim 5 in which the connecting means recited
      therein comprises:
PA1  A. means to rotate video transducer means in said rotatable head drum; and
PA1  B. means to derive pulses from said means to rotate.
NUM  8.
PAR  8. The invention according to claim 7 in which said connecting means to
      connect said counter comprises multi-position switching means comprising:
PA1  A. a first input terminal connected to said timing pulse transducing means
      to obtain said tape synchronizing signals therefrom;
PA1  B. a second input terminal connected to said means to derive pulses from
      said means to rotate;
PA1  C. an output terminal connected to said counter; and
PA1  D. means to connect said output terminal to either of said input terminals
      alternatively.
NUM  9.
PAR  9. The invention according to claim 8 in which said timing pulse
      transducing means comprises an erase head for erasing signals from said
      tape.
NUM  10.
PAR  10. The invention according to claim 1 in which said counter comprises a
      plurality of counter sections connected in series, each of said sections
      producing a count digit corresponding to a predetermined number of said
      tape synchronizing signals that have reached said counter.
NUM  11.
PAR  11. The invention according to claim 10 in which said counter comprises
      means to cause said counter sections to count up or down, selectively.
NUM  12.
PAR  12. The invention according to claim 10 in which said counter comprises
      reset means to set all of said sections to a selected number.
NUM  13.
PAR  13. The invention according to claim 12 in which said selected number is
      zero, whereby said counter can start counting from zero at any point on
      said tape.
NUM  14.
PAR  14. The invention according to claim 10 in which said counter comprises a
      frequency divider input section to divide the repetition rate of said tape
      synchronizing signals to a decimal number of pulses per second.
NUM  15.
PAR  15. The invention according to claim 14 in which said counter sections
      connected to said input section count said decimal number in terms of
      seconds and minutes.
NUM  16.
PAR  16. The invention according to claim 10 in which said counter comprises a
      first said section to count the number of said tape synchronizing signals
      per second and a second said section to count the number of pulses per
      second and per minute.
NUM  17.
PAR  17. The invention according to claim 16 in which said first section
      comprises means to count repetitively from 0 to 59 and said second section
      comprises:
PA1  A. a first subsection connected to said first section to change the count
      therein by one each time said first section reaches its 60th count and
      said first subsection comprises means to count repetitively from 0 to 59;
      and
PA1  B. a second subsection connected to said first subsection to change the
      count therein by one each time said first subsection reaches its 60th
      count.
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ABST
PAL  A locking mechanism for a record/reproduce control lever of a magnetic tape
      recorder/reproducer slidably mounted alongside the outside of the
      cartridge receiving chamber of the recorder/reproducer includes a movable
      lever pivotally mounted on the recorder/reproducer chassis and
      spring-biased to extend through an opening in the chassis side wall for
      engagement by a cartridge inserted into the cartridge receiving chamber.
      First and second holes are placed in the control lever and are aligned
      opposite an extension on the movable lever when the control lever is moved
      to its first and second positions, respectively. When a cartridge is
      inserted into the cartridge receiving chamber to deflect and rotate the
      movable lever away from the opening, the extension engages the hole in the
      control lever which is aligned with it. This causes the control lever to
      be locked into position and prevented from movement so long as the
      cartridge is in the chamber. Removal of the cartridge from the cartridge
      receiving chamber, permits a spring to force the pivoted movable out of
      engagement with the control lever thereby enabling it to be moved to
      either its reproduced (first) and record (second) position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to magnetic tape recorders, and more
      particularly to a locking mechanism for a function control lever used to
      transfer the operation of the tape recorder between recording and
      reproducing modes of operation.
PAR  Heretofore, magnetic tape cartridge recorder/reproducer devices have not
      been provided, a locking mechanism for locking the control lever in place
      when a cartridge is in the device. Thus, if the record/reproduce function
      control lever is accidentally moved during the reproducing operation, a
      part of record on the magnetic tape in the cartridge can be erased; so
      that the entire tape is made useless. It is desirable to lock the function
      control lever in place whenever a cartridge is in the device to prevent
      such accidental erasure from occurring.
PAR  It is an object of the present invention to provide a locking mechanism for
      the record/reproduce function control lever in a magentic tape
      recorder/reproducer.
PAR  It is another object of the present invention to provide a locking
      mechanism for a function control lever in a magnetic tape
      recorder/reproducer which is simple in construction and economical to
      manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment of the invention, the locking
      mechanism for a function control lever used in a magnetic tape
      recording/reproducing apparatus is slidably mounted on the side of the
      cartridge receiving chamber. The function control lever can be moved to at
      least a first reproducing position and a second recording position. The
      locking mechanism includes a movable lever which is pivotally mounted on
      the chassis of the recording/reproducing apparatus adjacent the cartridge
      receiving chamber. This pivoted lever is spring-biased between a first
      position, where a cartridge engaging roller is positioned inside the
      cartridge receiving chamber, and a second position, where the cartridge
      engaging roller engages the cartridge to rotate the lever substantially
      out of the cartridge receiving chamber.
PAR  First and second holes are provided in the function control lever and are
      located to be aligned with a projection on the pivotally mounted lever; so
      that when the lever is pivoted into its second position, a projection on
      it extends through whichever one of the holes is aligned with it. This
      then prevents further movement of the function control lever to its other
      position so long as a cartridge remains in the cartridge receiving
      chamber. When the cartridge is removed from the chamber, the pivoted lever
      is spring-biased to its first position which withdraws the extension
      carried by it from the hole to permit movement of the function control
      lever to either one of its positions as desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1(a) and 1(b) are a plan view and an elevational view, respectively,
      of a preferred embodiment of the invention showing the relative location
      of the parts before a cartridge is inserted;
PAR  FIGS. 2(a) and 2(b) are a plan view and an elevational view, respectively,
      of the embodiment of FIGS. 1(a) and 1(b) in a reproducing state with a
      cartridge fully inserted.
PAR  FIGS. 3(a) and 3(b) are a plan view and an elevational view, respectively,
      of the embodiment of FIGS. 1(a) and 1(b) in a recording state with a
      cartridge fully inserted.
PAR  FIGS. 4(a) and 4(b) are a plan view and an elevational view, respectively,
      of the embodiment of FIGS. 1(a) and 1(b) with a cartridge fully inserted
      and with the control lever incompletely moved to a point between the
      positions of FIGS. 2 and 3.
PAR  FIGS. 5(a) and 5(b) are a plan view and an elevational view, respectively,
      showing a recording/reproducing transfer switch connected to the control
      lever;
PAR  FIGS. 6(a) and 6(b) are a plan view and an elevational view, respectively,
      showing another example of connecting a recording/reproducing transfer
      switch to the control lever; and
PAR  FIGS. 7(a) and 7(b) illustrate modifications of a portion of the apparatus
      of FIGS. 1, 2, 3 and 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, wherein like reference numerals have been
      used throughout the several figures to designate the same or similar
      components, FIGS. 1(a) and 1(b) show a plan view and an elevational view
      of a portion of a magnetic tape recorder/reproducer. A chassis 1 is
      provided with a side wall 2 and an opening 3 defining a cartridge
      receiving chamber along with another side wall (not shown) located on the
      chassis 1 opposite the side wall 2. A cartridge 4 is inserted into the
      cartridge receiving chamber in the direction marked by the arrow.
PAR  A movable member or lever 5 has one end pivotally secured to the chassis 1
      by a pin 7. The other end or free end of the member 5 is urged by a
      cantilever spring 6 to project through an opening in the side wall 2 into
      the cartridge receiving chamber. A roller 9 is mounted on the free end of
      the member 5 by a pin 8, and a projecting extension 10 is provided on the
      opposite side of the free end.
PAR  A function control lever 11 for controlling the recording and reproducing
      operations of the magnetic tape recorder is slidably mounted on brackets
      12 attached to the side wall 2 by means of concave washers 13 and screws
      14. The function control lever 11 is urged toward the right (as viewed in
      FIG. 1) by a coil spring 15 provided between a part thereof and the
      bracket 12 toward a first or reproducing position as shown in FIGS. 1(a)
      and 1(b). When the function control lever 11 is depressed leftwardly as
      viewed in the same drawing (figure), it is moved to its second or
      recording position.
PAR  A flat resilient spring lever 16 has one end secured by a rivet 17 to the
      side of the control lever 11 opposite the side wall 2 and the other end of
      the spring lever 16 is left free. The resilient spring lever 16 has a
      comparatively wide rectangular hole 18 in it, so that an edge 20 overlaps
      a smaller rectangular hole 19 formed through the control lever 11. This
      divides the hole 19 into two parts 21 and 22.
PAR  A guide roller 23 for guiding the cartridge is rotatably attached to the
      bracket 12 by a pin 24. A magnetic head 25, a pinch roller 26, a contact
      switch 27, and a stop member 33 used to record or play magnetic tape in a
      cartridge 4 are also illustrated in their conventional relative positions
      in the drawing.
PAR   The operation of the apparatus will now be described. When the cartridge
      is not yet inserted into the cartridge receiving chamber of the magnetic
      tape recorder/reproducer, the movable member 5 is in the position shown in
      FIGS. 1(a) and 1(b). Thus, the roller 9 extends through the opening in the
      side wall 2 into the cartridge receiving chamber. In this position, the
      extension 10 does not extend into either of the holes 21 or 22 and the
      function control lever 11 can be moved to either of its record or
      reproduce positions.
PAR  When a cartridge 4 is inserted into the cartridge receiving chamber, the
      guide roller 23 abuts against a side of the cartridge 4. As the cartridge
      4 is further advanced to the left as viewed in FIG. 1(a), the roller 9 is
      engaged by the sloping surface formed at the forward end of the cartridge
      4 and is pushed out of the cartridge receiving chamber. Thus, when the
      cartridge 4 is inserted completely, the roller 9 abuts against the side
      surface of the cartridge as shown in FIGS. 2(a) and 2(b), and the
      cartridge 4 is held firmly at this position (by means not shown). In this
      state, the movable lever member 5 has been rotated clockwise around the
      pin 7 forcing the extension 10 into the first part 21 of the hole 19.
PAR  The side surface of the extension 10 is now urged against the inner edge of
      the edge portion 20 of the resilient spring lever 16. This locks the
      function control lever 11 in this position, and it cannot be moved so long
      as the cartridge 4 remains in place. Even if the control lever 11 is
      erroneously depressed by an operator leftwardly, as viewed in FIG. 2(b),
      there is no possibility that it can be displaced to the second or
      recording position; because the control lever 11 is prevented from moving
      to the left by engagement of the extension 10 with the inner side of the
      edge 20 of the spring lever 16.
PAR  In FIGS. 3(a) and 3(b), the control lever 11 and the related members are
      shown in their second or recording position. This operational state is
      realized by depressing the control lever 11 leftwardly as viewed in FIGS.
      3(a) and 3(b) before the cartridge 4 is inserted into the cartridge
      receiving chamber. When a cartridge then is subsequently inserted, the
      extension 10 is inserted into the second hole portion 22 of the hole 19 on
      the opposite side of the edge 20 of the spring lever 16. As a result, the
      control lever 11 is prevented from returning to the right to the first or
      reproducing position even after the leftward depressing force is released,
      and the lever 11 is firmly locked to its second or recording position.
PAR  If the control lever is only partially depressed to the left when the
      cartridge 4 is inserted, the free end of the extension 10 pushes outwardly
      against the edge portion 20 of the resilient spring lever 16 as shown in
      FIGS. 4(a) and 4(b), bending the resilient lever 16 outwardly. Then, if
      the control lever 11 is further depressed leftwardly against the spring
      force of the coil spring 15, the operation of the tape recorder/reproducer
      is set and locked to the second recording states as shown in FIGS. 3(a)
      and 3(b). If on the other hand, depressing force for the control lever 11
      is released, the control lever 11 is automatically set and locked into its
      first reproducing position under the action of the coil spring 15. Thus,
      it is apparent that the provision of the spring lever 16 allows
      substantial flexibility to the operation of the locking mechanism which is
      disclosed.
PAR  Two examples of possible connections between the function control lever 11
      and a recording/reproducing transfer switch 28 are indicated in FIGS. 5(a)
      and 5(b) and FIGS. 6(a) and 6(b), respectively. In these examples, a
      planar spring 29 (FIG. 5) or a coil spring 30 (FIG. 6) are interposed,
      respectively, between the control lever 11 and the transfer switch 28.
      These springs compensate for and accommodate possible errors in the
      mounting positions of the transfer switch 28 relative to the function
      control lever 11.
PAR  Furthermore, the movable member 5 is not necessarily restricted to the
      above described construction, but it can be modified in various ways. For
      example, the roller 23 may be omitted and replaced by a semispherical
      spacer 31, or a mere bent portion 32 of a one-piece planar spring may be
      used to replace the functions of both the roller 9 and serve as the
      extension 10 as shown in FIGS. 7(a) and 7(b), respectively.
PAR  A versatile locking mechanism for the function control lever in a magnetic
      cartridge tape recorder/reproducer is provided in a simple and economical
      construction. The mechanism prevents erroneous accidental changes of
      function whenever a cartridge is in its record/reproduce position.
CLMS
STM  I claim:
NUM  1.
PAR  1. A locking mechanism for a function control lever used in a magnetic tape
      recording/reproducing apparatus having a chassis with a cartridge
      receiving chamber adapted to receive a tape cartridge upon insertion of
      the cartridge therein, wherein the function control lever is operable in
      at least a first reproducing position and a second recording position, the
      locking mechanism including in combination:
PA1  at least first and second engageable portions on said function control
      lever corresponding to said first and second positions thereof,
      respectively;
PA1  a movable member mounted on said chassis adjacent the cartridge receiving
      chamber and including a cartridge engaging portion mounted thereon, said
      movable member being movable between a first position wherein said
      cartridge engaging portion is positioned inside the cartridge receiving
      chamber and a second position wherein said cartridge engaging portion is
      in engagement with a cartridge inserted in the cartridge receiving chamber
      and is substantially outside such chamber;
PA1  spring means on said chassis coupled with said movable member to bias said
      movable member from said second position to said first position; and
PA1  a control lever engaging portion mounted on said movable lever for movement
      therewith for engagement with whichever one of said first and second
      engageable portions of said function control lever is aligned therewith
      when said movable member is in said second position, whereby said function
      control lever is locked into whichever of said first and second positions
      it was in at the time said movable member moved from said first position
      to said second position, engaging portion being out of engagement with the
      engageable portions of said function control lever with said movable
      member in said first position.
NUM  2.
PAR  2. The combination according to claim 1 wherein said function control lever
      is slidably mounted on said chassis for movement along the side of the
      cartridge receiving chamber in directions corresponding to the direction
      of insertion and removal of a cartridge, said engageable portions of said
      function control lever comprise first and second openings therethrough,
      and said control lever engaging portion comprises an extension on said
      movable member which is moved into whichever one of said first and second
      openings is aligned therewith when said movable member is moved from said
      first position to said second position, thereby locking said function
      control lever against further movement so long as said movable member is
      in said second position.
NUM  3.
PAR  3. The combination according to claim 2 wherein said first and second
      openings are formed from a single opening through said function control
      lever which is divided into said first and second openings by a further
      resilient spring means extending across said single opening on the side of
      said function control lever opposite said cartridge receiving chamber,
      said further spring means being resiliently pushed away from the surface
      of said function control lever when said extension on said movable member
      is moved into engagement therewith.
NUM  4.
PAR  4. The combination according to claim 1 wherein the cartridge engaging
      portion of said movable member comprises a roller rotatably mounted on
      said movable member for engagement by the cartridge upon its insertion
      into the cartridge receiving chamber.
NUM  5.
PAR  5. The combination according to claim 1 wherein said movable member,
      cartridge engaging portion, and control lever engaging portion are formed
      from a single piece of spring material resiliently biased into the
      cartridge receiving chamber for engagement and displacement from said
      first position to said second position by a cartridge upon its insertion
      into the cartridge receiving chamber.
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ABST
PAL  Various pneumatic means are shown for lifting tape locally away from a
      rotating head as the rotating head moves. Only the tape in the vicinity of
      the head is lifted. The lifting is done with minimal pneumatic force, and
      done only locally about the head so that recovery time for read/write
      operations after a lifting operation is short, Air to lift the tape can be
      blown from passages around the head, from passages through the head, or
      from passages in front of the head. Local lifting about the head is
      enhanced by insuring that the pneumatic air flow to lift the tape does not
      easily dissipate in air space between the mandrel and the head rotor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to lifting tape off of a rotating head when the
      rotating head is not being used to read or write information on the tape.
PAR  2. Problem Background
PAR  In tape recorders using rotating heads one of the biggest technical
      problems is head and tape wear. The relative velocity between head and
      tape in a rotating head tape recorder is quite high, usually in the order
      of 1000 inches per second. At these speeds, contact between head and tape
      can damage heads and destroy tape in a matter of seconds.
PAR  To obviate this problem, rotating head recorders have utilized heads of
      particularly hard surface characteristics to resist wear, or
      alternatively, have designed heads that will fly within a few microinches
      of the surface of the tape. One example of a flying rotating head is
      described in copending commonly assigned application Ser. No. 486,028,
      filed July 5, 1974 and entitled "Slotted Rotating Head Which Flies
      Relative to Flexible Magnetic Media." The flying head is particularly
      effective to increase the longevity of the head and minimize wear on the
      tape.
PAR  The life of a flying head can be extended further by lifting the tape away
      from the flying head except during read/write operations. The flying
      height being on the order of tens of microinches creates an environment
      for the head that is susceptible to head crash damaging. Crashes between
      the flying head and the tape might occur because of debris getting between
      the head and the tape or other transient conditions. Therefore, it is
      desirable to lift the tape away from the head even further than the flying
      distance when the head is not reading or writing information on the tape.
PAR  Lifting the tape away from the head might be accomplished by using
      mechanical fingers as in U.S. Pat. No. 3,564,158. The difficulty with such
      a mechanical tape lifter is that the mechanical fingers are engaging the
      oxide surface of the tape. As the tape moves, the magnetic oxide can be
      damaged by the fingers and create debris that can subsequently cause a
      flying head to crash into the tape during read/write operations. Thus in
      very low flying heights, with high speed rotating heads, the mechanical
      fingers do not solve the problem of lifting the tape away from the head
      when the head is not being used to read or write.
PAR  An alternative solution to the mechanical fingers would be pneumatics on
      the rotor and/or mandrel to provide high air pressure to blow the tape
      away from the path of the rotating head. In other words, the entire length
      of tape wrapping the head could be pneumatically lifted away from the
      rotor. While this would definitly extend the life of the head, this
      alternative has at least two associated problems. First, a separate
      pneumatic system having a pressure several psi higher than an air bearing
      pneumatic system would have to be provided. Such an additional pneumatic
      system would be costly. Second, to lift the tape along the entire path of
      the rotating head would add delay in switching from a non-read/write
      operation to a read/write operation. In other words, in a non-read/write
      operation the tape would be lifted a relatively large distance off of the
      entire rotor and possibly the entire mandrel. When a read/write operation
      were desired, the thick air bearing during tape lift between the tape and
      mandrel would have to be collapsed and transient conditions in the tape
      would have to settle out before the head would fly at the very low flying
      height necessary for read/write operation. This collapse of the high air
      bearing and settling of transients would create a significant delay time
      in starting read/write operations with the tape drive.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the above problem has been solved by a
      pneumatic tape lifter that lifts tape only locally about the head. Tape is
      lifted in the immediate vicinity of the head including not only the region
      of the head, but also surface area above a small portion of the rotor and
      mandrel adjacent the head. In effect, as the head rotates, a wave in the
      tape progresses with the motion of the head. This wave in the tape forms a
      pneumatic chimney to conduct air introduced at the head to the edges of
      the tape where it may escape.
PAR  Air pressure to provide this local tape lifting in the vicinity of the head
      is the same pressure as that provided by the pneumatic system generating
      the air bearings for the mandrel and the rotating-head rotor. Channels for
      inserting this lifting air flow can be provided around the head, through
      the head, or in front of the head.
PAR  As a further feature of the invention, the lifting of the tape is enhanced
      by providing a back pressure at the interface between the rotor and the
      mandrel so that the additional air flow blown in around the head does not
      leak away around the rotor. The back pressure might be provided by
      pneumatic pressure inside the mandrel, by providing a seal between the
      rotor and the mandrel, or by sealing the ends of the mandrel.
PAR  The great advantage of our invention is that the life of the flying head is
      extended by an order of magnitude over what it would be without the tape
      lifting. Further, this has been accomplished without significantly slowing
      down the switching time from a non-read/write operation to a read/write
      operation on the tape. Further, because the pressure used to create the
      wave in the tape is the same pressure as used to provide the air bearing
      for the tape, an additional pneumatic system is not required. The
      pneumatic system providing the air bearing may merely the tapped to
      provide the additional pneumatics for lifting the tape.
PAR  The foregoing and other features and advantages of the invention will be
      apparent from the following more particular description of preferred
      embodiments of the invention as illustrated in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 shows the pneumatic wave created by the tape lifter as the head
      rotates.
PAR  FIG. 2 shows one preferred embodiment for the tape lifter where air is
      blown up around a head positioned in the middle of the surface of a wide
      rotor.
PAR  FIG. 3 shows a head mount with pneumatic channels inside the head to
      provide the pneumatic tape lift through the surface of the head.
PAR  FIG. 4 shows a head mounted on a narrow rotor with an air jet positioned in
      front of the head to accomplish the tape lift.
PAR  FIG. 5 shows a cross-section of a mandrel with a wide rotor and tape lifter
      in accordance with FIG. 2. In addition, FIG. 5 shows various techniques
      for providing the back pressure to prevent the air from the tape lifter
      from dissipating in the gap between the rotor and mandrel.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, an example of the tape lifter in operation is
      shown. Tape 10 is helically wrapped about the mandrel 12 and is moving
      continuously or incrementally about the mandrel as depicted by arrow 14.
      Mandrel 12 is preferably an air bearing mandrel. In the middle of the
      mandrel 12 mounted coaxially with the mandrel is a rotor 16 carrying the
      magnetic head 18. Magnetic head 18 is moving against the direction of
      motion of the tape 10 as shown by the dashed arrow 20.
PAR  With the tape lifter in operation, a wave 22 extending across the entire
      width of the tape in the vicinity of the head 18 is created. This wave 22
      propagates along the tape about the mandrel 12 as the rotating head 18
      moves. The tape lifter about the head 18 creates the wave and the wave
      moves with the head. In effect, a local tape lift in the immediate
      vicinity of the head is provided while the rest of the tape remains at its
      normal air bearing height above the surface of the mandrel 12 and the
      rotor 16.
PAR  The wave 22 is created by the air being forced up around, through, or in
      front of the head 18. This extra air produces a pneumatic chimney as it
      moves toward the edge of the tape. From the standpoint of the tape, there
      appears to be a wave in tape. From the standpoint of the air, the air is
      creating a chimney from the source of the air in the immediate vicinity of
      the head to the edge of the tape.
PAR  Referring now to FIG. 2, a portion of the air bearing rotor 16 is shown
      with the slotted spherical head 18 mounted therein. As previously
      referenced, the slotted spherical head is described in copending commonly
      assigned application Ser. No. 486,028, filed July 5, 1974. A hydrostatic
      air bearing for the rotor 16 is provided by air flow through holes 24 in
      the surface of the rotor. Alternatively, the air bearing between the tape
      and the rotor might be produced hydrodynamically by the motion of the
      rotor surface. For the hydrostatic air bearing, a plenum inside the rotor
      provides the air pressure source to force the air through the holes 24.
      The pneumatic channels to provide air for the air bearing and the tape
      lift will be described hereinafter in more detail with reference to FIG.
      5. For more detailed information about a hydrostatic rotor that could be
      used with the present invention, see copending commonly assigned
      application Ser. No. 488,341, filed July 15, 1974, entitled "Rotating Head
      Apparatus Having a Protruding Diameter Headwheel which Supports a
      Protruding Flying Head," and copending commonly assigned application Ser.
      No. 347,089, filed Apr. 2, 1973, entitled "Method and Apparatus for
      Supporting Tape Along a Path of a Rotating Head."
PAR  The head 18 in FIG. 2, as it is mounted in the rotor 16, has an air channel
      26 that surrounds the edge of the head 18. Through channel 26 air can be
      forced as indicated by the arrows 28. It is the air under pressure coming
      up around the head 18 that lifts the tape off of the head. The pressure of
      the air represented by arrows 28 is very nearly the same pressure
      providing the air bearing. Accordingly, the tape is not blown way off of
      the rotor, but is instead merely lifted in the vicinity of the head. The
      air supplied through channel 26 comes up under the tape and escapes out at
      the edge of the tape. The air flow path forms the wave or chimney 22 as
      depicted in FIG. 1.
PAR  Another preferred embodiment for lifting the tape off of the head is to
      blow air through passages in the head as depicted in FIG. 3. Head 32 could
      be mounted on a rotor 16 as depicted in FIG. 1 except without a channel
      26. To force air up through the head to lift the tape, pneumatic chambers
      30 are provided inside the head 32. Air under pressure in the chambers 30
      moves into the slots 34 in the surface of the head to generate the lifting
      force to lift the tape off of the head. As an alternative to slots 34,
      holes could be used to conduct air flow from chamber 30 to surface of head
      32. Air flow which lifts the tape off of the head would then move toward
      the edge of the tape via the wave or chimney effect created in the tape as
      depicted in FIG. 1.
PAR  Another preferred embodiment of the invention where the air is blown in
      front of the head is shown in FIG. 4. The same slotted head 18 is mounted
      on a narrow rotor not much wider than the width of the head. From
      pneumatic chambers inside the rotor 36 air is forced out a tube 38 to
      create a jet of air in front of the head 18. This jet of air 38 lifts the
      tape off of the head in the immediate vicinity of the head. As the air
      attempts to escape, it forms the chimney or wave 22 in the tape as
      depicted in FIG. 1.
PAR  Referring now to FIG. 5, a cutaway is shown of the mandrel and rotor
      assembly. FIG. 5 diagrams the pneumatic system which provides air for the
      air bearing on the rotor and for the tape lifter. The mandrel 12 is split
      into two halves, both of which are rigidly mounted. Rotor 16 which carries
      the magnetic head 18 is mounted on a driven shaft 40. The shaft rotates in
      bearings 42 mounted inside the mandrel half 12A. The shaft 40 attached to
      the rotor 16 is driven by a motor not shown.
PAR  To provide the air for the air bearing above the surface of the mandrel,
      air enters port 44 and moves along air bearing duct 46 to annular chamber
      48 adjacent the rotor. From annular chamber 48 the air can enter rotor
      ducts 50 in the rotor. The rotor ducts are distributed around the rotor 16
      at regular intervals and provide a pneumatic connection from annular
      chamber 48 to channels 52 under the foil surface 54 of the rotor. The foil
      surface 54 contains holes 24 (FIG. 2) through which the air can pass to
      provide the air bearing between the rotor 16 and the tape.
PAR  Air under pressure to lift the tape off of the head is provided at port 56.
      Air entering port 56 is connected by lifter duct 58 to an annular chamber
      60. Shaft duct 62 in the shaft 40 conveys the air to a chamber 64
      underneath the head 18.
PAR  Head 18 is mounted to the rotor on mount 66. Mount 66 does not block air
      flow in the chamber 64 so that air may move past the mount and underneath
      the foil adjacent the head 18. A channel or space 26 is provided between
      the edge of the foil and the head 18. The space or channel 26 is shown in
      detail in FIG. 2, previously described.
PAR  Air pressure applied to ports 44 and 56 to pressurize the surface of the
      rotor and to lift tape off of the head comes from the same pressure
      supply. The tape lifting air flow is controlled by a valve, not shown, so
      that it is only applied to port 56 when it is desirable to lift the tape
      off of the head. For the tape lifter shown in FIGS. 2 and 5, the pressures
      involved are very low pressures, typically in the order of 15-30 inches of
      water (approximately one-half to 1 psi). In the alternative preferred
      embodiments shown in FIGS. 3 and 4, slightly higher pressures (3 psi) may
      be required for the tape lifter to obtain same lifting as that
      accomplished by FIG. 2 preferred embodiment. The difference is likely due
      to the more constricted air flow path through the head (FIG. 3) or through
      the jet in front of the head (FIG. 4). With such low pressures, the tape
      is not blown away from the mandrel by the additional air flow of the tape
      lifter. Instead, the tape lifter adds a small air flow to lift tape only
      in vicinity of head of forming the wave 22 (FIG. 1).
PAR  To enhance the tape lifting at such low pressures, it is desirable to
      provide a back pressure at the interface between the rotor and the fixed
      mandrels. Otherwise, the air blowing up around the head 18 might dissipate
      itself down between the edges of the rotor 16 and the mandrel halves 12A
      and 12B. At the interface to the mandrel half 12A back pressure between
      the rotor edge and the mandrel half 12A can be provided by close tolerance
      fit and by pressure in annular chamber 48. As can be seen in FIG. 5,
      annular chamber 48 has a close tolerance fit at edge 49 of the rotor 16.
      In addition, pressure in chamber 48 will buck against any air flow into
      chamber 48 from the space between the rotor 16 and mandrel half 12A.
PAR  Back pressure in the space between the rotor 16 and the mandrel half 12B
      could be achieved in at least three alternate ways. First, the tolerances
      could be held tight so that there would be very little space between the
      rotor 16 and the edge of the mandrel half 12B. Second, a plate 68 can be
      attached to the end of mandrel half 12B so that there is no flow path out
      of the mandrel. In other words, air seeping into the space between the
      rotor 16 and the mandrel half 12B would have no place to go because it
      could not exit out the end of the mandrel. Also, with plate 68 in place,
      the chamber 69 inside mandrel half 12B could be pressurized. Third, a
      labyrinth seal might be used between the edge of the rotor 16 and the
      mandrel half 12B. A labyrinth seal is simply a channel configured with a
      circuitous path so as to increase the impedance to air flow through the
      channel.
PAR  The space between the rotor 16 and the mandrel halves could be formed into
      such a labyrinth seal by shaping the edges of the mandrel halves and the
      rotor. As depicted in FIG. 5, a simple labyrith seal is shown between
      rotor 16 and the edges of both halves of the mandrel. The seal shown is a
      notch 70 in the edge of the rotor 16 and a lip 72 on the edges of the
      halves of the mandrel. Another advantage of the labyrinth seal at the top
      edge of the rotor is that air cannot get between rotor and mandrel and
      subsequently pass back out in the region where the tape does not wrap the
      rotor. Thus while all the above seals will enhance performance, the most
      effective seal is at the top edge between the rotor and mandrel. This seal
      is best accomplished by holding tight tolerances to keep separation
      between rotor and mandrel to a few thousandths of an inch or by using the
      labyrinth seal described above.
PAR  While the invention has been described in one particular environment of
      mandrel and pneumatic passages, it will be apparent to one skilled in the
      art that other mandrel configurations and pneumatic passage configurations
      could be used. Further, while the invention has been particularly shown
      and described with reference to preferred embodiments for the tape lifter,
      it will be understood by those skilled in the art that other changes in
      form and detail may be made therein without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for reducing wear on magnetic head and magnetic tape in a
      rotating-head tape recording device comprising:
PA1  mandrel means for supporting the tape along the arcuate path of the
      rotating head;
PA1  pneumatic means for generating an air flow locally about the head lifting
      the tape as the head rotates to avoid contact between head and tape when
      the head is not reading or writing information;
PA1  said mandrel means providing uniform support of tape as tape wraps said
      mandrel means except that additional support of tape due to air flow
      generated by said pneumatic means forms a chimney between the tape and
      said mandrel means;
PA1  said chimney conducts the additional air flow to the edge of the tape and
      travels with the rotating head lifting tape away from the head as the head
      passes under the tape.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said pneumatic means comprises:
PA1  passages through the head to the surface of the head;
PA1  means for supplying air flow to said passages whereby air will flow out the
      surface of the head and lift the tape as the head rotates.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said pneumatic means comprises:
PA1  jet means for jetting air up in front of the head;
PA1  means for supplying air under pressure to said jet means whereby air will
      flow up over the head and lift the tape as the head rotates.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said pneumatic means comprises:
PA1  a channel surrounding the periphery of the head;
PA1  means for supplying air flow to said channel whereby air will flow up
      around the periphery of the head and lift the tape as the head rotates.
NUM  5.
PAR  5. The apparatus of claim 4 and in addition:
PA1  back pressure means for inhibiting air flow away from the head except along
      said chimney.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said back pressure means comprises:
PA1  means for sealing the space between a rotor carrying the rotating head and
      said mandrel means, said sealing means being formed as a labyrinth seal by
      the shape of said rotor and said mandrel means.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said back pressure means comprises:
PA1  means for pressurizing the space between a rotor carrying the rotating head
      and said mandrel means so that air flowing up around the head will not
      dissipate between the rotor and said mandrel means.
NUM  8.
PAR  8. Method for reducing wear on magnetic tape and magnetic head in a
      rotating-head magnetic recording device where during read and write
      operations the head flies relative to tape comprising the steps of:
PA1  wrapping the tape around an air bearing mandrel and an air bearing rotor
      carrying the head;
PA1  inserting additional air flow in the vicinity of the head when the head is
      not reading or writing information on magnetic tape;
PA1  forming a wave in the tape with said additional air flow so that as the
      head rotates the wave propagates along the tape with the movement of the
      head and the tape is lifted away from the head as the head moves under the
      tape.
NUM  9.
PAR  9. The method of claim 8 wherein said inserting step comprises the steps
      of:
PA1  blowing additional air up around the periphery of the head;
PA1  inhibiting the flow of air into the space between the air bearing rotor and
      the air bearing mandrel so that the additional air flow forms the wave in
      the tape.
NUM  10.
PAR  10. The method of claim 9 wherein said inhibiting step comprises the steps
      of:
PA1  sealing the space between the air bearing rotor and the air bearing mandrel
      with a labyrinth seal or tight tolerance spacing between rotor and
      mandrel;
PA1  pressurizing the space between the air bearing rotor and the air bearing
      mandrel to buck against any air flow into said space from the surface of
      the mandrel and rotor.
NUM  11.
PAR  11. The method of claim 8 wherein said inserting step comprises the steps
      of:
PA1  blowing additional air through passages in the head and out the surface of
      the head;
PA1  inhibiting the flow of air into the space between the air bearing rotor and
      the air bearing mandrel so that the additional air flow forms the wave in
      the tape.
NUM  12.
PAR  12. The method of claim 8 wherein said inserting step comprises the steps
      of:
PA1  blowing additional air up in front of and back over the top of the head;
PA1  inhibiting the flow of air into the space between the air bearing rotor and
      the air bearing mandrel so that the additional air flow forms the wave in
      the tape.
PATN
WKU  039394948
SRC  5
APN  4441311
APT  1
ART  235
APD  19740220
TTL  Resilient tape guide assembly for tape recording and/or reproducing
      apparatus
ISD  19760217
NCL  6
ECL  1
EXA  Moore; David K.
EXP  Konick; Bernard
NDR  2
NFG  9
INVT
NAM  Okuda; Shinji
CTY  Tokyo
CNT  JA
ASSG
NAM  Sony Corporation
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730226
APN  48-24320[U]
CLAS
OCL  360 84
XCL  226199
XCL  360130
EDF  2
ICL  G11B 1560
FSC  360
FSS  84;85;128;130
FSC  226
FSS  199
UREF
PNO  2797090
ISD  19570600
NAM  Tholstrup
OCL  226199
UREF
PNO  3123272
ISD  19640300
NAM  Pollaschek
OCL  226199
UREF
PNO  3261525
ISD  19660700
NAM  De Lange
OCL  226199
UREF
PNO  3376395
ISD  19680400
NAM  Rumple
OCL  360 84
UREF
PNO  3592976
ISD  19710700
NAM  McGinnis
OCL  360130
UREF
PNO  3643849
ISD  19720200
NAM  Roberts
OCL  226199
UREF
PNO  3661311
ISD  19720500
NAM  Warren
OCL  360130
UREF
PNO  3800318
ISD  19740300
NAM  Jantzen
OCL  360 84
LREP
FR2  Eslinger; Lewis H.
FR2  Sinderbrand; Alvin
ABST
PAL  A tape recording and/or reproducing apparatus of the type having a tape
      guide drum with a circumferential slot through which at least one rotary
      transducer projects for recording and/or reproducing signals on a tape
      running against the periphery of the drum in a path which extends about at
      least a portion of such periphery; is provided with a tape guide assembly
      which includes a rigid guide, for example, constituted by an axially
      facing shoulder on the drum, engageable by the lower longitudinal edge of
      the tape for establishing the direction and location of the tape path, and
      resilient guide elements mounted on the drum so as to act yieldably
      against the upper longitudinal edge of the tape for holding the latter
      against the rigid guide while accommodating variations and changes in the
      width of the tape. In disclosed embodiments, each of the resilient guide
      elements is constituted by a length of spring wire bent to a U-shaped
      configuration to provide an anchoring end portion adjustably secured in a
      respective first radial bore of the drum, a contact end portion engageable
      with the upper edge of the tape and being movable in a respective second
      radial bore of the drum, and an intermediate portion extending along the
      drum periphery between the anchoring and contact end portions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to tape recording and/or reproducing
      apparatus of the type in which, during recording and reproducing
      operations, the tape runs about at least a portion of the periphery of a
      tape guide drum having a circumferential slot through which at least one
      rotary transducer or magnetic head projects for recording and/or
      reproducing signals on the tape, and the invention is more particularly
      directed to an improved guide assembly for establishing the path of the
      tape on the tape guide drum.
PAR  2. Description of the Prior Art
PAR  In existing apparatus of the above described type, for example, in existing
      video tape recorders, the tape guide drum is usually composed of upper and
      lower drum sections which are mounted on a chassis with a small gap
      between the drum sections to define the circumferential slot, and the
      recording medium, such as, a magnetic tape, is guided to and from the
      periphery of the tape guide drum so as to extend helically about at least
      a portion of the periphery where the tape covers the circumferential slot.
      Further, two rotary transducers or magnetic heads are mounted on the
      opposite ends of a rotary support arm within the drum so as to project
      through the circumferential slot into contact with the tape engaging the
      periphery of the guide drum so that, in response to rotation of the
      magnetic heads and advancement or running of the tape, the heads
      alternately scan sucessive record tracks which extend obliquely across the
      tape for either recording or reproducing signals in such record tracks.
PAR  Since the tape runs helically on the periphery of the tape guide drum,
      accurate tracking or scanning of the oblique record tracks by the rotary
      magnetic heads or transducers requires that the path of the tape on the
      guide drum be precisely maintained. If the tape on the drum deviates from
      the predetermined path during either recording or reproducing operations,
      the quality of the video or other signals reproduced from the tape is
      deteriorated. Usually, the helical path of the tape on the periphery of
      the guide drum is established by an upwardly facing, inclined shoulder
      projecting from the periphery of the lower drum section so as to be
      engageable by the lower longitudinal edge of the tape. Such upwardly
      facing, inclined shoulder may be defined by a radially enlarged portion of
      the lower drum section, or by an arcuate strip secured to, and extending
      along the periphery of the lower drum section. Since the width of the tape
      is not precisely uniform, the positioning of the lower edge of the tape
      has been adopted as the standard for establishing the desired helical path
      of the tape on the guide drum and obtaining compatibility of various tapes
      and various recording and/or reproducing apparatus. Of course, when the
      desired helical tape path is established by engagement of the lower
      longitudinal edge of the tape with the upwardly facing, inclined shoulder
      on the lower drum section, the precise positioning of the tape in the
      desired helical path is achieved only so long as the lower longitudinal
      edge of the tape is in contact with the shoulder along the full length of
      the latter. However, during recording and reproducing operations, the tape
      extending helically about the guide drum may have a tendency to move away
      from the guiding shoulder, for example, by reason of tension in the tape,
      with the result that the tape deviates from the desired path.
PAR  In order to hold the lower longitudinal edge of the tape against the
      upwardly facing, inclined guide shoulder on the lower drum section, it has
      been proposed to employ a downwardly tapering drum section so that tension
      in the tape will result in forces urging the tape downwardly against the
      guide shoulder. However, providing the peripheral surface of the upper
      drum section with such taper and assembling the upper and lower drum
      sections in the necessary precise relationship to each other are difficult
      and time consuming operations. Further, in tape recording and/or
      reproducing apparatus of the described type, horizontal runs of the tape
      extending to and away from the helical path of the tape on the guide drum
      are guided by respective tapered guide pins or rollers mounted on the
      chassis adjacent the guide drum and, in the case where the upper drum
      section is tapered for urging the tape downwardly against the upwardly
      facing, inclined guide shoulder, as aforesaid, the tapered guide pins or
      rollers have to be precisely adjusted so as to permit the tapered upper
      drum section to achieve the desired effect. Thus, the use of a tapered
      upper drum section for maintaining the tape in contact with the upwardly
      facing, inclined guide shoulder involves precise and time consuming
      adjustments in order to obtain acceptable video or other information
      signals.
PAR  In U.S. Pat. No. 3,261,525, it is proposed to guide the tape on the guide
      drum by means of rigid studs which are adjustably mounted at spaced apart
      locations on the upper and lower guide drum sections so as to be
      engageable with the upper and lower longitudinal edges of the tape running
      about the guide drum. In order to define the desired helical path of the
      tape on the guide drum, it is necessary to precisely adjust the several
      guide studs on the upper and lower drum sections. Apart from the time and
      effort involved in effecting such precise adjustments of the several guide
      studs, the arrangement disclosed in this patent is disadvantageous in that
      the engagement of both the upper and lower longitudinal edges of the tape
      by the rigid guide studs does not provide accommodation for the variations
      in the width of the tape which cannot be eliminated in the practical
      manufacture of the tape. Thus, if the tape being employed has a width
      slightly less than that for which the rigid guide studs have been adjusted
      on the upper and lower drum sections, then the tape is free to drift
      laterally between the guide studs and will not follow a precise helical
      path. On the other hand, if the width of the tape being employed exceeds
      that for which the rigid guide studs have been adjusted, then the tape
      will buckle or have its edges damaged by reason of the engagement of both
      longitudinal edges of the tape with the rigid guide studs.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a tape recording
      and/or reproducing apparatus, as aforesaid, with a guide assembly for
      maintaining the tape in a precisely predetermined helical path on the tape
      guide drum while avoiding the previously mentioned disadvantages of the
      prior art.
PAR  More particularly, it is an object of this invention to provide a tape
      recording and/or reproducing apparatus, as aforesaid, in which the tape is
      reliably maintained in a predetermined helical path on the tape guide drum
      without the necessity of effecting precise adjustments of any of the
      guiding elements, and while permitting the use of upper and lower guide
      drum sections which both have easily produced cylindrical surfaces.
PAR  Another object is to provide a tape recording and/or reproducing apparatus,
      as aforesaid, in which the tape is reliably maintained in a precisely
      predetermined helical path on the tape guide drum and damage to the tape
      is avoided, notwithstanding variations in the width of the tape.
PAR  In accordance with an aspect of this invention, a tape recording and/or
      reproducing apparatus having a tape guide drum with a circumferential slot
      and at least one rotary transducer or magnetic head projecting through the
      slot for recording and/or reproducing signals on a tape running against
      the periphery of the drum in a path which extends about at least a portion
      of such periphery, is provided with a guide assembly for the tape on the
      drum which comprises rigid guide means, for example, constituted by an
      upwardly facing shoulder on a lower section of the drum, engageable by one
      longitudinal edge of the tape for establishing the direction and location
      of the tape path, and resilient guide means acting yieldably against the
      other longitudinal edge of the tape in such path for holding the tape in
      contact with the rigid guide means while accommodating variations and
      changes in the width of the tape.
PAR  In a particular embodiment of this invention, the resilient guide means
      includes a plurality of resilient guide elements spaced apart along the
      path of the tape on the guide drum, with each of the resilient guide
      elements, which may be formed of spring wire, including an achoring end
      portion fixed relative to the drum, a contact end portion engageable
      against the respective longitudinal edge of the tape and an intermediate
      portion extending along the periphery of the drum from the anchoring end
      portion to the contact end portion of the respective resilient guide
      element and being inclined toward the tape path.
PAR  The above, and other objects, features and advantages of the invention,
      will be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary top plan view of a portion of a tape recording
      and/or reproducing apparatus showing the tape guide drum thereof provided
      with a guide assembly for the tape in accordance with an embodiment of the
      present invention;
PAR  FIGS. 2 and 3 are opposite side elevational views of the structure shown on
      FIG. 1 as viewed in the directions of the arrows II--II and III--III,
      respectively, on FIG. 1;
PAR  FIG. 4 is a front elevational view of the structure shown on FIG. 1 as
      viewed in the direction of the arrows IV--IV;
PAR  FIG. 5 is an enlarged perspective view of one of the resilient guide
      elements employed in the guide assembly shown on FIGS. 1-4;
PAR  FIG. 6 is an enlarged, fragmentary elevational view illustrating the manner
      in which the guide assembly according to this invention is effective to
      maintain the tape in a precisely predetermined helical path on the tape
      guide drum, notwithstanding variations in the width of the tape;
PAR  FIG. 7 is a detail sectional view taken along the line VII--VII on FIG. 6;
PAR  FIG. 8 is a detail sectional view taken along the line VIII--VIII on FIG.
      6; and
PAR  FIG. 9 is a perspective view similar to that of FIG. 5, but showing a
      resilient guide element in accordance with another embodiment of this
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring initially to FIGS. 1-4, it will be seen that a tape recording
      and/or reproducing apparatus, for example, a video tape recorder, of the
      type to which the present invention is applied generally comprises a
      chassis 1 on which there is mounted a tape guide drum 4 made up of upper
      and lower drum sections 2 and 3. The drum sections 2 and 3 are mounted so
      as to provide a circumferential slot or gap 5 therebetween, for example,
      lower drum section 3 may be secured on chassis 1, and upper drum section 2
      may be supported above lower drum section 3 in spaced relation to the
      latter by means of a support bracket 6 located at the back or one side 4a
      of tape guide drum 4. A rotatable shaft 7 projects upwardly from chassis 1
      into drum 4 coaxially with the latter, and a support arm 8 is secured, at
      its center, on shaft 7 for rotation with the later. Transducers, for
      example, magnetic heads 9, are mounted on the opposite ends of support arm
      8 and project outwardly through circumferential slot or gap 5.
PAR  Also mounted on chassis 1 at substantially diametrically opposed locations
      10 and 11 adjacent the periphery of tape guide drum 4 are guide pins or
      rollers 12 and 13, respectively, by which a magnetic tape 14 is guided to
      and away from the periphery of guide drum 4 so that, between guide pins or
      rollers 12 and 13, tape 14 runs against the periphery of drum 4 in a path
      which extends about at least the portion 4b of the drum periphery facing
      away from bracket 6. As shown particularly on FIGS. 2, 3 and 4, guide pin
      or roller 12 at location 10 is tapered upwardly and arranged at a
      relatively high level, while guide pin or roller 13 at location 11 is
      tapered downwardly and arranged at a relatively low level. By reason of
      the foregoing arrangement of guide pins or rollers 12 and 13, the tape 14
      may be made to approach guide drum 4 in a relatively high horizontal run
      and to leave guide drum 4 in a relatively low horizontal run, with the
      tape between guide pins or rollers 12 and 13 running against the portion
      4b of the drum periphery in a helical or inclined path so as to cover the
      slot or gap 5 (FIG. 4). Thus, when during a recording or reproducing
      operation of the illustrated apparatus tape 14 is advanced or made to run
      in the direction of the arrow A (FIGS. 1, 4 and 6) and shaft 7 is rotated,
      for example, at a speed of 30 r.p.s., the opposed magnetic heads 9 on
      support arm 8 alternately scan successive record tracks which extend
      obliquely across the tape for either recording or reproducing video or
      other information signals in such record tracks.
PAR  Since the tape runs helically on the portion 4b of the drum periphery,
      accurate tracking or scanning of the oblique record tracks by the rotary
      magnetic heads or transducers 9 requires that the path of tape 14 on guide
      drum 4 be precisely maintained. If the tape on guide drum 4 deviates from
      a predetermined helical path during either recording or reproducing
      operations, the quality of the video or other information signals
      reproduced from the tape is deteriorated.
PAR  As is usual, the helical path of tape 14 on the portion 4b of the drum
      periphery is established by an upwardly facing, inclined guide shoulder
      15a projecting from the periphery of lower drum section 3 so as to be
      engageable by the lower longitudinal edge 14a of tape 14. Such upwardly
      facing, inclined guide shoulder 15a may be defined by a radially enlarged
      portion formed integrally with lower drum section 3, or by an arcuate
      strip or band 15 having an inclined upper edge to define the shoulder 15a
      and extending along the periphery of lower drum section 3 to which strip
      or band 15 is secured, for example, as by screws 15b. Thus, shoulder 15a
      provides a rigid guide to establish a predetermined helical path for the
      tape 14 on drum 4 so long as the lower longitudinal edge 14a of the tape
      remains in contact with shoulder 15a along the length of the latter.
PAR  In accordance with the present invention, lower longitudinal edge 14a of
      tape 14 is held against upwardly facing, inclined guide shoulder 15a by
      resilient guide means acting yieldably in the downward direction against
      the upper longitudinal edge 14b of tape 14. More particularly, such
      resilient guide means is shown to include a plurality of resilient guide
      elements 18 which are spaced apart along the portion 4b of the guide drum
      periphery. In the illustrated embodiment, in which portion 4b of the guide
      drum periphery engaged by tape 14 extends about approximately one-half of
      guide drum 4, three resilient guide elements 18 are provided and are
      spaced substantially equally from each other and from guide pins or
      rollers 12 and 13. As shown particularly on FIG. 5, each of the resilient
      guide elements 18 may be formed of a length of wire of non-magnetic and
      resilient material, such as, stainless steel, which is bent into a
      generally U-shaped configuration so as to include an intermediate portion
      19 extending between a contact end portion 19a and an anchoring end
      portion 19b which is fixedly embedded in a cylindrical holder 20 of a
      rigid synthetic resin.
PAR  In order to mount each of the resilient guide elements 18 on tape guide
      drum 4, the upper drum section 2 is provided with first and second radial
      bores 23 and 24, respectively, opening at the peripheral surface 2a of
      drum section 2 for each of resilient guide elements 18 (FIGS. 6-8). Each
      first radial bore 23 is located axially on upper drum section 2 so as to
      be disposed well above the upper longitudinal edge 14b of tape 14 when the
      latter has its lower longitudinal edge 14a guided helically on drum 4 by
      inclined guide shoulder 15a, and each first bore 23 is diametrically
      dimensioned to slidably receive holder 20 of the respective resilient
      guide element 18. Each second radial bore 24 is spaced along periphery 2a
      of upper drum section 2 from the respective bore 23 preferably in the
      direction of running of tape 14, as indicated by the arrow A on FIG. 6,
      and is axially located on drum section 2 below the respective bore 23 so
      that the opening of bore 24 is partly covered by the upper edge portion of
      tape 14 and partly exposed above upper longitudinal edge 14b, as shown.
      The spacing between bores 23 and 24 is selected so that, with holder 20 of
      the respective resilient guide element 18 received in bore 23, contact end
      portion 19a of the resilient guide element extends into the respective
      bore 24 which is diametrically dimensioned to permit substantial swinging
      movement of contact end portion 19a therein about an axis constituted by
      anchoring end portion 19b. In order to adjustably lock anchoring end
      portion 19b of each resilient guide element 18 in the respective bore 23,
      upper drum section 2 further has a vertical tapped bore 25 extending from
      its upper surface into each first radial bore 23 and receiving a set screw
      26 by which the respective holder 20 is secured in bore 23.
PAR  The resilient guide elements 18 are initially adjusted so that, with tape
      14 absent from tape guide drum 4, the contact end portion 19a of each
      resilient guide element will be disposed below the eventual position of
      the upper longitudinal edge 14b of the tape, for example, so that the
      contact end portion 19a of each resilient guide element 18 bears against
      the bottom of the respective bore 24 as shown in broken lines on FIG. 6.
      Thereafter, when tape 14 is wrapped about guide drum 4 in the helical path
      determined by the engagement of lower longitudinal edge 14a of the tape
      against inclined shoulder 15a of the rigid guide, the contact end portion
      19a of each resilient guide element 18 is engaged with the upper
      longitudinal edge 14b of the tape and raised thereby from its original
      position, for example, to the position shown in full lines on FIG. 6. Such
      raising of each contact end portion 19a causes torsional flexing of the
      respective anchoring end portion 19b and longitudinal flexing or bending
      of the respective intermediate portion 19. Thus, each contact end portion
      19a acts yieldably downward against upper longitudinal edge 14b of tape 14
      for holding the lower longitudinal edge 14a of the tape in contact with
      the fixed guide shoulder 15a. The force thus applied by each resilient
      guide element 18 to the upper longitudinal edge 14b of the tape is
      preferably relatively small, for example, in the range from about 2 to 5
      grams, so as to avoid damage to the tape while ensuring that the lower
      longitudinal edge 14a of the tape will be reliably maintained in contact
      with guide shoulder 15a to cause tape 14 to follow the predetermined
      helical path on tape guide drum 4. It has been found that, when resilient
      guide elements 18 are constructed in accordance with the embodiment of the
      invention shown on FIG. 5, the indicated small resilient force for holding
      tape 14 in contact with guide shoulder 15a while avoiding damage to the
      tape can be obtained if each resilient guide element 18 is formed of a
      length of stainless steel spring wire having a diameter of approximately
      0.2 mm.
PAR  Further, in order to avoid damage to tape 14 while the upper longitudinal
      edge thereof is acted upon by contact end portion 19a of each resilient
      guide element 18, each bore 23 receiving holder 20 on anchoring end
      portion 19b of the respective resilient guide element is vertically
      located so that the intermediate portion 19a of the resilient guide
      element will be inclined downwardly toward the path of the tape preferably
      in the running direction A of the tape, as clearly shown on FIG. 6.
PAR  Referring now to FIG. 9, it will be seen that, in accordance with another
      embodiment of this invention, each of the resilient guide elements 18' may
      be formed of a length of resilient or spring wire which is bent so as to
      have a generally U-shaped configuration for providing a contact end
      portion 28a, an anchoring end portion 28b embedded in a rigid synthetic
      resin holder 20, and an intermediate portion 28 extending between end
      portions 28a and 28b and being joined to the anchoring end portion 28b by
      means of a helical coil 29 which is coaxial with end portion 28b. It will
      be apparent that each of the resilient guide elements 18' is mounted on
      upper drum section 2 in the manner described above with reference to guide
      elements 18 so that the contact end portion 28a of each resilient guide
      element 18' will act yieldably against the upper longitudinal edge of tape
      14 for holding the latter against the fixed guide shoulder 15a. However,
      in the case of each resilient guide element 18', yieldable movement of its
      contact end portion 28a is accompanied primarily by flexing of the coil
      29, that is, by loosening or tightening of its turns, so that the desired
      small force of approximately 2 to 5 grams can be applied to the upper
      longitudinal edge of tape 14 by resilient guide elements 18' formed of
      relatively thicker stainless steel spring wire, for example, wire having a
      diameter of 0.35 to 0.45 mm.
PAR  It will be noted that the resilient guide elements 18 or 18' are effective
      to hold lower longitudinal edge 14a of tape 14 in contact with fixed guide
      shoulder 15a for ensuring that the tape will move in a precisely
      predetermined helical path on guide drum 4, as previously described, while
      accommodating variations and changes in the width of the tape. Thus, if
      the width of the tape changes from the dimension l to the dimension l'
      shown on FIG. 6, each of resilient guide elements 18 is merely shifted to
      the position shown in dot-dash lines on FIG. 6 so as to continue to exert
      the desired small yieldable force on the upper longitudinal edge of the
      tape for holding the lower longitudinal edge 14a against fixed guide
      shoulder 15a without damage to the tape.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein without
      departing from the scope or spirit of the invention as defined in the
      appended claims. For example, the fixed guide shoulder 15a defined by the
      strip 15 or radially raised portion of lower drum section 3 may be
      replaced by a plurality of suitably located fixed guide pins extending
      from the peripheral surface 3a of the lower drum section; the number and
      spacing of the resilient guide elements 18 or 18' may be varied from those
      shown on the drawings; and the resilient guide elements 18 or 18' may be
      formed of a suitably resilient synthetic resin rather than of spring wire,
      as described. Further, the positions of the rigid guide and the resilient
      guide elements relative to tape 14 may be reversed, that is, the fixed
      guide shoulder 15a may be engageable with the upper longitudinal edge of
      tape 14 while the resilient guide elements 18 or 18' act upwardly against
      the lower longitudinal edge of the tape; and the path of tape 14 on guide
      drum 4 may be varied from that shown on the drawings, for example, the
      tape 14 may be fed to the surface of guide drum 4 at location 10 at a
      relatively low level and be led away from the peripheral surface of guide
      drum 4 at location 11 at a relatively high level.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tape recording and/or reproducing apparatus having a tape guide
      drum with a circumferential slot, and at least one rotary transducer
      projecting through said slot for recording and/or reproducing signals on a
      tape running against the periphery of said drum in a path which extends
      about at least a portion of said periphery; a guide assembly for the tape
      on said drum comprising rigid guide means extending along said portion of
      the drum periphery and engageable by one longitudinal edge of the tape in
      said path for establishing the direction and location of said path, and a
      plurality of resilient elongated guide elements spaced apart along said
      portion of the drum periphery and having respective contact end portions
      individually acting yieldably against the other longitudinal edge of the
      tape at apaced apart locations along the latter in said path for holding
      the tape in contact with said rigid guide means while accommodating
      variations and changes in the width of said tape, each of said resilient
      guide elements including an anchoring end portion fixed relative to said
      drum, and an intermediate portion extending along the periphery of said
      drum from said anchoring end portion to said contact end portion and being
      inclined toward said path with said contact end portion being resiliently
      swingable about an axis defined by said anchoring end portion.
NUM  2.
PAR  2. A tape recording and/or reproducing apparatus according to claim 1; in
      which said intermediate portion of each of said resilient guide elements
      extends generally in the direction of running of the tape in said path.
NUM  3.
PAR  3. In a tape recording and/or reproducing apparatus having a tape guide
      drum with a circumferential slot, and at least one rotary transducer
      projecting through said slot for recording and/or reproducing signals on a
      tape running against the periphery of said drum in a path which extends
      about at least a portion of said periphery; a guide assembly for the tape
      on said drum comprising rigid guide means extending along said portion of
      the drum periphery and engageable by one longitudinal edge of the tape in
      said path for establishing the direction and location of said path, and a
      plurality of resilient guide elements spaced apart along said portion of
      the drum periphery and individually acting yieldably against the other
      longitudinal edge of the tape in said path for holding the tape in contact
      with said rigid guide means while accommodating variations and changes in
      the width of said tape, each of said resilient guide elements including an
      anchoring end portion fixed relative to said drum, a contact end portion
      engageable against said other longitudinal edge of the tape and an
      intermediate portion extending along the periphery of said drum from said
      anchoring end portion to said contact end portion and being inclined
      toward said path with said contact end portion being resiliently swingable
      about an axis defined by said anchoring end portion, and in which said
      drum has first and second radial bores for each of said resilient guide
      elements, said first and second radial bores open at said periphery of the
      drum at locations spaced apart along said periphery, and each of said
      resilient guide elements is generally U-shaped and has its anchoring end
      portion and contact end portion respectively fixed and movable within the
      associated first and second bores.
NUM  4.
PAR  4. A tape recording and/or reproducing apparatus according to claim 3; in
      which said anchoring end portion of each said resilient guide element is
      adjustably turnable in the respective first bore, and means are provided
      to lock said anchoring end portion against turning in said respective
      first bore.
NUM  5.
PAR  5. A tape recording and/or reproducing apparatus according to claim 3; in
      which each said generally U-shaped resilient guide element is formed of a
      length of spring wire.
NUM  6.
PAR  6. A tape recording and/or reproducing apparatus according to claim 5; in
      which said anchoring end portion of each said resilient guide element
      includes a coil section.
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ABST
PAL  A method whereby the angle of attack formed by a slider acting as a
      floating magnetic head with respect to a magnetic member can be adjusted.
      The method includes selecting a speed of rotation of a magnetic member
      which is lower than the speed of rotation for normal operation of the
      member while the apparatus is in operation, rotating the member at
      approximately the preselected lower speed of rotation, and adjusting the
      angle of attack of the slider so that the slider will begin to float in
      the air approximately at the preselected lower speed of rotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for adjusting the angle of attack of a
      floating magnetic head.
PAR  Heretofore, in rotary memories of the prior art, it has been usual practice
      to employ a dynamic air floating system in which the magnetic head can be
      held in a position in which it is spaced apart from a magnetic recording
      medium a distance of several microns without coming into contact therewith
      by balancing the lift produced in the slider formed with an angle of
      attack when the laminar air flow produced on the surface of the rotary
      member strikes the slider with the biasing force of a spring which presses
      against the slider. In order that the slider may float in the air in a
      stable manner with respect to the surface of the rotary member, proposals
      have been made to use several different types of slider including a plane
      type, stepped type, chamfered type and crowning type. In all the types of
      slider, it is essential that a suitable angle of attack can be formed by
      avoiding the instability of the slider which may vibrate while floating
      and by ensuring that the slider is readily restored to its original
      position when exposed to a disturbance so that a predetermined spacing can
      be maintained between the slider and the rotary member at all times.
PAR  To this end, attempts have been made to select carefully the point in the
      slider at which the biasing force of the spring is exerted on the slider
      for producing lift therein or to use a gimbal, for example.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a method for effecting fine
      adjustments of the angle of attack which can have application in a disc
      apparatus which comprises a magnetic head of the floating type whose angle
      of attack can be varied from outside while the apparatus is in operation.
PAR  The outstanding characteristic of the invention is that the number of
      revolutions of the magnetic disc is set at a level which is lower than the
      steady number of revolutions thereof for normal operation of the
      apparatus, and the angle of attack of the slider is adjusted so that the
      slider supporting a magnetic head will begin to float in the air at
      approximately the aforementioned number of revolutions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a magnetic head of the floating type
      incorporating therein the mechanism for adjusting the angle of attack of a
      slider adapted for carrying the method of the present invention into
      practice, showing the magnetic head floating in the air without being
      brought into contact with the magnetic disc;
PAR  FIG. 2 is a perspective view of the magnetic head of the floating type
      shown in FIG. 1; and
PAR  FIG. 3 is a characteristics graph in explanation of the method for
      adjusting the angle of attack according to the invention, showing changes
      in the floating characteristics of the slider or spacings between the
      slider and the magnetic disc which would be produced when the number of
      revolutions of the disc and the angle of attack are varied.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the invention will now be described with
      reference to the accompanying drawings. In FIG. 1 and FIG. 2, there is
      shown a magnetic head of the floating type incorporating therein the
      mechanism for adjusting the angle of attack of a slider adapted to carry
      the method of the invention into practice. The numeral 1 refers to a block
      from which extend a plurality of springs 2 arranged parallel to each other
      for resiliently supporting a slider 5 relative to a magnetic coating 4
      provided on the surface of a disc 3. The slider 5 is formed with an angle
      of attack 6 which can be varied by means of a specific mechanism. The
      detailed construction of such mechanism will be described hereinafter.
PAR  A bar 7 extends from a portion of the apparatus and is disposed in
      overhanging relation with the disc 3. A head supporter 8, which forms a
      part of the block 1, is mounted on the bar 7 and held in position on the
      bar 7 by a clamp screw 9 through a spring washer 10 and a flat washer 11.
      The clamp screw 9 extends through a slot 12 formed in the head supporter 8
      so that the position of the head supporter 8 can be varied longitudinally
      of the bar 7 by moving the same forwardly or rearwardly.
PAR  A circular recess 13 is formed in the bar 7 and disposed anterior to the
      clamp screw 9 for receiving therein a quench hardened seat 14. A bore 15
      concentric with the recess 13 is formed in the bar 7 and disposed beneath
      the seat 14. Thus, when it is desired to remove the seat 14 from the
      recess 13, the end can be attained by moving the seat 14 upwardly by
      inserting a pin or the like in the bore 15.
PAR  A threaded opening is formed in a portion of the head supporter 8 which
      overlies the seat 14 to threadably receive therein a push-up screw 16. By
      turning the push-up screw 16 in a direction in which the screw 16 moves
      further downwardly while its lower end is maintained in abutting
      engagement with the seat 14, it is possible to push upwardly the head
      supporter 8 as a whole and cause the same to move in pivotal motion about
      a point 17 shown in FIG. 3.
PAR  If it is desired to effect adjustments of the angle of attack 6 of the
      slider 5, the end can be attained by slightly loosening the clamp screw 9
      in the operation range of the spring washer 10 and then turning the
      push-up screw 16 in a direction in which it moves further downwardly in
      the threaded opening, for example. The movement of the push-up screw 16
      pushes the seat 14, so that the head supporter 8 will move leftwardly or
      counter clockwise in FIG. 1 about the point 17. This will cause a change
      to occur in the angle of attack 6. When the angle of attack 6 is set at a
      desired level, the slider can be fixed in position to maintain the angle
      of attack 6 at the set level, if the clamp screw 9 is tightened with a
      suitable torque.
PAR  In using the magnetic head of the floating type provided with the
      afore-mentioned mechanism for adjusting the angle of attack, if the disc 3
      is rotated in the direction of an arrow 20 by setting the angle of attack
      at several different levels and varying its number of revolutions, the
      values of a distance or spacing 22 between an angling 21 of the slider 5
      and the coating can be expressed in diagrammatic form as shown in FIG. 3.
PAR  In FIG. 3, it will be seen that, if the value of the angle of attack 6 is
      set at 2 .times. 10.sup.-.sup.3 radians (10.sup.-.sup.3 radians shall
      hereinafter be expressed as mRAD), the spacing 22 between the angling 21
      of the slider 5 and the coating 4 of the disc 3 will have a value which is
      shown in the scale of the vertical axis when the number of revolutions of
      the disc 3 attains a level of about 400 rpm as indicated at a point C on
      the transverse axis after its rotation is initiated, thereby indicating
      that the slider 5 has begun to float in the air. Likewise, it will be seen
      that it is when the number of revolutions is about 80 rpm as indicated at
      a point D that the slider 5 begins to float in the air in case the angle
      of attack 6 is 1 mRAD, that it is when the number of revolutions is about
      1,280 rpm as indicated at a point E that the slider 5 begins to float in
      the air in case the angle of attack 6 is 3 mRAD, and that it is when the
      number of revolutions is about 2,240 rpm as indicated at a point F that
      the slider 5 begins to float in the air in case the angle of attack 6 is 4
      mRAD. While the angling 21 of the slider 5 is in sliding contact with the
      coating 4, the sound produced by the sliding contact maintained between
      them can be heard by the operator. Thus the initiation of floating of the
      slider 5 will coincide in timing with the disappearance of the sliding
      sound.
PAR  The method according to the invention will now be described in detail by
      which it is possible to obtain, based on the graph shown in FIG. 3 and by
      ascertaining the disappearance of the sliding sound, a value for the
      spacing 22 which is suitable for carrying out magnetic recording by means
      of a magnetic head 19 mounted in the slider 5 at any number of revolutions
      of the disc 3 for normal operation as desired.
PAR  For example, when it is desired to obtain a value of 1.0 micron for the
      spacing 22 between the magnetic head 19 and the magnetic coating 4 of the
      disc 3 by setting the number of revolutions of the disc for normal
      operation at 3,000 rpm, a point of close approximation A is selected on
      the graph in FIG. 3. Thus it will be seen that the angle of attack 6
      required is 2 mRAD. Then the angle of attack 6 is set at this value by
      setting the number of revolutions of the disc 3 at 500 rpm which is a
      value of close approximation to the initial number of revolutions or about
      400 rpm for the curve of 2 mRAD plotted in FIG. 3. Thereafter the clamp
      screw 9 is loosened and the push-up screw 16 of the adjusting mechanism
      shown in FIG. 1 is turned in a direction in which the screw 16 is
      tightened so as to set the angle of attack at a slightly higher level as
      indicated at a point B by ascertaining that there is a sliding sound
      produced by the contact of the angling 21 of the slider 5 with the coating
      4. This operation is followed by an operation for turning the push-up
      screw 16 in a direction in which it is loosened to thereby cause the
      slider 5 to move in pivotal motion through a very small angle about the
      point 17 to reduce the angle of attack 6. This operation is continued till
      the sliding sound disappears. The turning of the push-up screw 16 is
      stopped when the sliding sound disappears, thereby producing a condition
      indicated at a point C in FIG. 3. Thus the angle of attack 6 can be set at
      a value which is a close approximation to 2 mRAD.
PAR  As can be seen in FIG. 3, the difference between the numbers of revolutions
      of the disc 3 for the slider to begin to float in the air when the angle
      of attack 6 has values of 1 mRAD and 3 mRAD is the difference between 80
      rpm indicated at a point D and 1,280 rpm indicated at a point E which is
      1,200 rpm. From this, it will be possible to conclude that when the angle
      of attack is increased or decreased by 1 mRAD from 2 mRAD there is a
      difference of 1,200 rpm in the number of revolutions of the disc 3. It
      will be appreciated that the invention permits fine adjustments of the
      angle of attack, which have hitherto been considered impossible to carry
      out, to be effected by setting the number of revolutions of the magnetic
      disc at a level which is lower than its number of revolutions for normal
      operation and by ascertaining the floating of the slider based on the
      disappearance of the sliding sound. While the invention has been described
      as using the disappearance of the sliding sound in determing the timing of
      the initiation of floating of the slider in the air, it is to be
      understood that the invention is not limited to this specific form of
      determination and that the initiation of floating of the slider can be
      determined by ascertaining a change in the voltage flowing from the
      magnetic head, for example.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for adjusting the angle of attack of a floating magnetic head
      comprising selecting a speed of rotation of a magnetic member which is
      lower than the speed of rotation for normal operation of the magnetic
      member while the apparatus is in operation, rotating the magnetic member
      at approximately the preselected lower speed of rotation, and adjusting
      the angle of attack of the slider supporting the magnetic head so that the
      slider begins to float in the air approximately at the preselected lower
      speed of rotation of the magnetic member.
NUM  2.
PAR  2. A method according to claim 1, wherein the lower speed of rotation is
      selected in accordance with a predetermined angle of attack and a
      predetermined desired spacing of the slider from the magnetic member at
      normal rotational speed of the magnetic member, whereby upon adjusting the
      angle of attack so that the slider floats in the air at approximately the
      preselected lower speed of rotation and rotating the magnetic member at
      the normal rotational speed, the slider becomes spaced approximately the
      predetermined desired distance from the magnetic member.
NUM  3.
PAR  3. A method according to claim 1, wherein the magnetic member is a disc
      member and adjusting the angle of attack so that the slider floats above
      the surface of the disc.
NUM  4.
PAR  4. A method according to claim 1, wherein the step of adjusting the angle
      of attack includes placing the slider in contact with the magnetic member
      and adjusting the angle of attack until the slider loses contact with the
      magnetic member at approximately the preselected lower speed of rotation
      thereof.
NUM  5.
PAR  5. A method for adjusting the angle of attack of a floating magnetic head
      so as to provide a predetermined spacing of the magnetic head from a
      rotating magnetic member a the normal rotational speed of the magnetic
      member comprising the steps of selecting a speed of rotation of the
      magnetic member which is lower than the normal speed of rotation thereof,
      rotating the magnetic member at approximately the preselected lower speed
      of rotation, and adjusting the angle of attack of the slider supporting
      the magnetic head so that the slider begins to float in the air
      approximately at the preselected lower speed of rotation, whereby upon
      rotating the magnetic member at the normal rotational speed thereof the
      slider floats at the desired distance from the rotating magnetic member.
NUM  6.
PAR  6. A method according to claim 5, wherein the magnetic member is a magnetic
      disc and the step of adjusting the angle of attack includes contacting the
      slider with the surface of the disc and adjusting the angle of attack
      until the slider loses contact with the disc at approximately the
      preselected lower speed of rotation.
